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NPEANCIIOBUE

Pa3BuTHE M COBEPIIEHCTBOBAHUE COBPEMEHHEIX TEXHOIOTHIECKUX
1 NPOH3BOICTBEHHDIX IPOLIECCOB B TIPOMBIIIEHHOCTH, CETLCKOM XO-
39/iCTBE, CTPOMTENBCTBE M B APYTrMX 0GJACTAX HApPOIHOTO XO3AHCTBA
XapaKTepH3YIOTCS [IIMPOKHUM MCIIO/IE30BAHUEM CPEICTB aBTOMATH3ALMH
¥ KOMIUTIEKCHO#H MEXaHU3aLMK. DTO TO3BOJISIET OCBOOOIUTD YE/IOBEKA
oT 0IH000PA3HOTO ¥ TSTKEJIOT0 PUINIECKOTO TPy, TIOBBICHTD IPO-
M3BOIMTENEHOCTD, HANEKHOCTh QYHKIMOHUPOBAHVS TEXHONMOIMYECKO-
ro 060pyIOBaHHA M KAYECTBO BHITYCKAEMOI MM TIPOXYKIH. ABTOMA-
THYECKME CHCTEMBI YIIPaRIeHUS TIO3BONSIOT TAKKE 3aMEHUTE YeloBe-
Ka TipH paboTe TEXHOJIOTHYECKOro 000pYyHOBaHMSA BO BpENHBIX U
OTIACHEIX JJIS €70 3MOPOBb YCIOBHAX OKPYXAIOILEH Cpelibl — KOCMO-
ce, Cpefie arpecCUBHEIX Ta30B, 3aNbUICHHBIX TIOMEIECHMSAX U T.1.

B o6memM cryqae asromMaT3aid [1] — 3o npuMeHeHHe TeXHUYEC-
KHX CPEJICTR, IKOHOMUKO-MATEMATHIECKHX METOJIOB M CHCTEM YITpaB/ic-
HHA, 0CBOGOXKIAIONIHX YETOBEKA Y4CTHHO VITH ITOJIHOCTHIO OT HENOCPE-
CTBEHHOTO YJaCTHs B TIpOLIECCAX ITONTydeHus], Iipeobpa3oBaHus, Tepeaa-
YA M HCTONb30BAHWS SHEPIHA, MATCpUAIOB WM HHGOPMALAH.
ABTOMATH3HPOBATECA MOIYT TEXHOJIOTMYeCKHE TIPOLIECCHI, HaydHEIE M 3KC-
TIePHMEHTANIBHBIE MFDKEHEPHBIC MCCIEN0BAHS, TPOCKTUPOBAHUE paing-
HBIX 0OBEKTOR, OPraHM3aLys, IUIRHUPOBAHHUE U YIIPABJICHHE PA3THYHEIX
TipeNpHATHIL ¥ opraHusaLyil. [IpeaMeTHOM 06M1aCTHIO 3TOM KHUTY AB-
JIIOTCH CHCTEMB YIPARTCHHS aBTOMATH3UPOBAHHOIO YICKTPONPHBOAA H
BHITIOJIHSAEMEIE € €70 UCTIONE30BAHUEM CHCTEME! aBTOMATH3ALH Pabodmx
MaHIMH ¥ MEXaHH3MOB H TEXHOIOTHIECKHX KOMILIEKCOB. ‘

Anexrpuaeckuii npusox (DIT) sBisgeTC SHEPTETHIECKOH OCHOBOM
TEXHOJIOTHYECKUX H TIPOM3BOJCTBEHHEIX MIPOLIECCOB, KOTOPHIE peau-
3YI0TCA 34 CYET MEXAHIICCKO# sHepriy. [IpHBOIA B IBIDKCHIE UCTION-
HUTeJIEHbBIE OPTaHBl pa6oYHX MAIMH ¥ MEXaHU3MOB 1 YIIPABJIsst STUM
IBIKEHHEM C 3aJaHHEIM KayecTBoM, DII obecreunBacT N0GHIYY 11O-
JIe3HBIX MICKOMAEMBIX, H3TOTORNIEHHe H 00paboTKy pa3miIHEIX M3METHN
M MaTepHayoB, TepeMelIcHHE JIIOAEH H TPY30B M BBHINOTHEHHE MHO-
TMX JPYTHX TEXHOMOTMYCCKUX ONepalIHil ¢ HAWTyYIIMMH TEXHHIECKH-
" MM M 5KOHOMMYECKUMHU HOKa3aressiMi. TeM caMbIM CoBpeMeHHEIA DT
TipeacTanisieT cobol BaxXHeilee ycTpoiCTBO CHCTEM aBTOMaTHYECKOTO
YIpaBJIeH!s TEXHONOTHIECKAMH NPOLIECCAMH. !

f



MHoroobpasue u CIOXHOCTs BHMONHACMBIX D11 QyHKImit, Hc-
TI0/Ib30BAHKE B €T0 CTPYKTYpax HOBBIX, B NEPBYIO 0Yepe/b MOMYTIPO-
BOJHHMKOBBIX 3/IEMEHTOB M YCTPOUCTB, IIOCTOSHHOE YBETMYCHHE YHC-
7a ¥ BUOB aBTOMaTH3MpoBaHHEX DII TpeGyoT BEICOKOrO YPOBHS
TIOATOTOBKH CIELATMCTOB, 3aHMMAIOLIHXCA MX MOHTAXOM, HANAIKOMK
H 3KCIUTyaTauueit. OHU JOMXHBI XOPOLIO 3HATD J1eMeHTHYIo 6a3y aB-
TOMATU3UPOBAHHBIX DI, TOHUMATL OCHOBHBIE NPUHIIMITEI IIOCTPOE-
HUA 1 paboTy pa3oMKHYTHIX X 3AMKHYTHIX cxeM ynpasieHus D1, sia-
JeTh HHbOpMalKeit 0 KOMITIEKTHBIX M HHTerpupoatHbix D1, cuc-
TEMaX aBTOMATHYECKOTO YTIPABICHUS TEXHOIOTHYECKUMY TIPOLIECCAMH
W TIpeATpUATHIMH. BaxHEIi aneMenT o6pa3oBaHus B 510 chepe co-
CTAaB/AIOT M 3HAHMSA 0 HagexHocTH I

~ Kuura Hanucana B cooTBeTCTBUM ¢ ['ocymapcTBeHHBIM 06pa3oBa-
TENBLHBIM CTAHAPTOM CPeIHEro MpodhecCHOHANEHOr0 00pa30BAHMSA U
T'ocynapcTBeHHBIMH TpeOOBAHUAMHU K MUHHMYMY COZIEPXaHUSA H YPOB-
HIO TTOATOTOBKYM BBITYCKHHKOB TIO crieuanbHocTH 2913 «MonTax,
HATA/IKa ¥ SKCIUTyaTalus 1€KTPoo0OpyI0BaHHS TPOMBIILIEHHEIX H
TPEXIAHCKUX 3[(aHAI1», BBEACHHRIMH B fieicTaue ¢ 1 cenrabps 2002 .
B Heif IpHBOIATCSA GCHOBHBIE CBENECHHS U3 TEOPHH ABTOMATHYECKOT0
YIpaB/IcHHA, PACCMATPUBAIOTCA eMEHTHAs 06a3a D11 1 BRIOIHEHHEIE
Ha €€ OCHOBE PA30MKHYTHIE M 3AMKHYTHIE CXEMBI YIIPABIIeHHS aBTOMA-
TH3MpoBaHHOro BI1, a TakKke aBTOMATH3ALIMA TEXHONOTHYECKHX TTPO-
1eccoB. B Hee BKTIOUEHBI TAKKE CBCICHHSA 10 HATEXHOCTH paﬁom
OII, MeTonaM ee pacuera i MOBEILIEHHA,

I/IachHne JUCIHILTHHEL «CHCTEMBI aBTOMATH3NPOBAHHOTO YIIPAB-
JIEHHS! 3NIEKTPOTIPUBOJA» OCHOBHIBAETCA HA 3HAHMSIX YYALIUXCS 110
uHbOpPMATHKe, TeOPETHYECKUM OCHOBAM NEKTPOTEXHHKH, OCHOBAM
3JIEKTPOHHON M MUKPOMPOLIECCOPHON TCXHHKH, NMEKTPHYCCKUM Ma-
IIMHAM ¥ OCHOBaM JIEKTPONPUBOAA. B KHUIY BKITIOYEH MaTepHal o
CHJIOBO# TIpe0bpa3oBaTeNbHOM TEXHUKE, SNCKTPHYECKHM alllapataM,
NEMEHTAM W YCTPOMCTBAM CHCTEM YTIpaBNIeHMS, HEOOXOMMMEH Mg
Jy41IET0 IOHMMaHK paboTsl aBTOMAaTH3MpoBaHHoro .

JUis myd1iero yCBOEHMS MaTepyaia M OCBOCHHS YYALIMMHUCS HaBHI-
KOB TIPAKTUYECKUX DACcYeTOB KHHUTA COLEPXKUT 3aa4H U IPUMEDBI HX
PELICHHA, a C LeNTBI0 MPOBEPKH CTETICHN YCBOGHHMS MaTepyaia B KOH-,
L€ K&KMOH [aBBI IPUBENEHH KOHTPOIBHEIE BOTIPOCKL.



BBEAEHUE

U ——

"

B cnoeﬁ npalmmecxoﬁ JEATENEHOCTH YeJIOBEK HCTIONb3YeT caMble
pa3Ho00pa3Hble TEXHONOTHYECKHE NPOLIECCH X OMEPAH, peajn3a-
11 KOTOPRIX OCYIIECTBIAETCS C TTOMOIBIO PA3TMYHBIX paboYX Ma-
IOTMH M NPON3BOACTBEHHBIX MEXaHH3MOB. Bo MHOTUX CJTydasx JIsl BHI-
MIOJIHEHHA TEXHOJNOTHYECKOTO MpOLEcca 3TH paboyHe MAIIMHEL U Me-
XaHH3MBI OGBEIMHSIOTCA B €AUHBIN IPON3BONCTBEHHBIN KOMILUIEKC,
00pasys NpeANpUATHSA pa3THYHOIO Ha3HAYEHHA. ‘

XapaxTepHOU YepToi COBEPUICHCTBOBAHMS KaK OTIENBHBIX paﬁo-

YHMX MAIVYH, TaK ¥ TCXHOJIOTHYCCKHX KOMIUICKCOB B LIEJIOM ABJSICT- .

Cst aBTOMaTH3aLHs UX paGoTEl, YTO TIO3BOJISIET TIOBBICHTD MX IPOH3-
BOIMTE/ILHOCTD Y Ka4ECTBO BBITYCKAEMOI IIPOXYKIIMHM U 06ECTIEYHTh
HaMJTy4IIHe TOKa3aTesy 10 3KOHOMUYHOCTH M HANEXHOCTH IPH 9KC-
TLTyaTalMH. BaXHEIM akTOpOM SBNSETCS U TO, YTO dBTOMATH3ALIHA
TI03BOJISIET OCBOOOJNTD Y€JIOBEKA OT TSIKEIOTO H OTHOOGPA3HOrO TPy-
fia, a BO MHOTHUX C/y4asx 06eCIIeYHTh YIIpaBICHAE TEXHOIOTHYECKH-
MY TIPOLIECCAMH C T0KA3aTeNSIMH, HENOCTYIIHBIMU YEIOBEKY IO €r0
(bU3NONIOTHICCKIM BO3MOXHOCTSAM.

/
IIpuMepamMu aBTOMATH3ALMH OTAEIBHBIX pa6otmx MalilH ¥ TeX- .

HOJIOTHYECKUX KOMIUICKCOB MOTYT CTYXHTh aBTOMAaTHYeCKHE JIMHHH
¥ r’H0KuHe aBTOMATH3HPOBAHHbIC TPOV3BOLACTBA, YKCIOBOE IIPOTpaMM-
HOE YTIPaBIeHHE CTAHKAMH, CHCTEMbI ABTOMATHYECKOTO MTOAAEPXa-
HHA YTIIOBOM CKOPOCTH BpAILEHUS (Iajiee B TEKCTE — CKOPOCTH Bpa-

- WIeHHS) IBUTATENEH, CHCTEMBI MOMIEPXAHMS YPOBHS XHIKOCTH B
pesepByape ¥ T.X.

Bonbmoe yncno paboynx MammMH U MPOU3BOACTBEHHEIX MeXa-
HM3MOB: TH(PTOB, KOHBEHEPOB, HACOCOB, MOXBEMHEIX KPAHOB M
T.1I. — JUIS1 BLITIONHEHHS TEXHONOTHYECKHX OTIepallHii HCIIOb3YIOT
MeXaHMYECKYIO SHEPIHIO, KOTOPYI OHM noydaior ot DII. IIpu-
BOJIA B IBUXEHME HCTIONHUTEIBHBIE OpPraHbl 3THX paGOYMX MAIIMH

M MeXaHHM3MOB: KabuHy smudra, JIEHTY KOHBeitepa, paboyee Kojle-

CO Hacoca, rpy303axBaTHOE IPUCIIOCOONEHUE TIOXBEMHOTO KpaHa —
¥ ynpasisad 5TUM aBuxeHueM, DI ctaHoBUTCA BaxHeiimeif yac-
ThIO QOIIEl CXeMBI aBTQMATH3aHUH, OT QYHKIMOHUPOBAHUS KOTO-
Poii 3aBUCUT B KOHEYHOM MTOT¢ KaYeCTBO peaTH3allM TEXHOJO-
THYECKHX MPOLIECCOB.

‘ )



XapaxTepHoit yeproit pasBuTHA coBpeMeHHOro 11 sningeTcd mo-
CTOAHHOE PACLIMPEHHE ¥ YCIOXHEHHME BHIMOMHAEMBIX AM (QYHKIMH,
YTO B NIEPBYIO 04ePeb AOCTHTAETCS 34 CYET Bee Go/ee MUPOKOro Hc-
TIONB30BAHUA PETYAMPYEMBIX ¥ aBToMaTH3HpoBaHHEIX JI1. MX 1pmme-
HEHHUE MO3BOJISAET TIOBRICHTD KAYECTBEHHEIC ¥ KOJIMYECTBCHHEIE TIOKa-
32TENH TEXHONOTMYECKUX TIPOLIECCOB, YBETMYHTD HANEXHOCTD (yHK-
LIMOHMPOBAHMA TeXHONOTMIecKoro obopynoBanus u camoro I,
VAYJLINT YCToBUs paGoTh 0GCTYXHBAIOIIETO [IEPCOHAA.



Masa 1 ‘

OBLWWME NPUHLUMNBI NTOCTPOEHUA
ABTOMATU3UPOBAHHOI'O
QNEKTPONPUBOOA |

1.1. OCHOBHbIE NOHATUH, TEPMUHbI
U ONPEAENEHUA

Ynpasaenue ipencTasigeT co6oit OPraHU3aLUIO TOTO WX WHOTO
Tipoliecca, Kotopas 06eceYMBaeT JOCTIRKCHUE ONPEAENICHHEIX LIENeit.

Cucmema ynpaenenua — COBOKYITHOCTB BCEX YCTPOMCTB, oGecreyn-
BAIOIINX YIpaBleHUe KakuM-muGo o6rexToM wid npoueccoM. Ecim
yIIpaBJICHHE OCYLICCTBIACTCA 663 HEMOCPEACTBEHHOTO Y4aCTHs Ye/I0-
BEK4, TO CHCTEMa YTIpaBICHUS Ha3bIBaeTCs aemomamuyeckoi. Cucme-
My aemomamuyeckoeo ynpaesenus (CAY) obpasyiom ycmpoiicmeo
ynpaenenus u obeekm ynpaerenus.

Ecnu oTHENbHEIE ONEPALMY YIPABICHUS OCYLIECTBISET YeJIOBEK
WIM IPYIINa JIOAEH, TO TAKUe CUCTEMBI YTIPaBJieHUsI Ha3bIBAIOTCS aB-
TOMATH3HPOBAHHBIMH. JIJIst BRITTOTHEHUS 3THX ONEpaLliii YEIOBEK HON-
XeH IToTy4aTh HHGOPMALUIO O HPOILECCE YIIPABICHHUS ¥ HMETh B CBO-
€M PaCIOpsDKEHMH COOTBETCTBYIOLINE OPIaHEI YIIPaBACHHS 00BLEKTOM
WM TIPOLIECCOM.

‘Puc. 1.1. Cxema CUCTEMb a8TOMATUYECKOro ynpasneHus

O6o6wenHas cxeMa CAY nokasana Ha puc. 1.1. Ha Heii 06o3Ha-
qeHH: ] — oOBeKT yImpaBieHHs; 2 — HCTOYHHK MHGDOPMALIUH O 3a-
haJax ynpaBlieHus; 3 — ycTpoitcTsa MHGOPMAIMHK O XOE ¥ pe3yJib-
Tarax ynpaBJAcHHUs; 4 — ycTpoicTBo 06paboTky HHPOPMAIINH U BhI-
PaboTKM CHTHAIa YIIPaBAEHHS; S — HCIOJHHUTEIbHOE YCTPOHCTBO;



6 — ycrpoiicTsa HHGOPMAIMI 0 GYHKLHOHUPOBAHWH HCTIOHHTE b~
HOTIO YCTPOHUCTRA.

B HexoTOpHIX cyyasx 3agadyeHt yrpaBneHus sengeTcs obecnede-
HHE NIOCTOAHCTBA HEKOTOPOH DU3MYECKolt TepeMeHHOM: TeMITepa-
TYPBI, CKOPOCTH BDAIIEHI, NAaBICHUS — YUIN ¢e U3MEHEHHE BO Bpe-
MEHH N0 HEKOTOPOMY 3aKOHy. Takoif 4aCTHEIM BHA yIpaBleHMs
OOLIYHO Ha3HIBaeTCH pezyauposanuem. Cucmema aemomMamu4eckozo
pezyauposanus (CAP) no aHaIOTHU C CHCTEMON aBTOMATHYECKOIO
ynpaeénenus COCTOUT U3 pezyaupyemozo obsexma W peeyaamopa. B co-
CTaB CHCTEM aBTOMATHYECKOrO PETYIMPOBaHMs, KPOME Peryasrropa,
BXORAT U Ipyrue HeoGXOomuMEIe IS MX GyHKIMOHMpPOBaHHS yCT-
poiictsa. K HuM oTHOCATCA: :

o IATIMKH PETYTMPYEMEIX [IEPEMEHHEIX, ¢ TIOMOIITBIO KOTOPHIX TI0-
Jly4aroT HH¢pOpMaIHIo 06 MX TEKYIIUX 3HAYCHMSAX

* 33JIATYNKH PETyTUPYEMBIX NIEPEMEHHBIX, C MIOMOLIBIO KOTOPHIX
CHCTeMe 3anacTes TpebyeMBlil YypoBeHb PEryIUpYyeMO IIepeMEHHOIA;

¢ I3MEPUTENBHEIE YCTPOMCTBA, C ITOMOIHEBIQ KOTOPHIX OIpe/essieT-
sl OTKJIOHEHHE TEKYIIETO ((PaKTHIeCKOro) 3Ha9eHNA PEryIHpyeMoli
TIepeMEHHOM OT €€ 3aTaHHOTO 3HAYECHH,

e YCTPOUCTBA CONPSDKEHMA, TTO3BOJIAIONINE COSIMHUTE BCE TIEMEH-
TBI M YCTPOMCTBA CHCTEMEI DETYAMPOBAHHS B €IHHEI! KOMIUICKC.

IToMHMO 3TOTO, B COCTAB CHCTEMBI PETYIMPOBAHUS BXOIAT 37I6-
MEHTH H YCTPOHCTRA, 00ecIeYHBaIOIHe 3aIIHTY, 6JOKMPOBKY M CUT-
Ha/IM3a1HIo TIPH ee paboTe, a B COBPEMEHHBIX CHCTEMAX PEryIHpo-
BaHHs — NOTIONHHUTENBHO TECTHPOBAHUE, THATHOCTHUKY M peseanpo-
BaHHe,

Pasmnyaior crenyromme uas CAP:

® CUCmembl aemomamurieckoli cmabuausaiuu, 06ecTIeIMBAIONTHE TION-
AepXxaHue perymipyeMoi BeJIMIHHEI Ha 3alaHHOM YPOBHE ¢ Tpefye-
"MO¥ TOYHOCTBIO. K TAKMM CHCTeMaM OTHOCATCS, HATIPAMED, CHCTEMBI
TIOMUIEPXKAHMA TEMIIEPATyPEI B HarpenaTem,HoifI TIeUM, CUCTEMA peTy-
JIMpOBaHMS CKOPOCTH BPAllleHVs IBUraTeNei 1 MHOTHE apyrue. Cuc-
TeMBL CTa0WIA3ALMM HENATCS Ha acTaTHYeCKWe M CTATHYECKHe.
Acmamuueckue cucmems cmabunusayuu 06eCTIEIMBAIOT TOIEPKAHME
peryaupyeMoi TIepeMEeHHOM B CTAaTHYSCKOM peXUMe Ha HEM3MEHHOM
YPOBHE ITPH H3MEHEHMIX BOIMYIIAIONET0 Bo3neHcTeus. Cmamuvecku-
Mu cucmemMamu Ha3bIBAalOTCA TaKHE, B KOTOPHIX B YCTAHOBUBILIEMCS
pexuMe TIPOUCXOTUT H3MEHEHUE PeryaupyeMoii IepeMEHHOH TIpH
HM3MCHEHHH BO3MYIIAIONIETO BO3AeHCTBIA, JIPDYTHMM CIIOBAMH, acTa-
Tiyeckue CAP obecrieqnBaloT peryupoBaHHe TTepEMEHHEIX B YCTAHO-
BHBLIEMCS peXUME Oe3 OMNGKH, T.e. OCYINECTRIAIOT PErYIMPOBaHHE
TIEPEMEHHOM CTPOro ¢ 3alaHHEIM YpOBHeM, a craTHdeckue CAP — .
€ HEKOTOPO# oIIHOKOI; i
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' o cefAUUe cucmeMbl, KOTODHIE OCYILECTRIITIOT H3MEHEHHE PEryilH-
pyeMOi BENMYMHEL BO BPEMEHH 110 POM3BOTEHOMY 3aKoHy. ITpume-
pamMH TaKO# CHCTEMBI MOTYT CIIyXHTh CUCTEMEI CIIEXEHHUS JIOKATOPOM
3a LIeJIBIO MITH CHCTeMA PAIMOAHTEeHHEI, 00€CTICYHBAIONIAst CBS3b C KOC-
MHIECKHUMH OOBEKTaMHu;

o ClCMeMbl NPOZDAMMHO20 PeZyAUpOSaHus, KOTOPEIE 06eCIIeYBaloT
H3MeHCHHE PerympyeMoii iepeMeHHOH BO BpeMEHH 110 ONpEHeeH-
Ho¥i riporpaMMe. K TakuM cucTeMaM OTHOCATCS, B YACTHOCTH, CHCTe-
MEI HICIOBOT'O TPOTPAMMHOTO YIIPABJICHUS CTAHKAMMU;

o clucmembi adanmayuu, oOeciedWBAIOLINE OIITHMAIBLHOE PEryIHpO-
BaHHE MIEPEMEHHOI 1O 3aJaHHOMY II0KA3aTeI0 Ka4ecTBa IPH H3Me-
HSIIOIIMXCS YCIIOBHSX PalOTH 00BeKTa pery/inpoBalud. K Takum cuc-
TeMAaM OTHOCSITCS CAMOHACMPAUGAIOWUECs, CAMOOP2ARUZYIOULUECS U Ca-
MOOGYHarouiuecs cucmemoi.

CHCTeMEI C OJHIM BXOJHBEIM KaHAJIOM U OTHOI permepyeMoﬁ (BBI-
XOMHOM) NepeMeHHO| HOCAT HA3BRAHME OCHOMEPHBIX, A C HECKOJIbKU-
MU BXOZHBIMH ¥ HECKOJIBKUMM BBIXOTHBIMH — MHOZOMEDHbIMIL.

QOBeKT ynpaBieHHs (peryTMpOBaHNAL) NPH ero GYHKIIMOHHPOBa-
HMH ITOJIBEPTaeTCsl pa3THYHBIM BO3AeUCTBUSIM. CO CTOPOHB CHCTEMBI
YIHpaBJeHNs Ha HETO NEHCTBYET ynpasasioyee (peeynupyiousee) 603deii-
cmeue, obecIieunBaoiee TpeGyeMoe peryIupoBaHme 3a.uaHHoﬁ nepe-
MEHHOH.

Co cTOpOHEI OKpyXalolleil CPeIbl ¥ CONPENEIBHBIX 061>e1<'r013 Hu
cucTeM OOBEKT TIONBEPracTCs PasITUIHEIM 803MYUAUUM 8030eticmeu-
AM, KOTOPHIC MOTYT UMETh KaK OTIPeAeICHHBIN, TaK M CITyJaiHbIH Xa-
pakrep. K BOSMYIIAIOHM BO3JCHCTBHAM OGEIMHO OTHOCST M Pa3jIMy-
HBIE aBapHITHEIE CUTYAIIMH: UCYE3HOBEHHE WM KOJIeGaHWs MUTAIOUIETO
'HamnpsDKeHHs, TI0JIOMKY B pabodeii MalMHe, BBIXOK M3 CTPOS 3/1€MEH-
Ta CUCTEMBI YTIparIeHus ¥ T.5. OCHOBHAA 3a1a49a CUCTEM YIIPaBJICHUS
COCTOMT MMEHHO B TOM, YTOOBI OPH BCEX BOAMOXHBIX BO3MYLIAIOIIHAX
BO3JEeHCTBUSIX, ncﬁcmylomnx Ha OOBEKT YIpaBICHNS, oﬁccneqm
JOJDKHEIM 00pa30M €ro YIpaBJieHHE.

IlepBble CHCTEMBI ABTOMATHYECKOTO PETYIMPOBAHMS TIPAKTHIECKO-
TO npuMeHeHUs ToARHAKCh B XVIII B. ¥ HCIIOIB30BAIHCH I aBTO-
MatH3aluHd paboTH TapoBHIX MamuH. Cxema Ha pHc. 1.2 WimocTpH-
PyeT paboTy aBTOMaTHIECKOTO PETyJISITOpa YPOBHSA BOIBI B IIapOBOM
Ko1ne mapoBoit Mammuel M.H. ITonsyHoBa. YpoBeHs BOAH B KOTIE
OIIpe/ieNAeTCs C IIOMOIIBI0 NOTUIABKA /, C KOTOPHIM CBSI3aHa 3aCIIOHKA
2, perynupyromas 10cTyn Bogsl 3 B Kotel 4. ITpn yeenviaemy ot6opa
Tlapa ypoBeHB BOJKI B KOTJIE AAET, MOIUIABOK OIYCKAETCHA BHHU3, 33~

- CJIOHKA ITepeMEINAETCs BREPX U IIPUTOK BOIBI B KOTEJ YBEIHMINBAETCS.
To Mepe BoccTaHOBIEHHS HEOGXOIMMOTO YPOBHS BOABI B KOTIIE 0~
CTYII BOABI B KOTEJl YMEHBINAETCA.
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Puc. 1.2. CucTema aBTOMATUYECKOrC peryaupoBaHua yPOBHA. BOAL

JpyruM IpuMepoM peryIMpoBaHus paGoThl NaPOBBIX MALlIMH CITy-~
XHT LEHTPOOEXHBIN PEeryasTop CKOPOCTH BpallleHHs Bajia I1apoBoOi
MalllMHbl, KOTOPHI¥ 0BecTieunBa ee MoIiepXaHHe 33 CYET H3IMEHEHHS
ToAayy mapa B ManmHy. O6a TMTIa TakiX peryasTopoB, SyoydH yco-
BEPINEHCTBOBAHHBIMH, THMPOKO UCTIONML3YIOTCA Y B HACTOSIIEE BPEMS.

1.2. MNOHATUE O PErYNNMPOBAHUN KOOPAOWHAT
(NEPEMEHHbIX) 3JIEKTPONPUBOAA

Jlna yripaBneHus ABIKCHHUEM HCITOTHUTEIBHBIX OPTaHOB paboymx
MAalMH U TIPOM3BOICTBEHHBIX MEXaHMU3MOB H 06¢ecTieueHUs TpeGyeMBIX
pexuMoB caMoro DIT HeoGXOMNMO PETYTHPOBAHKE PSMIA TIEPEMEHHBIX,
HaTnpUMep CKOPOCTH, YCKOPEHHUS M TIOJIOXEHHS UCITOTHUTE/IEBHOTO Op-
raHa paGoueit MalIMHEI, TOKOB B IICTISIX ABUTaTeNci, MOMCHTA Ha MX
BaJIy, MATHUTHOTO ITOTOKA SEKTPHYECKHUX MALIMH K T.JI.

THIMYHAIM PUMEPOM PEryIHpOBAHNS ITepeMEHHBIX, KoTophie B OI1
YacTO HA3bIBAIOT KOOPAMHATAMH, MOXET CIIyXuTh DIT maccaxupckoro
macra. Ilpu mycke ¥ ocTaHoBKe KaOHUHEI JdyTa st 0GecTieYeHst KOM-
(hOpPTHOCTH TTACCAXMPOB YCKOPEHHE H 3aMelICHHE ¢ ABIDKCHUA He
JOJDKHEIL OBITH BBILIE AONYCTHMOro ypoBHS. Ilepen ocTaHOBKO#M cKo-
POCTb KaGMHEI IOIDKHA CHIDKATBCS, T.€. OHA JO/DKHA PETYIHPOBAThCS.
TToHroKeHHAsI CKOPOCTD IBHDXCHMSA KAOUHBI TpeOYeTCs M ISl OCYIIECTB-
JIEHHSI HATAIKY WIIH PEBU3HH eKTpoobopynoBanus mudra. U Hako-
Hell, KaGHHa C 3aIaHHOM TOYHOCTHIO IOJDKHA OCTAHARIMBATECA HA Tpe-
OyeMOM 3Taxe, T.€. HCOOX0AMMO 00eCIEINBATE 3aHaAHHOC TTOJIOKEHHE
(nmo3moHHpoBaHye) KaOuHH JiidTa. Takoe ypaBicHHE IBIDKCHHCM
KaOHHE! TudTa obecrieynBacTCs 3a CYeT PETYIMPOBaHKS COOTBETCTBY-
IOIIUX KoOpIuHAaT (mepeMeHHBIX) DIT imcra.

Ipw n3roToBneHnH GyMari, TKaHel, KaGeIbHBIX H3AETHMA, pasind-
HEIX IUIEHOK, IIPOKATKE METALIOB Tpebyercs obecneueHne onpeieieH-
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HOI'0 HATSDKEHUS STHX MAaTEpPHAIOB, YTO0 TAKKe OCYIIECTRIAETCA C 110-
momsio DI, PerymipoBaHusi KOOpAWHAT TPeOYIOT M MHOTHE PYyTHE
pabouHe MalUIMHEl ¥ MEXaHU3MBI: TIOBEMHEIE KPaHBI, METa/L1000pa-
6aTHIBAIOIME CTAHKH, TPAHCTIOPTEPE], HACOCHBIE arperaThl, pPOGOTHI 1
MAHHITYJIITOPE M T.A.

Kpome 31010, ¥ nipH paGote caMoro DI Heo6XoTuMO 0GeCcIeTnTh
OTpEAETCHHEIC IOIYCTHMBIE PEXHMBI paboTH ero ssneMeHToB. TaK,
HanpuMep, TIpH IyCKe, PeBepce WM TOPMOXEHMH JIBUraTeNlel 4acTo
TpebyeTcs OrpaHMIMBaTh HX TOKH IO NOTYCTHMBIX YPOBHEH.

TIpoliecc peryiMpoBaHys 3TMX U APYTHUX KOOPAMHAT BCErIa CBA3aH
¢ HeneHanpapieHHEM BO3JeHCTBUEM Ha IBUTaTeNb, YTO M JOLKHA
oGecIIeYnBaTh €r0 CHCTEMA YIIPABICHHUA.

Pezyauposanue cxopocmu NBHXCHUS NCHOMHHUTENIBHBIX OPTaHOB
pabeUHX MaIliTH ¥ MEXAHU3MOB MOXET OCYIIECTRIATRCS C [TOMOIIBIO
DI1 B BUIE CTaGHAM3ALH CKOPOCTH, H3MEHEeHHsI CKODOCTH B COOTBET~
CTBHHM C TIPOM3BOJIBHO MEHSIIOIIMMCH 3aTa0IIAM CUTHAJIOM (clexe-
HUE) WIH 110 3apaHee 3afaHHOM mporpamMe (MporpaMMHoOE JIBH-
XeHHe).

Pezynuposanue nonoorcenus XapaxrepusyeTcs IpOLIECCOM epeMelne-
HUS UCTIOIHUTENHHBIX OPraHOB PA0OYMX MAIlH ¥ MEXaHU3MOB B 3a-
JaHHYIO TOUKY IPOCTPaHCTBA WIM IUIOCKOCTH M MX YCTaHOBKY TaM
(buxcupoBaHue) ¢ 3aIaHHOI TOTHOCTRIO. Takoe MX NepeMEcHIE U3
OJHO# TOYKH TUTOCKOCTH MM IIPOCTPAHCTBA (MO3ULIMH) B APYTYIO Ha-
3piBaeTcs MOUITHOHMPOBaHHEM M 00ECTIETUBACTCS COOTBETCTBYIOIINM
PeryvpoBaHHEM TONOXCHHS BajIa IBUTATEs.

Pezysuposanue momenma u moxa nBvTaTeNeii IPOM3BOAUTCA B TeX
cydasix, Koraa DI gomkeH oGecrieunBaTh TpeGyeMoe YCKOPEHHE MITH
3aMeJieHHNe NBHXEHHA HCIIONMHUTENEHBIX OPraHOB WIIH CO3IaBaTh He-
o6XoInMoe HaTsDKeHHe B 06pabaThIBacMOM MAaTEpHaJTe WIH M3NCIIHH.

Cioaa Xe OTHOCSATCH M ClIydyaH, Koraa Tpebyercss OrpaHIdIHBAaTh
MoMeHT DI A7 mpenoTBpalIcHUS TOTOMKH paboded MatinHbL HIIH
MeXaHu3Ma ITpY BHE3AIMHOM CTOIIOPEHHY ABHXEHMS HCIIOIHUTENBHO-
To oprana (HalpuMep,*TIpy KOIIaHHH I'PyHTa, OypeHNH CKBaXMH, 3a-
KINHMBAHNH MEXaHHUIECKOH Tiepenayu 1 T.4.).

PerynnpopaHue (orpaHideHHE) TOKA ¥ MOMEHTa JBUraTenc Tpe-
6yeTcs Taxke WU o6ecTieYeHHsT HOPMAIBHBIX YCHIOBH paboThl ca-
Mux xasurareneit. Tak, TIpH ImycKe gBUTaTenei NOCTOSHHOIO TOKA
O0GBIYHOrO HCTIIONHEHMS TI0 COO0PaXXeHHAM HOPMAILHOM pabOTE HX
KOJUIEKTOPHO~ILETOYHOTO Y4UI4 TOK JOJIKEH GBITL OTPaHIMYCH Ha YPOB-
He 2...3 I, Heo6xonUMOCTb OrPaHUYEHHSA TOKA BO3HHKACT U IIPH
TIyCKe MOLIHLIX ABUIATEJICi TIOCTOSIHHOTO M IEPEMEHHOTO TOKA, KOr-
Ia GosbliINe ITyCKOBHE TOKH ABUTATENICH MOTYT IIPHBECTH K Henony-

CTUMOMY CHHXCHHIO HATIPSDKCHMS TTHTAIOMEH ceTH. s
N i
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1.3. CTPYKTYPbI U NPUHLUMUNDBI NOCTPOEHUA
CXEM YNPABJIEHUS 3NIEKTPOMNPUBOAA

CucreMa ynipasneHus D11 sBisgeTcs ero cocTaBHoO# 4acThio. B co-
OTBETCTBHMM CO CTPYKTYpHO# cxemMoii D11, npencrapnennoi Ha puc. 1.3,
¥ conepxamuMcsa B 'OCT P 50869-92 [10] onpenencHHEM B cOCTaB
SI1 6 BXOIUT NMEKTPUYECKUIT ABUraTe/b 1, KOTOPHIit BRIpaGaThiBaeT
MEXaHWYIeCKYIO SHEPriuio M3 3a cueT MOTpeGATIEMON OT HCTOUHMKA
3 anexTpuuecKoit sHeprun B3, [TapaMeTprl M 06BEMEI OCTYNAOLIEH
Ha JIBUTaTeNb SHEPTUH PETYIUDPYIOTCH CHJIOBHIM Ipeo6pasosaTesieM
3NEKTPOSHEPTHH 2, 32 CUCT Yero 06ECIICUUBAETCS YIIPABICHHE JBH-
raTelyieM, '

3 . 5
oA I— / 6
| e o
u, Us
2 114
IUM
39
8
] 9 M3 7

Puc. 1.3. Cxema ynpasneHna 3AeKTponpuBoja

,

Curnan ynpasneHust U, CHIOBEIM MpeoGpasoBaTeieM BbipaGaTeipa-
eTCs YCTpOMCTBOM YIIPaRICHUS 4, B COCTaB KOTOPOTo B OOLIEM ciTyuae
BXOIIT YCTPO#CTBA MONMy4eHWsT, Mpeobpa3oBaHus, XpaHEHMs, pacTipe-
IeJeHUs M BEIIAuu MHpopMAaLMM, GIIOKH CONPSIKCHHA, PeryIsaTOph
MIEPEMEHHEIX (KOOPIHHAT), Pa3TiyHbie QYHKIMOHATHHEIE GIIOKH YIIpaB-
JieHd | T.14. YcrpolicTBo ynpaBiicHus 4 M nipeoGpasoBareiis 2 06pasy-~
10T CUCTEMY YTIPABICHUS SIEKTPOIIPHBOAA J.

YerpoicTso ynpasienus 4 BeipaGaThiBaeT CHIHan yrpasieHus U,
€ TIOMOIIBIO CHTHANA 3alaHus (ycTaBKY) U, 3aaiomero xapakTep JBH-
" XECHMSI HCTIOJIHUTEIILHOTO opraHa 7 paboueit MalIMHK 8, ¥ psina Jo1oJi-
HHTENBHEIX curHanoB U, ., qaionmx uHbopManuio o peayHu3alvH Tex-
'HOJIOTHUYECKOTO Mpoliecca pabodeli MallIMHBI, XapaKTepe ABHXCHUS
UCTIONHHTEIHOIO OpraHa, paboTe oTnenbHbIX ayieMeHToB D1, BO3HKK-
HOBEHWH aBapUHBEIX CUTyalldit M T.A. DTH CHUTHANBI TIOCTYIIAJOT HA

14



yeTpOHCTBO YNPABIEHHUSI OT PA3TMYHBIX AATINKOB, KOTOPLIE Ha pHC. 1.3
He TIOKa3aHHL.

CurHan 3agaHus (ycraBky) U, 971eKTpOIPHUBOJ MHOJYYaeT OT
BHEIIHeH IO OTHOLIEHMIO K HEMY CHCTEMEI YIIpaBieHus 60jiee BHICO-
KOTO YPOBHS, HaTIpUMep aBTOMATH3UPOBaHHOMN CUCTEMBI YTIPaBICHUS
texHonorndeckuM npoueccoM (ACY TII). TeM caMBIM ciieayeT pa3-
JIMYATH CHCTEMY YNPAaBIEHHA 3JIEKTPOTIPHBOIA KaK €ro COCTaBHYIO
4acTh ¥ CUCTEMY YIIPABJIEHUS 3IEKTPOIIPHBOIOM (3JIEKTPOTIPUBOIA-
MH), IBJSTIOIIyIoCs BHenIHel it D11 cucteMoil ¥ ocTaBIsgIonLyio
9JIEKTPONIPUBOAY HEOOXOAUMYIO I €r0 PYyHKUMOHHPOBAaHMA UH-
(popMaluio, e

B Hekotoprix DII dyHKIMH perynnponamm KOOpAWHAT (06BraHO
CKOpOCTH BpauieHus) DII BRINOIHICT MeXaHHYecKas Iiepenaya 9, Ko-
TOPAs B 3TOM CJTy4ae MOXeT TIPeCTABIATh CO00I 37IeKTPOMArHUTHYIO
WM THIPABIMYECKYIO YIIpaBisieMuie My Th, BAPUATOP CKOPOCTH, KO-
pobKy miepenay.

B 3aBHCHMOCTH OT BHINOIHsAEMBIX GHYHKIMH, BHIa M KOINIECTBA
PETYINPYEMBIX KOODIMHAT U CTENCHH aBTOMAaTH3ALMK TEXHOIOTHYEC-
KHX nIpoLeccoB peanusauys D11 Moxer ObITE caMoit pa3H006pa3Hoﬂ
(puc. 1.4).

3

Heanromartn- AsToMaTH-
3IUPOBAHHBIA 3MPOBaHHBIIH

]
Y \ '

Pa3oMKHYTHI 3aMKHY T

Y v

C perynmpoBanmem C peryanpopanneM
IO OTKJIOHEHHIO TI0 BO3MYTIEHHIO

Y
C KOMOGHMHUPOBAHHEIM
PeryJpoBaHueM

»

 Puc. 1.4. Buasl anextponpnsoAos
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Bce OI1 nensarcs Ha ABE IPYIHILI; HEABTOMAaTH3UPOBAHHEIE M ABTO-
MaTH3UPOBaHHEIE.

Heasmomamu3supoeannvie — 310 Takue DI, ynpamlelme KOTOPBIMMA
BEIMTOJTHACT YeJIOBeK (OTepaTop) ¢ IOMOIIBIO MPOCTHIX cpeAacTts. OH
OCYILECTRJISIET HYCK M OCTAHOBKY D11, n3MeHeHHe CKOPOCTH H €€ pe-.
BEPCHPOBaHHE B COOTBETCTBHH C 33IaHHBIM TEXHOJIOTHYECKHUM I[HK-
sioM. [l oMol omrepatopy DI cHabxeH HeoﬁxommuMu JIEMEH-
TaM¥ 3alIHTH, GIOKHPOBOK M CHTHAJTH3ALMH,

B aemomamuzupoaannom SI1 onepauun ympabieHHs B COOTBET-
CTBUH C TpeGOBaHUSIMH TEXHOJIOTHYECKOTO HPOLIECCa BHIIOMHIAIOTCS CH-
cTeMoii ynpaeneHus (cM. puc. 1.3). Ha oneparopa Boanaraiorca QpyHK-
LM I10 BKTIOYEHHIO M OTKIIIOYeHIUIO D11, Hanaake W KOHTPOIIIO 3a €10
pa6oroli (OTMETHM ele pa3, uro npu paGore D11 B oGIeM KOMILTEKCE
aBTOMAaTH3MPOBAHHOTO IMPON3BOICTBA BHENTHHE KOMAHIEI MOCTYIAIOT
OT YIPaBJISIOMINX YCTPOICTB 60mee BEICOKOTO YPOBHS, Hanpumep ACY
TPOU3BOZICTBOM). >

Bce apromatusupopanmsie DI1 fenarcs, B CBOIO 0YEPEb, SLIe Ha IBe
TPYNITEL: PAa30MKHYTHIE M 3aMKHYTEIE. PACCMOTPHM XapaKTepHbie [IpH-
3Hax¥ paborel 9THX D1 Ha mpuMepe peryaupoBaHusa cKopocTH DI,

Pabora pasomicrymozo DIT xapakTepusyercs TeM, ITO BCE BHELTHIE
BO3MYILEHUS — B PACCMATPHBAEMOM NIPUMEPE MOMEHT HATPY3KH —
BIIMSTIOT Ha BRIXOAHYIO KoopauHATy DI — ero ckopocTs. JApyruMu ciio-
BamM, pa3soMKHYTsIA D11 He OTCTpOeH OT BITHSHUA BHEIUHUX BOIMYLIE-
HMH, Bce H3MEHEHMS KOTOPBIX OTPAXalOTCA Ha ero pabore. PasoMk-
HyTHI 1] 110 37011 IPHTUMHE He 0becreTNBaET BRICOKOTO KaYecTBa pe-
TYJIMPOBAaHMST KOOPAHMHAT, XOTH U OTIIMYaeTCA B TO XK€ BPEMS IIPOCTOI
CXEMOIi.

PazomkHyThie DI 06EMHO TIPAMEHSAIOTCSH IS 0GeCIeYeHUs Iyc-
Ka, TOPMOXEHMsI IIH peBepca ABHrareieif. B cxemax ynpasieHus Ta-
kux DI ucnonksyetcst HHGOPMAITHs O TEKYLIHX CKOPOCTH, BPEMEHH,
TOKa (MOMEHTA) VAH IyTH, YTO HO3BOJIAET aBTOMaTH3HPOBATh YKa3aH-~
HEI€E TIPOLIECCEI.

Samxnymuiis P11, xax u mofiax CHCTEMA aBTOMAaTHYCCKOTIO peryJjim-
DPOBaHMsI, MOXET 6hm> PETH30BAH M0 HPUHILIMITY OTKJIOHEHHS C HC-
TIONb30BAHUEM OOpPATHEHIX CBA3EH WIW 10 MPHHIMITY KOMIIGHCAL[HH
BHEILHETO Bo3MyLIeHHst. OCHOBHEIM OT/IMYMTEIEHBIM NPH3HAKOM 3aMK-
HYTERIX CHCTEM SBJSICTCA HOJHOE HIM YaCTHIHOE YCTPAaHEHUE BITHSHUS
BHEIIIHETO BO3MYIICHMs Ha peryaupyeMylo KoopauHaty JI1. B cwiy
9TOT0 O0CTOATENBCTBA 3aMKHYTHIH DI obecricurBaeT Gosee KayeCTBCH-
HOE YTIpaBlIeHHe JBIDKEHHEM UCHONTHUTENHHOIO opraHa pabovei ma-
LTHHBI, XOTS €r0 CXEMBI OKA3EIBAIOTCA 50JIee CIIOXHBIMH.

Tpunyun KomMnencayuu WIUOCTPUpYET puc. 1.5, a. OCHOBHBIM NIpH-
3HAKOM TaKo# 3aMKHYT0# CTpYKTYpH DI siBisgeTcs HATHIHE e, 10
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koTopo# Ha Bxox DI BMecTe ¢ 33qaroliM CHTHATOM cKopocTH U, To-
naetcs caraan U=k, M., corepxannii urbopMatinio 0 MOMEHTe COIPo-
THRiIeHNs (Harpyske) M,. B pesyasrare storo ynparieHue ST ocyime-
crasieTcs cUurHaIOM U, KOTOpbI aBTOMATHYECKH M3MCHACTCA B HYX-
HYIO CTOPOHY TIpH KoJieGaHMsIX MOMEHTa Harpy3KH, obecrneunBas C
TIOMOLIBIO CHCTEMBI YIIPaBJICHHA nomepxame CKOPOCTH BpaIIEHUS
SI1 Ha 3a1aHHOM YPOBHE.

Puc. 1.5. 3aMkHyThi® CTRYKTYpbi 3N1€KTPONPHUBOAA:
a — Cxema C KOMMEeHCauueil BHeLHEro BO3MYLLEHUS;
6 — cxema ¢ o6paTHO! CBA3bIO

DJIeKTPONPHBOAH IO cXeMe PHC. 1.5, @ BHITIOIHAIOTCS OTHOCHTEIb-
HO PEIKO M3-3a OTCYTCTBHS ITPOCTHIX Y HAIEXHBIX JaTYMKOB MOMEH-
" Ta Harpy3ku M, M ApyruX BO3MYMIAIOIIUX BO3NEHCTBHI H HeOGXOAM-
MOCTH BBOOMTE COOTBETCTBYIONIIE KaHAIB HHGopMaliiy 110 BCEM BO3-
MOXHBIM BO3MYIIIEHUAM. e
B cBs31 ¢ 31MM noAaBImonIee GONMBIIMHCTBO 3aMKHYTHIX CTDYKTYD
BI1 NCHONB3IYIOT npuHyun omkaonenus (o6pammoii ceéssu). OH xapak-
TEpU3YeTCS HATMIMEM TIENU OOPATHOMN CBA3M, COERMHSIONIEH BBIXON
DI ¢ ero BXoJ0oM, OTKYAA H TIOIIIO Ha3BaHKe 3aMKHYTEIX cxeM. Ipn-
MEHMTEJIHHO K PaCCMATPHBAEMOMY TIDMMEDPY PErYIMPOBAHHSA CKOPOC-
TH IIPU3HAKOM 3TOM 3aMKHYTOM CTPYKTYDHI SIBJIsteTCS LIEIb 06paTHOM
cBs3u (puc. 1.5, 6), mo koTopoii HHGopMalHs O TEKYHIEM 3HAYeHHH
CKOpOCTH, CHTHaN obparxoit ceasn U, =k, .o, TogaeTcd Ha Bxon DI,
IIe OH BBHIYMTACTCH M3 CHTHAIA 3aiaHus ckopoctn U,.. YrnpasincHue
ocyIecTRIsIeTCd cHraanoM otkioHerms U, = U, — U, . (ero Takxke Ha-
3BIBAIOT CHTHAJIOM PacCOIVIACOBaHHMS WIN OIIMOKY). DTOT CUrHAJI [TPH
OTIMYMY PaKTHIECKOM CKOPOCTH OT 33JaHHOTO YPOBHS aBTOMATHYEC-
KH M3MeHseTCs HEOGXOAMMEBIM 0Gpa3oM M YCTpaHsieT (JaCTUIHO HIN
MOTHOCTRIO) C MTOMOIIBIO CHCTEMBI YIIpapieHUst D11 3T OTKIIOHEHMS.
TeM caMBIM YTIpaBliEHHE CKOPOCTRIO OCYIIECTBIIACTCS € YYSTOM Pe3yiib-
TaTa yIpaBieHuUA. ’
Eciu TpeGyeTcst pery.1MpoBaHHE IPYTHX KOOpAMHAT II wm Tex-
HOJOTHYECKOTO ppouecca, T0 ncnon{r;aylomﬁ gﬁpmc CBSI3H TI0 3TUM
Y .
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KoopIuHaTaM. B fabHeiieM H3moXeHH! HMEHHO TaKypy 3AMKHYTHIM
CHCTEMAaM YACIIEHO OCHOBHOE BHHMAaHHE. . _ .

Bce srunl npuMeHseMeIx B 3aMKHyTOM: DI 06paThyy cpazeit ne-
JIATCS HA TIONIOXUTENBHEIC H OTPHLIATC/IBHAIC, THHERH e 11 HemuHe -,
HBIE, KECTKMC M THbKue. Iloroocumensioil HASKIBACTCS, takasg o6par-
Hasl CBSI3b, CHTHAJI KOTOPO HallpaBJieH COIIaCHO (CIQIaﬂHBaemg) c
3aJAIOKUM CHTHAJIOM, B TO BPEMsT KAK CHTHAT OMPUYmensnoii CBSI3H
HampaBJIeH eMy BCTPEYHO (3HaK «MHHYC» Ha pHC. 1.5, 5.

XKecmiasn OGPaTHaﬂ CBSA3b XapaKTCPHU3YETCA TCM, UTO OHa neﬁcmye'r
KaK B YCTaHOBUBIIEMCA, TaK M IEPEXONHOM (nmiaMqucmM) PeXH-
me OI1. Curnan aubkoii 06paTHOH CBA3N BEIPAOATHIBACTCY TTHKO B e~
pexonHbix pexumax BIT H CIIyxuT A 06ecnieYeHHs TpeGyemoro ux
Ka4yecTBa, HallpUMep YCTOHYMBOCTH OBWXEHHMS, TONYCThyoro Hepepe-
TYJIHPOBaHMA U T.K. ‘

Juneiiras ob6paTHast CBA3b XapaKTepU3yeTcs NPOTIOp oHANEHOM
3aBHCHMOCTBIO MEXIy PETYIMPYEMOi KOOPIAMHATOH H ppryanom 06-
PAaTHOI CBA3M, B TO BPeM: KaK IIPH PEATH3ALINH HeAUHE 0 cBSI3U 9T
3aBUCHMMOCTb, COOTBETCTBEHHO, HEJIMHEHHA.

B 3aBHCHMOCTH OT BUJIA PETYIMPYEMOi KOOPIHMHATEI i DI Hemoh-
3YIOTCSL BCe Ha3BaHHBIC BBIIIIC CBA3H 110 CKOPOCTH, NIONOxeHmi0, TOKY,
HANPSXEHUIO, MATHUTHOMY ITOTOKY, DJIC.

Bo MHOrMX cirydasix Tpe6yercsa obecrieqrBaTh PeTyypopaHue He-
CKOJNBKIX KoopauHaT DI, HanpumMep ToKa (MOMEHTa) M QkopocTy IBH-
rarens. B 3ToM ciryuae 3aMKHyThie DII BEIONHSIOTCS g ONHOH M3
CIICHYIOMINX CTPYKTYPHBIX CXEM.

34
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Pyuc. 1.6. Cxema c obumM ycunurenem

Cxema c obugum ycuaumenem (puc. 1.6). Jing yno6ery, onucanns
PaGoTHI cxXeMBI HBUTaTEND 2 YCIOBHO MPENCTaBNeH OBVyg qacTsMH:
anexTprgeckoil 97 n mexannyeckoi MY/ CxeMa IpeliHzyagena s
PeryIMpoBaHHst IBYX KOODIWHAT: TOKa J H CKOPOCTH MBHTare g e, a TeM
CaMBIM ¥ CKOPOCTH JIBIDKCHISL HCTIONIHUTENTbHOTO OPraHa ¢, gy V.
B ar0it cxeMe CHTHAIB OGPATHEIX CBA3EH 10 TOKY U+ M Cxopocu U, .,
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NOJAlOTCA Ha BXOT YTIPaBIAIoero ycTpolicTsa VY, rae BMecTe ¢ 3ana-
JOLIMM CHTHANTOM cKopocTy U, . anreGpandecku cyMMupytored. Curgan
ommbxu U, manee nomaerca Ha Bxox npeobpaszosarend I1V, KoTopsIid
CBOMM BHIXOIHBIM HanpskeHneM Uynpasnser nsurareneM 2. CxeMa
OT/IMIACTC TIPOCTOTON peATU3allMé, HO HE MO3BOJSIET DETy/MpOBaTh
koopmuHaThL DT He3aBUCHMO APYT OT Apyra.

B 371001 cxeMe 3a CUET UCTIONE30BaHUA HETMHEMHBIX OOPaTHEIX CBA-
3eif, Ha3pIBaeMEBIX B Teopuyu DI oTcedykamm, ymaercs B HEKOTOPOM
[nara3oHe M3MEHEHHUS KOOPAWHAT OCYIIECTBIATE HX HE3aBUCHUMOE
perynIupoBaHHe, YTO YaCTHYHO YCTPaHseT yKa3aHHbI Hel0oCTaToK.

91
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Puc. 1.7. Cxema ¢ nNopyYMHeHHLIM PErynMposaHydeM KoopamHar

Cxema ¢ noduunennoim pezysupoéanuem xoopounam (puc. 1.7). Bra
cXeMa OTIMYAETCd OT IpeNBIAyIleH TeM, YTO B HEM PEryIHpOBaHUC
KaXI0# KOODIMHATHI OCYIIECTR/ICTCS CBOMMH PETYIATOPAaMH — TOKA
PTu cxopoctr PC, KOTOpbIE BMECTE C COOTBETCTBYIOIIMMH OOPaTHEI-
MM CBSI3IMH 06Pa3yloT 3aMKHYTEIe KOHTYpH. OHM pacrionararorcs Ta-
KuM 00pa3oM, ITO BXOAHEIM, 33Jal0LUM CHTHAIOM UIS BHYTPEHHETO
KOHTYpa ToKa U, , ABJIsteTCs BRIXOAHOM CUIHAJ BHEIHEro N0 OTHOLIe~
HMIO K HEMY KOHTYpa CKOpOocTH. TakuM 06pa3oM, BHYTPEHHMI KOH-
TYp TOKA IMTOAYHHEH BHEIHEMY KOHTYPY CKOPOCTH — OCHOBHO#M pery-
JIUpyeMoit KoopauHaTh D11

OCHOBHOE ZOCTOMHCTBO TAKOH CXEMBI 3aKII0YAETCA B BOIMOXKHOC-
TH OIITUMAIbHOM HaCTPOIKM PEryMpoOBaHMs Kaxnoi KOOPAMHATEHI,
B CHUTY YeTO OHA HAXOQUT B HACTOMANIEE BpeMs OCHOBHOE IPUMEHEHME
s BI1. Kpome Toro, momurvHeHue KOHTYpA TOKA KOHTYPY CKOPOCTH
TIO3BOJISICT MIPOCTHIMY CPENCTBAMY OCYNIECTBIIATE OTPAHUYEHHE TOKa
W MOMEHTA, il 4ET0 HEOOXOAMMO JHIb OrPAHHUYUTE Ha COOTBETCTBY-
JOllIEM YPOBHE CHTHAIT Ha BBIXOJIE PETYATOPA CKOPOCTH.

ITpu HeoOXOMMMOCTH PEFYJIMPOBATH TICJIOXEHHE Bala [BUTATENs B
cxeMsl puc. 1.6 u 1.7 BBOTUTCS COOTBETCTBYIOIAA 06paTHAs CBA3b 110
TIOJIOKEHHMIO Bajla JBUTATENS WIM HCTIOMHUTEBHOIO OpraHa.
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B obmem ciyqae cocrosame D11 onpenensiercst HabopoM nepeMeH-
HEIX, K YHCJTY KOTOPBIX OTHOCATCS TOKH M MOMEHT JIBHTATEJIsT, CKOPO-
CTH M TMIOJIOXEHHE 371IeMeHTOR D11 H HCIOJIHHUTEIBHOTO oprana pabo-
yeil MaIIMHEI H PSR APYTHX. OTH TepeMeHuEIe B DI 06bIYHO Ha3bIBa-
JOTCSI TepeMEHHBIMU cocTosTHAA. Haunmyuinee Ka4ecTBO yIIpaBiIeH!S B
BII nonyyaercs B TOM CIIydae, KOTIA OCYIICCTRIAETCS PETyMpPOBaHHE
Kaxno#i mepeMeHHOIM 110 3aIaHHOMY Kpurepuio. Takoe ynpasieHue B
DI nomyynsto Ha3BaHUE MOOAALHOZO. ‘

OnHako Ha NMyTH Peatu3alMK TAKOTO YIPARICHHUS JacTO BOIHMKAIOT
TEXHUIECKUE H SKOHOMHUECKUE TPYIHOCTH, CBI3aHHEIE ¢ HEOOXOIMIMOC-
TBIO YCTAHOBKH GOJIBIIOTO YMCIA AATIMKOB ITEPEMEHHBIX, UTO YCOXKHSET
BIT u yaopoxaer ero CrouMocTs. IToaroMy B coBpeMeHHBIX DI yacto
OTKA3BIBAIOTCA OT NPSAMOT0 M3MEPEHHS T1EPEMEHHBIX COCTOSHUS € IIOMO-
LIBIO PAXTHYHEIX NaTIMKOB U NEPEXOIT K MX BEMHCICHHIO C TIOMOLIBIO
CIEIMATTBHOIO YCTPOMCTBA, MOMYUMBILIETO HA3BAHHE Halodamens.

OcHoBy HaGmonaTesst 06pa3yeT COBOKYITHOCTb MOZIENel 3BeHEeB DI —
JBUTATEIs, IIPeOGPA30BATENS, MEXaHHYECKOH IIepenaydn, yCTPOUCTB yn-
PaBIeHHU — M UCITOHUTE/THHOTO OpraHa pabodeii MallTiHb!, BRIIOJIHEH-
HBIX Ha 6a3e OTEePAlMOHHBIX YCHITHTENIEH WIIH CPEACTB MHKPOIPOLIECCOp-
HOH TeXHUKH. BRIXOIHBIE CUTHANG (HATIpSDKEHMS) 9TUX MoZieNeil oTpa-
XaloT NPUOKeHHBIE 3HAYCHUS TIEPEMEHHBIX WIH, KaK TOBODSAT, JAIOT
OLICHKY PeaJIbHBIX 3HaYe¢HUI IePEMEHHBIX, HOCKOIBKY MOJIC/TH HE Y4H-
THIBAIOT PEAIbHBIX BOMYIICHHMIA, eticTBylonux Ha D1 1 pabouyio Ma-
1IMHY, HecTabWIbHOCTH napaMeTpoB OI1 ¥ BIMAHUS npymx ¢daxropos
¢yHxumoHHpoBaHua BI1.

1 noBBILIEHNS TOYHOCTH TIOYYaeMBIX OLEHOK nepeMemmx co-
CTOSTHUS 3HAYCHME BEIXOAHOM perynupyeMoii nepeMeHHO# D11 cpap-
HMBAIOT ¢ ITOMOTIBIO 06paTHOM CBSI3H ¢ €¢ OLICHKOI IO MOHO Moze-
i BI1 ¥ NHCTIOTHUTEAHHOIO OpraHa 1 3aTeM B QYHKITHH BEIIBICHHOIM
pa3HHIB (OITHOKH) KOPPEKTUPYIOT NIOKA3AHMS OTIEIBHEIX MOAEIEH.
CoBOKYITHOCT MONHOM MOAETH W 06paTHO# CBSA3M TI0 BLIXOMHOM pe-
rynupyemoii nepemerHoi DI obpasyer nabarodarouee ycmpoiicmeo.

PaccmoTpetiHEle BRILIIE CXEMBI OTPAXAIOT CTPYKTYPY CHCTEMBI YIIpaB-
JleHus1 otaenpHoro JI1. MHorke TeXHOMOTMYeCKHe IIPOLECCH PeRy-
CMaTpHBaIOT OOBEIMHEHHC B CAUHEBIH KOMIDIEKC HECKOMBKUX pabodmx
MallUH ¥ MEXaHU3MOB, HODKHBEIM 00pa3oM MexXay coboi B3auMopneii-
crBytoumux. Hammyqimuit pesyybraT paGoThl TAKOFO €IMHOIO TEXHOJO-
THYECKOTO KOMILIEKCa JOCTUIACTCA TOJIBKO TIPDH €r0 aBTOMATH3aliH,
B yeM DIT IIpUHaIIeXUT OCHOBHAsA POk, 3a CYET COOTBETCTBYIOILETO
ynpasneHus D11 obecneunBaercs TpeGyeMas HOCIEHOBATEIBHOCTE BCEX
TEXHOJIOTMYECKUX Onepaluii, JOCTHraloTCS HaWTydlIne (ONTHMaIb-
HBIE) PEXUMEI paGOTH IPOMBIIILIEHHOrO 060pyI0BaHms U camoro BT,
OCYILIECTRITIOTCS HEOOXOAMMBIE 6IOKHPOBKM H 3alIUTHL.
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JIist yIpaBIeHAs TEXHONOTHYECKHMH KOMILTEKCAMH Bce LIIMpE HC-
nonb3ytotest O9BM. Oy no3BoJSIOT GHICTPO NMPOBOIHTH o6paboTky
GonBIIoro 00beMa HHOPMAIIHH O XOJe TEXHOJOTHYECKOTO MpOLIecca,
BhIPabaTHIBATh YIPARITIONIHE Bo3zeHCTBIA Ha DT pabotiX MaLIvH 1
MeXaHH3MOB B COOTBETCTBHH C 3aIaHHOH MporpaMMoi. OcoGeHHO
MpOKNe BOIMOXHOCTH, OTKPBIBAIOTCS TP HCTIOJIb30BAHNH MHKPO-
TpOIIECCOPHOM TEXHHMKH YIIPABNCHNS, TIO3BOJIAIOMIEH OCYINECTRIATS
ABTOMATH3AIIHIO KaK CIOXHBIX TEXHOMTOTHYECKHX IPOLIECCOB B LIETIOM,
TaK ¥ OTIETHHEIX POM3BOJICTBEHHBIX ONepaliiit ¥ LIMKIIOB.

KOHTPOJIbHbLIE BONPOCHI

1.

Y10 Takoe ynpasnexue?

2. YTO Ha3LiBAeTCH ABTOMATUHECKON U aBTomamsupoaaHHoﬁ cucre-

>

10.

1.

Mamy ynpaeneHus? o

470 Ha3biBaeTes CHCTEMOM aBTOMATUHECKOrO PerynupoBanun?
Ha xakvie BWUAbl NOAPA3AENAIOTC CUCTEMbI aBTOMATUHECKOro pe-
rynupoBaHus? ‘

MpuBeouTe NPUMEPHi CUCTEM aBTOMATUYECKOrO PEryNNpoBaHNs,
C KaKoW Liensio MOoXeT OCyLUeCTBASTECH Perynuposaxve nepemen-
Helx 8 AMN?

Kak noapa3nensiotcs aneKTpONpUBOAbI MO CTENeHU CBOel asTo-
marusauumn?

Kakue suab 06paTHbiX CBi3elt NPUMEHSIOTCA B aBTOMaTU3UPOBaH-
Hom 9MN?

B 4eM OTWYME CXeM YNPABNeHWs ANEKTPONPUBOJOB W 3NEKTPO-
npu;o,qawn?

Kakve xapaKTepHule NpuUaHaku NMEIOT 3aMKHYTHe CTPYKTypbt O,
NOCTPOEHHbIE NO cxemam C O6WUM ycunuTenem U no npuHUMNY
NOAYUHEHHOTO PETYANPOBAHUA KOOPANHAT?,

Yro Takoe HaGniogaioLiee YCTPORCTBO B anekTponpveoae?



Maea 2 .
AJIEMEHTbl U YCTPOUCTBA
ABTOMATU3UPOBAHHOIO
SJIEKTPONPUBOOA

2.1. CW1OBLIE NONYNPOBOAHUKOBLIE
NPEOBPA3SO0BATEJIN 3NIEKTPOJ3HEPIUH

B 3aMKHYTBIX, @ HTHOTA 1 B PA30MKHYTHIX CTPYKTYpax aBTOMATH3H- -
POBAHHOI'O AEKTPONPHBOA TPUMEHSIOTCA TIIABHBIM 00pa3oM IONYIIpo-
BOMHHKOBBIC CHJIOBHIE NIPpeoOpasoBaTe/Iv s YIPABICHHs] IBUTraTesIMH
TIOCTOSTHHOTO M [IePEeMEHHOTO TOKA. J{OCTOMHCTBAMH TTONMYIPOBOTHHKO-
BBIX ITpe0Opa3oBaTeIcii ARBIIOTCA LIMPOKUE (DYHKLIMOHAJIEHbIE BO3MOX-
HOCTH YTIpaBIeHHA TIPOLIECCOM MPE0GPasoBaHmst IMEKTPOSHEPIHI, BBICO-
Kue GBICTpozelicTBrE ¥ KO3((MHULINEHT II0Ie3HOro IeH TR, OoTbIHe
CPOKM CJITYX0BI, YI0GCTBO M MPOCTOTA OOCIYKUBAaHNA TIPU SKCIDTYaTALIMH,
IIHPOKME BOSMOXHOCTH T10 PEATM3ALIMH 3aLIHT, CUTHAIH3ALUM, TUarHo-
CTHPOBAHMA ¥ TECTUPOBAHKA Kak camoro D1, Tak M TeXHONOTHYECKOTO
060pyROBaHHSA, BO3MOXHOCTE TIPOTPAMMIPOBAHMS  TIePeTIpOrpaMMUpO-
BaHUA paboThl MEKPOIIPOLIECCOPHBIX CPEACTB YIIPABRICHHS B CIydac UX
HCTIONB30BaHMS. _

Bumecrte ¢ TeM ms 3THX TipeoOpa3oBatenieit XapakTepHEBI ¥ OTIpelie-
JIEHHEIE HetocTaTki, K HUM OTHOCATCS BBICOKAs YyBCTBUTEILHOCTD
TIOJYTIPOBOJHUKOBEBIX MPUOOPOB K TIEpErpy3KaM o TOKY H Halpsxe-
HMIO ¥ CKOPOCTH HX M3MEHEHNS; HU3KAS TIOMEX03aUIMIIEHHOCTD, MC-
KaXeHHe CHHYCOMNANBHO (hOPMBI TOKA U HAIIPSDKEHHSA CETH.

TIpeobpazosament — 310 AMEKTPOTEXHHIECKOE YCTPOMCTBO, IIpeodpa-
3YIOIIee EKTPOSHEPTHIO OJJHHX TIApaMETPOB HITH TIOKA3aTeNei KauecTa
B JICKTPOIHEPTHIO C APYTUMH 3HAYCHHUSAMH TIAPaMETPOB IUTH IT0KA33Te~
nieif kagectna. ITapaMeTpaMul EKTPHYECKOH SHEPIHH CUMTAIOTCS POJ
TOKA ¥ HaNPsDKEHUS, MIX YACTOTa, YNCTIo ¢as, ha3a HANPSKeHN.

Tlo xapakmepy npeobpasosanua anexmposxepauu CUNOBHE TIpeoGpa-
30BaTeNN JENATCH Ha BHIMPSIMUTENH, HHBEPTOPHI, TIpeo6pa3oBaTe/Iu
YACTOTHI, PETYJATOPH HATIPSIXEHUS MEPEMEHHOTO U TIOCTOSTHHOTO
TOKa, npco6pa303arcnn yucna a3 HarpsKEHUS T1ePEMEHHOTO TOKa.
Io anemenmuoii 6aze (BMIAM NIPUMEHAEMbIX CHJIOBBIX mpubopos) npe-
o6pa30BaTeH MOT'YT GHITH THOIHBIMH, TADHCTOPHEIMH Y TPAaH3HCTOP-
HEBIMH, a 110 ynpaeasemocmy — HEYIIPaBIAEMbIMU ¥ YTIPABIISIEMBIMH.
B ynpaBnsgeMbIx npeo6pazoBaTeax BRIXOAHBIC TICPEMCHHBIE — HaIIps-
XEHHE, TOK, YaCTOTa MOTYT PETY/JIMPOBAThC.

22



Bompsavurenn. BempsiMuTeieM HasrIBaeTCS TIpeoOpa3oBaTess Harps-
XeHHUd NepeMEeHHOTro TOKAa B HANPSDKEHUE TIOCTOSSHHOIO (BHIIPSIMIICH-
HOro) Toka. Heynpaensemvie abinpamumenu He o6ecIedBaIOT PEryIH-
POBaHMs HAINPSDKCHUA Ha HATPY3KE M BRITTONHSIIOTCS Ha TIONYNPOBO-
HHKOBBIX HeyIIPaBIseMBbIX ITpUGopax OMHOCTOPOHHEH MPOBOIMMOCTH ~—
IUOJAX, A YNpaeisembie ebinpAMUMeny BhITIOTHSIOTCS HA YIIPaBIeMBbIX
JAHoIaxX — THPUCTOpaX — U MO3BOJITIOT PETYIHMPORATE BBIXOIHOE HAIIPSI-
JKEHHE 32 CYET COOTBETCTBYIOIENO YIIPaRICHUS THDHCTOPAMH.

BempsiMurre it MOTYT OBITH HEpeBEPCHBHBIME U PeBEPCHBHBIMM. Pe-
6epcUgHbie BEINIPSIMUTEN TIO3BOJISIOT U3MEHATD MOJIAPHOCTE BEITIPSIM-
JIEHHOTO HalpsDKCHUST Ha CBOCH Harpy3Ke, a Hepegepcuensie — HeT. [1o
YUy (pa3 MUTAIOLUCTO BXOXHOIO HAIPSDKCHUS MEPEMEHHOIC TOKA BBHIII-
PAMUTENY HEJATCS. HA 00HOogasHbvie N mpexgasnble, a TIO CXeME CHITOBOIH
JaCTH — Ha MOCIMOBbIE U C HYAEBbIM GbIBOOOM.

T
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Puc. 2.1. Cxembl BbiNpsiMUTenei:
a — oAHOE3HOr0 € HYNeBbLIM BLIBOAOM TpaHcdopmaropa;
6 — TpexchasHoro MOCTOBOro

Ha puc. 2.1, a B xayecTBe IIpHMepa IpUBEACHA CXeMa ONHOa3HO-
ro THPUCTOPHOTO YIIPaBISIEMOr0 HEPEBEPCHBHOIO BHITIPAMHUTENS C
HyJIeBBIM BBIBOIOM. B cOCTaB BEIIPSIMUTE)IS BXOIAT ABa TUpucTopa VS1
n V52, nonkmoueHHRIe KO BTOPHIHBIM 0OMOTKaM TpaHchopmaropa - T’
u obecIieyrBaIoINe Ha HArpy3Ke R ABYXIIONYIIEPUOIHOE BLITIPSIMIIEH-
HOE M PEryJIMpyeMOoe 110 BeJIHYMHE HallpsLKeHHe. YTpaBJIeHHe THPUC-
TOpPaMH OCYHIECTBISIETCA C TIOMOILFIO MONaBaeMbIX HA MX YHpaBIIsi-
IOII[He 3TEKTPOABI OT CHCTEMBI MMITYJIbCHO-()a30BoOro ynpasieHus
(CH®DY) umnynbcoB yrpasieHus U,. I3MeHss1 ¢ TIOMOIBIO CUTHAMTA

23



yupasieHus U, MOMEHT TIOJauH MMITYJTbCOB Ha THPHCTOPHI, MOXHO
OCYIIECTBIIATL PETYIMpOBAHNE HAaNIPSDKEHUS Ha Harpyske. Ha cxeme
IIOKa3aH peakTop L, KOTOPEIA BKTIOYaeTCA B LeNb BHIPAMIEHHOTO
TOKa ] ST CTITaXWBaHUA €T0 MyJILCALMIA.

Ha puc. 2.1, 6 npuBeneHa cxeMa TpeX(asHOTO MOCTOBOTO HEPEBEPCUB-
HOYO BBINPSMMTENA Ha IIeCTV THpHcTopax VS V56, Harpy3koii KoTopo-
TO SIRJIIETCS SIKOPb ABUTATE/IT NOCTOSTHHOTO ToKa M. Ha cxeMe mokasaHsi
peakTop L, KoTophlif BKIIOYAETCS B LIENH BHIPAMICHHOTO TOKA IS CIVia-
XHMBaHMs €10 TIyIkcalyii, TpaHctopmarop 7' v 0OMOTKA BOIGYXKACHUS
OBM. [ipyrie BO3MOXHBIE CXEMEI BEIIPSMUTENEH PACCMOTPEHE! B [21].

B 1a671. 2.1 npyBENEHEI COOTHOIMEHMST, KOTOPHIE CBA3LIBAIOT ITapa-
METPHI Leneil NEPEMEHHOTO ¥ TIOCTOTHHOTO TOKA JJIsl PasHbIX CXEM
BBINPAMIICHUSA IPH AKTUBHOM HArpy3Ke BBIIPAMHUTeNS. B Heil mpuHs-
Tb1 0003HaueHns: U, I, — NefcTBYIOIINE 3HAYCHUST COOTBETCTBEHHO
HATPDKEHUs ceTH (BTOPUYHOIN OOMOTKH TpaHchopMaropa) H mepe-
MEHHOTO ToKa; U, I, — cpefiHMe 3HaYCHUS BHIMPSMIICHHEIX HANDS-
XKeHUST M TOKA; Ug, max — MAKCHMaTBHOE OGPATHOE HATIPSKEHUE, TIPH-
KJIa[BBaeMoe K BEHTHIIO (TMONY WIM THPHCTOPY); S, — pacyeTHas
MONIHOCTh HEPEMEHHOTO TOKA (THUIIOBast MOITHOCTE TpaHC(hOpMaTOopa);
F,, — MOImHOCTS HArPy3KH Ha CTOPOHE MOCTOSHHOTO TOKA.

Tabnuya 2.1
CooTHoleHUA Mexay TOKaMK W HANPAXEHUAMU 8 BbINDAMUTENSX

Cxemasuinpamnenns (U, / U;|Uwgpe / Uy | 2 / 1, | Sy / P, | Koabduumenr
g nynscauun, %
OnHononynepuozHas 0,45 3,14 0,785 1,48 157
OpHodasHada Hynesas 0,9 3,14 0,785 1,48 67
OpHodasnasmocToead | 0,9 1,57 1,1 1,23 67
Tpexdaaran Hynesas 1,17 2,09 0,585 1,37 25
TpexcdasnaamocToBan | 2,34 1,05 0,817 1,05 6

PeBepcuBHEIE BHIIPSIMUTENH COCTOST U3 ABYX HEPEBEPCUBHEIX BbI-
NPAMUATENEMH, TIPH YIIPABICHUH KOTOPHIMU HCIIONB3YIOTCS COBMECTHOE
M pasgenbHoe ynpasieHus. I1pu pazdessnom ynpaenenuu MMIIYIbCH
YIIPABJICHHS TIOJAIOTCS Ha TMPUCTOPBI pafoTAIOINErO B JAHHBIA MOMEHT
HEYNPABJISIEMOTO BHINPAMUTENS], a Ha THPHACTOPHI IPYTOro BELIIPAMH-
TeJI HMIYJIBCEL HE MTONAloTcA M OH He paboTaeT, «3aKphiT». Ilpn He-
06X0onMMOCTH U3MEHEHUS TIOMAPHOCTH HANPsDKEHHS HA Harpy3ke Ha
TIPOTHBOMOJIOXHYIO BEINPAMUTENN MEHAIOTCS POJISIMHE.

IIpy coemecmuom ynpassenuu UMITYNBCHL YIIpaBACHUS MOAAIOTCA
OIHOBPEMEHHO Ha 00a BEITPSMUTEISA, TIPY 3TOM 34 CUET COABHIA MEX-
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Jty MMITYJIbCAMH YTIPARJIEHHA OIMH BRITIPAMMTENL paGOTaeT B BHINIPA-
MUTETHHOM DEXHME, a IPYTOif — B MHBEPTOPHOM,

Huseprophi. MTHBEpTOPOM Ha3bIBaeTCA NPeobpa3oBaTeNh HaTIpsDKe-
HiA IOCTOAHHOTO TOKA B HAIIPSDKEHHME TIEPEMEHHOTO TOKA. DTH TIpe-
oGpa3oBaTeNH HCIIONB3YIOTCA B COCTaBe MpeoGpa3oBaTesieif YacTOTH B
cysae mutaHus BI1 or ceTH MepeMeHHOTO TOKA WK B BHIIE CaMOCTO-
gTeJIBHOTO TIpeoOpa3oparessi Ipu muTaHuK DI oT HCTOYHMKA ITOCTO-
gHHOro HampsDkeHud. B cocraBe D11 oHM 0becrieunBaloT, Kak NpaBy-
710, TIOJIyUeHUE TIEPEMEHHOIO HANPSDKEHUSL PETYTUPYEMOM YaCcTOTHI,
Y10 TPEOYETCA WIS PETYIMPOBAHHSA CKOPOCTH IBHTATEIICH TIepeMEHHOTO
TOKA.

CymiecTByeT HOIBITNIoE KOMMYECTBO HHBEPTOPOB, PATIYAIOLIMXCS CBO-
VMM CXeMaMH, XapaKTePHCTUKAMH M 00JIacTsSIMU IpAMeHeHHsT. B cxeMax
DI1 Haubosrpiiice TIPUMEHEHVE HAIIUIA aBTOHOMHBIE MHBEPTOPHI HATIPS-
KEHHS Y TOKA.

Asmornomuble urHeepMOpbl HANPANCEHUS (AI/IH) UMEIOT KECTKYIO BHEILI-
HIOIO XaPaKTepUCTHKY, TIPEACTARISIONIYIO CO00i 3aBUCMOCTD BBIXOI-
HOTO HAITPSDKEHMsI OT TOKA HATPY3KH, BCIIENCTBUE YeTo TIPU N3MeHe-
HHH TOKA Harpy3KH MX BEIXOIHOC HAIIPSDKCHHE MPAKTHYSCKU HE U3-
MensieTcss. TeM caMBIM YIIPaRISIONMIMM BO3ACHCTBUEM Ha JIBUTATENH
[IEPEMEHHOTO TOKA ABIAESTCS HANIPSLKEHHE PETYIMPYEMOi YaCTOTBI.

Asmonomubie pezyaamops: moxa UMEIOT «<MATKYIO» BHEIITHIOIO XapaK-
TEPUCTHKY ¥ 0GAANAI0T TEM CaMBbIM CBOMCTBAMI MCTOYHHMKA TOKA, B CBSI-
311 C 4eM TIpH MX MCTIONB3OBAHMH YIPAB/ISIONINM BO3ACHCTBIEM Ha JIBH-
TaTesIb SIBSIETCS TOK PETYMPYEMO# JaCTOTEL.

B cxeMaX MHBEPTOPOB IIPMMEHSIOTCS YIIPaB/IsieMbie TIOTYNPOBOL-
HUKOBBIE PHGOPHI — TUPHUCTOPH! U TPAH3UCTOPHL. CXeMBbI aBTOHOM-
HBIX HHBEPTOPOB TIPHUBEJIEHEI HIIXe IIPH PACCMOTPEHUH Ipeobpa3oBa-
TeJICH YaCTOTEL

IIpeobpazosaremn wactornl. IIpeobpasoBareieM 4acTOTH Ha3blBa-
€Tcs MpeoOpa30BaTeITh HATIPSDKEHUS TIEPEMEHHOTO TOKA CTAHIAPTHEIX
YaCTOTHI M HANPSDKCHUSA B HATIPSDKEHUE TIEPEMEHHOTO TOKA PeryIupy-
eMoii yactorsl. IIpuMeHuTENBHO K cXeMaM D11 omHOBpeMEHHO ¢ Jac-
TOTO} B ONpe/e/IeHHOM COOTHONICHHH PETYINPYLTCS M BRIXOJHOE Ha-
NIPsSDKeHHe mpeobpa3opaTes.

IomynpoBomHMKOBEIE NIpeoOpasoBartem 9actotsl (ITY) nensres Ha
JBE TPYIIIEL: TIPeobpasoBaTel C HEITOCPEACTBEHHOI CBI3HIO M ITPe0b-
Pa30BaTeM ¢ IPOMEXYTOTHHIM 3B€HOM ITOCTOSTHHOTO TOKa.

Cutopast 4acTh CXeMEI mpexghaznozo npeobpazoeamens: 4acmomyi ¢
Henocpedcmaennoii cas3vio TIOKa3aHa Ha puc. 2.2. OH o6pa3oBaH TpeMs
Tpymmamiu 2, 3 ¥ 4-X THpHCTOpoB VS 1—VS6, BKIIIOYEHHBIX MEXIY BTO-
PHYHBIMM 06MOTKaMU TpaHchopMatopa M Harpyskoit Z,, Z, u Z,.
Perynupyemoe no uacrore f,.. 1 Benmuuse Hanpsokerue U, Ha HaTpy3-
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ke (hOpMUPYETCsI U3 HANIPSDKEHMST MCTOUHHKA IIMTAHHS (Tpancdopma-
Topa) U,, U, n U, 4to ¥ ofpenemino Ha3BaHUe 3TOrO THIIA npeobpa-
30BaTeNA YaCTOTHL. YacTora HanpsDKeHNS Ha HArPy3Ke MOXET PEryin-
POBATBCS TOJIBKO BHU3 OT CETEBOH f], U €6 MAKCHMANBHOE 3HAYEHUe
06EMHO He rpeBocxomut 20 I, 4To ompenesser OrpaHHYEeHHBIE BO3-
MOXHOCTH IIPUMEHEHHS 3TOTO THIIA IIpe06pa3oBaTeNs YacTOThL.

Ua
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i U,
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Puc. 2.2, Cvnosas 4acTs cxembt Npeo6pasoBaTens HacToThi
C HernocpeacTBeHHOM CBA3bIO

1Ipeobpazosamenu uacmomos ¢ NpoMENCYMOUHBIM 36€HOM HOCMOARHOZ0
moxa B coctaBe DT MOIYT BEITONHATECS TIO IBYM OCHOBHBIM cxeMam. Ha
pHc. 2.3 1oKa3aHa CIJIOBAst YacTh CXEMEI mpexghasHoeo npeoGpazoeamens
Hacmomy. ¢ uheepmopom nanpaxcerus. OHa COCTOMT M3 HEPETY/IHPYEMO-
IO BBIIpAMMTENA B, coGpaHHOrO Ha mect auomax VDI—VD6, u aBro-
HOMHOI'O HHBEPTOPa HaNpsokeHuA AHH Ha MecTH YIpaBIsaeMEIX KO-

VD1 .. VD6 VS1... Vs6

U K27 bﬁtzﬁﬂé 1K 2 v
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Puc. 2.3. Cunosasn 4acTb cxemel NpeoGpa3osaTens 4acTOTsl C WHBEPTOPOM
HanpsaxeHus

94X, B KAYECTBE KOTOPBIX HA CxeMe TIOKA3aHbl MOXYJIM, CONEPXKANIHE
GUIIONAPHEIE TPAH3UCTOPH C H30JIMPOBAHHBIM 3aTBOpoM VS1-VS6 u
UIYHTUPYIOIHE AUOnsl VD7—VDI2. BoimpsaMurels npeo6pasyer Ha-
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npsukeHue cetn U, CTaHAAPTHOM YACTOTHI f; B BHIIPSIMIICHHOE HAMPS-
JKEHHE, 4 UHBEPTOP — BHITIPAMIIEHHOE HANPSKeHHe B Hanpsokenue U,
pery;IMpyeMoii YacTOTHL f;. PerynnpOBaHneuHanpﬂ)KeHH;[ U, Ha Harpy3-
K€ OCYLIECTBIIAETCS IINPOTHO-UMITYJIECHOM MOIYJIALIME BHIIPAMIICH-
poro HanpsoxeHus. KoHzeHcatopsl C BBITONHAIOT PoJb GMIETPa U
3J€MEHTA, OCYILLECTBISIIoNEro 0OMeH peakKTMBHOM MOILHOCTH C Ha-
IPY3KOiL.

Ha puc. 2.4 nokazaHa CHIOBas 4acTh CXeMBI IIpeodpa3oBareiis ya-
CTOTHI ¢ HHBEPTOPOM TOKA. OHA BKIIIOYAET YIIPABISACMEIH BRITIDIMH-
tenp B Ha TMpucTopax VSI—V56 v unBeprop Toka M Ha 3ampaeMBbix
tupucrapax VS7—VS12. Konnencaropsl C SIBIAIOTCS UCTOYHUKOM pe-
AKTHBHOM MOLHOCTH IS HATPY3KM, peaxTop L obecmeunBaeT paboTy
HHBEpTOpa TOKAa. IIpHBeAEHHAS CXeMa MO3BOJISET OCYILECTBIATE pe-
KyIteparuio (0TAa4dy) SHEPTHH B CETh. ‘

Vs1.. vs6 VST ... V12
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Puc. 2.4. Cunosas yacTb CXembl NpeoHpasosaTens YacToTel C MHBEPTOPOM TOKa

Peryastops! HanpsokeHust NepeMeHHOr0 Toka. PeryngropoM Hanps-
XeHMst TIEPEMEHHOTO TOKA Ha3bIBACTCS NIPeobpas3oBaTeNlb HANPSKEHHS
[IEpEMEeHHOTO TOKA CTAHAAPTHHIX YACTOTH M HATIPSDKEHUS B PETYI/IH-
pyeMoe HaIPSKEHHE NIEPEMEHHOTO TOKa TOM Xe 9acToThl. OHH MOTYT
OBITE OmMHO- ¥ Tpex¢a3HRIMU M UCIIOJL3YIOT B CBOCH CHIIOBOM 4acTH,
KaK MPaBWJIO, THPHUCTODHL.

Cxema onqHO(da3HOro THPHUCTOPHOTO PETYIIATOpA HanpstkeHust 7PH
Noka3aHa Ha puc. 2.5, a. Ero cwioBas 4acTh COCTOUT U3 JBYX TUPHC-
TopoB VSI u VS2, BKIIOYEHHBIX TI0 BCTPEYHO-TApALIEILHON cxeMe
MEXTY MCTOYHMKOM IMTaHHS ¢ HanpskeHneM U n Harpysko#t Z,.
WsmeHenue ¢ momomipio BXoaHoro curHaia U, MOMEHTa 1ofaun MM-
TIy1pcOB yrpaBineHua U, Ha THPACTOPHI IO3BOJISIET PErYJIMPOBATh Ha-
TIpstkeHHe Ha Harpy3ke U, ot Hyns mo ceteBoro U TIpu Toif Xe Jac-
TOTE CETH.

" Ha puc. 2.5, 6 nokasaHa cxeMa BKTIOUEHHA Tpex¢ha3HOro THpHC-
TOPHOTO pEeryjisiTopa HalpsKeHU, Harpy3Koil KOTOPOTO SIBJISTIOTCS
o06MOTKH craTopa ABMUraTeNIs NepeMeHHoro Toka AJ]. JloGarnenue B 5Ty
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cXeMy ellle ABYX Iap THPUCTOPOB MO3BOJISET U3MEHSTh YepenoBaHue
a3 HanpsKEHUS HA CTATOpe ABHTATENs U TEM CAMBIM U3MEHATh Ha
TIPOTHBOIO/I0XHOE HATIPABAEHUE €r0 YACTOTHL BpALLEHHS.,

a TPH o A
il

Y

CHDY i@gz

Puc. 2.5. Cxembl perynsmopa HarpsiXeHus NepeMeHHoro Toka:
a — oaHodasHoro; 6 — TpexdazHoro

PeryasTopsl HalpsDkeHUS UCTIONB3YIOTCA B KAYECTBE MITKHX IIyC-
Kateneil qurateneit NepeMeHHOTO TOKA, OTPAaHHUHBAIOIINX MX ITyCKO-
BbI€ TOKM M MOMEHTEI, a TAKKE PETYIATOPOB 3KOHOMUYHOCTH BII ¢
ACHHXPOHHBIMH JBUTATENISMH, 00eCTeYnBaAIOIINX HAWTYIIINE SHEpTe~
THYECKHME ITapaMeTpH IIpH ux pabote. Ha oCHOBe peryasaropoB Haripsi-
KECHMS MOXET OBITh peaiM30BaHO TaK HA3BIBAEMOE KBa3MYACTOTHOE YII-
pPaBJIeHNE aCUHXPOHHBIMU JBUTATE/IIMUA H UX JTHHAMHYECKOE TOPMO-
KEHHE. '

Perysstopsl BANPSOKeHAS NOCTOAHHOTO TOKA. Pery/sSTTOPHI 3TOr0 THITA
MpeobpasyloT HANIPSHKEHHNE TIOCTOSTHHOTO TOKA UCTOYHUKA NNUTAaHHA B
peryanpyeMoe HampsDKeHHE Ha Harpyske. B taxux npeobpasoBareisix
MCTIONB3YIOTCA CHIIOBBIE TTOYITPOBOAHUKOBBIE VIIPABISIEMBIEC KITIOYH —
THPHCTOPHL ¥ TPAH3HCTOPHI, a PETYJIMPOBAHUE HANPSKCHUS B HUX
MPOUCXOIMT 32 CYET MOTYISHUHN HANPSDKCHUS UCTOYHNKA ITUTAHUA,

Ipuruun paboTsl UMITYJILCHOTO MPpeoOpa30BaTeNs HAMpPSKEHUS
WITIOCTPUPYET cXeMa Ha puc. 2.6, tae Z,, U,, — cOOTBETCTBEHHO CO-
MPOTHUBJICHNE U HAIIPSOKEHUE Harpy3Ky; E — HalpsoKeHHE MCTOYHHKA
nutanns; VIIK — ynpaBigeMblii TONYTIPOBOXHUKOBEIN Kimo4; VD —
o0paTHEbIif quon. PerymupoBaHne HanpsoKeHHS Ha HaTPy3Ke OCYLLECTB-
JISeTcsI 33 CYET NePUOIMYECKOTO 3aMEIKAHHS M pasMuikaHus YITK, npu
KOTOPBIX TIPOHCXOIMT IMONKITIOUEHHE HAarPy3KM K HCTOMHHUKY ITHTaHMS
H ¢ OTK/TIoNEHNE. VU 3MEHsIsT UTUTEIEHOCTE UMITY/TBCOB IPH HEU3MEH-
HOI 4acTOTE MX CJIEIOBaHHUS (ILUMPOTHO-MMITYJIBCHBIN cTI0CO0) MITH MX
YacTOTy MpH HEU3MEHHOM JJIMTEIBHOCTH (9acTOTHO-UMILYJICHBIN
cnoco6), MOXHO DEryIupoBaTh HAMPSDKEHUE Ha HArPy3Ke OT HyJIs 10
HanpsoKeHU HCTOYHUKA MUTAHMS,
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Puc. 2.6, Perynatop HanpsXeHUs noCTOAHHOIO Toka

HauGornelilee pacnpocTpaHEeHUE MOAYIHII ITMPOTHO-HMITYILCHBIH
criocob, IpH KOTOPOM CpelHee HalpsKeHUe Ha Harpyske U, cBA3aHO
C HaNpPsOKCHMEM MCTOYHHKA TTaHUA E, IUINTENBHOCTBIO HMITYIIBCA £,
¥ MEPHOAOM HX ciieffoBaHus T ClefyIOIHM COOTHOLHEHHEM!

E
U,=t,==vE
H HT 'Y)

t
e Y = -% — OTHOCHUTEJIbHAS JUTUTENEHOCTb (CKBAXXKHOCTE) HMITYJIECOB.

2.2. SNEKTPUYECKUE AMNAPATbI PYYHOIO
U ONCTAHLMOHHOIO YNPABJIEHUSA

Knaccu(uKamus 3JeKTPUIeCKHX ANNapaToB. DieKmpu4eckumy anna-
pamamu (DA) Ha3BIBAIOTCS 3JIEKTPOTEXHHYECKICE YCTPOUCTBA, TIpeHa-
3HAYEHHBIE JUIST YIIPABJICHUA MTOTOKaMM SHEPIHM Y MHQOpMalluy,
a TakkKe peXMMaMH paGoThl, KOHTPOJIS H 3allIWTHI TEXHHIECKHX U SIIEK-
TPOTEXHHYECKHX CUCTEM Y MX KOMIIOHEHTOB.

OIHNM M3 OCHOBHBIX HPH3HAKOB Kiaccuduxaumy DA sBidercs ux
pabodee (HOMUHAIIEHOE) HATIPSDKEHHE, TI0 KOTOPOMY OHM JEJISITCSI Ha an-
napamwt Huzkozo (1o 1000 B) v geicokozo (carie 1000 B) Hanpsowcerus.

Annapamsi nuskoz0 nanpsaxcenun BHITIONHSIOT B OCHOBHOM (yHK-
I KOMMYMAYUU U 30UUmsl 31exmpuveckux yeneii u ycmpoiicme (aB-
TOMATHYECKHE BHIKITIOUATeIM, KOHTAKTOPH, MTyCKATE/IH, peJie, PyOHIIb-
HUKM ¥ TIAKETHEIE BEIKTIOUATENTH, KHOTIKY YIIPAB/ICHNA, TYMONEPEl H
ApYTHE aflliapaThl) U pezyslpoéarus Rapamempos mexHU4ecKux obsex-
mos (cTabUNM3aTOPhI, PETYIATOPH HANPSKEHUS, MOIIHOCTH H TOKa,
YCWINTENH, aTYMKH PA3THYHBIX TIEPEMEHHBIX).

Annapambi 6bicoK020 nanpaxcenusa TIOAPA3NEIBIIOTCA HA KoMMyma-
KuoHHble (BBIKITIOUATENHN, BHIKTIOUATEIM HATPY3KH, PasbeIMHHUTENH),
uzMepumensrbie (H3MEPUTESILHBIE TpaHCHOPMATODHI TOKA | HATIpsTKe-
HUSA, JeIUTeIN HAPSDKEHUA), Komnencupyiouue (LIyHTHPYIOIIHe pe-
aKTODH), KoMnaeKmHsie pacnpedeiumentHvie YCmpoiicmea.

ITo cBOEMY MCTIOHEHHIO anTaparthl MOAPasacaAIoTCA Ha 31eKm-
DoMexanuteckue, cmamuueckue v 2ubpuonsie. OCHOBHBIM IIPH3IHAKOM
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SJIEKTPOMEXaHUYECKHX alMapaTOB SBIACTCS HATMYHE B HHX TIOBHXK~
HBIX YaCTeH, HalIpUMep KOHTAaKTHOM CHCTEMEI y KOMMYTallMOHHEIX
anmapaToB. CTaTHYeCKHe aNapathl CTPOSTCS ¢ MCIIONb30BAHHEM T10-
JIIPOBOJTHMKOBBIX ¥ MATHUTHBIX 2JIEMEHTOB M YCTPOHCTB (nvonos,
TPAH3UCTOPOB, THPHUCTOPOB U APYTUX MOIYNPOBOXHHKOBEIX MPHGO-
POB, MarHUTHBIX yCHMTeNeH ¥ 1p.). TuGpunHbie anmapars npeg-
CTamBIOT CO60H KOMOHHALHIO 31EKTPOMEXaHHIECKIX 1 CTaTHUYECKIX
alnaparos.

DIeKTpUYECKHe ANTTAPATE! KNACCHPHLMPYIOTCS TaloKe:

® 110 3Ha4eHUI0 pabouux MoKoe — ATIIAPATHI CIAGOTOYHBIC (mo 5 A)
M CHJIbHOTOYHEIE (CBBILIE 5 A);

® 110 pody moKa — anmnaparhbl MOCTOSHHOIO U TIEPEMEHHOTO TOKA,

® 10 yacmorme pabouezo HANPAXCEHUA — ATNAPATH C HOPMATLHOH
(o 50 I'r) 1 moBRImEenHOI (0T 400 10 10 000 ') yacToToit Hanpg-
KEHHS. o

K annaparam py4HOro ynpasneHust oTHOCSTCS KOMAHIHBIE MAJIO-
MOIIHEIE YCTPOHCTBA — KHOIKM, KITIOYH YIIPABTEHHS M PA3TMYHEIC
KOMaHJ0alnapaTsl (KOMaHIOKOHTPOJLIEPE), C TIOMOUIBI0 KOTOPBIX
OCYIMCCTBICTCS KOMMYTalHsl SJEKTPHYECKHX TeTeil YIPaBIeHUs 1
1oJja4ya KOMaHjl YHpaBleHus Ha DI1,

Kuonku ynpasnennss. KHonky ynpasnesus pasmraaioTes o pasMe-
PaM — HOPMaNbHEIE 1 MaNOTaGapHTHEIE, N0 YHUCTY 3aMBIKAOIIHUX U
Pa3MBIKAIOMINX KOHTAKTOB, 110 (h)OpMe TOJIKATENIA, 110 BEIUHHE U POLY
TOKa M HATPSDKCHUSA, TTO CTEIICHH 3aHIUTEL OT BONEHCTBHS OKpYXa-
womeil cpentl. JIBe, Tpu wim Gosee KHOIIOK, CMOHTHPOBAHHEIX B Of-
- HOM Kopiryce, 06pasyioT KHOIIOYHYIO craHImio. Ha puc. 2.7, a noka-
3aHO YCJIOBHOE M300paxXeHHe OTHOIEIMHEIX KHOIIOK C 3aMBIKAIOIIMM
(xHonKa SBI) 1 pa3sMBIKAIOLIHAM (xronka SB2) kOHTaKTaMu, KOHTAKTE
KHONOK M IPYTUX S7IEKTPHYECKUX aNfapaToB Ha CXeMax H306paKaroTcs
B TaK HA3BIBACMOM HOPMAJILHOM COCTOSTHHM, KOTJIa HA HHX HE OKa3hl-
BacTCA MCXaHHYECKOTO, 3IEKTPHYECKOr0, MATHHTHOIO WM KAaKOTO-
/160 OpYyroro Bo3neicTBUsA. JIBYXIEIHBIE KHOTIKM MMEIOT 066 mapsl
TTOKa3aHHBIX KOHTAKTOB C €AMHBIM IIPHBOLOM.

a 6 10, ]
SB1 : | SM1
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$B2 ]
_Jl_SM3 ~

Puc. 2.7. YcnosHbie n3o6paxeHus:
@ — KHOMKKM YNPaBneHns; 6 — KoY YNpaBneHus; 8 — a71eKTPUYECKAe KOHTAKTLI
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Kmoun ynpaniienns (yHMBepCcAnbHbIE NepexouatTenn). DTy annapa-
TH UMEIOT IBa WK GoJee (PMKCHPOBAHHBIX MOJIOXEHHH PYKOSATKH
YTIpAaBIIEHHS ¥ HECKOMBKO 3aMBIKAIOIIHMX Y Pa3MBEIKAIOIMX KOHTAKTOB.
Ha puc. 2.7, 6 TOKa3aH NepeKnoyareis, UMEIOIUi Tpy GUKCUPOBaH-
HBIX TIOJIOXEHUS PYKOATKH. B CpeiHeM TIOIOKEHMH DYKOATKH (TI03K-
s 0) 3aMKHYT KoHTaKT SMI, 9T0 0603HAaYaeTCsd TOYKOM HA cXeMe,
a KOHTakKTH SM2u SM3 paszoMkHyThl. B onoxennn 1 xynova 3aMEBI-
Kaercsl KOHTakT SM2 ¥ pasMmeuikaercs SMJ, B monoxeHuH 2 — Hao6o-
por. Ha puc. 2.7, ¢ noka3aHsl 3aMBIKAIOIIMI M PasMBIKAIOIIKH KOH-
TaKTHL. _

KoMaHIOKOHTpOULIEPh! (KOMAHZOANIAPATRI) IPEICTABIISIOT C000i1
armnapaTsl JUIsi KOMMYTAalMH HECKOIBKIX MAJIOMOIIHBIX (TOK HAIpys3-
KM 10 16 A) anekTpuyYecKuX erneif C yrnpaBjieHHEM OT PYKOSATKH WK
nenad ¢ HeCKOJBKHMH IMOJMOXeHUsIMH. Mx anexTpudeckas cxema
HM306paXKaeTCs aHATOTMYHO CXeMe KITIoUel YIIPaBIeHHs U ITepeKTIova-
Teneit.

