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Beepenne

CoBpeMeHHOE DNpPOMBIIIJIEHHOE TNPOU3BOLCTBO,  TPAHCMOPT,
CBA3b M JpyrHe OTPac/ad HapOLHOTO XO3AHCTBA XapaKTEePH3YIOTCSH
‘Bce GOJBbIINM HCIIOJNb30BAHNEM Pa3JH4HBLIX (HOPM 3JEKTPHUECKON
SHEPrHu. YUHTbIBasg KOJOCCAJbHYIO 3HEPrOEMKOCTb STHX OTpac-
Jed, NapTud ¥ NpPABHTENbLCTBO HEOLHOKpPaTHO ob6pamanu u 006-
pallaloT BHHMaHHe Ha Heo6XOAUMOCTb OOpbOBI 3a 3SKOHOMIIIO
U1EKTPOIHEPIHH.

Ilpy npoexTHpPOBaHHM TeHEPATOPOB A 3JEKTPOCTAHLMH Be-
ZIetca ynopHas Gopnba 3a moBblileHHe HX Koadduuuenta mosges-
HOro AedcTBHSI (K. N. A.) Ha €LUHHUE M Jaxe IOJM NPOLEHTOB.
B cratee «[lnasma — nap XX sexa» («M3sectua», 1968, Ne 198),
puue-npesufent Axaaemun Hayk CCCP M. JI. MHaIHOHIIHKOB,
TOBOPS O HOBBIX MAarHUTOTMAPOAHHAMHUYECKHX IeHepaTopax, OTMe-
TuJg, yto B CCCP 8 1970 roxy Tosbko myTeM NOBLIIEHHA K. n. I.
9JIeKTPHYECKHX TeHepaTopoB Ha 2—39% «MoxKHO Obijo 6bl AOMO.I-
HHTEJbHO BHIPAab0TaTh CTOJBKO 3JEKTPOIHEPTHH, CKOJNbKO HaJ Obl
necartok IlnenporacoB. Ho kaxnas nmoss npoueHta B JaJbHeii-
mem pocte KIITJ anekrpocranuuii 6yAeT yxe HaBaThbCAd C HEUMO-
BepPHbIM TPYLOM>».

OueBuzHo, 4TO CTONb Ke 3¢ eKTUBHBIM SBJSETCS MOBBHIILEHHE
K. I. 1. yCTpOHCTB, HOTPeOMAIOMNX 3JEKTPHYECKYIO 3HEpPTHIO.
OnHako B 3TOM HanpaBJ/leHMH AaJeKo He BCeTIa HCNOJb3YIOTCA
BC€ BO3MOXHOCTH.

B Hacrosimee BpeMmsi NOJyuYMJH LIHPOKOE paclpoCTPaHeHHe
reHepaTophl TOKOB BBICOKOI uacToThl, paboTalollie B JHanasoHe
OT eIHHHL A0 coTeH KuJjorepl. Takue reHepaTopbl HCNOJb3yIOTCH
B MOUIHBIX H CBEPXMOIUHbIX CB3HbIX, HABHTAUHOHHHIX M BeNla-
TeNbHBIX pagHONepelaTYHKaX; B YCTAHOBKaX IS NJAaBKH, 3aKaJ-
KH U TepM0o06pabOTKH MeTasJoB, CYIIKH NMOKPHITHI M MarepHa-
JIOB; B NMHULIEBOH, XUMHUYECKOH U APYrHX OTPac/dsAX NPOMBIILIJIEHHO-
CTH, B TexHuyeckoll ¢usuke u 1. H. OHaKo K. I. I. TAaKHX reme-
paTopoB OTHOCHTEJBHO HEBENHK i 0ObIYHO He npeBbilnaeT 50—60%.
PaspabatbiBaeMble B mocjeaHee BpPeMs METOLbl H CXeMHl KJjioue-
BOTO TeHEpUPOBaHMfA, OMHCAHUIO KOTOPbIX MNOCBsIlieHa JaHHadA
6pouiopa, Mo3BoJAOT MOBLICHTb K. I. . T€HePaTopoB B HEKOTO-
prix caydasx go 80—90% u Goaee,



B CCCP u npyrux npOMBINVIEHHO PasBHTHIX CTpPaHax CyLlecT-
BeHHas N0JA OT BCedl NMPOH3BOAMMOMH 3JeKTPOSHeprHu nepepaba-
TbIBA€TCA B TOKH BLICOKOH yacToThl. TakuMm 06pa3oM, MOBLILIEHHE
K. 1. . COOTBETCTBYIOIIUX reHeparopoB naxe Ha 10—209% pas-
HOCHJIbHO BBEJEHHI0O B CTPOfl MHOTHX MOUIHBIX 3J€KTPOCTAHUHML

IToMHMO 5KOHOMHM 3/IEKTPOSHEPTHH MNepexXof K KJIIYEBbIM
pexuMaM I03BOJIHT CyLeCTBEHHO yMeHbIIHTb TabapHTHLie pas-
MepBl H CTOMMOCTb I€HepaTopOB HJM pafHONEpeAaTYHKOB, yNpo-
CTHTb HX KOHCTPYKIIHIO U MOBBICHTb OTJaBaeMyI0 MOIIHOCTb. Eciu
HacTOTHl TeHepUpyeMbIX KoJieGaHUH He CAHIIKOM BeNHKH (eIHHH-
Ibl HJIH HECKOJbKO JeciTKOB KHJIOrepl), TO 0C00eHHO O0JbIoi
addekr maer 3aMeHa JaMO THPUCTOPAMY HJH BOLODOLHBIMH TH-
parponaMu. Hanpuwmep, pagnonepelaTyiK, W3TOTOBJAEHHBIA ¢up-
Mont «Bectunrays snektpux» gas BM® CIHA na ocHoBe kaioue-
BBIX T€HEPATOPOB THMA Pe30HAHCHBIX UHBEPTOPOB € MPHMEHEHHEM
THPHCTOPOB, paboTaiolHil B guanasoHe yacror ot 10 xo 90 «xay,
HMeeT MOIIHOCTh 150 k8T Ha yacrotax 10—30 xey (Ha Gojee BbI-
COKHX YacTOTaX MOIUHOCTb HECKOJbKO CHHKaercd), 3aHHMaer
o6beM npubausutenbHo B 10 pa3 Menbmuil, yem paBHBLH O MOIN-
HOCTH JamnoBbli. Ero nmpombiienssin k. m. A. 86% (Bmecrto
50—60% y namnoBoro). I'omoBasi 3KOHOMHSI 9JEKTPOIHEPIHH,
llaBaeMasi OJLHHUM MepefjaTydkoM, cocraBiger 250—300 ToiC,
K8T - 4,

Cepusi 5KOHOMHYHBIX BBICOKOUACTOTHBIX T'€HEPaTOPOB Ha HM-
NyJbCHBIX BOJOPOAHBIX THPATpOHAx co3faHa MOCKOBCKHM 3aBO-
JOM 3JIEKTPOBAaKyyMHBIX NMPHOOPOB COBMECTHO C Kadedpo# pa-
JMOTEXHUKH JIeHMHIpaACKOro MOJHTEXHHYECKOTO HHCTHTYTa HM.
M. H. Kanununa., Hekoropsie THIH 3THX T€HEPAaTOPOB KCIOHH-
poBanuch Ha BcemupHoi#i BbicTaBke B Monpeane B 1967 roay.
OHH UMEIOT NPOMHILIEHHBIH K. 1. 1. 10 85%, 3HaunTeNbHO MEHb-
Live raGaputel B CTOMMOCTb, UeM JIaMIIOBHIE, a Takxke 00Jaxaior
PANOM SKCIIYyaTallMOHHBIX MPEUMYINECTB, MO3BOJAIOIINX HCIIOJb-
30BaTh UX B aBTOMAaTHYECKHX JIHHHAX NIPH IPOH3BOACTBE 3JEKTPO-
BaKyyMHBIX NPHGOPOB.

Knicuesbie cBOHCTBa
ANEKTPOHHDIX, MOHHBIX W MONYNPOBOAHHKOBIX
npbopos

B kauectBe npocrefilueii uAeaNU3UpPOBAHHON CXeMBI KJIOYEBO-
ro reieparopa (puc. l,a) MoxHo npeacraButh cefe Km0y K (py-
OUIbHUK, KOHTAKTOp, pese, 3JEKTPOHHBIH HJH HOHHBIA HpHGOP
M T. 1), C NIOMOLIbI0O KOTOPOr0 aKTHBHOE COMPOTHBJEHHe Harpys-
KH R, TNoAKaoyaercs K HCTOYHHKY MOCTOSIHHOTO Hanpskenus Ey.
Ecnn onepanuu BKJIIOYEHHUS M BBIKJIOUEHHs CJEAYIOT yepe3 CTpo-
ro MOCTOfIHHbIE HHTepBaJ/Jbl BPeMeHH, TO Ha CONPOTHBJIEHHH Ha-
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TPY3KH BO3HHKAIOT NMEPHORHUECKHEe KOJIeGaHHA HANPAKERHs Apsi-
moyroJgbHo#l dopmbl (puc, 1,6). IToTepH MoimnocTH B Kiioue
Pys =Uy, i, B TAaKOM HIeaJH3HPOBAHHOM TeHEpaTOpe OTCYT-
CTBYIOT, IIOCKOJIbKY B 3aMKHYTOM COCTOSIHHM TafeHHe Hampfxe-
nust Uy, Ha xaode K paBRO HyJ0; B Pa3OMKHYTOM TOXe HYJIIO,
TaK KaK HCYE3HeT TOK i, , TO CTh K. 1. A. paBen 100%.

Vs
£o

Puc, 1.

TTepron 3ByXOBHIX H PagHOYacTOT H3MepsieTcs THICAUHBIMH,
MUJIJIMOHHBIMH AOJSIMH CeKYHJAH HAH elle 6oJiee KOPOTKHMH HH-
TepBasaMu BpeMend. [loatroMy B KadecTBe KJoya K HCIOJb3Ye
IOTCSl 3JIeKTPOHHBble HJM HOHHBble MpUGOpHI, OGecrneyHBalOHe A0~
CTaTOYHO MaJ/yl0 HHEPUHOHHOCTb HpPOLIECCOB BKJIOYEHHSI H BBI-
kaouenus. OQHaKo Takve NPUGOPH HeMb3sl CYMTATh HAEAJIbHBIMH
KJ1I04aMH, TaK KaK BO BKJIOYEHHOM («OTIEPTOM») COCTOSIHMH Ha
HHX eCTb najenue Hanpsixkenusi U,, , BeJHYMHa KOTOpOro oipe-
JleAsieTcsl HX BHYTPEHHHM CONPOTHBJIEHHEM B KJIOUEBOM pexH-
e R,,. B pe3yjbTaTe npH NpOTEKAHHH TOKA i, B NpubGope BO3-
HUKAlOT mortepu MomHoctd P, =U,, i.,. DOJbIIHHCTBO u3-
BECTHBIX KJIOUEBRIX NPUOOPOB (3/EKTPOHHBIX JaMIl, TPAH3HCTO-
POB, THPaTPOHOB, THPHCTOPOB, TACHTPOHOB H [P.) B Pa3OMKHYTOM
(«3anepTomM») COCTOSIHHM O0JIaAI0T CTOJb BHICOKHM BHYTPEHHHM
CONMPOTHBJEHHEM, UTO TOKOM I, B HX HENH H COOTBETCTBEHHO IO+
TePAMH MOUIHOCTH B 3TOM COCTOSIHHH MOXKHO IpeHeOpeub,

Ecnu cydaTaTh, YTO MHHUMAJbHO HEOOXOAHMoe AJSl MpomycKa-
HHf 3aJlaHHOrO0 HMIyJjbca TOKAa INajleHHe Hanpsixewua U, Ha
KJI04eBOM NpHOOpe HPUOJIH3HTENbHO NOCTOSTHHO (3TO HMeeT Mec-
TO y THPATPOHOB IIPH OTHOCHUTENIbHO HeOOJBLINX TOKAaX), HJIH fIpH-
HATh HEKOTOPOe ycpefHeHHOoe (3a BPeMs HMNyJabca TOKa) MOCTO-

sinHoe HanpsikeHne (Up) cpenn =En, TONOTEpH, 00yc/IOBICHHDIE
3THM NaJleHHEeM HaNpsKeHHs, paBHBI
le':En[O» (1)

rae lo— cpenHee 3HaueHHe (IIOCTOSTHHAS COCTaBJAIOLAg) TOKa
KJII0YeBOro npubopa i,, HJIH aHOLHOTO TOKA [,.

