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1. OPTAHU3AIIUA CAMOCTOSATEJBbHOM PABOTBI

1.1. Opranu3aioOHHO-METOAMYECKHUE TAHHBIC JUCIUTUTMHBI

OO0mmuit 06beM 4acoB 110 BUAAM CaMOCTOSTENEHON paboTh
Ne HaunmenoBanue MOATOTOBKA
WHIMBHYaJIbHBIE | CAMOCTOSITENIbHOE | MOATOTOBKA
ILII. TEMBI KypCOBOTO MOATOTOBKA
DoeKTa pedepata/rcce JIOMallHue U3y4YECHUE K 3aHATHSIM
p saganust (MA3) | Bompocos (CHB) (I1x3)
(pabotsl)
1 2 3 4 5 6 7
1 Tema 1 [IBurarenu 3 3
MIOCTOSTHHOTO TOKa
Tema 2
2 ACHWHXpPOHHEIC - - - 3 3
JIBUTaTEIIN
Tema 3
3 CuHXpOHHBIE - - - 3 3
JIBUTaTEIIN
Tema 4 OcHOBBI
4 - - - 4 3
IICKTPONPUBOAA

2. METOAUMYECKHUE PEKOMEHJIAIIUU 110
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

2.1 Ipouecchl KOMMYTAUMHU U CHOCOOBI YJIy4llleHHusl KoMMyTanuu. PeryimpoBanue
YacTOThl BPALCHHMA JABHrarejed NMOCTOAHHOIO TOkKa. Peakuusi sikopsi U ee BJIHMSIHME HA
padoTy MALIMHBI IOCTOSIHHOIO TOKA.

KoMMyTanuei B 371€KTpUYECKUX MAIIMHAX Ha3bIBACTCS MPOLIECC MEPEKIIOYEHNS CEKLINUN
0OMOTKHM M3 OJHOMW MapajieIbHONW BETBU B JPYTYIO U CBsI3aHHBIE C 3TUM siBieHus. Ha puc. 1, a
NOKa3aHa CeKIMs mepea KommyTanued Ha puc. 1, 6 — cekuus B Ipolecce KOMMYTaluu
(3aMKHYyTasi HAKOPOTKO Yepe3 MmieTkH 1, 2), Ha puc. 1,B — CEKIUs MOCIe KOMMYTAI[HH.

ITporiecc mepexoYeHus: CEeKIUM MPOTEKaeT JOCTaTOYHO OBICTPO: BpeMsl KOMMYTAalLlUU
OJIHOM CEKIMH, Ha3bIBaeMOe TIepHUOoI0M KommyTaruu Tk, cocrasiser npumepro 0,001 — 0,0003
c. SIBneHus, npoucxomiuIMe NpPU KOMMYTAlUH, CYLIECTBEHHO BIMAKOT Ha HAJEKHOCTb U
JIOJITOBEYHOCTh PA0OTHI MallIMHbI TIOCTOSIHHOTO TOKA.

IIpy mIoX0M KOMMYyTalUMu TOSABIAETCS 3HAYUTEIBHOE MCKPEHHE IIOJ INETKAaMU U
CBSI3aHHOE C HUM 00ropaHue KOJIJIEKTOpa.
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Puc. 1 Cexnun

Tok i B KOPOTKO3aMKHYTOH CEKIIMHU 232 BpeMs Tk MCHSET CBOC HalpaBlICHHE Ha
MPOTUBOMOJOKHOE: OT +la 10 — la (puc. 2), rae la — TOK B NmapajyiebHON BETBU. BerencTaue
M3MEHEHMS TOKa B ceKiuu HaBoautcs DJC caMOMHAyKIIun
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KpOMe 9TOro, KOMMyTHpyeMas CCKIMs, €CJIIM INCTKH PaCIIOJIOXKEHBI Ha FeOMeTpH‘ICCKOﬁ

. . e =Bdu
HEUTpaJK, IePEeceKacT MONEPEYHOe NoJIE AKOPs U MOATOMY B HeW HaBoautesa DAC :

HasbiBaemas DJIC Bpamenus, rae By — unaykuus nonepeuroro nosst. O6e 9/IC  BbI3bIBaIOT
TOK KOMMYTAIIUH Ig, KOTOPBIH 3aMbIKAeTCsI MO IIEMHU: CEKIUs, KOJJICKTOpHAs IUIaCTHHA, MIETKA,
KOJUIEKTOPHAS TJIACTHHA, CeKIUs (mTpuxoBas TuHUs Ha puc. 1.13,6). Ot compoTuBieHus 3TON

. £,
Leny, a TakKe OT 3HAYCHUW W HaIpaBiCHUs e W ¥ 3aBUCUT 3HAYCHUE W HAIpPaBIICHUE
ToKa ix. Kpome Toro, mo KOMMYTHPYEMO# CEKIIUH MTPOTEKAET YaCTh TOKA STKOPSI.

Ecmi e, u % manpasnens! Hactpedy Apyr Apyry u paBHbl, T0 e+ 2 =0u Tok B
KOMMYTHPYEMOM CEKIIUH HU3MeHseTcs 1o 3akony | = la (1 — 2t/ Tk), T.e. nuneitno (puc. 1.14,
npsimast 1). B aToM ciydae mioTHOCTh TOKa IMOJ MIETKOW Be3[e OJMHAKOBA M HE M3MEHSETCS B
IpOILIECCe KOMMYTAIIMU — HCKPEHHUE TTOJT IETKAMHU HE HAaOJII01aeTCsl.

T

s

Puc. 2 I'pauk u3mMeHeHus Toka

Opnako npakTuyecku e + %D £ 0. B stom cliy4ae TOK Ix anreOpandecku CyMMHUPYETCs
C YacThlO0 TOKa SIKOpPS B KOMMYTHPYEMOW CEKIMH W OOIIMH TOK B KOMMYTHPYEMOM CEKIUH
U3MEHSeTCs B COOTBETCTBUHU C KpuBbIMM 2 uiu 3 (puc. 1.14). B mepBom ciyuae koMMyTarus
Ha3bIBAETCSl 3aMEJICHHOM, BO BTOPOM — YCKOPEHHOH. B 00oux cilydasx MIOTHOCTb TOKa IMOJ
IIETKOM HEOJMHAKOBa, OCOOCHHO OHA BEJIMKA B HaOerarollel yacTy IETKU JUIs TeHeparopa U B
cOeraromeil — 1t aBurarens. B pe3ynbraTe BOZHUKAeT HCKPEHHE IO ETKOM M Ha KOJUIEKTOpE.

Ilymu  ynyuwenus kommymayuu. B npeapiaymem mnaparpage ObUTH  pacCMOTpPEHBI
AJNIEKTPOMATHUTHBIE PUYUHBI IUNIOXOW KOMMYyTalud. OJHAKO K MCKPEHMIO MOJ IETKAMU MOTYT
IPUBOJNUTh U MEXaHHMYECKHE NMPHUYMHBI: HEPABHOMEPHBIH M3HOC KOJUIEKTOpAa M €ro BUOparus,
YpE3MEPHBIN M3HOC IIETOK, BBICTYIIAHUE OTJEIbHBIX KOJUIEKTOPHBIX IUIACTUH U U30JSLUN U T.J.
C y4eToMm 3TOoro yayuuenue KoMmymayuu BO3MOKHO HECKOJIbKUMHU ITyTAMU:

- o0ecrieueHreM B MalIMHE MPSMOJIUHEHHON WM HECKOJIbKO YCKOPEHHOW KOMMYTallUu;
JTO JOCTUTACTCS CO3JAaHUEM B 30HE KOMMYTAI[UU CEKLUH JOIOJIHUTEIBHOIO MATHUTHOIO I10JIS

TaKOW BEJIMYMHBI U HAIPaBIEHUS, YTOOHI e + o -0 X

- YBCJ'II/I'-IGHI/IeM COHpOTI/IBJ'IeHI/IH KOpOTKOSaMKHYTOﬁ eI CECKIINU B IICIIAX yMeHBHICHI/ISI
TOKa KOPOTKOTO 3aMBIKAHUS; TO JOCTUTAETCS MPUMEHEHHUEM TBEPABIX IPa(HUTOBBIX IIETOK C
MOBBIINICHHBIM TIEPEXOIHBIM COMPOTHBIICHUEM (MSTKHE METHO-TPa(HUTOBBIC IIETKH C MajIbIM
HepeXOZ[HBIM COHpOTI/IBJICHI/ICM HpI/IMeH}IIOTCSI TOJIBKO B TUXOXOAHBIX MalllMHAX Ha HaHpH)I(eHHe
1o 30 B);

- THIATCJIIbHBIM KOHTpOJ'ICM 34 COCTOSIHHEM HOBerHOCTI/I KOJIJICKTOpa 1 TICTOK.