K cH10BEIM KOMMYTAaLIMOHHEIM AIIIapaTaM ¢ PYYHBIM YIIPaBICHU-
€M OTHOCSIT pyOWJIBHMK¥, TIaKECTHEIE BBIKJIIOYATE/IM, KOHTPOUIEPH U
aBTOMATUYECKVE BBHIKITIOYATETH.

Py6uimtnku npeacTasisiioT co00 ITpOCTHE KOMMYTAallMOHHBIE aMl-
I1apaThl, NpeaHasHadeHHEBIe I HeaBTOMATHIECKOTO HEYacTOro 3a-
MBIKaHHS ¥ Pa3MBIKAHUA CHJIOBBIX JIEKTPHUECKHX LETIEH ITOCTOSTHHO-
ro 1 IEpEMEHHOTO TOKa HanpsokeHHeM Ko 500 B u TokoM 1o 5000 A.
OHH pasIIYaloTCs MO BETMYMHE KOMMYTHPYEMOTO TOKA, KOJIMYECTBY
IIOJTIOCOB (KOMMYTHUPYEMEIX T1eTieif), BUIY IPUBOA PYKOSITKH ¥ YUCITY
€e TIOJIOXEHWH (Ba WITH TPH).

ITakeTHble BLIKJIIOYATENH TIPEICTABISIOT COO0M pa3HOBUIHOCTH
PYOMJIIBHHKOB, OTTMYAIONINXCS TEM, YTO UX KOHTAKTHAsA CUCTEMA Ha-
6UpaeTCsa U3 OTACNBLHBIX TTAKETOB TI0 YHCITY TIOIOCOB (KOMMYTHPYEMBIX
ueneit). [1akeT COCTOMT U3 M30IATOPA, B 11a3aX KOTOPOT0 HAXOASITCS
HEMOJBIDKHBIH KOHTAKT C BAHTOBLIMH BHIBOIAMH JUIS TIONKTIOUEHUS
MPOBOAOB ¥ MPY>XWHHEIH TTOABUKHBIM KOHTAKT C YCTPOACTBOM MCKPO-
TaleHMs. .

Pa3HOBUAHOCTHIO PYOWIBHUKOB SIBJISIIOTCS IePEKITI0YaTe/TH-pPa3b-
€IUHUTEIIM C PA3THYHBIM TUTIOM TIPUBOIA — PBIYAXHBIM, C ICHTPATE-
HOM PYKOATKOM, ¢ ITIPUBOAOM OT MAXOBHKA WM IITAHTH.

Kontpoaieps SBISIOTCS MHOTOIIO3UITHOHHEIMY 3JIEKTPHIECKIMH
arnmapaTaMH C PYYHEBIM WIH HOXHBIM TTPHBOIOM IUISI HETIOCPEACTBEH-
HOJt KOMMYTAIIUH CHJIOBEIX LieNelf, B OCHOBHOM 3JICKTPHIECKIIX IBHTa-
Teneit. CWIOBble KOHTPOJUTIEPH! OBIBAIOT BYX BHIOB: KYJIauKOBBIC U
MarHUTHEIC.

Kyaauroevie konmpoasepbt XapakTEpU3YIOTCS TEM, YTO Pa3MBIKaHUE
M 3aMBIKAHHE WX KOHTAKTOB 00ECIIEYHBAETCS CMOHTUPOBaHHBIMH Ha
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Gapabane KynaukaMH, TTIOBOPOT KOTOPEIX OCYHIECTRIIIETCS ¢ TIOMOIIBIO
PYKOSITKH, MaXOBHYKA WU TTefaiu. 3a cueT npodIUTHPOBaHAMs Kylay-~
KOB 00eCIIeUHBACTCA He0OX0aMMAs MOCIICAOBATEIBHOCTE KOMMYTAIIMY
KOHTAKTHEIX 2JIEMEHTOB.

Maenumnuvie Kornmponaeps: IPENCTABISIOT c000i1 KOMMYTAllHOHHOE
YCTPOHCTBO, B COCTAB KOTOPOTO BXOIST KOMAaHIOKOHTPOJUTED U CIHIOBBIE
9MICKTPOMArHUTHBIC anmapaThl — KOHTAKTOphl. KOMaHIOKOHTpOIIED ¢
TIOMOILBIO CBOMX KOHTAKTOB YIIPaB/ISeT KATyIIKaMX KOHTAKTOPOB, KOTO~
PHIE yX€ CBOMMHU KOHTAKTaMHM KOMMYTHPYIOT CHJIOBBIE LISTIM IBUTATENEH.
CpokK cJryx05] MATHUTHBIX KOHTPOJUIEPOB FIPH OHMUX M TEX XK€ YCJIOBH-
X CYIIECTBCHHO BBIIIE, YEM KYJIAYKOBBIX KOHTPOJIEPOB, YTO OTIpeIe/Is-
€TcA BBICOKOH KOMMYTaLIMOHHOM CIIOCOOHOCTBIO M NI3HOCOCTOMKOCTEIO
9JICKTPOMAarHUTHEIX KOHTAaKTOPOB.

MarHuTHBIE KOHTPOJUIEPH! HATIUTH OCHOBHOE TIPUMCHEHHUE B 31€K-
TPOTPHBOJIC KPAHOBEIX MEXaHH3MOB, pa60Ta KOTOPHIX XapaKTEPUIYETCS
6ONBLION YaCTOTOM BKITIOUCHUSI IBUTATEIICH.

ABTOMATHYECKHE BBIKIIOUATEIM. ABTOMATHYCCKHE BHEIKJIIOYATEIH
(aBTOMATHI) HU3KOTO HATIPSIKECHUS IIPEACTABIAIOT COGOH MHOrOIIeIe-
BOI 2JIEKTpUYECKHH alllapar 411 HeYacTOH KOMMYTAalUM SJIEKTpUYec- |
KUX Herne#l 1 MX aBTOMAaTUYECKOM 3allUTH IIPH aBapUHbIX peXXUMax — |
KOPOTKHX 3aMBIKAHUAX B LENAX, UX TTEPETPY3KE, CHIDKCHHUH WIH UC- .
4E€3HOBCHUM HAIIPSDKEHUS, U3MCHCHUH HaIlpaB/ICHHS TOKA U p. g
OCYIIECTBIICHUA (DYHKIINI 3alIMTHl AaBTOMATHYECKHUE BEIKIIIOYATETH
CHAOXAaIOTCA PacUESIUTSIIAMU, KOTOPHIC IIPH BOSHHUKHOBCHHH aBapHii-
HBIX DEXVMOB BO3ICHCTBYIOT Ha VAECPXUBAIOIIMI 3JIECMEHT alnapara,
TIPMBOJS K €T0 OTK/IIOUEHUIO. 10 IpHHIMITY CBOETO NEeHCTBHS paclie-
TIUTENY OBIBAIOT JICKTPOMATHUTHBIMU, TCTUIOBBIMH U ITOJIYIIPOBOIHH-
KOBBIMH. ’

IIpiMeHsieMbIe aBTOMATHICCKUE BRIKJTIOYATEITH PATHIAIOTCS MEXK-
Iy coBoif Ha3HAYUeHHEM, YPOBHAMH HOMUHANBEHBIX TOKOB H HaTIpSDKC-
HHUs, HA0OPOM H UCITOTHEHHEM TIPUMEHAEMEIX 3alllKT, OTKIIOYAKoLet
CMOCOOHOCTHIO ¥ BpeMEHEM OTKITIONEeHHs1. J{Mana30H UX HOMIHAIBHBIX
ToKOB cocrapisieT 10—10 000 A, npeaeTbHBIX KOMMYTHPYEMBIX TOKOB —
0,3—100 kA, spemsi orkmoyenua — 0,02-0,7 c.

K cunoBeIM armapaTtaM AUCTAaHIMOHHOTO YIPaBIeHUs OTHOCSTCS
KOHTAKTOPbI ¥ MATHUTHBIE TIyCKATEJH.

Konrakrop. KoHTakTOop npencrapigeT co6oil 1eKTPOMarHATHEIHN
armmapaTr ¢ AUCTAHITHOHHBLIM YIIpaBjeHWeM, TpefHa3sHaueHHBIH s
YacTHIX KOMMYTANH CHIOBBIX 1tenieit. KOHTaKTOPEI pa3nuyanTes: o
POy TOKa KOMMYTHPYEMOI 1elH (TTOCTOSTHHOTO, IepeMEHHOTO0, TI0-
CTOSTHHOTO ¥ ITePEeMEHHOTO0); KOJIMYECTBY INIABHBIX KOHTAKTOB (OOHO-,
IBYX~ 1 MHOTOITOJIIOCHEIE); POy TOKa IeTIM KATYIIKH (C YIIpaBIeHH-
€M HaMpPsCKEHNEM IOCTOSTHHOTO M IIEPEMEHHOIO TOKa); HOMHHAILHBIM 1



TOKY M HaNPSDKSHHIO KOMMYTHDPYEMBIX LeTieii; KOHCTPYKTHBHOMY HC-
TIOJIHEHHIO (C MEXaHWYECKMMH KOHTAaKTaMH M GECKOHTAKTHBIE) M IpY-
MM IIPU3HAKAM.
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Puc. 2.8. KoHrakrop:
@ — YCTPOMCTBO; 6 — 0GO3HAYEHUE KATYLUKM;
B, I — O0O3Ha4YeHNA CUMOBLIX KOHTAKTOB

KoncrpykTrBHas cxeMa 3JIeKTPOMArHUTHOTO OMHOTIOMIOCHOTO KOH-
TAKTOpa ITOCTOSIHHOTO TOKA IT0Ka3aHo Ha puc. 2.8, a. Ha HemonBux-
HOM CEpACYHHKE /4 MarHUTHOM CHCTEMEI KOHTAKTOPAa YCTAHOBIEHA
BTATHBAKOIIAA KaTymka /2. C NOABMXHOI YaCThIO MATHUTHOMN CHCTe-
MBI, SIKOpeM &, CBSI3aH MONBHKHBINA IJIABHEIN KOHTAaKT 3, KOTOPHIH
TIPHCOCRMHSETCS K LEH TOKA TIPH TIOMOILH THOKOro IIpOBOIHUKA 7,
Ilpu momave HanpspKeHUst HA KaTYHIKy ]2 (3aMBIKAHMH KOHTAKTA 13)
SIKOPB MPHUTATHBAETCS K CEPACYHHKY M KOHTAKT 5 3aMBIKAETCS ¢ He-
TIOBMXHEIM [TABHBIM KOHTAKTOM I, 4TO 0bGecreunBaeT KOMMYTALIHIO
Toka /. HeobGxomnmMoe HakaTHe [NABHBIX KOHTAKTOB B MX pabodeM
NONoXeHUM obecrieunBaeTcs pyXxuHoi 6. IIpu 3ToM B mponecce co-
TIPHKOCHOBCHHsI KOHTaKTOB NIPOMCXOINT HEpeKaTHIBAHME ¥ TIpUTHpPa-
HHE MX KOHTAKTHBIX MOBEPXHOCTEH, YTO YMEHBINAET IIEPEXOLHOE CO-
TNIPOTHBIEHNE KOHTAKTOB.

C axopeM & CBA3aHBI TAKKE BCIIOMOTATEBHBIE (6NOKHUPOBOYHEIE)
KOHTaKTBI MOCTHKOBOTO THITA — 3aMbIKaiolyie /0y pasMelkaromue /7,
NpenHasHaYeHHBIE 1A paGOTHI B LIEISX YIIPABIEHHS U PACCYUTAHHEBIC
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Ha HeGonpime TokH, biok-koHTakTH /0 3aMbIKaloTcs U 11 pasMEeIKa--
10TCS OMHOBPEMEHHO C 3aMBIKAHMEM TTTaBHBIX KOHTAKTOB (pUC. 2.7, 6).

OTKMI0YEHHEe KOHTAKTOPA TIDOM3BOIUTCS CHITUEM HAMPSDKCHUSA C
Katyiiku 12 (xonrakr 13 pasmeikaercs). [Ipu aT7oM nonBixHast cucre-
Ma KOHTAKTOpa IO JeMCTBHEM CHJIBI TSDKECTH U BO3BPATHOM TIPYXH-
HEI 9 IIPUXOAUT B «~HOPMAJIBHOE» COCTOsiHME. Bo3HMKaromas mpu pas-
MBIKAHHH [JIAaBHBIX KOHTAKTOB AyTra FaCUTCH B LIEJIEBOI TyTOTacUTE b~
HOM KaMepe 4, M3TOTOBIAEMOH M3 XApOCTOMKOro H30JSLWOHHOIO
MaTepuana. [ o0JerdeHus ralieHust Tyrv MOTYT IIPUMEHSTECS KaMe-
PHI ¢ H3OSLIMOHHEIME NIEPETOPOIKAMH 3, KOTOpbIE CITOCOOCTBYIOT yBE-
JIMYEHHIO IYTH U €€ COTIPOTHRJIEHUSI, 2 TAKKE WHOT/IA YCTAaHARITUBAETCS
HMCKPOTaCHTEAbHAS PEIICTKA H3 KOPOTKUX METAJUTMYECKHUX IUIAaCTHH 2,

Konmarcmopbl NOCMOAHHO20 MOKA N3TOTOBJITCA C OAHHNM HUIIH ABY-
Ms TIONIIOCAaMH Ha HOMHMHAIbHBIC TOKH ITIABHBIX KOHTaKTOB OT 4 J0
2500 A. I'naBHBIE KOHTAKTE CIIOCOOHEBI OTKJIIOYATh TOKH MEPErpy3Ku
110 7—10-KpaTHBIX OT HOMHHAIBHOTO TOKA. KaTyllikit KOHTAKTOPOB HO-
CTOSIHHOTO TOKA MMEIOT DOJIBIIOE KOIMYECTBO BUTKOB U O0JIaNaloT 3Ha-
YUATENBHOM MHAYKTHBHOCTBIO, YTO 3aTPYyAHAET pa3MBIKaHHWe Hernei
ITHX KaTyieK. MOCTUKOBBIE OIOK-KOHTAKTHI MOTYT OTKJIIOYATh TOKU
1o 20 A npu HanpstxeHyn 1o 500 B B uensix karymek annaparos fe-
PEMEHHOI'0 TOKa, a B 1{ETBIX KaTyIlleK anmaparoB OCTOSHHOTO TOKa —
mo 2,5 Anpu 110 B, 2 A mpu 220 B u 0,5 A npu 440 B.

Ha puc. 2.8, 6—2 moxasaHbl YCJIOBHEIC 0003HAUCHMS IJIEMCHTOB
KOHTAKTOpa COOTBETCTBCHHO: BTATMBAIOIICH KaTYILIKH; 3aMBIKAIOILHX
M Pa3MBIKAIOIINX TJIABHEIX KOHTAKTOB 6¢3 TyrorameHus ¥ ¢ Ayrora-
IMEHUEM.

Konmarxmopu: nepemennozo moxa 110 TIpUHITATTY CBOETO JEHCTBUS U
OCHOBHBIM 3JIEMEHTaM KOHCTPYKIIMH HE OTTHYAIOTCS] OT KOHTaKTOPOB
TIOCTOSTHHOTO TOKa. OCcOBEHHOCTH MX pabOTHI CBSI3aHbl C HUTAHUEM
KaTVIIIEeK IEPEMEHHBIM TOKOM, YTO NMPHBOIUT K MOBBIIICHHOMY TOKY
B KaTylIIKe TIpH cpaGaThiBAHUHM, B HECKOJIBKO Pa3 NPEBBILAIOLIEMY TOK
TIpH BTAHYTOM siKope. I1o 3T0i IipHYHHE I KOHTAKTOPOB NepeMeH-
HOIO TOKA OrpaHMIHMBACTCS YHCIIO MX BKIIOUYEHHH B Yac (0OBIYHO He
6onee 600). KpoMe TOro, nyJIbCUpYIOIIMIi MArHUTHBIM TOTOK, co3aa-
BacMEIH TIepeMEHHBIM TOKOM KATYIIKH, BBHI3BIBACT BUOPALIHIO U ryje-
HHe MarHMTOTIPOBO/IA, 4 TAKXE €r0 MOBBIIIIEHHLI Harpes. s yMeHb-
[IEHHUS 3THX HEXeJIaTeIbHBIX PaKTOpOB MarHUTOTIPOBOA HabupaeTcs
M3 TOHKOJKCTOBOH TpaHC(HOPMaTOPHOH CTallv, a Ha CepPACYHUK WIH
SIKOPB TIOMEILAI0T KOPOTKO3aAMKHYThIH BUTOK.

B ommuyre 0T KOHTAaKTOPOB ITOCTOSHHOTO TOKA Y KOHTaKTOPOB I1e-
pEMEHHOTO TOKA YCJIOBHS TallleHUs IyTR GoJiee JTerkue, Tak Kak Ayra
Ha MEPEMEHHOM TOKE MEHEE YCTOMYMBA M MOXET IOTaCHYTb IPH
TIPOXOXIEHMH TIepeMEHHOTO TOKa HArpy3KH 4epe3 Hyb.
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KOHTakKTOPHI MEPEMEHHOr0 TOKA HMEIOT Ha SIEKTPHYECKHX CXeMaX
Te Xe 0003HAUEHN, YTO M KOHTAKTOPHI IOCTOSTHHOT'O TOKA. B cxeMax
ynpasieHus D1 NPUMEHSAIOTCA M YHUBEPCAIbHBIE KOHTAKTODHI, 110-
3BOJIIOIINE KOMMYTHPOBATH CIJIOBBIE IIEITH KaK NOCTOSHHOrO, TaK M
MIEPeMEHHOTO TOKA. ‘

Becxonmakmmubie noaynpoaodrukoesle KOHMAaxKmops: (TIPEPHIBATENIH)
cTpoATCA Ha 6a3¢ CHJIOBBIX HOJYTIPOBOAHHUKOBLIX IPHOOPOB TUPHCTO-
POB H (PeX€) TPAH3UCTOPOB, OTIAHYAIOTCS IUMPOKUMH DYHKIMOHAb-
HBIMH BO3MOXHOCTSIMH, BEICOKO# CTENEHBIO N3HOCOCTOMKOCTH M 3Ha-~
YUTEJIHBIM OBICTPOACHCTBHEM.

TuBpudnbie uiu KOMOUHUPOBAHHbIE KOHMAKMOPH! UCTIONB3YIOT B CBOEM
COCTaBe WIEKTPOMEXaHWIECKHE KOHTAKTOPEI H TIOMYTIPOBOIHUKOBLIE KOM-
TIOHEHTHI. B HMX KOMMYTALUA OCYLLECTRIAETCH CHIOBBIMH IIONYIIPOBOJ-
HHKOBBIMH NIpUOOpaMH, a MOC/E OKOHYAHHS IIPOIecca KOMMYTAIIHH
BKJTIO9AeTCsI KOHTAKTOP, U TOK MPOXOIUT Yepe3 €ro KOHTAKTHL. 3a C4eT
3TOTO TMOBHIHAETCH CKOPOCTh H YIIPARIIIEMOCTD MPOLIECCa KOMMYTALIMH
1 UCKITIOYAETCSA YaCTHYHO WIH TIOTHOCTHIO TTOSBIIEHHE SJIEKTPHIECKOM
JyTH, & BO BKIIIOYEHHOM COCTOSIHMM YMEHGIIAIOTCS OTEPH SHEPTHH B
allIapare 3a CYET IYHTHPOBAHHUA TIO/IYIIPOBOIHMKOBBIX IIPHOOPOB METAN-
JITIEeCKUMI KOHTAKTAMH ¢ MAJTBIM KOHTAKTHBIM CONPOTHBIICHUEM.

MarHuTHbIH MYCKATENb TIPEACTARISAET OGO CIeMHATN3HPOBAHHEIMA
anmapar, npeIHa3sHaYeHHLIH IJIaBHBIM 00pa30M JUIs ITyCKa, OCTAHOBKH
Y peBepca aCHHXPOHHBIX BUTaTeeH. KpoMe yrnpaBineHHs MarHUTHBIE
Tyckare M 0GeCIiednBaloT € IIOMOIIBIO TETUIOBBIX PeJie 3a1MTy ABUIa-
TeJieit OT TOKOBBIX NEPErpy30K M CUIHAJIM3ALIMIO 00 mx pabdore. B coor-
BETCTBUM C TIEPEYMCICHHBIMH (BYHKIIMSIMU B COCTaB MyCKAaTes st MOTYT
BXOINTH KOHTAKTOP, KHONKH YIPABICHHS, TEIUIOBEIE PeJie 3alllATEI, CHT-
HAJIBHBIE JIAMITHI, pa3MelllaeMbie B OTHOM KopIryce. BEIyckaeMble Mar-
HUTHBIE ITYCKATEMM PATAYAIOTCA MEXLY C000ii TI0 HasHAYECHMIO (Hepe-
BEPCUBHbBIE ¥ PEBEPCUBHEIC), HAJTMYMIO WIH OTCYTCTBMIO TETUIOBEIX peJie
¥ KHOTIOK YTIPABJICHUS, CTETICHH 3all[UTHI OT BO3JCHCTBUSI OKpYXaloniei
Cpelibl, YPOBHSAM KOMMYTHPYEMEIX TOKOB, pabodeMy HATIPSKEHHIO [JIAB~
HOH IIeTIH.

beckoumaxmrvie nyckamenu IPEACTABISIOT COO0H HONYIIPOBONHH-
KOBBIe (MJIM TMOPHIHBIE) YCTpOlCTBa, OOBIMHO THPHUCTOPHEIE, KOTO-
DhIe npeqHA3HAYCHEI 1 YIIPaBJIeHHs IBUTATCISIMH (Jallie BCEro aCHH-
XPOHHBIMH M CHHXPOHHBIMU) ¥ OTIHYAIOTCH TEMH Xe TIOJIOXUTETEHBI-
MU CBOMCTBaMH, 4TO U GECKOHTAKTHBIE (THOPUAHBIE) KOHTAKTODHI.
OHHU NMO3BOJIAIOT OrPaHHUYMBATE TYCKOBBIE TOKM ABUTareseil Hian ux
MOMEHTHI TPH ITYCKE W MOJYYMIIH BCICICTBHIE 3TOIO HA3BAHUE «MST-
KHe» TIYCKATEIH HITH «MATKUE CTAPTEPHI».

Pene. Pene nipenctapngioT co0oii ¢1a00TOYHEIE anIIapaThl, NPeaHa-
3HayeHHbIE /11 HCMO/IE30BAaHUS B CXEMaX YIIPaBJIeHUsI, aBTOMATHKH,
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3AIUTE] M CUTHAJTM3ALUK CaMbIX pa3HOOOPa3HEIX YCTAHOBOK, 3 TAKXKe
KOMMYTAIIHK SMEKTPHIECKUX 1eneil. O61acTb NpuMeHeHMs! pefie OYEHE
mrpokas., OHM MCIOIB3YIOTCA B KaYeCTBE KOMMYTAI[MOHHBIX allfapa-
TOB, AATYMKOB TOKA, HANPSDKEHHMS W MOIIIHOCTH, TIPOMEXYTOYHBIX 3j1e-
MEHTOB JUTS lTepeaayyl KOMaHA M3 OIHOM 1IeH B APYTYIO M pa3sMHO-
XEeHUsI CHTHAJIOB, JaTYMKOB BPEMEHH Y PA3THYHEIX (PU3HYECKHX IIe-
PEMEHHBIX M TEXHOJIOTHYECKHX ITApaMETPOB.

OTuyHTENEHON 0COGEHHOCTBIO pejie ABIAETCS CKayKooOpasHoe
HM3MCHEHHUE €T0 COCTOSTHHSI TIPH TOCTYDKEHIH BXOIXHEBIM BO3IEHCTBHEM
Ha Hero omnpefenaeHHoro ypoBHsa. 10 cBoeMy MCITOMHEHHIO pele Ie-
JIATCS HAa SJIEKTPOMATHUTHEIE (KOHTAKTHEIE), nonyrxposonunxonme
(DeCKOHTAKTHBIC) ¥ TEPMETIYHBIE.

Puc. 2.9. Cxema ycTpOIACTBa 3NeKTPOMArHMTHOTO pene

Bnexmpomaznumuoe peae TIO IPUHIMITY CBOENO NEHCTBYS HE OTIMYa-
€Tcsi OT KOHTaKTopa 1 paboTaer creylonumM obpasoM (puc. 2.9). Ha cep-
JIeYHrWKe 2 MarHUTHOH CHCTEMBI peJie HAXOMUTCA KaTyllka /, Ha KOTo-
DYIO TIOJaeTCs BXOMHOM aeKTpaecKuii curHal. Korzna Tox (Hampsoke-
HWE) B LIENH KaTYIUKU NPEBLICUT HEKOTOPOe 3HAYEHUE, HA3BIBAEMOe
TOKOM (HanpsDKeHNEM) cpalbaThIBaHKA peJie, cO3IaBacMas UM 3MEKTpo-
MATHUTHAY CHNA CTaHeT GosIble MPOTHBOAEHCTRYIOIIEH CIIRI BO3BPAT-
HOi1 1IpYXHHEI 10, axopb 3 pere IpUTSHETCS K CepaeYHIKY 2 | TpaBepca
6, TIOMHABIINACE, O0ECTIEYNT 3aMKLIKAHHE KOHTAKTOB & M Pa3MBIKAHWE KOH-
TakTOB 7. CHJ1a HAKATHS B KOHTAKTAaX CO3NACTCA MPYXKUHOM 9,

Ecm ymMeHBINNTS (OTKITIOUNTD) TOK (HAaNpPsDKEHNAE) B KAaTYHIKE, TO
SIKOPB MO JIeiiCTBUEM MIPYXUHEI 10 TIepeiieT B UCXOTHOE TIONIOXKCHUE
M KOHTaKThl BEPHYTCA B «<HOpManbHOE» (MCXOMHOE) mojoxenue. Tok
(HanpsDKEHUE), TIPU KOTOPOM SAKODE PEic BO3BPANIACTCA B HCXOIHOE
TIOJIOXEHNE, HOCUT Ha3BaHHE TOKa (HalpsKeHHs) BO3BpaTa WIH OT-
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nycKaHWs, 8 OTHOIIEHHE TOKA (HalPAXKEHKs) BO3BPaTa K TOKY (Harps-
skeHMI0) cpabaTeiBaHMs — KO3¢upHILIMEeHTa BO3BpATa perie.

Tok (HanpssKeHUE) cpabaThIBAHUA pejie MOXET PEeryJIMpOBATECS B
onpe/ie/IeHHBIX TIPERETax U3MCHEHIEM CHITHI HATSKeHMsI BO3BPAaTHOM
npyX¥uHBL 10 ¢ moMolbIo raffkil 5, a TAKKe 3a CUeT 3a30pa 8, BeTHIU-
HAa KOTOPOTO MOXET PeryJIMPOBAThCS ¢ IOMOIIBIO BUHTA 4. IIpH 3aTsmx-
xe MpyXXuHb1 10 WM yBenMueHUH 3a30pa TOK (HaTIpsoKeHue) cpabaThl-
BaHUS BO3PACTACT. .

TTocKOMBKY KOHTAKTHI pejie KOMMYTHPYIOT HeGonsmme (o 10 A)
TOKH, B HUX OGBIYHO He MCIIONB3YIOTCH JYroTaCUTEJIbHEIC KaMEPHI,
a KOHCTPYKIHY KOHTAKTOB IPOCTHIE.

IIpomexcymounsie anexkmpomaznumibie peae MIPUMEHSIIOTCS B OCHOB-
HOM IUTST KOMMYTallMH JIEKTPUYECKHX LIeTIeii ¥ pasMHOXEHMS KOHTAK-
TOB JPYTHIX eKTPHYECKHUX alllapaToB.

Pene epemeru ipeAcTaBisieT 000 YCTPOINCTBO, KOHTAKTHI Korroporo
3aMBIKAIOTCH HJIW Da3MBIKAIOTCS C HEKOTOPO# BHIIEPKKOH BpeMEHHU
IOCHIE TIONYYEHHS CUTHAJIA YIIPABJICHMS.

Daekmpomazrumnoe pene 8pemMenl OTIIHYAETCS OT OOLIMHOIO pese
HaJIHYMeM Ha MarHUTOIIPOBOJEC MAarHUTHOM TPYOXH (THIIB3EI), KOTO-
pas ¥ oGecnieTHBaeT BRIEPKKY BPEMEHH peJie IIPH OTKIIIOYEHHH €T0
KaTyIIKH OT UCTOYHHUKA TTHTAHUA.

BxunoueHmne pesie BpeMeHM TIPOHCXOXUT, KaK ¥ OOBIMHOIO 3JIEKT-
POMArHUTHOTO petie. Brimepxka BpeMeHH 00eCcTieIrBaETCS 3a CUET 3a-
MEIUIEHN BO3BpaTa KOHTaKTHOM CHCTEMBI pelle B HCXOIHOE MOJIOXKe-
HHE U3-3a 0oJlee MeUIEHHOrO CIIaAaHusd MAHUTHOTO TTOTOKA IIPH CHA-
THHU ¢ KAaTyIIKY HANpSKeHUs. B COOTBETCTBHU ¢ TAKHM IIPHHIIMIIOM
JeHCTBUA JIEKTPOMATHUTHOE peJie BpeMEHH 00eCIIedHBAET BhIIEPX-
Ky TIpM pa3MBIKAaHMH 3aMBIKAIOIIETO0 KOHTAKTA M 3aMBIKAHHH Pa3MbI-
KalOLIeTO KOHTaKTa. BhmepXka BpeMEHM pejie peryIupyeTcst ImyTeM
YCTaHOBKH JIATYHHO HEMarHUTHOU TIPOKJIAKY CTYMEHYATO VIV TUIAB-
HO 32 cYeT N3MCHEHUS HAaTSIXCHUS NPYXUHEI,

Momopnoe (31exmpomexanudeckoe) pene epemenu B CBOe OCHOBE
HMMeeT CITeMATbHBI HU3KOCKOPOCTHOM ABUTATENb U PEAYKTOD C HOJIb-
IUUM MEepeJaTOIHBIM YUCIOM, Ha BHIXOIHOM BaJly KOTOPOTO MOHTH-
pyercst peryar, Ha4adbHOE MOJMOXECHHE KOTOPOTO YCTaHABIMBAETCS TI0
HIKajyie ycTaBoOK BpeMeHH pejie. Prryar yripasiser paboroif BcmomMora-
TEJILHBIX KOHTAKTOB, KOTOPKIMH, B CBOIO 0UYepe/th, BKITIOYAETCA BRIXO/-
HOE 3JIEKTPOMAarHUTHOE pelie.

Mexanuueckoe pene apemenu IMeeT 3aMEITATENE B BUAE AaHKEPHO-
TO MEXaHH3MA, YTIPaBIIEMOTO 3JIeKTpoMarHuToM. [IpH roaave Hampsi-
XEHUSI Ha SJIEKTPOMArHHT (HAYAIO OTCUETa BPEMEHH) €ro SKophb 3a-
BOIUT NIPYXHHY AHKEPHOTO MEXaHH3Ma aHaJIOTMYHO YacoBoMy. [To-
ClefHuii, HauaB paboTaTh, NMepeMellacT MONBIKHEBIM KOHTAKT pelle.
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Hocre 3anaHHOTO BpeMeHH, ONPENEISEMOTO HOJIOKEHHEM (YCTaBKOM)
HETMOJBUKHOTO KOHTAKTA pelie, IPOM30HIET 32aMBIKaHME KOHTaKTHOM
CHUCTEMBI, YTO OIPEICIUT KOHEL OTCYETa BPEMEHH.

HexoTopble MeXaHHYECKHE Peie BPEMEHH YIIPABIAIOTCS HE 3JIEKT-
POMArHUTOM, a TTOIBIDKHOM YacThio KOHTAaKTOpa. B 3TOM cnyyae 3a-
IYCK B paboTy aHKEPHOro MeXaHN3Ma MPOUCXOIUT Cpa3y Xe Mocie
BKJTIQYEHMS KOHTAKTOpa. Takue peiie BpeMeHH MOJyYWIH Ha3BaHHe
MaSATHUKOBBIX. '

DnexmporHbie pene epemertt OOBITHO B CBOMX CXeMaX UCTIONB3YIOT pa3-
JIMYHBIE TIOYTIPOBOAHUKOBBIE JIEMEHTHI (Jallle BCETO TPAH3HCTOPHEIE)
U KOHZCHCATOPHI, BPEMS paspsa WIM 3apsila KOTOPBIX U OIpele/sieT
BBIIIEPXKKY BpeMeHH. X BBHIXOTHOM KacKall peansyeTcsl Ha OOBIIHOM
3JIEKTPOMarHUTHOM peJie.

Pene épemenu ¢ zepmemuvHbIMU KOHMAKMAM4 IMEIOT TY 0coDeH-
HOCTB, YTO MX KOHTAKTHI TepPMETH3MPOBAHE K OHM SBJISIOTCS OIHO-
BpEMEHHO W YacThI0 MarHHTONPOBOAA pelic. ['epMeTH3aAIINA KOHTaK-
TOB TIOBHIIIAET H3HOCOCTOMKOCTh H HAIEXHOCTh peJie B pabote. B Ha-
crosliee BpeMs pa3paGoTaHbl TePMETHYHBIE KOHTAKTH (F¢pKOHEI) Ha
TOKM BKItogeHus 10 180 A, Toku oTkmodeHns 0 60 A IpH HOMHHAJIb-
HOM TOKE 6,3 A.

Pene maxcumaabhoeo moka NpeIHA3HAYEHE! UIsST 3AIIATH KOHTPO-
JIMpYeMBIX 11eTel H YCTPOUCTB OT IOBHIIIEHUS TOKa CBEPX ONPEACICH-
HOI BEJTHYHHHI. '

Pene aemomamuiu, 3auumu U CueHaAU3AYUY AMEIOT CAMOE PasHO-
of0pa3Hoe Ha3zHaYeHHe U ncnonHeHue. K HanbGosnee yrioTpebsieMbIM B
CXeM&L 3JIEKTPOCHAOXEHHSA, aBTOMATHKH U 3alIHUT OTHOCATCS pelle
aKTHBHOM M PCAaKTHBHOI MOIIHOCTH, pelieé CYETa MMIIYJILCOB, pee
CHTHAIM3aLHU U T.1.

KoMMyTauponHbie 2/IeKTpUMEeCKHe alNapaThl BHICOKOTO HANPSDKEHNAS,
Buixaowamenu npeHA3HAYESHBI 1S BHITIOTHEHMS OTIEPATABHOM 1 aBa-
PUHHOI KOMMYTallMH B CHCTEMaX 3JIEKTPOCHAOXEHHS U BEKJIIOYEHHUS
M BBIKJIIOYEHHS OTAC/IBHBIX JIEKTPHUYCCKHX LIETei 1 Harpy30K.

Macasnvie evikaronamenu XapakTepH3yloTCa TEM, 9TO TaLIEHHE BO3-
HUKAOIIEH TIPY pa3phIBe JIEKTPUUYECKOIT LETTH OyTH TPOUCXOIHT ITy-
TeM ee 3 heKTUBHOIO OXJIAKICHUS B TIOTOKE ra30IIapOBOit CMECH, BBI-
pabaTriBaeMOi IyToi B pe3y/IbTaTe Pa3IoXEHMS M UCTTAPEHKS Macaa.
Brixonouarenu 3toro thna aensTcst Ha 6akoBble (MHOTOOGBEMHEIE),
B KOTOPEIX MAacJlO0 MCIIOJIb3YeTCs IS TALICHHS OyTy M M30JS1IMH TO-
KOBeIYyIMX 9acTeil oT 6aka, M MaTooObeMHBIe (MAIOMAaCIISTHBIE), B KO-
TOPEIX MACJO MCHOMB3YETCS TONbKO VIS TalleHUs OyrH U U30MSLHUM
KOHTAKTOB OZHOTO NOJIOCA.

DaexmpomazHumHsLe 8LIKAIOMameny OTKITIOYALOT LETIH TIyTeM MX pa3-
MBIKAHHS CHAYaJIa IJITABHEIMY, & 3aTeM JYTOraCUTEJIbHBIMUA KOHTAKTa-
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MH, MMEIOLINMH JIyTOracHTe/bHbIE KaMepkl. [Uid ralucHUs AyTH NpH-
MeEHsIeTCA TaK Ha3LBaeMOe MarHUTHOE JAyThE.

BakyymHbie Golkai04amenu XapaKTepu3yloTcd TeM, UTO FallieHHe .uym
HPOUCXOLHUT B BaKyyMe.

Bosdywnbie gvikmoyamenu. B BRIKTIOYATESAX ITOTO TUIIA TallleHHe
AyrH TPOUCXONMT T0Jayel B AyroracHTe/bHBIE YCTPOHCTBA CXKAaTOro
po3yXa TpH AasieHun 6—8 MITa. DroT THIT BEIKIIIOYATENECH MPUMEHS-
eTes B KA4ECTBE CETEBBIX Ha HampsikeHHe 6 KB u Bbllle, [CHEPATOPHBIX
BBIKJTIOUATENEl Ha HanpskeHue 6—27 KB, BHIKTIOUaTeNeH st S/ICKT-
POTEPMUYECKUX YCTAHOBOK NpH Hanpspkenuu 6—220 kB 1 B psze Apy-
THX cITydaeB. IS 5/IeKTPUYECKHX CHCTeM C HanpsokeHueM 350—500 kB
MpUMEHSETCS ApyTast AYroTacsIlias cpeaa — 3JIeras, NPeACTABBIOIHH
coboil mecTHPTOPUCTYIO CEPY (SF.;) M oGajaouiyii 6osee BEICOKOH

31EKTPHIECKOM IIPOYHOCTBIO.

Pazsedunumenu TIpUMEHAIOTCS IS KOMMYTaUWHU, OTKIIOYCHHA H
MepeKMIOYeHs] 06eCTOYEHHBIX DJIEKTPHIECKHX 1IeTiei H, B YaCTHO-
CTH, VIS OTHEJICHMSA Ha BPeMS PEMOHTA WM PEBU3HH IEKTPoobO-
PYAOBAHHUS OT CMEXHBIX YCTRHOBOK M JIMHMHA, HAXOOAILMXCA TT0]] Ha-
TPSDKEHHEM, U obecredeHus TIpH 5TOM BHAMMOIO pa3sphiBa MEXAY
HUMMU. Pa3beTUHUTEIH BBIITYCKAIOTCA U151 BHYTpPEHHEI U HApYyXHOHU
YCTAHOBKH.

Omoeaumens CIYXUT UIST OTKITIOUeHNST 00€CTOUEHHOM LIEITH BBICO-
KOro HampsDKeHHs 3a HeGoubmoe (He Gonee 0,1 ¢) BpeMs, g Yero
CHa6xaeTcs OBICTPOICHCTBYIOLIMM IIPUBOOOM.

Kopomxozambixamens CIyXuUT AJS CO3MAHUA UCKYCCTBEHHOIO KO-
POTKOTO 3aMBIKAaHHS B LIETTH BEICOKOTO HanpsckeHus. 1o cpoei KoH-
CTPYKIIMH OH ITOZO0CH 3a3¢MIIAIOLIEMY YCTPOMCTBY pa3beAUHHTENS, HO
CHa06XeH GBICTPOAEHCTBYIONIMM MPUBOIOM.

2.3. AHANOIOBbIE 9/IEMEHTbl U YCTPOUCTBA
YNPABJIEHUA

PasBuTHe IEKTPOHUKH 1 MHUKPOIJIEKTPOHHKH HIET TI0 MYTH CO-
3AHAS UHTETPHPOBAHHBIX 3IEMEHTOB M YCTPOICTB, YTO IMPHBEJIO K |
CO3MaHMIO MHTEerpaibHbIX cxeM (M C) U ycTpoHCTB YIIpaBJIeHH Ha HX
ocHoBe. MHTerpaIbHBIMHA Ha3hIBAOTCS MHKPOCXEMBI, 3JIEMEHTHI KO-
TOPBIX: TPAH3UCTOPHI, IMOMbI, PE3UCTOPHI ¥ Ap. — HEPA3PBIBHO COEIH-
HeHBI 3MTeKTPHYECKH, KOHCTPYKTMBHO U TexHoJiornyecku. Komyecrso
3EMEHTOB B coBpeMeHHBIX FIC MOXET JOCTHIaTh HECKOIBKUX THICHY
H GoJlee HA OIHOM TTOAYTPOBOAHHKOBOM KpHcTalIe, a caMu M C Mo-
TYT coepXKATh OJWH WK BoJlee TAKMX KPUCTAILIOB.

HHTerpanpHble cxeMbl Kiaaccuuimpylores 1o HeCKOIBKIUM IPH3HA-
KaM: BULY ICKTPUYECKIX CHTHATIOB (AHAJIOTOBEIE U 1M pOBHIE), HYHK-
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LMOHATTBHOMY HAa3HaY€HHIO, CTEIIEHH MHTErpalMH, OLICTPOACHCTBHIO,
noTpebIsieMoit MOITHOCTH M Ap. OTAENBHYIO IPYIITY TTOMYIIPOBOIHHKO-
BBIX YCTPOICTB 00pa3yioT ONTO3EKTPOHHEIE TPNGODHL.

OrnrroaniexTponibie MPHOOPBI SIBTIOTCA TIPHOOPaMH, YYBCTBUTENLHEI-
MH K 3JIEKTPOMarHHTHOMY MTYJEHHIO B CIIEKTPAJIBHOM JIHAIIa30HE OT
HH(PaKpacHOro A0 ynbTpadHoaeTOBOrO, WIIH HATYYaIOT SJIEKTPOMAr-
HHUTHYIO 3HEPIHIO B TOM Xe Auarna3oHe. OnTosieKTpOHHBIE IIPHOOPLI
IIHPOKO UCTIOJIB3YIOTCS JUIS Nepenadst, o0paboTKH W OTOOpakeHUA MH-
dopMaHuH, a TaKKe B Pa3iNYHBIX YCTPOMCTBAX TIPH HeOOXOIMMOCTH
TAJIBBAHUYECKOM PAa3BA3KN MEXITY SIEKTPHYESCKIMH LIETISIMH, HATIPUMED
MEXKIy CXEMOH YIIpaRIEHHA U CUIOBOM YacThI0 CHIOBOTO IIpeo0paso-
BaTeJIA AMEKTPOIHEPIUH. TIpHMEHEHHE HaXonaT cnezl;yxonme BHJIBI OIT-
TO3EKTPOHHBIX TPHUOOPOB.

1. Ceemousayuarowuii duod (CHUI) — 3TO MOMyHpOBOXHMKOBEIM
IHOM, TIPpeIHA3HAYEHHEIHN U1 [Ipeo6pa3oBaHUs JIEKTPUIECKOHN DHEp-
THH B SHEPTUIO CBETOBOTO HITYYCHUsI. OHH B OCHOBHOM IPHMEHSIOT~
c JUIA MHAMKALMM FOTOBHOCTH 3JIEKTPOTEXHUYECKHX YCTPOMCTB K
pabote, CUTHATH3ALMM O HATMYHH Ha HEM HATIPSOKEHHMS, aBapHITHBIX
CHUTyalL Ui U APYTHX COCTOSTHUH Pa3IMYHBIX 00bEKTOB.

2. Hughpaxpachbtii uzayuarowuii duod (UK-nuon) — 310 nomympo-
BOIHMKOBBIH TUOM, KOTOPEIH HPH IPOTEKAHHM N0 HEMY IIPSMOI0 TOKA
H3JTy4aeT NMEKTPOMATHUTHYIO SHEPTHIO B MHGPAKPacHOM JIHAaTa30He,
DTO HITyYEeHHE He BOCTIPHHMMAETCS IEJIOBEHECKIM FIIa30M U MOXET
PErHCTPUPOBATLCA JTUIHE QOTONPHEMHHKOM, YYBCTBHTEABHBIM K CO-
OTBETCTBYIOLICH ITOJIOCE CIIEKTpA.

Ipunnym paGoThl, HCTIONHEHHE W OCHOBHEIE OGIACTH NPUMEHCHHUS
y UK-nmnonos aHanoriunsr CU. KpoMe Toro, 0HM IIPHMEHSIIOTCS B
YCTPOHCTBAX M JIMHHUSAX, TPEOYIOUIMX ONTHYECKOM CBS3H WIH TaIbBa-~
HHUYECKOI pa3Bsi3Ky, a TAKXKE B PA3ANIHBIX JATIMKAX KOHTPOJIS ¥ aB-
TOMAaTHKY TEXHOJIOTMYECKIX ITPOLIECCOB.

3. Pomopesucmop — TIOTYHPOBOTHHKOBBII PO, CONPOTHURICHHE
KOTODOro MEHSETCS B 3aBUCHMOCTH OT eI'0 OCBEIICHHOCTH.

4. Pomoduod — auol, TTPOBOAUMOCTh KOTOPOTO BO3HHKAET IPH
BO3JEHCTBHH HA HETO MU3TYyYeHHS B OIITHYECKOM JHATIa30HE,

5. Pomomupucmop — IpruOOP, KOTOPBIA NEPEXOANT U3 OXHOTO YCTOH-
YHBOTO COCTOSAHUA B IPYTOE B Pe3YJIETATE BO3ACHCTBHSA HA HETO CBETO-
BOTO ITOTOKA,

6. Pomompansucmop — NOXYIPOBOTHUKOBLIN IIPpHGOP, NEHCTBHE KO-
TOPOT0 OCHOBAHO Ha MCIIONB30BaHHH SRIEHHS] BHYTPEHHETO 3¢ deKTa.

7. Onmonapa — 3TO OTNITO/IEKTPOHHBIM TTOIYIIPOBOIHMKOBBIH NpH-
60p, cocToAmMIT M3 UITYYAIONIEro U (POTOIIPHEMHOrO JEMEHTOB,
MEXIy KOTOPHIMH €CTh OTTTHYECKAS CBA3b U 06ecTiedeHa 3JIeKTpuYec-
Kast M30J1s1H (TayibBaHMYeCKas passaska). MryyaresieM B omrronape
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moxeT ciayxuts CUJl, UK-nunon niu ceepxMiHnaTIOpHas JIAMIIOYKA
HakanuBaHHUs. B 3aBUcHMoOCTH OT BMAa (DOTOIPHEMHOIO 3JIEMEHTA
pasIYaloT Pe3UCTOPHbIE, AHOMHbIC, TPAH3HCTOPHBIC H THPUCTOPHbIE
ONTOMAPBL
AHAJIOTOBBIE 3JIEMEHTBI ¥ YCTPOHCTBA ONEPUPYIOT C HETIPEPBIBHEL -

MU (AHATOTOBBIMM) 3IEKTPHYECKUMM CHrHanaMy, OCHOBHEIM JJIEMEH-
TOM aHAJIOTOBHIX YCTPOMCTB YNIPaBJIcHUS SIBIAETCS ONepalMOHHEBIN
yeunuteas OY, Ha 6a3e KOTOPOTO CO3AAI0TCS PA3THYHBIE PETYISTOPHI
7 GYHKIMOHAIBHEIE Npeobpa3oBaTe/y AEKTPUIECKHX CUTHAJIOB,

Zo.c
Unx 1 ani
o—{ 1
U, Bx2 Znx2 > Uaux
o—"1] L— oy y o
Unxi Z“i 1
e

Puc. 2.10. Cxema OnNepauyOHHOIO yCUUTEs

OnepalyoOHHbI# YCHIHTENS TIPECTaBIsAeT COBOM YLHIUTENb TOCTO-
SHHOTO TOKa ¢ GOJIBIIUM KOGMMHUIMEHTOM YCHIEHUS (10 THICTYN U
Gosiee), OXBaueHHBIM OTPHLATEILHOM 00paTHOI cBA3BI0. Cxema OY
TipuBeieHa Ha puc. 2.10, rae yepes Z,,, ..., Z,; 0003HaYEHBI KOMIUIEKC-
HbIe B OOLIEM CIIYYac aKTHBHO-EMKOCTHEIE BXOOHEIE COTTPOTHRIEHHUSA
OV, a Z,, — KOMIUIEKCHOE COIIPOTHBJICHHE LMK OOpaTHOM CBS3H.
OrniepalinOHHBIN YCHIMTEb B 3TOM CIIydae OCYLIECTRIAET Peodpaso-
BaHHE BXOXHBIX CUTHANOB [/, B COOTBETCTBHHM C BBIPAXEHUEM

= U
U, =-2Z,5»—=
BRIX 0. >
T Zaxi
TZie M — KOJMYECTBO BXOMHBIX CUTHAJIOB.
B mpocreiimieM cliyyae, Koraa Ha Bxon OY NOCTYTIAET OAMH BXOX-
Hoii curnan U, a Z,. =R,y Z,=R,, IMeET MECTO ClIeayIollice Npe-
00pa3oBaHHe CUTHAIA; :

Unux:"_R‘ g

—BX
0.C R
1

=kU,,,

. _.'Roc
T.€. OCYLIECTRIIIETCS €r0 yMHOXeHHe Ha KoabduuueHt k= R. "
1

M3MCHEeHHE 3HaKa Ha npotusononoxHeii. [pu R, =R, (k=1) umeer
MECTO TaK Ha3bIBaEMOE HHBEPTHPOBAHUE BXOIHOTO CHTHAMA 110 3HAKY.
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Ecmu Z, =R, . u Z,,~R,,;,, To OY CyMMHpY€ET NONaBaeMbIe Ha HETO
IEKTPHYECKUE BXONHBIE CHTHAIBI C OTHOBPEMEHHEBIM YMHOXEHMEM X

N R
Ha COOTBETCTBYIOIIHIA Ko3hbHIHeHT k, = R“ , TOrOa

BX/

Upe=-3 Uik
1

Ilpu BKIIIOYEHHH BO BXOZHEBIE LIETIH M €M OOPATHEBIX CBS3EH Ha- -
ALy © Pe3UCTOpaMy Takxe i KoHaeHcaTopos OY Mo3BojsioT ocylle-
CTBIBITh ¥ APYTHE NTPeoOpa30BaHI BXOIHEIX CUTHAIOB, HEOGXONAUMEIE
JJIS1 TTOJIYYCHHA HYKHBIX YIIPaB/IIONINX BO3AEHCTBHIA B CXEMax ynpas-
JIEHWS1 ¥ aBTOMATHKU. TaKue CXeMBbI HOMyYIIH Ha3BaHHE PEry/IsTOPOB.
B T1a611. 2.2 mpuBeneHBI HEKOTOPEIE PAcIIPOCTPAHEHHEBIE CXEMBL U Xa-
PaKTEpHCTHKH PETYNISITOPOB ¢ HCTToNb3oBaHueM OY.

IIponopyuonanvuwiii II-pezyasamop (cM. TIEpBYIO CTPOKY Tabi. 2.2)
OCYHIECTRIISIET IPONTOPIIMOHATFHOE TIpeoGpa3oBaHye BXOTHOIO CUrHANA

R
¢ Ko3db¢HULmeHTOM £ =ﬁ M MHBEPTUPOBAHMEM 3HAKa BXOIHOIO
1
curHana. B cronbue 5 Ta61. 2.2 nokasaHa 3aBUCHMOCTh U3MEHEHHS BO
BPEMEHM BBIXOZHOTO curHana I1-peryistopa npH rmofaye Ha HETO CTY-
TIEHYATOTO BXOMHOIO CUTHAIA B MOMEHT BPEMEHH /,, HashiBacMas I1e-
pexoaHoi dbyHKUHei.

CxeMbl ¥ XapaKTepUCTHKH unmeepanbrozo H-pezyasmopa, dughpe-
penyuanvrozo ll-pezyramopa, anepuoduyeckozo A-pezyaamopa, nponop-
yuonanrvHo-unmezpantrozo (IIH), nponopyuonassro-dudgepenyuansnozo
(II1) u nponopyuonaasho-unmezparvho-ougdepenyuansvuozo (I1HNI)
Dez2yaamopoe TaKxe NMPUBEACHBI B Ta0m. 2.2.

OmnepanliOHHbIE YCUJINTETH IITHPOKO HCTIONB3YIOTCH TAKXKE B CXe-
Max KOMIIapaTopos, (GOpMHpOBATENEH UMITY/ILCOB, TEHEPATOPOB S71eK-
TPUYECKUX CUTHAJIOB, OTPAHUYHTENCH, YCHIMTEeH M BO MHOTHX ApY-
THX YCTPOMCTBAX,

ITpuMepoM peau3aliuyi cepUHBIX AHATIOTOBRIX CPEICTB YIIpaBie-
HUSL U 1x QYHKIIMIA ABUIack pa3paboTKa YHHUIIMPOBAHHOM BII09HOMH
cuctemnl perynrpoanus (YBCP) B Bune cepuu YBCP-A (Ha o6HY-
HBIX JIEMEHTax IeKTPOHUKH) M 3aTeM cepud YBCP-AU (Ha unrer-
PAJIBHBIX MUKPOCXEMAX), KOTopas NnpeJHa3HaYaIach IIaBHEIM 06pa3zoM
JUIA MPUMEHEHHUA B cXeMaX aBTOMaTHKU. DyHKIMOHATBHEIE Mpeobpa-
3oBaTtenu, Bxodsmme B coctae YBCP-AHM, no3soistior BO3BOAUTE B
KBaZpaT W U3BJIEKaTh KBAIPATHEIM KOPEHb M3 BXOIHOI'O CHTHANIA,
YMHOXATh ¥ JCJINTh BXOIHEIC aHAJIOTOBBIEC CHTHANIEI, BEIAENSTE MONY/h
CUTrHaJIa, GOPMHPOBATH PA3IMUHbIE HEJTHHEHHEIE 3aBUCHMOCTH MeX-
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Cxembl perynstopos

Tabanua 2.2
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Iy BXOOHBIM M BBIXOJHBIM CHTHAJIAMHU. OTH NPpeobpa3oBaTe/iv TAKXKe
peaTu3oBaHB Ha Dase oqHOTO MK HecKonbkux OY.

ITomuMo 3TOTO, B cocTaB YBCP-AHW Bxomsar KoMaHAHBIE (3ama-
I01IMie) YCTPOMCTBA, 3aNaTYMKKM MHTCHCHUBHOCTH CKOPOCTH, NaTYHKH
TOKA W HAIPSDKEHUs!, YCTPOMCTRA COTIACOBAHMSA, TYEHKH TanbBaHHYEC-
KOM pa3BA3Ki U PHILTPOB.

2.4. AUCKPETHbIE 3JIEMEHTbl U YCTPOWUCTBA
YAPABJIEHNA

TenpeHLHEH pa3BUTUSA CHCTEM YNPABIE€HUS W aBTOMATH3AINH
SIBJISIETCA IMTHPOKOE TPHMEHEHHWE B HHUX JUCKPETHHIX 3JIEMEHTOB M
ycrpoiicTB. Takue cxeMBl, TIOTyIMBLINE Ha3BaHKUE ITU(PPOBLIX, XapaK-
TEPU3YIOTCA BHICOKHMH TOYHOCTHIO, OBICTpOIeHCTBHEM H HAZIEXHOC-
TBIO B paboTe, MaJTBIM HEPIronoTpeOIeHIEM H XOPOIeH TTOMEX0YCTOM- |
yBocThI0. LludpoBbie CXEMEI YIIPABJICHHA €CTECTBEHHBEIM 00pa3oM co-
yeTaloTcsa ¢ DBM, cocTaBiss ¢ HUIMH eHYI0 aBTOMaTU3HPOBAHHYIO
CHCTEMY YTIPABJICHHS TEXHOIOTHUESCKHM IIPOLIECCOM, MPENIPHATHEM
WM OTPACIBIO,

B HexoTOpBIX cAyYasix Henecoo0pa3HO CO3NAHUE CMEITAHHBIX, It
POAHaJIOTOBbIX CXEM, COYETAIOHIKX B cebe HAWTyYllIie CBOMCTRA aHa-
JIOTOBBIX M IMCKPETHBIX JJICMEHTOB ¥ YCTPOIICTB.

Tpurrep sIBJISIETCS OTHAM M3 HAUOOJIEE PaCIpOCTPaHEHHEIX 3JIeMEH~
TOB LIU(PPOBBIX YCTPOHCTB yrpaBIeHHs, 00NaAAIOLIHUX IBYMS YCTONYH-
BBIMH COCTOSTHUSIMH U CITIOCOOHBIMHY CKAYKOM TIEPEXOAUTH H3 OJHOTO
COCTOSTHUSI B Ipyroe IMoJ BO3NeCTBIEM BHEIIHErO YIPABJISIONIETO
curHana, Tpurrep MOXeT PacCMATPHBATRLCS KAaK IeMeHTapHas siueii-
Ka NaMsITH, KOTOpast MOXET XpaHUTh | OUT MH(pOPMAIIHH, T.€. OH MO- .
XeT 3aNOMHUTH TIPEABapUTE/IBHO YCTAHOBICHHBIM B HEM YPOBEHb JIO-
rudeckero curHana 0 wim 1 ¥ COXpaHSTh 3TOT YPOBEHb JJO MOMEHTA
HOBOI1 3amnucy, C NCHOIB30BAHUEM TPUITEPOB CTPOATCS PANTUIHBIC
JIOTHYECKME M BBIYUCIHTENBHBIC Y3JIBI, a TAKKEe IeHEPHDPYIOUIHE
yCTpoiicTBa ¥ ycTpoicTBa namsTy. 1o cmocofy 3anucu uHdopMauuu
Pa3IMIAIOT CICAYIOLINAE THITE TPAITEpOB: R-S-Tpurrep, J-K-Tpurrep,
D-tpurrep, 7T-TpUrrep, XapakTepHUCTHKH KOTOPBIX IIOAPOOHO paccMOT-
pensr B [26].

Brramc/TeIbHbIE YCTPOHCTBA. DTH YCTPOMCTBA NPeIHA3HAYECHBI UL
BBITIOJIHEHUS PA3THYHBIX apHuMEeTHYECKHX ONepaluii. Beruucreb-
HEIE OTIEPAllNH BBITIONHAIOTCS B IIM(POBLIX ya/laX HA OCHOBE IBOMYHOH
(tmdps1 0 1 1), BockMepuyHOi (1dpst 0T 0 10 7) MK LIECTHAMLIATH-
pryHoit (udpst or 0 10 9 ¥ UIECTh TATUHCKHMX GYKB — A (1€CATh),
B (omuunanuats), C (apeHanuare), D (TpUHANLATh), E (YeThIpHAIUATS),
F (naTHapuare)) cucteM cuuicnenust. IllecTHamaTupyHast 1 BOCbMHU-
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pHYHAS CHCTEMBI 103BOIAIOT OCYIIECTRIIATD GoJiec KpaTKyIo B YIOOHYIO
3amMch MHGOPMaLUH B ABOMMHOM dopMe,

K BEIUHCIUTEABHLIM YCTPOIMCTBAM OTHOCATCS CYETIMKH, CyMMaTo-
pHI M KOMTTApaTOpHI (YCTpOHCTBa CpaBHEHWS).

Cuemuux. Do 1udpoBoli y3es, peqHa3HadYeHHBIN A TToacYera
yycia BXOAHEIX CHTHANIOB., OHH NOAPA3essIIoTCA Ha CyMMHpYIoiie,
BBIMMTAIOLINE M peBepCHBHEIE. PeBepCHBHBIE CUETYMKH 00CCIICIMBa-
0T KaK CYMMHPOBaHHeE, TaK ¥ BEIYMTAHME YHCEJI, a BRIYUTAIOIIUE —
TONBKO BEIYHUTAHHE.

Cymmanmop. DToT Lr$poBOH Y3€ BHITONMHACT ONEPANHUIO CITOXKE-
HHS IBYX gucesi. OBBIYHO cyMMAaTop TipeacTasiseT co00i COBOKyII-
HOCTB OJTHOPa3PSIHBIX CYMMHPYIOIINX CXEM, paGoTalONIHX B COOTBET-
CTBUH C Tabiuiei IBOMYHOIO CMoXeHHA. CyMMaTOPHl TTO3BOJISIOT
OCYUIECTRIATE ¥ ONEPALHIO BEMMUTAHU, JUL Y€T0 €€ 3aMEHSIOT Ofe-
parueil CIOXEHHS YMEHbIIAEMOro C TIOPaspsAHbIM JIOTIONMHEHHEM
BBIIATAEMOTO.

Komnapamop. Dot 11ndpoBo#l y3en BHITONHACT QYHKUHIO CPaBHE-
HUSL OBYX uMcel A, U B,. B peayabrare cpaBHEHMs ONPERCISACTCS HC-
TMHHOCTb OJHOTO U3 COOTHOWEeHH: A, = B,; A, > B,; A, < B,, kaxmoe
U3 KOTOPBIX (PHKCUpYETCS eMUHUIHEIM CHTHAIOM Ha COOTBETCTBY-
I0ILIEM BBIXOJIE.

Jlornueckne uu(poBLIE Y3IHI OCYIIECTBISIOT PA3THYHEIC JIOTHYEC-
Kie OTIEPALIAM HAZ JMCKPETHRIME SMEKTPHYECKUMY CHIHATaMH, K HIM
OTHOCSTCS paclipeaeanTeNd HMITYABCOB, ITN(PATOpH, JeMH(PATOPLL
¥ MYJILTHILIEKCOPBL.

Pacnpedeaumens umnyabcoé IPEACTABIseT coboi MUdPOBOH y3el,
KOTODHIi 06¢creynBaeT pactipeeicHIe OFHOKaHANBHOI 10c/1e10Ba-
TEJILHOCTH MMIIYJIBCOB TI0 HECKOMBKMM BBIXOJAM. :

Jewuthpamop (Oexodep) OCYINECTBIAET TAKOE NpeobpasoBaHUe CHI-
HaJla Ha A BXOJaX, IPH KOTOPOM Ha OXHOM €0 BBIXONE BEIpabaThiBa-
€TCsI CUTHAJI 1, a Ha Bcex OocTallbHbix coxpaHstiorest curHaisl 0. [ug-
parop npeobpasyeT eXHHMYHBIA CUTHAT Ha OTHOM M3 BXOJIOB B IBO-
HMYHOE YHCI0 Ha HECKOJIIBKHMX BHIXOJAX.

Myavmunaexcop — unbponoit y3en, obecneyuBalomnil mepenady
CHTHAJIOB C HECKOJIBKHX BXONHBIX JIMHHIA B OIHY BBIXOAHYIO. Bbibop
BXOZHO# JINHIH MPOU3BOIMTCSA ¢ IOMOIIBIO YIIPAB/IIONIET0 HMITYJIBC-
HOTO CHrHazua (Ko/a), NoAaBagMoro Ha YIIPaB/IAIOIINE BXOAE! MyJIbTH-
mekcopa. MyJbTHIUIEKCOP MOXET OBITb BHITIOJIHEH HA OCHOBE CXEMEI
Iemmmdparopa IMyTeM €€ HEKOTOPOTro NpeoObpasoBaHMmA.

YeTpoiicTBa naMaTH. DTH YCTPOCTBA NPe/HA3HAYEHE] IS 3aIIOMH -
HaHMs1, XpaHEHMs U BelIayy nHGopMaLu. K HUM OTHOCATCS PETHCT-
Dbl, MATPHLIEI-HAKOMMTE/X M 3aOMHUHAIOIIME yeTpoiicTea (3Y): one-
parusHbIc (03Y) u nocroguusie (M13Y).
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Pezucmp nipeqHasHaveH JUIA 3aITHCH, 3aTIOMHHAHUSA M BBITAYH MHO-
ropaspsgHOTO ABONYHOIO YUCJIA M BRITOJIHEHUA HAIl HUM HEKOTODHIX
HECJTOXHBIX JIOTHIECKUX onepannii. C MoMOLIBIO BBEAEHUS JOTIONHHU-
TEJBHBIX CBA3€H M JIOTMYECKHUX DJIEMEHTOB B PETMCTPaX BO3MOXHO
BBITIOJTHEHHE TAaKHX JIOTHUECKHX OTepalliif, Kak MHBEPTHPOBaHUE
KOJ[a, CABUT YHCJIA BIIPAaBO HIH BJIEBO Ha TPeOyeMOoe YUCIIO Pa3psioB,
nepenaya qyuces B IpYroy paspsaa M T.4.

Mampuya-naxonumens Tipenctapisier coboi yzen namsaTu ¢ 6onee
BBICOKMM OOBEMOM 3alloMHHaeMO# WHMOpMalluM TI0 CPaBHEHUIO ¢
peructpoM. OCHOBY MaTpHLIbl COCTAB/ISAIOT TPUTTEPH], CTIOCOGHEIE 3a-
NOMHHUTE 1 OuT viHdopMmaliny (OZHOPa3PSLAHOE ABOMYHOE YHCIO).
MHoropa3psgHas MaTpUIla COCTOUT U3 ONHOPA3PSAHBIX MATPHI], CO-
SAMHEHHAIX NapauIeabHo. PasHOBHMAHOCTHIO MATPHITEI- HAKOTUTENS
Bonee BEICOKOTO QYHKIIMOHATIBHOTO YPOBHS ARJISIETCSA ITPOrpaMMUpY-
eMad jjoruaeckast Matpuua (IJIM), _

3anomuHaotee ycrpoiictro (3Y) obecnieunBaeT xpaHeHWe GONb-
mHx 06seM0oB MH(popMAaLH. 3aIOMHUHAIOLINE YCTPOICTBa, 0beceyn-
BaOIIMe MHOTOKPAaTHYIO 3alMCh K CUUTEIBaHUE UHGOpMALUH, TIOIY-
YIIM Ha3BaHHUE ONIEPAaTHBHEIX 3alIOMHHAIOLUMX YcTpolicTB. OcobeH-
HocTh O3Y COCTOHT B TOM, YTO OHO XPaHUT HHGHOPMALIHIO TOJBKO TIPU
HAJIMYWH MATaHWS, 2 IPH €r0 HoTepe HHPOPMALUS TEPSACTCH.

3anoMuHaImMKe YCTPOIHCTBa, MPEAHA3HAYCHHBIC TS ITOCTOSTHHOTO
XpaHEeHMs] eTUHOXIbI 3aIMCaHHON HH(OPMAIINH, TIOTYIWIA HA3BaHUE
TIOCTOSTHHBIX 3AITOMHHAIONIMX YCTPOHCTR. DTH YCTPOMCTBA CTIOCOGHBI
COXPaHSATD 3aIMCAHHYIO B HUX MHGMOPMAITHIO ¥ TP TIOTEPE TIMTAHHUS,
OHM XapaKTepH3yloTcd OONBILIMM 00BbEMOM XpaHHUMON HH(pOpMaLuy,
BoJiee IpOCTHIMH MO cpaBHEHMIO ¢ O3Y cxeMaMy 1 MEHBIIAM DHEPro-
noTpeOIeHuEM.

Iudpoananorossie (ITAII) u ananoro-nmudpossie (AIIIT) npeoGpa-
308aTe/M TIPUMEHSIOTCA IJIsI B3aUMHOTO IIpeo0pasoBadns aHaloroBEIX
¥ I pOBEIX cUTHANOB. OHU MOTYT BHIOJHATECS B BHIE Tpeobpaso-
patens kon — Hanpsxerue ([TKH), ripeo6pa3yiomero ZBOMYHBI WITH
IBOMYHO-ZECATHYHBIA X0/I B HATIPSIKEHUE HOCTOAHHOTO TOKA, a TaK-
Xe npeobpasoparesieii yacrora — HanpsokeHue (ITYH) u Hanpsxe-
Hue — gacrora (ITHY), ocyruecTBisionmx npeoGpa3oBaHie 9acTOTH
C/IeOBaHHUS UMIYJIBCOB B HAIPSDKEHUE MIOCTOSHHOIO TOKA M 00paT-
HOe npeobpa3oBaHue.

IIpuMmepom cepuitHoi peanmu3sanuy mhpPOBBIX YCTPOICTB yIIpasiie-
HHS MOXET CIIY>XXHWTh YHH(PHIIMPOBAHHAS 6JOYHAA CHCTEMA PEryupo-
BaHHUA INCKpeTHOM nHbopMauu YBCP-IAU.

B cocras YECP-JIH Bxozst 6510Ku 411 06paboTky 14 poBoit MHbop-
Maumu (¢popMUpOBaTETIh THMCEsT, IMCKPUMHHATOP YHCe)T, apudMeTHHec-
KOE YCTPOHCTBO) M 9aCTOTHEIX CHTHANOB (TeHepPaTop YaCTOTHHLIX CHIHa-
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0B, 1QPOBOI MHTErpaTop, YNpPaB/IAeMEBIH IETHTEb YacTOTHI), IPeod-
pa3soBaHUSA KOJA THC/IA B YACTOTY M YACTOTHI B KOJ{ YHCJI4, BBONA H BRIBO-
12 MHGPOPMALIH (PETHCTPBI MAMATH BXOJHOM ¥ BEIXOIHO#, GopMUpOBa-
e CHTHATIOB MMITYJIBCHBIX ¥ KOIOBBIX AaTYMKOB IIOJIOXEHHSA, YCHITH-
TeJH BHIXOJHbIE) H CBSI3H C AHAIOTOBLIMU BIEMEHTAMH CXEM YIDABTICHHA.

Ha 6a3e 5Tix uHdpOoBLIX y310B B paMkax YBCP-IH paspaGoraHbl
TUNOBHIE GIOKHM YNPaB/IcHHUS, TTO3BONSIONINE BHITOMHSATH CI0XHEIC
apudMETHIECKHE H JIOTHYECKHE ONEPaLHH.

2.5. NONAYNPOBOAHWUKOBDBIE JIOTMHECKUE
SJIEMEHTDI

JormueckKuMy 3neMenTamu (JID) HaswlBaloTCA NUCKPETHBIC 3JIC-
MEHTHI, HANPSIKEHUST HA BXOIE ¥ BEIXOJIE KOTOPEIX MOTYT NPHHHMATh
WA BHICOKQE — JIOTHUECKas eqMHuIa (Tanee 1) WM HU3K0E — JIOTH-
yeckuii Hynb (nanee 0) sHaueHHss. OHM MOTYT BHITOIHATECSA Ha 3ICK-
TPOMarHUTHHIX peJie, MarHMTHBIX deMenTax u B suge HMC, aps-
JOLIMXCSI COBPEMEHHBIM HX MCIIOTHEHHEM,

a Onepauust «HE»
X1 Y X - I ]Y Y
6 Onepauus «1JTH>
Ay 4 Y Y
Lo
X,
8 X, Oneparus «/»

Sy R
2

2 Onepauns «<H1JTH-HE»

Xy X

x| oAk ¢
Xy

Puc. 2.11. Nornyeckue 3NeMeHTbl:
g — «HE»; 6 — «WW»; 8 — «M»; r — «NNTN-HE»

Ha puc. 2.11 nokasans! cxemsl mpocteiitvx JID. Joeuneckuil anemenm
<HE>» (prc. 2.12, ¢) BRITIOMHSET ONEPaLivIo OTPULIAHNS (VHBEPTHPOBAHMSI). .

PY HaJWYMM BXOOHOTO CHTH&Ia X = | BRIXOZHOH CHTHAJ OTCYTCTBYET

(Y=0), a nipu oTcyTcTBuM BXONHOTO (X = () BBIXONHOM CHIHAN PaBeH
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Y= 1. Ora normyeckan onepauyst Moxer BBITIOIHATECS M C HOMOMIBIO 3)IeK-
TPOMATHHTHOTO PeJie, YT0 TAKXKE OTPAXKEHO HA PHCYHKE.

JHozuneckcuii anemenm «AJIW». Caruan na BLIXOJZE 3JIEMEHTA MOSB-
JSCTCA DY HATMYHH XOTS GBI OMHOTO BXONHOTO CHIHAA — X, w X,
(puc. 2.12, 6). Onepauus «HJIU» MOXET BBIIOJHATLCS U1 TI060r0
KOJI9€CTBa BXOOHBIX CUTHAJIOB,

Joeuneckuii anemenm «W». Curna ua BeIXOnE Y'=1 (puc. 2.12, ¢)
TOABIACTCS TONEKO B TOM CITydae, eciTi 06a BXOMHBIX CHTHaIA PaBHHI |,
B ocranbHbix ciygasx Y= 0.

JHozuneckuii anemenm «AJIA-HE» (puc. 2.12, 2). B atom Gonee
CII0XHOM SJIEMEHTE NPH HATHYHH XOTSI Gl OHOTO CHIHANA Ha BXoze
(X, X,=1) curaan Ha Bhixone Y=0, a npu orcyrcreuu BXONHBIX
(X1, X;= 0) curHan Ha Brixone Y= 1.

KpoMe paccMoTpennsix TIPHMCPOB JIOTHYCCKUE NEMEHTBI MOTYT
BRITIOTHATH 3aTIOMUHAHUE OTIPELIENIEHHOTO YPOBHS BXOXHOI'O CHTHaJIa
(omepars «ITamMsTE>), GnOKMpPOBKY (onepais «3amnpeT»), BhiepX-
KY BpEMCHH Ha BKIIOYEHHE U OTKTIOUEHUE H APYTHE ONEepaiuy.

HHTETpambHble MUKPOCXEMEI TOTMYeCKHX 3NEMEHTOB MOTYT ¥IMeTh
PalTHIHYIO TEXHOJIOTHIO M3TOTORJICHHS:

TTO — TPaH3HCTOPHO-TPAH3UCTOPHAS JIOTHKA U e¢ Pa3HOBHIHOCTH
TTJIIII;

KMOTT — norvka Ha ocrose KOMIUIEMCHTAPHBIX TIO/IEBBIX TPAH3HCTOPOB;

BCJT — sMHTTepHO-CBA3aHHAS JIOTHKa,

W2JT — ynTerpansHas MKeKIMOHHas JIOTHKA.

B Hacrosmuee BpeMst Hau6osbuIee PacTpoCTpaHeH e TIONYYHIIH JIo-
rimaeckue MC nio Texnonorusm TTJ u KMOITI.

Jlorimgeckue snemenTrr BBITYCKAIOTCS B COCTaBe cepun «Jloruka Ho,
B KoTopo#i ucnomssylorea IC K155 u K511, BasoBsiM aneMeHTOM ce-
pun «Jlornka U» smisercst iormaeckuii anemeHt «M-HE». B cocras
3TOH CEPHH, KPOME JIOTHYECKHX, BXOISAT 3/ICMEHTH] COT/IACOBaHHS, BPe-
MEHH H YCUITHUTENH,

DIeMeHT corTacoBadus COLCPXUT MHHUATIOPHOE T€PKOHOBOE peJie
Tung PIIT-6 ¢ Mmaneim JHEPIONOTPEOICHHEM M IOCTATOYHO BHICOKMM
GEICTpONEHCTBHEM, KOTOpoe obecreynBacT Takxke TaNTbBaHUYECKYIO
PA3BA3KY LEMEH YNPaBNeHNsT. DjleMEHTE BpeMeHH B COCTaBe cepuu
«Jlorrka U» oGecnieunparor BLIICPXKH BpeMeHH ot 0,01 1o 10 ¢. Yeu-
JUTENH NIPEAHAIHAYCHE] AVl YIIPABACHHUs! [0 CHTHANAM JIOTHYeCKHX
SEMCHTOB MCIIOJHHTE/IBHBIMU MEXaHH3MAaMH, NIOTPEOITIOIUMH MOIL-
HOCTD 0 HECKOBKHX AECATKOB BaTT. OHM BLIMONHSIIOTCS Ha MOIITHBIX
TPaH3UCTOPAX U NMEIOT HUCKPETHEIIA BBIXOJ. '

B Hactosmee Bpemst HanGonbmee pacrnpocTpaHeHMe nosyswin JID
Ha 6a3e MHTErpaabHEIX MUKPOCXEM, B COCTAB KOTOPHIX MOTYT BXOIUTD
HECKOJIbKO JIOTHYECKHX IIEMEHTOB.
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2.6. MMKPONMPOLIECCOPHbIE CPEACTBA
YNPABNEHUA

B Hacrosillee BpeMsi MUKPOTIPOLIECCOPHEIE CPEICTBA ITMPOKO TIPH-
MEHSTIOTCA BO BceX o0acTsX MesTeIbHOCTU YeloBeka. Ux ocHOBOM
apisieTcs mukponpoyeccop (MIT) — nporpaMMHO-yIIpaBisieMoe -
POBOE YCTPOHCTBO, MPeHA3HAYEHHOE UIA 06paboTku MHGOpMaLuH U
YIPABJICHNSA 3THM [POLIECCOM.

MHKpOTIPOLIECCOP BEITTONHSETCA Ha OCHOBE OOHOM WIH HECKOJb-
xux 6ospunx IC (BHC), KoTopeie COCTOST U3 HECKOBKUX ICCATKOB
THICSY IIPOCTHIX 9JIEMEHTOB M MOTYT UMeTh 24, 40, 48 u 64 BhiBOIA.
Inomans BUC He IPeBOCXOAUT HECKOJNBKUX MECATKOB KBANPATHEIX
MHILUIMMETPOB, YTO OIIpeAeiisieT Majioe 3HepronorpetiieHue MII, ero
HaJIeXHOCTh B pabore, HeOoNbUINE Maccy M raGapuTHBEIE pa3MEpHI,
a IIPH MacCOBOM BBIITYCKE — HEeBBICOKYIO cTormMocts B C. Bemyck BUC
1 MIT B pa3sBUTEIX CTpaHaX yIBauBaeTCsA TPUMEPHO Kaxkmple 2 roja.

a
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Pue. 2.12. Cxema (a) v cTpykTypa KOMauast (6) Muxponpoueccopa

CrpyKTypHas cxeMa MUKpOTIpOIleccopa TIoKas3aHa Ha puc. 2.12, a.
B Hee BxomaT apudMeTHKO-T0rHUecKoe YeTpoiicTso (AY), yeTpoii-
CTBO ympasiieHHA (VV) U perucTpoBoe 3alTOMHHAIOIIEE YCTPOUCTBO
(P3Y). Ot Tpu ocHoBHbie YacT MII CoemHHEHE! TpeMs THHUAMU
CBA3W — MWHaMH JaHHbX 7], anpeco HITA v ynpasnenus II1V.

ApudmeTHKO-10rHIECKOE YCTPOMCTBO TIPpeAHAZHAYECHO JUIA BHITION-
HeHUs1 apudMEeTHUECKHX M JIOTUYECKUX ONEepaluii Hal AaHHBIMHM B
BUJic ABOMYHBIX Ycen. JJaHHbIE, ¢ KOTOPBIMU IIPOU3BOMSITCS 9TH OIIe-
Pauvu, Ha3biBaloTCA onepaHaaMi, OOLMHO B ONIEPAlMK YIACTBYIOT JIBa
onepaHa, OIMH U3 KOTOPHIX HAXOJIUTCS B CIIELIHATEHOM DETHCTPE —
aKKyMyssiTope A, a Apyroi — B perucrpax P3Y mmu nmamsarn MII.
HHorma AJIY HasuiBaloT onepalMoHHOM yacthio MIT.
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Perncrposoe sanomunaiomee YCTPOHCTBO COLEPXHUT HECKOBLKO pe-~
THCTPOB 061uero HasHadeHus (POH), a taxke PETHCTPOB CHELHANE- .
HOTO HasHAYEHHUS, B YACTHOCTH CYETYHK KOMAH] (CK). Unorna P3y
Ha3bIBAIOT BHYTPEHHEI! TTaMsThio MIT. .

Ynpasisiomee yeTpoiicTso TIPEAHA3HAYEHO A71s1 BRIPabOTKH CHIHa-
JIOB yripaB/ieHHs], o6ecrieuynBaromx pa6ory 6mokos MIL B cocras Yy
BXOIUT PErUCTp KoMaHz (PK), B KoTopoM (buKcHpyeTCa BEITIONHAEMas
B TAaHHBIA MOMEHT KOMAaHIia.

Komanzsl, obecrieunsaroinue Peanu3aLiio 3aaHHOIO AITOPHTMA
o6paboTku MHGOpManny, 06pasyIoT NIporpaMMy U BBIIOMHSIOTCS B
TIOLIarOBOM PEXMME CTPOTO B 3aITMCAHHOM ITOC/IE[0BATEBHOCT.

Kaxnast xoManma nporpammer COXEPXHUT HH(DOPMALIHIO O TOM, YTO
HY>XHO JI€/IaTh, C KAKUMH ONEPAHIAMH M TIO KAKOMY azipecy IOMECTHTD
pe3ynbTar onepaiu. s 5T0ro KOMaHIa HMeer CTPYKTYDY, IpPHRBEIEH~
HYIO Ha puc. 2.12, 6. ITepsas yacTb KOMaHB! COICPXUT KO OTIECpaLIUK
(KOID), 1.e. undopMarmio o XapaKTepe BBITOMHEHHA OTIEPaIivK Hajl OT1e-
paHzamMy (HalpuMep, CI0XEHHE, IOTHIeCKOe CpaBHeHue U T.11.). Bropas
aCTb KOMaH/Ibl — anpecHas — COIEPXUT ampeca PacHONOKEHYS OIlCpaH- -
HOB, € KOTOPEIMU NIPOM3BOIMTCS TAHHAS ONEPALS, U anpec perucTpa Wim
SIYEHKY NTAMSTTH, Ky/1a DOJDKeH BBITh TIOMCHICH PE3YINbTAT.

Komanmp, anpeca u oneparmsr MIT BBIPAXalOTCA JBOMYHEIMU MHO-
TOpa3PANTHEIMHU YHCIAMH, TIPEICTABIAEMBEIMM, KaK H BO BCEX LIA(POBEIX
YCTpOHCTBaX, KOMOMHALWME IBYX YPOBHE!N HANPSXEHHS — BBHICOKOTO U
Huskoro. Iepseie MIT onepupopanu ¢ UETHIDEXPA3PSIAHBIMY YHUC/IAMH,
a coBpeMeHHBbIe 11 — ¢ BOCEMU- H ECTHAIUATHPA3PSTHEIMU, Hcrios-
30BaHKe B MIT MHOTrOpaspsTHBIX ABOMUHBIX YHCEN TIO3BOJIAET TIOBBI-
CUTB UX OBICTPONEHCTBHE H TOYHOCTE PaboThI.

Iporpamma (coBokymHOCTE KoMann) MIT moxet OrITh 3anmcana
HECKOIbKUMY criocoGamy. ITepBait u3 nux NpeyCMATPHBAET 3aIUCh
KOMaHI HeMnoCPeACTBEHHO B BHIE NBOMYHEIX YHCE, T.e. B BHIIE TaK
Ha3bIBAEMOTr O MAlTHHHOTO KOMa, «[IOHATHOTO» IanHoMy MIT.

Bonee yno6HEIM stRisteTest mcnonp3osate SI3BIKOB IPOTPaMMHPO-
BaHHA. 3bIKH HU3KOTO YPOBHS THIIA AcceMGrnep KaK cpesicTBo obe-
Hust ¢ MII BKIIOYAIOT B Ce65T HeCKOIbKO JECSTKOB THITORBIX KOMAHJ,
TIPENCTARICHHBIX B YCIIOBHBIX MHEMOKOJAX. HarnpuMep, A35IK 3TOTO
THI1a 7S OTEYECTBEHHOTO BOChbMUpaspsytHoro MIT Tvna K580 sxomio-
4aet B ce6s 0KoMo 80 TMIIOBEIX KOMAHI — aprpMeTHIECKHX, JIOTHYEC-
KMX, IEPECBUTKH NAaHHBIX, TIEpeNaill YIIPaBICHHUS H PAL OPYTHX.

Eiue Goblie BO3MOXHOCTH H YHOGCTBA MOIL30BATETO MHEKPOIPO-
LECCOPHEIMY CXEMaMH yNIPaBIeHHS IPEACTABIAIOT SI3BIKH TIpOTpaMMHU-
POBaHHS BRICOKOTO ypoBHs: POPTPAH, TTACKAJIL MT+, ITJI/M,
BEVICHK-80, CU, ATTA u ux pa3HOBUAHOCTH (muanextr). Coctas-
JICHHBIC Ha 9TUX A3BIKAX NPOrPAMMBI faJiee TPAHCIHPYIOTCS (nepego-
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JATCS) C TIOMOILBIO CTIELUATBHBIX IPOTPAaMM, TIOIYIMBIINX Ha3BaHNE
KpOcC-TIPOTPAMM, B CHCTEMY MAIIMHHBIX KOJOB, «[TOHATHBX> MII.
JIna BBINIOMHEHNA QYHKIMM yripasieHms cxema MIT nonomrseTcs 1e-
JTBIM PAIOM OJIOKOB, B pe3y/BTaTe Yero obpasyeTcs MuKponpoyeccopras
cucmema (MIIC), cTpykTypHas cxeMa KOTOpOH IpMBENEHA Ha puc. 2.13,
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Puc. 2.13. CxeMa MUKPONPOLIECCOPHON CUCTEMbI

B cocras MIIC Hapsizy ¢ MII B 06111eM ciTydae BXOIAT YCTPOMCTBA
namata O3Y u I13Y, unrepdeiicHoe ycTpoitcTBo (MY), ycTpoiicTBa
conpspkeHus (VC) ¢ BHENTHUMYM 00B¢KTaMH; BHEIITHUE 3alTOMHUHAIONIHE
ycrpoiictBa, B3Y, yerpoiicTBa BBoIa-BeIBoga HHbopManun (VBB),
o0mas mwmHa (OLI), Bmovaoiast B cebst I, [TV u HIA.

Mamste O3V n T13Y ciyxut oid pa3MelneHust nojiexanmx obpa-
60TKe JaHHBIX MPOTPAMMEL, B COOTBETCTBHH ¢ KOTOPOIi 3Ta 06paboT-
Ka J0JXKHA BECTHCH, U pPe3yiabTaToB 0Opabotkh. I pacurnpeHus
BosmoxHoctei MIIC, xpome O3V n I3V, MOTYT MCIIONBE30BATECA
B3Y, x uncity KOTOPHIX OTHOCSITCSA HAKOIHUTE/IHM MH(OPMALMY Ha rH6-
KHX MarHHTHBIX IUCKaX, MAaTHUTHOI JIEHTe, KACCETHBIC HAaKOTTUTEITH.

Ycrpoiictsa BBOAa-BsiBOAa MHGOPMALIMK TIPENHAZHAYEHBI UIS
obecnieueHus p3anmoneiicTerst MITC 1 yenoBeKa B yIoOHOIM U1 HETO
dbopme. K ycrpoiicTBaM BBONA-BEIBOIA OTHOCATCS KIABHATYpa Iy/IbTa
ynpasnennst MIIC, neyatalonast MallInHKa (TIPUHTED), TPadoIIoCcTpon-
TEH, yCTpOoHCTBAa BU3YJIEHOTO NMpelCTaBiieHUA nHpopMaud (I1CTI-
Jeu) u T.I.

YcrpoiicTea conpsikeHns obecreauBaror cBazb MIIC ¢ pasiaHeI-
MH BHellTHUMH (TiepUdepuitHBIME) yeTpolicTBaMH. OHU MOIYT UMETh

51



S o

caMbie Pa3sHOOOPA3HBIE CXEMHBIE H SNMEMEHTHBIC peain3alliy. B ua-
CTHOCTH, JUIA COIIaCOBAHUSt CHTHAJIOB AaTYHKOB J 06beKTa ynpasie-
Hust OY ¢ MIIC ucnions3yiorest aHanoro-1upposbie (ALIT) u uup-
poananorosie (LJAIT) npeo6pa3oBaTenu aeKTpHYECKHX CHTHATOB, -
0603HaueHHbIE Ha cxeme YCIu YC2.

YcrpoiicTsa conpsbkenns YC3u Y4, TpeTHa3HAYEHHEIC VIS CBA3Y
MIIC ¢ B3Yu VBB, npencrapisior coboii B npocreifineM cinydae 6y-
(depHbIe (TIPOMEXYTOYHBIE) PETHCTPHI TAMSITH U XPaHEeHHUs JAHHBIX,
nepenaBacMbix ¢ O Ha BHENIHKE YCTPOUCTBA WK OBGPATHO. Yerpoit- -
CTBa CONPSDKEHUH, NOJTYYHBILIHE Ha3BaHHE KOHTPOJUIEPOB (MUKPOKOH-
TPOJLUTEPOB), BHITOMHSIOT GOJIee CIOXHBIE (GYHKINM, M X pabora Mo-
KeT IPOTpaMMHPOBATHCS. ;

YcrpoiictBa conpsoxenus YCS5 BHITONHAIOT COMIACOBAHHE paboTer |
maxHo# MIIC ¢ npyrumu MIIC 1 DBM. VcTporicrsa Takoro Tima *
TIOJTYYHJTH Ha3BaHKeE aJalTepoB. {

Hurepoeiic yerpoiicts (M) — 310 COBOKYMHOCTS SJIEKTPOHHBIX
CXEM, ILIHH 1 aJITOPUTMOB (TIPOTpaMM), 06eCeUMBAIOWast YIIPaBIeHHE :
niepenayeit HHgpopMaLuy Mexay MIT, NaMaTEi0 i BHEIUHHUMH ycTpoit-
CTBaM, K KOTOpeIM oTHocsATcst VBB, B3Y u JI. ToBopst kpatko, HY
obecnieunBaeT TpebyeMoe Bzanmogeictsre MIIC ¢ YKa3aHHBIMH BHELlI-
HUMH YCTPOICTBAMM TIPH M3MEHEHUH PEXUMA € PaboThl, THIIMIHBIM
TIPMMEPOM ABTIACTCS TIEPEXOM OT BHITIOIHEHMS OLHOH TIPOrpaMMBI K
BHINOJHEHHIO IPYrolt IpU NOCTYILIEHHH OT KAKOTO-THGO BHELIHETo
YCTpOHCTBA CMIHalIa yripaBiieHus. Takoii mepexoxn MOJIYYWJI Ha3BaHHE
npepuBaHys. Ilocne sapepmenus npepriBajomeit nporpamme HY -
obecnieynsaet Bosspar MIIC x pa6ote Io TpepBaHHOM rporpamme. | |
Ipumepamu HY spisiotcs TaitMep, GIIOK IIPSIMOro IOCTyIIA K namsi-
TH, OJIOK OPTaHU3ALUH TIpEPHIBAHMIA,

ITo Ha3HaYeHMIO H CBOMM XapaKTEPHUCTHKAM PajTHYAIOT CHCAYIONTHE
Buasl MIIC.

1. Yuuguyupoeannsie Grounvie muxponpoyeccopume Komnaexcs: u
npozpammupyemboie n02unecKle KOHMPoLIepyl, KOTOPEIE TIPeIHASHAYCHEI
IUTA CO3NAHMS IOKANBHBIX CUCTEM aBTOMATHYECKOTO YIIPABIeHUS OT-
JICNBHBIX aTPEraToB, TEXHOJIOTHYECKHUX KOMILIEKCOB M TPOMEILUIEHHBIX
CHCTEM.

2. Cneyuanusuposannsie Munu- u mukpoBM OPUEHTHPOBAHEI HA
KOHKDETHBIN THIT 06b€KTa YIIparIeHUs H HAUGOJICE YacTo HCIIONB3Y-~
I0TCS KaK BCTpaHBacMELe,

3. Munu- u muxpo?BM obwezo0 HasHauenus, hepcoansivie IBM,
ynpaeasiowue munu- u mukpo2BM uMeloT B CBOEM COCTaBe INMPOKHIT
Ha6op yCTpOMCTB CONPSKEHMS, BBOAA-BEIBOLA U obyiagaoT BO3MOX-
HOCTBIO BBRITIOJTHEHHsT GOIBLINX 06BEMOB BEIYUCIUTETBHBIX OTIEpALHit.
B CBA3M ¢ 3TMM OHM NPUMEHSIOTCA NPH PELEHHH CIOXHDBIX 3a1ay -

s i R
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yIpaBAEHHUs], TAKHX, KAK ONITHMU3ALIMS TEXHOIOTMYECKHUX TPOLIECCOB,
CTATUCTHICCKUE METOOB! X KOHTPOJIS, XpaHeHNA K 06paboTku 60716-
X 06eMOB HHOPMALIH, YIIpaBJicHHE B pealbHOM Maciltabe Bpe-
MEHH H JD.

ITporpammupyembie korrposuiepst (ITK) npencrasmnor coboit MTIC,
npeAHA3HAYEHHBIE JUL YIIPaBRJIeHHs JIOKANBHBIMH O0OBEKTAMI B peailb-
HoM MaciTabe BpeMeHH. ITOSBUBIIMECS KaK CPEICTBO [UIST 3aMEHBI
peslei{HOI aBTOMATHKH M YCTPOHCTB XecTKoM Joruky Ha UC manoii u
cpenmeit creneHy uHTerpaimH, ITK B HacTosmee BpeMsT TIpeICTaBIA-
10T coboii Kkiracc MIIC, opueHTHPOBAHHBIX HA IITMPOKOE HCIOMB30BA-
HHE B TPOMBIILICHHOM cpele A7 PELICHUSA CaMBIX Pa3HOOOpa3HBIX
3anay aBroMarusanmi. g aroro ITK MMEIOT COOTBETCTBYIONIEE KOH-
CTPYKTHBHOE HCTIOJIHEHHE ¥ CITEHATLHOE ITPOrpaMMHOe o0ecrieyeHue,
JIEFKO OCBAMBAEMOE MEPCOHAJIOM, HE HMEIOIIHUM CNICHHANBHOMH TIOATO-
TOBKH B 00J1aCTH MPOrpaMMHUPOBaHMS.

3y
Vst 1 _ |— ] o Uit
Upx yCi1 ° JIII ob— I VC2——+Upna
Ug—1__ —° K1 K20 — Ui

Puc. 2.14. Cxema nporpaMmupyemMoro KOHTpoanepa

TpuHnun aetictus 1K womoctpupyer puc. 2.14. OCHOBHYIO 4acThb
cxemsl TIK o6pa3yrot sarioMuHalomee yCTPOHCTBO 3V, B KOTOPOM CO-
JepXuTCs porpaMma ero paboThr; Iornyeckuit npoueccop JIIT (apud-
MeTHYECKO-TornIeckoe ycTpolicteo ATY), ocyniecTBASIONIMI T0TH-
YeCcKHe OTiepalHy Hal MOCAEIOBATEIHHO BBOJUMAIMHM B HEFO CHIHA-
JIaMH; KOMMYTAaTOp BXOOHBIX KI WM BEIXOZHHX K2 CHTHAIOB;
yerpoiicrsa conpsokenus IIK ¢ xomHemmu YCI 1 BeIxogHBIMH JC2
CHTHaJIAMH; TaMATh 11, B KOTOPYIO MOCTYHAIOT Pe3Y/ITATEl BHINIOAHE-
HHSI IOTUYCCKUX OTepaLfid.

Bxontiste curHanbl Uy, Uy, ..., Ui COREpXallie MHGOPMALIHIO
0 XoIie TEXHOJIOTMYECKOTO TIpoiiecca, pexXuMax paGoThl OTACbHBIX Ya-
CTei yrpaB/sieMoro o0beKTa, COCTOSSHHM 3AIOUTHI U T.I., TOCTYHAIOT
Ha Bxox YCI, kotopoe o6ecnednBaeT uxX raTbBaHUYECKYIO pasBa3Ky H
tdopMupoBaHHe 13 HUX CHTHANIOB, COOTBETCTBYIOLIHX BE/IMUHMHE H BHAY
Hcrnonbs3yeMeix B faHHoM TTK.

CdopmupoBaHHBIE TAKUM 06pa3soM CHTHAIBL TIOCTYIIAIOT Ha BXOX
K1, xoropslii HocIe0BAaTENRHO TIOKAET Ha JIIT TOT U3 HUX, ajipec KO-
TOPOTO COOEPXHTCS B OUepeNHO KOMaHIe, nocTymnawieii uz 3V.
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TTocae BeinoaHeHHBIX JIIT TipeoGpa3oBaluil, KOTOpBIE TAKXE Onpe-
JIETNOTCS 3AI0XEeHHO# B 3Y TIporpaMMoii, CUTHAJIBI Yepe3 KOMMYTaTop
K2 nocrynator B peructp namsitu J7 u nanee yepes YC2 Ha Beixon ITK.

B xauecTBe BXOAHBIX AONMYCKAIOTCHA CUTHAJILI HATTPSDKEHUEM OT 5 10
250 B mMOCTOSIHHOTO WJIV TIEPEMEHHOTO TOKA, 00lIee YHCIO KOTOPRIX
MOXET JIOCTUIaTh THICSTYM U Gostee. BrixoaHEIe yCTPONCTBA CONMPIKEHUA
YC2 06BIMHO CTPOATCS Ha OCHOBE OITTPOHHBIX THPUCTOPOB, 06CIICYH -
BAIOINX TAJIbBAHHYECKYIO PA3BSI3Ky BLIXOMHLIX LIeHeH U MO3BOJSIONINX
VIIPABJIATH TOCTATOYHO MOLTHEIMH HCIIOMHITEITLHBIMU YCTPOICTBAMM —
pene, KOHTAKTOpaMH, KaTYIIKaMH JIEKTPOMarHiToB K T.1I.

IIporpammuposanue 1K Benercs Ha TpoGIeMHO-OpHEHTHPOBAH-
HBIX SI3BIKAX, CTIEIIHATH3UPOBAHHAIX [UISI PELIEHUs 3a1a4 JTUCKDETHO~
IO JIOrMYeCcKoro yrpasiaeHns. K HuM oTHocsaTeS:

s rpadHYECKHe A3BIKH peaeifHO-KOHTaKTOPHBIX cxeM (PKC);

« 'paUIECKHE A3BIKH JIOTHYECKHX CXEM, HCTIONB3YIOLTIE THIIOBEIC
Jiornyeckre hyHKIMH;

» SI3BIKM MHEMOHHYECKOTO CHMBOJIBHOTO KOOMPOBAaHUA B BUIC Ha-
00pa CTPOK-YpaBHEHMH CIOXKHBIX OYIEBBIX BEIPAKCHHUH;

« SI3BIKU acceMOIepHOro THIIA;

» MpOGIEMHO-OpPHEHTUPOBAHHEIE SI3BIKU BHICOKOTO YPOBHsI — I'pad-
cet, APYC-2, ®OKOH-2 mnu Mogu¢puItMpoBaHHbIE TPATUUIMOHHLIE
I3BIKU Nporpammupoanusd (beitcuk, ITackains).

2.7. OATYMKW BPEMEHM U KOOPOWHAT
3NIEKTPONPUBOAA

JIna paGoTel cXeM YIIpaBJieHHS 3JeKTPOTIpHBOIa HEOOX0AHMa UH-
(hopMaLnsa O TEKYHIMX 3HAYCHHUAX €ro CKOPOCTH, TOKa, MOMEHTA U
JpYryX KOOPAWHAT, 4 TAKXKE BPEMEHH, YCTPOICTBA, KOTOPHIE BBIAIOT
noao6Hyo HHPOPMALIMIO B BUIE 3ICKTPHUECKHUX CUTHATIOB, TIOTYyIH-
JI1 Ha3BaHHE JATYHKOB.

