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NPEJUCIOBHE PEAAKTOPOB NEPEBOJIA

B koune 1857 r. dupmoit xkenepan DnekTpHK GbLIM BHIYHIeHBI
nepsbie  NpOMbluVIeHHbie 00pasLybl THPHCTOPOB — KPEMHHEBbIX ynpas-
ssiempix Bextudeii. B CCCF nepsbie THPHCTOPH ObIIH  pa3paboraHsl
B 1959—1960 rr. 3a npowlegiyie ¢ Tex NOp IOAB 3TH NpUGOpH Ha-
LI OYeHb LIMPOKOe TPHMMeHEeHHe B CAMBIX pa3VIMYHLIX OTPaACAX 3JjeK-
TPOHMKH M 3JIEKTPOTEXHHWKH, M MHTEpec K HHUM [POROJKaer BO3pa-
cTarth. 3T0 OObSCHAETCA LENLIM PHAAOM BaXHbIX NPEHMYIIECTB, HPH
cymux aTHM TnpuGopaM: Marbie yQedbHble raGapurol u Bec (Ha enH-
HHLY MOLIHOCTH), BechbMa BhICOKHe JONYyCTHMble HanpfxKeHHR H TOK,
BbICOKHMI K. H. J., BbICOKAg MeXxaHuyeckas NDPOYHDCTh, OOJBIIOH CPOK
CIyXObi, CPaBHHTENBHO GOMBLIOKR WHTEPBAn DaGOYHX TeMIeparyp [OT
—(50+-60) no +(100-+150)°C B saBucuMOCTH OT THMnRal, MTHOBgHHAS
ICTOBHOCTE K paboTe, BecbMa BLICOKHe JMHAMHUECKHe NapaMeTphl, xa-
paxTepu3yolline OHICTPOAeHCTBUE, H AD.

Muorne u3 3THX JAOCTOHHCTB Hpucyum NOJYNIPpOBOAHHKOBBIM HPH60'
pav BOOOIle, OAHAKO THUPHCTOPHI, ABJAOLIHeca NO CBOeMY IDHHIMIY
npHOOPAMH  KJIOYEBOTO NeACTBMS, BHICOJHO OTJAHYAIOTCH, Hanpumep
OT TPaH3iCTOPOB, 3HAUHTENbHO GOJBLIAMM NONMYCTHMbIMH HBaNpSKeHHeM
H TOKOM U MeHbIIeH MOILHOCTbIO, HeOGXONMMOK NJsi ymnpaBaenus, Bee
9T0 TpejonpeneNunio GOJbMIOH HHTEpec K THPHCTOPaM €O CTOPOHHL
CHJIBHOTOUHOIT SAEKTPOTEXHHWKH, B CBf3M € deM cefdac THPHCTOPHl Ha-
pARy ¢ HeynpaBnseMbIMH HOJMYIPOBOXHHKOBLIMM BeHTHJISAMH SIBISIOTCH
OCHOBHHIMH 3JEMESHTAMH CHJOBHIX npeodpasoBaTedeil Toka (BBIIpAMH-
Terel, HHBEPTOPOB, MpeobpazoBaTeseli YACTOTHl, I'eHepAaTOPOB MOLIHBIX
MMIyABCOB M XP.), NDHMEHALMBIX B CAMBIX DAa3JIHYHBIX OTpacisix Npo-
MBIIJIEHHOCTH ¥ TpaHenopTa. BmecTe ¢ TeM THPHCTODH HeSONBIIOA
MOLIHOCTH € YCNEXOM HCHOMb3YIOTCA B PA3AHYHLIX TEHEPATOPAX W dipe-
afpasoBaTensXx CHDHAIOB, HMIYJbCHBIX YCTPONCTBAX, JICTHYECKHX CXe-
Max ¥ Ap. 31O omnpejeiseT HHTEPEC K THPMCTOpaM €O CTOPOHLI Ore-
LMaJUCTOB B OGJACTH 3JCKTPOHHLIX YCTPOHCTB YyNpaBJEHHS, NPOMBILL-
JIEHHOH aBTOMATHKK W BLIYMCIWTEIbHOR TEXHHKH.

Crnenyer oTMETHTb, HTO TEPMHH «THDHMCTOP» CHAYaJa HCIOJb30BaJCH
I 0603HaueHWs TONBKO KPEMHHEBHIX YNPaBAfeMblX  BeHTHJEH —
TPeX3MEeKTPOAEEX 1pHBOPOB ¢ UYeTHIPEXCHONNOR  p-n-p-A-CTPYKTYPOR.
CHOCOGHBIX 3amupath TOK B OOPAaTHOM HAaNpaBleHHH 4 3AMAPATH WIH
NOL JHefiCTBHeM CHrHajla Ha YNDaBAAOUIEM 3JeKTPOfe OTIMPATh TOK
3 npsaMoM Hanpasnenun. Onnako B JadbHefinieM Ha Gase deTbipex-
CNOfHON  p-N-p-n-CTPYKTYPbl OGmju paspaboTaHnl W APYTHe NPHGOPLI:
¢ ABYMs BBIBOJAMH, OTIHPAKIUecs B NPAMOM HAUPaBieHHH 3a CUeT
TpeBbIIeHHA AHOAHHIM HalpPs:KeHHeM ONPEAENEeHHOro MOpOroBoro 3Ha-
vepHa (AMOAHbIE OJXHOHANPABNEHHBE THPHCTOPM), YIpaBAsieMHe CBETOM
(MHOAKHE M TPHOAHBIE DOTOTHPHCTOPHI), ABYXONePALHOHHLIE WIW TOJ-
HOCTBIO YrpaBasieMbie (KOTOPhie € MCMOULbI0 CHIHAJIOB Ha YApaBisio-
H(EM 3JIeKTPOJe MOXKHO He TGABKO OTMHPATh, HO ¥ 3alHpaTh), TETPOA-
uble (C BBIBOJAMH OT BCeX uyerbipex CJOEB CrpyKTyph). [ladbHeilinee
pasBATHE UETHPEXCAONHOA p-n-p-n-CTPYKTYPH RpHBENO K paspaborke

NPEJUCIOBUE 15

upubopOB C NATHCAOHHOR CTPYKTYpPOH p-n-p-n-p — AByHaANpaBileHHbIX
(CMMMeTPHUHBIX) KJIOYedl, KOTOpHIE MOTyT 3anuparh JHGO OTNHPATDH TOK
B 000MX HaNnpaBNeHuAX, NpHuEM OTIHPAHHE MOMKeT JIPOHCXOAHTHL <II0
anoAy» (AMOAHble KAIOYH) HJAH <O VIPABAAOUEMYy 3JeKTpopy» (TpH-
OfjHble KJNIOYH); TaKie NpUOOPH B CHIY XBYHARUPaBIEHHOro AeHCTBHA
YXKe He MOryT HasblBATHCH BeHTHJISIMH.

OGuleit 4epTofi Bcex Ha3BaHHBIX NPHGOPOB #ABASETCA pereHepaTHB-
4bid IPOLeCcC OTIIHPAHMs, KOTOP®Il O6GYCNOBJeH BHYTpeHHeil MNOMOXKHU-
TesbHOH OOPATHON CBA3bI0, NPHCYIUEH UeTHIPEXCJIOHHOH p-n-p-n-CTPYK-
Type. DTa HOJIOKHTENpHAA BHYTDeHHAs o0O6paTHas CBA3b [(PUBOAKT
K TOSBJAGHHIO OTPHUATENBHOrO YYaCTKa Ha BOJbT-aMIepHOli XapaKTepH-
cTHKe (AJs NPAMOro HanpasieHHd, T. €. B OJHOM KBaJpauTe XapaKre-
PHCTHKM g/iA OJHOHANpaBJEHHBIX NpuGopoB, M aist oboux nanpasie-
Huf, T. €. B TePBOM ¥ TpPeTbeM KBaJPaHTaX XapPaKTePUCTHKH IS
IByHanpapjeHHbIX npuGopoB). 1o ofiuee cBOMCTBO ompexennso INe-
JiecooGpasHaCTh  HCHOMB30BAHUST O6LIero TepMHHA «THPHCTOP» AMA
0603nayeHs Bcex NPHOOPOB MePEKNIOYAIOUIETO THIA, BLINOJHEHHBIX
Ha ©Oase p-n-p-A-CTPYKTYpPhl (pekoMeHpauMss Komurera 47 Mexnyna-
POJHOH 3MEKTPOTeXHHYecKOl KoMuccuu B oktaAbpe 1963 r.). Has o6o-
3Ha4yeHus OTACNbHHIX HNpeAcTaBuTenell «ceMeflcTBa» THPHUCTOPOB K 3TOMY
TEDMHHY HOGABAAIOTCH CJI10BA <AUMOAHBIA®, <«TPUOAHBIH®, <TETPOXHBIf»
(11 XapaskTePHCTHKM 4YHCaa BBIBOAOB); <ONAHOHANpPABNEHHBI» HAH
«opHOMpCBOJAWHft> (anGo «3amupalowHit TOK B oOparHOM Hampasie-
HHH»), «IBYHANPABJEHHBH» WM <«IBYNDOBOAAWH{» (s onpeleneHus
BO3MOKHOTO HaMpaeJeHHsi MPOTeKaHHs aHOAHOIO TOKAa); <OAHOOMepa-
HHOHHHI», «ABYXONepAaMOHHMMA» (A8 XapaKTePUCTHKH OlOCOBHOCTH
YOPaBJSIOLIETO 3JEKTPOJA TOJNDKO OTIMpaTh JAHGO Kak OTHHpATh, TaxK
4 3amHPATH TOK B CHJIOBOH UemH); «(oTo-» (ynpaBiaseMbli H3JIydeHHeM)
u T. 2. Opnako zauGojiee yacto, ecad HelOpasyMeRHe HCKJIOYEHO, Tep-
MHHOM <THPHCTOP» 0603HAY3IOT «POJOHAYANLHHKA» 3TOro CeMefcrBa —
TPHOAHBIA OJHOHANPABJEHHBIl OFHOONEPALUOHHBI THPUCTOP, KOTOPHIA
uMeeT HauGo/bllee NMPAaKTHUECKOE 3HAUEHHE.

Haspannbie Bblmie BigAp nPHOGOPOB HE HCUEPHHIBAIOT BCeX BO3IMOXK-
HGCTefl MHOTOCNOMHLEIX MOJYNPOBOLHHKOBLIX CTPYKTYD M CeMeficTBO TH-
PHCTOPOB MPOJOJKAELT PACTH.

Bee Boilleckasannoe o0BACHSET GOJBLIOH HHTepec X JuTeparype
TI0 THPHCTOPAM CO CTOPOHBI ITHPOKOTO KPyra COBETCKHX CIEHMAalHCTOR.

B 1964 r. usmaTenbcTBOM <«DHEPTHA» OLUI BHIIYILeH NepeBon TeX-
HYeckoro crnpaBousuka oupmbl [Jxenepan IaekTpur «Kpemuuesble
yIUDABASEMble BRHTUJIN — THPHCTOPHI®, KOTOPLI GhUI BHINOJHEH CO BTO-
poro H3zaHuA 3toft KHuru, Buinyiwtendoro B CIUA B 1961 r. B Ttom
xe 1964 r. g CIIA Bbimao TpeThe M3daHHe CNPABOYHNKA, BeChbMa CHJIb-
HO mepepaGoTarnoe m gomnonnennoe. ITpumepuo torga xe B CHIA BH-
mea TexHHueckall crpaBoyHuk no THpucropam GupMei  Bectnmrays.
YunureiBass Reo0XOAMMOCTb O3HAKOMJIEHWS INUPOKOTO Kpyra COBETCKHX
CHEHANUCTOB ¢ GOraTHIM ONBITOM pa3pabOTKH M MPHMeHEeHHA THPH-
CTGPOB 32 PYy6eKOM, H3ZATeAbCTBO <«DHeprusly H DeJakTopsl [epBOro
PYCCKOro nepeBona Havajad B 1965 r. moAroToBKY HOBOTO M3MaHHUS TeX-
HHLEeCKOTD CIPAaBOYHMKA N0 THPUCTOPAM, HAMEPEBARACh MOJOKHTH B er0
OCHOBY Kax TpeTbe H3gaHue cnpapounuka upMel JIKeHepan ISiek-
TPUK, TaK M cupaBouHuk ¢upmsl Bectunrays 3amada oc/10XKHANACH
pezko pa3AuMYHBIM XApakTepoOM H3JiOXKeHds OOJbUIMHCTBA DPAa3[enoB
B cUpaBounHKax ITHX ABYX ¢HpM BHesanuan cMepT» B Rekalpe
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{9€6 r. Aprema ®enoposnua CBHPUAOBA, KOTOPBIT Obli e TO/ABKO
ONHUM W3 peJaKTOpOB NEepPeBONd, HO M €re OCHOBHLIM OpPraHu3aTopoOM
¥ BAOXHOBKTCJEM, BecbMa CWIBHO 3aMeladaa pabory o H3ZaHHK
cripapounnka. Bemyck B 1967 r. B CIIA uwerBeproro HazaHus cnpa-
BOYHHKA MO THpHCTOpam (upMbl JIxewepan DJeKTPHK, 3aMeTHO Iepe-
paBOTaHHOro M0 CPABHEHHIO C TPeThbUM M3JaHHEM, 3aCTABHJI IePecMo-
TpeTh Bech NOATOTCBJCHHEIA K 3TOMY BpeMeHH NEePeBOJ U MONOJHHTb
€ro pAAOM HOBbIX paszfeNoB M naparpadoB, OTCYTCTBOBABLIUX palee.

Taxum o6pas3om, nauHoe H3JaHHe CHpaBOYHHKa sBjagercs 1O CYyTH
Jiera TIOARbIM TIEPEBOJOM C 4eTBEPTOr0 M3ZAHMS CNPaBOYNMKA GUpMBL
Il xenepan Daexktpuk ¢ AoBabjieHHeM pasgena 110 ABYXOHEPAUUOHHBIM
Tapuctopam (pasg. 14), uMeBwerocsd B TPeTbeM, HO UCKAIOUEHHOTO
B 4eTBepTOM H3AaHuu OpHruHana. B § 5-5, 11-2 u HekoTOpHIX APYrHX
H(NOMb30BAH MAaTepHa]d TPETIberoc H3JaHHs CIPABOUHHKA Ha aHIJIHI-
CKOM f3blke, TAe pAX BONPOCOB Obl H3NMOKEH HeCKOJbKO TNOApPOGHee.
Ms cnucka JHTepaTypbl WCKaOYeHb H3gaHHBe (Gupmoil dxedepan
IIeKTPUK B BHIE OTHeJIbHBIX BHINYCKOB HHMOPMAalUMH, KaTaJory H
cnpaBoydble MaTepuasbl. IlpH mepeBoie u3 pasf. 22 HCK/IOYEHBI Cipa-
BOUHbIE JaHHBE N0 HEKOTOPHIM THNAM THPUCTOPOB, He BCTPEYAIOUIHMCSH
B JAPyruX pasjgetax (OAMNAKO TOAHBII NEpeyeHb THPHCTOPOB, BHINyCKae-
Mbix dupmoli, mpuseden — cM. § 22-1), u no nnomam, raGapuTuble uep-
TeXU KOPNYCOB BeuTudell W ApyrHe BCHOMOIaTelbHble  TAGAHIBI
B § 1-4—1-7, 3-4 u 3-6 nmepeBoga HCIIOJb30BaH MaTepHan clPaBOYHHKA
¢(upvol BecTunrays.

Crienyer OTMETHTh, 4TO pafoTa 1O MNepeBOAY AAHHOTOQ CIPABOYHH-
Ka OCJOKHANACh TaKkKe OTCYTCTBHEM B DYCCKOM si3blKe YCTAHOBHB-
urelicss TEPMHHOJOTHM H CHCTeMbl OyKBEHHBIX M TI'paduuecKix O0GO3HA-
qenH#, YTo cBS3aHO ¢ OypHBIM pa3BUTHeM MOJYIPOBOAHHKOBON Npeot-
pa30BaTeJbHOH TeXHHMKH. Bollue B TpexuciaoBud yxe Obiau NpHBeleHb
TepMHHEI, NPHHATbie PeAAKTOPaMH AJAf 0003HAYEHHHA Pa3AMYHBIX npes-
crasuTenell «cemeficTBay TupucTopoB. [lpomeccs! nepexoga THPHCTOPA
U3 COCTOSAHHA HU3KOIl B COCTOSHHE BHICOKOH MPOBOAHMOCTH ¥ O6DaTHO
OBLIO pellleHO HA3blBaTh «CTIMDPAHHEM» 1l «3aHHPAHHEeM» COOTBETCTBeH-
HO, HO He «BKJ/IOUEHHEM» H <«BBIKJIOUEHHEM» 1.

TTonesno o6paTHTh BHMUMaHHe COBETCAROIC YHTATeNsl Ha Psijg MO~
MELTOB, XapakKTePHbIX /7 COBPEMEIHOro COCTOSHHMs CH.I0BOH mpeoGpa-
sopatespronn Texwnkn B CIHA, wmawemiunx To HAH HHOe O1pameHuc
B chnpaBouyHuke B KadecTBe OXZHONO M3 OCHOBHWIX NapaMeTpoB THPHU-
CTOPOB, XapPaKTePH3YIOIIMX HX HOMHMHAJBHYIO HATPY3O0UHYIO OHOCOOHOCTDL
TV TOKy, WCROAb3yeTcst AeficTByiomiee (a He <cpeAuee, Kag NPUHATO
8 CCCP) s3nausende TOKa (cMm., HanupuMep, CrpaBouHble daHHbIe
B pasj 22); 9ro e 3Hauedue ToKa OepeTcA 3a OCHOBY INPH pacuerax
ZONYCTUMON pacCeMraeMoil MOLIHOCTM M TEMHepaTypbl meperpesa (cM
pasa. 3). Psag napaverpos, coofuiaeMbX — (HPMOI-U3TOTOBUTENEM
B CNpPaBOUHBIX MadHBIX [0 KaXJZOMy THIY THUPHCTODPOB, BKJloyasg ca-
MBIE MOMLIHBIE, VKA3LIBAIOTCH KaK MpeAe]bHO AONMYCTHMble (rpaHHyHbie)
nogobuo Tomy, Xak s1o npuuaro 3 CCCP pgas 1paH3nCcTOpOB M Majo-
MOWHX HHOROB. IlapajanenbHoe cocAnHeHHe PEKOMEHIYeTCA B Chpa-
BOUHHKe MMIb 1A HanGo/ee CHALHOTOMHBIX BeHTHJIeH (Tak kak B3aMed

! Tlocnennne TePMHHBE HEYROOHB M3-3a HX HEOINHO3HAUHOCTH, TaK Kak CJOBO
«BKMOYEH» B DYCCKOM S3bIKE HMEET TAKIKE CMbICH <TPHCOCLHHEH» HJH «MOAKIIO-
yen» (HanpuMep <«TAPHCTOD BKJIOUEH NMOCJACAOBATENbHO C ..»),

M&PAMNeNbHOIO COCIHHEIHS HEeCKOJMbKIX NpPU6Gopos Ha Melblllll TOK
BCErJla Jyyllle MCIOJMh30BATL OJAHH Gojee CHABHOTOUHBIH nputop). lpu
3TOM BBLIPABHHBAHHE TOKAa OCYLIECTBASETCS B OCHOBHOM 3a Cd4ET HC-
LOJb30BAHUST NpejBapuTelbio MOLOOPAaHHBIX BeHTAJeH, a IpHMeHe-
HUIO MHIYKTHBHBIX JReaxTeNell TOKa yIeNsieTcss OTHOCHTeNbHO MeHbliee
puematnue (pasa. 6). TpuogHble AByHanpaBAeHHble THPUCTOPBE («TPH-
aku») BuwyckawoTtes B CHIA auwb ma toxu no 10 & (B To Bpems Kak
s CCCP nonoGubie npubopsi cepufiio BHyckawTes na 1ok a0 150 a)
W TPAMEHHIOTCS B OCHOBHOM B MaJOMOWIHLIX YCTPOHCTRAX IMHPOKOTO
HA3HAYyeHus W ObiTOBOM TexHuke (pasz. 7). OtcyTcTaHe B  deTBEPTOM
H3/JldHUH cnpaBouHMKa GupMbl JKeHepan DusexTpuk paszgena NHo JABYX-
ONepanuoHHbIM THPHCTOPAM, ObIBLIEr0 B TpPETbEM H3JAHHH, BBI3LIBAET
yIAHBleHHe H, TO-BHAHMOMY, B KakOi-TO Mepe OTpaxaer TPYAHOCIH,
BCTPETUBIUKECA NPH pa3palOTKe CHJIOBLIX JBYXONMEPAUHOHHBIX THPHU-
CTOPOB.

Cuoenyer 1aKxe OTMETHTh, UTO MCCTO, OTBENEHHOe B C/IPaBOYHMKC
npnMepaM TMpPAMEHCHUA THPUCTOPOB B COGCTBEHHL CHJOBBIX YCTPOMHCT-
BaXx (BO3Gy)KjeHHe CPEAHMX M KPYNHBIX 3SAEKTPHYECKHN MAIUHH, CHJIO-
BCA BeHTUABHBIN HNPMBOL TNOCTOAHHOIO TOKa, upeobpasoBatenu AadA
FNEKTPUUECKON TATH, aBTOHOMHBIE HHBEPTOPLL W IlpeobpasoBareu ya-
CTOTHI Pa3JHYHOIO THHA JJsi 3JeKTpOABHIaTesiel TNepeMeHHOTD TOKa.,
npeo6pasoBaTeqH 4ACTOTHl AJsi HHIYKUHOHHOrO HArpeBa, BHICOKOBOJIBT-
Hble THPHCTOPHBIE lpeoGpa3oBaieH M [P ) [OPEACTaBasercs SBHO
HeJOCTATOYHLIM. Bwvecto 3Toro B chnpaBouHHke CpaBHHTEJLHO MHOIC
BEMMaHHS YJ€JeHO npuMeHeiulo THPHCTOPOB B MaJlOMOIIHLIX YCTPOH-
CTBaX WIMPOKOTO Ha3Haueduss H 1 OBITOBOM TeXHHKe (npocrefiiie cxe-
MBpl DIpHBOA2 HeOGOAbLION MOUWIHOCTH, CTabHAU3MPOBAHHDIE WCTOYHIKY
MHTAHKA, peryaupyemsiii o6oipeB NoMem(eHUi, TevHuTeNy <BeTA W Jp.).

OredecTBenHAs 3MeKTPOTEXHHUECKAsT M 3INEKTPOHHAS TPOMBIILIEH-
HOCTb BBUTYCKAET Ma/lOMOUIHbIE # CHJIOBbBIE THPUCTOPHI ¢ BeCbMa IMH-
POKOH ILKaJoff HOMHHaJLHBIX TOKOB (0T 50 ma go 500 a ) u Hanpa
weHHRH (g0 1500 8) 3uauntenbHele ycnexu JOCTHTHYTHI M B UYacrtH
Pa3paboOTKd # TNpHMEHEHHss Pa3AHYHONO poga NpeodpasoBaTelpHBIX
YCTPOHCTB, B TOM uucJe BecbMa MOMHBIX. OTeuecTBeHHasi TeXHHUECKAA
JHTepatypa B ob6jacTH npeobpasoBatesbHON TeXHHKH H 110 THPHCTOPAM
B 44CTIIOCTd B 1OCJAENHME TOALI 3aMETHO TNONOAHWAAChH (Hanpumep,
MOXHO OTMETHTb P KHWF, Builueaisx B cepuu «Dubancreka no aBTO-
matuke»). TeMm He MeH2e MOXHO BHIPa3sHTL yBepeHHOCTs B TOM, UTO
3HAKOMCTBO C TUDHCTOPAMM M HX NpUMEHeHdeM 1o MarepuaiaM OXHOH
u3 Bexyuwx ¢upm CIIA B mocTaTouHo TNOJHOM U CHCTEMATHHECKOM
HanoXeHun OyaeT TMOJMe3HBIM [JIsi COBETCKOTO UHTaTeJsl.

B nepeBoge cnpapounika npuanMmanu ydyacrwe JI, I. Capareesa,
B. A Csupunos, A. H. Ymauckuit u xaui. texd. nayk C. T. O6yxos.
TlepeBox pa3y 13 u3 Tperoero H3iaHHsT clipaBounuka JlxeHepan OJek-
TpuK Obi1 mpocvotpen Kawn. Texu Hayk H. B. Xoxnosckum, cllenaB-
KM PAXL Tode3nubix sameuanufi Ilepeson pasa. 4 w3 Tperbero H3AAHUR
SLi1 OTPeRAaKTHPOBAH KaHA. Texu. Hayk D. SI. PysumosniM Oxonya-
TelbHOE peNAaKTHPOBaHWEe BCeX pasfeloB nuepeBoja ObIO BBITOJNHeHO
KaHa. TexH, Hayk B. A. JIaGyHUOBeIM.A -y -

B 3akmoyeHMe HeOOGXOANMO eule Pai ‘OTMETHTE PQJIb IOKOHHOrO
A &. Csupunosa, KOTOPEHI MHOro/ cwﬂnﬂ passytua 8 CCCP cu-

NM0BOH NOJYNPOBOLEHKOBOH TEXHHEM. gw % ‘
P ﬁf?@gt;ropm riepesoda



Pa3pnea nepsblii

KOHCTPYKIUHHN U NMPUHU KN NENCTBUA
THPHCTOPOB

1-1. BBEAEHHUE

B coorsercTBHn C© pekoMenpauMell MexAynapoaHo#t 3ieKTpoTex-
Hudeckolt koMuccna (MDK) Tepmun «mipHcTOp» 0603nauaer JmoGeft
LCJYNPOBOLHAKOBBIA KJI0YBBOH MPHOOD, JBa BO3MOMKHBIX COCTOSHHA KO-
TOpOro (3ameproe M OTKPhITOE) OOYCJAOBIHBAIOTCA pereHepaTuBHOM
BHYTpeHHell 06paTHO{l CBA3bID B 'MHOTOCJAOHHON p-n-p-n-cTpyKtype. Tu-
PHCTOPHl MOTYT KMETb 1Ba, TPH HAHM HeThipe HAPYMXKHLIX BbIBOJA M MO-
ryT TUPOBOJAHTb TOK B OAHOM (OAHOTNPOBOIALLME WJIH OLHOHANPABJIEH-
nole, unidirectional) nnu 8 aByX (AaBympoBOAsAlMe, ABYHANpaBJEHHLIE,
bidirectional) nanpasaenusx.

OcHoBofi npu6opoB C MHOTOCKOHHON CTPYKTYpPOH siBJSETCS MOJY-
NPOBOANKKOBHE auck (Tabnera), uMeiouiw# vepejyiolupecs CJIOH € p-
H N-MPOBOAHMOCTLIO.

1-2. TUIIbI THPUCTOPOB

Hau6osiee pacnpocTpaHenHsiM npeicraBUTeNeM ceMellCTRA THPICTO-
poB ABAAETCH KPEMHIEDLIK YyOpPABAACMDbI BeHTHAL ! (MHOTAZ NpPHMeHd-
I0TCA CcOKpamleHHble oGusHauesns KYB uan BKY, anrauiickoe uassa-
une silicon controlled rectifier, SCR). On ornocurcs k oaHonposoas-
muM npubopav (NpoBoifilllee HampaBAeHHe TOKa TOJABKO OT aHOAA
K KaToAy) W HMeeT Tpu BbiBoja (aHOJ, KaTOA W YNPaBAAIOLWIMI 3JIeK-
TPOA), B CBA3H C YeM er0 MOJHBIM HAa3BAHHEM B COOTBETCTBHH C pe-
xoMmeHzaunelt MOIK ssasercs  «TPUOIHBIL  THPHCTOP,  3amMupAOWHE
B obparHoM HanpaBJjexuu» 2 (reverse blocking triode thiristor).

K rpynne ogHOHanpaBicHHBIX TPHOIMHIX THPHCTOPOB TAKXe OTHO-
CATCA MOJHOCTBIO YRPABAREMBIl (HHa¥e ABYXONEPAaUHOHHBIA) THPHCTOD
(gate turn-of switch— GTO wuam gate controlled switch — GCS),
GOTOTHPHCTOP WK BeNTHAL, ynpasadeMpit c¢Berom (light activated
siticon controlled reclifier — LASCR), u oaHocropounuii kmou (silicon
vnilateral switch — SUS). Terpoanwii Tupucrop, sanupamowuii B 06-
PaTHOM HAnNpaBJeHWH, T. €. TETPOAHBIA OAHOMNPOBOAAWHE THPHCTOp 3
(silicon controlled swilch — SCS), umeer nBa ynpaBaAsOUHX 3JeK-
tpona. [Tpumepom AHOKAOrc THPUCTOPA, 3anupaloiyero 8 o6pPaTHOM Ha-
Np2BJeHWH, RBJAAETCA  TepexAOYaloMHA  JIHOL,  HHAaue  JHHHCTOD
{Shockley diode).

JIByHanpaBaeHHLIMH THPHCTODAaMH HA3bIBAIOTCS I[OJYTNPOBOAHHKOBBIE
npubopbl ¢ MHOTOCJAOHHOH CTPYKTYPOH, KOTODBI® MOTYT IPOBOJIUTH TOXK
B MoGOM HanpajeHuH; K UHCIy Takux NpuBOpOB OTHOCATCS  BBIMY-
CKaeMBll TIPOMBILIIEHHOCTbIO JBYHANpaBJERHbLIE TPHOXHBIA THPHCTOp *
(triac — ot caoB «iriode> w «<alternating current») wu asycropouHuil
kaoy (silicon bilateral switch — SBS).

! B oreuecTBeHHOfl NHTEPAType TEPMHHOM <«BEHTHAb® MPUHATO HA3KLIBATH NPR-
GOpu,) ofnajawolire OFHOCTNPOIHHel nposoanmocTsio  (TIpuM. peaaxTopos mnepe-
Bona

2 B naHHOM CNpaBOYHHKE, KaK H OOBLIUHO B OTedecTBeHHoft w 3apyGexuof
JIATEpaType, 3TOT TuN OprOOPA, ecan HeROpa3yMeHHe HCKJAIOYeHO, HAa3LIBAGTCsH
npocto TUpRcTopoM. (IIpuM. pelakTopoB nepesona.)

3 B aapy6exnolt U oreveCcTBeHHOft juTepaType HHOTAA HCTOALIVETCA He Quens
yraqeslit repMun <Guauncrop»  ([IpHM pellakTopoB (EPCHORE )

¢ B oTewecysennofi aAnTepalype TakHe THPHCTOPHI YACTD HAa3blBAHILA CHMMES-
PHBILIMI MR <CHMWMECTOPAaMH> . (Tipum. penaxi10poB nepenvaa.)
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1-3. KOHCTPYKILHH TUPHCTOPOB

YcneiiHad ¥ HafexHas paboTa THPHCTOpPa OIpefe/sieTcss ypOsHeM
ero paspaloTKH U TexHojorded. [exHosoruueckuie McTOAbl, BHOHpae-
Mble /S Pas/MUHBIX THIOB THPHCTODPOB, 3aBHCAT OT Ha3HAueHHS W OXKHU-
naeMelx ycioBufi ux paborel. Hanpumep, tupucroper ua T1OK 70 a,
npefHasHaueHHbie JJI BOEHHOM aNNapartypbl M TSKeABX OKPYMKAIOULHX
YCJIOBHH, MOTYT CYILECTBEHHO OTJHYAThC OT THPHUCTOPOB Ha 6 a C ABY-
HANpaBJIeHHOH NPOBOAUMOCTDLIO, BBINYCKAeMBIX AJS WHUPOKOro MOTped-
JIeHHS.

«CepaueM» THpHCTOpA SBJASETCA MHOTOCIOHHAs CTPYyKTypa H3 Ma-
TepHa/ja C YEPEAYIOUMMHUCS CAOAMH, HMEIOMWHUMH p- U N-THILL [POBOAH-
moctH. [louTH Bcerja HCnoJb3yeTcsi KpeMHHH, XOTA B NPHHLKIE MOXKHO
HOJIYYUTb CTPYKTYPy Ha OCHoBe repMaHusa. MHOrocnofiiple CTPyKTyphbl
MOryT OBITb H3TOTOBJIEHBl DA3JHYHBIMH METOAAMH B 3aBUCUMOCIH OT
Ha3HAUEHHUs, JKeJaeMbIX 3JeKTPHYECKHX XaPAKTePHCTHK U MOILHOCTH MPH-
Gopor. Haue APYyrdx HCHOJAB3YIOTCA clnapHasi, AHdQy3HoHHO-CITaBHAS,
nuddysuonnas uau naanapuas texnmosorud. Ha pme. 1-1 nokasan pas-
pe3 CTPYKTYpHl, mnoJydeHHOK no AxdQysHoHHOH, a HA puc. 1-2—T10
I HY3HOHHO-CIIABHON TEXHOJIOMMH.

Tlpn miaHApHO# TEXHOJOTHH BCe p-ri-nepexojpl (GOpMHPYIOTCS HA
ORHOI cTOpode KpeMHHeBoH Tabjerbl [IpHHIMTHAAbHOE NpPeMMyINECTBO
34KAI044ETC B TOM, 4ro o0pasOBaHUEe INePeXOAUB INPOUCXOAHUT 101
TOHKUM CJI0eM ABYOKHCH KpDEMHHS, BLIpali#dBaeMoil Ha MOBePXHOCTH
ncpex Hauanov nuddysny H 3alHUIAONeli NepeXOoAbl OT [OBepXHOCT-
BhIX 3arpsisHennit W Baard («mIaHapHas naccuBaumus»), puc. 1-3. He-
JOCTATOK ILTAHAPHON TCXHOJOTHH — OOJBIIHA yAEIbHbIA pacxod KpeM-
pug Ha | @ TOka u GoJbliee KOJHYECTBO TeXHOJNOTHUECKUX Oliepaildil.
Taxas crTpykTypa HauGojee NOAXOAUT JAAs NPOM3BOJACTBA €Jaa0OTOY-
HbiX OpHOOpPOB, THe Ha OAHOM IJIACTHHE MOXKHO NOJAYYHTh GOJbIIOE
YKCJIO CTPYKTYD.

Ecnn npubop pgonxken padoTaTh B IIMPOKOM JHANa30HE OKPYyXKalo-
el TeMIepaTypel HMJM C MNOBTODSIOMIMMHCA TEPMOUMKIaMH, CTPYKTypa
NoJXKHA OHITh 3amasiHa TBePIBIM TNPUIOEM MeXAy Napoft nJjacT#H C To-
JOODAHHEBIMH TeMIEpPATYPHbIMH KO3pduuMeHTaMH, H3 KOTOPBIX OJHA
3aTeM TNPUNAWBAETCS K MeJHOMY OCHOBAHHUIO, OOGBIYHO BHLINOJHEHHOMY
B Buje TOJOBKM GoaTa. DTO OCHOBAHHE JOJNMKHO HMETb XOPOIIHH TemJo-
BOH KOHTAKT C TEMJOOTBOAOM, AJsS uero pesb6oBas YacTp OCHOBAHHS
BBODAYHBAETCA B PajHATOD WM MPUCOELHHAETCA K HEMy € IIOMOLIBIO
rafiku. TIpiMenenue TBepAbIX MPHIIOEB B ONHCAHHON KOHCTPYKUHH OOBIUHO
yMeHbIIaeT BEPOATHOCTh TEPMHUUYECKOH YCTaJOCTH, Hapyulawilefl KoH-
TAKT MEX1y NJACTHHOH H MeJHBIM OCHOBAHHEM, €CJH THDHCTOD IOJABep-
raercs JAeHcTBHIO TepMolukiaoB. Ilo 3TOfi Ke TpHYHHE Takas naHKa
HCTIONB3YETC M MEXAy KaTORHON MJacTHHON U BHIBOZOM Kartopa. Ha
puc. 1-4 mokasaH paspe3 KOHCTPYKLHMH MOIH[HOTO THPHCTODA, YCTOHUHBO-
TO K TemJOBOH yCTaJOCTH.

B npyrofl xouctpykuuu BoJbPpamosble (WiH MOAHGACHOBBIE) AH-
CKH, NPUNASTHHEIE ¢ O0eux CTOPOH MOJNYHPOBOJHHKOBOH CTPYKTYpHI, HE
NPUNAHBAITCHA, & MJIOTHO MPHUIKAMAIOTCH K MEIHBIM ILIacTHHAM. YCHJIHE
HaXaTHs, KOTOPoe HeoGXOAMMO AJA XODOILIEro 3JIEKTPHYECKOTO M TElJo-
BOrO KOHTaKTa, MOXeT GObITh OfecrieyeHO KaK BHYTPEHHHM NyTeM T. €.
camoil KOHCTPYKLUHe§l Kopmyca, TaK M BHEIUHHM, T. €. IPH MOHTaxe TH-
pHCTOpa MeXAy TellooTBogavu [lpewMymiecTBOM HOCIelHero cnoco6a
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a — talAeTka ¢ P-n-p-cIpyK1ypod nocse nepno#t  audvdpyanu; 6 —
TabneTka ¢ p-n-p-A CTPYRTYPOR nocae Bropol anddysuu: 8 — noa-
FOCOBRA TAGACTKH K PCIKE, ¢ - 1OTONAR P-n-P-n CTPYKTYPH.

ABIIETCS BOIMOKNOCTh  OXJTAKIACHHA  CTPYKLyphl ¢ 06GeHx ctopon h
yayusese tenadorsoga. 1la pue. 1-5 nokasana xoucipykimus ¢ upu-
AUMILIMI KONTAKraMyu, Koiopast yaoGHa s ABYCTOPOHHero BO3AYyII-
HOro uan soasioro oxnamaedus. kHa puc. 1-6 noxasama TunoBam KOH-

Puc. 1-2. p-n-p-n-crpyxry-
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HHC HOBBIX OKOH 11 ToO-
BTOpHas AHddy3ua p-upy-
MecH. 4 — BOCCTaHORNEHHe
OKCHIHOTO CNosi, APOTPAB-
neHne  HOBBIX  OKOH H
aubdysus n-npumecn; 5§—
Pe3Ka Ha oTaedbHbLIe Ta6
JCTKY, MOTAANHIAIHS KOH-
TAKTULIX CJHACH (1 (PFHCO-
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Kamodnsii

8b1B0d BbiBod Y3

HuxcHan noBepxrocms, npu-
COCOUHAEME ST K DCHOLLEI U

CTPYKUHMSA pajuarcpa AJs TIPUHYAHTEJbHOTO JBYCTOPOHHEr0 BO3ZyLI-
HOTO OXJIAMKAEHHS.

Ecan rvpucTap npoeKkrupyercq A IKCIYATAUWH B JIETKHX NPO-
MLULJEHNBIX M OLITOBBIX YCIPOACIBAX, YCJAOBUST OKPy:KaiomleHd Cpefbl
OCBIYIIO XapaK1ePU3YIOTesl OrPAalHYCHHBIMH KOJeGaHHAMY TEMIepaTyphl
¥ OTCYTCTBHEM TEPMOUMKNOB C TPee/bHbIM H3MEHEHHeM TEMIEpPATYypLI,
B 3THX CIy4asx MOJyNPOBOAHHKOBYIO CTPYKTYPY MOMXHO MOHTHPOBATDH
HENOCPEACTBEHHO Ha MeJHOM OCHOBAHUH, HCIOMB3YSA ClNelHAaNbHbIH 0JI0-
BSIHHCTO-CBUHLOBBIA npunofi. Cnofl TAKOTo NPHMOs NOIJIOILAeT MeXaHH-
UECKHe YCHANA, ODYCJAOBJCHHBbiE PA3HBIMM TeMICPATYPHBIMH KO3hdu-
e raMa  paciiMperds KpeMmaus M meld Tawas Markas nafixa ygo-
BJETBODHTEIPHO DabOTAET NpPH YMEPeHHBIX TNepenafax TeMueparyp H
cpofogHa ot TepMuueckoh ycrasoctd. OnucaHHAs KOHCTDPYKiMs He
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Puc. 1-5. Tupucrop na 230 a,
BHUTONIHEHHBIH B KOoplyce ¢
HAXKHMHBIMH KOHTAKTaMHU.

[-4. KoHCTPYKUUA THPHCTO-
pa, YCTOHYHBOIO K TE€PMHUGCKHM
H&aTpy3Kam.

1 — pe3uHoOBas WIOIALHS,
THYHBlE Brau, 3 — csapHoft mios; 4 —
cTanap; 5 — npuBapKka K MeaH; 6 —
nneTenbfi BuBOM, 7 — BLIBOA YNpan-
JIAICILETO 3/1EXTPOAE H KATOAHBIA BbI-
BOA AJIA LENH ynpaBaeHuya, 8 — BBOA
4epe3 CBapHYIO TPYOKY: 9 — Kepamu-
Ka; /0 —cnait sodbppaMa u Meau
TBEpALIM npunoeM; Il — noacBopka
NoJYIPOBOAHUKOBOTD SJNeMeHTa.

2 — repme
Piic. 1-6 TunoBoe HCMoab-

30BaHHE THPHCTOPOB C Ha-
MHMHBIMH  KOHTAKTaMH B
pagsaTope ¢ JABYCTOPOH-
HHM BO3IYVIUHBIM OXJ2X-
JEHUEM.

TONbKO CHHXKAeT CTOMMOCTL NPHOOpaA, HO H yMeHBIIAET TEeMJ0BOE COnpo-
TUBNEHHE MEXKAY MOJYNPOBOJHHKOM H Melblo, o0/erdas OTBOJ TemJa.

[Tockoabky I1aHaphasi TeXHONMOTHS IO CaMOH CBOewt CyTd Jaer
JYYWy 3dWHTY [CIyNPOBOAHHKA OT OKPYMKAKOWeR Cpenst, HeofXoau-
MOCTb B JOPOPOCTOALIMX CBAPHBIX CTEKAAHHO-METANMHYECKHX KOHCT-
PVKUMSIX KOPNycoB UacTo ormapaer. [lianapHas CTPYKTypa 3axatoua-
eTcid B TJIACTMACCOBBIH MOMOJMT, CBAaPeHHbIN NOJ daBJeHHEM, KOTOpbIil
sbecnednBacT BBICOKYID MeXdHHYeCKyK NpPOYHOCTb  Twpucropa. Ha
puc 1-7 noxazan paspes NAaNapHOrO THPICTOpA wia 2 a.

Puc. 1-7.
IJ1aHapHOTO
tana C106

I — qacru

Koncrpykuus
THPHCTOpA

NAACTMACCOBATO
Kopnyca; 2 — unaHapHas
KpPeMHHeBafd CTpyKTypa; 3 —
MeJHBIe 3JEKTPOABl UITaMIIO-
BadHble W3 JEHThl, 4 — Tenjao
OTBOX W AHORHBIY BLIBOA & —
COeIUHAONHE TPOBOIHUKH W3
30J10Ta; 6 — KaTOH; 7 — aHOL;
8 — ynpapasiiolufl  3JeKTpoa.

1-4. NPOLLECCHI NPH OBPATHOM HANPS)KEHHH
HA p-n-TIEPEXOLE

Korga Ha p-n mepexon mopaeTca HefoJblioe 00paTHOe HaNpsikKe-
HHe CMelleHu#, TC TPOXOAALIHA uYepe3 nepexony caabblii TOK CKAanbl-
BaercAd M3 ARYX cocTapasiouwuX. OQHa K3 HHX HA3bIBAETCH TOKOM Ha-
CLIeHHA W 3aBHCH1 OT THIa MCNOJb3yeMoro Martepuana. B xpeMHMu
ona  ouenb me3naudTesbia JIpyrasi cocTaBasiollasg SBJASETCSs TOKOM
repMorencpailisn 0o 06yclosaMBacTCa NPOIECCAMH OCBOGOXICHHS H 3a-
XBara HOCHTENCH © TaK HU3LIDACMbIX UEHTPAX PekOMOHHALMU B Mpe-
JEN1aX 3anuparollero <0 NOJAYNPOBOAMMKA. B xpeMHHw Ipu KoMHAT-
HOH TeMmIepaType BTOpam COCTABJALOLLAs SIBASETCH Npeobiagaommei.

yBeJHYeHHeM 3allipaloulero HamnpsiKeHus doJe, MPHIOXKeHHOe
K [epexofly, TaKxe YBoIHuMBaerca. OHO YCKODSIeT HOCHTENH 3apsiioB
B o6JacTH- Mepexofd, B pe3ysabTaTe 4Hero OHW MNPHOODETAIOT 3HEPTHIO,
JLOCTaTOYHYIO AJAA 00pasoBaHHsi HOBBIX 3JM€KTPOHHO-ABIPOYHBIX Map,
YTO yBe/HYHBAeT TOK yepe3 nepexoX. KosddHUHEHT pa3sMHOXKeHHA HO-
cutesedf, BbI3BAHHBIA JaHHBIM MpoleccoM, ofioaHauaercs OGykBod M.

Tlo mepe Toro Kax HampskedWe B KPeMHHEBOM flepexoje Hapa-
CTaeT, TpollecC pPa3MHOXKEHUS HOCHTe/ell 3apsaloB YCHJIHBAeTcA, W NO-
cnefHHe yXe Ha He0OJNbIIOM YyuacTKe cBoero npofera nNpuOGDPeTaloT
SHEPrHio, MOCTATOUHYIO [Js1 reHepaudu GOJMbIUErQ KOJHYECTBA HOBAIX
uocuteneii. Korma Ttakoe ycioBHe 6yger HOCTHTHYTO, TOK HATPY3KH
GoicTpo Bo3pacrer, OyAyyH UrpaHHYeH TONBKO CONPOTHBJIEHHEM BHeEW-
nefi many 3TOT mnpouece HA3LBAETCs JaBHHHBIM TpoGOeM Nepexoza.

Ha puc. 1-8 B norapudmuueckom MacliTabe [M0Kas3aHel Xapakre-
PHCTHKH TMepexofa ¢ O6pPaTHBIM CMELeHHEM, HW/LIIOCTPUPYIOIIHE ONH-
cayHble BbIIe DeXHMB. B ofaactH TepMoreHepauuu o6paTHBIA TOK
logp v3MeHAeTCA C NUPHHOR 3AMMPAIOIUErD CJIOA, B CHAY 4ero oH Mpo-
NOPIIOHANCH HANDAKEHIIO Nepexoga B cremeHw ot /s o 1/,. B 3oHe
JAaBHHHOTO PA3MHOMEHUS 3aBUCHMOCTL ¥3-32 BJHAHAA Ko3dduUHeHTa
M orknonsiercs ot crenenu 'fo—!/s Kosdduumuent M cBssan ¢ Ug np
¥ Uy SMIHDHYECKMM COOTHOLIEHHEM

t

M =T, U™
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crope mnpakTiuecki Bce ofpaTHoe uanpAmende OPHIOKEHO K jepe
vog Ipsp Pue. 19, 3asuenmocis wa- aogy Js.
o IPSIKEHHy NPOBOA  OoT KOH- [lpd 10M0KHTEABHOM HANpsizKeHHH HA ailoje Nepex0odbl Iy n Iy
HeHTpauuH  NpuMecell AR noaydarT mpaAMoe CMEleHHe W TONBKO Jg, MMEIOLLMH ofpartHoe cMme-
Puc. 1-8. BoabT-aviepHbie xapakTepH-  DAaBIOMepHOTO  ckaykoofpas-

CTHKH p-r-Tepexoga Npu oGpaTHOM Ha-
npsiAeHuH.

{ — ofinacTb JaBUHHOrO mpobosi, 2 — obaacTk

Horo mepexofa.

e oot &y e, TAC r— Koshduukeqr, KO-
eHep )5 HTE. H, — KOMHATHASH - -
TeEMNnepaTypa, 5 — BbICOKAag DaﬁO‘{aﬂ TeMne- Topb”/l Ans KPEMHHH cocTas
paTypa aser 2—4 B 3aBHCHMOCTH

ot THma Mmartepuana. Hanps-

JKeHHe JaBUHHOTrO mpo6os Ajs

Ai060ro Nepexo;a 3aBHCHT OT paclupefeleHus mpuMecedl BOIM3M nepe-

xoxa. DTO pacnpegeiedde TPHAMeceHd OnpeRelsieTCss KOHCTPYKUHMeR H

npoueccoM  Harortopiemis. Kak  mpaBuiio, Tepexonbl, TNONyueHHblE

BOJIaBJEeHHEM, BbipallHBaHMeM WJH nuddysueil, xapakTcpusylorea [10-

C1ATOYHO PE3KOI Ipanuieii MeXAy p- M n-06JaCisMi, B KOTOPmMX pac-
npejgejende npHmecell OTHOCHTEJNBLHO PaBHOMCPIO.

Ha puc. 1-9 nokasana 3aBUCHMOCTL Hanpskenus npo6os Uy.gp oT
KORLIEHTPAluKH hipuMecen N; na caaGoernpopaniofl CTOPOHe Nepexoaa,
HpUMATAS B OpOMBiAcHnocTH. TlepeXof, unoayueninifl TayOoxon antb-
Gyadell, npuMeprno mnoxgoGen IICPeXoAy ¢ INABHLIM - paciipellefeHHeM
npuMecell MpH NOCTOSIHHOM Tpdaalente HX komyenrpauuin Tlpn toM XKe
MaTepHaie [epexoa, MOJAYyYCHHBIA MeTogoM ravOOKOf IHnddysnu, Mo-
®eT ofecneunTh GoJee BHICOKOC NPOOUBHOE HANPSMKEHMC.

TTonuBll TOK ucpes mepexofi, Kak BHAHO w3 puc. 1 8 cHibHO 3@-
BHCHT OT TeMmepartypbl MakcuManbno JgomycTaMas TeMmneparypa le-
pexoga oOBMHO onpedensieTcss JOMHHHDYIOIHM [PH 3TOM NIPOUECCOM
perelicpaliil HocHTedell B 3amHpalolieM cloe.

1-5. OTOEPTOE COCTOAHUE TUPUCTOPA

Ha pue. 110 exematnucckn H300paken ueTmpexcaoiinnit npnjop
co CTpyKTYpoil p-n-p-n. Leaw naupaxceimne na ynpaBasionuit sjiexTpon
He NMONAHO, TO, KOPAa auoji OrPHILATENeH OTHOCHTEILIO KaToja, nepe-
xcapl Jy 1 Ja Gynyt uMern ofpatioc eMeutenne, a nepexop Js — npsa-
Mce cmeutenne. TIpy 3ToM BeC UPHAGKCHNIOe K TNPUOGOPY nanpameHue
GymeT pacrnpeiensiThbCH MexAy TpeMsa TepexofaMmd B 3aBHCHMOCTH OT
COCTHOIIEHHS WX ROMBT-aMUepHbIX xapakrteprcTuk. OOGwliyHO B THPH-

I{eHHe, JEepXKHT NPAMOe HanpsiKeHHe.

IIponecc ormupakHs THPHCTOPA MOKHO PACcCMOTPETb C MOMCLLLIO
JABYXTpaH3HCTOpHON aHadorid. [IpoBOAs MBICICHHO paapes, MOKasdil-
bl NyHKTHPOM Ha puc. 1-10, mpeicraBHM HeTHIPEXCAOHHYIO CTPyK-
Typy B BuAe CXeMb!, TPHBEMENHOil Ha puc. I-11.

Ynpasamomwnit Tok Iy sApjserca £a30BLIM TOKOM TpaH3WCIOpa Th
DTOT 6a30BbIT TOK YCHJMBAET WHIKEKIWIO HOCHTelelt co  CTOPOHB
sMuTTepa Iy, TaK 4TO KOLIEKTOPHuIT TOK [xy pasen ailsr wan Blet,
rie Bi=ayf/(1—a1). Oagako Tok [« ABJACTCA TaKKe 6a30BBIM TOKOM
Tos Junt ipansncropa Tz Jrtor GajoBbiit TOK OGYCIOBAHBACT HHIKEK-
LU HOCHTeeR IMIETEpa Jy, B pesyabTaTe ycero TOK [xz paBeH daloz
un Ploz, vae Pa=aa/(l—us). Tok [z B CyMMe C TOKOM Iy o6pa-
aver Tok lg;. QUEeBHAHO, 4TO oOpaTHaf CBA3b B NOAOOHOM CXeMe MO-
JAOMUTOABHA, Lead KO3(HLMEenTsl ¢4 ¥ @ AOCTAaTOUHM AAd TOTO,
yToGbl yCHAeHWe B KOHTYype OODATHOH CBA3M AOCTATAO CRUHMUID, 6a-
30BBle TOKH OLICTPO BO3PACTYT M 006a TPaH3HCTOpa OKAXYyTCs HACH-
MeHHBIMH Oa)e TOCJe TOrO, Kaxk ynpabisiomuit Tox OyleT yMeHpiled
10 Hyas. [lpu 3TOM KOJJIEKTODHBIA Tepexox Jo Gyper cMelled B mnps-
MOM Hanpabienuu. Taxim 006pasoM, BCce TPH Tepexona GyAyT HMETH
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Puc. t-11. JiByxTpansucropHas aHAJOTHS p-n-p-n-CrpyK.
TYpHI.
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Puc. 1-12  Tunoeas  BOJBT- Unp
aMnepHas XapakTepHCTHKa TH- o o 20
pucTOpa B NPAMOM HampasJje- EU
HHH. Puc. 1-13. TunoBas BoJALT-aMmep-

Hag  XapakTepHCTHKa  THPHCTOPA
B NPSMOM HanpaBJeHHH B 0OJACTH
GOJBIINX TOKOB,

I — aunefiuni®  («OMHYECKHA» ) YYacTOK;
[I — yuacToK 3akOHa CTeneHu ‘fa.

npsMOe CMellieHHe, M OT aHOAa
K KaTojly uepe3 THPHUCTOD MO-
JKeT NpOoTeKaTh 3HAUUTENbHb
TOK MpPH BecbMa HH3KOM Mnane-
HHU HanpsKeHHs.

V kaxjoro k3 AByX TPAH3UCTOPOB HAMpsXKeHWe B HACLILEHHOM
CGCTOAHHH SBJASAETCS CyMMOH HANpsiKeHHi Ha o0OMX Iepexoxax: y OA-
woro Usi+Uss, y mpyroro Usa+Uss. Tak kak uanpamende Use
NpOTHBONONOXKHO N0 3HaKy Usy u Uprs, HanpsXeHHe HACBILEGHHS ue-
THIDEXCIOAHO CTPYKTYPH MOXeET GblThb MaJo, Tak Kak fpd CyMMHpO-
BaHHHM BCEX TpeX HANpsIKeHHH [OJHOe TPAMOe NajeHHe HaNpsXKeHHd
OKa3blBaeTcs TIPUMEPHO DPAaBHbIM MAJEHHI0 HATIPSXKEHHA ya ONHOM Ile-
pexoje, CMELleHHOM B NPSIMOM HalpaBJeHHH.

B rtupHcTopax OOGbMHOM KOHCTPYKUUH BHellHHe ofjactd My H o
XapaK1epH3YIOTCSl OTHOCHTENbHO  GOMBIIMM  COfepXaiuem 1pHMecel,
a BHyTpeHHMe 06I4CTH pr M Az WUMEIOT HE3HAUMTENbIHOE KOJHYECTBO
npumeced. Ilpu GOJBIIMX IUIOTHOCTAX TOKA CHJAbHAS MWHXKEKUHA HOCH-
Teslell M3 o6aacTefl ny M pz NPHBOAHMT K 3HAUUTENBHOMY YReJIHUEHHIO
KOHUEHTPAIHH HEOCHOBHBIX HOCHTeJeH B 30HaX pi M fp. [loayueHHas
CTPYKTypa OdYeEb CXOJHa C AMOAOM THHA pin, ¥ TPAMas BeTBbL Xa-
PAKTEPUCTHKH MOXeT GbiTb ONHCAHA NpPH MOMOIMM TEOPHH TAKMX HIHO-
nos. Ha puc. 1-12 u 1-13 nokasaHa B PasMH4HbLIX maciitabax npaMan
BETBb BOJBT-aMHEPHON XapaKTePHCTHKH ONHCAHHOM CTPYKTYPHI.

B 0642CTH MalbiX TOKOB XapaKTeDHUCTHKA OT/IMYAeTCs OT TeOoperH-
weCKOM XapakTepHCTukM pin-muofa. [Ipu cpemnux YPOBHAX HHXKEKIUH
KpHBAs CAENyeT XapaKTepPHCTHKe MHOAa THNa pin 6narogapsi 3HAYH-
TebHON MOAYASILAH NPOBOJMMOCTH OGEHX CPEeXHHX 6as p u ne Ilpn
GOBIIMX TOKAX, COOTBETCTBYIOUIMX TIpeAe/IbHO ZONYCTHMBIM MOBTOPSIO-
[MuMcsl SHAUEHHSAM BILIOThL A0 TpeReabHO AOTMYCTHMOrO yAapHOro TO-

Kd, BPHUBas CJeAyer 3aKoHy U==1"2, yto obyC/0BNeHO OrpaHHuEHHEM
06beMHOTO 3apAfa. 3a JTHUM [JHalla3oHom Ha6aiofaercs INepeXol
B OMMYecKyio 00jacTb, HO H3MEpeHHs 3AeCh BeCbMa YCJIOBHHIL, 4 110-
NLITKH K OOBACHEHHIO 3TOrD Yy4acTKa XapakTepHCTHhi He Tpeanpuui-
majuch. [IpM NpakTHMCCKOM HCHONB30BANMM NPUBENEHNO Xapakrtepu-
CTHKH Hajo VUHTBIBATh, 4TO 3aKOH CTeNeHH '/ NepekpeiBaeT 3HAUN-
TeAbHYI0 uyacTb paGoyero Anamna3oHa. Hasuude 3TOro 3axoHa 3aMerHo
YIPOILAeT pacyeT BHYTPEHHHX WIOTepb MOIMHOCTH H TEH/NOBBIX CBOICTB
npuéopa.

B npusedennoM BhuIe OGCYXKAeHHH PABOTBl UeThbPeXCJOMHOM
CTPYXKTYphl TNPENNOAAranodch, dTO YAPABASIOWME EKTPOX CoeluHeH
¢ obnactbio p;. OueBuAHO, UTO Takoe Ke JMEACTBHE MOXKET 6bITh TO-
JYYeHO TIPH COSAMHEHMY YIPABJSIOIEro 3/AeKTPOAa ¢ 061aCThI0  f2,
10 HanpaBIeHWe yNpPaB/AIOULero TOKA TNpU 3TOM JOJKHO 6biTh M3Me-
HEHO.

1-6. MPOLLECC OTHIHPAHMUSA

TMocile ofucanus HPHALMIA NeHCTBUSL p-n-p-n-CTPYKTypbl B 3alH-
pa2iollleM X [POBOASIIEM COCTOSHHAX B NOCJAEAyOWIMX Raparpagdax
GyLeT paccMOTDEH fpolecc Nepexoia OT 3aNHPaoILero K TPOBOAfLleMY
COCTOSIHMIO H 06paTHo.

Ucnoabsys o6oanauennss puc. 1-11, moxHO Hanucatb ChAeAyIOUHE
COOTHOUIEHHSA:

,a =[x1 +ll(2; (1-1)
Ixu=lxl+lx2j:IY=,aily; (]'2)
Ty = M/ g + 0,511; (1-3)

T = M1y =+ 0,51, (1-4)

rac M — xoatpullyeHT JaBUHHOrG pPasMHOMCHHA HOCHTeJaeH 3apsiza.

Uentpanppift mepexos J: pasjeieH NONOAAM, W  TO3TOMY TOK
yreukd uyepes Hero [o BiaomuT ¢ kosddumuentom 0,5 B BBHIpaKeHHd
ANiA OBGOUX KO/UIGKTODHHIX TOKOB [wi M [xo. [lopcrtaBus (1-3) u (1-4)
B (1-2), nomyunm:

Iy o,V
fe =T W@+ (1-5)
3T0 ypasHeHMe NOKA3LIBAET, YTO IpH
M (o a) = 1 (1-6)
10K Ia GeCKOHEdHO pacTer, uTO COOTBETCTBYET [epeXooy CTPYKTYPhl

B ONHCAHHOE paHee COCTOSIHHE TPOBOZHMOCTH, KOraa Ha mnepexoie Ja
OKa3blBaercsd NpAMOC HanpsiKeHHe CMellleHAS.

IMpumem pas npocrorsl, yto M=1 Ecau o6a kosdpdulueHTa a4
W @z HeusMenHbl M 4+02<1l, To o6a cOCTABAAIOmMMUX TPaAH3HUCTOpa He
MCTYT OhiThb AOBEAEHBI 10 HachimeHus. IIpH 3TOM INepexoj CTPYKTYpH
B COCTOSIHHE INPOBOAMMOCTH MOXeT ObITb OOYCJOBJEH JIHIb JABHUHBIV
pasMHOKeHHeM HocuTenell uau npoGoem mnepexofa Js mpu  BBICOKHX
Hanpskenuax. Fcin e o4 U Ga HEH3MEHHB, HO @;+Qs>1, ro CTpyK-
Typa HAXOAWTCH BCe BPeMA B COCTOAHMM MPOBOIMMOCTH M HE MOXKeT
sarupath nanpsxkende. Creuuduka npouecca BKAIOUCHHA peajpHON
CTPYKTYpBl 3aKJaI04aeTcssi B TOM, YTO KOIQQUIUeHTHl @ He MOCTOAHHBI
H ﬂBJlIﬂlKL)}TCﬂ GyHKUUSAMA TOKa M TemMmepaTypbi, KaKk [OKa3aHo Ha
puc. 1.14,
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Korza ynpaBasioliuil TOK HOCTHraer
1,0l /“‘ JocTaToyHo O60.bIIOrO 3HaueHHs, 06JacTh h
/ 3aMepToro COCTOSIHHA B MPAMOM HANPaB- 3%
0,8 JIEHHH HMCYe3aeT M BOJIbT-aMNepHasl xapak- J=x
7%)/ TepictHKa npuGopa npubaukaercs no XS
06 ) Pocm CyllecTBY K NPAMOfl XxapaKTePHCTHKE IIpO- §§ |
/oc., memnepamype CTOro p-n-nepexona, 3
/ C mnomomso cootHomennii (1-5) u T '
0,4 / - (1-6) u pHe. 1-14 MOXHO JIETKO OGBLSICHUTD !
/AK%\ HEKOoTOpble 0COOGEHHOCTH paBoTHl TUPHUCTO-
02 A A el = pos. Tak, Hanpumep, yIepKUBAWOWUA Tn
i —1 L~ 1~ TOK lyx M ynpaBasiomuli ToX, HeoB6XomH- Temnepamypa
4 / tog £ MBIR A7 OTOMPaHHS, AOCTHrAIOT GoJbWOi 4
0 BeJHYMHB TPH HHU3KAX TeMmepartypax 0 .
HeBCJMKH TIDH  BBLICOKKX 10\/PH€1¥EFI‘V[)cI\, Puc. 1-16.  3asucumocts
Puc. 1-14 3asucumocrs x03hdHIHEHTOB @@ OT Yro O0BYC/JOBJIMBAETCH pOCTOM € ¢ TEM- panpsukenua  OTHHpatus
TJIOTHOCTH TOKA M TEMIepaTtyphl. neparypoil. Kpome Toro, tok yreusu nepe- r(lgggiq;gﬁueﬂm) oT Tem-

Tlpn HM3KHX IIOTHOCTAX TOKAa IMUTTEpa OCHOBHAst 1O1epst HOCH-
Telel 3apsanoB B mo60V H3 TPAH3HCTOPOB NPOHCAOZMT B LCHTpax pe-
KomGUHAUHK B 06GJacTd NPOCTPAHCTBEHIIOro 3apsja 3MuTTepa Tag xak
A Nnpyu 3TOM TOJBKO HeboJab-

masi JoN8 TOKa 3MUTTepa
JOXOAUT N0 KOJIJIEKTOPd,
Ko pumuenTst « MaJgbi.
ITo  mepe  yseiauuenus
TUVIOTHOCTH TOKA 3MHTTEPa
TOK  pekoMOuUHaHWH CO-
CTaBJACT BCE MEHbIUYIO
JIO 110 OF MONMHOTO TOKA, H
K03 huitienTel @ pacryr,
noka BeMHIHHA Q1+ Q9 He
CTANOBUTCH  GoJsibllle  emnu-
HHUBI, 4TO BLI3BIBAET cKay-
KooBGpasnoe BK TIOUeHNe
npu6opa Koadhduumnen-
Tl O 3aBUCHAT TaxKxKe OT
OPUJIOKEHHOTO  Hampsxe-
HUf, HO 3Ta 3aBHCHUMOCTb
MeHee 3aMeTHa.

Bansinue  ynpasasio-
nlero  Toka CBOAHTCA K
YBeJMUYEHHIO TOKa 5MHUT-
Tepa, BhI3HIBAIOIIEMY
pocT «, 1okKa He Ovaer
JIOCTHTHYTO paBeHCTBO
(1-6). C  ypeauuenuem
YAPARJAHIONIEr0 TOKA Npsi-
MOe HanpsKeHHe, NMPH KO-
TOPOM  TIPOMCXOAUT OTIH-
paHHe, cHuXKaeTca (pHC.
1-15).

fa:a
m \\‘

\\

Pocm ly unu lg u3-3a
YBENUYEHUR MEMNENRMYPL!

\
| Cruscenue 1,gus-3a
yBEAUYEHUR MEMNEPAINYPL!

\ Y

NpAmod mok /}

Unp npu Lap wom

NprMpe 3anupaemMoe
HAnNpANCEHUE

I
1y

O6pamHoe 3anupaeMoe
HANDANCEHUE

Prc. 1-15 Buausume ynpasasiiouiero Toxa
Ha TIpAMYIO BeTBb XapAKTEPHCTHKH B 3a-
NEePTOM COCTOSHHH.

xoaa [y, Takxke 3aBHCAWME OT Temmepa-
TYpbl, JefCTBYeT Kaxk JAOMOJHHTe IbHbIH
YyNpasafioMi TOK, BEI3LIBAf BKJAOueHue Npubopa npu 3HAUMTENbIIO
Gonee HH3KMX Hanpsikenusx, dem npu Jo=0. Tunuupasi 3aBHCHMOCTD
HaNpsaXKeHHs: OTNHPAHHs OT TeMmepaTyphl nepexoaa noKasaHa ua
puc. 1-16.

YroObl OTPaHHUMTL BIMSIHHE TeMIepaTyphl Ha NpPAMCe HANpsikKeHHe
orrupauus Uogrn, yNpaBasomull TOK, HEOOXOAHMBIH JJisi OTIMHpazus
THPHCTOPA, PACCYMTHIBAIOT T4K, YTOOH OH OLIT 3ameTHo 6OJbile TOKA
yTeurd mnepexona. ddextusuble Ko3DPHUNEHTH G ofedx TPAH3HCTOP-
HBIX CeKIMH THPHCTOpA HOMKHB GbiTob cHukenbl. [Ilocnennee MoxeT
GLITb  yacToO  JIOCTUTHYTO 3a CUeT WIYHTHPOBARHS VyyacTKa MexAy
VIPaBASIOUIHM 3JACKTPOAOM M KaTOXOM HJIHM 3a CcueT MPUIOKeHHs 06-
PATHOIo CMeLieHHS K YNpPaBJAOIIEMY 3JIeKTPOLY.

[Tpn paccmMOTpenHu ABYXTPAH3MCTOPHOW aHAMOrMH OBIO TPHASTO,
4TO p-n-p-n-CTPYKTYpa sIBASCTCH HHTeBUIAHOH, T. e. ce AAKHHA OoJplie
nenepeuHblX pa3MepoB. Ha npaxkTHKe WJAOWIAAbL Nepexoga THPHCTOPOB
ABASIETCA OGLIYHO ,0CT4rOYHo OOJABLIOH, YTO HEOGXOZUMO 114 MOAy-
HeyHsr Ooabmux pabounx TOKOB Harpyskd. Takyio CTPyKTYpy MOXKHD
paccMaTpHBaTh Kak GoJbIIOe YHCHQ HHTeBHAHBIX THPHCTOPOB, COeH-
HEBHBIX NapaJjllesbHo.

Pucyrok 1-17 unnocTpupyeT CUTYAUHMIO ¢ TATHIO HUTAMH
X6 Aje Koriaa ynpaBasiomuii ok MpHUKJALbIBaeTcsi K (ase CeKIHH
Ai1, TO uwactb mepexona Jr uepes HEKOTOPOe BpeMs TOJAyYaeT TpsMoe
CMellleHHe, W 3aNHpaOUMit CIOM 3Tofl YaCTH CTAHOBUTCS O4YeHb Y3KHM.
Jta uefoJElUAT 3aNePKKAa BO BPEMeHH Heo6XOooMMa nAas lepepacpe-
Tejgendst 3apamoB. Tem BpemeneM cekmun A, Ay, Ay v Ays npogod-
JKAIOT 33aNHpaTh HANpfXKEHHe H HMEIOT WHPOKUHA 3anupaloninft ciof

Ha paccmatpHBaeMoM HHTeDBaJie BeChb TOK HAarpyskH, OTPaHHuH-
BaeMblii TOJHBIM COTDOTHBJIEHHEM IleNH, BKJIIOYAs TUPUCTOD, KOHIeH-
1pupyercad Ha He6OJMbIIOA MIOmIAfuM ceueHWs oAHoll Hutu IlroTrocTh
TCKAa HAa 3TOM YYacTKe CTAHOBMTCS Upe3MepPHO BHICOKOH; NaleHHe Ha-
NpsKeHHs B TPSIMOM Hamlpamieunw MoxeT gocturats 30—50 8. Ilpu
3TOM AHORHBI TOK [ NPOXOMIT TdK, KaK MOKA3aHO WWITPHXOBBIMU JTH-
guAMy. Tlomepeunbie cocrTaBasAlolHe TOka B o6Jactsix p; H Nz AedcT-

oT A“
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Puc. 1-17. Tlpeacrasnenne p-n-p-n-CTPYKTYPH B BH- 1,
Ie pAja Napas/ejbHbIX HUTeH. Asy
BYICT TdK, KaK eCiH Obl K CeKUWH Ajz OLIIM NPUIONKEeHbl IBA YIpaB- y¥3
ATIOWAX TCKa, npudem o0a B HaNpaBieHdd, 3aCTABASIOMEM 3TY Cek-
UHio BKIOUUTbCS TakuM 06pasoMm, MOCJAC TOTO, KaK YAPaBJsIOHA TOK .
npuioXeH K OGase OXHOH CEKUHMH, BKJIIOUEHHOE COCTOSIHHE pac- Puc.  1-18.  Tlpencraviesne  mpoCTpAHCTBEHHOH

npocrpansiercs A0 HauGoMee YIANEHHBIX Y4ACTKOB BCefl CTPYKTYDBL
C yBenmyeHueM [LIOMIAAH [POBOAMMOCTH MJIOTHOCTh NPAMOr0 TOKa,
a Takke § NpsAmoe [ajeHue HANDPSKEHHS COOTCETCTBeHHO yYMeHblua-
1o7cs. ¥ OGBIUHBIX THPHUCTOPOB CKOPOCTb «OAHOPA3MepHCro» Pacnpoct-
pamenssi OTIEPTOrO COCTOSHMS B Hadale Ipoiecca COCTABAAET MpH-
mepHo 108 ca/cex. TIpamble TOK ¥ NafeHHe HaMpsAXKeHUs TocAe OTHH-
paHMs HadajbHOH 30HH OKa3LBaOTCH (yHKIHeR BpeMedd 1 MOJHOrO
CONPOTHBJEHHS LelH HArpy3ku, Tak Kak ¢ yBeaauenHeMm IIIonlafH Mpo-
BOAHMOCTH CONPOTHBJIEHHE CAMOTO TpHOOpa CHHMXAELTCS

Ha npakTHKe THPHCTOP MMCCT TPCXPA3Mepuyio CTPYKTYPY, Kak IO-
Kazano Ha puc. 1-18 Tlpusexemisie Bhlie paccyKACHHA CQOTBETCTBO-
Banu PaCHpOCTPaHeliIo orieproro coctosins oF Ay o Ag. Ecam Xe
ynpeBasomuil Tox [y UPHKNaABBAETCT K KAXKAON M3 HHMIKHX CceKIHit
oT Ay L0 Asy, TO pacupocTpaHeHHC OyNeT TAKHM Xe, Kak W B NepBoM
cace. Ecan Iy upuknamuisaerca TOMBKO K Aqy, PacnpocTpaHeHde Oyfer
ZEVXMEpHBIM, W IS LOCTHXKEHus cekluu Ag; TpeGyercd Gonee JJjH-
TeJpHOE BpeMs DTHMH COOODaXKEHHAMH M OOBACHAETCH KOHICHTpHUE-
CkOe PpacnofuKeHHe YIPaABASIOUIEr0 3MEKTPOJa H KaTroga B THPHCTO-
pax pana upm.

Jlo cux mop Mpl CUHTauH, yTo TOK Iy BXOAMT TONbKO B Ayy. 30H2
p1 MeXAy HHTAMH (AaKTHIeCKH He sBJAfeTcss NMBNEKTPHKOM, XOTH B Heft
MMeeTCSl OMpefeNeRHce NaleHHe HANPAKEHUd, 00YCHOBIEHHOe KOHEUHDBIM
conpotusnenueM ca0s pi. Tloatomy uem Bblme [y, Tem Gonbiie mJI0-
manp, KOTOpas oTHRpaerci nepBoHayaneno. Kak Moxasand  ONMBITH
C TPaH3UCTOPaMW, TIPH CHUKEHMH YNPABAAIOLIEr0 TOK2 WK HANPAXKE-
HHsS BPeMs 3anasjblBaHUs I1IpH OTIHPAHHH OyAeT YBeTAYHBATHCH. Ox-
HaKo B THPUCTODAX MPH MpeBLIHICHHH ONpee/IeNoro npeiena BIUAHHE
toka [y He ouenn 3ddextusyo. B Momubix THPHCTOpAX nOnEpedHoe
majnesne 3HAaYHTENIbHO, TaK UTO CKOPOCTh PACNPOCTPaHeHHs MNOALEPIKH-
BaeTcl INpeHMYIHECTBEHHO 3a cuer cunbnoro 3ddexra gobasouHoro
yUpaBieHHs, OGYCHOBACHHOrO YHOMSHYTHlv Bblllle TONepedHHM Naje-

p-N-p-n-CTPYKTYPHl B BHAE 3JIEMEHTADHBIX HHTEBHI-
HBIX CeKUHH.

HEeM Hanpsxeuus OT ToKa Harpysxn. Ilpu orcyTcTBMM Taxkoro npHHy-
AETEeNbHOr0 pacnpoOCTpaHeHnda npy  MaJabix MAOTHOCTAX TOKAa Harpyaxu
CKOPOCTb pAaCHIMpeHHs OTHepTOTO KaHala OKashiBaercss 3HAUHTENbHO
suXe (BHAuMO, nopsigka 104 cm/cex).

Takum 06pa3oM, OpH pexHMax ¢ OGBICTPHIM HapacTaHHeM TOKa,
HanpuMep npH pabOTe THPHCTOPOB B PARHONOKALHOHHBIX HMIYJAbCHHIX
MOJYAATOpax, AJA [OJAyueHHsi OOJbliedl MIOMALH HAYaNbHOIO OTMHpPA-
HU# W ee Gonee BHICTPOrO PACTPOCTPAHEHHA C UeMbIO yCTPAHeHus le-
perpeBa cTPYKTypul TpefYIOTcsi KOHIEHTPHYeCKas KOHCTPYKUs YNpaB-
JSIOLETO 3MeKTpoAa H O0Jee BhiCOKOe 3HaueHHe [y.

1-7. NPOUECC 3ANUPAHUSA TPHOILHOIO
OJHOHANPABJEHHOIO THPHCTOPA

Korga npuGop HaxogUTCA B COCTOSIHHH INPOBOAMMOCTH, 3J€KTPOHbI
H IBIPKH HHTEHCHBHO HHXKEKTHPYIOTCS B JBAa BHYTPEHHHX CJ10 CTPYK-
Typul. ®akTHYeCcKH, KaK YNOMHHATOCH Bblllle, HaualbHas KOHUEHTPANMA
TIpAMECefi B STMX CJIOSX OIHOCHTEJBHO Maja, M NOITOMY AJs MOAAep-
KaHA 3apANHOH HEATPANbHOCTH M YCTPAaHEHUS HYPe3MepHO CHJBHOrO
NpAMOro HANEHHS HANpsLKeHHs HeoOXOAMMO, UTOGH —KOHLEHTPAUHH
HHXXEKTHPYEMBIX 3JIEKTPOHOB M AbIPOK OBUIM TpPHMEpHO DPAaBHLIMH.

Bosppar npufopa B 3anepToe cocTosine TPebyeT ycTpaHeHus Bse-
AeHHBIX HocHTenefl. EcTecTBeHHO, 4TO ecau aHOAHBIA TOK CHUXaeTcs
JI0 YPOBHS, MedblIero, 4YeM yAepXuBaoILuil TOK, TO KOJHYECTBO HO-
curedell 3apsAAoB YMeHbllaeTcs B pe3yJbTaTe pPEKOMOHHAUWY, TONO-
XWTenbHas o6paTHAs CBs3b Tpexpamiaercs u npubop BO3BpalllaeTcs
B 3aKkpuroe cocrosinue, [Ipu paboTe THPUCTOPOB B OGNACTH MPOMbIUI-
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QEHIIBIX YACTOT TaKOM OTHOCHTeNbHO MeUIeHHBbIH HpOWeCC He BHI3HIBAeT
ocobbix npobGaev Ilpu paGoTe Ha NepeMeHHOM HANPSAXKEHHH oGpaTHBIA
TI0JIyNepu0y, OKa3olBa€T TOJE3HOe BJAMAHHC Ha IIpOHecC 3alHpaHMs, Tak
Kah [puioKediloe K Npudopy o6paTHoe Hanpsihene CnocolCTByer
MCYE3HOBEHHIO OCTATOYHBIX HOCHTGIEH, 4YTO HeOGXOAUMO JasA dJanupa-
Hhfl THPACTOPA K Hauamdy CJeAYIOMIETo MoynepHoga

Korga 14pHCTOpP HCHOJL3YETCH KAK BLIKAOUYATENb B LEmsy, ONIH4-
HBIX OT Ueled MepeMEHHON0 10KA, HANpHMEp B HMBEPTCPAX H APYTHX
YCTPOHCTBAX, AJSt 3aliPaHUA npubopa wcoOXOAHMO HPCAYCMOTPETh 0CO-
Obte Mepbl.

OT0 MoxeT ObITh HOCTUIHYTO 3a CUeT pPeBepCHPOBAHHA Halpsxe-
Hus, KaKk 3TO HMeeT MeCTO Ipy pafoTe Ha INepeMEHHOM TOKe, TAK 4TO
SNEKTPOHBl M JBIPKH, HAKONWBUIXECA BO BHYTPeHHHX 06JacTsX, OyayT
YyXOAUTb B HanpasjieHHH nepexofoB J; # Jo. DTO NPHBOAUT K NMPOXOXK-
Jeruio o6paTdoro TOKAa depe3 BHEWIHIOWN Welb. HanpsikeHue na 3axu-
Max TAPUCTOpA COoXpaHsercs Ha YpoBHe mopsigka 0,7—1.0 g mo mo-
MeHTa MpexpailieHHs o6paTHOro TOKa, Korza nepexoanl J, u Js oka-
3piBaloTes 3anepTbhiMd. OZHAKO 3TOTO HEJOCTATOYHO MJS HOJHOTO BOC-
CTAHOB/IEHHA, TaK Kak BOMM3M IleHTPa/JbHOro Iepexona Jp eure coxpa-
HAIOTCA OCTAaTOUYHBIE HOcHTend. McueanoBedHe 3rux HOchredek mnpouc-
XOLAHT 3a CYET DeKOMOHHAUMM, KOTOPasi NO CYLWIECTBY HE 3aBHCHT OT
BAelUIHEro cMeuledins Koria peKOMOMHAUMs 3THX HOCHTeNefl UpakTU4e-
CKH TIOMHOCTBIO 3ahaHuHBaercs, Hepexoy J; BOsBpaliaeics B 3aneproe
cucTossHne. Ecan  pekoMGHHALIS OCTaTO4HBIX HOCHTENEd He Oyner
B JOCTATO4HONl Mepe 3aBeplieHa, TO OHM MOTYT BHI3BATb HMHKEKTHPO-
BaHUe HOBBIX HOChTeded cO CTOPOHH nepexofoB J, u J,, xorma no-
cjeiHHe BHOBL IIOJIyYaT [psAMOe CMell[eHHe B Hadajde CJedyHOillero
unkJaa paboThbl

Tak kak npsaMoe HanpsKeHHMe, KOTOpOe J0JXKHO OLITE GJOKHPOBA-
HC, TPHWKAAALIBASTCSE K CTPYKTYPe C ONpeAe]eHHOW CKOPOCTHIO, K Ha-
KOTJIEHHBIM ~ 3apAjgaM  JobaBasercs 3apafd, OOYCJAOBJCHHBII  TOKOM
d(Cu)/d{, 3xBMBaNeHTHBIM YNPABJSIOLIEMY, 4YTO MOXKET BbI3BATH Ile-
PeXOx B COCTOsiHAE TPOBOAHMOCTH

Bpewvist, neobGroquvioe 1as Tepexoja IpHGopa B 3amepToe COCTOA-
Hue, cocrasasier obGpuno 10—50 macex. Jlan yMenbilenus »TOro Bpe-
MellH B CTPYKType MNpPeAyCMarpHBAaiOoT OOGBIYHO GoJblee KOJIHYECTBO
ILCHTPOB peKcMOMHallid. OTO YyMeHbLIAeT, OJHAKO, TakKKe u Koaddu-
MUEHTBl ¢, 4TO CONMpOBOXKJZaerca Oosbluefl pekouOUHALHEH BO BpeMs
npAMOH NPOBOAHMOCTH H INPHBOAMT Kk HEKOTODOMY YBeJHYeHHI0 MNPAMO-
ro nagenusi. TakuM ©06pasoM, MOXKHO OXHAATb, 4TO OBICTPOKOMMYTH-
pyomnit Tupucrop O6YAe1 HMeTb, Kak IpaBHIO0, 11eCKOMbKo GoJee BHI-

CokMe MpAMOe MajJeHHe H YNPABIAOIMH TOK, HEOOXOAMMBIA IJas OT-
HUpaHus.

1-8. ABYHANNPABJEHHBI THPUCTOP

1-8-1. YnpouweHHas Teopusi JBYHANPABJEHHOr0 THPHCTOPA

Jina  ofnsicnenns  upumnnag  JeHCTBHS  ABYHaANPaBAEHOro
CTCPa HCHOALIYIOTCST MCILIPE OCHOBILIC KOUICTIKH:

a) Teopus 06biano20 1puodn0eo tupucropa, obaajaaiouiero O0AHO-
CTOpOHHEH MPOBOAMMOCTbIO (@IHCAaHa BoblAle).

THPH-

6) Pa6ora rtupucropa c
SAKOPOUEHHbLM IMUTTEPOM.
Ha pnc. 1-19,0 mnpeacrasane-
Ha CTPYKTypa THpPHCTOpa ¢
33aKOPOYEHHBIM IMHUTTEPOM
Bxopnolt Tox [y BHewHero
ACTOYIINKA TewyeT OT YNpas-
JAIOLIETO 3JEKTPOAA K KaTo-
Ly B MONEpeYyHOM HampapJje-
HMH  yepe3  yIpaB/sIOILYIO
p-obnactb. [lajaeHue Hanps-
JKEHHSI HAa [0NEePeyHOM COnpo-
TUBJEHUH p-6a3bl  CMellaer
B MPAMOM HanpabJeHHH Tpa-
BBIFI Kpal KaTOZHOTO mnepexo-
na. Ilpu pgocratouHoil BennuuHe BXOJHOTO TOK@ 3Ta TOYKA HAayH-
HAET HHJKEKTHPOBATb 3/eKTPOHHl, M IpPHOOp mockKe Hayana pereHepa-
THBHOTO [poLiecca OTHHPAeTCs, KaK 3TO HMeeT MeCTo M B OOBLIUHON
p-n-p-n=CTPYKTYpe.

CTDVKTYpBl € 32KOPOYEHHBIM SMHTTEPOM HAaCrO UCNOAb3YIOTCA NpH
pa3paGoTke THPHCTOPOB IDPdeKT UYACTHUHOrO 3AKOPAUHBAHHA MEKIY
YIPaBJASIOLMM 3JeKTPOAOM H KaTOZOM MOXeT ObTb IOJyYeH TakxKe H
NpH BKTIOUEHHH COMPOTHBACHHA MeXAY 3THMH 3J€KTPOAaMu y Npuo-

B € HeaakopoueHHmM smurrepoM. Takoit  pesucrop (Ry ma
puc, 1-19,0) uacTHYHO OTBOJMT TOK yTeUKH, BLI3BAHHBI{ TeIVIOBOA Te-
Hepaielt, 1 (uan) ToX, oOycAOBJeHHBI 3apAAOM €MKOCTe#l IABYX HHXK-
HHX MepexooB THPHCTOPA INPH De3KOM H3MEHEHHH AaHOAHOTO Hanpf-
xXenus du/dt. B pesyabTaTe B 1aKHX TUPHCTOpPax ocnalasiorea pere-
HepaTHBHbIC NDONMECCH, W TUPHCTOPE! C 3AKOPOUEHHEIM 3IMHTTEPOM
065aAaI0T KaK AYUUIHMH XaPAKTePHCTAKAMH NPH NOBBIHEHHOH TeMnepa-
Type, Tak H OoJblueli CTOMKOCTLIO B OTHOILEHWH 3(dexra duldt.

B) Pabora Tupuctopa ¢ Go6asoumbiM  YNPAsSALIONUM  NEPEXOFOM.
CTpykTypa TUpHCTOPA ¢ JAOG2BOYNBIM [ePeXOACM OKOJIo yRpaBasioule-
ro 3JeKTPOia TNpejicTaBjieHa HA
puc. 1-20. Buauane BxomHOA TOK
ly cMeuwiaeT B NMpPRAMOM HampaB-
JeHWH  YNPaBIAIOUIHE  NEpexon
Po-Na BCIOMOTATeNLHONl CTPYKTY-
PHl  pi-fiy-Po-Nia, KOTOPasi B KO-
HEYHOM CcUYeTe OTIHpaeTCs Kak
o6blunnift  Tupucrop. Korga ma-
JAeHHe HanmpsxeHMs Ha 3TOH
CTPYKType yMeHbllaeTcs, NOTEH-
uuan npasoit uactH 06nacTH P2
npubauikaercd K  NOTEHUHATY
agojpa, TOrja Kak JieBas dacTb

= it
Kamod ‘lI}y\‘ Y3

Nt Jn |

Anod A

Puc 1-19. CTpykTypa ¢ 3aKOPOYEHHBIM
3MHTTEPOM.
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8 P, 5Tol OGMACTH COXpAHAET TOTEH-
DC“;U i D":,ZDZZZ,'M;""H wmax xkatoga. B pesyaprare
empyrmyp g &Y BO3POCIHIEra MPOJQJBHOTO TPa-

JHeHTa TOTeHIHana BHOJAL 00-
JiacTH P NpaBelifl Kpall nepexo-
Aa po-Ny CMELl2eTCss B NDAMOM
HanpaBAeHHH H TnaBHasg CTPYK-

Puc. 1-20. Crpyktypa ¢ jno6asou-
HHIM TEPEX0AOM OkOQJIO YNPARIAIO-
Hlero AeKTPona.
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TYPa pi-fiy-Pa-fz TaKie OTNUPdeTcss (CpaBHHU
STOT MPOLECC C OTMHMPAHHeM CTPYKTYpH C 3a-
KODOUCHHBIM IMUTTEPOM).

r) Tupucrop ¢ ordareHHoim ynpasasio-
P2 wum nepexodom. Takoll tmupucrop sBAseTCH
4 qpAGOPOM, KOTOPHIl MOXKHO ICPEKIIOUATH Oe3
HEMOCPeACTBEHHOTO OMHUECKOTO KOHTaKTa ¢
KaKoli Obi TO HM ObIO BHYTPeHHeh 6as30BOH
obaactbio; puc. 1-21 noscuser paGory aroil
CTPYKTYpHhIL. :

Bueinnuii xogno#t Tox [y cMeiaer ae-
PEXOA pi-3 B TNpAMOM HaNpaBleHHHd # 3a-
CTABJSAET WHXEKTHPOBaTb 3JEKTPOHH B 00-
nacTh pi. OTH 3JeKTPOHB ARG YHAMPYIOT
CKBO3b 00MacTb py ¥ WPHHHMAOTCH fEpPexo-
JOM pi-niy. 3aMETHM, YTO 3TOT HEPEXOH MO-
HKeT JCHCTBOBATh KaK KOJJIEKTOP, HECMOTpsi
HA ero MOJOXKHTEJAbHOE CMELIeHHe, TOCKOABbKY
BHYTPEHHEE 3JMEKTPUYECKOE MOMie ePEXOAa pPi-fly HMEET TO JKe HATpPAaB-
J€HMe, KaK M OPM OTPHUATENbHOM ero CMelleHHH. DJEKTPOHBI H3 00Jd-
CTE N3 YBEIHUHBAIOT TOK IEPEXOAA pPi-fli, M HAUMHACICH DereHepaTus-
HBII Tpollece, B pesyJbTaTe KOTOPOro CTPYKTYypa OTIUpaercsl.

Baxkneiiine KayecTBa ONMCAHHBIX YeThipex APHOOPOB MOKHO OODbe-
AMBHTE B OJHOM YCTPOHCTBE— THPHCTOPe < ABYHANPABJEHHOHK IIPOBO-
BYMMOCTbIO, KOTOPLIH MOXKeT 3anupaTb HalpsrKeHHe JIOG0H noOAAPHOCTH,
THPOBOAHTL TOK B JI0OOM HANPABIEHHH W OTHHpATbCst B Jo6GOM Ha-
NpaBleHHH  TMONOKHTENDHBIMY JHO60 OTPULATENbHBIMH BXOAHBIMH CHI-
nanamy. TunoBas cTpykTypa Taxkoro npuGopa npeincrasiesa Ha
puc. 1-22, ¥V Hero BO3MOMKHEI UeTblpe pexHMA:

a) Boisox 2 noaouTeNeH OTHOCHTEbHO 3JEeKTpoja [; Tox ynpas-
JAIOUET0  3JEKTPOAA NOJACKUTeNeH OITOT pexuM CTPYKTYPnl B TO4-
HOCTH cCOTBeTcTBYeT pabore oOwunoro rupucropa. AxTuBlble o6GgacTH
CTPYKYDPH py=fiy-Pa-Na.

6) BoiBog 2 moJoxHTeNEH; TOK YNpas/AUIEro 3JIEKTPOja OTPHU-
uatesieH. JTOT peXuM aHajoruded paboTe THPUCTOPA € AOMOJREKTEND-
HbiM  YNpaBAsIOLIMM TepexoioM. [J1aBHOA  CTPyKTypoli  aBisercs
pa-ny-po-fia, @ CAOH nz cozgaerT MOOABOYHLIA Mepexof OKOMG YIIPaBJsIO-
ILETO 3JEKTPOAA.

Puc.
¢ OTHZAJIeHHBIM YIIpaB-

1-21. Crpykrypa

JAKIOUIUM  3JIEKTPOAOM.
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Puc. 1-22. Tunosass cTpPyKkTypa JAByHAmpaBjcHHoro THpHucropa (lriac).
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Puc. 1-23. Boabr-aMmuepHas xapakTepucTHKa [BYHampas-
JleHHoro THpuctopa. B xpanpante 1 BHBOZ 2 mosioxuTelseH,
B KBazpauTte III BoiBom 2 orpunartenes.

B) BuBog 2 orpunmareses, ynpasasiollHi TOK OTfpullaTeneH. Pe
JKHM CTPYKTYPhl € OTZAJEHHBIM YNPAB/SIOWMM 3JeKTPoLOM. [J1aBHOM
CTPYKTYDOH SBJISETCH Pa-Ny=P1-Ni, TIEPEXOJ Pa-niz HHMKEKTHPYET 3JEKTPO-
Zbl, KOTOpble JOCTHTAIOT KOJJIEKTODHOrO Iepexofa pa-rig.

r) Beisog 2 orpHmATeNeH, YNPAaBASIOUIMIA TOK mHodoxHTeleH. Ile-
Pexoj pa-fs MOJYTNaeT CMeNleHHe U HHXKEeKTHPYeT 37eK1DOHEI, KOTOpbie
AOCTHIAIOT KOJJIEKTOPHOTO NEpexona ps-ni, CMellag ero emle Oogee
B TPAMOM HampasneHHH. TOK uepe3a CTPYKTYPY pa-fli-pi-fli BO3PACTAET,
H oHA OTKPHIBAETCH. DTOT DPEXXHM aHaJOTHUEH TNpPeAbIynieMy.

Ha puc. 1-23 moxasanol BOAbT-aMIepHLIE XaDAaKTEPHCTHKH JBYHa-
Hpap/ieHHOro THpHcropa. YeThipe BO3MOMKHBIX peXXWMa, OMNHCAHHBIX Bbl-
mwe, CoOTBETCTBYIOT pafore mpuGopa B I u 11l kBampanTax npu ABYX
BO3MOXKHBIX TONAPHOCTAX YNpaBAsiomero Toka. Taxkdm o6pasoM, 3TOT
NpHBOpP aHaANOrMYeH ABYM OOBIMHBIM THPHCTODAM, COeAHHEHHBIM BCTped-
HO-Napanane’bHo, OZHAKO MOXET OTNHPaThCA TaKKe M OTPUIATeJBHBIM
TokoM ynpasnendd. [Ipm [y=0 pByHanpaBieHHHIt THDHCTOP 3alKpaer
HampsiKeHHe /M0GOH MOVAPHOCTH, He NpeBHINalOHlee HAUPsKeHHe ie-
perouennst. TOK yaepyaHUs TAKOTO THPHCTOPA M 3aBHCHMOCTh 3TOrO
TOKa OT TeMIepaTypsl TPHMePHO TaKHe 3Ke, KaK M y OOGLIUHBIX THDPH-
CTOpOB,

1-8-2. Tlpouecc 3anHpaHHsl ABYHANPaBJIEHHOrO THPHCTOpPA

Tak Kak npu6op MOKeT MPOBOAUTb TOK B OOOHX HANPAaBIEHHAX,
OH He MOXKeT OBITh 3aKPHIT MOZOOHO OGBIYIHOMY THPHCTOPY: eCaH IO-
JNSIPHOCTb HANpPAXKeHus CKAYKOM H3MeHsieTcsl na oBOpaTHYIO, TOK pac-
cachlBaHUA IOBJEYST OTMUpaHWe Npubopa B TMPOTUBONOJONKHOM HA-
npaBiennt. Jnst ycmemHoro 3sanupanus ABYHaNpaBAEHHOTO THPHCTOPA
HeOOXOJMMMO UYTeM CHHXKEHHS HAEUPSKEHAs A0 HYJAs YMEHBUINTb TOK
JIO BeJIHYNIE, MeHbltedl Toka yaepxanuda. ITpubop NOMKeH HAXORATHCS
B 3TOM DeXHMe B TeyeHMe BPeMEHH, NOCTATOYHOrQ ANsi PeKOMOHHAHHU
Haxennendoro 3apana. Ha wactore 3060 ey, xag KOTOPOA 3Tv 1pH-
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60pr B OCHOBHOM ImpeaHa3Ha4YeHbl, BpeMs H3MeHeHHS HANDTKeHHd NPH
H3VEHEHHH 34aKa TOKa OObLIYHO OblBaeT JOCTAaTOYHBIM g BOCCTAHOB
JICHHSA Y'1paB/JAAeMOCTH

1-9. CONNOCTABJIEHHE THPHCTOPOB C APYITMMH
noJdynPOBOAHUKOBBIMH NMPUBOPAMH

Heo6xoanmo oTMeTHTh, 4TO KO3h¢AUHEHTH neperaun Toka o6OMX
TPAH3HCTOPOB, COCTABJAMIOMIMX THPHLTOP, IIPH MANBIX TOKax [0 TKHBI
OMTb HEBENHKYM, UTCObI 3aMUPalolldsi CHOCODHOCTH NpHOOPa B HPAMOM
HanpaBJeHHd Onia BRICOKOM B 0GBIMHOM KpeMHMEBOM CHIOBOM TpaH
34CTOpe, HANPOTHB, XeJaT&IbHO HMeTb KaK MOXKHO (ojee BBHICOKHH KO
apdundent nepesaust Toka @ K comanesuio, oxHako, BBHICOKHI K03®
¢uuvedT o B OGOJbIIMHCTBE KDeMHHEBHX TDPAaH3HCTOPOB Moxer ObITb
JOCTHTHYT 3a CYET YMeHbIIeHHS TOMLIMHBI 6a30BOTO Cl0A, HO TOHKA
623a, pACHOJOKEHHAS MeXAY JBYMS CJOSMH C OTHOCHTENbHO HH3
KMV CONMDOTHBJEHHEM, HeCOBMeCTHMAa « BLICOKHM pafodHw HANpsKe
HieM B To ke Bpema oTeOCHTEIbHO WIHPOKHe Ga30Bble o00JacTH
B HpHGOPAx ¢ YeTHIPeXCHOHHON CTPYKTYpOH, HeOOXOAUMEIE i IONy4e-
HUS HH3KHX KO3()QHUIUMEHTOB @, COBMECTHMBl C BBICOKMM pabo4HM Ha
npsiKeHHeM, TAK 4TO IPUGOPHl € TaKOH CTPYKTYDOH NPHHIKIHAIBLHO
ABJAIOTCA Oojiee BBICOKOBOJBTHBIMM, YeM TpaHsHcTopnl Fcnojap3oBanue
Gosee WHPOKMX Ga30BbIX CJIOEB TAKIKE SIBAAETCA NPEHMYINELTBOM € TOY
KH 3DeHHA TeXHOJOrMYHOCTH NPHOOPOB H BOCIPOM3BOAMMOCTH 4X Xa
paktepucThk Eme oZHO npenMymecTBo HPHGOPOB C YeThIpeXCJOHHOH
CTPYKTYPOH Nepex CHJIOBHIMH TPAH3UCTOPAMHM 3aKMIOUAGTCHA B TOM, UTO
yipaBasioliull cUrHaj He HYXKeH A NOAAEPXKAHUA COCTOSHHA € BB
(OKOH INIDOBOJUMOCTBIO, B TO BDeMSl Kak Yy MHOIHA KpPeMHHEBHIX TPHO
JAOB I NOAAEPIKAHMS KOMIEKTOPHOrO TOKa 5 a HeoOXOomuM Henpe
pPrIBHBIM TOK B He1d 6Gaspl mopsaka 05 a B npuGopax c yeThipex
CFOUHOM CTPYKTYPO#l QHOJHBIA TOK ONPEA/ISCTCsE TOJMBKO IllapaMeTpaMi
Blenruell lenu IpHYeM JJIST BKJIIOYCIIST LEleH C TOKAMH OT HeCKOJbKHX
MuJITHAMIED 10 COTeH aMiep HeoOX0ZUM MepBOHAYaJbHBIT HMIYJABC
nopsaa<a 50 m@ NANTENBHOCTbIO NOPAAKA eIMIHIL MIH JECATKOB MHKDO
cehyP1 DoJiee BbicOKas 4eM y TPaHSHCTOPOB, HArPY30YHAS CHOCOGHOCTD
TaKHX npubopos 70 TOKy oOycioBAeHa Oodec addexkTdBHLIM HCHODb
30BaHHeM TUIolaJu Tepexola B COCTOSIHUH IPOBOAHMOCTH

1-10. ACNTOJMIb3OBAHHUE YETBIPEXCJIOHAHOIO NPHUBOPA
B KAYECTBE TPAH3HCTOPA C OTHOAJIEHHOHA BA30OH

Kax ykaszaHo Bbllie, 4eTHIPEXC/OHHasAm p-n-p n CTPYKTYpa OOGBIYHOTO
TPHOAHOIO THDMCTOPA INIPH TOJOMHTENBHBIX aHOJE H YIPaBJsAOMeM
3MEeKTpOJe MOXKeT OblTb pasjejeHa Ha JBa TPaH3HCTOPA, KOrophic €o
CTaBASIOT pereHepaTHBHYIO napy u obecnieudsaiol Mosiylenne Xapdakre
PHCTHKH € JBYMA ycroiyiuBbiMi cocrosuuamy  Opuaxo ueTHPeXcaoi
Has p-n-p-n-cTPyKTypa MoxeT OblThb CMellleHa TaK, YTO pereHepaTHuBHOe
ZEACTBHC OKaXeTcsi HeBO3MOXHbIM [IpuGop, pabGoTaomuit B TaKOM
pexuMe, WMeeT mOfOBHO yeunmnTemo nunefiniie xaparepuerukn  Ha
puc 1-24,a nokasano nogo6Hoe BK/IOUeHHE, NPH KOTOPOM KATOAHBIH
n-¢RORt uMeet OTPUUATEIHHOE CMEUIEHHE QTHOCHTENIRHO yrnpapagiouere

I(a{/me/émop
aHo
mupucmopa) K*IK Konnexmop
4 14
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Puc 124 Tupucrop B cxeme ¢ OGLINM YOPABJASIONIHM 3JEKTPOAOM

@ — BKJOYEHHe HETHIPEXCAOAROro LprGopa NonoCHOrO p-A P-TPAH3HCTOPY C OTAA
nendofi 6asoll 6 — BRIOYEHHE TOAOGHO CHMMETPHYIOMY TPAH3UCTOPY B UeNH me
PLMEHHCTO TOKa

ajiekrpoga Ilpd TakoM CMeHIEHHH 3JeKTDOHLI HHXKEKTHPYIOTCS Yeped
nepexof J; u cobupaiorcs nepexoaoM Jp; IDTH  3MeKTPOHHI  CO3RAIOT
B 0ase TPaAH3NCTOPHOH CEKUUH p-ri p TaKOe XKe YNpaBAAOWiee NeHCT
&Me, KaK ecnd Gbl OHM ObLIM BBeldeHbl HENOCPEeACTBEHHO B aty 6a3y
B cBasn ¢ aTuM nOZOGHEIA TNPHGOP HMHOIAA HA3LIBAIOT «rpaH3HCTOP
¢ orpanenunoll 6230fi» !, poab KOTOPOHM BHINMOMHSIET KPalHui n croi
IIpn TakoM BKJIIOYEHHH KOTAa 3MHTTep TPAaH3HUCTODHON CeKHUH p-n-p
ABASETCS OGUUIM  PEe3YAbTHPYIOAN Ko3hGdHIHEHRT NepeRaiu no TOKy P
B 3aBUCHMOCTH OT XaPaKTePUCTHK HCXONHOH p-n-p N-CTPYKTYPBI JICKHT
B AManasoHe OT 3HaYeHHf MHOTQ MeHBUIMX efHHHIB NPUMEPHO AO
maty Tak kax B OorTLuiHucTse crnyyaes KoyboHIueHT <«obpatHoe f»
ROI? KO IeaTOP 7 71 P CehIMH MCIOJb3YeTCs B  KadyeCTBe 3IMHTTepa
npro 1M3MTeabHo pasen kodbdHumenty <«npamoe P», nopobuviu upuGOP
MOJKeT HCIIONB30BATECS B hayecTBe CHMMETDHYHOTO YCHAMTedss B Iend
HepeMeHHOro Toka “nu kmoda (puc 1-24,6)

I' B orevecTseHnoft JuTepaTtype

gaimre TMPUMEHAETCT TEePMUH
¢ ofWuM YIP3BARQUIUM SAEKTPORKOM»

<THPHCTOP
(ITpuM  penaxTopos neperona )
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1-11. JBYXONEPALLUOHHBIA THPHCTOP, UJIH TUPUCTOP,
3ATIMPAEMbBINA 11O BXONY

Hsyxonepanynoudsilt tupucrop (GTO mau GCS) sapasercs uerwi-
PEXCIOMHBIM p-fi=p-A-NPUGOPOM, HOZOGHBIM 10 KOHCTPYKIMH OOBIYHOMY
tHpucropy. OTHHpaHHE NPOHCXGAHT MPH yBeHYeHHH Ko3dduuueHTa
BHYTPEHHE! MOJIOXHTENbHON 06paTHOH CBsA3M 10 eXHHUUBL. [IpeamoJo-
JKHM, 4T0 B OObIMHOIl JBYXIPAH3UCTOPHOH MOJENH OTNEPTOro p-n-p-n-
npubopa (puc. 1-11} KosbbunuenTsl yculeHus mo TOKYy o 0Gokx TpaH-
S{CTOPOB DAaBHBI, M TOKH 3THX TPaH3HCTOPHBIX CEKUUA OJHHAKOBHL
Ecny KONeKTOPHBI TOK p-r-p-TPAaH3UCTOpPa OTCACHiBATh H3 (6a30BOMH
06/acTH  n-p-A-TPAH3HCTOPA BO BHEMIHIOK LeMp YIpaBAfOLIero 3JaeK-
1pojza, TO 310T TPAH3HCIOP MOXKHO fepeBeCTH B COCTOSIHHe OTCEuKH,
0T4ero mpoH3BenenHe koaQOHUUMEHTOB YCHIeHUs CTaHeT MeHblle efd-
HYMIBL ¥ BCA CTPYKTYpa TakXKe mnepefiieT B cocTosHMe oTceykd. Kosg-
GULUHEHT 3aNMPAHHA, ONDEReJNAeMEII KaK OTHOIIEHHE AHOAHOTO TOKa
B MOMEHT, INpPeALIeCTBYIOIIMA 3am¥paHuio, K OTPHUATEJNbHOMY BXOA-
HOMY TOKY, JOCTArOYHOMY pJIs1 3alUPaHHs CTPYKTYPH,, B 3TOM CJjyyae
Joaxel: ObiTh paBeH AByM. Eciu ycnieHHMe BepxXHero Ha PUCYHKe TpaH-
3ucTopa clenaTb MHOTO MeHbllle eJHHHUBI, 4 HHKXHErO — MHOro H0db-
1e, HO TaK 4TOoOB HX NpPOH3BeJleHNe PaBHSJIOCH eJHHHIE, TO JHIIbL He-
3dauuTesibHasg AoJs O6lero aHOXHOPO Toka Oylder mpoTekaTs B KOJ-
JIEKTOPHON 1€l p-n-p-TpaH3ucropa. IDTO0 W €CTb TOT CaMblil  TOK,
KOTOPHIH AOMKEH OTCACHIBATHLCSL BHelIHell Ienbl AAs 3aNMPaHus CTPYK-
Typel. JIAs TUIOBBIX npHGOPOB MOXKHO HONAYYHTH KOPHHIUEHT BbI-
KJoueHHs OT 5 x0 25 B 3aBUCHMOCTH OT aHORHOrO TOKA, TeMIepary-
pbl, TPOAONIKHUTENBHOCTH BHIKIIOYAIOWIEro HMNyJabca M ApPyrux dax-
TOPOB.

TTo cpaBHEeHHIO C OOLIYHBIMH THPHCTOPAMH, DAaCCUHTAHHRIMH Ha Ta-
Kot 3Xe HOMHHAJBHHI TOK, ABYXONePalUOHHBlE THPUCTOPLI MPH HCOOJb-
30BaHUM B IlENAX MNOCTOSIHHOrO ToKa ofecmeuuBaOT 6onee POCTYIO
CXeMy KOMMYTallHH (BBIKAIOUEHHA) M chnocoGunl paborarth npu Godee
BIJCOKHX YacTOTaX BCJAEACTBHe MpHCyIIero um 6oJiee OGBICTPOro MeXa-
HH3Ma BMKIIOUeHHS. B rTakux npa6opax NpH BBIKIIOYEHHH 3aNOJHeHHbIH
HOCHTENAMH 3apfi0B UeHTPAJbHEI Ilepexoa mof JeHCTBHEM ynpaBJsio-
L(ero curHasa OBICTPO OCBOGOKHAaercst OT HocHrenmell 3apsanos. OpHako
9TH TUDHCTOPHl XADPAKTEPU3YIOTCS GOJILUIMM TpPSIMBIM MajeHueM Hanps-
XKeHus, GOAbIIMM YAepPIKUBAOIHM TOKOM u Tpebylor 646/bliero ynpas-
JIAIONIEI0 TOKA TPH OTNMPAHUH, ueM OObluHBle THPUCTOPHL. B oTHOIIEHHH
CHOCOGHOCTH 3amMpaTth HanpsXXeHHe OHH IPaKTHYECKH He OTIMYAIOTCH
OT OOLIYHBIX THPHCTOPOB.

Besepcreue TpyaHocTefl ynpasieHHst npuGOpoM Npu GOJMBbIIMX TO-
KaX JBYXOHepAlMOHHbIE TUPHCTODHI PABOTAIOT NPH 3HAUNTENILHO MeHb-
HIBX TNJOTHOSTAX TOKa 110 CPABHEHHIO ¢ OOBIYHBIMI THPHCTODAMH H,
Cle08BaTeNLHO, MeHee KOHOMuuHH. Kpome rTOrO, yenexm B paspatorke
BBICOKOBOJBTIBIX KPEMIIMEBBIX TPAHSHUCTOPOB ¢ GOMbIINM KO3DDuHHeH-
TOM YCHMEHHS H JYYIIMMH flapaMeTPAMH HACHIUICNNA TIPHBEIH K CHHU-
KeHHI0 CTIpoca Ha JABYXONepAllMOHHBIe THPHCTODHL.

Pasnexa sropok

OBO3HAYEHHSA H TEPMHHOJIOTUS

2-1. FPA®HYECKHE OBO3HAYEHMUS

IpuHsitble B CNpaBO4HMKe rpaduueckde 0003HaueHHA MOJYIPO-
BOXHHKOBHIX NHPHGOPOB € MHOFOCIOHHOH CTPYKTYpOH, OTHOCAILMXCA
K TDyNNe TUPHCTOPOB, MpHBejeHbl B Tabna. 2-1. Iloxasanuble B 3TOH e
Tabaule BOAbT-aMIepHBle XapaKTeDHCTHKH OTPaXalT 3aBHCHMOCTh
MEeXIY TOKOM ¥ HANDSKEHHEM B LeNH OCHOBHBIX 3JeKTPOAOB .

Tacauma 2-1

Hassanue mpuGopa Ipaguveckoe BossT-amMnepHas
o603HayenHe XapaKTePHCTHKA
Pycckoe | aHrjickoe
AByxcaofinple npubopbi
A. LsyxaaekmpoOnste (0uodot)

1. Bentunpamfi | Rectifier diode A X e,
JIMOH, HeympasJsie- o——ppp——s 7——{‘——"
Mblf BEHTHIb

2. CraGunatpos Breakdown
(naBAHHBIA QHOJ) (zener, avalan-

che) diode
s ! N A !
a) OJHOHaMNpas- inidirectional c»—-@——o 7_,*__@.
JIeHHBi#
6) NByHanpas- bidirectional A X I
nenueift (TaK- h@"" _l"’_l‘”

we IS JBYy-
Hall paBJIEHHO-
To CeJEeHOBO-
ro mnojaeare-
Ja  mepena-
npaxenut)

3. Tynsemvupift gnon | Tunnel diode

+

S

B. TpexaaekmpoOnse (mpuods)

4. OpHonepexon- Unijunction
HBle TpHOAH (C n-Ga-
30#)
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»
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! Ipn nepesoge B Taba. 2-1 noSapJeint IpHOOPH U3 aHANOrHYHON TabJAMUK, HpH-
pefledHOR B cTarbe Gutzwiller F, W., Thyristors and rectifler diodes —the semi-
conductor work horses, IEEE Spectrum, v. 4, Ne 8, p, 102—111 (Aug. 1957). Pycckui
tepeBofl ,Mouinnie N0y HPOBOAHUKOBLIE NMPUGOPH (TeMaTHd. BeMycK)®. Tpyaw Hucra-
TYTa HHIXEHepOB 10 3JEKTPOTEXHHKe H DAaAlOSACKTPOHHKe, T. 55, 1967, Ne 8, (IIpum.
PeAAKTODPOB lepesona.)
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Haspauue npubopa Tpacpiueckoe

BoabT-amnepnas
ofosHayeHHe

XapaKTepHcTHKA
pycckoe

I'pa puyeckoe

Boabr-aMnepus
ofo3HaYeRus

XapaKrepHCTHKA

Hassanue nputopa )

pyccKoe anraufickoe aHrJadtickoe

Tpexcaofiupie npubopn!

5. TpansucTopul
(TpHOAabI)

a) Tuna p-n-p

6) THna n-p-n

6. IlsycToponnuit
NePeKIoYalonMH
Auop, AILL

Trigger diac

Yerpipex~ H NATHCAOMHEIE NPUOOPEI
(THpHCTOPLI)

A. Tupucmopur Ouconste

7. O}moaanpaa-
JIeRHbl# (o)monpo~
BOJALIMHA) JIHOAHbII
Tupucrop (nepekio-
yawowulk AHOK, AH-
HHCTOD)

8. lsysanpabnen-
HHlt  (mBYmpoBOAA-
i) AHOAHBIA TH-
pucrop (aByHampaB-
JIERHBH  AHHHCTOP,

HepeKmoyaouui
HMOAHBI  cuMMH-
crop)

9. Huognumit ¢o-
totupHcTop (oro-
JAUHHCTOD)

Unidirectional
diode thyristor
(Shockley diode)

Diac (bidirec-
tional diode
thyristor)

LAS (light
activated
switch), light
activated
reverse bloc-
kind diode
thyristor

3 P Uy
. Q
I %11.
e - Jad vl,l I
5
&é % U
7] o S g

on“.@-—d‘ {’ !
M - u

'
.

B. Tupucmopeot

10, Tupuciop
(TpHOAMBI THDH-
CTop,  3anuparouui
B 06paTHOM Hampas-
JIeHHMI)

11, ®ororupucrop
(rproanbit QoroTH-
pucrop,  3anmHpaio-
muét B o6GpaTHOM
HATNPABJIEHHAH)

12. Jlpyxonepauu-
OHHBI  THpUCTOP
(IlOJlHOC’lblO yIpdB-
JseMpll MM 3anm-
paeMblil  TPHOAHBIK
OJHOHANPABJIEHHRIA
THpHCTOP)

13. Kpemuuesnit
OHOCTOPOHHHUI
kaiou KOK (nmaanap-
HBIE THPHCTOP C OX-
HOCTOPOHHEM pacHo-
JIOXEHUEM CJioeB)

14. Kpemnnenpii]
uByCTopOHHHﬁ KJHOY
KAK (to xe, urto
13, no nme crpyk-
TYPH, BKJIOUEHHbIe
BCTpPEUHO-TIapa-
JIeJIBHO H BHINOJIHEH-
BblE Ha ONHOM KpH-
cranie)

15. /lsynanpas-
JeHHHHA (ABYNpoBO-
Ayl CHMMeTpHy-
Hblfl) TPHOAHLIA TH-
pucrop (cEMmucrop)

mpuooHue

SCR (silicon

controlled

rectifier),
reverse blocking
triode thyristor

LA_SCR (light
actlvater semt-
conductor
controlled
rectifier), light
activater rever-
se blocking
triode thyristor

GCS (gate cont-
rolled switch),
GTO (gate
turn off)

SUS (silicon
unilateral
switch)

SBS (silicon
bilateral switch)

Triac (bidirec-
tional triode
thyristor)

¢

Oae

!

R

L&

43
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Tabauya 2-2

Hasaanne npuGopa
pHooD I'papuieckoe
ofo3nayenne

BoabTr-aMnepHas

XapaKTepHCTHKA

pyccxoe anrjufickoe

B. Tupucmopst mempoduoie

16. Terpoauuft
THPHCTOP

SCS (silicon
controlled
switch), reverse
blocking tetrode

193,
thyristor

17. Terpoguuift

LASCS (light
doToTHPHCTOP

activated sili-
con controlled
switch), light
activated
teverse blocking
tetrode thyri-
stor

2-2, OCHOBHBIE TTAPAMETPbBI 1 UX ONPEIEJEHHS

B Tabn. 2-2 mnpusemeHnl d paciimdpoBanbi OCHOBHBIE TEPMHUHM,
HCTOJIb3yeMble B CIPABOYHBIX NAHHBIX Ha THPHCTOpH. Kak u B OTHOLIe-
BUY rpadHuecKuX 0603HAUeHHH, CTaHAapTH Ha OyxkBeHHbie OOO3HAUCHHS
B nacrommee ppeMa p CIIIA nepecmaTpubaloTcsl; 0G03HAyeHHs, HCNOJb-
3yemble B CHpaBOUHHKE, MO BO3MOMHOCTH COOTBETCTBYKT CYUIECTBYIO-
IFM CTaHJAapTaM.

2-2-1. 'panuuHBIC NapaMETPLl THPHCTOPOB

[panuydbil mapaMeTp onpeReaseT YCTAHOBNEHHHIH 1S npubopa
MpPeXGIBHBIE DPEXUM pAGOTH (C OTPAHMUEHHeM CBEPXY HJAH CHH3Y),
B paMKax KOTOPOro npubop (YHKUMOHHPYeT B COOTBETCTBHH CO CBO-
UMH KOHCTPYKTHBHBIMH BO3MOXKHOCTSIMH.

2-2-2. XapaxTepusylolne napamMeTps THPHCTOPOB

XapakTepuayoIuMy SIBASIOTCS HaMepsieMble MapaMerpsl mpuGopa,
zo061iaemMble A1 ONMMCAHHA €ro CBOHCTE.

HanmeHosauHe
napameTtpa

QOGosHa-
qeHHe

O6 oaHaueHHe B
OpHTHHANe

Onpepenenye

MakcumanbHo
JlonycTuMoe
NOBTOpsIoLIEeCs]
o6paTHOe Ha-

HpdKeHne

Makcumanbto
JonyCcTHMOE He-
TIOBTOPAIOMIEECsT

o6paTHOe Ha-

NpsKEeHHe

MakcumansBoe

npaMoe 3aiu-

paeMoe Harpd-
JeHnune

I panuunbie napamempbl

UoGil.n

UOGP LK

UnP.M

VROM (rep)

VROM {non, rep)

Veom

Makcumansno fonycru-
MOE€ 3HAYeHHe MOBTOPSIO-
weroca o6patrHOoro (oTpH-
u,arenbuorog HanpAmenus,
KOTOpOE MOXET IIpHKJa-
DbIBAaTLCA K AHOLY 3anH-
paomero B 00paTHOM Ha-
NpaBJeHHH THPUCTODPA MpH
Pa3OMKHYTOM  yfpaBJsio-
1eM 31eKTpoie. XOTs 3ra
BE/IMUHHEA HE DaBHO3HAUHA
HanpmxeHuio npodos, ee
He CJeLyeT HHKOTJa Iipe-
BbILIATH, 33 HCKJIOUEHHEM
KpPaTKOBpeMeHHLIX  Iepe-
XOKHbIX  DEXHMOB, €CiH
Ana npubopa yKasamo HO-
NyCTHMOE INepeHanpsienne
B TAKHX PEXHMax

MagcHManbHO  JONYCTH-
MO€ 3HaueHue MiHOBEHHOTO
06paTHOro OTPHLATENLHOTO
HATpsKeHHst, BKJO4as BCe
HenoBTOpAIOLITEC  riepe-
XOJHble IepeHalpihLmenus,
HO HCKJIOUas BCe TEpMOJH-
YeCKH MOBTOPAIOLIMECH, KO-
TOpOe MOXeET ObiTb TMpH-
JIOXEHO K aHOJMy THPHCTO-
pa Ipd Pa3OMKHYTOM yi-
PaBJSIIOLIEM 9JIEKTPOLE

MakcuManbHOe MIHOBEH-
HOE  3HayeHHWe MIPIMOro
(asox nonommeneﬂg 3any-
paeMmoro HanpsKeRus,
BKJIOYad INepeHanphiesue
B IepPeXOAHbIX DPEeWUMEX,
JOIlyCKaeMoe H3rOTORHTE-
JeM NpH PasOMKHYTOM yII-
PaBJOEM BJEKTPOAE H
Npd OrFOBOPEHHBIX  YCIIO-
BUIX, NpH KOTOPOM He
TIPONCXOAUT oTnupanne
OllHOHaHpaBJIEHHOFO THPH-
cropa
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Hanuenosanpe OGoanaue- O6o3nasenne Haumenosanue O6osmage- QOG6o3nauenne @
napaserpa HHe B OpHruEaie Oupenenenne napamerpa HHe opHrusae Onpenenense
Makeumanbro [Uyg piron) PFV Makcumanbhan MrHOBeH-  Cpejnee 3a AU, Vi (av) [Tpamoe mapenue Hanps-
IOTyCTHMO®E Has BEJIHUMHA NPAMOTO Ha- niepHOJ 3HAUCHHE MEHUs, yCpeAHeHHOe 33
npAMoe uarnpsa- OpsDReHutt,  AONYCKAEMan [paAMOro Tajienus OfiiH [EPHON, TIPH OrOBO-
xenue H3rOoTOBHTENEM IpH Oro- HATIPSKEHHUS PCHHOM 3HAYEHWH NPAMOro
BODEHHLIX YCJOBHAX, KO- TOKa, NPOTEKaIOEro MpH
TOpas MOXET BRbI3BATb OT- uacrore 60 24 B ogHobas-
NHpaHHe [0 aHOAY OfHO- HOH  OJHOMOJYNEpPHOAHOMA
HANPaB/EHHOTO THPHCTOPA, cxeMe BbUIpAMJERAs MpH
sanupaomero B o6paTHOM AaKTHBHOH Harpyske H Hy-
HATIPaBJIEHAH, HO HE BBI3LI- NIEBOM yrie OTNHPAHHA
BAET €ro NOBPEXACHH Y npapasomuit iy igp MrroBeHHOEe  3naueinne
Cpensee 3naye- I Ie (av) HanSonbiass  Besnunna TOX TOKA, NPOXOLFIEr0 —Mexw-
HHE NPIMOTO NOCTOSHHOH COCTaBJsoe Ay BbIBOLAME yIpaBIiio-
TOKA AHOAHOrO0 TOKA, KOTOpam HICro 9/EKTPOAd H KarToaa
MOMeT GbiTh  JJHTENhHO B Hanpas/eHd, oGecrieun-
onylleRa B TpAMOM Ha- BAIOIEM MNpAMOE CMelleHune
npapnenun  (OT aHOAA K YNpaB/HIOMEro Nepexoaa
KATOAY) MpH  3aA4HHBIX Y npasasiomee iy UGr MrHosenHoe npAMoe Ha-
3HAYEHHAX UACTOTH, TeM- HalpsKeHHe npseHue MEeX/y BBEIBOJAA-
neparypol, OGpaTHOTO Ha- MH  yIIPaBJSIONIEr0  3JeK-
NIPSUKeHAst B ONpejesieHRol Tpoja H KaTOja UpH pa-
(dopme kpusoht TOKa 30OMKHYTO# aHOAHOH Henu
Y npasnsomuit Iy.o Tar ITpamofi  ympasJsomIi
Xapakmepusywuje napamempu TOK OTHHpAHHS TOK, HeoOXoauMbll @A
OTIHPAHHA THPHCTOPA TPH
[Tpamoe manps- Ugrn V(BR) F HauGospiiee  monoxu- OTOBOPEHHLIX TEMIEPATyp-
JEHHe OTIHpa- TeNbHOE HANPTIKSEHE Ha HBIX yCIOBHAX perMMa
Hust (MepexJioye- aHOJIE OTHOCHTeJbHO Karo- Y IIpaBJsionmee Uy o Vor Hanpsienne wa  ynpas-
HHEA) fa, npu Kotopom Au(pde- HaTpTKEHHE JfoweM 3NeKTPOAe MpH
peHIMaIbBOE  CONpOTHBIE- OTMHpaHus NPOXOXAeHHH ToKa [y, H3-
HUE THPHCTOPA paBHO Hy- MEepeHHOe HerocpeCTBeHHO
JIO NpH OrOBOPEHHOM pe- nepes MOMEHTOM OTMHpa-
JKHMe B UenM yrapabnsio- HUA THPHCTODA
Eero 3JeKTpoaa Y npasamoias Hy.o Her [TnotHocTs  BHEWIHErO
, 00J1yueHHOCTb TOTOKa JtyuncToll 9Hepruu,
HpﬂMoﬁ TOK Iy iF Mruosennas BEJIHINHA OTNHpaHkT Heo6xomuMas s oTIHpa-
(OTKprTOQ CO- aHOAHOTO TOKA, NPOTEKa)- Hug Q)()To'ry[pﬂc’ropa, Ira
CTOfHAE) IEro uepe3 THPHCTOP B BeJIMYUHA onpeaenseTca
OTNEPTOM COCTOSIHHH KakK HHTErpaj IpOou3Beje-
HHSl CNIEKTPAJBHOH Xapak-
fpamoe nanenue uy Ve Mrrosernae  Bemiunna TEPUCTHKH  YyBCTBATE/b-
HaMNPSOKEHHs NASEeHHA HATIPIKEHHAA MeK- HOCTH BEHTHJS K CIEeKT-
(oTKpLiTOR CO- Jly aHOMOM M KaTOAOM TH- panbHOf KpHBOH pacrtpele-
CTORAHUE) pUCTOpA TpPH  NPOTEKAHHH JeHHS WCTOUHHKA 3HEPIUH,
NIPAMGI O TOKAa B OTKPLITOM BhipawenHnft B gm/em? u
COCTORHHUH BhI3BIBAIOLIHI OTIIHpanyue

npuGopa
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HanmeHopaHHe OGoaHave- OGosHauenue B Haumenosanue OGosHaue- | OGosnaueHue B
mapameTpa HHE OpHruHane Onpenesierne MapaMeTpa HHEe opHruHaze QmpeeenHc
Knacendukai- |/ a(anace) 1, Tok 7, npu oOroBopes- gﬂ,e(% I — neficrylouee
Hbift psHMOH HBIX YCJOBHSX: OQHONONY- 'Hd;eﬂue TOKa B aMnepax,
TOK NEepHOJHOE  BLIIPAMACHHE, a8 [ —IpPOLOMKHATENBHOCTD
CHHYCOHAaJbHasd  KpHBas HMIyJbca B CeRynfax. Ha-
TOKa B YroJq IPOBOAMMO- MepdaeTea NnpH  TeX ke yc-
ctn 180° JIOBHAX, UTO [y yxapm
Jetictayiomee | {a meticrs 1 el;l{a;lﬁfiélslmaﬂ Zigﬂzﬂﬂi Avnumryna 06- | Uy.osp.m Ugrm AMIUIATYRA MAKCHMAJBHO
3HaueHue Npsi- NeACTBYIONIEro HeHHT  patHoro ympas- HOmyCTHMOrO | oGpaTHOrO
MOro TOKa aﬂOﬂ,HorO6 TOKa, KOTOpas JISIIOIIEro Ha- HaMpPTIKEHHUsT Mewly BHIBO-
nomymena o npow na. PR KANH yUpABAIOUETO STeK-
a
NpapJeHud TIpU  OMpese- TpOla A KaTOAa
Jennblx ycnosuax. Opgwo- )
BPeMEHHO  OrOBapHUBAETCS Maxenmanbioe Py Pom Magcumanstio  gomycr-
CpefHee sHauesue ToKa /, CHAUCHHE MO Masl MTHOBEHHAs BeJjiMuYHHA
2 HOCTM pPaCCesHHT MOLIHOCTH DACCEAHHS MeX-
Qﬂﬂonepgoﬂﬂbm 4. 3800 Tem (surge) l\i\axmmanbﬁo _DOTYCTH- Ha ynpaBmxouieM Ay BHIBOJAMH  VIIPIBJAIO-
yAADHBIH Npsi- Mbid OQHODASOBLIM NPAMOH SJIEKTPOAE uIero 3JeKTPOJa H KaTo-
Mot TOK* TOK B  Te4yeHHe OJIHOro 1a
fnonynepuofa (IPOAOJIKH-
TeapHoCTh 8,3 mcex) npH -
wactore 60 24 B OAHOPA3- Cpensee smaue- | Py op Pg av) MakcuMansHo  ponycTH-
C *  HHE MOINHOCTH Masi BeJHUYMHZ MOUIHOCTH
HOW OANOMOXYREPHOAHOH  pacceannst na paccestHHA MeXAy BHIBOJA-
cxeﬂmeBc AKTHBHOM HAIPy3-  ynpasssiomen MH  yIPAaBAAIOEr0 BTeK-
ko#i, Bpocok ToKa Momer 3eKTpOjie TpOJA H KATOA4, YCpeA-
Tipe ALIECTROBATD, U 338 HHM HeRNAS TIO BLEMY | TIGpHOAY
MOXET CJefi0BaTh pEXUM
¢ MAKCHMaJBHO JIONYCTH-
MBIMH HAaIlPAKEHHEM, TOKOM YIlepm?gzromnﬁ Tynepm Iy KaBeHJanuHa gHO}IH;FO Tg-
H TeMIepatypoll mepexoaa, K, }KeB KX Topoﬁ Bmgo-
H K yIpaBJIAOLIEMY 3JIEK- CToanios pagmae;c MOX’-(
TPOAY MOMKET MOKBOJAHTHCH cTo HMHH 11:0 nocnpq 10f
Maxcnmanbag) LONyCTHMast Kgmidgo 2§LTOHHH26 -
MomnocTb. OaHaKo Oroso-
peHpbie INpepae/bHbIE 3HA- OroBOpeHHOR ;eMnepaType
YeHuT AHOJHOTO TOKa B ¥ pa3OMKHYTOM 1Lenn yim-
TEueHHe HHTepBaJa OTIH- PaBIAIOMEro 3NEKTPOAR
panus BEHTHIA He JAOKHBI
OkITh MpEBLIIEHE HOJIXB;T”M*O“ L gonxs I, Benuunsa MHHMMAJIBHOTO
I xBajnpar ! 12t 12t Mepa MaKCHMAJBHO J0- InH TOK AHOIHOTO TOKA, HEOGXOmH-
(3aimmTHRH TO- nycTHMoH  neperpysouno# Masi JIpd OrOBOPEHHBIX yC-
Kasatelb)* CIOCOGHOCTH MO TMPSMOMY JIOBHIX AN llepexoja TH-

TOKY JJIsT IIOBTOpﬂIOUlHXC?
HMIIYJIbCOB TOKa MaJIOH
nnurensioctn (8,3  meew
Wi MeHblie, eClHd HeT
Crieuyanbibix  OTOBODOK).

pHCTOpAa B OTHEpTOE CO-
CTOAHME W  COXpaHEHHA
3TOrO0  COCTOSHMS — TIOCne
CHHITUA YIPABJISIOMWETO CHT-
Hasia
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HaimeHnosaHHe

060 Hayge- QOGo3nauenue B Hanmenopaxne O6o3Havye- O6GosHayenye B

i1apamerpa HHe OpHrRHANe Onpegesente mapamerpa nne OpHIHHAJNe Onpepenente
[_IpﬂMOfl ToK tye ‘g Mrrosentnii  anomHufl  Bpewa poccra- | faguor tosi IlpomewyTok  BpeMeHH
YTeUKH TOK IIDH OTOBOPEHHBIX 3HA-  yopnepnst yn- MeXIY MOMEHTOM paBel-
UCLHYX NpAMOro 3aldpae-  pappsemocTu CTBA HYJIO AHOJHOIO TOKA
MOTO HallpHKeHHs H TeM- (3anmpanys) ¥ MOMEHTOM HOBTOPLOTO
Hepartypol Nepexofd u on- MPWIOWEHUsT TIPAMOTO  3a-
peJleJICHHOM pexuMe B pe- NUPAeMOro aHOJHOTO Ha-
1M ynpapJLlIOUEro  3JeK- IpSKEHHs T1IPH  OrOBOpeH-
Tpoaa HbIX YCJIOBHAX H COXpaHe-
. HUH 3aNepToro COCTOAHUA
OGpaThbl TOK io8p.yr ip Mraosenuuift HOAHBIA nprbopa nocne ero pabo-
yTeuKH TOK NIpH OTFOBOPEHHBIX 3Ha- THL B OTKpHITOM COCTOSIHHH
uennax oGpatHoro amoj- Bpems oGpatno- | . [TpomewyTok  BPEMEHH
HOTO HANPTMEHRT M TeM- [0 BOCCTaHOBIE- Mew/y MOMEHTOM paBeH-
nepaTypel nepexofa B OI- Husl CTBA AHOJHOTO TOKA HYJH
pelleJIeHHOM pexHMe B Te- H MOMEHTOM CHajasHg 06-
IIH  yOpPaBISIOLIEro  BJeK- PAaTHOro TOKa uepes NpuGop
TpoAa RO OroBOpeHHOR BeJIHYMHLI
(o6byao 10% or  ammm-
BpeMﬂ 3anasnibi- tlll‘[ td l_[poMe)](yTOK BpeMeHd TyﬂHOﬁ BeJIHYHHBI 06paT'
BaHmsl  (3a/epik- Mexcly MOMEHTOM, Koraa HOTO TOKa Ha 3Tane BOC-
Klr]) npH OTNHpa- HMIYJI6C yIpasJsoLEero CTaHOB.ﬂeHPlﬂ) npH  Oroso-
HHH roka poctaraer 109% or pEeHHBIX YCJIOBHSX H TOC/e
cBoell OKOHuaTeJbHOA Be- paGotet npuGopa 8 oTmep-

JIMUMHBI, H  MOMEHTOM, TOM COCTORHUA

KOTZa TIPAMOR aHOAHbIR TOK Tennosoe co- R, ] Ipesninienne  Temmnepa-
nocruraer 1094 or cpoeit ~ NPOTHBICHHE TYpBI, OTHECEHHOE K e[H-
HAUGObIIEH BeTHUKHBL, TIpH HHLE  MOLIHOCTH, Pacced-
NepeKMOUEHHE B3 3anep- BAEMOR B  OrOBOpEHHOM
TOro B OTKPHITOE COCTOS- ssemenre  vipuGopa  Hal
Hue NMpH aKTHBHOHA Harpys- TeMneparypoll  BHeILIHeH
K€ M OrOBOPEHHBIX BHELL- ONOpHOR  TOukKM  mocie
HHX YCIOBHSX YCTAHOBJICHHS! TEMICPATYD-
- . o) Ho;lo paBHOBECHA N
epexoiHoe | ry, 7y peBblileAne  TeMiepa-
Bpems HI;*:PHCTa' tap Iy Meg(%‘}’,Me;‘g;}é’:TaM;p?g‘; TEIIOBOE CO- Typhl, OTHECEHHOE K eEn-
npAMOfi aHOmHEIY oK To- [pOTHBJIEHHE HUIle paccevwBaeMoOi B me-
craraer 10 u 90% ot PEXOAE  MOMIHOCTH, Hal
coelt HauGospmel BesH- TennepaTypor pricunel
UMHBl TIPY TIePEeKJIOUEHHH OMOPHOK TORKH JUTH ~ Oro-
U3 3aNepToro B OTKPHITOE BOPCHROTO HHTEpBANA Bpe-
cocTOsHME TpH  AKTHBHOR MEHH [Ooc/le CKaukooOpas-
HOTO YBeJMUEHHS pacced-
e 1 orosopens oo meporo o
HOCTM M TIpH COXPaHEHHH
HEH3MEHHON TeMmepaTyphl
Bpema otmmpa- torm fon CymMMa BpeMeHH 3ajiepi- Kopnyca npuéopa HIH OK-

Hud

KH H# BpEeMeHW HAapaCTaHHs

pyxatomeft
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HaumeroBanne OGo3H4ue- Ofo3naueHue B
napamerpd nHe OpHrHHANC Outpeesierne
Temneparypa Tyep T dakTaveckad  TeMmnepa-
nepexosa Typa nepexoja
Temneparypa Tyopn Te Temueparypa kopnyca
Kopiyca
Oxpyxkarowas Toxp T, Okpyxaromass  Temmepa-
TeMrepaTypa Typa
Temmneparypa Txp Tgig Temmeparypa xpanenus
XpaHeHus

TIpumeuanHe B oreuecTBeHHOH JIHTEpATYDE NapamMeTphl, OTMEUEHHBIE 3BE3-
JAOUKOH, YKasHRBAIOT KaK NpEfeJbHOo AolycTHMbie, (IIpum. peakTopoB NepeBOAa.)

Paspen tperuit
IMAPAMETPbl U XAPAKTEPHCTHUKH THUPHUCTOPOB

Bce npuGopbl, OTHOcsuMecs K ceMelicTBY THUPHCTOPOB, o006JajaroT
CHOCOGHOCTBIO TIepeKJioyaThcd B OJHOM MJH B ABYX KBaApPaHTax oBOel
BOJIBT-aMOEpPHOH XapaKTepHCTHKH. [Dce BuABI THUPHCTOPOB, HCINOJb3Ye-
MBIX KAaK MePEKJIIouaTeqi MOOIHOCTH, UMeloT oOiiHe CBOACTBA € TOUYKH
3pEHHA paccesthMsi H OTBOLA Tela, KOTOPble HEOGXOLMMO YUYHTHIBATDL
npu paspaborke u BeGope mpubGopos. IIpH 3TOM THPHCTOPH NEpeXJIIO-
YaloTest B OTIEPTOe COCrosiHHe JHOO IyTeM HPHJIOMKEHHS BXOJHOIO
CHrHala K ynpaBisioOlleMy 3JeKTpPOoAdy, JHG0 @yTeM yBeJHYEHHST aHOA-
HOr0 HANpSIKEeHHs CBepX BeAM4HHBl Ugrm. DTH H Apyrue oOumiue CBOH-
CTBA THPHCTOPIBIX NPHOOPOB MO3BOIAT OAHHAKOBO HOAXOJHTb K yCTa-
HOBJIGHHIO MX TEXHHWUECKHX XapakTePHCTHK, KOTOpOe MNPH DACCMOTpe-
HHU crnenHdHYECKMX BHAOB, KaK, HANDHMED, TPHOLHBIX OJHOHANPAaBJIEH-
HBIX (3anupaioHyix B 06paTHOM HalIDaBJACHHH) JHO0 gBYHAUPaBIeHHBIX
THPUCTOPOB, TpeGyeT JIHIUb YTOUHEHHS HEKOTOPBIX JeraJefl.

B nmocnenyiomux naparpadax JAaHHOTO pasjela HCIOJMB3YIOTCH
B OCHOBHOM TEPMHHH, XapaKTepHbie AJIf TPHOAHBLIX OXHOHATPABJEHHLIX
thpucropoB. OpHako 66jbliasi yacTh 3TOTO MarepHaja NPUMeHIMa H
Jast npyrux npHGopoB M3 ceMeifictBa THPHCTOpPOB. Dosee crenHanuzipo-
BaHHas undopManusi npejcTasjieHa: B pasfl. 7 WO AByHamnpaBiIeHHBIM
TUpUCTOpaM, B pas3d. 13 10 THPHCTOPAM, VNpaBJfAeMbIM CBETOM, H

B pasy 14 no AByXoNlepanuoHHHIM (MONHOCTBIO YNPaBASEMBIM) THDH-
cropaM

3-1. TEMIEPATYPA NOJYNPOBONHUKOBON CTPYKTYPhI

PaGounfi juanasod TeMnepaTyphl 3JEeKTPOHHO-ABLIPOYHOrD HepeXoAd
ornpenensercs NI KaMAOTO OTAENbHOTO TUNA THpHCTOpa 3HaHWEe HUXK-
HET0 TEMMepaTypHOro npepena HeOGXOIMMO AJIA OrpaHHYENHA MexaHH-
YeCKMX Hanpskeduil B KpHCTajjle KPeMHHA HO 0e30NacHOH BeMHuHHHL
D10T BUR HANPANKEHHI oﬁymoanuaaemﬂ PasHOCTBIO TEMNEPAaTyPHHIX

K03 (UHUHEHTOE paclIiMpeRds MaTePUANIOB, KOTOpble HPHMEHAoTCA NPH
HsCOTOBJIEHHH BEHTHIBHOrO dJeMenTa. Bepxmuil mpelen paboueit TeM-
fepaTyphl OGYC/AOBJeH 3aBMCHMOCTBIO HANPSIKEHHA OTMHPAHUS THPH-
c16pa Uorn OT TeMNepaTypel, a TakXKe COOOPaXKEHHAMH TEPMUUYECKOH
YCTOMUMBOCTH Mepexoja BEeHTHAA. B HEKOTOPBIX CiyyasX BEpXHHH lpe-
Jed TeMIepATYpPbl XpaHeHHsl THPHCTOpa MoKeT ObiTh Bhiule paGouero
nipegesa. On BmOupaercsa TakMM 06pasom, 4T100s OGecnedusamich
Heo6X04AMas HaJeXHOCTb IPH XPaHeHH#d H CTaOM/IBHOCTH XapakKiepH-
CTHK B 3aBHCHMOCTH OT BDEMEHH.

Pacyernas HauGonabulass pabouas TeMneparypa nepexoja MOXET
6LITh MCIOJB3UBAHA AJIA ONPEle]eHHs NePerpy3oquHoil ClOCOGHOCTH TH-
pucTOpa MO TOKY B YCTAHOBHBUIEMCS W NOBTOPSIOILEMCS peRHMax /s
3afaHABIX KOHCTPYKUHK TeIIOOTBOXA H HanOboJbliell OKpyXKaiomieh TeM-
nepaTypsi. COOTBETCTBRHHO MOKer OWTb peuleHa W oGpaTHas 3ajaya —
pacier TenJOOTBOAsILEH CHCTeMB IJsi 3aAaHHOH HArpyskd mnpuoopa,
JAJsT 9eT0 HCIONb3yeTcs KJIacCHuecKHi MOAXOA, (asupylomuiics Ha IO-
HATHM TemioBoro comporusaenust (§ 3-3 u 3-4). ,

B nepexofubix pexxuMax NpPUGOp Moxer paboTatb ¢ TeMOepaTypoH,
Gonbuiell, YeM YCTAHOBJEHHAS KJAsi Hero MakCAManibHas paGodas TeM-
nepaTypa, He BLIXOAA NPH 3TOM 34 CBOM IpaHHYHble NApaMeTphl. TIpu-
MepCoM  TAaKOTO pexuMa sABjsercss Bosfeficreue Opocka TOKA, He TIpe-
BRUIAIONIETO YCTaHOBIeHHOE 3HAYEHHe NpAMOro yaapuoro Ttoka. Jipy-
IUM IIDEUMEPOM MOXET CHYXHTb MeCTHOe YBEJHYEHHE TEMIeparyphl
Tiepexofa 3a CUET TOBLIIIEHHOTO Ipu ONpPEARNEHHHIX YCAOBUMAX Bhlle-
JeLUA MOI{HOCTH Ha HATepBaje OTIHPAHHA THpUCTOpa. B wacrosilee
BpeMsl YCTAHABJAHBATh TEMIEPATYDHbIE Npefetsl Mis MOXOGHEIX HAMps-
JhEHHBIX PAGOUMX PEXKHMOB HEMPAKTW4HO C TOUKM 3PEHHs KaK CHCTEMbI
rpaHHYHBIX NAPAMEIPOB, TAK W YAOGCTB NpHMEHeHus nenéopoa. ITo-
5TOMY TaKue DPemMMbl C TeMiepaTypol, mpeBbillaioniel pacuerHyio,
LOMKHBI MO-TIPEKHEMY BXOAHTb B UHCJO PEeXHMOB, XapPAKTEPU3YyeMblX
YCTAHOBJIEHHBIMH JJiA Nnpubopa TPAHMYHBIMH HapaMeTpaMH.

3-2. JEKTPUYECKHUE TIOTEPH B CTPYKTYPE

Harpep p-n~p-n-CTpyKTypul OOGYCJOBJeH 3MeKTPHYECKHMH TOTEps-
MH MOIIHOCTH, KOTOPBIE MOXKHO NOAPa3[endTh Ha NAThL BHAOB!

a) moTepd 3a cueT MaJeHUA HANPAXEHHS BO BPeMs NPOTeKaHHd
TPAMOro TORAa HATPY3KH; i

6) moTepH 3a Cuer NPAMOrO TOKa YTEUKH B pPexUMe Manoi psi-
Mo NPOBOAMMOCTH; i

B) NOTepH 3a cueT OGDATHOTO TOKa yTeyKH B pexuMe Manofi oG-
paTHOi MPOBOAMMOCTH;

r) noTepy BO BXOAHOA Lemd Y, ofycnoBieHHLie NMPOTEXaHHEM TO-
Ka YIpaB/IeHus; .

) moTepH BO BpeMsl NepeKMIOYeHHMH.

IMoTeps B COCTORHHM NHPSAMOH NPOBOAHMOCTH FABIAAIOTCS OCHOBHEIM
UCTOUHHLKOM HArpeBa 3JEKTPOHHO-IBPOYHONC Mepexoja IpH HOPMAlb-
HbIX YCIOBHAIX W TNpOMBIIJeHHOi uyacrore. Ofuako MpH HapacTanuy
ToXa ¢ GOABIION CKOpocTsio (T. €. ¢ Bbicokoit difdf) WaM Ipu BBICO-
KuX pabouMX Hacro1ax ONpeiensiomuEM (akropom MOTyT cTaTh nore-
pu Ha HHTepBaje ornupanud. Takue ciydyau pacCMOTPeHLl B § 37
u 3-8.
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Ha puc. 3-1 nokasana 3aBHCHMOCTL 5/EKTPHYECKHX MOTePb B C€O-
CTOSIHHHM NIPAMOH NPOBOJHMOCTH OT BeJHUHHBI CpefHero TOKAa JJisi BeH-
Tt tana C35 npu pasAuYHBIX yraax NpOBOAMMOCTH M 4ACTOTe RO
400 2y. TlomoGHble 3aBHCHMOCTH sl KAXKIOTO THIA THPHCTOpa MNpH-
BONSITCA B KaTalOrax M OMPABOYHBLIX JNHCTKAX. DTH KpUBLIE CHpaBej-
AKkBLI TIpH KPHBOIL TOKA, NpeAcTamimiowell 000 1acTs CHHYCOHAANb-
HOH TOAYBOANDB, NONYYAIOUICHCA B TOM CJyYae, Koraa B OAHO(a3Noi
Uenu c AKTHBHOH HarpyskOH OTIHpaHHe BEHTWUNs1 3anasibiBaer Ha
HEKOTOpLIt yron a=180°—A. Oum COXPaHAOT cuay H AJS npAMoO-
yroabHo#t GOpPMBI TOKa ¢ TaKHMH Ke CpeAH{M 3HAYeHHeM U yIJIOM
NPOBORUMOCTA A DTH KPUBLIE ABAAOTCH PE3YJBTATOM HHTETPHPOBA-
HHS MPOM3BEAENHA MIHOBEHNOr0 aHOAHOrO TOKA W MCUOBEHHOro mnps-
MOro najgeHus Hanpskcaus s yrioB npOBOAMMOCTH, OTAHYAIOU(HXCS
OT YKa3aHHb\ Ha puc. 3-1, Takoe WHrerpupoBaiiie MOXKHO NPOH3BO-
JHTb IPAdUUECKH HIH anaJUTHYECKH, UCNONb3YS 3aBHCHMOCTbL NpAMOTO
NnajeHMs HANPAXKEHHs OT TOKA [JJs AaHHOTO BEeHTHJIS.

Horepu npu npsiMoM u 0GPATHOM 3alePTHIX COCTOSHHAX onpenens-
I0TCA myTeM AaHAJOTHYHOTO HHTETPUPOBAUMA C TMOMOUIBID COOTBETCTBYIO-
IMX BOJBT-AMNEPHBIX XaPAKTEPUCTHK I DEKHMOB MAadLlX NPsIMOf H
o0paTHOHl RPOBOJMMOCTE!l, MPHBENEHHHX B CNPaBOYHMIX AAHHBIX.

_1Ipn UMIYJBCHBIX CHFHaJaX YNpaBJeHHst TIOT€pH B LEMH YHpap/sio-
UMM 3JIEKTPOA—KAToN He3HaunTesbubl. [lpy AMUTENBHBIX  Ypapdstio-
UAX curHanax Jaubo AJA THPHCTOPOB MAJiOfi MOIMHOCTH 3TH [OTEPH
MOryT craTh Gofiee cyurecTBeHHBIMH. MIX MOXKHO BBIYHCAHTH C NOMOLIBIO
BOJIbT-2MNEPHBIX XapAKTePHCTHK YNPaBJAIOUIEro 3JeKTPOAd, NPHBOMIH-
MBIX B CUPaBOUHBIX JMaHHBIX M Kaxporo tena, HanGonbluee sripene-
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Puc. 3-1. 3aBHCHMOCTL CPEANErO 3HAUEHHA MOINHOCTH paccesHHy ot Be-
JIHYHHBI npaMg)ro TOKa AJs Tpuctopos THna C35 npu teMneparype re-
pexofa +125°C u paanuyHbIX 3HAYEHHAX YTJ1a UPOBOAHMOCTH.

HHe MOHIHOCTH B UeNHM YNPaBJsOUHA 3JCKTPOA~—KaToA Habaogaercs
y Tex npHOOPOB, Y KOTOPHIX BOJLT-aMIIEPHBIE XAPaKTEPUCTHKH YUpaB-
JSIOUIEro 3/eKTPOJa MepeceKaloT JHHUK HATPY3KH HCTOYHHKA CHTHAJOB
ynpaBiedus B ee cpenHell uactd. BoJee nerasbHo XapaKrepuCTHKH H
JIMHMY Harpy3KH UENH YNPABJEHHA pPacCMATPHBAIOTCA B pa3spm. 4.
KoMMyTaumoHHble NOTEPH  LPH  OTHMPAHMH  pPacCMaTpHBAOTCH
B § 3-7, a npu sanupauuu — B pasi. 5.

3-3. TENNJIOBOE COINPOTHBJIEHHE

Tenno, Koropoe o0pasyercsi B 3MEKTPOHHO-IBIPOUHBIX Nepexoaax
B pe3y/bTaTe IMEKTPHUECKHX NOTeph MOUIHOCTH, HepefaeTcs Kopmycy
BeHTHAs, a 3aTeM nocrymaer B panuatop (oxsnaauteip). IpeBnnmesne
reMnepaTypnl Hepexofa Haj TCMIieparypoit Kopnyca (Goara) Bentuas
NPAMO MNPONOPIHOHANBHO NOTOKY Temia, NOCTYHNANIeMy OT Mepexoi”
H TEMJOBOMY CONPOTHBJCHHIO BENTHAS ITO COOTHONIEHHC B YCHOBHAX
YCTAHOBHBIIETOCH pPeKUMA ONPENesiercs CACAYIONMM ypaBHennem

Trep— Txopn = PR,, (3'1)

rae Tpep — cpennsis Temnepatypa mnepexona, °C; Tgopn — TeMmepaTypa
Kopnyca BeHTUas, °C; P — cpeiHsis MOUIHOCTb pacCesHHA Ha Mepexolc,
8T; Ry — TEeNJIOBOE CONPOTHBJIEHHe MeK[AY TMepexofioM H HHXKHeH 110-
BEPXHOCTBIO KOPNyca BEHTWJs B cTaudoHapHoM pexume, °C/sr.

C nomompio cooTHouerus (3 1) 4 BOMbT-aMnepHBIX XapaKTepHCTHK
ApSMOH NPOBOJHMOCTH MOXKHO ONpelesNHTh JOMYCTHMOE paccesHHe
MONIHOCTH H, TakuMm 0Gpa3oM, 1IOMHHaJABHYIO BeNMHYHHY OPAMOro MOCTO-
SITHOrO TOKA /1A 3aJaHHOM TeMmnepaTypel Kopmyca BeuTtdaas. as stoit
eau Tgep MPUHHMAIOT 32 MAKCHMAJbHO JOMYCTHMYIO TeMIepaTtypy Ine-
pexoma AJaA HNAaHHOrO BeHTHJsA. MakcumanbHble 3uaueHusd Rr |

nep
JaHBl B CIPaBOYHHIX JAHHHIX Ha IPUOOPHL.

3-4. NEPEXOJHOE TEINIOBOE CONNPOTUBJIEHHUE

YpaBHenue (3-1) He MaeT BO3MOIKHOCTH ONpPEfeNdTh MAaKCHMAalb-
Hyi0 TeMIepaTypy nepexofa, KOrja Temlo MOABOAUTCS HMITYJbCAMH,
KaK, HaImpHMEp, NIpH NOBTOPSIOUINXCA HHTEPBANaX MPOBOJAUMOCTH B CXe-
Max nepeMmeHHOro rtoka. Vcnoabsesanue ypaBHenus (3-1) ¢ npumene-
HHeM MAaKCHMaJhHOrO 3a BPeMs WMIy/dbca 3HaueHuss P 1act 3apbilieH-
HOe 3HAUEHHE NPEBHINIEHHA TeMiepaTypbl mepexoga. C APyrodl CTOPOHSL,
NpUMEHEHHE CPelHell 3a NePHOJ BeNHUMHB P NPUBOAUT K 3aHUKEHHIO
MHKoBoOfi TeMnepaTypnl nepexopga. [IpuuMHOA TaKOro HPOTHBODEUHS AAB-
JfieTcsl TEMJICEMKOCTh TMOJYNPOBONHHKOBOM NNAaCTHHHE, T €. HeoOXOmH-
MOCTb ONPeJeJeHHOr0 BPEMEHU JJis ee Harpesa M CNocoGHOCTb coXpa-
HATE TEIJIO.

ITo cpasHeHmo, HanpuMmep, ¢ TpaHchOPMATOPAMH H JAEKTPOIBUTA-
TEJAMH 1OJYNPOBOANHKOBBIE BEHTHJAN HWMEIOT OTHOCHTEJNbHO Maljylo Teln-
JIOEMKOCTb, OCOGeHHO uX 00JacTH, HENOCPENCTBEHHO NpuJerapuue
K 3JeKTPOHHO-ABIPOUHOMY Tepexojy. B peaynbrare nonynpoBOLHHKO-
Bhje BECHTHJH TNPH TUPHAOKEHHH HATPY3KH HJATPEBAKTCA OueHb GHCTPO,
H TeMIlepaTypa fepexofa MOMKET H3MEHAThCH Ha TPOTAXKEHHH nepHopa
npoMpiuaesHof vactorsl. OnHako assi oYeHb KOPOTKHMX Teperpysok na-
XKe 3Td OTHOCHTENBHO Manas TENIOEMKOCTb MOXeT ObiTb JIOCTaTOYHOH,
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UTOGLI 3a/1epKaTh ObICTPOE TMOBLIUIEHHE TEMIEPATYPHl NMepexoja. Kpome
Toro, pafHaTep, K KOTOPOMY ofuiuie OuBaeT npuKpernses NOAYRpo-
BOJHHKOBMI BEeHTH/b, MOXET HMEThb TelIOBYK NOCTOSHHYIO BpemeHH,
KOTOpas BblpaxKaeTcss MHOTHMH MHHYTaMH.

O6a »th ¢axropa MOXHO YCHENIHO HCUONbL3OBATH ¢ UENBI0 ofec-
MECYCHHA HOPMABHOA PAGATH THPHCTOPOS NP PeXuUMe TOsTOpAOweRcs
HArpy3kH H npn GOJBIIHX HMMIYJbcaX TOKA, KOTOPHIE WHOFAZ SHAUY-
TEJBHO TPEBBILIAIOT ONYyOJMKOBAHHBIE B CHPABOYHMKAX 3HAUYEHUS HOMH-
HANpbHOr0 IJIMTENBHOTO TOKa MJisl AAaHHOIQ THIA BEeHTHJSA.

Tennosyo cxeMy MOXHO ynpouwEenso APescTaBHTh, KaK MOKa3aHo
Ha puc. 3-2. BapHaHT cXeMbl 3aMeleHHN, NOKa3aNHBI Ha pue. 3-2,a,
ABJIsTeTCA HauOoN€e yYNOTPEONTENBHEIM, OIHAKO B HEKOTODHIX C/Ayuafx
BADHAHTHL MO PHC. 3-2,6 WIM @, ABASAIOUIMECH BIAHMHO AYANbHLIMH H
HMEWOWHE OIUHAKOBBIE XAPDAKTEPUCTHUECKHE YPABHEHUS, MOCYT oKa-
3aTbcsi Oosee ynoOHeIMM. [IpH COCTABNGHMM 5THX CXeM HCXOLAT M3
NPEMIIONOKEH S, YTO TENJIOBbIE NOTEPH MMEIOT MECTO TOJLKO HAa mepe-
X0nax. JT0 ynpolleHHe COXpaHAeT CHAY ANS 3HAYCHHH TOKa, npu Ko-
TOPLIX OMUYECKHE TOTEPH HEBEJNUKH NO CPABHEHUR ¢ HOTEPAMU MOoUl-
HOCTH Ha Nepexofax.

Ln

Puc. 3 2. Vupouleinbie 3KBHBaJeHTHbIE TENSOBBIe cXEML THPHUCTOPA.

B cxemax @ u 6 Bxoauoll TOk [ XapakTepu3yer MAULHOCTb, BEILEAAIOLLYIOCH B Me-
pexoae THPACIOpa, a HANPANKENHE B OTACHAbHBIX TOMKAX — NMPEBLILEHHE TEMNepa
TYPhl COOTBETCTBYIOLLHX 30H HAA TemMnepaTypoll OKpyxawme# cpeaw. B cxeme 8
BYoAHOe Hanpswenve U xapaxTepnsyeT MOABOAMMYIO MOULHOCTB, A Toku [, I
H T. R. — COOTBeTCTBYIOLiHe TeMNepaTypHble MepeHajnl,

Nodbodumoe
menno Bmn

!

Temnepamypa r *
neperoda orn  AT=PR,
{ t
Onpywarouan
cpeda

Puc. 3-3. U3smenenue rtemmepaTypw nepexofa NpH
BO3AEHCTBHY TIPAMOYTONBLHOTO HMIYJ/bCa MOLHOCTH.

Ha puc. 32 TouKH ¢ HyJeBHIM TOTEHIHMAJIOM COOTBETCTBYIOT OKpY-
Kamwoleh cpefec Ecnan BerTab yKpensieH Ha pajanarTope ¢ OECKOHEUHO
OOJDbIIOK TENMOeMKOCTBIO, [0 TCMIEPATYPy TAKOro PagHaTOpa MOXKHO
HCII0Tb30BaTh B KAYeCTBE HCXOAHOH M 0603HAUHTh €8 Ha CXeMe 3aMme-
IIeHAs TOYKOA ¢ HyJeBhy norennuanoM Opanako B Godee KPYyHHBIX
BEHTH/IIX Te(JIOBOE CONMPOTHBJAEHNHE KOPNYyC—TelIO0TBOL OTHOCHTENbHO
BEIHKO MO CPaBHEHHIO C TEMJIOBBIM CONMPOTHBJCHHEM MEePEXUI—KOPIYC.
B rakux cnyuasx B Kauyectse MCXORHOR A0JKHA BHIGHPArhCA TeMmepa-
Typa Kopmyca HJH TOJIOBKH GoJTa.

Korna B mepexonax BeHTWASl BHIeNsieTcs HMMIYJbC MOMHOCTH P,
KaK TN0Ka3aHo Ha puc. 3-3,4, Temmeparypa MepexX0Ja HOBBIILAETCA CO
CKOPOCTBIO, KOTOpasi 3aBHCHT OT TEMMNEpaTypHON NOCTOSAHHOH BpeMeHu
pentuns. Ha puc 3-3,6 srtor npomecc npencrasien Kpusolt Tgarp. Io
NPOWIECTBHH AOCTATOYHO AJNHUTENBHOTO BpeMeHu fy—Fp TeMmeparypa ne-
pexofla ycTaH4BIMBAETCA HA HEKOTOPOM YPOBHe, KOTOPHIf Bl TeMiie-
patypbl oKpyXKaioled cpensl (WIH TeMIepaTypsl KOPHyca) Ha BelHdHHY
AT=PR,. Dro BuipaXenue nosropsier (3-1), npuuem R, asasercs
cyMMOf Benanunn oT Ry go R, B Temionofi cxeme Ha puc. 3-2,a. Econ
nocae crabUAR3IaUUKH TEMNEPATypPsl MEePexofa NOABOAHMAA MOILHOCTb
ynajeT o HyJds B MOMEHT fp, TO TeMuepaTypa nepexofa, Kotopas Ha
puc. 3-3,6 obosnauena Toxn, ONfirk OYAET NOHHKATHCH 10 TeMmepary-
pel okpyxawomeit cpean  Moxio wmokasate [JI. 3-1), uro kpusbe
Tuarp ¥ Toxa COBHAAAKT JPYr C APYroM NPX HAJOKEHHH, T. €.

Toxa = AT — THn:P=PRr— THarP- (3'2)

Pa3gennB MraoBeHHoe NpeBLIIeHHe TeMnepaTypul (KpuBas Tmarp

Ha puc. 3-3,6) nma mommocts P, KOTOPAsi BLISEIBAET 3TO TNOBHIIEHHE
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TemiiepaTypht, fepefiiem oT pa3mepnoctd no ocu opaunar 8 °C x pas-
mepaoctH B °C/er. [locsentas pasMepHOCTb COUTBETCTBYET TEIIOBOMY
CONPOTUBJICHUIO, a TNOJyueHHAst BeJHYMHA, BHPAaXeHHAs 3aBUCHMGCTHIO
Tuwarp/P=[(t), HasuiBaercs nepexoAHLIM TEMJIOBEHIM CONPOTHBJICHHEM
ro=f(#) Ha puc. 3-4 npeacrasien rpapuk NEPEeXomHOTO TEMNIOBOTO CO-
TIpOTHBJECHHA Aasa TapuctopoB THna C35 (2N681) mnst asyx cayyaes:
KOI/la THPHCTOP ToOAcOe/iHHeH K OecKoHeyHo OGoJbIUOMY pajHaTopy
(xpusan 2) M Korza oM yKpemien ¢ MOMOUILIO TalKH HA KpaapaTHOR
meauoi nactute 102X 102X 1,5 ms (kpusan ).

3HayenHs MEPexXOAHOr0 TEMJIOBOIO CONPOTHBJAEHHS MOXKIO NOAYUATH
nyteM HM3MePCHHMS TeMIepaTypbl Mepexoja mnocje HefCTBUA Ha BEHTHIb
HUMIyJbca ONPe/eACHHON MOUIHOCTH W/M [1OC/e CHATHA C ReHruss, pabo-
IdBIIErO C U3BECTHOH HAarpy3kofl B ycraHoBHBIIEMCs DeXHMe 3Toli Ha-
rpysku. Temmepartypa mepexofa u3Mepsiercs € MOMOIUBID OXHOrO H3 3a-
BUCAIIMX OT TeMliepaTyppl NapaMeTpoB, HamnpuMmep, IyTeM H3MepeHUS
IPAMOro najxendst HanpsiXKeHHss NpH Maneix ToKaxX. Ilepecyer RaHHHLX,
HOJYUCHHLIX NpH Harpepe, K NAHIBIM JIJIsT Wpollecca OXJaXKaeuls HAH
1ao60pOT MOXKHO TNPOU3BOAHTL NpPH NOMOIMM ypaBHedus (3-2).

Ias Toro 4To6H ¢ JOCTATOUMHON YBEPEHHOCTHIO HCIOMBb30BATH KPH-
By NEepPexXOJHOr0 TelJIOBOrO CONPOTHBJNEHHA JJfA MPOEK rMPOBAHHS
yCTpOHCTB, 3Ta KpHBas J0J2KHA OTpaXaTh Haubosee BBHIZOKHE BOIMOXK-
Hble 3HAuellHs TeNJOBOIG CONMPOIHBJCHHA AJsT KaXJOT0 H3 MOJYUYeHHBIX
C YUCTOM TCXNOJAOTHYeCKOro pasfipoca NpoMbiLlIeHHBX 06pasyos. Hro-
Obl ofeccneudTh HEOGXOMIMYIO HALEXHOCTb paBoTe oBopyRoBaiua NpH
BO3MOMKHBIX THNAX HOBTOPHO-UMITYJIbCHEIX Harpysok, 3Ta KpuBas NpH-
BOJMTCS B KaTajiorax ¢ yueTom JAOMOJHHTeNbHOTO HeGoJbimoro Kosthdu-
LlHeHTa 3amaca.

Ecau npexnonoxurs, uto rpadHK BBIAEASIOUIEHCA B nepexoie MOIL-
HOCTH COCTOMT H3 DsAJNa CAEAYOLUMX OAWH 32 JPYIHM HMNYJ6COB T'Pf-
MOYrofibHolt GopMul aauTensHocTeio 8 W ammautTynok P, to temuepa-
Typa nepexofa B Jio0oil 3ajalidblit MOMEHT BpeMedn £ MoxeT ObiTh
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Puc. 3-4. Tlepexoanoe Tennosoe conportusaeHHe THpHcTopa TtHna C35.

1 — Ipu NPUCOCAUHEHHH BEHTWAA K MeAHoft nAacTHHE pasmepom 102X102X%1,5 mm;
2 — npu NPHCOSRHHEHHH K OeCKOHEYHO GOALIIOMY PRAHATOPY.

HaiifleHa NyTeM NOJCTAHOBKHM {’ B BEpXHHH npelen clenylonleli CyMMb:

t
t/d 2<T-—-n>6—-5

P
Tup () ~Touwn+ 2 9 (70 = Frsmals
=1

rie ¢/8 poaXuO OBITH LEABLIM YHCJIOM.
Tlpenenom AauHoil cyMmsl npu O—>0 ABAseTCA CHCAYIOUAHA uH-
Terpan:

t
- dry_
Taep (f) = Tom + 5 P () —g—dr
0

TMopo6Hble BLMHCAEHHS MOTYT ObITb 3aNpOrPaMMHPOBAHHl AJf pac-
YeTOB HA BBIYACAHTENBHOM MallMde, €CJAH CYMMHPOBAHHE «BPYYHYIO»
CTAHOBHTCS C/MLIKOM POMO3JKHM.

Kak Buauo u3 puc. 3-4, KpuBad NEPEXOAHOTO TEIIOBOrO CONPOTHB-
nenust NPUOAHIKACTCA ACHUMNTOTHUECKH K CBOMM MPEACIBHBLIM 3HAaue-
HUAM, COOTBCTCTBYIOIMM J[UIMTEJNLHBIM H OUeHb KPaTKOBPEMEHHBIM HH-
tepBanaM. s oueHb GONbHUIMX NPOMENKYTKOB BpPeMEHH MeEPexofHoe Co-
NPOTHBJEHHE NPUOJIHIKAETCA K TEMIEPaTYPHOMY COMPOTHBJCHHIO yCTa-
HOBHBLIErocA pexuma Rq.

O ¢t <1 MceK 3uadenne [iepeXORHOrO TEIIOBOTG CONPOTHBACHWS

npu | meck JOMKHO Opl1b [CPECUMTAHO IyTEM YMHOM(EHHT HA /Y. Tax,

HanpHMep, TeIJIOBoe conporupiendc sBenTwas THna C35 mpu uHTepBane
f=10 mrcex Mo:KeT OHITb ONpEAENEHO KaK

0,06
VY 10~310-+

Onnako nojyueiHbie TaKdM 0o6pasoM JAaHinle cOPapeiyuBbl TOJBKO
AN WHTEPBAJOB, B TEUEHHE KOTOPBIX BEHTH/b YCHNEBAET BKJIOUMTHCS
MOAHOCTLIO. JIPYTHMH CJOBaMH, 3TH 3HAYeHHS He XOJUKHBI HCHOJB30-
BATbCS B TeyeHHe WHTepBasa nepexsiouenus (cM. § 3-7). Kpome roro,
TAKHM CrOCO6OM He DCKOMEHIyeTcs N0Jb30BaThCs NPH HHTEPBANAX ME
nee 10 mucex. Jlns MakcHMaJbHOrO HCHOJAB30BaHHA MNOJNYIPOBOJLHHKO-
BBIX TIpHOOPOB B MUKPOCEKYHAHOM [IMana3cHe cllefyer YUMTHIBATE A0-
HOJMIHHTENbHEe (PAKTOPHl W UCNOJb30BATH JPYyrde MCTOABE ONpeAeseHH:
HOMHHAJLHLIX 1aPAMETPOB H CPOKa CJAYKOHL

=0,006 *C/sm.

3-5. MAPAMETPbl TOKOBOR HATPY3KH
NMPH NMOBTOPAIOIEMCS U HENOBTOPSIOHIEMCS
PE)XXHMAX

3-5-1. O6mmue cooGpakenus
Conepaune Bcex uacrefi Hacrosulero maparpadpa u § 3-6 ortHo-

enTcsl K OGBIMHON CHCTEME@ napaMeTpoB, HCNOJAb3OBABUIEHCS paHee MpPH-
MEHMTENIbHO K peXHMaM, KOrja NOTePsMH MOIIHOCTH Ha HHTepBaje
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OTHHpAHHUS rMpUCTOpa MOXKHO npeHeGpeur [TapaMmerpbt ¢ yuerom mpo-
uecca OrnMpanssi paccMarpuBalorcs B § 3-7; JAONycTHMBble 3HauyeHHA
TOKa AJf paboThl HA MOBHIUGHHBIX YacTOTaX, KOTAa TAKXKe HeJb3s rpe-
HeOpeub NOTEPAMH NPH OTNMPaHUH, paccMoTpeHs B § 3-8.

Koraa noaynpoBoJHUKOBBI NPHGOP HCMOMb3YETCA B TAKOM PEXH-
Me, YTO MaKCHMaJbHO JOMyCTHMas NHKOBas TeMmiepaTypa aepexona
HHKOra He npeBbiaeTCs, TO cuMTtaercs, duto npubop padoraer B ycra-
HOBHUBLUIEMCA HJHM B NOBTODAIOLIEMCH pexuMme. JIl06oii HOPMaJbHEIA pe-
XKHUM H J00oe 0o0OpyLoOBaHHe, HCHOJb3YIOIIEE MMOJYNPOBOMHHKOBHIE
npuOOPH, AOJXKHBL YAOBJETBOPATL STOMY YC/IOBHIO, €CJH NPHOGOpPH mpen-
Ha3HAUeHBl JUJIsi HCTOJNb30BAHHSA B peXKHMMe MOBTOPAIOILETOCA OTHHPaA-
uug, B § 3-6 ykasblsalores crnocoObl IpOBepKM NMHKOBOR TeMmeparypel
nepexofa. JTo NO3BOJHET INPOEKTHPOBILMKY MNPABHIBHO HCIOJb30BATH
npuGopbl B MOBTOPSIOLIEMCS PeXKHME.

K rpynne napaMerpos, XapakTepusyiOIlMX THPHCTOPH B MOJHOM
CMbICJle C/0Ba KaK CHJIOBHE NPHOOPHI, OTHOCATCS NapaMeTphl, ompeje-
JSIOUIMe HArpysKy mo TOKY NpH HenmopTopfiiomeMmcs pexume. DtH napa-
MeTprl AONYCKAIOT NPEBHILEHHE B TeUeHHe ONPENEJEHHOI0 BpPEMEHH
MakcHMaJbHO JOMYCTHMOH A/l NOBTOpPSIOLLErocs pexuma paouell Tem-
nepaTyphl nepexojga. JTo obecneuuBaer NPHGOPY ONPEACICHHYIO Iepe-
TPY304HYIO CNOCOOHOCTb AJS KODOTKHX MHTePBAJNIOB M HO3BOJSIET KOOp-
JMHMHHPOBATL 3ALIMTY OT CBEPX10KOB C HCIOJB30BAHHEM TOKOOIPaHHUU-
BaIOWMX yCTPOHCTB. BaKHEHUINMH M3 TAaKUX NApPaMeTPOB HBJSIOTCH
yKa3bIBaeMble B CNPABOYHBLIX AAHHBIX OJHONEPHOAHHIH YAAPHEIA TOK H
BeJqHuMHa [2{. STH HapaMeTPH JOJXKHBI HCIOJB30BAThCA TOJNEKO MpH
HeoOBIYHBIX peXXHMaxX ILenH, HanpuMep Npu asapuiiHbIX ycaoBuax. I[1pu
9TOM IIpeAnoJiaraercsi, uro NOJOOHHE MNeperpysku NPUKJAAALIBAI0rCs
K BEHTHJIO JIHIIb OTPaHHYEHHOE YHCJO pa3 3a BPEMSI €r0 CPOKa CJyX-
6ol Jlna GoJLIIMHCTBA THHOB THPHCTOPOB 3TO LOMYCTHMOE UHCJO Nepe-
TPYSCK JIEKHT B JIHanasoHe OT COTHH 10 HECKOJbKHX coTeH. HMcmosb-
30BaHMe BeHTHJeH 0e3 yyeTa TaKHX oOrpasHueHdii MOMXKeT npHBec1H
K nocTeNeHHOMYy yXYIWIEHHIO HMX XapakiepucTHK. Kpome Toro, mapd-
METPHI JIJIs HEHNOBTOPSIOLIErocs PeXHMa HDPEeAnoaaraloT MX HpHMeHeHHe
TONBKO B TOM CJyyae, KOIla TakHe MNeperpyskd He MNOBTOPSIOTCA [0
TOTO, KdK TeMIlepaTypa Hepexofia He BO3BPATHTCS K CBOEMY MaKCH-
MaJbHO JAONYCTUMOMY AJf TNOBTOPAIOLIErocs peXuMa 3HAUEHHIO HJIH
Oyner ele HuXKe.

3-5-2. HomuHaabHOE cpejHee 3HAYEHHE TOKA
(noBropsiomuiics pexnm)

HoMunanbioe cpefldee 3HaueHHe TOK2 #ABJAAETCA, MNO-BHLMMOMY,
Haubojiee BaXKHBIM ¥3 TAapPaMErpoB, XapaKTepU3yloUMX Harpysky Bsen-
THJST 110 TOKY. 3aBHCHMOCTb STOrO IlapaMeTpa OT OKpyXKaloliell Tem-
nepaTyphl YKa3blBaeTcs B CHPABOUHBIX NAHHBIX TaK, KaK 3TO, Hanmpumep,
noxasaHo Aasi THpucroposB THna C35 na puc. 3-5. Takue Kpusbie ompe-
IeJsI0T MAKCHMAJbHO JONYCTHMEIE 3HAueHHS CPeJHEro 3a NepHoj aHoA-
HOFO TOKA THPHCTOPA B 3aBHCHMOCTH OT TeMIEparypsl KOPIyCd H yraa
nposoauMoctd A. TOUKH Ha 9THX KPHBBIX BHIOHPAIOTCS TAKHM o6pasow,
YyTO TEMIepaTypa Nepexofa B YKa3aHHHIX YCJOBHSIX He IPEeBLHILIAET
MaKCHMaJbHOH MOMYCTHMOH BequunHL. MaKCHMaJslbHasi PACueTHAsT TeM-
nepatypa Nepexofa THpHcTOpor Tthna C35 cocrasaser 125°C.

Kpussie #a puc. 3-5 yuuThiBaloT HeGoblioe vyBedanueHue oGmed
MOUIHOCTH 34 CUET NOTEpb NPH DPHJIOXKEHHH OOPATHOrO HanpsxKeHud, Mo-
Tepb Ha YNUPABJSIOMEM 3J€KTPOAe W KOMMYTaUHOHHBIX HOTepE MpH H4a-
crore po 400 2y, Hns sentunefi, MOHTHPYEMBIX € TIOMOILBIO 1POBOJCHU-
HBIX BHIBOJOB WJH HMeOIHX HeGoJbiiue kopnyca (tuna TO-5 nan
TO-18), HoMHEAJbHLIA NPAMONl TOK MONKET 3aMETHO 3aBHMCETb OT MoO-
Tepb, OHpelelsieMblX yIpaB/siomumM curHanoM. Ilas senTmneft, pas Ko-
TOPBIX 3TO OOCTOATEABLCTBO CYIECTBEHHO, OHO OTpaXkKaeTca B CHPaBov-
HBIX JaHHBIX.

Ecnn BenTHab B ogHodasHON cXeMe ¢ aKTHBHOH Harpyskoll oTmu-
paeTcsi TOTUAC TOCAE TOTO, KaK €ro amoj CTAHOBHTCS MOJNOKHTENLHbIM
To yroa mposomuMoctn pasen 180°. Ecsu remmeparypa xopmyca 80°C
WA HEXe, TO tupucrop Tuna C35 Moxker paGorath HPH CPEAHEM TOKe
B 13 @, KaK yKa3aHO HA KPHBHIX /Il BeHTHJH HTOrO THNAa Ha Puc. 3-5
Ecam yroa ortnupanms pasen 120°, To THpHcTOp OyAeT NPOBOAHTH TOK
JUilb B Teuenue ocrasimmxcs A=60°. B srtux yca0BHAX MaKCHMaJbHO
JOTYCTHMBI CpPefiHHi TOK TIpH TeMieparype rojosku Gonra 80°C pa-
BeH 9 «, T. e. 3HAYUTeJbHO MeHblle, uYeM TMPH Y€ MPOBOLAHMOCTH

B 180°.
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Puc. 3-5. Makcuvannio HDONYCTHMOE CpenHee 3HAaueHHe TOKA BEHTHJIA
tuna C35 npu pasHbix YIIax NPOBOAMMOCTH A K TIpH MOCTOSIHHOM TOKe.
[To ocu opauHAT -— MakCUManpHO JONYCTHMAg TeMAePaTypa KOpavyea
(romorkn Gonra),
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3-5-3. JleiicTByloLiee 3HaueHHe TOKA
(moBTOpAIONHIiCS pexHM)

M3 puc. 3-5 Buano, uTo rpadukH AJS TOKA C pasanuHoil dopmoil
KPHBOH HMEIOT pasjiuyHble KOHEYHble TOUKH. DTH TOYKH COOTBETCTBYIOT
OAHOMY M TOMY 3Ke JNeHCTBYIONIEMY 3HAYEHHIO TOKA H, TaKWM o6pasowm,
KpHBbIE PHC. 3-5 XapaKTepH3YIOT AONYCTHMOE [HEHCTBYIOWIEE SHAYCHHE
1oka* Tak, HanpHMep, HOMHHaNbHOe 3BaucHue MOCTOSIHOTO TOKA BeH-
riuns C35 cocraBaser 35 a, T. e. AONYCTHMOe CpefHec 3HAYEHMe TOKA
B OJ(HOIIOJYNEPHOAHOI cXeme mpH yrae mpoBoaumoctu A=180° pasHo
35/1,67=22,3 a. Koapduunenr 1,57 ssasercs kospduuneHroM QopMH,
OnpeeNifioUiUM OTHOIIEHHE MefCTBYIOINErO 3HAUEHUs TOKA K CpeaHeMy
NpH CHHYCOHAaNbHOR (opme BosMHEL. B ciyvae nocTossHHOro TOKa neir-
CTBYIOLIEE M CpefiHee 3HAUEHHs] OJMHAKOBBL YKa3aHHble B CIPABOYHBIX
NaHHBIX HOMHHasbHBle JeHCTBYOIlMe 3HAUEHHS TOKa HEOOGXOIHMBL Ans
roro, YToGbl MPEJOXPAHHTh HMEIOLlHe NOCTOSIHHOE CONPOTHBJEHHE 3Jle-
MeHTHl upubopa (TOKOBERYIIHE CHau, BEIBOAB M Tp.) OT uYpPE3MepHOro
neperpesa.

Homunanbuoe peficrsyiolnee 3HaueHne TOKa CJAEAYET YUUTHIBATDH MPH
NPOnyCcKanu¥ ueped npubGop KpaTKoBPeMeHHHIX OCOJMBIINX  UMIYJIbLCOB
TOKa C Maliofl CKBaxHOCTBIO. XOTSl CpejHee 3HaueHHe NPH ITOM MONKET
OCTaBaTbCst B TpelesaXx HOMHHAJNbHOro, AeHCTBYIOLlee 3HAUEHHE TOKa
MOXeT NMPEBBICHTb JONYCTHMOE.

3-5-4. Y4eT MMINyJbLCOB TOKA NPOH3BOJbHOH (opMbI
B neperpys3ok ([OBTOPAIOMHICA PEKHM)

Hemb3s momyckarb, utoGbi NP [OBTOPSIONMEMCS MPOTEKAHHH yepes
BEHTHJb TOKa ¢ NPOH3BOJNbHOA $opMofl NPH H3MEHeHJdH OTHOCHTENBHOMN
JJIMTENBHOCTH HHTEPBAJA NPOBOJMMOCTH M NPH TOBTODHLIX NMEPerpyskax
MaKcHMaJbHafl TeMIepaTypa p-na-p-A-CTPYKTYPH B Ji0GOH MOMEHT Bpe-
MeHH NpeBHINana fonycTuMmylo (cm. § 3-6).

3-5-5. MaxkcuMaibHO AONYCTHMBIA OXHONEPHONHBIA
YHAapHbIi TOK W BeJHYHHA 2/ (HEMOBTOPSIOMMACH pPeXUM)
B ToM cayvae, Korza meperpysky HJIH KOPOTKOE 3aMBIKAHUE MOXKHO

paccMaTrpuBaTh KaK HENOBTOPAWUIHECS, MaKCHMaJbHag paclueTHast TeM-
neparypa nepexoja B TeEYE€HHE KOPOTKOrO IMPOMEXYTKA BDEMEHW MOo-

! B oTeyecTBeHHON NpaKTHKE He NDUHATO XAapDaKTEPHSOBATb BEHTHAW nefi-
CTBYIOLLHM 3HAYCHWeM TOKa, OAWHAKOBLIM 4Jis1 TOKOB Pasanyxaoft dopmum. B coor-
BETCTBHH C KaTanoravy Ha HeynpabiasieMbte BedTunu (WndopMmcranmapranckrpo
peityck 0503 38-67) u Ha THpHCTOPH (Bhinyck 05.03.39 67) nonyNpOBONMHKOBHE BeH
THIH XaPaKTepHU3YIOTCA AONYCTHMOf MOILHOCTBLIO paccesiHust P, 3aBucaulcll xdx
or cpeanero I,, Tak w or neficreyioutero / 3Havenu#t JAUOAHOrO TOKA H

ot kosdduunenTa ero dhopmr:

P = Uyl 34 kg R

a pelicrts

12
2 a.peficTB

rae Ug H Rn—HODOIOBOe HanpsaxKee 1 CONPOTHUBJAEHHE, ONMpeleaAsieMoe NpH JH-

neHino-nomManot  AuddepenunansLnofl  BeTBM  BOALT-aMIePHOR  X38PAKTEPHCTHKY,
(ITpuM. PenaxKTopoB Nepesois.)

eT OBIThb NpeBBIIEHAa; TaKHM o06pa3oM, BEHTHJIb NO TOKy ofJjanaer
onpenesieHHON Meperpy3ouHoi cnocoBHOCThIO. JlomycTHMble lapaMerphl
OPH TakKHX OJHOKPATHHIX PeXHMaX OnpelensioTcs KPHBOA yxapHOro
OHOTEPHOMHOrO TOKa U BeJHUHHOM [%f

KpuBast Ha puc. 3-6 moxkassiBaeT MaKCHMaJbHO AONYCTHMble 3Haue-
HUS OJHONEPHOMHOr0 YHAPHOTO TOKA NPH ONpelejeHHHX paGouux ycjo-
pusix. Ilpy sTOoM npeinmosaraercsi, uTo TeMieparypa fepexoja mnepel
neperpyskojt Morsia OhTb paBHa MAaKcHUMaJjbHO JAONYC1HMOH Jaja Mo-
propsiowerocs pexuma (126°C nna penruns C35), Taxum o6pasom,
TeMnepaTypa nepexoja B TedeHHe KODOTKOrO HHTepBa/Ja BpeMeHH MpPH
npeperpyske MoKeT NpeBHINATh HOMHHaJbHOe 3Hauenue. Ilpu nomoGHBIX
neperpyskax npuGop MOXET Ha KOPOTKOe BpPeMs TeDATb YNpPaBJgeMOCTh
B NpSAMOM HampaBJeHHH, OJHAKO OH JROJIKeH COXPaHATH CICcOGHOCTD
3anuparth o6paTHOE HanpsiKeHue.

ITo ocu opauHar Ha puc. 3-6 OT/IOXKEHB AMIVIUTY/HBIE 3HAYEHHS
CHHYCOHJAJIbHBIX TIOJIYBONH TOKa Hd BBIXOJE OJHONOJYNEepHOLHOro Bhi-
npsMuTens npu vacrore 60 ey. Touka, cOOTBETCTBYIOLIAA ORHCMY Ie-
pHOAY, NOKasbiBaeT, TaKuM o00pasoM, ROMyCKaeMyl aMIUIMTYyLy TOKa,
paBHylo 150 @, npH BKJIIOYEHMH BEHTHJA Ha OAMH nojynepuoj (r. e.
B Teueune 0,00834 cex). Touxa, cooreercrBytomtag 20 mnepdonam, Io-
KaablBaer, 4To Aonyckaerca 20 MOAYyBOJH TOKa, OTAEJEHHHX TaKHMH XKe
paBHBIMY HMHTEpBaJaMH OfHA OT IPYyrof, ¢ aMImMTyAo#, pasroi 80 a.

Hna Tex npaMeHeHHH, KOrZa cnoco0GHOCTb 3amHpPaTb NPsAMoe HAa-
NpsiXKeHHe HYXKHAa HeNMOCPefCTBEHHO Cpasy IMocjAe HHTEepBaJa IPOBOIH-
MOCTH, HeOOXOZHMO TOUHOE OrpaHHueHHe TeMnepaTypw mnepexopa. Ta-
KHe NpUMeHeHHst OOGBIYHO TPeGYIOT 3HAYHTEJbHOrO CHHMKEHHSI HaHOO0Jb-
mero JONYCTHMOrO TOKA NO CPaBHEHHKI C €ro NpelejbHO JONMYCTHMBLIV
YAapHHIM 3HAYEHHEM.

Besnnunua I2f OTHOCHTCSI K HENePUONHYECKHM TeperpysKam JJIH-
TeNbHOCTBIO MeHec OJHOro mepuoia. Ilpm Takux pekuvMax TUPHCTOP
MOXKeT PacCcMaTpHUBATbCA KAK CONPOTHBJICHHE ¢ ONPCIEICHHOM TemjoeM-
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Puc. 3-6. 3aBHCHMOCTb MaKCUMAJbHO AOMYCTHMOH aMniu-
TYAB! YAApPHOTO OFHOMEPHOMIIOrO TOKAa OT 4YlCJa MEPHOLOB
i Bentuas tunma C35, paGorasirerc A0 3TOT0 B HOMH«
HaJpHOM pexcuMe (Temmeparypa —65-+ +125°C).
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KOCThIO M Ge3 OTBOAA MOINHOCTH, B CBSI3H C Y€M €ro NeperpysouHyro
CroCcOGHOCTE MOJKHO XapaKTePH30BaTh BeauunmHolt [2*, rme I — pefict-
BVIOUICE 3HAUeHHE TOKAa 3a BpeMs f. 3HaueHus 3Tor0o mapamerpa [%
/A THPHCTOPOB HpPHBeAEHBl B CNPaBOUHLIX AaHHHIX. [lpu 3TOM mpej-
roslaraeTcsl, 4To NpHOOP yiKe HAXOAMUTCH B NPOBOASINEM COCTOSIHHH.

Ecau TupHCcTOp BKIIOYUAaeTCH Ha KOPOTKO3AMKHYTYIO 1l€Mnb, TO CKO-
pOCTh HapacTaHud TOKa difdf B TcueHHe HHTepBajsa OTIHDAHMS JOMK-
Ha OBITb MeHbIIe TpeleJbHO JONYCTUMOH BEJHUMHBI, OFOBOPEHHOM
B CIPaBOYHBIX AaHHBIX. [loTepH MOINHOCTH OpPH OTNHPAHHH JETAJIBHO
paccmarpuBaiorca B § 3-7.

Ilpu ycmoBuu co6mofeHus YKa3aHHHIX BbIle Mep HPEXOCTOPONKHO-
CTH MOXKHO OCYILECTBHTb 3alUHTY THPHUCTOPOB OT MOBPEXKAECHUA H CBepX-
TOKOB TaKuM e 00pa3oM, KaK H MOIIHBIX HeyIpaBAsieMblX BeHTujefl.
Mertoan saumth paccMaTtpusaloress B pasi. 15.

3-6. OCHOBHBIE COOTHOINEHHA N5 ONPEAEJEHHSA
HOMHHAJIBHOI'O TOKA HAI'PY3KH

3-6-1. OGmue cooOpaxkeHHd

Has Toro utoGbl npu6op Mor GBIThb NMPaBHJIBHO HCIIOAB30BAH B yC-
JIOBUSIX TOBTOPSIONICHic HArpy3KH, Hemb3s JOMNYCKaTb, YTOGbH MaKCH-
ManbHO JOmycTHMasi pafouass TeMmIliepaTypa INepexojla BeHTHAS Onsa
npesbilieHa. JTo TpeGoBaHHe MOMKeT GOBITh JIEFKO BBUIONHEHO, €CAH H3-
BECTHBl MOUIHOCTh I[OTePh B IOJYNMPOBOAHHKOBOM npuGope H €ro Tef-
JIOBbIE XaPAKTEPHCTHKH,

Ceejenus, TPUBEISHHHE B CNPABOUHBIX JMAHHBIX HA BeHTHAW Gwup-
mbl JKenepas OueKTPpUK, W COOTHOIHEHHS, ToMmelledHble B Tabm. 3-1,
JAI0T BO3MOXHOCTh PACCYUATHIBATH NPEAEJbHBIE TOKH MOIIHBIX NOJYIPO-
BOJHHKOBHIX BEHTHJIEH TMPHU PAJMHUHBIX YCJIOBHAX.

B rtaba. 3-1 npuHATE 0603HAUEHHA:

Tox — TEMIepaTypa <«ONOPHOM» TOYKH; rn — IICPEXOJHOE TEMNOBOE
COTPOTHBJICHHE Uil HUHTEpBaNa fn) rn.m — HEPEXONHOE TEIJIOBOE CO-
IPOTHUBJIEHHE ISt HHTePBata fn—Lm.

3-6-2. Bo3saeficTBHe Ha BEHTHJb HMIYJIbCOB HeNPaBHJIbHOMN
tdopmbl (NpuGIHIKEHHDBIH METOR)

ITpuBenennbte B Taba. 3-1 COOTHOIIEHUsT AJS pacuera TEMNEpaTyphl
nepexofia OClOBaHBl Ha TMPEAINOJOKEHHH, UTO 3aBHCHMOCTh MOIIHGCTH,
MOMBOARMON K MEPEXOLy, OT BPEMeHH HMeeT (POPMY UMNYJIbCa INPSIMO-
yroabHoRt ¢opmbl. B OOMBIIMHCTBE NPAKTHUECKHX CJYYAEB  TMITYJbC
MOIHOCTH He WMeeT 3TOfl HieanbHOH A pacueta (OpMBI, MCITOMY

* Tlocaenuve uccenenomanus B CCCP u 3a py6Gemxom NOKa3wiBAIOT, 4TO NPH
HernopTopsiiolie#css ToKosoft meperpyake AJMWTeAbHOCTBIO Mchee |0 mcex pomyckae-
Mast BesiMuuHa /X HEWOCTOsSIHHA, a UMEHHO OHa NOBLUNAeTcs npuMepuo B 1,5--2 pasa
OpU YMEHBUICHMH AMMTEALHOCTH HMIIYJIbCA TOKa A0 1 MmCeK. D10 CBA3AHO € Onpe=
JeNeHHbIM OTBOAAOM MOLIHOCTH OT Iepexofa JaXie NPH TaKuxX AJAUTEJbHOCTAX.
B cBA3M ¢ 3TuM BennyuHa [, cTporo TroRopH, HEe MOKET HCMONLI0BATLCA KAK
NapaMerp ANR Onenku CTOfiKoCTH BENTHAel K HEMOBLODSIOUMMCSt TEpPerpyskam
B :-)TO‘M RHALA30He ANUTEABHOCTER WMIYVLCoB Toxa, ([lpum. pengkTopoR Iepgs
8023}

Ta6aumpa 3-1

OcHOBHbIE COOTHOImEHHSA AJA oupelejie HUA HOMHHAJbHOIO TOKa HArpy3KH THPHCTOPOB
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11 podoascenue maba. 3-1

Bun marpysku

paduk noTeps MouiHOCTH

KpHpas HapacTarHs
TeMIepaTy pul

Pelnenys Ang TEMIEPATYDH Nepexofa

H HOTEePh MOUIHOCTH

Cepnst  IMIYJBCOB
HATPy3KH C HEpas-
HOH _aMIIuTYNOH

Janpnas  cepua
HMIYJbCOB C PaBHOA
aMnJauTyIod  (TpH-
OnmXeHHoe — pelle-
HHe)
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¢ TOMOUIbI0 COOTBETCTBYIOIMX TNPHOMMMKeHHH HAeficTBHTENbRYO (opMy
ciiejryer IpeoGpasoBaTh B NPAMOYFO/bHYIO (opMy, UTOOB 3aTeM MOX-
HO ObIJIO BOCIIOJIb30BATHCA YKa3aHHBLIM BbIIIE METOJLOM.

Ha puc 3-7,a nokaszas HMIYJbC MOIIHOCTH NPOH3BOJIbHOI GIOpMBI,
KOTOpHI MOBTOpSiETCS C NEPHOAOM T, CEK, U HMeeT MAKCHMAaJbHYK) Be-
AuupHy  Pyaxe H CPEJHION BEJAHYHHY 3a nepuol Pep. Haa pacuera
MaKCHMaJIbHOK TeMmIepaTypsl fepexofa 31y (OPMY HMMY.bca MOXIIO
2AMCHHTB NPSIMOYFOJIBHEIM  UMINYJbCOM, MOKasauHbiM ua puc 3-7,0
10T 3KBHBAJEHTHBIH NMPIMOYIOJbHLIH HMIYJALC HUMEET TaKkue JKe 3ilaue-
HUA MaKCHMaJbHON Puaxe W cpeldHedl Pgp MOLIHOCTH, KaK H peabHblY
UMOyJsC Ha pHC. 3-7,@, H AJUTENbHOCTD, paBHyio N, rie N=Pcp/Puaxc,
uTOObl COXpPaHUTh NMpPeXHee COOTHOLICHHE MEXJAY MAKCHMaJbHOH M cpel-
Hell MOLIHOCTSIMH.

Takoi cnocof Nepecyera B INPAMOYroJibHElE HMIYJbCBl MCUIIOCTH
COOTBETCTBYET XYAUIeMy ¢/ydalo OPHOJHKeHHS, NOCKOJbKY HOPAMOYTroJib-
Hblii UMOYJbC MOLIHOCTH BCErja BbIBIBaeT MNOBBLIUEHHE TeMIeparyphi,
KOTOPO€ PaBHO MM GoJiblie MOBBILIEHHS NpH JIOGOM JPYroM UMIyJbCe,
AMEIOLIEM TaKylo K¢ MAKCHMaJbHYI0O H CPeIHIO0 MOWIHOCTD  MIHEIMM
CJIOBAMH, MNpPSAMOYTOJBHEIH HMMIYJbC MONHOCTH BHI3LIBAET MOBHILIEHHE
TEMIepaTypul Mepexofa Oosblle, YeM HMIyJabc JMobol Apyrod ¢opMbi
C TaKHMH K€ MAKCHMaJbEBIM H CPEJHMM 3HAYEHHSIMH, TAK KaK OH KOH-
IIEHTPHPYET CBOe TEIJIOBOE BO3JelicTBHe B Oojlee KODOTKHA fPOMEXKY-
TOK BPEMEHH, CBOAs TakuM 00pa3soM K MMHHMYMY OXJa)KJeHue BO Bpe-
Ml HMOYJbCa

Ha puc 3-8,0 mokasaH ciayuad, KOrja aHaJOTHY4HBIA crocol uepe-
cuera MOXKHO HCIOJb30BAaTh HJisi COKpalleHHs TPYAOEMKOCTH pacieToB
MAaKCHMaJIbHOH TeMIepaTyphl Hepexofa, ecau OOBUHBIA Cnocol OK&3hI-

i
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Puc 3-7. AnnpoxkcuMauusi HMMOYJbCOB MOUIHOCTH NPOH3-
BOMLHOM (GOPMEI C TOMOIILI0 MPAMOYTOJBHBIX HMMIYJbCOB
N=Pcp/Puaxc, TaAe Pcp—- MOUHOCTb, yCpPENHEHHAs 3a ne-
pHoa.

T

E —F, MaKC
Nod808uman 7 ,
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P ] L
tyml
a)
T 2 /2 27 ——PMHKL‘
fodBoduman
MOUHOCTTS /
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Puc 38 Annpokcuvauns nakera HMIYAbCOB MOUIHOCTH
OMHHM NPSAMOYTOJBHEIM HMIYJIHLCOM

N=P’CD/PM3KC, rae P’cp—MOmHOC'rb,

yCpenHeHHas 3a
Bpema fp

BaeTCsl CNMIKOM rpomo3nxkuM Ha pucyHke mpepcrapnien cayuail, koraa
MOCJHEN0BATENPHOCTD HECKOJbKHX ~ UMNYJLCOB  MOWIHOCTH  1Mepoyercst
¢ Gonee IJUTEJNbHBIM NEPHOIOM OTCYTCTBHS TMOTBOAHMON MOLILGCTH
310 xapaKTepHo AaA JMOGOTO MOBTOPSIOIIETOCA peXuMa paGoTH fpH
ynpaB/leHHn Mo cnocofy «BKJIOUEHO—BBIKMOUeHO»  Kasknyio cepuwo
UMITYJIbCOB MOXKHO TPEJCTAaBHTh OTHHM TPSAMOVIOJLHEIM HMIYALCOM,
BHOCS 3THM BeCbMa MaJjylo TOrPemHOCTh (NpHUEM 3Ta TOrPeInocThb
BCerja BhHI3bIBAeT YyBEJHYEHHe pAcyeTHOH TeMmMuepaTypel Tnepexona Mo
CPaBHEHHIO ¢ [EHACTBHTE/LHOM), UTO MO3BOJAET, Tak¥M 06pa3oM, rpH-
MEHUTh MpeXXHwe MeToAbl JisT SKBHBAJIEHTHOrO MMIYMbca, MOKA3aYHOTO
Ha puc 3 8,6, Boi6upaercs Takas Xe TNHKOBAas BeTHUHHA MOILHOCTH,
4T0 M Ha puc 3 8,a JIAHTeNbHOCTH 3KBHBAJIGHTHOTO NPSAMOYTOJBLHOTO
uMIysnbca cokpamtaercs 10 Nitp, roe N=P¢p/'/Puanc

Mpumep pacueta [TosyBonHa CHHYCOHJAJNBHOTO TOKA MPOTEKaeT uyepe3 THPH-
crop Tuna C36 npu vacteTe 60 ey Cpejiee 3Hadenuwe TOKA 3a NONHL NEPHOR
cocrasnsier 10 a Tlepecanraem HarpeBaiolnee HeflCTBHe MOCAeNOBATEALHOCTH H3
YeThIpeX TIONYBOJNH TOKA h JAEACTLHIO NMPSIMOYTOMLHOIO HMMYyJAbCa

-1 ==l

P
Hs-crpaBodusbix nanHbIX HA BEHTHJL THRA CI5 nosyvaey

U'“p = 1,7 ¢ npu Toke 31,4 a

MaKC =13l4a

Torna

P

wane = |

U

waneImaxs = 31,4 1,7 =534 sm

Tike M3 cpaBo HAIX AAHHBIX HAK)T IV ~nelaHee 3a MeNHOR IWMANeHHEe MOMWOCYH
P“ = 16 sm npn cpeamem ToKe 10 a.
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3a Bpema 3,5 nepuoga (ZelcTBHTENBHAS AMHTENBHOCTE IOJAOTpERa)

=16 —4—- = 18,3 gm.

Pep 3,5
3aTeM pacCUHTWBAEM:
18,3 .
N = m = 0.34n
= 35 (mepHona) o ocer oy
60 en

Nt = 0,34.0,0585 = 0,020 cew.

Takum oGpasoM, Harpesawpllee JAeHCTBHe HeTBHIPEX IMOJYBOJH MOXHO 3aMeHUThb
JelcTBueM OAMHOUHOro APIMOYIOALBOro HMMIYJAbca ¢ AMIAHTYIHBIM 3HAYeHHeM
MOIHOCTH 53,4 8T U pJauTeapHocThI0 0,020 cex.

VYcranosuBmulics peXHM paGoThl THPHCTOPOB HacTo XapaKTCpH-
3yercd BO3JefCTBHeM HA HHX OGecKOHEUNo IJMHHOH NOcC/el0BaTeNbHO-
CTH pPaBHBIX HMITyJIbCOB MOMIHOCTH, PeansbHylo (opMy KOTOPHIX MOXKHO,
KaK yKa3aHo BHIile, 3aMeHHTb npaMoyroabhofi. [Ipu sToM TounOe pe-
nieHue TpeGyeT CyMMHDOBaHMA BecbMa OOJBUIOrC HHC/IA Y/IEHOB, MOKA
He Gyfler NOCTMIHYTO COCTOStHHe DPaBHOBECHs, NP KOTOPOM MHOIbeM H
cllajl TeMNepaTypel B KaXKAOM ILHK/JE DPaBHb MO BeidiuHe. B Gonbpmun-
CTBE CJyYaeB OJHO H3 CJSAYIOUIUX JBYX COOTHOINGHHI MO3BOJMT HAHUTH
pesyabtar ¢ TpeGyeMol TOUHOCTBIO:

Tuep maxe = Toxp + Puaxe [MRy.o + (1 —n) Tognt —Ts + 1l
Txep.maxe = Toxp + Puaxc [MRu.o F- (1 F 1) ror e — ror +
+ rn1+'c — I + rm:]'

rne Tnep.maxc — HauGoJbllasi JOCTHIAeMasl  TeMmIepatypa nepexona,
Pyaxe — aMIIuTYAHOE 3HAUYEHHE 3KBHBAJEHTHOTO MPAMOYIOJBHOTO HM-
MyJbca MOIIHOCTH; 7 — OTHOCHTeNbHAf JUIMTENLHOCTH WMIYJAbCOB MOLUIL-
HoctH (paBHAs OTHOINEHHIO JJNTENbHOCTH HMIYJbCa K MepHOAy MOBTO-
penusi); T -— NEPHOA TOBTOPEHHS HMNYJbCOB; Rp o — yCTaHOBHBILEECS
TEIJIOBOE COTNPOTHBJAEHHE OT Mepexofa K OKPYHKawoulel cpefe.

IIpu cpaBHeHHH 3THX COOTHOIUEHHH JIeTKO BHJIETh, KAKOE H3 HHX
1es1eco06pasHo HCMOAb30BATL AJIsS MOJYUEHHs1 OOJMbINER TOYHOCTH B KaxX-
JIOM KOHKPETHOM cJiyuae.

3-6-3. Buansinue KOHCTPYKIHH pagHaTOpOB
Ha KPMBYI0 MEPEXONHOr0 TENJOBOro CONPOTHBICHHS

Tak xak pajgnaTop ABJAETCH OCHOBHBIM 3BEHOM B NpOIIECce Temyio-
Hepemayd MeXKAy NEepexoNoM H OKpyxaiomiefft cpexolf, To ero KoOHCT-
PyKuusl 3HAUMTENBHO BJHUSIeT HAa KPHBYIO MEPeXOAHOTO TEMIEPaTYPHOTO
conportusieHus (cM. puc. 3-4). Ecau KOHCTPYKUHS NONYNPOBOTHHKOBO-
ro npubopa NMpefycMaTpHBAeT KpellJieHHe ero ¢ TOMOLUbI0 HapesHoh ya-
CTH Kopmyca, umelomero ¢opMmy 6Godra, TO H3rOTOBUTENb He MOXKer
KOHTPOJIMPOBATL OTBOJ Telaa OT KOpHyca, OH MOXKeT Jullb cO06maTh
MaHHble O CHCTEMe TEeINIOOTHAyd MEXAY HepeXCAOM H KOPHycoM. DTH
IaHHBE TPHBENeHH HA PHC. 3-4 B BuAe XpWBO#f 2, Koropad CHPaBeNH-
Ba A/ BEHTHAA, NPUCOEIMHEHHOTo K GeckoHeuHo OGonpuwioMy pajna-
TOpY.

[TpoeKTHPOBIUMK peanbHOrO YCTPOACTBA MOMKET HCNOJb30BATh 5TY
KPHBYIO TIPH TOCTPOEHHH KPUBOH NEPeXOAHOr0 TeMMeparypHOTro compo-
THBJIEHHA [l OPHOOPA, TNPHCOEAMHBEHHOTO K peaNbHOMY pajuHaTopy
OTNpe/esieHHON KOHCTPYKUHH, MOC/Te HeCKOJBKHX TMPOCTHIX pacuetoB. ITH
pacueTH NPEANONAraloT, YTO TEMIEPATypa PajAUATOPA paBHOMepHA Ja-
e 1pu HEYCTaHOBMBIIeHcs HarpysKe, 4TO MO3BOJSIET XapaKTepi3oBaTh
pamuaTtop c NOMOLIBpI0 OJHOf MOCTOAHHOR BpemMeHH. D70 ABJSETCH XO-
POIUMM JIONYIIEHHEM JAJS TUIACTHHYATHIX MJKM PeGPHCTHIX DPAafHATOPOB
C OTHOCHTENbHO GOJIbIIOH TOMUIHHON NXACTHH WAH pebep, Tak UTO KO-
spdunnenT >PpGHEeKTUBHOCTH HX HCMOJB30BaHHs OAM30K K eamumne. Jo-
MyHIeHHe NPeNNoNaraeT TakKlKe BBICOKYIO TEIJIOEMKOCTh paauaropa o
CPaBHEHHIO C TeNJOEMKOCTBIO BedTuas. [IpuGaBup paccudrauHoe (HJIH
H3MepeHHOe) TepeXOoNHOe TEIJIOBOE CONDOTHUB/IEHHE paauatopa K KpH-
BOA ansi «OecKOHeuHO OGOMBIIOrG paauaropa», TOCTPOHM KPUBYIO 7y
I TOMHOH TEenNMoBOA cHCTeMbL JIydille BCero 3TOT METQA MOMKHO 06b-
SICHHTb Ha NpHMepe, KOTODHII MOKAa3HIBAeT, KAK MOXKHO paccunTaTh
kpuByio I na puc. 3-4.

3-6-4. Mpumep pacueTa KpHROi
NePEexXosHOro TenJaoBOro ConpoTHUBJIeHHUA
IJigg paauvaropa onpeneneﬂﬂoﬁ KOHCTPYKLHH

3apanne. BenTunn MOHTHpPyeTcss Ha KpaileHoHl MeJHON MJIacTHHe TOJINH-
Ho#t 1,51 mam (16 nofiMa) u pasmepom cTopoH 102X102 MM (4X4 mofima). Dra naa-
CTHHA HAXOAHTCS B VCAOBHAX €CTEeCTBEHHOrO OXJaxXJAeHUA 33 CUeT KOHBEKHUH BO3-
Ayxa ITocTpoum KpHBYl0 Nepexofuoro TeNNOBoro CONPOTHBACHUA jJist BEHTHJSA,
YKDENJIEHHOTO Ha 3TOff NJIACTHHE C TOMOLILI0 rafik¥, HaBeDHYTOl Ha HapPe3Hyio

YacTh KOpHyca, eclu AaHa KpHBag nns GeckoHeunoro paauaropa (puc. 3-4). Homy-

CTHM, YTO TENJNOBOe CONPOTUBNECHHE KOHTAKTA MEXAY KODIOYCOM BEHTHAA W mJa-
CTHHOA HEe3HAYMTENBHO.

Pemenne W3 TemIOBOro pacycrta OXJaskKjaaollux miaacrun (cMm. pasn. 18)
HMeeM:

k"= 0,00077 sm/cm2-°C; h = 0,00077 gm/cu2-*C;
f’nonﬂ =h,+ hc = 0,00154 sm/cm2+°C.

TenJonpOBOXHOCTD MJACTHHB
k=hA =0,00154.10,22.2 = 0,32 gm/*C,

Tenaosoe COIIPOTHRJIEHHUE TINACTHHBL

1 1
T(Hn)z?:m:‘g'] *Clem.

TennoeMKOCTL RJACTHHEI

c' = cpV =56 gm-cex/*C,

TRe ¢— yHAeNbHAsT TEMJIOEeMKOCTh; p— IJIOTHOCTD; V — o6beM nAacTHHE,
TensoBaf NOCTOAHHAST BPEMEHH

RTCT =3,1.56 = 174 cex.
ypaunelme NepexXonHOro TEMJAOBOrO CONMDOTHBICHHS MJACTHRBY

e () = Ry (g (1~ X5%m) = 3,1 (1—e=t/174),
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3HaveHHs fyp oy MPHOABATIOTC K OPANHATAM KPHBOM Ans GeLkoHewHoro pa
AHATOPd, uTOGLI MOMY4HTL OfMlee F, CHCTEMBl, Kak MOKa3aHO Ha DHC. 3-4 3Jame-

THM, 4TO TeIJIOBOE COTMPOTHBJACH?E 3TONH HNACTHHB! HEe3HAYHTENbHUO IJd HHTEDBAJIOB
BpeMeHy NMOPANKa | CeK uldu MeHee TNocjde TPHIONKEHHS HMIYJALCA MOmMHOCTH Ilpn
TAKHX HHTEPBaJlaX BpPeMedxn oHa Bener ce6st Kak GECKOHEYHBIN TEIIOOTBOMA, KOTO-
pul He BROCHT CONPOTHBAEHHA IlinacTuHa W BCSA TENAOBAA CHCTEMA JOCTUTAIOT
panHosechst NMpuGAH3UTeNbHO Hepes 1| 000 cex TIpu G66AbuX HHTepBanax BpeMeHH

TEMNOEMKOCTE CHCTEMBl He CHOCOSCTBYeT MOLJAepIKaHHio HH3KOR TeMiepaTypwl ne-
pexona

3-7. JONNYCTHMBIE 3HAYEHHA TOKA
HA WUHTEPBAJIE OTNNHPAHUS

Bo MHOTMX cayyassix MOXHO CUHTaTh, YTO THPHCTOp OTIHpasTCd
MIHOBEHHO. IJr0 TpeAnoJoN(eHHe CNPaBelJUBO, €CJIH CKOPNCTh HAapa-
CTaHys aHOAHOro Toka difdf mana, Tak 4TO BpeMsl HApPACTAHHA TOKa,
onpejlenseMoe BHEIUHed Ieblo, BEAWKO N0 CPaBHEHHIO CO BPEeMeHeM,
TpeGymuMest LA TOTo, YTOGL NONYNPOBOXHUKOBEIE NEPexXoisl NOCTHT-
MY COCTORHUSL TOMIOH TPAMONH NPOBOAHMOCTH NPH DaBHOMepHOH LAOT-
woctd Toka [lapamerpm, Xapaktepisyioule HArpy3Kv MO TOKY, 0 Ko-
10pHX A peus B § 3 6, ocrosnIBA0ICT WA ITOM VCMOBHH DaRINMEp-
OTO pacnpeiciaeHHs TOKa MO naowaau nepexoxa. Jpyrumu ciosamy,
PP 310M HpeInosaraeTcs, YTO TeMiepaTypa Ha Bcefl NOBePXUCCTH me-
pPCXofa yCTAaHABJIMBAETCS PaBHOH NUKOBBIM  3HAUEHHAM TeMIepaTypol
nepexo/a, Ha KOTOPHIX OCHOBHIBAWOTCH TOKOBHIC NapaMerpnl AJS NOBTO-
PAIOUICTOCA H HEMOBTOPAIOUIETOCH PEXHMOB.

B Tex cayuasix, KOTAA CKOPOCTb HapacraHusi aHOAHOTO ToKa difd!
BEChMA BEJWKA IO CPABHEHHIO CO CKOPOCTBIO PACIIHPEHHS BKJMIOY IBHISH-
¢ 4YacTH TOBEPXHOCTH TMepexona BeHTHAS, Ha TocjelHed BO3HHKAOT
JIOKaNbHBE «TOpSAUMe TOYKW», MEPerpes KOTOPhIx 0O0YCaoniIeH BLICOKOR
NJIOTHOCTBID TOKa B y4acTKaxX mepexofa, yie nepellefliux B ~0CTOfA-
HUE BHICOKOH NDOBOAMMOCTH B uacTiocTH, ecau TNPAMOe 3afdpaeMoe
HanpsXenue rra THPHCTOpPe w Boauunua di/df npy OTNHPAHHAHA BEJNHKH,
ROTePH MOLIHOCTII Na WITCPRaJe OTNHPAHHA B TAKHX JOKATH30BAHNBIX
yuacTKaX MOrYT BLI4BA1b HEJOMYCTHMOE YBEJIWUEHHE HX TeMuepatypsl I
BBIXOI TUPUCTOPA U3 CTPOS BCJIAENCTBHE «IIPOMKOrad.

3-7-1. Onpenenenvie CKOpPOCTH HAPACTAHHA AHOJHOIO TOKa

Omnpetenedue HomycTHMol BeswvwHet difdi pgns THpHCTOPOB Tpe-
fyer peuleHns BOMNPocoB O (GopMe KPHBOR TOKA, YCJAOBHSAX HCNBITAHUA
o BbIGOpPC Merko BOCONOH3BOAMMOM HCTBITATONBHOR cXeMbl [lokaszaHmas
Ha puc. 3-9a dopva ToKa ofecrieyHBaeT NPAKTHYECKH JHHEAHOE ero
HapacTaHWe 11 cmal no KpuBofi ¢ 3aTyxaHueM, OJH3KHM K KPUTHYECKO-
MY. 3T0 HEOOXOMUMO MO CASAYIOMAM COOBpaKeHHAM:

I Hapacraune toKka B HcnuiThiBaeMoM Tapictope AT poaxuo GuiTh
NUHeANHIM, HAuuHag ¢ MoMedra ornupaHus HapectHo, uto ecam TH-
PHCTOP BBIXOJHT H3 CTPOsT 113 3a upesMcpHoll difdf, To 310 B GOJb-
NHIHCIBE CAYYACH NPONCXOAMT B fCUCHME BPEvCHU nopagka | mKcek.
CrnenoBartesipo, MHTepBan Juuefinoro HapacTawds f, Bbl6Hpaercs pas-
HBIM HJAH HecKoJabKo Ooabuivm 1 mKcex

2. Cnan Boadbl TOKa («XBOCT» KPHBOH) BHIGpaH TakuM, yToGel OH
He colepxaa obpaTHOTO BHIOpOCA, KOTOpPhHI NpPH HEKOTOPHIX YCJAOBHAX

..,M_L..i

)

Puc. 3-9. Kpusas anomHoro Ttoxa (a) M cxema BKiIwYeHus (6) 14s
HCOBITAHMIA THPUCTOpA Ha Jomyctumoe di/dt. difdi=I, 4/2t,. PexoMen-
Lyemble ycaosua Henoitaniil: la m==1a vom; =1 mKkcex, uactoTa TO-
Bropeduss ne Menee 50-—60 2y, Temneparypa xopnyca paBHa
Tyopn maxe now; NPAMOe 3amupaeMoe HanpaxkeHHue paBHO Ugp w, ynpas-
aaomuil uMnyasc 20 « yepes comporusgende 20 Ox, laumn=3 MKCEK,
t;ppon-ra=1 MKCeK.
TMapamerpsr  cxeMmbr:

Li‘:l,ﬁs t,lUrlp M/la M,
~0,54Unp u/la u.

C=~b,6 ti]a u/Unpu; R=~

MOKeT HaKJAaJblBaThb HOMOJHHTE]bHbIE HArpy3KH Ha HCHBITYeMHIH THpPH-
CTOP, 3aTyHieBbiBasi TakMM OOpPA30OM OCHOBHOE HCCAeAyeMOe JRJIeHHe,
T. e. BausHue di/dr.

Hcnbiratensnas cxema (puc. 3-9,5) Moxer OBITh HCNOJb3OBAUA Kak
NpH ONpejesieHUd MNpeReqbHO AONYCTUMOro 3Hauenust difdf nyreM uc-
NBITAHUN [O pa3pyLleHHs, TaK M NpH pazdpakoBKe TUPHCTOPOB NG 3a-
JAHHOMY 3HaA4YeHHIo difd! Ha TOAHLIE © HETOJHBIE.

3-7-2. Onpejenenne AONYCKAEMOro TOKa
HA UHTepBAJie OTHHPAHUSA

Ha puc. 3-10 moxasanbl 3aBUCHMOCTH JONMYCTHMOIO 3HAYEHHS TOKa,
KOTOpHII MOXKeT npoTekaTh uepes rtupucrop tuma C35 cmycrs onpene-
JIeHHOe BpeMs Moche ero ornupaHus. Takye KpPUBLIE, COOTBETCTBYIOLIHE
PA3NMYHBIM 3HAYEHHAM MPETIIECTBYIOLIEro 3anupaeMoro HampsKeHuf,
cnpaBeAaUBEl AAS1 yactoT no 400 ay.

Jlns wnoctpanui Ha ToOM e rpaduke mocTpoedHa (B JorapudMu-
ecKOM Maclitade) CHHYCOMIAAbHAA IIOJMVBONHA TOKa [JIHTENbHOCTAIO
10 mKcex mpm ornupaHuu THpHCTOPOM Hanpsxenus 400 e. Kak sunHo
H3 rpaduka, KONyCTHMAsA AMIVIMTYAA TOK4 B 3TOM Cjiyyae CGCTABAAET
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=150 a, s3navemne U’y sexut \
«F T : o0BuHO B mpenenax 3—30 s. Pas- /
500 aravas Gpoc U’a yxasbiBaeT Ha pas/iuuHble I
ya 71 IJIOTHOCTH TOKA B OTIEJbHBIX IK- I
400 74 Ya am
7 4 3eMIIApAaX THPHCTOPOB B MOMEHT |
L / L 7/ usmepenus. MeHblllee najednie Ha- i iq
200y~ QQ’ %-' v % 4,/ OPAXKEHUS CBUJMETENBLCTBYET O TOM,
g QQ/QQ it 4TO  BRIOYMJAACh Goabiuas uacte Uy £ — =
100 —# '11; “Qié A JI0WAgH Nepexoaa H, CAeN0Balcib- |
r = 4 HO, YTO JA@HHLIH TUPHCTOD Jyulle € ]
60 Y. 7///%6/“‘5% TOYKH 3peHHs JONYCTHMOH CKOPOCTH ] L
40 — P 3 HapacTaHus TOKa. 0 Z",,/Z )
7
3-8. |
20 A4 s // H P AONYCTUMBIN TOK Puc. 3-11. K onpeienenuio na-

// /4// H NMOBBIMEHHOW YACTOTE  feuus manpskelldsi Ha HuTepna-
10 b Korza wactota mepexmouenyu 1€ OTIHPAHUA.

. 7 ya BO3pDacTaeT, KOMMYTALUOHHBIE [O-

A7 . 1epH, yCpeAHsieMble 34 TNEPHOJ NOBTOPEHHS, YBENAHYUBAIOTCH H COCTAB-
v T JSIIOT  3HAYUTENbHYK) JIOJAK OT ofIiefl CcPefHedl MOIUHOCTH, BBIICISIO-
; @ T2 e e e s e e i 221
i AN A= ==

| /7e.70;/ ] | !
01 02 0% 7 2 4 w20 mxcex 400 = L
|

Puc. 3-10. MakcuManbHo AOIYCTHMBIA AaHOMAHBIE TOK Ha HHTEpBAJE OTIH-
parus aas tpucTopos Tuna C35. ITo ocu aBeuuce — Bpems oT MOMeHTa
Haya/a DPOTEKaHHS TOKA; NPAMBIE JIMHHH NOKA3biBAIOT NpefelbHbie 3Ha-
qeHHs] TOKA B MOMEHT ! MPH OTMUPABHM C HAuaJbHBIM Haups:xkenuem 100,
200, 400, 600 n 800 8 coOTBETCIBEHHO (OpH NMOCTOSAHHOM WJH TEpPEMeH-
HOM Toxe ¢ yactoToll no 400 2y). Temneparypa xopnyca —65—+125°C;
yIpaBagoliil UMNyJisc 3. I. ¢. Ey=7 g; mociefoBaTenbHOE COMNPOTHB-
nenue 80 om, spema Hapacramds umnyabca ot 10 go 90% — 4 mxcex.

100 a. Ecan ToKk HapacTaeT Ha HayajabHOM YuyacTKe JHHEHHO, TO Zomy-
cTHMas cKopocTh di/df Moxer OBITb NPOYHTAHA HENOCPENCTBEHHO IO
rpajukam puc. 3-10. Hpu nosw3obanny NOAOCHHIMH rpaduxaMu He cie-
IyeT 3abbiBaTh, YTO OHH CHPaBe[UIHBbLl IIPH ONpEIENIEHHBIX NapaMerpax
YOPABASIOLIEr0 HMIY/AbCa H BLITONHEHWH NPOUMX YCNOBHMH HCIBITAHHA.

3-7-3. Hanpsi:keHue Ha MHTEpBAJE OTNHPAHUS

V 106H0#l KOCBCHHOM OLEHKOH KauyecTBa THPUCTOPAa IO BeJMYHHE
di/dt aBasercs sHa4eHHe OCTATOYHOTO HANPSAXKEHHA I[IPH 3alaHHOM TO-
Ke CIyCTs ONpejie/eHHOe BPeMs Iocae Hauasja npouecca OTHHPAHHA H
npr (HUKCHPOBaHHBIX YCAOBHAX Hcnbitanums. Ha pue. 3-11 noxasanbl
YaCTO MCHOJb3yeMas CHHYCOHAAAbHAS NOJYBOJHA aHOAHOTO TOKa ia H
KpUBas HANpPAXEHHsi aHO)L—KaToj OTNHPAEMOro THUPHCTOPa. OcraTtou-
noe nanpaxenne U(’a ompejenserca B MOMEHT, Koraa TOK JAOCTHraer
MakcuMyMa [a x. IlapaMeTph noaysoduul TOKa: ¢p=10 mrcex, lau=

200
150

100

&0

@g "

20

\
g 25000 j —
" ] il I }
2 “ 4] n 20 @l 60 i) 200 w00 600 mxcex

Puc. 3-12. Maxcumansno ZontycinMan aMIuTyRa [PsSIMOTO TOKA B 3a-
BUCHMOCTH OT UIMPHHBl CHHVCOUHANLHOTO HMOYJLCA TOKA M UHCAa HM-
nyJbCcoB B CEKYHAY 7 sl Tupticropos THna C140/C141. Makcumansuasn
Temnepatypa Kopnyca 90°C. MuHHMasnbHOe BpeMs, NperocCTaBiAsieMOe
I BOCCTAHOBJIeHHSl ynpapasemocT, 15 mxcex nas Cl40 u 10 mxcex
ana Cl41. Tlpamoe Hanpsikenne paBHO Unp.wm TpH dufdi=200 s/micex.
AvunuTyna NpHRJA2ALIBaeMoro o6paTHoro Hampsixenuss 200 8. Ympas-
AMOIMMA WMOYAbC — 3. L. C. ncroynnka 20 4, couporuBiense 20 oM,
tymn==15 MKceK, typonra<C0,l mKcex,
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Puc. 3-13 dueprus W, seigeasomasics B tupucropax tuna C140/Cl41
Npu TPOXOXKIEHHW HMIYJIbCa TOKA B BdAAe MOJYBOJHBI CHHycouan. ITo
imkage afcuucc — mMIMpHHA WMOyJAbCa (MKCeK), No 1rkaje OpDAHHAT -—
aMIIHTYLA TOKa (a@): mapaMeTp KaXAOH KPHBOM — 3HEPrus OIHOTO
MMnyasca (67 -cex). Cpenusia BHUIEASIOUAACH MONIHOCTh NOIYdaeTcs
YMHOKEHHEM 3HEePruu Ha YacTOTy NMOBTOPEHUS Hanéonbumee ROTYCTHMOR
TeNJoBOe CONpPOTHBJEHHE OT Kopuyca K okpyxalomef cpefe 5° Cler.
TpsiMoe nanpsikeHne pasuHo Unp m-

meiica B Ttupucrope IlosToMy morepu NPH TEPEKTIOUEHHAX JOJKHbI
GLITb NPHHATEL BO BHHMaiue NP TPOEKTHPOBAHHII BLICOKOUBCTOTHDIX
yerpoficts. Ha puc. 3-12 mokasana 3aBHCHMOCTb JOMYCTHMOH aMIIHTY
bl TOKAa JJS1 HEKOTOPBIX THIOB THPHUCTOPOB B (VHKUHH UIMPHHBI HM-
Ayabca, MPeACTaBsIouero co60H NoAYBOJHY CHHYCOMAb, B IHANA30HE
yactor noBtopeHusa or 10 no 25000 ey mpu mocrosHHOf TeMmnepartype
KOpIyca, MOCTOSIHHOM MHHHMAJIBHOM CXeMHOM BPEMeHM BHIKJIIOUEHHS H
OTOBOPEHHBEIX MapaMeTpax YNpaBAasolero UMIyabca. 3

Cpefssis MOUIHOCTh PACCEAHWs MoXeT ObITb IoJaydeda u3 puc. 3-13.
st pawmoft aMnuHTYAB NMOMYBOMHB TOKA M UIMPHHEL HMIYJAbCa 3HAYE-
Hye 9Hepruu, NpHXOoJsiuleecss Ha KaXKABI HMIYJAbC, MOXKHO ONPEAENHTDb
M3 NPHBENEHHBIX KPUBHIX. DTa BEJMUYMHA NOC]Ae YMHOMXEHNs Ha 4acToTy
MOBTOPEHHST AAeT CPEHIO0 MOIIHOCTL, KOTOpas AOJXKHA ObTh paccesud
TeNJIOOTBOAAMH. B CHOpaBouHbix TaHHHIX [J8 BHICOKOYACTOTHBIX THPH-
cropos, nonoGumx Tuny C140, coxepxarcs Gosee nerajbHble YKA3aHUd
70 MCMO/b30BaHUI0 TaKOol CHCTEMBl apaMeTposB.

3-9. HACBIIIAIOIIUNCSA PEAKTOP AJif YBEJWYEHHA
KOMMYTALLHOHHOM CNNOCOBHOCTH BEHTHJIEHA

Hachbialonuicss peakTop, BKJWYEHHBIA TNOCAEAO0BATEIBHO C THPH-
CTOPOM, 3HAUHTENLHO YMeHbUIAET OMHCAHHOE BLINE BbIAEJCHHE MOIIHO-

CTH Ha muTepBane oTmupaHus. Ilpn HroMm BenuuMHa TOKa, NpeTexaio-
LIero 4epes THPUCTOP Ha TepHOJe OIIHPAHWHA, OrpamiliMBaeics Ha
YPOBHE HAaMarHHYMBAWINETO TOKa peaktopa [locnegHdil NOMXKEH 6bTh
paccynTan TakuM 00pa3oM, UTOGH ero MarHHTHOE HACHIEHHe Hacry-
Malo focle TOro, KaK THPUCTOP OyAeT MOJMHOCTBIY OTKPHIT. TaknMm oB-
pasoM, peakTop Kax Obl NePeK/II0YaeT TOK TOJNBLKO TOrAA, KOLAa B TH-
PHCTOpE TJIOTHOCTb TOK2 BLIPOBHANACH N0 BCEMY MePeXoiy, TaK Uro
BCi ILIOIWAAL KPEMHHEBOI IIACTHIBI OKA3asach B COCIOTIHH NPHAATH
TOTHBLIE TOK Harpy3kd ¢ MHHHMAJbHOH BLIeJSIONCHCH  MONUIOCTBIO.
Kax napacrasue Toka narpyskd, 14K H (POHT MOIIHOCIN B Harpyske
HpH TAKOM COYETAHMH [HPHCTOPA € DEAKTOPOM 3aMA3LIBAIOT OTHOCH-
TeJIbHO YNpaBJAOLIEro CHrHasa. TakuM METOAOM MOXHO ofecleutio
SHAUATENbHEIC CKOPOCTH TIOBTOPEHHs WMINYJbCOB TOKA, HEOGXONHUMbIE,
HampuMep, BO MHOTHX HMIYJbCHBIX MOAYJASTOPaXx.
BpeMs sajfep:ku HapacTaHus TOKA, DABHOG BPEMEHH HACHINEHHS
peaKTopa, onpeaessieTcss COOTHOUICHHEM
wSAB-10-4
At = 7] ’

Tle @W-—UHCI0 BHUTKOB; S — MJOIIAAb MOMEPEYHOro CeueHus ceplaeuHi-
Ka, cm?;, AB — ofllee H3MeHeHHe MAarHHTHOR HHAYKIUH, T4, U — mak-
CHMAJbHO BO3MOXKHOE HaNpsXKeHHe Tepel OTHHPAaHHEM THPHCTOPA, 6.

Tok, nporexaiouwmit uepes peaxkTop [0 ero HACHIeHHsd, HOJKel
OBITH CHCJHAH TOCTATOMHO MAJBIM MO CPABHEHHIO C TOKOM HArpy3KH m0-
CJ/le HachIEHHsT. DTOT TOK pABeH:

ek, (3-3)

H,l
/s:15,7—w—, a, (3-4)
rae Hs — nanpspkeHHoOCTs  mos, TPEOYIOLAACH AJST TOTO, 4roGBl HH-
AYKIHA B CEPACYHUKE JIOCTHIVIA HHAYKUMM HaCblUleHHs, afa; [ — cpe-
Istsl JIIHA CePIeUHNKE, CM, W — UHCJAO BHTKOB.

Crieunaloible Mepobl JONKHBL GHITh TPHHSTH U5 TOro, 4To0Ll Ha-
HaJbHOE MarnUTHOE COCTOSIHHE Cepjeylidka BOCCTAHOBWJIOCH A0 Hadajaa
C/IEAYIOLIETO HMMOyJAbCa TOKA. B 3aBhcuMocTH OT 0COGEHHOCTRl KOHKper-
HOl CXEMBl TepeMarHHYHBAHAE DPEAKTOPAa MOXKeT ObThb ofecieueHo 3a
CUeT 00paTHOTO TOKAa THPHUCTOPA, NPOTEKAIONUIEro MpH ero 34THPaHHuH,
HJIM BCIOMOTATEJBbHEIMH CPEeICTBAMA.

3-10. NPEAEJNbHBIE NMAPAMETPBI IO HANPS)KEHHUIO
3-10-1. OGuue cooGpaxenus

HoMmuHanbiloe wuanpsaKenie TUpHCTOpa OGO3HAYaeTcs  TOCHeHER
O6ykBOHl B yC/JOBHOM 0603HAueHHH (nanpumep, C35B) wumn erc momepom
B cucreMe JEDEC. 3To HanpsKeHHe NPUBOJAWTCH B CIPABOYHBIX [aH-
HBIX H ONPEleasAeT [JIHTENbHO NPHKJIAIbLIBACMOE AMIMHTYIAHOE HANPA-
HCHHE, KOTOPOE BEHTHJb BEHIIEPKHBAeT (e3 NOBPEXAEHHH KakK B (ps-
MOM, TaK i OGpaTHOM HampaBjeHuHH [pH JOGOH TeMmepaType mepexoaa
B OIpeJe/eHHOM pafoyeM IHanasoHe TeMIEepaTyp. ITa CUMMETPHUHOCTH
HOMHHAJIBHBIX HANPAKEHHIl NePEKNOUEHHS H OOPATHOTO HanpsiKeHHs
XapakrepHa B HACTOALlee BpeMa JJsi BCeX CTAHIAPTHBHIX [HPHCTOPOB.
Hixe paccMaTpupawTcst HOMHHANBHEE HapaMeTpsl mo HaNp AKEHHIO
GoJiee JIeTalbHO.
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3-10-2. Jdonyctumoe oGpaTHoe HanpsiKeHne
(B NOBTOPAIOIIEMCSA H HENOBTOPSIONEMCS PeXKHUMAX)

Tlpun oOpaTHoli NOJAPHOCTH HAMNpsXKeHNs (aHOA OTpUuATENeH I10
OTHOMIEHHIO K KaToidy) THPHCTOpP BeleT ceOs kak OOBIYHBIE KpeMHHe-
B auol Pupma keHepada DAeKTPHK yKasbiBacT [Ba THNA mapa-
METPOB [JIsi XAPAKTEPUCTHKU JOMYCTHMOrQ QOPATHOTO HANpPKEHHA
MakcuMalbioe NoBTOpsoilleecss obparHoe HafpsixenHe Uggpm u Max-
cvMaJsipHoe o0paTHoe HalpsiKeHHe [PH HENOBTOPAIINEMCS BO3/eNCTBUH
Uosp nux; 00a H3MepPAIOTCA IIPH PA3OMKHYTOM YyINPaBJAIOUWEM  3JIEK-
TpoIe.

Ecau 3Tu 3HavyeHust NpeBbilieHb], BEHTHJIb NEPEXOAMT B DPEXKUM IIPO-
6os1 ¥ MOXeT BHIATH #3 cTposi. Ecin nepeHanpszKeHWst B CXeMe upes-
MepHBL, TO MOXHO OOecleyuTh JONOJHHUTENBHBIH 3anac no 0O0paTHOMY
HaNpsI’KEHUI0, COEJUHUB IOCJAEJ0BATEbHO C THPHUCTOPOM Heynpapisie-
MBIl BEHTMABb C TaKMM Ke HOMHMHA/JIbHbIM TOKOM, 3TO NO3BOJsSeT HC-
MOJIb30BATh THPUCTOp TpH OospilicM oOpaTHOM Hanpskenud. bonee
noapobHO 3TOT BONPOC paccMoTped B pasi. 15.

[ng Ttoro urob6ml NpHOOP BBILEPXKUBAJN YyKaszanHOe JJIsl Hero Ho-
MHHAJbHOE 3HAYeHHE MaKCHMaJblOro TMOBTOpsionlerocss o6paTHOro Ha-
npaXeHus, TpeSyertcs ONpPEfeNeHHEIH MHHUMAaJAbHBIH TEIOOTBOX. ¥YC-
JIOBHe CTAGHABHOCTH TOJYNPOBOJHHKOBOTO BEHTHAS B OTHOLIEHHH 0O6-
parHOro HanpsKeHust Tpebyer, uToObt IOJHOE TENJOBOE COIPOTHBJIEHHE
MeX/y NMepexOfoM M OKpyxawulefl cpefofl He NPeBHIIANIO KPHTHUCKOH
MaKCHMaJbHofl BeanuuHbl. PasMmepsl MuUHUManbHO Tpebylolnerocst s
3TOro pajuvaTopa Bcerja OuYeHb Malbl, T. €. OH HMeeT [OCTATO4YHO Bhi-
COKOe TemIoBOoe CONpOTHBJEHHE TO CPABHEHHIO ¢ PaAuarTopoM, OOBIUHO
HeOOXOAUMBIM A o0ecHedeHHst HOMUHANBHOH HArpysKH BEHTHAA 1O
TOKY.

3-10-3. IIpamoe 3anupaemoe HanpsKeHue

MakcuManshoe npsAmoe 3anupaeMoe HanpsikeHHe Ugp.a yKasbl-
BaeTcy B CIPABOYHBLIX JAAHHBIX [PH MAKCHMAJBHO J[OMYCTHMOI TeMIe-
patype mepexoia (HaUXYAIUHi CJAyuau) H ONpPejeNeHHOM peXXMMe Ienn
yIpapasiooero 3iekTpofa. CHABHOTOUHBlE THDUCTOPHl XapaKTepu3yioT-
cqa BedUUHHOA Ugpp m NPH PA3OMKHYTOM YNpPaBASIOLLEM S/EKTPOAE; AJs
MaJIOMOIUHBIX THPUCTOPOB MaKcHMaJbHOe [psMOe 3amupaeMoe Hamps-
JKeHue YKa3biBaeTcs IpH OHpelielleHHOM CONPOTHBICHHH MeXJAy ynpas-
JSIOMIAM 9J1eKTPOLOM H KaTofoM. IIpH HanpsikeHusix, MeHpWHX Unp u,
TUPHCTOP NOJKeH COXPAHAThH CBOE 3aNepToe COCTOSHME.