I'maBHBIM CpEICTBOM YIydlIE€HUs KOMMYTAllMM B MallMHAX CpPEIHEH MOIIHOCTH
ABIIAIOTCA  JOIOJIHUTENBHBIE IOJMIOCHL. MarHutHoe 1ojie  JONOJHMTEIBHBIX  ITOJIIOCOB

moa0upaeTcss TaKUM 00pa3om, 4ToObI e + €D = Oum 6610 HeCKOMBKO GOIIBLIIE HYJIA.

JloTOJTHUTEIbHBIE TIOJMIOCHI YCTAHABIMBAIOTCA Y BCEX MAIIMH IOCTOSHHOTO TOKa
MOIITHOCTBIO cBbIe | KBT. B KpymHBIX MamMHax MPUMEHEHHE JTOTIOJHUTEIBHBIX IOJIOCOB
COUYETACTCS C YCTAHOBKOW KOMIICHCAIMOHHOW 0OMOTKHU. B MammHax manoii MomHocTa (Menee 1
kBT) KOMMyTanui HacTpaMBarOT ITOBOPOTOM INETOK IO HAMpaBJICHUIO BPALICHUS Y
TeHEepaTOpOB, a y JBUTATENICH — MPOTUB HANpPABICHUS BPAILCHUS 3a MOJOXKEHUE (PH3nUIecKon
HEHTpabHOU JIMHUH. [IpaKTHYECKH 3TO TOJO0KCHUE ONpEACISeTCS Ha TJa3 10 HAaUMEHBIIEMY
UCKPEHUIO TIOJ] MIETKaMHU. YIIYYIICHHE KOMMYTAIMH MMOBOPOTOM INETOK — Majiod((eKTUBHBIN
METO/, TaK Kak MpH W3MEHEHHH HArpy3KH IIOJIOKEHHE (PHU3HUYECKOW HEHTpalbHOW JIMHUU
W3MEHSETCS, a MOJIOKECHHUE MIETOK 0CTaeTCs (PUKCHPOBAHHBIM.

PeryaupoBanne 4acToThl BpallleHHUsI IBUTaTeJIel MOCTOHHOT0 TOKA

"?:'1 }‘f-'_? }‘21-'3

Puc.3 3aBucumMocTh NOTOKA OT YacTOTHI BpallleHUs

PGFYJII/IpOBaHI/Ie YaCTOThI BpalICHUA JBUTaTENIeH IIOCTOAHHOIO TOKa  MOXHO

OCYIICCTBJIATH MYTEM MU3MCHCHUA IMOTOKA CD, BBCACHUA JOIMOJHUTCILHOTO COMMPOTUBIICHUSA Raon

B IICIIb AKOPA U USMCHCHUS HAIIPSIKCHUSA CCTU U ¢ . B gBuraremsax napauieJIbHOT'O BO36y>KI[eHI/I$I

HauoOoee IMPOCTO OCYHICCTBIACTCA PEryJIMPOBAaHUEC HW3MCHCHUCM II0TOKA, PCAIM3yeMOro ¢

R R
MOMOIIBIO peocTata P B menu Bo3OyxjaeHus. IIpu yBeIMYEHUH CONpPOTUBJIEHMS P moTox @
YMEHBIIAETCA M 4YacToTa BpameHus pacrer. Ha puc. 4a mnpeacraBieHbl MeXaHUYECKHE
XapaKTEPUCTHKH JBUraTeNs MapajuleIbHOTO BO30YXKIEHHUS MPU TpeX 3HAUEHUSIX MOToKa. Takum

CMOCOGOM DEryIHpYIOT 4acTOTy BpaweHust B mpexetax L1912 Bepxuuil ypoBeHb 4acToT
OrPaHUYMBAETCS YCIOBUSIMH KOMMYyTanuu. Kpome Toro, mpu riiyDOKOM YMEHBIIIEHUH OTOKa
BO3OYXKJICHUsSI yCHJIMBAETCA pa3MarHWYMBAIOIEE JIEMCTBUE pPEAKIUHM SKOPS, IKECTKOCTh
MEXaHHYECKOW XapaKTePUCTUKH PACTET, M TAJAroNias XapaKTepPUCTHKA [P HOMUHAILHOM
IIOTOKE MOKET CTaTh BO3PACTAKOUIEH MPU OCIA0JEHHOM MOTOKE, YTO MPHUBEIET K HAPYIIEHHIO
YCTOMYMBON pabOTHI ABUrATENS.

PerynupoBaHie 4YacTOTHl BpAIllEHWs JBUTArelsi IMyTeM BBEIECHHA B I€Nb SKOPS

JOIMOJIHUTCIIBHOTO COIIPOTUBJICHHUA Raon MO3BOJIACT HU3MCHATH 4YaCTOTY BpallCHUA BHHU3 OT
HOMUHAJIBHOW B mMpokux mpenenax (puc. 4 6). Ho ator cmoco6 He sxoHommueH. [lonesnas
MOIONHOCTH ABUTATCIIA IMPU IMOCTOAHHOM MOMCHTC IIPOIIOPIHMOHAJIBHA YaCTOTC BpalllCHUA (663
ydera MmoTeph B IKope):
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a HOTpC6J'I$ICMa$I M3 CETHU MOIITHOCTH OT YaCTOTHI BpalllCHUA HE 3aBUCHUT,
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[Tostomy KIIJI nBuraremns npornopruoHaIeH YaCTOTE BpaLEHUs KOs,
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Puc.4 3aBI/ICI/IMOCTB YaCTOThI OT HAIIPSAKCHUA

Kpome ToOro, mpu BBEJEHMH JONOJHUTEIBHOTO CONPOTUBICHUS Raon xectkocts
MEXaHUYECKOW XapaKTePUCTUKU JBUTATEINS CHIKAETCS, YTO MOXKET TMPUBECTH K YXY/IICHUIO
paboThI MPUBOJHOIO MEXaHU3MA.

Bonee coBepiieHHBIM CIOCOOOM PEryIHPOBAaHUS YAaCTOTHI BPAIICHUS BHU3 SBISIETCS
peryiaupoBaHue IyTeM HW3MEHEHMs NOABOJMMOIO K JBUraTento HampspkeHus. Ha puc. 5
NPEJICTaBICHbB MEXaHMYECKHUE XApPaKTEPUCTHKH JIBUTATENS MapaJUIeNbHOTO BO3OYXICHUS IS
TpeX 3HaueHuH HanpsbkeHud. JKecTKOCTh MEXaHMYECKMX XapaKTEepUCTHK NpPaKTUYEeCKU He
MEHSIETCS, T03TOMY TaKUM CIIOCOOOM MOXHO peryJipoBaTh 4YacTOTy BpalIeHUs OT
HOMUHAJIBHOM 710 HYJIS.

B KkauecTBe WCTOUYHUKOB PpETYJIHPYEMOTO HAIPSDKEHUS WCIIONB3YIOTCS TEHEepaTop
MOCTOSIHHOTO ToKa (puc. 2, a) 1100 MOJYNPOBOJHUKOBBIN BBINpsMUTENL (puc. 2,0). Cxema ¢
MIOJTYIIPOBOTHUKOBBIM ~ BBIIPSIMUTENIEM 00yajaeT 0oJjiee BBICOKMM OBICTPOJCHCTBHEM T10
CPaBHEHHMIO CO CXEMOW T'eHepaTop-/IBUIaTeib, HO YCTYMAaeT MO MEpPerpy304YHON CHOCOOHOCTH.
Kpome Toro, pabora MONYyPOBOJHUKOBOTO MpeoOpa3oBarTeNs  yXy[mIaeT KadecTBO
AIIEKTPUUYECKONW DSHEPruM CEeTH TEePEMEHHOr0 TOKa U3-32 TIeHepalMM BBICHIMX TapMOHUK
HaIpSHKCHUS U TOKA.