JaTunkn spement. ITpu mocTpoeHUN pEeiHO-KOHTaKTOPHBIX CXEM
yTIpaB/ICHHA, MCITOJIb3YIOIHUX TIPHHIMI BpEMEHHU, B Ka4CCTBE JATYM-
KOB MCIIONIB3YIOTCS PAIUYHEIE peJie BpeMEeHH — DIEKTPOMarHyATHBIE,
MOTOpHEIE, 3IIEKTPOHHbIE, aHKePHEIE W MeXaHeckue. B noixynposon-
HMKOBBIX CXeMaX YIIPaBJICHIA IIPUMCHSIOTCA YCTPOHRCTBA TOYHOTO OT-
C4eTa BpeMEHHEIX HHTEPBAJIOB, TTONYIHBIIME HA3BaHME TaliMepOB.

DaexmpomMazHumnoe pene gpemeHy COCTOUT U3 HETONBIDKHOM Yac-
TH MATHBTONPOBOIAa 2, HA KOTOPOM YCTAaHOBIeHAa KaTymka [/
(puc. 2.15), ¥ NOABIKHOMN YaCTH MarHUTHOM CHCTEMBI (IKOph 6) C
YCTaHOBJAEHHBIMH Ha Heil xoHTakramMd & u 9. Tlpu orcyrcrBuu
HATpAXEHMsI Ha KaTyuiKe sIKOPh 6 HOX JeiicTBHEM NPYXWHH 4 Ha-
XONUTCS B TIONHATOM TTOJIOXECHHM.
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Puc. 2.15. CxeMa yCTPOWCTBA INEKTPOMArHUTHOrO pene BpeMeHun

OOBEHHOCTBIO KOHCTPYKIIMY Delle BpeMEHH SIBJISIETCSI HAIMYME Ha
MarHUTOTIPOBOIE 2 MACCHBHOM MeTHOM TpyOkH 3 (THIb3bI), KOTOpAs W
obecreunBacT BHIIEPXKY BpEMEHH pefie TIpH OTKIIIOUCHUH ero KaTyi-
KM OT UCTOYHHMKA MMUTaHUsA. PaccMOTpUM 3TOT TIpoliecc moapobHee,

BximioyeHKe pejie IIpOUCXOINT, KaK y OOBIMHOTO 3JIEeKTPOMATrHUT-
Horo pene, Topaveil HanpsbxeHUs U Ha KaTylliky 7 nociie 3aMBIKaHHs
KoHTakTa /0. IKopb 6, IpUTATHBAACH K CEPACYHUKY, OCYLICCTBIIAET
6e3 BBIIEPXKN BPEMCHH TIepeKITIOYeHIE KOHTAKTOB &1 9.

Brizepxka BpeMeHH ofecrieyuBaeTCs 3a CYET 3aMeIIeHHS BO3Bpa-
Ta SIKOPS B UCXOAHOE TonoxeHue. IIpy CHATUHM ¢ KaTyIIKH Halnpsixe-
HUSI CIafalolyii MarHUTHBIH TIOTOK CO3aeT B TMJIB3€¢ BUXPEBLIE TOKH,
KOTOpBIE, 110 Npaswty JIeHua, CBOMM MAarHATHEIM ITOTOKOM TIOZfep-
XHBAIOT OCHOBHOI TIOTOK. JIpYTHMH C/IOBaMH, HaIMINE TH/IB3BI 3aMell-
Jister (memricupyer) criamaHue MarHUTHOTO TIOTOKA, 4 TEM CaMbIM H Tie-
PeMENICHYE IKOPSA U KOHTaKTHO# CUCTEMEBI B HCXOMHOEe (OTKIIOYEH-
HOe) NojioXeHWe, B cOOTBETCTBMM € TAKMM TIPUHLIMIIOM AEHCTBUS
3MIEKTPOMArHUTHOE PeJic BpeMEHH 0DecIieunBaeT BRIIEPXKY IPH pa3-
MBIKaH1H 3aMBIKAIOLIETO KOHTAKTa M 3aMbIKaHHMH Da3MbIKAIOIIEro KoH-
TaxTa (puc. 2.15, 6). !

Briznepxka BpeMEHH pejie peryaupyeTcst CTYIIeHIATO MyTeM ycTa-
HOBKH JIATYHHOW HEMaTHUTHOM MPOKJIaNKK 7 ONpeneiacHHON ToMIIn-
HHI, 3aKpeTuiseMOit Ha AIKope 6 (YMEHBILEHHE TOMIIHHE] NPOKJIanKH
BBI3BIBAET YBEIMYEHUE BHIIEPXKH PeEsie, U Ha000pOoT), MK IIZBHO 3a
CYET U3MEHEHHS HaTSDKEHHUs TIPYXUHBI 4 ¢ MOMOILbI0 raifku 5. UeM
MeHblIIe OyIET 3aTsHYTa IPYKUHA, TeM OosblIe OyneT BhIIEPXKKA Bpe-
Menu, ¥ HaobopoT.

55



BrinepxKka BpeMeHH MOXET GBITE TIOJTY4EHA Y IEKTPOMArHUTHOTO
pesie 63 YCTAaHOBKM TIJIB3HI ITYTCM 3aKOPaYMBAHUS KaTyWIKH Tiocne
OTKJTIOYECHHUS €€ OT CETH. B 3TOM ClIyuae 3aMKHYTHII KOHTYp, 06pa3o-
BaHHEBII KaTYIIKON Y 3aMBIKAIOIUM ee KOHTAKTOM //, HIrpaeT poik
MEKTPOMATHUTHOTO Nemriepa. OnHako BHIEPXKKA BDEMEHU B 3TOM
cllydae TOJIy4aeTCs MEHBIIe, YEM Y pelie C THIIb30ik,

Momoproe (anexmpomexanudeckoe) pene gpemerls B CBOe# OCHOBE
HMEET CTIEHHATEHBIN HU3KOCKOPOCTHOM ABUTaTeNb H PEIYKTOP ¢ 60Ib-
[IMM IEPEAATOYHEIM YHCIOM, Ha BEIXOXHOM BaJly KOTOPOTO YCTaHaB-
JIMBAeTCA phluar, HaYaIbHOE IOJIOKEHHE KOTOPOTO ONpPEACIAeTCS 0
IHIKAJe YCTABOK BpeMeHH pejie. Prruar yrpasisget paboTolt BcoMora-
TEJFHBIX KOHTAKTOB, KOTOPBIMH, B CBOIO OYEPEIb, BKITIOYAETCS BBIXOA -
HOE 3JIEKTPOMAarHUTHOE peJie.

Hauano oTcyera BpeMEHH COOTBETCTBYCT NOJaYe HATIPSDKEHHA Ha
JIBUFATEJb, KOTOPHIHA, BKTIOYMBINVICH, HAYWHACT BPAIIATHCA M MEUIEH-
HO ITOBOPAYMBaTh pHIYAr Ha BATy peAyKTopa. Uepes 3alaHHOe BPEMS,
OTPEAE/AEMOE HAYATHHBIM IOIOKEHHEM phldara, OH JIOXOJHT O BCIIo-
MOTATE/IbHBIX KOHTAKTOB M 3aMBIKAET UX. OTO MPUBOTUT K BKIIOYE-
HMIO BEIXOIHOIO peJie, KOTOPOe OAHUM M3 CBOMX KOHTAKTOB OTKJIIO-
yaeT ABUrareab. Ha 3TOM 3aBepiiraercss OTCUeT BBIIEPXKKH BPEMECHH.

BriryckaeMble MOTOPHBIE Pelie BpeMEHU 9TOTO THIIa ofecreyunpa-
0T BRIIEPXKY BpeMeHH 10 HECKOIbKMX MMHYT.

-

Puc. 2.16. Cxema yCTPOWCTBA INEKTPOHHOrO pene spemeHn

Dnexmponnbie pene epemery OGBIYHO B CBOUX CXeMax UCTIONB3YIOT
Pa3IMYHBIE TIOJYIIPOBOJHUKOBEIE 3JIEMEHTH (Yalle BCero TpaH-
3UCTODHBIE) H KOHIECHCATOPHI, BPEMST pa3psi/ia U 3apsilia KOTOPBIX H
onpeenseT BbIIEPXKY BpeMenH (puc. 2.16).

B MCXOMHOM TIONIOKEHUH BHELITHMH YIIPARIAIOMIMIA KOHTAKT K 3aMK-
HyT ¥ Ha 6a3y TpaHsuctopa VT nomaH OTPULATENbHBIA NMOTCHIHAT
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HCTOUHMKA MUTaHUsE GB. TpaH3UCTOP OTKPBIT, TIPH 3TOM ITOTEHIHA
6a3bi TPaH3UCTOpa V72 6yAeT NMOJOXUTENEHBIM TI0 OTHOIIIEHHIO K- €T0
SMUTTEPY M BYAET 3aKkphIT. B pesynbrare BhixogHoe pene KV 6yner
oTiI0YeHo. B HcxonHoM nonoxeHuw KoHaeHcaTop C 6yner 3apskeH
¢ II0Ka3aHHOM Ha PHCYHKE HOMIPHOCTHIO CBOMX OOKJIAMOK.

KoMaHzia Ha Hayajo OTcyeTa BDEMEHH TIomaeTcs MPH pa3MBIKAHMH
BHELIHETO YIpanismolero KoHrakra K. ITocne 3Toro HauMHaeTCst pa3psn
xonpeHcaropa Cyepes peauctop R, ¥ nepexon 3MUTTep — 6a3a TpaH3H-
cropa VT1. B xoHile pa3psiaa TpaHsuctop V71 3akpoercsi, WTo IpHBEeT
K IIOSIBNIEHHIO Ha Gase Tpansucropa VT2 orpUnaTebHOTO NOTEHINANA.
OH OTKpoETCA, TI0 06MOTKE peie KV HaqHeT NpoTeKaTh TOK, OHO cpabo-
TaeT 1 MEPEKTIOYMT CBOM KOHTAKTBL (OTCYeT BpEMEHH 3aKOHIMTCH.

BbIIepKKa BPEMEHH TaKOTO PEJie ONpeHeIsIeTCs BpeMEHEM pa3ps-
Ja KoHzeHcaropa C, KOTOPOE 3aBHCHT OT BEJIHYMHEI €r0 eMKOCTH
M CONPOTHBICHHUS Pe3nucTopa R, Perynmupysa 3T# BEeIUMMHBI, MOXHO
yCTaHaBITMBATH TPeGyeMBIe BblIepXKKM BpeMeHH pelie. Brimyckaembre
9JICKTPOHHBIE PEIEC BPEMEHU. 00ECIIEYNBAIOT BEICPXKKY BPEMEHH OT
0,1 c go 10 mun. )

ITnesmamuueckue pene epemenu 06eCTIEUNBAIOT BEIIEPKKY BpEMEHH
33 cueT paboThl BOBL[y].[IHOI‘Oe}(‘:fHeBMaTI/I‘-IeCKOI‘O) 3aMeIuTeNs (JeMI-
depa), yIIpaBISeMOro ¢ IOMOMIEBIO 3MeKTpoMarHuTa. Ilpy mogage Ha
9/1EKTPOMArHUT HAaNPsDKEHWs MUTaHKs (HaYaIo OTCUeTa BpEMEHH) Ha-
YUHACTCS TIPOLIECC TIEPEKAUKH BO3AyXa U3 ONHOM KaMepHl pejie B Apy-
IyI0 Yepe3 KaMHOpOBaHHOE APOCCENbHOE OTBepcTHe. BemunHa 3T1oro
OTBEPCTHSA, a TEM CaMBIM CKOPOCTh MepeKaYKH M BHIICPKKA BPCMCHH
penie, peryJIMPYETCs ¢ TTIOMOIIBIO HIVIBI, IOJOXKESHHE KOTOPOH YCTaHAB-
JIUBAETCS ITOCPEACTBOM PETYJIMPOBOYHOM Taliku «GOJNbIIe-MEHbBILEY.
B xoHIIe Tpoliecca MepeKavyky BO3AyXa Yepe3 OTBEPCTHE NPOHCXOINT e~
PEKTIOYEHHE YCTAHOBRICHHOTO B pejie MUKPOIIEPEKITIOYATENIsA, YTO OIIpe-
JENAET KOHEI[ 0TCUeTa BBIICPXKKI BPEMEHH.

CepuiiHble NTHEBMATHYECKHE pejie BpeMEHH 06ecTIeYHBaloT Mana-
30H BhIZIepxKeK BpeMeHH ot 0,4 mo 180 c. |

Mexanuyeckoe pene epemenu UMeeT 3aMEIUTHTENb. B BUJIe aHKEPHO-
T0 MexaHM3Ma, YIIPaRIIeMOT0 IeKTpoMarHuToM. I1pu rionaye Harps-
XEHUSA Ha JIEKTPOMATHUT (Hadayio OTcdeTa BpeMeHH) ero sIKOphb 3a-
BOQUT MPYXHHY aHKEPHOIO MEXaHM3Ma aHAJIOTHMHO YacoBOMy. [To-
CIIleTHAM, HaYaB paboTaTh, TIepeMeIaeT MOABIKHBINA KOHTAKT peie.
Iocne 3amaHHOTO BpeMEHH, OTIPEIEIeMOro TIOIOXEHHEM (YCTABKOM)
HETOABMKHOTO KOHTAKTA peJie, IPOU30HAeT 3aMBIKAHHE KOHTAKTHOMN
CHCTEMBI, YTO OTIpENICNT KOHEIl OTCYeTa BpeMeHH, Takue pesie obec-
TICYNBAIOT BHIAEPXKKY BPEMEHH 10 HECKOIBKHX HECATKOB CEKYHA.

HexoTtopbie MeXxaHHYECKME PENIC BpEMEHH YIIPABISAIOTCH HE JIeKT-
POMarHuTOM, a TIOABMXHOH YacThl0 KOHTaKTOpa. B 21oM ciyuae 3a-
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TIYCK B paboTy aHKEPHOrO0 MEXaHM3Ma TIPOHCXOIMT Cpa3y Xe Tociie
BKJTIOYCHHUA KOHTaKTOpa. Takue peie BpeMEHH IMOIYYWIH Ha3BaHWe
MasITHUKOBHIX.

Jarauxn cxopocrn. Mngopmaigisi o ckopocty 311 MoxeT GbITh TToNy-
YEHA OT PaTHYHBIX JaTYMKOB CKOPOCTH, 4 TAKKE M OT CAMOTO IBUTATEIIS,
CKOpOCTD IBUTATEIICH MOCTOSTHHOTO H IIEPEMEHHOTO TOKA OIPENENACT Be-
JguHy X OJ1C. Takm 06pazoM, eci u3MepATh Bemrauiy 3JIC, 1o Tem
caMbIM OyzeT noryueHa HHPOPMALIUS O BETHYHHE CKOPOCTH.

Puc. 2.17. Cxema yCTPOWCTBA pene KOHTPONS CKOPOCTU

Dnexmpomexaruueckoe peae konmpoans ckopocmu (PKC) pa6oraer mo
TIPUHITATTY aCHHXpOHHOTO apuratens. Potop pene (puc. 2.17) mipen-
cTaBnsgeT coO0M MOCTOSHHBII MATHUT I, COEMMHEHHBIN C BAJIOM JIBH-
rareiisl, CKOPOCTb KOTOPOro u3MepseTcs. I10CTOSHHBIN MarHUT TOMe-
LLIEH BHYTPH ATIOMUHMEBOTO LIMIMHApPA 5, HIMEIOIIEro OGMOTKY B BUZE
Gemmubeit KiieTkH. ITHTHHAP MOXeT TIOBOpauYMBaThCA BOKPYT OCH Ha
HeOGONBIION VIO Y TIEpeKIIIOYATE [IPH STOM ¢ OMOMIBIO YIIOp 3 KOH-
TakTHl 4 (6). IIpy HEMOABIKHOM IBHIATENIC YIIOP 3aHHMAET CPCAHEE
TIONIOXKCHUE ¥ KOHTAKTHI PEJI€ HAXONATCH B «<HOPMATBHOM» ITONIOKCHHM,
T1pw BpatieHUM IBUTATENS W TEM CaMBIM MarHHTA  yxXe TIpH HeboIb-
IIMX CKOPOCTSX Ha LWIMHAD 5 HAYMHAeT AeACTBOBATL BpallaloLuit
MOMEHT, IOl BAMSHHEM KOTOPOTO OH ITOBOPAYUBacTCA M ObeCIedn-
BAaET C TTIOMOIIIBIO yTIOpa J TIepeKITNoYeHUE KOHTAaKTOB 4. IIpn ckopoc-
TH IBUTATENS, GIM3KOM HY/TIO, IITHHAD BO3BPAIIIASTCS B CPEAHEe TIO-
JIOXEHHE M KOHTAKTEI 4 IEPEXOISAT B CBOE «<HOPMAJIBHOE» COCTOSHHME. .
BesuuMHA CKOPOCTH, TIPH KOTOPOI ITCPEKIMIOUAIOTCS KOHTAKTEI peie,
OIIPEAETISAETCA TTOIOKEHUEM HACTPOSTHEIX BUHTOB 2.
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Pene KOHTPOJISI CKOPOCTH YAOGHO UCIIONB30BATh IIPH ABTOMAaTH3a-
MM TIpoLiEcca TOPMOXEeHU, Korza TpebyeTcs obecreuynBaTh OTKIIO-
yeHHe IBAraTeNIsT OT CETH TTOCTIe CHIDKCHHS €ro CKOPOCTH O HYyA.

JIaTYHKH CKOpPOCTH (TaXOreHepaTophl). JTH JaTUUKH TIpeHa3HAYe-
HBI JUTSE U3MEPEHMSI CKOPOCTH BPalllcHUA Bajla IBUTATEIsT TN HCITOJ-
HWUTEJBHOTO OpraHa paboueil MalIMHEL OHM NIPENCTABRIAIOT CODOl
CNELHATU3UPOBAHHBIC MMEKTPHYECKIE MAIIMHB! HeOOIBIIONH MOIIHO-
CTH, BBIXOAHOE HanpskeHue U, KOTOPHIX IIPONOPLHOHATEHO CKOPO-
CTH BpALIEHUA ® UX AKopsi (poropa): U, = Yo, rae Y — Koadobuim-
eHT npornopimoHansHocTH. OcHOBHOE TpeGoBaHME K TaXOreHepaTopaM
33KI1I09AeTCSl B MAKCHMAJTLHOM NPUGIIDKEHUHN YKa3aHHOW 3aBICUMO-
cri U, (@) K THHEHHOI, YTO OIpPEenEssIeT TOYHOCTD UX PabOTHI.

ITo cBOEMy YCTPOMCTBY TaxOTeHepaToph! ORIBAIOT TIOCTOSTHHOTO M
TICPEMEHHOTO TOKA.

Taxozernepamopbl ROCMOSHHO20 MOKA TIPEACTABISIOT cO00i HeGOb-
M€ FeHepaTophl IMOCTOSAHHOIO TOKAa € BO30YXAEHHEM OT He-
3aBUCHMOTO HCTOYHMKA (puc. 2.18, g) MM OCTOSHHOTO MarHUTAa.

Puc. 2.18. CxeMbl TaxoreHeparTopoB:
a — NMOCTOSHHOrO TOKa; 6 — ACKHXPOHHOrO

AcunxponHble maxozeHepamopbl nepeMeHHo20 MoKa UMEIOT IBe OOMOT-
ku (puc. 2.18, 6), olHa U3 KOTOPHIX — BO30yXIeHHsT OB — Monkmoda-
€TCS K TTUTAIOMIEH CETH M CIIyXXWT TSl CO3aHUsI MATHUTHOTO TI0TOKA
TaXOT¢HEpaTOpa, a Apyras — usMepHrebHas OH. HanpsokeHne Ha BHI-
Bomax 1ol 06MoTKH U, MPOMOPLHHOHAILHO CKOPOCTH BpaLileHUs Ta-
XOTeHeparopa .

Cunxponnvie maxozenepamopst TIpeACTaBIAIOT co00it omHodasHEIH
CHUHXPOHHBIH reHepaTtop Maioi MoutHocTH. OH MMEET POTOD B BUAE
MHOTOTIOIIOCHOTO IOCTOAHHOTO MarHuTa. TIpH €ro BpallleHUHU CO3IaH-
HOE UM MarHHTHOE 1oJIe TiepeceKaeT BUTKY 0OMOTKH CTaTopa, HaBo-
I B Heit S/IC, nponopLHHOHANLHYIO CKOPOCTH BpatieHHs1. TeM caMbIM
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BBIXOJIHOE HaNpsDKeHHE Ha BBIBOAAX OGMOTKH CTaTOpa OKA3hIBaeTCs
TIPOTIOPITHOHATLHBIM CKOPOCTH POTOPA.

TIpu MCIONIB30BaHUK CHHXPOHHBIX TAXOTEHEPATOPOB B AUCKPETHBIX
CXEMaX YIIPaBJICHUS B KaUECTBE¢ U3MEPSAEMOM TIepeMEHHOM HCIIONB3y-
€TCA YaCcTOTa KMITY/ILCOB HANPKEHUs, TIPONOPLIMOHANBHAS CKOPOC-
TH BpallleHUs pOTOPa TAXOTEHEPATOpa.

KpoMe pacCMOTPEHHEBIX BHIIIIE aHATOTOBEIX ZATYHKOB CKOPOCTH B
3aMKHYTBIX CXeMaX BCE LIKpPE TIPUMEHSIOTCS IAGPOBLIE JaTYHUKH, CHT-
HAITH KOTOPBIX MOTYT HEIMOCPEACTBEHHO TIOCTYTIATE B LIK(POBHIE CXe-
MBI yripaBieHusi. [IpuMeHeHre TAKHUX JaTYHKOB TI03BOJIIET TIOBBICHTD
TOYHOCTh PEryJMPOBaHUA CKOPOCTH HCTIONIHHTEIIBHBIX OPTAHOB pado-
YMX MAITMH ¥ MEXaHH3MOB.

'C
2 17; ”_ vy U

+0 U, -

Puc. 2.19. Cxema yIMNYNLCHOrO TaxoreHeparopa

HAmnynvcuniil UHOYKUUOHHBIL 0amyuuK CKopocmu BKITI0YaeT B cebs 3y6-
yaThi#t muck 7 (puc. 2.19), coelMHEHHBIA C BaJIOM JIBUTATENST WIHA pa-
604yeit MaurMHEI. [1poTHB 3y61I0B 3TOTO AMCKa PacloNaraeTcsi HHIYKTOp
2, IpenCTaBIISIOLIMIA cOO0H IOCTOAHHBII MArHHUT C PACTIONOXKEHHOW Ha
HEM M3MEPHTEEHOM 0GMOTKOH 3, TOAKTIOUEHHOH K HCTOYHHKY TIHTA-
s U,. HanpspkeHue, CHUMaeMoe ¢ 0OMOTKH, TIOfaeTcsl Yepe3 KOH-
JeHcarop C Ha BXOJ YCHMTENS V, BHITOIHSIOIETO OXHOBPEMEHHO POITb
dbopmupoatens umMmynbeos. IIpu BpalllcHUK AVCKA H3MEHSIETCA 3a30D
MeEXHy eTro 3yGIIaMH M TIOMocaMH HHAYyKTopa 2. Benencreue aroro pes-
KO M3MEHSIETCS. MaTHITHOE CONPOTHBJICHUE BO3AYITHONO 3a30pa U Be-
JMYMHA MarHUTHOTO [MOTOKA, TIPOXOISILEro Yepes 3yOusl jucka I v
uHaykropa 2. MaMeHsiomuiicd MarHUTHBIH TIOTOK MHAYLIMPYET B 00~

oN

motke 3 DIIC, yacrora xoropoit f = oy rae N — gucno 3yOLoB auc-

Ka, ® — CKOPOCTD BpallleHUs TUCKA (BaTa IBUTATENs).
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Cosnannoe 310k O/IC HanpsaXeHHe lepeMeHHOro Toka U, depes
koHzpeHcartop C rofgaercs Ha BXOI YCW/IMTENS, KOTOPHIH yCHIHBaeT
3TOT CHTHAI U GOPMHDYET M3 HETO TOCIIe0BATEIFHOCTb BEIXOIHBIX
TIPSIMOYTOJIBHBIX MMITYJIECOB, Y3CTOTA KOTOPBIX TIPOIOPLIMOHAIEHA H3-
MepsieMolt ckopocTy. Janee 3TH HMIYIIBCH IPH TIOMOIIH L(POBOTO
f110Ka «4acTOTa — KOM», Mpeo6pasyloTcs B IBOUYHOE YHMCIIO IIYTEM UX
TOACYETA 32 ONPEAETCHHLIA MHTEPBA BPEMEHM ¢ 3aTIOMUHAHHUEM T10-
JIyICHHOTO YHCJA Ha BpeMsI TTOC/IeAyIOHIETo HHTepBasia. IIpH Heobxo-
JXMOCTH 3TOT NICPEMEHHBI 110 YACTOTE CUTHAM MOXET ORITh TIPe06-
Pa3’oBaH ¥ B HAIPSDKEHHE TIOCTOSTHHOTO TOKA (HallpuMep, ¢ IIOMOIIBIO
HHTETPHPYIONIETO ONIEPATHOHHOTO YCUIIMTENA) VI UCTIONB30BAHUS B
AHAJIOTOBEIX CXeMax yrpasieHus DIT. -

B KauecTBe JaT4KKa CKOPOCTH MOXET UCITOJIb30BATHCS SIKOPD JBH-
raresisi TOCTOSHHOTO TOKA IIPY BKITIOYEHUH €r0 B CXEMY TaXOMETpH-
4ECKOTO MOCTa, 0OPa30BaHHOT0 OOMOTKaMM AKOPsI, H HOTIONHUTENb-
HBIX TIOJIFOCOB C IBYMs1 JOOaBOYHBIMU pesuicTopami. IIpu cooTBeTCTBY-
I0IIEM BBIOOPE COMPOTHBIIEHHI STHX PE3NCTOPOB HATIPSDKCHUE HA
J¥aTOHATH MOCTa OYIET IMPOTIOPIIUOHATHHO CKOPOCTH IBHTATEN.

B HeKoTOPHIX CxeMax, Koraa He Tpebyercd 60biast TOYHOCT CHT-
HaJjia 110 CKOPOCTH M IIPEATIOYTHTENTHHBIM ABIISETCS HX MPOCTOTA, 3TOT
CHIHaJl MOXET CHUMATBCH HEMOCPEICTBEHHO CO ETOK ABUIATES 110-
CTOSTHHOTO TOKA.

PoTop acHHXpOHHOTO JBUTATENsT TAKKE MOXET CITYXKUTH MCTOYHH-
KOM ¥H}bOpMALMK O €TO CKOPOCTH, Tak Kak DJIC, HaBoauMast B poTope
All, onpenesnsieTcst €ro CKOMEXCHUEM M, COOTBETCTBEHHO, CKOPOCTBIO.

Hatunxu nonoxenns. B pereiino-xonmaxmophbix cxemax ynpaesenus
S 06BINHO HCTIONB3YIOTCS ITYTEBbIE M KOHEUHEIE BLIKIIOUATEITH peneit-
Horo geicTsusA. OHY IPUMEHSIOTCS IV TIOMyYEHHUS CUTHATIOB MPH J0-
cTickeHnH DIl WK MCHONTHUTENEHEIM OpraHoM pa6odeil MaiIMHE!
OIpe/ie/ICHHEIX TTONOXCHHUH, KOTOPBIE 33TEM TIOCTYTIAIOT B TielH YIIpaB-
JICHUSA, AIUTH ¥ CUTHA/TM3alMH. KOHeYHEIe BRIKITIOUATENN IPUMEHS~
10TCsT IsA TIPEJOTBPALIEHUA BBIXOA UCTIOTHHTETBHEIX OPraHOB M3 pa-
Boyeit 30HBI (HaTIpMMep, MOCTa OMLEMHOTO KpaHa 3a NpeleTbl MOAKpa-
HOBRIX 1iyTeil). ITyTeBble BRIKITIOYATEH HCITONB3YIOTCS IS TTORATH
KOMaH[I yIipaBlIeHHs B CXEMY B ONPEJISJICHHBIX TOUKAX [TyTH HCITOJIHH -
TETbHBIX OPraHOB (HANPUMED, TPH MOIXOAE KAGHHEI TU¢TA K 3TAXY WIH
nojxone ¢hepMbI MOCTa TIONBEMHOTO KPaHa K KpaltHEMY TIONIOKEHHUIO).

IyreBbie ¥ KOHeYHBIE BHIKIIOYATENN MOTYT GHITH GECKOHTAKTHBI-
MU U KoHTakTHEIMH. [loc/eHre B 3aBUCMIMOCTH OT BUIa TIPUBOZA UX
KOHTaKTHOM CHCTEMBI AEJISITCS Ha BPAlUAIOUINECS, PHUAXHEIE M Ha-
XVMHEIE.

Bpamamuwecx nymeebie i KOHe'tHbie gbikaioHamenu MMEIOT TIPUBOJ
OT BTHKa, COCAMHAEMOrO C BAJIOM JABUTATENS HEMMOCPEACTBEHHO MM
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Yepea peaykrop. Ha BatHKe pacnonoxeHbl KyJIayKOBEIE Iaii6bl, Bo3-

IEeACTBYIOHIME HA KOHTAaKTHYIO CUCTeMY BeIkymodarens, IIpu spame-
HHH Bajla JIBUTATE)IA B OIpPENECHHOM €T0 MOJIOXEHUH KYJTaYKOBbIE
1AGH TIePeKI0YAlOT KOHTAKThI BRIKITIOUATENA.

Puiaxcrvie KoHeuHbIe U nymeable GbIKAFOYaMEnU UMEIOT ITPUBOJ CBO-
¢l KOHTaKTHOM CHCTEMEI OT TIOBOPOTHOTO pLIYara, Ha KOTOPEIA OKa-

3BIBAET BO3AEWCTBHE IBIKYINAACA JacTh DIT MM MCIOMHUTENBHOTO
opraHa. Bo3Bpar peryara ¥ KOHTAKTOB B HCXOMHOE MOJIOXKEHHE OCYIIe-

CTBJISIETCS 1O ACHCTBHEM TTPYXHHEL.

B raxcumubix svixniouamensx TIEPEKITIOYEHUE KOHTAKTOB IIPONCXOOUT
TP HAXATHH Ha IITOK BBRIKITIOYATEIIA, BO3BpAT KOTOPOIro B HCXOOHOE -
TIOJIOXKEHUE OCYIUECTBISIETCH IO, JeVICTBUEM IIPYXWHBI. B xavectse

HAXHUMHBIX BBIKITIOUYATENCH IPUMEHEHHE HaXOIAT TaKKe MHKPOIICpe-

KITIOYATEIH, Y KOTOPBIX ITPH BO3/IECTBMH HA IITOK TNIEpEKMOYaeTCd yII-

PYTMI KOHTaKT.

10 3

2 4 5
1

.6

o~ ©

Puc. 2.20. Cxema ycTporcTea BEeCKOHTAKTHOro [aT4uka NONOXeHWUs

BeCKOHTAaKTHBIN MHIYKLMOHHBIA AaTYHK HoNoXeHus (puc. 2.20)
HMeEET Pa3OMKHYTBIT MATHUTOIIPOBOZ 1 ¢ KAaTYIIKON 2, mapaie/IbHO
KOTOPO# BKSTIOYEH KoHAeHcarop 6. KaTyuika ¢ KOHIeHCcaTopoM BKITIO-

ERANR

a5 S b, B o A e iR

YeHbI B IIETTb TTEPEMEHHOTO TOKa BMecTe ¢ o6MoTkoit 4 pene. Korma
SAKOpb JaTuMKa J, 3aKpeIieHHBIN Ha MoABHXHOM yacTi DI wim uc-

MOJHUTENBHOIO opraHa paboyeii MalllFHE], HE 3aMBIKaeT MarHUTOTIPO-
Box I (MYHKTHPHOE €ro TMoJIokKeHNE), HHAYKTHBHOE COMPOTHRIICHHE
KaTylmIky 2 Majlo, B €€ eI IPOXOIUT GOJIbILIOM TOK U pejie 4 Haxo-
JIATCSA BO BKITIOYEHHOM TIONOXEHHH. :

Korna sixops 3 niepeMecTUTCA ¥ 3aifMET MOJIOXEHHE Hall MATHUTO-
TIPOBONOM I, WHAYKTHBHOE COTIPOTHUBIIEHUE KATYIIIKH 2 yMEHBITUTCA
M B LIETH 33 cYeT Noa00pa eMKOCTH KOHAEHCATOPa 6 HacTyIiaeT pe3o-
HAHC TOKa, XapaKTepU3yeMblii pe3KM CHIDKEHHEM TOKa B Lienu. Pene
4 13-3a CHIDKCHUS TOKA OTKIIIOMAETCS, YTO BEI3BIBACT TTEPEKITIOUEHHE
€ro KOHTaKTOB 5 B LIeTH yrpasieHuAs DL,
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B 3amxnymowx cxemax 311 IpUMEHSTIOTCA aHATIOTOBBIE M ITH(POBBIE
IATYAKY TIOJIOXKEHHA.

Bpawarowuecs (nosopomiuie) mpancgopmamopsi ABASIOTCS aHAO-
rOBBIMH AaTYNKAMU TIOJIOKEHUS (YI/Ia TIOBOPOTA) Bajla ABUTATENS WK
paboyeid MaIlIMHBI ¥ TIPEACTABIIAIOT COO0H MHIYKUMOHHYIO SIEKTPU-
yeCKYIO MallIMHy Majioi MolHocTH. VX paboTy paccMOTPHM Ha MpH-
mepe HaubGojiee paclpoCTPaHEHHOTO CHHYCHO-KOCHHYCHOTO
ppamaonicrocs TpaHcdopMaropa (CKBT) (puc. 2.21, a). D1oT TpaHC-
(hopMaTop MMeeT YeTEpe OOMOTKH, ABE U3 KOTOPEIX — BO3CYXKASHHSI
OB 1 xomneHcanoHHast OK — pacroNoXeHBE Ha CTaTOpE, a JIBE Apy-
rue — U3MepHUTeNbHele O 1 1 OH2, Ha3bIBaEMEBIE TAKKE BTOPHYHBI-
MM, — Ha poTope. IlocneaBuil coeTUHACTCS ¢ BaJIOM JBHTATEN MM
paboueil MallMHEL, TTOJIOKEHUE KOTOPBIX JO/DKHO M3MEPSIThHC.

Puc. 2.21. Cxemsl ycTpoiicTsa:
a — CHHYCHO-KOCUHYCHOrO TpaHchopMaTopa; 6 — MarHecuHa

K o6moTke BO3OYxXIeHHST OB rogBoaUTCsT OMHOMDAZHOE HATIPSDKE -
Hue nepemeHHoro Toka U,. [Tporekaromuit mox ero ieidcTBUEM TOK 1,
co3naer B Bo3nymHoM 3a3o0pe CKBT MarHUTHEIN TTOTOK, KOTODBL
Hasomut BJIC BO BTOpHYHBIX (POTOPHEIX) 06MoTKax. Besmmumua DJIC
B obmotke OH 1 (cUHYCHOIT) TIPOTTOPITHOHANTEHA CHHYCY, 4 B OOMOTKE
OH 2 (ROCHHYCHOM) — KOCHHYCY YT/Ia ¢ TIOBOPOTa POTOPA OTHOCHTEB-
Ho craropa. Hanpstkenns U, = U, sin o u U= U_,, cos ¢ Ha Harpy3Kke
Z, ¥ Z, HecyT uHbOpMAIUIo 06 yIyie ITOBOPOTa ¢ Basia ABUTATENS WIH
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paboueil MalIMHEI I1ST €€ HCIONB30BAHUS B 3aMKHYTHIX 110 MOJIOXE-
HHW0 cxeMax DII. ' :

KoMneHcaunoHHas 06MOTKa, KOTOpast 06bIYHO 3aKOpauyMBaeTCs,
CITYXKUT IUTsE KOMITEHCALIMH BPEIHOTO ACHCTBHSI MATHWTHOTO TIOJIST TOKA, -
0OMOTOK pOTOpa U 00ECTIEYMBACT TEM CAMEIM CHIDKCHHE TIOTPELITHOCTH
BpalIAoNMXcA TPaHChHOPMATOPOB.

TToMIMO CHHYCHO-KOCHHYCHBIX B 3aMKHYTBIX cXeMax D11 npumMeHs-
FOTCS TMHEHHEIEC BpallaloImMecst TpaHC(hOPMAaTOpPhI, Y KOTOPEIX BEIXOJHOE
HamnpsoKeHHe 0OMOTKH POTOPa HAXOMHUTCA B IPAMOI TPOITOPIIMOHATBEHOM
3aBHCUMOCTH C VIJIOM @. CeabCclH IIIAPOKO NMPUMEHACTCA B 3aMKHYTHIX
cxeMax D11 B kayecTBe aHATIOTOBOTO JATYMKA MooxeHus. OH MpeacTas-
JIeT CODOI FNEKTPUICCKYIO MALIMHY MO MOIIHOCTH, KOTOpas obec-
TIEYMBAET MPeodpa30BaHUE YIVIA MOBOPOTA BANA B AMICKTPHICSCKUI CUTHAT.
TIpyMeHeHHe ceTbCHHA B KAYECTBE 3aJAI0MIEN0 YCTPOHCTRA M JATIHKA T10-
JIOXESHUS ¥ H3MEPUTEIIS paccornacoBaHus cemsaero SI1 paccMoTpeHo
B I 4.

Maenecun sipnstetcs OeCKOHTAKTHBIM JNICKTPOMECXaHUYCCKHUM NaT-
YUKOM YTJ1a IOBOPOTA, UMECT bosee TIPOCTOE T1I0 CPABHCHUIO C CCJIb-
CHHOM U BpallaloIMMcs TPaHCGHOPMATOPOM YCTPOUCTBO, MEHBLIME
MacCy B rabapHTHBIE pa3Mephl ¥ XapaKTePHU3YeTCs BHICOKOM TOYHOC-
THIO (20 2,5° ¥ MeHee) naMepeHus (puc. 2.21, 6).

MarHecHH UMeeT TOPPOUAAIBHEINA CepAcYHHK 2 6e3 MTa3oB, Ha Ko-
TOPOM HaMOTaHa CIiMpanbHast 00MoTKa 3. O6MoTKa umeeT BeiBoObI CJ,
C2 1is IOAKMIOUEHUSA €€ K oHOMha3HOIK IMTAIOILEH CeTH TIepeMEHHOTO
TOKA ¥ BEIBOIE! C3, C4, pacrioioxXeHHBIe O yriioM 120° oTHOCHTE b-
HO APYT ApYTa, AUl CHITUSA BBIXOIHOTO HampspkeHus. PoTop MarHe-
CHHA NpeACTaBIseT OO0 NOCTOSHHBI MarHUT 1 ITHHIPHYECKON
dbopMb1, coerHseMBIi ¢ BaloM ABuTatead. IIpy nmonade Ha BHIBOABI
C1, C2 odoMoTKN 3 HanpskeHus mutaHua U, Ha BoiBogax C3, C406- -
MOTKH TIOSBUTCSI BBIXOXHOE HampsokeHue U, IMPOMOPLIMOHANIBHOE -
yIUTy IOBOpOTA POTOpa MarHecHHa ¢. Jdajee 3TO HanpsoKeHHe MOCTy- -
naet B cxeMy yrnpanieHus SI1.

Hrndyxmocun icosns3yeTcs Ui H3MepeHn JIMHEMHBIX TiepeMele-
HUP MeXaHW4YecKHX 3seMeHTOB D11 MaM ucnoaHWTEIbHBIX OpraHoB
pabounx MaimH. ITo cBoeMy ycTpoiicTBY OH HAITOMAHAET JTMHEITHEIN
acm{xpom{m‘z‘[ JABUTaTCIb U UMEET TIIOCKM M CTaTop 1 I'IOI[BH)KHBIﬁ po-
Top. IleppryHass 0GMOTKaA, PacTIONOXEHHAsI HA CTATOPE, MOAKITIOYAcT-
¢ K 01HO(A3HOM CETH NMEPEeMEHHOTO TOKA, TIPH 3TOM Ha BTOPHYHOH
0OMOTKeE TIpH MepeMEIICHIH poTopa OyaeT HaBoxuThed D1C, 3asuca-
IIast OT ETro MONOXEHUA. TOYHOCTh MHOYKTOCHHOB MOXET HOCTHTATh
HECKOJIBKMX MHUKPOH.

Lugpposoii pomosrexmpuneckuii damuux nosoxwenus (pvc. 2.22)
COCTOMT M3 TIEPBUYHOTO 3JIEMEHTA, PeACTABISAIONIEro cofoii Koaupy-
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foluit AHCK (pHC. 2.22, a), COCAUHAEMDBII ¢ BAIOM IBHFATeNs WIN
paGoueil MalIMHBL. OH MMEET HECKONBKO KOHILIEHTPHICCKUX KOJIEL[
(HOPOXEK), KaXJI0€ U3 KOTOPEIX COCTOMT M3 CETMEHTOOOpa3HBIX IIPO-
3pa4HbIX 1 HEMPO3PaYHBIX y4acTKoB. Komblo ¢ HaumeHbIMM pamuy-
coM (T.¢. PacToNIoXeHHOe 6/1iKe BCEro K OCH TMCKA) HMEET [(Ba yya-
CTKa: TIPO3PaYHEIH H HETIPO3pa4HBIN — 1 OTHOCHTCSA K CTapILiEMy pas-
pARy BEIXOJHOTO YHCIA. B KaXIoM ciefyiomeM oT HEeHTpa KOJbIie
YHCJIO YAaCTKOB YABAHBACTCS, YTO COOTBETCTBYET B ABOMYHOM Ipe/-
CTaBIEHHH YMCEN TIEPEXONY K CIEAYIONIEMY paspany. JIucK, IOKa3aH-
HBIH Ha pHC. 2.22, G, IMEET TPH TAKHX KOJIBLA, YTO NIO3BOJIHET ctop-
. MMPOBATb C €TI0 IIOMOUIBIO TPEXPA3PSAIHOE JBOMYHOE YUCIIO.

e

M alululin
¢
PRI [_"I(p
ay ||
?
000 011 111

o @ ™

Puc. 2.22. Liudposoi patimk nonoxenus:
8 — AvCK; 6 — aneKTpudecKast CXeMa; 8 — CUCTEMa MMNYMbCOB

TonyyeHue 2/IeKTPHIECKOro CHIHAA IPOM3BOINTCS doroanexrpu-
YECKMM CITocoboM. [UIst 31010 10 OTHY CTOPOHY IMCKA YCTAHABIMBAIOTCS
TI0 YHCITY KOJeLl HCTOYHHKM CBETa — CBETORMOIEI, A IO JIPYTYIO CTOPO-
Hy NPUEMHUKH cBeta — poropuonsl. Korna mMexay Humu Haxomures
TIPO3pavHbIit y4aCTOK AMCKA, CBETONUON OCBEILAET (GOTOTHON, MMEKTPH-
1€CKOE CONPOTUBIICHHE MOCTIEAHETO PE3KO H3MEHSIETCS, YTO H SIBNISET-
€5 BXOMHBIM BO3AEHCTBHEM U CXEMBI IATYMKA MOMTOXKEHH,

OmuH KaHaJI IaTYMKa TIONOXEHNS, COOTBETCTBYIOLIMIA OIHOMY pas-
pany, mokasaH Ha puc. 2.22, 6. @orognoa VD BKIIIOYEH Ha BXOJ OITe-
bauuoHHoro ycrwutess OY, paGoTaiolero B peXuMe peeHoro ane-
MEHTa. B HCXOITHOM TIOJIOXKEHNUH OH «3aKPHIT> OTPHLATEMHEIM Omop-
HbIM HanpsokeHHeM U, npu oceemenny doronuona VD ycwnurens
“OTKPLIBAETCS», M Ha €TI0 BRIXOAE IOARIIIETCS 3/IeKTPHUECKHI. CUTHA,
COOTBETCTBYIOLIMH eIUHMIIE IBOMYHOTO JHcia. KoIuuecTBO Takux
YCHIIUTENEH COOTBETCTBYET Pa3pSAHOCTH JaTYMKA TTOJIOKEHHS.

JhoGoMy 1OIOXEHHIO KONOBOTO MHcKa B Mpeaenax 360° (ooHoro
060poTa) COOTBETCTBYET ONHOZHAYHOE COYETAHUE HyNel W eAMHHUI Ha
BBIXOZaX YCHJIUTEICH, T.€. ONpeaeNeHHOE THCIOBOE BRIPAXEHHE YIVIA.
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DTo MONOXKEHHE JIf PACCMATPUBAEMOTO TPEXPA3PATHOTro JaT4MKa
WUTIOCTPUpYETCA AUarpaMMo¥ puc. 2.22, &, U3 KOTOPOH BHIHO, YTO
TIpH TTOBOPOTe AMUCKA Ha yroi 360° HMeeT MecTO BOceMb KOMOUHAIIH
BbIxomoB ycunutesie#t ot 000 no 111. Bto cOOTBETCTBYET H3MEHEHMIO
4Kcna B JecATHIHOHN cucteme ot 0 o 7.

o o s T

U3 muarpammel puc. 2.22, g TAKXKE BHAHO, YTO BBIXO[, IATYHKE TIOJIO- |

KEHUST I3MEHAETCSA Yepe3 KaKAbIC 45°, 4TO ONMpPENesIeT ero JMCKPeT-

HOCTE (TOUHOCTB). B 0611eM cITydae IMCKPETHOCTb LH(POBOTO JATIHKA

2

360 :
TIOTOXKCHHUS OTIpeleNseTcss BEIpaXeHUEM A¢ = ——, TJie 1 — YNCIO .

bl
€ro pa3psioB. r
7151 IOBBIIIEHMSE TOYHOCTH LIM(PPOBLIX JATIMKOB NOJIOXKEHUS MTPH~
MEHSIIOTCH HECKOJIBKO KOJOBBIX AMCKOB, COEIUHAEMbIX C BAIOM JIBU-
raress depe3 peayKTop.

Kpome (OTOSIEKTPHIECKHX TIEPBUYHBIX 3JICMCHTOB B JaTYMKAaxX ﬁ

TTOJIOKEHUS] MCTIONB3YIOTCA MHAYKTHBHBIC JATYUKH ¢ HHIYKTOCHHAMH,
TTO3BOJIAIOIINE TIOTY4aTh foJiee BLICOKHE IO TOYHOCTH XapaKTePHUCTH~-

xu. Paspeinaiomas cnocoGHOCTh TaKHMX JaTIHKOB, XapaKTepH3IyIoIad

o

360
WX TOYHOCTD, OTIPSHCIAETCA BHIpaXCHUEM AP = ET’ Cae p — 4YMc-

JIO ITap NMoJat0CcOB MHIYKTOCHHA. ITockonbsKy 310 YUCITIO MOXKET COCTaB-

JISITH HECKOJIBKO COTEH, TO MOXET ObITh 00ecTieueHa TOYHOCTh B He-
CKOJBKO eIUHULI, HITH JeCATKOB eAUHHULL YTJIOBBIX CEKYHI.

E nocnennee BpeMst B 3aMKHYTBIX cxeMax D11 IpUMEHAIOTCS KOM-
TUIeKCHBIE JAaTIMKU CKOPOCTH M TONOXeHMA Baa IBHrateis. K HUM
otHocaATes gatunku [1ID-8 u TIIP-9, BKIovaloue B cebs JaTIHK
CKOpPOCTH (6ECKOHTAKTHBIH TAXOTEHEPATOP TIOCTOSIHHOTO TOKa) M (ho-

TOMMITYJILCHBI JaTIMK MOJIOXEHUsT poTopa, BeIZalolmi ot 125 1o

2500 IMITy/1bCOB 32 OOUH o6opor Bana. Takue JaTyKH IPUMEHSIIOT-
¢S, B 4aCTHOCTH, B KOMIUTeKTHBIX DIT Tnos DITB-1 u BI1B-2 ¢ BeH-
TWIBHBIMA IBUraTe/IsIMHU.

JaTunxe Toka. B xayecTBe JaTIMKOB TOKA B pelieHO-KOHTAKTOP-

HBIX Pa30OMKHYThIX CXeMax MCTIONB3YIOTCS IMIABHbIM 06PasoM pede mokd. -
WX KaTyIIKH, H3TOTORJIECHHBIE M3 TOJACTOTO NMPOBOAA ¢ MAJIBIM YMCIIOM -

BHUTKOB, HETIOCPEACTBEHHO BKIIOYAIOTCS B HEIb KOHTPOIMPYEMOTO (pe-
TYJMpyeMoro) Toka asuraresis. IIpy JOCTVoKeHUH 3TUM TOKOM ypoBHe#H

cpabaThIBaHMST WM OTITYCKAHHUSA IPOMCXOXHT KOMMYTAILIM KOHTAKTOB

pesie ToKa, KOTOPhIC NIPOU3BOIAT COOTBETCTBYIOLIIE MEPEKITIOYEHHS B

CXeMaXx yrpaBjicHHUA IBUTATEJIEM. B xavecTBe JaTYMKOB TOKA STOIO THIIA -

TIPUMEHHIOT péjie MUHUMAJILHOTO 1 MAKCHMAJIBHOTO TOKOB.

CurHAI, TIPONOPUMOHANBHEIA TOKY IBHIATEIS, MOXET ObITE 107y~
YeH TaKXKe C TTOMOLIBIO IIYHTA, TIPEICTARISIONIETO co0oi KanibpoBaH-
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HBIH PE3UCTOP MAJIOTO CONPOTHRIEHHS], BKIIIOYaeMBIH B LIETIE H3MEDS-
emoro Toka. IlaneHue HanpsoKeHUd Ha 5TOM pe3UCTOpe TPOMOPITHO-
HaJIGHO MPOTEKAIOLIEMY 10 HEMY TOKY. )

JIna N3MepeHNs TIEPEMEHHBIX TOKOB B KAQYECTBE JaTYMKOB TOKA
MIPUMEHSAIOTCS TPAaHC(HOPMATOPhI TOKA, 9TO ITO3BOJISAET TAKXKE OCYLIe-
CTBHTH IMOTEHIIMANBLHOE pa3fielieHue CHIOBBIX Ierieil ¥ Lienei ympas-
JIEHUS SNEKTPONIPHBOA.

JaTaukn Hanpsxenna. [ M3MepeHU HaNPSDKEHUS TIEPEMEHHO-
ro TOKA HCIOJIB3YIOTCH TPaHC(HOPMATOPBI HAIIPSIKEHHA, YTO T03BOJISI-
eT TaKKe OCYIIECTBUTH ITOTCHIMANBHOE Pa3fiecieHUe CHIOBBIX LTI
¥ HeNeH YIIpaBIeHHUS 3JeKTPOIIPHBOJA.

2.8. JNIEKTPOMATHATHLIE MY®Tbl U TOPMO3bI

B coctaB cxeM aBTOMaTH3UPOBAHHOTO EKTPOIPHUBOAA Dsita pabodHx
MalllMH ¥ MEXaHU3MOB BXOIIST 3EKTPOMArHUTHEIE MyQTHI X TOPMO3BL.

DaexTpomarauTaas Mydra npeacTaBisieT coboil SeKTpoMexaHJIec-
KO€ YCTPOICTBO, MO3BOJISIIOLICE € TIOMOILBIO 3IEKTPUYECKOTO CUTHANA
VTIpaBJICHUS COSAUHATHh WIM Da3beIVHSATE BaJbl, a TAKXKE PEryIHUpoO-
BaTh CKOPOCTb MCIIOTHATEJIEHOTO OpraHa paboueil MallHHEI IIPH I10-
CTOSTHHOM CKOPOCTU BpANICHMS IBUTATENA. _

DneKTpOMarHUTHas My(dTa COCTOHT U3 BeAylIeH YacTH, COeAHHS-
€MOIi C IIBUTATEJIEM, BEIOMOM YaCTH, COCIUHAECMON ¢ BXOIHBIM BaJIOM
PEAYKTOpA WITH HEMOCPEACTBEHHO C HCTIOJIHATEILHEIM OpraHOM pabo-
Yyeit MAIIMHBL, ¥ YCTPOICTBA, 0BECIICUNBAIONIEIO COSAMHEHHE STHX
JBYX 4acTeii ITpH Mogade Ha MyQTY YIIPaBJISIOUIErO CHTHANA.

B anexrponpuBoiax NpUMEHSIOTCA 3JI€KTPOMArHUTHBIE MYy(TH ¢
MEXaHMYECKOH CBA3BIO, MOPOLIKOBLIE U HHIYKIIMOHHBIE.

Daexmpomazrummnbie Mygmol ¢ MexaHu4eckoii 643bi0 9allle BCEro
BBEINOJTHSIOTCA B BUAC GPHKIIOHHBIX My(®hT, B KOTOPBIX BpalieHHE OT
BeIyuIei K BeIOMOIM JacTH My(TH MepeaeTca 3a CUET CHJI TPEHUS
MEXIY HaXOMAIMMHCA Ha HAX (OPUKIHMOHHBEIMH IETANAMH B BHIE
ICKOB UMM KoHycOoB. Takue My(hTH MpUMeHSIOTCA TIPH HEOOXOTAMO-
CTH XKECTKOTO CLECIUICHNS BEIOMOTO 1 BEAYILIECTO BAJIOB.

B anexmpomacnummubix nopoukossix mygpmax coeHEHHE BEAOMOI
H BeAyLeH yacTel OCyIIeCTRIAETCS 3a CUET (heppOMArHUTHOIO IOPOIII-
Ka, 3aMONHSIONIETO 3330 B BJIEKTPOMArHUTHOM cHCTeMEe MeXIy 3TH-
MH 4acTIMH MYHTEHL

B asexmpomaznumnoii undykyuonnoii mygpme BpalIaoUIiz MOMEHT
OT Bey1Iel YacTH NepenacTcs K BEAOMOM 3a cueT NeHCTBUA 3JIEKTPO-
MarHuTHBIX cui. Prc. 2.23 WomocTpupyeT IpHMEHEHHE DJIEKTpOMAar-
HUTHOM UHAYKIMOHHOU My(DThI JUIS peTYIMPOBAHUSI CKOPOCTH 3MEK-
Tpornpusoxa. MydTa COCTOUT M3 ABYX MEXaHMYECKH HE CBA3aHHEIX
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~ ApyT ¢ OpYToM 4acTeif: Bemyineil 2 M Befomoil 4. Bexymas vacts 2,
HasblBaeMas SIKOPEM H BHITIOIHsIeMast M3 peppOMarHMTHOTO MaTepua-
JIa, CoeUHAeTCS ¢ BajloM apurarens ! (Ha pUCYHKe I10Ka3aH acuH- -
XpOHHBIA ABMTaTenb). BemoMas yacth 4, Ha3bIBaEMasd MHIYKTOPOM,
PacIoNOXeHa BHYTPH BeAyIlel 2 U coeqUHEHA Yepe3 PEAyKTop 6 (Wik
HETIOCPEICTBEHHO) C HCTIONHUTEILHBIM OPraHoM 7 paboueil MalllvHEI,
CKOpOCTh KOTOPOTO HYXHO peryitupoBats. Ha uHayKTOpe 4 pacnona-
raercg 0OMOTKa Bo30yXIeHHS 3, KOTopas 4epe3 KOHTaKTHBIE KONbLa
5 nmopxutioyaerca K MCTOYHMKY ITUTaHHsA. BeluauHa Toka BO30yxae-
Hust I, MOXET peryJIHpOBaThCs, HallpUMep, ¢ MOMOMIBLIO pe3xcTopa R,
32 CUET Yero M NMPOUCXOMUT U3MEHEHHE CKOPOCTH BEHOMOI YacTH Myd-
THI ¥ TEM CaMBIM MCIIOIHUTEIBHOTO opraHa 7. PaccMOTpUM mpoliece
PETYTHPOBAHMA CKOPOCTH TIOAPOGHee, CUATAs, YTO SIKOPb 2 TIPUBOIUT-
¢4 BO BpallleHKe OT ABHUTaTeNs ] ¢ MOCTOSIHHOM CKOPOCTBIO 0.

RY

Puc. 2.23. AnexTpoMarHutHas mydTa:
a — CXeMa BKMOYEHUR; 6 — MEXaHWYeCKMe XapaKTeprCTUK1

Ecnn o6MoTKa MHAYKTOpa 4 HE 00TEKAETCSI TOKOM BO3OYXICHMS,
TO MEXIY HAM H IKOpeM 2 OTCYTCTBYET MarHUTHasA CBA3b U HHIYKTOP
4 "HenoapikeH (o = 0).

IIpy nporexaHuu 10 06MOTKe 3 ToKa Bo3GYXIeHNUA I, B BO3MyLI-
HOM 3a30pe MEXIY AKOPEM U HHIYKTOPOM BOSHUKACT MarHMTHOE NOJE,
IToZ1 AcHICTBUEM KOTOPOTO BO BpalaioleMcs sakope 2 6ymyT IMpKyJIH-
pOBaTh BUXpeBble TOKH. B3anMoneiicTBAe 3THX TOKOB C MATHUTHBIM
TIOJIEM CO3IAET BPALIAIOIIMIT MOMEHT, ITON ICHCTBHIEM KOTOPOTro MH-
JYKTOp TIPHIET BO BPAllEHHUE B TY X& CTOPOHY CO CKOPOCTHIO ®.

W3 MeXaHMYECKHUX XapaKTepuCTHK MydhThI (M), NPeACTABISIOIIHX
c060il 3aBHCHMOCTH CKOPOCTH MHIAYKTOpa (BeIOMOI YacTH) @ OT pas-’
BHUBAeMOTO MM MOMCHTa M IIpHM Pa3sHBIX TOKax BO3GyxneHHMs I,
(puc. 2.24, 6), cnemyer, 4T0, HAIPAMED, TIPH NTOCTOSHHOM MOMEHTE Ha-

0

68



rpy3KM M, peryMpoBaHHe ToKa BO3byxueHus ot I, 1o I,; nossojiseTt
HM3MEHSATh CKOPOCTh HHIYKTOPA OT @ 0 (.

PaccMOTpeHHas MydTa NPUHANIEXUT K TPYIIIE TaK Ha3BIBAEMEIX
3/IEKTPOMAaTHUTHEIX My(}T CO CBA3BIO MEXIY ee YacTAMH depe3 Mar-
puTHoe none. IToMmumo Takux MyT TPHMEHAIOTCA TakKe My(THI ¢
MEXaHHUECKOI CBA3bI0. B HMX mepefaya BpaillaloOLIEro MOMEHTA OT
BeAyLICH YACTH K BEZIOMOM OCYIIECCTBISETCS MEXaHUIECKIIM TPEHHEM
WIH 3aUCTUICHHACM 3a CYCT CO3MaHMS MEXITY HUMH HOPMAJILHOIO JaB-
JIeHUsI MATHUTHBIM TIOJIEM 3JIEKTPOMArHuTa.

TopMo3HbIe YCTPOIiCTBA. DIIEKTPOMPHBOAEI Psiia paGOUX MAIIHH H
MEXAHH3MOB CHabXaloTCs CIIEMATbHBIMH YCTPOHCTBAMH, KOTOpBIE 06ec-
[IEYMBAIOT OCTAHOBKY ((DMKCAIMIO) HCTIONHUTENBHBIX OPTAHOB B 33JaH-
HBIX TIOJIOXEHMSIX, OTPAHHYEHHE ITYTH TOPMOXEHNS TIOCHIE OTKITIOYEHNS
JIBHTATEJIS, 8 TAKXKE yaepxaHue ((HHKCAIMIO) HCTIOTHHTENLHbBIX OPraHoB
B OTIPCAC/ICHHOM TONIOXEHUH TIOCTIE OTKITIOYeHU nBuratesist. K tTakum
pabo4yM MalllMHaM OTHOCSTCA B TIEPBYIO QUepe/lb IOHEMHO-TPAHCTIOPT-
HbI€ MEXaHMU3MEI — KPaHBI, JUQTEL, MOABEMHHUKH, 3CKATATOPBI M T.J.

IpumMeHsieMble TOPMO3HEIE YCTPOMCTBA HMEIOT BECBMa Pa3sHO06-
pa3Hoe ucnosiHeHHe. OHY TOAPA3NEISIOTCH HO BUAY HCIIOB3YeMOro
MPHBOJA Ha JICKTPOMArHUTHLIC, THAPABITHMYCCKHEC, THEBMATHYCCKIE,
IO KOHCTPYKIHH ()PHKLIMOHHBIX 3JIEMEHTOB — JHCKOBBIE, KOHHIEC-
KHME ¥ UWJIMHAPUYIECKUE, KOTOPEIE, B CBOIO OUepenb, OBIBAIOT KOJIOIOY-
HBIMH U JICHTOYHEIMH; 110 HAYAIBHOMY TIONOXEHHIO (PPUKIIMOHHBIX
IEMECHTOB — Ha HOpPMAaJIbHO PA30OMKHYTBIE H HODMAJIbHO 3aMKHYTBIC.

B GonbimHcTse 311 HaXOMAT IPUMEHEHHE TOPMO3b! ¢ IPHBOIOM
OT 3JIEKTPOMATHHUTOB, Ha3bIBaeéMBbIe 3JICKTPOMATHUTHEIMH. 3TH TOpD-
MO3bl moApa3iacAioTCs 110 poay TOK2a — TTOCTOAHHOTO M IIEPEMEHHOTIO,
IO [UTHHE XOAa AKOPS SNIEKTPOMArHHTa — JUTMHHOXOHOBEIE ¥ KOPOT-
KOXOZOBBIE; [T0 PEXHMMY PabOTHI — NPOJOLKUTEIBHOCTBIO BKIIOYEHHUS
15, 25, 40 u 60% ot BpeMenn unxiia paborer DII. KopoTkoxomosoit
TOPMO3 HMEET XOJI IKOPS JCKTPOMAarHuTa, OIM3KMil WIH PaBHBIHA rie-

' peMeleHU10 (PPUKLIMOHHEIX 2JIEMEHTOB (KOJIOZIOK), @ XOJI STKOPSI 3J1eK-
TPOMarHuTa JJIMHHOXOLOBOTO TOPM03a B HECKOJIBKO Pa3 MPCBHIILIACT
3T0 nepeMenIeHHe. 3a CYET 3TOr0 B COOTBETCTBMH € IPaBUIAMU MeXa-
HUKH TpeGyeMoe YCIWINe 3IeKTPOMAarHiTa INTHHHOXOIOBOTO TOPMO3a
MOXeT OBITh BO CTONEKO Xe pa3 MeHBIIIe.

Ilpunumn geicTBH HOPMATBLHO 3aMKHYTOTO KOJIOAOYHOIO TOPMO3a
C IPMBOLOM OT 3JICKTPOMAarHuTa COCTOMT B CJICAYIOHIEM. B HcxomHOM
“HOpMAaJTbHOM» ITOJIOXCHHH, KOTTA 3JICKTPOMATHHT HE ITOAKITIOYCH K
HCTO‘lHI/IKy MMHUTaHHs, €ro KOJIOAKH C ITOMOIIBIO IIPYXXHMHBI IIPHDKMA -
I0TCa K TOPMO3HOMY HIKMBY, PacIIOJIOXCHHOMY HA By ABHTATEINA,
H 3aTopmaxupaioT ero. [Tpy BKIIOYeHH IBUTATE/IsI HANPSDKEHHE OfI-
HOBpeMeHHO HojaeTcs M Ha O6MOTKY aiieKTpoMarHuTa. SIKope amexr-
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pOMAarHura, pMTATHBasiCh K CEPACYHNKY, PACTOPMAXHBACT KOIOAKH |

TOPMO3a, ¥ HBUTaTeNb HaYMHaeT BpaulaThes. I1py OTKIIOYEHHH ABH-
raTess TepsAET IIUTAHHE W AJCKTPOMATHUT H TIPYXKHHA BHOBb IIPHXH-
MAaeT KONOAKH K IKHMBY, obecrieynBas TopMoxeHue DI1.

B BIT HeKOTOPBIX IPON3BOICTBEHHBIX MEXAHU3MOB, B NIEPBYIO OYe-

pelb KPaHOBHIX, B TOPMO3ax MEPEMEHHOI0 ToOKa NPHMEHAIOTCA TaK .

Ha3bIBaeMBIe ANMeKTporuapasinyeckue toakaresu (OI'T). Tlo cpasHe-
HHIO C TOPMO3aMH C [IPHBOIOM OT 3JIEKTPOMAarHUTOB MEPEMEHHOTO
TOKa OHM MMEIOT 60Jiee BRICOKYI0 H3HOCOCTOMKOCTD, 00€CIIEYHBaIOT
IJIABHYIO paboTy TOPMO3a, XapaKTepPHU3YIOTCsi MEHBIIXM TIOTpeGIeHH -
€M TOKa Y OoJblIeil HaleXHOCTHIO B pabore.
DNeKTpOrHAPABINYECKHUIl TOJKATENb MPENCTABIAET CO60M KOMIT-

JIEKCHOE YCTPOMCTBO, BKIII0YAIoLiee 3JIEKTPOABHUTATE/Ib IIEPEMEHHOTO

ToKa HeGompIoi (10 0,4 KBT) MOIHOCTH, IPUBOAUMEII HM LIEHTPO-
GeXHbI HacOoC M TMAPOLMJIMHAD C MOPIITHEM, ¢ KOTOPHIM COeIHHEH
BoIXOxHOM 1rrok DI'T. Buyrpennsa nonocts OI'T 3anuTa MacioM.

Pabotaer DIT cnenyroummM obpasom. IIpu mogade Ha JBMraTenh

e

L e e S

HaInpsDKEHMSI OH HAYUHACT BpallaTh paboyce KOeco Hacoca. Tocnen-

HUii cOo3AaeT JaBJIeHHe ToJ IOpIIHEM, KOTOPHIM HauYMHAET NnepeMe-
IHAThCSA CO LITOKOM BBEPX M PacTOpMaXHBaTh KOJOAKH TOpDMO3d.
B BepxHEM II0JI0KEHHH OTKPBIBAIOTCH KaHAEI B IWIMHIPE, MACTIO Tiepe-
TeKaeT B HHXHIOW yacThk DI T M JIBHKeHHe mpekpamaeTcsi. Bpems
MOIbeMa M onyckaHud mwroka DT o6sraHoO coctasmser 0,3—1,5 ¢.

KpoMme TOpMO30B, KOTOPEIE TIPEACTAB/ISIOT cOBOM OTAeBbHOE YCTPOR-

¢1BG, B BI1 HaXoIAT IIMPOKOE TIPUMEHEHHE BCTPaUBacMBble B IBUTATEND
TOPMO3Bl, COCTABIISIOUIME C HUM EIMHEIH KOHCTPYKTUBHBIA MOIYJIb.
Takue BCTpauBacMble TOPMO3EI BBITIONHSIOTCS, KAK TIPABUIIO, IHCKOBBI-
MH ¥ BMEIOT YIIpaB/ieHHUe OT JICKTPOMArHUTOB NIOCTOSHHOIO U Tepe-
MEHHOTO TOKA.

2.9. 3ALUMTA, BJIOKMPOBKU U CUTHAJTU3ALIUSA
B 3JIEKTPOMNPUBOJAX

Jlns obecrieueHust HamexHol pa6oTsl DI U TEXHOTOTHYECKOTO
060pYLOBaHKA B €T0 CXeMaX TPEAYCMATPHBAIOTCH HEOOXOUMbIE BHIBI -

4

3aIAT. DTOH Xe e CIYXAT U Pa3IMIHbIe OIOKUPOBOYHBIE CBSA3H, |

obecrieurBaoILNE 3aaHHBIH MOPSIOK ONEPalMi N0 YIIPaBICHHUIO Ol- -
HUM WIHA HecKOMbKUMH DI U TeXHONMOrHYeCKUM 000pyJOBaHHEM H |

[PENOTBPAIAIOIINE TIPY 9TOM OLIMOOYHBIE ACHCTBUS onepaTopa.

Kpome Toro, B0 MHOTHX CITyJasiX Lielecoo0pa3HO OCYIIECTRIATh KOH-

TPOJIb 32 COCTOSIHIEM M PEXHUMOM paboThl OTAENbHBIX y310B J1I, 9T0
obecreurBaeTCs ¢ MTOMOILBIO CPEICTB CUTHAIM3ALIMH, H3MEPHUTENBHBIX
M PETHCTPUPYIOLLNX IIPUGOPOB.
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AnmapaThl MAKCHMANBHOW TokoBol 3auwmsl. [Ipu paGore SIT Moxer
[POM30MTH 3aMBIKAHKE MEKTPHYECKMX LIETICH MEXTY COBOM WM Ha 3eM-
; JIO (xopIIyc), a TAKKE YBEIMYEHHE TOKA B CHJIOBBIX LIETSIX CBEPX JOITyC-
THIMOTO TIPEZIENa, BbI3BAHHOE, HANPUMED, CTONIOPEHUEM JIBIKEHHS MCTION-
HUTEJIBHOTO OpraHa paboydeli MAIHEL, OGpBIBOM OIHO#M 13 (ha3 IHUTAIOHIETO
HaMpsoKeHHS, pe3KIM CHIDKEHHMEM TOKA BO30YKIeHHS JBUTATeNeii IIOCTO-
sHHOTO ToKa. Jyis 3ammurel DI1 v MHTAIOWIEH CeTH OT TOSIBISIONTHXCS B
9TUX CITyYasaX HEIOMYCTHMO GOJIBILIMX TOKOB (CBEpXTOKOB) TIPEIMyCMaTpH-
BaeTCsA MAKCUMATBHAS TOKOBAA 3a11IUTa, KOTOpast MOXET pealTH30BhIBATE-
¢ pAVTMYHEIMA CPCACTBAMH: € OMOLITBIO TUTABKHX TIpeNOXpaHUTeNCH, peie
MaKCHMATBHOTO TOKA M aBTOMATHYECKMX BBIKITIOUATENCH,

IThaexue npedoxpanumenu FU BKMIOYAIOTCA B KaXayto TuHHAIO (dasy)
TIATAIOLIEH JBUTATENh CETH MEXTY BEIKITIoUaTeieM Q HAITPSDKEH ST CETH
M KOHTAKTaMH JIMTHEHHOro XoHTakTopa KM Uit aCHHXpOHHOrO ABUra-
tend (puc. 2.24, @) v 4151 IBUTATENs TIOCTOSIHHOTO TOKa (pHuc. 2.24, 6).
Ilernu ympaBieHHs] Takke MOTYT 3aUIMIIATECSA IUIABKUMH IIPENO-
XpaHuTeNsIMU (pHc. 2.24, 6).

¢ - O . T =)
RN f f i1
Q Q Q Q Q
U FU . Hru o |||lru
KM KM 7 ku
O aaas0 K cxeme
ynpaBJle}m;l

©

Puc. 2.24. CxeMbl BINOYEHUA npep.oxpaHmenen ans 3aluThl:
8 — acuHXPOHHOro Asurarens; 6 — [BUraTens NOCTOAHHOIO TOKa;
B — uenein ynpasneHus

Bri6Gop 11aBKo#i BCTaBKM TIpEHOXPaHUTENEH CITOBOM YaCTH 3JIEKTPO-
TIpUBONA TTPOU3BOTUTCS 1O TOKY, KOTOPEIN pacCUMTHIBAETCS TAKMM 00pa-
30M, YTOOBI [IpH MyCKe IBUTATEIA OHA He ITeperopaa oT IMyCKOBOIO TOKA.

Pene marcumanvrozo moxa UCTIONB3YIOTCH B OCHOBHOM B DIT cpen-
Heil ¥ 6onbloit MomuocTH. Katymku atux pene FAI u FA2 pkmioya-
Iorca B (pa3er TpexdasHbIX ABHTATENEH IIEpEMEHHOTO TOKA M B OXMH
WM 182 TIoJTI0CA IBUTATE)ISE OCTOSTHHOTO TOKA MEXY BRIKIIoUaTeneM Q
M KOHTaKTaMu JIMHEHHOTO KoHTakTopa KM (puc. 2.25, a, 6). Pa3MuI-
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KaloIllMe KOHTAKThI 5THX PeJie BKIIIOYSHE! B LIENb KaTyIuku KM innHeit-
Horo KoHrakTopa (puc. 2.25, ¢). IIlpi BOSHHKHOBEHHM CBEPXTOKOB B
KOHTPONHPYEMBIX IIEHISX, MPEBRIIAIOMIMX YCTaBKy pene FAI u FA2,
3TH KOHTAKThI Pa3sMBIKaIOTCA H CHJIOBbI€ KOHTAKThI JHHeHOTO KOH-~
TakTopa KM OTKIIOYAI0T ABUTaTENb OT MMTAIOILEH CETH.

_ 6, _k
RN IR
=\ Q 2 \Q 5B2 KM
EAt FA2 FAL FA2 FA1 FA2

Puc. 2.25. CxeMbl BKAIOHEHUA pene MakCUManbHOrO TOKa ANS 3allUThi;
a,— acUHXPOHHOro Asuratens; 6 — ABWraTens NOCTOAHHOIO TOKa;
8 — KOHTaKTOB pene 8 ueny ynpasneHus

YcraBky pese MaKCMMAIBHOTO TOKA JOJDKHE BHIGMPATHCS TaKHuM
o6pa3oM, YTOOLI He MPOMCXOMUIO OTKIIIOUEHMS NBMraTeieil Ipyu ux
TyCKe WM APYTHX TIEPEXOMHEIX TIpolieccax, KOraa TOKM B CHIOBBIX
LEMNIX B HECKOJIBKO pa3 NPEBHIIAI0T HOMHHATBHEIH YPOBEHB. '

Asmomamumeckue 6030yuinble gbikaoiamenu (asmomamoy). DTH KOM-
TUIEKCHBbIE MHOTOLICTICBHIE ANMAPaThl 00ECTIEYNBAIOT PYYHOE BKITIOUE-
HME ¥ OTKJIIOYEHHE JIBUTaTelell ¥ 3alliUTy OT CBEPXTOKOB, IIEPETPY30K
M CHIDXEHHSI TTMTAIOLIETO HanpsokeHus. JUis BEITONHEHUS 9THX GyHK-
LIMI{ aBTOMAT HMeET KOHTAKTHYIO CHCTEMY, 3AMBIKAHHE M Pa3MBIKaHHE
KOTOPOH OCYLIECTBIISIETCS] BPYYHYIO C TIOMOIIBIO PYKOSATKH HITH KHOI-
KM, MaKCHMaJIPHOE TOKOBOE pefie ¥ TEIUIOBOE TOKOBoe peie. Kpome
3TOr0, HEKOTOPBIC THIIEI aBTOMATOB 00ECIIEYMBAIOT 3aIIMTY OT CHMKE-
HHA HAIPSZKCHUA ¥ IUCTAaHIITHOHHOE OTKITIOYEHHE lIB]'I[‘ElTCJIﬁﬁ. '

BaxHbIM yeTpOiCTBOM aBTOMATA SBIISETCS MEXAHU3M CBOGOIHOIO
PacLEIUICHHS, KOTOPEIit 0GeCTIeYHBAET €10 OTKITIOYEHHE ITPH TIOCTYILIE- .
HMH YNpaB/AIOUIHNX WIK 3alMTHBIX Bo3AeHcTBH. B obuiem ciydae ot-
KIIOYCHHUE aBTOMATa 3TUM MCXaHU3MOM MOXECT ITIPOUCXOIHUTD IIPY TIPO-
TEKAHUH TOKOB TIEPErpy3KH, KOPOTKOTO 3aMBIKAHHS, CHIDKEHHH HaIIps-
XKCHUSA CETH, 4 TAKKE HPH JHCTAHIIMOHHOM OTKITIOUEHUH aBTOMATa.

‘YipoieHHOE YeTpONHCTBO aBTOMATA TOKA3aHO Ha pHc, 2.26, a. Pabo-
YU TOK Harpy3ku / mpoTeKkaeT 4epe3 KOHTAKT ] aBTOMara, HarpeBare/b
TEIUIOBOTO peJie 6 B KaTYIUKY 9 peie MaKCHMATBHOIO ToKa, TTpu Koport-
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KOM 3aMBIKAHMY B KOHTPOJIMPYEMOi LIENY CEpHeYHNK /0 MaKCUMAIBHOTO
¢ BISITMBAeTCA B KATYIIKY 9 1 TO/IKaTe/leM & BOSACHCTBYeT HA phIYar
5 MexaHu3Ma pacleIvicHMs1. TlocnenHuit moBopaunBacTCs MO YacoBOMH
CTpe/IKe 1 NPHIIONHHMAeT 3amenky 4. OcsoGoxnaeTcs poiyar 3, v mox,
geHCTBHAEM TIPYKMHBI 2 KOHTAaKTHl / aBTOMaTa pa3MBIKAIOTCS.

a

k]lA
2 1 3 45

6 .

d § I RIRIN
QF 1>
ETL
8 KM .

RO

Puc. 2.26. ABTOMATHHECKNI BLIKIIONATE b:
a — YCTPOWCTBO; 6 — CXema BKIIOYEHUR

\

AnanormaHsM 06pa3oM MPOHCXOAMT OTKJIIOYEHHE aBTOMATa Ipu
neperpyske LienH, Koraa ToK B Heit 60JIpie HOMUHAIBHOTO (pacdeT-
HOT0), HO MeHbIlie TOKA KOPOTKOrQ 3aMbIKaHus. B 3ToM ciiyuae TOK,
TIPOXONS 110 HArPEBaTENIO 6 TETUIOBOIO peJie, BEI3BIBAET HArpeB OnMe-
TATHMYECKOl TUIACTHHR 7. B pesysibpTare 3T0ro ¢BOOGOMHEI KOHELL
IUTACTHHH 7 TIOMHMMAETCA BBEPX M 4epe3 phlyar 5 BO3leicTByeT Ha
PacUeNnuTeNb 4, BoI3bIBast STHM pPa3MBIKAHME KOHTAKTOB aBTOMATA.

Yacro B aBTOMATax TPUMEHSIOT TeIUTOBLIE PAcIeITITe i Ge3 Harpe-
BaTeNsl, B 9TOM C/Iy4ae KOHTPOJHPYEMBIH TOK TIPOIycKaeTcs HEIo-
CPEACTBEHHO Yepe3 OGHMETATIYECKYIO IJIaCTHHY. B MaJIOMOLIIHbIX aB-
TOMAaTax TaKoi paclieNuTe/Ib MOXET BBITIOJIHATL QYHKIIMU U DJIEMEH-
Ta MaKCHMaIBbHON TOKOBO# 3aLL[UTHI.

ITpumep cxemel BRIIOYEHNS aBTOMaTa QF 1is IOAKINIOYEHUS M 3a-
HINTBI TpeXhasHOTO ACHHXPOHHOIO ABHMTATEIA TIPUBEACH Ha pHC. 2.26, 6.
ABTOMaTHYECKYE BHIKTIOYATEIH LIMPOKO HCITOMBL3YIOTCS 711 KOMMYTa-
WY ¥ 3aUIMTHI CWIOBBIX U MAJIOMOILHEIX 1tenieit D11 Bcex BUOoB.

Hynepas 3aumura. TIpy 3HAUMTETBHOM CHIDKEHWH HATIPSDKEHHSA CETH
HJIH €ro MCYe3HOBEHHM 3Ta 3alINTa 06ecricyrBaeT OTKIIOUCHHUE BHU-
raTeneil ¥ npeJOTBPALIACT CAMOIIPOU3BOIBHOE HX BKITIOYEHME (caMO-
3aImycK) 110cIe BOCCTAHOBJICHUS HATIPSDKCHHS.
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B Tex ciryvasx, Koraa IBIraTeiy yIpapIaiTcsa OT KHOMOK KOHTaK-
TOpaMU WX MarHUTHBIMH ITYCKATEJIIMM, HyJIEBas 3aIlUTa OCYLIECTB-
JISIeTCS CaMHMHM amnaparaMu 0e3 IMpUMeHeHUsA JONOMHHUTEIbHBIX
cpeacts. Harpumep, eciim B cXeMax pHUcC. 2.25 MCYE3NI0 WIH CHIIBHO
TIOHU3WIOCHh HAaIlIPSDKEHHE CETH, KATyLIKA TMHeRHOTo KoHTaKTopa KM
TIOTEepsieT MUTaHHe, M OH OTKITIOYHT JBUTaTeNb OT ceTd. IIpy Boccta-
HOBJICHMH HAaTIPSDKEHHS IBUTATENb MOXET OBITh BKIIIOYEH TOJILKO I10C-
Jie HaXaTHs Ha KHOMKY yrpapienust SB2 (cM. puc. 2.25).

I1pu ynpaenenun BI1 oT KOMaHIOKOHTPOJLIEpA MITH KJTIoYa ¢ (PHK-
CHPOBaHHBIM HOJIOXECHHEM MX PYKOSTOK HyJieBasi 3alIHTa OCYIIECTRIII-
€TCA C NOMOILBIO JOIOJIHUTEIILHOTO pesie FV HanpstkeHust (puc. 2.27).

Fv

Y K nenam ynpasnenust

Puc. 2.27. Cxema HyneBoO# 3aluThl

B wroit cxeMe pene FV BKIIOYaeTCS B HYJIEBOM ITOJIOXKEHNH KOMaH-~
IOKOHTpoJUIepa (Kinoya) yepe3 KoHTakT SM0, nocne 4ero 0HO cTaHO-
BHTCsI HA CAaMOINUTaHKE Yepe3 CBOM coOCTBeHHEIM KOHTAKT. Ilpu ne-
peBoie PYKOSTKY KOMaHIOKOHTpOUIepa (KiIova) B HONOXEHHE ITyC-
Ka I, TuTaHMe Beeil CXeMEBI YIIPABIeHHS OCYIIECTBISICTCS Yepe3 3TOT
KOHTAKT, IIO3TOMY TIPpH MCYE3HOBEHHUH HanpsokeHus pente FV orkimo-
YUTCA, IPEKPATUTCS €€ ITHTAHNE Y IMHEHHBIN KOHTaKTop KM oTKmo-
YUT ABUTATEND OT CeTH. IIpH BOCCTAaHOBIIEHNH HATIPSKEHHUA TTMTAHMS
TIOBTOPHOE BKJIIOYCHIE JBHTATEIIT MOXET GBITH TIPOM3BENCHO JIMHIb
NOCJ¢ YCTAHOBKHY PYKOSTTKYM BHOBB B HYJIEBOE (CpeJHEE) TIOIOXKCHUE,
YyeM MCKIII0YAETCS BOIMOXHOCTD €TO CaMO3aIycKa.

OrMeTHM, 4TO B cXeMe puc. 2.27 peae FV aBjisgercs UCTIOIHATE b~
HEIM 3JIEMEHTOM elll¢ IBYX 3alUT: OT TOXOB KOPOTKOTO 3aMBIKAHUS
(KOHTaKTH pejie MAaKCHMMANbHOrO ToKa FA) U TeTuIoBOi (KOHTAKTHI
TETUIOBOTO penie FP), 4TO YaCTO NMPAKTUKYETCS B CXeMax YIpaBJIeHUS.

TerioBas 3apmTa. DTa 3aIWTa OTKJIIOYAET ABUTaTeIb OT UCTOYHH-
Ka NUTaHU$, €CAN BCJIEACTBHE MPOTEKAHUS TIO €T0 HETsIM MOBRIITeH-
HBIX TOKOB MMeeT MeCTO 60J1ee BRICOKHUIE HarpeB ero ooMotok. Takast
Tieperpyska BO3HUKAET, B YaCTHOCTH, TIpH 0oOpBIBe OMHOM U3 (a3 Tpex-
¢ha3HBIX aCHHXPOHHKIX WIM CHHXPOHHBIX JBUTATENEH.
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Puc. 2.28. Tennogas 3awmra:

a — CXema BKAIOHEHWA TENnoBLIX PEne B LENb CTAaToOpa aCMHXPOHHOrO ABUrarens
6e3’ TpaHchOopMaTopa Toka; 6 — Cxema BKNIOYEHUA TENNOBLIX pene B Uenb
CTaTopa aCUHXPOHHOro ABUraTensi ¢ TPaHCOPMATOPOM TOKA; 8 — CXema

BKMIOYEHUA TEMNOBbIX PENE B LIENb SKOPA ABUraTens fOCTOAHHOMO TOKa

TeruioBas 3alUTa IBUTATENCH MOXET OBITh OCYIIECTBIICHA C IIOMO-
IIBIO TEILIOBHIX, MAKCHMATHHO-TOKOBBIX peJie i ABTOMATHYECKMX BhI-
KITIOUaTeNei. ' ‘

Temossle pene KK BKmogarored B obe a3kl TpexdasHEIX ABHTA-
TeJei IepeMEHHOTO TOKA HENOCPEICTBEHHO (puc. 2.28, a) wim yepe3
TpaHcdopmaropsl Toka TA (puc. 2.28, 6), eciil TOK ABUrATENsI IPEBhI-
IIaeT HOMUHANBHEIA TOK perte. [ 3alIUThI ABUTaTe el [TOCTOAHHO-
0 TOKA peJjie BK/IIOYAIOTCA B OIMH FUIH [IBa TIOJNIOCA LETTH MX TIMTaHHS
(puc. 2.28, ¢). Pa3sMBIKaIOLIHE KOHTAKTHI TEIOBBIX Pelie BKIIIOYAIOTCS
WUTH B LIENIH KATYLIEK [JIaBHEIX (JIMHEHHBIX) KOHTAKTOPOB, HJIH B LICITh
3AIMATHOTO peJie, KaK 3TO MoKa3aHo Ha puc. 2.27.

HeiicTBHe TeMIOBOrO pesie OCHOBAHO Ha 3dhdeKTe H3rnbaHus Ou-
METAUINYECKOIi TUIaCTUHKH TIPH €6 HarpeBaHWM 3a CUYET PasNIMMHEBIX
TEMITepaTypHbiX K03bdHUIIHEHTOB THHSHHOTO pacIupeHus o6pasy-
IOUIKX ee METAUIOB (CM. puc. 2.26, a).

HoMunansHxIi TOK TeIUIOBOTO 3MieMeHTa pene I, BRIGHpPaIoT paB-
HEIM WJIM HECKOJIBKO GOJIBIITNM HOMHHAIBHOTO TOKa ABUraTess 1.,

L= (1...1,15) L.

Tennosas 3amuTa ABUTATENEH MOXKET OCYIIECTBISATECS ABTOMATH-
YECKMMM BBIKTIOYATEAMU ¥ MATHUTHBIMU ITYCKAaTEIAMHU, €CJIH OHHU
“HMEIOT BCTpOEHHBIE TEIJIOBEIE paclielTUTeNy, Kak, HarmpHMep, B CXe-
Me aBTomara puc. 2.26, a. :

IIpyu noBTOPHO-KPATKOBPEMEHHEBIX pexxumMax paborel DIT, korna
NpoueccH HarpeBa pelie ¥ ABUTATENS Pa3TMYHE, 3allATa JBUTATEICH
OT TIeperpy30K OCYIIECTBIACTCS C ITOMOIIBIO MAKCHMATEHO-TOKOBBIX
pene FAIwu FA2 (cM. puc. 2.25). TokM ycTaBOK pele NP 3TOM BBIOH-
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paiotcst Ha 20—30 % BEIIe HOMMHATBHOTO TOKA JABHTaTeNsA. TakK Kak
VYCTaBKM peJie HUXKe ITYCKOBOTO TOKA, TO TIPH ITYCKE €0 KOHTAKTHI
HIYHTUPYIOTCS KOHTaKTaMH peJjie BpeMeHH, UMEIOLIETO BEIIEPXKY Bpe-
MEHM, HECKOJIbKO GOJBIIYIO BPEMEHH ITYCKA JBHTATEA,
anmamo-mxonan 3a1mpra. STOT BHJI 3alIMTE IpHMeHsteTcs B OIT
C JIBUraTe/IsIMH TTOCTOSHHOTO TOKA ¥ CHHXDOHHBIMH JBHTATe/IMH TS
3allUTHI OT 0OpBIBA X Leneit BO30yxXneHuMs1. Mcye3HOBEHHE TOKA BO30YK-~
JEHWSI ONACHO TEM, YTO OHO BRI3HIBAET HCYe3HOBeHHEe MpoTHBODAC IBU-~
ratesieit ¥ IIPHBOIUT TEM CaMBIM K 3HAYUTETHEHOMY BO3PaCTaHHIO TOKA B
WX CHJIOBRIX IETTSIX ¥ PE3KOMY CHIDKEHMIO PAa3BUBAEMOT0 HMH MOMEHTA.

+
o

Q|

oM b X
VD Ro.nu Rp I_I

paral

Puc. 2.29. CxeMa MUHVMMANLHO-TOKOBOW 3atLMThl

DTa 3alIUTa OCYLIECTRIAETCA ¢ MOMOINBI) MIHUMAIBHO-TOKOBOTO
pesie KF, xaTyiika KOTOpOro BKJIIOYAETCs B LEITb 0OMOTKH BO30YXIe-
HHA ABUTATENA, KaK 9TO NOKa3aHO Ha puc. 2.29. 3aMbIKaoNIHii KOH-
TakT pelie KF BKIIIOYAETCA B 1IHb KATYIIKK KOHTakTopa KM, uro no-
3BOJISICT BKJTIOYATh JBUTATeNb TOJIBKO MPH HATHYHU TOKA BO3OYXKIE-
Hus B OBM, TIpu paGore DII B ciyyae MCUC3HOBSHUSA HJIH Pe3KOTO
CHMDKCHUS TOKA BO3GYXICHHS KOHTAKT pesie KF pasoMKHeTcd H KOH-
Takrop KM, NoTepsAB NUTaHKME, OTKIIOYUT ABUTATENb OT CETH.

Crnennanbtinie Buapl 3amr. K HUM OTHOCSITCS 3aIIUTHI OT NIEpeHa-
npsDkKeHUA Ha 0OMOTKe BO30YXIEeHHsI JBUraTelisi IOCTOSHHOTO TOKA,
OT TIOBHIIIIEHHsI HATIPSDKEHUSI B CUCTEME «TIpeobpa3oBaresib — JBATA-
TeJib», OT MpeBbilIeHHA cKkopoctr DI1, OT 3aTAHYBIIErocs Mnycka CHH-
XPOHHBIX ABUTATENIEH M psl APYTHX.

Sawguma om nepenanpaxcenus na obmomke 6036yxcdenusn deuzameni
nocmoanHo20 moka TpebyeTcs TPy ee OTKITIOUEHNH OT HCTOYHHKA TTH-
Tanusi. B 3T0M pexuMe BeneAcTBHE GHICTPOTO CMIANAHUA TOKA BO30YX-
IICHHAA ¥ TEM CaMBbiM MarHMTHOTO MOTOKA B 0OMOTKE BO3HHKAET 3Ha-
YUTENbHAS (10 HECKOMBKMX KITOBOILT) DJIC caMOMHIYKIIHK, KOTOPas
MOXKET BBI3BATh NPOGOIL ee U30/IALIMM.
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3almTa OCYIIECTRISETCS C [IOMOIBIO TAK HA3HBAEMOTO PAa3PAITHOrO
pesucTopa R,, BKIIOYaeMOroO Iapalie/IbHO 06MOTKe Bo3byxneHus OBM
(puc. 2.29) conpotusicHKeM R, ;... Ero conporimienyie sbibnpaercs pas-
HbM (4...5)R, ;.\ IPH HanpspkeHUH raranus 220 B u (6...8) R, ., ipy Ha-
apsokeHnH 110 B. [ yeTpaHEHHA TOTEPh SHEPrUH B PA3PSIHOM Pe3nc-
TOpE TIOCEAOBATEIEHO ¢ HAM BKioyactes quon VD. OH He nporycKaeT
yepe3 Pe3NCTOP TOK NMPH BKIIOYEHHOH 00MOTKE BO30YXKIEHUSI, HO 1T03BO~
JIET IPOTEKATh TOKY oA AeicTieM DIC caMOMHIYKINIH, BOSHUKAIOIIEH
TIpH OTKIIOYEHHM 06MOTKH. BRIGOp R, B yKasaHHBIX Hpeie/Tax I03BONsET
CHH3UTH TeMTT CTIANAHUS TOKA B 0GMOTKe BO3OYXIACHHS M TEM CAMBIM OT-
paHIUTb BesTMdrHy 3] C caMOMHIYKIIMH IO HOYCTHMBIX TIPENETIOB.

3awjuma om npeevliuenus HANPANCEHUS TIPUMEHSAETCS TIABHBIM 06-
Pa3oM B CHCTEME «TIpe06pa3oBaTeb — ABMraTenb». OHa pearusyercst
C MOMOIIbIO PeJie HANMPSKEHUs, BKITIOYaEMOTO Ha BBIXONI Ipeobpaso-
BaTess M CBOMMM KOHTAKTaMM BO3MEHCTBYIOIIETO HA LEIH OTKITIONE-
HyA HarpsokeHus DI, Dra 3aiTa KOCBEHHO 3alllUIIACT BUTATENb [0~
CTOSTHHOTO TOKA U OT YPE3MEPHOTO YBEITMYEHHUA CKOPOCTH TIPH II0AB-
JIEHWH TIOBLIUIEHHOTO HAMPSDKEHMS,

Sawuma om npeebiuenus cxkopocmy ipuMeHsieTcs B D11 pabounx Ma-
1IMH, HE JOTTYCKAIOIIMX MPEBBIIIEHA CKOPOCTH IBHDKEHMS CBOMX HCIION-
HMTEJIBHBIX OPTaHOB (MdyThHl, IOXbEMHBIE JTEOCIKH, 3CKATATOPSI, IaXT-
Hble NOTEeMHMKH). [Dnst npenoTBparne s HENOMYCTUMEIX CKOPOCTEM IBH-
xeHwst B DI Mconb3yeTes 3a1uTa, KOTopasd MOXET OBITh BHITIOIHEHA C
TIOMOILLIBIO TAXOTEHEPATOPOB WIH 1IEHTPOOEKHBIX BHIKTIOUaTeNeit, Coeu-
HEHHBIX ¢ BIOM JABHTaTesd. LleHTpoGeXHEIe BHIKTIOYATENH HEMOCpe-
CTBEHHO BO3/ICHCTBYIOT Ha LIeTib YIPABIEHHS, a B CIydae IpUMEHEHU Ta-
XOTEHEPaToOpa 3T0 BO3ACHCTBHE OCYILIECTRIIETCS C TOMOILIBIO peJie Harps-
XKEHMA, BKTIOYAEMOTO Ha €T0 SKODb.

3awuma om 3amsHyswec0cA nycka CUHXPOHHBIX ABHraTeneit
ofecrieunBaeT ero MpeKpaeHue, eciii K KOHITY PacyeTHOrO BpEMEHH
TYCKa TOK BO30YXAEHUSI CHHXPOHHBIX IBUTATENCH HE JOCTHT 331aH~-
HOro yposHsi. OCyLIECTBISIETCS 3Ta 3aIMTa C MOMOIIEIO PEJic MUHM-
ManpHoro Toka KF, BKITIOYaeMOro aHAJIOrMYHO pelie OOpBIBa TIONS B
LIeTh 06MOTKH BO30OYXICHUS CHHXPOHHEBIX ABHTaTeNeii (cM. puc. 2.29),
" pene speMmenu KT (puc. 2.30). Eciu 3a BpeMd BrIiepXKH pene K7,
PaBHOE BpeMEHU HOpMasIbHOTO 11ycKa CJI, TOK BO30yX-AeHUA OKaXeT-
€S HEOCTATOUHBIM, TO [OCIE 3aMBIKAHUA KOHTaKTOB pene KT cpaGo-
Taet pene 3auuTel KVF 1 IacT KOMaHIy Ha NpeKpalleHUe IycKa,

Ilymesasn 3auwuma obecnieunsaer otkmodeane DT npu gocTHXeHUN
HCTIONTHUTEIEHBIM OpraHoM paboJeil MAllTHET KpaifHUX MOIoXKeHMA. OHa
OCYLUECTB/IICTCS ¢ MOMOLLBI) KOHEYHBIX BBIKITIOYATENIEH, YCTAHABITHMBA -
€MBIX B THX OJIOXKEHMSIX HCTIOJIHHTESILHOTO OPraHa ¥ Pa3MBIKAIOLIX
Lieny peJte 3alUMTHI WK HEMOCPEACTBEHHO JIMHEIHBIX KOHTAKTOPOB.
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Puc. 2.30. Cxema 3alMThl OT 3aTAHYBLUErocsl NYcka CUHXPOHHOIQ ABuvrarens

Sawuma om evinadenus cuHXpoHHBIX Jguzameneii U3 CUHXPOHUIMA TIPH-
MeHseTes1 11 DI ¢ CHHXPOHHBIMY IBUTATENIMH, paGOTAIOIIHX C PE3-
KO U3MEHAIOLIEHCS HAarpy3Koii Ha BaTy ¥ MUTAIOIINXCA OT CETH, B KO-
TOPOH BO3MOXKHO CHIDKEHHE HATIPSKEHNA. 3alIUTA OCYIIECTRIAETCS C
TTOMOIIEIO penie HanpsokeHust KV (puc. 2.31), BRIMOYeHHOTO Ha HATIPA-
XEHUE CETH, U pene (KoHTakTopa) hopcHpoBku Bo3byxnenusa KF, 3a-
MBIKAIOIIHI KOHTAKT KOTOPOTO BKIIOYEH MapajieibHO J06aBOTHOMY
pesucTopy R, B e 06MoTKM Bo3GYxaenus: OBB Bo3Gymurens B.

KM SB2 SB1 KM
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Puc. 2.31. Cxema 3aWwwrbi OT BbINAAEHUS CUHXPOHHOTO ABUMATENS M3 CUHXPOHM3MA

IIpu HOpMATEHOM YPOBRHE HamnpsikeHUs ceTH peie KV BxioyeHo,
a pene KF He BRINIOYEHO, TI03TOMY PE3HCTIOP R, BBeAeH B Liens OBB,
M TI0 Hell 1IpOTeKaeT HOMUHATBHBI (WK Ou3Kuif X Hemy) Tok. [Ipu
CHIDXKEHWH HaNPSDKEeHUS ceTH Ha 15—20% pene KV oTKimodaercs U 3a-
MBIKAET CBOI KOHTAKT B LieTH KaTyluku pesie KF, TTocnentee sxmoda-
€TCA ¥ CBOMM KOHTAKTOM IIYHTUpyeT pe3uctop R,. Tox Bo3GyxneHus
BO30YIUTENS, ET0 HANPKEHUE U TOK BO3OYKIEHHS CHHXPOHHBIX TBH- .
rareneii 1,,, BO3pacTarT, a TeM caMbIM YRenuduBaeTcsa ero 3JIC. D10
TIPUBOIOUT K YBETMIEHUIO MAKCUMATBHOTO MOMEHTA M IIEPErPY304HO
CIIOCOGHOCTH CHHXPOHHBIX IBUTATENEH M TEM CAMBIM O00ECTIEUMBAET ET0
CHHXPOHHYIO paboTy C CETBIO NPH YBEJTUUEHHH HATPY3KH Ha BaTy.
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Daexrpuieckue OaokuposkH B cxemMax D11, OHu ciyxat oyt obec-
redeHUS 330aHHOH MOCTIeI0BATEIBHOCTH ONIEPaLtii IPU €0 YIIpasJie-
HUH, NIPEIOTBPALICHUS HEWTATHRIX ¥ aBAPUMHBIX CUTYAllMA U HElIpa-
BIIBHBIX BEHCTBUIL CO CTOPOHEI OIepaTopa, YTO B HTOTE MOBBIMIACT
HanexHocTh paboTel D11 1 TexHONMOrHIeCKoro 0GopynoBaHust. Tak,
HAITPUMED, TIpH pabote OByx KoHTakTopoB KM n KM2 (puc. 2.32, a)
MEPEKPECTHOE BKIIOUEHHE MX Pa3MBIKAIOIIKX KOHTAKTOB B LIETTH KaTy-
e He JOIIYCKaeT BKIIIOUYEHHS OMHOrO KOHTAKTOPa IIPH BKJIIOUEHHOM
apyroM. Takoit Bun 610KMpOBKM IPHMEHSIETCS B peBepcHBHBIX DI, e
HEAOTYCTHMO ONHOBPEMEHHOE BKITIOYEHHE JBYX KOHTAKTODOB, WM B
DI ¢ 3MEKTPUIECKUM TOPMOXKEHHEM JBUIATEIS, TI€ TOPMOXEHHE MO-
XeT HAYaThCHA TOJIBKO ITOCTIE OTKJIIOYEHUS IBUTATEIIS OT CETH.

a _ 6
) )
+(-) SQ an O
R L

Puc. 2.32, BROXUPOBKM B CXemax 31eKTponpuBoAaa:
4 — ANA NPenoTBPALLEHUSt OAHOBPEMEHHOrO BKMMOYEHUA ABYX KOHTaKTOpPOB;
6 — npu cpabarbiBaHnKM KOHEYHOrO BbikioHaTens

OnHoBpeMeHHOE BKINIOYEHHE IBYX KOHTAKTOPOB MOXET OBITh TIPEROT-
BPAIIEHO M ¢ TIOMOIIIBIO MCITOJIL30BaHKUS JBYXIETHBIX KHOITOK YTIpaBJie-
HUST, IMEIOIMX 3aMBIKAIONIMI M Pa3MBIKAIOIIMI KOHTAKTEI (prc. 2.32, a).