3-10-4. MakcHMaJbHO AONYCTHMOE APAMOE HailpskeHHe

Tupuctop Moxer OBITH OTHEPT HPH OTCYTCTBHM YNPaBJISIOLICrO CH-
THaja 32 CyeT TOBBLIICHHA NPAMOr0C HanpskKedus A0 BeduudHol Ugrm.
XoTs THPHUCTOPH B NPOTHBOMNOJIOZXKHOCTb HYeThIPEXCJOHHBIM JMOAAM-Tie-
PEKJIIOUATENIAM PACCUHTAHBl Ha TO, uTOOB TepeBol HX B COCTOSHHE TIPO-
BOLMMOCIH MPOUCXOAWI C MOMOIIBI0 YNPaBJAAIIEIO 3JEKTPOAA, JaBHH-
niid MPOGOA nmpH HX OTNHPAHWM 34 CUET NPAMOrc AHOMHOTO Hanpsixe-

Hua He OyneT BLI3bIBATH HX pas-
pyWIeHHH NPU YCJIOBHH, UYTO .0-
nycraMas A 9THX YCJIOBHH Be-
auynHa di/df e Gyder mpesbl- U
mmexa. /\ N\
Jlns HeKOTODHIX THIIOB TH- 7 \/ \
PHTOPOB  YKalLlBaeTcs B clipa-
BOUHBIX  AAHHBIX MAaKCHMAaJbLHO
JLOWYCTEIMOE NpsMoe HanpsiKelne
Unp.zon (kpoMe Unyp ). Ilpsimoe
HanpsKeHue, BuI3BIBAIONee OTIH-
paHue TmpubGopa 1O aHOAY H
npesbiaomee  Ump gon, MOKeT
TpHBECTH K YXYALIGHHIO Xapak-
TEPUCTHK HMJIM K HeMelJeHIOMY
Bplx0Ay ®3 CcTpog Pucynox 3-14
UMIOCTPHPYET B3aHMOCBSI3b MeX-
iy Uan 1 Unp non.
Beavauna  Uunp non \ [ \
NPaKTHYECKOE 3HAYCHHE,
THPUCTOPEI / \ Uw\/ \
Usrn mpu KOMHATHOM TeMilepa-
type Ilpm TeMmeparypax Hexe / \
MAKCAMAaJAbHO JOMYCTHUMOR TeM-
neparypel Tepexoia  BeJHUUHA
Uorn mpubopa Gyler yacro Bbl-
we, vem jgonycteMoe Unp xon
Micxonss 43 3TOro IPaBHJIbHBIM
ucnbitandeM Ha Ugen 16y;(uer MC Ui non M Unp w.
[IBLITAHME [IpA TOBLINEHHOM TeM- ) " 0 0on me Gymer ormupatses, eca
nepatype, KOoria Ugon MeHbIE, he mnopars curwan Ha ynpasJsonn#
ueM op mom. 3MeKTpol, 6 — TupHcTOp OyHer OTIH-
B ycaosuax, korza Aomy- pg;hgs;usmeosengiz}g;m curnana na ¥3; ecan
ctumMoe Unp gon BEHTHAR MOKET  mpadon' Gygor paberaty mantane g
OHITh TpeBpIiIeno, MeXAy aHo- THPHCTOD OYAET OTNHPAThCH Ge3d Nnopadu
HOM, M YIDABITIOLHM 2JIeKTPO- cz;ﬂar.:laﬂMH: yz " Mgﬁ(e'r GBITh TIOBpEX-
HOM CHENYeT BKJIOWHTb KAKYIO- PAMEIM  HATPANCEAHEM.
HubyAb MPOBOAAILYIO (IENOYKY,
B pe3y.abTaTe 4Yero BeHTUNb Oyler OTIMpPArsCs OT YIPaBASIONIEr0 HM-
Hy/abca, a He OT NpaMoro npobos. as soayueHuss OTIMpPaHH] BeHTHIA
NP1 3apaHee 3aJaHHOM YPOBHE aHONHOIO HATPSIKEHHs B TAKOH UENOYKe
MOTYT OHITb HCTO/IB30BAHLI TOMYIPOBOAHUKOBEE CTAGHAUTPOHE WAK AUO-
Jbl-MepekaI0YaTen .

Hus MHOTMX M3 MOCHEAHAX KOHCTPYKUHH THPHCTODOB (HANpPHMED,
tunsl C80, C45 m ap ) BesedcTBHE HX G0Jee YCOBEDIEHCTBOBAHHOMN KOH-
CTPYKIMH M TEXHOJOTHH WSTOTOBJEHHS] MaKCHMAJBHO AOMYCTHMOE IIps-
MOe HanpsKeHHe He yCTaHaBaupaercd. I1osTOMy [l 3THX THIOB
B CNpaBOYHBIX JAHHBIX BesMuMHA Upp xon He yKasbipaercsa. Tumbl TupH-
CTOpPOB, KOTOPBIE He HUMEIOT ycraHoBaeHHBIX 3HaueHn#t Uwp yom, MOTYT
ObITb TepeBeleHE! B COCTOSHYE TPOBOAMMOCTH MYTeM NOBBILEHHS AHOA-
HOTO HANpPsIXKEeHHS! TMPH YCJIOBHM BLINOJHEHHA OrPAHHUEHMA Ha BEJIHYHA-
HYy TOKa npu otnupanuu di/df, paccMoTpenHsix B § 3-7.
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3-11. CKOPOCTb HAPACTAHHUS MNMPSAMOro HAMNPSKEHHSA

llpu Gosbiiok CKOpOCTH HapacTaHHsi NMPSIMOTO HADDSIKEHHA THPH-
CTOD MOXKET fepPEeATH B OTIEPTOE COCTOSTHUE NPH OTCYTCTBHH YHPABJAI-
wero cardana. [lostomy ans oGecnieuenust HajlexHoH padOTHl LENH TH-
PHCTOPHBIX YCTPOHCTB BeChMa BAXHO ONPEACTHTbL CHOCOGHOCTL NpHOO-
POB BBIIEPKHBAThL ONDEIENEHHBIE BEIMYHHLI du/dt.

Tupncroput ¢upmbl JlxKenepas SieKrpuk XapakTepH3yioTcs B OT-
HOWEeHHN du/dt 1ByMs cniocobamu.

L. Ilo Tak Ha3biBaeMOH CTa1MYECKOH YCTORUMBOCTH B OTHOINEHHH
duldt. B 3toM ciyyae HMEETCA B BHAY HAUAJLHOE BKJIOUEHHE CXEMBI
Had pabora yCTPOMCTBA OT HCTOUHMKA AHOJHOrO HANPSIKeRHs, COMEp-
Hailero GbICTPO HapacTamollde BO BPeMEHH NYJbCAUMH W BCIieckH. Ta-
KHe BCIJIECKH MOTYT o0ycnoBiuBarbcs HeficTBHEM KOMMYTAUMOHHON amn-
naparypel HJAH BO3HHKAaTh B pe3ysnbTale paboThl THPHCTOPOB, HMEK-
HUXC B APYrHX YCTDPOHCTBAX, MHTaeMBIX OT TOTO Ke HCTO4YHHMKa. $B-
JIEBHS B3aUMOJENHCTBHH 3TOrO THNA DacCMaTPHBAlTCH ganee B pasf. 16.

2. Ilo maxcamaZpHO HOMYCTHMOR CKCPOCTH HAPACTAHHS OBTOPHO
NPHKJAAJABIBAEMOr0 TPAMOrO HaNpsKeHHWS B KOHUE MHHTepBaJa BOCCTa-
HOBJICHHSl TUPUCTOPOM €ro CIOocOOHOCTH 3anupaTb HPSIMOE HampsiKeHHe,
He mpesbiwaiouee Unp gon, B OrOBOPEHHON CXeMe M NPH ONPEACHSHHON
TeMIepaType; 3TOT HHTEpBAas XapaKkTepu3yercd BpeMeHeM BOCCTAaHOB-
JIHUA YTPABJISAEMOCTH lpocer. B 3TOM CMEICIe BednudHa du/di ABasercs
BaXHLIM [lapaMeTpoM oOuiefi XapaKTepHCTHKX THPHUCTOPA IO BPeMeHH
BOCCTAHOBJIEHHs ynpaBjseMocTH. Takoe onpegeneHue du/df paccmar-
pusaerca noApobHO B pasf. 5.

Ha puc. 3-15 noxkasay Tunosoil rpaduk, XapaKTepHSYOIIHH CTAaTH-
CTHYECKYIO YCTOHUYMBOCTb THPHCTOpa Tuna C38 B orHowenuu du/dt
B (QYHKIMM TeMIepaTypsl INepexofia HPH DA3OMKHYTOM YMIDaBJSIOLIEM
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Puc. 3-15 3aBucHMoCTb CKOPOCTH HapacTaHHs NPSMOro Hamps-
weHus dufdl, He IPUBONSIEH K OTIHPAHUIO THPHUCTOPA, OT TEMIe-
parypol nepexona Imep.

snextpone. IIpu skcnoHeHUHa/ABHO DAcTYWieM aHOMHOM HATpSAMKEHUH Be-
JuuMHa du/df onpefensieTcsl HAKJIOHOM NPAMON JIMHHM, HAuMHAKWENCS
OT HyJsst, MPOXONAUIEHl YePe3 TOuKY, COOTRETCTBVIOIUYIO MOCTOSRHON Bpe-
MEHH T 3TOR SKCMOHeHTH (cM. rpadHK B [PaBoM BepXHEM  yLIy
puc. 3-15).

Hapsany c onpesenennem gonyctamoii dufd! c mOMOIIBIO KpPHBBIX,
NOAOOHBIX pHe. 3-15, HHOTIA B CMPABOYHBIX MAHHBIX YKa3MBaeTcs 10-
MyCTHMas NOCTOSHHAS BPEMEHH T NPH ONpeleseHHBIX YCJIOBHSX.

Crenyer OTMETHTD, UTO

0,632Up
dajdat

T ==

(3-5)

rie Upp m — MaKcuMaTbHOe [psiMOe 3alMpaeMoe HanpsiKeHue.
YeToHYHBOCTS THPHCTOPa B OTHOWenun du/df npu HAyaJbHOM
BKJIIOYEHHH BEILe, yeM BENHYHHA, onpelenseMas no puc. 3-15. B cay-
yae, ecnd ykKasaHa Aonycrumasi MHHUMAaJbHas NOCTOAHHAS BpEMEHH T,
HomycTHMas CKODOCTh HaPACTaHHS HANPSMKEHHS [IPH HAYAJbHOM BKJIO-

YEHHH COCTaBJAET:
( du ) _Unp.u
de¢ r—oa T

Ecan yxasama maxcumanvhas dufdf, nomycTHMas CKOpOET» Hapa-
CTaHHA HANpPAXKEHHA NPU HAyaabHOM BKJIOUEHHMH PaBHa:

du ) 1 du du
— = s = | 58—
< a ), ,, 0,632 dl i

(3-6)

(37)

3amrtpuxoBannas IUIONAAKa Ha HONOJHUTENbHOM TpadiHke Ha
prc. 3-15 mpeacrapssier o6MacTb 3HAaYeHui u M f, TIpH KOTOPHIX THPH-
CTOp He OTnHpaercs. DTH AaHHble MAOT NPOEKTUPOBUINKY BO3MOMKHOCTH
NICCTPOUTH CXEMY TaKuM 06pasom, 4TOGB 0ecreutTs ee HANEKHYIO pa-
6ory.

Tax kak Oosee BEHIcOKas du/df, onpepenseMas cxeMofl, IPUBOIHUT
K 3HAUNTEeJbHOMY CHHIKEHHMIO DeasbHOIO HanNpsiKeHHs OTIHPAHUA THPH-
CTOpa NpH RaHHOR TeMIeparype, HCMONb3OBaHWe Npubopa ¢ OOAbLIUM
KaccHPHKAUNOHHEIM HaNPSIKeHHeM IN03BOJMUT AONYCTHTb 6oJee BHICO-
KYIO CKOPOCTb HAapacTaHHA NPSMOro HanpsizKeHus JJis 3a/aHHOrQ0 Mak-
CHMaJIblioro HampsikeHust B cxeMe. Hanpumep, Tupuctop Tuna C38B
(Uap=200 8) npu Tgep=130°C paGoTaer npu MakCUMANBHOM Ianpsi-

xednpn B cxeme U=I50 6, . e. nenonbayercss Ha 5pp- 100=75% cso-

ero HOMHHAJbHOro panpsxednd. Pucynok 3-15 mokasmBaer, uto gas
Hero MOXHO NPuHATH BeJdHunny du/di=120 g/mkcex, yro COOTBeTCTByeT
no ypaBHeHuo (3-5)

0,632.200
120

T = =1,06 nxcex.
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CooTBeTCTBEHHO BpeMf, 32 KOTOPO€ AHOAHOe HANpAMKeHdAe BEHTHUJS
C38B wmoxker poctHub 150 8, mau 759% HOMHHANBHOTO HAampsXKeHnsd,
PaBHO:

t, =1,5t;=1,5-1,06 2~ 1,6 mxcex.

Ecsn xe Bet6path tHpuctop THAa C38D (Unp w==400 8), TOo npu
TE€X K€ YCAOBHMAX HaljeM:

400
T =T g = 2t = 2,12 muKcex.

Drta BEJIHYHHA T COOTBETCTBYeT BpeMeHH, HeOOXOAHMOMY, YTOOBI
Hanpsixenue pocturdo 63,2% ot seanunnsl 400 8. Tak kak B Hamem
npuMepe HanpsKeHHe BO3pacraer TOJbKO 1o 150 8, mau xo 150/400=
=38,6% HomuHanbHoro HanpsiKeuuss Uorn BentTnas C38D, 1o mo 3kc-
NOHEHINaNbHOH KDUBOH Ha JonodnulensHoM rpaduxe ua puc. 3-15 Ha-
X0JUM COOTBEICTBYHOLIEE BPEMs

t, =0,57,=0,5.2,12 = 1,06 mxcek.

Taknum oOpasoM, Bbibupas Beutuab Ha 400 8, MOXKHO YMEULIIATb
BpeMs, HeoGxoguMoe MJs JAOCTHiKeHdst pabodero HanpsiKeHUs CXEMEL,
B JlaHHOM TIpHMepe Ha

ty 1,06
7 6 -100 = 674,

OGpatHoe HanpsKeHde Ha TPOMEXYTKe YIPABJASIOWHE 3/1€KTPOX—
KaTOX YBEAHUMBAET CTOMKOCTb 110 OTHOINEHHIO K du/df 1mo cpaBHEHHIO
c mokazaHHofi Ha puc. 3-15. Boaee mnojpoGuo 06 3TOM roBOpHUTCH
8 pasn. 4.

JIa CHHXKeHHH upe3MepHOMH
CKOPOCTH HapacTaHUsi AHOLHOTO
HanpsKeHHs MOXKHO HCHOJB30-
BaThb CXeMY, H300paKeHHyio Ha
puc. 3-416. IToctrossHHAst BpeMeHH
Hend, COCTOAIGH M3 CONpPOTHB-
JIEHHSI Harpysku Ry M KOHJeHca-
Topa C, JO/MKHA BhIOHpATHCS
TakK, yToOL

RuC > =, mrcex, (3-8)
rie T— MHHHMaJbHAs IOCTOSIH-
Has BPeMEHH 3KCIOHEeHIHa/JbHO
HAPAC(AIOMWETO MPAMOro HaUps-
Kenus, HOMyCTHMas AJsA JaHHO-
ro THPHCTOpA.

Konaencatop C paspsixaer-
¢ uepes pesucrop Rz, KOTOpHH
IOJKeH BBIOHDPATLCA HCXORS H3
yCI0BUA OTPAHHYEHHSA BCIHJIecKa
paspAlHOro TOKa KOHJEHCATOpd.
HPOTEKAWIIeT0 TpH  OTIHPAHMY
Tvpucropa # pasaoro U/Ry, A0
LEKOTOPOro 3HaueHust, He Mpe-

Puc. 3-16. Cxema, caysamas gas
CHHKEHHI  CKOPOCTH HAapacTauus
NPSIMOro  HAMPSKEHHUS.

IO — ndoa ¢ GHICTPHIM BOCCTAHOBJGHHEM
sanupaoiyeft cnOcOGHOETH.

BBILIAIOLIEr0 JONYyCTHMbIA TOK IpY oTnupanud BeHtHas (cm. § 3-7). Hus
TOr0 uroOB TOJYYATb HAWJYYLIHe De3yJabTaTh, H306paennas Ha
puc. 3-16 nenouka RC — nuon mOJKHA GBHITh CMOHTHPOBAHA KAaK MOMKHO
GauxKe K THPUCTOPY, YeM CBOAMTCA N0 MHHHMYyMa BJ/IHSHHME [1apasHTHBIX

HHAyKTHBHOCTe#l. Kpome TOro, KOHAEHCAaTOp [OJKEH HMETb XOpollye
YaCTOTHBIE CBOMCTBA.

3-12. MAPAMETPbBI UEINH YIPABJIEHUSA

Dr1H napaMeTpsl paccMartpuBaoics B pasi. 4.

3-13. YAEP)KHBAIOWIHH U MOAXBATHIBAIOINHUN TOKH

Kak u xarymka 3JeKTPOMEXaHHYecKOro pesie, THPHCTOp TpebyeT
ONpe/eNeHHOr0  MMHHMAJBHOIO aHOJHOIO TOKa, 4TOOM OOeCHeuHThb
«3aMKHYTO€» Hnu NpOBoAfLlee cocTosiHHe. Ecau BeanuuHa aHOAHOTO
TOKa TNajaeT HHXKe MHHHMAJbHOTO YPOBHs, Ha3biBAEMOro YlepKHBAIO-
IMPM TOKOM, TO THPHCTOD BO3BpaHlaeTcsi B INpAMOe 3aNeproe HIH
«Pa30MKHYTO€» COCTOSIHHE. YIePIKHBAIOLUIHA TOK THPHUCTOPAa HMMeEeT OT-
puuaTeNbHBIE TeMmrepaTypHbIAl Koadduuuenr, T. e. ¢ NOBHIICHHEM TeM-
fepaTypsl lepexoja BeJHUMHA YAEPKHMBAIOLIEro TOKa CHUXKAaeTcs.

Hasi toro urofel OTHEPTHIH 10 YHPAaBJSIOLIEMY 3SJSKTPOAY THPH-
CTOpP OCTaJCsg BO BKJIOUEHHOM COCTOSIHUH, HeOoOXOAMM aHOAHHBIH TOK,
HECKOJIBKO GOJIbIIMA yIep:KuBawmero toka. Eciu anoAHBIA TOK He JO-
CTHIHET 3TOH BEJIHYHHBI TOKAa «IOJAXBara», THPUCTOD BO3BPATHUTCA B 3a-
NepTOe COCTOsIHWE, KaK TOJNBKO YNpasisiomuil cHrian OynaerT caar. On-
HAaKO TOCJE [OCTHKEHHs BEJHUYHHBl I0JXBATHIBAIOLUIET0 TOKA aHOXHKIH
TOK MOXeT OblITh CHMMEH A0 YDOBHSI Y[Ep:KHBAIOIIErO TOKa, u Npubop
He 3ampercsi. B Tex cayyasx, Korka HHIYKTHBHOCTb HENH OrpaHH4H-
PaeT CKOPOCTb HApacTaHusi AHOJHOTO TOKa M NPENSITCTBYET THPUCTOPY
MEPEKMIOUATLess B NMPOBOJSIIEE COCTOsIHUE, HCOOXOAHMO MPHUATH 0CO-
Oble Mepbl. JTO OYALT paccMoTPeHo B pasi. 4.

Bo3MOXHBII ONBHIT MO OJAHOBDEMEHHOMY ONPE/ANEHHIO YAepKHBAIO-
UIEN0 X NOJAXBATHIBAIOUIEr0 TOKOB MOXKeT ObITh OCHOBAH Ha coofpaxe-
HHSX, HAJIOCTPUpYeMBX puc. 3 17.
WoneiTyeMblli  TEpHCTOP OTHHPAETCSH
HOPMa/JM30BaHHbBIM  BXOLHBIM  HM- ¢
nyascoM. Tlocne ysennuennsa amoi-
HOTO TOKa A0 BeJaHYHHB [a1, 1IOBBI-
maeMoi CxXeMuBMWM DyTeM A0 3Haye-
HAS MOJAXBA1bLIBAIOLLETO TOKA, TH-
PHCTOp TIepeXOiMT B NpOBOAfULeE
cocrofnue. 3aTeM TOK yMEHbIIAer-
cd A0 NJIABHO pPeryJHpyeMoro 3Ha-
yeHusd [a2. 3uauenne lq2, mpyu KOTO-
pOM TIPOHCXOAHT 3anupanue, u $AB-
JisieTcA TydepKUBalOmMM TOKOM. Bo-
JMee JeTaJdbHO CXeMa HCOBITaHHY
onucana B § 20-5.

Puc. 3-17. K onpenenennic noi-
XBATBIBAIOLIETO M YIEPXKHBAIO-
1ero TOKORB



Pa3pen yerseprutii

NYCKOBBIE XAPAKTEPUCTUKH
U CXEMB! YNIPABJIEHH S

CrnocoGHOCTb  TPUOIHBIX THPHUCTOPOB (OAHO- HMJIM IBYHANPaBJeH-
HbIX) I€PEXONHTh H3 HEMPOBONALIEr0 COCTOSHHS B HPOBOZALLEE TNOM
IefICTBHEM OTHOCHTE/NBHO CJAaGOr0 BXOQHOTG CHTHAMA FBJSETCHS OCHOB-
HEIM (DAaKTOPOM, 0GYCIOBMBIIMM MX LWHPOKOE pACAPOCIpaHEHHe AMIS pe-
TyJAHPOBAHHs MOIMHOCTA JIJiAl yBepeHHOro ornupanus Tpefylorest KOCTa-
TOUHBIE TOK H HANpPSXKEHHE WCTOYHMKA YNPABJEHHA, C(OOTBETCTBYIOUIHE
XapaKTePUCTHKAM THDHCTOPA, XapakTePy €ro Harpy3ku H HCTOYHHKY
[HTaHKA M He TPERbINIAONUIME LONYCTHMBIX 3Havennii Baxupimu mapa-
ME1PaMU SIBJSIOTCA TAKXKEe BBHIXOAHOE CONPOTUBJCHHE WUCTOMHUKA YNpaB-
JIIOIIEro CHrHAJA, JJMTENBIOCTh MMNYJLCOB H YCJIOBHS, MMEIOUIHE Me-
CTO B WUenmH ynpasJendst Npu 3aneptroM TUpucrope Tak Xak BO Beex
Ciyuasx TDUMEHEHHSI TUPHCTOPOB TPeOyeTCs HX OTHHPAHHE MO YIpaB-
JSIOMEMY  3JIEKTPO/Y, 3TOT pasien MOCBSILEH OCHOBAM Ipomecca Te-
PEKJIOUCHHA, BXOAHBIM XapAKTEDUCTHKAM H IIPefelbHBIM MapaMerpa,
BIHAHUIO Leny aHOJAHOW Harpy3KH, XapakTepPHCTHKAM MCTOUHHKOB YII-
PaBJAIOMAX HMIYJILCOB H OCHOBHBIM NIpHVepaM cXeM ynpasjerus He-
KOTOpbI€ CNeUHAJbHbIC CXeMBl YNPABJCHWS IS THPHCTODPHBIX yCTPOHACTB
paccMOTpeHbl B APYTUX COOTBETCTBYIOUIMX pasfendx

4-1. NPOLLECC OTNIUPAHHUS
0 YNPABJIAIONIEMY AJEKTPOLY

B pasx | GbuiM onHcaWel ABYXTPAH3HCTODHAS MOJENb TPHOLHOTO
THPHCTOPA, pEXHMBl YIPABJIEHHA THPHCTOPA ¢ JONOJHHTEABHBIM  YII-
PaB/IAIONINM NEPeXOJOM H C OTHAJeHHBIM YNPABJAOLIEM 37EKTPOILOM,
JIEXKalle B OcHOBE JefCTBHA NBYHANPaBJCHHOIO THPHUCTOPA, H PEXKHMEI
NIpH  UCMOJB30BAHMH OCBLIYHOTO rHpHCTOpPAa B KauecTBe TPAaH3UCTOpPA
¢ orpaieHHod Gasoli M3 3tux naparpaoB sCHO, YTO TEPeXOk THpH-
CTOpa B MNPOBOMfIee COCTOSIHHC ONpefesercss BHYTPEHHMMH TPaH3H-
CTODHBIMH 5 deKTaMu, UMEIOUIMMH MeCTO B MHOTOCAOHHOM crpykrype

[Ipn mennenno HapacTamleM Toke yNpaBjeHus NPOLECCY HEPEKJIO-
UeHHs1 TUPHCTOPA TPeAIlecTBYeT JIHHEHHBI («TPAHSHCTOPHHIN») peKum
paloTHl, Korga aHOAHBI TOK BO3pactaeT NPONOPLHOHAILHO BXOLIOMY.
Kak mokasano Ha puc. 4-1, NIpa MOJOKHUTENLHOM AHOTHOM HAaNpSIKEHHA
AHOJHBI TOK MOUTH He 3ABUCHT OT HAMNPSKEHHS BIIO1L A0 MOMEHTa,
KOTJla HAYMHAETCs naBHuoOOpA3HOe yBejWueHHe TOKAa. B 3Tofi Touxe
Zupdepennnansuoe conporurienne npubopa dujdi Haumzaer 6HICTpO
(HO MOHOTOHHO) yMeHBIUATHCS A0 HYJSl M 3aTeM CTAHOBHTCS OTPHIlA-
1eabibiM. Pafora B ofaacti O1pRUATENbHOTG COMPOTHBJCHHA CONPO-
BOXNAETCA yveHblieHHeM HampsiKeHHs: HAa THPHCTOPEe DTOT pekuM
CYIIECTBYeT /10 HACHIMEHHS OOOHX «TPAH3UCTOPOB» MOJEJH, TOCJHE YEero
CONPOTHBJICHHE THPUCTOPA BHOBL H3MEHAET 3HAK U CTAHOBUTCH IOJIO-
KHTEJSbHBIM.

Touxa nepexsioyenns 3aBHCHT KaK OT XapaKTepa BHUIHETO COMpPO-
THUBJACHHUS M HANDPSIKEHUA NHTaHUA B AHOAHOR Iend, TaKk W OT TOKa
B UENMH yOpasieHust ITO MOXKHO NOKa3aTh ¢ MOMOLULI0 JHHHH HAaTrPY3KH
Ha puc 4-1, coepuusiomel TOYKH XONOCTOrO XoAa Esy W KOPOTKOLG 3a-
Meulkauns [, Eclim ToK ynpaBieHHA paBseH HY/O, TO XapaKTePHCTHKA
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Puc 41 BoJabT amnepnas XapaKTePHCTHKA THPUCTOpA W JIMHHH fa-
rpy3KH

TUDHCTOPA TiepeceKaercss ¢ JHHHEA HAIPy3KHM B YCTOHUYHBOH Touke I;
Tlpu BXo1HOM TOKe [yy JIHHHS HATPy3KH CTAHOBUTCS KdCaTeNbHON
K XapaKTepHCTHKe B TOUKC Z, C OTPHUATENbHOE CONPO1HBJCHHE THPU-
CTOpa YHCJIEHHO DABHO CONpOTHMBJEHUIO BHelHell Hemu Bcenrepcrsue ile-
CTabHJIBHOCTH 3TOH TOUKH THPHCTOD TNepPeKJiouaercst B COCTOsIHWE BBI-
COKOIl TNPOBOAYMOCTH, XapakTepuayemoe ycrofiuusolt Touko#i 3. 3T0
cocrtosiive 6yJeT 3aieM CYHIECTBOBalb, [JaXe €CJAM BHIKJAIOYHTh VIPaB-
astonufi Tok. Ecnm moHmsute nurawonice Hanpsikenne A0 Egs, TO aH-
HHS HarpPy3KM W TOUYKH IiepecedeHHs cMmeliaorcd. Ecan JimHWA narpysku
CTAHOBMTCA KacaTelpHOH K  BOJbT-aMIEPHON  XapaKTEDUCTHKE TPH
fy=0 (touka 4), BHOBb HPOMCKOMUT CKayOK, U TUPHCTOP BO3BpallaeTcd
K JCXOJAHOMY 3allepTOMY COCTOSIHHIO.

AHOMHBI TOK B TOuKe 4 SBJSETCH «YAEPKHBAOIIAM» TOKOM I[IPH
ZaHHo# CcoBOKymHOCTH YycaosuHl. Ecim BMecto CHHMKeHHA IHTAONe! 0
HANPSMKEHUS YBEJWIHBATH CONPOTHBJICHHE HATPY3KH, YACPKHBAIOLHM
TOK yMeHblIaercs W ONpeensercs NIPW 3THX HOBBIX YCJAOBHAX TOUKOH
5. Ecan BxogHolt TOK TOAAEPKABAETCH HeM3MEHHBIM W paBuuim [yi, TO
3anupaHue MPOUCXONHUT HPU CHUMKEHHH HANpsKeHust 10 Eas B TOuKe 6.
IMorpe6oBanocs 6bl yBesluueHne BXOAHOTO TOKa A0 [y, 4TOGB OCTaBHTb
THPHCTOP B OINEPTOM COCTOSIHHM, OJHAKO CHHIKEHHE 3TOTO TOKAa BHOBb
BHI3biBAET 3amupanue. [TosToMy B 3TOM peXknve, CTPOTO TOBOpPS, HeJb-
Csi CUMTATbh THPHCTOP OTHEPTHIM. TOK, NGIXBATHIBAOIINY BEIKYEHHOE CO-
CTOsiHHe THPHCTOpPA, PaBeH, MO KpaliHell Mepe, YRepkKHBAIOWEMY TOKY
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npH Iy=0, a y HeKOTODBIX THPHCTOPOB OH GoJiblle BCAELCTBHE HeCTa-
OMJIBHOCTH BKJIOYEHHOH 4YacTH Mepexoja NpPH Manblx TOKax. B rTakux
clyyasx KPHTEDHEM NEPEKJIOUEHHS SIBJSETCS He TOJIbKO PEKHUM, COOTBET-
CTBYIONIMII IIeDPeceueHHI0 JHMHHH Ha yYacTKe XapaKTePHCTHKA ¢ OTpHUA-
TeJbHBIM CONpPOTHBJEHHEM (TOYKA Z), HO TaKKe [OCTHKeHHe ompene-
JIEHHOTO MHHHMyMa aHOZHOTO TOKa B TOUKE 3

Tak Kak MOMCHT HEPEKTIOUeHus THPHCTOPA 3ABHCHT OT YcAOBHA
KAK B aHOMNOH, Tak M B YNPABJSHIOUICH LeMsix, TO B Nacrople THPH-
ciopa napa BeauunH lyo U Uy, (yupasasionme TOK H HampsKeline
OTNHMPAHHA) KECTKO CBA3aHA ¢ BeJIMUHHOM HANPSUKEHWs AHOLHOH Iemu
H Harpy30UHBIM COMpPOTHBJIEHHEM

4-2. XAPAKTEPUCTHUKH BXOJHOWM LENU THUPUCTOPA

Yupapasioinas uefb NO/KHa NPOEKTHPOBAT1bcs TaK, 4ToGH o6ec-
NeuuTh HEOOXOAMMBIH TOK MEXAY YNPAaB/SIOUHM 3ASKTPOAOM M KAaTo-
fAom THpuctopa Pemalnomum (akTopoM INpH 3TOM SBJASETCH Y4eT Xa-
pakTepa CONPOTHUBJIEHHSI MeXK/Y STHMH BbIBOJAMH.

M3 onucanust KOHCTPYKHHHM M TPHHUMNA PabOThl THPHCTODOB MOXK-
HO BHIETb, UTO 3JEKTPHYECKHE YapAKTEePHCIHKH NPOMEXYTKAa YIPaBsio-
U 2/MEKTPON-~KATOJ B OCHOBHOM OINpPEIeJsioTCsl XapaKTepUCTHKON
p-n-nepexona. Ho 1o He jnociatouuo [OJAHOG OnpegeseHHe.

4-2-1. XapakTepucTHKH, MpejiUecTBYIOLIHE OTIHPAHUIO

Ha puc. 4-2 moxka3aHB HoJHAsi M YNPOLUEHHAs SKBHBAJICHTHLIE CXe-
Mbl BXOJHOH LeNMu THPHUCTOPA B OTCYTCTBHE AaHOMHOTO TOKa (pa30OMK-
HyTaf LENb), CHOPaBeAJHBLIE OpPH MEJJICHHBIX WU3MEHEHMAX YIPaBAsiO-
wero roxa IlocnenoBarenbroe coupoluBieHne Ry NPeACTABJAsSET IPO-
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Puc. 4-3 Bouabr-amnepuas xapagTepH-
CTHKA  [POMeKYyTKd  YIpPaBAsIOMHil
snexrpog—karoxn (upu Ia=0). Ha yua-

Puc 4-4. 3xBHBAJeHTHAS CXE-
Ma [NpPOMEXYTKa YNpasJsiio-
LKA 3/1eKTPOA — KaTO[ TpH

crkax / ¥ 3 makson onpemeasierca co-  la={([y).

nporuBJaeHnem Rip, Ha ydacrke 2 — co-

nporuBieHueM Rs. TH -

B aparepncriva Sanamoro ona | ACIMIOe compomuienis
P AN0L p-ciofl, K KOTOPOMY TpHCO-

elMHEH YIDAaBJSIOWKHA 5JeK-

tpoa HlyntHpyiouiee conpo-

THBJeHHE Rs mpeicTaBAseT CO3JLaHHYI0 YMBblULIeHHo HJIM 00pa3oBas-

MyIocsi CJAy4aliHO [POBOASINYI0 IEPeMBbIUKY, KOTOpas MOMKET HMeThCs

B CTPYKType (9MHTTepHAst WYHTHPoBKa) Onauenus Rr H Rs MOTYT

GLITB Pa3JHYHBl B 3aBHCHMOCTH OT KOMCTPYKUHH H TEXHONOTHH M3r0

ToBJeHust npubopa HuoAb Ha cXeme u3oOpaxeHn Kak JAaBuupble, Tak

KaK o0paTHOe HANpsAKEeHUe JARUHHOTO NPofof ynpaBJALIEro Nepexoia

oObIYHO JIeKUT B npexesnax 5—20 8, W 3Ta BejgHUYHHA 4YacTo MpPEBH-
uraercA B PeasJbHbIX CXeMax yIOpaBJieHHus

Pasnuude MeKAy BOJbT-aMIEPHBIMH XapaKTePUCTHKAMH BXOJHOH
IenH THPHCTOPa W OGBIYHOrO AMOAa HOKasaHo Ha puc. 4-3 Bausnme
conporuBiennit Ry # Rs No-pasHoMy IPOABJAseTCs HA PasHbIX yuacT-
Kax KpUBOH.

PaccMoTpeHHBle CXEMBI H XapaKTePHCTHKH  CNPaBeJIMBBI JIHIUbL
MpPH HYJAEBOM WiM MajsoM (Mo CpaBHEHWIO ¢ YHPABJAAIOUMM) aHOM-
Hom toke. [losromy »Ta nHdopManusi mojesna Aia PEXHMOB npH
OTPHIATeALHOM H He0OJBIHOM IMOJOKHTENbHOM HANpRKEeHHUH Ha ynpaB-
JAIOLEM 3JeKTPoAe M AJs MCIBITAaHHA BXOAHBIX uenefl THPHCTOPOB mpH
OTKJIIOUEHHOM aHOJe

4-2-2. XapakTepUCTHKH B TOYKE OTIMHPAHHUSA

Eciv aHOAHOe NHTAHMe BKJIOYEHO, TO HeOOXOAMMO BHJOM3MEHHTH
9KBMBAJEHTHYIO CXeMy BXOZHOH LenmH TakK, 4TOOBl yd4ecThb 2HOMAHLIA TOK,
npoTeKaloliui yepes ynpasasiolui nepexod (puc 4-4). Tak xak anox-
HBIl TOK [0 OTIHHpaHus fABjsercs NPAMOH QyHKIuell  yIpaBJisioEro
(cm pasn 1), To mosHBIA TOK uepes mepexoa Oyiaer Bo3pacTaTh 6o-
aee ObICTpo, YeM B npeibiayiem ciaydae I[lo mepe yBenuuenus Hamps-
xKeuust Uy v pocra u3-3a 3Toro aHofAHOro Toka AxddepennnanbHoe
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CONMPOTHBIGHHE MEXAY yNpaB/Io-
ILHMH 3JeKTPOAOM H KaTojOM NJaB-
HO H3MEHAETCS OT MOJOKATeJIbHBIX
3HAYEHHH N[O HYAST M 3aTeM CTANo-
BHTCA OTpHUATEbUBIM (pHc. 4-5).
Korna nuHHA Harpy3KH HCTOMHHKA
YNPaBAAIOUIETO CHIHAJA CTAHOBHICS
KacaTeJbHOM K  pesyabrupyoulci
BOJILT-aMiIepHOH XapakTepHCTHhE
BXOJII0H UenH B TOUKe [/, NPOUCXO-
JUT CKAauOK M THDUCTOP MOXKer
OTKpHITLCsl. B nacmopte  mpubopa
S B KayecTBe YNpas/dioulero TOKa
OTHHPaHWUsl yKAa3aHO 3HaueAHe [y o,
6e3yCJ0OBHO JOCTATOUHOE JJs Iepe-
KJIOYEeHHsl M, CJAefOBaTe/LHO, H3Me-
peHHOEe B MaKCHMyMe KPHBOM.

M3 Bbliecka3and{oro 04eBHAHO,
iTO BHYTpEHHEE COMPOTHBJEHHE MHC-
TGUHHKA BXOJHBIX CHTHAMOB TaKXKe ABAACTCst (aKTOPOM, OKa3biBAIOHIUM
BJIMALINE HA MEPeKJI0YeHue 1HpucTopa.
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Puec. 4-5. Boner-aMnepHas BXOR-
1asg XapaxkTepUCTHKA TUPUCTOPA
apu [a=f(ly).

4-2-3. XapakTepUCTHKH NOCA€ OTNUPAHUS

Korzpa TupHCTOpP OTHEPT H aHOAMBIA TOK, MPOTEKalOLIMil uepes yIi-
papafIONMi Nepexod, AOCTATOUEH, uTolLf NogIepxarh Oineproe Co-
CTOSIHHE, NPOMEXYTOK YNPABJAIOIHMA  3/JEKTPOA — Kal0f THPHUCTOpA
CTAHOBHTCA MCTOYHHKOM. Ero HampsixeHue paBHO NAAEHHIO OT CyMMap-
HOTO TOKAa Ha ynpasJ/sliolleM INepexole, a ero BHYTPeHHee COMpOTHBJE-
nne paBHo Ry (puc. 4-4). 2To nanpsKeliMe NOYTH COBNAJAET C BeJH-
NIOA Nafenusl LanpsyKelns aHo,—Kd410j THpUcTOpa. XapakTepUCTHKH
JJs 3TOTO pexuMa npejcTasnenn ua puc. 4-6. Xon kpusolt B uer-
BEPTOM KBaJpaHTe OODACHACTCH I
yBEIMUIEHUEM CONPOTUBIeHus Ry y
IpH YBeNduYeHWA TOKa, OTOHpae-
MOTO B yNpPaBAAIOLIYIO Lelb. ITO

> >
yBeMUeHHe CBS3aHO ¢ pacnpe- 1y ~ las 215
JeMCHHBIM XapAKTEDOM YIpaBaa-
OEero mepexoia, Kak MOKa3zaHo vy

Ha puc. 4-2,a. C ysenuyeHneMm
orBupaemoro Toka [y HampsKe-
HHe yHDPaBJSIOIHE EKTPOL——Ka-
TO1  yMEHbIiaeTCss, BO3pacraer
pOAOAbHOE MajeHHE Ha CA0e p,
BCJEICTBUE Yero MNpeKpauiasres
TOK u4epes ydacTkd TNepexona
613 YNpaB/Asioiero 3jaeKTpoia.
710 sLI3biBaeT yBeawueHHe NAOT-
HMOCTH TOKa B O0GNacTH, YAAJEH-
HOM OT ynpaB/aflollero nepexoja.
[ToBrilIEHHe  MJOTHOCTH  TOKa

—————

Puc. 4 6. BxomHble XapakTepUCTHKH
rocJe OTIHPAHHA THPHCTOPA

¥ BHIIEJSIEMOR B p-cllO€ MOUIHOCTH MOXET OBITb NPHUHHON TepMHUECKO-
TO TNOBPEXJEHHS THPHCTOPA.

Ecan pgBa THpuCTOpPA COERHHEHbl KaTORAMH H
3JI€KTPOJAMH, HANpsKeHHe, BO3HHKAIOUlee Ha BXOAE OJHOTO NPOBO-
ISIINEr0 THPUCTOPA, B HEKOTOPBIX CJydasX  CHOCOGCTBYET OTNUpaHHIO
BTOpOro. Bo MHOMMX ciyuasix 3ToT 3(hdeKT crnoco6CTBYyeT OJHOBPEMEH-
HOCTH OTNHpaHust 06OMX THPHCTOPOB. B mpyrux ciyuasx, Koria y ABYX
NapajsieNibHblX [0 BXOAY THUDHCTOPOB aHOAHLIE HANPSIXKEHHS NPOTHUBO-
da3He, Hanuuve BXOJHOTO TOKA Y THPHCTOPa, HaXoAsdIleraocss moi 06-
paTHBIM HanpsuKeHHeM, MOXET B MOMCHT NpPHJOXKEHHS CKaukoM 1ps-
MOTO HampsiKeHHsi BHI3BATh €ro OTMHPaHHE 3a CUET 3apsiia, HaKoMJIeH-
HOTO B p-cioe. ITO SBJEHHE MOXKeT TakXe 3aMeTHO VBeJHYHTh
0o6paTHLIA aHOIHEI TOK THPHCTOpa 3a cueT sthdekTa Tpausucropa ¢ of-
nanensoll 6asoff.

YIpaBARKIWHMU

4-3. BIUAHHUE COMNPOTUBJEHHUA B LEINH
YNPABJIAIOILETO 3JEKTPOJNA U HANPSHKEHHA HA HEM

Beime 6bI0 MOKa3aHo, YTO B UHCJAO KPUTEPHEB OTNHHDAHHS THPH-
CTOpa BXONAT YNPaBAfAIOWMA TOK, BHYTPeHHee CONPOTUBJCHHE HCTOY-
HMKAa CHTHaja, Harpyska M DHUTaollee HanpsXKeHHe B aHOAHON Leni.
B3anM03aBHCHMOCTb YNpaBAfwLlell X aHOAHON Leneft 1pebyer Oouaee
rny6OKOT0 H3yUeHUs.

4-3-1. Bavanue conpoTHBJASHMS, WIYHTHPYIOUIErO BXOJ,
THPHCTOPA

AHanu3 IBYXTPaH3HCTODHOE MOJENM NOKAa3bIBAET, YTO HPH YMEHDb-
IIEHHH BHEIIHEro CONPOTHBJICHHS, IUYHTHPYIOLIErO YNPaBAfOWNA Te-
pexof, Tpebyercs GOMbIUHA AHOAHBIN TOK [ OTHHDAHHA K MOANepXa-
HHA THPHCTOPAa B NPOBOAAIMIEM COCTOSHMH. MasoMomHEe THPUCTOPHI
yacto 0OBafaldT CTOJbL BBHICOKOH WYYBCTBHTEJBHOCTBIO, uTO Tpebyercs
CICLMANLHO BKJKOUATH MAapasJebHO BXOJY BHEUIHHH Pe3ncTop H TeM
CaMbIM MNpefOTBpAallaTh OTNHPAHHe THPHCTOPA 3a CYET TeIIOBHIX TO-
KoB. Uepes Takofi pe3ucTOp YaCTHUHO  3aMBIKAETCS TaKKe aHOIHBIH
TOK, 0OYC/IOBJEHHLI GOJBLIOH CKODOCTBIO BO3PACTAHMS AHOJHOro Ha-
npsKenus dufdt (cm. pasa. 3). Kpome 10ro, 3TOT pesncrop ysensunu-
BaeT MNpsAMoe HaMpsiKeHHe NepPeK/MIOUeHHsT 32 CYeT CHIKEeHHs] YCHJISHHSA
n-p-n-TPAH3UCTOPA K YBeJHyeHHust, TakuM oGpPa3oM, HaNPsKCHUSA, NPH
KoTopoMm nauunactcs dPdekr JAaBUHHOTO  yMHOXEHHS, HEOGXOILHMBI
s Bavagia nepekmoucHusi. CaepoparebHo, YIepKHBaIOWIHA H NOAXBA-
THIBAIOUWIHA TOKH ABASIOTCA (yHKUMeH TOKA, OTBETBJREMOrO OT yNpas-
JSIOLIEro nepexond. °
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Puc. 4-7. 3anucuMocts HauGOBLUIENG H
HaHMeHbIICro YIEePXKHUBAKIEro ToKa OT
BHELTHETO CONPOTHB/IEHHA MeXAy Y3 n
KaronaoM (maa TupucropoB Tuma C106).
1, 2 nu 3-—HauGodblliee 3HaUeHHe YHEPKH-
Balomero Toka npu —40, +25 u +110°C co-
OTBETCTBEHHO; 4, § u 6 — HAaUMeHpwee 3HA-
YeHHe Iy,uep);{ NPH TEX Ke Temnepatypax
COOTBETCTBEHHO.,

Auongoe Hampsaxeuune 12 8. Ilpu comporun-
JeHHH MeXAY ¥ u katonoMm Gogec [ 000 o

MPUKAAALIBATE yKaaatttoe 4 ClIPARAUHIAX
Aanupix  ApsSIMOP  3aWHPacMoC  HaliPIKeHHe
* HeJb3%.

OTHOCHTE/ILHOE  BJHAHHE
BHENIHErO CONPOTUBJEHUS 3a-
BHCAT OT BEJHYBHbI BHYTPEH-
HUX conpoTuBgenuil Ry, U Rs
(puc. 4-2). ¥ MaJOMOIIHBIX
THPHCTOPOB KOHCTpPYKIUSI
ofbluHD TaxoBa, 4YTO COMpO-
tusaenie Rg BEJIHKO HIYH-
TUPYIOIIHE TepeMbiuKH Mpak-
THYECKH  OTCYTCTBYOT), a
Ry —wvano u3-3a  MmaJjoro
pasmepa Ttabuersl. Ha puc. 4-7
N0Ka3aHO BJHSHWE BHEIIHETO
CONPOTHBJIEHUS,  IIYHTUPYIO-
fHeT0  yNpaBasiomui  saex-
TPOA—KATOJM, Ha yAep:KuBalo-
IHUA TOK IJA OJHOTO H3 TH-
0B MA4.J0MOIIHKX THPUCTO-
poe {(CI06) Llupuna obna-
CTH MeXIy MaXCUMAaJbHLIMH
U MHHHUVQTbHLIMH 3HAYEHHS-
MH  YAepIKHBAKOUIEro  TOKa
ofycnosnena pa3bpocoM BHYT-
DeHHUX  CONpPOTHBJIEHHH M
yoMJIenu# Mo TOKY cocTraB/d-
IOLX TPaH3HCTOPOB.

Breuiee WyHTHpYIOliee
CONMpPOTHBJIEHME cnoco6CTBYeT
TaKKe YMEeHBIIEHHIO [BpeMeHH
BOCCTAHOBJIEHYN 6aaroxaps
Soxec OmCTPOMY paccachiBa-
NMIO HAKOMJIEHHBLIX HOCHTENEH,
yBe/WYeHUI0
IEr0 TOKA M YBOJMMCHHUIO
4041010 TOKa, HEOGXoANMO-
ro a5 Hayaha [OBTOPHOro
OFITHp aHH.

4-3-2. Buausinve emKOCTH, HIyHTHpYIOLIEH BXOA THPHCTOpPA

Hefoabuiay emKocrb, mynThpyowas yipapasommi nepexos, Mo-

Ker CUHH3HTb UYYBCTBHT®IBHOCTL THPUCTOPA K napamerpy du/dt

(cm.

pasia. 3) moutd TaK Ke, KAk BHellHee CONPOTHBJEHUe, OZHAKO le BO3-
HefiCTBYeT HZ HYBCTBUTENBHOCTh MO MNOCTOSIHHOMY TOKY H TO HH3KO-

HACTOTHOMY CHTHaJy, DTOT 3(hpeKT

0OCOBEHHO

noJie3eH NpH HaJMUHH

B aHOMHOH HAHM BXOMHOM IENsiX BHICOKOYACTOTHHIX NMOMeX.

OaHako B MOMEHT OTIHpaHHs YNPABAIOIICE HaNpSKeHHe H3-33
YBEJIHYCHHUST AHOJHOTO TOKA JOJIKHO BO3pacTd (cM. puc. 4-5). IMTostromy
€MKOCTb MEXAYy YNPaBNSIOIHM S1eKTPOAOM M KaToloM Oymer zamesi-
AT pOlecC M YBEMIMHMBATL BpPeMs 3a/lePKKM NPH OTIHPAHHH U Bpe-

[IOZXBATHIBAIO-

Msi HapacTaHHs AHOAHOTO TOKa. JTO BJHSHHE €MKOCTH MOXKeT oOKa-
3aTbCA BECbMa HeMXeNarenbHbiM Npd HeoOXOANMOCTM HMeTh DeJbuive
3navenust di/dt aHoaHoro TOKa (cM. pasx. 3 u 11).

Korza THUDHCTOP O1KpBIT, YIPAB/SAIOMMA 3JEKTPOA CTAHOBHUTCH HC-
TOYHHKOM HANDSKEHHs, KOTOPHIH AOJ/KEH 3apAdUTb €MKOCTh BO BXOA-
HOHl UeMH [0 BeJWYMHbLI NajeHHA HANpAKeHUF Ha YIpaB/stolleM fie-
pexone. Tak Kak 3To HanpsiKeHHe (3aBHUCHILEe OT TOKa) OOBIYHO BbI-
ne, weM BXOAHOe HanpsiKeHue, TpeOyemoe AJs1 OTHHPaHUA THPHCTOPA
Uy.o, TO HaKoIjieHHasi B €MKOCTH 3HEPrHsi, HocTynalouast B ynpas-
JASIOLLYI0 Lenb THPUCTOpA MOCae CHafa K HyMo auoAHoro roKa, cosjla-
€T BO3MOKHOCThH MOBTOPHOTO  OTHHPaHUSl W lAPYHIeHHs HOPMaJ/bHOK
KOMMYyTau¥d B cXeMe, B MajIOMOLIHBIX THPHCTOPAX KOHJIEHCATOD €eM:
KocTbio 10 MK, BKMIOYEHHBI MeXAYy KaToAOM U YNPaBJSIOUHMM 3JeK-
TPO/JOM, MOXKET MOAAepXKHBAThL YNPaBAAIOIRUH TOK B TeYGHHE BPEMEHH,
npesnimawolgere 8,3 mcex, Hapyilasi, TakKiM 06pa3oM, KOMMYTalHIO B O/
HoasHbIx cxemax 60 ey.

Ecnu WCTOYHWK YNPABJAAIOUIMX HMIYJbCOB € MajpiM BHYTPEHHUM
CONPOTHBJCHHEM  COEJHHEH C THDHCTOPOM UEpe3  TOCJeA0BAaTeNbHHIA
KOHJEeHCaTop, 3TOT KOHJEHCATOD MOXET 3apANUTLCA TOKOM YMPAaBJSIO-
LIero MMIYJbCA U CO30aTh OTPHIATENLHOE CMElLieHHe Ha BXOJAE THPHCTO-
pa mocjie OKOHUaHHs HMNyJbca. [Ipn maJjoMm 3HadeHHH aHOLHOrG TOKA
B 3TOT MOMEHT TaKOe OTpHUATeNbHOe CMELleHHe MOXKeT IOBJeub 3a-
nHpanue THPHCTOpPA BCJAEACTBHE YBEJIHUCHHS YAEDXKHUBAIILErO TOKa.

4-3-3. Bausinue UHAYKTHBHOCTH,
WYHTUPYIOIEH BXOJX THPHCTOPA

WHayKTUBHOCTE MEX/JY YOPABJAIOHIUM  3JMeKTPOAOM H KaToaoM
CHHXAeT UYBCTBHUTEJNBHOCTh K MEIJEHHO H3MEHAIOIEMYCS aHOIHOMY
UnH (1) BXOLHOMY TOKY, COXPaHSIsi €e BHICOKOH IO OTHOUIEHHIO K OBICT-
pHIM TlepenajgaM ToKa. Takas H3GHpaTeqbHOCTb IOJe3Ha AJS yJyulle-
HUS TEPMUYECKOR CTaGMJBHOCTH, TAK KaK TellJIoBbie TOKH YTEYKH H3Me-
HAKTCA MejJieHHO. [Ipd HCHOJIB30BAHUH THPHCTOPOB, YNpaBJAfeMBIX CBe-
TOM, 9TO MO03BOJsleT OTIHPaTh THPHCTOP BO3LEHCTBUEM BCNBIUIKK HNpPH
HaJMuuM TOCTOSIHHOIO YPOBHSI OCBellleHHoCcTH (cM. pasa, 13).

Koraa rtupucrop oTmupaercs M NPONycKaeT AHOLHBIN TOK, Hanps-
JKeHHe Ha YNpapJAioleM 3JeKTPOJe BHI3bIBAET NPOTEKaHHe TOKa Hepes
HHIYKTHBHOCTb, BKJJOUEHHYIO NapaJesbHo Bxony. CkopocTh Hapacra-
HHA 3TOr0 TOKA TOCJAe OTNHPaHHS ONpeAesieTcss MOCTOAHHOH BpeMeHH
L/R, rpe R omnpegpeasiercss Kak BHYTPEHHHM, TaK WU BHEHIHUM CONPOTHB-
JICHUSIMH 1Llenu ynpasiesus. OQHOBPEMEHHO C YBeJHUEHHEM 3TOro OrT-
PHLATEJIBHOTO TOKa pacreT y/aepXKHBawoluil Tok TupHcropa. Ilpn ma-
JBIX SHAUEHHAX AHOAHOTO TOKa WM NpHU ero HapacTaHaH, Oojee Mel-
JIEHHOM, YeM HapacrTaHHe OTPHLATE/ILHOrG TOKa YNPABJEHHs, THPHCTOP
MOXeT 3aneperhcsl.

ITocne npexpallieHMss AHOAHOTO TOKA OTPUUATENBHBII BXOZHOH
TOK OyfeT UpOJOMKATLCS B TeueHHe  HEeKOTOPOTO BpeMeHH, chnajas
K HYyJI ¢ TOCTOAHHON Bpemedn L/R. DTOT TOK Ha HHTepBaje 3anupa-
HHSi THPUCTOPA CHHMKAET BPeMs BOCCTAHOBJIEHHS YNPaBiseMOCTH (B Ma-
JOMOLNBIX THPHCTOpax — B 10 pa3) W No3BoJAET  NPHKAaIbIBATh
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BHOBb INpPSIMOE HaNpsXKEHHe C MeHblilefl 3aJep:XKKofi W Gosbuiei cKo-
pOCTBIO HapacTaHHS.

Ecan Ha BXOA THpPHCTOpPA H Mapa/ieNbHO BKJIOYEHHYH HHIAYKTHB-
HOCTb MOCTyNAeT YNpPaB/ARIHA HMIYJLC, TO NOA HEACTBHEM HMITYJbCa
B HHAYKTHBHOCTH BO3pacTaerT TOK. [1o OKOHUaHMH HMOyJabca TOK HH-
AYKTHBHOCTH TIPOJOJKAeT NPOTEKATh Kak OTPULATENbHBII TOK Ympas-
JIeHUs!, YBEJHYUBAS YJAepAHBAIOUNA 10K 4 CO3/14aBas NPEeANOCHIIKH HJIst
OTKJIIOUEHHNSE THPHCTOPa.

4-3-4. Baunsinne pe3onancHoro LC-koHTypa,
IIYHTHPYIOILEro BXOJ, THPUCTOPA

[lapannenbubli pesodHaHcHbld LC-KOHTYp, BKJIOUEHHBIH MeXIy Ka-
TOJAOM H YNPaBJAIOHIMM 3JEKTPOJOM, MOXKeT oOecneydTs HaCTOTHO3ABH-
CHMBle CBOACTBA M YCJOBHs BO3HMKHOBEHHS] ABTOKOJEGaHHA B cXeMe
¢ THDHCTOPOM.

YcnoBusa aBTOKOJeOaHHH HMeIOT MeCTO B TOM cCJjyuae, KOTja BeJH-
upHA AHOAHOrO TOK4 JIEXUT MeXAYy HOPMAalbHLIM 3HAueHHeM Y/epiKH-
Baioulero Toka (mpu [y=0) H 3HAYEHHEM YAEPKUBAWUEIO TOKa INpH
HaHOO/BIIEM OTPHIATEJBHOM BXOAHOM IOKe, IIPOTEKAlOlleM uepe3 HH-
AyKTHBHOCTh. Kak 6pliio yKazaHo B § 4-3-3, Tupuctop MoxKeT OHITH OT-
MePT, 3aTeM IIyTeM YBeJWYeHHs OTPHUATEJNBHOIO BXOAHOTO TOKA BHOBb
sanept. MaJjee ciegyeT KoJebaTejbHBI Nepe3apsifi €MKOCTH TOKOM HH-
JYKTHBHOCTH, H, KOTJa HaNpsi)KeHHe Ha YNPaBJAOLIeM 3JIeKTPOAe BHOBb
CTAHOBUTCH IIOJOXKHTENbHHIM, THPHCTOD CHOBa oOTnupaercda. Takue Ko-
JaebaHus CyIIeCTBYIOT YCTOHYHBO, €ClMH He IPHHATH Mep JMAJst HX TIO-
I aBJIeHHs NyTeM AeMnQupoBaHA.

4-3-5. BanaHue NOJ0XKMTEIbHOTO HANPSIKEHHA
Ha ynpaBJsilOleM 3JeKTpoje

Hannuue noJOKUTEILHOrO HANPAZKEHHA Hd YHOPABJAIOIIEM 3J7€K-
TpOLe TNpuU OOpPATHOM HANPSMEHMM Ha aHoje yBeanuuBaeT oOparunbift
TOK Yyreuku BeHTuwsss. B pesyabrare storo B npubope BhiLesseTca A0-
MOJIHUTENBHAST MOLIHOCTb IloaToMy HeoGXOAUMO YYecTb 2TH AONOJHH-
TeJIbHHE NOTepH JAHGO NPHHATE MepPhl K HX OrDaHUYEHHIO,

Ipaduxu na puc. 4-8 nmoxasblBaloT YBEJAHUEHHE TEMIepPaTypsl KOp-
myca BeHTHJEeH pasHBIX cepuil B 3aBHCHMOCTH OT BeJUYHHBL MOJIOXH-
TeJPHOIO HaNpS:KeHHWA Ha YNpaBJsiomleM siaektpoje. Jas npaBUIbHON
paboTel BeHTHJeH 3TH [J00aBOYHBlE MOTEPH MOJKHBI OBITH BKJIOUEHH
B OOLLYI0 BHIEJSIONMYIOCS B NpUGOPE MOIIHOCTD.

Tipupocr Temnepatypul AT, mosyuenHbifi U3 puc. 4-8, nomker ObITbh
BBIYTEH M3 MaKCHMaJbHO [ONYyCTHMON TeMIepaTyphel Kopmyca (MoJyyeH-
HOM W3 KPMBHIX, NOAOOHLIX PuC. 3-DB) AJAA COOTBETCTBYIOHIMX THNA TH-
pucropa ¥ yraa nposoxumoctd Jlnf npuGOPOB, MOHTHPYEMEIX C MO-
MOIIbIO BLIBOAOB, BenuuuHy AT HeoOXOAMMO BHLIYKUTATH U3 3HAUEHUS
TeMIepaTypbl OKpyXawmeh cpeast FEcju HanpsKenue yHupapisioIiero
sfekTposa Oymer Meree 0,25 8 wid ecAu UpeBHIUCHHE TEMOEPATYPLI
Kopnyca Oyner 1°C wmiau HHXKe, TO yXyAlledne paGoTsl BeHTHaAA Gyder
HegHAUHTeJpHBIM H ydueT 3TOH H06aBOYHOH MOIUHOCTH He HYXKEH.

JlomonHATeNIbHAsA MOLIHOCTD MOXKET OBITH yMEHbIUEHAa A0 HHYTOX-
HO MaJsiol BEJMYHHBI NIPH NOMOHIH OrpaHMYHBAMOLIEH [eny, NOKasaHHof
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Puc 48 3apucuMocTh npupocTa TeMmepaTypw Kob-
nyca OT BeTHUHHD TNOJOKUTENBHOTO HMIYJKCA HA
Y3, npusomeHHOr0 npi O6PATHOM HANPAKEHHH HA
awvone Kpubnle DACCYHTAHM TP  OTHOCHTEABHOM
RAPTENBHOCTH  YNPaBASIONEro HMNyJbca An=50%
(T e B TeueHHe Bcero O6PATHOrO HoOJymNepHona)
Tpu wmewbwmx Au 3navennss AT NPONOPUUOHAIBHO
YMEeHbIIAIOTCHA.

Ha puc. 49 ¥ NpUMEHUMOH AAS THPUCTOPOB, PACCUNTAHHLIX HAa HHU3KHe,
cpepune H Gosbinue ToRu (cepun C10 u C35) Pesucrop R4 u mnon B:
BKAIOUAIOTCS MeXAY YApPasAsiouiuM 3JeKTPOJOM W AHOAOM AN yMeHb-
IeHnst MONOMHUTEJIBHOTO HANPSIKENHS HA  YNpap/sioneM  aJMeKTpoxe
npu orpuuareabhoM aHome. Ha puc. 4-9 maHa 3aBHCHMOCTD MAaKcCH-
MaNbHOTO 3HAUeHHA OTHOWIeHust R4/Ry OT avmasryael 3. A c. HC-
TOYHHKA YNPaBJAIOLIEro CHrHaua (T. €. NPH Pa3OMKHYTOR ympapasionied
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7R Puc. 4-9. Cxema orpaHu- Orpunartenbyoe  Hanps-
|74y P [ K cusoboy | UHBAOWEH LEMOYKH 1 Tpa- iKeHHe NOBBIUAET MPAMOE Ha- %Inp.w &Iﬂmﬂ
1000 ‘\ 2 yenu obux giaa onpenenenmus co- upsokeHue ortnupandsi Ugry
\ Hemowun [ p D TPOTHBJEHHS R 4. (cm. § 3-8-3) u cnocobHocTh
\ fuenana A ConpoTuB/ieHHe aHOZHON BHIEPIKHBATh NpPH  JAHHON
T I 1 Leny JuUid yIpaBJsSIOHIero TeMmnepatype mepexofa Gojb- allz ) \(Iﬂ\
f v | X5 UMIyJbca JOMKHO OGHITh inue 3Hauvenus dufdt (§ 3-9). s
f 'r JOCTAaTOYHO MajbiM. BHy- Bousiune oTpunartenbno- £
' e TpPeHHee  CONPOTHBJEHHE TO0 HANPSXKEHHs Ha BeNHuH- — + -+
IUOI NG MCTOYHHMKa curHana Ry ny Uera CHIbHee  mposis- a) d)
— S\ onpenesseTcsi Kak OTHO- jsieTcsl y npuboOpoB ¢ MaJiolt
R ] lOeHHe 3. A. C. MCTOYHHKA MJIOIIAABIO Nepexona Puc 4-10. Cxembl nogayu OTpHIATEN b
N Ey x ero BBIXOZHOMY TO- Ha puc. 4-10,¢ mOKasa-  goro cmewmenus na Y2.
- \\ Ky 1pH KOPOTKOM 3aMbl- Ha cXeMma, rape 3ajaercsa a — 341laH0 HanpsiKedue cMeuleHus; 6 — 3a-
KAaHWHU. HAanpsxXeHue  CMelleHHs Ha nad TOK CMeUIeHHS.
10— ] LN ynpapasomemM 3yekTpofe. Pe-
e I e T \ suctop Re 06bluHO NOAKJIIO-
f——t st b ] T yaercsl K LleNMM YNPAaBJAIOLIEro 3JeKTpPojda, a He K Lenu Karoja. He-
, -1 -s-t -t ———{ UeiH), KOTOPAam HAANHO rouupk E, HarpyxeH TOKOM [n=(Ez—AU)/Rs, rae AU — nageune ua-
OTPAMMUNBALT  HANPAXKE-  pngwenns Ha WyHTHPYIOlleM BXojx aucie (okono 0,7 8). Dror avon
—— 4t -4 e Ha  YNPABAAWIEM ,gocpeunBaer NPaKTHUYECKH  IOCTOAHHOE  OTPHIlATENbHOC HANPHXKEHHE
L E SJIEKTPOAE MpH BCEX 3HA- oyomepns Ha BXofe. HeZOCTATKOM CXEMHl SIBJSETCS HEKOTOPOE YMEHb-
10 Y] uemmax ammAMTYI 06 eppe YYBCTBUTEJNbHOCTH H3-32 WIYHTHPYIOMIETO NEHCTBHA Ry.
0 2 4 & 8 /) pPaTHOTO AHOLHOTO HAMpA-

XKeHHS1 B NPefesax HOMH-
HAJbHEIX BEIMUHUH,
HpyraM crocoGom CHUMEHHS TONOJHHUTENBHON MOLIHOCTH, 00ycaoBs-
MeHHOH IOMONHTEJbHBIM HANPSAXKEHHEM HA YIPABJASIOMEM 3JeKTpoje
TpY OTPUUATENBHOM aHOMe, ABJAETCH BKJIOUEHHE MOCAeLOBATENBHO C TH-
PHCTOPOM HEYHPABJAEMOTO BEHTHJISI, 06/1afal0Ilero MeHbLUIHM 06paTHHIM
TOKOM VyTeukH. Takoil qnox npuHHMaeT na ceba GOALIIYI0 10M10 06part-
HOTO HAmpsiXKeHHs, CYIeCTBEHNO CHUXKAfl BeNUYHHY HOTONHHTENLHOH
MOLUHOCTH, BBIIENEMOR HAa THPHCTOpE H3-3a 00paTHOrO TOKA.

4-3-6. Bausnue oTpHUATETBHOTO HANPAXKEHHS
Ha ynpasjsiouieM ajekTpoje

Hanpsxenue wa ynpapasiomieM  30eKTPOJe HUKOLAA He JOMKHO
CTAHOBUTECA G0JIee OTPULATENBHBIM [0 OTHOUIEHHIO K KATOAY, UEM 3TO
YKasaHO B CNPaBOWHLIX NaHHBIX (HANMpumep, 5 & 1A% THPUCTOPOB TH-
nma C35). Ecin B cXeMe ympaBAeHHs HMEETCH BO3MOXKHOCTH MOSBJACHHS
OTPHUATEIBHEIX HANPSXKEHHH, NPEBLILAICIIHX JIONYCTUMBIE, clefyeT A
OrpaHHueHHs 3TOI0 HANPSIKEHHs HCNOJAb30BaTh JHO0O IIOCJAELOBATEND-
nbifi, aubo mnapamnenbHbifi  AMOA. 3HAUMTENLURM OTPUNATENLHHE TOK
B LEMU YOPaBJSIONIEro 3JeKTPoAa MOXKET BO3HHKHYTb, €ClAH KaTopHas
uenb Tupuctopa (MeXIy TOUKOfl TNDPHCOeXHHEHHS YNPABASIOLIEH 1enH
M KaTONOM) 1O Kakof-ruGo INpHuMHe  PAa3OMKHYTA, KOTAZ THPHCTOP
yXe NpOBOAUT NPAMOR anoAHbI TOK. Takofi TOK B lenM yIpaBJeHHs
BHa4ase OrPAHUUHBAETCH TOMBKO CONPOTHBIEHHEM 3TOH HEHH H MOKET
BHI3BATH BHIMEJENHC HA VIPABJIAIOIEM NCPEXOAE THPUCTOPA MOUTHOCTH,
MpeBbIIAIONIEN AOMYCTHMYIO H NpHBOASUIERl X BBIXOLy upubopa M3
cTpoOsL.

Ha puc. 4-10,6 nokasama cxema, rie 3ajlaeTcs TOK cMelleHUd, HO-
Je3Han JJIsS THPHCTOPOB ¢ MaJoi miaomanbio nepexona. ConpoTusie-
HHe Ienu cMclleHust R ¥ HanpsiKeHue KCTOUHHKA YCTAHABIUBAIOTCHA
Tak, uTOGBl TOK cMmeUleHust [, NPOTEKAWNIMH B yKa3aHHOM HaIpas-
JIEHHH, OBLT NDUMepPHO paseH [yp yr — MAKCUMaJbHOMY NPAMOMY TOKY
YTEuKH THPHCTOpa NPH PacueTHo TeMmepaType Mepexola 1 PacueTHOM
aHoAHOM HanpsxcHud. Takofi suifop [n npeaycMaTpHBaer MOJMHBIA HIH
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Puc. 4-11. Bausuye Hanpsxkenus Ha YD ma AONYCTHMYIO NOCTOSHHYIQ
BpeMesH HapacTaHus JPAMOTo 33IHPAEMOrC HANPSXKEHHS,
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NOYTH TIOJHBIH OTBOJ TOKA YTEUKH OT ympasaswilero nepexona. Onaxa-
KO 3TOT MeTOJ HPHIOfEH [JAfA TUPHCTOPOB, KOTOPHE AONYCKAIT Bbife-
JIeHHe B YTPABJASIOUIEM Iepexoe 3HAYHTENbHOM MOU[HOCTH, 06YCAO0BJAEH-
Hbll TOKOM [5 ¥ BBISBAHHBIM STHM TOKOM OODATHBIM HalpsiKEHHEM
Cxema puc. 4-10,6 npuromHa, wuarnpumep, aas THpHcTopoB Tuna C5,
Y KOTOPHIX JonyckaeTcs paboTa YyNpaBJjAIOIIEro TNepexoga B peXKHME
JIaBHHHOTrO npobos.

C yBennueHnuem ILIOINAJM TEPEXOAOB TAKOM CLOCOO CTAHOBUTCSH Me-
wee 30deKTHBHEIM. ECMU AN TUPHCTOPA B COPABOUNMBIX MAHHBIX YKa-
sano Hanpsxkenne Uorpn (NpH oONpeneseHHOM CONPOTHBJEHHH, UIYHTH-
pyiolieM BXOA), TO He cJelyer PAacCUATHBATL Ha YBEJHUYCHHE HANps-
JKeHHs OTMHPAHHA 32 CYET OTPHUATENABHOTO CMEINEeHHS Ha BXOJe.

Yayumenne crofixoctn npubopa 0o oTHourenuio K dufdt aa cuer
OTPHLATEJNBHOTO CMELIEHHA WAMOCTPHpYeTcs Ha puc. 4-11 nas TupHCTO-
pos cpenuelt Momuoctd Tuna C35. Ha rpadiike mokasaHo BJIMSIHHe
CMCIEHHS Ha JAOMYCTHMYIO TOCTOSIHHYIO BPEMCHH HAPACTauus anonforo
HaNpSIKEHHAA, He NPUBOASILYI K OTnHpanuw npuGopa Hyiesoe cwme-
1leHHe .COOTBETCTBYET INOCTOSHHON BPCMEHH HADACTAHHA (l,, YKA3aHHOR
B CTPaBOUHBIX HAHHBIX JJIA PA3OMKAYTON BRIXOAHOH 1lenu

4-4. BIUAHHUHE AHOOHOR LENH HA BXOOAHYIO

B § 4-1 6p10 yKasado, uTO HanpsiKeHHe NHTaHHS H CONPOTHBAE-
HHEe AHOAHOH LemH ABJIAIOTCA onpelelflowuMu GdakTopamu B nponecce
OTNHPAHHS THDPHCTOPA IO YIpPaBJAfIOMEMY 3eKTPOAy. BansHue aHoOA-
HOro Toka ob6cyxpanock B § 4-2-3. 3mech CTOHT OTMCTHTH TaKkXKe IBa
apyrux sddexra. EMKoCTh TNepexomoB MOMXKeT mnepenaBaTh BbICOKOUA-
CTOTHBIE COCTABMAANIINE AHOAHOTO HAMPSIXKEHHT BO BXOMHYIO Uemb, UTO
MOMET HapYUIHTb HODMajbHylo paloTy CXeMbl ynpaBJeHus, XOTS H He
BLI30BET JIOXKHOTO OTMHPANHA THPHCTODA

Korna awonmoe HanpsKenwe THPHCTOpa JIOCTHraeT YypOBHA Nps-
MOFQ [epeKJIueHnst Wi 006paTHOro Janminoro npo6od, na ynpasJsio-
nIeM 3JeKTpone noasnsercs nanpsokenne [lpw npumoMm nepekmovennu
3TO BXOAHOe Hanpsxeddue oO6GYCJIOBAEHO HAURHAIOIMMCS aHORHHIM TO-
koM H monoxurenpHo (cM. § 4-2-3). Ecnu mocturHyTO HanpsiKeHHe 06-
pPaTHOro JaBHHHOTO MPoBos, TO Ha YNPABJAAIONIEM 3]EKTPOIE MOABISET-
CH OTPHLATEJbHOC HANpPAKEHHE, KOTOPOEe NpH GOJbIIOM CONPOTHBICIHA
Rg (puc. 4-2) momer BBI3BATH JABHHHBIA mpoGofl ynpaBAasiOUEro Ie-
pexola Ecan B pesyaprate nepeHanpsiXeHns o0paTHoe HanpsgXKeHHe
Ha aHoNe TpeBHUIdeT HANpsIKEHHE JAaBUHHOro mupo6os obpaTHO CMe-
OIEHHOTO Tepexona THPUCTOPA, TO 3TO TepenanpsKeHHe  Tepelaercs
B lieNb YNPaBJsIOWEro 3JekTpofa. [IpH 31oM ynpaBamomuf nepexon H
m106as Lenb, CBA3aHHAs C HHM, MOTYT OKa3aThcdl 10J BO3[AeHCTBHEM
3HAUMTE/IbHBIX BCIJIECKOB OOpaTHHIX HANPSIXKEHHA M TOKA

V¥V nposoasinero THPHCTOPa NOTEHIHAJBL aHOJA M YNPABISIOLETO
3JIEKTPOJa NPUMepHO OAMHAaKOBH. Korja THpHCTOp 3amept, NOTEHIIMaJIbt
YNpaBJASIOMIETO 3/1eKTPO/a M aHOAa HHKaK ile CBsA3anbl Mexny coboi,
ec/iu aHoaHOe HanpsKeHwe He npesblinaer npobusnoro. OjnHako B Te-
yeHue TEpPeXoAHoro fnpouecca, CBA3aHHOr0 ¢ 3amipaHHeM THPHCTODA,
MMeeT MeCTO TIPOMEXKYTOUHOE  COCTOSIHWe, KOTOPOe MOXeT NPHBECTH
K NOSBAGHHIO GONBIIOTO OTPHIATEJNBHOIC HanpsiXkenus Ha Bxode. Ecau
THPHCTOP 3amHpaeTcA NyTeM BO3AefiCTBHA CKAauKa OTPHIATEJBHOrC Ha-

BOJILT-AMITEPHLIE BXOIHBIE XAPAKTEPMCTHKU b5

NpsIXKEHUA Ha aHOJE, KAK STO MDOHCXOAHT B NEPEKJIOUATeNsX NOCTOSIH-
HOTO TOKAa HJ/IH HHBEPTOPHBIX CXeMax, TO BXOMHOE HANPSIKEHHE NEepPBO-
HAYAJbHO pPABHO NANEHNIO HATPAKEHWA HA YNPABASIONEM Mepexofe,
NoKa INPOKCXOJHT BOCCTAHOBJEHHE 3TOTO IMepexofd, [0C/de 4ero Kak
aHoJ, TAK M YNpPaBJAIOUWIMA SJeKTPOA  CTAHOBATCS OTPHLATEe/bHBIMH.
Bxoanoe HampsKeHHe c/elyeT 3a OTPHUATeJbHLIM AHOLOM [o TEX 1Op,
noKa He BOCCTAHOBUTCH  CPeJHU  Tiepexoj, MOCAE Yero mnoreHuHasn
yIpaBAAIoIero 3JeKTPoja BO3BpalllaeTcsi K CBOEMY HOPMajbHOMY 3Ha-
yeHHIO. DTH Npouecchl HETPYAHO OOHADYKUTh JUHIL B CXeMax C MaJo-

‘MOILHEIMY THPHCTOPAMH, TaK KaK B CHALHOTOMHLIX npubopax TakKue

3hPeKThl MacKHpYIOTCs HAJHYHEM MaJIoro WWYHTHPYIOIUCIO COUPOTUBJE-
Husl Rs. OTpunareiapHbl BHIGPOC HaNpsSKEHHs HaA YIPABJSIOUIEM 3JeK-
Tpolle MoXer OblThb NPHYWHOH cOOST HAH NOBpeXIEHHS CXeMbl YNpPaB-
JeHHs.

4-5. BOJIbT-AMIIEPHBIE BXOJHDLIE XAPAKTEPHCTHKH

Boapr-amnepHble BXOOHBIE XapaKTeDHCTHKH M JIYCKOBble XapakTe-
PHCTUKH THPHCTOPOB MNPEACTABJSIIOT OOBIYHO B BHAE rpaduKoB, NMOLOG-
HEIX IOKa3aHHOMY Ha pHc. 4-12. Ha nmonoGubix rpadukax npuBomsatcs
npefenbible mostoxeHua (nuuud A U B) BXoAHOH BOAbT-aMnepHO#l Xa-
PaKTePHCTHKH, NOKAa3blBAIOL{ell  HamNpsIKEeHHe HA YNPABJSIOLIEM 3JeK-
TpPOJle OTHOCHTe/BHO KaToja B (yHKUHU NOJOKHTENBHOrO TOKA 3TOrQ
snekTposa. Takde XapaKTepPUCTHKH CNPABEEJAMBE [J1s1 HYJEBOrO AHOM-
Horo TOKa (aHopHas Lenb pa3oMKHyTa). KaxKiabli KOHKpeTHLIl THpH-
crop oTmipaercsi B onpeneseHHod Touke (/y.o, Uy.o) CBoell BXOLHOA
xapaxrepuctdky. OcHOBHasi 3ajaua CHCTEMBI YIPABJEHHS — CO3[AThb
B LENH YNPaBJSAIOWIETO 3J1eKTpPoAa TOK [y ¢ NPH COOTBETCTBYIOIEM Ha-
npsaxeHuH Uy.o. 3amrpuxoBanHas Ha puc. 4-12 miomagka oxBaTHBa-
eT BCe BO3MOXHHE M0JoXKeHHs ToueK oTnupasus (ly.o, Uy.o) THDH-
CTOPOB, Y/OBJETBOPSIOIHX COOTBEICTBYIOIIMM TeXHHYeCKUM TpedoBa-
uusiM. TakuM o6pasoM, AJs HafeXHOTO OTNUPAHHA BCEX TaKHX THPH-
CTOPOB CHCTeMa YIpaBJeHus JOJKHA OOecreudTb CHrHajJ, XapaKTepH-
3yeMblil 3HAYEHHUSIMM TOKAd W HaNpsKeHHsl, JexallyMy BHE 3allTPUXO-
BAHHOM 30HEHL.

O6aactp, 3aKJIIOUeHHad MeXAy 3alITPHXOBaHHOA Ha puc. 4-12 30-
HOH, TpeleJbHBIMA BOJbBT-aMNepHbLIMH XapakrepucrukamMu A u B, jau-
uuell C, xapaKTepH3yiolleH NpefeJbHO AONYCTHMOE NpsMOe Hampsxe-
HHe Ha ynpasasiolleM 3jeKTpofe Uy mpex, W JuHHeR D, xapakrepusyio-
e NpenetbHYI0 INHKOBYIO MOIMHOCTb paccesHust Py w, MOXeT ObiTh
Ha3BaHa «IPefNOYTHTEJbHON 06JacThio yNpaBieHHS». Hekotoprle THIBI
THPHCTOPOB MOTYT TakK¥Xe HMEThb IpefejibHO HOMYCTHMOe 3HAaycHHe TOoKa
ynpaBaeHuss [y ppex, XapaKTEPH3YEMOE BePTHKaJbHOW MpPsIMOH, mepece-
Kawomeil gunun B u D.

I'paduk, nmokasaHHbIl B NpaBoM BepxieM yriy puc. 4-12, mamoct-
pHPYET 3aBHCHMOCTb MHHAMaJbHO HeoOXOAMMOro AJisi OTNHpaHuA yIpas-
Jsoiero Toka /y.o OT TemnepaTyphl. UeM HMKe Temieparypa p-n-p-n-
CTPYKTYPH, TeM OOJbIIHA yupaBAsIONd TOK HE0O6XOMMM AJsd OTIHpa-
uud. (B HeKoTOpBIX CNMpaBOYHBIX MAHHEIX YKA3bIBAETCS TAKXKe BJHSHHE
NpsIMOTO AHOMHOIO HANDSIKEHHs THPHCTOPA Ha €ro YyBCTBHTENBHOCTH
K TOKY ymnpaBjeyHsl: yBeJuuyeHHe aHOIHOrO HaNpsKeHus, ocolbeHHO ¥y
MaJOMOUIHKX THPHCTOPOB, BeleT K YMEHbPEHHIO HEoOXOJHMOro TOKa OT-
nupanug ) Tam e Ha puc. 4-12 TaxkxKe Noxazado Hanbofiblliee NpAMoe
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HanpsieHHe Ha YNpaBAAIOHIEM 3/€KTPOJe, He BLI3HIBAIOLUEE OTMHPAHUSA
HH OJHOrO THpPHCTOpA JaHHOro Tuma (cM. § 4-3).

B 1perbem KBafpanTe XapaKTePHCTHKH 4acTo YKasHBaTca npe-
Jle/pHbIe 3HAUEHAS 06paTHCIO HanpsKeHHWst Ha YNPABJSIOLIEM 3/eKTPOJe
H COOTBETCTBYIOWIEd MoluHoctH paccesuus. McnoassoBanue o6paTHOro
HaOpsAXKEHHA W 00paTHOrO TOKA B LEMH YNPABJISIOUIETO 3JeKTpoAa Ajs

YBEJHUYEHU S 3anupawuedl  cnocoBHOCTH  THPHCTOPOB  PAcCMOTPEHO
B § 4-3-6
g Uy
4 [ Munumansno ﬂaao'maum/e‘ \ , |
moKxu GAR omnupanun mo-
Bozo mupucmopa npu
|-+125°C +25°C -65°C
\ * MunuMa 1Ko
3 Heosxod
HANPANCENUE
GAR omnupanus
N nwbozo mupuc-
2 N mopa npu -65°C
N
N N
S
81Uy ) 3 0,25 8 —naubosswee
10 1 HanpAXcerue Ha Y3, npu
h‘“ wmc;pwyJ wu pfBun mupucmop
p== 0 “mpu (25 € #g gmnupacmen) 7
= A 5y 100 150 »a
sH—  (n)
\
\\l j
6 r ! Pym=58m }__
| noeonoumume nsras™
a6 nacme N N
4 omnupanus >
| LT
(8)
2 %Lv/I
?é;_
0 LBy
a4 0,6 .2 1,6 2,0 a

Puc. 4-12. XapaxrepdcTHKd yHUpaBJIeHHsl TOCTOSHHBIM TO-
kom (ana TupucTtopa TtHna (C35).

3awrpuxoBannas 30Ha npenacraBaser cofoii o6aacrs Bo3-
MOXHHIX TOYEK OTIHpaHHs Npu HaWHM3Wel TeMrepaType
nepexona —65°C Tlpu TemmepaTypax nepexoja +25 H
+125°C HanBoabiiag BO3MOXKHAS BeJMUMHA YOpPaBAsfolle-
rO TOKa OTNHPAHWA yMeHb!Iaercss (npdBas BepTHKanbHas
TPaHHIa 3Toll 30HLI CABHTA€TCs HAJNEBO), KAaK MOKa3aHO
B BepxHeM NpaBoM YIJy

4-6. HATPY304HbIE NPSMBIE

HarpysouHas npsmasi HCTOYHHKA YNPABJSIONLETO CHTHANA [OJIKHA
nepeceKaTb BXOAHYIO BOJIbI-aMIEPHYIO XapaKTEPUCTUKY AAHHOrO THPH-
CTOpa B «IPEAMOYTHTENBHON» oGiacTH yupasjenus (puc. 4-12) Kpome
1010, TOYKA NEpecevueHHs JO0J/KHA pAacHoaaraTbCs AOC1aTOYHO GJH3KO
K KpHBOH MaKCHMaJbHO JOnYycTHMOH (IIMKOBOW, cpejHed HJIM Ap.) Moli-
HOCTH BO BXOJHOM lenu Tupucropa. CKOpocTb HAapacTaHusi Toka ynpas-
JleHus1 JOJKHA OBITh MOPSAKAa HECKOJbKUX amIep Ha MHKDPOCEKyHAY
I YMEHBIIEHHS BPCMEHU OTIUpaHMs, OCOOEHHO Npu 00JbIIOM aHOJAHOM
TOKe. DTO B CBOIO OYePE/Ab MPHBOAHT K yMEHBIIEHHIO MOLIHOCTH, BhIJe-
adiolleiics Ha 3Tane oOTHMpaHHs, a TakXKe K CHUXKeNHIO pasbpoca
3HAUeHHY BpeMeHH OTNHPAHHS.

Ha puc. 4-13,a noxasaHa cxeMa 3aMellleHHsI HCTOYHMKA YIPaBJsIO-
UIHX CHIHAJ0B, TPEICTABJEHHOTO €ro 3 JA. ¢. Ey M BHYTPEHHHM CONpO-
THBJAeHHeM Rym. Ha puc. 4-13,6 nnHua Harpy3kH 3TOro HCTOYHHKA IIO-
CTpOeHa Tak, 4ro pabouas TOUKA, T. C. 10YKa MEPecCyeHHs 3TOH JIKHHH
C BOJIBT aMIepHOH XapaKTepHUCTHKOM, paciosokeHa B NPEANIOUTHTRNbHOR
ofutacTd OTHHpAHUsT BOMM3H KPUBOH MOMYCTHMOH MOIMHOCTH PaCCESTHHA.
[Ipu srom Harpy3ouyHas mnpsMas OTCEKAaeT Ha KOODAMHATHBIX OCAX
HanpsiKeHue XOJIOCTOTO Xoxa Hc-
tounuka curHana Eyxx u ero
TOK KODOTKOr0  3aMBIKaHUS
IYK3=EYXX/RBH-

Ecin 3. n. c.  HCTOYHUKA
YNpaBASIOUMX  CHIHAJOB  SIB-
aserca GyHKUueH BpeMeHH ey (f),
TO HATPY30YHAas IpAMas Ha Tpa-
Jpuxre, nogobHoM puc. 4-13,6, He-
NpepblBHO  CABHLAETCS  napad-
nejqbHo camon cele, HauyMHadA
OT Hauana KOOpJHHAT H JOCTH-
ras CBOEro TPeJesbIOro [0J0-
¥WeHHs NpM aMIJIUTYAHOM 3Ha-

YeHWH  YOpaBisioOLIero  Hanps-
wenust. OrpaHnyuTesnbHas KpH-
Bas  pacceuBaeMoll  MOIUHOCTH

peIOHpaercss Ju60 MO CpenHeMy,
Jau60 10 MaKCHMa/lbHOMY (MHKO-
BOMY) 3HAQYEHMIO MOIIHOCTH B 3a-
BHCHMOCTH OT TOrO, Kakas Be-
JUYHHA COOTBETCTBYET NPHHSITO-
My pexumy. Hanpumep, mpu
YIOpPaBJeHAH TOCTOAHHBIM TOKOM
He ClefyeT MpeBHINATh MAaKCH- 6
MajJbHO  JONYCTHMOE  CpejHee
3HAUeHHe MOILHOCTH YylIpaBJe-
wua (0,5 87 AnA THPUCTOPOB TH-
na C35). Ilpu ynpaBjennu Kpar-
KOBPEMEHHEIMH HUMIYJIbCAMH CJe-
ILyeT MCIOJb30BATH MAaKCHMaJb-
Hoe (MHKOBOE) JOMYCTHMOE 3Ha-
YyeHue MOUHOCTH pacCeuBaHus

Tynsy

Puc. 4-13. OxpuBanenTHan cxeMa
HCTOYHKKA YIPaB/SIOMEro CHrHAJA
(@) u rpadug, nOKaspBaIOWHA
B3aHMHOEe DpACHOJIOXKEHHe BXOAHHX
XapaKTePHCTHK THPHCTODA W JHHHK
HarpysKu sTOTO wucrouyHuxa (6).
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(s rupucropos C35 oHo paBHo 5 61, 4io coolBercTsyer kpupoit D
Ha puc. 4-12). Jlnst NpoMeyTOUHHIX KPHUBBIX YIPABJAIOLIEI0 CHrHAJA
MOJIOXKEHHE OTPAHHUMTENbHON KPHUBOH, XapaKTepH3YIOMeH IIpefesibHO 10-
MyCTHMYI0 MOILHOCTb pPAaccesiHusi B IPOMEKYTKE YNPABJSIOWHE 3J6K-
TPOLA—KATOA, Onpelensiercs CcooTHOWEHHEM Py you=Py ulu/ <Py cq,
THe Iy — IIHPHHA HMNYJAbCa, f — YacTOTa OBTODPEHHSL.

4-7. YIPABJAIOUWIEE HAMPS)KEHUE, HE NPUBOJISALIEE
K OTHHPAHRIO THPHCTOPA

Ha puc. 4-12 TakXe mnoxkasana BeJMunHA YIPABJSIOIEr0 HAnps-
KeHus, HMXKe KOTODOH OTmMpande THpPHCTOpa He Tpousofiger. Hanpu-
Mep, aas tupucropa Tuma C35 (2N6G81) sra Bemuuuna  cocraBiascT
0.25 e npu Temneparype mnepexoga 125°C. T1or ypoBeHb HEOGXOAUMO
YUHTBIBATL TIPH pacueTe Cxem YNPABJACHHUS, B KOTOPHIX MNpPI OTCYTCTBUU
YHIPABJSAIOIIEr0 CHIHAJA HMeeTcsl MOCTOSHHEI TOK yreukd. Ilpumepamu
ABJAIOTCH cXeMbl C HACHILAIIUMHCS PeakTopaMu H C OAHOIEpeXoJilhl-
MU TpaHaucTtopaMu. Jasi npejnoTBpalieHust JIOXKHOTO OTMUPAHHS THPH-
CTOPA IIPH HCIOJb30BAHHUM TaKUX CXeM HCOOXOAHMO BKJIO'TATH PE3UCTOP
napajnejbHO BBIXOAY HENH ympaBiaeHHs. BejauunHa CONPOTUBJIEHHS pe-
3HCTOPA He JOJXKHA LPEBLIUIATh YACTHOTO OT Je/NeHUs MaKCUMaJbHOIO
HalpAMXKEHNs1 YNPABJAIONIEro 32JeKIpojAa, Ipu KOTOpPOM elle He Npo-
HCXOAHT OTNMHpaHHe, Ha MaKCHMaJbHBIA TOK YTeUKH HAa BBHIXOAE CXeMbl
YIpaBJeHHs.

4-8. HUMINIYJbCHOE YIIPABJEHHE

OO6BIYHO B CHNPaBOYHHIX MAHHBIX HPHBOAATCS TOK W HampsiKeHHe
YNpPaBJSIOIEr0 3JEKTPOAA, Ae00XOXUMBIE MAJs OTIHPAHUS, H3MepeHHbIE
Ha INOCTOSIHHOM TOKe. DTHMH NapaMeTpaMH MOXKHO PYKOBOJICTBOBATBHCSA
IIPU JUIMTEJBHOCTH NYCKOBOTO HMIyJjbca He Kopoue 100 mxcex. das
foslee KOPOTKHX HMIYJbCOB YIpaBJsOUHC TOK H HampsiXKeHHe OTNHpa-
HUS YBeJHYHBAIOTCS.

B o6macTH MaJblX BPeMeH THPHCIOP MOXHO PacCMAaTPUBaTh Kak
ycTpoficTBo, yipasiasemoe 3apszoM (1nofofHo Tpaxaucropy). Besuuuna
3apsiia cBoGOAHBIX HOCHTeJeH, HaKal/JWBaeMblx B 6a30BOM p-cjoe, Of-
peflesIsieTcss PA3HOCTBIO MEXKAY CKOPOCTBIO MOCTYfJeHusi 3apsaia [y=
=dg/dt u cxopoctb ero pekomGuuaunu. [Ipu curHajge NOCTOSHHOTO TO-
Ka ¥ NpY HeM3MeHHOH CKOpocTH pekoMOHHauuu cBOGOIHBIH 3apajx 3a-
BHCHT TOJBKO OT BXOAHOro Toka. Korga 3ToT 3apsij AOCTHIAET OIlpe-
AgJICHHOTO YPOBHS, THPHCTOp OTHEpaeics. [las IOJYueHHsi Takoro e
3apsAfia B TeUeHHE BPEMEHH, CPaBHHMOIO ¢ BpEMeHeM DEKOMOHHAIMH,
TpebyeTcsl yBeJHUMBAThb BXOMHON TOK, a CJAE€ZOBATEJbHO, H BXOAHOE Ha-
npsKeHue. i

Ha puc. 4-14,a noxasano COOTHOIIGHWE MeXIy MIHUPHHON H aMILIH-
TYAOH OTIHpAIOLIEr0 HMIYJbCa YIPABJIEHHA AJA OAHOIO H3 Ma.lOMOLI-
HHIX THUDHCTOPOB. 3aMETHM, 4TO NpPH MaBIX JUHI1eNbHOCTAX HMIYJbCOB
HaKJIOH KPHBBIX AN yOpasasuoulero Toka [y.o=f(fu) npubmuKaercst
K HaKkJOHY JMHUM NOCTOAHHOrO 3apsja. Touka, B KOTOPOH KpubBble AJA
"1oka Iy, OTXORAT OT TOPWUSOHTAJLHON JHHMH, COPAaBeAJHBON MJs VI-
paBJeHHsT MOCTORHHBIM TOKOM, cOOTBeTcTByer npumepHo 200 mkcex and
JlaHHOTO THHa THpHcTopa. Jlpyrue THOBI THPHCTOPOB C MAJBIMU Bpe-

MEHaMy PeKOMOMHAIMHM MOTYT YNPABJIATLCH HMIYJBCAMH TOKA, paBlibl-
MU 10 AMILIHTY/AE CUTHAMY TIOCIOSIHOTO TOKA, NPH MEHbIIell AHTENb-
HOCTH BILIOTL 70 20 mKcex.

He caenyer nenatn BEBO7TA, WTO Ui OTHUPANHA THPHCTOPA MpPH-
eMJIEMBl TOJIBKO NPAMOYTLOJbHBIE HMIYJAbch. MOKHO HCHOMB30BAIL Of-
HOTIOMSAPHBIE UMIMYJbCHl JIOGOH (OPMBI, He NpeBBIIA0IINE NPEIebIO
NOMYCTHMBIX TOKA, HAMPAXKEHHST ¥ MOUIHOCTH YIPABJSIONIEr0 3JeKTPO-
a n obecneyuBamollne HeoOXOAMMBIN 3apam. Kpurtepuit cooTBeTCTBHS
3apsAja MoxKer OHITb ONpeesneH IyTeM IOCTPOEHHS HHTErPAMbHLIX KpPH-
BBIX PeajIbHOTO HMIYJbca BXOAHOTO TOKa N NPSMOYFOJIBHOTO HMIY.ibea,
HeoGXonuMoOro AJs oTmupanust (puc. 4-14,6). OueBumno, sapsiusl paeHsl
B TCUKe IepeceueHnss KPUBBIX.

Ha puc. 4-15 nokasamo ysefnueHme ynpap/siollero CHrHada INpH
YMEHBUICHHH JUJIATEJIBHOCTH UMIIYJbCOB JUIsL TSI1M THIIOB THPUCTOPOB.
[Toro6uble rpaduky COpaBefJHBEl TOJBKO B TOM CAYYAe, €CaH AHOAHBIA
TOK HapacTaeT HAOCTATOYHO OBICTPO M JOCTHFAET BEJMUMHBI MOJXBATHI-
BAIONIET0 TOKA paHblIe, 4eM OKOHYUTCH YHpaBAf0WUil umnyasc. (ITox-
XBATBIBAIOIIHA TOK MOXCT ObITb NPHHAT DaBHBHIM TPEXKPATHOH BeJIHUH-
HE YHepKUBZIOIEro TOKa, YKa3aHHOH B CNpaBOYHBIX AaHHbx.) IlosTo-
My Ccad B AHOJHON Ieny HMeeTcs 3HAUHTeNbHAHd WHIYKTUBHOCTh,
pekoMeniyeTest HCHOAL30BAThL JOCTATOUHO [JIMHHBIE YIIPaBASIONIE HM-
nyabchl. [lo 3Tof Ke npuuMHe B HCKCTOPLIX BLINPAMUTENBHBIX H HH-
BEPTOPHBIX CXeMaX, B KOTOPBHIX BO3MOXKHEI CHNaabl AHOLHOrO TOKA A0
HYJsT ¢ TOC/AENYIOIHM ero HapacTaHHeM, IeMeco06pa3HG HCMOJb30BaATy
NPSMOYTOJIbHbIe YIIPABIRIOUINe HMITYJbCE IJMUTEABHOCTBIO Yo niau /s ne-
prola.
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Puc. 4-14. Bausinue WIHPUHBL YIPABAAIIErO HMIyJjnca (JIJIH THPUCTO-
pos tuna C106).

Q — 3aBHCUMOCTH HEOOXOONMBIX AJA OTHNHPAHHA aMIMHTY] YODABMSIOULIHX Halps-
weuust Uy o ® Toka Iy , Or INPHHBI MPAMOYTOALHOLO HMOYJAbCAa (I — JMHUS TO-
CTORHHOI'O 3apsana; 2—1vo npu —40° C; 3—1y.o npu -+25°C, 4_‘Uy0 npu
—40° C; 5—Uyo mpu +25°C); 6 — KpuBbie 3apsia ¢, BBOAMMOro B p-6a3y TH-
pucropa (A — KpHBas HAapacTanus 3apAfa 0pH SKCHOHEHHHATHHOM HMITyJabCe
TCKa ¢ aMIVIMTYAOH 4,75 M@ W IOCTOSIHHOH BPEeMeHM 4 MKCceK; B — kpuBas 3apd-

Aa, HeOOXOAMMOro ias Olnupanus Tupucropa C106 HOPSAMOYI'ONBEBIM UMIOYJALCCM
TuKa npu +25° C).
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Puc. 4-15. 3aBHCHMOCTb OTHOCHTEJLIIOTO HANpAZKEHHA na Y3, He-
06X0MMOro [Ty OTHUPaBHsi, OT JLIHTEJIBHOCTH HMIYJLCOB Iy,
1009 — Benuuura HaupsKeHus, HEOOXOLUMOrO MJsi OTTIHDAHUS
NpH YOUpaB/ieHHU TOCTOSIHHBIM TOKOM.

3.1 c. BHyTpeHHee
o HCTOYHHKA | compoTHBJEHHE
Ne kpusoit | Tm TupHcTOpa Toxp' c cursana E., Hcﬂgqua
8 v CHrHaJva, om
1 Ci0 —05 3 20
2 Cl0 25 3 20
3 C35 25 5 25
4 C35 —G5 5 25
5 C50 25 5 25
6 C5 25 3 20

[TyckoBble XapakTepUCTHKH HA MOCTCAHHOM TOKE CHHMAIOTCS MPH
HCIBITAHHA BCEeX THPHCTOPOB, XApaKTePHCTHUKH NPH HMIYJAbCHOM OTHIE
panui — quinb  BHIGOpouHo. B Tex ofsacTax HCHO/b30BaHWA, e Xa-
PaKTEPHCTUKH HMIYJbCHOIO OTNHPAHHS OKA3BIBAIOTCA Ofpe 1e/0UUMH,
HeoBXGAUMEl ClElHalblibie H3MEpeHUsi, YTOOLl rapalTHPOBAaTb HaJeXKlioe
O1mHpAaie.

4-9. OTNIHPAHUE TUPUCTOPA
OTPULATEJbHLBIM UMNIYJIBCOM

B HEKOTOpHIX cjyuasX BO3HHKaeT HEOOXOAMMOCTb OCYLIECTBJATH
OTTIMpaHHe THPICTOPA OTPUUATEJBHBIMH HMIyJbcaMd. B cacmax c Ma-
JOMOILILIMI THPHCTOPAMY JIOCTAI0YHO IKONOMMUHOE OTNHpaHHE OTPH-
1aTeIbULIM HMIYALCOM MOXKET OCYIMECTBJAThCSE IOAAued UMIYJAbCA lia
{10CJelOBaTe/IbHO BKAOUGHb AuoA. Ha puc. 4-16 nmoxkasana monofusad
cxeMma Aas rtupucropa tuna Cb.

U3MEHEHUE HAMNPSDKEHUS HA JHTEPBAJIE OTIIUPAHHSA 101

4-10. U3MEHEHUE AHOJHOTO
HANPA)KEHHA HA UHTEPBAJIE
OTNMHPAHUA

-~
Ha puc. 4-17 npuBefeHH BpeMeHHHIE 000
XapakTepHCTHKH Ansf  THPHCTOpA&  THIA
CI0 na pHTepsaje OTHHDAHHA. 3aBHCH-
MOCTH, TpHBeJeHHble Ha 5ToM rpaduxe,
XapaxkTepHb ¥ AJsT THPUCTOPOB APYIHX
tunoB. Ha rpaduxe nokasaHa 3aBHCH-
MOCTh OTHOCHTEJIbHO TPAMOrO Hamnpsxe-
HHSL HAd THPHCTOPE OT BPeMeHH /IS UCXOA-
HEIX 3HAaueHuil npsiMoro Hanpsixenus 500
v 100 6 npu ABYX DA3MUUHBIX AHONHBIX TOKAX; OTCHUET BPEMEHH IIPOHU3-
BOAHMTCH ¢ MOMEHTa MOAauYH YNPaBJAWUIEro HMIY/bCa.

[Mocne nojauy yapaBasiomlero HMIy/abca HaG/IOJ@ETCS HCKOTOPOE
3ama3fblBadie BO BpeMeHH, Npex</ie ueM NPOHIOHAET 3HAUHTENbIOE MO-
BHIILIEHYE AHOJHOTO TOKA.

BpeMs 3anasfntBaHus (3agepXKKu) foan (Ha puc. 4-17 fhan MoKaza-
no mast Kpueolt npu 500 6, 1 a) ompeaensieTcss Kak TPOMEXYTOK Bpe-
MeHH MeX/y mnepeanHM (DPOHTOM YNPaBJSIONIEro HMIYJbCa H TOYKOH,
KOIla NnpsiMoe HanpszKenwe cocrasiser 90% OT ero mepsoHayanpioro
3navenusi, BpeMs 3anasibIBaHHA YMEHbINAETCS C YBeMIYEHHeM aMIIH-
TYAB YNPaBJASIONEro HMIYJbca H JIOCTHTAaeT MHHUMA/bHOA BeJIHYUHSI
0,2—0,5 mKcex npH ynpaBAAOMMX HMmysscax 500 ma u Soabire.

BpeMsa HapacTaHdst TOKa fm ONpELeseTcd KaK BpeMd, HeoOxo1u-
Moe NA CHWIKEHWS NMPAMOrO HampsiKenust na tupucrope ot 90 n0 10%
nepBOHAuaNbHON BenuuuHbl (puc. 4-17). Bpems napacTaHus TOKA H

yMeHbIIeHHs NPSIMOro Hampsxe-

Puc. 4-16. Cxema s oT-
NHPaHus THPHCTODA OTPH-
HATEeJbHEIM  HMIYJbCOM.

%[ s ) HUS HA THPHCTOPE OTpeenserds
[ \\{ T - rAaBHBIM 00pa3oM napameTpamu
80 menH Harpyskd. [Ipu uHCTO aK-
\ THBHOM XapakTepe Harpyski Ha-

60 pacTaliie TOKa [POHCXOAMT B CO-
L =\3a DTBETCTBHHM ¢ flafeHuHem aHOAHO-
Lyan>lind S\ ro Hampsukelius, T. €. CKOpOCTb
“0 e D AN NOBBHIICHHA TOKA HalPy3KH ompe-
TV o geasercss  TONLKO — BPEMEHHOM
20— ¥\a XapaKTePUCTHKON BK/IIOUEHHS TH-
- — 1 — ;&_ pUCTOPA; 3TUM OGBACHAETCR TEp-

0 il 12 MHH «BpeMs HapacTaHus». Ilpu
05 1,0 Mxcer 5TOM HAaJ0 YYHTHIBATH, YTOOH

4 npou3BeieHHe 3HAYEeHHAI M TOKA

Puc. 4-17. Tumosble kpuBble CHH- HanpsiXKeHdss B TeUeHHE HHTep-

KeHHA aHOJHOTO RANPAXKEHHA UPH
OrMMPaHHK (/19 THPHUCTOPOB THIMA

Baga OTHHPAHUSI He IPeBBbIAJO
JNOMYCTHMOM MOILHOCTH H& THPH-

C10). Vnmpasnmoummii uMmyase ¢ crope. Ilo STol npuuuHe CKO-
BpeMmeHem Hapacranus 0,1 mxcex  pocrth  HapacTaHHs  @HORHOrO
npukaagsipaerca upu $=0 or Hc-  1oka di/dt posamua 6uThH orpa-
TOYHHKA ¢ 3 . ¢. 7,0 8 uepes pe- uuuena (cM pasia. 3) Bpems

sucrep 20 om. HapacTaHusl, TaKk Xe Kak U Bpe-
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Ms 3anasiblBaHuA, yMeHbUIAeTCs NpH YBeJWYEeHHH MOLIHOCTH CHMTHaja
ynpasienus. CienoBarejbHO, AJf TOTO UYTOOGH CBECTH K MHHHMYMY
MOTEPH MOILIHOCTH MNpY OTMHPAHHH, YyIPaBjeHHe THPUCTOPOM JMOJKHO
IPOH3BOAMTLCH MAKCHMAJbHO BOSMOXHBIM [0 MOIIHOCTH CHTHAJIOM,
OTPaHHUEHHEIM, OAHAKO, KPHUBOH MaKCUMA/JbHO MNOMYyCTUMOR MOILHOCTH
Ha Y3, nokasaHHo# Ha puc. 4-12.

ITonHoe Bpemst oOTnHpPaHHst THPHCTOpa ompejensercd kKak forn==
=f3an+fn. BaXKHO OTMETHTb, UTO 3aMeTHOE paccesiie MOUIHOCTH IIpH
OTNIMPAaHUK TUPHCTOPA MOXKET HMeTb MeCTO U ICcle OKOHYAHMS HHTep-
Baia forn B TOM OMBICJE, KaK OH ompeieseH 'Bhlle. B gacTHOCTH, TpH
OTCHPAHNH ¢ BHICOKMM HAUAMbHLIM HATPAKEHUeM U 3HATUTEILHBIM TOKOM
[oCTe OTIMUpaHUs «CIeAyeT YUMTBIBATL AONYCTHMBEIE [ApaMeTphl, paccMo-
TpesHoie B § 3-8.

Pasbpoc uin u3MeiloHHe BpeMend OTNHPAHHA OT OZHOTO d1€pROAA
K Apyromy ofibiyHo He npebbiltaer 2+ 10-% cex mpu MOCTOSHHON TeMlle-
paType, ecan ViIpaBIAOWHil HMIYJIbC 10 aMIIMIyTde TfpeBbaer B 2—3
paza MHHHMAaJbUYI0 BeJIHYUHY, TpeGyeMyio 1Js OLMIPAHHS BEHTHA.

4-11. TPOCTBIE CXEMBI YIIPABJAEHHS
C UCNOJb30BAHUEM PE3UCTOPA U LUENW RC

Huorga tpeSyerca HaliTy mpocrefiive u manbodee 3KOHOMHUUHBIE
CriOCOBB YNIpaBJEHHs] THPHCTOPAMH, KOrZa MOXKeT OBITb ZONYILEHO He-
KNTOPOe yXymAlUeHHe [TOBTOPAEMOCTH XapaKTePHCTHK B [pefenax BCero
TeMepaTypHero juanasoHa IIpocTble H 3KOHOVHUHBIE CXEMpl YpaBJe-
HUSL THPHCTOpaMH HOApoGHO paccMorpenst B [JI. 1-3, o 5.

Ha puc. 4-18 mokasan mpocToil cnocof HONYUEHUst YIIPaBISIOUler0
CYTHAMA 17is OTHUPAHUA THPHCTODA TPH THIAHHUY ero OT UCTOUHHKA me-
peMenHoro Toka. IIpi OTNHPAHMUH HaNpsUKEHWe HA THPHCTOPe MagaeT A0
BeaMuMHbB AU, ¥ ynpapasiollufl CHIHAJ CHUXKACTCST JO He3HauHTelBHOH
BeJHUMHEL CONPOTHBAeHHE Ry OrpanMuMBaeT MaKCHMAJBIHG Tok ¥O.
B uemi ynpasieHHs IpeAyCMOTPeH XHOI, KOTODLIfl IPENsTCTBYET TOSB-
JeBHI0 0GPaTHOTO HANPSKEIHA MCKAY KaTogoM U YD Bo BpeMs obpar-
HOrO monymepHoaa. B cayuac HeoGXOAIMOCTH IHOA MOMKHO 'BKJI}O'{I;‘!:

He nocJjenopatenbHo ¢ Ry,

Hazpysra Hazpysna a  MeXjay  yIpaBJSiOUM

s SJEKTPOJIOM ¥ KaTonoM. IIpo-
TEKaHue TOKa Uepe3 HAarpys-
Ky HaulHAeTCs NPH 3aMblKa-
nun Kawoda Ky Ha  puc.
4-18,a WAM pasMHEIKAHHH KJIO-
ya K, Ha puc. 4-18,6. Tlpe-
Kpaulenue TOKa  HarpyskH
IPOMCXOJUT C 3amepkKKoil, He
npeBblIUAOLIEl OZHOTO MOJY-
NepUOa MOCAe pPas3MBIKAHHs
K| nau sambikanus Ko.

B &kauecrBe kJjwouell K
u K, uenecoo6pasyo uCmob-
30BaTh MAarHUTOyIpaBiseMbie
KOHTAKTH, pa3MelleHHHE B
3amaAHHOM CTeKJsiHHOM Gaji-
Jiotre, ympaBJaseMble C  IO-

47

o)

Pruic. 4-18. OmHonc.ymepHOAHBIT cTa-
THYECKHH KJIOY.

a — nochefoBarefibHan
JedsHAR CXEMa.

cxeMa; 6 — mapan

CXEMBl YITPABJICIHMS C HCHAOJIL30LANTIEM PL3ICTOPA 103
Hiepyana Haepyaxa
B
Puc. 4-19. Ilpocras omso- Puc. 4-20. Tlpoctad  ognxonoayne-

noaymepHoiHaa cXemMa ¢ ¢a-  puoanas cxemMa ¢ ¢al3oBEIM ymnpasie-

30BLIM yOpaBJeHHeM ¢ MNO-  HHEM ¢ TNOMOWbi meimn RC — puoxn
Mowbio H3mensemoro compo-  (0<<a<C180°).

tupjienns (0<a<90°). Tumo- TunoBsle napamerpbl 0OPH HampsKeHHH
Bble mapaMerpei npu Hamps-  cetu 120 6: T —run Cl1 (2N1770),

xenwn cerd 120 8: T — tun
Cll  (2N1770), [ - tun
IN1693, R=15 xom.

R=40 xom, C=025 uxp vnu T — tun
C11/C20, R=10 xox, C=1,0 mxo.

MOLIBIO HEOOMLWIOTO 3JeKTpoMartura. THinuHBlE YCTPORCTBA 110A0GHOTO
THna Tpebyior masA cpabaThiBanus okoso 50 as, a AN OTMYCKaHHA —
or 15 10 20 as. Tak Kak TakMe KOHTAKTHl MOTYT YNPABJAATLCH TAKKe
OT 11e00JIbIIMX NOCTOSHHBIX MaTHHTOB, TO Ha MX 0ase ¢ IOMOLILIO THDPH-
CTOPOB MOryT ObITb JIEFKO BBLITOJHEHbl KOHLEBBIE GECKOHTAKTHBIC Bbi-
KJIIOUATeJH,

ITpocras xomOunHauus RC.Lenouky W AHOAA NO3BOJIAET OCYIIeCT-
BUTb OTIHpaiue M yNpaBj]cHHE THPHCTOPCM B Iipefeiax BCero Auanaso-
Ha 180°, oGecreunBasi IpH TOM OYeHb XOPOIIME [OXA3ATEAN NPH OGLIY-
HbIX 3HAYeHUsX TemIepaTyphl. Tak kak B cxeme NOZOGHOrO THHA €O-
IIPOTHBJICHHE YNPABASIOWCH LeNH onpeielsieT Bech TOK YIPABJIAIOLIETO
JACKTPOJA, HeoOXONMMBIL JJIA OTHNPAHMA THPHUCTOPA, TO TakHe CXEMbL
paboTamT, Xak npaBu/a0, C THPACTOPAMH, KOTOPLIe 06JajaloT JoCTATOU-
HO BBEICOKOIl YyBCTBMTENbHOCTLIO I YNPABJASIOUIEMY 5JAeKTpoay. Yem
MCHbIIE 3Ta WyBCTBATENBHOCTb, TeM MClUbIIC JOMXKHO GLITb CONpPOIHBIIe:
Hue, OMpefessiiollee yNpapasiolluli ToK, H rem Gosblle Gyaer pacced-
BaeVas 3THM CONPOTMBJAEGHHEM MOUIHOCTD.

Ha puc. 4.19 npusegena mnpocreriitasi cxema ¢ PEryJHPyeMbIM pe-
3uctupoM R, ofecmeunpaloiias li3veHende yria oTNHPaHis B Tpelejgax
or 0 a0 90° nONOKHICJLHOTO TNOJAYIepHOAa AHONHNTO HATPAKEHH,
Huon /I mpenstcTByer NosBAeHHIO OGPATHOrO HaNpAMXKeHHs. Yrod OT-
NiipaHust B pacCMATPHBAEMON CXeMe He MOJKET npeBuiIaTh 3Hauenns 90°,
TOCKOMABbKY HATIPSKEOHKE, TINTAIOLIee CUAOBYIO 1leNb, N HANPAMXKCHNe, co3-
Laoulee TOK oTHupaunsg YO, Haxoparcs B ¢dase. [TosToMy cxeva ofec-
TeUNBAET HEIPEPHBHOE PEryAUPOBaHHE HAMPAMKEHHS HA HArpysKe B Tpe-
nerax ot 190 go 509 MakcnManbHo BO3MOXKHOrO (OANONOMYNepHOTHO-
ro) HAIPSKCHHA.

Ha puc. 4-20 npusesiena cxema ¢ mensio RC — 1uon, oGecrcanBalo-
ulas M3vienedne yraa OTIHPAHMA BEHTHJAST B HpeeiaX BCEro 1oaylepHo-
na (180°). Bo BpeMst HOMOXKITEJILHOTO TOJYNEPHOXA AHORHOTD HANPS-
JKENUsT KOHAGHCATOP 3apAXKACTCA RO HANDSIKEHHs! OTHHPANHA THPUCTOPA.
Epewsi 3apaga onpegedsiercss NOCTOAHHON BpeMmeHn Henouku RC u cKo-
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Puc 4 21 Benomas cxema ynpasjeHHs C HCHOJB30
BagHeM Hend RC—puon mas peryaaropa nepeMed
HOTO TOKa B Harpyske

] — HE3aBHCHMIIN  HMCTOYHUMK  YAPABJISIOIIHX MMIYJAbCOB
Ri=Ry;=15 rom, C=5 mx¢, tupuctopnel tuna CI11/C20

POCTBIO HApPACTAHHA AHOLHOTQ HalPAXCHHA Bo BpeMsa OTpALATEAbHOTO
nosynepruoaa XoHaedcaTop lepesapaaercsd A0 aMIVIMTyAbl OTpHUHATE/b
HCro HanmpAxKeHusd, ofec 1e4nBas TakKHM o6pa30M NOATOTOBKY CXeMbl AAd
C IeAyIOIero nukKaa

[ax xak uenb ynpasielus A0JKHA NHTAThCA OT CeTH NePeMeHHOTro
TOK4 yepe3 Pe3ucrop, TO eMKOCTh KOHAEeHcAaTopa AO/KHA ObITH BHIOpAHA
Tak, 4T0Obl ero TOK 3apsifa Obll Gosblie, YeM YHPaBJIAIOIIHE TOK OTIH-
panus [y o npu HauGosbllem KenaeMov yrnie ornupauus JIpyrumu
C1cBaMH, BhIOpas Hanbosbulee 3HavyeHHe R JJIA MNOJAYYeHHs 3aJaHHOTO
ToKa [y o npu HauGosiblleM yrie OTIHPaHH, OlpefesseM 3aTeM TO Be-
JIHUALE TIEPEMENIHOTD HamnpsKenus ceTH B 3TOF MOMEHT, YMEHbIIeHHOro
Ha BeJHYHMHY NaJcHus B R, eMKOCTb KoL Jencatopa C, oGeclednBaioniylo
1cobxoauvoe npd 3tou nanpaxenie Uy o Ha Y2

Ha puc 4 21 npubemera cxema, B KOTOPOHl YNpaBJsiOWMe MMINJIb
CH TocTynaior 4a YJ tHprcropa T. OT He3aBHCHMOTLO HCTOYHHKA M OT-
TYPAalT ero BO BPpeMs OAHCro Noaynephoia IpH onpeieneHHoM (asoBoM
yrie Bo Bpeus cueayiomlerc moayneproga BeAOMasl cXeMa YUDaBJeHHS
(7eBag uacts puc 4 21) BumspiBaer oTnHpadue T npH TaxoM xe Paso
BOM yTJle, OTCUHTHIBAEMOM B 3ToM noaynepuope Iloka T, He ormupa-
ercdl, Kouaencatop C 3apsiigaercss W PaspsKaeTcs OT HANPSheHHs MH-
TFIOWENl CeTH ¢ OAHol u TOHl e moulosHHou ppemenu Hanpsxenue na
saxnMax C nps 3ToM GyJeT HEZOCTATOUHBIM AAst oTnnpaHua T B cay-
uae ormupanus Tp XpuBas paspsja xonpencaropa C Oyner onpenensitbes
WHTErpa’10M IO BPEMEHH OT HAupsiKEUhsl KOTOPBI OT/AHYeH OT MHTCTpa-
Ja no BpeMeHH IPH ero 3apsfe, HAa BCIMYHAY HHTErpasa 10 BPeMeHH
OT HamnpsKenrd, TMOgBASIOWCIOCSH Ha 3aXaAMaX HArpy3ku B pesyabrare
Ha KOHJeHCATODe BO3HMKAeT OCTATOUHOe HANpaAKeHHe ONpefedseMoe
yryiom ortnupanus Tg. [losToMy mnpu caepylooulev rnoaynepuopge, Korpa
avox T; crTaHer TOMONKHTENIBHLIM STOT BEHTHIb OTOTIPETCST ¢ Tev Xe
YriAov 3alasauRdiusg 110 OTHOMENHK K Aavaly noaynepdoja, uto yroa
ornupanug Tq

4-12. CXEMbI ®A30BOI'0
YIPABJIEHUA

y MMumanug co ]

Ha puc 4 22 nipusemena (x¢wd
JABYXITOJyfepHoiHoro  |(MOCTOBOrO)
BLIIPAMHTEN € ha30BEIM ympasie
HHEM, B KOTOPOH wonmoub3yeTcs ¢a
socapuraiomas uens RCwmi RL 1151
onpera Gasel YMpaBASIOMEro oM 1
Ja OTHOCKMTENBHO AHOWHONO Hamps

A 4

ﬂgl! Boizgd
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-

asocmBurarommx meneff 6bl10 pas | g
pafoTano paHee Jas THPATPO 103 rL’u//uL
R R
y ¥
>t
u C50 nmOovKHBL OBITb TPUHATH BO U
BHUMAHHE — CARYIOLIHE  yCIOBHA, 2
Aol R

XKeHuss  Boabuioe mupcno Bapwanros Aml o4
Tlpn  McmoNb3OBAHME — THPHCTO

pos icepuit C8, Cl10, Cii, €35, C3b

p6ecneunBaloHe NOAYYEHHe MAKCH Dy

MaJIbHOTO (IManasoHa $asoBoro clpu 'y

ra I OTMMPAHUS BEHTHAT HpH
OOLIGHBIX TeMIepaTypax 16e3 mpembl
ITOHUA  JOMYCTHMBIX SHAYSHHH YIpaB
JSEMOT0 HAUPSAKEHHS W TOKA
AMnmrynnoe  snavenwe
AOIKHNO ObiTh Gosee 25 g

2 IIOJDK!HO BBITOJINATBCA Hepd
BQILCTBO

Puc 422 Cxema ynpassenus c
dasocaBrraiomieit uencukofi RC
win RL nas ogHoasHoro moay-
YIOPas/IseMOro  MOCTOBOIO  BHI-
nPSAMHUTENS

U,

L Us
SefC <3 —9 wm nfl << 5 —9
THE C—-eMKOC:I‘b, ¢, L -—MHIYKTUBHOCTD, 2n, U — MakCHMaJIbHOe Ha-
NpsKedHe Beefl BTODUYNION OGMOTKH TpamcdopMaTopa ynpasieHus, g;
f—uacrora nuramouei cetd, ey

. 3 HocaenosaTensnoe conpoTHbiele Ry B menu Y3 ponxuo 6bith
aBHO

U, —20
0,2
Perysmpyiomee conporusienne Ryyp onpejieeTcss H3 COOTHOmERUA!

10
Rynp/>W Hmi Rynp == 10.25fC,

Ry = o

Bcﬂe;u;mne YaCrOTHOH 3aBHCHMOCTH NapaMeTpPOB 3MAEMEHTOR
CABUralOilleH UenH NaHHOrO THNA BEHIGOP COOTBeTCTBYIOWHX L Han
Jerdaercsa npu padore Ha NOBBILIEHHON yacToTe

4-13. CXEMBbl YNIPABJIEHUSA THPHCTOPAMHU
C HACBHIUAIOWIUMUCA PEAKTOPAMH
Hacennarowuecs: peakropst o6ecnesuparor TpeByembifi kpyTodi (poBT

yupasasiouero HMIyJabCca H yllOﬁHbIe CTOCO0bE yipaBJeHisg ¢ HOMOUILIO
MaNOVOIIHBIX CUTHAJOB NOCTOSHHOIO HJH 1epeMenHoro Toka J1or cuo-

$aso-
C of.
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co6 ynpasaeHus NPHMEHHM AJds TUPHCIODPHLIN YCTPOICTB B CHCTeMaX
APTOMATUUECKONG Yyhpasjeddss i ofeciledHBaer JOHOJMHHTE/bHblE [IPeH-
MVIIeCTBd, T4K KaK [03BOJsIeT HMEThb B CXeMe YIPABJIEHHS HECKOJhKO
31€KTPUYecKll H30JHPOBAHHBIX BXOAOB H BBIXOIOB, YTO BeCbMa YAOGHO
s Gojiee CHOXKHBIX CXeM.

4-13-1. HenpepoiBHoe ynpasJeHue

TunoBaa cXema ynpasiaenilss ¢ JIOAYBOJHOBLIM (OAHONOMYNEPHO-
HLIM) MaCHHTHBIM YCHJIiredeM nokazaHa Ha puc. 4-23. Ynpasasiowuit
CHrHAJ AJSl OTIHPAHHA THPHCTOPA UOAYUAOT ¢ OOMOTKHM J—4 mHUTAIoMe-
ro tpanchopmaropa Tp. Korga cepledsik MarHuTsOTO yewantens MY
He HacHILeH, ero o6MoTka 3—4 npeicTasJjsieT co0od 6oJILUIOE HHAYKTHB-
HCe CONMPOTHB/IEHHE B WeNM CHINada ynpasieuusn. B peayabrate na 3d-
}AMax CONPOTHBJEHHS Rj; uMeer MeCTo JHlb 11e0O/MblIoe HATPAAKeHile,
00ycs0BJEHHOE TOKOM X0J10CTOTO XOAa o6morkn §—4 MY. Korma cepaey-
HUK MY wHaceblgaercs, conpoTHBJeHHe OOMOTKH J—4 3TOro CepAeYHHKA
pesko ciHHMXaeTcd U Ha YO THPHCTOPA NOARETCH UPAKTHUECKH BCe HA-
npsxkenne ¢ o6MoTkn 3—4 Tp. Peauctop R: orpanHuuBaer TOK ynpas-
JIeHUs A0 HeobGxoxuMoro snaveHns. Juox [, Mveer ABOiNOe Hasnaye-
Hde: OH [OPENSTCTBYET MOABJEHHIO 0OPaTIOro HanpsKeHWs Ha YupaB-
JsiIolesM 3JAeKTpode, a TakkKe JPOXOXAeHmo 0oO6paTHOTo TOKa depesd
o6moTky 3—4, KOTOPHIA MOMeT BbI3BATh HeXe/narelbHOe Pa3MarHu4H-
Banue cepreynuxka M.

Ynpasafionide CUrHAJALl MOTYT MOJBOIMTHCA KO BXOAY [ HAH 2 WM
K o6ouM cpasy. Bxox 2 onpepenfieT BeAHUUHHY HANPAXKEHUS, NPHKARAH-
BaeMoro K ooMorke [—2 MY, u TeM cambiM oupefeser CTerneHb pas-

MarnuuuBaHuaA cepaeunnxa MY BO BpeMsa OTPUUATENBHOTO MOJIYNepHOAa -

BanpsKeHns nuiranusd. liaMeneHneM BeqUMUUHB YOPABIAKIIETO COMPO-
TrBAeHHA Ry MOXKHO ynpasasrh 3liavellueM HHAYKWHH, 20 KOTOPOTO pas-
ManHHYWBAETCST CEPIEYHHK BO BPEMs OTPULATCNBHOTO NOJAYNEPHOZa, H
TeM CcaMblM H3MeHSTb (pa30BHUl yron OTHHPAHUS BO BPeMs MONOKUTENb-
HOTO modyneproxa. Bmecto Ry MOTYT OLITh MCNONB3OBAHBl APYFUe yhpas-
JslolLe yCTPOHCTBA, HANPUMED NOJYNPOBOIHHKOBLIY YCHINTEIbHBINA Kac-

Hazpyswa
7

D

£y

Puc. 4-23. Turnopas cxema YNpas/deHHd C TNOJYBOJ-
HOBBIM MATPHHTHBIM YCH/IHTENEM.

Kan. Tak kak IuTanne 3Toil ympasisiolied Uemu obecreunBaercs 00MOT-
kot 5-—6 tpancdopmaropa Tp, To HeOOGXOAUMOCTb B AOHOAHUTRABHBIX
UCTOUHMKAX LiMTaHAd oTnasaer. Bxox / cosgaer Tok B 00OMOTKe ynpas-
JeHus 5—6 MY u onpejeser BeAMYMHY MArHUTHOTO MOTOKA B cepiey-
HHKe, 4TO B CBOIO OdepeAb OmpejessieT yrosd OTIMPAaHUsi BelTHAs. TOK
B Lend BXxojga [ JoxeH ObITb 110JaH OT BHELFHETO LCTOYHHKA.

Uro6b 06ecneduTh OTIHPAHHE HECKOIbKHX THPHCTOPOB, COeAHHEHHBIX
napannenpHo WM IOCAeJ0BarelbHo, Ha ceplewHuke MY wmoryr ObiTh
pasMelledbl AONONHATENbHble BHIXOAilble 06MOTKH. Takxke Moryr ObiTh
A00aBaeHB W AONOMIMTCAbHbIE YNpaBIsiomue o6MOTKH, BKJAOYaeMble 1O
cxeme Bxofa [/ uau 2. KomGuHauMell aByX I/ Gojee OZHONOMYIEPHOA-
HbiX cXeM MOryT OhiTh noaydelsl AByXdasible u Miorodassble cXeMbl.
Coaegyer oTMeryTh, 4TO (aszocMelnawliie ycrpoilcTBa ma 6ase MarHuT-
HLIX yCHJUTeNell He MOTYT o0eclleyuTb AOCTATOYHO KpyTOe HapacraHde
YIpaBASIOLero UMIYyJabca, HeoGXoAuMOe, HalPUMep, mJsi YeTKOro OTIH-
paHMsl CHJIbHOTOYHBIX THPHCTOPOB, B OCOOEHHOCTH IIPH HX NApajilelbHOH
pabore wiu mpu Goabwmx difdf. [{ns yBeJdHYeHHS CKOPOCTH HapactaHHs
YIPABASAOILEIG HMIYAbCa MOKHO PeKOMeHA0BATh NpUMeHeHHe XHOAHBIX
THPHCTOPOB (YETHIPEXCAOHHBIX AUOACB-TepekiiouaTenell), BpeMs mepe-
KJIOYeHHA KOTOphiX He npeBhlmaer 1—2 mxcex. Taxue npuGops!l ¢ Ha-
IpsiKenneM mepexaodenyss ot 10 no 25 6 BK/IOUAIOTCS NOC/AELOBATENbHO
HENOCPeACTBeHHO B LENb yNPAaBASIOMErO 3/AEKTPOAA THPuUCTOpa (BMeCTO
auona [» Ha puc. 4-23) auGo npH MCHOAb30BAHHU Das3leHUTENbHOTO
TpaHcdopMaTopa B Lenb ero nepBuyHoil oGMoTxu. Ewe Gosee xpyroit
$POHT HMIyAbca MOJNyYaeTcs, ecId JO AHOAHOTO THpuCTopa (T. €. K BbI-
XOIHbIM 3amuMaM M)  rmoakmoulTh NapadeNbHbli  KOHAEHCATOD
evkoctbio oT 0,2 g0 1,0 mrg

4-13-2. Cxembl ynpasJeHusi ¢ HACHILLAOWHMHCA
ApoccessiMi B PEJAEHHOM pexume

Cxembl ynpaB/ieHHs, TpegHa3HaueHHBle JJ1d (a30BOrO pEryJaHpoBa-
nust (00fo610 NpHBEACHHONR Ha puc. 4-23), TpebyIOT HCHOAb30OBAHUS MAr-
HITHBIX HACBINAOUMXCA CePAEYHHKOB JOCTATOYHO OOJBLIUX pPasMepoB,
4TOGbl HY BBIXOAHBIE OOMOTKHM MOIJIM BblAeP:KHBaThb HamnpAXKeHHe YNPaB-
JIAIOUIETO CUTHANA B TeUeHHe BCero NOJynephoga 6e3 HacwillleHnss B 60-
Jiee TIPOCTBIX CXeMaX YIpaBieHusi, pafoTalolMX Ha ODUHIHNE <«BKJOYe-
HO — BBIKJAIOYeHO» (pHC. 4-24), MoryT ObITh HMCMOJIb30BAaHBEI ‘MeHblHe MO
pasMepam u Oojee AelleBble CEDIEUHHKH, TAK KaK BbLIXOAHble OOMOTKH
B TaKnX CXeMaX He JIOJ/UKHBI BBIACDKHBATh HATPSIKeHUsl YHPaBJSIOLIErO
CWIHaJa B TeueHHe BCero noayiepuoia. Kpome roro, atu cXeMel He Tpe-
6y10T TIpHMeHeHHS! BCIIOMOTATEJbHEIX MHTAIOIUX TPAHCHOPMATOPOB, UTO
TaKXKe SBASAETCA HX JTOCTOHHCTBOM,

Ha puc. 4-24,a o6MOTKa Hachlaiolmerocst cepieudnka I'p; BKIOYE-
Ha napaaneibHo Uemn ynpasaenust Iy Ecan cepaeunuk Tp, He HACH-
IleH, TO TOK IIPOXOJMT B TeueHHe MePBOH 4aACTH NOJOKHUTEJBHOro IOJY-
nepuona uepe3d Ry, Ry, B; U ynpaBasiolui 3jektpony tupucropa Ty H
Bbi3biBaeT ero ornupaune. Ecin Tp, HacululeH, TO TOK, MPOXOAAIIUA de-
pes Ry, R; u B;, mpoTekaer yepes oOMOTKY 3TOTO APOCCENs.

Ornupande THPHCTOPA B JAHHOH CXeMe OCYLIeCTBJSETCs 3a cdeT
[OJIOXKUTENBHOFO CHTHA/A4, I0JaBaeMOro Ha BXOAHYI0 o0MoTky Tpy, OJaa-
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Puc 4 24 OnuonosynepuofHble CXEMBl YIPaBJeHUS THDH-
CTOPOM C MAarHHTHBIM CepAEYHHKOM, paboTailiHe MO NPHH
NHAY <«BKJIOYEHO—BBLIKJIOUEHO»

q — napananennHaa CxeMa 6 — nmocaenoBareibHAs CXeMa

rojlaps KOTopoMy cepAeusuk 7p; NmepeBOJUTCS B HeHACHIUIEHHOe COCTOS-
nune Kougencarop Ci sBasieTcsi (GUALTPOM, KOTOPBII NPEAOTBpamiaer
JIOXII0e OTHMHpaHHe THPHCTOPA, OGYCIOBJICHHOE NepeXOMHBIMH IIpolecca-
MH B CETH lepPeMeHHOTO TOKa

Ha puc 4 24,6 o6motka Tp: BKIIOUEHA TIOCAEA0OBATENbHO ¢ KOHAGH-
catopom C: u yupasisioumim oaektpoaom T.. Ecmu Tp, He nacolmed,
TO TOK, NpOoXoAsilnii uepes Rs; m Bj, 3apsixkaer xonjaeHcatop Cp; BO
BpeMfl HauaJLHOW YAaCTH TOJOXKHTENIbHOro nosyneproga Tp, Hacll
1gaeTcs CNycTst HeKO10poe BpeMs Mnocjie Hadaja HOJOXKHTeNbHONO MOJaV
mepuoaa, YTo BHI3BIBAET GLICTPHIT paspay C, uepe3 yOPABJISIOUIUI 3JeK-
Tpox T» u npuBomnT K oTnupaunio BedATuass Eean Tp, wacwmaercs
B CAMOM Hayaje TMOJOXKHTCABHOrO NOnyneprojga, To o6MoTKa Tpe WIyH
Tupyer C; U TpenaTCTBYeT ero 3apsake Pcaucrop R. He Jaer BO3IMOXK-
HOCTH HATpPsKEHNHIO Ha yHpaBASioOUieM JMeKkTpose T2 HAPACTH 4O TaKOH
BeJHMYMHBL, yTOGBl OTNepers BeH1HAb Hacknenssit cepaeuduk Tps MO-
weT OBITh pasMamHuuen u 7, OTHePT nyTeM MOJZAUN TOJOKIITEILHOrO
CHIHANAa HA BXORHYIO 06MOTKY Tp2

Cxembl Ha pac 424 AalOT BO3MOXKAOCTL THPUCTOPY BHIMONHATH
Gy HKIHY KOHTAKTOpa MNepeMeHHOro TOKa ¢ H3OJHPOBAHHON yNpaBJsiio
meeit 06MOTKON NocTOAHHOro Toka MoOXu(HKANUU 5THX CXeM IOMNYCKaloT
BO3MOXKHOCTb NOAYYHTb JABYXNOJYNEPUOAHbIC CXEMEl, BHITOJHSAMKOLINE
(QYHKUHA KOHTAKTOPOB C Pa3MBIKAIMMH U'TH 3aMBIKAIOIMMH KOHTAKTa
MH 1M ¢ <3allenkou» (camoyjepmaineM) [IpuMepsl MOJOGHBIX cxeM
onpcansl B pazg §

4-14. NIONYNMPOBOAHHKOBLIE 'EHEPATOPBI
YAPABJASAKMUX UMNTIYJIbLCOB

Pa6ota npocTbiXx DPe3HCTOPHO-KOHAEHCATOPHBIX cXeM YNpaB/sioliux
HMIYJILCOB, ONMUCAaHHLIX B § 4-12 u 4 13, cunpHo 3aBHCHT OT napaMerpoB
HeMH yhpas/iedHss KaXZOro RaHroro TtHpHeropa KpoMe rtoro, Takme

C\EMBl XapaKTepH3YIOTCA GCJAbLIUM YPOBHeM MOHIHOCIH, Ta&K Kaxk Beib
yOPABJIAIOWMHE TOK JOJKeH NPOTEKaTs uyepes pe3ncTop HakoHell, oHu
Hey/(00Hbl J/1A aBIOMATH3HPOBAHHLIX, NPOrPAMMHO-YIPABIAEMbIX WIH 3a-
MKHYTBIX CHCTEM

VIMiynbCdble CXeMEI YNpaBielHst MOry1 GBITb 3a CUET CyLleCTBeH
HOMO yBelHYEHHS! AMUAMTYALI HMIYJbcd TOKA JIETKO IIPHCHOCOG/eHbl
XK IIMDOKOMY Pa3bpocy XapakTepucTHK [Ipu 3TOM cpeiHee 3HaueHKe MO,
HCCTH, BHARJSIEMOH B Y3, MOXeT OHITh CPaBHMTEIBHO MalbIM, TaK Kak
rpebyemoe 3Hauedne sneprun Iy oUy of MOXKer ObITh naKomIeno cpas-
HUTCABHO MCIJIEHHO, a 3aTeM ObIiCTPO Buifeneno B TpeGyemblii MOMeH1t
otmupanus Taxue cxemnl ynpasienusi, kax OyAeT NOKa3auo nuxe, gaxe
A5 MOIIHBIX THPHCTOPOB [10JY4alOTLsi KOMITAKTHBIMU

4-14-1. OcHoBHble MPHUHUMIBI MOCTPOEHHS TEHEPATOPOB
HMITIYJILCOB

OcHoBHBIE THIbL KMIOUCBBIX NPHEOPOB, HCIOAB3YEMEIX gIsi TeHepa-
UHH yNPaBARIOMUX HMIYIbCOB (ONHONPEXOAHBIH TPAH3HCTOP, TEPEKIMO-
YA THOA, KPEMHUEBLIE OAHOCTOPOHKHUA U ABYCTODOHHHM KJIOUH, Heo-
HOBBIE JaMIBL ¢ mp ), OCYy-

NIGCTRVIAIOT  Pas3pay (KOH- Nepex nwaawuy
@eHCATOpa Uepes yWpas apubiop
JAIOIME  Mepexol  THpH 7 U=

CcTopa PenaxcauwoHHbIe -

KoJMebanusi  CYLIeCTBYIOT °—\-'$3—

Gnaronapsi j1aguM4Kio y Ha !

3BalHbBX  Npufopos  Ha Uy I R2 L Eguz
BOJBT aMIEPHOM XapaKTe T “""“‘i
PHCTHKE y4acTKa ¢ OTpH o— A

HATENMBHBIM (OO POTHBJIS 2)
ameM Pacuer cxeM o0blg

HO TpeGyeT 3iHaMHS MOKOB ! :gé‘i’;%ﬁ‘fgzggf

B HampsKeHud, Xapaxre Fa npubapa

pU3YIOIIMX 3TOT JyYacTOK
¥ OnpeeaoIHX HOYTOMY
NPOBOJAsLIee MJH HENpo-
BOJAfALEE COCTOSAHHE MIPH-
6opa (cm Ttakxke § 4 1)

Urobn 0BS3aTh TaKMe
napaMermpsl  npsbopa ¢
YCVIOBHAMM  OYLIECTBOBA
HUA  ABTOKOVIeGAHHH, pac
CMO NPHM 3JTeMEHTAp L
penakcanHoHHbBIA  TeHepa

mop (puc 4 25,a), WOMOMAb- auyaep,,cl( )!
IYVIOWMN  MepexrTIoYalom#it o= Ugpr

npubop «© HampAKeHHEeu Y
B TOKOM Nepexaouedis
U v In W wepuBaromuy-
MY HampsKeHueM M TOKOM
Uynepn( 154 Iynepm Boabt
amiepas xap akTepucTura

{yﬁepm

In

Prc 425 Cxema penakCalHOHHOro reme-
patopa (@) ¥ Xa3paKTepPHCTHKH, NOACHAIO
uide ee pabory (6)
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npubopa ¢ WaHeLeHHBIMHM HA Hefl JHHHAvH R; 4 R, ©okaszana Ha
prc 4 2b6 Ilpy yBe IMUeHHK CONPOIMB IBMHA R; (0 MAR(IVMAJBHOIO 31Ha
4eHus, NPH KOTOPOM KoJefadud ellle MOIYT CyLICCTBOBAThb, HATPy30uHAsN
JIMFUSL IlepecesaeT Xapak1epUCTHKY npudopa B Touke [, Te oTpuuarens
HOC COllpo1MBTIeNHe Npubopa PaBHO COUPOTHBJENIO warpysku R, [ou
Ka I pacuosoxena oueHb OJAM3KO OT 104KM ¢ KoopauHdravu Up, Ig, Ho,
CIPOrO TrOBUPS, He COBIAZAET C HEIO, HOCKOTbKY Touke Uy, [n cooiBer
CTByeT HyJeBoe anddepennuanpHoe LONPOTHBAEHHe (BEPTHKAMbdds Ka-
calejbHas)

Kerua Touka uepexawnendst / AOCTHTHY1a pabolast Touka Hepe
MeLlaeTcs T MOTO/KeHHe 2, MPH 3TOM KOHAEHCALOp PaspsiKaercs TOKOM
¢ avmiauTyaou fpux ¥ Qopmupyer avmyabc HaupsiKeHdsi Ugyx Ha ma
TPY304HOM CONPOTHUBJAEHHH Ry (B KOTOPOM Y4YTeHMO BXOJHOE CONpPOTHBJIe-
upe ynpasasieMoro Tupuctopa) Paspax koniencaropa C mnepeMmemiaer
1300pakaoyI0 TOYKY H3 TONOMCHHSA Z B TOTOXKeHHe J, FAe Orpuila
TeNLHOE CONPOTHBJEHHC NPUGOpa BIOBb PABHO 110 MOAYJIO HATPY30UIIOMY
Ry lagee cocTosiHde caevil H3MEHSETCs OT rodkH 3 K Touke 4, nocie
4ero KOHAEHCATOp BHOBbL 3apsikaerusd uepe3 R, ¥ xodebaHus NpoLoa
Kawicea

Eciu R u3MeHsieTcs [0 MuMHHMAJbHOTO B3HAYEHUA, KOTOPOE elle
ofeclledHBaeT CYNIECTBOBaHHe KOTeOAHHM, HOBAs HArpy3ouHas JUAU
nepecekaer BOJBT aMMEPHVIO XapakKTePHCTHKY B Touke 3 JIoboe veHb-
Wwee 3HaycHHe R; IeDEBOJUT CXeMY B yCTOMYUBOE COCTOAHIE MEKAY TOU
KaMH 2 1 3, COOTBeTCTBYIOL(ee NOCTOAAHO OTNEPTOMY NpHOupy ¥Beanue
HLE R; CBePX HEKOTOPOr0 MAaKCUVAAoHONO 3HAYeHHs NEePEBOAUT CXeMy
B Jpyroe ycroliunsoe cocrosiive MexAy Toukamu O wu 1 (mpu6op
3anepr)

Ouenp BaXHLM (PAKTOPOM KOTOPLII lle oTpaxed Ha puc 4 25 1 ue
BCeIJd Yha3bIBaeTCsl B CIPaBOUIBIX JAllHLIX TepekaoJalollcro npubopa,
ARASIETCST Bpevs iepermoucHuss Lend mepexog us Toukun I B TOUKy 2
NPCUCKOMUT MeNJIEHHO 3Ta TOYKA JIKOrAa ne OyleT JOCTUrHYTa, TaK
hdk paspsj KOHJEIcaropa NPOHCXOANT B IpOILCCCe NepPevenieHusa H30
6pazxamolyefl Toukn B pesyapraTe 3TOro nepeccycHre TpaeKTopdil H30-
6paaioler TOYKH C XapaKTepUCTHKOlN npuBopa OyAeT HMeTh MeCTO
rie Au6o MexIy 1oukaMu 2 U 5 Bp Mmf nepekaiouends CTaHOBHTCH Orpa
HUUHBAIOMUM (PAKTOPOM, €CJIH OH) COH3MEPHVMO C NOCTOSIHHOM BpeveHd
paspana R.C

Awrinntyapl HanpsKeuns H roka Usws M Jamx Ha nHarpyske Rz
B OTOM CXeMe 34BMCSIT OT XapaKTepHCTHKd Iepek/odawmliero npudopa M
COOTHOINEHMST MEXAY €ra BpevieHeMm TeDeKJIOUCHHST M HOCTOSHHOR BpE
menu paspapa R»C Ecan pesuauna R.C Gotee uem B 10 paz mpesbuuaer
BpeMs TIepeKAIueHHs nupuGopa TO MOMIO (MHTATh, U0 AaMIIMTYHAA
HanpskeHnss Uppix PaBHA PA3HOCTH HalaNbHOTO W OCTATOYHOFO HAmPHA-
xkennit npubopa Un—User AMIIATYZA TOKa ONpENEeIETCS TO4KOH €
PECeuEHAs NMHHU TNArpYy3ku R» C XapakicpucTHKOu npubopa

Ecan mocrosnHas Bpemeny R>C MeHbILe M CPaBHAMA ¢ BpeMeHeM
nepekmoyeH:ast, To Kak Ugyx, TaK M Jppx VMEHBINAIOTCA U3 3a BINSAHHS
s¢pexTHBHOrO COMPOTHBJEHHA NpuGopa B mpouecce nepexaiouenus Kax
yx)e oTveuaioch B § 4 8 061 daxropa — CHUKEHH® aVAIHTY AL H YBe
JLYEHITE  IAUTEIBHOCTH YAPABTUOULET0 HMIY/bCd — YMEHbUIAIOL B POST-
HOCTD OJNIPAIUsT THPHCTOPA

Tax xak BilsHne BPeMCIHM Iepexksiouelins] e OTPIKAeTCss BOJILT-
aMIepHOll XapakTePHCTHKON, TO 0ObIYHD Nepekauaiolue npuGopst, npel-
HA3HAUCHABIC IS CXeM yIIpaBlelds THPUCTOpaMHM, XapaKTepH3YIOTCH
aMIIHTYAHBIV 3HAUEHH(M HANpsKeHHsT Ha pesucrope Rz (B Kayecrse
KGTOPOTO YKA3LIBACTCS TUMNOBOE 3HAYCHHE BXOJHOTO CONPOTHBJEHHS TH-
prcTOpa) TpH paspAje KOHAEeHCA10pa 3aJaHHOH eMKOCTH

4-14-2. OpuonepexoaHbii TPHOL

Kpemauesbii TpHOZ (TPaH3HCIOP) ¢ ORHMM INePeXoiov SABJIsSercs
BeCbMa yA00HBEIM 1PHGOPOM AJSl HOCTPOEHHS CXeM YIpaBjeHus THPHCTO-
pamu IlpeumymiecTBaMu 3THX NPHOOPOB HABAATCS CTAGuABHOe Hamps-
JhEHUE OTIMPaHHd (IEDPEKIIOUCHUSA), OYeHb MAaJBif TOK OTTMPAHUSA, M-
poxulf puanazod pabouux TeMIepaTyp u GOJbIIOe AONYCTHMOe aMIIH-
TyAHOe 3Hayenue ToKa 3Murrepa Cxewbl yupaBieHdss TUPUCTOPAMH, OC-
HOBAHHble HA MHrIONb30BAHMH OJHONEPeXOMHBIXx Tpausucropos! (OIIT),
X2paKTepU3YIOTLSl HPOCTOTOH KOMIIAKTHOCThIO # He(OAbInoH norpebasie-
MOH MOLIHOCTBIO

6| Uy
18
% Touxu I62
fﬂ’ﬂ MaKCUMYMQ . e
1% b 2
V Ugs
12 U,
\ S
10 \
8
u/ Ugg= 208
3
L —— 108
3
| — 58 Touky muHuMyMma Isz=0
2 \\\.;: A 1 1 I/ ]
= I,
0 [ N

2 &« 6 8 M 12 1 15 18 20 Ma
Puc 4 26 O6o3naueHne OXHONEPEXOLHOTNO TPHOAA M BXOIL-
Hole svurTepHbte xapaxrtepuctiku OTIT Tuna 2N2646.

Onnoncpexoansle rpansuctopsl (OTIT) .iMeloT Tpn suiBoma 3MHTTED
(9), 6asa 1 (by) u 6asa 2 (Bs) VYuacrox mex1y By u B, umeer nd-
HEIIHYI0 BOJL™ aMIEPHYIO XapDAKTEPHCTHKY, KaK OOBINHOE CONPOTHBIEHHE,

' B OTeueCTBEHHOH JIMTEpAType OAHONEPEXCHHBIE
HHOrA HAa3bIBAIOT TAKKe <«IABYXGA30BBIMH AMOAAMHD
BOJAa )

TPHOAR  {Tpan3uCTOPS)
(IlpuM  pefaKTOpoB mepes
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210 QOMPOTHBIGIEE HABHI-
BaeTCA MEWAYOA30BHIM
1(Rsg) m wipu 25° C mmeer
pesymny ot 4,7 1
9,1 kon.

ITonaprOCTs  MAMpPS-
JKeHuil MMTaHus | Hampas-
aemmss TokoB s OIIT
noxkasaHsl Ha puc. 4-26.
Ecmu  HampsaxXeH#e — aa
sMurrepe U, MeHblue He-
KOTOpOIo  MaKCHMaJhLHOTd
nanpsiskenust Us m, TO ne-
pexoyt sMwrrep — 6asa 1
Oyer oMemeH B ©0o6par-
HOM HalpaBJISHH M Yepes
HEro [OTeYeT TOJNBLKO He-
Gonblroli  OGpPaTHBIE  TOK
yTeukd 50, Ecom Us=iUs # TOK 3MurTepa [, Gosblile MaKCHMAJbHOTO
TOKa [, TO TpaH3MCTOp OTmHpaerca. Bo BRIOUEINIOM COCTOSHHM JO-
TIPOTHBJSHAE MEXIY MUITTCPOM M 6asoit Il 0ueHb Maio K TOK 3MATTEPa
ONPAHVYHBAETCA TOAHKO BHOUIHHM CONDOTHBISHHEM IemH IMHTTEpa.

Hanpsixenve B Touke MakcumyMa Us y CB3aHO AMHEHHOH 3aBHCH-
MCCTBIO C MeXAy0a3oBbiM HanpsiKedneM Ug ¢ B COOTBETCTBUH ¢ ypas-
HEHHEM

Puc. 4-27. OcHoBuasa cxeMa pesakCalKoH-
noro renepatopa Ha OIIT u THNHuHBIE
rpadHKku HanpsoKeHUH.

UB.M = VlUG.G + U}l- (4' I)

INapamerp 7 Me 3aBHCHT OT BHelIHHX (PAKTOPOB H oOlupejpensercs
BHyTpeHHefl CTPYKIypoil mpufopa, a ero sHaueHHe HAXOAHTCH B Ipele-
aax 0,51—0,82.

Hanpsixxenne Uy 3KBHBAJCHTHO HATpSKEHUIO HA IePeXOxe IMUTTEP —
Gaza 1 n npu 25°C cocrasinser oxosio 05 ¢ Hanpaxenue U,y cCHH-
JKAercsi ¢ Tevneparypol, IpudeM TeMllepaTypHBIl xo3@uilMeHT cocras-
astet npumepno 3 #68/°C mas OINT rtuna 2N266-47 u okono 2 xs/°C mas
tuna 2N489 3aBucumocTb danpsxkenuss U, w OT TeMNepaTypnl MOXKeT
OBITb OTHeceHa 3a cyer usMmeHeHusi Uy, a pas npudopos 2N2646-47 tak-
e M 3a cueT H3Merenus 1 ITo uaMeneHie Us ~ € TEMIEPaTypod MOXK-
HO KOMIICHCHDPOBATh, HCMOJAL3YS TOJMOKNTENBHBI TeMMepaTyPHBIH KO3(-
¢runenr Rs g Ecan nocmegusatespio ¢ 6a3oii 2 BK/IOUHTL COUPOTUB-
snexne Rego, KaK NOKasaHo ua puc. 4-27, To usMenenHe Rs ¢ NpH pocTe
TeMilepaTypel NPHBORHT K nNossiiernio Us 6. Ectu Reo Gyaer moxobpano
NpaBuAbHO, TO yBesmueHHe Us ¢ CkoMuencupyer cuuxkenne U,y B Co-
oTHOWeHHH (4-1).

B reumepatypuom muanasome ot —40 go +100°C pna GonpuiwH-
CTBA OMHONEPCXOAHBIX TpaH3ucropos cepuil 2N2643 n 2N2647 tpebyemoe
3HaYeHue Rgx NPUMEPHO PaBHO:

10 000
"y

62 o

: (4-2)

Has OIIT cepnit 2N489IMIL, 2NI67IA u B u 2N2160 seanuuny Ros
MOKHO ONPENENHTb H3 COOTIOHISHHS

0,4R¢ ¢ (I — ) Rg,

R&Sz == ,qu 7

(4-3)

Ocrosras cxema peraxcayuonnozo eereparopa Ha OIIT

Ocnopnast cxema na OINIT, ucnosb3yemas Ada OTHHPAHHS THPICTO-
pOB, MpejAcTaBAsgeT cofoll cXeMy NPOCTOrO peNaKCaIlOHHOro reHeparopa
(puc 4-27) B sroil cxeme xouieHcaTop C; 3apsKaercs uyepes Ry IO
TeX NOp, 110Ka HaNpsXKeHHe Ha 3MUTTEDE He AOCTUTHeT sHaucnua Us y.
B stor moment OIIT oruupaercst u paspsikaer C; yepea CONPOTHBJ/IEHHE
Re1 Korza U, pocruraer mprMepHO 2 6, IMUTTE) MepecTaeT NPOBOIHUTS,
OIIT orkmiouacrest ¥ LUK nosropsierca. [lepuona koneGanuft T mpakmi-
YECKU He 3dBHCHT OT IHTAIOUIer0 HALPSKCHIS M TEMIePaTypel M Ompe-
JCJASIeTCS CACIYIOUMM BHIPaXKCHUEM:

o

Ipu ssavennn 1=0,63, KOTOPOE MOXKeT CYUUTATBHCH NPHUMEPHO HOMHU-
HanbHEIM, T=R,C;. 3nauenus napameTrpos B cxemax ¢ OIIT ouenb pas-
anunbl. O6plyHo Ry He mpesbuniaer 100 oM, XOTH B HEKOTOPHIX CIy-
4asix BO3MOXKHBI 3HaueHus no 2-—3 xKom. ComportusieHne R, MOXKeT ne-
XaTtb B npeAenax or 3 xom no 3 Mom. Huxuuit npemen R, onpene-
asierca TpeGopaHHeM, YyTOObl JHMHMS Harpysk, oOmpejensieMas 3Haue-
wusiMd Ry v U), nepecekna xapakTepHCTHKH 5MuUTTepa Ha pHC. 4-26
cjieBa OT TOYKH MHHHUMYMa, Tak Kak B NPOTHBHOM ciaydae OIIT B cxeme
Ha puc. 4-27 ne Oyner ork/ouatbhes. Bepxuufi mpepen R o6ycioBnu-
Baerca TpeCoBaHHEeM, uyTOGH MAaKCHMAJBHBIA TOK, NPOTEKAOWHH uepes
SMHTTEp, Obl OoJsbliie BeNUUuHb [5 v M OGECreuHBas TeM CaMbIM OTIH-
padune OIIT. Pexkomenayemelfi nManasoH murawomero HanpsxKenus U,
HaXOXMTCA B npeaenax ot 10 a0 35 6. DTOT auanas3oH ompegenserca
CHH3Y NpPHEMJAEMOH BEJHYHHOH AaMIVIETYABl BBIXOJAHOIO HMMIyJbCa,
a CBEepPXy — JONYCTHMBIM paccesnideMm MowHoctd B OIIT.

Ecnu Buxox cxembt puc 4-27 coefnHeH HeNOCPEACTBEHHO HJIH YEPE3
nocJie oBare/ibHoe CONPOTHRAEHHE € YIPABASIOLLUM 3/IeKTPOXOM THDPHCTO-
pa, TO BeaHudHA Rgy AOMKHA ObITH JOCTATOYHO Majoil, yToGnl HanpsxKe-
nne na Rgi, ofyciosnennoe MexayGasoBbiM Tokom npH saneprom OIIT,
He NPeBbiaNn MHMHHMAMBHOrO YNpanJsIoNero HaMNpsiKeHus OTIHPAHHA
tepucropa Uy o mun (0,25 6 pas tupucropa tuna C35--cm. puc. 4-12).
YTo6H yAOBAETBOPHTE 3TUM TpeOOBaHHAM, Ry clienyeT pnbHpaTb B CO-
OTBETCTBHH CO CJAEAYIOINM HePaBEHCTBOM:

R61
Rs 6 (sum-Rs1+Rez < Uy.o.muz- (4-5)

Jdns tupuctopos cepun C35 (2N681) npu makcumansnofi TeMmmepa-
Type nepexoga 125°C Uy o mum cocrabaser 0,25 g. TlostoMy npu nu-
TalolieM HanpsixKeHuM 35 6 WJIM MeHee Rg; JAONKHO OHTH PaBHO HJIH
menpie 50 osm. Ecim cXemMa penaxkcallHOHHOrO TeHepaTopa CBfi3aHa
¢ Y2 THpHCTOpa MOCPEACTBOM TPAHCHOPMaTOpa MM KOHIEHCATOPA, TO
3TH OTpaHHUSHHS OTNAAAIOT.

1 1
%Rlcllnl—_fq=2,3R,C11gl—_‘_Tq' (4-4)
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Puc 428 Tpaduku Ans pacuera penaxcayHOHHLIX TEHEPATOPOB HA
OTIT, npenxasdaueHHbIX [Js1 YOpaBieHHs THpUCTOpamMu (IPH CKOPOCTH
HapacTaHua aHOA4Oro roka po 10 afwkcex)

a — OIIT tunoB ¢1 2N1489A u B nmo 2N1494A B u C or 2N2417A u B no 2N2422A
n B 2N2646, 2N2647 u 2N1671A u B (temmepaTypa ot —55 mo +125°C)

| Koumse | | v

Tan TupHcTOpPa Rgy» OM mage’ 8
C50 (2N2023-30 A 27 %109 35
C55 u C56 ) £10%
C52 (2N1792 98)
G50 (2N1903 16) B 47£10% %
C45, C45
C36 (2N1842 50) C TpanchopmaTop 35
C40, C38t D 27 £ 109 35
C35 (2N1681 99) £10% .
C30, C32 E 74109
C15 0% 2
C20, C22 G Tpancdopvarop 35
Cl12 E 27 +109
Cl1 (2N1770 78 2N2519) £10% 32
CI0 (INIT70A 77A)
Go G 47 £10%, 18
C8 (2N1929 35)
2N 1595-99 I Tpanchopmarop 35
C7 (2N2344 48) F 154109, 35
cs H 27.+:10%, 20
C5 J Tpaunchopmarop 35

MpnMmewanns | Hanpsmkenwe nutanua He csnuue 27 4 s KPHBOHK D H He
cBole 15 & ana kpueoit E

2 OIIT Tuna 2N20v47 1103B0JSIET OJAYYHTD BABOE GO BHIXORHOH HMIyJbC, YeM
OINT ocransHbIx THOOB, 00ECHEYHBAA ABYKDATHBA 3aMac 110 OTHOILEHHIO X MHHHM&:!IBHO
HeoGX0AHMOMY AJSI OTITHPAHHA THPUCTOPOR UMIYJBCY.

Pacuer cxem ynpasaenus na ONT

Bie onHomepexoiHble TpaH3ucTopbl THIOB 2N2646 n 2N2647, mpen-
HasHaueHHble [Js1 NPUMEHEHHs B CXE€vax YIPaBTIeHH THPHCTODAMH,
[OJBEPralorcsl 3aBOACKAM HCILITAHUSM, 4TO oOOecHmeuHBaer MxX Halex
HYI0 Pa0oTy ¢ THUPUCTOpdaMu Beex THnoB @upmbl Jdxenepa1 DaenTpuk
B Ipejesax COOTBETCTBYIOLIMX TEMNEPATYPHBIX JAKana3’onoB Pacuer
cxeM ympasJenus TupucropaMu, wucnoabsylomux OIIT, wmoxer OBITD
JEerKO0 M OBICTPO BLITMOJHEH MM NMOMOILM PACUETHBIX KPHBHIX puc 4-28.a
u 6 coorseictsenno aas OIIT tunmos 2N2646 n 2N2647 Dtu Kpusble
NPeACTABASIOT 3aBHCHMOCTL MHIMMABHOIO TMHUTaMilero lanpsokenus Uy,
ofecreyuBaioNlero OTnHpdliHe Pas3jHYHbIX THNOB THPHCIOPOB B AHANA30-
e pabounx TeMmepaTyp, OT BeJHUHHB eMKOcTH C; B lenu 3sMATTEpa
OIIT npu pas IMUHBIX 3HAUEHMSIX CONDPOTHBJACHHA Rg; HJAM NPH Ha IMYMH
pasesispiBaoliel o tpadcdopmalopa B Uenn Gasel | Beauunna comnpo-
THBJIEHHsT Ry He HMeerT 3HaueHHs JJs1 pacuera MNpPH YCJIOBUH, UTO OHA
6ymeT B npejenax olecneduBdiomEX Kontebanus B cxeme puc 427
Ecnu Ry suauurte1nino Gossiie 100 om, To TpedyeMoe nurawmoulee na
upskedne U’; A0JKIIO OpiThb BBIYAC/AEHO IO MHHHMAJIbHOMY MNHTAIOLLEVY
HanpsuKeHuto U, mosyueHHOMY 43 KpHBBIX pHC 4-28,a M 6, ¢ MOMOLIbIO
C/eAYIOMIETO COOTHOMIEHN S

_ (22004 Re) U
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6 — OIIT 1una 2N2647 nn4 1upucTopos Ha OGodslive Toku (TeMmnepartypa or —40
no +125°C)

Tun THpHC ropa Kpupute ! RG:' om Ulmmc’ 3

C80 A 27 £10% 20

D TpancopMaTop 35
C60 (2N2023 30) B 27 410%, 35
C55, C36
C52 (2N792 98) C 47 +10%, 20
C50 (2N190) o) -
C45 Cib C TpancpopmaTop 35
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Uro6or npemoxpannis OITT or BeixoZa us Crpos #3-3a Neperpesa,
pexovieHayeTCsl BCerda mocaef0BaTeNbHo ¢ 6a30f 2 uay Mocnef0BaATEIbHO
C LCTOUHHKOM NMUTaHMA BAKOYATh conpoTtusienue 100 os unm Oonee. Do
0COBEHHO BaXHO B c.Iydde paGOTHI TIPH BBICOKO# TeMrepalype OKPYXKaio-
e cpenbl, MPH BBICOKMX MHTANOUIHX Hanpaxeduax wix Ipu GOJBIIIX
SHAMEHNAX €MKOCTH B ILONH 3MHTTepAa.

B xayecTse upiMepa WCMONb3OBAHKHS KpuUBBIX Ha puc. 4-28 nas
NPaKTHYECKOTO 'pacuyera Cxembl Yrnpap/acHEA THPUCTODA DPACCMOTPHM CJle-
AVIOIIYIO 3agauvy.

TipuMep. leoGXoMMO  paccUHTaTh CXeMY yRDABARHHS [MJsi  THPHCTODA
THoa CI1 (2N1773) npu nanGolee HU3KOM HaNPSKEHMM, MUTAOUICM FeHePaTop Ha
OTNT Tuna 2N2646 C BHYONOM Ha MMMYAbCHLIE TpancdopMmartop. BeauunHa eMKo-
CTH, BBIGpPaHHAA B COOTBETCTBHH € TPpebyeMo#t paboueli wacToToH, COCTaBJasier
0,1 MK¢p, TeMnepaTypuas KOMNEHCALHA B cXeve MpeaycMorpena. IIpuMeM m=0,66.

Pemwenve. M3 puc 4 28,2 BHAHO, 4TO HEOGXOAHMO BHIGPATL KPHBYIO [ M “yTd
[HTAOllee HANPsAXEHHe He JIOJMKHO NpeBbllaThb anxc=35 8. Tlo kpuso#t [

MHE¥MAJblIOE NHTaloulee Hanpaxende npu C =01 mxgh pasuo U;=12 8 Benuuu-
Ha R62 CHPENCHAETCS h3 ypaBHeHUA (4 2)

10 000
™ ————=1280 ~ 1000 ou
62 7~ (66-12
(Ganxafilas cTaHAapTHAas BeJaHuyHHA) Tlonyuaemoe 3Hauewue R52 TpebyeT Bliece-
?f;é) TMOMPABKY B BeJILUHHY MHUTAWUIEIO HANDSIKEHHS] B COOTBETCTBHH C YDABHEHHEM

(2200 + 1000) 12
2300
PacCCUBTBIBAEMOH CXeMDI

U, = =17 4

TakuM o6pasom,
R61=X KoM, Ull=l7 8.

ITpu ucnonpsosanuu OIIT Tunos 2N2646 n 2N2647 meanuusa Ree,
onpenensieMas ypasnenneM (4-2). MoXKeT BbI3BaTh 3HAUHTeNbBOE ¥ He-
yacOHOe AAs TPAaKTMKH yBeJuyeHde MuTaiollero nanpsxkendst U’y [co-
TJ12CHO YpaBHEHHIO (4—6){ B sTtoM ciyyae MOMHO pPeKOMeHAOBATb NpH-
metenne OIIT tunos 2N489, 2N1671A nan 2N1671B, Tak kak ypaBHEHue
(4-3) naer Membmyio BenuuuHy Res B cayuae xe, ecan ne TpeGyercs
TEMIEPATYPHOR KOMMOHCAUHK WIM AHANA30H paGoudx TeMIeparyp HeBe-
JHK, MOryT ObiThb HcmoabzoBansl OITT rtuna 2N2646—2N2647 ¢ comnpo-
TubaenneM Rez2=1000 ox.

Ads

nonyqaem =02 mxgp,

Meroder cunxponusayuu peaakcayuonnolx zeseparopos na OIIT

B ocuosnoft cxeme puc. 4.27 OIIT moxker GHITH OTKPHIT B J0GOI
MPOMEKYTOUHHE MOMEHT TepHoxa KogeGanufi 3a cueT yMeHbilenns aubo

7

CuHTDOnUIUpY HILUE
U umnyrbesn

Ppc. 4-29. Cxemer ¢
HMIYJIbCHON CilHXPOHH-
3allyedl  peaaxcaliuoil-
HBIX TIeHepaTopoOB Ha
OIlT.

a — HenocpeaACTBEeHHO,
yepe3 TpaH3HCTOP

6—

Puc. 4-30. Cxempi renepatopos ma OIIT ¢ cuaxponusa-
uueil oT CeTH nepeMeHHOro TokKa

MeX/AyB6as0oBOro HampsKeHms, AH60 nuTaulero nanpsxkewus U, 1o
9KBHBAJIOHTHO CHIXXEHHIO BedMuiHbl Us y B COOTBETCTBMH C COOTHOLIE-
Huem (4-1) wm (4-3). B pesyasrate OIIT orkpoercs, ecau U, » cua-
JeT HHKe MTHOBEHHOro sHaueHHsi U, CiegoBaTenpHO, AMAs CHHXPOHH3A-
IOHH CXEeMBl MOI'YT ObITb HCITONL30BAHBl CHHXPOHU3MPYIOUIHC HMMYJbLCH,
nogasaevbie Ha 6a3y 2 WiM HaKNaAbIBaeMbie HA NUTAOLLES HANPSKEHHE,
PucyHok 4-29,a naocTpupyer cnoco6 CHHXPOHU3ALUMH C MNOMOILLIO OT-
DPHIATEIbHBIX IIMIYJAbCOB, NOJABAEMBIX Ha 0asy 2.

Jlpyrod MeTox CHMHXpOHH3alUlM Mokaszad Ha puc. 4-29,6 Ilapa.nenn-
1o konpexcatopy Ci BkIwoyaercss tpansucrop [IT. IToNOKUTENBHBI nM-
nynbe ToKa B wenu Oa3pt [T paspsxaer Cy M 3ajepKHBaer OTHHpaHHe
OQIIT. Dra cxema MoxeT GbITh HCHOAB30BaHA TaKXKe ANA (dHUKcALWH HA-
npsixkenust smurrepa OIIT. o Tex mop, noxa B Gase /IT moamepxHBa-
eTcsl NOJOKHTENBHLIT TOK, Hanpsxeude Cy Gyler orcyTcrBoBaTh Ko-
raa rok B Gase npekpaturtcsl, Hanpsxkenne Ha C, mnosbicutes u OIT
OTKPOETCH B KOHIE MHTepBa/ia, ONpPeJeNiAeMOoro 3xayeHHsaMH Ry u Cy.

Ila puc 4-30 noxazaHbl MeToIbl CHHXPOHHM3AIMH IPH HAJIHUMM CeTH
nicpeMeHHoro Toka JIAs MMTaHAs cXeMbl ¥ A MOAAYH CHHXPOHH3KPO-
BAaHHOTO CHI'HAJA B LeNb yNpaB/ieHHs HCNOJb3yeTcs BBHITPAMISHHOE ABYX-
TOJIyePHOAHOE HeCra)KeHHOe HampsiKeHHe, moJydyaeMOe OT MOCTOBOTO
BLIMPSIMHTENS WJIH JAPYroro ucrounuxa. Jns orpadnuenus m crabuinsa-
UMM aMIUIMTYALl IIHTAIOLLErO HAaNpsKeHHs HCMOMb3YIOTCH CTaGHAATPO-
st CK

B xonue Kaxporo noaymnepHoaa manpsmenne 6asel 2 OIIT, u OfIT:
cmajaer A0 HyJas, UTO TMPHBOJAHMT K MX omnxpaduio. Ilpu smom 3MuTTED-
ible KOHJEHCATOPHl OhA3BIBAIOTCS Pa3PSIKEHHBIMI K Hauyany KaKaoro no-
JyTepuona, M cxeMbl yNpaBieHHs, TakHM o00pa3oM, CHHXDOHHU3MDPYyIOTCS
¢ nuraomed cetsio Ha puc. 4-30,a uMnysabe Ha BhiXofge CO3JaeTCS B KOH-
e XaxJ0ro NOJYNepHOAa, TaK 4TO TOK B IeMH HArpy3Km THPHCTOPA,
ONYYAONHICA TPY €P0 OTTHPAHHH, HeBedMK. Eciu 3TO HexenaTesbHO,
TO, Kak NokKasago Ha puc 4-30,6, past paspsiikd KOHISHCATOPOB B KOHIE
TOJYTIepPHOLA MOXKeT ObITh MCHOMb30BaH HononauTenssblii OTs. duon [
u Kongencatop Cj; ucnoabayiorcs ana nurasns OfIT; mocrosHibiM Ha-
upskenneM. Hanpsikenne wa szaxumax OfIT, Gyger cnagath R0 Hyas
B TeYeHHe KaXAOro NoJyneproja, B pesdyabrate ucro C; Oynrer pasps-
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watbea uepes OfiT,, a He uepes Rgy. Ias artoll cxembt OINT caenyer
BoIOUpaTh TakuM 06pa3oM, urobu Of1T, uMmen Goabwuil Kodpdumuenr v,
gyeMm OIITs.

4-14-3. Kpemuuesoiit ogHocToponHuit kiawoy (KOK)

Kpemnnesbiéi onnocroponnuit kmod (KOK) npencrasasier coGoit Mu-
HUATIOPIHIH THPHCTOP ¢ AHONHBIM YIPAaBATIOLINM 3JEKTPOAOM (BMECTO
BLIBOJA YMNPAaB/IdIOUIero 3JeKTpoga OT IPHKATOLHOTO 0a30BOTO CJ0f, Kak
OGBIYHO) M BCTPOEHHBIM HH3KOBOJBTIBIV JaBUHHLIM AUOJOM MEXKAY BXO-
JLOM # KaTOLOM. YcioBHOe oBosnaucHue u skpuBadeHTHas cxema KOK
naobpaxkenbl Ha pHc. 4-31, a BObT-aMIepHble aHOAHBIE XaPaKTePHCTIHKA
NpH OTKIIOUEHHOM BXoJe — Ha puc. 4-32.

IpuGop KOK o06buHO HCMOMb3YETCST B OCHOBHOH CXeMe pelaxca-
LHOHHOrO TenepaTopa, NMPUHIMI AeHCTBHA KOTOpOil o6Cy:KIaJcs BellIe
{em. § 4-14-1 w puc. 4-25,a). TIpubop rturma DI3DI umecr creaywoline
napamerpsi:

Hanpskenve nepekmouennst Uy
HaunGonpumil Tox nepexsouenns [y .
Y pepawmBaomee Hanphxenue Uypepw - -

Or 6 510 10 g
0,5 ma

He orosopeno,

npumepno 0,7 8

npu 25° C
HanGonpmmii yaepmupaoupil ToK ygepy - - 1,5 ma
[NpaMoe napgenne nanpsokenua U, (npu /=
=200 ma) .. ... ... 1,75 8
Jonycrumoe ofpaTHoe nanpskenne Uggp u 30 s
AMIIHTYa BBHIXOAHOrO HMITYJIbCA HATpSLKe-
gud (e menee) Uggyx. - . . . . . . . 3,58

Tlocnenuuit mapaMeTp SIBJASICTCS OdeHb BAXHBIM JIs1 CXeM yhpas-
JieHusl THUPHCTOPAMH, TAK KAK O SBIACTCH €NMHCTBEHHLIM TapaMerpov,
X2PaKTepH3yOMUM CIOCOGHOCTh JAHHOrO npubopa mepefaBars 3apsm OT
KOHAEHCATOPa BO BXOQHYIO IeMb THPUCTOpA. TAa aMINIHTYAa H3MEDPAETCs
B8 cxeve pHC. 4-25.,a, tae Ui=156 8, R1=100 xon, Ci=0,1 nxgh u R,=
=20 on. Amnauryina uMmnyasca Usux H3MepseTcs Ha CONPOTHBIEHHE Ra
DTa aMIMITYZa 3aBHCHT KakK OT pasHoctw HanpsaxeHuit Up u U,, Tax

Anod Anod
o
8zxud \\
[}
[
] /
Kamod Kamod 7 v
n

)

Puc. 4-31. OGosHauenne (a) u
CAE€Ma BHYTPEHHEro ycrpoicraa
(6) KpeMIIHEBOTO OLHOCTOPOHHe-
ro kmoua (KOK).

Uyplia Un

Pnc. 4-32. Bosabr-aMnepuas xapak-
repuctika KOK.

¥ oT Bpemenn nepekaovyennss (cM. § 4-14). [lpusenenible nmapamerpol
CXeMBl SBJSIOTCS THUNOBBIMU JJs CXeM ynpaBjeHus OGOJBIIMHCTBOM TH-
PHCTOPOB.

OcHoBHoe BHewHee pasauude Mexay KOK u  ojfHOnepexoAHBIM
TPaH3HCTOPOM cOoCTOMT B TOM, 4To KOK omnupaercsa npu dukcuposaH-
HOM HanpsKeHUHd 3aJaBAaeMOM ero BHYTPEHHUM JIABHHHBIM JHOJIOM.
Caenyer saMetuth taxxke, uro KOK nMeer 3HauntenbHo 6oJsee BbICOKOE
3HayeHue [, uem OIIT, npuueMm BenuwunHa [, oueHp OAU3Ka K Jypepm-
A1d (akTopsl OrPaHUUMBAIOT BEPXHIO H HUKHIOW TPAHHIEl 4aCTOTHL
[IepeKJIoueHHs! W BPeMeHH 3aJepxkku B cxemax ¢ KOK.

Has cunxponusauud uiH GNOKHPOBKM KoseBanuit uam AAA npHHY-
aurenbioro otnupanusgs KOK MOXHO HCHOMB30BAaTb HMITYJBCH HJH CMe-
l(eHHe, NOfdBaeMble Ha €ro YNpaBJsIoOmHA 3JeKTPOoL.

4-14-4. Kpemuuesniii apycToponuuii kawoy (KA K)

ITpudop KIK npeacrasasier coolt mpa uientuussix KOK, co-
QIMHEHHBIX BOTDEYHO-NAPAJAeIHHO, KaK MoKa3ano ma puc. 4-33 m 4-34.
Tax ®aK 37T0T MpMGOp MepeKIIOUASTCH MPH HAMPAXKOHHH 00HX MOAAPHI-
crell, 0H 0cOGeHHO MOJIe3eH [JIA YNpaBieHus ABYHaNPaB/IEHHBIMH THPH-
CTOPAMM C BHAKONSPEMEHHBIMY BXOKHBIMH HMIYJIbcaMu. Tawol peKiv
KJIK Moxer 'BbTh MOMYYeH MpH MCIOJIb30Bamuu B KauecTse Uy (puc. 4-23)
nepeMeHHOro HaupsaKeHus.

A

Bzxod
O

3z00

| S

a)

Puc. 4-33. O6osuauenue (@) u cxe-
MATHYECKOE BHYTpeHHee yCTPOHCTBO
(6) KpeMHHEBOrQ JBYCTODOHHEro

kmoua (KIK).

ITapamerpsr KK B ocHOBHOM Te e, UTO M TlapaMeTpsl KOK, 3a
uexmouenem obparnoro Hanpsxkenns Upgp, KOTOPOe 3lecb He HMeeT
CMbpICad,

Puc. 4-34. Bosbr-aMnepHas xa-
pakrepuctuka KIK.

4-14-5. JiBycroponnuit nepexJiovawouuit auon (ATIL)

[MpuGop I nuMeer TpaH3UCTOPHYIO CTPyXTYpy (puc. 4-35), xapak-
TEepUCTHKA KOTOPOil 06/anaeT yyacTKOM OTPHLATENBHOLO CONPOTHBJIGHHA
npH TOKe, NPEBBIHAIONIEM TePeRNYAIOH TOK I7. W3 xapagrepHCTHKHA
I (puc. 4-36) Buano, 4to 00aacIb OTPHUATENBHOTO CONPOTHBAEIHS
pacmo/oiKeHa NpH BceX 3HAUYEHNSIX TOKA, MPEBBLIIAOLHX Iq, caefoBa-
TesibHO, NOHATHE YUEPKUBAKIIEr0 TOKA 3/eCh JHLIEHO CMbICAA.
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Puc 4-35. Q6osnauerue
IBYCTOPOHHEro  MepeKJio-
yaoulero auoga (AITH).

Puc. 4-36 Boabr-amnepuas xa-
pakrepuctuka HITH.

IMpuGop AT moxkeT GBITh HCNOJIL30BAH B CXeMe [POCTOro Peiak-
CallKOHHOTO reHepaTopa (puc. 4-25) mpH paccMOTPEHHBIX BBIMIE YCAOBHAX
CYIMecTBOBaHust KoneGanuu. [das (OpMHPOBAHMsI 3HAKOMEPEMEHHBIX HM-
HMyrbCOB MOXKHO B KauecTBe Uy HCNOMb30BaTh NMEpeMEHHOe HallpsKeHHE.

IMapamerpst OITML Tanma T-2:

Hanpmxenne nepexmouennst Uy . . . . . . . . 28—36 g

HanGompmuit Tok mepekmowesnst /oy .. .« o . . 200 mxa
AMIUTHTY/Ia MMIYJ/IbCA  BHIXOAHOTO HATIPSEHHSA
Upgax (He MeHee) .. . . . . . . . . . . . 38

Amnantyna umny/ibca M3MepsieTcsl B TeX JKe YCIOBHSIX, YyTO H IJs
KOK man KIOK, 1. e. npu R.=20 ox, C1=0,1 ux¢. llpn Hcnoss3oBa-
HYMM JJI1 YIpaBNeHHs JAByHanpaBjaeHHbIMU TupucropaMmu T[] o6ecne-
yyBaeT IIPH YKa3aHHHLIX Napaverpax HajeXHOe OTIHPAHHE BCEX THUIOB
TakKUX NpubopoB, BhNycKaeMbix GHpmoOll [xKeHepan DJEKTDHK.

4-14-6. Ipoune MOJYNPOBOJHUKOEbIE
nepekayalupe Nnpudopsl

M3BecTHB! HeKOTOPHE APYTHE TANLL OAHOCTOPOHHHX M ABYCTOPOHHHX
MepeKnoIaolux npudopoB, NoAoGHEe ONMHCAaHHbIM Bhblle. Bce stu mpH-
Gopel paboTalOT B CXCMaxX penaKCalHOHHBIX TI'eHepaTOPOB W TOXuHHA-
I0TC PACCMOTPEHHLIM BLlNe KpPUTepHAM Eciu aMIJIATYyRa BHIXOXHOTD
HMIIyJbCa HalpsKeHHs JHOO TOKa He HOPMaliu30BaHAa, TO JOMKHO OHTb
H3BECTHBIM MaKCHMaJbHOE BpEMS MepeKIOUedns.

4-15. TABOPA3PAJIHASI HEOHOBAS JIAMIIA
B KAYECTBE NEPEKJIIOYAIOIEIO NMNPUBOPA

Huskas cToMMOCTh HEOHOBBIX JIaMit NPHBAeKJAa BHHMaHWe pa3paloT-
YAKOB K BO3MOXHOCTH HX HCTOJB30BAHHS B KAauecTBe [1€PEKII0Yaionlero
npufopa Ajis CXeM YNpaBieHHs THDHCTOPaMH. XapaKTePHCTHKH JaMihl

nopo6HLl paccMOTpeHHBIM Bhillle Xapaktepucrusam JTIJL Hanpsixenne
NepexiouenHsa (3axuranud) y nux nopsaiaka 90 s, TOK nepexJiouerus
BecbMa Man (HHXe 1 mxa). BpeMms 3auUraHus BeJIHKO N0 CPAaBHEHHIO
C BpeMeHeM MepeKMOUYCHHS TOJYNPOBOIHHKOBRIX MPHUOOPOB, aMIUIWTYIA
BbIXOAHOIO MMIyJabca oObIYHO He ykasbiBaeTca Heonoas naMna tuna
5AH co crafuixzauueii napaMeTrpoB paJHOAKTUBHEIM HM30TONOM B HA-
cTosliee BPCMS MCIOJAb3YeTCA BO MHOIHX IIPOCThIX U AeWeBbIX yCTPOH-
CTBaxX YNpaBJeHHsi THPUCTOPAMM. IlapaMeTpbl JaMIiibl:

USgse + = = « o« v o« v . 60—100s ‘
B + o = ¢ o o « « « « o o He ykasslzaetcs
coperpg=Ug « + .« « . . 60 g ipu 5 Ma
yuevr Uypeb + + » « » « . Ile ykaseiBaeTcs
lamx (HE MeHER) . . . . . 5 ma

AMILINTYda BBIXOJAHOTO WMIy/ibca TOKA [gmx U3MEPACICHA 1IPU pas-
psne xoumencaropa 0,1 mxgy Ha comporusienue 20 ou. CienoBartesibHo,
aMIIMTYAA BLIXOAHOTO HMNyJbca HampsXKeHusi He npesbimtaer 0,5 8.
HeonoBule iamnbl OGBIMHO TaKikKe XapaKTePH3YIOTCA CDOKOM CayXKO6bl® 323
5000 4 npu noctosiHHOM TOKe 5 ma 3HaueHHA Usaw umu Ua He HOMXKHB!
H3MeHATbCsT Gosiee 4eM HA D 8, OAHAKO ITH JaHHLIE He ONpeLessioT CpoK
CayxK0bl JlaMNbl B IPeNaKCAIHOHHOH cXeMe npu paboueilt uacrote 120 2y.
OcHoBHast 06aacTh NpPUMEHeHHUs HEOHOBBIX JaMll B THPHCTOPHOH TeXHM-
Ke — yCTpPOHCTBA YNpAaB/CHUA, KOTOPhle MOMKHELI OBITb HpeXae BCero
JlelIeBEIMH, TIpHUEM YNPAaBJAIILH TOK, HeOOXOLHMBLIH AJad OTIHPaHHd
THPHCTOPOB [y o MOMKeH ObITh Menee 10 xa

4-16. UMNIYJbLCHBIE TPAHC®OPMATOPDI

Jlisi oBA3Y MCTOYHHKA YNPaBASIOLIMX HMIYJBCOB C YIPaBASIOLIAM
3/eKTPOAOM THPHCTOPA 4acTO HCHOAb3YIOTCA HMITyJAbCHble TpaHchopMma-
TOPEBI, KOTOPbie MO3BOJSIOT NOTEHIHANLIO HM30JAHPOBATE 3TH Helu ApYyT
or gpyra.

Kak mpasuno, Hcnoap3yoTes ABYX- WIH TpeXoOMOTOUHble TpaHcgop-
Maropul ¢ kKoadduuuentom tpancdopmanuu 111 wunu L:1: 1. Bropuunas
o6MOTKa MOXKeT ObITh BK/AOUEHA MO0 HENOCPEACTBEHHO MeXAy Ynpas-
JSIOIUM 3JIeKTPogoM H KaTomoMm (puc. 4-37), nubo uepe3 mnoc/lesopa-
TeJlbHOe CONPOTHB/EHHE, KOTOPOe CHHIKAeT YAePKHBaloUlUdil TOK THPHCTO-
pa H B cilyuae ynpaBieHMs ABYMS THPUCTOPAMH C NMOMOLUBIO TPeXOGMO-
TOYHONO MpanchopMaTopa BHIPABHA-

BaeT ux BxoAHbe TokM. Hmonna no-

Tlenepamop 'a
CABJ0BATEARIO BKAKNUAKT JXOI AJaAA ot'mno/mp:slz‘
yCTpaHeHMs OTPHIATENBHONO BXOJ- unnyres .,,l
HOPO TOKA ((0COBGEHHO B CJAyYae KO- oo

Je0aTefbHOTO XapaKTepa MepBHuwIo- O‘“:JI@ p
N0 TOKa MJH NPy mepefade yepes T <l
TpanohopMaTOp OZHOMOAAPHBIX ©M- l
ayascoB). Tawofl yimom Tagxe cHi-

KaeT yASPKUBAOIMHE MOK TUPHCTO-
pa. B cayyae BHICOKONO 'YPOBHS NO-
Mex (HaBOMOK) MOXKer 0Ka3aThes
MOJIE3HBIM HArpy3uTh BTOPHUHYIO 00-

Puc. 4-37. Ynpasiene THPHCTO-
PCM  depe3  pasfeHTebHBIA
tpaHcdopmatop.
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MOIKY  COMPOTHBJGIHEM,
9TO6H NpPELOTBPATUTS
JIOXKHblE ODNMHPAHUA THPM-
: cropa.
Ha puc 4 38 mokasza-
{ HO HeCKOIBKO BapHaHTOB
a)

HCMOJMb30BAHMS  TPaHodGOp
EFD ® _
-~

Maropop (AJA7 YIIpaBuIerIis
6) 6)

BCTPEUHO - [TapanesibHbl ik
Puc. 4-38. YmpabseHue uepes TpaHcPop-

THPHCTOP AMH. flomuran
n3oaanas obecneynBaeTcs
Matop BCTPEYHO-TAPAJJe/NbHEIMH THPUCTO-
paMu.

T«pexo(’)MnO’FO"-l‘{bﬂM Tpate-
dopmaropom (puc. 4-38,a),
OHAKO MOXXHO MCIIONb3D-
BaTh H ABYXOOGMOTOUHbil
B pexmMe Jaub0 mocaeIln-
BaTeJBIOO, o mapaJ-
AeALHOrO BKAKUSHUA Hep-
BauHOH  OBMOTKH  (pdc
4-38,6 u 6). Bo mcakom
oyqae, MCTOMHUK rymIpas-
JAOWAX MMIYABCOB  L0J1-
XKeH 00CONeduBaTbL JHEP-
FHIO, AOCTATOUHYIO (/5 OTHHPAHHS OGOHX THDMUCTOPOB, a HMMIYIBOHbIN
TpaHchopMaTop JKOAKeH OBTbL PACCUMTAH Ha COOTBETCTBYIOLME BHIXO-
HON TOK M HanpsiKeHHe C yUSTOM JIOOBIX [ZOMOJHHTeNBHBIX CONPOTHBAC-
HHI ¥ BO3MOMHBIX DA3NIUUHMH BO BXOMAHBIX COMNPOTHBICGHHAX THPHCTOPOB.

OcHoBHBIM Tpe6OBauHeM K pa3fejuTeqbHOMYy TpaHchopmaTopy
fABJseTCA JOCTATOYHO BBICOKHH K IL . HpOCTeumee HCMBITAHHE COCTOUT
B CpaBHeHHH HMNYJAbCOB Ha CONPOTHB/JAEHHH 20 oM, TTOAKJIOYEHHOM K Te-
HepaToOpy HWMITyJbCOB HENOCPeJCTBEHHO W uepe3 tpancopmarop. Ecau
MMIYJIbChl OJHHMAKOBB HJH Pas/iMYaOTCA HE3HAUMTENbHO, TPalcdopmarop
MGXHO CYMTATh YIOBJETBODUTENbHBIM Ilotepu B Tpanchopmatope cie-
JLlyeT KOMIIEHCHPOBAThb YBEJIHYEHWEM AaMIWIMTYAB MMIyJbca TeHepaTopa

Caenyer yuectb caeayiome (akTepel Ipu BhIGOPC HAHM TIPOEKTHPO-
BaHHU TPaHCHOPMATOPOB:

4) MHAYKTHBHOCTb HAMATHHYHMBAHHA TePBHYHOH OOMOTKH MO/MKHA
6LTh JOCTATOYHO OOJBIIOH, YTOOLI HAMACHMYMBAIOL(MA TOK Obli MaJs N0
cpaBHeHu0 C paboyHM B TeueHHe BPeMEeHH HMIyJbCa;

G) MarHuTHas CBA3b Yy ABYXOOMOTSYHBIX TPaHchOpMATOPOB JOMKHA
GBITh BO3MOXKHO JydlleH, TOrga Kak MpPH OAHOBPeMeHHOM YIpaBJeHNH
HeCKOJbKHM:! TUDACTOPAMH C HOMOIILI0 MHOrOOGMOTOYHHIX TpaHchopMa.
TOPOB BeJHUHHBI MHAYKTHBHOCTEHl paccesiHusi NoJxubt OBITH OnpefencH-
HBIMU JJ1st BHIDABHHBAHHS BXOAHbIX TOKOB THPUCTOPOB;

B) MexOGMOTOUHAR H3OJSUNS JOJKHA BHIIEPXKUBATh He TONbKO HOP-
MaJbHble HaNDAXKEHHA, HO H BO3MOXKHble MepeHanpsiKeHHs;

r) Mex0OMOTOUHAS eMKOCTb OObLIMHO HECYIIECTBeHHA, HO HHOIAA OHa
MOMET NPUBECTA K HeXeJaTeqbiblM B3aHMHBIM NOMeXaM.

4-17. TPAH3UCTOPHbBIHH BJIOKHWHT-TEHEPATOP

BogbIIMACTBO PACCMOTPEHHBIX BBhIlle NOJYNPOBOAHHUKOBBIX TepPeKIIo-
yaKX npnBopos obecreyrBaeT BPeMsl HapacTAHUA yUPABIAOMUX HM-
uyascos ot 0,6 1o & mkcex. Ecan tapHeTop Ioaxeu paboTaTe B ycao-

Ans npomuBonosoxnc-
Ho20 BbiToda

———

2N1825

2N3H1% 2N431%

|

Piuc. 4-39 DBuokwHr redepaTtop Ha HMIYJABCHOM TPAH3ICTOPe, BO3GyKmae-
MBIF OT MVJbTHBHOpATOpA.

prax Goaswvx difdf, To 3TM TPuUGOPHl OKA3LIBAOTCH HEILOCTATOYHO
OrictpozeiicTeyrounivd B 3ToM cayyae MOUIRBIC HMIYJAbChl [0OKa € Ouelb
KOPOThHM BpemeHeM (POHTA MOTyT GbITb IOJAYydeHbl 0T OJOKHHT-reHepa-
TOpa Ha CHeMUa’ibiOM TPaH3UCTOpeE, MpeJHA3HAYEHHOM AT KJAOYeBOro
pexnMa paboThl

Ha puc 4-39 npexcraBrena cXema OGJOKHHT-TeHEpaTopa, BO3GYXK-
1aeMOro MyabTwBHOpaTopoM, paspaGotanHas Anst (HOPMHPOBaHUS mpA-
MOYTOJBbHBIX WMMYABCOB A0 1 @ ¢ BpeMenem Hapacranug 0,2 u Aau-
TerbHOCTBIO 3 Mkcex Tlpn ynpapjeHin THPHCTOPAMH B ABYXTAKTHBIX
cxeMax MyabTHBUGPATOD MOMKET ObITh HCIOAB30BAH ANR BO3OYXKjens
B10POT0  GJOKHHI-TeHepaTopa, paboTdloilero <o CABHTOM Ha moJjrne-
puGaa

4-18. TPAH3UCTOPHbIA TPUITEP

Jlas yupapieHdst THPHCTOpPAMil MoXeT OwiTh TakXe HCHOMb30BAH
TpaH3NCTOPHBIT TpHITep BHIXOALI TPHITEpa MOXKHO COCAMHMTL ¢ THPH-
cTOpaMu HemocpeacTBeHHO, Kak onucauo B § 8-9-2, nubo uyepes pasje-
JINTebHLII TpauchopMaTop, Kak noxasaHo Ha pnc 4-40 Tpanchopma-
TOp MOAXKeld GmTh CIPOEKTHPOBAH TaK, 4TOOH M36GeKaTh ero HACHILEHHS
npy HamHn3mied YacTOTe MepexMIOUeHHs TpHITepa 1 Hanbonbliem Ha-
npsixeunn mutadnd. Cxema puc. 4-40 obecueyuBaer BbIXOAHOe HAnps-
WeHHe MPAMOYroJbHOI (GOPMBL € avMAMTYAOR +7 8 B poXHME XOJ0-
CTOrO0 X0f4a H MaKcuMaJbHBIL TOK Harpy3km 800 ma. Tpurrep Bo3-



124 TNYCKOBHIE XAPAKTEPHCTHKM U CXEMBI YITPABJIEHUA

XAPAKTEPUCTHUKH 3AMNMHUPAHHSA THPUCTOPOB

125

Hacmpuoira
+286 vacmoms!
— )

150

2201 1.9«

47

Puc. 4-40 Cxema CuMMeTpHYHOro TpUITEpa, BO3-
6yxpaemoro or reseparopa Ha OIIT. Brixoxnas ua-
crota 400 ey

O6yxpmaercs  penakcatropom Ha OIIT aas nmopeedus craGHILHOCTH
4acTOTH, HO MOXKeT paGoTaThb H OT HIDIX MCTOUYNHMKOB 3allyCKalOMIMX HM-
NYJIbCOB.

4-19. TUPUCTOPbl B KAYECTBE YCHUJIMTEJENA BXOIAHbIX
CHIHAJIOB

JLOCTYNMHOCTh MaJOMOL{HbIX THPHUCTOPOB ¢ BBICOKOH YyBCTBHTENb-
HOCTBIO 110 YMPaBJSIOLIEMY IEKTPOLY AeNaeT UX yAOOHBIMH AJA IONYy-
YeHMs MMIYJABCOB YNPABIEHHS C MaJblM BpeMeHeM HapacraHus s
yupaBieHuss MOLWHBIMH THpHCTOpaMH Ha puc 4-41 npexpcrasiena cxe-
ma, rtae Ttupucrop T4 ¢ TOKov omnmpanns wmeHee 200 mka ormmpaer
Momiublit Tupuctop Ts [locie ornmpanus To MIYHTHpPYeT MaJOMOLIHBL
THPHCTOD € 110C/Ae{OBATENbHBIM COIPOTHBJIEHHeM R H NPHUHAMAET NOJ-
HOCTBIO rOK HarpyskH Takas cxeMa, MOMHYO BBICOKOIi UyBCIBHTENbHO-
CTH KO BXOJHBLIM HMIYJbcaM, [03BOJsieT PaboTaTh NMpP{ 3HAYMTEABHOI
MHYKTHBHOCTH HATDPY3KU, NOCKOMBbKY yIePKUBAIOUIAI TOX TUPUCTOPA I'y
MHOTO MeHbille, yeM Yy MowHoro Iz, B 3sToM <ayyae OTKPHIBIIHHCS
Ty 6ya~r nopiepKuBaTe ynpapisiomuii 10k ruprctopa Tp Ko MOMeHTa
er0 OTTHPAHHA DBennuuAa 3TOTO TOKA OrpPaHMMHBACTCS CONMPOTIHBJCHWEM
Ry Tupucrop Ty ponxeH oTBedaTh TeM ke TPeGOBAHHAM MO Hanpsxe-

Hazpysnn

Puc. 4-41. HcenospsosaHue
MaJOMOWIHOIO THPHCTOPA AJA
ylnpaBJeHUs CHJIOBBIM THPH-
CTOPOM,

HHIO, UTO H T, a ero aHoAHbII TOXK OOBLIYHO HMeeT HMIYJbCOHBIH Xa-
paKTep, H I03TOMY €ro cpejHee 3HauCHHe HEBEJIHKO.

B kauecTBe YNPAaBAAIOILEr0 MOXHO TakKxXe HCNOJAb30BATD MaJo-
MOILHBIE (QOTOTHPHUCTOPH!, KOTOPhie B COYETAHHUH C HMMIYJbCHBIM HCTOY-
HIZKOM CBeTa I[03BOJSIOT Jerko peliTb NpPO6GAeMy H3OIAIMH CXeMbl

yInpaBd€HUsA OT CHJICBBIX THPHCTOPOB, HAXOAAIUHMXCSA HA YPOBHe BHICO-
KOro InoTeHIHana.

Pasnaea nsituii

CNOCOBbI 3ANTMPAHUS TUPUCTOPOB

5-1. XAPAKTEPUCTUKHU 3ANUPAHUA THPHCTOPOB

Ecnu npsvoe HanpsikeHde K THPUCTOPY (34echb M jafiee B 3TOM
Pasieie HMRIOTCK B BULY ONHOHAMpABJEHHBle THPUCTOPH) MNPHIONKeHO
CJAMUIKOM BBICTPO MOCAE TOTO, K2k .

3
gepe3 HEro nepecTas npoTeKkaTh TOK, T 4
TO TUPHCTOP CHOBA mepefizer B 0~ o g8
crofnue mposompuMoctd. Jafg HazexK- g "
HOTO Samupammsi TpeGyencsd BbIKILATh . 3
HEKOTOPOE BpeMsA ToGTe mpekpame- ® § t
HHUS MPSAMON0 TOKa \TO IIOBTOPHOrD §
TIPHJIOKEHAS MpPAVMONO HAMpPAKeHus.
B pasx 1 paccMmorpenbl dusuyeckie § 3
IpHUMHLI, oTpejeasiolude wHTepBan, § -t —
Heo0X01IHMbIH A1 BOCCTAaHOBJAEHHMS § S
THPHMICTOPOM  3allHPAoMX CBOHCTE L
B mpmvOM mHampasaemws (Boccta-  § §
fgorenye ympasasemoctn) O Boc- ¥ §
CTAHOBJEHHH YNpaBAseMOOTH A3y- & ¥ {

HAMPABAGHHEIX THPHCTOPOB I'OBODPMT- f2 T2 Tels trtgly i
ca B pasdg 7.

Urofsl oupedesdTb BpeMf, Tpe-
GyeMoe IS BACCTAHOBIOHIIA WILD AB-
NSEMOCTH, TOK H HaMpsKeHMe Hombl-

TYEMOr0 TUPUCTOPA (YOJMKHE WMETh

Prc 5-1. Kpusnie Toka ia H Ha-
NpaKeHHa Y. [PH  H3MepeHuH
BpeMeHH BOCCTAHOBJIEHUS YIpaB-
JIIeMOCTH.
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tdopvy, nokazanHvio Ha puc -1 Lcanm yMmeHbWIATL HITEPBal MeXLy
mMoveHTaMd {3 U f3, To OyAeT HafifeHO TaKOe NOJIOXKEHHe, KOljJa THPH-
CTOP He CMOXET 3alMpaTh NOBTOPHO TIPWJIOXKEHIOE HaIpsKeHe
ITOT MU IHVAZAbHBI HITEPBAN, HeOOXONHMBI 115 BOCCTANOBICHHS
HPSAMBIX 3aMHPaOUIMX CBOHCTB THUPHC10Pa, HA3BIBAETCA BpeMCHeM BOC-
CTAHOBJEHNS BpeMs BOCCTAHOBJIEGHHS ABAETCS (YHKUMCH HECKOBKUX
rnapamerpoB Ouno Bo3pacraer
1) ¢ yBenuueHHeM TeMNeDPATyPHl TIEpexoAa,
2) ¢ yBeJquueHHEM aMIUIMTyZLbl HPAMOLO
ti—tp);
) t3; C yBesuyelldeM CKODOCTH craja NpsMoro Toka (Ha HHTepBaje
a3/},
4) c yMeHblIeHHeM MaKCHMAJBLHOrO 0o0paTHOro Toxa (B MOMENT

TOKa (HMa HHTepBaje

),
rcxcex 5) ¢ ymenblieHHeM oGpaTro-
%, ~ ro HANpsiKeHHd (Ha MHTEPBAJC
ty—tr),
7 6) I© yBenuyeHueM CKOPOCIH
HapacTaHgs MPAMOrO HaNpsKe

& 7 Hus I(Ha wurepsage fs—fs),
7) ¢ yBequYEHHEM AMILIVTV

Il MPAMONO  3aMUpPAEMOTO A
i mpAKenus (na smrepravie fo—riio);
~ 8) ¢ yBeqHuYEHHeM BHEIIHETO
CONPOTUBJIEGHNSA B HEmd YIDaB s
- I0INEr0 3JeKTposa,
) Tnep 9) ¢ iyBeJaHUEHMEM MOJOXK
w0 a0 120 °C TETBHOrO HaMPSIXKEHHUS Ha YIpaB
JA0MEM IeKTpofe
Puc 52 3asucuMoCTh BpeMenu 5-1-1. B
BOCCTAHOBJIEHHS YNPABJISEMOCTH -1-1. bpems
OT TemnepaTypnl nepexoga (ajs BOCCTAHOBJEHUA

rupucropos tuna Cl41) YOPABJASIEMOCTH THPHCTOpA

BpeMsa moccramosn
oo p HOBJEHUS YT

2 PaB/IACMOCTH, HHAue BpeMs 3a-
Wl MUPAHHS,  THPHCTOPA  Onpele-
P J€TC KaK HaMMeHbIME mpoMe-

12 P KYTOK BPEMEHH Mexkily MOMen
o ToM I3 i(puc 5 1), woria npsmon
. TOK imalaeT JIo HyJIs, M MOMe-

: 1a waxe TOM {3, KOTZa THPUCTOP CIIOCO-

h o pra— W o . Gen Bamepers ([OBTODHO NDHTO-
HKEHHoe MpsMoe Hanpsxenne Ges

Puc 53 3apucumocts naubo.pmre-  OTIHD2HHA, OHO H3IVEPSETCA MpH

r0 BpEMEHH BOCCTAHOBJEHHS YNpas-
JSIEVIOCTH OF AMIUIHTYIbl TPSMOTo
Toka (A 1upucropos Tuna Cl41)
Yenosusi omblta 1) NPSAMOYrojbHBE HM
NYyJbLCHI TOKA C HauMeHbIIel AJAuTeNb

HoCcTh'0 50 MKCceX 1 CKOPOCTBLIO Hapacra-
MU MU chada He Goaee 10 a mkcex 2)

ONPEIIGHHBIX 3HAYSHAAX TOKA,
HAIPSIKEHUST H TeMIeparyphl
Ha puc 52 mokasano uawve-
HEHME BpeMOHH (BOCCTAaHOBUIEH IS
TUDHCTOPA i M3MEleHHeM TeMTe-
PaTypsl mepexona, a Ma puc 35 3

HauboabLas TeMIIEpATYpa kopmyca  \PUBEIGHA  3aBMCHMOCTL  &TOTO
+120° C, 3) wacrora or 50 no 400 ey BPEMEHN OT BeuIMYMHDLL npsavoro
4) uwauGoabuan du/di=200 8/mkcek TOKa

OBPATHBIV TOK HA 3TATIC BOCCTAHOBJIEHUS 127
5-1-2. Bpems, npenocrapisgemMoe cxemoi
AJS BOCCTAHOBJCHUNA
BpeMs, koTopoe IDELOCTABJASETCH CXeMOH A  BOCCTAHOBJIeHHS

yIpaBJAfeMOCTH THPHCTOPA, fp ¢ AOAKHO ObITh Bcerga Ooablle, 4YeM
peaJbHOe BpeMA BOCC1AHOBAEHUS TaAPHLTOpPA fp ({8 ¢>>f3), B INPOTHB-
HOM cayyae THPHCTOP OYAeT OTIHPATHCSA

Bpemsi BOCCTaHOBJIeHHsI THPHCTOPUB OOIIETO NpHMeHeHHst OOBNMHO
PPHBOAMICSI B CNPABOUHBIX MAHHBIX KAK THNOBAsl BENHYHHA, OT KOTOPOH
MOI'yl HMETh MECTO 3RaudTediblible Oigiollenus J[Jas cxem, rie Bpews
BCCCTAHOBJIEHY 1 ABAAETCS KPHTHUHBIM NapaMeTPoV, HeOOXOAMMO HC-
[0JIb30BATb THUPHCTOPBI € OMNpeJeNeHHBIM HaHOO/BLIMM 3HaYeHHeM Bpe-
vieHn poccraHopieHus C 3Toil ueabo (upMa [Kenepan DJIEKTPHK BbI-
MycKaeT PsAJ THUIOB TUPHCTOPOB C TAPaHTHPOBAHHBIM HAHGOJBIIMM Bpe-
meHevM BOCCTAHOBJIEHHA TPH CrOBOPEHHBIX Td I0OBBIX YCAOBUAX B OTHO-
meHun Gopvp KPHBBIX TOKA M HaNpsKeHHs ¥ BeJHUHHBI TEMIepaTyphi

5-2. BPEMSI BOCCTAHOBJIEHUS YNPABJISEMOCTHU
NMPH UMNIYJABCHOM PE)XUME

Bpevs BOCCTAHOBJACHUR VYNPABAAEMOCIH TUPUCTOpA TOCIe TNpoOTe-
KaHHA uepe3 Hero JOCTATOYHO KOPOTKOTO HMIyJAbCa TOKa MOMKeT ciy-
MUTb [/ H3viepeHrs TeviepaTypol Hau0ojee ropsiuell TOYKH Inepexona
B IS OUeNKH CTOMKICTH TUPHCTOpa K BeauduuHe difdt (o mociedneM
daxtope v § 3-7)

5-3. OBPATHbIW TOK HA 3TANE BOCCTAHOBJIEHUS
U BPEMSI OBPATHOIO BOCCTAHOBJEHHUA

Bpowsi, B TeueHiMe KOTOPOro 06paTHbLI TFOK BOCCTAHOBJIEHHA NPO-
TeKkaeT yepes THPUCTOP (fs—fg Ha pdc 5 1), HasbiBaeTcs BpeMeHeM 00-
PATHOrO BOCCTAHOBNEHHS ITO BpeMs HeOOXOAMMO THPHUCTOPY 178 TOTO,
uy7CGpl BOCCTAHOBHTh 3allHPAIONLY0 CIOCOGHOCTE B OOpATHOM HalpasJe-
it Ero Henb3s CMeILMBATH C BPeMeHeM BOCCTaHOBJEHHs] YNpaB/sgeMO-
¢TH, T € ¢ BpeMeHeM, KOTopoe JAOJ/UKHO NpPOHTH 0 TOro, KaK THPHCTOD
CMOKET 3amepeTb NMOBTOPHO HPUJIOKEHHOe MpsMoe HanpsiXeHue SBie-
HHe BOCCTAHNBJCHUSI OOpPATHOM 3allUpalOlLel  CHOCODHOCTH HIPHCYlle
T1iKXKe OOBUHBIM HEYNPaBJAsSeMBIM BEHTUMAM

BpeMs o6paTHOTO BOCCTAHOBJAGHHA THIHYHBIX THPUCTOPOB COCTABJSA-
CT HeCkoJabko MHKpocekyHa Owno yBenudmBaeTcs ¢ Bo3pacTaHHeM Ipfi-
MOTO TOhd M C VMEHbLICHHEM CKOPOCTH cHaja NPAVOro TOKa

OGpatdbil TOk Ha 3ralle BOCCTAHORJEHHS HIrpaer neKeNaTedbHYIO,
FC BaXHYIO pOJb IPH TPHMEHEHUH THPHUCTODOB B CJAEQYIOIIHX Chaydasx

1 B nByxXnoJdynepHOAABIX H MHOrOGasHBIX CXeMax BHIIPAVJIeHHS
o6paTHBIl TOK BOCCTAHOBJGHHS BBHILICAIIETO W3 PabOTLI BEHTHIS IIPO-
T¢kaeT B TPSMOM HANPSIKeHHH 4Yepe3 BCTYNAOIHII B paboTy THPHCTOP
10 MOXKeT HOBAeYb YPe3MepHOe yBeJHYEHHE AHOAHOIO TOKAa THPHCTOpPA
Ha JTane OTHUPaHus

2 B HekOTOpHIX CXE€Max HHBEPTOPOB, TAKHX, KAK HHBEPTOPA Hamps-
xenus Mak-Myppes —DBeadopna (em pasg 11), rae ofuH TUPUCTOP
sanupactess NpH OTIHPAHUW APYroro, OOPATHLII TOK BCCCTaNOBJEHHA
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NEepBOrO THDHCTOPA NPHBOJUT K BHICOKMM 3HAueHHAM aHOAHODO TOKa Ha
sTane OTMIMpPaHHA y BTOPOro

3. Ilpu nocnemcBaTe/lblOM COeAMHOHHH THPHCTOPOB pacipelesicHue
oGpAaTHOrO HANPSKeHUd MOXKeT OblTh CHAbHO HApylleHo BCAeACTBHe pas-
HE'X BpEMeH BOCCTAHOBJEHHsI 0GpalHON 3anupalolleil cnocoOHOCTH IO-
CJe0BATENbHO BKJIOUEHHBIX BEHTHJell (cM. pasi. 6).

KpoMe Toro, ciemyeT y4uTbiBaTh, 4TO OOGDaTHBHI TOK, KOTOPHIHA Ha
JTane BOCCTAHOBJEHHSi CHajaer ¢ oOdYeHb OOJBIIOH CKOPOCTBIO, MOXer -
BBI3BATL OTNACHbIe NEDEHANpPSIXKEHHS H PafHONOMeXH.

5-4. METOJbl 3ANMUPAHHUA TUPHCTOPOB

Tlpu mpoTekaHuu [PAMOrO TOKA yepe3 THPHCTOP yNpPaBAAIOUIUA 3J/eK-
TPOA TepseT ynpaBasioliue cBoficrsa I[loaromy, uroObl npepuiBaTh nps-
MOH TOK, HYXXHO HNPUHUMATL ClleluajbHble Mepbl I3BeCThel ABa OCHOB-
HBIX cliocofa 3amupaHHa THPUCTOPa. NPepbiBanHe aHOLHOLO TOKA U NpPH-
HyJAUTeJblas KOMMYTalluf.

5-4-1. MpepruiBanne TOKa

Tok TupucTOpa MOKeT GBITH NpPEPBAH ¢ MOMOIIBIO KaOua OLHUM
H3 IBYX cnocofos (puc. 5-4): nyTem pasmblkauus uenu (puc. 5-4,a)
WM IIYHTVDOBAaHWs THpucTOpa (puc. 5-4,6) Ha BpeMs, [LOCTATOUHOe
AJsi BOCCTAHOBJIEHHMsI YnpaBisieMocTd TupucTopa. HeobxoguMo 3ame-
THTb, YTO AEHACTBHE KAIOYA B MOAOOHBIX CXeMaX BbLI3HIBAeT BLICOKUe 3HA-
uerHsl dufd! Ha 3a)KEMaXx THPACTODA.

5-4-2. IlpunyautTeabHasi KOMMYTAaLHs

Koiga BhlileOTACAHHBIE METOABI [IPEPHIBAHUS TOKa HEOCYileCTBUMBI,
ciegyeT NPHVEHATh IPHUHYAnTeNbHYIo KomMmyTtanuio (forced commuta-
ticn). CymHocTb NPHHYAUTENBHOHM KOMMYTAlHH COCTOHT B TOM, 4TOOHI
NyTeM HOOKJIOYEHHsI KAKOTo-JMG0 HCTOUHHKAa  3HEPrHd K THPHCTODY
obecreusdTs HpoTEKaHHe uepe3 Hero OOPATHOrO TOKa, MNPEBDLILAIOUWETO
npaMon Bo MHOTHX ClydYadx MPHHYAMTeAbHAs KOMMyTauus Gojee Ipex-
HOYTHTENbHA, TAK KaK IIpM 3TOM BpeMsl BOCCTAHOBJIEHHS YNPaBAseMOCTH
THPHCTOPA MeEHbLIe.

|1t

)

7)
Puc. 5-4. 3anupaHHe THUPHCTODA IIyTEM MPEPLIBAHUA AHOA-
HOTO TOKa.

5-5. KJIACCHPUKALUS CNTOCOBOB
NPUHYAUTEJIbHOX KOMMYTALIUH

Fyeerca IMeCTb PA3/IHYHBIX CIIOCOO0B MPUHYAUTEALHON KOMMYTALHH,
COCTBETCTBEHHO KOTOPHIM BCe CXeMBl MPHHYAMTENbHOH KOMMYTAlHH MOK-
¢ pasfeqHTs Ha LIeCThb K/AAccOoB.

Knace A — «camokovMMmyTallisi» THPHCIOpa 3a CYeT pPE3OHAHCHOrO
XapakTepa Harpy3kd B ero LelH.

Knace B — «caMOKOMMYyTauusi» THPHCTOpa C MOMOLIbIO BCIOMOra-
1eabHoro LC-KoHTYypa.

Knacc C — koMMyrauusi ¢ noMouibio KonfgeHcaropa uau LC-KOH-
Typa, NOJKIICYAaeMOTO JPYrHAM CHJIOBBIM THPHCTOPOM.

Kaace D — xkomMyranus ¢ noMoilbioo KoHAeHcaTopa maud LC-XOH-
TYpa, MOAKIIOUAEMOr0 BCIOMOIaTeIbHEBIM THPHCTOPOM.

Kadace E — noMMyTalusa ¢ IOMOLUBIO WMIYJABCOB TOKAZ OT BHEIIHEro
HCTOYHHKA

Knacc F— koMmyTaius ceTbl0 NEPEMEHHOI'0 HampsxeHus i,

Haxe npusedennl mpHMepbl CXeM, KOTOPLIe COOTBETCTBYIOT YKa3aH-
HbIM crocob6aM KoMMyTauuu (cM. Takxke rtaba, b-1, crp. 139). B kaue-
CTBE NPHAMRPOB B3ATHL NPOCTeHiHe cXeMbl NpephiBaTesieli MOCTOSHHOrO
tToka (cM. pasa. 11}, Xora Ha OpakTHKe 3TH CHOCOOB KOMMYTAIMH
HCHONb3YIOTCHA H B APYrHA cxXeMaX (CM. CIHCOK JMTeparyphl K pasi. 1l).

5-5-1. Knace A — camMokoMMyTallug 3a cuet
pe3oHaHCHOro XapakTepa Harpy3kH B 1eNH THpPUCTopa

[Tocse oTHHpaHMS THPHCIOpA AaHOAHBI TOK 3apsrKaer KeHIeHca-
Top C ¢ nOAsipHOCTBIO, YKa3aHHON Ha puc. 5-5. 3aTem TOK B KOJIe6aTeMhb-
HOM KOHType AOJINKEH H3MEeHWTb HalpaBjeHHe, YeM H JAOCTHraercd 3a-
nupagde TUPHCTOPA.

OfsizaTeJbHBIM  YCJHOBHEM AJSL KOMMYTalldH
TyXxauuwe XKourypa LCR.

apasiercs caaboe 3a-

5-5-2. Kaacc B — CAMOKOMMYTALHUS ¢ MOMOLLbIO
BcnomorareJsHoro LC-KoHTYpa

ITpumep 1 (puc 5-6). o MoMeHTa mHojasn BXOZHOTO HMIYJbCA
kougencatop C 3apskaercd C TOJAPHOCTBIO, YKa3aHHOR Ha pHCYHKE.
Tlocnme ornupaHHsl THAPHCTOpA HepPe3 Hero NPOTEKAIOT JBa KOHTYPHHIX
TOKa:

1. Tox sarpysku [p, npoTekaomuil yepes HArpy3ky R.

2. Tox nepesapsiga eMKOCTH, NpOTeKawLIHil yepe3 Pe3OHAHCHYIO
uens LC W mepesapsKamoWlud KOHJAEHCATOpP ¢ OGpaTHOM IOJSPHOCTBIO.
Ha Bropom mnoaynepuoge cBoGoAHbBIX KoneGaHufi KoHTypa LC sTtor TOX

! B oreuecTBeHHOH n 3apy6exHOl JAUTepaType TAKYI0 KOMMY1anui noa Aed-
CTBHEM IleDEVEHHOI0 HaNp;AMerus HHTAILeR ceTy CUHTAIOT <«eCTECTBEHHOA» »
STOT CNoco® KOMMYlalMH K NPJAHYAHTEJBHOR He OTHOCST, MOHNMAf Noj uocheaHel
KOMMYTALHIO 11OJ, IefCTBUEM 3HEePTHd OTHEJbHOTO HCTOYHHKA (B TOM YHCJE HPeA-
BOPHUTEJbHO 3aPSIAKEHHOr0 KOHAEHCA10pPa) uJIM IHEeprHy, HaKanJjuBaeMoi B 3JeMen
Tax KoJeGaTeNLHOTO KOHTYPa, CONEPHKAIleio HAIPY3KY; NPHHYAHTEAbHYIO KOMMYTE-
LHI0 HHOTAa TAKXKe HasMBaloT <ucKyccTBenuo#t». (IIpuM. pepaxtopos nepesosa )
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HsmeHser
W MpOTeKaeT Hepe3 TUPHLTOp
HallpaBJCHUM, [1POTHUBONO-

> CBOE HampapJedHe
B

% JIOXKIHOM TOKY HANpy3k#. Td-
pHCTOp 3anupaencss B MOMEHT,
==t KOmMa TOK KOvefaTenbioro
. ~ KOHTYpa IPEBBICAT TOK Ha-

" R D Y3KH.
ﬁ ITpumep 2 — cxema Mop-
eana (puc. 5-7). INocne okoH-
y YaHHA  JPEAbBYYLIePo UMKJIA
paGoThl CXeMbl KOHJEHCATOP
3apAKeH C NOJAAPHOCTHIO, yKa-
3aHHON HA pmc. 5-7, a cep-
JeYHUK PeakTopa HAChIIeH
B IOJOKUTENBHOMS Hampas-
Jedmd. Konga THPHUCTOD OTIIH-
ta paercs, HampsXKeHHe KOHHeH-
caTtopa mpuKIAALIBAETCS K 00-
morke peaxropa L. Tlonmsp-
v HOCTb MIPUJIOKEHHOrO HAMpA-

Ya “\& JKeHAs TaKoBa, WTO Cepped-

| tae |%’__l , HAK HEMEIISNHO BHXOIMT U3
cocrosinms  Hacemenns Ha

[ V HHTOpBaje BpeMeHH [4—Iz
(puc. 5-7) uepes THpHCTOD

Puc. 5-5. TIpumepr cxeM ¢ XoMMmyra-  [POTEKAIOT TOK HaINpy3K# H
nueli kaacca A. TOK paspsiia XOHJEHCATOpa.
Hanpsixkedne, mpuioxenmoe

K obmorke L,, BbianiBaer ne-
peMarHHYMBaHHE CEeDASYHMKA, @ [10 HCTeHeHHH ONPENeJSHHROTO BpEeMeid
CepJAeYHHK (TOCTHTAET ICOCTOAHUA <«OTPHIATENBHOTO» HachmleHud. Muxyk-
PHBHOCTb L, Pe3K0 yMEeHbUIAeTCH, ¥ POHCXOMMT GhiCTPHIH KoseGaTeNbH bt
pomecc nepesapAfa KoHjeHncatopa (udTepBan fp—i3). ITocie Toro kax
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Pre. 5-6. CxeMa ¢ xoMmyTtauues xaacea B.

ly

L

TOK l1ep23apaja  JOCTHUIHET aMIUIMTYAHOTO 3HAYEHHS,, OH HAauydHaeT
yMeHbIIATbCA, M MONAPHOCTh HATPAXKEHHS Ha OOMOTKe L, HM3MeHsercs.
B MoMeRT {3 cepaeuHHk BHOBb CTAHOBHTCS HeHACHINEHHBIM, ero HH-
AYKTHBHOCTb DPe3ko BO3pacraeT, H HAalbHeHIIH 3apsax KOoHAeHCATOpa
NpCTeKaeT MellcHHee (HHTepBad BpeMeHH f:—I;). B Teuenme BpeMeHH
TIEpEMarHuYMBAHNA HANDSKeHWe Ha 3aXKHMMaX DeakTopa  coxpansercs
NPUMEPHO HEH3MEHHBIM, a4 3aTeM B MOMEHT f; NPOUCXONHMT HacblLledHe
CEpLeUHAKA B <IIONOKUTENALHOM»> HanpasjeHud., Tenepr KoHAEHCATOP
¢ NIONSipHOCTBIO, OOpaTHON NOKA3aHHON Ha pHC. 5-7, MOJK/IIOUEH HENo-
CPEACTBEHHC K THPHCTODY HUepe3 HACBIUeHHYI MHAYKTHBHOCTh L, Ecun
OGpATHLI! TOK Uepe3 THPHCTOP NPEBHICHT TOK HArpysKH, THPHCTOD 3a-

Puc. 5-7. Cxema ¢ koMmMmyTanueii Kiacca B.
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Iy

du/dt

£
y -

Puc. 5-8. TlpuMep cxemsl ¢ KomMMyramuelt knacca C.

nperca. [locse 9TOro KOHZEHCATOP BHOBb [ePe3apfAKaeTCs TOKOM Ha-
rpysky, npuoOpeTas NOASPHOCTb, KAK NOXA3aio Ha puc. 5-7, moxroras-
JuBasl CXeMy K CJelyIOlleMy LMKIY.

Ha npakTuKe MOXHO BHIGpaTh HHAYKTHBHOCTB Lo TaKum o6pasoM,
Y106l COCTOSHHE «OTPHHATEJILHOrO» HACHIIEHUs CepAeYHHKa He No-
cruralocs B 3TOM cCJayyae BCMJecK AaHOAHOIO TOKa HA HHTepBaie
ty—i&3 OTCYTCTBYET.

5-5-3. Kanace C — kommyTalusi ¢ [NOMOIBI KOHAEHCATOpa
pau LC-xoHTypa, NOAKIIOYAEMOro APYTHM CHJIOBBIM
THpHCTOpPOM (pHc. 5-8)

fpeanososum, uto tupucrop T, mnposomur. Torxa Komaencarop
C 3apsKacTesl C NOJPHOCTBIO, YKA3AHHOM HA PHCYHKE. Korma Ttupu-
CcTOP T1 OTTHpAaeETCH, KOHAeHCaTOp OKa3biBaeTed HOAKMIOYEHHBIM K TH-
pUCTOpY Ts, B TOX paspsnga KOHJeHcaTopa Te4YeT B HamnpaBAeHun, Tpo-
THBONOJIOKHOM TPAMOMY TOKy 4epes T, 3amnpas erc.

5-5-4. Kaacc D — KomMMyTauus ¢ lOMOULbIO
Koupencaropa uan LC-KOHTYpa, NOAK/II0YaeMoro
BCMIOMOraTeJdbHbIM THPHCTOPOM

Hpumep 1. Cxema, nsobpaxennas Ha puc 5-8 (xaacc C), moxer

6LiTh mpeobpasoBaHa B CxeMy kaacca D, eciu mojiesHas Harpyska 6y-
AeT BKJOUeHa MOCJAeAOBATEBPHO TOJIbKO C OJHHM THDHCTOPOM, a Ipy-

tyr

dufdt

laz

dijdt
/

Uaz

Puc. 5-9. Cxema ¢ koMmyrauuei knacca D.

roii Gyaer RefiCTBOBaTh KAaK BCHOMOTaTeJbHBII U CAYXUTH JAS 3alu-
psrust HepBoro. BenowmoraTenbHEI THPHCTOP HOMXKeH HMETb COIPOTHB-
JienHe B anOXHON Henu, npubausurenvio B 10 pas Gofbiliee CONPOTHB-
JleHusl HarpyakH.

pumep 2 (pue. 5-9). Tupuctop T AOMKeH OTIHPATHCA INEPBBIM,
JJS TOTO 4ToBBl 3apsaiuTh KoupeHcatop C € NOJMSPHOCTBIO, YKa3aHHOH
ua pucydke. Kax Toibko KoHgeHcatop Oyher sapaied, Tupucrop T
3ampeTcs, TaK KaK ero NpPAMOH TOK CTaHeT MeHbLIe yHepKHUBAIOLIEro
toxa Korma ormnspaercs THpPHCTOp 71, BO3HHKAIOT [Ba KOHTYPA. KOHTYP
Toka Harpysku (uepes R) M KOHTYp nepesapajza XOHAeHCATOpa, NpH-
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dufdt

Uz

2/

N
N

Puc 5-10 Cxema ¢ kommyrauueii Kaacca D

4y(v KOVIMYTHpVIOIIHH TOK Teuer yepes C—T3—L—D Koerpa xoHAeHca-
T0p C nepesapsaxaercs, AHOX [ npensaTcTsyeT ero paspajy 4O MOMeH-
ta ormapawusi Ty 3areM B HYXHBII MOMeHT BpeMeHH THDPHCTOp T2
MoxKeT ObTb OTmepT, 3TO NpHBemer K paspsaay C uepes rtupucrop Ty
B OODaTHOM HaTNpaBieHHY M 3aNMpaHuio I
IIpuvep 3 Cxema JxoHca (puc 5 10) Xapaktepuou ocoGeHHOCTbIO
JTOR cxembl fBIdgeTCsl HajgeKHas KOMMYTalus THPHUCTOpA, HaudHas
« TepBhX nepHogos patoTel Ecan koufencarop C Obl1 paspsKeH, TO
NpH OTNHPAHUH THPHCTOpa Ty damlpsukeHde, WHIYKTHpyeMoe B OOMOTKe
2, MATHHTHO CBsi3aHHOM ¢ Ly, sapsikaer C ¢ NONSPHOCTHIO, yKa3anuo#H
nHa puc 510 Cpasy xe nocie ornupanua I's Tupuctop Ty samupaercs
3atem C 3apAXaercsl ¢ MPOTHBONONOXKHON noaspHocThio [lpm ciexyrw-

pleM ormipaani Ty wosgencdaiop € paspamacics uepes [y u Ly, 1
MOJIAPHOCTL HAMpsAKEHHs HA heM BIOBL H3MeHsIeTCs Ha 06GPAaTHYIO, NOX-
roTaBiHBas CcXeMy K CIeAyoueMy LHUKAYy KovvyTauuy Hanpsaxenue,
no Koroporo C 3apsizsacTcst ¢ NOJASPHOCTBIO, NokasaHnoil Ha puc 5 10,
33BHCAT OT HANPSIXKeHdsl, hHIYKTHPOBAHHOTO TOKOM HArpy3KH, IpOTe-
KalluM yepes L), M HAnPsKeHAs NPOTHBONOJOMHON NOJNSPHOCTH, A0
KOIOpPOTo Mepe3apsihaeTcsi KOHAEHCATOP BO BpeMsi NPOBOAAIIEro COCTOS
Hust Tp

C yBennueianeM HAIPYSKM MHAYKTUPOBAHHOE HampsXeHue BO3pa
CTaeT, YBeJHUHBAf BPeMsf, TPEIOCTABAAeMOe JJs1 BOCCTAHOBJIEHHS
ynpasasemoctu Ty Jlydline KOMMYTAUHOHHBle CHOCOGHOCTH 3TOH CXe
Mbl [0 CPaBHEHHIO CO <XeMod puc 5.9 jpocruramprcs ueHod Gojee BLI-
CLKHX HalpsKeHHU THPHCTOPOB Doslee MOAPOGHO 3Ta cxema paccvaTpu
BeeTca B pasq Il

[
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Puc 5-11. Cxema ¢ xomMMmyTanued kiacca E
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5-5-5. Kaacc E — koMmyTauus ¢ rnoMoOuUlbio MMNYJLCOB
TOKA OT BHEUIHEro MCTOYHHKA

Hpumep 1 (puc. 5-11). Korza tupucrop T ormupaercsd, TOK Teduer
yepes Harpysky R. UroOn 3anepeth THPUCTOP, Ha Oasy TpaH3HCTODA
1T nopaetcsi OTOMPAXUIHE HMIOyAbe. B pesyabrate BeHOMOratTednHblid
ncTOUHMK Ep NOAKMOUAETCS K THPUCTOPY M 3amupaer ero. 1pansucrop
JACHMKEH HaXOJHTbCA B OTKPLITOM COCTOAHAM B TeYeHHe BPEMeHH BOC-
CTAHOBJICHHMS YNPABJASEMOCTH THPHCTOPA.

Mpumep 2 (puc. 5-12). Jas toro uroGer tpaHcdopMatop Tp He
HachIIAJACH, APH €r0 pacuere BLHIGHDPAeTcs JOCTATOUHO HM3KOE 3HaueHue
MHAYKOUK, a B CepPAeUHIKe NpefycMaTpUBAeTCA BOSAYWHHIl 3aszop. Bro-
puuHaa o06MOTKa Tp MOXKeT NpONYCKaTh TOK Harpy3kd TNpH MajnoM
NafeHHH HANPSKEHWs §10 CPABHEHHIO ¢ BENWYMHOR MHTAIOLEr0 HAMpsA-
wennst E.

Koraa ornupaercss THPHCTOP, TOK Teuer uepes narpysky. las sa-
n¥paHHA THPHCTOPA K €rO KATOJy uepe3 TPancopMaTop IPHKAAABIBA-
eTCH MONOKHTEMbHbLI HMMIyJAbC OT BHEUIHEr0 HMIY/AbCHOTO TeHepaTopa
HT. Konpeucatop C Bu6pan Tak, 4TO OH B TeueHde AefiCTBUS 3ali-

ZIOLIETO0 HMIYJbCA 3aDPSKAETCA TOMbKO A0 HE3HAUMTIEJbHOTO HAarps-
JXeHus Nopsaka 1 8, T. €. MOXKHO CYUHTATb, YTO OH WYHTHPYET Harpysky
n uctounuk nuramusa. TaxkuMm 06pazoM, HMOyJbc OT TtpaHcdopmaropa
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Puc. 5-12. Cxema (
d KOMMYyTal ek l
knacca E.

HIMEHSIeT HaUPsSKeHHe Ha THPUCTOPE Ha OOpATHOE M 1IOLLEPKHUBAET
3TO HANpAXeHHe B TeyeH#de BPEMEHH, JOCTATOYHOTO MJIsi BOCCTAHOBJE-
HHSL THpHCTOpA.

Hpumep 3 (puc. 5-13). Tlpu OTMHPAUMA TUPUCTOPA UMIYJALCHBIH
TpaHchOpMATOP HACHILAETCST W OKa3blBdeT MaJjoe CONpOTHBIEHHe AAA
narpysodoro Toka. Korna wacryliaer BpeMs AJf 3ailMpaHuss THPHCTO-
pa, JIpexJae BCero HeOOXOZMMO BLIBECTH HMIIYJAbCHBIH TpaHchopMarop
K3 COCTOSIHHSA HACHILEHHS. DTO OCYUIECTBJSETCS TOCPEACTBOM HMIYJb-
ca ykaszaHHOR Ha pHuc. 5-13 nosstpHOCTH. DTOT HMIYJbC MIHOBEHHO yBe-
JHUHBGET HaNUpsiKeHWe Ha Harpyske. Korma WMOyJbCHHIT TpaHchOpMa-
TOP BBIBEJEH M3 HACHIIEHHs, BBOAHMTCA HMIyJbc OGPaTHON NOJSAPHOCTH,
KOTOPHIA H3VIeHsieT HanpsiKeHWe Ha 3aKMMax THPHCTOpa Ha oOpatuoe
n 3amupaer cro lmnyubc BbiepKHBaeTCd B TeycHMe BpeMeHH, Tpe-
6ylolerocss AJs BOCCTAHOBJIEHHS THPHCTOPA.

Hpumep 4 (puc. 5-14). Dra cxema, KaK H BbllepacCMOTPEHHbIE
cxeMbt Kaacca D, comepKHT BCIOMOraTelbHBIl THPHCTOP, HO B Hell ye-
pes Harpysky He TPOTEKAET MMNYJbC TOKAa Nepesapfga KOHIEHCAaTopa.
[Tpeamonoxum, uto KoHpeHcaTop C 3apsiKeH ¢ NOAFPHOCTBIO, YKA3aH-
HOE Ha DHCYHKe, 0O HaUpsKeHHS, HeCKOJIbKo Gojbmero, yem E. Korza
Tupuctop Ty OTHUpaercs, TcX HArpy3ku reyer uepe3 R u L». Tupn-
ctop T» BXOOHT B COcTaB KoneGaTellbLHOr0 KOHTYpa, ofpasosarHoro C
u L.. Korma ormupaercs Tp Hampsixenne, npusioxedsoe K L,
OKassiBaercd GoJplle, dYeMm muraoiee HampsxeHne E. [lostomy
K rtupucropy Ty TpuksanbiBaeTcl 0OpaTHOe HAmpsiKeHuwe, ¥ OH
janupaercst  Ilo oOkoHYawun WMNOyJabca TOKa  Nepe3apsiia  KOH-
nencaiopa C  uwepes L, rtupucrop T 3anupaercsi; Tenepb KoOH-
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Puc. 5-13. Cxema T'"' l R

¢ KOMMYyTalueH
kjacca E. l
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CITOCOLBl 3AMUPAHUS THPHCTOPOB

Puc. 5-14. Cxema ¢ xoMmyrtauunelt xnacca E.
Ecnn cxema puc. 5-15 mHTaercss NepeMeHHBIM HaNps/KeHUeM, 10

TCK MOXKET IDOTEKATb B TEUECHHE TONOKHUTENAbHOrO MNONynepuona. B Ha-

yane OTPHIATENbHOTO MOMAynepHoia THPUCTOP ﬁyﬂ,er 3anuparbia 3Cnen-

CTeUE TPDUNOKeHny K HeMy OTpHIaTe

TlpononxuTe bHOCTE COPATHOTO NOAYNEPHOZA HOMKHA ObiTb GOMBII

CHTe/BIO MeJJIeHllo CHOBa mepesapsikaercs uepes Ly u [ go Hampa-
ueM BPeMa BOCCTAHOB/ICHHS YNPaBAAEMOCTH THPHCTOPA.

HHLYKTHBHOCTD Ly 3nauutenpHo Gossiie Ly, u KoHaeHcaTop C OTHO-
XKeHus, GoablIero, yeM IHrTalomee Hanpsixende E.

5-5-6. Knacec F —xoMmyranus ceTbio nepeMeHHOro

pencarop C 3sapsxed
HanpsXKeHUs

138
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"
Puc 5-15 Tlpumep cxemur ¢ KoMMyramueit xmacca F

5-6. KOHOEHCATOPBI AJ11 KOMMYTUPYIOWHX LLENEN

Koumencarops!, Hnogo3yeMple B PasluuHbIX YCTPOHCTBAX NPHHYAH-
TENbHOH KOMMYTAIMH, NOJMXKHB yNOBIETBOPSThH DPAAY CHELHANBHBIX TeX
uuyeckux TpeboBaHuH JKenartenbHo, YTOOB KOMMYTHDYIOUlHEe KOHXEH-
caTopsl 00/Mafanu CAeLYIOWHMH CBOMCTBAVIH

1 Cpor cayxGpl koHJeHcaTopa npu pabodeil OKpyXaioulefi TeM-
nepaType Hosxey ObITb HOCTATOYHO GOTMbIIMM H CPABHHUMBIM cO <PO-
KOM cayX 066l THPHUCTODPOB

2 TloTepn B KOHHEHCATOPaxX MOMKHLI ObiTb HM3KUMU U0 ABYM IIpH-
YHHAM

a) uTobbl nM30eXkaTp BHICOKOI BHYTpeHHefl TeMmepaTypbi, KoTopaf
YMeHbUIAET CPOK CAYKOBl KOHAEHCATOpa,

6) uTofbl COXPAaHHTb BHICOKMAi K 1 1 Bcero ycrpolficrsa, oGecme-
YyHBaeMbIl NpHMeHedHeM THPHCTOPOB

3 Hosxda ObITh u3BeCcTHA SKBUBAJNEHTHAS TOCTENOBaTe/bHAss HMH
IVKTHBHOCT, DO MHOMIX CXevax YdAYKTHBHOCTb, COefMHeHHAsg MO
cnegoBaretsibic ¢ KOMMyTMpy}OLlU/lM KOHIEHCATOPOM, HIpaer BaXHYIO
posib, TOCKOJbKY OHa olpelenser HAYAABHYIO CKOPOCTb HapaCTaHus
aHCOJHOTO TOKA Yepe3 THPUCTOP

Ilpa 3akase KOMMYTHPYIOIHX KOHAEHCATOPO3 ROMKHGL ObiTh YKA-
3a2HBl CIeAyIOlne JaHHbIe

1 HeobxopuMmas eMKOCTb H JONYCK Ha ee pas6poc

2 MaxcumanbHOe ¥ AefiCTByIOLlee 3HaUeHHst HANpSKeHHd

3 IIuxoBHIA TOK W peficTBYIOLIee 3IHAYSHUE TOKA

4 OTnocHTeNbHas AAuTeNbHOCTe paBouero UHKna u ¢opma KpuBO#
HaNPAXKEHUS

P K -y -
Ho \‘\\
'\l\
1,0 ~
58 &

Iy
70 80
MACEX

Puc 516 3aBuCHMOCTb OTHOCHTEJ]bHON BeAUYHHBI JOMYCTHMOTO
TOKA uepe3 KOHZEHCATOP OT AJIATENbHOCTH HMMOYJbCOB (CM MpH-
Meuanue | % Taba. 5-2).