IMTockosabKy MOLIHOCTb, OTHaBaeMas HCTOYHHKOM NHTaHHA El,
paBHa Py=Eoly, TO 3JeKTPOHHBIH K. I. A., YYUTHIBAIOLIHH TOJbBKO
norepu P, , paBeH

PO_PKJI En
— =1 2
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DddexTuBHbIT KN0UEBO PEXHM, B NOJHOI Mepe obecneyn<
BAIOIIHA BHICOKMHA K. . . H MOULHOCTb, MOKeT ObiTh peann3oBaH
TOJIbKO B OTPaHHYEHHOM JIHana3oHe 4acToT AJfA [AHHOrO THN&
npubopa. Ilas 5JeKTPOHHBIX JaMII BEPXHSf TpaHuuHasi 4acToTa
onpejeasieTcs MaKCHMaJbHOH BHYTPEHHE NPOBOAUMOCTbi0 (OT-
HOIIEHHeM MaKCHMaJbHOTO aHOAHOIO TOKa K HanpAXKEHUI0 aHod-
HOTO MHUTaHHSI) H BHIXOAHOH €MKOCTbIO. ¥ TPaH3HCTOPOB, NOMHMO
3THX (PaKTOPOB, CYIIECTBEHHYIO POJib HrpaeT co6CTBEHHAss rpaHHy-
Hasi yactoTa. ¥ THPaTPOHOB H THPHCTOPOB YacTOTHbie CBOIICTBa
ONpelenslOTCS BPeMeHeM BKJIOYeHHS H BpeMEHeM BBIK/IOYeHHS
(BoccTanoBJIeHHsI 3JIEKTPHYECKOH NpoyHocTH aHoja), Bpems
BKJIIOYEHHS HJH YyCTAHOBJEHHsA TOKa fy, B HHUX OOYyCJOBJIEHO HHEp-
UAOHHOCTBIO HOCHTeNEH 3JeKTPHYeCKHUX 3apAloB H Omnpeaenser
MaKCHMaJbHO JONYCTHMYIO KPYTH3HY HapaCTaHHA aHONHOro ToKa,
a cJefoBaTeJ]bHO, MAKCHMAaJbHYIO 4acCTOTy HJIH MOLIHOCTb reHe-
pHpyeMbIX KoseGannil, HanMenbum BpeMeHneM BKaoyeHusi obaa-
JalOT BOJODOJHBIE THPATPOHbI, MPOBORIMOCTb KOTODHIX omnpele-
JseTcs JerkHMH M MOABUKHBIMH HOHaMH BOZOPOAA. 3HAUHTENbHO
6obIIMM BpeMeHeM BKJIOueHHs 06.1afaloT PTyTHble THPATPOHLI
H THPHCTOPBI.

XapaKTepHOe CBOHCTBO THPaTPOHOB H THPHCTOPOB COCTOUT B
TOM, YTO HX CeTKH (HJH ynpasJ/siollue 3JeKTPOJbl) CJAYXKaT JHUIL
sl BKJWOYeHHs npHGopa W He NpemHasHaueHbl AJA €ro BHIKJIO-
yeHud. BRIKIIOUNTD NpHOGOP MOXHO, TONbKO CO3LaB Ha aHoxe 06-
paTHoe HanpsKeHWe OTHOCHTEJbHO KaToja Ha BpeMs f,, JOCTa-
TOYHOEe JJ/11 BOCCTAHOBJIEHHS 3JE€KTPHUECKOH MpOYHOCTH aHoma H
ynpaBJfOMUX CBOACTB ceTkd. Haummenbuinm BpemeHeM BOCCTa-
HOB7AeHus £, 00JadaloT BOLOPOAHBLIE THPATPOHbI M THPHCTOPLI,
HO H y HHX 3TO BpeMmd 3HAYUTeJbHO Gosiblle, yeM BpeMsi BKJIO4EC-
HHA (ocobeHHO y BOJOPOAHBIX THpaTpoHoB). Koadpduunenrt ycus
JIEHHS] MOILHOCTH 3THX THPAaTPOHOB H3MepSieTCA COTHAMH H ThiCs+
yamu eiaunHu. I'panuyHas yacrora resepupyeMblX KoJeOGaHHi B
HENDEpPLIBHOM pEXHUMe NPAaKTHYECKH Onpenensercs TOJNbKO Bpe-
MeHeM BOCCTaHOBJIEHHSA f,, a B pexlMe NpephIBHCTHIX KoJeba-
HMH, clelyIONIUX yepe3 BpeMs, 6osabluee {,, — BPeMeHeM yCTaHOB-
JIeHHsl TOKa (BKJIOYEHHs) Iy .

B nocaennne ronxel NMOSBUJCS HOBEII THN KJIOueBOro npuGo-
pa — tacutpon. OH B 3HauuTeJbHOH Mepe COBMeLIaeT HOCTOHH-
CTBa TUPATPOHOB (Malible NMOTEPH) M 3JEKTPOIHBIX JaMn (Xopo-
mive yacToTHbie cBolictBa). TacuTpon mpexncraBsasger coboil HOI-
HEIA 1pu6op ¢ BOAOPOAHBIM HaNoOJHEHHEeM, OJHAKO €ro KOHCTPYK=
U9 H KOHLEHTpPaLHusA BOAOPOJa B HeM TaKOBbl, YTO Ce€TKa COXpa-
HSIeT CBOM ynpaBJsloLlde CBOCTBAa H MOcJe BKJAOUeHHss npubopa.
TacuTpoH mo3BoJsieT reHepPHPOBATh KoJeGaHUsi C YaCTOTAMH, H3=
MepsgeMbIMH COTHSIMH KHJIOTepll, a NPH OnpeJesIeHHbX YCJOBHAX
20 exunun merarepu. ITo BeJqMYHHE OTHOCHTEJLHBIX NOTEPb H KO-
s¢bduuneHTy ycHIeHUs] MOUIHOCTH TaCHTPOHbI HECKOJbKO YCTyIia-
10T THPATPOHAM, HO 3HAYNTENbHO NPEBOCXOAAT MX MO YaCTOTHBIM



cBofictBaM. [lo oTHOWIEHMIO K JaMmaM, HAao060pOT, OHM YCTYHAIOT
HM [0 YacTOTHBIM CBOMCTBaM, HO NDPEBOCXOAAT HO IKOHOMHYHO-
cti. [Ipumenenne TacHTPOHOB HaubGoJee leaecoo6pasHo B 0b6aa-
CTH YaCTOT, H3MepSeMBIX JeCATKaMH MU COTHAMH KHJOTrepIil,

THnbl  KAIOYEBBIX TeHepaTopoB

B 3aBHCHMOCTH OT 3aZaHHBIX YaCTOTBI, MOIMHOCTH H (HOPMHE
KoJieOaHUH, a TakKe HEKOTOPbIX HPYTMX TpeGOBaHHA JOJXKEeH
6bITh BBIGPAH HE TOJIBKO BUI KJIOYEBOro npubopa, HO M THI reHe-
paropa. Ha Hu3kuX vacroTax (eJUHHIBI KHJOTepll) HanboJjce
PanuoHaJbHO NpHMEHEHHe NapaJiesbHOr0 H IOCJEL0BaTe/bHOTO
HHBEPTOPOB C HCIIOJb30BAHHEM THPHUCTOPOB H THPATPOHOB, IO-
CKOJIbKY OHU obecrneuyuBaioT Haubosiee BLICOKHE K, . A. H K03(-
QuuueHT ycuieHus MomHocTH. Ecam ¢opma KosmeGaHHHE Hecy-
HiecTBeHHa (HampuMep, IJs 3JeKTPOTePMHYECKHUX YCTAHOBOK), TO
MOXKHO HCHOJIb30BaTh <«Kjaccuyeckue» HHBepropnl. I'apMoHnuye-
CKHe KoJieGaHHS MOTYT GbiTh IIOJy4YeHbl B Pe30HAHCHBIX HHBEpTO-
pax, coAep:KallMX HacCTPOeHHble KoJeOaTesbHble KOHTYpH. 3Ha-
YHTeJbHOE BpPeMs BOCCTaHOBJIEHHS YNPaBJSIOIIHX CBOHCTB THPH-
CTOPOBR H THPATPOHOB He IIO3BOJseT B MNOAOGHBIX reHepatopax
nosayyath KoJebGaHHs .60Jiee BEICOKOH 4acTOThL

Ilpumenenre 3/EKTPOHHBIX JIaMN B CXeMaxX HHBEPTOpPOB Ha
HHM3KHUX YacTOTax MaJopallioHaJ/JibHO, NOCKObKY OHH CYL[ECTBEH-
HO YCTYNalOT B 3HePreTHYeCKOM, SKOHOMHUYECKOM H KOHCTPYKTHB-
HOM OTHOILEHHAX THPHCTOPAM U THPATPOHAM.

J1s TpaH3UCTOPOB HAa OTHOCHUTEJbHO BBICOKHX YacTOTax, H3-
MepsieMbIX COTHSIMM KHWJOPepl M Merareplamy, CyUIeCTBEHHYIO
poJiIb HTrpPAIOT NOTEpH, CBSI3aHHBle CO CKAaYKAMM HANpSMKEHHA H
TOKa B TpaH3UCTOpax, oGycJOBJeHHble HHEPIMOHHOCTBIO IpoLec-
COB BKJIIOYEHHS H BhIKJIOUeHHst. Kpome Toro, CymiecTByIolue TpaH-
3ICTOPbI pacCUMTaHBl HAa OTHOCHUTEJNbHO MaJjble KOMMYTHUpyeMble
MOHIHOCTH (IeCATKH HJIM COTHH BaTT), HO3TOMY JJs NMOCTPOEHHST
MODIHBIX IIEPENAaTYNKOB HEOOXOAUMO CJAHUMIKOM 60/ibilioe HUCJIO
TPaH3HCTOPOB.

Takum o6pa3oM, B 06/1aCTH HU3KHX 4YacToT (eIHHMIL KHJO-
repil) HauGoJsiee PAlUOHAJBHBIMH, AJI TOJNYyYEHHS MOLIHBIX KoJje-
Gauuil cJenyeT CYHTAThb THPHCTOPHBIE HJH THPAaTPOHHble HHBCD-
Topbl. [IpH MasblX MOIMHOCTAX {(COTHH BATT) Ha 4acTOoTax BIIOTH
0 COTeH KHsorepl, HauboJiee 1enecO00Pa3Hb 3JEKTPOHHblE HH-
BEPTOPHl HA TPAH3UCTOPAX.

I1s HexoTOPHIX Hesell (3/eKTPOTEPMHYECKHe yCTAHOBKH, re-
HepaTophl PaJHOMMIYJbCOB U T. II.) MOTYT OBITH MCHOJb30BAaHBI
ApepeIBUCTBIe KosleOaHUA (makeTbl) BLICOKOM wacToThl. s ux
TIOJIyYeHHs NMPUTOLHBI JIULIIb HMINYJbCHble BOLOPOAHBle THPATpPO-
Hbl. Bpemsl BK/IOYeHHA HX (LJIHTeJbHOCTb IIpoliecca pa3BUTIA
paspana) cocTaBiAeT COThie AOJMH MHKDOCEKYHMIbl, II0O3TOMYy ua-
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CTOTA HalOJIHEHHS NaKeToB KoJebGanuil MoxeT ObiTh AOBeAcHda AG
IecsITKOB Merarepi.

Bpema BkJIOYeHHs] THPHCTOPOB, PTYTHBIX U Tem GoJee BOHO-
POLHBIX THPAaTPOHOB He MNPEBHILIAET HECKONbKHX MHKDOCEKYHA.
ITosToMy, eciu yCTpaHHTb OrpaHHuYeHHe, CBA3aHHOE C BpeMeHeM
BBLIKJII04EeHHA (BOCCTaHOBJEHHS YNPaBJSIOLUX CBOHCTB CETKH), TO
¢ TOMOILUBIO 3THX NPHGOPOB MOXHO reHEepPHPOBaThb HelmpepbiBHEIE
Kose6aHyus C YacTOTaMH NOPALKA NECATKOB KHjorepil. 1o OKa-
3uiBaeTcd BO3MOXKHBIM IIDH HCNOJIb30BAHUH ONpelesleHHBIX CXeM
PEe30HAHCHBIX YMHOXKHTeJeH 4acTOThl, B KOTOPbIX HMIYJbChbl TOKA
yepe3 KaxAbIA K/1I04eBOH npuGop CJAeAylOF uepe3 JOCTATOYHO
6oJbline NDOMEXYTKH BpeMeHH, o6ecneyHBalolive HaleXKHoe Bhi-
xaouenne npubopa. I'eHeparopsl nomoGHoro Tuma Haubosee les
Jnecoo6pa3HO HCMOJB30BAaTh B JAHAamasoHe YacTOT OT eAHMHHI
(npaktuuecku ot 2—>5) mo 30—50 xay.