PaccmoTpeHHble  CITOCOOBI  pErylUpOBaHMsl  YacTOThl  BpallleHUs  JBUTaTenen
napajieIbHOTO BO30YKICHHSI TPUMEHSIOTCS M B JIBUTATEJISIX CMEIIAHHOTO BO30YKICHUSI.

PerynupoBanue 4acTOTBHI BpallleHHs [BUTATENICH IOCIIEIOBAaTENILHOTO BO30YXKICHUS

N I
OCYIIECTBIISICTCS IyTEM HM3MEHEHUS] TOKa B IOCIEIOBATEIILHON OOMOTKE fn wm HaIpsOKEHHS
sakopsiUc TOMOIIBIO IIYHTUPYIOIIHUX PEocTaToB (puc. 6.46).

[Tpu myHTHpOBAaHUM OOMOTKH BO30YXKICHUS TOK Lt YMEHBIIAETCS U YacTOTa BpalleHUs
SIKOPSI PacTeT, a NMPU MIYHTUPOBAHUH SKOPS HANIPSHKEHUE SKOPS YMEHBIIIAETCS, TIOITOMY YacTOTa
BpaIleHUs NagaeT.

PerynmupoBanne 4acTOThI BpalleHHs BBEPX OCYIIECTBISICTCS MPAKTHYECKH TPH
nocrostHHoM KITJ]
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BepxHuii ypoBeHb 4aCTOTBI BpALLICHUS OTPAHUYUBACTCS YCIOBUSIMU KOMMYTALUU.
PerynupoBanue 4acTOTBhI BpallleHHs BHH3 MOXKET OCYLIECTBIATHCS BIUIOTH O HYJI,

onnako KIIJI sToro cmocoba cHMXaeTcs MPONOPIHMOHAIBLHO HANPSHKEHUIO SIKOPS M 4acTOTe

BpALLCHUSL:
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Takum 00pazom, 3TOT cnocoO peryiupoBaHHs TaK JK€, KaKk M PEOCTATHBIA CIIOCO0
peryJaupoBaHUs YacTOThl BpAIIEHUS JBUTaTeNsd C HapayielibHbIM BO30YKIECHHUEM, SBISAETCA
HEAIKOHOMUYHBIM. OH HUCII0NIBb3YETCS JIUIIB B CIIy4ae ABUTATEIeH Maloil MOIIIHOCTH.

Peakuus sikopsi M ee BJMsAHHE HAa Pa00Ty MAIIMHBI IOCTOSIHHOI'0 TOKA.

MarauTHbIM OTOK B MalllMHE MOCTOSIHHOTO TOKa CO3/1a€TCsl BCEMM €€ OOMOTKAaMH, IO
KOTOPBIM IPOTEKaeT TOK. B pexume X010CTOro xonxa mo oOMOTKE SIKOpsl TeHepaTopa TOK He
IPOTEKAeT, a 1Mo OOMOTKE SKOps ABHTraTellsi MPOTEKAeT TOK XOJOCTOrO XOAa, HeOOJBIION 1o
3HaueHuto. lloaTroMy B MammHe CyHIECTBYeT TOJBKO OCHOBHOM MarHuTHbIA 1notok @O,
co3/aBacMblii OOMOTKOW BO30YKIEHMS MOJIOCOB U CUMMETPUYHBIA OTHOCUTENIBHO MX OCEBOM
nuHuu (puc. 5, a).

Ha puc. 5, a (koiiekTop He MOKa3aH) LIETKU PACIIOJIOKEHBI PSJIOM C MPOBOJHUKAMHU
OOMOTKH SIKOpSI, OT KOTOPBIX MJYT OTHANWKU K TEM KOJUIEKTOPHBIM IIACTUHAM, C KOTOPHIMH B
JAHHBII MOMEHT COEAUHEHBI IIETKU. Takoe IOJOKEHHE IIETOK Ha3bIBACTCA IOJOKECHHEM Ha
T€OMETPUYECKONW HEWTpanu, T. €. Ha JIMHHUH, IIPOXOASIIEH Yepe3 LEHTP SKOPS U MPOBOAHUKHU
OOMOTKH, B KOTOPBIX MHIYLUpPYyeMas OCHOBHBIM MAarHUTHBIM MOTOKOM 3. J. C. PaBHa HYIIIO.
I'eomeTpuyeckas HEUTpaIp NEPIEHAUKYIISIPHA OCEBOM JIMHUM TOJIFOCOB.

Korma x oOMOTKe sikopsi reHeparopa MpHCOeIMHEeHa Harpy3ka Rn wnm korzja Ha Bai
JBUTATENsl JIEHCTBYET TOPMO3HOW MOMEHT, 10 OOMOTKE MpOTEKaeT TOK sikops 15, xoTopsIit
CO3/1aeT MarHUTHbIM MOTOK sikopss Ps (puc. 5, 6). MarHUTHBI NMOTOK SKOpPs HANpaBlieH MO
JMHUHU, HA KOTOPOHM PpACIIOJOKEHBbI IIETKU. EcCiM IIETKH pacnoyIoKEHbl Ha I'€OMETPUYECKOH
HEUTpajaH, TO MOTOK SKOPS HANpaBJIEH NEPNEHIUKYISIPHO OCHOBHOMY MarHUTHOMY IOTOKY W

MMO3TOMY HA3bIBACTCA MONMCPCUYHBIM MArHUTHBIM ITOTOKOM.
v

1

2 O]

Lt

O — seonas
HRIMPTS l\
3 Y

! e 18
aj 11 }h feasenpy- gy / '
Il

Va4
o
AVAN

TeaMEMmpuYecKas

K @ HEGMPay
o
4 Busueckan

HEdmpans


http://electricalschool.info/main/osnovy/810-dlja-chego-v-mashinakh-postojannogo.html

Puc. 5. MardutHele IMOTOKHU B MAaIlIMHE IIOCTOSIHHOI'O TOKA: @ — MarHUTHBIA HOTOK
MOJIFOCOB; O — MarHUTHBINA MMOTOK OOMOTKH SIKOPS; B — PE3yJbTUPYIOIIUH MarHUTHBIA ITOTOK

BnusiHue MarHUTHOrO MOTOKAa SIKOpS Ha OCHOBHOW MAarHUTHBIM MOTOK Ha3bIBAeTCs
peakuuell skops. B reHepatope IMOCTOSIHHOTO TOKa IMOJ «cCOEraroum» Kpaem IOIrca
MarHUTHbIE TOTOKH CKIJIQJBIBAIOTCS, MOJ «HAOErarolMM» — BBIUMTAIOTCA. Y JBUTATENs —
Hao00poT. Takum 00pa3oM 1OJ OHUM KPaeM IOJI0Ca Pe3yIbTUPYIOIINNA MarHUTHBIA MOTOK @
YBEJIMYUBACTCS 10 CPABHEHHUIO C OCHOBHBIM MAarHUTHBIM MOTOKOM, IOJ IPYT'MM KpaeM IOJroca
— yMeHblIaercs. B pesynbTare OH CTaHOBUTCSI HECUMMETPUUYHBIM 10 OTHOILLIEHUIO K OCEBOM
JIMHUY TIOJIFOCOB (pHC. 5, B).

@dusnueckass HEUTpalb — JIMHUA, NMPOXOIAIIAs 4Yepe3 ILEHTP SKOpS M IPOBOJHHUKH
OOMOTKHU SIKOpS, B KOTOPBIX MHAYLHpPYeMasl pe3ylIbTHPYIOIIMM MarHUTHBIM MOTOKOM 3. 1. C.
paBHa HYJIIO, IIOBOPAuMBAETCS HA yroJl a MO0 OTHOIIEHHIO K TI€OMETpUYECKOM HeWTpanu (B
CTOPOHY OIEpEeXEeHHs y TeHepaTOpPOB, B CTOPOHY OTCTaBaHUsl — Yy ABurareneil). [lpu xomocrom
xoJie pu3nUecKas HeHTpaib COBIAAAET C TEOMETPUUICCKOM.