—
Lpetices = Tx Vt,/? — AA7 CHHYCOM[A/IbHBIX UMIIYJIbCOB;
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Prc 517 3asucumoctb KOGPOTHOCTH Q OT UACTOTH AJisi KOHAEH
CATOPOB C AMBJIEKTPUKOM H3 MacJonponutaHHolt Gymaru (cM npH-
Meuande 2 K taba 5-2)

5 MunuManbHasg ZOGPOTHOCTE ¥ LONYCTHMAas COOGCTBEHHas WHAYK-
THBHOCTb

6 Oxpyxawolas rteMnepatypa {(MakcuvagbHag W MHHAMAJbHALA)

7 Jhenaevblif cpuk CNyXOH (MM ofllee KOJHYECTBO UHKJIOR)

8 T'abapuThl KOHIZEHCATOPA

9 TpeGoBanus B OTHOIIEHHH clmocoba MOHTaXKa

10 Ocobrle aTvOcdepHble yCHOBHST (MblIb, Napel KUCJAOT BIaXK
HOCTb, KOPPO3UA n T [T )

11 Jpyrue ocoGbie TpeGoBaHMsl (BbICOTA HAL YPOBhEM MODH, yAd-
pul, BUGpaUus W T 1)

12 Uveronecss B HanmuMuM{ BHABl OXJaxKAeHHs (BenTHASA10DHI, pa-
IvaTopel I AD )

B Td46si 5 2 npuBemecibl OCHOBHLIE JaHHble KOHLEHCATOPOB (PHPMbI
Jlkenepan DJeKTPUK



CITOCOBBI 3AMUPAHMUSA TUPIICTOPOB

Ta6auma 5-2
OcHOBHbIe JaHHble KOHZeHcaTOpos dupmel Hxkenepax DIeKTPHK

o s Haun6osbmee geficTayio-
£ g Pasmepnt 1ree 3HaueHue TOKa (a)
Ze 2 Kopiyca, MM NpH TeMnepatTypet! okpy-
g © g EMKO~TE XKalomeH cpeab
gg% gh Jgp, | Ausnextpu N 80°C | 70°C| 60°C| 50° C
Egé Eg‘ E E E KOpryca KOHAeHCaTopa
§(§§ éi g & E 87°C|83°C|80°C|77°C
500 | — |84848 203 1102]152| 30 | 66 | 90 |120
165 200 3 55( 33 591 7,0]10,0{12,3|14,2
165 200 5 55| 33| 78| 9,8|14,2117,4|19,9
165 200 10 95| 32]108]22,0131,6]39,5]42,9
165 200 20 95| 57(114(38,0(43,0]43,1|43,4
200 | 250 2 . 551 33} 891 5,7] 7,9} 9,8]|11,7
330 600 2 55| 33| 59| 6,3] 8,8]|11,0(12,6
330 600 3 551 33| 97| 8,5]12,3114,8]|17,4
330 | 600 5 Bymarac | 95| 32|108|15,8(22,1128,4/31,6
330 | 600 10 macaanofl | 951 57|114125,3{37,9142,9143,0
TNPOMHT-
Ko#2
330 | 600 20 95] 81]140]43,0(43,0(43,0|43,0
400 | 800 1 551 33| 59| 4,1| 5,7| 6,9| 8,2
700 {2000 1 55| 33112] 5,3| 7,21 9,1]10,7
700 200 2 95| 32(120(10,7]15,2118,3(21,2
700 |2 000 3 95| 57| 114|14,5120,5125,3|28,4
700 12000 5 951 811130(22,1{30,6/|36,3]42,6
700 |2 000 10 116 95)152136,3143,0143,0]143,0
330 600 20 Hoaustu-| 93| 50|133| 43 43 43 43
700 | 2 000 10 nen® 68| 40| 9822,5| 29 36 43
HanGonbune sa npu
yKasaHHO#t TemmepaTypet
115 — 25 Metanm- | 68] 40| 54| 33 | 125 | 230 | 350
115§ — 50 3upoBaH- | 68 40| 73| 42 | 160 | 290 {430
115 — 100 Had 6yma- | 93| 50| 80| 65 | 245 | 440 {670
115 — 125 ra 93| 50| 98| 76 | 285 | 520 782
1 I AuTeIBHOCTDh KM YJIBCOB TOKA tH=50 Mrcer; IaR IPYruX JAJHTeJNbHOCTENR | neftorn=
=kI , rae k Geperca no rpadpuky puc. 5-16.

nefiers (50 mwcen)
2 3aBUCHMOCTh TOBGDOTHOCTH Q KOHIEHCATOPOB 3ITOTo THRA OT 4YaCTOTH NpHBENEHa
Ha pHc, 5-17. Cpok cayXGbl KOHACHCATOPOR 9TOTO THilA 0pH 95% MOCTOREPHOCTH CO-
crapasger 40 000 .
8 Tanrelc yrJaa norepb AJs HOJU3THAEHa o6buHO B 10 pa3 MeHbuIe, ueM AJS G yMard.
¢ AMIJMTYAa TOKA AAST KOHZEHCATOpos ATOro THIA HE MAO/KHA [pEBHINATh
10 a/Mrgh He3aBHCHMO OT AJMHTENBHOCTH HMIIYJbCOB.

Pasnen mecroi

NMOCJIEALOBATEJIbHASl U NAPAJIJIEJIbHASA
PABOTA TUPUCTOPOB

6-1. IOCJIELOBATEJNbBHAA PABOTA THPUCTOPOB

3a Bpewms, mpolllefillee C MOMEHTA MOSBJEHHS] MePBBIX ORHOHANDAB-
JIeHHX THpHcTOopoB B 1957 r., WX TMapaMeTphl CYLIECTBEHHO YJY4YLIHJIHCE.
B HacTosillee BpeMmsi pacyeTHOe HaipsKeHHe HEKOTOPHIX CepuilHO BbI-
MyCKAeMBIX THPUCTOPOB cyulecTBeHHo npesuimiaer 1000 s.

OnxHako BO MHOTHX NPHUMEHEHHAX [aXKe TaKHe THIIbI THPHUCTOPOB HE
OTBEJalOT CO3pPeMEHHBLIM TpeGoBaunAM, Kpome TOro, HEKOTOPble OHEUHU-
ajbHble THIBl, HalpUMep HHBePTOPHble THPUCTOPH! C MaJjibiM BpeMeHeM
BOCCTA2HOBJIEHHUS, UMeIT GoJlee HH3KHe npejeibHble NapaMeTpsl Nno Ha-
TIPSAKORU0. JTO CAENAHO HAMEeDeHHO 1A yJAYYUIEHHS WX AUHAMUYECKHX
cpofictB. Jlast paGoTel mpU HANPSXKEHHHAX, KOTOPble MpeBHILAIOT 3allH-
paeMoe HampsKeHHe OJHOTQ THPHCTODA, BO3MOXKHO HX NOCAeLOBaTe/b-
HCe COeINHHEeHHWe C BLIMOJHEHHEM HeKOTOPBIX Mep HPeJ0CTOPOKHOCTH.
HauGonee cymecTBenHsM TpeGOBAHHEM NPHMEHHTENBHO K ‘OJHOHAMpPaB-
JIHHBIM THDHCTOPAM SIBASIETCS PABEHCTBO KaK OOPATHBIX, TaK M MPAMBIX
HANPAKEHUN HA KaKAOM H3 COeJMHEHHLIX MOCAef0BATelNbHO BeHTHJEH.

Bompockl, cBf3aHHBE C TIOCJHEL0BATENbHHIM COeJHHeHHeM JByHa-
NpaBlieHHbIX THPHCTOPOB, paspafoTaHbl II0Ka OTHOCHTENBHO CJIa60.
Opnaxo ofuie NoJ0XeHnsi, uipaboTannbie AJs OAHOHANPABJAEHHBIX TH-
PHCTOPOB, NPHMEHHMHI M K THPHCTOpaM ¢ ABYCTOPOHHEH MNpPOBOJHMO-
CTbIO, KOTOPble IMepBOHAYaJbHO pa3paGarblBaJHCh U NPUMEHSIHCh AJS
CPaBHHTEJNbHO JIETKHX TNDOMHILJIEHHBIX YCTPOACTB, Tie BaXKHeHHUM dak-
TOpoM siBAsiercss cToMMocTh. C pa3BuTHeM THPHCTOPHBIX YCTPOHCTB H
[0 Mepe HX IpDHMeHeHHs JJs BLICOKMX NHUTAIOIMX HANPSKeHHH U
B CHUJALHOTOYHBIX YCTAHOBKAX BBISICHHIOCh, 4TO B 3THX YCJHOBAsSIX Iede-
coobpasHee TPHMEHATb BCTPeUHO-Tapa/JeNbHOe COeIHHEHHe OAHOHA-
TPaBIEeHHBIX THPHCTOPOB, 00MaNaloIIKX GOfee BHICOKHMH AONYCTHMbIMH
HampsiKeHHAMA M TOKaMu H Jy4lIHMHM JIHUHAMHUECKHMH @apaMerpaMiy,
YeM BKJIOYATh TIOCAAOBATeNbHO HJAH napaljiefibHO MeHee MOIIHbIe TH-
PHCTOPBI C ABYCTOPOHHEH NPOBOAUMOCTHIO,

6-1-1. O6Guwne cooGparkeHus

Ha puc. 6-1 nokasaHbl BOJAbT-aMIepHble XapaKTePHCTHKH IBYX
cayyaitHo BHIGPAHHBIX TAPUCTOPOB. LciM BXAIOUMTD MX IHOC/IELOBATENb-
HO, MOXHO ObuO OBl Ha NepBH B3NN OXKUAATH, UTO OHU BymyT AO-
nycKaTh MpsAMOe 3anmupaeMoe HanpsikeHHe mo KpafiHe#i Mepe 2U,, rie
U; — HanpsixkeHue, HeMHoro Menbliee, ueM Ugrna. OnHako Ge3 chel-
ajbHBIX MEp NO BLIPABHHBAHHMIO MEXIy HUMU HaNpAKeHH{ ZOMyCTHMBIM
npenenoM 6yjeT Bcero JMIIb BeAWUHHA, npuMepHo pasHas U;+U,;, Ko-
TOpasi OrpalnmmRaeTCd UANPAXKEHHeM OTNHPANNS BTOPOr0 THPHCTOPA

oTn2.

Ha pue. 6-2 cxemartyueckw IOKAa3aHbl IIeCTb pabOYUX DeKHMOB,
KOTOpBIE MOrYT MMeTb MeCcTO NpH cayyafiHoM BeIGOpe NOC/Aef0BATENLIO
COeUHEeHHBX THNPUCTOPOB. HeTpyAno BuxeTb, WTO 3KBUBaJeHTHHE €O-
TIPOTHBJIEHHA OTAelbHbIX NPHOOPOB HENpPEpPLIBHO H3MEHSIOTCA ¢ lepe-
XOZOM TAKOR HENOYKH THPHCTOPOB OT peXHMa K PeXHUMY.
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I,
Puc. 6-1. TIpsavble BoanT-ammep-
Hble XapakTePHCTHKH JABYX TH-
DPHCTOPOB.
oyt [ ————— T — ——
o7n2| v
Lotz — = ‘““?“—“__”"EZ jorm
" Z U,
: L]
0 v, U,
V4 o w 14 |74
Nipsmoe  dacmusroe flpamas O06pamnas Yacmuvxoe O06pamHoe
aanuparue omnuparue npobBodu- npoBodu- obpamHor  3ANUDARUE
1200 8 MOCTIb MOCmE 1anupanue
+ + o + 0 4+ [oN Q - Qo _
N
- 10006 [] 12008 [] 1,08 [] 0,96 [JO,?B [] 10086
506 [Jl),b‘b U 118 [] 108 []0_7/9 [Jgaaa
.
% 1506 58 0,98 088 12008 2008
- - - 1 - 4 +
i | 1 ! l
5 ma 10m0 50 ma 10 ma 10 Ma 10 ma

Puc. 6-2. BoamoxHble peXHMBl B IIENICYUKE U3 TPEX MOCJELOBATENbHO CO-
€[MHEHHLIX THPHCTOPOB.

B pekuMmax 3anupasus npaMoro W ofpartHoro uampsukenmit (I #
VI #a puc. 6-2) pasiHuue B OPHAOXKEHHHX K THPHCTOPAM HANpAXKEHHAX
CBfi3aHO C HEOAHMHAKOBLIMUY HAKJOHAMH TeX YYaCTKOB HX XapPaKTEPHCTHK,
KCTOPbie COOTBETCTBYIOT 3al1eDTOMY COCTORHHIO. Takoit peXnM MOXer
0KA3aThCsl OMACHBIM A THPUCTOPA ¢ MAalbM TpPAMBLIM HAH OGPaTHEIM
TOKOM YTeuKy TtaK KaK HalpsyKeHHe H4 3TOM THPHCTOPe MOXeT Ipe-

BLICUTh NPeIelBHO (IONYyCTHMOe 3Hayenile.
Hast BOIPABIABANAST HAGPAMEHHA TpHMe-
HAIOT DE3UCTOPBI, BKJAIOUAEMble  fapa.d-
JeapH0 Kaxuomy Twpuctopy. Ilpm mposo-
JALIEM COCTOSHMY BCEH LENOUKY (IPeXHMBbI
I u IV) Kakux-1160 0cobnx npobueM o
BLIPABHUBAHUIO HATPSKEHUR e  BO3d-
KAaer.

Pexwumbl I] 1 V Takxe ABAsIOTCS He- c
KeNaTeNbHBIME, TAK KaX B KaXKIOM M3 HAX T
10 KpahHell Mepe Ha OJHOM M3 JHOCTELOBA-
TeJIBHO COSMUWHEOHHbBIX THPUCTOPOB BO3MOXK-

s y
HO MMOSIBJEHHE OMACHBIX TepeHalpaxKeHsi. Ra ¥
ITockoJbKy Takeie mMepexolHble pEeXKHIMDI D Ry []
Bem3GekHbl, HEOOXOIMMO MOMOJAb3DBAHHE

KaKdX-1060 Mep 0 BLIPaBHUBAHHIO Ha-
NpPsKEHUl KaK Mpy [MePeKTOYSHAE U3 M- T
MOTQ 3amepToro 1B MpOBORAIIEE COCTOAMHE, i\

Tak ¥ MNpY Nepexofie M3 NPOBOJIAIIErD
B cocrosiHHe OoOpaTHOro 3amépanus. B pe-
xkuMe /[ HanpsKeHHS MOXKHO YaCTHIHO
YPABHUBATL NYTeM OMNMKIDAHHA TUPHCTOPOB
crporo oxHoBpemenHo. OTmupaHue nogie-
ZOBATEJbHO COQNUHEHHBIX THPHCTODOB pac-
cvmarpusaercss mke (oM. § 641-4), Pe-
xuM V obbsaciuacres TeMm, uTO cayyafiHo BelOpaHHBle THPHCTOPHI MMEIOT
pasjvylbie CKOPOCTH BOCCTAHOBJeHHs ofpaTHOH 3amupamollell Cnocob-
ncetn. B pesyabTare Gosee GhICTPOro BOCCTAHOBJIEHHS OGPATHOTO 3a-
NUPAHKS OJHONO M3 THPHCTOPOB OOPATHOE HANDAMKEHHE B 3TOM DPEXKHME
NOAHOCTBIO NPHIOiKeHo K HeMy. Jlisa BeipaBHHBaHHA HAUPAKEHHH HA
5TOM HHTepBajie napaielbHO KaxKIOMy ¥3 THPHCTOPOB NOJIKEH BKJIIO-
yaThcsl KOHAeHcaTop. Ecim conpoTuBieHdst KOHEHCATOPOB B TeYeHHE
HHTePBajla BOCCTAHOBJEHHs] MOXHO (YHTATh MAaJBIMH [0 CPaBHEHHIO
C COMPOTHBJEHHEM THPHCTOPOB, TO HapacTaHHe OOPATHOro HANPSIKeHHS
Ha HanGosee «GBICTPOM® THPUCTODE 3afeprKMBAcTCs BCJEACTBHE 3apsii-
KH KOHIEHCATOPOB JO BOCCTAHOBJEHUS HauGojgee «MEAJEHHOIO» W3 TH-
pucropoB. [lapanjenbHsle KOHAeHCATOPHl, XPOMe TOrO, BEIDABHHBAIOT Ha-
NpsiKEHUE Ha THPHUCTOPAX B npolecce WX OTHHPAHHUSA, OPpaHHUYUBAf,
TakiM 00pasoM, BO3MOXHEIE HENPHSATHbe NOCAEACTBHST B pexume [I.
ITonsenss MTOrH, MOXKHO CKa3aTh, UT0 pexkumbl /Il n IV ne nyxnaiorcs
B Mepax IO BLIPABHHUBANMIO HaNpsi:keHus. BLIpaBHHBaHUe HATPAKEHUR
B pexumax I m VI oGecneuyBaercs TapanieNbHEIMH DE3UCTOpaMH.
Haxonen, B nepexoannx pexumax // u V BHpaBHHUBaHWe HaNpPIKeHHN
JocTuraercs TapaagenbHoiMu Kougencatopamu. OfHOBpeMeHHoe OmMmHpa-
Pile THPHCTODOB yMEHbUIAET, eCAH He I0JHOCTBIO YCTpaHseT, HepaBeH-
CTBO HANpSixKeHHit B pexume [[.

TMapaanesbEble KoHAeHCATOPH, 3(dekTHBHO BLlpaBUUBAs HANpPH-
HEHUsT HAa THPHCTOPAX B NEPEXOIHBIX PeXKHMax, BMeCTe ¢ T€M YBEAHUH-
BaIOT TOKH Yepe3 TUPHCTOPHI HA HHTepBaje OTIMPAHUA. DTH TOKH MOXK-
HO OrpPaHWYATh AeMnGHPYIOIUMH  PEe3UCTOPAMH, BKJICUEHHBIMH  IO-
CreIOBaTEAPHO € KOHAEHCATOpaMu. BennuwHa CONPOTHEJIEHMR BEHIGHDA-
ercsl BO3MOXKHO MeHbled, uTo6sl He cuukath 3QGeKTUBHOCTE AeficTBUA
KONIeHCaropoB B OTHOWCHMH BHIpaBHUBaHHA Hanpsxenud. Kpome roro,

Puc. 6-3. Bulpasuusalo-
ItMe LEMOYKH TPH Iocie-
NOBATENBHOM COSNHIEHUH.
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TpH HeBOALIICH BeauuHHe 3THX COMPOTHBJIEHHI NPeAOTBDAliaeTcs TOAB-
nedde Ype3MepHbIX HaIpsuKeHHIl Ha rMPUCTOPe C HAHMEHLIUMM BpeMeteM
06pPATHOrO BOCCTAIIOBJIEHHS BCJAEACIBUC NPOTEKAINHs 110 ero Jemidupylo-
ILEMY DPe3UCTOPY OGPATHBIX TOKOB OCTaJbHBIX THPMCTOPOB.

Ouncaynas Bhille cXeMa usoGpaxkena na puc. 6-3. Juoan, BKIIO-
yeHHble Tapa/JeqbHO AeMN(HPYIOIHM pesncropaM Ry, nosbmaoT 3¢-
($EKTUBHOCTL [AeflCTBASL KOHJAEHCATOPOB C TOUKM 3DEHHS OrpaHuyeHus
CKOPOCTH HapacTauusi TPAMOr0 HANPAXKEHIsl, KGTOPOe MOXKer Bbi3BATh
JIOXKHOE OTMHPaHHE THPUCTOPOB. DTH JMOALI JOJKHBL 06J]afaTh BO3-
MOXKHO MEHbLIMM BpeMeHeM BOCCTAHOBJEHHA 3anupaiollefl CNOCOGHOCTH,
yTOGL TOK B MOMEHT OTNHPAaHHs THUPHCTOPOB OrPAHWYHBAJICH CONPO-
THBJIGHUAMH.

6-1-2. Pacuer BhIpaBHHBAIOLIHX LENOYEK

Bolbop wyHTUPYIOWUX PESUCTOPOE

Hna moGofi rpymnel ciyuafiHO BbIGPaHHEIX THPHCTOPOB H3BECTEH
JAHMAnasoH TNpPAMOr0 ¥ OGPAaTHOrO TOKOB YTEUKH INPH 3aJaHHBIX YCJO-
Busix pa6Gorel. O603HAYHNM Pa3HOCTb 3THX TOKOB

]y-:.mnc_"lh.wn=Alyr (6'1)

QueBHIHC, YTO NPH MOCJIEN0BATENbHOM COEJHHEHHH TPUGOpPHI C MeHb-
KM TOKOM OepyT Ha cebs GOJBIIYIO AOJIO HANpsXKeHHd U 49T0 HAH-
Gonblee HEPABEHCTBO HANpSKEHMA HMEeT MeCTO B TOM CJyyae, eC/lH
OQMH THPHCTOP B MOC/AENOBATEJbHOH BETBH WMeET HAaHMEHbIIHH TOK
yTeuks lyr mua, TOTAA KAaK BCE OCTa/lbHble HAaHGOMBWHE [yr waxc. HMeH-
HO Takoll cyyyad mokasas Ha pHc. 6-4.

- +
F——— =T == — = — ===
| £ I
Tl
Hazpysxa
L 7y 72 73 Tn
B e - - B
Tyyemun) | Lyr(make) | Lyr(maxc) Iyr(makc)
Ru Ru Rw Ry
— {4
- - e -
1"_ UI - I, I I
i Um >
Puc. 6-4. BxuaioueHHe IIVHTHPYIOL(HYX Ppe3HCTOPOB AJs

BLiDaBHHRAHUSA NDPAMBIX 3aNMpaeMbIX uAH O6pATRRX Ha-
upﬂmelma. .

IIycrs U —wanGosbliee HOMycTUMOe HanpsiXende Ha THPHCTOpe.
Us puc. 6-4 caepyer Iy=1I+Alys. Torma

U=1Ryq

U =U 4 (n — 1) Ry,
rie U,, — nan6oibliiee HAlpPsKeHHe Ha BeTBU < MNOCALOBATENBHO
BK/IIOUEHHHIMH THDPACTODAMH; 7 — YHCIO TOCAEAOBATEbHO BKMNOYSHHBIX
THDPHCTOPOB.
Tepenumem cooTHoittenne g Um:
Un=U4(n—) Ryl 4 Ay)=nU —(n—1) Ry My,
OTKyZa

H

R < n —U,,
m==(n—1) Alyp
BooGume roBopsi, M3rOTOBHTesNb YKasblEaeT B KauecTBe MapaMmerpa

TOJBKO Hanboabmmi TOK yTeuxkH. [Tostomy Aast rapadTiu oObiyHO IO-
aaralot Iyr man=0. loraa Bbipaxeilde s Ry 3amiuierca B Bule

nU—Upn

(6-2)

R < (1 —1) Iy maxe ) (6-3)
Ulynmupyomme peswcTo-
Pbl  BHOCSAT JOMOVTHMTENbIbIE Ry =

0.5]

noTep#, MOSTOMY XKeaaTelbHO
BbIOUpaTh HX 3HAYEHHS Xax
Moo BLiue. Mmeenca Godab- \

Um/81y;

ast BEPOSITIIOCTb TOTO, HYTO
B KAXK/TON JAHOH TFpyfne TH-
pucTOpoB BeMiuuHa Alyr sna-
uTeNBHO  MeHblle, e
Iye maxc. [lostomy  Kena-

TEVIbHO OPUEITHPOBOWIO 3HATH \ \

peauuuny Alyr. las onpeme- 063
genust Alyr Hago W3MepUTH \
TOK yTEYKH NMPH MaKCHMAJILHO

HOMYCTHMBIX padouel TeMile-
panype U HampsKeHWH mepe-
X0oqa, pasOoHTb THUPHCTOPHL Ha
NPYmnsl M 3aTeM IIPOBEPATDH
pa3busky Ha npymnbl 00 Alys
THDH KOMHATHOH TeMmiepary-
pe. Las yuera pasnocT TeM-
NepaTyp OTAEAbHBIX THPHCTO-
POB B BETBY OGLUHO BBOJMT-

\N
AN
0,1 ‘ \ Q
CS JOMFOJIHUTENBHBIA MHOMH-
Teab 3anaca iag Aly..

N,
SNNT NI
Jio cero MomMenTa MBI He 1 2 3 4 5 & 7 8
oroBapuBat, HWIET JH pedb
O MpSAMOM HJIH O6PAaTHOM TO-
ke mupucropa. OObumo B nac-
nopte mpudopa auGo poodlie
He [1eaeTCAd PasHHUUbL MexJly
STHUMH TOKaMdd, Ju0 OHH KO-

0,2

Puc. 6-5. I'paduk pmas pacuera HaH-
OOJbUIHX 3HAYEHHHA INYHTHPYIOUHX pe-
3UCTOPOB npu MOCAeA0BATEABHOM
BKJIOUEHHH OT JBYX JO BOCbMH THPH-
cropos (0603HAYEHHS B TEKCTe).
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YeCTBEHHO COBNafaoT. B mpoTuBxoM ciydyae clefyer BBISHPATB compo-
THBJIEHHS 10 GONbLUEMY M3 3THX JBYX TOXKOB. Ha lIpakTke UDAMOH TOK
OObIYHO CKA3bIBAETCA HECKONbKO OOofbllie 0O6PaTHOrO, MO3TOMY ¢ HeKO-
TOPEIM 3anacoM chaeayet 6partb Alyr=Algp yr. [Ipu pacuerax ¢ 60Mb-
uimM 3anacoM mo (6-3) caeayer Gparth He cpelHee 3a HEpHOJ, a aMINIH-
Tyasoe 3uauenve Alyr=Alup.yr maxe, ONpededsis HocaeHee #3 Iac-
NOPTHHIX JAAHHBIX THPHCTOpA.

Ha puc. 6-5 mana cepusi KpHBHIX, CYIIeCTBeHHO ofJderyamomas Bbl-
60p WIYHTHPYIOIMX CONPOTHEBAeHHA JlAs NOJB30BAHMS KDHBEIMM HA0
suate Unm/U, w TtOrga mo KpuBOWN, COOTBETCTBYIOUIEH OIpPeAENeHHOMY
YHCIAY  NOCAeJOBATENbHBLIX  BeHTHJIel 7,  MOXHO  ONPEAe/HTb
Ru/(Um[Alyx). 3uas Um u Alyr, naxonuMm HauGoabllee Mpu LAHHLIX
yeqoBusix Ru. Onpepenenne MOIIHOCTH, PaCcceMBaeMONH HIYHTHPYIOLLHM
pe3HCTOpOM, NPOM3BOXMTCA IIPH PACCMOTPEHHM XYAIIEro CJydasi, a UMeH-
HO N0 HauCosblIeMy HanpAxeHHIO, ECAN U3BECTHO AeHCTBYIONlee 3Haue-
Hye Hanpsikenuss Uz Ha comportupieHud Ry, To

(6-4)

B Benmu.ibubiX cxeMaX ¢ (a3oBHV ynpaBjieHHeM HAHGOMbINAT MOILL-
HCCTb pacceuBaercs B CONPOTUBJICHHAX NpyH HYJA€BOM Yyrie NPOBOAHMO-
ctu Ecau B 3TOM CJy4Yyae H3BeCTHa AMIVIHTY a2 CHHYyCONAAaApHOTO Ha-
PpsizKeMUsl HAa BEHTHUAbHOM Tieue U, TO

2
Um
=-‘——"
u = DR,
ﬂﬂﬂ HHBEPTOPOB ¢ NPpAMOYTOJIBHBIM HanpsiKeHHeM Ha BeHTHJIAX
HAH IHMHyJIbCHb]X peI‘leHTOpOB NOCTOAHIODPO TOKAa

2
12 65
o i
TR, )
rae ls — AMHTeNbHOCTh 3aTEPTOTO COCTOHHS BeHTWAs; T — mepuog Ha-
npﬂ)KeHHH Ha BeHTHJe.

Ilpx nuno0GpasHol KPLBOH HaNpssheHHs wa BEHTHJE ¢ OCHOBAHHEM
ty v amnadrynod U,

P (6-5)

Py =

tU2,
Pp=—5" -7
mw="37R, 6-7)
Botbop wynrupyowux xondencaropos
Kak yxe yxasuBanoch, [yHTHPYIOUMe KOHLEGHCATOPH OJUKHBI

OrPaHHYUTL CKOPOCIb HAPacTaHusi HaNpsMeHHMsi Ha TupHcTOpax. Kpome
TOrO, Ha HHTepBa/Je BOCCIAHOBACHHMsT OGPAaTHOH 3amupalolleH CIOCOG-
HOCTA uepes TaKOil KOHJEeHCATOpP, BK/IOUEHHB HapajJIeNbHO BEHTHJIO
€ MaIbIM BpeMeHeM BOCCTAHOBJEHHA, YACTHUHO 3AMBIKAETCA OGDATHBI
Tox Gosee «MenJeHHBIX» BeHTHnel. Tax Kak pemaemasi npoGaeMa cBsi-
3aHa C HEHIEHTHYHOCTBIO XaDaKTEPUCTHK  BOCCTAHOBJEHHs BeHTHJNE
ONHOTO THNA, TO Mbl NOJKHEL OOCYAMTh CaMH 5TH XaPAKIEDHCTHKHU.
SlB/eHHe BOCCTAaHOBAeHNs! OGDATHON 3aNHpPAIOIiell ClUOCOBHOCTH HMeeT
MECTO MpK TPUAOKEHHN OOPATHOrO HANPSKEHUS MOCAe NPOTEKAHUA Nps-

MOTO TOKa. BpeMa BOCATAHOBJE-
HHs oGPATHOTNO 3anNupanns ompe-
Jensiencsl Kak HH1epBas MeXLy
MOMEHTOM WH3MeHEeHHf TOXa C nps-
MON0 Ha OGPATHBIH M MOMEHTOM,
Konia ofpaTHbifi TOK ymaum A9
109 oT ero aMILMTYIHODNO 3HA-
yenetss JLaAa GOJbLIMHCTBA Ofcie-
NOBAHHDIX THPHUCTOPOB  DaBHBIX
THNOB ObIO HAMAEHO, MTO Kpd-

Bag 0GpaTHOrC TOKa wMeeT $op- L
My, OJH3KYI0O K TPEYTOJbHOM
(puc  6-6). [ag  pasnHuHBIX
YCAOBUE KOMMYTalMd IMIHpHYE-
ek Gbllo HafileHO COOTHOLIeHHE

Puc 6-6 WueanusupoBanHass KpH-
Basg OOGpATHOrO0 TOKa THUPHCTOPA.

ts=0,6¢0 ».

Muterpaa xpuBoii ofpart- i
HODO TOKa 3a BpeMsi Iop mpegcTasiseT coboi ob6uMi 3apa.d,
NpOXOMAIMME Yepes THPHCTODP B MPOUECCe BOCCTAHOBJGHHS. ITOT
3apsal =~ BOOCTAROBJIEHMS, Kak Mbl er0 Oy/leM HaseBaTb, IIpedt-

cranpaser cofofi B~ ofuleM cJaydae 4acTb [OJHOTO 3apsAja, HaKol-
JEHHOr0 B Ilepexogax M CAOfX IPH NpOTEKaHHH mpsiMoro Toka, Ecm
eCTECTBOHHAsS. DEKOMGOUHALHA JIEKTPOHOB M JBIPOK mpeHeGpexuMo mana
B TeyeHHe BPEMEHH fo 3, TO MOXKHO CUHTaTh, YTO BECh HAKOIIECHHBIH 3a-
PAA paBeH 3apsily BoccraioBicHHS. B HeXOTOPBIX NOMYAPOBOAHMKOBBIX
npubopax (Hanpumep, B JHOAAX ONPEReNCHHBIX THIOB) HMeEET MECTO
MDHOBEHELIT 00puIB 06Gpariolo 10Ka M HHTepBasa [j NPHHUMIHAJIBHO
orcyrcreyer. Cyas 10 HMEWOLMMCA HAaHHbIM, THPHCTOPLL He O00Jafalor
TaKHMH CBOHCTBaMU MIHOBHHOTO OOpHBa fo6p-

Ha puc 6-7 npexcrasnenpt KpHBble 0OpaTHOrO TOKa ABYX THPHCTO-
POB, PE3KO PAsMHUHBIX 10 CBOMM CBoHciBaM PasHocTs mtomaned, mo-
KasanHas LITPHXOBKOH, mpeicraBisier co0oi pPasHOCTHBIH 3apsj AQ.

Caenyer mMOAYepKHyThb, YTO Ha pHc. 6-7 mpejcTaBieH cayuall, KOTAa
t,2>10 g1, DTOT Caydal Jganeko He BCerja MOXKEeT HMeTb MeCTo npH

caryyaitHoM BbIGODE JBYX IPA-

b BOpOB, OMHAKO © TOUKH 3pe-
HMSL  pacueTa OH siBJAdencd
HAU XYM,
Ha puc. 6-8 moxasamsl
‘Tﬂ‘_fﬂl;ﬂ JarpaMMbl TOKOB H HAmpsl-
"*"*F Wenuil JJAA [UBYX COeHHeH-
0 e T ~  §hX  TOCAIOBATENBHO  CAIY-
diosp PR YaiiHo BHIOPAHHBIX [WPHCTO-
dat : i\\ "2 POB € TapajnesbHBIMH KOH-
Togpwt p——— —— a9 IZeHcaTopaMi. KemMmyTaumon-

HBIA WHTEpPRAJ OTCUMTHIBAGTCS
Cc MOMEHTAa #Hayajga ©rmala
IPAMOTO TOKA.

C momeHTa fp U Wo 1
o6a THPECTOPA MPeICTaBAAOT
coBoi KOPOTKO3aAMKHYITYIO
BeTBb. OOpamubiii Tok w3Me-
HAETCA CO CKOPOCTBIO, ONpe Le-

L o6p.mz P ““““ -

Puc 6-7. O6paiHble TOKH IBYX CJay-
JaliHo BBLIOPAHHAIX THPHCTOPOB OJHOrC
THIA.



150 MOCHLAOBATLIALHAS H nApAmtanfﬁ PABOTA

MOCJICTOBATEJIBHASL PABOTA THPHUCTOPOB 151

[ | IS )
o

AUwmex

lL
C Cg R
1I_
C, =tk
‘ !72@9 s
Puc 68 Hanpsaxenus na KOHAeHcATODax, IMIYHTHPYIOUIHX

ABa NOC/IeAIBATENBHO COCXUHEHHBIX CJIY‘{&I’XHO BblﬁpaHHbI‘{
TUpHCTODRA

€1,

AEeMOIT KOMMYTHPYIOWMY HanpsikenueM Ly M HHIYKTHBHOCTBIO KOUTY-
pa xommyrauuu Lx Ha uurepBane or #; no f, xonxencatop C, Hauu
HdeT 3apsXKaThCd [0 Mepe BOCCTaHOBJeHHs OODATHOrO 3aNMPAHHA TH-
pactopa Ty Ha wnurtepsane f:-—f3 Tupucrop Ty NOMHOCTBHIO BHIK/IIOUHJICH,
HO TOK Yepes KoigeHcatop Cp M HaNpskeHHe HA HeM NPOAOAKAOT Ha-
pacTaTh 3a cyeT pocra 0GpaTHOro TOha T 11 KOMMYTADYIOHIErQ Hamnps-
senus B Momcnr f3 1npuciop Tp nmauunaer 3aiupartbesi, NO3TOMY CKO-
pocTh pocTa Hanpskenws na Cp yveupmaercss Ilo smcepe sanupanus T
Hayubaercs 3apaaka kouacscatopa C. B Mowvent £, ofa tupucropa
3aMepThi, W OOGPATHLIT TOK TeUYeT TUNLKO Yepe3 BeTBb C CMKOCTAMH,
4 HaK7TOHBl KPUBBIX HaNpsDKCHHS 1a oOGOUX THPUCTOPAX OXHHAKOBLI
Hamee cxemy MoxHO paccvaTpuBaTe kak LC-xourtyp, rae C onpeiens-
etcq mociegoBateNbHbiM coenunerneM €y u Co Bgleacrsue Heoxmua-
KOBOCTH YapaKTepUCTHK THPHCTOPOB AMIMIHTYAHl HANPSIKEHHH Ha HHX
pazanunnl HanGo1bias BO3MOMHAS DA3HOCTb HANPSIKedHH HPHMEPHO

péBHa
AQM&KC

AUMaxc = —é‘;—’!

(6 8)
e C'=Cy=Cy = .=C,.

B ycTaHOBHBHIEMCS pekHMe HANPSIKEHHs PachpefesisioTCa NOPOB
Hy 6narogaps WIYHTHPYIOIHM pesuctopam Ha puc 6-8 pasnocts Ha-
PPAXKEHUA MeXAY THPHCTOpPAMH YMEHBIUIAeTCsA, HauWHAA ¢ MOMeHTa fs,
no 3akoHy (Hauajno oTcuera B {fs)

AU = DU ypxe €xp (—1/RxC). (6 9)

Ha '6ospnasi pasrocTb HANPSIKEHHH COOTBEl. T3YCT NOCACAOBA]€Mb-
HOMY COEJMHEHHIO THDPHCTOPOB C MAKCHMaJbHbLIM DA3JHUHEM BpEMeHU

BOCCTaHOBJedUsA IJid HAHHOrO THIMA Torma manoAKeHUA ha KOHJeca-
TOpax, BW/OUEHHBIX MapaaejbHo <<6bICTpOMy>> U «MeAJIEHHOMY» THDH
CTOpaM, MOryr OBITh 3ampcalbl Kak

UC (GbicTp) [Ex + (7 — 1) AUmgxe],

(6-10)

U =

1
n

1
Cimeam)~

[Ex - AUM&K(‘]

Yunresast (6 8) u (6 10) u nosarast, uro Up (Guiotp) =U, nonyuaem:

(n—1) AQuax-

¢ nU — Eg

W

(6 11)

Ocraercs Hel3BeCTHBIM AQuaxce, KOTOpPOE He NPUBOINTCST B CNpa
BOYNBLIX Aaineix fLIa HEKOTOPhX THpUCTOPOB (upmbr [xxenepan JJex-
TpuK 3uadenusi AQmaxc TPMBeleHn B Taba 6-1 (npu Temueparype Ie-
pexona Trep 25°C)

TaGnauma 6-1

Cepua clo c20 C35 C30 Cl40 CI135
Tun rupuciopa Ctl C22 C36 C31 Cl4!
12 37 32
Cl15 C38 C33
C40
AQyaxer MKK 10 12 20 40 4 35
[Tpn Gonbmux CKOPOCTAX HapacTawus 00
paTHOrO ToKa BeviMuHHAa AQ npHOJIH3MTENILHO
ocTosiHHa, eonH I'mep TaK¥Ke mocrosiHHa 3Ha
qeHuad AQuaxe, yKazamisle B Tabn 6 1, cnpa Lo
BEAJHBLL TMPH NOMMHANBHOM IDAMOM TOKe H
Gosbluux diosp/de Jlas GoJee JerkHx ycio L.

B4l KOMMYyTalldd, KOra, HanpuMmep, yOoliBanue
3apaja onperneiseTcss B OCHOBHOM pekovGxua
uMedt, peauaia AQmaxe 3HAUATEILHO MEHBIIC

TIpubauxeniblil TeMncpaTypHbiil Koyhdu-
umenT Beanuunbl AQuaxc cocrasaser +02% !
Ha 1°C

o omx nop mpemamonaranioch, YrO wanps-
JKeHds Ha KOHICHCATOPE H THPUCTOPe OmJIIa-
koBsl Ha npakrHke 3T0 lie coBCceM Tak paiel-
CTBAE pacrnpese/®HHOH MHIYKTHBHOCTH KOHTY-
pa koHpeHcatop — tupucrop (puc 6 9) Cywu
MapHIA WHIYKTHBHOCTb TPOBOLOB, KOHAEHCA
TOpa M BLIBOLOB THDHCTOpA MOMeET OBITh OpH
waTa, wanpumep, pasumon | wmken. Hampsg-

Sk
o

Puc 69 K noscue-
HHIO  pacnpeneneHHol
HUHIYKTHBHOCTH KOHTY-
pa THPHCTOD—KOHJEH-
carTop.
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JKenue CaMOMBIYKIM@ IIPH  pe3KoM  clate obparHoro Toka (Ha
uuiepsane f;, puc 6 6) maer mouonmMTeNbHBIE CcKayok o6pardoro Ha-
PAYKE@HIS HA THPHCTOpPE, NpUYeM IPH OYeHb OBICTPOR KOMMYTAlUH, KOr
J2a CKOpPOCTh cnaja 10Kka Mmoxer joctHrarh 20 a/mkcex, ckayox Oyner
paBen 200 g Orciofa oueBHAHA 0C00asi BaXKUOCTb CHUIKEHHA HHAYK
TUBHOCTYU MET/IH KOHIEHCATOp — THPUCTOP

Has orpammdenus TOKd 0OpH OTHHPAHUW THPICTOPOE 10 IONYCTH
MCH BCIUUKILL TIOCAELOBATe/dbHO ¢ KOHIEHCATOPAMH MOMKHBl ObITH BKIIO
yeHbl HCGOABIIME CONPOTHBAEHHS, BeJHUHHA KOTOPHIX OOBIUNG JEKHT
B Tipeieqax 5—50 ou IDTH CONPOTUBJIEHHS TakKiKe NOLABJIAIOT BBHICOKO
Y4CTOTHLIE KO/e0ailds, BOIMOKHBIE B KOHTYPe THPHCTOP — KOHJEHCATOD
CnelyeT HAalUOMHUTb, YTO 3TH COTMPOTHBAEHMA He AOJXKHH ObITh CJML-
KOM 007TblUIMVMY, 4TOOBI He HapyllaTh HOPMAABHYIO padoTy eMKOC1HOTO
JeJUTEIST U 34 CYeT NPOTeKAHHs [0 HUM OGPATHOr0 TOKA He BbI3bIBATH
GONBUIMN JONMOAHUTEABHBIX (KAYKOB HANPAKeHHs Ha THPHUCTOpax

6-1-3. Tlpoune cnocodbli BLIPABHHBAHHSA HAMNpPAKEHHUH

ITokazannble Ha puc 63 DenoukH O6ecleuuBalOT BblpaBHHBaMne
HaTpsSKEHWH INph BceX pPeXHMax INPsIMOTO u  OGPATHOTO 3aNMPAHHA
B ycrmoBnsx, korja HoTepd MOIMHOCTH H3-32 TOKa Yepe3 LIYATHPYIOIIHe
CONPOTHBJIEHAA HEIOMYCTHMEl, KaK HAIpHMep, B pafHOJOKAIHOHHLIX MO
IyJsiTOPax, MOMHO OCeCleunTh yCNeHIHOe BEIDABHHBAHHE HAIpSIXKeHHH
C IOMOWIBIO THOAOB C yNpasjsieMbM JaBuHoOGpazoBaHuew (puc 6 10 a)

Ecin  HanpsxeHue J1aBUHOOGpPa30BaHHs  BHIGPANO NPARHABHO, TO
N\ ey obulMH TOK TNpSIMOH yTeuku 4epe3 0o
1“.1/ i< CJ1e0BaTeNbHYIO leNb JHULIb He3HAYUTEebAO
IpeBBLIIIAeT TOK yTEYKH XYAHIEr0 M3 ABVX

TUPHCTOPOB HauGoublllee HanpsKeHHe Ja-

o) @ BUHOOODA30BAHUS NapajlelbHblX LHOAOB
a) JOJMKHO ObITh DAaBHO H/AH HEMHOro HHXe
HaCTOPTHOTO HampSKe{dd npAvoro mepe

KA0UeHHsA TunHcropa Hauwenbuiee manps-

17:,-\131\ @@ XKenye J1aBHioo6pa3oBaHAd, H3MepeHHOe
= npn HamMvenbllen paboueli temmeparype
JIABMHHONO BEHTUAS, IOMKHO ObiTh BbILIE,

@ ueM Un/n HOns Gosee TOYHONO BhIpaBHH-

BAHUA HATPSKEHMH MeXA) THPHCTOPaMH
JABAHHBIE JHOMbl (IOIXKHB HMETh BO3MOX-
HO GoJee [y3KHH (ZOMYCK N0 HAIPAXKEHHO
JaBaHOoOGpasoBanua  Ecan nocaeqopatenb-
HO COYTHHENNDbIE TMPHCTOPBI QOMMKHLL Bbi-
AepXKuBa1b He TOJBKO NpsAMOe, o u of-
paTHOe HANpAXKEHWe, TO MOMXKHO HCTONIR30-
BATb KOMOWHAIMIO VIABMHHBIX JUIOMOB, MO-
Kazamuylo Ha puc 6 10,6 Ecau mpebopa-
HHA K BHIPABHMBANMIO OOPATHHX MHamps-
KOHHH He CAHIIKOM KEeCTKHE, TO MOYHO
B 9TOH KOMOMHALMW 3aMETUTH OXHH JaBlid-
dblil QHOZ OOGBINHBIM KDEMHMEBBIM AHOIOM
(puc 6 10,8).

6)

®

®d @

0)@

Puc 6 10 Bupabuusaumne
HanpsiKeHui ¢ NOMOILBIO
NABMHHBIX nuonoB (cra-
GuauTpoHOoB)

6-1-4. Ynpapaenue nocaeaoBaTeabHO
COeIMHEHHBIMH THPUCTOPAMH

VI3Bec1iHO JABa MeTOfa yNPaB/AeHHA I0C/IELOBATENbHO COeAHHEHHbBIMH
THPHCTOPaMH

{) oxHOBpeMeNHGCe ynpaBjeHHue,

2) 3aBUCHMOe YIpAaBJEHWE, KONAd HCTOYHHMK YNPABJAAIOLMX UM
Ny1bCOB OTHHPAET «BEAYLIMH» THPHCTOP, a B pe3yabTare CHHKeHUs
HAa HeM HanpsKeHHS BbipabaThiBaeTcs BXOJHOH CHIHAA B WLelH CicLylo-
Ulero «BeJOMOrO» THPUCTOPA

DBoJsee npeanoYTUTeTbHLIM ABAfETCS OJHOBPEMEHHOe ODNMHPAHHE
BCEX THPUCTOPOB 3ABUCHMBIH METOJ, 1103BOJAIOIHME BECbMa TPOCTO pe-
IWHTL NpobJeMy M3OAAUMH YNPABAAOLMX Lefeli HPH BLICOKMX AHOAHDIX
HalpsKeMHuAX, Heu3OexHO CBA3AH C 33/€PXKKOfl MeXJy OTOHPAHHAMH
BEJOMOr0 ¥ Bedyulero THpUCTOpos K cuacThio, KOHJEHCATOPLi, MCIOMb-
JyeMmble [J/11 BLIPABHHBAHHS HANPAKEHWH MeXIy THPHCTOPAaMH Ipd OpH-
JOXeANH 0o6paTHOrO HaNpsixheHHSl, OTPAHMYMBAIOT TaKXKe CKOPOCTh Ha-
pacTaHuf TPAMOro Hanpskenus [losTomy saBuCUMBIE MeToj MOXeT
MPUMEHSITHCS YBEPOHHO TOJBKO B TeX cjlyuasX, KOTAAQ eMKOCTb 3THX
KOHJEHCATODOB [OCTATOYHA [/ OrpaHHYeHHs OPOCKOB NpAMOro Ha-
TpAMeHHs O YpoBHA HHKe Unpmom), TOKAa BCe THPHCTOPLI He OTKPO-
Tc  [Ipu HCMONB30BAaHMU 3TOTO MeToga cleflyeT OGpPaTHTe 0co6oe
BHHMaHue Ha obecileyeHHe Tpe0yeMbIX [ACHOPTHBIMU IAHHBIMH 3HAYEHUH
Iy o, Uy o, 0COGEHHO eciu aHOXHBIN TOK MOCAe OTHHDAHHs HapacTaeT
6bIcTpO

O0nospenmentoe ynpasaenue 4epes pasdeivTeibHbie TpPAHCHOPMATOPLL

[Ipu Hcmonb30BaMHH pa3feNHTeNbHBIX 1paHCPOPMATOPOB caelyer
YAETATL 0C060€ BHUMAHHE MeXKOOMOTOUHOHM U3OALAM DTa “HI0MAUUA
JOJKHA BEIAEPXKUBATh MO MEHbIEH Mepe HanPsSIKEHHE NHTAHHA

BxogHole cONPOTHBJIEHHS Da3JHUHBIX THPHCTOPOB MOTYT BeCbMa
CUSbHO OTAMYATBCA MeXAy coboit TloaroMy, urobnl npeAOTBpPaTHTh
UIYHTHPOBaHHE OOIIEr0 HCTOYHHKA YNpPaBJEHHs BXOAHOH Wenbio THPH-
CTOpa ¢ HH3KOOMHHIM BXOLOM, CJeAyeT BO BXOAHYIO IeNb KaXkKHoro
THPHCTOPA BBOJAMIb TOCJIGROBATeNbHBIE DE3UCTOPHl JHOO HCNOJIbL3OBATH
B KauecTBe CONPOTHBJIEHHI HHAYKTHBHOCTH PacCCAHMA Tpancdopmaro-
pos

Ecan MOIHOCTH HMCTOYHHKA YHPABJSIONMX CHTHAJOB OrpaHddeHa,
4TO YaCTO WMEET MECTO HpU HMOYJIbCAOM YNPaBJeHHH, TO Lelecoo6pas-
HO 3aMeHHTb NOCJAEeXOBATENbHble PE3HCTOPH KOoHZeHcaTopam#d DTH KOH-
IEHCATOPLl BLIPABHMBAIOT 3apsAbl, NMOCTymaloulye B 6a3pl THPUCTOPOB,
6e3 NONOJHMTENBHHIX TOTEePh SHEPTHH B 3TOM clydae MEXRy Ynpas-
JSIONIMM 3MEKTPOAOM H KATOXOM KamKAOTs THPHMCTOPA JOJKeH ObiTh
BRJIIOYEH PE3UCTOD RSl 3aMbLIKAHUA TOKa paapaga konjemcaropa Cxe-
Ma yOpaBleHAs AOMKHA ofeclneudThb MaKCHMaJbHYIO KPyTH3HY (poHTA
YIpaBASIOLEr0 HMIly/jbca, »KelaTelbHO MMeTb BpeMs HAPACTAHHA He
6onee 1 mxcek.

Cnenyer 0coGeHHO MORUEPKHYTh ONACHOCTh OTNMPAHHST FUDHCTOPOB
MUHHMAJbHO TpeGyeMplv TOKCM ympaBnenus s GOJIBIUMHCTBA THPH-
CTOPOB Cefiyac Ha BXOZHHIX XaDAaKTEPHCTHKAX YKa3bhiBAETCs MNPEANOYTH-
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reabiuas obaacth ornupanna  Iipn
OMIHpAHHH B YCJOBHAX OGOVIbIIMX TO-
Kop paBora HuKe ITOH 06TACTH MO-
XKeT HMerh KdractpodHueckue Mo
(I CTBH S

Odnospemennoe ynpasienue
AYHOm c8era

Ha puc 6 11 nokasana cxema

B KOTODOH ONHOBPEVE@HHOe OTHHPa-
Hele TICCJEMIOBATENLHO ICOeAMHEHHBIX
THPACTOPOB OcyllecTsaderca (oTo-
THPHOTOPaMH B uJeNAX yIpaBJIeHHs
Takoit Merox ofecneunBaer HEOOXO-
JAHWYIO H30JAAIMI0 BXOMHBIX Lemned
A TpedyeMylo ONHOBPEMEHHOCTL OI-
THPAHHS, eCJAH Bce (OTOTHPUCTODH
OMIMPAIOTCS ¢ NOMOWDBIO  @IHHCT-
BEHHOINO #icTOuHiKa osera [locaedo-

T parensHble pesincTopel Ry u Ry ofn-
HAKOBBH B KAXMAOM IIeue, W cyMMa
X [COMPOTMB/IEHHA paBHA HEOOXO-
AMMOMY HIYHTHPYIOUIEMY CONPOTHB-
JeHHIO Taeda Ryn M3 3mdax gsyx
conpomBiedHuit R; Mexbwe R; B CH-
Ay TOrO, 4TO (OTOTHPHCTOPHI OOLIYHO BHITYCKAIOTCs Ha TOjiee HM3KUE
pabouue Hanpsamenns [locTosinnas Bpevenu R:Cy xonxkHa Gbire qlena
Ha CPAaBHHTENBHO Mol HJst OblcTPOH 3apaikd koHiescaropa Cy a0

(o

Puc 6-11 Ornupanue nocaeno-
BATENBHO COEIHHEHHBIX THPUCTO-
POB ¢ NOMOWILIO CBETA.

e B
g

&x

ﬁgk
Ex

altle)

3508

}

025 I =02

0,22

Puc 6-12 Cxema nByXTaKTHOTO reHepaTopa CBETOBBIX MMAYJAbCOB

HAMPAXKEHHs, HeoBXOAMMOro ANst oTnupaiusa (ortoTnpucropa Pesuerop
R, orpanuymBaeT BXOAHOR TOK CWJIOBOTO THpHcTOpa IlpakTHUecKast
cxema yrnpasJeliiss (OTOTHPHCTOPAMH C MOMOIULIO KCEHONOBOH HMIYJbC-
Hofi maMmul mpencramiieda Ha puc 6 12 Cxema yAOBJAETBOPUTENLHO pa-
GoraeT Ha yactroTax 60—400 24 3alalolHfl pesakcalliOHHbBIA TeHepaTop
Ha JIBYX OJIHOMEPEXOIHBIX TPAH3HCTOPAX BK/MIOYAeT HOmepeMeHHO nBa
MaZOMOI[HBIX THPHCTOPA, KOTODPble Pa3psiKaioT KoHaeHcatopsl 0,22 mxe
Ha TepBWuHHe OGMOTKM IByX MOBHINAouux TpaHchopmaropos M-
TyJibChl HAnpAXeHHs BTOPHUHBIX OOMOTOK OKOJAC 6 K8 10CTATOSHBl LA
3aXUTAaHUS MUMIIYJBCHBIX KCEHOHOBBIX JlaMn, HCMYCKaIOUMX CBETOBHIE
HMITYJbCHI

3asucumoe ynpasienue nocaedosaTesbHbimy TUPUCTOPAMU

TMpiHuAn 3aBHCMMOrO yupasieHust COCTOUT B TOM, 4TO YIPaBJAlO-
Iyt curHan [OCTYMaer Ha BXOA TOALKO OZHOro THpucropa Xora 3TOT
crnoco6 BeckMa NPOCT B MCTOTHEHWUH, OH COXEPIKUT CYLIECTBEHHBIE Orpa-
HEYeHUs, TaK KaK NpH TOCAe/0BATENbIOM OTNHPAHMM OJHOTO THPHCTODA
3a ApyrHM MOJHOe BPeMs BKJIOUEHHs ILeNOoUKH BO3pacraer B HECKOJbKO
pa3 Koraa B nocrnefoBaTenbHOM Ienouke OTKPHIIOCH HECKOJDLKO fePBBIX
THPHCTOPOB, Hanpsxkenne P i
NPHKJIAABIBAETCA K TEM BEH-
THJIAM, KOTOpBle TNPOJO TKAJ-
0T ocTrasarthesd ’%ﬂﬂeprIMH
Ecsin monnoe npsmoe Hamps-
JKEHHEe NPEeBHIIAET MPEAenblio
RONYCTHMOE  3HAuYeHue, TO
ONMH M4 HECKOJBKO BEHTH-
nefi MOmeT BBIATH W3 CTpO#A
Ckopoctb HapacTaHusi n1ps-
MOTO HanpsiKEHHs] Ha  «Io-

CAEHHX» THPUCTOPAX MOXKeT - 4 [I
6uiTh  OrpaHMyeHa ¢ 10O- Ry #
MOHIBIO W YHTHPYIOMUX KOH

JeHCATOPOB &

npmii;yHggwfgxgﬁgogg‘;ﬁ; Puc 6-13 3aBuciMoe ymnpamieHue To-

mertia Tlapastensyo  THpi- CNeNOBATENLHO  COENVHEHHBIMA  THPH-
CTOpaMH ¢ HCIOJb30BAHHEM CTAGHIM

CTOPaM  NMPHCORMHHEHBL  BbI- ooy,

paBHusalowue  RC-lenouxs,

OonucanHble BBILIC I/ICFO‘[}IHK

WMIYJABCOB YAPABIGHUS OTHHPAET TOJNLKO NepBull (HukHui) 1MpHCTOP
[Tocne atoro paspag KoHpencartepa €y uepes yUpaBJAfAwOLLyio Uenb Cae-
AYIOUIETO THPHCTOpPA BBI3HIBAeT ero oTmupanue Tak KakK THPHCTODHI
H RC-nemoury mnpencTasamoT cobodl ¢6alaHCHPOBAHHLI MOCT, CXeMa
BecbMa MaJjo UYBCTBHTENbHA K CAyYaflHEIM KoneGaHHsM NHTAIOLIEro
nanpsukennss Bo mmormx caydasx uenoukd RC, pacCunTaHHbE O HM3/0-
XeHHOR BHUIE MeTOAHKe M oOGeécreunBaloilie YAOBJIETBOPUTETbHOE pac-
npeneseHne. HANPAKEHUS. B TIEPEXOAHLIX DEXHMAX, OKasbiBalOTCS BMOTie
YIOBNETBODHUTENbHEIME M LJIS  CHCTEMB  3aBHCHMOTO  YNpaBiehus
Unorga napannensho AeMndUPYOUWHM Pe3ACTOPAM BBOXATCA AHOLHL,
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TOKa3aHHbBlE OYHKTHPOM, YTOOB! NPELOTBPATHTE BO3MOMKHOCTD
THPHUCTOPOB 10j AeHCTBHeM GoJblIMX dujdl.

MuaniiManbHOe 3HaYeHHe eMKOCTH TapajLle/ibHBIX KOHAEHCATOPOB
LJIs1 yBEPEHHOIO 3aBHCHMOrO OTNMHPAlMsS THPUCTOPOB M BeJHYHHa I10-
C1810RATEILHOTO CONPOTABJIEHHS BO BXOJHON Nems onpefensiorcs ¢op-
MVJIaMH:

OTHHpaHAs

10
Ry+ [;Y-O.‘MHKG ’
¥.0.mMaxe

U
'2’—0’;‘—(]%0

C>

MEP; (6-12)

Ry = , OM, (6-13)

IY.o.MaKc

rae Ucr — pabodee Hanpsxenue CTaGuAuTpoHa, 8; Iy o ywaxe — Mak-
CHMaibHOe 3HAYEHHE TOKA, KOTODHUi HALEKHO OTIMpAET TUPHCTOp NPH
MIO0BIX padounx pexumax, ma; Uy o maxe — HAHGOMBLIEE HATpsXKEHHE
Ha ynpasasionlem siexTpone (8) upH Iy o maxe.

Heobxomumo BosMOxHO Gosee TuiaTenbHo c6anaHCHPOBaTh MOCTO-
Bylo cxeMy puc 6-13, T. e cOmuxarh noTeHHHa W Toyek C m D, yro-
Obl M306eXKaTh NPOTEhAdUS TOKA B NMArOHAAM 3TON CXeMBl TIpH OOBIMHBIX
W3MEHOHHAX HaNpsXKeHHsl NHTAHMS M TePeXoAHBIX mpoleccaX. B 3asH-
CHMOCTH OT BHIa HebajaHCa NOJONKHTEIbHHI BXOAHOH TOK BeLOMOLD
THPACTOPA MOXeT NpOTeKaTb Ju60 NpPH BO3pacTaHuy, JHGO Npu CnNage
MHTAIOWErc HAaNPAKCHUS. 3apucumam cXeMa ynpasienus (puc. 6-13)
MO¥KeT ObITb paclpceTpaHeHa Ha ciydal GOJBIIErO, yem ABa, yHcaa
G.CAENOBATENBHBIX THPHCTOPOB.

Ha puc. 6-14 mpepcraBnes apyrofi Meron 3aBHCHMOTO yIpaBJeHus
nocaenopateapbivy tHpucropamn. Komgencatopor Cy, Co, .., C,, BO-
TICPBLIX, BHIDABHIBAIOT HANDAXKEHUS MPH TepeXOIHBIX Tpolleccax M, BO-
BTODhIX, OOCCHEUHBAIOT 3aBUCHMOE  OTIHPAHHE THPHCTOPOB., Kak u
B cxeve puc. 6-13, BXOQHON WUMTyJbC OTMHpAeT HHMKHMIY THDHCTOp, IIO-
cre yera xonjencarop C; paspsKaeTcs uepes YNPABASOUIYIO LeTb
BTOpPOro THpHCTOPA, W T. A. CompotuBienus Rj, Rs, ..., R._, orpa-
HHUMBAKOT aMITHTYRY BXOHHOIO TOKa, CONPOTHB/IEHWe R, OrpaHHYHBAET
di/dt sepxmerc (n-ro) tupuctepa Ha puc 6-15 nokasano, xakue me-
JCHANEAKEHHA MOTYT BO3HHEHYTb Ha KaXJ0M IOC]EAYIOEM THPHCTO-
pe npu Taxou crocoGe ynpasiedua. [lepenanpsnKeHus ykazaubl B npo-
UCHTAX OT Bamuuuuwl {,.

Ynpasaawouue unnysvco

Ina yupasienusi NOCAEROBATENBHO BKIOYEHHBIMH THPHCTOPAVIH
HYXKHO NOAa3aThb YIPABAAKIIME UMIYJIbCH BO3MOXKHO BoJpilieli aviIH-
TYABl IO CPABHEHWIO C MWHHMA/MbHO HeoOxoammolt (oM. puc 4-12), uto
ofecreunBaeT yMeHbIIPHHE BPEMEHH mePeKMIoUeHns. BpeMs HapacTaHus
VMOyJAbCOB YNPABAEHds JAOMKHO OblTh MHEAMANBHBIM (B wuieage A0
100 mcex). Illupuma STHX HMIYJABCOB AOMAHA OLITh AOCTATOUHOR XS
RanexHON (HKCALNM OTKPBITOLO COCTORHHA TPH BCEX BO3MOXKIBIX pe-
wuMax. Eoau anoauBlt TOK MOXeT KPaTKOBpeMeHHO ymacTe Ao HyJs

B TOUGHME HHTEPBAJA MPOBOMIH-
MOCTH  THPHCTOPA, TO CuﬂeﬂerT
MPHVEATE HMIYABCHL C JMMTEh-
HOCTBIO, PaBuoOil HITEPBANY IPO-
BOMMOCTH, AMIIMTVIY HMHYWIb-
COB ICAGYET OrpaHMuMiBaTL HA
MaAKMMaJAbHO JOTYCTHMOM ypoB-
He N0 MaKCAMaJbHOH M opemHell
MOLYIOCTH UIAA JAHHOTO THNa
THPHCTOPOB

6-2. MAPAJUIEJIBHAS
PABOTA THPHCTOPOB

C nofaBieHHeM MOUUHBIX HpPH-
GopoB B Hauage 60-x rogos mo-
TpeBHOCTE B NapaJieIbHOM
BKIIOYGHHH  THPHCTOPOB yMeHb-
wmiack Kak cuuranocs pamee,
TaK W CcudTaercsa ceiyac, 9TO
TONHKO B MCKTIOUMTENLHBIX CIIY-
yaax HoJee BBINOAHO COSIWHSATH
B Mapajienb MalOMOUIHBIE mpH-
60pPH BMECTO HMCHONb30BAHHS O1-
Horo Ha Goawnumiil Tork OmEum M3
Hekaouennit  gpagerca  oydat,
xonza Tpebyercs UMOTh ONENH-
anpHBlE IMSKTPHYELKHE XapaKTe-
PHCTHKE,  peaqu3yeMble  JHlib
C MOMOIIBIO MAJIOMOUIHBIX THPII-
cropos. IToapoGiee o6 stom 6y-
ner okasano ruke (§ 6-2-5)

Celfuac BCce Bozpacraoulie
TpeGOBAHHUS TC BeJUUMHE TOKa
J2CTO HAYMHAIOT BLIXOMMTL 34
pPaMKy  BO3MONKHOGTEl eIMHOMO
kprcranta  JlpoGaema mapad-
JIeNIBHOTO COEIMHEHHsT BHOBL CTA-
Ja axkrvanwbuolt, ocobenno B 06-
JACTH 'ONeHL GOAbUMX TOKOB M
UpM  HWOMONB30BaHMM  MPHGOPOB
c GoabUION MIOUIANLIO KPHCTAad-
JMUECKOTO JTHCKA

OcHoBHOM mpoGaeMolt sBJIA-
eTeq ofecnerenie paBHOMEepPHOTO
TOKODACTIDEIENSHHA  MeXKAy [a-
PAJVICKEHBIMA BeTBavMH Boobuie
NpH  TAPANISNBHOM  COSTHHEHIH
HU3KOOMHBIX  3/IeMelToB  HawGo-
Tec  CYHECTBEHHBIM  harTopoM,
DIPEILNTIONMM BOIVOKIVIO He-
paBHOMEPHOOTs  TOKAa, MOXKeT
CTaTh HECHMMETDHMR MAalBHTHLIX

Bl
2
™

| &
F:_"_E]
x
CT%L"
(/)

R
S
o

He4

-
|
|

”3
~—9

ko
\7)

4
z—

Puc. 6-14. 3asucumoe ynpasJe-
HA€ NIPH HOCIENOBATENBHOM CO-
€[HHEHHH THDHCTODOB.
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Puc 6-15. OTHocurteanHble mnepeHa-
NPAXKEHHS HAa BeROMbIX THPUCTOPAX
B 3a3UCHMOCTH OT MeCTa HX BKJIO-
YeHHA N0 OTHOWEHHIO K BeAyHIeMY.
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IOTOKOB, CLUENJeHHBIX € PasdIHUHbIMH BeTBAMH. [IpaMeHUTeNbHO K OOHO-
HAMDABJIGHHBIM THPICTOpAaM, Kpome TOrO, ROAOKewHe YXyauiaenca iie-
OAHHAKOBOCTbIO #X BOJbT-aMNePHbIX XaPaKTEPHCTHK.

OtnocuTenbHO NApajiedbHOrO COCAHHEHNS] IBYHANDABIEHHBIX TH-
pHCTOPOB CleiyeT HAMOMHHTb, 4TO y¥XKe OHIO ckasaHo B § 6-1: mpu
©e06XOARMOCTH NapPaliebHOll PaGoThl B 06/1aCTH GOJBIUMX TOKOB Ie-
JecoobpasHee MCNONb3OBATH OObLIYHBIE GAHOHANPABJEHHBIE THPUCTOPHI,
BKJIIOYEHHbIE BCTPEMHO-TIapasJielbHo.,

6-2-1. He6anasc 1008 U3-3a BHemneil 1enn

Ecna He mcnosibsyeTcss NMpUHYAHTeIbHOe BLIDABHUBAHHE TOKOB MeEX-
Iy TapanfielbHO COEAHEHHBIMH BeTBAMM, HeOOXOAHMO YIAeIHTh 0CO60e
BHHMaHHE DABEHCTBY CONPOTHBACHUR B XaXKAOfi mapasnerbHoil BETBH.
I1poBOAA H COENMHENHS AOMXKHBl GbITh CIeJANB OLWHAKOBBHIMH BO BCEX
OTHOMIeHUAX. TeHNeHUHs CTAMHBAHMSA TOKa K BHEIIHHM (B reoMeTpHUe-
CKOM CMbIC/IC) BETBSIM MPH NaPaJIeNbHOM COSJMHEHHH MHOTHX BeTBedl
(cBoero pona addert «BoiTecHeHusi» TOKA) WpRoGperaeT oOcoby0 BaX-
HOCTb Ha NOBBILIEHHLIX YaCTOT4X, a TaKXKe B MOMEHTH KOMMYTAlHH, T. e
B HauajJe H B KOHIE KaxJOro Huulepsaja NPOBOAMMOCTH Ecau 3710
ABJEHHE OKA3LIBACTCH CYLIECTBEHHBLIM, B3aHMIhe M COGCTBEHHLIE MHIYK-
THBHOCTH K2XKAOH N2DaIeNbHON BETBH AOMKHH OuiTh THIATENLHO COa-
JI2HCHPOBANDLIL.

6-2-2. HeGanaHc TOKOB M3-3a Pa3iHYHs XAPAKTEPHCTHK
THPHCTOPOB

VsBecTHbl JBa OCHOBHBIX CIOCOGA BhLIpAaBHUBAHHS TOKOB MeXIy na-
pannenbHo BKJMIOYEHHBIMH THpHCTOpaMHu. [TepBhiit cocTrour B nO1Gope
THPHCTOPOB C TNPAKTHYECKH OJMMHAKOBLIMY XapPAKTEPHCTHKAMH B 1POBO-
ZAUIEeM COCTOSTHWH, BTOPOI CBf3aH C NIPUHYLHTENbHBIM BBIpaBHHBAHHEM
TOKOB BHEUIHHMH CPEACTBAMH.

Hcnoavsosanue crandaprusix TupucTopos
6e3 npunyouTeAbHOZ0 BBIPABHUBAHUS TOKOS

Meton pacdera ToKopaclpeNeNeHHsl MeXAY MapamleabHo padoTan-
UUIMY Cvyafino BoIOPAHHBIMH THPUCTOPAMY Jydille MOKA3aTh Ha MPHMe-
pe Tpennonoxum, 4To Tpebyercs NpOMyCKaTh GOAbLIMM TOK, YEM 3TD
ACTyOKaeTCst HauboJee MOUINLIMH  THpHCTOpaMu  (GupMbl  [IXeHepas
Duekrpux, a uMenno tHna C290 uan C291.

Hycts nveem Tpexasuyw cxemy. Kakoit naubonbmuit 10Kk CMOTYT
NpoONycKark 1Ba CyyalinplX THpuCcTOpa B 3TOR cxeme? [Ipeanosoixum,
Y10 TePBBIK H3 ABYX TUPHCTOPOB T3 MMeeT MeHblliee IpsMoe NafeHHe
nanpskenust AUa 1 paboraeT nmpH MaKCHMaJbHO JONYCTHMOM A5 3TOTO
THIIA JeficTAyiolleM 3HadeHnst Toka 470 @, COOTBCTCTBYMOINEM HAHGOJK-
uteit monyc™iMoft TeMneparype mepexoxa 125°C. [Monaras dopMmy ToKa
NPAMOVIONbHOR ¢ KosddunuenTom 3amoanenns y=~0,333, Hafizem us
COOTHOUIEHHS

[a Reficy = [Lmnxc V:(—
aMIAHTYRY ToKA fa maxe=3815 a.

(6-14)

DTOT mepBbIH THPHCTOP, KaK
nveoumit Menbiiee AUa, Oepel  a (7,
Ha cebf  HenpomopUMOHAJBHO )
Gosbllyi0 JoJ0 OfLIero TOKa. / /
Ilycre 3TOT MUpHCTOP BMEET HAH- g,p
MenHbiliee BO3MOXKHOE /I (LaHHO-
I'0 THMa ajeHue HampsKeHus -
npy JAHHBIX TOKE W TeMueparype
nepexoya, KOrAa €ro BOJbT-aM-
nepHasi XapaKTEPHCTHKA Ompefe-
nseTcst  BepxXHed  KpHBOR  Ha %
puc. 6-16, cvieoBATENBHO, /]

400 717

AP =1y mancblUpy = / /
=815.1,05.0,333=290 gm.' (6-15) /S A =

200—A—A—1A~

OmpefesinM Tenepb BevTHIM- //
Hy TOKa, IIPONYCK3eMoro BTO-
peiM  mHpucropoM. J[lpamoe ma-
JdeHWe HA OGOWX THPHCTOpPAxX He
MOXKeT IPeBLIIATh MANeHus Ha
nepsowm, 1. e. 1,05 8. Hapuc. 6-16

Aug
09 17,7 1,3 8

0
a7

Puc. 6-16. Ilpavbie BovIbT-aMnepHhle

TOKA3aHb HAUXYJIKMe BO3MOXK-
Hble BOJBT-aMISDHble XapaKkTepu-  XaDAKTEDHCTHKH THDHCTOPOB THIA
orEkE TMpHCTOpa aammoro tama  C290/291.

I — XapaKTepHCTHKA THPHCTOPa C HaH-
MEHDBUIAM BO3MOMHBIM TajieHHeM Hamps-
mewus npH Tpen=126°C; 2—7To xe ¢

HanGoJLIWIAM MafeHueM; J — To XKe, YTO
u 2, npu Tp,,=25°C.

I8 1eMrnepatyp nepexoga 125
n 25°C. Tak xak ajas obecreue-
HU HawGogabliell CTaOHIBHOCTH
napanieNvHo COoeMHeHHble THPH-
CTODBL OOLIMHO MOHTHPYIOTCS Ha
ofIIeM TeNI00TBOMLE, TO [IPeIo-
JIOXKHMM, YTO TEMNEparypa Tema00TBOAA NOJ OOGOMMH THPHCTOPAMH OJH-
HakoBa. M3 ckasaHHoro clefyer, 4To BTOPOH THPUCTOP ¢ Gosee MOJOroi
BOJIbT-AMIIEPHOH XapaKTepPHCTHKOH, OYeBHAHO, OyAET NpPONyCcKaThb MeHb-
M TOK, PaccedBaTh MEHBIUYI0 MOIUIHOCTb M, C/eJOBATENbHO, WUMEThb
Goslee HH3KYIO TeMmnepatypy nepexoxa. Ha puc. 6-16 BuaHo, uTo ueM
HHXe TeMIeparypa nepexoja, TeM MeHble NPAMOH TOK 4epes TUPHCTOP
npu aanHoM AU,. TlosToMy /s BTOPOTO THPHCTODA HAAO NOAL3OBATHLS
BOJIBT-AMIIEPHOH XapaKTePHCTHKOA, CHATOM HPH HEKOTOPOH MpOMEXKYy-
TOYHOK TeMnepaType mepexoja MeXAy 3HayeHusmu 25°C (xoTopoe
COOTBETCTBYET NPENEIbHOMY DA3JHYHIO B XADAKTEPHUCTHKAX THPUCTOPOS
M Jaer npu pacueTe upe3BHYaiiHO Gosblofl 3anac) u 125°C (koropoe
3aBefloOMO HepocTHXKUMO). JIis pacuera MBI JO/KHB BHIGPAThb HEKOTO-
PYI0 NPOMEXYyTOUHYIO TEeMIepaTypy M 3areM IPOBEPHTb NPABHJIbHOCTD
nawero BelGopa.

TpeanonoxnM, uTo TeMnepaTypa nepexoga THpucTopa T» paBHa
CpefiHeMy M3 ABYX HpefenbHbix 3Hauennil, T. e. 75° C. Touka, npomexy-
TOUHASE MEMXY COOTBETCTBYIOIIMMH BOJLT-aMIPHLIMH XapPaKTEpPHCTHKAMHA
na puc. 6-16, maer aaa AUa=1,05 8 Tox 320 a.

OnpenenuM Tenmeps, KakoBa AO/KHA OBITH NPH 3TOM TeMmepaTypa
TEMJI0OTBOAA. DTO MOKHO CHAeJaTh, 3HAH MOWHOCTH pacCesius NMepsolo
THPUCTOPA, a Takke HauGoJblllee TEMJIOBOE CONPOTHBJIEHHE MEXKY
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125 L Mepexo/IoM I NOBEPXHOCTBIO TEMJIOOTBOAA HOTO Ha NapandelbHO (OeAMHEHHBIX THPUCTOpax THma C291
7= Ha puc 6 17 nokaszana renjoBas Mopgesib
Pﬂ Ton IJs ABYX napasilesibHo paBoTarolux TH 815 4 (n —1) 320
pucropos [l onpenefeHus HauHH3IIEH {4 mage = 3 , (6 16)
P?l TEMMePaTypel, KoTopas aoJxkua Ouith Ha
Retn ) Re(n x) MOBEPXHOLTH 1€IJI00TBOJA, BOCMNOJb3yeMCs
HauOOMBUIMMHE LHAYEHHSAMH TeILIOBHX CO TAe N — YUC(I0 napa/iedbHBIX THPU.TOPOB B Kax o (1)336
NpOTUBACHUH i ECJgPI MOAAEPKHBATL TeMilepaTypy INOBEPXHOCTH TEMJIOOTBOAA pPaB
R s Tupuc opos tuna C291 HOH 62°C He NPEACTAB/IsSIETCA BO3MOMHEIM, TO JeHCTBYIOLee 3HAueHHe
Rr(x 1) (k1) CONPOTHBJIEHHE Nepexojl — Kopiyc TOKa NMepBOro THPhCTOPA AOMXKHO GLiTh YMEHBIUIEHO N0 CPABHEHUIO C lpe
Ry ©y=0,138° C/sr, IeJbHO AOMyLTMMOH Beauuusoli Pacyer B 3TOM caydae ciefyer Ha
CONMpOTHBJIEHHE KOpNyC — TemooTso WHATE € 3ajaHnolt Hauboabmell TeMilepaTyphl TEIJIOOTBOAA H 3alaBaTn
N S QNN (npu COOTBETCTBYIOMIEM MOHdXKe) Tzr;(;y; ?gggucuu FOK THPHCTOpA, IIPpU KOTOPOM TeMIlepaTypa Mepexoal
TennoomBod Rz ry=0,08° C/er, P

TeMriepatypa Inepexoja THPUCTOpa T\
Tm-—T-r=P1 (R'r(ul() +RT (x 'r))’
01Ky, la To=125=290 0,218=62°C

Puc 6-17 Tennosas Mo
nesb JBYX HemoxoGpaH-
HBIX THPHCTOPOB

TeMnepatypa Nepexofa BTOPOrO THPHCTOPA AO/MKHA OwlTh BhIlle,
yem 62°C
PacceuBaeMass B 5TOM THPHCTODE MOMHOCTb paBHA

P, =320.1,05.0,323 =110 am.

B,.HSI TOr0 4TOOGH OLEHHTh MMHUMATbHO BO3MOXHYIO TeMIepiiypy
faepexona THPHCTOpA Tg, HCNOMb3yEM HaWMEHDbIUKE BO3MOXHBIE TERNO
BHI€ CONPOTHBJCHUA

R

T (

oy = 0, 11° C/am;

R

T (KT

) =0,04° C/em.
Torpa Temnepatypa mepexona Tupuctopa T,

Ton—Ty=P; (R-r (a-x) +R'l‘ (x T)) =624

4110 (0,11 4-0,04) =78 *C,

TepsonauanbHoe jomyllenHe, 4To Tevneparypa pasua 75°C, oxasa-
JIoch OCTATO4PO NpaBHabHBIM Pasyveercs, ecin Ouf 370 ObMIO He TaK,
CNenoBaso Obl NPOBECTH JOMONHUTENbHBIA pacuer, npuuas gas Tz yrod-
HEHHOe 3HaueHHe TeMnepaTyphl lepexoja

Teneps MoxHO chopMyanPOBaTh ObUIee COOTIOUIEHHE HAS NpeAeTb-
HO JONYCTHMOIO CPefHero ToKa TPex(as3HOro BulIPAMHTE/SA, BHIIONREH-

M3 npuBefeHHOTO NpuMepa BHAHO, UTO IPH NapalenbHoM CoelfHHe-
HHA JABYX HedOZOOPAaHHBIX THPHCIOPOB BHIIPSAMJEHHBIH TOK HEOGXOXHMO
cousuts Ha 30% B caenyromem naparpade npasogarca Gosee 10of
poOHBle aaHHble 110 HEOOXOAUMOMY CHHIKEHHIO TOKA

Jas ogHodasHon cXeMbl METOAHKA W pe3yabTaThl pacuera OYAYT
B 3HAUUTEJbHOM Mepe aHaJOrHyHbl HCXOAsl W3 AONYCTHMON aMILIHTYIbl
TOKA 1epBOrQ THPUCTOPA ONpeleaseTCs [0 BePXHEH BOJBT aMIepPHOH
XapakrepHcTHke puc 6 16 nauGosbiuas pacceyBaeMasi B HeM MOLJHOCTBb
Ilpn yrme nposopumocTH [80° u NOJYCHHYCOWNANBHOM TOKe CpejHee
H aMIIATVAHOe 3HaueHHe MOUIHOCTH CBf3aHHl COOTHOLIEHHEM

Pcp =0 QSGPMaKC (6‘17)

OcranpHod pacuyeT He OTAHYAETCsl OT NPUBEIEHHOTO Anst Tpex(as-
HOH CXeMbl

Crefyer 3aMeTHTb, YTO BCe pacyeThl BHINOMHAJUCH AJiA IIOJHOIO
3HaueHUss yma NpOBOAMMOCTH THpHcTopa A Ecam conporuBienue Ha-
IPy3KH HEM3VEHHO, TO ITIPH YMEHBUIEHHH yIJia INPOBOXHMOCTH PeXKHM
THPUCTOPOB GYLeT BCerXa OCTaBaThCA B PaMKax MONMYCTHMOTO, PacCyu
TAHHOrO AJsi nodsoro 3nayenus A [IpM u3MmeHseMov CONpPOTHBIEHHMH
HarpyakM, a ocofeHHO NpH pabore Ha NMPOTHBO 3 J C TUPUCTOPHI OOBIY-
HO BHIGUpAIOTCS MO PEXKMMy HauGOAbLIEro yria 3agepkkun Ecau npu
yrae mpeBoguMmocTH 120° uMeeT MecTo HaHGOJBUIMA MOMYCTHMEI JdeH
CTBYIOIMM TOK, CJAEGAYET CHH3MTb MOWHOCTh paccesdnusa uHa 15% mo
CPaBHEHHIO C PEXMVWMOM NIPH HMHTepBaje nposoamMocta 180° u moanou
ngeficteyronie Toke IIpn pampHefilieM yMedblieHHH yria IpPOBOZAUMOCTH
ot Beauuuusl 120° crenyer Ha Kaxasle 30° CHHXKATb CpefHee 3HAYEHHE
MCHIHOCTH paccenBanus ma 12—156% 3Srto 3Mmnupuueckoe npasuno npu-
MeHsleTCsL JHIUb JJ pacyeTa pacCceHBaeMOH MOIIHOCTH B THPHCTOpe
C HAVMEHBIUUM NPAMBIM IaJeHHEM HANpPAXKEHHS, K KOTOPOMY HelpHMe-
HHMBI CTpaBouHble AaHHBle Bce ocTaabible napamjenbHo cOelHHeNHbIe
THPHCTODPH!, Y KOTODBIX TNDSMOE majeHHe HanpsKenns NpeinoJaraercs
pPaBHHIM HanGoJbleMy 3HAYEHHIO, PACCHHTLIBAIOTCA IO KPHBBHIM, NPHBO-
JAPMBIM B CHPaBOYHBIX XAHHBHIX

Hcnoaszosanue TUPUCTOPOS € COAACOBANHLIMU XAPAKTEPUCTUKAMU

Kak cmepyer u3 puc 6 16, pasfpoc IpSIMBIX XapaKTEepHCTHK M8
THPUCTODOB OJHOrO THIIa MOXKeT ObThb oueHb Goapmiuv Ecau npomenr
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HeOOXOAUMOTO CHUXKEHHsI TOKa ONpefeluTh Kak MOHHA CVMMAPHOPO TOKAa Mpu i I
10M ouenb Mana JlosToMmy [ -—0
_ s A BCEX TMAPaLIensHo pado 7 ,  Ie=500a
D%— 1-‘7 -100, (6-18) TAWIMX THPHCTOPOB MOKHA I f A I.=1500a"
fea  BOJBWION  IONPEMIHOCTH ! Uy Uy
rae dy— obmun TOK Harpy3KH uepes NapajieibHo paboramouipe THpH- 1OVB30BATHOA  BOJbLT-aMuep- Li=272a Vo I| Ia=228a
CTOPEl, / — JONMYCTHMBIM TOK OAHOTQ THPHCTOPA NPH €ro OAMHOYHOR pa- HBIMH XapaKTepuCTUKaMi, Inw=8i5a o I3n=685a
60Te, N — YUCIO NMapaj/iellbHO BKJIOYEHHBIX THPHCTOPOB, TO AJA uMcjo- CHATBIME Jpu rreMneparype Z{| U Us |2z
BOTO npuMepa B HpejblAyllleM naparpdde Trep=125°C I

815 4 320

— W) 100 =300,

b= (1

Yro6pl yMEHBIUMTh BeJHYHHY HeOOXOLMMOrO CHHXKEHMs TOKa, He-
KOTOPble THTIHl THPUCTOPOB BBIMYCKAOTCS NOMOGPAHHLIMH MO MPSIMLIM
BCJIBT-aMIepHBIM XapakTepHCTHKaM, ¢upma [JIxenepan DJAeKTPHK ocy-
HIeCTBASET 3TO AMA HauGo/Mee MOWHBIX THpHcTOpos tuma C290/291 Bcee
Bl THIH 3THX THIIOB pacnpelesioTcs MO HECKOAbKHM rpymmam Eciau
COeMHSIOTCS AMS NMapaJuiesbHOH paGOTH THPUCTODPHI OAHOM TPYNILI, TO
oGecneuyBaercsi O4eHb XOpOlllee TOKOpPdchpeiedenHe [lpw coefunenuu
THPUCTGPOB M3 JABYX CMEXHBIX TPpyNN pacrpefelende TOKa BIOJIHE
YAOBJAETBOPHTENbHO, HO TpeGyercst GoJbIIOE CHHIKEHHE CYMMapHOro To-
ka Ilpu coegnnesun mnapanjeibHo NPUGOPOB M3 TPeX WAM UYeThIpeX
rpynn HeoOXGAUMOe CHHKEHHe TOKa emle Gojee yBeyuyusaercs Jlas
YIICAOBOTO NpUMepa, npusegenHoro B § 6-2-1, B tabn 6-2 comocrabae-
HBI 3HAYeHr s TOKOB THPHCTOPOB M BeJHUMHA HEOOGXORUMOro CHHKeHHS
TOKa TpH NapanieJbHOM COEIWHEHHH NPHOOPOB H3 PAasHbiXx TPYyDI

Ta6nupma 6-2

Honyctumuil ToX (a) npu
napajnenbHolt pabore ABYX
TEpHCTOpOB THNA C290/2901
(CM mpuMep pacueTa) Heo6xonn-
TapucTops MOE CHHIKE-
HHE TOKa, %
aydi ero XyAuero
THPHCTOpA THPHCTOPA
Cranpaprame (senofofpanHbie) 815 320 30
N3 opnofi rpynmml 815 770 3
Hs amyx cMexHBIX rpymnn 815 730 5
M3 Ttpex cmexHBIX rpynm 815 690 8
M3 gethipex CMeXHBIX TpyNN 815 650 10

Meroanka pacuera TpH HCHOJb30BAHHH TOAOODAHHHIX THPHCTOPOB
nopo6Ha OMMCAHHON BBINIE, 33 HCKAKOYEHHEM TOFO, 9YTO B CJAyYae THPH-
CTOPOB W3 ORHOM TPYNNBl MOXHO AJA BCeX NMPubOPOB NPHHATH OxHHA-
KOBYIO TeMIepaTypy MNepexofia, TaK KaK BeJHYHHA HEeNGXONUMOTO CHH-

Cnocober npuryduressrozo )

8bIpABHUBANUA TOKA Puc 618 [ITapasnensHoe coenunenue

THPULTOPOB € HCNOOJL30OBAHWEM TOKO-

Ecan meoGxogumo meHsb .
BBIDABHUBAKIUX CONPOTUBJAEHUH

mee, wem mpumvepio 30%,
CHYXKeHYNe  CYMMapHOTO  TO-
Ka HeIOIOOpaHHbIX MapaviTeNbHo BKAOUSHHBIX THPHCTOPOB, TQ Tpe-
OylaTcs  BHEUIHME Mepsl NPUHYANTENBHO OGecneuMBaloulle paBHO
MEpHOE ToKOpacmpesedeune Boazspauiasicb K NPHMEPY, Mbl BHAUM, 4TO
UEPBLIY THPHUCTOP MOXKeT mnpomyckath cpefnufi ToK 272 a, a BTOpOH
107 a, oGecrneuusas cpeguuit Tok 379 a.

Tak kax nauGonbiuil cpexuuii 7ox omHoro npubopa pasen 272 a,
TO, CJeN0BaTENIbHO, NPH NPHHYIHTEIbHOM BLHIPABHUBAHRMI TOKa JBa TH-
PHCTOpPA MO3BOJAT MOAYUXTH o6mufi TOK okonao 540 a Paccmorpum, xak
MCHHO  NOMYyYATb TAKoe BhipaBHHBAaHMe Paccmorpum cxemy Ha
pric 6 18 Tlvere ofmmuu cpeauu#t Tox B oguofi (ase TpexcdasHofl CXevbl
pasen 500 a, ciexoBaTenbHO, aMUAMIyYZa TOKa cocraBasger 1500 a
ITpu Toxke mepsoro tHpucropa 815 a TOK BTOPOro AOMXKeH ObITh paBeH
685 o I3 04eBHAHOrO COOTHOMIEHHS

U, +U,=U,4+U, (6-19)
HaXOJuM
1,05 4 8152z = 1,2 4- 6852,

orkyna z2=12.10-3 oxn

Tlpu ucnonbsosawns TAKOro pPe3UCTOpa HEOGXOMMMOE BEIPABAHBA
HWE TOKa OOecneyMmBaeTcsi, HO PE3UCTOP AOJIKEH pPaACCeMBATh MOIIHOCTH
256 sr

HunyxTHBHBle nennTesn Toka Godee adhdeKTUBHEHI, Ho Gosee I0po
TH H CH0XKHL B UCNOb30BaHMM B Bamev TnpuMepe MHAYKTUBHOCTD
TOKOBLIDABHHBAIOLLETO peakTopa mpH 4HactoTe 60 24 NOMKHA COCTAB
JisiTh OKOIO 3 MKzH.

6-2-3. BuipaBHMBaHHe yAapHbIX TOKOB

Mo cux nop npoGrema BEIPaBHHBAHWS OGCYKAALACH MPUMEHHTENBHO
K I/JMTEeNbHO TPOTeKAKUEMY TOKY, PABHOMY NPHMEDHO HOMHHANLHOMY
TChy Happyskd OueHb pauo, 4TolLi yJlapHble TOKM TaKKe pachpene-
JISJCE MeXAY MapaluleNbHbIMM THPHCTOPaMu pasHoMepHo K cuacrsio,
npd GOAbWHX OPoCKAX TOKA HAYMHAIOT WrpaTh poib (HAKTOPH, OGMer-
9aoulue pelleHHe ITOA 3amxauH.
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Puc 6-19 TIpaMble BOJLT amnepHble XADAKTEDUCTHKH TH-
pucropos tuna C290/291 5 o6/1acTH GOABIIMX TOKOB.

Bo-1uepBbiX, BOJbT-aMIepHble XapaKTePHCTHKH, CHATLle NIPH PasHbIX
TeMIepaTypax Tepexoia, nepecekaloTcd B 006/1acTu GOJBIIMX TOKOB
(puc 6-19), m BLILIe TOYKH IepeceyeHHs TEMIePaTyPHBIH KoshduikeHT
NpAMOTO NafeHHss HANPSKEHUS CTAHOBHTCA MOJNOXKUTEIbHBIM Taxum
o6pasnv, XaK TOJbKO OJHH H3 THPHCTOPOB HpPHHHMAaer Ha cebs 60Jb-
MK TOK, TeMilepaTypa ero nepexoia BO3DACTaeT, YBeJIMYUBAd NaleHHe
HaNpsKeHUus N anocoOCcTBya §ojee pPaBHOMEPHOMY paclpefeNeHMIO TOKa
MEXAY 3TUM H OCTaJbHbIMM TupucTopaMi Ha puc 6-19 nokasansr xa-
pakTep,CTHKH THpucTOpoB Tuua C290/291 nasa obnacrtu GOABIINX TOKOB
3aMeTHM, 4TO NepeceueHHe XapaKTepHCTUK NMPOUCXOAUT IPU TOKE OKOJO
2700 a [HonycTHMBIf OANONEPUOAHBIM YAAaPHBIE 10K AAS STHX THDU-
cropos cocrasafer 5500 @, T ¢ 3uauUTCALHO TPCBBLINIAET TOYKY IHepe-
CEYeHHs

Bo-BTOpBIX, BHCUIHHE H BHYTPEeHHHC CONPOTHBACHUSA, BAHANIUE KO-
TODPBIX HE3HAYHTEJNBHO IIPH OOBLIYHEIX PC/KHMAX, TaKKe CIOCOBCTBYIOT
BBIPABHIBARMIO HMIYJIBCHEIX TOKOB PaccMOTPHM AJS IpHUMepa KaTOAHbBIH
BEBOA [IpAMas BOJbT-aMIepHasi XapaKTepPHCTHKA BEHTHJIl CHHMAeTCs
JO TOTO, KaK 3TOT BBIBOA Tpunasiy CONPOTHBJIEHHE 3TOr0 BBHIBOZA OKO-
a0 20 mxom, T. e TpH HMUyJabce Toka 5000 ¢ mameHue HanpsKeHus
cocraBur 100 ms, 4TO cnocoGerByer Gojee PAaBHOMEPHOMY TOKOpacIlpe-
nenendio Taxylo e POJb HIrpPalOT OMHYECKHe CONPOTHUBIEHHS JPyrux
NPOBOJOB H KCOHTAKTHbIC CONPOTHBICHHA.

6-2-4. OTnupanve mnapanjiejbHO COEAHHEHHLIX THPHCTOPOB

Ecan napannenpHo coeinHeHHbie THPHCTOPBHI OTIUPAIOTCH OT OXHOTO
HCTOYHIKA YNDABJAONIMX HMIYJALCOB, YTO $BASETCS BAaXKHBIM TpPe6o-
BaHueM TpH padoTe c GOJBIUMMH TOKAMH, KaX/plHi BEHTHIb MOJIKEH
yNpaBisATbeA CHIHAAOM AOCTATOYHO GO/MbINOH aMIMIMTYAM. Duinie oTMe-

@2 06racms //
nodbopa
1000 & — F — — o/
00 t+
0
o K 3anepmoM
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Puc. 6-20 TIpsaMbie BOJbT-aMIepHble XapakTEPHCTH-
KH NOAOOPAHHBIX THNUCTOPOB.

YaJjocb, YTO HeoOGXOA¥Mble A/ OTMMPAHUSt 3HAUGHHST BXOZHOrO TOKa H
HanpsxendHs MOLYT CyIH{eCTBEHHO pPa3IHYaThCd AMAS OTACABHBIX THPH-
CTOPOB HE3aBHCHMO OT TOrO, OTHOCATCSA OHM HJH HET K OJHON rpymnne
no mpaMoMy Hajgernio Kak yxe yxaswbiBajgoch B § 6-1-4, ucnoapsosa-
HHE JOCTATOYHO GOJBINONO YIPABJSIOLIErO cuTHajda ¢ KPYThiM (POHTOM
cilocoGeTByeT Gosce OBICTPOMY OTTHPAHMIO, a CJASAOBATENbHO, mpH Ha-
panjesbHOM coegnHcnuu  GoJee PAaBHOMEPHOMVY TOROPAaCHpeleNeHHUIO.

Ilpn Manwix anonHelX Tokax AxpdepedlinanbiHoe HanpsxKeHHe NPo-
BOASILETO THPHCTODA H3MeHsieT 3HAK H CTAHOBHTCH  OTPHUIlATe/NbHBIM
B TouKe, GJHM3KOH K TOKY ynepxaHus IIpu MeHbIJX TOKax THPHCTOP
repexofuT B 3alepToe CocTosiHMe [paHMuyHasg TouKa MeALy y4aCTKaMU
C TOJOMMHTENbHBIM Y OTpHIATeNbABIM AndQepennnanbHbIMHE  CONMPOTHB-
JEHHSIMH COOTBETCTBYeT MHHHMAJBHOMY NPAMOMY mafenuo (puc 6-20)
[TogGop THPHCTOPOB ¢ OAMHAKOBBIMH XapaKlepUCTHKaMu B 3TOH 06.1acTH
CBSI3aH C 3HAYHMTCJABHBIMU TPYAHOCTAMH, OCOGEHHO JJs1 MIMPOKOro Auana-
sona Temnepatyp Ecam Bxoauoit cursan xeficTByeT B TeueHHe BCEro
HHTepBasa TMPOBOAMMOCTH, TO HHKAKHX OCJOXHEHHH ITIPH M1apajl/iebHOM
COeJMHEHHH He BO3HHKaeT, mofas HecrabuJbHOCT B pacnpeleleHHH
TOKAa WJH Jaxe 3andpaHue OAHMOr0 THPHCTOPAa He BBEI3LIBACT Neperpys-
Kil OCTaJbHBIX BCJEJCTBHE MajocTH ODIIero Toka, a HpH NOCACAYIOLleM
BO3DACTaHAM AHOJIHOTO TOKA BBLIKJAIOUMBIIMACA THPHCTOp BHOBb BCTYMA-
er B pabory Ilosmoxenne usMeddercs NpH HUMIyJAbCHOM YyNPaB/ieHHH
XoTd K MOMCHTY OKOHUAHHSI BXOAHOTO HMIy/ibca OOIHE TOK MOMKeT
JOCTHTHYTh 3HAUMTE/NbHON BEJIHUMHB, OJAMH K3 THPHUCTOPOB (HMEIONLHI,
HalpuMep, XapaKTepucTHRy. TomobHylo kKpusBoit A ma puc 6-20) wmo-
KET BBIKJIIOYMTECH, M NPH MOCTeAYIOIEM yBEJIHUEHHH TOKA H OTCYTCTBHH
CHTHalla Ha BXOZe OH OyAeT OCTaBaTbCs 3aMepThiM, BHI3bIBAs TIepe-
IPy3Ky OCTadbHBIX OT0 sB/IeHuHe HauGoJee BepPOSITHO B DPEryaAsTOpax
nepeMedHoro Toka ¢ ()asoBbIM yIPABJAGHHEM U BBIIPAMHTENSIX npu §OAb-
KX yIJiax (IPOBOXUMOCTH, KOTAa pPeaKTHBHOCTb  CeTH MJIH Harpyskd
OrpaHMyMBaeT Hapacrande Toka [lo 3TOH npHuYMHe BCIOAY, rie BO3-
MOXHO, PCKOMeHIyeTcs HCNOJb30BAaTh ROCTATORHO IJIHTENbHBIE BXOAHBIE
W MITYJIBCHL
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6-2-5. I'pynnosbie THPHCTOPHI
JJIf BLICOKOYACTOTHBIX YCTpOHCTB

Kag ynoMvHamtoce B § 6-2, eclid HeoOXOAMMBI I1EKTPHUCCKHe Xa-
paKrepHcTHKn, peaﬂnayeMbre JHIIB € [OOMOUIBI) CIellHaJbHbBIX THIIOB
THPUCTOPOB, TO TIOBLIUEHAE 3IHEPTETHYECKUX MapaMeTPOB MOXET OwlTb
AOCTHIHYTO TOJBKO NapajielbHbIM COednHeHHev

Ha puc 6-21 mokazaH BbLICOKOMACTOTHBIfF THDHCTODHBI OA0K, CO-
CTABAGHHBIY H3 HOCKOJAbKHX THPHCTOPOB 1((HOJBUION MOUHOCTH  Bbl-

Puc. 6-21 BHICOXOWACTOTHBI <«TPYHNOBONA» THPU-
crop 6e3 paguaropa (a) u ¢ pazHaTopoM (6).

MAPAJIIENILHAS PABOTA THPUCTOPOB
Bedywuli
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&+ —_—— l
Puc 6-22 Ornupanue «rpyn- [ |
MOBOTO» THPHCTOPA ’gé |
b l
ol - !
e T T T
al|lzn ! 10 2y
1 20 ]
2000 50 H
.‘<\ e \‘%
<] TR
1000 = R
1
600 “;’000 S~
«00 =390 N
5000 N y N
200 |- 00y, T ™ N
20000 ﬁ\'\\ \\
100 25000
60 =1—
&0
20
0 !
2 5 0 20 50 100 200 500
rxcex
Puc 623 3aBu(nMocTb JIOTYCTHMOM aMIUTHTYABL
npaMoro ToKa g » OT IIHPHHB! NOJYCHHYCOHIAIBHBIX
UMIYALZOB #; W paBnuell YacCToTH fy AJA <CPymmo-
Buix» THpHCTOpOB THna C14043, 14143 (Tkop==55°C)
aPa Ahon i‘ l- ‘_ H
4000 j~ T o e
20001 | =+ —//?v
. 1000 .
Puc 624 JHonyctumulil TOK v
«TPYMIOBLIX» THPHCTOPOB TH- 400 v 1
na C14043, C14143 na mnrep 4
BaJle OTIIHPaHHsA 200 4
100 ¥
i 1 s
001 GO 1 2 48610 20 60

Bpema ¢ HA4AAQ OMNUPUHUR MACEK
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MycKaeMblii B BHAE @IHHOrO KOHCTPYKTHBHOrO sjementa. Jast ynpasae- wun meiicreus oviemyeT pac-
HHS TIPH UMCHE D1aPanienbHO COeMMHEHHBIX BEHTIMIelt 6oJbllie ABYX HC- OMATPHBATL  OTAEABHO LIS + 4
[OJIb3YeTCSl BCIOMOTATeNbHBIA Bemylwui TupucTop(puc. 6-22). Harpy- kaxIoro m3 HeThIpex pemu-
304Hasi CNOCOOHOCTh TAKOrO <IPYNNOBOIO» TMPUCTOPA HIMIOCTPHPYETCH  MOB: HeIOCP ICTBEHH 0e BuiBud B
puc. 6-23. On MoxeT WafiTH NpUMeHeHHe He TOJLKO B MOIHEIX BBLICO- yrpaB/eHde OOBLIYHEIM THPH- ng/,gmumgi]gy
KOUACTOTHBIX YCTPOHCTBAX, HO M B TeX cayyasX, KOrAa TPeSYIOTCH CTOpOM; TMPHCTOD C (ROMOJA-
OYeHb BBICOKHe AONyCTHMble 3Hauenns di/dt (puc. 6-24). HATENbHBIM Y1 ABJSIOLIMM Ie-
pexolioM; gmomoanstiomui (1. e, Is=0
B3aUMHO 0OGPaTHBIH) THPHCTOD “Ugrn Lyopathe e e 2 U
) C OTAAJESHHBIM YD aBAAIOMM fsm— N >
Paspaea ceabMoi MepeXoloM H  TOJOKHTENb- .10 *Uorn
- HBIM (BXO/JHBIM CUTHAJAO0M; (10- £ 1 =#100ma
JABYHANPABJIEHHBIE THPUCTOPBI NOAMSIOUIKI THPHCIOP ¢ 0TRa-
JICHHBIM YD A BV IOLHM  q1epe- 861800 8,
X0A0M  H  OIDUUATEJBHBIM  OMpUyamencs
7-1. OBILEE ONUCAHUE BXOIHBIM cuDHAJOM  bBojee
JeTaNbHO TPUHIMI JeHCTRHUS b

Hpynanpasaesunii mipucrop (AHT) npencrasaser coboir Tpexsiex-
TPOMMbLIH MPUOOP, KOTOPBIH MOKeT ObITh I[epeBefed 'B NPOBoAslluee CO-
CICSIHHE BXOIHBIM CHUTHAJOM {0LOOHO OGLIMIIOMY OXHOHANPABICHHOMY
THPHCTOPY, HO B OT/MYHE OT TOCJICIHErO MOXKETr JIPONMYCKaThb TOK B 0GO-
¥X HanpaBJenusAX, npuuem OTHMPAHHEC ero INPOU3IBOXHTCA KaK TOJOMKH-
TEJIbHBIM, TAK H OTPHUATEJbHBIM BXOJIBIM CHMHAJNOM.

Ilepeonavansno paspa6otka JIHT mnpoussoausace c nenabio GoJee
NpOCTOTO pPEryJdpoBaHus MOIIHOCTH B lensx lepeMenHoro Ttoka. Fic-
HONb30Ballie TaKHX THPHCTOPOB CAEJAaJ0 BO3MOKHLIM IOCTPOeHHe GoJiee
JEUIeBbIX CHJOBuIX OeCKOHTAKTHBIX KJIOuel M ycTpoHcTB ¢ ¢a3oBuM
perynupoBanieM. OnHAKG CTOMMOCTb, Pa3Mephbl, CJAOMHOCTL U MeHblIad
HaJeXHOCTb YacTO MNPCHATCTBYIOT MX 6oJee LIHPOKOMY NpHUMEHEHHIO.
Tem He MeHee ABYHanpaB/JeHHbII THPUCTOP SBJAAETCS PE3YJbTaTOM BCe
TIPOLOMKAIOLLIXCA HCCAe0OBAHHI [0 COBMEILEHHI0 QYHKIHHE HECKOJBbKUX
npu6GOpOB M 2JeMEeHTOB CXeM B OJHOM YCTPOHCTBe.

7-1-1. BoabT-amnepHbie XapaKTepUCTHKH

Crpyxrypa JHT nokasana na puc. 7-l,a. O6nactb Mexkiay OCHOB-
HbIMH BBIBOZaMu B; n By npexacrasaser coGoil ABa 4eThIpeXCJIOHHBIX

niepekjaOYaTeasl p-n-p-n M A-p-n-p, COEAHHACHHBIX mapamnensHo. OG-
JIACTh yNpaBASAIOWLEro 34eKTpoaa sBJsicTesl Gojee ca0XKHOMN, H ee mpui-
8, 8,
Tennoombng
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Puc. 7-1. JIsyHanpasaessbli THPHCTOP.
a — cTpyKrypa; 6 — rpaduueckoe oGozHadveHne.

o
;, ’
5,
“)

JHT 6un onncan B pasn 1.

Ha puwc 7-1,6 moxasamo
TaKxXer CXeMHOe 0ofo3HadyeHHE
JBYHAIIDABJISHHOTO  THPHCTO-
pa, o6pa3oBaHHOE KOMOGHMHA-
el w30GpaxeHuil IBYX THPACTOPOB (06bMHOMO 1 (romomaoLLero). ITo-
CKOVIDKY (TePMHHBL «aHOA» M «KATOJ» HEHPUMEHUMbl B {LaHHOM Clyyae,
OCHOBIbIe BLIBOJBI 0003HAUeHb cCuMBOJNaMu Bi, Bs. Buison By asidercd
OMOPHLIM MPH H3IMCPOHHH HANDAXKEHNA | TOKOB BHIBOHA By u yNpaBAdlo-
mwero saekTpoia (Y3I).

JlByHanpaB/eHHble THPUCTOPBI BBIYCKAIOTCS Kak B Kopiyce, 3a-
WHMaeMOM MeXKAY ABYMS OXJAAMTEJIsiMH, TaK H B KOpHyCe B BHAE rO-
JIGERKH 60/1Ta ¢ HauMeHbUInM HanpsuKkeHHem nepekmouenns 200 u 4006
758 paGoThl B LGNSAX, NHTAGMBIX OT JIePEMeHHOro HanpsKenus 120 H
240 .

Bosbr-aMnepneie  xapaxrtepuctukuy JIHT mocrpoennt Ha puc. 7-2.
B npemenax nepBoro kBajpanta BbiBogx By mOA0KHTeNEH, B Npefenax
TPETbETO — OTpULLaTeJed. Hanpsikenie OTmupanus  (nepexiiovenns)
Uorn B moGoM KBajpaHTe, W3MepPeHHOE B OTCYTCTBHM BXOJIHOTQ CHT-
Hana, AOMXKHC OBITH BhIe, YeM AaMIJUTYAA TPHKAALbIBAEMOro MHepe-
MEHHOTO HamnpsxKeHus. BXogxoil TOK, 3agaBaeMblil aMMAUTYAHLIM 3Ha-
uyerneM 060l MONAPHOCTH, ommipaer mpuGop B JioGoM M3 ABYX KBal-
pauToB. [ame KDPaTKOBPeMeHHDLIE BCIJIGCKH HANpSixKeHHsa Mexay By u
By, npesbimatonire Ugrn, TakxKe OTHMPAIOT THPUCTOP, nOCHe 4ero OH
ocTaeTcsl NMPOBOAALIMM, [IOKA TOK HE CTAHET MeHbIle YAEPKHBAIOULETd
1y11ep>1(~ Bnaronapﬁ 3TOMYy lefl60p 3aliiled OT TNOBpeXIelUdsg NpH
repeHanpsKeHASX H B ClelldalbHOH 3auylte ne nyxaaercs. ORHaxo,
TaK KaK B HEKOTOPbIX TPHMEHEHHsIXx TaKoe OTHHpaHHe MOXKeT OuTh He-
KenaTesabiblM HIH Jae ONMACHBIM [/ HArpy3kH, Heo6XOAMMO B 3ITHUX
chyuasX TMPUMEHATb 3aLIHTY OT NepeHanpsKERHi, XOTs OHW H He yrpo-
#aloT CaMoMy THPICTODY.

Kpurepuy onpegenennss ROMYyCTHMOro Toka sl ABYHANPaBIeHHOTO
THPUCTOPA T XKe, UTO W s OOBIMHOTO: BedHUYdHa najgeHHd Hanpaxe-
UM, T. € BHJAeSIOWAACT MOIIHOCTb, TelwIOBOe COMDOTHBJEHHe MeXAY
CTPyKTYpoii ¥ xopnycoM H 3(pGeKTHBHOCTL Tenaoo1soaa. IIpu npesbi-
WEHHH TeMIepaTyphl KOPIyca, YKa3awHON B CIPaBOYHHIX AAHHHIX, B03-

Puc. 7-2. BojbT-amnephible XxapaxkTepH-
CTUKH JIBYHAINPABIEHHOTO THPUCTODA,
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OBMEE OMUCAHUE

MG)XHO CaMOMPOM3BO/bHOE ONMPaHHe TIPH HANDSIKEHHH, MelibllieM
Uorn, 160 npu6Op MOXKET OCTaBATLCH NPOBOISILUM, NOCJe TOro Kak
Tok cnajaer ¥ Hy.ao. Ilapamerpe, xapaxTepuayiolllde HArpy3Ky rH-
PHCTOPOB IO TOKY, 00CYXKAaJHCh B pa3f. J, BONPOCH, CBA3aHHEE C OI-
'BOJAOM TeIlJa, paccmarpuBaiporcs B pasm. 18.

B cayusae MHAYKXTHBHOH Harpyskd BeJeJCTBHe (a30BOro CABHIA
MeXAY TOKOM H HampsyKeHHeM B MOMeHT, KOrja TOK CrnajaeT A0 Be-
AuunHbl [ygepsx W TPHOOD 3amupaercs, HaNpsDKeHHe CeTH, NPHKAalbl-
Baemoe XK npubopy, AOCTHTaerT ONpefeleHHOH BeawduHbl Ecan B 210M
cayyae HanpsiKeHue 11a JABYHANPaBJEHHOM THPUCTODe Hapacraer cauil-
KOV OBBICTPO, BO3MOXKHO CaMONPOM3BOALHOC oTnnpande J[las oGecreye-
HHA HOPMaJbHOM padoThl IpH HEKOTOPHIX BHIAX HHIYKTHBIOH HArpysKd
HeoGXOoAHMO YMEHbIIN1b dufdl nyTeM NOJIK/IOYEnHs NapajielbHO NpPH-
Gopy mnocaegoBaTesnbHoll uemoukH RKRC aubG0 CHH3UTb BeNU4YHHY TOKa,
HaUpAMEHHS, YIVIa C/IBHra, WiH revieparypy liepexoja

7-1-2. Pexumsl ynpapaenus

Tak Kak ABYHanpaBJCHHDIl TUPHCTOP MOXKHO OTKPHITh MaJIOMOUL-
HBIM BXOJHBIM CHTFHAJIOM TOJOXHTEAbHOR WM OTPHLATEIbHOH NOJSpP-
HOCTH KaK B NEPBOM, TaK H B TpeTbeM KBajApaHTAX, Pa3pabOTIHKH CXeM
MMEIOT IIUPOKHA BBHIGOP CpeACTB YNpaBJeHHs. YNPAaBJAfiOLlHe CHIHAJbI
MOryT GbiTh MOJyUeHB! OT HCTOYHHKOB HOCTOSIHHOTO, JiM6O BbINPpAMIeH-
Horo, b0 [epPeMEeHHOTO HAllpsAMXKeHHsi; TaKie CHTHAaAbl MOTYyT OBITh
B BHJE WMIYJAbCOB, TOJYYaeMbIX OT PasHOro poda CIYCKOBHIX CXeM
¢ OAHOMEepeXOoNHLIMH TPaH3HCTOPAMH, Ta30Pas3pAAHBIMH JaMnamy, iepe-
KJIOYAIOHMMH AMOAAMH, KpeMHHeBLIMH ABycToponnuMu xawouamu (KILK)
H 1p.

pOGOSHalmM pPeXHMB! YNpaBIeHHs] ABYHAOPABAGHHBIM THPHCTOPOM:

I + nepBHIfi KBAZPaHT, NOJOXKHTENbHLI CHTHAJ,

[ — mepBbifl KBaApaHT, OTPULATE/bHBIA CHIHAJ;

11T+ Tpernit KBaApaHT, MONOXKHTENBUBI CUTHA,

[IT—tpeTuii KBaApaHT, OTPUUATEAbLHBIN CHTHAN

TIpuGopnl 0b6aafaldT HauOOJblIell UYBCTBATENBHOCTBIO B peXuMax
I+ wu III—, HeckoabKo MeHbIlel —B pexumax | —H 3HAUMTENBHO
menbliieit B pexume [II+4. Tlostomy mnocnelunii pexHM He clelyetr
HCHOJb30BATh, €C/MH Xe OH HeoOXOLHM B HEKOTOPBIX CleHaAbHBIX
CHy4asx, TO TUPHUCTOPB! JOMKHb OBITh CHEUHAJbHO OTOOPAHEL

BoabT-aMnepHas XapaKTepHCTHKa YNpPAaBIASIOMIEr0o 3JMeKTpofa ob.ja-
naeT caaBofi HeMMHEAHOCTbIN W MOZO6HA XapaKTEePHCTHKe ABYX AMOA03,
BKJIOUEHHBIX BCTpeuno-mapasenbio. Tak Kaxk oHa aHaJOruyHa Xapak-
TepHCTUKE BXOAHON Hen# OGEIMHOPO IMPUCTOPA, TO TPeGOBAaHHs K BXOA-
HBIM CLTHAJA4M TaKxKe adanornunsl (cM. pasn 4).

7-1-3. UmnyabcHoe ynpasJeHue

Tax xak AByHaupapfeHiblii TAPHCTOP YAaCTO 3anyckaercs KOpOT-
KHMH HMIYJbCAMH OT CXeM ¢ OJHOTEepPeXOAHLIMH TDPAH3HCTOPAMH HJIH
mepeKmoYalOIUMH  AdoAaMy, TO cdopmyiaupyeM TpefoBaHust K And-
TenbHocTa umnynarca. Ha puc. 7-3 mnokasaHel BXOJAHble XaPaKTEPHCTUKH
npubopa, KOTOpHe ONpeneisior TpefyeMble NapaMeTPul BXOAHONO CHr-

Aoy T
T
15mrcex(-40°C) T
5 —"—'—“—“L“L“"‘T =]
1.5 mrcex (+25°C) I
|10 micex (-40°C) |
A Nlormosnnsid |mox (-40°C) |1 | ]
1omxcenfrzzogyl T 1771 T
i locmosnied _|mox (+25:C) 1
1 i H
2 *!* 1 l
I . .
o | } _.J.——ﬂ Iy
0,1 0,2 03 U4 a5 0,6 a

Puc. 7-3. XapakTepucTHKH yNpaBJeHUn JIBYHANPAGJACHHBIX THPHCTOPOB
(BCex TUMOB) NPl YUPABAEHHM TOCTOSIHHBIM TOKOM M HMIY/AbCAMH
10 mrcex u 1,56 mxcex. XapakTepHCTHKH CHOpPaBeMJIMBHl I/ PEKUMOB
[+ u HI— Tluranwe ocHoBnoit uenu JIHT or uerounuka 12 8 npu TeM-
nepatype 25°C uepes compcrusiaenne 100 om, npu —40° C — uepes co-
nporusaenie 50 osm. TIpu ynpassenin UMIYJAbCAMH NOC/AELHHE WMEIOT
npsiMoyrospiiylo ¢opmy ¢ BpeveHem Hapacranus 10% oT anurenbHOCTH
HMIYyAbCa,

Hala TpH ynpaB/eHUH MOCTOSHHBIM TOKOM M MMIyJabcaMy Wupuxoli 1,5
u 10 mxcex npu remneparypax mepexofa —40 u +25°C.

Ecau uiwpuHa BXOQHBIX HMNYJABCOB He IPEBHINAET 5 Mrcex, TO
napaMeTpbl MMIY/JbCa MOXHO BBIPA3UTL uYepe3 BEIWUHHY 3apsna, He-
00X04HMOro AJA OTMHPaHHus NPHGOpA. DTOT 3apsil MOMKHO ONPENCTHTH
O KPHUBBIM, MPHBEAEHHBIM HA pHC. 7-3 JAA4 WHPHHBL  HUMOYyJabca
1.5 mxcex.

Hanpumep, npu rtemmeparype 25°C u umnyisce 1,5 mrcex ynpas-
JIOMUA TOK OTNHpanus paseH 275 aa, CIeXOBATENbHO, 3apsz paBeH
1,5:0,275=0,4125 mxx. DTO 3HAUUT, YTO A% MONyYeHHs Tpebyemoro
umnyneca wonaencarop 0,1 mx¢ ponken GuTb paspsamen c NepenagoM
HanpsxeHus N0 KpailHeil mepe 4,125 8. OueBHRHO, C TaKAM XKe yclle-
XOM MOXHO HOIOJNB30BaTh Koupgencatop 0,05 wmkg, paspsxaeMsiit
¢ mepenagoM 8,25 ¢. Bxomuble uenn BainyckaeMuix JHT paccuurans
Ha YNpasjedde IBYNOAADHLIMH HMMIYJbCAMH, TOJyYaeMbIMu TDH pas-
pane xoupencatopa 0,1 mx¢, uepes aBycropoHHui kmou Thna ST-2.
ITpu atom wmcnoabsytotest pexumbl I+ u 11—, JHT rtaxke HagexH)
OTIHPAIOTCH MPU pa3psae koHAencatapa 0,1 mk¢h uepes onnonepexon-
Hbili Tpausucrop npr Us 6=20 8. Tlpy sToM ynpasaesne npoussogurtcs
OTPHUATENBHBIMA UMNYJIbCAMH W HCHOAL3YIOTCA pexkuMbl [— u 11—,
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7-1-4. KomMyTanus AsyHanpasjeHHblX THPHCTOPOB

Bamuoe pasfiiude MEXAy ABYUANPABICHAULI 1 0apofi OOLNIIBIY
THPUCTOPOB COCTOHT B TOM, H10 B NOCJEAIeM CIy1de KamAblil THPUCTOP
HAXOJHTCH B HENPOBOAALIEM COCTOSHMM B TeueHHe NOJOBHHBI NepHOAA,
TOTAA KaK [ABYHANPAB/AEHHBIH MOIKEH BHIKMOYHTHCA X BOCCTRHOBHTDL
yUpaBJAsSEMOCTb B TeyeHHe ONpele/leHHOTO KOPOTKOro WHTepBana, XO-
fAa TOK NepexodT yepes Hyab [lo 3T0d npuuuHe HauGosbllas paoo-
yag yacroTa cyuiecrsyiownx JIHT ofumuo He npesbimaer 60 ey. Cmpo-
coGHOCTh MpHOOpPA 'BOCCTAHABJAHMBATL  3alMiHDAaHKE Pe3KO HIMeHAerc
¢ Temnepatypoil. OTkas, CBA3aHilblft ¢ CaMOMPOM3BOJNbLHBIM OTIHpaliHeM
TipH OTCYTCTBHMM BXOLHOTO CHIHAJA, ABAACTCS BePHLIM NPUIHAKOM [ie-
perpeBa CTPYKTYpHI.

Pa6ora J[H1 B Lenfix nepeMeHHOro TOKa M[p{ AKTHBHO-HHAYKTIB-
HOll HATDY3Ke WUMCET HeKOTOpbie O0COGEHHOCTH, KOTOPBle MOMMHbL ObITh
NpuHATE BO BHUMaHue. Haubonee cymecTBedHOl U3 HUX SABJIAETCA 60/1b~
miasi  CKOPOCTb HapacTaHns Hanpsixenus du/df, TpHKIAABIBAEMOTO
K npHGOpPY B MOMEHT, KOLAa TOK NPOXOXUT uepes iyas. Ha puc. 7-4
[HOKAa3aHo, YTO OTCTAOIMI OT uanpsKenHs no ¢ase TOK CTAHOBUTCH
PaBHEIM HYJIO, KOTZA TIMTAIOLICE HAMDPSKEHHE HMEET NPOTHBOMOJIOKHYIO
NOAAPHOCTb M HOCTHIVIC 3MAuNTEeNbNOH Benwunuel [losroMy nocne 3a-
nipanna JIHT, koraa TOK B uenyu papen HYMO, 3T HAMPANKEHUE UpH-
KaajpiBaeTca K TNpuGOPYy CO CKOPOCTBIO, KOTOpas orpaHudena Juilb
eMKOCTbIO MOHTaxa u tuprcropa C J[liA CHHMeHHA CKOPOCTH Hapacra-
N HATPAXKEHUA NapajiJelbHO THDHCTOPY BKJIOYAIOT AONONHATEbHbIH
xonpencarop C;. Conporusnesde Ry npeforspaulaer koneGauus, o6y-
C/OBJEHHLIe pe3oHaHcoM B KOHType LCi, M OrpaHHYMBaeT TOK paspaid
C, npd OTHHPAHHH THUPHCTOPA.

B 60MbLUMHCTBE NPAKTHuECKHX caydyaeB 3Hauenng Ry=100 ox u
C(=0,1 mr¢ orpasnuusator dufdt po 1 e/mncex. Bonee ToYHO BeaH-
uupy R chlejyer NoAGUparts [JIS KAMAOTO KOHKPETHOrO NpHMEHeHHA

Kpome ucrnoabzoBanus RC-lenouek Tpn HHAYKTWBHOH Harpyske
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Puc 7-4. Tpadithv TOKa M HANPssKeHH{l MpH MHAYKTHBHOH Ha-
rpyske JHT u Bkaouenre RC-uemouxu Asisi yMEHbIUEHHS dufdt
¥ BHIOPOCOB HaNpsKeHUd

crefyer MPMMEHSTb NPUOODEL ¢ YMEHBINEHHOH  YYBCTBHTENbHOCTBIO
K dufdt. Cueunanpnbie tunst [JAHT soizepxkusaior no kpaiidefr Mepe
2 8/mKcex.

7-2. TIPUMEHEHUE JABYHANPABJIEHHLIX TUPUCTOPOB

YHuBepcanbHOCTh M NPOCTOTAa ABYHANPABJIENHBIX THPHCTOPOB XK€~
JAOT MX HJealbHbBIMH INpUGODAMH [/ WIHPOKOTO JHHAMA30HA CXEM,
CBAI3AHHBIX C DPeryJIMPOBAHHCM MOIIHOCTH NEPEMEHHOIO TOKa.

7-2-1. BecKOHTAKTHBIE KJIWOYH

JByHanpaBjeHHBII THPUCTOD B KauecrBe GeCKOHTAKTHOLO KJAIOUA
B UENAX M(PeMeHHOI'0 TOKa [MO3BOJSAET YIPaBJAATb 3HAYNUTENBHOH MOIL-
HOCTBIO MPH MaJbIX 3aTpaTax MOI[HOCTH Ha ynpabieHune CoxpaHss Bce
MpeAMymecTda OCCKOHTAKTHBIX KJodel Ha OJHOHANPABJEHHBIX THPH-
CTOPax 10 CPaBHEHHIO ¢ KOHTAKTHBIMHA KJII0YaMd (OTCYTCTBHe «Apebes-
ra» M NOAPOPAHMS KOHTAKIOB; OTCYTCTBUE UCKPEHUS W dMepeHalpsmeHui
IpH perylupoBaHMH TOKA B MHAYKTHBHBIX LeNsfX, TakK Kak BbI-
KJAIOUEHHEe IPOUCXOAUI BCeria NpPU HYJNEBOM TOKe), cXemMa ¢ AByHa-
GpaBJeHHBIM THUDHCTODOM COJEPXHUT 3HAUHTENbHO MeHbIlee THWIO 3Je-
MEHTOB.

IIpumep nauBosiee TPOCTON CXeMBl NeKa3aH Ha puc 7-5,a. A3bu-
KOBOe MaTHHTHOe pejle B 3alasgHHOM CTeKJIANHOM GaJljoHe, ylpaBJade-
MO€ TOCPCECIBOM IIOCTOSIIMOTO MarinTa, ofccreduBaeT HECKOJbKO Muj-
JIMOHOB BKJAIOUCHHI Tak Kak rox uepes ynpasJsiollife KOHTAKTH IPOTEKALT
B TEUeHHE JIHIIb HECKO.IbKUX  MHKPOCEKYHI [OcAe MX  34aMbIKa-
HIS, TO MOXKH0 HCIO/Ib30BATh M JADPYrHe caMble DasjHYlble MajoMOLl-
Hble KOHTIAKTHBIE CHCTeMbl: OOEIUHBIe pefe, KOHTAKTHLIH TePMOMeTP,
KOHTAKTdbie AATUAKH JaBJeHHus, NPOrpaMVHble KOHTAKIHble yCTPGHCTBA
v T. A. BO MHOTdX cayd4asgx MOXKHO OGGHTIHCH (e3 NPYXHHALlMda KOH-
TAXTHHIX YCTPOMCTB M TAaKHM IyTeM elle 0§oJiee CHH3UTh CTOMMOCTDH
LeCH ynpasieHhd. B NOLOOGHBIX cXeMax HCMNOAB3YIOTCS peXuMbl 4
[11—. Ha puc. 7-5,6 nokasada cxeMa C MPOCTHIM TPEeXNMOSHIHOHHEIM
fiepeKAoyareseM B Leny ynpasieuns B nonoxennu I TUpPHCTOD 3a-

Hazpysxa Haepysxa Hazpy3xa
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~7208 ~1208
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Puc. 7-5. CxeMpt GecKOHTAKTHHIX KAoUel.
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Puc. 7-6. Yupasneune OHT nocrosHusiv (a) u nepemesusiM (6)

TOKOM B cxeMe GECKOHTAKTHOro KJoya.

MepT M MOMIHOCTb B HArpyske paBHa HYymio. B NOMOKeHHH 2 THPHCTOP
NPOBOAHT TOJBKO OAHY NONOBHHY NepHOAa (PeXMM ROJNOBHHAOH MOL-
HOCTH), HAKOHEL, NOJOXKeHHe 3 COOTBETCTBYET IOJHOH MOLIHOCTH B Ha-
rpyske. Ha puc. 7-5,6 mokasama cxema ¢ TpPaHCHOpMAaTOPHBIM BKIO-
uenyeM YIPaBASIOMEro KOHTAKTHOIO YC1DOHCTBA, KOTOpOe B 3TOM Cay-
4ae MOXET OhITh HHIKOBOJBTIBIM. J37eCh HCIOAb3YETCA H3MeHeHhe
COTPOTHB/IEHNsT TepBHUHOK OGMOTKM TpamcdopMaropa NpH 3aMEIKARHA
WM pasvblkadud BropuuHoil o6moikd ConpotusicHue Ry AOMKHO
IYHTHPOBATL NaMaTHHYHBAIOUM TOK Tpauchopmaropa.

B cxemax Tina puc 7-5,a MOXKHO MCNOAB30BaTh TaKXKe pe3oHaHC-
Hble peJe ¢ OCTPOM HACTPOHKGH Ha 3agaHHylo 4yacToTy B 3BYKOBOM
JranasoHe AJisl BbIeJeHHsT KOMaHAbl B MHOTOKaHa/JbHOH cucreme

Ha puc 7-6 DNpUBEN®HO HECKOJDbKO APYTHX TOJE3HBIX CXeM, HJNO-
CTPUPYIOUWIHX yIpaBieHHe JBYHANPaBICHHbI THPHCTOPOM € TOMOWBIO
CUTHANOB MOCTOSIINOTO WM NepeMerinoro Toka. Kmou Ky (puc. 7-6,a)
MOXeT /ObiTh 3aMeHEH TPAH3HCTOPOM, KOTGDHIL ylpaBifercs TepMope-
3HCTOPOM, BHOTOIMEMEHTOM HJAM APYFHM HMCTOYHHKOM, KaK IOK23aHO 1a
puc. 7-7. Cxema ra puc 7-6,6 noaponsier OCYWeCTBHTb ympaBlenie
CHrHAJOM CeTeBOH YaCTOTHI NpH ero COOTBeTCTBywoulefi taszupoBke mO
OTHOIIEHHIO X nuTammeil cetn. Wuoraa ucnoab3yloT CHrHaA TNOBHINEH-
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Puc. 7-7 Yupasaenne JIHT c novouisio TpaHusucropa.
a — ynpasaenne TOkOM Iy;p; 6 — yNpaBleune HANPSIKEHHEM Mgy,

mofi yactotl (nopaaka 500 ey wu BbLE), KOTOPbil WO3BOJSET CHH3UTH
pasmep Tpancopmartopa. Hekoropeli pasfpoc MoMeHTa OTHHPaHuS,
KOTOpbIH HMME€ET Mecro ‘B AAalHOM cJaydae, oObMHO HecywectseH. [Ipu-
MEHA  4aCTO1HO-M30MpareibHble LENH, MOXKHO OCYUECTBAAThL HpO-
rpaMMiloe TelleynpaBleHde HECKOJIbKMMH OGBeKTaMH, HanpuMep, Iio-
CPEACTBOM CHINA/I0B, 3alHCaHHBIX Ha MariuTHoi JeHTte. B jioGom cay-
yae ynpaBAfIOIlHe CHPHAJBI JOJMKHBI YETKO OIPeRefiTh <«BKJIOYEHHOE»
IJIM «BBIK/IOYEHHOE» COCTOSIHME IeflH YIpaBieHus BCAeLCTBHe HEKOTO-
POl HecUMMeTPru JBYyHampasienuoro tupucropa s I u III wsagpaurax.
VnbiMu coBaMy, ABYHAMPaBJAEHHEIT TUPHCTOP He CJAEAYeT HCIOAB3O-
BaTh Kax TODOTOBBIH 3/1eMEHT.

Cxempl ¢ 1pansdcropami, lokasadibie Ha puc. 7-7, obecicunBaior
3¢QexTHBHOE YNpaBICHHE NBYHAUDPABJEHHHIMA THPUCTOPAMH C NOMOIILIO
MZJIOMOIIHBIX JIOTMYCCKHX CXeM MOCTOSIHHOTO ToKa, [IpakTuyeckuii mpu-
Mep CXeMBl TaKOro pojxa npuBefeH Ha puc 8-21, rae oauH TpaHsucrop-
HBIH TpUrrep oGecreYdBaeT YmpaBiieliMe ABYMst MUTAOLUMH JaMmaMi
Yyepe3 AByHanpaBsCHHble THPUCTOPH!, BKJAOYeHHble B ceth 120 8. Boaee
LOApOOHO CTaTHYeCKHe KJIOYH DaccMaTpPHBAOTCA B pasi. 8.

7-2-2, Cxembl ynpaBjieHHs ¢ NEPEKAIOYAIOUIHMH AHOJAMH

Cxema puc. 7-8, comepkallas TOJbKO ueTbipe 3J/eMeHra, ofecie-
YMBaeT HelpephbiBHOe (a30BOe peryaupoBaHue NepeMeHHOro Toxka. Pa-
30CHBUTAIOLIAS UeTb COCTOHT H3 KoHJeHcatopa Cy u mnepeMeHHOro pe-
ancropa Ri. Korma nanpsukeHHe Ha KOHJENCATODe IOCTHTAaeT Hanps-
MEHUA, NPH  KOTOPOM JBYCTOPOHHMI nepermwoyaowmui guom JILIL
TIePEROAHT B NPOBOASAILEe COCTOSAHHE, IPOUCXOIHT OTHHPAHHE THPHCTO-
pa, KOTOPbIfl NMPOBOAHT TOK B TeUeHHe OCTABIIEHCA YACTH IOJAYIepHOIA.
Cxema paGoraer B pewumax [+, IIl—. XoTq B 3Toll cXeMe HHANA30H
perysupoBaHus OTpaHHMYeH, H NpU MaJbiX Yrjax IIPOBOJAHUMOCTH HMeEeT
MeCTO 3aMeTHHI THcTepesuCHBIT addexr, oHa yRo6Ha B cuwily CBOelt
MPOCTOThl JJIS TAKHX OGBEKTOB OTHOCHTENBIO HeGOJBIION MOUIHOCTH,
KaK JlaMNbl HAaXa/JUBaHis, HaTrpeBaTeNH, BEHTH/SATOPBI

Jlyuiiee KayecTBO pEryJHDOBAHMA MOXHO OfecleuuTb, NpHMeHss
Gonee C/OMHBIE cXeMBl ynpasieHus. B KauecTBe pesIefHBIX 3/1€MEHTOB
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Pac. 7-8 Tlpnmenenne JIHT nna daszosoro perymu-
poBanug  (RC-uemouka, mnOKa3aHHasi HYHKTHPOM,
HY)XHa NPY WHAYKTHBHOR HArpyske).
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MOKHO HONOIb30BATH W JPYIHe JBYX3JIGKTPOAHLIE NEpeK/IIOyaronue
TUpHOOPLI, HaNmpHMep JBYCTOPOHHUI KPeMHHeBHI Kaod. Bosee mofpoGHO
TaKde CXeMbl YNpPaB/eHHS PaccMaTPHBAIOTCS B pash.

7-2-3. CxeMbl ynpasJjeHust
C OJHOMEPEXOAHBIM TPAH3UCTOPOM

B Gonee OTBEeTCTBEHHLIX CcJAyuadX, OCOGEHHO B 3aMKHYTbIX cCHCTE-
Max perynupoBANHsA, IJsS YNPaBleHhss MOMEHTOM OTIHPAHUS NBYHA-
IPaBJEHHOr0 THPHCTOPA MOXKHO HCIIO/Ib30BAThL OJHONEPEXOAHHEIH TpaH-
3UCTOP, OCYLIECTBJSIONME CpaBHeHUE NHI006PASHOTO H  HOCTOSHHOIO
peryaupyemoro Hanpskenusi. TIpuMepom Moxer cayXKuTb €xXeMma pery-
Jagropa TeMileparypsl (puc. 12-15). Bonmee nompoGuas undopmanus
0 CXeMax 3TOr0 THNA MPUBOAUTCA B pasn. 9. B nomo6ubix cxeMax mgas
TOJIyYeHHA OTPHIATENBHBIX YIPABMAIOUINX HMIYJIbCOB CHEAyeT NpuMe-
HSTh HMIYJbCHLIe TPaHcHOPMATOPEL.

7-3. KOHCTPYKILUS YCTPOMCTB
C IBYHANPABJEHHBIMU THPUCTOPAMHU

Haa wupokoro ucnosabsosanua JHT B caMeix pasmuunpix obaa-
cran dupma JlxkeHepaal IDieKTPHK BHITYCKAET IOTOBble KOMIUIEKTHbIE
6J0KH, ofecrieuMBaloulyie pasjaduHble Ccrnocofbl ympaBiaeHHst B takux
6Ji0Kax, OCYIeCTBAAIOIMHUX Jau6Go pyyHoe ¢pa30oBoe ynpaBiaeHHe, JUGO
GeCKOHTAKTHOE YTpaBleHHe THNA <«BKJIOYUEHO—BEIKJIIOUEHO», BCe 3J]€-
MEHTBI, BKJIOYast (UABTPBI A/ MOAABIEHHT paguONOMeX, HO 3a HC-
KIIOYeHHEeM DPETYAHPYIOIMX INepeMeHHBIX CONPOTHBAEHHH, CMOHTHpPOBA-
Hbl B 3JEKTPHYECKH H3CJHHDOBAHHOM OT TOKOBEAYLIMX uacTell aJIOMu-
nueBoM kxopnyce (cm § 22-3-2) Takoit 6aox (puc. 7-9) Moxer GHITh
CMOHTHDOBAH Ha KODIyCe peTyJHpPyeMoro o0beKTa, ofbecreunBaloleM
TEILIOCTBOA, HeOOXOMUMEIT nas paboTel ¢ tokamu mo 10 a.

Puc 7-9.
¢ OHT.

OaoK 1

KomnnextHrie

Paspen Bocsmo#
CXEMbBI CTATHYECKHX KJWYEH

8-1. OBIUUE 3AMEYAHHUA

Tak xak OAHO- WM JBYHANpPaBJCHHbIE TUPHCIOPBl SIBJASIIOTCS [pHU-
GopaMu € ABYMA (YCTOHYMBLIMHM COCTOANHMAMH, TO OZHAa H3 Haubojdee
LIMPOKHX OOJsacTeit MCHOJb3OBAHMA CBA3aHAa ¢ KOMMYyTallHelf CHTHaJl0B
4160 TOKa B MX CcuioBoil Nemn B panHov pasjgene jpaercs omMcaHue
C\eM, B KOTOPLIX THPHUCTOPH BLIIOMISIOT (YHKUHM KJOued Takoro TH-
112, 3aVIeHRs pa3jHuHbie MeXaHHYyecKHe M 3JeKTpoVieXaHHUecKHe KOH-
T4KTHLIE YCTPOHCTBA B 3THX CIyuasix THDPHCTOPHL MCTOAB3yIOTCH AJI5
MOJHOTO pasMbiKAHUA ¥ 3aMbIKaHHsl Henn (CXeMbl, B KOTOPHIX OHM
VCMOML3YIOTCS JJIA YIPaBJelHs BeIMUHMHOI CPEAHEr0 3HAYEHHs Hamps-
JKeHUsl MM MOLUHOCTH, IOJBOAMMOR K HArpyske, paccMaTpHBAIOTCA
B CAeAYIOIIUX pas3ienax)

CxeMEl CcTAaTHUECKHX KJIOUell MOTYT OHTb pa3jeseHbl Ha JBe TPYl-
I CXeMBl ¢ MHUTAHHEM OT HCTOYHHKOB IepPeMEHHOro TOKa, rjie H3Me-
HEHHE HaTpaB/IeHHsl MHTAIOUWIEro HaNpAXeHHs MPHBOIHT K 3arHPaHHIO
THPHCTOPOB, M CXeMEl, NHTaeMble OT HCTOUHHKOB IIOCTOSIHHOIO TOKa, TAE
THDHCTOPHl JOJMKHLL 3aUPaThCs OXHMM M3 METOLO0B, PacCMOTPeHHBIX
8 pasg 5 Tax Kak JByHamnpaBjeHHBle THPHCTODHI NPegHA3HAYEHH
8 OCHOBHOM Jsist paBothl wa vacrore 60 ey, npu Gosee BHICOKOH 4a-
cTeTEe  THTAHMH  HEOGXOANMO HONOJB30BATH  BCTPEUHO-NapasiesbHOe
coefHHeHHe OHOHANPABAEHHBIX rapuctopoB Ilpu pafore Ha mepeMeH-
HCM TOKE MakcHMaslbHas 1acTOoTa MHTAHWSl OrpaHHYMBAETCS NPHMepHO
peanyuHoit 30 «ey, oGYCJIOBJEHHOH BpeMeHeM BOCCTaHOBJEHHA YPaB-
JisevocTd TUpHcTOpoB [lpn GOJAbUIMX 4YACTOTAaX CTAaHAAPTHBIE THPHMCTI~
pbl He YCHOeBAIOT RuUCCTAHABJIHBATL CBOIO 34lIMPAOUIYI0  CHOCOGHOCTH
MENRAY 0CIeTOBATSILHBIMA  TOJYNeDPHONAMY HANpSAXKeHHs [HTAHHL,
I'pn paGore ua mNocTOsiHHOM (a TakKXKe BBINPSIMJAEHHOM CIJIaKeHHOM
HJM HECIVIaXKeHHOM) TOKe BDeMf, NpefocTaB/iseMoe A BOCCTAHOBJe-
YU YIPABJASEMOCTH, OObIUHO OblBaer OrPAHHYGHO, H MOTYT NOTPesO-
BaThCs Crel#ajbHble MHBEPTCDHBIE TUPHCTODHI, Takve, Kak cepuii C9,
C12, C40, C55, C140 nyu C155 Dt TURBI TUPHCTOPOB HMEIOT rapaHTH-
poBaHHOe HaubosLIIee BpeMs BOCCTAHOBJAEHHA YNPaBJSEMOCTH.

8-2. CTATHYECKHUE KJIIOYU MEPEMEHHOIO TOKA

8-2-1. OcitoBHas cxemMa C JABYHanpaBJieHHBIM THPHCTOPOM
WJH BCTPEYHO-NMAPAJJIEJbHbIM BKJAOYEHHEM
OJHOHANPABJEHHBIX THPHCTOPOB

CxeMnl, TpefcTaBienusie Ha puc 8-1, ofecrieunBaOT GHICTPYI0 KOM-
MyTallli0 NAarpy3kKd B CeTH TNePeMeHHOTO HanpsXeHHs u ABJAAITCH
WIeanbHbBIMY MDY YacThIX TNepekaioyenusXx OHM MOJHOCTBIO YCTPAUSIOT
Hpuaunasye, ppe6esr, NMOArOpaHHe H WCTHPAaHHe KOHTAKTOB, Hab/roldae-
MBle B 3JEKTPOMEXaHHuCCKMX pele M KoHTakropax. Mcnomws3oBanue
THPUCTOPHBIX peJie BMeCTO 3IJEKTPOMeXaHH4PCKHX YCTPaHsieT TaKyio
npoGaeMy, Kak pasfndne MCHKAY TOKOM WJIH HanpseKeHueMm cpabarniBa-
Ul H OTyckaHusd, TAK KaK THPHCTOPH N[OJHOCTBIO 3aMHPAIOTCA B KOH-,
e Xaxporo nonynepuopa. IIpu mpaBmibHOM BbHIOGODe CONPOTHUBIEHHA



178 CXEMBI CTATUYECKUX KJIOUEH

CTATHULRCKHE KJIOUIT MEPEMEHUOND TOKA 179

Haepysxa Haepyska
—— ]
R 47
100
100 4 cr
K _—®

~ § ~
=4

S
~

RS | W o, E

v

a) o)
Puc. 8-1. Crarvuecksde KJIIONH HEPEMEHH! IO TOKa.
a—Ha JABYHANDPaBJIHHOM THpHCTOpe; 6 —Ha ABYX OJHOHANDPABJEHHHX, BKJHOUCHHBIX

BCTpEYHO-IIApaIeIBbHO.
ViU
ceTn
R > -1 —(RyarptRy)
¥

rge Iy w— MAKCHMANILHO HOMYyCTHMBIR YIDaBASIOMIHI TOK THPHCTODA; Ry——conporus—

JIeRHe yhpasasioutero ycTpofi.TBa (KOHTAKTHOro AaTtudka). Ilemouka RC, mNoKasaHHas
NYHKTHPOM, BKJIouaercs IpH HHAYKTHBHOH Harpyske.

R cxempl Mmoryr paGorarh UpH 3HAyUTCALHO OOJblileM IHANA30He H3-
MeHeHHS] HalpskeHufl NHTa4ud, yeM OOBLIYHBIE peJle HJIM KOHTAKTOpbL
310 conporuBaeHHe R NpenHasHAueHo AJAs TOrO, YTOGH OrpDaHUYMBATH
AMIyAbCH YyHpamasiomiero Toka Ero Beawuusa (B KOTOPYw MoOryT
BXOXHTb BHYTPeHHEe CONPOTHB/eHHe KOHKPeTHOTO  yNpaB/siolllero
yeTpoficrBa M CONpOTHBJEHHe HATPY3KH) NOMKHO OBITH 6OJbIle, 4eM
aMIIMTYAA THTAOMEro HANpSKEHus, NeleHHasd Ha JAONYCTHMYIO aMIUIH-
TYAY YNpaBASIOIero TOKa THPHCTOPA.

Ecan conporuBienwe R CAMIIKOM BeMHKO. TO TUPHCTOD MOXeT OT-
THUPaTbcA C HEKOTOPO#l 3alepiKKOH no OTHOIEHHIO K Hayady Kamaoro
roayrneprona. TlosBrenwe Tpu 9TOM HAUAJIBHOTO YA peryaupoBaHuA
npuscfer npu (hazoBoM yHpaBMeHHH K CHHXKENHIO HANpMKEHAd Ha Ha-
rpyske ¥ nckaxenwio ern $opmu. [loxkaszawiwe na puc 8-1 ynpas-
Jsollie YCFpolicTEa MOTYT GLITh MEXaHMHUCCKUMH IJIH SMeKTPHUECKHMH.
B 1ix kauecTBe MOryr GBHITb YCMEWHO HCMOML30Batb (HOTOpE3HCTOPH H
MATHHTOYIDABJASEMbie  SI3LIUKCBLIE TepMeTHUHble KOHTAKTbl {TCPKOHBI).
ITocnenuue ynpaBasOTCs MepeMEHHBIM HJAM TOCTOAHHBIM TOKOM, MpO-
XONSUIMM 4epe3 OKPYKawliyio HeGOMbIIYI0 OGMOTKY, a TakkKe GJaH3KO
PACTIONIOKEHHEIM HeGOMBIINM MaTHHTOM. B mofov cnyuae MexXny BXOA-
HON yrpaBafoulell Uenbio, na KOTOPYH MOTYT NOCTylaTh CHPHAJB OT
Pa3IAYHBIX HCTOUHMKOB, H CIUIOBOfl LENbio HArpy3KH HMeeTCs HaleX-
Haa 3neKTpHueckas wusoasuns. Bnaronaps Manofi BospT-ammepHol Ha-

rpysKe KOHTAKTOB, oNpefensieMoil yNpaBIsiOIUMMH TOKOM W HalpsxKe-
ILeM, HeoOXOAUMBIMH AJS OTNHpanus TdpHcTOpa, obechmeduBaerca JJIH-
TeJbHBIT  CPOK  1CAYXKOBI Takod KOMOMHAWNH.  [HPHUCTOP — 1€PKOU.
Benunuuyel TOKa M HanpsKeHHsi Harpyskd OUPCACAIOr HOMUHANbHBIE
napaverpbl THpucropoB. CraTHueckui K4 1o cxeme puc. 8-l,a npex-
nouTHTENbHEE, YCM TI0 cXeMe pHC. 8-1,6, Tak Kak B MepBOfi KOJUYECTBO
Aeraneil mpuMepHo B 3 pasa Menbile. Ilostomy cxemy puc. 8-1,6 (4
eit mMop00HblE CXEMBl ¢ BCTPEUHO-HApasjelbHbM COeIHHEeHHeM THPUCTO-
POB) eCTb CMblcJ TIPHMEHATb B TeX CjAyuasX, KOTLa cepuiiio Bhifly-
CKaeMble ABYHalpaBaeHHble THPUCTOPLI He MOIYT ofecrnednTb Tpebye-
Mble HArpyskoil TOK M HampsKeHHe, a TaKxe Ipd paboTe Ha MOBH-
LIeHHBIX YacToTax.

8-2-2, CrartHyeckHe KJiO4H ¢ BHEULIHHM MCTOYHHKOM
yOpaBJadoIlero curiana

Ecay Heo6X0fHMOC 06eCHeddTh 3IAGKTPHUECKYID H30JALYMI0 MeXAY
MCTOYIUKOM YTIDABJSIOWIET0 CHIHAMa M UeNbio HATPY3Ku Ges HCNOAB3O-
BAHHST NPOMENYTOUHLIX MeXaHHYeCKHX KOHTAKTOB, CBETOBOTO [OTOKA
WIY HAChILAIOHIUXCS CepleuHHKOoB, U000 B TexX Cjayyasx, KOrja CHJABHO
uoMensolleecss BXOJHOe II€DEMCHHOe HaNpseHHe MNpensarciByer YA0-
B,JIeTBOPHTENLHOMY ympasiedmio o THiy puc. 8-1, aByHanpasicHHLIA
(WPHCTODP WAL llapa  BCTPedHO-lapajjiedbubl UAHOHANPABJEHHBIX MO-
MET CTUNPATBES OI OTACIBHCTO BHOINICTO MCTOMHMKA, KaK NOKasano Ha
puc. 8-2. 3ACCh BLILOKOUACIOTHBIM TPAH3HCTOPHbIE GJOKHHI-TEHepaTop
M. HEeCHHXPOUII3HMPOBAHHbM TeHepaTop HMIYJbCOB Ha OMHONEPEXOJHOM
1pUOAe TpaHC(POPMATOPHO CBA3aHbI C Lelkld YNPaBASIOUEro 3/1eKTPO-
aa  rtupucropoB. CooiBeTCTBYIOUIMe CXeMbl IeHepaTOpoB  HMIY/bCOB
paccmarpuBawicsi B § 4-14. UTo0bl MCKaXeHHe KPHBOH HANPSMCHHA HA
HATpY3Ke 1 DAjJMONOMEXH ObUIM MUHMMAJLHLIMH, HEOBXOAHMO, 4roGbl
Y4CTOTa TeHepaTopa YIPABJSIOUIMX WMIYAbLCOB ObLla JOCTATO4HO Bbl-
cokon H obecneuwBasa OTIHPaHHe THPHCTOPOB B Hayaje KaxXKAOro mno-
JAynepuoga. Jpyrpe CXeMbl TeHEPAaTOPOB YTNPABJMIOMUX HMOYJbCOB HA
NOAYIPOBOLHRKOBLIX TPAH3UCTOPAX, MPATLOAHBIE JJIA  HCNOJABL3OBAHHA
B CXeMaX CTATHUECKMX KMIOUEH ilepeMCHHOrO TOKa, OmMHcaHbl B pasi. 9.
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Puc. 8-2. Buewdull 3anyck CTaTHYECKHX KJ/IOUEH NepeMelHoro TOKa.
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8-2-3. Jlpyrue BapHaHTbl CXeM HBYXHOJYHEPHOMHDBIX
CTATHYECKHX KJ/I0YelH NepeMeHHoro ToKa

JByxnonynepHofHule CcTaTHYeCKHe KJIOUH IICPEMEHHOrO TOKa Mo-
IYT OCYLIECTBAATHCA NPH TIOMOWH Da3THYHBIX KOMOHHALHHA THPUCTOPOS
W OOCBIUHBIX HeyNpaBJAAeMblX BeHTH/IeH. PacnpocTpaHeHHble CXeMbl TipH-
BeJeHbl Ha puc. 8-3.

B cxeme puc. 8-3,@ uCTOAB3yeTcss OIWH OLHOHATPABAEUHBIT THPU-
CTOp, BKJIOUEHHBII Ha BHXOAE BLIUPAMUTENbHOro MocTa. Mocr BH-
npaAMAsSeT MepeMeHHbIH TOK, npeoGpa3ys €ro B JABYXMOJIYNEPHOXHHIR
HyJbCAPYIOWVE NOCTOSAHHbIA ToK. TakHM ©00pa3oM, OJMH THPHCTOD MO-
XKeT YIpaBJATh TOKOM B TeueHHe OOUMX TOJYHEPUOAOB HepeMeHHOro
HanpaxeHusa. B Takofl cxeMe THPHCTOD 3amnupaencss B KOHIE KamZOro
TOJAYIepuoad, Korja MmuTalollee Hanpsakende crnagaer o nyad. [lpu
HEOOXOJWMOCTH HAarpy3Ky MOXKHO ITUTATh HECIVIAXKEHHBIM NOCTOSHHBIM
TOKOM, TOJKJIOUHB ee TOC/AeA0BATENbHO C THPHCTOPOM, KakK MOKA3aHO
Ha puc. 8-3,6. B nociegnell cxeMe NpH HMHAYKTHBHOM Xapakrepe Ha-
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Prc. 8-3. Bapuanutst cxeM KJiouell nepeMeHHOro TOKA.

@ — ¢ BKJIOYEHHEM THDUCTOPA Yepe3 IHOAHBII MOCT, HArPy3Ka Ha CTOPOHe mepe-
MEHHOTO TOK4; 6 — TO XKe, HATPY3Ka HA CTOPOHE HOCTOSAHHOrO TOKAa; 8 — ¢ AMOAHO-
TUPHCTOPHBIM MOCTOM, HATPy3ka Ha CTOpOHe MepeMEeHHOro ToKa, & — TO JKe, Ha-
TPy3Ka Ha CTOpOHe IOCIOSIHHO'0 TOKa; @ — ¢ JABYHANPABASHHBIM THPHCTODOM,
YNpaBAsE€MbIM I[OCTOSAHHBIM TOKOM. JJEeMeHTbl CXeM, TCKasaHHbBle NYHKTHDOM,
HYXHBl TOJMBKO NMpPH HHJIYKTHBHOH Harpyske.

IPY3KH TAapajulesbHO ee 3aXuMaM CiefiyeT BKJYHTh IIYHTHPYOLUHA
{Oy(epHbIN) AM0J, BeOOXOANMBIT AN KOMMY Tauli THpuciopa. B cxe-
Me Ha puc, 8-3,86 MAS KOMMYTALMIt HATPYIKIL, BKAOUEHHON ((a fepe-
MEHHOM TOKe, HCHOJL3YIOTCSl jgBa IHPHCIOpA W ABa ICYNPaBAACMDIX
Bentuas. Bewrtuau T4 u [, npoBogfT TOK B TeueHHe OJHOrO MOJyIe-
pHCAa THTAOWEro HampsaxKennd, BenTHAH T2 u Iz — B TeueHHe BTOPO-
ro mosylnepucaa.

Ha pnc. 8-3,¢ nokaszaHa cxeMma ¢ BKJAIOUGHMEM HArpysku Ha IO-
CIOSHHOM TOKe, 3KBHBaJeHTHAas# cxeMa Ha puc. 8-3,6;, B AaHHOI cxeMe
NpH HHAYKTABHOW HarpysKe IWIYHTHPYIOILKHE BeliTHAb He oba3areleH.
Ecnu cerb mepeMeHHOrO TOKAd HMCeT 3HAUUTENbHYI0 HHIYKTHBHOCTb,
KOMMYyTalusl AHOAAOro MocTa Ha pHe. 8-3,a U 6 MPOUCXOAHUT CTOJD
6bICTPO, WTO THPHCTOp He YCreBieT BOCCTAHOBHTb YNPaB/isgeMOCTb.
B rakix cayuasix caembl puc. 8-3,8 M ¢ maioT ayuiive pesyibTarsi. Ha
puc. 8-3,0 mokaszaHa cxeMa C JBYHAlUpaBJeHHwM THPHUCTODPOM, ympas-
JISEMBIM  MOCTOSHHBIM TOKOM. B 1I[pOTHBONOMOXHOCT CXeMe HA
puc. 8-1,6 Bce THpHCTOPH B cXeMax Ha pHC. 8-3,8 M e MOIyT Hemo-
CPEACTBEHHO OTIHPATHCS OOLIHM OAHOIOJASPHLIM  YIPaBASOWMYM  CHI-
HaJoM, TaK Kak Karoibl THPUCTOPOB coelMiedsl Mexay ocoboi. [Ipt
HN3KUX HaMpsKeHHAX NUTaHHA B cXemax puc. 8-1,a—e cymmMmapiloe na-
JleHne HanpsKeHUd Ha THPACTOpPE M JAMOJAAX MOXKer CYlULeCrBeHHO
YMEHBIHHTb HanpsXKeHHe HA Harpyske,

8-3. KJII0YHU MEPEMEHHOrO TOKA C CHHXPOHHOM
KOMMYTAUHEW, PEJIE NEPEMEHHOIO TOKA

C CAMOYJAEP)XAHHEM U [PONMOPLHOHAJbHBIE
PETYJSATOPDbI

Korna zaMmbikaeTcst kKaxoi-nu0o kmou, 6yAb TO MeXalHuecKuii KOH-
TAKT WIH THPHCTOP, CKauKoodpasHoe u3MeHellle TOKa NOopoK/Jaer 3Ha-
YHTebHble papHonoMexd. [Ipy KOMMYTALUM 3HAYHTEILHON AKTHBHOI
HAarpysKi, HalpuMep MOILHBIX 35JeKTPHUECKHX Harpesarelseil, Kesjarelb-
HO 3TH MOMeXH cBecTH K MHHAMyMYy. OZHHM M3 BO3MOXHBIX CNOCOOOB
peilleHud 3TOH 3344yl ABJAAETCH OTAUDAHHE OAHO- MM JABYyHANpaBJEH-
HOTO THPHCTOPAa B MOMEHT, KOIJa HAlpskKeHHe NHTalollell ceTu mepe-
XOLUT 4Yepes Hy/Jdb. DTOT METOJ H3BeCTeH KaK CUHXPOHHAA KOMMYTa-
UK, HAH KOMMYTallisi HpH HyJeBoM HanpsxesuH. CnHxpoHHas KOM-
MyTalHUsl WHPOKO WCIONb3YETCH (P PeryJgupoBaHHM TeMOepatype U
B JPYTHX CxeMaX TDONOPUHOHAJLHLIX peryaatopoB. Ilpu smom cpemmsst
MOIWIHOCTb B HALPY3Ke Dperyaupyercs MNyTeM UW3MeHeHHsi OTHOUIEHHS
JNHTEJIBHOCTH 3aMKHYTOIO COCTOSHMA KJI0Ya, KOTMa X Harpysxe npH-
KNagblBaeTCst L(e0e YUHCIAO MEePUOROB HANPAIKEHHS CeTH, K AJUTENbHO-
CTH €ro Pa3oMKHYTOTLO COCTOSTHHS.

8-3-1. Pesie ¢ camoyaepxanneM Ha Gase
ABYHaMNPaBJEHHBIX THPHCTOPOB
Ha pnc. 8-4,0 noxasana OcHOBHasd CXeéMa KJIO4a C CaMOydepXka-

HHEM Ha [ByHAilpaBjeHHOM ThpucTope. Korga THPUCTOpP MepROHAYadb-
HO 3amepT, XK HeMy MpPHJIOXKeHO MNOAHOC HaNpssKeHHe MUTAHMA, a Ha-

- HPSIDKEHHEe Ha HarPys3Ke paBHo HYJO. Tak Kak yupaBasiomull 3JeKppol
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Puc. 8-4. Craruueckue k/oun Ha ABYHANpPABIeHHBIX THPH-
CTOpPaX C caMoyJepxKaHneM.,

JAMEET MPAaKTHUECKH TOT Ke MOTOHIHAM, YTO HIKHUA BHIBOJ TUPHCTODA,
TO HamnpsuKenue #a uenouke RiCy takke orcyrersyer. Ilocae ormupa-
HAT THPHCTOPA YNPABJAAWNM HMIYJAbCOM HANpPsIKEHHe CeTH TPHKAA-
ALIBACTCT K Harpyske u K uenouke RiCy Tok uepes 3Ty wuefouky,
CABHHYTHIT MpakTHYeCKH Ha 90° OTHOCHICJAbUO HANDSAEHHS, JOCTHrACT
MaKCMMyMa B MOMEHT, KOrRa HanpsiXenne IHa Harpyske MepexoiuT
uepes Hyab, obecrneYyuBas NOBLOPHOe OTHHpAlHe THPHCTOpa (NOAXBAa-
ThlBaHHe) B Hauajne KaXIOro CJAEIyIOUIEro Nodynepuopa. Jas 5Tof
CAEMBl JOJIKHE! JICNOJB30BATBCA CHEUHANLHO OTOGpaHHble ABYHANpAB-
JIeHHble THPUCTOPBI, TaK KaK 3/eChb HCHONL3VIOTCH pewumbl 114+ u [—
(oM. pasa. 7).

o Ananornyso paGotaer W (CxeMa
na puc. 8-4,6, nie THPHCTOD OTMM-
PACTCH DUEIIHUM HMMIIYJABCOM, HOCIIe
HCIO ITOM AEHCTRIEeM HAMpAXKeHHs Ha
3aXKHUMAaX Hanpy3kH, PaBHOLO CETeBO-
My, HauHHaeT MmPOTeKaTb TOK B lle-
nouxe RiL), oTcTaommi nosmm w1
90° or wampskenus. B  MOMeHT
OKOMYaHAA MOJOXKHUTEABHOTO MOy~
NEPUONa HAMPANKEHHS CeTH BTOT TOK
NPONOAKAST BHITEKATh H3 YMpas-
JSIOUIEro 3JeKTPOa, BHI3LIBAs I10-
BTODHOE OTNMpaHHe THPUCTOPA, KOT-
la ero BepXHHH BHIBOA CTaHOBMTCA
orpHUaTeabHbiM. B oTanume oT cxe-
_ Mol puc. 8-4,@ 37ech HOMOAL3YIOTCA
& ‘ pexkumbl I+ u 11—, Graronapa ue-
MYy CfelHafbHbl 0T60p THPHUCTOPOB
He mpelyercd.

MryoBeHHOR 3HAYEHUE TOKA B e-
nomkax RiCy wmm RyLy (pue. 8 4)

Peeyaupobra
A Boideprcru

2/

Hazpyska 720 Bm

Puc. 8-5. Pene Bpement na aBy-
HanpasjeHHOM THPHCTOPE C Bhl-
RepXKKOH no 60 cexk.

B MOMedT M3VelleliHa NoJASPHOCTH HanpsKeliif ceTH ILOJXKHO ObiTh oI~
peAEIeHO (3 YCJIOBMA OTMupanust Tupucropa. CaegoBaTteabito, HeoONO-
A¥MO Tak Bulbpath 3uavenust Ry, C, mmu Ry, Ly, uTobn o6ecreddTs
LCCTATOMHYIO aMIUIMTYAY 3TOro TOKa. B clyyae PeakTHBHOA HArpyskH
TOK Harpy3Kn OKasLBaeTcA CABHHYTLIM M0 (ase MO OTHOMIEHHIO K HA-
PPSKCHHIO CETH, TAK 4TO AAA pPeMMa MOAXBATHLIBAHUSA THPHCTOPA MOMK
HO HCUOJNb30BATh TOJBKO pe3ucTopht Ry (6€3 peakTHBHBIX 3J1eMeHTOB)
TpU YCJAOBHH, uTO OHM OBECHeyuBalOT AOCTATOUHBHI YNPaBAAWIMH TOK
B MOMEHT, KOrJa TOK Harpy3KH H3MclsieT 3Hak.

Caesyer 3aMeniTh, 4TO ¢cau THPHCTOP OydCT OMIAKABI OTHEPT
ciiyyafiHo, HanpuMep WMIYAbCOM 1OMCXH, TO 10JAXBAa1biBaloOIIe CBOHCT-
Ba CXCMBI ofecrnevar ero MOBTOPIOEe BKAIOUEHHe B Na4aic KaxKAoro
CJERVIOLIETO TOJYHCDIOAD, 110KA cxeMa e fyaer BLIKJTIONCHA.

Ha puc. 8-5 npeacrasnena cXema pede BpeMeHi, HCMOAb3yOas
NCAXBATLIBAIOIME CBOHCTBA onucaHuux ueneil. [locae nepebpoca kom-
takta K B nosoxeHue | HaymHaeTcs 3apsij Kowaencaropa Cj, H, KO-
raa OH 3apAAMTCS 10 HANpAMXKeHHs OTIHPaHWsi JBYCTODOHHero mnepe-
Kaoyatowero  guoga AT, rupucrop oraupaercd H HampUKeHHe
nofaercst Ma Harpysky. JLJIMTeAbHOCTE 3aNePXKKH ONpefeadercs MocTo-
aunolt Bpemenn (R +R2)C;. UTo6bl BHIKAIOUHTL CXeMy, Hajo NYTeM
mepebpoca K B mnonomenne 2 paspaauth Konuencatop C; uepes Ra
H Rl..

8-3-2. TUpPHCTOPHLIA KJaI0u ¢ 3aBHCHUMBIM YIpaBJeHHEM
Ha OTPHUATENbHOM MONYyNEpHORe

Ha puc. 8-6 nokasasa cxema, rje OAdH U3 BCTPEUHO-TNAPAIIBHO
BK/JIOYeHHbIX THPHCTOPOB OTOMpaeTcd B Hayajge OTPHIATENbHOTO MOJY-
TIepHOAA TNOTAC TOTO, KaK Ha NOACKHUTCALHOM MOAYNePUOAe apyroft
THPHCTOP OTHHPAETCs BHEUIHMM curtanov. Koria oranpaerca TUPHCTOP
T\, roupencarop C; 3apsixKaeTca yepes muol u pesuctop Ry 3atem Ci
paspsikaercsd uepes R M ympaBaAoWHA 371ekTpox THpuCTOpa Ty H
ofecneywBaeT B Hayaje OTpHLATEALHOro TNOJYNEPHONA HEOOXONAMBIH
A ero  ommupanus Tok. YroGol cHosa
oTneperh THpucrop Ty ¢ NMPUXOIOM TOVMIO-

B Sl
KUTeJIBHON MOJYBOJMHB, HAN0 CHOBA IO~ ”
HaTh MMIYJIbC YIPABJAEHHSA, B NPOTHBHOM
clyuae 004 THPUCTOPA OCTAHYTCA 3amep- Hazpysna

1bIMHU; MHBIMU CJAOBaAMH, JAHHAS CcXeMa He

ofsamaer  ©BOMCTBAMH  caMoymepKauusg
(ToaxBaTuiBanMa)  BO  BKMOYGHHOM  CO-
CTOSTHHH.

Hpyras pasuioB@AHOCTb  3aBMCUMOrO
CHHXDOIMIOTO MEPeKJIOUeHHA MoKazalla Ha
puc. 87, 3necy mpH OTCYTCTBHH BHCIINEDO 4

CHPHAA NOCTOSINIONG TOKa THpHCTOP T
u T, mposoast moK u ofecneunBdior Ha

3aXKHMaX Harpyskd cuuycomaanbioe Ma-  Puc. 8-6 Crarnuecknii m™-

npaXKeHue. Heszamuicnvo or moventa mo- DHCTODHHI:I KJI04 ¢ 3aBH-
Jaui ynpasamioulero curiana Hganpsxkelwe CHMBIM ylpaBJeHHEM Ha
BCenad MPHKAQIBIBARTCH K Harpyske B ua- OTpHUATEJbHOM noayne-
qaJjie O4YepenHoro mepHoiia M HMeeT NPAKTH- puone.
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Puc 8-7. Cxema craTdHueckoro xJioua fe-
PEMEIHOTO TOKa, 0DeCHeYHBAIAT KOMMY-
TALUK B MOMEHT MNepexoja HanpsKeHHs
yepes HYb,

YECKH CHHYCOHA&JbHYIO (OpMy c OYeHb MaJbiMp pa3pelBaMH, oecreud-
Bas TeM CaMbiM MHHUMYM paguonomex. Tupucrop Ty SIBJSETCS BeJOMHIM
0 OTHOLIEHHIO K WepPBOMY, H €ro OTHHDAHMHe UPOHUCXOAUT B Ha-
ugjie OTPULATEIbHOIO INOJNYNEPHOAa 3a CUET SHEPrHH, HAKOIJISHHOM
B UHAYKTABHOCTH L. Ilpu mogave ympaBasiomwlero CUrHajga Ha THPU-
ctop Ts mpekpaliaeTcs oTmupasde Fi, Tak Kak €ro YmpaBAsIOUIHi
3/IEKTPOJ OKA3bIBAETCS 3aKOPOYEHHBIM C KaTOIOM; IPH 310M mHarpyska
ofecrouena. [logoGHBIe CXeMbl He3aMEHHMBI He TONBKO B TeX cayyasx,
Korpga xeJjgaTeneH HU3KHH YpOBe€Hb pPaguONOMeEeX, HO H B YCJHOBHAX, KO-
rAa CKauoK HAaVarHHUABAIONIero ToKa TPaHCQOPMATopa 0pH BKAKUSHAW
MOXKeT BbI3BaThb cpabaTshiBaHHe NPeJOXPAHHTENs M KOTAA B Helnocpel-
CTBGHHOM OMH30CTH C CHJIOBBIM YCTPOHCTBOM paBOTAaeT UyBCTBHTE/b-
Hasg ammaparypa.

8-3-3. IlponopunoHaabHOE peryaupoBaHue
NPH CHHXPOHHOH KOMMYTAaIHH

Cxema na puc. 8-8 saBnsercs OXHONOMYNEPHOAHBIM DPECYJSITOPOM
TeMnepaTyps, T e THpucTOop suGo OTNHpaercsi B Hayajie COOTBETCT-
BYIOIEro MOAyNeprona, JHG0 HOJHOCTBIO 3allepr.

DTOT JdelleBbl OGCCKOHTAKTHLIA PErYJSITOP BHIMOJIHSET Te Xe (YHK-
LHH, 49TO H aBTOMATHUECKMH peryJsitop ¢ OuMera/VIHYeCKUM KOHTax-
TOM, KOTODBIM, Hanpumep, cHaGxawrcd nogorpesatend ogesn. OH
C pPaBHBIM YCIEXOM MOXKET MPHMEHATBCS ¢ Mw60f MaJOMOIIHO) Ha-
FpY3KOIl B BUAe pas3lHYHOTO poja HarpeBatefeil MOIMHOCTBIO go 180 67,
Tpunnun feflcrBHS caeMbl TUOA H KouleHcaTop C; NHTAIOT MOCTOSHH-
HBIM HanpsiKeHHeM YeTbIPeXMIedllii MOCT, IJledaMH KOroporo siBASOTCH
pesuciopel Ry H Ry, Tepmopesucrop TP u pesucropsl R; u Ry K Bol-
AOIFOI  AHaronany 3TOTO MOCTA MPHCOENHHEHLI 3ahHMbI SMUTTEP —
Gasa tpausucropa [IT,, KOIOpH yCHJIHBaeT BO3HHKAIOLlee HanpsiKe-

Hre HeGananca. Ec¢mu MocT cOanancuposan (¢ moMowbio Rz), to Ty,

Jamepr, W 6a30BLIM TOK Ipam3n-
cropa [T wpaxryucoku pabeu
Hyaio B navane kKamaoro moso-
AHTEJDHOTO  [IOJyNepUOdd  [1a-
NpsiKeHHs ceTd A0 MOMeNTa OT-
KpLIBAHHA 1MHOAA yYepe3 KOoMIeH-
catop C, mpoTexkder TOK B Uenb
YpaB/ISIoOUIEro 3/eKTPONa THDU-
cropa, B pe3yibraTe 4elo OH
OTMHpaercd M HanpsAXKeHwe mMpH-
KJIablBAETCA K warpyske 3d-
METHM, YTO KOTAA JIHOA Hadal
TPOBOMATD, HAMPAKEHHE HA KO-
ndencatope C, duxcupyencs Ha
yposHe Hampixenusg Ha Cp
BXOJHOH TOK THMCTOpPaA micue-
3aer. TupHCcTOp MOXKET BKJIO-
YaThCs TOJLKO B Hayaje INOJO-
KHTEJIBHOTO IIOyNEepHOAE, UTO
yMeHbINAeT pajionoMexu

Korga wuepes Harpysky m0pOTEKAeT TOK, HarpesaTean 00paTiol
cBSAI3H Ro ¢ nOBBULAET TeMmepaTypy TepMopesuciopa TP 3a cuer
YyMeFbUICHHS CONMPOTHBJEHUS TepMOPe3HcTOpa MOCT BHIXOZHT H3 pPaB-
HoBecds, Tpausucrop [IT, HauuHaeT TPOBOAMTbL TOK, KOTODBI Hacbi-
weer Tpansdcerop [JT, U MNOCAEAHHA IUYHTHPYeT BXOAHYI Hemb TH-
pncropa Tupncrop sanupaercsi, W HanpsKedue CHHMAETCR ¢ HArpyskH
A0 Tex 1Op, IIOKd TCPMOPE3HCTOpP HE OXJAMMTICH BHOBbL QO KOMHATHOH
TeMrepalypel. MHTepBasbl «BKIOUEHO—BBIK/IIOUCHO» UYepPEeAyloTCs ¢ ue-
PHOAAYHOCTBIC, OOYC/AOBJAGHHOH TeMIepaTypou cpelbl, nphieM BpeMs
BKJIOUGHHOIO COCTOSIHMSI YBeJMYHBAETCS, eCJH TeMreparypa IOHH3H-
aacb, ¥ ofpatHo Ecan R, ¢ SBIAETCH TeMOBOA MOAENbl0 HArpy3kH,
TO €XeMa MOXET MCNOJNb30BaTbCH A CTAGH/AM3ALHUH TeMNepaTyphl Ha-
TpysKd NPH KOMeGaHHAX OKpy:kaioulell TewIepaTypsi M HampsmeHus
CETH.

DBojee caoxHas ABYXNOJAYNEDUOIHAsA CXeMa MPONOPHHOHAALHOTO
peryaupoBanug (puc. 8-9) sddexrusHa B Tex cayuasix, xorja Kejd-
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Puc. 8 8. OpnonoaynepuofHas cxe-
Ma CTATHMECKOrO KJjua s pery-
JAPOBAHNs TeMIepaTypH.
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Puc 8-9 [lponopusoHaibHhLill pery/asTOp TeMueparypol Ha Gase ABYX-
NoJyNepHOAHOro Kiioda NepeMeHHOro TOKAa, KOMMYTHPYIOUICrO B MOMEHT
Nepexoja Hanpsi:KeHHs UePe3 HyJb.
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BroueHo TEJbHO MOJYUMTb Peryid- CKMX 3dKJ/EMOYHBIX MHHCTOJICTOB, o ,
. N i - HMIYJABCHBIX MOJIOTOB H T, N
pyeMbiit k03 OHULMEHT yoH y o a L,  Haepywa zl
Cwewenie JIeHYs  fpW  COXpaHeHun 1€ TOK Harpyskd AO0JXKeI Npo-
M i J
- B _‘_1 ypobua CHHXPONMOK  KOMMYyTamyn \OAMTb TOJLKO B TEYEHHE OJHOLO ;22 2 J:
(xomMyTauuu npH Hyge- [04YyNepHOAA, 7
BOM HaNpsAKeHud). B TeueHHe NOJOKHTENBHOIC
DK AROHEND Thpwsiuwn  meficrena  NOAynNepuoia  Kougexcarop C;  ~106
cXeMLl caeyloumMli, Dje- 3aPAKAEICA  uepes  Harpysky,
Puc. 8-10. K noscuenmio peryaupoBamus  Montil M1, R, Rys, C1, Au0X Zy W pesuctop Ry Io
OTHOCHTeNLHOH AnHTedbROCTH BraAwueHHo-  Hi1, Ry @ Cg oOpasyior TEX MO, NMOKA KHOMOYHLIA mepe-
TO COCTOAHHA B cxeme puc. 89, crabuananpoBanibiii wcTow-  KIIOUaTesab K mnaxoantcs B 10-
HEK MOCTOSMHOTO mamps- JOXeHWH I, THpHCTOD  Gyner
Kenna, B mocrosylo cxe- samepT. Korga K nepesenen >
My BxomsT Mo, Ris, Roo, HT1, Roy, Hio, TP, Ry u Ray. C yBennuenweM B TONOKEnue 2, T0 mpH OTpHila-
HAM yMeHblL .
ymenblUeHUeM COMPOTHBJAEHUS TepMmopesuctopa 7P npu naMeHenusix T€/IbHOM INOJYNEPHOAE HanpsxKe Puc 8-11 CxeMa ¢ OZHOPA30BLIM

TEMIIEpaTypbl Hanpaxenwe HeGajanca MOCTA MOAEeTCH Ha TPAH3HCTOP
T, x satem ycunusaerca Tpamnsucropom [T, B pesysibraTe HaMens-
€TCA ypoBEHb HanpmkKeHusa Ha smutrepe J77a. Oanonepexoxeufi Tpau-
sucrop O/IT ¢ tenoukoit Cs—Rjs BuipadaThiBaeT HH3KOYACTOTHOE
nuioo6pasHoe HanpsiKenue, NPHYEM AMILINIYAd 3TOH NMHJB (PHKCHDO-
BaHa BeJMYMHOH moTeHuuana nepewiiouenns O/IT. Korma OIT nepe-
Kiloyaercs, KoHAeHcatop Cj ObICTPO paspsyKaercs, HH3KHA ypoBeh
noreruxana smuttepa OfIT yepes OTKPuITH# Awoa [ nepesaertca na
6asy [IT;, sanupas ero W QuKcupys 3ameproe coctosuue /IT, W TupH-
cropa T, Beaencrteue sroro Tupmcrop T, oTmmpaetcs u  WIYHTHpyeT
YUpaBJIsiolyio  uenb ABYHANpaBJ€HHOro THpHCTOpA T3, OTKJIOMAf
Harpysky ot cetd. Korgma waapsokesue na Cs npnOAMIHTeNbHO JOCTH-
TaeT ypoBHf TOTeHUHana Kojnexropa [ITy, tpuoawn /1Ty, IIT, u tupH-
CTOp T3 OTNHPAIOTCH, THPHCTOpP 7Ty OCTaeTcd 3amepTHIM, u Harpyaxa
uepes Ty moaxmiodaercsi k ceru. TakuM o0pasoM, nanpsKenHe cMele-
HHt Ha Kojjektope [IT, ynpaBAfieT OTHOCHTENbHON AJHTEJAbHOCTLIO
BKJIOYEHHOTO COCTOAHHS T3 DTa OTHOCHTE/bHAS [JIHTENBHOCTH ONpese-
JiAeTCsT B KOHEUHOM cueTe CONpOTHBJEHHeM TepMmopesucropa. Ckasanuoe
uanoctpupyerca puc. 8-10. TogxsateiBalowee AelcTBHE ABYHANpPABJIeH-
Horo tupucrtopa Ty u Tupuctopa T, Beerma rapanTHPYeT KOMMYTaumio
Harpysky B MOM@HT HYJNeBOTO HanpAMXKEHHs CeTH.

Haa Gonee peranbHoro paccmorpedHs mpPOIOPUHOHAMLHONO DPeryJH-
poBanus cienyer ofparutkes K pasg 12,

8-4. CXEMA Iaf1 OJAHOPA30BOTO OTIIHPAHUS TUPHCTOPA

Ha puc. 8-11 npwsexewa cxema, oGecneudBaiomas npy NUTaHHH
CETH IepeMeHHOTO TOKa NPOBONMMOCIb THPHCTOPA B TeYeHHE TOJBLKO
ONHOTO mnoOJdymepuoAa. 3allyCcK OCYUIECTBJSETCS MpuU IepeBORe KHO-
MOYHOro wepekmouatens K B mnonoxenue [, mpuyeM THPUCTOP OTIH-
paeTey BCETA2 B Fawajie TOJOXKMTENBHOTO NOJYNEpPAOAa He3aBHCHMO OT
TOTO, KOTAa B TeYeHHe ABYX IMpEAUIECTBYIOUHX NONYNEPHOAOB ObLIO
npousseneHo sraoyenne K. TupucTop He 6yder cHoBa OTNHPATECA HO
TeX Nop, NMOKa KHOMKa He OyJaer OTHyINeHa W 3aTeM BHOBb HAXKAaTa.
MonoBuoe ynpasienne HeoGXONMMO B HEKOTOPHIX caydasx AN IHTA-
HHS  HCIBITATEABHLIX YCTaHOBOK, COJCHOHAHBIX NPUBOAOB OSNEKTPHye-

HHSl CeTH 3apSAHBI TOK KOHIEH-
catopa C, (uepes Rz BxOaHblE
3aXKHUMbl THPHCTOPA, pe3ucrop R,
u auop /Ms) OTKPOET THPHCTOP,
rak  kak Cy 1noxaepxupaer
Ha ero aHoje TMOJOXKHUTENbHOE
HanpskeHue Tupuctop Oyaer OCTaBaTbCsi B OTKPHITOM COCTOSIHUA
70 Hauaia NOJOXKHUTENBHOrO TMOJYIEpHOxa 3a CcueT TOTo, UTO TOK
paspsna C,, ompemenseMbiil BejguuuHo# R, Oojblle yAepKHBaOLIle-
*o Toxka llocToauuas ppeMenn uend Ci;Ry nmomxna Guith BuOpaHua Tak,
YTOGL yCAOBHE Ipasp>ymepm BHITOAHAACCH He Oosee ueM B TeyeHHe
ONHOTO TOJIYNepHOAA, TMOCKOJIbKY B TDOTHBHOM <jydae THDPHCTOP OCTa-
HeTCs OTKPHTHLIM B TeueHie NOCAEAYIOWHUX mojynepuonos Ilocie Ttoro
xak C, 3apsauTcst, yNpaBAswomul ToK Oylmer OTCYTCTBOBATh, Jaxe
eciu K ocraercs B moaoxenun 2. UrToGbl OTTmEPEThL THPHCTOD CHOBA,
najgo nepesectd K B nosoxenue / u paspamute Co.

oTnupaudeM Tupucropa I[lapamet-
pst menu Ry, Ci moTKHB OHITh CO-
IJ1acOBaNBl € YJEePKUBAOMIUM  TO-
KOM THpnCTOpa (CM. TEKCT).

8-5. PETYJAATOP 3APAOHOIO TOKA
AKKYMYJSATOPHBIX BATAPEH

PucyHox 8-12 HAMIOCTPHPYeT OTHOCHTEIbHO TIPOCTOl CIoco6 uc-
N0Jb30BAHUST TUPUCTOPA B KaueCTBE peryasropa JJs 3apsamiHOTO Bbl-
TOpAMUTENS; TPH 3TCM YCTPAHAITCS MHOTHe HEJOCTAaTKH, CBOHCTBeHHBie
SNEKTPOMEXAHHUECKUM peJe HATPAMNKEHHS' NpUIHNaHne, o6ropanne KOH-
TAKTOB, pasfyuie YpoBHel cpafaThIBAHMST M OTHYCKaHdd, H3HOC MOZ-
BukHoil wacty n 1T 1 PacomarpnBaeMas cxeva J[AaeT BO3MOXKHOCTH
sapsxKaTh 12-BOJBTOBYIO aKKyMyJIATOpHyio OGaTapelo TokoM Jo 6 a
3apaausie ycTpoiicTBa mis Jpyrux HanpsikeHufi or 6 mo 600 6 u ToO-
KCB BWIOTE 10 300 @ Takxke MOTYT ObiTh BHIIOJHEHB Ha NOJ06HOM
N UHILHIE.

Korma HanpspkeHue 3apsaxaeMoi Oarapen HOCTHraer 3HayeHud,
CCOTBETCTBVIOLIErO NOJHON 3apsAake, TUPHCTOP OTKJ4aercs i Oara-
pesi NepeXORKT B peMHIM J03apAJKH MajgblM TOKOM, OTpelesieMbIM
seqanunHoll Rj.

JIByXnonynepuoNHL i BuinpAMUTeab Ha Beutuadx i u [s nuraer
MOCTOAHABIM TOKOM aKKYMYJMSTOPHYIO 6araper uepe3 NOCAEAOBAaTENbHO
BKIIOUEHHBIl ¢ Helt THpPHCTOP TP,. Ipn uu3kOM HANpPsIKeHHH OaTaped
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Puc. 8-12. Peryasrtop 3apsiaHoro

TOKa axkkyMydsropuoit Barapen.

TUPHCTOD OTIMPALTCH B TeUEHHE KaXKAOTO hOJYIepHOAA uYepes pesucrop
R v gmox [, Ilpiu 3ToM HamnpsiKeHlle Ha ABHXKKe MOTeHUHOMETpa R
HIXKE MOPOrOBOIO HanpsixeHHs crabunutpeHa s, 1 Tupuerop T, He
mcxer ornuparbes. Korpa nanpsnkenve Gataped npubaHMKaercs K 3Ha-
YOHHMIO TONHOrO 3apsajfa, THpuctop [z HayuHaeT ODIHPATBCS B TeyeHHe
Kaxaoro nosynepdona. CHauasna ero yrojq OTMHPAHHS paBen ®/2 (mo-
cjie HauajJa Ka)<Ioro mMOJyNepHOma), TaK KaxX B 3TOT MOMEHT mMHTam-
wee HalpAXKeHHe M HanpskenHe Ha OGarapee Makcumanbhul Ilo mepe
TOrO KaK HampskeHHe GaTapeH MOAHMMAaeTcs elle BbILIE, YroJ OTNH-
panust Ty yMenbuaercs 10 Tex 10p, Moka Iy He GyAeT OTMHpaTLCsd,
J0 TOrO Kak Hanpsi>XeHWe Ha aHoje Ty JOCTHIHET BeJAYUHB, HeO0OXO-
nuMoit, urtodn: otnepers Ty, Korma T. oruxpaercqd mnepBbiM B HayaJje
KaXJ0ro MOJYIEPHONA, HelHTelb HanpsikeHlus Ri, R cozgaer obpar-
HOE cMellexde Ha YIPaBASIOUWCM 3XeKkTpoiae [, W MOCHeJHH{l OCTAeTCH
zanepimv. Tox Oydeproro nopsapsasa upoxomur uepes auong s H
pe3ucTops! Ki 3apsAn NOAHBIM TOKOM HAUAHACTCS ABTOMATHYECKH, KO-
raa Hanpsokende Garapen ynager W T ncpecraier OTIHPaTbea AUOO
€0 YIOJ OTTHPAHHA YBEJAHUHTCS.

8-6. CTATHMECKHH KJ1104Y HOCTOAHHOI'O TOKA

Ha puc. 8-13 nokasana cxemMa CTaTH4eCKOTO THPHCTOPHOrO KJa04a
NOCTOANHOTO ToKd. Korpa K ylipapisiolieMy snektpony Ty mpuaoxeH
CHTHAJ, THPUCTOP OTNHPAETCS U HaNpsKeHHe MPUKMAJbIBaeTCsi K Ha-
rpyske. [Ipapas ofknaaka KougeHncatopa C 3apsiKaerca MOMOKHUTEb-
HO OTHOCHTCAIBHO JeBOil ueped Ry. Korpa ornnpaercss Ta, xonacmcaTop
C okaspiBaeTcql ‘BKMOUCHHLIM MeXAY 3axumami 7T, ® pesyibrate
Yero 3TOT THPHCTOP MPHOBEHHO NoJdydaer ofpalnoe HaANpsiKeHHe Mex-
Iy aHogoM H KaroAoM. JTo HampsikeHue oTkaiouaer Ty H npepoisaer
TOK Harpy3kd IpPH YCJOBHH, UYTO YNPAaBJAIOMHA cHPHAJA He nojaercs
OAHOBPEMEHIIO K YIPaBJAHIOUEMM 3/IeKTposaM ©0OHX THPUCTOPOB.

Tupucrop T3 monKeH noAGHPaThCsi C TAKHM DACYeTOM, YTOGH Ma-
KCHMaJbHbli TOK Manpy3Kl He BBHIXOAMJ 32 Ipefelibl eno HOMHHAJIbHBIX
nauubiX. [locKoabKy [z NO/KEH TPOBOAMTb KDPATKOBPEMEHHO, TO €ro
CpefHHH \[MONMYCTHMbIl TOK MOXeT ObTh MeHbllle, yeM y Ty, Munn-
MajbHad BeNTHUYMHA KOMMYTHpyollell emkocty C MOXeT OHITH Ofpefe-
JeHa [0 CISAYIOIUHM ypaBHEHHSIM:

ana oMuueckolt Harpysku C == 1,44,[/E, mke;

@)
(8-2)

rae fs — BpOMsi BOCCTAHOBJEHust ynpasiasemoctd T4, Mxcex; [— Ma-
KCHMAJIbHbI TOK HArpy3KH B MOMEHT KOMMYTalUuH (BKJIIOUAsi BO3MOX-
uble Teperpysku), @; £ — MUHUMaJbHOE MdTaolllee HOCTOAHHOe HAMNps-
xenue, 8.

Jaa yMmenblienust eMxocTn C kemaTeibHo B KauecTBe Ty BHIOU-
paTh TUPUCIOD HHBEPTOPHOIO TH-
na. Comporupienve Ry mommmo € B—
Goith B 10—100 pas Medblie MH-
HUMAJLHON BEeJHUHHB TDPAMOIO
compotuiBienua T, & sameprom  AEPY3Ka 4 Ry
cocrosuy, Tlocaeauss Bennqmna C
MosKeT ObiTh IOJIyueHa Mo H3Be-
CTHON 'BeJHuMHE TOKa YTeUKH
(mny © JOMOLUBIO TMPSMBIX BOJABT-
aMITepHEIX  XapaKTOPHCTHK) (IS
pacoMaTpPHBACMOTO THPHCTODA.

B Hekotopelx caydasx Tz
MoxeT ObITh 3aMeHed Mexamuye-
CKUM [EpeKIIoYaTe/IeM, IpH KpaT-
KOBDEMEHHOM 3aMBIKAHHH KOTO-
pOro MpPOHCXOAUT 3samupanue T

Ana meEAyKTHBHOR Harpysku C = t,//E, mxd,

7y T

Bxn Omxn
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Kpome paccMOTpeHHOH, MOTYT
BEITb MOAVIGHH UIPYIHE CXEMH ﬁgf?{ﬂ&};‘:ﬁ H’;?Ka-smﬂﬂon A — nas
CTATUYOCKHX BbIKJAIOYATENeH d10- Y PY3KH.
CTOAHHOTO TOKA. g

)
8-7. PEJIE NMOCTOSIHHOTI'O Hazpysna 1
TOKA TR
C CAMOYIEP)XAHMEM r r h 4
U CHJAOBOH TPUITEP \UzHaA & vy

Tlp  srIOYGIHH B €XeMe -"-rr‘-y- 3' =

puc. 8-13 BmecTo pestcTropa Ri ]
BTOPON HANPY3KH H MpH BHIGOpeE Ay T 4_
cootBeTcTBYIOUIMM ofpazom T: 7. /7’02/7_;'31102
MOMHO UWOAYYHTh CT3THYECKHH 1) T
ANaVOT  OMHONOMIOCHOTO  penie \J

¢ caMOy/IepiKaHsiem nia JBa o-
J0xeHus. B 3ToM ciiyiae eMKOCTb
KOMMY PHPYIOUWIEr0 KOHAEHCATOpa
C ponxHa ObTh BHIGPAHA B CO-

I A —-nas
OTBETCTBHY ¢ Hauboablueli me

Huonw
IPY3KH,

Puc. 8-13. CxeMa craTvueckoro kJaioua

Puc. 8-14. TupucropHoe pesie ¢ AByMa
YCTOHUUBLIME NOMOKEHUAMH (Tpurrep).
HHAYKTHUBHOH Ha-
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THPUCTOPIILIE CXFMbI

TOKY M3 UIBYX wHanpysox Jlpy mogade wa ynpapasiolide 3JeKTPOLn
1€ LAeAOBATEIBHOCTI H3 PA3HOMONAPHLIX HMIYAbCOB, KAK MOKA33U0 Hd
pre  8-14, cxema paboTaeT Kak MOWMHBIG Fpurrep Jlaa ympassaeuns
NOACOHBIMR YCTPOACTBAMH TaKxe MOTYT ObiTh HCIOAL30BAllbl CHiyCO-
HAaJbHble KM OpPSAMOYTroJbHble CHIHAJbL

8-8. TAPUCTOPHBIE CXEMbI 3AILHUTHI

CnocobHocTs TMpHCTOPA OLICTPO OTHMPATHCS NA€T 'BO3MOMKHOCTD
€03/laBaTb Ha MU\ BecbMa 3QexTHBUBE CXeMbl LA 32UHTHL DABNHY-
3oro o6opyAOBaHHA OT NePEHANDAMOGHHI n CBEPXTUKOB.

8-8-1. Jawura B Uensax NepeMEHHOro TOKa
OT NepeHanPaeRui

Cxema Ha puc. 8.15 NOKasLIBAET BO3MOXHEI CNOCOG HCNONB3O-
B4HUS TUPUCTOPA BMECTO IKOHTAKTOPA JHJs 34lIUMTH! BBIIPAMHTENALHOTO
anperaTd, MUTAIOWera HACPY3Ky. KATARAR MOKET NipH OnpefeAeHHBHIX
yCNOBHAX NepeXoaHThb B reHepaTOpHMIl pedMM, HanpMMep 3/1eKTPOABH-
rateJb NOCTOSIHHOTO ToKa Mexgy BBIXOTHBIM 3d:KHMOM KaXAOH w3
ABYX BEeHTH/JbHBEIX TPYNN MOCTOBOTQ BHIUPAMUTeNst H OJHOH H3 ¢daa
CeTW TEPeeHHOro 10KA BKMUOUEHT 0O  (URUCTOPY  ROCALLKOBATRNILHO
C OTPaHHYMBAIOWMMU TOK COLUDOTUBAEHHAMD B HOpMAJBHBIX YyCAOBHAX
paBoTbl HH OAHH U3 THPHCTOPOB He TPOBOIMI H 3HEPTHA B COMPOTHBJIC-
unax R we tepsercd. OJHAKO, KOTX4 HanmpsKCHHe HA UIMHAX [OCTOSH-
HOrO TOKA MOBLUUAETCA A0 BENUUHHNL, ONpeReNaeMofi NOPOrOBuLIM Ha-
npsa:kerneM crabnanipowos CTy w CT, tnpucropm Ty u T» ornupa-
I0TCA, BKJIOYas CONPOTHBIeHHA R W He JaBad Bo3voxHocT#H oGpatHomy
HANPAXKEHHIO MOBPEJUTh CHIOBble BCHTHAM BHINpsMHTENT Kak TOMbKO
HZMPSKEHIle HA 32KUMAX HACDVIKH CHALET GHOKC HAAPKIKENHE WCTOY-
JHKa nepeMeHHOro Toka, Iy u Ty NOA JAeHCTBHeM HalpsKeHusa ceTH
BC3BPAILAIOTCS B CBO@ HenpPOBOJsINEE COCTOAHHE.

ITockQAbKY THPHCTOPLL MICPEKMOMAIOTCA B COCTOsIIHe BHICOKOH MpO-
BOAMMOCTIE B TCUEHIle MIKPOCOKVILL, QHH MACYT OuTe WUCHOABLIOBAHB
AN% YCTPANERHS JepeHanpA KN nPH CKONOCTAX 1iapaCTanus, 38 AT Te b

. 10 Goabliux uyeM Te, OpH
XKOTOPBIX  MOTYT  YCmeuws-
HO WCHONLIOBATHCR e~
TPOMeXaHWIeCKHe YCTPOA-
tTBa, TaKHe, Kak pe’e

Ha puc. 8-16 noxasa-
= 112 CXeMa, KoTOpam Mmo-

XKer OLITL MpuUMeHeHa ana
3aUMTHl  OT MEePEXOIHBIY
nepeHanpPIKeHU B camait
CETM  MEPEMEHHOTO  TOKA.
Korma nampsixkenne cemt
TpeBHINIAeT HOPOTOBOE HA-
MpAKEHHE  CTAGHMTPONHA
CT, wponcxoant bpMnpa-
uue Ty mag T, B 3aBHCA-
; MOCTH OT HOJAAPHOCTH me-

>y
i
—

> R cT,

oY

I
+

117 .

R T,

4; r A

Puc. 8-15 3auuta BeHTHJeH BHIIPAMHTE-
A9 OT nepedanpmxexuli Npu Nepexole mw-
TaeMOro ABMrare]a B TeHEPATOPHMH pe-
KHM,
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Pic. 8-16 Cxema 3aliUTH OT MepeHampsKeHUi ceTH
[IEPEMEHNOrO TOKa ¢ HCIONb30BaHHEM THPHCTOPA.
Z, — CONpOTHB/EHHE CeTH.
peMentoro manpsixends B MaHHEbs  momenT. Conporupiexwe Ry
OMpaHMYMBAET TOK 10 BEMIMAHB, KOTOPYIO KPaTKOBPeMEHHO MO-
JKeT BbliepXarh THpHCTOpP. B oiydae  tupucropos tuna  C35

Ry pmouaxHO orpanuyuBaTb yAAPHBIA TOK B TCueHHE OJHOro TeprHoxa
0 BeauudHb, He O6oabiuelt 150 a TlogkaioueHde TAKOH AOMIOJHHUTENb-
HOH HATpy3Kd CHHXKAeT IMepexofiHble HePeHANpPsKEeHHsA, KOTOphle BOC-
MPHHUMAIOTCS HPH STOM CONPOTHB/IEHHEM CeTH MepeMelHOro Tokxa. Ile-
peMeHa MOJSPHOCTH HaNpsXKeHUAs B Leld TIEPEMeHHOro TOKA B KOHIE
HeAYTepHOAa O1KA0YaeT MPOBOASLIME THPHCTOP.

8-8-2. MakcuMaJbHble TOKOBbIE BHIKJIIOYATEIH

B HexoTopnix cxemax ¢ (Pa3oBHIM yNPaBJieHHEM aBapHiHbI TOK,
BHISBAHHBIl KODOTKUM 3aMblKaHHeM, MOXeET JOCTHYb 3a Bpevsl OLHOTO
[epMOAA 3HAUYEHUil, MPUBONAIMX K PaspYLIGHHAM THPHCTOPOB. IJTO He
JOUyCKaeT NpPHMEHEHHs B KayecTBe 3alldThl OObIYHBIX aBTOMATOB.
B HeKOTOPbIX THNAX HHBEPTOPOB, DaGOTAILIKX HA I[OCTOSHHOM TOKe,
MOMXKeT TaKKe OKasaTbCsd JKeJaTelbHbIM HMeTh OLICTPOJeiCTBYIOUIHE
3/eKTPOHHEIE BBIKAIOUATENH, HANPUMep B Clydde CpPbiBa KOMMYTAallHH
(OTMpOXMALIBAHHA MHBEPTOpa).

Bok/aouaTtedy 3allUTHl, INPOCTCHINNGA THII KOTOPBIX 110KasaH Ha
puc. 8-17, BhcJHe YONMEIHO BHIOJHAOT Takylw (yHKUMIO. ITO yCTpoil-
CTBO MOXKeT ObiTh BKJ/IOUEHO MNOCJAeNOBATeNIbHO B Nl MOCTOSHHOrO
TCKa BoiipsIMATeds ¢ (a30BLIM ynpaBneHdeM WIH HHBEPTOPA

JlanHpill NpepuiBaTeNb NpeACTaBiser co0ofi MmO CyIecTBY MOUWLHBIH
K104, KOMMYTHDYyeMBlii NapajenbHoit eMKOCTbio. [Ipu KpaTKoBpeMeH-
HOM HaXaTHH Ha KHOOKY [Tyck tupuctop T, HauMHaeT MNpPOBOIUTDL
TOK H NOABOAMT MOLIHOCTb K Harpyske, €C/lM TOK HAPPy3KH Bbllle MH-
HUMAaJbHOTO yaepxkuBawuero Toka Ty Koumencarop C 3apsxaercs
yepes R, A0 HANpsAMNKEHUS [HTAHHA, [pUYEM TpaBass oOKknalKa KOH-
HZEHCATOpa OKA3LBaeTCs INOONKHTEIBHON OTHOCHTeNbHo jesodl Koraa
T3 oTHMpaeTcss npH KPATKOBPEMCHHOM 3aMblkanuu Kmoiku Cronm, 1o-
AGWHTebHAs OOxsafiKa &Kougencatopa C OKaspiBaeTCst COeAMHeNHOH
¢ xatonoM T, B CBSI3® € UeM 3TOT BEHTH/Ib 3afMUPaerTcs U pasMblKaeT
ucnb Harpyssi T, MoxeT ObIThb TaKXe OTKPBIT OT Najgelns Hanpd-
XeHH Ha Ry 0pH TPOXOXKIEHHI 4epes 3TO CONPOIHBICHHC TOKa Ha-
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NPY3KH, €clM BeJdurHa maye-

3 HHS HanpsXKeuus Ha Ry wu-
= 4 )
3 <= Cmon n Hyc mpAMOE MajeHue Hamps
=

g 34 ¢ { “ Kemus Ha  1emouKe JIMOMOB
52: 4 . Hi oraxencs JOCTaTOYHON

aaa omnupanus Tz, Ilpu mo-
MOIIH Pery/ITHPOBKH BeJHYHHE!
R, m mogpBopa COOTBETCTBYH-
mero ucia [HoCIeL0BaTeNb-
HBIX 11ogoB /i MOXKHO [oJy-
YUTh CXeMY, Kotopas Oyaer
MpepHIBATL  TOK MEPerpyakd
WM TOK KODOTKOTO 3AMBIKA-
HUS IpHU 3apaHee 3aJlaHHOM Be-
JuudHe. YroObl  obecteuuTsb
CTAGUALHBIE TOK OTKJIIOUElHS
pu  xoJeSaHuAx TeMIeparty-
PBI, BCe OCAEIOBATE/bHbIE
JHOABI, 3a MCKAIUEeHHeV Oul-
1IOTO, |1OVI/KHbI ObITh 3aMelie-
Hpl  crabesurposovd.  Jhaa
obeoneueHuss Ooslee TOWHOLD
OTKAIOYEHAS MOMKHO HCIOJb-
30BaTh €XeMYy 3JIEKTDOHHOIO
pene HaNpAXeOHUA HA OIHO-
TepexoHOM TPaH3UCTOpe.
XapakTepuCTHIKH TYHHeNb-
HOTO JHOfla MOr'yT ObIThb TaK-
Xe YOnellHO HCNOJAb30BaH bl
A BBIOAYW YIIpaBJASONEro
CUrHajda MPH NPeBLUISHIH He-
Kotopoll BemewMHabE ToKa. TyH-
HeIbHBIH (IHOJ, XapaKTepusy-
eTcsl OueHb CTAGUIHION Besd-
4YHMHON TOKa, IPH KOTOPOH mpo-
HOXOTMT  €ero Mmep eKIUeHH S
¢ 1eHONBIOrO Ha OTHOCHTENIb-
10 OoubILOE COMPOTHUBJSHHE.
IT0 B COUCTAHUH C OUYEHb He-
3HAYATE/ILHBIM [1aJleHHeM Ha-
NPAMKEHNs AeNaeT 3TH JUOJbl MOUTH HAEAJIbHBIMH NPUGOpaMH AJs1 JaHHOTO
ucnonb3opanusa. CxeMa, pearupyiomas Ha TOKH Heperpy3kHd C HCII0/b30Ba-
HHEM TYHHEJbHOTO ZHOAA @/t BBIKJIIOUATENs, NOJOOHOTO NPUBEIEHHOMY
Ha puc. 8-17, nomeurena Ha puc. 8-18. OcHOBHO TOK HAPPY3KH IPOXOIAT
yepe3 T4 W R;, xoTopoe WIyHTHPyeTca Re, TyHHeldbHBIM muoioM LT H
nepsuuHoll ofMoTKoll Tpanchopmaropa Tp. Conpommemmu Re n Rt
noAGupaloTcs ¢ TaKUM pacueToM, uToGBl uPH MaXCHMAIBHON HArpyske
yepe3 TYHHENbHBIH JHOJA MpoXoAusa ToK MeHee 20 ma. Ilpu 3stom co-
pporuBnenue JT ocraercd MadbiM. Ecau Tok Harpysku Bospacrer RO
3HaueHust, Npu KoropoMm ueped [T HauMHAeT NPOXOXUTH TOK Gojee
20 ma, TO RMOJ MTHOBEHHO MNEpEKJIONaeTCsl B COCTOSHue GoJjee BBICO-
xoro comnporusienuss Ecny B TeueHue HHTepBaja IepeKkaIOUeHHsT TOK
uepes TyHHeNbHH JHOX OyAeT COXPAHATLCA HEH3MEHHLIM, TO Hanpsi-

Myen

— £

Puc. 8-17. Boixkaouareids NOCTOSTHHOTO
TOKA JJs 3allUThi OT CBEPXTOKOB.

Ry — 220 om, 0,5 87; Ry — 10 ox, 0,5 87, R, —
2,2 kom, 10 61, Rs— 2,2 KOM, B 8T
T\.T,; Ttuna C40B, R,=3/I

=047, o mne MK

womm, O Ci=

8-18.

Puc. UyBcTBHTENbHAA — CXEMA
C HUCNOJABb30BAHHEM TYHHEJBHOTO AHOMIA
IJI NPHBELEHHs1 B JAeACTBHE BHIKNIOYA-
Teds no puc. 8-17 ¢ ueabio 3alUTH OT
CREPXTOKOB,

Rs — 250 om, Rg — | xom, 0.5 87, Cy— 2 migh,

10 & Tp! — tpanchopMaTtop ¢ BO3AYMIHBIM
3a30poM, w;=>50; w,=500, T, Tuna CI106B.

HKCIHE Lld €0 3dKHMAX NOBBICHICA OPHMepHO B 5 pad. DTo BHesdnHoe
UsMlllonlie Hanpiscliust Ud  ddkuMax I (03AdCI  uMuy/dbec Hanpa-
HeHUsl HA NepBUYHOA 06MOTKe T'ps, KOrOPMH 6yneT MOBLILIEH ero BTO-
PHYHOH OOMOTKOH (BKMIOUCHHOH (10 aBTOTpaHCHOPMATOPHOH CXeMe) H
HPWJIOXKEH K YIIPABJAIOMIEMY 3JEKTPORY I, B pesyabrare oTnupaHus
T, upou3OljeT OrKMOYeHIE HArpyakH. 3HAYCIKe TOKA BHIKIIOUOHHS
CTalHABHO € TOWIOCILO JO MEOKOJAbKHX HPOLEHTOR B IIKPOKOM AHA-
TlagoHe TemilepaTyp M He 3aBHCHI OT XapaKFepUCTHK omuupauus 7T,

Iapamerpoi na puc. 8-17 ortHocsarcs k HanpsiKeUH HCTOYHHMKA NO-
CTOAHHOTO Toka 127 6. llpu scronbaoBanuu THpHcTOpoB THHA C40 KOM-
MYTHDYEMBIi TOK KOPOTKOTO 3aMblKaiisi He AOJKeH mpesmmars 100 g,
410056l He meperpysurb THPUCTOD Tz B MOMEHT TepeKJIOYeHHUS.

Baaropapa 6nicrpomy KOMMYTHpYIOLleMy ReHCTBHIO THPHCTOPOB TOXK
KODOTKOTO 3aMbIKaHMsi MOXKer ObiTb NpepBaH 3a40JAro A0 TOIO MOMeH-
Ta, KOrfa OH [AOCTHTHET paspyuapilell peJuyuHb. [Ipw HCObITAHHAX
C MOWHLIMA HMCTOYHAKAMH, HMEBUIHMH Majoe BHYTpeHHee CONPOTHBJE-
HHE, KOTA2 CKOPOCTb HAPAaCTaHHA TOKa KOPOTKOrO 3aMBIKaHUS JOCTH-
rana mpuMepHo 10° ajcex, sTor THR BuKIIOYATeNedl OPpaHHYMBAN TOK
KODOTKOTO 3aMblKaHMfl RO BeauyuHbl Mehwee 50 a u obecneyuBas npe-
pPhiBaHAE LefM Harpy3ku McHee vem 3a 20 MKcek mocie IOABAEHHSA
neperpysku.

B HekoTophix caysasx, TpeOylomux BLICOKON HAZEXKHOCTH, MOLO6-
Hb'€ CXeMbl MOryT GBIThb HCNOJB30OBAHBI KAK GOLICTPOAEHCTBYIOLIHe Ie-
permouaTens, oGeceynBAOIHE BKAIOUEHHE BTOPOH HAarpy3KH IpH Bbi-
\OAE 113 CTpos 1epBOR  Tak, HanpuMmep, B cxeve puc. 8-17 BMeCTO CO-
UpoTHBJACHI Ry M R MOTyT GpITh BK/IIOUeHB 3J€KTPOABHraTend. Ecrt
OMHH W3 ABuratetcit OYACT MOBpesAeH, TO HEPEKAIOUATENb BLIKIIOUAET
€r0 H BKIIOYACT pC3epPBHBIA. laxkOe TNepex/moueHMe MOMKeET OCYILECT-
BJSTBCA B TeUEHHE HECKOJbKHX MHKPOCEKYHZ.

Kongencatop € posxen 06/1anaTb FOCTATOYHON EMKOCTBIO, UTOGH:
OGECIeUNTh KOMMYTALHIO TOKA KOPOTKOLO 3aMBLIKAHUS B M(MeHT OT-
kmouennss nemn JIpyruMu croBaMu, OH JosKeHn RaBaTh OGpaTHOe HA-
MpAXKeHHe Ha Ty Kak MUHMMYM B TedeHne 12 mKcek (mpH HMCHO/IB3O-
BaHMH THDHCTOPOB Tunma C40), Tak Kak Ty [JOMKeH HaAeXHO BOCCTA-
HOBUTb CBOWO <HOCOGHOCTL 3AMUPATh TOK, YTOGHI 3AIMUTHTD Lelb ©OT
I2J/IbHEAIIero TPOXOXKAEHIA TOKAa KODOTKOI'O 3aMBIKAaHHS.

8-8-3. BeicTponeiicTBylOmIMA BHIKAIOYATENb € 3JEKTPOHHBIM
yrapaBieHHem

YcipoficTBO, cXCMa KOTOPOro TOKa3aHa Ha puc. 8-19, xopowo 3a-
PEKOMEHAOBANO CeOsl NPM 3aluTe lefell NOCTOAHHOTO TOKA OT INepe.
XO[NHBIX NepeHanpsKeHHd B NUTAOMEH CeTH W OT KOPOTKHX 3aMBbIKa-
HWA B Tens Harpyskn EciaH HanpskKeHWe MCTOYHMKA NUTAHHS NPEBHL-
CHT JNONYCTUMYIO MaKCHMAJbHYI) BEJHYMHY, ONPEJAENsieMyl0 YCTaBKOH
MoTeHHHOMeTpa Ry, TO HanpskeHue Ha sMuTTepe OJIT| TpPeBbICHT Ha-
LPSKEHHE TOUKM MAKCHMyMa, 4TO BLI3oBeT ormyvpanue O//Ty uw oTia-
pedne THpuctopa. Torma K pacuenssoumien Karyilke BLIKTIOUATeN
OyJeT TPWIOKEHO IOJNHOE HANpAXKeHHe CeTH, UTO 34CTABHT BLIKAIOYA-
Tesib Pa3OMKUYTb Lelth MUTAHHS NOCTOAHHOTO TOKAa [akoe ycTpoiicTso
l1e TOJLKO NOBHIIACT CKOPOCTh cPabaTHBANis BHIKIOHATENS [PH Hepe-
HANPAXEHIAX, HO H CO3714eT OZHOBPEMEHHO JONONHHUTENbHYIO HAarpysKy
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Puc. 8-19. [loaynposoaHnkoBsoe pese 3amutThl ueneji no-

CTOAHHOTO TOKa& OT nepeHanmeeHHﬁ H CBEPXTOKOB.

Ha IUHHAX MOCTOANHOTO 10KA, NPelNsiICTBYIOULYI0 BO3PaCcTaHKK HAEmpsi-
heHns HAa Harpyske, NMOKa Bblkjawuarenib He cpaforaer. Kpome Toro,
YCTPOHCTBO 3aillMILAET TAKXKE HAPPy3Ky H MCTOMHHK IHTaHUS OT TOKOB
KOPOTKOro 3aMBIKaHHS, 4YTO OCYWIECTBJASETCS ¢ [IOMOLUbIO COINPOTHBIE-
Hust R3, 110 XOTOPOMY MPOXOHUT TOK HATPY3KH.

Korga Haupskedne Ha 3axuMax R, [PEBBICHT 3alaHHYI0 MAKCH-
VaJbHYIO BeJULHHY, OlpejensieMyl0 YCTaBKOW noTeHuuoMerpa Rj, Ha-
nupsxeHne Ha 3Murrepe OIIT, npeBRICHT TOYUKY MakCHMyMa, BbI3LIBaf,
KdaK M paHce, oruupanue OfIT, u rtupucropa. baarogapa crabuipbHOMY
Rznpshernio ornupanua  OIT nanpskenne cpalarbiBanug Ha R
voxer ObiITb BechbMa HeGOJBLWIHM. B GOMbIIMHCTBe caydaes BIOJHe J0-
ciartouda seiauuyrHa ot 100 go 500 me Ecau tpebyercs saluTa TOMLKO
0T TiepeHalpsKeHHH, TO CXeMy Ha puc. 8-19 MOXHO yIpOCTHTb, HCKJIO-
ynB OfTT; w cBAsamHble ¢ HAM 3jdemenTbl. Ecam ke TpeGyercss oGec-
NEYNTL 3ALATY TOJBKO OT TOKOB IePerpy3KH, TO MOXKHO HCK/IOUHTS
OfIT\ n cBA3aHHYIO C HHM 4aCTh CXEMBL

B rxeme na puc. 8-19 amox [ u xomaencatop C; HCIOAb3YIOTCS
ARA CrlaxKHBaHUs KPATKOBPEMEHHbBIX [epPeHalNpSKEHUN, KOTOpble MOryT
BbI3BaTL CJydaHCe OTKMoueHHe Uend. CONPOTHBAEHHS NOTEHIHOMETPOs
Ri n R, moaupaioTes ¢ TAKHM PAacCieTOM, 4TOGL COOTBEICTBYIOIHe MO-
CTOstHHBlE BpeMeHu ¢ koHpencatopami C, w Cp ofecneunBanu npy Of-
KJIIOUEHHAX TpeOyeMble BOJNbT-CEKYHAHDIC XAPAKTEPHCTHKH.

TupuerTop sBAfieTcs UAeAAbHBLIM 3JeMEHTOM AMs AAHHOTO THHA Ue-
fedl MMeHHo Oaaropaps cBQell cNOCOGHOCTM OTHUPATBCA B TEYElHe He-
CROJIBKMX MHKPOCEKYHJ IOCJAe nojauu curHanaa. Jaa Gojee CuAbHO-
TOUHBIX cXeM  BMecTo Tupuctopa C22F MOryr G6biTh HCIOJIB30BaHB
et cepui C35F wmam CH0F. B n(t.neuuem cayyae HMHOYJbC TO-

TPEGASeMOr0 OT HMCTOUHKKA TOKA MOMKeT JOXOAHTL xo 2000 a B Te-
yeHne 2 mcexk.

8-9. CXEMbI NPEPBIBATEJEN JJ19 MUTAIOUIEFO CBETA

Cxembl npepbiBaTeqed AJs JAMN HAKAJMBAHHA UIHPOKO HCIOMb-
3YIOTCSl B CHCTeMax MUIaHUA YAHYHBIX CBETO(OPOB, HABUTAUMOHHHIX 4
ABHANHOHABIX MEAKOB H DEKNAMHOro ocsemeH#a. OfHO- WJH [ByHa-
MpaB/leHHble THPHCTOPBI ABASIOTCH UAeaJbLHHIMH NpubopaMu Ajsi M-
NOMb3OBAHUS B [NAHHBIX ©O/MacTaAX, NOCKOJABKY OHM MOryT paBorath
B Mnpejejiax IMHPOKOTO AHANa30Ha TOKOB W HAaNpAXeHHH, obecrneyuBast

IpA 5TOM 3HAUHTEJbHO OOBUIYI0 HANEKHICTb, YeM OOBIYHBIE 3JEKTpu-
MexaHHyeckue ycrpoiictBa. OHM HMMEIOT sAuHBI® ODCHMYMIECTBA Mepes
MOIIHBIME [0/YIIPOBOAHHKOBBIMH TPHOZAMH, TAkK Kax He TpeCyloT 3Ha-
YUTeNbHOTO 3anaca 1o AOMYCTHMOMY TOKY MJisi TOTO, YTOCHl BBIAEPHKII-
BaTh GOJbIIHE OPOCKH TOKAa IPH BKJIOYEHHM JIaMn Haka/HBaHHs. KOM-
gunauus OIIT » THpUCTOpa B JaHHOM 00jaciu HaeT NPEBOCXOANbIE
peaysbTaThl, TAK KaK NPH ITOM CO3JAETCH BOSMOMKHOCTb BEChMa MPOCTO
0GecneusTh IIMPOKWH [HANA30H H3MEHEHHsl YacTOThl BX/IOYEHHS CBETa
DX BBICOKOH CTabANbHOCTH MO 4aCTOTE HJH NO HHTEPBanaM «BKJOUeE-
HO» ¥ «BBIK/JIOYEHO».

8-9-1. MpepoiBareap Ha MNOCTOAHHOM TOKE

Cxema Ha puc. 8-20 HUOCTPHPYeT OCHOBHOA MDUHUKN RpephIBA-
tesng ua Gase tHpucropa m OIIT, KOTOpHIH MCH¥eT ObITb JIETKO MOAH-
DHUMDPOBAK WJM YNPOUIEH B COOTBETCTBHM CO ClELH(HUECKAMH Tpebo-
+128
>

BaHUAMH NPHMEHEeHH:.

PenakcaudoHHBI TeHEPATOD
wa OIIT obGecrmeuynBaer ympas.ff-
jolMe  HMIOYJIbCH AN THPACTO-
poB Ty u T, Ilpeanonoxum, 410
T, ornepT n Jamna roput. Ilp4
noraye CJAeLYOUEro ympasasio-
ulero uMmnyabca oTkpoerca Ty,
a T, sanperca Tak xak /-
TEJLHOCTD  YMPABJSIOUIUX — HM-
mYJAbCOB  Meilbllle BPEVEHH KOM-
MYTHPVIOIEr0  OTPHUIATENBHOTO
HatpsKenus Ha amoge, T0 Te
BHOBb OTKDBITHCS HE MOMET H ero
OTHHpaHue {IPOH3OHIET  BHOBb
TOJILKO NPU NOJaue OYEPeSHOTO
YIPaBJSIOIero uMnysabca. Onno-
BpEMEHHOE OTMHPaHHe OGOUX TH-
PHUCTOPOB, NPH KOTOPOM  AalJb-
Heflllag KOMMYTAliHA HEBO3MOXHA, MPeNOTBpamaeTcs 3a CHeT BbI-
Gopa R, cToab Goablliok BeMHYHHBL, 4TO T| MOMKeET MPOBOANTL TOK
TOJBKO KOPOTKOE BpeMsi npu paspaie Cp. Takum 06pasoM, KOH-
gencarop Cp mOYTH Bce BPeMs MOJIEPXKiBAETCs B 3apiiKeHHOM CO-
CTOSIHHH C NOASAPHOCTHIC, HeoGXoAMMONl mas sanupanus Tz Tlpn yka-
3aHHEIX Ha puc 8-20 mapaverpax 4acTora BCMBIIIEK MOXKET C MOMOWbBIO
Rs uamensarbea ot 36 mo 160 B munyty

Puc 8-20 llpepriBatesib MOCTOSIHHO-
TO TOKa AJisl MMNYJBCHOTO BKJIOUE-
HUM JaMIIbi HaKaJMBAHHS.

8-9-2. IMpepsiBaTeqb Ha NEPEMEHHOM TOKe

[pyu HH3KOOMHOH larpy3ke BMECTO IIpepbiBaTeeH Ha TOCTOAHHOM
TOKe, B KOTODHIX Tpefyercss TIDOMO3JKHH KOMMYTHPYIOIWHA KOHAEHCA-
10p, BHITOJHEE HONOAb30BAThb NPEPHIBATENM Ha NepeMeHHomM Toxke. Ha
puc. 8-21 mokasaHa TpuITepHas#s CXeMa TaKOTo IpepbiBaTessd, crocobuas
KOMMYTHPOBATb [IBe He3aBUCHMble HAarpyskd o | xer xaxpas. Tpanc-
gopMaTOp € MOCTOBLIM BBIIPAMHTENeM, pesuctop Ry H KOHJEHCATOD
C: o6eCleyHBAIOT NHUTAHKHE AaBTOKONEOATENBHOrO peNaKCalHOHHOTO re-
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tiepatopa na OIT[ u 1pausucTopHoro Tpuriepa Ha Tpamsscropax., Mex-
ayBasoBoe nanpamenve OIIT cHumaercsi yepes peaucrop Ry neno-
CPCACPBOHEO € 'BETU/BNOrO MOCla A5 CHIXPOHM3AMUI  reieparTopad

Puc. 8-21. Cxema, ocymectaasio-
Waa [gonepeMeHHOe 3axKHraHue
ABYX JaMIl HaKaJuBdHuA C [MO-
MOMIBI0 ABYHAMPABJEHHBIX THPiH-
cropos

Tpl —120/12 &, T, n T, — 1una 5C453
' IPH MOWHOLTH HACPY3KH | KBT 1 Tu-
na SC40B npu 600 sr. €, — 500 Mk,
25 8 C—0.2 mrgp, Ci, C,—005 MKeh,
R\ —56 om: 2 8r. Ry—2 Mos, Ry
1 Mom, Ry— 100 o#, Rs, Rs— 33 on,
R1—Rg — 680 om, Rig—Ry; — 10 Kom,
OIT rtuua 2N2646,

C mATAPIell ceTblo BbiXOmHBle OTpUUATC/ABLHbIE HMIYJILCH 3TOTO Tele-
paropa, cHHMmaeMbie C pe3ucropa Ri, mepeGpachiBAIOT TPAH3HCTOPHDbIN
TPUITED, KOTOPHIRl monepeMedHo OTRMpaer u 3alMpaer ABYHANPaBAeH-
Hete THpHCTOPH. T3 n Ta UYactoTa nepekmouenus Harpysox ompede-
JisteTcsl NOCTOAHHOR BpeMenu (Ra2+R;)Co.

8-10. KOJBUEBLIE CYETYHUKHU

KoJIbIl2BOf “4eTYHK MOKET PaccMaTPHBAThCA KAK YCTPOHCTEO, B KO-
TODOM OIHa Harpyska 3a IPYTOR I[OCNeZOBATENbHO MOAKJIIOYAETCS
K OBUteMy HCTOHHUXY NiTanus |lepekmiodende OCyUECTBIfMETCs BCeFAd
B OJIHOM H TOM e HalPaBIeHHH, W KaXJOe TakOe Hepekaioyenye [Po-
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Puc. 8-22. Koanitenofi THPMCTOPHWE cueTsmk ¢ KaTopuoh
€BA3LIO.

HCXOMUT MOA  JefiCTsMeM  WM-
ynibca, MOJABASMOro Ma ofULHH
BXOHOH  3axem.  KodableBol
CUETURIK BOO‘6UIC SIBAAECTCS BEChb-
Ma JOVIe3HBIM YCNpOICTBOM A8

JHCKPETHOH TeXHWKH, a TUpH- L‘; 90099999 >
CTOPHBIAl CHUETYHK HaCTO HEOOXO- 4ox(z6m) J VI V[T 118

JMM B ITH3KOMACTOTHLIX CXEMAax, 47K(28m)
npeHa3HAueHHBEIX (&1 paboThl [Ei—t—::—ﬁ 47K (2 8m)
MPH 1OTHOCHTENBHO GONBIIMK TO- -

KaxX u Hanpsxewunx. Hanpumep, 0,005 0,005 0,005
Harpy3KoH MecATMUHOTO  THMpH- - - H
CTOPHOTO CYETUWMKA MOTYT OGBITH sarn gy [Joax ey (]33 @
HEMOCPICTBEHHO JaMIIbl HaKaJi- 0,00 b 008 5,005 )
BAHHA HVIH rasopaspamisle 1ud b

poBble WnTMKaTopnl. IToxasan-

aen ma puc. 822 tpexkackas- Tx i i

Hbl  KOALLUEBOH CUCTUUK C Kd-

TOIHON ©BA3BIO MOXer paloraTs x y =
P TOKE H4DPY3KH ¢o 50 ma. >—4

Uucao  KACKANOB  MOKeT Opltp  Jrho

yBeuaerto.  ITyers mapucrop Ty '

MPOBOAMT, a T3 u T3 3aneprh. .
Kounescatopsl Cs u Cy apama-  Phe. 8-23. Koabueso#t Rexapsuiit

CUETYHK Ha THPHCTOPAX AJsE KOMMY-
Talluy rasopa3paiHoro uHGpoBOro
HHTHKATODA,

IOTCST |10 MaMPSDKOHUS  OUTaHHs
uepes nenoukw Rs;—Rys M Ry~
Rn3 COOTBETCTBEHHO, TOrga Kax
xommencaropul Cs m Cg 3apsxa-
jomest uepe3 Ruz u Rgas. Tax
vak Ty npoBoaut, To kongencaropnl C: u Ci; paspsaxeunt C mpHXozoM
OUePeHONO NYCKOBOTO WMIYJAbCA MOMKET CTIEPErbCs TOJbKO THPHCTOP
T», T2k xak muos Z; B U6l ero yNpapisioLIero 3JeKTpoja ABIAETCH
CIMHCTBEHHbIM JAMOJIOM, H& KOTOPOM OTCYTCTBYer ofpaTHOe HampsixKe-
e B 1060M KOJBLUEBOM CUETUHKE MOKET OTNEPETBCA TOJMBKO OAHH
THPUCTOp, CHEAYIOUHA 3a mnposoaAwuM. Ilocae ornupanus T, KOH-
nedcaiop Cs mogxmouaeTcss NHapadneldbHo Ri, NOAHMMAs NOTEHIHAn
ofmero xarofa A0 YDPOBHA HANpA:KeHHs THTaHus, oOecheyuBas o06-
paTHOe HaNpsKeHHe Ha THpPHCTOpe Ty W TeM CaMBIM BHIK/IOUAS ero.
C mpuxoaoM caepywInero IYCKOBOTG HMHOyJibca ornHpaercs Ts H 3a-
napaercst T n Tak nanee TIpeuMymectso cyeTymka ¢ KaTOAHON CBA3BIO
COCTONT B TOM, 4TO Na Harpy3Ke (OPMUPYIOTCH HMIYALCH HampsiXKe-
HHS TMPSMOYTOABHON (OPMBI, CBOGOAHBIE OT KOMMYTAlLlMOHHBIX BBIGPO-
coB. OcHOBHOM HeJOCTATOK — OTHOCHTENbHO GOAbIIHE KOMMYTHpPYIOLLHe
xorpencatopn (C,—C¢), KOTOPHlE OTrPAHUYUBAIOT GLICTPOAEHCTBHE CXe-
vol  Ecan BnHslIMe KOMMYTAIUOHHBLIX npoueccop Ha HanpsXeHHe Ha-
TPY3KH HECYLIecTBeHNO (HamphMep, NPH JaMIIOBOH Harpyske) H Tpe-
6opanust X OHICTPONeNiCTBUIO MOBBHIIEHB, CXEMy MOXHO MOIHpHIHPO-
BaThb C/aeAYIOWHM oOpasoM: 1) ynanuth pesucTop Ry M 3a3eMAHTh 06-
muA Katod; 2) yAamutbh KOHjeHcaTtopw Cy—Cg 3) MeXIAy aHOLaMu
KXol nape COCeAHHX THPHCTOPOB HPHCOSAHHHTL KOHAEHCATOPH MO
0,005 mx.

Ha pnc. 8-23 mokasaHa mogo6Has cxeMa, npeiHasHayeHHas AAN
yTpaBAenus rasopaspAfHHM BHOPOBHM WHAHKATOPOM,
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8-11. CXEMbBI C BLIAEP)XKOV BPEMEHN

CxeMbl ¢ BBIIEPXKKOH BPEMEHH 4acTO HCMOAb3YKOTC B PAa3NHUHbLIA
crcreMax PeryadpOBaHHs NPOM3BOACTBEHHBIX [POLECCOB, a TaKke B He-
KOTOPHIX CHCTEMAX HA CAMOJETaxX W YNPaBjfeVbiX DEaKTHBHLIX CHA-
padax AN BKJIOYEHNA HIM OTKIIONEHHA Harpy3xd uepe3 OnpeleseHHbIl
Jopanee 3afaHHbLIl POMEXYTOK BpeMeHH fnocde KOMaHAb. Jlag Bbi-
MOJHCHAA TOCACAOBATENBHON CEePUH  TAKWX OnepallMii HCHOMB3YOTCH
KacKaj(HbIE CXeMB! C BLILEPXKOH BPeMEHH

8-11-1. TupucropHoe peJie BpeMeHH HA NOCTOSAHHOM TOKE

Ha puc 8-24 noxasana npocras H HalexHas NOJNYIPOBOAHHKOBAR
cxeMa ‘BblepxKH BpeMmeHu Pabouuu TOX U HANPAXKEHHe CXeMbl 3aBH-
CAT TOJNBLKO OT Bhifopa COOTBETCTByIOUlero THpHucTopa. CTaGuiaTPOH
CT ofecneyuBaer crabuiabHoe Hanps:kenue Ha OIIT. Tupucrop uepso-
HayaJbHO 3aMepT, u HaNpsaKeHUe X Harpy3ke He nojgaercd. 3ailyck
ocyllecTBAseTCs AuGO NyTeM NOJA4u Ha CXeMy MUTALLEero Haipsxe-
4ug, SUG0 NyTeM pa3MblKaHWs KOHTAKTd, 3dKOPayUBAIOUIETo 3axKHMbl
C, (na puc. 8-24 ne noxasad) Bpemszapawomull xongencarop C, 3a-
paxaercs uepes Ry H R» 20 Tex nop, noxa HampAXeHue Ha HeM He
MOCTHIHET MaKCHMaJIbHOTO HampsKeHHs Ha smutrepe OIIT. B stor
mcment OIIT orTmupaercs W moxaer yNpaBasiOIIHE HMIYJbC, OTNHApPAas
T,. Tlpn 3roM K 3aXHMaM Harpy3Kd NPHKIAJLIBAETCs I10JHOe Hanps-
¥eHHMe THTAHUA 3a BHIYETOM NajeHns HanpaxeHus Ha T; Yaepxusaio-
wuft ToX aas Ty o6ecnequsaerca uensto Rs v [ Takum oGpasom,
BHeIIHSST HATPY3KA MOXKeT GhITb CHATA WM NOJK/IIOYEHAa B J06oe Bpe-
MsA, TpUieM 3TO He GyjeT BaMATb Ha paGory cxembl Korma Ty onmH-
paetcsi, Hanpsxenne na OIIT chuxaercs Menee uem gmo 2 s Ilpu
3TOM TakXe OBICTPO CHHUXKAETCS W B JanbHefilieM NOAAEPKHBAETCA
HM3KAM HanpsukeHwe Ha C,, B pesyJbTaTe uero 3afaHHbIi HHTEPBAN

BpeMeNH  MOXKET (BbIIepKH
C e+ 200

BaThCs C JAOCTAaTOYHOA TOUYHO-

A, 5 CThiO, C/H OKAXKETCA Heo6Xo-
! Hazpyswa  pampm  GwicTpo  noBTOPHTH
R, pabouwnft muxa Opnako Add
oM yUSHHAS MaKCHMabHON
TOYHOCTH HEOOXONHMO TIpely-
yA OMOTpeThb ITOITOVIHUTENNLHbIE
cr cpeIcTBa ANA GHICTPOR ® TOU-
0 + HOW  YCTAHOBKH MAyaJbHOTO
’II Hanpsixenus Ha C( B Hayame

. " KaXJIO0T0 LMK/IA
Bpems BouaepRkn Leny
Puc 824 Cxeva TOUHOTO noJynpo-  3ABHCHT OT TOCTOSHNOH Bpe-

Mend  (Ri+R)C; w wmoxer
6biTh OTPEryIMPOBAHO Ha JIO-
Oyl0 3aNaHHYIO BeAWUMHY 33
CHET COOTBETCTBYIOUIEro Bbl-
6opa Ry, Rz u C(. Bepxuuit
mpexes BHIEPIKKH BpEMEHH,
KOTOpHIR MOXKeT GbITb JOCTHT-

BOAHWUKCBOTaQ peJse speMeHU [OCTOAHHO-
ro TokKa

R, —22 kowu, 05 6r, Ry— 1500 xom, au
BeWno; Ry — 150 om, 05 ar R,—27 ox,
05 er; R: — 560 om, 2 er; C.— o1 02 g
100 #xp, 15 8, T— tuna C22F unu CIIF;
CT — ctabuautpon 18 8x10%, | er, ONT —
Tuna 2NI1671B
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HYT, 3aBMOMT OT TpeGyeMoli TOYHOCTM, IMUTTEPHOTO TOKa OTNWpawus
OINIT, makcuManbHOA TeMNEPaTypbl OKPYXKaloWeH opeiibi M TOKOB yTeyKH
komgedcaropa u OIIT npn MakcuMaJsbHOH TeMmepaType OKpYXKalolleil
cpepbi. BepxHee mnpedenbHoe 3HaueHHe CONMPOTHBAeHHA Ri+R, onpese-
Jjsierca TeM TpeGosanueM, uto Tok aMutrepa OIT ponxkeH ObiTh pocra-
rOYHO BeviMK, 4To6bl obecneunTs omupaHde OIIT (r e. 6BITL GoJbile
SMHTTEPHOTS TFOKa B TOUKE MAKCMMyMa XapaKTepUCTHKH), uiu

1—n)U
Rt Ry <~ 6-3)
U, tle

rae 1) — MakcuMajdbHas BeAuuusa BuyTpesdero mapamerpa OIIT;, U;—
vwKHHMa/bHOe muTaoulee HanpsikeHde OIIT; /p — makcumanpHbll nH-
koBblfi ToK smurrepa OIIT, H3MepenHblit NpH MeXZy6a30BOM Hanpsxke-
Hni 25 8; /¢ — MaKCHMAJbHBII TOK yTEUKH KOHZeHCATOpa IpH Hamps-
xenun nU,.

Ecau tpefyloTcs Goablide 3HaueHHsl eMKOCTH, peKOMeHAYercst HC-
N0Jb30BATh CTaOHAbHbIe TAHTAJOBBIE KNOHAEGHCATOPLI C MaJloH YTeqyKoi
llpu HONOMBL3OBAHHH KOHAGHCATODPOB U3 TAHTANOBOUW (OABTH HAK 3J]eK-
TPOJIMTHYECKHX KOHAEHCATOPOB HEOOXOAMMO YyuHTHIBaTh 3ddekr dop-
MOBKH, }3-3a KOTOPOTO peafibHasi BeJHUYHHA eMKOCTH, a CJle0BaTesbHO,
1 BPeMsA BBIAEPKKH MOTYT U3MEHAThCA B 3aBHCHMOCTH OT HaNpsKeHHS,
panee AaeliCTBOBaBIIero Ha KOHAeHcarope. DTO BJHSHHE MOXHO CHH-
3UTb, NPHJIOKHB K KOHJAGHCATODY HH3KOe HalpsiKeHHe CMeUleHusi npH
HaXOXIEeHHH ero B HepaGoueM COCTOSTHHH.

B page cayusaes, korga pafora B ycaAOBUSX BLICOKOH OKPy»KaiouleH
TeMnepatypel He TpeIyCMOTPeHA, MOXKHO OIDAaHHYHTbCA HCIOJbL30BA-
HHEM MeHbIIero KOHJIeHcaTopa, A00aBHB aBTOKOJMeGaTelbHbI TeHepa-
top Ha OIIT, xoropuiit Oymer reHepupoBaThb X MOX@BaTh K Oase 2
ocnororo OIIT oTpHuarenbdbie HMOYJbCH HanpsikeHHs nopszka 0,3—
0,5 6. Takde HMny/JbChl YMEHBINAIOT peaNbHYI0 BeAMYMHY IMHTTEPHOrO
TOKa OTiHpaHkd npuMepHo B 100 pas, B oBA3u ¢ yeMm BO3MOXKHO, cie-
LOBATENAbHO, HQIONb30BaHKe GOJbMIero 3apAZHOTQ  CONPOTHBJEHHUS
Ri1+Rs, a oTcioga M MeHblIMX 3HaueHHH eMKocTH C; ITO NO3BOJAsET
NpUMeHATh BMECTO JOPOTHX TAHTAIOBBIX KOHAeHCAaTOPOB GyMaiKHbie
KOHJEHCATOPE! C Masofl YTeYKOR MM KOHZEHCATOPH C MOJMUCTHPOJBHOH
TIEHKOH.

ConpotuBienue R; MOXKeT CIYXKHTb JAf KOMIEHCAUMM BAUAHHUA
TeMnepatypsl Ha pabBory CXeMbl, IIpHYeM YyBeJdHYyeHHe R3; NPUBOXHT
K TOMY, YTO HHTePBaJ BbIJEDXKKH BpeMeHu OyaeT UMeThb Gojlee TOJO-
KyTeJbHbIA TemnepaTypHbiii KoadpuumucHT. [losHbii  TeMnepaTypHbIH
Ko3(hdulMeNT MOXeT ObITb YCTaHOB/JIEeH NpH JO6GOH 3alaHHOH TeMIe-
paType HyJeBbIM, 4TO JAOCTHTAeTcs 3a CUeT TIHATeNIbHOrO NoaGopa R
Omnaxo noaHas KOMIeEHCAllMsl B HIMPOKOM [JHana3oHe TeMIepaTtyp He-
BO3MOJKHA H3-32 Da3NHYHOI0 BJHAHHA TeMNepaTyppl Ha OTAeNbHbIE
3JieMeHTHI.