B nuanasone uactor or 30—50 xey Ho coten Kusorepy AJs
NOCTPOEHHSA MOLIHBIX T'€HepPaTOPOB Jyullle NPUMEHUTb 3JEKTPOH-
HYIO JaMNy HJHM TacHTPOH B CXeMe KJIOueBoro resHeparopa C HH-
LYyKTHBHBIM HaKoONHUTeJeM M KoJebaTeibHbIM KOHTYpoM (uau CH-
creMoil kxoHTypoB). Cxema Takoro reHeparopa MHO3BoJseT NOJy-
yaTh BBICOKMH 3JI€KTPOHHBIA K. I. A. H YHoOHa B 3KCIJyaTauuy,
0co6eHHO NPH NPUMEHEHHH OrPaHHYHTEJNbHOrO AHOMAAa, KOTOPhIi
ycTpaHseT IepeHanpsaxeHHe Ha HHAYKTHBHOCTH, BO3HUKaloLlee
NpH OTKJOHEHHAX OT PacyeTHHIX (ONTHMAaJbHBIX) peXuMos. B Mo-
MEHT BKJIIOYEHHS J1aMIlbl HA ee aHoJe NMPOUCXOAHT CKauOK Hampsi-
JKeHHsl, aHOAHasA eMKOCTb paspsxcaercs yepe3 JaMmiy, B pe3yJib-
TaTe 4ero BO3HUKAIOT nortepu P or =1/, C, U, |, Bo3pacraiwmue
¢ NOBBILIEHHEM YacTOThl KoseGauuit f. M3-3a Haauyus 3Tux 1Ho-
Tepb INpHMeHeHHe MNOXOGHOro KJIOYeBOr0 reHepatopa OGBIYHO
nesecoobpa3Ho JuIUb Ha yacTtoTax He Bhiie 400—600 xey.

Ha GoJiee BbICOKHX 4acToTax (COTHH KHJIOTepll, Merarepint)
HAKOMHUTE/bHA HHAYKTHBHOCTD MOXKeT ObiTh BEIOpaHa Tak, 4To
ona ofpasyer ¢ COOCTBEHHON €MKOCTbIO AHOXHON Lienu KoJeba-
TeJbHbBIA KOHTYD, HAaCTPOEHHBIH Ha BBHICOKYIO 4aCTOTY, OTJIHYAI0-
LyIoCsl OT 4acTOThl reHepupyeMbix KoaeGanuii. I1pu BeiGope Han-
JAexanlel BeJHUYMHBI HAKOMHTEAbHOH HHIYKTHBHOCTH, HacTpoHke
Rarpy3ouHoro KoJebaTeJbHOI0 KOHTypa U OIpelesNeHHOM Hanps-
JKeHHU BO30Yy:KIEHHS JaMnbl TNOCJAENHSAS BKJ/IOUAETCS B MOMEHT
DPOXOXKIeHUST uepe3 HyJb Hanpsikenus U, Ha emkoctn C, i
Ha aHoje, MO3TOMY COCTaBJsIOWlas — €MKOCTHBIX moTepp Pe
6yzner paBHa HYyJIO.

Ha ocHOBaHMH H3JI0:X€HHOrO cOcTaBJieHa Tab/HIa, B KOTOPOH
OPHEHTHPOBOYHO YKa3anwl o06jacTu HaunGosee LesecoobpasHoro
NpAMEHEeHHs Pa3/IHYHBIX THIOB KJIOYeBbiX npuGopoB K cxeM reHe-
paTopoB.
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Mapannenohoii W nocnegoBaTeNbHblii  HHBEPTOPLI
Ha YApaBAAEMbIX BEHTHAAX

Cxema mapansenbHOro HHBepTOpa TpHBeleHa Ha puc. 2,a.
Ona comepxur ABa THpuctopa (uau THpatpona) Ty u T,, nura-
HHE KOTOPBIX OCyLIeCTBJsieTcH OT HCTOUHUKA Eg uepea o6uiuit xpoc-
cenb L, Harpyska L,, R, 06bluHO HMeeT HHAYKTHBHO-aKTHBHbIA
XapakTep; NMOJAKIIOUeHHe ee MPOU3BOAUTCH yepe3 TpaHcdopmaTop

Ly Ru T,

Puc. 2.

Tp, HHOYKTHBHOCTb KOTOpOro Lo. ITocko/bKy Aasl BOCCTaHOBJICHUA
3JIEKTPHYECKOH NPOYHOCTH THPHCTOPOB HEoOXO0AHMMO CO31aTh HY-
JeBoe HAH o6paTHOe HampsiKeHHe Ha MX aHOJAAX, NapannejbHO
BTOpHYHON (M/IM mNepBUYHOH) OOMOTKe TpaHcopmaropa Tp
BKJIIOYaeTcsl KOMMyTHpylomas eMkoctb C. Ona obGecneunBaer OT-
KJIOYeHHe OLHOTO THPHCTOpa B MOMEHT BKJIOueHHs apyroro. Co-
nportuBJaeHna o6MOTOK Apoccens L, u Tpanchopmaropa Tp mnas
NOCTOSIHHOTO TOKa NpeHeOGpexHMO MaJbl, M03TOMY MOXKHO CYH-
TaTh, 4T0 B cxeMe (cM. puc. 2,a) tupuctopel Ty, Ty ¥ HUCTOUHHK
nutannsag Ep MO TMOCTOSHHOMY HAaNDSXKEHHIO COeIMHEHBl Mapas-
JgenbHo. BmecTo mapassenbHOro MoxKer ObITh NPHMEHEHO TOCHe-
JOBaTeJbHOE COeNHHEHHe THPHUCTOPOB W HCTOUHHKA NUTaHHA MO
NOCTOAHHOMY Hampsikenuio. Eciy lenb Harpysku, momumo L',
C, R’,, COLEPXHT MOC/JeNOBaTeJpHO COENHHEHHBIH KOHIEHCATOD
C,, TO HHBEPTOP Ha3bIBaeTcs NOCJeNoBaTenbHbBIM (pHC. 2,6).

B mapannenvHoM HHBepTOpe, O6Jsarogaps KOMMYTHpYyoUiei
emkoctu C, BKJIIOYEHHOH mNapanjeabHo Harpyske L., R, (cMm.
puc. 2,a), obuiuno oGécneunBaercss Gosiee HajexkKHOE, 4eM B MO-
¢/le0BaTebHOM, BOCCTAHOBJIEHHE 3/EKTPUYECKOfi MPOYHOCTH TH-
PHUCTOPOB B Npoliecce UX MepeKJIOYeHH .

PaccmoTpum npuHLHN [eHCTBHS NapaJelbHOTO HHBEPTOpa
(cm. puc. 2,a). C moMoIbi0 KOPOTKHX HMIyabCoB (pHC, 3,a, 0),

10



nofaBaeMblXx HA YNPaBJAAIOMUNEe 3MeKTPOAb THPHCTOpOB Ty u Ty,
MPOUCXOAHUT MOOYepefHOe HX BK/IOYeHHe, BeqnuHHa MHAYKTHBHO-
ctu apoccenss L, Bbibupaercsa 60JbLIOMH, H TOK Yepe3 Hero B ycra-
HOBHBILUEMCSl peXKHMe MPAKTHYeCKH He M3MeHSeTCA, MO3ITOMYy HM-
NyJbChl TOKa THPHCTOPOB HMEIOT MOYTH MPSMOYToJbHYI0 (opmy
(puc. 3,6,2). Hanpsxxenue U, Ha aHome tupucropa T; B «OT-

A) g,

ol a n ¢
&) I,

0 i n n_¢
8 | ta,

1 1 T 1 [1 ¢
7] "a‘,

0 [ l I 1 4
4\,

1 pal -1

E} Uc v 4 v
0 ///\\//\\// t
X) 1/02
1T 7 o A
”anm z &

B A= — e — A —
T /L Ay =
. 2 l// /i

| Yawmaxe /
Puc. 3.

1



nepToMs cocTosnuM (OT MOMEHTa BpeMenu ) 1o f;) GAH3KO K HY-
a0 (puc. 3,0). B aro Bpemsi konjencarop C 3apsixaercs H Ha-
npsikenue Uc (puc. 3,6) Ha ero OoOKJaalKe, COOTBETCTBYIOLIEH
anony tupucropa T, yBeauuuBaercs. Ilpu arom Bospacraer Ha-
npaxenue U,, Ha aHome tupHucropa Ty (puc. 3,). B mMomeHt
BpeMeHnH f; BKmouaerca tupucrop Ty Hanpsxenne Ha ero aHoze
U, CKaukOoM yMeHbIIaeTcs NO BeJHYMHB, OJHM3KOH K HYyJIO,
CxaukooOpa3Hoe H3MeHeHHe HaNpsikeHHs, 6aarofaps KOHIeHCa-
Topy C, nmepenaercs Ha aHOA THpHcTopa T, MOTEHLHAJ KOTOPOro
CTAHOBUTCH OTpPHLATENbHBIM (cM. pHc. 3,0), u THpucTOp T Bhbi-
KaoyaeTcst. AHaJOrHUHBIM 06pasoM NP BKJIOYEHHH THPHCTOPA
T, Bukmouaercss tupucrop To. IlepemenHoe Hamps:keHHe KOHIEH-
catopa C (cM. pHuc. 3,e) NMpHKJaAbIBaeTcs K Harpyske, BhbI3biBasi
B HEH TOK COOTBETCTBYIOLIed (popPMHI.

PacueT uHBepTOpa Ha MaKCHMajbHYI0 MOIIHOCTh MO 3aJaHHbHIM YacToTe
xoneGaHnii B Barpyske f=1/T u napaMeTpaM THpHCTOpa (MaKCHMaJbHOMY
Hanpsxenutio Ha aHoge Ua. maxc, cpenseMy TOKy /o, HOMHHaJbHOMY BpeMeHH
BOCCTaHOBJIEHHS! yNPaB/AOUIMX CBOHCTB £p, nom) YAOOHO TNPOH3BONUTH B CJe-
JyloieM nopsaxe.

BriGpaB BpeMsi BOCCTaHOBJEHHS ?p He MeHee fg yom H 3Has NepPHOR KO-
neGauniit T, u3 rpaduka (puc. 4) no BeaHunHe f /T MOXKHO ONMpENeNHTH 3Ha=

H
yenusa ortHouwenust t/T u , OTKyZla Ompeje/sercs NpuBeJeHHOe Compo-
a. Maxc

THBJIEHHE n2Ry TpH i3 =ia, maxc =2/¢ U NOCTOSHHAsi BpeMeHH T. 3Has COMNpPO-

7
7 |

~ 7

TS

NN L
1 / AN 2o g
%// HERN :
%‘7 I\\ 5 4
2 p Damane| 5
Bd T

5\.; -~
S
ol
'S
N

Puc. 4.
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THBJEHME Harpy3ku Ry, HaxomuM Koshduuuent TpanchopManuu n, a U3 BH-
paxenns v=CRy — eMKocTb KoHpeHcaTopa C.

Fpapux Ey/Ua. maxc , NpUBeeHHLIE HA PHC. 4, JlaeT BO3MOXHOCTb BLGpaTh
nanpaxieHHe HCTOYHHKAE NUTagHa Ey Mo 3alaHHOMy MaKCHMaJbHOMY Hanpske-
nuio Ha Tupuctope U a, make. Ecin K. n. x. nHBepTopa Gausok x 100%, 10 0T«
AaBaeMasi MM MOLIHQCTb NPHGIM3HTENBHO PaBHA NOABORMMOIl Po=2El,.