Kaxk BumHo U3 cxeMsl, HaxaTHe JTI060# U3 KHOTIOK TIPHBO/IAT K 3a-
MBIKaHUIO LIEMH KATYIIKN OIHOTO M3 KOHTAKTOPOB U OXHOBPEMEHHO-
MY pa3MBIKaHHIO IIETTH APYTOr0 KOHTAKTOpa.

CxeMa puc. 2.33, 6 WUTIOCTPUPYET NPUMED HEKOTOPOH TEXHONOTH-
Yeckoit 6roxupopku aByx D11, paGoTaloIux COBMECTHO B KOMILJIEK-
ce. OHa JolyckaeT BKITIoUeHHe KoHTakTopa KM omxoro DI1 TonbKo
Nocire BkimioueHust KoHTakropa KM2 npyroro BT v 1ipy HaxkaToM Tmy-
TEBOM BRIKITIOYaTese SQO.

B 3I1 npumMensiotcs 4 Apyrue BUIBL GI0KMPOBKH, KOTODBIE GYmyT
PaccMOTpeHSI fanee B KOHKPETHEIX CXeMaXx YITpaBIeHUs.

Caranmzamus B cxemax ynpanienms DI, [t KOHTpOIS 33 XOIOM TeX-
HOJIOTMYECKOTrO MPOLIECCa WU TIOC/IEOBATENBHOCTH BRINONHSEMBIX OIle-
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partuii, COCTOSTHYSI 3aLIMTHI ¥ HAJIYHST HATIPSDKEHMA IIMTAHMS WIH KaKo-
10-TM00 /IEKTPUYECKOTO CUTHANA IPHMEHSIETCA CUTHANM3ALIMSA, KOTOpas
MOXeT OBITh CBETOBOM (CHTHANBHEIE JIaMIIbI, TaGj10), 3BYKOBOI! (3BOHOK,
CHpEHA) Y BU3YaNbHOH (YKa3aTelbHEIE perie, H3MEPUTENLHBIE TPUGOPEL),

+ -

I I
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KM HEH Ry

F_ HL3 Ry
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3 Y

Puc. 2.33. Cxema curHanuaaumm

i ipuMepa Ha puc. 2.33 noka3aHBI BO3MOXHbIE CUTHATH3ALHN

B cxeMe ynpasieHust BI1. Jlamna HL I cHrHaJM3UpyeT o Tofaye Ha-
NpSIKeHHs Ha cxeMy (BKIioueHWe aBroMara QF), nmamna HL2 —

O BKIIOYeHMM KOHTaKTopa KM, namna HL3 — o cpabaThiBaHHM pelie
MaxCHMAaIbHOMN TOKOBOH 3a1IUTHI FA, nammia HL4 — o cpabarhiBaHun
KOHEYHOTO BhIKIoYaTens SQ.

2.10. BbIBOP CUIOBbIX NMPEOBPA3OBATEJIEN,
AMMNAPATOB YNPABNEHUA, KOMMYTALIUU. .
n 3ALLWUIT

Bri6op cunoesix noaynpoeodnuxossix npeobpasosameneii OCymecTs- :

JISIETCA IO CJICAYIOLINM TOKAa3aTC/IAM ¥ IapaMETpaM.
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« YPOBHIO 1 YaCTOTE HATIPSDKEHHS MHUTAIONICH ceTH,

« BeJIMYHHE TOKA Harpy3Kw;

¢ ynciy a3 Harpysku; ~

e XapaKTepy Harpy3KH (aKTHBHas, AKTUBHO-HHIYKTUBHAS, EMKOCTHAST); /
 TMaTIA30Hy PETYIIMPOBAHIS BHIXOTHOTO HATIPSDKCHUS M/10TH YaCTOTH,
o HAJTMYKIO HEOOXOMMMBIX 3aIIUT ¥ CUTHAJIH3ALIHH;

o HATMYHIO CPEICTB THMATHOCTHKM

« pexxuMy pabothl anexrponpusoaa (51, 52, $3);

o KJIMMAaTHICCKOMY HCITOTHEHHIO H KATETOPHH Pa3sMeLeHHS;

e CTETIEHH 3auTHI IP;

» TPeOOBAHUAM TeXHHUKH GE30MacHOCTH,
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e BHICOTE HaJi YPOBHEM MODSI;

o YCIIOBUSIM IKCILTyaTaLlAH.

B KauecTBe JOTIONIHUTE bHBIX (PAKTOpOB TIPH BBIOOpE TIpeobpasoBaTe-
sie#t MoryT yumrriBateest KITI, MaccorabapHTHbIE M CTOMMOCTHBIC TT0Ka-
3aTeJTH, 2 TAKKE TIOKA3ATe)I HalleXKHOCTH (HapaboTKa Ha OTKa3, CPSHMI
CPOK CITYXOBI, Cpe/IHEE BpeMst BOCCTAHOBJICHHS H T.1.), YPOBEHb CO30aBa-~
eMbIx TioMex. TIpH ydere 3THX (aKTOpOB LIEIECO00Pa3HO MCTIOB30BATh
MHTErpaIBHEIE TIOKA3ATENH KAYeCTBa H BeCOBBIE KOAPHULMEHTHI (KO-
(pVIMEHTHI 3HAYMMOCTH) OTAENBHBIX [IOKA3ATENICH TIpeodpa30BaTeNcit.

Tloaynpoeoduuxogsie Hyckogsie ycmpolicmea 51 1BUTaTelIsi BEIOH-
paloTCA 10 TEM XKE TNIOKA3ATesIM, YTO ¥ PeodpasoBaTesy. HomnonHu-
TeJIbHO K HUM HEOOXOAMMO YUYHUTHIBATD!

o PEBEPCHBHBIH WM HEPEBEPCHBHBIH XapakTep paboTh IBUTaTENs;

o CIIOCO0 OrpaHMUeHHKS TYCKOBOTO TOKa (11e1eco00pasHbIil Xapak-
Tep M3MEHEHHs HATIPSDKEHHST TIPH TTYCKE, OTIPE/IEISICMBII BUIIOM Me-
XaHHYECKOM HArpY3KH ABUTATEIIS);

o HEOBXOMMMOCTh AMEKTPHIECKOrO TOPMOXEHHS IBUTATEILA,

¢ CITOCOD TIOAAYH CHMI'HANA YIIpaBICHHUA Ha MycKarelb — JICKIpO-
MeEXaHHYeCKHH KOHTAKT (KHOIIKA, KoY YIIPABICHHUSA) WIN TIOTEHIIH-
TLHBIA CHrHAN YIIPABICHHS (HATIPSDKEHYECKHI 1M TOKOBHIH);

& H3HOCOCTOMKOCTE ITyCKATEIA,

o JOMYCTHMAsA YaCTOTA BKJIIOUCHUIA.

Buibop snexmpuneckux annapamog TIPENCTaB/HIET Co00M 3a1aqy, pH
pellleHMH KOTOpO# HOJDKHBI yUYUTHIBATHCA !

¢ KOMMYTHpYEMEIE aIlliapaToM TOKH, HATIPSCKCHUS ¥ MOITHOCTH;

» TApaMeTphl ¥ XapaKTep Harpy3kd — aKTHBHAasI, MHAYKTHBHASL,
€MKOCTHAasi, HU3KOTO MM BBICOKOTO CONIPOTHBIICHUA U AIP.;

» YHC/IO KOMMYTHDYEMBIX LIETIEN;

o HATIPSDKEHMS M TOKH LIETICH YIIpaBJICHHS;

e HaNpspKEeHUE KaTYIIKY anmnapara;

o PEXXMM paboTHI ammapaTa — KPaTKOBPEMEHHBIH, JUTATENBHBIIH,
TIOBTOPHO-KPAaTKOBPEMEHHHIIA;

o YCJIOBUSA pabOTH aIiapaTa — TEMIIEPATYPA, BIAKHOCTD, NABIEHHE,
HaJIMyue BUOpaLUY U 1p.; :

o CII0cOOBI KPETJIEHHS aniapara,

« 3KOHOMUYECKME H MaccorabapuTHEIE TI0Ka3aTelH;

¢ yIoGCTBO COMPSKEHUS M IEKTPOMArHUTHAsT COBMECTHMOCTSD C
IpyriMH YCTpOMCTBaMH U anmnaparamMu,

o CTOHKOCTD K 3NMEKTPUUYECKHM, MEXaHWIECKHM M TEPMUIECKUM
TIEperpy3KaM;

& KJIMMaTHYECKOE UCTTOJTHEHHE M KaTeropys pasMeneHus; -

o CTETIeHH 3aIINTH IP; :

« TpeGoBaHMA TEXHUKHU 5E30TIaCHOCTH;
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 BEICOTA HaJl ypOBHEM MOPH;

e YCJIOBHSI 3KCILTyaTallMH.

CriocoGHOCTE 3MeKTpHYECKOro anmapara K Neperpy3kaM Ofpeeis-
€TCs €ro IIPEAENTEHON KOMMYTALIMOHHOM CIOCOBHOCTHIO, AMEKTPONH-
HaMHWYECKOH U TEPMIYECKOM CTOHKOCTBIO.

Tipedenvroti kommymayuonnoii cnocobrocmeio SJIEKTPHYECKOTO ara-
paTa Ha3pIBalOT MAKCHMANBHEI TOK KOPOTKOTO 3aMBIKAHUS, KOTOPEIi
OH CHIOCOGEH OTKIIIOYHTE HECKOIBKO Pas, OCTaBAsICh HCIIPABHBIM.

Dnexmpodunamumeckas cmoiicocms XapakTEepH3yeTCA aMIUTUTYROI

" YAapHOro TOKa KOPOTKOTO 3aMBIKaHHsl, KOTOPBIH crocoGeH TIPOHYC-
THTb aTinapar 06e3 CBOETO MOBPeXICHHS. ,

Tepmuueckan cmoiixocms XapaKTepHU3YEeTCd OOMYCTHMEBIM KOJIHYe-
CTBOM TEILIA, KOTOPOE MOXET GLITh BbIAENEHO B amrmapare 3a Bpems
ACHCTBUSA TOKA KOPOTKOTO 3aMbIKAHHS.

AUt oTIpeneNneHysa COOTBETCTBIS ITHX NapaMEeTPOB EKTPUIECKHUX
AllapaToB YCNOBHAM PabOoThl 3MEKTPOYCTAHOBKM JOJIKHbI GbiTh npen-
BapUTENILHO OMpPENeNIEHB TOKHM KOPOTKOTO 3aMbIKAHMSI,

ABTOMaTHYECKHE BBIKTIOYATE/H. DTH anmaparhl pEKOMEHAYETCS TIPU-
MCHATD B OTBCTCTBEHHBIX YCTAHOBKAX MPH HEOGXOMUMOCTH 6LicTporo
BOCCTAHOBJICHMS HATIPSLKEHUSI TUTAHKSA, TUCTAHIIMOHHOTO YTIDaRieHUA
M KOMILTEKCHOH 3aLIUTH, 3 TAKKE B ACHHXPOHHBIX SJIEKTPOTIPHBOIAX
AL NIPENOTBPALEHHS OMHO(AZHOTO PeXHMa paGoOThI ABHTaTeNeil. Mx
HCITOJTE30BAHHE LIE7€CO00Pa3HO TakKe B SEKTPONIPUBONAX C MAJIOR
1aCTOTOM BKITIOYEHWUSI, TIe OHM 0GECIIeUnBAIOT BKJIIOYEHHE U 3aIIUTY
ABHIaTeNst H MOTYT IPUMEHSTBCH BMECTO MarHHUTHEIX IycKaTeneii.

ABTOMAaTHYECKHE BBIKIIOUATEIIH BBIOHPAIOTCHA 110 HOMHHANLHEIM
TOKY 1 HalIPSDKCHUIO, DOMY TOKA, MpeleibHOM KOMMYTALUOHHO} CITO-
COBHOCTH, 3MEKTPOAUHAMHWYECKON 1 TCPMHUYECKO CTOUKOCTH, cO6-
CTBCHHOMY BPDEMEHH BKTIOYeHHs. Bce mapamerpur apToMatoB JIOJCK~-
HBI COOTBETCTBOBATH HX paboTe Kak B OOBIYHOM, TaK M aBapHITHOM
PEXNMax, a KOHCTPYKTHBHOE HCIIONTHEHHUE — YCJIOBHAM pasMelieHud.

HoMuHambHEI TOK aBTOMATa NOMDKEH GBITH He HHUXE TOKA MPooI-
XUTENILHOTO PEXHMa YCTAHOBKH, a CaM aNnapar He JOJIKEH OTKIIIO-
9aThCA IIPH NPENYCMOTPEHHBIX TEXHOIOTHYECKIX Teperpyskax.

Iposepka BrIGMpaeMoro aBToMata 110 VCJIOBHIO 3alIHTHL 3EKTPO-
YCTaHOBKH OT TOKOB KOPOTKOTO 3aMBIKAHKA COCTOMT B COTTOCTAB/IEHAN
TOK2 KOPOTKOTO 3aMBIKAHHS B YCTAHOBKE C TIpeneThHON KOMMYTALIMOH-
HOM CHIOCOGHOCTEIO aBTOMaTa, KoTOpast JOJDKHA OBITH BEILLIE 3TOTO TOKA.

3allTa YCTAaHOBKY OT TIEPETPY30K TI0 TOKY 6yzeT obecriedeHa, eciu
HOMHHAIBHBIH TOK aBTOMATa C TEIUIOBEIM pacuenureneMm Syaer papeH
HJTH HECKOITEKO GOJIbLie HOMMHAIBHOTO TOKA 3aIMIAEMOTO OGEEKTA.

YcTaBka TeroBoit ¥ MAKCMMAaTbHOMN 3aIIUT 2JIEKTPOJBUATATEIEH
AOJDKHA COOTBETCTBOBATH YPOBHSM TOKOB JIBHraTeNns. MakcHMaisHas
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TOKOBas 3alIUTA He JO/IKHA CpabaThIBaTh NIPH TIYCKE IBHIATENS, IS
4ero ee ycTaBKa J,,, BHIOHpaeTcst 110 COOTHOLUEHHIO

L,z kL,

roe k= 1,5-2,2 — koo dunmeHT, yIUTEIBAIOMNAN BHI paclleTIHTeNsT
1 BO3MOXKHEIN Pa3dpoc ToXa cpabaTHIBAHWS OTHOCUTENBHO YCTAaBKH,
[ yx — TIYCKOBOI TOK JBHTaTelIsL.

3amura OT Meperpy3ku (TeruioBas 3aunTa) cuntaercda addhekTis-
HO¥ ITPH CIIEMYIONIEM COOTHOIIIEHHH €€ TOKA YCTAaBKH J, . 1 HOMMHATb-
HOTO TOKAa ABUTaTeNs:

b =(1,2...1,4) Loy,

Konwmaxmoput, pene, maeHumnusie nyckamenu. K 4uciy rnokasatenei,
110 KOTOPBIM OHM BBIOMPAIOTCS, OTHOCATCS XapakTep W BeJIMUMHA Ha-
TIpSDKEeH U TIABHOM LeTH ¥ LienH YIpaBiaeHWs (BKIIOYalolINX KaTy-
IIeK); KOMMYTallMOHHAs CITOCOOHOCTb KOHTAKTOB M MX KOJIMYECTBO,
JOTIYCTHAMas 4YacTOTa BKILIOUECHHIT; peXXHM pabOTH; KATETOPUS pa3Me-
IIEHUSsT; CTETIEHB 3allMTHI OT BO3ACHCTBUS OKPYXaloWei cpeEl.

HONOMHUTEABHO K 3TOMY pefie, GYHKUMM YIPaBIeHUS U 3aITUTHI
BBIOHPAIOTCS TI0 POAY BXOIHOM BO3NCIICTBYIONICH BEIWYNHEI (TOK,
HaNpsoKEHUE, MONTHOCTD), BRIACPXKE BPEMEHH (peJie BpeMEHHM), KO-
3¢QdHIKMEHTY BO3BpaTa, BpEMEHM CpabaThIBaHHS M OTIYCKAHMS.

YcTaBKa ToKa pefle MAaKCUMATBHOTO TOKA TIPH 3aIUTE aCHHXPOH-
HBHIX JBUraTeIch ¢ KOPOTKO3aMKHYTBEIM POTOPOM BBIGHpACTCS U3 CO-
OTHOIIICHUS

L= (1,2..1,3) Ly,

a IS acHHXPOHHBIX ABMTaTeNel ¢ (Hha3HBIM POTOPOM U ABHMTrATENEH
TIOCTOSIHHOTO TOKa — IO popMyiie

1, =(2..2,5) L,

Buiciouamenu u nepexaovamenu. DTV annapaTsl BHIOMPAIOTCSE 110
Poly u BenMYMHE HaNpSXKeHHs, TOKY Harpy3ku, KOJHUYECTBY Hepe-
KIOYeHu#, KOTOpOoe OHM JOMYCKAIOT 110 YCJIOBYSAM MEXaHHYECKOM 1
SIEKTPUYECKON M3HOCOCTOMKOCTH, 4 TAKXKE KOHCTPYKTHBHOMY HC-
TIOJTHEHUIO. ,

Knonxu u kaouu ynpagaenus. OHu BRIGHPAIOTCS TIO POAY U YPOBHIO
HaNpsXeHUsT, BeIMYMHE KOMMYTHUPYEMOTO TOKA, KOJIMYECTBY KOMMY-
THPYEMBIX HeTIei, CTETIEHM 3ALUMTEI ¥ KIIMMAaTHIECKOMY MCTIOJHEHHUIO,
EKTPUIECKON X MEXAHUYECKOH M3HOCOCTOMKOCTH.

Paccmorpum Tumossle 3amauu.
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3anaua 2.1. JIBUTaTteab ocTOSHHOrO Toka Tina 4I1d160S sxio-

YEH 0 cxeMe puc. 2.24, 6 1 UMEET CIICAYIOIHe HOMHHaJIBHBIC J@aH- -
Hele: MomrHocTs P, = 11 xBr, Hanpsxenne U, = 220 B, KIIj
Nuow = 70,5%. PaccyuTaTh HOMHHAIBHBIN TOK ILTaBKOM BeTaBku FU, -

3agaua 2.2. ACUHXPOHHBIH OBUraTesib ¢ KOPOTKO3aMKHYTBIM poO-

TopoMm tuna AUP100L4 BximioueH o cxeme puc. 2.24, a ¥ nMeer
ClieIYI0IMe HOMUHANBHBIE JaHHBIE: MOITHOCTE P, = 4 kBT, Hamnpg-

xenune U, = 220 B, KII[ n,,, = 85%, xo3bduiveHT MOIHOCTH -
€0s ¢,,, = 0,84, XpaTHOCTB ITyCKOBOrO TOKA ITO OTHOLIEHHMIO K HOMH-
HaJIBHOMY TOKY CTaTopa paBHa 6. PaccunTaTh HOMHUHATbHbIIA TOK IUIAB-

Kot Bctasku FU U1 IBYX CITy4aeB:

o iR

o TIpH HEGOJIBIION YaCTOTE BKTIOUCHMS ABUTATENS 1 JIETKUX YCIIO- -

BUSIX TIYCKa IMTPONOIDKUTENIBHOCTRIO 10 5—10 ¢.;

o TIPH IOBTOPHO-KPAaTKOBPEMEHHOM PEXUME M TSIXEJIBIX YCJIOBHAX
TIycKa ¢ IIpOMIOJIXKUTENBHOCTHIO 6onee 10 c.

3anaya 2.3. ACHHXPOHHBII JBUraTellb ¢ KOPOTKO3aMKHYTHIM PO-
TopoMm tura 4AH200L4Y3 skmioueH 1o cxeme puc. 2.25, a U MMeET

CJIeYIOLIEe HOMMHATBHBIE JaHHBIE: MOILHOCTD P, = 55 KB, Hanps- -

xenue U

HOM

= 220 B, KITA n,,, = 92%, k03 dHIIHEHT MONIHOCTH -

€08 Q,,, = 0,89, XpaTHOCTB ITYCKOBOIO TOKA IO OTHOUIEHHIO K HOMH- :
HaJIPHOMY TOKY CTaTOpa paBHa 6,5. Paccuntarh ycTaBKy pelie MaKCH- -

MaJIbHOTO TOKa FA 1 BHIGPaTh €ro 110 KaTaiory. .

3amaua 2.4. ACHHXPOHHKI JABUraTeNs ¢ (hasHBIM POTOPOM THIIA -
4AK25056Y3 VIMEET CIIeAYIONe HOMHHAIbHBIE NaHHBIE: MOII{HOCTD !

P... = 37 xBr, Hanpsxenue U, = 220 B, KILQ n,., = 89%, Ko3d-

(hHLIMEHT MOIHOCTH COS @y, = 0,8. PaCC‘{HTaTL YCTaBKY peJie MakCH- *
MAJIBHOTO TOKa, 00eCIieYnBaoIIero 3anTy IBUTATeNs OT KOPOTKOTO |

3aMBIKaHHS U HEAOITYCTHMBIX 6POCKOB TOKA.
3anaya 2.5. ACHHXpPOHHBII JBUIATENb C KOPOTKO3aMKHYTEIM POTOPOM

THa 4AH20014Y 3 (3amaya 2.3) BKmoyeH 1o cxeMe puc. 2.23, a. Paccun-

TaTh MApaMETPHl U 110 HUM BEIOpaTh KOHTakTop KM s crienyromux

YCIIOBHIT pabOTHI 3JIEKTPOINIPUBO/IA; KaTeropus npuMeHeHsT AC-4, KOM-
MyTallMOHHAs H3HOCOCTOMKOCTE — He MeHee 0,3 MJIH LMKIIOB, MEXaHH- :
JecKast I3HOCOCTOMKOCTL — He MeHee 10 MiIH IIMKIIOB, pexXyM paboThl
aTapaTa — JIMTEILHbIA, KTMMATHISCKOS HCIIOIHEHHE Y KATErOpHs pas- |
MemeHus ~— Y3. KOHTaKTOp NODKEH MMETH TPH CHITOBBIX KOHTAKTa H IO

JBa pa3MbIKAIOLMXCS U 3aMBIKAIOIIHMXCS BCTIOMOTaTe/IbHbIX KOHTaKTOB.

3agaya 2.6. [lns cxeMsbl puc. 2.29 paccynTaTh BENHYHHY paapﬂn-_}:

HOro pesHcTopa R,, eciy HanpsokeHMe ceti 220 B.
3anaua 2.7. CocraBHTE cxeMy sieMeHTa «[JaMATh» C HCTIONB30BaHH-

€M ABYX JiorndecKux asiemeHToB «MJIN-HE»>. DneMerT «[Tamsttb» goit-

JKeH 00CCIIeUMBATE 3AITOMHHAHKE, XPAHEHHE U «CTUPAHHE» HH(OPMALH,
TIOCTYNAOLIEH HA HETO B BHIE €XMHHYHBIX HMITY/TECOB HATIPSDKEHHS.
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3anaua 2.8. Paccuurars TapaMeTphl 3IEMEHTOB Lienel BXona 1 00-
paTHBIX CBSI3eY OMNepalMOHHOTO YCHIUTENS (puc.2.10) mns peanusa-
iy Ha ero ocHose ITU-perynaropa (1Ta61. 2.1) c mocTosTHHOI BpeMe-
an 1 ¢ ¥ koaddyimeHToM yeuneHus 7.

TTpamep 2.1. ACHHXPOHHBII ABHTaTeNb C KOPOTKO3AMKHYTBIM PO-
topom THIa 4A13254Y3 BKIIIOUEH IO CXEME PHC. 2.26, 61 UMeECT cle-
AyIOLINE HOMVHAIbLHBIC JaHHBIE: MOIHOCTh P, = 7,5 xBrt, Hanps-
weHme 06MoTkY ctatopa U, =220 B, KI1 1, = 87,5%, k030 ¢u- -
IMEHT MOILHOCTH COS @, = 0,86, KPaTHOCTH MyCKOBOTO TOK2 MO
OTHOIICHUIO K HOMHHANIBHOMY TOKY CTaTopa paBHa 7,5. BLiGpaTh aB-
roMaTHuecKuil BrIKmouatenb QF, oGecTeyrBalolIMii BKIIIOYCHHE BH-
ratesst ¥ €10 MaKCHMAJIBHYIO ¥ TEIUIOBYIO 3aLIMTHI.

OrnpelenseM HOMHHAIRHBIN, TTyCKOBOH U YIapHEIA TOK CTaTopa
ABHraTens:

1'1 PHOM

5 3 NCOS P

Ilnycx = 7,SI]H0M = 7,515 = 113,25 A,

= 7500 / (3-220-0,875:0,86) = 15 A;

Tw= 1,811,431, = 1,8:1,43-113,25 = 288, 3 A.

Tox cpabaTeIBaHHsI TOKOBO# OTCEYKM (IEKTPOMArHUTHOIO paciie-
TIATEIS)
IT.O = lalllyn = 151'288,3 = 317 A.

Tok cpabaTbiBaHMs TEILVIOBO# 3aUIMTHI
I,=12l,,=1215=18A.

BoibupaeM aproMar Tima A3120 ¢ HOMHHaANBHBIM TOKOM aBTOMa-
Ta, 9MCKTPOMATHHTHQIO M TEIUIOBOTO pacuenuTens 15 A, ycTaBkok
MaKCHMAaNBbHOM TOKOBOM 3aImTEI 430 A 1 Terrosoit 3amuTei 19 A

KOHTPOJIbHbIE BOII'I POCDHI!

1. Kakve nonynpoBOAHMKOBbIE NPUBOPLI HA3LIBAIOTCA AUOAOM, TUPUC-

TOPOM M TPAH3UCTOPOM M KaKUe CYLECTBYIOT UX PasHOBUOHOCTU?

Y10 TaKoe CUOBLIE NONYNPOBOAHNKOBbIE MOAYNn?

UT0 HA3LIBAETCS BLINPAMUTENIEM 1M KAKMe CXeMBl BbinpsiMuTened

HalLvM NPUMEHEHNe Ha NpaKTuke?

4. YTO HA3LIBACTCHA PETY/NTOPOM HANPSXXKEHWA NePEeMEHHOra Toka?

5. Yrto HasbiBaeTcs npeobpasosaTenem 4YacToThbl U Kakue Tunbl NO-
NyNPOBOAHUKOBLIX Npeobpasosareneit 4acToThl Bul 3HaeTe?

w P
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11.
12.

13,
14.

15.
16.

17.
18.

18.
20.
21,

22
23.

24,
25.
26.
27.
28.
29.

30.

Yto Takoe uHBepTOp?

OGBACHMTE NPUHLMN ASHCTBUA UMMNYALCHOMO perynaropa Hanpsa-
XEeHUA NOCTORHHOro TOKa.

Mo kakum NpusHakam KnaccuUUMPYIOTCs AnexTpu4eckue annaparsi?
Kakne annaparb! OTHOCATCSt K annaparam ynpasnenua?
Hasosute BMAbLI CUNOBLIX KOMMYTALMOHHBIX annaparos pPy4HoOro
ynpasneHus.

YTO Takoe aBTOMAaTUHECKUIN BLIKNIOYATENb?

Kakue suabl 3alLMT MOXeT ofecneynBaTb aBTOMATUYECKUI Bbi-
KnoYaTens u 3a CYeT Yero?

HTO TaKoe SNEeKTPOMarHWTHLIN KOHTaKTOP?

Kakosbl OCHOBHOE Ha3HaYeHUe N 0COGEHHOCTY MCMONHEHUS Mar-
HUTHbIX Nyckarenen?

Hasosute HasHaueHue, NPUHLUMN AEICTBUS M OCHOBHLIE BUABI 3M1eK-
TPOMarHUTHbIX pene.

Y10 HasbiBaeTCA aHANOroBLIMU SNEMEHTaMy % yCcTpoicTBaMn
ynpasneHus? B

HTO Takoe onepaunoHHLIi yCunuTens 1 KakoBO ero Ha3Ha4yeHue?
Kakve BuAbl BNCKPETHBIX BNEMEHTOB M YCTPOWCTB Bbi 3HAeTe W
KaKkoBO WX Ha3dHaueHue? ]
Y70 Ha3LIBAETCH NOMMYECKWM SNEMEHTOM M Kakue OCHOBHBLIE NO-
FMHECKNE SNEMEeHTbl NPUMEHAIOTCA B CXeMaXx yrpaBneHus anekT-
ponpusoga?

YTO HasLIBAETCA MUKPONPOLLECCOPOM?

Kakue dyHkuMoOHanbHbie 6nOKM BKMOYAET B cebs MuKponpouec-
copHas cuctema?

Y70 npeacrasnaeT coBoii NPOrPaMMUPYEMBIA NOMMYECKMIt KOHTpOJEp?
Kakvie. Aat4nmku KoopaMHaT (nepemMeHHbIX) anexTponpusopa npu-
MEHSIOTCS B ero cxemax ynpasnexws?

ns yero MCNONL3YIOTCH IAEKTPOMArHUTHBIE MydTHI?

Ans 4ero cnyxar aneKTpPOMarHUTHLIE TOPMO3bi?

Kakune nokasartenu AOMKHE YUMTLIBATECS NPK Buibope anexTpuyec-
KuX annaparos?

Mo KakMM OCHOBHbLIM 3NEKTPUYECKMM NapameTpam nposepsioTca
M BoIGUPAIOTCA 3neKTpUYeckue annapaTb?

470 Takoe npeaenbHans KOMMYTaLMOHHas COCOBHOCTb, 3AEKTPOAN-
HamMU4eckan 1 TepMM4ECKan CTOMKOCTY INEKTPUYECKOro annapara?
Kak paccunTeiBaioTcs yCTaBk MakCUManbHO-TOKOBOM W TEnNoBoi
3awmT aneKrpoasurareneit?

Kak BbiGWpaioTca nnaskue npeaoxpaHuTeny ans salmThl Lenes
anexrponpusopa?



Fnasa 3
PASOMKHYTbIE CXEMbl YNPABJIEHUA
QNEKTPONMPUBOOA

3.1. OBUWASA XAPAKTEPUCTUKA PA3OMKHYTbIX
CXEM YNPABJIEHHUA

K pa3soMKHYTEIM OTHOCATCS CXEMEI YTIpaBJIeHUsE 3JIEKTPOTIPUBOLA,
B KOTOPBIX HE UCTIONB3YIOTCSE OOPATHBIE CBSI3M 0 €0 KOOPIWHATAM
WM TEXHONOTHYECKUM TTapaMeTpaM. TeM caMbIM YIIpaBIeHHE B TAKUX
cXeMax OCYIUeCTBIIIETCS 6e3 KOHTPOS 3a (pakKTHIECKUM M3MEHEHHEM
PEryJIHPYEMBIX KOOPIMHAT, T.e. 6e3 yueTa pe3ynbTaToB YIpaBICHHS.
DTH CXEMBI, OTJINYASCH MPOCTOTON pEeATU3allMH, UCTIONB3YIOTCS B TEX
clydasix, Korjia He TpebyeTcs BRICOKOE KaueCTBO YIIPaBJICHHs IBIKE-
HHEeM 3JIEKTPOTIPUBOJOB, B YACTHOCTH IS MyCKa, peBepca U TOPMO-
XeHUs1 JBUTaTeneil ¥ IPY HeBBICOKUX TPEOOBAHHMIX K TOYHOCTH M JIH-
ara3oHy PeryJiMpoBaHUsA MepeMeHHEIX (KOODUHAT) JBUTATENeI.

B TakMx cxeMax ynpaBJieHHsI B OCHOBHOM HCIIONB3YIOTCA pejieiiHo-
KOHTAKTOpHasI amapaTypa 1 MoJIylpOBOLHUKOBbIE KOMMYTAlMOHHbIE
anmnapatel (6eCKOHTAKTHBIE MYCKATENH).

ABTOMaTH3ALMs pabOThI 3THUX CXEM OCYIIIECTBIISIETCS 338 CYET UCTIONb-
30BaHUsI MHGOPMALIIHN O BpeMeHH, ToKe, ckopocTi wm DAC neurare-
niett ¥ TIOJIOXEeHWH UX BaJia, KOTopast TIONYJaeTCst OT COOTBETCTRYIOIIUX
JATINKOB WM CAMOTo ABHTaTesst. TOT YITH MHOM BUX UCTTONB3YeMOIT TIpH
aBTOMaTH3aUMM paboThl cXeMbl HHGOOPMALIMY OTIPEHETISIET MPUHLUNBE
YHpaeaerus, K KOTOPbIM OTHOCSITCS IIPWHIIMITE! BpEMEHH, TOKA, CKOPO-
ctit, IJ1C v nonoxeHus (rytr). HacTo B pa3OMKHYTBIX CXeMaX HCTIONb-
3yeTCsl CONETaHME TPUHIMIIOB YIIPABIEHHNS: HAaNpUMep, TIYCK IBHraTe-
JIS1 OCYLUECTBIIAETCA 110 TIPMHLUMITY BPEMEHH, a er0 TOPMOXKEHHE — TI0
npuHIUITy SC I CKOPOCTH.

Pa3oMKHYTHIE CXeMBI PHMEHSIOTCS U LISt PEryIUPOBAHKS CKOPO-
CTH TIPH HEBBICOKUX TPeGOBAHUAX K KAUECTBY perynposanus. Cuio-
Bas YaCTh TAKHX JIEKTPOIPHUBOJOB CTPOUTCS TIO CTPYKTYPE «YIIpaBIIsi-
eMBIif TpeoGpa3oBaTeNlb — JBUTaTeIb», a 3alaya PeTyIHPOBAHUS
(orpaHu4eHysI) TOKA ¥ MOMEHTA ABUTATENEil B HEPEXOIHEIX IPOLEC-
Cax pemaeTcs 3a CYeT BKITIOUEHMSI B CXEMY YIIPABICHUST JOMOTHUTEb-
HOTO YCTPOICTBA, Ha3bIBAEMOTO 3aXaTYNKOM WHTEHCHMBHOCTH. DTO
YCTpOMCTBO, OGECTICYNBAS TUIABHOE H3MCHEHHE B ITEPEXONHBIX TIPOIIEC-
cax yImpaBJIsIoIIeTO BO3ACHCTBHUA Ha IBUTATED (HATIPSDKECHMS, €ro Ya-
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CTOTHI WJIM TOTO M APYT'Oro) MO JMHEMHOMY WIH 3KCHOHEHIIHATBHOMY
3aKOHaM, obecneunBacT GOPMUPOBaHHUE TPEOYEMEIX TpadMKOB KOOP-
JHHAT (TIepeMeHHEIX) SJIEKTPOIIPHBOJIA.

Pa3oMKHyTHIE CXeMBI, KDOME YHKLIMH YIIPaBIeHUA, 00ecneYrBa-
10T 3aLIUTY 37eKTPONPHUBOAOB, ITUTAIOLUCH CETH M TEXHOJIOTHYECKOTO
060pyIOBaHKA ITPY BOSHUKHOBEHNH PA3TAYHEIX aHOMAJIBHBIX PEXH-
MOB — KOPOTKMX 3aMBIKaHHSIX, TIepPerpy3Ke ABUIaTe/c, HCUe3HOBCHUM
TIMTAIOLLETO HATIpSDKeHUS MM OOphIBe (ha3el MUTAOLLEH ceTH, a TaK-
e COOTBECTCTBYIONIYIO CHTHAJIM3AITHIO. ,HJI;I 3TOro OHHU COAEPXKAT arr-
rapaThl ¥ YCTPOHCTBa, HaXONd1IHecs BO B3aHMO/JICHCTBHHU C yCTPOI-
CTBAMM VIIPABJICHWS NBUTATEIAMHM. TaKuie CXEMBI yIIpaBlIeHUsI, 3alH-
THL 1 CUTHAJIH3ALIWM CEPUHHO BBITYCKAIOTCA JIEKTPOTEXHHIECKOM
TIPOMHBILJIEHHOCTBIO B BUIIE TIAHEACH, IKachoB U OJIOKOB YIIpaBICHUS
M JIPYTUX MOJOGHBIX KOMITUIEKTHBIX YCTPOMCTB.

3.2. TUNOBLIE Y3Jibl U CXEMbI YMNPABJIEHUSA
ANEKTPONPUBOLAOB C ABUTATENAMU
MOCTOAHHOIO TOKA

Cxema 1mycka JBHraTeisi HOCTOSIHHONO TOKA € HE3ABHCHMbIM BO30YKIE-
HHEM N0 NPMHIMITY BpeMenH. DTa cxeMa (puc. 3.1, @) COOEPXHUT KHOIKH
ynpasieHust SBI (nmyck) 1 SB2 (0cTaHOB) IBUTATEIIA, IMHCUHEIA KOH-
TakTop KM 1, obecrnieunBaioiiii NOOKII0UeHHe ABUTATENS K CETH, U KOH-
TAKTOP ycKopeHust KM2 [Uis BHIKIIIOUCHHS (HTyHTHPOBAHHS) ITyCKOBOTO
pesucropa R,. B xayecTBe IaTYHKA BpeMEHU B CXEMe HCIIONb30BAaHO
9JIEKTPOMarHuTHoe peste BpeMeHH KT, [1py MOmKimoueHUN CXeMBI K Hc-
TOYHUKY TIMTAHHA HatpsokeHueM U IpOHCXOINT BO30YXICHHE JBUTaTe -
7 u cpabartnipaeT pejte KT, pa3sMbIKas CBOH pa3MbIKAIOIINI KOHTAKT B
LIENH KaTylIKN KoHTakropa KM2 u noaroTaBianBas JBUTATENb K MYCKY.
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Puc. 3.1. Cxema nycKa [ABMraTens no NpUHLMAY BpeMeHu (&), XapakTepucTukm
nsuratens (6) u KpuBble NepexoaHoro npouecca (8)
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TIyck nBuraTens HAYMHAETCS TIOCHe Haxarusd KHonku SBI, B pe-
3y/AbTaTe 4ero IojydaeT IMUTaHHe KOHTaKTop KM 1, KOTOpHI CBOUM
[NIaBHBIM CHJIOBHIM KOHTAKTOM TIOAKIIOYaeT ABUTaTeNb K HCTOUHUKY
nuTaHus. JIBurarens HaunHaet pasber ¢ peancTopoM R, B HEIH AKO-
p4, ¢ IOMOILIBIO KOTOPOTO OTpaHHYHBAETCS TTYCKOBOM TOK JBMIATENs.
OIHOBPEMEHHO 3aMBIKAIOUIMI 6I0K-KOHTAKT KOHTaKTopa KM 1 1mmyn-
THPYET KHOTIKY SBI, 1 0Ha MOXeT GbITh OTIYILCHA, 8 PA3MBIKAIOIIHA
6JTOK-KOHTaKT KM pa3ppiBacT IeNb MMTaHUA KATYIIKY pejie BpeMe-
Hi KT. Yepes MHTepBAT BPEMEHH A, , TIOCTE TIPEKpAIEHHs TIMTAaHUSA
KaTYILKH peJie BpeMeHH, Ha3bIBacMBIil BEIIEPXKOIt BpeMeHH, Pa3MbI-
Kaomumii KoHTakT KT 3aMKHeTCs B 1IeMH KaTyIIKH KOHTakTopa KM2,
TOCENHU BKITIOYUTCH M MIABHEIM KOHTAaKTOM 3aKODOTHUT ITyCKOBOM
pesucTop R, B ueny AKopd. TakuM o6pasoM, NPH IyCKe JBUraTeNb B
TeYeHNe BPEMEHH Al,, Pa3TOHAETCS M0 NCKYCCTBEHHOH XapaKTepHC-
THke 1 (puc. 3.1, 6), a mocae BIYHTHPOBaHUS pesucTopa R, — 10 ec-
TecTBeHHOH 2. BesMunHa compoTuBieHNs pe3uctopa R, BrGpaHa Ta-
KMM 00pa3oM, 9TO B MOMEHT BKJIIOUEHHS JBUIATEA TOK /) B LICTIH H
COOTBETCTBEHHO MOMEHT M, He TIPEBOCXOIAT HOyCTUMOTO YPOBHA.

3a BpeMd A, TOCIIE Havasa IycKa CKOPOCTh BPAllICHHST IBUraTeIs 10-
CTHTAET BeJIMTHHBL 0, 2 TOK B IENM SIKOPHA CHIXAETCA 0 YPOBHA [
(puc. 3.1, 6). Iocye MIyHTHPOBaHUSA R, IPOMCXOOUT GPOCOK TOKA B LENH
SIKODSL OT 4, IO 1, KOTOpBIi He TIPEBBIIAET JOTTYCTUMOTO YpoBHS. MlamMe-
HeHMe CKOPOCTH, TOKA ¥ MOMEHTA BO BpeMEHH TTPOHFICXOIWT TI0 3KCTIOHEHTE.

OcTaHOB JBHUTaTeJIsI OCYIIECTRISETCS] HAXaTHeM KHOMKK SB2, 4To
NPUBEACT K OTK/TIOYEHHIO AKODS IBUTATENS OT MCTOYHUKA THTAHUS M
€ro TOPMOXEHHMIO TION ACHCTBMEM MOMEHTa COIMPOTHBICHHS Ha €ro
paiy. Takoif crmoco6 ocTaHOBA ABUTATES IIOJIYIH HA3BAHME «TOPMO-
XECHHE BBIOCTOM». ’

Cxema nycia dsuzamensn é dée cmynernu no npunyuny 31C u dunamu-

. 4ECK020 MOPMOXNCEHUA NO npuryuny epemeny. B oot cxeme (puc. 3.2, a) B
xauectse farynka DJIC ucnonb30BaH AKOpb ABUIATe)L, K KOTOPOMY IO~
KITIOUEHBI KATYIIKA KOHTAKTOpoB yckopeHmst KM1n KM2, obecrneyrsa-
JOLIMX IIYHTUPOBAHKE ITYCKOBBIX PE3HCTOPOB Ry U R,. C OMOLIBIO pe-
TY/IMPOBOYHBIX PE3UCTOPOB R, U R,; 9TH KOHTAaKTOPHI MOIYT GHITh Ha-
CTPOEHEI Ha CPabaThIBAHUE NPH ONPENCIEHHBIX CKOPOCTAX IBUTATEIS.

Jing ocyiecTRIEHUS TOPMOXEHHS B CXEME TIPEIYCMOTPEH PE3HUCTOD
R,3, IOIKITIOYEHIE ¥ OTKIIIOYEHHE KOTOPOIO OCYLIECTB/IAETCA KOHTAKTO-
pom Topmoxenust KM3. g obecriedeHHsT BLIIEPXKH BPEMEHH HCITONTb-
3yeTcsl SNEKTPOMArHUTHOe peiie BpeMeHH K7, pasMbIKaionpii# KOHTAaKT
KOTOPOTO BKITIOYEH B LIEITh KATYIIKK KOHTAKTOpa TopMoxXeHust KM2.

Iociie noaxIIOUeHMsT CXeMBI K MICTOYHUKY NMUTaHUSA ITPOHCXOOUT
BO30yX/IEHME ABUTATENA, @ ATMAPAThI CXEMBI OCTAIOTCS B HCXOTHOM
HonoxeHuH. TTycK ABUTaTeNs OCyIECTRIAETCSA HAXATHEM KHOTIKM SB1,

89



YTO NIPUBOIUT K cpabaTkIBaHMIO JIMHEHHOTO KOHTaKTopa KM w non-
KIIKOYEHUIO IBUTATENST K UCTOUHUKY MUTAHUA. JBUratesir HayMHaeT
pasber ¢ BKAIOYEHHBIMH pe3UCTOpaMu R+ R,, B IENTH IKOPA TI0 XapaK-
TepucTHKe [ (puc. 3.2, 6). o Mepe yBeIMYeHHsI CKOPOCTH JBUTATENST
pacreT ero 3JIC ¥ COOTBETCTBEHHO HATIPSIKEHUE Ha KATYIIKAX KOHTAK-
TopoB KM1 v KM2. TIpu ckopocty ®, cpabareiBaer KonTakTtop KM1,
3aKopa4yMBast CBOMM KOHTAKTOM NEPBYIO CTYIICHD ITCKOBOTO PE3NCTO-
pa Ry, ¥ IBUTaTeNh NEPEXOIMT Ha XapakTepacTHKy 2. Ilpu ckopocti
@, cpabaTeIBacT KOHTakTOp KM2, IIYHTHPYA BTOPYIO CTYIIEHB MYCKO-
BOTO pe3ncTopa Ry,. JIBUTaTeNs BEIXOIUT HA €CTECTBEHHYIO XapaKTepH-
CTHKY 3 ¥ 3aKaHYMBAET CBOMH pa30er B TOUKE YCTAHOBHBIIETOCS PEXH-
Ma ¢ KOOPAWHATaMHU o, — M, OTIpelieIIsIeMOi IepecedeHNEM ECTECTBEH-
HO XapaKTepUCTHKY 3 IBHTaTe I U XapaKTePUCTHKU Harpy3KH.
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Puc. 3.2. Cxema nycka asuratens no npueuvny 34C v AUHAMUNECKOr0 TOPMO-
XEHUA N0 NPUHLMNY BPEMEHW (3) M XapaKTepUCTMKK Asuratens (6)

[t mepexona X pexXuMy TOPMOXCHHS HaXMMaeTcs KHornka SB2.
Karymka konTakTopa KM TepsieT nmutaHHe, pa3sMBIKAeTCs 3aMbIKa-
FOLUMIL CHIOBOI KOHTAaKT KM B 1ieny SKOps ABUTATENA, 1 OH OTKIIIO-
YaeTcsa OT UCTOUHWKA NTUTaHusA. Pasmeikaomui 6mok-KoHTakT KM B
LIeTIM KaTYLIKH KOHTaKTOpa TOpMOXeHUsT KM3 3aMbIKaeTeo, nocien-
HMi cpabaThIBAET ¥ CBOMM TJIABHHIM KOHTAKTOM MOIKITIOYAET PE3UC-
TOp Ry K AKOpI0 M, HepeBois IBUTaTelb B PEXUM IMHAMIYECKOTO
TOPMOXEHHUS IO XapaKTepucTuke 4 (prc. 3.2, 6). OnHOBpeMeHHO pa3-
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MBIKA€eTCS 3aMbIKAIONMIA KOHTAKT KOHTaKTopa KM B 1IenH pelle Bpe-
MeHu K7, OHO TepsieT IMTaHHE B HAaYHHAET OTCYET BpeMeHHU. Yepe3
WMHTEPBAJ] BPEMEHH, KOTOPbIi COOTBETCTBYET CHIDKEHHIO CKOPOCTH
JBUTATENA IO HYJIS, Pejic BpeMEHH OTKIIIOYAETCS # CBOMM KOHTaKTOM
paspeiBaeT 1IeMh TTHTaHUst KoHTakTopa KM3. Pesucrop R;; oTkmoda-
€Tcs OT AKOPS M OBHMraTessi, TOPMOXEHHE 3aKaHYMBACTCS, H CXeMa
BO3BPAIIIaeTCA B CBOE HCXOAHOE HONOXCHUE.

ITprMeHeHHe TUHAMUYECKOTO TOpMOXeHHs: obecrniednBaeT Gonee
ORICTPLIA OCTAHOB JBMUIATE/ISI M TEM CAMBIM OBICTpOE MPEKpPAICHHUE
JBIKEHHS UCTIONHUTENIBHOTO OpraHa pabodeil MalmiiHEL

Cxema nycka oeuzamens 8 OOHY CmMYneHb RO NDUHUUNY GDEMEHU U
dunamuyeckozo mopmoxcernus no npunyuny 3JC. YupaBieHue OBUra-
TeJIEM TIpH HyCcKe IPOMCXOINT 10 aHAJIOTHH CO cxeMoii puc. 3.1. Ipu
BKJIIOYEHHH JIBHTaTEs B 3TOM cxeMe (pHc. 3.3) M paboTe OT HCTOYHH-
KA NWTAHHSA PasMEBIKAIONIMI KOHTAaKT JMHeliHoro koHtakropa KM B
[EIy KOHTAKTOpa TopMoXeHns KM2 pa3oMKHYT, 4TO TIpEAOTBpanaeT
[€pEeBOJ ABUTATE/S B PEXKUM TOPMOXEHHS. : '

Puc. 3.3. Cxema nycka Apurartens no NpuHUMNY BPEMEHN U AMHAMUYECKOrQ
TOPMOXEHUS NO NpuHuuny DOC

TopMoXeHuHe OCYHIECTRISIETCS HaXaTHeM KHOTIKY SB2. Koxrakrop
KM, notepsis IMTaHHe, OTKII0YACT AKOPh OBHUIaTEaA OT HCTOYHHKA
NATaHYA H 33aMBIKaeT CBOMM KOHTAKTOM LICTIb TMTAHHS KATYIIIKH KOH-
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taktopa KM2. TlocnenHul oT AedcTBHS ‘HaBeAeHHOM B sKope DIC
cpabaThiBaeT M 3aMBIKAET SKOpb M Ha pe3ucTop TopMoXeHus Ry, ITpo-
LeCC AMHAMIUYECKOTrO TOPMOXCEHHS TIPOUCXOIHT IO TEX TIOp, MOKa IpH
Hebonbioi ckopocty asurarens ero DJC He cTaHET MeHbIIe Hanps-
XKeHHA OTITYyCKaHMs KoHTakTopa KM2, TOT OTKIIIOYHTCS, ¥ cXeMa Bep-
HETCS B HICXOHOE IOJIOXKEHHE.

Cxema ynpasaerus nyckom 0suzamens no NPURKUNY &peMenl, pecep-
COM U MOPMOXNCEHUeM npomueogekaiovenuem no npuryuny JJC. B aroit
cxeMe (puc. 3.4, a) MpeAyCMOTPEHO ABa JINHEWHBIX KoHTakTOpa KM1 1
KM2, obecrieunBaloIIUX €10 BpallleHHe COOTBETCTBEHHO B YCJIOBHEIX
HamnpasneHusX «Bnepen» U «Hasazy. [MaBHbIe KOHTAKTE 3THX aTlIapa-
TOB 06pa3yloT pEBePCUBHEIN KOHTAKTHEIH MOCTHK, ¢ IIOMOLIBIO KOTO-
pPOro MOXHO U3MEHUTH TOISAPHOCTD HANIPSDKEHMS Ha sIKope M U TeM
CaMBIM OCYILECTBISITH TOPMOXEHHE IPOTHBOBKITIOUCHHEM M peBepe (M3-
MeHeHHe HallpaB/ICHNsA BPalleHNs) ABUrareis. B skopHoit enn nomu-
MO TYCKOBOI'O pe3HCTopa R, BKIIOYEH PE3HCTOP MIPOTHBOBKIIOYEHUS
R, KOTOpHIH YIIpaBIAETCS KOHTAKTOPOM ITPOTHBOBKIIOYeHH KM3,
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Puc. 3.4. Cxema ynpaeneHmsi NyCKOM W PEBEpCOM aBuratens (a)
W XapaKTepucTUkK asuratens (6)

YrpaBieHHe IBUTATENIEM TIPU TOPMOXKEHHH TIPOTUBOBKITIOYEHHEM H
peBepce OCYLIECTRIBIETCS € MIOMOUIBIO JBYX Pesie IPOTHBOBKITIOYEHMST
KV1u KV2. VX Ha3HayeHWe B TOM, YTOOBI B PEXMME ITPOTHBOBKIHIOYE-
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HHA VI OrpaHYeHMsI TOKa B SIKOpe JO JOIyCTUMOIO YPOBHS obecrie-
4UTH BBOA B LIENb SIKOPSA B JONOJHEHHKE K IEYCKOBOMY Pe3UCTOpY R, pe-
3UCTOP TIDOTHBOBKIIOYEHMS R),, YTO HOCTHUTAETCSA BBIGOPOM TOYKH
NIPHUCOCAMHEHMA KaTylliek pene KVIu KV2 k pesucropy (R, + Ry,).

Ilyck meurarenst B MoGOM HaIpaBIeHHH OCYMIECTBISIETCH B OAHY
CTyIeHb B GyHKIH BpeMeHu. TIpy HaXXaTHW, HAIpUMeED, KHONKY SB1
cpabatsiBacT KOHTAaKTOp KM/ M NOAKMIOYAET SIKOPh M K UCTOUHHKY
NHUTaHKA. 3a cueT NMajJeHUs HANPsDKEHN Ha pesucTope R, OT IIycKo-
BOr0 TOKa cpabGaTriBaeT pene BpeMeHM K7, pa3MHbIKaioniee CBOI KOH-
TaKT B LIEMTH KOHTaKTOpa KM4.

Bxumouenne KM nipuBener Takke K cpaGaTeiBaHuIo peie KV1,
KOTOpOE 3aMKHET CBOI 3aMBIKAIONIHMI KOHTAKT B LICIIM KOHTaKTOpa
npotusoBKIOueHHs KM3. Do BBI30BET BKMIOYeHNe KM3, uTo npu-
BelleT K 3aKOPAaUMBAHUIO HEHYXHOTO NPHU ITyCKE pe3rcTopa MpOTH-
BOBKITIOYCHUSA R, M ONHOBPEMEHHO KaTylku pene BpeMmenu K7, Asu-
ratesip HauHeT pa3ber o xapaxkrepuctuke 2 (puc. 3.4, 6), a pene Bpe-
MeHHU KT — oTcYeT BHIEPXKKH BpeMEHH.

To ucreyeHny BBIIEPXKH BpeMeHH peiec KT 3aMKHET CBOM KOH-
TAaKT B LIENIM KaTYIIKH KOHTakTopa KM, OH BKJIIOYMTCS, 3aKOPOTUT
IYCKOBOI1 pe3ncTop R;;, U ABUATATENL BRIIET HA CBOIO ECTECTBEHHYIO
XapaKTepUCTHKy 1.

J1st ocylieCTBICHUS TOPMOXECHHA HAXXKMMAeTCa KHonka SB2, B pe-
3ynpTaTe Yero oTKIo4awTca Koutakrop KM, pene KV1, KOHTaKTO-
psl KM3 u KM4 v Btiouaetcsa Xonrakrop KM2. HanpsokeHne Ha Ko~
pe€ ABUTATENS N3MEHSET CBOIO MOJIIPHOCTD, U JIBUTATENb TIEPEXOIUT B
PEXHUM TOPMOXEHUSI TIPOTHBOBKITIOYEHHEM C JIBYMST PE3UCTOPAMM B
LieHH gxkopd R,; ¥ R,,. HecMoTps Ha 3ampIkaHKe KoHTakTa KM2 B 1IeTn
pene KV2, OHO B pe3y/IbTaTe OrOBOPEHHOM BhIIIE HACTPOMKH HE BKITIO-
YaeTcs M TeM CaMBbIM HE JIAeT BKIIOYUTLCH anmapatam KM3 u KM4 u
3aLIYHTUPOBATE PE3NCTOPH R,y ¥ Ry,

TlepeBon MBUTATEIST B PEXUM NPOTHBOBKITIOUCHUS COOTBETCTBYET ETO
MIEPEXOLY C €CTECTBEHHON XapaKTepHCTUKKM 1 Ha MCKYCCTBEHHYIO XapakK-
TepUCTHKY 4 (puc. 3.4, 6). Bo BceM auarna3zoHe ckapocreit 0 <o < oy Ha
3TO! XapaKTEPUCTHKE JBUTaTe/Ib paboTacT B peXHUME NPOTHUBOBKITIO-
YEHMUSI.

ITo Mepe CHUXXeHMsI CKOPOCTH JBUTATENIsl pACTeT HATIpsSDKEHHe Ha
KaTyuike pene KV2, v npy cKopocTH, 6113KOH K HYITIO, OHO JOCTHI-
HeT HarpspkeHusl cpabareiBadusi. ECJIH K 9TOMY MOMEHTY BPEMEHH
KHOTIKa SB2 6yfeT oTHylIeHa, To OTKIoYaeTcs KoHTaktop KM2, cxe-
Ma BO3BpAII[aeTCs B UCXOLHOE TIOJIOXKEHHUE M Ha 3TOM ITPoIlecC TOPMO-
XKEHUS 33aKAHYMBAETCH.

Eciu xe npu ToCTHXEHWH MaJToil CKOPOCTH KHoTIKa SB2 octaetcs
Haxaroil, To BKmovaeTcs peie KV2 u npoliecc mycka ABUraTeis no-
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BTOPAETCH, HO YX& B MPOTUBOMONIOXKHYIO CTOPOHY. Takum o6pasom,
PEBEPCUPOBAHHE JBHIaTells BKTIOYAET B Ce0s 1Ba 3TaIa: TOPMOXKEHHE
MPOTUBOBKJIIOYEHMEM U TIYCK B IPOTHBOIONIOXHOM HAMpaBIEHUH,
Bropoit aram peBepca n306paxeH Ha puc. 3.4, 6 IepexoioM JBUraTe-
JIST C XaPAKTEPUCTUKY 4 HA XapaKTEPUCTUKY 3, COOTBETCTRYIOLIVIO 00-
PaTHOI MMOJIPHOCTH HATIPSDKEHUA Ha AKOPE IBHUTATENA U HATHUKIO B
AKope 106aBOYHOTO pe3ucTopa R,,.

Cxema nycka Oguzamens nOCMOAHHOZ0 MOKA ¢ NOCAEO0BAMENbHBIM
6030yicOenuem no npurnyuny moxa. B stoit cxeme (puc. 3.5) ucnonnsy-
€TcA penie ToKa KA, Karylrka KOTOpOro BKITIOUEHA B LieNb SKopst M,
a pasMBIKAIOIINIA KOHTAKT — B Lelb IINTAHWSA KOHTAKTOPa YCKOPEHHUS
KM?2. Pene ToKa HacTpanBaeTCa TaKUM 00pa3oM, YTOOBI €ro TOK OT-
IyCKaHHUA COOTBeTCTBOBAI TOKY I, (cM. puc. 3.1, 6). B cxeme Mcnons-
3yeTcsl TaKOKe ROMOJIHHUTEIbHOE GIIOKHPOBOYHOE pelie KV ¢ BpeMeHeEM
cpabaTeIBaHMs GOMBIINM, 4eM y pelie KA.

SB2 SBi

lmz)ﬂ

Puc. 3.5. Cxema nycka furatensi N0 NPUHLMNY TOKa

PaGota cxeMbI IpH MYCKe MPOHUCKOAUT ClIEAYIONMM obpasoM. TTocne
HaXaTWs Ha KHOTIKY SBI cpabarsiBaer KoHTakrop KM, nBuraress 1oj-
KITI0YaeTCsd K MCTOYHUKY ITUTAHUA M HAYMHAaeT ¢BOM pasber. bpocok Toka
B SIKOPHOIA LIENH TOCIC 3aMBIKAHHSA ITIABHOTO KOHTAKTa KOHTakTopa KM1
BBI30BET cpabaThIBaHME pejie TOKa KA, KOTOpoe PA30MKHET CBOI pa3MBbi-
KaloMIMHM KOHTaKT B LieNU KOHTakTopa KM2, Yepes HEKOTOpoe BpeMs
TocIe 3Toro cpabareiBaet KV 1 3aMBIKAaeT CBOH 3aMBIKAIONIHIT KOHTAKT B
1LIETTH KOHTaKTopa KM2, TOAroTaBNMBas ero K BKIIIOYEHHIO,

Ilo mepe pasGera JBUraTeNif TOK SIKOPS CHUXACTCH O 3HAYCHUS
ToKa nepexmoueHust L. Ilpu 3ToM ToKe oTKITIOYaeTCA pesie TOKa U 3a-
MBIKAET CBOH Pa3MBIKAIOMIMI KOHTAKT B IENTM KATYIIKK KOHTaKTOpa
KM2. Nocneaauii cpabarbiBaer, ero raBHEIH KOHTaKT 3aKOpayuBacT
NycKoBoil pesuctop R, B LEMU SIKOpPS, 2 BCIIOMOTATEABHBINA KOHTAKT
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LIYHTUPYET KOHTAKT peje Toka KA, IToaToMy BTOpHYHOE BKIIIOYEHHE
pene Toka KA mocnie 3akopadyuBaHus R, U 6pocKa Toka He BBI3OBET
OTKJIIOUCHHS KOHTaKTopa KM2 v apUraTenb MpoJNOKUT pasber mo
CBOE eCTeCTBCHHOMN XapaKTEPHCTHKE.

Cxema munoeoli naweau ynpaanenus oguzamenem, obecnenuearouas
nycK, OuHaMu1ecKoe MOPMONCerle U pezyaupoeanue cxopocmy ociabienu-
eM MazHumHo20 homoka. TUTIOBBIE peNiciiHO-KOHTAKTOPHEIE CXEMBI YIIPaB-
serusa BT cogepXaT 3/IeMEHTE OJIOKHPOBOK, 3aI0UT, CUTHAIM3AIINH,
a TAKXE CBS3M C TEXHOJIOTHYECKUM obopynoBaHneM. 11 yHM(pHKaLIMH
CXEMHBIX PSHICHHI 3/IEKTPOTEXHUYESCKAS TIPOMBIIUIEHHOCTE BBIITYCKAET
CTaHAAPTHBIE CTAHLIN, GJIOKY H TIAHE/H YIIPARICHHSA, CIICHMATM3HPOBaH-
Hele 110 BumaM DI pabourx MexaHH3MOB, GYHKIIMOHATIBHBEIM BO3MOX-
HOCTSIM, YCAOBHMSIM KCTUTYaTalliM, POAY TOKA M T.0. Huxe B KayecTBe
TIp¥Mepa paccMOTPEHA CXeMa OTHOTO U3 TAKUX TUTIOBBIX YCTPOICTB.

o123 L KMd KM
SA1 ml
SA2 RMi[ & KT1
SA3 k] U k| OF

L~ KM3

Puc. 3.6. CxeMa TUNOBOH naHenu yNpasneHuna asuratenem
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OpraHoM ynpaBJIcHUs B 3TOH cXeMe SIBIIeTCI KOMaHIOKOHTPOI-
niep SA, IMEIOLIMi YEThIpe MTOJOXKEHHS PYKOATKH: OIHO Hy/leBoe (Ha-
YaJIbHOE) H TpH paboyux (cM. puc. 3.6). ITyck ABUTATENS OCYIIECTB-
JIIETCS B TPU CTYHEHH TI0 TPUHIMITY BPEMEHH, TOPMOXKCHHE ~— JIHHA-
MuMeckoe 1o nmpuHiuny SJC.

INepen myckoM KOMaHAOKOHTPOJUIED YCTAHABRIMBAETCS B HYJIEBOE
MOJIOXKEHHUE, 3aTEM BKJIIOYAIOTCH aBTOMATHYECKHE BEIKITIOYATENH
QF1wu QF2wu DIl noaxknoJaeTcs K UICTOYHHUKY nutaHud, Ilo o6MoT-
K¢ OB Bo36YyXaeHNT HaUMHACT IPOTEKATh TOK BO30YXICHHA, U, KPO-
M¢ TOro, cpabarbIBaeT penie BpeMeHH KT/, LIYHTUDYS B LICIIH pefie
KOHTPOJIS HaIPSKEHHUSI CBOMM KOHTAKTOM KOHTAaKT penie X4 o6pEI-
Ba 1en 0OMoTKH Bo36yxxneHusi. Eciiu nipu 2ToM pejie MakcHMalb-
Horo ToKa KA1 u KA2 HaxomsTcsi B HOPMANBHOM (OTKAIOUEHHOM)
MOJIOXCHNH, TO cpabarhiBaeT peae KV4, moarorasnusas MUTaHUE
CXeMBI YTIPABJICHUA Yepe3 CBOI 3aMbIKAIOLINiA KOHTAKT. EC/TH B Ipo-
necce paboTH TIPOH30HIET HEAONYCTHMOE CHIXCHIE HATIPKCHAS
MHUTAHHUS WIA TOKA BO30YXIEHHS ABUTATEIST MU TOK B SIKOpE TIpe-
BBICHT JONYCTHMEIH YpOBEHb, TO TIPOM3OMIET OTKIIOYEHHE pejie
KV4, cxema ynipapiieHUS THIOUATCS MTUTAHWAS W TBUTATeNh OymeT oT-
KJIIOYEH OT ceTU. TakuM 06pa3oM, peJie BEIMIOJHACT POJIEL HCIIOTHH-
TEJBLHOTO JIEMEHTA TPEX 3alI[HT.

st IycKa ABATATENIA 0 MAKCHMAITBHOM CKOPOCTH PYKOSITKA KOMaH-
IJOKOHTpOJUIEpa SA riepeMeliaeTca B KpaitHee TpeThe MOJTOXEHUE. DTo
TIpUBEET K cpabaTbiBaHMIO KoHTakTopa KM 1 noaxmodeHnio skops M
IBHU& e/ K NICTOMHUKY MUTaHUs, TIOC/Ie YeTo OH HayHeT CBoit pasber
C MOJIHBIM COINPOTHBJICHUEM ITyCKOBOTO PE3UCTOPa B LETTH AKOps. Pee
BpeMeHHN KT, moTepaB MUTaHHE BCIACACTBHE PasMBIKAHHS KOHTAKTa
KM, HauHeT OTCYET BBIIEPXKM BpeMEHH PaGOTH Ha TIEPBOi CTYICHH,
a pene BpeMeHn K72 n KT3, cpaboTas OT MafcHUs HATIPSDKEHHS Ha
peancropax R, ¥ R,,, pa30MKHYT CBOWM KOHTAKTHI B HEMSIX KOHTAKTO-
poB yckopeuua KM2 u KM3. OnHOBpEMEHHO € 9THM BKILIOYAKOTCSA
«39KOHOMHYECKMIf» KOHTakTOp KM6 ¥ KOHTaKTOD YIIPaBJICHU BO30YX-
neHneM KMS5, B pesy/bTaTe yero UIYHTHpYeTcsa pesdcrop R, u myck
JIBUTaTeIIsI IPOUCXOAUT MPU TTIOTHOM MarHATHOM ITOTOKE.

Yepes onpenesieHHOE BpeMA 3aMKHETCS Pa3MBIKAIOLHUA KOHTAKT
KT1, xorrakTop KM BKIIOYMTCS, 3aMIyHTUPYET TIEPBYIO CTYNEHD
ITyCKOBOTO pe3ucTopa R, U OTHOBPEMEHHO KaTYHIKY DPelie BPEMEHHM
KT2. TlocnegHee, OTCUMTAB CBOIO BHIICPXKKY BpeMEHH, BKITIOYHT KOH-
Takrop KM2, KOTOPEIH 3alIyHTHPYET BTOPYIO CTYNIEHB ITYCKOBOTO pe-
sucropa R, u xatymKy pere K73. D1o pene, Takke OTCYMTAB CBOIO
BRIIEPXKKY BpeMeHH, BBI3OBET cpabaTniBaHue KoHTakTopa KM3 u 1yH-
TUPOBaHHUE TTOCICAHEH CTYIICHH ITYCKOBOIO PE3UCTOpa, MOCHE YEro
JIBATATEITh BHIXOANT Ha CBOIO €CTECTBEHHYIO XapaKTCPHCTHKY.
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TTocne ITYHTHPOBAHHMS TPETHEH CTYNIEHN TIYCKOBOTO PE3NCTOPA Ha-
YUHACTCA ociablieHHe MArHUTHOTO II0TOKA, KOTOpOe MOATOTABIMBA-
ercs BKmoueHueM pene K¥3 cpabGareiBanus KM3. B npoliecce ocad-
JIeHUs1 TOKa BO36YXIeHHS ¢ NOMOILLIO pene yrpasieHus1 KV obec-
TIeYMBaeTCS] KOHTPOJIb 3a ToKoM sikopst. TIpu 6pockax Toka pene KVI
obecrieynBaeT BKIIOUEHHE WM OTKIIIOYEHUE KoHTakTopa KM5, yeu-
JIMBasi WM OCJIabJIsis TOK BO3OYXIEHNA, B PE3YJIBTaTe YeTo TOK B SIKOp-
HOI1 IIeNH He BBIXOAMT 3a JOIYCTHMble npeneisl. IIpy pa3MBIKaHHH
KoHTakTa KMJ5 gacTs ToKa BO30YXIeHHS 3aMbiKaeTcs depes auon VD
¥ paspsIHEIiA pe3ucTop R,

TopMoxkeHHe TBUTATEINI OCYIIECTRISETCS MEPECTAHOBKOMN PYKOATKH
KOMaHZOKOHTPOJUIEPA SA B HYJIEBOE TOJIOXKEHHE, DTO IPHBOINT K BBHIK-
JIIOYEHMIO KOHTaKTopa KM ¥ OTKIIIOYEHUIO AKOps M OT UCTOYHMKA ITH-
Tans. ITocKoIEKY B Tpoliecce MycKa JBATATeNs1 pesie AMHAMIIECKOTO
TopMoxeHus: KV2 BKTIOWIOCh, 3aMBIKAHHE PA3MBIKAIOLIETO KOHTAKTa
KM B uenu KoHTakTOopa TOpMOXEHHS KM4 BEI30BET €ro BKIIIOUEHHE.
Pesucrop R, OKaxeTcsa NOIKTIOYCHHBIM K SKOpIO M IBHTaTe/Is, KOTO-
Pblii NEPERIET B PEXUM AUHAMUYECKOTO TOPMOXCHYS, T1pH MaTbIX CKO-
POCTSIX IBUIaTeJIsI, KOIa ero SHC CTaHeT HIKE HaTpsDKeHMs OTITyCKa-
Hus (ymepxanust) pee KV2, OHO OTK/IOUMTCS, BHIKIIIOUHT KOHTAKTOP
KM4 n iponiece TOpMOXKeHUS 3aKOHUMTCH. OTMETHM, YTO JITHAMMYEC-
KO€ TOPMOXCHHE TIPOMCXOINT TIPY NMOJTHOM MATHHUTHOM TIOTOKE.

st CHYDXEHUS CKOPOCTH ABHIaTe)is PYKOATKA KOMaHAOKOHTPOJI-
siepa SA nepeBoauTcs B TiofioxeHUA / unu 2. B monoxenuu I gpura-
Teab paboTaeT Ha UCKYCCTBEHHOM XapaKTepHCTHKE, COOTBETCTBYIOLIEH
HATHYMIO B LIEIH AKOps pe3ncTopoB R, + R, a B nonoxeHuu 2 — Ha
XapaKTePHCTHKE, OOYCIOBICHHOMN pe3uCcTOpoM R,;.

Pazomxnyman cxema pe2yauposanus ckopocmu 08ueamens ¢ UCnoNb-
306anuem 3a0amvuKa urnmercusHocmu. PA30MKHYTast CXeMa 3JIeKTPOTIPH-
BOJIa, BRITIOJIHEHHOTO T10 CTPYKTYPE «yIPaBIsIeMBIit Tpeobpa3oBaTe)is —
IBHTaTelk IOCTOSHHOTO TOKA HE3aBHCHMOTO BO30YXIEHMSI» C HCIIONB-
30BaHHEM 33JaTiMKa UMHTCHCHBHOCTH TIpUBeacHa Ha puc. 3.7, a. Ha

_ CXeMe TIpHHATH 0003HaYeHUsT: ] — MOTEHITMOMETp 3a1aHUsI CKOPOCTH;
2 — 3aaTINK UHTEHCHBHOCTH; 3~ yTIpaBIgeMblil TpeoGpazoBaTeb.

Ionydenue TpeGyeMpIx rpadMKOB U3MEHEHHSI CKOPOCTH, TOKA U
MOMEHTA JBUTATES B IIEPEXONHBIX IIPOLECCAX OCYLIECTRIISECTCS B ITOMH
CHCTEME 33 CYET COOTBETCTBYIONIETO peryimpopaHus DI C npeobpaso-
paressa E,, v TeM caMbiM HanpsikeHust U, TOOBOMMOTO K SKOPIO IBH-
rarens. JIOIMyCTHM, YTO0 CKOPOCTD ABHMTATENA HOJLKHA M3MEHITHCA 710
rpatHKy, MOKa3aHHOMY Ha pHc. 3.7, 6, ¥ IIPH 3TOM TOK U MOMEHT He
JIOJDKHBI IPEBOCXOAUTD JHOIYCTHMEIH YPOBEHE. B COOTBETCTBHH ¢ 3THM
rpacmKkoM B MOMEHT BpeMeHH ¢ = ) OCYIIECTRIAETCS IMyCK ABUTATENS
(3aMBIKAIOTCA KOHTAKTEI B), B MOMEHT BpEMEHH 1, — peBepc (pasMEl-
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KAIOTCA KOHTAKTH! B ¥ 3aMBIKAIOTCA KOHTaKTH H), a B MOMEHT £, — TOp-
MoxceHue (pPa3MBIKAIOTCA KOHTAKTE H). JIjist peann3atiu 3Toro rpaduka
CKOPOCTH B MOMEHT ¢ = () CKaukooGpa3HO MOIAeTC 3aalOLHiA CHTHAN
nio ckopoct U, (cM. puc. 3.7, ), B MOMEHT BpeMeHH f; OH CKaIKoo0-
PasHO H3MEHSAET CBOIO MOJSIPHOCTL Ha IPOTHBOTIOIOXHYIO I10 CPaBHe-
HHUIO € TTYCKOM, 2 B MOMEHT BPEMEHH /, 3TOT CHTHAJI CHUMAaeTCH.

TopMo-
IIyck  Pesepc xéHue
6 wjply )___Pc

fetmemand

0 3 ; >
} oM ! __21
Y
e 4 Uy
0 B\ % >

Puc. 3.7. Cxema ynpaBneHus Asuratenem C UCNOAb30BaAHUEM
330aTHUKA UHTEHCHUBHOCTU

Ecyii He npenpuHATS CHEIMATBHBIX MeP 110 GOPMHUPOBaHHMIO Ipa-
duKa cKOpOCTH, TO NEPEXOAHEIE IPOLIECCH OYAYT CYIIECTBEHHO OT/IH-
YaThCs OT 3aJAHHBIX, 2 U3-32 MaJIoif MHEPIHOHHOCTH TIpeobpa3osare-
JI1 ¥ HeGOMNBIINX 3HAYCHUIL COMIPOTHUBIICHHS LICTIH AKOPSA GYIYT HMETh
MECTE HEIOITYCTUMO OoJbIKe GpOCKH TOKAa H MOMEHTa.

st monmydeHus XeaeMbIX rpatHKoB IepeMEHHEIX B IIEPEXOIHBIX
Tipolieccax MeX Iy MCTOYHHKOM 3a/af0IIEeT0 CHTHATA TOTEHIIMOMETPOM
1 1 ipeoGpaszoBaresieM 3 BKITIOYaeTCs 3aIaTYHK HHTeHCHBHOCTH 2. [Tpn
TIofave Ha BXOJ 3aaTYMKa CTyneHyaroro curHana U, curean Ha ero
BBIXOIe HAYUHACT U3IMCHSITHCS BO BPEMEHH ILIABHO TI0 JIMHCHHOMY
(WM 3KCIOHEHIMATBHOMY) 3aKOHY M JOCTHTaeT YPOBHS BXOXHOTO
CHTHaJIa 32 ONIPEACIICHHBIN HHTEpBaTI BpeMeHH. AHAJIOTHYHOE TIOCTE-
NEHHOE N3MEHEHNE CHTHAJIA Ha BEIXOAE 3alaTYNKA HHTCHCHBHOCTH U
TeM caMEIM Ha BXOJie IpeoOpa3oBaTesis MMeeT MECTO M NMPH CMEHE
TIONAPHOCTH CHTHANA 3aIaHUsI CKOPOCTH U, . MITH €10 CHATHH (OTKIIIO-
yeHuH). CKOPOCTH H3MEHEHHA BBIXOXHOIO CHTHANA 33JaTYHKa HHTeH-
CHBHOCTH DETYJIMPYeTCSI U MOXET GbITh YCTAHOBJ/IEHA B LIMPOKHX TIpe-
Jlenax — Ot Joneil CEKYH/IBI IO HECKONBKMX NECATKOB CEKYHI.

Ha puc. 3.7, 6 moka3ano TpebyeMoe H3MEHEHHE BO BPEMEHM CHT-
Hauna ynpasieHus U, KOTopoe BEI3BIBAET B CHITy MalIoif MHEPLIMOHHO-
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CTU NnpeoBGpazoBaTesisi IPaKTHYECKH TaKOC XKe U3MEHCHHE D]1C npe-
obpasosartend E, .. 3a cyeT n1aBHOTO H3MEHEHHA BIC u HaTIpSDKEHUSA
U Ha gsuratene rpadHMK CKOPOCTH ABHUraTens 6yner O;JM30K K MoKa-
3aHHOMY Ha pHc. 3.7, 6, a TOK 1 MOMEHT B IIEPEXOTHEIX IIPOIIECCax 3a
CUET COOTBETCTBYIOLIETO BEIGOpA TEMIa H3MEHEHHS HaNpsokeHHs UHe
TIPEBHICAT CBOMX AOMYCTUMBIX 3HAYECHHIA.

PaccMOTpPHM THITOBEIE 33Ja4H. v

3amaua 3.1. CocTaBUTh CXeMy YIIpaBIeHHsI, KoTopas obecredHsa-
€T MyCK ABHIaTelsl MOCTOSHHOTO TOKA HE3aBHCHMOTO BO3GYXICHHA B
onHy cTyneHb B GyHKimy DJIC ¥ TOpMOXEHHE NPOTHBOBKIIOYCHHEM
B (YHKIIAN BPEMEHH.

3azaua 3.2. CocTaBUTh CXEMY YIpaBJieHHsI, KoTopas obecreyHBa-
€T TyCK JIBUraTeJIst IIOCTOSHHOTO TOKA HE3aBHCHMOTO BO30YXICHUA B
ABE CTyIeHH B QYHKUIMM BPEMEHH M QUHAMHUYECKOE TOPMOXCHHMC B
dynxkuuu DIC. ,

3anaua 3.3. Cxema /IeKTPONPUBOJA IPUBEICHA Ha PUC. 3.2, 4. -
ratesib NOCTOSAHHOrO Toka THna 4T1M132S umMeer celyioupie HOMH-
HaJTbHEIE MIACTIOPTHBIE JaHHbIE: MOIIHOCTD P, = 11 KBT, HanpsXeHHe
muranust U, =220 B, ToK sikopst I, =61,5 A, COTIDOTHBIICHHE AKOPS
R,=0,8 OM, 4aCTOTa BPALCHNS Ay, = 1060 06/MuH, KT o0, = 78,5%. .
MOMeHT COTIPOTHRIEHHS Ha Baiy ABUTaTeNs M, paBeH HOMHHAILHOMY .

Paccuurarts:

o BEJIMUMHBI ITYCKOBBIX Ry, ¥ R,, ¥ TODMO3HOTO R;; pE3HCTOPOB, TIPH
BK/TIOUEHMH KOTOPHIX GPOCKY TOKA TIPH TYCKe ¥ TOPMOXEHHH He Oy-
IyT GOJIbIIE ABYKPaTHOTO HOMUHAJIEHOTO TOKA SIKOPST,

e YPOBHH HATIPSDKCHUSA, IPU KOTOPBIX JIOTIKHBI cpafoTaTh KOHTaK-
topsl KM1u KM2, .

o BLLIEPXXKY BpeMeHH peiie BpemeHH KT.

TTo KatanoraM BoIOpaTh IIyCKOBBIE ¥ TOPMOSHOM PE3UCTOPHI M IJIEK-
TPUYECKUE ariaparsl.

Ykazanue. Tlepen pacueTaMu TIOCTPOUTH XapaKTEPUCTUKH, aHAIO-
IMYHBIE TIPUBEJEHHBIM Ha puc. 3.2, 6.

3anaua 3.4, CxeMa 57ICKTPOIIPHBOZIA MPUBEICHA Ha PHC. 3.1, a. Kak
HU3MEHUTCS BWI KPUMBBHIX NEPEXOMHOrO Mpolecca, NOKa3aHHBIX Ha
puc. 3.1, 6 Wist cirydast TycKa JBUTaTelst, €CIH BHIICPXKA pese BpeMe-
1 KT WM MOMEHT Harpy3kH M, Gyner OTINYaTECA OT PacHeTHBIX 3Ha-
qeHui?

_ 3amaya 3.5. CxeMa 3/IeKTpOIIPUBOIA NIPUBENCHA Ha PHUC. 3.5. Ka-
Kiie M3MeHeHs B paboTe 2MEKTPOIPUBO/A MPOM3OWIYT NpY MYCKE B
CItydae, ecIi BpeMs cpaGaToiBaHus pesie KV 6yneT MEHbILE BpEMEHH
cpabarsiBaHus pene KA?

3agaua 3.6. CxeMa 3J1eKTPOTIDHBOA TIPUBEJICHA HA PHC. 3.3. Kakue
M3MeHEeHUs B paboTe AMEeKTponpHBoIa NPOU3OHIYT B CIy4ac, €CIM KOH-

99



TakT anmapara KM B ueny Katymku pesne BpeMeHH KT o6ropwr wm npu-
BapHTCs (T.€. 3Ta LeTTb GyIeT MOCTOSHHO Da30MKHYTa KN 3aMKHYTa)?

Ilpumep 3.1. Cxema SJICKTPONPUBOJa NPUBENICHa Ha puc. 3.1, a.
HBurareb MOCTOSHHOTO TOKa THna 411D 132S uMeer HomuHANBLHELE
TaCTIOPTHLIE NaHHbIE, IPUBENEHHBIE B YCIOBHAX 320a91 3.3, a MomeHT
Harpysku paBeH 0,9 HOMMHATBHOTO 3HAYCHHS. Tpebyercs paccuutars
BRIIEPXKY pene BpemeHn KTW conpoTupieHue TYCKOBOTO pe3HCTOpa
R,, npn pxioyennn KOTOPOrO TOK B MOMEHT BKJIIOYECHUS IBUraTeNs
HE MIPEBLICUT TPEXKPATHOTO 3HAYCHHMS HOMAHANBLHOTO TOKA, CyMmap-
HBIA MOMEHT MHEPLIMH 3NeKTPONPHBOIA cocraenser J = 0,6 xr- M2,

Ipn petennu 3agaun HCTIONB3YEM XapaKTEPHCTHKU M 0603HaYe-
HHs, IPECTaBeHHBIC Ha puc. 3.1, 6, 6.

OnpenensieM HOMUHABHYIO CKODOCTB BPalICHHs, IPOU3BEACHHE
KOHCTPYKTMBHOTO KO3(pUIIMEHTA H MarHUTHOTO MOTOKA JBHTATENIA U
CKOPOCTBb X0JIOCTOTO X002 ABUTATEA:

O =2"_gg&=z.3,14- 1060/60 = 111 pan/ec;

D, == Lo~ 030 _615.0,8/111 = 154 B.c;

HOM

@ =giﬂ=220/1,54 = 143 pan/c.

PaccuntniBaeM MoMeHTEr HOMWHANBHBINA, HaTPY3KU M 3alaHHbIIH
TTyCKOBOH, KOTODBIi NIPM TPEXKPATHOM ITYCKOBOM TOKe Oynmer paBeH
TPCXKPaTHOMY HOMUHATEHOMY MOMEHTY: :

P .
M, =me =11000/111 = 99,1 H-m;

M, =09M,, =0.9.99,1 = 89,2 H.xt
M =3M,,=3.991=2973H m.

Haxoxum u3 nono6us tpeyronsaukos CKOPOCTH BPAIICHUS @, U @,

o =%_%=143-o,9a43- 111) = 114 pan/c;

HOM

o =0y~ M =00 143334311y = 47 pan/c.

HOM
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PaccunrtsiBaeM Benuqm{y MYCKOBOTO PE3UCTOPA:

220
= Vo _ ———-0,8=0,4 Om.
R= 31,,0,‘ 3-61,5 ’ ’

HaxonuM mexaHH4ecKylo IOCTOSHHYIO BPEMEHH 3€KTPOIPUBOIA
1ipu paboTe Ha HCKYCCTBEHHOI XapakTePUCTUKE, CKOPOCTD (), IBUTa-
Tels Ha 3TOM XapakTePUCTHKE, COOTBETCTBYIONIYH0 MOMEHTY Harpya-
KW, ¥ BRIIEPXKY BpeMEHH pelie BpeMeHH KT

_Jw, 0,6-143
=20 27 0,2
““M_. 2973 0.29¢
1-M, 1-89,2
= =143 2 100 pan/c;
Bt M, 297,3 pan/c;

100
At =TIn| —®4_{-0,291n
K.T M |:03¢1‘-(01:| 9 [100 47] 0,18C

3.3. TUNOBBLIE Y3Jibl 1 CXEMbl YMPABJIEHUS
SNEKTPONMPUBOAOB C ACUHXPOHHbLIMU
ABUTATENAMMU

THUIIOBBIE Y3151 M CXEMBI PEICItHO-KOHTAKTOPHOTO YNPABICHUA
ACHHXPOHHBIMH ABHUTATEISIMA CTPOSTCA ITO TEM X€ TIPUHILMIIAM, YTO
M CXEMBI YIIPABJICHHUS IBUTATECISIMUA MOCTOSTHHOTO TOKA.

Tunoevie cxemvi ynpasaenusn acUHXPOHHLIM deuzamenem ¢ Kopom-
KO3AMKHymboiM pomopom. J[IBUraTelld 5TOro THHA Majlod U CpelHEH
MOIIHOCTH OGBIYHO IYCKAKOTCH TPAMBIM MOIKITIOUEHHUEM K CeTH 0e3
OrpaHHYEHHS TTYCKOBBIX TOKOB. B 3THX CTydasiX OHM YIIPaBJISIOTCS C
TIOMONIBIO MATHUTHEIX ITyCKaTeJIeif, KOTOPhIE OMHOBPEMEHHO 00ecte-
YNBAIOT U HEKOTOPHIE BUABL UX 3alIUTHI.

CxeMa yrpaBiieHHsI aCHHXPOHHBIM JIBUTATEIeM € UCTIONB30BAHUEM
MATHMTHOTO mycKatelns (puc. 3.8) BkmodaeT B ce6s1 MAarHHTHEIHN TIyC-
KaTeNb, COCTOAIIMMA W3 KOHTakTOopa KM ¥ Tpex BCTPOCHHBIX B HETO
TETUIOBEIX pesie 3aumThl KK. CxeMa obecniedrBaet npssMoi (6e3 orpa-
HMYEeHUS TOKA H MOMCHTA) IIYCK JBHTATENs, OTKIIOYEHHE Er0 OT CETH,
a TaKkkKe 3allHUTy OT KOPOTKHX 3aMBIKaHUI (HpeI[OXpaHHTCJIH FA) n
nieperpysku (terviosblie pene KK).

Jlnsi mycKa JBUTaTeNsl 3aMBIKAIOT BHIKMIOUaTeas QF M HaXKMMAaoT
KHOTKY nycka SBI. Tlogy4aer muTaHMe Karyloka KoHTakropa KM,
KOTOPHIN, BKIIIOYHBIIHCH, CBOMMH TJIABHBIMM CHJIOBHIMA KOHTAKTaMH
B LIETIH CTaTOpa JIBHTaTeNA MOJK/IIOYAET €T0 K MCTOYHHKY NMHTaHHUA,
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a BCTIOMOTATeJIbHBIM KOHTAKTOM HIYHTHPYET KHONIKY SBI. IIpoucxo-
VT pa3Ger IBUTATEIS IO €TO €CTECTBEHHOM XapaKTepHCTHKe. Jng oT-
KITIOYECHHS JBUTATE/IsI HAKUMAETCsl KHOITKAa OCTAHOBKH SB2, KOHTaK-
Top KM TepsieT MUTaHUE ¥ OTKIIIOYAeT ABHTaTeNb OT ceTH. HaunHaeT-
C5 TIPOLIEEC TOPMOXEHH!A IBNTATENS BEIOSTOM IO IEifCTBHEM MOMEHTA
HArpy3KkH Ha €ro Baiy. ‘

170,
FA
s; SBL KM
KM KM L
KK (o ][] [5]KK

)

Puc. 3.8. CxeMa ynpaBneHns aCMHXPOHHLIM ABUIaTeNieM C UCNONb30BaHUEM
HEpPEeBEepPCUBHOMO MArHUTHOrO nyckarens

PepepcuBHAs CXEMA YIpasieHus ACHHXPOHHBIM JapuraTeieM, OCHOB-
HEIM 3JIEMEHTOM 3TOH CXEMBI SBIISETCS PEBEPCUBHEIN MarHUTHBIMH
IyCKaTe/b, KOTOPEIH BKITIOYaeT B ce6s MBa THHEHHBIX KOHTaKTOpa KM/
u KM2 u nBa TerwoBsix pesie 3ammtsl KK (puc. 3.9). Cxema obecne-
YUBAET NPSIMOM yCK U PEBEPC IBUTATENIS, a TAKKE TOPMOXEHHE IPO-
THBOBKJTIOYEHUEM TIPH PYYHOM (HEaBTOMATHYECKOM) YIIPABIEHHH,

B cxeme nipeycMOTpeHa 3all{uTa OT Neperpys3ok apuraresst (pene KK)
¥ KOPOTKMX 3aMBIKAHHUH B LIETIM CTaTOpa (ABTOMATHYECKUI BHIKITIOUA-
Tene QF) u ynpasnenud (npexpoxpanutenu FA). Kpome Toro, cxeMa
YNpaBlieHHI 06eCIeYNBACT U HYJICBYIO 3ALIUTY OT HCYe3HOBCHMSA (CHM-
KeHHUA) HanpsoKeHHs ceTH (KoHTakTopsl KM1 u KM2).

Iyck apuratesisi IpH BKIIOYEHHOM aBTOMAaTHYECKOM BBIKITIOUATE-
ne QF B ycnoBHBEIX HanipaBleHHsx «Briepen» wim «Hasan» ocymecrs-
JisTeTcsT HaXaTHeM COOTBETCTBEHHO KHomnok SB/ wru SB2. B1o npn-
BOJIHT K cpabaThiBaHMI0 KOHTaKTOopa KM1 win KM2, noaxmodyeHuio
JBHTaTeJIs K CETH M ero pasbery. .

g pesepca WM TOPMOXCHUS ABHTaTellss BHAYalle HAXUMAETCHA
KHONKa SB3, 4yTo NpHBOANT K OTKIIIOYEHHIO BKAIOYEHHOTO JI0 CHX TIOp
KOHTaKTOpa (Hanpumep, KM 1), ocie 4eTo HaXMMaeTes KHonka SB2.

'
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DT0 NPHBOJNUT K BKIIOUCHHIO KOHTAKTOPA KM2n nonave Ha AJ] Ha-
TIPSDKEHUST ICTOYHHKA [IMTAHUS C IPYTAM MOPAAKOM YCPENOBAHIS das.
MarH#THOe T10J1e IBHraTe)s H3MEeHseT CBOe HalpaBjiCHUE BpalleHNA
Ha TIPOTHBOIONIOXHOE, M HAYMHAETCSA MPOLIECC PEBEpCa, COCTOS Ui U3
JIBYX 3TANOB: TOPMOXKEHHS POTHBOBKIIOUEHUEM U pasbera B IpOTH-
BOIIOJIOXKHYIO CTOPOHY.

114,

oF
RM2 J’ £ L\ P Bt KM1  FA
\] \ j B3 KM2
M1
- KK
KK KK [ sB2
KM2

@ kM2 | KML

Puc. 3.9. Cxema yNpaBneHNs acuHXPOHHBIM ABUraTenem ¢ WConb30BaHnem
PEBEpCUBHOrO MarHMTHOrO nyckaTtens

B ciyyac HEOGXOAMMOCTH TOJIBKO TOPMOXEHHSI ABATATE]LA PH 1O~
CTIDKCHHMH MM HYJIEBOii CKOPOCTH JIOJKHa GHITh BHOBb HaXaTa KHOII-
Ka SB3, uto NpuBeeT K OTKIIOYCHUIO IBUraTesisl OT CETH H BO3Bpa-
IIECHHIO CXEMBI B HCXOAHOE TooxeHHe. Eciy KHOMK2 SB3 Haxata
He GyeT, TO 9TO TIPUBEIET K pasbery ABuraresis B APYIYIO CTOPOHY,
T.€. K €T0 peBepcy.

- Bo u3bexaHHe KOPOTKOTo 3aMBIKAHMH B LIETIH CTaTopa, KOTopoe
MOXeT BO3HUKHYTD B Pe3YJIbTaTe OMHOBPEMEHHOIO OIIMGOYHOTO Ha-
%aTHs KHomoK SB1 1 SB2, B peBepCHBHBIX MaTHUTHBIX IycKaTeJax
WHOTIA TIPeAYCMAaTPHBACTCA CIIeNMATbHAS MEXaHMICCKAs 6JI0KNPOB-
Ka. OHa npeIcTaBnseT co6O PEIYAXHYIO CHCTEMY, KOTOpas Npenot-
BpallaeT BTATMBAHHEC ONHOTO KOHTAKTOpA, €CIH BKIIOUCH JIpyroii.
B onoNHEHHE K MEXaHHUCCKOMH G/I0KHPOBKE B CXeME HCTIOJIB3YeTCH
THIIOBAs IEKTpAYECKas GIOKMPOBKa, IPUMEHAEMAA B PEBEPCHBHLIX
cxemax ynpasieHus. OHa NpeycMaTpUBACT NIEPEKPECTHOS BKIIOUCHNE
pa3MBIKAIOIIHX KOHTAKTOB aIllapara KM1 B uens XaTyllKy anmnapara
KM?2 u, Hao6OpOT.

OTMETHM, YTO TIOBBIIEHAIO HANCXKHOCTH U YIOOCTBa B 9KCIUIya-
TAIIMH CIOCOBCTBYET MCTIONB30BAHHE B CXeMe BO3MYHIHOTO aBTOMATH~
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eckoro BhIKMoYatens QF. Ero Hamnyue ucKmiouaeT BOIMOXHOCTE
PaBoTh1 IpHBOZA TIPH O0GpPEIBE OIHOM ®as3bl, npy onHOGa3HOM KOpOT-
KOM 3aMBIKAHMH, KaK 3TO MOXET MMETb MECTO TIPH YCTAHOBKE
TIPEROXpAaHUTEICH, a TaAKKe OH He TpeGYeT 3aMeHbI 31EMEHTOR (xak B
TIPCAOXPAHHTEINSIX IPH CTOPAHVM MX THIABKOH BCTaBKH).

Cxema ynpasnienus MHOTOCKOPOCTHBIM ACHHXPOHHBIM ABHTATEJIeM. DTa
cxema (puc. 3.10) oGecriednBaeT nonyyeHue JIBYX CKOpoOCTeif nBUra-
TEJA TyTEM COEANHEHHS CEKUMIT (MONMYOOMOTOK) 0GMOTKI CTaTopa B
TPCYTONBHUK WITH IBOMHYIO 3BE311y, a TAKXKE €ro PEBEPCUPOBaHUeE, 3a-
IUTA SMCKTPONPHBOJA OCYECTRIACTCS TETLIOBEIMHU pesie KK n KK2
Y NpeROXPaHUTENAMU FA.

‘

i A
’ SB1 ,
- FA | SB3 Ky §B2 - KM3
2
\J,m 4 4:%%47,:,;’1%,\- T KM KKK
- KV L xkm3
KK1 KK2 KM4
%Q KM4
d KM1 SB4 SB5.  KM2
KM1 KMA
KM?2 5KMz KM X
KM1
g L
KV

® eyt

Puc. 3.10. Cxema ynpaeneHus ABYXCKOPOCTHbIM GCHMHXPOHHLIM ABMraTenem

ALt mycKa ABUTaTeNst Ha HA3KYIO CKOPOCTD BPAILICHNA HAXUMAETCS
KHorika SB4, nocrne yero cpaGarteigaer KoHTakTop KM2 1 6510KMpoBoy-
Hoe pene KV. Cratop IBHTaTens oKaspiBAeTCs BRITIOYeHHEIM 110 CXeMe
TPCYTOIbHMKA, a pene KV, 3aMKHYB CBOM KOHTAKTEHI B IIEMSX Karylek
armaparoB KM3 u KM4, nonrotasimgaer NOAKITIOYEHUE IBUTATEITSI K
HUCTOYHHKY IHTaHNuA. [lanee HaxXaTHe KHONKY SBI wiu SB2 NPHBONUT
K BKJTIOYEHHUIO COOTBETCTBEHHO B HarnpasieHUH «Briepems wim «Hasamy,

Hoce pas6era neuratens 10 HU3KOI CKOPOCTH MOXeT GEITh ocy-
IIECTBJIEH €T0 PASTOH N0 BEICOKOM CKOPOCTH, IS 3TOr0 HaXKMaeTes
KHOTIKA SBS, YTO NIpUBENET K OTKITIOYCHMIO KoHTakTopa KM2, Bximo-
ICHUIO KOHTaKTOpa KM 1 M epecoeNMHEeHNIO TeM CaMEIM CEKIIHIf 06-
MOTOK CTaTOpa C TPCYTOJIbHMKA Ha IBOMHYIO 3BE3Y.
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OcTaHOBKA IBUTATENs1 TPOM3BOMUTCA HAXATHEM KHONKY SB3, uTo
BBHI30BET OTKJII0YEHME BCEX KOHTAKTOPOB OT CETH ¥ TOPMOXEHHE B~
ratensi BHiOerom.

TIpumeHeHue B cXxeMe JIBYXLUEMTHBIX KHOTOK YIIPaBIieHHs He JIO0TyC-
KaeT OIHOBPEMEHHOTO BKIOYeHUs KoHTakTtopos KM v KM2, KM3
1 KM4. Drolt XKe 11N CIYXUT NepeKpecTHOe BKIIOYeHHE pa3MBbIKa-
0mUX 6J0K-KOHTAKTOB KOHTakTopoB KM1 v KM2, KM3w KM4 B
LIeNH UX KaTYyILEK. ' )

Cxema ynpaBJieHHs ACHHXPOHHBIM JIBHTATeJIeM, 00eciednBalomAd mps-
MOl IyCK M IMHAMITIECKOE TOPMOXKeHHe B (pynxumm spemens., TTyck npu-
TaTeNiA OCYLIECTBAACTCH HaXaTueM KHomku SBI (puc. 3.11), nocne
4ero cpabaTHBacT MMHEHHBIM KOHTaKTop KM, TIOIKMIOYalomuit IBU-
ratefb K HCTOYHUKY TuTaHus. OMHOBPEMEHHO C 3TUM 3aMblKaHUE
KoHTakTa KM B tienu pene BpeMeHH K7 BBI3OBET €0 CpabaTHIBAHUE U
3aMREIKaHHEe ero KOHTaKTa B LeMi KOHTaKTopa TopMoxenus KM
OnHako mocaenHMi He cpabaThIBacT, TaK Kak Nepe TUM Pa3OMKHYII-
¢4 B 3TOif LIENH Pa3sMBIKAIOIIMIA KOHTaKT KM,

T 99 ”
—
SB1 KM
A iﬁvi T KMt D KK
EA $
& & & KM KT KM1
5wk

KK
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T

&

Puc. 3.11. Cxema ynpasneHust NYCKOM U AMHAMUYECKUM TOPMOXEHUeM
ACUHXPOHHOMO ABUraTenst ¢ KOPOTKO3AMKHYTLbIM POTOPOM

Jlna ocTaHOBKY IBUTATENs1 HaxuMaeTcs kHonka SB3. Koxrakrop
KM oTkniovaeTcs, pa3MbIKas CBOW KOHTaKTH B 11eIM CTaTopa IBHra-
TeJIst ¥ OTKITIOUAs TEM CaMbIM €10 OT CeTH NepeMeHHoro Toka, OnHo-
BpPEMEHHO C 3THM 3aMbIKaeTcsa KoHTakT KM B nenu armapata KM1 u
pasmpIkaercst KoHTakt KM B 1ier pene K7. DTO NPUBOAUT K BKIIO-
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YEHHWI0 KOHTAKTOpa TopmoxeHusa KM1, nongade B 06MOTKM CTaTopa
TIOCTOSTHHOTO TOKA OT BRITIPAMMTENA ¥ yepe3 pe3ucTop R, ¥ epeBOIy
JBHTATENS B PEXVM JUHAMWICCKOTO TOPMOXEHHS,

Pene BpeMenn KT, noTepas UTaHUE, HAYMHAET OTCYET BBIIEPXKH
BpeMeHM. Yepe3 HHTEpBAT BpeMEHH, COOTBETCTBYIOLIMI BpeMEHU OC-
TaHOBA JIBUTATeN, pesie KT pa3MEIKaeT CBOi KOHTAKT B LIENTN KOHTAK-
Topa KM, ToT OTKIIIOYaeTcod, IpeKpaliasi moaayy MOCTOSTHHOIO TOKA
B 1lenb craTopa. CxeMa BO3BpAIIAeTCd B HCXOMHOE IOJIOXEHHE.