HameHenne ycraBku ycrpofictBa Ha puc 8-24 mpu  HOACOTOBKE
K ApYIOMY HHTepBaJly BBILEPKKH TpebyeT otkmouesus Ty aubo 3a
cYeT MTHOBEHHOI'O IUYHTHDOBAHHS €ro KOHTAaKTOPOM [epekjaiouarensl,
JHOO 3a CUET OTKJIOUEHHS HCTOUYHHKA NHTaHHS
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8-11-2. Peje BpemMeHM ¢ NHTAHHEM OT CETH
HepeMeHHOro TOKa

Ha puc. 8-25 noMemieHa cxXxeMa BBIAEPIKKH BPEMCHH, HCIOMB3YIOULAS
abixoAtoe pere. B coctogann nokoqa Ty orkpslT n pene Py so3GyxaeHo.
[lpi 31O0M KOH1anr Pya 3aMKHYT, B pesyablaTe uero Cj OKa3LlBAeTCR
sauiynTapoBasHbiM. Yto6el BO36yAUTh cxeMy, kHonka [Tyck ua xopor-
kOe BpeMs 3aMbiKaeTcss H LIYHTHpyeT I’y uepe3a kouiakr Pig, 3anupad
Ty. Tlpu ornyckannu xuomxku [lycx pene Py ofecrounBaercss u cxema
HZYWHAET OTCYUTHIBATH HHTEPBAJ OTpedeseHHOH MIMTeNBHOCTH. UTO6H
NpeJOTBPaTHTh BO3MOXKHOCTb KakMX-1u00 HeTodHocTedl B paloTe BCaed-
CTBHE MOBTOPHOTO 3aMBIKAHHS KHOTUKH, MPEAYCMOTPEHO BKJIOUEHHE 3TOH
KHONKI ucpe3 iouTaktel pene Pys. Konpencarop C; 3apaxaercs uyepes
Rs v Ry A0 Tex mop, NoxKa HalpsiKeHle He JOCTUTHET [HKOBOTO Ha-
npsixkenust onnupaHas OIIT. ITonoxurensHblt HMMOYJbC, TOJAyYaeMbli
Ha 3axuMax Ris, ornupaer T3, KOTOPIl Bbi3biBaer cpabaThiBaHne pene
u 3apepmaer pabounnt uukn. Pafora cXempl MOXeT OLITh npepBaHa
B J060e BpeMs,, AJas uero HaxHMaloT Ha KHonky Cron, ormupas Ta-
keM obpasom Ty, Konpgencatop C. mogaer TOK ucpe3 Rys locje BKIO-
YeHHA HCTOUHHKA MHlanuxsg, OTnupasi 1akdMm obpasom T, u npuBoAs
CXeMY B COOTBETCTBYIOLlee Haua/JbHOe COCTOSHHE.

JINMMTENLHOCTD [HTEPBALa BLULEPXKKH ONPeNeNAeTcs YCTaBKOf TOY-
HOTO IIePeMEHHOr0 CONpPOTHBJEHHA Rio ‘¢ UEPBAYHBIM [PHBOAOM B IIpe-
zenax ot 0,25 xo 10,25 cex ¢ BO3MOMKHOCTDIO H3MEHEHHS BBINCPHKKH
yepes 0,01 cex. Haumenpmag suaepxkka 0,25 cex onpeneasiercg 10-
TIOMHUTENLHBIM TIOCJAed0BaTeJbHBIM CONPOTHBICHHEM HaualbHOR Kaaub-
poBkn Rs. Ilpu nomomu nepekmouatena [1 moryr GbiTb MOAKI/IOUEHBE
JOMNOJIHHTEAbHLIE NOCAeA0BaTe bHble conpoTtusienuss 100 u 200 kom, 4TO
BaeT BO3MOXKHOCTH YBeNHYHTb AHANA30H BBLIEPKEK BpEMEHH COOTBer-
cmBerno Ha 10 u 20 cex. YersBeptoe nonosxeHue [T orkaioyaer Bpemsi-
32[a10I0yI0 Uenb H OGecnedunBacT, TaKyM 00pasoM, BOSMOXKHOCTb aBTO-
HCMHOTO YTpPaBJARHHA BKJIIOYeHHeM H OTKIIOUEHHEM pele.
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Puc. 8-25. Pene BpeMeHH ¢ NUTaHHEM OT CETH NMEPEMERROTO TOKA.

Ry— 2 om, | 81, Ry, Ry— 330 om, 05 er; R, — 35 os, 5 8r; Rs — 2,5 KoM, nuHefino;
Rg - 25 kom, 0,5 6r; Ry — 100 xcm, 0,5%, 0,5 ar; Rs— 200 koM, 0,5%, 0,5 61; Ry —
10 om, 0,5 87; Ry— 100 xom; Ry — 150 ou, 0,5 67; Rip— 180 om, 0.5 87; Ry —
1.2 kom, 2 ar; Ry — 100 om, 05 er; Cy— 500 uK, 50 8; Cr— 100 uxeh, 50 8;
Cs — 100 #K®, 20 8 (Tautanosmit), Cy — 10 smxp, 50 8; 7 — tuna CISF nan ClIF;
CT — 18 8%+10%, | ar, OFIT Tuna 2NI671B; JI,, JI; — namnnt 24 8; Tp — 115/25 8,
25 aa.

R
LD

AN/

3 3

Henbitanss cxeMbl OKasaln abcomoTHyio TouHocTs B 0,59 mocie
HeuaabHCH KanuGpOBKH H HeCTaGHNBHOCTL BLLIEPKKM [PH TNOBTOPHBIX
urkaax 0,059% wuax MeHbiue.

8-11-3. CeepxnpeunsnHonsoe peje ¢ GOJbIIOH BLLAEPKKOM
BpEMeHH

Ilpn momoms cxembl puc. 8-26 MOXKHO NONY4YATH 3apanee 3aZaHHbBIE
BLULEPKKH BpeMeHu oT 0,3 Mcek no 3 mun ¥ Oojee, He WCNONB3YS TPH
3TOM B KAauecTBE BDEMA3ANANIIUX TPOMO3JKHE 3JIEKTPOJUTHYECKHe KOH-
AeHcaTopsl. BMeCTO 3TOro HCmosbayeTcsi CTAGUABHBIN GYyMaXKHBH MY
TUIEHOYHLIH KOHZEHCATOD C MaJbIM TOKOM YTeuKd, H TOK, COOTBETCTBYIO-
A TOYKE MaKCUMyMa XaDakTePHCTHKH OJHONEPEXOXHOIo TPAH3UCTO-
pa OIIT,, HCHOJB3YEMOTO B KauecTBe BPeMS3aLAIOMIETD, YMEHbUIAETCH
npumepo B 1000 pas 3a cyeT nojaun Ha cro BepxHI0 6a3y oTpula-
TeJbHBIX UMHYABCOB 0,75 6 OT HeCHHXDOHHBHDOBAHHOIO TeHepaTOpa Ha
OfIT,. DTy MMIYAbCHI MOMCHTZJAbHO CHHJKAIOT HANpSIKeHHe, COOTBET-
CTByIOllee MakCHMyMy xapaxrepuctuxu OIIT,, uyem oGecneunBaercs
BO3MOXHOCTb NOAaYX NxKOBOro Ttoka or Cj, a He yepes Ry. Uacrora
HMNyJBCOB, renepupyemblx OfIT3, He KPHTHYHA, HO OHA JOJKHA HMeErb
nepuon T, KoTephli Membme, yeMm 0,02 R4Cy. Tlpn R;=2000 Mom
Ci1=2 mk¢p Taxkas cXemMa ofecClleuBana CTaGUIBHYIO BBHIEPIKKY Bpe-
Medu Gojsee 1 4. Comporusnenue R, BhiGpaHO AAA JAydilel CTaBHIH3a-
LUHMA TOYKM OTHHPAHHA B Tpededax HeoOXOAUMOro nuanaszoHa TeMOepa-
Typ. Tak xax BXxomHoe moxuoe conporusaedne OTIT Tuma 2N494C mo
ero ornupauus Gomee 1500 Mom, TO MahCHMaJbHO JOCTHXKMMasi BHI-
nepzsxa BpeMeHU OrpaHHYHBACTCA B OCHOBHOM BEJAHYMHO} TOKAa yTed-
Ky 1.
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Puc. 8-26 Cpepxrounoe pene BpeMmeHn ¢ GoabUIof
BBIIEPKKOM,
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8-12. HAHOAMIIEPHASI YYBCTBUTEJIbHASI CXEMA
C BXOAHBIM CONPOTHUBJEHHEM 100 Moxn

Cxema, mpeacraBieHHas Ha puc. 8-27, Moxer ObiTb HCINOJABL30BAaHA
B KayecTBe MYBCIBHTENBHOTO AETEKTOPa TOKA WJM AETeKTOpa Hanpsxe-
HHS, HMeloliero 6O/bIIOe BXOAHOE comnpoTHBieHHe. UTOOn ofecmeyuTs
YYBCTBUTENBHOCTD K BXOLHOMY TOKY MeHee 35 H@, HEOOXOLHMO HCIOJb-
30BaTh MeTOJl, ONHCAHHME B npeawiayileM maparpade. B pesyabrare
BXOJHOE conporuBieHue pasHo 100 Moxu

Conporusnende Ry OTPeryqupoBaso TakuM 06pasoM, 4T06bl cXeMa
He cpabaTbiBajla TpW OTCYTCTBHM BXOZHOro ToKa [sx. [sx 3apsaxaer
C» 4epes BXOLHOEe CompoTuBieHHe Ry=100 Mox, n npsmMoe Hampsaxe-
uue Ha smutrepe OfIT, yBemuuuBaerca. OaHako R He MoxeT ofecne-
YHTb TOK, COOTBETCTBYIOIMII TOYKe MaKcHMyMa Xapakrtepuctuxkun OIIT,
(2 mKka) ¥ HeOOXOXHUMBIA NI OTHOHPAHHA NOCAELHEro; 3TOT TOK MNOJY-
ualoT oT Cj, NOHMXKAs MTHOBEHHO HampsukeHue ormupanus ONIT, nuxe,
yem wnanpsxenue Ucy Penaxcanuonnnifi remeparop za OIIT, nopaet
nad 5TOR Lesu Ha BTOpylo 6a3y OIIT, cepdio OTPHUATENBHBIX HMITYJlb-
cos 0,75 g. Tlepuon koseGamuii remepatopa Ha OIfIT: ue KpuTnden, HO
LOMKeH 6nITb Menbmie, yeM 0,02 CoR,.

Kongencatop Cz MOXeT OblTh BbIOpaH HeGOAbIIMM AJs NOBBILIEHASA
GbICTPOAEHACTBHST CXeMEl, TaK KaK SHeprus, HeoOXOZHMas AAa OTHHpa-
unst OIIT,, sanacaerca xoHgeHcatopom C,. BoccranoBiieHHe HayadbHO-
r0 COCTOSIHMS TPOHCXOZHT OGHICTPO, 06a KOHAEHCATOPA 3apAXKaOTCH
neppoHayaasio or Ry Hexoropaa rtemmepaTypHasi komneHncaunus oec-
HeyHBAeTCs 3a cYeT BhiuuTamuss U3 ToKa yredkn OIIT, Toka yreuxku M.
[lanbHefimas KOMNeHcalldsi JOCTHraerca 3a cueT noAGOpa pesucropa
Rs. Ecay Heo6Xx0AuMO 3a3eMJHTb OJHMH M3 BBIXOJHBIX 3aXKHMOB, cle
AyeT HCMO/L30BATh HE3R3EMJICHHbIT MCTOYHHK NHTAHUsA AAsl Of(HOIEpe-
XONHBIX TPAHSUCTOPOB ¥ NPHMEHMTb Da3ieHTe/NbHBI TpaHcdOpMaTop
mexay OITT, @ ynpaBAsiOUMM 3JEKTPOXOM THPUCTOpPA
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Puc 8-27 HauoamnepHas uYyBCTBHTEJNbHAR CcXeMa

8-13. PASJIMYHDIE KJIIOYEBBLIE CXEMBI
THPUCTOPAX CEPHUH C5, C6 u C106

HA MAJIOMOIIHBIX

Tupuctopnt cepuit C5, C6 u C106 nMmeioT 6oJbUIYIO UYBCTBHTE/b-
HOCTh 10 yHpaBAsIOeMy 3/eKTpoay. Il1o3ToMy ympaBieHHe HMH MO-
x1€T [POM3BOJAUTHCA OT TAKUX MAJOMOIIHBIX HATUXKOB, KaK TepMOpe-
3HCTOPH Hau QoropesncTopsl. Takue THPUCTOPHI MOTYT TaKXe HCMOMb-
30BaTbCl  KaK JIPOMEXYTOYHble YCHAMTeNH AJs yupabldeHus OGonee
molHeIMKE npuGopama Tupuctopel C5 TakKe HPUTOAHBI AJA HCNOAL3O-
BaHUS B KauyecTBE BCChMa BHICOKOBOJILTHBIX TPaH3HUCTOPOB C OTrAasjieH-
noil 6asoit

8-13-1. JiByxno3uuuonHoe pese ajas KOHTPOJS
M peryJiupoBatusi TeMneparypbi

Cxema Ha puc 8-28 saBasiercsa BecbMa yAoOHON A/ KOHTPOJS Teu-
fepaTyp B 3alaHHOM JHaNa3oHe; B KauecTBe ec ABYX HArPY30K MOIYT
ObiTh BKJKOYEHbl HHAMKATOPHbie JAaMIlbl WIH pele, yKasblBaloOUlHe Ha
LOCTHIKeHHe OOGBEeKTOM TMpelesbHOH <«BBICOKON» M «HI3KOH»  TeMie-
patyp.

B kauecrse Tp/ wucrmosb3cBaH TpaHchopmaTop Hakaia Ha 6,3 &,
BTOpHuHAA O0GMOTKAa KOTODOro MpHCOeJMHEHA K AHATOHAJH 4YeThipexilie-
yero Mocta. Korga MocT ypaBHOBeLIeH, BXOAHON CHTHAJ NePEeMeHHOrY
TCKa paBer HYJIO0 1I YNPaBASIOIIHH CHMHAX THPHCTODA OTCYTCTBYET.

ConpoTHBJIEHHIA NWCY MOCTa AOCTATOYHO MaJjbl, ¥ XaPaKTePHCTHKA
NPSIMOrO 3aMepToro COCTOsiHHS TUpHCTOpa crafuabma (cM. § 4-3-6).
Ecnu B pesysabTaTe TOHMXKEHHS HJIM TOBBILIEHHS TeMIEPaTyphl TepMo-
pesuctopa TP MOCT BblilleT u3 pPaBHOBECHS, TO MEXKIY YIPaBASTIOLHM
3JMIEKTPOJLOM U KATOJOM THPHCTO-
pa TIOSBHTCA NepeMEHHOe Halps-
Xenue B 3aBHOMMOCTH OT Ha-
mpasJyesns pasbanaHca Mocra
MOJIOKUTENLHOE  yUpaBasiouiee
Hanpsikenne 6yxer Jaubo B da-
3e, qmBo B mpoTuBodaze ¢ Ha-
npsixkennem cetn B mepsom cay-
yae TOK 6yler NpOXOIUThL uyepes
Harpysky I, BO BTOpOM — uepe3s
Harpysky 2. Huwox [ upensircr-
BYeT [OSABJEHUIO YPE3MepHOro
OTPHUIIATENBHOTO HAMPHKCHHUA HA
YIpABASIONIEM 3JMeKTpOje THPY-
cropa Ilpm yKasaHHMBIX Ha pAC
8-28 mapaMerpax 3JeMEHTOB H
HOMO/Ib30BAHUE  TEPMOpE3UCTOpa
tana GE2D052 cxema Gyzer pe-
anwpoBaTh Ha H3MEHEHHE TeMile-
1—2°C Bosmoxua 3za-

Py

Puc. 8-28. [Byxnosuuuonnoe pese

parypsl I KOHTPOJS W DEry/iupoBanHHA
MeHa TepMOPEe3HCTOPa Ha APYIHE  TeMmmepatyphl IlyHKTHpOM mOKasa-
HaTYdKe, H3MEHSIOUIME C©BOe C€O-  Hbl JMOAB I WHAVKTHBHON Ha-

TDOTHIBJAGHUE, TaKue, Kak xal- TpY3KH.
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— MHEBO-CyAbPHIHble (HOTOPE3HCTOPLl KK
TeHIOMETPHUECKHe [MaTUHKH CONPOTUBIE-
must, Miges ypasuoBewensoro mocia (puc.
8-28) MoxKer OblThb TaKkKe HCNONb3OBAHZ
sl BKIIOHeHMsT MOLUHOH Hanpy3KH € Jo-
MOWIBIO OOHIMHLIX THPHCTOPOB. Mamomoll-
Hbie Tapucropel CHb ¢ MOMOOHBIM ynpapJie-
HHeM MOMNyT ObiThb TaKXXe MONOMb30BaHbl
A8 BRIIOWEHUs HATpeBaTelbHBIX 37eMeH-
TOB € UEbI0 PErYIMPOBAHUS TeMUEPATYpEL;
$ BTOM CJIy4ae OT TePMOpE3UCTOPA MOLaer-
¢ OMTHAN OGpaTHOH CBA3W MO TeMmepa-

Type.

8-13-2. TupucropHbIl perynsiTop
TeMNEPATYPsi C PTYTHHIM KOHTAKTOM

Prymubii  TepMOUYBCTBHTEIbHBIA KOH-
TaKT (OOHOB’leIHbIH HAa W3MEHEHH BbICOTHI
CT010MKA PTYTH B TOHKOHW TPYOKe C BIASH-
HbIMH M eT a4 eCKHM A KOHT‘atKTdMH) sBAA-
emcs Upe3BLMAlMO YYBCTBMTENBHBIM H3MEPHTIBHbIM mpAOOpOM, pear-
PYIOLIMM Ha H3MeneHHe TeMmepartypnt nopsaka 0,1°C. OcuosabiM orpa-
HAYeHHEM 3ITHX MpuOOpPOB ABJACTCS YPE3BbHIMANHO MaJbli RO YICTHMBIH
TOK, KOTOpbHil s oObecrnedeHds HaleXHOCTH H AJIMATEALHOTO CPOKA
cyOul KONTAXTOB ROMMen Obite Memsmie | sa. B cxeme pue, 8-29
Tapacrop tHna C5B CAyXKHMT Kak YCH/HTEIb TOKA PTYTHOIO KOHTAaKTa
¥ KaK JeMeHT, KOMMYTUDYIOIIHi OCHOBHYIO Harpysky.

Tlpu Pa3OMKHYTOM KOHTaKTe THPHCTOP GyMeT OTHHMPAThes KaXKublil
MOJIyNepHOL ¥ NpOiycKATh TOK Yepe3 HarpeBaTenbublfi saemeHT. Koraa
PTYTHHI KOHTAKT ‘B pe3y/ipTare ROBLIILEHHS TeMIEPATYpbl 3aMKHercd,
OTIIHDaHHE THPHCTOPA OYHAET MEeBO3MOXKHO M Ilelb HarpeBaTelbHOro
anemenTa Oyger pasoMkHyra. HauGosbulee peifficTByiomee sHayeHHe TO-
Ka yepe3 PTYTHHIl KOHTAKT, KOTAa OH 3aMKHYT, He mpesbinaer 250 mka.

HazpeBamens
100 em

~12086

Puc. 8-29. Cxema THPH-
CTOPHOTO DEryJsTOpa TeM-
nepaTypbl € PTYTHHIM KOH-
TAKTOM.

8-13-3. CurHanbHag cxema, pearupyiolas
}a NPUKOCHOBEHUE UAH NPHGIHIKEHHE NPeIMETOR

Ha puc. 8-30 nokasana cxema TOJXYITPOBOZHHKOBOTO Kai04a, peart-
PYIOMET0 Ha MPUKOCHOBEHHE MM TpHOAWKenHe nHpenMeros. KoHmen-
carop Ci u OOkNafgKH YyBCTBHTeJBHOTO 3IAEMEHT2 (KOHAEHCATOP» C2)
06pasyloT eMKOCTHHIl JAeqdTeh HANpPSXKeHWs, NPHCOENHHEHHDbI HeMo-
CPEeNCTBEHHO K 3a)KHMaM MCTOYHHKA NHTAHHS NEPeMeNHoro Toka. Be-
JHYWHA I[epeMeNIIoro HanpsKeHus Ha Konjencatope Ci 3aBHCHT OT OT-
nomennst C1/C: u manpsixenus nurtanus. Emxocts C, Oyaer B CBOIO
ouepesib H3MEHATHCS MPH NPHOMMXKEHHH K TYBCTBHTENBHON M/acTHHE Jio-
Goro 3azemiennmoro OOBeKTa ¢ JOCTAaTOYHOH 3JIEKTPOMPOBOLHOCTHIO
(MeTan, yesoBeyeckoe Teno M T A.). Kak ToabKO Hampsikense Ha 3axXH-
Max Ci WpeBbICUT NOTEHUHA] 3a’KHTAHHUSl HEOHOBOH JiaMilbl, KOHIeHca-
toper Cy 1 C: paspaxaiorcst ueped uemp Gaswm [IT), puisnipag Omaupa-
HHMe THPHCTODA, BKJIKYAIOMIEr0 Harpysky.

Harpyaka 6yi1erT ocraBarbci
BKJOUEHHOMH, 110Kd YYBCIBHTENb-
huiil sneMont po3dymuen, Camo-
yaepRUBane MOXKeT OLlTh L0~
CTMTHYTO B CAydyae HeoOXOoauMo-
CTR 3a Cuer OWTAHHS TONBKO
aHONHO# WenH THPUCTOpa MO~
CTOAHHBIM mampaKeHHeM, Patora
c caMoyAeprKanHeM MOXKeT
ObITb TAKKE NOUIyYella MpH ypaa-
JeHu# Juoga [ H poGasiaexuu
IAOA IIOCTeIOBATEIBHO € Ha-
rpyskoil. laa «cOpoca» ueofxo-
JAM  KOHTAKT, Pa3MbIKaOLii
aHoJHYy0 wuenb THpHcTopa. [lo-
CKOJIbKY WyBCTBUTEIBHOCTD K NPH-
OJIHKEHAI0 TIPIMEeTOB  sABJSeTCS
GyHKIMER pacCTOAHHA W pa3Me-
pa  TJACTAHBL  UYBCTBRTEALHOTO
3JIeMEHTd, TO TMpH HeGOJAbIIOM
PaccTOsiHuE pPasMep TJACTHHB MOXKHO yMeHBIUHTD, WHBIMH CJOBaMH, IPH
KHOMOYHOM yIpaBJeHHH» UYBCTBUTEJbHAA TJACTHHA MOMKET WUMETh pas-
mep vouernl [lomobmas exeva yyobHa s MCIONb3OBAHAS B MOIBEMHU-
Kax, JAJs ympasJjedisa palorofi Jsepelt, B cuCTeMax KOHIPOJAs 3a celi-
Gamu, Ans npuBoxa BmKMOUATENEH KOUBEeHEDOB, AAA MOACHETa PAasJIHu-
X 00LEKTOB M hp.

Haepyara
150 8m

Puc. 8-30. Curnansnas cxema, pea-
'THpYIOLlas Ha TPHKOCHOBEHHE WJIH
NpUOAHIXKEHHE NPeiAMEeTos.

8-13-4. 3ameHa THPATPOHOB THPHCTOPAMH

Tupuctoptr C5 SBAAIOTCH HACANLHBIM NYCKOBHIM 3JeMeHTOM A
CUJBHOTOYHBIX THpUCTOpoB (cM. § 4.19). Taxas xomOuHamus uMeer
XapaKTePUCTHKH, NOLOOHLIe XapaKTEePHCTHKAM TUPATPOHA, KOTOPHI OT-
JHYAETCS OUeHb BLICOKHM BXOAHBIM COMPOTHBIEHHEM, OUeHb MAJbLIM TO-
KOM OTNHPaHUA ¥ GOJBIIOH KOMMYTAaUHOHHOR MoLHOCTHIO. OiHako TH-
HMEIOT HeJOCTaTOYHYIO

paTpoHE MEXaHHYECKYI0 INPOYHOCTb, TPeGyIOT

THTaHHUA Hels HaKa/aa, OrpaHd-
YeHHBII YacTOTHLIA JMamnaszoH H3-
3a GOJLIIOrO BPEMEHH JLeHOHH3a-
UMM H XapaKTepHMsyloTCs J0CTa-
TouHo GoMbUIMM IPSIMBIM [age-
HUeM HanpsixKenus. Iloaympopog-
IMKOBBI 3KBHBAJEHT THPATPOHA
C HOCMTOJb30BAHHEM THPHCTODOB
C5 npubnwmxaeTcs K HOMy mO
BGJIHUMIE BXOHOIO (COMPOTHBJIE-
HMfA, JOHYCTAMOR TOKOBOH Ha-
TpysKe U MaaoMy TOKY opaGathi-
BaHHA, HO He HMEET OrpamMye-
HUH, CBOMCTBOHHBIX T[A30paszpsil-
HoiM mpaGopam. OmHako B Ha-
CTOSIILEE  BpPeMA MAKCOHMAJILHOS
npAMOe 3andpaeMoe HampsKe-

Pre. 8-31, Tupucropnas
9KBUBAJIEHTHAA THPATPOHY.

cxema,
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Hide, KOTOPOe MOXEeT GOBITb MOJIYYEHO fipH WMCHOIL30BAHW OJHOTO THDM-
cropa C5, cocraBnser 400 g; HPH NOCAEAOBATENLHOM BKJIOSEHHH J0-
MONHATENbHBIX THPHCTOPOB OHO MOXeT ObITh yBeqwdeno (cM. pasa. 6).

Cxeva nonynpoBOXHHMKOBOrO AaHalora THPAaTPOHa mokKa3aHa HA
puc. 8-31 IIpu orpHilaTenbHOM [IOTeHuWAe HA 3aXKHMe <CeTKd» ¥ cTa-
ODUAH3MpYIOLLEE CMelleHHe AAS THpUcTopa Ty NojaeTcs uepes pe3ncrTopsl
Ry u Rs; Korga Ha «cerky» TOAAeTCs NONOKUTENbHHL NOTeHUUAN, TO
Manovoubtid Tupuctop 74 tunma Cs oTONpeTcs mpH HanuGOblieM TOKE
200 mxa. 3atem omnupaercs TupHctop T» tHna C35, nomyctaMoe jed-
cTBylonlee 3HaueHHe TOKa KOTOporo paBHo 25 a

Tok otnupanus ompeflensieTcss ManoMmolHbiM TipHcTopoM C5, a me
MCUIHBIM; 3TO BecbMa LeHHasd OCOGEHHOCTb, KOTHA HArpy3ka Taxoro
«THPATPOHA» HMEeT 3HAYMTENbHBI!l UHAYKTHBHLII xapakrep. [luom mpe-
NATCTBYET TPau3HCTOPHOMY neficTBWI0 TupHeropa C5, xoraa momoxu:
TeAbHOE HANPSXKEHUE HA YNPABAAOINEM 3/AEKTPOLe H OTPHUATENLHLII
aHOAHLIA TIOTeHLHA] COBMALAIT BO BpeMeHH.

8-14. KINKYEBBIE CXEMbl, HCI1OADb3YIOWHE TUPHCTOPLI
CEPHUHM C5 B KAYECTBE TPAH3UCTOPA
C OTAAJIEHHOW BA3OW

8-14-1. Mepeknoyarens aasi UMGPOBLIX ra3opaspsiiHbIX
HHAMKATOPOB U HEOHOBBIX JaMI

Tupucrop cepuu C5, skmioueinisini Kak TPaHIHCTOp < oTAanACHRON
Ga3ol, MoxeT yChewHo HCMOMb30BATBCA KAK BechbMa BHICOKOBOJLTHEI!
(prGOp, MPUCOAHBIY ANA IEPeK/IOUSHHA Pa3ANUYHBIX TA30pas3PAMNBIN LAD-
POBLIX HWHAMKATOPOB C BHLICOKHM HanpskeHWem nuranus. Homuyanpioe
HanpsXeHHe KOMMEKTOPA IKBUBANEHTHOLO TPAHIHCTOPA paBHAETCR W
OpeBBIITAET HOMHHAJAbhOE HampsiKenue ornupanua ory HCXOAHOrO TH-
puctopa, T. e Moxer poxomnrts go 400 &, B TO BpeMs Kaxk Ko3apdhu-
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Puc. 8-32. Ynpasaenre paboToly undpoBOro nHIHKA-
TOPa € NOMOIUBID THPHCTOPOB, BKJIOUYEHHBIX KaK
TPAH3UCTOPH ¢ OTIaeHHOR Gazofl.

UHMEHT YCHACEUs TIO TOKY B cXeMe C OOUIHM 3MHTTEPOM DaBeH NpHMep-
Ho 2. Cxema Ha puc 8-32 He TpeGyeT 0coSbix NOSICHeHHH; Heo6XOAUMO,
OLHAKO, 06pATUTL BHAMAHHE HA ONOCOG HOAK/IOUGHWS THPHCTOPOB. Ecid
#e0BXO0MMO YCTPOHCTBO ¢ QyHKIHe MaMaTH (BKJIOYEHHE OT TYyCKOBOr0
AMIy/LCa, HO Llelb HAarpy3KH OCTAaeTCs 3aMKHYTOH 40 BHEWIHETO «cOpO-
ca»), TO MOXeT GbiTb HCIOJBL3OBAHA Ta KE CXeMa, HO THPHCTOPHI 10J1-
KPbl OBITb BKJIOUEHB KAaK OBGBLIYHO.

8-14-2. ¥YnpaBsaenue 31eKTPOJIOMHHECLEHTHHIMH NAHEASMU

Jlobas u3 cxem pue. 8-33,0 M 6 MoKeT 6bITh WHCHONBL3OBAHA A8
BO30YXKICHHSA S/EMCH10B 3/CKTPOMOMANECUEHTHOR HHINKATOPHON naHe-
ai D1 B 32BHCHUMOCTH OT KOHKPETHHIX VCAGBHI: B cxeMe ua puc. 8-33,a

HarpySka —BK/IOYEHa MOCHENOBATENbHO M IPH  OTCYTCTBHM  CHI-
Hala HET WHAMKAUMH, B CcXeMe Ha puc. 8-33,6 HcnoMb3OBaHO
——
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Puc. 8-33 CxeMbl [as yupasieHHs 3/eKTPOMOMHHECHEHTHLIMK [aHe-
NSIMH.

HrapajJenbHoe COeAHHEHHE M NPH OTCYTCTBHH cuIllatia WHIMKALHS BKJHO-
dera. B 5THX cXeMax BHOBb HCIOAB3yeTCH cOYETAHMe BHICOKOBOJILTHO-
ctH TupucropoB cepun C5 co OBOACTBAMM TpaH3WCTOpa 3a CYeT 0CO-
60ro BRJAOTEHHA; B HAHHOM CIyyae fOJIyyaercd CHMMETPUYHBI TpaH3u-
CTOPHBIE KJi0u, OGecleunBaOU(HA MHTAHHEe BHICOKOOMHON Harpy3KH INe-
peMEeHHbIM haNpsKeHneM

Pasnen neBathii

THPHCTOPHBIE CXEMbI C $A30BbiM
YONPABJIEHHEM

9-1. MIPUHILUN $A30BOF0 YNPABJIEHUS
lpa dasoBom ympasieHHW KOHTAKTHI HAM KaKHe-HHGYAb KAlOUebLie

HpHﬁOpr BKJAIOYAIOTCST U BHIKJAIOYAIOTCS CHHXPOHHO ¢ TMepeMeHHbIM Ha-
npAKeHHeM HCTOUYHKHKA MWUTAHHA ¥ NOJAKJIICUAIOT NOCAEHHHE K Harpyske



208 CXEMBbl C ®A30BbIM YTPABJIEHUEM

XAPAKTEPHCTHUKU CXLM C ®A30BLIM YIIPABJLHHULM 209

o ¥}

¥) 4%
& D) 2,

!

Yy

b
&

Al
)

7
o

Py i 3
o—{ 7 )
P

$ z

7)

Puc. 9-1. Ocnosnele crniocoGei $a30BOro ynpasfieHusi THPHCTOPAMH
B OZHO(MA3HBIX CXeMax

H — narpyska; ¥ — yopasnenue.

Ha ONpeJesIeHHYI0 DETYIUPYeMYI0 4acTb KaxKJOro NMepHofa ITOT OueHb
spdexTuBHbIE €NOCO6 MO3BOJAET BeCbMa SKOHOMMYNO PEryAHpPOBATH
CpelHee 3HAUeHHe MOUIIOCTH, NOABOAHMOH K Harpyske (Hamnpumep,
3JEKTPHYECKHE JIAMILI, HarpeBaTtenbHble NPHOGOPH, 3JIEKTPOLBHTATENH,
HCTOYHHKY MHTAHHA MOCTOSIHHBIM TOKOM PAa3fMYHOM anmapaTypsl H T. X ).
Peryinposka ocyliecTsiisseTci NyTeM H3MeHeHHs (asoBoro yraa, npd
KOTOPOM HPOHCXOAUT oTnupanue tupucropa. [Tocmenuuit nostovy nposo-
AHT TOK B TeUCHHe OCTABIUEACS YaCTH COOTBETCTBYIOLIETO INOJYHEPHOAA.

H3BecTHO HECKONBKO BO3MOKHBIX CIOCOGOB OCYUIECTB/CHHA (Ha3o-
BOTO ynpasJeHHs 0pY AOMOLLM THPHCTODPOB, NMOKAa3aHHWX Ha puc 9-1.

Campiit nPOCTOH €I0COG OCHOBAH HA HCIOJB3OBAHMH OHONOMYIEPH-
JMHOA cXeMbl BHIIDAMJIEHHA C PeryJHPOBANHeM NPH TOMOILT THPHCTODA
MOJOKHTEJALHON NMOJYBOJHL ToKa B Harpyske (pnc 9 1,a) Dra cxeva
TpHrOfHA AJs CJlydaes, KOria HeoGXOIHMO PEeryJHPOBAHAE MOUTHOCTH OT
HyJs J10 3HAYEHHS, COOTBETCTBYIOUIENO TOJOBHHE IOJMHON BeJHUMHB IpH

JIBYXNOJYNePHOLHON KPHBOA TOKA, H KODAA B LeNH Harpyskn Tpebyercs
WM JOIycKaeDcs TpoTekalide MOCTOSHHON cocrasasiouteil Toka. Ilpu
106aBAeHMH OJHOTO Heynpasasemoro Bentuas {(puc 9-1,6) moayuaercs
cxeMa, ofecneunBaloOlas peryjupoBaHHe MOIIHOCTH /B HArpyske OT IO-
JIOBMHHONO 3HAYEHIIS], COOTBETCTBYIOLIErO OJIHONOJNYMEPHOLHOH CXeMe, 10
HOMHOrO HauOOJbLIEr0 3HA4YeHHsi; H B ITOH CXeMe B Harpyske HMeercs
MOCTOsIHHAA COCTaBisiiomas Toka. CxeMa ¢ JABYsl BCTpPeUHO-IApasiesb-
HBIMH THpUCTOpaMH (puc. 9-1,8) No3BONAET Pery/iHpPoOBaTh MOLLHOCTb OT
HYJdsl /0 TNOJHOrO 3HaueHusi PaBHbie YrJbl OTOHpaHHs 0060HX TUPHCIO-
pOB ofecnevyHBalOT CHMMETPHUHYIO KPHBYIO TOKA B Harpyske Ges3 mocto-
SIHHOM cocTaBaswomlell D1a cxema TpedyeT HIZHBHAYANbHHX OTHHpAIO-
IAX CHICH LIOB H H3OJSIHM BXOANLIX Lened of0ouX THPUCTOPOB APYr OT
APYra, uTo OCYNIECTBJAETCH 34 CUET HCNONb3OBAHHUA JABYX OTAENBHLIX
CAeM YOpaBAeHHs WAH pasjenuresbHoro Tpanodopmaropa TNPH ORHOH
cxeme ynpapjaennss Cxeva moxer TaxkXe 06ecredUTb pPeBepCHBHLIH Bbi-
X0 Ha IHOCTOSIHHOM TOKe, Dery/inpyeMblif MyTeM U3MeHeHHs CHMMETPUH
Y1108 OTHHPAHUS

Jlpyrasg cxevia, oGeclieywBalol(as pPeryJvpoBaHue [IBYXIIOJyNepHo-
HOIO TOKa B Harpyske, nokasaHa Ha puc 9-le Ilpeumymectsom sToH
cxeMpl siBisteTca obniasi ais 0604X THPHCTOPOB TOYKAa Karola M BO3-
MOXKHOCTb COEJHHEHHS BMeCTeé MX YIPaBJSIOUIHX 3JEeKTPOJNOB B 310k
cXeMe QUMOAB CHMMaloT ofpaTHble HANpPsXKeHHss ¢ 0GOMX THPHCTOPOB,
OHaKO J00aBOUHEE NMOTEPH 3a cUeT NMPOTeKaHHs Yepe3 HUX TOKA CHHKa-
OTK 1 1

HauGosee rubkofi apasercs cxema, uzobpaxennas ua puc 9-10,
B KOTOPO#l HMCIOAb3YeTCH ONWH THPHUCTOP, BKJIOUEHHLI B JMarosaflb TH-
PHCTOPHOTO MOCTA, H KOTOPYIO MOXKHO HCTOJb30BAaTh Al PEryJHPOBaHHS
Kak mepeMeHnHoro (Harpyska /), Tak ¥ ABYXMOJAYNEPHOXHOTO BHIIPSAM-
JIEHHOT'O NOCTOSHHOrO Toka (Harpyska H2) Oanako us-3a noTepe MoIIl-
HOCTH B JMOAAX MOCTa 9Ta CXeMa MO K. J CTOHUT Ha MOC/JelHEM MecCTe,
KDOME TOro, B Helf qiJis KOMMYTaUMH THDHCTOpa WHOTAA TPHXOAUTCA
TIPHHAMATb CrlelHasbHble Mepul (cM § 9-3) C apyroifi cropousl, npH-
MeHeHHe TOJbKO OJHOrO THPHCTOPA AJSA PEryaupOBaHUs TOKA B TeueHUe
ofoux noaynepHonos obecneunsaer ero GoJee sdpdekTHBHOE HCIOMb30-
BaHHe, UTO TaKxKe CJAeJlyeT YYUTHIBATL NPH aHajau3e TOH WA HHOHN
paccmorpenHoll cxembl Ilo-BugnMomy, Hanbosee npocrasi, 3KOHOMHYHAA
H HajfeXHas cXevMa Pery/JHDPOBAHHS MOLUHOCTH B LENH HePEeMEHHOTO TOKa
nosydaerca  TPM  WCNOJb30BAHMH  JIBYHANPaBJAEHHOrO  THPHCTOPA
(puc. 9-1,¢) XapakTepucTuKd 3TUX NPHOGOPOB pPaccMOTPeHnl B pasi. 7.
Tor ¢axrt, uTo AByHanpapB/JeHHbil THPHCTOP MMeeT ONWH YIPABJASIOUHH
3AEKTPOA, MO3BOAAICUIMI PeryinpoBaTh NpPOTeKaHWe TOKa B OGOHX Ha-
NpaBJ/ieHHsX, H CaMO3alllllieH OT NOBPeX/eHH B pesyibTaTe IepeHanps-
xenuil, I03BOAAET B HACTOALIEE BpeMs CYHTAThb €ro HauGoJee nepcrex-
THBHDLIM NPUOOPOM /1S HelMed HepeMennoro Ttoka 120 u 240 8 npu
MONHOCTH HArpy3Ku wo 3,6 KaT.

9-2. XAPAKTEPHCTUKHU CXEM C P$A30BLIM YIIPABJAEHMEM

HeyﬂpﬂBﬂﬂeMHe BEIHTMHTE W THPHCTOPLI XAPAKTEPHIYIOTCA BeJIHUH«-
HOH Cpennero ToOKa, Tak KAk 3Ta BeJHYIIHA JErKo oliperensiercss ¢ Mmo-
MOULBIO aMIlepMeTpa 1IOCTOAHHOrO TOKa OpnHaxo MOHIHOCTL B OCHOBHBLIX
BHAAX Harpysku B LEeNfAX IIePEMEHHOTO TOKa onpepe/asercs neﬁcraymmum
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3HaueHUeM TOKAa 3aBHCHAMOCTM OT yrja OTIHHDAHAS o CPefHero, meil-
CTBYIOIIEro H aMILTUTYAHOrO 3HA4YEHHIl HANPAKEHUH, a4 TAKIKE MOILHOCTH
NP AKTHBHOM HAarpyske nokasasbl Ha puc. 9-2 4sis OZHOMOJYIEPHOAHON
(XeMbl W Ha puc. 9-3 — aas ABYXNOMYNEPHOLHOH CXeMbl BHIIPAMHTENS
WM peTYAATOpa MEPEMEHHOT0 HANpPSKeHust NPH CHMMETPHUHOM Derysu-
POBAHMH yria B TeyeHHe OBOHX moaynepuoxoB Tak Kak B TaKuX cxe-
Max THPHCTOp paboTaer Kak KJIOY, TO 3HAUeHHe TOKA NpH /JAHHOM «
3ABUCHT OT BHAA H BEJHUHHBLI CONPOTHBJEHUS! HATPY3KH

B kauecrse npuMepa HCmoNb3oBaHHS ITHX TPADUKOB npPEANONOMHM,
4T0 TpeGyeTCs NUTATH OMHYECKYI0 HArpysKky MowmocTeio | 200 er, pac-
CUMTaHHYI0 Ha HampsKenue 120 g, OT ucTOYHMKA ¢ HampsixeHnem 240 8.
Henocpencrsennoe npucoennnenne sToft Harpysku K HCTOYHHKY AacT
Momroctb 4 800 87, ciegoBarenbHo, Hago BHIOPATH cxeMy, obecreunBaio-
LlUYy©0 MOWHOCTb B Harpyske, pasuyio 0,25 or HauGoabwed. B stom cay-
4ae MOMHO HCIO/L30BATb KAK OIHONOJNYNeDHOAHYIO, TdK M ABYXIOJY-
NEPUOMHYIO cXeMy C (Da30BLIM PeryJHpPOBaHUEM.

Has oaHO(a3HOH ONHOMOMYNEPHOAHON CXeMbl PeryaHpOBAHH H3
puc 9-2 BHAHO, YTO AAs TIOJAYYEHHS YKA3aHHOH BBLIXOAHOH MOWMHOCTH
yrosa mpOBOAMMOCTH THPICTOPA JoMKeH ObiTb paBeH 90°  AMmmantyaa
BbIXOJHOrO HanpsukeHust Ump PaBHa aMIIHTYNe BXOQHOTO HAUDPSAKEHHS
n cocrasasger 240-1,41=340 ¢. Ilpu sToM AeficTByloulee 3HAaUeHHe Bhi-
XOJHOro HanpsixeHusi pasHo 0,353-340==120 g. Cpeanee 3Hayenue Ha-
npaxenns pasHo 0,159.340=>54 6. Tax kak CONPOTUB/IEHHE HATPY3KHU
paBio 12 om (120%/1200), 10 amminTyAa Toka pasHa 340/12=9283 q;
AeficTsytoiee 3HaveHne 120/12=10 a u cpennee smauenne 54/12=45 a
MoriHocTs Ha Boixoge paBHa InpemernUgettorn=120-10==1200 87 (ua-
rpyska uncTo awTHeHadq). Caenyer o6paTuTh BHUMA@HHe Ha TO, UTO MOLI-
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Pdc 9 2. Pacuersple rpadukn gas  Puc 9-3 PacuertHole rpaduku
OAHONOJAYNEPHORHON cxevs ¢ $aso ANA  ABYXNOAYNEPHOAHMX CXeM

BWM  ynpaBjieHHEM  Pyaxe

019 ¢ CHMMeTPHYHBIM
ABYXMOJIYIEPHOAHON cXeMbl

ynopaBieHHeM

$hazoBhrM

HoCTh 10 NocrosHHOMY TOKY Ugla=54-4,6=243 6T ne onpejenser
NeliCTBUTERbHYIO MOIHOCTb, BHAEJSIONLYIOCH B Harpyske. Tupucrop poJ-
KeH G6biTh PACCYMTAH Ha cpefHUil ToK 4,5 a npu yrae nposoaumocts 90°
Kpome TOro, Harpyska u THPHCTOP JO/KHLL BbiepPXHBATH AMIUIMTY-
Hble 3HaYeHHsl HaTUPAKeHHA M TOKA; KO3(PQUIHEHT MOIUHOCTH AaHHOH
cxempi paBeH 0,5 (Mcxodst u3 COOTHOmMeHHA Y= Prarp/Ecerulnetcrs).

[TocraBnensyio 3ajagy MoxKeT [AKXKe pPelIUTb CXeMa CO BCTPeYHo-
napajfieibHbIM  COBJMHEHHEM THUPHCTOPOB, NOKalaHHaa Ha puc 9-1,8,
K KOTOpo# oTHocsrca rpaduku va puc. 9-3. Jaa BLIXYAHOA MOILHOCTH,
pasuoit 0,25 oT mNonHOM, Yron OTOHPaHUst AOMKeH ObiTh pasen 113°
AMIAMTYAa BHIXOAHOTO HaNpsiKeHus pasHa Temepp 0,92-340==312 s,
YTO He3HAYHTeNbHO OT/AHYAETCS OT AMIIMTYIHOTO 3HAYEHHS HATPsKeHH:
NPH OJHONOJYNEPHONHOH cxeme BHNpAMIeHus. JleHcTByioulee 3HadeHue
nanps:kennss pasHo 0,353.340=120 s. CpenHee 3HaueHHe HANPAKEHHA
Ha Harpyake Ipu CHMMETPHUHOH pPaboTe cXeMBl OK@XETCA PaBHbIM HYJIO
HeficTeylomee 3mavense Toka pasio 10 @, MomHocTs 1200 67, HO
aMIIHTYyAa Toka yMesbllaercs no 26 a. Urto6wt ompeneiuTh HE06XO0MU-
Myl0 HOMHHAJBHYIO MOI(HOCTb [BYX THPHCTOPOB, CJAeAyeT CUMTATh, UTO
KaXaplil u3 Hux paGoraer B OTAENbHOM OZHONMOMYNepHOAHOH cxeme. U3
puc. 9-2 BuAHO, UTO cpefHee 3HayeHHe HANPAKEHHS TIPH yrje OTIHPaHud
113> pasHo 0,097 - 340=33 8. Torma cpegHee 3HaYeHHE TOKA B KaXKJIOM
tupuctope 33/12=2,75 a upn yrsue nposopuMoctu 180—113=67°.

B ciayuae Bi/IOUEHHS THpUCTOPA HA BHIXOA MocTa (puc. 9-1,0) n
IpH TOM 3Ke BHJEe HAarpys3Kd CpefHuii TOK KaxKioro AuMona pased 2,75 a,
HO cpelHHH TOK THpHucTOpa OyneT paseH 55 a mpy ero yrie HPOBOLH-
vioctd 134° 3a nepuox

[lpu ananuze rpaduxos ua puc. 9-2 u 9-3 caepyer OTMeTurb He-
NTUHEHHOCTb 3THX KpuBbIX B Teuenue uHTepBasios no 30° B Hauane H
KOHLle KaxkAOro HOJyMepuosa 3HaueHde MOIIHOCTH paBHo 7moabko 6%
(1,5% ua KaxnoMm WHTepBase oT OOUiell MOIIHOCTH 3a BeCb Nepuon).
CooTBercmBenHo ofnactb 3Hauenuin yraa a ot 30 mo 150° obecneuusaet
peryaupoBaHue MOIIHoCTH OT 3 g0 979Y oT HauGosbliero 3HaueHusi, co-
OTBETCTBYIOMEro TMOJHON ABYXNOJYNepHOAHOH KpuBofl (Ge3 yuera morepb
MOIUIHOCTH B BEHTHJSX).

B ra6a. 9-1 nokasaHbl pasjHyHble THPHCTOPHblE CXeMbl, NO3BOJSAK-
I(He peryJiupoBaTh MOIIHOCTb Ha CTOPOHE HOCTOSIHHOTO TOKA; TaM XKe
NpHBeleHbl OCHOBHbie COOTHONIEHMs JJsi TOKOB ‘M HampsixeHud. ITa
tabauia Moxer GbITh MCIOJb30BaHa JJs BbIOOpa ONTHMAaJbHOU AAA HaH-
HBIX YCJIOBHIl CXeMbl W AJNS pacyeTa NapaMeTpPoB BeHTHeh (CM TakXe
1 9-31)

9-3. KOMMYTALUA TUPUCTOPOB - i
B CXEMAX NMEPEMEHHOTIO TOKA

B cxemax nepeMeHHOTO TOKa KOMMYTalufi THPUCTOPOB OOLIUHO He
npeacrasaser npobaeMbl 5Aarogaps NepHOAMYECKOMY H3MEHEHHIO 1o
JSIPHOCTH MUTAIONIEN0 HalpsDKeHHs (B KOHIe Kaxjoro HOJynepHona)
OJHako uMelOTCA cyuad, KOTOPHE MOTYT NIPHBECTH K HADYIIEHHIO HOp-
ManbHOH KOMMYTAalHH TOKA, YTO MOMET MOJYUHTBCA H3-338 HEZOCTATOM-
HOPO BpEMERH, MNpPeJlOCTABJASAEMOTO JJsi BOCCTAHOBTEHHA 3amwupaloinei
CIOCOGHOCTHI THDPHCTOPA B NPAMOM HAMPaBAEHHM, WIH H3-332 UPE3MEpHO
OBICTPOTOG HAPACTAHHS BHOBb IMPHKJIALBIBAEMOTO MPAMOro HATDAKEHHs
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I1 podc ascenue maba. 9-1 11 podoasxcenue maba. 9-1
PacuerHu L PacqeTnbift $ow &
Cxema ToK Tupn- | PacueTsmft Tox (&2 & Cxema tok tupu. | PacuerHuit rox &S E
cTopoR AHOROB ame b cTOPOB Aunoaos aSm B
PEQY tEfow
= L= |SEEC .= R
g ¢ % ek |2 §3a; Ilpumeuanue oy |85 o2 oE |Eg2a [lpumesanne
Hasnani 25 | =% | cpemmee | =g |EFEs £z |5¢| EF |=¢|f%Es
asmanue 5% E : snavenze | 5 § E 5 ;,E Haspanue 3% 3 'f( 3% 3 § H = :(,g
o «
5% |58 £8 |85 58 |58 | &% |5% [s=Eg
l. Onmononynepuoa- | U | 180° — -] = 7. OnnodasHasg MoO- U 180° U 180* | Her Ipu L-Harpyske
Hafl npu R-Marpyske =R croBast HeCHMMeTDHY- =R =R AHOAHBIE IJeun
Hasi (THPHCTODHL B paBoTalnT Kak 6y-
oxHo#t dase) mpu R- depupift  nHOA,
unay RL.Harpyske NpOBOAA B Teye-
HHe HHTepBaja
T 4 o
U
2. To ke nph RL-Ha- | 5o | 180° U |2l0* Her 8. OaunodasuHasm Mo- U 180° - — | Ecrp | Tlpu R-narpysxe
rpyske c 6ybepEuM 0.54 - crosafi CHMMETpHYHAs =R cxema paGoraer
AHOAOM (pH apu RL-narpyske Kak cxema 7
60dab-
oM
Ly
9. Onnopa3naa vo-rto-| 2U 360° U . Pa6ouast yacrora
3. OnpmopasHasg ¢ Hy- | U 180° oU |148* | Her Bast Ha QHOMAX C THDH- | ZR B M 180 Her | orpammuera Bpeme-
JeBbiM BuBOMOM H C | & O’qu_R CTOpOM B II€NH TIOCTOSH- HeM BOCCTaHOBJe-
6 ypepHbIM AHOAOM (I10+) HOro Toka U4 c Gydep- 2U . HHSL AHONOB U TH-
clepHee npH _ RL-Ha- WBIM JAHOAOM (MOcjeR- I, 0,16 P 148 pHCTOpA
rpyske Huft npn RL-Harpyske
pyske) p Py3Ke) s I,
4 v ] * T H
. Onopasna c my- | 2u [360° | -5 A% [180° | Her | PaGouas wacrora 10. Tpexdasnan uyne-| V3 | 120 3Viv er -
JIeBBIM BLIBOAOM ¢ TH- | T orpaHuuena ppeme- Bad NpH Harpyske R =R 0.16—2-— 134°
pHCTOpOM B lLens Io- ouU HeM BOCCTaHomsie- UM RL c OydepHEM * =R
CTORHHOrO TOKa H C 6y~ A, 0,26 R HHSl THpHCTOpa B AHOAOM
depHBIM SHOAOM (IO- ILHOXOB
clleAHee {pH RL-Ha- ang Jy—
rpyske) upu 6oae- | 148°
oM Lx
11. To xe npu RL-ma-ly3y |120° - — | Ecrs -
5. Onnodaanas ¢ By U 180° - _ Ecrb ;%’;;‘;e 6es Gydeproro 2uR
J€BHM BHBONOM MPH | 5~
RL-narpyske Ges 6y-
({epHOrO AHORA
vy
12, TpexdasHaa Mo- [ Y5y |120° —fﬁg Anst{190* | Her | Jwon J upenor-
cTOBast  HeCcHMMeTpHU- BpAlllaeT 3aTAXKKY
6. Oapodasnast mocto-{ U 180° |U_ s I, | 1800 Her | Muon J, upenoT- w@am npm mHarpyske R | *R I TOKa B THDHLTO-
8asl HECHMMeTPHYHAA(TH-| T =R 1 BpAULACT 3aTAKKY wmiau RL ¢ GyhepHHM pax, n 6e3 Hero
pacTOpH B KaromxHoft TOK3 B THPHCTODAX, KHOZOM THDHCTODH HE MO-
rpynmne) B ¢ 6ydepHbiM| U # Ge3 Hero THpH- 3V 3y TYT OpepuBaTh TOK
AHOIOM (mochexHee NMpH 0,26 R 148 CTOpHI HE MOTYT 0,14 132° HHAYKTHBHOH Ha-
RL-Harpyake) npephuiBaTh TOK TR TPy3KH
ang 1, HHA yKTHBHOR aaa [,
HarpysKH
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220 CXEMbl C 9$A30BbIM YITPABJIEHHEM
ITpodosrscenur maba, 9-1
Pacuerubtt .
Cxema Tox Tupy. | DaICTHHR TOK (5o
CTOPOB atolos AmoA
EEEQ
P = e 13 SR Y
o0 185 v 85 [£Eg8w Mpumeyauire
gE | =S ¢8 EQ |BREx
HasBanue Eo (52 28 =2 (§.5%
A 3 X S e= la= z9
ST |23 % g 18882
O (»a (SR LR R g=R
13. Tpexgasuan wo- | Y37y |[120° || «3V3 U 212° | Her | Yupanamomie iy-
cToBag  CHMMeTpHYHAR 0,055 —& TyaBCH JLOJNCHEL
npu Harpyske R wmn | %R HMETh JJTHTENb-

RL c OGydpeprbiM Aan-
ogom

HOoCTh GoJiee 60* nan

COCTOATL H3 OBYX

KODOTKHX HMIYJb-

COB, CABHHY IblX HA
60°

14, Tpexdaswas wo- | Y37y | 120° — —
CTOBasg CHMMETPHYHas

EcTb To ke, 9TO H

B cxeme 13

npu L-narpyske nR ’

15. IsyusanpaejieH- 1 180° ~— — —_ IMpu  RL-narpyske
HBIM HJH ABA BCTPeyHo- | T3 TOK H Halpsa¥eHle
napaajeibHbX ORHOHA- Harpy3ku 3aBUCAT
MpaBJeHHAIX THPHCTODA oT wL/R, B &
NnpH R-Harp3yke

16, Iuomubi® MoCT ¢ 2U 360 U (80° - HnayxtuBsocTs B
THPHCTOPOM B JlHAaroHa- =R =R AHArOHaJH MOCTA

J&H 1Ipu R-Harpyske ROMXHA OBITL MH-
suManeuofi, PaGo-
4ag nacToTa Orpa-
AHYEHA  BpeMeneMm
BOCCTAHOBJIEHHA
JHOAOB H THPHCTO-
tipa. Iipy RL-na-
rpy3ke TOK wHZHa-
npsKeHHe HAr DY 3-
K# 3aBHCAT OT
©oL/R2R n

TipuMeuanue, Mpamoe nafertie HANPAKEHHA B TPUOOPAX, HX TOKH B 3aMePTOM
COCTOSIHHH, 2KTHBHOE M HHAYKTHBHOE CONPOTHBJEHHS HHTAlOUlefl CETH H TpaHchopMa=
TOpa | NPEMATH DaBHAMH HyJ10, HMidyKTHBHOCTh HArpysKH, BKJIOMEHHOR HA MOCTORHHOM
TOKe, npHEATa_focTarodxc GoabmeR ARG HAeaALNOrO CrjaXXHBIHHA] TOKS.

(r. e. npu caukom Goabuiolt nesuuune du/dl), wan B PesyabTaTe co-
sMecTioro feficrsua oBoux THX (pakTopos. Ilpu paccmompennu yCaoBui
KOMMYTOUHA DNpenesiouinMy $axTopaMu ABAFIOTCA UUTAOUlee Nanps-
KetiMe, 4acToTa d HUAYKTHBHMOCTY LENH HArPY3KH H HCTOMHHKA MUTa-
Husi.

PaceMOTpHM cXeMy o BCTpeYHO-MapaJjvielbHbiMy  THPUCTOPAMH H
HHAYXTHBHOR Harpyskoh, nokasanwylo wa puc. 9-4. B MOMenT, KOrda TOK
CHIKAQTCH A0 HYJf ¥ (POBOAAWWH THPUCTOP LO/MMEH 3aneperped (mo-
MeHT A), nuTawulee HanpsKeHHe He PABHO HYAO, W OHO RPUKAAABIBAET-
cfl KO BTODOMY THPUCIOpPY B npaMom HalpasaeHHH. CKOPOCTL W3MEREHHH
STOTO HANPAMEHHS 3ABUCHT OT MIMIYKTHBHOCTH W €MKOCTH nend Harpys-
KH M BpeMellst BOCCTAHOBJEHIA aGpaTIoN 3AMUPANEH CTOCOGHOCTH TH-
pucTopa B HekoTOpHX cayuasx npu OucTpoM 3anupaHuH THPHCTOpA H
CHUMEHHH 10Ka HHKe yJepHHUBAIWeEro [ypepx HabMOA2@TCA BCIJIECK
3. 1. ¢ camowsaykuuu L di/df Tloaxmovenne napanielibHo TUPHCTOPAM
wid Harpyske uenoukd R(Ci fl03Boasier yMeHblUTs Berutury du/df a0
AONYCTHMEX fipefenoB Bemuuuna Cy olpefessieTCss conpoOTHBIEHHEM Ha-
TPy3KH W HeOGXOAMMBIM YPOBHeM OrDAHUUEHHA Beamduunl dufdt uans
ZalHOrO THpucTepa, BeanmunRa Ry JoixHa OuTb  JA0CTATOMHOA  aus
zemndupoBaHus CBOGOAHLIX KoneGauni B KOHTYpe LC(; mHHAMAAbHOE
3HadeHue Ry onpeneisencs BEAMYHHOA LONYCTHMOH aMILIHTYAH TNepuo-
DMUECKH MOBTOPSIOILHACS HMIYJLCOB MPAMOTO TOKa ueped THUPHUCTOP HpH
erD OTNRPAnU), TNOCKOAbRY B 3TOT MOMEHT OPONCXOAHT Da3pAd KOHAeH-
€aTopa yeped THPHUCTOP.

JpyruM peuienneM, oueBHAHO, GyjAeT mpUMEHeHHe LOCTATOYHO BbICO-
KOBOJABLTHBIX ’I‘HpHCTOpOB C MaJhMHi BpeMeHaMH BOCCTAHOBJEHHUA H 6Gonp-
wol ponyc™moil pennunHod du/df. B cnnoBbIX CXeMax 3TO 4acTd JaeT
JAydilde PE3yAbTATH, TAK K4K OTNALAET UeOOXOMMMOCTb & BechbMa Fpo-
Mo31kux RC-nenouxax.
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Puc 9-4. Ymenvtenpe du/dt u nepenampskenuis Ha BCTpeuHo-

NapaiJeNbublx  THDHCTOP2X B CXBMe PETYASTOPA NEPeMeHWOro
TOKA TPY UHAYKTHBHCK Harpyaxe,
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Puc. 9-5. YMeHbmenne du/dt u yBeinueHiue bPeMeHHM, NMpPeLOCTaB-
JIIEMOro /s BOCCTAHOBJIEHHS YIIPAB/ISIEMOCTH, B CXeMe JHOIHO-
THPHCTOPHOTO PEryJjasaToOpa NmeDeMeHHOTro ToKa

VIHnyRTHBHas Harpyska B leNH NePeMEHHOTO TOKa, peryanpyemas
¢ MOMOLIBID JTMOZHOTO MocTa u Tupucropa (puc 9-5), okasbiBaer He
CKOIBKO HHO€ BJMsHHE DBICTpOe H3MeHeHHe HanpsMeHHS HAa BXOJHLIX
3aXKHUMax [HONHOTO MOCT@ He TOJBKO faeT GoJblIyIo Beauuuuy du/dt,
HO M yMeHbIUaeT BPEMS, NMPELOCTABJAsAEMOe /s BOCCTAHOBJEHHA YHpas-
asieMocTs tHpuctopa Ecid IHOAH, UCNOAB3OBAHHBIE B MOCTOBOR CXxeMe,
OTIHYAOTCH OOJblIMM BpeMeHeM BOCCTAHOBJeHHsS oOOpaTHOH 3anupalo-
uieit crocoGHOCTH NO CPAaBHEHHMIO ¢ BpeMeHeM BOCCTAHOBJIEHHsS ympasise-
MOCTH THDHCTOpPa, TO BpeMsi NPOTEKAHHsT Hepe3 HHX 06pPAaTHOro TOKA
o6bluHO OyAeT AOCTAaTOMHBIM JJI KOMvyTauun tapucropa. Ecam 3To
yC/IOBHE He BBHINOJHSETCH, MOXKHO NONKTIOUHTH HAa BXOJL MOCTAa IeNouky
R\C,. pyruM cnocoGoM orpaHuueHHs Beluuuusl du/df apaseTcss NOA-
kJloueHne uemnoukn R.C» mapasnensHo Tupucropy OnHako B 3TOM ciy-
yae HYXHO TaKKe J06aBHUTb CONPOTHBAEHHe Rj, JOCTATOYHOE A APO-
TeKaHUsl TCKA, NOPsAAKA YHePKHUBAIOILErO TOKA THPHCTOPA, HeOOXOJHMOrO
aasi obecrieyenusi 3a1aHHOCO BPeMEHH KOMMYyTauHH EciHH eMKOCTb KOH-
nencatopa Ca BeJiuKa, OH MOXKeT OGecneddTb TOK, GOMbIIME yrepkKHBaIO-
Iero TOKa THPUCTOPA, B TeYeHHWe BCEro HHTepBajJa KOMMYTAUHU TOKA H
TEM CaMbiM TIOMEINIATh 3aNHPAHHIO TUPUCTOPA JI0 MOMeHTa MOJHOre Das-
pana C»

WHpykTHBHAS Happy3ka B CXeMax C JBYHANPAaBJIEHHEIMU THPHC|Opa-
MHd HeficTBYeT aHaJOTHYHO, H 3AeCh TaKXKe HeoGXONHMO NPHUMEHATb Gosee
GoicTpofeficTBYIOIiHe NPUGOPH WM  HCHOAb30BaTh RC-uenoukun ans
orpaHiueHust du/df. tu Bompochl paccmartpuBaiores B § 7-1-4

HMpP1yKTHBHBIE HArPYy3KH B IENH IyJbCHPYIOIIEro TMOCTOSHHONO roka
yacto rtpefylor Jno6aBieHAs WyHTHpYwomero (6ydeprorc) ndoza
(puc 9 6), ofecneunBarwInero MporeKaHHe TOKAa IOCHAe 3aNUpPaHHs THPH-
cropa Ecau mHayKTHBHAs Harpyska TpeGyer MUTAHHS IOCTOSIHHBIM TO-
KOM M BKJIOYAeTCH HA BHIXOJe AHOAHOro Mocra (puc 9-6,8), To HHAYK-
THBHOCTb  MOJAJepKHBAET NPOTeKaHWe TOKA 4ePe3 THPHCTOP W THOIbL
VMOCTa BO BPeMS MPOXOMIEHU HANPSKEHHd 4epe3 HYJAb, UTO MPensr-
CTBYeT 3anupaHmio THpucropa I 3mech nobGapsenue 6ydeproro auona
napananenbHO HAarpys3ke HCKJIOUaeT NPOTEKAHHE 5TOTO TOKA Yepe3 TH-
pucrop. Pacuersoe cpeimee 3HaueHue TOKa TaKoro anoxa pasuo 05
uan6oNbLIEro0 CpeJHero 3Ha4yeHUs TOha HAarpy3ku B cXxeMe puc 9-6,a u
0,25 or ToOro *e TOKA B cXeMax puc. 9-66 u e,

Puc. 9-6. Ilpumenenne
'y 6ydepHoro nuoga B
pa3NUIHBIX cxemax

npM HHAYKTHBHOH Ha-

rpyske, BKJIOYEHHOM

6} 1a  NOCTOSTHHOM  TOKe

2
¥

9-4. OCHOBHBIE CXEMbI YIIPABJIEHUSI THPUCTOPAMH
NP PA30BOM YNPABJIEHUU

JlioGod u3 penakcauMOHHHIX reHEPATOPOB, ONMCAHHHIX B pasi. 4,
A8 yNpaBaAeHHA THPUCTOPAMHM MOMKeT GbiTb NPHMEHEH B YCTPOMCTBAX
¢ GasopuiM perynupoBandueM Tak Kak Takne cxeMbl SBAAIOTCH 10 CyTH
Alesla cXeMaMH DeryJHpyeMoH 3alepiKKH, TO OCHOBHOe BHHMAaHHEe J0JXKHO
ObITb yHENeHO WX CHRXPOHH3AUWH C HCTOUHHKOM NHUTAHHA DTo OBLIUHO
OCYILeCTB/IsSIETCA 3a CYET CBsA3M 3a/aI0MIero [CeHeparopa c nuralouled
cerbio CyliecTByeT MHOTO BAapHAHTOB COYETAHHA FeHEPAaTOPOB HMIYJIb
COB, HCMO/Ib3YIOULHX Pas/IHYHbIe MeEPeK/OYalolHe NPAGOPLl, C THPHCTO-
PaMH, UCTOMHHKOM NH1aHM W Harpyskod Kaxabil BapuaHT orsuuaercs
KaKWMU-JIM00 CBOHCTBAMH, KOTOpble NOMMKHBI OHITH PacCMOTpeHH NpH
BLIGOPE CxeMul L TPeGYIOIIHMHACS XapaKTepHCTHKAMA

9-4-1. Cxembl C 0AHONOJYNEPHOAHBIM (HA30BLIM
ynpaBaeHHEM

B cxeme Ha puc 9-7 wucnonbsopaHa OCHOBHAs cxeMa peJsiakcalHoH-
HOTro reneparopa AJs H3MEHEHHS yrjia OoTnUpaHuda THDHCTOpPa B Tede-
HHe TOJOXKHUTEIbHOrO NoJynepHoaa HBPEMEHHOE CONPOTHBICHHE R] MO-
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Hazpy3sxn

KeT UIMEHATHCA O MyAd, H03T0-
My QU ODDaNMYOHHST TOKa uepes
Tlepexaiouaionuit  npubop ¥ BO
BXQIHOH LIy TMPHCTOPa B OT-
PHIATEABHYIO TWOJOBMIY TEPHOAA
nwonoavayencs guon Ji. Hexoro-
poie THIlbI .nepeKmo'mmm\nx 11'{])'}’[-
Gopon TMOYBOWSIOL 3aMEHUTh 3TOT
JIMOL COMpPOTHBJAEHHEM.

) u ¢ Mepexmo- Ha puc. 9-8 noxkasauw Jjua-
2 4 varowud |17 PpaMMBl HAIPAKEHUs [MTarouLel
> 1 npubop 7 CeTH € M HATDAKEHMS Ha KO-
o

nesgcatope de. BemmuwHni Ry, C,
Ew u Ugra oOmpeaensior cxo-
pocTb 3apsia  KoHZeHcaTopa M
yroa omupamHus o; Ipasuynbie
3HAUSHHS YIJIOB O4 @ Oy YKasa-
nul na puc 9-8,a. Eomn Tox ye-
pes HepekNOMAOIHH npuOOp B MOMEHT erc OTHHUPaHus pabeH [oru
(cM pasa. 4), To MOXHO 3anucaTh

Puc. 97. Ocuosuas opsonoayne-
pvonHasa cxeMa ¢ (asoBbHIM ympas-
JICHUEM,

Ugrn = Ey Sin o,; (9-1)

Uo'rn + [o-ruRl = Ey sin ay. (9-2)

CootHomenue (9-2) onpefensier HauGonbliee 3HadeHnue Ry, NpH Ko-
TOpOM =0, DBeaniuna R; MoxeT ObiTb paccunTalia N0 33/ (aHHbBIM
auavenuam Lu, C 1t Ugrn, eciit npene6penn ToKoM Jorn

2E,

= 9-3
Ri= U =Ty (9-3)
OTKYZa aMIUTHTyJa HATPAKEHHT Ha KOHAEHCATOpE
OE
U= m‘-{- U,. (9-4)
Vpaphenuss (9-3) u (9-4) 3anucausl B IpeANOAOKEHHH, UTO

Uorn < En, Kak 3TO HMeeT MecTO NIpH HCNOJbL30BAHHH KPEMHHEBOTO
OAHUCTOPOHHEro KJIOYa B cXeMe ¢ MHTaHHeM ot cern 120 8.

U3 ypasuenns (9-4) BHAHO, MTO OcTaTOMHOe (MM HavajbHOE) Ha-
npaxenne Uy siBjsieTcsi CYMIECTBEHHLIM B TAKHX NPOCTHIX DeJaKCanuoH-
HbIX cxeMax OHO CKJajbiBaeTCs M3 MHHIMAJLHOrO OCTATOYHOILO HATps-
JKeHust Nepeksioyaicllero npubopa M HanpaxeHus, KOTOPOE MNOSBJAETCH
Ha ynpaBJslieM Nepexoje THPHCTOPA, NMPOBOASIIErO TOK HArPYSKH.

Eciun B TeueHde NepBOTO MOJYHepHOAA HanpsxkeHde OTMHPaHUA Ne-
perJioualoliero npubopa He MOCTHIHYTO, TO OTHHpaHHMEe HE NPOHCXOAUT
M Ha KOHJEHCATOPE OCTAEeTCA BHICOKOE OCTaTOuHoe Hanpsxenue. B pe-
3yjbrare, Kak Ioka3ano Ha puc 9-8,6, Komiencarop 3apsxaercs oOT
nepuojfa K IepuoAy, NOKa He HPOUCXONHT OTmupanve (pexXHM «npocka-
KUBANHs» NepUOAOB) DTOTO MOMKHO H3GEXKATh [yTeM COOTBETCTBYIOLUErO

Puc. 9-8 Tpadukn HanpskeHudw B cxeme puc, 9-7
(¢ muomom My npu ucnosbzosanun KOK B xaue-
CTBe Nepekaoualllero npuéopa).

orpaHuYeHHss R; cBepXy, onpelejseMOro MPH HAaHMEHLINHX 3HAUEHHAX
Ew, C, Iorn n HauGonbmeM Uorn. C APYro#t CTOPOHEHI, Mpu H3MeHeHHH
napaMeTpoB B IPOTHBOIOJONKHYIO CTOPOHY ‘B dIpejlenax ROMycKa mOJY-
qJaeTcs HauGOJbIUWE Yros OTNHpaHMs TMPUCTOPa, He OOecleYHBAIONMi
TpeOyeMOol MIfItHMabIION MOIIHOCTH B HarpysKe.

Moxio napseplisika H30eXaTb PeXKUMA <HIPOCKAKUBAHHA», €CJH
B KOHUE Kax/JOro MOJyNepHoJa aBTOMATHUECKU YCTAHABJAWBATL 3a/aH-
nnoe Hanpsxkenue Up Ha KOHJeHcarope, Xaxe ecin ypoBeHb Ugrm He
nocraraetcss TakoH pexMM MOXKHO OOECHEUHTb, eciu 3aMeHHTh Juold i
conporusienneM R, (puc. 9-7). Torma KoHZeHCAaTOp B KOHUE KamKAOrO
OTPHNATEeJbHOTO NOJyNepHoAa OyAeT 3apsixKaThCsd C OTPHIATENbHOR IO-
napuoctoio. Ecau mepexaiogaowyil n1pubop He MPOBOJUT TMOA JEHCTBUEM
OTPHNATEBHLIX HAIPAMKeHHH,. TO OTPHLUATEJNBHOE CMeLleHHe OXHO3HAHHO
onpenensercs BeaunuuHoll Ry HopMaibHuii pexum paGoTHl cxeMbs ycTa-
HaBJHBaeTCsA N0 NPOUIECTBHH OAHOro MepHojia. Eciin XKe nepermouaromiuit
npu6op NPOBOAUT NPH OTPHIATENbHBIX U, MOXHO BKJIOUHTH BTOPOH
nuop [, napamnenbio C, 4TOGHI OPPAHMYHTL HANpsiKeHHe Ha KOHAEH-
caTtope B TedeHHe 0OOpaTHOrO IOJYNePHORAa Ha ypOBHe, MPHMEPHO pPaB-
Hom —1 @.

B cayuae ncmosnb3opaHus ABYCTOPOHHErO MepekJlioualolnero mpubo-
pa, TAaKoro, Xak KpemHueBbll ABycTopoHmuft kmou (KHAK) uau wueoHo-
Basg Jamna, auon [ He HyXeH (pasymeercd, IpPH YCJIOBHH, u4TO R
OrpalMYHBaeT OTPHUATENBHLIH TOK), HO BenuuMHa U, B Hauaje moso-
KHUTEJIPHOrO NOJynepuoga Gy1eT 3aBUCeThb OT uHcAA KOJeGaHHf, KOTO-
pble 1Me/H MecTOo BO BpeMs OTDHUATENbHOTO TNOJAYNepHoaa, T. e. B KO-
HeuHOV cdeTe OT BeJHuuHbl R, ViaMeHenne R; u3MeHsleT Lenoe YHCIO
KoJjeGauuil, a CleZOBATENbHO, CTYMeHIATO H3Melser Uy, MOZTOMY M yroa
OTMHPaHus THPHCTOPA M3MENFETCH CTYNeHUaTo.

ApTOMaTHUeCKas YCTAHOBKA HANDSIKEHUS HA KOHAeHCATOpe JOCTH-
raeTcd 3a cueT BHIHYXKIEHHOTO OTMAPaHusl NepekJodaloumero npubopa
B KOHLE NONOXKUTeJNBHOI nonyBoaHsl (puc. 9-9 u 9-10). B cxeme puc. 9-9
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Haepyna
Hazpyaxa
40 6m (880 6m) 40 8m (880 6m)
1 . (2

~1208 N~ 7206 G

(2408) D (2406’)

o @
Puc. 9-9. dazoBoe ynpasaenue Puc 9-10. dasoBoe ynpasienue
B ONHONMOJYNEpHOAHOA cXeMe C B OIHOMOJYMEPHONHON  CXeMe

nomompio KOK. npu nomoinu OIT

conpoTHBieHue R, 3ajaer OIPHUATE/]bHBIH TOK HAa BXOJe KPEMHHEBODO
onHocropousero kjwda KOK (cM. paspy 4), KOTOpbil BHI3BIBAET e€ro
OTIHMpaHHE X PA3PAAKY KOHIEHCATOpa B MOMEHT, KOr/Za MHTajollee Ha-
fips2KeHHE CTAHOBUTCA OTPHUATENbHLIM. B ciydae OJHONEPEXOLHOrO
tpansucropa (OIIT) nepekntovaiouee HanpsiKenue ABiserca QyHKuueh
Mexayb6azoBoro HalpsxeHus (puc. 9-10), u xoHJeHCAaTOp paspsxKaercs
uepes OIIT B koHue NMOJMOKUTENIBHOrO MOJYNEpHOLA, KONAa MexAybaso-
Boe HanpsKeHHe CTPEMHTCA K HYJIO.

B npeanayimux npuMepax HanpsixKeHHe Ha mepekJioyaolieM npubo-
pe cnagaeT K HyJMIO Mocjae OPIHPAaHHS THPUCTOPA. DTO MO3BOJSET H3-
GexxaTh MHOTOKDATHBIX peJiakCallhit H CHHM3MTb Ry 10 Hynas Oes spena
Lns ynpasasiomiedt nenu. EclH XKe cxemMa ynpaBlieHHsl MOAKJIOYAeTCH
HeNOCPeCTBEHHO K IMHTAIONIeH CEeTH, a He K aHoAdy THDHUCTOpa, HeoOXoAH-
MO UMeTb NOCJef0BATEbHO ¢ Ri 3auIHTHOE CONPOTHBJEHHe OKOJO 5 KoM
Takaa cxema ynpaBieHWs uMeeT TPH BLIBOAA BMECTO JABYX Yy MpeAbify-
IIHX, 4 3TO HHOr1Aa NPENATCTBYET €¢ NPHMEHEeHHIO

9-4-2, Cxembl ¢ ABYXHOJYNEPHOAHBIM (ha30BbIM
ynpaBJjieHHeM

Kaxpasi u3 cxeM, paccMOTPeHHBHIX B NPEAbIAYIleM naparpade, mo-
KeT HCTOJb30BATHLCH [ YNpaBleHus THPHCTODOM Ha Bbixolde HABYX-
nonynepuognoro aumoaHoro mocra (cM puc. 9-1,0). Ilpu atom cxema
puc. 9-10 ¢ OTIT He TpeGyer HMKAKMX NepedenoK, TOTA& KaK B Bapu-
aute puc. 9-9 ¢ KOK neoGxonuMo 3aMeHHTb pesucTop Rz na 22 Ko,
Zob6aBuTh Apyroe conpotusieHHe 22 xom Mexay sxoaoM KOK u xa-
TOJIOM THPHUCTOPA H HCKJIOUHTb JHOA. DTH M3MEHEHHS HYXHbB JJs TOro,
4106 0fecHeunTh npouece BoccraHosaenus KOK.

HanGosiee mpocThiM BapHAHTOM CXeMBbl ABYXNOJYNEePHORHOrO ynpas-
JieHHsl SIBASIETCH COUeTaHHe MABYCTODOHHENO TePeKMI0ualolero JHOAA
(AITO) ¢ asydanpaBieHHbIM THDHcTOpOM (pHc. 9-11). Bpemennsie aua-
rpaMMbl HanpsikeHu#l (puc. 9-12) aHaJOrMuHEl PAacCMOTDEHHBIM paHee,
3a HMCKJAIOUEHHeM TOrO, YTO OCTATOYHOe HANPsiKEHYe HA KOHJeHcaTope

Haepyaxa
7208m (1440 8m)

Puc. 9-12. T'paduku uanpsxe
HUR ISt cxeMbl puc 9-11

Uy B KOHILE KaXXLOro moJyde-
prona HMeeT MOMEPHOCTD, oGpar-
HYI0 10 OTHOWIEHMID K HalpsiKe-
a0 Uorn, HEOGXOIHMOMY ISt
OYepeIHOTO Nepektouends Kpu-
Bag Hc¢ a8 YOTaHOBMBLIENOCS
peXXuMa NpH MajJoM YrJe mpoBo-
IMMOCTH [0Ka3aHa CIJIOLUIHOM M-
uneit. [lymkmapnas «puBasg U“c
MOKAa3LIBAeT, KaK H3MeHsercad paforTa cXeMbl B pe3yJbTare HEKOTOPOro
yBennuenuss Ry K Hagany ouepefHOro nosynephoja HemnocpeiCTBEHHO
nocie M3MeHeHHs Ry HanpsxeHue U, elile He ycNeJo H3MeHUTbes, Tak
KaK Ha NpelbiiylleM TOJyNepHoie AHOA HepekJiouunca. K konuy mnep-
BOFO INOAYNEpHOAA AaMIJINTYAa HaNpsXKeHHA Ha KOHIeHCAaTope HHXe
Uorn, u ornuparne JTIJL Be npoucxozur Jljisi 04epesiHOrO HOAYNEPHO
na U, cra”oBuTcs GoJiee OTPHUATENbHEIM, H, CJIEJOBATEJNbHO, YPOBEeHk
Uorn Tem Gosiee He OyjleT AOCTHTHYT, CXeMa OCTaeTcsi B 3alepToM Co-
CTOSIHHM 10 TeX M0D, MOKA BHOBb He OyJer yMeHbIIeHO R;.

Tloche Toro Kaxk oTnupanyue NPOM30INIO, CHHXKeHHe R; BhI3bIBaeT
yBeJHUEHHe K¢, ONHAKO KOTAA U¢ AOCTHrAeT HANPAXKeHUS OTIHPaHUSA
Uorn, ocTaTouHOe HampsimeHne U’y Pe3Ko yMeHbIIAETCSl. DTO YBeJHYH-
BaeT ¢ B MNOC/AeAylOmeM TMOJynepHole, H OTNHPAHHE TPOUCXOLUT NPH

9-11

Piic. OcHoBHast cxeva pery-
JATOPA TEPEMEeHHOTO TOKa ¢ HBY-
Hanpas/ieHHbiM THpHCcTOpoM K JTT
B KauecTpe MNepeKJIOUAOWEro npH-
6opa (mapamerps! B cko0xax ajst
Hanpsaxetust cery 240 8).

&00 8m (1200 8m) Hazpysxa
& ® 1200 6m (2400 8m)
15«
(33x) 15K
G56m|ir,
250K b 33 k)
~7208 (500x) @ 3 18m)
(2408) ~ 1206
-L (2408)
7 <
Ta’ A2 4
o P
Puc 9-13. Bapuant cxemnt puc.9-11, Puc  9-14. Bapuaur cxeMu

puc 9-11 ¢ AUOAHHM BOCCTAHOB-
NeHHEM HaNPsKEHHs Ha KOHAEH-
catTope (mapaMerpsl B CKOGKax
I8 Hanpaxeuus cern 240 @)

HeKoyalouuii GpOCKH TOKa B mpo-
uecce peryJHpoBaHHs
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3HauPTeJbHO MeHbmeM YyIvie 34

Hazpysxa
obub nepxkd B ppesyabTare TOX Ha

1200 6m _1| TPY3KM De3KO BO3DACTaeT OT Wy

(2400 8m) Js1 J0 HOKOTOPOI'O IPOMEXYIoy

D HOro 3HadeHus, IOCJAe 4Hero ero

~7206 MOXHO IJABHO J3MeHSATL B fIpe

(2408) : neax, OMpENe/NsieMblX 3HAYeHUA
c L ve oy uoa

o > Sror abdext Opocka TOKa

’ T(ZUU”) __ 1 mosxwmo ocrabuts myTem momkiio

ge kil CXEeMBI YNDABJEHHS Hefo
CPEICTBEHHO K NHTAIOWed celu
(puc 9-13) VYayuwenue noctu
raercd Gaarogaps TOMYy, HTO
MEXI1y MOMEHTOM OTIHDaHUAST H
OKOHUYaHHEM mOJNymepuoma Ha
npsiKeHHe Ha KOHaencalope ya
crHuHo mBoccramasausaercs Ilpu »om U, Bospacraer, 3 c/aefloBa
TeNbHO, YMEHbUIAETCA €ro BTusHIE Ha TNOC/IeAylolieM Hoaynepuope Tak
KaKk Iocje OTHUPAHHS THPHCTOpA HaTPsIKeHHe ¢ LeNM YNpaBjieHUs He
CHHMaeTcs,, B CXeMy BBEJEHO CONpOTHBTEHHEe 15 XOM AJsT OPpaHMYeHH:
MOLYHOCTH B ympaBsJasiouiel uenn JIpyruM HefOCTaTKOM 3TOH cxevb! fB
JAeTcA OrpaHduYeHHe MaKCHMyMa MOIMHOCTH H3 3a YBeJHYeHHOrO MUHH
MaJIbHOTO 'YIJ1a 3aJePKKH O

TlonHas MOINHOCTL B IeMM HAPPY3KU MOXKeT GbITh JIOCTHTHYTZ IIpH
MCMONb30BAHKH JHONHOH CxeMbl, BOCCTAHABJMBAIOLIeH HamnpsKeHWe Ha
KOHJeHCATOPe B KOHUE KaxXJAOro IOJOXKHTeJBHOTO  IOJynepHoia
(puc 9 14) B TeveHue NOAOKHUTENLHOrO MOAYNMEpHOZA 06a Amoga 3a
nepTel, W KOHAeHcaTop 3aps:kaercs 4depe3 Ry Ecnu uc we nocruraer
Uorn, OTnHpaHHe He NPOHUCXOIHT, HO KOTAA HANPSKeHUe MUTANHuA CcTa
HOBHTCSl MeHbllle 4¢ KOHJAeHcarop paspsikaercss ueped My u R, Ilocne
H3MeHeHHs 3HAKa HanpsxeHnus MOUTalus HaudHAaeT NPOBOAUTH amon s,
a KOHAEHCATOP 3apsIKAETCsl OTpUIATeIbHO BOCCTaHOBJIEHUS HATPSKEHUS
B KOHIIe OTPHLATE]LHOIO NMONYNepuoaa He NPOUCXOIHMT, HO BCe Taku 3
(exT Gpocka TOKA HarpyskH 34ech 3HAUUTeJbHO ocaabned

Ha puc 9 15 npusesena pmpyras cxema B KoTopoil stoT 3ddexr
Takxe ocqabneH 3Jech MCIOAb3yeTcst BTOpoll kKoHAeHcatop Cp aJd
nonsapsana C; mocne nepekmoueHus, korga Uy BO3pacTaer npuMepHo
10 ypoBHA Ugrn HauGosbnnit yron a» B 3Tofl cxeMe He orpaHuuuBaer
c 3HaueHHeM, NPH KOTOPoM Ugrn PABHO HANPAKEHHIO NHTAHHA, T €
BTOPOIl KOHIEHCATOP PaclIMpsieT JHANa30H H3VeHeHHs basw Hanpsaxke
Hust ucq cBbille 90° OpHako B 3TOM CJiydae CTAHOBHTCH BOSMOMKHHIM
ornupaune MHITI wu rtupucropa npu yrie mnpesnimammem 180°, T e
B HayaJjle CJeAyIOLUiero IONymepuoga 4YTO OOHBUHO Hepomyctamo IlosTo
My R3 nenaior 0OBMHO peryidpyeMblM H HACTPauBaIOT ero Ha mouyye-
Hile MHHHMyMa MOIIHOGTH B Harpyske npu HanGoJblieM 3HAUeHHH R

9-5 YBEJIMYEHUE YYBCTBUTEJIBHOCTU CXEM
®A30BOI'0 YNPABJIERUA
Bce paccmorpensble cxeMEl yHOpaBisioTcsl H3MeHEHHEM CONpPOTHBIe-

HuA UTo6bLl H3MeHATb MOIIHOCTL B HArpy3ke OT MHHHMYyMa A0 MaKCH-
#yMa, tpeGyercs H3MeHeHHe CONPOTHB/EHHA B BecbMa WIMPOKHX Npede-

Puc 9 15 Bapuant cxembl puc 9 11
C DACIUUPEHHHIM JMANA30HOM pery-
JMPOBAHUA

YBLJAHMYEHUE UYBCTBUTEJLHOCTY CXEM 299
Hazpyara
12008m
Ry
i 3 6800
N
~1208
Tp1 l !
1;

Puc 9-16 ®PasoBoc ynpas/ieHHe ABYHANPaBJGHHHIM THPH-
cropom ¢ nomouelo OIIT uepes paszenuTennHBill TpPaHc
tdopmaTop

Jax 3Dro OOBIYHO NPHEMJIEMO JAAS 'YCTPOHCTB C PYYHBIM YIpPaBJIeHHEM
OpHako B 3aMKHYTBIX CHCTeMAaX DeryJHPOBaHHMsA, e BXOAHLIM CHIHA
JIOM SBJISIETCS HAUpPSIXKeHHe WM TOK, NpocThle RC-UEeNOYKH HENpHrofHb,
XOTSl MHONAA MOTYT HCIIOJB30BATbCH CXeMbl C KOHIeHcaTopaMHu H ¢ do-
TOPE3HCTOPaMH H'1M TEPMOPE3HCTOPAMH, HO JIHIUb [PH OUYEHb GOJbIINX
nepenajfax OCBEILEHHOCTH WK TeMNePaTypbt

9-5-1. PyuHoe ynpaBaenue

Ha puc 9 16 nokasana vzobHas cxeMa PyYHOTO YHPaBJAEHUS THPH
CTOpOM, ocHoBanHasf Ha Hcnogab3oBanuu OIIT CrabuaurtpoH orpaHnuu
BaeT YNpas/siolllee HanpsixKedde HA 3aJaHHOM YpOBHe, KaK H3o6paxe
Ho Ha puc 9 17 Tak kak HampAXKeHHe NePeKJIOUEHUs] €p OJHONEepPexon
HONO TPAH3HCTOPA COCTABJ/ISIET ONPefeseHHYI0 JIoJI0 MexaAyGa3osoro Ha
npsixenus Us s, Kak NOKa3aHo WITPHXOBOH KDUBOH TO KOHIEHCATOP
Gy1eT 3apsKathcsl 1O OKCHOHeHTe crpemsimefica ¥ Us s, moxa ne 6y
JAeT LOCTHrHyTO HanpsixkeHue ep [lycts ep==0,63 Uss, T e mnepexsio
4eHHe NPOHCXOANT CNycTs Bpemd, pasHoe T CregoBaTedbHo, 4TOGH!

Ues e
Sy gy S
]
0 0t i3 ts 8,3 Mcex -
Puc 917 [luarpamMmpl HanpsKeHHi, NOACHMIOULHE

pabory cxemu puc 9-16
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nepekpoiTh nuanason or 0,3 no 8 mkcex,

% " HaJ0 BO CTOJbKO K& pas M3MEHHTh MpPOM3

80 (Un Beemme R,C Tlockoabky C dmxcnposano,

: KPATHOCTb 1I3MEMeHHst CcompoTuBieHns R

50 — pasaa 27 OTOT JHana3od OdYeHb BNk

] 4 peryJHpOBOYHAR XapaKTePHCTHKa OKa3bi

«olt Baercs pesko HeJauHednodr (puc 9-18), no

] 3TOMY TaKYIO CXEMY MOXHO HCHO.Ib3OBATH
20| TOJMBKO JUISl PYYHOTO ywipaBJeHss

i \ Ry 3amena pesucropa Rs TpaH3HCTOpOM

o (puc 9-19,a), ynpasaseMbIM 3a cYET HM3IME

20 40 60 xom  yeums TOKA 6A3LI, NOBBILAET YYBCTBHTEND-

Puc 9-18 Peryauposoy- HOCIb CXeMbl, 10 COXPaHAET BLICOKYI)

HAs XapaKTepHCTHKA CXe KPaTHOCTb HM3MEHEHUST OMHMECKOro nJjeya

Mbl 9-16 RC-cxeMbl @ HEeJHHEHHOCTh XapaKTepPHMCTH-

ku (puc. 9-19,6)
HyBCTBHIEIBHOCT CXeMol MOXHO PE3KO MOBBICHThL OyTeM OpHMeke-
HH3KOOMHOrO TOTeHHHOMeTPa, BKJAIOYEHHOro, KaK M[0K43aHO Ha
9-20,c  Tak kax OKCIOHEHTa 3apsiTKH KOHJEHcATOpPa HapacTaer

HUA
puc

%l U,

80 g
/

\

6)
Puc 9-19 3amena conporunsnenns Rz B cxeme puc 9 16 rpansu
cTopoM (@) ¥ PeryinpoBouHas XapakTepHCTHKa (6)

Y S— o/o"U—”
sot
R
cx 40
| ] R
v %0 30 %

o)

Puc. 9-20. ®asosoe peryanpopante B cxeme puc. 9-16 ¢ nomoumbI0
noreHnyoMeTpa (@) M perymupoBounas xapaxrepuctHxa ().
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Bl — —— i
“0

|

T

fl %
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Puc. 9-21. 3amena HiXHero nieda B cxeme puc. 9-20 perymaupyo-
nHM TpaHzucTopom (@) M DeryJaHpoBoyHas xapakrTepucTHka (6).

OYeHb GHICTPO, @ MaKCHMa/dbHOe HAMpPsiKeHHe ONpefefsaeTCs NOJOMKeHHeM
JBHXKKa NOTEHUHOMETPAa, PeryJHpPOBOUHAs XapaKTepHCTHKA 3Jech TaKxKe
nenndefina (puc. 9-20,6). Ecau craGuaurpoH nMeeT 3aMeTHOe BHYTpEH-
Hee CONpOTHBJEHUe B 00jacTu JaBMHHOTO mpobosi, popma KpuBOH orpa-
HUYeHHOrO HanpsiKeHHsA He OyAeT MMA€aJbHO NJIOCKOH Ha BepluuHe, a Oy-
JeT HMeTb HEKOTOPhIHl MakcuMyM Okojo 90°. B pesyiabrate BO3MOMKeH
CKAay0X B PeryJMpoOBOUHON XapaKTepuCTHKe, Kak HoKasaHo Ha puc 9-20,6
NYHKTHPOM.

[Tpumenenue rtpansucropa (puc. 9-21) NOBBIMIAET YYBCTBHTEJIBHOCTH
cXeMbl, HO HEJIHHEHHOCTb MW ONaCHOCTb CKAYKOOGPasHOTO H3MEHeHHs
OCTaloTCA.

9-5-2. da3oBoe ynpaBjeHHe NYTeM HaJOKEHHs
nepeMeHHOro HaNPSKEHUS HA TpaneueHAaJbHbl
«MbeAEeCcTaN»

KomGunupyst cxembl puc. 9-16 u 9-20,a, MOXHO NOAY4UTb BAPHAHT
puc. 9-22,a, B KOTOPOM SKCHOHEHIMa/bHOe HANpsXKeHHe HAYMHAET, Ha-
pacraTh ¢ ONpeJe/NeHHOr0 YPOBHS, YCTaHABJIMBAEMOrO MOTEHIHOMETPOM
ITepexognas xapakrepucruka / Ha puc. 9-22,6 nocrpoeHa i T=
=R:C=8 mcex. UyBCTBHTEALHOCTb CXeMbl MOIKHO IOBLICHTD, YBE/JHUHB
T B0 25 mcex (kpmBas 2). Hanpakenne Ha koHmeHcatope C Hapacrael
NpakTHYecKH MO MPAMOH, HAUWHAS C OIpeJeJeHHOrO0 OCHOBAHHA (Nibele-
crana) (puc. 9-22,8). Masble USMEHeHHS BhICOTH OCHOBAHHS JAIOT GOJIb-
ulde Bapdauuu yraa OTINHPaHHA. JIMHeMHAd 3aBUCHMOCTb MEXAY BLICO-
TOH MbejecTasa u 'YrJOM OTHMPAHHA eme He O3HAYaeT, OfHAKO, JHHEl-
HOPO 3aKOHA DPeryJHPOBAHHSA BCIECTBHE CHHYCOHZAJIBHON (OPMEI KpH-
BOM PeryAupyeMoro HalpsiXKeHHus.

MoXHO TOJYYHTh KaK BEICOKYID UYBCTBHTEABHOCTb, TAK M JAuHEd-
HOCTh DeEryJupoBaHusA, €CNu 3apsiXkaTh KoHgedcatop C; OT HCTOUHHKA
cunycoupaspHoro Hanpskenus (puc. 9-23,0). Ilpn sToM Ha ochoBaHue
HaKMaJbIBaeTCs KOCHHYCOMJA/bHAA BOJHA, KOTOPaj NPHMEPHO KOMMEH-
CHDYET HeNMHEHHOCTb CHHYCOMJAJBHOTO NHTAIOLIErO HampdxkeHus B pe-
syJabTate perymuposouHas xapaktepucrhka (puc 9-23,6) nosyuaerca
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Puc. 9-22 ®azoBoe ynpaB/eHHe NyTeM HAJ0XEHHA NHI00GPA3HOro Ha-
IpsiyKeHHsl Ha «NLeflecTally.

a — cxema, 6 — peryJHpOBOYHBbie XapPAKTEPHCTIHKI, 6 — AuarpaMma HanpskeHnft

npakTudeckd JuHefHOW UyBCTBHTENBHOCTb CHCTEMbl MOXKHO H3MEHSTh
B WIKPOKHX Npejfenax NMyTeM H3MeHeHHA BEJMUMHLI 3apAAHOro CONPOTHB-
geHust Re (puc. 9 23,8). Bribupast aMmauTyjly KOCHHYCOMJaJibHOTO Ha-
TipsixeHHs paBHofi, Hanpumep, 1 8 m nosaras HanpskeHue craluaAnTPo-
Ha 20 &, mosyuaeM, uTO M3MeHeHUe NOJOXKEHHS [[BHXKKA NOTEHLHOMEerpa
Beero Juinb Ha 5% olecrieudBaer MOJAHLIA AHANA30H W3MEHeHUd BBIXOX-
HOTO HaNpSIKeNHs 0o JUHEAHOMY 3aKOHY

TlapameTpu, nokasaunsle Ha puc 9-23,4 XapakTepHb! NpDH YacToOTe
nutaiomeil cetn 60 zy Comporubienue IMOTEHLHOMETPA HOJIKHO OLITb
JNOCTATOYHO Majio s OblcTPOil 3apAAKM KOHJAEHCATOpa H BO3MOXKHOCTH
OTOHPAHHA THPHCTOPZ B CaMOM Hayaje NepHOAa DTO ABASeTCA OTpaHH-
qyuBalonuM GakTopoM C TOUKH 3PeHHA BXOAHOTO COIPOTHBJEHHSI CXeMBb
ynpasnenns JlorapudMHueckasi BOJNLT-aMNepHas XapaKTEPHCTHKA AHOJA
OrpaHHYMBAET UyBCTBUTENBHOCTh, KOTODAs MOXKeT ObiTh MOJydYeHa MPH
NOCTATOYHON JMHEAHOCTH 1epexogHoH xapakTepucTukd. [Ipm BHICOTE
nbefecTasa 1 g eme MOXKHO NpeHeOpeub HeJHIEHHOCTBIO XapaKTePUCTH-
KM J40Ja, HO Jajbiellllee yMeHblIeHHe BHICOTHl INbeAecTana Hapyluaer
JMMHefHOCTb 3aKOHA PEryJNPOBAHHA, NOJY4aeMyld TpPH HAJOXKEHHH Ha
Hero KOCHHYCOHAH BMecTo IHOAa MOMXKHO MCNOAB30BATh CTabuiauTpPoOH
c ero 6osee OCTPLIM KOJEHOM BOJBLT-aMIePHOH XapaKTePHCTHKH ITO,
04HaKO, TpeOyeT HeKOTOPOro yBeJHUeHHs HanpsKeHHUs Ha NOTEHIHOMeT-
pe. TpeTbuM OrpaHHUMBAIOIMM (DAKTOPOM SABJSETCA TOK B TOYKE OTMHPA-
HHSl OJIHONEPEXOJHOro TPaH3HCTOPA ITOT TOK XOMKEH MOMHOCTBIO II0-

470

Puc, 9-23 dasosoe ynpasieHHe NyTeM HaJO0XKeHHS KUCHHYCOHIAJABHOLO
HaNpsXKEeHAA Ha <«Ibeaecraa»

a —cxema; 0 — peIyaspoBoynble Xap&KTEDPUCTHKH, 6 — AHArpaMMa Hanpsnkenufl.

————

R4

o)

Bapuanter cxemul ¢asosoro ynpassesus puc 9 23,a
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Puc 9-25. BapuaHnth cxemu puc 9-22,a

KPLIBATBCSl BETBBIO ¢ Ry, W ero Be.duliHa He AO/MKHA npeBbiiath 1/10
3apaaHoro Toka C B KOHIlE NOJyHepHoza, yToObl H3bexxaTbh HCKaKeHHs
(dopmp! kpupoit. TumoBoe snauenue 3toro toxa aas OIIT 2N2647 —
2 mKa, UTO BIIOJHE AOMYCTHMO Maxe AJA BhICOKOUYBCTBHTEJNbHHIX CXeM
UerBepToe orpaHnyenue — conpoTusiedne crabuanrpona. OHO KOJKHO
6bITh MHHUMAJBHBIM, YTOObl HOALEPKHBATHL TNPAKTHYECKH TNOCTOAHHBIM
nanpsaxedie ornnpaxus OIIT B Tevenne nosoBupn nepHona Ecsin na
npsixeHle CTAGMIMTPOHA, ONpefelisitOllee BHICOTY NbeAecTana, H3MeEHf-
erca Ha 0,1 6, To aMILIMTY#a NHAB AoMxHA GbiTh mopsaaka 1 8. Cue-
JiyeT yuecTb Take BiausHue teMmepatypnl wa OTIT wu apyrue xommo-
neNTH NpH paBoTe ¢ MAdbIMI AMIIANTYAAMHN  HANDSXEHAR (nopsika
I a)

CxeMa Ha puc. 9-24,a, Bunoismelicna aas paboThl B cdcTemMax pery-
auposannsi ¢ obparnofl caznio Crabuantpon CT: HMeeT HeCKOMBbKO
meubuliee Hanpskenue, uem CT,, n cAy#ur ;11 noJdyyeHls BO3MONKHD
6osee TIOCKON BepuwHbl neefecrata Conpotusacnua R, u Ry obpasy-
10T AeJduTeNb HANpPSKEHUs, KOTOPHIl H ONpPeAesicT BLICOTY NbejecTasa
Hsmenerue mo6oro u3 3THX CONPOTHBJEHN MOKET BHNOMHATh (QYHKUHH
ynpasJeHHsi, XOTsl Yalle HCNoAb3yeTcs Bapuauus R Ha puc 9-24,6 n s
NoK43aHO NpUMeHeHWe B KauecTBe Ry TEPMOpE3HCTOpPa AN pery/ainpona-
Husi  TeMmmepartypbl d oTOpesncropa AJs pery/iHPOBAaHMS cBeTa Kak
B 3aMKHVTBHIX, TAK ¥ B PA3OMKHYTBIX CHCTeMax.

Jins yBenuueHHsi BXOJHOTO CONPOTHBJIEHMS MOXHO HCNO/Ib30BAThH
3MHTTEPHbIH TMOBTOPHTENb, KaK Noka3aHo Ha puc 9-25,a. Ecau ycaneuue
TpaHaucTopa N0 ToKy Okosao 100, to comporusjeHust Ry u R, wmoryt
6uiTh yBemvenisl ¢ 3 fo 300 koM 1 TeM cavbiv MOUIHOCTb UYBCTBHTENb-
HOFO »NEMEHTa CYLIeCTBEHHO CHMXKeHa. DTo OcoBenHo CymecTBeHHO TPH
paBore ¢ tepvopesncropamu. ConpoTusieHue R; B KOMIEKTOPHOH uenu
Tpuoxsa HeoOXOAMMO /I OrpaHieHHs TOKA 3apsaia KOHAeHCaTopa U
NPeIOTBPAUIEHUS TNPEKALBPEMENHOr0  MePeK/IOUeHnd  OIHONePeXOAHOro
TPAH3KCTOPA

Bo muorux cayyafx B 3aMKHYTHIX CHCTEMax asTOMaTHYeCKoro pery-
JUPOBaHUA ¢ (DAa30CABHTAOINEMY 3/1eMEHTAMi TIPH OOJBIIOM YCHIEHHH
HaGaioaeTcs HecraGuAbHOCTh, TpoABasiomascs B GoabwWom mepepery-
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Puc. 9-26. Cxema ¢asoBoro ynpasjelns, ofecrneunsaiomas
BRJIOUEHUE W BBHKJIOYeHHe HAarpyaki.
Ry — perynupyer ckopoctn 3apsina, Ry — yCTAHaBAHRAET BePXHUH Npeaex H OCy-

mectsnsner (azopoe Perynuporaume, R;-- y(TanaplupaeT HUKHuE npegsen, Ry —
PerynupyeT CKopocTh paspsiaa

TTaBHOEC

JIMPOBaHHY, aBTOKOJeGaHUAX Mubo «polckanuu» (cM. pasg 12). Tpausu-
CTOP M03BOJsieT BBecTH (a3oKoppeKTHpYyOLHe uenn, nogobuoie Ry, Ci,
Rz, Cs na puc 9-25,6, 4To6bl cTaBuaM3HpPOBATh CHCTEMY.

_ Cralunusauns cucteMbl cymectBeHHo obnervaeTcs Gaaromaps Ji-
HelHOMY 3aKOHY Dery/UpOBAHHA. YCHJIeHHE MOMXET PeryJupoBaThCs CO-
NpOTUBJ/IEHHEM, ONPENeNAOUIHM HaK/JIOH nuiasl (R nHa puc. 9-23), B Ka-
4eCTBe KOTOPOTO MOIYT HCMO/L30BATBCA OTO- H TePMOPE3UCTOPHI, Gaa-
rojapsA 4eMy 5TO CONDOTHBJEHHE CTAHOBHTCA BTOPOR BXOHHON BeJUYH-
Hoft YTOBLi He mMeperpyXaTb BXOZHYIO Iellb, MOXKHO BKJIOUHTL CONpO-
THBJeHHE B 0asuBY lenb TpaH3ucropa. BepxHuil W HMMKHUE Npepennl
pery1upoBaHnsi MOryT OBITb OrpaHHUeHbl ILHOAHBLIMH CXEMAMH.

Crnocobuocts cxemul paGoTaTts ¢ CHPHaAaMi HOCTOSHHOTO TOKa I10-
3BOJIACT BLINOJIINTD CHCTEMY € IJIABHBIM BKJIOUEHHEM M BLIKJIIOYEHHEM
(puc 9-26,a). 3ra cxeMa MO3BOJSAET HACTPAMBATL OTAC/ABHO CKOPOCTh
BKJIOUEHHA M BBIKJIIOUEHUs] HATPY3KH, JHHEAHOCTb, BEPXHIOIO M HUKHIOO
TPaHNIBl OTCEUKH, A TaKXKe YNpapjaTh (a30BHIM YIJIOM BPYHHYIO TO-
CPEACTBOM H3MEHeHHst BLICOTBI NbeAecTana. XapakTePUCTMKM CHCTeMBI
moxasaHot Ha puc 9-26,6 u 8, nepe6poc Kaoua B noJdoxkeHne ! «Brio-
YEHO» MPOH3BOJUTCH B TOUKe £y, B ToJOXKeHHe 2 — «BHIKIIOUEHO» —
B TOuKe I3

JIlucTavnHOHHOE yOpAaBJIEHHE MOMKET OCYLIECTBAATLCS U CHLHAJOM
1IEDEMEHHOr0 HANPSXKeHUs (KAK 3BYKOBOM YacTOTHI -—— OT MarHuTohoHa
WIH TaxOreHepatopa, Tak M PAJHOYACTOTHOrO ¢ HM3KOUACTOTHON MO
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Puc. 9-27. dasosce ynpabljeHHe HOCPeACTBOM YaCTOTHO-
MOLYJIHPOBAHHOIO CHrHaJja (BapuaHT cxembl puc. 9 25,a).

Ayasuuell man Ge3 Hee) IocpedcTBoM cxeMsl puc. 9-27. Orceuxa nanps-
JheHHsl JHONAOM B COYETAHHM C BHICOKHM YCHJIGHHEeM CHCTeMhl obecled-
BaeT 3alMTy OT NMOMeX M 3aMe1HO MOBLIIIAeT LOOPOTHOCTL H3GupaTesb-
HOr0 KOHTYDA, Cy)Kdsi ero noJocy nponyckatusa. Eciu oTceuka He HyX-
ita, HO BLICOKOE YCUJICHKE KEI4TEJAbHO COXPAHHTb, TO BO BXOAHYIO Lernb
No4AI0T CMelleHHe, KdK [0Ka3aHo NMYyNKTHpoM. HenonbsosaHue oGLIMIOrO
fasaHCHOrO MOJAYJSiTOpa MO3BOJHT YNPaBJATb CXeMOH NOCPe]CTBOM ua-
CTOTHO-MOJYJIHPOBAHILIX KoJeOaHHUi

Jlpyr#e BO3MOKHble BapUAHTHl BKJIOYEHHs TPAH3UCTOPOB, obecneud-
BAIOL{HE IHPOKME  BO3MOXHOCTH COIMacOBAHMS CXEMbl C HCTOUHUKOM
curxana, npusefeHor Ha puc. 9 28 Tak, cxema ¢ 3MUTTePHLIM HOBTOPH-
tTenem (puc 9-28,a) ucnmoansyercs, ecnu He TpeGyeTcs GoJibldasi MyBCT-
BUTEJbHOCTL N0 HampskeHuio. Cxemsr (puc. 9-28,6 ¥ 8) ¢ BKJIOUEHHEM
n-p-n- u p-n-p-TPAH3UCTOPOB ¢ OOMIHM 3MHTTepOM AAOT GoJbLioe ycH-
JleHde [0 HanpAXeHHI0 H HMEIOT MaJjoe BXOJHOe CONPOTHBNEHHE, HO
TpeOyloT TeMiepaTypHoil KommeHcanuu npu paGore ¢ Ma/lbIMH CcHrHana-
MH. 3ameTuM, 470 cxemsl puc 9-28,6 M 8 ONPOKHABBAT (Hasy BXOA-
HOro cumiasa Bo MHOTHX c/yudsiX NpeANoYTHTENbHEE CXeMa ¢ IMHUT-
TepHbHIM TIOBTOPHTE/NEM Ha KPEMHHEBOM TpPaH3HCTOPe O/aarofaps ee Bbi-
COKOH CTAGHILHOCTH NPH H3MeHENHH TeMIleparyphl
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Puc. 9-28 Bapuaurtsl BKIlOueHHs! TPAH3UCTOpA A/ H3IMEHEHHs
<npejecTanas.
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Puc 9-29. BapuaHT cXxeMbl C IVIaBHLIM BKJKOYEHHEM
HATPY3KH.

Bapuant cxeMbl ¢ IIaBHBIM TIYCKOM MoKasan Ha puc 9-29. 3mech
auon Xy perynmpyer Boicoty mbefecrana. Kommencatop Cy K0 HeckoJsb-
KHX coTenl Mukpodapan MelJeHHO 3apskaercs ueped R, Comnporusae-
Hue Ry mpoposnkaer 3apsiky 3a Toukow nepekmouenus ONT ycrpansas
TeM caMbiM BosgelictBHe nma Cy co cropounl OIIT, a Takke obGecrmeun-
Baer paspan Cj, Korjga cxema BbikaodeHa [luranue 3Tofl CXeMbl HOJK-
HO OCYIIECTBJATHCH OT CETH HEMOCPeACTBEHIIO, 4 He OT 32XKUMOB THUPHU-
CTOpa, YTOOH OGECNeYHTh NOMHYIO 3apsaiky Ci.

Ha puc. 9-30 mokasana cxeMma, B KOTOPOH KOMNEHCHPYIOTCH KOJe-
GaHus NHTAOIEro HanpsmeHus. C 3TOH WEJbI0 HCHOAb3yeTCs LENOIKa
R2Cy, ¢ moMompio KOTOPOH K HANPsKEHUIO KPEeMHUEBOTO CTAaGHIMTPOHA
H00aBasieTcsl BeJHUHHA, IIPONOPUMOHATBHASI MHTAIONIEMY HANpSKEHHIO.
Dra cyMMa M ABAAETCA MeXKAYyGa3oBHM HANDSIKEHHEM OHOINEPEeXOHO-
ro Ttpansucropa Torma yMeHblueHHe HNHTAIOUIEr0 HANPAKEHAR CHUIKAET
muranne OTIT u BoiabiBaeT yMeHbuieHHe yria 3ajepxku Beanunna R,
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Puc 9-30 CxeMa ¢ha3osoro ympasieHus ¢ KOMAeHcauHed
H3MEHEHAH NMHT2IOIEro HANPAKEHHs
Ry — 5000 om, 3 8r, R, ~ 500 om: Ry~ 3,3 xom; R, — 10 xom; Rs —

5 mom; Rg—1 Kom, Ci—220 magh, 10 8, Cy— 0,1 sk, OIT Tuna
2N2646
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3ABHCHT OT AMIVIHTYAB NMHA0OGPA3HOTC HAIpsiKEHHS, CAeJ0BATEALHO, OT
5 Bretenne takol KoMneHcauhun He NPensircTByel PeryMHpPOBAaHHIO BH
Corll mbefectana JOGLIM H3 CNOCOOOB, HPHVEHAMBIX B CHCTEMAx pery
1uposanus u cradunusauun [logoGHas xomNeHcauusi MO3BOJSET MO
AepKupaTh JeHCTBYOLIee HANPSIKEHHE HAa BLIXOJE CTAGHIbREIM ¢ TOY
HocTbio 5% npu uaMeHeHuu nuTanus Ha 50% Hukuss rpandua crabu
JIM3ALUMH JOCTHIAeTCsl B MOMEHT KOT1A HHTAIONee HAmpsiKewHe panHo
74 LaHHOMY BBIXO'THOMY

Peryinposanne 1no toxy vomer GITh oCYleCTBASNO IiPH ~Belelii
HApSKeHWA 06paTHOM CBA3M ¢ MOCAENOBaTeThbHOIO CONPOTHBRIENIHS, 01T
WAKO JTO TpPebyer BBIIDAM IeHAs K CIAAKUBAHAA CUINAkd TpH pabore
B pery/natropax INepeMeHHOro TOKa B KauecTBe Jal4MKa ToKda MOXKIO
ACNOJL30BATL JAMIY HAKANHMBAHUA C CBETOYYBCTBHTEJLHBLIM 3JeMeHTOM
{eM pasm 12) VIHeDUHOHHOCTL JAMNLL W CBETOYYBCTBHTEJBHOTO e
MEHTA B TAKOHM CHLTEME JOCTATOYHO BEJHKW B CBA3M C YeM CIVIaKHBa
HHe He HyXHO DBaXXHO MOAYePKHYTb, 4TO B TaKOH 3aMKHYTOH CHCTEME
cTabuiusupyercs AefiCTByloulee, a He cDejiHee 3HAYEHHE TOKA [lo106HEM
33KOH 0GeCHeYHBATCA TalKe H C TePMOPESHCTOPHHIM jaTunkoM Ilpwu
HEOOXONHUMOCTH YMEHbLINTL AKTHUBHBLIC NOTEPU B JATUMKE TOKAa H MOJY
YATL GOMBUIYIO AMIIATYNY CHrHajJa MOXKHO HCIOJb3OBATH TpaHcdHOpMa
TOpp! roka IIHOTNE MCMOMB3YIOTCS TaKMKe AaTunku XoJaa UMK APYrHe
S/IEMEHTH, pearupymolile Ha MACHUTHBIH [OTOK Yy KOTOPHIX BbiXOTHOM
CHTHA1 NPONOPUHOHANEH CPeAHEMY 3HAUEHMIO TOKA

Bce paccMorpenuble cxevsl, MOKPHIBAIONIHe HIMPOKYIO 061acTb npu
MeHenufl OCHOBAHBI HA TaK HA3LIBAEMOM <BEPTHKANLHOM» [IPHHIMIE
YNpABJEHHs NIPH HCHO/NL3OBAHHM B KAUeCTBe BXOJAHOrO CHIHAJa Hanps
CHHA, TORA WM BeJMUHHBI CONPOTHBReHAss MXx HOCTOMHCTBOM sBjsieT
Cst BOIMOMHOCTL PErYJHPOBAHUST YCHJEHHA, JHHEHHOCTb, BO3MOKHOCTL
BRIOOPA GOJBIIEr0 WKW MEHBIIEro BXOTHOTG CONPOTHBTEHHS GJdroxaps
deMy OfH_XOPOWIO COTMACYIOTCS ¢ APVIHMH GAOKAMI D1IOMKHYTOH i G0
BaMKHYTON CHCIeMEL PETY THpOnAlS

9-6 CXEMA YIIPABJEHUS ANS PEIVJSITOPA
NEPEMEHHOIO TOKA ¢ UHAYKTHBHON HATPY3KOH

HunykTHBHAST WATDY3Ka B neny MEPevenHoro TOKA MPeThasiser mo
KpaifiHell Mepe ABa OCHOBHLIX TPeGOBAHMA K CXeMaM YIpaBAeHHS THPH
CTOpaMH, BBHITEKAIOMHX n3 NEOCYOLAMOCTY HMeTh CHMVETPHUHYIO KpH
BYIO HArpy3ouHoro roka 1) CHHXPOHH3AUUS CHCTEVH YIPABJEHHS ZOJK
Ha OCYNIecTB/sTbCA HENOCPEACTBEHHO OT NMTAOMIEN CeTH, a He HAMps
HeHHEeM, CHMVAEMBIM C THPUCTOPA, 2) YNPaBASIO(HI CHTHAT THPUCTOpPA
AOMKeH HMeTp 'LIHTIeJIbHOCTb, PABHYIO HHTEPBANy €ro NpPOBONHMOCTH
Cxema ua puc 9 31 yiosiersopsier sTum TpeGoBaHUIM

Onsonepexoanbiéi Tpansucrop OIIT; NMpHCOEZUMEH K 3aKUMAM IH
Talolle (eTH YePe3 MOCTOBOH BHIIPAMUTETH 67TaroTaps 4eMy OH MO
AeT NePeKJIIOUAThist B MO0y O TOBHEY HepHOAA

flocrosiunas spemenn (Rp+R3)Ci ompefensieT yroa 3anasgpiBaHAs
ormupanua OUT a v dopmupoannst nepsoro mMmydsci Ha epBUIHON
OGMOTKe pasJelHTeNbHOro Tpd icpopmatopa Tp2 B KaX/Ayl0 [0TOBAHY
NepROAA  ITH UM\ 1bChl HOCTYNAKT HeNOCPeACTBEHHO HA BXOMMI THPH
ctopoB Ty n Ty TOT M3 HEX AHOI KOTOPODO NOTOKHTEJNEH BKJIOYAETCS
n OoTuHpPaeT LOOTBETCTBVIOWMH T 1BHLH THpHeTop Ty wan T» Auonnoe
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Pue 9 31 TlpuMeHende BCHOMOraTe/bHbiX THPHCTOPOB .iiA  (hI30BOTO

VIOPABJCHHS (CTPCYHO BKAIOUEHHBLIMH CHTOBLIMH THDUCTOPaAMH

R —33 kom 5 8T Ry— 250 xom 2 er (pyuuoe ynpamitenic) R; —33 koa |
Ry—330 ox 05 8r Rs R 22 ow | 67 R R:—33 ko 2 81 C(,
0,1 mx¢p OIIT thma 2N2646 Ty T, — 1una 2N1595 Tpl — (120/126/126 a.
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uanpaxenne Ha ynpasusiowse tapuacropol Ts v T, nogaerca ¢ noHuxa
1oumero tpanchopmaropa Tp! Pesuctoput R; v Rs co crabumiTpon 1M
CTy u CT; orpaHndMBaloT BXOGQZHOE HANpsiKeHHe [NABUBIX THPHCTOPOB
H YMeHbWAIOT NMOTePH MOIWHOCTH B HX ynpasisiomux uenax llenouku
R-C; u RsC: Takmke yMeHBUIAIOT PaccefiHde MONHOCTH 3a cueT Gojce
OBICTPOrO OTNHPAHHA STWX THPUCTOPOB BOJBUIHM HMNYJALCOM TOKA

Fcan HeoGxoguMa H3OMSALMA MeXAY YIUpPaBJSIONMM CHFHAJAOM CXe
MBI H CeTBI0 TO 4acTb CXeMbl, COmepKamas BeHTHAbHBIH MOCTHK H Te
nepatop umnysibcos Ha OIIT, moxkeT nurarbess dHepe3 H3OJHPYIOLIH
TpauchopmMaTOp cO BTOPHUHLIM HanpsxenweMm mopsaka 110 g, npuuem
narpyska ero ue npesrnuaer 30 ma Pasymeercs, curuan, ynpasasmoutufi
MOMeHTOM BKJIOUenus THPHGropos Ts u Ty, MOXKeT $OPMHPOBATLCA C IO
VOIBIO  (AMDIX Pa3/iHYHBIX CXEM HO CYIIECTBEHHO, YTOGH oTmupanne
TraBnix tHpucropos Ty v T, NpOH3BOAMJIOCH TOUTH NPAMOYTOJNbHBIMH
UMMYJIbCAVIH, CHHXPORH3HPOBAHHBIMA C MHTAIOIIEN CEeTbio

Cxema Ha puc 9 32 apideTcst 6o/ee MPOCTBIM M JeUIEBLM BapHaH
TOM ONHCAHHONO YCTPOHCTBA BHINPAMHTENBHBII MOCT NHTaeT mePexmo
saomylo cxemy na OfIT i nonnurwisaer tupuctop T; TOKOM paBHbIM
yAepxusawileMy Toky Ecau nepexmouenne OITT u oTnupauue Tupu
cropa Ty NPOH3OWIMO 10 MOMEHTA 3aNUPAHNA ABYHANDPABJIEHHOTO THPH
CTOpa, ONHOHANPABNEHHEIH THPHCTOP OLTaercd NPOBOAAUMM M ero TOK
orpagwinpacTes conporusieHneM R B sTou cayuae 3anupdnue nBy
HanpaBneuHoro THPHCTOPA MPH HYJIEBOM aHOAMOM TOKe He MOMET [po-
W30HTH [OCKOJBKY B €10 BXGAHOH HelH mpoTeKaeT TOK Yepea (B 3asy
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Puc. 9-32. JIByxmoaynepuonHas cxema (a3oBoro ynpabiieHus HJist
MHAYKTHBHOH HaTpy3KH, BKJIOUEHHOH Ha IepeMEeHHOM TOKe.
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cuMocTd ot nodsprocrd) muoxmt M5 win e, tupucrop Ty u muogsl Hu
uin M 3a ouer HCNONb3OBAHHA BLICOKOBOJBLTHBIX JHOLOB K THPHUCTOpPa
B 3TOH cxeMe MOXHO 00oHTHCch 6e3 TpaHcHOPMaTOPOB KW CHH3HTh CTOHU-
MOCTh, PasMeprl H BeC.

Ecnn kozddunreHT MOLUTHOCTH HarpysKH AOCTATOUHO BBICOK M XO-
NyoKaeTcsl MaJjas acUMMeTPHA TOKa Harpyskd, TO MOXHO BOCHOIb30-
BaTbCsi cxeMoll puc. 9-15, BKJIIOYMB HarpysKy, Kak [OKAa3aHO {TyHKTH-
poM. Korna R; Majso (MakcHManabHas MOMIHOCTEL Harpys3ku), Hanpsixe-
HHe NHMTaHWS [epeK/IoYaloulero Mpuéopa paBHO HANDSKEHHIO HA JIBY-
HalpaBJeHHOM THPHCTOpe, CIeJOBATENbHO, OUepegHoe NepeK/IoUeHHe He
MOKeT NPOH30/TH A0 MOMEHTa Omajla TOKAa HarpyskH no Hyad. B cay-
qae Gonpiioro Ry Nepexyoyamnuii npubop nuraeTcs B OCHOBHOM Ha-
npsiKeHHeM CeTH, 4TO ofecneyuBaeT XOPOIIYIO CHMMETPHUIO H HHYTOMKHO
MaJIyto IOCTOSHHYIO COCTABJIAOLLYIO B POKE HADPY3IKH.

9-7. CXEMbI YNIPABJIEHUA C HEOHOBBIMH JIAMNIAMH

CxeMbl $asoBOro ynpaBsleHUs] THPUCTOPAMM C HCNOJMb30BAHHEM B Ka-
qecTBe INepeKJIoYalolmuX NPuGOPOB HEOHOBLIX JaMI COYeTalT B cebe
HU3KYIO CTOMMOCTb MmonofHo cxe-

Haepysxa MaM ¢ quogoM u RC-nenoukodt u

0“[: xopolme paboune XapaKTepHCTU-

Ix ku. Kpome Toro, B Takux mnpo-

‘D (THIX CxeMaX, oBnafalonux, Ox-

~1208 0,7 Hdko, GOJBIIAV BXOLTHBIM COMpO-

180 « f— THBJACIHEM, §MCETCA  BO3IMOK-

\0’ HOC1b  PeryJqupoBarb  CKOPOCTb

ar 3apsiia KOHJIEHCATOpPa  CXEMbi

- e ¢ MOMOMLIO pHGOPOB, peardpy-

4 IOIHX HA CBET, TEMJo, JdapieHHe
Puc. 9-33. ®asosoe ynpaBaeHHE u T. 1.

B OJHOMOJYNEPUOJHOR CXeMe ¢ mo-
MOIILI0O HEOHOBOH JaMmmbl.

Ha puc 9-33 nmoxasauna oln-
HonmoJymepuoAnas cxeMa c no-

HOOHLIM ympasaeHueM. Heo-
HoBas Jamma ocyulecteaser  Hagpysxa
OTIMPAHHE THPUCTOPE, KOTAA

Hamnpsaxedae Ha KOompeHcaro-
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UMHBI HAMPSKEHWA 3aK#ra- f
Hua B Takofi cxeme H3MenHe-
e MOMEHTa OTMHpPAHHA TH-
pudcropa ofecrmeudBacr peny-
JHPOBAHME MOLIHOCTA B Ha-
rpy3ke oT myas xo 959% sbe-
JIMUHHBL, COOTBENCMRYIOLL e
OObLIYHOMY  OJIHOTIOJIYNEPHO - 0
HoMy BbmpaMienuto [lomias ’
MOIUHOCTL MOXKeT $blTb obec-
NeyeHa C MOMOLLbIO JOTIOHH-
TeJHHOPO KJII0UAa napasieds
HO TAPHCTOPY.

B cxeme Ha puc 9-34 @
HCTIOAB30Ban  TpaHcdopMaTop,

100x

pax 0,1 mk¢g pocmuruer BeJd- 3K
~1208
1

yepes KOTophlii ynpapismiomme Puc. 9-34  Qasosoe ympasienne B
WMIYJIBCH NOJAIOTC HA ABa  ABYXTOJNYIEPHOAHOH Cxeme Iepemel-
BCTPEYHO-Nap aIeAbHO ¢o- HOr0 TOKa ¢ [IOMOLIbIO  HEOHOBOH
eJquHeNHLIX THpHcTopa IHeo-  JaMmbL

HoBas JaMna pabolaeT 3uech,

KaK B OULIIONOJYNepUOLHO

cxeme Peauwcrop R pa3jenuTeasiiblii TpancdopMaTop KOKHLI ObiTh
BBIGPAHEL TakuM 06pa3oM, 4rofsl HMAYALChl Ha YHPABJAFIOMMHX 3/EKTPO-
X THPHMCTOPOB MMENH JIOCTATOUHYIO KpyTH3uy. Hawbonbuias MOMHOCTH
B HArpy3Ke BCEro Jwlih Ha 5O Meublle TOH, KOTopas mojayvyaencs MpH
WIeanbHOY CHHYCOHIAVIBHOH KpWBOH HampsiKenwus

9-8. THNOBLIE CXEMbI C ®A30BbIM YINPABJEHHUEM
I HATPY30K MOCTOAHHOIO TOKA

Puoynox 9-35 winOCTPHPyeT HCIOJb30BAHHE THPHCTOPOB B THIIO-
BOft cxeMe oxHO(A3HOro BHIMpAMHTE st ¢ (asosbiM ynpasaenuem. Mas-
MeHsis R7, MOXKHO IJIABHO peryJdpoBaTh HampsKeHHe Ha 3aXKHMax Ha-
IPY3KH OT MaKCHMa/JbHOTO 10 Hyas. 37echb, Tak e Kak H B CxemMax
KJIOYell TepeMeHHoro TOha ¢ (a3oBLIM yOpaBjeHdHeM, AJf MONyYyeHHA
YIPABASIOUIErc CHCHAJA AJS OTNHpaHud 000MX THPHCTODOB B PasHHIX
noaynepuofax ucronbsyerca opu OIIT. Buinpsmaennoe auomamu [y
w [ 1 orpannuemioe crabumurponom CT HanpsikenHe NpAMOYTONbHORA
dopmet ¢ ammjutyzoit 20 6 mozaerca k OITT. ¥Yron ormHpaHHs THpH-
cropos Ty m T, onpenensmerca nocTosuHofi BpeMmeHn (Re-+R7)Ci. Tlpn
yactore 60 2y yroa OTHHPaHHs MOMET H3MeHsThCA mpumepHo or 10 mo
180° (noaoe samupauie)

Ecan peficrBylonlee 3nauenve HanpsKeHHs BTOPHYHONA 0OMOTKH, npH-
KJAApiBAEMOT0 K anot1aM Tupuctopo, menee 100 8, To A9 nuTanHA
resepatopa Ha OIIT HykHO HCHOMB30OBATH OTAeAbHHN ucTouHMK Ha
puc. 9-35 mas sTOro cayuas MOKasaH AHOAHLIE MOCTHK, MOAK/IOUSHHBR
K JAOMOJMHUTEeNbHOH 0OMOTKe culoBOPO Tpatchopmaropa ¢ HaNPAKEHUEM
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Pic 935 dasosoc yopaiieHie & cxeMe ABYXIONY
NEPHOAHOTO BHIIPIMUTENS
Ri—33 nom " 6r npn U 117 6 R,—47 om 05 6r R,

Ry—22 om 05 87 Rs—390 ou 05 er Rs 27 wxom
05 87 R;— 50 xom Ry —33 kom 5 87 C,—~02 MED

117 6 D10 n03BOTIACT NOAYYMTL [ANA YHPaBJEHHS HPSMOYroJibHOE Ha
npsikenne ¢ Gosee KPyTuMU GpoHTAMH H ¢ LOCTATOYHON aMIANTyIOR

Crafmmiupopantile HCTOYHUKH NATAHWA MOCTOAHHOTO TOKA OfHCa
HLL B pagn 12

9-9 MHOIMO®A3HLIE CXEMBI HA 1UPUCTOPAX .

n;‘HMQHGHHQ TUPHCTOPOB He Orp IHUIHB LIS ()JIHO(t)aJHHMVI cxeMamy
uepevMeHHoro Tok1 OHH MOPYr GLITh MCAONBINBAHLI 1 B MHONOhaHBIX
cYevax BMecTo oBbluHBIX HeynpamsaseMmuix penThised  Hesasucnvo or
TFNa NPHMEHsIeVvoll BbIIPAMUTENbHON CXeMbl K Hell mpembsBiasioTes che
AyloulHe fABa OCHOBHBIX TPeGOBAaHHA CXeMa AOJKHA NMO3BOMATL NMOXA
BaTh B OTIPEIENeHHOe BpeMfA MYCKOBHIC CHTHANM AAs OTHHPAHHA THpH
CTOPOB I ObecrieynBaTh 3anupaHHe THPHCTOPOB Nomavefi 0GpaTHOro Ha
IPAXKCHHST

UTo Kdcaeres 3anupauus TO H3MeHeHHe NONAPHOCTH MHTAIOLIErO
NANPSKENHA B OOBUHLIX BHINDAMUTENbHLIX cXxeMax GyfeT aBTOMATHYecKN
BO3IBpAWATL THPHCTOP B 3aKPhITOe cocTosHHe OGLMHO TOT mpouece Ha
3LIBAETCA KOMMYTalWeR flof JeficTBHEM NePeMeHHOTO HAMPSIKEHHS CeTH
Tlpn sTom Ha npufop BoanehcTsyer obpartHoe HaTpsKeHHe, KOTOPOE
cnocobeTeyeT ero sanupannio Ilo 3Toft mpHUHMHE GOBINHBIE CXOMBI BBI-
OpAMIIeHHs TMePEMEHHOTO TOKZ He NDPENBABNAIOT K THPHCTOPY OCONHIX
TpeboBaHRil B OTHOUICHHH BPEMEHH BOCCTAHOBJIEHHS, KAK 3TO (IMEeT Me-
CTO B C/yude ONPeNeNeHHBIX THUNOB HHBEPTOPOB WJM CXeM NpepLBaTe
el MNOCTOSIHHOrO TOKA B KOTOPHIX NMPAMOE HANPAKeHHe NPHKAANLIBA
erci MOBTOPHO K yHPABJAAEMOMY BEHTH/IO HEMENNEHHO BCIGN 33 ero
samupateM OJHAKO B BHINPAMHTEBHWX CXeMax K THPHCTOPAM § cO-

€ THHeHHbIM ¢ HHVH TOWIel0Ba1ebH0 (B HEKOTOPBIX (XeMdX) Heynpas
NAEMBIN BEHTHTAM HeMe[JIeHHO MNoc7ie HPOMYCKAHUS 1I0JHOrO I[IPSAMOrO
TCKa MOXer ObiThb B 3aBHCHMOCTM OT 3HAUeHMsl YIJa OTHHPAHHS HPHJIO
KeHo o0paTnoe HanpsiKeHHe ONPEleJeHHOH Be/MYHHBl BIWIOTb XO MOJ
Horo (ammiurygHoro) Takofl pexuMm paboThi cOCOGCTBYET BO3HHKHOBE
HHIO B 3TOT MOMeHT OOpATHBIX mepeHanpsKeHuun B dyacrHocTH, eciu
UCTIONb3 yeTCsl TOCNeAOBATe/IbHOE COeJIMHeHHe THPHCTOPOB, AOJKHLL ObITH
npuhsr 1 meprns, 4robLl OGECHEeYHTL PABHOMEPHOE pacllpejeleHHe TaKux
obparinl  uepeHANPSIKEHHA HA BeeX MOCHAEILOBAlebHX npubopix 06
210M 00 lew NOAPOOHO CKa3dHo B pasf 6

Ilp  ucnmonn3oBanMH THPHCTOPOB B MHOro(aHLIX (xeMax neobxoii-
MO ofecneynTb NPaBHIbHYIO (DA3MPOBKY MYCKOBLIX CHrHajdoB, I e ¢a-
B0BLI CHBHI HMMIY/bCOB, IOJAaBA€MbIX Ha THPHUCTOPBI, AOJIKEH COOT-
BeTCTBOBAThL THHY BHIIPAMUTENBHOH cXeMbl M TpeGyeMOMV yray ¢aso
BOTO YNpPaBJeNHsi

Ha puc 9 36 nomeutena pacnpocTpaneHHas cxema Tpex(asHoro Mo
cTa, y KODOPOTO KaTOAHAs TPpynna BeHTHAEH COCTOUT K3 THPHCTOPOB,
a ayo/Hdfl IpyNNa COCTOMT M3 OGBIYHBIX BeHTWIeHd 3ITa cxema obecne-
Y¥BdeT IIaBHOE pery/JMpoBaHHe BLINIPAMJEHHOro Hdnpsikenusa or 0 xo
100% npy ycnOBHH, ec/iM IYCKOBbIE HMMYJLCH MOTYT CMeIAThes M0
tdase na 180° {(puc 9 37,a)

(Cxema, paccmorpentas B § 99 2, gaer BO3MOXKHOCTb NOJYYHTb Ta
Kie [ycKOBhle HMMOYJbCh Ecau uMnyabchl GyAyT N0OJaBAaThbCA Ha Bee
THPHCTOPH OZHOBpeMeHHO (TaK, Kak ykasaHo Ha puc 9 37,6) To ux
MOXHO cABuratb mo ¢ase Toabko Ha 120°, W B 3TOM c/lydyae MOXKHO
ofeLneunrL MJaBHOe DeryjHpoBanuHe BHIXOJHOTO HANPSXKEHHA B CXeve
pruc 9 36 npuvepuo or 25 no 100% TlogoGHas cxeMa ynpasaeHnus pac
cMoTpeHa B § 99 1

B psize crenuaiibHbIX cAyuyaeB HeOGXOJMUMO DETYIHPOBAThL BCe LIECTb
BeHTUIeH B cxeme TpexaszHoro mocra [IpHMepOM MOKET CIYXKHTb cXe-
Ma, OCYyLIeCTB/SIONIAs pPeKynepaTHBHOe TOPMOXKeHHe MAIUMHBI MOCTOAH-
HOTO TOKA, THEe AOJKHO ObThb MPefycMOTPEHO DPeBepCHpPOBaHMe Hanps-
Kehust u60 B uenmu Bo3GYKAeHHA, JMGO0 B ILeNn SKOPS JBUTATENS
B nantom cryuae NOJMXKHBI IOZBOAMTLCS ITYCKOBhIE CUMHAJLI, KOTOpHLie
MOTyT GLITh QIBHHYTH Gojee ueM Ha 120° (puc 9 37 8)

+
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Puc 936 Tpexdasuag Mocrosas cxema ¢
TPeMs THPHCTOpaMHu (HeCHMMETpHYHBIA MOCT)
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Puc. 9-37. BapruaHnThl nogavii yupasasiouyx HMIylb-
co8 Aaf TpexdasHofi MOCTOBOH cXeMbl BHIIPAM-
JAeius.

a — OpH yNpaBJeHun TPeMs BEHTHASAMH M LoodcpeAHOHM MO~

fade MMOYAbcoB; 6 -— TO Ke [OPH OIHOBpeMeHHOH mojaue
HMOYJABCOB; 8 — MpU YNPaBJeHMH HIGCTHI0 BEHTHASAMI.

9-9-1. IMpocraa Tpexca3Haa cxema ynpasjeHus
(uaMenenue Hanpsxenus or 25 go 1009)

3pech NPUBOAUTCS ONUCAHHE MPOCTOH CXeMBl YNpABJEHUS TUPKCTO-
pamu, obeclleyuBaoilel MIaBHOe PeTyAHPOBAHUE BHIXOAHOTO HATIPSXKEHHs
NOCTOSIHHOrO TOKa Tpexdasnoro mocra (puc. 9-36) B npeneaax or 25
no 100% MaxcumaJbHOrO 3lauYeHHd, a TAKXKe MOJHOE 3annpanue BHI-
NPAMJIEHHOTO HampAXkeHHs. B cxeMe IIPeaycMOTpeHBl Mepbl AJsA aBTO-
MaTHYECKOH KOMNEHCAllMy H3MeHeHUH MHTAIOmEro HanpsiKeHHs H HeCHM-
MeTpun has 6e3 MpHMEHEHHA 3aMKHYTOH CHCTeMbt OGDATHOH CBA3M.

OTa cxema BNOJHe NPHMeHUMa Be3je, rae He TPefYeTCA peryaupo-
BaHHE BO BCeM JHaNasoHe BHIIPSIM/IGHHONO HADPAXKeHHST OT HyJAA [0

R; —3,3 kom, 2 er,

MHOTO®AZHBIE CXEMBI HA TUPUCTODPAX 945

100% OcHoBHBIMM KadecTBaMH JAaHHON cxeMbl fABJAAIOTCA ee HH3KAH
CTOMMOCTb, IIPOCTOTA, KOMNAKTHOCTb H HamexHocTb, Cxema ofecreun-
BaeT CHMMeTPWYHbIe BLIXOJHBIE HMMYJbCHL BOo BCeX Tpex (pasax, He Tpe-
Oys ClewHajiLlIoro COIVAcOBANA 1 HACTPONKM YOPaBJSIOUNX ieneil or-
HeJbHbIX THPHCTOPOB. KpoMe TOro, cxemMa HeuyBCTBHTEJNbHA K TNepeMete
nopsijaxa caemgoBaHus ¢as cetn. B Helt MOXeT GLITh 3JEKTPHUECKH BBe-
lela ofpaTHas ©BA3b, W OHa He TPeGyeT OTAEJBHOrO HCTOYHMUKA IHTA-
Husi. B cxeme OTCYTCTBYIOT MarHHTHblE 3JEeMEHTHI.

Ha puc. 9-38 nokasana noasad cxema. Uepes ndomnl i TOJ0XKM-
TeJbHOe HaNpAXXeHHe CeTH [ofaeTcs K LenM YHpaBjieHHs B TeueHHe
KaX[0ro HHTepBaja, KOTJAA aHOLHOE HANpsiKeHHe HA OfIHOM H3 THPH-
CTOPOB CTAHOBUTCS MNOJOMHTENbHEIM [0 OTHOIUEHHIO K MOJOMKHUTE]bHOR
IMHe TOCTOSHHOIO TOKA. DTO HANps/KeHHe OrpaHHYUBAETCS Ha YPOBHe
20 e craGumutpoHoM CT W nuraeT OCHIYHYI0 CXEMY YNpPaBJeHusl, He~
NOJb3YIOINYI0 DesakcauHondbil reHepatop ua OIIT, noxpobuoe onuca-
HAE KOTOPOH Oblio AaHo B pasd. 4. ConpomwBieHue Ry yupasiser
yrioM ornupanus OIIT;, peryiupys CKOPOCTb 3apsilKH KOHJEHCaTopa
Ci. Munyabe uanpsaxenus, ofpasyowsiics na 3saxuMax Ry, Xonia
OIlT, paspsxaer C;, NOJAaeTCs OLUOBDEMEHHO K YNDABASIOUIHM 3JeK
TPOLaM BCeX TPex THPHCTOPOB Uepe3 CcOompoTHBiaeHHd R, Ri1, Riz
B n060#i RaHHBII MOMEHT BpeMeHM HaUWHAaeT NPOBOAUTL TOK TUPHUCTOP,
Y KoToporo OyneT HaHGO/bLIlee IOJOXKHUTENIbHOE AHOLHOE HATpPSIKeHHEe
B MOMEHT I04a4{ YNPaBJ/sAOIEero HMIyJbCa.

CxeMma, cocrosiiast u3 tpuonoB I1T u OIIT, He HOMycKaeT OTMU-
pauua OIIT, npu yrie sanaspbiBaud, npesbimaiowen 120°, Ecau yroa
3anasipiBaHyks INYCKOBBIX HMIYJbCOB CTaHOBHTCS Gosbmie 120°, To BHI-
NpsAMJeHHOEe HaNpsikeHHe Pe3Ko Nosblllaercs cHoBa go 1009, tak kak
BEHTH/Ib cjelyouledl dassl otnipaerca B Hauase noaysosue. Ha OfTT:

y r ¥
176 2 > y
6020 % > T
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Puc. 9-38. TIpocras cxema yupasnenss TpexdasHulM HECHMMeETPHUHBIM
MOCTOM.

CT—20 8, | 8r; ONT, u OIIT, — Tuna 2N2646; JIT — Tuna 2N2933, R, — 10 xox
(nacTpofira mpast nonyvyenus otnupauust ONIT, npu a=120°), R, — 20 xom (peryam-
pPOBKAa BBIMPAMJIEHHOro Hanpswkenusn); Rz —47 om, R,— 100 om, Rs, Rs— 39 om,
Ry — 500 om, 2 er (noAcTpOilka KommeHcauuu KoneGaHufl Ha-
npaxenusa cetu); Ry — 100 om, Ry, R, Riz— 25 om; €y — 0,5 mrgh; Cp,— 1,0 mxd.
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coGpan He3aBHCHMBIl DPeNahCALHOHHBIE TeHepaTop, KOTOPEI HAuHHAET
CBOM 3apsaHBfl LMha ogHoBpemeHHo ¢ OfTT Conporusienue R, ycra
11aB/HBAGTCA HA NOCTOSHHYI BeJHUuHy Tak, uto OJIT, ornupdercs npu
yIJie, HECKOJBbKO MemblieM, uem 120° [Ipn 91oM BO3MOMKHLI ABd DeH
vMa paloThl

1) Ecan O[T, 3anyckaercsi ¢ YIJioM  3anasibiBanusl, MeHbIUIHM
u=120, oH OorMHMpael HMENHO 10T THPHCIOP, HOJOXKHFETLHOE AHOAHOE
HANPsiAcHHE KOTOPOIO B Aaliblll MOMeHT flO1{eT(d B hauelTBe Hanps
AeHua wnrawin Jast OIT yepes o1un w3 Tinogos B edltBue ormupa
I 37010 THPHCIOPA HYe3dc! HAUPsimeHHe LATAHI. CXeMbl ynpasie
nns lHanpaxenne meacny 6asamn OHT, cunkaeics jo HyJst, BbiblBas
otnpanne 31010 OT; u paspay Ca, vev ocylieciBAselcs HOATOTOBKA
K caenylowemy uukay Takoft pexxum umeer Mecro 1ornaa, korga O/IT,
pery/iMpyer BBIXOJAHOE HANpPSMEHHe MOCTOSHHOrO TOKa Mexay 25 u
100% wmaxcumyma Ilpu Takom pexume paGotwt 1T u OIIT, ne Bausior
Ha pabo1y BEeHTHJBLHOIO MOCTd

2) Ecan yron sanaspwiBanusi OfIT, cranosurca Gosabilie 120°, To
OlT, ornupaercst, paspsikas C, depes nepexox Gasa — smutrep /17,
lacblulaeT ero u paspsxkaer C, vepes [IT,. Tlpu Takom nepHomHYecKOM
paspspe C; MMIYJbCHI Ha YNPABAAIOLMX 3J1EKTPOLAX THPUCTOPOB OT
CYICTBYIOT W BBIMPsMJCHHOE HampsxKeHhe Oylel B TaHHOV c/lyyae pas
10 HyJ0

Ynpab/iedHe BLIXOAHBIM TOCTOSHHBLIM HaNpsXKeHHdeM MOMKET Ocylile
CTBJISITbCSI HE MeXaHHYeCKHM crmoco0oM, 32 CUeT NOBOPOTa ABHXKKA CO
NPOTHBACHMA Rz, a Npu NOMONIK 3JEKTPMMEcKMX curHasos Mo 3Toro
NOTylUPOBOAHHKOBbIL TPHOJ BKJOUAeTcsi JAHO0 nocaelosaredsHo ¢ Re
Hd 1y™ Npoxox.leHun zapaguoro toka K Ci, nubo napannensio Ci
O6a MeToTd MOTYT GbiTb HCIIOJbL3OBAHBI NIPH OCYUIECTBJEHHH B CHCTEME
oBpaTHoft cBA3n DBosee moxpoGioe onmcaHde JTHY MeTOZ0B NOMVEHIEHO
Bpasg 4uB§95b

Pa6onocrioco6HocTh AaHHoll  LXeMbi  ONPE (C (9eTC  BOIMOIKHOCTBIO
no,repxkuBatb yroa ornupanua OIIT, Hewko Ibho MeHbuinw, dem 120°
Jlaa ororo sropas 6asa OITT, uepey Rs CoejuusieTcss ¢ FOYKOi, OTHe-
JIEHIION CONMpoTHBJeHneM Rg 0T TOUKH, Te AEHCTBYeT HampsiheHue, orpa-
HnvenHoe craduantponom CT  3Jrto paer BOZMOAKHOCTb IN0LIEPKHBATH
3apsitibtt nepuod OIIT, na ypoBHe, HECKOJBKO MenbieM, wem 120°,
HE3aBHCHMO OT KosieOaHuil nanpskeHus ceTH Lcau oTu meps! He GYRYT
TPHHATHL, TO CHUMEHIe HANpPsKeHHs HUTAHHS MOAeT BLI3BATH OTIHPA
uge OMT, mpn yrie HeckoabkO GoJbluev, uew 120° uto Gymer 06y-
CIOBJGHO MEHbIINM HakK/JOHOM (pPOHTA OrPaHHYenHOH CHHYCOMZAJbHON
BOTHLI HANPsi2KeHHs NPUAOKEUHOF0 K Ry

Pesucrop Rs pomosHser ewe ofHy notesuyio dyHkudo 3a cyel
coenunenua Bropoft 6aspl OJIT; ¢ Bepxuelt Toukoll Rs ofecleunpaercs
olpeje/eHHasA CTeNeHb CTAGHIH3ALHM BEIXOAHONO [OCTOAHHOIO HAnps
KeHds npu hosebanddax HANPsKeHHS B CeTH TEPEMEHHOro Toka llpu
MOBBILICHIIM HaNpfKeHWsl CeTH HanpsiKeHue wexny OGasamu OfIT,
a CJIe10BaTeNbHO, Hanpsxenue oTnupauud swurrepa OfIT, nossimaercs
B 3aBUCHMOCTA OT ycTaBkd Rg IlockospKy Ha 3apafHy®0 nellb >VHTTEp"
Yepes R; N071aeTCA NOCTOAHHOE HANPSMKeHJde CTAGHINTPOHA, Yrol OTHH
paHus THPUCTOPA YBeTHYHBAETCH M BBIXO1HOE HANDAKeHHe BBIIPSIMIle
NS COXPAISieTcss NOCTOAHHBLIV [IpH NOHHMKEeHHM HANpSIKeHHSA CETH YroT
OTUHPAHHS BEHTHAS yMeHblIAeTcsl TOIAEPXKHBAS BLIXOIHOE HATIPAKeHHe

HEM3MEHHBIM DTOT NPOLECC NPOHUCXOAMT MDHOBEHHO M He 3aBHCHT OT
uIMeHeHWH (HAKTHYECKOrO BLIXOZHOro Hanpsxkedus Ilpu HepabHOM
HanpskeHuu B Gasax H3 32 9TOH OCOOEHHOCTH NAHHOH CcXeMbl MPOHC
XOANT BHIPABHUBAHHME CPEAHHX 3UAYeHHH HaANpsKERUS 32 HHTepBasii
NPOBOAUMOCTH OTHEbHbIX THPHCTOPOB, WTO YMEHBIIAET TeM CaMbiM
NyJbCALHIO BLIMPSIMJEHHOTO HampsiKeHHs 10 ocHOBHoM uacrote [lo
CKONMbKY KOMMeHcauHsi, ofecneunBaemasn Rs, Das/nHuHa NpH PasHbIX
yraax OTIHMpaHMA, 3T0 CONPOTWBJEHHWE JIOJKHO ObTb HACTPOEHO HA
onNTHMaJabHOe AeficTBHe BOJIM3W TOro ypPOBHA HANpSXKEHHA, HA KOTOPOM
06blyHO pabBoTdeT cxema

B caysae nuranus oT Tpex(asHoll ceTu IepeMEeHHOro TOKAa Hanps
KendeM 117 & cxema Ha puc 9 38 Moxer obecneuuTb fJ1aBHOe 13ve
HeHWe cpeJHCro 3HAUEHUs BHIIpsAMIEHHOro nanpsKenus ot 40 po 150 6
T e KpatHocTb perynupoBawusa 3,75 1 Cxema MOXKeET MNO3BOJHTH Tak
e MOJHOCTBIO CHA1L HANpsKeHHe ¢ HAarpyskd Rs MoxkeT ObiTb 0Tpe
ryJAMPOBAHO TAKMM 06pa3oM, YTOOL NPy KOoJeGaHWsIX HAUPSIKEHHS CeTH
Ha =+10% BLIpAMJeHHOe HanpsiKeHue Oblio moutn Hemamenuom Jlan
Hhle HCOBITAHIH  KOTOphle MpoBoauauce npu Rg==350 om wuarpyske
10 ou wu ucpoabzomanuu Tipuctopos Ttuna C35B, moxasanm, uto mpu
CHHMKeHMH BXOJHOrO fepeMeHHoro Hampskenus ¢ 130 po 100 8 Bwimpa-
leHHoe HanpsKenne cHdkajsoch ¢ 93 jo 92 6

9-9-2, Cuctrema ynpaBJjeHus AJsI MOJHOro PEryaHpoOBaHHs
B TpexdasHoil cxeme

e puc 9 39 nmokasand caeMd (dioBOro ynpdsieHis BCTPEMHO lid
PAAICABHO BRJIOYEHHBIMH THPHCTOPAMH, [PHCOSJHHEHHHIMH B Tpexdas
HOH YEeTLIPEXTIPOBOJLHOH (XeMe MOC/ACAOBATCABHO C MepButibMH 06MOl
KaMH Tpex BHLIXOIHHX TpPaHCHOPMATOPOB, coenuuenHuix 3pes it [y e
Bas TOUKA rpanchOpPMaToOpPOB MOMK/IIOUEHd K Henrpasu 1pexd idrou cH
crevil Ynpapnusonide (seMbl OfAHOHAIHOTO THI} UPHCOCIHHENB MeAJY
KdXKA0H (aszonn 11 HOHNTIPAAbO  Yrpasmeiie BCMOMOTATCALUBIMH  THPU
CTOPAMI  NOJAIONLUIMI HMIYJAb(Hl HA CHIOBbLIE, UPOH’BY LIl OT reHe
patopa Ha OIIT uepes pasjesautelbHuM TPar gopvarop Taxkum obpa
30M, BCE TPH NYCKOBLIE CXeMbl yMPABASIONCH O IHOBPEMEHHO NP MOMOo
U OJIHOTO OTeHHOMeTpa (MpH DPEryJaHPOBAHMH BPYUHYIO) HIH 3JeK
TPHYECKOrO (HrHajJa IJTO NOIBOJAAET Takme UMeTb B KdauecTpe ofuien
o6y 10 1X0TAylo Toury B cxeve remepitopa na OIIT Heworopeie
RAPUAHTEL yAPaB 1eris 1pems renepatopavi wa OTIT ofinm cirianon
noxazannt #Ha pie 9 10 BuiGop nanbosee NOJAOTANETO BIPHANTT 34
BHCHT OT Tolo, rpeGyeTca Jn pyyHOe HNH ODJAEKTPUUECKOC YynpanJeilile
A4 Tak4e OT BEJANYMHbLI BHYTDEHHETO CONPOTHBIEHHA OOLIET0 HCTOYHUK 1
\IPaBJSIOILETD CliTHATa

B kaxiaoil caeve ynpasJeHHs nvelOTcs CPeacTsa, ofecrncuuBatoONiie
CHMMETDHUHOCTh OIMHPaHUs THPHCTOPOB BO Beex Tpex (azax B rax
101 cxeMe CONPOTHBIeHWe R, OTPeTY/IMPOBaHO Tax 4YTO OTHHpaHue
scex tpex OIIT npoOMCXOAUT NUpH OTMHAKOBOM HANPSDKEHHN HAa OVUT
Tepe paBH)OM nanpskermio va Cy u nepsuyHon oBuvoTke Tpancdopva
topa Tp2 3atem R, HAa(TPauBalTCAd [AS MOMYHEHWUA O LHHAKOBWY I103
OTnHPaHuA BO Brex Tpex (asax, uto yaoGHee Bcero IenaTh Npu pyd
HoM vhpasienud (puc 9 40,a)
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Puc. 9-39. ®asosoe ynpasjeHHe B Tpexdas3HOW 4eTHIPeXNPOBOAHON CH-
CTeMe ¢ BKJIOYEHHeM HArpy3Ku uepes TpaHcGOpMATOPLI, BKJIIOYeHHbE
B 3Be3ny.

Ry — 3,3 KoM, 5 er; Ry — 10 xox, | 81, Ry, Rs — 22 os, 2 8r; Ry, Ry — 33 om, 2 ar;
Ry, Rio— 47 om, 0,5 81, Cy— 0,1 mr¢h; OIIT — Tuna 2N2646, T3, T,— Tuna 2N1585;

Tpl — Bropuunble o6MoTkk Ha 12,6 8, 0,25 @, Tp3 — Bropuynasa o6morka Ha 120 8,
50 ma

Pa6ora cxembl puc. 9-39 compopoxjpaercsd IpoTeKaHHeM 3HAYHTENb-
HOMO TOKa IO HYJeBOMY MpPOBOAY Tpex(da3Huoll cHCTeMbl, 4TO HEOOXOJUMO
YUHTHIBATL Npy BHIGOPe HCTOMHMKA nHTanus AAs Hee. [lpu coemmuenuwu
fepBHUNBIX OBMOTOK TPaHC(HOPMATOPOB B TPEYroJibHHK JHANa30H pery-
JIUPOBANKA HanpsxKenus cy.xaercs. Moo TakKe HCIONb30BATh CXeMy
v 0e3 MNOoACOeIHHEHHA HYJAeBOl 10MKH IPAaHCPOPMATOPOB K Heilrpaau
ceTu

MHOTO®A3HBLIE CXEMBI HA THPHCTOPAX 249
.
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Puc. 9.40 BapnaHntei 0JHOBDEMEHHOTO YHPaBJeHHs BceMH TpeMs (asa-
MH B cxeMme puc 9-39
a ~— pyyHoe  ynpaBaenue; 6 — ymnpaBjeHHe MNOCTOAHHLIM HanpskeHHeM U
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Paspen pecsaroii

®A30BOE PEI'Y/JIHPOBAHHUE CKOPOCTH
JABUTATEJIEH

10-1. BBEJLEHHE

Tak kax HauGo/iee PacNpOCTPAHEHHBIM M YIHBEPCAJbHLIM HCTOYHH-
KOM 3Heprocuabxelus siBJseTcsl ceThb NepeMeHHOro TOKA H TaK KaK Hawu-
Oosiee yAOOHLIM CHIOLOOOM peryJupoBaHusi TOKa M HanpsiKeHnus IpH
[IMTAHMK OT TAKOrO HCTOUHHMKA siBJsiercs (asoBoe pery/iupoBanuie, He-
YIHMBHUTEJNbHO, 4TO 3TOT METOJ IpHMeHsercs AJAA YINPaB/ieHHs CaMbiMH
pasnuYHLIMH TUnamu ABurarteseit. OaHaxko OOJNbIUHMHCTBO JABHraresed He
PACCYHTAHO CHOELHAJNbHO [/ TAKOTO pexHMa PpalboTLl M HCIOJb3yeTcs
JMUWIL B CHJIy CBOeH JOCTYMHocTd u Jemesusnbi. Yacto 3ddexkmBHOCTH
CHCTEMbl Dery/JHPOBAaHHA B ILeJIOM O0Ka3blBaeTcs HEBLICOKOH BCJEICTBHE
HeyaauHoro BbiGopa msurateas. [losToMy Heab3st 3a0LiBaTh, 4TO Jaxe
OYelb XOpOollas cxeMa peTyJHPOBaHUA TOKA WM HaNpPsKeHH ABJAAETCSH
JIMUIb YacTbIO Beefl cucreMbl, H paboTOCHOCOOHOCTh MOCASAHEH 3ABHCUT
OT XapaKTEPHCTHK BCEX €e Y3JIOB.

Jas GoabliuHCTBA [ABHraTejeli HOMHHAJbHBIE NApaMeTPLl yKaaulBa-
IOTCA Npu onpejiefeHHoll CKOpochA BpallleHus, Npu XKoropoii obecreun-
Baencs HOpMalbHOe OXMaXAeHde MawuHbpl. [losromy pabGora na noHu-
JKeHHOM CKOPOCTH MOXeT NpHBECTH K neperpesy. Jlpyras cJjioXHOCTb
chBsi3aHa ©O CMa3Koil NOMINMIHEKOB [pPH MaJblX ckopocrsix. Hasnune
HeYeTHLIX FapPMOHHK B KPHBON BHIXOAHOIO HAMpSXKEHUS Deryjsaropa Mo-
JeT BHI3BAThL HEKOTOPLlE JONOJHHTEJbHble fBJEHHS B ACHHXPOHHDIX Ma-
mnHax. Crnennduka MOMEHTO-CKOPOCTHLIX XaPaKTePHCTHK HeKOTOPLIX TH-
NOB aCHHXPOHHBIX JBHraTeslel jesaeT WIONAA TH JABHraTeNd MOJHOCTHIO
HeMPUIOAHLIMH JAJIi HMCIOJIb30BAaHHA B OHCTEMax ¢ pery/iupyemblM Ha-
npaxeHueM nuranua. Pa6ora HeKOTOPHIX BEHTHJALHLIX PEryJATOPOB /S
ABurartesefi YHUBE®PCAJbHLIX CepHil OYLIECTBEHHO 3aBHCHT OT HaJM4H5
3aMeTHOro OCTATOYHOTO NAMArHMYKBAHMS, KOTOPOEe H3roTOBHTEAH (NOA-
yac Gecco3HaTeJbHO) CTPEMATCS CBECTH K MUHHMYMY.

DTOT HeNoJHb nepeuyedb npoGieM NOA4EPKHBAET BaXKHOCTb COIJa-
COBAHNA Pa3paboTYHKOB BEHTHJBHEIX CHCTEM PpEryJHDOBaHHA 3JeKTPO-
ABHraTesed c pa3paGOTYHKAMH W MITOTOBHTEJAMH CaMHX JBHraTeJef,
qTo0bl OLITb YBePeHHHIM B MNPABHIBHOCTY BHI6OPAa MAIHHHBI AJA [TaH-
HOTO KOHKPETHOIO HPHMEHEHHS.

OjHako NpH NPaBHIbHO pa3paGoTaHHOM W BolGpaHHOM JgBHraTtele
peryiupyeMbli BeHTHJbHLIA 3/eKTPONPHUBOJ HMEET BecbMa YHHBepCalb-
Hble XaPAaKTEPHUCTHKH H MOXeT I03TOMY MHCHOJb30BATLCS B LIHPOKOM
Kpyre pasAuYHbix nNpuMeHeHuA. Hampumep, AJs peryjupyeMoro sneK-
TPOIPHBOAA BO3LYXOAYBKH MeyH c TeMmiepaTypHoil KoMNeHcauueli He
Tpebyerca Oonblioe uMcJO TUNOpa3MepoB JABHratesefl ¢ pa3iHUHBIMH
CKOpPOCTAMH BpaieHus. IIpH Hajuuuu B cXeMe COOTBETCTBYIOIHX pery-
JIMPOBOK OOGBIYHLIAI CTAHAAPTHLIA ABHraTelb MOXeT YAOBJETBOPHAThL ca-
MbiM pasnMyHbLIM TpefoBaHMsAM. B HeKOTOPHIX cC/lyuasX, KOrZa MaKCH-
MaJlbHasi CKOPOCTb [BHraTe/sl OPPaHUUUBAETCH DPEryJIATOPOM, ONACHOCTh
nepeHanpsKeHuil Ha JBHrarteje HCKJOYaercd, YTO TO3BOJSAET CHH3HUTDH
€ro CTOMMOCTb [pH pa3paboTKe.

PETYJAUMPOBANIIL KOUIMLKTOPIIBIX L 1BUI /iTE.ﬂEP’l

10-2. PETYJIUPOBAHUE KOJUJIEKTOPHBLIX JABUTATEJIEH
CO CTABUJAHU3AUUEN CKOPOCTH OBPATHOH CBS3bIO
MO BEMWYHUHE NMPOTHUBO-3. 1. C.

Jlns pery/npoBaisi CKOPOCTH BpAlUeHHs] ABMratess 1eo0xoLiMo
KaKuM-1ubo obpaszom onpexe/arb ee 3Hauenne. HanGosee npocroit crmo-
€06 mostyweltss TakoM HHGODMALMH COCTOMT B H3MEPEHWH NDPOTHUBO-
3. A. C. KONJIEKTOPHO{i MAaIUHHLI B TeYeHHe HHTepBaja BpeMeHM, KOrid
peryaupyiouwnii Tupuctop 3anepr. Ecaum o6MoTKa craTopa MaluuHbl Ia-
pasrenbHoro Bo3GY:KAeHHA MNHTaeTCs OT OTAEJbHOrO MCTOYHHKA, & Tak-
Xe B Mamuduax ¢ po30yx/JeHueM OT HOCTOSHHBIX MAarHuTOB 3Ta IPOTH-
BO-3. . C NpPAMO NPONOPUHOHANBHA cKopocTH B MamuHax nocaefloBa-
TeJbHOrO BO30yXJeHus [0/ NpH 3anepToM THPUCTOPE OTCYTCTBYeT H
MPOTHBO-3 [ C. HA 3a)KUMaxX ABUraTess BO3HUKAeT JMIIb 3a cyeT OCTa-
TOYHOTO HamarswyumBadns. K coxajeHMio, OCTaTOWHOe HAMAarHWYMBaHHE
fBasercs ¢QyHKuMeldl mpexBapUTeNbHO NPOTEKaBIIePO TOKA, NOITOMY H
HanpsiKeHue Ha 3a)KuMax MaLldHbl ONpese/sencs He TOAbKO ee CKO-
poctbio. B moaoGHBIX cxemMax chaenyeT TakXke OPHHATb Mepsl Npeo-
CTOPOAKHOLTH, YTOBLI MOMeXN, BhI3BAaHHLIe pabOTOf LISTOWILIX KONTIK-
TOB, He Mewany npaBuiabHoMy GYUKLNONHPOBAHWIO CXEMLI DeryJanpo-
Bavus

10-2-1. OxnononynepuoHbie peryiaTopbi
VHHBCPCA/AbHBIX JBHraTe el Mocjae10BATENbHOIO
BO30OVK 1eHHS

YHHBepcanbHbie NBUrATeNH MOCJAEIOBATENBHONO BO3GYKIEHHS HAXO-
IAT caMmoe UIUpoKoe npuMmeHedHyue. OHH HCMOAB3YIOTCA B DPYYHOM 3JeK-
TPOHHCTPYyMeHTe, NblJecCOcaX, MHKCepax W MHOTHX JAPYPHX YCTPOfcTBax.
OnuceiBaeMEBle HuXe CXeMbl PETYJIATOPOB 06ECNEednBAOT MJAABHOE Pery-
MpOBaly¥e TakHX JABHrartesefl, mogobHoe TOMY, KOTOPOe MOXKeT [aTb
asuratenp ¢ GeckoHewHo OOJABLUIMM YHCIOM OTBOJNOB, IIEPEKIIOYAEMBIX
ISl H3MEHEeHHS CKOPOCTH

Onxononynepuomusie cxembt puc 10-1 u 10-3 tpeByroT, uToGnl ABU-
raTesib IpH UHTAHUH oT ce™d 120 8 Oulo paccunTaH Ha HanpaKeHwe
80 s mi1s moNyYeHns TOMHOrO Nuamnasoma ckopocreit Cpok cayxK6bl
WIETOK [pH NHTAaHAY ONHOMONYIEPHOMNHEIM HANDAXKEHHEM HeCKOJbKO
MEHbIlle 10 CPABHEHWIO CO CJydaeM MHTAaHHS ABYXINOJYNEPHOIHLIM Mepe-
MEHHLIM HampsAXKeHUueM.

B oGenx ONHOMOJNYNEPHOIHBIX CXeMax MJISl yBeJHUEHMS TONBOIH-
MOH MOIIHOCTH NPH CHHKEHHH CKODOCTH, OOGYCJOBJeHHOM BO3pocHIell
Harpyskof Ha BaJjy, HCMOJb3yeTcsl TPOTHBO-3 [. ¢ HA 3aXKAMAX MAIlH-
Hbl. 2Ta TPOTHBO-3 A. C 3ABUCUT OT OCTATOWHOH HAMATHAYEHHOCTH,
KOTOpas B CBOIO ouepeylb ONpesiesseTcss KOHCTDPYKIME MAarHHTOTPOROJLL
npuratena u cBofictBamu crasu  Crenyer ybeautbes, 4D BuIGpaHHbLIR
ABUTaTeNb AeACTBUTENLHO UMEEeT NOCTATOYHO BOMBLINOH OCTATOUHBLIA Mar-
HUTHBIA NOTOK.

ITpunnym neficreus cxemst puc. 10-1 ocHoBaHm Ha cpaBHeHuu ocra-
TOYHOH NPOTHBO-3. XA. c. mBuratens U, ¢ ONOpHHWIM HanpsikenneMm Usj.
Ecau xonpencarop C; OTCyTcTByeT, To Hanpsixkeuue U, onpenensercs
NOJNOWeHHeM NBHKKA MoTeHuHoMmeTpa Ra. DBaaromapa amony Ha Tox
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OcHoBHAA  cxeMa ONHOMOAYNEPHOHOI'O

peryisaTona yYHHBEDCdJ/IbHBIX JBHrartesell co cTabuau
sanmnel CKOpocTH 3a cueT ofparnoit CBA3M TO BEAR

YHHe NPOTHBO 3 1 C

Hapamerpbl CXEMbl IIPH HOMHHAJbHOM TOKE ABHIATE/IA

Ho la Jo 3 a Ho 15 a
R, 10 xom, 1 em 1 xom 2 em 1 xom, 2 sm
Ry 47 wom 05 em 3,3 kom, 2 sm 33 xvom, 2 sm
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Puc 102 Tpaduky, wumocrpupyloupe paGory cxe

mul puc 10-1

a — Gea KOHJeHCATOP&
emrocTH C)

G., 6-g €t

8 — upd  Godpiuof

yepes Ry u R, mportexaer julib B OJZHY NOJNOBUHY NEpHOIA Hanpsxe
upe Uy JOCTHraeT aMIJIHTYZHOTO 3HaueHHs B MOMEHT, KOIYld CHHYCO i1a
IUTAIOWEN0  HANPHAMKeHWs IPOXOAMT uepes Makcumym (touka A ua
puc 102,a) Ecnu ocrarounas mpoTHBO 3 J ¢ ABHraretd Goublle, ueMm
OTO aMILIMTYyAHOe 3HauerHe U; (T € eC/AH CKOPOCTh BpalleHus Npesbl
Wwaer ycraHOBJeHHOe 3Hademne), AHOA [i 3amepr, tupucrop T ue OT
nupaercs M HanpsiKeHHe Ha JBUTATENb B JAHHYIO NOJAOBHHY NepHOAA
He mogaetcss KoDhga CKOPOCTb CIIM3HTCA HACTOJBKO, 4TO IPOTHBO 3 I ¢
Us crameT MeHblie, YeM MaKcuManbioe 3Hauedne U, anotl i oTxpo
eTod M Ha YApasasioOmMii 3jekTpog THpuctopa Iy 6y.er mojad oTmhpa
owuil curia’ Takoe rpaundysoe 3HaUeHHe CKOPOCTH MOXET YCTaHABIH
BaThCsl NOTEHUHOMETpoM R, 3ameTnV, uTO HaWGO/bIUMA Yros OTAHPA
Hug Ty, COOTBETCTBYIOIUHH HanMeHbLIEH MOLIHOCTH, NOIBOAUMON K IBHU
raTejlo, COCTapJjser B AAHHOH CXeMe YeTBePTh NEpHOAd, MOCKOJIBLKY Had
BoJiee IO3AHAA MOMEHT OTHHPAHH THPUCTOPA COOTBETCTBYET aMIVINTYH
HOMY 3HaueHuo U

Ecnn Harpyska jBHTaTeas Hapacraer, TaK 4YTO €ro CKOPocib H
UPOTHBO 3 A C OHWKAIOTCH, THPHCTOD OTAMPAETCH © mewnbiied 3amepx
KOH, yBequuuBas, TAaKUM 00pa3oM, IOABOXHMYI0 MomuocTb B ciyuae
MaJlOii Harpy3Ku W yCTA4BKH COOTBETCTBYIOIMIeH MaJOH CKOPOCTH ABHUTa-
TeJlb 3a 4eTBepTb NepHoa, B TeueHHne KOTOPOH K Hemy MHOMBOAMTCA
MOILHOCTb, MOXKET HaCTOJbKO CHJbHO YBEJHYMTh CBOKO CKOPOCTb, UTO
B JajbHefIlleM [pPOiJEeT MHOr0 NepHOJOB, NpexJe UYeM ero CKOPOCTb
ynajer A0 YCTAHOBJEHHONO 3HAYeHHA M THPHUCTOP BHOBbL OTKpOETCH
B pesyabTaTe BO3HMKAIOT <KauaHHA» JBHTaTeis, KOTOphle OCBIMHO CO
NPOBOK,AIOMCA Xd] K IePHLIM HeNPHATHBIM LIyMOM

Uro6el ycTpalidib 3T0T 3¢ dexT, HeoOX0IHMMO yMeHbLIHTh MUHHMANb
HOe 3HaueHue HHTepBasa, B TeyeHHE KOTOPOIC MOLIHOCTb MOJABOJHMTCA
K JBHTaTes0, C YeTBEPTH NePHojxa CHHYCOMAb A0 TAKOH BeJMYMHH, NpH
KOTOPOil MOABOAUMAA MOLIHOCTL KaK Pa3 paBHa NOTEPAM 3HEPTHH B JABH
raTele 3a ONHH MNepuol OTa 3ajaua peluaercs nyTeM Jo6aBjeHus
B cxemy Komnencatopa C; Yanpsenuwe na KOHAEHCATODE B TeueHHue
NOJOKHUTENIbHOTO NOJyllepHoga npeAcTaniaserT coboil cHHYCORLY, CABHHY
Tyil0o mo (ase Ha ynoJ, oNpefensieMblii NOCTOSIHHOH BpeMeHn NeNH H
CKODOCTBIO CIIafa SKCIOHEHTHl B OTPHIATE/bHYIO TOJOBHHY NEPHOAA

Ha puc 10 2,6 nokasaHo pesyabTHDYIOIlee Hampsxenne ui Moxmo
OTMETHTb XBA IVIABHLIX fABJEHHS BO IePBbIX, ToUKa A, COOTBETCTBYIO-
uias Hambonee NO3AHEMY OTIHPAHHIO THPHCTOPA, CABHHYTa B 06JacTh
Y08, G0MbIIMX ueM 7, mepwopma, 6Jarogaps YeMy CyIMeCTBEIHO CHH
heHa MUHAMANbHAN «10pPUMS» NOABOAUMON 3Hepruw Bo BTOpBIX, NOJIHOE
u3MeHehHe up (MokasauHoe Kak AU), Heo6xoaumoe /s penyJdPOBaHHs
MOLHOCTH OT MHKHMMYMa [0 MaKCHMyMd, CYLIeCTBeHHO YMeHblIeHO, UYTO
NOBLILIACT KauecTBO peryauposatns YsenuuedHe C, HenaeT 3TH 30
dexThl eme Gosee samerHniMu (puc 10 28) Touka A cmeulaeTcs 1aib
me, a mepenan AU ywvenbaercs Opanako ysemuuuBats Cy cremyer
OCTOPOXHO, TaK Kak npu ymensuiennu AU Boapacraer yumsienue paso-
MKHYTO# CHCTeMbl, KOTODOEe MOMeT ONATb [OBJeub HecTaOHIbHOCTL H
«ayauus» (cM pasp 12)

Conporrpaenne uend copepxamel; Ry, Rz u Ci, 104AKkHO ObITh
CPABHUTEJNBHEO MasbM, 4T00bl ofecnednTh HeoOXOMMMBIR 1A OTnupa-
HUA THPHCTOPA Tox Oe3 Hapyinends Gymsuuft stoft menn Ma puc 10-2,8
MOKHO BHAETh, YTO AMIAUTYAROE sHadeHHe TOKAZ, KOTOPWA MOMXKeT npo-
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Puc  10-3. OxpHononynepHOAHbii
peryisTop  MJf  YHUBEPCAJBHOTO

ARUWraTtensss co crabGuansauuesi cxo-

TeKaTh B lenud Ynpasdsiouero
MEKTPOLa THPHCTOPA MPU pas-
JYibIX  MOMEHTaX  OTIMpaHds,

H3VEensieTcs 10 CHHYCOMWde, Mak-
CHVMYM KOTOPOH MNPHMEPHO (OB-
nandeT BO RPEMEHH ¢ MaKcuMy

MOM  HanpsiKeHus cerd. Ecan
rok, obecrnemmBAIOUEH OTMHPA-
mue  TapucTopa, paseH  Iyo

(puc. 10-2,8), To Mowmeur Hando-
Jee TOTHETO OTIHPAHH| COOI-
BeTCTBYeT TOuke B, HO He A.
Kag Ccleiyer H3 paccMOTpeHHs
TONLKO KDPHBBIX HaNPAXKeEHus.
Yacro Aad yCTOHYHMBOR pa-
BOTH CXEMBI TPH MaJbX CKOPO-
cTHX ¢ yueToM CohopMyAHDOBAN-
HbIX BelIle TpefoBalMid B OTHO-

JeHiie Hanpsaxenus Ha jguoje 8 lie-
MU ynpaBJeHHs U fepexoje ympas-
ASIOUMH  3JMEKTPON — KaTod  TUDH-
cTopa. YBelHUeHHe CKOPOCTH JBUTa-
TeJs OrpAHUYMBaEeNCA YCTaBKOH MO-
TEHHHOMETpa Ry

OmMH ¢3 HedOCTaTKOB (JaHHOM
CXeMbI TIPOSIBUISETCA TPH MaabiX CKO-
pOCTAX, KONIA MPOTHBO-3. A. C. AKO-
Pl CTAHOBHTCH CJUIIKOM Matol ©
BpeMs, B TeYeHHe KOTOPOrO Ha THPHU-
crope AeHcTByer obpartHoe Hamps-
XKeHde, MOXEeT 0Ka3aTbCid HeLocTa-
TOYHKIM JJIS €r0 BOCCTAHOBJEHHS.
Ecam sTo cayuaercd, TO K iIBHrate-
JI0  3aTeM TPUKJIAJEIBAGTCH Cpasy
110/IHOE HampsAXKeHde H OH Monalaer
B pexuM «KauaHuil». Kpome roro,

o8
i 3z ';7
N
(% 18m
~1208 3
@ 28m
I z
Puc. 10-4. JIsyxnonaynepHoasbii

peryasTop JAJs JBHraTesas [oO-
CTOSIHHOTO TOKa MOCJEA0BATENb-
HOro BO3GYKIEHHA €O CTaGHJH-
3anHell CKOpocTH 3a cuer obpar-
HOH CBA3YM NO BeJIHUYHHe T1po-
THBO-3. I. C.

DOCTH 3a cueT OGpaTHOM cesigi mo  LIEWNI TOKAa ynpaniemia weob-

BeTUYHHE NPOTHBO-3. K. C., WCTMOAp-  XOUWAMBI CTOML MIJble AKTHBHEIC
J . I C., i
3VIOIMA KPeMHHeBSH OINOCTOpOH- !l PEAKTHBHbIE  CONDOTHBIEHAA
HU K04 AS YOAYYHIEHHs Xapaxre- qeymrend, 4n0o MOUIHOCTb (HeftH-
DHETHK, TeAs W paaMepbl KOHIEHTaTOpa

CTAIOBATCS HeonupaBIaHHo Bel-

k. B atHX caydasix MoOXio #c-
NOJIb30BATL B KAYECTBE YCHIWTE/s1 BO BXOIUHON Ilemy TMPHCTOPA HMIKO-
BOVIBTHBL Nepek/1iovalomui npubop, HanpuMep KpemiiHeBblil oHOCTOPOH-
il wmio (puc. 10-3). IpuMereHue 1aKoro KJI04a Mo3BoJdeT CyileCTBeHHO
MOBBICHTL MOJIHOE COMPOTHBJAEHHe Ae]HTess, 2 CJ1eZ0BATeNbHO, CHU3UTh
ero pa3mepwl 1 CTOMMOCTb B mpuBeleHHOH cxeMe OMOpHOe HampsKeHue
#y JOMXKHO 005i3aTesIbHO NPEBLICHTL NPOTHBO-3. J. C. NBHTATeNsl U, Ha
BeNHUHHY Hanpsikeuns nepexmouenns KOK, xotopoe nexuT B npenesax
8—10 s. Tlocne oTnupanif x/04a HWYHTHPYIONHA €ro KOHIeHCaTop pas-
paXXaeTcst 4epe3d yMpPamasionuiil 1eKTPON TupHcropa, obfecnednmsas 10-
CTATOYHO MOWIKKIT MMOYJAbC TOKA NJS OTIMPAHHS [OchefHero. JTo HC-
K/JI04aeT HeoOX0IMMOCTh N010HPATh THPHCTOPLI MO YIPaBASIOIEMY TOKY
OTNHPAHHA U YCTPAHSIET 3AaBUCHMOCTh CXeMBl OT OCOGeHHOCTell OTnesb-
HLIX THPHCTOPOB.

10-2-2, JIByxnoaynepHoaHbiii PEryasiTop yHHBEPCAJbHOro
JIBHraTe/isi NOCJAEAOBATEABHOr0 BO36YXK/IACHHUS

Ha puc. 10-4 npuBeseHa cxema [BYXIOJYNEPHOTHOTO peryiatopa
CKOPOCTH JUBHTaTeNs, AJS OCYHIeCTBJASHHMS KOTOpPOH HeoGXOAHUMO, uToGb
AIKODL M 06MOTKA ROYGVIKACHHS WUMETH oTHeMHbie BHBOALL. Ofnodas-
HLIH MOCTOBOIl BHINPSIMUTE/L SIBJAAETCA HCTOUHWKOM THTAHMA Kak 1af
NoC/JeN0BATENABHO COeIHIEHHbX OOMOTKM BO3GYMIAeHUss, THPHCTOpA M
AKODS gBUrarens, Tak u a8 genurenss Ry, Ra. Dta cxemMa ocHOBaHa HA
TOM JKe MpUHUMNe, 4TO M cxema puc. 10-1,a, T. e. B Kauecrse cureasia
06paTHOH OBA3H 31eCh TAKXKE HCIOMb3Yercs IPOTHBO-3, 4. C. AKOpA. Otnupa-
HHE THPHCTOPA MNPH BKJIIOUEHHH YCTAHOBKH [POMCXOAMT B MOMEHT, KONa
OMOpHOe HANpsKeHHe, CHUMaeMmoe ¢ yactH R, npeBnimaer npsMoe na-

BO3MOXHOCTH DEeryJHpOBaHUA B 3TOH
cxeMe MPHHUMWTHMAABHO OrPaHHyeHDl
nanbonbiiuM  yraom ormwpanus 90°, nocde dero omMIMpande THPUCTO-
pa OKasblBaeTcs HeBO3MOXHLIM. KOHAeHCaToOp, BKJAIOUeHHBIH Napasienb-
Ho R; mono6Ho puc. 10-1, B 3T0ofl cxeme GecnoJeseH, Tak Kak Heo0Xo-
AUMBiH (a30BbI OABUI ONMOPHOrO HANPSIKEHHS H3-3a NMUTAHUA OT ABYX-
MOJIYNIePHO,THOTO BLIPSIMHUTENS MOJYULHTh HEBO3MOXKHO.

10-2-3. Peryanpomanue jBurateyeii c napasjelbHbiM
BO30YK/I€HHEM HJAM C NOCTOSIHHBIMH MAarHHTaMH

JlBurateny napasielbHOro Bo30yKAeHHs XOPOUIO NOAXOAAT K MO-
JYIPOBOAHUKOBLIM DeryJfiTopaM, KOTOPhie MOPYT ofecmeudTh IIaBHOE
U3MEHEHHE HMX CKODOCTH BPalleHHd B IUMPOKHX Npefenax. TakuMm ABH-
raTensiM CBOMCTBEHHO OTHOCHTEJbHOE IOCTOSHCTBO CKOPOCTH [PH H3Me-
HeHHAX MOMeHTa HArpysKM, [O3TOMY PperyJHpOBAaHHe CKOPOCTH MOXeT
OCYLUeCTBJATHCA MyTeM BO3fAeiicTBHS Ha HampsixeHHe axops. Ilpumene-
HHEe B TAKMX [BHTATe]AX HeGOJBLUIOA TOMOJHHTENbHOH NOCIeL0BATE/b-
HOH OOMOTKH BO36y:K/JeHMs] MOXKET cjeNaTh CKOPOCTb MpaKTHUECKH He-

3aBHCMMON OT MOMeHTa. Ta-

KOl Ke ahdexT MOXKer GHITh

% @ 4,2 AOCTMTHYT 3a Cuer orGEaﬂmﬁ

33x R 4 A2 cBfi3H, MpeoOpas3yiolleli HH-

>— —1# 10 (hopMalMIo 0 ICKOPOCTH B C€O-

~1206 03% 250 b OTBETCTBYIOLIHE  H3MeHeHHs
e C HanpAXKeHHs Ha TKOpe.

L 4 151 ! CpaBHUTENLHO TIPOCTOH H

A 4 =02 KoK JleleBLIA BapHaHT TaKoil cxe-

T MHl Mpeacrasiaen Ha puc. 10-5.

HcrounukoM muTanua sasjs-

Puc. 10-5. Perynsitop cxopoctu 14as ercss ofHodasHad MOCTOBAsA

ABHraTe]s MOCTOSHHOTO TOKAa napaji-  cxXeMa, K BHXOAY KOTOpOfH

JeIbHOro  BO3OYXKAEHHS  MOUHOCTBIO  MOCTOSHHO NpPHCOSAHHEHa 06-

0,36 xsr. morka Bo30yxnewns OB. Ha-
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npsKeHUe THTAHHA Ha SKOPb MOZAETCHA yepes TAPHCTOP, U OHO DEryiu-
pyercd MyTeM H3MeHeHHd yIvia OTNHpAnus THDHCTOPA B Npejeslax Kax-
moro moaymnepuoma uon [y oGectieuripaer mpoTexaHue TOKA AKOPS B TO
ppeMs, KOnia THpwcTop 3anepr. Des muofa TOK AKOPA mpogosxan 6ol
NPOTEKATh HEPE3 TUPHCTOP M BHUIDSMUTEIbHBIT MOCT, uTO Ofenaso Gb
3aMMpaHue TMPHUCTOPA HEBOIMOKHLIM.

B nauase Ka[0ro MOMyIepHOAA THPHCTOP HAXOJAHTCA B 3alEpTOM
COCTOSHHM M KOHJEHCATOP HAaUWHAeT 3apAXKaTbCs TOKOM, NPOTEKAIOMMM
B KOHTYpe. sKopb, auox M» 11 nepementsiii pesuctop R.

Bpemsi, HeoGxoaumMoe Jsi NOBBIILIGHHS] HanpsKeHHd Ha KOHZAeHca-
TOpe [0 YPOBHS MepeK TIoUeHHsi KPEeMHHEBOro OJHOCTOPOHHETO Ki/oua
KOK, mnpu oTIHpaHuu KOTOPOro Ha THPHCTOP 1101aeTcsl YNPaBAAIONHMH
MUMNYJAbC WM ABUraTe/b HOJIYYaeT ONpPelesIeHHYI0 KIOPLUHIO» MOU[HOCTH,
onpejiesisieTcs CONPOTHB/ICHHEM peaucTopa R M HanpsKeHUeM HA TUPH-
crope. Tax Kak HanpsKeHHe HA TUPHCTOPE PaBHO HANDHKEHWIO MOCTO-
BOTO BBIIPAMMTENsi 32 BbIYETOM IPOTHBO-3 A C. SKOPsl, MOMEHT OTMHHU-
panus 3aBHCHT OT HPOTUBO-3. A. C., T. € OT CKOPOCTH BpauleHHs [Bw-
raresis. YMeHblLIeHHe CKOPOCTH NpPH YBEJIHYEHHH MOMEHTA HArpyskd Ha
Bajy CHHXKAeT MPOTHBO-3. J C., 4 CJeIOBATEeNBLHO, YCKOPAET 3apaiKy
KOH/EHCcaTOpa M yMeHBIAeT YroJi 3aJepPkKH OTHHPAHHAS THPHUCTOPA, TAK
YTO CHUMEHHE CKOPOCTH MOYTH UEJIHKOM KOMIEHCHPYyeTCH.

Dueprus, HaKOIJeHHA B HHIYKTHBHOCTH SKODS, BHI3bIBAET NpOTe-
KaHue TOKa 4epe3 nuod /[y B TeueHHe KODOTKOTO MHTEPBasa B Hauaje
KaKJOro modyneproxa. Komma 5TOT AuOJ HPOBOIHT, HPOTHBO-3 A C.
SIKOpSA He MOXeT HOSBUTBCH, W 3apfAjika KOHIeHCaTopa OCYIeCTB/Isercs
NOJHBIM HAMPSKeHHeM BBIPAMHTed. BpeMs cmaga Toxa uepes [
K HyJI0 W TOSIBJeHus NPOTHBO-3. A. C. 3aBUCHT KaK OT CKOPOCTH Bpa-
ueHus, TAK U OT Toxa Axops. [Ipa Manbix ckKopocTAX U GOMBIIMX TOKax
HArpy3KH JHOJ OCTaHETCH NPOBOIAIHM GoJibllee BpeMsa B Hauajle moJy-
neprofa. DTO TaKKe YCKOPseT 3apsi KoHjpeHcarTopa Cr, M TeM cawMbiM
ofecriednBaeTcss KOMIEHCALUs H3MeHeHMH CKODOCTH, 3apucsamiasg Kak oOf
BEJHUUHBl CAMOH CKOPOCTH ABHTaTesds, TAK M OT ero ToKa sKOps.

IIpuBepeHHas cxema MO3BOJsSIET YNPaBJATb CKOPOCTHIO B OUYEHb HIM-
POKUX Ipefenax, a HajiuyHe ofpaTHOH CBA3M MO CKODOCTH H TOKY fKO-
pa yaydmiaeT d Ge3 TOTO NOCTATOUHO MKeCTKHe MeXaHHUYeCKHe XapaxTe-
PHCTHKY JBUTATE/Is Hapa/ielbHOro BO36yXKACHHS.

VHAyKTHBHOCT, OGMOTKH BO30GyKaeHus OB o6buHO BecbMa BeJlH-
Ka, HO3TOMY IOCJe MOMEHTAa BKJIOYEHHS CXeMbl NMPOXOJAMT 3HAUHTeNbHOE
BpeMs, 1oKa NoJie BO3GYKAEHHA KOCTHPHET HODMAaMbHOR BenMYHHbL Kak
NpaBHIO, KeJaTeJbHO 3a71€PXKaTh MOJ1auy HANpsiKeHHs Ha SKOpb HO
ycTaHOBJeHUs noas B0o3Oyxienus. s sToro x JAaHHOM CXeMe MoXeT
GbiTb  [06aBJAEHO YCTPONICTBO MArKOMO NycKa, MNofo6GHOe OmAcanHoOMY
B pasn. 9.

OmycaHHas OTHOCHTENbHO TpocTad cxema ofecleydBaeT HecTaGHJb-
HOocTh ckopoctd mopsnka 10%. Huas npaapHeiimiero yaydImleHHs Xapax-
TePHCTHK MOXKHO NDHMeHUTb o6paTHYIO CBA3b IO CKODOCTH C HCHOJB30-
BaHWeM TaxoreHeparopa, onucanuyio B § 10-4-3

Jsuratenn ¢ Bo3GyxIeHHEM OT MOCTOAHHBIX MAarH{TOB HMMCIOT Xa-
PAKTeDUCTHKH, NMOoNOGHbIE XapaKTePUCTHKAM JABUraTesell ¢ napasiesbHbuiM
BO36YKAeHHEM, TaK Kak B O0OHX CAydYafdX HampsKemlocThb NOJA He 3a-
BHCHT OT Toka sxops. ITooromy cxema Ha puc 10-5 wmoxker OwnITb Hc-
10JIb30BaNa JIJIST ABUraTe]ed ¢ HOCTOSHHBIMH MarHHTaMH.

Heworopuie cilenuanbHble Tlbl ABUraTeled, B YacTHOCIH JBHrare-
JH C NeYATHOU OOMOTKOH, He OpHcHOCcoG/eHbl K ONHCAHHBIM METoLaMm
(asoBoro ynpas/enus. Majible akTuBHble H PEaKTHUBHBIE CONPOTHBJGHHS,
nu3Koe pabouee HanpsiKeHHe JeNalOT YPE3MEPHO GOJBILHMM COOTHOIIEHHE
AMIVINTYAHOIO H CpPe/Hero 3HadeHHil TOKOB NPHM HHTAHUU OT YIpaBJsie-
MOrO BbLIIPSIMHTENIA; H3-3a ITHX 2Ke NPHYHMH BO3pacraer Takke JeHcT-
ByIOlllee 3HA¥eHHe 10Ka, NOTPeOAAEMOro OT CeTH, H pa3ManHHYMBalOLlee
AeHCTBHe TOKA sKOPS Ha Hoje BO3OymJeHus. Dosee mpuemsieMbIM CIO-
co0oM peryJudpoBaHHsl AAs TAKHX JBHTATeNell SBJAAIOTCH CXEMBl HM-
nygblcirgrg peryjupopanua ¢ OpepuBATENSAMH, PAcCMATPHBAEMBIE
B -2-3.

10-3. PASOMKHYTBIE CHCTEMbI PETYJIUPOBAHHUA
CKOPOCTH KOJIJIEKTOPHbBIX JBUIATEJIEN

Bo muorux cnyuasx He tpeGyercs cTaGuIM3aLust CKOPOCTH DeryJi-
pyemblx xBuratened. Peryauposanue ckopoctu 6e3 crabHIM3anuM MOXK-
HO HCIOJB30BATL B TeX CAy4YasiX, KOMAA HAPpysKa NOCTOSHHA WM €CIH
Apurarejb ¢ Harpy3kod BXOMHT cOCTAaBHOH 4YacTblo B 0oJee CAOKHYIO
cucremy. Haoro ycraHOBKa HeCTaGH/IHSHPOBAHHBIX PEry/sTOPOB CKOPOCTH
JaeT 3HAYHTEJbHYI 3KOHOMHIO IO CPaBHEHHIO ¢ MpPHMeHeHWeM CTaGUIH-
3aTOPOB.

10-3-1. OanononynepHOAHbBIA PeryasiTop

AJSl YHHBEPCAJALHOTO ABHraTes, a TaKkKe ABHraATeNss

C nmapaJaJjeJJbHbIM BOBﬁy}KILEHHeM HJIH C NMOCTOAHHBIMH
MArdiraMH

Opua n3 Hauboslee MPOCTHIX H JELIEBbIX CXeM OLHOMOMYNEPHOAHBIX
peryJasaTopos npeacrasieda Ha puc. 10-6. OHa cofepXUT eAWHCTBEHHLIH
TUPHCTOP U MHHMMAJIbHOE KO-
JIMYECTBO JPYMHX SJIEMEHTOB.
Hanpsxxenne Ha koHjeHcaTo-
pe, BapAMKaEMOM Ha [ONOKU-
TSILHOM MOJYIEpHOLe uepes
fOCJAe0oBaTe/IbHLIE  PE3HCTO-
pBl, OLBHHYTO 1O kpa3e OTHO-
CHTEVIBHO HaNpsXKeHHs CceTl
DT0 HampsAKeHHe mMOopaeTes
Ha HeOHOBYIO Jamily, ¢ To-
MOIIBIO KOTOPOH OTIHpAeTCs
TapucTop. Takum oGpasow, l
U3MEHAA YCTABKY MNOTEHIHO- 4
MeTpa, MOXHO u3MeHsaTs yroa  Puc 10-6. Opxononynepronusifi pery-
onmupands mpuctopa Heo-  JATOpP CcKOpocTH 6e3 o6paTHOl CBSI3U
HoBafA JaMila 3axeraercsi 4 (YIPaBieHde THPHCTODOM uepe3 HeoHO-
Ha OTDPHUATEJBHOM (oJyme-  BYIO Jamny).

pHOMe, HO BOSHHKAIOUIMI MPM B mITPUXOBOM MPAMOYTOJBHHKE MOKA-
STOM HMAYJbLC HE BBI3HIBAET  3aHO BKJIOUEHHE MApAJIIENBLHOA O6MOY-
OTMHPAHHA THPHCTOPA, 3amep-  ku Bo3OykIeHHs (ec/aH TAKOBAS HMeer-
TOFO TO aHORY cs1), KOTOpasi NPK THTAHHH OT Cerd

KauectBo paGotel w Ha- 120 e poskHa ObITh paccyuTaHa Ha
HEAKHOCTh CXeMbl MOMHO NO- 50 g MOCTONHHOIO TOKA, HOMHHAJAbLHOE
BLICHTb, 3aMCHUB HEOHOBYIO  HanpskcHHe sikopg 50—70 a.

~12061 !
L
I
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JaMily Ha Mepekaoualoliid [oJyNpOBONHAKOBBIY IUO WMJHM Ha KpeM-
HHEBBIH OJHOCTODOHHMEA KJlOW. CcaMu 3™ 3jeMenTnt Oojee Halex-
Hbl, mMelor Godgee CTaGHABHLIE (OPOr NepeKMoYeHHs U (Raor Godee
WHPOKHl [Hana3oH PeryJaHpOBaHNs BCIEACTBlUE CPaBHUTEJbHO OoJee
HH3KOTO HaNpsiXKeHUA IePeK/IoueHHs. 3HAUeHHA CONPOTHBJEHHS H eM-
KOocTH B (asocHBuralolleil ueloyKe cieayeT NP 5TOM YBeTHHHTb ¢ yue-
ToM Goee HHIKODO HATIPAKEHHR MePeKIOUelis] ITHX NpuGopos.

10-3-2. PeryjaaTop nepeMeHHOro ToKa AJS YHHBEPCAJILHOIO
JABHTATEJNA NMOCJAENOBATENBHOTO BO3DYMAEHHS

Tak kak yHuBepcasbkBle JBHraTedu NOC/eI0BATeNBHONO BO3OYXae-
HUSL OObIUHO NPOEKTHPYIOTCH AJS NUTAHHS MepeMelilibiM HanpsiKeHHeM,
apocrefliinil cnocol peryanpoBadusi ux CKOPOCTH Bpaiuesns Ge3 crabu-
JIM3AUHMH OCHOBAH Ha NPUMEHENHH pPeryaaropa HepeMeHlors HanpsKeus
na fAsyHanpasaexHHoM rtupucrope (puc. 10-7) boaee nogpo6Ho cxembl
11010BHOr0 THIA PACCMOTPEHH B pa3n 9.

S O atre

250« 100 Puc 10-7. OcuoBHAg cxema HABYX-
MOJYIIEPHONHOTO pETYIATOpa mepe-
~1208 MEHHOTO TOKa ¢ (pa3oBbIM ympaBJe-
o1 HHeM [/l YHHBEpPCAJbHBIX ABHrare-
200’5-|- Jefi (6e3 craGuan3allid CKOPOCTH).
0,1 T
z_f

10-3-3. JsyxnosynepqojiHas cxema AJist PeryaHpOBaHUA
H peBepca JBUrateasi NOCTONHHOrNO TOKa

JIByxmoaynepiofHass — cxeMa ¢ PEBePCHBILIM  YHpaB/ieHHeM
(puc 10-8), npuropnas, HampuMep, AJs MHTAHHSL MCMOJNHHTENBHOrO ABH-
rarens, coGpana Ha 4vernipex tupucropax (T1—7T4), coefuHenHbIx B ABe
ABYXIONYIEPHOTHBE CXEMbI € DA3JUYHBIMM HATNPABJEHHHMH BLIXOAHOIO
panpsikenns B gannoil cxeme T, u T3 ynpasamworcs ot OIITy; Xots
KaTOAbl 3ITHX THPUCTOPOB 3KBHUIOTEHHHAJBHBL, AAA NOAAYH HA HHX
YOPABMASIOLIHX WMIYJIbCOB MOXKET OBITb BMecTo pesucTopoB Ry, Rio,
R.s npumenen tpatcdopmarop, Bkmouennii nmoxobHo Tpl. Tak Kak ka-
totel Ty v T, HeIKBHIOTEHIMaJbHbl, TO YNPaBJIAOLIKE HMIYJbCH, re-
nepypyemste OfIT;, ROMKHBI NOAABATBCS HA WX YIPABJAAKLIE 3JEKTPO-
Iel obGa3artenbHo wepes tpaHcdopmarop Tpl ¢ ABYMS  OTHENbHBIMH
BTOPHYHBIMH oOMoTKaMu. TpHOAHBIN KA0Y Ha [IT CHHEXpOHH3UpYyeT
ornupanne OfIT; ¢ aHOAHBIM Hanpsxeuvem Ha T, n T4

TToasipHocTh ¥ BEJHYHHA BBIXONHOTQ HADDPSKEHHS MOLYT PEry/id-
poBatbcs soTentmoMerpoM Ry Ecim R, HaxoauTtea B CpejHeM [OJO-
Kenuu, g omuH n3 OIIT He oTnmupaeTcs H HanpsixKeHHe Ha 3aXKUMax
Harpysku OyineT OTcyTcTBOBaTh. llpn mnepeMelieHHM ABHXKKA R BJEBO
OfIT, ¥ caa3aHuble C HHM THDPHCTOPBI HAYUHAKOT OTnHpatbed. [lpu
KpafiHeM J/iegOM IMOJOXKEHHH R; Ha 3akumMax HArpysKy nosfBasercs

 p—
Y

Tp!

Puc. 10-8 PeBepcHBHBIA 3/M€KTPONPHUBOJ, NUTAEMBIH MO ABYXNOJIY-
LePHO/ION CcXeMe.

Ry - 100 xom, R, Ry—470 om, 05 er, R; Ry—2,7 kom, 05 er;

R, R¢— 10 xom, 2 81, Rs — 4,7 xou, 05 ar; R; — 47 om, 05 er; Ry, Ry —

22 om, 0,5 8r; Ry, Rz — 2,2 kou, 2 81; Ry Ris — 2 om, 500 8T uan Mmenee,

B 3aBHCHUMOCTY OT MOUIHOCTH Harpyaxku; C;, C»— 0,2 mKe.

noaHoe HampsxKenwe. [Ipu mepeMemieHud IBHIKKA BIPABO OT CPEJHETO
MOJIOXKEHHs] MOJNAPHOCTh HANPAXKEHUm Ha HATpy3Ke MEHsSeT 3Hak.

[pu peskom nepeGpoce ABHXKKa R; ¢ Ue/ibl0 PeBEPCHPOBAHHMA [IBHU-
ratens OCYILECTBJISIETCH ero 3aropMmaxkusanue. [lociieoBaTe/ibHo ¢ Kax-
no# BropuyHOH 06MOTKON TpaHchopmaTopa BKJIOYAIOTCH COMPOTHBJIEHAS
Rii u Rys, orpaHnuuBamlie TOK KOPOTKOTO 3aMHIKaHUs B TOM ciaydae,
KOIyla Nepexoyiible HaNpSKeHAs NPHBOJAT X OAHOBPEMEHHOMY OTIHpA-
nuto wemolt (Tp u Tu) wianm meuernoir (Ty u Ts) mapel THPUCTOPOB.

10-3-4. PeBepCHBHBIH HCMOJHUTENbHLIA TIPHBOJA,
¢ 6aJaHCHBIM MOCTOM B LieNH yNpaBJieHHS

Ha puc 10-9 npexcrasaena ¢a3ouyBCTBUTEbHASI CXeMa PEBEPCHB-
HOTO NPHBOJAA C ABHraTeNeM NOCTOSHHOIO TOKa C BO30yXKAeHHeM OT IO-
CTOSIHHBIX MATHMTOB HJH C HE3aBHCHMBIM BO3OyIKIEHHEM, Wellb SKOps
KGIrOpOro MHTacicsl NOAYBOJHAMUM TOKZ DEBEPCHDYEMON [OJISAPHOCTH.
CunoBas 4acTb CXeMbl COCTOHT M3 JABYX BCTPEHO-TOC/IENOBATENbHO
BRIIOUeNHBIX THPHCTOPOB T1 M T,, samyntupoBanunix guogamu Ofa
tupucropa Ty u Te ynpasasiorcs ot OIIT, mpuueM B 3aBHCHMOCTH OT
HampaBJenns HeGanaHca MOCTa C YYBCTBHTENbLHBHIM 3JeMeHTOM R; OT-
nupaerca 6o Ty, nubo Ty COOTBETCTBEHHO BO BPeMs IOJIOKHUTENHHOTO
Wid OTPHUATeNbHOIL MnJynepuoja. B xauecrBe Ry MOXeT HCNOJb30BaTh-
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Puc. 10-9. CxemMa peBepCHBHOTO 3JeKTPONPHBOLA C JBUTa-
TENEM MOCTOSIHHOIO TOKA NapaJielbHOro BO36GYKAEHUS.

Ry, R:—13,3 xom (DoTOpe3ncTOD, TEPMODE3HCTOD HAXW TEPEMEHHOe
CORPOTHBJIEHUE, ABHXKOK KOTODOTO CBsf3aH C HATUYHKOM MOJOXKCHUSA);
Ry, Ry—33 kom, 2 8T, Rs—2 Mom, Re¢— 1 kom, R; R,
Ry, — 47 omM, Ry—2,5 xom, C,—0,1 uKd

ca ¢GoTopesncTop, TEPMOPE3IHCTOD, TePeMeHHLBIH PesnucTop ¢ DYUHBIM
yIpapieHHeM JHOO BLIXOQHON 3JeMENT YIPaBJ/SIOLIeTo YCHIHTENs.

[Torenunomerp Rs ycranaBjupaercss TakuM o6pasos, 4roObi mOCTO-
fHHOe cMelleHde Ha smuTTepe OIIT Oolio lHXKe HanpsiXKeHUs €rc Of-
aupaHus Ha BEJIMUWHY, 3aBMCALYI0 OT MKenaeMoHd UIMPHHbL 30HBL He-
yyBcrBuTeabHOCTH Ilpu Ry, paBromM R, MocT 6yaer ypasnosemes, OIT
He OylgeT OTNHPATbC Y BLIXOAHOe HANpsyKeHHe 1A 3axKUMax HarpysKH
6yner oroyrcrBoBaTh. Ec/IM Temepb R, yBeNHUHTb, TO OGanaHc MocTa
napymnres, Ha 3MuTTepe OIIT nosBHTCA CHDHal IlepeMeHHOTO TOKa,
B pe3yJbTaTe Yero B TeueH#e OJHOIO U3 I[OJYNEPHONOB HampsKeHHE
Ha sMuTTEpe NpPeBEICAT HanpsKeune ornupaHusa u OIIT ortkpoercs Taxk
Kak aHom T2 B 3TOT MOMEHT mnoJoxiTtened, 10 otoipercs Tz Tlpu
yMeHblleHHH Ry MPOHCXOAHT aHaJOTHUEBLIM Npolecc ¢ TOH pasHuiefi, uTo
ornupaercd Ty u DOAAPHOCTb HANDSAMKeHHS Ha 3aKiMax HArpy3xKn se-
HseTCs.

10-4. PETYJIHPOBAHHE ACHHXPOHHDIX OBUTATEJIEM

Konuuectso TuroB acuuxpounbix apuratenefl (AJl) u pasuosnpHO-
cTel MX XapaKTePUCTHK upe3BuiuafiHo Beauxo. Hekoropble asHrartenn
HeNpPUrOAHE Jd (hasomoro peryauposanus. HanGonee oweBupHas cJI0XK-
HOCTh COCTOMT B TOM, 4T0o AJl #BJAeTCA MaliHHOH, PeryAHPYeMOd cxo-

pee yacToToH, yeM HanpsxkeHHeM. B To ke Bpemsa Bce Meroan (asoBoro
PETYMHPOBANHSA MAMeNAIOT JIHIUL HaMpPsAXKeHHe TPH HeH3MeHHoH uyacToTe
matanus. IMockoavky panee naa dasosoro peryanposauns AJl ne pas-
pabaTbiBaNHCh, HEOGXOMHMO chellHalbHo AKIEHTUPOBATL BIHMAHHE pas-
paboryukop aBuraTtenefl Ha srtolt mpobsieMe mas cosgamus ALl ¢ nyu-
UMY Pery/lMPOBOUHLIMA XapakTepucTHkamy Boofiie rosopsi, cieayer
uononb3osats AJl, nanbosee WyBCTBYTENbHBIE K BENMHHE IUTAIONETO
HANpsiKenus. Ynpapiende AJl ¢ NoMolupiOo PeryHPYEMOro HaupsKeHHs
ABJAETCA KOMIPOMHCCOM MeJKAY CTOMMOCTbIO M KauecTBOM peryJjHposa-
HUS, OAHAKO MPH MNPABUIBHOM BbHIGOpe MapaMeTPOB pe3yabTHPYIOUIHE
XAPAKTEPHCTHKH MOTYT OBITh BIOJIHE YROBJETBOPHTEJNbLHLIMH B Psifie OT-
BETCTBEHHBIX NpuMeHeHHH UYacrorHoe perympoBampe AJl Gosee mpet-
MOYTATEIBHO B Dsjle NPUMeHeHul, 0 OHO, KaK NPaBHUJO, TOPa3io AOPo-
®e. Cpemennsa 06 wuHBEPTOpPax M WPeoOpa3OBATE/]sIX, KOTOPHE MOTYT
OHITb HCTIOJIb30BAHE B SJEKTPONPHBOMAX C YACTOTHBHIM DEryJaupOBAHHEM,
npusegedsl B pasm 11,

Hexoropble Tunbl o1H0Gha3HBIX ACHHXPOHHLIX FBHraTtesef, ocoBeHHO
LBUraTe/qu C pacilelyeHHeIMH (da3aMy # ABUraTeNH € MYCKOBBIM KOH-
JeHCATOpOM, TPeOYIOT KOMMYTallM# [OMOJIHUTENbHON MYCKOBOH OGMOTKH
Tak kaK B MOMEHT BKJIOUEHHS HAW OTK/IIOYEHHS TYCKOBOI OGVOTKH
¥MEET MECTO CKavOK BpPAalawINero MOMeRTa, DerylWpOBAHHE CKOPOCTH
BOMHM3M 3TOH TOUKYM OKa%BLIBAETCH HEBO3MOMKHBIM. DTO O3HAUAET, HTO
B_cayuasx, Komia TtpeGyercs GoJibliee 3HAYeHWHe [YCKOBOTO MOMEHTa,
ofiecricunnacMoe ¢ MOMOIILIO [yCKOBOH OOMOTKM, JBHIaTeJb IOMKeH
OBITL CIPOEKTHPOBAN TakuM 06pasoM, 4TOBH TOYKA IepeKJIOUeHHS 06-
MOTKM JlexanNa HuxKe FPAHHILI AHANla30HA CKOPOCTH, B KOTOPOM XKeJja-
TEJBHO HCNOJb30BaTh (PAa30BOE PeryIHpoBaHue.

1

Cropocme
>xapocme

————— -

Mpmenm

Mompym

) ")

Puc. 10-10. Mexanuueckue XapakTePHCTHKH acuH-
XPOHHBIX JBMrarenell IPU DA3JHUYHLIX HaNpPSAKEHHAX
(I m 2) u xapakTepyuCTHKa HATPY3KH ¢ BEHTHANTOD-
HBIM MOMeHIOM ().

@ — TP MajJoM CONPOTHBJAEHHH poropa; 6 — apH GOALLIOM
COUPOTHBACHHH DPOTOpa
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LpyruM BaKHbM 00CTOATENLCTROM fiB/AAeTCA KOIPGUUHENT MOUHA
CTH [BHratesasi J3HauUTCTbHAsh HHTYKTHBHOCTH JABUraTesss MOXKeT IO
Tpe6oBATh CYIIECTBEHHOTO YCJOXHEHHs peryJaaropa s H3bexdnus
TpvAHOCTeH, cBA3aHHLIX ¢ (Aa30BbIM peryjHpoBaHHeM B lensax ¢ 601b
10N HHAYK (MBHOCTBIO ITOT Bonpoc orpaxen B § 96

10-4-1. Pa3omMkHyTble cHCTeMbl ()a30BOro peryaHpOBaHHs
ACHHXPOHHBIX ABHraTeJiel

B NpOTHBOMOJOXKHOCTL KOJJIEKTOPHHIM MAaiLMHAM ACHHXPOHHBIH ABH
raTetb He NO3BOJAET NPOCTHIM o0coGoM MONYYHUThL HHPOPMALHIC O ero
cKopocTH DTO 03Hayaer, UTO HeMOCPEACTBEHHO NOJYUMTh cHriian obpar
HOH OBA3H, 3aBHCAILMHA OT CKOPOCTH, He TaK mnpocra [l HeKoTopnixX
BHJOB HATrpy30K, KakK, HalpHMep, MOCTOAHHAS BEHTHAATODHAS HAarpyska,
npsSMOe PeryJnpoBaHue HaNPAXKeHHA Ha JABHTATesJe B Pa3oOMKHYTOH cxe
Me Ge3 oOpaTHOH CBA3M MOXET AaTh BIOJHE YLOBJETBOPHTENbHBIH pe
3yasTaT [lpuMepoMm ssisevcs cxema puc 107 kortopas voxer pabo
TaTb ¢ KOHIEHCATOPULM [BHTATETeM C NOCTOSIHHO PKJAIOYEHHBIVH pac
IieNneHHBIME O6MOTKaMH HTH C JABHrare/eM JMEIOUMM NOTbl poOTOp
Heo6xoauvoctb cOrnacoBaBust GBUrAaTeIsi C XdPAKTEPHCTHKAMHM Harpys
Kn uamoctpupyerca na puc 1010 B crydae manoro compoTuBAEHHSA
poropa, Kak BHAHO u3 puc 1010 @, usveHeHue HamMPsKeHHS Ha IBH
ratene JaeT OYeHb Y3KHH JAMANasoH peryJHpPOBaHUf CKOPOCTH, TONId
Kax JBHraTeJb ¢ GoapmwnM compotuBaenueM (puc 10 10,6) naer Gosee
YAGBACTROPUTENLHEIL PE3YALTAT

10-4-2. PeryaupoBaHHe ¢ «HENPAMOii» 0GPaTHOH CBA3bIO

YacTo TPYIHOCTH, CBA3aHHble ¢ (Ha30BbLIM peryaupoBaHHeM CKOpO
CTH AaCHHXDOHHOTO JABUraTelst MOXKHO OOOUTH paccMaTpuBas 3azauy
Gonee mupoxko Hampumep PpaccMOTPHM 3alady pPeryJHpPOBAHHS CKOPO
CTH BEHTHJAATOPA B cucreMe oforpeBa ropsyHM BO3AYXOM B YCJAOBHAX
Konefanua OKpyxaioulefi Tevnepalyphl B TakoH cHcTeMe OCHOBHOH 3a
Zavdell sABTAETCA DETYJHPOBAHHE Tevlepdryphl Bo3QyXa 4 He CKODOCTH
nBurateas Taxoll moaxod K 3a.laue MOKeT MPHUBECTH K cXeMe I[oao0
"ol puc 10 11

190

~7208

0,1

TT T
© .
Puc 1011 Cxema pas peryiupoBahus TEMNEpATYpH HarpesaTens
nyTeM H3MEHCHHS CKOPOCTH JABHIaTeNasd BEHTHTATOpA

-
O

~ 1208 Ee L

©
Q

Puc 10 12 Mogudnuuposannag cxema AJjs peryjiupoBaHHS TeMmepary-
pHi IIyTeM HU3MEHeHHA CKOPGCTH BpAlleHUsaA KOHAeHCATOPHOrQ ABHraTens
HJU JIBUraTeNss ¢ UQJMABIM DOTOPOM

Cy Ca— 05 megh 50 8 Ca—002 muxeh 200 8 C,— 01 mrgp 400 8 R, — 68 xom
2 87 R, —470 xom 05 6r R;— 5 Mom 05 61 (ycuneunwe) Ri—1 xom 05 sr,
Ry — 10 xom | 8r (ycraixa TeMmuepartypni), Rg-—1€PMOpesdcTOP ¢ CONDOTHBIE-
HHEM 3—5 KOM Opu HOMJHaJabHOHR Temmepalype R;— 33 om (05 8T, Ry — 470 Kom,
05 87 Tpl—1 1 KplleyKkasaHHble MapaMeTPhl OTHOLATCA K DEXUMY Peryaupo

Buta_ Temnepatypor nacpesatens [lpu pelyRupoBanuu TemnepaTyph oxXJaauTens
Ry n Rg mMeHS10TCA MecTaMH -

B oTou cxcMe TEPVOPE3UCTOD, pearHPyWUME HA TeMNepaTypy Bo3
AYyXd  WiIMCHsier MOULOCTD  TMOABOAMMYIO K ABMTATesO llepeMeHHbI
puiMciop R, pxogaumuu B (asocABHraloUlyiO LENb, CAYXKAT A4S yCTa-
HOBKH MHHHMAaJbHOM CKOPOCTH JABHraTens uToObl MOAAEPKHBATh Hempe
PLIBHYIO IHPKYJANHK BO3AYXa M OGSCHEUHTb CMasKy MOALIMNIKUKOB

Cxema Ha puc 10 12, spaswousancs Oosee caoxnoll, npeanasnaveda
Jna Gosnee Tounoro peryanposanus OHa MoMKer HCnOJb30BaThCA 5
PLIVJIHPOBAHHA TemnepaTyphsl NOABOLHMOIO BO3ZYXa B CHCreMe OTOTJIE
1H5L IOMEUleHHH TOpPSAUMM BO3AYXOM HJH JJIs PEryJupOBRanHs TeMIepa
FYpLl OXJARUTENs B CHCTEME KOWAMUYOHUDOBAHHA BO3AYyXa

PerynupoBddne HanpsameHHs sgech Gasupyercs Ha BEPTHKAAbHOM
npudnune (NPHHUMI <«libeJecTala» C HAJIOXKEeHHBIM HepeMelnbiM Hanps
xeurnev, § 952) Cxema npepuasuadena ajst paGoThl ¢ ABHraTeseM,
UMEIOILUM TIOALIH POTOP WAN NOCTORHHO BKAIOYEHHYIO YePe3 KOHAEHCATOp
paciuenjiednyio oGMOTKY HpH BeHTHJIATOPHOH Harpyske JlaTumkoMm Ttem
nepaTyphl ABJAAETCH TEPMOpe3ucTrop B cxXeMe npeayeMoTpeno MOxaBae
nue pajHonoMex W OTPaHHueHHe BeawduHsl du/d! Ha THpHCTOpE

10-4-3. CraGuiu3anus CKOPOCTH ACHHXPOHHBIX JBHraresedl

Ina toro urolel jeitcTBUTensHO CTaGU/N3HPOBaTh CKopocth AL
¢ NoMowpblo $Ha30BHY METOAOB pPeryMpOBaHAd, HeoGXOZUMO NOMYYHTb
mdopmanso 06 ero CKOpocTd Ias Hero Heo6XoauM HeGOJbLIOH TaxXo-
tencparop Taxoit reueparop Moxer OblTh CpaBHHTENLHO JEIIeBbIM, TAK
KaK OT Hero He Tpefyerca BBICOKAS TOYHOCTH MM GOMBUIAST MOWHOCTH
Cymecrpenno, uroGH ABHraTesb 00Jajajd HeoGXOANMON UYBCTBHTEJb-
NOLTHIO O OTHOLIENHIO K HATIPSKEHWIO, T € ero MexalHuecKue Xapax-
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(cm pasp '12). Takas cucTeMa MOXeT NPHMeHAThCSl TakXKe H B caydae
A Cropacms MHOroasHhHX peryasTopoB, a TakKe B 3J€KTPONPHBOJAE IIOCTOSHHOIO
Onopraoe Jdno- unu TOKa.
HANPAXCTHUE C.;egg_ d6yrHanpa8- [Buza- Hazpygan
%eﬁun mleefzfcfgggp mens ﬂ 10-5. HEKOTOPBIE JAPYIHE CHOCOBblI YNNPABJIEHHUS
N b JBHIATEJIEM

] Taxoeenepamop

Puc. 10-13. Brok-cxeMa cHCTeMBl Pery/UpOBAHMA CKOPOCTH aCHHXPOHHO-
ro JIBUraTesi ¢ MOMOLIBIO TAXOreHepaTopa.

TEPUCTHKH JHOJIKHBI ObIThb NMOROOHBI XapakrepucrukaMm Ha puc. 10-10,6.
JBuraress ¢ xapakrepucrkamu tuna puc. 10-10,a Geuto Oul Kpaiide
TPYNHO CTabMIM3HPOBATb BCJEACTBHE CHJLHON HeNMHENHOCTH XapaKkTe-
DHCTHK Pa3OMKHYTOll IeTJIH B JHana30He peryJupopBaHus,

Touka oTkmouenusi MyckoBOH OOMOTKM, €CAU NOCJCAHAS HMEeTCH,
[LOJKHA OBITh HHKE MHHHMAJBIIOrO YPOBHS PEryaupyeMoll CKOpPOCTH,

O6uas 6aoK-cxeMa TaKOfl CHCTeMbl PErY/MUPOBAHUA NPUBefeHA HA
puc. 10-13. B npaxruueckoil cxeme THPUCTODHBIN PETYAATOP HampsKe-
HHS, OCHOBaHHHHA Ha BEPTHKAJLHOM IPHHHHMIE U TIPeAHAIHAYCHHBIA ISt
paboTbl 1NpH 3HAUHTENBHOM MHIYKTHBHOCTH B Harpyske (momo6-
HBIH noOKazaHHoMy gHa puc. 9-32), mMoxer Owmrb Mopudumuposan s
NORA44d Ha Hero CHUTHaJa C TAXOreHeparopa IepeMenioro toxa 11, Kak
nokasano Ha puc. 10-14. Dta cxema npeanasuadena JAs paGoTel ¢ Ta-
XOTeHepPaTOPaMH, HOMHHANBHOE HanpsKenHe KOTOPBLIX JIEXKHUT B Hpefenax
or 4 no 6 6. Ilocrosnnas Bpemenun RC BbIOpaHa U3 YCJOBUS YJIOBJe-
TBOPHTENBHOIO CIJIAXHBAHUS mynabcamud 11a TpeGyeMOl MUHMMAJBHON

CKOpOCTH JABHraTtenst, KOrga wacrora TaxoreHeparopa HauMelbLuasd,
H ¢ yueroM TpeGOBAfHH YCTONYMBOCTH CHCTEMBI DeryJMpOBaHHS
®
y
) y

Puc. 10-14. CxeMa nopnaud HanpsAXeH#s OT TaxoreHeparo-
pa Ha G.0K yHpasieHHs 1HPHCTOPAMH.

B pgonosHende K yNpaBJeHHIO CKOPOCTBIO JBHraress CyHIECTBYIOT
HeKO10pble HHBIC 3ajaud YOpabfeins, KOTOPBIC MOryT OBITh perielibi
CPeACTBAMH CHJIOBOH HOJYNPOBOAHHKOBON 1EXUHKH.

Onna u3 npocreinux QyHKIHH COCTOMT B 3aMeHe KOHTAKTOpa ABY-
HanpaBIeHILIM TUPIICTOPOM.
B cayuae pesepocwBHODO KOHLSH-
CAaTOPHOTO |UBHFATEVIA ¢ JABRYMA
oOMOTKAMH yIpaBIeHus JBa TH-
pucropa OO0eCTeydBal0T BHICOKOE
BelcrponefictBre  mpu  pepepce
(pmc. '10415) B xauecTBe KOH-
takroB Ki (Bnepen) u Ko i(ma-
3a1) MOTYT HCHOJBIOBATHCS UI10-
Obie KOUTAKTHBIE YCTPONCTDA, JH-
60 MOXKIIO yMpaBJgTL ABYHA-
MPABJISHHLIMM THPHCTODAMH CTO-
MOWBIO JIOBOro u3 OecKOHTAKT-
HBIX MeT010B  MoxHOo TakXe
HCMOMB3OBATL  TOUTYTPOBOIHHKO-
BHE CXeMBl KJIIOYell NepeMeHHOro
Ha4 MOCTOSHHOTO TOKa AJS 33
IHTHl JBUTATeJs OT Meperpepa,
oferieyns  ympasJeHHe 3THMH
KII0YaMH  HeMOCPefCTBeHHO OT
ycrpoficns, KOHTPOA P YIOMHX
Temneparypy OOGMOTOK  ABHUra-
Tenst

Bo MHOMMX cayyasgx JBHIaE-
TEMM ¢ KOHJEHCATOPHEIM MYCKOW
MM C TyCKOBOH paculeNJeHHoMH
06MOTKOH  ‘moixHbl  padoraTh
B yOIOBMAX MACTHIX ITyCKOB Jui60
BO B3PHIBOOMACHLIX Cpeax, Kor- 0l
Ia MeXaHHYCCKH#l  mepeKaioua-
Tedb  ueacadarcact  Ero  ¢yHx-
LUK MOCYT BHIMOJHSITBCA JBYHa-
NpaBJIeHHBIM THPHCTOPOM.

BeposiTno, mpocrefimias cxe-
Ma 6pl1a  TpeépcrasseHa  Ha
puc  8-1,a. Npyro# cnoco6 ynpas-
nepns mokaszan ma puc  10-16,
rae THPHCTOD YUIpaBAsercs oOT
tpamchopmaropa toxka TT. Kor-
Aa CKOpOCThL JBHratess AOCTHI-
Her paboyeH, ero TOK yMCHbIIA-
erca W THPUCTOD Bojee He BKJIO-

[N

Puc 10 15. Cxema peBepcuBHOTO
YIP3RJICHHS] KOHIEHCATOPHBIM ABH-
TareneM ¢ HOMOUIbK AByHaNpaBleH-
HHIX THPUCTOPOB.

N
Spr o

O

TT

&

Puc 10-16 Cxema pnsi 6eckonrtaxt-
HOTO TOIKJIOUEHUs NYCKOBOH ¢0-
MOTKH C TOMOIIBIO JAByHANpaBjcH
HOTO THPUCTOPE,
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yaercsl. JIpyruM BapHaHTOM ABJsETCA HCIOJIb30BAHHE BMeCTO Tpancdop-
Maropa ToKa HeGOJbIIOH KaTYUIKH, NOMelleHHOH BOJH3H OGMOTKH ABH-
rares.

Ecau st peryiMpoBaHHA CKOPOCTH ABUIATE/A MCHOJAb3yeTcs Taxo-
TEHEPATOP, €ro HaNpAXKeHWe TaxkKe MOMXKeT OHITL UCHOJIb30BAHO st
yIpaBJeHHsl CXeMOH, OCYINeCIBJAOMWEeH YNpaBieHne LBYHANpaBJAeHHBIM
THPHCTOPOM. ITO TMO3BOJIAET TOYHO YCTAHOBUTBH TpaHHUIB AHANA30HA,
B npefiesax KOTOPOrO JOMYCKAEeTCS H3MEHEHHe CKOPOCTH,

Pasjen ofuHHaAUATHIH

MPEPBIBATEJIM MNOCTOSAHHOTO TOKA,
UHBEPTOPbBI H HHKJIOKOHBEPTOPBDI

B nanuom pasjiesne NPHBOAKTCA ONUCAHUE MpephiBaleseil MOCrosid-
HOTO TOKa, ABTOHOMHBIX MHBEPTOPOB M HHKJIOKOUBEPIOPOB, B KOTOPHIX
UCIOJIb3YIOTCS THPHCTOPEHI, BBINOAHAON(HE (QYHKIHMH 3/EKTPUIECKHX Ma-
IUMH, MeXaHWYeCKHX KOHTAKTOB, HCKDOBHIX Da3spsIHHKOB, 3JEKTPOHHBIX
JlaMI, THPATPOHOB M CHJOBBIX TPAH3HCTOPOB B YCTPOHCTBAX aHAMOTHY-
HOTo HasHadeHHs, NPHMeHABINHXcS paHee. [ToxoGHHE yCTpoOiicTBa HCIOD-
3YIOTCA B PEryJHPYyeMbIX MCTOYHHKAaX IHTaHHS, BHOGponpeoGpasoBaTessx,
pamuonepenaTYMKax, U3AydYaTeJasaAX THAPOJOKATOPOB, PEryJHDPYEMOM 3JeK-
TPONPHUBOJe IEePEMEHHOr0 TOKAa, YJAbTPa3BYKOBEIX reHepaTopax, UMITyJbC-
HEIX MOAyJaATOpax 4 T. I.

IIpenmyinecTsoM yCTpOACTB Ha THPHCTOpaX ABJAIOTCA: HeloJbllHe
IKCIJIyaTaUMOHHBIE PACXOAbl; HaJEXHOCTb, AJUTENbHHE CPOK CciryxObI;
Manple rafapuThl; Manblii Bec; GecuiymHas paboTa; HEUyBCTBHTENLHOCTb
K 3arpA3HeNHOCTH ¥ H3MEHEHHIO [aBJeHHs OKpyxaiomel cpelsl; pabo-
TOCHOCOGHOCTh MpPH HU3KMX TeMIeparypax, crnocoGHocTb paforarth Ha

mo0bof BBICOTE, MTHOBEHHBIH 3allyCK; BLICOKHH K 1. J.; MaJjas CTOH-
MOCTb.

11-1. KJIACCUPHKALYSA UHBEPTOPHbLIX CXEM

B namnom pasiesie HCMOJb3YIOTCS CAeIYIOLHE NOHITHS:
Bempsamuresns — yerpofictBo  AJA  npeo6pa3oBaHAA  IePeMeHHOro
TOKA B MOCTOSTHHBIH.

Hugeprop — ycrpofictBo  AJiA8  1peoGpa3oBaHus WOCTOSHHOLO TOKA
B NepeMeHHbIH.

IIpeoGpasoparesb  4acToTH — YCTPOHCTBO I IIpeoOpa3oBaHUs
MepeMeHHoro TOKAa OJHOH YacTOTHl B IepeMeHHBIH TOK APYroif 4acTroTH.

TIpeoGpasoparesb NOCTOSHHOFO TOKA — YCTPORCTBO Jijist mpeoBpa-
30BAHHS IOCTOSIHHOTO TOKAa B MNOCTOAHHBIN TOK [PYTOro HAINpSXKeHHA
C IPOMEXKYTOUHBIM 3BEHOM MepeMeHHOro TOKa.

Luknokonseprop  (HemocpeACTBeHHBI  npeobpa3oBaresb  4acCTO-
THI) — YCTPOHCTBO AJIS Mpeobpa3oBaiiust NePEeMeHHOro TOKa BLICOKOM ua-
CTOTHl B HepeMeHHHBIH TOK 6ojee HH3KOA YacTOoTH 0e3 NPOMEeXYTOUHOro
3BCHA NOCTOSHROIO ToKa. LluknounmsepTop — KoMOMHALUsi WHBEPTOpPa H

KJACCH®HKRAUMS HMHNBEPTOPHBIX CXEM 267

UHKJAOKOUBCPTOPA, T. €. HHBEPTOP ¢ [POMEKYTOUHBIM 3BEUOM MepeMeH-
HOTO TOKa APYFOH 4YacroThl,

IMpepoiBatens  (<OXHOMOMOCHWI»  MHBEPTOpP) -~ YCTPOACTBO 1%t
npeobpazoBaHya NOCTOALHOrO TOKA B MNOCTOAWILI HAH  {1OCTOSIIIOTNO
B NpPepLIBUCTBIL € HCNOMB30BAHKHEM OJHOrQ CHJAOBOTO  YIPaB/AEMOro
BEHTHJIS.

lIpumeuainne TepMHH «HIBEPTOP» TaKkKe HCNOJb3Yyercss B AdH-
NOM paszjese Kak COOMPATCabubIf, BKMOYAOWMA NpephiBaTCaN, UHBED-
TOpPH M HEKOTOpHe BB npeobpasopareneir. Takum oO6pasoM, NpUBOLM-
Mas HMXKe KJaccHdUKaluus HHBEPTOPOB BKJKUaer B cebs KnaccHPpuKaumnio
npephipateseil, nHBepTOpOB, npeobpasoBareseli yacToThl M fIpeobpasosa-
1e0el NOCTOSIIHOTO TOKA.

11-1-1. Kaaccel HHBEPTOPHBIX CXEM
Knaccudurauus (ra6r. 11-1) uupepropos OCHOBBIBAETCA Ha KJjac-

cH(HKALUUH METOAOB KOMMYTAlldd, OMACAHUBHIX B pasa. 5. Beero umeercs
11eCTh KJA4CCOB KOMMYTALHH:

Tacauwa 11-1

Tupucmopweie unbepmops:

4 T T T 1 |}
Kraccor 8 ¢ J £ F

Aowpuzypa - ! ’ ‘ } l I

UUU CTPM P

(opuc?l-1) 123456 123456 23446 123456 123456 123456

Kaace A — «caviokommyraunss 32 CHeT pPeaonancioro Xapaxrepa
Held Harpysky.

Knacc B — «camoxommyramusa» npu momoumn LC-Uenoukd, BRIO-
UeOf napaIenbito BeHTUIIO0.

Kaace C — eMKOCTHAR HAM HHRYKTHBHO-CMKOCTNAsH KOMMYTalHR 1pH
MOMOLU JAPYroro CHJAGBOTO THPUCTOPA.

Kaace D —eMKOCTHAS WM WHAYKTHBRO-EMKOCTHA KOMMYTallHsl
NpH NOMOIIH BCAOMOTATeNbHOTO THPHCTOPA.

Kaace E — Kommyrauns npy noMmoIlu BHEWHETo HCTOUMHKA HMAYJb-
COB.

Knacc F— koMuyranus npn nmoMoln ceTH NMepeMEHHOFO TOKA.

11-1-2, CBo#icTBa Pa3IHYHBIX KJAACCOB HHBEPTOPOB

Kaace A-—«camMoxoMMyrauus» 3a cdeT PE3OHAHCHOrO XapaKTepa
uemn uarpyski. Hupepropbl nanGosee npuromnel Ai1f paGoOThl Ha Bbl-
COKMX dactotax (1. e mhme [ 000 ey), Tax Kak 3neMenTnl pe3onamc-
noro LC-xoutypa o6TekaloTest nOAHBIM TOKOM Harpyskd. TOK, Ipoxos-
WM Yepes THPHCTOP, HMeeT MOUTH CHHYCOMAANBHYID (OPMY, MGITOMY
difd{ mpu oTHMpARUM CTHOCHTEAbHO MaJao. B HHBepropax xaacca A pe-
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KMACCUGUKALIIIY WHBEPTOPHBIX CXEM 960

Puc. 11-1. Kondurypannu uHBepTOpHBIX CXEM.

1 — npephbIBaTENb; 2 — ABYXNOJYNEPHCAHAS CXeMa co cpefHell Toukoft TpaHcdop-
Martopa; 3 — OBYXMOJynepuoaHast CO CPeAHEH TOYKOR HCTOYHMKA NHTaHust (C pas-
fefleHHbIM UC1OYHUKOM MuTaHus); 4 — ogHodasnas MocroBas; 5 — rpexdasHas
cAHOTOAYNepHOgHAss (HyaeBas); 6 —- TpexdasHasa MocTOBad.

TYJAHPOBKA BLIXOMHOIO HANPSIXKEeHHA OCYLIECTBJSETCS 3a CUET H3MEHEHRs
YacTOTH P NMOCTOSHHON IMMPUHE BHIXOJHBIX HMIYJAbcOB (T. € 3a CUET
H3MeHeHUs CKBAaXKHOCTH).

Knacc B — kommyrtauus npu mnomouiy LC-LenoukH, BKJIOYEHHOH
napajsiesbio BeHTHTO. BosblinM NpeuMyLlecTBOM CXeM MaHHOrO KJjacca
ABJeTC] MX IIPOCTOTa, MNPHMEpPOM sBJAfAeTCs MpepuiBatedr Moprana.
Pery/qHpoBKa BbLIXOZHOT'O HANPSKEHHA TaKxXKe OCYIECTBJACTCA 3a CUYeT
u3MeHeHHst ckBaxHoctd. Ilpu ucnoss3oBanun B LC-uUenouke Hacharmw-
HIMXCS APOCCeIed pacyeT ITHX 3JieMEHTOB JAOJIKeH OCYHIeCTBJATBCH MA0-
CTaTouwllo KBaJUHUKPOBAHHO ¥ HeOOXOAMM KOHTPO/Jb 3a IOBTOpPSE-
MOCTHY) CBOHCTB CepJeYHUKOB NpPH H3TOTOBJIECHHH.

Knacc C— emKocTHAst WM HHAYKTHBHO-€MKOCTHAA KOMMYTAaLHs
IPYrUM CHJIOBHIM THpHCTOpOM. IIpuMepOM HaHHOrO XJjacca HHBEPTOPOB
SBJAETCH XOPOUIO M3BECTHHA MHBepTop Mak-Myppest — Beadopaa. Ilpu
HaJHYAH HEKOTOPHIX JOMNOJHHTENbHBIX 3J1eMEeHTOB HHBEPTOPH 3TOr0
Knacca BecbMa 3 dexTHBHH npu uyactorax muxke 1000 ey. Jlna pery-
JYPOBAHUA HaNPAXKEHUS HCHOJb3YIOTCA BHEIIHHE CPEACTBA.

Kaace D — emxocrnast Wi HHAYKTHBHO-€MKOCTHAA KOMMYyTaulus HPH
TOMON[M BCIHOMOTAaTeJbHOrO THPHCTOpPA. ITOT THNI HHBEPTOPOB BeCbMa
yHHBepCcaJeH, TAK KaK B HEM MOTYT JEIKO PeryJHpoBaThes Kak pabodast
YacTOTa, TAK H UIMPHHA BHIXOAHBIX HMIYJbCOB. Dneprus, NHPKYAHPYIO-
giast B KOUTYPe KOMMYTalHH, Jerko Moxcr Oblrb mepcfana p narpys-
Ky, uTo obecneuuBaer BHICOKHH K. I J.

Kaace E — KoMMyTamMsi mpu NOMOINM BHEUIHero MCTOYHMKA HM-
nyJAbCOB IJTOT MeTOX KOMMYyTaLUM paHee [OYTH XHe pacCcMaTpuBajCs.
OH Moxer OHITL 3((EKTHBHBLIM, OZHAKO AJS KOMMYTAalLUH HeoOXOAHUMO
OT BHEIUHEr0 MCTOYNHKA NO0AaBaTb HMIYJAbCH JOCTATOUHO OOJbIIOH
sHeprud. [lpu 3TOM MOXKHO Jlerko pery/JupoBaTh Kak pabodylo 4acroTy,
TaKk W LWUPHHY BBIXOAHBIX HMIYJbCOB.

Kaace F — xoMMyTanus npu nmomouwy cetd HepeMensoro roka. [Ipu-
MeHeHHe HHBEDTOPOB 3TOIO THNA OrpalMYCHO YCTAHOBKAMH, B KOTOPHIX
9HeprHs TIeDeMeHHOro TOKa OTJaercd B JAOCTATOUHO MOIIHYIO CeTb;
K. I. . TaKNX HHBEPTOPOR OUeHb BLICOK.

11-1-3. CxeMbl HHBEPTOPOB

Kax wn3BecTHo, BBLUIPSIMHTeJbllble CXEMbl MOTyT OBIThL OJHOMOJYIE-
PHOJHBIMH, JBYXIIOMYNEPHOXHBIMH, MOCTOBBIMA H np. CXxeMbl HHBEPTOPOB
IPYNNUPYIOTCA aNaJOTHYHBIM 06pasoM.