B psme NpaKTHYECKHX CJ/iyuaes Harpy3ka HMeeT CYLIECTBEHHO BLIDaXKeH=
HYI0O HHIYKTHBHYIO COCTaBJSIONIYI0 H KOMMYTHDYIOUIHA KoHgeHcatop C uace
THUHO WJIM TOJHOCTBIO KOMMEHCHPyeTCs efo. DTO MOXKeT IPHBECTH K Hapylie-
HHIO YCTOHYMBO#H paGoOThH MHBEpPTOpA, a MpeJsioKEeHHAs BhIE METOZUKA OKa3hl«
Baercs HenpueMmseMmoil. [To3ToMy Heo6XOLHMO YBEIHYHTH €MKOCTh KOQEJEHCAaTO=
pa C Ha Bemuuuny Cy, KOMIIEHCHPYIOLLYI0 HHIYKTHBHOCTb Harpysku Ha palo-
yeil yacToTe HHBEpTOpa :

1
C. = . (3)
w2l g
OG6pasopaBluniica pesoHaHcHbii KOHTYp Ly Cy Ry ¢ Ho6poTHoCcTbIO Q H3
9acToTe pe30HaHCa MOMKET ObiTh 3aMEeHeH SKBHUBAJEHTHLIM COMPOTHBJEHHEM:

2
R, = L(l— —‘->.. (4)
Ry -

PaccmartpuBas Harpysky Kak YHMCTO aKTHBHOE CONMpPOTHBJIEHHe, PaBHOe Rj,
MOXXHO NPOM3BOAMTH pacyeT HHBEPTOPA METOLOM, H3JAOKEHHBIM BhIlLe,

CxeMa nocnenoBaTelbHOro HHBEpTOpa (CM. pHC. 2,6) NpHMeHseTCs pexe,
weM mapaJJensHoro (cM. puc. 2,a). IToapoGHbie cBeaeHus o pafole U MeTOAHKe
DacyeTa MHBEPTOPOB COAEpHKaTCs B JHTEPAType.

bectpancd)opmaropHbie
nocnegoBarefbHbie  WHBEPTOPbI
Ha YnpaBnAeMbIX BEHTHAAX
H TpaHHcTOpax

C nenbio ympolleHHsl CXeMBI B HEKOTOPHIX CJlydasix Lesecoof-
pasHO Hchoab3oBaTh GecTpancOpMaTOpHBIL HOC/TEAOBATE/bHBIH
nnBeprop (puc. 5). Tupucroput Ty u Ty OTnHPAIOTCS MOOYEPENHO
NOJIOXKUTENbHBIME HMIYJAbcaMU yOpaBJsiollero ycrpoiicrea YV,
Ilpu ornupanun tHpHCcTOpa Ty
TOK HCTOYHHKA nHTaHus Ey mpo-
TeKaeT duepes TtHpucrop [y, D T,
HHIYKTHBHOCTh L, KOHZeHCATOp Q
C ¥ COTNDOTHBJIEHHE HATPY3KA
R, . Koupencarop C sapskaer- Ly ¢ 5.
ca. Ilpu ornupanuu TupHCcTOpa £
T, xongencarop C paspaxaercs 9Y | 7-
uepes HHAYKTUBHOCTb Lj, THpH-
crop Ts H CONpOTHBNEHHE Ha- T,
rpysku R,. Takum o6pasom, uge- z
pes Harpysky npoTeKaeT 3Ha- y T
KonepeMeHBRIE TOK. [as o6ec-

NeyeHusr 3anupanus OLHOTO TH- Puc. 5.
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pucrepa npu orndpaHud apyroro koutyp Ly, C, R, (unu L, C,
R, ) nomxeH GbiThb KoJeGaTeNbHBIM C YaCTOTOM COGCTBEHHBIX
KonieGaHul wo, GOsbLUCH, YeM OCHOBHAf 4acCTOTa TIepHOAUYECKHU K
KoJieGaHHR B Harpyske .

Tox B narpyske usmensercss mo 3aKOHy 3aTyxalolefi CHHYCO-
napl (puc. 6,a), 8 MomeHT f; o6paiaercs B Hylb H NPeKPallaeTca

4] i,
|
! ¢
14 ! L
ty iy t, ¢t ts
R
Ly
fﬂ — ”0! MIKC
N4
ol
¢, t
8 kv,
Epb— ——Yas moxe— —

Puc. 6.

B CHJy YHHIOJSIpHOW mpoBoxuMOCTH THpucTopa. CooTBeTcTBEHHD
panpsikehne Ha WHAyKTHBHOCTH Up, oO6pamaercs B Hy.ab (puc.
6,6), a nanpskende Ha aHofe (puc. 6,8) CKauKoM yMeHbIIaeTcst
HA TAKYIO e BeJHYHHY H OCTaeTCA HeH3MEHHbIM N0 MOMeHTa I3,
xorna ornupaerca Tupucrop Te. ITocse storo mpoucxomur BoC-
CTaHOBJIEHHE HCXOXHOrO HampsiKeHHd Ha KoHAeHcaTope C (Ha
anone tupucropa T) u mpoluecckl B HHBEPTOpe MOBTOPSIOTCH.

CKOpOCTb HAPaCTaHHA TOKa [y =iy (pHuC.6,0) MaKCHMa/bHA B MOMEHT ¥=0
H paBHa

1
S Make, — Zl—'Ual.Maxc- (5)

Ecan 3ajaHel NpefenbHO NOMYCTHMble 3HAaYeHHs HanpAmeHus Ha THUPUCTO-
pe! Ual. make, TOKH Iy # ial, make, CKOPOCTb HAapacTaHM# TOK2 Syaxe, 4acTOTa

I Pacuer CienyeT BeCTH HCXOAst M3 MoHmxenHoro sHaueHun Ual, maxe Yd-
THIBAS BO3MOJKHOCTb MOfABJIEHHSA COGCTBEHHBIX KOJMEGAHH{ B KATYWIKAX HHAYK-
TusHoCcTH L) B Ly B MOMEHTHl CKAYKCB HANpSAMKEHHil HA HHX,
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reHepupyeMHX KojeGanuii @=2m/T, 3aTyxaHHe KOHTypa &, HOMMHA/JbHOE BpC-
M5 BOCCTAHOBJIEHUS 3/IEKTPUYECKOH MNPOYHOCTH THPHCTOPA fp, wom, TO MOXKHO
peKaMeHI0BaTh CJeIYIOUUA NMOPANOK pacueTa HHBepTopa. BriGpaB Bpems Boc-
cTaHoBJeHHUSA fp> is. oM, H3 rpadukoB puc. 7 ml) H3BecTHbIM tg /[T u O HaiiTh

2

1
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fal, make
0 o -
Tpapug — O3BOJIAET N0 H3BECTHOH BeJHUYHHE §p HAUTH
2 U al. maxe

8o Zal. makc

3HayeHHe ‘E— -E-—, OTKyZa onpenensercss eMKOCTh KOHZEHCATropa

U al. make
C u Benuyuna uaayktuBHOCTH L), ConpoTHsieHHe Harpysku paso R,=2aLi.

N pd
E, 7

= -1

Unmaxey CUn maxc

N~
o L
N
8
s
-
]
\

e

AN

1 lgy Maxc\/Zr .
64 Ugy marc ¥ €

Puc. 8.

[Ipn pacueTe reHepaTopa HH3KHX HaCTOT 33 OCHOBY MOJKHO NpHHATH [
1
--é—néo I,T
Tonbaysick rpadukoM e =
CUa,MaKC
KoHpeHcatopa C W 3areM BenHuuHy HHAYKTHBHOcTH L; (mo L,C), mocne wero
cnepyer yGemHThCHA, YTO 3HAYEHHA [a]. makc H S makc He NPEBHIAIT AQUy-
CTAMBIX BeJHYHH. B NpOTHBHOM ciyuae CJENyeT HCXOLHTh H3 rpaduka win
$hopMyJIbl, ONPenesTIONIHX BeJHUHHY MaKCUMaJbHOTO TOKA f,. maxec HJH MaKCH«
MaNbHO/ CKODOCTH ero HapacTaHHs Swaxc, FBJSIOUHXCH OrpaHHYHBAOMHME
¢dakTopamu, Ha BBICOKMX reHepHpyeMBIX u4acCTOTax pacyer uenecooGpasHo Ha-
4YaTh MO H3BECTHOH BeJMYHHe CKODOCTH HapacTaHHUft Swakc , MPOBEpUB 3aTeM
Beauuunsl Iy u ial, makc »
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Ecnu TpeGyeMast MOIIHOCTb FeHepaTopa HeBeJHKa, TO B cXeMe
MOCJIe[0BATEIBHOTO HHBepTOopa (CM. pHC. 5) leaecoo6pasHO mpu-
MeHUTb TPAH3UCTOPBI, TaK KaK OHH 06/1afaloT 3HAUHTEJNbHO Jy4-
LIAMH YaCTOTHBIMH CBOMCTBAMHM, yeM THPHCTOPHL. DTO MO3BOJSAET
CyLIeCTBEHHO PaCUIMPHTh AHANA30H YaCTOT TeHepHUPYeMbIX KO.JIC-
Gauuit ¥ yaywmuTh GOpMy TOKa B uenu Harpysku. [Tepek/iouente
Harpy3o4Horo KOHTypa ¢ OAHOro TpaH3HCTOpa Ha APYroit Moxer
6bITb OCyLIECTBJIEHO 3a O4eHb KOPOTKOe BpeMs, MO3TOMYy HHIYyX-
TUBHOCTH Ly u Ly (puc. 2) MoryT ObiTb OODBELHHEHB! H BKJIOUEH LI
B 00Iyio BeTBb 060UX TPaH3HCTOPOB (pHcC. 9,a).

Puc. 9.

Ilast monyuenust Toka, GJH3KOro K CHHYCOHJAJbHOMY, KOHTYD
L, C, R, uenecooG6pa3Ho HAaCTpPOUTb Ha YacTOTy reHEpHUPyeMbiX
kosieGanuit. [TogoGHBIN pe30HAHCHBIH HHBEPTOD MO CYyIIECTBY
npeacrasJ/ser co00f OJHOKOHTYPHBIH [ABYXTaKTHBIf YCHJIHTEb,
paGoralowWwuit B KjaoueBoM pexuMe. Takoll ycuaHTe]b HHOTAA
HasbiBaerca ycuiaurteseMm kaacca [[. C ueabio yaydmeHdus: (uib-
TpaUMH BLICIIKX FaPMOHHK TOKa, COrJacoBaHHsA reHepaTopa ¢
HACPY3KOW U T. I, BMECTO OMHYECKOro CONPOTHBJIEHHS HArPy3KH
R, Moxer ObiThb BKJMWOYeH napaJsenbublii koutyp L., C., R,
HACTPOEHHBIH Ha 4acTOTy reHepupyeMbix KoseGanuii (puc. 9,0j.
Cuctema u3 n8yx koutypoB L u C, L, C,R, ¢o0 cTONpOLEHTHOD
CBSI3bI0 MeXAYy HUMH {cM. puc. 9,0) MOXKeT ObITb 3aMeHeHa JKBHU-
BaJIEHTHOH CXeMOH M3 ABYX KOHTYDOB, CBS3aHHBIX MEMXAy CO6Oi
C MOMOIHHI0 B3aUMHON HHAYKTHBHOCTH KaTyumek L u L, aunGo
KOHAYKTHBHO 4epe3 KOHAEHCATOD MJM HHAYKTHBHOCTb, SBJSAIO-
H(Hecsl 4acThIO €MKOCTHBIX HJIH WHIYKTHBHBIX BeTBeil KOHTYDOB.
Uuco cBA3aHHBIX KOHTYPOB MoXKeT ObiTh GoJjiee JIBYX,

[Mpunuun AeficTBHA cXxeMbl (CM. pHC. 9,8) COCTOUT B CJeAyIO-
mem. Ha Bxoxuo#t Tpancdopmarop Tp oT reHeparopa ¢ 60JbWIAM
BHYTPEHHHM COMPOTHBJIEHHeM (HampHMep, H3 KOJJIEKTOPHON Lenu
TPAH3UCTOPHOTO YCHJHTENsI) MOJAETCH BXORHOW curHald iy,
uMmeroui ¢opmy, 61u3Kyio K cunycoupanbroit (puc. 10,a). [lo-
JIOXKHTE/NbHAS [OJyBOJNIHA 3TOr0 TOKa OTmupaeT TpaHsuctop Ty,
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nepeBojs €ro B PEXHM HACHIIIEHHA, IPH KOTOPOM TNajeHHe Ha-
NpsiXKeHHs Ha yuacTKe SMHTTeP — KOJJIEKTOD OJH3KO K FHyJIo,
Ha 6ase Tpansuctopa T2 B 3T0 BpeMs OTpHIaTe]NbHOE Hampsixkes
HHe ¥ OH 3amept. Bo BpeMsl oTpHIATEJNbHON NMOJYBOJHB BXOLHOIO
curHazna iy , Hao00poT, 3amept TpaHsucrop T;, a OoTmepr TpaH-
aictop 7.