B pesynbpraTe peakiuu SKOps MarHUTHas UHAYKLIHS B 3230p€ MAIlIMHBI CTAHOBUTCS €IIIe
Oonee HepaBHOMEpHOW. B mnpoBogHMKAaxX SKOps, HAXOIAIIMXCA B TOYKAX IOBBILIEHHON
MarHUTHOM MHAYKIHMH, UHIYLIHUPYETCs OONbIIas 3. 1. C, YTO MPUBOAUT K YBEIMUYEHUIO PA3HOCTH
NOTEHLIMAJIOB MEXJy COCEJIHHMHU IUIACTUHAMH KOJUIEKTOpa U K BO3HMKHOBEHHIO MCKPEHHS Ha
KoyuekTope. MHorma snekrpudeckas yra MepeKkphIBaeT BeCh KOJJIEKTOp, 00pa3ys «KpyroBoit
OTOHbY.

Kpome Toro, peakuus sKOps NPUBOAWT K YMEHBIICHUIO 3. J. C. SKOpS, €CIU MalliHa
paboraer B oOnacTu, OMU3KOM K HACHIIIEHUIO. JTO CBS3aHO C TEM, 4YTO KOTJIa OCHOBHOM
MarHuTHbIM MOTOK @y CO3[aeT HACHIIIEHHOE COCTOSHHUE MAarHUTONPOBOJA, TO YBEIMUYEHUE
MarHMTHOTo notoka Ha +A®d noj ogHUM KpaeM mnosroca OyJeT MEHbIINM, YeM YMEHbIICHHE Ha
—A® nox apyrum (puc. 2). 3To NPUBOJUT K YMEHBIIEHUIO CYMMapHOTO MOTOKA MOJI0ca 3. 1.
C. SIKOp#, TaK Kak

E=c,n-@®

OTtpunarenbHOe BIMSHHAE PEAKIMU SIKOPS MOXKHO YMEHBIIUTH, CIBUTAs IIETKH Ha
¢du3nyeckyro HeTpasb. [Ipu 3TOM MOTOK SIKOPSl TOBOPAYMBAETCS HA YTOJI 0L M BCTPEUHBII MOTOK
1o/l HaberaroumMM KpaeM IoJioca reHepatopa yMeHbliaercs. CIBUI MIETOK OCYIIECTBISIOT Y
reHepaTopa IO HaMpPaBJICHUIO BpAIICHHS SIKOpSA, a y JBUTATeNss — MPOTHUB HAaIMpaBICHUS
BpallleHus SIKOps. YTOJ 00 MEHSIeTCsl ¢ U3MEHEeHHeM Toka sikops Ig. Ha npaktuke merku oObIuHO
YCTaHaBJIMBAIOT Ha YroJl, COOTBETCTBYIOIINN CpeiHEN Harpy3Ke.
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Puc. 6. BausiHue creneHy HAMarHU4MBaHUSI Ha PE3yIbTUPYIOLINI MarHUTHBIN OTOK ( IB*WB —
M.JI.c OOMOTKH BO30YXKICeHUS; [s1°Ws — M.J1.c OOMOTKHU SIKOPSI).

B mammnax cpennei u 60JbII0N MOIIHOCTEH MPUMEHSIOT KOMIIEHCAIIMOHHYIO OOMOTKY,
pacrojOKEHHYI0 B Ma3ax TJIaBHBIX IMOJIIOCOB M BKJIIOYAEMYIO MOCJEIOBATENIbHO ¢ OOMOTKOMU
SKOPSI TaK, YTOObI € MarHUTHBIA MOTOK DK ObUI MPOTUBOIOJIOKEH MAarHUTHOMY MOTOKY Ds.
Ecnu nipu sTtom @k = @51, TO MarHUTHBIA MOTOK B BO3YIIHOM 3a30p€ HM3-3a PEAKIUU SKOPS
MPaKTUYECKH HE UCKaKaeTcsl.
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2.2 llocTpoeHHe MEXaHMYECKOI XapaKTePUCTUKH ACHHXPOHHOI'0 YJIEKTPOABUTATEIsA
N0 KaTaJ0KHBIM JaHHbIM. PadoTa Tpex(a3zHoro 3j1eKTpoaBHraTelisi 0T 0XHO(a3HOM CeTH.

Ha INPaKTUKE MMUPOKO HCIIOJIb3YIOT HpI/I6J'II/I)KeHHO€ AHAJIIUTUYCCKOE BBIPAXKCHUC
MEXaHHUYECKOM XapaKTCPUCTHUKHU. SHGKTpOMaI‘HI/ITHBIf/i MOMCHT aCMHXPOHHOI'O ABUTAaTCIIA

M = AP, /(1 ) = My 1,°Ry /(w1 5) =M3 SE°R; /[or (R +5°X9)]. (1)

[Tpunumas npubmmkenHo E; = const, T. e. cuuTas, 4YTo0 MarHUTHBIN MOTOK MAalIMHBI IpU
U3MCHEHHH HArpy3Ku HE M3MEHSETCs, U IPUpPaBHKUBAs HYII0 npou3BoaHyto dM/dS, monydeHHyro
u3 ¢popmynsl (1), MOXKHO HAWTH KPUTHUUYECKOE CKOJIbKEHUE, COOTBETCTBYIOIEE MAKCUMAaJIbHOMY
MOMEHTY, Sip = £R» /X5 ¥ COOTBETCTBEHHO MAaKCUMAaJIbHBIII MOMEHT

Mmax = % T2 E2%/(2a1 X2). (2)

Paznenus Beipaxkenue (1) Ha (2), mociie mpeoOpa3oBaHUs MOTYIUM

M/Minax = 2/(Skp /S + S/Skp )- (3)

®opmyna (3) saBisieTcsi MpUOIMHKCHHOW W, KOHEYHO, JA€T IMOTPEIIHOCTh, TaK Kak He
YVUUTHIBACT MMaJieHUE HaIpsDKeHUs B 00MOTKax cratopa. OcOOEHHO BelMKa MOTPEHIHOCTh MpPU
Nepexo/ie U3 JIBUTATEIILHOTO PEKMMa B T€HEPATOPHBIH, I/Ie pa3HHUIla B MOMEHTAaX MOXET OBITh
cymecTBeHHOW. OnHaKo A HCCIEAOBaHUSA OJHOTO pPEeXHMa BbIBelCHHas ¢GopMyna aaeT
IPUEMIIEMYIO TOYHOCTh. DTO OOBSCHSAETCS TE€M, YTO B OOJIACTH MAJbIX CKOJBXEeHHH oT S = 0
10 Syp MArHUTHBIM IOTOK M3MEHSETCS HE3HAYUTENIbHO M, CIIEI0BAaTENbHO, B 3TOH 001acTH
dopMmyna He MOXKET JaTh OOJBIION NOTPEHIHOCTH, TeM Oojee, 4To Toukun npusS= 0
U Sy ABISIIOTCSA (PUKCUPOBAHHBIMH.

[Ipu ckonpxeHusx, OMM3KUX K eauHMIe, Gopmyna (3), kazanoch Obl, JODKHA J1aBaTh
3aBbIIICHHBIC 3HAUYEHHUS] MOMEHTA, I'aK Kak MpHU OOJBbIINX TOKaX CHJIbHEE NMPOSBIISETCS MajeHue
HanpspkeHus B crarope. OJIHAKoO B pealbHbIX MAIIMHAX MPH CKOJIbKEHUSX, OJM3KUX K €IUHULIE,
YMEHBILIAETCSI CONPOTUBIIEHUE X2 U3-3a SIBJICHUS BBITECHEHHS TOKa B IIPOBOAHMKAX POTOpA, YTO
BEJIET K YBEJIIMUCHUIO MOMEHTA. B pe3ysibTare oka3bIBaeTCsl, 4YTO MOIPEIIHOCTh, 00YCIOBICHHAS
npeHeOpekeHNeM NaJleHUs] HAIpsDKEeHUsT B CTaTOpe, U MOTPEIIHOCTh, BbI3BaHHAs M3MEHEHHEM
apaMeTpoB POTOpPa, B3AMMHO MPOTHUBOIOJIOXKHBI, BCIEJCTBUE YErO0 TOYHOCTH MPHUOIMKEHHON
dbopmynsl (3) qocTaToyHA A MPAKTHUECKUX IIeeH.