Ha puc. 11-1 npuBemenrl pasnuuiible XOHOHUI'YypalUMH HHBEDTOPHBIX
cxeM. YcTpoicTBa AJsi YOpaBJieHHs. THPUCTOPAMH H KOMMYTAUHH JIIs
1arIAHOCTH ONyILEeH..

11-1-4. CpoiicTBa pPa3NHYHBIX HHBEPTOPHBIX CXEM

Ta6auma 11-2
Hovep cxevist uo puc. 11-1 1 2 3 4 5 6
3anupaemoe Hampauenwe! ., . .| E 2E| E E E E
AMIIATYNa HanpsKeHusd Ha Ha-
TPY3K€ . . .+ . . .. ... E | E2 |OBE| E | E | E?
Hamuuwe Ha Bbixoge mnoctosiuHof
cocrapasgomet . . . , . . . .| Ja | Her | Her | Her | la | Her*
KonnuecTBO THPHCTOPOB . . . .| 1 2 2 4 3 6
UactoTa ny/scanyil B UEMH [ATA-
01 S B i 2f f 2f | 3F | 6f
OTHolleHHE NOTPeBsIeMOro TOKaA
K Cpe/lHEMy 3BAUEHHIO TOKA TH-
PHCTOPE v ¢ v o o o v o o o| [ /s 1 e | Y/, 1/,
BoamoxHOCTb paGoTE Ges TpaHc-
¢dopmatopa . . . . .. .. .| Hda | Her| Jla | Ja | lla | Ia

1 Be3 yueTa BHIGPOCOB IIPH KOMMyTAIHH.

2 C TpaHchopmaTopom 1: 1321

3 JldHei{HbIe HATPSKEHHS,

¢ [Ipeanonaraetes CHMMETPHYHIA Tpex pa3Has Harpyska.

11-1-5. O6cyxpenue cucreMbl Kaaccuukamuu

Hcnonb3oBanHas kJaccuukanusi, YUHTHIBAIOU(AS KAK METOL KOM-
MyTallud, TaK U Hauepranue cxemnl no puc. 11-1, naer 35 pasimunbix
BHJIOB HHBepPTOPHBIX cXeM (cM. taba. 11-1). Oamnako umeerca MHuoro
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CXeM, KOTOpble MOTYT MORacTb B OAHY M Ty K¢ Kaaccupuxauuonuyio
TPyONy, XOTA OHH M PA3JqUuHBl IO Py CBOUX CBOHCTB. 310 0CO6EHHO
OTHOCHTCsl K KJjaccy D, Tak kak KOMMYTAlHHd TipH NMOMOIIM BCHOMOTA-
TeNbHLIX THPHCTOPOB MOJXKET NPHHMUMATb pasiuudele (opMul. I[lostomy
ofilee YHCA0 BO3MOXKHBIX CXeM HHBEPTOPOB COCTaB/ASET eCKOJbKO
COTEH.

B nocreayomux nmaparpadax us Bcero MHOrooGpasust cxeM HHBEp-
TOPOB PACCMOTPEHbl TPH THIA CXEM; HAa HX IPHMepe [I0Ka3aHa MeTOAHKa
pacuera. OTH NpPHMePHl COCTABJAIOT BCEro JHUb 0KoMo 1% BoaMoKHBIX
Bapuanros cxeMm. [Tosromy omnofi u3 OCHOBHLIX 3aad paspaboTuMKa
ABJASETCA BHIOOP CXeMBl HYXHOTO KJacca W HYXKHOH XOH(pMIypaund,
y1o6bl BMecTe C J06aBOYHBIMU Y3J4MH HHBEPTOPOB, ONHCHIBAEMBIMH
HHXKE, B HAWJy4quleHl CTENeHH YHOBJETBOPHTL TPebOBARHAM KOHKpeTHOH
06/1acTH NpUMeHEeHuUs.

11-2. THNOBBIE CXEMbBI UHBEPTOPOB
11-2-1. UHBepTOpH Kaacca A

Wupepropel Ksacca A BechMa UIHPOKO OCBCLIEHBI B JHTEpaType
[J1. 11-1-1—11-1-10]. TlpuBomumas Huxk€ METOAIKA pacueTa 3adMCTBO-
BaHa u3 [JI. 1141-4]

ONMUCAHHUE CXEMBI

Ocuopnas cxema HHBepTOpa nokasana Ha puc. 11-2,a Ee paBora
copuTCs K caepywmeMy. Ormupanue tupucropa Ty CO3J4eT [MOJyCHHY-
COMAAJDHBIH MMIYbc TOKa B Harpyske R u s3apsikaer C, nocae yero
Ty sanupaercs. DTOT 3apff, CHeLOBATENbHO, W OGPATHOE HAMpPIKEHHE

7y

i

Ny

Ly

NIy

Ly

Tz

%4 Ly

ENTaY
NI

1)

—)i}

2) 5)

Puc. 11-2 Opnuodasuble MHBepTOpH Kjaacca A.

a— ¢ pazfielleHfiLiM HCTOYHMKOM nutaHms, O — ¢ pasjeleHHOR KoOMMY-
THpYIOLEel eMKOCTBIO.

L:Q_Al ANIVAN g[ﬁ;
A A A
Aol G e
e b

Puc. 11-3 Tpaduxy TOKOB ¥ HanpsiKeHUil B HHBED-
Tope kaacca A no cxeme puc. 11-2,a.
a—npu f<fy, 6 —mpu f=fy; 6 —npu F>f,.

Ha saxuMax Ty Gymyr moajepxkusarbcs fo ornupanus s Ilocre artoro
yepe3 C NMPOXOJMT HMIYJbC TOKA, HO yXKe o6parHol noaspHoctd. Kon-
aencatop C paspsixkaercsa M 3areM 3apsxaeTcsi B o6paTHOM HanpasJe-
aun. [Tocne s1oro wa T4 nmomaercs CAeAYOIME YIpaBJASIOLUA HMIOYJLC,
M Tpollecc NOBTOpAETCA.

Ha puc. 11-3 ¢ nmokasaHbl KpHBbie TOKOB H BANpsXKeHMH NP ua-
cTOTe 3alycKa, MeHbiedl, ueM pe3oHaHcHas uacrora Konrypa LC, t. e.
npu f<fp, Ha puc. 11-3,6 mokasaubl Te e Kpupee npu f=fp, a na
puc. 11-3,6 npu f>fp. I'panuunsiii pexum ua puc. 11-3,6 oGecneunsaer
CHHYCOMAANBbHYI0 (POPMY BBIXOJHOrO HANpsXKEeHHs H [03TOMY OOBIUHO
nauboaee kenaresen, Opnako B OOJBLIMHCTBE CJydyaeB H3MeHenue
AKTHBHOM H DEAKTHUBHOH COCTABJISIIOIIHX CONMPOTHBJIEHMS HArpys3Kd npH-
BOAMT K pexumam puc. !1-3,a uan e.

Cxema mna puc [1-2,6 mnosnocrblo 3KBUBAJeNTHA CXeMe HaA
puc 11-2@, 3a uCKAIOYCHHEM TOIO, YTO He HYXeH CPEeIHHH BLIBOJ
y MCTOYHMKA TUTaHus, a Ha oboux KoHpgeHncaropax C/2 umeerés mno-
CTOSIHHAA COCTABJAIONIAST Hanpsxenus,, pasuaa E/2.

Heo6x01HMO OTMETHTB, YTO HMIYJAbChl TOKA, NPOXOAAIIHE Yyepe3
HHAYKTHBHOCTH Ly u L, momepeMedHO, HO B OZHOM HAlpaBJeHHH, BhI3HI-
RAIOT [epeMarsuuMBallie cepieuHuKa C 4acroToi, BABoe Oosblled ya-
ciothl ynpasaennsi Ilocrosunast cocrassiomias toka B Ly u L2 pasHa
TOKY B HCTOYHHMKE MHTAlHsl, B CBA3H C YeM MAOJKHO OMTH YCTPaHeHO
HACHIIIlEHHe HHIYKTHBHOCTEH.

Meroduka pacuera

Mcxoauble nMaHHbie: BHIXOAHAS MOIMHOCT Pg, 6T, BHIXOHAA ua-
crora f, ey, Hanpsxenne ucrounnka murawus E, e.

[TorpebaseMas MOWLIOCTb, ecid 3ajaTthest K. M. A. 90%, pasHa
Py=Py 100/90 8T.
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ITorpe6asiembiit TOK [4, paBHBIA CcpedHEeMY TOKy 4Yepe3 THPH-
cToph la:
P
ld=la=—E—l'

Tak kak TOK HMeer (OPMY IOJYCHHYCOMJIAJbHBIX HMMYJIbCOB, TO
pH f==fp, ammjuTyaa aHOQHOTO TOKAa paBHa.

lym=mnlycp, a.

Bemuuuna [.w onpeaenser npefpapureNbHblil BLIGOP THPUCTOPOB.
DKBHBAJEH[HOE CONPOTHBJAEHHC HATPY3KH

2E

ny

R =

oM.

AMmityna HanpKenus 14 larpysxe

2FE
Upgmw="—

7:’6'

Koaddunuenr Q (moGporHocte) cienyer BuiGparh or 1 xo 4 Tlpu
GosbIIUX 3HAUeHHAX () yBeJMUMBAETC BpPEMs, NpejOCTaBJsSeMOe IJIs
BOCCTAHOBJIGHHS YNMPAaBJAEMOCTH THPHCTOPOB [lp, OJHAKO IPH 3TOM
B CXeMe JOJXKHB OBITb HCHOJb30BAaHLE THPHCTODH Ha G6oJsiee BEHICOKHE

HanpsiKeHHs; yBeauuuBaercs du/dt uw BospacTaloT pasmepsl Apoccens L
u Koupeucaropa C

EMKocTh KoHAeHcatopa
108
C =50k’ MK .

MeaykTaenocTs apoccess

L=L =L, = (22—15;— 108, mxen.

AMmuTyza HampsKeHusd Ha 3a)KMMax KOHJEeHCaTopa — B CXeMe
puc. 11-2,a wmwan aMnauryjla DepeMeHHOH COCrapjswoliedi— B cxeme

puc. 11-3,6
Uey =QUxy m, 6.
JleficTBylomee sHadeHHe TOKA yepe3 oOMOTKH Apoccend

Ta u
]L=T'

Tpr caepyromue GopMyasl BHBEJEHE H3 COOTHOLICHAS

g = 2Ug  (Q coS f — sin wl),

rie Ua — HANPAXKEHNE Ha THPACTOPEe B Hepaﬁoqy}o qacTh H&pﬂ(}&:’i
(8 cnyuae f=/{p).

273

AMNUMTYAA DPAMOrO HampsiXKeHHs Ha THPUCTOpE

4 -
Usu=—7VQ@+1, 6.
Hau6oaviee du'dt:

du BEfYQTE1 s

a = 108 mKcoR

[IpenocTaBnaeMoe CXeMO# BpeMs BOCCTAHOBJICHHA

108
ly = Onf arctg Q, MKcCK.

[Morepu B KOHJEHCA1Ope
Q
P.=7—P,, sm,
c QC

e Q; — moGporHocTh Konaencatopa C.
[Torepu B ppoccene

q
PL:QT

Py, sm,

rie Qr— Ko6POTHOCTb HpOCCeNs

Jlnst onpefenenys MOTepb B THPHCTOPAx Heo6xonuMo: a) MO KpUBOH
MTHOBEHHOTO &HOJHOTO TOKa {s NOCTPOUTH TPpadUK MCHOBEHHOrO mane-
HUSl HaNpsiKeHHd Ua C YYETOM TOBHIUIEHHOrO HajeHUs B Hadajde HM-

nyJanca TOKa ('-ITO MOXHO CHAen4aTb, NOJAb3YyACb COPABOYHBIMH JAaHHLIMY,
HJIA 10 'pe3ysibTaTaM SKCoIepuMed-

Ta); 6) MoayyeHdylo KpHBYIO p(f) =
=ia(f)ua(f) mnpounTENPUPOBATL Ipa-
buyecku, uTOOLl HAHTH cpefHee 3H1-
yeHHe MOIIHOCTH paccesnua I1pi1
3TOM HEeoGXOIMMO MPOCHSIHTE, YTO-
6bl KpuBas TOKa e iepecexasna JH-
HHIO IIpeleJbHOTO TOKa (uau mpe-
IeJBHOH MOIMHOCTH) MpPH OTIOHPa-
Hut B mpoTHBHOM cayyae HaAO
CHH3H1b Pabouylo 4acroTy

Tlpu nauHoM pacueTe He Y4H
THIBAIOTCA Chaelylollue TIOTepu. B €O
TMPOTHBASHHA WIPOBOILOB, B BHIXOX-
HOM TpancbhopMaTope, B KOHIeHCA-
tTope ¢uavTpa, B UEMH YIpaBienud,

B TMPHCTOpAX MPH WX 3aIEPTOM KO-
CTOSTHHYL.

Ay

1|11

Nl

t——r—A

Puc 11-4 Hcnoaw3zoBanue HH-
BepTOpa kjaacca A B KauecTse
YALTPA3BYKOBOTO TeHepaTopa
€ YABOEHHEM Y3CTOTH
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Toraa BLIXOAHAH MOLIHOCTH cp %JISQSJILOB‘Z;EJIBHO, eMKOCTb KalKJAOro KoHjAeHcaTopa B cxeMe puc [[-4 pasHa
=0,55 MK
HH1yKTUBHOCTL
Po:Pl—(Pc"‘PL'l‘QPT)’ ém, L L b 2,3 100 145
L=Li=Lla= 55 = 14 meer
¥ K. I. J. MHBEpTOpA
Po AMONUTYAZ  [epeMelinoro  HanpspKenusi  Ha o 3aKnMax xoun,encaropmi
n=p_-100, %.
1 Ugy=532=160 ¢
Ecau T 3aMEeTHO OTJau4Yaercda oT 90%, TO H606XOIU/IMO caenaars nepe- He#ticTByiolllee 3HauyeHUe ToKa B 0OMOTKAX
pacueTt, HCMoJb3ysl HCNpaBJEHHOE 3HAUCHHE P]- 6,9
=2l =345a
2
Tenepatop yavrpassykosod 4acrorst AVIUIITY A IPSIMOTO HAMPSKEHHS HA THPHCTOPAX
ITpunuunuanbuas cxema npusefena na puc. '11-4. Heobxoaumo or- Up w LN ey SRR
METUTb, UTO HArpy3kon £ABJASIOTCH 06MOTKH MarHuTOCTPHKIHOHHOTO ¥
npeo6pasoBaTena, KOTOpHIE BHIIOJHAIOT TakXe posb apoccentss L Tarum HanGoasuee du/df Ha TUpHCTOpaX
06pa3oM, MarHUTOCTPHKIHONHEIA npeoGpasoBaredb paBoTaeT ¢ 4acToTol S
25 Key, XOTA THPHUCTOPHl HHBEPTOpPA BKJIOYAIOTCA € yacToTolt 12,5 Key. du _ 85012500 V54T _ g5 8
dt 108 = 9 uwcer

Pacyer Takoro reneparopa jaercs B KauecTBe NpUMepa pacueTa
HHBEPTOPOB Kaacca A,

PacueT 31eMEHTOB NPOU3BOAAT, VCXOASt W3 YABOEHHON BLIXOAHON MOILIOCTH.
OnHaKko IJisi TONYHYeHHs 3HAYECHHH TOKOB M MOULHOCTHM Pe3yJbTATH Npu 25 K2y He-
O6XORUMO Pas3hesinTh Ha 2

McxopHbe aHHble

Py=100 67, {=25 xeyy E=30 8, 1o6pOTHOCT: MATHHTOCTPHKIHOHHOrO mpeolpa-
30BaTeNsA paBHa b

TMorpeGasemas moluceTb (mpu N=90%)

100
Py =100.2 0= 220 am.

TMotpeSasteMblit TOX, paBHHI CpepHevy TOKy 4epe3 THPHCTOPHI, OMPeNeJHM KaK
ld= = = 4,4 a, HO Gepevt HOJOBHHY, T. € 2,2 g LpH YacTOTe ornupauus 12,5 wex,

B nansom clyuae MOKHO HCMOAL3OBATH HERXOPOTHE THPUCTOPH THRA C20
C BPEeMEHEM BOCCTAHOBJACHUSA YNpPaBiseMocTH 20 MKCEK.
AMIVINTYZa aHOZHOrO TOKa

IaM:ﬂ:4,4=13,8 a.

DKBHBaJIEHTHOE CONPOTHBJECHHE Harpyakn

2 50
R = o = 2,3 om.
HanpsxeHue Ha Harpyske
2.50
UH,M = -_1:— =232 s.
EMEOCTb KOHXEHCATODa
&
C= 10 = 1,1 ureg

2%.5-12 500 2,3

Bpewms, npejfocraBjasieMoe ANs BOCCTAHOBJAEHHS YNpPasJiieMOCTH, PAaBHO CyMMe
nofyrepuona HacTorsl 12,6 xey (20 MKcex) W BedmuuHbl #°

t’ arctg 5 = 8,7 mrcex.

108
B 2¢ 25000

Tarnum o6pasom, M[Cauoe BpeMs, 1PeJlocTaBIsieMoe AJAsi BOCCTAHORJIEHHA
tmonny PaBHO 287 mKcer
[Motepun B KowpeHcaTopax [IpenmonoxuM, uYTo AOGPOTHOCTL KOHJEHCATO-

pa 100 Toraa

5
PC:’]EO_ 110 =55 em

TloTeps B HMHAYKTHBHOCTSX B JAHHOM CJIydac ONPEACITOTCS AOOPOTHOCTBIO
MarHHTOCTPHKIHOKIIOIO NpeeGpasosaT as Q, =5

MMoanasi cXeMa reHEPATOpa YJbIPa3BYKOBOH 4acTOTHl Tokasama Ha puc 11-5

CucremMa ympaBieHHs COCTOHT H3 [BYX pPEJAKCAIIHOHHBIX T€HepaTo-
pOB Ha OMHONEPEXOAHHIX TPAH3MCTOPAX, KAXKIbIA M3 KOTOPLIX NHTaer-
¢ aHOAHBIM HAMpAKeHHeM TUPHUCTOpa. Takoe BK/IOYEHHe ofecmeurBaer
GOJbIIYI0 HA/EKHOCTh 3amyCcKa, TAK KaK THPHMCTOP He MOXeT OwiTh
OTKpHIT, I0KA CHauajga X ileMy He OyZerT MPHUJIOXKEHO NpsMoe Hampske-
Hye. DTO, OJMHAKO, AOCTUraercss B HEKOTOPOH CTelNeHH 3a CueT CHUXKe-
HUA BLIXOAHON MomuoctH Pesncrop Rg Laer BO3MOXKHOCTD HEKOTODOH
yacTu TOKA TPE BKJIOUEHHM MHBEPTOpa NpoTeKaTb, Munysd Ti, uro obec-
neuusaer 3apsjaxy Cs W ornupanne Ts, BHI3HBaAIOLUleE BO3HHKHOBEHMe KO-
nebanuit

Cxema unsepropa kracca A ¢ obparnoimu duodanu

[IpuBoauMble cBefenua sauMcrsoBadbl k3 [JI 11-1-10]
Cxema uuBeptopa nokasana na puc. 11-6 Ona paGoraer Caemyio-
myM ofpasoM: fnocle ornupanust tHpucropa Ty wonpmencatop G asaps-
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Puc 115 TIlpakruueckas cxeMa yibTpasByKOBOTO TeHepa
Topa 100 er, 25 xey

C, Co—05 s, C; C,—0005 Mx¢p 100 8 R, Rs— 25 xo
Ry, Re—180 om | 87, Ry R;— 100 oM 05 ar RI4 Rz—22 xo;:

2 81, Ry — 10 xom, 2 er, T\, T,— Tuna C2 —
N s n 1. O OINT, OMNT,— tuua

- 50,0
C 47
it
—3F
3 maH
- 50,0 r
Hazpysxal

Puc 11 6 Cxema uusepropa Kaacca A ¢ obpar-
HBIMH JYOLAaVIH

[ zj
6) 2)

Puc 11 7 Ocunanorpammbl cyMMapHOTO TOKa depe3 Td
PHUCTOD U JHOJ, BEIXOAHOTO HANDPAXKEHAS ¥V HANPAKEHUS
Ha THpHCTOpe (CBepXy BHU3) B cxeMme puc 11-6 npu xo
aocrom  xofe (a), ompueckoii (6), eMKOCTHOM (8) H
HHAYLTHBHOH (&) Harpy3xd\

>kaercs npakruueckd Ao 2E; 3areM uanpas/ende TOKA H3MEHReTCs,
¥ Konjencatop paspamaerca uyepes auod i Bo Bpems nporexkanus
PaspsigHoro ToKa THPUCTOP 7Ti MOXKer BOCCTAHOBUTL YNPaBAAEMOCTh
Ananoruynblfl MUKA NPOTEKaeT Iocje OTHUPAHUS HUXKHero THpHcTopa T

Ha puc 11-7,a u 6 noxasausl OCUMANOrPAMMBL COOTBETCTBEHHO AJA
XOMOCTOr0 XOJA W UUCTO OMHYecko#f Harpysk# CpaBHeHHe TO3BoJiAeT
CAeNaTh BHIBOJ, O TOCTOSIHCTBE BEJMUHHEL U (ODMBL KPHBOH BbIXOJHOTO
HaNpAXeHUs W aMIUTHTyAbl HaNpsKeuus na tupucropax Ha puc 11-7,6
JaHa jJYarpaMMa HaupsiKeHA¥ NPH YHCTO eMKOCTHOW Harpyske. 3aMer-
HO HEeKOTOpOe pacliMpeHHe HMIYJbCOB TOKa H BO3pacraiHe BHIXOLHOrO
nanpsixenusa Haxonen, pguarpamma puc 11-7,0 noxasniaer BAusHHE
MHAYKTUBHOR HAarpysks, KOTOpasf oOKa3blBaeT TIPOTHBONOJIOXKHOE Jel
creue Kak BuAHO M3 3TUX KDMBBIX, HU ONEPeXAOUUH, HH OTCTAOMIUH
K05QhHIHeHTH CABHTAa HArpy3KH He OKa3bIBAIOT 3AMeTHOro BJHMAHUS Ha
CXeMHOe BpEeMs BOCCTAHOBJEHMS YNPABAAEMOCTH W AMIVIMTYAY Hamps
JKeHHIi Ha 2jeMedTaX HHBeEpTopa

OKCIEPYMEHTA/NbHO YCTAHOBACHO, YTO B TAKOM HHBEPTOPE MUHH
MaJbHble HMCKaXeHHSi BBIXOJHOrO HanpsXeHHs HMEIOT MeCcTo 1pHu
Tolf=1.35, tae fp ¥ [-—pe3OHAHCHAA 4YacCroTa ¥ UACTOTA YNPABJIEHHS
COOTBETCTBEHHO

OcnioBsbie 10Ka3aTein TAkKoro HHBCpPTOpA

1) xopowasn ¢opMa BLIXOANOTO HaNPsXKEHHS,
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6 |Uvarpt geners) ;/)‘(
o r/{/ 7 Puc. 11-8. Bueui-
HHE XapaKTepPHCTH-
120 F—AE—ET] o
g K{  HHBEpTOpa no
|
k{s_q\ 2 cxeMme puc. 11-6.
00 == T ! — NpH YHCTO eMKOCT-
3 Holl Harpyske, 2 — 0pd
80 _ OMHYCCKOH  Harpyske
) 3 — npH 4UCTO UHAYK-
- Lnarp( aedcTa) THBHOH Harpyske
60l | __ —

g 2 & B 8 10 12 % a

2) KeCTKad BHEIIHAS XapaKTepACTHKa;

3) cnocoBHocth PaGoOTaTh NIPH XOJOCTOM XOJe;

4) cnocoGHoctb paboTarh NpH H3Meledud Koddduuuenta Moulno-
HArPY3KM B IIHPOKOM [Auanasoue;

5) cpaBHMTeJBHO MaJioe u CcrTabu/JbHOe aMILIHTyAHOe 3HaueHHe Ha-
npsixeHns wa Tupucropax (mpu 3azannoM E)

Ha puc. 11-8 npexcraBienbl 3KCmepuMeEHTaNbHBIC ¥ pacyeTHBIE
BHEIIHHE XapPaKTePHCTHUKH JJs aKTHBHOH M PCAk1HBHBIX HATPY30K IO-
AoGHOR cxembl, omucauuoil noapetuo B [JI. 11-1.10]. ¥Ymobras cxema
yiIipaBJeHusi TaKHM HHBEePTOPOM IIOKa3aHa Ha puc. 4-39.

CTH

I pumenenue unsepropos Kiacca A

VnuBepTOpHl K/aacca A MOryT HCIOJAB30BATHCA:

1) B reseparopax yJbTPasByKOBOH uacCTOTHl ANt OUHCTKH jAeraned,
CBapKH M Ie[ eMeHiUBaHHUS;

2) B ycTanoBKaxX HMHAYKIHMOHHOTO HArpeBa;

3) B panMonepejardydkax, paborawomux B GOJACTH JJHHHEIX H
CBEDPXJIMHHEIY BOJIH;

4} B uaayvareIaX THAPOJOKATOPOB;

5) B mpeofpa3oBaTe/fiX YAaCTOTH C MPOMCKYTOULBIV 3BEHOM IIOBHI-
IIEHNOH YacTOTHl B KauecTBe MepBOT0 3BeHa; [ TOPbIM 3BEHOM TAKHX
npeoGpasoBatenell ABJISIOTCA LIKJIOKOHBEPTOPHI;

6} B npeofpa3oBare/IiX HOCTOSIKHOIO TOKA TAKXKe B KayecTBe [ep-
BOro 3pcra, rAe 0JaroJapst BBICOKON NPOMEXKYTOHWHOR 1UacroTe obecre-
YIIBAIOTCT Majbie Bec, pasMephl H CTOHMOCTb U BHICOKOe OblcTpojefi-
cTaie,

Ipusenennr f cOACcOs He HCUEPNMBIBAET BCEX BO3MOXKHOCTEH HHBED-
TOPOB KJacca A

11-2-2. Huepropsl xaacca C

Tunuunofl A1 MHBEPTOPOB Kjacca C ABIAETCS XOPOUIO H3BECTHAS
cxema Mak-Mypyes — Bendopua (puc. 11-9). Ias paccMOTpeHus NpuH-
uuna AeHCTBHA NpednonoxuM, uro T4 ormepr, a T, 3amepr. Tok oT
HCTOYHUKA INHUTaHVA TNPOXOJAHMT Yepe3d JIEBYIO IOJOBHHY MePBHYHOH 00-
MOTKH Tpancpopmaropa. Ilpu stom Ha aHoze T, HanpsnkeHue pasuo 2F
" xougencartop C aapaxeu ao 2F

Korga otnupaerca T, NmOTEHIH-
an TOYKH A ToBbIIAeTCS NPUMEPHO
Ao BeauuuHbl 2F, uto co3paer ob-
patHoe cMeltenne T, M OH 3anupaer-
ca. KoHjencatop C mnojaaepXKupaer
ob6parHoe Hanpsixkedue na T, B Teue-
HMe BpeveHH, TpeGyeMoro Ans BOC-
crasopaendst Tupucropa. [locne no-

Haepysxa

BTOPHOIO OTHUpanug Ty HHBEpPTOP e -7}
BO3Bppamaencsa B NepBOHAYaabHOE - In -
COCTOsIHRIE, W JAanee LKA HOBTODA- :}

encsi. B pesysabrarte mocrosnHbIE TOK
TPOXOJMT ITOOYepeIHO ucpe3 obemo-
JIOBYHBL NepBHUHOI OOMOTKM TpaHC-

{
u
N
-
>
"
B

[H]4

¢dopmaropa, coanasas Bo BTOpHU- =
nofi O6MOTKE TIepeMelHoe HAMpAXe: |
Hyue NMpAMOYroJsHOH QopMbL QD 5 T, GD

Benmwan Oy ¢ [, nponyokaior

06parHo K HCTOWIMKY OMTaHdA UM- (f)
NYJAbCHL TOKA, OGYCIOBIGHHBIC peak-
THBHOA MOUIHOCTBIO TPH €MKOCTHOM
W HHIYKTMBHOK Harpy3xax. Ilpu | L

UHIVKTHBHOH Harpyake 3Heprus,Ha-
KOIJIGHHAS B Llen# HarpysKH K KOH-
Iy [OJyIepHoia NepeveiHoro Ha-

NPSOKEHHA, BO3BPALlaeTcss B UCTOL-  po. jg Wnseprop ®aacca C
HHK MHTAHUA B HayaJgae CJeTVIOLLero ! .

N no cxeme Maxg-Myppea—Dben-
noJynepuofa. B cayyae Ke eMKO- Q)?)plla € ypp A

CTHOH Harpy3KH 3HEpPTHs, HaxelJjeH-
Has B LEN# HArpy3kH B Haua.e
NIOAYHEePHOAd, BO3RPAUIAETCST B MCTOUHUK THTAHUSl [O3[HEe B TeueHHe
3TOTO Ke TO.IyNepHoAa.

Ot «obpaTHble» BEHTWIH BKJIOUEHB MeXAY OTpPUUATENbHbIM 3a-
KHMOM HCTOYHHKA NHTanud W OTBOAAMH OT HGDBH‘H!Oﬁ 0OMOTKH Tpayc-
topmaropa. D rtex cnyvasx, xorga ueGoablie noGaBovHbIE NOTepH I8
UIPalOT CYWECTBEIHOH poJIM, 3TH AHOJNBl MOryT OBITb IO/KJ/IOYCHBI
K a5oraMm THpHCTOPOL uyepe3 nefoJsiplliie COLPOTUBIAEHH, KaK TOKa3aHo
nyskTHpoM na puc. 11-9; orBoxer y obmorka TpaichopMaropa B 3TOM
ciyuae He HyXHpl. Ilpa moakmodenud MXx K OTHaikn 4 rpaHcopmaropa
HeKOTOpas WacTh HEPTHH, HAKOIJIeHHAass B HHAYKTHBHOCTH L, ormaercs
B Henb Harpysku. Takoe BKIOUeHHe TPUBOIHT ¥ HEKOTOPOMY H3MeHe-
BHIO KPUBOM M BeJIMYHHBI BHIXOJHOTO HampsiKeHHs IPW U3MeHeHHH Kodb-
HIMEHTa MOUIHOCTH 11ArPY3KH, HO 3TH H3MEHEeHHs! 3HAYHTENbHO MedbIle
TeX, KOTOPHIE HMEIOT MeCTO NPH OTCYTCTBHH OGpPATHHIX BEHTHJERH.

JAs KOMMYTHPYIOWHX 35JeMeHTOB cxeMmbl Mak-Myppes — Bendopaa
ONTIIMaNbHbLIE 3HAYENHMA PABHBL

t.E
0,425 g’

tB[!(OM .

C=77g"

L=

rie {p — MHNHMaJbHOE BpEMA BOCCTAHOBJEHHS BEIOPAHHOrO THPUCTOPAE;
Iwom — HauGonblmee 2uadelne TOKA HArpysKH B MOMEHT KOMMYTailHH.
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Puc. 11-10. Tpaduku HANPAXKEHHS HAa TURUCTODE, TOKA THPHCTOPA W
ToKa auona (cBepxy BHH3) B cxeme puc 11-9 (KOMMyTanHOHHBI HHTEp-
BaN AJAA HarJIALHOCTH DACTAHYT)

a — npu RC-uarpyske, 6 — npu RL-uarpy3re, 8 — 0PI YHCTO OMHUCCKOH HArpy3Ke

Kpusble Hamps:keHu#i H TOKOB HHBepTOpPa NpH DA3JUUHBEIX 3Haue-
HUAX Ko3(pduIKeHTa MONIHOCTH HArpy3KH moKasaHul Ha puc. 11-10.

YkasaHHble BHlllle COOTHOIIGHHS ONPERENAIOT TakHe 3HaueHHs L
1 C, KoTopHe ofecneudBalOT KOMMYTalHI0 NPH MaKCHMaJbHOM OTCTaBa-
HHH TOKa Harpy3k#d OT HaNpKeHus.

OpunuM M3 BCOOMOraTeNbHBIX 3JEMEHTOB, KOTOpble MOryr GHTh
YCHELIHO HCHOJb30BaHEI C HHBepTopaMu kiacca C, gBasercd Quabtp
Orra (cm  § 11-3-3). Dror duabtp ofecneunBaer CHHYCOHAANBHYIO
¢dopMy BBHIXOZHOTO HANpSAMKEHHs, CTAOHJIM3NPYET ero BeAHYUHY NPH H3-
MeHeHHH HArpy3KH U NpelOCTaBJseT CO CTOPOHBI BXOJa E€MKOCTHYIO Ha-
rPY3Ky AJs HHBEPTOpa IpH u3MeHeHHH KoyhdHIMeHTA MOUHOCTH Ha-
rPy3KH B IUHPOKHX mnpejenax Taxaa eMmxocruasi uarpy3ka HBHBepTOpa
ynpomaer npo6jeMy Kommyramuu. Cxema dumprpa mnoxa3ada Ra
puc. 11-21 Ha pme. 11-22 noxasana 3aBucuMOCTb BXOLHOLO CONPOTHB-
JaeHdst ¢uAbTPA OT COMPOTHUBJEHHs Harpys3kd. Paguanbnble JHHUH, BbI-
Xojslude M3 Hayaja KOOPAHHAT, ABJAAIOTCS IeOMETPHYECKHM MeCTOM To-
yex ()a3oBOro yraa NpH NOCTOSHHOH HArpyske, OKPYXHOCTH SIBJSIOTCA
TeOMETPHUECKUM MeCTOM TOYeK MOJIYJsd CONPOTHRJeHHS NPH MOCTOAHHOM
narpyske Jlsa Apyrux coMcilCTBA 1€OMETPHUCCKUX MeCT Ooupefedsr
[OJHOE BXOILHOE CONpoTHBAEHRUe GuAbTpa (MOAY/ab M (as3oBelil yroa)
Bce 3HaueHHst CONPOTHBJEHHI B3ATH B OTHOCHTEJNBbHEIX eIHHHI{aX (OTHO-
CHTENBHO PACYETHOTO CONMPOTHBJAeHHS (Guiabrpa). Heo6x0ouMO OTMETHTH,
4To A TOrO, HrabLl BXOMHOE CONpOTHRIeHHe (GUAbTPa GBIIO €MKOCTHBIM
npu mobom xKodbdulMenTe MOUHOCTH NArpy3KH, OTHOCHTENBHOE HOMH-
HaJbHOE COMPOTUBJIEHHE HATPY3KH HOJKHO OHITb paBHO ABYM HaH Gonee.

Metoduka pacuera unsepropa ¢ ¢uavtpom OTTa

Huxke npusoautcs MeTol pacuera wHBRepTOpoB kaacca C ¢ mpsamo-
VFOJbiIOf KPHBOA BBIXOJHOrO HANpPAMKEHHS, HCHOJb3YeMBIX B KOMOHMa-
i ¢ duaprpom Otra AJS NOMYYeHHS CHHYCOMAABHOIO HArpAKEHHS.

Hexodnie dannoie. Buxonnoe Hanpsixcine Ly, 6, BulxoaHash Mofi-

nocrp Py, 8a, Kosdduiuens

MOLIHOCTH MNpH

HOMHHANBHON

Harpyske

COS (y, BBIAOAHAS U4CTOTA f, HAMPsKeHwe HCTOUHWKA nuranus L.
Pacuer ¢uastpa. Axrusiioe CONPOTHB/IEHHE HArpysKH

Ex COS 9r .
H = PH

PeakTuBHOe COMPOTHBNEHUE HATPY3KH

X

[Tonuoe conmporusJeHHe Harpysku

[
H:mfl—cos?n
Zy = R3+Xﬂ'

PacuyeTHoe CONpOTHRICHHE (HALTPA

Pacuertsasn yrsioBasd 4acTtoTa

Zu
=g
(,op _—_:21!f.

[TapameTpet 21eMenTOB QuipTpa:
C, = 1/6wgzg; Cy = 1/32p0y;
L, =924/2wy; Ly =2p/0yp.
Bxogroe conporusichne GuabTpa {Zsx, Raxs Xax) oOnpenenierca ua

puc. 11-22.

Hanpsxenne na Bxofe QuibTpa

1

Paciem unsepmopa. Kospdpuument TpancdopMauns

[loTpe6seMas MOWHOCTb MCXOA W3 K. 1. A, 85%

Cpe;mee 3HaYeHHe TOKa TUpUCTOpA

V2 Pa
— " Tpx R.x
n=E,/E.
100
1 =Pagg
I oA Pyzex
8~ 9FER .«

AMUIETYAA NPAMOrO HANPFAKEHHA Ha THPHCTOpE

Uy u< 2,5E,

[lo suagermam [, B U,y MOXHO TpeABAPUTENLHO EHOpPATH THpH-

crop.

AMOIBETYIA TOKAa Hepe3 THPHCTOD

—l:-'
I‘_u =4E _CT‘
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Bpewms, npefocrasiseMoe A BOCCTAHOBJCHHA YNPaBIsEMOCTH, SHavenue s1CMEHTOB (puALTPA
2n 108
ty =3y LC. Ci=FTsamo =+ o
CxopocTb HapacTAHHA MPAMOTO HampsKEeHHS 108
dn__ 0,85E €= Fgrop = 9 #¥e
a  yIC 0.15
CKopoCTh HAPACTaHHs TOKA TIPE OTNHDAHUH L= 5oy = 2701078 o3
di | 2E "
dt t=0 L 2= 5500 = 6-1073 en,
Ha ocxoBanun uyeThipex nocreiuEx cooTHoweHnd L u C MoryTt Guithk
g 1yt 2 1
ONpeAEieHbl CAEyIOMAM 06pa30M: BxoAHoe cOMpOTHBJCHHE (UALTPA NOAyyaeM H3 pHZ. 11-22 (1o Touke X)
6E!¢,
— . .
o/ am 7y =24 (5,56 110) = 80— 23 om;
Tlpn sToM HeoOXOAMMO cCHAdaja BHIOpaTL Kejaemble fp M Ig Ry =80 om, X, =23 om; 2, =83 o
# onperenntb L. 3arem npoeeputb dufdf npu NOMOUIH COOTHOLIEHHS
du 3 442 HanpsixeHne Hd BXojae (QuabTpa 8 man
—_— 20
dt L/ vy 350 o0
8.4 By = —— w8 ;0 = 195 6. o
Ecan dufdf camimkoM BesWyo, TO HeOOXOAHUMO COOTBETCTBEHHQ yBe-
Juunts L o4 nepecuuTatTh Ta m. Tenepb Pactem unsepmapa. Kosppuunenr
t. TpaHchopMal il 6 M2H
C= §n;_~f” ’ 1 90
== 3 =7, }_—4.
Muunmanbuoe 3uauenne L mommuo ObITe TaKuM, utobul difdt fnpd
OTIINDAUHH DbIJIO HHMC npelnesbrOro. TloTpeSaseviast MOILHOZrb (HIXOAA M3 'L4,5
K. 0. 4. 85%)
Hugeprop na 400 2y ¢ cunycoudaabuoin 0
BLIXOOHLIM HONPANCEHUP M P, =330 %3— = 124 am. 27 M2y
Pacyer mnsepropa Ha 400 74 C CHUHYZOHAAABULIM BHIXDLILIM HANDANEN e °
NPUBOAKTCH K&K HANCTpanus NCrojdb3oBaHUud ondcatHo# METOLHKI pacuera -
uusepropa xiaacca C B xoMBunauuu ¢ duanTpoM OTTa. Cpeniméi Tok THpPH TOpA g
Hexoonole Oannsie. BuIXOGHAA MOwmacTh 360 64, BLIXOAHOE HaNDSKEHHD 3 =
120 8 (nebcersylouiee 3natenne). Bol¥oiHan wacTora 400 24, HOMHHAABHLIR KO3QDY- ~ 0-83 =6,8a L
LHeHT MOWHOCTR Harpyaxn 0,7 (Halpy3ka MIAYKTHBHO-OMUNE kail), HATPSIALHIC a  2.28.80 - 4 ! "—Il
HCTOYHMKA NMHTAKHSA 28 6. 0,75
Pacuer tpurvtpa. AxTHBHOR conplcif)}zsd'l?;une HarpyskH AMIVIUTY L2 GPAMOTO HATpAKeHHA Ha UL {
U, -
Ry = _ITO—' =~ 98 on. THpHCTOpE =98
U, =2528=70s . y
PeaxTnBHOE CONPOTHBJIEHHE HATPY3KH a.M QD T @D
23 —— BolGupaem tupuctopnt Tuna CI41A.
Xy = 77 V’*O,W = 28 oM. Kommyrupyrougue 3saementol. Bpema _
’ BOCCTZHOBJEHHS] YNPaBASEMOCTH THPHCTO-
Tlomice CONPOTHBJEHNE HAFDY3KH pos Thna Cl41A cocrasnsaer 10 mxcex, no0- 1 7
—_— nycravoe  du/df=200 e/mxcex. TIpnnu-
2, = VIE128 =40 om. MaeM ? =12 mKcex u [, =14 g, TorAa 45 MKeH
a . 6.98.12
PacysTHOE conpoThBAeHNE HUALTPA - 8- 1 — 45.107¢ o,
24 << 40/2 oM. BuGRpIeM 2y = 15 OM, ld= .
. Puc.  11-11. Tloanas cxema
[Iposepsiem Beauduuy dudt:
PacdeTran yr/iopas 4acToTa unsepropa ¢ dunetpom Orra
wp = 27400 = 2500 pad’cow. ‘2‘: - 4;"113:'79104 = 4,3 8/ mucex. LAsi TIOAYYEHHS CHHYCOMAAIBHO-

ro vanpaxeHua 400 ey.
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3atem HaxOAHM:

3.12.10-6.14
¢= 8=.28

= 0,75 mxp.

Bemanua difdf npa oTOUpPARRK

di 2.28
_ == /
ar |po = ,25 a/mrcex,

HomuiHaNLHLie TOK M HanpsiXKeHue oGpaThbiX BCHTHJeH BuifupaioTcs NpHUMep-
A0 TAKHMH e, 9TO ¥ AJI THPHCTOPOB.

Tlonuas cxema kHBEpPTOpa C GHUIBTPOM mMoka3awa Ha puc. 11-11. fns orpe-
FWYCHHS DacCesHus MOIIHOCTH B OGpaTHHX JAHOXAX TNOCAEROBATENLHO € HHMH
BKAQUEHLl COMPOTHBAEHUA IO 1 oM.

11-2-3. Mpumenenne cxembl Jlxxonca B Kayectse
npepLIBaTeNs MOCTOSIHHONO TOKA B CHCTEMe
peryJHpyeMoro 3JeKTpoNpHBOAA HA MOJBHIKHOM 00beKTe
C NHTaHHEM OT aKKyMyJsTOPHbIX OaTapei

Bgedenue

CymecTBYIOT TpH cmocoGa peryaupoBaHus CKODOCTH BpallueHHA IBH-
ratefis TOCTOSHHOrO TOKa ¢ NOC/JeNQBATENbHHIM BO3OYXXIEHHEM MPU TH-
TAHUY ero OT akKKyMyJATopioH Gartapeu:

1. MMocsenoBaredbio ¢ JABHTaTeseM MOmeT OblTh BKJIOYeH DEOCTAT.
Ipu atom cmocofe peryiupoBanHe CKOPOCTH ABHMATens OCYLIECTBAAETCH
NJA4BHO, HO B PEOCTATE TEPALTCS 3HAUUTENbHA MOUIHOCTD.

2. Cekuun OGaraped HaH OOMOTKM BO3OYyXKJeHus MOTYT MepeKJio-
4aTbCs TNOCTIELOBATeAbHO uaAH TapajielbHo. JTOT Cnocol XapakTepH-
3yeTCsl OTCYTCTBHEM MOTeph, 110 OTCYTCTBYET MAABHOCTb PeryaupOBanus.

3 3a cyeT BKJAIOYEHMS TI0CJeA0BATENbHO C JABHrareneM OblCcTponeii-
CTBYIOHIErO BLIKJIOUATENs, HMEHYyeMOro NpPEepbiBATE/CM, BpeMs 3aMKHY-
TOFO M DA30OMKHYTOFO COCTOSHHA KOTOPOTO MOMHO H3MEHATDH

TMocaepunit cnocod mnpoumtoctpuposan na puc L1-12. Ecmu Bpe-
M5 BKJIIOYEHHOTO COCTOSIHMSI 3HAuMTEIbHO MeHbllle BpEeMEHH BbLIKJIOYeH-
HOTO, CpeiHee 32 MEPHOL HaMpsiKeHHe HA 3aMUMax ABUTATeNis HEBENHKO
H €ro ckopocTb MaJja. C yBeJuyeHMeM OTHOUIEHHS texaltsirn CpepHee
HanpsAXKeune MA4BHO HapacTaer. DToT CMOcol coverdaer B cele MpeHMy-
ecTBa ABYX NPEAbIAYLIRX, TaK Kak OGEecneydBaer 0/ HOBPeMenHO NJaB-
HO€ yupapjcHUue W BbICOKHHA K. T [,

Ha puc. 11-13 mpuBenena cxXeMa Takoro perysisiopa, Buifio (HCH-
HOTO Ha Gade THpUCTOpA. YCTpoficTBA JIA OTOMPAHUA W 3a0UDAUMT
THpHCTOpa He nokasaHbl (cM. miuie). Kontakropnl Kz, Ki, Ki H Ks
ofecneunBaloT pesepcuposande nons. [Ipn samkuythix K, ¥ Ks noav-
yaercs mpAMOe HANMpaBnende BPALIEHHA, NpPH 3aMKHYTHIX Kg Ky —
oGpaTHoe.

[Mpepuiratens Ha THPHCTOPAX o0ecneynBaeT na NPanTiike peryJsii-
poBAliMe HanpsKeHWs Ha jJpHratene B mpexesax ot 20 1o 80% mnanps-
WeHHST MCTOYHHKa TMTanus, Konga BepXHuii npefen 3TOTO0 AHANA30HA

—>tart Coniknt >

I L S IR

bonvuroe Uy

Puc. 11-12 PeryaupoBanie CPeAHEro 3HAYCHUS HANDA-
)eHnus ¢ TOMOULBIO NpephiBaTess.

JOCTHTHYT, 3aMblKaetcy KOHTakrop K| Aaf mozavd Ha ABHratens mod-
IOTO HANPSKEUHst MUTAHKA, OPH KOTOPOM NBHraTeSb Da3puBaeT MaKCH-
MaJbHbiH KPYTALIMA MOMEHT.

Iluox [ sipnsieTcsi XOPOWIO MU3BECTHHIM WyHTHPYoWHM (6ydepinim)
auogoM. On mponyckaer TOK, KOTAA THPHCTOD 3alepr, NpensTcTByA
3THM TOSBACHHIO BLICOKOTO HATDRMKEHUA

o ®

HA 3a)KUMax JABUraTeJd ¥ Ha JPYTHX 3Je-
MEHTax.

B onucuLiBaeMOM HHXe peryasTope

HONOAL3YETCH TPHHIWD TepeMenuol uacro-
TH M 'MIOCTOSMHOW IIMPMHBL HMEYJIBC2 =
WMerorcs BapMaHTH ¢ NEPEMEHHOH pw- Kz - Ky,
HOWl uMOyaAwca H (OCTOSIHGH yacroToit L
=t 08
Cxema npepoigaress JouoHca 1&/1 Ke | Ks
4

[IpuHumnuadsnas  cxema WaHa ua
puc. 11-14. Tupwcrop T, npomyoxaer TOK )
narpysku. IlpH ero oTnupaséu TOK @mpoO- -
xoumt uepes ofvorky Ly TpawcdopMaro-  Pyc. 11-13. Cxema TH-
pa Tp & marpy3ke, MPeICTABASHHON MHAYK-  pycTOPHOTO  peryJasropa-
THBHOCTRIO L ¥ co»npomlBJerMem R. ﬂxpﬂ npepuiBaTeas (ynpomeﬂ.
MPOXOXMIACHHM TOKA HAPY3KH B OOMOTKE  pg),

L. wapykTupyercs HampsidKeniie, 3apsaxaio-
nee kowgencatop C. ITOT 3apad JepHHuT-
¢A 0 MOMeHTa OTRupanus TupucTopa T T
Tlpn >ToM wanpaxenmde Ha saxmuMmax Ti
MeHseT BHAK, ¥ O 3anMpaeTrcs

OpuuM 13 npexMymects cxemol Jxou-
ca sABAETCH HAMKEMHOCTh KOMMYTAauMW
apu nyoke 'Beenma, gorxa yepes Ly Ha
qpgaeT NPOXOTUTL TOK HATPY3KH, KOHISH-
caTop 3apsKaencA, u, makav obpasom,
B HOM HAKATJIMBAETCS JHEprUs AJAd KoM-
MYTaliHH.

Bpems, mnpemocTaBaseMoe TUPACTODY
oA BOCCTAHOBAEHHs, OKa3biBaeTcd Ha-
BMEHbUIUM B TeueHle nepBOTO LMKAA pa-
60TH mocsie mycKa (Hpeaoaaraencs, ¥To Ko
Hauaaa padoTH KOHAEHCATOP HOJHOCTHIO

L,

—{ /)i

Puc. 11-14 Cxema pery-
naTOpa-NpepHBaTens
Hxonca.
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paspaxed). [losromy oyiuect-
1 \ BEHHO, uTOGbl pacuer CXeMbi o

H3MeEpenHs [pM Hajalke IpoH3-

BOIM/WICH JWIst Clydyas HYJIEBOro

2 HANDAXEHUA Ha KOWASHCATODE.

Ha puc 11-15 moxazambl

3 KpUBbE HaNpAXeHHA H TOKOB
mpepbiBaTeas

I

4 3amewanus no pacHery cxemol

TMosHblft aHamMu3 npepeiBaTe-
ag JIxoHCAa C y9eTOoM MyJbcauHil
5 TOKa HarpyswH A0 CHX NOp OT-
i oytemsyer ! [lostomy npuBOmH-
MbIE HHXKE COOTHOUIEHWS [
6 Bpi0Opa TApaMeETPOB CXeMBl sB-
JAIOTCS  OPHeHTWPOBOYHBIME, U
fepel OKOHJYATEbHOA cremmdi-
Rauuell  (lerajeli  HeoGXOMMO
POBEPUTH PaboTy upepbiBaTenst
na JabopatopHolt Mogeau. Ecau
HeOOXOIMMO TIPHMEHHTb INPOTH-

NS

BOBKJ/IOUGHHE JBUraTesa4d, oM
HUXKE
— I/LCX«OLZIHHG JaHHupie Hanpa-

I xKemme Gatapen E; namboabmmit
TOK 3JeKTpoisdrarets [q (0pu
9 3aTOPMOXKEHHOM pOTOpe)

BriGop mHpEICTOpPa IPH  HA-
JAHYMM WUYHTHPYIOWEr0 KOHTAKTO-

pa Ky (puc 11-13) mpousso-
Puc 11-15 Tpaduxn toxos n na- HTCT M0  CIGLYIOUEMY OpH-
GHTHDOBOYHOMY  COOTHOLISHHIO

npsxedndi 3 cxeme puc 11-14.

! — ynpasasiiowuit umnyasc 7T),, 2-— ua
npsikeHde Ha Harpyske; & — TOh THDH
cropa Iy, 4— Hanpsikenne ua Ty, 5 —
ynpasasmouwu uMmnyase Ty, 6 — Tok T,
7 — HanpseHue Ha Ts; 8 — BHaNpsKeHue
Ha xonaencatope C; 9 — Tok KoHieHca-
ropa C

Ia seern=lu, DHe Ja mesicrs —
NOMYyCTHMOE JEHCTBYIOllee 3ia-
yeHMe TOKa TMPHCTOpa (C yue-
ToM TemjpoorBopa); [y — nau-
GONIBIIME TOK HarplysKH

Emxocth koHaeHcaTopa C:

tal
C= };HaMIC(ﬁ,

rae tn ~— BpEMS BOCCTAHOBJEHHUA YOpaBaAsseMOCTH THPHCTODA, MKCCK.

! ABanHs HECKO/IbKO OTJIMHEOH cXembl NpepbiBatena (Ge3 wHaykTHBHOCTH L)
€ ydJeToM TNyJnCauuf TOKA HArPyskd nau B crathe BeamoB I' A u Jla6yH-
nos B A  «Anajgu3 YCTaHOBHBIUMXCH DEKIIMOB M DacyeT XapakTePHCTHK THPH-
CTOPHLIX HMHOVILCHLIX TIPLoGpa~oBaTejled MOCTOAHHOTO HaNPSDKEHWR paboTatomnx
B LULTEME 3JIEKTPONPHBOAA [OCTOHHOTO Toka» COOPDHUK JOKNapoB Ha Beecoiwi-
HOif HAyuHO TeXHUYecKo# KOH(EPeHInH «IIpou3BOACTBO u TpHMEHEHWe CPEeACTB
CuI0804 npeofpasoBaTeNsHOd TeX4WKH B HapOAHOM Xxo3alcTBe», cekuus 11,
gzl;a)S, «MudopmcrannaprsnekTpo», Mocksa 1968 (IIpuM. pemaxTopoB mepe-
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MuHUMA/IBHAA 1IKPHHA MMIOYJBCOB, KOTOpas MoieT ObiTb MNOJydeHa,
LONKHa OBTh GoJblle BpeMenu sapafku C, ONpele/seMOro sSHAUEHUAMH
L, u C. MuunMasibHasi WHPHEA HMITyJbCa l‘M,m>nVL2C, rae L, — sna-
yeHue MHAYKTHBHOCTH 10 HachlleHWs cepieuduka. IlphuemieMad upHHA
AMIy/ibCOB PaBHA 27 V'L,C. llps BuixomnoM Hampdwenud, pasHoM 80%
oT nanpaxenusi F, MakCHMaJbHag 4acToOTa MOBTOpEHHE MMAYIbCOB paBHA:

0,8

=5V

Ha npakrike 3Ta 4actora JexuT B npefenax or 100 no 400 ey
[Tpu ouenb NM3KHX Y4CTOTAX BpallenHe NBHrateasd NPH MajblX CKOPO-
cTX cranosutcs nepaspoMephbiM. [Ipu ouenb BHICOKHX 4acTOTaxX 3JEK-
TPOABHIATE/b UPE3Mepo HarpeBaercs.

M3 mocneAllero COOTHOLEHHUS MOJyYaeM:

16.10°
2 = _fg’c_“7 MKZH

(rae C B mMuxpodapaxax u [ B repuax).

Kosbduuuent tpauchopmamun Tp mopamka 7:1 obecneunBaer A0-
CTaTOYHOE BpeMsi BOCCTAHOBJGHHA THPHCTOPA HA IepBOM MEPHOLE pa-
6orer Takum o6pasom,

w, 1 T, L,
e "7 ¥V L, omR L=

rae L — WRAYKTHBHOCTb NEPBHYHOH OOMOTKH J0 HACHILEHHs Cepaed-
HHKa

Ecau cepmeunuk TpancdopMaropa HMeeT «eCTeCTBEHHbli» BO3ZyI-
HHIl 3a30p, ofpasylouuiica npu c6opke, KOTAa MeXKAY MAKETaMH OCHOB-
HOM 4AC1W CepleUHHKA M fApPMa CIIENHAJBHOH U30JMPYOUleH NPOKMAJKH
HET, TO YHCJAO BHTKOB MOXeT ObITh ONpeJe/eHO [pH MOMOLUH Ciaedylo-
Iero NpHOGJIHKEHHOr0 OTHOMIEHHSA

W2S = l, le,

rie S — IJOWAAb MOMEPEUHOro CeueHHs cepheuHHKa, ca?; L» Gepercs
B MHKDOIEHDH.

BoifpanHbie UHCAa BUTKOB H PasMepbl CePAEUHMKA, AOJIKHBL OHITH
pOBepeHbl ¢ TOUKH 3PEHH MAKCHMAJbHOH MHAYKIHW B CEpHEeUHHKE.

15E V L,C-10~*
©,S

ma,

rae L, —B Mugporenpu, C — B Mukpogapafax.

Beauunna By monXua ObiTb HEMHOTO MeHbllle HHAYKIHHM HacCbiile-
HHfl Marepyana cepJeqyHHKa.

HanGonbuiee cpexxee 3HaueHMe ToKa myntupyiomero auoma My
COMACHO OPHEHTHPOBOYHOMY SMIHPHYECKOMY COOTHOILIEHHIO DaBHO
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0,25 Toka amBuraTeds lipn 3aropMoxendoMm sikope Jy (IpeANO/IOMHTEID-
HBli yroJsi mposoaumoctu guoaa 180°). Cpennuit Tox uepes rTupucrop T,
auox [z u oOMOTKY Lp pabes:

Ioy = fupxe (CE + 21, V'L ,C)-10-5, a,

JHeficrByloliee 3navenHe Toka B Ly OpUEHTHDOBOYHO paBHseTcA IO-
JIOBHHE TOKA 3JIEKTPOJABHrare]s IPH 3aTOPMOXKEHHOM sKOpe /.

AMnaurynnble sHadenust NPAMOro H OGDATHOrO HaMpsiKeHHA Ha
tapucropax Ty u T, ofparuoro Hanpsienus na puofe i u uanps-
xenua Ha C onpeensiiorcs CJAEYIOIHM BbIpaKeHueM:

Usy<<E + I=sVL,JC, s.

AMniuTysHOe Hanpskerue Ha jgHone [,

Ws
Um.n‘z‘:E (]M'
Bennuuna du/dt pns tapuctopa T, passa:
du Iy 8
dt C "’ mrcek
Besnuuna di/dt npu ornuparuu
di _E a
= =, —= .
dt |, L1’ mKcex
Bpewmsi, npepocrasngemMoe AJA BOCCTAHOBJEHHR,
EC
fy = T MKcek.
M

ABanornuHO JHHAaMHYECKHE NapaMeTphl 7o

du Uy 8 di

at  VIL.C ' mkeex ' df

Uy a

imo L7 mKcEE’

Ae L’ — wnpykTuBHOCTH KOHTYpa, o6Gpasosawnoro T, Ty u C;

[ T,
ty, = 5 VLZC, MKCEK.

Ipumep pacuera

Hano: £=36 8, I ;=110 a.
BuiGupaem tupuctop Ty tuna Cl184, ana xotoporo Iy penera=10 & Ero spe-
Msl BOCCTAHOBJAEHHA YNPaBAsNEeMOCTH Lpu Toke 50 a pasHO 10 MKcex.
EMKOCTh KOHJAEHCcaTopa
12.110
36

BuiGupaeM KOHZeHcaTop eMKOCTbio 50 mx¢p=10%. Tipunss wanGompmyno 49a-
CTOTY HOBTOPEHHA MUMBYALCOB [, .. =300 2y, monyiaem:

C= = 37 mrgp.

16109

,=m=3600 MEeH.

Toraa
3 600
L, = - = 73 mxex,

@S == 1,1.3 600 = 3 960

Ecan supaTh ceneHHe cepmednuxa 4 8 cmi, 1o}

Wy = V/§_49_680_ ~ 28 BUTKOB H w; = 4 BHTKa,
"15.36.Y 3 600-50- 1043
By = 138 = 1,2 ma.

Ilpu Takofi MHAYKUMH GONBIUHHCTBO 3JEKTPOTEXHHYECKHX cTaneR MOXeT GhITh

HCHONB30BAHO AAA CeprevHMKa
Tok myntupyomero auona M,

i 110
-————
=3 =275 a.

Cpeniee sHadeHHe TOKA yepes Ty, Dy u Ly

Iop = 300 (50-36 4 110.2 V73.50).10 = 4,6 a.

Jleficmylolnee 3HaveHne ToKa 8 L,

Iy

—:R .
3 5 a

AMaauryna Hanpswendst Ha Ty, To, Dy U C

Uu<36+ 110 ¥73/50 = 170 ¢.

AMIANTYAA Hanpsxenns Ha D,

U“<7-]70=]2003.

JlnmaMngeckHe XapaKTePHCTHKH DeXHMa THpHCTOpa Ti!

36
%=%:2’°7’;_&;%=73 =05
lz-?’?—]'zg-:ls MECEK.
To e Ana 7,
du _ 170 —03 6.9 _170
dt ~ V3600.50 " mwxcex dt 2

(L’ NpHH HMaeM 2 MK2H);
t == —;—Vm: 560 mwrcex.

Monnas cxema TfpepoiBatesins co cnenudukauvef
puc 11-16

mECex

SNEMEHTOB

BRauna

Ha
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= 1) cnocoBroctb paboraTh Npy HEAYKTUBHON Harpyske,

I k

o 1111

Puc. 11-16. Tlonnas cxema npepbiBaTe]s s PeryAUPOBaHUs TATOBOTO
IBHTATEJS.

Cy, Co— 0,1 mxg, 100 8; Ca— 0,22 mxep, 100 8, C, — 50 mKdh, 115 8 mepeMeHHOro
Toka, R; — 220 om, 2 671; Ry— 100 koM, R3 —20 xom, Ry Rg—3 om, 0,5 sr1;
Rs — 270 os, 0,5 er; R, — 15 xom, 0,5 8r, Ry — 100 os, 05 er; T\ thma CI54B;
T, tanma Cl40B; /s — KDEeMHUMSBLIA BeHTHAb LA OTPaHHYEHHS TepeHanpsKeHufl
sa M. (THpexTop)

ITopadok ucnviranuil

Cxema HoaxHa ObITh NepBOHAYAJNBHO MCIBITAHA C COMPOTHBIICHHEM
1 om BMecro psurarens, HeoB6xoauMO NpoBepHTh RHANA30H YaCTOT
W WHPHHY HMOyabca. Bpems, mpegocraBnseMoe na BoccraHosidenue T,
JOJKHO ObiThb H3MepeHo, OHO JOJIKHO JeXaTp B npefenax or 50 mo
70 mxcex. 3aTeM conpoTHBIeHHe | oM 3aMensieTcss 3JEKTPOJBHraTelieM.
Tocae 3TOr0 HEOGXOAMMO BHOBD H3MEPHTbL CXeMHOE BpeMs BOCCTAHOB-
nenust Ty, KOTOpOe NPH MAKCHMAJbHOM larpyske AOJIKHO Omith HA 10—
20 mKxcex GoJblle PACCYMTAHHOTO MO NPHMENEHHON BHIUE MeToNNKe

3ameuanue 1O NPOTUBOBKAIOYEHUID OBU2ATENR

T[IpoTHBOBKMIOIeHHe OOECIeUnBAeT PEBEPCHPOBaHME IBHTaTeas. B Te-
ueHe HHTepPBANd TOPMOXKEHMST RBATaTel> pPaboTaeT KAaK reHepaTop
¢ o6parHoit moaspuocTbio. IIpu 3TOM 4Yepes IIYHTUPYIOIHA AHOX TpPO-
XOAHT OOJBbUIOA TOK, H SKBHBAaNEATHOE CONPOTUBJIEHHE HArpy3KH NpPEpH-
parenst xpaine mano. B stoM cayuae Besmunny C WM mpoussene-
aue LiL; HeoOXOAMMO yBENUUWTb AJISl YBEMHUEHHA BPEMEHH, npelocTas-

JSIeMOTo It BOccTaHoBJMeHus T1.
1i-3. JOMOJIHUTEJILHBIE TPEBOBAHHA U WX PEAJIU3AIHA
B MPAKTUYECKUX HHBEPTOPAX

[Ipn TIpaKkTHUECKOM HKCNOJb30BAHWH HHBEPTOPOB 4acTo ObiBaer He-
O0BGXOLHMO BBECTH B KOHCTPYKUMIO HEKOTODHIE ACHOJHHTENbHbIE Y3JIbI,

4ToGH VIOBACTBOPATEL OIHOMY WM HECKOMBKHM CJefyouM Ttpebopa-
HASTM:

2) ofecneuedrie 3alUUThl OT MEpPerpy3ok MO TOKY;

3) cnocoGHOCTb PaloThl IPH OTKJIIOUEHHON HArPysKe (NP XOJO0CTOM
xo1e);

4) ofecnedeHHe CHHYCOHUAAMBLHOIO BHIXOJAHOTO HAMNPSKEHUS,

5) BO3MOXHOCTD DeryJIHPOBAHWSI BBIXOZHOTO HAMPSIXKEHHUS,

11-3-1. CnocoGHocTe paGoraTh NPH HHAYKTHBHON Harpyske

B cayuae peaktusnofi narpysku B paboTe HHBEPTOpPA MOIYyT BO3-
HUKHYTb Pa3nvuHble H3MEHEHHS [0 CPAaBHEHHIO CO CAyYaeM OMHYecKoi
narpysku. B pesymbrarTe peakruBHast HarpysKa MOKET BHI3BAThb CHJIbHbIE
NepeHanpsKenuss B HHBEPTOPE, UTO CONPOBOXKJAAETCS CHHXKeHWEeM K. II. A.
M MOIIHOCTH HAa BHIXOAe ¥ MOJKET BbI3BaThb MOBPEXIEHHS 3JEMEHTOB

Paccmorpum cxemy ua puc 11-17. Tlpexmonoxum, 4ro ormepr 7.
Tok mpoxozut mo mepBHYHON 06MOTKe TpauchopMaropa, KaK NOKasaHo
CTpeJxo# @, TOX B uarpyske ofosHaueH crpenkoil b. Ilocie sanupauus
tupucropa Ty TOK b NPH HHAYKTHBHOH HArpysKe IOJIKEH elle NpoXo-
auth. TIpH OTCYTCTBHM UYTH IJsi TOKa B NEPBHYHOH LENH HAMDSIKeHue
Ha IepBHUYHOH OOMOTKE Pe3KO MOBLILIAETCH.

Takolt nyTh XJsI TOKA MOJNyYaeTCst NPH MOIK/MIOYEHHH [HOMa mapas-
nembEo Ta. Temeph B NMepBHUHON LenH MOCAe 3aNHpanHus 7; NPOXOAUT
TOK €, KOTOPBIH, KaK M TOK @, YDABHOBEIIHBAET MATHUTHBIA NOTOK, BbI-
3pangb#t ToxoM b. OJHaKo NMOAK/IIOUEHHE AHOAA HENOCPEACTBEHHO K 3a-
JKHMaM TUPUCTOPA HMEeT CBOM HEZOCTaTKW. BpeMs BoccranoBjeHns
YNPaBJSEMOCTH THPUCTOPA YBEJAMYMBACTCH, TAK KAK OTPHIATENBHOE Ha-
npAXKeHHe Ha HeM He npesbimtaer ! 8 (cM. pasa. 3). Besuuuna du/dt
Ha aHOJe THPHETOpA TaKkXKe 3HauWTeNbHO Bo3pacraer. Ha pue. 11-18
NOKa3aHO BJMAHKE TAKOro AMOAA Ha (GOpPMY HANPSKEHHS HA THPUCTOpE.
Buano, w€ro, korma TOK NPOXOAMT Yepes [MOA, Ha 32XKHMax THPH-
cropa T nefictByer uefoablioe oTpuuatesbHOe HanpskeHue. Korza
HHTEPBaN MPOBOAMMOCTH AHOAA 3aKAHUMBAETCS, HANpPSXKEHHE Ha 3aXH-
Max THPHUCTODA DE3KO yBeJHYHBAETCH, W TAK KaK BpeMs HapacTaHus
00bIYHO MeHbIue | mkcex, To 3nauenue du/df mMoxer GHITh BecbMa 60Jib-
wuM  TTo3TOMY IO BO3MOXKHOCTH HE DPEKOMEHAYeTCs NOMKAIONaTh JUOJ,
HEMOCPEACTBEHHO K 3axuMam Ttupucropa. Ha puc. 11-9 Owia nokasana

b(—). “ bicr
(cﬁ 0 / pf—et—E
L

| a
il

19

Puc. 11-17. K noscrennio paGotn
o6parHoro puona.

HI

Puc. 11-18 Buusuue o6patHoro
LHOMa Ha KPHBYIO HampsmeHHs
Ha THpHCTOpE.

a - 6e3 nuofa; 6 -— OPH NORKMIOUL-
HEM NHORA TNAapaNNeNLHO THPRCTOPY.
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cXeMa, Ile B KOHTYpP THPHCTOp -— AHOJI BKJIOYeHA HHAYKTUBHOCTb L
B atom ciyuae sHaueHust dufdf mosydaloTcs MeHbIne, a o6paTHOe Hanps
JKeHde THPUCTOpPA HA 3Tale BOCCTAHOBJEHHS YNPaBAAEMOCTH BHOBb NPH
obpeiaer munooGpasuyo ¢opmy, nogobuyloo noxasanHod Ha puc 11-18,a
JIlns Gosee Guicrporo cmaga Toka B koutype T — L — I u yMmenbienus
TeM CaMBIM NOTepPL PEKOMEHAYeTcsl KaToAbl AMONOB MOAKMIOYATB K OT-
nafikam nepsuunoii o6Motku tpancdhopmaropa (puc 11-9) wm ke nox-
KJIIO4ATh K aHOfaM THPUCTOPOB udepe3 HeGO/bIIHE COMPOTHBJACHHS.

Korma ¢ umaykTuBHOR HArpyskoil paoTaioT WHBEPTOpHl Kaacca A,
TO NPOMUCXONUT paccTpofika pesoHancHoro xontypa Hs-3a sroro moxer
Yype3MepHO COKPAaTHUTbCH BpEMS, NMpPEAOCTaB]sieMOe AJif BOCCTAHOBJIEHHS,;
N03TOMY mapaMeTpsl KOHTypa HeO6XOAHMO BHIOpPaTh C yUeTOM HHIYK-
THBHOCTH HArpysKH

11-3-2, 3amura oT neperpysok no ToKy

Ecan TOK HArpy3Kd Ha BLIXOJe HHBEPTOPA MOXeET MpeBHINaTh KO-
MyCTHMBIE 3HAYEHHSH, TO HEOGXOIMMO NPHHATH MepH I 3alMTHi OCHOB-
HBIX 3JeMEeHTOB. 3/ech MOXKHO HCIOJb30BATh Pa3jMuHble METONH, pac-
CMaTpHBaeMble HHXKe

ITraskue npeaoxpauure/zu U asromaruuecKue 8ulKAUaATeau
8 uenu nuraxus nOCTOAHHO20 TOKQ

Sror naubosee OYEBHAHBIA CMOCO6 fIBASIETCA ORHOBPEMEHHO BeChbMa
npoctbiM  [leperpy3ounyio cnocoGHOCTL THPHCTOPOB HEOGXOAHMO COrJia-
coBaTh C aMmep-CeKYHAHON XapaKTepUCTHKOA Npemoxpanutenell u asro-
MaTOB, HHBIMM CJIOBaMH, Benauuuna I3 Tupucropa AoJyKHa GOblTh GoJblue
TaKOBOM y mpefoxpanutens uian aproMara OJHAKO 3TO YCJIOBHE OCTOXK
nserca TeM (akToM, YTO HAa MHTEpBaJe OTAMPAHMS THPUCTOPA JAONYCTH-
Masg BeJuuMHA [2/ 3HAYNTENbHO CHUIKAETCS, B Pe3y/abTaTe Yero Ha 3TOM
KpPATKOM HHTEpBaJe NJaBKHe NPeloXPaHuTeIM M aBTOMate He obecre
YYBAIOT HANEeXKHON 3alUTH

Ilpyroe ocnoxusomee o6CTOATENBCTRO BhITeKaeT u3 Toro (akra,
YTO MAABKHA NpPefOXPAaHUTENb BKJOUEH B HeNH TOKa, NMHTAIOMIEero WHBep
top Ecau duabTpoBbll KOHAEHCATOD B leNH NMOCTOSHHOrO TOKa MPHCO
elHHEH N0 MPeROXPaHUTENA, TO Uepe3 NOCASTHHA NMPOTEKaeT UMMYJIbCHHIN
aHaKomepeMeHHbt TOK ¢ GospmiuM feficTyiomnM 3HauendeM Heo6xo-
AMMOCTb yuYeTa 3TOro O6CTOATENBCTBA NpPH BHIGOpPe mpefoXpaHHUTeNs
yxyauaer 3¢bGbeKTHBHOCTD STOTO BHAA 3aUIUTH, OCOGEHHO B BHICOKOUA-
CTOTHHIX HWHBEPTODAX, TAE B TIPENOXpAaHHTEJe HauHHAeT CKasbBATHCA H
nosepxuocrueifi 3bdexr Ecmu xe duabTpoBHA KOHIEHCATOP BKJIIOUHTH
nocne APENOXPAHUTENst, UTO6H pPasrpysuTh mMociefHHfi OT HMIynabCHOM
COCTABJSIIOLIEN TOKA, TO MNPeNOXPAHHTENb He CMOXET 3alHTHTL HHBep-
TOpP OT 3HEpPTHH, HAKONJIeHHOHA B KOHJEHCaTope

Ozpanuuenue TOKQ ¢ NOMOWBIO WUDPOTHO-UMNYAbCHOL
Modyrayuu .

3amura 371eMEHTOB CXEMBl MHBEPTOpPa OT Neperpysok Mo TOKY MO-
KeT GBITh OCYHIECTBJIEHA NYyTeM CYXKEHHS NJHTENbHOCTH HMIYJIbCOB BhHI-
XOJHOTO HAMpPSKEeHHs, eCqH TOK Ha BHIXOAe HHBePTOPa NpeBHINaeT onpe
IeJeHHOe 3HaveHHe B 3ToM ciyuae MpH 3HAYHTENBHOM YBeJHUYEHHH NpO-

BOJMMOCTH HArpysKH HMOYAbCLl TO A
Ka CTAHOBATCA BecbMa Y3KUMH, Ofl
HaKO WMEoT GOMBIIYI0 AMIAHTYIY
ITosromMy cxeMa monXkHa OwITb pac-
cyHTaHa C (y4eTOM TOro, 4TO B T4
KOM pexmuMe Bpevs, NpernocTabiase-
MO€ Vi BOCCTAHOBJIEHWS] yMpas
JAAEeMOCTH THPHUCTOPOB, COKpalaeTr
¢s1, a pewymHa dif/di ysemuuusaer
ca Ecau mHBepTOp nuTaer pAl
OOBEKTOB H CeTb, B KOTOPYIO Ol
OTJlaeT 3JHePIVIO, fBJAETCH pa3Ber
BAeHHOH, TO HaHIULH Cmoco6 MoXKer
oKasaTthcsd ManodhGdeKTHBHLIM, Tak
Kak MpH KODOTKHX 3aMBIKAHUAX
B L@NH OTJAENBHOTO MOTpebuTe]st BBIXOUHOH TOK HHBEPTODA MOXKer
OKa3aTbCs HENOCTATOUHBIM MJISI cpabaTbiBaMus sYpeLoXpaHdTelell B LelH
3TOro norpeéurens (ocobeHHO, ecad NMTaHHe WHBEPTOpa ITPOH3IBOIHTCH
OT HMCTOUHHKA OTPaNMYEHHON MOUIHOCTH)

Puc
34 cyer pesoHaHca B LC uenwu

11 19 Orpannuvenne TOKa

Oepanusenue ToKa 3a cuer pesonanca 68 LC-yenu

Mocrosas LC-cxeMa, BKJIOYEHHasl HA BBIXOAe HHBEPTOPA I[OC/IEHLO
BaTeabHo ¢ Harpyskod (puc 11-19), Hacrpoena B pesonanc ua paboueir
yacrore Ecnu n06pOTHOCTh KOHIEHCATOPOB W ApOCcesiefl BeluKa, MoJ-
OBl K 0 A HHBCPTOpPA IIEHAMHOrO CHH3HTCA OpH KOBGABJEHHH TAKOM
e

B cayuae neperpyskn HHBEPTOpa 3dMBIKaercst GbHICTPOLEHCTBYIOUIME
Koy Mexay ToukaMu A u B Ilpu 5TOM BMcCCTO ABYX MapafefbHO CO
equuennbx LC-lenodyek C pe30HAHCOM HaNpAXKeHHH NOJAYYaAloTCA MABa
LC-xoutypa ¢ pesoHaHCOM TOKOB (Ha TOH e YacTOTe), BKJIOUCHHHIE I10
CJIe/I0BATENBHO MO OTHOINEHHIO K BBIXOAY HHBEPTOPA ¥, OTPAaHUYHBAOI{HE
TOK HarpyskH

B kauectBe OHICTPOREHCTBYIOWIETO KJIOMA MOXHO HCIOJb30BATh
Hacwawoumiics apoccesb WIH Mo6oft H3 THPHCTOPHHIX K/OUel nepeMen
HOTO TOKAa ONHCaHHBIX B pa3n 8

Ozpanuuenue Toka 8 uHgepropax Kaacca A € NOMOULLIO
nocaedogareabHvix KOHOEHCATOPO8 uan Bydepuvix Juodos

Ha puc 11 20,a nokasan unBepTop ksaacca A ¢ koupencaropoM Cj,
BKJIIOUEHHBIM TOCAeN0BaTeqbHO C Harpyskoit EMKocTh 3roro xoupexca
TOpa BBHIOUpAeTCA TAK, YTOOBI NMPH KOPOTKOM 3aMEIKAHHM HArpy3Ku cob
crBesnan vacrora LC kourypa Obuia Gnl 3ameTHO 60JblIe YACTOTH
ynpasienuss DTO NPUBOJHT K OIPAHMYEHMIO TOKA H HANPSIKEHHA Ha BH
X0/Je MHBEPTOPA NpH GOJBIIOH NPOBOJAHMOCTH Harpy3KH

Jlpyroft cnoco6 orpanuueHdst TOKAa HATPY3KH B HHBEpTOPax Kiaac
ca A mokasan na puc 11-20,6 [poccens L umeer aoGasounyio o6MOT
Ky, HAa KOTOPOH HABOJMTCA HaNpsiXKeHHe C 4acToTol, B 2 pa3a GoJjblmefl,
UeM YacToTa Ha BbIXoZe WuBepTopa C yBesHYeHHEM TOKAa HATPY3KM Ha-
NpAXEeHHe Ha 3aXKUMaxX 3Tol OGMOTKH TakxXe yBeiuunsaercss Ilpu coor
BETCTBYIOLIEM BHOOpe OTHONIEHHN HYHCesN BHTKOB jauon Ky HauHeT mpo-
BOIHTb TOK TOTNa, KOTA2 TOK Harpy3KH AOCTHTHeT 3apaHee 2aqaHHON
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Puc 11-20 OrpaHuuelse TOKa B HHBEPTOPAX kjaacca A ¢ NOMOIIBI
KOHIEHCATOPA, MOGIEIOBATENBHON0 C HArpy3Koit (g, u ¢ nomouso Oy-
¢epHOro NuOAZ, NOMKIIOUEHHOLO K noGapounoil o6voTke Apoccens (6)

BeqMuMEB IIpH 3TOM YacThb SHEPIUH, HAKANNUBAEMOW B HHIYKTHBHOCTH,
Gyler mepefaBarhcs OOPaTHO B UCTOUHHK T[ATAHMA, 4HTO TNpHBEAET
XK OTPaHWYEHHIO BHIXOAHOTO TOKA

B cxeme puc 11-20,6 npuHATH TakXe MepH JJA COXpaHCHH: pabo-
TOCMOCOGHOCTH HMHBepTOpa MPH OTK/IOYEHMH HArpyskH JTO BaXKHO
B MHBEpPTOPAX Kiaacca A, y KOTODHX npu cGpoce HArpysKu EoOpOTHOCTD
KOHTypa NpHOAMKaeTcs K HYJ W KOMMYTAlHi MOXET HAPYIIHTHCA
Iapannenbiulft Kongencatop C, TOAK/MOUEHHBIA X nepBUYHOH OOMOTKE
Tpancdopmaropa {puc 11-20,6), ofecneuusaer ROCTATOMHO BHICOKYIO
J0GpOTHOCTb pPE30HAHCHOTO KOHTYpa M IpPH OTKJIOUGHWH HATDYSKH
Ofuako OpH 5TOM De30HAHCHASA HacTOTa KOHTYPA BO3pacTaer H BLIXOX-
HO® HaMpAMKEHHe KHBEPTOPA CHVIBHO NOBHINAETCA DTO NMOBHIIEHHE MOX-
HO OTpaHHYHTh, IPUMEHHB TPETHIO OOMOTKY Iia BEIXOLHOM TpaHc(opMa-
tope u muomel [s u s Kak TonbkO HampsiKelHe Ha BBIXOLE BHPAMH
Teast, oGpasopannoro Tperbeil 06MoTKOR u qmopamu e ¥ M3, NpeBLICHT
HanpsxKenne nutamus, Anoxsl [, u [ HAUHYT MpoONycKaTk TOK OT
uHBepTOpa K HCTOUHHKY NHTaHUS

11-3-3. MoayueHne CHHYCOHAJNbHOTO BBIXOIHOIO
HANPSKEHHs

B 60bIIMHCTBE MPAKTHYECKUX NPHMeHEHHH MHBEPTOPOB XKeJaTelbHO
MMEeTh HA BHIXOJE CHHYCOMNAJBHYIO, & He NPAMOYTOJBbHYI0 KDPUBYIO Ha-
npsixkennst 37eCb, OIHAKO, NPUXOAMTCA CTAJNKHBATBCA C TEM dhaxTom,
YTO TPH TepeKMOWeHMH ¢ [OMOINBI0 THPHCTOPOB IOCTOAHHOIC HAmps
JeHWs THTaHHs ToJydaeTcss NPSAMoOyroJbHoe Hanpsxenue Huxke nepe
YHCqeHH BO3MOXKHBIE MeTojpl [OAyUeHHsi HA BBIXOJe THPUCTOPHBIX HH-
BEPTOPOB CHHYCOHIAJIBHOIO HATPAKEHUS:

1) BKMOWeHHe HArDY3KH B COCTAaB DE30HAHCHOTO KOHTYPA;

92) ocnabnerue rapmoruk npu nomomd LC-puabtpos;

3) npumenenne LC-¢uaptpoB B coderandH C BbIGOPOM ONTHMANE-
HOMl MHPHHH MMIYJIbCOB HATIDSIKEHHS;

" %ya,
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Puc 1121 Cxema dunprtpa Otra
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Puc 11 22 Tpaduk mus pacuera ¢uaptpa no cxeme puc 11-21
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4) cuntes  KpuBoH,  GaU3KOM
K CHHYCOHIE, TOCPSACTBOM [ePeKTio-
YeHHs BHIXOJZHOTO HAIDsIKeHUs;

D) cuHTe3  KPHBOH, OJH3KO#
K CHHYCOHJE, MNOCPEeACIBOM CYMMH-
poBanusA HaNPSKEHHIl HEeCKOJbKHX
YUHBEPTOPOB, padOTAIOIMX CO B3aHM-
HiIM (DA30BLIM CIBHIOM;

€) npumeHenue LIHPOTHO-UM-~

] [
g

¢ —‘\

80 UYJ>CHOR MOLYJASIUMH NPH  MHOTO-
KPaTHOM HEPeKAIOYeHHH THPUCTOPOS
B HHBEp10pe;
7) nogaBieHde OVAEABHBIX Fap-
60

MOHWK B TeueHHe NOoJyHnepuoja Bbl-
XOLHOTO HAalIpXKeHHH;

8) mpuMeleHde UUKJIOWHBEDPTO-
pOB (mpeodbpasoBaTeneil ¢ MPOMENKy-
TOUHBLIM 3BGHOM TOBLIUEHHOH Ya-
CTOTHI).

Kosp@uyuexm

40 uckancenud

Braouenue Hazpysku 8 cocTas
PE30HAHCHO20 KOHTYpa

Dopmy KpHBOH HanpsiKeHHd Ma
HArpy3ke MOMHO INPHOJH3HTL K CH-
- HYCOHAE, BBeIsi Harpysky B CO-
cocraB pe3oilaHCHOrO KOHTYpa € J0-
CTATOYHO BBICOKOIT A06POTHOCTLIO,

Pac. 11-23. 3asucumocts conep-

Rawuhi 1, 3, 5, T- rapMolmk 0T e poanioiocTy 0GeneuMTE
4 pesyubrupylomero koabdu- o6 vanoe coepKanHe rap-
[HENTd HCKAMEHHH OT WHPHHLL gy Tympunas cxema, ocHOBal-
HMIybCOB MPAMOYROMBLHOR dop- 0™ Sron erome, perpeuaercs

ML 3 uyBepropax kjaacca A. C ueabio

cnuKends rabapuToB 3JEMEHTOB KO-
J1e6aTeJbHOrO KOHTYpPa STOT MeETOX lesecoo0pasHo TpHMENsiThb NP ua-
crorax esuime 400 ey.

Ocaabrenue eapmonux npu nomouwj LC-¢puaeTpos

3Jecs MOryr HCHOJBL30BATBLCH pas3iHyHble BHAB (HAbTPOB. 3acay-
uBaeT BHEMaHug ¢uabrp Orra, onucannnid B § 11-7-1 4 11-7-3. Xa-
PaKTePHCTHKH 3TOro (QHUJAbTPa CJeRYIOLIHE:

1) xopown# KosdbuiuHeHT mepefaud [0 HaNPAKEHHUIO;

2) ocaaCieHHe rapMOHHK TNpaKTH4EeCKH He 3aBUCHT OT HArpysky;

3) BXO0AHOe cONMpOTHBJeHHe (HJIbTPA BCerAa MMeeT €MKOCTHBIA Xa-
pakrep.

Cxema dumbrpa npusesiena ua puc. 11-21, a rpaduk pas ero pac-
uera — Ha puc. 11-22. Jlerans pacuera Takoro ¢Qu/sTpa yKasaHel NpH
paccMoTpennu HHBepropos knaacca C B § 11-2-2.

pumenenue LC-huabTpos 8 coueranuu
C 8biOOPOM ONTUMAALHOU WUDIHLL UMAYALCA

obecneudn
HanpsiKeuus  Me-

T'aGapurel LC-punbTpa MOXKHO 3HAYHTEJIDHO CHH3MUTD,
UIHPHAY  MPAMOYrOJbHBIX WMOYABCOB  BBIXOZHOTO

T o
o
)C/3Q
Y
"o
i j@ o
BN | s .
"]

Puc. 11-24. CxeMma ana cuHTe3a KpUBOM, GAH3KOH K CHHYCOH-
Jle, MOCPEACTBOM TfiepeKJIOUelins OTRaek TpaHcdopmaTopa.

nee 180°. Tax, upu umimpuiie umuyabcos 120° na shxoge HuBepropa or-
CyTCTBYeT Tperbsi rapMmonuxa (puc. 11-23)

Cuntes kpueol, 6auskoi K cunycoude,
nOCPedCTOM NepekMOUCHUA BOIXO0H020 HANPANEHUR

Ha Brixone uusepropa npumensiercss tpanchopmarop (pac. 11-24),
KO BTOPHYHOK OOMOTKE KOTOPOro Harpyska NOAKMIOYAETCA uepea <mepe-
KJIOMaTeJib OTBOJOB» HA THPUCTOpPAX. IlepexMOYeHHEM COOTBETCTBYIONIUX
THPHCTOPOB MOXMCHO fOJYYMTH (POPMY BBIXOJHOTO HANPSANKCHHA, MOKA3aH-
#ylo Ha pHc. 11-25. (B naunom cayuyae wuBeprop paboTaer ¢ uacTOTOR,
B 5 pas npesblmiaomed BHIXOAUYN.) PeayibTHPyOmAast KpUBas BHIXOX-
HOTO HanpAXenus myreM HeOoablION (HABTPaUHH MOXeT OHTbL mpe-
BpalleHa B NPAaKTHYECKH HJEaJblyl0 CHIYCOHAY.

Cuntes Kpusoii, 6auskoii k curycoude, nocpedcrsom
CYMMUPOBARUA HANDAIEHUA HECKOAbKUX UHBEPTOpOS

Ilpu nannom Meroje orpanMuenHsi rapMOHMHK NpPOM3BOAMTCH CAONKE-
ffHe BBIXONHBEIX HANPSIKEHHUA HECKOJLKHX HHBEDTOPOB, B pe3yJ/ibTaTe 4ero

f Il
'
i

1

|

4 4

Puc. 11-25. Hanpsi®enue na suxone uHBepropa no puc. 11-24
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Puc. 11-26 Cxema Ttpex}asHoro MocToBorc HHBepTopa (ympo-
IIEHNHO) .

1%
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nosyiaerca KBasHCHHYCOWAAJbHAS KPHBas HaNpsKeHUT 0e3 rapMOHHUe-
CKHX COCTaBJAIOMMX HH3KUX mopsapxkos [JI. 11-7-4]. OcraBmuecs rapmo-
HHKH BBICOKOTO MOPAZRKA JIErKO (JHABTPYIOTCH.

B kauecrBe mpocrefiiuero npuMepa Ha puc. 11-26 momelmena cxema
Tpex(a3sHOTO MOCTOBOTO MHBEPTOPA, KOTOPHIE MOXKHO CUATATH COCTOS-
umM #3 Tpex oxnodasserx. Pasmbie nampaxedus npr 180-rpapycroit
MPOROAKUTENBHOCTH paboThl THPHCTOPOB MOKasaHel Ha puc. 11-27.a,
a JuHeflHOe HanpfAMXKeHHe MeXJy 3aXuMaMu a W b —Ha puc. 11-27,6
[Tpu ucnonb3oBaHuK GoJsbliero gucaa a3 CTYNeHYaToCTb KPUBOM YMeHb-
taercsi, B pe3yJbTare 4Yero CORepXKaHHe TAPMOHHMK CHHKAeTCs.

{Tpumerenue WUPOTHO-UMAYALCHOL MOOYAAYUL

310T cnoco6 NosyyeHHsi CHHYCOMAAMbHOTO BBIXOAHOIO HanpsiKeHHs
anmocrpupyercss Ha puc. 11-28. Taxkas kpuBas HaNpAXKEHHS MOXKeT
6blTb MOJIyY€HA, HampuMep, Ha BHIXOJe MOCTOBO# cxeMmel (puc. 11-14),
Korja JeBasg Iapa THPUCTOPOB MNEPEKNIOUAETCS C H3MEHSEMHM B Teue-
HHEe TIOJAYNePHOfa  CHBUTOM
OTHOCHUTE/NIBHO MOMEHTOB Ie-
peKITIoYeHduss  HPaBOA  maphl
IMpPUCTOPOB, 4TO  ofecmeud-
Baer Ma3MeHeHHe UIMPUHBEL UM-
MyJAbCOB HAa HADPY3Ke ¥ MOJY-
qeigHe [ONOXKUTENBHOR W OT-
DU ATENHHON TOAYBOIH CHHY-
cos1anbHON onubaiomelt Bbl-
XOHOTO HANPIXKSHHA.

tap

-

I

Upg

Ugp

IModasienue ordesvusbix
2apPMOHUK

TupeCeTOpEl B MOCTOBGH
cxeMe uusepropa (puc 11-1,4)
MOXHO OTOWpaTbh ¥ 3anHparh
TakMM 06pasoM. UToObl HOMY-
ydThb HAMpPSIKSHNE Ha HArpys-

6)

K€, COOTBETCTBYlollee PHI.
Puc. 11-27. Hanpsixenne na shixoge 11-29 TIpu mpaB#nbHOM BHI-
Tpex(ha3Horo MOCTOBOTO HHBEPTOpPA Gope UIMPHHH  WMIYJbCOB

P ) — ey gp—

Puc, 11-28. [Tonyyenne nanpsxeHus, GIU3KOTO K CHHYCOH-
JaAbHOMY, C TOMOILBIO LIKPOTHO-UMIYJALCHOH MOLYJIAHHH.

i Ilfk

/ N~

Puc. 11-29. Brixoanoe HamnpsKeHne HHBep-
Topa no cxeme puc. I1-1,4 ¢ ymenbiuen-
HBIM COJiepPKaHHeM BBEICIINX TFapMOHHK.

(cm. [JT 11-7-1 u 11-7-2]) cojepxande B KPHBOH BBIXOZHOIO HAmpsixe-
Hust 3-H ¥ 5+ wim 5-f1 m 7-f rapMoHUK MOXeT ObITh CBeZEHO K HYJIO.
IlpenmyurectBaMi JaHKOTO METOJa CHHTe3a Hepel APYTHMH MeTOXaMu
ABJAIOTCA:

1. OcnoBuas rapMOHHKH BBIXOAHOTO HANPAMKEHHS MOMET H3MeHATh-
C OT HYJEBOro [0 MaKCHMaJbHOTO 3HAUeHHS! 6e3 U3MEHeHHA TFapMOHU-
4eCKOro COCTaBa KDPHUBOH.

2. B uuBeprope mno TpexdasHON CxeMe, HCMOAL3YIOMEH TOJIBKO
12 TupucropoB, MOXHO yCTpaHHTh BCe IapMOHHKM Huxe 11-ii  coxpa-
HATh CIOCOGHOCTb PEryJHPOBATh OCHOBHYK) COCTABJSIOILYIO BHIXOLHOTO
HaNpSAXKeHHs OT HyJsl A0 MaKCHMyMa

[T pumernenue yurxaoungepropos

LIuK/TOMHBEPTOD COCTOHT W3 HHBEPTOpa, PabOTAIOMIEro € YacToTofl,
npesblatowel nouru 8 10 pas TpeGyeMyio BEIXOLHYIO 4ACTOTY, B IHKJIO-
gonsepropa (cM. § 11-4-3), oGecrmeudBaromiero mOJydeHHe BHIXOLHOIO
HAOPAXKEHHUS XKelaeMo#l YacToibl, (POPMBI U AMIIATYHHL.

11-3-4. CraGuin3anus ¥ peryjiupoBaHue BbHIXOAHOro
HANPAKEHHS

B GosbuiuHcTBe nprMenenuil He0GXOAMMO, YTOGH BHIXOZHOE Haps-
KEHHe HHBEPTOPA MNOAAEPKHUBANIOCL HEH3MEHHBIM IIPH H3MEHEHHH Kak
BBIXOJ(HOTO HANpPSIXKEHHS, TdK ¥ TOKA HarpysKH.

3r1o MoxerT OBITb IOCTHIHYTO TpPeMs crmocobamu:

I. PerynupoBanHeM HAUPsKEHHS NHTAHHSA HHBEPTOpA.

2. PeryanmposanueM HanpsiKeHHs BHYTDH CaMOTLO HHBEPTOpA.

3. PerynuposanueMm HanpspKeHHs Ha BEIXOAE MHBEPTOpA.
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Peey/lupoeaﬂue HANPANCHUA NUTAHUA

Ecan MCTOMHAKOM IHTaHHA SIBJSETCS aKKyMyqastopHas OGartapes;
TONJIUBHbIE 3JIEMEHTbHl HJAH HHON HCTOYHHK IOCTOSIHHOTO TOKa, TO pery-
AUPOBKA NANPAMEHUA HA BXOJE HHBEPTODA OCYMIECTB/IAETCS C IOMOMILIO
peryiupyeMoro npeobpasoBaTens MOCTOAIHOrO TOKA B HOCTOSHHBIH, cur-
HaJl ynpaBieHHa AJAA TNpeoOpasoBaress NOCTOAHIOIO TOKA B IOCTOAH-
HBLIA TOJYYaloT C BhIXoAa HHBepropa (puc 11-30). i

Peryaupyembie npeo0pa3oBaresy MOCTOANHOIO TOKAa B HOCTOSHHBIA
Moryt OBITb caMblX pasauuHblX BupoB OHH paccmaTpuBaloTCd B pasi. 12
u [JI. 11-8-1L

Ecan HHBEPTOp IHUTACTCs OT CeTH MepeMenHoro ToKa 4Ye€pe3 BbInpA-
MUTeNb, TO PeryJHPOBAaHWe €ro HaNpAMKEHHs NHTAHHA OCYLIECTBJSAETCH
3a cueT $a30BOrO YNpaBjeHNs BHIPAMHTeNeM. DJOK ynpab/ienus THDH-
CTOpaMy BBIIPSIMHTENS HOJyuaer CHFHaa ofpaTHOM CBfA3M C BHIXOJA
uasepropa (puc. 11-31). Bumpsmuresn ¢ (asoBbiM peryjidpoBaHdeM
paccMorpedst B pasa 9

Pezyauposanue Hanpsscenus BHYTPU UHBEPTOPL

{Ipu #ucnonbsoBanuu HHBep1OpoB Kaaccos [ u E peryauposaHue
INMPHHBI MMIyJbCa He BbI3biBaeT 3aTpPyAHeHHI. Kpome TOro, HekoTopule
U3 pacCMOTPeHHBIX Bhllle METOHOB MOAYYeHAS BBHIXOJHOrO CHHYCOHAAMb-
1IOTO HAMpsXKEHHS HHBEPTOPA MOLYT OBITb NPHCIOCOGNEHH [NS DPeryJu-
POBAHASE BBIXOJHOTO HAMPSXKEnHs

-
N

Puc. 11-30 Cra6imusauHsl BBIXOMHOTO HalpsKeHUS

WHEEPTOPa C NOMOMUIBIO PETYIHPYEMOro npeobpasoBa-
Teds MOCTOSITHHOTO TOKa Ha BXOJe

7 2

Puc 11 31 CraGunnzanusi BHIXOAHOTO HampsKeHHs
HHREPTOPa & MOMOMILIO YIPABASEMOrO BHIIIPAMUTENS.

Peey/lupoeauue HANPANCEHUA Ha 8biX00e ungepropa

Bece Meromnl, ucmosb3yeMble B OOHUYHHX HCTOYHMKAX NUTaHMs na
uacrorax 50, 60 n 400 2y, moryr OblTb NpuMeHEeHH jaf CcTaGHaAH3ALMH
BLIXOJHOTO HaNpsIXKEHHS! HHBEPTOPOB. JTH METOAL OCHOBAHBLI HA HCMOJb-
30Banun QeppopesoHancHEX TpaHcGOPMaTOPOB, CTAGHIH3ATOPOB, BOJb-
ToL00ABOUHLIX TPAHCPOPMATOPOB C NEPEKJIOYEHHEM OTNaeK, BCTPeuHo-
napajuieqbHO  COGJMHEHHBX THPHCTOPOB C (230BbIM  yIpaBjieHHeM
(pasag. 9), mpocceneit naceimenuss B [JI. 11-8-2] onucan 3ddekTHBHbIN
CMOcoG 3HAYHTENLHOTO CHHIKEHRHS BeCa HAaChUIAIOLHUXCA APOCCeded 1pH
MOMOIY <YCHJUTENA» Ha THPHCTOPAX

11-4. PA3JIMYHBIE CXEMbI MIPEOBPA3OBATENERN
11-4-1. MHorosiueiikoBbie HHREPTOPhI

B unsepropax [JI. 11-10-1—11-10-8] aToro tuna wucnoan3dyercs
OTHOCHTENBHO GONbLIOE YUCAO THPHCTOPOB, YAPABASEMBIX B TaKof Io-
CeIOBATENbHOCTH, UTO MeK/]y HMNyJbcaMy AHOLHOTO TOKA KaXAOro
THPHCTOPA UMEKTCS CDAaBHHTENbHO HAJHTENbHbiE MEPHOAB NOKOS, B Te-
YeHHE KOTODBIX INIPOMCXOJHT  CHHXKEHHE TeMIlepaTyphl KpHCTassia, H
BpeMsi, MpeJoCTaB/sieMoe AJS BOCCTAHOBJEHHS, MOJYYaeTCd AOCTATOYHO
OoapinM. IlpeumyulecTsami TaKuX CXeM SABJAETCA TO, YTO THPHCTOPB
C OTHOCHTENIbHO MJIOXUMH AHHAMHYECKHMH XapaKTeDHCTHKAMH  MOTYT
OHTH HCMOJNB30BAHBL B HHBEPTOPAX Ha 3BYKOBOH UacToTe, @ BhICOKO-
YaCTOTHblE THPHUCTOPHl MOryt ObIThH MCIOJB3OBAaHH B CXeMaX Ha CBEPX-

A Haepysxa

1|11}

Puc. 11-32. MHOrostuefiKkoBhbill HHBEPTOP.
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Puc 11-33 Toku THPHCTOPOB B HHBEPTOPE MO cXeme
puc 11-32.
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Puc. 11-34. HanpsxeHue Ha THpUCTOpE 0O CXeMme
puc. 11-32.

3BYKOBEIX YacTOTax M YacToTax,
4aCTH pajuojHana3oHa.

Ha puc. 11-32 mokasaHa cXxema, COCTOSHIAf W3 NATH HHBEPTOPOB
CUHYCOMJANBHOTO HANpsDKEHHA Kjacca A (nMOKasaHsl IepBble TP HH-
BepTOpa). YHpaB/sdlole HMIYJbCH MOAAOTCS HA THPUCTOPH B TaKOH
nocnenoparenvuoctn: I, 2, 8, 4, 5, 6,7, 8,9, 10, 1, 2 n 1. 1. Bropny-
Hbie OOMOTKH BCeX NHSTH BBIXOAHBIX TPaHCHOPMATOPOB BKJIOYEHB! Ia-
pa/eNbH0 WM TNpHCOeNWHeHb K Harpysxke. AHOJHBIE TOKH, NPOXOXSIIME
uyepe3 THPHCTOPHI, MOKasaHel Ha puc. 11-33. Hanpsaxkedwe Ha THDEH-
crope nokazaHo Ha puc. 11-34. HeoGxomumo yuecTh, uTO B KPUBOH
AHOAHOTO HANPSXKEHUs] HMEIOTCS HMMIYJbChl OT OCTa/JbHbIX HHBEPTO-
poB. [TosTomy HecOxoaumo, uTOOE A0OpPOTHOCTS ( PE30HAHCHOrO KOH-
Typa KaXJOoro HEBepTopa Obljia [OCTATOYHO BHICOKOM H HANpSKEHHE,
IO KOTOpOro 3apfAXaeTcA KaiKAblH KOHJeHcatop, ObBLIO Gejbuie aMILIH-
TyJbl TNepeMeHHOro HaNpsIXKeHHs Ha 3aKUMaX  IepPBHUHOM OOMOTKH
TpaHnchopmaropa.

COOTBETCTBYIOLUNX AJUHHOBOJIHOBOI

11-4-2. TupucTopHbie HMAYJIbCHbIE MOZLYASITOPBE

OfpuHan cxeMa PaJHONOKAUHOHHOTO MMITYJILCHOTO MOAYJAATOpa, B
KOTOPOM B KauecTBe KJIOUEBOTO NPHOOpA MOMOJB3yeTCs THPUCTOp, pa-
GoTaer N0 NpPUWHUHNY HHBEPTOPOB KJIacca A (puc. 11-35). Uepes Tu-
PHCTOP MPOXOAAT KPATKOBPEMEHHBIE HMNYJbCH TOKA IAJHTENbHOCTBI) OT
0,1 no 10 mxcex. YacToTra CAefOBAHMS HMMOYJbCOB JEXKHT B fipeaesax
OT HECKOJBKUX COTEH 10 HECKONBKHX TBICHY Tepil.

B nanHOM ciayuae BpeMs BOCCTAHOB/IEHHs1 W BeJHudHa du/df e siB-
JAIOTCS KPHTHYECKHMH MapaMeTpaMH THPHCTOPA M3 4YKCIa ero JMHA-
Muuecknx napamerpoB. HauGoJsee BaxKHBIM CTaTHYECKHM HapaMeTpoM
ABJSerca JONYCTUMOe HanpsKeHHe, a JUHAMHYECKHM -— BEICOKOE J10-
nycTvMoe 3HaueHme difd! m Majoe BpeMsi oTmMpaHus. Dojpmue 3Haye-
Hus dif/df, mosyuamwlliHecss B CXeMe, MOTYT OBITb CHHIKEHEI NPH TOA-
KJIOYEHHH TIOCJELOBATENbHO C THPHCTOPOM HACHILAIOIILXCSA Apoccenel.
Uro6Gul YMEHBUINTh <«IpOXKaHHe», 3aNa3JbiBaHHE U IJUTeNbHOCTH (pou-
T4 HapacTaHMs BBIXOAHOIO HMIYJbCA MOAYJATOPa, HEOOXOAMMO ofec-
[I€YATh MAaKCHMaJbHO BO3MOXHYIO aMIIMTYLY YNPaBJSIOIIMX HMIYJb-
cOB THpHcTOpa. JINHTEABHOCTh (DPOHTA YIPABASIOUIETO HMAYJbCA HOJK-
Ha OBITh 3aMETHO MeHbIle | MKCeK.

11-4-3. Lluk1oKoHBEPTOPHI

Lukaokouseproput [J1. 11-11] Hcrnoabsylorcss Kak npeofpasoBarenu
9ACTOTH MEPEMEHHOTO TOKd, B KOTOPHBIX KOMMYTalldsi THPHCTODOB OCY-

ulecTBaASTCA 34 CUeT Ha- POPMUPYIOWAR AUHULA
IpAXeHusa CeTH NePeMEH- + e

woro, Toka (miacc F). ST

LIMKAOKOIBEPTOD  ABASET- 7
j @ 7
3anyck D
2

csl anbTePHATHBON cHicTe-
Mbl NpeoOpa3oBaKUT yac-
TOTH CO 3BEHOM MOCTOSH-
moro Toka (T. €. € HMoHoib-
30BaHHEM OIIENbHEIX Bbi-
npsiMUTeNsT U WHBEpTOpa). 3

Puc. 11-35. IlpuHunnnanpuas cxemMa THPH-
CTOPHOrO HMNOYJbLCHOI'O MOAYJAATOpPA.
3axXuMnl /, 2 — K MarHeTpoHy HJAM KAHCTPOHY.

Hpunyun Odelicrsusn

Tlpunuun ipaboThl
IMKJIOKOHBEPTOPA HATTA- T
HO BHed w3 puc. 11-36. (o’
Oumnodasuas ZBYXIOMyEE- A+ 4
PHOIHAS BHUIP AMUTELHAS .
cxema cHaGKeHa aByMd g @T Haepyaan
KOMIIOKTAMH THDUCTODPOB, 3
KOTOpBIe 00eCIedHpaloT Ha o
HATPY3Ke WMMYJIHCH Ha- 7
MPSIKEHAST  11POTHBOT OJI0K-
HOlt wmoasApHOCTH  Ecnu ,‘-‘\T

1

OMIUPATL THPUCTOPLL Iy H
Ty, a 3atem T3 m Ti, co-
XpaHAs y KamAo# napsl
OJIMHAKOBBI  HeM3MeHHbIH
YyroJ ynpaBAeHHS, TO yge-
pes CONPOTHBIEHHE HArPy3K OYIET NPOXOJMTH TOK NpPSIMOYToabHOH op-
Mbl C 4aCTOTOH Gonee HMSKOM, ueM yacToTa MuTamMs. [lis yCTpaHeHWs
MyAbCAMH BBIXOMHOTMO TOoKa nompebyemcs ¢uabtp. Yrobn noJgyuuTs Ha
BBIXOJIE CHHYCOHZa/NbHOE HampsIKewHe, YroJ YIpaByieHHs TePHUCTOPOB
HEOGXO/MMO H3MEHSITh TAaKWM 06pasoM, yToBbl NoJywHTh GOpMY HAIPA-
Kenns, MOKasaHmyio mna puc. 11-37.

Piuic. 11-36 OnrotbasHag cxemMa NHKJIOKOH-
BepTOpa

MHOTO®A3HBIE CXEMBI

LlHKJIOKOHBEPTOPEl Ha TUPHCTOPAX HIPAIOT BAXHYI0O DOJNb B JBYX
cnyuasix. B GOPTOBEIX CHCTEMAax 3JeKTpPOCHAGKeHuy NEepeMEHHON CKO-
POCTH U NOCTOSTHHOM YAaCTOTHI TEHEPATOP MEPEMEHHOro TOKa MPHBOAUTCH
BO BpallleHue JABHTaTCAeM C NEPEMEHHOH CKOPOCThIO (HANpHMEp, ABHa-
UHOHHEIM [IBHraTejeM), B TO e BpPeMsl UacTOTAa MepeMeHHOro Hanps-
XeHnst B GOPTCETH JOJKHA BHITh HEH3MEHHOR, Hanpumep 400 ey. Hpy-
FHM [PHMEHEHHEM NUKJIOKOHBEPTODOB SABJSAIOTCS YCTpoficTBa, rie HEOs-
XOIMMO H3MEHEHHE KaK 4YacTOTbl, TaK M BEJHYHHBI BLIXOAHOTO HAMpPH-
KCHHA, YTO HEOGXOLHMO, HATPHMep, B PEryJTUPYeMOM 3JeKTPONPHBOME
IICDEMENHOr0 TOKA. DTOT B 3JMEKTPONPUBOAA OCHOBAH HA IPHMEHEHUHU
GeCKOJINEKTOPHBIX JIBUTATeNell B MOXeT OBITh HCIOAB30OBAN, B YACTIO-
CTH, Ha NEPEJBHXKHBIX OGBEKTAX H NPH TAMKENBIX YCAOBUAX PaGOTHL
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Hna o6eux HasBaHHbIX o6nacTeil NPUMEHEHHS HEOGXOIUMB MHO-
roasHele CXeMbl UHKJIOKOHBepTOpoB. [Ipocrefiuuit mpumep Ttakof cxe-
MEl IpUBe/ieH Ha puc. 11-38. ’

o cpaBHeHHIO ¢ NMPeo6Gpa3oBATENAMH YAaCTOTH CO 3B€HOM MOCTOSIH-
HOTO TOKAa LHMKJOKOHBEPTOPH HMMEIOT CJELYIOUME NPEeHMYIecTBa:

a) He TpebylOTcA CHENHAJbHble KOMMYTHPYIOUHe YCTPOACTBA, TaK

KaK KOMMYTalUMs IPOHCXOAUT 3a CYET MEPEMEHHOro HANDSKEHHA IH-
TaloleN cery;

Puc. 11-37. T'paduku Hanpaxenuit B cxeme puc. 11-36
(cBEpXy BHH3): BXOJIHOE, BBLIXOJHOE HECTNIa)KE€HHOe H BbI-
XOJ[HOE CTJIa’KeHHOE.

lrenepamop

7\

® O

G
yololo)e

—.

Haepysxa

Puc. 11-38. Tpexdasuo-tpexpasnas cxema LHUKJIOKOHBEPTOPE.

6) nerko obecneyHBaeTcsl peaKTHBHBIH 3HEProo6MeH MEXAY Harpys-
KO M MHUTAIOLUIEH CeThIO, H MOXHO NMO3TOMY NHTAaThb HAarpysKy ¢ JIOGBIM
K03 (pHIHEHTOM MOUIHOCTH;

B) aBapuUiMHBIA peXKHM, BbI3BaHHBLI CaMONPOU3BOJBLHEIM OTIHpaHUeM
THPUCTOPa, AAMTCH MeHee OJHOTO NMepHOAa BXOAHON 4HaCTOTHL M HE BHI-
BOJMT CHUCTEMY H3 cTpOfl (pasyMeercsi, IPH YCJIOBUH, YTO BO3HHKAIILUA
fpu 3TOM OPOCOK TOKA He fBJAsSeTCs] pa3pyLWHTENbHBIM IJs THPHCTOPOB
H APYTHX 3JeMeHTOB).

B T0 Xe BpemMsa npeoOpa3oBaTend CO 3BEHOM [IOCTOSIHHOTO TOKa
ofccmeynBaloT GoJee LIMPOKHA JHAla3oH H3MEHeHHS BXOAHOH HJIH Bbi-
XOJMHOfl yacToThl, TpeOylOT, KaK NPaBH/O, MEHbIle CHJIOBBIX THPHCTO-
pPOB H JHOJOB M JIETKO MOTYT ObiThb HPHUCMOCOGJNEHE! JJSl IHTaHHA OT
AKKYMYJAATODHBIX 6araped M APYrHX HCTOUHHKOB MOCTOSHHOTO TOKa,

11-6. PEKOMEHJALLMH MO HAJIALKE HHBEPTOPOB

ITpu nanajaxe WHBEPTOPOB CieAyeT YAEIHTb ocofoe BHHMaHHe oc-
quiorpadnyeckoil NpoBepke peXXKHUMOB paboThl THPHCTOPOB M APYrHX
9/1€MEeHUTOB.

YactoTHas XxapaKTePHCTHKA YCHJHTENs ocuu/jorpada, ero BHIHOC-
HOTO JEJMTeNs H COGAMHWTEeNbHOrO Kabens A0MXKHa OHTb paBHOMEp-
HOH B JHamasoHe 4YacTOT, HeoGXOOUMOM ./ HaOMIOLeHHs BCeX 0Co-
GennocTell uccaenyemoro nponecca (obwmuHo g0 10 Mey).

B npoBone, coegMHAIONEM «3eMJ0» OcuHANorpada ¥ HHBEpTOpa,
He NOJIXKHO OBITh HHKAKOro TOKa, [JIfl 4Yero «3eMJsi» ocuuiorpada
JHO/KHA OLIThb IOAKJIYEHA K HHBEPTOPY TOJBKO OJHUM TNPOBOJOM.

[lpn HaGmogeHMn KPHBOH TOKa cjeAyeT HCHOJb30BaTh LIYHT ¢ MH-
HUMaJ/ibHOH COGCTBeHHOH MHAYKTHBHOCTBIO (HamlpuMmep, B BHJe TIOJION
TPYOKH U CTePHHs, PACHONOKEHHBX KOAKCHANBHG W COSIWHEHHBIX C Ofi-
HOTO KOHLA). Y/06HBIM cnocof0oM TNpoBepKH KauecTBa TaKHX MIYHTOB
ABJAETCST U3MepeHHe HX UaCTOTHON® XapaKTepPUCTHKH, KOTOpas JoJKHa
npocTUpathes B 06JacTh BO3MOXKHO Gojlee BBICOKHX 44CTOT (HaNpuMep,
MMEIOTCs NPOMBILLEHHBle 06pasubl ¢ paGouell uvacroroii go 150 Mey wu
ToKoMm 60 a).

Ocuunjorpaduueckylo npoBepKy peIKHMOB CJAeAYyeT NMPOH3BOJAUTL HE
TOJNBKO [JIS HOMHHAJBHOH Harpysk#d HHBEPTOPa, HO U AJsS NPEAENIbHEIX
clygaeB (meperpyska, XoJocToi XO0A), a TakXe XejaTenbHo AJIA mep-
BOTO HHMKJa HDH BKJIOUEHHH HHBepTOopa B paboTy.

Tax kak TtemnmepaTypa nepexoja OKasblBaeT CHJBHOE BJHSHHe Ha
pafoTy THpHUCTOPOB, TO HeoOXOAUMO He TOJbKO KOHTPONHPOBATH HX
TeMIepaTypy KOpryca, HO H HONBITATHCH TPOBEPUTH MyTeM BBIYHCJEHHMA
TeMnepaTypy nepexoaa (cM. pasa. 3).

PHYMHON HepaGOTOCHOCOGHOCTH HHBEPTOPOB MOXKeT OBITh HACHI-
IeHNe (heppOMAarHUTHBIX cepiedyHHKoB TpaHcdopmMaTopoB H Apocceseil.
HaufoJsiee cuJbHO HacCHIIEHHE MOXKeT CKa3aThCsl B CJAELYMONUX JABYX
cayuasx.

1) B unuseprope kjaacca A mno cxeme puc. 11-2 B cepaeunuxe npoc-
cens Li—L, cunbHoe NONMarinWYuBaiollee JeHCTBHe OKasHBaeT MOCTC-
siiHass  COCTaBJSIONIAf TOKa, TNPOTeKaloulero mo o6MOTKAaM, KoTopas
10J2KITa OBITH yuTeHa HPH pacyere.

2) Ilpu srmouenHH uHBepTOpa B DPAbOTY HanpsiKenue, NPHKIaAbl-
BaeMoe K oOMOTKe Kakoro-qubo tpanchopmaTopa HAH APOCCENfi, Mo-
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KeT HMeTb Ty Ke caMyl0 NOJSPHOCTb, UYTO KM B TeUYeHHe II0CAEIHEro
nojiynepuofa Nepef OTK/IOUEHMEM MHBEPTOpa, B pe3yaLTaTe 4ero mar-
HUTHBI ITOTOK MOJKeT JOCTHYb 3HAUEHHS MOTOKa HACLILEHHUS.

Jasi ocnaGnenusi HAH YCTPAHEHHS BPEeJHOIO BJIMAHMS HaCBIEHHA
c/lelyeT UCTIOJIb30BATh OMH U3 CJEAYIOMHX myTef::

a) BbifpaTh NpU pacueTe MATHATHYIC HHAYKIHIO B8 CepACUHHKE
C COOTBETCTBYIOLUHM 3aNaCOM;

6) NOCTPOMTb CXEeMy yIpaBJeHHsi THPHCTOPAMH TakK, 4TOOH IpH
BKJIIOUEHAH HHBEPTOpPa B paboTy aBTOMATHUYecKM ofecreudBanoch Obl
nepeMarHyuiBaHie CeplIeYHHUKOB;

B) CHH3UTbL Ha KOPOTKoe BpeMsi pabouylo 4acToTy IpH Hycke.

BesuunHa BHYTpPEHHEro COMPOTHBJIEHHs HCTOMYHHKA NHTAHHA J0JXK-
Ha OBITh AOCTATOUYHO MaJofl [0 CPaBHEHHIO ¢ NPHBEACHHBIM CONPOTHB-
JIEHHeM Harpy3ku. IJIEeKTPosuTHUeCKHe KOHIEHCATOPHl OOBIYHO He Tro-
JASITCST JJUIT HCIOJIb3OBAHMA B KauecTBe (HABTPOBHIX Ha BXOJE HHBep-
TOp4, TAaK KaK IpU IPOTEKAaHHH Uepe3 HHUX INepeMeHHOH cocTaBasoliel
TOKa (MaxXe NPH OJHONMONSIPHOH KDHBOH NPUJNOKEHHOTO K IHM Hamps-
KEeHHMA) NOTePH B HHX IOJYUAIOTCHd  3HAYHTENBHBIMH. 3HAUHTE/IbHO
Jydllide pesyJbTaThl Jal0T B 3TOM CMBICJIEe KOHIZEHCATOPH Ha Oase Mac-
JIONPOMIITAHHOA OyMaru.

B umemu, coepuHsiionieli MHBEPTOD C MCTOUHHKOM NHTaHhsd, a TaKxKe
B lENSX YOpaBJleHUs cJelyeT H30eraTh HCIOJb30BAHHS MEXaHHUECKHX
KOHTAKTOB (pesie, KOHTaKTOPH,, TyMOJepsl M 1p.), TaK Kak siB/eHHe
«TOJNPHITUBAHHSA» KOHTAKTOB 4YacTO BbI3BIBAET OTKa3bl B padoTe HH-
BEPTOPHHIX CXEM.

Pasnea pseHajuarbii

PETYJHUPYIOUIHE U CJAEAAILHUE CUCTEMBI
C THPUCTOPAMHU

12-1. CTPYKTYPA CUCTEMbI PETYJIHPOBAHHA 4 OCHOBHbBIE
COOTHOIIEHMI

Bce crabuausnpyloline CHCTEMBl SIBJISTIOTCS CHCTEMaMM aBTOMATH-
ueckoro perymauposanus. Kak mokazano Ha puc. 12-1, cHcrema copep-
JKHT caefyiomue GJI0KH.

1. Hcrounnk 3ajaioliero WAH ONOPHOTO BO3JleHCTBHS (COOTBETCT-
BEHHO B CH€fsied MM B CcTaOUJAM3HPYIOINEH CHCTeMe), BeJMUHHA KOTO-
poro paBHa R. TakuM HCTOUHHKOM MOXeT OHTh TOTEHIHOMETD, OMOP-
HBbIH 3JIEMEHT H Ap.

2. O0DbeKT, XapaKTepuayeMbll peryiupyeModl BeJNHYHHOH (remmepa-
Typa, CKOPOCTb, OCBEILEHHOCTH M T. X.). DTa BeauuwHa GyHeT B Halb-
defiteM obo3HauaTbes uepes KE-+N. i

3. Brnoxk snementoB ofpaTHO# CBS3H. DTOT OJNOK CIAYKUT IAJA 1O-
JAyueHHs B (opMe TOKa HJM Hampsikenns curHana f(KE+N), npomnop-
UHOHAJBHOrO peryaupyemoi Benuunde KE-+N. DTOoT CHrHaAJ CpaBHH-
BaETCH ¢ ONOPHLIM CHTHAJNOM R.

4. Jlerexrop paccornacoBaHus (3MeMeHT CpaBHEHHs). DtoT GJoK
ClyXuT A/ cpaBHeHHs curHanoB R u $(KE+N) (koToprie Moryr pas-
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E=R-B(KE+N)
R P 1
7 4 5 —1 6
B(KE+N) KE
KE+N N
3 2 7
L.
Puc. 12-1. Baok-cxeMa 3aMKHYTOH CHCTEMBI.
JAHYaThCsi MO BenuudHe M $Dase) M BHIDAGOTKM CHTHAJNA PacCOracoBa-
nug E. Tlpumepom Moxer cayxutb AHhdepeHUHaNbHbll yCHAMTENb.

5. HcnoanurensHoe  ycTpOHCTBO (MCHOMHHTENBHLIT opran). 3to

YCTPOACTBO, KOTOpPOE B CBOKIO Ouepelb MOMKET COCLOSTb H3 HECKOJbKHX
G/IOKOB, YCUJIMBAaeT CHrHaJ paccorjacoBaHusi E no Beawuwnm KE. Ono
CHYKUT JIsi BO3JAeHCTBHA HAa OGDBEKT DEryJupOBaHHUS C Lelblo M3MeHe-
HUS PEryJupyeMoro napaMeTpa B HYXKHYIO CTOPOHY.

6. Mcrounux sHepruu (MCTOUHHK TOCTOSIHHOrO Ju60 mepeMenHOro
HanpsoKeHus). OHeprus, NOCTYNAIIas OT 3TOF0 HCTOYHMKA, DEryJu-
PyeTcs HCIOMHUTEILHHIM OPraHOM B COOTBETCTBHH C CHIHAJOM pacco-
raacopanua E.

7. Bosmynlalouiee BO3AeHCTBHE. JTOT OJIOK XapakTepusyeT BHeI-
Hee BosneidcrBue N, Hanpaesneunoe HaBcrpeuy KE. Takoe BosmelicTBHe
MOXKET HMeTh pasHyl0 GHU3HYeCKyl0 NPHPOLY: HM3VIieHeHHE TelJaoBOH Ha-
rPy3K#, MOMEHTa H4 BaJy JABHTATCASI H T. [.

Brinte 6u110 cKa3ano, uTo

E =R—3(KE 4 N),
Win

R=E 4§ (KE + N). (12-1)

Orciona clefyer, UTO OTHOLIEHHe PEryjlupyeMOR BeNHUMHBI K OMNOD
HOMY CHPHATy PAaBHO:

KE4N __ KE4+N |
R EF(KELN)

(12-2)

dra BenmuvHa u sBNgeTcd Koa(puLMEHTOM Iepefaud 3aMKHYyTOH cH-
creMmel. [if Maneix BoaMmymeHu# N (opmyna ynpomaetcsis ‘

KE+4+N K

R oo~ THEK (=3

Brusinue BO3MymieHMs Ha peryiHpyeMbll IapaMeTp MOXHO OLEHHTH
COOTHOIIEHHEM

KE4+N 1
N 148K
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KoTopoe nojayuaetcs, ecan B (12-1)
=—(E/f+KE).

Jlist aHanu3a noBefeHus 3aMKHYTOfi CHCTEMbI PEryJHpOBAHAH He-
06X01iMO YUHTHIBATh ()a30BBIe CABHIU (3ama3jblBaHue), BHOCHMbIE 6J0-
KaMH cHcTeMbl puc 12-1, a Takxe HejuHeAHOCTH OJOKOB, KOTOPBIE TpO
ABAAIOTCST B BHAE 3aBHCHUMOCTH K03Q(HUMEHTOB Mepefaud oT pexuma

nojoXurb R=0 u Halttu N=

12-2. 3AMKHYTbIE CHCTEMbI C HCNMOJIb3OBAHHEM
3NEMEHTOB C CAMOYIEP)XAHHEM (THPUCTOPOB)

Ilpn ncrosb30BaHUWKM nePeKaIOYalolIMX NPHOOPOB AJsi peryJupona-
Husl GBLICTPOM3MEHSIIOLIMXCSl BEJIMUHH MOSIBAAIOTCSH HEKOTODble BUTHL He-
apueiinocty Kpome Toro, mpH HCHOAb30BaHHM THPUCTOPOB, T € TMpH-
GOpoB ¢ CaMOy/JepiKaHueM, KOTOpble [0CJe OTFMHPaHUs Tepsi1l yrpas-
JSIEVOCTb, CHCTEMA MOXKET CTaTh HepaBorocnocoGHON, ecau peryJnpye-
Mas BEJAUUIIA U3MEHSIETCS CPaBHUTENbHO GBICTPO

12-2-1, NpumeHeHre THUPUCTOPOB B cHCTEMAX
¢ OBICTPO M3MEHSIIOLIMMHUCH PEeryJHupyeMbIMU BeJMUHHAMH

B kauecTBe npHMepa pacCMOTPHM Dery/aupoBaHie HANpPSKEHHA HA
AKTUBHOH Harpyske asoBHIM Me10J0M (10JIpoGHO  paccMOTPEH 10C
8 pasn. 9) Ilpeamosoxum, uYTO B CHCTEME OTCYTCTBYIOT HMHEPUHOHHDIE
3eMeHThl M Y3ibel 3a.epiKkd Ilponeccel B Takoit rumoTeTHYECKOH cH
creMe MOTYT Oblfb NPOMJUIIOCTPHPOBAHBI KPHBBIMH Ha puc [2 2

Ecan curuan paccorsiacoBanus E 3acTaBisieT THPHCTOD OTAHPATLCA
B Hayase KaXjOro TNOJyNepHojia, TO BHXOAHoe Hamnpsixkenne KE+N
uMeeT BHA NOJHBIX (T e 06e3 OTCeuky B HAYaJe) OIHOMOJYIIEPHOAHBIX
uMnyabcoB Takum oOpas3oM, B TaKoll cHCTeMe HeNb3sl TOBODHTb O pe
TYJUpPOBAaHMN MTHOBEHHOTO HAMPAXKEHHS, NPHIOKEHHOro K Harpy ke

12-2-2, [IpumeHenue THUPHCTOPOB B CHUCTEMax
¢ MeJiIeHHO H3MEHSIIOIUMMHCA BeJNYHHAMH

K C4yac1plo, THPHCTOPBL MOTLYT ( YCUeXOM MPUMEHATBCS A pery
JUPOBAHUA U cmﬁmmaaulm BEJHYHH, KOTOpbIC H3MEHSIOTCH ¢ Bpe
MOQHEM YyCpenHeuud, OoyluecTBeH-
HO TpeBbINIAIIMM TepHOI ua-
CTOTH mepexaloueHdast TakuMu
BeIHUMHAME MOr'yT ObITb TeMme-
paTtypa, csijga o©BeTa, CKODOCTb
BpallleHust yBHraTeas ™M Ap

Ma puc 12 3,0 upuBeneHb
KPUBbIE, HAMWOCTPHPVIONWE iCay-
ga CTa\@HJI\H?dHHM BeJHYHHbI
N C IOOJBIIHM BPEVIeHeM yCpeaHe-
aug Ha puc 12 3,6—e B TOoM
Ke Macimrabe BpeMeHu moKasa-
Hbi OQHOBIIbIE METO 1bl penymnpo
BAHHA ¢ HCOTOAb30BaHUAEM TUpY

KE+N

e
\

A\

Puc 12 2, PeryaupoBanue OBICTPO
WIMeHsolefics  BenuuuHL (Hanps
JKeHHSI HA OMHYeCKOR warpyske)
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Puc 12 3 Meroasl PeryJHpoBaHds ( HOMOUIBIO THPUCTOPOB MENJEHHO
M3MeHsIOIMNXCs BeIHuHH (BpeMms ycpeaieHus OoJbille TNepuoia Tepe-
KIIOUeHW)

a — THIOHYHBIE KpUBLIE H3MeHeHUst peryaupyemol Benud.unsl KE+N n  curaaia
omu6ku E (LITPUXOBBS TTHHHS — KeJlaeMbil ypoBeHb BEAHIUHBI KE+N) 6- mn
POTHO-MMIY/AbCHAS MONYASUUS UPH DUTAHWM OT UCTOYHHKA MOCTOSHHOTO HalpsaXe-
HHA (4aLTOTa KOMMYTAllHH HEn3MeHHa, MIHTEAbHOCTb HMIYJbCOB H3MEHAETCSH)
6 — BpeMsT MMNyTpCHAs MOAYJANHUS TPH NHTAHWM OT WCTOUHHKA TOCTOSHHOIO Ha
npaKenust (d4acToTa KOMMYTAIHWH H3MEHSETCH, AJMTENbHOCTE HMIYALCOS HEH3Med-
wa) e - ¢a3oBoe YNPABJEHUE 3 OLHONONYMNEPHUONHON CXeMe NPH NUTAHHH OT HCTOY
HHKa NepeMEeNHOro HaNpskeuusi, 0 -— TO Xe B ABYXNOJAYNEPUOAHOH cXeme, € —
HMIYJIbCHOE TPONOPIHOHANBHOE DETYJNMPOBaHME IPKH MHTAHWM OT JCTOUnHKA nepe
MEHHOro HAUPs.KEHHS [ePeKAIoYeHHe © MOMEHTbl Nepexola HanpsaiKeHus depes
HYNb

T

cropos JlManpaMMbl TTOCTPOEHb [ AKTHBHON HANPY3KW, Kak, Hampu
vep, naMn nakamwsammsi Ilynkrepmble kpupbie ma puc 12 3.5Te MOKA-
3LIBAIOT M3MeHeHHe CPEJHEero 3HaueHHs MOLIHOCTH, BBIAGJSIOUIEHCs B Ha-
rpvake TlocTpoenne UMIYJIBCOB Ha 3TUX DHOYHKAX CAeTamo JMdllb A
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AAMOCTPAL METOIOB YMpaBuiieitsa MOINOLCTRIO B Harpyske He Mpe
remayen Ha TOWHOCTH

lluTanue OT UCTOUHUKA NOLTOAHHOEO HANPANEHUD

Ha puc 12-3,6 u 8 mokasaHo ynpasjenne MOILIHOCTBIO B Harpy3ske
MOCPeACTBOM H3MEHEeHMs CKBAXKIOCTH HMNYJbCOB, MOJdyYyaeMbIX OT HC-
TOYHMKA ITOCTOSHHOrO HanpsxeHust CrnocoObl NMOCTPOEHHSA CHUIOBHIX TH-
PHUCTOPHBIX NepeKaoyaTes]ell OCTOIHHOIO TOKA o0CYXKAaJuCh B pasi o

ITuranue or ucToUHUKG nepemMeHHOc0 HANPANCEHUR

Ha puc. 12-3,e—e mnokasaHel fuarpamMMsl, NOJAydawoillpecss HOpH TH-
TAHUH OT HUCTOYHMKA [EPEMEHHOTO HJIH NY/JAbCHDYIOIUSrQ HanpsKeHHs.
OTH MeTOAH IIMPOKO DACIPOCTPAHEHBl BCJEACTBHE MOCTYMHOCTH Mepe-
MEHHOTO HaNpsAXKeHUH, NPOCTOTH KOMMYTAIlHH THPHCTOPOB (cM. pasa 9)
H BO3MOXHOCTH HCIOJBb30BAHMST JABYHANPABJEHHBIX THPHCTOPOB {CM.
pasn. 7).

Metoabl, TpeacTaBaeHHble Ha pHC. 12-3,2 U 0, ABJIAKOTCST METORAMH
(azoBOro ynpasJeHHsd, KOTophle oOcyxpanuch B pasg 9 Tperbum Me-
TOLOM, KOTOpBIl Tak:Ke paccMaTpuBajcs B pa3l 9 u He npHuBejeH
3/lecb, siBAsercss (pasopoe ynpapJeHue AL OAHOH IIOJYyBOJHB NpH GHK-
CHPOBAIHON [MOJMHOM BTOPOH 1OJYBOJHE DTOT MeETOA CJelyeT HCIOJb-
30BaTh B cjyuae, Korjla Tpefyercsl DeryaAMpoBaTh MOIIHOCTb OT TOJO-
BHHBl 10 MOJIHOro ee sHauenuss CJeayeT OTMeTHThb, YTO IPHBEJEHHbIE
PHCYHKH COOTBEICTBYIOT BEPTHKA/MBHOMY CHOCOOY yIpaBJjielHs, OMHCAHHO-
My B pa3g 9, NpH KOCHHYCOMAAJbHOM MepPeMEeHHOM CHrHajne, CPaBHH-
BAEMOM C MIOC10SHHBIM YODPABJASIOIHM CHTH&J0M, M, CJeJ0BaTeNbHO,
NPH KOCHHYCOMAAJBHOM 3aKOHe H3MeHeHHs YIJa OTuHpaHHs. BaxXHoCThb
310oro 0o0CTOSITENBCTBA B CHCTEMaxX peryJupoBaHusf Tpefyer KPaTKOTo
HOSICHEHHS.

Ecan yion ormipadus Oyjaer U3MEHATBCH MO JHHEHHOVY 3aKo
Hy, TO HanpsDKeHHe Ha Harpyske B (QYHKIMM CATHa/Ja paccorjacoBaHUsd
Oyner wOpeicTaBiaaTh coGofl HenuielHylo 3aBucHMocTb (puc. 12-4,a).

B 3ToM ciyuae cieiyer OTMETHTB HajaudyHe BecbMa MPOTAKEHHOM
J0HBI HEYYBCTBHTEJbHOCTH W Y4YacTKa HaCBILRHHA, TMOJYHalOUHXCA CO-
OTBETCTBEHHO NPH MadblX M TPH OOJBULIKMX 3MaYeHHAX CUTHaJ/Ja pacco-
rmacoBandst E, 4ro coorBercTByer Manomy Kod(DbumueHTy mnepelaun

UBbII UBMI

aj 6}
Puc 124, 34BHCHMOCTH BLIXOLHOTO HaNpPAKEHUS OT CHI-

HaJga oWHOKY HPH auHefiHoM (@) B KocuHycounabHom (6)
H3MeHeHHII yraa OTHHpaHus

pasoMKHyTOH CHcTeMBbl (IO CPABHEHHIO ¢ NpPOMeXyTouHOfi o06aacTeio
3HaueHult E). DrTo o3Hauvaer, 9TO B TaKHX peXMUMax CIOCOGHOCTb CH-
CTeMBl KOMIEHCHDOBATb BHEIUHHe BO3MYylleHust Oyner cHuxeHa. K co-
WaNeHUI0, HUMEeHHo o6aacTb MAAbIX 3HAaueHudl £ upejcrapnser Hau-
GOMBLINY UHTEpec, TaK KakK 3Ta 0O6JacTh COOTBETCTBYET HOpPMAJbHOMY
peXHMY peryJHpOBaHHA NPH MAaJbiX BO3MYINeHHRX. MoXHO yJAYUIINTH
XapaKTePHCTHKU CHCTEMBl, YBENIHYUB OOUUH K03 (HUUEHT TNepelau, HO
TOIZla CHCTeMa MOXET CTaTb HeyCTOHUMBO# B OOJNACTH CPEeJHUX 3Haue-
mufl E. TonbKo mnpuMeHeHHe KOCHHYCOMZAJBHOTO 3aKOHAa H3MeHeHHsl
yIia OTNHPaHHS NO3BOJIAET JUHeapH3oBaTh KPHBYIO, KaK II0OKa3aHO Ha
puc. 12-4,6.

3aech KoahduuuenT nepefayd CHCTEMB MOCTOsHeH B pafouedl 06-
JacTd, Gnarofiapa uyeMy OOeCNeYMBAETCS BBLICOKAS UYBCTBHUTENBHOCTH
npu Manbx E u HanoGHOCT B YBEJHYEHHH YCHJEHMS OTNAjIaerT.

Ha puc. 12-3,¢ npeacrasied MeTOf  perysiupoBaHHs MOLIHOCTH,
OCHOBAHHBIH HAa HMMIIYJbCHOM NEPEKJIOUEHHH NePEMEeHHOIo HaNpsIkKeHHS
B MOMEHT Iepexoia ero uepe3 HyJab. DTOT MeTOJ HMeeT 3HAUHTeJbHBIE
NperMyHIecTBA Mepef MPOUMMH, TaK KaK HCK/IOUaeT PafHOMOMEXH (mo-
aaBjeHue pajuonomex obcyxKpaercs B pasg. 17). Caenyer 3aMeTHTs,
4TO TIPU HCMOJb30BAHUH 3TOr0 METOJAa CHCIeMa MOKET CUMTaThCA «JIH-
HEHHOM», TONBKO ecsi¥ NOCTOSIHHAsi BpeMeHH Harpy3KH 3HauHTeNbLHO
Oonblle, YyeM 5TO HeOOXOAUMO JJIsl INpeAbAYUIMX MeToJ0B, TaK Kak
BpeMeéHa BKJIOYEHHOTO W BHIKJIOUEHHOTO COCTOSIHUA 31eCh YBeJHUEHSI
COOTBETCTBEHHO 3TOT METOJ HE MOXKeT OblTh NPUMEHEH /s PelyJaHpo-
BaHMA TaKnX Harpysok ¢ MaJgod MHepIuell, KaK OCBellleHHe H HHOria
CKOpPOCTh BpaLleHHs1 ABHraTejed, HO BecbMa MOJE3eH NPH PEryJaupo-
BAHHI TEMIEPATYPBHL.

ITponopuyuonasbroe u nO3uLUORHOE pesyaiuposanie

Bce cnocoGm ynpabaeHus, nokasaHhble ua puc 12-3, dasistiores
npuvepaMyu IPONOPHHOBAJNBHOTO  peryjupoBanus. Cymuocrs Oporop-
HHOHAALHOTO peryJHpOBAaHHA COCTOUT B TOM, YTO MOIIHOCTb, NOABO-
JAHMAag K larpy3xke, MiMeHselcs TDONOPUHOHAJLUIO PACCONIACOBALHIO
Mexay $akTuueckum u Tpebyembim ypoBusimu senuunnst KE+N B rta-
Kux cticremax BeauunHa KE4 N npubmikaercas K CBOEMY YCTAHOBHB-
JeMycsl 3HAUEHHIO ¢ MEeHblell CKOPOCThIO, ueM MNepBoHayaJibHO, KOraa
paccoraacoBaiue Oblio OoabliMM. DBaarogaps stoMy ocymecTasetcs
OLICTPOE yCTaHOBJeHHe M Majoe mepeperyaupoBadue Onuako caeryer
3aMeTHThb, YTO B IMOZOOHHX CHCTeMaXx 00s3aTeJbHO LOJXKHA HMETb Me-
CTO HEKOTOpas craTHuecrkas oMIMOKa, 4TOOB 06ecneuuTb HeoOXOAHMYIO
MOIHOCT, B Harpyske u moiaepxate KE+N Ha TpeGyemom YpOBHe.
Beauuuna omWUOKH OAHO3HAYHO ONpeJeNsieTcss IOJHEIM YCHJACHIEM CH-
ctreMbl Ecnu Ttpefyercs yMeHbWM1b OWHKGKY, HAJO YBeJH4UBATh YCH-
JleHMe CHCTeMBl CO BCeMH BBITEKAIOIUMH OTCioAa ocobenHoctsimu Ilpu
YBEJIMUEHHH YCHJEHHs B PacCMATPHBAEMbIX CHCTeMaxX Hen3GexkHo paHo
WM TO3[AHO [OCTHTAercst TAKOe COCTOfIHWE, KOTA2 TIPOMOPUHOHANBHOE
PeryiHpOBaHNE NEepexXofHT B NO3HUMOHHOE, NpPH KOTOPOM CHCTeMa pa-
60TaeT B peXKHME «BKJIOUEIO—BLIKJIOUEHO» DTO BJjeder Oosbliee mepe-
peryJnpoBaHHe, [03BOJsHA, OJHAKO, CHU3KHIb  IOTPEMHOCTH  CTa-
ounusauuy BenuyuHel KE+N NpH BO3ASHiCTBUM Kak BHYTpPeHHHX, TaK
H BHEWIHHX BOZMylUeHuf. PesyabTHpyOllHe KDHBBE JUIA HO3HIHOH-
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Puc. 12-5. Kpusble, HimocTpupyionide paGoTy 3aMKHYTOR CHCTEMbl C TH-
pHCTOpAMU B peXKHMe MO3HUHOIHOTQ peryaupOBaHHA.

a - H3meHenne peryanpyemolt peanunnbnt KE+N u cursana owubku E (wipuxo
Bag Junug — KesaeMuifl yposeHb Beanduan KE+4N); 6 — panpsxenne Ha Ha-
rpyske NpyH DHTAHHH OT HCTOUHHKZ ITePEMEeHHOTO TOKa H MEPEeKNIOYEHHH B MOMEHT
nepexoja  HanpsXKeHUst Yepe3 HYAb.

HOTO peryJHpoBaHHs npefcraBieHbl Ha puc. 12-5. Heobxomumo orme-
THTh GOoJbLIOE TepeperyjupoBaHne H KoaeGauusi BejuyuHnl KE+4N
B ycTaHOBHBIIeMcsi Dexume. [103TOMy B Takoft cHcTeme NPHHOHMHAJL-
HO NOJOKHBI CYINECTBOBATh KoneGaHus (xoTsi 6bl M Hebojblune)  Be-
muuntel KE-+ N 0KoJ0 XKeJlaeMoro ypoBHS.

Ha puc. 12-5,6 nokasaHo MNO3WUHOHHOE pEryJIupOBaHWE, HCHOMDL-
3ylolliee TEXHHKY NMEPEKIIOUEHHs TIPH Nepexone HANpsIKEHHS 4epe3 HyJb.
1ITpuX-yHKTHPHON JiHHMed moKa3aHa cpefHsss MOMHOCTb. 3aMeuaHHs,
KOTODhIe GBUIH CHeNaHBl MO OTHOMIGHHIO K IPONOPHHOHAJILHOMY PeryJ-
POBaHUIO C NMepeKkJIOUeHHEM NPH HYJeBOM HATPSXKEHHH, CIPaBelJHBH H
B [J2HHOM CJaydae.

Botbop cnocoba pesyruposanus ¢ yierom 2ucrepesuca,
nepepezyAupoOBanus U 3ana30bl8aHus

H3 cxasanHoro Bblille He CAeAyeT AeJaTh BHIBOM, 4TO MO3HIUHOHHOE
pery/upoBaHHe [PeANOYTHTEbHEE [PONOPUHOHAJIBHOIO BO BCEX chy-
yanx.

W3 Gonee NeranbHOrG DacCMOTPEHHsl CHCTEMbl ¢ MO3UIMOHHBIM pe-
TyJHPOBaHHEM C MeDPEKJIOUeHHEM THPHCTODOB NIPH HYJIEBOM HampSIXKeHHH
clieflyeT, 4TO HanpsiKeHHe He GYNET mPHJIOKEHO K HarpysKe JO TeX mop,
IOKAa CHI'HAJl PAcCOr/IacoBaHHS He BO3PACTeT A0 ONpPEeleNeHHOr0 3Ha-
YEHHS B TOJNOXKHTeNBHOM Hanpasjenun. Jlanee, Hampsikenue He Gyner
CHATC € HArpy3KH [0 TeX HOp, MOKa paccorJacoBaHHE HE M3MEHHT 3HaK
W He JOCTHTHET OMpEeNeJCHHOrO 3HAUeHHS] B OTPHIATEJHHOM HanpasJe-

HuH. PasnocTb HanpsXeHHH paccorsacoBaHusi, COOTBETCTBYIOUIUX BXJIO-
YEHHIO M OTKJIOUEHMIO HArpysKH, HasblBalOl TFHCTEPE3ncoM. [ucTepesuc
CHUX AT TOYHOCTb CTAGH/M3ALMH NPH MOIHLHOHHOM PEryJHPOBAHUH.

Jpyrumu oueBHAHBIME (QAKTOPAMU ABASIOTCA, KAaK BHAHO U3 COIO-
cTaBjenus puc. 12-3 n 12-b, mepepery/iupoBaHde W CKOPocTh Hapacra-
HuA. Ecin Gospuloe NepeperyaHpoOBaHHe HEHONYCTHMO, TO CJAELYET HC-
10J1b30BATh MPOIOPUKOHAJbHEI 3aKOH yhpasieddst. Opnuako B 3TOM
cilyyae cKopocib ycTaHoBJeHHs Beauuudsl KE +N Gygmer cHuUXKATbCs.

Bo MHOrHX cHcTeMax NO3HUHOHHOE Pery/upOBaHHE B 4HCTOM BHje
Boo0lUle He/ib3s OCYHIECTBHTb. JTO OTHOCHTCS B NEPBYIO OyYepellb K CH-
CTeMaM, COAEPKAUIMM 3BEHO C 3ama3abiBaHueM. 3ana3jbiBaHue OTJHU-
yaeTCs OT MepeperyidpoBaHHs TeM, uTO H3MeHeHwe Beauuunnl KE+N
[IPOUCXOAMT CHYCTSl HEKOTOPOE BpeMS moc/jie BO3HHKHOBEHHSl CHTHana
paccorJacoBaHHsa. DTO 03HaYaeT HaAMuMe 3a[ePXKKH BO BPEMEHHM B Npo-
THBOMOJIOXKHOCTb OTCTABAHHIO MO (pase, BHI3BIBAIOULEMY [IEpeperyaHpoBa-
npe. CaenoBaTe/bHO, NPUMEHEHUEe NOSUUKHOHHOIO PEryJMpOoBaHus B CH-
CTeMax c 3anasfbiBaHdeM NPUBOAMT K TOMY, YTO BLIXOJHON NapaMeTrp
KE+N HenpepblBHO Koselsercsa MeX1y MAaKCAMaJbHBM ¥ MHHUMaJb-
HBIM 3HAaYeHHAMH. B To e BpeMsl XGpOWIQ CHPOEKTHPOBAHHAS CHCTEMA
HPONOPUHOHAJNBHOTO PEryJHpPOBaHUs NO3BOJAET MOAJepKHBaTh Tpelye-
MBIl IPOMEXYTOUHBIH YPOBEHb PEryJHPYeMOil BeJTUYUHbL

BripaGoraTth KakHe-1u60 oOulHe PeKOMEeHAAlHK N0 MPUMEHEHHIO Tpo-
IOPLUUOHANLHOTO HJH [O3HUHOHHOIO PEryJHPOBAHHA, NO-BUAHMOMY, HE
npeAcTaBisfeTcs BO3MOXKHBIM.  KaXX (Bl KOHKpeTHBIl cayuall KoJxeH
OBITb NPOAHAJU3HPOBAH OTAENBHO C YUETOM PacCMOTPEHHBIX Bbillle (ak
TOPOB

Orcrasanue no pase .

PeryjupyeMble BeNHuiHbl, H3MEHSIOUIMECS MENJIEHHO, ¢ OOJNbIIHMH
BPEMEHAMH YCTAHOBJNEHHUSA, CYUECTBEHHO YMeHbLIAIOT ONMACHOCTbL Heyc-
rOHYUBOCTH, KOTOPas MOXeT BO3HHKATb BCJIEACTBHE HAKOMJIEHHN 3Hep-
FHM  3/1eMEHTaMH CHcTeMbl. HecTaOH/IbHOCTE 3aMKHYTHIX CHCTEM pery-
JMUPOBaunsl CTAHOBHTcA OoJiee BepOSTHOR B clyuyae OBICTPHIX H3MeHe-
HHUE DeryJHpyeMoll BeJiMuMHBL, KOrZa HeW3(CKHO HMEIOUHeCs B CHCTeME
MHEpUHOHHBIE 3/JEMEHTH BbI3BIBAIOT 3anasjblBaHHe cHrHasa 1o tase.

12-3. NPUMEPbl CHCTEM ABTOMATUYECKOTO
PETYJIUPOBAHHUA C THPHUCTOPAMHU

Dr0oT maparpad HacTOAILErO pasfiesa IMOCBSIUIEH CHCTEMaM, HCMOJb-
3ylOIMM OJAHO- ¥ MABYHANpaBJeHHBE THPUCTOPH [Jis PeryJiupoBaHus
MOIIHOCTH, MOABOXHMOR K Harpyske. PaccMOTpeHHBlE IPHMepHl He OXBa-
THIBAIOT BCEX METOJOB PEry/IHPOBaHHSA, HO HOCTATOYHE! JiJisl 3HAKOMCTBA
¢ Haubosee pPacHPOCTPAHEHHBIMH.

12-3-1. Tounmniit peryastop Temnepatypnl ¢ (ha3oBbiM
ynpasJjenuem mMomHuocrbio 1,2 k87
Ha puc. 12-6 nokasana cxeMa peryasaropa TeMNepaTyphl, HCOOJb-

3yHlLIero (1)330306 yOpasJieHHe C KOCUHYCOHIAJbHEIM 3aKOHOM H3Me-
HEHHd yrJyia OTOUPAHHS ABYHANPaBJACHHOTO THPHCTODA. B nanno# cucre-
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Me nepeMeHHOe HanpsiKeHHe, NOAaBaeMoe Ha HAarpysky, H3MeHSeTcsl
c NoMoIIpK Metofa ¢a3oBOro yINpaBJeHHs, OCYLIECTBJISEMOro MOCPeN-
CTBOM /ByHaNnpaBJeHHOro THpHcropa. Harpyskoil B jaHHOM cClyyae sB-
JsIeTCs CONPOTHBJIEHHE HarpeBarTe/isi, a BBIXOAHO#N BeanuuHolt KE+ N —
TeMnepaTypa, KOTOpasi HM3MEHsAeTcsi CO CKOPOCTbIO, MEHbIUeH, ueM ua-
cToTa mNepeknioueHHs THpucropa. Takum ofpasom, KE+4+N umeer po-
€TaTOYHO OO0JIbIIOE BpeMsi YCTAHOBICHHA.  VI3veHeHHs TeMOepaTyphl
BOCHPHHHMAIOTCH TEPMOPE3HCTOPOM R, BHIOAHSIOWUM (YHKIUM 3je-
MeHTa oGpaTHON CBSI3M, M MOCHE CPABHEHHsS] C OHOPHLIM YDOBHEM, 3ajia-
BAEMHIM DPE3HCTOPOM Rj5, YNPaBAsiiOT MOMEHTOM MePeKJIOYeHHS OJHO-
TIePeXO/IHOTO TPAH3UCTOPA, KOTOPBHI YIPaBJsieT MOMEHTOM OTHHpPAHHA
ABYHANPaBJeHHOIO THPUCTOPA, BO3AEHCTBYSl B HalpaBieHHW CTaOHJIM3a-
unu Beanyuasl KE4N.

3amernM, 4To Ha puc. 12-6 TepMopesncTop (AATUMK TeMIEpaTyphi),
pesvcTop ycTaBku Rs B ofHOTEpeXOIHHIl TPAH3HCTOP C COAYTCTBYIO-
IUAMH 3jeMeHTaMu (AeTeKTOp pacCOTJAacoBaHHsI) OGBEZEHH NMYHKTHPOM.
Bb]z(OIIOM sTOr0 GJIOKA M #BAsieTCa CHTHaj paccorsaacopanus E, xoro-
poiit BosmedicTByeT Ha THpMcTrop ueped TpaHchopmarop Tp. Cocran H
B3aNMO7EeHCTBHE 3JIEMEHTOB, TOKa3allHLIX BHYTPH IyHKTHPHOro O6J0Ka,
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Puc. 12-6. Cxema peryisropa TeMaepaTyphl C (asoBbiM ylpaBJeHHeM
mouHoCTRIO 1,2 K6T.

Ha Bpeske [0OKasaHo HanpsKeHHe Ha SMHTTepe OIIT.

Ry, R:—2,2 xom; 2 8; Rs—4,7 xom, 05 6T; R,— TepMOPe3HCTOp C CONPOTHBIE-
HHeM Orkojo 5 Kom npu paGouedl TemmepaType; R — 10 KoM (peryaupoBka Temme
patypn), Rs-~5 Mom (perynupoBka ycuaenus); R; — 100 xom, 0,5 8r, Rs — 1 xom,
0,5 ar; OIIT Tuma 2N2646, T ruma SC46B, €. — 0,5 mkp, 30 8

BCTpeualOTCH BecbMa 4acTo B CxeMax (asosoro ymnpabaenns. Ilostomy
BaXKHO BLISICHATb, KaKafl BEJHYHHA B AaHHOM Cjyuae MNpeJcTaB/ser pac-
cornacopanue E.

Tak Kak THpuciop obnafaer CBOHCTBOM «YJHep>KaHHA», TO OH mOC-
Jle OTMHpaHusT B Kakoi-1u60 MOMeHT OyJeT OCTaBaTbhC BKJIOUEHHLIM
HA BCIO OCTABLIYIOCA uacTb moJynepxoza. CreposaTenbHo, NPH GOJb-
lUeM CHTHaje paccOrjacoBaHus OTIHpaHue IPOUCXOAMT B Hauaje Kax-
AOTO TOJYyTIEpHOfa, @ TpH MEHbIIEM CHrHajJe — B KOHLE IOJAyMnepuoia
HJM He IIPOHCXOJHUT BOOBIIE.

TakuM 06pa3oM, BeJHuHHON paccorjacosamnsa E B naHHOM caydae
aBASieTcs OTKJAOHEHHe MOMEHTa BpeMeHH (WM BeJHYMHBI yraa) OTIH-
PaHnsg TUPHCTOPA OTHOCHTEIbHO HEKOTOPOr0 HCXOJHOrO 3HAueHHd, Ompe-
JeJ51eMOT0 HOMHHAJIbHEIM PEXHMOM Harpysku.

BaXHo 3aMeTHTh, uTO CBOHCTBa OJioKa, OOBENEHHOro MYHKTHPOM,
LOMKHBE! OBITh CcTabuibHbi TpH KoneOaHUAX MNHTaKINero HanpsiXXeHdd,
OKpPYXKAWIIel TeMNeparypbl H APYFHX BHELIHHX BO3MYINEHAAX, MHBLIMH
cnoBamy, 3Hadenue E=R—B(KE-+N) nojaXHO ocTaBaThCsl MOCTOAHHLIM
npn Heusmenubix R u B(KE+N). Ecin 651 370 TpeGoBaHMe He BHIIOJ-
nsJoCh, KO3((pHUHEHT nepesaun PA3OMKHYFO# CHCTEMBI, BEPOSTHO, HE
WaMeHuJICcs OBl, HO BO3HHKJAa Obl CTAaTHYECKasi NMOrpelHocTb B BeJHUHHE
KE-+N.

O6cyxaate B 00lleM Bxje TOYHOCTh DeryJsropa TeMIEPaTypel He
npefcTaBafeTcss BO3MOXKHBIM, TaK KakK OHa 3aBHCHT OT CKOPOCTH Hapa-
CTaHusi W BEJUYMHBl BO3MYILEHHS, d TaKike OT TEeNJIOEMKOCTH Harpesa-
Tesi T0 OTHOIIEHHIO K 00beMy KaMephi, B KOTOpPOH PErymupyercs TeM-
meparypa. MoXHO JAHIIb YTBEPX1aTh, 4TO GJOK, OOBeJEHHBIA MyHK-
THPOM, CHOCOGeH KOHTPOJHPOBATH TEMIEPATYPY B ONPEASJICHHBIX Mpeje-
Jax. B famdoMm cayyae 3T0T GJIOK  MO3BOJSIET  KOHTPOJHPOBATDH
H3MeHeHHSl TEeMIEPaTyphl, BBI3bIBAIOINE H3MEHEHHs COIPOTHBJIEHHA TeEp-
MopesncTopa Ha =£2%, npu KojebaHHAX THTAIOWEro HanpsaXeHua Ha
+10%

12-3-2. MpoNOPUHOHANBLHBIA HJIM NO3HIMOHHBIA DPEryasaTop
TeMnepaTypsl MOWHOCTbIO 9,6 K8T ¢ KOMMYyTauue#
MpH HyJEBOM HANPSIKEHHH

Pery/asitop TeMnepaTyphl, B KOTOPOM OCYIIeCTBJAETCS KOMMYTanust
[lepeMEHHOTO HANDAXKEHHWs] NPH €ro HyJesoM MTHOBEHHOM 3HaueHHH,
mokasag Ha puc. 12-7. CucrTeMa MOXKeT OHTb Kak NPOTIOPIHOHAMBHOM,
TaK ¥ MO3ULIMOHHOM.

CTpyKTypHast cXeMa 3Jlech aHaJOTHUHa cxeMe puc. 12-6 n BKmouaer
B ce6s1 Harpyskd Hy;—H., TepMOpe3HCTOP, CXEMYy CPABHEHHS, BBLITOJIHEH-
nyio Ha THpuctope Ti, W CONPOTHBIGHMe ycTaBKH Re. Brixonuoli sesu-
unnolt KE4+N 3fech TakikKe asasercss temneparypa. Onnako B AanrHO#
cxeMe HMEITCH HEKOTOpHe ocobennoctn. Odman narpyska Hi—H, pas-
JefeHa Ha deThipe PaBHHE YACTH, KOTOpbIE MHTAIOTCA UeDe3 BepyIui
T: u tpu Bexomux (T,—Ts) Tapucropa, OTMeTHM TaKKe OCOGEHHOCTH,
cBA3aHHble c THPUCTOpoM T2. DTOT THPUCTOP H CBsI3aHHBIE C HHM 3Je-
MeHTH GyAyT aBTOMaTHUECKH OTNHpalb Beaywuii cuaosch tupuctop I
B Hauafe OTpHIaTeNbHOro mnosynepuona (T. e. KOLAA BepXHAS MIHHA
oTpunaTeJbHA) NPH YCAOBHM, uyTo T3 OBl TpeqBapUTENbHO  OTKPHIT
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B Hauaje MPEIIICCTBYIOLIEIO TMONOKHTeJbHOMO Mojynepaona uepes Cs,
Ru, Ms w [z TlocienoBaTensho ¢ ynpasisiomuM 3JeKTPOLOM KaX-
NOF0 13 BEJLOMBIX THPHCTOPOB BKJIOUEHB pesucTophl mo 10 om A
TOro, YTOGHl 3TH THPHCTOPH  OTIHPAJAHCh Ha KAaXAOM MoJynepuoie
TOJBKO BCJIEJ 32 BELyU[UM.

Cxema ynpassenns, ofecreyupaiomas OTIMpasue BeIyUIEro THPI-
CTOpa B HadYaje MOJOXKHTENIBHOTO MOJYNEePHONa WM TPENSATCTBYINIAS
ero OTNUPAHHIO, COCTOMT U3 3JeMeHTOB OGPATHOH CBSI3M, GTIOPHOTO 3Je-
MCHTA M IeTeKTOPA DAaccOriacosauud, NOKA3aHHBIX B NYHKTHPHOM TIps
MOYrobHUKe. B 3aBHCHMOCTH OT COOTHOWERHS CONPOTHBJIEHHE TEPMO-
pesucropa R: H cyMMapHoro conportusiaedus Rg n R; tupucrop T,
OyzeT 3amepThIM JMGO NPOBOAAIUMM B TeueHHe BCErO MOJNOMKHTENBHOTO
noaynepuoga Ecnu T, sanepr, To cmioBme THPUCTOPH 6YIYT OTKEI-
BaThC (Kak BE1yHImH, TaK M BexoMble). [lpu otneprom T, BXOXHOR
TOK Beayliero TtHpucropa T3 HegocTaTtoued RJsl ero OTHMPAHMH, # Ha-
TpsiXKeHue HA HArPY3KH He MOMAETCH.

Kak u B npeiniaynieM caydae, Hajfo OBGECNEUHTh COOTBETCTBHE CHI-
Hada paccoraacosanus sefuuune R—PB(KE+N) npu Bapuanuax okpy-
XKawulel TeMNepaTypbl M TuTalillero  Hanpsokedausi. C 31oft 1meabio
B CXeMy BBefieHbl CTabunnTpod Cry u auoast dy 0 [s.

BpejeHde HOMOJIHUTENBHBIX 37eMeHTOB Rg, Rs, Ji u C, vsMmensier
PEKHUM CHCTEMBL, AEPEBOAA €e OT MO3UIHOHHOFO K MNONOPUHOHAABHOMY

Ry P19
g
3
©0
§
&
& Hy He

Puc 12-7. TlponopuuoHa/JbHBIA WX MO3WUHOHHLI DEryASATOD TeMuepa-
TYPbl MOLIHOCTBHIO 9 8T C KOMMYyTilHell [MepeMeHHOro HanpsKeHds
B MOMVEHT ero. nepexona uepes Hy/b.

Ry — 22 kom, 2 o1, Ry — 470 om; Ry — 56 kom; Ri—39 xom, 2 8r, Rs — 22 Ko,
7 8r; Re— 1 Kom, 0,5 er, R; — 220 om; Rs Ro— 220 xom; Ryp-—3 Kom, 10 er,
Ry — 56 om; Rip—10 xom, Rz —22 kom, 2 ar, Ry, — 100 omM; Ris— 22 Kom,
Ry — 6,8 Mom; Ry, Ris, Riv— 10 om, C;— B0 Ml“ﬁ, 25 6; C,— 0,001 Mgy, 25 8,
Cs— 0,1 uxp, 400 8; Cy— 047 M, 25 8: Cs — 0,82 mxch, 400 6; Co— 5 mxe,
15 8; Tm,—mna C106Y1; 73—Ts tnna SC46D, narpeeatrenn H,—H,—no 2,4 Ksr.

Bce peaucropel no 0.5 er+£10%, kpome Tex, ;A8 KOTOPHIX YKasaHa HOMuHaAbHasA
MOUIHOCTD,

PeryJMpoOBaHHIO, HO COXPaHAA PEeXHM KOMMyTauud IPU HYJEBOM [H-
TalollleM HaNpaMKeHHH.

OCHOBHOH CMbIC] NPHMEHEHHs B KauecTBe YNPABJSIOWEr0o 3JeMeH-
Ta THpucTOpa T4 COCTOMT B TOM, YTO OH oOfecTieunBaer OTNHPaHue
T;—Ts B Hawajse MNOJynepuoda WJIH NPefOTBPALIaeT HX OTNUPaHHe,
OCyMIecTBAAA TakuM 00Pa3oM KOMMYTALMIO HArpy3KH NPH HYJeBOM
HanpsKeHHH; st ITOM Leid nogobHOe CXeMHoe pellleHde MPHMEHAETCs
BeChbMa yacTo.

CxeMa B TyHKTHDHOM NpSIMOYroJibHMKe pearupyer Ha H3MEHEHHe
CONpOTHBJEHHA TepMopesucTopa Ha =+0,5% npu KonebaHuAX nNUTAlO-
uiero Hanpaxeuus =+10%.

12-3-3. OpHonoaynepHonaHbli NO3HUHOHHLIK PEryasTop
TEMNEePaTypPul MOWHOCTLIO 5 K8T € KOMMYTanHed
NpH HYJIEBOM HANPAKEHHH

Ha puc. 12-8 nokasana cxema (O3MUHOHHOrO Peryastopa TeMmepa-
TYpbl, KOTOpHIi paBoTaeT ¢ KOMMyTauHeR npu HyJeBOM IHTAIOUEM Ha-
NpsiKeHUH, yNpapjAsi Majofi MOIIHOCTBIO, NMOABONMMON K TOJOTPEBaTe-
mo IT rtepmopene. Kourakrol tepmopene K B CBOKO ouepefb YNpas-
JSI0T MOIMHOCTBIO, NMOABOAMMON K Harpenateli0 neyd HAM K HHOH Ha-
rpy3Ke, NOAKMOYaeMOl HEmOCcpeACTBEHHO K CeTH.

B nannoit cxeme, Kax ¥ B NpeJbIIYLUHX YCTPOHCTBAX, TEPMOPE3H-
crop TP — snement ofpaTHofl cBsi3u; THpucTopn T H Ty — JeTeKTOpH
paccornacoBaHus U R4 -— NMOTEHUUOMETDP YCTABKH.

Crnenyer 3ameruTb, uTo T3 paGoTaer TOJNBKO B TEUEHHE MOJMOXKH-
TeabHoro mnoaynepuofa. OfHaKo ycjoBHe, ROoKeH HJH He JOJXKEeH 310T
THPHCTOP OTIUPATHhCA, ONpPeeNseTcd Ha NpeAUIeCTBYIOMEM OTPHUATE]b-
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Puc. 12-8. OnuononynepuoaHblil NO3MIMOHEHN PEryiaToOp TeMIepaTyphl,
KOMMYTHDYEMEIl MPH HYJIEBOM HampsiKSHHH.

R, Ry— 560 om, | er; R;, Ry;— 1,8 xom; Ry— 1 xom, 05 ar; Rs— 100 ox;
R;, Ry—1 xom {momyck na Bce pe3suctopnt +10%, HOMRHAABHAR MOLIHOCTb, KPO-
Me oTmeueHHLIX, no 0,5 ar); € — 21 suxg, 100 @; T—T,—CI06F, Tp — vepmopesn-
crop, umewouiuft conporusiense | xox npu T=25°C; Il — noporpesarens TepMope-
ne ¢ conporuBienueM 10 oM.
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HOM 1OJIyneprofe. IJTO OCYLUECTBJASETCS C IIOMOLIBIO ONEPEXKAIoUIET)
Hanpsxenns, nopasaemoro yepes Ci. Ecaum tupucrop T, samepr B Ha-
yaJje MOJIOXKHTEJBHOrO  NOJYNepHoia, To I3 oTHHpaercss ¢ IOMONbIO
ueriouku Rs, M3 u Ry, Ecom xe To ormepr, To T3 ne MOXeT oTie-
perbcst B OCTaBIIYIOCS 4acTh NMepHofdd. JTa CXeMa IpejcTaBaser cofoi
Jpyroil npeMep, rie HCHoJb30Bande THpucTopa T, 1I03BOJISET OCYU{ECT-
BUTb KOMMYTAUHIO NPH HYJEBOM NMUTAIOUIEM HANPAKEHUA

OcHOBHBIMH 3JIEeMEHTAMH JIeTEKTOPa PACCOMJIACOBAHUA, OOBENEHHOro
Ha puc. 12-8 nmyHKTHpOM, sBAfOTCA THpHCTOPHL Ty w T, OHu Bocmph-
auMaror caruan B(KE+N), BopabaTbiBaeMbll B Pe3y/abTaTe CpPaBHEHHsI
nanpsKenud Ha Tepmopesucrope # Ri. Ilockoabky Mexay Ty u Ts
HUMecTCsl NepeKpecTHasi CBA3b, BKJIOUUTBCA B KaXKIYI0 NOJOBHHY ITEPHO-
Aa MoXeT TonbKo oauH u3 Hux. Ciegosareibiio, nepsbift OTHEpPTHI
TAPUCTOP OCTAETCA TPOBOASLUIUM B TeueHHe Beefl ocTaBluefica uwacru
OTpHIaTeNBHOro ToJynepuona (6aaronapst Ci) W BCero cjaeayloumero no-
noxurenpuoro. Ilpu stoM, ecom T, 3ameprt, Ts; He MOMET OTiepeTbes
B JAHHYI TOJOBUHY NEPUOXA W HANPsIKEHWE Ha TepMopesde OTCYTCr-
ByeT.

CraGuJBHOCTE 1O OTHOUIEHUIO K KojeGanusiM HanpsKeHus IHTa-
HHSL M OKpy¥Kalolleil TeMmepaTypbl OOECNEYHBAGTCH CHMMETPUEH CXeMbl
JaHHOTO JeTeKTOpa paccor/acoBaHus.

Cxema pearupyer Ha H3MEHEHHE CONPOTHBJIEHUSI TEPMOPE3HCIopa
Ha *0,29% npu xoseGaHusAX ceTeBOro HampsiKenuss +10%.

«I'ubpunHoe» mocTpoeHHe cxembl (MPHMEHEHHEe TepMOpEse COBMCCI
HO C THPHCTOPAMH) ¥MeeT TO NPEeHMYLIeCTBO, 4TO TMO3BOJSET ympas
JATb GOJIBUIOK MOIUHOCTBIO B Harpys3Ke ¢ IOMOLIbIO MAJOMOLIHBIX TH
pucropoB. Kpome TOro, OTCYTCTBHE 3JMCKTPHUCCKON CBS3HM MEXAY TOAO-
rpesaTeseM peJie M ero KOHTAKTaMH JefaeT BO3MOXKHLIM YIHpaBJeHue
JApyrumMd BHAaMH 1arpy3ok. COOTBETCTBEHHO DEryJjupyeMoil BeaHyuHe
AomKeH OBITb BHIOpaH 3JeMeHT o6paTHoft cBA3d. OIHAKO HEKOTODHIE
BUABl HAarpy30K (HaAIpHMep, OCBETUTENbHLIE YCTaHOBKM) He IONycKa-
0T NPUMEHEHHs 3TOf CXEMBI.

12-3-4. Crabunu3atop AeHCTBYIOHIEro 3HAYEHHS
HanpsXKEeHHS MOLIHOCTBHI 3 8T ¢ (a30BbIM yHNpPaBJieHHEM

Cxema puc. 12-9 mammoctpupyer crocol perysHpOBaHHA JIeHCTBYIO-
HICrO 3HaueHHst HANpPsiKeHHS Ha aKTHBHOH Harpyske (asoBHIM MeETOJIOM.
Kax ynomunajoch Beile (§ 12-2-1), ecnmu Bemuuuna §(KE+N) cunmaer-
¢l HENOCPEJCTBEHHO ¢ AKTUBHOA HarpyskKd, TO pPeryJHPOBAHHE CTaHer
HeBo3moXHubIM. [TostoMy Ha puc. 12-9 mpenycMorpeHo BKJIOUeHHe Ia-
paiesbHO Harpyske JaMmbl HakaauBanrust JIy, KoTopas obecnedyHBaeT
J0CTa10ulyl0 HOCTOSIHHYIO BpeMeHH JJs YCPeIHEHHs MOLIHOCTY; BeJH-
yua ((KE+N) BeipaGarbiBaeTcs Ha BHXOAe  (oropesucTopa PP,
OCBel[aeMoro 3TOH JaMmof. Jlamna MoXeT OBITh KaK 4acTbio HATPY3KH,
18k ¥ CIICHUANBHLIM 3j1€MEHTOM 0OpaTHOR cBfisu.

Wcrounnkom Besauumusl KE4+N, T. e. neficrgyoulero 3Hadcisiy Ha-
npsDKeHdsi Ha Harpyske, sBJsieTcst CcXema ¢ JAByMs THpHCTOpaMM Tg
u T, Dnementsl oOpaTHOil cBsidau —— Jamna J/y u doropesncrop PP —
phipabarbiatorT senuynny B(KE-+N), kotopad ¢ nomomsi OfIT; cpas-
HUBaerca C ycrasKo#, sagasacmor pesucropoM Ry Tpausatrop OIlIT;
B CBOI0 GUepeAb VIpPABJSET BCIOMOTraTeNpHBIMH TupucropaMu Ty u Ty
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Puc, 12-9. CraGunu3alop nepeMeHHOro HanpsKeHuy MOUHOCTBIO 3 K6T
¢ (a3oBLIM YNpaBJeHHEM.

C,— 10 mxgp, 25 6; Co— 0,22 mxeh, 50 8; T, T, — tuna 2N2925; OilT; — tuna
2N2646; T, T2-— tunma C6U mau C106Y; T3, T, — tuna CI35E wuau C35E; sropuu-
unie o6motrkn Tpl mo 12 e, 100 ma.

Ry — 22 kom; 2 =—-2,2 Kom: Ry— 18 xom; R,— 10 xom; Rs-— 10 «xom; Rs,
R, Re—22 xom; Ry—56 xom; Riy—47 xom; Ry —8,2 xom, Ryz— 1.5 Mom;
Ris— 1 kom, Riy, Ris—22 om, 2 8r; Rig —9 xom=+5%, 14 87; Ry, Rizg— 33 om, 2 ar
{Bce peanctopm x10%, 0,6 87, KpoMe uHaye oGo3HaveHHBIX); PP — doTopeauctop
{cynbbunokaaMuennili).

(onpenenedue senuuuHer E npu Qaszosom 60 12HO
B § 12-3-1).

Cnenyer uMeTb B BHLY, uT0 BeHuMHOft KE-+N B RanHO# cucreve
aBaseTcy AefiCTBYIOIlee 3ilaueHHe HANpPSKCHAA, a HE MOIIHOCTb, TO-
TOMY npd HeGOJBLUIHX H3MECHEHHSIX CONPOTHBJIEHHSI Harpy3kH, KOTOpBIE
He MensioT Beanunny KE+N, semuuuna B(KE+N) ocraHetcss Heus-
MeHHOH M He BBISOBET HUKAKOrO KOPPEKTHPYIOUIEro BO3/1efCTBHUS.

Kak # B NpeibIylWMX MpAMepax, B NYBKTHPHOM INPAMOYTOAbHHKE
NOKA3aHBl JEMEHTHl 00GpaTHO# CBA3H,  3JeMEHT YCTaBKH (HCTOYHHK
ONOPHOro CWTHaja) W [IETEKTOP paccorylacoBanuf. 3iech Hanbonbuini

AHTEPSC MPEeNCTABAAIOT BONPOCH
Tupuc- |
mopb! |

YIPABACHIH

CTabMIBHOCTH  MpW  KOJeOaHUAX
okpyXaiwoulefi TEMIOpPaTypH M
IUTAOLIErO HAnDSKEHHd C 'yde-
TOM TpuMeseRus JaudepeHny-
AAPHOTO YCHINTENR, YITPaBAAIO-
Hler0 MOMEHTOM I&peK/I0YeHH
OHHOMEPEXOMHOTO  TPAHIACTOPA
¢ WCNoJb3OBaHMEM crocoba Bep-
THKAJALHOTO YMpPaBJeHHS.
Saementst Ry u C; ®a
puc. 12-9 cayxkat Aas KOPpEK-
UMM YaCTOTHOA XapaKTePHUCTHKH
CHCTEMBl (CTabMITE3aHH.
CucteMa UMEET TAKKe H HeKO-
TOpHE [pyrHe CBOfiCTBA, KOTO-

Puc. 12-10. BapHuaur BKIOUEHHS
aaMapl J1y Ha puc. 12-9 gasa cradu-
JAW3aUHK TOKA HAarpy3KH.
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Puc. 12-11. Bapuanr cxemol puc. 12-9 nas «Msrkoros» BrJAOuYe-
HUs

pble LOVIKHBEL GHITh ynOMAHYTH, PaccMorpuM, mampemep, puc. 12-10, nae
MOCAAOBATENbHO ¢ HATPY3KOH BK/IOMeHL HU3KOOMHOE COMpoTHBAeHHe R
¥ NapajjaenbHo eMmy Jamna JI;, ocBellamllasi (poTopesHcTop ofpaTHol
cBfA3K. B TaKoll cxeMe MOXMHO TOJYYHTb DeXHM CTaOWIH3AaLMH TOKa.
Kak u mpexpe, cxeMa Oyner cTaGHUIM3HPOBaTh TOK HArpy3KH, HO He
MOLLHOCTb.

OcoGriM cjyuaeM SIBASIETCSL  MCNOJIb30BaHWEe JaMI HaKaauBaHHsA
B xauecrBe Harpysku. [Ipm sTOoM HaJ0GHOCTL B CHEHHANBLHOH sJamme 06-
paTHOA cBsisy ornagaer. OTOPE3UCTOpP pearupyeT Ha OCBEIIEHHOCTh,
Kotopasi # Gyler crabuimsupoBaThea cucTeMoH. [laa MArkoro mycka
(cM. pasg. 9) Takoro yCTpPoHCTBAa MOXeT IOTPe6OBATbCA CreHHasbHAd
cxema, MoKa3aHHas Ha puc. 12-11.

TIpu OTKJOHEHHH NHTAIOLIEro laNpsiXeHHs DEryNATOPa, MOKA3aHHO-
ro Ha puc. 12-9, or HommHanbHoNl BeaHuHHH 220 8 Ha +30 8 H3MeHe-
HAS JeHCTBYIOUIEro 3HAUYEHHS BBIXOJHOrO HANpPSIKEHHS He MpPEeBbllNaiH
1 8 (oTHocHTenbhoe oTkaonenne MeHee 0,33%), Bpema oTpaGoTkH
CcKa4KooGpa3HOTO H3MEHEHHsi BXOLHOTO HampsxXKeHus MeHee 100 mcex.

12-3-5. Tounnbifi peryasaTop AJsA JaMN HAKAJTHBAHHS
moumHocThi0O 860 8T

Cxema Ha puc. 12-12 paspafortana mnasi crauiusaliuy CBETOBOTO
foTOKa JaMNn HaKanuBaHus MOWHOCTbIO 860 8T B JHamnasoHe OT I10JO-
BUHE [0 TOJHOIO 3HaueHHs HOMMHAJBHOM MouHocTH. 3ajaya peluaer-
¢ myTeMm (a30BOro ynpaBJjeHHA ONHOH MONYBOJHOH MepEMeHHOro Ha-
npAKeHusl TP HeusMeHHON Apyrodl nonysonse (cm. pasp. 9). Ilpn
noaBeNeHUH K JaMIaM HaKaJuBaHust MOIIHOCTH, DaBHOR HOJOBHHE Ho-
MHHAJBHOM, CBETOBOR MOTOK coctasisier 300 HOMHMHANBLHOM BENTHUHMHHL.

Pdc. 12-12. Tounstit CTabH1i3aTOP CBETOBOrg MOTOKA JaMI MOULHOCTHIO
860 s7.

Ry — 6,8 xom, 2 er; R, —47 om; Rz — 1 kom; Ry —680 oM, Rg— 1 kom; Ty— tuna
C20B; OIIT, — tuna 2N2646; C,— 0,03 mxd, 25 @; C;— 0,1 mK¢, 25 8 (Bce pesm-
ctropel +=10%, 0,5 87, KpoMe Huayde 0603HAUEHHBIX).

Taxum ofpasoM, cxema TNO3BOJAET  PETYJAUPOBATH  CBEIOBOH  NOTOK
B auanasode oT 30 mo 1009% ot ero MakcUMAaJbHOTO 3HAUCHHS.

OCHOBHEIMH 9JIEMEHTAMH 3aMKHYTOH CMCTEMB DErY.JIHPOBAHHS sB-
amotest gamnet JJy & Ja (no 430 er), cBETOBOSi MOTOK KOTOPHIX Npen-
crasasier BenuunHy KE4N, doropesuctop @P kak »/1eMeHT 06parHoi
¢BAA3H, ofHOMepexoAHbH Tpansucrop OIIT, B cXeme JeTeKTopa pacco-
r71aCOBaHUs M CONpPOTHBJEHHE K5 B KauecTBe YCTaBKH.

Huox A, uw tupucrop Ty BKAOUEHH  BCTPLUHO-TIAPARALABHO APYT
JIpYTy ® noclefoBaTelbHO ¢ Harpyskoil. Tupucrop T, MoXeTr oTnu-
partbecsl B TEYEHHe IOJOXKHTeNbHOTO NOJYNepHoAa ¢ 3afepPKKOH, olpene-
JSeMOll CXeMO#, NMOKa3aHHOH B NYHKTHPHOM INpPSIMOYro/ibHHKe. TakuMm
006(pa30M, PErylUPpyeMoR OKA3WBAELTCH  JIOACIKUTENDHAS NOJYBOJHA
IPHHUKN AEACTBHR CXEMBl YNPABJEHHA  AHANOTHYEH DPacCMOTPEHHOMY
NPUMEHHTEBHO K pHC. 12-6. YcTaHnoBJeHHe peXHMa CXeMBl ¢ OJHOme-
peXOoAHLHIM TPRH3HCTOPOM MNPOUCXOAWT UPKU HporojiduieMm auome Hi, 1. e,
BO BPEMN OTPUUATENBHOTO NONYNEPHOAA.

CTalHJBHOCT CXeMBI MO OTHOILEHHIO K KOJeGauHuAM OKpyXKawomied
TeMnepaTtypbl K MNUTAIOINEero HANpsKEHHA  ONPefenseTcss cBOHCTBaMM
crabuantpona Cry 1 CTaOHABHOCTBIO OJHONEPEXOMHOrU TPAH3HCTOPA.

Omnucannasg cXeMa [aeT HEeCHMMETPUUHOE HAUPSXKERHe ¢ NOCTONH-
HOM COCTaBAAOIIEH H II03TOMY HENpHronHa s cayyas TpaHcdopma-
TOPHOTO BKJIOUeHHs1 Harpysxu. Cxema MOXKerT CTaGHAH3HPOBATh CBETO-
BOH MNMOTOK C TOYHOCTBIO OKOJO 1Y TpH W3MeHeHHH TNHTAIOWIEro Ha-
npsxeHust B npenenax =109%.

12-3-6. CtaGuau3upoOBaHHBIN UCTOYHUK MHTAHHUSA
NOCTOSIHHBIM Hanpsixkenuem 60 g, 1,2 kg7
Ha puc. 12-13 nokazana cxema CTa0HAH3HPOBAHHOTO HCTOUHHKA

MOCTOSIHHOTO HaNpsXeHHs, B KOTopoill Hcmosab3oBan  (asoBbilt Mereq
YIpaB/JeHAs TPH KOCHHYCOHAAJbHOM 34KOHe H3MeHeHHs Yyrja OTNHpa-
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Puc. 12-13 CraGunu3HPOBAHHBI HCTOYNMK [OCTOSHHOTO HANpsiKeHHS
60 8, 1,2 Kar.

Ry—5 xom, Ry—22 kom, 7 er; Ry —680 om; Ry — 470 xom, Rs—R;— 3,3 KoM;
Ry — 10 xom; R, —4,7 xom, Ry, Ru—22 xom; Ry, — 1,0 Mom (peryauposka ycu-
Aenns); Rig— 1 koM, Ry, Ris — 33 om; Ris — 10 xom (Heo6XODNMO TONLKO ANS AHA-
nazoda 21—60

8)
Cy, — 1300 mhep, 200 8, C;— 23000 mKep, 75 8; C“'- 100 mKeh, 25 a8, C5— 0,1 MK,
*+10%; /1T, 11T, — tuna 2N3391, OfIT; — tuna 2N2646, T,, Ty — tuma C30A; L —
0.5 men, 20 a; Ly — 10 men, 20 @, pocdeThes mouwnocTe I'p 1 k8a mpu k,=4:1m

2 xea npu k. =2 1 (Bce pesuctopnl #+10%, 05 67, kpoMe HHade 0GO3HAUEHHBLIX).

unst Pabora cucTeMBbl aHa/oruyga PacCMOTPEHHBIM BHIlle IpHMepaM.
B nansHom cayuae BeamumHoin KE+4N siBasieTcs cpefldee 3HaueHue Bbl-
XOAHOTO HanpsiXKeHHs, NOTEHLHOMETD Ry sABJAETCA 3jJeMeHTOM oB6paTHOM
CBfI3M, OJHOMEPeXOMHBIA Tpanducrop OfIT; — feTekTopoM paccoraaco-
BaHuA u cTaOHANTPOH CTs — HCTOUHHKOM OTOPHOTO HaTpsXKelns.

Ha BBIXOoze CHJIOBOrO BBIIPAMHTENS ¢ THPHCTOpaMu T u Ty BKJIOUEH
tduabTp, obecneuuBaoinil s3@deKTHBHOE CriaXKWBaHue BHINPAMJCHHOTO
HanpsKeHns.

PaGota cxeMbl BecbMa €X0Xa C PacCMOTPEHHOH paHee NPUMEHH-
TeqbHO K pHe 12-6. Uacth BBIXOAHOrO HanpsiKeHwsi, cHHMaeMas ¢ IO-
TeHUHOMeTpa R, CpPaBHUBAeTCA ¢ OMOPHHIM HampsxkeHHeM Ha crabu-
jurpone CTy, W pe3yabTat TNpeofpasyercss ONHOMNEPEXOJIHBIM TPAH3H-
cropom OIIT; B curHan paccorjlacoBaHus (CM. 3aMcuaHus, CHeJaHHble
B § 1231, o xapakTepe BeauunHsl E B nopobueix cayuasx). Ilepe-
Mellasi ABHXKOK TOTeHHHOMeTpa R; BHH3, MOXHO YBeJHUHTb BHIXOLHOE
HanpsiKeHue A0 ero HanboJblIero SHaUeHHs, KOTAA THDHCTOPHl MPOBO-

AAT B TEYEHHe BCEro NOJyNepuoAa M KOrja, OYeBHAHO, cxema He 06-
Jgajaer crabuIM3NpYIOLEMMH CcBOACTBAMM — MuHuMaJsbHOe HanpaLeHue
onpeneisiercs crabuantpoHom CTa. YMenbluias OfopHce HanpsiKeHle,
MOXKHO CHH3HTh MHHHMYM CTAGHIM3APYEMOIO HaANPAKEHUA.

OTMETHM HEKOTOpHle OCOGEHHOCIH CXEMbI, TMOKA3aHHOR B NMYHKTHP-
HOM TPSIMOYroJIbHHKe. PerynupoBKa YCHJIEHHS CHCTEMBl OCYLIECTBJSACT-
¢ pesaucropoM Riz, KOTOPHI MoXeT OblTh HacTpoeH Ha NOJydYeHHe
nHaubonpliell crabuibHOCTH JuG0 Ha MHHMMAJLHOE Iepepery/jupoBAHHe
IPH TIePeXOAHBIX Tpoueccax u T. 1. Kombunanus sneventop Ry u Cy
OCYLIECTBASCT MSTKOE BKJIOueHHe cXeMbl (cM. pa3g 9). Dro samuinaer
MCTOYHHMK INHTAHMA OT TOMAYKOB TOKA IPU BKJIOUEHHH 3HAYHTEJbHON
marpysku. CraBunbHocTh paGoThl  6J0K2, OYepUeHHOro MNYHKTHPOM,
ofecreynBaeTcd cTabuAMTPpOHAMH H INpHMeHeHHeM JHddepeHIHaNBHOTO
yeunurens Ha /1Ty u HT,.

B Ta6a. 12-1 nokasanbl ocHOBHBEIE INOKa3aTesan ycTpoiictBa. Brixox-
HOe HanpsiKeHHe peryaupyercst B npefgedax ot 7 no 21 & mim or 21
no 60 & B 3aBHCHMOCTH OT Kos(phHuHeHTa TpaHchopMauuud TtpaHchop-
matopa Tp;. HanbGosbiunii TOK HAarpy3kd npH Jr0OOM HanpsiKeHHH pa-
el 20 a. BpeMs ycraHOBJieHHsi MOXKHO YMEHbUIHTb, €CJid 3r0 Heo6xo-
(IMO, OHaKO, LCIO yBeJH4YeHUs NyAbCcaluil HAa BEIXOJE.

Ta6anuma 12-1

@
- =4 .
¢ . HecTaGuabHOCTD BLIXO - ]
o5 Uyapcanny Bpeva ycTanOBACHNHS FOTO HAMpPSKEHHS NpH 3
gg ¢ JacToToH 120 e | NMpH YKa3dHHOM H3Me- yFaSaHHOM H3MEHEHiTh ¢
gg (Asopmozepaamax), HEeHHH [T()Kitcﬂil‘py3KH TOLA HATPY3KE I, B ES&
5 .
BE B HaupsKeHns cetd U, 2SE
m X
40 mpn I,=2,5 a | 100 upn I,;=2,5520 a 2% mpu [5==2+10 a
101 70 apu 1,=20 a u 20425 a 0,03% upu J;=10+20 a 4:1
60 npu I_=2,5 a
H .
15 | 360 upu I,=15 a - - 4:1

20 40 npu I;=2 a
880 mpu I;==20 a

200 npu IK=2—:—8 a
150 mpn 1,=8+2 a

1% npu I;=2+8 a
2% 1pH 1,=8+-20 a
+0,5% npn AU = £15% | 4:1
ul=10a

29, mpH IH=2,5—:—10 a
1% mpu 1==10--20 @ 2:1

0,5% upn [;=3+20 a 2:1

25 | 800 npu 153=20 a —

40 | 700 mpu I,=20 a 200 npH IH=3—:—20 a

+0,4%, npu AUQ: +159%,

50 | 200 mpr I, =10 a — n =10 a

500 mpu 1H=20 a
280 mpn I =12 a

150 npu [,=2,5+12 a
75 npn IH-—_-IQ—:-QO a

2% npu I15=2,5+-12 a

n 1,5% apa I;=123-20 a
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12-3-7. Perynftop CKOPOCTH [BHraTelf BEHTUARTOPA
Ans cTa0uNu3auuu TeMnepaTyphbl

CucrteMa na puc. 12-14 namoCTpHpyeT NPHHIHIM, Kor/la Derymnupye-
MBIl ($a30BHIM METONOM [BMratellb NEPeMEHHOTY ToKa BpallaeT BeH-
THARTOD M PEryJAHpyeT TemnepaTypy 00BEKTa, OIHAKO MOLINOCTb, HAY-
mas Ha Harpes, NOTpeGASieTCs OT BHEIIHErO HCTOYHHKA, He BXOXSLIEro
B cHcreMy. Takad cucreMa MOKeT CIYXKUTh /IS DEryJupoBaHus TeM-
nepatTyphl B NMOMEIEHHAX MyTeM MATBOAA KAK Harperoro, TaK U OX/IaX-
AENHOTO BO3AYXA WAH BOMBL.

MouHocTs, TOABOAMMAA K IBHTraTeNo, ynpasasieTcss ABYHaImpaBneH-
HeM  tHpucTopoM Ty, mauGonbmuii TOK B oOMoTKe  npurarens 3 a.
BenTtuaatop, npuBOAAMBIt BO BPALICHHE 3TUM QORHraTeneM, H3MeHsCT
TemnepaTvpy B nomeltenyn {1. e. Bexnunny KE+N); curnan obpatoh
cBA3W BbipaGaThBaeTcs ¢ HOMOILLIO TepMmopeaucropa TP. Kak u panee,
cHrHasn o6paTHOW CBSI3M CPaBHUBAETCd  NETEKTOPOM  PAaccOTIacoBaHHUS
(Ha oxwuomepexoAHoM Ttpausuctope OIIT,) c onopHoil BeIUMYHHOW, aa-
nasaemofi pe3ncTopom Rs, B peayabTate Hero yron ornspadus T; na-
MeHsieTCA.

Caenyer uMeTh B BHAY, uTo B JaHHOM CJydae BpeMs YCTaHoBJe-
uust pemuunHp KE4N, T. e. Temfepatypd, 3HaudTeldpHo OOlbiIe, ueM
HACTOTA mnepexgiouenns Tupuctopa. ®DaxrTHyecKas CKopocTh JBUraTens
HeCyluleCTBEHHA, TAK Kak JABHraieNb. BXOJAMT B 3aMKIYTYi CHCTeMY pe-
TyJHPOBAHHS TeMIlepaTyphl. .

Kak # upexie, sneMeHTH 06pPATHOR CBA3M, QMODHOTO CHrHana H
RETOKTOP PACCOrAACOBANNA 1N0Ka3albl B NYHKTHPHOM NPAMOYTOJbHHKE
DTa 4acTh cxembl NOA0GHA BO MHOTOM OmucaHHOH BHINre (cM. puc. 12-6),
HO HMeeT caeaywoiue ocobennoctd. Tepmopesucrop TPy u Tpauaucrop-
Hetll tpurrep wa T, w [IT; pearupyior Ha TemnepaTypy BOAbl (ecaH

Puc. 12-14. Perynstop ckopocTu BpallleHus NBHratess BEHTHAATOpA AJA
crafuau3aluy TEMIEpaTyphL.

R, —82 om; R,—47 kom, 4—er; Ri—1 xou;
Ry —33 kom, Ra—22 som; Ry — 47 «om, Ry — 00
cropm #10%, 0,5 8r, kpome uHaue ofosnauennwix); C,— 0,22 mxg. 200 s; Cr—
0,05 muxgp, 200 a; Cs, Co—0,1 mxgp, 50 8; Ty — Tuma SC41B; [T, p IT;—nna
2N2712, OJIT, — tana 2N2645.

Ri. Ris. R, —85 rxom; R,

om, f\—1 xom (sce peau-

MOC/eHAS HCIOJb3yeTCA B KaueCTBe TEINIOHOCHTENA KaK 1Js oborpesa,
TaK U /Ui OXJNaXKAeHna), H B 3aBHCHUMOCTH OT TeMIepaTypbl BOJH H3-
MeHSIeTCS «4YyBCTBHUTEJBHOCTbY PErynsTOopa.

Saementhl Rii, Hd1, ds u C, olecrneuuBaior BpailleHHe IBHraTess
¢ MaJoil CKOpPOCTBIO, KOrJla MO YCJOBHAM peryJupOBAHHA OH He [0J-
xKen paGorate. DTO nojesHo A CcJa00H, O HeNpephBHOA LHPKY-
JSIHU BO3JAyXa WJAM BOABL, a TaKKe IJIA CMa3KH ero MOTIIHIHKKOB.

Hpyras uenouka Li, Ci, C; ¥ R, CITYKAT IJA CHUKEHHT CKOpOCTH
HapacTaHusi HATPSKEHWst HA THPUCTODE M yMelibliaeT ONACHOCTh ero
CaMONpPOW3BOJILHOTO OTIHPAHUA, a KPOMe TOro, MOJABJAET PajHONo-
Mexs. (DTu Bompock ofcyxkpmaiorcss B pasdf. 9 u 16 cOOTBETCTBEHHO.)

CxeMa B NYHKTHPHOM TNpPSMOYTOJbHUKE MOXKET DPeryJHpoBaTth TeM-
nepatypy B Iipejlellax H3MEHEHHS CONDOTHBJCHHA TEPMOpE3UCTopa Ha
+3% npu Konebanuax nuramoiero nanpsxenus ua 10%.

Pa3zpen TpuHanuaThi

SOTOTUPUCTOPBI U UX TPUMEHEHUE

CseT u apyrue GOPMBI JYUHCTOH 3HEPTHH BCe INIPE HCHOIb3YIOTCH
B KayecTBe HocuTesdss MHGOPMAUMH B CHCTEMAX, COAePXKAIMX HOJYnpo-
BOoAHHKOBble TnpuGopel.  IlpuMeHenne cBeTa OTKPHIBAET BO3MOXKHOCTb
(pMKCHpPOBATh HAaNMYHe UJH OTCYTCTBHE HENMPO3PauyHbiX OOLEKTOB H
ofceneuuBaeT 3MeKTPHUUYECKYIO H30JALUNI0 MeXJy HCTOUHHKOM M IpHEM-
HHKOM HHGOpMaluu ITH KauecTBAa, 0coOeHHO MOJie3Hble IPHU YNpaBJIeHHH
cu/ioBBIMH  npuGopamyu, OyAyT PaccMOTPeHBl B HACTOslleM pasjene.
CBeTOUYBCTBUTEJNbHEIE 3/1€KTPONHbIE NMPHOOPHl HAXOAT TakKe NpHMEHe-
lide B CBSI3M, JIOKAUMH H JAPyrux objactax, BhIXOJAALIMX 33 DaMKy Ha-
crosueil KHUrH.

13-1. CBETOUYBCTBUTEAbLHBIE TOJAYNPOBOAHUKOBLIE
NMPAUBOPDLI

HUMeercss MHOTO THTOB 1pHOOPOB, NPeoGpA3yIONIHA AYUYUCTYIO 3HEp-
FMI0 B M3MeHeHHe KaKoro-Audo 3JeKTpHUecKoro napamerpa. lakum ma-
paMerpoM MOXeT ObITb 3JEKTPHUYECKOE CONPOTHBJICHME, KaK 3TO HMe-
€T MeCTO B pPasjMyHbiX THIaX (OTOPE3UCTOPOB Ha OCHOBe CyJabduia
KajiMHd, cejeHuJa KaAMuHg M Cyabdunga ceiHUa. [Ipyrde THIBI MpH-
GopoB  MpeoBpasyioT  JYYHCTYI0O 3HEPTHIO B TOK HJH HampsikKeHHe.
K npuGopaM 3rtoro THma OTHOCATCA  CeJeHOBble, TePMAaHHEBbIE WM
KpeMHueBble (HOTO3/IEMEHTEl, TeHepupylolye 3. fA. C. TOA AeHCTBHEM TO-
TOKA JyuMCTOfi 3HepruH. UyBCTBUTEJbHEIMH HO OTHOUIGHHIO K JYYHCTOR
31HepTHH MOryT OHITh Bce NOJYIPOBOJHHKOBBIE NPuOOpPBHL C p-n-Tepexo-
namu: Goroauoasl, GOTOTPAH3UCTOPBI M CBETOUVBCTBHTENBHBIE THPHCTO-
pbl CO CTPYKTYDPOH p-fi-p-n.

TToTOK AyyucTOH 3HEPrHH FeHEpHPYeT B TOJYNPOBOJHHKE Tapel HO-
Clitcltell 3JMIeKTPOH—/IbIpKa. B NPHUCYTCTBAH 3JeKTPHUYCCKOTO [OJS 3TH
IOCHTEJIM BLI3KIBAIOT 3JeKTpuyeckKuit ToK. B doroTpansucropax u doro-
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Puc. 13-1. Koncrpyxuns TpHoanoro $oroTupucropa (a), ero noJaynpo-
BOJHHKOBAs CTPYKTYDa H ycJoBHoe o6o3Hauenue (6), cTpyKTypa TeTpol-
Horo GOTOTHPHCTOpA, H3TOTOBJAEHHOrO MO MJAHADHON TEXHOJOTHH, H €ro
ycaosHoe 0603HaueHue (8).

1 — BMBIBOJ yNpasAAOMErY 3JeK1pona; 2 — repMeTHyHbll cnaft; 3 -~ cBapHoe YmJjaoT-

Herpe; 4 — CBETOYYBCTBHTENBHAR NUOWANL, 5 — CTeKNAHHOE OKONKO; 6 — XaTol-
HBIl BblBox; 7 — KpeMHHeBas Tabierxa.

THpHCTOpax 3TOT TOK JeHcTByeT TouHo TakK e, Kak 6a30BBIl uanm ym-
paeasomuil. Huxke Gylder paccMoTpeH HMeHHO 3TOT Kaace (OTONPH-
OCpoB.

13-1-1. Tproaubifi HOTOTHPHCTOD

Tpuonuwe dotoTHpPUcTOpet! BO MHOTOM NOAOGHH OOBIMHBIM TUPI-
CTOpaM ¢ TOH pasHuueil, YTO B HX KOPMyCe HMEETCs CTEKATHHUE OKHO
(pnc. 13-1,a). POTOTHPHCTOP MOXKHO OTNEpeTb KaK CBETOM, NONANAIO-
MM Yepe3 3TO OKHO, TaK M OOBIUHBIM CMOocoGoM -— Mojatelt ToKa la
ynpasasiiomuit 4ekTpol. Bo Bcex ocrafibHbix OfHOUWEHHAX OHH HE OT-
JHUAIOTCH OT OOBIYHBIX THPHCTOPOB. KOHCTPYKUMS TMONYNPOBOAHHKOBOR

! AHranfickoe coRpaleHHOe o603Hauenne —LASCR (cm. pasg. 1). (ITpam. penak-
TOPOB llepesona)

tabaersl QOTOTHPHCTOPA TaKXKe He OTJIHYAETCs OT OOBIUHON, KaK BUAHO
us puc. 13-1,6. Ilpubop Moxer npomyckarb aHOHHI ToK 10 1,6 a u
BhIIEPKHBATh B 3aMepTOM COCTOAHHM HanpsikeHue no 200 s. Belcokas
YyBCTBUTEJNBHOCTb p-f-p-fi-CTPYKTYDPHl II03BOJISET HENOCPEICTBEHHO nepe-
KJ0YaTh 3HAUYHTENBHYIO MOUIHOCTh NYTEM BO3AEHCTBHA  HHUTOXKHOH
3HePTUH Mafamlero Ha CTPYKTYPY CBETOBOTO MOTOKA.

13-1-2. Terpoanusiii poToTHPHCTOP

Terpoanbifi ¢oroTHpHCTOp ! MO OCHOBHBIM XapaKTepPUCTHKAM aHa-
JIOTHYeH TETPOAHOMYy THpHcTOpy Tunma 3N80, BHImyckaemMomy dupMoi
GE. OcHoBHOe pasiuyhe COCTOHT B TOM, YTO B BepPXHeH uacTH MeTaJ-
JIMYECKOTO KOpNyca BMOHTHPOBAHA JIMH3a, NO3BOJANOIIAA YNPABJATb MY-
TeM BO3IEHCTBHS NOTOKOM cBeTa. TeTPOAHEIN (POTOTHPHUCTOP NPEACTAB-
Jasier coGoft p-n-p-n-CTPYKTYDY, BEHIIOJHEHHYI0 IO IIAHADHOH TEXHOJO-
run (puc. 13-1,8). Hanuuue aHomHOro ympasJasiollero sjnekrpoga ¥ (A)
Hapaay c KatomueM — Y2 (K) pnenaer nmpuGop BecbMa THOKHM TpH
paspabotke cxem. [IpuGop MoXeT TmepekaIO4aTh LEMb C TOKOM [0
175 ma u HanpsaxenueM g0 40 8 mpH HH3KHUX YPOBHAX YINPAaBJAIOILErO
CBETOBOI'0 MOTOKA.

13-1-3. doroTpaH3HCcTOP

ToK MexXJy KOJJIEKTOPOM H SMHTTEpoM (OTOTPAH3UCTOPA MOIKET
ynpaBAsATBCH CBETOBHIM IIOTOKOM, NAfalU{UM Ha CTPYKTYpy. Bosgeii-
cTBHE CBeTa B (DOTOTPAH3HCTOPE aHAJIOTHYHO BO3AEHCTBHIO 6a30BOro TO-
ka. Oranune GOTOTpaH3WUCTOPA OT TPHOXHOTO WM TeTpoaHoro ¢oto-
THPUCTOPA COCTOMT B TOM, UTO 3J€Ch KOJUIGKTOPHEIH TOK H3MeHSeTcs He
CKaykooOpasHo Ao HOJHOro OTNHpaHHA npuGopa, a NPOROPLHOHAABHO
CBETOBOMY MNOTOKY. KOHCTPYKTHBHO (OTOTPAH3HCTOP OTIHYAeTCss OT
0OLIYHOTO TPAH3WCTOpPA HAaJWUKeM JIMH3BI B BEpPXHeH uacTH Kopmyca.
TIpuGop BEIIOJHEH MO MIaHAPHOH TEXHOJOIHH, obsajaeT GONbUIHM YyCH-
JeiHeM N0 TOKY H PacCYuTaH Ha CPABHHTEJbHO Majblfi KOJIJIEKTOPHHIH
Tok. OH MOXeT HCIOJb30BATbCH HpPH PA3OMKHYTOH neny 6asbl anGo
C COTMpPOTHBJEHHEM Mex1y 0a3ofl M 3MHTTePOM, KOTOpOe MO3BOJAET pe-
TyJAMPOBATb YYBCTBHTEJIbHOCTD.

13-2, XAPAKTEPUCTUKH H ONPENEJNEHUE UMHTEHCHBHOCTH
H3JYHEHUA

JIasi TNPHMEHEHHA CBETOYYBCTBHTENbHBIX  NPHOOPOB HeoGXOIHMO
3HaTh, OydeT /M [JaHHBIH  HCTOYHMK CBeTa Ha JAaHHOM pPacCTOSHHH
OKasbiBaTh HOCTATOUHOE [eficTBHe HA (OTONPUEMHHK. DTO 3aBHCHT OT
CIeKTPaJbHOH XapaKTepHCTHKH M IUIOTHOCTH CBETOBOTO IOTOKA, OT 4yB-
CTBUTEIBHOCTH  (OTONPHEMHHKA K H3JYYEHHI0 [JAHHOIO CIEKTPaJbHOTO
coctaa W OT B3aHMHOIO pAaCIOJIONKEHH H HaJH4Hsl ONTHYECKOTO
KONITaKTa MeXAy HCTOYHHKOM W NpPHEMHHKOM. BHXox GoJbIIHHCTBA
HCTOYHHKOB JIYYMCTOH SHePrHH BhIpaXKaercd B €IMHHUAX, XapaKTepHBIX

! AnrJamifickoe RassaEue —Light Activated Silicon Controlled Switch—LASCS,
(TpuM. pexaKTOpPOB nepeBoAa.)
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A BHIUMONQ CBeTa, 0T
a%3aTh B ofuieM Buae ob-
GeKTMBHOCTL BOMIEHCTBHA HA
GOTONPHEMHHK BHILMOro CB2-
Ta M UIYMHCTOR BHepru B Go-
nee  WUPOKOM  (OMBICie TR
NpeJCTABASETCA BO3MOMHBIM

1.0

0,5

13-2-1. XapakTepHuCTHKH
HCTOMHUKOR
H NPUEMHHUKOB

Cger, RaKk BCAKOE 3JeK-
TPOMANHUTHOE M3JydeHne, Xa-
paKTepu3yercss YaCTOTOH KO-
aeBammit  (Mau  EIHHBL  BOJ-
HBl), aMOJUTYA0R W owanpan-
JeHsem. ManyueHHs pasiaui-
HBIX MCTOYHUKOB MOCYyr pac-
nHojaraTeCs B DA3IMYHBIX
ofnacrax  wcnektpa. Crexrt-
pavibHble XapaKTePHCTHKH He-
KOTOPBIX HCTOYHUKOB MpEI-
crapaensl #a puc. 13-2,a.
Cneknpansyas XapaKTepicTH-
Ka Jamibl Haka ABaHHA 3aBil-
CHT ©OT LBETOBOH TeMIepary-
pHl manmoi gamnbl. [Iperozas
TEMTEPATypa B CBOI ONEPelb
ompefenseTcs TANOM JaMIbi
A OpHIOKEHHHIM  HafmpAXKe-
HUEeM.

BosneficteHe 3NM@KTPOMArHUTHOTO HANYUYEHHS HA H[PUEMHUK 3aBU-
CHT OT JUIMHBI BOJHBI Najapoumero HaaydyeHuss OTHOcHTesnpHOe Bo3jei-
CTBHE M3JYYeHHS ¢ Pas3JHYHOM AJHHON BOJHBI Ha YCJOBEYEeCKHE a3 H
HEKOTOPBle THUMBI KpeMHHEBHIX (OTONpHGOPOB mokasaHml Ha puc. 13-2,6.
[nas pearupyer na GoJlee KOPOTKOBOJMHOBOE H3JyueHHe, weM NOAYIPQ-
BonHHKOBHle npuGopnl, CpaBuupas puc. 13-2, a B 6, MOXHO 3aMeTHTb,
uTo GoJibLiast 4acTb SHePrHH, H3Ayuaemoil JaMIoH HAKAJUBaHHA, JeXKUT
B ofaactn HeBHAMMOf (MHObpaKpacHo#l) paauauxd. BaxHq 3aMeTHTb
TMO3TOMY, YTQ 3HEPTHA, H3NyuyaeMas B BHAIMON YacTH cnekTpa, ewe He
onpenensier TOro, HACKOJBKO 3TOT HCTOUHHK OyieT 3pdexkTHBEeH B coue-
TaHAN C TEM WAH HHBIM KPEMHHEBLIM (hOTOMPHOOPOM.

Puc.

13-2. OtHocurenpHble crneKTPafb-
Hbi€ XAPdKTEPHCTUKH.

a — DAANUAUBIX KHCTOHHBKOR BANYYCHNA,
HEKOTOPMX NPHEMHHKOS;
BaHHA TPH UBCTOBOH Temmepatype 2 500° K;
2—rt0 e npu 3400°K; J— HeoHoBAR JNaM-

6 —
J — namna Hakagau-

na; 4 — CBeTOSMHTTHDYyOwH#t puom, 5— ue-
AoBEYeCKHIt TVIa3; 6 — TPHOAMBIL OTOTHDU-
CTOP; 7 — TeTpoaHbf GOTOTHPUCTOP, 8 — do-
TOTPAH3HCTOP TuNa 14A502.

13-2-2. Onpejenenne HHTEHCHBHOCTH H3Jy4YeHHs

[TnoTHOCTD MOTOKA MYYHCTON 9HEPTHH, Hagaioulefl Ha MOBEPXHOCT,
HadbiBaloT obayuesnocTsio (H) M u3MepsloT B BarTax Ha KBajgpaTHhil
cantnMeTrp. Tax Kak Kax/oe H3JydeHHe XapaKTepH3yercs cNEKTpaJbHOI
XApPAKTePHUCTHKOR, TO 1E&Meco06pasHO BBECTH TakXKe MOHATHE OGJydeH-

HOCTH, OPHXOASUIEHACS Ha eiuHuuy Aauinl Boads Hy. Bemwunna H,y
aBjnetca Qynxkuxed IanHbl Boib Tolla 1o onpelenennio

H = 3 H, d\.

O603HaUNM O THOCHTE IBHYIO CUIEK1PA IBIYIO YYECTBUTEJNbHOCTH NpUeM-
HHUKA K H3My4eHHI0 MAHHOK Anuubt Bofquet uepes Vy. Torad pospeiictsie
H3IyYCHHA JAHHOH JUIMHBL BOJIGI OT WCIOYHUKA HA lLIpHeMuHK Oyaer Xxa-
paKTepusonaThca mpousseenueM f1,Y;. Tak Kak Bosaeclicrsue H3.dyuCHUA
o6aajgieT CBOACTBOM AJAHTHUBHOCIH, TO oOJulee Bo3nelCTBHE JABHOTO
HCTOUHHKA HA JAHHBE [PHCMHHK MOXHO ONPeAL/Th, MPOCYMMHDOBAB
npouseesenus H,Y, Anm BCeX MJuH, 1aKuM oOpasom, spdekrTusHast 06ay-
dennocts 1 pasua:

Hg = Hyy, an.

B cBeroTexsnke 3HCPrHIO H3JYYECHHsl B BHIMMOM jlMalladoHe CHeKT-
pa onpenensitor 00 e¢ $HU3IHONOrHYECKOMY BO3IMENCFBHIO HA 123 Heao-
BeKa. JHEPrus 3TOI0 HU3JydyeHHs Ha3blBaeTcs CBETOBHIM MOTOKOM, OHA
CLEHHBAETCH MO BeJHHYHe CYO'HEKTHBHOrO 3PHTEJbHOrO OUIYLIEHUA Tak
Ha3blBAEMBIM «CPEfHHM HODMAaJbHLIM IJ1a30M UEJOBEK:», CTNCKTPajblasi
4YBCTBHTENLHOCTD  KOTODPOTO  CTaHgaprtusuposama (kpupas & Ha
puc. 13-2,6). Takum o6pasoMm, HHTEHCHBHOCTb BHAMMOrCO CBeTa onpeje-
gsietca sbdexTuBHON 06ayuyeHHOCTHIO uesoBevyeckoro Taasa Ocseines-
HocTh E, onpejensieMasi KOJHYECTBOM CBETOBOK 3HEPIHH, majdioulefi ua
MOEEPXHOCTh (T € MOBepXHOCTHOH MIAOTHOCThI0 MOTJUKE BHAHMOTO H3-
NyuyeHUs ), XapaKTepH3yeTcad COOTHOLIEHIICM

E=K S H,Y,d\.

Enuenna usMepenus: OCBELIEHHOCTH — JIOKC (4K).
B nocsienneM cOOTHOMEHYWH Y, — OTHOCHTENbHAS CHEKTpaJibHas dyB-

YYBCTBHTENLHOCTE 4eNOBEUECKOrO 1232, H300paXeHHas KpHBOH 5 Ha
puc. 13-2,6. Koapdrunent nponopiHoHanabHocTd K 3aBUCHT OT BHIOpaH-
HOil cucTeMel eauHui. Ecaun E Bbipaxaercs B Jmkcax apu H, peipa-
’KaeMofi B BaTTax Ha KBajapaTHeii caHthmerp, To K=6,76-108.

O dexrusrang 0OAYyYeHHOCTL ABJISEICH OAHIM H3 NapaMeTPOB TPH-
OJHbIX ¥ TeTPOAHHX (OTOTHPUCTOPOB. B CNPaBOYHBIX JaHHBIX Ha 3TH
npubopbl yKA3LIBAETCH HMX UYBCTBHTENbHOCTb B (YHKUMH JJIHHBL BOJHB
U3JIYUeHHA, TaK UYTO MOXHO paccuntath 3(Q¢eKTHBHYI0 0O0JYUCHHOCTD,
ecan H3BECTHA CHEKTPaJbHas XapaKTepHCTHKa HcToudvka. DddekTHB-
Hast cONMy4entocTb OTnHpaHna MHorn ~— 3T0 MUHHMaJbHOE 3HadYeHue -
(dexruBHOI 00JYyUEHHOCTH, KOTOpoe ofecneunBaeT mnepekJioueHue npubo-
pa B poBOASALIEe COCTOSIHHE, T. €. ero OTHHPAHHE.

13-2-3. Hopanok pacyera

Ecau cnexktpalbHas XapaKTCPUCTHKA HCTOYHWHKA H3JIYUEHHA H3BECT:
Ha, TO Mexjy 3(PeKTHBHOH OOMY4EHHOCTEID W OCBEUIEHHOCTHIO [PH-
eMHHKa CYIlecTBYeT ompelleficHHoe cootHolsenne. [aa mape:: navna
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HAKATHBAHHA — TPHOMHbLI
(Bm/cuz o Ze \ $0OTOTHPUCTOP OTHOUIGHHE
AK 53 3TMX BRAYUHH 'PACCYUMTAHO
\ M fI0CTPOeHO Ha pec. 13-3
B (OYHKIHH [IBETOBOH TeM-
nepaTyphl JaMIbL.
O6uryesHocTs 11pu6o-
pa ofpaTHo TPOMNOPLHO-
HaJgbHa  KBagpaTy  pac-
CTOMHUS  J0 HCTOUHHKA.
UyBCTBUTEALHOCTh MaKCd-
MaJibHa, eCId JuH3a ihoTo-
o npubopa manpasreHa
2000 2400 2800 3200 OPPOro Ha wWCToYHHK., OT-
UBcmaBar memnepamypn, K HOCATE/NBHAA dYBCTBHTENb-
HOCThb WPH JPYIHX yrjaax
MEXY 'OINTUYEOKO0H OChIO
MMH3BL M HalpaBieHHEM
Ha WOTOUHUK OOBIMHO TpH-
BOIMTCA OpeNy  XapaKre-
PHCTHK mpuGopa.

N W P !
/

N

P —

~

Puc.  13-3. 3apucHMocTb  OTHOLIEHHS
a¢ekTHBHOR OGIYUEHHOCTH K OCBeIIeHHO-
CTH TPHOAHOrO THPHCTOPA OT LBETOBO
TEMNepaTyphl JaMIbl HaKa/JUBAHHH ¢ BOJb-
$hpamMoBOil HUTHIO.

B xauecTse npuMepa paccyuraeM sdhPeKTHBHYIQ OBMYUEUHACTE doroTupucropa,
PACHONOKEHRHOr0 Ha paccToanun 15,2 €M OT TOYEUHOTO HCTOYHUKA C CHMJIOH CBETA
100 ¢s, nmeromero useTosyio TeMmmeparypy 2500° K, Iycts dborotapucrop nanpas
JIEH TOYHO HA MCTOYHMK. IlJollafb CTEKJIAHHOrO OKOWKA (OTOTHDHCTODOB CEpUU
L8 u L9 pasHa 0,24 cm®. CiaenoBaTelbHO, TEJACCHBIR yrofl, IOA KOTOPEIM OKOILIKO
THPHCTOPA BHAHO OT HCTOUHHKA, COCTABJALT:

0,24
2= w3 = 1,04-10-3 cmep,
H OCBEIEeHHOCTh THPHCTOPA baBHA:

100-1,04-10-»

E= 0,1522

= 4350 ax.

Kosppuuuenr nepexosa or E k¥ Hg npw 2500°K s

0,021 mem/cm2-ax, OTKyAa

puc. 13.3  pasen

Hg = E.0,021 = 4 350.0,021 = 9,2 mam/cme,

STa BesuuNHA BNOAHE NOCTATOYHA AJIA OTHHPAHHA Bcex (OTOTHPUCTODOR THma L9,
M2 KOTODHIX ~ MHBEMalpHas  OCJYYEHHOCTh  OTIMPAHHS cocTasaser

HO T
4,2 merjcm2,

13-2-4. dddexTnBHas 06ayyeHHOCTb OTHHPAHHSA

D¢dexTHBHAR 06MyYeHHOCTh OTOUPAHHA Hg grn 3aBHCHT OT KOH-
KPETHOH CXeMbl, B KOTOpo#i paboraer (oronpubop. Bee thaktopnl, oka-
3bIBAIONIME BAMAHME Ha BeJHYHHY TOKa YNpPAaBJSIONIEro 3JeKTPofa, HE-
06X0ANMYI0 s OTTIHPaHHs THPHCTOPA, WM Ha GA30BHIl TOK TPaHSH-
cTOpa, MOAOGHBIM e 06pasoM BausioT # Ha Hg orn. YBeaudenue 1d-
TAOLLEro HAnpsaXeHHs, TeMNEPATYPbl WM CONPOTHBIAEHMS MeXay Y-
PaBJAIOIHM JEKTPOAOM U KaTOAOM YMEHbIIAT HE ory M COOTBETCT-

BeHHO BEJHUHHY OOJNyueHHOCTH, HeOOXOAMMYIO IJisi TIONYYeHHs oOlpe-
HCJIEHHOTO TOKa B (oTOTpaH3MCTODE.

Pesvcrop MeXay YIpPaBAAIIMM  3JEKTPOAOM H KaTQZOM BCeraa
BKJIOYaeTcA y TPHOAHHIX H TeTpoAHBIX ¢oroTupucTopoB. Ero Hasmaue-
HHE COCTOMT B TOM, yTOOB! NpPe/OTBPATUTH JOMKHLIE OTIHUPAHUA OT TO-
KOB YTEYKH M TOHH3HTb  YyBCTBHTENBHOCTH K CKOPOCTH HapacTaHUs
HATIPAKEHHS JI0 XeNaeMoro YpPOBHSA. OTOT DE3HCTOp OCOGeHHO HYyXeH
B YCJOBHAX NOBBILIEHHON TeMIepaTypHl.

3aMeHa pesucTopa KaTyWIKOH MHIYKTUBHOCTH (mopsinka 1 ew)
nenaer npubop GoJlee UYYBCTBUTEJBHBIM K CKODOCTH HM3MEHeHHS CBeTa,
YeM K ero abcomorHomy sHagenmio. Iloc/e OTHHDAaHMA yAepIKHUBAOUUIL
TOK THpUCTOpa Oyler BO3pacTaTh IO Mepe YBeJuuyeHHsT TOKa B HH-
pykrusHocTH. Kak TosbKO yiaepKuaBalOuuii TOK craHeT GoJblie aHO[-
HOTO TOKa, ONpelensieMoro Harpysko#, npubop sanpercs. Kosebarenan-
HbIff KOHTYp, 06pa3oBaHHLI! KOHIEHCATOPOM, BKJIIOUEHHBIM HADPaAJeTbHO
C 3TOH HHAYKTHBHOCTBIO, MOXeT B HEKOTOPHIX CJiyuasik BBLI3BaTh MOBTOP-
HOoe oTnHpaHne npubopa. MupykrtuBHOCcTh ¢ GoablUOR NMOCTOAHHOH Bpe-
Medi L/R MoxKeT YyMeHbUIHTh BpEMs BOCCTAHOBJIGHHS YIPABJAAEMOCTH
npuopa BCHEACTBHE MPOTeKaHdss O06PATHOTO TOKA B UEMM YNpaBJAioLle-
FO 3JeKTPOJa Ha HHTEpBajie BOCCTAHOBJEHHS CPa3y MOCJAe 3alupaHus.

Hcnonb3zoBaHue KOHAEHCATOPA, NMOAKJIOUEHHOrO NAPAJVICIBHO pPEe3u-
CTOpY MEeXJAy YNPaBasIOLIHM 3JeKTPOAOM H KaToJd0M, jenaer nputop
YYBCTBHTENBHBIM K YCPeJHEHHOMY 3HaueHHIO CBETOBOTG HoTOKa. IJTOT
KOMIEHCATOp BBI3HBaeT TAKXKe YBelHUeHHe BPeMEHH BOCCTAHOBJEHHS
YIpaBAseMOCTH Npubopa.

Konpaencarop Gonbuioit emxoctr (mopsinika 50 mkg)) MOXKeT yBeJu-
YHTb BPEMfA BOCCTaHOBJIGHHS npuMepho Ao 10 Mcex, TaK 4YTO THDHCTOP
6yzneT ocraBaThCs OTKPHTHIM [a:Ke B OJHOTOJYNEPHOIHOR cXeMe TpH
yacroTe 60 ey.

13-3. NIPUMEHEHHUE ¢OTOTHPUCTOPOB

13-3-1. doroTHpUCTOPHBIE peje

Coyeranne TPHOZHOTO HAH TeTpogHoro (GOTOTHPHCTOPA ¢ OCBETH-
TeJBHOH JaMmofi sBjsercss NOJYNPOBOIHUKOBHIM AHAJOTOM 3J€KTpOMe-
XaHpuyeckoro pese. 1o couetTaHue OGECIEUHBAET NOJHYIO 3JEKTPHUECKYIO
H3OMAUIIO MEXAY BXOAOM H BLIXOAOM, YTO B DSAe CAYYaeB HABJIACTCA
pechMa nNoje3HelM. Kpome Toro, Taxoe cgoropene o6jagaer BCeMH Tpo-
HYHMH JAOCTOHHCTBAMH TI0JYHPOBONHUKOBHX TPUGOPOB: HOJTOBEYHOCTHIO,
6onpmuM  GEICTpPOjeficTBHEM (MOpsiika  MHKPOCEKYHA), OTCYTCTBHEM
apeBe3ra KOHTaKTOB H MajkhiMi pa3mepamu. Ha puc. 13-4 usoBpaxe-
Hbl HEKOTOPHIE OCHOBHBIE CXeMbI pefle ¢ ¢doToTHpucTopaMH. POTOTHPH-
crop Ha pHc. 13-4,0 nuraeTcs OT MCTOUHHKA TNOCTOSHHOrO HANPSIXKEHHS.
Ecan meprRomavajbHO THPHCTOpP 3aliePT W JaMna BHIKJIOYEHa, TO Ha-
rpyska obecrouena. ITocsie BK/IOUEHHS JaMubl (DOTOTHPUCTOD OTHUPAET-
CA U K Harpy3Ke HDHUKJa/JbIBaercsl MPaKTHYECKH Bce MUTaHue. THpUCTOP
npojonKaeT OCTaBaThCs NPOBOAAUIMM W IOCTE BHKJIUEHHS JAMIB A0
Tex [op, moka He OyjeT Pa30MKHYTd aHOAHAA LENb.

B cxeme na puc. 13-4,6 nuraHue OCYLIECTBASAETCH NepeMeHHbLM Ha-
npaxendem. Tox uepes Harpysky OyAer NpPOTeKaTb B MOJOKHTEILHBIE
MOJIYTEPHOABL HOJIIOTO HANpPAXKEHHS TOJBKO TPH BKJIOUEHHON JaMiie.
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Puc. 13-4. Cxembl )OTOTHPHCTOPHBIX pene.
& — ¢ CaMOYJEpXa3HHeM 3a ¢4eT MHTaHHS THPHCTOPA OT KHCTOYHUKA
HOCTOAHHOTO TOKa, — Ges caMmoylep-Kalivs; 8 — ¢ HRHTallHeM OT
HCTOUHHKA IEPEMEHHOro HAMPAKEHHH H HATPy3KoH, BRJIQUEHHON

HAQ MOCTOAHHOM HAX OEDEMEHHAOM TOKE, 2 -— ¢ LBYMsSt BCTPEUYHNO Tia-

pasnsienbHiMu GOTOTAPUCTOPaMI M Harpy3Kol B Nelln nepeMertioro
TOKa.

Ecan narpyska TapncTopa MmeeT HHIYKTHBHBII Xapakrep (peae, sJeK-
TPOMATHU1LI), TO ee CAeJAyeT LIYHTHPOBaTh AMOAOM (KaK IOKasaHo Ha
puc. 13-4,6) ana craakKMBaHWsi TOKa B HarpysKe M yMeHbINEHHS BII-
6GpaulH KOHTAKTOB.

Ha puc. 13-4,6 nokasaHa cxema, nuTaeMas NEPEeMeHNBIM Hanpaxe-
HHEM C HAarpy3KoH, BKJIIOYEHHOH Ha NOCTOAHHOM TOKe; B OTJIHUHE OF
cxeMbl Ha puc. 13-4,0 3Ta cxema He ofnamaeT CBOACTBOM CcaMOOBJOXH-
POBKH, TaK KaK 3XeCb THDHCTOP BOCCTAHABJNBAaeT CBoe 3aMepToc Co-
CTORHHE B MOMEHTBl, KOTJa TOK ABYXNONYNEPHOIHOTO  BLIIPAMHTENS,
NpoTeKalmui uepe3 Harpysky, cnagaer no Hynas. CiegyeT HMeTb B BH-
Iy, uTO €CJH Harpyska HOCHT MHJIYKTHUBHBI] XapaKTep, TOK MOXeT (ma-
JaTth He [0 HyJSl W THPHCTOP He OyiaeT 3anupatecd. Hpyrofi sapuaur
BKJIIOUCHHS HATPY3KH — B I1leNd  [epeMEHHOro ToKa (NYHKTHP Ha
puc. 13-4,8) — Tn03BOAAET YHPaBAATH MOLIHOCTBIO B IlenH NePeMeHHOro

TOKA ¢ NOMOWBI oAHOre ¢olortupuctopa. Ipyroil BapHAHT ynpasjeHHs
MOWHOCTBIO B LEeNH IepeMCHHOr0 Tuha npeAcTaBdeH Ha puc. 13-4.2
I3 sTou cxeMe ympaBjeHue OBOHMMH THPIICTOPaMi MOXKET HPOH3BOAHTLCA
¢ MOMOUILI OAHO#H Jamusl. Bo3momuas TPYAHOCTh [pH UCHONLIOBAHUM
9TOH CXeMbl MOXKET COCTOSAITb B TOM, uTO H3 32 DPa3HOH YYBCTBHTE/b-
HOCTH (OTOTHPHCTOPOB OAHH M3 HHX MOXKeET OrnHpaThesi ¢ OOJBUIMM
3aNa3ablBalneM, ueM Apyrofi, uwau BOOOLlE HE He OTNMHPATLCA, BCJIEACT-

BHE 4€ro B HATPY3Ke MOXKET [I0ABUTHCH [HOCTOAHIIAA COCTABAACIIANA
TOKa.

13-3-2. YnpaBjenne MOWHBIMM THPHCTOPAMHA € NOMOILUbLIO
thororupHCcTOPOB

Harpy3outnas cnocoGHOCTb PacCMOTPEHHBIX BHINIE CXeM MOXeT HBITb
yBennuena, ecau (OTOTHPHCTOP BKJWOMEH B Uenb YNPABJAAIOULIErD 3J1eK-
Tposa Oosee Momoro THpucTopa (puc. 13-5,a).  BuaousMeuennai
cxema Ha puc. 13-5,6 sKkBUBaJjeHTHAa pejie ¢ PA3MBIKAMOUN[HM KOHTAKTOM.
ITa cxeMa 0coGeHHO MOJME3HA B TeX Cayyasix Korjla HanpsiKeHue OJIK-
HO OLITh NOJaHO HAa Harpy3ky INpPH MCYe3HOBEHHH CBETa, Kak, HanpH-
Mep, B YCTPOHCTBAX CHIHAJNH33UUH.

Ecnu nurarnomee HanpsiXkeHue MpeBBILIAeT IpefesbHO AONYyCTHMOE
HanpsxeHre QOTOTHPUCTOPA, TO HOCJAEAHUH MOXKHO HCNOJAb3OBATH AJs
ynpas/eHH] OoJsiee BLICOKOBOJLTHBIM CHJIOBBIM THDHCTOPOM € NOMOIUBIO
cXeMmbl, MoKa3daHHoit Ha puc. 13-6. Ilpy mUTAaHHM NMOCTOSAHHBIM Hamnpa-
KedyeM (MJIH TeDeMEeHHBLIM HanpsKeHHeM NPH HMIYJIbCHOM HCTOUHUKE
cBeTa) KOHLEHCATOP, BKJIUYEHUBA, KAK MOKasaHo #a puc. 13-6 myHK-
THpoM, OyAeT HIPaThL pOJib MCTOYNNKA IMIYNLCOB YIPaBAAIOILErO TOKA
AJSL CHJIOBOTG THPHCTOPA M I[TO3BOJIMT YBEJUUYHTH TEM CaMbiM CONPOTHB-
gens Ry ¥ Ry [lpu nurauuu nepeMeHHBIM HanpsXeHUeM H Heupe-
PEIBHOM CBETOBOM NOTOKEe KOHIEHCATOD He MOXET 3apAgHThCS H, CJe/0-
BaTeJbHO, He yJAyullaeT YCJAOBHI OTHHPAaNMA  CHNOBOTO THPHCTOPA.
B stoM ciyvae Ry HOMKHO OblTh BRIGPAHO [KOCTATOUHO MaJgbiM, 4TOObL

uau

Puc. 13-5 Ynpasnenue CHIAOBHIMH
THPHCTOpPAMU C Tmomombio ¢oToTH-
pPHCTOPOB.

a — HOPMANLHO 3aNepTLiA CHADROA THPH-

cTop, 6 -— HOpMAaJibHO OTKPLITLIR cuaoBoh
THPHCTOP.

Puc. 13-6, BapuaHnrt cxeMbl BKJIO-
YeHHS oroTupucropa ans
yupasiends Golee BHICOKOBOJDT-
IIHIM CHJIOBBLIM THPHCTOPOM,
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obecnednTh HeOOXOIUMblM
yOpaBAAKIIYE TOK IOHJIO-
BOTO TUDWCTORA, W JOCTA-
\\ rOYHO  BONBLIIAM, UTODEI
nomyCTUMAs BeJIHUMIA
3T0r0 TOKa He ObLia mpe-
BBILLGHA.

aa  pabGorel  mpH
OUeHb BBICOKHX HaNpsiKe-
HHAX HCOOJB3YETCs moce-
HOBATENBHOE  CORNMHEOHME
rupucropos. CxeMa Ha
puc. 13-7 wmuamocTpupyer
Cnocod  OHOBPEMEHHOro
YIpaBJIeHHsS TaKHUMK THDH-
CTOpPaMH C NOMOLLbIO PO-
TOTHPUCTOPOB, YTO HCKJIIO-
qaeT HeoONOAHMOCTD BJIeK-
TPHUECKOH H3OVIANHM  11e-
fell 'VnpaBJeHHS CUJOBBIX
THPUCTOPOB. B mMpHBemeH-
HOH cXeMe mepexJryaeMoe
HalpsXKelne MOXKeT ObITh
paBHO CymMe  fLOITyCTH-
MbIX HampsxenuH Cuj0-
BBIX THPUCTOPOB.

Hazpyswna

=

al
bt

=

Pue. 13.7. Hcnoan3oBanue (OTOTHPHCTO-
poB AJf OJHOBPEMEHHOrO OTIHDAHHg MO-
Ce0BATEJIbHO COEIHHEHHBIX CHJIOBBIX TH-
PHCTOPOB.

13-3-3. Jlornueckue cxeMbl

Hanuuve ABYX BO3MOMKHBIX COCTOSTHHE Y (POTOTHPHCTODOB jenaer
HX WIe4ambHBIMM MPHOOPaMH B ONTOINEKTPOHHHIX JIOTHUECKHX CXeMaX.
Pucydok 13-8 uanocTpHpyeT peasn3alnio HEKOTOPLIX JIOTHYECKNX (yHK-
UHA C MOMOIUBI TPHUOJHBIX HJH 1eTPOJHBIX (OTOTUPHCTOPOB.

13-3-4. CxeMbl OIHOBHOPATOPOR

Cxembl Ha puc. 13-9 u 13-10 sBasoTca 0AHOBHOpATOpaMH, BO3GY K-
naembiMu cBeroM, OjHOMEPEXOLHBI IpaHsucTOp Ha pHc. 13-9 nepexo-
yaeTcs cnycTa npumeprHo 0,6 cex mocse ornupanis (POTOTHPHCTOPA HM-
nyJabLcoM cBeTa. Ecam HMIyJbc cCBeTa OKOHUMJCSH, TO (OTOTUPHCTOP 3a-
nupaercsas Ecau ceerT npojosKaer OCTaBATbhCs BKJOUEHHLIM, TO OAHO-
nepexoanwtit tpanaucrop OIIT Oyner paGorath Kak pesigKcanuouublit
reiepatop. Ilpu aTom oH ofecmeudT 3anupaHue (POTOTHPHCTOPA TpH
CBOEM OuepelHOM TNEepeKNIOUeHHH cpas3y INoc/le TOrG, Kak cBeT Oyner
BHIK/IOUeH. BBIcOKOE CONpPOTHBJAEeHHE 3amepToro (OTOTHPHCIOPa mocae-
I0BAaTENbHO C KOHJAEHCATOPOM nNpekpamaer pabory pesaxkcatopa Ha
OIlT.

Ecau B cxeme puc. 13-10 dororupucrop 3artemped, To tHpHcTOp T2
HaxXoJAUTcs B NpPOBOAsAIeM cocrogHud. Koraa KopoTKmil cBETOBO HM-
nyJibc BO3feficTByeT Ha (OTOTHPHCTOP, OH oTnupaercs u uepe3 KoH-
gencarop 1 wmxg 3anupaer T: B To xe BpeMa HauuHaercss 2a-

pst xommescaropa 4 MKQp uepes
pesucrop 220 kKoM, TaK WTO WO-
TeHIHaa MpaBo¥ OOKJIaLKH, mo-
CTEIIGHHO (OB LI AACE, MEHACT
3HAK ¥ CTAHOBHTICA MOJOXHWTENb-
oM. Cmyers mpuMepro 0,6 cex
mipucrop T oTmMpaercd, B pe-
3yapTaTe 4ero 3andpaencs Horo-
THPHCTOD.

3Dra cxema ymobHa Aag
oOHapyXKends CBETOBBIX MMIYJb-
COB, L4 reBHOCTD KOTOPBIX mpe-

BhlIAET  OMpefeeHHoe  MHUHH-
ManbHoe BpeMs. Eonu imurens-
HOOTh  WMNYyJbCa  MpeBblilaeT

0,6 cex, mo GOTOTHPUCTOP oOCTA-
eTCsl ‘B MPOBOMSILIEM COCTOSHUA.

13-3-5. JerekTop
NPEPBIBHCTOTO CBETA

Ecna  oper, napaiomui da
TPUONHBIY WM TETPOAHBIA (DOTO-
™pucrop B cxeMe puc 13911,
MpepuIBaeTcs, TO HanpsKegue Ha
KDEeMHHBOM OHOCTOPOHHEM
knoue KOK B mosoxuTensnyo
TOJIOBUHY [EpUoLa HAMpAKeHUT
nuTamumefi ceTw 'Bo3pacTaer, M,
KOMIa OHO |MOCTHTHET HampsiKe-
HUA NepeKTIoUeHds KAIo4a, OTNH-
paercss ™pucTop To. DTO BHI3LL-
BaeT MOABJAGHHE B HATPY3KE TOKd
B RHAE MOJYBOJH, HPOTEKAIONINX

2N2647

T
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13-9.
yapasaaeMeil CBETOM.

Puc. Onnosubpartop,

Hazpyara

Hazpysxa

N\

~
U

I
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Puc. 13-8. OnrosnekTpoHHble JIOTH-
qeCKHe CXeMBL

a —cxeva HU;
1puriep, cpaGarbisaiou(ifi 0T nONepeMeH-
HbIX

6 — cxema WJH;

HMIIyAscoB c¢Bera Ha @T u
(R,C= 100 mKcer).
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Puc. 13-10. Oanosu6parop, ays-
CTBHTEJIbHEIA K  HNJIHTENBHOCTH
CBETOBLIX HMIYJBCOB.

8 —
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Puc 13-11. Jerektop npepuiBucroro cmera.

B TeueHne BCErO HHIEPBajsa BPEMeHH, TOKA OTCYTCTByeT cseT. ()HOCTO-
POHHHE KHOY B A4aHHOH CXeMe obeclednBaerT OTNUDAHHE CPAaBHHTSJIBHO
MOLUHBIX THPUCTOPOB, TPeOYIOWHX OTHOCHTENBHO GOJBLIHX TOKOB VNDAaB-
JeHHSA, XOTSl MOLIHOCTb, paccenBaeMasi B pesucrope 18 Kom, cpasnu-
TEILHO HeBeJdKa. 3apsin, HaKaIUIHBAEMEBIl KoOHICHCATOPOM, ofechedn-
Baer AOCTATOUHBI WMNyabc ToKa AAS OTHMPAHNA 1aKe CPABHHTLIBHO
MOLUHBIX THPHCTOPOB.