HMHTeHCHBHOCTD AMHAMHWYECKOTO TOPMOXCHHS PETY/IMPYETCS pe3-
CTOpPOM R,, ¢ TIOMOIUBIO KOTOPOTO YCTAHABIMBAETCA HEOGXOMUMBIN
TIOCTOSHHBINA TOK B CTATOPE IBHIATENS.

s uCKITIoYeHUST BO3MOXHOCTH OTHOBPEMEHHOTO TIOAKITIOYEH S
CTaTOpa K UCTOYHUKAM HEePEeMEHHOr0 M NMOCTOSHHOIO TOKA B CXEME
HCHONB30BAHA THITOBAS GIOKMPOBKA ¢ MOMOLIRIO Pa3MBIKAIOIIMX KOH-
TaKToB KM 11 KM, BKITIOYEHHBIX NIEPEKPECTHO B LIETIH KATYILIEK ITHX
aImapaToB.

Tunosbie cxembt ynpaeseHus ACUNXPORRbIM Oguzamenem ¢ (paznvim
pomopom. CxeMBI yNIPaR/IEHHS IBUTATENS C (Pa3HEIM POTOPOM, KOTO-
phle PaCCYMTAHBI B OCHOBHOM Ha CPEIHIO U GOJIBIIYIO MOIIHOCTD,
JIOJDKHBI TIPeyCMaTpHUBaTh OrPaHYEHKUE TOKOB ITPH HX ITYCKE, peBepce
U TOPMOXCHHMH C TIOMOIIBIO JOGABOYHHIX PE3UCTOPOB B IICITH POTOPA.
3a cyeTr BITIOUCHHS PESHCTOPOB B IIETT POTOPA MOXHO TaKXKE YBEIH-
YWUTh MOMEHT TIPY HYCKE BIUIOTh IO YPOBHS KPUTHUECKOTO (MaKCH-
ManbHOT0) MOMEHTA.

CxeMa OIHOCTYNEHYATOIO IyCKA ACHHXPOHHOIO JABHTATENS B (QYHKINH
BpeMEHH H TOPMOXKeHHMs NpoTHBoBKMOYeHHeM B ¢ynxkumu DJIC. ITocne
TTOIaYy HATIPSDKCHMS BKJTIOYaeTCs pelie BpeMeHH KT (puc. 3.12), xo-
TOPOEC CBOMM Pa3sMBIKAIOIIMM KOHTAKTOM Pa3phIBAcT LCTIE IIHTAHMS KOH-
TakTopa KM3, IpemoTBpaliiad TeM CaMBIM €T0 BKIIOUEHHe ¥ TIpeXe-
BPEMEHHOE 3aKOpaYMBaHKE ITYCKOBLIX PE3KUCTOPOB B LeIH pOTOpa.

BxinioueHye ABUraTes NPOU3BOIMTCS HAXATHEM KHOMKH SBI, ocye
Yyero BKI0YaeTca KoHTakTop KM 1. Cratop ABHraTens oIcoeTuHAeT-
¢S K CETH, 2JIEKTPOMAarHUTHEIN TopMO3 ¥YB pacTOPMaXuBacTCs, ¥ Ha-
YHHaeTcA pasber gpurarensa. Bkmodenvie KM 1 ofHOBPEMEHHO NIPHBO-
IUT K cpabaTeiBaHMIO KOHTaKTOpa KM4, KOTOPBIH CBOMM KOHTAKTOM
LIYHTHPYeT HeHYXHBIH NPH ITycKe Pe3HCTOp MPOTHBOBKITIOUEHHS R,
a TAKoKe pa3phIBaeT Lenhb Katylku pene BpeMedu K7. IlocnenHee, no-
TepsiB ITUTaHMEe, HAYMHAET OTCUET BEIIEPKKH BpeMEHH, TIOCTIE Yero 3a-
MBIKAET CBOi KOHTAKT B LIeTIM KATyIKH1 KOHTakTopa KM3, KOoTOpHIii cpa-
GaTsIBacT U IIYHTUPYET ITYCKOBOM pe3ucTop R, B IIEIH poTOpa, H IBH-
raTesib BHIXOOUT Ha CBOIO €CTECTBEHHYIO XapaKTepHCTHKY.

‘VhpasieHHE TOPMOXEHHEM 00eCTIEeUHBAET pefic TopMoxeHus KV,
KOHTponupylolee ypoeHb DAC (cKopocT) poropa. C NOMOUIBIO
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pesucTopa R, OHO OTPETyIMPOBAHO TAKUM o6pa3oM, UTO IIPH MYCKe,
KorzIa cKossxeHHe apuratens 0 < s < 1, HaBoAuMas B poTope SAC 6y-
JET HeIOCTATOYHA /U151 BKIIOYCHHS, & B PeXHMe NPOTHBOBKIIOUCHHS,
korma 1 < s < 2, yposeHs DJIC 1ocTaTOueH 151 €10 BKIIOYCHHUA.

Puc. 3.12. Cxema ynpasneHus nNyckom U TOPMOXEHWNEM NPOTUBOBKNIOHEHUEM
aCUHXPOHHOrO asvratenst C (pasHbiM POTOPOM

JUist OCYIIECTRICHHSA TOPMOXEHIUS ABHTaTe 1A HAXUMaeTcsa CABOEH-
Hasi KHONKa SB2, pa3MBIKaloIit KOHTAaKT KOTOPOH pasphiBacT LCTIb
[HMTaHKA KaTyIKH KoHTaktopa KM 1. TTocne 31010 1BUrare/ib OTKIIO-
yaeTcs OT CeTH M pa3sphIBaeTcs LN NUTaHMs KOHTaKTopa KM4n 3a-
MBIKaeTcs Lenb rvTaHus pese K7. B pesyibTaTe 3TOr0 KOHTAKTOPHI
KM3n KM4 oTK/TIOYaloTCA M B ielb POTOpa IBUTaTesist BBOAUTCA CO-
npotHBieHue R, + Ry,

HaxaTue KHONKY SB2 NPHBOIHMT OMHOBPEMEHHO K 3aMBIKAHHIO LICHTH
[IMTAHHUS KATYIIKY KoHTakropa KM2, KOTOpBIi, BKIIIOUHBIINC, BHOBb
MOIMK/TIOYAET ABUTATENb K CETH, HO YXe C APYTUM Yepe/loBaHHEM (a3
CEeTEBOTO HANPSDKeHHUs Ha craTope. JIBUraTesib epexOMT B PEXHM TOD-
MOXXEHHsI IPOTMBOBKITIOUCHNEM. Pere KV cpabarsiBacT M TIOCIIE OTIIyC-
XaHusi KHOTIKH SB2 Gyner obecrneynBarb MHTAHHE KOHTAKTOpA Km2
yepe3 CBOM KOHTAKT M 3aMBIKAIONIHH KOHTAKT JTOr0 aInapara.

B KOHLIE TODMOXCHHSI, KOT/IA CKOPOCTb OyzeT Hm3ka K Hymo 1 OIC
poTopa yMeHbLIMTCsA, peie KV OTKIIOYHTCA U CBOMM Pa3MBIKAIOIHM
KOHTAKTOM Pa3OMKHeT HEMb KaTyIKH KOHTaKTopa KM?2. TTocnenuuit,
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TIOTEpSB MUTAHKUE, OTKIIOYHT JBUTATENh OT CETH, M CXEMA NPUET B MC-
xonHoe nmonoxeHue. Ilocne orkmovenns KM2 TOpMO3 YB, noTtepss
nATaHKe, obecnedut Gukcarmio (TopMOXeHHe) Basa JBUraTesIs.

Cxema onHocTynenyaTore nycka ACHHXPOHHOTO ABHTATENA B (YHK-
44 TOKA ¥ THHAMHIECKOTO TOPMOMXEHRS B (DYHKIMH cKopoctH, Cxema
(puc. 3.13) Bmouaer B cebs KOHTakTOpe! KM1, KM2 u KM3; pene
ToKa KA; pejie KOHTPOJIS CKOpOCTH SR, mpoMexyToYHOE pesie KV,
TIOHIXAIOINiA TpPAaHC(HOPMATOD AN AMHAMHIECKOTO TopMOXeHUs T
BBIIPAMHTENB VD. MakcHMaibHast TOKOBAsI 3amIiTa OCYIUECTB/ISETCS
npcroxpanutesaMu FAI v FA2, saumra or TIEPETPY3KH TBUrATENS —
TeIUIOBEIMH peite KK u KK2,

IR

SB1  KMi

SB2 KK1_KK2
KM1

KM1 KV

Ky KADKMZ

SR®

KM3
v KM1 l,

Puc. 3.13. Cxema YNPABNEHUA NYCKOM U AUHAMMHMECKUM TOPMOXEHUEM
ACMHXDOHHOTO fBUratens ¢ ¢asHuiM POTOPOM

Cxema pa6oTaer crenyionmm obpasom. TTocne nofaun ¢ momompio
ABTOMATHIECKOT0 BhIKNOYarens QF HanpsoKeHus I TyCKa IBUTATENIS
HaXHUMaeTcd KHoOMKa SBI, Bkmodaercs KoHTaKktop KM1, cunossiMmu
KOHTAaKTaM¥ KOTOPOTO CTAaTOP ABMIATENS TOKTIOYACTCH K CETH. bpo-
COK TOKa B LICITH POTOPA BHI30BET BKITIOUEHHE pesie Toka KA 1 Pa3MbI-
KaHUE LICTIM KOHTaKTopa yckopetust KM2. Tem caMeM pasGer nsura-
TEJIA HAYHETCA C MYCKOBEIM PE3UCTOPOM R, B LiENH poTopa.
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BxnioueHne KoHTakTopa KM 1 pHBOIHT TaKXe K ITYHTHPOBAHUIO
KHOINKH SB1, pa3sMBIKAHHIO IIENH KATYIIKA KOHTAKTOPa TOPMOXEHUS
KM3 u BITIOYEHUIO IPOMEXYTOYHOTO pejie HanpsaxeHust KV, uto, TeM
HE MEHee, He TIpHBEJET K BKIIOYEHUI0 KOHTakTopa KM2, Tak Kak 1o
9TOrO B 3TOMU e PA3OMKHYJICST KOHTAKT pene KA.

ITo Mepe yBenMueHHS CKOPOCTH ABUTATES YMEHBIIAIOTCS SL{C "
TOK B potope. IIpy HeKoTopoM 3HaUYeHMH TOKA B POTOPE, PABHOM TOKY
oTIycKaHus pesie KA, OHO OTKIKOYUTCH U CBOMM Pa3MBIKAIOIIUM KOH-
TAKTOM 3aMKHET LIeTb MMTaHHUA KoHTakTopa KM2. Tor BKmounred,
3alIyHTHPYET IyCKOBO# pesucTop R,,, ¥ XBUraTess BHIMIET HA CBOIO
€CTECTBEHHYIO XapaKTePUCTHUKY. '

OTMeTuM, YTO BpallleHHE IBUTATENIA BBI30BET 3aMBIKAHHE KOHTaK~
Ta peJie CKopocTy SR B 1ienu KoHTaktopa KM3, omHaKo OH He cpabo-
TAaeT, TaK KakK J0 3TOT0 pa3OMKHYJICA KOHTAKT KoHTakTtopa KM 1.

JIns niepeBofa LBUATATeNi B TOPMO3HOM PEXVM HAXHMAETCSA KHOTI-
Ka SB2. Konrakrop KMI TepsieT MUTaHKE M OTKIIIOYaeT AJ] OT ceTH
TiepeMeHHOTo ToKa. braroaapst saMuikasiio KontaktoB KM [ BKITIOUHT-
€S KOHTAKTOp TOPMOXeHHNS KM 3, KOHTAaKTHl KOTOPOTO 3aMKHYT 1ieTh
TTUTAaHUSA OOMOTKM CTaTOpa OT BRIIpAMUTENs VD, MONKTIOYeHHOTO K
TpaHchopmaTopy T, M TEM CaMbIM OBUTATENb NIEPEBOOUTCS B PEXUM
IHHAMHUIECKOTO TOPMOXKEHHA. OTHOBPEMEHHO ¢ 9THM NOTEPAIOT ITH-
taHue ammapathl KV u KM2, yto nMpuBeAeT K BBOAY B IEMb pPOTOpa
pesucropa Ry,. Jlsurarens HAUMHAET TOPMO3UTHCS,

TIpu ckopocTH IBUTATENA, OJTM3KOM K HYJIO, peJie KOHTPOJIsSi CKOpo-
¢T¥ SR pa3oOMKHET CBOil KOHTaKT B LICITH KATYLIKHA KOHTakTopa KM3.
OH OTKIIIOYUTCS ¥ TIPEKPATUT FOPMOXEeHMe ABATaTeNsl, CxeMa TMpHUacT
B MCXOJIHOE TTOJIGKEHHE M OyzieT roToBa K nocieayomei pabore.

TIpMHIIMI SEWCTBAA CXEMBI HE M3MEHMTCH, €CITH KaTYIIKY pelie ToKa
KA sxmounts B ¢a3y craropa, a He poTopa.

Ianens Tuna I11Y6220. Bta maHeAb BXOOUT B COCTAB HOPMAIN30-
BAaHHOM cepny TlaHenel yIpaBiieHls IBUTaTeNeil ¢ Ha3HbIM U KOpPOT-
KO3aMKHYTBHIM POTOPOM U o0ecreuuBaeT ITycK ABUTaTesieil B iBe CTyIe-
HH ¥ AMHAMHYIECKOEe TOPMOXEHIE 110 TIPHHIMITY BpeMeHM (puc. 3.14).

TIpw mogave Ha cxeMy HampspkeHMI noctostHHoro 220 B u mepe-
MeHHoro 380 B Toka (3ampikaHue pyOuiIbHYKOB (1, 02 n aBToMaTa
QF) BxmovaeTcd pene BpemeHu K71, ueM oAroTaBIUBacTCs JBUTA-
Tellb K IyCKY € MOJIHBIM ITYCKOBBIM PE3HCTOPOM B LIeNH potopa. Of-
HOBPEMEHHO ¢ STHM, €CJIH PYKOSTKa KOMaHIOKOHTPOIepa HAXOOUT-
csl B HYNEBO# (CpelHei) MO3NIIHKA U MaKCHMAJILHO-TOKOBEIE pejie
FAI—-FA3 He BKIIOYEHS], BKIIOYUTCS peJie 3auThl KV 0T HOHMKeHUsA
TUTAIOWIETO HANIPSKEHUS W MOATOTOBUT CXeMY K pabote. .

IIyck aBuraTens OCyuecTBISAETCS 10 JTI000H U3 JBYyX UCKYCCTBEH-
HBIX XapaKTepUCTHK WA €CTECTBEHHO¥M XapaKTepHCTHKE, [UISl YEro
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DYKOATKA SA IOJDXHA YCTAHABNTMBATBCS COOTBETCTBEHHO B MOJIOXEeHHe
1, 2vnu 3. TIpu nepeBone PyKOSTKH B ToGoe 13 YKa3aHHBIX TIOJIOXE-
HU SA BKITIOYAIOTCS JTHHERHEIH KOHTaKTOp KM2, mogkmouawomuii
ABHIATeNb K CETH, KOHTAKTOP YNPaBJICHUS TOPMO30M KM35, nogxmo-
JaloUINH K ceTH Karylmky YA ICKTPOMarHUTHOTO TOPMO3a, KOTOPEII
TIPH 3TOM PaCTOPMAKUBAET IBUTATeNb, U PeJic BPeMEHU K73, ynipas-
JHIOILIEE IPOLIECCOM IMHAMMYECKOTO TopMoXenns. [1pu nepepoae SA
B TIOJIOXEeHWE 2 WK 3 BKITIOYAOTCS KOHTaKTOpHI YCKopeHnss KM3 u
KM4 v npuratesns HauMHaeT pasTOHATHCS.

- 380 =220 ToF
I>

J 79 P o

1N 2 I>
Q Q2 \ KM YA Xif5 A
FAl_|FA2 |E3 - |KK _/__D‘/__
KM2 KK KMt
, XT3
KM4 & KT1 |
KM1 )
] KM3 KT2
Ry KV
KV FAl FA2 E43
SA NN
3210123
KM4 .
Ry KM1
KM3 KM3
KT1
Ry
4
KM2 KMS KT2
T3

Puc. 3.14. Cxema ACUHXPDOHHOTO JNEKTPONPUBOAA G MCNONL30BAHUEM TUMOBOW
NaHEeNU ynpasneHws

Topmoxenue npuratens TIPOMICXOUT TIpY TNIEPEBOMIE PYKOATKH SA
B HyzneBoe (cpeaHee) nonoxexue. Ilpu 9TOM OTKJIIOYATCsA KOHTAKTO-
pst KM2w KMS5 u Bmoantcs KOHTAKTOp IMHAMHIECKOTO TOPMOXKe-~
Hust KM 1, KoTopbiil MOAKITIOYNT ABUTATEND K HCTOYHUKY MOCTOSIHHO-
ro ToKa. B pesynbrate 31oro Gymer Wity MHTEHCHBHELH npolecc KOM-
OMHMPOBAHHOIO (MEXaHMYECKOro K JUHAMHMYECKOTO) TOPMOXCHHSA
ABHIATE]Isl, KOTOPOE 3aKOHYMTCA MOCHE OTCUeTa peie KT3 cBoeil Bhi-
ACPXKH BPCMEHHU, COOTBETCTBYIONIE!H BPEMEHH TOPMOXEHHS.
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CxeMbl YIIPaB/IeHHS JBHTATENA CHCAOIb30OBAHHEM THPHCTOPHBIX ITyC-
KOBbIX YCTpoiicTB. DdxpeKTHBHHIM METOOM (DOPMUPOBAHHS XeJIaeMbIX
rpa(h)¥KOB U3MEHEHHA TOKA U MOMEHTA JBHTATE/IA B IICPEXOIHBIX pe-
XKUMax ABJISETCS] PETYIUPOBAHUE HANPKSHUS Ha €70 CTaTOpe € T0-
MOUIBIO THPHUCTOPHEIX ITYCKOBBIX ycTpoitcTe (TTIY). Yaime Bcero 310
LeaeTcs WIS OTPAaHMYEHHs TOKAa H MOMEHTa IBUTaTeisd MPH IIyCKe
(«MATKHID» cIOCO6 IMYyCKa), XOTA ¢ MOMOIIBIO 3THX YCTPOUCTB MOXHO
00CCTICYHTD U TIOBBIILIEHHE MOMEHTA ABUTATENA TIPH nycxe («KeCTKMI»
crocob mycka).

.U1

) Ty

& 32\25

vs1

=
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Puc. 3.15. Cxema aCMHXPOHHOrO 2NEKTPONPUBOAA C TUPNUCTOPHBIM
NYCKOBLIM YCTPOMNCTBOM

A

.

VYrpoleHHas cxeMa 3JIKTPOTIPHBOIA, UUTIOCTPHPYIOIIAs 3TOT M-
TON, TIpHBeNeHa Ha puc. 3.15. THPHUCTOPHOE TTYCKOBOE YCTPOHCTBO
BKJTIOUAETCH MEX/EY HCTOYHHKOM TIMTAHMS (CETBIO IIepeMEHHOI0 TOKA)
¢ HampspkeHKeM U, u cratopoM gBurarend. B HepeBepcuBHOM TITY
€r0 CHJIOBYIO YacTh 06Pa3yIoT TPH MAPH BCTPEYHO-TIAPAUICIBHO BKITIO-
YeHHBIX THPHCTOPOB V.S1-VS56, ynpanieHye KOTOPHIMHE OCYIIECTBIIS-
€TCS MMITYICAMH HAIIPSDKEHHS, TTOCTYTIAIOMIUMHE Ha HUX OT CHCTEMEI
HMITYIBCHO-(ba30Boro yrpapieHusI CHPY. OrpaHUYEHNE TOKA H MO-
MEHTA OCYILECTRIAETCA 33 CUET CHIDKEHHA TIOABOIMMOTO K TBHUIATE-
JTI0 HATIPSDKEHMSI, YTO JOCTUTAETCsE COOTBETCTBYIONIMM H3MEHEHUEM BO
BPeMEHH YIvIa yIpaBieHus1 TupucTopaMy. HanpsokeHue npu mycke Mo-
XET M3MCHATHCA TI0 Pa3IMYHBIM 3aKOHAM — JIMHEIHO HApacTaTh OT
HYJISL X0 CETEBOTO, GHITH TOHIMKEHHEBIM B TEUEHHE BCETO BPEMEHH TTyCKa
WIM M3MEHATHLCA 110 TAK Ha3bIBaeMOMY BycTepHOMY BapMAHTY, TIPU KO-
TOpOM T 06JIerYeHHsT ITyCKa ABMTATe)IA HA HETO BHAYANE IIOXAeTCs
CKaYKOM HEKOTOPOE HAIIpsDKEHHE, KOTOPOE 3aTEM TIPONOJIKaeT Hapa-
CTATh YXe 110 JUHEHHOMY 3aKOHY. B 3aMKHYTO# cHCTEME MOXET OHITh
obecrieyeHo M MoaiepXaHue TOKa CTATOpa Ha 3aJaHHOM YPOBHE.
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Hobasnenne B cxeMy puc. 3.15 ellie ABYX ap THPUCTOPOB MO3BO-
JIZET TIOJTYYUTh PEBEPCUBHYIO CXeMY YIIPAaBJICHHS ABHratesneM, obec-
TEYUBAIOIYIO BO3MOXHOCTD BPallleHUS ABUTaTeIS B ABYX HanpabJle-
Huax. Ha 6ase cxemsl TITY Moxer GBITh 0GECITEYEHO U JUHAMMHYEC~
KO€ TOPMOXEHHE XBUTaTeN .
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Puc. 3.16. Cxema aCUHXPOHHOTO 3NEKTPONPUBOARA C MOPHOHLIM TUPUCTOPHLIM
NYCKOBbIM YCTPOUCTBOM

JonmomHuTe TEHEIMH TTONOXHUTETRHBIMHI CBOMCTBAMH O0JIANAIOT 2U0puUo-
note TITY, xoTOpEIe TTIOAYYA10TCS IOOaRICHHEM B CXeMy PHC. 3.15 anekr-
POMAarHUTHOTO KOHTAKTOPa, KAK 3TO NMOKa3aHO Ha pHc. 3.16. B Tagoit
cXxeMe THPUCTOpHAsT YacTh 06eCnedMBaeT peryimpoBaHUe HaTIPsOKCHHA
IPH IIyCKE, a MOCJIE €I0 3aBEPIICHHS BKIIOYaeTCsl KOHTakTop KM v non-
KITIOYAET ABHUTATEh K CETH HAMPAMYIO. BTO IMOBBINACT 3KOHOMHYHOCTD
W HaJIeXXHOCTh paboTHl 37EKTPONPHBOAA. B 3T0if cxeMe THPUCTODHI HE
WIMEIOT OXJIa/INTeNEH, a KOHTaKTOp — JYTOraCHTENBHBIX KaMep, YTo 00y-
CJIOBNMEBACT X HeCONBLIME Maccy M Fra0apUTHEIC pa3Mephl.

CxeMa KBA3HYACTOTHOIO PEry/IMPOBAHMA CKOPOCTH Apuratess. Ha Gase
cxeMbl pHC. 3.15 MoxeT OBITh peaTH30BaHO TAK HA3BIBAEMOE KBA3HJac-
TOTHOE PETYIMPOBAHNE CKOPOCTH AHraTeiia. CxeMa, WUTIOCTPHPYIOMIAA
TaKoe peryJIipoBaHue, MoKa3aHa Ha puc. 3.17. B ee coctas Bxogur 610K
KBa3HYACTOTHOTO ynpasieHust 5KYY, KOTopslii ¢ MOMOIIBIO CXEMEI YTi-
parieHng CHPY obecTie BaeT NepHOIMIECKOE MOIKMOUEHHE IBHFATENST
K MCTOYHWKY TIMTaHUS ¥ €T0 OTKINOYEHHE. 3a CYeT M3MEHEHMA YaCTOThI
U IUTATEIBHOCTH MHTEPBAIOB BKITIOYEHNS M OTKITIOYEHUS IBUATATENS MO-
TYT OBITh HONMyYeHEI MEXAHHYECKHE XapaKTepPHUCTHKH, TTIO3BOIIIONIHE Pe-
TYJTMpOBATE CKOPOCTH ABUTATEJS WJIA €10 MOMEHT TIpH ycke. OcobeH-
HOCTBIO KBa3WYACTOTHOTO YITPARJICHI SIRIAIOTCS BUOPAIIN U 1IyM TIpH
paborte ABUTATENS, @ TAKKE TIOBbILIEHHBIE TIOTEPH MOIIHOCTH, YTO BBI-
3BIBAET AOTIOIHUTEIHHBINA HArpeB ABUTATENs U TpebyeT onpeae/ieHHOTO
3aBBIIICHUST €10 MOIIHOCTH B CJIy4ae PErYIUPOBAHMS CKOPOCTH.

N
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Puc. 3.17. CxeMa aCHHXPOHHOrC aNeKTPOnpuBoaa
G KBa3W4aCTOTHLIM YNpPasneHueM

PaccMOTpUM THITOBRIE 3a1a4H.

3apaua 3.7. CxeMa 3/I€KTpONIPUBOAA ITPUBEIEHA HA PUC. 3.8. AcuH-
XpOHHBIM nBurarens Thna AMP180M4 uMeer cirenyionmic HOMIHAIb-
HEIE IACTIOPTHBIE JaHHbIe: MOITHOCTE P, = 30 KBr, HanpsokeHue nu-
Tauus Uy, = 380/220 B, ToK cTaTopa 1,,.,= 56,8 A, yactora Bpaine-
HHsA X0N0cToro xoma o, = 157 pan/c, KT N, = 92%, koabdunueHT
MOILIHOCTH COS Py = 0,87, CKOTBKEHME S, = 0,02, KpaTHOCTH ITYCKO-
Boro Toka I,,/1,,.,=7, KpaTHOCTH MaKCHMAJIBHOTO M IIYCKOBOI'O MO-
menros M, /M,..=2,7, M/M,,.=1]7.

ITpy WTATENEHOM peXKUMe paboTH ABUTATENS TpeOyeTcs:

o BIOpATh MATHUTHEIH ITYCKATENH ¢ TETUIOBBIMU PENe 3aIUTHI;

« BEIOpaTh aBTOMATHYECKUI BBIKIIOYATENE;

 PaCCYHTATH TapaMeTPBI IPEHOXpaHuTeNcii M BRIOPATh HX 1O KATANOLY;

e PACCYMTATh YCTABKH TEILIOBLIX peie.

3anava 3.8. Cxema anexTponpHBoOaa MpUBeAcHa Ha puc. 3.11. Tpe-
6yerca BRIOpaTh 110 KaTtanory KoHTakropsl KM n KM1. K kakuM mo-
CJIeCTBHSM B paGoTe JMEKTPONPHBOAA IPUBEAET 00rap KOHTAKTa all-
napara KM B 11eTM KaTyIIKH KoHTakropa KM1?

3anava 3.9. CocraBUTH CXeMy yNpaB/IeHHs, KOTOpas obecreunpa-
€T MYCK aCHHXPOHHOTO IBUTaTeNs ¢ (ha3HEIM POTOPOM B ABE CTYTICHH
B (yHKIIMM BPEMEHH M TOPMOXEHHe NPOTHBOBKITIOYEHHEM B GyHK-
LIHH CKOPOCTH (C MCIIONB30BaHUEM pejie KOHTPOJIA CKOPOCTH).

3anaua 3.10. CocraBUTb CXCMY YIIPABICHHA, KOTOpas 00CCTICUMBAET
ApAMOJA ITYCK ACHHXPOHHOIO JABUrATENs ¢ KOPOTKO3aMKHYTEIM POTO-
POM M €0 TOPMOXEHHE IIPOTHBOBKIIOUEHHEM B (DYHKUIMHA BPEMCHH.

Tpumep 3.2. Cxema 2MeKTPONIPHBOIA NIPHBEicHA Ha puc. 3.12, nBuH-
rateib MMeeT JaHHble, TpefcTaBieHubie B 3amade 3.7. CymMapHBIit
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MOMEHT HHEPIMH 3JIeKTponpuBoaa J=0,7 Kr- M2, MOMEHT HarpysKu
paBeH HOMHHAJIFHOMY MOMEHTY. OTpelie/IMTh COOTHOIICHHE COTIPO-
THBJICHUH TTyCKOBOTO pe3ncTopa R,; 1 0OMOTKM poTopa R, TIPH KOTO-
POM ITyCKOBOI MOMEHT JBHIaTe/Is OyaeT paBeH MaKCUMAITBHOMY (KpH-
THYECKOMY), B BEIIEPXKY peJie BpEMECHH.

PaccunThIBaEM BETMYMHY KPUTHIECKOTO CKOTLKEHHS ABUTATEN Ha
€CTECTBEHHOM XapaKTePHUCTHKE, UCTIOIB3YS €T0 TTACIIOPTHERIE JaHHRIE:

, : ,
S SHW[M + (Mmax] _1J=0,02(2,7+,/2,72-1)=0,1.

MHDH MHOM

Haxonum TpeGyeMoe COOTHOLIEHHe COTIPOTHBAECHUHM, YIUTHIBAs,
YTO Ha MCKYCCTBEHHOM XapaKTepUCTHKE MPH 33IaHHOM YCJIOBUY KPH-
THYECKO® CKOTBXEHHE S,,, = 1:

R 1

e L -1=—-1=9,
R, s,q,.e 0,1
OnpenengeM BeMHYUHY KPUTHYECKOTO MOMEHTA JBHTATEIIS:
2,7 30000

M, =2M,., =2,7%(1 S )= 2 (1-0,02)=526,5 H- .
0

TIpzHHMAas HCKYCCTBEHHYIO XapaKTePUCTUKY IBUraTelnsi B IEPBOM
KBaIpaHTe JMHEHHOM M 1o/1aras MOMEHT HepeKiodeHus Ha 15% mpe-
BBHIIIAIOIIHM HOMHHAJIBHBIA MOMEHT, OHEHMM MEXaHUYECKYIO IJOCTO-
SIHHYIO BpEMEHH U BEIACPXKY Peie BpEMEHH!

Jo, 0,7-157 )
=20 B0 01
““M 5265 ¢
M -M_, 2,7-1
Afx_,~1;1n[m} 02111’1[ O,IS:I 0510

3.4. TUMNOBDLIE Y3Jibli # CXEMb! YNNPABNEHUA
SNEKTPONPUBOAOB C CUHXPOHHbIMU
OBUFATENAMU

PeeitHO-KOHTAKTOPHBIE CXEMBI YNIPABJIEHHS] CHHXPOHHEIMH JBH -
raTeJsIME, KpoMe OGBIMHEIX OIIepaliiif IO BKIIIOYEHHUIO U OTKIIOYEHHIO
(TOPMOXEHHIO) JBUTATENS ¥ OTPAHMYEHHMIO ITYCKOBBIX TOKOB, JOJIK-
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HEI 00€eCTIeYBaTh yIpaBlIeHHe TOKOM BO30YXIeHHS NBHTaTeNel, HMe-
10IHX 06MOTKY Bo30yxaeHusA. [IpH mycKe HCTIONB3YIOTCA IBa CHOCO-
0a TAKOTO YNPaBIEHUS: C «IJTYXONOAKIIOYEHHOM» (IOCTOAHHO BKIIO-
YeHHOI) 06MOTKOI BO3OYXICHUS U C TOAKIIOYECHHEM OOMOTKH B KOH-
Ile. IycKa Tepe] CHHXpOHH3alueil npuratens ¢ ceTbio. Ilepsuiid
BapUAHT XapaxTepnsyercs Goee IPOCToi CXeMOii M KCTIONb3YETCS IIPU
JIETKHX YCIIOBUSAX MycKa HBUTATENIST — HeOOJBITNX MOMEHTAX U UHED-
IIMOHHEIX Maccax Harpy3KH 2JIeKTPONpKBOAa. Bropoit BapuaHT peanu-
3yeTCA ¢ IIOMOLIBIO GoJiee CIIOXHON CXeMBI YITPaBieHU, HO 34TO MO-
XeT 00eCeynBaTh ITyCK IBUFATENS IIPH 3HAYUTEIIBHBIX MOMEHTAX CO-
TIPOTHBICHHUS ¥ HHEPUHUOHHOCTH HArPy3KH JCKTPONPHUBO/A.

THIIOBOI Y3€JI yIpaBJIEHHA TOKOM BO30YKIEHHEM ABHTraTes B GyHKIMH
ckopoctH. B 2100 cxeme nomkmodeHne 06MOTKHM BO30YXXIEeHHUs K UCTOY-
" HuKy muTaHmsa U, ocymiectrisiercs KoHtakropom KM2 (puc. 3.14, a),
KOTOpBIH YIIpaR/sieTcs peie ckopocTd KR. Katyllika 5Toro pejie cBsizaHa
€ YacThIO Pa3pamHoro pesucropa R, uepes auon VD.

a 6 kM1 ks KT -
° \ KM?2
iy 9.7/} KM2\2 g
Ami o+ kM1 o+
KM2 TA KA kM2
VD KM2
kr O » U
K2 R ke
— -0 — — —o_
IB IB

Puc. 3.18. Y3nul cxem ynpasneHueM BO3ByXaeHWem ‘CVIHXpOHHOI'O pBurarens
C UCMONL30BaHWMEM MPUHLUMNA CKOPOCTM (&) U Toka (6)

Ipu BxmoyeHMH KOHTaKTopa KM (ero Lieru ynpapicHHU: Ha pU-
CYHKE He TTOKa3aHEl) 0OMOTKa CTaTopa ABUTAaTeNs TMOAKIIOYAETCS K
CeTH IIepeMEHHOIo ToKa M 006pa3syeT Bpallialoieecss MATHUTHOE M0JIE,
KOTOpO€ BBI3OBET IIOSIBJIEHME MOMEHTA HBUTATENd, MO JeHCTBUEM
KOTOpOTO OH HauHeT pa3ber, H, KpoMme Toro, HaseJier 3/1C B oOMoTKe
Bo36yxnenud asurarend. Ilon peiictueM B C nio karyuke pene KR
HaYHET NMPOTEKATh BBIIPAMIICHHEIH TOK, OHO BKJHOYMTCA U PasOMK-
HeT 1Lienb MUTaHKd KoHTakTopa KM2, TeM caMbIM pa3Ger ABHUraTensd
GymeT MponcXoauTh 6e3 ToKa BO3OYXKIECHHUA ¢ 3aKOPOYCHHOM Ha pas-
psnHEIL pesucTop R, 06MOTKOM BO30YXKnCHMSL.
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ITo mMepe pocra ckopocTH poropa ero 3J1C, a TeM caMbIM H TOK B
Katymke pene KR, cumxawrcs. IIpy noacHHXpoHHOM CKOPOCTH TOK
B Karyiuke pejie KR craHer MeHBIIEe TOKa OTITYCKAHUS, OHO OTKITIOYHT-
¢S ¥ BBI30BET TeM CaMHBIM BKITIOUeHUe KOHTakTopa KM2. KoHTtakTOp
KM2 nooxmoynuT 0OMOTKY BO30OYXICHHUSI K MCTOYHHKY MHTAHHA,
M Jajiee IIPOUCXOINT TIPOLECC CUHXPOHM3ALIMH IBUIaTEN C CETHIO.

- Cxema ynpasienns Bo30yXIeHHEM JBHTaTeI B QYHKIMH TOKa. DTa
cxema (puc. 3.18, 6) comepxuT pene Toka KA, 06MOTKa KOTOPOTO THTA-
etcs oT TpaHcdopMaropa Toka TA, u pene spemeru K7. I1pu nionkimio-
YEHUHU ABHUTATENsI K CETH KOHTAaKTOpoM KM B Lenu o6MOTKHM cTaTopa
BO3HHKaeT OPOCOK ITyCKOBOIO TOKa, YTO NMPHBOIUT K cpabaThiBaHUIO
pene KA. KoHTakT 3T0oro pejie 3aMbIKaeT 1ielb MUTAHUS Pejie BpeMe-
HU KT, yT0 BBI30BET OTKIIIOYEHHE KOHTAKTOpa Bo36yxneHuss KM2. Paz-
Ger ABMTATENs, KAK M B IIPEABIIYIIEM CIydae, OCYIIECTRIACTCS C 3aK0-
POYEHHOM Ha paspsHbIA pe3ucTop R, 0GMOTKO#H BO3OYXIEHHA.

B KXoHLle mycKka mpH MOACUHXPOHHOH CKOPOCTH ABWIATENS W
YMEHBIICHUH TOKa B CTAaTOpe peiie KA OTKIIIOUaeTCd M KaTyilKa pelie
BpeMmeHM KT tepseT nurtaHue. Yepes 3alaHHYIO BEIIEPKKY BPEMEHH
BKJIIOYaeTCA KOHTaKTOp KM2, 1 uepes ero KOHTAKTHI 0OMOTKA BO30YXK-
JIeHHS MOIKITIOYaeTCA K UCTOUHMKY IUTaHuA U, Tiocne yero JBUrartelis
BTATMBAETCS B CHHXPOHH3M.

OTMETHM, YTO B paCCMOTPEHHBIX CXEMaX TI0CIIe cpalbaTIBAHMA KOH-
TaKkTopa Bo30yxueHusa KM2 pa3prIBaeTCs LN pa3psaaHOTO PE3HCTO-
pa R,, uTo oberyaer TennoBoi peXuM ero paboTsl ¥ TIOBEILAET 3KO-
HOMHUYHOCTH CXEMBI.

DACKTPOTEXHWIECKAs IIPOMBINUICHHOCTD BHIITYCKAET THIIOBEIC I1a-
HeJTN ¥ IKadBI YIIpaBieHUs ABUTATEISA Pa3HBIX THIOB. PaccMoTpuM
B KayecTBe NpUMEpPa CXeEMy OJHOM U3 TAKUX IIAHETIEH.

CxeMa nanenu Tuna ITY 7502 ynpasiieHHsi ABuraTejaeM HH3KOTO Ha-
npmkenus. ITanenn (puc. 3.19) obecneunBaer npsamoit (6e3 Toko-
OTPAaHUYEHUS) MYCK C MIYXOIOAKIIIOYEHHBIM HCTOYHHKOM TIUTAHUSA
0OMOTKY BO30YXIeHUs (BO3Oynurenem) G'u GopcHPOBKY BO3OYXKIC-
HHA TIPH CHYDKCHHH YPOBHS MHTAIOILETO HANpsDkeHUS. B cxeme npeny-
CMOTpEHBI TaKXkKe 3a1uTel; TertoBas (pene KK u TpanchopMaTopsl
ToKka TAl u TA2), ToxoBast (aBroMaTel QFI u QFZ2), OT CHUXKEHHUA
HATIPSKCHUS CETH TIepeMeHHOoro ToKa (pene KV2, KV3) n nocrosaH-
Horo Toka (pene KV1).

Hycx nBuraTesss MOXeT OBITh OCYHIECTBIICH TONBKO TIPH HOPMAJIb-
HEIX YPOBHSX MUTAIOINNX CXeMY HaNpKCHUIT MOCTOSHHOTO U Tepe-
MEHHOI'o ToKa. B 3T0M cily4ae, ecly pyKosTKa KOMaHIOKOHTpoJLIepa
SA HaxooUTCS B CPEIHEM IOJOXEHUH M BKJIIOYEHBE aBToMaThi QF1 1
QF2, cpabarsiBalor pene HanpsokeRus KV2, KV3 v pene speMeHu K7,
YTO TIOATOTARITABAET CXEMY K TIYCKY IBUTATENS.
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Puc. 3.19, Cxema CUHXPOHHOIO INEKTPONPMBOAA C UCNONLIOBAHUEM TUNOBOW
Naxenn ynpasneHun

TIpu niepeBoae pyKoATKE SA B MONOXeHNE «BKITiIOUeHO» cpabaThi-
BaeT peae KV1 n kaTymika JIMHeHOro KoHTakropa KM noaxmoya-
€TCsA K HCTOYHMKY IIMTaHUA, K 06MOTKE CTaTOpa JBUraTeNsi IIoABOAUTCS
HarnpsoKeHHe TIEPEMEHHOTO TOKa, M TOT HauuHaer pa3ber. Ilpu mon-
CHHXPOHHOM CKOPOCTH TIPOHCXOAMUT BO30OyXneHHe BO3OymuTens G,
umelonero HezaBucumylo (HOB) u mocnenosarensryio (ITOB) o6MoT-
KH BO30YXIEHMS, M COOTBETCTBEHHO IBUTATEIIA, KOTOPHI BTATHBAET-
Cs1 B CHHXPOHH3M.

Cxema ynipasieHus obecreunBaeT ypeauyerue (hopcHpoBaHue)
TOK4 BO30YXIeHHS IBUraTeJisi P PE3KOM CHIXXKEHHH NHTAIOMETO
HATIPSTKEHHUA, YTO ITO3BOJSIET COXPAaHATh MAKCUMAJbHEIH MOMEHT
JBUraTejisi U TEM CaMBbIM €ro Mneperpy3ouHyo cnocobHocts. IIpu
HOPM&JILEHOM YDOBHE IIHMTAIOIIETO HATIPSXEHHS peile HanpsKeHUs
KV3 BxiniodeHo, Lienb KaTyIIKH KOHTakTopa KM2 pa3soMKHyTa M pe-
3ucTop GOpCUPOBKYN Ry, BBEJCH B LIETIL TOKA BO3GYXICHUA ABUTa-
Tes.

ITpu pe3koM CHIKCHHHU HaNpsokeHHA penie KV3 orkiouaercs, 3a-
MBIKaeT IIeNb KaTYIIKH KoHTakropa ¢opcupoBku KM2, KOTOpHIil
BKJIIOYAETCA M CBOMM KOHTAKTOM UIYHTHPYET PE3HCTOP R,, BHI3LIBas
TEM CaMbIM YBEIMMEHME TOKA BO30OyXIcHUs apurarest. O BKIIOYCHHA
KM2 curHain3upyeT yKa3aTenbHoe pene KH.

Jns KOHTPOJIsT TOKA CTaTOpa NBHMTATENA B CXEME MPEAYCMOTPEH
amnepmeTp PAI, a ToKa BO30yXIeHWS ABUraTe/s — aMnepmerp PA2,
TIMTaeMBIif OT MIyHTA RS.

117



KOHTPOJIbHbIE BOMNPOCHI

1.

2.

Kakumu npuaHakamu XxapakrepunayloTcl Pa3oMKHYTbie CXeMbl
ynpasnexua JMN?

Mo kakvM NPUHLMMNAM CTPOATCA PA3OMKHYTLIE CXeMbl YpaBNeHUs
flyCKOM, PEBEPCOM 1 TOPMOXEHWEM ABUraTenen?

MoueMy NO UCTEYEHUM HEKOTOPOrO BPEMEHU NpU nycke asurare-
na MOXeT 6biTh 3aKOpOYeH MyCcKOBOI pesnctop?

Y10 nonkHa caenatk Cxema ynpasneHus A Nepesoaa aeuvrare-
N9 NOCTOSIHHOTO TOKA HE3aBUCUMMOTO BO3GYXAEHUA B PEXVUM On-
HaMWYECKOro TOPMOXEHWS?

Y10 monXHa coenaTh CXeMa ynpasneHus Ans nepesoja psurare-
NS NOCTOSIHHOIO TOKA HE3aBUCMMOTro B8030YXAEHWA B PEXUM TOP-
MOXEHUR MPOTUBOBKMIOYEHUEM?

3a cyet 4ero Mmoxet ObLiTb OCYWECTBNEH peBepc Asuratens no-
CTORHHOIO TOKA HEe3aBMCUMOro BO3OyxasHua?

Y10 JONXKHa CAENaTh CXeMa yrpaeneHns Ans nepesosa aCUHXpPoH-
HOTO [BUraTens B PeXvMM AWHAMHU4YECKOrO TOPMOXeHUA?

Y10 monxHa caenatk Cxema ynpasneHus A1A pesepca acuHXPOH-
HOro aBurartens?

Kakue BapuaHThli BO36YXOEHUS CUHXPOHHOIO ABMraTens NpuMeHs-
107CA Npu-ero nycke?



Fnaea 4

3AMKHYTbIE CXEMbI YIPABJIEHUA
QJIEKTPOIMPUBOAA

4.1. OBLLUASI XAPAKTEPUCTUKA 3AMKHYTbIX
CXEM YNPABJIEHUA

3aMKHyTBIE CXEMBI YITPARIEHHS JEKTPONPHBOLOB TIPUMEHSTIOTCS B TEX
CITy4asx, Koraa TpebyeTrcs o6ecISYTh IBIDKEHUE HCTIOTHUTETBLHBIX Op-
TaHOB paboUNX MAHIMH C BEICOKMMH MOKA3aTe/IsIMH KayecTBa — OOMBLIIM-

. MM JIMATIa30HOM PETYIMPOBAHUS KOOPANHAT ¥ TOYHOCTRIO VX TIOIepXa-
HMS, 33JAHHBIM Ka4eCTBOM I1EPEXOHBIX TIPOIIECCOB, @ TAKXE BHICOKOM
SKOHOMHYHOCTEHIO WIIH OTITUMAIBHEIM (HAWTYYIIHM) (DYHKIIMOHHPOBA-~
HHMEM TEeXHOJIOTHIECKOTO 060PYIOBAHHA U CAMOTO JIEKTPOIPHBOAA.

Jlas1 o6eceYeHYs TAKOTO YIIPABIEHHA B CTPYKTYDPY SIE€KTPOIIpPH-
BOJIA BXOJWT CHJIOBOM YHpPABIAEMBIN MOMYIIPOBONHUKOBLIN mpeodpa-
30BaTe/ib 3JICKTPOIHEPTUN — BEIIPAMUTEIb, PETY/BITOP HAIIPSDKCHNS,
npeoOpa3oBaTesb JaCTOTH], 8 CXEMA YIPABICHHA CTPOUTCS ¢ MCIIOb-
30BaHHEM OOPaTHEIX CBA3EH 10 peryJIMpyeMEIM KOOpAHHAaTaM (riepe-

- MEHHBIM). JIpyruMu cITOBaMH, CHJIOBAS YaCTh TAKOTO JIEKTPOTPHUBO-
[Ia UIMEET CTPYKTYPY «TIpeo0pa3oBare/ib — JBUTATEb», B KOTOPOH B -
raTeb MUTAeTCA OT YIIPaBJsiEMOro Npeobpa3oBaTessl.

BaxHoit XapaKTepHCTHKO GOTBIIMHCTBA COBPEMEHHBIX 3AMKHYTHIX CH-
CTEM YITPARIICHUS STRISIETCS BOSMOXHOCTE FTMOKOM HACTPOMKY HX [apaMeT-
POB, TIPOTPavMMMPOBAaHMS, Y TIEPEIIPOTPAMMUPOBAHILS ATOPATMOB YTIPaB-
JIEHUS 3/IEKTPOTIPUBOJA, YTO 00ECTIeUHBAETCS MPUMEHEHHEM MIKPOIIPO-
LIECCOPHBIX CPeJICTB yriparieHusl. McIiop30BaHIe MUKPOIIPOLIECCOPHBIX
CpeICTB TIO3BONIAET TAKKe TTOBBIIIATE HANEXKHOCTb QYHKIMOHHPOBAHHA
SNIEKTPOTIPUBOZIOB M TEXHOJIOTHYECKOr0 060PYIOBaHMSA 3a CUET JHATHO-
CTHKH [PH MX paboTe, pe3epBUPOBAHS KAHAJIOB YIIPABJICHUS U T.I.

4.2, 3AMKHYTbIE CXEMbI YMPABJIEHUSA
SJIEKTPONPUBOOA C ABMI'ATEJ'IHMM
NOCTOAAHHOIO TOKA

XapaKTepHCTHKU PASOMKHYTHIX SJIEKTPOIIPUBOIOB, TOCTPOEHHBIX I10
cHCTeMe «ITpeobGpasoBatesis — Asurareas» (I1-/1), MOryT HIMeIOT OTHO-
CHTEJIHHO HEBEICOKYIO XECTKOCTh H3-32 HAJIMYMS BHYTPEHHETO COIIPO-
THBJICHUSI IPpeo0pa3oBaTeis ¥ caMoro ABurateis. s nonyyeHns 3Ha-
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YUTEJILHBIX JTAAIa30HOB U BHICOKOM TOYHOCTH PETyIMPOBaHUS CKOpoC-
TH TpeGyeTcsl UMETh BoJiee XeCTKIe XapaKTepUCTUKH, KOTOPLIE MOXHO
TOIYYMTE ML B 3aMKHYTO# cHcTeMe IT-I1. KpoMe Toro, xapakrepuc-
THKH Pa30MKHYTOMN CHCTEMBI He 06eCrIeUrBalOT TOYHOTO PETYTUpPOBa-
HUS (WM OrpaHHYEHMS) TOKa U MOMEHTa, YTO TAKXKE TPEeOyeT nepexo-
Ia K 3aMkHyToM cucteme T1-J{. PaccMOTpUM TIPUHITHIIEI TIOCTPOSHHS ¥
JEeHCTBIS 3aMKHYTBIX CXEM PEryJTMPOBaHUS CKOPOCTH, TOKa, MOMEHTa
¥ TIOJICXEHHS C MCIIOIE30BaHHEM PAXTHYHEIX OOpaTHBIX CHSI3ei.
3amknyras cucrema IT-JI ¢ oTpuuaTe/mHoii 06paTHOil CBA3BIO HO CKOPO-
CTH IBUTATES TIOCTOAHHOIO TOKA HE3ABHCHMOTO Bo30yxaeans. OCHOBY CH-
CTEMBI COCTARIISIET pasoMkHyTasd cxema IT1-J1, Ha Bany ABuraresiss HaxommTes
IIATYHK CKOpOCTH — TaxoreHeparop 77 (puc. 4.1, 4), BEIXOHOE HATIpsDKe-
HHe KoToporo U, =yw; IPOOPLOHATBHOE CKOPOCTH ABHTATENS, SBIISIETCS
curHanoM o6patHo¥ cBsizu. KoapuimieHT npornopiHoHankHOCTH Y HO-
cut Ha3BaHue KoadduimeHTa 00paTHO# CBA3M 10 CKOPOCTH M MOXET Pe-
TY/IIPOBATECA 32 CYET M3MEHEHMsI TOKa BO30Yy>XIeH!s TaxoreHeparopa /[, ..

Ua.cl > U;.cZ > U:.c3

o1 U;s.cl A,

LMy 1D

Puc. 4.1. Cxema (@) n xapakTepucTvikii (6) 3aMKHYTON CUCTEMbI ¢ oBpaTHOM
CBA3LID NO CKOPOCTH

CurHan obpaTHoI cBsizu U, CpaBHMBAETCA C 3aJAK0IIUM CHIHATIOM
cKopocTd U, X HX pa3sHOCTh B BUJI€ CUTH&IA PaccoracoBaHus (owmno-
xn) U, momaercs Ha BXOX YCUNUTENS Y, KOTOpHIi ¢ kK03¢hdULIEHTOM
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k, ycunuBaeT CUrHaJI paccornacosanus U, ¥ IOJaeT ero B BUIE CHI-
Hana ynparnenus U, Ha BXox nipeoGpasoBaresnst /I, B KauecTBe KOTO-
POTO UCHONB3YETCA YIIPABIISIEMBLil BRIIPAMUTENb. YCIINTEND B 3TOM
CXEMe ABJICTCS TPONOPUUOHATBHEIM PETYAITOPOM CKOPOCTH.

s noydennst pOpMyn XapaKTEPHCTHK ABMTaTeNst B 3aMKHYTON
CHICTEME BOCIIOJIB3YEMCS BRIDXXCHHMSIMH JUIS JEKTPOMEXaHHIecK o axX])
W MEXaHHYeCKOM (M) XapaKTePHCTHK ABUTATE S B PA3OMKHYTOI CXe-
ME M COOTHOIIEHHAMH, CJIEAYIOUMMH U3 pacCMOTpeHMs pHc. 4.1, a:

E, IR,+R)

m(I)=E’E— D 4.1)
E, MR +R)
CO(M)=E——W, 4.2)
Uxx = [ja.c - YW, (43)
U=k, Uy - (4.4) _
E=k,U, (4.5)

rae E, — BJC npeobpasoparesnst; k — KOHCTPYKTUBHEIH KOXDBULIHEHT
Asuraresist; O — MarHUTHBI OTOK JBUrarTesist;  — TOK sIKOpsI ABHraTe-
15; R,, R, — COOTBETCTBEHHO CONPOTHRIEHHE SIKODSL JBUTATE/ISE M TIpe-
obpasosareisi; M — MOMEHT ABHTATEIS.

3amenss B (4.1) u (4.2) nocnenosarensHo E, Ha ee BRIpRXEHHE U3
(4.5), U, na ero seipaxeHue u3 (4.4) u nanee U,, — Ha eT0 BRIpaXeHHe
13 (4.3), mocyIe HECIOXHBIX Ipeo6pPa3oBaHHit OTyYaeM CAE/IVIOLIHE
GOpMYIIE JUIS XapaKTePUCTUK JIBUTATENA B 3aMKHYTOH CHCTEME:

 kkU, IR+R).

T ed+k)  ca+k)

o Bkl _M(R,+R,,)’
c(1+k)  G(1+k)

(4.6)

4.7

e c=k®D,,,; k, = ykk,/c — o6t KO3IDDULMEHT YCHACHUS 3aMKHY-
Toi cucremer IT-/1. ’

Jns1 aHa/M3a XECTKOCTH TIOMYIaeMBIX XAPAKTEPUCTHK COTIOCTABUM
nepenansl CKOPOCTH B Pa3sOMKHYTOM Am, U 3aMKHYTOH A, CHCTEMAax
TIpY OJHOM U TOM e ToKe Hiin MomeHTe. CoracHo (4.1), (4.2), (4.6)
u (4.7) umeeM

I (R +R
o, = 2 Rat o) a o 438)
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. _IL(R,+R)
> c(l+k)

Tak kak Bcerna k. >0, 70 Aw, <Awm,, T.€. KXECTKOCTb NOJY4aEMBIX
XapaKTEPUCTHK B 3aMKHYTOH CHCTEME GOJIBIIE XECTKOCTH XapaKTepH-
CTHK B Pa30MKHYTO crcTeme. CaMM XapaKTEPHCTHKH, TIOKA3aHHEIC Ha
puc. i 1, 6, pencTaBRIAIOT cOBO0i MPAMBIE NAPAIVIEILHbIE IMHUK 2, 4

1 5, pacronoxXeHHe KOTOPBIX OPEIENAETCS YPOBHEM 3a/a10IIET0 CHI-
Hafa 1o cKopocTH U, ¥ COOTBETCTBEHHO CKOPOCTBIO XOJIOCTOTO X012
. 371€Ch Xe JUIST CPaBHECHHUS NPUBECHA XapaKTePHCTHKA IBUTATENIS B
pazoOMKHYTOMH (TIpsMast 3) cucTeME.

JIns HaxoXAeHWs TpeeNbHOR IO XECTKOCTH XapaKTePHCTHKH
ycTpeMHM Ko3(MULIMEHT YCWICHHUS CUCTEMEL K, B GECKOHEUHOCTD. j% k!
(4.9) BUIHO, 9TO HPH &, — = Aw,—0, T.€. B Ipeese B JaHHON 3aMK-
HyTOH CHCTeMe MOXET OBITh IOJYYeHa abCOMIOTHO XECTKas Xapak-
TepUCTHKa, KOTopas u3obpaxeHa Ha puc. 4.1, 6 B Buze IITPUXOBOH
JHHUN 1.

PaccMOTpHM PU3MIECKYIO CTOPOHY IIPOLIECCA PETYIMPOBaHUSA CKO-
DOCTH B IaHHOI cucreme. [IpeIIionoxuM, JTo ABUraTesb paboTacT nox
HArpy3Koif B YCTAHOBHBILEMCS PEKUME H IO KAKHM-TO IPUINHAM
YBEJIMUIICS MOMEHT Harpysku M,. Tak Kax pa3sBHBaeMElif ABUTaTeNeM
MOMEHT CTaJ1 MEHBIIIE MOMEHTA Harpy3kH, €ro CKOpOCTh HAYHET CHU-
KaThCsI, U COOTBETCTBEHHO GY/IeT CHIKATBCSA CHTHAT 00paTHOM CBSI3N
o c¥opoct U, =yw. D10, B CBOIO 0YEPENb, COMMAcHO (4.3)—(4.5)
BHI30BET YBETMUEHHE CHIHANOB paccoriacosanus U, n ynparnenus U,
 npuBeneT K nossieHuo 3JIC npeobpasosareis, a CICAOBATEBHO,
HAIpPsDKEHUS ¥ CKOPOCTH JIBUTaTENs,

TTpy yMeHBIICHHH MOMEHTA HAarpy3Ky obpaTHasi CBA3b JEHUCTBYCT
B JIpYTOM HalpasieHnH, npusoss K cHikeHmio DJIC npeobpasosare-
Jis1. Taxarm o6pazoM, Grarofapsi HUDTIKIO 06paTHOM CBSI3U OCYINECTB-
nsIeTCA aBToMaTHueckoe peryauposanie B C npeobpasoparens ¥ TeM
caMBIM HOIBOIUMOTO K JIBUIATEIII0 HATIPSKEHMSA, 3a CYET Y€To MOy~
yajoTca Golee XeCTKUE XapaKTCPUCTHKY JIEKTPONpHBoa. B pasoMk-
HYTOM CHCTEMe, HallPOTUB, TIPH U3MEHEHUH MOMEHTA HAarpy3KH BIC

_ npeoGpa3oBatensi He U3MEHAETCS], B Pe3Y/ILTaTe Hero XeCTKOCTb XapaK-
" TEPUCTHK 3JEKTPONPHBOLA OKA3HIBACTCS MEHBIIIE.

JL1st TIOyYeHHsT KeCTKMX XapakTepucTHk B cucteMe I1-JI kpoMe
00paTHO# CBS3HM 10 CKOPOCTH HCTIONB3YIOTCS TAKKE OTPHIIATENHHAL
06paTHas CBA3b 110 HATIPSKEHMIO M TTOJIOXKUTENbHAA 0OpaTHas! CBA3b
0 TOKY JBUrarefis U ux couetaHus. Cxemst DIT u nmomyyaeMele Xa-
PAKTePUCTHKH [IPY HCTIONB30BAHMH ITHUX CBA3CH PaCCMOTPEHBI B [20].

Cxema ynpanjieHus, 00ecrneyHBAIOIIAS OrpaHHIeHHEe TOKA H MOMEHTA
JIBMTATE A TIOCTOSHHOIO TOKA ¢ HOMOIIbIO HENHHEHHOH OTPHUATEIBLHOM

= Aw, (1+k,). 4.9
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o0paTHOii CBA3M MO TOKy. B KadecTBe JaTyMKa TOKAa B 3TOH CXeMe
(puc. 4.2, a) NCIIONB3yeTCS WIYHT C COTIPOTHBICHUEM R, TIaicHHe Ha-
TIPSDKEHUS HAa KOTOPOM NPOTIOPIMOHANLHO TOKY siKops [. B peaynbrate
CHTHAN 00paTHO CBA3M I10 TOKY

U,.=pl, (4.10)

rae p — koadduimeHT 06paTHOM CBA3H MO TOKY, OM.

L 3omal

Puc. 4.2. Cxema (a) n xapaxrepuctiku (6) 3amKHYTON cucTeMbt ¢ 06paTHOM
CBA3bIO NO TOKY

OrMeTHM, YTO B Ka4yecTBe IIyHTa R, 4acTo HUCIonbp3yeTcsd oOMoTKa
JOTIONTHHTEJIBHBIX TIOMIOCOB WUIH KOMITGHCAIIMOHHAsA 00MOTKa IBUraTesis.

Curnan obparHoii ¢Bs3H U, TOCTYITIaeT Ha Y3€ TOKOOTPaHWICHUSA
YTO, nazviBaeMbiii TAKXE YUIOM TOKOBOM OTCEYKH, BMECTE C CHUTHA-
JioM 3amaHusi Toka U, ;. DTOT CHTHAJ OTIpeAeiseT yPOBEHb TOKA OTCEY-
KM I, ¢ KOTOPOTO HAYHHAETCS PETYIUpOBaHKe (OTPAaHHYCHNE) TOKA.

PaGora YTO B COOTBETCTBHH C ero xapakrepuctukoit U,.(J)
(puc. 4.2, d) NpoUCXOANT CleayloluM obpasoM. IIpu Toxe B siKope,
MEHBILIEM 33JaHHOTO TOKA OTCEYKH, T.¢. ItoKa J < I, curHai obpat-
HOI1 ¢Bs3M Ha Beixofe Y70 paBeH Hymo. [{pyTMMH CIOBAMH, CXeMa B
nuanasoHe Toka 0... [, SBIsSeTCS pasoMKHYTOM U IBUTaTe/lb UMEET Xa-
pPaKTEPUCTHKH, H300paXCHHEIE Ha pHC. 4.2, 6 B 30HE 1.

Ipu I > I, va srixone YTO nosiBnSeTCH CUrHAN OTPHLATENIHHOM
oGparHoit cBa3u U,,= P/, DneKTponpHUBoI CTAHOBUTCH 3aMKHYTHIM U
HaynHaeT paborats B 30He II (puc. 4.2, 6). Ina noscHeHHsI BUAA Xa-
PAKTEPHCTHK JJIEKTPOTIPUBOIA B 3TOM 30HE 3aMUIIIEM BhIPAOXEHHE JJIST
CUrHajia PacCOrJIaCOBAHUSA

U= Uy, - BL. (4.11)
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W3 (4.11) BuaHO, uTO TpH yBeMdeHUH ToKa I curHan Uy, YMEHb-
IaeTcs, YTO B COOTBETCTBHH ¢ (4.4) U (4.5) BBI3OBET YMEHBIICHHE
curnana U, u E,. D10 NMPHBEAET K YMEHBILECHUIO HANPSKEHNs. Ha NBH-
ratesie U ¥ COOTBETCTBYIOIIEMY CHIXXEHHIO TOKAa B AKOpe JBUTATENs.
XapaxTepHCTHKM JBUTATENSI CTAHOBSATCSA KPYTONMANAIOWMMH (MATKH-
MH), YTO H oTpaxaeT 3G EKT peryImposaHus (OrpaHUYeHHs) TOKa 1
COOTBETCTBEHHO MoMeHTa. TTpy yBenuuennn koadbuLueHTa yCue-
HMS CHCTEMBI XapakTepHucTHKH B 30He 1T Bee 6mike MpubIIKaloOTCs K
BEPTHKAJILHBIM JIMHUSIM. YPOBEHB OTPaHUMCHIA TOKA OTIPENE/HIETCS
samaomuM curHanoM (ycraekoit) U,,. Tox mpu HyneBoi CKOpPOCTH
JABUTATENS TIOMYYH HA3BaHHUE TOKA CTONOPEHUS L.

6 o) Ut I H ¢ I

Wore

U, 3.2

T Joon 1M

" Puc. 4.3. Cxema (a) u xapaktepuctuku (6) 3aMKHYTON CUCTEMbI € OGpaTHLIMK
CBA3AMM N0 CKOPOCTN U TOKY

3aMKHyTas cxeMa JMEKTPONPHBOJA C ABUTATe/IeM NOCTOAHHOIO TOKA
¥ 0GpaTHLIMH CBA3AMH MO CKOPOCTH H TOKY. DTa cxeMa obecnevyuBacT
TOY4YeHHE XapaKTEPHCTHK JBHIaTeNisl, UMCIOIINX PA3THIHYIO XKeCT-
KOCTB YYacTKOB, — BBICOKYIO IV TOYHOTO MOJIEPXaHUA CKOPOCTH Ha
3aaHHOM YPOBHE U MAJIyl0, IT0 TpebyeTcs Uit OrpaHH4eHIA TOKa H
MOMEHTA ABHTaTeNsl B MEPEXOHBIX NPOLEccax. BTO OMpenenseTcs
HCTIONB30BAHMEM B CXEME JIBYX HEJIMHENHBIX OGPATHBIX CBA3CH IO CKO-
pocTH M TOKy (prc. 4.3, @). JUist co3naHus HETMHEHHOCTH uenei 06-
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PaTHBIX CBSI3CH UCITONB30BaHEI PACCMOTPEHHBIH paHee y3ea1 YTO u y3en
orpaHndeHUsI ckopocTH YCO, XapaKTepUCTUKH KOTOPBIX TTOKA3aHBI
BHYTPH COOTBETCTBYIOLIMX YCIIOBHEIX M300paxeHuit. HemmHeAHOCTD
o6paTHBIX CBSI3¢i NPUBOMUT K pa3IcIcHHIO 00IaCTH MEXAHWYECKHX Xa-
pakTepuctTuk (puc. 4.3, 6) Ha Tpu 3045 I, IT u I11.

B 30He I B ananazone T0KoB (... 1, NeHCTBYeT TOILKO 06paTHAs CBS3h
IO CKOPOCTH, 00eCTIeYrBas KECTKHE XapaKTePUCTHKH 3JIEKTPOIIPHBO-
za. B 3one Il pu 7> I, BCTymaeT B AeHCTBIE 0OpaTHAsA CBI3b TIO TOKY
M XapaKTePUCTHKH cTaHoBsITCH Msrye. [1pu nansHeleM yBeTHIeHHH
TOKA M YMCHBIIEHNH CKOPOCTH HIDKE CKOPOCTH OTCEUKH (), [ICPECTACT
JIercTBOBAaTh OOpaTHAs CBSI3b IO CKOPOCTH H 3a°CUeT NeiicTBUsI 06par-
HOH CB#I3H TIO TOKY XapaKTEPHCTHKH CTAHOBATCA enie Msirde (3oHa I1T),
ofecrieunBast TpeOyeMoOe OTpaHIYeHIE TOKA U MOMEHTA.

Cxema ynpaBiieHHs ¢ TOAYHHEHHDBIM PETYHPOBAHHEM KOOPIMHAT. D-
(hekTHBHOE 1 Ka¥eCTBEHHOE PeryTMpoBaHNe KOOPAWHAT B cucteMe T1-]1
obecrieunBaeT NPUHLMII MTOAYNHEHHOTO PETYJIMPOBAHNSA, PEUTH3YeMBEIit
TIO CTPYKTYpHOM cxeme puc. 1.7. HamoMHUM, 9TO 3TOT NPHUHLMIT 1Ipe-
JyCMaTpHUBAET PETYIUPOBAHUE KAKIOH KOOPAWHATHI C TIOMOIIBIO CBOETO
OTACNIEHOTO PETYISTOPA M COOTBETCTBYIOUICH 0OpaTHOM cBas3m. TeM ca-
MBIM PeTYJIMPOBAHNE KaXA0H KOOPIMHATEI IPOMCXOINT B CBOEM 3aMK-
HyTOM KOHTYp€, ¥ TpeOYyeMBIe XapaKTepUCTHKY JIEKTPOTIPHBO/IA B CTa-
TUKE K JUHAMMKE MOTYT OBITH MOAYYEHEI 33 CUET BEIOOpa CXeMBI M apa-
METPOB PEryIsITOPa 3TOM KOOPAWHATHI U LIENH e¢ 00paTHOM! CBA3H.

VnpapieHne BHYTPEHHAM KOHTYPOM C TTOMOIIBIO BRIXOJHOTO CHUT-
Hajia BHEITHETO KOHTYPa ONPEACACT ellie OMHO LICHHOE CBOMCTBO Ta-
KHUX crcTeM. OHO 3aKJI0YAETCH B BO3MOXHOCTH TIPOCTBIMU CPEICTBA-
MU OrpaHHYIHMBATH JIIO0YIO peTyIHpyeMylo KOOPIHHATY, HATIpUMep TOK
¥ MOMEHT, Ha 3alaHHOM ypoBHe. I 3TOro TpeGyeTcss BCEro JHILb
OIpaHUYMTh CHIHAJ, TOCTYIIAIOIMIA C BHEIITHErO KOHTYPA.

PaccMotpyM cxeMy aMekTporipuBona (puc. 4.4, g) ¢ TOMIMHEHHBIM
PETryIMpOBaHNEM, BEIXOMHOW Pery/IMpyeMoil KOOpAMHATOM KOTOPOI'O SIB-
JISIETCS CKOPOCTD. YTIPaB/IAIOLLAs YACTh CXEMbI COCTOMT M3 IBYX 3aMKHY-
TBIX KOHTYPOB PEryJIHPOBAHUS: TOKA (MOMEHTA), CONEPKALIETO PEryIisi-
TOp ToKA PT M mardvK ToKa J7, U CKOPOCTH, COIEPXKAIIETO PETYIISTOP
ckopocT PC u 1aTIMK CKOPOCTH (TaxoreHeparop) 77,

PeryistTopbl TOKa M CKOPOCTH B GOJIBHIMHCTBE CXEM 3JICKTPOIIPUBO-
JIa STOTO THTIA BHIMIOMHSAIOTCA Ha 0a3e onepallMoOHHbBIX yeuuTeleh (OY).
Bxmouenue B uenm PC 3anawmouiero cursaia ckopoctu U, U ero obpar-
HOM cBsi3K — pe3ncTopoB Rl ¥ R, obecnieunBaeT uiMeHeHUe (ycuie-
HME WIH ocAablieHHe) 3TOro curHana ¢ kosdduiuentoM k, =R, ., /R1.
AHAJIOTHYHO H3MEHCHUE CUTH&IA 00paTHOM CBSI3H no cKopoctu U,
niporcxonut ¢ koaddunueHroM k,= R, ,/R2. Takoii peryastop nomny-
YT Ha3BaHHe NMpornopiiHoHansHoro (IT) peryasTopa CKOpOCTH.
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Puc. 4.4. Cxema (a), avHamuyeckue (6) U cTatudeckue (8) XapakTepucTUKu
3NEKTPONPMEOAE € NOAYMHEHHBIM PEerynMpoBaHueM KoopavHat

I1pu Bnoyenuy B 1ieni OY KOHAEHCATOPOB (PEaKTHBHBIX MJIEKT-
PHYECKUX DJIEMEHTOB) ero (hyHKIIMOHATBHEIE BO3MOXHOCTH 10 TIpe-
06pa30BaHHMIO SMEKTPUYCCKUX CHTHAIOB CTaHOBATCA mupe. Tax, cxe-
Ma PT ¢ BKITIOUSHHEM B HeMb 06paTHOI cBsi3K KoHaeHcaTopa C, 1mo-
CIIENOBATELHO C pesucTopoM R, ., T03BONSET MOMYINTh cHrHan U, Ha
BoIxone P7T B BUIE CYMMBI ABYX COCTABITSIONIMX

1 .
Uy =kl +5 [Tt 4.12)
Curnan U, cOIepXMT NPONOPLHOHATBHYIO U NHTETPATIBHYIO CO-
CTaBSTIONIKME BXOXHOTO curHana U, 1.e. PT siBiIAeTCA B 3TOM Clly4yae
TIPOTIOPLMOHATIBHO-HHTErpabHEIM (ITH) peryastopoM.
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Io xakuM Xe KpHUTEPUSIM H YCIIOBUAM BBIOMPAIOTCS CXEMa M TTapa-
METPEI HeTeH Toro Wi HHoro pery/stropa? OCHOBHEIM YC/TOBUEM 3IECh
SIRIAETCS XeNTAEMBIH (3allaHHEL) XapaKTep IiepeXOIHEIX TIPOLIECCOB NPH
PEryM¥poOBaHKU KOOpAWHAT. U3 BceX BOSMOXHBIX BUIOB OGBIYHO BhI-
6upaloT rpaduK ¢ 3aTyxalomuMy KoiebaHmsamu (puc. 4.4, 6). Takoit
rpathuK ARISAETCS ONTHMAIBHBIM B TOM CMBICJIE, YTO OH IIO3BOJISIET 0bec-
TICYHTh YCTONYNBEIE IEPEXONHbIE TIPOIIECCHI TIPH HeGOJIBIINX JUTUTE b-
HOCTSX U NEPEPETYIMPOBAaHMAX. PacTIpocTpaHeHHOM HaCTPOIMKOI! pery-~
JITTOPOB TaKOIO BUJA ABJISCTCA TaK HA3EIBAEMBI TEXHUYECKHIA OTITH-
MyM, TIpH KOTOPOM TiepeperyaupoBanue AX= X . - X.. (puc. 4.4, 6)
coctanfeT 4,3% OT YyCTAHOBHBILIETOCA YPOBHS, a BpeMsI TTEPEXOIHOrO
nponiecea i, = 4,17, tne 7, — 3/1eKTpOMAarHUTHAA HOCTOSTHHAS BpeMe-
HHM THPUCTOPHOrO mnpeobpa3oBarensi, MpUHUMaeMas 0OBIMHO paBHOM
0,01 c. B Teopun anexrponpusona {2, 14} paspaGoraHsl METOAEI pacye-
Ta mapameTpoB ueneit PCu PT, o0ecrieynBaoUX TAKOM XapakKTep pe-
TYJTMPOBAHHS KOOPAWHAT ICKTPOIPHUBOLA.

Kak yxe ormMedanocs, cxeMa TIOTYHHEHHOTO PeryJIMpOBaHHA KOOp-
AWHAT TO3BOJISET TIPOCTHIMU CPEACTBAMM OTPAHNYMBATH KOOPIHHATH
3JIEKTPONPHBOA Ha 3aTaHHOM YpoBHe. B cxeme puc. 4.4, a s orpa-
HHYECHHSI TOKA H MOMEHTA B 11€ITb OOpaTHOI CBsI3u PC BKIIOYEHHI CTa-
ouwntpons! VD1 u ¥D2. B pe3ynbTaTe 5TOr0 BBIXOTHOE HANPSDKCHUE
PC, aBnsiomeecs BXOXHBIM 3aaI01INMM CUTHAJIOM (YcTaBKoii) ToKa U,.,
OrpaHNYMBAETCH, U TEM CAMBIM TOK U MOMEHT JBHraTeNsd He MOTYT
TIPEB30MTH 33JaHHOTO YPOBHS. )

Ha puic. 4.4, ¢ mpuBEICHE! CTATIYECKIC XaPAKTCPHCTAKH NICKTPOITPH-
BOJA C TMOMYMHEHHBIM PETYIMPOBAHHEM KOOPAWHAT U HACTPOIKOM Ha
«TEXHHYCCKMIA OITTHMYM». X 0COGEHHOCTBRIO SIBMISICTCS HATHYUE BEPTH-
KAIBHOTO yJacTka I, obecreunBalonero orpaHdeHIE TOKa U MOMEHTA,
u yuactka Il ¢ BEICOKOI XeCTKOCTBIO XapaKTEPHCTHKH, ONpeAcsieMoi
COOTHOLIEHHSIMHU JABYX TIOCTOSTHHBIX BpEMEHH — 3JIEKTPOMEXaHMIECKOM
IBUTareNs 7, 1 aMeKTPOMAarHUTHOM T, ipeoOpa3oBartels. ‘

‘B cxeMax nOaYHHEHHOTO PErYTHPOBAHMS UCITONB3YETCS U IPYTOi
KPHTEpHil HACTPOMKH PETyISTOPOB IO TaK HA3EIBAEMOMY CUMMETPHY-
HOMY OITTUMYMY, KOTOPHKII TO3BOJISIET ITOJYYHTH A0COIOTHO XECTKHE
CTaTHYECKHE XapaKTepucTHKH Ha y4dactke I (puc. 4.4, g), HO nepe-
XOOHBIE MPOLIECCH B 2TOM CJTyYae XapaKTepH3yIoTcsa GONBIINM TIepe-
PETYIMPOBaHHEM, ZOXOIAMIMM 10 55%. TIpn HacTpoiiKe Ha «CUMMET-
pHYHHI onrTuMyM» PC BeimonHAeTcs Kak ITHA-perynsarop.

Ipy1 HEOOXOMMMOCTH PETYIUPOBAHUS TIONIOXECHHS Bajla JBUTATENSA
cXeMa Ha puc. 4.4, @ BOTIOHAETCH KOHTYPOM NMOJIOKEHHUS, BKIHOYAIOIUM
B ce0si perynarop TOMOXeHHsI M IaTINK TIOJIOKEHHS Bala IBUTATEN .

OTMeTHM B 3aKJIIOYEHHE, UTO B CIUTY CBOMX GONbINHMX YHKLIHO-
HAJBHBIX BO3MOXHOCTE CXEMBI ¢ TIOAYHHEHHBIM PETyIHpPOBaHUEM
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KOOpPZHMHAT HAlLTH OYEHb IIMPOKOE PAcpOCTpaHEHHE B PETyIMpyeMOM
SJIEKTPONPUBOJIEC KaK IMOCTOSHHOTO, TAK ¥ NI€PEMEHHOIO TOKa.

3amMKHyTas cXeMa YOPARICHNS 3IeXTPONPHBOLOM IO CHCTEME «HCTOY-
HMK TOKA — JBHTaTEe/b IOCTOAHHOIO TOKA». B 37€KTPONPHBOIAX C IBH-
raTelaMi TOCTOSHHOTO TOKa HalUIM TPUMEHEHHME HMCTOYHHUKH
MMUTAHKAS ABUTATENEH CO CBOMCTBAMH MCTOYHMKA TOKA. Takue aJieKT-
POTIPHBOJIEI B Pa30MKHYTOM CTPYKTYpe 001aaioT CBOACTBAMHU MCTOY-
HMKa MOMCHTA, PEryIHpPyeMOoro NO LICTIH BO3OYXIEHHA, a TIPH BBelie-
HUM 06GPaTHO# CBA3H 110 CKOPOCTH TI03BOJISIOT NONTYYaTh XapaKTeprc-
THKMY, TIPATOIHBIE 1 JUTS LeJieil peryiipoBaHUsa CKOPOCTH.
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Puc. 4.5. Cxema (8) U xapakTepucTiku (6) 3amMKHYTO# CHCTEMbI NPW NUTaHWA
ABUFATENA OT WCTONHMKA TOKa

CIIOBYIO 4aCTh 910 cxeMsl (puc. 4.5, @) 06pa3yloT HCTOYHHUK TOKA
HTu sixops apurarens M, o6MoTKa Bo30yxneHusa Koroporo OB nox-
KTI04eHa K YCHIHTEO ¥, nMerolieMy 1Ba Bxofa. I1o mepsomy Bxozny
Ha YCHJIMTENb ¢ MoTeHLuoMeTpa 3/TM nocTynaer 3alaloliii CHTHA
MoMeHTa U,,,, YPOBEHB KOTOPOTO OTIPEIENSIET BEIMYHHY MOMEHTa Ha
BEPTUKATBHOM Y4ACTKE MEXAHIMHMECKOI XapaKTepUCTHKH (PHC. 4.5, 0).

Ha propoit Bxon ¥ mo uemu, cocrosiueif U3 Taxoreneparopa 17,
myona Vv 3amaomero noreHimoMerpa ckopoctt 311C, nonaetcs cUr-
HAaJ HeJIMHENHOM OTpULIaTeNbHOM 06paTHOM cBs3M 110 cKopocTH U,
[lerms 0bpaTHO} CBA3M COBPaHa ¥ HaCTPOEHA TAKMM 00pas’oM, YTo KHOL
V HauHeT TIPOTYCKATh TOK TI0 Heit ToJIbKOo Tora, Koraa BJIC taxore-
HepaTopa MpeBhIlIacT 3aAaoniuil curHan 1o ckopoctd U, 4T0 npo-
H30MNET IPH CKOPOCTSIX, GONBILINX Myye. TIPH CKOPOCTAX & < 6, AUON
¥ 3aKpbiT ¥ 0GpaTHas cBA3b 10 cKopocTy He aenctsyer (U, =0).
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HenuHeiHnii xapakTep 06paTHOM CBSI3H 10 CKOPOCTH ONPEIEIACT
HAIMYHE IBYX 30H HAa IUIOCKOCTH MEXaHHYECKHMX XapaKTepHCTUK
puc. 4.5, 6. TIpu o< w,,. (30Ha I) U,,=0 n Ha BXox Y moaaercst Hew3-
MCHHEIH 110 BEMMYUHE CUTHA 3a/1aHUA MOMeHTa U,,, HanpskeHHe
B036yXIeHUA Ha ero Bexone U, Tox Bo30yxkaeHns J, ¥ onpeaenasieMbii
HM MOMEHT M NOCTOSHHBI, YTO ¥ OTIPEAE/HICT BEPTUKANBHBIC Y4acT-
KM XapakTepHMCTHK Ha puc. 4.5, 6.

Ipu 0> o, (3oda II Ha puc. 4.5, 6) oTKpHBaeTcs auon V u Ha
BXOZE Y TIOABISIETCS CHTHA 00PaTHOM CBSI3H 110 CKOPOCTH, IPOTHBO-
TIONIOXHHIH 110 3HaKy curHany U,,. CyMmapHEI curdan U, Ha BXozie
Y craHeT paBHBEIM

U,= U= Uoo= Uy -y, ’ (4.13)

Kak Buano u3 (4.13), npn ysenwueHUM ckopocTH curHan U, Ha
Bxoze YOyIeT CHIDKATBCA, TIPONOPLMOHATBHO €MY OYIYT YMEHBILATHCS
HanpsekeHne U, Ha Bpixofe V, TOK BO3OYXIEHHUS I, IBUTATENS U TEM
CaMBIM €r0 MOMEHT, MeXaHHYeCKHe XapaKTEPHCTHKH MPHOCPETAIOT
BHI HAKJIOHHBIX TIPAMBIX, TTOKA3aHHLIX Ha pHc. 4.5, 6. Takum obpa-
30M, paccMaTpuBacMast CXEMa JICKTPOIIPHUBOIA O0eCHEYMBACT peryit-
POBaHHE ABYX KOOPIUHAT — CKOPOCTH X MOMEHTA. BelTmunHa curHa-
na U,,, omipesienifieT ypoBeHb MOMEHTA IBUTATE s B 30He | XapakTepu-
CTHK, a BeIMuHHa curHana U, — ypoBeHb CKOPOCTH IBHTATEJIS.
KecTKOCTh MeXaHHYeCKHX XapakrepucTvK B 3oHe Il ompenenmsercs
obM x03dGUEMEHTOM YCWIEHHS 3JIEKTPOIIPHABOIA.

B xadyecTBe npuMepa paCCMOTPHM CXEMY PeajTH3aliii peasibHOro
3aMKHYTOI'O JIEKTPOTIPHUBO/A C mmraTeneM TIOCTOSSHHOTO TOKA He3a-
BUCHMOTO BO30YXACHHSI.

Cxema ynpaenenus cepuiinozo aanekxmponpugoda muna T3P, [Ina
TIPHBOIA MEXAHM3MOB Pa3IMIHBIX METATIO00PabATHIBAIOLTIX CTAHKOB,
TPEOYIOIINX PETrYIUPOBaHHA CKOPOCTH TIPH MOIDHOCTH Ao 11 xBr,
HCTIONB3YeTCA CEPHITHBIN KOMIUVIEKTHEIH 97IeKTPONPHBOA THMa DT3P
(puc. 4.6) ¢ apurarenamu cepuit ITBCT, 211 wm [II'T. DaexTponpu-
BOJI 3TOTO THIIA BEITIONHEH B BHJIE 3aMKHYTOH CHCTEMEI PeryIMpoBa-
HHS CKOPOCTH C OTPHIATCIBHOM 06paTHOMK CBA3BIO IO CKOPOCTH, KO-
TOpasi B 3aBHCUMOCTH OT HACTpOiixy obeciednBaeT OTHOCUTEILHEBIH
niepenaz, cKopoctH B npesenax 0,5—10% rpyn M3MeHeHMH MOMEHTa
Harpysku ot 0,1 M, o M,,,. B anekrponpuneone obecrieunBaercs Tak-
Xe peryidpoBaHue (orpaHMYeHMe) TOKa ¢ TIOMOINBIO YCTPO#CTBa
TOKOOTrpanndeHus Y710, g obecreueHUsT YCTONYMBOCTH M TpeOy-
€MOr0 KayecTBa MEPEXOMHBIX MPOLIECCOB NIEKTPOIIPHBONA B CXEME
TIpUMMeHeHBl THOKHE 00paTHBIE CBA3K MO CKOPOCTH JBUTAaTENs M pe-
3yABTHDYIONIeMY CHrHaNy ynpasieHus Uy,.
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Puc. 4.6. Cxema cepuitHoro anekTponpveoga tuna T3P

SIxopb nBUTaTens, MMEIOIIETO BCTPOECHHBLM TaxoreHeparop BR, mo-
JTyJaeT MATaHKUe OT PeBEPCUBHOTO THPHCTOPHOTO Npeobpa3oBareis ¢
JIByMsI KOMILIEKTAMH TUPUCTOPOB VST1—VS6, COCTABINAIOIKX BEITIPS-
MHTETBHYIO X NHBEPTOPHYIO TPYIIIEL. YTIPABJICHHE 3THMH TPYTHIAMHA
OCYIIECTBISETCA C UCIONB30BAHNEM COIIACOBAHHOIO COBMECTHOIO
TIDMHIIMIIA. -

Jna yMEeHBIIEHUS IEPEMEHHOM COCTABIAIONICH YpaBHHTEIBHOTO
TOKa, TIPOTEKAIONIEH MEXTY BRITPAMHUTENBHOM U HHBEPTOPHOI rpyIl-
TIaMM, B CXEMe MCITONB3YIOTCH OrpaHNYWTe/IbHEIE peakTophl L1 u L2
BximiodyeHHe B Lenb AKOPS CIJIaXUBAIOMIETO peakTopa L3 nmoasonser
HCKITIOUUTh PEXUM MPEPHIBUCTOTO TOKA H TIOBBICHTH HCITOJIL30BaHHE
JBUTATEJIS 110 TOKY. .

VrpasineHue TupHcTopaMu VS1-VS6 oﬁecneqmsaercx TPaH3UCTOP-
HOM cxeMo# UMITyTIbcHO-(a3oBoro ynpasneHus CHDY, paboralomeit
TIO BEPTUKATbHOMY NpHHIMIY. OHa UMeeT TpH KaHaia, KaXAblil U3
KOTOpPBIX paboTaeT Ha JiBa THPHCTOPA, BKAIOYEHHBIX B OXHY (asy.

ITuTaHue MEKTPONIPHBOAA OCYLIECTBISAETCA OT TPpeX(ha3HOTO TpaHC-
dopmatopa T ¢ AByMsL BTOPHIHBIMH oOMoTKaMu. K ofmHO# 13 HUX,
MMeEIoLIeH HYIeBOM BEIBOM, MOOK/IIOYEHA CHIOBasi 4aCTh IPHBOJIA, a KO
BTOPOIi — 06MOTKA BO30YxaeHHS OB (4epe3 Bempamutelis VD) u 610K
mvtanus bIT, ot xoToporo nuTaeTcs cxeMa ynpasnenns. O6Morka OB
TaxoreHeparopa IoJIydaeT NMTaH’e OT crabwimsaropa Hanpsokenns: CH.
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B cocTaB CXeMBI YIIpaBIEHHS 3JICKTPONIPHBOAA BXOHNAT ITPOMeE-
XYTOUHBII YCHWIMTEIb Y1, yCHIMTE b MOIIHOCTH (3MHTTEPHEIH TTOBTO-
pureins) Y2, y3en TokoorpanmdeHus Y70, y3en rubkoit o6paTHOi cBsi-
a YI'OC, 3anaonmii noreHipoMerp RP, KHonky ynpasieHus SBI1 u
SB2 v nyckoBoe pene K.

Curnan ynpaeienna U, ¢opMupyeTca Kak arreGpaudeckast cyM-
Ma CUTHaJIOB 3ajaiomiero U, o6paTHoii CBsi3u o ckopocty U, ¥ TOKO-
orpanudenus U, IS BEIpaGOTKM KOTOPOro HCTIOB3YeTC HEelIMHEH -
Had TIOJIOXWTEIbHAA o0paTHast CBA3b IO CKOPOCTH ABuTaTess. Ilpu
TOKE STKOpST, MEHBIIIEM TOKa OTCEYKH, paboTaeT TOJIbKO KOHTYP pery-
JTUPOBaHMSA CKOpOCTH. [IpH TOKe AKOPA, NPEBLIIAIOIIEM TOK OTCEY-
KH, 33 CYET HEIMHENHOCTH 1IENIH TOKOOTPaHNIeHUA OTPHIIATe IbHAs
obparHas cBs3b 110 ckopoctdl AT oTKmoyaeTcd H HaYMHAeT ACHCTBO-
BaTh MTOJIOXKUTENIBHASA 0OpaTHAs CBsI3b, 00ECTICUMBAS OTPAHMYEHHE TOKA
M MOMEHTA Ha 3aJAHHOM YPOBHE,

s obecnieyeHHs HeOBXOMMMOro Ka4ecTRa MEPEXOAHEIX MPOLECCOB
9MEKTPOTIPUBOIA B CXeMe MCIIONIBb3YeTCsI rHOKas oOpaTHas CBSI3b, ICH-
CTBYIOIIAA TOJIEKO B IEPEXOIHLIX Tporieccax. CHIHAI KOPPEKTUDYIOMEH
Tu6Ko# 06paTHO# cBsi3n U, BMECTE ¢ CHTHANOM yTipaBieHusa U, mo-
CTYIaeT Ha BXOJl YCWINTENSI MOLIHOCTH V2 ¥ 1ocje YCWIEHWS B BHIC
pesynbTHpYyomero curHana U, nogaercs Ha sxon CH®PY 4epes 3aMbl-
KalnMit KOHTAKT MycKoBoro pene K. YiparieHue 3TUM peJie ocyle-
CTBJISIETCSA ¢ TIOMOIIBIO KHOTIOK YIpasiieHus; SB1 rpH IycKe IBAraTe-

1 ¥ SB21ipu ero ocTaHoBe. PeBepcupoBaHye BUTATENS OCYIIECTRIS-
" eTCA IyTeM H3MEHEHHA MOJPHOCTH 3aJalouiero curaana U,

B anexrponpusone Tuna DT3P peaausyercs psi 3a0IuT, GIIOKUPO-
BOK M curHau3anmii. TokoBoe pene KA, xaTylka KOTOpOro BKAIOYEHA
B HeTTb SIKOps JBUTATENIA, 4 KOHTAKT — B LNk MATaHUA pejie K, obec-
TIEYMBAET MAKCMMAJIBHYIO TOKOBYIO 3allMTY 3eKTponpuBona. I1pu ero
cpabaTeIBAHMH OTKITIOYACTCS peie K, ¢ THpHCTOPOB CHHMAIOTCSI CHTHA-
JTIBL YTIDABJIEHHS Y ABHTATENb OTKIIOYAETCA OT HCTOYHHKA ITIHTAHUS.

Asromatudeckue Bhikmodarenn QF1 u QF2 ocyllecTBISIOT MakK-
CHMAJThHYIO TOKOBYIO 3alIHTY CHJIOBOM YaCTH THPUCTOPHOrO npeoGpa-
30BaTeist, 0OMOTKH BO30OYXICHUSA ABUTATENIA M CXEMBbI YIIPABICHUA,

CxeMa 3/1eKTpONPHBOIA C MHKPONPOLIECCOPHBIM ynpaBiienneM, Pac-
CMOTPHM CXEMY 3JIEKTPOIIPHBOJIA C ABUTATEIIEM TIOCTOSTHHOTO TOKA IS
PETYTHpOBaHHUA TIOJIOXEHHA HCIIOHATEIFHOTO OpraHa po0OTOTeXHH-
YECKOTO YCTPOMCTBA C UCTIOB30BAHUEM MHUKPOIIPOLIECCOPHOTO YIpaB-
neHus (puc. 4.7, a). BToT 3MEKTPONPUBON JOJXKEH 0OeCe IUBaTD Tie-
PEMEIIEHNE ¥ TOYHOE TTO3NIHOHMPOBAaHIE UCTIOTHHTEIHLHOIO OpPraHa
po0oTa, AJIs1 4€r0 B HEM HCTIONB3YeTCs 00paTHAA CBA3H 110 MONOKEHUIO.
JInsa oGecrreyeHnsA BEICOKOH TOYHOCTH MO3UIIMOHMpoBaHis B DIT ocy-
1IECTRISAETCS TAKXKE PEryIMPOBAHHE TOKA (MOMEHTA) ¥ CKOPOCTH.
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Puc. 4.7. Cxema (a) v ¢pparMeHT nporpammbl (§) anekTponpusoaa
€ MUKPONPOLECCOPHbIM YNpasneHuem

Cxema Ha puc. 4.7, g WUTIOCTPHUPYET XapaKTePHHII NIPUMEp BHITION-
HEeHUS IOXOOHKIX CXeM, KOTIa B HUX IPHMEHSIOTCS KaK aHaJIOTOBhIe,
TaK ¥ HHQPOBLIC Y3IBI U YCTPOHCTBA YIIpaBlieHHs:. Takue CXeMEI, ITo-
JYYHBIINE Ha3sBaHHE IHQPOaHANOTOBHIX, COYETAIOT B cebe Jrydmue
CBOJCTBA TE€X U APYTHX YCTPOICTB.

CuwioBad 4acTb SJIEKTPOIIPHBOAA 00pa3oBaHa Tpexga3HbIM MOCTO-
BEIM PE€BEPCUBHBIM THPHUCTOPHBIM NpeobpasopateneM 717, mUTaeMBIM
ot tpancopMaTopa TP.

CxeMa yNpaBJIEHHS TTOCTPOEHA TI0 NIPHHIMITY NOAYMHEHHOTO pe-
TYJINPOBaHHA KOOpPAMHAT. Pery/niposatie TOKA TIPOMU3BOIMTCH aHAIO-
TOBBIM ITPONOPUHOHAIBHO-HHTETPATHHBIM PEryIaTopoM Toka PT, Ha
BXOJ KOTOPOTO TIOCTYIIAIOT CHTHANBI 06paTHOM CBA3H 110 TOKY OT AaT-
yuka Toka JJT v 3ananust Toka U,,, c BHXOJa Peryisropa CKOPOCTH. -

Awnanorossiif IT-peryiaTop ckopoctit PC GopMHpYeT CHTHAJ 3a1a-
HuA Toka U,, Ha OCHOBE CBOEro 3ajamioiero curaata U, ., mocryna-
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JOIIETO HA HETO ¢ BHEIHETO IO OTHOLIEHMIO K HEMY KOHTYpPa IoJIO-
XEeHMs1, ¥ CUrHAjIa o6paTHO# CBS3H MO CKOPOCTH, BhIpabaTeIBaeMoOro
taxoreHeparopoM T7. CraGwmurpoHsl VDI wu VD2 orpaHH4MBAIOT CHI-
Hai1 Ha Bexone PC, yeM 00eCTIeuBacTCA OTPaHHYCHUE TOKA U MOMEHTA
HBHTATENA. '

PeryiupopaHue TOJIOXeHUS OCYIIECTBISIETC € TIOMOLLIBIO MUKPO-
TIPOLIECCOPHOI CHCTEMEI, BKITI0YaloLeil B ce6st Muxkponporeccop M11,
ycTpoiictsa namat 03Yu I13Y, yerpoiictsa conpsxenust YCI-YC3,
nugposoi narunk nonoxexns JI7, nudppoaHanorossi mpeobpasosa-
tesb LJAIL. CHrHan 3aiaHus MOMOXeHHS S, , MocTynaer (3anaercs) ¢
TepMuHana 7, NOOKIIIOYaeMOTO K MUKPOIIPOLIECCOPHON CHCTEME de-
pe3 VC3. TeM caMBIM MMKDOTIPOLIECCOPHAsI CHCTEMa BBITIONHSIET, 110
CYIIECTBY, POJib PETYAATOpa NosoxeHus PII.

Pa6ora 1iHdpOBOro pery/saropa NMoioXeHN B MUKPOTIPOLIECCOPHOM
CHCTEME MOXET OCHOBLIBATLCA Ha OHOM M3 ABYX npuHuumnos. Ilep-
BBIM M3 HUX TIpeAyCMAaTPHBACT PEATU3aLIHIO CTATHYECKOM XapaKTepH-
ctuku PIT B Buge napa6osel, KOTopast 06€CeINBACT ONTHMANBLHBIH
rpahuK IBIDKEHMS SNEKTPOTNIPHBONA. Takol PeryisTop MOXHO peai-
30BaTh IPOrPAMMHLIM TIyTeM, 3amucaB B J13Y 31y HEMMHEHHYIO XapaK-
TepUCTHKY PIT. : o

Bropoit nipiHIMN paGotsl PI7 ocHOBaH Ha BEIYMC/IEHHHM MOMEHTA
HAYaTa TOPMOXEHMST HIEKTPOTIPHBOA, YTO TAKXKE TTOIBOJISIET TOTYYHTH
TpebyeMyI0 TOYHOCTD PEryTMPOBAHUS MONTOXEHUSA. PacCCMOTPHM 3TOT
crocof noapoOHee.

Peanusaiua cniocoba 0CHOBaHAa Ha TOM, YTO IIPH U3BECTHBIX CKO-

— M.

DOCTH @y, ¥ YCKODEHHH @ = M JM MOTYT 6BITh PACCYMTAHBI BPEMS

¢, ¥ IyTh S, HA YYaCTKE TOPMOXCHHSI SIIEKTPOIIPHBO/IA B KOHLIE OTPa-
6OTKH 33aHHOTO NepeMelleHus S, , TI0 cIeIyIomuM GopMyiaM:

== 4.14)
2
S, =%. (4.15)

AnroputM paboTH MEKpPOTIPOLIECCOPHOI CHCTEMBI TIpH BEIpaGoTKe
CHTHAJIa HA TOPMOXEHHe TIpuBeieH Ha puc. 4.7, 6. Jnd ero peannaa--
LMH B MHKPOIIPOLIECCOPHYIO CHCTEMY BBOJIATCH JaHHBIE 110 BEUYH-
HaM Oy, 4, S, U CHTHAI S, HaTuuKa nonoxenus JI7, mponopun-
OHAILHEIA TEKYIIEMY TIONOXCHUIO BA/IA TBUTATENs! ¥ HCTIOTHWTEILHOTO
opraHa. MUKpOIPOIECCOPHas CHCTeMa TIPOM3BOAUT BEITUCICHHE £ U
S, 110 (4.14) n (4.15) u pasHocTH S, =S, ,— 3, 3aTeM CONMOCTABIAIOTCH
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BEJTMYMHBL 3TOU Pa3HOCTH S, ¢ CHTHATIOM JaTIMKa MONoXeHuA S, Kak
TOJIBKO .5 CTAHET paBHOM S, OT MUKPOTIPOIIECCOPHOM CHUCTEMb! BHI-
IaeTcs KOMaHaa Ha TOPMOXEHME NIEKTPOITPUBOAA, HAYMHAETCH OTCUET
BBHIEPXKH BPEMEHH [,, U TI0 HCTEUSHHUH 3TOr0 HHTepBasia Bbipabora-
€TCA KOMaHAa Ha OTKTIOUEHHE ICKTPOIIPUBOJA.

PaccMOTpHM THITOBBIC 3aHadH.