Al \ég

X

N~y

f) A,

V"!‘-

~IN

p—
~
~olw
\’

> \"“‘"
= '

a9 by

EEE)
~f————

]
rojs

Puc. 10,
18



VuuTeBas, yTO MajcHHe HANPAXKEHHS HA TMONHOCTbIO OTMEPThIX TPAHIUCTO-
Eax HeBeJMKO, MOXHO CYUHTaTb, YTO HanpsikeHHe U, NpuioxeHHOe K KOHTYPYy
, C, Ry, umeet dbopMy, 6auskyio k npsvoyroasHont (puc. 10,6). Ammantyzna

1
KoseGanuit paBHa—2—-Eo (oTcueT BefeTCs OT CPeNHEro YPOBHS, PaBHOro -2—-Eo).

AMIINTYAa MepBoOil TapMOHWKH 3THX KosieGaHHE Up, cocrasaser 4/n ot Eof2,
T. €.

U, = —i-Eo. (6)

Baaropaps koutypy L, C, Ry, HaCTPOGHHOMY Ha MepByi0 TapMOHHKY, TOK
fy B COMPOTHBJCHHM Harpy3ku Ry cusycompasned (puc. 10,8) u rnporexkaer no-
ouepenno uepes Tpausucropst Ty u Ty (pnuc. 10, ¢, d). Amnantysa Toka paBHa

U 2E,
[p=ln =2 7)
m Ry TRy (

TTocKOABLKY HMMNYJBCH TOKOB yepe3 TPaH3HCTOPH KOCHHYCOMIAIbHH, C yr-
JoM otcedkrn 90° (TO eCTb HMEIOT AJIHTENbHOCTb, PaBHYIO MOJIOBHHE MepHolA
KoJie6aHuil), MOCTOsIHHAsi COCTaBJAOllas TOKAa, MPOTEKAaioLuero 4Yepe3 TpaH3u-
CTOpBI H HCTOUHUK nuTaHusa E,, paBHa

1 2E,
L= Ly %o 8
0 x ™ J‘I:QR“ ( )

B KJII04€BOM pekMMe TPaH3HCTOP B MPOBOMSALIEM COCTOAHHH MOJHOCTHIO
otnept. lpu 3TOM €ro NHHAMHYECKO XapaKTePHUCTHKON ABASETCA JIHHHA Kpu-
THYECKOTO PEeKHMA C KPYTHsHOi Skp . BHyTpeHHee cOnpoTuB/eHHe TPaH3HCTO-
pa B 3TOM pexume paBHO R/ . xp=1/S«p, a MajeHue HaNpAKEHHS Ha KOJIEK-
TOpE CBA3aHO C TOKOM iy 3aBMCHMOCTBIO

UK =R[.|(p ix=i[(/Sxp=iK/Sl(p' (9)

Takum o6pasoM, ¢opMa Hanps:KeHHs Ha KoJuekTope (cM puc. 10,6 Ha
yuactke ot {=0 mo ¢=T/2) cooTBeTcTByeT (opMe TOKa KoJjektopa (ir, Ha
puc. 10, 2). CymMmapHblit TOK 060HX TPAH3UCTOPOB MMEET CHHYCOHAANbHYIO thop-

My, MOSTOMY MOILHOCTB NOTEPb HA ABYX TPAH3HCTOpax paBHA —2_'1513_, a
L'y
Ha KaX/OM H3 HHUX MOTEPH COCTABJAIOT: P
1 E2,
Pir= 2 = . 10
not 4SKp m ﬂ:"’SKpR’n ( )
K. 0. A TPaH3UCTOPOB MO KOJJIEKTODHO!H Lenn! paBeH;
2P 1
g L (11

Eyly Skp Ru '

TTopsiZoK pacueTa mnapaMeTpPoB Pe3oHAaHCHOro wuHBepTopa (cM. puc. 9.a)
Ha MaKCHMaJbHyIO [/ BHGDAHHOrO THMA TPAH3HCTOPA MOLIHOCTH CJIEAYIOM{HIT.

Hanpsxenne E, MCTOYHHKA NHTAHHS CJedyeT BHIGPAaTh PaBHBIM MaKCH-
MaJjbHO JAONyCTUMOMY (NHKOBOMY) 3HAUGHHIO KOJIEKTODHOrO HafpAIKEHUA
Tpausucropa. PaKToOpOM, OrpaHHYHBAIOMMM BLIGOD COMPOTUBJIEHHS Harpy3kH
Ry, Moxer GbITb MaKcuMaJbHoe, [, , win cpenHee, [y, 3HaueHHe TOKa, JH$0
MOUIHOCTb MOTEePb B TpaH3HCTOpe Ppor. COOTBETCTBEHHO BENHYHHA Ry  HOINK-=
Ha OblTh BbIGpaHAa PaBHOH HauGo/bUIeHl H3 TPeX BeJHYUH, onpejendeMblx H3

! Be3 yuyera moTeph BO BpeMsi MePEXOAHBIX MPOUECCOB, CBA3AHHBIX CO CKau-
KaMy HanpsAMeHdsds Ha KOJIIeKTopax. o1H NOTEPH BO3PACTAIOT C 4acToTod H Ha
AOCTATOYHO BHICOKMX YaCTOTAX MOTYT CyUIeCTBEHHO MOHU3INTL K 1. A.
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gopmya (7), (8) u (10). Onpenesns k. n. g. 1o ;bopuy:xe (11) m momyocTs,

OT/[laBaeMyl0 HCTOYHHKOM NHTaHHsa Py=Ey/y=

MOXKHO HaATH MOILHOCTH

0
nR 1-1,
B Harpyake Py =1P,.
Jlis ofecreueHHs BEICOKOro K. m. 4. KoHTypa L, €, Ry ero 10o6poTHOCTD
Q caenyer BrGupaTh HeGoabwnoi (He Gosee 5—I10). ITocae BHGopa Q HeTpyX«

1
HO ONpEleNHTh BENHYHHY HHIAYKTHBHoCTH L=-—R,Q Hu Beinunny eMEOCTA
o

xoHaeHcaTtopa C=1/oRy Q.

Ecnu cornacHo puc. 9,6 BRJAIOYeH Napas/ielbHEII KOHTYp (WM cucTeMa
CBA3aHHHX KOHTYPOB), TO BMECTO Ry B pacuere AOKHO QHIYDHPOBAaTh 3KBH=
BaJIeHTHOE BXOLHOE CONpPOTHBJIEeHHE Ry 3TOro KOHTypa Ha 4yacToTe @ (WMeercd
B BHZY, 4TO KOHTYP HacCTpOeH Ha 5Ty 4acToTy).

TenepHpoBahHe NpEPLIBHCTBIX KoneOauii

B HekoTOpPHIX cayuasx Leaecoo6pasHO HCMOJb30BAThL 3aTy+
xalomue KoJjeSaHus BBICOKOH 4YacTOTH HJH KOPOTKHe DafHOUMS
nyabchl. HanGosmee nogxodfiuiiMu AJs 5TOH IleJd  KJIOYEBbIMHU
npubopaMHu SIBJAATCA HMOYJbCHBIE BOLOPOJHbIE THPATPOHEL,
Onnako u3-3a 60/BLIOT0 BpeMeHH BOCCTAHOBJEHHsS 3JEKTpuye-
CKO#t MPOYHOCTH (f, ) NMPH HCNOJb30OBAHHH HX B CX€Max HHBEPTO-
POB HAaCTOTHl IeHepHpyeMbiXx KoaeGaHHi OGBIYHO He MOryT OBITE
Bbillle HECKOJBKHX KHJIOTeplL.

[IpepriBuCTEIE KOJeGaHnA BBICOKOH YacTOTHI MOTYT OHITH MO+
JAy4yeHBl C ITOMOIBIO CXeMEl, H306pa)keHHOR Ha pue. b1,

4

E
+

Puc. 11.

B Mowment {=0, HemocpeacTBEHHO NPEAUIECTBYIOMMHUA BKJIIOUe-
HHUIO THPATPOHA, KoHAeHcaTop C, 3apsiKaercs oT HCTOYHHKA U~
Tanua Ey 10 HEKOTOPOro MOJOXKHTEeJbHOro HanpsikeHHa E. Llens
3apsifa cocrout u3 muopa [, mpoccens L,, H KonebaTeabHOro
koutypa Cy, Ly , R, . Tuparpon nom:uraercsi KOPOTKHM IOJO-
xureabnbiM HMmnyabcoM Ug  (pue. 12,a), u Kouwpencarop €,
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paspsIKaeTcs Uepe3 lemb Pa3psina, COCTOAULYIO H3 KaTyIKH Ma-
J0ii HHIYKTHBHOCTH L, , THpPaTpoHa M HAarpy304HOrO KoJieGaresb-
Horo kontypa Ly, Cy, Ry . TlapameTprl 5TO/ LenH BHIGpaHb! Ta-
KMM 06pa3oM, UTO uepe3 THPATPOH NMPOTEKaeT KOPOTKHH HMIYJbC
Toka (pue. 12,6), yRapHO BO3GYXAaloLluii KojleGaHHs B KOHType

Puc. 12.

Ly, C, R, (puc. 12,6). K Momenty ?; Kouzencatop C, mepe-
3apAxaercad M Hanpsikenue U c, Ha HEM (puc. 12,2) e¢ranoBurca
OTPHLATEJbHBIM, PABHHIM N0 BeJHYHHE HJIH GONbIIMM aMIAHTYIbI
koseGaHHil HanmpsKeHHs Ha KOHType. DBaaromaps stomy mamps-
xenne U, Ha aHOlle THpPATPoHA COXPAaHSAETCA OTPHIATENbHBIM
B TeueHHe BpPeMeHH I ={f;—I;, OmpeJe/aeMoro 3apsaHbIM MNpo-
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ueccoM Konaencatopa C, H He 3aBUCSUlro OT NepHOaa reHepil-
pyeMbiX KosieGaHHil BbICOKON 4acToTel oo (pHc. 12,0). Buibupas
BeJH4YHHY WHAYKTHBHOCTH 3apsiHOro gpoccens L,,  mocrarou-
o 6oJbILOH, a 4acTOTy CJAeXOBaHHS HMNYJ/bCOB, NOAKHTAIOLHX
TUPATPOH, HU3KOH, MOXHO obecneuutb Gosibiuoe Bpems ¢, =lr—,
(puc. 12,0), B TeueHue KOTOPOTO Hanpsi’KeHHe Ha aHOIe THPATPO-
Ha OTPHUATEJNbHO H OH MOJIHOCTbIO BOCCTAaHABJHBAeT CBOIO JeK-
TpHYECKyI0o MpoyHoCTb. DBuaaromaps gmuomy A (puc. 11) nocae
OKOHYaHHs 3apsina Konaencatopa C, Ha HeM COXpaHseTCsa Ma-
KCHMaJlbHOe MOJIOKHTeJbHOe Hanpsi:Kenne E.

B MoMeHT f; TOK { yepea THPATPOH paBeH Hyal0. Bo H3GemaHue cCKauxa
HaNpsiXKeHHss Ha aHoJe THPATPOHa Heo6GXxoauMo, 4TOGH 0GPalaNoch B Hydb
HanpsiKeHHe Ha HHIYKTHBHOCTH Lp, TO ecTb mpou3BOAHas ToKa i Gblia paBiia
nyato. Hanpaxenue Ha anone tupatpoHa (puc. 12,0) ocraercsi oTpHUaTeNbHbIM
B npouecce NMOCAeAYOUHX KoJe6GaHHil BEICOKON uacToThl, ecniu Hanpsxkenue U g
B MOMEHT f; MaKCHMaJjbHO, TO €CTb MPOH3BOAHAS OT 3TOr0 HaNpsiKeHHs paBHA
Hym0. DTH TPH YCJNOBHS MO3BOJIAIOT YCTAHOBHTH CBfA3b MKy HANpsiKeHHAMH,
napaMeTpaMH CXCMbl 1 HalHTH wofy:

Ey=02E; C,=9C/16; L,=25L,[9; wot=497. (12)
MakcuMasibHOe M Cpeliee 3HaueHHs TOKa THPaTpOHa i PaBHHL:

{ware. = 1,08 E/woL,. (13)

ly=16C,F,E, (14)

rae Fn = 4acTOTa MOBTOPEHHS PagHOHUMIMYJILCOB.
Bpems, B TeueHne KOTOPOro MOMKeT MPOHCXONHTh BOCCTAHOBJICHHE 3/EKTPH-
YeCKO#l NPOYHOCIH THPATpOHA f g ={;—F|, ONpene/sieTcs U3 YCIO0BHS:

© sapt 0 =1,32. (15
3apsp NpoHCXOZHMT 3a MOJOBHHY MepHOZa COGCTBEHHOH YacTOThI 3apAAHOil

uemu T zap f2=1/2Fzap :-=nlf Laap Cp =n/®39p, MO3TOMY HaCTOTa MNOBTOpE-
HHA DAAMOMUMNYJbCOB Fp He A0/KHA npesbiiaTh 2/Tzap , TO €CTh

Fo o lme (16)
19

Pacyet reHepaTOpa no 3aIaHHLIM MaKCHMaJbHO LOMNYyCTHMOMY Hampsxe-
uuio Ha aHole ThpatpoHa Ur, maxc =E, MaKCHMa/JbHOMY 3HaueHUIO iyaxe H
NOCTOAHHOW cocTaBasowell [, ero ToKka, HOMHHAJbHOMY BPEeMeHH BOCCTalOBJE-
HU5 3JCKTPHUECKO# NPOYHOCTH fg wyom M HACTOTE TeHepHPyeMbIX KoneGaHuil
®=@y CBOANTCH K CAELYIOLEMY.