13-3-6. BbICOKO4YBCTBHTENbHBIE CXeMblI OGHApYXKEHHs CBeTa

DOTOTPAHIACTOP B COYETAHUH C OJHONEPEXOAHBHIM  TPAHBHCTOPOM
Haer BO3MOXHOCTL ODHapYXXHTb HH3KHME YDPOBHHM oOcBelileHHOCTH. Ha
puc. 13-12 noxasamo, Kak 3To MOXET OHTL BHINOJNHEHO. B cxeMe Ha
puc. 13-12,a monagadue H3JAydeHHs HA (OTOTPAHIUCTOD BHI3HIBAET TNO-
fAiBNeHHe POJNAKCALUMOHHBIX KoJeGanu#f Ha BHIXOJe reHepaTopa € OFHO-
IlepeXOAHBIM TpaHsucropoM. Tax Kak yacrora >TuxX KodeGaHHB cyliecT-
BEHHO IPEBHLIIAET YacTOTY NHUTAIOUIEH ceTH, TO THPHCTOP OyAeT oT-
KPHT OAHMM U3 HMIYJbcOB B Hauaje TN0JIOXKUTEJBHOrO MNOMYNEPHOAA.

>
S |we 843
@O —_ T Q
Q’\ = ~
g a0 106 §
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Puc. 13-12 Cxembt ¢oTopese ¢ MOBHILEHHON 4yBCTBHTETbHOCTEIO.

7 — BRJAICUEHre HATrPY3Kh NOpy TNGCHABAEHHH CBera, & — BrAUCHHE Harpyskx HpH
HCYe3HOBEHUH CBETA.

B cxeme puc 13-12,6 manpsikeHue npuxsnanpiBaerca K Harpyske, Koria
(oroTpanusuctop 3aremnsercs B 3ToT MoMeHT HauuHaer paboTaTh pe-
JIAKCAUHOHHLIA renepaTop, KOTOPEHIA # OTHHPAeT THPUCTOP B Hauaje
0YepeIHOrO NMOJOXKHTEABHOrO NOJYNEPHOAA.

13-3-7. dnexTpoHHAs BCMLILIKA, yOPABJAAEMas CBETOM

B psize o6nacTeii Qotorpaduu HHOrAAa BO3HHKAET HeoBXOJHMOCTb
B GLICTPOJCACTBYIOIIEM (OTOUYBCTBIHTEALHOM TNepekaiouaresne, crocob-
HOM BKJIIOUMTb BeJAOMble (3a8BHUCHMBIC) JIAMIBI-BCOBIUKH (IIUPOKO HC-
NONb3yeMBie, HanpuMep, KaK MHOKeCTBCHHEI HCTOUHMK CBeTa B BHICO-
KOCKOpOCTHOH thororpaduu). Ha puc. 13-13 nokasado, Kak CTaH1anTt-
Has CXeMa JMaMnbl-BCIBIWIKH MOXET OBl1b ¢ NOMOHIbIO (hOTOTHpUCTOPA
npeoGpasosada B OLICTPONEHCTBYIOILYI0O BefoMylo cxeMmy. Korga kaiod
K( B uenn nurauuA 3aMKyyT, KolneHcatop C; 3apsxaerca A0 Hampd-
xeums 300 8 yepes Ry, a xougcucatop Co — NPUMEPHO A0 HANPHIKHUS
200 8, uTO ompeje/seTCss COOTHOLIEHHEM MJIeY Aenutens Ry, Rz B mo-
MEHT BCHBIUKH BEAyINeH JaMiibl, BK/IIOYaeMmoOfl CHHXPOKOHTaKTOM ¢oTO-
annapara, e¢ cBeT OTHHpaeT hOTOTHPHCTOP, UePe3 KOTODHII Da3psKaer-
ca xouaencarop Cp Ha TmepBHYHYi0 oO6MoTKy TpaHchopmaropa Tp.
Wmnysbe BHICOKOTO HANPSIKEHWA BTOPHUHOR OGMOTKH NOKKHTaeT Be-
nomyio Jiamiy-senbiiky JI.  Kongencatrop C; paspsixkaercsi Ha aTy
JaMIy, M 3aTeM KojeGarenbubili Ipouecc B KoHrype Cp— TpaHchop-
Marop Tp cospaeT oTpuLlaTe/]bHOe HampsieHue Ha (QOTOTHPHCTOPE H 3a-
nupaer ero. CospemeHHble OOBMHBIE JaMIBI-BCOBIIKH 00eCneudBaT KO-
CTATOYHYIO 3HEPTHIO [Js OTHHpanus GOTOTHPHCTOPA ¢ MHUKPOCEKYHTHBLIM
3amasjblBaHHeM, BCJIEACTBHE Yero [OCTHraeTci  BEChbMa COBEpLIEHHEIR
CHHXDOHH3M MEXKAY Befyllell M BeAOMOH JaMIaMH.

Pue. 13-13. CxeMa DRAIOUEHHA JaMib-BCOHILKA CO CBETQ-
BLIM ynpaBieHueM (<BeIOMAs BCOLIEKA®).
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Buicokuil ypoBeHb OCBEINEHHOCTH, CO31aBaeMblii NMOCTOPOHHUMM HC-
TOYHMKAMH, MOXeT TakXe BHI3BaTh OTmHpanue (OTOTHpHCTOpPA, maXKe
€cil MeXKAY YIpPaBJSIOUM 3JeKTPOJAOM U KaTolIOM BKJIOUEH De3HcTop
¢ GoJbluMM comnpoTueiedueM. XO0TdA 37ech MOXKHO NPUMEHHTb DeTY.IH-
pyeMblii Pe3ucTop s KOMMeHCALMH INOCTODOHHEeH 3aCBeTKH, JyUIIUM
peuenyeM 6GyJeT Hcnosb3oBaHue apoccenst (€ MHAYKTHBHOCTBIO MO Kpafi-
Heft Mepe 1 en). Takofi jpoccesab InpenciaBisier Majloe CONPOTHBJSHHE
JUIsi MEJUIEHHO H3MEHSIIOIIAXCH CHTHAJM0B, CHHXKas JUIsT TaKHX CHriajoB
YYBCTBHTENBHOCTh (OTOTHPUCTOPA, H OKa3wiBaeT Ouellb OONbINOE COMpO-
THBJICHH® /111 UMNYJbCHBIX CHTHAJOB.

Pa3nen ueThipHAAHATHIHA

JBYXONNEPALLHOHHBIE (IMMOJIHOCTbIO .
YNIPABJISIEMBIE) THPHUCTOPDI

14-1. OBIMHE COOBPA)XEHUY

JIByXonepauHoHHbl (MOJHOCTBIO  ynpasasieMblil) tupucrop (gate
turn off switch — GTO; gate controlled switch — GTS) mpencrasaser
€060i1 YeThIPeXCIOHHLIE KaoueBofi nputop co CTPYKTYpOl THna p-f-p-# U
¢ TpeMs BBIBOJAMH. DTH BEHTHJH, SfBJAACH JOTHUECKMM DPa3BHTHEM
OOBIUHEIX OAHOOMEPALHOHHLIX THPUCTOPOB, MOTYT OTIHDPATBCH H 3alH-
paTbCsl © MOMOUIBIO CHUIHAJNOB, MOAABaeMBIX Ha yNpPaBJsOUHA 3JeKTPOA.
Tag, MONOKUTENLHEI HMOYJIbC YNPABASIOIEr0 TOKA OTIHPAeT ABYXome-
paumonnsti  Tupucrop ([AOT), a mocnenyromufi OTPHIATENbHBIN M-
nynsc ofecmeunBaer ero samupainde. Kak nmpe oTmupanud, Tak H IPH
sanupainn JOT ¢ nOMOMbIO  YNPABJSIONErO HMIYJAbca H3MEHEHHE
AHOMHOTO TOKA WpEBHIIIaeT HeOOXOAHMYIO BeJHYHHY TOKA YNpaBJeHH,
T. €. MIMEEeT MEeCTO YCHJIeHHe IO TOKY.

TMpu xommyrtauun ua nocroguHoM Toke JOT umeer npa sBHEIX
npeuMyiliecTBa mnepen OGHIYHBIM THPHCTOPOM: BO3MOXKHOCTb BBIKJIOUE-
HMA ¢ NOMOUIbIO VIIPABJSIONIEr0 3JeKTpofia H 0oJee BBHICOKOe OEICTPO-
neiicrpue. ITosromy B cxemax ¢ JOT pasmepsl KOMMYTHPYIOUIHX 3J]€-
MEHTOB M HX CTOMMOCTh MeHbile, a pafouas uacToTa TaKHX BEHTUEH
Moxer noxomuTh Ro 100 key. Tlo cpaBueHuio ¢ TpaH3ucTOpamu, pa-
6oTaloUIUMH B Kawouesom pexume, [OT TpeGyloT 3HAUHTENBHO MeHb-
nIylo MOUIHOCTH Ha YNpaBjeHye, TaK Kak OHM IIPH TOM JXe HOMMHAJb-
HOM TOKe uMelT 6osaee BHICOKMe pa6oure HanmpsAXKeHHUs, ueM TpaH3H-
croprt. Ilpu ucnonbzoBauun JIOT Ha nepeMeHHOM TOKe MOXKCT OHThb
npumenen Meron ¢asoBoro ynpabJeHHsi, ofecnmeduBamInuii Gomee BHICO-
kuft ko3dpPuuuent caBura, 4eM B CAy4yae OAHOOMEPAIMOHHEIX THPH-
CTOPOB.

14-2. IAPAMETPbI ABYXONEPALUOHHLIX TUPUCTOPOB
(10T1)
14-2-1. OGuue ceegeHns

Xorss MOT nopo6uo oanoonepanuonusry tupncropam (OOT) nepe-
XOMSIT B COCTOSIHHE NPOBOAMMOCTH MOCPEACTBOM NOMAYM HMIYJAbCA HPS-
MOro TOKa K 3a)HMaM Nepexojia YIPaBJIOUIHA 3MeKTPOL—KaTox, OX-

H3KO, K4k npasujio, aas 3anycka JLOT rtpeGyercss Gonbllinil ynpaBJasio-
wui ToK, yeM Aiasi OOT c sKkBHBaJeHTHHIMH NapaMeTDaMu. ¥ AepKHBAIO-
IMA ¥ IOAXBATHIBAIOL(ME TOKH, a TaKiKe pacCesiHHe MOIIHOCTH BO Bpe-
mMsi npsmoro anoanoro Toka y JIOT takke seime. C nopbllienHeM
NOTeHIHANBHOH BhIKMouaomell crnocobroctn JOT u, B wacTHOCTH, €ro
crnocofHocTH OblcTpee KOMMYTHDPOBaTb — GoJlee BHICOKHME aHOAHBIE TOKH
IPH MenblieM pacxofe 3HEePrHH Ha yHpaBJCHHE 3TH OTJIHYHSA MeXJy
OOT u HOT crasosarcd Bce Gosee samersbiMu. PupMa Jlxeuwepan
Aaextpuk BeMyckaer [OT cepun G-5, xapaxrepusyoumiuecss HHSKHMH
YNPaBAsOILUM, MOAXBATLIBAOIIMM U YAEPXKHUBAIOM[MM TOKAMH H 3Ha-
YyeHHeM aHOJQHOTO TOKA, KOTOPHIi MOxeT OBITh BBIKJIOUEH ¢ HOMOUIbIO
yNpasasioulero a/aexipoxa, 10 |1 a u cepun G-6 ¢ GoabupmMu ynpas-
JAIONHM, MOAXBATBHIBAIOIMM H yIEpPKHUBAIOIWIKUNM TOKaMH, HO BHIKAKUAIO-
mast crnocobHocts npubopoB artoil cepun cocrapager 2 a. [Tpubopwl
obenx cepuii BhIMyckaloTcs B xopuycax TO-b.

14-2-2, MakcumajabHO pomycTHMoe 0GpaTHOe HampsiKeHHe

[Mockoneky JOT 1peaHasHaueHb NPeHMYUIECTBEHHO [JJf KOMMY-
TAlMH Ha MOCTOSTHHOM TOKe, TO B GOJBUIHHCTBE CJyuaeB HEenGXOAMMOCTh
B BHICOKOM JONyCTHMOM OOpPATHOM HanpsixKeHuu ornapgaer. [losromy Ho-
MHHanbHOE oOpaTHOe HampsiKeHue Bcex npuodopos cepud G-5 u G-6 co-
crasiser 25 8. Eciu Tpebyercd, uTo6h npudop BHAepKupaa 6oJiee BH-
COKOe ofpaTHoe HampsKeHHe, To mnocieaosatenspHo ¢ JOT cepun G-5
wan G-6 HARO NOAKMOYHTL OOLIKHOBEHHBIN KPEMHHEBBIH A1I0A JHOO HC-
TOAL30BATE CHENUANbHBIE THNB TPUCOPOB ¢ PABHEIMA TPAMBIM K 06-
PaTHBIM JIOMYCTHMEIMH HalUpsiXKenusiMu, goxoasniumu jao 400 a.

14-2-3. Ilapamerps!, xapakTepuayloulHe 3anUPaOLLyI0
CNOCOGHOCTh

Hna sanupanus nposoasmero JOT HeoGXogumo u3 cpenHux 6Ga-
30BBIX CJIOEB M3BJA€Yp C [OMOIIbIO YIPABJIAOLIEr0 3JMeKTPOKA 3HAUH-
TeJbHBI 3apsAd, YTOObl MPEKPATUrb BHYTPEHHIOW DercHepanuio HOCHTe-
geit (eM. § 1-7). Beauuuna u3BJIeKaeMOTO 3apsijia MOXKeT ObITb BHIUHC-
JICHA [0 MHHMMAaJibHOMY Ko3(dHuuenty yculeHHs mpH samupaduu Ks
(paBHOrO OTHOIIEHHIO 3aNMHPAeMOro AaHO/HOTO TOKA K OTPHIATEIbHO-
My YIpaBJsiOlieMy TOKY, HeoOXOJAMOMY JUIst 3alHPaHusl) W LIHpUHE
YHpPaBAAIOUEr0 HMOYJbCa, NMPH Kotopom Obli uaMepen Ki. ITockoanky
ator Kosadduunenr samupaHus K, cam no cebe sBasercs ¢yHKuUHell
MHOTHX INEepPEMEHHBIX, BKJIOUAs LIMPHHY HMMILYJILCA, TO OH OOBIYHO olIpe-
jaensieTcss Ana Haubosee HeGJArompHsATHHIX yCI0BHA. PaccMOTpUM OCHOB-
Hele daxTopsl, Bansiomue ra K.

a) Hlupuna ynpasisiowezo umnyioca. Ilo Mepe ymeHblIeHHS
IIMPHHBI YNPABJSIOUIEr0 HMINYJbCa BeJMYHHA YNPaBJAONIeTO TOKA, He-
0OXOAHUMOrO [Js1 3anupaHusi, [JoJKHa ObITh NOBLILIEHA € UEJbl0 CO-
XpaHeHus M3BJeKaeMmoro sapsaa. Ha puc. 14-1 noxasana 3aBACHMOCTb

Mexay K, M Opojo/KHTeNBbHOCTBIO UMIyJbca JAs THPHCTOPOB CEpHil
G-5 u G-6.
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6) Beauuuna sanupaemoeo anodnozo Toka. Ilo mepe yBenudenus
3amupaeMoro amnomHoro Toka [a Kosdppuumerr K, GucTpo mnajgaer oT
Geckoueunoctd TNpU [a=/Iypepw A0 HEKOTOPOH MUHHMAJBHOH BEJTUUHHEL,
nocjle 4ero HauyHHaeT ONATh MOCTENEHHO NOBHIUAThCA. [axke mpu He-
3HAYHTEJbHOM TPEBLILEHHH HAHGOJbLLIETO AHOJHOTO TOKA, KOTOPLIH MO-
KeT GBITb KOMMYTHPOBAH YIPAaBJSIOUHM 57eKTposoM, Koahdnunent K
BHE3AMHO majaeT Jjo HyJas. DT0 0ObsACHACTCS TEM, YTO YNPaBJITIOUIME
37eKTPOL TNpPH 3HAUUTENbHBIX AllOJHBIX TOKaX Ie MOXeT COXDaHsiTh
KoHTpOAb mo Beefl muomanu katoxa HOT. D1o dAnjelHe XapakTepHO
s BCEX MOJHOCTbIO YHpaBiaseMblX BeHTHJeH. IlonbiTka KOMMYTHPOBATb
YIPaBIAOWHEM IEKTPOAOM aHOAILIA TOK, NPEBHILAIOLINM €To pACYeT-
Hyl0 BeJuudHy, Moxer mpmeecin ¥ paspywenuio JOT. Ha puc 14-2
AoKas3aHo M3MeHenune Ka B 3aBUCHMOCTH OT BeJIMUMHBI AHOJHOLO TOKa
ans npuGopos cepun G-6.

B) Temneparypa nepexoda. Kaxk npasuyo, ¢ MOBLilelHEeM TeMrcpa-
Typhl mepexoza Ko3pduuueHT 3auupanua K, cnuxaercd. [Tostomy mu-
HHMaJbHOe TrapaHTUpOBaHHOe 3HaueHne K, onpejensercsi OOBIUHO MpH
MaKCHMasbHOH  pacyeTHOH  Temmeparype mnepexoza {cM. puc. 14-1
H 14-2).

r) Anodnoe wanpascenue w conpoTusierue Hazpysgu. Koadduuu-
enT K; 3aBHCHT B H3BECTHOH CTeNmeHH OT MHTAIONIEr0 HANPSAXKeHUs H OT
xapakTepa Harpysku B aHopuoif uemnu. Ilo mepe Toro, Kak BO Bpeus
KOHEYHOH (paspl mpoilecca 3anupauus AHOAHBIA 10K HAuWHaeT CNAadaTh,
BeJIMUYHHA HANPSIKeHHd, AGHCTBYIOUlero Ha LeHTpampHoM (610KHpYIO-
mieM) Mepexofe THPHCTOPA, HATHHAET BJUATH Ha BO3MOMKHOCTb 3aBCP-
WMTh KoMmyTamuto. UeM BBIIE 3TO HAUpsiKeHHe, TeM TPYAHee 3aBep-
mHTh KoMMyTanmuio, Heo6Xoi#mo OTMETHTh, 4TO IPH HHAYKTHBHNH
Harpyske B aHO/JHOH UeNu BO3HHKAIONIAsA 3. [. C. CAMOMHAYKIHH YBEIU-
yypaeT NpsiMOe aHofIHOE HampsiKerne Ha npuGope mnpH ero 3amupa-
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MICCEX Puec. 14-2. 3asucumoctr K03¢-
Puc. 14-1. 3aBncuMocTb  OTHOCH- ,‘}’H‘j,‘;‘iffiﬁiﬂﬁangxfzIOT o
TeJbHOrO KodbohuinuedTa 3amupa- 0 a AIA
ung Ky or mupmip sanmpaomero 01 tHna G-6. Ilpamoe samu-

paeMoe HanpsyKeHUe DABHO HO-

uMnyabca fy (o orHomeHnmo kK K
( ’  MPHAABLHOMY suaueHuio. Temme-

npA tx=10 mKcex) pJa ILByXxomepa-
LWHOHHBIX THpHcTOpoB THHOB G-5 H parypa nepexona 100°C. Wupu-

6. T o Ha 3anMpamliero  HMIyJabca
G-6. Tewneparypa nepexona 100°C. 10 mrcex. Mexpy Y9 u xatoaom

BKJIIOUEH pesucted 1 KoM.

WHH, uTo BJadseT Ha K, TaK Ke, KaK W MOBLIUeHHOe MNUTaloILee Ha-
npsIKeHHe. YKasbiBaéMble B CHPABOUHBIX  MAHHLIX 3Hauenus K; Aas
pcex JOT ¢upmbt [DkeHepan SNEKTPHK OTHOCATCH K IOMHHATBHOMY
AHOJHOMY HaNpAKEHUIO.

i) Bpemena wuapactanus u cnada  Yyapasaionie2o  uMnyivca.
Bucrpo uapactafolinii OTpHIATEJbHBIE yNpaBAAIOWKE HMMIYJbC CKa-
SbIBAeTCST NMOJOKHTENbHO a npouece 3amupauua JOT, Ho cauiuKoM Ma-
Joe BpeMA crajga HMOyJibca MoXer yMeHmwyTh Ko O6a atux addek-
ta cBasapn ¢ Haguunem y JIOT eMKOCTH MeXAy YNpPaBASiOUIAM 3JeK-
TPOIOM ¥ KatonoM. B To BpeMs kak oTpunarenbuoe dufdf naGeraio-
wero GpoHTa HMOYyJbCa Yrpasiellys YCKopsier 3amupaHne, paspaiasn
YIPaBASQUIYID €MKOCTb ¢ OTBOJOM 3apsla W3 YNpPaB/sIOMero 3/eK1po-
Ia, NoJoXuTenboe dufdt cOeraioulero ¢ponra HMIyJbCa CTPEMHTCS
nepesapsaANTh eMKOCTh B Hanpasienun mosropHoro sanycka JOT. Ta-
Kue Xe fiBieHusi HaGaogarorcs # npu ornupanun JOT. 31eck Obicr-
poe HapacTaHHe MOJOMKHTEJbHOTO [YCKOBOTO uMiyabca ofjeruaer or-
nupanue, a OHICTPBIA ero cnaj CTHMYJUDYeT MOCJenyiollee 3amHpaHue
npu6opa. Bo mpems otmupaHua 5TOT 3Q(eKT NposAB/IALTCs B BHAE Ka-
KYIErocst CHHMEHHA BeJIMYHHB YNPaBASIOWErc TOKA, HROGXORHMOTO
Ads 3amyCKa M YBeJMUEeHHsl aHOJIHOTO MNOAXBATHIBAIOWIErO TOKA.

14-2-4. Bxoasuwie xapaxrepuctuku JLOT

Buime ykaseBasioch, uyro JOT ynpasasgercs 3apamgoM, T. €. Kak
MOJOKUTEILHBIH yIPaBAsIOUH TOK, HEOOXOTMMBI A OTNHpaHns, Tak
¥ OTPULATEJBHLIA YyUPaBJASAIIME IOK, HEOOXOAMMEI JNIA 3aMiIpaAHHS,
NOJKHB TIPOXOIMTH B TeueHHe ONpEJeJEHHoro MHTepasa. B oboux
cayyaax TpeGyercs ONpeleseHHOe YNpaBasioliee HanpsiXeHHe, KOTOpoe
LOJ/KHO ofecleunTh MpoTeKaHue YNPABJASIOUIETO TOKA 4epe3 BHYTDEH-
Hee BXOJHOe COMPOTHBJieHWe mprdopa. Tak Kak BXOAHOE COMPOTHMBJE-
HHMe He MOCTOSIHHO, TO Haubojee lejecooOpasHo NPeACTABHTh BXOAHYIO
poabT-aMnepuyto  xapaktepuctuky JOT B rpaduueckoMm Buie Ha
puc. 14-3 npuBefeHa BXOAHAs XapaKTEPHCTHKA OOT cepun G-6.

XapaktepucTHKa B 1 KBajpauTte OMpeAe/sieT 3aBHCAMOCT MEXAY
TOKOM H HAMNpsXKeHHeM NpH TO0JOXATEJbHOM IYCKOBOM HMIy/lbce Hd
ynpaBasipoulem siektpone, B IIl xkBagpaire — To 2Ke npy OTpHUuA-
TeNMbHOM BXOAHOM HMnyJbce. Heo6xolMmo OTMETHTH, UTO s HaJCK-
HOTO 3anupanns BceX npubopos Tunos G-5 u G-6 HeoGxonuMo OTPU-
narenbHoe yNpas/sloiiee HaNpsKeHHe, TMPEBHUNAIONEE ¥ HEKOTOPLIX
npuGopos CTa1Mueckoe HanpsixeHne JaBMHOOOpasHoro 3aruba Xxapak-
TEPHCTUKY Nepexofa YNpaBlsioWKil SMeKTPpoA—KaTol. IT0 o6eTosATenh-
CTBO TPENATCTBYeT HCMONb3OBAHMIO NOCTOAHHOTO TOKA HAM JI/UHHBIX
yIpaBAsOIMX  MMIYJbCOB A 3alHPaHHs JOT no ynpasasgwonEemMy
3JIeKIPO/ly, €C/H TOJbKO MOCAENA0BATENbHO B KaTOIHYIO UENDb JOT ne
Gyner BKIOueH KpeMHHeBbli AnOX. [lpn oOTeyTeTBMM Takoro [AHOAA
nocie sanupanus JIOT moxer HMeTb MecTO WUPE3MePHBIA Harpes ero
mepexofia Mexy YNPaBAsiOWMM 97eKTpojioM H KartomoM. Ecam AnoA
He HCMOJb3yeTcsl, MPOLONKHTENBHOCTb YNPaBIMIOUIEro UMIYJbca AOJIK-
Ha ObTb MeHbLIe ONpefenseMofi no puc. 14-4 st [AHHOR SCIHYHHbI
YApaBJISIIOUIETO TOKA.
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Puc, 14-3. BxonHble XapakTepUCTHKH ABYXCIEPALHOHHOTO THPHCTOPA.
SawrTpuxoBantas nuouiagka B | KBazapaHTe oNpefefseT re0MeTpHUECKoe
MECTO TOWEK OTHMpaHWsA NpH 1eMIepaType nepexoma or —65 po +100°C.
To xe 8 IIl xBampaHTe — reoMeTp4ueckoe MeCTO TOUYeK 3amupaHHs
B TOM e HHTEPBaje TeMIepartyp Tepexofa W IPH aHOAHOM TOKe 2 4.
[Teppas U3 3TUX MIOWAAOK Gojiee KPYMHO IIOKa3aHa Ha BPE3Ke B mpa-
BoM BepxHem yray, HauBoabiiee Hanpsokedie ua ¥, He Bei3biBamliee
OTHHpAaHHH HH y OJNBOro u3 MprGOpOB TpH TeMIeparype nepexona
-+-100° C, paBno 0,2 8. Makcuma/jabHO AOUYCTHMBIE MTHOBEHHBIE 3HAUEHHS
MOIIHOCTH, PacCedBaeMOll B ¥J, PABEBI NPH NPAMOM TOKE Pynp npam=
=3 g7 u npn o6parioM ToKe Pynp osp=220 s87. Jinaus I -— npegensnoe
noJio)KeHHe OOPATHOM RBETBH BOJbLT-aMOEPHOH XapPJAKIepUCTUKH [poMe-
xKytKka ¥YO—K.

Puc. 14-4. 3asucu-
a MOCTh HAHOOJBLIETO
Zynp 0BT~ JOMYCTHMOrO 3Haue-
08 Husi o6paTHoro To-
\\ Ka yIpaBJeHHs

o6 s ~] Iy.06p non OT AJN-
N~ TEJIbHOCTH IIpPOTeKa-
04 ML HUAL ~ 3TOr0  TOKa
g N B ciayyae 3aneproro
N1 COCTOSIHHA THPHCTO-

G2 pa.

a.01 a1 1.0 10 00

MCEX

14-3. METOA bl 3ATITHPAHMA

14-3-1. 3anupaHue ¢ UCHOJb30OBAHHEM IOCIENOBATENbHO
BKJIOYEHHOr0 KOHAeHcaTopa

Ha puc. 14-5 mnokasad npuHuun otmupanust u 3sanupadus JOT
NOCPEACTBOM MNONEPEeMEHHOH 3apsiKd M PaspAlNKH KOHIEHCATOpa, BKJIO-
YEHHOTO NOCJAEL0BATEIbHO B 1Lellb YHPABJSAIOMEro EKTPOAA.

Korna wmou K, pa3oMkHyT, KoHpeHcatop Cy 3sapaxaerca o £y
yepes Ry W uepes BHYTDEHHee BXOAHOE COTPOTHBIeHue Tupucropa. ITpu
atom s ornupanus JOT no/KuBL yHOBAETBOPATHCH Clelylolue He-
paBeHCTBa:

ngg‘—;—,yﬂ, on; (14-1a)
Yo
t
C, =2 T b (14-16)
R, + Teo

rie Uyo— HanGodbluee ynpapasiollee HanpsKewue, HeobXolumoe A
oTnupauus, 8; Iyp— HaHOOMbUINA yUPABAAOWLMA TOK, HeoOxOAHMBIH
A OTIHpaHHus, @; fy— LJIMTEJIbHOCTh HMMNYJbCa, NMPH KOTOPOM OTpe-
Jdeansach BeanynHa fyq, cex.

Kormta Koy 3aMKHYT, 3apsekeHHelll KoHaewcatop Cy paspsikaercs
ycpes R, U BXOAHOe COMPOTHBJIEHHE THPHCTOPA, KOTODPHIA NpH OTOM
3anpercs, ecau

E,—U
R, < =572, om, (14-2a)
2y,
a
¢ *f' -I'Ez
C,> 2 . @, 14-26
e el e .
IY.a '
R, G 207
rae Uy, —nauBorpuiee ynpasasio-
2e HanpshKeHHe HeOGXOMMMOE JUIfl
sanupawus, 8; [y i — HAHGOIBIMA Ky Ry

YOpaBJASIOWUE TOK, HEOGXomMEMBLIl
AJA  3aMNpaHHs JaHHOrO aHOIHOTO
toka Ja, G, t—OpPOJONKHTENPHOCTD
YUpaBAAONIEr0 MMIYALCA, [IPH KO-

TOPOM Oonpenenasnaco BEJMYHHA B

Iy.a, cex. Pue.  14-5,  3anupanne HOT
He‘O\GXO\lHMO OTMETATh, YTO CO- C TIOMOIIBIO 10CAeI0BaTENBHOFOD

otnowenue  (14-2a)  ompemeaser  KoHJeHCATopa B UEMH Y.
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N T
TOJBKO BEPXHIOI0 TPAHHUHYK BEJHYMHY R, HeoOXoZHmylo MJasi rapad- 14-3-2. 3an"paﬂue oE
THPOBAHHOH KOMMYTalHH. ¢ HCIOJIb30BAHHEM j*f: 2
B GonbluuucTBe MPaKTHUGCKHX CXeM ¢ uenbio Gosee OGuicrporo sa-

nupanns JIOT Besnnuuna R» Moxer OuiTh CAenada 3Hauntensuo mesn ApOCCed Ky

ile BbIYHCAEHHOro 3sHaucHua. Huxuuit npemen R, onpenenserca nu6o JIByXOTepaLnOHHBLH THPHCTOP

N0 JOMycTHMOM HMIyJbcHOH Mowtoctu Ha Bxoge HOT mpu Bo3medcT-  youmo 3anepeTh NyTeM fpephi- R, Ry
BUM OOGDATHEIX HMMOYABCOB HIW MO APYTHM OTPagiuuBAOLIMM $AKI0  pauyg nOCTOAMMOO TOKA, npore-

pam, HanpyMep nNo AONYCTHMOMY TOKY KJua Ki Kallero yepes Jpoccednb, BKJtO-

Mpumep. BuGpate R, R» u C; ana pabotre JOT Tuna G.6F B cxeMe HeHHBIH MeXuy 3axkuMaMu yo- 407
puc 145 npu E=E,;=28 @, al(p=75°C; R,=28 om Awmnpurysa TOka HarpyskH
E 28
] =2 =""_—=1a4

8T Ry 28
U3 cropaBounwbix maHHbiXx Aas JOT cepuu G-6 Haxomum:
Hau6oablice YUPABARIOUILE HANDSKEHNNEe BAR OTnupanna npn 25° C Uyou-2,0 8,
HaubOoNbiIUl YNPABAAIWHA TOK and oTmOHpaxdusa npu 25° C Iy4~20 xa.
HaunMenbliag mMupuHa UMIYJAbCa NPH ly0=20 ma cocrapiser =20 mKceK.
Toraa 1o (14 ta)
28 —2
R,g———B S0 = 430 om,
Buibupaem R, = 390 om £ 109%,.
Io (14-16)
20. 10-8
Ci 2 ——— = 0,0235 muep.
2
820 + 5

U3 cnpaBounslx JanubiXx g G 6 MHBHMAAuHbIl KO3 HUMERT yculenus OPH
sanupanur K,=5 npu 500 na</, <2 4, Tyopey 100°C u lr=10 mucex. Caenopa-
TeAbHO, HANGOALWIAM ynpasamiowufl TOK, HEOOXOAHMBIE AJNS  3anupanus Iy 30
paBeH:;

1 1

— = 200 .
v.a X, 3 200 ma

Tlpu 3TOM n3 CHPaBOYHMIX HAaHHLIX HauGonbliee yNpaBAfOMide HARPsOKeRBe,
HeoGXoauMoe s 3alHpaHus, Uy 3=21 8

Toraa no (14 2a)
_ =2 _

e N Wik 17,5 om
14-2
u 1o (14-26) 10.10-8 .
Cc. = 57— = 0.129 seg.
25+-——0’2

Tak Kak BeauduHa C), BBLIYHCICHHAS M3 YCMOBHA oGecleYeHHsi 3anupauus,
Bllle BCJAUYHHLI, HEOGXOXUMOH AAN OTOHPAHHA, TO CjaelyeT HCNANb30BATH (ONbL-
MY ¥3 9THX ABYX Besndud, Bmbepem Cy=0,15 mxeh.

M3 cnpaBouynix AaHHbIX A npuaGopoB TtHna G-6 AonycKaeMasa HMIYyJhCHAs
MOILHOCTE Ha BXoAe NpPH Bo3aeHcTBHH OOpaTHLIX UMNYALCOB pasBHa 20 8r. Kpmsad,
COOTBETCTBYIOIAA 3TOH MOU(HOCTH, HAHECeHA NYHKTHDOM Ha pHc. 143 B III KeaA-
pante

Jlviua HATPy3KM HCTOYMHKKA 3ANHPAIOLIHX HMNYJILCOB AONKHA DACnoNaraThCa
npaBee W Bbille 3TOA KPHBOH. DJEKTPOABAXKYyIlasl CuJia STOTO HCTOYHHKA paBRA
E =28 8. HauGonpmiu$i A0nyCTHMBIi TOK STOro HCTOYHHKA IPH €ro  KOPOTKOM
saMmpixauun I, ,=E [R/,, Tae R’y cooTBeTCTBYeT HAKJOHY RHHHH, NpOBEJeHHOR Ha
puc. 14-3 43 Touku E(=28 6 B BUIe KacaTeIbHOA K KPUBOR JONYCTHMON HMUVJbC-
yoli MommnocTu 20 er. 113 pinc. 14 3 creayer, 4TO HakjJCH TaKOH Aunun gaer R/p=
=) om CaegoBarenibHo, Rzmur;’lo oM

PaBSIIOLIeN0 SJEKTPOMlA ¥ KaTO-
aa (puc. 14-6). Tlpu saMbIKaHun
kmoua Ky TOK 'OyeT IPOXOIHTb IL,
yepe3 pesucrop K a mpomexy-
TOK YIIPaBJSIIOIUI  3JeKTPO ~—
karon. BxomHoll Tok TUpucTOpa

Ry

nps 3ToM  Gyder CcHaKaTk To
IKOOHEHTE, HAUHHAS OT MaKCH- L
MaJbHOR {BEIHIHHBL (E1—

HH (Ed Puc. 14-6 3anupanue IOT ¢ mo-

Uyo maxc) /Ry, m ecin moonennss
Bhilte BeawuuHbl [yo, TO JOT
oromperca. [IpumeM, gro BXOIHOE
conpotusaende JOT seauxo
N0 CPaBHEHMIO C CONPOTHBJEHHEM IOCTOSHHOMY TOKY Apoccensi, Torna
ycraHoBHBIIMNCA ToK B Apoccede L pasen [~ E{/R.. Ecau Ttenepsb
xmod K; pasoMKHYTh, TO B lenu ynpasisiomero sgektpoaa JOT sos-
HHKHET 3KCHOHEHUMANbHO cnafanmulii o6paTHeIl TOK ¢ HaYa/lbHBIM 3Ha-
yepueM [r. Tupucrop 3anpercs, eciu BHIIOJHAIOTCH YCJOBHSA:

MOILBI  TapaJIenbHOTO L POCCEeNs
B Uenu Y.

£,

R = 2y .5 (14-3a)
LIY.a

-U; =1, (14-306)

rae [y s — ynpasasiomuii TOK, HeOOXOAMMBII AJS  3alMpadus  JaH-
HOro AaHofHOTO TOKa, @; Uy.;-— ynpaBasiollee HanpsiXeHWe NDH TOKe
ly s, 8; f;— 1INpHHA UMOYJbCA, HEOGXOAUMAs AAS 3anNHPAHHS NPH TO-
ke [y 3, CeK.

Tak kak kmou K; gomkeH mpomyckartbh TokK [p B TeueHue BpeMeHH,
noka JOT Haxoautes B COCTOSIHUH TIPOBOAHMOCTH, TOo Ry OOLIUHO He-
o6xonuMo BHIOHPaTL M3 pacueTa TOJNyuYeHHs HAMMEHBIIEr0 BO3MOKHOTO
TOKa 3aNmupandsa. B HH3KOUACTOTHBIX Uenax BeauuuHa [y MoxkeT GHTb
CHHJKEHA 32 CueT YBEJHUYCHHA MOCTOSIHHON BpeMeHH 3aMHPAIOIIEro MM-
nyasca (cMm. § 14-2-3).

14-3-3. Kommyrauusa JOT npu Harpy3ke B KATONHOH UEMH

B cxeme Ha puc. 14-7 narpyska BKJioueHa B KaTtoaHyw nemp HOT.
Ecan mogaTte KOPOTKMH ynpaBJsiOIUil HMILyJIbC NPAMOro TOKa Ha BXOX
1HpHCTOpa vepe3 mnox i, To THpucTop otonpercd. Huox [y, woTophift
AOMMEH  XapaKTepy30BaThcs ObICTPLIM OOPATHBIM  BOCCTAHOBJIEHHEM,
OTKJIIOUAET HCTOYHHMK 3amyCKaloUUX HMIYJIbCOB OT YHPaBASIOLIEro 3JeK-
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TpoAa u moreHuuana xaroiga JlO1
CKaYKOM (BO3pacTaeT J0 BeJHYHHb
E; Tenepn JIOT moxXHO 3ameperh,
3aMKHYB kmou Ki, ueped KoOTOpHIA
TOK Oyer OTBOAUTBCA OT 3aXKHUMa
YIpaBASOULEro 3JIeKTposa Beanun-
Ha ODpaHHYMBAIOUIEr0 COMPOTHBIE-
HUSl Ry BoIGHpaeTcd ¢ TaKUM pac-
YyeToM, YTOOLI HECMOTPS Ha cllad
TOKA HarpysKd M MOTeHIH4Na KaTo-
Aa B TeueHHe KoHeuHo# ¢asmr npo-
mecca 3anupadus, o06paTHBIR TOK yI-
QaBJIAIOINErO BIeKTposa OblT JocTa-
FOYHBIM JIJIS1 3afHMPaNud, QI 4ero
HeOOXOIMMO BLNIOVIHEHHE HepaBeH
craa

U
Ry Ru(Ky— 1) — 7o (14-4)

rae K — mMusuManbabiil Kosgduuu-
@HT YCHJEHHS LpH 3alHpaHuH (aH
HOro auonmoro ToKa fa (T e B JAuanasose oT [, A0 YAEDXHMBAIOLIETO
Toka), Uy, — nauGonblllee yNpaBAsioliee HaNpsKeHHE, HEOOGXCIMMOE
AJisl 3anupaHud, 8, /o — HauOOMBIUUHA aHOAHBIH TOK BO BpeMsl KOMMY-

Tal¥H, paBHLIA
1
n/ ()

Konpneucarop Ci, MyHTHPYIOmuli conpoThBienne Harpysku s my-
CKOBOTrO0 HMMNyabca, TaKXke MOMOraeT NpOLECCYy 3anHpaHus, TaK Kaxk OH
HOALEPKUBAET HANPAXKEHNE HA 3aXKHMax HArPYsKH NPH CHHYKEHHU Ka-
TOLHOTO TOKa B UensAxX, rie CONPOTHUBJEHHe HArPys3KH MHJs MHepeMel
HOH cocraBssouledl HeBeJHKO, 0T Cy uacTo MOXKHO OTKa3dIbCH

Tak kak npu TakoM Merofe kKommylamus HOT ormagaer HeoG-
XOAMMOCTb B PEaKTUBHBIX HAKOMHTE/sIX JHEPruH, 11e00XOJHMEIX B cXe-
Max puc 14-5 u 14 6, to Omcrposeficreue cxem ¢ JLOT, xomMmyrupye-
MBbIX 32 CYET HArpy3KM B KaTOJHOW IeNH, 3HAUHTENLHO TNOBLILAETCS.
OcHoBHOH HeROCTAaTOK JAHHOTO MeToja CBOAMTCHA K TOMY, ITO BO Bpe-
Ms HHiepBaja 3andpaHus aHOAHBIH TOK BO3pacTaeT HA BEJIMYHMHY
ynpasasomero Toka, npoxoasmero yepes Ry Bejemcrsue storo jpomy-
CTHMAasf BeJVYMHA TOKA HATPY3KH (T. e. KATOAHOTO TOKA) HOMXKHA OHITh
CHUXKEHa Ha TaKylo Ke BEJUYHHY ¢ TeM, YToOR HpejedbHOe 3HAUCHHE
aMIIMTYABl AHOXHOrO ToKa (2 @ Ans THpHcropos cepuu G 6) He Owino
MPEeDnblleH0 Ha HUATEPBAJE 3alHpaHuA.

Puc. 14 7 3anupanve JOT mpu
Harpyske B €ro KaTOJHO#A uemu

14-4. CINEYIHAJIbHBIE CXEMbl 3ATIMPAHHYA

B uexoropbix cayuaax Hcmoassosanust JIOT mpomece 3anmpadas
C TIOMOINBIO YNPaBJSIOWIEro 3/7eKTPOZAa MOXKeT ObiTh obJeryed 3a cuer
HCMOJb30BaHUs cHelHa/bHEIX cxeM OpHa H3 TaKHX cxeM [oKasaHa Ha
puc. 14-8 3nech B momenr, Korza JOT Hauusaer samupaTtbes mox feil-
CTBHEM OTPHUATENBHOTO YHPABAAOWIEr0 CUTHAJMA, NPOKCXOAHT HAOTOJIHH-

TeJbHOE YMEeWbIIeHUE ero aHONHOro
roKa 3a Cuer 24pMYHOTO TOKa KOM-
nedcaropa C 3apaaHell TOK ofpe-
Jefercsd eMKOCTbI0 KOHJAEHCATOoDa M
CKOPOCTBIO  HAPACTaHHA  aHOWHOTO
HAMpPAXKEHNA THPUCTOPA MPH ETD 3a-
IUpaHyu
1p = C du/dt.

IT10T METON |HdeT BO3MOMKHOCTE
KOMM YT pOBATL IPX TIOMOIUHA yNpas
JAOIEero 3MeKDPofa AHOMHBIEA TOK,
NpeBLIIAIONIMA IOIYCTHMOe  3Hame-
HEE, OZHAKO 3T0 OCYUIECTBAAETCH
32 (CUET CHHKEeHHS OKOPOCTH 3aly-
panust ToKa B Ienu Harpyskd Ho-
NOMHMTEIHHOE  CONpOTHBIEHHe R =
Ha puc (14 8 orpanuunsaer paspsn-
HBIH TOK KOHgeHcatopa uepes JIOT
NpY OTHHMPAHHH [OCAEHHENO

1

Puc 14-8 Cxema, obaeruaiomias
3anupanue JOT-

14-5. ACOOJIb30BAHHE ABYXONEPAUUOHHBIX TUPUCTOPOB

14-5-1. BbicOKOBOJLTHBIA TPUITED

Ha puc 14-9 nokasan npumuun wucmosmaosanus JOT B cxemax,
aHANOIHYHBIX JBYCTAOWJBHBIM (TPHITEPHEIM) CXeMaM Ha OMIIOOMepanH-
—O
+2008
Ruz
MNAN
8zxod
{1 —°
Ry
- - -~

Puc 14-9. Tpurrep Ha NBYyXONepaUHOHHBIX THPHCTOPAX
a1 Rna-zoo oM.
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OHHBIX THPHCTOPAX ¢ KOHIeHcaTopHOH KoMmmyrtanuedn. Ilepedpoc cxembl
U TMEePeKNIOUeHHE TOKA OT OJIHOW HArPY3KH K APYrofk TPOUCXOANT MpH
nojaue OMEPEAHOTO IOJIOKHTENLHOTO IMYCKOBOIO HMNYJAbCA, NPHKJadbl-
BaeMoro Ha o6uiMii BxoA. Jlomyckaercss pa6orta INpH yacTOTe CBBIIUE
10 xey. TlonoGumift Tpurrep 3a cHeT H3MEHEHMs OTIENbHBIX 3JCMEHTOB
MOXeT GbITh npucrnocobied Aan PaGoTsl 8 BeCbMad WHPOKOM RHARA30-
HE TOKOB H HaNpf:KeHHH Harpyaku.

Ipennonoxum, uro LOT, npoBoaur TOK Harpyskd, a JOT, aa-
nepT. Konpencarop Cp 3sapsixaercst A0 HANDsIKeHHA NHTAHHA yepes Rus
u pesucrop Ri. Korpa AOT, oTHHPACTCA CAEAYIOUHM TOACKUTEALKBIM
NyCKOBBIM KMIYJNbCOM, NnojaBaemblv depez Re¢ u i, Ha ynpaBasiowui
anektpon JOT; or KoHpeHcatopa C: NPHKJIANBIBACICH OTPHUATEbHBIH
umMnyase ¥ JOT: 3anupaerca. AMIUIMTYIa OTPHUATENBHOTO YIPaBJAdio-
IEro TOKa orpaHuyusaercs pesucropoM Ra. Korma JOT, sHosb otlu-
paercs, 3apsj, HaKOMJeHHBIH kxoujuedcatopoM (), BBI3EIBAET OTpPHIQ-
TeJIbel}:i HMIyJIbC TOKAa B Lienu ynpasasiowtero sjexrpopa JOT, u mo-
caesHUlt 3anupaercs,

14-5-2. T'enepaTop MOWHBIX HMNYJbLCOB, HANPUMED,
AJs1 ynpaBJeHUsl CHIOBbIMH TUPHCTOPaAMH

Tpurrepras cxema Ha puc. [4-9 NP4 HEKOTOPOM e€e u3MeseHHH
MOXKeT ObiTb HCNOJb30BAHA B KauecTBe reHepaTopa YUPaB/SIOMHX HM-
NyAbCOB AJs1 THPHCTOPOB B HHBEPTOPAX HJM B ADYTHX YCTPOHCTBAX,
rae TPeGYIOTCS HMIYALCbl C OTHOCHTEJNbHO G0JbUIGH MTHOBEHHOR MOUL-
wocteio. Ha prc. 14-10 nokaszama cxema, ofecireyBamomias Ha BbIXGZE
NOJOMKITENbHBIA HMIYJbLC y2Ke NIPU BK/MOUeHHH nutTauus. C kaxioft
H3 YeThIPEX BBIXOJAHBIX OOMOTOK MOMKHO CAMMATh MMIYJLCH TOKA CBHIILE
| a mpu conmpoTuBnennn Harpyskd 10 om. Bpems HapacTaHus BBLIXOI-
HOTO  HMIyJbCa pPaBHO MpHMEpPHO | mrcek, a UWHPHHA HMIyahca
oKoso 20 mxcexk; cxema Moxer paforaTth npu uactotax no 10 xey.

+266

Ry .I. Cy

47 1,0

250,0

Puc. 14-10. Tpurrepuas cxeMa nHa JOT njg ynpaBieHus CHIOBHIMH
THPHCTOPaMu.

Ipuunun paboThl CcXeMbl aHAJOTHYEN TNPHHUHIY pPabGoThl CXxeMbl
Ha puc. 14-9. Tlpu xaxknom ornupaunu OITT, cocrosuus oboux HOT
namensores. Korna ornupaerca JOTy unu JOT, B nepBHYHBIX OGMOT-
Kax TpaHcdopmaTopoB Tpy umi Tp., BO3HHKAeT MMMNYJLC TOKA, PaBHBIA
TOKYy 3apsiia KoHueHcaTopos C; uan C; COOTBETCTBEHHO. Ananoruysble
HMITYJbCH TOSBJSIIOTCS B BHJE BBHIXOAHEIX CHTHAJOB BO BTOPUYHHIX 06-
motkax Tpl u Tp2. Tloayuenue BBIXOJHOTO HMIYJbCA NPH BKJIIOUEHHH
NWTaHUs TPOUCXOIMT CaexylomuM obpasom: eHawane HJOTy nu HAOT:
saneptel, o6a auona O u Mg umeloT ObpaTHOe HamNpsKeHHe, MeXAy-
6a30BLIl TOK OJIHONEPEXOJHOr0 TPHOAA mporekaTh He Moxer, H OIIT
TakKe 3anepT. B 310 BpeMst NMpOHCXOZMT 3apsi Koupencaropa Cs ue-
pes pesucrop Ry. Kak Tonbko HanpsizkeHHe Ha KoupgeHcartope Cs mpeBhl-
CUT TOpoOroBOe HampsiKeHue crabunutpoHa CT, tupHctop T3 OTKpoercs
M TOK sapama Koumencartopa C; Boi3oBer ormupanue JOT. Tlocne
3TOro Mexay6asoBuil Tox OITT cMoxerT npoxonutb uvepes Ms U OT-
kpuituit JJOTy; B JanbuefinieM 3anycK  TPHITeDHON CXeMBl INIPOHCXO-
nut ot OINT.

14-5-3. KoJabueBo#i cyeTyHK

B cxeme xoJsbueBoro cuetduka Ha puc. 14-11 HCnmoan3yoTcs TpH
JOT; cueTyur CJAYXKHT JJ19 HEPeKJIOUEHHs] TPeX JaMI HaKaluBaHHA.
Moryt 6BITb HCIOJB30BAHEL U JIPYTHe THNBl HArPy3KH U TO JKEJAHHIO
no6aBjenbl JONOJHUTENbHBIE fueiiku cueTynka. Tak, 1O aHaJOTHIHOMY
OPHHUHTY MOMKeT OBiTh CO3/4aH [IeCcATHSUeAKOBBIA (IeKanHelifl) cuyer-
upK, ucmoapsyouuid 10 JOT u 10 aaMn Hakanupauusl AJs TPAMOLO
uudpoBOro oTCUeTa.

Korna suepsbie K cueTuMky mnojgacrcs nuranue, uu ofun JOT me
ormipaerca. UToOH 3anycTHTH CXEMY, 3aMBIKAlT KHOTMKY [Tyck, mpH
srom ornupaercss JOT; u HalnpseKeHHe NPHKJIAABLIBAeTCS K TNepBoOR
uarpysge JI;. Ha muomax [, u Ms mpu arom jefictByer ofipaTHoe Ha-
npsiKeHHe, PAaBHOe INOJHOMY IMTAIONIEMY HanNpSIKEHHIO, a Ha JHOJE
M5 — ofpaTHoe HaNpsIKeHHe Menble 2 6.

Ecan Tenepp Ha Bxoj cueTudka OyIer NOJaH MONOKHTEJbHLIA HM-
MyJbC, UMEIOINUA aMmauTyny Gonee 4 8, HO MeHee HaNpsiKeHHs NHTa-
wus, To auoabl [, u s ocTaHyTcst 3alepTHIMH H HMIUYyJbc Ha YNpas-
asione saekrponl JOTy u JOT, ne mpoiiner, Ho uepes nmod Hs n
KoHfencatop Ca MMIyJbc GyNeT NepelaH K YIPaRASIOLIEMY 3JeKTPOXY
HOT,. Tipu ornupanuu JOT, pamee orkpurhit JOT; BHKIOYaETCS
OTPHIlaTENbHBIM HMMIYJLCOM, N0TABAEMBIM HAa €ro YNPaBJALHA 3JeK-
tpox uepes Cs, Ry u guox ;. OT crenpyioliero BXOAHOTO HMIyJbca OT-
kpoercs JOT3, a IOT, sanpercst u T. .

14-5-4. BruicTpopelicTRylOmMi NPHBOJ 3JEKTPOMArHuTa

CxemMa Ha pHc. 14-12 MAmMIOCTPHPYET BO3MOXHOCTbD HCHOJB30BAHHS
HOT tuna G-6 #Js KOMMYTAHUH 3JeKTPOMArHuTa B OHICTPOJEHCTBYIO-
IIEM CUHTHIBAIOHIEM MEXaHH3Me BHIUUCAHTEAbHOro (WJH MOJO0GHOr0) YCT-
poficta. Tak Kak B TaKux CJIyuadx OCHOBHBIM IOKasaTeleM ABJseTCH
CKOPOCTb CPaGaTHIBAHHUS, TO HATPY3CUHHI COJEHOHI TiepeBo36yxaanT
Ha KODOTKOe BpEeMS, MOJK/IOUas ero K IIHHe BHICOKOrO HampsiKeHHs, ¥
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Puc, 14-11. Koabueson cuerunk Ha JIOT (peructp casura).

C, C, Cs—005 Kk, 200 8, Cy, Cs, Co— 0,02 nkh, 200 8 Ri- Rs—
1 xom, 0,5 8r, R«—Rs— 100 xom, 05 8r; R,—Ry— 1,2 Kom, 05 ar,
AOT,, AO0T,, AO0T;— tuna G-6G

cpasy OTKJOUalT BO #3Gemamue ero nmeperpesa. Tupucroprt cepud G-6
o6nafgaT HeoGXOoAMMOA MJIA BHIMOMHEHUA MAHHO{ 33JayH CKOPOCTHIO
KOMMYTauHy H paccuuTanbl Ha AOCTATOMIQ BbICOKOe Hanpsxkedue. Ko-
POTKHH NOAOXKHTeALHB MMNYJBC YNPABJSIOLIErO TOKAa OTIHDAET JOT,
W K Harpyske npukjiajbisaercsi Hanpameuuwe nuranun. Kowmneucatop Ci
UIYHTHPYET HArpyaky IJst IyCKOBOro HMmyancd. Tak Kak cpas3y mocuae
ornupanus JIOT Hanpsikeuus ero KaToaa w YNOPaBIAUEro 3INCKTPIAA
yapacTaioT no noresnuana+ E, To mion Jr oTKIOYaeT UCTOUHHX BXOIL-
HLIX HMIIYJbCOB OT YNpapasloulero onekrpond. Twpuerop T ornupaercs
NYCKOBLIM HMIYJ5COM HECKOJbKO M03fHee, ynpasisiomuit saekrpon JOT
[pH 3TOM COENHHAETCH ¢ 3eMJCH deped orpaltiiuBaloNee ConpaTHBiIe-
wie Ry, Tox B nemn xaropga JOT MrioreHHo H3MelsieT HanpasieHue, u
JIOT sanupaerca. Orpanuuurtenp HampsKeHds J[; THTA «TUPEKTOD»
CNYMUT AJ5 CHHMKEHHS BCIJICCKOB HaNPHAMKeHHs Ha 3axKuMax COJMCHOMAA

Puc. 14-12. BLICOXOCKOPOCTHOR TPHBOA COJe-
HOHJA.

10 TpHeM/eMOoro ypoBHs, ofecreunBas OJIHOBPEMEHHO BpeMs [/ BOS-
BpPaTa COJEHOMAA B UCXOAHOe Toaoxewue. Bpems napacranus u cnana
TOKA HATPY3KH 3HAYUTE/IbHO MeHee | mcex.

14-5-5. Fenepartop nujoo6pasHbIX KoJeGannit

Ha puc. 14-13 mpuBejeHa cxeMa BBHICOKOBONnTHOTO reseparopa MH-
nooBpasipix KoseGanuit. [IpH BxAOueHMH HaNPsiKeHHs NHTaHALA 0T
ornupaercs. Tak Kak HaMpsKeHHe Ha 3aXKuMax KoHJeHcaTopa BO3pa-
cTaerT BEIE NOPOToBOrQ HampsiKenus crafwiaurposa CT, TO ypas/sio-
muit saektpoy JOT nonyuaer ofpaTHoe — HampsKeHWe, TOK B IEMH
YUPABASIOUIEr0 3JMEKTPOjla HU3MEHsieT CBOe HanpablfieHne u JIOT 3anu-

C

Pue. 14-13.
JKeHHs.

Tenepatop

nuao00pasHoro Hamupsi-
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paeTcs 3aTeM KOHAENCATOP pa3psKaeTcsa PE3UCTOPOM HArPY3KH, ecid
rakoBasi umeercss. JJOT cHosa olnupacres, Xorja HanpsikeHue Ha 3a-
xumax C, CTaHET 3HAYHTEJBHO HUXKE IOPOTOBOrO HANDSAMEHHS! CTaGH-
nuTpoHa. 3aTeM MUK GyZET NOBTOPATHCH.

14-5-6. CtaOuau3upoOBaHHbIl NpeoGpasosaTenb NOCTOSITHHOrO
Hanpskenus 200/24 g

JiA Hcnosib30BaHUA B MOHMKAWIIHX MPeolfpPasoBaTeNax INOCTOSH-
HOro Hanpsaxedusa B noctogunoe JOT aBastoTca BechMa MOAXOAAIMUMH
npu6opamu. BHICOKOe NONYCTUMOE HanpsKeHHe MO3BOJIAET paboTaTbh OT
BBICOKOBOJIbTHBIX WCTOUHUKOB NMHTAHUA IOCTOAHHOTO TOKA; YacToTa KOM-
MyTalUHH MOXeT OBlTb BBIOpAHA [OCTATOYHO BBICOKOH, 4TO CYUIECTBEHHO
C TOYKH 3peHHA CHMXeHust rabapuToB TpaHcdopmaropa. B cxeme ra-
Koro npeobpasoBareas Ha puc. 14-14 ucnospsosana xowbunanusa OT,
paboTalpoliero B KauyecTBe IEPBHYHOTO KOMMYTHDYIOILEro H pPEryJaHpyio-
UIero 3JIeMeHTa, M CHJOBOTO KDEMHHEBOro TpaH3HCTOpa, O6Pa3yloun
SKOHOMHUYHEIH CTAGHAM3HPOBAHHBIH HCTOUHMK NHTAHHSA C BBIXOAHBIM Ha-
npsiKenveM 24 8, nuTaeMbli OT HecTaGHAM3HPOBAHHOTO HANPSKCHUSA
200 8. Jlaunaa cxema GJjarogapsi MaJjoMy Becy, HeGOJbIIMM pasMepam
H BBICOKOMY K. M. . MOMeT ObITh [pDMMEHEHa KaK HCTOYHHK INHTaHHSA
B BBLIYHCJIHTENBHBIX YCTpOHCTBAxX, B GOPTOBHIX CHCTEMax 3JeKTPOCHaO-

G_
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6,8 1
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Puc. 14-14. CraBuausuposannuil npeoGpasopa-

TeJb MOCTOAHHOro Hampsixenusi, Hampsxenne nu-
tanus ot 100 po 200 8. Tpauchopmatop Tp Bei-
nosHeH Ha TOPOMAAMbHOM (epPHTOBOM CepAeuyHH-
ke ceuetineM 1,6 M2 c BO3LYWIHHIM 3a30pOM
0,08 mm n uMeer oOMOTKH = Wy=250, w;=20.
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JKEHAS HA paKeTax W HA caMoJerax, B na6OpaTOPHBIX M Pa3jHUHBIX MPO-
MBIIINICHHEIX  yCTpo@cTRAX.

ITpu nogave muranus JIOT nosyuaer NonoXKHTeJAbHBIH yIIPaBASIOUHE
uMnyabe depes peaucrop Ry Korma JAOT unauuuaer OTHUpaThed, TOK
B ob6Motke / TpaHchopmaropa Tp nasopur B ofmoTke 3 B Llenu ynpas-
JISHOLLEr0 3JIEKTPOAA JOMOAIMTEABHbIA NORQKUTENbUBIA HMIYIBC, YCKO-
palowud  ornupande JIOT u  yvenbwalonmud norepu B HEV  Ha
komvyrannio. Ilpu orneprov JOT xonpencarop C, 3apsxaercs A0 Iu-
TAOUIEr0 Haupsikellust, MpHYevM 3apafliblil TOK OrpaiHudBAeTcs HHAYK-
TUBHOCTBIO mepsHuHOl o6morkn 7Tp. Koraa wsanpsikedue Ha 3a-
xkumax C; mapacraer Bbillile CyMMapHOro IOpPONOBOTO HAMPAKEHHS
crabununpodos Cry u Cr, ynpasasiomuir paekrpog JOT mo-
JyuaeT oOOpaTHOe HaNpsixKeHue M B ero Nend BO3pHKaer obpar-
HBl ynpaBadomsi Tok. Bpema 3sanupanua JOT cuuxKaerca 34
cUeT OTPHIATENbHOr0 HMIYJbCa, HAaBOOHMOro B 00MOTKe § cnanaiomiuM
4HOAHBIM TOKOM, MNpPOTEKAIHV MO NEePBHYHOH 0O6MOTKe TpaHcthopMa-
topa. 1lpu nonuom sanupaunn JOT sHeprus, HaKOn/neHHas paHee B HH-
IYKTUBHOCTH mepBuyHOR obmoTtku Tp, unepenaetcs B Koumgeucatop Ci
qepe3 0BMoTKy «cOpocay 2 u jpHox I, 3areM HapsKeHHe Ha 3aXKIMax
€y HauuHAeT CHUXKATBLCH 33 CUET pa3psjga ero HA BHEIUHIOW Harpysky.
Koraa nanpsiXenne KoHIeHcaTopa cnajael HHKe IOpPOrOBOro HamlpsKe-
HHS CTAOHJMTPOHOB, ONIiTh BO3HHKHET TOJOXKHTEIBHBIL  yNpaB/Isionui
toK, JOT oTkpoercs u muka nosropsiercs. [nanason u3MeHeHUs Ha-
npsikenns Ha C, cocrasaser 28—45 8. DTH nyascauuu HANPAKEHUS
craaxusalotes tpausucropom [T, xortopbifl, 6yay4Yd BKIHOYEH KaK 3MHUT-
TepHLIHl MOBTOPHTE]b, OfecneuHBaeT TakKe HH3KOE BLIXOJHOE CONpo-
THBJEHHE NpeobpazoBaTend.

Tlpu n3Menennu BxogHoro HampskeHHss ot 100 mo 200 8 u (win)
UpH H3MEHeHHAX TOKa Harpy3ku B npegenax or 0 mo 100 ma xoneBa-
HUSl BBIXOZHOTO HanpsiKenus He mnpesoiinaior 3%. Ieficrayiowee 3Ha-
YeHHe HANPFXKeHWUs MyJbCalMii HA BbLIXOAE MPU NOJHOW HArpyske Me-
nee 300 ms. Tlomuelit k. n. &
cxembt okoao 50%. Doubman
Yyacth 10Tepb 00ycaoBJeHa CO-
IPOTHBJIEHHEM Ry, KOTOpOE
IOMKHO 0BecleyHTb OTIHPAlo-
IMUA TOK YNPaBJSIOUIET0 3JeK-
tpoxa JOT mpr caMov HH3KOM
IIpeAlioaraeMOM MHTAIOLIEM Ha-
npaxennd. Jaa  noBuiuieHns
K. 0. A. IpH JAPYIUX AHUTAOIKN
HanpsKeHusax Ky LOMKHO BBIGU
paThCs ¢ TAKHM PAacueToM, uTo-
6Ll TOK B IEMH YIPaBsiOUIero
anektpoaa JOT Owr 6bl paseH
10 ma.

+288

Hazpy3xa

i

14-5-7. Bbicoko4acTOTHBIH

TipepuiBarTeb Puc 14-15. BpicoxkouacToTHHE Ope-
DBIBATENb.

Tpanchopmarop Tp nMeer 06MOTKH
W1-3=120, ws—y=DH.

Cxema npepniBarens, noka-
3auuaa na puc. 14-15, xapaxre-
puayerca THGKOCIBIO H IIPOCTO-
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toii. Ilpn mopave nHanpsaxenus nurasusa JOT ocraercst 3amepThiM A0
TeX TOp, II0Ka BOJbT-CEKYHAHBII MHTErpajs Ha 3akuMax oOMoTku [/—2
TpaHchopmatopa Tp He BbI3OBeT machilleHWs cepieynnka. [locie Hacel-
utenns Tp Hanpsixenue Ha OOMOTKe CHH/KAeTcs u uepes Ry u Ra mpo-
XOOHT TNOJOXKHTEALHLIA YNPABJASIONMA TOK, BbI3BIBAIOUIMA O1nHpalue
JOT. O6motka 3—4 ofecrmeuuBaer pereHepaTHBHBIL TPOLECC, YCKOPSHO-
wuit ornupanue JIOT. Korpa JIOT orkpsiT, HanpsieHue Ha 3aXHUMAX
o6MOTKH [—2 H3MeHSeT CBOe HampaBJieHHe, TaK KakK YynpasJsiiolui
3JIEKTPOJ M KaToJ THPUCTOPA HAXOAATCH NOJ NOTeHnuasloM -+28 8,
nostomy Tp Buixopur n3 Hacolmennst. JJOT HPOBOAHT TOK HArpy3KH,
noxa Tp He naceiTHTCA B oOGpatHOM Hanpasienur, Torma BO3HHKaeT
HMIyJbC OTPHIIATEJBHOTO ympasaswomero Toka, u JOT 3anupaercs.
BpeMsi OTKDBITOTO COCTOSIHHS ONPENENAETCH YCTABKOM NOTEHUHOMETPA Ra.
Kposme toro, k Tp Moxer GblTb gofaBneHa Tperbs 06MOTKA, MO3BOJSIO-
as 3JeKTPUYECKHM NYTeM pPeryaupoBaTbh CKBaXKHOCTh. [Ipu mporexaHuu
B TaKOH ynpasJsiolled oOMOTKe IOCTOSHHOTNO TOKA B OAHOM HampasJe-
HHEM JUIHTENbHOCTE OTKPBITOrO COCTOsiHHsI 6yler yBeJUuMBATbCH, TOK
ynpasJ/eHus B IPOTHBONOJOXKHOM HanpapJeHHHd Oyaer cokpamarb paGo-
yufi uwuTepBal. IIpHKAaabIBas K ynpaBasiomell oOMoTKe mepeMeHHE!
TOK, MOXHO MOMYJHPOBATL CpPefHee 3HAUeHHe ToKa Harpysku. C aje-
MEHTaMH, TIOKa3aHHbIMH Ha pHC. 14-15, cxemMa MmoKer paforatb npu ua-
crorax npumepuo Ao 100 xey.

14-5-8. I'eneparop MMNyJLCOB BLICOKOrO HANPSIKEHHS

Cxema na puc. 14-16 Moxer GbiTb HCIOJNB30BAaHA B KAayecTBe BHI-
COKOBCJIbTHOTO TeHepaTopa HMIYJbcOB (HAlpHMEP, B CHCTEME 3aXKH-
ranus aBTOMOGHJABLHOTO  JBHraTessi) HJAH B KauecTBE IOBLIIALIErO
Tpanchopmaropa MOCTOAHHOTO
TOKa B NOCTOAHHBIA. [Ipunnun
JIeHCTBHS CIAeAYIOLHA: ecau cMe-
menne Ha Gase tpausucropa IIT
TaKOBO, YTO OH OTKpHIT, ue-
pe3 R; NPOXOAMT TOK, OTNHPAIO-
muit  JJOT. Tlpuw 3TOM TOKH
B IIepBHYHOH OOMOTKe HOBBIILALD-
utero  tpaHcpopMaropa Ip H
B jApoccene L, HaumHaor Hapac-
27 407 ¢, Tarh. Korzna IY“T 3anupaercs,

C5C :025 TOK, npoxonsmuit mo L,, mepe-
Ly » GpacbiBaeTcsi B LeNb YNpaBJsio-
| niero sqekrpona u JOT 3anu-
7K paercsi. DTO BLI3HIBA€T IOABJE-
HHe BO BTopHuHOH ob6MoTke Tp
HMIyJbCa BBICOKOTO HalpsizKe-
uusA, uMeromero dopMy memndu-
pPOBaHHBIX BHICOKOUACTOTHBIX KO-
JeGaHnii, 4acTOTa KOTOPLIX Ompe-
npensiercsi mapaMerpamu Ip H
eMmkocTsto KoHaescaropa Cq. Ilpu
11e00X0OMMOCTH BBIXOJHOH CHT-
HaJ MoXeT Obith BHIIPSMJIEH
U Crjaet.
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Puc. 14-16. Teneparop
BOJIbTHBIX HMMITYJIbCOB.

Pesucrop R*, nopBupaerca aiasa NOayye-
HHUA aMIIMTYAbl TOoKa I=2 g. B aBroMo-
GUAbLHLIX CHCTEMAX 3aMUTAHHS IIOBBI-
waiomut  TpancopMarop  3ameusgercd
creuHanbHOfi  KaTymKkol 3ayKuraHus ¢
YMEHBIIEHHOH HHAYKTHBHOCTBIO,

BBICOKO-

14-5-9. MyabtusuGparop na JOT u OIT

B cxeme wa puc. 14-17,a ucnoabsosana kombunamns HTOT—OIIT
AJst CO3JaHHsl MYJbTHBHOpPAaTOpa C JIOCTAT10UHO BBICOKOH MOLIHOCTBIO Ha
seixoge. C anoza JOT moryr 6biTh CHATH MNPSMOYFOJBHBIE HMIYJbCH
10Ka € MAaKCHMaJbHOII ~ aMIVIMTYIOH JO0 2 @; ,BRIXOZHOH CHIHaJ
¢ MeHblIeHl MOILHOCTBIO MOXeT ObiThb mosyueH or Bropoéi Gasmi OIIT.
Ilpn mokaszaHHHX Ha pHc. 14-17,0 mapamerpax MyaeTHBHOpaTOp pabo-
TaeT ¢ YacToTON NPHMepPHO | ey M CKBaXKHOCTBIO OKOJO 2, HO pabouas
qacToTa MOXKeT JexaTth B npepenax or 0,1 ey no | Key; cKBaxKHOCTH
TaKXe MOXeT H3MeHSThCs.

Korpa Bxaouaercss nuranae, ynpasasiomuin Tok JIOT mnpoxoaut
yepes Ry, C1 u R, Tlpu ortkpmrom JIOT Koupencatop C; uepes Ry u
yNpaBAAIOLHIl Tlepexon 3apsxKaercs (mJioc Ha npaBolt obkJaagKe) 10
nanpsikenus E,. Korma wuanpsixkenue wa C; JocTHraer 3HaueHus, co-
OTBETCTBYIOLUEr0  MaKCHUMyMy Ha 3MHTTepHOH  xapakrepuctuke OIIT
(touka 2 ma puc. 14-17,6), OIIT ornupaercsi M HanpskeHHe Ha €ro
svnrrepe najgaer. Opnospemenno ynpapasiowuilt saextpoa HOT moay-
uaeT orpunarenbuoe cMemenue, 1 JOT sanupaercsa. Temepr xonpenca-
rop Ci mepe3apskaetcst ueped R, H YUacTOK 3MHTTeD — neppas Gasa
OTIT, u noTeHuMan erc Jesoi oBkjaaaku crpeMutcs K Bemwuude E;. Ha
310M uHTepBane OIIT HaxoauTcss B peKuMe, XapaKTePH3YeMOM TOUKOH
3 na puc. 14-17,6, ToK ero amurrepa NpeIcTaBAsSeT CyMMy TOKa, TpO-
xoasiero yepes Ry, u sapaauoro Toka Ci. Korpa nanpsienne na C,
CTaHOBHTCSl JIOCTATOUHO IIOJIOKHUTE/BELIM, 4YTOOBI CO374aTh INPAMOE Ha-
npsiKeHue Ha ynpasasiomeM  aaektpofe JOT, BosHuxaer  npaMoid
ynpasastomuii Tox JOT, tok uepes C; yMeHblIaeTcdl, B CH/y Y€ro TOK
smurrepa OlIT rtakxke magaer W pafoyasi TOUKa CMCINAETCHA K T0JO-
xKeuuto 4 wa puc. 14-17,6. dro nonoxende Hecrabumabno, OTIT zanu-

Uy p
\
|
\ ‘\
\
\0/3
Cd
4\\\ 1y

Puc. 14-17. Myasrusubparop #a JOT u OIIT. ITuranue
adonuoit uend JOT Moxer nNpPOM3BOAHTBCS OT OOLIETO
ucroudnxa E; wiu npH HeoGXOAMMOCTH OT OTAENbHOro
ucroyHuka E;. Harpyska Ra Moxer GwITb paccyuTaHa Ha
TOK Ao 2 a.

G — cxeMa; 6 — sMuTTepHEs XapakrepugTHKa OIIT,
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TIOYEMY HEOBXOIHMA

3AIUTA?

paercsi, W ero pafouas TOYKa BO3BpallaeTcs B ToJoXKeHne [ Ha
puc. 14-17,6. Kak rosnbko OIIT samupaerca, IOT ormupaercs. 3atem
IHKJ TIOBTOPSETCS.

Yactora paborkl cxembl 00paTHO mpoliopuuoHanbia emkoctd Ci.
Bpewms sameproro cocrosinusg JOT onpenenscrcs NpeHMyIECTBEHHO De-
3UCTOPOM R, @ BpeMs ero OTKPBITOTO COCTOSIHHSI — DPe3HCTOpoM R,
Harpyska B uenu anoma JOT HesHauuTeJbHO BJMAET HAa BPEMCHHLIE
AHTEPBAJB: € POCTOM HACPy30YHOTO TOKAa YBEJIMUMBAEICH OTPHIATEeb-
HbIH uMnyJabc Toka B uenu JOT;, 4To yBenuuuBaetr 3apsp Ha C; (cmo-
JASPHOCTBIO TIKOC 11 JIeBOM OOKJajdKe) W yMeHbliae! BpeMsi 3aneproro
cocrosinust JIOT. Dto BausiHMe MOXKHO yMeHBLIHIh, YBeJHUHB eMkocTh C).

Paspen naTHaaarbii

3AULUTA TUPUCTOPOB OT NEPEIPY30K
U TOKOB KOPOTKOI'O 3AMbIKAHUA

VaosaeTBopuTenbHas pafora THPHCTOPOB M 060py/0BaHHUSA, B KOTO-
pPOM OHH NDHMEHSIIOTCS, YacTO 3aBHCHT B 3HAUYHTENLHON CTENEHH OT HX
CIIOCOGHOCTU BBIIEPXKHUBATL 0e3 NOBPEXK/JeHHH 3MH30JHYECKH BO3HUKAIO-
HIHe DPEeXUMBl 3HAUMTEJbHOH NEperpyskd mo ToKy. OueBHIHBIM, OTHAKO
He BCErfa S5KOHOMHYHLIM pelleHHeM (XOTf C TOHHKEHHEM CTOHMOCTH
MOJyNIpOBOAHUKOBBIX BEeHTHJIEH PeajbHOCTb TAKOTO NMOAX0JA BO3PacTaeT)
SIBJSETCS MPOCKTHPOBAHHE NpeobpasopaTenell ¢ TaKHM PACYeETOM, 4TOOHI
OHM MOIVIH BBIAEDKHBATh B TEUEHHE JOCTATOYHO OOJBIIOrC BPEMEHH
HanboJbLINe BO3MOXKHEIE TOKH KOPOTKOro saMbikaHusi. OmHaxo 3TO Tpe-
6yer, 4TO6bH HOMHHAJbHBIE TAPaMETPHl IOJYNPOBOAHUKOBHIX TNpPHO0POB
M CBSI3aHHBIX ¢ HMMH 3JIEMEHTOB BO MHOTO pa3 HPEBBLIIAJH NapaMerphl,
KOoTOpble Tpebylores sl HOPMaJbHOH pafoThl. Ecau M3 3KOHOMHYECKHX
IV MHBIX COOOpaeHHil Takoe pelleHHe OKa3hiBaeTCsi HeNpHEeMJIEMBIM,
NPUXOAUTCH NpHOeratb K COOTBETCIBYIOIMM  CHCTEMAM 3aUHTHL OT
CBEPXTOKOB.

15-1. MIOYEMY HEOBXOAUMA 3AIINHUTA?

CHcreMa 3aulUTBl OT CBEPXTOKOB JIOJIKHA BHIMOJHATb MO KpaiHeh
Mepe OJHY U3 CIeAyIIHNX GyHKIUN:

1) orpaHpudBaTh JJIMHTENBHOCTb H YaCTOTY BO3HHKHOBEHHS Iepe-
TPY30K!:

2) orpaHUuyuBaTh IJAAIEJBHOCTD W BEJHYHHY TOKA IIPH KOPOIKOM
3aMBIKAHUH;

3) orpaHu4uBaTh [JHTEJBHOCTb M BEJHUYHHY aBaDHHHLIX TOKOB, BO3-
HUMKAIOIHX TPH Npoboe BeHTHJEH.

Buinoagesue 3THX QYHKUUA HeOOXOAHMO AJsa TOTO, UTGOBI HE TOJb-
KO THDUCTOPH M Heympap/sieMble  BeHTHJH, HO TaKiXke U CBs3aHHble
¢ HUMH 3JIeKTpHyecKre MPuGOpEl U MOHTAXKHBIE NPOBOAA He HCHEITHIBAJIU
Ype3MepHOro Harpesa H BHIBBAHHBIX MArHHTHBIMH TMOJMSMH 3HAYHATEBHBIX
Mexaguyeckux ycuauf, CTpeMyeHue HCNOAb30OBaTh CHCTEMBl Gosbuio#
MOLIHOCTH AJAA NHTAHUA NpeobpasoBaTe/bHHX YCTAHOBOK HacTo IPHBO-

T K OYeHb BBICOKAM @BAPHHHBIM TOKaM.
Tax kak TemaoBoe H WISKTPOLUHAMHYE-
CKOe JleHCTBHE [OKOB KOPOTKOTO 3aMbIKa-
HUsl B 3JeMEHTaX CXeMbl ¢ JWHeHHbIMM Xa-
paKTepuCTHKaM¥ IMPOMOPUHOHANBHO KBAK-
patry ToKa, TO 3HaueHHe COOTBETCTBYOMIei
3aupThl B MOTOGHBIX «XKECTKHX» CHCTeMaX
OUEBHHO.

TToppexinenMe THPUCTOPOB, Kak 4 He
ynpaBJseMblX BeHTHJel, uallle CBA3aHO C
3aKopauuBaHueM (mpoboeM) p-f-mepexosa,
uyem ¢ paspbiBOM BHYTpeHHel lend., Bo
BCEX 'CMJOBLIX BbITPAMHUTENIbHbIX CXeMax,
33 HICKVIOYEHHEM MPOCTOH OJHOMOJYMepPH-
OfIHON CXeMbl, TaKoe IOBpeXJeHHe 3Je-
MeHra BBHL3bIBAET MPAMOE KODOTKOE 3aMBbl-

+ .

y. .
- 4

-—

Puc. 15-1. Ilpo6oit oamo-
ro M3 BEHTHJIEH B OJHO-

(asHoM  MOCTOBOM  Bhi-
npsamutesne. CrTpejxs 1o-
Ka3elBAlOT  HalpaBJeHHe

TOKAa KODOTKOro 3aMblKka-
HUSI B HEMNOBPEXKJIEHHOM H

KAHUC UCTOUHWKA TMTAHUS depe3 MaJjoe TOBPEKJIEHHOM BEHTH/INAX.

npAMOe (COMPOTHBJIEHMe HernoBpexleHHbiX Harpyska ne orpanxun-
BEHTHJIell B OMEeXHbIX BEHTUABHBIX MNeYaX  BaeT  BEJAHUHHY  CBEpX-
Ha BpeMa N0 wpaiHed Mepe vyacTd Ne-  ToKa.

puona \(cM. puc. 1541, nie ¢ ueawwo 0606-

e us obo3HaYeHHe — HeynpaBJIgeMOro

BOHTH/IS  HMCONOJB3YyeTcs u i ‘ofoznavenns  tupucropa), [lpu
TUX YCAOBHSAX CHCTEMA 3AIUUTHl AOMKHA OTKIOYATh BCK YCTAHOBKY OT
HCTOUHMKA TNHTaHHA WM H30JHDPOBATH 3aKOPOUEHHHIH BEHTHJAb C TeM,
l{TO(/)bI, 00eCneunTh AafpHeHmyl0 pafoTy CHCTeMbl. JTOT BONpoc Gyuer
OAPOBHO paccMaTpHBATHCS HHKE.

Tpyano naBaTh yHHBEpcasbHble PEKOMEHAALMH OTHOCHMTENbHO 3a-
LIMTBl OT CBEPXTOKOB, NMOCKOJABKY YAOBJETBOPUTENbHAs paora yCcTaHOB-
KM TpeOyeT B pas3JHYHLIX 006JacTAX NPUMEHEHHA PAa3JIMYHBIX YPOBHel
HazeXHOCTH. BEIGOp CcHCTeMbl 3alUUMTH JACJAXKEH OCHOBBIBATHCA Ha CJe-
qylwHx Gakropax:

1) HeoOXoaHuMasi CTENEHb HAJEKHOCTH YCTAHOBKH;

2) Heo6XOMMOCTb HJH OTCYTCTBHE HEOGXOAMMOCTH B HElNPepHIBHOR
pabore YCTRHOBKK B CJydae MOBPEXACHHS OTASABHLIX NOJYNPOBOIHUKO-
BLIX BEHTHJEH;

) 3) uMeeT JIM MecTo BHIXOJ BEHTHJIEHl u3 CTPOSL B De3yJLTaTe 4Ba-
pHi;
4) BepOsITHOCTb KOPOTKHX 3aMLIKAHWH HA LIMHAX HAIpY3Ki;

5) BeJHMUHHA H CKOPOCTb HAPACTaHUSt TOKA NOBPEXK/CHUS.

B 3aBHCHMOCTH OT Ha3HayeHUd YCTAHOBKH T€ HJN HHBle H3 311X
¢daxTopos MOryT uMeTh Oojibllee HJIM MeHbluee 3uauenne. Hampumep,
€CJIH KOJIHYECTBO MOJYNPOBOAHHKOBBIX BEHTHJIER B YCTaHOBKe BeJHKO
HJIH BEJHKO KOJHYECTBO NapaJjiiesbHO BKJ/IOYEHHBIX BEHTHJEH, KOorja Be-
POSITHOCTH TOBPEXKIEHHH OTHEJbHBIX BeHTUJICfl YBEJAHUMBACTCSH, WAH CCJH
Heo0X0AUMO ofecneyHTb HelpepeBHOCTE paGothl, TO Heo6XoaHMa Gonee
croxuast cuctema 3awMTel. C JApyroil CTOPOHBI, ¢ LEMBKI CHHMKeHHS
CTOUMOCTH H IIPH OTCYTCTBHH O0JBLIIOH HEOOXOAHMOCTH B HelpepbiBHOH
paGoTe MoOXeT 0KasaTbCs BHOJHE XOCTATOYHBIM TPHMEHEHHE JOCTATOY-
HO GBICTPOAEHCTBYIOLIENO MJaBKOro NPeXOXpPaHuTess Ha CTOpPOHe Hcpe-
MEHHOTO TOKa. A B HEKOTOPBIX cayuasx Hanbojee NPAKTHYIHOE H 3KO-
HOMHYHOE pelyellie MOXKeT 3aKalouaTbes B pacueTe H BeiGope noaynpo-
BOJHHKOBHIX NMPHOOPOB ¢ TakHM 3anacoM, uToGul OGHIYHLIE niiaBKHe npe:
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JOXpauure/id WM aBTOMATHUECKUC BBIK/IIOUATEIM 3alllUlalH yCTaHOBKY
OT TIeperpysoK HJIH KOPOTKHX 3aMBIKaHuH

ITostomy nesnecoo6pa3no, yToGbl HE H3TOTOBHTENb MOJAYIPOBOLHHKO-
BbIX NPHGOPOB, a NPOEKTHPOBIIHK TOYHO ONpeNeNAs, Kakoil ypoBeilb
3allMThi HEOGXOAMM I KaX1ofl NaHHOK yCcTaHOBKH. EciaM KOHKpeTHLle
Tpe6oBaHHA K YCTAHOBKEe M3BECTHLI, TO H3rOTOBHTENb NOJYNPOBOAHHKO-
BbiX BEHTHJIell MOXET DEKOMEHJOBAarb METOAbl 3aLIUTHl, OfecneuuBar-
HiMe BHIMOJHeHHe THX TpeGosanuil. Martepuan, U3MOXKEHHBIA B HacToOdA-
LIeM pasgese, [O0JKEH TNOMOYb NPOCKTHPOBUIMKY B ompejeneHun Ttpebo-
BaHU, NpeabABAsSEMbIX K 3aliuTe, U B Bhifope
MeTON0B ofecrneueHus 3THX TpeOOBaHMUIL.

16-2. 3JEMEHTbl CUCTEM 3AILHTBHI OT CBEPXTOKOB

OCHOBHBIE 3JIEMEHTBl 3alUUTBI MOTYT ObIrb pasAesieHBl HA JIBe TPVI-
nel. [Teppas rpynna sk/aioyaer B cclst Te ycTpolicTBa, KoTopble ofecne-
UMBAIOT 3alMTy YCIAHOBKH MOCPEICTBOM TIpephlBauus HJAH Mpejiol1Bpa-
IIeHUA NPOTEKAHUA ABaPUAHOrO TOK&, a BTOpas — TC 3JIEMEHTbl, KOTO
pble 3a CUeT CBOEro CONPOTHUBJECHHUA OrpaHHUYWBAIOT BEJMYHHY WM CKO-
POCTb HapacTaHHsl aBAPUHHOTO TOKa.

K snemenraM nepBOf rpymnmbl OTHOCATCSH:

1. ABToOMaTHYeCKHH BBIK/JIOUATENb HJIM TJIABKHH TPeIoXpaliuTelb
B LEMH IePEeMEHHOro TOKA, KOTOpble OTKJAIOUAIOT BCIC CXEMY OT HCTOU-
HHKA TNHTaHUs.

2. IlnaBkHil npefOXpaHUTeNb W/ aBTOMAT, KOTOpble OTAEJSIOT NO-
BPeXACHHble BEHTHJH.

3. ApTOMaTHl WJH IIaBKHe NMpPeJOXPAHHTENH B LeNH HarpyskH, KOTo-
pble IPA KOPOTKOM 3aMBIKAHMH Ha BHIXOJZE MJH MNP Mpoboe BEH1HJs
OTKJIIOYAIOT JaHHbIA NnpeobpasoBarenb OT UENH HArPY3KH WM OT TapaJ-
JIeNbHBIX npeoGpasoBaTedneli, npeJorBpaiyas IpoTeKaHHe OOPATHBIX TO-
KOB.

4. TokoorpaHHuHBaION(He I[JaBKHe NPeAOXPAHUTEIH H MaKCHMaJb-
Hble aBlOMaTHUeCKHE BHIK/IIOUATENH B IeNAX THPHCTOPOB

5. Verpoiicrea, ofecresuBarpliue 3anupaHie THPACTOPOB € UEIbIO
npepbiBaHUsA CBEPXTOKA

K ssieMeHtaM BTOpO FPpYMOB, KOTOPHie OrPaHUUHBAIOT BEIUUHHY
MU CKOPOCTh HapacTaHud aBapHHHOrO TOKA, OTHOCATCH:

1) BHyTpeHHee CONPOTUBJEHHE HCTOUHHKA MHTANHSA;
2) BHyTpelHHe CONPOTHBJEHHA TpaHchopmaTopa;
3) MHAYKTMBHOCTb H CONPOTHBJEHHE LleNH HarpysKH.

B Xoje pacCMOTpPeHHs TPHBOJIMMOro 31eCh MarepuHana CJaeAyeT
NOMHMTb, YTO TpPEpLIBAIOLIAE YCTPORCTBA, HUCIOJB3YIOIIHe MArHHTHOE NO-
Jie TOKa, HanpvMep COJIEHOHAB B OHCTPOAEHCTBYIOIIMX aBTOMAaTaXx, a
TaKXe TNPepHBaWIIKe YC1POACcTBa, HCHOJAB3YIOIIHE TEMIOBOe JeHCTBHE
TOKa, HalpuMep IUIABKHE NPELOXPAHUTENH HJIH AaBTOMATHI C TEIIOBBIMY
pacuUenATeNsiMH, DEarnpyloT Ha JeficTByollee (MM CcpefHeKBaApaTud-
Hoe) 3HaueHHe Toka. CaM TOJNYNPOBOJHHKOBLIH  BEHTIIL  pearHpyer
B OCHOBHOM Ha HArpeB, OJHAKO OH 0Gjajaer HeJHUHEHHBIM CONpPOTHBJE-
HHEM M ero HarpeB NPONOPUUOHANEH 3HAYEHHIO TOKA, MPOMEXYTOUHOMY
Mek1y NeACTBYIOIGMM H cpeiHuM 3sHaueHusMu. CylliecTBeHRasi PasHHLS

YIOBJETBOPHUTEJBHBIX ~

MEXK1y 3THMH 3Haue€HuAMd TOKa B CX€MaxX BBIIPDAMJCHUA 0COOGEHHO
BaxKila IIpyY corJiacoBallMi CpeAcCTB 3alldibl APYT C APYroM u ¢ BEHTH-
JI$MH.

15-3. PACYET TOKOB KOPOTKOT'O 3AMBIKAHHSA
15-3-1. ConmpoTHB/JE€HHE H MOILHOCTh KOPOTKOro 3aMbIKaHHA

[1pu pacuetrax TOKOB KODOTKOTO 3aMBIKAHHA HEOGXOANMO MPHHH-
Malb BO BHHMaHue MO BO3MOXKHOCTH BC€ CONDPOTHBJAEHHS CHCTEMBI, UTO
NO3BOJIHT OMNpelesuTb OoJiee peatbHO TOK KOPOTKOTO 3aMbIKAHHS H BbI-
6patb THPHCTOPHI 0e3 M3JMLIHEro 3amnaca no yAapHOMY TOKY.

ITocnenoBaresnbHble CONPOTHUBJCHHS TpaHCHOPMATOPOB H MOAOOHBIX
37IEMEHTOB SABJAIOTCH [PEHMYLIECTBEHHO pEAKTUBHBLIMH, MNO3TOMY Oes
6OJIBINON NOIPELIHOCTH MX MOXHO CYMMHpoBaTh apubmeinyeckd. OTHO-
CHTe/bHOE 3HAYeHHe pPEAKTHBHOIO CONDPOTUBJEHHS (B MpPOLEHTax HIH
B OTHOCHTE/BHBIX €JHHUIAX) YHCJEHHO paBHO MAJEHUI0 HaNps’KeHus
(B3ATOMY B npoleHTAaX HJH J0JAX OT HOMHHAJNBHOTO HAampsikKelus), mo-
JyvallleMycss Ha JaHHOM 110CJe/l0BaTeNbHOM HHIYKTHBHOM CONPOTHB-
JIEeHHH TIPU TPOXOXK/JIEHHUM UYepe3 Hero HOMHHAMbHOFO ToKa. CompoTuBile-
HHe Tpexd¢asHoil cHcreMbl paBH PEaKTHBHOMY CONPOTHBJIEHHIO O/IHOR
¢as3bl, yMHOoKeHHOMY Ha 3 (B OMax, NpPOLEHTAX HJIH OTHOCHTEJIbHBIX
eJIHHHIIAX) .

MoHoCTh KOPOTKOTO 3aMbIKaHHsi TpeAcTaBiaseT cofOifl MaKCHMaljb-
HYI0O MOUIHOCTb, KOTOpas MOKET BbLAaBaTbCA CHCTEMOH B peXHMe KO-
pPOTKOro 3aMbikaHud. TakuM 00pa3oM, MONIHOCTb IIPH KODOTKOM 3aMbl-
KaHUH B KMJOBOJIbI-aMIIepax papHa:

s HOMHHAJIbHAS MOIHOCTD (K8a)
X.8 —

. CONPOTHB/ICHHE KOPOTKOTO 3aMblKaHHA (B OTHOCHTEJIbHbIX
e MHHLAX)

B TpexcdasHblx cHCTeMax MOJHAs MOIGHOCTL paBHA CyMMe MOIIHO-
creit as.

Uro6st 6blo yaoOHee YUHTHIBATH BJMSIHHE MOC/AEXOBATENbHBIX 3.e-
MEHTOB CHCTeMbl (TpaHchOpPMAaTOPOB, JHHHHM, PeaKTOPOB W Iip.), HeoO-
X01¥MO BLIOpaTb yA0OHYIO AJS pacyeTOR GasHCHYIO MOL(HOCTb H Mepe-
CUMTaTb MNPOLEHTHOE 3HAUeHHEe CONPOTHBJIEHHS 3THX HOCJAEZOBATENBHO
BKJIIOUEHHbIX 3JEMEHTOB MAjs1 JaHHON GasucHO#l MomHocTH. B KauecTse
6asucHON MolyHocTH OObIYHO YAO0OHee GpaTb HOMUHAJBHYIO MOLIHOCTh
BBIXOANOTO TpaHchopMmaTopa (B KuJoBOJbT-amnepax). IlpouenrHoe Ga-
3HMCHOE 3HaueHHe CONPOTHBJEHHS JIOGOr0  JHPYroro NOCAEJ0BATENBHO
BKJ/IIOYEHHOTO 3JEMEHTa BLIUMC/ASETCH 3aTeM IOCPE/NCTBOM YMHOMKEHHA
NPOUEHTHOFO 3HAYeHUs] CONDOTHBJEHHS Ha OTHOIIEHHe Oas3ucHON Moui-
HOCTH K DacuyeTHOM MOILHOCTH 3TOro 3JeMeHTa. Bce monyueHHble npo-
LeHTHble 3HAaYeHUS CONPOTHBJEHUH CKJIAIBIBAIOTCA C MPOLEHTHHIM 3liaue-
HHEM COTIPOTHBJIEHHS! BBIXOZHOTO TpaHchopmaTtopa, B pe3yJbTaTe Hero
MOAY1AI0T NPOLEHTHOE 3HAUCHUE CONPOTHBJIEHUS CHCTEMBI.

Hanpuvep, ecin BLICOKOBOJMBTHLIM BBIIPSIMHTENL ¢ MOBHINAOMIHM TPpaHcdhop-
MaTopoM S=30 K6a u CONPOTHBIEHAEM KOPOTKOrO 3aMBIKAHMA x,=20% nuraeTca
OT [0CTATOYHO MOWHOM CeTH Yepe3 ABa NMPOMEXYTOUHLIXx Tpanchopmaropa S=
=300 k8a, X, =4% u S=50 x8a, X,=5%, TO CyMMapHOe MPOUEHTHOE CONPOTHBJE-
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HHe KODOTKOTO 3aMBIKAHHA 3(ex TMOC IefoBaTeIbHbia TpauchOpMaTopos (Hpu 6aszo
BOft MOIHOCTH S=30 x6a) paBHO

30 30
Srg= 4oy 0+ 0 = 23,49

Toraa pesyAbTHPYIOLLAN MOLIHOCTL KOPOTKOrG 3aMblKaHuA cucteMul 6yper

pasua (np)n HepexoAe OT IPOLEHTHOIO 3HAYEHWS CONPOTHBJAEHHSA K OTHOCHTEALMLIM
eJHHHIaM

15-3-2. TOoK KOPOTKOro 3aMbIKaHHSA

1 aa oauoda3nofi  cucTeMb

paBHa

pacyeTHasi MOIMHOCTS HArPYIRH
Sy == IzUy-10-3 ksa,

rae [y 1 Uy — ReficTBYWOIIE 3HAUEIMA TOKA K HanpAXKeHHs
Henctryloilee siiauenue 10Ka KOPOTKOIO 3aMBIKaHH:

Sk s

AMnuuTynHoe 3uaueHue TOKA KOPOTKOTO 3aMHKAHHS NPH YCTAHO-
BHBUIEMCS pexuMe Oyfer

V—Q_Sx 3 .]0-8 a.
U

H

[xsn=

2. Jlns tpexdasnofi cucreMmbl
Sy =V 31Uz ; 10-? ksa,

riae U o — nuHeliHoe felicTBYIoHee HATIPAKCHHE
JIMHEeHHBIl TOK KOPOTKOro 3aViblKaHHs (a c/eJ0BaTeNnHo, H TOK
KOPOTKOro 3aMBIKaHH$, BOCHPHHUMAEMbIH BBINPAMIresieM)

SKS

ox3 _ 1g-s g
3Us & a

lxa=

AMHJIHTleHOE 3HAUEeHHe TOKa KOPOTKOI'0O 3aMbIKAHUSA npu yCTaHOBHB-
IeMCA pexrMe pPaBHO:
V2S,,

E 3 M T V3_Un_n

I/ -10~3 4,

Kaxnoe u3 nosyueHHeIX 3HAueHUH TOKa KOPOTKOTO  3aMbIKalius
JOMXKHO ObITb YMHOXEHO Ha Ko3)(HUHEHT, VYUTBIBAIOWIMI HauajbHBIHA
6pOCOK TOKa M ero Hecummerpuio 1o ¢dasam u pasumil 1,5 Bpocok To-
Ka, YuMTHIBaeMbifl 3THM Ko>pPHIHEHTOM, 3aTyXaerT MeHbIe yeMm 3a ue-
TBIPE MepHOoAa, NOC/e 4Yero OCTaercsi TOJbKO YCTaHOBHBHIHACS TOK KO-
pOTKOFO 3aMBIKAHHUA

fipumep TlpeAnoJOXHM YTO BHIIPSIMUTEJNb BbIIOJHEHHLIE 0O TpexdasHol
MOCTOBOR CXeMe C BbiNPAMJEHHbIM HanpsKunueMm |0 K8 muTaeTca oT Tpanchopma-
TOpa MOLIHOCTbIO 275 K@@, umelowero X,=20% Tok 20 @ 4 JunelHOe HaOpRXKEHHe

10 10-3
Up=—— =740
Haxoan:
275
Sx i 1375 xsa,
e 5
I SM:lZ;-l—SZ-LIOJ=152u
® V37400

C yyeToM HavaabHOIO GpOCkA aMIMINTYJAa TOKa KODOTKOrO 3aMblKaHna (yaap
Hblfi TOK) OyIeT pasHa

I’y gu=15152=228a

15-3-3. Yuer RONOJHHTEJIbHLIX 3JIEMEHTOB

Lean st orpaHutieHkss ToKa KOPOTKOTO 3aMbikaHus Tpefyerca no-
HOJAHWIEABHOE PEAKTHBHOE CONPOTHBJEHHE, 10 Ha MCPBUMBOH MIH BTO
pHuHoOfi clopoHe TpaHchopmalopa HCOOXOAMMO BKJIOWITH I10C 1I€10BA
TeJbHbIE JIHHEHHblE PeakTopbl

ITonHoe peakTHBHOE CONpOTHBJCHHE TpeX(asHOH cucTeMbl, Heo0Xo-
AHMOE JUIsi OTpAaHMYEHMsi TOKA KOPOTKOTrO 3aMBIKAHUA A0 JOMYCTHMOM
ReTHYnHLl (T € [JOMYCTHMOro OIHOMEPHOAHOTO YAAPHUIO TOKA BeHTH
Jf), Mo/KeT ObITh PAcCUHrano Mo ie (YIOWEeMy COOTHOIUEHHIO

. 1,5V72 8, 10° ,
xlped) — =T
ximee V3 Unlﬂapn

108 Xy — NMOJMHAS PEAKTHBHOCTbL CHCTEMbl B OTHOCHTEJBHBIX eAHHHUAX,
S — GasoBast MOHIHOCTb, K8a, oObiullo 3a 6a30BYI0 MOLLHOCTL TPHHH-
MdIOT  HOMHHAJBHYI0 — MOLIHOCTb  TpaHchOpMAaTOpa  BbiIPAMHUTENS,

Iy qapn — MOMYCTUMBbI OAHONEPHOAHBI1 yAaPHBIA TOK BEHTHJIA

O6utee conpoTusaeHue ZX*x (B OTHOCHTeNbHBIX exHHHUAX), obyc-
JIOBJICHHOE BCEMH HMEIOIINMUCT B CHCTEMe 3JIeMEeHTaMH, BhUMTaeTcs H3
HAKJEHHOTO BHIIE X*x(rpes) OCTATOK MpeJcTaBiser coOOH CONPOTUB
JleHie, KOTOpoe AOJIKHO OBITh J00aB/IeHO

Xpot = Xx (zpes) — DXge
ConpOTHBJEHHC B OVMAaX, COOTBETCTBYIOILEE X*gzos, M IepecudTaHiioe
Ha (asy, voxer ObiThb BEIUHC/IEHO MO (opmyde
2
x*nosu,,
X 6:::-7:——'
28T Y 886- 100
[TogoGHasa e MeTONHMKa pacueTa MOXKET HCNOJb30BaThCA H AAA

oaHodasHBIX CHCTEM, Heo6X0JIMMO JIHIIb y4ecTb, YTO 31ech TpeSyercs
101LK0 0TI Nocae10Ba resibubll peaktop Ilostomy

# 2
x !oﬁU n

¥aes = TgTOV
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WHRyKTHBHOCTD JIHHEHHOTO peakTopa paBHa!
L= x!oﬁ/gﬂf-

Tlpu ucmosb30BaHKM Ha BbIXOAe BHIIPAMHTeNEH QUABTPOB C HHAYK-
THBHBIM BXOJOM JApoccesb (DH/IbIPa 3HAUMTEJBHO OFPAHUYHBAET aBapHi-
HBft TOK. Bnusinue ero MoxeTr ObITb ONpEIENeHO, €Cld [PelnoaoKHUTh,
4T0 3(hdeKTHBHAs HHAYKTHBHOCTL (HJbTPa NMPH KOPOTKCM 3aMbIKAHUH
6yner cocraBnsATh Mo KpafiHell Mepe 0,25 ero HOPMAaJbHOH HHILYKIHB-
HocTH. TakuM 06pa3oM, peaKTHBHOE CONPOTHBJEHHE KOPOTKOTO 3aMblKa-
HuA npu yactore 60 ey GyneT paBHO

Xxp =0,25-21€fL = 94,5L, oM.

OKBHBANEHTHOE TpexpasHoe CONPOTUBJIEHHE B OTHOCHTEAbHHIX BXM-
HHULaX, 00yC/a0BJEHHOE jpocceleM GuIbrpa, PABHO:

xupSy 10-3 .
2
UJl

Haiizennast BejuuuHa x*pp Mmoxer Oblip AoGapiena apudmeruue-
CKH K OTHOCHTE/JIbHOMY COTPOTHBJIEHHIO OCTaJIbHOM CHCTEMEBl, M T0JY-
YyeHHOe CYMMapHOe COIPOTHBJICHHE HWCIIONL30BAHO TPH pacyeTe MOIIHO-
CTH ¥ TOKa KOPOTKOTO 3aMBIKaHHA.

B BHINIpAMHTE/bHBIX CXeMaX BeJHuMHA W ¢dopMmMa KPHBGH TOKa KO-
POTKOro 3aMblKaHMs WJH TOKA MEpPerpysKH H3MeHSIOTCH B 3aBHCHMOCTH
OT THIA CXeMBbl, BUJa NOBPEX/JEHHS, & TAKXKe OT BEJIHUYHHBI U MecTo-
HOJIOXKeHUA conpoTusaeHuit cxembl. B [JI. 15-1—15-3] npuBegens aHa-
JUTHYeCKHE MEeTOJbl pacueTa TOKOB KOPOTKOTO 3aMbIKaHWs MJist Haunbo-
Jlee pacnpocTpaHeHHBIX CXeM BBIIPSMJCIHHS

x¥gp =

15-4, COTTTACOBAHHUE 3AUIUTHBIX IJEMEHTOB

B 3aBHCUMOCTH OT HEOOXOJHMOIl CTENeHH CJIOXKHOCTH RALUMTH H OT
CJI0JKHOCTH NMpeobpa3oBaTeNbHbIX CXeM MOCJAeJHHE COAEPXKAT MO OAHOMY
HIH GoJiee Pa3HYHBIX NPEPBLIBAIOIIUX YCTPOHACTB, MEPECUUC/EHHBIX BBIILE.
HeficTBue 3THX YCTPOHCTB AOJAKHO OHITH COMTAcOBAHO ¢ XapakTepucTH-
KaMu BeHTHJeli H JPYF ¢ APYFOM ¢ TeM, yToObl OOeCHEYHTh BHIIOJHE-
HHe Bcex TpeGoBaHMH K 3amure. [lnaBkue mnpegoxpannrtead  UAd
aBTOMaThl JOJXKHHI NPepLIBATb TOKH KOPOTKOTO 3aMBIKAHHA NPEXC, YeM
NpPOu3OMjeT IOBpexAcHHe BeHTHIed. [as oTkaioueHHs nmpoGUTOro BeH-
THASL OT OCTAJbHOH CXEMBl JOJKeH cpaboTaTh JHUWIb INJaBKHA Npelpo-
XpaHHTeNb HJH 4BTOMAaT, BKJIOUEHHBle MOCJAELOBATE/IbHO C TMOBDEXK/EH-
HbiM BeHTHIeM. OcrajibHBe IJIaBKHE HpefoXpaHUTeNH M aBTOMAThl HE
noJKHb OTKJoya1bed. C gpyrol cropoilbl, Kora NPOHCXOAHT KOpNT-
KOe 34MBIKAHUe HA CTOpOHE HATPY3KH, AOJKHH cpaBoTaTh asToMmathl
MAM TJaBKHEe NPeAOXPAHUTENH B OCHOBHON LeMH npexne, ueM cpabo-
TAWT MaBKHe TpeJOXPAaHHTENH HAKX aBTOMAThi, OTKJIOUAIOIIUHE OT/Ieb-
Hbie BeHTUIM. Takoe KaueCTBO Ha3HIBAaeTCs H3OHPATEJNbHOCTbIO (UMM Ce-
JeKTHBHOCTbIO) 3aluThl. KpoMe Toro, mepeHanpsiXKeHHs, BO3HHKaOUIHE
Ha BEHTHJAX BO BpeMs OefiCTBHS 3aLIMTHRIX YCTPOWCTB, HE [OJHBI Mpe-
BHIUIATL JONYCTHMOIO AaMIJHATYAHOTO HMNYJbCHOTO HAaNpfXKEHHA 3THX

npudopos bBoJsee croxkuble 3all{uTHBIE CHCTEMBl AOJKHBI OTBEYaTb LO-
[OJIHHTEJbHbIM TpefoBaniuaM corsiacoBauuda. [IpuMep cHCreMbl 3alUuTH
I CBSI3aHHas ¢ Hed aparpaMma cOIJIacOBaHHs, KOTopble 6YXYT paccMoT-
peHBl HHXe, WTIOCTPHPYIOT HEKOTOPbie M3 OCHOBHBIX MPHHIHIIOB COTIJia-
COBaHHst 3al(HUTHl KaK OT Meperpy3okK, Tak H OT ONH3KHX KOPOTKHX
32MbIKaHHUi.

IIpu neperpy3kax BHINPAMHUTEJbHbIX HJIH HHBEPTOPHBIX CXeM, KOTAa
TOK OrpaHMuUMBAETCSH BEJHUMHON, KOTOPYIO MOTYT BbIEPHKATk [MOAYAPO-
BOJHHKOBLIE BEHTHAH NPHOMM3MTENIbHO B TeudeHue 50 MCeK, B KauecTBe
3aIUTBl MOTYT YCHEUNO HCHOJb30BaThCs OOBIMHbIE INPEpHIBAIONHE YCI-
policTna, Kak, Hanpumep, aB1oMaThl W NJaBKHe NMpPEeNOXpaHUTeqH. DTOT
BHJL TMCPETPY3KM MOXKET HMCTb MCCTO, KOraa JApoccenb (GuabTpa HIH
«cafasi» NMTAOUlas CeTb 3HAYMTENbHO OTPAHHUMBAKOT BeJIMUHMHY HJIH
CKOPOCTb HapacTaHWsi TOKa DBKJ/IIOYUMB aBTOMAaTHUECKH{ BhIKJOUATEb
WM TJaBKAe NPEeJOXpaHuTesd Ha CTOPOHe NEPEeMEeHHOTO TOKa mepen
BEHTUIAMH, MOXKHO HCMOJNb30BATh TAKYIO 34IIMTY AJA OTKJIIOUEHHS BCei
cxeMbl OT MCTOUHUKA NMHUTAHUs BCAKME pas, KOTAZAa TOK CETH CTaHeT Ipe-
BEIIUATb 3apaHee YCTAHOBJEHHYIO BEIHUMHY, NPHONHIKAIONIYIOCS K Ma-
KCHMAJbHOMY LONYCTHMOMY 3HA4u€HUIO TOKA BeHTHJeHl npu JaHHoOh AJN-
TEJbHOCTH Meperpysku.

Ias  uMHTEpPBanOB  BpPEMeHH,  MPEBBIUAKIIUX  NPHOMH3UTENBHO
0,001 cex mocne BO3HHUKHOBEHHSI NOBTODAIOLIEHCH neperpys3kHd, Neperpy-
304HAg CMNOCOOHOCTL  THUPHCTOPOB AJist Lellell COTJIACOBAHMS 3ALUUTHI
onpeaeJigercs ¢ NOMOIUBIO METG10B, paccMoiperHbix B § 3 6. Ecan pac-
cMaTpuBaemast Iieperpyska pcTpeuyaercss  peako (He OGonee 100 pas
B TeueHde cpOKa (IyXKOel 0GopynOBaHus), TO MOXHO OUEHUTh meperpy-
30MIYI0 c1HocoBII0CTL THPHCTOPOB /A MHTePBAJIOB NEPErpyskH MPoAod-
HKitieasnocinlo 1 ek 1 Meiee ¢ 1I0MOULbKD KPHBOH YAQPHOTO OXHONOMY-
MepHOAHOrO TOKa mneperpysku u napaMerpa I?f jana KoHwkperHoro pac-
CMaTPHBAEMOrO THNA THPHCTOPA

KpuBag  yZapHOro TOKa TNeperpy3kd  BbIpaXKaeT  3aBHCHMOCTb
aMNJAXNTYAbl OAHONOJYNEPHOIHOTO BHIIPAMJAEHHOTO TOKa OT KOJHUECTBA
NepHoioB, B TeUeHHE KOTOPBIX TNPHGOpP MOXKeT BLIAepXaTb 3Ty fepe-
Ipy3Ky IIPH MaKCHMaJjbHBIX JIOMYCTHMEIX HanpsiXKeHHH, TOKe M TeMIe-
patype nepexoia. B cxeMmax, B KOTOPBIX TOK uepe3 BEHTHJIM HE HMeer
GopMbl NOJYCHHYCOMAAJIbHBIX BOJH, KpHBAas TOKAa Teperpyskm MoKer
6bITh TEepeCUATaHA C YUYeTOM KPHBOM TOKa B PaccMaTPHBAEMOW cXeMe,
Tako#l mnepecyeT oOGbIYHON KpHBOH TOKA TIEPETPY3KW IAs PasnHuHBIX
$opM KpHBOM TOKa MW Pa3JMYHBIX 3HAUEHH)T UYACTOTHL MOXET INPOH3-
BOJHTbCSL NPUGIMKEHHBIM, HO TPH DPacCMaTPHBAEMBIX MaJbiX HHTEpBa-
JaxX BpPEMEHH BIOJHE NPHUFOAHBIM MAJis TPAKTHKH cnocofoM myTeM co-
XpaHEHNS pPABEHCTBA SKBHBAJICHTHOrO ACHCTBYIOUIErO  3HAYCHHS TOKA
B TeYeHHe onpelesenHoro WHTepBasta BpeMeHH. HanpuMep, MakcHMmalb-
HO JONYCIHMOE 31MaUYeHHC OHONOJYNeDHOJNOro TOKa TCPErpysKH Anf
tupucropa tHna C35 mast 10 nepuogos npu yacrote 60 2y cocrasaser
88 a. Ilns Toka opHOmoJynepuoAHOH (OPMEI [eHCTBYIOIlee 3HAUCHHE
3a OJUH NePHOJ PaBHSAETCd NOJOBHHE aMIIHTYRHOTO 3Hauennd, uin 44 a.
Yro0bl 3Ty BEeJMUMHY JEPECYHTATh K BeJHYHHe CPefHero TOKa BeHTHAA
B cxeMe Tpex(}asHoro MocTa, MHTAMOWEr0 HHIYKTUBHYIO Harpysky (yron
nposoguMoctH 120°), caeayer pasaenuTb 3To JAeHCTBYIOUEE 3HAYEHHE

wa V3 _
44:V'3=25,4 a.
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UroBe onpenenuTs gonyctumoe s 10 mepHoZoB 3HaYernde TOKA
HAaTPY3KH [/ TAKOTO MOCTa MPH HCIOAb3OBAHWHM BEHTHJSA YKa3aHHOTO
THIIA, HATJIEXKUT YMHOXHTb CPEAHHH TOK BeHTWJIeH Ha 3 (T e 25,4-3:=
=762 a).

15-5. XAPAKTEPHCTHKH 3AIIUTHBIX OTKJIIOYAIGIHHUX
YCTPOHUCTB

OGulunbie apTOMaThl M NJIABKHe TPETOXPAHUTEH MOryT® GBIThb pac-
CUYMTANBL JJST  Y/IOBACTBOPHTEMLHON 32IUMTH, KOTAA TOKH KOPOTKOIO
3aMbIKaHUS OTPAHHUYUBAIOICH CONPOIHBICUHEM CXEMDBI A0 BEJIUMH, He
NpeBLHIUAIIHX 3HAYEHHsT TOKOB Yepe3 BEHTHJH, AOMYCTUMble B TeueHHe
BPEMEHH NEHCTBUS STHUX 3aLIUTHBIX ycTpoficTB OaHaKo © cxeMmax, Tpe-
GyOIKX TOUHOH CTaGHIH3aLMKE HANPSIKEHAS M BHICOKOIO K. I. A., Kak
NpaBHJIO, 3HAYUTENAbHble MNMOCAEA0BaTe/bHbIE COIMPOTHBJICHHSA, CIIOCOGIibIE
OrpaHHYNTh TOKH A0 CTOJb MaJblX BENMYHH, He NpuMeHsorcs. Korna
B cXeMe 0e3 TQKOOIDAHHUHBAIOWICIO CONPOTHBJAEHHN BO3HMKAET KOPOT
Koe 3amblKaHue, TO Kpupass Hapaciauus TOKa npuobperaer $popMmy, aHa-
JOTHYIYIO MOoKa3zaHuol na puc 15 2 mynxkrtupHoii aunneli CKOpoCTh ero
Hapacianust orpaHHYMBaeTc HHAYKTHBHOCTBIO, KOTOpPag NPHCYWIA 1aXke
CAMBIM  «KECTKHM» TNpaKTHueCKHM cucreMaM FEcid BO3MOMKHBEIA nuK
10KQ 318YHTE/bHO nNpeBhilIaeT JONMYCTHMBLT 10K IOJYNPOROAHUKOBOLO
npubopa, To nocaeanuil GyJer DaspylieH A0 TOTD, Kak TOK IOCTHIHET
MepBOH MAaKCHMAJIbHON BeJHIHHB ABTOMATHl M IJIaBKHe MPEIOXpali-
TeJH O6BLIMHOro THNA cpabaTbBAlOT HENOCTATOUHO OLICTPO. BMecTo HUX
HCIOMB3YIOTCH Td4K Ha3blBaeMble «TOKOOTPAHHYUBAIONHE» [LIaBKHE IIpe-
AOXPaHHTENH, KOTOpble NMPH OOMbMIHX BeJHUMHAX TOKA MJIABATCH A0 10-

CTHXEHHS  MakcuMasibHO  BO3-

MOXHOTO  3HAuUeHHsT TOKa Ha
/7 ™ doJfZ]Go?/:CHmU nepBoOM noaynepunoie Kpome TO-
/ N ro, A 3allMThl B TaKHX CJay-
yagx MOKHO HOMOJb30BATD
«3JIGKTPOHHBIE  [IPEPLIBATENHY —
/ \ CX®MBl  THA  PACCMOTpPEHHBIX
/ \ B § 88
IB‘”’,‘,’;;”Z,%’;”"’” \ JleficiBHEe THIHYHOrO TOKO-
DECOT P I OTPAHUYHBAIONIErO [IIABKONO Ipe-
JOXPaHUTe s TOKA34HO Ha peC.
15-2 TlpenoxpawmTenb NIaBHTCS
B rtouke A. B saBucuMocTH OT
KOHCTPYKIMH  (LJIABKOTO Mpexo-
XPAHUTET ¢ CXeMbl TOK MOXeT
NPOJOJIKATL NOBBILIATBCS IO TOU-
KH B (MakcHMa/abHBIH CKBO3HOH
TOK) 3a 3TOH TOWKOH CONpPOTHB-
JeHrde BOIHMKLUIEH B TPeLOX]aH#-
Teje JYTH CHHIKAET TOK A0 HYJA
B HexoTopoli Touke C Yiopae-
TBOPUTEIBHBIH  TOKOOTp AHUUHBE-
OWKi nraBKKA NpeloXpaHuTENb
YIMeeT BpeMs TOpEeHHs AYDH, NpH-
OM311edbHO  PABHOE  BpEMENH

. = MarLuMAISHO

Tor

Bpema
pacnrald
NIEHUR

J6wee Bpe vin

Puc. 15-2. Tokoorparuuupaiouee
HeACTBHEe IVIABKOTO npeJoXpaHHTe-
ag  [TonHoe BpeMa oTKmMoOYeHUs
paBHO CVMMe BDEMEHH [JaBJEeHHS H
BPEMEHH TODEHHs LyTH.

IaaBAeHUs BeTapkd ECAd NaaBkuE MPETOXpAHMTENDb CAAUIKOM OBl TPO fpe-
PEIBAGT TOK MOBPEXKASHUs, TO BBICOKAs CKOPOCTh u3Mexenus moka (di/df)
0BYyCAOBAMBAET HABELEHHe B WHIYKTHBHOCTAX CXEVIBI 3MAYUTENBHBIX [1e-
peHanpsiyKeHulf, KOTOphle MOTYT NOBPeAUTh BenTuaHd. [lo 3TOfl e NpHUUHE
Heleaecoodpas3Ho UCNONB30BATh NPEJOXPaHNUTeNH € O0JbIIAM HOMUHAJb-
HBIM HanpsKeHHEM, YeM HamnpsKedue nurtadus Ecan HoMHHaJIbHOe Ha-
NpsizKeHHe MAaBKOro NPeAOXpaHHMTes] NPEeBBIIAeT HAlpgXKelHe B CXCMe,
TO MOXeT HMeThb MeCTO HeXenaTe/lbHOe pes3Koe raieHuye AYrd ¢ onac-
HBIMH JUIS BeHTUJien NepeHanpsixeduavH, OAHAKO OTK/OYAOLlAst CIO-
cOOHCCTh IIABKOTO NPEeJOXPAHHTENs] [JOJ/UKHA OBITh JOCTa104HOR 1,14
OTKJ/IIOUE€HMS BO3MOXKHOTO B JaHHOH cXeMe MaKCHMalbHOrO TOKa

[Ipn GoabluMX TOKAX KOPOTKOIO 3aMBIKdHHs BPEMSI IJIABJACHHA Of-
pelensieTcsl reoMeTpHell NJaBKOM BCTaBKH TeMmepaTypa BCTAaBKH mpi
MPOXOXKEHHH TOKA KOPOTKOrO 3aMBIKaHUsi OBLICTPO IOBEIUATCS, TEILIO
HE YCTeBaeT paccefiTbcst B OKPYXKaAIOI(yl0 cpPeay M coxpausercs B oc-
HOBHOM B MecTe BBbLIeJIGHHs, PacCIyiaBJfAs 3JeMelT IJIaBKoro npejnoxpa-
Huteas. TaxaM o6pasoM, mpH OoOJbIIMX TOKaX KOPOTKOIO 3aMbIKaHHS
KOJMUECTBO 3SHEPruH, HeoOXoJQuMoOe JAJsl paclyiaBleHHs DJaBKoil BCTaB-
KH, OKA3BBAETCA [0 CYLISCTBY HEM3MEHHBIM H HE 3aBHUCAIIHM OT Be-
JIMYMHEL TOKA KOPOTKOro 3aMblkaHHs. Ilpy Mazblx neperpyskax, T. e.
TP NPOJOJLAKHTENLHOM BPEeMEHH IIABJIEHHsS, TEMIIePATypa YOBHIIIAETCS
MEAJIeHHO M HauyMHaeT CKasblBaThCA TEMJIONPOBOAHOCTb, B pesyJbrarte
Yyero TEIJIO, BbllenseMOe B IJIABKOM 3JeMenTe, NEePeXoAHT B MaTrepual
HaMONHUTENA, [ETaNu KPeljieHHs BCTaBKM M OKpyXawomyw cpeny. [lo-
5TOMY NpH OHpejeseHud HOMMHAJBHOIO TOKA NPEAOXPAlNTeNs Heo0xo-
JAMMO YUHTBIBATb TENJIOCMKOCTL €I0 KOHC1PYKHHH.

[Tpu Goaplnix TOKAx KOPOIKOTO 3aMBIKAHHUS, KOrma SHeprusd Iias-
JCHHST 0c1acIca B 3HAUHICHLHON MCpe ICH3MEHHOH, BeqanYHHA 3HEPru,
HeOGXCIUMON Sl pacn/ids/cHUst NJIaBKOM BCTABKH, OyJIeT INOCTHLHYTa
TEM CcKOpee, ueM BHIIIE TOK MOBpexAcHMA. UTo KacaeTcss NMOJNHOIO Bpe-
Meny cpabaTeiBaHHsT NPEJOXPaHUTEAS NpH OOJbUIMX TOKaX KOPOTKOrO
3aVLIKaHUs, TO TaK KaK BpeMs IOPEHHsi AyrH Ao0aBisieTrcss KO BPEMEHH
[LJIGBJIEHHST, TO 31IaYEHUs] TOJIHOrO BpeMeHH cpadaTolBaHHA H BPEeMEHH
NJIaBJieHUust pacxoisica. B To Ke BpeMsa INPH JAJHTEJLHOM IIABJeHHK
3HAUEHHUs MOJHOrO BpeMeHH cpafaTbiBaHWs NPEJOXPAHHTENS H BpeMcld
nJaBjeHHsT TpaKTHUeCKH cosnajawr. Hampumep, ecau msaskuil mpeo-
XxpaHuTens cpafareiBaeT B TeWeHUue 2—3 ek, TO BpeMeHEM TrOpeHHs
ayru, pasHeiM 0,25—0,5 meprosa 4acTOTHl CeTH, MOXKHO npeHelpeub

Tak kak Tmpu KOPOTKOM 3aMbIKAHHM HAPACTaHHE TOKA NPOHCXOAHT
oueHb OBICTPO UM TaK KaK B CXeMe C MaJblv CONDOTHBJIEHHEM aMIJIMTY-
Jia TOKa TaK)Ke BeJINKa, TO, KaK TPaBHIO, JONOJNHHTENbibIe Paskl H BeT-
BH CXeMB OueHb MaJiO0 IIOMOTAalT ¢ TOYKH 3PEeHHA CIOCOOHCCTH CXeMbl
BHIAEPKHUBATH TOKM KOPOTKOFO 3aMBIKAHUS, INOCKOJBKY MOJHOE TMOBPEX-
JleHHe BENTU/Af MOXKeT IPOU30HTH A0 MOMEHTAa KOMMyTalHH TOKa Ha
Ipyroe BeHTwiAbHOe fevo. s npubMIKEHHLIX pPacyeToB MOXKHO Cdd-
T4Th, UTO B CHCTEMaX C MAaJBIMH CONPOTHBJICHHAMH BeCh TOXK KOPOTKOTO
3aMbIKaHHS TIPOTEKAET 4Yepe3 OAHO IMJeuo, pacupeleqasach MeXay mna-
paJie.IbHBIMH 3JEMEHTaMH{ JHIIb 3TOTO mJjeda.

Kak Toxoorpanwuusaiomue Miaskne npegoxpanurenn [JI. 15-4 w
15-5], Tak ¥ HONYNPOBOJHHKOBHLIE NPHOOPLI C PABHOMEpHLIM PacTipefesie-
HHEM TOKa no Ivomagu nepexoga [JI. 18-6 m 15-7] xapakrepusyiores
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JIOBOJIBHO TOCTOHHEIM 3HAUEHHEM S i*dt sa BpeMs MEHee OJHOrO NepHojal

(i — MrHoBeHHoe 3HaueHHe ToKa, [ - BpeMma). Drto GJaronpusitHoe 06-
CTOATENbCTBO O06ecNneuHBaeT INPOCTOH crocod KoopAuHAUMH XapaKkTepH-
CTHK TOKOOTPaHHUHBAIONIMX TVIaBKHX HpPeAOXPaHUTelell H NOJYNpOBOS-
HHKOBHIX TpPHGOPOB NHPH TaKUX C TPYIUOM ONpeledseMbiXx HHTepBanax,
Kak ¢ AJNHTENIbHOCTBIO MeHee oAHOro nepuopa. [Tostomy npu takux niau-
TeABHOCTSAX 11e0GXOAMMOCTb B pacueTe TOKOB KODPOTKOTQ 3aMBIKAHHUS
€ UesJbI0O KOOD/IMHAIHMM XapaKTEePHCTHK  3alUTHl OGBIYHO OTCYTCTBYET.
Ecan seanunna /%, HeoOGXoiHMas AJs OTK/IOYEHHs IJAABKOTO Npelo-
XPaHUTENA, HUKE, UeM AQNyCTHMAasl BejuuuHa [2f [OJAYIPOBOAHHUKOBOLO
BEHTHJIS, COEJHHEHHOI0 C HMM HOC/JEI0BATENbHO, TO IJIAaBKHH Npejoxpa-
HHTEJB [IPEpPLIBAET TOK [0 NOBPEXIEHHs BEHTHJsS HE3aBHCHMO OT Be-
JIMYAHBl M CKOPOCTHM HApAacTAHHSA TOKA 3a BPCMs JOJH TEpHOAA

Psaa ¢upM, BBITYCKAOIIUX HPEROXPAHATENH, COOBIIALT B HacTosALIee
BPCMs! MaKCHMaJbHBle 3Hauedust [2f, BLI3LIBAIOUIME IJIABJIEHHE TOKOOrpa-
HUUHBAOIHX TNpeloXpanHiesend. EciH, onHAKO, HOMHHAJLHOE 3HAYEHHE
12{ neusBecTiio, BeJMUMHY [2f, BLI3BIBAIOUIYIO IUIABJEHHE BCTABKH, MOMK-
HO npubJMXKeNHO HAfiTH Ha OCHOBAHMM XAPAaKTEPUCTHKM INPEROXPaHu-
TCJISA, BHIPAJKAIOIIEH 3aBHCHMOCTh MEXKTY BDEMEHCM IIJIABJIEHHS H TOKOM.
Ha puc. 15-3 npeacrasiensi XapaxTepucIHKH Psfa TOKOOIDAHHYUBAIKO-
HUX [JABKHX MpefoxpanuTenell, narotosdeHtblx Gupmoii Chase-Shawmut
Company, Newburyport Massachusetts. Hanpumep, 72/, HeoGxomumoe
Nl TJaBjeHds TPeAOXPAHHUTENs, paccuMmTaHHoro ma 30 a4, MoxHO TO-
JIyYuTb, BO3BeJsl B KBaJpaT BeauudHy TokKa npu 0,01 cex ¥ yMHOXKIB
noJy4eHHbIH pesyabraT Ha BpeMa (902001 cex=81 a%-cexj. Ecau
AAf KaKoro-nubo KOHKPEeTHOTQ INpPHMeHeHHs OcOGeHHO RaXKHa TOYHas
KOOPAUHAUUS XapaKTePUCTHK TNpefoxpanutesefi, To cACAYET ydecTh AO-
NyCKM Ha TOYHOCTb YKA3blBa€MBIX H3TOTOBJEHHEM 3HAUEHHHl TOKa MJH
BPEMEHH, KOTOPBIE HCMOJb3YIOTCS NPH onpejeneddH BeJHUMHB [2f mjaB-
Jexus.

Y XOpOWHX TOKOOTPAHHYMBAIOU[MX TPeAOXpaHHTeell 3Hauenue [2¢
IpM FOPEHHH JYFH He JIOJKHO TpeBblaTh Gosee yeM B 2 pasza BesH-
upHy, HeOOGXOZWMYI0 IJs MAaBJeHHS BCTaBKH, ¥ oOllee 3Havenue 1%,
Heo0XO/MMOe /ISl OTlKJIOYeHuss TOKa, He OyJeT I103TOMY MpPeBbilIaTh
Gonee 4eM B 3 pasa [?f maaBneduss B BHllenpuneXennov mpHMepe
HauGosblilee BO3MOXKHOe [2¢ (g OTKMOUeHHS He npeBbimaer 3-8l=
=243 a?.cex pna naaskoro npegoxpanurenas 101 Amp Trap, pag-
cuutandoro Ha 30 a. Wnrepecno sameruth, urto Komnarug Chase
Shawmut tycranaBamBaer gjas 3Toro npemoxpaHutens 240 a2-cex

Heo6xoaumMo MOJUEPKHYTb, 4YTO MOMOOHBIA coco6 TPHOIHKEH-
HOTO MOACYeTa MOXKeT ObITh MCIOJB30BAH TOMBKO TOrAa, KOTJAd TOYHbIE
3HayeHHs napamerpa [?f M3rOTOBHTENH NPEROXpaHMTeNell He COOGIIAIOT.

Haumenbiiee sHaueHHe [2/ MOJAYNPOBOKHHKOBOTO BEHTHJS ONpeje-
JseTcad N COoODIIAeTCA MIroTOBUTEJNEeM. B 3aBUCHMOCTH OT KOHC1PYKUHH
BEHTH/IS 3TOT MAPAMETP MOXKET H3MEHSThCSl IPM W3MEHEeHHH Hadallb-
%0l TeMIepaTyphl Tepexofa X MOXKer TaKXKe 3aBuceTb OT 10ro, HPH-
KAaJpiBaeTCd Jii WAH HeT o0paTHOe HampsAKeHue K BEHTHIIO TOCAE
HMIYJIbCA MpPSIMOTO CBEPXTOKA.

Ecnu  TokQorpaHHYMBaIOINE T1aBKUl TPeXOXPAHUTENb, BKIOUEH-
HBIH MOCA&IOBATENIBHO € MePBUYHOH OOGMOTKOH TpaHcdopmaropa, He-

! CM. mpumeyaHne Ha c1p 62 (IIpuM peZakTopoB MNeperoa )
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Puc 153 3aBucumocTb BpeMEHH MJAaBJEHHSA OT TOKa
WIS maaBkux npegoxpanureseli Mapkn 101Amp-Trap,
paccynTaHHUX Ha TokH 1--30 @ W HanpsiKeHue
250 s.

00X04HUMO KOODAMHUPOBATH € MOJYNPOBOAHHKOBHIM BEHTHJEM, IO JKJIIO-
YeHHBIM KO BTOpH‘{HOP"I o6MOTKEe, TO HX [apaMerpnl AOJXKHBL YAOBJET-
BODPATH CJIGAYIOLIEMY COOTHOIEHUIO:

Ua\2
PPtypenoxp << W Ploewrs

rne Uz 1 Ui — HOMUHAJIbHbIE HANPSIMKEHHS BTOPHUHOH H NMEPBUUHOH 06-
MOTOK TpaHcopmaropa.

Touno Tax Ke 3HaueHue [2f Jas OTKMOuEHHA TJABKOrO Npeloxpa-
HUTeds, 3amlpuianlilero rpynny #3 N mapaaiesbHbiX [OJYMmpoBOJHAKO-
BbiX BeHTIJIeH, He LOMKHO GbiTh Gosbllie, ueM yMHOXKeHHasa Ha N2 mBe-
npuuHa [2f Ons OT/e/bHbIX BEHTHJIEH, eCJH BCe ITapasyiesibHBle BEHTH-
/M TPOBONAT paBHble TOKH ECId Npu napajienpHoli padore NONYyCTH-
Moe 3HaueHHe TOKa [/ BEHTU/IeH MOHMMKEHO C llenblo KOMIeHCHPOBAaTh
HepaBHOMEPHOCTYH B pPaclpejelenHd TOKd, TO B3aUMOCBf3p MeXdy OT-
KmioueHHev NpelOXpaHHTeNst K 3HaueHweM [?f OTAGJBHBIX BEHTHJeEH
MOMNO BHIPasuTh CJASAyOUHM o6pazoM

{*typegoxp << Itsens [NV (1 — ) + SJ*%
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[IPUMEP 3AIIUTHI 369

rae S -—xodpduuuent, YuuTHIBAOUIMA  CHHXKeHHe JONYyCTHMOro TOKa
I8 mapasJesibHo paBotaiouux BeHTHaedl (kak npasuao, 0,20).

BKJIOY#E 3aILHTHOE YCTPONCTBO B JHHHIO MEPEMEHHOTO TOKa, TH-
TAIOMYIO BHUMIPAMUTEAL Ha YNPABASAEMbHIX H/IHM HEYNPABIAGMBIX BOKTHU-
J5iX, MOXHO OGeCIeunTb 34LLNTY YCTAHOBKH TPH KODOTKHX 3aMblKa-
H{sAX B Lielln MOCTOSTHHOTO TOKAa MaM mpH mpoGoe BeHTHJAEH, ecjau HC-
KJIOYeHa BO3MOMKHOCTb TOJUHTKH MecTa KOPOTKOO 3aMBIKAHHA CO CTO-
POHBL MENnW JIOCTOSNHHOTG TOKa  JTa NOMINTKA MOXET HWMeTh MECTO
B CJAOMXHLIX CXeMaX, KOIZa Ha MWIHHLl JIOCTOAHHOTO TOKa [OMKIIOYEHb
ApylHe HCTOUHHKH TOCTOSIHHOTO TOKAa WJIH KOMa NPUXOAHTCA HMeTh
JeJo ¢ Harpy3Koil B BHIe 3JeKTPOABUraTeseil, KOHIEHCATOPOB WJM akK-
KyMyJasTopHubix Oarapeit.

Huxe mpuBenen npHMep TaKOM 3aLUHTHl MO NePeMEHHOMY TOKY
B IenH Ge3 TOKOOTPaHWYMBAIOUIRX CONPOTHBJeHUuNl B pesyabrare neit-
CTBHSl CHCTEMbl 3aUIMTHl CXeMd OTKJIOY3eTCs ¥ TOK IpPephiBaeTCH

15-6, MPUMEP 3ALIUTHI (IMTPH OTCYTCTBHH
TOKOOTFPAHUUYHUTEJIbHBIX CONMPOTHBJIEHUN)

YcaoBus npuMenenns:

1) ucTouHuk muraHus 120 8, 60 a1;

2) opHoda3nuii MOCT, B KOTODOM HCIIONB3YIOTCH B JNBYX mJaedaX jABa THPHCTO-
pa THna C35 ana ¢as3oBOro peryAuUPOBaHHS H fABA KPEMHHMEBbIX BEeHTHJAA THIA
IN2156 B ABYX ApPYTHX miac4ax (cM pHC 15-4);

3) mMakcuma/bHBI} AJHTEeNbHLIR TOK Harpysku 12 a,

4) GunLTP C UHAYKTHBHRM BXQAOM,

5) compoTHMBAEHHe NHTatoUlel JAMHHH He3HAYHTENbHO,
TOKa KOPOTKOro 3aMblikaHust 1000 a.

6) oxsaxJeHHe BeHTWJCH eCTeCTBeHHOe TNPH MAaKCHMaJnHOH TeMnepatype
okpyxaiouelt cpeanl 55° C, Kaxkablf BEHTHJIb YCTAaHOBJEH Ha OKpaluenHoli MCAHOH
niacTHHe pazMepam 102102 mm, Torutnolt 1,657 mm

TpefoBanne X cucteme samuThl. CHcrema JAo/uKHA OBITh B COCTOSHHM 3AlUH-
1MaTh BEHTHJIH OT Neperpy30K, KOPOTKHX 3aMbiKaHull ¥ Npu npo6oe OTAENbHBIX
BeuTunel IlpH HagAYup ODHOIO M3 9THX NOBPEeXAeHHH CcXeMa MAOJXKHA BHIKJIIO-
YaThCH

Pemenue Tak Kak HOMUHAMBHBIE TOK BeHTHAs THma IN2156 Bhlwe, ueM
Tupucropa Tuna C35, xak Npu YCTANOBUBIIEMCA peXiiMe Tak ¥ B cJavdae Tepe-
IPY3KH, TO 3allHTa, €CJM OHa LOOTBETCTEYIOUIHM 00pPa3oM KOODAWHHDOBana £ Xa-
P IKTEPUCTHKOf TUpHCTOpa, Gyner AOCTATOYHA TaKKe U AAS HEYNPABAACMLIX BeH-
TuReH

Henonp3ys AaHuble gaa Tupucropa C35, YCrainoBAEHHOrO Ha OXJaxkpatoedt
naacture (cM puc 3 4), uy coordHouwerus B Tabn 3 | (nartag crpoxa) AN NPAMO-
YroJbHo# KpHBOR TOka B cxeMe OAHOGMA3IHOro BLIIPAMHTENS C HHAYKTHBHOM Ha-
IPY3KOH, INOJAYYaeM MakKcWMajibHO JOTNYCTHMYIO B THDHCTOPE MOMHOCTh HOTEPh
B YCTaHOBHBLIEMCS PeHMC

BO3MVOXHag aMnaiTyna

19555
- =27 . 15-2
Fo= TR T T {0083\, oo am. (152
0,0167 0,0167 )7 ’

cornacno CNpaBoynbiM ganHbiM g C35 3Ta MOWHOCTH MOAYHaeTcst MNPH
AMIHTYAHOM Toxe 18 @ win npy CPCAHeM Toke 9 @ npu yrie npomonumocty 180°,
IIpy NHAYKTHBACH Harpyske aH0AHBM TOK HMEeT NPAMOYTOALHY0 ¢opmy, H Han-
Gonpliee JIOM)CTAMO2 [A7AA YCTaHOBUBIIErocs penma JjeficTByminee sHaueHHe BXOA-
HOTO TOKA MOCTa DaEHO MONMYCTYMOMY aMIUIUTYJAHOMY 3HAYEHMIO TOKa OJHOTO TH-
puctopa T e [8a

JLouyClum, 410 PeXAMBI KCPUTKOrO 3aMbiKankd, MOBPEKIEHN WHW Meperpys
KM HaKAaAbBalOTC Ha HOMHHaAbHBLIN pecum pPaGoThl CXeMbl B YCTaHOBHBLIEMCH

COCTOSIHHH Tpu TokKe 12 a Toraa TONyCTHMBIA TOK TNEPErpy3KH BEHTHJAS MOXKHO
PacoYUTaTh, MOML3YACh WECTLIM ypasHeHuemM us taéa 3 1

snep"en_PHQT

& —
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+ Py

Haupumep, B TeueHue mepBnix 10 Cex THPUCTOP MOXKeT PacceiTh CABAYIOILYIO
MolHoCTh (MpUYeM TeMIepaTypa mepexoma He upeswsicut 125° C)

125—55—8 5,1 §=2l1
2.9 + =213 sm

Po

Cpenuuil fonyCcTHMBIY [ K  quoro npufepz 133 a
JonycruMeill Toh Ha Jsbhone MocTa 2 13,3 =266 a (nelcTByloulee 3HadeHHE)

Ilarusie gast 3TOTO W UIPYIHX DPCHKUMOB, HOJvHaevible TaKUM Ke
cnocoboM, rpaduuecks nNpeycrasiedsl Ha puc 155 DBennunna nepe-
TPY30K, ONpEAeNeHHEIX C [MOMONIBLIO TAKONO MeT0Aa, OrpaHHYHBaeTcs
TeMoepaTypoit mepexofa ne casie 125°C

Uro KacaeTcss 3MU3OAMUECKHX NePerpy3oK, ofycaoBAellBIX caydak-
HBIMH KODOTKMMH 3aMBIKaHHSMHM, mpoGoeM KOHAEHCATOPOB (HIALTPOB
H T X, TO THPHCTOD COTJAcHO ero 3HaweHuto /2f y KpUBO# yIapHOTO
TOKa Meperpyskd MOXKET BLIAePkKaTh 3HAUMTENBHO OOJblllne I1eperpys-
KM, 4eM pDacCUHTAHHBIE BBINIE. Pacuer N/ OTHEJbHBIX TOYEK MOMKHO IDO-
H3BeCTH clepyiolluM obpasoMm [as 0,1 cex (Bpemsi, paBHOe IlecTu Te-
pHOJaM) aMIIMTYAHBI TOK Ha OCHOBAHHU Ieperpy3ouyHoil Xapakrepy-
ctuku ans tapucropa C35 cocramaser 92 a

Jiefternyiomee 3nauenue Toka Mocta pisHo 92 VI =65 4. ITpn
MEHBIIMX JHTETHHOCTIX KPHMBIS NEpeXOAHT B OG.I1CTb, TOUKH KOTORQH
onpelensioTes W3 sHauenus [2f (A Bpemen MeHblue NPUOIUZHTE THHO
50 weck). Besmunna /2 tupucropr €35 cocrapnset 75 a-cex. s HaTep~
Bana 0,001 ccx monycrumelfl Tok pasustercs V' 75 a2-cex/0,001 cex =274 a.

Jlns BpeveH MeHbille MOJYNEPHOAA NOMYCTHMBI TOK TUPUCTOPA W J10-
NycTUMBI TOK MOCTa oAuHakoBW Takum o6pasom, npu 0,001 cex no-
MYCTHMBIA HelCTBYIOUIHE TOK MOCTa TakXe CocTraBaser 274 a

Uro6sl B noAoORLIX cXeMaX OGeCTeuHTp 3alIUTY OT KOPOTKUX 3a-
MBIKAHAH HA CTOPOHE HampysK

¥ NMpu Npoboe BEHTHJEN, MOKHO
UCIIOb30BATb TOKOOTPAaHHUUBALO-
mu# maIaBKUE  1peIOXpaHHTeNb
2TOT NpefoXpaHHTENb TOJIKeH,

He paonAaBaAsaCh, NpOmycKaThL ™

BXOJAHOH TOK MOCTa IIpH yCTano-

BuBuwIeMcs:  peskuve  Tlnapxwil

HPOIOXPAHHUTEND «Amp-Trap o——,a-—-——-——-

A125X15» wmapxu 101, pacoun-
TaHHBIN Ha JAAMTETbHBI TOX 16 a,
NPONYCTUT CBOGOIHO  BXOAIOR
ToK 12 a (mefictBylouiee 3uaue-
WHe) NpH  YCTAHOBUBIIEMCA pe-
&ume  XapakrepHCT/AKH nJaasie-
HHS 3TOTO NpeaoXpamdTes]s Io-
Kasanet Ha puc 15 3 u Hayepuens

L

Hazpyska

Pyuc 154 K mnpuwepy pacuera cu-
cTemMbl 3aHUTHI OT NEperpysok,
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3ALLITA TIPH MOBPEXIEHUI THPUICTOPOB 371
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Puc 15-5 Tpadur xoopaumaund, WIIIOCTPUPYIOWUA 3aNIHTY THPHCTO-
pPOB OT NEPErpy3ox ¢ NOMOLIBI0 MJIABKUX Npeloxpaduresaeil 4 aBTOMAaTH-
YECKHX BbIK.IIOUATEJeM

I — nuHus NMOCTOSHHOTO TOKAa Harpy3ku 12 4, 2 — kpuBas LOHNYCTHMOIO TOKAa AJS
TupucTopor (G35 DpH HEMPEPLIBHOM DEXHMe, 3 — TO :me OpU TOBTOPUO KPaTKOBPe-
MeHHOM pe.kuMe, 4 —To XKe Ajasi 0ZHODA3HOTO ORHOMOJYNEPHOAHOTO YIAPHOLO
TOKa, § — XADAKTEDHUCTUKa AAA TupucTopos C35 npu [#=const 6 — awnep ce-
KyHAHas xapax'rexucmxa BuikJouatensa ¢upmp Xafiweman ma 15 a, 7—To xKe

npeacxpauurenss Amp Trap 101 A25<15, § — XapakTepHCTHKA OTKMIOYEHHS TpPEAO-
xpauutenas npu [=const

HEMOOPEeNCTBeYHO Ha IpaduKe KOOPIMHAUMH 3allATh a puc 15-5, Tak Kak
0%€ KpMBbic BLIDaKEHB B JEHCTBYIOIIMX 3HAYCHHAX TOKA XapaKTepPUCTHKY
MJIABJEHUA MJ4BKOTO mnpefoxpaduTens AAs Bpemenu Menee 0,01 cek
MOXKHO Oflpele/HTh TO HOMWHAJbLHOMY 3Havennio J2f, Kak ynasblBa-
aock panee Maxcumansioe [2f OTKAIOYEHHS JAHHOTO IJIABKOTO Mpejo-
xpanuTeas cocraeasier 60 a?-cex Ilosromy, nanpuwvep, aasi uETep-
Basa 0,001 cex uauGoabluee NeUCTBYIOUlee 3UAUCHHE T0KA AJS TAKOTO

OPeJOXPAHATENsE PABHO V60 a2 cex/0,001 cox = 245 a,

PesynpTaThl mofoOHBIX pacue10B Ui 3roro NpeLoXPaHuTend A
unTepBanoB  Medee 0,01 cex wHaneceHbl C HEKOTOPbM  3armacoM Ha
puc 155 B BuAe NpsMOIl, NPOBeJEHHOH A0 IlepeceueHusi ¢ omyOJUKO-
BAHHOH H3rOTOBHTENEM XapaKTePUCTHKOH U.1aBjeHnst AN HHTEPBAJIOB
BpeMeHH Gosee 0,01 cex

ITo rpaduky  XOOpAMHAUUH BWIHO, YTO TOKOOTPAHHUHMBAIOLLMA
MJIABKHMil NPEIOXPAHUTENb B UeMH MepPeMeHHOro TOKa 3alllulldeT TH
DUCTOPBL MpPH JI0G0M IOBPEXASHHHN, BeJHYMHA TOKA NPU KOTOPOM J0-
cTaTouHa AaA Toro, utoObn 3a 0,2 cex HAuM MeHee pacl/aBUTp MPeno-
XPaHHTeNb, MOCKOJbKY TOYKH KPHBOI /ISl HEIO PACHOJOXKEHH JeBee TO-
ueK KPUBOH /11 BEHTHAA

Kpusble Ha 3ToM rpaduKe NOKas3hiBalOT TaKXKe, YTO @WPH HHTEP-
Banax BpeMenu OGonee 0,2 cex TUPHCTOPLl MOTYT BHIATH M3 CTPos AD
TOrO, KAaK OTKJIOUMTCSl MAaBKuil mpeioxpaHuTeas Urolhl ofeoneunTsb
3alMTy OT WOBPeXJeHHil MPH TaKuX MeHbIIHX TOKax Meperpy3kd, mpH-
MeHSIOT aBTOMaTHUeCKHil BHIK/AOUaTenb Ha rpaduxke KoopauHauuu 00
Ka3alla TAaKxKe XapakTepHCTHKA DA3MbIKAHHA aBTOMATHYECKOFO BBIKJIIO-
uatead ¢upMbl XaiiHeMall, PacCYMTAHHOrO Ha JJMHTEJNbHBIE ToK 15 @

3amTpuxXOpanHas 3oMa Ha rpaduke KOOPAKHAUMM TOKa3bLIBAET, YTO
aBTOMATUYECKHil BHIKIIOyaTedp OyZeT cpabaThiBaTb IPY JN1060M  TO-
BpeXJeHHM, KONa BeNHYHHa TOKa MeHblie 42 a (TOUKa nepeceyeHus
¢ KPUBOH WJABJEHUA IIPeNOXPaHuTeNs), HO Bbllie 18 @ (meficTByiOLlHE
anauednsi) Ilpu Toke Mexay 42 u 85 a Gy’eT NeACTBOBATb MY IJI&B-
K4l mpeioXpaHuTeab uan Bblkawouateib Ilpm Toke Bhliue 85 a mepe-
ropuT Jullb TAaBKUi mpepoxpaHutens CieloBaTeNHHO, uCHpaBHble TH-

PHCTOPBI He MJOJXHBI BHIXOAUTEL W3 CTPOA HH NPH KaKkux obcrosrenb-
CTBax

15-7. 3AIUMTA BE3 OTKJIIOYEHWUS CXEMBI
npyu NOBPE)XJAEHUU THPHCTOPOB

B mpemsliymux naparpadax # B mpuMepe paccMarpuBajnach 3a-
HWHTA THPUCTOPA OT TOKOB TeEPerpyskd M KOPOTKOrO 3aMBIKAHHA dia
BLIXOJE, a TaKXKe OT TOKOB KODOTKOTO 3aMbIKaHHs, KOTODble BO3HHKA-
10T B cJydae 3aKopaudBaHud JPYTOTO THDHCTOPA WM MeynpPaBAsSeMOTo
BelTUAS 3aniura OCYUIeCTBJASIAch OTKJIOUEHHeM [BCero BLIMPAMUTEINA
OT MCTOYHMKA MUTAHUSA

B mHeKoTOpBIX CAyuasX, KaK, HaNpuMep, B psje NPUMeHeHHH B 80
€HHO! TeXHHKe WAM B MPOVIBIIIJIEHHBIX CHCTEMAaX, XapaKTepPH3YOLIUXCA
HenmpephiBHEIM WPOLEccoM, KOPAa TPeOyeTcs BICOKas HAAEKHOCTDb, fe-
pepuiB B pafoTe, BHI3BAHHEBIN TOBPEXIEHHSM NONYNPOBONHAKOBOTO [IPH-
Gopa, memomycTuM [lna ofecnedyenns HenpepbiBHOH DaGoTsl B 3ITHX
VCIOBHAX HeoBXofuMo AyGIHPOBaHHe NOJYIPOBOIHHKOBEIX MPHOOPOB
H MpAMelieHHe YCTPONCTB A OTCOBAMHEHHS MOBPEXKIEHHBIX >/eMEHTOB
B Ciyuae mpoGos WOJNyNnPOBOAHHKOBHX NpPHGODPOB. YCTaHOBJIEHO, UTO
NIPH BBIXOAE U3 CTPOS THPHCTOPOB MOBPEXKICHHH MOXKHO WOAPA3AEnHTD
Ha TPH OCHOBHBIE TPYmNTbi:

1 IToTeps cmocofHocTH 3am¥path oGpaTHOe Hampsxende. B cxemax
BLINPSIMJCHHUS 5T0, KaK MPABHJO, BHI3bIBaeT OGOJBIIHE TOKH KOPOTKOTO
3aMBIKaHUA

2 TloTeps mpsiMofi 3amupaloillefi cnocofHOCTH. B cxeme BLMIPSAMH-
TeNla 9To, KaK MPaBHAO, UPHBOAUT X WOTepe BO3MOMKHOCTH yHpaBJe-
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Puc. 15-6 BpumpsviTeab ¢ NAPadfedbHbIM  BRIKUYEHHEM
THPUCTOPOB NAPaMH Yepel KOHIaKTH BBKJOuaTeNch s
ofecnedyenuss HEMPepLIBHOU PaGOTHl YCTAHOBKY,

1 — a3TOMYTHYECKHE ALIKTHOYATENH;

2 — OGMOTKM COOTBETCTRYIOILHX
pacnennTeneft BhIRIOYaTeIeH

HUA BLIXOAHDIM HampsXeHHeM, WOCKOJIBKY THPHCTOp fipH Nojaue HOJO-
KHTEILHOTO NaMpsKeHHST cpady MepexoIdT B OTKPHITOE COCTOSIIHE.

3 Hapywenne ynpaBasieMoCTH HJH MOTePA CHOCOGHOCTH IepeKIio-
YeHH B MPAMOE MNpPOBOIsAILee COCTOSHHE. ITo TaKikKe BbI3LIBAeT TOTe-
pIO BOZMOXKHOCTH YNPABACHUS BHIXOANBIM HANPAKEHHEM, IOCKOJILKY TH-
PHCTOP OCTaEeTCH 8 OTKJAIOYEHHOM COCTOSHHHU.

B cayyae mpoGos BEHTHJR MOBpexleiis BUAOB | W 2 Moryr HMeTb
MEeCTO OJJHOBPEMEeHHO.

Ha puc. 15-6 u 153-7 mpeAcTaBieHH- jBa M3 BO3MOXIHLIX MeTOL0B
00HapYXKeHHd MOBPEXKACNHLIX NPUOOPOB M OTKJAIOYeHHS MHX OT CXCMBL,

g & l

i

Puc. 15-7. Boimpsaiviireqs ¢ BKJIOUEHUEM THPHCTOPOB HOC/C-
A0BATEALHO N0 B2 HEPe3 KOHTAKIb BLKAOWaTedelt 1as
oflecnieyetHst HENPepouiBHOH Pado1bl YCTAHOBKH., -

! — aBTOMArudecKHe BLIKJIIOYATENN;
pacuenureieff BuIKMOYaleael

2 — 0GMOTKH COOTBETCTBYIOLIHX

<

SAIUTA NPY TNOBPEXKIAEHHU THPUCTOPOB 37

0py KOTODhHIX He HapymaeTcs Mpollecc YIpaBJeHHS MOUIHOCTBIO, MOA-
BOANMOK K Harpyske. Ha puc. 15-6 mokasan oaHo®ha3Hblil BBUIPAMH-
Tenb $a30BBIM yIIpaBJeHHeM, BLIMOJHEHHBI 10 CXeMe C BbIBOAOM
HyJeBOl 104KH Tpanchopmalopa, B KaXJIOM IIeie KOFOPOTO BKJIOUEHO
M0 HEeCKOJBKO MPUGOPOB, TONAapHO MNOXOOPaHHBIX IS TapalienbHol
padoTl.

[TocnepoBatesbHO ¢ KaXABIM THPHCTOPOM BKJIOUEHO IO HeG0.Ib-
moMy conporusieHHio  R. Beawuuna R BbIGHpaeTcs  Tak, 4TOOBH
OTPAaHHUYUTh TOK UEPEe3 HEMOBPEXKIEHHLIE THPUCTOPHI, €CJAH OJHH M3 HHX
TepseT 3amUpalolylo ©mocoGHOCTs B oOpaTHoM Hanpasjenun. Tlocie-
J0BATENbHO € KaXKMAOH MapoH THPHCTOPOB BKJIOYEHBI KOHTAKTbl aBTO-
MaTHYECKOro BHIKJIOHaTesis. Pacuensgionlas KaTyllKa KaKA0ro Bbl-
KJloYyarens BKJOYeHa B JuaroHanp MOCTa, KOTOpHH obpasyerca jpaH-
HOH mMapo#l TUPHCTOPOB M HX CCOOTBETCTBYIOUINMH TOC/I@IOBATENLHBIMU
conporuBienusimy K. Korga o6a -TupucTopa B mape paboTaioT HOP-
MalbHO, MDHOBEHHblE BHauYeHUs TOKa, MPOXOASUIEro Yepes HHX M HX
NOCAQROBATE/bHbBIE CONPOTUBJEHHS, PaBHBI Mexjay CcoBof, W mMO3TOMY
yepes KATyWKy pacienuresss aBTOMATHYECKOro BLIK/AIOUAreds TOK HE
npoxoautT. ECM ©AMH ¥3 mapbl THPHCTOPOB MOJYYUT OMHO M3 Bbillere-
PeuHC/IEHHbIX MOBpEXAeHHHA, To TOkM Oyayr nepasHbIMH. Ilpu 310 BO3-
HUKIET TOK Yepe3 KaTyIIKy, KOTOpas Da3soMKHET TOCAeHOBATeIbHO HpHU-
COelMIeHHbIE KOHTAKTHI ¥ H3OJMHPYeT 3Ty Mapy THPHCTOPOB OT OCHOB-
Ho#t cxembl. Fcau ocTaBlivecs B 3TOM fiede THPHCTOPH MOLYT pabo-
TaTb MpH MOJHOM TOKEe HaPPy3KH, CXemMa Mo/Ker JeHCTBOBAaTb Reorpa-
HAYEeHHQ JO0Jro. ABTOMATHYECKHe BHIK/IIOUATENH MOXKHO TakkKe HOIOJb-
30BATb JUISl TPUBEAEHHS B JeHCTBYE CHTHAJBHON WM HyMepaTopHOH
cXeMbl, MpPeIyNpexJauiell omepatopa O MOBPeXkKJIeHHH, TaK 4YTO Ol
CMOXKET 3aMeHHTh TOBPEXXJeHHBI THPHCTOp HeMelJeHHo WJIM KOrAa
ycTaHoBKka OyfleT OTKJOUeHa ¢ IeJbl0 DeMOHTa

CxeMa, nokasaHHas Ha puc. 15-7, Gojee 3KOHOMHYHA, HyeM cxeMa
#Ha puc. 15-6, B caydasx, xonfa TpPeOYIOTCS BbICOKHE BBIXOJHBle HANpf-
WKeHus,, a He (GoJjbloHe TOKH. B 3TOH cXeme THPUCTOPHI CTPYINTHPOBAHBI
B MOC/AEAOBATENLHO COeJHHeHHble Mapel, u4To U ofecmedyBaeT BO3MOXK-
HocTh pabotel mpu Oosee BBHICOKMX HampsiKeHusx. Comportusiexus R
coelUHeHB! MlapaJ/edbHO C KamKAbM apubopoM; 3TO momoraer pac-
npegeseHHI0 HAMPSKeHUsT H [O3BOJsSET C€O3ZaTh BMeCTe C [apol TH-
PHCTOPOB YeTHIPEXIVIEYH# MOCT, B JIHAlOHAJIb KOTOPOTO BRAIOUAETCH Ka-
TYIIKA pacllenuTe]ss aBTOMATHUECKOTo BBIK/AIOUaTedsi, Ecniu ofa  TH-
pucropa (GYHKIMOHHDPYIOT MHOPMaJbHO, TO UePe3 KaTyWIKy MPOXOIHT
JIHUIb PasHOCTh TOKOB yTeukd oboux npubopoB. B ciayyae nmospexie-
HHSl OLHODO M3 THDHUCTODPOB BCJAEACTBHE ONHOH H3 NEPEUNCICHHBIX BbI-
Ile MpPHYHH Yepe3 PaCHENIsIONLYI0 KATYIIKY NPOXOJUT SHAUUTR/LHBIH
TOK, B pe3yJabTaTe KOHTAKTHl aBTOMATHYECKOTO BBIKJIIOYaTeJasl OTKJIO-
4aloTca M Ira napa npubopos OTCoenuHAETCS OT cXeMbl. Uro6wnf Ka-
TYIIKa HaJeXKHO <«UYBCTBOBAJa» Da3Hully MexAYy HOPMaJbHO [ipoTe-
KalollliM 4Yepe3 Hee PasHOCTHBHIM TOKOM YTeUKH M TOKOM, KOTOPHIH
BO3HMKAET B De3yJbTare MOBPEKAEHUSA, MOXKeET 0Ka3aThCs HeoOXOXHMbIM
HECKOJIBKO YMEHBIIHTE, BeJAHYHHY KaiKIoro CONPOTHBAeHHs R mno cpas-
HeHHIO ¢ BelHuyuHOH, KOTOpasi [OCTaTOUHA JUIS pPaBHOMEpHOTO padipe-
JNEeJMeHHsT HampsoKeHdsT MeXJY THPHCTOPaMH.

Jdas ofecneueHdst NpaBHAbHOH pabOTBl CXeM 3aILMTEH,

IpencTas-
JeHHBIX Ha puc. 15-6 u 15-7, Heo6X0AUMO, UTOOK:
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1. Hn omrH M3 aBroMaTHYeCKHX BbLIKJIOYaTeseH, MOCAEAGBale/bHO
COBJMHERHBIX € THPHC10PAMHK, He Pa3MblKajcsd qapH Hepel Py3kax o
LOKY MJH 0P BUCHINUX KOPOTKMX JaMbikanusgx.,  Omaenpiast zammra
B IenH MepeMeltoro WM TOCTOSIMIOro ToKa MOJKHA OTKAONATh Ha-
PPY3Ky OT MCTOYHMKA MMTAHUA MPH NOAOGHBIX HBJEHUAX.

2. TMpHCTODB H KOHTAKThl aBTOMaTHUECKHX BKJIOUaTesed Tak OblIH
BRIOpaHBl MO TOKY, YTOOB OfecleynTh MPOMycKaHHe MaKCHMAajibHOrO
TOKa HATPY3KH 110CJIe OTK/IOYeHHsl OJHOW M3 napaJJesbHulX BeTBEH OT
Henu BCAEACTBIIe CpabdTLIBAIMN B 3T0H BeTBM aBTOMATHYECKOIO BBIKJIO-
uartess.

3 Ilpu ortkniouenny KakKoi-au00 mapel THPHCTOPOB KOQHTAKTHI Nbl-
KJIOYaTeass MpepelBaJM  rOK ¢ TJAKOH  MaJod  CKOPOCThK), UTOAH
WHAYLHPOBAHHOe Hanpsxenune L di/di ne npespilano HanGoMbLIETO
JOMNYCTHMOTO HMIYJAbCHOTO ~ HanPfiXKeHHSd THPHUCTOPOB, COEAMHEHHDBIX
napasielbo ¢ 3Toll mapofi, B cayyae BOSHHKHOBEHHS [epeHarps/Ke-
HUH HX MOMKHO YMEHbIIMThE A0 MOMYCTHMON BeNHYHHH C MOMOINBLIO 1eX
WY WHBIX METOAOB, pacCMaTpuBaeMHX B pa3f. 16.

B nexoTopbix ciyuadX MOxkeT OblThb AOCTATOYHOM 3allliTa JMIlb
NPOTHB BO3MOXHOCTH INOBPEXAEHHA BeHTHJEH 3a CUeT NOTEPH OAHUM
H3 HUX CMOCOGHOCTH 3anuparb ofpaTHoe Hampsakedue (r. € Tpu npo-
6oe). B 3ToM cayuae B CXEMe MOXKHO HCNOJb30BaThb TOKQOrPAHHUMBAN-
LMe naaBKHe NpejOXPaHATeNH B KaXKI0H M3 mapaJsJejbHBIX BETBel, IO-
106116 TOMY Kak 3TO [ejaeTcs /i 3allUTHl B CXeMaX C HeylnpaBJseMbl-
mMu BeutuasIMU [IpH NpHMeHEHHH 3STOrO BHAA 3AWHTHI IpeANoaaraercd,
4TO YAOBACTDOPHTENbHAn paboTa Moxer OnTh ofecneiueHa No Kpannehh
Mepe BPEMEHHO NPH OCTaBJEHHH B CXeMe THPHCTOPOB, KOTOPble BHILLIH

U3 CTPOSl B pe3ysbTaTe IOBPEXAEHHH, yKa3aHHEIX B mmn. 2 u 3 Ha
erp. 371.

15-8. 3AIIHTA OT CBEPXTOKOB NYTEM 3ANHPAHUSA
THPUCTOPOB

B wmnorux cxemax ¢ (a3oBbM yRpaBneHHeM M HHBEPTODHBIX CXe-
Max THDHCTOPBI M JAPYrue 3JeMedThl IenH MOXHO 3aLUIUTHTh OT CBEPX-
TOKOB NYTeM MNpeKpalllenus MOJaud YNPaBAAKIINX HMITYJILCOB TPU BO3-
HHKHODBEHUN B CXeMe CBepXTOKos B cucteMe ¢ (asloBelM ynpasnespem
3TO NpHBedeT K NpEeKpalleNHI0O NPOTEKaHusd CBEPXTOKa 32 BPEMA oAHO-
ro moJymnepHoza TOCAe TOTO, Kak OYIeT npekpamieda Mojada OTIHHPAIO-
IIHX HMIYJbCOB, TaK KaK ofpaTHOe HampsizKenHe B8 MOMeHT KOMMYyTa-
ILMH OYePellHOTO BeHTHJsA BHIKJIOYHT TPOTEKAKIIHI Hepes H€ero ToK 11o-
Bpexkienus. B cxemax aBTOHOMHIMX HHBEPTOPOB C NPUHYIHTENbHON
KOMMYyTAaUHeH, NATaeMBIX OT HCTOYHHKA NOCTOSIHIIONO TOKa, Moxaud OT-
NHPAIOUIAX CHTHAJIOB JHOJIKHa GblTh Npepsalla B TA Bpems, Korga TOK
HOBPEXACHHST eule AOCTATOUHO Majd H MOXET KOMMYTHPOBATHCH 3de-
MEHTaMH CXEMBbI.

Ha puc. 15-8 mokasaHa TumoBas BHINPSIMHTeApHAs cxeMa ¢ ¢ha3o-
BEIM peryJiMpoBaHUeM HATUPsKeHud W OAOKHPOBKOM oTmMpalomux UM-
f1ybCoB, KOTOpas paccmatpusanack B § 12-5-6 (puc 12-13). Ilpu wop-
MaJjbHoli paborte oAHomepexonubii Tpuoy OIIT3 renepupyer ynpasasio-
Hige HMMIYJbChl, KOTOpble HOAAIOTCA K YOPaBJSIONUM 3jeKTpogam Ty
u T, uepes uMNyJbCHBIE TpaHcdopMmarop Tps. Yrodl OTHMpaHMA THPH-
CTOPOB H, CreloBATENbHO, CPefiHee 3HaAUeHHe HamlpsAXeHus Ha Harpyske

3AMNUTA OT CBEPXTOKOB IIYTEM 3ATIMPAHHUS THPUCTOPOB 375

~1208, 602y

PeryJqUpYIOTC lenbio oOpaTHOM CBA3H, BKJOuaomed AupdepeHunans-
Hbll ycHaHleab Ha 1pansucropax [ITy u [IT;, KoTopblii M3MensieT BLI-
COTy mNbefecTana B KPHBOM HampsixKeHus Ha KouaeHcarope Cs. OlIT,,
rupucrop T3, pesucrop Ry, ¢ KOTODOrO CHHMAaeTCH CHTHaJ, NPOHOPLH-
OHaJIbHBI TOKY Harpyskd, H JApyrHe JOMOJHHTEJbHBIE 3JEMEHTH BBe-
IEHBI B CXeMY JJId 3alUTH OT CBEPXTOKOB.

[pn HopmanbHO# paboTe Hanpsixeune Ha smurrepe OIIT, HemHOrO
MeHbIlle 3Havenus, npu kotopom srtor OIIT ornupaercs; 3T0 JOCTH-
raercst noJGOPOM TOJOMKEHHs JABHXKKA [OTEHIHOMeTpa Rig <«ycTaBKa
TOKa oTK/Uouelisa» [Ipu neperpyske Bozpacrawuee MafeHue [HanpsxKe-
s na Ray mounxkaer norenuuat 6asw I OIIT;, yMeHpluas teM ca-
MbIM BENHYHHY 3MHUTTCPHOCO HAnpsKeHus, NpH Kotopom 3107 OIIT or-
nupaerca [losromy mnpu mneperpyskax OfIT; ormmpaercd W oTmupaer
tupuciop T3, xotopuift uepes anox Hs 3axkopaunpaer Gazy 2 OfITs; na
semao. B pesyabTate paloTa pemakcauuoHHoro renepatopa Ha OIIT3
cpBIBaeTCS M TIOJAua yNPaBJSAIONIMX UMIYJAbCOB Ha THpucTopbl Ty u To
npekpamaercs. T3 ocTaercd B NPOBOASULEM COCTOSIHHM H, CJel0Ba-
TeJNbHO, HATpPsHKellMe Ha BHEIXOJE BBIIPSAMHTEJS OTCYTCTBYET, MOKa He
6yner Haxara kuonka Cépoc.

AHajiorHunble 3aUIWTHBIE YCTPORCTBA € GJOKHPOBKOR YNpPaBJ/sIOIHMX
HMIyJIbCOB THPUCTOPOB MOMKHO HCHOAB30BATbL M B JAPYrUX cayuyasx,
KOTa CKOPOCTH HAPacTaHHs TOKA IIPH NMOBPEXJEHHH OTHOCUTENBHO He-
BEJIMKH M KOT[a MMEIOTcs CPe/CTBA KOMMYTaluH, oOecleyHBaioLlye crnaji
3TOr0 TOKA K HYJIO.
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Puc. 15-8. Bunpsamutens ¢ $ha3osbiM yApaBled#eM H 3alHTOR OT CBepX-
TOKOB MyTeM CHSITHA YHPaBJSIOLHX HMIY/IbCOB.

T, — tuna Cl08Y, OJIT, — tuna 2N2646, Ry — 330 om, Ry — 1 Mou 2 sr (ypoBeHb
ToKa oTKAouenus), Rig— 1 KoM, 05 87, Ry — 22 om, 0,5 67, Ry — 0,007 on, 5 er,
Cs— 0,04 Mk, C;— 100 mkeh, 30 8, ocranphble 3JieMgHTRH —CM puc 1213,
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15-9. CTATHYECKHE NOJIYNPOBOAHUKOBBIE BbIKJIHOYATEAH
1 TOKOOTPAHHYHUBAIOIIHUE KOHTAKTHBIE OTKJYAIOWUE
YCTPOUCTBA

Jlas 3alMTBL  OT CBEPXTOKOB TaKKe MOTYT OBbITh HCHOJAbL3OBAHbI
clatdiuecKkde MOJNYNPOBOAHHKOBble (GeCKOHTaKrible) BHKJAKOUATEAH U
KOHTaKTUble OTKJAWuamulHe ycipoiictea Hekotopble M3  BO3MOXKHBIX
CXCM 3100 THNA paccMmoTpennt 8 pasi. 8 [as ouens ObicTpoaedcTBYIO-
HICA 34lIMTBE 01 CBCPXTOKOB MOTYT Obllb HPUMEHENBI 1MPHCIOPHBIE KG-
POLKOJIMLIKATCAH IO [HHY (\eMul Ha puc 8 16, wymupyooume uenb
HArpy3Kd Clycisl HCCKOMLKO MHKPOCCKYH/I NOCAe BO3HHKHOBCHUA dBa-
puntoro pexuma [locrenyioice OTKAIOMLINE 10KA KOPOTKOTO 3aMbiKa-
HUA OCYNCCTBAACICA OOLIYNBIMH CPCACTBAMH, TAKHMM, KaK aBTOMAaTH-
UECKHC BBIKJIOUATC/AH H/H [J1aBKHE TIPelOXPAlLMICIH.

Pasnedn wecrHaguarbii

NEPEHANIPAXKEHUSA B CXEMAX C TUPUCTOPAMHU

Ha nporaXesdun NHepBbIX JeT CBoEro pasBHTHA NONYNPOBOLHHKO-
Bble NPUOOPH 3aC/YXKHIN DPENYTALHIO 3MEMEHTOB, BECbMa UYBCTBHTENDL-
HbIX K TlepeHanpsiXKeHusiM, BOSHHKAIOLIHM B CXEMAaX, B KOTOPHIX OHH
NpPUMEHAIOTCS JTOT HEJOCTATOK YCYryBasicsi OTHOCHTENbHO Gojee HU3-
KMMH JONYCTHMBIMH HaNpaXeHUsAMU [1OJYNPOBOAHHKOBLIX BEHTHJER MO
CPABICHHIO C BAaKyyMHbLIMK WUAM rasopaspsaanbiMe. Oniako B ganbHeil-
wem ObIT AOCTHCHYT ONpPENENEHHBIl NPOrPECC B 4YACTH yMeHBLIICHHKS
UYBCTBUTENBHOCTH MHOTHX BHIOB MOJYNPOBOJHHKOBBIX NPHGOPOB K He-
penanpsikeuusiM. [lonycTHMOe aMIIMTYLHOE HaNpsKEHHE COBPEMEHUBIX
BBICOKOKQUECTBEHHBIX CHNIOBBLIX AUOAOB ¥ THPHCTOPOB MOCTHraeT He-
CKOJIBKO THICSY BOJALT MHorue BHIALI MOJYNPOBOIHHKOBHIX INPHGOPOB
B Hacrosllee BpeMs 3HAYHTEJIbHO MEHbLIE MOJXBEPIKEHB MOBPENICHUAM
M3-32 TNepeHanpsKeHud, 3aMeTHO NPEBLIMIAMIHY HOPMAJbHBIA padouHit
YpOBeHb HANPSMKEHHR, UYTO HOCTHTHYTO 33 CYel YCOBEPHICHCTBOBAHHS
HX KOHCTPYKUHMH, TEXHOJIOTHH HITOTOBJEUHUs], METOAHKH HCHBITAHHH H
METOJUKH ONpeJleIeHHs JONMYyCTHMBIX MapaveTpon

B ornowenny ux paGoTocnocoGHOCTI B YCJOBHAX NCpeHanpsiKeHHH
COBpEMEHHBIE CHJIOBBIE MOJYNIPOBOAHHKOBBIE NPUGOPLI MOrYT GbiTh pas-
JleJIeHBl Ha CJeAyIolHe TPU CPYIILL

1. IlpuGopbl, moBpeXx1aemble 3a cueT MepeHanpsKeHH# ¢ Madofl
SHeprieH, NpeBpIAOUIHX AOMYCTHMOE aMIVIMTYJAHOE Hanpsikenue, dTa
Kareropusi spaserca Hanbosee MacCOBOM, M K Hell OTHOCHTCs 60.ib-
IHHHCTBO TNPHOOPOB, BHITyCKaeMblX TNpoMbiuiiendoctbio. TIpo6oit Taknx
npuBopoB NPOHCXOJMT HA BecbMd MaJoil MICIMAAKE 110 CPABHEHHIO CO
BCell NOBEPXIIOCTbIO p-n-nepexojaa. IlostoMy y npuGopos sToro BHA
0ObIUHO BEJIIYIHA TIEPEHATIPSIKCHIIS, BHI3LIBAIOWEr0 NOBpeAeHUe B Te-
YeHWe uYeHb KOPOTKOTO HHTepBaJa MNOPATKA HeCKOJbKH\ MUKPOCEK /HI,
JIHILL HC3HAUUTENBHO NpeBhilllaeT HalipsiKeHue, AJdTeAbHO BhbigepiKHBae-
MOe B 3amupaoliem Hanpapgaedil. OOblUALIE AHOABI U THDHCTOPLI, BLI-
nyckaeMmbie QupMoit JlKeHepas DJEKIPUK, UMEIOT MAKCHMAJbHO Roly-

CTHMOe HenopTopsicineecs obpaTHoe HampsiKenue AautTenbHocThio (0,25
nepuoia, npesnhimaioiiee Ha 10—50% (B 3aBHcHMOCTH OT THAZ) AOMY-
CTHMOE [OBTOpsfIOlleecs Hanpsaxenue. Takofl samac ABJIAETCA BeCbMa
NOJC3HBIM TPH Pas3paboTKe HaLeXHbIX CXeM C HCMoJb3oBanHeM npuoo-
POB 3TCIO THIA.

2. [Ipu6opel, KOTOpble MNpPH TNepeHanpsKeHMAX B 3alUpaiolleM Ha-
npasjeHHd MoryT 0e360/€3HEHHO PpaccenBaTb 3HAYHTENBHYID 3SHEPTHIO
[lpeacTaBuTeNsiMH 3TOH KaTeropHu SABJAIOTCH CHJAOBbIE JHGJBI € KOH-
TPONHPYEMBIM JIaBHHOOOpPa30BaHKeM (TaK Ha3blBaeMbie JaBHHHBIE BEH-
THAK), ondcanHbie B § 16-3-4, ¥ cTaOHAUTPOHLL

3. TlpuGopbl, KOTOPble NpPH BO3AEHCTBHH YPE3MEPHOrO HANpPSKEHHS
6e360/1€3HEHHO TIEPEKIOUAIOTCs B MNPOBOAdANee cocTOsiHHE. THOMUHBIMH
NpeACTaBHTENSIME 3TOCO BHIA SABJAIOTCA ABYHANDaBJEHHbIE THPUCTOPHI
(TpHaku) ® NepekjnYaliiie NPUOOPHl, NOAOGHBIE KPEMHHEBOMY [BY-
croponnemy kmouy (KJK) u zuoaHomy TupHCTODY (NepeX/I0YaolieMy
auopy). Kax ykazaHo B pasj. 3, mpsamas BeTBb BOJbT-aMIEPHOH Xa-
PAKTEDHCTHKA OOLIMHOTO TPHOJANOrO THPHCTOPA TakXKe ofecmeuusaer
ero CaMo3allUUTy OT NepeHanpsi:KeHUf B NPAMOM HANMpaBJeHuH 3a CUeT
ero OTMHpaHHUs 110 aHOLY, 3@ HCKJ/IOUEHHeM TeX THPHCTOPOB, A KOTrO-
PLIX YKa3blBAeTCs NPefeqbHO JolycTHMoe npaMoe Hanpshenne Unp gon
TupucTopbl MOC/JAEIHEr0 TUIa, HMEIOIIHe BCchbMa Ooabline HaNpsKenns
nepekUeHs, MOTYT OBITb [OBPEXKIEIbl J0 TOTO, KaK Ipavoe aHOAHOE
HanpsoKenue JOCTHCHET HANpPSKeHNs Iepekaiouenusi IlpuGopwt, OTHO-
cAllMecsl K TpeTbeH KaTeropuH, XOTs M He [OBPeKJAaeMble IPU BO2-
efiCTBUH TiepeHaNpsKeHnil, MOryT OKa3aTbCs HerKesaTeJbHbIMH 3JeMeH-
TaMH B CXeMe, ecqu MX cpabaTbiBaHUs, BbI3BaHHbIE IepeHanpsiKeHHUsAMH,
IPUBCAAT K Hempasuibliol paGoTe peefl cucrevel Taxne JoxHble
cpaGaThiBaHus MOLYT ObIThb TakiKe OOycJOBJeHbI NepBoil MDOH3BOLHOHA
OT MMMYJbCHBIX TNEPEHANpsKeHnH, T. e. TaK HashBaeMbM «3(QdexToM
duldt> (cm § 3-11).

Taxkum o6pas3oM, nepeHanpsKeHHss MOTYT BecbMa CHJABHO BJAHATL Ha
NPABUJBHYI0 X HajeXHYI pab0Ty BEHTHJIbHBIX YCTPOHCTB, NO3TOMY
NOHMMAaHHUe TIPUUMH MOSIBJIEHUS NepeHaNnpKeHHH M 3HAHHE COCO0OB HX
CHHXeNHA HEOOXOMHMBI /s ONTHMAJbHOTO HCIOJAb30BAHUA HeEyHpas-
NIeMBIX BEHTHJIEH W THPHCTOPOB.

16-1. BO3MO)XHBIE UCTOYHUKHU RNEPEHANPSHKEHUW

IIpn nocnenywoieM paccMOTPEHHM MepeHanpsKenuaMH OYILyT CHH-
TaThCsl TAKHE 3HaueHusd HaTpAXKeHHl, KOTOpble NPEBHIAIOT HOPMAALHO
LOTIyCTHMble MaKCHMaJbHble 3HaueHHs HanpsXKeHHd, NPHKAAAbiBAEMOro
K BEHTHJIO B NOBTOpAIOUIEMcst pexuMe. B GoablUIMHCTBE OOBIYHHIX CXEM
BBHIIPSIMJICHHUS, NMHTAeMbIX OT CETH TIEPeMEHHOr0 TOKA, MAaKCHMaJbHOe
c6paTHOe HanpsiKEHHe Ha BEHTH/IE paBHO aMIIMTYle JIMHeRHOro Ha-
NpsXKeHUsT nyTaolle#t cetH. B HHBEPTOpHBIX cXeMax H B JPYTuX cxe-
Max TmnpepbiBaTesiefl MOCTOSTHHOTO TOKa IOBTOPAIOUICECss MaKCHMaJbHOE
o6paTHOe HaNpsS)KEHHE TUPHCTOPA OMNpEeAeNACTCS NMapaMeTpaMu CXeMbl W
JAO/DKHO ONpefessiTbcsi B KaXXAoM ciayyae oTzeabHo Kak mnpamoe, Tak
H o6paTHOe HAMpSKEHHS] MOTYT 3HAUYHTEJbHO H3MEHATbCH MPH HOP-
MaJbHOH pafoTe CxeMbl IPH HU3MeHEeHHH TOKAa, KO3thGhHHHEHTAa MOIMHOCTH
HarpysKH, yria OPOBOJIMMOCTH K JAPYTHX BeNHUHH.
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Pue. 16-1. Mepenanp.ixkenne, obycioenenuoe PaspbiBOM HaMarHHYMBAK-
IWero Toka TpaHcHOPMATOPa NPy ero OTKAIOUEHUH OT CeTH.
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Puc. 16-2, Tlepenanpsxenne npu BRIOYeHMUM TPaHCPOPMATOPA €O CTO-
POHLI AEPBHYHON OOGMOTKH.

[lepenanpsieunsi CKa3elBAOTC HA THPHCTOPAX B TaKOWM ¥Ke CTe-
Nely, KaK H Ha OOBIYHBIX KpeMHHEBBIX BEHTHJAX, HO MPH 3TOM Cjeyer
YYHTBIBATb, YTO THPUCTOPHL MOTYT MPEACTAaBAATb GOMbMIOE COTPOTHBJIE-
HHE KaK B NPAMOM, TaK W B 00paTHOM HanpaBleHdUH. B HeKOTOPHX
ClyHasix 3anHpPaHye BEHTMIA MOXET 3ajzepXkKaTh BHILSNEHUE SHEPTHH,
H2KOT/IEHHON B peakTHBHBIX 3JeMEHTaX CXeMbl BO BpeMH NepPeXOIHBIX
MPOUECCOB, A0 MOMEHTA, KOrAa THPHCTOp GYNET OTKPHIT.

[TomMuMO CayyafiuBIX UPUTHH MOAB/ACHHS NEPEHANPSIKEHUN B MHTAIO-
el ceTh, K KOTOPLIM MOXHO OTHECTH TPO30BbE DPa3pAssl (danpumep,
B KOMMyHa/nbHOi ceTd 120 ¢ GbliH 3aperucTpUpOBANDl NepeHanpsKeHus
5€00 s, Bh3panuble Pa3pANOM MOJHHU), NMePEHANDPSIKEHHS B BEHTHMb-
HBIX YCTPOHCTBAX MOTYT OBIThb BBI3BAHEI DA3JNHYHBIMH KOMMYTAUMAMM,

I ~Momernm
{ OMHAGHEHUF

/

fepenanpparcenue ~ [, ,ﬁl

Puc. 16-3 IlepenanpsmeHue nps OTKJMIOUEHHH BHIIpAMHUTENs ¢ 106aBou-
HOjl HHIYKTHBHOfi Harpysxkoi, NMOAK/IOMEHHOR Ha CTODOHe NEPEMEHHOro
TOKA.
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Puc. 16-4. ITepenanpsxKenye OpH OTKMOUEHWM LELH HATPY3KH BLIOP IMH-
Teus.

KaK 3TO WJUIOCTpUpyeTcAd Ha pHC. 16-1—16-8. Ilokasaunbie Ha 3THX
CXeMax BEeHTHJH MOryT OhITh Kak HeympaBJseMbIMH, T4k M yOpaBase-
MBIMH.

Bosee mnonpoGuble cCBefeHHsT 06 HMCTOUHHKAX TNEpPeHANpsKeRiH
B pas/HYHHEX CXeMax ¢ DeHTHJAsMH MOXHo Hafitw B [JI. 16-7].
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Puc. 16-5. Iepenanpsxenne, o6ycaoBiedHoe BK/IIOYEHHEM MOHHKaOUe-

ro tpaHcdopmaropa ¢ MeKOOMOTOYROH eMKOCTHIO.
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Puc -16-7. TlepenanpsxeHne NpH OTKAOUEHHH HATPY3KM OT MHAYKTHBHO-

u., /-\ eMK0£7goro ¢uabTPa Ha BLIXO¢ BHIIPAMHTENs NMpu GOMbIIOM OTHOMIE-
HUH
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Mepenanpnorcenve Puc. 16-8. Tlepenanpsyienus, BLI3BaHHbIE [ePEXOIOM [ABHrAaTeNs, NHTae-

MOrO OT BHIIPTMHTENA, B reuepatoparilt pemuM Uysp waxs = Uy + V2 Us.
Puc. 16-6 Tlepuoanuecku NOBTODAIOILHECH TePeHANDAMKEHHH B MOMEHT
cnaga ofparkoro Toka, ofvcaokgaeHHoro 3¢b¢exkToM HAKONIEHWS 3apd-
08, DTH NepeHANpSIKeHHs MOryT OHITH O0COGEHHO ONACHBIMH B HekoTo- JOBHR Korma rakue TOBpexAeHus BeHTH/IEH NPOUCXOANT INPH OueHb
PBIX CXEMaX ¢ WYHTHPOBaHueM Harpy3xd OydepHuiM (pas3paAHbiM) JHO- MaJblX Harpyskax HWIH HENOCPeACTBCHI(O IIOC/e BKJIOUEHHS CXEMBl, TO
JOM 11 B ABTOHOMHLIX IIABEPTOpPax ¢ COPATHBIMH A1IOAAMH. 9TO CBUAETEJNLCTBYET O HAJHYUH KPATKOBPEMEHHBIX IEpEHATpsIKeHUE.
@ — yron 32anasabBands OTOUpaHUA, Y — yroy nepexpoitua Ha xkpnrofi 71oKa Tak kax wuccleqoOBaHHf H U3MEpEeHUsA BO3MOXHBIX KpaTKOBpeMeH-
BEHTHJIR BHAHBI HMIYJbChr 06PAaTHOro TOKa, OGYCAOBACHHBIE a¢dexToM Haxkomile- HbIX Hep6Hanpﬂ}KeHHﬁ B CXE€Me& MOryT HNpHBECTH K BBIXOAY H3 CTPOs
Hus 3apA10B, OTHENbHEIX NpUOOPOB, TO MHTAlOUlEE AaHOAHOe HAaNpsXKeHHe [JOJKHO
ObITh CHHXKEHO NepBoHauanbHo npumepHo xo 0,25—0,5 HopmanbHoil Be-
16-2, OBHAPY)XEHHUE ITNEPEHAIPAXEHUH JHYMHBEL WU 3aTeM IOCTENeHHO BHOBb YBEJMUEHO N0 HOPMAaJbHON BeJH-
YUHBI, €CJAM H3MepeHHA NOKA3BIBAOT OTCYTCTBHE IepPeHANPSmeHnil, Hau
O uHanuyMH  KPATKOBPEMEHHBIX HUTEHCHBHMX TIePeHANpSKeHWH 0 BeSHUMHL, MPH KOTOPO!H NepeHamlpsiKCHUs He NMPEBHIIAIOT JOMYCTH-
B CXEME Quellb YacTo HauMHAOT MOJ03PeBATH M3 3a HEOMUNAHHOIO BH- MOro AJs NOJAYNPOBOMHHKOBHIX IPHGOPOB yPOBHS.
X0j1a 43 CTPOs AMOJLOB ¥ THPHUCTOPOB B JjaboparopHHX obpasiax. OI- [lpu nepex/oueHnH ueneffi Ha MEPeMEHHOM TroKe HAuboJbILWe ne
HaKo elle XyAWMM caydaeMm cjeiyeT rpu3HaTh, KOria Ttakue IiepBble peHanpsKeHus HAGMIOLAIOTCH MpH ofcyTeTBUH Harpysku. [lostomy mpn
CHMNTOMBl HAYHUHRIOT MPOSBJATLECA TOMBKO T0CHe TOrD, Kak OGODPYAO- BLIAB/IEHUH IllepeHalpsi’KeHuil M0106HOTO BUAA YCTAHOBKY HeoBXOZMMO
BaHie yXKe AOCTABIEHQ HA MECTO 3KCHAyatauuyu, rie ycaoBHS PaBoTh WeNMbITEIBATL Oe3 HArpyskd, npuueM Bo H3GeXkaHHe npo6os MOIHBIX
MOTYT De3KO OTAUYATLCR OT ONHZKHX K nAeanbHuM A460DATODHHX Ye¢ peHTH/IeH HX HeoOXOAUMO Ha BpeMsi HMCNLITAHHH 3aMEHHTL BEHTHASMM
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C MEeHBIIUMH HOMHHAJbHLMH ToKamu. Kpome 1010, Gosee phicokoe 06-
paTHOE COMPOTHBJEHHE Yy BEUTHIEH ¢ MEHbLHM [IOMHHAMBHHIM TOKOM
Gyaer cnoco6cTBOBATb YBeNHYEHUIO MEPEHANPSKENHNA, YTO CO3MAET H3-
BCCTHBIl 3anac OPH H3MEPCHHH M yYCTPAHEHIl NepeHalpsikCeHuy.

16-2-1. Hamepureasnsie npuGopbl

HamepuresbHple npulOPEl ¢ TOABHXKHBIMH KaTyIIKAMH BBUAY HX
6onbIoi HHEDUHOHHOCTH H OTHOCHTEAbHO HMZKOTO BHYTPELHEro Compo-
THBACHUA MOTYT OLITH UCMONB3OBAlBl TOJABKO TPH H3YYEHHH MEAJEHHO
NnpOoTeKaloMMUX N[epPexoniblx npoieccos ¢ Goastwoi sueprueit Ha Goab-
IIOTO  uWc/ia PacCMOTPEHHBLIX palce DBHAOB MNEePEeXOAHBLIX TNPOLECCOB
(puc. 16-1—16-8) npuGopsl 310r0 THna MOryT ObiTb HCMOJb30BANLI
ARIL  PH  H3MEpPelMH  BEAMMHHB TepeuanpsXKennd, BO3HHKAKOIINX
B YCTaloBKaX C reHepaTopHoi Harpyskoi (Takux, HAnPUMep, KAK 3JekK-

TPOABHrare/ib MNOJ'bEMHHKA, paboTalUMil B PeXHMe pexyreparuBHOro
TOPMOKEHHSA).

16-2-2. Ocuuanorpadsi

Haubosee noaxonsiuuM npuGopoM AJsi HCCAEAOBAHHA MEPCXOIHBIX
NIPOLLECCOB ABJIAIETCA BBLICOKOCKODOCTHON OCUHJIOTpad ¢ 3KpaHOM /M-
TeqbHOro nocaecBededus. s ToJyYeHHAs] XOPOLIMX DPEe3Y/IbTATOB nps
HCCJIeIOBAHHH K H3MEDEHHH BCeX THUIMOB TNEPCHANpsiKeHWH, CMOCONHBIX
BbI3BAaThb [OBpEXK/eHHe BEHTHJeH, HeO6XOAUMO TPHMEHATH OCUHAIOTPA-
®bl co BpeMeHneM HapacraHus cdponra curdana He Gosee 0,1 Mrcek u
€O CKopocTblo 3anHcu Goaee 2,5-108 cufcex. Ocuuniorpadu ¢ 3ano-
MHHaHHEM, XapaKTEePH3YIOUIHECS OTHOCHTEIBHO MAJBIMH CKOPOCTBI) 37
NUCH M BpeMelleM HapacTawus ¢poHTa CuMrHaaa, leaecoofpasqo Hc-
NOTb30BATh JJISI U3Y4EHHS CPaBHUTENbHO MeJTCHHBIX NEPEXOJHBIX Mpo-
LIECCOB.

Has naGmoaeHMs TNEPHOJHUECKHX MePeHANpPSIKCHHH, TaKHX, Ha-
npumep, Kak mepeqanpsKenus, oOycgaoB.cHHble 3(hdeKToM HAKOMIEHUS
AbipoK (puc. 16 6), ucnoab3oBaHue ocuuadorpada siBARCTCA €aMO co-
Go# wanpawHBawmuMca. B 3ToM caydae passcpTka ROJKHA OBITh Tie-
DHOLHYECKON, M CHHXDOHH3AlMS €€ OCYLIeCTBJASETCH OT NHTAWIIEH CeTH

OfHaKo ANA PETHCTPALMHM OJHOP2I0BHIX NEPEHANpSLKEHHH, IltanpuMep
BLI3BAHHHIX OTKJIOYEHHEM HJH BKJIOUCHHEM CXeMHl, Tpebvercs Gozee
CJIOXKHAsl MeToAHKa., JKpaH ocuuaiorpada AOMKCH ObiTh  3aUlniieH

HIMPMO# OT MOCTOPOHHErO0 CBETA, M NPH BH3YAJbHBIX HABJIOIEHHSX IIO-
MelleHHe XOJKHO ObIThb 33aTEMHEHO, [MOcC/e Uero 3peHHe 3KCNepUMeHTa-
TOpa [AOJXKHO NPHUBBIKHYTH K MaJIOW OCBeUleHHOCTH. [Ipu BH3yaJnHOM
PETHCTPALMM  aMIJIATYABl TIePeHanpsiKEeHuil uHorga OHBaeT 0enecood-
Pa3HO OTKJIIOYHTh TFOPH3OMTAJBHYIO Pa3BePTKY M MCNOJAL30BATh TOJBLKO
BePTHKa/JbHOE OTKJOHEHHe. B atom cayuae Baraapg 6ygeT cocpesoroyen
Ha ONpe/eJeHHOM YYacTKe 3KpaHa, I'e [AOJKHbI (DUKCHPOBATBCH OXKH-
JaeMble MepeHanpsKeHus.

Korza npu nab/IoJeHHAX HCHNOMb3yeTCss TOPH3OHTAJLHAS Pa3BepT-
Ka, TO ee 3amMyck MoXeT OBEITh OCYLIECTBJIEH OT CaMOro nepeHanpsixe-
HHA HJH 1IPH NOMOUM KaKoro-nHbo BHEWMHEro yCrpoficTBa, Hampumep
JAONOMHHTE/NBHOr0 KOHTAKTa BHKIIOYATeNsi cxeMh. B nocaegHem ciydae
PasBepTKa [0JKHA HAYHHATHCR 0 BOSHHKMOBEHMS] HEPEeXOAHOrO PO+

Hecca, 4100Bl HCKJIOYMTD BO3MOMHUCTL NMPONYCKa €ro HayalbHOH (asbl.

OOBEKTUBHOCTL 1i3yUYeHHs U H3MepeHHA HernoBlOPALIMXST  mepe-
HanpsKeHUH MoBbllaeTcs, ecau ¢oTorpaduyeckas 3anuce Oyaer wHe-
nonb3oBana AJsi 3aKpellelust U AOTNOJIHEHHsT Pe3y/b1aTOoB, MOJYUEHHDIX
NPy BH3YaJAbHOM HaOmoNeHHH cJabblx K OblCTpOTeulbIX H300pamenHii
Ha 3Kpase ociggockona. Takue BLICOKOCKOPOCTHHIE KaMepsl, Kak «Po-
laroid» Tunos 42, 44 uau 47, npu HUCNOMbLIOBAHUH BLICOKOMYBCTBHTE/b-
IIBIX ILIEHOK TO3BOASIOL BO MIOTHX cayvadx 3adHKcHPOBarb H3o0pd-
JKeuHA Ha 9KpaHe TPyOKH, KOTOpble HE BOCIPHHMMAIOTCH HEBOOPYIXKEH-
HblM [J1a30M.

[Mpu uccaegoBauusix HeoGxoauMo yOeAHTBCst B TOM, YTO MOXKJIOYE-
HHe BXO0Ja ocuHyviorpada HEMoCPeACTBEHHO K OPOBEPSCMOMY BEHTHJIO
He HapyulaeT KapTHHbI nepeHanpsKeHni.

16-2-3. AMOJIATYAHBIE BOJBTMETPBI

Jna perucrpanun mnepeHanpsXKeHHii, NOABJIeHHE KOTOPBIX HMeeT
clyyalHbIH XapakTep H He MoxKeT OLITb 3apaHee NpejCKasaHo, BecbMa
MOJIe3HBIM  fIBASEICA [IPUMEHEHUE 3JEKTPOHHBIX aMIJINTYAHKIX 3arOMH-
HalIUUX BoAbTMerpoB. Onucanue TaKOro HECJ0XKHOTO B HM3TOTOBJEHHM
npuGopa umeercs B ny6aukauud [J1. 16-8] ITOT MHAMKATOP MO3BOMAET
o0HapyXnTh INepeHanpsKeHHsd, BeJHYMHA KOTOPHIX IIPEBLILIAET Hanpf-
KeHpe, 3apaHee ycTaHOBJEHHOe Ha uikase npubopa. [lorpewrdocrs us-
MepeHuil He npesbimaer 2% MakcHMaJbHO# YCFaBKH TIPH HMIYJbCax
IANPSIZKEl NS JJNTeNbHOCTBIO OT 1 MKcex u Bbime. Ilutanue or Garapeit
AU TC/BIO YBEeARUUBACT BOSMOXKIOCTb 1IPHOOpa, KOTOPBI MOXeT He-
npepeiBlo padoraTh Ha OAHOM KOMMJekre Garapedl B TeyeHue 12 mHeH.
Bo3sMexHble MOAH(HKALMM OCHOBHOM cxeMbl 3Toro npubopa, BHIIOMHEH-
HOMl Ha OJHOMEPEXOAHBIX TPHOAAX H THPUCTOpPAX, NO3BCAAIT (HUKCHPO-
BaTb YacTOTY NOSBJEHUS MepeHanp;KeHHi i HaubOJbUIYI0 BeAHUHHY
nepeHanpsKeHHsl 33 ONPEAC/ICHHBIN HHIEPBAJ BPEMEHI.

16-2-4, UsMepuTedbHbie HCKPOBbIE PA3PAAHHKH

B BLICOKOBOJBLTHBIX CHCTeMax M1 M3MEDeHHs AMIIUTYAHBIX 3Ha-
YeHHH TepeHanpsKeHHii MOryT ObIThb HCIOJb30Balibl LIapOBHE pas3paj-
HHKM ¢ KaauGpoBanibiMH DaspAABbIMH npoMexyrtkamp [T 16-4, 16-5].
Tox, npoXOAALLiI yepes HCKPOBOH MpOMEXhyTOK Tocie ero npobos, goa-
JKeH GBiTh OIpaHuueld Oe3bITyKTHBHLIM CONPOTHB/IEHHEM (BeJHYHHOH He
Meree | oM Ha KazKjBili BO/ILT HCNBLITATENBHOrO HANPAKEHHS), KOTOpPOE
BKJIIQUACTCA MOCAEA0BATENbHO C PA3PSAINHKOM CO CILOPOHBI €ro 3a3eM-
aexHoro vackipona llpu arom Heo0XOAMMO IPELYyCMOTPETH COOTBETCT-
BYIOUlMe 3alUMTHble YCTPOHCTBA OT CBEPXTOKOB, BO3HUKAIOIIUX roche
NPOXO/AKHEHHS T1HKA NepeHanpskenns.

16-3. MEPbI BOPLBLI C MNEPEHANPSA)XEHHAMH

Tlpu HamwuuH WM BO3MOXKHOM TIGABJEHHH NepexHanpsiKeHudi mnpo-
eKTHPOBILUK YCTPOHCTBA MOXKET BHIOPATh ONHO M3 TpPeX TNAaBHHIX HA-
uparJenui

1. Mcnons30BaTh 3/1€MEHTH, HEUyBCTBHTENbHbE K M0GABOYUHBIM HM-
IyAbCAM HANPAMEHHH W BLIASIAIOUENCa 3Heprul
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2. Uckawulib WK yMeHbIWIHTbL TePEeHanpskKeHHs, BO3TeHCTBYA HA
MX HCTOYHHK.

3. ITpenycMoTtperb B cXeMe JONOJMHHTEbHbIe HAKONHTENN WIH IO-
TJIOTHTE/IH SHEPTUH.

[Tepsoe nanpabjeHne BKMOuaeT B cebs HCMOAbL30OBaHHE MOJYyNpO-
BOAHUKOBBIX NPHOGPOB, HEMOBPEXKJZaeMbIX NpDH BO3JAEHCTBHU NepeHanps-
xeuuil. Takumu npubopaMu SABJSIOTCs JABYHAnpaBieHHLIE THPHCTOPDI,
Koropble 6e3 TMOBpeXIeHH) TCPEKJIOUAIOTCs B NPOBOAsILee COCFOsHue
[pY HajJuuud OepeHanpsikelndl, Wi JIHOABl H THPHCTOPBI ¢ KOHTPOMIH-
PyeMbIM JTaBHHOOOPA3OBaHHEM, @ T4KKe CeTenoBhe BEHTH.IH, KOTOPHIC
KPATKOBPEMEHIIO MOTYT pPacCeHBaTb 3HAUHTE/LHYK) 3HEPIHI0O B 00paTHOM
HanpasJienud. THDHCTODLI, HE HMeloUlMe OrpaHHYEHHs NO NPAMOMY [0-
NYyCTHMOMY HANpPsIZAKEHHIO, TaKKe MOryT 0e30OJIe3HEHIIO Nepek/uaThes
B OTKDBITOE COCTOSIHHE NpPH INPHJIOXKEHHH IePeHaNpsIKEHHH B IPAMOM
panpasiendd. Ecjau ucnosb3oBaHue NMOAOOHBIX NPUOUPOB B KaKOM-aH60
KOHKPETHOM CJyyae HEBO3MOXHO, CJELYeT DacCMOTpeTb JApyrue BO3-
MOKHOCTH.

ITpu paGore ¢ Gosee uyBCTBUTEJbHLIMH K MepeHanpsiAKeHHAM TpPH-
6opamMy BecbMa [eHCTBeHHBIM crnocofoM sABJAETCS CO3JaHne olpeje-
JIEHHOT0 3amaca M0 HANPSKeHHIO 3a CUeT MPUMEHeHHst BEHTHJ/CH ¢ 60Jb-
WHMH  JIONYCTHMBIMHM HAMPSXKEHHAMU MM 34 CUeT COeJMHeHHs He-
CKOJIBKHX TPHOOPOB Moc/aenoBaTesnsHo. lcnosb3opaHue TOJMBKO 310r0
crniocofa, KoHeuHO, B OOJIBIIMHCTBE ciy4aeB TPHBOAMT K BeCbMa He3KoO-
HOMHYHLEIM pellleHusiM. Bosiee mpaBuabHbIM OOGBLIYHO ABAAETCA COUETAHHE
pasyMHOro 3anaca mo uampsiKemmio (ot {,5- 1o 3-kpaThoro no OTHO-
WIEHHIO K aMILIMTyAe MOBTOPAIOLIErocs B cXeMe HanpsilKeHHs) € TeMH
I HHBIMM MepPaMH IO YMeHbIUeHHIO TNepeHanpsXKeHWi [0 TaKoro J0-
NMyCTHMOro 3HauyeHus. B cxeMax ¢ THPHCTOpaMH BeCbMa JAeHCTBeHHbIH
cnocob 3amIMTEl NOCAEIHHX OT NepeHaupsKenu#i B o0paTHOM# Hanpas-
JIeHHH CBfi3aH C BKJIOYEHHEM MOCJeI0BaTeNbHBIX AHOROB. Ilpm atom maa
BLIDABHHBAHUA HANPSXKEHHH HEOOXOJHUMH IUNYHTHPYIOUME DE3HCTODHI,
BeJqHYHHAa KOTOPHIX INPONOPIHOHANBHE JAONYCTUMbLIM 3HAYeHHAM obpar-
HOTO HanpsiKeRus npubopos, napajielbR0 KOTOPBIM OHH I[IPHCOEIH-
HeHbl. lllyHTHUpYyWOLIHEe KOHIEHCATOPEl MOTYT OKa3aThCs HEOOXOAUMBLIMH
LJA BLIDABHHBAHWS HaNpsKEHHH [DPH TeX HJAM MHBIX KOMMYTainusax
B CXeMe.

B xauecTBe mnpuMepa, H/UIOCTPHPYIOLIETO BTOPOE U3 YKa3aHHBIX
BBIlE HaMpaBJeHui, CBsi3aHHOE C YCTPAHeHHEM WJH YMEHbIIEHHEM mepe-
HAaNpSAKCHUHA B MecTe HX BO3HHKHOBEHHS, MOXKHO COCJHATBCA 1A BO2-
MOXHOCTb NMPHVIEHEHHs] BLIKJAIOUATeNs] BO BTCDHUHOR o6MOTKe TpaHchop-
MaTopa, a He B NepBHYHOM MAM B lenH Harpysku. Tak Kak mepBHuHas
0OMOTKA TaKXKe JOJKHA ObLITb OTKJIOUEHA CT CeTH, TO MOXKHO BLIGpDATh
TAKyI0 MOCJAeJ0BaTebHOCTh ONepaluf, 4ToOB BEHTHAH OTKJIOUAAUCH
oT TpaHchopMaropa A0 pa3pbiBa Leld ero nepeuuHoil o6motku. [py-
rofl cnocol CHUXKEHUS MNepeHaNPAXKEHHN, TaKXKe OTHOCALIWACH KO BTO-
pOMY HamnpaBJeHHIO, 3aK/I0UaeTCss B NPHMEHEHHH BHIKJIOuaTesnel win
NJAaBKHX NpelOXpaHHTENel, PasPLIBAIOLIMX TOK C HE CJAHLIKOM 6GOoJbic.it
ckopocThio. IlpephiBalomue ycTpoHcTBAa TAKOTO THIIA pAcCEeMBAT Ha-
KOILUICHHYIO B 3JIEMEHTAX CXeMbl SHEpPTui0 B 3JEKTPHUECKOit Ayre, BO3-
HHKaoNlell MeXay KOHTaKTaMM. [IpUBCOMMBIL HHIKE CIHCOK MOXKeT
HOMOUYb TpH BBIOOPE OTK/IOYANOILeH AaNNapaTypel JUIA HU3KOBOJLTHBIX
nenefl. DTOT NepeveHb OCHOBAH Ha JabOpaTOPUBIX H3MCPelMsX, Npose-
JeHHBIX Ha o0pasuax KaAoro Tuna, NMpH Hanpsikenud 120 8 ¥ wacro-

1¢ 60 ey, O1KOYAIOLWHE YCIPUHCIBA liepeulc/eldbl B OPAAKE YBCJM-
YEHUSE CKOPUCITH BOCCTAHOBJCHUS HANPSAKEHUS:

a) pene (HauMelblliKe TMepeHaIPAXKEeHUS);

6) anToMartHuecKHe BBIKJIOUATEJIH;

B) OunicrpojeilcTpyionine BhIKAUaTeNH (B TOM 4YHCJIe MHKPOBHIKJIO-
yatesn);

r) PTYTHDIE BHLIKJIOYATElH;

Jl) BakyyMHbie BBIKJiouaTeau (HanOoJbliie TepeHanpsKeHUudA).

B Tex cayuasx, Korja B MOMCHT OKOHUAHUA OGPATHOTO TOKAa, BEI-
3BaHHOrO paccachiBaHHEM HAKOMJCHHBIX NPU NPOXOXKAEHHH MPSMOTO Te-
Ka 3apsoB, BO3HHKAIOT  HeXeJaTejbHble MepPeHANpPAMeEHHsA  (cM.
puc. 16-6), nocienHue MoryT OBiTh B 3HAUMTEJBHON Mepe CHHXKEHB 3a
CyeT MNpPHMEHEeHUdA AMOAOB ¢ OBICTPBIM BOCCTAHOBJEHHEM. DTH NpubOPsI
0coBeHHO 3({CKTHBHB NMPH HCHNOAb30BAHHH B KauecTBe OydepHBIX AH-
0j)0B, WYHTHPYIOLIUX HHAYKTHBHYIO Harpy3ky B BLIIPAMMTeNbHBIX cxe-
Max, H B KauecTBe OOpaTHBIX AMOJOB B CXeMaX aBTOHOMHBIX HHBEPTO-
poB. 3a cuer CHUXEHHS HAKAaIUIABAEMOrO B HHX 3apfijfa NPHUMEPHO
B 100 pa3 (nmo cpaBHEeHHIO ¢ OOLIYHBIMH JHOAAMM) OHH MPAKTHYECKH He
CO3[AI0T HMIYJbCOB OOPATHOrO XOHA M BLI3BAHHBIX 3THMH nMOYJbCAMH
nepeHanpsxeHuit. JIOMONHUTENDHBIM NPEMMYL[ECTBOM, OOYCHOBJIEHHBIM
NpUMEHCHHEM [QHONOB C OBICTPBIM BOCCTAHOBJEHHEM, SBJAMeTCs Ypes-
BEIYAHHO CHJ/IbHOE CHHXKEHHE pajHOoNoMeX, BbI3BAHHOE COOTBETCTBYIOMIUM
CHHJKEHYEeM YPOBHS MepeHanpsxKeHHi.

TpeTbe BO3MOXHOE HanpasJeHHe CBOAMTCA K NPHMEHEHHIO pasiuy-
HBIX CXeM, COLEDIKalIMX 3JeMeHThl, 3anacaloliue uJI¥ pacceHBalellye
31Iepryuio BO BpeMA NEPeXOHBIX NPOLECCOB.

16-3-1. KoHpeHcaToph

HauGonee ynoTpeGUTENbHBIM 3JEMEHTOM JJA [OAABJENHA NepeHa-
OpAXEHUH ¢ Majod BEJMYHHOH 3Hepruu (THNA NPOHIIIOCTPUPOBAHHBIX
Ha pHC. 16-1—16-7) sABAAOTCA KOHJEHCATOpHBlE (HALTPEL

[Mpocreiiuum BuAoM Takoro GUABTPA CAYKHT HOCAEAOBaTedbHAA
RC-uenouka. Ilpn monaBneHun nepeHanpsiKeHHii Ha CTOPOHe TepeMeH-
HOTO TOKa Takue RC-uernoukud AOMKHBI BK/IKOUAThCH JAHOO Ha JuHeilnoe,
aH60 Ha Qasgoe HanpsaXeHde B TpexdasHoit cHcreMe (C COOTBETCT-
BYIOIIHM MepecuyeToM 3JeMcHTOB). B omHo(asHON cxeMe Takas lienoyka
NOAKJAIYaeTCs K 3aXIMaM BropHuHofi oOMOTKY TpaHchopmaTopa.

Ha puc. 16-9 noxasan cnoco® yMmeHblueHus NyabCaUWii B TNepeHa-
NpsXKeHHH B Tpexdha3HOH ceTH IMepeMeHHOro TOKa ¢ MOMONIbI0 OZHOT®
KOHIGHCATOPHOTO (DUABTPA, BKJIOUEHHOTO uepe3 MOCTOBOH BHIIPAMH-
Telb, TaK 4TO OJAMH TaKoH (UJALTP CrjakupaeT NepeHaNpsiKeHHs, BO3-
HUKaoUHe MeXay Jo0bMu daszaMmu tpexdasHoii cicteMbl, C noMouipo
Taxoro (uabTpa nepeHanpsiKeHus ¢ Beivuunofi 1007 MoXKHO CHH3HTBH
1o 5%, npuueM AJf 3anacaHHs SHEPTUM IEPEHANDPAKEHUIH MOTYT OHITh
HCNONh30BAHE BECbMa 3KOHOMHUHLIE 3/EKTPOJNHTHUECKHE KOHJIEHCAaTOPbi

Mocnenosatensnbie pesucropel B RC-uenoykax u dpuabTpax THRa
puc. 16-9 cayxar aas AemnduposaHus KoaeGanuii, BO3HHUKAIOIHX HJ3
3a pe3oHaHca ¢ paclpefeseHHOH HHAYKTMBHOCTBIO CXEMBl TipH BO3Hei-
CTBMH MMOyJbCa TnepeHanpsiKenus. Koraa XOHIEHCAaTOPH  BKJHOYEHW
MeXAY 3aXHMaMK CeTH IePEMEHHOr0 TOKA, TO COTMPOTHBJEHHS DPE3HCTODOD
JO/IKHEI npesbilfaTh B 5—20 pas pacueTHoe CONPOTHBJEHHE HarpysKu
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P o onpejeNeHHe ONTHMAJbHBIX MNAPaMETPOB CrjaaxKHRAIWIUX  (HHILTPOB
d v JONIKHO TIPOH3BOJNTLCSI HA ONBITHOH yCTaHOBKE
Tpe.zwﬂan'\; J(ocnadﬂa»fy IIpn BbIGOpe eMKOCTH KoHuZeHcatopa GuabTpa AAA ycTpaieHuns ne-
cemn 7b/npﬁuume/w peHanpsiAkeHnii, Bbl3BaHHBIX OAHOH M3 CaMbIX pacnpocTPaHEeHHbIX H
% > OMacHBIX NPHUMH — OTKJIOUeHHeM INepBHUHOH 0OMOTKH Tpatchopmartopa
u s . IPH XOJOCTOM XOJe HJAH TPH HHAYKTHBHOH Harpyake (puc 16-1), pe-
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Conpomubnenue wazpysxu (ymesna)

Puac. 16-9 Henoab3zosaHne 37eKTPONHTHUEGCKHX KOHIEH-
CaTOpPGB HAAS TOAABJeHUs NepeHanpsKeHUH B ceTH he-
PCMEHHOTO TOKA.

OKoHuaTe/NbHBI NOAGOpP Pe3UCTOPOB JOMKEH I[POH3BOAUTHCA TNPH Ha-
JaZKe CXeMbl C YueTOM Be/uuuubl di/df TPH OTNHMPAHHH HJAH AONYCTH-
MOro 3HaueHHs AHOAHOIO TOKa Ha HlTepBaJe oTnupakus seHTuas. Ilo-
cllefoBaTeldbHble TacsllHe pe3HcTopbl OOBIYHO —TaKKe HCHIOJb3YHTCH
B AeMI(MHUPYIOUMX LeNoyKax, BK/AOYAEMBIX MeXIy 3aKHMaMH THPHCTO-
POB A5l yMeHblleHHs [epeHanpsixeHu#, obycaopjeHHbX 3dhdekTom Ha-
Konsedns AbipoK. [TocienoBarenbHo ¢ KOHAEHCATOPAMH, BKJAIOYEHHBIMH
Ha CTOPOHe NOCTOSIHHOTO TOKA BBLIMPAMMTENA, AOJKHB OblTh NMPHMEHEHDI
EOCTATOYHO GoJibliie CONPOTUBJEHUS, HeOOXOAUMBIE [AAs 3alUUTHl BeH-
THA€A OT OpocKa 3apsAfHOr0 TOKa Npu BK/OueHHH cxembl. Pupmui,
BHIMyCKalOWIHe BEHTHJH, OObIYHO cooOLlaloT AaHHHeE JfAas Bbh6opa co-
HOpOTHBJEHHH B GHAbBTPaX MNOZOOHBIX THIOB. MHHHMAaJbHA# BeEJHUHH
CONPOTUBJAEHHsT fABAsIeTCH (YHKUMeH eMKOCTH, NHTralolero HanpsiKeHHs
712 fapaMeTpoB MNOJYNPOBOAHHKOBBIX NPHOOPOB, B YacTHOCTH BEJHYHHbI
t.

Tak xak Jo06oe WHIYKTHBHOE COMPOTHBJEHIe, BKJIOUEHHO® MOC/Ie-
HOBaTeJbHO ¢ KoHJeHcaTopoM Guibrpa, 6yaer yXyIlIATh ero CriaaxH-
Baloulee JeficTBHE, TO PEKOMEHAYETCH BHIOHPATH MOC/AE[OBATCJAbHLIE CO-
NPOTUBJNEHHA ¢ MHHHMAJbHOH HHIYKTHBHOCTHIO. [IpeAnocuredHne MOJIEKHO
OTNaBaThCH YrOJIbHEIM CONPOTHBJIEHMSM OOBIUHBIX THHOB, a He NPOBO-
JIOUHBIM compoTuB/eHHaM. Ilo TeM Ke NPHUHHAM HEOGXOAHMO IpHME-
HSITb KOHAEHCATOPHl C Maoi cOOCTBEHHON HHAYKTHBHOCTBIO. [lockoib-
KY 3JIEKTPOJHTHYECKHEe KOHJEHCATOPbl GOJIbLIOH €MKOCTH MOTYT IipH
BBICOKHX YACTOTaX ~MeTb OOJblIHe SKBUBAJEH1HBiE HHJIYKTHBHOCTH, TO
HX PEKOMEHAyeTCA UIYHTHPOBATH BBICOKOYACTOTHBIMH KOHZAEHCATOpPaMH
(0,1—1,0 mxgh).

EMKocTb KOHJeHcaTopa, HeoOxoAammasi MJisi TNOJAaBJeHusl Tepena-
MpAXeHHAd B KaXIOM KOHKDETHOM cJyuae, onpeieisieTcsi TaKuMH {ak-
TOpaMH, KaK BeJHYMHA TOKa HArpyskd, napamerpsl Tpaucdopmartopa H
CKOpoCcTh paspbiBa Lieny. [103TOMy npeasapHrelbHO ONPELe/iHTh € JA0-
CTATOYHOY TOYHOCTBIO ONTHMAJBHYK) EMKOCTb KOHJEHCaTopa JA0BOJBHO
TpyaHo. Kak ¥ AJs IPYrHX CPeAcTB, O0ECHeYHBAIOMHX HAKOIIEHHEe RJIH
paccenBaHHe 3HEPrMH NMEepPeXoJHLIX MPOIECCOB, pacCMAaTPHUBAEMLIX aajiee,

rie C —emxocrb ¢uabtpa, ¢; S-— pacuerHas MOUHOCTL TpaHchopma-
Topa (B TpexdasHmIX cXemMax MOIHOCTb OAHON (hasel), sa; f-—wuacrora
MCTOUHHKA nuTaHusd, 24 Umaxe — I0NyCTHMAS aMIWIHTYAa MepeHanps-
JKEHHA AJI KaXKNOro BEHTH/bHOTrO nJeda, 8.

[as paBROMepHOro pacnpefeselns lepeyanpsikeHuit, o6yc/oBJeH-
HBIX 3(eKTOM HaKomAeHHs AbIPok (puc. 16 6), MeXI1y HEeCKOJIbKHMHU
noc/e/10BaTe/IbHO  COeUHEHHBIVM  YIIPABJAAEMBIMH W HCYNPABJAACMBIMA
BEHTHASMHU HeoOX0AHMO MNOAK/MIOUMTHL KOHIElCATop MapannienbHo KarK-
aoMy BenTnmo. TpebyeMas eMKOCTb KOH/JEHCAaTOpa 3aBHCHT O1 pas-
HOCTH 3HAueHHH BpeMEeHH BOCCTAHOBJIEHUS 3amupamliell cnocobHOCTH
orileqnpHblx BeHTHJell. B moGoM cayvae eMKOCib KoHgeHcatopa He
J0J1KHa NPEBHILATL CelYIolell BedHuIHEl

107,
- Uoﬁp MaKC ?

rie C-—eMxocTb, o0ecleudBalollas yMeHblileyHe I[epCidlpsizkenydil pac-
CMaTPUBAEMOrd THNA A0 JONYCTHMOTO 3HAUEHHA AMIIHIYAB 06paTiOlO
HaupsKeHust BEHTHJA, MK, [a — TOK, NpOTEKAOUIMEA Uepe3 BEHTHIDb
HEMOCPEJCTBEHHO Nepel HaualoM KomMmyTauus, 0, Uosp make — MAaKCH-
MaJbHO AONMYCTHMOE NOBTOPsIOUleecA 3HAaYeHHe OGPATHOFOG HaNpAKeHMs
Ha BEHTHJE, 8.

[ToncyutaHHble MO NpHBEXEHHOH (OPMYsE 3HAUEHHUS €MKOCTH MONY-
YeHbl C 3amacoM W MOTYT GBITb YMEHbIUEHBI NPH IKCNEPUMEHTANbHO
HaJjanKe cxeMsl.

KoHeHcaTOPH!, NOJAKJIIOYEHHble NAapaaiebHO K OTAEJAbHBIM BEHTH-
JAM, COEIMHEHHBIM B JJHHHYIO MHOCJEI0BATENbHYIO LENOYRY, HCMOAB3Y-
10TCS1 TaKXKe /1 PABHOMEPHOrO pachnpeleneHdss HanpsKeHus, CKaikoM
NPUKAAJBIBAEMOTO K 3TOH uenouke M3-3a HanMuMs eMKOCTH MEHIV
BEHTHAAIMH H 3eMJefi OBICTpo Hapacraiillee HalpsiKeHHe pacnpeiress-
Jock Obl MeXJAy npuGopavH [PU OTCYTCTBHH TaKHX KOHAEHCATOPOB
BeCbMa HepaBHOMEPHO, npuyeM OGO/blas N0 HANPSKEHUA TPHKIALbi-
Bajace Obl K BEeHTHAAM, Oojee yaa/jeHHbIM 3JEKTPHYECKU OT 3€MJH
[J1. 16-3]. N1 3mech nmocienoBaTeqbHo ¢ KaXXIbIM KOHAEHCATOPOM OOBIYHO
HeoOXOAHMO BKJIOYHTH PE3HCTOP JJSt OIPAHHUYEHUs] OPOCKa TOKAa B MO-
MEHT OTWHPAHHS THPHCTOPA, a Takke 14s demnduposadus xonebanud,
BBI3BAHHBIX DPE30HAHCOM KOHAEHCATOPOB € HHAYKTHBHOCTBIO HCTOYHHKA
AUTaHus.

! EMKOCTb, NOACYUTAHHAS RO STok $opMyne. wacTO MOXeT GLiTh CHHKERSD
B 3—5 pas. (IlpuM pejakropog nepzanmx.)
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16-3-2. Pesncropnl

Jlio6aa ommueokas Ha-
1 TpyBKa, [IOIKIOYEHHAs —[d-
PAJISNHHO OTAENBHBIM  ILTe-
yaM BHIIPSIMHTEJBHOH CXeMbl
WM TapajgieNbHo Ha CTOpoOHe
[ ki NepeMeHHOr0 — TOKa, TakXKe
COOCOGCTBYET PACCesHUIO Ha-
2 KOMJeHHol B 3JeMeHTax cXe-
I Mbl 3SHEpPIVM, MpeloTBpalasn
1

{

|

HapacTaHue HANPAXKEHHST JO
HeonycTuMoro yposusa. Mn-
JYKTHBHOCTD PE3UCTOPOB  H
—{  COENMHHTEJbHBIX NPOBOTOB
HY2KHO CBECTH K MMHUMYMY,
¢ TeM 4TOOBI yepes HHX MOT-
JM 3aMBIKaTBCST KAK BBHICOKO-
4aCcTOTHBlE, TaK X HH3KOUac-
TOTHHE cocTapisomme Tlpn-
MeHEeHHe TaKHX pPe3HCTOpPOB
HMEeT TOT HEIOCTAaTOK, YTO

Tox mupenmopa, a (Mma&xc)
N TR T s e . .
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fl8dabrreron neperanpaxcerue U, ,
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Puc 16-10. Bosabr-amnepHbie xapanTe-
pucTMKM  guMoma TtHna  «TupekTop»
6RS21 npu okpyxKaloweft Temmeparype
or —20 no +100°C.

! -~ MAHUMaNbHasd XapaKTePHCTHKA;

KCUMalbHAs  HavadkbHad
3 — MakcuManbHas

2 — Mma-
XapaKTepHCTHKAS
XapaKTepHCTHKA mocje

970 MOHHXKaeT X. M J. Bcel
YCTAHOBKH, (IOCKOJILKY — OH#
pacceHBanoT 3HAWMTEABH VIO
LOUIIO FHEPTHH He TOJbLKO INpH
nepexoHblX MpoLeccax, HO M
npy HOpMajbHO# pafore ycra-
HOIBIKIH.

B cxemax, nie Bpems Ha-
pacTaHus MepeHanpsKewuil e

crapenns ABAAETCH UYPe3MepHO MaJbiM,

KaK, HampuMep, (PH HEeXOTo-
PHIX THIAX TeHeparopHoit Hanpysku (puc 16-8), MoxKer GwIThL HAIO/BEO-
BAHO pearMpylollee Ha HAMpIXKeHUe pese, BRVIIOUalonlee AevI{upytoulee
COTNPOTHBJEHHE, KOrJa HanpsxKeHue B HENH MOCTOSHHOTO TOKA JOCTUraeT
3apasee 3aJaHHOTO YDOBHA, H OTKJIOTAlOUiee €no Nocjie onafa mepena-
apsKeHu.

16-3-3. TupeKTOpbl — HEJHHEHHblE Pe3UCTOPHI
a5 NOJAaBJIEHMS nepeHanpsKeHui

Boinyckaemble ¢upMoii JKeHepas DieKTpUK ssaeMeHTH THna «Tu-
PEeKTOp» 3HAUHTEJbHO YIPOLLAIOT Npo6seMy 3alUMThl CX€M € MOUIHBbIMH
HONYNPOBOJHHKOBHIME BEHTHJISAMH OT NepeHanpsuKeHHsl. DTH KOMNAKT-
Hble HesIMHelfiHble Pe3UCTOPhl NpPEeACTaBJAIOT coBOf IO CyulecTBy cerne-
HoBBle CTaOHAWTPOHBH. Bo MHOTHX cityyasix HCIOMb20BaHME HX Oogee
SKOHOMHYHO H Gosee 3 (PeKTHBHO, ueM HCIOJb30BaHHE PacCMOTPEHHBIX
paHee CmocoGOB NOAAaBJACHHS NepeHanpsiKeHu.

Ha puc. 16-10 noxdsaHbl BOJbT-aMNEPHble XapakTePHCTHKH [HOAA
THNa <«THpeKTOp» moMaAblo 6,5 cm?, cHATHE Ha NepeMEHHOM TOKE&.

[lpy naupsxKennsx HuKe AOMYCTHMOTC MOBTOPSIOWIErOCAd aMI/HTYAHO-
0 3HAUGHUS 1UPEKTOP NPONyCcKaeT HeaHauuTesnbbifi TOK. OpgHaxko, Kor-
Aa HanpsKCHHE HAapacTaeT BbILIC JAHHOM TOUKH, UTO HMEET MeCTO MNpH
NePeHanpsMeHnH, TOK 4epe3 THPeKTOp ObICTPO yBeJduMBaercsi W 3Hep-
1Hst, BblAedsieMas IPH NepeXoJHbIX IIPOIeccaX, pPacCeHBAeTCH B HEM.
[Tpy npaBUABHOM HCMOJL3OBAHWE TaKHe NOAABARIOWHME COTNPOTHBIEHUS
MOTYT OrpAHHYHBATh NepeHanpsKeHHs, cocTaBJsiiomume oT 150 po 200%
MOBTOPSAOIIHXCS MAKCHMaJbHBIX 3HAYEHHiI Hanpskenus. Tupekrtop mio-
maneio 6,5 cu® paccydTaH Ha AJHTENbHYIO paBoTy NpH AeHCTBYIOLIEM
Hanpaxenuu 25 6. Jluoas MoryT GeiThb cob6paHbH B KOMNAaKTHHE GAOKH,
paccuuTaHHble Ha J1000e HanpsKeHHe, KpaTHOe 3TOH BesauynHe. Jluoibl
THna «THPekTOp» ¢ JAPYrHMH TapaMerpamy OOeCHeuHBaioT [0/aBJEHUE
nepeHanpaAXKeNnuit Npu pasHoil HX 3HEPrUU

16-3-4. TlpumMeHeHHe JTABHHHBIX BEHTHJIEH
JUISl MO ABJIEHHS NepeHanpsKeHuil

Hcnonb3oBaHHe KPEMHHEBBIX BEHTHJEl, MMEIOIUX XapaKTePHCIHKH
C KOHTPOJIMPYEMbIM JIaBHHOOOPA30BAHHEM, IO3BOJNET BECbMa TPOCTO
YMEHbIIATh WM COBCEM HCK/IOUaTh OTpUuaTebHble 3ddexTsl, cBA3aH-
Hble C NepeHanpsiKeHHsIMH, B CBA3K C YeM B THPHCTOPHBIX yCTpolcTBax
yacto BooOme oTHajfaeT HeOGXOLMMOCTb IPHMEHEHHS OTAENbHBIX
YCTPOHCTB MJIs1 NMOJAABJEHHS TNepeHanpsiKeHuil WJH BHGOpa BeHTHJei
C CYWIECTBEHHLIM 3amacoM No Hanpsxexuio. Paspaforanubie Qupmoi
Jlxxenepan daekTpuk B 1962 r. AMOABI ¢ J1aBUHHOH 06paTHOfl XapaxTte-
puCTHKOK (mOAOOHONH XapakTepucTHKe CTAGMAMTPOHA) HMEIOT Kak Obl
BCTDOEHHbIE TOJABUTEIH NMepPEeHanpsKeHuil.

IlpsiMast BeTBL BOJBLT-AMIEPHON XAPaKTEPUCTHKH JABMHHBIX JHOTOB
nmonobHa XapakTepHCTHKE OGBIYHOTO KPeMHHEBOro JHojaa. (aHaxo
B 00paTHOM HanpaBJEHWH XapaKTCPUCTHKA  HMMEET pe3KHH  H3J0M
(puc. 16-11), uro obecnevuuBaercs 3a CYeT CHEHHAJbHON KOHCTPYKLHMH
BEHTHJIST H 0cO60# TeXHONOTHM ero Harorosjenust. HanGombinee u mau-
MeHbIICe BO3MOXHBIE HAaNPsKeHUs JaBHHOOGPA30BaHHS MOTYT GHITh
TOYHO YKasaHBl JJIs KaXJoro Kijacca AHonoB. Ecau paccenpaeMmas Moul-
HOCTb He MpeBblIaeT mony-
CTHMYIO, TO BEHTHJH 3TOrO
THIA MOTYT AJHTENBHO pato-
TaTh B peXUMe KOHTPOJHpPYe-
MOTO JIaBHHHOrO npobos, jga-
e ecAu HanpskKeHHe JIABU-
HOOOpa3oBauMs  OpeBHIIIAeT
1000 8 Ilpm kparTkospemeH-
HBIX HepeHapsKeHUIX TaKHe
IMOABI  MO3BOJSAIOT  DOPa3Io
favibllie 3aX0O4(b B 06AACThb
JNaBUHHONO MpoBOA, Kak 3T0
BUANO H3 3aBUCHMOCTH A0NY-
CTHMOH HMITYJBCHOR MOULHO-
CTH OT BpPeMEHH BO3NEHCTBHSA,
npusenenHofi Ha pac. 16-12.
Hanpuwmep, mio06ok auox rH-
na A27 wmoxer paccewpaTth

Puc. 16-11. O6GpaTHas BeTBb
PHCTHKY JIaBHHHOTO AMOAE,

xapaxre-
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Puc. 16-12. 3anncumOocTb ROMYCTHMOM HMMYJIbCHOH MOLLHO- Puc 16-14. Mcnoss3opanne Ja- Puc. 16-15. UcnonbsoBanue Ma-

¢t Py osp, SMN301UYECKM NPHKNAABIBAEMOll K JABHHIOMY
nuony rtuna A27 B o6paTHCM HaNPABJACHHH, OT JLIHTENBHO-
CTH UPSIMOYIOJBLHOrO HMIYZAbca Iy H MPH Pa3IndHBIX Ha-
ya/bpUbIX TEMIECpPATypax nepexona.

I Tuep na‘;=25J C; 2— Tnep nau=175"C.

NPH  NepeHanpsiKeHHsIXx B O0OpPaTHOM HANpPABJEHHH AJMATEJNBHOCTBIO
10 mxcex mompiocts 3900 e Taxoit mHom ¢ HANPAKeHHEM JTaBHHOOOPA-
sonamust 1000 & Moxer, TakuMm 0o0pasoM, mPONYCKaTh NPH TepeHanps-
Kenmax B ofpataoM nampasiends TOk osbite 3 a (3900 s7/1000 5)
B TeueHwe wuHTepBasta 10 mrcex

JlapEndble  OHOABI  BBIMYCKAlOTCHA
C Pa3MuIHBIMH 3HaYeHUSMH LOMHUaJb-
goro mpsimoro Toka ot 0,5 10 35 a.

B cBsige ¢ TeM, UTO JaBHHHBIE JHO-
b caMo3amuialT ceba oT ofpaTHBIX
nepeHanpIKeHMi C  yMepeHHMOM SHep-
nuedl, OHH MOTYT TaksKe HCHOJIb30BaTh-
cd JIAA 3allMTH APYPHX 3/7eMeHTOB cXe-
Mbl, HampuMep TapucropoB. Ha puc.
16-13 npuBenena cxeMa, B KOTOPOIl Ja-
BUIHHbIE QWONEBL, BHIIOHHAS OYHKIMH
0ObIUHBIX IMOJOB, OJHOBPEVieHHO ofecne-
YUBAIOT TNOJlaB/CHHE MepeHanpskedni,
MOTYIIHX BO3HHKATb KaK B Lenu nepe-
MEHHOTO TOKa, TaK U B UEMH HATPY3KH

Haepysra JlaBunHble Auopbl MOryT GbLITh TaK-

ke BKIIOUGHbl HEfoCpeNCTBEHHO napasi-

Puc. 16-13. Hcnoanzopanne  newisHO KaXKAOMY TUDHCTOPY AnAs N0-
naBuHHplx auomos JJI s gaBnenMs  Ha HeM  nepeHanpsixeHuli,
OrpaHyueHus  nepeHanpsike-  XoTA BO MHOTHX CXeMax KaXKIbli Ja-

HHUM B CXEME MOCTOBOTO BHI-
NAPAMUTE]S C PEryJaHpYIOUIUM
THpuctopoM T Ha BhIXOZE,

BHHHBIA JHOX MoOXer OBITb HCIOJb-
30BaH AJMA 3alMTH GojJee YeM OuLHO-
ro mupucropa. Ha pue. '16-14 wo-

BUHHBIX Auopnos JAJI aas sawu-
TBl [OJHOCTBIO  YIPABJAEMOTO
MOCTOBOI'0 BLIIPSAAMHTENS Ha TH-

JIOMOIIHBIX  JIABMHHLIX AHOLOB
IJI (nanpuvep, tuma A7) mas
OTIHPaHUsg BCTPEUHO-NApalielb-

pHCTOpPAax OT NepeHANDSKEHHA HO  BKJIOYEHHBIX  TUPHCTOPOB

B CeTH MepeMeHHOro TOKa. C LEJbI0 HX 3alIHTH NPH mepe-
HaNpKEHUAX.

Ka3aid B KauecTBe TNpHMepa cxevd, B KOTODOH [Ba  JaBHH-

HBIX JMOLA, BKIIOYEHHLIX BCOPEUNO GOCACLOBATINHO MeXy 3aXu-

MaMH IlepeveHHOIo TOKa, 3allNlalol BCEe YETbIPe THPUCTOPa B CXEME

0HO(}a3HOrO MOCIOBOTO IIOJNHOCTBIO YINPAaBJAAEMOro BunpaMurens. Hn-
TEPeCHBIM KAaYeCTBOM 3ITON CXeMBl ABJACICA [0, YTO JABHHHBIE IHOABI
3AWHTAT TUPUCTOPLI Il NIPH TePeHANPsKeHHAX C OUYeHb BBICOKOHR 3Hep-
THel, NPEBbLINAIONIeH MONYCTHMYIO pacceMBaeMmylo B Hux sHepruio. [lpu
raKHX HEHOpMAJbHBIX NepeHanpsKeHUdX OJAHH MM 06a JABHHHBIX MIH-
oJla 3aKOpauuBaIOTC M BOSHHUKIUHE TOK KODOTKOTO 3aMBIKAHHS BBIXKH-
raer MJaBKUH NpPeJoXPaHUTeNb B LENH MePpeMEeHHOTO TOKA, 13K UTO TH
PUCTOPHBI MOCT OTKJIOYACTCA OT HCTOUHHKA NMUTAHHUS.

Taxoe npumeHenHe CpaBHHTEJBHO NOPOTHUX JAABHHHBIY IHOJ0B B Ka-
4ecTBE CPEJCTB 3alIUTHl OT 0COBO0 BLICOKHX NepeHanpsiKeHHii OKa3bi-
BaeTcs BCE JKe BO MHOTUX CJayuYasfX ONPABIAHHBIM, rdK KaK IO3BOJSET
COXpaHuThb ApYyTHe, yacio elle OoJsiee Aoporde, npubopbi; 3TOT ¢nocob
0cO0EHHO 3ac/yXKHBaeT BHHMaHUs, KoOrja BelMUUHa, YacTOTa IOBTOPE-
HHS 1 YHEPTHsl CBEPXNIEPCHANPSKEHNN HEH3BECTHBI.

MasomoniHble saBuinsle IUOAB MOTYT OBITh TAK¥XKe HCIIOJb30BAHBL
B KauecTBe BBICOKOBOJbBIHBEIX CTAOHUIHTPOHOB B YNPABJAIOUHX UEnsixX
THPHCTOPOB AJA TOFO, UTOOHl OCYIIECTBHTH OTMHPAaHHE TNOCAENHHX JIO
10T0, KaK mepeHanps/Kellye na aHOAe JOCTHrHeT omacHoro yposus. [Tpa-
MEDOM MOZKeT CJYXKHTh cXema Ha puc 16-15, rae aBa BcTpeuno-napan-
JIEJbHO COeIMHEHHHX THPHCTOpPA HCHOMAb3YWOTCH 1id (as3osoro ympas-
JIeHNA B Ieny TEpPeMeHHOro ToKa De3 COOTBeTCTRYWOLIEN 3aluuThl HpU
BO3HUKHOBEHHH UYPE3MEPHLIX HaNpsXKeHHH B [eMM NepeMeHHOre TOKa
KaXX/blll W3 THPUCTOPOB MoXKer OBIThb NMPOGHT B 06paTHOM HampasJe-
HHH, ecJM ApYroil THPUCTOP He OYJAET B 3TOT MOMERT OTKDHIT B NPAMOM
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HanpasjeHuu. JloGaBnende B cxeMy J[ABYX JIaBHHHBIX AHOACB C Hanpd-
XKeHHeM JaBHHOOOPA30BAHMA, HECKOJBKO MEHBIUMM, uYeM JAONYCTHMOe
HenoBTopsolieecss o6paTHOe HanpsiKeHHe THUPHCTOPOB, TO3BOJAET 3a-
HWIHTHTE 06a THPHCTOPA OT MOBPEXIEHMH 33 cuer NepeHanpsiKeHHH Jno-
6ot MONAAPHOCTH.