Pa6ora Tpexda3zHoro j1ekTpoaBurartes oT oaHo¢a3Hoii ceTH.

Haubonee npocteiM criocoOoM 3amycka 3-(ha3Horo ABUratess siBJIseTCsl pacCKpyuynBaHHUe
pOTOpa € MOMOIIBIO IIIHYpa ATUHON OKOJIO METpa, IPeIBapUTENbHO HAMOTAaHHOTO Ha Bajl. Takoi
croco0 Hey100eH U MpUMEHSIETCs TaM, TJIe IBUraTeNb 3arycKaeTcs: 0e3 Harpy3KH.

[Ipn Hamuuuy ABYX OJUHAKOBBIX IUIM OJIM3KUX MO MOIIHOCTH 3JIEKTPOJBUTATENEeH OAMH
U3 HUX MOXXHO HCIOJb30BaTh B KauyecTBE TI'€HEpaTopa «CIBUHYTOW» (Qasbl. [lemaerca 3To
cnenyromumM oopazoM. OauH U3 IBUraTeNel 3amycKaoT, HallpuMep, MEPBBIM CIIOCOOOM U TIOCTIe
pa3sroHa OCTaBJISAIOT BKJIOYEHHBIM B CETh. BTOpoil JBUrarenb JIETKO 3alyCKaeTcss Ipu
BKJIIOUEHUHU pyOmibHHMKa Bk2. OTa cxemMa MOXeT ObITh HCIIOJIb30BaHA TaM, II€ YCTAHOBIIEHO
HEeCcKoJIbKO JBurateneil. JIro0oil paboTtaromuii ABUraTenb MO3BOJIAET MOJYYUTh «CIBUHYTYIO
dazy» Ui Ipyroro ABUTaTensi, KOTOPbI TpeOyeTcsl BKIOYHTD.

Haubonee > dexTuBHBIN cr1ocod MycKa 3J1€KTPOIBUTATENI—ATO MOAKIIOUEHUE TPETher
00MOTKH Yepe3 (ha30CABUTAIONINN KOHIEHCATOP.

Jlnist HOpMaIbHOM pabOThI ABUraTeNs C KOHACHCATOPHBIM ITYCKOM €MKOCTh KOHJIEHCATopa
JOJKHA MEHATbCS B 3aBUCUMOCTH OT yucia 000poToB. [lockoibKy 3TO yclioBHUE TpPYAHO
BBINIOJTHUMO, Ha MPAKTHKE YIPABJIECHUE JBUraTelIeM NMPOU3BOAAT ABYXCTYyINEHYaTo. BximtowaroT
JIBUTATEh C pacYeTHOM (IIYCKOBOW) €MKOCTBIO KOHACHCATOPa, a MOCJE €ro pa3roHa IMyCKOBOH
KOHJIEHCATOP OTKIIIOYAIOT, OCTABIISAS PaOOUHA.

[TyckoBoii KOHJIEHCATOP OTKJIIOYAETCS LIEHTPOOESKHBIMH BBIKIIIOYATENSIMU, BPYYHYIO WM
creuuanbHbIMM cxeMamu. Pabowas eMKOCTh KoHAeHcatopa s 3-(a3HOro JBUTATEINS
omnpenensercs mo popmyie



2.3 IlapajienbHasi padoTa CHHXPOHHOTO TIeHepaTopa ¢ JHEProcCHUCTEMON.
CHHXPOHHBII KOMIIEHCATOP.

B nacrosiiiee Bpemsi 3JIEKTPOIHEPIeTUUECKUE CUCTEMBI COCTOSIT U3 NMApalIeIbHO pabOTaAIOIIUX
ANIEKTPUYECKUX CTAHIUM, COEAMHEHHBIX JIMHUSIMHU SJIEKTPONIEPEAAUM, YTO TIOBBIIIACT HAJIGKHOCTh
ANEKTPOCHAOKEHHUS TOTpeOUTENEl 0 CPaBHEHUIO C aBTOHOMHBIM 3JIeKTpocHa0keHneM. Kpome toro,
Npyd 3TOM YMEHBIIAETCS YCTAHOBJICHHAS MOIIHOCTH 3JIEKTPUUYECKUX CTaHIMKA TP HEU3MEHHOM
MOIIHOCTH Harpy3KH U YBEJIMUYMBAETCS SKOHOMUYHOCTH 32 CUET BO3MOKHOCTH BKITFOUEHUSI(OTKITFOUCHHS )
OTJEIbHBIX T€HEPATOPOB U LEJIBIX AIEKTPOCTAHIIUM B CIIydae U3MEHEHUS Harpy3Ky B CUCTEME U T. 1.

[Ipu mapamnenpHOM paboTe C OOMICH AJIEKTPUYECKOM CEThIO MOIIMHOCTH OTACIBHBIX
CHUHXPOHHBIX TEHEPaTOpOB MO CPAaBHEHHIO C OOIIEH MOITHOCTBIO AHEPrOCUCTEMbI HE3HAYUTEIIHHBI.
[Tosromy npu mOOBIX UISMEHEHHMSIX pEeXKMMa pPabOThl OTAEIBHOTO TeHepaTopa, BKIIOYEHHOTO B

u
SHEPrOCHCTEMY, €€ HalpsDKeHHEe € M 4acToTa f, OCTaloTCs MpakTUUeCKW HEH3MEHHBIMH U
TIOJJICPYKUBAIOTCSI BCEMH OCTAILHBIMU TE€HEPATOPaMH.
B nanpHeiiieM mpu paccMOTPEHHH TapauleibHONM pabOThl CHHXPOHHOIO TE€HEpaTropa C

ceThI0 OyZIeM UCXOIUTh U3 YCIOBHS, UTO Ye = const, fc = const.

Cnoco0bl BK/IIOUEHHS] CHHXPOHHOT'O TeHepaTopa Ha NapajuiesIbHYI0 padoTy ¢ ceTbIo

[Iporiecc BKITIOUEHHS CHHXPOHHOTO TeHEPaTOpa Ha MapasuiebHYI0 paboTy € CEThIO Ha3bIBACTCS
CUHXPOHU3ALIUEH. [Tpu 3TOM Pa3IM4ar0T TOYHYEO CHHXPOHU3ALAIO
Y CAMOCHUHXPOHI3ALIMIO (WK rpyOyro CHHXpOoHK3aluio). [Ipy BKIIOYEHHWH TeHepaTtopa B CEThb HE
JOJDKHBI ~ BO3HHMKATh OOJBIIIME TOJNYKM TOKA, TaK Kak OHM  BBI3BIBAIOT  OOJBIINE
MOMEHTHI, ICUCTBYIOIIME KaK Ha poTOp, Tak MW HAa CTaTrop, W  3HAYUTEIbHBIC
ANEKTPOIMHAMUYECKHE CHIIBI, KOTOPBIE MOTYT MPUBECTH K MMOBPEXKICHUIO OOMOTOK.

[TpuHnMNUanpHaAs cXeMa CHHXPOHHU3ALMU TpexX(a3HbIX TeHepaTOpOB MPHUBEECHA HA PHC.
1, a COOTBETCTBYIOIIAS €1 pacyeTHas JCKTpUIEecKas cxeMa JiIsl OTHOM (a3l — Ha puc. 2.

e
?

R

Puc. 1.Cxema BrimoueHHs Tpex(pazHOr0o CHHXPOHHOTO FeHepaTopa Ha MapasuiebHYIo
paboTy c ceThio (JaMIOBBI CHHXPOHOCKOI BKJIIOYEH MPHU 3TOM Ha MOTyXaHUE CBETA)

Puc .2 Dnexrpuueckas cxema Juist pacuera Toka IC (ogHoH (hasbl)

[Tpu 3ambikanum pyomisHuKa (P) B cxeme Ha puc..l Tok cuaxponusanuu Ic (cM. puc. 2)
omnpenensercs mo popmyie
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rmeEl,Ec * € I’ JJIC (HanpspkeHHs1) TeHepartopa W CETH COOTBETCTBEHHO; Za —
TIOJTHOE COTIPOTHBIICHUE OOMOTKH SIKOPSI TEHEpaTopa.