3anaBas BpeMs BOCCTaHOBJieHHS [p> s, wom , H3 (opmyan (15) onperne-
JUTb 4acTOTy KoseGaHHil wgap 3apanHoii uend. Mcnonbsys sblpaxenue (16),
paccuMTaTh 4acTOTy MOBTOPEHHs PagHOMUMNYJbCOB Fp, mocie uero HaiiTH Beau-
yuHy eMKOoCTH KoHzeHcaropa Cp u3 ¢opmynsl (14). Popmyna (12) nossosser
onpegesHTh BeJMuuHy eMKOCTH KoHaeHcatopa Cy, pasuyw Cyx =16Cp /9; Benu-
YHHBl MHAYKTHBHOCTeH KOHTypa — Ly =1/0%Cy, paspsgHoii u 3apsgHoil ue-
neit Lp=25Ly[9; Laap =1/0%,3pCp, a TaK¥Ke HanpskeHHe MCTOUHHKA MHTa-
nua Eo=E/5. TTo dopmyne (13) npoBepHTb, He mpeBHILAET JIH 3HAueHHe TOKa
imake ROMYCTUMCro. B MpOTHBHOM cayuae BeJHYHHY Pa3pAAHOfl MHAYKTHBHO-
cTH cjefqyeT onpegeinTb u3 dopmyast (13) u nepecuuTaTs OCTajibHbie BEJIHUH-
nbl o popmynam Cp =1/w%Lp; Cx =16Cp [9; Lk =1/0%Cx; Lsap=1/©?32pCp°
Beqnuuny Toka [, ompenenntb u3 dopMyast (14). MouHocTs KosieGaHuii pas-
na Py=Py=Eil, a MakcHMaibHbIi TOK 3apsfHOil LeNH — izap, make ==

‘=0,8E'/-CP /L3ap..
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TesiepaTopsl NOBbHUEHHbIX YacTOT
Ha YAPaBNACMbIX BEHTHAAX

OcHOBHBIM (PaKTOPOM, OTpPaHHUMBAIOUIMM UYaCTOTy CeHepHpye-
MLIX KOoJle0aHuH B cxeMax MHBePTOPOB (CM. puc. 2 u 5), sABagercs
HeJ0CTaTouHOoe BpeMf £y, B TeUeHHe KOTOPOro ylpasJjsieMble BeH-
TIJIA MOTYT BOCCTaHAaBJIMBAThb CBOIO 2JIEKTPHUECKYIO MPOUYHOCTS,
NOCKOJBbKY 3TO BpeMs OObLIYHO MeHee ONHOH UYeTBEPTH MEpHOAA
reHepHpyeMbiX KoseGanuil. B cxeMe B030y:KIeHHs NPePBIBUCTHIX
kKoneGauuit (cM. puc. 11) 370 BpeMs MOXKeT COCTaBAATbL MHOIO
IePHOMOB BHICOKOH YacTOThl, 6Jarofaps TOMy 4To MoCJje 3amupa-
HIIfl KJI04eBoro npubopa (THpaTpoOHA) HANpPSKEHHE HA €ro aHoAe
octaercs orpuuareabHeIM (cM. puc. 12,0). OueBuano, uto no-
D0G6HBIA CHOCO6 MOXKeT ObITh HMCMOJb30BAH M AJA FeHepHPOBAHHS
cnabo3aTyxamolux KoJeOaHMl, KOTAa BPeMsl BOCCTAHOBJIEHHS £,
cocTaBJisieT He0OoJ/IblIOe YHCJO NepPHOJOB BHICOKOH YaCTOTHI, OJHA-
KO B 3TOM CJyuyae B KaXXABIH MOMEHT OTNHPAHHUS YNPaBJSEMOro
BEHTHJA (THPHCTODA HJIM THPAaTpPOHA) Ha ero aHojie, MOMHMO Ha-
npsoxenus 3apsana E koupencaropa C,, Oyler elle He3aTyximee
nHanpsixkenne U, KoseGaTe/bHOrO KOHTYpa, KOTOPOE MOJI:KUO
OLITh yuTeHO NpPH pacueTe pexxuma paboOTHl reHepartopa,

B umenax yayumendsa
tbopMul 3apaARHOH KpH-
Boil konpencaropa C,,
YCKOpeHils mpouecca mne-
pesapaja u HCIOJAb30- #j
BaHUA €ro AJf TeHepH-
poBanHsa KojeOaHul - g
BMECTO OJHOTAKTHOU
cxembl  (cM. puc. 11)
Lesnecoo0pa3so npuMe-
HHTb ABYXTaKTHYWO (CM.
puc. 5), 3aMeHHUB B Hell Puc. 13.
aKTHBHOE  CONPOTHBJE-
uue R, xone6atenbHbiM KoHTypoM Cy , L, , R, (puc. 13).

Tupucropul Ty u Ty mooyepesHO OTNHPAIOTCH KOPOTKHMH HM-
nyabcamu Uy 1 Uy,  (puc. 14,a, 6), B pesyabraTe 4ero yepes
xoupencatop C, u kouryp L., C,, R, TpOTeKalOT HMMyJbCh
TOKOB TUPHCTOPOB (i) H iz Ha puc. 14,8, 2), BRI3bIBaIOLIHE Mepe3a-
pan xonxencatopa C, \(Ucp Ha puc. 14,0) u Kose6anus BbicO-
xolt wacrotl U, B xontype Ly, C, R  (puc. 14,e). Hanpsxe.
nua U,y u U,s Ha asojax THPHCTOPOB CKJanbiBaioTcs u3 U,
1 Uyx (puc. 14,0¢, 3). [TapameTpsl CXeMBl BHIGpaHbI TAKUM oépal3
30M, UTO TIOCJI€ OKOHYAHHS HMIyJbCa TOKA Ha KaXKAOM H3 THPHU-
CTOPOB COXpaHfieTcsd OTpHLATeNbHOE HaNpsKeHHe JO MOMelTa
nepesapsifia, ONpejensdeMoro MHOJOBHHOH mepHoga NOBTOpeuud
HMIYJIbCOB TOKA THPHCTOPOB,
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Tlocko/IbKy 4acTOTa MOBTOPEHHS YMPABASIOMAX HMAYJIbCOB
B 1 pa3 MeHbIlUe YaCTOTHl FeHEPHPYeMbIX KoJjieGaHHiH ®, FeHepaTop
(cM. puc. 13), no cymecTtsy, paGoraer B peXHMe ABYXTaKTHOrO
YMHOXHTENA yYactoThl. Bo Bpema may3nl MexAy HMNyJabCcaMy
Toka B Koutype L., C., R, npoucxomatr cBoGonHble KoJNeGaniis,
KOTOpble MOTYT HeCKOJbKO 3aTyxaTh 3a 3To Bpemsd. Ilaa ycrpa-
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HEHHMs1 3TOro HeJOoCTaTKa 11€J16C006p33H0 HCNONb30BaThL HECKOJb-
KO nap THPHCTOPOB H paspsiHbIX Leneil, pa6oTalomuX Ha OGIHHNA
KOHTYP Harpys3xku. Boi6upas onpejeseHgyio NOC/JEAOBATENbHOCTb
BKJ/IIOUEHH THPHCTOPOB, MOXKHO AOOHTbCA YBesHYEHH 4acCTOTh
TIOBTOPEHUS] MMIVJbCOB TOKAa B 4YHMCJO Pas, paBHOE uHCay nap
THPHCTOPOB,

PaGounit (pacueTHbI) peXHM reHepatopa OnpenesnsieTcs CJeAYIOUHMH yC-
noBusAMH. B MOMEHT #; OKOHuaHHA HMNyJbca TOKA {, KaK M IJs rexepaTopa 3a-
TyXawuux Kone6anuii (cm puc. 11), npon3poaHas ToKa i Jo/xHa OHTb paBH2
HYJIO, a HanpsxeHHWe HAa KOHType Harpy3km Uy MakCHManbHO H paBH@ 1O
BeJIMYHHE OTPULATeNbHOMY HampsKeHuio nepesapsfa Konuaencatopa Cp, TO
€CTh aHOQHOe HanpsKeHHe, MPeACTaBJflollee CYMMY 3THX HanpsiReHHii, TaKxe
JONXKHO GhiTh paBHO HyJmo. KOHTyp Harpysk# aoJ/iKeH GbiThb HAacTPO€H Ha ua-
CTOTY reHepHpYyeMbIX KoseGaHHuil @.

M3 sTux ycnoBuit MOMHO HailTH CBA3b MaKCHMalbHOrO 3HaueHHs TOKa
iyake € aMIIHTYNOIl NepBoii rapMOHUKH [ gxr, NOCTOAHHOI cocTapasomedt [y
H KO3(HIHEHTOM YMHOXEHHS Y&CTOTHL n:

1 4y =0,495 iyaye /t; F0=0,375 iyae /n. (17)

Qdopma uMnyabca ToKa i nokasana na puc. 15. CkopocTb HapacTauus
(npon3BojHan) TOKa B HaualbHBIi MOMEHT MaKCHMaJbHa B paBHa

S -‘-=E/Lp « (18)
ty
ta manc
1
75
05
025
wt
Puc. 15. 0 50 100 150 200 250 epad

MakcumanbHoe (NHKOBOE) HanpsieHHe Ha aHOJe THPHCTOpA CBA33HO ©
amnautynoit Uy, KoneGaHui HanpsikeHus Ha KoHType Ly, Cyx . Ry, Hampsaxe-
uiem E Ha xonpeHcaTope Cp M HanpaKeHHeM HCTOYHHKA NuTaHmna E¢ coortno-
LieHueM

Us. waxe =3,37 U= 1,422 E=246 E,. {19)

IpeneGperas moTepsiMu, MOMHO BHIPa3HTb TOKH [ M imakec uepe3 €MKOCTb
xonpencatopa Cp:

o= 0,375 iygqe = 2CpYamare (20)
n 4 nn

EmKkocTe Kongencatopa Cp M MHAYKTHBHOCTL KaTywlku Lp CBa3anum pa-
BEHCTBOM

- (21)
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OKBHBAJEHTHOE AKTHBHOE COTPOTHBJECHHE KOHTypa Harpysku Ry (cM.
puc. 13) pasuo:

Rx': U — 0,855 nE (22)
mlaer Miyvaxc
Tle m — YUCJI0 THPHCTOPOB B CXEME reHepaToposB.

f )
KosdduuneHT yMHOXKEHHST 4acTOTEI MOBTOPEHHS N=-——"=
Fn 2nFg
REIOURATE HCXQNA. ¥3 YCI0BHS obecrnedeH#s NOCTaTOYHOrO BpeMeHm fp (puc.
14, 2c),, B. TeueHHe KOTOPOrO Ha aHOJe COXPAHAETCS OTPHUATE/IbHOE Hampsxke-
Hie, HeaGXOZMMOe IJi BOCCTAHOBJIEHHsS €ro 3/eKTpHYecKoi mpoyHoctd. Co-~
T T
TJIaCHO pHC. 14, o, 3TO RpeMs MOXKHO CUHTaTb DABHBIM: ann—2'—-t,=n—5—
—0,75T. Ono nonxkHO ObITH He MeHee HOMMHATBHOrO g, yom TpeGyemoro mo
nacnopty npu6opa. ITosToMy BEIGOp KO3(hGHIHEHTa YMHOXKEHNS 1 MOXKHQ NPO-
M3BOANTL HCXONS H3 HEPaBeHCTBA

n> ?-LT&m+ 15. (23)

Pacuer napaMeTpaB reHepaTopa IO 3aJaHHBIM MAaKCHMAJbHOMY (IUMKOBO-
My) HanpsKeHHIO Ha aHofe U'a, makc, KPyTH3HE HapacTaHHS TOKA B MOMEHT
BK/OueHHst Sy (B aMmepax Ha CeKyHOY), MOCTOSTHHON coctaBusiowmedt Jp u Ma-
KCHMA/NLHOMY 3HAUEHHIO iyake TOK2a THPHCTODOB, BPEMEHM BOCCTAHOBJICHHA
2JIEKTPHYECKOM TIPOYHOCTH £ 5, wom H YaCTOTe TeHepPHPyeMbIX KoJebaHHi o=
=25tf=2n/T cBOAMTCS K CNEAYIOILIEMY.