16-3-5. Pa3jinuHble APyrue MeToAbl 3aUIUTHI

I3 samHcHMOCTH OT KOHKpeTHLIX y(‘ﬂOBHl"I MOTYT ObiTh HUCTOJAB30BA-
HbBl W Jpyrue crnocoGbl 3aUWMTH OT NepenanpsKeHuid. B BHICOKOBOJbT-
HBIX LlenaX MOTYT ObiThb NPHMEHeHbl HCKPOBble DPa3ps/HUKH NPH yeJ0-
BHH NPHHATHS COOTBETCTBYIOIAX Mep, yKasaHHHX B § 16-2-4 (cM. rax-
xe [J1. 16-5]). KpemuueBnie AuOAbl MOryT OBITb MHCINONb3ORaHb B
paspAAHLIX UENAX AJS paccesiHus SHEPrud, HAKOIJEHHOH B MHAYKTHBHBIX
3JIEMEHTAX CXEMbl, TaKUX, Kak OGMOTKH BO3CYX[EHHS [eHePaTOpPOB H
KATYWIKH MarHuTHbIX MYQT H TOPMO30B.

DJIeKTPOHHBIE KOPOTKO3aMBIKATENH C THPHCTOPAMH HO THIY CXEMbI
Ha puc 8-16 OCYLIECTBAAIOT B TeYeHHE HECKOJIbKHX MHUKPOCEKYH], 3a-
LIMTY Pa3JHYHBIX YCTPOHCTB OT nepenanpsikenufi. IIpaBuisHo BHIGpaH-
Hble M HCOJb30BaHHbIC [ABYHANDABJEHHHE [AMOJIHBIE M TPHOTHEIE TH-
pucTopbi, NoaBoasole GesonesHeHHoe OTMHPaHHe No aHOLY, TaKKe
MOTYT OGecrewuTh OTBOJA OHEPTHW, BHIAGIAEMON NPH PasNHUHBIX Nepe-
XOMHHIX TIpoIeccax B TeX WM HMHBIX 3JEKTPOHHBIX YCTPOHCTBAX, KOTIAa
YPOBEHbh HANPSKEHHs IOBLIAETCH A0 HANPSIKEHHA MX NepPeKJIoueHHsd.

Pasnen ceMHaAUaTbIi

PAOMOMOMEXH H HABOAKH B CXEMAX
C TUPUCTOPAMH

17-1. BBELEHHUE

BeslegcTeie J1aBHHOOOPA3HOTO mpollecca HAPACTaHMA TOKA THPHCTO-
pbl OTNHpaTcs oueHb GbicTpo. logo6HO APYruM OBICTPOACHCTBYIOMIMM
KOMMYTHPYIOIIHM yCTPOACTBAM THPHCTOPH CHOCOGHH B0O30yXKaath re-
pexonHHE MPOLECCH B CXeMe, B KOTopoH oun paGoraior, H, B 4aCTHO-
crd, B muTaloumlein cerd. Ilpu GblcTpOM HapacTaHMW TOKa B pacnpeae-
JIeHHO!l MHAYKTHBHOCTH THTAlOWell ceTH HAaBOAHTCH Hampsxenne. Ilpu
HAJHYKM pACIpEeNIeHHOH €MKOCTH ceTH 3TO BBI3bIBACT mepepaclpene-
JeHie 3apsfa B cerd. Takoe nepepacrpefiesenue 3apsaaa HOCHT 06BIUHO
KoneGaTe]bHBI Xapaktep, NpHYeym YacToTa OCHOBHOH TapMOHHKH onpe-
Jenserca napaMerpaMu nuraiomedi cerd. Jlis 0oObUHBIX pacupefenn-
TeNBHEIX ceTejl OCHOBHAas uacToTa KoseGanHuil JIEKHT NPUMEPHO MeXIy
250 rey w 1—2 Mey. Takum o6pasoM, THPHCTOD MOXET pacCMaTpH-
BAaTbCsi KaK TEHEPATOP HANpPSAXKEeHHA BHICOKOH YacTOTHl, KOTODBHIH 1DH
OTCYTCTBHH COOTBETCTBYIOIIMX Mep MOXKeT CHIYXKHTb HCTOUHHKOM BeECb-
Ma CHABHBIX PajUHONOMEX H/W CO3JaBaThb HABOAKH Ha IeMd APYrux TH-
PHCTOPOB.

Xota THpucTOp, AefCTBYIOINT KAK KJIOU, MOXKET CO3/aBaTh BeChMa
OUIYTHUMBI}i ypOBEeHb NOMEX, HalpuMep, B YCTPOHCTBAX" ¢ (DAa30BBIM YI-
paBJieHHEeM, OHH BCe e BO MHOTHX CJyYasx MeHbLIe, yeM IOMEXH OT
YCT2HOBOK C JIIOMMHECUEHTHBIMH JIaMIIaMH, 3JeKTPOMEXaHUUECKHX pery-
JSITOPOB M KOJ/JIEKTOPHBIX 3JIKTPOIBHraTelefi ¢ MOCJAEIOBATENBHBIM
BO30yXK/JAeHHeM Bo MHOHX ciyuyasX, B 4YaCTHOCTH B GeCKOHTAKIABIX
K/II0MaX NepeMeHIoro TOKa, MOJNYNpOBOAHHKOBHE NPHOODH MoryT ofec-
TIEUHTb CYIECTBEHHOE CHMXKEHHE YpPOBHA TOMEX MO CPABHENHID ¢ Mexa-
HUUECKUMH (KOHTAKTHBIMM) KMIOUEBHIMH YCTPONCTBAMY, TaK KaK Yy HHX
OTCYTCTBYIOT HCKpeHHe H 3((heKTH THUMa NOANPHITHBANNS KOHTAKTOB H
C HX TOMONbIO MOXKHO ofecmeullTh pPasMLIKAHHE B MOMEHT Tepexoia

TOKa uepe3 HyJb, HCKJIIOUHB TaKuM oOpa3oM OTKJOUCHHE ToKa B HH-
JIYKTUBIION 1[€ITH.

17-2. IPUPOJA PAJUONOMEX M CMOCOBb! BOPLELI C HUMH

Cymecrsyfor [Ba BHI4 PaguoNoMex’ MOMEXH, DPacIpOCTpaHsAeMble
[0 TMPOBOMAM, M H3Nyuaembie NMOMexH B mepBoM ciyuae 3HEPrHA BLICO-
KOYACTOTHHIX Konebanuf, BO30y:KIaeMbIX PaccMaTPUBAEMBIM YCTpPORCT-
BOM (HampHMep, THPUCTOPOM TIPH €ro TepeK/IOYeHHAX), pacHpocTpa-
HSeTCA NO HyYTalolle# ceTH, AeHCIBYIOIel NMOAOGHO JHHHH Nepenaud, M
nonagaer B APyrylo ycraHosky. KosnuecTBeHHBle H3MEDeHHs 3TOTO PH-
Aa MOMEeX MOTYT GbIThb NPOBEJEHBI CPABHUTENBHO JIETKD, NS 4Yero Cy-
HIECTBYIOT U3BECTHBIE MeTO]bl ¥ oGopyaposanue [JI. 17-1].

BTopoft Bum paauomoMex CBA3AH € U3JIy4eHHeM BBICOKOYACTOTHOM
SHEPTHM HETOCPeJCTBEHHO PacCMaTPUBAEMBIM YCTPOHACTBOM. DTOT BHL
NoMex TPYAHO NOAJAAeTcs M3MepeHHsM, TaK KakK pe3yJbTaTel BCerga 3a-
BUCAT OT pacnonoxeHust oOOPYNOBaHHA ¥ [POBOAHHKOB, OT BHBOPA
TOYKH 3a3eMJICHHSI H T. [I.

Bo wMuormx cmyuadx pajHONOMexH, HENOCPENCTBEHHO M3JyyaeMble
NPaBUJABHO CNPOEKTHPOBAHHBIM YCTPOACTBOM, 3HAUMTENBLHO MeHbIIe, HeM
PAJIHOTIOMEXH, PaclpocTpaHsieMble Mo MMTalOUIefl ceTH, Koropas [OedcT-
ByeT Kaxk OGosbllag aHTeHHA IToT mocnefHufi cayuafii uMmeer ocoboe
3HAUEHHE TaM, rjle UMEIOTCs pajionpHeMHble ycTpoficTBa, BKJIOUAs Me-
PEHOCHBIE DAajJHONPHEMHHKH, paGoraiomue BGAW3H OT NPOBOIHHKOB, ’le-
PeNalONIMX 3HEPTHIO BHICOKON YacTOTHL

KonuuecTsennble 3HAUeHUst NOMYCTUMOTO YPOBHSI MOMEX H METOMH-

Ka HCMBITAHHA COMEPKATCSH B COOTBETCTBYIONMX HHCTPYKIHAX H CTail-
naprax.

17-2-1. Pacuer duaprpos

Tax xak npum OTHHpaHHH THPHCTOPOE (GOPMHPYETCS CTYMEHb TOKa,
OFHCHIBACMAA B CJlyyae akTHBHON Harpys3Ku eauunydoll dyuxumefi (npe-
MelcM OTNHpanus npenefiperaeM), TO BO3HUKAWINME TPH 3TOM pajHO-
AOMCXH, DAchIpOCTPAHAEMblE [0 TIPOBOJIAM, PACOPeAeNsIOTCS B JHAllde
30HE YACTOT 1dK/AKE M0 3akOHY cAMHUYHON QYHKIUHH, T € OHH HMCIOT
HENPEPHIBHBIA CMEKrp, B KOTOPOM AMIHIYABl COCTABIAHINX YOLIBAIOT
c pocroM wactoThl Ha 20 06 Ha feKajay. DTo o3HauaeT, uyTo gaKe Mpo-
crasi (6e3 ¢UALTPOB) THPHUCTOPHA® cxeMa OKa3biBAeT BechMa cjaboe
BIASAHA® HA TAKHE BLICOKOUACTOTHBIE PATHNTEXHHUECKHe CHCTEME, KK
Teaesunenne u YKB- UM panwmosemanne Onanako painosemarednb-
mufi AM-auanason B nosoce 550-—1 600 K2y MOXKET OKA3aThesl TON CHITh-
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HBIM BO3JEHCTBHEM NOMeX
0T THPUCTOPHBIX YCTPOHCTB,
ecI He IPUHSTHL Mepbl 10
HX M0/1aBJSHHIO
Ipocrefimmiv  dmsT-
POV IMOXKET CJYyKHUTb WH-
AYKTHBHOCTb, BKJIIOUOHHAS
nocaeIOBATEIBHO € Ha-
[PY3KOH IS (CHMXKeHUA
Paduo CKOPOCTH HapacTaHus To-
duanc3ao ka Tako#i ¢uaptp ngaer

) ) AOIOJIHUTEABHOC 3aTyXa-
500 fr:’u\ 5 Mzy
Yacmoma

e oKosio 20 30 ma meka-
ny M3 1MuoBeIX KpHBBIX
wa puc 17-1 Buaxo, uro

Puc 17-1 Tiunosble cuexTpbl pazHonoMex,

pacnpocTpaHaeMbiXx IO NPOBOJAAM, A TH

PHCTOPHBLIX cXeM 6e3 TOAABJSIONINX (PHIb-

3u-

ruxoBoe Hanpamcerue ), M8

YpoBens nomezu (x8e

.
50 xey

Tpefyevoe 3arTyxaHdue (©0-
crasasger ot 40 o 50 86,
4TO6Hl MOAYYATL HA HMMNK-

, HEV KOHUE BelaTeJLHOro
0B H HIBTPAMHU
';'D Tvpnccrog)m 6ep3 dbuapTpor (20 06/0ek) AMAIASoHA AOMYCTIMBIA
7 —tonsko L puabtp (—40 06/0ek), 3— LC. YPOBGHb INoMex  (oKoao
buabtp no puc 1726 (—60 36/0ex) 200 mKx8 KBAa3sUIHKOBOTO
Hanpsxenus) !

st 3T0r0 B CBOK OYepenb Hajlo, YTOOLI TOYKA M3JIOMA JACTapHe-
MHYECKO aMIUIHTY 11iv yacToTHoH Yapakrepuciukn (JIAUX), pasuas
fo=Rn/271L, MpuXon.iach Ha YACTOTY OKOJNO 5 Key WIH HuXKe (3zecw
Ru — conpoTneijedde uHarpysku) Takas WHIYKTHBHOCTb OKAa3LiBaeTcs
JIOBOJBHO TPOMO3AKOH M JOPOroctoAlLeH
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Prc 17 2 Tlpocteie LC dbunbTpel Ans moxasieHHst PALHONOMEX B CXeMe
C IByHampasJ/EHHLIM TUpPHcropom Tlpu MommuocTu Harpysku ot 150 no
1000 s7 L=100 mren, C=0,1 uxep.

@ — HempasupHOe, 6 — MPABUALHOE BKAIOYEHHs! APOCCEJs

! «KBa3UNHKOBOE HaNpsKeHHe»

ABAETCH CTAHAAPTHOR Mepoft pamuonoMex
OpU THIOBLIX H3MEPERUSX

[IPUPOOA PAIHOMOMEX M CIIOCOBHE FBOPbBBI C HHUMH 305
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Puc 17-3 Bxuwouenite NOLABAAKOMINX (UALTPOB H
SKpAHHPOBKJ DEryafTopa Ha BCTPEYHO napaielb-
HBIX THPHCTOPAA.

HoGasaeHne WYHTHPYIOUIErO KOHAeHCAaTOpa K (GHIBTPY, Kak MNoKa-
3ano Ha puc 17 2,6, pe3Ko yayullaeT XapaKTePUCTHKY (HAbTpa, H30-
Gpaxmennyto wa puc 17 1 Tenmepo tpeOyemoe saryxanue 40 do moxe!
6LiTh TOJYUEHO B NpetleddX 104bKo o wofl sexansl Ha npakTike sHa
yepuss L u C puIbupaioT 0OLINHO Tak, robul To IKM n3aovea JIAUX nas
LR- u LC-ueneit cosnazanu

Ry 1
=5l =% vic"

WY, HHBIMY ¢ 10BAVH,

2nfol = 5o = Ru.

VAN

a)
Puc 174 OcuuanorpaMmur

puc 17 2,6.

a — UpY MOMWHOCTH Harpysku 60 87; 6 — e ke npu 150 8T. Mac-
wra6el 10 BepTHAANM 2 a/0es, 1O TOPHIOHTANH 5 MmKcek/Oen.

i)

TOKA TUDPHCTOPa B CxeMme
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|

_ DTO LaSr BOSMOXKHOCTL CHH-
Hazpysra -L
0,05

SHTb BEAHUHHY W HAYKTUBHOCTH
uo 10 ce pemmusminl 1 caynae

2008 GEICTO  HIAYKTHBHOTMO  Wisbhnpa.

B wmpaxriueckux cxemax i

~1208 YCTPOACTBAX KOPTYC THPUCTOPA
603y OOBIMHO COBNUHEH £ TeNA00TBO-

JOM, KOTOPHIH Jubo CoemHseTes
¢ semJel, mubo mMeeT GOABIIYIO
@MKOCTb {10 OTHOWIGHHIO K 3eMJe
Giarolaps  CBOUM  Pa3MepaM.
B cayuae [mByHAamNp aBASHHODO ‘TH-
pucropa ((puc. 17-2) © wenaooT-
BOUIOM (COQTHHEH TJABHBINA BHIBO
B,. Ecma 6bt gpoccens L ©wia
BBEREH B BeTBb B;, Kak maobpa-
XKeno Ha puc, '17-2,a, mo o oOKa-
3auicst Gbl 3ALIYH 14 POBAHHEIM BMKOCTBIO, 00D A30BAHHON EMKOCTLIO TelI00T-
BOJLA U0 OTHOLIGHHIO K BEMIIE M eMKOCTBIO NOIBONALMX TPOROLOB H €ro
sdexTHBHOCTL OKa3anach O6M cHuKenHOH. Dosee NpaBUILHLIM CleyeT
CUHTATL BKIIOUCHUE Jpoccens B BeTBb BhiBoga By (puc. 17-2,6), Tak
KaK 3[0€Ch MapasuTHble €MKOCTH Tema0OTBOKA M MOHTAXKa BKJIOYEHBI
napaajenbio eMKOCTH KoHaeHcaTopa C W NPakTHYECKW HE BJMAIOT HA
apdekTHBHOCTD hUABTPA.

OnrtuMansHOe cOeQUHEHHE JJlg CXeMbl C BCTPEYHO-Napa/ieNLHLIMH
THPHCTOPaMH MOKa3ano Ha puc. 17-3. Ecam sxkpaHupyomui KoXyx or-
CYTCTBYET, KoHaexcatopst Cy u Cz MOKHO 3aMEBKTL OXHMM, TnpHcoe-
JMHHB €70 MeXAY aHOAaMH O6OMX THPHCTOPOB.

BaXHo oTMETHTb, YTO HMMNYJBCHBIE TPAHCHOPMATOPH U JMIOGHE 3JTe-
MEHTHl CXEMbl YNPABJIEHHS, CBH3aHHBIE C KaTOAOM H YNPABJSIOLUM
SNEKTPONOM THPHCTOPa, MOMKHbLI HMETh MHHHMA/bHYIO Iapa3UTHYIO
€MKOCTb, TaK KaK OHa WIYHTHPYeT Apoccens GUIbTPa.

Boappawasice x cxeme pre. 17-2, Herpymuo 3aMeTHTh, 4TO
LC-buavtp u THpHCTOp 0OpasyiorT KoneGaTesbHLL KOHTYP, RoGpoO1-
HOCTH_KOTOPOro Q 3aBHCHT OT XapakTepa M BedHVHMHE! Harpysku., Ecan
Q>25, T0 TOK TUDHCTOpPAa OYAET H3MEHSThb 3HaK, Kak TNoOKasaH? Ha
puc. 17-4,a; B Cayuae KOPOTKHX HMIYJIbCOB YIPABJCHWS 3TO MOXKET
BBI3BATh 3aNMpaHHe BEHTHJEH C MaJblM BpPEMEHeM BOCCTaHOBJeHUs. [1c-
A00HEI ke 3(eKT, pasyMeeTcs, MOXeT BOSHHKHYTb M B CXEMe ¢ OfI-
HOHANpaBJEHHHMH THPACTOpamMH. HauxyXmHMu  yeJoBHssMH B 3TOM
CMEICie Oyfler Masas aKTHBHAas Harpyska (nopsaaka 100 6r u Meee)
Ju60 HATpY3Ka ¢ HHAYKTHBHOH peaKumedl, TaK Kak oHa ci1a6o Aemndu-
pyer LC-xontyp. IlosTomy cxema ¢ LC-QMABTPOM, BBefCHHBIM s
BAlIUTEl OT pajHONOMeX, palforaeT YBEPEHHO /MWL H[PH AOCTATOMHO
GonbIUNX Harpy3KaX, KaK ToKasauo Ha puc. 17-4,6. UTo6u momoBubie
CXEMBl HOpMaJbHO paloTalnm W IPH MajbiX HAarpyakax, HanmpHMeEp B pe-
PYAATOPE CBETA C JaMNOH HaKaJMBaHH MOLIHOCTBIO 60 8T, caeayer
BBECTH ACMNGMHPYIOWIHA 3JeMeHT B (GHALTP. DTO MOXKeT GHITh CAeJaHO
nyreM Jo0aBjieHUsi KOH/EHCATOpA U pE3HCTOPA, Kak [OKA34HO Ha
puc. 17-5.

[Tapamerpet cxembl, yKaszauHunle 31ech, AAIOT TaKoh e sppexr,
Kak B cxeMe npocroro LC-¢uantpa Ha puc. 17-2,6.

2008

100 mxeH

Puc. 17-5. Tlogasasowuii  duabtp
¢ demnduposanuev.

17-2-2. OrnupaHue npu nepexone HANPsKeHus
4yepe3 HyJIb

Kax yXe yRasnBasoch B npeAbaylueM mapaipade, paanornoMext
B THPHCTOPHHIX cxeéMax OO6yCJOBJeHbl CKAUKOOOPA3HBIM H3MEHEHHEM TO-
Ka TIPH OTHHPAHMH THPHCTOPOB. B HEKOTOpHIX  caydasx, ocoGeHHo
B 3JeKTPOHArpeBaTeJbHBIX YCTPOACTBAX, peryJHpOBaHHe MaoXKeT OcCy-
LIECTBAATBCA C NOCTATOYHOH MIABHOCTBIO NyTeM OTNHPAHHS{ THPHCTOPA
B MOMEHT Ilepex0Ja NHTAILIero HampsKeHHs yepe3 HyJb B Hayaje NO-
JIiynepruoaa 4 MOJAePIKAHHS OTKPLITOTO COCTOSIIMA B TeueHHe H3MeHse-
MOro HHTCPBana, cOAepXKallero Iejoe uucao NoayBodH. Mckmouenne
CKayKOB TOKa H HanpsKeHus NO03BOJAET CBECTH paAdHonoMexu K abco-
JIOTHOMY MMHHMYMY, B pe3yJbTaTe uero NoTpeGHOCTh B ClenHasbHBIX
noporocTosnx GuapTpax ormagaer. boxee nogpo6Ho Takue cxeMbl Ghl-
S onucaHbl B pasi. 4 u 8.

17-2-3. NpuMeHeHne BeHTHaelt C MaJbIM BpeMeHEM
BOCCTAHOBJIEHHUS

B HeKOTOPHIX cayuasx (HanpuMep, B CXeMaX C HEyNmpaB/JseMbIMA
BEHTHASIMH OOBIYHHIX THIIOB) paAHONOMeXH MOTYT BO3HHKHYTH B MO-
MEHT Pes3KOro cnaja o0paTHOro TOKa, NPOTEKAIOLEro yepes BeHTH/b HA
3Tane BOCCTAHOBJeHHs 3anupaHud. Beriencrsre addexra HaKomieHus
3apsfiia HEOCHOBHEIX HOCHTeJell BEHTHJbL NPU U3MEHEHHH HampsiXKeHHs
aHOJAHOTO TOKa ¢ TNPAMOTO HAa 0oOpaTHOe He MTHOBEHHO BOCCTaHABJIM-
BaeT CBOHCTBO 3anmupanus obpainoio Toka Korma uepes HecKOJLKO
MHKDPGCEKYH] paccachiBaliie HaKOIJIEIHOTo 3apsila 3akaHunBaercs, 66-
PATHBIE TOK PE3KO OOpBIBaeTCs. JHEPTHsl, HAKONMICHHAT B HHAYKTHUR-
HOCTH aHOJHOH LEMH K 3TOMY MOMEHTY, PaBHa“

WT = QRECD
rue QR — o6l 3apqn, noasexalun paccacbhiBaHHIO; E.— KOMMYTH-

pyroliee HanpsiKeHHe.

A28
.

111 I 111 1id (AN NENE 1Ll

A27

Puc. 17-6. CpasHenue CKOPOCTH BOCCTAaHOBJEeHHs obpaTHOfR
3anupampoliefl cnoccOHOCTH AHOAa o6biyHOTO Thma A27
Iuona ¢ ObICTpiM BOccraHoBaeHuem thma A28, Macmura6
no Bepruxkanuy 8 a/des, no ropudontanm — 0,5 mxcex/dea.
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Ha puc. 17-6 nokasanbl ocuunI0OrpaMMBl 0GparHoro Toka Al ADYX
THIIOB BEHTHJ/eHl — OGBIUHOTO H ¢ MaJjbiM BpEeMeHeM BCCCTAHOBJGHHS.

AMOAHTYAB PaaMONOMeX, BOSHMKAIOMIMX B MOMEHT CKauka oGpar-
HOTO TOKa, 3aBHCAT OT €ro aMIVIM1yAnoro sHaueHusa logp.m:

/
S (o) = —;“;'“,

rae o — uyacrotTa pagmonomMex.

OTOT pesyabTar MOAyMEN [as CTYMeHUaToll (GYHKUHH ¢ IOMOLIbIO
unrerpasa ®ypoe [JI. 17-2]. Dueprus pagHonoMex NPONOPLHOHAIbHA
KBajapaty aMIUTYIbl S(®), Hau

I
o] M
W(0) ~

Ho wakourennas sweprns W, 1 cBol ouepelb NpONOpUHOHA/IBHA
2
Ioﬁp,M’ nosTOMYy

WT

) L]
W (o) ~—
Taxk xak 3Ha4yeHue WT IJISE BeHTHJIEH C MaJblM BpeéMeHeM BOCCTaHOBJE-
HUS MOXeT OBITb B COTHH pas3 MeHbille, yeMm A5 O()I)l‘{HbIX, TO IIpHMe-

HEHHE BEHTHJIEA 3TOro THNA CYIUECTBEHIO obneruaer npobieMy GopbObl
¢ paguonomexamH.

17-2-4, CHuKeHHe M3JIyyaeMblXx PaHONOMEX

MHHHMH3aUKA H3JyyaeMBIX pagHOMOMEX B HauboJbluell CcTemeHH
ONPENENSICICsi  pAlMOHA/IbHON  KOMCTPYKUHEH H  KOMIOHOBKOH BCero
ycrpoiicrBa. BosBpamascs K pue. 17-2,6, HamoMHHM, uTO aMINIUTY L a
BBICOKQUYACTOTHOTO TOKa B KOHType, oGpasoBaunom L, C u TupHCTOpOM,
3HAYMTEJbHO TIPEBBILIAET BeJAM4MHY pabouero Toka. TokoHecyline uacth
STOrO KOHTYpa MOryT CJyXKH1b aHTEHHON, HeMoCpeICTBEHHO H3/yyalo-
e pajpuonomexu. Tax Kak s(¢deKTHBHOCTb TaKo#l AHTEHUH TpPONOP-
LUHOHaIbHA MJIOMIANH, OXBAYEHHON 3THM KOHTYpPOM, TO CJ&Iyer NpoeK-
THPOBATH 3Ty YacTb CXeMBl € MUHHUMAJBHON MIOUIANBI0 KOHTypa. Cue-
AyeT yKa3aTb, YTO II€NH 3anycka TakXkKe MOIYT ObLITh NOJOOHBIMH HC-
TOYHHKAMH H3/y4aeMbIX NMOMEX €O BCEMH BBITEKAIOIMMH OTCIOa peKo-
MeHJalHsAMH 0 UX KOMIIOHOBKE H MOHTaXy.

Pucynok 17-3 ammoctpupyer TexHHKY SKpaHHpORAHHS. Tupucropst
CO BCeMH 3/eMeHTaMu (HUILTPOB MOMEIIENE BHYTPH SKPaHHPYIOLIEro
KOXKyXa C BBIBOLAMH AJ/is NOAKJIIOUEHHsl MHTAOL(Ell CeTH M Harpysky,
BBIIOJIHEHHLIMA B BHJE NPOXO/IHBIX KOH/IeHcaTopo. UMnyabcrble TpaHe-
(bopmaropsl suBO WHblE Y3NBI CXeMBl YRPABMCHWA AOJMKHB GhITh pas-
MEIUeHsl BHYTPH KOXKyXa, TaK KaK pacnoGiKeHue HX BHe sKpaHa Bie-
4€T yIJHHeHHE COCAMHHUTEJILHBIX TPOBOMOB, MOAKJAIOYEHHLIX K KATOLAM
THPUCTOPOB M 00JafalolmuX, Kak Bulli€é YKAa3hIBAMOCh, CBOHCTBAMH aH-
TEHHBI.

17-3. HABOJIKH

3/echb UMeeTcss B BHAY [efiCTBHE CXeMbl C THDHCTOPAMH K4aK <IpH-
CVHHKA» TIOMEeX, BhI3BAHHBLIX MNEPEXOJHBIMH TpoLeccamMy, TPOTexaloiiu-
MU B M0G0 TOUKe CHCTeMbl DTH NepexojHbie NPouecchl AEHCTBYIOT M-
60 Ha NYCKOBYIO llelb, NNOO HeNOCPeACTBEHHO HAa aHOA THPHCTOPA, JiH-
00 Ha TO M Apyroe. B pe3yibraTe HaBOAKH MOTYT 3aCTaBUTb NOJABEp-
raeMyio BO3JMEHCTBUIO CHCTEMY NOJHOCTBIO HJN YACTHYHO ¢/1¢10BaTh 34
apyroit cucremoli. Ha npakTnke OblIM OTMeueHBl TaKXe pas/iHyHbie
THNBl HEMOJHOTO BKJIIOUEHWs] THPHCTOPOB OT JAEHCTBHA NMOMEX B 3aBHCH-
MOCTH OT Xapakrtepa nyckosoi uernu. I[Ipu ycTpaHenun Takoro siBieHus
B3aHMOEHCTBUA HeoOXOAHMO MPUHHMATbL BO BHHMAaHHE cXeMy Beelt cH-
creMbl B § 17-6 naHbl HekoTOpHe NpaKTHYeCKHe YyKas3aHHs, CIOCo6CT-
BYIOlll{e OFPAHMYEHHIO AEHCTBUS BO3MOMKHBIX HCTOUHHKOB HapoAoK. ITo-
MHMO [PABH/IbHOTO KOHCTPYMPOBAHUS M BHIIONHEHHs BCe#l CHCTEMbl M
[IyCKOBOM 1ENH, MOFYT OBiThb MOMOJHUTEIBHO TNPHHATHE €UC ClelHalib-
Hble MEpbl B OTHOIIEHWH YCTpaHEHIs NOMeX, PACCMOTpeHHbIe HHXKe NpU-
MEHHUTEJIBHO K CXeMaM C OJHOTePEeXOAHBIMH TPHOLAMH.

17-3-1. JleficTBHe HABOAOK HAa AHOAHYIO LENH

Korna uaGmonaercs geficTBHe CXeMbl ¢ THPHCTOpPaMH¥ TNPH OTKMO-
4eHHOM Henu yrpasieHus (yNpasiasiomuil 3/eKTPOJ OTKAIOUEH WJH
NPHCOCIHHEH K KaTOLY 4Yepe3 COOTBETCTBYIOMIee CONPOTHBJEHHE), TO
Takoe aBaenue oOycioBAuBaercss OGBIYHO CKOPOCTbIO HApacTaHHs NpH-
Moro Hanpaxenus (3bdext du/dt). Tlpu BKIIOYEHHH I[eMH KOHTAKTO-
pOM U/l ABTOMATHUECKIIM BBIKJAIOUATEAeM HEOOXOAHMO, UTOOH yKa3aH-
Had B CIPABOYIBIX IaHHEIX Besawuwna dul/dt nna jawHoro mpubopa He
6bl1a npeBinesda (moapoGuee cMm. pasa. 3). B paborawomiei cxeme TH-
PHCTOPBL MOTYT PpearupoBarh 11a  EDBICOKOYAaCTOTHbIE — COCTABASIOLIHE,
HMEIoNHecss B MUTAIOMCV  anoflnoM Hampsikenun. Hanpumep cunycou-
nanpible KomeGauus ¢ uactoroit 1 Mey, nmeomue ammantyay 10 s,
BHI3LIBAIOT B TOUKE MepeceueHdsl HYJNeBOH JMHHUH CKOPOCTh HapacTaHud
Hanpsakenus 60 g/mxcex. TTosroMy B Takux cilyyasx HeoOXOAHMMO BhI-
GupaTh THPUCTOP C COOTBETCTBYWIUMMH fapaverpami, Jubo MO/LKHEI
6HITh TIPUHATHl Mepbl K CHHAKEHHIO CKOPOCTH HApacTaHHA HaNPAMKEHUS.

B COOTBETCTBHH C OMHCAHHBIM MeXaKH3MOM BO3IeHCTBHS H& aHol-
HyI0 1enb MaJoBEPOATHO, YTOOH OJHH THPHCTOP AEHCTBOBan Ha ApYy-
ryl0 CXeMy ¢ THPHCTOPaMH B Tpelesax Bcero fHanazona (asosoil pe-
ryauposku. O6bluHO Takoe Bo3feficiBue MoxeT Habmwoaarbes B npene-
Jax cueilb OTPAaHHUEHHOTD AManaszoHa yrjaa BOAH3H MakKcHMyMa HoOJy-
BOJINBl @HOJIHOTO HANpSXKeHMS, [A€ YYBCTBHTCJBHOCTL BEHTHAs K duldl
Haubospinan. JlyumuMu cnocobaMy yCTPaHCHHS TOLOOHOTO B3aWMO1ei-
CTBHSL SABJASIOTCS JUGO TOBHIIEHHE CINOCOGHOCTH THPUCTOPA BHIACPIKU-
Bath dufdf, an6o, HAOGOPOT, CHHXKEHHE CKOPOCTH HAPacTAHHA NOJCKHU-
T€IBHOTG aHOAHOro HanpsKeuus. IIpw 3TomM MOryt OLITb PEKOMeHIo-
BaHbl CJAELYIOLIMe MEDH: HCIONb30BaHHE OTPHNATENBHOTO CMelHeHUa Ha
YIPABJSIONEM 3/IeKTPOAe, NPHCOSNHHEHHE HENOCPENCTBEHHO K 3axumaM
THpHCTOpPa HeBosbUIOrO KoHgeHcartopa (He Boime 0,1 mxg), BRmouerue
Ha KaKylo-1#60 TOuKy cxembl RC-uemouku yiu Kakasg-nubo KomOHUmanus
STHX CPEJNCTB. BJHSHHE OTPULATENBHOrO CMEIMEHHS Ha CMOCOGHOCTD
THPHCTOPA BhHIAEpXKHBATh du/dt paccmatpusanock B § 3-11. Ecmu s
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yC1paHeHusi BJIHMSAHHA HeyCTaHOBMBIUHMXCSl SIBJEHHE HCHOJIb3YErcss KOH-
AeHncaTtop, To HeoBXOAHMO YUCCTb, YTO AOJKHB OBITh HCHOJAb30UBAHbI
TOJABKO KOHAEHCATOPbi C MaJofl HIIYKTHBHOCTBIO H OuY€lb KOPOIKHMHU
sptaogamu. Kpome Ttoro, kax ykasado B § 17-6, ueofxopum Tuwiatenbso
NpoJyMaHHLIH H BHINOJHEHHbIA MOHTAX CXEMBl W BCEH CHCTEMBI B le-
JIOM.

17-3-2. [leiicTBHe HABOAOK Ha UeNb ynpaBJeHHsS

3feck HEAGXOAMMO Parauuath NBa CAyuas:

1) BausiHHe Ha cXeMmy YNpPaBJEHHSI IENOCPE/ICTBEHHO CO CTOPOHHI
nuTamnieli ceTi;

2) pauAHHe Ha cXemMy ynpaBJeHHs ¥, B YacCTHOCTH, Ha reHepaTtop
HMIYJILCOB CO CTOPOHBI L[eNH YNpaB/SoUero 3JeKTpoa.

O6a 3TH MexaHH3Ma MOrYT NPHBECTH K NpeXAcCBpeMenHoMy cpaba-
THIBAHWIO NYCKOBOW IlenH, BbI3bIBag JHGO JIOXKHOE OTMHPAHHE OIHOTO
THPUCTOPA, MU0 OIHOBpeMeHHOE OTHHpAaHUEe BCEX WK HaCTH THPHCTO-
poB B cxeMme. UyBCTBHTENLHOCTb CXeMbl YIPaBJeHHA K HMEIOIUMCH He-
YCTAaHOBUBIIMMCSA TpoileccaM OYAeT ONpefensTbcd CTENEHbIO BAHIHMA
nomex. EnvHoro npaBuia nAd KaXKIOTO THNA CXeMbl YNPABJACHHS He
cymecrsyer. OnHako npu NPOEKTHPOBAHMM CXeM YIpPaBJCHHA Bcerjga
HeoOX0JHMO YUHTHIBATb BO3MOXKHOCTH BJMSIHHSI HaBOROK. PaspaGorumk
Jyuile, yeM KTO-JHGO ApPYroH, CMOXET OLEHHTh YYBCTBHTEABHOCThH €ro
cxeMbl K BO31efiCTBHIO CO CTOPOHBI NMEPEXOAHEIX NMPOUECCOB U e cTa-
GHIbHOCTD.

[Ipn wucnosnbaopanuu cxem ynpassienna sua OTIT gas saumth uX
OT TepexOAHBIX MPOLECCOB MOFYT GObITb MPHHATEL HEKOTOPHIE OTHOCH-
TeJLHO TPOCThle MepH. DTH CNocOoOB YKa3aHbl B CJAEAYIOUMX Iaparpa-

hax.

17-4. BAIHUTA CXEM HA ONT OT BO3OENCTBHUSA
NEPEXOAHbLIX MPOLECCOB B MHUTAIOIEN CETH

B 3aBucHMocTH ot XapakTtepa paGoThl KOHKDPETHO[ CXeMbl MOXHO
npH NOMOIUH OXHOA uAH KOMOHHAUMM YKasaHHBIX HHKe Mep obecle-
4uTh 3(QQEKTHBHYIO 3alllHTY CXeMb! YNpPaB/JeHHS OT NePeXORHBIX Hamps-
JKeHHi B MHTaloUIell CeTH:

1) ucnonb3oBanHe paszfenuTenbHOro (U3onupyiowero)  Tpauchop-
MaTopa ¢ INOJKJIIOYEHHEM B cJyyae HeOOXOXHMOCTH K ero BTOPHUHOH
06MOTKe BLICOKOYACTOTHOTO PUIBLTPA;

2) Hcnosib30BaHHe <CJEAALIEro» KOHJEHCATOPA MEXAY UENbIo BTO-
pois 6a3bl H SMUTTEPOM OJHONEPEXOAHOI0 TPAH3HCTOPA;

3) ucnons3oBaHHe NHoAa THna «TupekTop», BKAWUEHHOro napad-
neapHo wyxam natanung OIIT.

Emkocts «chepamero» Kouaencartopa Cy o n. 2 pomkua noadu-
paTecA ¢ 1aKuM pacyetoM, 4ToObl KosdduuueHT ocnabienus HenauTens,
ofpasosanunoro C; u Cz (puc. 17-7,a), Opii npnMepHo paeeit:

L
Gi+C — 7

onr

el

- py’»
a) o)

Puc 17-7 Cxemsp!, nperoTnpaniaionige BO3MOKHOCTL OIUK-

Gounoro erinupannsa OIT nog neficTBHeM mepexomHBIX mWpo-

11ECCOB.

a — samura OIIT OT mepexoAHhX NPOUECCOB B lienu nurauus, 6 —

3auuta OIlT 0T NepexoAHmX NpPoLeccoB B [leNd YNPaBAsOILEro
3/IeKTpOxa THPHCTOPaA.

Ecnay 310 ycnosse OY/ACT BHINOJHENO, TO HU NOAOCKHIEAbHAN, HU
OTpUUATEIBHAS NOJYBOJIHA BHICOKOYACTOTHHIX KojeGaHuH, BO3ZHHKAKOWAN
NpH MEepexXoAHbIX PeXUMAX B LEnd NHTAIOUero HalPAXKEHHA, He IPHBE-
ner K ornupanuio OIT

17-5. 3ALIUTA CXEM HA ONT OT BJIAUAHUSA
NEPEXOJHbIX MPOLECCOB B LLENU YNPABJSAIOWEIO
3JEKTPOIA

Otpuiiatennible GPOCKH HaMpfAMXKeH!d, BO3HHKAIOUIHE MEXKAY YNpas-
JSIOILUM 3JeKTPOAOM M KAaTOAOM THPHCTOpa H mepelanuble na OT,
MOTYT BBI3BATL OWHGOuHOe oOTMHpanne mnocaeanero. ITpu Hcnosb3oBa-
HUM TpaucopMaTOPHOM CBA3H AefCTBHE 3THX OPOCKOB HAMPRKeHUH
MOX<eT OBITb yCTPaHEHO NMPU NOMOWH JAHOAHOrO MOCTHKA B YIPABASIO-
mefi nemu Tupucropa (puc. 17-7,6). OrpunarenpHeie 6pOCKH Hampsike-
HMS 4ACTO BO3HHKAIOT B LENAX YNPaBASIOMUX 3AEKTPONOB THPHCTOPOS,
paborapouiux B CXeMax C €MKOCTHON KoMMyraumed (cM. pasa. 5), H
npu oNpejle]eHHbIX YCJAOBUAX — B CXEMAX C THTAnNEM TEPEMeHHBIM Ha-
npsiKenuey ¢ (ha3oBHIM yNpaBJeHHeM.

17-6. YMEHBIUEHME BJUSAHUA HABOLOK HA TUPUCTOPbDI
3A CUET MPABHJbHOM KOHCTPYKUHUH YCTPOHUCTBA

BricoKoyacroTHEIC NMOMeXH H HaBOINKY NpeAcTaBJsior cofoil spie-
HHA, NpHCyIMHe Beeil cHCTCME B LeJOM, H HH OIHY H3 HealXo (HMbIX
Mep Hemb3sn cuuTarth wanbosdee 3hHCKTUBHON C TOUKH 3peHus LOCHIKe-
uHs TpeByeMOoro YpoBUst HX NoAasfiedust. ToJbko KOMIUIEKC Meponpus-
Thil, BKNIOUAIOWIMH BHICOKOE KAYECTBO NPOEKTHPOBAHMR® CUCTEMBI, mnpa-
BIJILHBIT MOHTAX cXeMbl, NpaBHibHOe pa3zMcileHne ofopyjlosanis, H
B caydae HeofXOTHMOCTH HCTOJb30BaHNA weGoblore uiicaa (GHIbLTPoOB,
paccMOTpelnBIX BhIIE, CMOXKeT ofiecneulirh yMeHRINenHe BLIcaKOUacToT-
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HBIX NMOMEX [0 INPHCMJEMOTO YPOBHA M YCTPAHHUTh pasjHYHbIE THIIbI
B3aUMOJeHCTBHIL.

Ecau B cHCTCMe BHIMOJIHEHB YKa3aHHBle HIDKe DEKUMCHIAUWH, TO
JOTMOJIIHTENbIbIE CienndHuecKde MEpONnpUATHSA, CBA3auHbICc, IllanpuMep,
¢ NpHAMcHeHHeM (HUIBTPOB B CXeMe YIpaB/JeHHs HAM B aHOMIOH [end,
OTPHIATEJALHOTO CMEICHHsT ¥ AP., YaCTO MOTYT OKas3aTbcs He HeoBXo-
JUMEIMU.

1. ITn1anue mapanfeabllbiX H TOTEHINIAJAbHO CTOCOOUBIX B3aHMO lel-
CTBOBATh CXeM pEKOMeHAyercsl OCyUleCTBJAATb Or AOCTaTOYHO MOLUIHOK
nurtamuiedl cetu (HUMewllell Masoe CONPOTUBJEHHE).

2. B caywae nurawliefi ceTH co CpaBHUTENbHO OOJBIIAM PeakTHB-
HbIM CONPOTHBJEHHEM [/ MUTaHHA NapaJuiesbHbIX CXeM C THPUCTOpa-
MH PEKOMEHJIyeTcs MNPHMEHSTh OT,leJbHble TpaHchopmatopbi. Kaxabif
TpaicdopMaTop AOJKeH ObITb paccuHTall He Gojee yeM Ha HOMHHAJbL-
HYIO MOIIHOCTh Harpy3K# JaHHOTO OTBETBJEHUA.

3. XKenatenbio uszberaTb YHCTO OMHYECKHX HArpy3oK, IoAKJ/0Yae-
MblX C NOMOLIBIO THPUCTOPOB K Oe3bIHNYKIHBHOH MUTAIONleH ce1H, Tak
KaK OMM jaloT HauGoJbUIYI0 CKOPOCTb HapacTaHHs TOKA TIPH OTIH-
paHuy.

4. HauGonee Xenaresen yMepeHHO HHIYKTUBHLIA XapaKTep Harpys-
KH, Y10 YMeHbUIHT CKOPOCTb HapacTauHusa TOKa INPH BKJIOUEHHH U TEM
CcaMbiM TpUBEAET K CHHXEUWIO BBICOKOYACTOTHBIX NMOMeX 4 YMeHbIUEHHIO
BO3MOXKHIOCTH B3aUMOLEHCTBUS.

5. O6a (unu Bce TpPH) CHJAOBBIX NPOBOJAa leNu IMHTAHHUA JOJI2KHE
UATH BMecTe; HeoOXoaumMo u3beraTh HaJAUYUSA TMETEJb BOKPYr 4YyBCTBU-
TeJNbHBIX 3/IEMEH10B U Iieneli CXCM YNpaBJeHUS.

6. MarHuTHbIE 3/JeMEHTbI HEeOBXOAMMO paciloJOKUTE TaKHM obpa-
30M, uToOH YCTPAHHTb B3aHMOJEHCTBHE MEXIy HUX IOJAMU paccesHus.

Paspen BocemHaauathii

OXJIA)KIAEHHE CHJIOBBIX
NOoJYNPOBOOAHHKOBBIX NPHUBOPOB

YcllenlHoe HCMOMB30BAHKE THPUCTOPOB B 60nbIIOI CTemeny SaBH-
CHT Or IIpaBWAbHOrO HX oxjaxpueund. IIpu upesMepHOM MOBBLIEHHYU
TeMIepaTyphi Nepexofaa THPHCTOPA MoXKeT HaO/IOAATbCA MOCTENeHHoe
YXy/MUIEHHE XapaKTEPUCTUK M NpUBOP MOKeT BbIATH H3 CTPOA B pe3yJb-
Tare MOTEPH TeNJOBOH YCTOMYHBOCTH HJM paciaBienusa mnpunoes. Cxe-
Ma, B KOrODOH THPHCTOP HCIONb3YeTCd, MOXKET 0TKas3aThb B pabore # 1o
pacmiaBfeHHs TPHIOA HJH IOTEDH TEIVIOBOA YCTOAYMBOCTH, TaK Kak
HEJOCTATOUHOE OXJIaXK/JEeHHE MOXKeT MPUBECTH K CHHUXKEHHIO MpAMOro
UanpsXeuds MePeK/IIOYCHHs, MOBHIEHHI0 BPEMEHH BOCCTAHOBJICHHA YN
PaBJeMOCTH THPUCTOPA, M3MeHfAs 3TH U APYTHe NMapaMeTphbi 3a Mpeje-
Jibl ycTamos/edHbix HopM. [ToaTomy Bce THpdcrophl u Heynpas/sembie
BEHTUJH [POEKTHPYIOTCH € YUYeToM TOro HJIH HHOro cmocoba oTBOXa
TeMJa, OBYCJIOBJAEHHOTO pacceHBaeMoON B NpHOOpe MOILHOCTbIO MOTEpD.

THPHUCTOPBI, MOHTHPYEMBIE 3A AHOAHBIYI BBIBOJ

T

Puc 18 1 Mourax tupucropop cepun C106 3a
aHORHbI BBIBOA (cseBa) M Ha BLIBOAAX (cmpaBa).

18-1. THPUCTOPDLI, MOHTUPYEMbBIE HA BbIBOIAX

Manomonisele THPUCTOPH, MOHTHPYEeMbie M3 BbIBOJAX, NOA0GHbIE
cepuam C3, C5, C6, C7, C8 u C9, a rakke cepun CI106, umetouei
CXOXKYI0 KOHCTPYKuHio (puc 18-1), oxsaxpawres 3a cuer ©TBOJa Tel-
Jla OT KOpmyca nyTem M3JYyUEHHA W KOUBEKIHY M 33 CYeT OoTBOJla Temsa
yepes BBHIBOABI HYTEM TEIJIONPOBOLHOCTII.

Ecnd BO3MOXHO, HOMMKHBI SbITh HCNONL3OBAHBI T€ WJH HHbLIE H3-
BECTHble TIPaKTHYECKHE CIO0COObl CHHXKEHHS TeMIepaTypbl THPHUCTOPOB,
Coxpalienne AJMUHBL BHBOJIOB, NPUCOENHHSEMBIX K pasheMaM, MOHTAMK-
UBIM JieTMecTKaM M IeyaTHbiM CXeMaM, 3HauyHTeJbHO CNOCOBCTBYET YJyu-
LIEHHIO OXJIaXKIeMHsi THPUCTOPOB. JIpyrHe Tem/oBLAe/sIONIHe 3JeVEHTh,
Takile, KaK MOI{Hble PE3HCTODBI, MO BO3MOMHOCTH He J1OJXKHbI pacho-
JaraThest TOGMM3OCTH H MOAKJIOUATBCA K TEM TOYKAM, K KOTOPBIM NpH-
COETHEHbI BBIBO/JABI THPHUCTOPOB. TaKHe CU/IBHO HArPeBalOL{HECst yCTpOH
CTBa, KaK 3JIeKTPOHHbIE JaMIlbl, CHIOBBIe TPaucPOpPMaTOPhi H MOLLHBIE
PE3HCTOPBI, AO/KHLI ObITh 3a3KpauMpoBaHbi, UTOGHI TEMIO OT HAX He
H3/1yuaJjioch HeNoCPeJCTBEHHO Ha Kopryc TtupHcTopa. Ilas yseruueuus
OTBOJla TeIUIa OT THPHUCTOPOB B Kopmycax tuna 10-5 mMoxno nosbsn-
BaTbCl TOTOBBIMH CTaHAaPTHUBIMM pajHaTopaMu (OXJamguTejsMu) 71ad
TPaU3UCTOPOB.

Muorue THPHCTOPbI, MOUTHPYeMbIe [1a BBIBOA&X, BhillycKalotcs (ip-
moli Mxenepan DaeKTpuk B Kopnycax TO-5 ¢ ocHoBaHHeM Kak y MOII[
HBIX THPHCTOPOB, YTO NO3BOJACT KPENHTb TaKHE THPHCTOPBI BUI UMK
K paaHaTopy WJH K WacCH.

18-2, THPUCTOPDLI, MOHTUPYEMbBIE 3A AHOAHbIM BBIBOJ

Ha puc. 18-1 moxasaHbl pasiiyHBle BapHAHTbI KOHCTIPYKIULN [HpH-
cropos cepud C106. HexoTophle H3 HMX HMMeEIOT aHOAHBIH BLIBOJ B BH-
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Jle ywka ¢ OTBEpCTHeM, YTO MO3BOJCT MOHTHPOBATH HX C 1OMOLLBIO
BHHTA HENMOCPeJCTBEHHO K paauatopy Takas KoOHCTPYKLUHS Kopmyca
ofecneynBaer OoJjbiloe pas3loobpasue Cnoco060B MOHTAXa B 3aBHCHMO-
CrH OT BHAA pajanaropa u o0buiell KOMIOHOBKH Bcero 6Jo0kxa.

Kax amoanoe ymko, Tak H ocTajblible BbIBOABI MOTYT ObiTh H30-
FIIYThl MepNeHHKYASAPHO K IJIOCKOCTH KODPNyca HJH TOA JIOOHM YTJOM,
npuuemM u3rub, ecanm HeoOXOIMMO, MOXKeT MNPOHM3BOAHTbLCA HENMOCpPeact-
BEHHO OKOJO KOpIyca, BbIMOJHEHHOro H3 nsactMmaccet [lpu Gosabnux
yraax inruba (90° u Goace) on MOXKET NPOMSBOAUTBCA TONBKO 1 pas
Bo Hsbexaiine NOAOMKH BbiBoja HMarubul B Apyrux HanpabpjeHHsX MoO-
TYT OCYIECTBAATHCA NPH YCJOBHH, Y10 BBIBOA TNpodHo 34Q)HKCHPOBAR
B TOUKE, PAcTOJIOXKeHIION MeX1y Me(ToM u3ruba H KOpIycoM, TaK, 4To-
6Bl npujaraeMble K BHIBOAY YCHJAHS He NepefaBaHCh K IAacTMaccoBo-
My Kopmycy.

MonTaxHoe ymKo TakXKe MoXeT OHTb H30THYTO B A1060M Hamnpas-
JIeHHH HAH oTQOPMOBaHO NyTeM BbLIABJAMBAHHA, €cAM OHO Nepel 3THM

NpoYHO 3aXKAaTO B TOUKE, PACHONONKENHOH MeXAYy KOPIycOM H 30HOH
u3rn6a uan ¢opmoskd [IpH uecobaiogenun 3TOro YCAOBMsI TIacIiMac-
COBBIA KOPNYC MOXeT TpecHyTb H mpubop BLTH H2 cTpod

Ilo TpeBoBanHio norpebureneii ¢upma Jxenepan IDAEKTPUK Bhi-

nycKaeT THPHCTOPBLI ¢ 3apaHec H3OTHYTBIMH MOHTAXKHUBIM YUHIKOM 1 Bhl
BOJaAMu

18-3. THPUCTOPHBIE BJAOKH

Bosee MowHbie THPHCTOPHE Bbinyckaloress tupmoit Hkenepan Daek-
Tpuk B cOope ¢ papgdatopamu B Buae O6aokos Ha puc 18-2 mokasanmul
HeKOTOpble THNOBBle Gnoku B cOope PaanaTopsl pasianuHblX pasMepos
H KOH(urypaunii obecneyuBaloT HagekHoe OXJaXKAeHHE BCeX BbllycKae-
MLIX THNOB TUpucTopoB TaxkHe O6J0KH paccuWTaHsl Ha pasjuyHble yc-
JIOBHS OXJaX/IeHHs: (cKopocTh BO3AYyXa, OKpyXalouwas TeMneparypa)
B wanduun uMelorcs AECSTKH TBICSY THNOPasMEPOB TOTOBHIX OJ0KOB

Puc. 18 2 TunoBble THPHCTOPHO-AHOMHDbIE OGJIOKH

C PasJHYHbIMH KOMOHHALMAME CXEM COEIHHCHHA, MPHYEM BCIOMO! aTellb-
Hble Heynpap/seMble BEHTHJH MOTYT OPraHHYHO BXOJAHTh B TaKue 6Jo-
k1 Ha OnoKH TUpPHCTOPOB HMeeTcA JleTanbHas creludirKamgs, rie
yhdaubl cnocolpl OHTHMAJSBHOTO HCHOALIOBAHNT HX

18-4. MOHTA)K TUPHUCTOPOB HA TENJOOTBOJAX

[ToMuMO THPHCTOPOB, MOHTHPYEMBIX HA BHIBOJAX HJAH C IOMOUILIO
AHOMHOTO BHIBOLAQ B BH/JE YWKa, HA NPaKTHKe HCIOJB3YIOTCS Kopmyca
THPHCTOPOB YeThipex PasjHYHLIX THIOB, OTJAMYAIOUUecd CHOCO60M HX
Momtaxa Ha TEIVIOOTBOAAX IJTHMH YETHIPbMS THIIAMH SBJSIOTCS THUPH-
CTOPLl, MOHTHpyeMble C TOMOULbI0 OO0JTOBOTO COEJHHEeHHS (HMeloljHe
KOpIyc B BHAE TONOsnd OGOJATd), 3aNnpeccoBhIBAEMbie B TeNsI0OTBOJ TH-
PHCTODPDI, THPHCTOpBI, NPHKHMAacMble IIOCKON 4YacTbi) KOpmnyca K Teln-
JOOTBOLY, H THPHCTOPbl TaGNETOUHOrO THUNA C TNPHKHMHLIMH KOHTAK-
TaMH, 3a)KHMaeMble MeXny AByMs TemdoorBoiaMH (tuma Tlpece-ITak).
Huxe Byayt paccmoTpensl OOLIHe NMOJOMKEHUS, CBS3aHHbIE ¢ MOHTAXKOM
THPHCTOPOB MNEPBOr0 THNA, W OCOGEHHOCTH, OTHOCSILHeCH K KaXAOMY
orienpHoMy Tumy B KauecrBe TemjooTBojma, HeoOGXOAMMOro Jjst HOp
MaJbHOH paboTbl CHAOBHIX THPHCTOPOB, MOTYT HCIOJb30BATLCH TOKO-
NOABOAAUIHE NIHHB, WIACCH MJH KOPNyC YCTAHOBKH, CIelyanbHast CH-
cTeMa ¢ JKHAKOCTHBIM OXJaXKAEHHEM WA pajguaTop ¢ pebpamu Aad
OT/IAYH TeNa OKPYXKamINeMy BO3AYXY

Ecnu tpebyercs, urobbi TennooTBox ofecneyns ONTHMAadbHbIE YCAO-
BHS OXJaXKJieuus, TO 11eo0X0MHMO BLIOpaTh TakOH crnocol yCTAaHOBKH
THPHUCTOPOB, IIPH KOTOPOM TEIJIoBOE CONpPOTHBACHHE OT Kopryca K Tel-
jJoorBony Oyner MunuMmanbiuiM Cambiii npocroft crnoco6 MoHTaXKa He
BCET1a OKA3bIBAETCS CAMBIM NPaBHJBHLIM, M 11a NMPAKTHKE CASAyeT NPH
HHMATh PAL Mep NPEAcCTOPOKHOCTH

18-4-1. BbiGop marepHasa TeNJOOTBOAA

Haubonee noaxoasiinM MaTepuanoM [ TEMJOOTBOAA CAETyCT
NpH3HATbL Mefb BCJACACTBHE ee GOJBUIOH TemaonpoBoaHocTH OMHAKO CO
00pax<eHnsl CTOUMOCTH MOTYT 3aCTABHTb HCIIONbL30BATh CFajib, 8 C TOY-
KM 3DEHHS Beca H JIETKOCTH 06paborkKu Jydlle HCNOJAb30BATH aJsloMH-
HUi B cayyae mpumeHelus aMIOMHHHMS HeoOXOAHMO YUMTBIBAThL CJELYIO-
mu# hakrop

Bo Bnamnuofi H Koppoaupymwollefl cpene ranbBaHHYECKHE IIPOLECCHE
MeXay AaNIOMHHHEM 4 MEJHbIM KOPIyCOM THPHCTOpa MOTYT IPHBECTH
K TIOCTeMEHHOMY pa3pylieHHIO COeTUHEHUs] H YBeJHYEHHIO TeIIOBOTO
conpotuBieHuss [lpaKTuKyeTcsl HHKelHpOBaHHe H cepebpeHHe MeaHOTO
Kopnyca, KOTOpOE B COYETAHHH C HCNOJb30BAHHEM AHTHXODPO3HOHIIOTO

MHTHOMTOPE MOXKeT NpPHBECTH K YMEHbIHEHWI0 KODPO3KH B MeCTe coce-
AVHEHHUst

18-4-2. MoaroroBKka NOBEPXHOCTH TEMJOOTBOZA

YcnoBusa nepepaud Telsa OT KOpnyca IOJYNPOBOAHWKOBOTO MpH
Gopa K 1OBEPXIOCTH TEMJAOOTBOMSILErG 3J7eMelTa 3aBUCAT B OCHOBHOM
OT COCTOAlIM® KOHTAKTa MEKAY TUMH AByMst nosepxuoctamu Ilosromy
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HEOOXOMUMO, UTOBBl 3TH HOBEPXHOCTH GblIM POBHBIMH, §€3 BHAZMH H
BBICTYH@B.

IloBepxHocTs  TemaoOTBOZE, ¢ KOTopolt Gyger KOUTAKTHPOBATH
Kopiyc 1oJynpoOBOAHHKOBOTO NPHOOpa, A0JIKHA GLITh ILIOCKOH (Komy-
CTHMbl OTKJIOREHHS OT MIOCKOCTH B npexerdax 0,01 mm Ha 1 cm) u
RoiXKua OblTh 006pafoTaHa MR MONyyeHHS LUEPOXOBATOCTH He Chbilie
1,6 mrm. Tlepen cGopkoit xopnyc npuSopa noMKeH GbITh npoBepe, H
¢ TOBEPXHOCTH KOpIycd HeOOXOAHMO yla/dTh BCe 3ayCeHUbl M BHICTY-
1ibl, KOTOpLIC MOI/M 00pa3oBaThesl 1pH IPaHCIOPTHPOBKE WAH  [epe-
KJaasiblealing npuéopos

BoabLMHCTBO TeNJIOOTBOJOB HMEET NMOWPHLITHS A YAydmeHdHs OT-
BONA TEMAA 3a CYET M3JYUEHMH H AAS JaUMTH OT xopposuu Ha wed-
Hble DaJAHaTOPhl HAHOCAT NOKPLITHC 1aJLBAHHUECKHM CIOCODOM HJM KX
OKpamuBawT. AMOMHHHEBBlE DaAHaTOPbl OGBLIYHO OKPANIHBAIOT HJIM AHO-
anpywot. TloBepxnocrs Tem00TB042 B Mecle KOH1AKTa C KOPHycoM HO-
JYNPOBOANUKOBOrG NpuGopa AOMKHA Oblib CBOGOAHI 01 OKPACKU HJIH
Al0/IMPOBAHHOTO MOKPLITHA, UTOGB 1CMJIOBOC COMPOTHBJACHHE KOHTAKTA
Obu10 MuHuMabHBLIM. [TOKpbIIHe, HAICCOHHOE TasbBAHUIECKHM CHOCO-
60M, ¢ 10/ 44aCTH MOBEPXHOCIH CHUMAlb HE HATO, 0IHAKO upesvepHbie
OKCH/IHBIC MJICHKH 11e06X0AMMO YaIHThb

18-4-3. YcTaHOBKA THPUCTOPOB, MOHTHPYEMBIX ¢ NOMOLIBIO
6oJiTOBOrO coeHHEHHS

TupHcTOpBI, MONTHpYeMble C MOMOUIBIG GONTOBOTO COEHHEHHS, AB-
JAIOTCA BecbMa THOKHMH MO CBOMM BO3MOXKHOCTAM KOMIOHeH1aMu H
HMEIOT HIMPOKOe pacmpocTpaHeHue. Meanblil KOpPnyc THDPHCTOPOB 3T0r0
THNA BHINOJIHEH B BHAe 00ATa ¢ MAIUWHIION Pe3bBOl, BHYIPU TOJOBKH
KOTOPOro NOMEIIEH BEHTHBHBIH 3CMEHT, M PACCUMTAH HA HOJdydeHue
MeXaHHYeCKOIr0, JIEKTPHYECKOI0 M TEIJIOBOI'O KOHTAKTa C TENJICOTBOS-
LiAM 3/1eMeHTOM TOIO WM HMHOTO THUA N0 BHIGOPY noTpebuTend.

Ecau oTBepcTHE B TEMIOOTBOAE NMPOBHTO, TO MECTO NPOGOA AOMKHO
ObiTh 3auuuieHo. EciH OTBepeTHe TPOCBEPACHO, TO HEOBXOAHMO TINA-
Te/IbHO YMaJHTBh 3ayceHubl Pasmep oTeepcTHs 1ogskeH OHTb Ha 0,13—
0,3 mm Ooapllle HapyxuOro jpuamerpa 6Gonra. Ecan sapesannas uacTs
Kopnyca umeer GYPTHK B MccTe, Ijie Hapeska CONPHKACAETCS ¢ IVIOCKOR
NIOBEPXHOCTBIO LUCLTHI PAHHHKA, TO OfBEHCTHE B Pajuatope HeoGXOXHMO
pas3enkoBath, 4T0BLl KOPNYC THPUCTOPA HE MOBHCAX HA 9TOM 000AKe

IlpsiMast ycTaHOBKA THPHCTOPOB C KOPHYCOM B BAZE MEAHOTO BOJ-
Ta B OTBEPCTHE C HAPE3KOH, BLUIOAHEHHOE B AMOMHAHHEBOM paiHaTope,
He pexoMeHayercs Pasmuuible TemmepaTypHele Koo(DQHIHEHTH pacLin-
peHHd MeQH M aJIOMHEHS MOTYT BBI3BATb YCHJHSI, KOTOpPHle HPHBELYT
K BBIBUHUMBANHIO THPHCTOPAZ M3 Dajmatupa IPH UHKAHIECKHX TeMIepa-
TypHblx Kosebauusx. B pesynsbrate 10ro TemnoBoe compoTHBieHHe KOu-
TAKTd MeXAY KOPIyCcoM Mpubopa M PaltuatopoM MOKeT BO"Pacri

Ecaun MeAHBIH GOJAT BBUHUHBACTCH B MeTHBI pazuarop, 10 HeoOXo-
MO OOpaTUTL BHEMAUHE Ha 10, UTOOM OCb CBEPACHIS OTBEpS rus
B pajnaTrope H OChb HApesKH B 3TOM OTBEPCTHH pacHoJarajfch Mojl
NPAMBIM YTJIOM X ITOBEPXHOCTH paTuaropa.

Ecan Tupucrop ¢ Kopnycom B BHAe 60Ta KpemuTcs K MJIACTHHYA-
TOMY DaJHaTOpy CO CKBO3HBIM OTBEPCTHEM C MOVIOLILI0 [4AKH H1 06-
paTHOH cTOpoHe panmaTopa, TO B pe3yJbTaTe OCTATOYHOMN Aepopmanun

MeTa/yla MOXKeT TPOH30HTH MOCTeNelHoe ocjnabaeHue Mecta KpemJieHHs
1o fABjeHHe ycyryGiseTes NPH LUMKJIHUCCKIX WSMEHEHHAX TEMNEPaTypH
I 3aBUCHT OT BeJHYHMHBI TeMNeparypHoro Inepenata. Kaxk caegctsue
3TOTO TENJOBOE CONMPOTHBJACHHE KOHIAKTA MEXJYy OCHOBAaHHeM Kophyca
BEHTHAS H pajuaTopoM OYHeT YBeMHuHBATbCs CO BPEMEHEM BCJeJCTBUE
YMCHbILIEHUSI [aBJEHHA B MecTe KoHTagTa VcnbiTanMs noKasanh, uTo
nocae 1000 ¢ paGoThl TCMIOBOC CONPOTHB/ICHHE KOATAKTa MeXIy oOc-
HOBAIHEM KOpIyca BelrwIss M pPaAHaTOPOM MOXel YBeJHUUTHCS
B 3 pa3a.

Urober cHH3UTh 3ddexr TemIOoBOll peJakcall# B MeCTe KOHTaKTa,
KOTOpBHl XapakrepeR i KaXK[IOrO KpEMJeHHsl, OCYUeCTBJAEMOro my-
TeM JaTAXKKH ¢ MOMOLBLIO raiiky, peKOMCHjyeTcs MeXay radkoi u pa
IWaTOPOM CTaBUTh TapeabuaTylo NPYXHHHYI 1Laily. “I/Imeioumecs{
B IpOJake roTOBBle KOMIIEKTHl raek u TapejabuaThiXx maib pasmepoM
3Js, Y2 m 3], mwiMa npH uCHLITaHMAX ObIM TIPH3HAHB YIOBJETBODH-
TEJBUBIMH C TOYKH SpPenHst MOJAAcpXKaHHs HAYaJbHOTO TEMJIOBOTO KOH-
TAKTA MeX/]y KOPINYcOM H pPajinHaTopoM, NockoJbKy nocie 1000 « pa-
Gotel mpu rtemiicpatype 150°C nambGoJblice yBesqnueHHe TeMJIOBOTO CO-
MPOTHBJICHUsT cocTaBuio 11% 0T HauanbHOM BeJUUUHDL

Xopounii TeNAOBOH KOHTAKT MeXKIY KOpNycoM npuiopa M TemiooT-
BOJOM TpefyeT HaJM4usi ONpeleseHHOr0 AaBNeHHS MeXIy STHMH ABYMS
MOBEDPXHOCTSIMH, YTO NOCTHTACTCA 33 CUeT TPHJOXKEHHS ONpPEJeNeHHOro
KpyTsllerc MOMeHTa NpPU SaTszKKe rafiki WAy HPH BBOPauUBAHHU HPHU-

6opa. Opuako INpH/IOKENHe UYPe3MEDHOTO YCHJIHS MOXKeT He JaTh
Ta6aunwa 18-1
TemaoBoe coOIPOTHBJEHUE
KOHTaKTa, 2pad/sm
M - Ibpek-
Paamep Ma;::;ge TI:leJIJ{bIﬁ METAJT — ME1 211 Jm? lfig K(')’f z}gg c;fM
Pa3M€DbI INEeCTHT PAH-| PEKOMEH~ ,lf'la‘VIeT[)
Gonra | MU Wmne | meern 5 =
JOHMBI 3aTSKKH, r;;;x-muka o ~ =
. MM = =
wee ot * BCYXYIO g E"‘o’ BCyXyo| £ 5’;’5
QMg [T
geg £e g
o538 o8t
10-32NF /1e 17,2 11,7 0,75 0,60 6,5 6,0
1/,17.98 %6 34,4 15,0 | 0,45 | 0,35 | 4,0 | 3.5
17,7198 iy 34,4 18,2 |1 0,30 {025 | 25| 2.2
3,724 1714 114 23,0 | 0,15 | 0,10 | — | —
1/,-20 106 172 23,0 0,20 0,15 1,9 1,7
3/,-16 17/, 344 30,5 | 0,06 | 0,056 | — | —
3,16 15/ 340 38,0 — 10,08 | — | —

MpuveuaHnue Tennosoe CONPOTHBACHAE YKA3aHO AJSA YHCTHIX H DOBHEIX MOe
BEPXHO Teff MpH CKBOIROM OTBEPCTHA B P2AHATOTE, KOrAA BOHTHIbL KDEUUTCS ¢ IIOMDILLIO
rafiKd Ha o6 paTHOH CTOpoHE PATHATOP2 H 32TTKKE GO/AT2 ¢ MAKCHMAIBHBIM DCKOMEHY-
eMbIM MOMEeHTOM. TeNnJIoBoe CONPOTHBJEHHE KOHTAKTa MPHUHSITO PABHEIM CONDOUBJCHHIQ
OT ToJoBKH GoJra A0 TOYKH HA pajgHaTope Ha PAcCTOSIHHM AuaMerpa d.
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Aansledlllero yJayylleHHs TeNJOBOro KOHTAKTA ¥ MOMKET Ebi3BaTh ollac-
Hble MEXaHHYEeCKHe HANpSXKEeHUds B pP-n-p-n-CTPYKTYPe THPUCTOpA WIIH
B Martepuanax, NPUBAPEHHBIX HJH INPHNASIHHEIX K OCHOBAHHIO BHYTpPH
Kopnyca. B pesysnTaTe MOMeT HMerb MecTO HeoGpaTHMOE YXyAlISHHE
xapakrtepuctuk npubopa. ITostomy neoGxomuMo mpusepKuBaTLCS PEKO-
MEHJlaUHA HU3TOTOBUTEJSl B OTHOLIEHHH MOMEHTa NpH 3aTsXkKe W NpH
MOHTa)€ [OJYUPOBOAHHKOBLIX NPHOOPOB 1NOAOBHOTG THNA ciedyer
Bcerjga TMOJAb30BaThCcsy JAHHAMOMETpPHUYECKHMH KmouaMd. B rtaba. 18-1
yKasaHubl pCKoMedjyeMble MOMEHTBI 3aTsKKH DU MOHTAaXKe THPHCTOPOB
H HeynpapaseMmoix BeHTwIeH ¢upmbl [XKenepan neKTpuK, HMeloUIHX
Ha KOpIlyce Hape3aHHYI0 4YACTb, 3TH BEJHUHHDI KPYTHIUETO MOMEHTA
paccyMTaHbl 1ia CyXyl0, UACTYIO HapesKy. J[lias penTHJeili ¢ uapeskolt
3/s-24 1 Gojtec MOMEHT NpH 3aTshKe JOJDKEH NMPHKJIAZLIBATLCA K rafike,
4 caM BEHTHJL IOJIKEeH OCTABATLCS HCMOIBHXKIILIM,

18-4-4. MoHTaX THPHCTOPOB, 3ANPECCOBLIBAEMbIX
B TENJ0OTBOJ,

MHorde THNB OJHOHANpPABAGHHHIX THPHCTOPOB, TakHe, Kak C22,
C23, C33, nByHanpaBieHHHIX THPHCTOPOB (TpHakoB) — C4l u C46, a
Takke MHOZOB — A44 u A45, MOryTt nmocTaBaAThCA B KOpmnycax, MOHrax
KOTOPBIX NPOM3BOJAMTCA NyTeM 3aMpecCOBHIBAHHA B TEMIooTBOA. Kopnyc
9THX IIPHOOPOB pAaccYHTaH HA B3aNPECCOBKY B OTBEPCTHE HECKOJBKO
MeHBUIHX pasmepos. IIpH NpaBuIbHOM MOHTAXe TENJOBO@ CONPOTHBJIE-
HHe MeXJy KOPMycOM TaKHX OPHOGOPOB H TEIJIOOTBOJAOM MeHbIUe, ueM
Y THPHCTOPOB, MOHTHPYEMEIX C IOMOIUbIO 60JTOBOrO coendHenus. Kpo-
Me TOTO, B MaCCOBBIX H3[IEJHAX CTOUMOCTb TAKOTO MOHTaxa 3HAYH-
TeJIbHO HHXeE, YeM B clyyae GOTOBOTO CCeAHHEeHHS.

Ilpu mcnosb3oBaHMH THPHCTOPOB, MOHTHDYEMEIX NyTeM 3anpeccon-
KH, HEOOXOANMO NPHAEPIKUBATLCA CJEAYIOUIMX DPeKOMEeHalwil.

1. MarepnanoM Tensoorsona MoXKeT OHITE Melb, AJIOMHHHE MiH
cTasp (B mopsiaxe npernouTHrtensHocTH). ToniuHa FeMJACOTEOLA ROJNK-

Ha ObiTb He MeHee /s” (3,2 ma), T e. He MeHee LIMDHHBI LUHJAMHIPUUe-
CKOM HaxaTaHHOM uacin Kopnyca

3,7 mun

Puc. 18-3. Moxrax Bedatusmeit ny-
TEM 32MPECCOBKH ¥X B TEANOOTROA.

I — Tennootron; 2 — npsmas
3 — xaton.

Puc. 18-4. 3oHa npuacwenss
VCHAMA TPH  3anpeccoBKe THPH-
CTOPOB (32a1TPHXOBaHa).
Dy=12,7 mm: D;=9,5 mm.

HaxKaTka;

1L 16
I—T ©) . —"—1\——}\4

-
o o el

- - i»_}._
*:1—'—: . !
2,5

I ORGSR —

1 2 3 2
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Puc. 18-5. Hcnosn3oranne THCKOB J/Sl 3aNPECCOBKH MOJYNpo-
BOANUKOBRIX BeHTHIEH.

< I — ry0ku TuckoB; 2 — OPYCKH H3 TBepPIOTo AepeBa; 3 — TeMJNOOTBOA.

2. PasMepnl oTBepcTHA MoOKaszaHw Ha puc. 18-3. Oteepcrue MoXer
66T NPOGUTO B MJIOCKOH NJIACTHHE MJH BBIAABJEHO B JIUCTOBOM MaTe-
puaje ¢ NOCHeLylolied pa3seprKoil N0 HyXHoro pasmepa. OTsepcrhe
NOJMKHO OBbITb Takxke cHaGKeHo HeGoJblIOH Gackoll AJs NPaBHALHON
OPHENTUPOBKH KOPIyca THPHCTOPA NIPH 3aNMpPECCOBKe.

3. Jlns uausdyumici remvionepefaid Bcsi HaKaTaHHAs yacTb KOpmyca
JOMKHA HAXOAMTHCA B KOHTAKTC C TelooTBOAOM. B To Xe BpeMs
B rayGOKHX OTBepeTHAX Npubop He joJuKen OBITh BAABJEN B TEMJIOOT
BOA rayGxKe HakaTaunoH yacTH, yToObl HEHAKATAHHBIA MASHHIPHYECKHI
000/10K Ha KOpHyce He BOCHDHHHMaa Ha Ce0sfi [aBJIEHH CO CTOPOHB
TelJIOOTBOAA, PA3rpyxasi TeM CaMbIM HaKaTaHHYI0 4acTb.

4. Ycunue npu 3anmpeccoBKe AOJKHO ObITh He Godee 360 kec. Ito
HeoBXOAMMO JJsi NpeLOTBPAllleHHsl llepekoca mnpubopa B OTBEPCTHY,
ecsid MocJeHee uMeeT HeNpaBH/bHble pPasMeph, a TaKXKe WIS NpeaoT-
BPALLEHHS UPE3MepHOro AABJCHHS €O CTOPOHBI TEMJIOOTBOAA Ha Kopmyc.
JlaBnenne [OMKHO NPHKIABLIBATLCS PaBHOMEPHO K TOPUEBOH 4acTH
Kopmyca, KaK 1nokasano Ha puc. 18-4.

Ilpn 3anpeccoBke B MeIHBIl Te/JOOTBOJ C YUETOM 3ITUX DEKOMEH-
JALH TelJOBOe COMPOTHBJEHHE MexJAy KOPIycoM H TEmJIOOTBOJOM TNo-
ayuaercsi Medee 0,5 epad/er. Montax OOHYHO NPOH3BOAHTCS € I10-
MOI{pI0 THIPABJAHUCCKUX IIPECCOB, HAa KOTOPHIX MOXHO YCTaHABJIMBATb
3apanee MakcHMaabHoe ycmiue. [lpyroft BO3MOXKHBIH MeTO 3ampec-
COBKH, BechbMa MpPOCTOH B OCYIIECTBJEHHH, HO He NO3BOJNAIOUIAN H3Me-
PATb M OTPAHHYUBATH YCHJIHE, OCHOBAH Ha MCIOJb30BAHWHM ABYX Aepe-
BAHHBIX ODPYCKOB H OGBIYHBIX CJeCApPHBIX THCKOB (puc. 18-5).

[IpOMEIIJIEHHOCTBIO  BLIMYCKAIOTCA TOTOBLIE OXJaANTeNd, mnpeaHa-
3HAUEHHLIC CHEUHMANbHO AJsi NPUGOPOB, MOHTHPYEMBIX METOAOM  3a-
npeccoBKH (HanmpuMep, OXJAJHTENb C PALHANBHO DACIOJOKEHHLIMH pel-
pamu cepun NC-300-R, Buinyckaemwilt dupmoii Wakefield Engineering
Inc.). Takue OXJagHTENH NPOM3BOAATCA Pas3HBIX pasMepoB H C OTBED-
CTHAMH, DPEJHAUAUEHHBIMII [Jisl YCIAHOBKH OAHOTO /I JABYX BeHIH-
Tei. -
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[IpnGopsl paccMarpuBaeMoro THma BOSMOKIO MOHTHPOBATH H JApY-
TUMH MEroJaMu, HanmpHMep C [OMOWBIO CTATUBAIOL(HX XOMYTHKOB HJH
AIpYMUHHBIX J€pXKaTeJeH, myleM NPHKATH BEHTHJEH K OXJaXAawoled
miactTune W Ap. Pasmuunuie MeTofbl MONTAXKa AAIOT, eCICCTBEHHO, M
paijyuuble 3HaYeHH TEMIOBOTNO CONPOTHUBJEHHS, NPHYEM IIPH HEKOTO-
phIX MeTOoAax nocjefuee HEHAMHOIO OIJMYAeTCA OT PacCUeTHOIO 3Haye-
HMS AIpH MOHTa¥Ke NyTeM 3alpPecCOBKH.

18-4-5. MonTax NPHGOPOB C NJIOCKHM OCHOBAHHEM
Kopnyca

PAL CHABHOTOUIBIX THPIC10POB # AHOAOB (PHPMI Hkenepan Diek-
TPHK  BLIIyCKAaeTcs B KOPAyCAX, UMEIOWMX MAOCKOE OCHOBalue
(puc. 18-6). B“ Hacrosiiee BpeMs cylwlecTByeT TOMbKO OAHH THROpasMep
Kopmyca TaKOH KOHCIPYKUMH, H HOTGMY HHKe HaHbl KOIHKDErHnle yKa-
3amid no ero momiaxy. Ognako o6UME NO/MOXKEHHA CAPaBefIuBbl sl
MOUTaXa J0LIX BOSMOMKHEIX NPUGOPOB 3TOrG THIla.

Puc. 18-6. CusoBbie NONYyNPOBOAHHKOBHE BEHTH-
JH C NJOCKHM OCHOBaHHEM Kopnyca.

K KaXj10My BeHUTU/IIO PAacCMaTpPHBaeMON KOHCTPYKUMH NpHK./AAXLBA-
10TCA CNeAYIOMME KpeTeXusle 1eTaltu:
4 Gonta (W3 HUX 2 WIMPHKIX);
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N

i RS B

63,5104

Puc. 18-7. Csepnense Ten1ooTsoma
I/ MOHTAaXa BEHTHJS ¢ MJOCKHM
OCHOBaHHWeM Kopmyca.

MOHTAX THUPHCTOPOB HA TEIIJIOOTBOOAX 411

2 mecturpaHHble raiku;
| npuxuMHas npyxuHa;
2 AHCTaHIMOHHblE HIafGhT

Eomun wenoabn3yencs omo-
cnG mMomTa)xa, TpefyloUldi
BUOPOfi MIPUMKAMHON [ID y2KH-
bl (puc. 18-8,a), To nocmen-
HS MOXeT OBITh IOCTABISHA
no ocoGoMmy 3axasy. [loaro-
TOBKa MOBEPXHOCTH Tem/iooT-
poula onucana n § 18-4-2

B TenmooTsoqax TOJIA-
noit Gosiee 22 mm MmpOCBePIIH-
BAIOTCSA B COOTBETCTBHH IC PHC 7
18-7 mBa oTBEPCTHA, B KOTO-
peIX  Ha raybuuy 22 M
Hapesaerca ipeasba 3/16”-18
UNCZ2A. B  remnsooTBOjax
TONIIMMOI MeHee 22 smm mpo-
CBePJUBAIOTCA HACKBOBh IBA
MI2JKMX  OTBEDPCTHSA, WperHa-
IHAUEHHBIX A4  [OPOIyeKa
Gonros °/1¢”. B oGoux omy-
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Puc. 18-8. MonTtax BeHTUAS C MJIOCKHM

fe <22 >
=

yasix PaccTOsHHe MeXUly uell-
rpaMu omBepcrail 63,504 mu
MosTax  mpoussouTcs
B (CjeyloneM MopaaKe:
I, TloBepxHOCTM BEHTHAA

OCHOB4AHHEM KopIryca.

a upi 1TodIare 1enAcoTBOAAMER nracTH-
not or 6,4 po 22 mm; 6 - npH TOAILHHE Ten
anotond Gogee 22 um ! — tpyGuaraa nn-
cranuHouHnass waiba, 2 — BeHTUAL; 3 — nny-
JKHHA O 3aTSIKKH; 4 — NPHIKHMHBIE MPVAH-

¥l TENJOOTBOAA CMAa3aTh [B CO-  Nb, J— TCMAOOTBOL; 6 — rafka
OMBETCrBHH €  YKa3aHUusSMH
B § 18-5.

2. pn Ttonmune tenaoorsoga ot 6,4 10 22 mm
¢ TosunuHOR MeHee 6,4 mm e npuMeHsiiorcst) o6a GoaTa OPONYCTUTH
yepes OTBePCTHE B MPUXKHMHONW MPYKHHE, [AUCTAHIMOHHHX Iiafifax,
TeMJOOTBOAE W BO BTOPOH mMPy’KUHe, pacrojaraeMod Ha Jpyroft cropoHe
Tem100TBOAA i(pHc. 18-8,a).

3. O6e rafiku HaBepIyTL Ha KOHUB GOJTOB M 3aTeM BEHTHJb yCTa-
HOBMIb TaK, yTOGH ero rubKuil BLIBO{ MOr OBITh JIETKO IMOACOENHHEH
K HYXHOH Touke Ge3 HaTaKEeHHS.

4, 3aTauyTh 00e rafikil paBHOMEpPHO 10 TeX TOop, MoKa BepxiAd
NpHUKMMHAA ITIPYXKHHA He KOCHeTCs AHCTAHUMOHHBIX 1WalHG (TMpH 3TOM
06e TMPYKUHB [ZOJIKYBl BHIIDSIMUTbCS).

5. Y6enquTbcd B TOM, 4TO THOKHII BBIBOA MOXKeT OBITH [10/1CO€/HHEH
K HYXKHOH TOuKe 0e3 HaTsxKelus

6. [Ipun ToamuHe TemaooTBoAa Gosee 22 MM NOPSIAOK MOHTaXa
aHanornyed ¢ TOH JUlIb pasHuuell, YTO HCHOAb3YETCH TOJABKO OfHA MPH-
xkuMHasi npyxuna (puc. 18-8,6). Ilpn TakoM cnocobe MOHTaXKa TemJo-
BOe COMPOTHBJIEHHE M1y KOPIyCcOM, HMEIOUHM JuaMeTp MJIOCKON
yacth 48 mMm, u TenncotBogoM He nupesHmaer 0,08 epad/sr (c npu-
MmeHeHneM Kpemuuitoprasuyeckod cmasxu DC-3 wgm DC-4).

(TennooTBOIb
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18-4-6. MoHTaX THPUCTOPOB C HAKHUMHBIMH KOHTAKTAMH
M ABYCTODOHHMM oxaaxpaeHuem (tuna Ilpecc-Iak)

B 1966 r. dupma xenepan 3Ssacktpuk paspabortana THPUCTCPHE
tuna [lpecc-ITak, KoHCTpykuusi Kopmyca KOTOpPHIX (pic. 18-9) kopen-
HbIM 0GDA30M OTANYAETCH OT MCNOJB30OBABIUCHCA paHee.

[Tpu6oper tuna Ilpecc-TTak UMEWOT BHYTPEHHHE HAKHMULE KOH-
TakKThl, H NPH HX MOHTaXe LeOOXOJHMO NPUKJIAIbIBATH BHELIHEe AaB-
JIEHHC, KOTOPOE 3aTeM OCTAETCH, NPH ITOM HCOOXOZHMbBIT 37eKTPHICCKHIL

H TENJOBOH KOHTAaKT MeX/Y 3/1eMeHTaMu BeH-
THNA TIOJAAEDPHKHUBACTCA 33 CUEr CKHMAIOLLEro
YCHJIHS, NOJAYYaKILErocss 0pH MONTa}Xe NpH-
Gopa Mexay AByMs Teniootsogamu. Koueu-
HO, BO3MOXHO H OJHOCTOPOHHEE OXJaKjpeHHe,
KOrZa ¢ OfHOH CTOPOHBI BEHTHJS pa3Meliaer-
Cd TemJOOTBOA, a C JPYro#l — ynopuas mJa-
CTHHA.

Bedrunuw tHna C350 u C380, nokasan-
Hple Ha puc. 18-9, noamuul 6bITH IpH MoOHTA-
e CKaret yeuaueMm 01 320 o 400 xec. Ten-
JIOOTBO/IB TOMKHEL GbITh CTPOTO MapasiesbHbl
OXJtaXKalollAM  MOBEPXHOCTSIM  BEHTHJel H
JAOMKHBL MMETh TaKYl) e 4HCTOTY 0o6paboT-
KH, K&K H 3TH MOBEPXHOCTH; /i [OC/AeA-
HHX JIONYCKaloTca neposHocTH Medee 0,0076 mm. Jns noayueHus mapan-
JETbHOCTH DEKOMEHAYeTCsT TMPHMEHSTh IIAPHHPIBIN 3aXKHM, HanpuMep
ABYXTNPYXHHHBIH 3aXUM C HAXKHMHBIM BMHTOM, COOHPaeMuiii u3 cmeiyi-
anbio paspaborannbix dupmolt xxenepan DNeKTPHK KOMIJIEKTOB gera-
geft, Oaun U3 TakKHX KOMIUJIEKTOB MoKasaH Ha puc. 18-10. 3a cyer
MCMONbL30BAHUS JABYX NpPYXKHH 00a TEMIOOTBOAA HOABEPraioTcs TOJAbLKO
CXKaTuio, HO He cKpyuusanulo. CTArMBawllHe Tafiku npu He3aTAHYTOM
HaXXMMHOM BHHTE HaBOPAYHUBAIOTCA OT DYKH Ha WINHJABKH A0 ynopa WX
B HajeThle Ha WINUAbKY H3OMALHOHIBIE TPYOKU. 3aTeM HAXKHMHBIA BHHT
BBOpAyMBaeTCcsl OT PYKH 10 yIOpa M OKOHYATEJNBHO 3ATSTHBAETCH TOpILe-
BbHIM KJIOUOM Ha onpejelendHoe YucJo 000pPOTOB. IDTHM oOecrneyuBaeTcst
HeoGxoauMoe CxKaTHe. Bkuampllll, B KOTODHI WIADHUPHO YRUpaeTCH
HaXKHMHBII BHMHT, 00eCriedHBAET DPaBHOMEpHOe paclpefie/leHHe NaB/eHHS.

4
4

RPN ¥4

Puc. 18-9. Benrtuab
tuna Tlpecc-Tlak (ce-
puu €350 uan C380)

1

% Puc. 18-10. MoHTax BeHTH/A
A tuna Ilpecc-Tlak ¢ ucnonwb3o-
5 BaHHEM Habopa Aeraneit
6
7
8
g

]

tbupmot I:xenepan DJICKTPHK.
I —ra#ka '4-20 (2 wr); 2 — npy
HHHa ¢ raflkKol I HaKUMHOrO
BHHTA; 3 -— HaXHUMubIl Bunr 4 —
H3ONMALMOHHAA TPy6ka (2 1T);
5 — ynopupit RKJAagbim, 6 -— H30-
JASILHOHHAA NpPOKJAagka; 7 — Tel-
JOOTBOA W BBIBOJ; &8 — BEHTHNL;
9 — renmnooTBOA H BHBON: [0 —
npyxuna; /{/—rafixa '/, 20 (2 wT.}.
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Puc. 18-11. Ilpumepnl HempaBHJbLHOIG MOHTAaXKa BeHTHJEH
tuna Ilpecc-Tlak.

I — upyxkuHa ¢ TafiKoll; 2 — wakuMHBI® BUHT, 8 — ynopublft BKJa-

Ablll, 4 — H30NAI'UOHHAsS] MPOKJAJKa; § — TENJOOTBOMN H BHIBOX, 6 —
BeHTHAL; 7 — MPYKHHA.

Cxemaruueckoe nzobpaskenne Ha puc. 18-11,a namocrpupyer #aru6
TJIOCKOTO OXJIaJHTessT, BO3MOXHBEIH B ciydae MOHTaxa 6e3 BTOPOH mpy-
wuHbt, Uso6paxenne na puc. 18-11,6 cooTBeTCTByeT BO3MOXKHOMY HpPH
MOHTa¥e 0e3 HaXXKUMHOrO BHHTA CJy4Yalo KOTJAAa [JaBJjelHe IPHKIAAbI-
BAETCA K BEHTHJIO HepaploMepHo. B 3ToM cayyae mae oueHb He(ObL-
Hioe paajuuve B 34TSKKE [BYX Taek MOJXKeT INDHBECTH K 3aMeTHOH
HEpAaBHOMEDHOCTH B DacClpeje/IeHUH AaBJelHs

ITpu paGore ¢ sentuasmu tuma Ilpecc-ITak HeoBxoxumo cobmorarh
HEKOTOpHIe Mepbl MpemocToporkHoctd. [lasenus BeHTHNeH, a TakXKe Apy-
THE pes3KHe BO3MEHCTBHS MOTrYT BBI3BATh TNOBPeXJEHHE KDPEMHHEBOrO
IACKa M BHIXOA BEHTHJsl M3 cTPost. 3a3yOpHHBI, BMSATHHEI H ADYTHE IO-
BpEeX/eHHs1 KOHTAKTHBIX NOBEPXHOCTEH MOTYT 3aTpPyAHAThL OTBOJ TemJa
W TPHBECTH B KOHEYHOM CueTe K TeperpeBy BEHTHIBHOrO 3JIeMeHTa.

18-5. CMA3KA KOHTAKTHbBIX ITOBEPXHOCTEHM

KoHTakt MeXnay ABYMS MOBEPXHOCTAMH THOCJe CXaTHA MOXKeT
HMeTh BO3/yLIHble BKJIOUEHHs, OOYC/JOBJEHHbIE HeH30eXHBIMH HepOB-
HOCTAMU TNOBepxHOoCTel. Tak Kak BO3AYX fB/AsieTCs OTHOCHTENbHO MJIO-
XUM NPOBOAHHKOM TEMJIA, TO YCJAOBHS TeIJONepefayd MOryT OHTb yayu-
IIEeHE], ecaH mepel COeHHEeHHeM MeXKAy KOHTaKTHPYIOIMMH IOBEPXHO-
cTsiMu OyjaeT HaHeceH TOHKHI CJIOH HarpeBOCTOHKOM cMmaskH. B ciyuae
BEHTHJeH, MOHTHPYEMBIX ¢ TOMOIIBIO Hape3KH Ha Kopmyce, HeoOXOXHMO
cleluTh, 4TOGH CMaska He nonaJja Ha pesbly. Heo6xonuMme Takxe GHITb
YBEPEHHBIM B TOM, YTO B CMasKe OTCYTCTBYIOT TIOCTOPOHHHE BKJiOue-
uMsl, HanpuMep BOJOCH OT KucTu. C BEHTHIA M APYTHX 3JEMCLTOB He-
06X0QHMO yAaJHTh M3JHLUIKK CMas3KH, TaK KaK B HHX HAaKalJHBaeTCs
rpa3p. B rta6a. 18-1 nokasaHo cHMXKeHHME TeNJOBOTO COMNPOTHBJCHHHA
MEX/Y BEWTHJEM M TENJIOOTBO;IOM 32 CUeT NpPHMEeHEeHHst HATPeBocTOfikaX
cmasok «Ilenerpoke» (6 Bepxmux cTpok) u DC-3 wmm DC-4 (wmxuss
cTpoka). MeXAYy KOHTAaKTHBIMH NOBEDXHOCTSMH BEHTHJS H TeN00TBOAA
1A yMeHbUIEHHS TellJIOBOrO CORPOTHB/EHHS MOrYT TakiKe MOMellaTheH
NPOKNAJKH H3 CBHHIUA HAH OJOBSHHCTO-CBHHIOBOTO Cl/aBa.
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18-6. SJEKTPUYECKAS U30JALHSA KOPNYCA BEHTHJS

OT TENMJIOOTBOJA

Bo MHOrux cuyuasx KenaTegbllo 5JCKTPHYUECKH HM30AHPOBATH Kop-
NyC BEHTHAA OT Tennoo1BoAa. Hast sentusen manofi M cpemgueil Mol

HOCTH, MOHTHUDYEMbLIX C NOMOUILIO
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Pne. 18-12. 3asncumocts mnepe-
naga TeMIeparypsl MeXiy Kop-
nycoM 1 TEWJIOOTBOAOM (Menb
76XT76X32 mm) O or pacceu-
BaeMoil MouHocTH AP w cmoco-
6a KpensieHds] BEHTHJS C H3OJH-
pyomel NpokaaixKoi.

1/ — smokcunHas cMona, 2 — npumoi
{ITOC-40); BeO-—npokaaaxa u3 BeO

Hape3Ku Ha Kopryce, BbIMYCKAOTCH
rorosble Habophl H30IHAPYIOUWKX 1PO-
KJ1aOK ©3 CJIOMbI HJIH (CTEKJIOMN/id-
cruka rtoamuuoi 0,075—0,125 mam.
Takue mpoKIAIKY, HICOTaBJMBAEMblE
8 BHLe wWaib, CO3TAIT JIeKTpUye-
OKYIO H30JI7LMI0 MEXKIY WBYyMs J10-
Bap XHOCTAMM, ofecreysiBas OLHOBpE-
MeHHO mepejauy MeXAy HUMH Tell-
aa. W3 taGm. 18-1 suiHO, yTO TeN-
JIOBOE CONPOTHBIIGHHE KOHTAKTa 1pH
HCOMOAb30BAHUM  H3OJALMH  MOXeT
s osbiciThes B 10 pas. Hekoropoe
yMeHbIlIeHHe TemJoBOTO CONpOTUBJE-
HUS MOXKET ¥ 3JecCh “aTh {1pUMeHe-
Hee '0Ma3Ku, HaHocuMol no obe LTo-
POHBL CJIIOHBL.

Honbitasas  oxdacn  Gepuimis
(99%) B KavecTBe 3MEKTPHUECKOH
Y30/UMHM T0Ka3a1d, YTO 3TOT Mare-
puaj NpeBOCXOIHO MeDeNaeT Tellio.
Ips M3ouALMY BEHTHIA, Hape3aHHas
yacTh  KOpIyca KOTOPOIO  HMedd
peanly /2”20, ¢ noMoibio mahb us
BeO < wapyxuemm quaMmerpom 25 ma,
BHYTpeHHMM 13 MM n  ToammHON
32 mm TenaoBoe CONPOTHRJIEHHE
MEKULY KODIMYCOM BEHTUAA M peGpoM
paguaropa Obwro pasHo 0,14 2pad/sr.
Tlipumenenne cMaswm «IleHerpomc-A»
Ha [BCeX KOHTAKTHBIX [TOBEPXHOCTAX
IPUBENO K ICHMKEHHIO ITOH BETHYH-
gl o 0)1 epad/er.

Jucku u3 oxucu Gepuanus Tax-
Xe BBITYICKAIOTICH TOTOBBIMH € Ha-
HECEHHLIM MeTa/VM3dDVIOIUM  [1O-
KPBITHEOM HA OMHOH MJIM OGedx CTo-
ponax. Takoe mOKpEITHE TO3BOJASET
NpUNAWBATE  WIOJNHDYIOWMA  JAHCK
K XOPMYyCY BEeHTHJS WA K TeIJACOT-
BOgy WM K ‘obouM iopasy. Taxas
TEXHOVIOTHS  OCOBEHHO TIOVIe3HA 1B (CITy-
yae BEHTWVIEH C [JIOCKWM OCHOBA-
mMeM KOprnyca, HaDpHMep, mpeyHa-
3HaYeHHBIX I MOHTAXKa [IyTeM 3a-
npeccoBkd. Ha puc. 18-12,a mnoxa-
3aHbl 3aBHCHMOCTH Mepenana TeMre-
PATYPH MEXEY KOPIYLOM M TemJIo-

OTBOWOM OT pacCeBaeMON MOLLHV-
¢ AJs Tpex «mocoboB MpHKpere-
H¥1l TAKOPO IBEHTHJISA, (IOKA3aHHbIX HA
puc. 18412,6; wa 3TOr0 pHCYHKA
BUJHBEL  3HAUMTENbHBIE  MpesMyIle-
CcTBa KPEJIEHHS ¢ mOMOIIbI0 ABY-
CTOpOHHEH maiKky.

Iai6ul 1 muckd @3 oxvicx Oe-
pusIHs SIBASIONCS OTHOCHTCILHO JO-
DODHMI M3 deusve, ocobetiio ecn
oHM WMeloT §oabluHe pasMephl, 3a-

paHee ompefeenuyw HhopMy HIH

TOCTABASAIOTCA  MadbiMd  TapMHAMH. Puc. 18-13. MouTax BeHTHAS HA
OyHaKo OKOHMATEIbIbIT  BBIBOYL 00 HDOMe)KyTOIIHOl‘:l IJiacTHHE, [130-
HX SKOHOVIHYIIOCTH  MOXer §hITh NUPOBAHHOKN OT TEMJOOTBOLA.

OEeVIaH JIMMIb TOCAe THLATEALHOIO H
BCOCTOPOHHENO  COMOCTABJIGHHMS X
¢ APYMMH H30JHDYIOLIMMH Heradis-
ma. (Cranmapriple maiber 43 BeO
pasHBIX Pa3MepoB MOTYT NOCTABJSITHCA PSITOM QHPM.

[Ipu npyrom Mmerode HM30AsMH K KOPIYCY BEHTHJIA HeNecpe,ict-
BeHHO mnpHnanBaeTcs HeboJblliasi MelajsHdyecKas IJIaCcTHHA, KoTopad
JareM H3oJupyercs OT TemjoorBoaa. lla puc. 18-13 tako#t cnocob no-
KasaH Jjia BeHTHJeH ¢ IJIOCKHM OCHOBAHHeM XOpmyca, HOpMaJsbHO MOH-
THPYeMOI'o IyTeM 3alpeccoBkd. THPHCTODP cHavaJaa npmAasgH K NJacTHHe
(uMerolieft, Hampuvep, mioua.i 20—25 cx?). IlpunanBanue JOMKHO
NPOH3BOANTbCA OpH TeMneparype Hiske 200°C, Hampumep, mnpunoeM
TTOC-40, umeomum TeMnepatypy mJaabjcHus 180°C, wuau mpumoem
37,5% ceuHua, 37,5% ouaoBa u 25% MHIMA, UMEOIUM TeMIepaTypy
miasjednsa 150° C.

3aTeM BeHTHNL B cOope ¢ nacTHHOA KpemuTcss K TENJIOOTBOAY
(wnu K maccu 6/0Ka) ¢ NOMOIBbI OOMa3aHHOM 3MOKCHAHOK CMoJOH
JIEHTBI, HAlpRMEp M3 CTEKJNOBOJIOKHA, MMEIOTCs, HanpuMmep, 3apaHee o0-
MasaHHble 3MOKCHAHOH CcMOJIOH JeHThl ToaluHOH 0,025 MM, cBepHyTbHle
B pyJoH. TosluHa 3NMOKCHIHOrO MOKPLITHS (Iocje 3aTBEPAEBAHHA ChO-
Jbl, MPOMCXOAsiuero npu Temneparype 120°C B Teuenwe 3 4) c obeHx
CTOPOH JIeHTHI moayuaercst mo 0,05 mam. Ilpn ommcanHoMm cnocofe MoHTa-
®Ka TemIo OT KOpryca BEHTH/s Nepeaaercd CHauaja OTHOCHTENABLHO (o.b-
Wofl MJacTHHE U yiKe OT Hee NPOXOAUT uyepe3 cJIOH M30AAUMH. ITO
yMeHbIIAeT NOJHOE TEIVIOBOe CONPOTHBJEHHE TAKOH CHCTEMBI.

HssecTHnr u jpyide crnoco0bl MoNraxKa, OCHOBAaHHBIE Ha IPOCTOM
NPHK/JEHBAHNM BEHTHJCH 3MOKCHIHOM CMOJOH (uacTo ¢ HamoJHUTEseM,
HallpuMep CTEeKJSIHHLIM TOPOUIKOM) HEIOCPeACTBEHHO K TEIJIGOTBOLY
HJIH Ha TNPUKJEHBAHHK Yepe3 U30JMPYIOULYI0 npoknaaky. Tak kak mnpu
TAaKHX cnocoBax CO3fAaHHA H3OJSIUMM TelJOoBOe CONPOTHBJEHHE 3aMETHO
BO3pACTaeT W TNPHXOJHUTCS CHMBHO CHAXKATH HarpysKy BEHTHAeH 10 TO-
Ky, TO 9TH CIOCOObl HeJb3si PEKOMEH,[0BaTh MJA CHJIBHOTOUHBIX THPH-
CTOPOB.

18-7. PACUET OXJAXJIAIOWHKX PAOHATOPOB

1 — npunof; 2 — merajaHyeckas nJja-
cTHHAa; & — uzonanus, 4 — Tenaoor-
Boj (wau 1maccH).

HauBosee npocTbiM cnocofoM — OXMaXAeHHST THPUCTOPOB Pa3HOR
KOHCTPYKIMH, 3a HCKJIIOYEHHEeM MOHTHPYEMBIX Ha BBIBOJaX WJH TalJe-
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TOUHOTO THId, fBAAEICS MOHTAXK HX HA MElaJJIHUCCKHX 0XJIdARAIOLUHX Ta6auuma 18-2
pajanaropax B Bule IVIOCKHX lutaciny. lemso, BBIEAsicMoe BeJeaCTBHE
3NEKTPHYECKHX TOTEPh B p-n-p-n-CTPYKrype, NPOXOAUT B 3TOM CJydae
uepes Kopnyc, oT Hero nepejaetcs K OXJaXAalolled maacriiic W 3arem CrvsoA Onpepenenne PasueprocTs
paccenBaeTcs B OKpyXKaloulylo cpejy 3a cuer DPAAHALKH H CCTECTBEH- —
HO#t KGO NPHHYAHTENBHON KOHBEKIHH.
A [Inomaab moBepxHOCTH pajnaTopa (MaM OAHOM miac- cm?
-7- THHEL
18-7-1. OGumue Bonpochl ) 6ok
c Tennoemkocts ey
Tak Kak npoueccH TEMNJOOTAAuH TIOCPEICTBOM DAAMALHH H KOHBEK- Ke-2pa
IHH MMEIOT COBEePUIEHHO pAas3JHYHBI Xapaktep, To Ko3pdHUHeHT Ten- am
J00TAa4H A s KaXJOro ciaydyast NOJKEH paCcCUllTBIBATLCH CAMOCTOSI- k| Koadduuuent terionepenaun it 2pag
teqbHo. Onpejesenne MOMHOMO Ko3(QULUMENTa TENNOOTAAYH OXJIaXKAAI0- 4
el MJACTHHBL JIOJKHO TPOH3BOAMTLCA ¢ YyueToM KosbduuueHta ee sm
3G (EXTHBHOCTH 1) ¢ TOM HJH APYroil crenenbio NpuOAHaeHns [loabiil k Tennonposoauocts cM-2pao
TeNJIOBOH TNOTOK WM TOJHAA TENIOCTAd4ya OT IUIACTHHBL pafHaTopa
B OKDYIKAIOUIYI0 CPefy MOTYT G6biThb BRIpaMcHbl GOPMYIoit L | Pasmep mnactusel pajuatopa (B OUpPeAC/IeHHOM Ha- cu
TIPaBJIeHHN )
P ITorok Temta (oTAaBaeMast MOLIHOCTb sm
P = hAx@, (18-1) R, | Temrosoe COl’Ip(OTHBJIeHPIe ) 2pad/sm
T | Temmeparypa C
rae h — cyMMapHblfi KOSGHUHEHT TeniooTAaun NAacTHHLI 3a cueT pa- s | TeMmeparypa NOBEPXHOCTH TEMIOOTBOAAINETO S/@MEHTa QC
AHaluH W KoHBeKuHH; A — [WIOIAAb OMIAXKAAIOUIEH NOBEPXHOCTH; M —  Jowp | Te€MIeparypa OKpymaromefi cpesst C
k03¢ uUHeHT 3()DeKTHBHOCTH HCNONb30BaHMA IJACTHHBL  PaiHATOpa; v Cropocts BO3Ayxa ] HuH
© — pasHoCTb TeMmepaTyp MeXAy HauGOMee ropsveil TOUKOH IIACTHHEI e Koappunuent nyuencnyckanmsd —
M OKpYXaiolleit cpeod. M dddeKTHBHOCTE HCHO/IL30BAHUA PAAHATOPA o
B tabn. 18-2 npuseseHu GykpeHHble 0603HAYEHHS BEJAHUHI, HC- ‘@ | Ilepenan temmeparyp c
MoJb3yeMBle B fajibHEHIEM ONHCAHUM, © HX DPAa3MEPHOCTH.

KpaTKoe paccMOTpeHHe KaXjoli M3 BeJMUMH, BXOKAUHX B ypaB-
HeHHe (18-1), no3Bonser BHIABHTL (AKTOPBI, GT KOTOPHIX 34BHCST 3HA-
YeHHs! 3THX BeJHudH. [IpHBOJUMBIe NMPHMepH OTHOCATCS K DPaaHATOpaM
OLHHX H TEX € PasMepoB H K OJUHAKOBLIM TEMNEPATYDPHLIM YCJCBHSIM,
TdK YTO YHTATeJb MOXeT CPaBHHBATh OTHOCUTENLHBIE BJHAHHS KaXA0To
U3 akTopoB Ha o6GUINHA OTBOI Tenaa.

Heo0xoauMo 10JYePKHYTh, YTO HCUOJb3yeMBIE COCTHOMUIGHHSI HOCTa-
TOYHO TOYHbI, €CIM BBINOJHSAIOTCS YCJIOBHS, JJsi KOTOPBIX OHH BHIBEJE-
Ho. OfHaKo npakTHYecKHe YCJAOBHS OYAYT OTK/IOHATbCS B H3BECTHON
CTENEeHH OT MJealIbHBIX YCNOBHI BCJEACTBHE JIOKAJABHOH TYpGOYJEeHTHOCTH,
HBHXKEHHSA BO3XyXa OKOJO pajfuHaropa H3-32 HaJH4YHSl MOHTAXKHBIX Je-
Tajedl 1 NPOBOAOB, BCJEACTBUE OTBOAA TEMJIA MO 3JEKTPHYECKHM MNpO-
B0/1aM, HaJMYHA CMEXKHbLIX UCTOUHHKOB JYUHCTOrO TeIa, HAAMYHS BOC-
XOASIIUX TOTOKOB BO3AYyXa, 06yCJOBJIEHHLIX PACON0KEHHBIMHU BHIILE HIH
HHXKe HarpeThiMM fAetansaMH K cuacrblo, GOJBIIMHCTBO 3THX AONOJ-
HHUTENbHBX (aKTOPOB YBEJHUYHBAET, 4 HE YMeHbIIAeT Teonepesauy.
flosToMy Ha CTaaHH NPOEKTHPOBAHUA OHH OBBIUHO HE NPUHMMAIOTCH BO
BHHMaHHe, 33 HCKJIOYEHHEM TeX CJyuaeB, KOria HeoOXONHUMO NONYHHTh
Hanboslee TOYHBIE Pe3y/AbTATHl ¢ YYETOM yKasaHHmX (aktopoB J[laxe
nocne HauGogee TINATENBHBIX DAacyeTOB MHOTHE TOYHO BBIUHCAEHHBIE
3Hayenusi TPEeOYIOT BHECEHHS 3aMeTHBIX HOTMPABOK, UTO OCYLIECTBJISIETCH
nocjie H3rOTOBJEeHHs NpoToTHma. OKOHUYATeNbHBIM KpHTepHEM 3p¢eKTHB-
HOCTH OXJI2XKJleHHsl pajuaTtopa fABJAeTcs ero TeMmneparypa B TOUKe
OKOJIO KOpNyca BeHTHJAs JHOG0 TeMAepaTypa caMoro KOphyca BeHTHJA,

KoTOopas He MA0JKHA IPEeBLIIAThL AONYCTHMOTO 3HAYEHHUsd, OroBOPEHHOro
U3rOTOBUTENEM AN AAHHBIX yC.HOBI/IfI HarpyskH.

18-7-2. Hanydenue

Has peGpucroro pajgHatopa C NOBEPXHOCTHHIM KO3(G(UUHEHTOM H3-
ayuenns 0,9 wnu Gosee npu Temnepatype po 200° C kosbduumedt Ter-
JIOOTAAYH H3JIyueHHeM H, MOMKeT GBITh BBIUHCIEH NPHOJIMIKEHHO TC Cle-
AYIOIEeMY BBIpaXKeHHIO !

Te 4T

3
hp =0,23.10-1% (1 —F) (—2—“1]—}-273) , emjcm?ozpad,  (18-2)

rie & — OTHOCHTE/bHBIl KO3 QHIHEHT ayqercnycKanna (cM. Tabm. 18-3);
F — Koath¢uuuenT 3KPaHUPOBAHHs, OOYCJNOBJEHHBA HajguuyueM [akKera
pebep (mast oraenpioro pebpa F=0); T;— TemmepaTypa NOBEPXHOCTH
oxaaxaamomux pebep, °C; Towxp — TEMNEpaTypa OKpyXKawoomeft Cpefd,
0,

1 dto BbIDAXKEHHE MOXET OHITb HOAYYEHO H3 coornomenn (31-3) u (31-90)
B {JI. 18-1].
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418 OXMAKIEHUE -
Ta6numa 18-3
KoapdHuunent
NowsepxuocTsb Jy4YeucnycKa-
HHUA, &
AHOJHPOBAHELI AMOMUHHE . . « « o « « v+ v . « . 0,7—0,9
[lpoMbilienAbE anoMunuil (nOJMpoRanHbIE) . . . . . - 0,05
AmomusueBaf Kpacka . . . . . . . 4 o . v o ... .| 0,25--0,67
[IpoMbilLIeHHAR Melb (NOJMPOBAHHAT) . o « + « + + « . 0,07
OKCHIHPOBAHHAT MEAbB o « « & o « & o « o & « & « & 0,7
JIHCTOBAT CTAND « « 2 v v v 4 & o o« s o o o o « o @ 0,66
OManb BO3AYIIHON Cywky (HesaBucHmo oT ugera) . . .| 0,85——0,91
Macystbie Kpackd (He3aBHCHMO OT ugera) .. . . . . | 0,92—0,96
JlaMioBas Cama ¢ MEUIAKOM o« « « « « » o o o o o o 0,9
AK . v h e e e e e e e e e e e e e e o o] 0,89-0,93

B ra6a. 18-3 npuseieHsl 3HAYEHHS OTHOCHTEJBHBIX KC3(QhHUHEHTOB
JIY4CUCTYCKAHUSL TIPH Pa3auyHelx cnocofax o6pabOTKH  TOBEPXHOCTH.
B cayuae oxnamJgeHHA MeTOLOM CBOOOAHON KOHBEKUHH COCTaBJfAKMIAA
H3Jy4yeHHs B NOJIHOH Temjonepefaye BeCbMa 3HAUHTENbHA; TOITOMY Tefl-

he 75+ To/«p
8m bm 5
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EEERNNEREREE NG T
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NN 99007 3
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@ a3 061 2 346710 203050 em o 4
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O 34885/ ¢ 4ess Lo e sy
a9 1 7 3 456 B10 15 2025 ca ARACIIMHAMU

Puc. 18-14. HomorpaMsa nist onpefeneHus koadgulueHTa Tenso0Tayu
fyTeM H3JAyYEHHS.

JONEPENAuY 33 CUET HBJAYYEHHA IKENATeNbHO NOBECTH N0 MaKCHMyMa
NyTeM OKPAaCKH MM AHOAMDOBAHMsS MOBepXHocTu pedep Ciaenyer or-
MCTHTb, YTO MacJsiHble KPackH HE3aBHCHMO OT LReTa LOBOIAT OTHOCH-
TebHBH KOYPQOUIMEHT JyuencllyCKanusd NPAKTHYECKH A0 WAERJILHOTO
ypoBHsa (eguHHuua).

Ha puc. 18-14 ypasuenne (18-2) mnpefcrasieno B Bume HOMOrpaM-
MBI, TMO3BOJAMOLIEH ONPEACAHTh A, ¢ Y4€TOM 3KpaHHpylowero AelcTsud
COCeNHUX oxnamjalomux pebep. C yMeHbIUEHHEM PACCLOAHUS MEMKLY
peGpamu spdeKT 3KpaHHPOBAHMA CIAHOBHTCS OOJCE 3aMETEH H Teilio-
nepenava 3a CYer PafMAlHKM YMeHbludercs. IlocnenopalesbHOCTh nelf-
CTBHK IPH NOJIL30BAHMH HOMOrpaMMoOil ykKajaHa uumdpami B KpyKRoukax
OKOJIO LIKA.

Ipumep ucnonvsosanus vomvepasmer dasn onpedesenun KospPuguenra h
N
Il.auo. Maxker COﬁde H3 KBaJApaTHBIX OXJMAX1AI0IWMX  NIaCTUn pasMepom

3X3 nwofiMa (7,62X7,62 cM), paccroshue MEMIY TiacTuHAMH 1 miofim (2,54 cm);

;eMFO%ezgypa Okpymawliedi cpeast 40° C; remmeparypa HNOBePXHOCTH pPajnaro-
a N

3anava. Ompenenuts ko3DPHLHEHT TEIVIOOTHAYH H3JAyYeHueM hr H oreon
Tema 3a CYET HIAYYEHHS P,, MCXONA U3 JONYWEHHS, UTO kospdunnent shdek-
THBHOCTH HMCTIOIL3OBAHHS FUIACTEH PaBeH enmHule {(cM. § 18-7-5).

Pemw *nue. BuyHcasem

7= Jet Toxp _ 100440
ep — g - b

= 70°C.

M3 voMorpammmi, cylenyda N0 NyHKTHpHOR JAHHHH, HAYHHaoWeAcd co HIKaAk! i,
TPH YKA3aHHLIX BLIE YCAOBUSIX HAXOLUM:

. h,=0,0024 sm/0win2 epap = 0,00038 smjcm-epad.
BaTtem
P, =h,A8}= (0.0024 gm/dioam®-2pad) ($xX3 moAMIX2 CTOPOHK) X
X (100—40° C) = 2,6 sin Ha pedpo,
HJIH
Pr == 0,00038 (7,6.7,6) 2 (100 —40) = 2,6 sm na pe6po.

Jas oTReNbHCR MAACTHHB NPH TeMuepalype OKpyaioliell cpenn 40° C noay-
gaem: h_=0,0004 sr/dr0im? - 2pad=0,00085 ar/cu’ - epad (cornacHc JHHHH HA HOMO-
Tpamwme, HaunHawuleica oT kpy:kxa ¢ undpoli 5) Toraa

P, =h,48 = (0,00085) (7,6.7,6-2) (100 —40) = 5,8 sm_Ha peSpo.

18-7-3. CroGonnasi KOHBEKLHs

Jl1s BepTuKa/bHLIX NMOBEPYHOCTEH, OKPYXKEHHBIX BOSLYXOM W pac-
TNOJOKEHHBIX HA BBHICOTE YPOBHSL VOPS, MPH TEMNEPaType NOBEPXHOCTY
o 800°C xosduIHeHT Temnooriauy CBOGOIHON KOHBeKHMEN /. MO-
Her ObTb oNpeleleH 1o CJCAYIOIEMY BEIPaKeHHIo, KOTOPOe Mpelno-
SiaraeT JAMHHaPHOCTh ABHMEHHS OXJaXKAAIIEH cpelHl.

Lt/ @ \0,25
h,=4,34-10-‘§(—L—> s 8m/cm®-2pad, (18-3)
Tae © ~—pasHocTh TEMNEPaTyp NOBEPXHOCTE W OKPyXawmeh CcpepH,

°C; L =~ BepTuKaaRHas GjauHa pebpa, oM.
076
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———f E ! 2 4 6810  mswc gymob
50 0,0007% T wmeremw_ 7 Bsicoma
3 43
3 LR Pic 1816 Buausuue BbicOTH Haf
40 10,004 3 ypoBleM MOPH lid Tennonepenavy ne
E 000061 wt 4 CPe.ICTBOM CBOBOAHON KOHBEKLHH
3(7-3 - : 5 Pewenue
b 00005-, E e = T.—Tokp = 100 —40 = 60° C,
i L l&{}ﬁ L =23 mofiva (7 62 cu)
: 0,008
20 :”7 C novolllbio HOMNrpaMMel HAaXOAHM (MYHKTHPHAS JIHHHA )
] 00004_: 20-'; 8 k=0 00165 sm droum? epad =0 00072 em cm? zpad,
] | :~9 P, = hcAG = (0 00072 gm cm2 2pad) X (7 6X7 6 pofiM?) X (2 cTOPOHB!) X
L 25 :';0 X (100 —40° C) =5 gm
- 17
] ] MJ{’Z Ha puc 18 16 nokasauo padsiHue BBHICOTH! HAj }POBHEM MOpS Ha
10 [ ;,’Z hoa(duUHeHT Tenjonepetaud 3a cuer cpoGOAHOH KOHBEKUHMH Ajs IJja-
0,002 £ craH ot 1,25 10 60 cu ua ciopon
20003 15 A poiy
Puc '8 15 Homorpamma amaa onpesenedns xoadhdu

UMEHTa TENJOOTAAYH BEepTHKAAbHEIX HJACTHH NpPH CBO
601HOH KOHBEKLUHH BO3JyXa Ha BHICOTE YPOBHA MOpS

310 VpAaBHEHHE OCTAeTCs BEPHHIM 10 PACCTORHUE Meway pe6pamu 1io-
pRAKa 1,25‘4/L Ha puc. 18-15 upeacrasnena HomorpaMma I peue-
Hust ypasHerus (18-3)

Tlpuwep  ucnoavsosanus hovoepammor Oaa onpedenenus h, npu c80600H0il KOH
sexytiy

Jdano KgpaapaTtuble oxaaxkiatomue HaacTHuni 3X3 nwofima (7 62X762 cm)
TeMuepaTtypa OKpyxaiollie#t cpeant 40° C, TeMnepaTtypa noBepxuocTu pe6pa 100°C
3agaua Ornpenesuth ko3ddHUMenT TennooTAaunm cBoGoAHOA KoHBeKnuefl A,
H NOJHYI0 Tennomnepefayy 3a cYeT KOHBekUuun P, MCXOARA u3 JONYILeHHA, 9TO

!;OB;[)?;I)L(HE‘HT 9bPEKTHBHOCTH HCMOABL3OBAHHA INIACTHH DaBeH eARHHIe (cM:
18-7 2).

18-7-4. IpunyaurensHas KOHBEKUUS

Ec/n BO3LYX nepeMelyaeTcsi OKOJO OXJAaXJaOLIMX MIIACTHH 32 cyer
KaKoro qu6o BHellero HCTOYHHKA, HANPHMEp BEHTHAATOpA, TO Tem.Jo-
nepefiaua YCHIHBaeTCs ¥ KO3(PQHUHCHT TemiooTAaud 3a cUeT KOHBEeK
HUA MOXeT Oblib Buipayken npuOTH3NTEABHO CAENVIOLUM COOTHOINC
HUEM

hg =5,2 ]/%-10-*, 8m cm2-2pad, (18-4)

rne v — JHHelHas CKOpPOCTh CBOOOTHOM CTPYH BO3AyXa Yy HOBEPXHOCTH
nnacTuy, M/munw L — nauna nadactdHbl, [apajienibHofl NOTOKY BRO3-
ayxa, cm

D70 ypaBHenue ocHORbIBaetcst Ha JaMuHapHoM (HerypGyneH1HOM)
ABMMEHWN BO3INYAA, kOTopoe Hafmojaercs npu Asuwe o L= cfv, rae
¢ TpencTaBAfeT foCTOSHHYIO, 3HAYEHHA KoTopoft npuseseHs n 146 18-4
A8 PAaaNUYHBEIX TEeMNepaTyp BO3ayXe



499 OXJIAXK AEHUE PACHET OXJAXIAIOWMX PALMATOPOB 423
§m__h, 6m TaGnuma 18-4
© Q 20
(ﬁ/ﬂlm{)z- ) em*C Temmeparypa .
0.09 BO3RYX2, °C B c-10
L v '

Hroix cae 10004 25 2,95 4,85

204 50 Dym) 55 330 588

] MUK COH 85 3,66 6,82

Y40 I3 1 125 3,91 8,25
15 -] 5000 125 ’ ’

5 . . 0.92 | p 003 150 4,09 9,16

I 3000 +15

1 lipumep ucronssosarus nomozpanme. Oa8 onpederenus h, npu npunydulessHoi
10 2000 + 10 KoHBeKyuL
8120 E 075 Hdano. Kpaapatuble nmaactunel 7,6 -7.6 €M,  CrODOCTE  Bu3AyXa U=
7] 100035 =300 pyr/mLr=15 mjcex; TeMmmeparypa BO3LyXa Toxp=+40° C, TemnepaTypa mo-
5 80034 F0,002 sepxHocTn panuarcpa T,=100° C.

p 60013 F 3apnava. Onpepenuntbh Ko3bGHUHEHT TEMJOOTLAYH NpPH TNPHHYIAMTEJALHOH KOH-
5—_ 500 + o BeKUMu I, ¥ TOAHYIO Telloflepejlauy aa CYeT KOHBEKUHH P, UCXONA u3 gomylie-
4 T+ _ - HHA, 4T0 K03bhdiuutedT 3dPEKTHBHOCTH HCNOJNL30BAHHA NAACTHHLI DaBeH eAuHHILE.

JooA--"~ 0_0/0___000]5 Peuwenne ¥Ma nHoMorpamMer nosyvaeMm (NyHKTHpHAS JIHHHA):
3 g m-" - 20017 000‘9; 0'00’4 he=0,011 em/diodn?-2pad = 0,0017 sm/cuizpad.

Ei " 300015 Toraa

E Y wodos 0,008+ g,0012 P, = h,A® = 0,0017 (7,5:7.5) 2 (100 —40) = 11,8 em,

3 T4 1~
21’5 3 0’007_-'0,00,7

14 505L0,2 to,0010 18-7-5. ek THBHOCTb UCNOAB3OBAHUS

i’ @ 0.006 4 p o009 NJACTHH pajgnaropa
" 0,005:0’0005 B cayuyae HCHOJMb30BAHHUS OXJAAXKAAIOUIMX IAACTHH K3 TOHKOro Ma-

@ . 5’00007 Tepuaja TemMrnepatypa MJAaCTHHE yMEHbLIACTCSA C yJAaJeHneM Or HCTOU-
@ I HHKa Tensia (THPUCTOpaA) BCJACACTBHE BJAMAHUSA OXJAX/eHHa MOBepXHO-
0.00% ;L00006‘ CTH. HOQTOMy pacueTH TenJaonepesaun, noao6Hbnie npuBe1eHHLIM BbIIC

Puc. “18-17. HomorpaMma ansi onpefetenns xosdduuuenra
TenJOOTHAYH TIPU NPUHYIHTEbHOH KOHBEKIHM BO3AYyXa.

Tlpu L>>c/v mOTOK BO3AyXa CTRHOBHTCHA TYpOYyIeHTHBIM H kKo3phu
LHEHT TEIIOOTAAuH yBenuunpaercsi. TypOYJeHTHEIH MOTOK BO3NyXd H
pesyabTHpYlOlilee yJYyulleHHe TelJIOnepefaus MoryT ObITh JOCTHIHYTHL
npH MeHpIIMX 3Hayewnsx L 3a cueT Hanwums Ha MymH BOSAyXa 1poBo-
0B Wi camux BeHThaedl. Oamako ciexyeT YUecTb, YTO A4 CU3LAHHA
TypGynentHoeTH TpebyeTcss YyseawueHHe MOIIHOCTH, sarpayHBaeMofi Ha
NpHBELEHHE BO3AyXa B JBUXKEHHE. MHUHHIMaJbHEIM PAacCTOAHHEM MEXAy

2
NAacTHHAMH MUl YKA3aHHOTO BhIllle CJydYast CIelyeT NpH3HATb BYV1L/e,

rre B rakke sBasercsi HOCTOAHHOR BeNNUMHON, NDHBEJICHHOA B
taba. 18-4.
Ha puc. 18-17 npeacrarjena HOMOTpamMMa, obderyaounias Haxoxle:

uue no (18-4) sesuuuityx A npu NpUHYBHTEAbHOA KOHBEKIHH.

H OCHOBaHHBle Ha JONYINEHHH IOCTOANHOH TeMIepaTypsl BIOJL IdC-
THHBI, JA10T 3aBBICHHbie Pe3YJbTaTEl M AOMXKHH OblThb HCNpaBAeHbl
¢ yueToM XYJAIUMX YCJOBHil Telonepefadyd Ha 6ojee XOJOAHBIX KoHIaX
naacTuHel. [lonpaBouHkfi Ko3$GdHUKEHT Ha3bBaeTcs Kos(POUIHEHTOM
3¢ }exTHBHOCTH WMCNOJAb30BaHUsI NacTuHEl 1. OH OnpejejsieTcs. Kak OT-
HOLIeHy#e TemJa, (AKTHYECKU mepeAaBaeMoro NJAacTHHOH, K Temry, KOTO-
poe nepejgaBasoch OB, ecqH Obl BCS NJAacTHHA HMeJIa TeMIlepaTypy ee
HauGoJiee Harperoit Touku. HauGosee Harperag Touka pacrosaraercs,
Geccnopro, BO/M3KH Ooarta THpiCcTOpa. DPQEKTHBHOCTb 3aBHCUT OT AJH-
Hbl, TOJL{MABI ¥ (OPMBI TJIACTIHB, OT CyMMAapHOro Kos®guiuenra Ten-
JI0OTHAYN MOBEPXHOCTH h==h.+f U OT KO3h(DHUMEHTA TeMJOMPOBOXHO-
ctH k marepuajia niacruusl, Ha ocHoBanMm ypasHeHHs (18-1) moanyio
(GaKTHUECKYIO TEMIONepeauy MOMXHO BBIYHCAMTB, YMHOXHB Ko3hduun-
eHT 3G QEKTHBHOCTH HCONb30OBANMA IVIACTHHL HA CYMMapPHYKW Temlo-
0TAYy NOBEPXHOCTH, KOTOpPast fABjfeTcs CYyMMOH MOIUHocTed, orxasae-
MEBIX 34 CYET PajHalHll W KOHBEKIHMH, BHIYHCAEHHBIX B YKA2alHBIX BbLIE
npuMepax npH 1)=1. Koaddunuenr 35(HEKTHBHOCTH HCNONbOBAHUA
FAACTHHE! MOXKeT OBITb BbIMHCJIEH MNpH IOMOL{I HOMOTPaMMbl, TNpHBe-
nenHol Ha puc. 18-18. TlocaenoBaTenbHOCTh JAeHCTBHi NPH IOJB3OBA-
HHY HOMOTPaMMOll yKasaHa B KPy2KKaxX OKOJO Iuxal.
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Puc 18-18. Homorpavma pas oupenesnenus kosdduuuenra addextusHo-
CTH MJIOCKOH MJ1aCTHHLI PABHOMCPHON TOJLIHHBL

Ipumep ucnorb308anus Homoepammbl 8an onpedeaerusn xostbuyuenta sdhexTus-
HOCTU UCHOAB30BARUN NAGLTUH M

D,BHO. Baok CDﬁPBH H3 KBAajpaTHbLIX OXKpauleRHLIX anNiOMHHUEBLIX nAacCTHH
3%3 niofima (76X7.6 cM), Kaxaas 1oaulHHOR /g, miofima (0,4 mm), 3cbdexTHBHBIR
IpaMeTp TonoBhu GonaTta d=0059 mofima (15 sma); paccromHue MexLy NNacTUHAMYU
1 miofim (2,54 mm): CKOPGCTh Boalyxa v=300 ¢yrimun (1,5 m/cex), Temueparypa
niAacTHHEl Okono Gomra T,=100°C, rteMmneparypa OKDYKalollero BO3AYXa Tmm"
=+40°C

3anava. OnpepesHTh MOAHYIO TENJOOTAAYY KAMKOHA NAACTHHGLL

Pemeune |# 5tam— onpefenenne cymmapnoro kosbdunuenra Tensone-
penaun Kosdpuunent Teunocraauy 2a cueT pagralinu

h,_=0,00038 gm/cm?-2pad (§ 18-7-2).
KoadipiieHT renaooTnaun 3a cdeT KOHBEKI(HH

hc =0,0017 gm/cm*-2pad (§ 18-7-).

Cymmapubift kKosdhHIHEHT TEMNOOTAAYH

h="h_+h =0,00038 4 0,0017 = 0.,00208 em/cm2-2pad.

2-f 3Tam — onpenedenue Kosddunuenta 3G PexKTHBHOCTH HCNOJLICBAHNMA NAR-
CTHHB! IO HOMOrpaMMaM HaxoAlM pacyeTHYIO BEIHYHHY

b= 0,564E_—-‘21 = 0,564.76 — .i;_ =35 um = 3,5 cM.

) >

OrHoleHHe
D 12875

—— T T 5
d 15 o7

Npn h=0,00208 erjcm’ - 2pad n rTeamune 5=0,4 M¥, Kak YKa3aHO WYHKTHPHOMN
JuRHCH na HoMorpamme kosdbuuentT 00=0,58 Uepes TOYKH, COOTBET(TBYIOULHE
b=35 cx w =058, AuUusg NPOBORUTCH A0 JACBOrO Xpas rpaduxa, rae Dfd=1
3aTeM, NpPOBOASI TI'OPH3OHTANLHYIO JIMHHMIO [0 Beprukann D/d--5,7, HaXonum 10
rpaduky, uro 4=0,67

3-1 3Tdit —oHpeAeieHile (DAKTHIECKOH TTOAHOH TeIA00TAdH.

IMoanas reuwnooTqaua
P = hAv0.

P =0,00208 (7,6-7,6-2) 0,067 (100—40) = 9,6 &rm/ pe6 po.

Ecnu mns wnacruu HCloJb3yeTCs1 APYIOA Martepual, T € He Mefb
M He aMIOVHHHH, 10 Heo6XOLHVO HCNO/b30BaTh B HOMOrpaMme IIKany
11 MenH, YMHOXHUB (aKTHuecKyio TOJIMHY INJacTHHB HA OTHOLIEHHE
TEJIONPOBOLHOCTH pPaccMaTPUBAEMOr0 MaTepHald K TeNJCIPOBOIHOCTH
Mean

TakuM oOpasoM, jist crajibhiofl IACTHHBL 1oAmmbof B 3,2 mm neob-
0,46 .
XOZMO B3ATH Ha ocH 2 1O WKaje MeaH TOuky npH 3,2 g7—oe—=0,38 cu.
)

TennonpoponHOCTh MHOIHX MaTepHaJOB, NPHMEHAEMBIX AN H3TOTOBJEHHS
OXJaXCAAIOIHX IUIACTHH, NpHBefeHa B TaGm. 18-5.

Hns monyuenust noctostHHOf 3 (eKruBHOCTH NPH H3MECHCHHH JUJIMHBI
OXJaXkAaUUX MJIAaCTHH Heo6X0oAMMO, YTOOBl TOJLIHHA H3MeHaJach NpH-
MEPHO KaK KBaJPaT paccTosHuUf DBJoku W3 MHOTMX MJAacTWH ofecteus-
BalT O6spiiyi0 2(D(HEKTHBHOCTD M Jyullee UCHNOJb30BaHHE Maicpuana H
Beca, ueM OTJenbHas MJ0CKas NaacTHia

Ta6nauua 185

Tenaonpo-
BOAHOCTD &,
sm;em-2pad

Matepuan

Amompaa#i . . . . . . . 2,06
Bpounsa (70 Cu, 30 Zn) . . 1,06
EIB . v 4 e w e e e . 3,85
Crame . . . . . . . . 0,46

18-7-6. Tunopoii nNpuMep NoJHOro pacuera paamatTopa

JNano. UYernipe Tupucropa tuna C35 ¢ pazmepamu Goata /428 u uwectu
rpaunuka %5 (1,43 cM) pa6oTaloT B cxeMe OXHO(DA3HOr0 MOCTa TNPH HauGOAbIUEM
cpemdeM Toke 10 @ Ha KaKABH BeuTuab M3 copaBouHbIX JaHUBIX BUAHO, UTO
OPpH TAaKOM TOKe B Ka.KJAOM THPHCTODE TEUJNOBble MOTepH GyAyeT cocTaBaaTh 16 67T
M 4TO A ycnelinoH paSGoTHEI NPH JNAHHOM YPOBHE 10Ka HEOGXOAMMO, 4TOGbI TeM-
neparypa ronoBku Goara 6Gniia He Belite 92° C npu MakcHMalbHOl Temneparype
OKpysKatolulero Bo3ayxa 40°C u ycaoBHH CBOGOZHOW €ro KOHBEKIIHH.

3apnavya. Paccuurarh GaoK mnaacTHH, cnoco6ublx  ofecnevynTb
OxJIaxm/JIeHHe YeThIpeX THPUCTOPOB, BKJIOUEHHBIX 1O MOCTOBOR cxeMe.

Peumweunue |H 3rdl — ofNpeicieHHe MakCHMaJdbHO JONYCTHMOR Temn~party
pHl oxsaxcjpaioliefi NAACTHHH H3 DAacCTOAHHH panuyca ronoBKH Gonta. H3

TpeGyemor
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o,

T46 18 1 BBITEKAeT, YTO MAK MMAJLHOE TENJIOBOE CONPOTHRJeHHE OT 6oJATa K pa
AHATOPY B cJiydae KOHTAKTa ¢ IIpHMeHeHHeM KPeMHHIODIaHuye(koH cMaskH co
craBiger 0,35 epad/ér Orcioia Mak(uMalNbhas Temmnepalypa NAACTHUBI B 3To#
TOUKe He [0JKHA NPEBLIILA Ih

92° C—(035 16)=86°C

2 # sran — npeABapuresibHLIA BBIGOP pasMepeB IVIACTHH BriGHpaloTes OKpa
UICHHBI® BEPTHhANbHBIC NNACTHHBI paaMepoM 6X6 mwoiAMmos (152x152 cm) Pac
CTOfHME MeXAy ndactiiaMa ! mwofim (254 cx) Matepuan — ciadb, TOAULdpa
0,08 nwofima (2 %) TlpexnonaracTcst 4TO Bee T0iepH B BEGHTHJAE PACCEUBAIOTCA
PAZHATOPOM

3 B sTan — onpenesenve kKo3QdHIMEHTAa TENIOOTAAYM NOBEPXHOCTH INACTAd U
X 3ddexTHBHOCTH Manyyenue (n3 HOMorpamMbl puc 18 15)

_ 8440

Typ= —g— =03"C,

h, = 0,00022 am/cn? epad.
Cpo6oaHas KOHBEKUHA (M3 HOMOrpaMMBI puc. 18-16)

0 =85—40 = 4>°C, h_=0,00057 sm/cm? zpad.
Cae fosateanto,
hnonu = 0,00070 gm cm2epad
Kosppuuuent sppekTHBHOCTI HCI0JB OBaHHA ILIACTHHM (B3 HoMorpaMMK puc. J18-1§)

D = 1,128E=1,128.152 = 170 mm;
d = 15 mm u3 tada. 18-1;

b =0,54E — ’j— = 0,564- 152 ‘_:i = 78,5 mn.

D 170
T = =1
JKBUBAJCHTHAA TOJMMHHA MeJHOR NJAACTHHBI

046
BCU—ZS’—-EE:O 24 mm.

I;Ilocnonbsyﬂ 3TH OapaMelphl, NMoAyuaem ¢ TNMOMOUIbIO HOMOrpaMMel puc 18 18
N=55

4-% sTam — onpeneNeHye (QPAKTHUCCKON MOAHON TEIVIOOTHAYH AJS TNJAACTHH BHI-
GpaHHON KOHCTPYKIHH.

P = hA7® = 0,00079 (15,2 15,2.2) 0,55 (86 —40) = 9,5 arm.

5 #i sTam — omnpeneflenye NPHMEPHON MOrpelIHOCTH, mnepecMorp TpeGoBanufl,
NpeALABAAEMEX K PaZuaTOPy, W Oepecyer noAxofl TeNACOTAAYM. B AAHHOM puMe-
pe NpeaBapuTeNbHO Bb'OpAHHAs KOHCIPYKIHsT OXJAXKAAWOILHX IMIaCTHH NpH 3ajaH-
HHX YCAGBHAX He ofecmeyuBaer oTZady Mowriocrd noteps 13 7. Urobol yBedH-
YATL TENAOOTHATY, TOJNUIMHY IUTACTHH HYXKHO YDBeNHUYHTb OpuMepHo B 2,5 pasa Ilpn
HCIONL30BAHUM 3Ke B Ka'leCTDe MaTepHaja NJAACTHHE He CTaJd a MeAd TOAMHHOH
2 Mm pocrartouHo 6ymer NPHMEHHThH KBajnarHble NJIaciuubl 140140 mat.

18-8. UBSMEPEHUE TEMNEPATYPbI BOJITA

PaccynTanHas KOHCTPYKUHWSI paauaTopa AOJIKHa ObIThb NpobBepeHa
Ha onbiTHBIX ofpasuax. IIpn npoBepke Heo6XOAHMO NOJL3OBAThCs TEp-
Monmapamu (Hanpumep, Me[HO-KOHCTAHTAHOBOK TepMomapol) ¢ Tosmu-
HOJL NpOBOZOB 0,25—0,3 #a. Fopﬁquﬁ criail TepMonapu AOJKeH OHITH

Puc 18 19 llpexnoutntesplinbie TOUKII OPHKPENJEHHs TepMonapnl Ajs
H3MepeHHs TeMmIepaTypul Kopnyca

1 -—nposoga Tepmonapel, 2 — TEMJIOOTBOA & — MM THPHCTOPA C KOPNyCcoM B BHAe
Gonra, 6 — gist THPUCTOpPA ¢ TJIOCKHM OCHOBAHWEM KOpNyca, & — HJjs 3alpecco-

BBLIBAEMBIX THPUCIUPUB, &~ AAA THPHCTOPOB C ABYCTOPOHHHM OXJakAcHHeM (Thla
Ipecc Tlak)

TiaTeAbHO NpunasH K rogoBke Xopuyca {(puc 18-19) Temneparypa
B 3TOf TO4ke GOJH3KA K TeMmmepatype IIOCKOR MOBEPXHOCTH Koprayca
HEMOCPeACTBEHHO NMOX MEpPeXoAOM BEHTHJA, AOCTYD K KOTOPOH 3aKPHT
ApU ycTaHoBKe BeHTHAs Ha pajanatope Touka Ha Kopmyce, B KOTOpORt
TPOHM3BOJANTCA H3MepeHHe TeMMepaTyphl, HOMXHA ObITh 3aKpHITa OT MpH-
HyaHTenbHOro o6xyBa BO3AYXOM, CNOCOOHOrO BEI3BATh MeCTHOE OXJaw-
peure Tlposoja TepMomaphl TaKKe IOMXKHB OHITh 3alIMIUEHBI OT Tlo-
TOKA OXJaMKIalollero Bo3ayxXa, TaK KaK OHM MOTYT ABJATbCA NDAYAHOH
0TROTA TemAa, UTO NPHBOAUT K CHHMKEHHIO TEMIEpaTyphl crnad TepMo-
napel

Ecny ser BO3MOXHOCTH HCHOAB30BATL NPEABAPUTENBHO NPOKAIHMS-
poBalHbie CoeTUHHTENbHEIE MPOBOTA M K3MEPUTENbHBIA npubop, TO cie-
AyeT mHpUMeJdHTL TePMOMapHbi MOCTHK HeoGXOZHMO yCTpaHuTh BJMs-
HHe Ha MPOBOJA TEPMONAaphl 3/JeKTPHUECKHX MOJeH, MOrymax BEI3BATh
nosipJienHe apasuTHOd 3 1 ¢

YUrobot Mpu HCOBITAHHAX DAJZHATOpaA y3HarTh, HE [OpeBRICHAR JIH FeM-
fepaTypa Kopnyca JONYCTHMOTO 3HAUCHHSI TEMIEPATYpPH, BMECTO TEPMO-
napsl MOTYT OBITh HCHONB30BaHBl TEPMOHHAWKATOpHBIE BOCKH U Kpactku
Tlpu HcnoNb3IOBAHMH TAKOTO THIA HHIHKAaTOpa TEMNEpaTypH HEoOXOnH-
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Mo BO usbexaHHe OMHUGOK CTPOrO NPHUAEPKHBATHCH YKA3AHHWI H3rOTO-
putens. MHnukatopel TemmepaTtypsl Ha OCHOBe kPacoK U BOCKa acodo
PEKOMEHTYeTCSl MCMO/b30BATh TPH HAJHYMM 3HAUHTETbHBIX 3JEKTpoMar-
HUTHBIX ToOJeld, KOrjla B 3JEeKTpHuecKHe cnocobul  HiMepeHAil MOoryl
BKPACTbCH 3aMeTHble TNOTPEHIHOCTH, HWAM B CJlyyae HEBO3MUXKHOCTH
NPHCOEJKHEHHS TepMONMapbl K BEHTHJSIM HJA¥ K pajgHaTtopaM BO BpEMS
HCNBITAllMH, HANpHUMEP, KOTA4 BEHTH/HM pa3MelleHbl Ha POTOpax HJH
JpYTHX BpaHIalIluXcA wacTax Mawmd. [lpy HamoXKenunm Kpacku HeoG-
XOAMMO NPOCNEAHTb 3a TeéM, uToOBl €e NpPHCY1CTBHEe HE CKA3blBAJOCh
CYIUECTBEHHO HA H3MYHAIMX KayecTBaX OXJIaKAAaeMOH [OBEPXHOCTH.

[IpaBunibHbIl BHIOOP KOHCTPYKUHH OXJaXKAAIOWIHX pajHaToOPOB MAJA
THPHCTOPA MO H3JIOXKEHHO{l BhHIE MeTOIHKe Moxer o0ecmeuHTh G0Jb-
WY HAaJeXHOCTb, CHH3WTHL CTOMMOCTb OOODYAOBaHus, a Takxe AaTh
BHIMTPLINI C TOUKH 3peHHs Beca u raGapHTOB.

Pasgen peBsTHAALATHIA
HALE)XHOCTb TUPHCTOPOB

19-1. BBENEHHE

[IpoGrema HajeKHOCTH He $BJAAe1CS HOBOH, OJHAKO CBS3aHHbIE
¢ HCl TEPMHHOJOTHS H METOJOJIOTHYeCKHe BONPOCHl NMPOAO/INKAIOT pa3s-
BHBAIbCA IO Mepe TOro, Kak TeXHOJOTHS TNPOH3BOACTBA KaKOro-aubo
H3/IeNHsl COBEPUIEHCTBYETCH M CTAHOBUTCA BCe 0ofee CJIOXKHOH.

Bce Bospacrawomas CNOXHOCTH HPOMBILUIEHHOTO 0G0PYAQOBAHHSA,
C OMHO! CTOPOHBI, H NOSIBJEHHE H Pa3BHTHE HOBHIX HETANeit H 3JeMeH-
TOB, ¢ APYrofi, 3acTaBifAIOT 3aTPayHBaTb 3HAYHTEJbHBIE YCHJHs Ha TO-
HCK ¢noco0oB KOHTPOAR M TIPEACKA3aHWS HANEKHOCTH ODTH YCHAUA BO
MHOTHX cJydasx ellle Gosiee CTHMYJHPYIOTCA Da3BHTHEM BOEHHOH Tex-
HUKH, TpeOylolled OUEHKH M, eclH HeOOXOAHMO, NMOBBLIINEHHs HaAeKHO-
CTH HOBHIX NpPHOOPOB, MO3BOJAIIIHX YJYYUINTL Beco-rabapuTHble MOoKa-
3aTend, paGoyne XapaKTEPUCTHKH H HAJeKHOCTb PalOTHl hOCMHYCCKHX
o6bekrop W cucrTeM BoopyXKenud. OXHHM M3 TaKUX HOBBIX MHOrooGe-
BalUIMX TIpUOOPOB SIBUJCST TPHOAHBIA OJHOHAmpaBJeHUbIA THPHCTOP,
OCHOBHOH W MCTODHYECKH IepPBBIH BBHINYIIEHHBIH IPOMDILICHHOCTRIO
NpeiCTaBHTENb CEMeHCTBA THPHCTOPOB.

TlepBbIit  TPHOAHBIE OAHOOMEPANMOHHBII THPHCTOP, BBIMYLIEHHBI
¢dupmoit xenepas Jnekrpuk nod o6osnayenneMm C35, ycmemrHo mpoled
creManbHble HCHOBITAHUS M [OJYYHJ BOGHHYIO IIpMeMKy Bcero 2 rojaa
CIyCTsl INOcJe Hauana ero INpOMbIILIeHHOro Bhimycka. Ilpumeprno B TO
e BpeMa ObUIO 3aKOHUYEHO COCTaBJICHMe TEXHHUECKOrO 3aJaHudA, Co-
IacHO KOTOPOMY 3TOT NpHOOp BOILIe] COCTABHOH 4YacTbio B IMHPOKO
pa3pekJaMHpOBaHHYIO NPOrpaMMy pa3pabOTKH BHLICOKOHATEKHOR paKeT-
Hofi cucTeMbl «MunuTMen». B 3TOH 1 NOCAeAYIOIMX NporpaMmax yie-
Jsiioch  GosibIoe BHAMAHHE 3HAHHIO M TIPEJCTABJEHHIO <BPOXKIEHHOH»
HAJEXKHOCTH NOJYIPOBOJHAKOBHIX NpUOOPOB, TAaKHX, KaK THPHCTOPH, H
tTeM (akTopaM, CBH3AHHBEIM ¢ HX NPOEKTHpPOBaHUeM (CHCTeMOH napa-
MeTPOB, MPOLECCOM KOHTPOJsS H NPHMEHEHHEM), KOTOpble CYLIECTBEHHO
BAHAIOT Ha TOJYYaeMYl HalexHocTb. B pesysibrarte dupma [xkenepa

DJeKTpHK OKajanach B COCTOAHMH B BecbMa KODPOTKHH OTPE@3OK BpEME-
"M pa3paboTaTh W BBINYCTHTH DAJ HPHOOPOB M3 cemedcTBa THPHCTOPOB,
npenHasHayeHHBIX A1 KOHKPETHBIX 1lefiell B Pa3nHyHLIX 001acTaX NpH-
MeHeHHs. B Hacrosilliee BpeMsi B YHCJIO STUX IIPHOOPOB BXOJAAT TPHOIL-
Hblfl OLHOONEPANMOHHEIH THPHCTOP, TETPOIHBI THPHCTOP, KPEMHHEBBIH
oiHocioponuuit u asycropounuil kmoun (KOK n KJIK), TpuoaHmit u
TETPO/AHbIE (GOTOTUPHCTOPL M ABYHANpas/eHHB# THpuctop. B pasnp. 22
WIUTIOCTPUPYETCA UIHPOKHH COEKTP HOMWMHANBHHIX 3HAYeHHE TOKa H Ha-
NPSKEHHST Aasi 9TUX npHGopoB. D1u npuboOpel HaWuM pasHoobpasuoe
NpUMeHeHHe, BKJIOYAs AaBTOMOOWJIHM, BBIUMCJUTENbHBIE MAIUMHBI, paKeT-
HYI0 TEXHHKY, KOCMHYECKYI0 ¥ aBHALHOHHYK TEeXHHKY, HPOMBILLIERHBIE

YCTPOHACTBA YnpaBlieHusi, CHCTEMbl OCBELIEHHS, CTAHKH H OBITOBYIO TeX-
HUKY.

19-2. 4TO TAKOE HAE)XHOCTbD?

HanexHocTs MOxeT GbITb ONpejeseHa KaK BepOSTHOCTb BHITIOJHE-
AMsi ONpefesesnbiXx (YHKIMA NPH 3aJaHABIX YCJAOBHAX B TEUEHHE OMNpe-
JIeNeHHOTO HHTepBaia speMenu !. HajeXuocTh sIBAsSETCS MEPHIOM Bpe-
MeHH NpaBWJIbHOH paboTBl B TNPOTHBONOJOXKHOCTH KauecTBY, KOTOpOe
XapaKTePH3yeT COOTBETCTBHE ONpPEJENCHHBIM TPEGOBAHHUAM B 3aJaHHBIHR
MOMEHT BpeMeHH. XOTs HaJeXKHOCTh CHUCTEMBI 3aBHCUT OT TakHX (ak-
TOPOB, KaK BLIGOP KOHKDETHOH CXeMbl M DacueT, paccMOTpeHHe B JaH-
HOM pasiene GyJer OrpaHuyeHO TOJIbKO BOTNPOCAMH, CBS3aHHBIMH C Ha-
JeKHOCTBIO 3JeMeHTOB. Kpome Toro, mpegmosaraercs, 4To 3TH 3JEMeH-
THl HCHOJB3YIOTCS TIPABMJIBHO M 4TO OHH HE NOABEPraioTCst UPE3MEPHBIM
BO3JEICTBUAM, MNPEBHINAIILHM HX HOMHHAJbHEIE BO3MOXKHOCTH.

19-3. MBMEPEHHE HAIE)XHOCTH

B cayuae cqoXHEX cucteM OGIIENPUHATHIM KpDHIEDHEM OLEHKH HA-
JIeXKHOCTH #BJISIeTCA CpPCAHee BpevMs MeXAy oTkazamu (CBMO), 1. c.
cpejiHee BpeMA B uacax, B TeueHde KOTOPOTO CHCTeMa pafotaer Memuy
JABYMs OTKa3aMH, 4TO II03BOJISIET OLEHHTh CTOHMOCTb 3KCIyaTallHu CH-
cremMbl. Bennmunna CBMO yuuteiBaeTcs npH npoduiakTuueckom obcay-
XKHBaHMH CHCTeMB! M TIpH OLEHKe ee TOTOBHOCTH, OIPENeNIieMON Kak OT-
HolleHHe BpeMeHH, HeoOXOAMMOro IS MPOBEPKH CHCTEMH, K BpeMellH
ee 1oJie3HOi paboThI.

HapexHocTh cHCTeMBI OIpefesiseTcsl HaJeKHOCTBIO BCEX BXOAHUHX
B Hee sjgementoB. [lpomecc onpenesenuss HaxeXKHOCTH CHCTEMBI OC/JIOXK-
HAETC HEoOXOAMMOCTBIO yuyeTa (AKTOPOB OTHOCHTENBHOLO «Beca», Xa-
pakTepu3yOUluX BJAHSHHAE BBIXOZA M3 CTPOST OTHCNBHBIX 3JEeMEHTOn H
y3710B Ha paBoTOCHOCOGHOCTL BCEH CHCTEMBl, U KOPPEKTHPYIOWUHX (aKTo-
POB, YYHTHIBAIOIMHX YPOBHH 3arpysku oTjesbHbiX Aetaneil, Ecan atumn
(axTopaMu TNpeHeOpeyr M ecMM cHeldaTh ZajbHefllee ToNyIieHHE, UTO
CKOPOCTh BHIXOfA H3 CTPOS OTHENBHHIX 3JEMEHTOB fABJAAETCA IOCTOSH-
Hofi BO BpeMeHH, To MepwioMm CBMO MoXerT CIyXKUTb HHTCHCHBHOCTD

! B oTeyecTBEHHON JUTEpAType HALEKHOCThL LPUHATO OlpelefiiTh Kak CBol-
CTBO M3/eAHS BHINOMHATHL CBOH (PYHKUWHM B 3aJaHHOM OGbEeME [PH ONPEACTEHHLIX
YCHOBHAX SKCIAyaTalHMH, T, €. KaK KadeCTBEHHYI, a He KaK KOJIHYeCTBEHHYIO
XapawnTepHcTHKY. (TIpuM. pefakTopoB nepeBoja.)
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otkagoB (MO), npu srom CBMO cucremsr o6patHo 1jONOpPUHOHAIBHA
cymme MO oTIenbHBIX 37EMEHTOB

OTenbHBI  3/1eMEHT, KaKuM ABJsercss NOJYNPOBGAHHKOBBIE 1IpH-
6op, He MOXKeT XapaKTepPH30BAThCs B OTHOLIEHUM HAZEXKIIOCTH TaK XKe,
Kak 1 Bcs cucreMa. [1o 3Tofl mpuunHe AJsl OUEHKH HameXHOCTH npubo-
pOB HCIIOJB3YIOT CTATHCTHUYECKHH MOAXOM, MPH KOTOPOM Ha OCHOBE pa-
foTocnocofHOCTH BBHIGPAHHOTO  ONpPEAE/eHHOr0 KOJMYecTBa INpPHGOPOB
NP1 HCOBITAHHAX CYAAT O paboTOCNOCOGHOCTH JIOGOTO YHUCAA TAKHX XKe
npu6opos, paboTalUMX B aHAJOTMUHBIX YCJIOBHAX B TeueHHE NOA00HO-
ro Xe WHTepBanda BpeMeHd. CraTucTHuecKue M3MepeHus Gasupylorcs Ha
onpejpeeHHd YHCJAa yacoB PabOTHl C HCNOJNb30BAaHHEM METOLOB TEOPHH
BHIOODOUHLIX HCIIBITAHWH, OCHOBANHLIX HAa [JONYIIEHHH, YTO BEIGpaHHbBIC
o6pas3ubl XapaKTepH3yIOT MNapTHIO, M3 KOTOpOH oHM ObJH BoOpa-
HBl, B CMbIC/Je 3aKOHOMEPHOCTH TOBEJEHHs B TeueHHe BpeMeHH HalJio-
netus.

KapTa BBIGOpOUHBIX MUCIBITAHHHA, OOBIUHO HCTOJAb3yeMas IJs TOJy-
NPOBOJHHKOBBIX mnpuGopoB, naercs B cnemuduxkanuu Mil-S-19500D
(npennasHaueHHol A5 BOEHHON annaparyph) M nokasaHa B ta6na. 19-1.
«MHTCHCHBHOCTE OTKA308» — OOGBLIMHO HCTIONb3YEMBIH TePMHH, KOTOpLIH
Ha NpakTHKE HHOTJA 3aMEHsIeTCs BeJIHYUHOH AOMYCTUMOTO NPONEHTa Je-
tdexrtos B napruu (OITAIT); o6muno WO o6osmauaerca GykBoifl A, npH
ueM YKa3bIBAeTCS YHCJIO0 4acoB paboTwl mIpu HenblTaHusXx. Tabmua no
3BOJIAET paccyuTaTh ¢ YPOBHeM joctoBepHocTH 90Y, HHTEHCHBHOCTL OT-
Ka30B B 3aBHCHMOCTH OT YHCJa HCOBITAHHBIX NpuGopoB M uMcaa INpo-
HCLICJIIHX OTKA30B.

B cooTBeTcTBHM ¢ KapTofi BEIGOPOUHBIX HCIBITAHHH YAOBJETBOPH-
reabnasi pabora 231 npuGopa B rteveHuwe 1000 # osHauaer, uro MO ne
npesoiimaer 1,0% wa 1000 4 ¢ 90%-ubiM ypoBHeM nocroBepHociu. Ecan
Heob6xonumo noayuuth MO He suime 0,1% ua 1000 4, To MMHUMAaJbLIOE
YHCMO TIPHOOPOB, OTOOPAHHLIX JJs1 HCHBITAHHH, [OJKHO OLITE paBHO
2303, ¥ 1M OAMH M3 HHUX He HoJKeil BRIATH M3 ctpos. Takas ke MO
noayusaercst npu sei6paHHof maprtud B 3 891 mpubop, HO NPH 3TOM OAUH
Moxer 3a 1000 u BBIITH H3 cTpos B 060MX 3THX cjydasX ycnelHble
Acnbltauua Oyayr sksuBajentusl CBMO, pasuofi 1000000 =, axst cH-
CTe€MB], COCTABJNGHHOH TOJBKO K3 COOTBETCTBYIOUIErO 4YHCAAa NPHOOPOB.,
NOABEPTHYTHIX HCNBITAHUSAM. VI3 CKA3aHHOrO BHITEKAIOT CJERYIONUIME Bhi-
BOZHI

a) OpraHu30BaTh HCHBITAHMS C HENbIO NOATBEPK/IEHHsT HHTCHCHBHO-
CTH 0TKa30oB MeHee 1Y% BecbMa TPYIHO, NOCKOJBKY HCIbITaTeNbHBIE YC-
TAHOBKH # H3MepuTebHele npubOpHl  LOMKHEl HMeTh 3HauHTe/nHO
66spmee CBMO, 4To6B He OHM BAHSAM HA pE3yJabTATHLl HCHLITAHHIL
Ora npobaema ycaoxHsercs no Mepe cHmwxenus WO, png mosyueHHs
KOTOpO# mposoasAT ucnbitadus. [Ipn 3ToM He TOJNBKO BO3pacraer c/a0XK-
HOCThb HCHOBITATENBHOTO OOOPYROBAHHS, HO OLHOBPEMEHHO BO CTOJBKO
Ke pas poaxkHuo po3pactu u ero CBMO!

6) TepmHH <«WHTEHCHBHOCTb OTKa30B», IIO-BHAUMOMY, SIBJSETCA
neynavabiv. [las coepuanucra B obJjacTu HaJeXHOCTH OH CBS3blBAaeT
paBoTocnocoCHOCTh OTPAHUUCHHOrO YHC/Ia HAGJAIOAABIINXCS INIPH HCIHI-
TanusAx MpuOOPOB C BepPOATHON paBoTOCMOCOGHOCTRIO GECKOHEYHOH map-
THH. JlnA Tex, KTO He 3HAKOM C HPHMeHEHHHIM CTAaTHCTHYECKMM MOAXO-
JIOM, UTO BHIpaXKeHHe CO37aeT BledaT/eHHe O PeanbHOM KOJIHYeCTBE Je-
(heKTOB, X HecuacThlo, HEBEPHOE.

19-1

Tabaunga

Kapra BLIGOPOUHLIX HCHbITaHHE AJisA onpedeldeHns A ¢ 90%-HeIM YPOBHEM N0CTOBEPHOCTH

noanexaulefl HcmblTanuio, 4ToGoi ¢ 90%-HelM ypOBHEM LOCTOBED-

He NpeBLILIET BEJHUMH, YKa3aHHbIX B BepyHed rpade

1000 4,
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19-4, HHTEHCUBHOCTb OTKA30B THPUCTOPOB

¥Y>Ke Ha pauilMX sranax pa3paborkH M HPUMEHCHMS: ObUIO OUeB: [T
10, YTO THPHCTOPHl AOJKHBLI NPHUBCCTH K YBEJHUEHHIO MAJEeXHOLTH 060
pynosanus B 1962 r B cnenddbuxauuuy Ml HDBK 217 Owian yxasaus
cnenyiomue suauennss MO nas npubopos, paboramwiliux NpH HOMUHA L
Hou Mcuggocrd (Ha | 000 « paGotu)

[JonynpoBOAHHKOBBIE AHOABL « + & « + « . 0 Tog
TPAUBUCTOPHl v v v v 4 v v v v e e e 0,2%
ITpuemuo-ycH wtesbkele Jammosl .« . 0,2--0,9%
I'cHepiiopubie 1aMnobi . . e oo . 1,0=2,00
Henposo 1outble pezuctopst e e e e .. 0,045%
TpaucdopmaTopsl MaruuTI ble YCH tHTE 1H H APY-

THE anmipaThl ¢ HAMOTOUHBLIMM KATyLUKAMU

(130 1muua knacca H, remnepatypa or 0

T ) 174

B 10 BpeMsi THPHUCTOpPBI HC YKA3HIBATACH OTICAbHO B 3roff Cheuu
(dHKaNMH, HO OLIIM BKJIOYEHbl BMECTe ¢ IMMOJNYNPOBOMHHKOBEIMH AHOLA
My JIByMS npHyYnHAME TOYEMy THPUCTOPH OBLIM OGbBEIHHEHH ¢ AU
OllaMH, a He C TpaH3ucTOpavi ABAAIOTCA CAeAVIOne |) THPHCTODH
MMEIOT TEeOMeTPUId TNOJYNPOBOJHUKOBOH CTPYKTYPH, 3HAuUTeJbHO Me
Hee TIOJBEDPIKEHHYIO BO3ACHCTBHIO pa3pyuiaoiiux (akTOPOB HA NOBEpX
HOCTb, Y€M TPAH3HCTOPBI, 2) THPHCTOP SBJSIETCH KJIOUEBEIM TPHBOPOM,
a He JHUHEHHPIM yCHJIMTEJeM, M IIOTOMY MEHee 3aBHCHT OT BO3VOMHOIO
yXYTIUEHUS NapaMeTpoB

C 1962 no 1965 r B COBOKYHMHOCTH OKoJo 500 THpHCTOpOB THMA
C35 6o NOABEPTHYTHI HECKOALKMM ILHKJIaM Honpitaiuit no 1000 4
Npu NMOTHOH Harpy3ke npudem OT6Op THPHCTOPOB H H(TLITAHHSI OPOBO
JIWIHCL B COOTBeTCTBHH co cnewuduxanued Mil S 19500/108 Tlpu stom
HU OMQUH TUPHCTOP lie 6bl1 MPU3HAH OTKA33BIIMM 3a CUYeT yXoja Xa
PaKTepHCTHK 3a mperedel, oroBopelnple B 3108 cienuduxauun Paccm
TaHHad 00 pe3y/ibTaTaM 3ITHX MHCHBITAHHN HHTEHCHBHOCTH O1Ka30B He
npesbitiaer 0,46% Ha 1000 « pabotet ¢ 90% HEIM JIOBEPUTEABHBIM
ypOBHEM

B crneuuduxanuu Mil HDBK 217 ppenenbhbiMu KPHTepHAMH, HC
NOMB3YEMBbIMH  JIJI1 ONpejeseHHs OTKasa, SBAfrcs obpelB, KOpPOTKOe
3aMbIKaHHE M 3HAYMTebHOEe OTKJIOHeHHe OT Haua/bHBIX XapaKTePHCTHK
3a KCPCTKHH OTpe3ok BpeMend [lpemesbyble KpuTepuu B creibiKaunu
Mil S 19500/108 Gosee crporu yBenuueHHe INpPSIMOTO HTH  0OpPaTHOTO
TOKa YyTeyku GoJiee UeM BJBO€ H YBeJHUEHHE YNPABJASIOUIErD TOKA, He
o6XoauMoro a/s ornupauus, Goace uwem B 1,! pasa no cpasHeHWIO (O
3HAYEHHSIMM 2THX NapameTpos B Momeni or6opa C onpepeseHHbIM 3a
nacoM GBJIO ycTaHnoBAeHo, 470 okoio 10% HabmogasWiUAcay Hu 1UM
HOpPMaM OTKA30B SIB/SIOTCS KaTacTPOOUUHBIMHU, 103ITOMY KO3(QQHUHEHT
10 moxer ObiThb OPHHAT A8 NepecyeTa HUTEH(HBHOCTH OTKAa30B, onpe
JeneHHoll ¢ yueToM Kpurepues crneunduxauny Mid S$-19500/108 3Bto
HO3BOJIAET NPOBECTH 6oMlee NpPaBWILHOE CUIIOCTABJEHHe € TOAXONOM Ha
ocsosanun Mil HDBK 217 C yueroM srtoro kosdduuuesra BreiueHaft-
JeHHash MAaKCUMaJbHAasi WHTEHCHBHOC1h OTKa30B Oblia yMeHblIeHa RO
0,046% na 1000 « paGorer ¢ 90% ubiM ypoBHeM nocrosepHocTn [laxe
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oW HHTOHOWBMOCTb — OTKA30B
npubopos  OylleT HCUIMEHHOM,
a He OyJAeT CHUXATbCA, 3I0
osuauaer, uyro CBMO pasio
2150000 «

CrafuibHoCTD  mapaverpon
TPHO,UHBIX THPUCTOPOB B TeUeHHC
AJMTENBHOTO WHTEpBajsa Oblia
TPOJEMOHCTPUPOBAHA BO BpeMT
wonblTaHui, gawateix B 1960 r,
C HCMOb30BAIMEM HEKOTOPBIX U3
BNE&DPBLIC BLITYHICHHBIX TIDOMbII
AGHHOCTBIO  MPHOODPOL Y cooBHA
HOnbITalNi  OblId  Oiy4aiHbIMH, o Q
IpUONKEHHO  HANOMHAIOWMMH 10
YCIOBMS B KOTOPBIX TNpuUGOpPH o
MOT/IM HAXOUMTHCA NPH IJMTENb
HO#l sKomayataumm B obserded
Hou pexume TevmeparypHbnle
UMKJABL, BBIIEPKKA MPH (Pasany
HBIX OKDVXKAIOWAX TevIepary
pax M HeperyasipHsle KPaTKOBpe

10000

55%'0

1000

_‘/
90%

100

75%|

flpamod mok, MX&

3

50%| o

1]

4000 8000
Bpema 1

12000

Puc 19 la VsmeneHue npamoro
roxa yteuku B mpouecce paGOTH TH
picropos C35 Ha xpuBbX ykasaH
nnoueHt ofliero uucaa npHGOpOB

MeHHBIE SHTEPBANL paGoThl mpa  HMEOWHX NpaAMOA TOK, He Goilee
HOGONBIIHX TOKAX SBTSch xa  NABAGMOTO  SKCMEPHMEHTANLHBIMHE
DAKTepHBIMEL JJs JTux Henp  107%avH
TaHUM

Ha raxue wnonbiTanusg Gblio |
nocrapaeHo 49 npubopos u3 KO 5'00000— 7
TOPHIX TPH OTKa3aldd (BecbMa R °
ckopo OMuH 3 wAX Bbmer #3 % o
CTPOS M3 32 MEXaHMueckoro 1o ¥ o | O © 90%
BPEX/IEHWs [puuviHa Koroporo & 700
Opi1a B JadbHeifuieM ycDpaieHa 3
30 CueT yaywilewdss KoHCTpYK ¥ | 5%
umy  Msyuemne JBYX IpyMX 3 —_ o o
BhIIEAWMX K3 cTpos mpubopos & 70
MOKa3aM0 UTO MPUUMHOI oTKaza O
ABJAETCA HErepMEeTHUHOCTh cmast 0 o 50%
YcopepuieHCTBOBaHAE  TeXHOJO 10& ©
MuM  M3TOTOB/GHMsA Kopmyca M o w000 8000 12000
OKOHYATENbHON repMeTH3aumH Bpems
BemTHJIeH, a Takke paspaGoTKa
METONOB OOHAPYKEHHS yTeukH

Puc 19 16 H3ameneHue oGpatHo-
ro ToKa B npouecce padoTh TH-
pucropos C35

C IOBLIUEHHOH YYBCTBHTEILHO
CThIO TO3BOJHTH C TEX NOP Ha
na1uTth 3pOheKTHBHb KOHTPOAb
HAald BO3MOXHOCTHIO MMOABJEHHS
101004bIX (nedexToB
HaGmoneunss nan ocrasiuumuced 46 BeHTHJISMH MOKa3afH, YTo Han
Go'iee CYLIECTBEHHOW XapaKTepUCTHKON HaBuUIell M3MeHeHHe, fABJSETCH
BeJIHUHHA NPAMOrO TOKA B 3aKPBITOM COCTOSIHMM XOTs TPYAHO OleHHTL
CTeneHb IMOTPEIIHOCTH, OOyCAoBAeHHON H3MEPHTeJbHEIVH npHOopamy
MOMHO NPEANONOKUTh, UTO Y MHOTUX MPUGOPOB HMENO MECTO 3dMETHOE
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x 7 Puc 19 1n HsveneHnue MrHOBEHHOTO NpPSMO-
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Puc 19-18 Hsmenenue ynpassasomero toka Iy, 3
HeoGX0AAMOro ANt OTTHPAHHA, B npolecce pabo- g — 75%
Tl THpucTOpos C35 5 7 T l T
S bl b b 1
¥ Lo 50 /%!
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w = 0
% 15 95% ® ZE%| 0% 5%
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< 14 -l ?
2 0 “000 8000 72000
5 Boema, 1
o hz
g 75%, Puc 19 le HawcueHne yRepXHBAIOLIEro TOKA
§ 1.0 = Iy jepw B npouecce paGoThl THPHCTOROB
& \_/ - A
g 9 H3MeHeHHe NpAMOTo Toka yreukdy Ha puc 19-1a u 19-16 nokasano npo-
08 — ~ 25%) p
g A 0%, LeHTHOE H3MEHeHHe MPSIMOro U OBPATHOrO TOKOB YTEUKH 34 BPeMs HC-
= ~ 5%, neitannit B tevenue 12500 ¢ Pucynkm 19-18—19 1k nokaseizaior mpo-
0-50 <000 YTl 2000 UEHTHOe pachpejeneHne NpuGOPOB N0 YIPABAAIOIEMY TOKY M HAlpsiKe-
Bpems, n HHI0, HeoOXOQUMOMY s OTNHPAHWS, HANDSKEHWIO OTNHPAHUA IO

Puc 19 Ir H3meneHne ynpaB/siOLlero Hanpsixe-
Hua Uyp otnupanua B npouecce paGoTm THDPH-
cropos C3p

aHoNy», TaTeHHIO HanpsAXKeHWs] B  OTKPHITOM  COCTOSIHHH, TOKY
yIepKaHus M IPSMOMY HaNpPSiKeHHIO O.TTHPaHusl NI TeX XKe npubopor
B TeueHHe TAKOTO Ke HHTepBana Tak khak H3MepeHHA 3TUX BeJHUHH
BECbMa YYBCTBHTEJbHH K BO3MOXHBIM OUIMOKaM, AeHCTBHTeNbHbIE H3Me-
HEHHSI TapaMeTpoB CO BPEeMeHeM CyluleCTBEHHO MeHbIe TeX, KOTODHE
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Puc. 19-1x. VismeneHnue nanpsKeHus ornupa-
uusg Ugry B mpouecce paGorsl (o pesynabpTa-
TaM dcneiTaHA#l Tupucropos C35 u C35A).

MOryT ObiThb ¢ YBEPEHHOCTBIO OTMEYEHbl ¢ MOMOLibI0 MMEBILMXCS H3Ve-
PHTeNBHHIX TPHCOPOB.

HcTvHHBEIe H3MEDEHHsT HAJeXHOCTH MOTYT ObiTh cHENaHbl TOJNBKO HA
ocHoBe pabortocnocoGHOCTH B peanbHoH ammapartype. K coxkasenuio, i3-
TOTOBHTENH 3JJ€EMEHTOR HE HMEIOT NMOAXOAAUHX crocoboB cobupaTe naH-
Hble O BPeMeHH HapaGoTKM HX TpPHOOPOB B 5KCIUIYATALHOHHBIX YCJIO-
BHSIX AJIT aHA/H3a HHTEHCHBHOCTH OTKa3oB. Ilpu sTOM, OXHAKO, BaXKHO
OTMETHTb OBICTPOE BHejlpeHHe THPHCTOPOB B TaKue TPAJMUHOHHO KOH-
cepBATHBHBIE OTPACHM, KaK MPOU3BOACTBO CTaNW, asioMHHus H Oymaru,
rae npubopsl M CHCTEMB! AOJKHB ObiTh THIATE/NbHO NPOBEPEHH Tepel
MX HCNOJb30BaHHEM. DTO HEOOXOAMMO B CBA3H C BecbMa TECHOH 3aBH-
CHMOCTBK) MeXK/JIYy CTOHMMOCTBbIO NPOAYKUHH B 3THX OTPACHSAX H Hagex-
HOCTBIO H 3(@EKTUBHOCTEIO 06opyaoBaHusi. TOJAbKO B 3THX OTpacasx
NPOMBIUIERHOCTH B mnepuoj ¢ 1962 mo 1965 r. ycranosnennas Moml-
HOCTb HNOCTABJMEHHBIX WM 3aKYIJIEHHBIX YNpaBJseMblX npeobpasoBare-
Jefl ¢ TupucTopamu cocrasuia okoso 500 000 ker.

19-5. PA3PABOTKA THPHCTOPOB J1Ji1 YCTPOMCTB
0COBON HARE)XHOCTH

Paspaforka HagexHHX mnpubopoB TpeGyeT yBepeHHOCTH, 4TO Xa-
PAKTEPHCTHKH, ONpejedsiioline paboTocnocobHOCTb, OYyAYT OCTABaTLCA
B npefenax /[ONycKa B TeUeHHe IOJIE3HOTO CPOKa c/yxXOul mnpudopa.

DT0, B YACTHOCTH, OTHOCHTCHA K TEMJIOBOH ¥ MEXAHHYECKOH CTOHKOCTH
KOHCTPYKUMH NpHOopa.

Jins coXpaHenusi TenJOBOH CTOHKOCTH KOHCTPYKUAH BaXKHO, WTOOH
yeJaoBHA TlePe/lauM Tenja He yXyAllajneb Obi, TAK Kak TeMileparypa
p-n-mepexofa sBAs€TCs OJHHM H3 OCHOBHBIX OrPAaHHUMBAIOWMX (aKTO-
POB. YXyllleHne YCJAOBH{i OTBOAA TelJa MOMKeT TPHBECTH K TeMIoBOM
leycTORYHBOCTH M K paspyllednio npuGopa. TepMokomIeHCHpywouse
NPOKJANK¥ MEXAYy OCHOBHLIMA 3AEMEHTAMH BEHTUNA JOMKHHL GHITH
TILaTebHO BBIGPAHH ¢ YueTOM HX KO3()(pHLMEHTOB TENJIOBOTO paclinpe-
HHA B 3aJaHHOM [HANa30He TEMIEPATYP, UTO HEOOXOAHMO ISt CHHMKe-
HUSI MPOSIBJEHUI YCTAJA0CTH METANI0B

MexaHuyeckasa HaJeXKHOCTb TpeGyeT HCMO/b30BaHHS NMPOYHOH KOH-
CTPYKUMH C Masiofi Maccoff H MajbLiMH MOMEHTAMH HHepUuH H ycTpa-
HeHUs] MEXaHWYECKHX pE3OHANCHBIX SABJEHHH B OOCBIMHLIX JHana3oHax
BHODALMOHHBIX H YNAPHBIX ycKopenuit Becbma KPHTHUHBIM  SBJIAETCH
crnocof 3allliThl NMOBEPXHOCTH Mepexoja HC3aBHCHMO Of TOTO, HCLOIb-
ayerca JM TEpPMeTH3alus uau Taccusauua Tak Kaxk OTKasbl, KOTOPBIM
NpeNIIecTBYeT TMOCTCHEHHOE YXYALIEHHe CBOiiciB mpubopa, OOBIUIO BI-
3LIBAIOTCSA M3MEHEHHEM COCTOSIHHS MOBEPXHOCTH Iepexona, 1o HalexX-
HOCTh TECHO CBfi3aHa ¢ LEAOCTbIO 3allUTHOro MOKPBITHA TOBEPXHOCTH

JluTeabHble MCCACLOBAaHHS H MHOTOUHCJEHHbIE Pa3pabOTKH NpHBET
K CO3ZaHKIO TEeXHOJOTHH, NO3BOJAIOINEN HCIOAb30BaTh OoJiee JlelleBbIC
MaTtepHasbl M MpPOIECCH NMpPU H3TOTOBJEHHH NMOJYNPOBOAHUKOBHIX Npubo-
POB ¢ OrpAaHHYEHHBIMH NPEAENbHBIMH TapaMeTPaMi, HO HE ¢ TIOHHXKEH-
HOH wHamzexHocThio. TeMmepaTypHbii AHanasoH s npuGopos cepHH
C30, nanpumep, orpauunden suauenunamu —40-- -+ 100° C. Caenosaredrto,
3TH NPHOOPBI AOMKHBEL ObITE CAOCOGHBI BEIIOJHATE ONpefeseHtbe (yHK-
uyH 5 TeMueparyptoMm untepsade 140°C. B 1o Xe Bpems Aaf MpHGO-
pos tuna C35 nuamasod TemmepaTypsl paBen oT —65 no +150°C, u
OHH [OJIKHBbI HajeXHo paboraTh Inpu H3MeHEHHH TeMIlepaTypbl Ha
215°C, 4TO 3HAUMTEABHO Yycyrybaster TpeDopaHUA KaK K CHalw CTeKda
C MEeTaJlJiOM KOpIyca, TdK W K MeXaHUUeCKoil MPOYHOCTH MafHbIX KOH-
T4KTOB KPEMHHEBOIO JHCKa, yepe3 KOTOphle OTBOJLHUTCS TeILio

CHuXEHHe CTOMMOCTH MOXeT OBITb 7Takxe IMOJNYdYeHO 3a CueT HO-
BOil TEXHOJIOTHH, 4TO HJNIOCTpHpYercss BentmaaMu ruma C106. Dddek-
THBHaA MaccuBalufd ¥ pa3paboTKa yHayHOH 0GOJIOYKH TO3BOJIH/IH OTKa-
3aThCsl OT TePMETHUHBIX CMAEB CTEKJa ¢ MeTaMIoM. ITO TNO3BOJHIO
OpraHH30BaTh HX IDHPOKHH BBITYCK NMPH HU3KOH CTOUMOCTE H 6e3 yXyji-
IeHus HaJeKHOCTH.

19-6. MPOU3BOACTBO HAJE)XXHBIX NMPHGEOPOB

Beck TeXHOJOTHUECKHH MpOLlEce AOJKeH OBbiTb TLlaTeNbHO oTpalo-
TaH H AOJKeH TUlaTeNbHO KOHTPOJHMPOBATHCA, WTOOB BCe TOKa3ATCAW,
BKJIIOYasl HAaJ €XKHOCTb, COXPAHANHCH BO BCEH BHIMYCKAaeMOH MPOAYKIHH.
Huske yKa3zaHbol HEKOTOpHle acmeKThl Ipoilecca NPOH3BOACTBA, obecme-
upBarpole Gosee OJATONPUSATHBIE BO3MOXKHOCTH /IS JOCTHXKENHsl BHICO-
KOH HaJleXXHOCTH.

Marepuaso.. Tlondbie n© TNpapBufibHble [ETAJHPOBAHHBIE TPESOBAHHSA
K MarepHasaM OTHOCATCS K uHcay ouesHAHBIX. OJHAKG BaXHbl TaKKe
1paBu/bHEIE CHOCOOH, TO3BOJSIOLINE MOJHO OUEHHBAThL CBOHCTBA MaTe
pHaioB Kak A0, TAK W B Ipomecce (4T0 CYIIECTBEHHO, HANPHMEp, LIf
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rasoB) HMX HCMoab3oBaHus. HeoGxonHMble MeTOaB BecbMa pasHoO6pas-
Hbl R yacTo CJOXKHH. OHH JOJIKHBI OGECTeuHTb OUEHKY NPUrOAHOCTH
MaTepHasNoB C 3IJIEKTPHUECKOH, MeXaHHuecKod, QHU3INUECKOH, XMVHUecKoH
U ApYIHX TOUEK 3DeHusl.

Kgaaugukayun paboyux. CTporne WCMbITaHUS M TPOBEPKH MO CcTaH-
JlapTaM BO BCeM TEXHOJOTHUYeCKOM mpouecce o0ecrneuHBsiOT 3¢ heKTUB-
iibie CPeACTBAa KOHTPOAs 3a npoussoacTBoM OaHako Bo BCAKON TexHo-
JIOTHH Bcerfa NPHCYTCTBYET YeJOBEK, Aaxe B MOJHOCTBIO ABTOMATH3H-
pOBaHHOM INPOHM3BOJICTBE, H CTporue TpeGoBaHHs K KBaJH(UKalLHH pa-
GOTHHKOB [OMOTai0T NOALePXUBaTb W OCYIUECTBJATh HeoOX0LMMBIH
KOUT{OAb 38 NPON3BOACTBOM.

O6opydosanue. Cranky H 06OpyHOBAaHHE, MCNO/Nb3yeMble B NPOH3-
BOJCIBE [OJNYNPOBOAHHKOBHIX MNPHGOPOB, MOTYT AaTh CYLIECTBEHHbIN
BK/Jal B HaleXHOCTb TOTOBOTO NpHOOpA, ecnu HX KOHCTPYKUHMS sB-
areics ynoOuoft Ans wanmagky n oGcnyXKuBanus, obecneyHBaeT MOBTO-
pPAeMOCTb M JIETKOCTb BLINOJHEHHs CHepanuil, CHUXas HAH yCTpauss
yTOMJIeHHE OllepaTopa.

[Tposepsku u ucnoiranus. Pa3paGotka u 3h@PCKTHBHOE MPUMEHEHHe
MEKOTNePAUYOHHOTD KOHTPOAS M MCNHTannil npuGoOpoB cayXart s Noi-
nepXKanus [AeHCTBEHHOro KOH1POJST 3a IPOU3BOJCTBOM C MHMHHMAJLHHIM
3ana3jplBaHHeM BO BpeMeHM KODDEKTHPYIOIHX HeHCTBHH, Korla oO0Ha-
pyXuBaeTcl uX HeobxoanMmocTsb. IlpoBepka Moser BkaAO4aTe B cels
HIMEPEHUs 3AEKTPHYECKMX NaPaMeTPOB KaK 4YacTHUHO COBPaHHLIX OeTa-
Jefi (moacOGOpOK), TaK M TCOTOBBIX Y3JOB, a TaKKe MeXaHHUECKHe, KJIH-

MaTHYeCKHEe H 3SJCKTPHUECKHE HCIOBITAHHA TOTOBBHIX npuéopos, HHOrAga
B YTAXeJCHHBIX PEXKHUMAX.

19-7. MEXAHH3MbI OTKA30B

MexamiszvoM O0TKasa caelyerT CUHTaTb Te XdMHUECKHe M duiiuue-
CKMC TNPOLECCh, KOTOpble TNPHBOJAAT X BO3MOXKHOMY OTKaszy npudopa.
Buabl MexaHHN3MOB MNOBpeKAEHUM, KOTOpble HaGJOAanNCh I PazJiHd-
HEIX ?JCMCHTOB NpubopoB, nepeudcienst B Taéa 192 B taGaune noka-
3aHBl TakXe BHJbBl BO3JeHCTBHH, HA KOTOpbie pearlpyer KakTulu Me-
XaHu3M.

Ecnn B xakom-iuGo onpeleseHHOM THIe npidopa Npu XaniioM npo-
necce OyzeT mpeobaagath 0ojee yeM HECKOJIHLKO TAKHX MEXaHIsMOB IIO-
BpeXXIeHUH, TO HepasymHO MpeanoJgarath, uro OyAeT JAocidrHyTa Ta
CTRTICHD HANEXKHOCTH, KOTOpaa Oblna npoaeMoHCcTPHpOBala  MIUOTUMH
JIPYTUMH TIOJNYNpPOBOJHHKOBLIME npubopaMu. MexaHH3M, OKa3biBalO{Hi
npcobsajgaoliee AeHCTBHE WA JaHHBIH TN npubopa, OyAer MeEHATHCA
B 33aBHCHMOCTH OT KOHKDETHHIX OCOOeHHOCTeil KOHCTDYKHHM W METOAA
U3TOTOBALHNA JaHHOTO npubopa.

19-7-1. JedexTtsl CTPYKTYPH!

Cuntaercs, uto Ae(eKTH CTPYKTYPH SBIAIOTCA cJelcTBueM cjabo-
¢TH uacrtell, HOTOYHOCTRH HITOTOBJEHHN M HEJOCTATKOBR MeXaHWUeCKOH
KOHCTPYKUuH Pasidudble HCUOBITAllHsS, TNPOBEIEHHLIE B MpOLlECCe H3ro-
TOBNEHHS, HANpHMep oupefeNeHde UPAMOro NafeHis HalpsXKedua mpH
BBICOKHX YDOBHSIX ILIOTHOCTH TOKa H HW3MeDeHHME TelJIOBLIX CONpPOTHB-
JeHuil, BecbMa 00/eryaloT KOHTPOJIb 3a NOAOOHBIMH JedeKtamu. ITH

MCMBITAHHS] NOMOFAIOT TakXe BBIABHTL H YCTPAHH1b NPUGOPHI, ciayuaiiHo
OTKJOHSIOIIAECA OT HOPMbL

Uro Kacaercs THPHCTOPOB, TO y HHX BHIaMH OTKAa30B, KOTOpLIe
BBI3BIBAIOTCA OOBIYHO MEXaHHUecKHMH Je(deKTaMH, SBASKOICA: Upe3Mep-
HOe MpsiMoe NajcHHe HANpPsKeHHsl, HEBO3MOXHOCTb OTNHPAHUA INPH CO-
OTBEICTBYIOIIMX MapaMeTpPax yYNpapJ/slioliero HUMIyJbca H Pa30OMKHyTas
LeNnb MeXAy 3aXKUMaMH aHona ¥ kaTola Tak KdK 3TH BHUIB DPHUUH

0TKAa30B OTHOCHTEJbHO DEAKH, TO CK/JOHHOCTb K JAaHHOMY BHAY OTKa30B
He3HauHd1eJabHa

19-7-2. IledexTn repMeTH3anum

Aty pgeder1bl 00YCAOBAMBATCA HeOCTATKAMM TepPMETHUHBIX VII-
JIOTHEHHH, B pe3yJsbTaTe Uero HexkenaTeJbHble NMPUMecH H3 aTMocdepHo-
ro BO3JlyXa MOIYT J0CTHYb BeHTHJbHOTO djeMeHTa. Kuciopox u Baax
HOCTh, HaXofsmuecs B artMmocdepe, MOFyT H3MEHHTh IOBEPXHOCTHBHIE
XapaKTepUCTHKU KPeMHHA.

HaMenenne NOBEPXHOCTHOH MNPOBOIMMOCTH TNPOABJSETCST B MOCTe-
NEeHHOM MOBBLIIIEHHH BENHIUHEI MPSIMOro M o6paTHOro Toxa yreuku Tak
KaK TUDUCTOD siBJfeTcs mnpubopoMm, cpabaTHIBAOIIHM OT TOKAa, TO OH
TepsieT CBOK) CHOCOOHOCTH 3amMpatTh HOMHHAJBbHOe HAaNPsXKeHHe, ecd
NpsAMON TOK YTEUYKH YBEJHUUTCA M HPEBLICUT ONpPEICHeHHYIO KpHIllue-
CKYIO B&JIHUMHY. DTa NPHYMHA MOXKET [PHBECTH B HTOre K hartacipodu-
yeckomy ortkasy. CKopocTb ferpajialiud 3aBHCHT NPEHMYIIECTBEHHO OT
CTENeHH HETePMETHUHOCTH M OT TeMIepaTyphl.

Bo03MOXKHOCTb HCIOJB30OBAHUA TOTO HJAM HHOro cmecoba obHapy-
JKEHHA YTEYKH BEHTHJ 3aBHUCHT OT KOUCTPYKUIMH npubopa H nopsgka
BeJIMUHHBl OOHapyXliBaeMofi yreukd. HuKe NpHBOASITCS HEKOTODBIE Me-
TOXH

oxpawiusanue nod dagaeHuesm — MPOHUKHOBEHIHE KPacKil MOX JIABJC-
HueM. Mertox ygoben 1aa npudopos, TepMeTH3HPYEMBIX € MOMOLUBIO
IpO3payvYHOTO CTeKJa, TAX FakK 3Q(deKT repMerHsanun BHILUM;

godanas sanna nod Oasaerucs C TOCHEYIOUIAM  JICKTPHUECKUM
KOHTpoJleM 37ech HCHoJb3yercs BojJa ¢ Heloabuiolt Ko6aBKoil cMauu-
Bampulero arenra (Molomas Xuakocth uan cnupt). LlenecooGpasnocts
MeTOo/la OrpaH{ueHa, ecAM BHYTPEHHHE MOBEPXHOCTH BEHTHJIBHOrO 3Je-
MEHTa MOKDBITH 3Majbl0 MM KPAaCKoW WM ecau Tpebyercs oBHapyxe-
HUE OYEHb MaJblX CTENEHeH YTeuKH;

nYy3bLPpKOByle UCNBLITAHUA — TIOTPYXKEHHE BEHTHNS B HarpeTyio XKHA-
KOCTb, HATPUMEP [MHMUIEPUH MW CBETABA 3THAeHTAUKoAb. ederr rep-
METH3aUUH BUIHM ODTOT METOX NpPUrojieH AAs oOHAPYKeHH JHIDb OUCHb
BOMBIINX YTEUEK;

2e/ull — BEHTHJb MOJBEPraeTcst BO3AEACTBHIO reJiHA NOA JaB/elneM
Kpnrepuit oTkasa OCHOBEIBaeTCsl Ha H3MEPEHHH CKOPOCTH MOCTYIIEHHS
reus BHYTPb npHOOpPA U BBIXOJA €r0 3aTeM HapyXy;

MeT00 «Paluhr0» — BeHTHAL NOABEPraercsl BO3AEHACTBHIO DATUOAK-
THBHOIO rasza IO napjeHHeM. KpuTepuil 0TKasa OCHCBAH Ha mojicuere
pajHOAaKTHBHOCTH, MOJYYCHHOH NMPHOOPOM.

19-7-3. BHyTpeHHHE 3arpa3HeHus

[TonagaHue BHYTPb TepMETHYHOTO KOPNIYCAa MOHH3HPYEMOro IOJ,
[HefiCTBHEM 3/IeKTPHYECKOTy O/ MAaTepHaja MOXKET MPHBECTH K Mexa-
AH3MAM OTK330B, AHANOTHUHBIM TeM, KOTOPHE HMEKT MeCTO B pesy.p-
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MEXAHM3MbI OTKA3OB 441

tate JedeKTOB repMeTH3aliH, ecjH NOCTOPOHHee BKJIGUEHHE JOCTA104-
Ho Beauxo. OCoOeHHOCTBIO 0TKasza, OOYLJIOBJEHHOIO MAHHOH MNPHYHHOH,
ABJsiercsl 10, YTO BeJHYHHA TNPOUCXOISALIEr0 HsMEHEHHA B3JIEKTPHYECKHX
napamMeTpoB orpannuena Jlamnubn Mexawmiv 0TKA3d4 He mpeJcTaBiger
cofod nepMalelrioro MiMeHeHHsl XdPAdh1CPHCTHK IIOBEPXIfOCTH KpCM-
HUSA, RO MOXET NPEICTABAATb coBoli H3MeHeHue WIHPHHBL 043bl BOJU3H
NIOBEPXHOCTH KpeMHusi ITO ABJEHHE 44CTO 0o0paTHMO. NpHYeM BOCCTa-
HOBJIeHUe OCYIIECTBJISIETCA MPH YCTPAHEHHH 3JeKTPUYECKOro 1o H
JIEMCTBUS MOBLILIEHHOH TeMNepaTyphi

Tak KaK THPHC10p SIBJASEICS CKOPCE OMCTAOW/BHBIM, 4eV JIMHEHHbIM
npu6opoM, TO 3TOT BHJ MEXaHH3Ma OTKa3a MOXel BBI3bIBATb ONaceHus
TOJIBKO TOT/A, KOrZa NPSIMOH TOK yTEUKH MOXeT BO3PAacTH [0 BEJIHUH
Hbl, TIpM KOTOPOM NPOHCXOAMT CaMONpPOM3BOJIbHOE OTHHpanue Beposit-
HOCTb IOABJEHMS TaKMX OTKA30B MaJjia, ecld He YUHThiBaTh cJ1aboTou-
Hbl¢ BbICOKOUYBCIBHTEJbHBIE NPHGOPH ¢ HeGOJBUIOH IUIOLIAALI0 Tepe-
xoga O,HAKO Jaxke y HHX 3TOT MEXaHH3M 4YacT™o MOXKHO YCTPaHUTh
3a cuer [OAaYd OTPHIATEJNBHOTO CMelUeHHST Ha YNPaBJIAioUlpil 3J1eKTpon
WY BBEAEHHS CONPOTUHBJIEHHS B Henb ¥ — Kato[.

19-7-4. Anextpuueckue aedekrsl marepuana

Janusiil THND MexaHHM3va nospexieHufi 00yc/OBJAHBAETC B OCHOB-
HOM Hef0BPOKAUECTBEHHBIM H3rOTOBJeHHeM nepexoda JlepexTni mo.io6-
HOTO XdpaKkTepa pPeAKO BCTPEYAIOTCs B TUPHCTOPAX BCJIEACTBHE OTHOCH-
TeAbHO GOJBIION IIHPHHBEI HX 0as3bl, a TaKxe NOTOMY, Y10 3anHpalolide
nepexoapl MOAY4alOT NOCPENCIBOM Npolecca AHGPY3HH, KOTOpBIF nomy-
CKaer TOCTOSIHHBIA KOHTPOJb 3a IJAyOUHOM M OJHOPOJNHOCTBIO [OJyuae-
MOTO Nepexoja

19-7-5. Anddysua meranna

M3 pcex BO3MOXKHBIX MeXaHH3MOB NOBpeXKAeHHH, Hal/0Jal0UHXCA
B MOJYyNPOBOJHHKOBBIX NPHOOPAX, HaUMeHee CYIIECTBEH'IBIM sBJSCICH
audpysus Meramta. Hecmorps Ha T0, 4To AH((Y3HS TPOUCXOAHT B re-
yeHue JIIUTEJBHOTO NEepHOAa BpeMeHH, Korja o6a MeTajja Haxoasarcsd
B TecHoM KOHTAKTe NPH BBICOKOH TeMmepaType, CKOPOCrb, C KOTOpOi
rakaa gud@Pys3us npoTeKaeT, HACTOJbKO He3HauuTeNdbHa, yTo OHA (ak-
THUECKM HE OKasbiBaer BJHAHHS B TEUENHC BCEro CPoka cayxObl fipH
6opa

19-7-6. PaanoakTHBHOE 00Jay4YeHHE

CreneHb paguOaKTHBHOrO o0OsyueHHs, (hbakTHYeCKH jomycKacmas
JaHHbIM TIpUGOPOM, MOXKeT OBbITh OnpejeseHa TOABKO Ha OCHOBAaHHH
WenblTauuii gasHoro npubopa nHa paaMmanuio [IpHMepHble gomyckn na
paxnaumio OBUIH OMpejeNeHbl ONBITHLIM TyTeM s Bentuned C35 (ce-
pusi 2N685) DBblio ycTaHOBJEHO, YTO KPHTHYECKHE YPOBHM COCTABJAIOT
1014 nefitpoH B ciyuae GoMGapIHPOBKHM OBLICTPHIMH HEHTPOHAMH H §X
X 105 penteenfcex — B ciyyae raMMma-o0JayueHus

BoMO6apAHpOBKa KpeMHHsl GEICTPHIMH HeHTDOHAMH NPHBOJMT K nep-
MaHEHTHOMY TOBDEXACHHIO DeHIeTKH KpHCTamia C COOTBETCTBYIOLIHM



449 HAJEKRHOCTD THPUCTOPOR

BJIMSIHUE CHMJKEHMST HATPY3KII 443

CHMXEHHeM CPOKa XKHU3HH HEOCHOBHBIX HOcHTesled. K uMeay cynlecTsed- ublTasuil, 4TOGH  MOXHO Obulo
HbIX O(heKTOB, KOTOpble HAOMIOAAIOTCS NPH HRTEHCHBHOCTH NOTOK pPAaCCYATaTh  COOTBETCTBYIOLLYIO 1000 vi
nefiTpotios o1 10 g0 10'% HeATPOH, clemyeT OTHeCTH BO3paCTaHHe YH- HHTEHCHBHOCTb OTKa30B.
pasJsioulero Toka, Heo0X0AHMOro AJsi OTNHDPAHUA, M B MEHbIUEH cTe- Hauuple, nonydennwie H3 g 77/
el BO3pACTaHue YACPMKUBAIOWErO 10Kd, NANeHHA HANPSNKEHWA B OF- NPOMBIULIEHHOCTH, ObIIM HCOOJB- X
NEPTOM COCTOSIHHHM H HaNpsKeHusl OTIUPAHUS. 30BaHBl  COBMECTHO C noayveH- 3

XoTl raMMa-pasHalus MOMKET TaKikKe OKA3HBATb HEMDEPHIBHOE HLIMH NDH HCOBITAHMAX DE3Y.ib- 3 100 y
BJHSHHE Ha THPHCTOPBI, MOKHO BCe-14KH NPEAMOJaraTh, 4TO INOBPeXAe- faTaMu A BHIPa6OTKM 3aBU- 8
HUsl, BBI3BAHHLIE OOBIYHBIM O6ayuenHeM, oCYC/JOBAHBAIOTCST B OCHOBHOM CHMOCTH HHTEHCHBHOCTH 0TKa30B by
SomOapaupoBKolt OblcTphiME HeTponamu. T[aMmma-usiyueHHe co3jaeT OT psaja (aKTOPOB, MOKA3aHHOM x
3a_cueT (OTOIJNEKTPHUECKOro H KOMITOHOBCKOTO TPONECCOB MEKTPOHL  Ha puc. 19-2. H3-3a orpannvenuii '3 /
¢ CO/bLIAM YDOBHEM 3HEDIUH, BHI3BIBAIOUIUE YTEuKy TOKA BO BpeMs 06- (10406HKIX BBHIIEYKA3AHHBIM, £ 710
Jayienus. BbicoKHe YPOBHM HMNyJbcop OOAYueHMA MOTYT OKa3LiBaTb 3HAueHHs TNONPABOYAOTO KO & //
npexojsulee BO3JeHCTBUE, CBOAAILEECs K OTTIHPAHMIO TUpHcTopa. [IpM  QuiMcHTa, NMOKasanHbie Ha pHC. 4 4 VNP "
HHTEHCHBHOCTH 10® penrezen/cex BEpPOATHOCTb TOr0, 4TO THPUCTOPHI ce- 19-2, HECKOABLKO HHXKE TEX, KOTO- S / )’
pun C35 Gyayr ormupartbest Ge3 Noaaud YNPaBJAIOIMHX CHTHAJOB, CO- phle TOAY4aiOTCA Ha NpAaKTHKE. & =
crasaser 50%. [Ipupenennble  3HayeHHst 3TOTO 10 "] 3

KO3(h®HIKEHTa NPAMEHHMbI, BO- o, 80 60 @0 20 O

19-8. BIIMAHHUE CHUKEHUSI HATPY3KH

M3 ckasaHHOro Bhllle CJEAyeT, UTO HauGoJee BepPOSITHEIM MeXaHH3-
MOM OTKasa fABJfETCA CHHXKeHHE MPSAMOH 3anupaiolled CnocoGHOCTH
B pe3ysbTaTe HapylI€HHs TepMeTH3aIUH HJH 32 cYeT BHYTPEHHHX BKJIIO-
yennd. Ilpn sToM B BeHTH/e NPOHCXOAAT XHMHYeCKve WIH JEKTPOXH-
MHHYECKHe TNpOlecchl, H MOITOMY CKOPOCTb HX NPOTEKAHHst 3aBHCHT OT
BEIHYHHBl TeMNePaTypbl H (HJH) NPHNOKEHHOTO HampsiKeHHs.

Ecuy 3a cuer CHHIKEHHS HArpy3KH TO TOKY, Orpanivenusi Temiepa-
TYpPBl HJH HaNpsXKeHHs yXy/HleHHe XaPaKTepHUCTHK Trakoro <«oc/atJeH-
Horo» npuBopa 3aMefJsieHOo, TO €ro OTKa3 npomsofiger mnosxe, CBMO
YBEJHYHTCHA, a HHTEHCHBHOCTb OTKAa30B yMeHbwHTCsa. [Ipeanosoxim,
HanpuMep, uTo NapTHsa B 778 npuOOPOB HCNBLITHIBAETCH TPUd HOMHHAL-
HblX ycjaoBHSAX B TeueHHe 1000 # M oaun npuGop BHIXOIAHT M3 Crpos.
Boiuncnennas no taba. 19-1 BeawunHa A pasHa 0,5, ¥ CBMO cocias-
nser 200000 4. Ecam xe orkasaBliuit npubpep npopaGoran 6um 1000 4
33 CUeT CHWJKEHHs Harpyskd, TO BeJHYHH2Z A CHM3UJI4Ch OB JIO
0,3%/10% v, CBMO cocrasuaa 6u1 330 000 4.

Koppextupywowuii ko3(¢hHIEUEHT, YYHTHIBAIOWMHA BJUSHHE HArpysKH
Ha HHTEHCHBHOCTb OTK230B, 3aBHCHT OT OCOGEHHOCTEH KOHKPETHOIO TH-
na npubopa. Ha 3ToT Ko3pdHuMeHT cylllecTBeHHOE BJHSHHE OKA3bIBAIOT
HauboJee BepOSITHRIE BHJABI MEXAHH3MOB OTKa3a H CTeNeHb HX 3aBHCH-
MOCTH OT YPOBHsI Harpysxu.

Jas Toro uTo6bl NOJYYHTb NPHMEpPHBIE 3aBUCHMOCTH 3TOT0 KO3d-
dunrenTa OT OCHOBHHX (DaKTOPOB, HeOOXOAMMO H3YUdThL HNOBEAeHHe
UapTHH THPHCTOPOB, TNOABEPXKEHHBIX B AO0Je HCHBITAHHH BO3IeHCTBHIO
TeMrepaTypbl, Hanpsi)KeHus, TOKa M MX COBMECTHOMY BO3.IefCTBHIO.
K uucny OueBH/JHBIX OrpaHHYeHHH IIPH TAKHUX HCIBITAHHAX OTHOCSTCA:

1) HeBo3MOXHOCTL INPOBECTH HCNBITAHHA B TEeueHHe YHCJAa Yacos,
ZOCTATOUHONO [JA MOJydeHus JAefiCTBHTENBHON CTATHCTHUECKONW OLEHKH
Aas Goaplioro Ha0opa pasJHYHEIX YCJOBHI.

2) Manas BepositTHocTh HabsrofaeMblx OTKa3oB. OTkasbl mpu wuc-
MBITAHUSIX ROJIKHBI NPOHCXOMHTb INPH BCeX 3a/aBaeMbIX YCJIOBHIX HC-

ofuie ropops, X THPHCTOPAM,
BHllycKaeMbiM  Qupmolt  Jlxkene-
paa JJaeKTDHK.

Kak ykasa#o s § 19-4, BHI-
4yucjgeHHas Begdunra MO pasa
Tupuctopos THna C35 He mpeBbl-
maer 0,46%/103 4. 3a cuer yue-
Ta HM3MCHEHHS] NapaMmeTpos, NpH-
BOAMILUX K OTKa3aMm, ona Oblna
cHmxkeHa go 0,046%. Tak xkax
3TH NHCIBITAHHA NPOBOJHJAKCH OPH
HOMHHAJBHBIX  YCJOBHAX,  TO
paJjibluenillee CHHXKEHHE WHTCIICHB-
HOCTU OTKa30B  BO3MOAHO 3a
CYeT HCIOJIb30BANNA THPHCTOPOB
npu obJeryennsix ycaosusix. Kax
caeyer u3 puc. 19-2, ymeuslue-
une MO B 2 u 40 pas Moxer
HMETb MECTO, €CJH THPHCTOph
HCTOJB3YIOTCSA MNPH  MakKCHMaJbHOM HAaNpsXeHHH,
HOMHHAJbHOTO, W TeMnepatype Nepexoxa, pasHolt 50% or pacueTnol
TeMIepaTypot Ans HEIPEepPLIBHOTO pexuma (coo1BeTCTBEH-
#o). llpu onnoBpemennom cHuXenuu ofoux (GaKkTOPOB MakcuMajbHAA
HHTEHCUBHOCTh 0TKa308 yMenpmurca ¢ 0,046 no 0,00058%/10% =, a
CBMO sospacrer ot 2 150000 no 1,75 108 4.

[Moayuenue ¥ ny6aukauus NofoGHBIX TAHHBIX d TONPABOUHBIX KO-
3 UUHeHTOB TO3BOJAIOr IKCTPANOJHPOBATH 3HAUEHUS] HHTEHCHBIOCTH
OTK430B W TéM CaMHIM O0eCIeuHBAIOT CHHXKEHHE CTOMMOCTH U BO3MOXK-
HOCTH OWIMOOK, CBOACTBEHHBIX OOLIHPHBM HCIBITAHHAM, KOTOpHIe HHaue
ObiiM OB HEOOXOAMMBI A AEMOHCTpaiuu BechMa Huzkoit UO, ussect-
HOft M3 NPAKTHKY AJS Pa3/HUHBIX IOJYNPOBOLHHKOBHIX NPHOODPOB, BKJIO-
Yasi TPHOZHBle THPHCTOPH H APYyrue NpuOOpH H3 ceMeACTBAa THUPUCTO-
pos.

Puc 19-2. 3asucumocrs ko3hdu-
L{eHTa YBEJHYEHHS HHTEHCHBHOCTH
OTKa30B  THDHCTOpPA OT CTENeHH
yVeHbLUeHUST [apaMeTpos pexuma
10 CPABHEHUIO ¢ WX HOMHHAJILHBIMH
snaveHnsgmu  Hdas  noayyenns HO
npu 06.J1eryeHHOM pexkume paboTul
wajgo HO npi HOMHHAaNBHOM peXH-
Me pa3ienuTh Ha Kos3bduuHeHT, 1o-
JIYYeHHBLI NPU  NaHHOM CHHIKEHHH
HATIPAXKEHHA WIAH TeMNepartyphl Ie-
pexona

! — 34DHCHMOCTE OT yMEHblWEeHHs TeMlle-
paTyphl BEHTHJABHOrO 3J]eMenTa; 2 — 3a-
BHCHMOCTb OT TIPSIMOTO MiIH 06paTHoro
Hanpaxelns, 3 - 3aBHCHMOCTB OT nps-
MOro TOKa,

pasdom 50% or



Pasjen ppamuarbiit

CXEMbI CTEHJOB NJif HCIIWTAHHRA
TUPHCTOPOB

20-1. BBEJLEHHUE

OnuchiBacMble HuXe CXeMbl CJYXKar A psga Hedell — pXOIHOM
KOHTPOJIb MNOCTYNAIOUHX THPHCTOPOB, INpPOBEPKA THPHCTOPGB B yTAMe-
JIGHHLIX peXuMax, npoduiakTuyeckass NpoBepKa XapaKTCPUCTHK, CPaB-
HeHHe NPUOOPOB Pa3/MYHBIX THNOB M (UPM H3roTOBHTENeH, §oJee NOA-
po6Hoe HcclefoBaHMe XapaKTePUCTHK THPHCTOPOB. IIpHBOMMEBIE CXeMbl
[T03BOJISTIOT NOJAYYaTb Pe3yabTaThl, KOTOPbIE MOMHO CONOCTAB/AS1L C MH-
HHMaJbHBIMH HJM MaKCHMaJbHBIMA 3HAUEHHIMH NapaMeTpoB, YKashl-
BAaEMBIX B CNPaBOYHBIX JAHABIX AJS JN3HHOTO THIA BEHTHNEl.

20-2. ABMEPHUTEJIBHLIE ITPUBOPDI

@opma Toka Ha BXoJe KaKo#-1M00 cxeMbl ¢ THpHCTOpaMd u dopma
KPHBOJ TOKa M Hanpsi’)KeHHs1 Ha BHIXOAe 3TOM CXeMBI Moryr Oblrb Hc-
KaXeHbl Kak BCJencTBHe paboTbl 3Tofl cxeMpl (HanpwMep, mpu daso-
BOM MeTOJie PeryJupOBAHHA BHIXOJHOTO TOKAa W HanpsxKenus), Tak U
BCAEACTBHE HEAMHEHHOCTH XapaKTepHUCTHK CaMOro THPMCTOpa (HAanpH-
Mep, JorapudMuuecKofl 23aBHCHMOCTH MeXKAY NajcHHeM HANpPSKeHAS U
aHoaHbiM TokoM). [lo3Tomy npaBHubHBEIL BHIGOP H3MEPUTENBHBIX NPH-
60poB /S ONpelesieHHs NapaMeTpoB THUPHCTOPOB NPEACTABJAAET MEP-
BOCTeNE€HHOE 3HAYCHHe, €CJAH TPeOyeTcs MOJYYUTb JAOCTATOMHO TOUHBHIE
pe3yJbTaThl.

HeynpapnsieMble BeHTHJIM H THPHCTOPHI OOBIUHO XapaKTEPHU3YIOTCS
CPeIHHM 3HaYeHHeM NPSMOro TOKa, JIPHUEM 3Ta BeJHYHHA OIpenelseT-
cf Kak CpeAHee 3HaueHHEe ONHONOJYNEPHOLHOTO TOKa, MNOKa3plBaeMoe
aMOepMeTpOM MOCTOSIHHOrO TOK&, BKJIOYEHHBIM ITOC/e]0BAaTeNbHO C JaH-
HpiM BeHTHJIeM. CpefHee 3HAaueHWe ToKa He cJelyerT NyTraTb ¢ AedicT-
BVIOLIHM 3HayeHHeM, KOTOpoe siBasieTcsl Mepoft Harpesampoulero addexra
(/?t) Toka c nanHol $opmoil KpUBON TIPH NPOXOXKIEHHM Uepe3 JHHEH-
iioe comportusiesue. OTHOmeHHe ACACTBYIOLIErO 3HAUEHMS K CPeIHEMY
3HAUYCHHIO TpH JMo6ofl  dopme Xpusolt HasbiBaeTca KoadduinuentoM
dopmbt (F), u stor kosbduuuerr F sBaserca ¢yHKIMeH rapMOHUUC-
ckoro cocrasa jawHolt Kpusoil. [as uwucrtoro (6e3 rapMoHUK) TOCTOSH-
Horo Toka F=1, npuueM F Bo3pacTaeT RO Mepe BO3PACTaHHS cOepKa-
Hua rapmonuk. Kosdduuuedar ¢opMel npu nosHoM (ABYXMOJNYIEPHO 1-
HOM) BBINPSIMJIEHHH CHHYCOMZBI pasHsiercst 1,11; mpm ojaHomonynepuon-
HOM BHINDAMJIEHHH CHHYCOHIBI OH eO3pacTaer 10 1,57.

JIBynanpaBieHHble THPHCTOPB! (TPHaKH) HCXO[As H3 HX TPHALHNA
[efCTBUA, XapakTepH3ylOTcst AeHCTBYIOIIHM 3HaueHHeM TOKA.

Tun npu6opa, HCIOJb3yeMOro [Js H3MePEeHHs HANPAXEHHS Ha BXO-
Je CXCMEl ¢ THDHCTOPAaMH, 3aBHCHT OT BHJAa MHTAIOIIEro HaNpsXKeHHS.
Ecan Ha Bx0j mojacTcsl nepeMeHHOC HAMpAXCEHHE, TO €ro ClIeAyeT Ha-
MepsiTh npubopom, pearupyiowium Ha apeiictsyoulee suavenne. Caenyer
OTMETHTh, YTO MHOTHE pacnpocTpaHeHHbie 1HNb NpUbopoB, Tpanzylpo-
BasHbie Mo JeficTByioileMy 3HAYeHHIO (BOJAbTAMMNEPOMMETPHI, MHOTHE
JaMIOBBIE BOABTMETpPEL) RAIOT NPABHAbHbIE NUKA3AHUA TONDBKO, KOTRa U3-
MepseMoe HanpaMXeHue HABJASCTCA WHCTOR HeucKaeyuoft cHHEYcoupoh
(npuGopsl BHIIPAMHTENLHOA €HCTEMB NPAKTHYCKH HIMEPAIOT CcpenHes
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3HAUCHHE TOKA, HO OTIPajyHPOBAHbLI [0 ACHCTBYIOLIEMY SHAUCHHIO C yue-
tom F=1,11). Mmetotcsa Tpu Tuna npuGopos, KOTODBlE OAIOT HCTHHHOE
AelicTBylouiee 3HadeHHe, lle 3aBuciulee OT (OPMBI KPHBOW: HPUOOPBI
9MCKTPOMATHUTHON, 3/MeKTPOAHHAMHUECKON ¥ TEPMOSNEKTPUYECKOH CH-
creM: nprOOpH SMEKTPOAMHAMAYECKON CHCTEMbl TOUHH H HEJOPOFH, NPH-
Gopel TEPMOIJEKTPHUECKOA CHCTEMLI OuYeHp TOUHH, HO 0OsITCSt meperpy-
30K, B TO BPeMs XakK npulopbl 3MeKTPOMarHHTHON CHCTeMBl XOTst W He-
OPOTH, HO MMEIOT OrpaHMYeHHBI 4acTOTHBIE AManalzod. TUNHUHAA KPH-
Basl B BHIE <OTCEUEHHO CHHYCOWjbI», NoAyuyaemas npu $a3oBoM yu-
paBJeHUW B TUPHCTOPUOM CcXeMe, COMEPHUT BHICOKHE UDOUGHT rapmMo-
HUK, KOTODblE MOTYT HAXOZUTBCH 34 (IPeleJaMH YaCTOTHOrO JHanasona
SJEKTPOMATHUTHOH cucTeMbl. HamnpsikeHue Ha BBIXOJAE BBIIPAMHTENSI kL
rOKH OT/eJbHBIX THPHCTOPOB MOTYI H3MepAThCS OOBIYHBIMM NMpPHOOpPaMH
MarHuTOJEeKTpHUecKOR cucTeMmbl. [leficTBymwulee 3HayeHHe ToKa B ILeNH
Harpy3k#d JOJDKHO H3MeNAThCs  AMIEPMETPOM  3JeKTPOAMHAMHYECKo#
HJAM JIEKTPDOMATHUTHOH cHCTeMbl, HanpsaxeHnwe rapMOHHK Jyulle BCero
H3MePSATb OCLUHJIOCKONIOM, HO MOXXHO H BOJIBTMETPOM, PearHpyIolHM Ha
JeiicrBylollee 3HAUCHHE, TOCJICIOBATEJbHO COCIHHEHHBLIM ¢ KOHJAEHCATO-
poM, CONpPOTHBJAeHHe KOTOPOro [Jisi TapDMOHHK MHOTO MeHblie, uyeM Co-
NpOTUBJEHNE BOJAbTMeTpa. AMN/NMTYAHOe 3HAaueHHe HanpAXKeHus oO0bluno
R3MEPSAeTCs C NOMOWLbIO ocuuinorpada uAM aMIANTYAHOTO BOALTMETPA.

20-3. CXEMbI AJ1d USMEPEHHUA OBPATHOIO ¥ NPAMOIo
SANTUPAEMDBIX HANPSOKEHHHA W TOKA YTEUYKH

20-3-1. Usmepenne npsmoro u oOpaTHOrO 3amupaeMbix
HanpsXKeHWil JJs ABYHANPABAEHHBIX W OJHOHAMPaBJACHHBIX
THPHCTOPOB HA TOKH CBbHillie 2 o

Ha puc. 20-1 npusenena cxema amsa cusTHa npsmoit (npH 3amnep-
TOM COCTOSIHMH) W 06paTHOil BeTBell BOJBT-aMIEDHOH XapPAKTEPHCTHKA
BCEX OJHO- H JABYHAUPaBJCHHLIX THPUCTOPOB (upMbi KeHepan Dsex-
TPUK, PARCCUUTAHHBIX HA MaJjple, cpefdue U OONbIIHe TOKH, 3a HCKIIOUE-
HHeM Tpubopos Ha TOK MeHee 2 a, CXeMa COCTOMT H3 PeryMHPYeMOTO
HCTOYHHKA MUTaHHg C OTrPaHHYEeHHEM TOKa, OT KOTODOr0 Ha HCHLITH-
BaeMbll THDPHCTOP MOAAETCs HANDPSPKCHHE B BUAE IOJYBOJHBL  CHIY-
COHHI.

B xayecTBe H3MEPHTCABHEIX MPHOONOB HCHOJB3YIOTCS MArHHIV3JEK-
TpHYeCKMe aMmmepMeTp u BOJbTMeTp. [aa HabawleHHs npaMoid H 06-
paTHOH BeTBeHl BOJIBT-aMNEPHOH XapPAKTEPHCTHKH MOXKHO JIONOJIIHTENb-
HO HCHO.Jb30BaTh OCUHAIOrpad (¢ OTHENbHBIMH BXOJZAMH TOPH3OHTAJD-
HOrO W BePTHKaJbHOTO OTKJOHeHHs). MeToHMKa HCMBITAHHE CBOJAHTCS
K ChefyioueMy:

1. Uamepesive Ugrn ¥au Uxpw Ias JAByHanpasieHHbix THPUCTO-
POB W TPSIMOTO TOKA yTEUKH.

Tepexknmouatenn f{; yeragasansacres s nonokenue «Ilpamoe». Mpy
noMowy asrorpadchopmaropa Tp, uosbuttdetcst Hampakeulle, I0Ka
sonet™Merp V He GyleT moKaswBate KenaeMoe HanpsiKeHue Ugrn HIHM
Ugnp w. Cpeavee 3a Nepuon 3HaveHHe TOKA YTEUKH ONpetendercd Mo am-
nepMeTpy, AMIUTYIHOE — N0 3KpaHy ocunadorpada. Las usMeperus
ASHiCTAHTE/ILHOIG 3HAYGHHA HANDAKEHHS OTNHPAHMA HaA0 MOBHIBATH
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Puc. 20-1. Cxema ycTaHOBKH [N u3MepeHust npsaMoft ¥ OOGPATHON 3amu-
palouteft CnocoBHOCTH THUDPHCTOPOB.

R, (xom) Bbi6HpaeTcs He MeHee FATHKPATHOTO 3HAYeHHs] TACHOPTHOrO TOKA yTeu-
KB HCObiTyeMoro Tupucropa (mae); R;— 10 om Munyc conporHBAeHne aMIepMer-
pa /. BonbTMerp V ¢ HOMHBIM OTKJIOHEHHEM | K8 W NOIpe6AsicMBIM TOKOM 50 MKa
Amnepmerp [ Ha Tok 500 ma Tpancdopmarcp 117/700 e, 100 ma@ HIM 3KBHBAJEHT-

Hbill, B — KO BXOLY BEPTHKaBHOrO OTKIOHCHKA ocuuanorpada; I' — ko BXORY ro-
PH3IOH1ANbLHOrO COTKJOHEHHA oOcLuiIorpada,

HanpspKeHHe ¢ noMoWLpio TPy O Tex mop, foKa 110 IKPAHY OCUHIIOrpa-
Pa ne Gyzmer BUAHO, UTO HCOLITHIBAEMbIll BEHTH/Ib N€PEK/IIOUAETCS, KPOME
TOrO, B MOMEHT OTHHpaHHs aMnepmerp A MNoKaXer pe3koe yBeJHUEHHe
toka. [Ipu 3ToM npHIOXKeHHOe HANMpPsIKEHHE HHKOCAZ He JOJMKHO MPEBH-
wartp AonycruMoro mpsiMoro sanpsikends Unp zom, ecid TaknBoe yxa-
3aHO B CNPABOYHLIX JAHHBIX.

[TpoBepka BeTBM XapaKTEPHCTHKHM ,IBYHallDABJEHHBIX THPHUCTOPOB,
pacnonoxernsoit 8 III KBagpauTe, npoM3BOAHICS AHANOTHUHO NPH [epe-
6poce nepexiouartens /14 B nonoxenue «O6paraoes

2 Hsmepenne Uospw u 06paTHOrC Toka yTeukd I[lepexmouateis
Iy ycramaBnuBacrca B mosomeHne «OGpatHoe». HampsikeHue OuTaHHA
nofHuMaercss fo Tex MOP, MOKA BOJAbTMETp V He MoKaXKeT HOMHHAJAbHOE
Uoop m IJS JaHHOTO THNA THpUcTOopa. CpefiHee 3a NepHOn 3HAUYEHHE
06paTHOTO TOKa YTeYKH ompeflesisercs IO aMnepmerpy A, aMIIHTYA-
Hoe — No 3KpaHy ocuuaorpada.

20-3-2. Usmepenune npaMoro g oGparHoro 3anupaembix

HanmpsiXKeHHWH H TOKOB YTEUKH IJS THPHCTOPOB Ha TOKH
MeHee 2 g

Cxema ua puc. 20-2 nossoiser BecbMa HPOCTO H3MEpATh MDHO-
BeHHHE 3HaYeHHMsl TOKa YTeukH M 3amMpaeMoro HANDSUKeHHS OJA cia-
Gorountlx THpHCTOpPOB. ChenyerT TOAYEPKHYTR, 4To KHOMKa Ki, Bao-
ugeMas TOJALKO Ha MOMERT u3Mepenus, MO3BO/AAET YMEHLIHTHL HArpPed

O
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Puc. 20-2. CxeMa YCTAHOBKH ANMA H3MEPEHUs NpPsAMON M oOpaTHOR 3amH-
paouiell cnocoSHOCTH THPUCTOPOB Ha MaJbie TOKH.

Boapt™merp V — 500—0—500 g, mukpoamnepmerp / — 100—0—100 xxa (o6a c Hy’deM
nocepeAvHe IUKaabl); Ry — 3 KoM, b 87, Ry, Rz — mo 100 xkom; R, — 2,5 Kom MUHYC
compoTuB/ieHre Mukpoammepmerpa I, €, —50 ukgh 450 8 (MOXKHO 3JIEKTPOJHTHIE
ckHR), C; — | MK, 600 & (xe 3NEKTPONUTHUECKHI)

HCTILITYEeMOTO THPHCTOpA, U IIO3TOMY ee HOKJAIYaTh M3 CXeMbl HelleJe-
cooBpasno  Ymo6el mpous3BecTH H3MepeHHs NP (IOBHIIEHHOH TeMIle-
patype, HCnBITHBaeMblii Tupucrop T crelyeT NOMeCTHTb B TepMOCTar.
[Tpn usMepesnu NepekaiouaTenb [I; ycrallaBmiBaeTcst B nogoxenue fIp
(mpsaMoe), u npd Haxkarofl KHonke K, HanpsKeHWe mOIHHMaercs M0
HYXKHOB BeJIHYMHE, OTMeuaeMoii mo BoabTMmerpy V. Tok yTeukn olpe-
Jensierca no MHKpoamnepMerpy . Haa onpefenenus jAefcTBHTE/b-
HOTO HaNpsKeHuf OTIHpPAHUS ABHKOK pesucTopa Ry NMOBOpauuBalT RO
TeX TNop, MOKa crpenxa npubopa J He NOKAKET PEIKOTO YyBENHYCHHS
TOKa, a cTpenxa npubopa V — ymMeHbNIeHHs1 HampsKeHMs Ha THPH-
cTope. ITokasanue BOJIbTMETPA HEMOCPEeACTBEHHO IEped 3TUM H SABJISIET-
¢ gefictBuTesibHbIM 3HaueHueM Uogrn. MeMepenns o6pamioro TOKa
YTeUKH [PH OIpefejeHHOM OOpDAaTHOM HATPSXKEHWH NPOU3BOJATCA [PH
nepe6poce [Ty B nonoxenue O6p

20-4. UBMEPEHHE YMNPABJIAIOHUX TOKA OTNHPAHHA
U HANPAXKEHHS OTIIUPAHUA

20-4-1. TNocranoBka 3agauu

DTH H3MepeHus Npenlia3HaueHbl AUt ONpPeNeseHHsS BeJHYHHBI ylpaB-
JSTOIMX TOKA W HANPAMEHHS, HeOOXOAHMMBIX MJIst OTIHPAHUS THPH-
CTOpa IpH ONpefeJeHHBIX YCJAOBHAX. Bo BreX ONHCaHHBIX HUXKe cXeMax
K MONBLITHIBAEMOMY TIpUGOPY NPUKAAABIBAETCS TNPAMOE AHOAHOE HANPH-
KeHHe ¥ 3aTeM HaNpSIKeHHe Ha YApPaBJAIOHIEM 3JeKTpoje MelJIeHHO
NOBHIIAETCA O TeX 1op, NOKa He NpoM3oijer OTHHpaHHe.
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20-4-2. YcranoBKa 118 H3MePeHUs MapaMerpos
THPHCTOPOB NPY YNPABJEHHH UMNYAbCAMH,
npeaHasHauYeHnas JAJas OLHOHANPABJEHHBIX

H JBYHANPaBJEHHbIX TUPUCTOPOB HA TOKM CBble 2 g

Ha masbiTiisaemelit Tupuctop 8 gamnofi cxeme (pue 20 3} nojaercs
aHOJiHOe HanpsxeHHe B BHJE YCEUEHHBIX MONYCHHYCOMAAJBHBIX HMOYJih-
COB C aMMMTYnod 6 Han 12 8 B 3aBUCHMOCTH OT NOJOXKEHHS nepe-
kmoyatenst fI. Hykuas pelnudHa aHONHOTO HATpSKEHHs, TaK IKe
KaK ¥ BeJHYHHA CONPOTHBJIEHHA HATPY3KH B aHOAHON Henu Rs, ompe-
A€NAeTCS CNPABOUHLIMM JAHHBIMH [JSl THDPHCTODPA JAHHOrO THUIld, YIpaB-
JAI0IEe HANPsAXKeHHe HMeeT (OpMy WpPAMOYTOJBHBIX HMIYJALCOB, BeJH-
UHHY KOTOPBIX MOXKHO HM3MEHATh OT HyJAst IO 6 68 M MIMTeJbHOCTh OT
npuMepHo 5 Jo 100 mkcexk. IDTH wMIyabcHl MOTYT MOJABAaThbCs Ha
YUPABJSIIOMUHE 3JeKTPOA HOMBITHIBAEMOro THPHCTOpPAa T KaK C MTOJOKH-
TENBHON, TaK M C OTPHUATE/BHOH MOJSPHOCTLIO, YTO HEOBXOLMMO 47
HCIILITAHHS JBYHANPaBJEeHHbIX THPHCTOPOB. MaMeputenpubiMu npubopa-
MU ABJAIOTCA OCUMAOrpad ¢ pasiesbHHIMU BXOJaMH TOPH3OHTAILHOTO
H BEPTHK2JBHOrO OTK/JIOHeHWA, TpPHYEM Ha MOCHeAHHH C pesncropa R,
TOJAeTCsA CHTHaM, TPONOPUUOHAJBHLI yNPaBASOIEMY TOKY, M BOJbLT-

~71208

Puc. 20-3 Cxema yCTaROBKH A1 H3MeDeHHs TapaMeTpoB yTpaBAeHus
OJIlI0- U ABYyHAIIpABJACHHBIX TUDHCTOPOB MPH HMIOYJbCHOM YHIDaBJA€HHH.

Rs — conpoTupaenne HarpyaKH VCOBITHIBAEMOTG THPHCTODA, BBIGHPAETCS B 3aBUCH-
MOCTH OT ero Tuna, R, — TOXKOu3MepuTeNnbHoe CONDOTHBAGHHWE; MAaKCHMAaJbHOE Ma-
JleHWe HANPSKeHWss Ha HeM OT YMPAaBJAAULEro TOKA JHOMKHO ObITh MPHMEPHO PaB-
HO 0,5 8. BosbTmerp V — 10 @ Ha BCIO mKany BTOPHUHAR OBMOTK2 TpaHchopMa-
topa Tp, ra 12,6 8, 4 a, Tp,— 63 8, 1,2 a. Tpausucropm JIT; —trma 9N1540,
fiT; — 2N2193, [1T, — 2N2192A; [IT, — OTIT tnma 2N2646 Cra6uaurponsl CTy H
CT; —na 6 6 kaxanifi, C; — 1500 mxeh, 25 &, B — Ko BXOLY BEPTHKAJNBEOTO OTKJIO-~
HeHnws ocumanorpada; 3 — k semne ocumanorpada; I' — Ko BXORY TODH30HTAALHOTO
OTKJIOHEHHA ocunanorpada, <«+4» 11 «—> — NONOMATEALHEN H  OTPHIATEABHBIR
YOpaBASIOIHA TOK

MeTD TIOCTOSIHHOIO TOKAa V, ¢ MOMOUILIO KOTOPOro OTMEYaeTcs MOMEHT
oTnupaHus TupHcropa T,

Ilpouenypa wusmepenuii ciefywuwias: ¢ oMolmbl Ry yCTaHaBJIH-
BAlOT PeXHM, IIPH KOTOPOM B TedeHHe MOJYIepHOga HKeHCTBHS anof-
HOTO  HaNpsKeHH MOAaeTcd TOJABKO OJHH YNDPABASIONMA WMITYJIbC,
CABHHYTBIH MpPHMEPHO HAa 4 MceX OTHOCHTEJBHO Hayada 3TOrO HOJY-
nepHoia. 3aTeM ¢ NOMOUIBIO R, YCTAHABIMBAGTCA »KeJaeMas UIMpila
3THX WMIyAbooB. ChedyeT OTMETHTb, UTO HMIY/bCHl JJAHTENABHOCTLIO
Goaee 100 micex RaloT pesyabTaThl U3MEPEHHMEl, SKBHBAJNEHTHDLIE ympas-
JEHHI0 Ha NOCTOAHHOM Toke. C MOMOWIBI0 K3 BEJHUHHY HMHYAbCOB
YBEAHUHBAIOT OT HyJs [0 TeX {1op, MOKa THPHCTOD He CTaHeT OTITH-
paThCiA; 3HAUGHHS] YNPaBAMIOWIMX ToKa M HaNDSKEeHUs, He0OXOAHMBIX
AJs OTHMPAHHMSA, ONPEREIOTCA HEMOCPEACTBOHHO MepeJ OTHHpaHHEM.
MoMeHT OTIMpaHUA OTpefeNseTCs N0 DESKOMY YMEHBUIEHHIO NOKA3aHHK
BaAbTMETpa V HIH 1O MOSABNEHHIO CTYNEHBKH Ha OCUMJJIOTPaMMe Ha
9KpaHe ocunaorpada.

20-4-3. YcraHoBka AJs M3MePeHHsi NaPaMeTPOB
ynpaBaeHHss Ha NOCTOSIHHOM TOKe, NPEeAHA3HAYEHHAS
AL BCEX OJLHOHAMPABAEHHBIX M JABYHANPaBJCHHBIX
THPHCTOPOB HA TOKM CBblle 2 g

Cxema Ha puc. 20-4 fABAfEeTCS BAPHAHTOM CXeMbl, OIHMCAHHOIN
B § 20-4-2. CxeMbl aHONHOR WeNd HACGHTHUHE!, FeHEpPaTop YHPABAAIOULIX
HMIYJIbCOB 3aMeHeH UPOCTHIM PEryJauPYEMbiM HMCTOUHHKOM MOCTOSIHHOTO
ToKa, Mamepenust ynpapismionlero TOKA W HAUDANEHHA NPOHIBOAATCH
¢ nomomipio mpubopos A um Vi Kak u pamee, mBukok Rs {l0BOpaUH-

Puc. 20-4. Cxema ycraHoBKH s H3MepeHHsa napaMeTpoB
yUpasjeHHs OAHO- # [BYHANPaBJeHHLIX THPHUCTOPOB NpH
YynpaBJeHHH NOCTOSHALIM TokoM. BoabTmerp V), — 10 8 Ha Bewo
wraxy, Vy—12 8. MuniuamnepMerp — B  3aBHCHMOCTH OT
TOKA YNPABJEHHS] HCHLITYEMOTG THDHCTOPA.
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BAaeTCid N0 TeX MOp, TlOKa MCHBITHIBAeMbiil Tupucrop T He OTKpoercs.
Hokasanua ¢ A w V; cuumanTtcs HenocpeicTBeHHO flepes oTNMpa-
HUEM THPHCTOPA.

20-4-4. YcraHoBKa Aas H3MEPEeHHs NapaMeTpPoB
YNpaBJeHHsi MAJOMOBIHBIX THPUCTOPOB (HA TOKM
MeHee 2 q)

Himepeine ynpaBasiolux ToKa 1 HANDS/KeHAS CAAGOTOYHMIX TH-
PHCTODPOB OCNOKHEHO TEM, YTO CONPOTHBJIEHHE YHACTKA YNpABJAIOUIAH
SMEKTPOAL — KATOL CHIBHO H3MEHSeTCS B MOMeHT OTIHDAHHA THPH-
cTopa. K TOMy e HanpsKeHHe ¥ TOK YNPABNEHHA OTOHpaHUs
3aBHCAT OT BHYTPEHHErO CONPOTHBJEHHS HCTOMHHKA B H3MEPUTEbHOH
ycraoske, W MOTOMY 5TO CONDOTHBAGHHE NPH M3MEPEHHAX KOMKHO

B O,
[ 1 K anody ™
41206
i K wamody T
©

x 43

Ry RJ RZ Ry
800 10 60 20
(1%) (1%) (1%) (1%)

Hagpaxcenuws omnuplHul
&—-——-————-ﬁ-{

HanpAaxcerue

by
omnupanus a
—c—l——" : lly

- P

MOMEHIM et ~
\\ omnupanun D
u [
\ y y
MaxcuMansHbid \\_,< Tpaexmopus 6 /

mox ynpadneHun
5)

Puc 20-5. Cxema YCTaBOBKH A5 H3MepeHHs napaMeTpoB leNnu ynpasJie-
HHs THDHCTOPOB Ha MaJjible TOKH (@) M KpuBble uy(iy) Ha 9Kpaue OCLH-
JAorpatha NPy ynpasieHHH NOMOKHTENALHBIMH (6) M OTPHLATENLHLIMH (8)
HAMIOYJIbCAMH.