Yro6s1 Tok Ic 6bu1 paBen Hymo (B kouType EI' Ec Ha puc. 2), HeoOXOIMMO BBINOTHEHHE CIIELy-
FOIIHX YCIIOBHI:

1. DJIC reneparopa ET' u cetn E ¢ 1o/KHBI OBITH paBHBI MO 3HAYEHHIO M HAXOIUTHCS B
npotuBodase.

2. Yacrora reneparopa fI" u gacrora cetu fC oykHBI ObITH paBHBI, HHAYE MOCIIE CHHXPOHH3a-
IIMM CHHXPOHHBII TeHepaTop OyzneT paboTaTh B pekiMe acuHXpoHHOro auratens (mpu fI'< fc) wim
acuHXpoHHOTO TeHeparopa (mpufl™> fc).

3. INopsimok yepenoBanus (a3 reHepaTopa U CETH JOJDKEH OBITh OJMHAKOBBIM, HHAYE TIOCIC
CHHXPOHHM3AallMM POTOp TeHeparopa OyIer BpamaTbCsi C CHHXPOHHOM CKOPOCTBIO IPOTHB
HAIpaBJICHUS BPALICHUS MarHUTHOTO MOJIs, T. €. OyleT pabdoTaTh B PEKUME AIICKTPOMArHUTHOTO
TOPMO3a CO CKOJILKEHUEM S = 2.

[NepeurcneHHbIC YCIIOBHS SBISIFOTCS YCIIOBUSMU TOUYHOW CHHXPOHH3AIIHH.

BoImosHeHrE YCIIOBUI CHHXPOHHM3AIIMK TIPOBEPSCTCS CICAyIOIHM o0pazoM (cMm. puc. 1). Tlpu
oTkmoyeHHOM pyowitbHuke (P) cunxponubiii reneparop (CI') pabGotaer B pexume
XOIIOCTOTO XO[a, TIPM 3TOM MEXIy KOHTakTamu pyowmHuka eiicteyer DJIC AE=EI -Ec
=E10Ec. PerynupoBaHueM Toka BO30Y»KIEHHS TeHEpaTopa TOKA BO3OY:KIEHUs TeHepaTopa JOOUBAIOTCS
paserctBa D1C Er u Ec, KoHTpompys X 3Ha4YEHHS C TIOMOIIBIO BOJILTMETPOB VT 1 VC.

Ecnu Obl yacToTa BpaieHus reHeparopa Obljia MOCTOSIHHOW U paBHOW HOMHHAJIBHOM, TO
yactora uHAayktupyemor JIJIC  paBHsymacek OBl  4YacTOTE  HANPSDKEHUS  CETH W
BexTopbl E10 u EC Bpamanuck ¢ 01uHaKoBO YrioBoii uactoToii, aAE GbLia 6bI TOCTOSHHOM.

B nelicTBUTENFHOCTH MOYYUTh CTPOTO TMOCTOSHHYIO YaCTOTY BPAIICHHS T€HEepaTopa He
ynaercs u yactotel OJIC ceTm W TeHeparopa HECKOJNbKo oThnuyarTcs. [loatomy
BexTophl E10u EC nepememaroTcst OTHOCUTENLHO APYT APYTa ¢ YrioBoit yactotoit o=2n(fr — fc).

BenencrBue storo AE m3MeHsieTcs OT Hyds 10 3HaueHMs, paBHoro cymme E10+Ecu
COOTBETCTBEHHO TOMY M3MEHSETCSI HANpSHKCHHWE B TPEX JaMIlaX, KOTOPhIe OJHOBPEMEHHO TO
3aroparorcsa, TO racHyT. Haumbosee OnarompusaTHBIM 7S BKIIOYEHHHS] TE€HEpaTopa B CETh
sBIsieTcss MOMeHT, Korga AE=0, 9To cOOTBETCTBYET BBINIOIHEHHUIO TEPBOTO YCIOBHS TOYHOM
cuHxpoHu3anuu. OJHaKO JaMIibl HAKAIUBAHUS TaCHYT MpU HampspkeHusx, paBHbX 30...60% ot
HOMUHAIIBHBIX 3Ha4eHHH. [loaToMy, st Toro uroObI O0JIee TOYHO OINPENESIUTh MOMEHT BBITION-
HEHUS TEPBOT0O YCIOBUS CHHXPOHH3AIMH, MapajuieTbHO OJHOM U3 HHX BKJIIOYAIOT Tak
Ha3bIBaeMbId HyJeBoW BobTMETp VO. B MOMEHT BBITIONHEHUS TEPBOTO YCJIOBUS TOKA3aHUS
ATOrO BOJILTMETPA PAaBHBI HYIIO U JIAMITBI HE TOPST. ECii B 3TOT MOMEHT 3aMKHYTh pyOUITLHUK
P, TOK B MOAKIIFOUEHHOM K CETH T'eHeparope OyIeT paBeH HyI0. BKIIOYeHHe JaMIl 1o cxeme,
MPUBEICHHON Ha pucC. ], Ha3pIBaeTCS BKIIOUECHUEM HA MTOTYXaHHUE CBETA.

Bo3MmokHa npyras cxemMa COENMHEHHs TPEX JIaMIl: OJHA M3 HHX IOJAKII0YAaeTCs K
OJIHOMMEHHBIM (ha3aM reHeparopa u CeTH, a JIBe Ipyrue — K pa3HOMMEHHBIM ¢azam. [Ipu takoit
cXeMe BKITIOYCHHSI, Ha3bIBAEMOW BKITIOYCHHEM Ha BpAIleHHE CBETa, JaMITbl OYAyT MOIEepeMEeHHO
3aropaTthCs U TaCHYTh. BMecTe 3T TpH aMIbl 00pa3yIOT JIAMITOBBIM CHHXPOHOCKOIL.

B HacTosimiee BpeMsi BMECTO JIAMITOBBIX IPUMEHSIFOTCS 00JIee CII0KHBIE CHHXPOHOCKOITHI,
MO3BOJISIOIINE TTOJHOCTBIO ABTOMAaTH3UPOBATh MPOLIECC CHHXPOHHU3AIHH.

YacToTy reHeparopa B MPOIECCe CHHXPOHU3AIUHN PETYIUPYIOT M3MEHEHHEM CKOPOCTH
BpallleHUsI €ro TEepBUYHOrO (MPUBOJHOTO) ABHUrarens. Ecnum 9acToThl reHepaTropa U CETH
COBIIAJAIOT, TO JIAMITbI CHHXPOHOCKOIIA HE MMUIaroT, MOCKOJIBKY AE = const. Takum o0Opazom, ¢
MIOMOIIIBIO JTAMIIOBOT'O CHHXPOHOCKOIMA IPOBEPSIIOT BBIIOJIHEHHUE BTOPOTO YCIOBUS TOYHOM
CHUHXPOHH3AIHH.

C moMOmIbI0 JIaMIOBOTO CHHXPOHOCKONA IPOBEPSIOT U TPEThE YCIOBHE TOYHOU
CHHXPOHM3AIMH — OJMHAKOBOCTh TMOpsAKa 4yepemoBaHus (a3 cetd u reneparopa. Ecimm mpu
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cXeMe BKJIIOYCHHMS JIaMIl, MpHuBeIeHHOH Ha puc. 15.1, Oyxer HabmionaThcs BpalleHHE, a He
NOTyXaHUE CBETa, TO 3TO OyAeT O3HauyaTh, YTO CETh M T'E€HEPATOp HMMEIOT Pa3HBIA MOPSIOK
yepenoBanusa (a3, KOTOpBI B 3TOM ciydae HEOOXOAMMO H3MEHUTH, YTO JOCTHUTACTCS IyTEeM
MepEeKITIoUeHUs IBYX ¢a3 1ubo ceTu, T1Mb0 reHeparopa.