3anauva 4.1. DeKTPONPHBOX BHITIONHEH O cXeMe puc. 4.1. JIpuratens
TIOCTOSIHHOTO TOKA B 3TOH CXeMe MMeET CIIENYIolIie NACTIOPTHBIE HaH-
HEle: HOMHHATEHAsA MOLTHOCTh P, = 14 kBT, HanpsckeHWe TTUTaHUsE
U= 220 B, HOMHHAILHAsA CKOPOCTE @, = 104,7 pan/c, HOMHHATEHBIH
TOK sKops L, = 82 A, HomyuHanmeHem KI1 1, = 82%, conpoTHRICH!E
ueru sxopst R,=0,22 OM, MHIYKTHBHOCTS 1lenu sikopsd L,=4,4 MI'H.
Tpebyercst BHIOpaTh CepHITHEL TIPe06pa30BaTEe/b W1 STOTO JBUTATENS 1
PAcCYMTATh €10 KOAP)HLMEHT YCHIEHHS 110 HAIIPSDKSHHUIO,

3apaua 4.2. [lng ycnosuii 3amayy 4.1 paccuMTaTh IIEPENa] CKOPOC-
TH JBUTATEJSI MPU HOMMHATBHOM MOMEHTE Harpy3ku. BHyTpeHHee
COTIPOTHBIICHHE NPeOOPA3cBATEN IPHHATE PABHEIM CONPOTHRIIEHHIO
LETIH AKOPS JXBUraTeNN.

3anaua 4.3. JIns ycinoswii 3anay 4.1 1 4.2 paccunraTth Koadunm-
€HT yCwieHus k, yewrurens Y (puc. 4.1), Ipy KOTOPOM Iepernaj CKo-
POCTH B 3aMKHYTOI CXeMe TIpH HOMHHAJIBHOM MOMEHTE Harpy3KH CHH-
3uTed B 80 pa3. KoaddwuieHnT nepenaum TaxoreHepaTopa y IpuHATD
pasusM 0,6 B/(pan/c).

ITpunvep 4.1. DneKTPONPUBOA, BHIIONHEH MO cxeMe puc.4.4. JIpu-
raTesb UMEET NaHHbIC, NIPUBEICHHEIC B 33296 4 1. ITapaMeTpsI Apy-
IHX 3]JIEMEHTOB CXEMBIL:

o TIpeoBGpa3oBateNb; KO3QMHIHEHT YCWIeHUs k, = 23, TOCTOSHHAs
spemenH T, = 0,01 ¢, BHyTpeHHee conpotusieHue R, = 0,15 Om;

« TaXxoreHepaTop: Koadbumment epenayn y = 0,6 B/(pan/c);

» LIYHT: CONIPOTHRJICHUE WIyHTa R, = 0,00075 Om;

» Jatyuk ToKa J7¢ KoaddunmeHT nepegau k,,, = 100.

CyMMapHbIii MOMEHT HHEpLIMH 3ekTponpusona J = 0,8 xr - M2,

TpeGyeTcd paccUnUTaTh IO KPUTEPHIO TEXHUYECKOTO ONITHMYMa ITa-
pPaMeTPHI PETYJIATOPOB TOKA U CKOPOCTH U OIPeAENIAIOINE TTapaMeT-
DHI 1eNeH onepallMOHHbBIX YCUIIUTENCH.

IIpn pacueTe HCHONIBE3YEM METOTHUKY, H3I0XKEHHYIO B [14].

OmnpezensieM CyMMapHOe COTIPOTHBJIEHHE AKOPHOM Heny:

R.,=R,+R,=0,22+0,15=0,37 Om.

Haxoxum moct 'OAHHYIO BpDECMCHH LICTIH AKOPS ABUTaTCIIA:
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Haxonum xoadduimenT odpaTHOi cBg3u 110 ToKy. IIpu R3= R4 on
paBeH
ko.r=kn.r Rm =100 - 0,00075 = 0,075

PaccunTeIBaeM NMOCTOSHHYIO UHTerpupoBaHusa ITH-perynsitopa
TOKa;

2Tk, ke, _ 2:0,01-0,075-23

T= =0,093 c.
e % 0,093 ¢
OrnpenenseM K03hpOUIMEHT YCHIIEHMS PETYIATOPA TOKA:
T, 0,02 _
k=T =000 02

3anmaBasice R,,=10 xOM, HaxonuM IapaMeTpsl OINEPAIMOHHOrO
YCWINTEIIS, HA KOTOPOM PeaIn30BaH PETYJIATOP TOKA:

uc=-1-ez::=i-—0-66—0-'=2MK¢;
R3=Ra=Fo - 10 _ s s om.
k, 0,22

g HaxoxaeHs rmapamerpoB I1-peryasropa CKOpOCTH oIpenessteM
CIenyIONIME MTapaMeTPBE ABUTATENS U CKTPOIIPHBOLA;

TIPOU3BEIACHUE KOHCTPYKTUBHOH ITOCTOAHHOM JBUTATEIIA HA Mar-
HUTHBIN ITOTOK

Vo = L Rs  220-82-0,22

= = 1 «C:

c= k(DHOM ® o 104,7 ,93B C,
CKOPOCTBb BpalllCHHA XONOCTOIrO Xoaa

_U_20_
0= -1,93 114 pan/c;
MeXaHr4YeCcKas ITOCTOSTHHasE BpPCMCHH 3JICKTpOIIpHBOIa
JR, 080,37
L=t (CE 0,08

Or;penenﬂéM KO3(p(ULIMEHT IIepefavH perviasTopa CKOpOCTH:
=k, = Lk,co, _0,08-0,075-1,93-114
“ AR U, cnax 4.0,01-0,37-10
DJIC TaxoreHepaTopa IPH CKOPOCTH
E,=y0,=0,6-114=68,4B."

=8,92;

135



3anasasich R, = 100 xOM, moryyum

_ELRl_68,4-11,2
e

scmax 10

R2 =76,7 kOM.

4.3. SAMKHYTbIE CXEMbI YNPABJIEHUSA
SNEKTPONPUBOAA C ACUHXPOHHbLIMU
ABUTATENAMMU

3aMKHyTas cxXeMa «mpucmpm.u‘i PeryaaTop HANPSKEHHS — ACHH-
xponnbiii aparaTesb» (TPH-AID) ¢ Heno/m3oBanHeM 00paTHOM CBA3H 1O
ero ckopocTH (puc. 4.8, ). Cunosyio Yacte TPH, Kak B B CXeMe Ha

a

..,[]1
o o TPH

! 5
| S
i =
; Q
| e
| vst |vs2 vs3|vs4 vss|vse ——

Puc. 4.8. Cxema {a) n xapakTepuctuku (6) 3amMKHYTOW CUCTEMbI ACHHXPOHHOMO
3NeKTPONPUBoAa C MCNONL30BAHMEM TUPUCTOPHOrO PErynaToOpa HaNPSLKeHUs
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pHc. 3.15, o6pa3yioT TpH TIapsl BCTPEYHO-TTApaIIENbHO COSTHHEHHBIX
THPHUCTOPOB VSI—V56. Ynpasnsiomue 3M€KTPOALI THPUCTOPOB IO -
COemrHEHN! K BeixogaM CHPY TPH, Kotopasi pacripelensieT yrpaB-
JSTIOLIME UMITYJIBCHI Ha BCE THPHCTOPHI M OCYLIIECTBIIAET MX CIBHT B 3a-
BMCHMOCTH OT BXOJIHOTO CHTHasa ynpasieHHs U,. K Baity nBurarens,
KOTODGIi B 3T0i cxeme nMeeT da3HBIil poTop, 119 peaH3ay o6par-
HOM CBSI3M IT0 CKOPOCTH NoAcoennHeH TaxoreHeparop 77. Ero 3C
E. cpaBHuBaeTCA ¢ 3aialolMUM HanpkeHHeM ckopocti U, ., CHUMa-
€MBIM C 3aJaloliero NoTeHHoMeTpa 377, IpuyeM 3TU HATIPSDKCHMS
HeHCTBYIOT HABCTPEYY APYT APYTY, a MX Pa3HOCTb o6pasyeT CHTHaN
YIpaBJIcHUS

= (ja.c - Err = L’J.c -0, (4' 16)

KOTOPEHIIT ITOCTyTaeT Ha Bxon CH®Y. TIpn yBeiMueHUH 3TOr0 CUrHa-
JIa YTOJ yNpaBIEeHUsA THPUCTOpaMH . YMEHBIIaeTCA, [I0NaBaeMoe Ha
IBUraTesib HANpsDKEHHE YBeIMYMBaeTcs, # Hao60poT. BaxHo oTMe-
THTB, YTO NPU CHIDKEHUH CKOPOCTH JIBUTATENS B LIETIH POTOPA YBEIH-
YUBAIOTCS TIOTEPU MOIITHOCTH (MOTEPH CKOTEKEHYS), KOTOPBIE BHI3bI-
BAIOT NOTIONHHUTEINBbHLIN Harpes IBUTATENA, CHIXAasg 9KOHOMHYHOCTh
paborsl anekTponpusoaa. s o6nerdeHms1 TEMIOBOTO PEXMMA IBH-
ratess TIpY ero pabore Ha MOHMXKEHHBIX CKOPOCTIX B LIETIh POTOpA
IBUTaTe/s] BKIIOUYEH N00ABOYHEIH pe3sHCTOp R,,, HAIMYME KOTOPOTO
TIO3BOJISCT TAKKE PACHIMPUTH AMana3oH PEryIMPOBAHUS CKOPOCTH.

PaccmotpiiM paboTy 37€KTPOINPHBOAA NIPH M3MEHCHHH MOMEHTA
Harpy3ku M, Ha Bajy JABWUraTeNst W TIOCTOSTHHOM 3aJlaHHH CKOPOCTH
U, .,. JomycTiM, 4TO B MCXOOHOM TIOI0XEHUM IBUTATEb pabotan B T. /
Npy MOMeHTe Harpysku M, (puc. 4.8, 6), a 3aTeM IIPOH3OIILIO ETO yBE-
JIHYeHHe A0 3HAYCHUS M.

Ilpu yBemrueHMH HATPY3KHM Ha Bajly IBHIaTells eT0 CKOPOCTh HAUHET
CHIDKATBCS, COOTBETCTBEHHO HaYHET yMeHbIaThed 1 DJIC TaxoreHepa-
Topa E,. YMeHbleHHe K BbI3bIBaeT cornacHo (4.16) ypemtueHue Harpsi-
XeHUs1 yripanyieHus U, UT0 TIPUBEIET K YMEHBUICHUIO YIV1a YIIDARICHHS
THPHUCTOPAaMH O ¥ YBETMYECHHIO TEM CAMEIM IOaBagMOI0 Ha JBUTATEND
HanpsoxeHA. MoMeHT aBHUraTests Oyaer yBeIMUHBATLCS U B T. 2 CDABHS-
ercs ¢ M_,. Taxum 06pa3oM, yBeImIyeHHe MOMEHTa Harpy3Ky NpuBeJIo K
HEOOMLITOMY CHIDKEHHMIO CKOPOCTH ABUIaTeNd, T.€., APYTHIMH CIOBAMH,
£r0 XapaKTCPUCTHKK B CXEMe pPHC. 4.8, @ CTaIM XeCTKIMHU.

Ilpn yMeHbIIEHNH MOMEHTA HArpy3Ku M, GyaeT aBTOMaTHYeCK!
CHMXATBCSI HATIpSDKEHME Ha JBUTaTeNIe ¥ TeM CAMBIM TIO/UTEPXKHBATE-
Cs1 ETO CKOPOCTE BpallcHHS Ha 3aIaHHOM YPOBHE.

Hamenss ¢ momowslo noreHimomerpa 317 3HaYEHHUE 3aA310LEETO
HanpspkeHNA U, ;, MOXHO TTOYYHTE PSI MEXaHNYIECKUX XapaKTepyc-
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THK 3JIEKTPONPUBOJIA ¢ OTHOCHTEJIBHO BHICOKOM XECTKOCTBIO M HE06-
XOIMMOI TTeperpy3odHoii CrIOCOGHOCTLIO ABUIATENS.

Bripaxenue (4.16) ABN9eTCSI HCXOTHBIM U1 TIOMyYeHHS GopMyI i
pacyeTa IIapaMeTpOB CXeMBbI Ha puc. 4.8, a. Mcrionk3ys ypaBHeHHA CBs-
31 BeixoqHoro U ¥ BxoaHoro ynpasismomero U, Hanpsokennit TPH

Ui=kipuls 4.17)

a TaKKe MOMCHTA JIBUTATENS 1 IIpPIJIO)KeHHOI‘O K HEMY HaTpsDKeHUs B
OTHOCHTENBHOM hopme

M=M =U = G (4.18)

TIoy4aeM Nocie nocienosareNbHoi moxcraHosku (4.17) u (4.18) B
(4.16) 1 HECTOXHEIX npeoﬁpmonannﬁ

Ulnou (‘/_(:2- \/_) (419)
k’r p.l(Aw :

[Ie Tepenax CKOPOCTH A® COOTBETCTBYET M3MCHEHMIO MOMCHTA Ha-
IPY3KH B Tipenenax M,— M,,.

Ecmu B cxeMe prc. 4.8, g HCIIOJIB3YETCA YCWIMTENb CUTHAIA Uy (npo-
TIOPIIMOHATBHBIA PETYIIATOP CKOPOCTH) ¢ KOIhHIMEHTOM yCHIeHHA K,
TO hopMmyna (4.19) mpuHMMaeT BUL;

Vs MG M) (4.20)
kpukbo

3amkHyTan CxeMa HMITY/ILCHOTO PEryJHpoBaHHS ckopocTH Al ¢ noMo-
b0 Pe3HCcTopa B menH poropa. B cxeMe anextponpusona (puc. 4.9, @)
C MMITY/IbCHBIM PETyIMPOBaHUEM CONPOTHBIICHMS B LEMH BHINIPAM-
JIEHHOTO TOKA POTOpa IJist TIOMy4eHHS KECTKHUX XapaKTePUCTHK UCTIONb-
30BaHa OTPHIIATENBHASA 00paTHAasE CBA3b 110 CKOPOCTH IBHraTeN .

B poTopHYy10 Lienh ABUTaTe)st BKITIIOUEH HEYNPARIAEMbi Tpex(asHbIi
BRINPAMEATENL B, K BHIXOIY KOTOPOTO NOTKIIOYEH Pe3ncTop R,,. Iapan-
JIETIBHO Pe3UCTOPY BKIIOUEH YIIPABIsieMBIi KIIIOY, BHITONHAECMBIH, KakK
MIPaBWIO, HA OCHOBE TIOYIIPOBOJHUKOBBIX MPHGOPOB.

VIipapiieHHe KITIOYOM POHCXOAUT OT HIUPOTHO-MMITYJILCHOTO MO-
nynastropa IITHM, Ha BXoJ1 KOTOPOTO TIOCTYTIAIOT CHTHAH 3adanus U,
¥ obparHoit ceasu U, mo ckopoctd. TIpH rocTyrieHuH Ha BxoA 6710-
Ka [ITHM curnana oumbku U, = U, .- U, . OH HaYMHACT ICHCPUPOBATh
MMITY/IbCH YIPABICHHS. DTH MMITY/IECH C TIOMOILLIO CXEMBI YIIpaBiie-
Hug xnouoM CVK pacrpeneaiorcs o roayTpOBOAHHKOBRIM IIpHGo-

‘Y._

Y=
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PaM KITI0Ya H BBI3EIBAIOT NIEPHOINYECKOe BKINOUYCHHE U 3aKOpayHBa-
HUe pesucTopa R,,.

¥ = var

Puc. 4.9. Cxema (a) v xapaktepucTuku (6) 3aMKHYTOW CUCTEMbI GCUHXPOHHOMO
ANEKTPONPUBOAA C UMNYNLCHLIM PErynupoBaHMEM COMPOTMBAEHUA
B POTOPHOt uenn

TIpvHIMIT TTONydeHNA XKECTKUX XapakrepucTHK DI coorBercrayer
DPAcCMOTPEHHOMY BBIILIE MEXAHU3MY NEHCTBHA 06paTHOI CBS3H TI0 CKO-
DPOCTH M COCTOMT B ciieayrolueM. JIomycTuM, YTO IBUTATENb paGoTacT B
YCTAHOBHBIIEMCH PEXUME MPHU KAKOM-TO 3aITOJIHEHHM (CKBAXHOCTH)
xmno4ya K ¥ COOTBETCTBYIOMIEM 3KBHBAJIEHTHOM COIIPOTHBIIEHMH HEMH
poropa. ITycTs 110 KaKMM-TO MPHYMHAM TIPOM30IILIO YBETHYEHHE MOMEHTa
HaIpy3KHU ABUTATEIIA, B PE3YIILTATE YeT0 HAYHET CHIDKATECA €10 CKOPOCTB.
Torzna B cooTBercTBHY ¢ BopMyiIoii (4.16) 11t curHana ynpasnexnns U,
OH HAYHET MOBBIIATECS, YTO BHI30BET YBEIMUCHUE 3aMTOTHEHHM Y pao-
Thl KmioYa K ¥ yMeHBIIEHHE TeM CaMbIM SKBUBAJIEHTHOTO COMTPOTHRIIE-
HHS B Len# poropa R,,,,=(1-7)R,. Bro, B CBOIO OYepe/s, TIpUBEIET K
YBEJIMYEHHIO TOKA B pOTOPE M MOMCHTA IBATATE/SI M TIPEKPALHCHIIO CHH-
XEHMS CKOPOCTH, YTO COOTBETCTBYET XECTKHM XapaKTePHCTHKAM 3JIEKT-
POTIPHBOZA, NTOKA3AHHHIM Ha DUC. 4.9, 6. B cxeMe MoOXeT GBITh JOCTHT-
HYTO Y PETyIMpOBAHUE (OTrpaHUYEHNE) TOKA H MOMEHTA, IS YeTO OHA
ZIODKHA OBITH IOTIONIHEHA KOHTYPOM PeryJMpoBaHusI ToKa. B aToM ciy-
Yae MEXaHHYECKHE XapaKTEPUCTHKH MMEIOT BEPTUKAILHEIH YYACTOK, CO-
OTBETCTBYIOLMI 3aJaHHOMY YPOBHIO OTPAaHHMUIECHHS TOKA ¥ MOMEHTA.

Crnenyer OTMETUTb, YTO paboTa 3TOro 3JICKTPOIIPHBOIA, KaK H B
ciy4ae ucnonb3oBaHusa TPH, xapakrepusyeTcs NMpH peryIHpOBaHHH
CKOPOCTH [IBUTIATENA YBEJIMYEHHEM B eI POTOPA MOTEPH MOLIHOC-
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TH, TIPOITOPLIHOHAIBHEIX CKONBEXEHHIO, UTO NOJDKHO YYMTHIBATHCS TIPH
BBIOOpE ABUTaTeNs M fOOABOYHOTO PE3UCTOPA.

3amxnyreie DII ¢ Hcnonp3oBaHueM npeofpasoBaTeNieil 9acTOTHL
B o61ieM ciTydae YaCTOTHOE YIIpaBJieHHe ABUTATENS, peau3yeMoe C No-
MOILBIO TIpeo6pa3oBaTelieil YacTOThl, MOXET OHITh OCYHIECTBIIEHO 110
TPEM BapHAHTaM:

 TIapaMETPHYECKOE YIIpaBIecHHUE, TIPH KOTOPOM YTIPABSIIOIIMM BO3-
OEICTBHEM Ha JABUraTeNb SBITIOTCA YacTOTa Y ACHCTBYIONICE 3HaYe-
HHE TI0aBacMOT0 Ha JIBUTATENIb HATIPSIKCHUA,

¢ YaCTOTHO-TOKOBOE YTIPAaB€HHE, TIDH KOTOPOM YNPaBISIOMAM
BO3IEHCTBHEM Ha JBUraTeNb ABAAIOTCA YacTOTa U JelfcTByIonice 3Ha-
YeHHEe TOKA [IBUTATEIS; ,

¢ BEKTOPHOE YNIpaBjieHHe, CBA3aHHOE C PEryJIMPOBAHMEM MTHOBEH-
HBIX 3HAYCHHH MUTAIOIINX HANPSDKCHHA M TOKOB C L1e/I6E0 hopMIpo-
BaHMSA MIEKTPOMArHUTHOT'O MOMEHTA JABUTATENS HYKHOI BEJIMYUHBI.

3amrnymbiii 31eKmponpueco ¢ RAPamMempuHecKum 4aCmomHsM Ynpas-
seruem. C WCTIONIB30BAHUEM 3TOTO IIPHHLIMIIA TOCTPOCHBI MHOTHE Yac-
TOTHO-PEryJIMpyeMble aCHHXPOHHEIE 3JIEKTPONIPHBOALL. B HUX 3a cyer
HCTIOJIE30BAHMA Pa3TMYHbIX 00paTHBIX CBsI3eH M QYHKUMOHAIBHBIX 6JI0-
KOB (POPMHPYIOTCS KECTKHE paboue YI1aCTKH MEXaHUUECKHX XapaKTe-
PUCTHK OBUTATEIS U KAYECTBEHHOTO PETYIIMPOBAHMS €10 CKOPOCTH,
ONPaHHYHMBAIOTCA TOK ¥ MOMEHT M 06ecrieunBaeTcs TpeGyeMoe COOTHO-
HICHHE MEXTY PETYIMPpYeMEIMH YaCcTOTOM M HanpsokeHueM. O6001eH-
Has cxema [27] Takoro 31eXTponpHBOa TIPEACTaBIeHa Ha puc. 4.10, a.

B kagecTBe cHoBoro ripeofbpasoBaTelst MCTIoNbB3yeTcs npeodpas3opa-
TeJIb YACTOTHI CO 3BEHOM TIOCTOAHHOTO TOKA, COCTOSINNI U3 HeyTIpaB-
JIAEMOTO BHITIPSIMHTENS B 1 HHBEPTOpA HATIPSIXEHMS, BBINIOJIHEHHOTO
Ha IECTH CHIOBBIX MOAY/ISIX, COCTOSIIMX U3 TPAH3UCTOpa Y JUOAA.
Mexny BREIIPSAMHTENEM H HHBEPTOPOM BKITIOYEH (DHIILTP, COCTOSIUMI
w3 peakropa L u xoHmeHcaropa C, oGecriedMBaOlIMil CrIaXUBaHHE
BRIXOJHOTO HATIPSDKEHMST BRIMPAMUTENSE M HEOOXOMMMYIO IIUPKYISIHIO
PEaKTUBHON SHEPIrHU B CIJIOBOI 9aCTH CXEMBL.

Huseprop paGoTaer B pexuMe IMHPOTHO-HMITYILCHOH MOTY/LALIMH
H npeolpasyeT HEPETYIIUPYEMOe HalPSKEHHE TTOCTOSIHHOIO TOKA Ha
BBIXOI¢ (DUABTpa B pErympyeMoe TIo YaCcTOTe M aMILTUTYZIe HaTIpsiKe-
HUe Ha cTaTope ApuraTteis M. CuioBas cxema 3J1eKTPONprBoAa Hepe-
BEPCHBHAA U HE TIPEAYCMATPUBAET JEKTPUIECKOTO TOPMOXKEHHS.

VYrpasieHue HHBepTOPOM OCYIIECTBIACTCS CHTHanamH f, 0 U,
ONPEACIAIOIINMH 3HAYCHNS BBIXOIHBIX 9aCTOTHI M HANPSDKECHUS TIpe-
o6pasopateiis 4acToTh. PopMIpoBaHMe 3THX CUTHAJIOB OCYILECTRIIS-
€TCA CXEMOM YIIpaBRiieHHs, B COCTAB KOTOPO BXOAST PETYIISTOP CKO-
pocti PC, perynarop toka PT, narunxu ckopocru 71w toka [T, cyM-
MUPYIOIINE YCHIHTENH (TIPOTIOPHMOHANLHBIE PETYIATOPHL) X U X;

140



610K orpannyeHua 5O curnana PC, YHKIMOHANBHEIN nTpeobpa3oa-
Teab DI, 3a1aTINK HHTeHeHBHOCTH 3H.

Puc. 4.10. Cxema (a) n xapaxrepuctukn (6) ACUHXPOHHOrO 3NEKTPONPUBoAA
NpK 4aCTOTHOM YNPasneHun

Perynsrop ckopocti PC B COBOKYNHOCTH € 3a5aTIHKOM HHTCHCHB-
HocTH 3H M cymMaTopoM X, obecrieqnBaloT Tpebyemoe peryamupopa-
HHE CKOPOCTH ¥ YCKOPEHHSI JIBUTATeIsl B YCTAHOBMBLIEMCS 1 TIEPEXO/-
HBIX peXHMaXx paboThl 3/IEKTPOTIPHBO/A C TIOMOIIEIO CHUTHAIA J

OrpaHirieHye TOKa CTaTOpa M MOMEHTA IBUTATE/IH TIPOU3BONUTCS pe-
TYJIATOPOM Toka P KOTAa TOK CTATOpa ABUTATESISI MEHBIIE TOKA YCTAB-
KU [, CHTHan Ha BbiXofie PT paBeH HYJIO U cXema YIpaBieHMs o0ecTTe-
MBaCT PEXUM TOINIEPXAHKS 3allaHHO# ckopocTH. Koria Tok cTatopa
TIPEBLICUT YCTAaBKY TOKA /,, PE3KO YBEJMYMBAETCS CUTHAN Ha Bexoae PT,
13-32 9€TO PE3KO CHMXAETCA W CHIHAJ Ha BRIXOAE CymMMaropa X,. 1o
TIPHBOZINT K YMEHBIIIEHHIO YaCTOTHL H HANIPSDKCHHUS Ha CTATOpe IBHTaTe-
JB1 ¥ TEM CaMBIM K OTPaHHYEHHIO TOKA CTATOPA M MOMEHTA JIBUTATEJsL,
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@OyHKIMOHANBHBII MPe06pasoBaTeb @I1, xapaKTepuCTHKa KOTO-
pOTO B BHIE JIOMAHOM JIMHHMH Oabc TTOKa3aHa HaJl €r0 YCIOBHEIM U300~
paxeHneM Ha puc. 4.10, g, obecrnieunBaeT TpebGyeMoe COOTHOLICHUE
Me3XIy YACTOTOM M BBIXOAHBIM HaNpsDKCHNEM npeoOpa3oBaTesis Jac-
ToTEL OTpe3koM Oa co3faeTcs HayalbHOE HANPSIKEHME Ha BHIXONE
TIpeo6pasoBaTeist, He0OXOMUMOE IS IPEONONCHNS NIANCHHA HAanpsDKe-
HIS Ha OBMOTKE CTATOpA ABUIATES MDY MANBIX YaCTOTaX HalpsKe-
Hus. YaacTok ab obecriedHBaeT NPOROPIMOHANIEHOS M3MEHEHHE Jac-
TOTHI M HATIPSDKEHMS (3aKOH YACTOTHOTO YIIPABICHHUSA U/f =const), ipH
KOTOpOM MATHHTHBIA TIOTOK BATATEIIA MOIEPXHBACTCA TIOCTOSTHHBIM.
Ha yuacTke bc BeIMIMHA HATIDSDKEHHS Ha CTATOPe OCTACTCA HEMSMEH -
HO¥, XOTsI TIDH 3TOM €TI0 9aCTOTa MOXET YBETMIMBATLCH.

JI7ist yMEHBIIEHUST BIUSIHISA NAICHNST HAPSDKEHIL B LCTIH CTaTopa
Ha BeMUAHY MATHMTHOTO TIOTOKA JBUrareNs M TéM CaMBIM Ha €TI0
MOMEHT B CXEME NpeTyCMOTPEHA IIONOXUTENbHAs 0GpaTHAs CBA3P M0
TOKY (TaK Ha3bBacMast JR-KOMITEHCALIMST), CATHAJI KOTOPO¥H TIOCTyTIa-
T Ha BXoZ cymMaropa I,. IIpu yBeJIMYCHUH HArpy3KH JBUraTeisd Bo3-
pacTaeT ero TOK H YBE/IMYMBACTCS CHIHAI U,, 3a CUET Yero BO3PACTaeT
BBIXOJHOE HATIpSKEHHe TIpeoGpa3oBaTelis, U TEM CaMBEIM KOMITEHCH-
pyeTcs MafeHUe HATIPSDKeHHst B OOMOTKe CTaTopa.

B COBpeMEHHBIX MEKTPONPUBOJAX STOTO THUIA peaTH3allusd 6/10K0B
yrpaBlieHus cxeMsl puc. 4.10, g ocymecTsiseTcs ¢ HCITIONIb30BAHUEM
MMKpOTIPOIIECCOPHBIX CPEJICTB, 8 HACTPOHKA MX TAPAMETPOB U XapaKk-
TEPHCTUK NPOM3BOIUTCA TIPOTPAMMHBIM IIYTEM. TTonyyaeMbic B 3TOH

. cXeMe MEXaHWYeCKUe XapaKTEpHCTHKM J(BUraTesIs NMPH PasTHIHBIX
CHIHAJAX 3a1aHusd ckopoctd U, MOKa3aHE Ha DHC. 4.10, 6.

B psane ciry4aes TpeGyeMoe pery/lipoBaHie CKOPOCTH MoXeT OBITh
TIOJIy4EHO M B PA3OMKHYTOM CXeMe 6¢3 06paTHOI CBSA3H IO CKOPOCTH.
B 3TOM CiIy4ae B cXeMe OTCYTCTBYIOT PCwu TI, a cursan ¢ Boixona 34
HEMOCPeCTBEHHO TIOCTYIAeT Ha BXOI CymMMaTopa I,; BO BCEM OCTAIb-
HOM cXxeMa ocTtaeTcs 6¢3 H3MEHEHHUA.

Cxema yacmomio-mokoeozo ynpagaexus AZl. Cxema 3JIEKTPONPHBOAA
npencTaBneHa Ha puc. 4.11. Tupucropn VSI-VS6 obpasyior cxemy
YIIpaRIsSIEMOro BRIpAMUTENSL VB, 2 THPHCTOPI VS7—VS12 — cxemy aB-
TOHOMHOIO HHBepTOpa Toka AUT. Mexy 3THMU 6JI0KAMH BKJIIOYEH pe-
aktop L GompiIoi WHAYKTHBHOCTH C TCM, groGEI HPUIATH HHBEPTOPY
cBoICTBA MCTOIHMKa ToKa. KoHnencaropsr C1—C6 ¢ monaMu VDi1-VD6
06pasyIoT IeNH MCKYCCTBEHHOM KOMMYTalluy THPHCTOPOB VS7-V512.
OcTansHble 3TEMEHTH CXEMBI UMEIOT CIIEAYIONIEE HagHAuCHHUE: CYBn
CVH — cxeMbl YIIpaB/ieHNs] TAPHCTOPAMH BLITIPAMMTEISL H HHBCDTOPA,
PT, IT — cOOTBETCTBEHHO PETYJIATOP H IATIHK TOKA cratopa; J[C — nat-
YMK CKOpOCTH; YO — YCHIUTEIb-OTrpaHIIHTEb; @IT — GYHKITHOHAIb-
HBIi TIpeo6pasoBaresb. CxeMa paboTaer CIie/yioniM 00pa3oM.
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Puc. 4.11. CxeMa aCHHXPOHHOrO 3AEKTPONpUBOAA NPU HACTOTHO-TOKOBOM
ynpasneHuv

3apatomnii curdan U, 3aiaer 4acToTy HepeiiodeHHsI THPUCTOPOB
HHBEpPTOpa M TEM CaMBIM YacTOTY TOKA craTopa apurarens M. ITocne
BBIYHUTaHHA N3 cUTHana U, cHrHa1a o6paTHOIH CBsI3K 110 cKopocTH U, |
nony4qaercs curHaj U, IponopOHANBHEIY OTHOCKHTEILHOM JacToTe
poTopa P =/£/f0x (BETHIHMHY [ HA3EIBAIOT TAKXE aGCOMOTHBIM CKOJb-
XeHHeM Jeuratens). OHa CBA3aHA CO CKOJNEXEHHEM S TBUTATENS Clte-
IYIOUIMM COOTHOIIEHUEM: = ois, TAC O.=1/f  on-

Curnan U, npo#ins yepes YO, BMecte ¢ curHaioM U, moctynaer
Ha Bxoi CVH. YacTora Ha BHIXOAE HMHBEPTOpA ONPEACNSACTCS CHIHA-
jaoM U, = U, + Uy; CYH HacTpoeHa TakiM 00pa3oM, 4To oka YO pa- -
6oTaeT B IHMHEHHOI 30HE, YACTOTA Ha BRIXOJie MHBEpTOpa GYIET MO~
CTOSHHOMN U He3aBHCHMOJ OT Harpy3ku. JIBuraress mpa 3T0M HMeeT
XKECTKHE MEXaHHYECKUE XapaKTEPUCTHKH.

Curzan U nocne IpQxOXaeHUA depe3 PDII ABAETCA TAKKE CUT-
HAJIOM U1 KOHTYPA PEryJIUPOBaHMS ToKa. Tak KakK 3TOT CHTHAJ 11po-
MOPUHOHANIEH a6COMIOTHOMY CKOJIBXEHMIO, TO U TOK ABATATEISA NIPH
BCEX gacToTax 6yner eMy npornopIioHaIeH.
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ITpy pe3Kux U3MEHEHITIX 3a/1aI01LICro CHTHAJIAa WM [IPH 3HAYMTEIb-
HBIX TIeperpy3Kax JBHraTeis VO BXOITHUT B 30HY OrpaHiycHUA (T0CTO-
SIHCTBa) CBOETO BHIXOJIHOTO CUTHAIA Uj,, orpaHuIuBas TEM CAMBIM Ha
TpeGyeMOoM yPOBHE ¥ 3ananne il ToKa. JiBHrateNb Ipy 3ToM pabo-
TaeT TipH M0G0 CKOPOCTH C HOCTOAHHBIMU 3HauYeHMAMH a6CONIOTHO-
" TO CKOMbXEHMSA 1 TOKA, T.€. MEXAaHHYCCKAd XapaktepHCcTHKa CTaHOBHT-
cs1 aGCoMOTHO MATKOM.

B pesyskTaTe JBHIaTenb HMECT XapaKTEPUCTHKH, aHAJIOTUIHBIC
[TOKAa3aHHEIM Ha puc. 4.10, 6.

CxeMa TI03BOJISICT OCYIIECTRIIAT TOPMOXEHHE IIBUTaTe L C pexy-
nepaimei (oTnayeit) 3HEpruH B CETh, JUIs HETO MHBEPTOP NEPEBOIUT-
Cs1 B.pEXWM BBINPSMIICHHUSI, ¥ BRIIPAMUTEIb — B PEXHMM HHBEPTHPO-
BaHMS TOKA. _ '

Cxembl 6eKMOPHO20 YNPAGAEHUA ACUHXPOHHbBIMUL deucamensmu. Tlpn
HeoBXOAMMOCTH TONYYeHHS BBICOKOTO KaqecTBa 1 MATIa30HOB pery-
JIMPOBAHNS TIEPEMEHHBIX ACHHXPOHHOTIO 3NEKTPONPUBOJA B YCTaHO-
BHBILEMCST 1 TIEPEXOIHBIX PEXHAMAX TIPUMEHSIOTCA Tak HAa3bLIBAEMBIC
CXeMBI BEKTOPHOTO YIIPaRIEHUs, B KOTOPbIX PELICHHC 3THX 3a1a9 0bec-
IeuuBaeTcs 3a cyeT GOpMUPOBAHUS 3JIeKTPOMArHHTHOTO MOMEHTA
mpuraresst. TIpuHLET POPMUPOBAHYIA MOMEHTA MOXeT GhITh TTOKa3aH
CenyoLmM 06pasoM. )

YpaBHEHHE eKTPOMAarHUTHOr0 MOMEHTa ACHHXPOHHOTO JIBUTATE-
151 MOKET MMETD pasnidHbie GOPMBI 3aHCH B 3aBHCHMOCTH OT MC-
TIONTB3VEMBIX B 3THX YPABHCHHUAX NEpEMCHHBIX U BHIGpaHHOIM CHCTE-
MBI KOOPIUHAT VIS UX IPEACTABICHN. TTpy NOCTPOCHAM CHCTEM BEK-
TOPHOTO YIpaBJIeHHs TPOLIECCH B ABWTaTENE YIOGHO pacCMaTpHBaTh
B crcTeMe KoopauHaT X—Y, B KOTOpOIt 0Ch X COBIAJAET TI0 Hanpas-
JIEHHIO € TIOTOKOCIIETUIEHHEM poTopa ‘¥, U BpaliacTes ¢ €ro CKopoc-
TE10. B 5TOM cilyyae ypaBHEHHE IEKTPOMarHUTHOTO MOMEHTA TpEX-
(pa3HOTO ACHHXPOHHOTO IBHraTells MMeeT BULL

_ 3pL,,¥, iiy

2L,

e p — YUCIIO Nap TOJIOCOB ABUraTeNls, L,, — B3aMMONHIYKTHBHOCTD
MEXJIY CTATOPOM H POTOPOM; i), — cocTaBifioLIas ToKa ¢TaTopa 1o
ocu Y: L, — nonHast HHAYKTUBHOCTb POTODA.

Tax KaK cOCTaB/ISIONIas TOKA CTaTopa #, 10 0CH X onpezienser o-
ToKOCIIeIUIEHME poTopa ‘¥, TO U3 paCCMOTPCHUA dopmysel (4.21) cre-
AYET, YTO 32 CUET PETYINPOBAHHA i\, ¥ i, MOXHO obecriequBaTh (op-
MMpOBAaHHE MOMEHTA JIBMIaTeN . Cocrapismomnas i, MOXET paccMar-
pHBaThCs KaK HaMarHMuuBaionas peaKTMBHAf COCTaBJIAIOLIAs TOKA
CTATOpA JABUTaTeNs, a ij, 6r0 aKTHBHAA cOCTaBJIAIONIas, WAyHasd Ha
CO3JaHWE MOMEHTA JBUTATENIA.

4.21)
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OtMernM, uto ypaBHeHHE (4.21) O CBOEMY BHIY aHATOTUYHO (hop-
MYJIC MOMEHTA JBUTATEIIS IOCTOSTHHOTO TOKa. B HeM W, OTpaxaer Mar-
HUTHBI} TTOTOK JBUTATE/A MOCTOSHHOTO TOKA, a §;, — TOK €TI0 gKODI.
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Puc. 4.12. CxeMa acHHXPOHHOIC SNEKTPONPHUBOAA NPWU YAaCTOTHOM BEKTOPHOM
ynpasneHun

ITpyHIpIN TOCTPOEHHS CXEMBI BEKTOPHOTO YIPABIICHHUS WUTIOCTPHPY-
eT puc. 4.12 u3 [27]. ACHHXpOHHBI ABATATENB M, Ha BaJIy KOTOPOTO
YCTAHORJIEH JIaTYHMK CKOPOCTH {TaxoreHeparop) JC, roiy4yaer nuTaHyue ot
TipeoSpasoBatesis yacTotsl /79, PerymipopaHue MOMEHTa NPOH3BOIMICS
perymsrropamu PT,, aktuBHOM [, U PT, peakTUBHOH [, COCTABJISIOLLIMX TOKA.
3HaYeHUs ITHX IEPeMEHHEIX MOIYYaloTCs KOCBEHHBIM ITYTEM C TIOMOLIHIO
MOJICIIH aCHHXPOHHOTO ABHTaTeisT «Monens All», Ha BXox KoTopoii mona-
10TCS CUTHANEI (hasHbIX TOKOB I, I, I, Hanpsokenuit Uy, Uy, U, 1 yro-
BOIf CKOPOCTH HBHrateist . Moless IBUTaTesis BRIAET MHGOPMALMIO O
CKOJIBKEHHH JIBUTATENIS S M COCTARIISIONHX TOKOB [, ¥ I,

PerynupoBaHuie CKOPOCTH NMPOU3BOIUTCS IO MPHUHITHITY TOMYWHEH-
HOTO peTyJIMPOBAHHA KOOPHMHAT ¢ HcnonkioBanueM [THU-perynsitopa
cxopoctH PC, 3a1aTyvKa UHTCHCHBHOCTH 34 U 6/10Ka TOKOOrpaHM-
yeHHs 50. Yrpasnenue JT7 ocymecTBISICTCS CHCTEMOM TpexdasHbIX
HanpsokeHuit U,,, Uy, U, KoTopbie hopMHUPYIOTCS MTPpeobpa3oBaTeiieM
koopauHar 17K Ha ocHoBe CUrHaIOB perynstopos PT, u PT, u cur-
Hajia, IPONOPLUHOHAIBHOIO JacToTe f].
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BexTOpHOE peryIMpOBaHHE MOMCHTa ACHHXPOHHOIO JBHTATEJls
obecIedrBacT ero TOYHOe [Io/IepXaHue BO BCEM JTHANa3oHe Peryin-
POBaHMsL CKOPOCTH, BKITIOYasi PeXMMEI paGoTHI 9NIEKTPONIPHBOIA Ha
YIIOp ¥ €10 OYEHH HA3KHE «ITOJI3y4HE» CKOPOCTH, YTO BHITOXHO OTNH-
YaeT ero OT TTApaMeTPHYECKOTO (CKATSPHOTO) PEryTMpOBaHHAL.

IIpumep 4.2. Cxema DII npefcrapieHa Ha puc. 4.3, a; TPH umeer
HOMMHAIBHOE BhixonHoe HamnpsokeHne U, =380 B 1 HoMuHanbHOe
HanpspkeHue yrpasiesns U, ., = 10 B. TpebyeTcs paccuutath X03¢h-
(MILIMEHT repeaady TaXOTeHEPAToPa Y, IPH KOTOPOM Iepenal CKOpo-
cTH Ao =, — ©, 6yIeT cocTaBsaTs 20 paj/c Npu M3MEHEHNH MOMEHTa
Harpysku ot M;,= M,/ M, =0,25 10 M= My/M,,,=1 (puc. 4.8, 6).

Onpenensem koaduiueHT nepenaun TPH 1o HaPSTKEHHIO!

Ulﬂou — 380

To dopmyne (4.20) HaxonuM TpeGyeMoe 3HaUCHHE KOIDDHLIMEH-
Ta Iepefayd TaxoreHeparopa:

Ui MG =M 380(41-(05)

- =0,25.
kA 38-20

Y

4.4. 3AMKHYTBIE CXEMbI YMPABJIEHUS
BNEKTPONPUBOAA C CUHXPOHHbIMU
OBUNATENIAMM

DIeKTpONPHBOJ ¢ BEHTHWIHHBIM ABHTATENEM. BEHTWIBHEIM IBHraTe-
sieM (BJ]) HaspBaeTCs1 CHHXPOHHBIH JBUTATEIb C SJIEKTPOHHEIM KOM-
MYTaTOPOM HATIPSDKEHUs, K KOTOPOMY TIONK/IIOYeHa OGMOTKA CTaropa
JIBUrATEJIAA, ¥ JATIAKOM TIONIOKEHHUA POTOPa, YCTAHOBICHHBIM Ha BaTy
JBUTATEIIA U YIPABIAIOIIEro paboToif KOMMYTaTOpa B 3aBHCHMOCTH OT
HOJOXEHHUA poTopa. JaTinK MONOXEHHS POTOPa FEHEPUPYET NIEPHO-
OWYecKUe CUTHAIBI, TI0O KOTOPEIM OTKPBIBAIOTCS U 33KPRIBAIOTCA T10-
JYIIPOBOTHUKOBHIE KITIOYH KOMMYTATOpa, HONKIIOYAIOLIErO K UCTO-
HHKY TIMTaHKMsI OOMOTKM cTaropa. B pesyipraTe 3TOro COXpaHAeTCs
HeOOXOIMMOE B3alMHOe HaNpaBlieHHe MATHUTHOTO TIOJIS IBUTaTeIIs U
TOKa B OGMOTKAX Y JBHTraTe/lb pa3sBHBaeT NOCTOSHHBIA MO HAMpapJie-
HHIO BPAIIAIOLIHI MOMEHT IIPH OG0 CKOPOCTH BPAILICHHS.

Tem cambIM B/l 110 IPHHIMITY CBOETO JEACTBUS AaHATOTHICH JIBH -
raTeio NOCTOSHHOTO TOKa, HO TIPH 9TOM Y HETO HET MEXaHWIECKOro
KOJUIEKTOPHO-1LIIETOYHOTO Y3714, ¥ TI09TOMY OH SIBJIIETCA NOJHOCTBIO
6eCKOHTAKTHEIM JBUTATeIEM ITPH BO30YXKICHUH OT ITOCTOSIHHBIX Mar-
HMTOB WIM MMEET JBa KOHTAKTHBIX KONBIA NIPH MCTIONB30BaHUH 06-
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MOTKH B036Y)KI(CHHSI. COBHHJICHPIC MNPHUHIIHIIOB IleﬁCTBPIH JBUTATCHA
TIOCTOSTHHOTO TOKa ¥ BJI ompezesisier ¢X0XeCTh MX MEXaHHIECKHX Xa-
PaxkTEpHUCTHK, BeaeAcTBHE yero B/ HHOra Ha3bIBalOT O6CKOHTAKTHBIM
JABUTATECJIEM ITOCTOAHHOIO TOKA.

JBurareny ¢ Bo30YXISHHEM OT MOCTOSTHHBIX MATHUTOB BEITIONHS -
10TCst HAa MOIITHOCTH A0 30 KBT 00LMHO B MHOTOTIOIOCHOM HCITOJHE -
HUM. JIBUTaTeNH ¢ TOCTOSHHBIMM MarHUTaAMH MMEIOT MeHBIHNe raba-
pUTHEIe pa3Mepsl i Maccy U 6onee Bricokuit KITJI o cpaBHeHmIo ¢
" IBUTaTeIsIMH, MIMEIOIIMMH OGMOTKY BO3GYXIEHMS.

B B[ cpenHeit u 60160107 MOIITHOCTH OOBIYHO UCHONB3YIOTCA CHH-
XPOHHEIC IBUTATEH OOBIMHOM KOHCTPYKLIAY ¢ OGMOTKOM BO30YKACHHU,
PacroNioXeHHOM Ha poTope. ITepcreKTHBHEIM HANIPABICHHEM Pa3BHTH
BJ§ aBnsteTcs momyieHHe CUTHANA TI0 ITOJIOXKEHUIO POTOPA {BUTATENS
KOCBEHHBIM TTyTeM, Oe3 YCTaHOBKHM JATYHKA TOJIOXCHHUA Ha Bay.

Kommyrarop B cxeme B/l npencrasnsaeT coGoit uHBepTOp, ecim B
MATAETCS OT UCTOYHHKA TIOCTOSTHHOTO TOKa (CETH TIOCTOTHHOTO TOKA,
AKKyMY/IITOPHOI OaTapeH BEIIPAMHTEIA), WIH ABJISIETCH, 110 CYIIECTBY,
Tipeo0pa30oBaTesieM YacTOTHI, €CTH BJl OIKITIOYaeTCs K CETH nepeme}{-
HOTO TOKa.

Puc. 4.13. Cxema BEeHTUALHOrO gBuraTtens

Cxema B]I npupeneHa Ha puc. 4.13. CwioBoil npeobpasoBaTeib
BKJIIOYAET B ce0st BRIIPSAMUTEND 1, THBEPTOP 3 M peakTop 2, BKIIOYEH-
HEIN MeXNIy BHIPIMHTENCM H MHBEPTOPOM H BHINOJTHSAIOMMIT pONb
¢dunsTpa. Ha Bany neuratens 4 pacnoioXeH AATYHK IMOJOXEHHS PO-
TOpa 3, KOTOPBIA 06€CIEUNBAET MOCPEACTBOM CHrHana U, TpebyeMyto
KOMMYTaIMIO BeHTWICH HHBepTOpa 3. YIIpaBi¢HNE BEHTHIAMH HHBEP-
TOpA Y BBINPAMUTE]ISI OCYINECTRIAETCA CUTHATAMM yTIpaBieHus U, 1
U,, mocTymnaoliuMy ¢ 6;10KOB YIpaBlneHusa 61 7.
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Perynuposatne cKopocTH BEHTHIBHOTO IBUTATe/ Il MOXET IPOM3BO-
IIUTECS 32 CUET U3MEHEHMS BEJJMYHHE HANPSDKCHUS M TOKA BO30yXze-
ums 1, ,. YposeHb ckopoctd BJY onpenesndercst 3a1aiomM curHanoM U, .

JIia moJTydeHHsT BHICOKOro Ka4ecTBa PeryJIMpOBaHHs KOOPAVHAT B
CTATHYECKMX M IUHAMWYESCKMX PeXHMax B siekTponpusolax ¢ BJI
HCITOIB3YIOTCS Pa3INYHEIC OOPATHEIE CBA3H.

B nocnenuee spems 8 B mommocTsio ot 30 no 200 kBT cTann
HCIIONB30BaThCA GeCKOHTAKTHEIE CHHXPOHHBIE ABUTATENN ¢ OOMOTKOMA
BO30YXIEHHUs, CIELIMATLHEIM 00pa3oM pacrionaracéMoif Ha CTaTtope
BMecTe ¢ TpexdasHoit 06MOTKOH. POTOp B 3TOM Ciyyae NpeAcTaBisier
c060ii 6e306MOTOYHOE 3yGUaToe Kojeco (3yO4aTKy), yepes 3yOLs! KO-
TOPOTO 3aMEIKAETCSA MATHUTHBINA TIOTOK, CO3/[aBaeMEbIii 0OMOTKaMH
BO30YXIeHUSA 1 TIEPEeMEHHOTO ToKa. POTop BpaliaeTcs CHHXPOHHO €
BPALIAIOINMMCST MATHMTHBIM T10JIEM, CO30AaBacMbIM Tpex(da3Hoi 06MOT-
Koii. O6MOTKa BO3OYKICHUSI YCIIMBAaeT MATHUTHEIA TIOTOK M TEM ca-
MBIM YBeIMYMBAET BpAILAIOMIAH MOMEHT JBUTATEIISL.

DAeKTPONPHBOI ¢ IAroBbIM ABurarenem. cnomaureasHbIE Opra-
HBI HEKOTOPBIX pab0o4YuX MAIIMH M MEXaHHU3MOB JIOJIKHEI COBEPILATD
CTPOTO O3HPOBaHHBIE MepeMeleHud ¢ puxcanyell CBOEro NoioxXe-
HUS B KOHIE IBHXEHUsA. B 2/IeKTpONpHBOIAX TAKHX MAIIMH M MEXa-
HU3MOB YCIIENIHO HPUMEHSIOTCA Iarosbie apurareau (1) pasmny-
HBIX TUIIOB, 00pa3yiolie OCHOBY JUCKPETHOIO 3JC¢KTPONPHBOIA.
JINCKPEeTHBI 3JIEKTPONPUBOI UCHIONB3YeTCs Ui MeTamioobpabaTeia-
JOLIMX CTAHKOB C YUCJIOBBIM IIporpaMMHbIM yiipapienueM (UITY), po-
BOTOB U MAHHUIIYAITOPOB, B TOKOM aBTOMaTU3MPOBAHHOM MPOH3BOLI-
CTBe, IIEKTPOHHOI 1 YacOBO#! MPOMBIIUIEHHOCTH, Ta30pe3aTeNbHbIX H
CBApOYHEIX aBTOMATax, Mp1MO0Opax BpeMEeHHW, HKMMHEBIX YCTPOMCTBAax
MPOKATHRIX CTAHOB, JICHTOMPOTSIKHBIX M PETUCTPHPYIOIUX YCTPOH -
CTBaxX, B MEANIIHHCKOM TEXHHUKE, B MTPOU3BOACTBE JEMEHTOB MUK-
PO3NEKTPOHUKH U T.1I.

PacnipocTpaHeHHe UCKPETHOTO 3JIEKTPONPHUBOAA ONpPEenaeTCa
elle ¥ TeM, UTO OH €CTECTBCHHEIM 00pa3oM COYETaeTCsl ¢ MUKPOIIPO-
LIECCOPHBIMY CPEICTBAMH YIIPABICHMs, KOTOPHIE BCE LIMpe MPHMEHs -
IOTCS BO BCEX OTPACIISIX TEXHUKMU.

Bnexrponpusoy ¢ I/ B HacTosmiIee BpeMs HCITOJIb3YETCS HA MOLI-
HOCTH OT JOJEH BAaTTa M0 HECKOJBKUX KWIOBATT, YTO ONpeaesaeTcsa
MOLIHOCTEIO cepuiiHO BhimycKaeMbIx ITIJ1. PacimiupeHue mkams Moui-
HOCTH IucKpeTHoro DIT MoxeT ObiTh JOCTUIHYTO UCIIOJIIb30BAHNEM B
HeM cepuitHEIx AJl, KOTOpBIE 3a CYET COOTBETCTBYIOUIETO YIIPABACHUS
MOTI'YT paboTaTh B LIIArOBOM PEXHMME.

HIaroseli ABUTATEND 110 MPHHLMITY CBOETO AEHCTBUS ABIAETCS CHH-
XPOHHBIM fpurareneM. OHAKO B OTIYHE OT NOIEIHETO MaTHHTHOE HOTIE
11T mepemeiaercst (BpaIaeTcs) He HEMPEPLIBHO, 8 AUCKPETHO, IAraMm.
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3TO ZOCTUTACTCA 33 CYCT MMITYJILCHOTO BO36yxneHust 0oMotok 111 ¢ mo-
MOIIIBIO VIEKTPOHHOIO KOMMYTATOpa, KOTOPEIA Hpeo0pa3yeT OTHOKAHAb-
HYIO TIOCJIEIOBATE/TBHOCTS YIPARITIOLIIX HMITYJILCOB B MHOTo(asHyIo CH-
CTEMY HalpsDKEHMIA, IPUKIIANBIBAEMBIX K 00MOTKaM (azam) 1T,

JucKpeTHOMY XapakTepy HanpsokeHusi Ha ¢asax T coorBeTcTBYET
JUCKPETHOE BpallleHHe (MepeMeniieHHe) SIEKTPOMATHHTHOIO NOJsS B
BO3IYIIHOM 3a30pe, BCJIEJICTBHE YETO NBHXKEHHE POTOPa COCTOUT U3
MOCNENOBATEIBHEIX 3JIEMEHTAPHBIX TIOBOPOTOB, HIH HIAroB.

Yrnopoe nepemenieHue ¢ I/ B 0611eM ciiydae onmpenesieTcsl BhIpa-
XeHHEM o= 2r/(pn), Tl p — YKUCIO TIap TOMIOCOB POTOpa; # — YHCIO
MepeKNoYeHHH (TakTOB) B IMKJIe, paBHOe uwcny (a3 L] mpy cummer-
PHYHOM U YIBOEHHOMY YHCITY (a3 TPH HECUMMETPHYHOM KOMMYTAITHH.

Kak BUIHO, 11IaT0BOE NMepeMellieHHe pOTOpa COOTBETCTBYET MOCHe-
JIOBATEJIFHOCTH YIIPABISIONIUX UMITYJIBCOB, IIPH 3TOM KaXIOMy M-
MYJIBECY COOTBETCTBYET ORHO NepekimoucHe 0oMoTku 1T (onun TakT
KOMMYTaLlMM) U OfUH 1iar poropa. CyMMapHHIiA yros nmosopora HIJ
MPOTIOPIUOHANIEH YHCITY UMITYJILCOB, 4 €70 CKOPOCTE — YaCTOTE KOM-
MyTauuu o6MOTOK f: ©=otf;.

Jina pesepca IIIJ] pu cMMMeTpHYHOM CXeMe KOMMYTALIMH HeEO0-
XOIVMMO M3MEHHUTH MOJIAPHOCTh HATIPSDKEHUS OOMOTKH, KOTOpasi 6bUIa
OTKJIIOYEHA Ha NAaHHOM TakTe KomMMmyrauuu. Torga porop I cosep-
IIUT 11T B MPOTHUBOINONIOXKHOM HaNpPaRICHHH. .

OCHOBHBIM peXMOM paGoTHI LIArOBOI0 TIPHBO/IA ABIISETCH JUHA-
MM4YECKHH. B oTnuyHe OT 0OBIYHOTO CHHXpOHHOTro asurartesa 1)
PacCYHUTaHBl Ha BXOXIEHWE B CHHXDOHH3M M3 COCTOAHMS ITOKOS B
MPHHYAUTENBEHOE SNEKTPHYECKOe TOPMOXeHHe. biaronaps 3ToMy B
1AaTOBOM 3JIEKTPONPUBOAC 00CCIICIHBACTCA ITYCK, TOPMOXEHHE, PEBEPC
H TIEPEXOX ¢ OTHOIT YACTOTH YNPABIAIOIMNX HMIIVJIBCOB Ha JAPYTYIO.
Iyck I ocyniecTRIsETCS CKaYKOOOPa3HEIM WM TIOCTEIICHHBIM YBe-
JIMYEHMEM YaCTOTEI BXOJHOTO CHTHAJIA OT HyJsA no paboueit, TopMO-
XEeHUE — CHIKECHHEM €€ IO HyJIs, @ PEBEPC — M3MEHEHHEM ITOCIIEN0-
BaTEABHOCTH KOMMYyTau oomoTok LI, :

OGecniegeHHe 33[AHHOTO XapakTepa MepeXOAHBIX TIPOIECCOB SIRIIeT-
ca 4 snekrponpusona ¢ I1J] ocHOBHOI 1 HauboNee CJIOXKHOW 3a/1a-
Yeit, TaK KaK BCJICACTBHE 3JICKTPOMarHiTHOM uHepuny ooMoTok I,
MeXaHUYECKOIM HHEPLMH €0 POTOPa M MOMEHTA HATPY3KH Ha Bay NP
Pe3KIX U3MEHEHMSIX YACTOTHI CJIEIOBAHMS MMITYJIbCOB YIIPABRICHHS PO-
Top LILJI MoXeT He ycreTh 0TpaGoTaTh OJIHOCTHIO Bee MMITY/ILCE]. Mak-
CHMa/TbHAs YaCTOTA YIIPAB/IAIOLMX HMITY/ILCOB, TIPH KOTOPOil BO3MOXEH
nyck ]I 13 HenmoABIDKHETO COCTOSAHHUA 63 BBINAICHHSA U3 CHHXPOHU3-
Ma {TIPOITyCKA IIATOB), HA3KIBAETCA YACTOTOM MPHEMKCTOCTH. UeM BEIIIe
SJIEKTPOMAarHUTHasI U MexaHu4yecKas MHepuns 1] 1 60/1s10¢ MOMEHT
€ro Harpy3K¥l, TEM MEHBIIIE YaCTOTa TPUEMHCTOCTH.
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Cospemennbie 1] pa3nuyHEI 10 KOHCTPYKTHBHOMY HCIOIHEHHIO.
B 3aBMCHMOCTH OT 4KcJia $a3 ¥ yeTpoiicTBa MarHUTHO#M cuctemsl ITIJT
OBIBAIOT OOHO-, IBYX- ¥ MHOTO(A3HBIMHU C aKTVIBHBIM HIH ITACCHBHBIM
POTOPOM.

PasBiTHE IUCKPETHOIO JEKTPOIIPHBOIA IIPHBEJIO K COTAHMIO CTie-
MaTbHBIX BAAoB 1111 — MMHEHHBIX, BOJHOBBIX, ¢ MAJIOMHEPLIHOHHBIM
M KaTAMIHMCS pOTOpaMMU.

Ha 6a3e mwimmHApHYecKUX JuHelHEX IIJT co3nansl AByXKoOp-
IUHATHBIE MMHEHHO-TI0BopoTHEIE LT, cyMMupyloIMe Ha CBOEM BaTy
IIB3 He3aBHCHMBIX JBMXEHHS — BpPALIaTEIbHOE U NMOCTYIIATENBHOE.

- BaXHBIM KOCTIDKEHHMEM B 00JIaCTH AMCKPETHOIO JIEKTPOIPHBOAA
SRJIAETCA CO3TAHME TaK HA3hIBaeMBIX MHOTOKOopIuHaTHbIX T, ocyie-
CTRISIIOLIMX TIEpeMELIEHHE HCTIONTHUTE/LHBIX OPTAHOB I10 TPEM KOOPIH-
HaTaM B TIpOCTpaHCTBE. [IBHraTe)d Takoro pofia, OTIMYasCh BEICOKOM
TOYHOCTBIO TTO3MLIMOHHPOBAHHS M CKOPOCTHIO, MCTIONB3YIOTCS B IIPMBO-
I[aX MAHHITYJISTOPOB, pOOOTOB M ABTOMATHYECKMX IMHMAX CTAHKOB.

1 2 3 45 6
/ / /AT
A ——
/ ! \ 7
Iy fy ] ] j%
= =B —_g
| 9
UOC U U3

13 11 10

Puc. 4.14. Cxema 3neKTpONpueoaa C LIAroBbLIM [BUTATENEM

O6o6wenHas GYHKIMOHAIbHAA CX€Ma PETYIIMPYEMOro 3JICKTPO-
mipnBoza c ITIJT nokasaHa Ha puc. 4.14. OcHOBHAasI €€ YacTh, OOBIYHO
Has3EIBaeMasl Pa30OMKHYTOM CXeMOii, BbLIE/ICHa IITPUXOBOM JTMHUEH.

CurHan ynpasieHust f, B BIIC MMITY/ICOB HANIPSDKCHNSA IIOCTYIAeT Ha
Bxof, 670ka 2 OT TIPOTPaMMHOTO WIM APYroro BHENIHETO KOMaHAHOIO
ycTpoiicTa. BIoK 2 BUIOM3MEHSIET 3TH MMITYIIECH, (POPMHUPYS MX O
IUTHTEBHOCTH M aMIUIMTY/IC, KAK HEOGXOAMMO 1T HOPMAILHO#H paGoThl
TIOCTIEAYIOIIMX O67I0KOB CXEMBI YIIpaB/icHHs. PacripeenvTeis UMITYJIHCOB
3 npeobpasyeT oC/IeA0BaTe/IbHOCTL CHOPMHPOBAHHBIX HMITYJIHCOB, Ha-
TIPUMED, B YeTHIpex(ha3HyIO CHCTEMY ONHOMNONAPHBIX MMITYJTECOB Hanps-
KEHHUA, COOTBETCTBYIOILYIO YHCTY (a3 (06MOTOK) ABHTATEA.
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HMnynsce! ¢ BEIXOOA-pacmipeneauTes 3 yCWIHBAIOTCS C TIOMOLIBIO
MPOMEXYTOHHOTO YCUJIMTENS 4 M TOCTYIIAIOT Ha KOMMYTATop 35, MHTa-
ot oMotk LII] 8. OGBIYHO KOMMYTATOp IHTAETCA OT UCTOYHH -
Ka 12 mocTosHHOTO TOKA (BBIMIPAMUTEIIA) M 06eCIIEYHBacT B OOMOT-
kax IJ1 nynscupyonmmii TOK OMHOrO HAIIPABIEHHUS.

PaccMorpennan pasoMkHyTas cxema yripasieHust 11IJ] ve Bcerna obec-
MEYMBACT BHICOKWE AMHAMIYECKIE CBOMCTBA, TOYHOCTh M SHEpPreTHYeC-
KHe TIOKa3aTeNH AeKTporprBoaa. [TosToMy COBPEMEHHEIE CXEMBI YIIpaB-
aexns LI comepxat DOMONHUTENBHEIC YAITBI, C IIOMOIIBIO KOTOPHIX X4~
PAKTEPUCTHKY SMIEKTPONPUBOAA yarydiaoTes. K TakuM y3aM (puc. 4.14)
OTHOCSTCS YACTOTHO-WMITYJILCHBIA PETyIISITOp HanpsokeHus 11, yewiu-
Te s 00paTHOI CBSI3H 110 TOKY /0, 6JTOK 3/IEKTPOHHOTO IPOOIeHHs II1ara
13, 670K TUTaBHOTO Pa3rOHA M TOPMOXKEHHUS (3aNaTIMK HHTEHCHBHOCTH) I,
JaTIHK TOJIOXEHUS POTOPA U CKOPOCTH 7 M LIM(pPOBOil perynsrop 6.

Perynsrop 11 vt ycwnurenb 10, CBA3aHHBIE C Y3JIOM CpaBHEHHA 9,
CIYXAaT I aBTOMaTHYeCKoi crabuiin3almuy Toka B ooMoTkax I u
nonnepxanua MoMeHTa 1I1/], yTo cyieCTBEHHO YNIyYINAeT SHEPFETH-
YECKHUE T10Ka3aTe/HM €ro paboTsl. CTabHIn3alius Toka ocylIecTBIsAeTCs
BBEACHHMEM OTPHLIATE/IBHON OOPAaTHOM CBSI3HM IO TOKY, ¢ ITOMOIIIBIO KO-
TOPOIi 32 CUET PEryTUPOBAHUA YACTOTH IEPEKITIOUCHUS peryisaTopa 11
(4aCTOTHO-MUMITYJIECHAS] MOLY/ISILIMS) U3MEHSCTCS CPENHES 3HAUECHUE
HaNpsOKEHWS TUTaHWS M TEM CaMBIM peryyiipyercs ToK B ooMotkax ITIJT.

Ta xe 3anmaya dopMuposanus Toka B oGMorkax I1J] petraercs mpu
HCITOJIb30BAHNM KOMMYTATOPA J,. 001aIAI0IIEro CBOMCTBAMM UCTOTHH-
Ka TOKa. B sTOM ciyyae ornagaer HamoGHOCTh B 0OpaTHOM CBA3M IO
TOKY ¥ Ojokax 10wu 11,

Jnsa yydairenns Kagecrsa asiokenns I1IJ] npy HH3KHX 9acToTax M
TIOBBILIEHUA TOYHOCTH OTPABOTKM BXOIHBIX HMITYJILCOB YIIPaBJIEHMS
¢ moMolIblo 010Ka 13 yMeHblaeTcs eXMHMYHEBIHN mar [T,

Yay4ieHue JMHAMUYIECKUX CBOMCTB muckpeTHoro IIIJI, B gact-
HOCTH YBEJTMYCHHE AMAIa30Ha paboyHX YacTOT BXONHOIO CHTHAIa,
3HAYUTENIBHO MPEBHINAIOIINX YacTOTY npueMucTocTy I, MoxeT
OBITH JOCTUTHYTO BBEAEHHEM B cxeMmy Oyoka I, obGecriednBalomero
pasroH u Topmoxenue IIJI ¢ 3anaHHBIM TEMIIOM, TIpH KOTOPOM ellle
He TIPOMCXOAMT NPOITyCKa YIPAB/IAIOMUX MMITYIbcoB. [Ipn ucmomnbso-
BaHUM O710Ka 7 00J1acTh paGOYMX YacTOT IIATOBOTO 3IEKTPOIIPHBOIA
MoOXeT OBITh YBeTMYCHA B 2—3 pasa.

BO3MOXHOCTH JMCKPETHOTO BIeKTPONPHBOLA PACLIMPSIOTCS TIPH
CO3JaHMM 3aMKHYTBIX CX€M YITPARIEHMS, BRINOTHAEMBIX C IIOMOIIBIO
HaT4vKa 7 ¥ peryaaropa 6. B TakoM nuckpeTHoM IpuBoze uHdopMa-
1ML O ACHCTBUTENBHOM TTOIOXEHUHU Basla B cKopoceru 1111 mocTymaer
Ha BXoJ LIGPOBOro PeryjIaTopa 6, KOTOPHIHA 0GeciIeYMBaeT 3aJaHHbIH
XapakTep ABHXEHHMsI IPUBOAA.
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TepcieXTHBEI RAJTbHEHIIEro pa3sBUTHs ekTporipusosa ¢ 1T cpsi-
3aHEI € UCTIONB30BAaHUEM MHKPOTIPOLIECCOPHBIX CPEICTB YIIPABICHUA.
B sTOoM ciydae GYHKLIMM BCeX MOKa3aHHBIX Ha puc. 4.14 Grokos
VIpaBIeHHs, 32 HCKITIOUeHHEM CIJIOBOTO KOMMYTATOPa, JATYHKOB CKO-
POCTH ¥ TIOJIOXKEHHUS, BHIITOTHAET MUKPOIIPOLIECCOP IO COOTBETCTBY-
IOLIEHA IPOTpaMMe. .

CxeMa BeHTHIBHO-HHIYKTOPHOTO 3JekTponpusoaa. [Ipocrora, Tex-
HOJOTMYHOCTE M JACIHICBH3HA WHIYKTOPHBIX 3JICKTPOIBHUTraTeneH
OnpeenuIy pa3paboTKy U TIpUMEHEHHe AT pAaa paboyux MallliH U
MEXAHHM3MOB T4K Ha3bIBAEMOTO BEHTWIBHO-MHIYKTOPHOIO 3eKTpO-
npusona (BUII). Takoii aeKTpOIIPUBOL XapaKTepH3YeTCs IEPOKHUMU
PETryIHPOBOYHBIMA BO3MOXHOCTAMH M MOXET MMETh MOILHOCTH OT
eIMHHI O HECKOJIBKUX COTEH KMIOBAaTT U HoJee.

Puc. 4.15. Cxema (a) n xapaktepucTuku (6) seHTﬁano-MHp.yKTopHoro
anexTponpusoga

CrpyxTypHas cxema cwioBoit yactu BUII B ciryyae mUTaHuA €ro ot
Tpexda3HOR CeTH MEPEMEHHOTO TOKA TIpefCTaplIeHa Ha puc. 4.15, a.
B ee cocraB BXOAAT MHAYKTOPHBI ABUTAaTENb HJ], SCKTPOHHBIA KOM-
Myrarop K ¢ BEIIpsiMuTeNneM B, naTyuk monoxenus J11 potopa Xeura-
Tes M cucTeMa ynpasaeHus CY BUIL Ocobennocts BUII cocrouT B
TIPUMEHEHUH UHIYKTOPHOTO IBHUIATEIIS C HEONUHAKOBBIM KOJTMYECTBOM
FIOJIOCOB CTATOpa M 3yOLI0B pOTOPA, JIEXallM OOBRMHO B npeaesax 4—12.,
Ha pHCyHKe B KayecTBe TIpHMepa MoKa3aH Tpex(asHbIi (BUTATENb,
HMIMEIOIIHIA 6 IIOIIOCOB CTaTopa U 4 3y0lia Ha poTope.

1
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Ha nomocax cratopa #/] pactionoxeds! yerbipe 06MOTKM A-a, B-b,
C-¢, TOAKITIOYEHHHIE K IEKTPOHHOMY KOMMYTATOPY, BEITIOTHAEMOMY
OOBIYHO Ha CHJIOBBIX TPAH3UCTOPAX TOTO MM MHOTO THIA. B cxeme
puc. 4.15, a B KayecTse ynpaRsaeMbIX KITFoYei KOMMYTATOpa HCTIONB3YIOT-
sl CWIOBbIe OUTIONSPHEBIE TPaH3NCTOPH T/ 16 ¢ H30IMPOBAHHLIM 3aTBO-
poM thna IGBT. YnparieHne KirouaMu OCYIIECTBIISIET CXeMa YIIPaB-
nenus CY, obecrieynBaroias mofayy Ha HUX UMITY/IbCOB YIIPARTICHHS ¢
HEOOXOAMMBIMH TTIOCJIEJ0BATEIBHOCTBIO M YACTOTOM, KOTOPLIE OTpEe-
JIAIOTCA CHTHAJIAMHE 3aflaHuA cKopocTH U, M naTumka nomoxeHus U, .

TMpunnun peiictens BUIT cocrout B cnenytomeM. Tlpy mogaue uM-
TyJILCOB YIPaBJIEHU Ha Mapy TPaH3UCTOPOB (KIMIOUCit) oHoit (daskl
KOMMYTaTOp MOAKIIOYAeT OOMOTKY 3T0H (a3l ABUratenst K BHIXOMY
BHINpsMuzens B. ITo 06MoTke HaUMHAET IPOTEKATh TOK, CO3NAIOIINI B
JIBUTATENC MATHUTHOE TIONE. DTO MATHUTHOE 110JI€ BBI3OBET MOABJICHHE
SJIEKTPOMATHWTHBIX CJI TIPUTSDKEHUST MEXITY ITOJIFOCAMH cTaTopa 1 6/v-
XaWlIMMUA K HUM 3y0lIaMH pOTOpa, KOTOPEIE CO3MATYT BPAIAIOMIHiA
MOMEHT Ha BaJly ABMraTesis. I1of ero JeHCTBUEM POTOP TEPEMECTUTCS
B COITIACOBAHHOE MONOXEHHE, B KOTOPOM OCH BO30YXIECHHEIX ITOTIOCOB
craropa ¥ Gixafiumx K HUM 3y6110B poTopa OyayT COBIIAaAaTh.

Tak Kak 9uCIIo TTOI0COB CTaTOPa ¥ 3yOII0B poTOpa PasTHIHO, TO B
COTJIaCOBAHHOM TIOJIOXEHNH POTOpa Uil paboTamoiueil a3l creny-
Ioiias aza 0Ka3bIBAaeTCH B PACCOTIACOBAHHOM IMOJIOKEHHHN U MOATO-
TOBJIEHA K OUYEPEAHOMY TIOIKITIOYEHHUIO K UICTOUHHKY TIMTaHuA. Tpeby-
€Mast IToCIIeA0BATENBHOCTE TTOAKIIOYCHUA (Pa3 IBUTATENSA K HCTOYHHU-
KY MUTaHUA, IIPH KOTOPOIl Ha €TO BTy 00eCIIeYNMBAeTCA MOCTOTHHOE
HalpapJeHHUe BpalaloIUero MOMEHTA, OCYIIECTBISCTCS ¢ TIOMOIIBIO
HaxOISILIETOCS Ha Bally JaTIMKa IOJIOXKEeHHA.

CKopocTb BpalLEHHUS POTOPa OTIpeeIgeTCs CAEeAYIOLIei opMyIIOi:

0= (4.22)
mn
TAE f, — YacTOTa KOMMYTallMH 0OMOTOK; M — 4YHCO (a3 qBUTaTEs;
n — 4uco 3yGHOB poTOpa.

Ota dopMyiia NoKa3bIBaeT BO3MOXHOCTH BhITIoNIHeHUsT BUII Ha
pa3TyHble cKopocTH. IIpy BBICOKOH 4acTOTe KOMMYTAIMA 0OMOTOK
MOIyT OHTh peanu3oBaHbl M/ Ha GOJBIIME CKOPOCTH BpAILCHUA,
a BRITIONIHEHME KX ¢ 60JBIITAM YHCIIOM TTOJTIOCOB CTATOPa | 3yOLIOB po-
TOPa TMO3BOJIAET NOMYINTh HK3KHMe ckopocTi BHUIT. TTpn Huakmx cko-
poctsix M/ n3 kuHeMaTiuecKoi cxeMbl BHUIT MoryT GBITE HCKITIOUE-
HBI PEMYKTODHI. - '

MexaHngecKue XapaKTepUCTUKM B pa30OMKHYTOM cTpykType BUIT
TIPH Pa3THYHBIX HAaNpsoKeHUAX nuTanusa UTiokazaHel Ha puc. 4.15, 6.
ITpyn moMoty pasimuYHBIX 06PATHBIX CBSI3€H MOTYT OBITH chOPMUPO-
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BaHBI XapakTEPUCTHKH, 00ECIIEYHBAIOIINE PETYANPOBAHME KOODANHAT
9JIEKTPONPHBOJIA ¢ TpeOyeMBIM KauecTBoM. B BHII MoxeT GEITh pea-
JIN30BaH U TOPMO3HOH PEXNM PaGOThI, OCYIICCTRISCMEL 33 CUCT BbI-
60pa MOMEHTOB BKJIIOYCHHUS H OTK/HOUSHHUA OGMOTOK JIBUTATEIS.

Tloka3aunsie Ha cxeme puc. 4.15, a nvogel D1—-D6 cnyxar mis
obecrieueHUs BO3MOXHOCTH IUPKYJSILINH HEKTPOMATHUTHO# MOIIHO-
CTH B 3JICKTPONPHBOIE TIPU OTKTIOUCHHH CWIOBBIX TPAaH3HUCTOPOB, a
xoHjieHcarop C Urpaer poJib GWIIBTPA HA BBIXOAE BRIIPIMUTES.

B coBpemenHbIx cxemax BHIT unipoko HCMob3yoTes MEKPOIPO-
1IECCOpHBIE CpeacTBa YmpasjieHus. IIpy X MCIIOIB30BAHUHU B psjie
CITy4aeB OKa3bIBaeTCS BO3MOXHBIM OTKA3aThCS OT MPUMEHEHHUS B 3JICK-
TPOINPHBOLE JATYHMKA IOJIOKECHUSA, 8 HEOOXOXMMYIO JJIS ero paGoTHI
HH(OPMAIIHIO O TIONOXEHUHN POTOPA ITOJTYIUTh KOCBEHHBIM HMyTEM. BTO
TI03BOJISIET YIIPOCTUTL KHeMaTnyeckyio cxemy BUII u coenats ero tem
caMBIM DoJiee TIPOCTHIM M HAJTEXHBIM, _

Cxema aBTOMATHYECKOTO PeryJMPOBAHHS TOKA BO3DYRKIEHHA CHHXPOH-
Horo apuratend. CurxpoHHsle apuratenu (CJI) 3a cuet perynmposa-
HUS CBOETO TOKa BO3OYXIEeHHU MOTYT U3MEHSATE YPOBEHb LMPKYIIHDY-
O1IEeH MEXTY HUM Y CEThIO pEaKTUBHOM MOIIIHOCTH, paboTasi, B yacT-
HOCTH, KaK KOMITEHCATOPH peakKTUBHOM MomiHocTH. KpoMe 3rtoro,
C TIOMOIIIBIO PEryIMPOBaHUS TOKA BO3OYX/IEHHI MOXHO CHIDKATH HO-
TePH DHEPrHY B JBUTATENIC B JIEMEHTAX CUCTEMEI SJIEKTPOCHAGXKeH S,

- TIOAAEPXUBATh HATIPKEHNE IUTAOLICH ceTH Wil K03 hHIIMEHT MOIII-
HocTH C/I. Takme cxeMbl TIONYYHIH Ha3BaHHE CXeM aBTOMATHYECKOTO
peryanpoBaHusa Bo30yxneHud (APB).

Ha pirc. 4.16 B KauecTBe npuMepa npuBeneHa cxema APB CJI. Ona
TOCTPOEHA IO TIPUHLIMITY HOMYMHEHHOTO PETYIMPOBAHMSA KOOPIUHAT U
00eCTIeYNBACT PETYIMPOBAHHE TPEX IIEPEMEHHEIX. TOKA BO30YXXKIEHHUS,
HaTIPSDKEHWS ABUTATENS M PEAKTHBHOI cocTar/siIonIei Toka cratopa CJI,

Tlepeelit 1 BTOPOI KOHTYPH O0ECIIEUHBAIOT PETY.IMPOBAHHE TOKA
BO36YXICHHA ¢ TOMOINBIO peryisaropa Bo3oyxneHnsa PTB. CurHai Ha
Bxoxe PTB popMHupyeTcsl M3 CHTHAIOB 3aJaHMS TOKA BO3OYXKICHHS,
TIOCTYTAIOLIETO C PETYATOPA 3aJaHus ToKa Bo36oyxneHns P3TB, Teky-
IIETO 3HaYeHU ToKa BO30YXIeHHS [, ITOCTYITAIOIIETO C JaTIMKA TOKa
BO30yxmeHns JJTB, u ycTaBKi MHHUMAJIBHOTO TOKa [, ,.. BeIXomHOM
curHan PTB ¢ nomotnsio CH®Y Bo3ieiicTBYeT Ha TUPUCTOPHEIHN BO3-
Oyzutens TB, KOTOPHIA 1 06ecrieunBaeT TpebyeMoe peryupoBaHie .

Ha Bxon P3TB (BTOpOii KOHTYDP PEryJIMPOBAHH) TOCTYIAIOT CHIHa-
JIBL, TIPOTIOPLIMOHANILHEIE KBAJAPATy aKTUBHOM COCTARNIAIONIEH TOKA CTa-
Topa I, (KaHa1; KBaOpaTHIHEIHA ripeobpaszoBartens JIK — hopMupyronmii
yeuanTesb V@), Ipou3BoIHON aKTHBHOIO TOKA (KAHAL JaTYAK aKTHB-
Horo Toka JJAT — nvdrbepeHInanbHel peobpasosatens JI1) v peak-
TUBHOH COCTaBAAIONIEH TOKA € peryasTopa peakTUBHOTo Toka PPT.
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Puc. 4.16. 3aMkHyTan CXeMa aBTOMATUYECKOrO perynupoBaHusi Toka Bo3Gyxae-
HWA CUHXPOHHOTO ABurarens

Perynsitop PPT BXOOUT B TPETHM KOHTYP — PETYINPOBAaHHSA peak-
THBHOM cocTaBisolel Toka I,. Ha ero Bxone cyMMHIpYIOTCSI CUTHA-
JIbI OBpaTHOM CBA3M 10 PeaKTUBHOM COCTaBIISTIONIeH TOKA (IATIHK pe-
akTUBHOrO ToKa JJPT) 1 iBa CMrHajia 3alaHUsl — OT PEryasaTopa Ha-
npsDkeHust PH ¥ curHana sanauusi ypoBHS peaKTHBHOTIO ToKa 7, .

Ha sxone PH (4eTBEpTHIil KOHTYD PETYIMPOBAHAA) CYMMHUPYIOTCS
CHUTHAJIBI 00paTHOIM CBA3M 1m0 HanpskeHnio U, (TaTYMK HaTpsKeHU
A H) ¥ nBa 330a101I[MX CUTHANA ~~ HOMHUHAIBHOTO U, 1 MUHUMAITb-
Horo U, ,,, HanpsixeHuil. KOHTYp peTry/THpoBaHMA HAIIPsCKEHMSA 0bec-
TIEUWBAeT Takke hopcHpoBKy Bo3OyxaeHust CJ] py CHIDKEHIAY Hampsi-
XeHMS B nuTawieit cetn j1o 0,8—0,85 HoMHHANEHOTO 3a CUET HAIH-
Yysl B CX€Me CIIELMATIbHOTO0 y371a (GOpCUPOBKH BO30OYXICHU.

4.5. CNEAALWLME 3JIEKTPONPUBOLbI

CnensguuM Ha3bIBACTCH SNMEKTPONPHBOI, KOTOPHI obecrneunBaer
(BOCTIPOM3BOAMT) € 3aaHHOM TOYHOCTBIO IBIKEHHE MCIIOHHTEIBHOIO
opraHa paGodel MallMHE B COOTBETCTBHH C TPOH3BOILHO M3MCHSA-
IOUIUMCS BXOZHBIM CHI'HAJIOM YHPABJICHHA. DTOT CHTHAN MOXET M3Me-
HATHCS B IIMPOKUX IpeieiiaX 1o MPON3BOJILHOMY BpEMECHHOMY 33aK0O-
HY ¥ HMETb MEXaHHUYECKYIO HIH 3JIEKTPHIEeCKYIO npupoxny. Yanie Bee-
TO BXOOHO# CUTHAM IPERCTABISIET CO00it CKOPOCTH WM YToJl TIOBOpOTA
OCH WJIV Basa 3afialolero ycrpoiicta. Chemsuuit 3J1eKTpOPpUBO,
TIpPMMEHACTCS IS aHTCHH PaIMOTEACCKOIIOB U CHCTEM CITYTHHKOBOM
CBA3M, B METAUTO00pabaTEIBAIONINX CTAHKAX, U IPUBOIA poGOTOB U
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MaHWHYISATOPOB, B ABTOMAaTHYECKHX W3MEPHTEIBHBIX YCTPOMCTBAxX H
BO MHOTHX APYTHX CIIy4asx.

Crepammii anekrponpuBox (puc. 4.17) COCTOMT U3 JATYMKA BXOII-
HOIO CHTrHaja I ¥ AaTYMKA 5 BBIXOJHOH KOOPIMHATHI, H3MEPUTENS pac-
COTJIACOBaHUS 2, CCTEMEI YITPaRIeHH 3 Y 3/ICKTPOJBUTATENIS C MeXa-~
HMYECKOM mepeaadeil 4, KOTopas NPUBOAUT B OBIDKECHHE HCTIOHHUTE]Ib-
HBIA OpraH 6 paboueit MaIIHBI,

Dprax

Wy

[+ X+

Puc. 4.17. CxemMa cnepsilero anekrponpueoaa

JlaTanKM BXOAHOM M BEIXOJHOM BEJIMYIKMH NIPpeoOpa3yioT MEXaHUIeC-
K¥€ BEJIMIMHBI (CKOPOCTE WJIM YTOMI TIOBOPOTA Basa) B ANIEKTPUYECKHE —
BxofHot curHan U, ¥ curHan obpatHoit casu U, .. UaMepurens pac-
COIJIaCOBaHMA 2, aNreGparmdecKd CYMMHPYS 3TH CUTHANHBI, BHIpaGaThI-
BaeT CUTHaJ paccoriacoBanus U,, MOCTYIAIOIMIA B CHCTEMY YIIpaRJie-
Hus 3. Cnensimuil 3/1eKTpOIPUBOI 1T0 CBOCH CTPYKTYPE NPEICTABIAET
€000if ZAMKHYTYIO CHCTEMY, JEHCTBYIOIIYIO ITO IIPHHITHITY OTKIIOHEHHSL.

CucreMa yTipaB/eHIs .3 COCTOMT U3 PeryJisiTopa (YCHIMTENs) ¥ CH-
JIOBOTO TIpe06pa3oBaTelist, KOTOPBIE 06eCIIEYNBAIOT HEOOXOIMMOE TIpe-
obpa3oBaHUe CUTHala paccorimacoBannsa U, B Hanpsexkenue U, nocry-
Tampllee Ha ABUraTens. 3a cueT BeIGopa cxeM peryisaropa i npeobpa-
30BaTeNd WK BBEJIEHHA KOPPEKTUPYIOLINX YCTPOMCTB oGecmednbacTes
HeOoOXOMMMEI 3aKOH M3MEHEHUS 3TOrO HATIPSKCHUS BO BpeMeHU U(f)
TIpu oTpabOTKE BXOTHOTO BO3ICHCTBHA W, (f) WIH @,,(f).

DIIEKTPOIBHUTATEh H MEXaHUYECKas Nepenaya 4 B COOTBETCTBHH €
3aKOHOM H3MeHeHHs U(r) o6ecTieunBaloT nepeMellieHUe NCTIONMHHTENh-
HOTO opraHa 6. MHOra IBUTATENh C MEXaHUIECKOM Tiepenaycii Hasbl-
BalOT MUCIIOIHHUTENIBHBIM MEXaHH3MOM {CEPBOMEXAHU3MOM).

Knaccudukalius caeadiinero /IeKTporipuBoaa MOXET OBITh BBITION -
HEHa M0 HECKOJIbKMM TIpu3HakaM. Eciu criefsaniuit s1eKTponpruBoN
TipefHa3Ha4YeH /Ui BOCIPON3BENEHHS C 33IAHHON TOYHOCTRIO CKOPO-~
CTH JBIKCHHA UCMOJIHUTEIBHOIO OpPraHa, OH Ha3hIBAeTCS CKOPOCT-
HBIM, 2 €CJTH TIOJIOXKEHMI — TO TTO3UIUOHHBIM.,

Pasnyuyaror crensinue 3JieKTPOTIPUBOABI C HETIPEPEIBHBIM U Tipe-
PBHIBHEIM YIIPABJICHNEM; TIOC/IEIHHE, B CBOIO O9YepEb, AEJISTCA Ha pe-
JNIeiHbIE ¥ UMTTYSIbCHBIE.
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B caedawux 3sexmponpusodax nenpepvigrozo delicmeusn Hanpsxe-
HHE, TPONMOPIUOHAIBHOE CUTHATY DAcCOTJIaCOBAHMS, IIOCTOSHHO MO-
JaeTcsi Ha IBUTATENb.

Caedawuii 31exmponpueod peaeiinozo odeiicmeua XapaKTepH3yeTcs
TEM, 9TO HATPsDKEHHWE Ha JIBUTATENH TI0/IAeTCs TOJIBKO B TOM Clly4ae,
KOTZIa CUTHAJI PACCOTTIACOBAHHS JOCTUTAECT OIPENEICHHOIO 3HAYECHMS,
IMo3ToMy paboTa peneifHOTO CIe/SIIIETo SISKTPOTIPUBONA XapaKTepH-
3yeTcs ONpele/ieHHON 30HOH HeYyBCTBHTEIBHOCTH TI0 OTHOIIEHHIO K
BXOIHOMY CHTHAJIY.

Hmnyavcuoui caedsuuuii 34eKmponpueod OTIMIACTCS TEM, UTO YIIPaB-
JISTIOTIIEE BO3ACHCTBUEC Ha NBUTATENb OFACTCS B BUJIC HMIIYJIbCOB Ha-
TIPSTKEHUS, AMIDTUTYIA, YaCTOTa WM 3aTIOJTHEHNE KOTOPHIX H3MeH -
€TCs B 3aBUCUMOCTH OT CHTHAJIa PaccOrlacoBaHusA. B aTux ciydasx
TOBOPSIT COOTBETCTBEHHO 00 aMIUIHTYIHO-, Y4CTOTHO- M LIHPOTHO-
HMITYJIBCHOH MOIYIALVM CUTHAJA YIIPABJICHHS.

B cnensiieM 3J1eKTpONpUBOIE UCIIONB3YIOTCA IBUTATEN TIEpEMEH -
HOTO M ITOCTOSTHHOTO TOKA, Pa3IMYHbie BUABI YCHIUTENCH (JIEKTPO-
MallWHHbIe, MAaTHUTHEIC, TIOTYIIPOBOJHHKOBEIE, [THEBMATHYECKHE,
THAPABIHYECKHE), JATUMKN CKOPOCTU M ITOIOXEHUS M IPYTHe aHaJlO-
FOBbIE W LIM(POBbIE YCTPOICTBA YIIPABIEHUS.,
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Puc. 4.18. Cxema cnefsilero anekTponpuBoga G ABUratesnieM NoCTOAHHOrC ToKa
‘ peneiHoro pencTeua

Credawuii 3neKmponpusod HOCMOSHHOZ0 MOKQ peneiinoeo Oelicmeus.
B a1oit cxeMe snekTponpusoia (puc. 4.18) ucnonnayercs ABHraTesib no-
CTOSSHHOTO TOK2 TIOC/IEA0BaTEILHOTO BO3OYXaAeHUsT M, UMEIoILnil HBe
obmotku po3byxnenus OB1 1 OB2. YripapicHHE IBUTaTelIeM OCYILe-
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CTRIIIETCS C TTOMOILIBIO CHJIOBBIX TpaH3UCTOpoB V11 v VT2, Kaxnwlii n3
TPaH3HCTOPOB PabOTaET MPH OIPEACICHHOMN MOJISPHOCTH CUTHAJIA CO-
macoBanuA U, oGecrieurBast OTHO M3 HATIPaBJICHHI BPAIllcHKS JBUTa-
Teng. Ecay oTKphIT Tpausuctop V11, ToK npoxonuT no OB2 u asura-
TeJIb BPAIIaeTCA B OTHOM HaNpaBICHWUH, €CJTH X€ OTKPBIT TPAH3HCTOP
VT2, Tok ipoxomut 110 OB 1 OH BpamaeTcs B IpYTOM HaIIpaBIeHHH.
Hamnpagsienne ToKa SIKOpS B 000MX CITyJasiX OCTaeTCs HEU3MEHHBIM,

Paspanurie quonsl VD3 u VD4 ciyxart Ui CHSATHS NiepeHanpsoKe-
HHI{, BOSHUKAIOIINX TPU OTKNIOYEHHH O0IafaiommX 3HaYUTeNILHOMH
HHIYKTUBHOCTBIO 0OMOTOK BO30OYXICHHS U SKOPS.

B paccMaTpHBaeMOM CIICASILIEM SJICKTPOIIPHBOAE B KAUECTBE HaT-
YHKOB BXOIHOM M BBIXOAHOI BEJINUMH HCIIONB3YIOTCS KONBIEBLIE MO-
TeHIMoMeTpEI 111 1 112, KoTopkie 00pa3yIoT TaK Ha3EIBACMEIH NIOTEH-
LIHOMETPHYCCKHI H3MEPHUTENIh PACCOTIACOBAHUSL. -

Jpmxox rorenuroMerpa I7] (aTyvka BXOXHOH BEJMYHHEI) CBA-
3aH C BHIXOIHBIM BAIOM 3a[AIOIIET0 YCTPOiicTBa 3V, KOTOPEIiA Ipea-
craBisger co0oil B JAHHOM Cltydae PEAyKTOP C PYYHEIM TIPHBOIOM.
JIBHXOK TmoTeHIIHOMeTpa /12 (TaTyuKa BRIXOAHOM BEIHUMHEI) CBA3AH
¢ BAIOM peayKTopa P, pacTioOXeHHOTO Ha BaJy IBUTATeNs U paGo-
yeit MantuHe! PM. Penykropsl 3¥Vu P uMeloT ONHAKOBOE TIepeaaTod-
Hoe uncno. [uranue noreHnoMeTpos 117 n 112 ocyllecTBIAETCA Ha-
TIpSCKeHUEM TIOCTOSTHHOTO Toka U,

CHraan paccornacoBaHus [/, CHUMAETCH C IBUKKOB ITIOTEHLAOMET-
poB 11w IT2. TIpn UX ODIMHAKOBOM YIVIOBOM IOJOXCHUHU, YTO COOT-
BETCTBYET HYJIEBOMY YIAIY PAcCOTJIACOBAHHS AQ = @, —@,,,, CUTHAI
U, =0. ITpu 3TOM paBeH Hy/MIO M curHan U, Ha BhIXxoge yewurens Y,
00a TpaH3HCTOpA 3aKPHITHI K IBUTATE¢Nb HEMOIBUXEH,

IIp1 BOSHUKHOBEHMM PaCcCOITIACOBAHMUS MEXTY YITIOBBIMI TIOJICKCHU -
SIMU JBUKKOB TIOTeHIMoMeTpoB 177 u 12, BBI3BAHHOTO OBOPOTOM py-
kosaTku 3Y, curaans! U, u U, cTaHOBATCA OTIMYHBIMY OT Hy/Is1. B 3aBH-
CHMOCTH OT HOJBIPHOCTH CHTHAA U, , KOTOpas Ope/iesaercs 3HAKOM YIjla
paccoriacoBanus (OmmMOKn) Ap, curHait U, iomaercs Ha TpanHsuctop V711
(110 uenm auoxn, VD10 — crabunutpoHn VDS — pesuctop R3 — avon VD7)
wm VT2 (o uerm muon, VDY — cradwmwtpoH VD6 — pesvicrop R4 — mwor,
VD&). Ecny 3TOT CHTHAMI TIPEBHIILIAET ITOPOT CpadaTeIBaHUsA CTAOWINTPO-
HOB VD5 wnu VD6, TO COOTBETCTBYIOIIMIT TpaH3UCTOP OTKPOETCS,
MOIKITIOYast JBUTaTeNIb K HCTOYHHKY ITUTaHMA ¢ HanpsokeHreM U, Isu-
raTejib HaYHET BpaniaThes, IOBOPAYMBas Baj paboyeii Matmuel PM ¥ och
JIBIDKKA TIOTeHITHoMeTpa /12 B HampaB/ieHHH, TPA KOTOPOM BO3HUKILEE
paccomIacoBaHME B CUCTEME OyZIET YMEHBLIIATHCS U CTPEMHTECS K HYITIO.
Korna curHan U, craHeT MEHBIIE HAlPSDKEHHS OTKPHIBAHHS CTabIIM-
TtpoHOB VDS wm VD6, paGoraroumii Tparaucrop (V711 vnu VT2) sakpo-
€TCS ¥ OTKILIOYMT JABUTATEIb OT MCTOYHHKA TIMTAHMS.
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TaxuM 06pa3oM, 3TEKTPOIPUBOL B JAaHHOH cxeMe OTpabaTeiBacT
3aTAHHOE TIEpeEMEIIEHHE (), C HEKOTOPOiA TIOTPeIHOCTBIO, 0GYCIOBJIEH-
HOI HEYyBCTBUTEJIBHOCTEIO CMCTEMBI M3-3a TIOpOra cpabaTeIBaHUsA CTa-
6nnuTporoB VDS, VD6. 30HY HEUyBCTBUTEIBHOCTHA CUCTEMEI CTapa-
I0TCA AenaTh BO3MOXHO MeHbuieit B Tipemenax 2...3° ymma pac-
cornacoBaHust. OMHAKO CHIKEHHE 30HBI HEUYBCTBHUTEJILHOCTH MOXET
TPUBECTH K BOHUKHOBEHHIO HEXEJIATEJILHOTO KOJIeOaTebHOTO PeXi-
Ma paGOTHI ICKTPOIPHUEBOAA OKOJIO MTOJIOKEHHUS paBHOBecHs!. Dhdek-
THBHBIM CPEICTBOM YCTPAHCHHS TAKOI0 PEXHMMA SIBJIACTCS BBEACHHE
B CHCTEMY JOTIOJHUTENBHBIX CHTHAIOB TIO MEpBOif U BTOPOU MpOU3-
BOIHBIM CHTHAJIa PAacCOITIACOBaHMS, a TAKXKE MCITOJIb30BAHUE JJICKT-
pHYECKOTO TOPMOXKEHHS TIOC)IE OTKITIOUEHMS ABUTATEIS.

JIOCTOMHCTBAMH CIICIAIIMX 3IEKTPONPUBOIOB PEJICIHOTO IIPUHIIA-
1a JEHACTBUS SBJIAIOTCA MX MPOCTOTA, HANEXHOCTE ¥ BO3MOXHOCTD
MOJTy4eHHsT ONITHMAJTBHBIX TPAEKTOPHI IBHKEHUST MCIIONHUTEIBbHBIX
opraHoB pa6oyux MamiH. K HegocTaTkaM TaKMX CHCTEM CIIEOYET OT-
HECTH MX CKJIOHHOCTh K KOJIe0aHHAM M HaJIMIUe ONpEeNeICHHON He-
YYBCTBUTENBHOCTH (HETOYHOCTH) TIPH CJICXKEHHU.
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Puc. 4.19. Cxema CNepsawWEero anexTponpusoaa C aCUHXPOHHBLIM ABUraTenem

* Chedauguit anexmponpusod nepemerno20 moxa nponopYUOHAAbHO20 0eil-
cmeua. B cneasiieM 3neKTpONpHBOAE HIMPOKOE IPAMEHEHHE HAXOUAT
ACHHXPOHHBIE ABUTATENH, KOTOPHIE OTANYAIOTCS] HANEXHOCTRIO B pabo-
Te Y JOIToBeYHOCTHIO. [Tpy cosnanum ManomomHeix (1o 1 xBr) cieas-
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IUX 3EKTPOIPHBOIOB OOBIMHO MCIIONB3YIOT ABYX(asHEIe KOPOTKO3aM-
KHYTBIE JBUTATENN, B TOM YHCJIE U C TIONBIM POTOPOM (pHc. 4.19).

JBurarens M uMeet 06MOTKU BO30YXeHus OB u yripasiecuna OY,
KOTOpBIC TIMTAIOTCS CABHHYTHIM 10 ¢hase Ha 90° HampsmkeHneM. Pery-
JIMPOBAHKE CKOPOCTH JIBUTATEIS OCYHIECTRISIETCS M3MEHEHHEM JIEHCTBY-
101IETO 3HAYEHUS HanpsDkeHHd Ha OY, xoTopas 1onyJaeT NUTaHHe OT
thazs1 A TpexdazHOIf ceT IEpeMEHHOTO TOKA Yepe3 THpHCTops VS-S54,
ObMmoTtka Bo36yxneHus OB cBsizaHa ¢ dazamu B, C yepe3 THPHCTOPHI
V85— VS6. Tupuctopsl VSI—VS56 06pasyioT cTaHAapTHLIE CXEMBI Pery-
JITTOPOB HATIPSDKEHUST HEPEMEHHOTO TOKA, OHM TTOMapHO BKIIIOUYEHEI TIO
BCTPEYHO-TIAPAILIENTHHOM CXEME, YTO 00ECTIEYMBAET TIPOTEKAHHE TOKA TIO
ob6MOTKaM B 002 TIOJTyTIepro/ia MUTAIOTIETO HAMIPSDKEHN.