' — Ko BXxoAy Tropu3onTanbHol pasBepTKH ocumwmiorpada; B — x0 Bxoay BepTH-
KaNpHOH pa3sepTkH ocumiaorpada.

nocHe OMNUPAHG A

OuiTb  BHOAHe onpefenennbiM  Ilonasannas na puc 20-5,0 cxema
crelHanbio paspaboTaHa JUisi HCHLITAHUS BCEX BBIIYCKaeMBIX B HacTOS-
mice BpeMmst (upmoint [Dxcuepan DAEKTPUK MaJOMOUIHLIX THPHCTODOB
B 5Tofi_ycranoBke Ha ynpasasioniuli 3/eKTPOA MCHBITHIBACMOIC THPH-
cropa T momaeTcs MONYCHHYCOHZAAbHOE HANPSKeHHe OT HCTOYHHKA
€ peryaunpyeMbiM BHYTDeHHHM COTDOTHBJIGHHEM, BAOKHAsS BOABT-aMIep-
Hafd XapaKTepucTdka Habmojaercs Ha 3kpaHe ocuuanorpada Moment
OTNHPAHHA OTMEYAETCsA TIO PE3KOMY H3MEHEeHHIO COMNPOTHBJEHHUS B LenH
YNPaBAAIOUIEro 3JeKTpoaa

Ha puc 20-56 moxasaso TuMOBOe M300paKeHHe XaPAKTEPHCTHKH
uy(iy), nomywaemoit Ha skpaHe ocuwssorpada ITocme Toukm ormupa-
HUA THDHCTOpA KpupBasd nokasaHa nyHxktupoM Ida camom pene cpers-
H1ascsl TOYKA 1la OKpaHe 3JEKTPONHONYYEBOR TPYOKHM, MPOuEpUMBAONLAs
S5TY KPMBYIO, B MOMEHT OTHHPAHHS THPUCTOPA MIHOBEHHO CMeIlaercsl
H3-32 U3MCHEHUsl 3KBUBAJIENTHOTO BXOJHOIO CONPOTHUBJCHHA THPUCTODA,
H B HaGmojpaeMmofi KpuBolt uy(iy) monyuaercss paspus YacTh KpuBOA,
npoyepuuBaeMasi OTO#l TOUKON [OCJE OTHHPAIMS, 3aBMCUT B OCHOBHOM
OT NapaMeTpoB HCTOUHHKA THTAHHA H UMEET HECKONbKO Melblyio HH-
TEHCHBHOCTD CBeUeHUs

Yupasasoniee HampsiKelMe OTHHPAHHSI ONpPERENSETCH 10 OKPAHY
ocuumiorpada no abeuucce TOUKH, COOTBETCTBYIOULEH OTNHPAHMIO THPH-
cropa (puc 20-5,6) OpHako YNpaBASIOMHA TOK, HeOGXOMMMBIH IS
OTMHPAHHA, JNOMNEH ONpPelelsTbCa [0 MAaKCHMyMy KpuBOR TOKa ynpas-
JeHHsl, a He mO OpAMHATE TOUKH OTNHPAHHA, TaK Kak HeoBXOAHMO
VUATHIBATD, YTO JJIA JAOCTHKEHHS TOUKMA OTHHDAHWA YIPABASIONHA TOK
JoJIKeH Chadanga MPOHTH ucped MAKCHMYM, H MCTOYHWK YIpaBJcHHs
HO/KeH OLITh PACCUMUTAH MMEHHO Ha STOT HaHBOMBINAf TOK

Mruorue wmajomomusie TPUGOPH OTOHPAIOTCA NPH  OTPHILATEALHOM
ynpasaswomem toke Ha puc 20 5,8 nmokasana tunosas KpuBas Uy (iy),
noayyaemas Jis JABYHANDPABJEHHOTO TUPHCTOpA Takoro tana Caeiyer
MOZUEPKHYThL, 4TO YIpaBAfIOllee HanpsKeHHe 3/7eCh ABASETCS TOJO
XKuTenbhibiM Jlas npuopos Takoro THha HWHTepeC TNPEACTABASET W3ME-
peHHe TOJBKO YNPaBJAAIOMEro Hanpsukenus otmupanusg Orpunatens-
HBIH yOPaBAAOWAN TOK, HeOGXOAUMHIM NS OTHHPAHHSA, He HMeeT 3Na
UeHUst JNifi paspaGoTYMKa CXeMH yIpaBiieHus, ¥ NOITOMY W3MEpAThL ero
He HYXKHO

20-5. H3MEPEHUE NOJXBATbHIBAIOUIETO
H YOEP)XUBAIOIMEI0 TOKOB

20-5-1. O6mue Bompockl

ITo onpepeseHHio NOAXBATHIBAOWHA TOK — 3T0 MHHUMAMLHHIY TOK,
KOTODHI# NOMKeH NpoTeKaTh B aHOAHOM NENH THPACTOPA ANA  TOTO,
uToGBl NOCTEeNHUA TePeKMOUMICS M3 3aMepToro B OTHEPTOe COC rosiue
1 ocTajncd B 9TOM COCTOSIHUM MOCAE OKOHYaHHs YMPaBJSIOUIEI0 WMIYJb
(a VYAepXMBAOWNA TOK ONPOAESNETCA KaK MHHMMAJbHBE TOK, KOTO-
PBIfl MOXET MpOTeKaTh B aHOAHOW LN OTHEPTOro THPHCTOPa Ge3 TOro,
4TO MOC/AEZHHE MepeXOXHT B 3ameproe cocTodHne Tax KaK I0AXBa-
THBAIOMMA ¥ YREPKUBAIOMUI TOKA 3aBHCHT ©OT TapaMeTpPoB UenH
YnpaBiieHHs: W aHOJHOrO IHTAIOMIero HANPSAXEHHS, TO 3TH BEJHYAHB!
HOMKHW OHTL OrOBOPeHH NPH NaHHMX H3MepeHusix. Chelyer Takke
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Puc 206 CxeMa yCTaHOBKM /Sl H3MEDEHUS TOXKOB NOAXBaTa u yaep-
KAHUS

A ~— muanaunamnepMmerp Ha 500 ma, R, — 10 Kox (uau 50 KoM [AS ManOMOULHBLIX
TUPHCTOPOB), R3 R, BHOGUpPawTCA B 3aBHCHUMOCTH OT THMa HCIBITHIBAEMOrO THPH
cropa, I — H3MepeHue Toga NoAXBaTa 2-— H3MepeHHe TOka YACPKaHufA

y4ecTb, YTO THPUCTOP TPH ONpeNEeIeHHOM AHOJHOM TOKEe MOXKET HMETb
fosibliie OJHOrO 3HaYeHHs NPAMOrO TNajeHHs HaNpsAXeHdsd, OCOGeHHO
ecnu HanOosbllasg BeJHUMHA aHOZHOTO TOKA HEHAMHOTO IpeBbINIAeT
BeJIMYMHY YAEPKUBAIOIEro TOKA ITO siBjeHHe MOXKeT NPHBECTH K I10-
JYYeHHI0 HEeCKOJIBKHX 3HaueHMA YAep:KHUBAwIlero ToKa 11 OXHOro H
Toro ke mpuGopa Ilosromy AnA NpPaBHJABHOIO H3MEDEHHA YAEepKH-
BalOUEro TOKa HeoOXONMMO OHadaJa NPOMYCTHTb UYePe3 THUPHCTOP JO-
CTATOYHO GOJIBIMION HMIYJLC aHOJHOrO TOKA ¥ 3areM MOCTENeHHO CHH-
WKaThb ero JO BeJMUMHB TOXKa yhAepxaHua WaMepurenbHas cxema Ha
puc 20 6 yaoBJgeTBOpsieT 5TUM TpeGOBAHUAM, OHa MOXKET TaKXe HC-
HOMb30BATLCA AJS H3MepeHHs NMOLXBATHIBAIOIETO TOKA

20-5-2. MaMepenne NMOAXBATHIBAIOLIETO TOKA

Ilpu »a™uX u3Mepenusx mepekmouatenb 1, (puc 20 6) craBuTCH
B MoJjoxkenue I M HONBITYeMblii THPHCTOpP T1 OKa3hiBaeTCs BKJIOYEHHBIM
NOCJeR0BATEIbHO C pe3HCTOPoM K, C TOMOUIBIO KOTOPOTO yCTaHAB
JuBaerca TOK ', MuiannamnepMerpoM A H HCIOYHHKOM TMTaHug 24 8
UYepesz xronxky K; u pesucrop Rs Ha Ty mopmaercs yApaBJISIOWIMA CHT-
Han Ilpu arom R; muibupaercs Tax, 4ToOH TOJYYHUTH OTOBOPEHHYIO
B CNPaBOYHBIX NAHHBIX JJIS1 MCIBITHIBAEMOTO THPHCTOPA BeJMHYHHY TOKA

! lna nonydeHust NPaBHJABHBIX 3HAYeHHH !Hon“ u ’yn pesucTop R; AONxKeH
ofecieyuBaTh BecbMa ITaBHOG H3MEHeHHe Toka Ge3 CKadkKOB H HpPOBajoB  BH
SBAHHBIX H3MEHEHHEM CONPOTHBJEHHs KOHTAKTa NpH NepeMelleHHH JABHXKKa JKena
TeJIbHO MO3TOMY INOCJAEROBATENLHO C STHM CONPOTHBJCHHEM BKJIOUUTh AOCTATOYHYIO
KHAYKTHBHOCTL JIHGO 3aMeHHTh er0 TPaH3HCTOPoM, 6asoBbiff TOK KOTOpOro sanaet-
ca OT OTAEALHOrC MAaJOMOILHOTO BHIIPAMUTENN CO CIAXKHBAIOWHAM GAALTPOM,
peryn)upyemoro Ha nepBHuHO#l cTopose Tpancdopmaropa ([lpuM peaaxTopos Hepe-
BOAA.

ynpasnenns MeTONuKa H3Mepenull caejyiomas R CHayaja y(TaHaB
JUBaeTC B IOJNOXKEHHE MHHHM&AbHOTO TOXA W 3aTeM NOCTEHNeHHO BH
BOJMTCA MpPH NepHOJHUYECKOM Ha:Kam™id M OTmyckaHud knonku K, Tlpu
KaxXAoM Haxatud Ky cTpenka mwumuavmepMenpa A oTKROHIETCA, a LU
ormlyckains Ky BoaBpailaercs K HYJI0, €CJH [pOTeKaouluit uepes Ty
3HOMHBIA TOK MeHbllle NMOAXBATHIBAIOWIEro TOKa Konma THPHCTOP «HOA-
XBaTHI» TOK, CTpeJKa A ocrtaHercs B OTKJIOHEHHOM TIIOJIO2KEHHH UIPH
ornyckanun KHonmku K; [lokasanust A B 2Tofl nepexomHO# ToYKe M
AafyT 3HaueHWsi TNOAXBATHIBAIONMIEr0 TOKA MAJA JLAHHOTO THPHCTOPA

20-5-3. Wamepenne yaepxnBalomiero Toka

Has srtux wuamepenuit [1, nepeBoguTcAd B ToJNOKeHHe 2, a pesu-
CcTOp Rz OCTABJAAETCS B NOJOXKEHHH, HalJeHHOM NpH H3MePeHHH [OJ
XBATBIBAIOWEro TOKa Temepb NPH KaMIOM HaxaTu# KHONKH Ky a4
oTnupanus 71 OyKeT Takxe OTnUparthesi THpHeTop Ty, XOTOPHH oGeamne-
YyHBaeT NporeKaHue yepe3d Ty HONMOJHHTENIBHOrO WMIYJbca TOKa Beuau-
YMHa 3TOr0 HMOYJAbca TOKA ONpeleaseTcd NoJOXKeHHeM ABHXKa R
¥ ABASAETCH ONpelleeHHOH sl Kax/JAOro THNa THpHCTOpa IDTOT TOK
MOXKET KOHTPOMMPOBATHCA TIO 3KPaHy ocuu/nonpada, A Uero CAYKHT
pesucrop R, ¢ comporusieHuem 1 ox JJIHTeNBHOCTb 3TOTO HMITYJbCa
ToKa, ompegenseMass eMKOcTbilo C3 M HHLYKTHBHOCTBbIO Lj, Jo/KHA
OBITh HOCTATOMHON JJst WCNBLITAHMS TUPHCTOPOB passuunoro tuna [as
H3MEPeHHs 'yHepXUBAIONIEro ToOXKa JarHoro 7Ty HaXuMalOT M 3aTeM
oryckalor xHonkKy K; Ilocne storo yBeqnuMBaIOT CONMpOTHBJIeHHE Ry,
ToKa CTpejKa MuJiHamiepMerpa A He BO3BPATHTCA CKAYKOM B HyJe-
Boe moJoxeHue IlokasaHwe 3Toro mpHGOpa HENOCPEJICTBEHRO Mepeln
3THM CKaYKOM H SIBJAETCA YAePXKUBAIOUIMM TOKOM [JaHHOTO THPH
cTopa

20-6. CXEMA 19 H3MEPEHHA CPENHETrO 3HAYEHHSA
NPAMOTO MALEHMS HANIPS)KEHUA

Cxema Ha puc 207 moxer GOBTb HCIOAB30BAHA MU H3MEDEHHS
HIPAMOro TNaleHHs HanpsKeHHs Ha THPHCTOPE TIDH ero OTMepToM Co
CTOSIHUH

TIpn TakoM H3MEPEHHH K THPHCTODY INOJBOAMTCS NOCTOSIHHBIN TOK,
H3MepsAeMblfi amMnepMerpoM A, nanenye HanpAkKeHHs U3MEPAETCS BOJBT
metpoM V ns BumojHenus u3mepenusi Xmou K, 3ambiRaercs 1pu
NOJOXEeHHH peryiaropa Tpanchopmatopa Tp, mpuMepHO Ha CpeaHeM
yposHe 3arteM c¢ nomomplo tpaHcopmaropa Ip, ycraHABAMBaeTCs
no amnepmerpy A Heo6XoInMOe 3HAYEHHe NDPAMOrO TOKa, NOC/IE UEro
npH HaxaTH# KHONKH K 3alucwbiBaeTcs HoKasanue sodsTMeTpa V [Ips
MOe NajeHue HalpsiKeHHS AOJKHO OBTb He GOJblie MpeNeNbHOR BelH-
YHHBI, YKa3aHHOH B creunduxauun Anf KaHHoro tuma Beanuuny ups-
MOTO TOK2a DEKOMeHAyeTCH YCTAHABAMBATHL BOAW3K HAMTENBHO JONY-
CTAMOIO 3HaUeHHsa ToKa tupucrtopa Ecan wucneiryemeri npunbop He
cnabxel paauaTOPOM, TO H3MepEHHS NOJKHB NPOBOAHTHCA B TeueHHe
He Gonee 2—3 cex BO wn3GexxaHue mneperpeBa [lonoGHble H3MepeHHSA
MOTyT NpPOBOAMTBLCA MPH JoGoft TeMmllepaType OKpyKawouleff cpeiul B
Tipefesax pabouero JxanasoHa TNpH YCJIOBHH, ¥TO JMONYCTHMasi TeMle-
patypa xopmyca npuGopa He OGyZeT mpeBblIIeHa.
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Puc 20-7 Cxema yCTaHOBKH A.1a H3Mepeurs HpsMOro najieHus Hanpsa-
JKeHU s

Tp, — perynuposounniii Tpexdasinly Tpanchopmarop 3 aea, 117 8, Tp, —1pexdas
Hoilt tpaucdopmarop 110/12 8, 1 k8a K, — kHonKa 0 xom | 87, R, — 10 om
1 ar R —4 om 25 gr nast tupucropon Tura CI0 Cl11 08 om 100 er gaa C35
C36 C40, 02 om, 1000 8r pun C50, C60 C-—02 mrd, 150 8, A — amnepmerp
5—20—100 a, V- poanTtMeTp 3 8

{—

20-7. CXEMA LI U3MEPEHMS BPFMFHU
BOCCTAHOBJEHUS YNPABJISIEMOCTH
(BPEMEHYW 3ANHPAHUS)

Kag coofmaniocs B pasf b, BpeMs BOCCTALOBACHHs YIPaBAAEMOCTH
3ABHCHT OT pafga (AKTOPOB, MOJITOMY MNPH *YKA3AHAW 3TOr0 IapaMmcrpa
B KaTajore JOTMKHLI ObTh NPHUBEjEHbI NapaMeTppl M3MEPHTEJILHOM cXe
Mbl B COOTBETCTBHM € 3THM B TeXHHYeCKHX ycaonusx ¢pupmbr [xewe-
pajl DJIEKTDHK Hapsay ¢ rapaHTHPOBAHNBIM npeJlesbilbiM 3HAYECHHEM
BpeMeHH BOCCTAaHOBJEHHSI YKas3aHbi YCJIOBHA HCIBITAHHR H npuBeaeHa
jcnbiTaTeNbHas cxema, obecrneyusalolias 3TH YCJAOBMA (CM, HampHMep,
Texnuueckue yciosusi Ha Tapuctopnt C9, C12, C40, C35, Cl40 u T n).

[as onpefeieHus BPeMeHH BOCCTAHOBJICHHA YNPABJAAEMOCTH THPH-
CTOpPOB, PACCUMTAHHBIX HA MaJjble, CpefHde u OCOJblUMe TOKM, HOJIb-
3yloTcsi OGHIUHO CXeMofl, npuBeferHodi na puc 20-8,0 npu cooTBer-
cTBylONleM H3MeHeHwH ee mapamerpos [Ipsmofi TOX Harpysku MOXer
perynupoBaThCsi Ipy moMomu Rs mpumepro or 05 mo 70 a, a paH-
TeNbHOCTL MHTEpBaja, B TeueHHe KoToporo Ha T1 mojaerca ofpaTHo®
HanpsuKeHMe, MOKeT DEryJAHpoBaThcsi NpH nomomn Rs u €y Benuunna
aMIIHTYAel 0oBpaTHOrO TOKa BO BpeMsl HHTepBaja BOCCTAHOBJEHHS
3amMpaiolieii clocoGHOCTH B OOPAaTHOM HanpaBJeHHH MOXeT peryJH-
pomaTbcsl TPH TOMOILH Rz, a ¢$OpMYy KPHBOA 3TOrO TOKa MOXHO Ha-
GalofpaTh Ha JKpaHe ocHuanorpada 3a CyeT HCMONB3OBAHUA mMaleHHs
HaNpRIKeHHA Ha 3aXKHMax GesHHAYKTHBHOrO wyHta Rs. Ecnu usMepe-

()
\_/ 1,

R5 un
£
' )
T 206
L -2
H ocyu nnozpagy
R
o4

a)

248

At

Puc 20-8 Cxema ycTaHOBKA Ajs U3MepeHHs BPEMEHH BOCCTANOBJIEHHA
yupaBiseMOCTH THPHCTOPO3 (@) M KDHBbe HANMpsiKeHHs Ha THPHCTOpE
npn Takux uiMepenuax (6).

Ty — UCIIBITHIBaeMbIA BeHTHAB, Tp — BCIOMOraTeNbHbI# THPHCTOD TOro e THna,
auro 0 Ty, Ki u K; — 3aMblkaiomue KHONKH, Ry, Rz — 100 om, 1 87, Ry, Ry— 1 Mox,
1 87 R — u3mensemoe CONpOTHBJAeHde oT 025 om 25 k87 no 50 ox 15 er Ry —
1 xo#, 2 87, Ry —or 01 om, 500 sr go 1 om, 10 87, Ry — Ge3nlH AYKTHBHKIR LIYHT,
Cy— ot 0,1 po 100 mxd, 150 8, C;, Cy3— 05 mxd, 200 8. TlocaenoraTENLHOCTD OTIE-
pauufl — 3ambikanue Kaoda K; mamaTHe n ornyckanue Ki, maxatue 1 ornycka-
tue K, Al — paurenpHocTn OTKphitore cocrosuus Ty, fy — Bpemn, npenocrasiasie
Moe IJs BOCCTAHOBJIEGHMS YNPAaBAAeMCCTH [ — KPHBas HAOPSKEHHA Ha THPHCTOpe
ipn HZ fygcep, 2— TO Xe Ipu h<fygccp S — KDHBAS BOCCTanaBAHBAIOUIErOCH
APAMOTO HANpAXeHHs NPH HCNBLITAHWAX THPHCTOPOB HA 3asope, U ., — HOMH«

HanpLHOe HanpsXeHue OTNHPAHHSA THPHCTOpE
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151 HeoOXOAMMO NPOBOMMTHL JHIIL B ONpeJeJeHHOM AHANa30He aHOM-
{IOT0  10Ka, TO, KOHEYHO, HeT HeOoOXOAHMOCTH HCNO0Jb30BaTb BEChb KOM-
MJIeKT Pe3UCTOPOB W KOH[EHCATOPOB, YkasanHbix Ha puc. 20-8,a

B naHHO# cxeMe HanpsKeHHE Ha DUPHCTOPE M KpuBas [UK4 yepes
HEro CXOJQHbl N0 (OpMe C KPWUBBIMH HaNPSUKeHUS H TOKA, HMEIOH(HMH
MECTO B CXeMe MapajiesibHoro MHBep10pa

3ambikanue K3 u 3areMm Ay OPHBOJHT K OCIHUPAIHIO HONBITYEeMOro
Ti, TOK Harpy3k# NpOXOAMT 4Yeped Rs u ammepmerp A; Menec uem 3a
I cex xonpescarop C; 3apsikaercda deped Rg A0 HalpsaKeHus, BoO3-
HUKAIOLlero Ha GaxuMax Ry OpH NpPoTeKaHHU TOKa Harpysku. Ecau
Tenepb 3aMkHyTh Ka, To orampercss [, B pesyabrare storo Cy oxa-
Kercsi MOAKJIOUeHHBIM mapaJdieibHo Ty u mpoxoasuiuil yepes T, TOK
43MeHHT HanpasjaeHue Ha ob6paTtHoe. Kongencatop C; oOeclieunBaetr
npotekaHne 4depe3 T4 KOPOTKOro HMMIyjabca oGpaTHOrO TOKa Ha 3rane
BOCCTAHOBJIEHHsl 3anypaolilell cnocoGHOcTH B oO0paTHOM HalpaBJCHHH.
Iocse sToro mMmyabca Toka Ci Npogo/KaeT Pa3psAXKaThCs, a 3aTeM
Hauunaer nepesapspkatbcsl uepes T, 6aTapeio B Rs €O CKOPOCTHIO,
onpegenseMoi mocrosuuoit spemedn RsCy. Hocae uHTepBana BpeMmeni
ty (puc. 20 8,6), HECKOIbKO MEHbIIEr0 NOCTOAHHOH Bpemern RsCy, na-
NpsKeHHe aHoj — Katod Ty MPOXOAMT uepes HyJb M HauMHAeT BO3pa-
CTaTh B NOJOXHTEJABHOM HampaBJaeHHH. Ecin BpeMsi BOCCTaNOBJSHHS
ynpasaseMocTd £, tapucropa Ty OyAeT MeHee fj, TO OH OCTaHETCH
B 3aMepToM COCTOSIHHM U aMIlepMeTp IOKaxeT OTCYTCTBHe TokKa. B mpo-
THBHOM caydae Ty OTKpOercs ONfiTh, H TOK OyleT TpoTeKaTh 40 TeX
nop, noka Ks He 6yAeT PasOMKHYT.

BeauuuHy BpeMeHH fp MOXHO M3MEPUTh myTeM HaOJIONeHHS KpuU-
BOR HaMpsKeHWsi MeMXLY AaHOLOM H KaToJOM THPHCTOpa Ha 3KpaHe
ocumanorpada. Tlpn aToM OyAeT modyuyeHa KPHBAd HaNpsKeuus, Mo-
LoBHaa nokasaHHoH Ha puc 20-8,6 .

IOasa obecneueHus yAOBJAECTBODHTENbHON paboTbl 3TOH CXembl Tpe-
6yeTcsl YAeAUTh 0cofoe BHUMaHHE OTACIbHEBIM AeTanaM. Iis Toro utolbl
Kougencatop C; ofecreunBas mnpulokeHne K T1 HanpsKeHus, locra-
TOYHOTO /ISl erc 3anupaHus, HCTOYHHK [IOCTOSIHHOTO TOKa [MOJIXKell
HMeTb HeboJblIOE BHYTPEHHEe CONpOTHBJeHHe. IIpy wucnbITaHWM THPH-
CTOPOB, DACCYHTAHHBIX Ha CpeAHHe U OOMpliMe TOKH, A1 yMeHbIUeHUs
Mapa3uTHHIX HMHAYKTHBHOCTEH CHJIOBBle IIPOBOAA HEOOXOXMMO BBINOJ-
HUTh M3 MHOTOMKHJDBHONH MEZHON <«IJIETEHKH» JLOCTATOUHOTO CeYeHHUs
C M30MMPOBAHHBIMH KMJIAMH ¥ CBECTH HX JUIHHY A0 MHHHMYMa.

Ha wmpenupuamsax ¢upmbl JiKeHepan IDJMeKTPUK TP H3MepeHHH
BpeMeHH BOCCTAHOBJIGHHS YIPaBJSeMOCIH CKODOCTh HapacTaHus MOBTOP-
HO MPHUKA2IbIBAEMOTO K THPHCTOPY MPAMOTO HANDSKEHHA MOJASPIKHU-
BaeTcs MOCTOSHHON, KaK MOKAa3aHO NyHKTHPHON JuHHeRi Ha puc, 20-8,6.
Takue YCIOBHA M3MepDeHHS ABJRIOTCA GoJee THMENBIMHM, d4eM B Caydae
BO3pacTaHns MPSMOrO HaNpSXKeHHsl [0 SKOMNOHEHINUaNbHOH KPHBOH, H
TpeGyloT GoJiee CIOKHOTO HCTBITATEJBHONO OGOPYNOBAHHMS, UM TPHBE-
ngexnass Ha puc. 20-8,a cxema CpeleHHs 0 TaKOd cXeMe MOTYT ObITh
noayuens u3 {J1. 20-1].

20-8. U3SMEPEHHE JONYCTUMON CKOPOCTH HAPACTAHHS
nPAMOT0O HANPSHKEHUSA

3anuparolias CMocOGHOCTh THPHCTOpA B MPAMOM [ANPABJEHHH 3a-
BHCHT OT CKOPOCTH HApaCTaHHs NpsAMoro mampskenus. Ecmu sTa cKo-
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Puc. 209 CxeMa ycranoBku Aaa ncnoitadus Ha du/dt (a) # KpuBme
nanpsikenus (6)
Ry — Ge3bHAYKTHBHOE COMNPOTHBAEHIC: R, — eBifupaetca B 3aBHCHMOCTH OT THNa

TUPHCTOpa; K) — PTYTHBIK TePMETHYHRIY BBEIKJIIOUATEAL, V — BONbTMETp MOCTOSIH-
HOTO TOKa HJAH ccluuiorpad

POCTb MpeBHILAET KPUTHYECKYIO BEJAMUMHY, TO THPUCTOP OTIHpaeTcs,
Jaxe ecad NPHIOXKeHHOe HaNpspKeHWE MEHbINe, YeM ero CTaTHUecKoe
HanpsxeHue ornupanusa. [lpu mapacramuum mpsamoro Hampsikenus ¢ uy-
Jf MO JKUMOHEHTE YHC/NeHHOe 3HaueHde du/df MoxkeT O6HITh HafgeHO

Kak
“ du

TPUIOKEAHOE HATNPSKEHNE
dt TOCTOSTHHAA BpPEMEHU DKCHOHEHTHI

-0,63-

Kpuruueckas Beawunda du/df, ykasuiBaemas B CTIpaBOUHBIX JAH-
HBIX, TIO3BOJISIET DPACCYMTATh IapaMeTpbl (BUABLTPOB, MPeROTBPALIAIONIHX
JoXHOe oTmupanue. Ha puc 20-9 mokaszana npocras cxema aJ4s 1po-
BEPKH CTOMKOCTH THPUCTOPOB K pesuunde du/di Kmou K,, ecin B Ka-
4ecmBe €ro He HONOMBb3YETCS TepMETHUHBII BLIKAOYATEIL C PTYTHEIM
MOCTHKOM, JOJ/UKEH WMeThb BpeMs 3aMbiKanus (¢ yueToM BpCMCIH OT-
CKaKUBaWus KOHTAKTOB), #e mpepbinaomee 0,1R,C, Pesucrop R
OrpaHHyMBaer TOK 4TOGHI WIPELOTBPATHTL TIOBPEKAEHHE HCIEITLIBACMOTO
BeHTHJIA NPH OTNHPAHHH Ero B cJyuae IDeBBILEHHs Tapamerpa du/dt.

Ilpn KaxXIOM 3aMBIKaHHH KJI0Ua K 32)KHMAaM HCNBITHBAEMOrO Bell-
TS NPHKAANHBAETCA  SKOMOHEHIMA/NBHO HapacTaiolliee HaMpPAKPHUE;
H3MEPEHHST TPOBOAATCA TIPH DAa3OMKHYTOM YNPABJSIONEM 3JIEKTpoje
WIY TPH OPOBOPEHNON B CIDABOUHBIX JAHHBIX BeJAWYANE HANpPRXKennd
cMellleHHst Ha YD V3MepeHHs TNPOBOAATCA METONOM <BKAIUKJICT — He
BEKJIOUMJICS» [PY  TIOCTENelHOM FOBBIIEHHM MHTAIOIIET0 HaNpsXKelus,
MOKA UCHBITLIBAEMBITT BENTHAbL He OTONDETCSl WM NMoKa ne Oyer Jo-
CTHFHYTA 0e3 OTMUpauus BONTHIS OlpejleJennas BeJHYHHA CKOPOCTH
HapacTauus NpHKIaIbiBaeMOro HanpsKenns KpuByio wmapacraiounero
HATIPSKEHHs] MOXKHO Habmonate no ocudanorpady, KOTOPLI MOIK/IO-
YaeTCs HENOCPeACTBEHHO K HONBITHIBAEMOMY BEHTH.IIO

20-9. OMPEAENEHHE NONYCTUMOHM CKOPOCTU HAPACTAHUA
NPAMOIro TOKA
Cxema na puc 20-10 MoxeT 6HITb HCIOJHIOBANA ~AJS TIPOBEPKH

CTI0COGHOCTH THPHCTOPOB OTHHPATL GONLUIHE TOKH, T € [AsI TPOBePKH
TpeRenbHO NOHYCTUMOR BeJUuuHbl dif/dt npu orMmupannu.
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K ocyun-
nozpagy

fat 38—~

Puc. 20-10. Cxema ycTaHOBKH

NIt OLEHKH
¥ di/dt 1o XPUBOH AHOAHOTO HAUPHAMEHHS NPH OTHHpAauHH (@) H KOH-
CTPYKUHSA Oe3bIHAYKTHBHOTO TOKOM3MEPHTENLHCTO liyHTa (6).

Tp2 — aprorpadchopmarop 100 sa; Cy— 10 sk, 200 8 ¢ manolt snyrpenuel uuAyk-

CTOHKOCTH THPHCTOPOB

THBHOCTBYO, L, — 1 mren, CT — crabunutpon 22 8. OIIT — tuma 2N2647; I — sKkpan

kabesas npunadaTth K mafife; 2 — Menn wan naiysb 0,025 mm; 3 — npoxkaamka (cno-

Ha, CTEeKJOBONOKHO M Ap ) 0,125 ms. UlyHT mnoCjae H3TOTOBAEHHA CHKHUMaeTcs H
CKJAEWBALTCs, 3aTeM KaaubpyeTcs Ha NOCTOSHHOM TOKE

Ipu OoTMUpaHUM THPHCTOPA TO YNPAaBASIOUIEMY 3JEKTPORY BKaKOue-
HHEe TNPOHCXOAMT NEPBOHAYANBHO TOMBKO HA YYacTKe, PaCHoJOMeHHOM
oYeHb OJHM3KO OT KOHTAKTA YPABJASAIOUIETO 3/J6KTPOAZ, W 3arem Ipo-
BOASIIAS YACTh PACHPOCTPAHSAETCS B NONEPEUHOM HANPABACHWY BOHTHIL-
HOro 3JIeMEHTa, OXBATHIBAS B KOHIE KOHLOB BCIO MJIOM{ajb BEHTHJIb-
HOTO 3JeMeHTa. [lo Tex NOp MOKa Bech BEHTHJBHLIA 3JEMEHT He Nepei-
HeT B COCTOSHWE BHICOKOW NpPOBOAUMOCTH, BeCh TOK Harpy3kud THUDH-
CTOpa KOHLEHTPHPYETCs BO BRJIIOUEHHOH YacTH, UTO 3aMeTHO OIPaHH-
UHBaeT CMOCOGHOCTL THPHUCTOPA MNPONYOKATh TOK B Teyerde HEpRHIX
MHKpOCEKYHI Tocje oTnxpaHua. Tak Kak NpaMoe MaJeHde Hanpsxe-
HHMAl Ha THPUCTOPE MPONOPUHOHAMBHO IIOTHOCTH TOK3, TO KOMMYTHDYIO-
Y0 CoCOGHOCTL THPHCTOPOB MOKHO OUEHMBATL MO KpPWBOH NajgeHns
HaNpsKeHHA NOoC/He OTHHPAHMS NpH OUPefeNeHHOR BeJHIHHE TPAMOTO
aHoAHOTO TOKa. B moxasanno# na puc. 20-10 cxeme uacrora reHepa-
TOpa YIpPaBAAIOHIHX HMIYJIRCOB, wonojbaytoumeno OIIT, ycrauasnusaer-

ca mMpd noMowd Ry TAK, UTQ WCHLITHIBACMBIA TUPUCTOP OTHApaercs
HEeMHOIO M03)Ke MAaKCHMyMa CHHYCOWJbI HallpsKeHHS [MTaHud. 3ateM
¢ moMomiblo aBToTpaHchopMaropa Tpy YCTaHaBAMBAIOT AMINTHTYRY
HMIYJIbLCA TOKA Yepe3 HCOLITHBAEMbl{l THPHCTOP, MMEIOLlero (HOopMy Tofay-
BOJIHBL AJuTesnbHocTbiO 10 mxcex (Gaarogapsi KoJeGaTeJbHOMY paspsiLy
C, uepe3 Ly) u ¢ aMuaurynoi, pasuolt 150 @, uro mpoBepseTcH nyTeM
H3MEepPEeHHA C NOMOILBIO IWyHTa W ocuuatorpada. Tax kak HaMepe-
HUSi TPOBOLATCHA NPH AMIJHTYNHOM 3HAYGHMH WMIYJAbCA TOK4, TO IIO-
[PElHOCTH U3MepPEeHHA MajeHud HaNPAXeHUS Ha THPHUCTOpe, OGYCJIOB-
JuBaeMble HapasHTHOH HHAYKTHBHOCTBIO LIeNil, yCTPaHMITCS. Beauunna
NPAMOro MafeHHs HaNPAXKEHHA HA TUPUCTOPE TPH ONPEJeNSHHOM TOKe,
paBHOM 150 a, sBaAfeTCA KpHTepHeM €ro OHNOCOGHOCTH BLIAEPXKHBATH
OTNPEACCHHYIO CKOPOCTD HapacTanus TOKAa WpHM OTAHDAluW, T. €. €ro
crofikocTn K difdt. Tlpn noaxmoyenny saxkuMop ocuujuiorpada X Tu-
PHCTOPY H K TOKOW3MEPHICABHOMY IIYHTY CJeAyeT NPelOTBPATHTL BO3-
MOXKHOE BJHAINNE HABOAOK CO CTOPOHB NPOBOJOB, IIPONYCKAIOLMX GOMb-
HiHe HUMAYJABCHl TOKAa, ¥ TOMeX 3a CueT MpoTekaHns TOKAa [0 NPOBOAY,
HOJKJIOURIUHOMY K «3eMJe» ocuuanorpada.

20-10. UBMEPEHHE CTOMKOCTH NBYHAINPABJEHHBIX
THPUCTOPOB K BEJUUYMHE du/dt
20-10-1. O6wHe BONpPoOCHI
PaGora AByHaIPaBJGHHBIX TUPHCIOPOB [IPH HHAYKTHBHOH Harpys-
Ke wMeeT paAjJ ocoOeHHOCTeH, KOTOpble HeOOXOAHMO YUATBIBATH NpH
pacyeTe Takux cxeM. Oplof u3 HauGOJBUIMX TPYIHOCTEH B TAKHX
cXeMax fBJAETCA BO3MOMKHOCTb MOBTOPHOIO OTIHPAHHSI THPUCTOpA, eCyH
B MOMEHT TOJr0Ja TOK2 OJRUOT0 HANPaBJeHHs K HYJIO CKOPOCTL Ha-
pacTanus Hanpsxenus du/df, NPHKIAABIBAEMOrO0 B IIPOTHBONOJONKHOM
HanpaB/eHHH, OKayKeTCHA CJHLIKOM OoJbliof. B cxeMe WepeMEHHOro
TOKa ¢ WHLYKTUBHOH Harpyskoft (puc. 20-1l,@) wmoMeHT <maja ToKa
K HyJIO OTCTaeT Ha yroa \y oT MOMeHTa Mepexola KPHBOH NHTAIOLIEro
HanpsikeHus uepes Hyab (puc. 20-11,6 n 8). B momenr onajga toxa
K HYJIO THPHCTOP HaudHaeT 3aMHpAaThCH, OJHAKO B 3TOT MOMEHT K HeMmy
NpHKJaALIBaeTCs HafpsXKeHHe, PaBHOe MIHOBEHHOMY 3HAUeHHIO NHTAIO-
ILEero; CKOPOCTb HapaCTAHHS 3T0TO HANPSXKEHUS OrPaHHYMBAETCH TOJMBKO
pacrnpeneseHHOH eMKOCThIO CXeMBl ¥ BHYTPeHHEH eMKOCTBIO CaMoro
Tupucropa C,. Cxema na puc. 20-11,a Moxker GHTb WCHOJNB30OBaHA AJA
NPOBEPKH  ONOCOOHOCTH  JBYHATIPABJAEGHHBIX TUPHCTOPOB MBHIACPKUBATDL
onpesenenHuie 3nauvenmust du/df. B aTolf cXeMe CKOpPOCTL llapaciaHus
HaNpSIKEeHUST Ha THPUCTODe CAachaHa peryadpyemoii (ot 10 no upn-
mepHo 0,3 8/mrcex) 3a cuer JoGamdenust KowjaeHcatopa Cyp uapasuicib-
HO TupHcTOopy. DPesucrop Ru MpeAOTBPALLACT YPEIMCPULIC HMIYALCL
TOKA 4CpPe3 THPHCTOP MPH ero OTHHPaHHH, obycioBiacnuuic paspsiom Ci.

20-10-2. Meroauka namepenuii

Cuavana emkocts Cy ycTaHaBJHBAalOT paBHON 1| Mk, a Ry — ero
MaKcHMaJbHOH BeapdnHe. [IpH MOAKIIOUEHHOM DHTaHHM H3MEHSIOT Ry
IO ToJiyueHHsl AeHCTBYIONIEr0 3HAUeHHA ToKa 4epe3 THpucTop 5 4. Hau-
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Puc. 20-11. Cxema YCTAHOBKH [/l HCHBITAHHS JIBYHANPABJEIHLIX THDH-
cropos Ha dufdt (a) n rpadukx HanpsokeHuit u Toka (6—e). (Ha puc. 2
B yBeJMYEHHOM MaciuTale NOKasaH HauyajbHBIA yuacToK Kpusoh U, ha
pHc. 8).

Ly — 10 men; Ry~ 100 oM, 1 er;

100 mxp go 1
6EST2

Ra—11 om, 750 8r; C)— namenseMmslf or
MK, D — pByHanpaBaeHuuiit  LHOAHLIH THPUCTOP (AWAK) THna

Gosiee MpPOCTO 3Ty BeJMUMHY TOKa MOXKHO NPOBEPHTb MyTeM H3Mepeins
HaUpspKeHuss Ha pesucrope Rz==11 ox BOJBTMETPOM, HU3MEPAIOLHEM
zeiicTByollee 3hadenne. OH JOJKeH MOKasuBaTh 55 8. B ciyyae name-
peHnil TipH MOBBULEHHOH TeMIepaType TUPUCTOPA NOCHeMHUIl HOJMKeH
ObiTh Hanper H3BHe. TemilepaTypa Kopmyca, H3MepsieMasi TepMONApoil,
ycranapsmsaercs pasHoit 80°C gas tuma SC40 u SC41 uau 88°C pas
tina SC45 u SC46, mpu 3ToM TeMIepaTypa Mepexoaa paBHa pacuet-
Holt penwunne 100°C. 3arem eMmrocTh KOHAeHcaTopa Cj INOCTENEHHO
yMeHplliaeTcs, Moka He Oyler AOCTMDHYTa Jesaemas OKOPOCTb Hapa-
CTaHHS HaNpPsKeHHS Ha TUPUCTOPe, KOHTPOJNMPyeMast 1o ocuuiaorpady,
UNH TI0OKA He HaCcTymaT HapyiuleHuss B KommyTaumd. Yisciennoe sHaue-
HHe CKOPOCTM HapacTaHua HaNpsDKEHHs ONPeleNsercs Mo KPUBOM HA
puc. 20-11,e. Caefyer MOJYEpKHYTb, YTO AJH THPUCTOPOB THIoB SC40,
SC41, SC45 u SC46 crofikoets K dufdf ompenessiercs Ha yyacTke
HapacTanis MOBTOPHO IIPHKJIAALIBAEMOTO HaNpPSIKeHHS TOJbKO A0 BeJH-
unibpt 20 8 (7 e. BesmunmHa U, mokasammasi ua puc. 20-11,2, paena

20 8).

20-11. IPOMBIIIVTEHHOE OBOPYAOBAHHUE AN UCILITAHHN
THPUCTOPOB H CTAHIAPTHbLIE METOAbl MCHBITAHWUH

B nacrosiiee Bpemst psifi $uUPM BHIIYCKAeT MpOMBUIJEHHBIE YCTa-
HOBKH JUISl MCIBITAHUH THPHCTOPOB.

ITpu wmamepenusix mpsaMoli m OGPATHOH BETBell BOALT-aMIEPHOH Xxa-
PAKTEPUCTUKH, MapaMerpoB IenH YyIpaBJeHHs, NOAXBATHIBAIOULETO TOKA
H Jp. MOryT OLITb TaKKe HOMOJb30BAHBI ClElMadbHble THIIBL OCHHJIO-
rpagos.

B nacrosimee sBpems KoMmuTeT moJynpoBoAHMKOBHX npuGopoB AwMe-
PUKAHCKOTO MHCTATYTA HMHIKOHEPOD 3JEKTPHKOB M 9/1€KTPOHUKOB TOJATO-
TaBIUBAET CTAHIAPT MO yNpaBJseMblM BeHTHJAsM. K MoMeHTy Hamuca-
HUSl HACTOSILErO CNpPaBOYHMKA ITOT CTAHJapT ellle He BHUIYLIEH.

Pasnen nsaauarts nepsuiii

BbIbOP THPUCTOPOB H NNPOBEPKA
PABOTOCNNOCOBHOCTH CHPOEKTUPOBAHHOM
CXEMDBbI

21-1. BbIBOP THPHUCTOPOB

Karanor rtupuctopos (pasi. 22) noKasHBaeT WIUPOKHe BO3MOXK-
HOCTH, KOTOpPBIE HMMEET B CBOEM pPACNOPSMKEHHH MHIKEHepP-IpOeKTHPOB-
UK. BelnycKkaemble Tulbl THPHCTOPOB OXBATHIBAIOT AHANA30H AeHCT-
BylOluX 3HaueHwd TokoB oT 0,5 mo 850 o u aMOIHTYmHBIX SHaveHmit
HanpsikeHus OT 25 o 1800 s Hapsamy c jewesbiME THDHCIOPAMH
AAst GbITOBHIX ¥ WPOMBIIJIGHHBIX YCTPONCTB IBLUTYCKalOTCs TPHOOPHE
AJd BOGHHBIX lpuMetenuil. K uucay MHOTHX CHeNHaNbHBIX THIOB THPH-
CTOPOB OTHOCATCA MHBEPTOPHble MPUOOPE ¢ MaJBIM BpeMeHeM BOCCTa-
HOBJIEHHSI M TapaHTHPYEMBIMH IHHAMHYECKHMH XapaKTEPHCTHKAMH, THDH-
CTOpPBl IJsi paGoThl B LIMPOKOM IMalla30He TeMIepaTtyp, TeTPolibie,
ylipaBisieMble cBeTOM ((POTOTHPHCTOPHI), 0COGO BHICOKOBOJLTHBIE, ¢ IIO-
BOILIEHHOH HaAeXHOCTHIO. JIByHANpPaBJIEHHBIE TUPUCTOPH AJs1 PaboThl
B cetax 120 u 240 ¢ Bminyckaiorcs Ma Tokm 6, 10 m 15 a. B xara-
J0Tax ITPHBOIATCH TakiKe CBOJEHHA 0 MPHGOpaxX, KOTOphle HE SIBJA-
I0TCA THPHCTOPAMH, HO YaCTO HCHOJBb3YIOTCA B THPHCTOPHBIX CXeMax
(nepermouarouine JHOLBI H OMHONEPEXOLHBE TPAH3UCTOPHI).

21-1-1. INpoexkTupoBanue npuGOPOB U PHIHOK

B Hacrosulee BpeMst COCTOsIHHE OHJOBON TIOJYNPOBOLHHKOBOH TeX-
HHKH TaKOBO, 4TO NOHATHE <YHHBEPCAJBHBI THPHCTOP® 6CCCMDIC/EINO
Tupuctop, paspaGoTaHHEIA NPEHMYMIECTBOHHO MJSI BBICOKOMACTOTHBIX
HHBEPTOPOB ¥ MepekJiouartesell NOCTOSHHOLO TOKa, OyJeT HeyladHbIM
npubopoM s cxeM ¢ (asoBbIM YNPABAEHMEM Ha uactoTe 50 2. TOUHO
TAK e THUPHCTOD, pa3spaboTaHHBIH JJSI BHICOKOBOJIBTHHIX CXeM, MO CBOEH
CYTH MAJIONPHIOJEH MJS BHICOKOYACTOTHBLIX yerpoiiems. OcnoBa 3TOH
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HECOBMECTHMMOCTH COCTOMT B TOM, 4YTO eciH @pubop paspabaimpaercs
AafA  mepexsiouenuss GOJbLIMX MoulliocTed (0OAbline HAlpAXKeHHd H
TOKH), TO 3TH (PAKTOPbl OKAa3blBAIOTCH JAHAMEIPAJbHO PO FHBOMOJONKHbI-
Mil €ero yacTomiblM cboidcrBam. C APYrodl CTOPOHBI, TeXHUKa CO3AAHU#
BLICOKOYACTOTHEIX NPHOOPOB cBA3aHa ¢ TeldeHUMed K CHHXEHHIO WA
311ePreTHYECKUX MOoKasareleil.

KaK OhMEYaJa0Ch BLILLE, KOHCTPYKILHS Kopilyca rakxKe 3zaBacar oT
HajuayeHuss mpubopa. Hanpumep, ans Tupucropa, HpeAHa3HAYSHHOrO
s paboOThl B JICIKMX yc/a0BHAX (Ne0oJblIOi AHANa3oH TeMmilepatyp,
OTCYTCIBHE |IMHAMMYECKHX Harpy30K), MO:KHO MCIIONb3OBaTh JAclueBbid
BApHAUT KOHCTPYKHUHMH W TEIUICOTBO/A, IKOTOPbIE 6y,£lyT aGCOJIIOTHO
HeTlpHeMacMLl B cayudae Tupucropa Ha 500 a J4uas mpUBOAa WIPOKAT-
Horo crana. B mocaeaneM ciayuae TpeGoBanMs YCTOHUMBOCTH K TENIOROH
yCTaHOBKe H NiepeHanpsXKeHHsM 00s3aTeJbHbI.

21-1-2. OcHoBbl BLIGOPA THPHCTOPOB

Uro6bl ycnemwrHo MNPHMeHATb THPHCTOPH JOOOTO THNA, HeAb3s
IpeBHIIATL HH OAMH H3 TIPEXe/blII0 AOTYyCTHMbIX napamerpoB OueBua-
HO TakXxe, UTO CJUUIKOM OoJblion KosdulyiedT 3amaca chetaer
ycTpodcrBo  HeskodoMuuHeim. Ilostomy ass  oGocHoBanHOro BblOOpa
pPeKOMeHJyeTCsi B [epByI0 ouepelib COCTABUTb MePEYCHb BCEX CHEIH-
($HUeCKHX YCJOBHH M IPefleibHEIX PeKUMOB B JAHHOM KOHKDETHOM CJIy-
yae. Conocrapisigs 3TOT MepedeRb ¢ KaTajloOroM, Jerko mojfo0paTb THPH-
CTOp, HanMyuuwruM o0pa3oM orBevalollvil JaHHOMY caydalo. PaccMmorpuMm
NoC/IeA0BaTe/IbHOCTh, B KOTOPO# C/AeJyeT NPOM3BOJHTb Ollepalliy {10
BLIGOPY THpPHCTOpA.

I. Onpenenenue TpeGoBaHMH CO CTOPOHBl CXeMbl X THPHCTOPY.

[lampsizkeHust H TOKM THPHCTOPA B AaHHOR cXeMe MOKHH OBITb
BLIpayKeHbl Yepe3 BXOAHOEe HanpspKEHHe cXeMbl M TpefyeMmylo BBIXOM-
Hy10 MoliHocTb. IleKoTopele uacro Berpeualoilvecss COOTMIOMICHHS IIPH-
BEACHLI Bhillle (CM. pasi. 9).

IMIpuMevyanue. CheryeT NPOBEPHTh BEJHYHHY HANPHKEHHS B TEPEXONHBIX
PeXUMAaX M OUEHHTL TOKOBYIO Harpy3ky, ecin (opma TOKa HE COOTBETCTBYeT HOp
Manu30Bannol. ClenyeT OLE@HUTb X4anas3oH paGodux Temleparyp CXeMbl H BLI-
ABHTh Chelyaibiele TPeGOBaHUsT K HaJleXHOCTH B cjyYae BoedHoft anmaparypnt

2. Boifop COOTBETCTBYIOUIETO THPHCTOPaZ Ha OCHOBE JETaJbHbLIX HaH-
HBIX KaTaJjora.

3. BriGop Heo6X0AMMOro TElIOOTBOAA:

a) onpejesneHHe MaKCHMaJIbHOl OKDyXKaiwolle#l TeMNepaTyph;

6) ompefeNeHHe pasMepa TemIOOTBOJA Ha OCHOBe KPHBHIX, IpPH-
BeJIEHHBIX B CHeMH(UKAIMA THPUCTOPA, WJIH MO XaHHBIM pasf. 18, ecan
COOTBETCTBYIOIUHE KPHBble He MNpPHBEAGHH B CIPaBOYHBIX JAHHBIX HA
AauHBIR mpHGOp, JH00, HaKOHel, BBIGOD COOTBETCTBYIOWIEH TOTOBOH
KOHCTPYKLHH € PagHalopoM.

4. PaspabGoTka cxeMbl ynpaBJeHUs.

B pasn 4 oGcyxknaannce npoGneMbl YNpaBlieHHs TUPUCTOpaMu ©
rpeGoBaHuA K BXOJHBIM HemsiM. HeKoTOpble BapHaHTHl CXeM, COAepxka-
IHX MAaNHATHble H TIONYTPOBOJHHKOBHIE MpPHGOPLI, BHIIYCKAWTCH B TO-
TOBOM BHJAE.

5. [TpoekTupoBanye 3alUTHl OT Meperpysox.

IPOBEPKA CITPOEKTHPOBAHHOW CXEMbl 463

B HexoTOpHIX ciyuasax TpebyeTcsd 3allHTHTh THPHCTOPH H CRA3All-
Hble C HUMH TOJYNPOBOJAHHKOBLEIE NPUGOPH OT KOPOTKHX 3aMbIKaHU# u
LPYrUX aBapuinpix pexumoB llenecoobpasHocts 3amuthl onpejensier-
c51 Ha OCHOBE 3KOHOMHYecKHX coobpaxenufi Bo BcaxkoM cayuae 3a-
IHTa He JAOJIKNA cpabaThiBatTh NPH HOPMAMLHBIX DEXHUMAX TePerpyJsKi,
KaK, HanpwMep, NYyCK acCHHXPOHHOTO JBHTaTess, BKJIOYeHHe XOJOJAHLIX
JIIOMUHECUEHTHBIX JaMIT i Jp.

[MomnMo nasBaHHBIX 3JeMeHTapHbIX LiaroB B pa3palboTke amapa-
FypHl, 4acTo MPHXOAHTCA PacCMaTpuBaThL CJejyoliue BOMPOCH:

1) mocnemoBaTedbHOe WAH TapaddesbHoe BRAOuenve (pasx  0);

2) mopnaBjeHue pajpuonomex (pasn. 17);

3) uacrornbie cBoficTBa {(pasi. 3 u ).

21-2. MPOBEPKA CNNPOEKTHPOBAHHON CXEMbI

Llenp 31010 napaipada — gare pas3paboTuuky HEKOTOpBle CcBeje-
HUSA O BLISBJACHHH BOSMOMXHBIX TeuOlpPaBHOCTEl B CXeMe; KPOME TOTo,
3Jech Mpeajaraercs MeTOQMKAa NPOBEPKM IIar 3a ILIaroM CHPOEKTH-
POBAHHOTO YCTPORCTBA, CIOCOGCTBYIOMASI YBEJUYEHHIO CPOKa CAYXKOH H
HafeXKHOCTH paboTH THPHUCTOPA.

21-2-1. Ouenxa mapamMeTpoB THPHCTOPA

Tupuctopnl ofa3atenbHO JOJANLL pabotals 6e3 mpeBLILICHNs dnpe-
JeJbHO MIONYCTHMBIX HapaMeTpoB Mcnosb3oBanue crelmaibiHo oToOpaH-
npIX MpuOOPCB HeNONMyCTHMO, TaK Kak OTAe/bHble 00paslbi MOTYT OBITb
CyllleCTBEHHO Jiyullle, 4eM THIOBble. Harnpumep, B mMapTHu THPHUCTOPOB
MOryT ObITb NpHOOpHl ¢ GoJee HH3KUM HamnpsiKeHUeM OTNMHDaHus, YeM
370 OBLJIO H3MepeHo JJs cayyaHo BbiOpaHHoro ofpasua ITostomy
Bcerja Heo6XOQMMO DPYKOBOACTBOBAThCSL TUNOBBIMH  (TACTIOPTHBIMM)
3laYeHUsIMH, HO He pe3yabTaTaMu BbIGOPOYHHIX H3MepeHHH.

ITocne usroroBneHus Makxera (NPOTOTHIA) H3MEDPEHHS BeaUUHH H
KDHBBIX TOKOB M HampSKEHHH JOMKHBI ObITb CflesaHbl IS BCeX TUPHU-
cropos. [lna storo ouenb ypoGer ocumionpad ¢ CoGCTBEHHBIM Bpe-
MeteM ¢pouta ne Gosce 100 mcex past HabGmoaenust GHICTPBIX Nepe-
Nafon TOKa M Hanpsikenins PekoMenayeTcst NPOBOJUTL H3MCPeHIsST Kak
AN MpefeablblX, Tak M JJs THOOBLIX PCXAKHMOB, BKJIIOUAdA DeAsuM XO-
JIOCTOro  X0Ja, KpaTKOBPEMeHHble IepePPy3KHM  depBoe BKJIOUCIHE.

21-2-2. U3amepeHue HanpsixKeHus

Heob6xonumo oHauana yOemHTbCA, 4YrO LIYN OCHMAJIOIpada umeer
HeoGXO/IMMYIO UACTOTHYIO XapakTepuctuky. ITpoBeprie OTCYTCTBHe Ha-
NPSKEHHA MEXIY TOUKAMH <3a3CMJeHUd» COefHHAeMblX ycrpofictR Kak
npasuno, obmas Touka («3eMad») HCCAeNyeMoil CXeMul HOJXKHA CO-
SIHHATBHCA C <3eMJeil» nsmepmenbﬂoﬁ annaparypbl euiiC rBeHHbIM HPO-
BOZoM (cM. Takxke § 20-2).
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Puc. 21-1. ToxoBrit HpOGHHK U YCHIHTEND.

21-2-3. U3mepenue TOKOB

Hameperne TokoB (oM. Takxe '§ 20-2) compsrkeHo €O 3HAYMTEINb-
HbIMH TPYAHOCTAMH. YHHBEPCAJbHOH W3MEPHTENBHOH anmapatypel Jad
3TOH IleJu He CYIeCTBYeT, HO YJOBJeTBOPHTeJbHble Pe3yJbTaThl MOTYT
OBITh MOMAYYEHH € TOMOLIBIO CHENUAMBHOTO TOKOBOrO NpoGHWKa wuau
IIYHTA.

TokoBblft mpoGHUK mnpexcrasiser coGofi TpancdopmarTop TOKa 3a-
’KHMHOTO THNa C BTOPHYHOM OGMOTKOH, WNOAKMOYAEMOH K OCHHJLIO-
rpady. IIpumep npoGuuka ¢upmer Tekironix mokasan Ha. puc. 21-1.
[Ipn paGote ¢ youauresem tTakol apoGHUK [103BOJSeT ocuutorpadu-
poBaTh TOKH Jio 15 a (oT nmuka )0 NHKa) B NojJoce 4acroT oT 50 ey
10 20 Mey. TIpoGHux oCOGEHHO MOJe3eH /ST U3MepEHHs YIPaBJAIOHINX
IIMIYJIBCOB, Tak Kak OH He TpebyeT paspeiBa Lenu. Hsmepenus rno-
CTOSTHHOH COCTaBJsIONeH HEBO3MOXKHEL, 6o0Jee TOro, HaJHyHe TOCTOSH-
1ot cocrapasiomeit Gosee 0,5 a Hacelllact cepieyHHK. [{mamason usme-
pAEMBIX TOKOB MOMKHO PACIIMPHTH INOCPCACTBOM  JOMOJHMTC/IBHOrO
rpancdopmartopa Toka (puc. 21-2)

Usmep semoid

Puc. 21-2 CnocoG pacwiMpeHns Auana3oHa H3IMEPHEMOTo ToKA
ocuHIIIOrpapPUIECKOro TOKOBOro nNpobHuKa,

Ero cepneuHuk  MOKeT OBITb
$heppUTOBBIM, CIPECCOBAHHBIM  H3
TIOPOLIKOOOPA3HHIX JKene3a HWau MO-
aubpena. Yucao BUTKOB BhIOHpaercs
B COOTBETCTBHH C KeJaeMBHM COOT-
HOLUEHHEM MEePBUYHOTO M BTOPHUYHOTO
TOKOB, HanpuMep, Ha puc. 21-2 no-
kasan tpaHcgopmarop 10: L.

TokOBBELIl WYHT  NpeAcTaBaAAet
r060it Ge3blHAYKTHBHOE CONPOTHBJe-
HHe, KOTOpOe BBOAMTCS B lienb HU3-
MepsieMoro Toka. IlameHde Hanps-
JKEHHs Ha 3TOM COINPOTHBJAEHHH Ha-
Garonaercs uHa ocuussorpade. Heqgo-
poroit myHT Ha Toxku Ao 20 a mo-
ka3aH Ha puc. 20-10. Ero yactorHas
XapaKTepUCTHKA TOPH3OHTANbHa OT
nocrosHHoro Toka go 1 Meay. Bouee
coBepIUIeHHAs pa3paboTka UOKasaHa
Ha puc. 21-3. 3ror wmynr pabo-
Taer B [Hama3oHe YacTOT OT MOCTO-
sifHoro Toka Ao 150 May u pac-
CYMTAH HAa HENPEPHIBHYIO PaboTy npu
feficTBYIOLIEM 3HAUEHHH TOKa
60 a. EnuHCTBeHHBIM OrpaHHYEHHEM JIJS 3TOr0 1UYHTa fABJsercAd TPyX-
HOCTb €ro BKJIOUeHHS B CXeMy TakuM ofpasoM, 4TOOb H36exaTb IO-
FpellHocTe OT TOKOB JAPYTHX KOHTYPOB, KOTOphle TaKKe 3aMblKaloTCA
uepe3 LIYHT.

Puc

.
21-3.
Ge3binAYKTHBHEIEL TOKOBLIH WIYHT

ITpoMbiLLIe HHBH

21-2-4. CuaoBas uensb

Jast BeeX TUPHCTOPOB B CaeMe CEAYCT I3MEPUTh CIelyloliHe 3ua-
Yelnsi TOKOB U AHO/JHBIX HalpAKeHUH.

AMIVIMTYA NPAMOTO 3alUPAeMOro HalpHASHUHI,

AMIJIETYA2 00paTHOIO HampsiKeHus;

Beqauunna du/dt;

TMpefoCTaBAsgeMoe BpeMS BOCCTAHOBJEdHS YNPaBJSEMOCTH
KMX CXeMax, KaK HHBePTODH H lepeKJIIouaTelt);

TIPSIMOJ BBIK/IIOUAEMBIl TOX (eC/d HEOGXO0AHMO);

AMIIUTY1A 0OpaTHOrO TOKa (ec/HH HeoOGXOoLuMoO)

OTH BeyHuuHL OOGBIYHO MPUBOLATCA B MacmopTe mpubopos. B cay-
Yyac BHIXOJA 3THX TAPAMETPOB 3a JLONYCTHMBIC 3HAUCHHA CAELYCT H3MC-
HH1b CXeMy Ju060 3aMEHHTh THPHCTOP.

21-2-5. Ymenbmenue du/dt

Jas ymenvimienus du/di chenyer BKIAOUKTh Tapajjeipso THPU-
cTOpy mnochenoBaTenpHylo RC-memouky. 3aMerTum, 4YTO MPH MalblX 3HA-
yennsix R 3T0 MoxeT mOBJeysr yBenuueHue dif/df. DbbekTHBHOCTb Ie-
TMOUKH YJAYUMIAeTCd BKJIOUGHHEM IapaJulesibHO DPEe3uCTOpy AHOAA € Ma-
JABIM BpeMedeM BoccranoBienus. Takas uenouka ymenolnaer du/dt Ges
yBesuuenus difdt (cM. pasa. 6).

(B Ta-
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21-2-6. Ymeubienue di/dt

CropocTb HapacTaHus TOKa Iiocae OTOHpauusa di/di MoxHO orpa-
HHUITB C TMOMOUIBIO JIHHEHHOIO MJH HACHILAIOLIErocs: APOCCens, BKJIO-
YaeMOro moc/AeKoBaTe bHO ¢ THpucTopoM. Pacuer nackimaioweroes apoc-
ceas o6eyxaanca B § 3-9

21-2-7. llens ynpasaenus

B ycrpoiicroe ynpamieHus jkefaTeasHo H3MepHTL cAEAYIOllHe Napa-
METPbI

YyNpaBasoMee HANPsKeHHe 1lepel] OTnUpaHueM;

aMIINTYLY BXOMANOIO YNPaB/sIOUero HaNpsiKenus;

HIHPHHY BXOJHOTO HMITYJIbCA;

YIPaBAAIONINIA TOK B MOMEHT OTIUDaHU;

CKOPOCTb HAPAaCTAHUS YIPaBJIOWIEro TOKA

3aMeTHM, YTO C/EAYIOUIHE BCJAHUMHBL JOJLKIbLI GbITh B uIpejeadx
rpandll, onpe/iensieMblX facliopToM IpHGopa

NMHKOBOE MAaKCHMaJ/lbHOe M CpefHee
yIpaBJeHHs;

aMIJHTYAa 06pPaTHOTO HANPSKeHUs Ha YI;

aMILIMTY/Ia YNPaBJSIONero HAIPAKEHHS

Henonbsopanne KOPOTKMX YHPaBAAIOLMX UMIYJAbCOB Tpefyer yBe-
JIHUEHHS] MX aMIVIMTYABl A HAaJexHoro ornupands. Hamomaum, uTo
MelJIeHHOe HapacTaHHe BXOMHOTO HMMYJbCAa, aMIVIHTYA4 KOTOPOro XO-
CTATOYHA /R OTOHPAHHA, CBA3aHO C YyBEJIHUYEHHEM JIOKAJbHOTO Tepe-
rpeBa nepexofia, €CIH aHlogHbIA TOK HapacTaer ObicTpo. [Tostomy B Ta-
KMX Ccayuyasax (Hampumep, B HMHBEPTODAX) BCerxa ClAelyeT MepekaiouaTh
THPHCTOPBl MOCPENCTBOM HMIYJbCOB C MHHHUMAJLHLIM BpeMeHeM Hapa-
CTaHus ()KenaTeJIb“Ho He Goaee 500 Hcek) u ¢ MakCHMajabHO JONY-
CTHMON aMIIUTYAOMH.

B Hempoponsmylo uacTe NepHOZA K YIPABASIOMIEMY 37eKTPOLY
MOXKHO TIPHJOXKATL OTPUHATENBHOE HaNpsDKeHHe, KOTODOE Yaydnaer
BeauunHy dufdf w oHEXKAeT BpeMsl 3alHPAHHA, a TaKXKe [IPeNOTBpA-
waet cayvaiiHoe (/OKHOe) OTIHpaHWE

3HAYECHUSA MOUIIOCTH UelY

A la
t
a ty |27 f27’(3’4
_ I
Puc. 21-4. Tunosas kpusasi Puc. 21-5. Vupasaenue

4HOAHOro TOKa TMpd pe3oHaHC-
HOM XapakTepe aHOJAHOH ILenH.

maykaMu HMNIYJALCOB.

Ecau aHoguBI TOK 1upHCIOpPA HMeeT kolebaTeNbHbIH XdpaKrTep
B CXeMe C De3OHAHOHOM HarpysKoH, TO MHOTAA HeoOXOAHMMO MOAaBaThb
Ha yNPaB/AAIOUWMA 3MeKTPoA MWHpOKuit uMmnyanc HMwmiysanc, xoropbiu
3aKOHUMTICS JO MoMenra f; (puc. 2{-4), obecneuut nposoisllee co-
CTOIHME TOJDLKO B Hpefesax 3aWTpisopannoit 3omnpl Ecau jpuvtesb-
HOCIL MMNyJbca lpeBuliaeT uuTepsasj 0—f,, To THPUCTOD BHOBL OT-
nmHpaercs, KOTAa AaHOJHOe HANpPSKeHNHe CTAHOBHTCA MOJOMKHTEALHBIM
Hlupoku#t HMHYJALC HEOOXOAMM TaKikKe B CXeMaX ¢ peryiiipyemsiM
YIJOM ODRUPAHUA 1P OTCTAIOWIEM CABHIC TOKa MO OTHOLIGNMIO K HA-
TIpsiheHHUIO, Kak mokasano B § 9 0.

Hpyroit crioco6 ynpapsieHHsi THPHCTOpPOM — MOJada dlaketa KOopoT-
KHX HMIYJbCOB, KaK NOKasano ua puc 21-5

21-2-8. U3mepeHue temnepaTtypbl

Temneparypsl Koprmyca X TIepexof0B THPHCTOPOB OKAa3HIBAOT CY-
LlecTBeHHOe BJHSAHHEe Ha ero Xxapakrepucruka IlostoMy HeoGxomnMma
TnpoBepKa TEMNepaTyp KOPHYCOB BCeX THPHCTOPOB B paboTaloulefi cxe-
Me, H, €CJH B I[IACIOPTe THPHCIOpPA He YKa3aHO JONYCTHMOE 3HAYEHHE
JLAaHHON BeJuuuHbl, ClelyeT OLEHHTb TeMmrepaTypy nepexoxa Ilogcuu-
TaHHas TakuM 00pa3oM remIeparypa fepexofa INO3BOJAEr ONpefe]HTh
MHOTHE BaXHBle XapaKTePUCTHKM M MTapaMeTpel THpHcTOpa Metombl
paciera remnepaTyphl Iepexojid PaccMo1peHbl B pasy 3

21-2-9. MarduTHoe HachblleHHe

deppovarsurible CepAeuHHMKH JApocceici M TpaHc@OPMaropoB MO
IyT HAcBIUATbCA H HapymaTth palbOTy HeKOTOpbIX Henefl ¢ THPHCTO-
pamu. HauGonee u3BecTHH Apa cayuas, KOrAa NPUXOAUTCH BCTPEHATHCH
C HacChIUleHHeM MarHHTHBIX lened.

1. Cxema ¢ DperyJHpyeMEIM yIJIOM OTNHpaHusA u TpaHcdopmarop-
Hoi Harpysko#t, HecuMmeTpus yrioB OTNHHPaHHSI THPHCTOPOB, OGYyCJOB-
JieHHass pa3bpocoM TapaMeTpPOB BXOAHMIX JUOO AHOJAHBIX Heneil, MpH-
BOJIUT K IOSBJIEHHIO MOCTOSIHHOM cocraBjsioiled Toka B Tpancdopma-
Tope ¥ BOIMOXHOMY €ro HacLILIeHHIO

2 Tlpu nycke HHBEpTOpa HaNpsKeHHe Ha MepBOM IIOJyliepHOIE,
NPUNOKEHHOe K HHBEPTOPHOMY TpaHC(OpMATODY, MOXKCT HUMeTh Ty Xe
NOASIPHOCT, YTO H B WOCAEAHUH NOJAYNEpUOA Nepe] Mpe[lleCTBYIOUIHM
BBIKMIOUEHHEeM wuHBepTopa. Takoe JONOJMHHTeNbHOEe HaMarHuuyuBanue
TaKKe MOXKET MOoBJeyb HachllleHHe CepleyHHKa

H,Jlﬂ YCTpaueHusd HACBIUIEHHA UCIOAB3YIOT

a) NPOeKTHpOBaHMe CepAeYHHKOB, paboTalOUWHX ¢ HOHHXKeNNofl MH-
LYKIHeil;

6) OpOeKTHPOBAHHE CXeM VYIpPaBJeHHsA, ODOECHeynBAalOIUHX CHMMe-
TPpUYHOC OTIHpaHue THpHCTOpO'B n o0si3aTeJLHOC uW3MeHCHUe 3HaKa
HaMarngunpBalolell Cuabl B KaXKAbI ClIedyOmUd NMOAyNepHOL;

B) NYCK WHBEPTOPa NPH NOBLILIEHHOH YaCTOTe YIDaBIelus;

r) BBejeHMe B CXeMy CONPOTHBJEHHH (OMHUeCKHX HJIH HHAYKTHB-
HBIX), OPPAaHUYHBAIOIHX TOK.
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21-2-10. ConpoTuB/ieHHe HCTOYHHKA MHTAHHSA

HeoGxonuMo npoBepuTh BHyTpeHliee CONPOTHBJAEHHE HCTOUHHKA
NUTaHHSI. B UHBepTOPHBIX CcXeMaxX uYepe3 HMCTOYHHK IPOTEKAaeT Iepe-
MeHHasi COCTaBAAILIAA :0KA € YACTOTOH, KPATHOH BHIXOHOH dvacroTe
HHBePTOpa. JJICKTPOJNUTHYECKHE KOHZEHCATOPH H3-3a CPABHUTENBHO BhHI-
COKMX MOTepb He BCerga yJAOOHB IJS 3aMblKaHHs IEepeMeHHOH COCTaB-
Jsiolllefl ToKa, copepiKauleiicss BO BXOAHOM TOKE. 3HAYHTENBIO Jyuiue
HPOIUTaHHBIE MACJOM OyMarKuble KOHAeHCcaTophl.

Cnemyer (10 Mepe BO3MOMHOCTe# H30eraTh MEXAHHUOCKHX BHIKJIO-
yaresei (KOHTAKTOPOB) B JUHHM, COeJHHAOLEH HWCTOYHMK MHTaHUA
¢ Tupucropamu. Jlpe6e3r KOHTaKTOB fBJsgercd uacTofi MPUYNMHOH mepe-
XOAHBIX TPOLECCOB ¢ GOJBLIHMH 3HaveRUAMu du/dt.

Pasnen asaauatrs BTOpOH

KPATKHE CHPABOYHDBIE JAHHBIE
O TUPUCTOPAM ®UPMbBI A)KEHEPAJI
3NEKTPHK

IpuBenennas B mauane AaHHOTO pasgesa o63opHas TabauLa gaer
obliee npejcTaB/ieHHe O HOMEHKJAATyPe THPHCTOPOB, BBIIYCKaeMbIX (up-
moli JDKenepan DJeKTPHK, ¥ TOMOTaeT rakkKe IMPH NPEABAPHTEAbHOM
BeiGope mpuGopa. Caedyer oOpaTuTh BHUMAaHHE, YTO B STOH Tabuule
tupuctopbl pasburol Ha 10 rpymm B COOTBETCTBHHM ¢ HX OCHOBHBIMH
OCOGEHHOCTSIMH M TIOTeHUMaJbHbIMI OfaacTsMu npumesenuns, Caepyer
TakXe OTMETHTL, UTO K2XKJAAsl CepHsl THPUCTOPOB YKasaHa B Tabjulle
1 pas, xoTsi MHOrMe #3 HHX MOIYT HCHOJB30BATBCS s PAa3IHYHBIX
Ueseldl # KaxJas u3 cepuil BKAIOYaeT B ce0s JO BOCBMH THIIOB THPH-
CTOpOB.

BolGopouHble JAaHHBIE MO THPHCTOPAM M HEKOTOPHIM THPHCTODHBIM
6710KaM TPHBOJATCS B NAHHOM pasjele TQ/ABKO [ OCHOBHBIX CHpa-
ok !. TTosmnas uudopmauns o napaMmeTpax H XapaKTePHCTHKAX THPH-
CTOpPOB MMeeTcsl B (HPMEHHBIX KATaJorax M creludHKanusx.

' C ueneblo COKpauledust OGbeMa KHUIM (pY NePeBofe ObiAM OCTABNEHB! KaH-
HBIE TONBKO HarGosee PacNpPOCTPAHEHHBIX BHAOB THPUCTOPOB, YIOMHHAEMBIX B ApY-
FUX paspenax ciopasoudnka (Ilpum. penaxtopos nepesoaa.)

22-1. TUTIBI TUPHUCTOPOB ®HPMBI JUKEHEPAJ 3JEKTPHK
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Tne%— “:51374-125 C, Toop= S 11500 C, ;’;&’;rﬁ”gi";’gﬁ’;"ngx Puc 22-2-la 3aBMCHMOCTb M2KCHMAJBHO AOMYCTHMOH TeM-
v x| Ko, & R Tgep= —65-+125° C, 8 neparvpel KOpNyca OT cpelHero 3HAUGHHS NPAMOTO TOKa
Ia (Tnep=+125°C) npu pasAuuHBIX YIJ1ax IPOBOXHMOCTH.
Harpyska akTdBHast wid HHAYKTHBHAs, dacrota 50—400 2y,
g&lggg gg 38 45 cpeftss MOILHOCTb uMnyabcos ynpasienus 0,01 sr.
6 90
gﬁgﬁg }98 }28 ‘1)‘38 Puc  22-2-16. O6aacts Bos- e li
INBRD .)80 .)‘00 75 MOMKHBIX ~ 3HAYeHW# ympas- y I ‘ T
- - < 2 NSIOLIAX TOKa OTIHPAHHA U +125°C +25°C -65°C
HanpsiKenus ormmupamust npy 0
XapakTepucraku u MaKCHMA 1HHO Temnepatype ot —65 no - ~-65T
AOMNYyCTHMBIE DAPAMETPHI +125° C  Hanpsixende mura- gg N
5 N
HefticTByroulee 3H UeHWe MOPAMOrO TOKA 0.5 a %Hﬂ B aHOﬂHO% u::;sngw?é NN l
CpenHee 3Hayenwe NPIMOr0 TOK1 CM puC. 22-2-a Hyrpennee .cnanC)OB 0aB 06 -~ +25C
Onroneproanpft yaapunii npiMofi Tok 7a ”CTOL‘HP{K;OOHMZY ynpas- ’ \ N
AMnnuTyaA 0GpATHOTO HANIPMKEHHST HA geﬂnﬂ 0 195 C o
e€pPTHKAaJbHbIE JUHUH » —
ynpasmsuionieM 3 1eKTpose . . . . . 6 s tome O ¢ Mxapaxreprayior % N +125¢
Pa6ouast temnepatypa Tgep. . . . . . —65=—4-150° C napMenpmue  SHAYEHHS  TOKa
TpamoR H ofpaTHLfl TOKM yTeuku?: ynpasiesus, HeoGXOLMMOTO nzif
THHOBOﬁ ]0 MK oTHHpaHyusl BCeX THPHCTOPOB MpH 072
HANGON ‘ﬁ' c ot et e 20 " cooTBeTCTBYIOMHX Tpep, ropuson
biuH - o ottt MKA TanpHble Juanx —65°C, +25°C 0 472! e
yﬂep){(ﬂﬂafomnﬂ TOK!: W +125°C xXapakTepH3YIOT axa-
THOOBON . .. e e e e 1.1 na JNOTHUHble HaHMeHbIIHE 3HAYCHHA -40 (7 “0 Ma
nanGonpmmh . e e e 3 na manpsKenus ynpasaenns = Hux

1 Tpu Tnep= +25° Cn ,‘)y=1 KOoM.

2 Ipu Taep= +1258°C n

y=1 XOM.

HAS IpaHuIa 3aliTPUXOBAHHON 30HBI — FOPH30HTAJbHAS JHHHS +125° C — noxa3ut
Baer HaubGOJblllee JANpsIKEHWe YNPABJICHHs], He TPHBOJsULEe K OTUIPAHUIO Al06Go
C

ro THpHCTOPa NpH Tnep=-+125° .

1 Ipu Tmp

= +125° C u R,=100 oM.
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2, Tupucropst Tuna C9 Ha jeiicTsylomee 3Hauenue Toka 1,1 a M

Cc9

Hanpsixenne Ao 300 e

COU CYF CJIA CIG C9YB
AuniurysHoe ofpaTHOE MOBTO-
psiiowieecs Hanpsokenwe, 6% . . 25 50 100 150 200
[Ipimoe HampaXceHHe OTMUPaHHs
(ve MeHee), 6. . . . . ... 25 50 100 150 200
AMmnnurynsoe o6GparHoe Hero-
BrODAIOILIEECs HanpskeHHe (1pu
AIMTEBHOCTH. MeHee 5 meex),
8. . . . .. ... ... 35 75 150 225 300
J6paTHbIll WK NpAMOH TOK yTeu-
K4 (HamOosbilee 3Hadenne), na 4,0 4,0 2,0 1,5 1,1

* Tonbko mpH HYJAEBOV HJIH OTPRIATENBHOM HAMDAKEHHH HI yrxpaanmomeM‘snex-

rpose.

XapaKTepHCTHKH ¥ MAKCUMaJbHO AONyCTHMEE

napaMmeTprl

[HeficTylomiee 3HayeHHe NPAMOro TOKA 1,1a
Cpesnee 3HaueHue NPIMOTO TOKA CM. pue. 22-2-2a

CoH

250

250

350

1,0

Opnonepuoanetit  yxapustii upamoft Tog 30 a
AmniuTyna o6paTHOrO HanpaXeHHd Ha

yOpaBIfOWEM 3JeKTpOA2 . . . . . 10 &
PaGodast Temnepatypa Tmep . . . . —65+ 4-123* C
Y nepwwpatommil TOK MpH Tgep= +25* C

(TenmoBoe sHawenme) . . . . . . . , 8 ma
BpeMst BOCCTAHOB/IEHHH YIIPABIASAEMOCTH

(Haubosbiiee 3HaueHMe n0pH Tgep=

=4125°C) . . . ... .... 12 mrcek

XapakTepHCTHKH YNpaBieHHdA NOKa3aHbl HA puc. 22-2-26.

coc

300

300

400

0,9

"P TDKD
N L
!
100 =
B A
a0 NN Lot
60 L %C)))
<,
-9
” "N
A=30°Y NN I, |
zoL LA Neo"INF
07, 180" | 60°90° 150" 1
e [ [ 1] [}
0 -

02 04 U6 08 10 a
Puc 22-2 2a 3aBHCHMOCTH MakCHMaJb-
HO OOMYCTHMON OKpy2Kaiouieit remmepa-
Typul O CpPeiHero 3HaieHHs TNPAMOro
TOKa TNPH PasAHUHLIX YTJAaxX NPOBOJAW-
MOCTH B OJHO-, Tpex- u LiecTHda3HbIX
cxemax ¥ Ha MOCTOAHHOM TOKe, MNPH
AKTHBHOM M HHIYKTMBHON Harpysxke M
gacrote ot 50 Zo 400 zy.

PaccenBaeMan MOWMHOCTL B HENH YNpaBiasio
wero aekTpoga 0,1 87 (KopocTh HapacTa-

LUl APAMOIO ToKa He [LOJKHA npeBBIIATL
NepBoiX 5 MKCen

10 ma/axcex B 1euenue

nocae nogadn uMnyawca yupanjaenus Ecan
HeofxoaumMa GOJblIAsT CKOPOCTb HapacTaHHs
TOKE, OKpyXKalulas TeMmMuepatypa AONINKHA
Gbl‘l'b cHu¥eHa Ha Beaudauny AT
AT=20fU 1, -10-8, °C,

rae f—uacrora (ey), U, — sHadeune auof

HOFG HanpsiXKeHHst
ortnupauvem 4 [/, — 3HayeHHe TOKa Hemo

CpeacrBeHH0 NocJie OTNHPaHHA

HenOocpeJCTBEHHO INepen

+125°C +25°C -65°T

61U
2 1Y g \ -
6| Uy AT b,
Puc 22-2-26 Xapakrtepucru- 0ty ==t 7 7%
KH ynpas.enns [UY(AD"J < 2590 1y
+
Uyom ¥ Tymom) — Maxcnmane 8 g 0 20 30 ma
HO [ONYCTHMBlE 3HAYEHUA YUPaB-
AAOLWLKMX HANPSIKEHHS MW ToKa
BepxHsin rpanHma SalITPHXOBAH: 6
HOM 30HBI — HAaMMEHbliee Hamnps- [
AHenue, HeobXOZUMOe AR OTIH
paHHA BCeX THPHCTOPOB. QcTalb~ 4
#ble 0603HAvEHUsT — CM. HORIHCHL 1 n
K puc. 22-2-16. (Aon)
7 — a4
»’_’_‘M
Iy
o 0.8 6 a
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C5 C511

3. Tupuctopnl cepufi C5 (2N2322—2N2329), C511, 2N2322A—
2N2328A Ha pneilcTByoulee 3HaueHHe Toxa 1,6 a m Hanpsxenue
no 400 s

OcHoBHBle ocofennoctn cepun C5* BBICOKAS UYBCTBHTENLHOCTL TO
VIPaBAAWINEMY 3JIEKTPOLY; CTAaHAAPTHBIA Kopnyc tuna TO-5, @puron-
HBIH [ TIeYaTHBIX CXeM, MaJjiblil YAep:KXHBAIOWME TOK; pas3paboTannl B
CoOTBeTCTBHH co crelndukanunein Mil-S-19500/276 (BM® CIIIA)

MaxkcHMATBHOE PaBouee Makch- | Maxcuvanboe Hero-
npsiMOe 3amEpaemoe | MAIBHO TOBTOpSIO- | sTOpsTIOLieecs o6paTHoe
nanpsoxenne Ugy m?::pgg%imoe Hanpsxenue U en oo
e mpn Ry <1 wou, 5 Ugsp we © | vty 5 <5 eoowrs o
npH Tnep= —B54 +125° C
C5U (2N2322) 25 25 40
CBF (2N 2323) 50 50 75
CHA (2N2324) 100 100 160
C5@ (2N 2325) 150 150 225
C5B (2N2326) 200 200 300
C5H (2N2327) 250 250 350
C5C (2N2328) 300 300 400
C5D (2N2329) 400 400 500
XapakKTepHCTHKH UM MAKCHMAaJdbHO
gonycrtuMuoie napamerpn cepun C5
JeficTeyomee 3HAYCHWE TIPAMOrO TOKa 1,6 a

CpelHee 3HayeHHe NPSIMOro TOKa CM. pHc, 22-2-3a
OnnonepuoAnbifl yIApHbIR HpAMOR TOK
(nenoBTopsomuics) e e e 15 a
BamuTHbiit napametp [ (mna  BuGopa
HpefoXpanATens) A1 HHATEPBAJIOB
=00meec. . ..o oL 0,5 a*-cex
AMmMTYsa oGpaTHOTO HamlpsXeHus Ha
yHPaBAMOWIEM INEKTPORE . . . . . 6 s
Pabouan temnepaTypa Tmep. . « . . . =654 4125° C

[Tpamo#l B oOpaTHLIA TOKH yTEuKHZ:

THIIOBOE 3HAUEHHE ¢ « o+ + o . o 40 mKa
HauboJblilee 3HAUEHHE . . . . . . 100 mxa
Y mepauBaoiui TOK!:
TUINOBOE 3HAUEHHE « « o + + o+ o+ . 1,0 na
gauboJbllee 3HAYEHHE . . . . . . 2.0 ua
Tunoeoe 3saueHne BpeMeHH BOCCTAHOB-
JeHHs yhpasaseMocTH® . . . . . . . 40 mrcer

3oHa BO3MOXHBIX TOUEK OTMHPaHMA [JOKasaHa Ha puc, 22-2-36,

' Mpu Thep= +25° Cu Ry =1 kon
2 Ipn Tnep: +125° C u Ry x:] xom
s Tlpu Tnep:125° CHu R’y K:IOO oM.

Tupucropnt tanos 2N2322A—2N2328A uMelOT Takue Ke TNapamerpel,
33 WCKNIOUEHWEeM YNpaBLAIOMEro TOKa OTOMPAHHA, pasuoro 20 mxa

Tupucropst cepun C511 (C511U, F, A, G, B, H, C, D) umeior
TakHe e mapamerpb, Kak C5, HO ocHalXKenbl KOPNycOM C OBaJbHBIM
GdaaHueM, Kpensuwiumcsi K PajgHaTOPy ABYMSl BHHTAMH Jaf yJaydlienus
TENJOOTBOAA, B CBA3H C ueM 3aBHCHMOCTH Tyopn OT /a HMAYT HECKOJIDKO
noJaoxe.

ot [ Twopn | I I
120
Puc 22-2-3a  3asucumoctb 05 0°
MaKCHMAJbHO JONMYCTHMOH 700 RS 2y
TeMIepaTypel  Kophnyca  OT T
cpellHero 3HauyeHus npamoro U T
TOKA TMPH PA3JHYHBIX YIJIax A Jo°|eolacirec 180° nocm
fIPOBOAHMOCTH Harpyska 5‘7_ i moK
aKTHBHASI WJM HHIYKTHBHaA, ., 1 4.
gacrora or 50 no 400 2y, I
CPeLHAS MOIHOCTL HUMNyAb- /0
cop ynpasaedds 0,01 eor. la
o g4 0.8 12 1.6 ”
&[0 +125°C *25°C ~65°C ||
0 NEapn
Puc  22-2-36. OOGnacTs BO3IMOXHHIX - A

3HAYEHUIl YNpaBAAOIIUX TOKa OTIHpa-
HHS M HANpAXKeHAS OTIHPAHHS. - Y117
HanpskeHue NHTauus B aHOHHOM uenu 6 6.
BuyTpenHee CONDOTHB/IEHHE HCTOYHHKA HM-
nynbCoB yipasieHus: 1 xoM. OcraiabHble 060- 0%
3Ha4YeHHs — CM MOAMHUChL K puc. 22-2-16.

~— +125°C {1

I
o / ’
00 U 100 200 300 mKa
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e - °t | B R
i 120 — ! 4
. - T,
o Teonn \ T~ 5,
g 100 p ;\\'§ ﬁ””’b(/ on L
%E | ‘ NN \\\\'\‘ —
e 50l A 30°Y 60°Y90 TY ™ |
cs, C7 co11 i 120°| | [160° |
- —t -+
4. Tupncrope cepuit €6, C611 u C7 wa pgeiicTByloiiee 3HaueHHe TOKA W 4
1,6 @ u HA nanpsKenue 1o 200 8 by T T T 1T 0° 87| [
OcHoBHble ocobennocth cepud C6  HH3Kam CTOMMOCTh GOjblIas | 4 i + e -
YYBCTBHTEJILHOCTD [0 YNPABJALIEMY 3JCKTPOAY, CTAlAapTHBIA KOPHyC 7] i I | |
tuna TO 5 npuroxielit fasi IpHMENEHNs B MeyaTHBIX CXeMdX
bt
Max (amany Hoe Herno ”
Mix UM Jbuce mpa P16otee 11¢ gTopsh BTOPSIIOUIEE 5T O6haT a0 L_T ﬁL B
Moe BJHHPUIE‘MOG n lr”,(‘(’ S MaK HmappHoOe HOe HaAMpsixKenie 7
HPSDReNH upn OODITHCe HApsKelte apir g,
Tun R | rcnopM?du ofr m 're‘.):sﬂg T‘fl (m\fmyanma 0 [ -
vE <5 mecx) o 0, 04« 06 08 0 12 14 16 a
i Tygp= —40— +125° C Puc 22 244 3aBHCHMOCTD MAKCHMA/bHO JONYCTHMON TeMmepaTyphl
KOpIiyca OT CpefHEero 3Ha4YeHHs* MPAMONO TOKA NPH DPA3NUUHBIY YIJax
C6U 95 95 40 IPOBOJANMOCTH
C6F 50 50 75 Harpyska aktusHad WM HHAYKTURHAR 4YacToTa oT 60 no 400 24 cpeanast Moul
(GA 100 ]00 150 HOCTb HMIYJbLCOB ynpaBAeHHS 001 87
C6G 150 150 225
C6B 200 200 300 { Hyo(xa) unu Uy o(8)
1.2
X1pAaKTepHUCTHKH H MAaKCHMaJdbHO
AomycTHMHE nmapaMeTpno ans cepuu (6
JleficTsyio iiee suauenme TPIMOTO TOKa 16a n
Cpenuee spauenHe NpIMOrO FOKY cM  puc, 22-'-4a
Onxonepuonnbld ya pHpiit 1paMoll  Tok 10 a 0.8
AMnuutyaa o0paTHOro HampsDKeHHsl na 1y
VIPaBJSIOIEM 3JE€KTpOAe . . . 6 s \ N
Pa6ouas remneparypa Tgep . . . —40-—- -125° C P
15 P U,b ‘\ U
Tipamo#t u o6paTHbil TOKH yTeUKH?: — Yo
TUNOBOE 3HAYEHHE . . o . . . . . 40 wvxa
HauOosplilee 3HayeHue . . . . . . 100 mxa 0%
Y nepxuBaoOUINA TOK!:
THIIOBOE SHAUEHHE , » « « 4 & 4 . 1 na
HauGosbilee 3HAYEHHE e e 5 ma 0,2 N
BpeMmsi BOCCTAHOBJEHHA YIIPaBJSeMOCTH \\ I
(Tanoeoe 3H4uenme)® . . . . . . . 40 mrcex ye
Tunopbie 3aBHCHMOCTH YDPaBASIOIUMX HATPAXKEHHS OTIHpA- 0 :
HUsl M TOK2 OTMHpaHuA OT IUMDHHE! YIPABASICL ero MM y
Hy/Jbca MOKa3dHHl Ha pHC. 22-2-46. o A g 72 5 20 2% MKCEeK

! Ilpe Typ= +25° C 1 Rl¥ =1 Kon.
2 Mpn Thep= +125° Cn y =1 pon.
2 INlpu 1',.,: +125* C n R' ‘=100 (2]

Puc 22 2-46 Tunosele 3aBHCHMOCTH YNPABJAIOMUX TOKA OTAUPAHHA
Iy o v Hanpsxenust ornupanns Uy o O JAUTENBHOCTH MMIYNbCOB YNpAB-
neﬂna%tgc(nmnynbcu npaMoyroabHou ¢opmel) TemnepaTypa nepexo-
Ra +
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Tupucropnl cepuu CO611 umeioT Take xKe napaMerpwl, HO CHAaG-

JKenbl KOpmyooM

C OBajbilbiM (I)J'laHLleM, KpensmuMca K pajguaropy

JABYMs BHHTaMn AJSl yJAYUlIeHHS TelIJIoOTBOAA B cBA3H ¢ 3THM TouKa
H3710Ma KPHBLIX Ha pHC. 22-2-4a /Il HUX COOTBETCTBYeT TeMliepaiype

Kopnyca 100°C

Tupucropsl cepuu ~C7 (2N2344—2N2348) umeror Tarue xke mnapa-
merpul, nro r copun C6, n rtakoit me Kopuyc, HO NPHIGRHLI AAA HC-

110Nb30Batst

mpu  OOJDLUIMX  CONPOTHBAGHHAX MEXKLY yHPaBJASIONIUM

JIEKTPOLOM H KarofoM. dasa nux:

Pa6ouas remnepatypa Tyep. o . . . . —65-+'-4-100° C
Y nepxupaoimi TOK!:
THIIOBOE BHAYEHME . . . . . . . - 0,2 ma
HanGospulee 3HAayeHwe . . ., . . . 1,0 na
Bpemst BoccraHOBNEHMS  yNpaBJAAEMOCTH
(TMnoBoe sHauesme): . . . . , . , 20 mxcex

OGnactb BOSMOMKHBIX TOYEK OTMNHPAHMA JNA THPHCTOPOB
cepun C7 mokasana Ha puc, 22-2-4s,

1 Tnep= +25° Cu R

27T

x=4° KOM.
+40° C 1 Ry li:=100 oM.

mep—
8 |uy 100
6 et
] 68
5 Uy 40k |
[ @

« 8 Uy +'1D’J C+25°C -65°C ] ]
A0 A i 65 0
a8 AN +25%C

3 am—] ——

r 0,6 I’S ~100°
F/]

’ J 0,71\ ]
0,2
o T 1Ly

7L «0 a0 smxe | ]

| e I,
0 1 ) 1 | | | Lol | y
0,2 04 a.6 0.8 1.0 ma
Puc. 22-2-4s  XapakrtepucTuku YOPaBMeHEs THPH-

cropos cepun C7.

B gepxneff YacTH DHCYHKA MMOKa3aHa HCNLITATeJLHAaS cxeMa,
OcTanpnble 0603HAYeHHS — CM, TWORANHCE K DHC. 22-2-16 (un
BepPXHsA TeMRepaTtypa Tuep BMecTo 125° C pasma +100°C).

C106

5. Tupucroput cepuu C106 Ha JeficTByIOlllee 3HAYEHHE TOKA 2 g
n Hanpsixkeuue no 200 g

OcHoBHBIe O0COGEHHOCTH. OYeHb HH3KAdg CTOMMOCTb; BbiCOKAaf 4yB-
CTBUTENBLHOCTb 1O YNPaBJSIOIEMY IEKTPOAY; BBICOKAA HaEZeXKHOCTB,
HaJHude HeCKOJABKMX BapHAHTOB BBLITONHEHHs Kophmyca (tum 1, Tem 2,
Tan 3, THl 4), BLITONHEHHOTO K3 MJ1aCTMaCChI.

MaxkcumanbHoe npsmoe | PaGouee H moaTopA0-
3anupaeMoe Hampaxe- | [Ieecs MakcuMajabHoe
uue Uy, o mip o6paTHoe HaupsKeHHe
Tru Ry =1 xom, & UoGP.M' o
Mpu Tarep™ —40-- +110°C
C106Y1, C106Y2, C106Y3, 30 30
C106Y4
CI106F1, C106F2, CI106F3, 50 50
C106F4
C106A1, Cl06A2, C106A3, 100 100
C106A4
C106Qa1, C106G2, C106G3, 150 150
C106G4
C106B1, C106B2, C106B3, 200 200
C106B4

XapakKTepHCTHRKH H MaKCHUMaJdpHO
HLONYyCTHMEIE NapaMeTpPH

JleficTBYIOlIEE 3HAYEHHME IMPIMOr0 TOKA 2a
Cpennee 3HAUeHHE NPAMOTO TOKa CM. puc. 22-2-5a
OpnuoneproublA  yaapubiil npaMoii TOK

(menosropmomufica) . . . . . . . . 15 a
Sammrreft napamerp /% (mna BbiGopa
* npejloxpaRATeNs) IAA  HATEPBANOB

=10 MK - v v e e e e e e 0,5 a?.cex
AMniuTyaa oGpaTHOrO HATPAKERHs Ha

YIpPABIAOLIEM SMEKTPOSE « o o + . . 68
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Pa6ouaq remnepatypa Tgep. o o . . » —40+ 3110° C
T1paAMol ¥ OOpaTHbIH TOKM YTEUKH':
THIOBOE 3HAYEHHEe , . . . . . 10 mxn
HauGoJibliee 3HAaveHWe ., . . . . , 100 mxa
Y fe pUBAOIWHUA TOK?:
TUNOBOE SHAYEHHE . . . . . . . 0,3 ma
HauGoJIbliee 3HAYEHHE . . . . . . 3 ma
Bpems BoccTaHOBJeHHs yNpaBlsieMOCTH!
THUIOBOE BHAYEHHE » « o o o . o+ & 40 mrcex
HauGoJplliee 3HAYEHHE ., . . . . . 100 mKcex
du/dt' Tvnosoe 3mauenwe . . . . . . 20 g/micex

di/dt HauGonbllee 3HAYEHUE . . . . . 50 a/mrcex

3aBACHMOCTH HANOOJBIUMX 3HAYeHHH YNpapJsIOIHX TOKA M
Hanpskenus, HeoOXOAMMBIX AJIA OTTHPAHHS, OT LIKPHHE
YOPaBJIAIOMEro UMOY/bCA, TNMOKA3aHbl Ha puc. 22-2-56.,

1 Ilpn Tnep= +110° C 1 Ry xc:l KoM,
2 Tlpu Tnep= +25° CH R,J:l KoM,

°p 7“
=] -
100 ~ p
\\N\> —
a0 \'\\ ]
T~y
\ ~L
N\ |\ RN
60 \ ~]
\ Ny %
\ \\ /C
40 2 "
\ \ 112 . 180
o
20 \ S o
I,
0 02 04 06 08 40 12 14 16 a

Puc. 22-2-5a. 3aBMCUMOCTh MAKCHMAJbHO AONMYCTHMON TeMmepaTyphl Of
CpeAHero 3HAYEHUA NPAMOTO TOKA [ PAa3HYHBIX BAPHAHTOB KOpHyca
THPUCTOPOB TIpH yrie mposonuMoctu 180°.

Harpyska axkTuBHAs Wid WHAYKTHBHAA, Jactora or 50 no 400 4. Kopnyc BenTHs
Jieft pacmoJOXeH BePTHRaNbHO. Jluwua [/ — tvnbl | B 3; TeMuoepaTypa NOBEPXHOCTH
Kopuiyca; JIHHHSt 2 — THOB! 2 U 4, TeMOepaTypa 2HONHOIO BHLIBOJAA; JIUHHS 3 ~ THIA
1 ¥ 3, okpy¥awuias Temmneparypa; JuHus 4 — THOB 2 M 4, OKpYXKauas TeMiles
paTtypa.

__IPABOUHDBIE JAHHBLIE MO OCHOBHbLIM THIIAM THPHUCTOPOB 483
Uy Iya. Ma
100 - 7L57 { T
[ I
!
L ) J
10 [ [ ey 1=
—
6F 06
4F 04
Uy o A
2 o2t A Tyo e apep
Ty at T Yyo npu DI/ s £ -
oot T R
071 pe 1 72 4 10 20 «0 100 400
MKECEX

Puc. 22-2-56. 3aBHCHMOCTY HAUGOABIIMX YNPABASIOUIHX TOKA OTOHPAHUSA
Iy o n wuanpsixkenus ornupasus Uy o 0T JAJAHTeNBHOCTH HMIYJbCOB
yapabaenus !y (MMIYJabCBl NPAMOYro.biof (hopMEl).

C10(2N1770A—2N1777A)

6. Tupucroput cepum C10 (2N1770A—2N1777A) Ha peiicTBylomee

3naveHne toxa 7,4 a n nanpsixenne no 400 o

OcHoBHble 0OcOGeHHOCTM: rapaHTHPOBallHoe uauGoJpiliee 3HaUeHHe
YIEPKHBAIOIEr0 TOKA; He TPeGyoT CMENIeHHS Ha YNpaBJsIONEeM 3JeK-
TPOJe; YyKasaHHOe MaKCuMaJbHoe IpAMOe 3anupaeMoe Halpsi:KeHue
COXpaHsiercss B AHanasoHe —65--4150°C; paspaboTalinl ¢ y4eToM
TpeboBaHuil cnenudurawun Mil-S-19500/168

TMapamerp Clo

IN1770A
ONI1771A
IN1772A
Cl0G

2N1773A
ON1775A

ON1774A

2N1776A

Cl1oU
CIOF
Cl0A
Cl10B
GioH
CcloC

N
-
<)
—
(=23
(=]
N
2o
o
[}
[l
Q
N
{e]
[en)

Maxkcumanenoe | 3 500
HENoBTOpAIoeecs
ofpaTHOe HanpHi-
wenne Ugep opx

(<5 mcex), 8
Maxcumansroe
HOBTOpAOLIEECH
ofparyoe HaupsKe-
uue Ugsp m, 8
Ipamoe nanpsxe-
HHUe OTHHpaHHH
Uorn, 8 (ue Menee)

25 50 100 | 150 | 200 | 250 | 300 | 400

25 50 100 | 150 | 200 [ 250 | 300 | 400
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1

CMPABOYHBIE DAHHBIE 110 QCHOBHbIM THIIAM THPHCTOPOB 485

XapaKTepHCTHKH H MaKCHM2JAbHO
AONycTHMLHIE MNapaMeTphl

JleficTayiouiee 3yaueHue IPAMOTO TOXa 7,4 a
Cpennee 3HaueHHE NPAMOrO TOKAa CM.
puc. 22-2-6a
OnnonepHoAnblit yaapublf npsaMot ToK
(nenosropmommiics) . . . . . L L 60 a
3awutnuit napamerp /3 (mns BuiGopa
Tpe/ioXpasuTenel) JJIA  HHTEepBaNoB
S meer . L0 oo oL 4,9 at-cox
AMnsnTyaa OOPATHOFO HANPHKEHHs Ha
YOPABJAOLIEM 3JeKTpOle .. » . . . 10 8
PaGouast Temneparypa lgep . « « o . . —65-+-4150°C
Y nepwusaommht  Tok  (npu  Tpep=
= 4-25° C):
THIIOBOE 3HAYEHHE » .+ o . & + 4 . 8 ma
HauGoJbINEE 3HaueHue . . . . . . 25 ma
Bpemsa BOCCTaHOBJIEHUA YIIPaBJAEMOCTH
(tunoBoe 3pauenme) . . . . . . . . 10 mcex
dujdt . .. ... ..+ ... ... He orosapusaerca
difdt .. ..« 0o 0o . .

XapakTepHCTHKH YIIPABAEHHSI{ I0KA3aHb
Ha puc. 22-2-66.

v
LN
120 7 N T
100 S
A=30°160°190"120)180
80 -
60
40
20
I
v 2 4 6 8 a

Puc. 22-2-6a. 3aBHCHMOCTH MAKCHMAJBHO AOTMYCTHMOMl TeMIEpaTyph IO-
JIOBKM KOpryta OT CPEeANero 3HaueHMs NPAMOTOC TOKA NPH DPAINNUHBIX
yraax NpOBOJHMOCTH.

Harpyska akTUBHass MM HHAYKTHBHAs, yacrota or 50 pmo 400 ey4. Cpenudas Moll-
HOCTh HMIYALCOB ynpaBlewus 0,5 67. BedTuin yKpenmideH Ha MAOCKOR fMacTHHE
pasMmepom He Menee 28X38 ma (TENJOBOE CONPOTHBJAEHHE OT Kopnyca A0 OXDPYXKalo-
Jefi cpennl nHe Gonee 18° C/8r), KpubBnle cnpaBefJiuBbl NPH CKOPOCTH HapPacCTaHHA
aHOJHOro ToKka He 6oJaee 5 a/MKcex.

el LT
8 L/y ‘;75‘,7(% +25°C —-65"(
5 /
04~~~ R
Uy(,rmn) % - Y
4 N NP
gli——1 AR PP
5 N A;JU C
et
. , - Tl Iy
10 20 30 ama
Puc. 22-2-66. Xapaxiepucru-
KM ynpasjeHuss npi Tpep= 4
=65+ +150° C. } e
v
Ug qon 4 Iy gon — MaxcuMans- , ,_! B ,L”i*__,
HO JAOMYCTHMBIE 3HaYeHHs! YOpaB- | R S ;
ASIOHIAX HaNpAMeHHs W TOKA.
OcTafibHble o6o3HauCHUA — CM ! Iy
nonmuch K puc. 22-2-16 u 22-2-26 - I
(140 Bepxussi TeMnepatypa BMce- 04 G4 7,2 76 2 U a

cro 125° C paBmna +150° C).

C15

7. Tupucropst cepun C15 Ha AelicTByloulee 3HaueHHe TokKa 8 a
M Hanpsikenue n0 400 s

OcHoBHble OCOGEHHOCTH: HH3Kas CTOMMOCTb; TPHMLOAHH JIA CHJIO-
BEIX TIEPEKJIIOUaIOLIUX YCTPOHCTB.

- buoe o par-
Ty Tace T ee | Lo ovropmnieccn | hos satommopmoTicen
T He memee)p Hanpsixenne! HanpsXKeHue!
" ( ' Ugsp.m’ & Ugep. aux® &
np Tyep==—65--+105° C
Cl5U 25 25 40
C15G 150 150 995
C15B 200 200 300
CI5C 300 300 100
C1i5D 400 400 500

e
1 3uaueHust Uoﬁp wl U 06D, g YXA33HHL TOABKO JUIH HYJICBOMO HJH OTPHIATEND,
. .
HOTO HAampsAXeHHs Ha VIOpABJITionleM 3Jektpoje. HanGoapmee Temsosoe cONpOTHBIEHRE
OT BEHTHMJBHOTO B3JIEMEHTa [0 OKDyIKalUle#t Cpexnl, IPH KOTOPOM CIIpaBeJUIHBH yKa-
3SaHHbIe 3HAYEHHA erp ul v 06Dy AOKHO 6riTh pasuo 18° C/sm,
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CIMPABOYHBLIE JAHHBIE ITO OCHOBHBIM THUITAM THPHCTOPOB 487

XapakTepHECTHKH B OpefeabHO
RONYyCTHMHE HapaMeTpH
Hefictaylomee 3naueHne npAMoro Toka . . 8a

Cpennee sHaueHde OpIMOTO TOKA CM. pHC.
22-2-7a

Onsoneproannifl ynapusii npAMoft Tox (He-

nopropslommics) « . L L .. L L . . . 60 a
Samurenfi napametp J2f Aas unTepBasoB
e R 4,9 a?.cex
MakcumanbHOoe  06paTHOE HANpPFKEHHe Hd
VIOPABAAIOILEM 3JEKTPOJE .« « « o . . . 10 ¢
Padovaa temnepatypa Tgep » « o . . . . —65= 4105°C
[Tpamoit 1 o6parHeill TOKY yTEUKH (HAHGOIb-
uiee 3paueHse npH Typ=105° C), ma
ClsU —CI5A CI5G CI5B  CI5C  CI5D
9,0 8,0 6,0 4,0 2,0
Y nepwusatomul Tok (HauboJbinee sHaueHne
npa Tnep=+25'C).. L T TS 30 ma

XapaKTepHCTHKR yMpaBieHAd NOKA3aHE Ha

puc. 22-2-76,
°c VTKopn f&
1
[
100 ‘.\ Uo ) 7800
\ \0\. e A, e
&0 V \ 00/770,7/#/6
A 30"\\ “ rox
oo 60ONINNIN
907 132p° > 18p°
Z
40 :
0 7 ? J 4 5 b 7 a

Puc 22-2-7a2 3aBucHMOCTb MaKCUMaJbHO JONYCTHMON TeM-
mHepaTypel KOpmyca OT CPeHerO 3HAYEHUS NPAMOTO TOKA
OpH PasIudHbIX YrJjax [POBOLHMOCTH.

YcnosHe HCNMHITAHEA — CM  NOANHCHL K pHC 22-2-6a.

IR
\
\
P L0,
1o Ml 125°C 65°C
8 (1,
[ ! /
\ SN
AR VRN N
AN
oL L ANRAR
\ \
g \ 7
Puc 22.2.76 Xapakrtepuctu NN
KH YNPAaBACHHH MPH Tgep= o .
=-—65-—+105°C +105°% |1y
Tnuep6ona Py ;o xapaktepu O o 20 %0 M
3yeT npenedbiyro MTHOBRCHHYIO - N
MOWHOCTL pacCeHBaiu Ha ynpas T\
JIAOILEM 3AEKTPOJE DaBHYI) 5 8T P . | l DN .
OcTranbHble 0603HaYeHHs — CM
uoanMcy K puc 22216 u 22226 L H__fZ:\‘r
Py (non) =N
Vi s os—
_._.4-'—'—"—’
§ Ty
a
a5 1,0 75 a

C11(2N1770—2N1778, 2N2619)

8. Tupncropet cepun Cl1 (2N1770—2N1778 n 2N2619) na neiictsyio-
uee 3HayeHne Toka 7,4 a M HanpsiKenue go 600 s

Ocuopuibie ocobenrnocTH  He TpeGyIOoT cMeHleNNss Ha YNpaBASIONeM
3JIEKTPOMEe, UMEIOT BLICOKYI0 UYBCTBHTENBHOCTH 10 YNPaBASIOUIEMY 3JeK-
TPOMY, BhIycKalotca ¢ 1961 r

B cepuwo CIl Bxoaar THpucrophl TumoB CIl1U(2N1770), ClIF
(2N1771), CI1A (2N1772), Cl11G (2N1773), ClIB (2N1774), Cl1H
(2N1775), C11C (2N1776), C11D (2N1777), CIIE (2N1778) u CIIM
(2N2619) Ilpsimoe Hanpsixenue ormupanusi Ugry, MAKCUMaJbHOE 06-
paTHoe moBTOpAIOUleecss HanpskeHne Ugspm ¥ MakcHMasbHOe o6part-
Hoe HemoBTOpsiouleecs Hampsxenue Uoop nmx A1 tupucTopoB Cl1U,
C1HIF, C11A, CI1G, C11B, C1iC u Cl11D paBHE COOTBETCTBYIOUUM 3Ha-
yeHusAM pasi tupucropos CI5U—CI5D, o onpepensioress npr Trep=
=-—65—4125°C u rennoBoM conporusiennu 18° C/6T MexAy Kop
MycoM M OKpyxalollen cpemofi [l THPUCTOPOB OCTANLHBIX THIIOB

orw, Uospm 1 Ugop unr paBubl coorsercraenno 250 250 u 350 8 nas

CI1H, 500, 500 u 600 6 pas CLIE u 600, 600 u 720 ¢ gaa Cl1IM



488 KPATKHUL CIPABOUIILIT JIAHHBIE

CIMPABOYHHIE AAHHBIE MO OCHOBHLIM TUIIAM TUPUCTOPOB 489

XapakTepuCTHUKY ¥ NpPEeAENAbHO
HONyCTHMHEE NapaMeTpH

JeficTByiomee 3payeHHe MPSMOrO TOKA . . 7,4 a

Cpepsee 3nauenne npaMoro TOKa CM. pPHC.
22-2-8a

Onnonepuonusilt yaapunfi npaMofi Tox (se-

mopTopalommACa) . . . . . .. . . . 60 a

3ampTan napamerp /2t g MHTepBasoB

=15 mces. . .. 000 .. . 4,9 a%.cek

Makcumanboe ofpaTHOE HampskeHue Ha

YIPaBJFIOMIEM SJIEKTPOAE « « + + o o » 10 8

PaGouas temmeparypa Tgep « » « « o » . —65-4125°C

Y pepuBalomuii TOK (THMIOBOE 3HaueHuc

npH 8,0 ma

Tnep=

Bpemsi BocCTaHOBNIGHHS! YNIPABJISEMOCTH (TH-

10BOE 3Hauenue IpH Tggp==125°C). . . 15 mKcen

XapakTepUCTHKH YNpABIEHHd IPHBEJEHHI Ha
puc. 22-2-86.

c 7m;pn
160

/
1

720
—

/i

o
(2
\ﬁ% S

o

A=30° Y |

60°t 90°

120° 780"’ \

I
1 2 3 4 5 6 a

17

Puc. 22-2-8a. MagcumansHO HONYCTUMAS TEMIEPaTypa Kopnyca mpu pas-
JIHYHOIl BeJHuYHMHe CPeIHerc 3HAYEHHs MPSAMOro TOKa W Pa3/MYHBIX Yraax
MPOBOAUMOCTH.

O#HO-, Tpex- WAH ltecTHda3Nble CXeMbl HWJIH TNOCTOAHHRR TOK, aKTHBHAg WIH

HHAYKTHBHAS HATPY3Ka, dacToTa 50—400 24. CpesHss MOILHOCTbD MMOYJBCOB ynApaB«
nenust 0,25 g7, npu GoawmeR Py ep HeOOXOAHMO TeMMlepaTypy KOpNyca CHH3IHTh

Ha 3°C na | ar. PasMmepn oxnaxpaolel niacTunnl He Menee 38X38 mu,

b U\g,z5oc +25°C -65°C
2
A
6 Wyinomy A N
Puc 22-2.86. XapakrepHcTukH "—"‘\ ! N
yUpaBieHAS] NOPH [gep=—65—+ \ B =11
+125° C. I 0 [ 17250
Tunepbona Py .,  COOTBeTCTBYeT \ 10 20 3Oma
MakKcuMansHoO JlOHyCTHMOﬂ MTHOBEH- \
HOR MOIHOCTH pacceyBaHus 5 7.
OcTajbHble  0GO3HaueHHs — CM. PHC N
22-2-16 u 22-2-26. ~
fo ook e b—
? Tk o Tytom
y(non) ~
oo,
/,.,«——-—‘”"" !
T
gt - b L m__l..m_:
0.8 16 a

C12

9. Tupucroput cepun C12 ma peiicipylomice 3HayeHue 1oxa 7,4 o

H Hanpsikenue a0 400 s

Ilpennasnauensl clenuadbHO IS TIPHMEHEHHsT B HHBEpIOpax, HM-
TIYJIBCHBIX MOMYJATOPAX, HMIYJbCHBIX DPEryAfATopax MOCTOAHHOTO TOKa,
HeMocpeJCTBEHHBIX Npeo6pa3oBaTesiX 4YacTOTHl W B JPYIHX BBICOKO-
YaCTOTHBIX M HMMIYJABCHBIX YCTPOACTBAaX; HMEIOT TapaHTUDPOBAHHOE Bpe-
Ms BOCCTAHOBJIEHHSI YIIpaBJsieMOCTH MeHee 12 mxcex. BHemmuit suzg
TaKoH XKe, KaKk y tupucropoB cepun Cl5

B cepuio C12 pxomar mupucropn tunos C12U, CI2F, Cl12A, CI2G,
CI2B, CI2H, C12C u CI12D, umelonmue mpsaMoe HanpsiKeHue OTIHpA-
unsl Uory, MdKcHManbHOe O0paTHOE TNOBTOPAIOUICECH — HalpsKeHHe
Uosepm U MaxcMMalbHOE OGpAaTHOE HEMOBTOPSAIOLIeSCS HAlpSKeHHe
Uo6p nux TaKHe Ke, KaK M y COOTBETCTBYWOI[HX npufopos cepuu Cl5
(C15U—Cl18D), no onpenesenusle mpd Tgep=—65~+125°C u Temro-
BoM conporuBiednn 18°C/eT MexILy KOPNmycoM W OKpyKatoliedi cpeaof.

XapaKTePHCTHKA M MAKCHMAJbHO JONYCIHAMble NapaMeTpul y THPU-
cropos cepun Cl2 1axkue ke, kak y npuGopom cepuu Cl1, Kpome:
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Cpennee 3HaueHWe NpPIMOro TOKA cM. puc. 22-2-9a
3awmtabifl napamerp /% aast unrepsanos = 1,5 meex 40 a2.cox
Bpems BoccTanoBleHHs ynpaiaseMocTy (IpH 7 'gep==

=4125° C) cM. puc. 22-2-96G:
THIMOBOE 3HAUEHHE . . » « .« o &+ » « o « « . 8 MKCCK
HaHOOJIbIIeEe 3HAUCHHE ., . . . « « » + . o . 12 MKCOK
120 .. -
T _—
100 :\\Q\\
N \\
! 80 \ PN \
NNAL N
NN ‘
&0 o o ©| ° ?
A 30 60°|l vl 120 180
40
20 -
S I,
1]

Puc. 22-2-9a. MakcumajipHO JONMyCTHMasi TeMIepaTypa KOpIHyca B 34BH-
CHMOCTH OT CPeIHero SHaueHHsi NPAMOTO TOKa NPH PASNUYHBIX AJHTENb-
HOCTSIX TOKAa NPSMOYTrOJbHOH (HOPMLL

Yacrota or 50 no 400 ey. Kpusble He yUHTHIBAIOT KOMMYTALMOHHbLI® IIOTEePH H clpa-
BEAXHMBL! TPy CKODOCTH HapacTaHHs AHOAHOro Toka He Goaee 2,0 a/uxcex. Cpen-
Hee 3HaYeHHEe MOLIHOCTH HMOYJecoB ynpasiaeHus 0,25 67. HaumeHbliee Tenjsosoe
CONPOTHBJIEHHC MEXAY KOPHYCOM H OKpyXaloule# cpesofi pasHo 18° C/ar.

MACOK
6 ig 1
[— s -
A7
ST e Puc. 22-2-96. 3aBucuMocTb HaH-
14 bt - 6osIbLIErC BO3MOMKHOTO BpEMEHH
BOCCTAHOBJIEHHS]  YAPaBJISEMOCTH
—1" B OT aMIUIUTYAbLL MPAMOro TOKA
13 N 4 —{— py Tuep=+125°C.
“ 7 ] — HCOBITATENbHBIE PEXRHM.
0 Iam
1] 10 20 17 40 a

C20 C22

10. Tupucropui cepuii C20 u C22 na neficTBylouniee 3HayeHHE TOKa
7,4 a v HanpsKeHue no 400 s

OcHOBHBIe OCOGEHHOCTH: HH3Kas CTOMMOCTD; ruGKOCTL B yo1oBUAX

MOHTaXKa; BbICOKAast CTOHKOCTb K yAapHbIM TOKaM; MaJass MOILHOCTSL,
HeO6XOlII/IMaﬂ AJs1 yIpaBJaeHUA
MaxkcavanbHoe
IMpsiMoe Ranmpsxe- Maxcumanbioe | oGpartuce HenosTo-
Hie OTIHDAHHS! ggggg&ea r:{‘:;goﬂ'_ psioweecs Hanps-
| Vo | g | e
npu Tnep=—25++‘00° C
C20U, C22U 25 25 35
C20F, C22F 50 50 75
C20A, C22A 100 100 150
€20B, C22B 200 200 300
C20C, C22C 300 300 400
C20D, C22D 400 400 500

1
Beauannst U ony Uogn o ¥ Uggp gy YKASSHH TONBKO JJIA HYJIEBOTO HIH OTPHe

HAaTeJIbHOTQ HANPAKEHAST Ha yupasadiomev aekTpole, HauGonmbruee Temmonoe compos-
THBJEHHE MeXAY KOPIYyCOM H OKpy:Kalle# cpefoff, NpH KOTOPOM CHpaBeMBO YKa=
3aHHOe U oD’ DABEO 182 C/em.
XapakTepuCTHKH ¥ TNpeAeNbHO
AONyCTHAMBIE NapaMeTphrl

JefcTaylomee 3paueHne NPAMOrc TEKa , . 7,4 a
CpenHee 3HaueHpe MPIMOTO TOKa cM. puc. 22-2-10a
OnHonepHOAHBIA yIADPHBIA npﬁMoﬁ TOK (He-

MHOBTODAIOMAHACA) . . v o & & & o « ¢ o 80 a
Samurauft mapamerp /2 mm HHTepBaJIOB
=15meec ... ... ... ... 27 atcex

MaxkermansHoe o6paTHOE HampOKeHHe Ha
VOPABJAOMEM 3JEKTPOAE .« « .« « .+ . . 58
—2,5— 4100°C

PaGouas temuepatrypa lgep . .
¥ nepxusaromuil TOK (npu Tmp_ +25' C)

THIOBOE 3HAYEHHE . . . . . . . 10 ma
HAaHGOJIbIiEe 3HAUEHHE . . « « o o « . 30 ma
Bpemst Boccranossenns yipaenseMmoctd . . He oropapupa-

eTes

XapakTepucTHKH yIpaBieHss mpusefensl Ha puc, 22-2-106;
0 CHenuaJploMy 3aKasy BO3MOXeEH OTGOp THPHCTODOB C
yIpPaB/MIOUAM TOKOM OTNHpaHus He Goaee 4,0 ma.
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°c 7ku:pn | 5 b
/
) 17 SO S g ——j —- ‘—J— ! L1
\‘\‘ 0°  190°
t\ oo A e
8a N \\ r””"’ﬁb/g
770K
— \ \‘ -
N
60 p= Py > o B
A 071607y 90} 1207] 180
«0
20
I,
0 1 2 3 4 5 6 7 8 a

Puc 222 10a 3aBHCHMOCTL MAKCHMAaabHO JOMYCTHMOR
TeMnepaTypul Kophoyca oT CPeaHero 3HAYeHHA dHOJHOrO
TOKa NpH PA3JHUHBIX yriaax nposopuMmocrda OJHo-, TPeX-
mectuda3nble CXeMH N TOCTONHHBII TOK. AKTUBHAS HiaM
HHJYKTHBHAsA Harpyska, yactora 50—400 ey, Py cp=05 sr
PasMepnl OxAaxpaioleR IIacTAHM He Menee 38X38 mMM.

o[,/ 81Uy [+25% y-25°C
1) 3 S —
A | \Pyaon) N

6 x‘w ! &\\\ \ \ *25:0_
[ \ NN

~ 0,
.| e ] 1
I W 40 ma
2 T
o]
Iy

05 10 15 20 25 30 a

Puc 22-2-106 XapakTepHCTHKH YUPaBieHHS Npn Tmep=
=-—25+--100°C.
TunepGona Py xom COOTBETCTBYET npegennHofi MIHOBEHHCH MoOulno-

¢ty ynpaBnenus 50 87 OcranbHbie oGo3navedus —CM puc 222 16
u 22226

493

C36

11. Tupucropsl cepnn C36 na neficTeylomee 3HaveHwe Toka 16 o

# HanmpsiKeHue Ao 500 6

OcHoBHble 0COGRIHOCTH HOCTATOYHO

ynpasJadeMOCTH; XOPOIUIO NOXXOASAT IJs

KMOYAIOU{HX yCTpPOoCTBaX.

MaJjgoe BpeMsA BOCCTAHOBJEHHUA
NpUMeHEHHss B CHUJIOBBIX [Iepe-

n Dle|l«e|lo]lmnjz|lolalm
apameTp £ R KIRIE1 21 818
©Oj]oj]o ool lo]o]o
Maxkcumanbroe ofparnoe | 25 | 50 | 100 | 150|200 | 250 | 300 | 400 | 500
NOBTOPAIOMEeCs  HanpsxKe-
e’ Ugsp u, 6
[Ipamoe nanpmwenme or-| 25 | 50 | 100 | 150 | 200 | 250 | 300 [ 400 | 500
nupanud Uy,g (He Menee), 6
Maxcumanbtoe ofpatsoe | 35 | 75 | 150 |225{300 | 350|400 | 500 | 600
HEIOBTOPAIOMWIEECs]  Hanps-
wenne! Ugsp mpx, 8 (M08
uuTepsanos <5 mcex)
Mpsmoft wnu ofparnmifi |225) 19 112,516,516,015,515,014,0] 3,0
TOK yTEeUKH (THIIOBOE SHA-
uenne), Ma lavel
G 1 3Hauenus UoGP w Uotp pux ¥ TOKA YTEUKH YKa32HLI TOALKO AN HYyJAeBO O MR

OTPHIATEILHOTO HANUpPAKEHUs Ha ylpaBasAolleM saekTpone. HanGonwuiee Tenaopoe co-
APOTHB/IEHHE DARUATOPA, NPU KOTOPOM 5TH 3H4 IeHHHA CnpapeANNBLI, pasHo 11° C/sm
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XapaKTepHCTUKH H MaKCHMAaJABbHO
AONMycTHMBE HmapaMeTph
eficTByollee 3HAUeHMe TPAMOrO TOKA . . 16 a
CpelHee 3HaueHHe NpAMOro Toka cM. puc. 22-2-1la
Onsonepuoansiit ynapHuﬁ npnMOifI TOK (He-

nosropmonmiica) o . . . . . . . . 125 a
3auatTHeit napamerp /2 paust wATEpBANOB

=10 meex oL L0 L0 . .. 40 a?-cok
MakcumansHoe 0GpaTHOE HanmpmkeHHe Ha

YIPARMAIOIMEM INEKTPOAE « + « « & o+ » 5 ¢

Pa6ouas Temneparypa Tgep . . o o . o . —40= 4100°C

Y nepwupalouwi Tok (TMmoBOe 3Hauenue
0pH Tgep=4-100°C) . . . . . . ... 20 ma
°c
o0 Txopn N e
NN ~
\\k\\ I
50 N \\ N\ \\\
\\ /70:,\\
>,
A=30° N N £
w0 60 5 N 6’/20)\‘
o - 90" \720° Y 180° s \‘Y
/
U -
0° 180
fe A, Ia
Y S S B S
2 4 6 8 10 12 % a
Puc 22 2-11a MakcumasbHo HAonycrAMasi TeMIeparypa

Kopnyca B 3aEHCHMOCTH OT cpefdero 3HaueHUg upamorao
TOKa NpH Pa3JUUHBIX yryiax HPOBOXHMOCTH.

Oppo-, Tpex u mecTndasHble cXeMDL!, aKTHBHAS WJIH HHUYKTHBHASA
Harpyska, uacrora 50 -400 oy, pasMephl OXJaxkaalouiefi TNAACTHHBI
He Menee T6X76 uu Tenjnosoe (ONPOTHBAEHHE KOPIYC -— OKPYIKalo-
wasa cpena He Gonee 11°Cler.

T

Bpems BoccTaHOBJIeHHs1 ynpasiseMoLrt (TH-
nopoe 3naueHue npu T ypep==-100°C) . .,

dufdt . . .. .. .

15 mrcex
.+ « e+ .., He orosapusa-
ercst
difdt . . «.......4.. ... He orosapusa-
eTcs

XapdkrepucTHKH YIIPaBleHWa I0Katadsl Ha puc. 22-2-116,

[T T TTTTTI
+100°C +25°C ~40°C
o) v v ¥
N
J N
N\,
Zf \ <
4 1y T ’é\ r® =
0 +0°0
ot +100°C Iy
g 50 100 150 Mma
&
4
2
2 | etamt
4 ”’.’ﬂ"’"
T
0 y

Puc, 22-2-116. XapakrtepuCTHKM ynpaBiaeBHs npH Tpep=
=—40++100°C
TopusonTanbuple duady —40°C u +100°C XapakTepu3ylOT HAaH-

GoJibliiMe HANPKEHHA, He NPHBOIAALLHE K OTHHPaHHIO HWH OAHOrO
BEHTHWJIs] NPH YKA3aHHBIX Tnep (0,65 8 u 0,3 8 COOTBETCTBEHHO),

OcTajbHbie OGO3HAYEHHsI — CM, puc. 22-2-16 u 22-2-26.°
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C30 C32
C31 C33

12. Tupuctops cepuit C30, C31, C32 u C33 Ha neficTBylonlee 3HAYEHHE
TOKa 25 a u Hanpsixenwe jo 400 8

OcuHoBHBIE 0COBEHHOCTH: HU3KAA CTOMMOCTb; rHOKOCTH B OTHOILEHHH
VCOBUI MOHTAXKA; BRICOKASl CTOMKOCTL K YAAPHLIM TOKAM; Manas MOIL-
HoCTb, HeOGXogumas aAs ynpasiehus (cM. puc. 22-2-126 — pas ce-
pult C30 1 C32 u puc. 22-2-12B — qua cepuit C31 u C33).

Makcu- Mak caManb- MaKkcHMaJlb-

ManBHOe | yod oGpathoe | HOe o6DaThoe

ApAMoe | noppopsomee- | HEHOBTODSIO- Hpsivoft ¥ ofpatHbiit

3anHpae- | oq ganpske- | Weecd Haups- TOKH yTeYKH IpH

MOE Ha- el U JKeHHel Tpep= +160°C, na

Tun npsKenye! 00p. w* Uqgop. s ’
Uup,w é 6 (npu<‘3hcew).s
6 0B~
Mpw Togm =0+ 410070 | US| Jemiome
C30U, C31U, -
C320. C33U 25 25 35 10 1,0
C30F, C3IF, -
C39F. C33F 50 50 75 10 1,0
C30A, C3IA,
C32A" C33A 100 100 150 7 1,0
C308B, C31B,
C32B. C33B 200 200 300 3,5 1,0
C30C, c31C,
C32C’ C33C 300 300 400 2,3 1,0
C30D, C31D,
€32D’ C33D 400 400 500 1,7 1,0
! 3HayeHns Unp,u' UoGF.M H Uoﬁp.mm YKa3aHhl TOJMbKO AJ2 HYJIEBOrO HJH OTpH-

HaTeJbHOrO HANPSKeHHT Ha yNPABAMIOUlEM 3JeKTpoae. | Hau6oabliee TenloBoe COMpo-

THBJAEHHE MEIKAY KOPIIYCOM H OKpyatouwell cpefod, npy KOTOPOM CHPaBeAJHBO yKa-'

3aHHOe Uosp.u' paeHo 18° C/sm.

CITPABOYHBIE JIAHHbBIE 1O OCIIOBHbIM THIIAM THPHCTOPOB

497

XapakTepHCTHKH H NpefenbHo
AONyCTHMBE HapaMeTpsl

JeficTeylolee 3nauenue NpsMOro TOKA 25 a

CpepHee 3HayeHHe NPAMOro TOKA CM.
puc. 22-2-12 a

Opxoneprofnblfl yaaphblil npsaMo#d Tok

(HENOBTOPAOWMACH) . + « « & + « 250 a
BawnTHblR napamerp [ Aas WHTEPBa-
FOBZ5 MCER « v v v v 4w e e v 260 a?.cex
Maxkcumanbhoe 00paTHOe —HanpAxeHHe
H2Z YTPABASIOLIEM BJAEKTPOAE .« - . « 58
PaGouas Temneparypa Tpep. . . . . » —40=4-100°C
Y nepwuBaompit  ToK (Npu T pep =
= -}-250° C):
1HNIOBOE BHAUCHHE . o o + » o = -« 10 ma
naupGonpiee 3vayenue . . . , . . 50 ma

Bpems Boccranosnennst ynpasnsemoctd ... He orosapusaercs

XapakTepHCTHKH ynipaBnetns aasi THpHcTOpoB cepuit C30 B
32 nokasaHbl HA puc. 22-2-126, nas THPHCTOPOB Cepui
C31 u C33 —ua’pue. 22-2-128B.

OC ” =
/
80 Tieap™NR Q\ /
NN "7 Dol 1807
7Y% -
Top b7} A b
4 1
a=30°l60°90] | 120"} 780"
&G0
Iy
0
& 76 24 a

Puc. 22-2-12a Makcumanpuo jonyctuMas TeMnepaTypa
KODNyCa B 3aBHCHMOCTII OT CD@JHEr0 3HAaueHusg NpPAMOTO
TOKa TNpH PASNHYHBIX yraax ormupavud. OnHo-, Tpex- H
wecrndasHele CXeMBl, aKTHBHAH WIM MHIYKTHBNAA Ha-
rpyska, wuacrora 50—400 ey, Py .p=05 sr. Pasme-
Pbl OxJaXpamllel NJIACTHHE He MeHee 38X38X1,5 MM
(Rr(xopu—oxpy= 18° C/sr1).

321258
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KPATKHUE CITPABOYHBIE JAHHDBIE

CMPABOYHBIE JAHHBIE IT0 OCHOBHBEIM THOAM TUPHUCTOPOB

499

8 |Uy \\‘ ’ J
8 f25°§; _"onc
\ LRI
7 \ y '<< _:_2500
6 *\ R SRN NN
| [Fytaom D
N <l +100°C Iy
(7 = = Y 0 1 "
~ 20 40 ma
-
2 ==
0% Iy
g4 08 1,2 - 16 20 24 o

Puc. 22-2-126 Xapakrepuctvku ynpasieuds (11pn Tnep=
=~—40+ +100° C) Ttupucropos cepuit C30 u C32.
Tunep6ona PyAnou—npenenbuan MTHBOBEHHHAS! MOULHOCTh HMOYJAb-

co ynpasaenust 5 7. Ocrtansuvie ofo3gadenus — cM. puc, 22-2-16
u 22-2-26.

T A}
A
\ 6{uyl +25°%C ~4{;°(7
8 \‘ 2 ]l 4 {
/ \ * +251
6 b \ L& .
Py(‘ﬂﬂﬂ) \ A N \ N\,
/ 3| R
1“ A
j <17 10 20 ma
> .
? L 1~ - =
et
/”’F,L . 1y
o an 08 12 16 20 24  a

Puc. 22-2-12. Xapakrepucrnkn ynpaBiaenus (npH Tuep=
=40+ +100°C) Tupucropos cepuit C31 u C33.

CunepGosia Pg ;. — NPEfeabHas MOWHOCTE HMIYABCOB yNpapfes
HhA b 87, OcTadbhuie O06GO3HAYEHWsT — CM. pHc. 22-2-16 u 22-2-26.

C37
13. Tupnctopnl cepun C37 na jeMcTByloniee 3Bauenne Toka 25 a
H Hanpswenue xo 800 s

Buimonuenn B crangaptHoM ropmyce turna TO-48.

MaxcumanbHoe MaKCHANBIO M“gg’;";‘;ﬂ’g‘;” MakenmagbHoe
IPIOE SO | onerimoe npmoe| MoPTODTONee- | COMTIOS Hemoare:
Keuuel HampsKelHe on RappaMes | enue U
Tun U o — HHE Uoﬁp,u' 06D, muR
up,w’ . A (<5 mcex), 8
mp# Tyopn = — 40+ + 105° C
C37U 25 480 25 40
C37F 50 480 50 75
C37A 100 480 100 150
C37B 200 480 200 300
C37C 300 480 300 400
C37D 400 500 400 500
C37E 500 600 500 600
C37TM 600 720 600 720
C378 700 840 700 840
C37N 800 960 800 960

1 3magenus Um . Uoop npw YK233HK TONBKO 445 HYJEBOTO RN OTPHUATENLHO-
ro HanpspKeRHft Ha ynpasJsonieM saekTtpolae, HanGoabiiee TenJiopoe CONPOTHBJIGHHE

MEXIAY XOpNyCOM H OXDyXKaloleM Cpenol, AJS KOTODOT0o CNpaBex JiBEI YKa3aHHWE
33 9eHAA U“.“. o605 ¥ Ug6p.mux» PABHO 11° C/sm.
XapaKTepHCTHKH H NPEeAeAbHO
AONYyCTHMHE MapaMeTpH
HNefcrayiouiee 3naueHne NpIMOro TOKa 250
Cpeanee 3naueHme TpIMOro TOKa CM. puc. 22-2-13a m
22-2-13 6
Oneonepuoanui#t yaapubii npaMol Tok
(HeNOBTOPROWEACT) . o o & .+ « . . 125 a
3ammTeuf napametp /% gnn MHTEpBa-
aoB =15 meex . ..o . L. 40 a%-cox
Pa6ouas Temmepatypa . . . . . . . —40-+=4105°C

Bpem BOCCTAHOBJCHHA YNPaBNAEeMOCTH

# 3Hauenns du/dt n dijfat . . . . . He orosapusawoTtca



KPATKHE CITPABOYHHBIE JAHIIBIE

CMPABOUIIBIE JAHIIBIT 0O OCHOBHBIM THIAM THPUCTOPOB 501

°c Twopn
T0OMES T —_
80 P
N 2
()
\N\ %‘x
&0 /’4'5/\?

40 Mﬂl'x \r\ \\

2N681—2N692

PP 14. Tupuctopsi cepun 2N681—2N692 nHa AeilcTBylouiee 3HaueHHe TOKA
A<X 60°90" 120 ;ﬂmo \\ 25 a u Hanpsaxenye o 800 8
20—k Bummyckatoress ¢ 1958 r, cHaGxenbl CTAnfaprHBIM  KOpIycoM
PRI tuna TO-48
0%, 780
poaremnef Ia
o : : MaxkcHMaJibHOe
8 € 24 a MaxcaManshoe | MaxcumannHoe MaxcrManbHO® | ofparHOE Hemo-
npsMoe 3amu- | ponyeravioe mps- | OOPATHOE mO- BTODAIOIL EECS
paeMoe Hampsd- | yoe HampskeHue ZZ%P’;"*%U;:;:? HanpsiKenuet
Puc, 22-2-13a  MakcaMaibHo JHONyCTHMAas TeMTIepaTypa Tun xere Usp. gow * Uy o f ofp m ¥
KOpryca B 3dBHCHMOCTH OT CpEAHero 3HauYeHHs NPAMOTo up.M oop. (<5 mcex), 8
TOKA NPU PA3NMYHBIX YTNAX TNPOBOAUMOCTH. TpH T = —034 +125° C
AKTHBHAS MM MHAYKTHBHas Harpyska, dacrora 50—400 2y, Py .= KOPI )
=05 & PasMepbl oOXJaxKjaiolleil IJIacTHHBI He MeHec 78X76 MM
(Rr(xopn_oxp)<<11° C/ar). ON681 25 35 25 35
2N682 50 75 50 75
2N683 100 150 100 150
2N684 150 225 150 225
2N685 200 300 200 300
A 2N686 250 350 250 350
2N687 300 400 300 400
2N688 400 500 400 500
2N689 500 600 500 720
2N690 600 720 600 720
2N691 700 840 700 840
2N692 800 960 800 960
90°/
30 60°, 1 Ycao8HS HCHBITAHHA TaKHe e, KaK AJd THPACTOpoB cepun C37 (cM. npumeva-
x:jgfi////\ Hue K TabJa. Ha cTp. 499).
20 4 g XapakTepHCTHKH M NpPEeREABHO
/ AONyCcTHMBE NapaMeTpH
70 Jeficteylomee sHaueHWe NpIMOro TOKA 25 a
Cpennee smayeHne NpAMOTO TOKA (3aBACHT OT yraa Mposo-
o I, JHMOCTA) M. pHe, 22-2-14a w 22-2-146

3 6 26 a Opnsonepuomumll ynapuefi mpamMofi TOK
(HeTOBTOPIOMMACH) . o o o o + » . 150 a
. 3ammnb1ﬁ5 napamerp [% ans HHTEpBA- 75
Pre. 22-2-136. 3aBACHMOCTS DacceMBaeMoil MOILHOCTH OT a08 1,5 mee . ..o ... L a®-cex
cpeasiero auanenns npsamoro Toxa (Tpep=+105°C). PaGouast Temmepatypa . . . . . . . . —65+-+125°C

Bpema BoccTanoBsenns ynpaBideMOCTH
u sHauenmus du/dt m dij/dt . . . . . He orosapupaorcs
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°c Tnn:pn

120

100 -1

80

T
3274
7
N,
/

60

180"

40

20

Ia
2 a

4 8 12 16 20 24

Puc. 22-2-14a Makcumaneno JOnycTHUMas TeMIepatypa
Kopnyca B 3aBHCMMOCTH OT CpeqHero 3HauyeHHd npgmoro
TOKa NPy pAas/IMUHBIX YPaax NPOBOIHMOCTH
(Rr(xopn_oxpy<11° C/feT).

CxOpoCTh HaPacTalus aHOAWOFD Toxa ne Sosce 0 ofMKcex

sm|P ] T T
b0l o ]
W] .
180° @
0= J120/ ¢ A ||
50° 90 P "T ! \\\
20 Al
2 oY 07| 160
A A — kA
]0 --,-{b—w — 1
- I

4 8 12 16 20 24 28 a

Puc. 22-2-146 3asstcuMoctn PaccenBaEMOfl MOIHOCTH OT
cpejHero JdHadeHus npaMoro Toka Hacrora 50—400 ay.
Tnep=+125°c

CxopOCTh HapacTaHlsi aHOJHOTO TOKa He Godee 10 g/MKrexk

C140(2N3649—2N3653)
C141(2N3654—2N3658)

15. Tupucropst cepuit  C140(2N3649—2N3653) u  C141(2N3654—
2N3658) na peficiBylouee 3naueHHe ToKa 35 a u Hanpsokenne no 400 6

IpennasHavenst AJsi NPHMEHeHHss B CHJIOBHIX MEPEKJIOUaIoUINX
yCTpoficTBax HAa MOBBIIIEHHBIX B BBLICOKHX YacTOTaX A0 25 K2y, HMEoT
rapainrtHpoBanHible sHavenus dufdt w difdt w manoc spemst BOCCTaHOBJE-
HUSL YIDaBJSIeMOCTH, BBINOJHCHBL B CTaHZapTHOM Kopnyce tuna TO-43.

Ipsimoe 3amupaemoe HaunGoabiiee Makcumadbhoe
HAMpSKEHHEe (HA IO- ofpaTHoe Ha- | ofparAoe HENOBTO-
CTOAHHOM TOKe) Uup TIpsiKEeHue psloujeecs Hanps-
M vaKcHMajabHoe mps- | (H3 MOCTOSH- | dKeHue (MoJycuHy-
Tun Moe JOHYCTHMO® HA- HO(]}II TOKea)i coupanbHol GopMs)
STk eHHE Unp.non’ 8 osp’ 8 o6p.mux’ 8
ups Tyong= —65+ 4120° C*
CI140F (2N3649), 50 50 75
Cl41F (2N3654)
C140A (2N3650), 100 100 150
Cl41A (2N3655)
C140B (2N3651), 200 200 300
C141B (2N3656)
C140C (2N3652), 300 300 400
C141C (2N3657)
C140D (2N3653), 400 400 500
C141D (2N3658)

* HauBoabliee 3HaveHHe TEMJIOBOTO CONPOTHBIEHHUST MEXMAY KOPIYCOM B OKPYIKAi0s
ueff cpenofl, AJIT KOTOPOTO CHPaBeJIHBEI yKasaHHble MpeLeJbHble 3HAYCHUS HaOpAKes
Hud, pasHo 5° Clem,

XapakTepHCTHKH M NpenenAbHO
JOoNycTAMHE MapaMeTpH

LeficTBytomee 3HauerHe [DIpiMOro TOKa . . 35 a
Onnoneproanbili yaapubit npmv;ou TOK (He-
nopropsomEAca) . . . . 180 a
3amm18u# napamerp et ):Lm PIHTepBaJIOB
=00 meex o000 oo oL 165 a%-ox

Paéoqaq Temnepatypa Tgopn - . —05 +— 4120°C
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CNPABOYHBIE NAHHLIE O OCHOBHLIM THUMAM THPHUCTOPOB 505

Bpemst  BoOccTaHOBJeHH  ynpaBiseMocTH  (nauGosbluee
sHaueHue TpH Tygopy = +120° C):
ana cepun C140 . 0 . L . L L L.
maa cepun Cl4L . L . o o L oL L,
dufdt (npu Tyopm =4 120°C) . . . 200 s/mKcex
3aBUCHMOCTH JONYyCTHMOro MPSMOrO TOKA NpPAMOYTOJbHOM
¢OpME! OT TeMIepaTypsl KOpIyca M AOMYCTAMOrO NPAMOro
TOKA OT BpEMEHH HA WHTEpBale OTINHPAHHA I0Ka3aHbl Ha
pHc. 22-2-15a u 22-2-156 cOOTBETCTBEHHO.

15 mxcek
10T mrcer

°C [ Tkopn
120 : ~—
N N NuaNE
\ ]
\\\ NN B
80 N ~]
\ ™. \\&J/"
100%
¢ o X
() )
0% 33,%25% %,7%
| l L
a 20 “ &0 80 w0 120 a

Puc. 22-2-152 Maxkcnmansio nonycTHMas TeMIepaTypa Kopoyca B 3a-
BHCHMOCTH OT CPEIHEro 3HauyeHHsl TOKA NPSAMOYTOJbHOH GOpMBI TIpH pas-
JIMYHOH AJMTEAbHOCTH HHTEpBana MPOBOAHMOCTH (B NDOUESHTAX OT NOJ-
Horo nepuona). Yacrora 50—400 2y.

CkopocTb HapacTasusa Toka He Gonee 10 a/mkcex MoWHOCTL YNpapieHHs H MOMUI-

HOCTb MOTEepb B 3aNepTOM COCTORHHH MNPHHATH HAHGOABWHME BO3MOXKHBIMH
.
Rokopu_orp)ss5.0° Cl6T, du/dt=200 6/uKcex.

al ia
600 o <
400 4]

200 L

7
ol b

60 vy
40 . V4

A
20 7 i -
10 yd i

a1 02 04 t 2 4 7 MECEK

2
4

Puc. 22-2-156 Tipesesbnbiii anoiubiii TOK Ha WHTepBaje OTNHPAHMA.

KpuBasg ! pns Ey=20 8, KpuBaa 2 — masa Ey==ll. 8, Txopu‘+25°C HJIH Ey=5 8,
Tm,pn=+120"c (Ey—s A. C. HCTCUHHKA YUPABAAOILUX HMIOYILCOB), Buyrpen-
Hee CONPOTHBJIEHHE HCTOUHHKA YMpasJAOIUHX HMOYJNbcOB 20 oM, UYactora 60 2y4.
O‘mupaﬂue APOHCXOAUT TPY HAYARLHOW anOAIOM HanNpaKEenny, paBHOM Unp.u'

Hautenbnocts H BpPeMs HApACTaHHA YNPABAAKILEro HMNyabca 20 MKCEK H
0,1 MKcek.

C35

16. Tapucropnt cepun C35 ua AeficTRyloumiee 3HauYeHue ToKa 35
H HanpsxkeHue jno 800 ¢

Muorne napaMerpel THPHCTOPOB 3TOH CepHH HAEGHTHUHB Hapa-
Metpam cepur 2NG681—2N692. DT TUPHCTOPH TaKKe BHIYCKAIOTCS
¢ 1958 r. u mmeror kopnyc tuna TO-48 VIMewoT BHICOKYI0 TEPMOUHKJIO-
CTOHKOCTh; HE HMeIOT orpaHHueHHA N0 Unp gon; YAOBAETBOPSIOT CHELH-
¢uxanmu Mil-S-19500/108B.

B ceputo C35 Bxopasar tupucropu tumos C35U, C35F, C35A, C35G,
C35B, C35H, C35C, C35D, C35E, C35M, C35S u C35N, y XOTOpHIX
sHauendst Unpwm, Usspm # Uo6p unx TPH Txopn=—65++125°C pap-
HEl COOTBETCTRYIONIMM 3HAUYeHWsim THpHcTOpoB cepun 2N681--2N692
(cm. tabi Ha ctp. 501); ycnosus H3MepeHHS TakHe XKe.

XapaRTepHCTHKHE H NpefeNbHO
BOTMyCTHMEE MapaMeTpH

35 a
Cpennee sHaueHHe NpAMOTO TOKa cM. puc. 22-2.16a

Jleficteyromee 3HaueHHe TPAMOTO TOKA . .

Opnuonepuoasuifl yaapunft npaMol Tok (ne-

THOBTOPSIOMHACA) » » & v 4 v o & o » & 150 a
3awmTebIR napamerp [/2f OnA WHTEpBANOB
=>1.5me . ... ... ... ... T5a2cek

PaGouan temnepatypa Tpep « + « » o . . —65+ - 125°C

Bpemst  BoccranoBseHna  yIpaBJfaeMOCTH
(nanGonblee 3HaueHHe NPH I'gep =

=-125°C, Ry y =100 om) . . . . . 75 mxcex
dujdt (npn Tgep = --125° C):
ang tumos U, F, M, S, N . .. . . 10 g/urcex
nas tamos G, B,H . . .. . . .. 20 8/ mxcex
o tanos C, D, E . . .. . .+ . 25 3/mKceK

3aBUCHMOCTH NPAMOrO TOKa OT BpEMeHH

HA wuH1epBaje OT-
nHpaHnd NipusejeHsl Ha puc. 22-2-16G.
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Puc. 22-2-16a. Makcumaibpio JonycTuMas TEMIepaTypa

KOpyca B 3aBMCHMOCTH OT CDEIHEro 3HaYeHds NpPAMOro
ToKa HpH pasmmuHBIX yraax nposogaMmoctd. OmHo-, Tpex-
M wecrHdasibie CXeMbl, AKTHBHAA MJM HHAYKTHBHas Ha-

CIIPABOYHBIE JAHHBIE MO OCHOBHBIM THUIIAM THUPUCTOPOB §07

C38

17. Tupucropsl cepun C38 Ha nelicTByOUIee 3HAueHHe ToKa 35 a
u HanpsikeHue jpo 500 6

VMeloT BLICOKHE JNOMYCTHMYIO TeMIepatypy [epexojaa H TepMo-
LHKJIOCTOMKOCTb, MaJioe TEIJOBOe CONPOTHRJEHHE; CHAGMKEHBI CTaHmapT-
HbIM KopriycoM tHia TO-48.

rpyaka, uacrora 50—400 24, Rrgopu-_oxp=<ll® Clsr,
Py ¢p=0,5 87T.
- l -
ajp la T » 7J_ Y
p.
“00 N o X A A
N - 1
N o ¢ J b
20 4 [ >
200 S SR Puc. 22-2-166. TTpe-
10 Vi N Aeblibi  AHOJHBIN
0 D TOK Ha MHHTepBane
60 -4 1] ornupaHns.
p yAVS4d E, — anogroe Hamps-
" / // =4 HeHHe JO0 OTMHPAHHA,
Y V / yactoTa 0—400 ey.
20 44 Tycopn=—66+ +125° C.
/ / 8% / YcTouHuK  yNpaBisio-
A A mHx HMTYJIBCOB:
10 ,/ - 9. g, ¢. 7 6, compo-
1 - THenende 80 om. Cko-
7 POCTL HapacTaHHSA UM-
6 nyascos  or 10 no
4 S VA 90% 40 mxcex.
v
7
7
01 02 o5 1 2 4 10 MHCEN

Makcumaabaoe o6par- | MaKCUMANbHOe 06 pat-
Tipamoe nampsikenue | yoe mopropsomeecs | HOe HEMOBTOPSIOMmIEECH
ornuparus! Uy nanpsikennel U o, HallpsIKeHHe!
Tun (He Menee), § o6p.u Uobp.mix
(<5 Mcex), 8
npr Tpopy = —65 3 +150° C
C38U 25 25 35
C38F 50 50 75
C38A 100 100 150
C38G 150 150 225
C38B 200 200 300
C38H 250 250 350
C38C 300 300 400
C38D 400 400 500
C38E 500 500 600
1 YKasaHHBE 3HAYEHHS Ugrnr Yoop.u # Yo op.mux CMPABEVIHBEI TOABKO AAS HYyJe-

BOrO HJIH OTDHI[ATEJNLHOTO HANDMKEHHS HA ympabBisioueM sjiektpoge. Hauboapiee Te-
MJIOBOE CONpPOTHBJCHNHE MEeXAY KOPHNYCOM ¥ OKpy¥XKaioulell cpeofl HpH STOM JONMKHO

GuiTh paBuo 11° C/em.

XapaxTepHCTHKH ¥ NPEAEJAbHO

AONYCTHUMDBIE NapaMeTpH

Heficrayoltee 3HageHne

HIPAMOrO TOKA

35 a

Cpefiee 3Hauenne mpAMOro TOKa cM. pac. 22-2-17a n

22-2-176

Onnoneprojiubiit  yaapHet mpaAMoR TOK

(venosropsommAcH) . . . . . . . 150 a
Saiuraefl napamerp /2 mas MHTepBa-

aoB 1,5 meex .. .. . 0L 75a2 - cex
PaGoyan temneparypa Tpep. . - . . —065 = 4-150° C
Bpema BoccTaHOBJIEHHA YNPaB/AEMOCTH

(TMmoBOe 3HaueHHe TipH ['pep =

=4150°C) . .. L0 24 mKcek
du/dt (npy Tuep == -+150° C) ne menee 20 /mKcex
dijét ., ., ¢« 4« .. He orosapusaerca
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° Tkopn
140
X S
N\ N ™. 7%
120 Z
\\k\\‘\\\\‘ U‘: '//4.4_7800
700 NN] N, 0 b
N N
0 N 0@%
8 U% AN J ’9’96,0\\\
) o l4 180°) . 2
50 A=30°| 60°| 9020778 o
40
20
la
!
0774 "8 112z % 2w 24 28 32 a
Puc. 22-2-17a. Maxcumanptio JomnycTuMas Temnepartypa

Kopnyca B 3aBHCHMOCIH OT CpPEJHEro 3HaYyeHUdg OpAMOro
TOKa NpH Pa3JUYHbIX YyIViax NPpOBOANMOCTH,
ITosicHeHHs1 — CM. puc. 22-2-16a

om (7l REEEEERE
% SR S W . \
© —J 1’% T L] 0?\“‘:“\ / &
50 |7 L‘i:fou - - o @Zr 1
I 120° |180° / 1ol
T e ! A
40 ! — —} ‘ 99 “ /{~¢—4 — —]
L ;ﬂy__@i/( 7 / 'Z L
w0 ALy AN
1 Ao ,7‘ g% T
21 )’ y // ZJ (« g — —«—ﬂ»—vw——%‘_aﬂ
mRy” 24l
e o -
- . ] 1,
1 :
v % 8 12 76 20 24 28 7 a

Puc. 22-2-176. Cpenliee 3nauende noreps Mommuocty P s 3a-
BHCHMOCTH OT CPEIHEro 3HaueHus NPAMOro ToKa fpu pas-

JIMYHHX YIIaX NpoBoauMocTH. Thep=-+150°C.

C40

18. Tupucroper cepun C40 na AeiicTByomee 3HauyeHMe Toka 35 a
H Hanpaxenue no 400 s

Vmetor rapanTHpomaHHOe BpeMsi BOCCTAaHOBJCHHS YIPAB/INEMOCTH
12 mKkcex n onenMaNbHO NPEAHA3HAYEHHl NS TPHMEHEHHS B HHBEPTOPAX
H HMIYJbCHHIX DPEryAfTOPaX MOCTONHHOTO TOK2. CHabmeHnl KopnycoMm
tHna TO-48.

B cepmio C40 sxomsr tupucropm THmos C40U, C40F, C40A,
C40G, C40B, C40H, C40C, C40D, y koropuix suaucuusi Uorm, Uosp m
H Uoop mux COBNAJAI0OT ¢ COOTBETCTBYIOWUMH 3HAUEHUSIMH THPHCTO-
pos C38U—C38D (cM. Taba Ha ctp. 507), HO HM3MepsIOTCA HpH
Txopn=—65++125°C; ocTanbHble yC/OBHA H3MEpDERHH COXPaHSIOTCH.

XapakTepHCTHUKH W NpepedbHO
AonycTuMbE NMapaMeTpH

Cpennee snauenne mpamoro toka cu. puc. 22-2-18a
PaBouast temneparypa Tpep - . . . . . . —65 - F'125°C

Bpema  Boccranosnienust  ynpasasieMocTH
(naubonbuiee 3naueHue NpU I'pep =
=-4-125°C cm. puc. 22-186) . . . . . 12 mxcex
du/dt (npn Tyep = - 125° C):
miagt tanos U, F, M,S N . . . . . 10 s/mkcex
g tamos A, G, B, H. . . . .. . 20 g/mKkcex
amamanos C, D, ., .. .. L. 25 8/mKcex

Ocramoieie mapaMerpel, Bkmouast di/dtf, takue we,

KaK y
TApucTopos cepuu C35.
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Puc 22-2-18a. MakcumMaapHo JONYyCTHMAas TeMnepatrypa
Kopnyca B 33EHCHMOCTH OF CpPEJHEro 3Haueuus NpSMOro
TOKA ApPH PA3IAYHBLIX YI14X HPOBOAMMOCTH.

TMoTepy Ha HHTepBane OTHHpamusa He yurenn (di/dt <5 a/mxcex)
OcTafibible NOACHEHHA — CM  pHC, 22-2-16a.

MIECEX
tg
18
-
16 /I/
1%
-

2 (N
7 Ve

7 NN
ol L | [ [T ] TV

0 10 20 30 40 50 ObLOma

Puc. 22-2-186. 3asucuMocts HaHGOAbLIETO BO3MONKHOTO
BPEMEHH BOCCTAHOBJEHWS YOPAaBAAEMOCTH QT BEJHUKHL
npsiMoro Toxa. Tmep= +125°C.

§ — HCONTATEeABHLIN DPEeWHM,

C135(2N3753—2N3761)
19. Tupucropni cepun C135(2N3753—2N3761) na neiicTByiolee
3HadeHHe Toka 35 a u wanpsixkeHue no 800 6
WUwmetor BHcoKne rapanTHpoBanane snauenus dufdt (200 &/mkcex)
u difdt (200 afmicex); cra6xenn craigapTHeIM Koprnycom tuna TO-48,

Maxken-

Maxc b

Macmo, | wumte | g cpanor | Morcamnoe

aamitpaemoe | moe mps- | OGparHoe 1o b

Tun HADSAe- | Moe Hanps-| BTOpRIOMEECT E,;g",’;‘g:ﬁ:,‘jgf’
Huet JKeHHe! Hz(ajnpﬂmem;el UL .
Upp s 8 Usp.now o6p,x’ (t<5"‘fz;gcﬂ)f R
)

CI135F (2N3753) 50 75 50 75
C135A (2N3754) 100 150 100 150
CI135B (2N3755) 200 300 200 300
C135C (2N3756) 300 400 300 400
CI135D (2N3757) 400 500 400 500
CI35E (2N3758 500 600 500 600
CI135M (2N 3759) 600 720 600 720
C1358 (2N3760) 700 840 700 840
CI35N (2N3761) 800 960 800 960

1
3Hauennsn Uo&p.u H Uoﬁp.mm CIIpaBeAJMBH TOJLKO MIPH HYJIEBOM H OTPHLATENb-

HOM H2IIDSIKEHHH Ha yHpJBJTioUleM sJeKTpofe, HauGoabuiee renjoBoe CONpOTHBNE.
Hde, [pH KOTOPOM YyKAa3aHHble 3HaYEHUs Uup.u' Unp.non' Uoﬁp.m H Uoﬁp.nm cHpa-
8e1R4BLI, pasHo 5° Clam,

XapaKTepUCTHK M HNPENEIbHO
AONyCTHMBIE MapaMeTpH

JleicTByIoMiee 3HAYEHHe NPAMOTO TOKZ . . 35 a
CpenHee 3Hauenue NpAMOTO TOKa CM. pHC. 22-2-19a
Opnonepuofnbt  yzapupifi  npsaMoll  ToOK

(nenosTopmompmiicst) . . . . . .. 250 o
JamuTHRA NMapamerp /2f (mm mxTepBanos

=1,0 mcex) . . e e e e o 100 a%.cex
PaGouas TemnepaTypa T, D - . e e . —40 = 4-125°C

Bpemsi  BoccTaHOBNeHHS  ynmpasaseMocTH
(Haﬂdonbmee sHayeHne NpH Tyep =
=-4120°C) ... .o vu.. T5mKCcOoR
du/dt (npu T,,,p..!20° C) o oo oo v 200 g/mKceK
di/dt cM, puc. 22-2-196
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°c Txr;un
20 4
b - S
[~
0y =
] N
\\\\Q
80 \\\E
60 -
A-30°
2772 e el
Ll
20
" 0 4 g
Puc. 22-2-19a, MaxcuvmanpHo JOUycTHMas TeMneparypa

Kopliyca B 3aBUCHMOCTH OT CpelHero 3HaueHHsd npAMOro
TOKa NPH PA3JIMUHEIX YIVIaX NPOBOZHMOCTH.
AXTuBHAS WAY HHAYKTHBHAs Harpyska, uacrora 50—400 ey Py ep

=1 6T, Ryopu-onp) =0 C/or.

ali,
600
400,
Prc. 22-2-196. IlpenensHbti anop-
200 p HHIl TOK Ha HHTEpBaJe OTMHDAHHA.
y. HavajbHoe amofHOe Hanpskenne pab-
160 Ho Upp . Yactora 0—400 ey. Tpep Hes
60 TIOCPEeACTBEHHO nepexn oTnnpaHneM
~—40—+120°C, HcTouHHK YNPaBAAIOMINX
) HMIYJAbLCOB: 3. 4. ¢. 20 8, CONPOTHBJE:
HHe 20 Ot JINIHTEJILHOCTL ® CKOPOCTh
0 HapacTanng umnynascoB 1,5 u 0,1 MKcex
&
t
10
o1 02 o+~ ! e “ 610
MECRK

C137

20. Tupucropel cepud CI137 wva neiicTByioniee 3HaueHHe Toka 35 4

n HanpsikenHe ao 1200 6

Vmeior BbicOKHe rapaHTHpoBaHHMe 3Hauewus dufd! wn difdt,

umetor orpannueduit no Unp pon

He

M Maxcumansaoe o6par- | Makcumaaptoe o6paT-
AKCHMANLHOE HDSI- | yoe pegropsiomeecs | Hoe HEMOBTOPSIOIiee: s
Moe 3AMHPAEMOE Ha- | yappskennc! U gy o HanpsKeHuel
Tuo npaxennet Uyy o, 6 . o6p.x U ep. ' ©
mpi Tygpn= —40 = +120° C
CI37E 500 500 600
Cl137TM 600 600 720
CI137N 800 800 960
C137p 1000 1000 1 200
C137PB 1200 1200 1 440

Ycnosus Hsmepeuuu Unpae: Uotp.m ¥ Uoop myx TaKHE e, KK A

TupHcTopos cepun (135,

XapakTepPDHCTHKH H Npe A€JbHO
AONYyCTHMbBie MapaMeTph

IeficTeyiomee 3HaueHne mpAMOTO TOKA . .
Cpennee snauedne mpaMoro Toka cum. puc, 22-2-20a

Onroneprofnnfi  yaapHuil

(nenosTopaommitcs)

npﬂmoﬁ TOK

« e s

3amuTHEI MapaMeTp 2t (zum HHTepBaJIOB

>1,0 mcex) .

PaGouan Temneparypa Tnep .

Bpema  Boccranosnesus

RS P

* e

ynpasmemocm

(naubonbluee sHauenve npu Tnep =

=+120°C) .

.« .

du/dt (npu Tyep _+120° C) He MeHee . .

di/dt cm. puc. 22-2-206

35 a

360 a
300 a2.cex
40 + 4-120° C

75 mrcex
100 8/mrcex
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Puc 222 20a

g’l1 00

N .
180)°

Iy

% 20 24 28 372. a

Makcuvanpio HONYCTHMast TeMIepartypa

Kopnyca B 33BHCUMOCTH OT CDEAHEro 3Hauenus npamoro
TOKAa 0OPY PA3JMHYHBIX YIJIaX [POBOAHMOCTH

AKTHBHAA HJIH HHLYKTHBHJSL HAarpyska dacroTa 50—400 ey P, ep™
<5° C/ar.

=1 87, Ryxopu-oxp)

[T

600

4+—1% 4

4000

200

wo

I A

20

C45
21 Tupucropn cepuit C45 u C46 na peficTBylollee 3HaueHne TokKa 55 a
u HanpsxkeHue go 900 6

HmetoT BBICOKYIO TEPMOUMKIOCTOMKOCTL, BHITYCKAIOTCS ¢ rHOKUMH
BHIBOJAMH KaTORa M ynpasasiollero sjekrpoga (cepua C45), qnbo sru
BLIBOJL BLIMOJHEHE! B BHAe XeCTKHX (iaxkkoB (cepua C46)

Puc 22 2-206 [Ilpexenspuniii aHomHbif
TOK Ha WHTEpBaJe OTTIUPAHHS

HavannHoe aHOAHOE  HRUPSKEHWE panHO

npm Sacrora 0—400 ey T, nenocpen
CTBEHHO nepea oTnHpanvem —40—+120°C
VICTOYHHUK YNPABAAWWHX HMIOYALCOB 9 A C
20 8 comnpoTuBaeHue 20 OM IJIHTENLHOCTL H
CKODOCTh  HapacTAHHA HMMOYyJaAbcoB 15§
01 mxcex

C46

HOAHHBIE TIO OCHOBUbLIM THUIMAM THUPUCTOPOB 515
IMpsimoe
HanpAKe MaXc1 MUILIOE Maxeumanbnoe | Maxk umanbhioce
HHE OTUH 06]) ITHOE MOBTO OﬁpﬂTHOE‘ HENOBTO KOOIy CTUMOC
y[)]amm pifoweecst Hanps )I})(ﬂe}}(l);‘luéezcﬂ HAnp A | mp m;fecmugnpﬂ
Tan (He 'v?g:ee)  eue UOGP n ;)fp o Unp noxw ¢
8
npH Tnep = —40 — +125°C
C45U, C46U 25 25 35 500
C45F, CAGF 50 50 75 5006
C45A, C46A 100 100 150 500
(45G, C46G 150 150 225 500
(458, C46B 200 200 300 500
C45H, C46H 250 250 350 500
C45C, C46C 300 300 400 500
C45D, C46D 400 400 500 500
C45L C46E 500 500 650
C45M, C16M 600 GO0 720 e AuMHTH-
C458, 468 700 700 840 pyercs
C45N (46N 800 800 960
C45T, C46T 900 900 1040
XapaKTEepPUCTHKY W OpefiedbHO
RONYyCTHMbBIE NapaMeTpH
UelicrByiouwee 3HaueHHe MpAMOra TOKA . 55 a
Cpennee snauenme fpaMoro Toka oM pue 22-2-21a
OnHonepuogusi#t  yaapuwiii  npamoli  Tok
(wenosropsommitcs) L L. L . ., . 700 a
JawwTned napamerp [t ang  unTeppanos
>V S5 mees ... L., 2000 a2.cex
Pa6ouan remnepatypa Tgep . + » . . . . —40 41252 C
Bpema  goccranosnenua  ynpasamemocts
(tunosoe snauenvne npu Tpep =
=-125°C) . ... . ... . 30 mcex
du/dt (Tunosoe 3HaueHue mpH Tpep =
= +120°C)
mma tunoe U, F,A G, B H . ... 30 &/mkcex
aas tunos C D E M. . .o 20 8/mrcex
ana tamoe S,N,T. . . . .. ... 15 g/mxcex

llonycmmaﬂ BEINYHHA TOKAa Ha HHTEpBANE OTNHPaRuUi CM

puc  22-2-216
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° [ Twopn
-
110 X3 ™\
N \ s /1//
\\\ \“/700>‘ l°/8°
O, o 180
90 \\M O N g
T N Vo
A=30°| 160790720 180
70
50
14
0 10 20 30 40 50 a
Pue 22-2-21a Maxcumansuo JomycTHMas TeMIepaTypa

KOpavea B 32BUCHMOCTH OT CPeJHerc 3HadeHHss UPAMOro
TOKa npd pasJuyHelX yriaax npoBogAMOCTH.
# wecria@asnble CXeMBbl, aKTHBHAasi WAH HHAYKTHBHAf

Oano, Tpex

HArpy2Ka
af? i ]
1000 et I{”" ‘]
L
400 //
100 e
L
QQ’ A d /'/,//A
4040 v 7
\%P »&Q?/
)
Y4 Ty 1]
§ -
“ }/W_ 11 L
/| —
5 4
1
a1 0% 1 G 10 MEILY

Puc 22-2 216 TlpexejbHblll AHOAHBIH TOK HA HHTepBaJje

OTHHPAHUA

Yactora 0—400 2y, T“ep=+125°C E, — aHofinOe HANpPAXEHHe IO

QTIHUPaHus

Ci45

22. Tupucrtopni cepun C145 na feficTByouiee 3Hauenue Toka 55 a

H Hanpskende ao 1200 8

BrinoJiHeHbl B KOpIyce yMeHbLIEHHOrO pasMepa ¢ pe3bloil 5/i¢ Ji0f-
Ma, HMEIOT BHICOKHE rapaHTHpOBaHHBle 3Hauenus dijdt==50 a/mxcex

B dufdt=200 e/mkcex

Maxcu-

manbHoe | MaxcumaanHoe | MaxkcumaasHoe MaxcumanbHoe

sanupae- RONyCTHMO® oBpaTHOe nopTo | OOPATHOE HEMOBTO-

mOe Hamps-| NpAMOe Ha- pAomeecfranpg- | PRIoLleecs Hanpd-

Tan KeHue! npsxenne! xenne! Uy o, 6 wenne! Uggy oy
Unpow 8 Ugp.xon © (npu t<5_smcex)
mpH Ty pg = —40 & +120°C

C145F 50 75 50 75
Cl45A 100 150 100 150
C145B 200 300 200 300
Cl45C 300 400 300 400
C145D 400 500 400 500
C145E 500 600 500 600
Cl45M 600 720 600 720
C1458 700 840 700 840
C145N 800 960 800 960
Cl45T 900 1080 900 1 080
Cl45p 1000 1200 1 000 1 200
Cl45PA 1100 1320 1100 1320
C145PB 1200 1440 1200 1 440

1 3mavenua U,

NanpAKEHHS MA yNpABJIOUWEM SJEKTPOLE,

06p.m H Uodp.npm YKagaHAW TOJAbBKO AJA HYJAEBOro 4 OTPHUATEJBHOrO

HauGosbiuee Tensomoe CONPOTHBJACHHE OT

KopHyca B0 OKpyxaioueft cpeghl, HpH KOTOpOM CIIpasell/IRBH YKa3aHHbE 3HAYEHHUS
H Uoﬁp p—L ] 1,3* Clsm.

ap.w Unp.xon

XapakTepuUCTHKHE A NpefeNbHO
AONYyCTHMHE NMapaMeTDH

JeficTeyloliee sHaueHne NPIMOro TOKA b5 a
Cp2e211x;e§2 3HAUeHHE MNpPAMOro TOKa oM, pdc. 22-2-22a ¢
-2-226

Opmonepuonsnifi yaapau@t npaMol ToOK
(menosTopmiommdes) . , . , ., ., 700

a



518

KPATKHE CMPABOUYHBIE IAHHBIE

CITPABOUYIILIE JAHHBIE 1O OCHOBIIBIM THIMTAM THPHUCTOPOR 519

"a

90

70

50

3amuTHelt mapameTp {if [N uHTEpBa-

aoB ==1,5 meex . . . . ..
PaGouas Temnepatypa Tnep

2000 a2.cex
—40+ +125°C

Bpewms Boccranosnenun ynpasisemocts He orosapusaercs

du/dt (npusT gep == 4120° C)

P

200 s/mrcex

7xuypn | l l
T~ } Puc. 22-2-22a. Ma-
R = KCHMaJbHO  710i1Y-
o, a1 Te aTy-
> §'§ 0"”%7,}@\ ;?foopnycl\gnip ;:
A=30") 60 « ”’N BUCHMOCTH OT Cpej-
actizc e I T~ HEro 3HaveHds nmps-
MOT0 TOK4 IpH pas-
N JMYRBIX yrAax f[po-
// [———« BOJMMOCTH.
Y AKTHBHASL HJAH HHAYK-
— TuBHast Harpyska, 4a-
o° r— 1 lg{(o grota_ 50—400  2y.
v.cp=' 6T
1 I ] ] Iy R'r(xopu-—oxp) = 1,3°C/em.
0 20 30 40 50 a
om [P i
90 /.——‘
’ /
oo A
] ol /é) j
] 180 Sty
70 b— Y 180 /{5
i /8
o ¥ 3
120 &
/] L
6 90° 7/&5 Puc. 22-2-226. CpepHee 3naue-
H— HHe MOTepPb MOLIHOCTH B 3aBHCH-
50 o"/ 4 MOCTH OT CPefHero 3HaueHHs
) so°fY I/ NPSMOTO TOKa TPH DPa3HYHBIX
0 | N/ yriax TpOBONHMOCTH.
M A=30° Uacrora 50—400 oy, Tyqo,=+125°C.
/1
30 11744
| _| [&7/)
10
Iy
07w 20 30 +0 50

C50(2N1909—2N1916)

C52(2N1792—2N1798)

23. Tupucropu cepnit C50(2N1909—2N1916)
u C52(2N1792—2N1798) Ha HeiicTRyOluee 3HaueHme Toka 110 «a
1 Hanpsikenne 10 900 s
Brmyckatorest ¢ 1961 r; uMelor Kopnyc ¢ rM6KHMH BBIBOAAMU Ka-
TOJa H ynpasasiollero ajektpona (cepuss C50), WIM 3TH BBHIBOALI BHI-

nojHcHbl B Bude (uaxkoB (cepusi CB2); HMEIOT BHICOKYIO TepMO-
UHK/IOYCTOHYABOCTD;  YAOBJETBOPSIOT  TPeGOBaHMAM  CreludpHKaLHK
Mil-S-19500/204A.
- Makcn-
MaJIbHOe
Ipsivoe Makcu- oGpaTHoe
Hanpske- | MaJbHOe | HENOBTO-
Hue ornu- | 06paTHoe | psomeecs
paHus NOBTOPSIO- | HallpskKe-
Tum! UO - (He iieecsa Ha- HHe
Me}'{ree), ¢ | IpsTmenHKe 06D .k
o6p.m’ 8 (upu
t<5 meex),
8
1pa Tpep = —40 5 +125° C
C50U (2N1909), C52U 25 25 35
C50F (2N'1910), C52F 50 50 75
C50A (2N1911), C52A 100 100 150
C50G (2iv1912), C52G (2N 1794) 150 150 225
(50B (2N 1913), C52B (2N1795) 200 200 300
C50H (2N1914), C52H (2N 1796) 250 250 350
C50C (2N1915), C52C (2N 1797) 300 300 400
C50D (2N 1916),,C52D (2N1798) 400 400 500
C50E, C52E 500 500 650
C50M, C52M 600 600 720
C50S, C528 700 700 840
C50N, C52N 800 800 960
C50T, C52T 900 900 1040

! MakcHEMalbHOE JOWYCTHMOe NpaMoe wnanpsaxenue U up.xon A1 THDHCTOPOB
C50U—C50D u C52U—C52D pasro 500 g, mAR OCTaNbLHBIX OHO He JIMMHTHpyeTcs, TaK
9TO BCe THDHCTODH STOR CEPHH MOFYT JepexmiouaThcsl B NPOBOAAMIee COCTOARHE npg-
MHM 3HOAHKIM RanpiXeHHeM, N
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XapakTepHCTHKH H NpeaenbHoO
JAONYCTHMEIE MapaMeTphH

JeficTBylomee 3HauY€HHE MIPIMOro TOKa . . 110 a
Cpensee sHadenHe NMPAMOrO Toka cM. puc, 22-2-23

OpHonepuoaHeIf gnapumi& npsAMOR  TOK

(genosropsompAca) . . . L. L . . 1000 a
3amuTHLA napameTp 12t JuTst HHTepBaJIOB

=>1,5 mcex . . . . Ce e 4000 az2.cex
PaGouasi TeMnepatypa Tuep ....... —40 - 4-125* C
Bpems  BOCCTaHOBJAGHMA  yNpPaBIAEMOCTH

(THNOBOE 3HAuYeHHe MPH T,opn =

=-120°C) . . ... e o v oo o 30 micex
du/dt (TunoBoe spauenue npu Tgopn =

= $+120° C):

ana runos U, F, A, G, B, H. . . 30 g/mrcex
ana_tenos C, D E, M. . 20 8/mrcek
mmitamos S, N, T . . . .., o« -+ 15 8/mKcex

3aBHCHMOCTh AOTyCTHMOTO NIPAMOTO TOKd OT BpEMEHA
Ha HMHTepBaje OTNHpanmsi CM. puc. 22-2-216,

°c Txu;;n J'
120 — -+ 7
07, 2 180
N T
NN 7
80 00/7} \
\ \\ /i]g*g/fé,a,\\r\
a.230°) [60°| 90°|720\780°
40
Iy
d 20 40 60 80 100 &

Puc. 22-2-23. TlpenenbHO JonmycTHMas TeMmepartypa KoOp-
Tyca B 3aBHCHMOCTH OT CPeJHEro 3HAUeHHS MPSIMOro ToKa
TIPH PA3AWNHBIX YTAaX NPOBOXHMOCTH.

Onuo , Tpexs W mecTHda3nbe CXeMHE, SKTHBHRA NIH HAAYETHBHAS
Rarpysgs, Ty,p--i-l% C.

C55 C56

24, Tupucropnt cepuit C55 u C56 Ha aeicTBylomee 3nauenue Toka 110 a
H Hanps:KeHue 10 600 6

Brimyckaoress B Koprnycax ¢ TMOKMMH BbIBOJAMH KaToja H ynpas-
asiomero snekrpona (cepus C55) wiau ¢ BbIBOgaMH B BHAe (JIaXKKOB
(cepus C56); HMEIOT BLICOKYIO TEPMOUHKJIOYCTOHYHBOCTD, FapaHTHPOBaK
HOe MaJs0e BpeMsi BOCCTAHOBJICHHS YIPABJSIEMOCTH U TpPeAHA3HAYEHH!
CNenyanbio i NPUMEHEHH B HHBEPTOPAX U WMIYJLCHHIX Peryisropax
MOCTOSIHHOTO TOKA.

B cepuio CB5 wu CB6 Bxogar tupuctopw rtumoB C55(56)U,
C55(56)F, CB5(56)A, CB5(56)G, C55(56)B, C55(56)H, Cb5(566)C,
C55(56)D, CH5(56)E, C55(56)M Jns wux Usspm ¥ Uoop nmx paBHEH
STMM e hapamerpam Ans TupucTopos Tunos C50U — C50M (uau
C52U — CB2M) COOTBETCTBEHHO, a MAak"MMAJbHOEe NpsiMoe 3amHpaemMoe
nanpaxenne Upp w paBHo Ugen s tunos CH0U — C50M  coorser-
creeyHo (e rabn ma crp. 519) Tupucropsl tumoB C55(56)E
v C55(56)M ue umetor orpanmyenusi n0 Unp gon ITH 3HaueHHss Unp w,
Usspm 1 Uosp max yKa3aubl mpu T}(opn——-‘"—40 +120°C TodBKO AAA
HYJNeBOro HJHM OTPULATENLHOTO HaNpsKeHHH Ha YNPAas/folieM 3JeK-
tpone. IIpH sToM HauGosbilee TENJOBOE CONPOTHBJACHUE MEXKRY KODHY-
COM M OKpyxamuleli cpexoii pasHo 3,5° C/8T.

XapaKTepHCTHKE H NpeAeNbHO
HIOMyCTEMHE NapaMeTphl

BpeMs BOCCTAROBICRHT yNpaBAfeMOCTE (npm
Tuep = ++120° C)1

THIOBOE SHAUEHAE . . . « + « « « o« o 15 MKCEK

HaHGOJbIICE 3HAUCHHE . . . . . . . . o 20 sMKceR
du/dt (Tenosoe znauemse PR Tyopm ==
= 4+120° C)1

ans tamos U, F, G, B, H. ... .. 30 8/mxcex
oaa temos C, D, E, M. . . . .. 15 8/mrcex

OcTanpBEHe napamMeTpsl COOTBeTCTBYIoT cepmim C50 m
C52

3nauenust AONYCTHMOroO CpPefHero MPAMOro TOKAa — CM.
puc. 22-2-23, mpaAMoro TOKa HE WHTEPBaje OTNHPaHHS —
pHe. 22-2-216,
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C150, C151

25 Tupnctopst cepuit C150, Ci51, C152 u CI53 Ha nelicTByiouiee 3Ha-
uyenne toka 110 a u Hanpsxenne 500—1 300 s
VIMeloT BHICOKHe TrapaHTHpPOBaHHble 3Hayeudst dufdt wu di/df, we
uMeloT orpaHuueHuit M0 Upp mon KOHCTPYKTHBHOE HCIOJHEHHe Kopmnyca
u BuBOAOB aas cepuit (150 u C151 nomo6Ho ucmonHenuio cepuu €50,
ans cepuit C1562 u C153 — nogo6Ho ucnosHeruio cepun C52 Tupucroprr
cepuit C151 u C153, kpoMe TOro XxapakTepH3YIOICs YMEHbIUEHHBIMH Fa-
panTHPOBAHHBIMU 3HAUEHHSIMH BPCMEHH BOCCTAHOBJIEHHS YIIPaBJAsSEMOCTH

=

C152,

C153

MakcuMaabHoe
MakcumalbHoe | MakCHVAJIBHOE | ngnarpoe +
npamMoe sanu | ofpaThoe 1O naBTOpSIOILEEL T
paemoe Honps | BTOPACILCECH | annocen; e
Ten Kennel Unp w,| HAMDSMCHRE | (poy <5 ue k)
¥ Yoop w ¢ o6p mux °
) npu Txopn:—40—+120° C
C150, 151, 152, 153 E 500 500 600
CI150, 151, 152, 153 M 600 600 720
150, 151, 152, 153 § 700 700 850
C150, 151, 152, 1563 N 800 800 950
C150, 151, 152, 153 T 900 900 1075
C150, 151, 152, 153 M 1000 1 000 1200
C150, 151, 152, 153 PA 1100 [ 100 1325
C150, 151 PB 1200 1 200 1 450
C150, 151 PC 1300 1 300 1550

! YkasanHele 3Havenna U

HP“HU

o6p m

CcIpaBefJIiBLE  TOJMBKO py HYJeBOM BAR
OTpHUATEJIbHOM HANDPSAXKEHHH HA ylpaBJdiomeM 3J/JeKTpoLe HauGoaernee renaosoe cO°

NPOTHBJIEHHE DAJHATOPA, NPH KOTOPOM 9TH 3HAYEHHsS COPaBeJIHBEL, paBHO 1,1° C/em,

XapakKTepHCTHKHU H

Cpensiee  3HaveHMe MpPAMOTO TOKa CM
22-2-25a u puc. 22-2-256 (aast cepuht

u C152)

npefenbHO

AONMyCcTUME e mapaMeTpH
JefcTylomee sHaueswe MpAMOro TOKA

B puc, 22-2-25B u 22-2-26r (mnd

cepuit C151 u C153)
OnuonepuofHbift  yuapeuit mpsiMofi TOK (He-
MOBTOPSIOLIHHCH )

ana cepuit C150 u C152. .
st cepuft C151 u C153
12t

Samprani
Jop>1,5

napamerp
MeeK

ans ceput C150 w "CI152 ., , , ,

g cepud CI51 y C153. ., , . -

S

AJs  MHTEpBa-

110 @
HC.
150
e e e e e 1500 o
v e« 1000 a
. . . 7000 q2.cex

. 4000 a2.cex

CITPABOUHBIE JJAIIIBIE ITO OCHOBHBIM THUITAM THPHUCTOPOB
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S
s S
-,
ﬁ ‘%
A1 o P o
1201180
40 -
Iy
o 20 40 60 80 00 w

Puc 22 2 252 CpelHee ~Hadye 1ve NOTEPb MOUIHOCTH B 3a
BHCHMOCTH OT CpejHero 3HaueHis OPSAMOTO TOKA NpPH pas-
JIMUHBIX yIJIaX OPObOAMMOCTH Ana Ttupucropos Cl150 wu

C152

22 2256 [lpe-
JONyCTHMas
TeMneparypa Kopmyca
B 3aBUCHMOCTH OoT
cpelHero 3HAYEHHSA
npssMoro TOKA npy
pPa3JHuRLIX yriaax npo
BOUIHMOCTH JJI THPH-
cropoB C150 u CI152

Puc
DeJBHO

am

160

140

120

100

“40

20 +

120

/.




524

KPATKHE CIIPABOYHBIE JAHHBIE

CIOIPABOUHBIE AAHHBIE MO OCHOBHHLIM THITAM THPHUCTOPOB 525

8m

200

N3

120

80

40

Pagouas temneparypa Tuep . « . » o . o . —40-=4125°C
Bpems BOCC‘MHOBJIeHHﬂ .ynpasaseMocT# (nipH
T nep=-4-120* C):

s cepui C150 u 152 THnosoe suauenue 100 mgcex
nasiycepni C151 u 152 Tnnonoe snauenne 30 mKcek
Haubodabilee sHaueHwe 50 mkcex

di/dt npw otaupanuy ¢ Hanpﬂmeﬂm 1000 s
HIN MEHee . . . . . . 15 a/mKcex
di/dt npm oTmMpaHER C Hanpﬂ)i(ePHH 1 000—
1300 .o .. 50 a/mrcex
. 200 gymrcrKk

« o

3 e e e

du/dt (ups Toap=-4-120° (). . .

°C | Twopn
120 /
\ N /
N RN 5 180°
0 N~ |7 -
‘ i “r, L__
T T /77
a-30°| 60°| 90l120° L =
@ 14
R [ T ¥ \
I; i
g g
20 401 &0 80 @

Puc. 22-2-258. Cpejsee 3HayeHHe TOTEPb MOWIHOCTH B 3a-
BHCHMOCTH OT CPEJHEro 3HaueHHs NPAMOrO TOKA NpH pas-
JIMYHBIX yTAax fAposojguMoctd aas  tupucropos ClI51
C153.

P

Puc. 22-2-25r. Ipe-

80° & AENbHO ZOTYCTHMast
iy /& TeMneparypa Kop-
@ N nyca B 3aBHCHMO-
720 //@\" CTH OT CpelHero
0% _) ® 3HaYeHuss IMPAMOrQ

o
3 & TOKa UpH Pasiuy-
60/ /// //Q | HWX yraaX OpoBo-
=30; Y/ AMMOCTH [JJAs TH-

pucropos ClI51
C153.

—
-

C154
C155

C156
C157

26. Tupucropw cepuii C154, C155, C156 u C157 na neiicTByiolnee
3HayeHue ToKa 110 ¢ ¥ wanpsxkenue a0 500 8

Vimetor Majioe rapaHTHPOBaHHOE® BpeMsa BOCCTAHOBJIEHHS ynpaBise-
MOCTH M BHICOKHe rapaHTHpORaHHBle 3Hauenus dufdt m dildf, ne nMmeior
orpaHuueHufi M0 Upp gon BHINyckawTcsi B KOpmycax ¢ THOGKMMHU BBIBO-
JaMH KaToja M ynpasJasiouwero ajekrpoga {(cepuu C154 u C155) wuau
c BuBogaMH B Buje duaxkoe (cepuu C156 u C157)

Maxcamabaoe | Makcavabioe | MakcamManbioe
npAMoe sanu- | oBparHoe mo- | COpaTHoe we-
paeMoe Hanps- | BTOPAIONIEECH noampx):om,eecs(
Tan wenne! Upy Hgnpﬁﬂmefn;el (;‘;;?253‘;‘;}”
oop.m Uoop.nuw 8
npH Txopn=—40++125° C
C154, 155, 156, 157A 100 100 200
Cl54, 155, 156, 157B 200 200 300
C154, 155, 156, 157C 300 300 400
C154, 1556, 156, 157D 400 400 500
(154, 155, 156, 157E 500 500 600

! 3HayeHHsA U“p w Ucﬁp y YKA3aHH TOJBKO RJSI HYJAEBOrO HJIH OTPHUATENLHOrO

HAMpPSIKEH N Ha ylpasasioneM saekTpofe. HaunGosapTiee TeMaoBO® CONpOTUBJCHHE Da-
RUATODA, HPH KOTOPOM CHpaBe[JMBEI ykasaunsle suatenust Ugen o H Uggp nygo PABHO
1,1° C/em.

XapakKTepUCTHUKH # MNpefelNbHO
AOMyCTHMEE mapaMeTphl

JHeficrByioiee 3HaueHHe NPAMOro TOKA . . . 110 a
Cpennee  smayeHHe  MpAMOro  TOKa  CM.
puc. 22-2-26a
Onnonepuopseill  yaapubl npsnwon TOK (ue-
nosTopawomuiica) . . e e 1000 o
3amuTHHIA  napaMerp 2t ,qu HHTepBaJIOB
1,5 meex . . . e e e e .. 4000 a%cok
PaGouan TeMnepaTypa Tnep e e . —40+ -
+125° C
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Bpemsi BOCCTaHOBJICHHA YIpaBAAeMOC1H ,(HaH-

Goabuee 3Hauenue npH 7 gopn==-+120* C):
ana cepuit C154 u C166 . . . ., . ., .

aasa cepmnit C155 u C157
dujdt (npu T gepn=-4-120° C):

Ans cepuit C1564 w CI156 . ., . . .
Ana cepuit C156 u C157 . . , . . |,

L I

. 10 mcex
20 mKcex

.« 200 s/mrcce
. 100 8/mrcex

[Honycrumds BenuuMHa NPAMOrO TOKA HA M-
TepBaNe OTHHpaHu# cM. puc. 22-2-266,

°C | Txopn
120
~J
N
80 \@\ \\
A=30%) g 903 12} 18 >
- S fea s 0*”06 3
’
“OF g5 “G80°f)”
____:-'1_% o 1B ’J
[ 2
4
20 40 60 80 00 a
Puc 22-2-26a MakcuManbHO JONyCTIMAaa TeMnepartypa

Kopnyca B 3aBHCUMOCTH OT CpeadHerg 3HadeHHA UPAMOTo
TOKa NpH PaA3MHUYHBIX yrJaX NPOBOAMMOCTH

all; e
{ FHH
100
t
10 1
o1 - 10 MACEX

Puc 22-2-266 Tpenenbunift
arnoqNbIl TOK Ha HHTEpBasie OT-
HpaHHue.
Hauaanhoe
pasxo
1

aHOMHOE  HAUDAKeHUE
UHp w dacrora 0—400 ey.
nep HEMOCDEACIBEHHO TNEPEX OTHH-
paunem  —40—+125°C HcTounHK
YOPaBAMIOMMX WMIOYALCOB. » 1 C.
20 8, conpormsienne 15 oM BpeMn
HapacTanus uMnyasca 0,1 mncex.

C350

27. Tupuctopit cepun C350 ha cpelnee 3Hauenne ToKa 110 ¢
H HanpsixeHuwe xo 1300 @

KoncrpykruBnoe ucnoanenye vuna «[pecc-ITak» nozsoaser npu
YMeHbIIeHHBX TaGaDHTaX ¥ Bece HMEThb BBICOKYIO HATPY3OUHVIO Crocof-
HOCTb MO TOKY, 0CO0eHHO B cjydae ABYCTODONHEro oxnaxieHust Bos-
MOXIIOCTh «IPpAMOTO» HJIH <(06paTHO]‘0>> MOHTaMa HCKIWuaer H606XOILH-
MOCTb B BCHTHJAX € 00palleHHOH MOMAPHOCTRIO. THPHETOPH 3r0il cepuH
UMEWT BHICOKHE TapaHTHpPOBaHHBle 3HAueHus dufdt u difdt.

MaKkcHMabioe MpsMae MaxgcHMaabHoe ofipar- | MakcuMajabHoe o6paT-
samyMpaeMoe Hampsixe. | HOE MOBTODAOUIEECS | HOE HEMOBTOPSOUILEC S
Tun Hue! U , 8 HanpameHue! HInpaxeHne (pH
P u UoGp M.'*e <5 Meor)? qup —
pH T pop,=—10++120° C
C350E 500 500 600
C350M 600 660 720
3508 700 700 850
C350N 800 800 950
C350T 900 900 1075
C350pP [ 000 [ 000 1200
C350PA 1100 1100 1325
C350PB 1200 1200 1450
C350PC 1 300 1 300 1 550

1 3HaveHus UHP . Uol‘)p u CTPABERAUBL  TOABKO NPH HYNCBOM HIH OTPHIATENh
HOM HANDAXENHN Ha yUDABITIOUIEM MeKTPoAe. Hanfosbilee TelJIOBOE COIPOTHBACHHE

PAnNaToOpd, MNpH  KOTOPOM  CNpaBeAsHBN  SHAYEHRA anp ol Uoop fyrge PABHO
1,12 C/em. ‘ ’
XapakTepHCTHKH N MAKCHMAJNbHO
Aonycrumsele napamerpu
Cpeniee 3HaueHue pgMoro  TokKa CM.

puc. 22-2-27a u puc. 22-2-276
OnHoneprOAHWA  yAapiuii npamodi TOK (me-

nostopsionuiica) . . 1300 a



KPATKHE CIPABOYHbBIE [JAHHELIE

Bauwrouit napamerp [ (aas pwTepsanos
=LO mek) oo 7000 a?-cex
PaGouas temMnepatypa Txopn « » o « « o« . —40-=
+4120° C
BpeMst BOCCTAHOBJEHHT YIPaB.IMCMOCTH (TH-
noBoe sHaueHue TpPH 7T yopn=-4120° C) . . €O mrccr

dujdt (npu Tgopn =+ 120° C) .

di/dt.
npu oindpandu ¢ Hanpsemua 1 C00 g
WM MEHEE . . ¢ . . . . ... .. . 75 a/mrcex
AOpd ollMpanun ¢ Happmweuwns | 000—
13008 . o0 0 o 0o oo oL 50 a/mrcek
o
C
120 ezl |
P~y
T~
80 ey J
A=90° /700 A
70,
0 120°]180°| e ]
JE
17
; Il :
~ 20 40 60 80 100 120 140 160 180 a
a)
¢ [ Tozn ]
20 —
[ N
|
- T |
77
i x=90° 120° 180° e
m -
T3]
0 20 &0 60 R0 e 120 140 160 2
6)
Puc. 22-2-27. MakcumanbHo AonyCTHMad —TteMmeparypa
pajguaTopa B 3aBHCHMOCTH OT CPEAHEro 3HaueHus NPAMOTO
TOKa mnpH PpAasjHYHBIX yraax [nposofdmocTd. Yacrtora
50—400 2y.
@ — OJHOCTOPOHHHN TeMIOOTBOK, & — NBYCTODOHHHN TEIIQOTBOL.

CITPABOYIIBIC JAIIIBIC MO OCHOBHDBIM THHOAM TIHPHCTOPOB 529

200 8/mrcex

C180 u C185

28. Tupucropm cepuit C180 u CI85 Ha neiicTBylolee 3HaYeHHe TOKA
235 a w wanpsikenue o 1300 8

YcrofiunBE K pa3pyIUEHAIO 3a CUeT NPAMOLO HANPSXKEHH:A, HMEIOT
BBICOKHE TapanTupoRaHuble 3uadenus dufdt u difdf.

mpinga. attapac. | parios Abatop. | oBpaTios HeRGRFO-
Tun Moe (rjianpﬂ)l(:HHe‘ il::fsb Hanpﬂ)K:- )g:ﬂgge;cx HANPs o
np.um’ oGP . m’ 0GR, mux’
npu Txopn:—40++120° C

(180, 185A 100 100 200
C180, 18583 200 200 300
C180, 185C 300 300 400
€180, 185D 400 400 500
C180, 185E 500 500 600
C180M 600 600 720
C180S 700 700 840
CI180N 800 800 950
C180T 900 900 1075
C180P 1 000 1000 1200
C180PA 1 100 1100 1325
C180PB 1200 1200 1 450
C180PC 1300 1300 1550

! Buavenust Upp o 1 Uggp ¢ YKaSaHEL TONBKO AU HYJEBOFO HJIH OTPHUATENBROFG

HarnpsiKeHHA Ha ynpasasiomem sjJekTpoRe, HanGosbliee Temosoe CONPOTHBJACHHE pa-
AHaTOpa, [PH KOTOPOM COpaBeAJIMBhEI YKA3aHHLIE SHAYCHHSA Uocp ul Uoﬁp apxe PEWHO

1,5° C/em.
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CHPABOUHBIE OAHHBIE 10 OCHOBHBIM THUITAM THUPUCTOPOB L3l

XapakKTepHCTHKH M mpejgenbHO
AONYyCTHMEE NmapaMeTphl

lleficTBylolee sHaueHHe NPSEMOro TOKA 235 a

Cgeunee 3HAaYeHHe TIPIMOTO TOKa CM. PHC.

22 2-28

OpnonepuoAnsifl  yaapsiii npamoli Tok (We-
nosTopsioumiien) . . . .. ..., ... 3500 o

aumTHHIA napaMerp /2% jaM  mHTepBaNOB

Slbmek. . oL L L0 .. 32 000 a?-cex
PaGouast 1eMepatypa Theps o o o o » .+ . . —40—1-
+125° C
du/dt (mpa Tyep=-}120° C). . . . . . .. 200 8/mKcrk
di/dt.
npu oTmupasum c Hanpserus 500 6 m
MEHEE ., . 4 4 4 & o « o *+ = o« o o « 100 a/mKcex
500—10008 . . .. ... ... ... 75 a/mKcex
1000—13006 . . ... ... .. .. 50 a/mrcer
°c
100 Teop S
N \,Qi\\\ /700”70)?
80 oo TN b1 -
A=30°| s0°|9d)|720°| 160° oK
40
1a
o 40 80 120 160 200 a
Puc. 22-228 MakcumansHO JxomycTHMasi TeMneparypa

Koprnyca B 3dBHCHMMOCTH OT CpeAHEroc 3Ha4YeHHA nPpaMoro
TOKA NpH pas3jJHUHLIX YIyax OPOBOAHUMOCTH.
Yacrora 50400 24

C280
29. Tupucroput cepuu C280 na peficTBylomee 3Hauenue Toxa 235 a
U HanpsikeHHe po 1700 s

Cepus C280 sasiercs HauGo/ee BLICOKOBOJNBLTHOM, XapaKTepuayercst
rapanTUPOBAHHBIM anavyeHuem difdt

IIpsaMoe HanpsAXKeHUe
OTUHPARHA U oy (HE &i“ﬁggﬁgigggxgg‘e’gfx MakcHMabROE
McHee) H MaKCHMaib HanpsaxKeHue npsiMOe Hepaspylnaio-
HO€ O6PaTHOE NOBTO (<5 Mmcex) iHee HANpAXKeHHe, §
Tun pAIOIlleeCsT HATIPSIKE Ugon 1ngr 8
e Ugen oo 6 OGP 1vx
Tnep=—4gg—ﬂ+125° c api Ty,ep=25+-+125" C
C2808 700 800 1 000
C280N 800 900 1000
C280T 900 1 000 1200
C280p 1 000 1100 1200
C280PA 1100 1200 1 300
C280PB 1 200 1 300 1300
C280PC 1 300 1400 1 400
C280PD 1400 1500 1500
C280PE 1 500 1600 1600
C280PM 1600 1700 1700
C280PS 1700 1 800 1800
XapakTepUCTHKH H NpeleabHO
AOTNYyCTHMHE MapaMeTphl
HeficTsyomee snauenne mpamoro Toka . . . 235 a
Cpefinee  3HaueHHe  [pPAMOro  TOKAa  CM.
puc. 22-2-29a u puc. 22-2-296
Onnonepronsblt  ynapusifi mpamofi Tok  (He-
HOBTOPAIOWHACH) + v v v 0 v o o 4 o . . 3500 a
BaumTeniit mapamerp /3 gus  wHTeppasos
=15 mee. . oL L 32000 a2.cex
Pa6ouas Temneparypa Tyep e e e e —A40—-
4-125* C
BpeMa Boccranopnennst ynpapasemoctd . . . [lo cormaco-
BaHAIO
du/dt (npu Tpep=-4125° C). . . . . . 100 s/mKrcex
difdt (npu Toep=-+126° C)} . « v v + . 00 a/mucex
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°¢ [Topn
120
A !
SR 0° 180°
50 7v3> ™ /70%%’ A
P K
g0° gofredyre0 T TN
40—
Ia
g
0 50 100 150 200 a
Puc 22 2-29a MakcuMaawHo JAONycTHMas TeMuneparypa

Kopryca B 3daLHCHMOCTH OT CpelHero 3HayeHHs NnpaMoro
TOKa Npy PadjauuHbIX Yraax HpoBOLHMOCTH

ami P 1 T
180°
200
o /7
’ 7
160 |- V7
Y, V
B /] S
0% 5 180° fin// ©
ey L Q
7
20 o0 7 6\00\‘\ '
/ o €

N
NN

0 A/

7] T— [N S

Ia
60 0

of] an 120

Puc 22-2-.296 Cpennee 3Hayenue MOWIHOCTH 1OTepn P
B 3aBHCHMOCTH OT CDEIHEro 3HayeHHs NPAMOro TOKa NPH
Pa3NHYHEIX Yriax OPOBOXHMOCTH, Tpep=+125°C.

C380

30. Tupucropm cepun C380 na cpenmee 3uauenne Toxka 230 a
H Hanpsaxenue g0 1300 8

KoucrpykruBroe ucnonxende tupucropos tuna «lIpecc-Ilax» ma3mo-
JseT NPH YMEHBIIEHHbIX raapuTax M Bece HMeTb BEICOKYI0 Harpysou-
HYIO CIOCOGHOCTH NO TOKY, OCOOEHHO B ciyuae HABYCTOPOHHETO OXJIaXK-
aenns. BO3MOMHOCTb NPSIMOTO» UM «0GpaTHOrO» MOKTama HCK/lOYaerT
HeoOXOAMMOCTb B BEHTHJIIX C OGpauieHHOl NOAAPHOCTHIO TUPUCTOPH
3TOil CcepHH HMEIOT BHICOKHE rapaHTHPOBaHHble 3Hadycuun di/df w duldt

MakcsMaiibHoe o6pat-
MakchManbHoe npamoe| MAKCHMaRbHOE O6DAT- | e HEMQRTOpAIOIEECS
sanupaeMoe Hampsixe- | HO€ MOBTOpAMOIlicect HanpsiXeHne (npu
Tun nret Uy . 8 "agpm“e““e 1<5 meer )t
o6p.mM: 8 o6p.mux’ &
apu Txopn=—4()++l20° C
C380A 100 100 200
C380B 200 200 300
C380C 300 300 400
C380D 400 400 500
C380E 500 500 600
C380M 600 600 600
C3808 700 700 840
C380N 800 800 950
C3a80T 900 900 1075
C380P 1 000 1 000 1200
C380PA 1 100 1100 1 325
C380PB 1200 1200 1450
C380PC 1300 1300 1 550

1
3HateHns Unp w Uoup.u OTHOCATCH TOJLKO JJA HYJEBOTO H OTPHLUATEJLHOMN

HanpaxeHdt Ha ylrp'unmouzem asexrpone. HanGoabinee rvennosoe comporHpaenne, upH
KOTOPOM CHPABSARUBIX YKAAAEME 3rHaYensR {J o6p.m B Uoﬂp — L 1,6° G/am.
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XapakKkTepHCTHKHE M NpPEeAeNbHO
AONYCTHMBE NapaMeTpH
Cpepsee 3HaueHHe NPSMOTO TOKA B3aBHCHT OT
yraa [pOBORMMocTH cM. puc. 22-2-30a u
Jpuc, 22-2-306
Opnsounepuopnniil ypapnbifi npamoft Tok (me-
nopropatommics) . . oL, . .. L L . . 3500 ¢
Bammrupif napamerp /2 g uuTepBanoB
=15 mMeek . o o 0 s s s e e e e e 32000 a2.cex
PaGouas Temmeparypd Twopm « + « « » o v o —40-4-
+120* C
Bpewmst BoccTaBoBJIeHMst yNpaBASEMOCTR (THIIO-
BO€ 3Hadesue NpH T yopn=-4-120* C):
ot tamos A, B, C, D,E. . .. .. . 30 mrcex
anst tumos M, S, N, T, P . . . . .. 75 mMKcex
aostotenos PA, PB, PC. ., . . . .. 125 mrcex
dufdl (npyt Tyopn=-+120*C) . . . . .. . 200 g/mKcer
di/dt npu oTnupanHm:
0T Hasazehoro Hanpmyenns 500 s v menee 100 o/mrcer
oT HauaibHOro nampstxenus 500—1000 6 75 a/mxces
oT HaganbHOro Hampsixkennst 1 000—1300s 50 a/mrcer
Cl Tz TTT1 c291
120 — 31. Tupucropu cepuii C290 u C291 Ha neficTayomee 3naueHne TOKA
Ry 7 470 a w Hanpskenue po 1200 @
& a0 \\ NS ::\@/7,0?”” . Brinyckaiorcs B xByx MoAH(UKALHAX KOPIyCa, MMEIOT rapasTHpO-
a) N \\1\ 51z 0 L BaHHBle 3nauenua du/dt u difdt.
%1 \\ \ " N 180° N Tpsamoe sanupaemoe Ma 5
/ A=900N 120° Ha;;ﬁ:g:ygﬁgaﬁxégn- o a’;;’g’:a;‘:gg:,rg_' Makcumanbuce
s 1] % houpsoneets | prowtect sy | MAMCE tepee.
7 TS B T | Hamps KeHue menne (1<5 meen) ‘I.’]gﬂ)ﬁeg}‘{e b
“0 80 120 150 200 240 280 320 a Tan Usp.se ¥ Ugop.ae ¢ o6p. mixe & ’
ARY i BEEE Tpeg=—tOe +125° C UPH Tyep=+25++135° C
120 [y = p
\\ \’:\\Ob’mgﬁﬂﬂb/”-
N ] Zox C290F 50 100 400
80 P — 5 C290A 100 200 400
6) my 180 I~ C290B 200 300 400
N {720° C290C 300 400 400
40 — C290D 400 500 500
N\ =90 C290E, C291E 500 600 600
l l Ta C290M, C291M 600 700 700
0 €2908, C291S 700 800 800
40 80 120 160 200 240 280 320 a C290N, C29IN 800 900 900
Puc. 22-2-30 MakcumanbHo JOMycTHMas TeMmepaTypa pa- ggggg’ 833}; 1888 }?88 %?88
auaropa B 3aBHCHMOCTH OT CPEJHEro 3SHauyeHHs IpPSMOro 990PA . C291PA 1
TOKa DIPH PaxIMYHBLIX yriax [poBoAHMocTH. Yacrora ¢ ’ 100 1200 1200
50—400p3t{ paz ¥ p . C290PB, C291PB 1 200 1 300 1300

@ = OJHOCTOPOHHNR TENNO0TBOA; 6 = ABYCTOPOHHHA TEMMOOTBO,
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120

80

40

o

XapaKTepHCTHKH H NpefenbHO
AONYyCTHMBIE NapaMeTpsl

JeficTByiolee 3HaueHHe NPAMOTO TOKA . . 470 a
Cpejsee  3mauenne NpAMOIO  TOKa  CM.
puc. 22-2-31a u puc. 22-2-316
OnnorepHofuslt  yaapheifi  npsamofi Tok (He-
TOBTOPAIOMMACA) . « o v 0 & v o o W o 5500 a
3amutuuift napamerp /3 ana uHTepBanoB
S83 mee. . ... oL o ... . 12000002 cox
PaGouas temnepatypa Tyep. + . o o o o . . —A40+—+4
+125° C
Bpems poccranopnenns ynpaeaseMocTd . . . , Ilo cornaco-
BAHUIO

du/dt (npu Tgep=-4125% C). . . . . . . .100 g/mxcex
difdty(npuiTaep=4125° C) . . . . . . .. 50 a/sxcer

TKO;JH I/ ]
1 Puc. 22-2-31a.
L] Makcumanbuo
0° a 780° JOnycTHMAs TeM-
\Q\ 't" neparypa  Kop-
o SNsdinet myca B 3aBUCH-
A=30 SN /700\,,7; MOCTH OT cpef-
60° LY Hero  3HavyeHHs
—— IpSAMOr0  TOKa
G0 1201180 J NpH  Pa3JHYHBIX
yrJax MpOBOJH-
moctd. Yacrora
I 50—400 ay.
I,
&0 160 240 320 400 480 a
sm P
400 B
)4
1120"// 180°
300} A
0° , 180° 09&7 Puc, 22-2-316. Cpeanee 3mage-
e 60 / HHe MOMIHOCTH notepb P B 3a-
'/ BHCHMOCTH OT CpefHErc 3Haue-
Y87/ HHSI NPAMOLO TOK2a NpPH DAasJHyu-
200 00 v/ HHIX yrjax npoBogumoctd. Ya-
- / crora 50—400 ey, Tnep=
=+125°C.
100 -
Iy
4
100 200 300 a

C500X1

32, Tupucropuniii 6aok C500X1

Baok C500X1 cocrour M3 ABYX BCTPEUHO-IAPAJIENbHO COeJHHEH-
HHIX THPHCTOPOB, CMOHTHDOBAHHKIX MEXKAY ABYMS OXJ/I2XK/JTAEMBIMH BO-
JON TemnooTBOAAaMH (BO3MOXHa Takxe nocraBka Groka C500 ¢ aByMs
BCTpEUHO-IapajeNsHO  COeNHHEHHBIMH THPHCTOpaMH Ju60  GioKa
C OINHHM TUDPHCTODOM, DACCUHTAHHBIX HA BO3AYIIHOE OXJaM<AeHHe).

apamerpr!

HeficTpyromee 3nagenne Toka (amvrensHo). . 1200 a
Opnponepuoupil yaapueii TOK . . o ., « » » 7000 g
Hecatuneproaseil yuapunii Tok . . . . . . 4000 e
3anmpaemoe HampsxeHne (pautenbHo). . . . 1800 g
Maxkcumanbbasa  paccenBacMast MOLUHOCTh (TpH

peficrsylomemM 3Hauennd Toka 1200 g u

yrie nposommmoctd 360°) . . . . . . ., 1850 sm
Tennosoe compoTHsNCHMe OT Hepexofa HO OX-

Aaxjaomel Bost (Ha onuH ajeMedt). . . 0,12* C/sm

Pacxop BomH, HeoOXoamMBIA [y pexuma
HaubosbiIero TOKa (npu ee HamGonbmei
Temmepatype 40° C) . . ... .. ... 45 2/mun

Bec v v . i e e e s e e e e e e 6,8 k2
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Ha puc. 22-2-32a moxa3zaHel 3aBUCHMOCTH pacCeHBAIOWiel MOIUIHOCTH
OT ReACTBYlOUlero 3HaueHHA TOKA NpPM PA3JHYHHX 3HAWEHHAX yria
NPOBOMMMOCTH, HA DHC. 22-2-326 — 3aBHCHMOCTL JAOMYCTHMON AMILTHTY-
OBl YXAPHOTO TOKAa CHHYCOMAAJBHOH (DODMEI OT UHMCAA MEPHONOB ero
nporekauua (npu [=60 ay).

em| P
/
2000 A o1 Puc. 22-2-32a. Cpen-
\ 3500 Hee 3HAYeHHE MOLIHO-
/ 3330 crd norepp P B 3aBu-
1500 7 120° | cumoctn or JReHCTBYIO-
///Fwo Hiero 3HayeHHst TOKa
1000 Py / npyY pasJuYHbIX yraax
/7 L~ NPOBOAHMOCTH  (1pH
/ / BCTPEYHO-I1d paliiedh-
500 A'// HOM BKJIIOYEHHH)
o Tnep=+125°c.
I peiicts
o %00 800 1200 @
xa [Ty wakc
&
N Puc. 22-2-326. Makcu-
4 MaNbHBII  YAApHBIA  TOK
B 3aBHCHMOCTH OT YHcJIa
NEPHOLOB €ro MPOTEKAHHS
2 . (IpeBapUTeJbHO BEHTHJD
N GBI HarpyXeH HOMUHAJb-
\ HbIM TOKOM).
g

01062 05 1 2 5 10 20 50 100
Yucno nepuodol
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22-3.*KPATKME CNPABOYHBIE JAHHBIE MO TPHOAHLIM
JABYHANPABJIEHHBIM TUPUCTOPAM H BJIOKAM
HA UX OCHOBE

SC41
SC46

1. OBynanpasaentsie Tupucropsi cepuit SC40, SC41, SC45 u SC46

Kawapit  pBynanpasnentinii  Tapucrop (Tpuak) 3aMenser HABa
BCTPEUHO-NIAPAJJeNbHO BKJAIOUEHHBIX OGBIYHBIX THPHCTOPA, HO HMEer
ONHMH yNPaBJasOUHi 3JIEKTPOL.

XapakTepucTHKY ¥ MaKCHEMAalAbHO
AONyCTHMHE NapaMeTpH
C40B C40D C45B C45D
C4IB  CAID C49B C46D

Hanpsikenne ornupasma (8 Juo-
6om Hanpasaenuu) He Memee, § +200 -+400 4-200 +400

JleficTBytoulee 3rayenHe TOKA NpH
—-7Ro ~
Teopn=75° C  (cMm. puc.

22-3-18), @, v . o0 .. 6 6 10 10
Opnonepuoanpit  yrapumit  ToK
(Tnepzlooo C), (7 50 50 80 80
Padouaa temmeparypa Tgep . - . —40+4- —25+
+100° ¢ 4-100° C

AMNIHTYla TOKa yTeukd (B Jo-
GoM  HamlpaBJeHHH,
=100°C), ma . . ... .. 2 5 2 5
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2. BJIOKM Ha OCHOBe JBYiaNpanJeHHBIX THPMCTOPOB

Tlokasannble Ha puc. 22-3-2,0 — 2 ceMb CXeM BHINYCKAIOTCA B BHAE
rOTOBHIX GJIOKOB C JABYHanpam/eHHBIMH THPHCTOpPAaMM KaK Ha 6, Tax B H@

BN 6 V;?yawn)
\100177
L . [ USRS WU — 5 N
8[uy
1,5 MKxcex, 40°C 11y
EHA-T-——"~=-~ ~1TTT 0 g
1,5 Mxcex, +25°C i

4= —10 MKCER,~%0°C I

4 + = Jlocm moK,-40°C }
- ;‘170 mKcex, +25°C i
o,
(=4 riocm mox,+25°C T —
y ! 1
|

I
i
T

s 5

o7 0,2 0,3 04 O5a

o

Puc 22 3-1a. XapakTepucTHKu ABYHANpPaBJeHHBIX THPHCTO-
pOB NpH YNPaBJEHHX HMIYJbCAMH M Ha MOCTOSIHOM TOKe
(BeiBox By mosioXKHTEJIEH, yNpaBJsioOllee HamnpsiKeHue OT-
puunarenbHo). TOpH3OHTasbHBlE M BEPTHKAJLHLIE JIHHHK
OrpaHHYMBAIOT 30HbI TOUEK OTAHPAHHSA NPH JJHUTENBIOCTH
AMnyabcoB 1,5 H 10 Mxcex W npu ynpaBA€HHH MOCTOSHHBIM
TOKOM MNpH TeMneparype nepexofa —40 u +25°C.

Ynpapasioliine HMNYJdbchkl NPAMOYTOJIbHBIE C BpeMeHeM Ha-
pacranud He Oosee 10% or AaWTEeNbHOCTH MMUYJbca, MPH-
KNaeBaloOTcsl MO OTHOWIEHHIO K OCHOBHOMY BHIBomy Bi.
HanpsxeHne muTanus aHOAHON menu 12 8, CONPOTHBJIEHHE
60 om mpu +-25°C u 25 om npu —40° C. Ynpasaenne oTpH-

LaTeNLHLIMH HMMIYJAbCAMH NpPR TNOJOXKHTEJLHOM OCHOBHOM
BHiBOgde Bj

10 @ u paccudTaHBl HAa NMHTAHHE OT CETH IGDPEMEHHOTO TOKA C HampsixKe-
HueM kak 115, Tak u 230 8 (meficTByIoLIHe 3HAUCHHSA)

Bce 5TH 6JOKHM HMEIOT TENJNOOTBOH, H30JHPOBAHHBI OT TOKOBENY-
WHX JjeTajefl, Wro NO3BOJsET MOHTHDOBATh HX HENOCPEICTBEHHO Ha
MEeTaJIMYecKOM KapKace 3/eKTPOyCTaHOBOK

3Tu ceMb cxem ofecrmeyHBaOT pelleHHe GOMBILOTO 4YUCcaa MpPAKTHYe-
CKHMX 3aJaY, BKJIOYas DeryJHpOBaHHe HaNpPSKeHHs, Pery/NHpOBaHHe CKO-
POCTH KOHJEHCATOPHLIX ABHraTened HeGOJBIION MOLIHOCTH, PEryJHpOBa-
HHe HarpesarteneH, NJIaBHOe peEryJHPOBAaHHe MOLIHOCTH, HOABOAUMON
kK namunav (TeMHMTENH CBeTa), M Ap (cM pasx 7).

6 [y NPy(aon
4 108m
5
el
é6{u .
J 1,5 mucex  40°C Iy
2 ol o e el S e a2
L-1,5 MKCEK, +25 1, '
A)
t L H 10 mxcex, - 40"t |
4 H —~+ d nocm mox, -40°C
r*///70 MKCEK, +25°% I
SE— focm. mox +25°C ¢
171 !
2 } : 1
1
4
[T T 1
0

02 0,4 06 08 0 a

Puc 22-316. To xe, uwro puc 22-3 la, no ympasnenue
MOJIOXKHTEJNLHBIMA HMIYJAbCAMU IPH NOJOXKUTenbHOM Bz H
OTPHIATEJBHBIMH HMIYJIbCAMH NPH OTpUNaTe bHOM B2

=7
‘ To \\‘\ -S‘J r
Kopn g,
J0 %;&[% -
28
)
;6\ \\
80 \
70
50.- Ta peiics
UT L i1
2 [ & 8 0 a

Puc. 22 3-18 MakcuMansHo JomycTyMagd TeMmmepaTtypa Kop-
nyca B 3aBHCHMOCTM OT [eHCTBYIOLEro 3HAaueHHss TOKa.
Yacrora 60 ey. Jlwo6oit cnoco6 ynpabieHHs.
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Hazpyexa Haepysxa
RPN, T
i =
a "~ ~ X 9)
|l T
Hacpyixa
Haepyaxa
6) F: = e
L i ”
Hazpyawa Haepysxa
L 7w
)
8) ~ l a)
Haepysxa
2)~

Pnc 22-3-2 Cxeumpl 0/iokoB, BOLITONIEHHBIX HA Gade ABYHANPaBIEHHHIYX
TupHcTropos IIyHKTHDOM MNOKAa3aHLl BbiHECEHHble OpraHel YNPaBIEHUA
(nepeMenyble PE3HCTODL, MANOVOWIHLIE KOHTAKThI, TEPMHCTOPH!)

a — OCHOBHAf C eMa PETYJAUDOBAHUA HANpAXEHHA 6 — cxema PEryaHpOBAHHA HA-
NPpAXKEHHST C DalWHPEHHDLIM ARHAMa30HOM, 6 — TO e, 4YTOo 6 wo ¢ nopaeaeHueMm
paRHOnOMex, & — CTaTUYeCKn#t KAW4Y H PEryaAsATOp HANPsSKeHUST ¢ TopaBlIFHUEM
pagHonomex; 0 — peryAsiTop CKOPOCTH ABUr2TeNIsdA, € — TO JKe, HTO &, HO ¢ NoAaR-
JICHUEM pauilofloMen, M — CTATUHHECKHUI KTOY HePEeMEHHOTO TOKA,

22-4 KPATKHE CHPABOYHbLIE JAHHDIE
no ®OTOTHPUCTOPAM

L8 L811
L9 L911

Tpuoanbie droroTupuctopnr cepuit L8, L9, L811 u LI1t

Ha JeficTBylollce 3HaveHue Toka 1,6 @ W Hanpskenue no 200 &
@ororupucropet cepuit L811 u 191} npeHTHuHH 10 cBOMM napa

MmerpaMm npubopam cepuii L8 n L9 coorBeTcTBeHHO, HO BBINOTMHEHB!

B KOpIlyce C OBa/JbHBLIM (JAHUEM C JABYMs OTBEPCTHSIMH JJIi KpenJec-
HHSA K pagHaTopy

MaxciManbioe | PaGouee H MakcH- MakcHManbROe
npsiMoe 3aMHupaeMoe| MaJjibHOE o6paTHoe | OGDATHOE HEMOBTO-
HaTpsiyKeHHe nosTopstiomeecs | DAIOLIEECS Harps-
Tun Ugp w* 00 HanprKenHe )Ken;xe (npu
R, =56 xou, s Uoﬁp w8 15< HEeK)
¥ x ’ o6p g’ ¢
npu Tnep=—65-:—+100° C
L8U, L9U 25 25 40
L8F, L9F 50 50 75
L8A, L9A 100 100 150
L8G, L9G 150 150 225
L8B, L9B 200 200 300

* Ipu Hadub<0'08 Memfem? g L8 u me<0,02 Mem/em? past L9,

XapakTepHCTHKH ¥ NpPefEeJbHO
AONyCTHMEE HapaMeTph

JeficTeylouiee 3HaueHne NpAMOro rokd . . . 1,6 a

CpepHee 3HJUEEHE HPAMOrO TOKA CM. pHC.
22-4-1au 22416

Opnonepuopubifi  ypapueli npsaMofi Tok (He-
nosTopsrowmiica) . .. ... ., .., 15 a

SammTHbIE napamerp /2f (mas smGopa mpeno
XpanuTenefl) A9 mHTepBaNOB =>1,5 Mcex

Maxkcnmanbioe ofpaTHoe HampmKeHne Ha -
PABJAIOLIEM BJEKTPOAE -+ « « » & & & o » 68

0,5 a®.cex
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°C
80 TNDDTI ‘\‘\\\‘
\ \\\ X\ I,
60 \\&\ \x\ 1’ ,/ ol
AN N
\
w0 O \L\\ /)oo,/) i
NN 2
NTX 22 &6,0\
2 Ar=30°) 60°|90°(120°1180° ]
LTI I [
02 04 06 08 10 12 14 a

¢ ]
'Txopn "
80 M, /Igc\
NIRRT
A=30°% 60 K90 1120 180
50
G -4~ Lo
L I/L% |
20—t —f— i T N Y S AP W AJ.L
0 180°
Iy
o | ] I} J !
0,2 g 06 08 1.0 1,2 W% a

Puc. 22-4-1 Makcumanoio AONycTHMAas TEMNEPATypa Kop-
nyca B 3aBHCHMOCTH OT Cpejiero 3HayeHHs OPAMOTO TOKE
OpH PpasaMyHLIXx yriax nposoauMocry, Yacrora 60 ey,
AKTHBHAA WJIH HHAVKTIBHAA Harpysxa.

a — (poTOTHPHCTOPB Cepuit L8 u LY, MOHTHDyeMble HA BHBOZAX,

6 — dororupucropst cepuit L811 W L9l ¢ oBanbHbiM aauleM Ha
Kopnyce, MOHTHpyeMble HAa pajauaTope.

yas TemnepaTypa Tmep« « o « o o o o » —09
Paco patyp ’ +4-100* C
Tlpamoit w oOpaTuuift TOKA yTeukn (mpu

Tuep=-4-100° C, Ryy==56 xon):

THIIOBOE 3HAUECHHE . o o « « o » « = « . 75 mra

BaHGOJIBIIEE SHAUCHHE . o « « « o o » . 0560 mKa
Bpems BocCTAHOBIIEHMA YHPABIAEMOCTH, THIO-

Boe suauense (mp#  Tpegp=-+4-100° C,

Ryg=1000#) . . . « « o v o oo oo 40 mKcen
dddexTusras  00aydeHROCTb, HeoOxoAMMAZ

a1 ortnupanud Hgg, cM. Talu.

Hso' Mam/em?

5 " a
Tun § § g YchaoBusi H3MepeHHs

Ex E =z

T8 & T E
L8 0,68 | 5,0 10,0 4 arie | S
19 |063 |20 | 42 p Tm—t25° C i Uup=5 0
L8 |0,15]2,0 6,0 1 ° -
B lois |0y | 25| ) Tea—tio0 C i Rugrp =100 o
8 10,9 {|15,0150,0 o gpe _
19 |09 |40 [200 b Tam=—65"C ) Ryx=50 ron
L8 10,024 — | — } Taep=-+100° C Ry =56 Ko,
19 |o002| = | — e Ruarp=500 o,

P~V ap, u

22.5. KPATKME CHPABOYHBIE JAAHHLIE MO CHELHAJbHBIM
NMPHBOPAM

v
[N

R R YRR
R

2N2646 u 2N2647

1. Onnonepexopnnbie Tpausuctopsl (ONIT) tunos 2N2646 n 2N2647
OpHonepexogHble KpeMHHEBBle TPAH3HCTOPH TuIoB 2N2646 u
2N2647 uUMET CTPYKTYpPY, CYLIECTBEHHO OT/HuHyi0 or crpyktypu OIT
JADYIHX THIIOB, B pe€3yJbTaTe Yero y HHUX HampsiKeHlle HacHILEHHS
M TOKH B TOYKE MakCHMyMa H B TOYKe MHHHMYMa XapaKTepHCTHKH
MEHblle, 2 aMIJIUTyRa Hanpsxenus ®a Gase I Gouabue. Kpome TOTO,
st npubopr Geictpee nepexdiouaiorcsa. OINT tuna 2N2646 npennasunaven
A7 YCTPOHCTB OGIENpOMBILIIEHHOT0 Ha3HaueHyd, r/le Ha TepBOM MecTe
CTOSIT NMPOCTOTA CX€M H HH3Kasg CTOMMOCTb; 3TOT MPHGOD BechMa MOAXO-
OUT AJd CXeM yNpapjCHHsI THDHCTOpAMu H JAJd APYTHX IIPHUMCHEHHH,
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rle HeOOXOAMMB HMIYJAbCH C AMINIMTYNOH He MeHbille OmpejeleHHOl
penuuunb. OINIT Ttuna 2N2647 npennasnaden jist yCTpOHCTB, rie Heol-
XOMHMBEl MAJbIi 3MHTIEPUBIE TOK YTCYKH H SMATTEPHBHIH TOK B TOUKE
MAKCHMyMa XapaxkTepucTukn (T €. TOK OTHHpauus), Hanpumep I/
BpeMA3aJaolUX cxeM ¢ B6oabpmoi DOCTOSHHON BpeMeHH; OH Tak¥XKe Moa-
XONMT Anis  (opMupoBaTeNell, FeHePUPYIOUIMX HMIYJbChl YIPaBJEHHSA
AR JBYHANPABJACHHHEX M MOWHLIX OZHOHAIMDABJICHHBIX TUPUCTOPOB.

[lpepenbno AoONycTHMLE NapaMeTphl

(T=25* C)
PaccenpaeMass MOmHOCTR! . . . . . . . . 300 mem
JleficTyiomee 3HaueHue TOKA SMUTTEpa . . 50 ma
MagcuManbhbifl SMUTTEPHBIE TOK: . . . . 2 a
OGpaTHOe HalpsKEHHe HAa SMHTTEpE . . . 30 s
MexnyGasoBoe HATPKEHHE . « . . . . . 35 8 .
PaGouast TEMIEPATYPd .« « .« » « « « - —65—:-—{—1250 C
Temmeparypa XpaHeHHT . . . + « - . . . —b656--150° C
&
Puc. 22-5-1a. Tuno-
Basi cXeMa BKJloYe-
uua OIIT.
Ri=10 xom; Rgy=
=}00 o, Rs1=
=20 omxl%; Ci=
=02 Mxpxb%; Ei=
=20£5 8.
Pestcum
Pexcum ompuyamensHozo Pexcum
Igz omeoeyxu  conpomubAenun  HaACLILEHUR
~—— ‘ s =7
I 1 Up
= 15,
2 3@5 Usg
U ! Us(uac)
? UKNH .
k]
- r’",q . J 50 M

Puc. 22-5-16. OGoaHaueHue TOKOB U HaNpsaxKenui
OIIT (cneBa) W BOJIBT-aMNEDHAA XapaKTEPUCTHKA
NpOMEXYTKa 3MHTTEp — fasa 1 W ee xapakrep-
Hble TOYKH (cnpaBa).

! —B peaanHol cxeme; 2 — QHOAH3A XapaKTEPHCIHKA

dnexTpunueckne xapaxTtTepucTHrm (npm T=25° C)

IN2646 IN2647
TNapaMerpn OE:::: i ::; § § 5 § g
= (] © = ° ©
sl E 132|858 5§ | 8¢
poogl=] L lmE )TN = ool
Bnyrpenun#i napamerp
(npu Us =10 8)* ., . .| 7y 0,5610,65}0,75}0,68}0,7210,82
Mewny6asosoe comnpo-
tupaenne (Us 6=3 4,
I,=0), kom .. . .. .| Rs.e 4,7 17 9,1 (4,7 | 7 [9,1
JMUTTEpHOE  HATIpSME-
nue gpacemenwa? (Us o=
=10 g, 1,=50 na), 6. .| Uy s — 1 2 — | — | 2 —
MonyaupyeMeii Mexzay-
Oasoseit Tok (Us,5==10 g,
I1,=50 ma), ma. . .. .| To6on | — |12 — | — |12 —
Amutrtepunfl  oGpaTHLIA
TOK (U 629=30 8, {4,=0),
MEX . o v v v v v o v o] Tagp — 10,0512 — 10,0140,2
IMHTTEPRBIA TOK B TOY-
KE MaKCHMyMa XapakTepu-
crurn (U g 6=25 8), mxa | [o — 10,4 1 5 — 10,412
OMHATTEDHBI! TOK B TOU-
Ke munuMyMa (Us, 6==20 g,
Rey=100 om), ma . . I 4 6 — |8 |11 |18
Amnnmyna Hall PSHKEHNs
Ha Gase 1%, 8. . ., . . .| Us yaxe |3,0 [6,5 — (6,0 (7,5 | —

! [lpu moBBIIEHHH OKPYXKAlollel TeMmepaTypbl HeoGXOAMMO CHHXKATb PACCeHn-
BaeMyl0 MOUIHOCTb Ha 3 x87 Ha 1° C. Ilosnas paccenBaeMasi MOWIHOCTL Ompeje-
JsieTcsl TOKAMH B Lleliy SMUTTEP2 W 6as3bl 2 U HATPSKeHHSIMH HA STUX 3JAEKTPOJaX
OTHOCHTeNBHO 6a3snl [,

2 To ecTh paspsag uepes OIIT konjeHcaTopa 10 xxd uim MeHee, 3apPAKEHHOTO
Ho 30 8 nau MeHee,

3 DTC HanpsIKeHHe u3MepserTca B cXeMme pHC, 22-5-1a. Ouo HeoGXOAUMMO NS
ouenkn cnoco6Hoctn OIIT ornnpaTh TUPHCTOPHI H HX MPUTOAHOCTH JJA APYTHX
HMITYJIBCHLIX CXEM,

4 BuyTpeHHu#t napameTp % OMPeREASALTCH COOTHOUICHHEM

Uy u=nUsg 6+ Uy
rpe U, , — nanpsokenyue Ha BSMHTTepe B TOYKe MaKCHMyMa XapaKTepPHCTHKH;
Ug g — mMexny6azopoe Rnanpsxenne; U, — Hanpsikenue JAWORa, SKBWBANEHTHOIO
IMUTTEpHOMY nepexoay (okoao 0,5 &)

ITapaMeTp 1) Mano 3aBHCHT OT TEMmEpPaTypPH M MeXIyGa30BOro Ha-
APSKEHHS.

n
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W"” e

ST2

2. J\pynanpasnenunii nepexmoualomuit auon (AMNJ) thana ST2

HBsynanpasrennuly nepexmouaomuii gHoj (AHAK) ABAAETCH KPEM-
HHEBbIM CHMMETPHYHEIM JQUOJHBIM [epPEKAloUaTeNeM, KOTOPBIE MOXET
GHITh HCTIOJIL30BAH AJA OTUHPAHMS KAK ABYHANPABJIEHHMX, TaK M OfHO-
HATPABJACHHBIX TPHOLHBIX THPHCTOPOB. DTOT Npubop HMeeT TpexcJol-
HYI0 CTpYKTYpYy, oOsmajzaiouiyl0 Ha BOJbT-aMOEPHON XapaKTepHCTHKe
yuactkamu orpunarensHoro conporusienus B I u IIl kpagpanrax, 7. e.
nng %Ggg;( NOJIIPHOCTAX MPHJIOKEHHOrO HanpsukeHust (cMm. puc. 22-5-2a
u 22-5-26).

+{
Yprn2 |
u : 113,",
;UT_HZ [} T ~ 1208
! o1 an 20
[ N | 602y T AN Usa
¢ Uotat D i
Puc. 22-5-2a. BonbT-amumepnas xapak- PHC 225 26.  Cxema mas

repncrura JITIN nposepkn JITM,

HHoMuananbuuie napaMeTpel NpH Toup=50° C

Makenmaspnfi  TOK  (AJATEJBHOCTE  UMITYJhca
10 mrcex, uacrora nosTopenwa 120 24) . . . .42 a
AMnnntyna BLIXOZHOTO HAMPSKEHHs (B CxeMe pHC.
22-5-26) HE MEHEE . + . 4 4 4 4 4 s s . 4 . ..F3 8

XapakTepHCTHYECKHE NMapaMeTps NpH Top=-+25° C

3HaueHus
Tlapamerput OfosHauedte | papvens- HANG Ob-

iee THNOBOE mee

Hanpsxenne otnupanus, 8 | Ugrny ¥ Ugrme 28 32 36
Temneparypubli K03 ddu-
HHEHT HANPAKEHUS OT-

nupannst, %/°C. . . . — — 0,1 —

Tok ornmpannsa, msa . .| fornr, {orme — —_ 200
CuMmeTpusi  HanmpsxeHHi}

otnmpamust . . . . . . — Usrar==(140, 1)U grne

Cnenyer ormerurs, yrto JITHA tHna ST2 BeiTYcKAOTCH ONBITHHME
MapTHAMH, ¥ B JalbHeflIeM 1o MepPe HX YCOBepPIIEHCTBOBAHHS BHILIE-
yKa3anHbe XapaKTePHCTHKH M TapaMeTpPhl MOTYT GBITh H3VIEHEHEI

3. Kpemnuesniit oxnocroponnuii kawy (KOK) tuna D13P1
(Silicon unilaterated switch, SUS)

[IpuGop tima DI3P| sapaserca mo cyulecTBy AHOAHEIM THPHCTOPOM
1 MMCeT XaPaKTCPHCTHKH, GJIHM3KO COOTBETCTBYIOUIHE XapPaKTEPHCTHKAM
«HIealpHoro» 4erHpexcioiiHoro puopa, Ilpu6op BEINOMHEH Ha OCHOBe
KPEeMHHEBOH HHTErpanbHON CTpyKTYpH, OOecneddBaiolleli HanpskeHue
ornupanus 8 8, NajieHHe HAUPSKEHHs B OTIepPTOM cocroauuu 1,75 @
npu Torke 200 ma u TemmepaTypHei KO3(DQHIUHEHT HaNpsKeHUs OTIHHpPA-
uus menee 0,009%/°C. Buison ynpaussiioulero sJeKTpoga Aefaer JOCTyH-
HBIM /s NOAKJIOUEHHA K BHewlell cxeme 6a3y sKBHBAJEHTHOH Tpam3H-
CTOPHOR CTPYKTYPHl p-fi-p u Karox cTabGuauTpoHa (puc 22-5-3a)

Puc. 22-5-3. DxBuBa’ieHTHas
cXeMa CTPYKTypol (@) urpa-
¢duueckoe ofosHauenne ()
KPEMHHEBOTO OJHOCTOPOHHETO
JOIGLE

IpuGop KOK cneumannbHo npefliazHaueH gas CXCM THMA TpUrrepa
H XKAyWero MyJLTHBHGDATOpa, B KOTOPHIX CTaGMALHOCTL HANpsKenHs
OTHHPAHHS HOJIKHA COXDaHATHLCS B IIMPOKOM TeMIIEPaTypHOM Juana-
sone. [Tono6Hbie npHGOPH XOPOMIO MOAXOAAT ANA OECKOHTAaKTHOH Tene-
¢oHUM, uemeli ynpaBJieHHs [BYHAnpaBJeHHBIMH W OJHOHAIPABJEHHBIMU
TUPHCTOPAMH M JUISi Pa3HOOGpPa3HbIX JIOTHYECKHX YCTPOMCTB ¥ YCTPOHCTB
naMsaTH.

[IpenenbHbe NapaMeTpH HXapaKTEePUCTHKH
(npu T=25° C, ecin He OrOBODeHH JApyrae 3HAUYEHHA)

30 6

Maxkcumanbaoe ofpaTHOe Hampsmkenue . .
200 ma

IpsiMOR mocTOSHEBIA TOR! . . - . . - .
AMIIHTYa MOBTOPSIOEroca IPAMOTO ToO-
Ka (AnATeJbHOCTH mMnyJsca 10 mxcex,
yacToTra NOBTOpeRus 1 K2y, OKpywaio-
uasg temneparypa 100* Cy . . . . . .
AMIAHTYZa HeNOBTOPAIOUIErocHd NPAMOTO
TOKa (IAUTENIBHOCTD 10 MECEK,
Top=25*C) . ... ... .. ..

1l a

5a

1 [IpA yeeandeHHH TeMuepaTyphl 1o 150° C npamoRt ToK ROJKeH
JIUHE fHO CHHKAThCA 0 HYJI.
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PaGoyas temmepaTypa Tpep + o o « .+ - . —b5-+4-150° C
IlpAMoe HampsiKeHHe OTIMpaBus ., . . . . 10 8
{IpAMOM TOK OTIIHPAHAT . « . « « o o o 500 mka
Y nepxuBalomM#i TOK . . . . . . . . . 1,6 ma

D13Q!

4. Kpemnnepniii asycroponnnit kmou (KJK) tuna D13QI
(Silicon bilateral switch, SBS)

Muorocaofinnit npu6op tuna DI3Q1 marorasiuBaercst NAanapHBIM
METONOM M 06/agaeT CHMMETPHUIION BOMGT-aMIEpPHOH XapaKTepUCTHKOH
€ YYacTKAMK OTpUUATeNbHOrO conporisicHus. [IpuGop sminonken Ha
Gase KpeMHWeBOUl HHTErpaJbHON CTPYKTYphl, uTo oOfecneydBaeT THMO-
BOe 3HauYeHHe HANpPSXKEHHS OTOHPAHWUA OK010 8 6 W BechbMa BHICOKYIO
CUMMETPHI0 XapaKTepUCTHK B OBGOHX HamnpabjieHHsX. TemmepaTypHblii
KO3PpduuMenT Hanpsukenust ornupanus mehee 0,05%/°C. ¥Ynpasastowmi
BHIBOA INPEAYyCMOTPeH ANs TOAKNIOUEeHHA BHEMIHeH cxeMbl K TOUKE CO-
EAUMIEHAS KATOAOR CTAaOWUAUTPOHOR W 6a3 TPAH3INCTOPHBIX P-11-p CTPYK-
Typ (puc. 22-5-4,a).

~

iA

Puc. 22-5-4. 3xk-
BHBAaJIeHTHAs
cXeMa CTPYKTY-
pot (a) u rpa-
¢uueckoe  060-
3HauYeHue (6)
KpEeMHHEBOTO
JIBYCTOPOHHETO
KJIIOYa.

A2

<o

b,

i |
54,

Tpubopw KOK onennannHo npegHasnayedbl AJIS NPRMCHOHAIN, KOTRA
BaXKibl CTAGHABLNCCTL HATIPSIKEHHA OTIMHPAHHA B LIMPOKOM TeMNepaTyp-
HOM JIHANa30lic B CHMMETPHYHOCTb XapakTepHcTHK B oGoMX Hanpasie-
HuAx. OHH XOPOINO MOLXOAAT AMST OAHO- H JABYXIOJYNEPHOJHOTO YHPaB-

JIEHHSl OAHOHANpaBJelHbIMH ¥ [BYHANPAaBJIEHHBIMH THPUCTOPAMH B HH3-
KOBOJIBTHBIX CXeMaX ¢ (a30BBIM PeryJHpOBaHHeEN.

Tak xax npuGop uMeeT CHMMETPHYHBIE XapaKTEePHCTHKH, TO
Bce ykasaHuple mis KOK tuma DI3P1 (xpome MakcnManbnoro ofpar-
HOTO HATMpSIXKeHHS!) mapaMerpul OTHOCHTCA K JIOGOMY HanpablenHio npo-
reKaHus ToKa.
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