Jlnist IprMEHEHHsI METO/1a TOYHOM CHHXPOHHM3AIUU TPeOyeTcsl JOBOJIBHO MHOT'O BPEMEHHU
(mo 10 muH). B pszme ciaydaeB mpu pe3KOM YBEIMYCHUH HArpy3KH B DJICKTPHUCCKON CHCTEME
ATOr0 BPEMEHU B PACIOPSHKCHUU IEPCOHANIA SJIEKTPUUECKOM CTAHLIUU MOXKET HE OKa3aThCsl.
Torna s yckopeHHs BKIIOUYEHHs TeHEPaTopa B CeTh MPUMEHSIOT CIIOCO0 CaMOCHHXPOHHU3AIHH,
pU KOTOPOM TpeOyeTcsl BBITOIHUTD JIMIIb MOCIIEAHNE /IBA YCIOBUS TOYHON CHHXPOHU3ALUH:

OJIMHAKOBBII MOPSIIOK YepeoBaHus (a3 reHepaTropa 1 CeTH;

NPUMEPHO paBHBIC YacTOThI reHeparopa u cetu (fr =~ fc).

ColGmonenne ycnoBust uepemoBaHus (a3 OOBIYHO TPOBEpSAETCS MPH  MOHTaXe
reHeparopa, a CJel0BaTeIbHO, BBIMOJHACTCS HA AIIEKTPHUYECKOW CTAHIIMM ABTOMATHUYECKH.
Bpems pasrona reHeparopa, onpeaensieMoe NOCTOSHHON MHepUUH 0J0Ka NPUBOJHON JBUTATENh
— TeHepaTop, JAOCTaTOYHO Maio. [loCKONBbKYy paBeHCTBO YacTOT JOJDKHO COOJIOAATHCS
NpUOIMKEHHO, TO BO3MOXKHBI J[Ba BapuaHTa BKJIIOYECHHUS Ha IMapauieNbHYI0 paboTy ceTH |
renepatopa: fr <fc u fr >fc. B mnepBom ciyuae mocie BKIIOYCHUS CHHXPOHHBIH TeHepaTrop
HayMHaeT paboTaTh MapalIeNIFHO C CETHIO B PEKMME aCHHXPOHHOT'O JABHUTATElIs, @ BO BTOPOM —
B PeXKHMME aCHHXPOHHOTO T€HepaTopa.

Kak yxe yka3pIBaoch, CAMOCHHXPOHM3ALUS IPUMEHSETCS TIPH BHE3AITHOM YBEJIMYECHHH
Harpy3kH B CHCTeME s OBICTPOM KOMIEHcAluu jAeduuuTa aKTUBHOW MOIIHOCTH B
aneKTpudecKoi cucreme. CrieoBaTeNbHO, IPH paboTe B peKUME ACHHXPOHHOTO JIBUTATENS STOT
negunut OyAeT Bo3pacTaTh, TaK KakK ABHraTelb OyAET JOMOJHUTEIHHO MOTPEONATh aKTUBHYIO
MOIIIHOCTb. 3HAYMT, JKEJIAaTeIbHO OCYLIECTBIATh BKIIOUEHHE CHHXPOHHOTO TE€HEpaTopa Ha
napauieNbHyo padboty npu fr <fc.

[Tpy caMOCHHXPOHHU3ALMK TEHEPaToOp BKIOYAIOT B ceTh HeBo30yxkaeHHbIM (Er=0),
MIOSTOMY BKITFOUEHHE COMTPOBOKIAETCS CKAUKOM TOKA, YCTAaHOBHBILIEECS 3HAYCHHE KOTOPOTO

Ic = Ec/za = Uc/za. (2)

Ckayok TOKa sIKOps NMPUBOJUT K Opocky mortoka sikopss U DJIC, HaBoguMOM B 0OMOTKe
BO30ykaeHus. UToObl n30exkaTh BO3HUKHOBEHUS NEPEHAIPSHKEHUM M BO3MOXHOTO B CBSI3U C
TUM 3JEKTPUYECKOT0 MpoOosi, oOMOTKY BO30YXIEHMS Ha IEepHOJ BKIIOYEHUS TIeHepaTopa
3aMBIKAIOT ~ Ha 0aJUTaCTHOE aKTHBHOE  compotuBieHue 6=  (4...6)rB, rie I'B — aKTUBHOE
COIIPOTHUBJIEHUE OOMOTKM BO30yXkaeHus. Yactro B KauecTBe OaJJJaCTHOTO HCHOJB3YIOT
JyroracuTellbHOe comnpoTuBieHue. [locne ycTaHOBIEHMsI TOKa SIKOpS OOMOTKY BO30YXIEHUS
NEPEKIIIOYAOT € AaKTUBHOTO CONPOTUBIEHUS HA HCTOYHUK IIOCTOSHHOTO TOKAa M IUIABHO
YBEJIMYUBAIOT TOK BO30YXJeHus. Takum o0Opa3oM TeHepaTop BTITHMBAETCS B CHHXPOHMU3M H
paboTaeT mapajuiedbHO C ceThlo. Jlanee myTeM yBelWYEeHUs MOLIHOCTH MPUBOJHOTO JIBUTATEINS
YBEJIMYUBAIOT aKTUBHYIO MOIIIHOCTh F'€HEpaTopa A0 TpeOyeMoro 3HaYeHHUsI.

CHHXpPOHHBIM KOMIIEHCATOPOM Ha3bIBA€TCSI CUHXPOHHBIA ABUTaTeNlb, padoTaromuii O6e3
Harpy3kd Ha Bajly M NOTPEOJSIOUMI MO OTHOUIEHHIO K HANpSKEHWIO CETH pEeaKTHUBHBIN
olnepeXaroluid Wik OoTcTalomMi ToK. CHHXpPOHHBIH KOMIIEHCATOp, KaK MpaBMilo, paboTaer ¢
M30BITOYHBIM TOKOM B €r0 0OMOTKE BO30YKJI€HUS, U MTO3TOMY HOTPEOISET U3 CETH EMKOCTHBIN
TOK, KOMIECHCHUPYIOIIMA  OTCTaromuid  (MHAYKTUBHBIA).  [IpMeHeHHMe  CHHXPOHHOTO
KOMIIEHCATOpa IMO3BOJISIET pa3rpyXaTh MUTAIOLIUE JIMHUU OT MHAYKTHUBHBIX TOKOB. IIpu 3TOM
CHW)KAIOTCSI TMOTEPU B CETAX M YIy4YUIAIOTCS MOIIHOCTHBIE II0KA3aTeNNd MCIOIb30BaHUS
CTaHIIMOHHBIX TreHepaTopoB. Kpome TOro, CHHXpOHHBIE KOMIIEHCATOPBI  IO3BOJISIOT
NOJEPKUBATh HEU3MEHHBIM HAIIPsDKEHUE HAa IPUEMHBIX KOHIAX JJMHUN. [Tpu nepenave sneprun
0 AJIEKTPUUYECKUM JIMHUAM OOJIBIION MPOTSKEHHOCTH U IPU HATMYUU OOJIBINON MHAYKTUBHOM
Harpy3KkH, HalpsDKeHHE y MOTpeOuTeNiell MOXKeT ObITh 3HAUUTENBbHO HMXKe, YeM Ha ctaHuuu. C
JpYroil CTOPOHBI, NMPH MAaJbIX HArpy3kax HaNpsHKEHHE Yy IMOTpeOHUTeNed MOMKET OKa3aThCs
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MOBBIIIEHHBIM BBUAY Toro, urto JIDII o0namaroT €MKOCTHBIM CONpOTHUBIEHHEM. Jls
CrIIQXKMBAHUS ATHX MPOLECCOB U CTAOMIM3AIMU HAIPSDKEHUS Y MOTpeOuTeNned, CUHXPOHHBIN
KOMIIEHCATOP padoTaeT B HOMUHAIIBHOM PEKUME C U30BITOYHBIM TOKOM OOMOTKH BO30YKIICHUSI.
[ToaTOMY yCIIOBUSI HArpeBaHUS CHHXPOHHOTO KOMIIeHcaTopa Ooiee Tsokenbie, uem y CJl u CT.