PaccornacoBalHmne MeXy 3aatoIeil OCHI0 H BAJIOM 3EKTPOTIPUBO-
Jla UBMePSIETCSI € TIOMOILIBIO CETTLCHHHOM TIaph, COCTOMINEN M3 CETBCH~
Ha-fnatyvka G u censcuHa-nipueMauka CII. TTonoxenme poropa CA
3a7a€T BXOJTHOH CHTHAN @,,, a IooxeHne poropa CIT onpeneser yron
TIOBOPOTA BAJIA AMEKTPOIPHBOLA ¢, CHTHaN paccoracosanms U,, CHH-
MaeMBlii ¢ 06MOTKU cratopa CI7, TIpONOPIMOHAIEH Pa3HOCTH YIJIOR @, -
U @, a $a3a 5TOrO HANpPSTKEHKS OIpee/sdeTC 3HAKOM 3TOH pas3Ho-
cri (OIMOKH).

Curnan paccomiacoBanus U, TogacTcs Ha BXOJ, (pa309yBCTBHTEb-
Horo yewnresist Y7, ITocie npoxoxXIeHHs Yepe3 KOPPeKTUPYIONIEe 3Be-
HO, COCTOSILEE M3 pe3ucTopoB R1, R2m koHaeHcaropa CI, curHa pac-
COIIACOBAHMS YCUIMBAeTCA yeuinTeneM Y2 u 8 Bue Hanpsoxkernit U,
u U, nioctynaeT Ha GJIOK YIIpaBIeHUA THPHCTOPaMH.

Cxema paGoraeT cnenyomM o6pasoM. TTpH TIOsSRIeHMH CHTHATIA pac-

_cornacopanksi U, B 3aBHCHMOCTH OT €70 (Da3bl HA BEIXOME YCHIMTENA V2
nogsnsiioTess Hanpsoxerus Uy, wi Uy,. TIpu BO3HMKHOBEHHH, HATIPHMED,
Hanpsxenwt U,y CHPY nogaeT UMITYIILCH] YIPaBIeHHs Ha THPUCTODHI
VS1, V52, VS5, VS6. Tupnctops! oTKpEIBaloTcs, M Ha O¥u OB nogaior-
ca HanpsoxkeHust U,y 1 U, ;, KOTOpEIE TIPOTIOPLMOHATEHBL CHTHATY Pacco-
racosanust U,,. [IBuraresb M HauyHaeT BPalIaTECs, YMEHBIIAS YIOJ Pac-
COIVIACOBaHHUSA AP =, — 0,,,, MEXIY OCSIMU cenbciHOB G/ u CIT.

Ipn apyroii ¢ase curnana U,, 9T0 UMEET MECTO TIPH M3MEHEHHH
3HAaKa YI7ia paccorIacoBaHMsA A@, HA BEIXOJE YCHIHTENA V2 osBsieTcs
HanpsekeHue U,. DTOT CUrHaN BBI3BIBACT BKIIOYECHHUE THPUCTOPOB VS3,
V54, v Ha 06MOTKY yripasieHust OY Gyner nonaHo Hanpsxenue U, ,,
capuHyTOe 110 dase Ha 180° 1o cpaBHEHMIO ¢ MPCHBIAYLIMM CIIyJacM.
TlockoneKy OHOBPEMEHHO C 3TUM OTKPOIOTCSI THPMCTOPHL VS5 u V56
1 OBTakxe TIONMyqUT TIMTAHHE, JIBUTATENs M HATHET BpalaThest, HO yXe
B IPYrOM HampaBieHMH. Takum oOpa3oM, 3a CUeT U3MeHCHHUA (asbl
Hanpspkenust U, , OCYIIeCTRIAETCS peBepe qBuratels M, uro obecrneun-
BaeT OTpaboTKy YIVIa paccomiacoOBaHUA JMOOOT0 3HAKa.
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KonneHcatopsl C2—C5 n pesuctopsl R3, R4 Wenonb3yloTes 1t
CIVIAXHUBaHUS MYIbCALMI HanpsDKeHHs! Ha 0OMOTKaxX BUTaTeNs.

Hughpoananoeoesiii nosuyuonrviii cnedsusuii 1T nocmosinoeo moka. 11pn
HeobXOMUMOCTH MOTyYEHIS BEICOKON TOYHOCTH cnexenwst (10 0,001%) B
CIEISIIIMX IEKTPONPUBOIAX IPHMEHSTIOTCS LIM(POBBIC YCTPOHCTBA YIIpaB-
NeHWs (3aJaTYMKH, CyMMATOpBl, CUETYHKH M T.I.) U HaTIMKH KOOp-
nuHar. B psze ciyuae uudpopas HIMEPUTENbHAs 4aCTh COYETACTCH C
AHAJIOTOBOM, BBITOJTHEHHOMH 10 TIPHHIMITY TIOAYMHEHHOTO PETY/IAPOBa-
HUst KOODAMHAT, B PE3y/ILTATe Yero 00pa3yioTCs TaK Ha3bIBacMbIe (-
POAHAJIONOBEIE CXEMBI YIIPaBJICHUA JIEKTPOIIPHBO/IA, COYETAIONIME B cebe
TIOJIOXKHTE/IBHBIE CBOHCTBA L(MPOBHIX ¥ AHATIOTOBBIX CHCTEM.

AH2JI0TOBas 4acTh IeKTponpusona (puc. 4.20) BHIIIOTHEHA MO
CTPYKTYpE NOMYMHEHHOTO PErYIIMPOBAHNA KOODIMHAT, B KOTOPOH BHEIII-
HUl KOHTYD PEryJHPOBAaHHMS TOJIOXKCHUA BHIOJHEH LM(QPOBEIM,
a BHYTPEHHHE KOHTYPbI PETYIMPOBAHHS TOKA M CKOPOCTH — aHaIoro-
BEIMH. AHAJIOTOBAs 9aCTh COAEPXKUT pery/asarop Toka PT, Ha KOTOpEIi
TIOCTYTAIOT CHTHANKI 3aiaHus 110 ToKy U, 1 06paTHOIi CBSI34 IO TOKY
U, ,, oIaBaeMbie COOTBETCTBEHHO C PEryJIATOpa CKOPOCTH PC u nat-
yuka Toxa J7T. BeIxomHoH cHTHau peryisaTtopa Toka U, sBusgercs
YIIpABISIIONINM JIIS PEBEPCUBHOTO Tpeobpasoparesis [1V, ITHTaIoNIero
AKODb JIBUTATE]S TTOCTOHHOIO TOKAa HE3aBICUMOTO BO30yXneHus M.
Perynsirop ckopocty PC, B cBOIO 04epe/ib, nonydaeT curHambl Uy OT
JaT4MKa CKOPOCTH (taxoreneparopa) BR n U, OT 3aaTYMKa HHTCH-
CUBHOCTH 3H, BXONHBIM CUTHAJIOM KOTOPOTO SBJIAETCS BBIXOIHOM CHT-
Han U, aHanorosoro perynsropa nonoxexus PII.

>
Ananorosas 4acTb ;‘

Puc. 4.20. Cxema undpoaHanorosoro cneaauiero anekTponpusopa

B coctas LupoBoif H3MEPHTENEHOM YacTH AIEKTPONpUBoaa, dop-
MHpYIOLIeH cHrHai paccoriacoBaHus U, BXOAAT HaTIMKU BXOJTHOM
AT v BrIxomHoit 112 KOOpAMHAT MEKTPOTIPUBOJA (€10 TTOJIOXEHUSA),
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apH(METHYECKOE CYMMHUPYIOIIIEE YCTPOHACTBO ACY, npeoGpasoarep
Kona B HanpsokeHue JIKH (TipeoGpa3oBaTesib «KOI — aHANIOr») | Tnipe-
oGpasoBarenp Kona nmonoxenus Bana J/IT B ABOMUHEI xon I1IK.

PaGora undpopoit yacty ciaensiero SAEKTPONPUBOIA TIPOUCXOIUT
crefyiolmM o6pa3oM. TpeGyemoe repemeIneHye HCTIOMHUTENBHOTO ar-
perata paGoyelf MaTMHBI BHIPabaTHIBACTCH 3a[aTINKOM A1 B Bune
uncna N, B ABOMIHOM Kojie. DTOT CHTHAN TTOAAETCS Ha BXOT CyMMaro-
pa ACY BMecTe ¢ YMCIIOBHIM cHTHANOM N, (TaKKe B IBONYHOM Koze),
COOTBETCTBYIOILIUM NEHCTBUTEIHBHOMY TTOJIOXEHHIO UCTIONMHUTETBHOTO
oprana paGoueii MaIlTHBL.

Cymmartop ACY ofecrieunBaeT CyMMUpOBaHUe 3THX IBYX HH(ppO-
BRIX CHTHAJIOB M BRUICICHHE CHTHAIA PACCONIACOBAHHUA (ONIHOKH) B
1upposoM Kozie N,. lanee mibposoit curan N, ¢ IOMOMIbIO npeo6-
pasoBarens [IKH nipeo6pasyercs B aHAJIOTOBEI CHTHAT U, (Hanpske-
HUC MOCTOAHHOTO TOKA), KOTOPBIM ITOCTYNAeT Ha BXOI PEryasTopa
nonroxenus PIT. .

I poaHanorossIif coresmmis SJIEKTPONPHUBOA MEET XOPOILHE -
HaMITIECKUe TTOKA3aTeN I PAGOTHI 38 CYET AHATIONOBOW YaCTH M BEICOKYIO
TOYHOCTb ClIEKEHHs, 06eCTIeYNBAEMYIO LM(PPOBOIL YaCTHIO. DleMEHTEL
1 YCTPOHCTBA TAKOTO JIEKTPONPUBOLA MOTYT GHITh pealv30BaHE Ha
OCHOBE YHH(DUILMPOBAHHOM cepny aHanoroex (YBCP-AU) u umdpo-
BeIX (YBCP-JIW) peryssTopos,

4.6. QNIEKTPONPUBOAbI C NMPOrPAMMHbIM
YNPABJIEHUEM

DIEKTPONPHBOL € TIPOTPAMMHEIM YIIPABIEHHEM 06eCIIEIHBAET IBU-
KCHME MCTIOJIHMTETIBHOTO OpTata paboyeii MALIMHKI 110 OTpefesieHHOH,
Harepen 3a1aHHO# TporpamMMe.

Yarme BCero a/IeKTPOIPHBOIL € TAKUM YIIPaBIeHUEM TIPUMEHSIETCS TIPK
00paboTke AeTaneil Ha MeTaUioo6pabaTEIBAIOMMX CTAHKAX. Hanpuwmep,
NapTHst NETajleil RO/DKHa TPOHTH 06paboTKy Ha MHOTOONEPALOHHOM
CTaHKe, TTO3BOJISIOLIEM OCYIIECTRIIATh CBEpIICHHUE, (hpesepoBaHHe, TOYe-
HHC 1 IDYTUC TEXHONOTUYECKHe onepanuy. IIpy UcTonb30BaHKH 1po-
TPaMMHOTO YIIpaBieHUs Tepell 06paboTKol feTamm COOTBETCTBYIOIHUM
00pa3oM cocTaBISeTCs NPOTPamMMa, B KOTOPOH 331aroTcs TIOPSAIOK CMe-
HBI HHCTPYMEHTA, HEOGXOMMBIE TIEPEMELLICHHS CTONIA; Ha KOTODOM Kpe-
TTUTCS NETATb, PEXUMBI pabOTEHI HHCTPYMEHTOR H IPYIHE TEXHOJIOTHIEC-
kue naHHsle. ITocse 3Toro aneKTponprBOIEI HCIIONMHUTERLHBIX OpraHOB
CTAaHKA PEANTM3YIOT BEIIOMHEHNUE ITOH MPOrPaMMBL '

ITpnmerenue crankos ¢ UTTY nossosser pe3ko (B 2—6 pa3) yse-
JIMYUTB MX TIPOM3BOMTEIIBHOCTE, COKPATHTh CPOKH TOATOTOBKH TIPO-
V3BOACTBA ¥ TCXHOMOTHYECKOM OCHACTKM TIPY CMEHE JIETANH, YMEHb-
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IATh Opak, NepedTH K MHOTOCTAHOUHOMY OOCITyXHBaHHIO, obectie-
YUTH B3aMMO3AMEHIEMOCTb, YTO TIO3BOJIMT NOJXYYNTh 3HAYHTEIBHBIH .
sKoHoMmdeckuit addexr. Mcnom3opanue YITY ocobeHHO adexTHB-
HO TIPH MEJIKOCEPHITHOM MPOM3BOJCTBE ¥ YAaCTOi CMCHE HOMEHKIIA-
TYpEE 0OpaGaThIBacMBIX AeTaIei. .

O6o0meHHasE CTPYKTYPa 3JICKTPOIIPUBO/IA 1104 TIpMBEICHA Ha
puc. 4.21. Or nporpaMMuoro ycrpoiictBa I1Y curHan ynpapierus U,
TIOCTYTIaeT Ha SJIEKTPOIPUBOJ, KOTOPBIi 0GecTieUnBaeT OTpaboTKY 5TO-
TO CUTHAJIA YNIPaBJICHUSI, ITIepeMeIIasi COOTBETCTBYIONIMM 00pa3oM Hc-
TIOHUTENBHBIA opraH H O paGoueit Mamiib! (cTaHKa). COBOKYITHOCTh
MPOTPaMMHOTO YCTpO#icTBa /1Y ¥ 3JIeKTPONIPHBOIA MHOTIA HA3bIBAIOT
CHCTEMOI1 MpOrpaMMHOro yripasieHus CITY.

CIy
UT[

Puc. 4.21. Cxema 3nekTponpusona C nporpaMMHbiM yripasneHMem

B CIIY MOTyT MCIIOIb30BATECS BCE PACCMOTPEHHEIE PAHEE BUIBI
9JICKTPONIPHBOAOB TIOCTOSTHHOTO U TIEPEMEHHOTO TOKA, KOTOPHIC BHI-
TIOAHSIOTCS PA30MKHYTHIMH M 3aMKHYTBIMH, C AHAJIOTOBBIM M LG PO-
BBIMM 3JIEMEHTAMH YIIPABJICHUS U T.1I.

Bcst COBOKYITHOCTBD CYIIECTBYIOIIMX TTPOTPAMMHBIX YCTPOMCTR E/TIT-
€A Ha HEYHCJIORBIE (LIMKIIOBBIE) M YHCIIOBhIE TIPOTPAMMHEIE YCTPOMCTRA.

DNeKTPONpPHBOL ¢ HEYHCJIOBbIMH (HHKJIOBHIMH) NMPOTPAMMHBIMH
ycTpoiicTBaMH. BTH NPUBOIE HCIIONB3YIOTCS U 00ecriedeHUs [IOBTO-
PSIOLIHXCS ONMHAKOBBIX IIMKJIOB JBYDKCHHUS MCTIOIHUTEIIBHEIX OPTaHOB.
TIporpaMMmuBie yCTpoOHCTBA TAKHMX 3NEKTPOTIPUBOIOB BEITIONHSIOTCS C
TIPUMEHEHHEM PA3JIMYHBLIX KOHTAKTHBIX U GECKOHTAKTHBIX allaparoB
penefHoro AeNCTBUS — KOHEYHBIX U IMyTEeBbIX BLIKITIOUATENIEH, LIaro-
BBIX MCKATENEH, CICTUMKOB, CPEACTB NMPOrpaMMUPYEMOI JIOTHKH.
K anextponpuBomam ¢ HEYMCIOBEIMH ITPOTPAMMHEIMU YCTPOMCTBAMH
OTHOCSITCS TAKXKE CHCTEMEI € HCTIONB30BAHHEM IIA0IOHOB Y KOTIMPOB,
KOTOpBIE HALUTYA MPUMEHEHUE B PAUTMIHBIX KOTTMPOBAIBHEIX CTAHKAX
U aBTOMarax. B Takmx cucreMax OOBLIYHO UCTIONB3YETCS CACHAIUN
JEKTPONPHBON | peJieifHOrO IeCTBISL

B neuucnosoii CITY (puc. 4.22) 3J'[eKTp0J.IBPII‘aTeJIb M nipuBOIUT B
JBIXEHHE MCIIOJIHUTE/IbHEIN opradH 40, KOTOpEIM MOXeT OBITh, Ha-
MPHMED, CYTNIIOPT CTPOTAIBHOTO CTAHKA, «pyKa» MAHMITYJISITOpa U T.J.
B KpaillHUX TIO/IOXEeHHUAX UCTIOMHUTEIBLHOTO Opra”a 0 ycTaHOBIIEHB
KOHeuHEIe BEIKModaTeNn SQI 1 $Q2, KoTophle BMECTE C KOHTAKTO-
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pamu K1 v K2 v xHOTIKamMu ynpaeneuust SBI v SB2 o0pasylor cxemy
YOPABNCHUA IBUTaTeNneM. TTpy BKIOYeHHH KOHTakTOopa K nBurarens
M obecnieunBaer rBuxenne 40 B yCIOBHOM HanpageieHuM «Briepes»,
2 TP BKIIOYEHNU KOHTakTopa K2 — B yclnoBHOM HamnpapneHun «Ha-
3af>. [IpeAnonoXMM, YTO B MCXOMHOM HONIOXEHUA UCTIONHUTETBHBIH
oprad HO HaxonuTcsi B IPOMEXYTOYHOM TOOXKEHNH M HH OIMH U3
KOHEYIHBIX BBLIIOYATENICH HE HaxaT. 71 Havana paGoThl HAXHMAET-
¢ KHOMNKa SBI, B pe3yNbTaTe Uero BKIIGYAeTCH KoHTakTop K1 u neu-
ratejas M, 6ymyan HOMKIOYEHHBIM K ITUTAIOLIE i ceTH, obecnieurBaer
nsikenue HO b HanpaBieHuH «Brepens.

K1 K2

2% S
K2 K1
NAAALS
SB2 sB1 OBM sgz Ki
2[ KL { D
9 .
L~ S02 K
SQto ?
K2

Puc. 4.22. Cxema UMKNOBOW CUCTEMBI NpOrpaMMHOro ynpasnexuvs

Ilpu nomxone HO K KOHETHOMY BBIKTIOYATENMO SQ2 U BO3AEHCTBHH
Ha HETO TIPOMICXOIMT PA3PhIB LeNH KATYLIKM KoHTakTopa K7 ¥ nonksio-
I€HNE K MCTOYHMKY NUTaHHUS KOHTaKTopa K2. 3a cuet nepexiioyeHms
9THX armapaToB H3MEHHTCS Ha IPOTHBOMNOJIOXKHYIO TIOMIPHOCTD HATIPS-
KCHUSA Ha AKOpE ABUTatesst M, u OH HauHET BPALNAThCs B 0OPaTHYIO
CTOpOHY, obecnieunpas aBixeHue HO B HanpasneHnn «Hazamy.

Hpn noaxone A0 x KoHeyHOMy BEIKITIOUaTeSI0 SO U BO3NEHCTBUM
Ha HETO TPOU30HAET 00paTHOE TIEPEKITIOYEHHE B CXEME, 4 HMEHHO:
OTKJIIOYMTCA KOHTAKTOp K2 M Bxmounress K1, mocse 4ero MCmomHu-
TETbHEIH OPraH BHOBb HAYHET JBUTAThCA B HATIpABNeHMM «Brepem».
Takoe UHKTOBOE BO3BPATHO-TIOCTYITATEILHOE IBIKCHIE Gyaer mponuc-
XOIHUTH O TEX TIOP, 1T10KA He BYAeT HAXAaTa KHOMKa SB2,

Cxema puc. 4.22 MOXeT GHITh JOTIOTHEHA CYETIMKOM, ¢ [TOMOIIBIO
KOTOPOTO MOKHO 00eCTICUHTh OIPEHENEHHOE YUC/IO LUKIIOB ABHXCHUS
HO ¥ ero ocTaHOB TIOCIIE ITOTO. :
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B nocnenree BpeMst 1IMPOKOE MPUMEHEHHE B CXEMAX ITPOrpaMMHO-
TO YIPaRIeHUA EKTPOIIPUBOAA HAXOIAT IIPOTPaMMHPYEMBIE KOHTPOJI-
nepsl (ITK), apencTrasnsolme coboit cnelyaTusupoBalHbie DBM mis
aBTOMATHU3ALIMHY IIMKJIOBEIX U TTOCICHOBATE/IbHBIX TIPON3BOACTBCHHBIX U
TEXHOJIOrHYecKHX npotieccoB. OHU MO3BOJISIOT PEAIM30BbIBATE KaK Mpo-
CTBIC CXEMEI YIIPARICHUSA [IMKIIOBBIM JBHKSCHHECM ICKTPOIPHBOLOB, TaK
H CJIOXHBIC CUCTEMBI KOMILICKCHOI aBTOMATH3aIHHA [TPOMBIIIUICHHOTO
obopymoBanusi. Ux mpuMeHeHwe 0Ka3hIBAETCH SKOHOMHYECKH TIENeco-
0Opa3HBIM TIPH PeATH3AIMH CXEM YIIPABIEHHUST, TPEOYIOIIMX HCTIOIb30-
BaHWs HECKOJIBKHUX IECATKOB MJTH COTCH OORIMHBIX ICKTPUICCKHUX all-
TIApaToOB — peJie, TIOTHYECKUX NIEMEHTOB, CIETIUKOB H T.4.

PaccMoTpuM paboTy yuraoeoii cucmembl RPOZPAMMEO20 YRPGGAEHUS C
npuMeHeHueM I1K, cunras, 910 B MpOrpaMMUpyeMOE 3aTIOMHHAIOIEE
yerporictso (T13Y) ¢ moMonikio yerpoiicTea BBona mporpamm (YBIT) Bee-
JCHA TIPOTpaMMa, ONpeIessiiomasi MOpSnoK (hyHKIMOHUPOBAHMS CHCTE-
Mel (pHc. 4.23, @). Paboumii LUKIT CXeMBbI BKAIOYAET B cebst TPy JTana.

Ha nepsoM 9rane ¢ TOMONIBIO CKaHATOpA (TEHEPAaTOpa TAKTOBBIX MM~
TIYJIECOB) OOECTIEYMBAETCS IIMKIMMECKUN M- [OCASTOBATEIBHEIN OIIPOC
Bcex BxooB 1K, Ha KOTOpEIe TONaloTCsk CUTHANBE OT KOMAaHIHEIX YC-
TPOMCTB M 3JIEMEHTOB CHCTEMEI — KHOTIOK M KJII04eif yIIpaBlIeHHS, |
KOHEYHBIX M TYTeBBIX BHIKIIOUYaTesei, apyrux DBM. Ilonyuaemas
uHpOpMAIHA 3arpyXaercs B 3ariOMUHalomee ycrpoiictso (T13V).

Ha sropoM 3rane npoieccop ITK B COOTBETCTBHM C BBEACHHOI B
T13Y nmporpaMMoii ocylIeCTRISET TOTHIECKHE OTIepaliiH, Iipeodpasy-
I0LIIME COCTOSTHIE BXONHBIX CHTHAJIOB B 33JJaHHOE COCTOSHHIE BBIXO/-
HBIX CHTHATOB. Ecu cocTossHME BXOIOB HE H3MEHHIIOCH 110 CpaBHE-
HMIO C TIPSABITYLINM IHKIIOM CKAHUPOBaHHUS, ITIPOLIECCOP COXPAHAET
HEM3MEHHBIM COCTOSIHHE BBIXOIOB, B IIPOTHBHOM CJIydae IIpolieccop
HU3MEHAET MX COCTOSHHE B COOTBETCTBHU C 3aaHHOM ITPOrpaMMOit.

Orpoc y4acTKOB IIPOrPaMMBl OCYLIECTBACTCS IMKTMYHO, OIHH 34
IPYTHM, B TIOPSKE UX PACTIONOXEHMS C BO3PALIEHHEM K HaYary Impo-
TpaMMBI TIOCJTE OKOHYaHMA NMOJIHOTO LIMKIIa onpoca. Bpemst onpoca ox-
HOTO 1[HKTA (TIEpHOI CKaHMPOBAaHHS) B CpeHeM cocTtaBnseT 2...10 Mc
Ha | THIC. CJIOB MAMSATH.

Ha TperheM 3Tarne ocylnecTRIIETCH BEIBOI BRIXOZHEIX CHTHAJIOB Ha
UCTIOJTHUTEILHBIC YCTPOMCTBA 3JIEKTPOABTOMATUKY CTaHKa — JJEKTPO-
TIPUBOABI HCIIONHHUTEBHBIX OPTaHOB, 2JIEKTPOMArHUTHI M 3ICKTpOMAr-
HWTHBIE MydTBI, pesie, KOHTAKTOPHI U T.1.

TIporpamma moxer 3anuceBaThes B ITK ¢ TOMONIBIO Pa3jiMYHbIX
SI3BIKOB, HaIIpIMEP B BHIIE YPaBHEHUI Oy/eBoii anrebpr1, MEHEMOKOIA
M CTaHJAPTHEIX OMUCAHWIA peleiHBIX CXEM, a TAKXE S3BIKOB BHICOKO-
ro ypoHs1 — PL/M u Poptpan IV, PaccMoTpuM B KadecTBe IpUMeEpa
HCIIOTh30BaHME A3BIKA pPeIeHO-KOHTAKTHEIX cHMBOJIOB (PKC), koTto-
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PHIH IIPOCT, HarIsIIeH U He TpeGYeT ClieLMANbHBIX 3HAHMIT NepcoHaTa
IIPH NPOrpaMMHUPOBAHNH.

Cxkanarop

YBII n3y
) Y ,
Ijnmcu BXONA }——-»L Hponeccop anmm BHIXO/a ]
JlaT4uKy U ~ = Hcnonnu-
KOMaH/HEIE Dl Cranok _ TeJbHEIE
yetpoiiersa [ - ycrpoitcrsa
6 Aspmk PKC ¢
CumBon 3nayenue } A B c D
1
. 3amsIKaomuit %&—% @—
KOHTAKT S01 1 5Q1
1001 ™|1002
PasMbIxarommii : 3__10/ 1
) ~L KOHTAKT SB1 00 1 0 Kt
Hauano W —F( : }_‘
] — BETBJIEHHSA 1004 Kl
Konen i -
—T | seranenms Toos -
S01
—(O— | Oynrums (asixon) 1006 2 "10/07 Ox
) K2
L~ 1~
1008

Puc. 4.23. Cxema (a), cumBonb si3sika PKC (6) u npec6pa3oBaHHan cxema
9NeKTpoNpMBoZAa C NPOrPaMMUPYEMBLIM KOHTPONNEPOM (B)

A3pik PKC uMeer nsth OCHOBHEIX IOTHYECKUX KOMIIOHEHTOB (CHM-
BOJIOB) (pUC. 4.23, 6): apryMeHT (3aMBIKaIOIMIi KOHTAKT), VHBEPCHBIH
(0GpaTHBIiT) apryMEHT (Pa3MBIKAIOLIHIT KOHTAKT), HAYa/I0 M KOHEIL BET-
BIICHHA NapaLIeIbHOM HEMH M GbyHKIMIO (BBIXOI) (HAIIPHMED, KATYHI-
Ka 3MICKTPHIECKOTO aliapaTa UM 31EKTPOMEXaHHIECKOrO YCTPOKHCTBA).
K 10nonmHuTe b HBIM KOMIIOHEHTAM SI3BIKA OTHOCATCS CYET MMITYJIHCOB
(cyeT4HK), BEIIEpXKKa BpeMeHH (TaliMep) M 3aIIOMMHAHHE (MaMsTs).

OcHoBY s IporpamMMupoBanust Ha si3sike PKC cocTanmsior TIpUH-
UHITHAJIBHEIE PEIeAHO-KOHTAKTOPHBIE CXEMBI YIIPABIIeHHs, KOTOPBIC
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nepen IporpaMMHUPOBAHNEM HOJDKHBI OBITE TIpe0Opa30BaHEI MO CIICHY-
OLIMM MPaBWJIaM. ‘

Kaxpas uens npeo6pa3oBaHHO CXeMbI JOMKHA MMETh OIMHAKO-
BOE YKCIO (HAPUMED, YETHIPE) TIOCNEIOBATEIBHO WIH MAPAJLICIBHO
BKTIOYEHHBIX KOHTAKTOB, KAXIBI 13 KOTOPHIX pacHojaraeTcs B ol-
HOit U3 yeTripex 30H — A, B, C, D. Ilsrast mo3uimst ey OTBORUTCS
dyHKImu (BeIXomy). ECJIH KOHTaKTOB B IIEMH MEHBIIIE Y€M YETHIPE, UX
IyOnupyIoT, ecin ux Oonslie, B cxeMy [1K BBOOUTCS IpOMEXKYTOUHOE
(dbnkTHBHOE) pene (MaMATh), He HapyHIaomiee IOTHKY PaboThl HCXOMI-
Hoit ueny. KoHTakTs! (Bxombel) M GYHKIMH (BBIXOABI, KaTYIIKH) HY-
MEPYIOTCSL.

Jns mpuMepa Ha puc. 4.23, ¢ IpuBeIcHa npeoGpa3soBaHHAs TAKUM
0bpa3oM cxeMa LHKIJIOBOTO YIIpaBicHus puc. 4.22. B 31y cXeMy B co-
OTBETCTBHH C YKa3aHHbIMY IIPABHIIAMH BBEJEHO IIPOMEXYTOYHOE
peie 1, a KOHTAaKT KOHEYHOTO BBIKouatesns SQ1 cmyOnupoBaH.

Brox nporpaMMBI TIOCJIE COCTABICHHMS TaKOM CXEMBI OCYIIECTBISAET-
ca ¢ xmasumHo# nanenyu TTK (6rmok YBIT Ha puc. 4.23, a), xnaBumm
KOTOPO# COOTBETCTBYIOT TOMY HJIM MTHOMY JIOTHYECKOMY CHUMBOJTY S3bI-
Ka. KpoMe Toro, Ha TaHe M pacloiararTest AEKaIHEIE MEPeKTIoYaTe I
HabOpa HOMEPOB HeTiel 1 KOHTAKTOB, a TakKe KIaBUIIH BEIGopa THMA
(GYHKUMHK (MOTMIecKOi, CYCTHOI, BpeMeHHOM WIH 3alIOMUHAHHSA).

Bsomumas mporpamma 3anuceiBaeted B I13Y, mocne gero IIK mMo-
XET BRITTONHATE QYHKIHU, TPeTyCMOTPEHHEIe TIPHHIIMITHAIBHOH cXe-
Moii. BrITojiHEHHE TIpOrpaMMBI OyIeT IIPON3BOINTHCH TIOCIIEIOBATEIb-
HO 10 TIETAAM LIMKJIOBBIM 00pa3oM, TIPH 3TOM KaxXIas Lienb oOpabaTriBa-
eTcsl CJIEBa HAMPABO.

DJIeKTPONpPHBOZ, ¢ YHCJIOBBIM MporpamMMHbIM ynpasiennem (UIIY).
Takoit anexTponpuBox IpeacTaBisieT coboii yHuBepcansHyio CITY.
ITpumeHuTensHO K 06paboTKe paziIHBIX M3NENUid Ha CTAHKAX, TIE
OHa HaXOAHT OCHOBHOE MMPHUMEHCHHE, 3Ta CHCTEMa 00eCIIeUnBAET CY-
IIECTBEHHOE TOBBILICHHUE TPOUIBOTHTENIBHOCTH TPY/a ¥ Ka4ecTsa 06-
paboTKH meTanei. ,

Ipu ucrione3oBaHuH 3j1eKTporipueoa ¢ YITY Bce TeXHOMOTHYECKUE
JaHHbIE TI0 06pabOTKE U3MENUI — CKOPOCTH Y TepeMEILCHIA U3ACIHIA
Wix 06pa0aThIBalOIIEr0 MHCTPYMEHTA, MX HAIIPABICHMSI, IIOC/IEAOBATE b-
HOCTH Orepalvii mpy o6paboTke ¥ T.JI. 3a/a10TcsT B BHAE yncen. CoBo-
KYITHOCTB BCEX UMCeNT 00pa3yeT MporpaMMy 06paboTKU JAHHOTO U3IEIHS,
KOTOpasi HpeABapUTEIFHO COOTBETCTBYIONMM 00pa30M PacCUMTHIBACTCS,
KOIUPYeTCs, 3alTUCHIBAETCS HA TOT WM HHOM TIPOTPaMMOHOCHUTENE (Tiep-
(boneHTy, nepdoKapTy WM MAarHUTHYIO IeHTY). [lepen o6paboTkoii u3-
JEAMA IporpaMMa BBOIMTCS B TIPOTPaMMHOE YCTPOICTBO 3/IEKTPOIIPH-
BOJIa, KOTOpHIN B JambHeieM oGecrieunBaer 00paboTKy uafenust 6e3
HETOCPEACTBCHHOTO YYacTHA oneparopa. st o6paboTky Apyroro usfe-

167



JMA TpebyeTcs INHIb CMEHUTD TIPOTPaMMY, YTO 3HAYMTEIFHO COKpaLIaeT
BpeMsT 00paboTKH 34 CYET MCKITIOUEHHUS BCIIOMOTATENBHBIX OMNepaltii
(IIomBOM ¥ OTBOI MHCTPYMEHTA, U3MCPEHIE ICTANTH, YCTAHOBKA BE/TMYMH
TIOJaYy ¥ CKOPOCTH Pe3aHus U T.4.).

Takum obpaszom, CITY ¢ UITY npencrapisieT coboit paBHOBI/[I[HOCTB
1IM(PPOBOTO 3JIEKTPOIIPHBONA C TPOrPAMMHEIM YIIPARICHHEM.

Cucremsl UIIV nensarcs Ha aHAIOTOBEIE (HENpPEPHIBHEIE) M LUC-
KpeTHbic (MMITYIBCHBIE). B aHasmorosbeix cncreMax YITY cOBOKYITHOCTD
ypcet, 00pa3yiomuX NporpaMMy 00pabOTKY U3IenHsI, Iipeobpasyercs
B KaKYI0-JIN0O HEITPEPBIBHO H3MEHSIOLIYIOCS aHANOTOBYK (DH3MYECKYIO
BEINYUHY (HaNpsKeHWe ITOCTOSHHOTO TOKA, (ha3y WM aMILTUTYIy
CHHYCOWIAIBHOTO HATIPSIKEHU U T.1.), KOTOPAs U IBJISICTCS BXOJHBIM,
YTIPaBIIONINM BO3ACHCTBUEM Ha 3JIEKTPOIPHUBOI. B MMCKPETHBIX CH-
cremax YITY niporpaMma B KOHEYHOM HTOTE IPEACTABIAETCS TTOCIE-
JIOBATeJILHOCTRIO YIIPABIFIONINX HMITYILCOB, KAXHOMY H3 KOTOPBIX
COOTBETCTBYCT OIPCACICHHOE TICPEMEIICHHE MHCTPYMCHTA HITH M3/IE-
Jmst, YUC/IO MMIIYNBCOB OIPEICIISeT 3HAYCHUE TIEPEMEIICHHS, 8 UX
JacToTa — CKOPOCTD TIEPEMEILICHUSL,

Cucremst UITY paGoTaioT B OIHOM H3 JBYX PEXMMOB; TIO3HITHOHHPO-
BaHMS WIM KOHTYPHOI 00paboTku. Tlozuiuontsie (koopounamusie) cucme-
Mot TITY 06eCTIedMBAIOT TOYHYIO YCTAHOBKY WHCTPYMEHTA OTHOCHTEIBHO
M3MIEIHA WIH €T0 TpSIMOJIMHEITHOE repeMelieHre. Takue pexxiMel ObIBa-
10T HeOOXOMMMEI TIpH (hpe3epOBaHMH, CBEPJIEHUH WITH PACTOYKE HECKOJTh-
KHX OT3¢PCTHI, a TAKKE MPH TOYCHHUH 1 CTporaHuM uaneivii. UHCTpymeHT
WV M30eJIVE TIPY STOM TIEPEMETACTCS 10 KPaTIAMIINM, TIPSIMOJIMHEHHBIM
TYTSIM MEXAY TOUKAMH YCTaHOBKH (TTO3UIIMSIMH) HHCTPYMEHTA.

Koumypuote (yrryuonasvuvie) cicmemw: YI1Y obecriednBaioT me-
peMelIeHUEe HHCTPYMCHTA WITY U3IEIHsI IO TIPOM3BOJIBHEIM TPAacKTO-
pHAM, 9TO TpebyeTcs PN KOHTYpHOI 06paboTKe M3neanil pasinyHoi
KOH(pHUTYPALINH.

Cucmemot HI1Y mozym 6eims 3amxuymbmu u pazomknymoimu. B 3aMK-
HYTBIX CHCTeMaX ¢ FIOMOIIBIO NaTYUKOB U3MEPSIETCS AEHCTBUTEIRHOE
TOJIOXeHUE MHCTPYMEHTA WITH W3IEIIHs, VI 3Ta MHGOOpMAIYS B BIIE CUT-
Hajia 00paTHOI1 CBS3M TTOAACTCS B CPABHMBAIOIIEE YCTPOMCTBO, B KOTO-
POM OHa COTIOCTABJISIETCSI C CUTHAIAMM IIPOTPAMMHOTO YCTPOMCTBA.

TTpu ommany reficTBUTETEHOTO TIONOXEHHUS OT 3aJAHHOTO B CHUC-
TEMY YIIPABICHHA JICKTPOIIPUBOIA TIOCTYTIAIOT IOIONIHUTEIBHEIE
VIIPABIIAIOUINE CUTHAIIEL, 00EeCIICUMBAIOLIME HEOOXOIMMYIO KOPPEKIIHIO
MOJIOXCHUS MHCTPYMEHTA WIH U3e)HsI. TeM CaMbIM 3aMKHYThIE CHC-
teMbl UITY o6ecnieunBaroT GOBLIYIO TOUHOCTL 06pabOTKH U3neauH.

B pa3zoMxHyTEIX cucTeMmax UITY nBHXeHWe WHCTPYMEHTA UIIH U3-
JIeJTHST HE KOHTPOJIMPYETCS U HEMOCPEACTBEHHO HE COTIOCTABIISICTCA C
3agaHHEIM. To3TOMY CTyYaitHOE U3MEHEHHNE MapaMeTPOB CHCTEMBI WIIH
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KaKUX-IN60 BHEIIHUX BO3MYIIEHWH, HAlpuMep MOMEHTa CO-
TIPOTHBJICHHSI Ha BATY TIPUBOJA, BHI3BIBACT CHHXEHHME TOYHOCTH OT-
pabOTKM [IPOrpaMMBl. BmecTe ¢ TeM pasOMKHYTHIC CHCTEMbI OKa3biBa-
10TCS MPOIIE 3aMKHYTHIX B HAJIANKe ¥ 3KCIUTyaTalluu.

TIpoueccy 06paboTKy U3NENHS HA CTaHKe ¢ cucteMoit 11V mpen-
[LECTBYET MOATOTOBKA IPOrPaMMOHOCHUTENS, KOTOPAst COCTOUT U3 He-
CKOJIBKMX ITAIOB.

WCXOOHEIMA TAHHBIMH U151 COCTABIEHHS IPOrpaMMbl 00paGOTKU
M3IeNNs ABBIOTCH TEXHONTOTUUECKUE JAHHBIE: pa3MEPEl 3aTOTOBKH U
JepTeX U3IE/MS, MATCPUAT 3aTOTOBKH, XaPAKTePUCTHKA HHCTPYMCHTA,
CTENEeHb TOYHOCTH U3TOTORICHUS M3EIHS, XapaKTep U B 06paGoTKH.

Ha rniepBoM 3Tare COCTaBIeHUsI IPOrpaMMBI U3TOTOBIAETCS CIIETTH -
aTBHBIA 9epTeX, B KOTOPOM H3iesne H300paxaeTcst B CHCTEME TIpsi-
MOYTOJIBHBIX KOOPIMHAT (TIpy 00beMHOM 06paboTKe BBOUMTCA U TPe-
TBSI KOOpAMHaTa ). [lasiee B IPUHATON CUCTEME KOOPANHAT IIPOrpaM-
MUpYyeTCsl TIepeMelleHne MHCTPYMeHTa (U3LEIHs), TIPH 3TOM JUIS
mo3MKOHHLIX cricTeM YITY nporpaMMHpYeTCs HEPEMEILICHUE MCXKIY
ABYMS TIOCNENOBATEBHO 00pabaTHBAEMEIMU TOUKAMM, 3 Ui KOH-
TypHo# cucteMbl YITY — mepeMelieHre IEHTPa HHCTPYMEHTA (u3ne-
7Hs1) TIO TpeGyeMoi TPaeKTOPHUH.

Ha cieyIomeM sTare MoAr0TOBKH MPOrpaMMbl COCTABILACTCA TEX-
HOJIOTMYeCKas KapTa o6paboTKu U3jielusl, B KOTOPOM OTpenersieTes
[OCJIEIOBATEIBHOCT BCEX TIEPEMEIEHMIT MHCTPYMEeHTa (M31enus) ¢
yKa3aHUeM CKOPOCTH, TTOJauM U rIyGHHBL Pe3aHyst U BEIUYHHEL 18-
peMellleHHsT TI0 KOOPIUHATHEIM OCHIM.

JUtst yro6cTBa BBOMIA TAHHBIX M COKPAIEHHs JUTMHEI TPOTPaMMOHO-
CHTENST BCE JAHHBIE TeXHOTOTMYECKOH KAPTHI KOIUPYIoTCA. B cucreMax
YTV Hanbonee pacripoCTPaHCHHBIMHU SBJISIOTCA JBOWYHBIH 1 IBOMY-
HO-IECSTUYHEI KOIEI, NCTIONb3YIOLIME ABOMIHYIO U JECATUYHYIO CHC-
TeMbI MCIHCIEHUS. [IBONYHO-AECATHYHEIC KOIBI COYETAIOT B ceOe eM-
KOCTb J€CSTHYHBIX KOZIOB 1 YIOBGCTBO Mpe/icTaBNeHHs MHpOpMaly Ha
[POrPAMMOHOCHUTENE, XapaKTCPHOE isl IBOMYHBIX KONOB. .

ITporpamMma Ha MPOrpaMMOHOCHTEIE 3aTTUCHIBACTCA B BUIIE OTNEIb-
HBIX «bpa3» (610K0B). Kaxiplif 610K cOnepXKHT BCio MHYOpMAIHMIO TIo
06paboTKe M3Me/ U HA JAHHOM Tare TeXHOJIO0IMYECKOTo LMKIa —
Hanpas/cHUE ¥ CKOPOCTh MEPEMEIIEHUS 110 KOOPAUHATHEIM OCSM,
PEXUMBI 06paGOTKH, OXIAXKACHHS ¥ T.A. DTa MHGOPMaIHs BHPAXa-
€TCSI ¢ ITOMOIIBIO OTHENBHBIX «CI0B», KaXA0E U3 KOTOPHIX OTIpeedeT
W 3HAYCHUE TIepeEMENIEHH IO OCSAM KOOPIMHAT, MU ero CKOPOCTh
U HanpasJeHKeE, WM Kakue-JIH60 BCIIOMOTaTe/IbHBE KOMaH/IBL.

ToarorosneHHbI IporpaMMoHocuTeIb JIH, cofepXalmi mpo-
rpamMMy 06pabGoTKM M3AETUS B 3aKOAXPOBAHHOM BUJIE, ITOMEIACTCS B
yerpoiictso BBoma I (puc. 4.24).
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Puc. 4.24. Cxema 3neKTpohpMaop,a c Hny

Ecym nporpaMMa 3anrcada Ha nepdoieHTe, TO B YCTPOHCTBe BBOAA
U 06paboTku nporpamMmel YBOIT ¢ noMouisio ¢orocunreiBatrena @C
M yerwmTeE-hbopMupoBartens Y@ ocylleCTRIAETCA TIOKAAPOBOE CIMTHI-
BaHUeE 1 TpeoOpa3oBaHue 3aKOAMPOBAaHHON HHGOPMALIMK IPOrpaMMo-
Hocurend I7TH B snekTpudeckue curHanbl. IToka MHGOpManus oqHOTo
CUMTHEIBAEMOTO Kajlipa 3amuchiBactcs B GydepHyio (IIpOMEXYTOUHYIO)
NaMsITh, B paboyell NaMaTH U Iocnenylomux omokax cucreMnl UITY ocy-
LIecTBIAeTes 06paboTka HHGOpMAUK MpeapIyniux Kanpos. ITo Mepe
ocBobOXAEeHHA paboyeii MaMATH B Hee TIepeBOANTCA UHGbOpMAITHS U3
GydepHoil naMATH, ¥T0 00eCIICUNBAET HETIPEPHIBHOCTE MPOLIECCA YIIPaB-
JICHHA CTaHKOM. BydepHad u paboyas nmaMaTs BXOOAT B YCTPOMCTBO
mamsTa VIT, )

- W3 paboueit naMaTy 37€KTPUYECKUE CUTHAJEI MOCTYNAIOT Ha BXOL
HHTepnioysTTopa (nemmgparopa) M, KOTophii NpeoGpasyeT STH 3aKOAH-
POBaHHBIC CUTHAITB B II0CJICIOBATEIEHOCTD MMEKTPHYCCKHX HMIIY/ILCOB
(Tak Ha3bIBacMBblil VHUTAPHBII KOI) U MTOJAET MX Ha BXOM JICKTPONpPH-
Boza BI1. DneKTponprBon, OCYIIECTRISAS OTPAbOTKY ITOH MOCIeN0BaTeh-
HOCTH HMITYJIECOB, 00ECTIEYHMBAET TIEpeMEIEHHE UCTIOTHUTENIFHOIO Opra-
HAa CTaHXa, IIPH 3TOM KOJIHYECTBO HMITY/ILCOB ONPEAEIET BEJIMIMHY I1e-
peMeIlieHUsA, a 9acTOTa HMX CJISHOBAHHS — CKOPOCTh TIepeMEICHMS.
VerpoiictBo namsti YIT CBSI3aHO ¢ MYJIBTOM yripabieHus IV,

CucreMa YITY obecrieynBaeT TAKXKE COOTBETCTBYIOIIEE YIIPARICHHE
Pa3IMYHBIMU  3NEKTPOMEXAaHUYECKHMH M 3JI€KTPOMArHHUTHRIMHU
YCTpOICTBAME — JIEKTPOMArHHTHHIMH My(hTaMu, 3IeKTPOMATHUTAMH
PATMYHBIX MEXAHWYIECKUX HPUCIIOCOOIEHMIT CTAHKA, KATYIIKAMH pEe
U KOHTaKTOPOB U T.H., KOTOPEIE Ha cXeMe pHC. 4.24 YCIIOBHO IoKa3a-
HBI 6JIOKOM 3JICKTPOABTOMATHKHU JA.

Cxema UITV Ha puc. 4.24 MoxeT GHITh TOIIOJHEHA JTaTYHKAMH Ia-
PaMETPOB TEXHOJIOTMYECKOTO Ipolecca 06paboTku neranu (6rox J771)

. M KOOpIHMHAT 3JIeKTporipusona. B aToM ciyuae cucrema YITY craHo-
BHUTCS 3aMKHYTOMH ¥ o6eciteunBaeT GoJiee BHICOKOe KauecTBO 00paboT-
ku geraneir. Kpome Toro, cxema anekrpornpusoaa ¢ YITY comepxuT
P He NOKA3aHHBIX Ha pUc. 4.24 6JI0KOB M YCTPOMCTB, obecreynBa-
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JOILIMX KOHTPOJIb BBOIA M BHIKITIOYEHNE POTPAMMBI, 3AIIUTY, GJIOKH-
POBKY M CHTHATTM3ALIHIO TIpH paboTe S/IeKTPOOBOPYI0BaHHS CTaHKA.

YacTo 0Ka3EIBaeTCs YAOGHBIM 3alUCHIBATh IIPOrpaMMYy (I1OCTIe CUM-
THIBAHMS M [eKOTHPOBAHMS) Ha MATHUTHYIO JICHTY, YTO TIO3BOJIIET MO~
JIy4aTh GONBIIYIO TUIOTHOCTD 3aITMCH IPOTPAMMEI U TIPOU3BOIUTE OlIC-
DALMY CIMTHIBAHUS U JEKOMMPOBAHMS Ha OTAENLHO PacloNIOKEHHBIX OT
CTaHKa YCTpo#CTBax. 3alMCh HAa MarHUTHYIO JIEHTY NPOHU3BOINTCS B
HECKOJIbKO JOPOXKEK, YACTh M3 KOTOPEIX COIEPXKUT HHHOPMALMIO O Tie-
pEMEIIIEHUSX TI0 KOOPAMHATAM, APYras — O HaNpaBlIeHHH IBIDKEHMS,
pEXHMax pe3aHis1, IPUMEHACMBIX MHCTPYMEHTAX U T

WHdopMalysa Ha MArHUTHO JIEHTe 3alMChIBACTCA B BUIC TaK Ha-
3BIBAEMOTO YHUTAPHOIO KO/, T.€. HETIPEPHIBHON MOCIEN0BATEIHEHOC
TH MMITYECOB YPABJICHHS, 00ECTIEUMBAIOLIMX TIePEMELIEHHUE HCTION-
HUTEJIbHBIX OPTaHOB CTaHKa B COOTBETCTBHM C KOJMYECTBOM IIO-
CTYNAKIINX UMITYJIbCOB. ,

. st TippiMepa paccMOTPHM CTPYKTYPHYIO CXEMY CHCTEMBI qr1y c

LIarOBBIM nBUTateneM (puc. 4.25), ¢ MOMOIIBIO KOTOPOro repeMelia-
ercs cTolI (ppe3epHOTro CTaHKa [0 OIHOA KOOPIHHATE.

Puc. 4.25. Cxema anektporipueoga ¢ HMY ¢ ucnons3osaHnem
WaroBoro Asuratens

TIporpaMMa NepeMelIeHNS CTOIa, 3aITMCaHHas Ha MArHUTHYIO JIEHTY
MJT'B BAIE TIOC/IENOBATEFHOCTH €IMHIYHBIX UMITYIIHCOB (HTO COOTBET-
CTBYET YHUTAPHOMY KOJIy), CYMTHIBACTCS C TIOMOLLBIO MATHUTHOH TOJIOBKH
MT. B 3aprcHMOCTH OT TpeGyeMOro HanpaBIeHHs JBIDKCHHSA HMITYJIECHI
HANpaR/BIOTCA 10 ONHOMY 13 KaHAJIOB U OCJIE YCUIICHUA B 6nokax YC
TIOCTYMAIOT Ha BXOI CXeMBI YIIPABICHNS IHArOBbIM IBUTATENICM cy .
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HBurarens oTpabaTHIBaCT KOMaHIHBIE HMITYILCH 1 YEPe3 MEXaHH-
YECKYIO BUHTOBYIO Tiepenady BIT nepemenaet cton C. Obiiee YHCiio
HMIIYJIECOB OIPE/ieIIsIeT BEMYHHY, a MX YaCTOTa — CKOPOCTE MepeMe-
meHUs cTona. Ui nepeMelleHHs CToNa Mo APYroil KOOpAWHATE HC-
TIONE3YETCS] AHAJIOTMYHBII 9/IEKTPONPHBOLI.

ITo CBOMM TEXHHYECKHMM BO3MOXHOCTAM H OCOBEHHOCTSIM CTPYK-
TYpEI cucTeMsl UT1Y fensitcst Ha 4eThIpe IPYNIE, HMEIOIHKE B COOT~
BETCTBHH C MCXKIYHapoOHO! Kiaccudukauued oGosHadenns HNC,
" SNC, CNC u DNC. ,

Cucrema HNC (Hand numerical control) obecrieqnBaeT OnepaTBHOe
YOPaRICHHE C PYYHbIM 3aJaHMEeM IIPOTPAMMEI C MYJILTA YIIPABICHHSI.
Cucrema SNC (Stored numerical control) conepXuT YCTpOHCTBO HaMATH
JUI XpaHEeHUs TNPOrpaMM U obecrieurBaeT 06paboTKy mapTvy OGUHAKO-
BbIX 3arOTOBOK € ONHOKPATHEIM CYMTHIBAHHEM IIPOTPAMMBI Tiepe 06pa-
6otkoit. Cuctema CNC (Computer numerical control) 6asupyetcs Ha TIpH-
MeHeHHH MUKpoOBM, 11o3posistioIieit rporpaMMHPOBATh CBOIO paGoTy 1
BBIPaGATHIBATE TpeCyeMBIit anroput™ ynparneHust. Cucrema DNC (Direct
numerical control) TIO3BOJISIET OCYIIECTRIIATH NPSIMOE LIMGbPOBOE yIpaRIie-
HuUe Tpynmoi craHkoB ¢ YITY cucreM SNCu CNC. Cucrema DNC Tax-
Ke IpeyCMaTPHBAcT UCTIONB30BaHME B CBOEH CTPYKTYpe DBM,

B Hacrosiee BpeMst HaMGObIIEE Pa3BATHE TIOMYYHIM CHCTEMBI
YIIY ¢ npuMeHeHHEM MUKPOIIPOLIECCOPOB M MUKPODBM (piic. 4.26).
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Puc. 4.26. Cxema anexTponpvsoaa C NPOrPaMMHBLIM YCTPORCTBOM
Ha ocHose JEM

7S

Ynpannsiomas nporpaMma Beoautcsa 8 9BM ¢ nporpamMMoHocH-
Tess [TH (wnn mynsra ynpasnenus I7Y) depes 610K BBOAa mporpaM-
Mel BBIT u ycTpolicTBa BBona-seisona YBBI. [lanee oHa noCTymaeT B
ycTpoiicTBo naMsT MUKPODBM. B JI3Y XpaHATCA TIOCTOSHHEIE 4ac-
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TH TIDOTPAMMBI, AHHbIE JUIS1 IEKOAMPOBAHHSL, HHTEPIOIMPOBAHNSA 1
HeOOXOIMMEIX BRIYHUCIEHHT.

B O3Y nocryriaeT KpoMe TaHHBIX YIIPABIIAIOUICH TIPOTPaMMBI Te-
xymiaa vagopMallids oT JaTYUKOB 00paTHOIt ¢Bsa3u JOC o Xone Tex-
HOJIOTHYECKOTO TIPOLIECCca, COCTOSTHUH 3alllAT U OJIOKMPOBOK, Ha OC-
HOBaHUY 4Yero BEIpabaThIBAETCSA YIpaBsioliee BO3ACHCTBHE HA SIEK-
TPOIIPUBOX M YCTPOICTBA TEKTPOABTOMATUKH cTaHKa IA. CBsi3b
MUKpoDBM ¢ 251eKkTpo0GOpyI0BaHHEM CTAHKA OCYIIIECTRISIETCS] Yepe3
yCTpOiicTBa BBOIA-BhiBona YBB2—YBB4, KpoMe yKa3aHHBIX OJIOKOB
DBM eximiogaeT B cedst MUKponipoueccop MII i taiimep T.

ITpumenenue MukpoDBM B cucremax UITY pesko pacmimpsieT ux
GyHKIMOHANEHEIE BO3MOXHOCTH, TIO3BOJISISI BO3ACICTBOBAT ITPOTpaMM-
HBIM TIYTEM Ha (PYHKIMOHUPOBAaHMNE CTAHKA, OCYLLECTBISATE ANATIOTOBBIM
PEXUM OOLIEHHMS OTIePaTopa CO CTAHKOM, BBECTH JMarHOCTHKY PabOThI
craHka U crcteMsl YITY, peann3oBLIBATE YHUBEPCATTLHBIN — Kaxk 10~
3MLVOHHEIH, TaK ¥ KOHTYPHBI — PEXHMM 00pabOTKU NETANCH.

Kpome Toro, MukpoOBM no3BoisieT OCYHIECTBIATh YIPAaBICHUE
HECKOJIBKMMHM 3JIEKTPONPUBOIAMHU, 0DeCIIeYnBaIOLIMMH JBHXCHUE
MHCTPYMEHTA (JETATH) 110 Pa3/IMUHBIM KOODIUHATAM.

4.7. ANEKTPONPUBOAbL! C AOANTUBHLIM
YNPABNEHUEM

PaboTa HeKOTOpHIX paGoOYHX MAlIMH ¥ MPOU3BOACTBEHHBIX MeXa-
HU3MOB XapaKTepPU3yeTCs U3MEHEHUEM B IIMPOKUX TIpelesax U CiIy-
YaifHBIM 00pa30M YCIOBHIA TEXHOIOTHYECKHX TIPOLECCOB U PA3IMUHBIX
JeHCTBYIOIIMX Ha HUX BOSMYIHAIOIINX Bo3aeiicTBHIL. [ obecriedeHs
HAWIYYIIETO X0[a TaKMX TEXHOJIOTHYECKHMX IIPOLIECCOB 3JICKTPOIIPHBOLI
IOJDKEH O6J1aaTh CBOMCTBAMU M3MEHSTE COOTBETCTBYIOHINM 00pa3oM
XapakTep cBoeit pabOTHL.

DIIEKTPOTIPUBOI, B KOTOPOM CNIOCO0 (PYHKITMOHUPOBAHHA €T0 CH-
CTEMEI VIIPaBICHUSA aBTOMATHYECKHU ¥ LICJICHATIPABNEHHBIM 00pa3oM
HM3MEHAETCS 711 OCYIIECTBIIEHUS HAWIYYILIETO NPOTEKAH U TEXHOIO0-
THYECKOTO Mpollecca padoyei MaIVHbI, Ha3BIBAETCS AJICKTPOIIPUBO-
JOM C aIalTUBHBIM WIH CaMOIIPUCTIOCA0IMBAIOIIMMCS YIIPABIIEHHUEM.
JpyrumMu cnoBaMyl, SAEKTPONPUBON ¢ aAITUBHEIM yHpaBIeHUEM
obecrieyrBaeT HAMIYYILINIT X0 TEXHOJIOTHYECKOTO MpoLecca Mo 3a1aH-
HOMY TOKAa3aTeJI0 KaueCTBa TIPU U3MEHSIOMMWXCH BO3MYIIEHUAX U YC-
JIOBUSAX paboTH. ABTOMATHYECKOE H3MEHEHHE Crioco0a DYHKIIMOHH-
POBaHMS CUCTEMHBI YIIPARIEHM 3NEKTPONMPUBOAA HA3b1BAIOT afarTaly-
€l WJIM caMOIIPHCIIOCOBIEHHEM.

BIeKTPONPHBOI ¢ AIAIITUBHEIM YIIPABIEHHEM, B KOTOPOM IieJIeHa-
TIpaB/IeHHO U3MEHSIOTCS rapaMeTphl CUCTEMBI YIIPaBIeHUsl, HA3bIBaeT-
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st camonacmpaugaiouumea. ECI U3sMEHSIOTCA TTapaMeTpel U CTPYKTY-
pa CHCTEMEI YIIPABJICHHS, TO 3/IEKTPONPHBOM HASHIBAETCS CAMOOP2aHU-
3yiouuMCcs, eCITM U3MEHSTIOTCS TTAPAMETPHI, CTPYKTYDa M 3aKOH YIIpaB-
JICHHA € UCTIOIB30BAHUEM OIBLITA QYHKIIHOHHPOBAHUS 3MEKTPONPHUBO-
Jla, TO OH HA3BIBACTCS CAMOOOYHAIOUUMCA.

U1t OCyHIECTRIEHUSA aaTITHBHOTO YIIPABNEHHS B CTPYKTYpy DII
BBOIUTCSI YCTPOWCTBO aaanTHBHOTO yripasieHus (YAY), B 3agady Ko-
TOPOro BXOLMT (DOPMHPOBAHHE CUTHAIOB YIIPAB/IEHHS, 0O0eCIEYHBa-
TOINMX 3aJaHHBIH TT0KA3aTeNIb KaueCTBa TeXHOIOTMYECKUX ITPOLIECCOB,
HanpuMep HaUBHICHIEHW IPOM3BOIUTENRHOCTH PaGOYeil MAlIIMHEL, MH-
HUMaJIBHOM CTOMMOCTH 00OpabaThiBaeMOM JeTany U T.A.

B o6miem crydae VAY Do/mKHO 0GeCTIeYMBATh WITH TTORIEPXKAHHE 3TOT0
TIOKA3aTeITs1 KAYecTBA Ha 3a0aHHOM YPOBHE (CucmeMbl CabLAusaiuuu), Wi
TIOMYYEHNE SKCTPEMATEHOTO €r0 3HAUCHHUS (IKCMpPeMansibie CUCMeMbt).,

Cucmembi cmabunuiayuy Jaiie BCETO BEITOIHSIOTCS ¢ HCIIOMb30Ba-
HUEM MOJEH TEXHONIOTMYECKOro npotecca. Liesio ux paGoThl SBIIs-
€Tcs obecrieueHre GITH30CTH XapaKTEPUCTHK PEATBHOTO TEXHOIOTHYEC-
KOro mpoliecca 1 ucnecooGpa:;Horo (ONTUMaILHOTO) TIpolecca, KOTO-
DEIA BOCIPOM3BOAUTCS C IOMOLUBIO MOE/IH ITOTO TEXHONOTHYECKOTO
nporiecca.

B axempemanvrbix aaanmueubzx cucmemax HacTpoiKa NapaMeTpPOB CH-
CTEMBI YIPARICHIA OCYIIECTRIAETCH TAK, YOOI 3aNAHHBIA IIOKA3ATENb Ka-
_4E€CTBA TEXHOJIOTMIECKOTO NPOLIECCa JOCTHTAN IKCTPEMAIBHOTO 3HAUSHHSL.

"~ Ilo cnocoby nomyuerust HHGOPMAITMH O TEKYIIEM 3HAYCHHM 110~
KajzaTeJisl Ka4eCTBa 3KCTPEMAIbHBIE CHCTEMBI IEATCS HA HOUCKO8bie U
becnouckoesie. B HOMCKOBBIX CHCTEMaX HAXOXICHHE TIOKA3ATENs Ka-
YeCTBa JIOCTUrAeTCs 32 CUET BBEACHUS B CHCTEMY ZOIOJIHHTEIbHBIX
MOMCKOBLIX CUTHANOB. B 6ecnouckoswix (anarumuuecxux) cucmemax
STOT ITOKA3aTeJ1b PACCYUTHIBACTCS aHATUTUYECKH C TIOMOLIBIO CIEIIH-
AJIBHOTO BHIYUCIIMTENIBHOTO YCTPOMCTBA.

TMouckoBbIe CHCTEMBI IO CTIOCOGY TIOMCKA, B CBOK OYEPEHb, AENSTCS
Ha cucmembt ¢ AGmMoKoAe6amensrbimM U NPUHYOUMEAbHBIM HOUCKOM IKCM-
pemyma. ECu NOMCKOBEIE CHTHAJIBI TEHEPHPYIOTCS CaMoif CHCTeMOlH,
TO OHA OTHOCHTCA K SKCTPEMAJIBHBIM CHCTEMAM ¢ aBTOKO/IE0aTe/TbHBIM
TIOHCKOM 3KCTpeMyMa. I1pH MCTIONb30BaHMH CIIELHATEHOTO JIOTIONHH-
TEJIbHOr0 UCTOYHMKA ITOUCKOBHIX CHTHAJIOB SKCTPEMAbHAS CUCTEMA
OTHOCHUTCA K CHCTEMAM C IIPHHYAUTEIILHBIM NIOMCKOM 9KCTPEMYMA.

ITo xoMUYecTBY MepeMEHHBIX, OT KOTOPHIX 3aBHCUT MOKA3aTeNb
KayecTBa, 9KCTPEMAJILHBIE CHCTEMBI IENSITCS HAa OAHOMEDHBIE M MHO-
roMepHble. Kiaccudukaiust sKCTpeMaTbHLIX CUCTEM BBINOIHACTCS
TaKXKe [0 BUIIy MCTOLOB ITIOMCKA AITOPUTMA HAXOXAEHUS 3KCTPEMY-
Ma, Cpelli KOTOPBIX TIpHMEHEHNE Haluum Metonsl Iaycca — 3annenﬂ,
TPaJlIeHTa, HAUCKOPEHILIETro CITyCKA ¥ DA/ IIPYTHX.
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ITpuMepoM ITOMCKOBOM afaNTHBHOM CHCTEMBI YIIPABICHHS 3JICKT-
POTIPHUBOJA MOXET CIYXUTh CUCTEMA ITOMCKAa MUHAMAIBHOTO 3Haye-
HUSA TOKA CTAaTOpa aCHHXPOHHOro aurarens B cucteMe TPH-AZL, nipu
KOTOPOM TIOTEPH B JIBUTATE]IE OKA3RIBAIOTCS MUHUMATRHBIMU. Perymi-
pyeMoit KOOpIHHATOM ACMHXPOHHOTO ABUTATEIIS KaK 0OBEKTa yIpas-
JICHVS B 3TOM CJIyJae ABIAETCA TOK CTaTopa, YIpasoweil — Hanpsi-
KeHHe MMUTaHUS IBHrATeNIs, a BO3MYINAIOIIUM BO3AEHCTBIEM — MO-
MCHT Harpy3Ku Ha BaJly JBUTATEJIS.

4.8. KOMMNNEKTHbIE U UHTETPUPOBAHHbIE
SNEKTPONPUBOADI

IIporpeccHBHEIM HalIPaBJICHHEM TIPDH CO3IAHHUHU CPENCTB YIIpaBJie-
HHS ¥ aBTOMaTH3alMH TEXHOJIOTHYECKHX TPOLIECCOB SABJIACTCS pa3pa-
0O0TKa M BHITYCK KOMIDIEKTHBIX 2jtekrponpuBonos (KBIT) nocrostHHO-
I0 ¥ nepeMeHHOoro Toka. OHM IPEACTABIAIOT COBOM PeTyaInpyeMblit
SJIEKTPOTIPUBOJL, B TIOCTABIACMBII 3aKA34YHKY KOMIUIEKT KOTOPOTO BXO-
IAT BCe ero QYHKUMOHAJIBHBIC 3JICMEHTHI, COTVIACOBAHHBIE 110 BCEM
CBOMM XapaKTEPUCTHKaM H IapaMeTpaM yxXe Ha CTaAuH ITPOEKTUPO-
BAHUSA, KOHCTPYNPOBAHMS U H3TOTOBJICHHUS.

KoMIUIEKTHBIE 3JIEKTPOTIPRO/IET HAXOAAT Bee Goliee IMPOKOe TPHU-
MEHEHHME BO MHOTHX OTPACIISIX TPOMENIUIEHHOCTH — CTAHKOCTPOHTEINB-
HOM, GyMarofenareb-HON, METAUIYPIHYECKOM, MAITMHOCTPOUTEIILHOM
u ap. PacnipoctpaneHue KBTI o6bsicHsieTcs 6oree HU3KOM TpyooeMKOC-
TBIO TIPH €T0 Pa3paboTKe W M3TOTOBICHUM, COKpALICHUEM BPEMEHU Ha
2JICKTPOMOHTAXHBIE H HATANOUHBIEC paGoThl, YIOOCTBOM B SKCIUTyaTallliH.

KOMIUIEKTHBIE 37IeKTPOTIPHBOLBI PASNTHYAIOTCS TIO CACAYIONINM TeX-
HUYECKHM JaHHBIM [15]: HanpsokeHWio MUTAroel ceTh; YUCITy JBU-
rateneiil (OLHO-, ABYX- WIA MHOFOIBHUIaTeNIbHbIE); BTy 1 HOMUHAIb-
HBIM ITapaMeTpaM CHJIOBOTO Npeobpa3oBaTels; HUTMYHIO WIH OTCYT-
CTBUIO peBepca IBUTaTe)Is, BULy OCHOBHOI peryipyeMoii KOOpAHHATEL
(3NeKTPONPHUBOAEI C PETYAUPYEMBIMHU CKOPOCTHIO, ITONOXKEHUEM, Ha-

" TKEHHUEM, MOLTHOCTBIO); IUAMAa30HY M HANIPABJICHHIO PErYTHPOBaHUS
CKOPOCTH (OMHO30HHEIE ¥ IBYX30HHEKIC); COCTABY alaparyphl CHIIO-
BOH en# (C JIMHEHWHBEIM KOHTAKTOPOM WM 6€3 HEro); HATHYHIO WU
OTCYTCTBHIO TOPMOXEHHMST; CIIOCO0Y CBSI3H C TIUTAIONIEH CEThIO (CBSI3h
4epes TpaHcHOpPMAaTOp, peakTop Wiu 663 HHX).

KomiiexTHbii 3IEKTPOIPHBOL NOCTOAHHONO TOKA. OH XapakTepu3yer-
¢ HauboJee MIMPOKOI HOMEHKIIATYPOil, H B €TO COCTAB BXO[ISIT; XBUIA-
TeNb ¢ TAXOIeHEPATOPOM U (MJTH) JATYMKOM TIOJIOXKCHMS; TAPHCTOPHBIC
NIpeobpa3oBaTeny A MUTAaHUS OOMOTOK BO30YKAEHHS U AKOpS IBUTa-
TeJs MOCTOSHHOTO TOKA; CHJIOBOI TpaHC(HOPMATOp WM PeakTop; CIia-
XMBaIOIWi{ peaKTOP; KOMMYTAITMOHHAA U 3allIUTHAs anmapartypa (aBro-
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MaTHYecKHe BBIKTIOYATENH, TMHEHHBIC KOHTAKTOPH, pYCHIbHUKH);
YCTPONCTBO TMHAMIYECKOTO TOPMOXCHHA (pu HEOOXOMMMOCTH); CXe~
Ma YTIpaBICHHSA K TPOIPHBOIA; 6IIOKH TTHTAHUSA OOMOTKH BO30YXAECHIS
TAXOTEHEpaToOpa M HIEKTPOMArHUTHOTO TOPMO3a, miKag BBOJA BHICOKOTO
HanpsokeHus (Np4 HeoGXOMMMOCTH) ¥ KOMILIEKT arlapaToB, TIpubOpOB U
YCTPOCTB [Tl YIIPARICHHS H KOHTPOJLT COCTOSHIS 3JIEKTPONPHABOJA.

JIaTYMK¥ TEXHOJMOTHICCKHX MapaMeTpoB pabounx MalifH U Me-
XAHH3MOB, A TAKXKe YIPARIAOLINe M CUTHAILHEIC yCcTpoiicTBa, MOH-
THpyeMBbie Ha ITyJIbTax YIPaBJICHUS, BBULY HX crieHuPUIHOCTH B KOM-
TUIeKT TTOCTABKM OOBIYHO HE BXOJAT. ]

DNIEKTPOTEXHUYECKOH IPOMBIILUIEHHOCTRIO BBITTYCKACTCH HECKOJTBKO
cepuit KDIT nocTosHHOrO TOKA. .

KomIutekTHbIe 7eKTponpuBoas! cephi KTOY 0671a1a10T IINPOKHUM
crieKTpoM (YHKIIMOHATTBHBIX Bo3MOXHocTei. OHN BBIITYCKAlOTCS B
OJIHO- ¥l MHOTOXBUTATEIEHOM BapHaHTaX peBEpCHBHOTO H HepeBepcHuB-
HOTO MCTIOJIHEHHMS KaK ¢ JMHAMMYECKAM TOPMOXCHUCM, TaK M Ge3
HEro. DIeKTpONpHUBOALI MOITHOCTEIO 10 2000 kBT 06ccrieunBaloT pe-
[YIMPOBAHHE CKOPOCTH, ITOJIOXCHM, BJIC, MOLIHOCTH H HATSXEHH,
a MomHocTHo 10 12 000 XBT — TO/NBKO pEryMpoBaHie CKOpPOCTH U
momHocty. Ha ocrose atix KDII MoryT 6BITh peayiM30BaHbl INEKT-
POTIPHBOMBL M CO CTIEIMATBHEIMU XAPaKTCPHCTHKAMI

KoMIuieKTHEIE 3/1eKTporpuBoasl cepuit DKT u KT3 MOIHOCTEIO
cootBeTcTBeHHO 10 2000 1 1000 xBT MMEIOT IPUMEPHO TE X ¢yHK-
IUSHATBHBIE BO3MOXHOCTH, 4TO U CCpHi KT3Y, u oMyaloTcs Ha-
6OpOM M KCTIOTHEHHEM OTJE/IbHBIX GIOKOB.

Bonbuast rpyrma KDIT paspaGorana ¥ NIMPOKO NPUMCHSACTCS VTSt TIpY-
BONA MEXAHN3MOB CTAHKOB, POOOTOB, MAHMITYJISITOPOB H pifid JpYTHX T1I0-
NIOGHBIX paBOYMX MAIUMH M MeXaHU3MOB. K ux yucny orHocarcs KD
cepuit DTV 3601, OT3, 3T, STPII, DITV1, BI1V2, NP, DIITAP-1.
B omix KBTT nprAMEHSIOTCS BLICOKOMOMCHTHBIC [IBUTATE/H tumos [1BCT,
LT, 211, TIBB, JK1, ofecneynBaloue BEICOKNE JMHAMIAYECKHE TI0KA-
3aresi paboThi IIPHBOJIA. STV IBUTATETH HMEIOT BCTPOEHHBIC TaXxOreHepa-
TOPHI, C TIOMOLIBIO KOTOPBIX PEA/IH3YeTCs obparHas cBsA3b 110 CKOPOCTH.
B cocras 3tix KDIT KpoMe [BHUTaTeis ¢ TAXOTEHEPATOPOM BXOIAT CIIIO-
BO# IIPeoGPa3oBATE b, YCTPOHCTBO YIPABICHH, aBTOMATHYECKMH BBIKIIO-
yareJih, TpaHchopMAaTOp TTMTAHHA, CITIAKUBAIOLIMI PEAKTOP, Armaparsl 3a-
IUTHL ¥ cUTHAM3aIMK. HeKoTopbIC M3 STHX KOI1(2TY3601, OT3) ume-
10T 6y10KM cBs3u ¢ cucremamul UITY cTaHKOB.

BopmMHCcTBO yKasaHHBIX KBII umeoT CHAOBBIC THPUCTODHBIE
TpeoGpa3oBaTeny, NOCTPOCHHBIE 110 omHo! wu Tpexda3HBIM, MOCTO-
BEIM ¥ HYJIEBBIM, HEPEBEPCUBHBIM H peBepcUBHEIM cxeMam. B K311
rurtos ITPII n SUINP-1 ucmobe3yeTCst TPaH3MCTOPHEIA Npeobpaso-
BaTeb ¢ LMPOTHO-UMITY/IECHOM MOJYJIALIACH HANPSDKEHUA (ILIAM).
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CxeMBlI yrpaBieHHUs 60MbIIMHCTBA cTaHOYHBIX KBTI nocTpoeHs! 1o
MPUHUMIAM [TOAYMHEHHOTO PEryIMpoBaHusg KoopanHar ¢ I1- u ITH-
PETYAATOPAMH TOKa H CKOPOCTH, YTO 00eCTIeYHBaeT O0MbINe THAaTIa~
30HBI PETYUPOBAHHS CKOPOCTH, JICXKAIIHE B TIPEIE/IaX OMHOM THICAIH
u 6osee. B KBTI Tunos B3T3, DTPII, DITV1 mnd rapHbIX OBIKESHUL
CTaHKa IpefycMaTpUBACTCS YIPABICHNE TOKOM BO30YXKISHHS IBUra-
TeJiA ¢ TIOMOILIBIO TUPUCTOPHBIX Npeobpa3oBateneit (Bo3dynuTeneit),
9EM AOCTHUTAETCS YBEIMYCHHE AUANa30Ha PETYIMPOBAHHS CKOPOCTH.

MorrxHocts craHoYHBIX KBTI — OT eEMHHLIB IO HECITKOB KIJIOBATT.

KommiekTnbiii 37eKTponpuson nepeMennoro Toka. HomeHkmaTtypa
TaKUX JIEKTPONPHBOAOB IIOCTOSTHHO PACILIMPASTCH M BKIIOYACT B CeOs
37IEKTPOTIPHBOILI ¢ ACHHXPOHHEIMH H CHHXPOHHBIMH JBHTATEIISIMH.

K uncny nepsrix cepuit KOTI ¢ acCHHXpOHHBIMH TBUraTeIsiIMHA OT-
HocaTes atekrpornpuoasl THMoB DKT 1 DKT2 Ha MoutHocTH OT 19
10 66 kB-A u «Pasmep 2M», npaMeHa0IMica B cTaHKax ¢ YITY u
MpegyCMaTPHUBAIOIIMIA YACTOTHO-TOKOBOE VIIPAaBIEHHE aCHHXPOHHOTO
neurarens. K 6onee coBpeMeHHsM KOIT oTHOCSTCSt 4aCTOTHO-YIIPAB-
sisieMelie snekTponpusoasl THiia KUY, KITYK KITYH MoOIHOCTERIO OT
11 o 630 xBt; DTA Ha HOMHMHAJILHBEIE TOKY IBMraTesst ot 6 1o 50 A;
OI1A 1; OTA 1 v pan Apyrux.

B nocnieHve Toxbl MK TPOTEXHUUECKAsT TPOMBILIUIEHHOCTE BBIITYC-
KaeT KOMIUIEKTHBIE 3JIEKTPONPUBO/AbI C HCII0I30BAHHEM CHHXPDOHHBIX
nBuratenieit, cpemu Kotopsix DI1b 2 110 cxeMe BeHTWIHLHOTO JBHraTe-
ns1, DTG 3 u DIIb 3-B ¢ Mcnonb3oBaHMEM CUHXPOHHBIX ABUraTenei
C TMOCTOSAHHBIMU MarHUTaMH.

Cepusa «Bekrop» (AB-140) npenHazHaueHa Jj1st KOMIUIEKTALMM CTaH-
KOB 3JICKTPOTIPUBOAMH ¢ ACHHXPOHHBIMI H CHHXPOHHBIMH (BEKTOD-
HBIMH) IIBUTATE/ISIMU C HCTIONB30BaHUEM Npeo0pa3oBaTesicii YacTOTHI.

Nurerpupopannbiii sexTponpuson. B nocnensve ronsl 1yt npusona
HEKOTOPBIX CTAHKOB M CHELIMATBHBIX MEXaHU3MOB CTANTH pa3pabaThiBaTh-
€4 11 IPUMEHSTHCA JIEKTPOIIPUBOALI ¢ OOBEIUHEHUEM B CAMHYIO MH-
TETPUPOBAHHYIO KOHCTPYKIIMIO HECKOIBKUX KOMIIOHEHT 3JIEKTPOIIPHBO-
Ja IBHUTATeNs, MEXaHUIeCKOM Mepeiayl, JaTIMKOB KOOPJAHHAT, a B
HEKOTOPBIX CITyJasdX — M CIJIOBOTO peobpasoBareia. Takoil alIcKTpo-
MEXaHMYECKUiA MOYITh, Ha3hIBAGMBIif HHOLIA MEXATPOHHBIM, TIO3BOJIIET
B pAie Cy4yaeB IOJNyYaTh Goliee BHICOKHE TEXHHKO-IKOHOMHYECKHE
NIoKa3aTes paboTHI JIEKTPOTIPHBOAA H TEXHOJIOTHYECKOTO 000pynoBa-
HUS TIO CpaBHEHMIO ¢ OOBIYHBIM MCTIONTHEHHEM JJIEKTPONIPHBOIA.

KOHTPOJIbHbIE BOMPOCbI

1. B kaxkux cnyyasx Tpebyercs Co3paHue 3aMKHYTbIX CXeM BNEKTPO-
npuvsoaa?
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10.
11.
12.
13.
14.
15.

Kakylo CTPyKTypy CUNOBO# 4acTh uMeeT GONbLIMHCTBO 3aMKHYTbIX
3NEeKTPONPUBOAOE?

Kakve Buabl 06paTHbIX CBA3EH NPUMEHAIOTCH B 3aMKHYTHIX CXemax
anekTponpueoaa?

Kakue oTauymrtensHbie npuauaKm YMEIOT CXembl YNpasneHns C
o6imm ycunutenem?

Kakue OTJ'M‘-MTeanbIe NPU3HaKu UMEKT CXeMbl ynpasnenus, no-
CTPOEHHBIE MO NPVYHUMIY NOAYUHEHHOTO PErynMpoBaHna KxoopauHar?
Yro Takoe TEXHUYECKNIA U CMMMeTpW«IHbIM OI'ITVIMyMbI HaCTpOMKM
CUCTEM C NOANYUHEHHBIM PEryNIupPOBaHUEM KoOpauHaT?

Kakuve cnocobbl ynpasneHus nNpuMeHsioTCs B aCUHXPOHHBIX 3/1eK-
TPONPUBOAAX C NCNOMb30BAHUEM npeo6pasosateneld 4acToThbl?
Kakue suapl perynupyembix 3aeKTponpusoaos € CUHXPOHHLIMU
OBUraTensamy Bel 3Haete?’ ‘

C Kakol LUenNbIo OCYLLLECTBNAETCH aBTOMaTU4eCKoe perynMposaHne
TOKa BO36YXAEHUA CHHXPOHHLIX ABUraTenen?

Kako# 3N1eKTpONpUBOA Ha3biBAETCH Cneasium?

YTO Ha3bLIBAETCA 3NEKTPONPUBOLOM C MPOrPaMMHbIM yrpasneHnem?
B 4eM COCTOST 0COBEHHOCTM anekTponpueoaa ¢ Yry?

YTO Ha3LIBAETCA afanTVYBHLIM 31EKTPONPUBOAOM?

Kaxoil 3neKTpOnpUBO/A HA3LIBAETCH KOMMNEKTHbIM?

Kakoil 31eKTPONpUBO., Ha3LIBAETCH UHTErpupPOBaHHbIM?



Fnaea 5 ,
SJNIEKTPONPUBOA B CUCTEMAX
ABTOMATU3ALMU NPOU3BOACTBA

5.1. CTPYKTYPbl CUCTEM ABTOMATU3ALIUH
nPOU3BOACTBA

CoBpeMeHHOEe MPOMBIILIEHHOE MPOM3BOJCTBO XaPaKTePH3YeTCsI M-
DOKMM TIpMMEHEHHEM aBTOMATHYECKMX CHCTEM YIIPaBIIeH|A, YTO O3B0~
JIsIeT O6NerIHTh TPYX YEIOBEKa, YBETMIHMTE ITPOH3BOAUTENFHOCTE pabo-
YMX MAlIAH W TEXHOJIOTHYECKIX KOMITTEKCOB, TIOBBICHTE KAYECTBO BBI-
IyCKaeMol NPOAYKIIMH, CHU3HTE €€ SHEPTO- Y MaTepUaTOEMKOCTh H
PELINTE PSR OPYTHX 331aY. .

CreneHb aBTOMaTH3AIMH TEXHONOTHYECKUX TIPOLIECCOB MOXET Ob
pazmiyHol. Ha paHHMX 2Tamax NMpoMBIIIIEHHOTO TIPOH3BOICTBA ABTOMAa-
TH3UPOBaNach paboTa OTACNBHBIX paboyYHNX MAILIMH U IPON3BOICTBEHHEBIX
MEXaHN3MOB, a (PYHKHVM TIPHHATAS M Peanu3aLiH YIIPaRIeHIeCKUX pe-
IHEHWH BBIIONHST YEIOBeK (omeparop). 1o Mepe pasBUTHS, YCIOXHEHHS
M WHTEHCU(hWKAITMH TIPOM3BOJICTEA, a TAKKE TOSRIEHNST KOMITHIOTEPHOM
TEXHUKHU CTAITH CO3AABATECA CHCTEMBI YNIPABJICHNS, BHITIONHSIOLE HaK-
Jy41MM 00pa3oM Bech KOMTUIEKC 3a1a4 YIPARIEHUS TEXHONOTHYIECKUMH
00BeKTaMH. B HacTosIIIee BpeMst ¢ HUMH CTaJIN OOBCAMHATECS M CUCTEME]
aBToMaTH3upoBaHHoTo npoektuporaHus (CATIP) texHosorigeckoro u
BCITOMOTAaTETLHOTO 0GOPYAOBaHMSI, YTO TIO3BOJIIET OITTUMU3UPOBATE 110
MHOTHM TTOKA33TEN M KaK CAMH TEXHOJIOrHIeCKHE OOBEKTHI, TaK Y BEITOJ-
HSIEMBIE MMH TEXHOJIOTHYECKHUE TIPOIICCCHI.

TIpoMEHILIEHHOE TIPOH3BOICTBO MOXET UIMETh HECKOJIBKO YPOBHEH aB-
TOMATH3UPOBAHHOM CHCTEMH yIipansieHms. [1epBblif ypoBeHb, KOTODHIiA
WHOIZIA Ha3kIBAIOT JIOKATLHBIM, COCTARIAIOT CUCTEMBI YITPAB/ICHUS JJIEKT-
POTPHBOIOB OTAENBEHBIX paboyrx ManmiH. Ha 31oM ypoBHe 11 ofecrte-
YEHUH 3a0aAHHOIO KA4€CTBA TEXHOIOTMYECKOIO MPOLIECCa M €r0 aBTOMaTH-
3allM|, KpoMe OOpaTHBIX CBSI3ci CaMOro 3IEKTPONPHBOIA, MOTYT HC-
TIOJIB30BATHCS OOpPATHEIE CBS3M M TIO PETYIIPYEMOMY TEXHOJIOTHYECKOMY
TIapaMeTpy, HarpHMeP JARICHHIO WM PacXOLy KUAKOCTH W/ ra3a, HaTd-
XEHHIO B 00pabaThIBacMOM MaTepHate, YCHIHIO PE3aHUS B CTAHKAX U T

B Taxux cxeMax aBTOMATUMECKOTO Pery/MpoBaHus (puc. 5.1) BIXOAI-
Hasl KOOPIMHATA IEKTPONPUBOIA X, ARISIETCA YIPABISIOLIHM BO3IEH-
CTBHEM I paGoyeil MammHel PM 1 obecriedrBaeT 3aJaHHBIN XOX TeX-
HOJIOTHYECKOTO IIPOLIECCA IIPH PANTMYHBIX H3MEHEHHSIX BO3MYLIAIOMINX

1
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BO3IEHCTBUH X, U Xyoo CHTHATIOM 3aTaHUS VIS SICKTPOTIPHBOAA
SBJISETCS CHTHAT OTKIOHEHHA (PacCOMIACOBAHMSA) MEXIY CHTHAIAMU
3aIaHKs TEXHOJIOTHYECKOTO TIapameTpa X, , i TeXHOIOrMIECKon obpar-
Hoi cBsi3u X, ... Curnan 3anaumst X, IOCTYMaeT OT oneparopa paboyei
MAIlIMHb] WK OT CHCTeMbI YTIpaBneHus 6onee Beicokoro yposHs. Pac-
CMOTpPHM PEaTU3aIIMI0 TAKOH CXCMBI Ha NIPMMEpe CHCTEMBI aBTOMATH-
YeCKOTO PEryIMPOBAHHSI JABIECHUS HACOCHOM YCTAHOBKH.

Xnn:ml XnmuZ

Puc. 5.1. CxemMa aBTOMATUHECKOTO PErynuMpoBaHns TEXHONOMMYECKOro napameTpa

QCHOBHOM XapaKTepHCTHKON HAcoCa SIIAETCS 3aBHCUMOCTR CO3/1aBa-
emoro MM Haropa (famienusi) H or pacxona sombl. . Ha puc. 5.2 noka-
3aHBI 3TH XapaKTEPUCTUKHM IUISL IBYX CKOPOCTei IPUBOTHOTO IBUraTelsd —
HOMMHAIBHOM ®,,,, (XapaKTepHCTHKA ) ¥ FIOHIKEHHOH o, (XapaKTepHc-
tuxa IT). JJOTIyCTHM, YTO B UCXOXHOM MOIOXKEHHN HACOC paboTal B TOY-
Ke ] ¢ HOMUHATBHBIMH pacxonoM Q,., W HaropoM H,,,. [1pn HeusmeH-
HOM CKOpOCTH BpallieHusT paboyero KoJieca Hacoca CHIDKEHHE pacxoia 1o

H

o1 Opon

QZ Qnou Q

Puc. 5.2. XapaKTepvCTuku Hacoca

ypoBH# (, IIPHBE/ICT K TIOBBILIEHHIO JABICHHST Ha BRIXOJIE HACOCa 0 3Ha-
wennsg H, (1. 3 na xapakrepuctuke I). Ecny Takoe NOBLICHNE NaRie-
HUSI HEXEJIATeIbHO, HATIPIMED, TI0 YCJIOBHSAM TEXHOJIOTHYECKOTO MPOLCC-
€a WM 10 COOBPaKEHHAM 9KOHOMUH MEKTPOIHEPIIH 1 BOJIb, TO 33 CHET
YMEHBILIEHUS CKOPOCTH BpallieHus pabo4ero Koseca 10 ypoBHsA w, AaB-
JIeHHE MOeT OBITh CHDKEHO [0 3Ha4YeHusa H, npu ToM Xe pacxone O
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(1. 2 Ha xapakrepucTiike II). Tem caMeIM Iipu paGore Hacoca AOJDKHA
ObITh 06ecnieucHa XxapakTepucTuka I11, 4o MoxeT OBITE TIONIYYEHO B CH-
CTeME aBTOMATHYECKOIO PETYIMPOBAHHS JABICHUSA ¢ UCTIONB30BAHHUEM pe-
FYJIMPYeMOTO TI0 CKOPOCTH JIEKTPOITPHBOAA, BBIIOIHEHHOIO, HAIIPHIMED,
IO CXEME «aCHHXPOHHBII JBUTATETh — HpeoOpa3oBaTe/lh YaCTOThI».
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Puc. 5.3. Cxema aBTOMaTUYECKOrO PeryMpOBaHUA AABNEHUR

CxeMa Takoi CHCTEMBI PEryTMPOBAHHS B THAPABTMYECKOMN Marucr-
painu 1ioKa3aHa Ha puc. 5.3. Ha Heit 0603HaueH0: AZ] — aCHHXPOHHBIA
nBHrarenb; H — Hacoc; M — runpammueckad Maructpans; 117 — mipe-
obpasoparteb YacToThl; P — perynsrop pasnenus; A/, 3 — cOoTBET-
CTBEHHO JATYHK M 3aTaTYMK AABJIeHHs XUaKocTd; U, ,, U,, — CUTHAIBI
COOTBETCTBCHHO JATYMKA M 3alaTYMKA JaBlcHud. JlaTuuK HaBiacHUA
o0ecrieYHBaeT OTPULIATESILHYIO 00paTHYIO CBA3b 110 JABICHHIO, B COOT-
BETCTBHH ¢ yeM curHan U, Ha Bbixone P/ (OH Xe CHTHaJ YIIPaBieHHUs
npeoGpa3oBaTe/IeM YaCTOTH) OTIPEACISICTCS CICAYIOLIM 00pa3oM:

ljyszU:!.n_an;l.n’ (51)

rae k,, k, — COOTBETCTBEHHO KO3 (HHUMEHTE! ycwieHus1 /] CHTHaIOB
saganus U,, u ganeHus B MarucTpaiu U, ;.

Pa6ora cucTeMnl IIPOUCXOANT CICAYIONIMM o6pa3oM. JlomycTimM,
910 HCXOHHAas1 paGouasi Touka (CM. pHC. 5.2) HaXxonuTCs B IMOJIOXEHNH |
¥ Hacoc paboTaeT ¢ HOMMHATBHBIME pacxonoM (., ¥ nasineHreM H,,,.
IIpu cHIXXeHHH pacXola B COOTBETCTBUU C XapaKTePUCTHKAMH Haco-
ca puc. 5.2 Ha4HeT BO3pacTaTh NARIEHHE, a B COOTBETCTBHU ¢ (5.1) npu
aToM OyJeT CHUXAThCH CUTHAN ynpasieHHs U, 9710 NpuBeET K yMEHb-
LIEHHIO YaCTOTHI HAMPSDKEHU TMMTaHHUS ABUTaTeNsA, U €10 CKOPOCTh
HayHeT cHXathcd. Hacoc BerencTsue aTor0 nepeimer paborath Ha
Homee HU3KYIO XapaKTepUETUKY (pHcC. 5.2), U TaBIeHHe NTepeCTaHeT BO3-
pactartn. Ilpu yBemraeHuH pacxoaa cucTeMa o6yaer obecrieuuBarhb yBe-
JIM4eHue naejicHus. TakuM obpa3oM, B 3aMKHYTOi cxeMe puc. 5.3 Oy-
JeT obecricucHa xapakrepuctuka 111, moanepxuBaioman JaBjIcHUE B
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3aJaHHBIX NIpeaesax. [TonoxeHne 5Toi XapaKTepPUCTHKH ONpeeNsieT-
Cs1 yDOBHEM 3aJalolieTo curtdana U, ,, ‘

HaxnoH xapaktepuctuxu 111 Gyner onpexenstbes sumoM P u
KO3 ULIMEHTAMY YCUIICHMST JIEMEHTOB CXEMBL. B ciydae nemonb3o-
BaHMs [1-peryisropa AaBICHHs XapaKTEPHUCTUKA OyfeT UMETh HEKO-
TOPBIH HAKJIOH (DeTYIHPOBAHME CO CTATUMECKO# OIMOKOM), a B C/Iy-
wae Hamnums ITH -perynsTopa cxema oGecnieynT acTaTudeckoe (¢ Hy-
JIeBOil cTaTUYecKoil omubKoil) peryaupoBaHHe AaBiIeHUs. Pacuer
Kosb¢uumeHTta ycuneHus [1-peryiaropa no KaHamy JaBleHUs MOXET
GBITh IPOM3BEJEH CIIEAYIOLIM 00Pa3oM.

3anuIneM BEIpaKeHHe i CUrHaia ynpasieHua U, va sxone 119
st Touex I ¥ 2, uénosansys dopmyny (5.1):

Uy] = (‘D];‘:qi = k3U3.n = kUyx = kUax - LAY : S (52
o ‘
UYZ = 7(_1_ =kU, .- anzuu = kan-n - knkn.nHZ ’ (53)

18

rae k,,= Aw/AU, — K03 PHLIMEHT nepeaaTyt CHIOBOM YaCTH EKTPO-
npusopa (IT9+ All), pan/(c-B); k,, — KoodduLMeHT Hepefadn 1aT-
ypka gasneHus 0, B/M. :

Beruurast (5.3) n3 (5.2), nocie npeobpasoBaHmii osyyaeM cieny-
founyio GopMyIy IS pacyeTa TpeGyeMoro KoahGUUMEHTa YCUNCHHUS
CHIHAJIa NaTYNKa JABJICHAS: ' \

b= — o= 5.4
! kankn (H 2= HJIOM) ( )

OGBIYHO TpeGyeMast CTATHYECKAs XapaKTepHCTHKA perymmposanus 111
3anaeTcs TpeOyeMbIM (TOIyCTUMBIM) TlepenanoM Hariopa AH = (H,— H,,)
[P M3MEHEHUHM PacXofia B aGCOMOTHOM BIpaxkeHnu AQ = O, — @, Wwin
B oTHocuTensHOM Bute Qs = 0/ 0, TaK KaKk B COOTBETCTBUM ¢ (op-

mysamu riono6us Hacoca Q5 = 0o/ Quou = 0/ By = 01, TO hopmyny (5.4)
€ Y4CTOM 3THX COOTHOLUEHUI MOXHO 3aImHcaTh B BUIE:

k = (DHOM(I _QZ‘)
o kakAH '

PacueT TapaMeTpOB CXEMBI Ha pyc. 5.3 puBeeH B puMepe 5.1
MHorKe TeXHOJI0THYIecKHe TIPOLECCH] PEATU3YIOTCA ¢ HCIOIb30BaA-~
HMEM HECKOIBKIX B3aMMOCBSI3aHHBIX pabourX MaIlIWH, HanpuMep npo-
KaTKa MeTajUla B TIPOKATHBIX CTAHAX, H3TOTOBJICHHME NeTaNed B Mallu-
HOCTPOEHMH, TIPOM3BOICTBO OyMark U T.L. PaccMOTpUM 3TO Ha NpumMe-

pe CTaHa ropsyeil MPoKaTKy, CXeMa KOTOPOTO MOKa3aHa Ha pHC. 54.

KoMITIEKC TEXHONOTHUYECKOro 000pyNOBaHUA CTaHA BKITIOYACT B
ce6s1 HarpeBRaTesIbHBIE MTeIH MeTaIa I, POJIBIAHT 2, BEPTUKAIBHEIN 3

)
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H TOPU3OHTAIBHBIN 4 OKUIMHOJIOMATE)H, YePHOBBIC 5 M YHCTOBHIE 7
paGodme KIeTH, JieTy4re HOXHHALBI 6, MOTankH 9.

Puc. 5.4. Cxema apToMaTU3aLuu cTaHa ropsvein NpoxaTku

Texuomoruueckuit rporecc MPOKATKM METAIa COCTOUT B creny-
omeM. [lepen nmpokaTKoi MeTa/UIa ¢ IOMOIIIBIO CHELIMATBHEIX HAXKIM-
HBIX YCTPOHCTB YCTGHABIMBAIOT HEOOXOAMMEBIE PACTBODHI BAJIKOB BCEX
KJieTeii craHa B oKajuHosioMareneif. [Ipokarka MeTajuta HAUMHAETCS
C pa3orpeBa CAUTKOB B HATPEeBaTEBHBIX Medax 1. 3aTeM OHH mocTy-
TIAI0T HA TPAHCHIOPTHPYIOIIMI PONBIaHT 2 ¥ JOCTABJISIOTCS K OKallH-
HOJIOMATENIM 3 U 4, ¢ TIOMOIIBIO KOTOPBIX YAAIICTCS OKAJIMHA ¢ MX
TIOBEPXHOCTH. JaJjiee CAUTOK MOCTYHAET B KJIETH YEPHOBO Ipyniisl
craHa (MX MOXeT OBITh 5-6), re MPOU3BOTUTCS MPEABAPHTENBHOE 06-
KaTHe CIINTKA IO TOMMHHEL 2025 MM, '

TIocne YepHOBOI TPYIIIBEI METAIUT TIOCTYIIAET B YUCTOBYIO IDYIIILY,
COCTOSIIYIO M3 7—9 KiieTel, B KOTOPBIX METAJUT O0KMMAETCA JO 3alaH-
HOI TomIMHBL C ITOMOMIBI MOTAIOK 9 OH CMATHIBA€TCA B PYJIOHBI U
HaOpaplIseTcs Ha JaMbHEMy1o o6paboTKy. Arperatsl IMpoKaTHOrO CTa-
Ha — KIETH, PONBIaHIH, MOTAIKHU, JETYYHe HOXHHLIBI, HaXKUMHBIE
YCTpoiicTBa MPUBOAATCA B ABIDKEHHE SJIEKTPONPUBOIaMH 10,

HertpynHo 3axiIi04nTE, YTO yIIpaBieHHe TAKUMH WiH TTOZOOHBIMHU
CIOXHBIMHI TEXHOJOTHYSCKUMHK KOMIUIEKCAMMY JI0JDKHO OBITE B MaKCH-
MAJTBHOM CTEIeHH AaBTOMATHIUPOBAHO, UTO U PEANTU3YETCA Ha TIPAKTHKE
C TMTOMONIBIO ABTOMATH3MPOBAHHBIX CHCTEM YIIPABICHHS TEXHOIOTHYEC-
k1M nporieccaMn — ACY TII. B o6uiem ciydae ACY TII naseiBaercst
YeI0BEKOMAIITMHHASN CHCTEMA, 00ECTIeUHBAIOLIAS ABTOMATH3UPOBAHHBIN
c6op u 06paGoTKy MH(OPMAIMK ¢ HENBIO BRIPAGOTKH M Peau3aliim
YIPaBIAIOIMX BO3ACHCTBHI Ha TCXHOMOTHYECKHH OOBEKT YIIPaBJICHUA B
COOTBETCTBHHM C IIPHHSTHIM KPHUTEPHEM YIIPABTCHNA.
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TIpuMeHUTENBHO K paccMmarpuBacMoMy ripumepy ACY TII paboraet
cnexyoumm o6pasoM. s cBoero dyHKIMoHupoBaHus YBM norckxa
HMMeTh HeoGXomUMYyIo HH(MOPMAUMOHHYO 6a3y. OHa CKIABIBAETCS U3 UC-
XOZHBIX NaHHBIX HJI, TpeACTARISIOMIX COOOH pacueTHYIO (ONTUMANTE-
HYIO) MAaTEMaTHYIESCKYIO MOZCAb ITPOKATKH, ¥ TeKyliei HHbopMaliy 1o
TIpoleccy npokatky MI111, nosy4aeMy1o OT YCTaHOBIECHHBIX Ha TEXHO-
JIOTHYECKOM O0OPYHOBAaHMH HaTIUKOB & ConocTapiss 3agaHHEIE [TOKa-
3aTesiu TIPoTiecca MPOKATKH ¢ peabHeiMH, YBM BripabatniBaer 3aia-
OILHE CUTHAIBE (YCTABKHU) /ICKTPONPUBOIOB OTACITBHBIX PAbOUHMX MallliH
M MEXaHU3MOB U, IpH HEOGXOOMMOCTH, HX KOppeKTHpYeT. TakuM obpa-
30M, YBM BeInonHsAET Crieyionme PyHKLMH:

o TTOJIYICHHE, TIEPepabOTKy, XpaHEHHE H ITONCK HHOOPMALIUY;

» (DOPMHMPOBAHME ¥ BEUIAYY 33/aHHs (YCTABOK) IEKTPOIPHBOIAM TEXHO-
JIOTHIECKOTO KOMIUIEKCA Ha OCHOBE MATEMATHECKOM MOIEIH TIPOKATKH;

* KOPPEKIIUIO MATEMATHIECKOM MOAETH MTPH U3MEHEHHH TTapaMeT-
DPOB TEXHOJIOTHYECKOTO Mpoliecca ¥ COOTBETCTBEHHO BRIAABAEMBIX 3a-
IaHu# (YCTABOK), YTO 00eCIIE€UHBACT ONITUMHU3ALIMIO TEXHOIOTHIECKO-
TO rpoilecca (anarralus Uil CaMOHACTPOHKA CUCTEMBI),

o BBIJAYy NMONHOH HHGOPMALIMM 11O MPOHECCY MPOKATKH.

st nonmyJerst 06beKTHBHOMH HHbopMaLii YBM MoXeT OCYLIECTRILITE
CTATHCTIYECKYIO0 00pabOTKY CHTHAJIOB TEXHOJIOTHYECKIIX JATYMKOB.