Hcnoan3ys HepaBencTBo (23), RBIGpaThb HaHMeHbllee YAOBJeTBOpPSAKOIIEeE
€My HeyeTHOE YMCJIO /1 M HafiTH YacTOTy NOBTOPEHHS HMIYJbCOB KaXAOro TH-
pucropa Fp=f/n. ®opmyna (19) nosBossieT BHIYHCAUTH HaNpPsiKeHHe HCTOYHHM-
kKa nutadua Eo, Hanpsxenune E Ha Konpgencarope Cp ¥ aMIVIMTYLy Hampsixke-
uua U,, Ha KoHType Harpysku mo H3BeCTHOMY Ua. makc. VIHAYKTHBHOCTb Ka-
TymKkH Lp MOXHO HaiiTu M3 Bhpaxenus (18), a emkocTe KoHmencatopa Cp—
u3 (21). Qopmyant (17) m (20) nalOT BO3MOKHOCTH OMpPefeNHTh TOKH lo
iyake H laxr, TOC/TE YEro HETPYIHO OMpPeNeJMTh CONpPOTHBJeHHe Ry 1o (op-
myJae (22). MoOILHOCTh. Ha Mapy THPHCTOPDB MOXKHO CUYHTaTh paBHOR Pyx =
=nEyl,, rae K. 1. A. 1 o6bluno 6au3ok k 100%.

Eciu npu pacuete OKAaXKeTCs, YTO 3HAUEHHs TOKOB iyaxe M/IH [o, HalineH-
Hele 1o ¢oepmyne (20), Gonblle HZONYCTHMHIX, TO CJeayeT HCNOJb3OBATh 3TY
(opMyJly AN BBIYMCJEHHS eMKOCTH KoHfgeHcaTopa Cp NO IOMyCTHMBIM 3Haye-
HHAM iyaxe M lo, TIDECUMTAB MHIYKTHBHOCTb KaTymikKM Lp H CONPOTHBJIEHHE
KOHTypa Ry cooTBeTCTBeHHO mo ¢opmynaam (21) u (22).

Tenepatop rapMoHMueckHX HomeGanii
€ HHRYKTHBHDIM HIKOMWTENSM

PaccmaTpuBaeMbll K/110UeBOH reHepaTop OT/IHYaeTcsl oT 0ObId-
HOTO YCHJINTeJIl BLICOKOH 4YacCTOTHL Kjlacca B HajuupeM HHIYK-
THBHOCTH L, , BK/IIOUeHHOH MeXAy aHOIOM 3JeKTPOHHOH JaMmb!
u Ko/ebaTenbHbIM KOHTYpoM. I1pH mocaeapBaTeibHOM BK/IIOUSHHI

I Huxe /s OnpeleseHHOCTH DacCMaTpHBaeTcs o/eKTpoHHas Jjamna. Oxn-
HQKO BMECTO JIaMIIbl C PaBHBIM OCHOBAHHEM MOXKeT GbiThb B3fAT TPAH3UCTOD MM
TaCHTPOH.
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HCTOYHHKA aHOAHOTO MHTAaHHA CXeMa reHepatopa WMeeT BHJ, KaK
noxKasaHo Ha puc, 16,a, a npu napaasnenbHoM — Ha puc, 16,6.
Paccmorpum paGoty resepatopa (puc. 16,a) B ycranosus-
weMcs pexkume. JI0 MOMeHTa fp OTNHPAHHsA JEKTPOHHOH JaMmbt
(puc. 17,a) nanpsixkeHue Ha ee auoge U, mpeacrasasier co60it
cymMmy Hanpskenult Eo+ U, : Hanpsikenusi anopnoro nuranus Ep
H HanpsKeHHs Ha KosaeGatenbnom kourype U, =U,, sin(of+P).
B MoMeHT BpeMeHH {={y Ha CeTKy JaMnbl MOAAETCS MOJOIKH-
Te/JbHbI HMnyabc. Jlamna ornupaerca. M3-3a naauunag HuAyKs

Puc. 16.

THBHOCTH L, aHOAMBIl TOK BHauaje OueHb MaJ, BC/IEACTBHE Yero
Ha aHOJe JaMMbl HanpsiXKeHHe TaKx<e OKaspiBaeTcsl MaJblM, paB-
oM U, yun =E,, a Ha uHaykTuBHOCTH L, co3maercs najeHie
Hanpsixenns, Gopma KOToporo nokasaHa Ha piic. 17,6,

Anonnuiit ToK i, (puc. 17,8), nporekaioumuin yepes L,, B M0~
Ment f; o6paTHTCs B Hy/Ab, KOr4a CyMMa 3alITPUXOBAHHBIX BOJbT-
CeKyHIHbIX mJoianell, 1306paxceHHbIX HA pHC. 17,0, paBHa nyaro,
DTO BO3MOKHO JIHIIb B TOM CJayyae, KOTAA aMIJUTyAa KoJaebGanuil
HanpspKeHlii Ha XoHType U, Goublie HanpsxXKeHHsT HCTOUHHKA
nuranua Eo O6pawenue Toka {, B HY/Jb HEOOXOAHMO AJsi HOP-
MadabHoll paGoTel reHepatopa, NOCKOAbKY 3aNHpaHHe JaMmbl B
paccmatpuBaeMoil cxeme (cM. puc. 16,a) HonycTHMO Anwpb npH
Hy/neBOM TOKe. B npoTuBHOM Cayuae OOYCJOBJIEHHAsi 3THM TOKOM
3Heprus B MHAYKTHBHOCTH L,, paBnas 0,5 L, i%,, B MoMenT 3a-
NUpaHusg JaMNbl PacXoAyeTcs Ha NapasuTHble KojeGanus B LeNH
aHojJa, Bbi3biBasd MOTEPH SHEPrull ¥ 3HAUYUTEJbHble NMepeHanpsxe-
nug. CoOoTBeTCTBEHHO aMNJHTyla BXOAHOro cursana U, (pue.
17,2) nonxHa npeBblILATh HaNpsiKeHHe OTHHpaHHA Eco B Teye-
HHe BpeMenH oT fy 1o #. OnHako oT MOMeHTa f; N0 /; Hanps:Ke-
HHe HA aHOJe JlaMNlbl OTpHIaTeJbHO, W TOK 4Yepe3 Hee, He3aBH-
CHMO OT CeTOYHOIrO HanpsxeHus, paBeH Hyaw. [TosTomy Bpemsa
OTNHPaHHA JlaMNIbl 10 CeTKe MOXKeT ObIThb NpoAJaedHo Ao ai00ro
MOMEHTa, JeXallero B HHTepBaJe OT [y A0 fp. DTO CHHXKaeT Tpe-
6oBanust K AJHTENbHOCTH OTNHPAHHSA JaMMbl N0 CETKE H MO3BO-
JIsieT BapbHPOBATh €10 B ONpejleieHHBIX Npeac/ax,
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Jlag yaydlleHHs COTJIacOBaHHA JaMNbl ¢ Harpy3koi H yaytu-
LIeHHs JHEpreTHYeCKHX Il0Ka3aresned Iejqecoo6pasHO INPHHSATH
ty=1{5. JIOCTOMHCTBOM TaKOr0 DEXHMa fBJsAETCA OTCYTCTBHE cKa~
Ka HanpsAxeHHd Ha aHOJe JaMIbl B MOMEHT #;.
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Jlaa mpakTHueCKHX Le/eli MOMKHO HCNOMb30BaTh C/AGAYIOWYI0 MeTOLUKY
pacueTa reHepatopa. 3ajaBIUHCh OTHOCHTE/NbHOA [JIHTEJBbHOCTHIO TOKa Ti=fj
B npefenax or /2 A0 Jx, no rpadukaM puc. 18 HaiTH ¢asy ¢ HanpsKeHus
H3 KOHType B MOMEHT BKJIOUEHHs JIaMIBl H OTHOINEHHe U,,,YE, Nno KOTOPOMY,
8Hast MaKCHMa/JbHO JHonycTuMoe (nukoBoe) HampsameHne Ua, maxe =Eo+Upm

Rx
[pod) Z@\\ wip
3
a4 \ N 1024
Fe
Wi,

y 3
' \\ - y 512

30 258

N 128

/
20 \ v . 64
. \)/// \>< .
10 — N\ B 18
Nas
051~ o -~ s
_—] N
L — S B /{'4

14 a5 10 19 24 25 30 35 40 45 (pad)

Puc. 18.

MOXKHO ONMpEeNeNHTh HalpsiKeHWe aHOAHOro mmTanusa E; u amnauryny koseGas
unl Ha KoHType — Upy, .

3agaB MOCTOSHHYIO cOCTaBJswomyo I a, o AHOLHOrO TOKa JiaMmnel [ ¥ NOA-
BOAMMYIO K renepaTopy MomHOCTh Po=Eola. 0, @ TakKe MOWHOCTb NOTEPH B
namne Pa=Ex I a. o M MOMHOCTb B KOHTYype Py=P¢—P,, onpegeum SKBUBa-
JICHTHOE COMPOTHBJIEHHE KOHTYpa:

2 2

R, = —Unm - Un ___ ~ U | (24)
2 Py 21 a.0 (Eo— Ep) 21 a.0E

Benwuuny Pa3pAfHO# MHIYRTHBHOCTH KOHTYypa L, MOMHO Haith mo 3a-

nanHOl yacToTe KoJeGawmit @ W OTHOWEHHIO Rx/wLp, rpaduk KoToporo mpwe

Begen Ha puc. 18. Ha ToM ke pucyHRe jaH rpad¥K nns yria @ paccTPOHKH
K0/1e0aTe/IbHOr0 KOHTYpa OTHOCHTEJBbHO 4aCTOThl KOMeGaHHA .
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Tenepatopbl rapMoHuecknX HoneGanmii
C eMHOCTHBIM W HHAYKTHBHbIM HaKOMHTEAAMH

Jns Bcex pacCMOTpPEHHBIX BBl CXEM KJIOUEBBIX eHepaTo-
pOB XapaKTepPHH CKaYKH HaNpSIKEHHS WIH TOKa B MOMEHT BKJ!O-
yeHHs KiaioueBoro mpubopa. IIpu aTOM BO3HHKAIOT NOTEpH, BJs-
HHE KOTOPHIX Ha OTHOCHTE/JbHO HH3KHX YaCTOTaxX HeBEJHKO, OfHa-
KO C MOBLIIIEHHEM YacTOThl OHHM CyLIeCTBEHHO BO3pacTaloT, BCJel-
CTBHE YEro 4acCTOTHHI Auana3on 3¢ (eKTHBHOro KJIOYEBOro pe-
JKMMa TaKHX TeHepaTOpOB OrpaHHYeH.

OTH NOTEPH MOXHO YCTPAHHTb WM CBECTH K MHHHMYyMYy, €CJIl
€031aTh PEXXHM, IIPH KOTOPOM CKAauKH TOKa M Hamnps:KeHHS B MO-
MEHT BKJIIOYeHHS KjloyeBoro npu6opa 6yayT oTCyTcTBOBaTh. BKalo-
uenye npu6Gopa JOJKHO HAYHHATBCA B MOMEHT, KOrja Hampsixe-
Hue Ha aHonxe U,, paBHO HYJIIO.

Hanbosnee yao6HbIMU SIBJASIOTCA CXeMblI eHepaTopoB Co CTO-
DPOLEHTHOX KOHAYKTHBHOM  CBSI3bI0  MexAy  KOHTypamu ®
(puc. 19). Bupg stux cxem He H3MeHHTCA NpH BBCAEHIH AONOJI-

Puc. 19.

HHTENbHBIX KOHTYPOB, NMOCKOJIbKY BJHsHHe HX Ha PaboTy JaMnbi
NOJHOCTBIO ompenenaseTca amnautynodt U, u dasoir ¢ 3. A. c.
U,=U, sin(ef+vy) Hanpsaxenns na xourype C., R, L,
(puc. 20,a).

Ilas addexTHBHOrO Bo36yXkAeHUs 3TOro KoHTypa (cm. puc. 19,a) umnyasc
anonHoro toka (puc. 20,6) nomKeH B OCHOBHOM COOTBETCTBOBATb OTPHIATEb=~
HoOii nosysoane nanpsixedns Uy, TO ecTb pasy Kose6anuii | 1 JNMTeNIbHOCTD HM=
nyabca Ty =0ty NPAKTHYECKH 1eneco06pasHo BbHIGHPATh GJAH3KMMH K ;. OO6biu-
KO CyMMa Ty + NoayyaeTcsi HeCKONbKO MeHbuieli 27. Y10GHO BBeCcTH B pac-
cvoTpenue (basoBeii yron Ay, sexamuit o6eluHO B npemenax or 0 no m/2,
enpegensieMblit popMynoit Ap=21—ty—p, U BpeMs Nayssl MeKAYy HMIyJb<
caMu aHOJHOTO TOKa To=2n—7y, (puc. 20,a).

B 3aBHCHMOCTH OT [JIHTE/bHOCTH MMIYJbCAa aHOJZHOTG TOKAa H YaCTOThHI Ha<

! Takasl «KaHOHMYECKag» CHCTEMA JBYX CBSI3aHHHIX KOHTYPOB MOXKET GHTh
3aMeHeHa JBYMS KOHTYPaMM C JIOGHIM BHIOM CBSI3H MeXAy HHMH. DTO MOXKeD
0Ka3aThCd HeOGXONMMBIM 111 TPaHcOpPManMH TOKa HMJH HanpsKeHHs BTOPOro
KOHTYpa, TO €CTb COTJIaCOBAaHUA JIaMIbl ¢ Harpyskoi,
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CTPORKH 2HOZHOTO KOHTYpPa ®p BO3MOXKHO GeCuHCNEHHOE MHOXKECTBO DeXUMOB
paGotsl rewepatopa. OxHuM H3 HauGosiee YNOGHBIX Ha TPAKTHKe MBJARETCA pe-
JKUM, TMPH KOTOPOM IJIMTEJbHOCTh MMIyJbca TOKa fy paBHa T/2 (uto cooTser-
cTByeT yray orceuku 90° ans oGHIYHOrO reneparopa Kiacca B), a aHopumti

KOHTYD HACTPOEH Ha BTOPYIO FapMOHHKY, To ecth wo=1/} LC=2w . I1pu sToM
Um=1,18E), Ua. maxc=3,8E,, AY=0, cpesHee 3HaueHHe aHOZHOro TOKa
I a0 =0,197Eo/wL, (a3oBEIi yroa pacCTPOAKH W SKBHBAJEHTHOE COMPOTHBIC-
HHe HarpysoyHOro KOHTypa Ha uacCToTe pe3oHaHca paBHbl ¢=0,94 pad, R, =
e=0,7Ep/la.0. UnaykTuBHOCTh Lk MOMKeET GHITH HaitneHa mo BesuuuHe Ry, eciu
3aJaThCs JOOGPOTHOCTBIO KOHTypa Q. EMKOCTh KOHAeHcaTOpa ompepenserca MO
dopmyne
C, =—L — &0 (25)
o’Ly @Rk
B kayectBe 1pumepa pacCuHTaem reHepatop Ha Jamme tuna ['Y-5B, paGo-
Talomui B TeserpadHoM pexxuMe Ha yactote 1 Mey npu MOUIHOCTH B Harpys-
ke Py =5 k67, Dra naMna pomyckaer MOAYAAUMIO C Ko3(pULIUEHTOM MOAYJs-
LK, PaBHBIM eJHHHIE, TO €CTh NHKOBOE 3HayeHHe AaHOJHOI0 HanpsKeHud
U a, makc, MOXeT B yeThipe pa3a NpEBHIIATh HOMHHAJbHOE HANpfKeHHe aHOA-

u

L
0 Wz r-wt

Puc. 20.
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woro mnutaHusi Eo.nom (Ua. make =4Eo.non). TIocKONEKY B paccMaTpuBiIeMom
cayuae Ua, make =3,8E, MoxHO npHHATE E¢=Eo, non=>5 k6. [Ipeanonaras, uto
oGuuit K. . A. aHOXHOMN uenu, BKJAWUYaa jJamny u KouTyp L, C, cocTaBHT OKQ-
10 90%, MOXKHO NpPUHATbL MOABOAMMYIO MOIIHOCTE paBHO# Py=11P; =55 k6T
H cpenuee 3HayeHWe aHOAHOro Toka lao =Po/Ep=1,1 a. 13 npusenennofi pa-
nee GOPMYJEL 145t ToKa lao nodyuem L=143 mxen; C=1/w?l=1/40?L=45ng,
Ry=3,16 xom. Cunras, uto NOGPOTHOCTL KOHTYpa Q M 5KBHBa/NeHTHOe CONpO-
THBJIEHHE ONPENEeNsIOTCST B OCHOBHOM HHIYKTHBHON BeTBblO, 3ajgaBas Q=10,
K

nonyuuMm Ly = =50,3 mxen. V3 dopmynn (25) BafimeM eMKocTb KoHzeH-

catopa Cx =435 ng. Taxum o6pasoM, npu BbiGpaHHON LOGPOTHOCTH KOHTypa
YyacToTa ero HacTpoikm pasHa 1,08 Mey.

Jlns 3aBeplueHus pacuera Heo6XxOAMMo YGemMTbCSl, YTC TOTEpH 3HEprui
Ha CeTKe JIaMOBl He NPEBHIIAIOT JONYCTHMLIX, @ TaKie OLEHHTb 3JeKTPOHHBIA
K. n. 4. Jamnbel. OnTHManbHbIi B 3HEPreTHYeCKOM CMBICKe KJIOYeBOH pexHM
paGoTH JaMnbl oGecneyHBacTCs B TOM CJyuyae, KOTZa B TeueHHe BCEro Bpeme-
HHM NPOTEKaHHs1 aHOQHOIO TOKA HanpsyKeHHe Ha anopne U, paBHO HanpaXeHWIO
Ha cetke Uc, To ecTb QHHaMHUeCKOli XapaKTePHCTHKOI reHepaTtopa ABJAETCS
JAKHUA KPHTHYECKOro DexuMa, uMmetouras KpyTusHy Syp. Ilpn stom namna co
CTOPOHB aHoja MpeAcTaBageT co60i NOYTH JMHERIIoe aKTHBHOE CONpPOTHBJEHHe
Ri xp =1/Sxp=~76 om. Cerousas uenb B TaKOM peXHMe UMEET TaKKe NOYTH
JMHEfiHOe aKTHBHOE BXOJHOE CompoTHBJaeHHe Ry xp =R: wp /v, NOCKOIbKY TOkK
CeTKH {c. kp CBA3aH C AHOAHBLIM TOKOM [a.xp PaBEHCTBOM ic. kp =YVia. kp.

OGEBIUHO Y HEeCKONBKO MeHblle equHuibl (aas gamnu ['Y-5B y=0,8—0,9).

JJs Takoro pexxuMa Heo6XONMMO 06ECHEYHTb Ha CeTKe HanpsiKeHue BO3-
6yxaenns Uc kp, =Ri_ xp. * Lc. xp, 10 popMe Gau3KOe K popMe uMNyJIbca aHOA-
HOro TOKa.

Jans npuGAHIKEHHOH OLEHKH NoTepb Ha aHOe MOXKHO B3ATh yCPelLHEHHOe
3HaYEHHE TOKAa i3 32 BPeMsi MMMyJbCa, NPHHAB €ro DaBHHM i =ia. cp. =24,
toraa Pa.xp =0,5%a. xp Ry, =2150 6T, uTO COOTBETCTBYET 5JEKTPOHHOMY
K. 0. 1. okono 97%.

Ilorepn B uenu cerkn P ¢ xp=1yPa. xp MeHbllle, YeM B UENH aHOAA, H MO«
ryT coctasuth 120—140 871.

OpHaro o6ecneunTb (OpPMY CETOYHOrO HanpsKenus, GIH3KYyl0 K dopme
aHopHOro ToKa, TpynHo. Ha npakThke MoxHO HcncabzoBaTb nanpsixenne U,
6au3Koe K mpsMoyrojibHoMy. Ilpu sToM noTepu Ha zHoe M CeTKe MOryT He-
CKOJIbKO NPEBLICHTh HaiifleHHble MJs JaHHOro pexuma, ITocKonbKy norepu Ha
aHoje B KJ/IOYEBOM peXuMe paGoTHl JaMIBI BO MHOro pas MeHbiue, ueM IIpH
OGbIYHOM pexkuMe paGoThl, TO YCJAOBHS TENJIOOTHAUW CETKH YJAYYIIAWTCH H,
RO-BUAUMOMY, AONYCTHMO YBEJHYHTH MOIIHOCTb NOTELb Ha CefKe 110 CPaBHEs
HHIO C acnopTHOH (AMA AaHHOH namnsl — P =150 s7).

Anarvonun [Omurpuesnu APTbIM
KJIHOYEBBIE TEHEPATOPDI

Pepakropnt A. A. Ennn, 10. C. ITaenkun
Xynox. penakrop E. E. CokxonoBs Texn. penaktop JI. A. HoponsoBa
Koppexkrop H. [I. Menewkuna O6roxka A. T1. Kysnenora

A 01647. Cnaro B HaGop 31/111 1969 r. INognucano K newatu 6/V 1969 r. dopmar Gymarn
60%90/;6. Pymara tunorpadckass Ne 3. Bym. J. 1,0. Ilew. a. 2,0. Yu.-n3g. a. 1,88. Tupax
27 000 3k3. HagatenbctBo «3Hauue». Mocksa, Uenrp, Hosas nua., A. 3/4, 3axkas 794,
Tunorpadun usf-sa «3Hauue», Mockea, Llentp, Hosas na., A 3/4.
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«[IYYKH
3JEKTPOHOB
B MPOMBIIUJAEHHOCTU»

Tak Gymer HaswBaThcsi Gpouilopa KaHAMAATA TEXHHUECKHX
Hayk H. B. laewnBuneBa, KoTopas CKoOpo BHHAAET B CePHH
«IpombliLeHHOCTD>.

Tlyukn 8/€KTPOHOB... B METAJJIYPTHH C HX MOMOLIbIO NOJYYAIOT
KPYNHbIE CAHTKH BbICOKOKQYeCTBEHHOil CTAaJIH H TYromJaBKHe MeTal-
Jibl, B MAUIMHOCTPOEHHH CBAPHBAIOT CaMble pa3HooGpa3Hbie RETAJH.
B BBIUMC/HMTENLHOH TEXHHKE OHM JAIOT BO3MOMXKHOCTh B 100 pa3
YBEJHYHTh CKOPOCTh 3anucn HHbopMauum — GbiCTpoaelicTBHE
CYETHO-PELIAIOIIMX MAIUMH 3HAYMTEJNbHO NOBHINAETCS.

Kpome Toro, B cepun «IIpombiunyieHHOCTs» BHIIAYT A0 KOHIA
roja caeaymoie pa6oTni:

B. HBanuenko, raaBHbii cnenuannct loc-
naaia CCCP. <«XO3SIHCTBEHHAS PE®OPMA
CErogHst U 3ABTPA».

M. JanTun <«PbIYAT TEXHHYECKOI'O
ITPOTPECCA» (o ¢opmax u MeTonax MaTepHalib-
HOro CTHMYJINPOBAHHS MOBLILIEHHS KaYyecTBa NPOMBIli-
JICHHOW NPOAYKUHH).

C. KpacuBckHil, KaHIHOAT TEXHHYECKHX
Hayk. «[OCYJAPCTBEHHASI CHUCTEMA IIPO-
MBILIJIEHHBIX TTPHUBOPOB>.

b. 3a6enHH, KaHAMAAT 9KOHOMHYECKHX HayK.
«[MOBBILUIEHHE 3¢®®EKTHBHOCTH HCIOJIb-
30BAHHS OCHOBHbBIX ®OHIOOB MNPOMbILI-
JIEHHOCTH>».

NOANHCKA HA BPOIUIIOPbI CEPHH <«NPOMBIUJIEHHOCTb» MPH-
HHUMAETCA B JIIOBOM OTAEJEHHH «COIO3NEYATH». HHIEKC
70097. CTOMMOCTh NOANHCKH HA KBAPTAJI 27 KOII.

YUTAWUTE! BbIMMHCBIBAMTE CEPHIO <«ITPOMBIILIJIEH-
HOCTb»!

Uspareascteo «3HAHHED>.