ITpoMBIIUTEHHOE MPOKU3BOACTBO YACTO PEATH3YETCS He OXHUM, a He-
CKOJIBKUMH B3aNMOCBST3aHHBIMH TeXHOIOTMYECKUMHU IpoLieccamut, B pac-
CMATPHBACMOM MpHMEPE TPOU3BOACTBA MCTATUTHYCCKOTO JICTA MICXOTHBIM
M3ENHEM SIRISeTCS CIMTOK METalla, KOTOPEIA MOXeT ObITh OTyYeH, Ha-
TIpHMED, Ha YCTAHOBKE HETIPEPHIBHOI pa3muBKuy cTam, [Tocne nomyyeHus
JIMCTa OH MOXeT OBITh HAMpaB/IeH Ha JATBHENIIYI0 00paboTKy, HanpyMep
TIOKPHITHE 3AIUTHBIM ClIoeM ITHKA, COBOKYITHOCTE TEXHOMOTHMECKHX

TIPOLIECCOB U 00pasyeT NMPOMBILUIEHHOE IIPOM3BOACTBO, YIIPaBTIEHHE KOTO-
PBIM LIETeCO0GPA3HO OCYIIECTRIIATE C TTOMOINBIO aBTOMATH3HPOBAHHBIX CH-
CTEM YIIPABICHHS TTPOU3BOICTBOM MK nipeanpustieM — ACYTIL

ACVII pockHa B 06IIEM CITy4ae CONEPKATh CICAYIOIINE IONCHCTEMBL:
ACY TI1, aBroMatn3upoBaHHOU TEXHAIOTMECKOI TIOATOTOBKH IIPOMU3BOI-
CTBa, VIaHUPOBAHN, MCIIETICPH3AIMHU, TPAHCTIOPTHO-HAKOIUTEIIBHYIO,
KOHTPOJIS KAUeCTBa, KOHTPOJISI MCTIONIHEHHA, a8 Takke cOopa, XpaHeHus,
00paboTKH 1 BbIIaYH MH(POPMAaLIUH.

Crnenyionme, 6ojiee BLICOKHE YPOBHU YIIPAaBICHUS 00eCIeYMBaIOT
ACY npou3BOICTBEHHBIMU O0bEIMHEHUSIMU, B KOTOPBIE MOTYT BXOIWTh
Heckompko npeanpustait, ACY otpacnu 1 ACY 00UIerocyIapCTBEHHBIE.

ArnmaparHast peayM3aliisi COBPEMEHHEIX CUCTEM YIIPABIEHHS IPOM3BOI-
CTBOM BCEX YPOBHEH OCYIIECTRISIETCH € TTIOMOIIIBIO ORICTPOACHCTBYIONMX
CpPEIICTB BHIYMC/TUTEIIEHOM TEXHHKH, K YHCTY KOTOPBIX OTHOCSITCS TIPOMBIILI-
JIEHHBIE TIPOTPAMMHDYEMBIE JIOTHYECKHE KOHTPOJUIEPbI M KOMITBIOTEPEL.
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Oco6eHHOCTHI0 KOHCTPYKTHBHOTO MCIIOJTHEHHS MTPOMEIIILTEHHBIX
KOHTPOJUTEPOB SIBIACTCS HX IIPHCTIOCOOIEHHOCTE K paboTe B yCIIOBH-
SIX MIPOMBILIUIEHHOTO TPOU3BOJICTBA MPH 3HAYMTETHHBIX Y3MCHEHMAX
TIapaMeTPOB OKPYXKAIoWIeH cpeqrl U AeHCTBUM BPeTHEIX JUTS 3JIEKTPOH-
HOM TeXHHMKH (haKTOPOB — IEKTPOMATHHUTHBIX TTOMEX, 3aTTbLUICHHOCTH,
BUOpanvu U T.J1. OTIMMUTETFHOM YePTOil KOHTPOJUIEPOB SIBISIETCS BO3-
MOXHOCTB MX IIPOCTOTO NPOrPaMMUPOBAHMSI, HE TPEGYIOIIETO YITIy6-
JICHHBIX 3HaHUII TT0 HHGOPMAaTHKE OT 0OCITYyXXKHBAIOMIETO TIEPCOHANA.
Bo3MoXHOCTH IPOrpaMMHMpPOBaHHst 06eCTICUHBAETCS HAIMYMEM B KOH-
TPOJUIEPE NaMATH, B KOTOPYIO 3aHOCSTCS 3aKOHBI YTpaBieHUd 06beK-
TaMH ¥ Ipyrast Heo6xonnMas nHbopmanms,

KoHTpomiep, KOHCTPYKIIMS KOTOPOTO O3BOJISIET BCTPaUBATh €10 B
TEXHOJIOTHYECKOE OOOPYNOBaHHE, KOTOPBIM OH VIIPABJISeT;, HOCUT HA3Ba-
HHe BCTPaUBAEMOT0. ABTOHOMHBI KOHTPOJUIEP BBITIOJHAETCS] B BUIE
KOHCTPYKTHBHO 3aKOHYEHHOTO H3ENIHS M MOXET PasMeINaThCA B [IKA-
(ax ynpasieHud, Ha CTONKAaX WM KPEIIMTHCA K cTeHe. TIpH pasmere-
HHH TEXHOJIOTHUECKOTO 060pyRoBaHMs Ha GONBIION TEPPUTOPHI MOTYT
TIPMCHSATECS PACTIpeieNiCHHBIE KOHTPOJUIEPH!, TIPEACTARIITIoNIHe coboi
COe/JMHEHHBIE IMHAAMU CBS3H OTAEIbHBIC MOTYITH € OXHMM WM HECKOJIB-
KHMH YIPaBISIOLIMMY YCTPOHCTBAMH,

KoMIIBIOTEPBI KaK OCHOBHOE CPEICTBO PEaTU3alMi aBTOMATH3NPO-
BAaHHBIX CHCTEM YIIPaBJICHUA NMPOU3BOACTBOM MOFYT HMETH pa3HO06-
Pa3sHOe KOHCTPYKTHBHOE ¥ CXEMOTEXHUYECKOe vicionHeHue, Ha Bepx-
HeM ypoBHe ynpasierus (ACYTI) B kavectse YBM MoryT HCIIONB30-
BaThCA OOBIUHEIC ODICHEBIE KOMITBIOTEPHI, TaK KaK YIIPABICHUECKUI
nepcoHan paboTaeT B TTOMEIEHUSIX ¢ KOMGOPTHEIMY YCIIOBUSIMH.

B npon3BoACTBEHHEBIX YCIOBHMSIX TIPH paboTe HA HMXKHMX YPOBHAX
YOPaBIEHUA KOMIBIOTEPH, KaK ¥ KOHTPOJUIEPH!, JODKHE HMETD CIie-
IHaNM3MPOBaHHOE NPOMBILIIEHHOE UCTIONHEHHE. OT 0ObIYHBIX KOM-
MBIOTEPOB MPOMEIIUTCHHEBIE KOMITBIOTEPH! OTIIHYAIOTCS MOBBIIIEHHOM
YCTOMYHMBOCTBIO K BO3NEHCTBHAM OKPYXaloniel cpebl — TeMepary-
pe, BIAXHOCTH, BUOpaUsIM, IeHICTBUIO arPECCHBHEIX Ta30B H ITBUTH,
9JIEKTPOMarHUTHEIM IToMexam. CneiuaisHoe UCTIOTHEHHE UMEIOT U
CPEIICTBA CBSI3H «4YEJI0BEK — MAalllMHA» — JUCIUIEH M KJIABMATYpa.

IpombniLIeHHEIE KOMITHIOTEPHI B BUIIE UHAYCIMPUAIbHOLX PaboULX cImak-
Yutf XapaKTEpH3YIOTCS pasMEILEHHEM JHUCTUIES, CHCTEMHOTO 6710Ka M Kila-
BHATYPhI B €IMHOM KOHCTPYKTHBE. [lanensHoie npoMbiliAeHHbIe KOMRBIOMEDb!
XapaKTEePU3YIOTCS] MaTbIMu rabapUTHBIMH pa3sMepaMM 1 OTCYTCTBHEM Kiid-
BHATyphl, (DYHKLIMH KOTOPOIi BOITAraloTCsl Ha CEHCOPHBIIA SKpaH.

ITpumep 5.1, Cxema CHCTEMBI aBTOMAaTHHYECKOTO PEry/IMPOBaHMs
HaBJIEHHUS Hacoca NMpuBeleHa Ha puc. 5.3. Hacoc tuma KM 80-50-200
HMeeT HOMUHAIbHbIE Harop H,,,=50 M, pacxon (IIpOM3BOMHUTEIE-
Hocth) Q,..=0,014 M3*/c B cxopocTh BpanieHHs ®,,, =314 pan/c.
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Hacoc npuBOIHTCS BO BpamieHue apurareneM tuma 4A132M2 momr-
HocThio 11 KBT, KOTOPHBI MUTaeTCA OT NpeoOpa3oBaTeNis YacTOTHI.
KosdduumeHT nepemadd mpeoOpas3oBaTesii 4aCTOTH COCTABIIET
koo =S/ Ui =50/10=5 T11/B, 18€ f.0rs U, ox — COOTBETCTBEHHO HO-
MHHAITBHBIE YACTOTa M BXOEHOI CUTHAJI yIIpasieHus npeobpasoBare-
719 yacToThl. B cXeMe HCTIonb3yeTcst NaTYHK JaBNeHus ¢ Koahdumm-
€HTOM nepenai k,, =AU, ,/AH =0,2 B/m.

TpebyeTcst paccuuTaTh TapameTphl PJJ, TIpH KOTOPRIX Hartop Oyner
U3MEHSATHECA Ha BeIMMUHY AH = 5 M IIpY OTHOCHTEIIBHOM H3MEHEHUH
pacxoma 0'=0,2. -

PaccunteiBacM K03 OUITHEHT Nepeaadd CHIOBOM YaCTH 3JIEKTPO-
TIpUBONA:

' Ao Aoy, 314

o = AU, AU, 10

Hnst pacuera kosddUIMEHTa YCHIEHHS! CUTHAJIA AATINKA JARTICHHS
ucnonapsyeM popmyiny (5.5):

_0,(1-0) 314(1-0,2)
Tk kAH  31,4.02.5

TIpumeM compoTHBIEHHE pearcTopa R, . Ha CXeME PHUC. 5.3 paBHEIM
100 xOm. Torza conpoTHBIEHNE pe3UCcTOpa R, COCTaBHUT
R,. 100
R,=—2=—=12,5xOM
2 k, 8
OrnpeneisieM IMapaMeTphl LITH 3aal0LIeTO CHTHANA, IS 4Yero U3

ypaBHeHUS (5.2) HaXO[MM TIPOH3BeEHNE

kU, ‘°k*:w ke, Ho 33111+80250 90 B.

—==314 pan/(c B).

IIpunnmast k,= k, =8, Haxom¥M BeJIMIKHY 3afatomiero curiana U,
IUIS TIOJTY"IEHUS XapaKTePUCTHKH J:

5.2. PEMYJIMPYEMbIA 3JIEKTPONPMBOA
KAK CPEOCTBO JHEPMOCBEPEXEHMA
B TEXHOJIOMMYECKUX NMPOLIECCAX

OdbexTHBHOE HCIONBE30BAHUE SHEPTHH ARILETCS OTHOM M3 BAXHEH-
IIMX COBPEMEHHEBIX NMpoGieM HApOIHOIo Xxo3siicTBa. Ee pelenune no-
3BOJIMT CHU3UTE PACXOIT SHEPTETHUECKHX M MaTePUATBHBIX PECYPCOB IIPH
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TIPOU3BOJICTBE MPOMBINUIEHHON ¥ CENBCKOXO3SIUCTBEHHOM TIPOYKLIAH,
YMEHBIIMTD GOJIBIIHE HEMPOU3BOIUTEIBHBIE PACXOIE! FOCYIAPCTBA M Ha-
celIeHus B chepe KWIHITHO-KOMMYHAIBHOTO XO3SIACTBA, Y/TYYLIIMTE 3KO-
JIOTHYECKYI0 OBGCTAHOBKY B CTpaHe. BaXHyIo poiib B pellleHHH ITOMH Tpo-
OJIEMBI MIDACT SNEKTPONPHBO], KOTOPHI# SARISAETCAS OCHOBHEIM [OTpe-
OuresieM MEKTPHYECKON HEPTHH. B 061IeM cityuae sHeprocbepexeHue
MOXET OCYLUECTB/IATECA KaK B CAMOM 9JICKTPOIIPHBOLE, TAK W B 06CITy-
KMBAa€MBIX UM TEXHOOIMYECKHX IIPOLIECCaX, [IE HCTIONB3YEeTCH BEIpa-
HaThIBacMast M MEXaHMIECKAsT SHEPIHS.

IIpuMeHeHHE peTyIUpyeMOro aeKTpONpHBOA HO3BOMIIET obecIie-
YUTh IHEProcOEPEXCHUE NPU PCATH3ALHH MHOTHX TEXHOIOTHIECKUX
npoueccos. Hanpumep, peryiipoBaHme 3a CYET 3/ICKTPOIPHBOIA CKO-
POCTH JIEHTHI TPAHCTIOPTEPA, IIONAIOIIETO JETAIH B 3aKAJIOYHYIO TIeYB,
NO3BONAET MUHHMH3MPOBATh KOJIMYECTBO TETUIOBOM SHEPTHH HA X 33-
KaJIKy B 3aBUCHMOCTH OT COPTAMEHTA, TEXHONOTWH 3aKAIKH U IPYTHX
¢pakTopos. Becbma 3(hdeKTHBHO pPeryIUpyeMEIif 110 CKOPOCTH EKT-
POTNPHBOI MOXET O0EeCTIEYHTh SHEPTrOCOEPEXKEHIE B TAKHX paGoIux Ma-
LIMHAX, KaK HAaCOCH!, BEHTIISITOPE! M KOMIIpeccophl. TTOCKONBKY 9TH
paboure MAlIHHB MIMPOKO UCTONB3YIOTCA B IIPOMEIILICHHOCTH, Ha
TPAHCIIOPTE, B CEILCKOM M KIIMIIHO-KOMMYHATEHOM XO3STHCTBAX,
3HeprocHepekeHNE B HACOCHBIX YCTAHOBKAX CPENICTBAMH AJIEKTPOIIPH-
BOJIa ABJSIETCA 1IE1€CO0OPa3HBIM U OKa3BIBAETCS OYCHD 3((eKTHBHEIM.
Paccmotpum adexr aHeprocGepexeHnss Ha IpUMepe IEKTPONPUBOIA
LEHTPOOEXHOTO Hacoca.

Oco6eHHOCTRIO paGOTHI MHOTHX HACOCHEBIX YCTAHOBOK SIBMISIETCS M3-
MEHEHHUE KOJIMYECTBA (pacxoaa) MoHaBacMoil M MOTPeGHTEITIO XKIIKO-
¢ty (Boanl). HanpruMep, motpe6ieHe BOALI OT HACOCOB B XMJIBIX 344~
HUAX MEHSETCH B TEUEHHE CYTOK, UMes TBA MAKCUMYMA — YIPeHHMI 1
BEYEPHHMH, KaK 3TO MOKa3aHO Ha puc. 5.5. BosMoxkHocTh 3HEprochepe-
JKEHUS TIPY HCTIONB30BAHUH PETYIIUPYCMOTO TTO CKOPOCTH IEKTPOTIPH-
BOJIa MOXHO T10Ka3aTh C TIOMOIIBIO TAK Ha3hIBaeMBIX (hopMyJI IIpuBe/e-
HUSI, CBSI3BIBAIOIIMX pacxof O, Hartop H 1 noTpe6GIsieMy o HacOCOM MOLI-
HOCTB P ¢ ero cKopocThlo BpanieHust. [ AByX 3HAYEHMI CKOPOCTH
BpauieHys pabo4yero Komeca Hacoca o, M o, CTIPABEUIMBEL CIISAYIOLIHE CO-
OTHOLICHHS:

9 _o,

e (5.6)

H (oY

#-(3)
3

LA 8

22 5o
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M3 popmyan (5.6)—(5.8) BIIAHO, UTO pacXoIx MOXHO YMEHBILIATD 32 CHET
TIPOTIOPIIMOHAIEHOTO CHIDKEHIS CKOPOCTH BpalllcHUST HACOCA, TP 3TOM
OYIyT CHIDKATBCS Harop (MpONOPLIMOHAIEHO KBAAPATy OTHOMIEHIAS CKO-
pocTeit) 1 oTpeGAeMas HaCOCOM MOIITHOCTD (TIPOTIOPIMOHAILEHO KyOy
OTHOIIIEHUS ckopocTeit). TeM caMbiM, obecriedynBasi HEOOXOXMMEI pac-
XOJI XUIKOCTH, Hacoc Byner paGoTaTs ¢ MEHBIIMMH HAIrlopoM ¥ HOTPeD-
JICHUEM SHEPTHH M3 CETH, YTO M OIPeIeUT 3DeKT S3HEProcOe pEXECHNS.

'

Qw/a
8 1l m

L
LA
i I
- "

0 4 8 12 16 20 ¢ty

Puc. 5.5. Tpadux sogonoTpebneHms OT HACOCHOW YCTaHOBKW

Pacxon O, Hanop H u notpebnsieMas U3 CeTH MONIHOCTD Py, CBA-
3aHBI MeEXAY C000# CneyIoMUM COOTHOLICHUEM:

_peHQ (5.9)
TouTben

[II€ p — IUVIOTHOCTD XUIOKOCTH, KT/M%; g = 9,81 M/c? — yCKOpeHUe CBO-
GOIHOrO MAJEHUS; Nyons Ton — COOTBeTCTBeHHO KITJT Hacoca M 371€KT-
pompueoaa. Hamop H B 3T0#t hopMyiie H3MepsIeTCa B METpax, a pac-
xon @ — B M*/c.

Totpe6nsaemast 3a BpeMs T, 3NEKTPONPUBOIOM 3JIEKTPOSHEPTH
HaXOAMTCA 110 (popMyie:

Ay =T, By, = 2P8HC (5.10)
nHOHnE)ﬂ
DKOHOMIES 37eKTPOSHEPTHH 3a BpeMst paboThi T, HACOCA C PACXOIOM
() 3a cyer CHUXXEHU Hariopa co 3HadYeHust H, Tipy HeH3MEHHOM CKOpoC-
TH Hacoca A0 ypoBHA H, TIpy CHIZXCHHH €T0 CKOPOCTH COCTaBHT:

A, = ﬂ{}&?)ﬁﬁ, (5.11)

noTp

A

noTp
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IIpyMepET peanu3saniy peryJMpyeMoro SJeKTpOpHBoIa HACOCOB B
cHCTeMaX BOHOCHAOXEHHS TTOKa36IBaIOT, YTO 9KOHOMMS 3JIEKTPOHEepIriH
MOXET JOXOmUTh A0 50% M Goyee B 3aBUCHMOCTH OT BHIa M PEXHUMOB
paboThI HACOCHBIX YCTAaHOBOK. KpoMme 31oro, padota cetell ¢ MeHBLINMH
HaropamMu OyZIeT XapaKTepH30BaThCA M COKpatieHHUeM YTeYeK BOmBI (10
15—-20% u Gonee) B ceTax ¥ apMatype. [IpUMEHRHMTETBHO K HACOCAM C 3JICK-
TpOIIPHBOAAMH IIEPEMEHHOI'0C TOKA JJIA PETYTHPOBaHNA CKOPOCTH ABUTA-
Teseit OOBIYHO HCTIONB3YIOT CTaTHYECKYE peo0pa3oBaTe/Id YacTOTHL. <

ITpumep 5.2. Hacoc Tma KM 80-50-200 o6ecrieunBaeT BonocHa6-
XeHHe XWIOTO JJOMa ¥ MMeeT CJIeAyIOoIIKe IAcIOPTHHIE TaHHBIE:
H,=50 M, Q,.,=0,014 M*/c, KIIJ 1,.,,=0,63. B rox Hacoc paboraer
C HOMHHAIEHEIM pacxonoM (., B TedcHEe 1600 4, ¢ pacxomoM 0,4 O,
B Teuenue 4000 g 1 ¢ pacxogoM 0,2Q,,,, B TeueHue 2400 1. Xapakre-
pPHCTHKa Hacoca BhipaxaeTcs GopMynon

H=62,5-638000Q,. (5.12)

Hacoc nipuBoayuTCs BO BpallleHHE aCHHXPOHHBIM IBUTATEIeM TUITa
4A132M2 momHocTeo 11 KB, nverommm KT 1., = 88%.

Oripefe/Th SKOHOMHIO YIEKTPOIHEPTHH TPU HCITOME30BAHNH peTyIH-
pyemoro anekrponpusona. [pussrs, aro KT Hacoca npu H3MeHEHMH
€0 PacXofia Y ABMTaTe)Ist TIPH PETYINPOBAHMY €10 CKOPOCTH HE M3MEHSTIOTCH.

DKOHOMIIO S7IEKTPOSHEPTHH HAXOIVM, COMTOCTABIAS NMOTpebIeHHE
9JIEKTPOIHEPTHE HEPErYJIHPYEMOTO U PETYIUPYEMOTO MO CKOPOCTH
snektponpusona. KIT/I Hacoca u DII mpuMeM HeM3MEHHBIMU U PaB-
HBIMM HOMMHAJIHBIM.

1. HeperynupyeMblii 21eKTPOIIPUBOL,

JI1g KaKIoro yposHa pacxona Q HaxonuM 1o (5.12) Harop H 1 Ja-
siee 1o (5.9) u (5.10) — cooTBeTCTBEHHO NMOTPEO/IsIEMbIE MOLTHOCTE U
3Hepruo. Pesynsrarsl pacuera IpeCTaBIeHH B Tabm. 5.1.

Tabnmya 5.1
PesynbTaThl pacyeTa HeperynmpyeMoro 3ieKTponpueoaa
Q,m/c H, m T, u Poops KBT Aucrps KBT
0,014 50 1600 12,63 . 20208
0,0056 60,5 4000 6,11 24440
0,028 62 2400 3,13 7512

IMTorpebrenne 31EKTPOIHEPTHH 33 BCE BpeMs PabOTH HACOCHOM
YCTaHOBKH COCTaBHT 52 160 KBT- u.

2. PerynupyeMEIil 3IeKTPOTIPUBOI

JlaHHbIe TIpH paboTe perymMpyeMoro JeKTpoNpUBOIa TIpeCTaBIe-
HBL B Ta61. 5.2. Pacuer sHaveHuit H 1 P,,,, IpY 3TOM OCYIIECTBIIANCS
1o opmynam (5.7) u (5.8) 1o yca0BHIO PONOPLHOHATILHOCTH pac-
xozma Q M CXOpOCTH BpallleHusa Hacoca (5:6).
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PeaynbTatbhl pacyeta PerynupyemMoro a1eKTponpueoaa

Tabnuya 5.2

Q, M’/c H, m T 4 Pur; KBT Ay XBT
0,014 50 1600 12,63 20208
0,0056 9,7 4000 0,4 1600
0,028 2,5 2400 0,025 60

TotpetneHne aneKTpo3HEPTHM B 3TOM CiTyyae cocTasuT 21 868 kBt v,
a ucKoMast 3KOHOMUSL A,, = 30 292 kBr- 4. C HCMoab30BaHIEM TaHHBIX
o Tapuy Ha 3jIEKTPO3HEPTHIO Najiee MOXET GBITh pacc'm-raHa M 9KO-
HOMMS B pyOIeBOM BEIpAXeHHH.

5.3. ACY CTPOUTE/IbCTBOM

ACY crpourensctBoM (ACYC) nipencrasnsier coboi crieliHaTn3m-
poBaHHylo ACY, B MAKCMAJTBHOI CTETNIEHH YUHTRIBAIOILYIO CHeIud-
KY CTPOHTENIBHOM oTpaciu. CTpOMTENBCTBO KaK TIPOM3BOACTBEHHBIL
TIPOLECC XAPaKTEPU3YeTCsI MHOTUMH crieliDUIeCKMMHM TPUBHAKAMM:

¢ YUACTHE B MPOLIECCE CTPOUTENLCTBA GONBIION0 YHCIA UCTIOMHH -
Tesei, MPUHALTEXKAIINX K PasIMIHEIM OTPAC/IAM TIPOMBILLUIEHHOCTH;

* MHOIooGpasHe U BHICOKAS CIIOKHOCTh IIPOTYKTOB IIPOX3BONCTBE —
00BEKTOB CTPOUTENLCTBA;

¢ 3HAUMTENFHOE BJIMUSHHE IPHPOHO-TTOTONHEIX (DAKTOPOB;

» 0CODEHHOCTH CaAMOTO ITPOU3BOICTBEHHOTO IPOLIECCa, TPEOYIOETO
CHUCTEMATHYECKOTO IepeMELICHYS CTPOUTEIEHO-MOHTAXHEIX OpUTa U
CPEJICTB MeXaHU3aIIHH.

ACYC, xax u mobast CIOXHAsA CHCTeMa, COCTOMT U3 COBOKYITHOC-

TH B3aIMOCBSI32HHEIX M B3aMMOIEHCTBYIOIIMX YaCTei, KOTOphIE OOBIY-

HO Ha3BIBalOTCA MOACHCTeMaMU. [IpenpusTus CTPOUTENRHON HHAY-
CTPHH (IOMOCTPOMTELHEIE KOMOMHATHI, 3aBOABI XeJIe3066TOHHBIX
M3Ieii ¥ T.1.) 001a1aloT BCEMH YePTAaMH IIPOMBIILIEHHBIX TIPEATIPH-
ATUI, M HA HUX MOTYT JCHCTBOBAaTh PACCMOTPEHHBIEC BEHILIE JIOKATHHBIE
ACY 1 ACY TexXHOIOrMYecKHX TPOLECCOB M OTAEIBHbIX NPEANPHU-
il Ot ACY siBnsiores noacucreMaMu ACYC.

ITomimo Hux, ACY KpYyITHBIX CTPOHTEILHBIX 00beTAHEHHH, HMe-
IOLIMX B CBOEM COCTaBE NPOEKTHBIE, CTPOUTEIILHEIE U CIICIHATU3NPO-
BaHHEIE OPraH3aIliH CTPOHMHIYCTPUH, BKITIOUAIOT B ce6s 1 psax Apy-
THX (PYHKUMIOHANBHBIX [IOICHCTEM, KOTOPHIE 00€CHeYHBAIOT:

e YIIPaBJICHUE TTOATOTOBKOM CTPOUTENIBHOTO MIPON3BOJICTBA,;

* TEKYIIleE U ONIEPAaTUBHOE IUTAaHUPOBAHHE;

e OIIEPATHBHOE YTIPABJICHUC,

o CTPOUTEJIEHOE TIPOH3BOJICTRO;

& YY9ET ¥ OTYECTHOCTE.
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IMomuMo Hux B coctase ACYC MoryT (JOpMHPOBATLCS IOACHCTE-
MBI YIPaBICHUS KaYeCTBOM M HAayYHO-TEXHHYECKHUM ITPOTPECCOM,
TIEpCIIEKTUBHOTO TJIAHMPOBAHMA, YIPABICHUS TPAHCIIOPTOM, Cpefl-
CTBAMHM MEXAHH3ALUH H 1.

Kaxnas w3 nepedncieHHBIX HOACHCTEM PEHIAET CBOM KOMIUIEKC 3a-
nau, Bxopawnx B Benenue ACYC. Tak, HarpuMmep, B repedeHs 3a1ay
TIOACHCTEMBI YIIPABJICHUA NOJITOTOBKOH CTPOUTENLHOTO IIPOM3BOCTBA
BXOJMT: Pa3pabOTKa MPOEKTOB 30aHKUI M COOPYXeHHIM, TIPOEKTHPOBAHHE
OpPraHM3alMH 1 TEXHOJIOTUK NPOM3BOACTBA CTPOHTENLHO-MOHTIKHBIX
paboT, pacyeTsI MOTPeGHOCTH B MaTePHATBHEIX pecypcax, paspaboTka
ONepaTiBHO-NPON3BOICTBEHHOM NOKYMEHTAITVH 110 IOCTABKAM, pacue-
THI PasBATHST ¥ PA3MEIEHNS COGCTBEHHOH TTPOHU3BOICTBEHHOI 6a3bl,
TIPOCKTUPOBAHME OpraHU3atrH U TEXHONOTIM IIPOM3BOACTBA ITPOIYK-
(UM Ha COBCTBEHHBIX NPEITIPUATHSX, PACUETEI TIOTPEGHOCTH B CPEICTBAX
MEXaHU3allM{ U TPAHCIIOPTa ¥ pa3paboTKa ONepaTHRHBIX IPa(pUKOB UX
MCIIOJIB30BAHUA, PACYETH! YUCACHHOCTH M ITPOQeCCHOHAILHOIO COCTa-
Ba CTPOUTEIBHBIX KAIPOB, Pa3sBUTHE HOPMATHBHOM 6a3kl CTPOMTEILCTBRA.

- @ynxkumronuposanue ACYC 06ecTIedrBaeTCsl KOMILIEKCOM CPEICTB
TIONYYeHUS, PETUCTPAlKK X 06paGoTKH, Iepefaul, a Takxe o6paboT-
KM M 0TOGpaxeHus nHGOpMamu. ,

Tonyyenvie nepBruHOi MHGOPMALIMM OCYINECTRIIIETCS C TTOMOIIEIO
JBYX IPYII yCTpoicT: K nepeoit M3 HUX OTHOCSTCS JaTIMKY PaTMIHBIX
UBHYECKIX BEIYVH — TEMIIEPATYPSI, JABICHYS, PACXONOB JKIIKOCTH I
rda308, CKOPOCTH BPAIlleHHs ABMTaTesIeit U nIp., KOTOPHIE XapaKTepu3yloT
PaITHIHBIC TEXHOJOTMYECKHE MPOLIECCH! B CTPOUTEITBHOM HHAYCTpHH. Ko
BTOPOIi TPYIITE OTHOCSATCS YCTPOMCTBA PErUCTPALTME M 06paBOTKH YYETHO-
TPOU3BOICTBEBHOMH MH(OPMALIMN — JAHHBIX O XOZE BBITYCKA IPOAYKIIVH,
JBICKCHAH CPEICTB MaTEPHAIIbHO-TEXHMIECKOTO CHAOXeH s, TAbeJILHOIO
yJeTa ¥ T.J1. B ux KadecTBe MCTIONB3YIOTCA CUCTHO-KIABUIIHEIE U (haKTyp-
Hble MalMHBIL, I(QaBUTHO-LH(POBBIE PEIHCTPATOPSE M APYTHE YCTPOICTBA,
TIO3BOJIAIOIIME HAPSY C PEFHCTpAIUEi OCYIIIECTRITITE TAKKE U IIEPBMUHYIO
00paboTKy MHMOPMALIHH TT0 TPOCTEUIIIAM ATTTOPHTMAM.

B KauecTBe cpe/icTB Tiepenayyt HHGOPMALIMK MOTYT HCTIONIb30BATE-
cs1 mobble U3BECTHBIE CPENCTBA CBA3N — TeNedoHHas u TenerpadHad,
PamgMOCBS3b, PA3IMYHBIC IPHEMHO-TICPEAATOYHEIE YCTPOMCTBA.

O6pabGoTtka nHGOPMALMH SBJIAETCA OCHOBHOMN M Hanbosee BAKHOI
omepatineil B obmel cxeMe -Tpouecca HHOopMaTH3anuu paboTel
ACYC; ocymecTsiseMoit ¢ Ucnonb3osanueM DBM.

Cpenctsa 0ToOpaXkeH A U BHITAYH HHGOPMALIMHU CITyXaT IS 3aBep-
LWECHMS TeXHOJIOTHYECKOTo TIpoliecca 06padoTku nHpopMarmu B ACYC
H BBLIAYY Pe3YNIBTaTOB 06paboTku B popme, YIOOHOM A MX UCTIONb-
30BaHMs TIpM NPUHATHH YIIPABICHYECKMX pelicHuii. B yx xadecTse
HCTIOJIBL3YIOTCH YCTPOiCTBA TIeYaTH, CBETOBBIE Ta6I0, TUCIUIEH,; MHE-
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MOCXEMBI, a TAKXKE PaITUYHBIC MAIIMHHEIE HOCHTEIM NHGOPMaLHH,
KOTODBI€ ITO3BOJIAIOT XPAHHTh M HCTIONIB30BATh TI0 MEPE HEOBXOIUMO-
CTH TIOMY4EHHYIO MH(HOPMAITHIO. .
Cxema pasMenicHVs U B3aMMOJIEHCTBIS SIIEMEHTOB KOMILIEKCA TEX-
HHYECKHX CPCICTB OIPEAENIeTcs XapaKTepoM 00beKTa yIpaBieHUsS U
HCTIONB3YeMBIMH B IPOLIECCE YIIpaBIeHUsI 0GbeMaMH HH(OPMAIIHH.

- MHoxecTBO pemaeMbix ACYC 3amay, c10XHOCTE €e.CTPYKTYpPEI ¥
pasHo06pasHe IPUMEHSIEMBIX B Hell TEXHUYECKHX CPEICTB TPeGYIOT TIpH
€€ CO3NIaHUM HCIOJIb30BaHUS CUCTEMbI aBTOMATH3UPOBAHHOTO MIPOEK-
ThpoBanusi — CAIIP. Ee npumeHeHNe NO3BONSAET CYLIECTBEHHO COKPA-
THTb CPOKY M CTOUMOCTD pa3paboTku ACYC U ee NOACUCTEM M OXHO-
BPEMEHHO MOBBICUTH 3(DEKTHBHOCTE MX (DYHKIMOHMPOBAHUS, BakHbM
SABISETCS. U TO O6CTOATENLCTBO, YTO B POLIECCE ABTOMATH3UPOBAHHOTO
TIPOEKTUPOBAHMS co3maeTcst 6a3a JaHHBIX 0 OOBEKTY YIpaBiIeHHA,
OTPENETIOTCA U BHIOMPAIOTCA METONBI M TEXHHUECKME CPEICTBA ABTO-
MaTH3aLnK €10 paGoThl, pa3paGaThIBAETCS HH(POPMALIOHHO-BEIYHCITH-
TenbHBLH KoMIUTeke ACYC, YTo HEMOCPENCTBEHHO HCTIOMB3YETCH B T0-
cnexyiomeM yxe Ha craaui pabotel ACYC u ee noncucreM. Tem ca-
MbiM CAITP u ACYC 06pasyioT B3aMMOCBA3aHHYIO KOMIUIEKCHYIO
CHUCTEMY, IPUMEHEHHE KOTOPOH TIO3BOMIAET 06ECTIEeYMBATh Kak 3(hex-
TUBHOE NNPOEKTUPOBAHME, TAK U (PyHKIMOHUpoBaHHe ACYC.

KOHTPOJIbHBLIE BOMPOCbHI

1. Kakue yposH1 MOXET MMeTb aBTOMAaTM3UPOBaHHas cucTemMa ynpas-
NEHNA NPOU3BOACTBOM?
2. Yvo nossonsieT o6ecnewnTb aBTOMATN3aUMS TEXHONOrMYECKUX npo-
ueccos?
3. Kaxue koMnbloTepHbie cpeactsa npumensioTcs B ACY T u ACYN?
4. Kaxnm 06pa3om OCYLLECTBARETCH NOOAEPXAHUE A2BAEHUS HACOCHOM
YCTaHOBKU B 3aMKHYTON CUCTEME aBTOMATU4ECKOrO perynMpoBaHus?
5. B 4em cocTosT 0COGEHHOCTV KOHCTPYKLMU NPOMBILLGHHBIX KOH-
© TPONNEPOB U KOMMNbIOTEPOB?
6. B yem BaXHOCTL 338244 10 3¢hPEKTMBHOMY UCNONL30BAHWIO aHeprumn?
7. 3a C4eT Hero OCYLLECTRNSETCS SKOHOMUSI SEKTPOSHEDIMN B HACOCHIX
YCTaHOBKax Mpu UCNoNb30BaHUKA PErYIMPYEMOrO 3neKTponpueoaa?
8. B 4eM cocToaT 0CO6eHHOCTU ACY CTPOUTENbCTBOM?
9. Kakue nopcuctemsl Bxoaat B coctas ACY CTPOUTENBLHOTO 06bL-
eaMHeHnsa? ‘ :
10. Kakuve Texnudeckue cpepcrtsa ucnoneayiotrca 8 ACYC?
11. Y70 npepcrasnseT coboit cucrema aBTOMaTU3NPOBAHHOIO NpoeK-
TupoBsaHua ACY? '



FnaBa 6 E ,
HAOEXXHOCTb 3JIEKTPONMPUBOAOB

6.1. OCHOBHbIE NMOHATUA U OrIPEnEﬂEHMSI
TEOPUMN HAOEXXHOCTH

MrreHCHBHKALMS TEXHOJTOTHICCKUX ITPOLIECCOB, TIOBHILICHIIC TTPOH3-
BOIUTEILHOCTH M TOYHOCTH PabOTEI MPOMBIILTEHHOTO 000PYIOBAHMS He-
Pa3pBLIBHO CBA3AHKI C YCIIOXHEHHMEM 001Hel CXeMbl aBTOMATH3ALMM TPO-
M3BOJICTBA B IEJIOM U SJIEKTPOTIPUBO/IA B YaCTHOCTU. B 5THX yenoBusx Ha
TIEPBLIM TUIAaH BHIABUTACTCS BaXHAA TIpobreMa 00ecTieUeHMST HalleXXHON
pabOTEI aBTOMATU3UPOBAHHOTO IEKTPOOOOPYIOBaHNMSI, BBIXOH U3 CTPOSI
KOTOPOTO MOXET IIPMBECTH K BBITTYCKY GpaKOBAaHHOH TTPORYKIINH, CHIDKE-
HUIO TIPOU3BOMTEIEHOCTH TPYAA, TIOTEPSIM CHIPHST Y SHEPTHM, OCTAHOB-
K€, a MHOTZIA U K aBapHsAM pabovMX MalMH ¥ MEXaHU3MOB, T.€. K G0Jb-
MM 5KOHOMIMECKUM HOTEPSIM. 3a1a9a TTOBBIIICHVST HaIEXXHOCTH JIEKT-
POIIPHBOAOB ABNACTCA CIOXKHOK M KOMIUIEKCHOH Ipo0ieMoi, KoTopast
JIOJDKHA PENIaThCs KaK HA CTATIH TIPOSKTUPOBAHUS W M3TOTORJIEHUS €TO
3JIEMEHTOB, TaK 1 TIPH €70 MOHTAXE, HAAJKE ¥ SKCIUTyaTallii,

Hadexcrocmp — 3T0 CBOMCTBO JIEKTPONPHUBOIA «COXPAHSTh BO Bpe-
MEHH B YCTAHOB/ICHHEIX NPEJIE/iaX 3H3UEHHs BCEX [1apaMeTPOB, XapaKTe-
PH3YIOLTMX CTIOCOGHOCTD BBIMONHATH TpeGyeMEle (GYHKIIMU B 3aTaHHBIX
PeXKMax M YCJIOBUSX IPUMEHEHHUS, TEXHUYECKOT0 ODCITYXXUBAHUS, Xpa-
HeHMA ¥ TpaHCIIOpTHPOBKW» [9]. HamexHocTs npeacrapisier co6oit KoM-
IUIEKCHOE CBOMCTBO, CoUeTaloNIee B ceOe NoHATHS paboToCIOCOOHOCTH,
6e30TKa3HOCTH, JOJINOBEYHOCTH, PEMOHTONIPUTOMHOCTH ¥ COXPAHHOCTH.

Pabomocnocobrocms TIPEACTABIAET COOOI COCTOSTHUE 3JIEKTPOIIPH-
BOJid, IPH KOTOPOM OH CIOCOOEH BEIMOIHATH CBOU (QyHKIIMH, COOBI-
THe, HapyHawee paboTocrocoGHOCTE SIEKTPOIIPHBOAA, Ha3bIBAETCS
oTKa30M. CaMOyCTpaHSIOIIHILCS OTKA3 Ha3bIBAETCS COOEM.

Besomxasnocms — CBOMCTBO 3/IEKTPOTIPUBOIA HENPEPEIBHO COXpa-
HATP CBOIO PabOTOCIIOCOGHOCTD B TEYEHHME OITpeNeIEHHOTO BpEMEHH,

Jonzoseurocms — CBOMCTBO NMEKTPOTIPHBOLA COXPAHSTH CBOIO pabo-
TOCIIOCOGHOCTS A0 TIPENeIBHOTO COCTOSTHUS, KOTa ero OKCIUTyaTalst
CTAaHOBUTCSA HEBO3MOXHOM 110 TEXHIYCCKMM M S3KOHOMHUYECKUM TIPH-
YMHAaM, YCJIOBHAM TEXHHKH GE30IacHOCTH MJIN M3-33 HEOGXOMMMOCTH
KanutarbHOro pemoHTa. [leproll BpeMeHH OT Hayasia SKCIUTyaTalMH JO
TIpE/IEJILHOTO COCTOSTHHST HA3BIBAIOT CPOKOM CITYKOEI 1 HapaGotkoit DI
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Pemonmonpuzo0Hocms OTIpeJEISET TPUCIIOCOOIEHHOCTD HJIEKTPONPH-
BOJIa K TIOIIEp>KAHHUIO ¥ BOCCTAHOBICHHIO pabOTOCIIOCOGHOTO COCTOS-
HMS TIYTEM TTPOBEICHUS PEMOHTOB H TEXHUYECKOTO O6CTYXKIUBAHMS.

CoxpansemMocms — CBOICTBO 3JIEKTPONPHBOZIA HETIPEPHIBHO TOIIEP-
XKUBaTh CBOKX PabOTOCTIOCOGHOCTE B TEUEHHE M TIOC]E XPaHEHUs U
TPaHCIIOPTHPOBKH.

OCHOBHBIMH KOJIHYECTBEHHBIMM ITOKA3ATEISIMI HANEXHOCTH B~
I0TCSI BEPOSITHOCTD 0€30TKa3HO paGoThl, HHTEHCHBHOCTH OTKA30B 1
cpenHss HapaboTKa 10 0TKa3a.

Bepoamnocmo bezomraznoii pabomst p(T,,) npencrapuster coboi
BEPOATHOCTB TOI'O, UTO BpeMs paboTHI MIEKTPONIPHBOIA [0 0TKa3a Oy-
neT Oosblile YKasaHHOTO Iepuona BpeMeHH 7,,. DTOT mokasarens -
onpeIenseTcs OTHOLCHIEM YHCIIA anemponppmonon 6e30TKa3HO Npo-
PpaboTaBIIIX IO MOMEHTa BpeMeHH T, ,, K OBLIEMY YHCITY SJIEKTPOIIPH-
BOIOB, pPaOOTOCTIOCOOHEIX B HAYAILHEIIN MOMEHT.

Humencugnocms omxa3soe A(f) — 3T0 YUCIIO OTKA30B 3JIEKTPOIPH-
BOJIOB B EIMHHITY BpeMEHH, OTHECEHHOE K CPeXHEMY YHCIY 3JIEKTPO-
NIPHBOAOB, pabOTOCITOCOOHBIX K MOMEHTY BPEMCHH .

BeposTHOCTb 6€30TKa3HOI paboTs! p(7, ) U MHTEHCHBHOCTD OTKA-
30B A(f) cBA3aHBI MEXIY cOGOI CIIEIYIOINM COOTHOIIEHHEM:

| (T)= exp[ P»(t)dtJ , (6.1)

Cpennsast HapaboTKa 1o oTKa3a T, ipeacTarisier coboil MareMarn-
YeCKOE OXMIaHUe HapaboTKH IEKTPONIPHBONA [0 TIEPBOTO OTKA3A:

T, = [R@d1. (6.2)
0

C mosunuii aHanm3a HaJeXHOCTH JIEKTPOTIPHBONA KaK 3JIEKTPO-
MEXaHUIEeCKON CHCTEMBI paIMYaloT [BA BUNA COSMMHEHMS ICMEHTOB!
JIOTHYECKH NOCIEAOBATENFHOE, MIIM OCHOBHOE, H JIOTHYECKH ITapal-
JIEIbHOE,

Jozunecrku nocaedogamenshbim (0CHOBHbM) COeOuHenUeM HA3BIBAET-
¢4 TaKoe CoeMHEHUE SIIEMEHTOB, IIPH KOTOPOM OTKa3 JTI000ro U3 HUX
TIPHUBOJUT K OTKA3Y CHCTEMEI B LeNoM. Jlozuuecku napassenvroe coedu-
HeHue XApaKTEPH3YETCS TEM, YTO OTKA3 CUCTEMBI HACTYTIAET TOMIBKO NPH
OTKa3e BCEX IJIEMEHTOB.

" DJIeKTPONPHBOL IPEACTARISET COGOM COBOKYITHOCTB (CHCTEMY) B3a-
MMOCBA3AHHEBIX 3JIEKTPUYECKUX ¥ MEXaHWIECKHUX YCTPONCTB — JIBHTa-
TeJsA, TIpeobpa3oBaTens, peyKTopa, CXeMbI YIIPABIeHHs, KaKI0e 13
KOTOpBIX MMEET CBOI MoKa3arteab HanexxHocTH. HanesxxHocTs 951ekTpo-
TIPHBOIA KaK CHCTEMBl XapaKTepU3yeTcsl nomokom omkasoe A. Ecim
TIPUHSITE JIOTMYECKH TOCIIEAOBATENBHEIM COeIHHEHYE [V KOMITOHEHTOB
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BNIEKTPONPHBOAA, TO 3TOT NOKa3aTesb HANCKHOCTH 6yaeT YUCNEHHO
paBeH CyMMe MHTEHCHBHOCTEH OTKa30B OTACNBHBIX KOMITIOHEHT A;:
=N

A=§?».-- T (6.3)

ITo ¢opmyne (6.3) paccUMTHIBACTCA IIOTOK OTKA30B M OTHEJBHBIX
YCTPOMCTB IEKTPOIIPUBOIOB, COCTOSLINX, B CBOIO 04EPEb, U3 PAVTHYHEIX
Y3/I0B ¥ AIEMEHTOB, XAPAKTEPH3YIONIVXCS CBOSH MHTCHCHBHOCTEIO OTKA30B.

6.2. METOAbI PACYETA HAZEXXHOCTU
3JIEKTPONPUBOIOB

B Teopuy HaneXKHOCTH pa3paboTaHO HECKOJIBKO METOZIOB pacyeTa Ha-

IEXHOCTH, 13 KOTOPBIX HauBOMBIIEE PACTIPOCTpaHeHUe oy [21]:
e METOJI PacyeTa o CPEHETPYIITIOBEIM 3HaYeHUAM HHTCHCHBHOC-
Teif 0TKA30B;

o METO/ PACYETA C MCIIONB30BaHHEM AaHHBIX DKCIUTYyaTallMM;

o K03 GUIIEHTHBINA METOL, pacyeTa HaeXHOCTH.

IIpu pacueTe HaAEXHOCTH 3NEKTPOIPHBOIOB H IPYTHX CHCTEM H
YCTPOICTB HauboJee YACTO HCTIONB3YETCS Kogppuyuermubiil Memoo pac-
yema Hadexcnocmu. CYIITHOCTD €0 COCTOMT B TOM, YTO TIDH pacueTe
HAIEXHOCTH HCTIONB3YIOT He aGCOMIOTHRIE 3HAYEHUS HHTEHCHBHOCTH
OTKA30B 37EMEHTOB, 2 KO3(Q(UIHEHTH HaXeXHOCTH K, IIpeICTaRIs-
jo1mHe coboil OTHOLIEHHS HHTEHCHBHOCTH OTKA30B JIEMEHTA A; K UH-
TEHCHBHOCTH OTKA30B HEKOTOPOTO 0a30BOr0 3IEMEHTA Ag

=N
A= Z A 6.4)

=1
KosddurmeHTH HafeXHOCTH K; IIPAKTHIECKY HE 3aBUCAT OT YCIIO-
BHIf SKCIUIYaTallMd M 11 JAHHOTO 3JIEMCHTA SBISIOTCA KOHCTAHTOMH,
a YCIIOBMS SKCTUTYATALAN M DEXMMEI pafOTH! 3/IEMEHTa YUMTHIBAIOTCA C
TIOMOLIBIO TOTIPaBOYHEIX Ko3(bHIMEHTOB K BemTunHe K. OGBIYHO B
KayecTse 5a30BOr0 3MEMeHTa BEIOHPAETCs: METAJLTOIUIEHOUHBIH Pe3ncTop.
JIns pacdera roKasareeil HaIeXXHOCTH /IeKTPOTIPUBOJIOB HE00X0-
IUMO 3HAaTh KOSQOUIIMESHTEl HaZeXHOCTH K, BXONALIMX B HEro
YCTPOMCTB (37IEMEHTOB), YHCIIO YCTPONCTB JAHHOTO THIIA MV, ¥ MHTEH-
CHBHOCTE OTKA30B Ag 6a30BOT0 2/1eMeHTa. II0TOK OTKA30B 3JIEKTPONPH-
BOJA MPH 3TOM OTIPENENIAETCA ¢ TIOMOMLIBIO CIEAYIOMIErO BEIPAKCHHSA:

1_\=7»s§1\’,--’(,-- (6.5)

BisiHiE Ha HAeXHOCTh IEMEHTOB OCHOBHBIX AECTaOHIH3NPY-
JOIMX (PAKTOPOB: JIEKTPUICCKUX HATPY30K H TEMIIEPATYPHI OKpYXa-
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IOLICH Cpenbl — YIUTBHIBACTCS BBEACHHEM B PacyeT IOTIPaBOYHLIX KO-
atbueHToB. 3aBUCUMOCTH 3THX K0P DHIMEHTOB B QYHKIIUM TEM-
TiepaTyphl OKpyXalomieH cpelbl U k03¢ OULIMEHTOB HATPY3KH TI0 TOKY
k;, HaTIpSDKEHMIO Ky M MOLLIHOCTH K B BUIE COOTBETCTBYIOINHX rpaqm-
KOB NpUBEACHEI B [24].

VYuer BusSHUA APYTHX HaKTOPOB: 3aNBUICHHOCTH, BIZKHOCTH, BHO-
PAIH U T.A. — MOXeT ObITh BHITIOIHEH KOPPEKIINEH HHTEHCHBHOCTH
OTKa30B 6a30BOT0 3JIEeMEHTA C IIOMOLIBIO TIONIPABOYHBIX KO3(bHIMEH -
TOB, TaKK€ NPHUBEACHHBIX B [24].

Pesynarrupyiommii k03¢ OULIMEHT HAIEXHOCTH IEMEHTOB 3JIEKT-
POTIPHBOJIA C YUETOM DJICKTPHUECKHUX HATPY30K U TEMIIepaTyphl OKpy-
XKalome cpelsl (MCKIIoYasd pelleliHO-KOHTAaKTOPHYIO aIlnapaTypy)
PAaCcCYUTHIBACTCS IO hopMyIte

K/ =aaa0,K, - (6.6)

rae @, — K03thhUIMeHT, YIUTHIBAIONIII OTK/IIOHEHHE TeMIIEPATYPHL OK-
pyxaroniei cpefibl ¥ 9AEKTPHYECKOU Harpy3Kyl OT HOMUHAJIBHOM; 4, —
K03¢dHUILIMEHT, YINTHIBAIOIINI OTKIOHEHHE TEMIIEPATYPHI OKPyXa-
IoLIEH Cpeibl 0T HOMUHANBHOM; ¢y — K03(h¢hUIUEHT, YIHTHBAIOIH M
CHIDKCHHE JIEKTPHUYECKOH Harpy3KM OTHOCHUTEIABHO HOMHWHAJIBHOM;
a, — KoabPHILIHEHT MCTIONB30BAHMS 3JIEMEHTA, ONPEesIEMBIH OTHO-
IIeHMeM BpeMeHH pabOTHI 3JIeMeHTa K BpeMeHH PabOTHl 2/IEKTPOIIpH-
BoIa; K; — HOMUHATIBHOE 3HAYCHHE K03 PUITECHTa HaTeXXHOCTH.

KoatdbduumeHT HaneXHOCTH peneifHO-KOHTAKTHHIX amlHapaToB
otpenensercs 1o Gopmyie

b K =as 10+(Za6 ucc)f‘-f;‘, (67)

The as — KO3 OUIIMEHT, YIYUTBHIBAIOIUY BpeMS HAXOXICHHS KaTyII-
KU anmnapara Moj HanpsDKeHAEM B T€UEHUE OJHOIO IUKIA «BKIIOYE-
HO — BEIKJIIOUEHO» I TEMIIEPATypy OKpyXatowieit cpenst; Ky, K . —
COOTBETCTBEHHO K03 ®OHUIMEHTH HAIeXHOCTH BOCIPHHHUMAIOIIEH
(LIeTb KaTYIIKK) ¥ UCITOMHHUTENEHON (KOHTaKTHAs CHCTEMA) 4acTei
anImapatypel; g — K03 hUIHEHT, YIMTHIBAIOIIHIA YPOBEHD SIEKTPH-
YECKOI HAIPY3KM KOHTAKTa; M — YHCIO KOHTAKTOB; f;, U f,,, PakTH-
yecKast ¥ HOMHHAJIbHasl YaCTOTHI cpaGaThIBaHHA arlapara B 9ac.

ITocne onpenenenus K03hGHUIMEHTOB HANEXHOCTH OTAEIBHBIX
9JIEMEHTOB PACCYUTHIBAIOTCS T0Ka3aTe M HANEXHOCTH SlCKTPONPHBO-
Ia B uenoM. ITopsmok UX pacueTa COCTOMT B CiieayromeM [24]:

o OTIPEHENAIOTCA KOMTHYECTBEHHEIE 3HAYEHUS TapaMeTPOB, XapaK-
TEpPU3YIOIe HOPMAaJILHYIO paGoTy 9JIEKTPONPHBOAA, U AOIYCKH Ha MX
BO3MOXHEIE OTKJIOHeHHUS. PaboTa 371eKTponprUBOa B IIpeieiaXx STHX
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JOITYCKOB COOTBETCTBYET €r0 paboTOCTIOCOOHOMY COCTOSHHIO, 4 BBIXOL
3a HUX — OTKa3y,

& COCTARIAETCS TIOIEMEHTHAS NPUHIIMITHATBHAS CXeMa AICKTPOIIPU-
BOJIa, ONPEASIIIONTast COeAMHEHNE JIEMEHTOR TIDH BHITIOJTHEHUH MMU
3amaHHBIX GyHKuMit. [Ipy ee cocTarNeHMU BCTIOMOraTe/IbHBIC 37IEMEH-
Thl (CHTHAJILHBIE JIAMITHI, [TOKA3BIBAIOMIME NMPUGOPHI, 3BOHKHA H T.I.),
OTKa3bl KOTOPHIX HE RIVSIOT Ha HAIEXKHOCTh 3JICKTPOTIPHBOAA, MOTYT
OBITH OIYIICHEI,

o OTIPEIEAIOTCS. HCXOMHBIC AaHHbIe TS pacyeTa HaleKHOCTH: THUII,
KOJIMYECTBO H HOMHHAIBHEIE TAHHEIE HCIIONb3YeMEIX 2JIEMEHTOB; pe-
XMMEI paboTH 2JIEMEHTOB; TEMIIEPATYPa OKPYXAKO1Eeil cpelbl B MeCTe
paboTHI 3IEMEHTOB; HOMUHANTEHEIE KOX(D(MUIMEHTBI HANEXHOCTH /1~
MEHTOB; K03(DhUIHMEHTH HCTIONB30BaHMS SJIECMECHTOB BO BpeMCHH; TIe~
pHon BpeMeHH T, [UTS KOTOPOTO PAaCCYUTBIBAETCS HAEXKHOCTD, YCIIO-
BHA 9KCILTyaTalluM CUCTeME]. BeibrpaeTcs 6a30BEIt 9IEMEHT, H OIpe-
JIETISETCA Ag;

o 110 hopmyaam (6.6) u (6.7) ¢ HCTIOIB3OBARHKEM CIIPABOYHBIX AaH-
HEIX MO TIOTIPABOYHEBIM K02¢(hHIMEHTAM a,—a, PACCIUTHIBAIOTCA KO-
3P GHIMEHTH HaTeXHOCTU 3JIEMEHTOB 3JEKTPONPUBOJIA, @ 3aTEM €ro -
ya10B U yerpoiiers. ITocne 3Toro onpeaessioTest OCHOBHEIE HOKA3aTe-
JIY HaNeXXHOCTH 3JIeKTponipuBoaa,. I1py Jorndeckul mociie[oBaTeIbHOM
(OCHOBHOM) COETHHEHHUH DJIEMEHTOB, YITOB M YCTPOWCTB BEPOATHOCTH
6e30TKa3HO paboThI

p(L)= exp[—lﬂlZN,-K,-'], (6.8)
=1 .

rae N, — 9MC/I0 ONHOTHITHBIX JIEMEHTOB i-H TPYIIIHL B SJIEKTPOIIPH-
BoOfie; n — obIlee YUCIO 3MEMEHTOB B 3JIEKTPOHDPHUBOLE, HMEIOLTUX
JIOTMYECKH TIOC/IENOBATEIEHOE COeMTHEHME.

Hapa6oTtka 1o 0TKa3a 3J1eKTpOnpHBOAA

L= ©69)

I:—)‘siNiKil:I
i=1

Ecnu B cxeme DI nMeeTcs JIOTHYECKU NapaUie/IbHOE COCAVHEHHUE
3JIEMEHTOB (6710KOB), HATIPMMED PE3epBHPOBAHME, TO CHAYANA Paccuy-
THIBAIOTCA TIOKA3aTeNH HAAeXHOCTH OTAEABHO I ITUX IEMEHTOB,
a 3aTeM 3NEKTPONPHUBO/IA B LEIOM; HAIEHHBIE [TOKA3aTeN HAAEXHO-
CTH CPaBHHUBAIOTCA C TPeOYEMBIMHM 110 TEXHUUECKOMY 3anaHuIo. Eciu
OHM HE COOTBETCTBYIOT TPeGOBAHMAM TEXHHIECKOTO 3a1aHHsI WIH yC-
JIOBHSAM IKCIUTYATAIMH, TQ TIPUHAMAIOTCH MEDBI K MOBHIILICHHIO HAlEX-
HOCTH 3JIEKTPOTIPHBOJA.
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Ilpumep pacyera. PaccyuTaTh OCHOBHBIE ITOKA3aTE/IN HANEXHOCTH
VLT 6€3pEAYKTOPHOTO 3JIEKTPONIPUBOAA BeHTHIAITOpa. CxeMa 3J1eKTpo-
npueoza (puc. 3.8), BKIIIOYaeT aCHHXPOHHBIN ABHUTATE)Ib C KOPOTKO-
3aMKHYTBIM DOTOPOM, MarHUTHEIA nyckatenb KM ¢o BCTPOCHHBIMHU
TETUIOBBEIMH peJie KK, aBTroMaTiaecKuil Berkmoyatenb OF, npenoxpa-
uurenu FA, xHonky ynpapineuust SB1 u SB2. Dnekrponpusorn pabo-
TaeT B 3aKPEITOM MOMCIUCHUY C TIOBBIILICHHOM 3aTIbUIEHHOCTRIO TP
TEMITepaType okpyxaroiuei cpenst 50°C B TUTEIEHOM pexmnMe.

Jist pacieTa B COOTBETCTBUMH C peKOMEHZAIMSIMH [24) npuHuMaeM
HMHTEHCUBHOCTH OTKA30B 6a30B0oro aneMerTa A,=0,3- 107 1/4. Yyer noBsi-
LUEHHO# 3aNbUIEHHOCTH TIOMEIIEHMS B COOTBCTCTBHY C JaHHEIMH [24] yu-
TeM Koxbouimenrom k=2,5. TakuMm 06pa3soM, HHTCHCHBHOCTH OTKA30B
6a30BOTO ATEMEHTa COCTABUT Xg=kAs=0,3-10-7.2,5=0,75-10" 1 /1. IIpn
pacyeTe MPUHUMAEM JIOTHYECKH TIOCIEIOBATENLHYIO (OCHOBHYIO) CXEMY.

Pacuer nokasaresieit HaeXKHOCTH MPOBOIMM € YUETOM ITOTPaBOYHBIX
K03(hGHULMEHTOB 0 HAIEXXHOCTH 3JIEMEHTOB CXeMEI Ha pHC. 3.8.

’ AnemenT nonpalo‘mble Kan’"u"eHTu Nno HaReXHoCTH
K | K | Ko | K, a, a, a, a, K/ N, |NK
M 252 | — | — |0,8535 | 1 08 | 44 (3105 1 (3105
KM, | — |20 | — |06 | -~ | — |0O52| — | 10 1 10
KM, — — 125 | — —- | = — |44 1110 1 110
KK, - 100 (—~106| — | — 10582 — 5 2 10
KK, = - ]17.8] — — | - — | 42| 75 2 1150
QF 46 | — | — |06 | — | — ]| — 44| 20 1 20
§81 5 - | - {08} — | — | —1]03] 2 1 2
SB2 5 - | — 106 -] —=]—=142]21 1 21
FA 25 | — — | 0,6 1 1 1052] 42| 55 3 165

Tpumedanme. KM,,,, KK, n KM, ., KK, . — COOTBETCTBEHHO LMW KaTyLIeK B KOH-
TaKkTHbIX cuctemax koHrakropa KM v pene KK,

CymmMa niponseenennit N K, s anexTponpHsona cocraser 3612,
PaccuureiBaem HapabOTKy 10 OTKA3a M BEPOSTHOCTb Ge30TKa3HOM
pabotsl 3a Bpems T, = 5000 q:

ro_ L 1
o~ n - . -7 .
[—MZ N, K,} 0,75-107-3612

i=1

=3691 y;

(T)= exp[—kGﬂZ":MKi']= exp[~0,75-107-5000-3612] = 0,26.

i=l
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6.3. NOBbLILUEHWE HAQEXHOCTU
ANIEKTPONPUBOAOB

Obecnevyenre HANEKHOCTH JIEKTPONPHBOJOB HA CTAIMH NPOEKTHPO-
saHusg. DddekTurHOe QYHKUMOHNUPOBaHNE pabodHX MAIIMH U MeXa~
HM3MOB BO3MOXHO JIUIIE ITPY HaZeXKHOH paboTe 3IeKTpONPHBOIOB HX
HCIIONHUTEIBHBIX OpraloB. OCHOBEI TaKo# HafexHoU paboTH 3a-
KITABIBAIOTCA YK€ Ha CTAIMH IPOCKTHPOBAHUA ¥ KOHCTPYHPOBaHMS
37eKTPONPHBOIOB, KOTIA 33 CYET PANTHYHBIX TEXHHYECKUX PeIeHU
" obecrieynBaeTCI MHHUMAIBHO BO3MOXHAs HHTCHCHBHOCTD HX OTKA30B

M TeM caMBIM MaKCHUMaJIbHbIe BpeMeHa HapaboTKH o 0TKasa.

DbdeKTHBHBEIM CPemcTBOM MOBBILLIEHNS HATEXHOCTH JIEKTPOITPH-
BOJIOB SIBJISIETCST BBEIEHHE Pa3IMIHOTO BUIA H36HITOYHOCTH, IO, KO-
TOPO# MMOAPa3yMeBAIOTCS JONIOHUTEIBHBIE CPEIICTBA U BO3MOXKHOCTH,
TIPEBBIIIAIOMINE MUHUMAJIBHO HEOOXOIMMBIC UL BHITIOJTHEHHS 3a/1aH~

. HBIX yHKumMit. M36BITOYHOCT MOXKeET OBITh BHYTPHUIJIEMEHTHOI,
CTPYKTYPHOH M BpeMeHHOM.

Buympusnemenmnan u3bvimoynocmy TIpeLyCMaTpHBaeT CHIDKCHHE
SNEKTPUYECKIX HATPy30K HA SNEKTPHYECKUE BIIEMEHTEI H YCTPOHCTBA
SJIEKTPOIIPUBOAA. DTO JOCTHTACTCS 3aMEHON OHOTO JIEMEHTA APYTHM,
byBKIMOHANEHO TONOGHLIM, HO ¢ 00JIee BRHICOKMMH OIPERSTITIOIIUMHU
(HOMHHAJILHEIMM) TIapaMeTpaMu. HarnpuMep, IpHMeHeHHE KOHASHCa-
TOpa ¢ HOMHHAJILHBEIM HanpsoKEeHUEM BHILLIE paCYETHOTO CO3AET 3armac
IEKTPUIECKO IIPOTHOCTH M TEM CaMbIM ITOBHIINAET HALEKHOCTh pa-
GOTHI KOHIIEHCATOPa B CXEME.

Cmpykmypras usbbimovHocmb, Ha3bBaeMast TAKKE Pe3¢PBHPOBAHKEM,
MpeJTIoNaracT BKTIOUSHHE B CXEMY /IEKTPOIIPHBO/A AOTIOTHHTEILHEIX pe-
3PBHEIX 2/IEMEHTOB, GlIOKOB Y YCTPOJCTB, YTO MO3BOMISET CO3NABAT JaXe
H3 He 0YeHb HAJEXHBIX KOMITOHEHT HAJIEXHbBIE SJIEKTPONPUBOIBL. Baxk-
HO OTMETHUTD, YTO BKTIOYCHME B cxeMy DI 1 JONOMHUTEIBHBIX 371eMCHTOB,
OJIOKOB ¥ YCTPOICTB YBEJIMYMBAET €r0 Maccy, raGapuTHBIE pa3sMEpE! U
CTOMMOCTB, TIO3TOMY TIPUMEHEHHE 3TOTO CI1oco0a MOKHO OLITE IKOHO-
MHW4IeCKH 0O0CHOBAHO.

Pe3epeHpOBaHHe MOXCT OBITH CaMBIM Pa3sHOOOPA3HEIM IO CBOECHt
peamuzanui. Obuiee pesepeuposarue NPeIyCMaTPHBAET PE3CPBUPOBA-
Hue DI1 B LEIOM, a pasdeabHoe — OTOCHABHBIX €10 KOMITOHEHT.

TIpu nocmosnnom pesepeuposanuy NOTIONHUTEIBHBIE 3JIEMEHThI Y
YCTpOiicTBa TIOACOEAMHEHH! K OCHOBHBIM (palovynM) B TEYEHUE BCETO
BpeMeHH pabGOTHI 2JIEKTPONPUBOJA M HAXONSATCA ¢ HUMH B OZHUHAKO-
BHIX ycnoBuAX. I1pu pesepsuposanuu 3ameuieHuem NOITOMHUTEIIBHEIC
37IEMEHTHI BKJIIOYAIOTCA B pabGOTY TONBKO TTOCHE OTKa3a OCHOBHBIX.

Bpemennan usboimovnocmos TIpeAyCMATPHBAET UCIIOILIOBAHUE TEXHO-
JIOTHYCCKHX PE3¢PBOB BpeMEHH IS BOCCTAHOBJICHUS paboTOCIOCOOHOC-

199



TH 37IeKTponpruBoRoB. HanpiMep, Takoit pesepr BpeMeHU I 3/IEKTPO-
TIPMBOZIA CTaHKA, padOTAIOLIETO B COCTABE aBTOMATHYECKOM TMHIH, MO-
XeT OBITH CO3MIaH 33 CYeT HAKOTUICHUST HEKOTOPOTo 3atiaca 06paboTaHHBIX
Ha HeM netateil. Eci BpeMst BoccTaHOBNIEHHS paGoTocmiocoGHocTr DT
(HaripuMep, 3a CYET BBOIA pe3epBa) OyleT MeHbIIE BPEMEHH, 33 KOTOPOE
6yIeT U3pacxonoBaH 3TOT 3afac IeTajieil, To MPOCTOst JIMHUH He OyfIeT.

TloBbnmenne IKCILTYaTALHOHHOK NOTORHOCTH AICKTPONPHBONOB. Bhicokue
TIOKA3aTeNV HaZIEXHOCTH JIEKTPONIPUBOLOB, 3A/I0XKEHHBIE Ha CTaIWH TIPO-
€KTHPOBAHUS, €IIe He TapaHTUPYIOT BHICOKYIO SKCTUIYATAIIMOHHYIO [OTOB-
HOCTP K paboTe NIPHBOMMUMBIX UMY B JBIDKCHHE MAIIMH U MEXaHH3MOB,
HanpuMep, 0TKa3bI B 7EKTPONPUBOLAX MOTYT BOSHHMKATD PEIKO, HO Tpe-
Oy10T GOJIBIIOTO BpeMEHH TS X OOHAPYKEHHST ¥ JIMKBUIALIMH HITH, KAK
TOBOPSAT, GOJLIIOTO BpEeMeHU BOCCTAHORIICHNA paboTocniocoGHocTH DIT.
B 310M Citydae TexHONorM4ecKoe 000pyoBaHue OyIeT 3HAYHTETEHOS BpEMS
TIPOCTAHBATh, YTO BEI30BET, OUEBHIHO, SKOHOMIYECKHUE YORITKH, Taxum
00pa3oM, 3KCIUTyaTallioHHas roroBHOCTh DI oripenienseTcd eile ¥ Tpu-
¢rocoOeHHOCTHIO MX K OOHAPYXEHHIO HEUCTIPABHOCTEH B OTKA30B M
YCTPAaHEHUMIO 3TUX Ne)eKTOB IMTyTEM PEMOHTOB ¥ TEXHMIECKOIO OOCTY KM -
BaH¥$, 9TO ¥ OBUIO paHee HA3BaHO PEMOHTOTIPUTOIHOCTHIO.

KonunyectBeHHO 3KCIUTyaTaALIMOHHAsE FOTOBHOCTD D11 onpenenser-
¢ ko3gpghuyuenmom 2o0mosrocmu:

T .

K. T+T (6.10)
rae T, — cpenHss HapaboTKa 00 0TKasa, 4; T, — cpelHee BpeMs BOC-
CTAHOBJICHHUs (CpeqHssI IPONO/DKUTENIEHOCTh OTKa3a), NpeacTaBiis-
jolee cofoif MaTeMaTHIeCKOe OXHUIAHIE BPEMEHN BOCCTAHOBICHHS
paboTOCTIOCOGHOCTH IEKTPOIIPHBOAA, Y.

B HexoTOpbixX ciaydasx rorosHocTh D11 ouieHuBaeTcs Koagduim-
€HTOM TEXHHIECKOrO UCTIONb30BaHNUA:

T,
S (6.11)
e T, — CYMMapHOEe BpeMS TIPOCTOCB M3-3a TIaHOBOTO M BHETLIA-
. HOBOTO TEXHHYECKOTO OOCTyXMBAHUS EKTPOIIPUBOAA, Y.
Yem omrxe koaddunueHT K, K eAHMHHLE, TEM BBILIE TEXHHYCCKUH
* YPOBEHDb SEKTPONIPABOAA H TeM 3(P(eKTUBHEE MOXET OBITE HCTIONb-
30BaHO TEXHOJOTHYeCKOe 060pyIOBaHHE.

Kak cnenyer u3 (6.10), mist nomydeHys 60np110ro KoaddumeHTa ro-
TOBHOCTH CJIE/lyeT B MAKCIMAIBHOM CTETIEH} COKPALLIATH BPEMS BOCCTAHOB-
nernst T, B obmieM cilydae 310 BpeMsT CKIIAIBIBASTCS U3 UHTEPBATA MEXKIY
MOMEHTAMH BO3HHKHOBCHHSA 0TKA3a M HaYala peMOHTA (Meproz o6Hapy-
keHVST 0TKa3a) T, ¥ BpEMEHH PEMOHTA JIEKTPONPHBOA (TIEPHOL, JIUK-
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BuIawmu otkaza) T,. Taxim o6pasoM, cokpailieHie BpeMeHU BOCCTAHOB-
JieHus paboTOCIIOCODHOCTH NEKTPONpHBOIa T, ONIPEIessieTcsl COKpallie-
HHEM CPOKOB Ha 0OHAPYKCHUE ¥ JIMKBHIALMIO 0TKA3a (HEUCTIPABHOCTH).
PaccMoTpuM TexHITIECKUE MEPOTIPUSTHS, TIO3BOISTIONTHE COKPATUTE Bpe-
M T, ¥ TEM CaMbIM TIOBBICUTDH KO3(WPHIIEHT TOTOBHOCTH SMIEKTPOIPH-
BOJa U 0OCITYKHMBAEMOTO MIM TeXHOMOTHIECKOTO 00OPYIOBAHHS.

Coxpawenue spemenu obnapyxcenus omkasa T, obecrieunBaeTcs
TIABHEIM 00pa30M 32 CYeT UCITOJIL30BAHMA CXEM KOHTPOJIS 33 paboTol
OTAENBLHBIX YCTPOUCTB NMEKTpOIipuBoAa, ITpy BOSHUKHOBCHHH HeHC-
TPaBHOCTH WM OTKa3a CXeMa KOHTPOJA 00eCTIeYBAET 3BYKOBYIO HIIK
CBETOBYIO CUTHAJIM3ALIMIO, a B AaBAPHIHBIX CUTYALMAX — U cpabarkiBa-
HYe 3al0uTH nekTponpusona. [Ipocreitmieit pyHKuuMeit cxeM KOHTpo-
JI M CUTHANTU3ALUU SBJISETCH, HAIIPUMEP, CBETOBAS CHTHATA3ALHS O
COCTOSTHHY 2MEKTPUYECKUX arlfIapaToB CXeM YIIPABIACHUS JIEKTPOIpH-
BOJIOB, HATMYUH WJIN OTCYTCTBUU HATIPSOKCHHUS WIH TOKA Ha BXOAax
WIHN BHIXOIAX NEKTPOTEXHUIESCKUX ycTpoiicTs DI,

Pa3BUTHE cXeM KOHTPOJISI CBA3aHO C CO3IAaHUEM JUACHOCTHPYIOLINX
YCTPOICTB Ha OCHOBE MHKPOITPOLIECCOPHBIX CPEACTB, TTO3BOJISIIONINX
TIOJTy4YaTh, 3alIOMKUHATh, 00pabaThIBaTh M paCHpeae/IATh OONBIINE 00h-
eMbl HHpOpMaIMH 3a KOpQTKoe BpeMsi. HarpuMep, corocTaBnss 3a-
JAHHBIE M UCTUHHBIE (TEKYIINE) 3HAYEHHS NIEKTPUYECKUX CHTHAIOB
B yCTpOcTBaX, 3/IEMCHTAX U y3JlaX 3/ICKTPOIIPUBOIa, CUCTEMA Juar-
HOCTHKH CHOCO6HA OLIEHUTH X pABOTOCTOCOOHOCTD M BRIIATH anpop-
MAIHIO O MECTE ¥ XapaKTepe HEUCIPaBHOCTH.

D deKTHBHOCTD NEHCTBHS CXEM KOHTPOJIS H IMarHOCTHKH B 3Ha-
YUTENBHOUN CTETICHU OTIPEACTISCTCA CXCMOTEXHNYECKIM H KOHCTPYK-
TUBHBIM MCTTOJTHEHHEM YCTPOWCTB 3/E€KTPOTIPUBOAA. EC/IM OHH TIO-
"CTPOCHHI 110 GJIOYHO-MOAY/JIBHOMY NMPHHLMIY, HMEIOT HeoOX0IuMoe
KOJIMYECTBO YAOGHBIX KOHTPONBHBIX TOYEK (BBIBOIOB) SJIEKTPUYECKIX
1ernei ¥ 9JIEMEHTOBR CUTHAIM3AlIHH, TO BPeMsT 0OHapyXeHHsT Heuc-
NpaBHOTO 6J10Ka WIH YCTPOMCTBa CYLIECTBEHHO COKPAIIAETCA.

CHIDKCHHIO BpEMEHH TIONCKA HEHCIIPABHOCTEH HIM OTKa30B CI10-
cOGCTBYIOT TaKXKe HaTMuue MHEMOCXEMBI 3NIEKTPOMPUBOAA U €TI0 OT-
JIeNILHBIX YCTPOMCTB, JOCTOBEPHOM M YIOOHOM! B HCIIONB30BAHUH TEX-
HHMYECKOM JOKYMEHTAUUX Ha €T0 KOMIOHCHTHL M COOTBETCTBYIOILIAX
00o3HaueHU W HaAMICEeH Ha HHX, LieJIeHaNpaBieHHasa paboTa 1o
0606IIEHNIO TAHHBIX O BO3HUKAIOLINX HEMCTIPABHOCTSX M OTKA3aX 3KC-
TUTyaTHPYEMBIX JICKTPOITPMBOAOB, IOCTOSHHOE IOBHILICHHE Ksanwbn—
KalliH 00CITY>XMBAIOILETO TIEpCOHANA.

Bxomsipe B COCTAB 3/ICKTPOTIPHBOIOB YCTPOMCTBA 110 CBOEMY KOHCT-
PYKTHBHOMY HCTIOJIHEHHIO SIRTISTIOTCS, KAK TIPABHJIO, BOCCTAHARTABAEMBIMHA
WIH, IPYTUMH CJIOBAMH, PEMOHTHPYeMBIMH. Bpema pemonma T, yCTpoiicTB
1 GJIOKOB IEKTPOTIPHBOIA OTIPEAEIIACTCA ITIABHEIM 00pa3oM YPOBHEM Opra-
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HHU3AITHH CITYX0 PEMOHTA M MATEPHATIEHO-TEXHMMECKOTO CHAOXKEHHSA TIpe]-
ripusTUsL. B o61ieM ciryyae peMOHT 060pYIOBaHUA MOXKET OCYILECTRIIATE-
CS1 COOTBETCTBYIOIIHMM NTEPCOHATIOM YIACTKA, 1IEXA WTH HEHTPATH30BaHHO
B TIpefeax NpeanpyusTHs (OOBEIHHEHHS) WIH Xe C TIOMOLIIBIO CTOPOHHEN
OpraHM3aLuH (B TOM YHCITE Y TIPH TAaPaHTUITHOM PEMOHTE).

OpraHu3alyisi pPEMOHTa HENCIIPABHOTO 0J10Ka MOXET OCYIIECTRISTh-
Cs1 ITO ABYM BapuaHTaM. B riepBoM citydae nocjie OOHapyXeHHUS OTKa-
3a HEHCTIPABHEIH 610K peMOHTHPYETCH, & 37CKTPOTIPUBOJ, U COOTBET-
CTBYIOILLEE TEXHOJIOTHYECKOE 060PYROBaHUE B 3TO BPEMS HE paboTaloT
(mpocraugaiot). [1py 3HauMTENRHOM BpEMEHH PeMOHTA TaKast ero opra-
HM3aIMA MPUBOIUT K OOJIBIINM 3KOHOMHUYECKHM yORITKAM.

IIpu BTOpOM, 11€J1€CO00PA3HOM BAPHAHTE OPraHMU3alHK PEMOHTHOM
CITyXOBI B €€ PacTIOPsDKEHIH AOJDKEH HAXOOUTHCS KOMIDIEKT 3aMaCHBIX
3JIEMCHTOB M GJIOKOB 3JIEKTpONpHBONa. B 3TOM ciTy4yae npy oTKase
9JIEKTPOIIPUBOJIA BPEMSI €T0 PEMOHTA OIPEACIISICTCS TONBKO 3aMEHOI
HEMCIPABHOrO GJIOKA HA 3a11aCHOM, YTO He IPHBOAUT K IJINTEIBHOMY
npoctoro 06opyAoBaHusI. U3bATEI M3 CXeMbl HEMCIIPaBHBIH 610K pe-
MOHTHMPYETCA 1 Yepe3 HEKOTOPOE BPEMS BHOBb CTAHOBMTCS HCIIPAB-
HBIM ¥ BBOAUTCS B YHCJIO 3aNIaCHBIX. OYeBHIHO, YTO ¥ B 3TOM CJIydae
0109HO-MOQYNBHEBIN IPUHIAT HconHeHHS DIT Mo3BosIeT NOMYyIUTh
CYIIECTBEHHBIN SKOHOMUYECKHIL ahdexT.

HerpynHo 3aMeTHTh, UTO €C/IA BpeMsi pabOThHI 3J1eKTPOIIPHBOSA
MeXIy OTKa3aMH OJioka Kakoro-nunbo Tuna Gyxer Gonblne BpeMeHu
PEMOHTA 3TOTO 0J10Ka, TO JUIL MCKoUeHHA npoctosd DIT pocrarouso
HMMETH B 3a11ace TOJIbKO OJWH TaKOW 3arnacHoit 6,10k,

IToBLiienne HATERHOCTH 3JIEKTPONPHBOIA 32 cyYeT obecnedenns €ro
noMexo3amMineHHocTH. Pabota anexTpornipiBoia XapakTepUusyercs eli-
CTBHEM KaK HOJIE3HBIX ANIEKTPUIECKUX CUTHAJIOB, O0ECTIeIMBAIONINX Hall-
Jiexaniee (pacueTHoE) ero GYHKIMOHUPOBAHNE, TaK M BPEOHBIX, HEIpe/-
CKa3yeMBIX 3apaHee (CITy4ai{HEIX) BO3MYILIEHHIA, HA3bIBACMBIX HOMEXAMU.
TTomexy BEISEIBAIOT COOH B pabOTE ANIEMEHTOB H Y3JIOB JICKTPOIIPHBOJA,
a MHOTJA | UX TIOBPEXEHUS, CHIDKAST TEM CAMBIM HaJIEXHOCTh €70 pa-
6OTBI ¥ YCTIOXKHSISL €10 HaNaIKy ¥ SKCIuTyaTauio. OcoDeHHO YYBCTBUTE b~
HEI K IOMEXaM JICKTPOHHEBIC YCTPOICTBA YIIPABICHHS MEKTPOTIPHBOAA,
OTIEPUPYIOIINE MATIOMOMIHBIMY EKTPUIECKUMH CUTHAJIAMU.

ToBbIIcHYE TIOMEXO3aIIMILIICHHOCTH 3JIEKTPOIIPUBOJA JOJKHO OCY-
IIECTBIIATHCA MOAABICHNEM KaK COOCTBEHHBIX, TAK M BHCIITHUX IIOMEX.
TToaroMy m060ii 31EKTPONPHUBOL AOJIKEH OLITh CIIPOEKTUPOBAH, U3r0-
TORJICH K CMOHTHPOBAH TaKUM 06pa30M, YTOOBI, C OOHOI CTOPOHEI, €T0
KOMITOHEHTBI HE CO3XaBaiv TIOMEX APYT APYry U COCEHHUM 3JIEKTpO-
YCTAHOBKAM, a € IPYTOifl CTOPOHBI, OH JOJDKEH OBIT 3aLIUIIECH OT BO3-
IeCTBUS BHELITHIX TIOMEX, CO3NaBacMBIX JPYTHMHU 31¢KTPOYCTAHOBKA-
M. PacCMOTPHM TEXHIUYECKHE MEPOTIPHSITHSA, KOTOPBIE TIO3BOJISLIOT I10-
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BBICHTDH TOMEXO03aNIHIICHHOCTD JIEKTPOTIPUBOLA U TEM CAMEIM HAIEXK-
HOCTH M KA4eCTBO ero paboTEl.

Cobcmeennbie nomexu. OCHOBHBIMI UCTOYHHUKAMM IOMEX B 3JIEKT-
POIIPUBOJAX SIBIIAIOTCA DJIEKTPAYECKUE IBUTATENM, PeIefHO-KOHTAaK~
TOpHas anmnapaTypa, TAPUCTOPHBIE IIpeobpa3oBaTe/ld M IeKTpoMar-
HHUTHEIE YCTPOHCTBa. Takue mMoMexXyu MOTyT CO3AABATLCS TaKXKE ITPH
KOPOTKHX 3aMBIKaHHSIX B JICKTPHYECKUX LIETISAX, ITPU BOSHUKHOBCHUH
TICPCHANPSDKCHU M, CBA3AHHBIX ¢ OTKITIOUCHHEM LieTeli C HHAYKTHBHO-
CTbIO, IIPY U3MEHEHHH HAMPSDKEHWH Ha COCEHUX TTPOBOAX.

TTomexu B 3MCKTPHUECKHUX ABATATEIIAX CO3TAIOTCSA TIPY KOMMYTALIHH,
HapyIIEHHH KOHTAKTa MEXKIY IIETKaMH H KOJUTEKTOPOM HJIM KOHTaKT-
HBIMH KOJIBLIAMM, BUOpaLyy Bajta. JJisd nogaBieHUA 3THX BUXOB TIOMEX
TIPHMEHSTIOTCS Pa3THYHbIE QWIBTPEI, JOTIONHUTEIBHEIC KOMIICHCAIIMOH-
HbIe OOMOTKH, CIOMCTHIE, TILIATENRHO IMIPUTHPAEMBIE [ETKH, META/UIH-
3aIHs BHYTPEHHEH IMOBEPXHOCTH IUTACTMacCOBBIX KOprycoB. Kpome
TOTO, AOJDKEH OBITh OCYIIECTBIIEH HAIEXKHBIN IEKTPUICCKUIL KOHTAKT
MEXIY YaCTSAMH JBUTATENs, a TAKKeE TIIATE/MbHas UX cOopKa.

TMoMexu BOSHHKAIOT TIPH paboTe ATEKTPHYECKHX allIIapaToB M pasiiid-
HBIX 3JIEKTPOMATHUTHLIX YCTPOUCTB — TOPMO30B, My T, GUKCHPYIOUTHX
TIPHCHOCOBNIEHMIA, 3TeKTpoMarauToB. IIpH Ux oTKIIOYEHUM Ha 06MOT-
Kax alllapaTtoB U OTHOBPEMEHHO Ha MOABOASILUX IIPOBOJAX MOABIIAIOT-
s TIEPEHAIIPSDKEHHUS, KOTOPBIE MOTYT BO MHOTO Pa3 IIPEBHIILATL HOMH-
HATBHBIN (pabounif) YpoBEHS M BBI3BATEH KaK Mpo0oit N30y 06Mo-
TOK, TaK 1 TIOABJICHHE MOMEX B MMUTAIOLIECH CETH X OKPYXKAIOLIEH cpelie.

‘YMeHbIIICHUE IepeHaNPSKCHI U TEM CaMBIM YPOBHS TTOMeX 00BI4-
HO OCYLIECTBIISIETCSE ¢ OMOIIBIO CXeM, B KOTOPBIX IPUMEHSIOTCS De-
3UCTOPHI, IHOABI, CTAGWINTPOHEI, BAPHCTOPHI, KOHAcHCcaTophl. Han-
GoJibllice paCHPOCTPaHEHNE B CHITY YHUBEPCAIBHOCTH, MPOCTOTH K
5 GEeXTHBHOCTH HAILIM TaK Ha3biBaeMble R-C Lemoduku. Bynyum
BKJTIOYCHHBIMHU apaJUIe/IFHO KATYIIKE aTiapaTta WK 3JeKTPOMarHHT-
HOTO YCTPOMCTBa, OHM CYIIECTBEHHO TACAT aMILTATYAY M CKODOCTH
HapacTaHWsI MEePEHANpSDKEHHH, BHI3BAHHBIX NIPOLIECCOM OTKITIOUCHHS.
Pacuer BesuunH R 11 C oCyIECTBIAETCSA NCXONA M3 TIAPaMETPOB 06-
MOTKH W JOMYCTHMOTO YPOBHS! TI€PEHANIPSIKCHUS.

TToMexu mpu paGoTe peiie, KOHTAKTOPOB, MArHUTHEIX ITycKaTenei 1
JPYTOil KOMMYTAIIMOHHOM anraparypbli BO3HMKAIOT TIPH BUOpALMAX M
Apebesre MX KOHTAKTORB, A TAKXE TIPH NTpoGoe WM BO3HUKHOBEHUH IYTH
B MEXKOHTAKTHOM NpoMeXyTKe. CHIDKSHHE 3TOTO BHAA MTOMEX IOCTH-
raeTcs IPUMEHEHNEM HCKPO- U Jyroracureneit i QIIbTPOB; CXEM, OCY-
IMIECTRISIIOLIMX KOMMYTALIMIO TIPH PABEHCTBE HYIIO TOKA (HANPSDKEHNA)
B LIeINY; 5KpAaHUPOBAHHBIX Kabesieil; Kabesei co CKpyJeHHBIMH JKIUTAMH,

TTomexu Ipy paboTe THPHCTOPHEIX ITPe00Pa30BaTe/Ieil BOSHUKAIOT U3~
33 HCKAKEHNA MMM CHHYCOMIANIEHOMN (POPMBI HATIPSDKCHIIA U TOKA, BCJICA-
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CTBHE YEI0 CO3AI0TCSI BHICOKOYACTOTHEIE TIOMEXH (TapMOHMKY HaIps-
XeHUA U TOKa). KpoMe Toro, THpHUCTOpHEIE TIPeo6pa3oBaTe CO3IAI0T
TIOMEXH 33 CYET IIOCTOSHHO HAYIIUX B HUX KOMMYTALIMOHHBIX IIpOlec-
COB, CBSI3aHHBIX C OTKPEITHEM OIHWX TUPUCTOPOB M 33KPHITHEM JIPYTHX.

Han6omnee 53¢ ¢peKTHBHEIM cpEACTBOM TIOAABICHHS TIOMEX THPHC-
TOPHBIX TIpeodpa3oBarese SIBISIETCs YCTAHOBKA PAa3TMYHBIX (PHIIBTPOB.
Hpyroii yTh NOKABJICHMS CO3ABACMBIX UMM IIOMEX CBSI3aH C BHIGO-
POM TaKHX PEXHMOB paboTsl pecbpa3oBaTeeii M CIocoGoB yIpas-
JIEHUS UMH, MPH KOTOPHIX UCKAXEHHUS KPHBBIX HATIPSDKEHHMT M TOKA
6yXyT MUHUMA&IBHO BO3MOXHEIMH.

Brewnue nomexu. BHeNTHME TTOMEX¥ Ha 3JI€KTPOTIPUBOJ MOIYT ITO-
CTYIIaTh Yepes LN ITNTaHWsI UM 3a cYeT ACHCTBHS SJICKTPOCTaTHIEC-
KHX ¥ 3JIEKTPOMArHUTHBIX TI0JIeH, CO3MaBAEMBIX COCETHHMH 3JIEKTPO~
ycraHoBKaMH. K TakM yCTaHOBKaM KPOME 3JIEKTPOIPHUBOIOB OTHO-
CATCS 3NEKTPIISCKAN TPAHCIIOPT, BO3AYLIHEIE IMHHY H ITOACTAHIIMHI
3NEKTPOIIEpEnay, SMCKTPOCBAPOYHOE 000PYNOBaHHE, PA3THYHBIE BEI-
COKOYACTOTHBIE IPOMBILIUIEHHBIE ¥ HAYYHBIE YCTAHOBKH, ABTOMOGH-
JIA C IBAraTe/IsIMA BHYTPEHHETO CrOPaHMs, BRIYMCIUTENBHBIE KOMIT-
Jiexchsl. CriocoGbl TIOIaBIeHHA BHCIIHHUX TIOMEX OTIPENE/IAIOTCS TEM,
TIOCTYTIZIOT I OHH B 3JTEKTPOHPUBO/L TIO TIPOBOHAM (TAJILBAHUHECKHE
TIOMEXH) WJTH 32 CYET AeHCTBUA MEKTPOCTATHUCCKOTO HIM 3/IEKTPO-
MarHMTHOTIO Hofieif (eMKOCTHBIE W HHAYKTHBHBIE IOMEXH).

TanpBaHUIECKKE ITOMEXH MOTYT IOCTYIIATE B CXEMY ANEKTPONPH-
BOJA B TOM clIy4ae, KOIa OH UMeeT OBIIHe U HECKOIBKHX 3JICKTPO-
YCTAHOBOK LIETIH MUTAHKSA WK OGIIHiT mpoBos,.

CHixenne RIVSTHUS TATEBAHIYECKIX TOMEX Yepe3 MUTAIOILYIO CETh
JOCTUTHETCS CIECAYIONTMMHA OCHOBHBIMU MEPOTIPHSTHSIMH:

' YCTaHOBKOH R-L-C OWIBTPOB B MECTE NONCOCTMHEHUS JICKTPO-
TIPUBOJIA K TIMTAIOIIEH CETH,

o UCTIONIB30BAHUEM OTAENBHBIX OJI0KOB IHMTAHUA I YCTPOMCTB
YIPaBICHHS JJIEKTPOIIPUBOLA WIM IMTAHUEM MX Yepe3 FralbBaHHYeC-
KM pa3Bs3aHHbIC BTODUYHBEIE OOMOTKM PacHpeReNUTeNbHOTO TPaHC-
¢opmatopa;

o TIPUMEHEHNEM TIPOBONKY ¢ MAKCHMAIIEHO BO3MOXHEIM PACCTOSI-
HUEM MEXIY [IPOBOIAMH CUCTEMBI ITHTAHMSA M BHYTPEHHEH Pa3BONKH.
TIpu sTOM TIENM MUTAHUSA 1IEJIECOO0PA3HO BHIIOIHATH H3 MAKCHMAJIL-
HO KOPOTKUX NPOBOJOB OONBLIOTO CEUCHHUS.

Kpome nert muranus noMexu MOryT HOCTYNATh HA SMEMEHTHI M
YCTPOHCTBA 3MEKTPONPHBOIA Yepe3 OO IPOBOX, OTHOCHTEBLHO KOTOPO-
TO OIIPEAEIIETCA TIOTEHUMAT CUTHATBHEIX (M3MEPUTETHHEIX) TIPOBOIHHKOB
M TOYEK CXeM YNpariTeHHs. DdxbeKTHBHBIM CpeIcTBOM GOPEOBI C TAKOTO Ponia
TIOMEXaMU SIRJIAETCST COeIMHEeHHE OOILIETO IPOBOIA CXeMEI YITPABIeHHS TeK-
TPOTIPUBOLA € 3a3eMIBTIIOLUMM KOHTYpPOM. B pesymsraTe moMexy, mocTyra-
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OIIHE Ha IEKTPOTIPHBOLL Yepe3 CETh MUTAHKMA WK BOSHUKAIOILWE M3-32 Ha-
JIM4H% ITAPAsHTHBIX EMKOCTHBIX CBSI3CH Yepe3 KOXyXH GJIOKOB YIIpaBIeHUs
H Kopilyc 1kacda, He IoNazaloT Ha YCTpoiCTBa yrpasieHus DI1.

ITpy HaIKMK HECKOJIBKMX IKA(OB YIPABICHHS OCYLIECTBISIETCS
BHIPaBHUBAHUE MMOTEHIIMAIOB WX KOPITYCOB 3a CYET COSIMHEHHUS B CXE-
MY 3Be3[BI, 00IIast TOYKa KOTOPOM COCHMHAETCSA ¢ KOHTYPOM 3a3eMIle-
HHS ¥ TOKOBEIYLIUMH KOHCTPYKIIUAMH 3MAHHUH.

TlonarneHue momex 3a cyeT AEHCTBHA HNEKTPOCTATHIECKUX U BNEKT-
POMATHUTHBIX HOJIEH MOXET OCYHIECTRIATHCS HECKOIBKHUMH cIIocofaMu.
Hawuboree atdekTHBHEL CMIOCOG TIpeIyCMATPUBAET Pa3MEILEHHE 6JIOKOB
M YCTPOJCTB YIIPaBICHWs B META/UTHYECKHX ((heppOMarHHTHERIX) KOPITY-
€ax, a BCETO AMEKTPOOSOPYIOBAHUS JTEKTPONIPHBOIA — B METAUIMYECKIIX
mkadax. B pesynrrate 91010 BpelHBIe BHEUIHKE OIS 3KPaHUPYIOTCS
9THMH METAUTHYECKIMH KOPITYCAMH H He BEI3BIBAIOT TIOABICHHS [TOMEX
B 3NIEKTPUYECKUX HETIIX 21eKrponpuBond. K 3ToMy xe criocoly rmonas-
JICHNS BHELITHHX IIOMEX OTHOCHTCST SKPaHHPOBaHKe TIPOBO/IOB U Kaberieii,
pasMellieHHe UX B METAIUIMYCCKUX TPYOax WK Kopobax.

IToBrImIeHHE HANEXHOCTH PAGOTHI ATEKTPOIIPUBOIA JOCTUIAETCH, KAK
YXe OTMEYaNnoCh, BBEICHHEM BHYTPHIIEMEHTHOM WTH CTPYKTYPHOU N30hI-
TOYHOCTH, UCTIONBE30BAHMEM CPEACTB KOHTPOJIS H JHATHOCTHKH, 4 TAKKE
OTIPENCICHHBIM YCIIOXHEHHMEM KOHCTPYKTUBHOTO HCITOJTHEHHS! YCTPOMCTB
¥ 6JIOKOB 3MEKTpONpHBoaa. Peamsalys 3THX TEXHIIECKIX MEPOTIPHSTTHIA
TpeOyeT TOTIOMHUTENRHBIX 3aTpaT Ha pa3pafoTKy ¥ H3TOTORIEHHE 3JIEKT-
porrpuBonoB. O4EBUIHO, YTO STH HOTIOIHHTEILHEIE 3aTPATHI, KOTOpHIE
OOBIMHO HasbIBAIOT KAIUTAILHEIMH, MOTYT OBITE HPON3BEIEHE H OTIPaB-
IlaHBI JIMIITH B TOM CJTydae, KOTia 3a CYET [TOBBIIICHHS HAJeXKHOCTH JIEKT-
ponpuBOIa OYIET JOCTUTHYTO CHIDKEHWE TEKYIIUX 3aTPAT IpH 3KCIUTya-
TaIY CAMOTO 3NEKTPONIPUBOAA 1 OOCIIY KUBACMOIO MM TEXHOJIOTHYECKO-
ro o6opynoBaHHsL. TeM caMbIM TTOBHIIEHHE HATEXHOCTH TEKTPOIPHBOIOB
JIOJDKHO COMPOBOXAATHECA ONPEACIEHHEM SKOHOMIYECKOi 9(hheKTHBHO-
CTH 9THX MePOTIPHSATHIA, KOTOpas oApoOHO paccMoTpeHa B [21].

KOHTPOJIbHBLIE BOMPOCHI

1. Y710 HasbiBaeTCA HAQEXHOCTLIO 3neKTponpueona?

YT0 Ha3bIBAETCH BEPOATHOCTLIO 6830TKa3HOH pPaboTbl, UHTEHCKUB-

HOCTBIO OTKa30B 1 HapaGoTKON A0 OTKasa?

Kax atu nokasatenn csasaHbl Mexay coboii?

B yem 3axkmoyaeTcs k0adpDULIMEHTHDBI METOR, pacHeTa HaaeXHOCTU?

Kakue CywecTsYIOT METOAb! NOBbLILLEHNSA HAAEXHOCTH 3neKTponpw-

BOLOB MNPU UX NPOEKTUPOBAHUM U 3KCNAyaTaumMu?

6. Kakunmu cpegcTsamu MOXHO MOBLICUTL MOMEX03AWMULLEHHOCTb
3NEeKTPONPUBOLOB?

os®
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