BeKTopHaﬂ AauarpaMma CHHXPOHHOT'O KOMIIEHCATOpa UMECT CHG,Z[}’IOH_[I/Iﬁ BHUA:

! -Uc

B

I Ack E

1%
-Uc
E
[
-
Uc Uc
Henocrarounsiii Tok OB M30srTounsiii Tok OB

Puc. 3 BCKTOpHaH AuarpaMma CHHXpOHHOT'O KOMIICHCATOpPa

U-oOpa3Hasi xapaKTepUCTHKa CHHXPOHHOTO KOMIIEHCATOpa HE OTIUYAETCs OT TaKOH ke
st CI1 mpu Pa=0.

MHL. EMK.
pEHMM PEXMM

Puc. 4 U-o0pa3Has xapakTepucTHKa CHHXPOHHOT'O KOMIIEHCATopa

PeaslbHO TOK CHHXPOHHOTO KOMIIEHCATOpa HUMeeT He OOJbIIyI0 aKTHBHYIO
COCTaBJISIIOLIYI0, KOTOpasi UAET Ha MOKpbITHE MoTepb. M3 cetu moTpedisercs sHeprusi, uaymas
Ha MOKPBITHE MOTEPh B CTAJM, ME/IH, a TaKke MexaHnueckux. CymMMapHO oHa cocTaBiser 1-2%
OT HOMMHAQJIBHOW MOIIHOCTH CHHXPOHHOTO KoMIieHcaropa. IIpu HemocraTke IB CMHXpOHHOTO
KOMIIEHCATOPa MO OTHOILEHHIO K CETH SIBJISICTCSI MHAYKTUBHOCTBIO, PH U30BITKE IB — eMKOCTBIO.

[Ipu cHmwxenun HanpspkeHus cetd UC CHUHXPOHHBIM KOMIIEHCATOp OTHAAeT B CETh
OOJIBIIYI0 PEaKTUBHYIO MOIIHOCTb, YeM NpU HOMHUHAJIbHOM HampspkeHuu cetu Uc.Hom.. Ilpum
Uc>Uc.HOM. CHHXPOHHBI KOMIIEHCATOP YMEHBIIAET OTAA4y B CETh PEAKTUBHOW MOIIHOCTH.

Kak mpaBuino, B CHHXpDOHHOM KOMIIEHCATOpPE HCIOJIB3YETCS aBTOMAaTHYECKOE
perynupoBanue IB B 3aBucumoctu ot Uc.
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ITonHass HOMHHAIbHAS MOIIMHOCTb CHHXPOHHOTO KOMIICHCATOpA:

P yomck = mUply

MaxkcruMaibHasi MOIIHOCTh CHHXPOHHOT'O KOMIIeHcaTopa focturaercs npu 1s=0. B satom
ciydae:

. UHOMCK
Ia = JX—
d
TTonHasg MOIIHOCTE:
2
UHOMCK
P =-=m-—-—
Xd

VYpaBHEHUs] CUHXPOHHOI'O KOMIIEHCATOpa OTIINYaroTcs oT ypaBHeHuid CJ1 muiub tem, 4to
B HUX M=0.

CUHXpOHHBI KOMIICHCATOp paboTaeT mpu yrie Harpyske 0=0, 1 mno3TOMy HET
HE00XO0IUMOCTH 3a00TUTHCS O €r0 CTATUUECKOM MEePerpyKaeMOCTH.

Jing cHmwxkeHuss IB  CHHXpPOHHBIE KOMIICHCATOPHI BBIMOJIHSIOTCS C  MEHBIIMMHU
BO3AYIIHBIMU 3a30pamMu, ueM CJI. [ToaToMy y CHHXpPOHHBIX KOMIIEHCATOPOB OOJIbIIIE 3HAYCHUE
xd*=1.8+2.5.

24 HarpeB u pacyeT MOIIHOCTH /JBHUraTejs »3JekTponpunoaa. Ilepexoanbie
npouecchl  JJIeKTPONPUBOAA. ABTOMATH3ALMA  JJIEKTPONPHUBOAA.  DJIEKTPONPHUBOJ
MOOMJIbHBIX MAIIMH M YCTAHOBOK. JJICKTPONPHUBOJ CTAHOYHOI0 000PYyA0BaHUS.

[IponomxurensHocTh Harpy3ku asuratens Il um  e€ 3HaueHue omnpezensercs
TE€XHOJIOTMYECKMM IPOLECCOM, B KOTOPOM HCHOJB3YIOT KOHKPETHO 3JIEKTPOIPOBOAHYIO
YCTaHOBKY.

Paznuunblil xapakTep pabOThl TEXHOJOTMYECKUX YCTAHOBOK OOYCIIOBMJI BBIJIEICHHE
BOCBMHU CTaHJApTHU3UPOBAHHBIX HArpy304YHBIX PEXUMOB paboThl nBurarens OII, ycioBHbIe
0003HaUYeHHE KOTOPHIX, pe/icTaBlieHHOe Ha acopTHoM muTke DJ1, S1, S2, ...S8. U3 uuxS1 —
IPOJOJDKUTENbHBIN, S2 — KpaTKOBpEeMEHHbIM, S3 — MOBTOPHO-KPAaTKOBPEMEHHBIH HS6 —
nepeMenaroIniicss — OCHOBHbBIE, aS4 — MOBTOPHO-KPAaTKOBPEMEHHBIN C YacThIMHU ITyCKaMH,S5 —
MOBTOPHO-KPAaTKOBPEMEHHBIM € YacCTbIMH IIyCKAMH M JJIEKTPUYECKUM TOPMOMKEHUEM,ST —
MePEMENIAIOIIUICS ¢ YaCThIMH peBepcaMH MS8 — MepeMenalonuiics ¢ U3MEHEHUEM YacTOThI
BpaIllEHUs — JOTIOJHUTEIbHBIE PEKUMBI.

JIOIOTHUTENLHBIHI Harpy304HbII PEKUM pabotsl S1 JIBATATEIS OIl,
XapaKTEpU3YIOIIMICS JINTENbHOM HOMUHAJIBHOM MOIIHOCTBIO, KOTOPYIO YKAa3bIBalOT Ha
nacnoptHoM muTke DJ[. C 3TOll MOIIHOCTBIO ABHUTaTelb MOXKET padoTaTh HEOrPaHUYEHHO
noinro. Ilpu »3TomM TemmepaTrypa Bcex vactel D/l nTocTUraer ycTaHOBUBIUMXCS 3HaueHUM. J{is
KPaTKOBPEMEHHOTO HAarpy304HOr0 peXuMa padoThIS2 MOMHUMO MOIIHOCTH YKa3bIBAlOT U
IpeJeNbHYI0 MPOAOKUTENLHOCTh pabOThl ¢ ATOM MOIIHOCTBIO. D/] pexnmaS2 BBITYCKaIOT Ha
CTaHJapTHBIE MPOAOIKUTENBHOCTH padoThl 10, 30, 60 90 MuHyT.

Harpy3ouHblil pekMM IOBTOPHO-KPAaTKOBPEMEHHBIN S3 JOMOIHUTENBHO K MACIOPTHOU
MOIIHOCTH XapaKTepU3yeTCsl OTHOCUTENBHON MPOJI0JKUTENBHOCTHIO BKItoueHus (I11B),

MIB=100 tyg/ty = b=t * o

I'ne Lae , - , t, MIPOJIOKUTEIILHOCTH PabOThI OTKJIIOYEHUSI U OJTHOTO IHUKJIA TIPH =

10 mun

Cranpaptuabie 3Hauenus [1B:15, 25, 40 u 60%.

Pexxumebl Harpy3ku asurarens 11 moBTOpHO-KPAaTKOBPEMEHBIN C YACTHIMH ITyCKamMu S4 1
MOBTOPHO-KPATKOBPEMEHHBIMU C YaCTbIMU IYCKaMH M BJIEKTPUYECKUM TOPMOKEHUEMSS,
MMOMHUMO 3Ha4YeHus MolHocTy U [1B emé xapakrepusyeTcsi JOMyCKaeMOil 4acTOTOM BKIIOUECHHI
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B dac (h) co cranmaptasiMu 3HaueHusmMu 30, 60, 120, 240 npu oroBopéHHOM Kod(duIeHTe
unepuun OIl co cranmaptHeiMM 3HadeHusiMua 1,2; 1,6; 2,5 u 4. DaekTpoJBUTATENIN
nepeMeniaronierocs pexuMaS6é Hapsay ¢ HOMHUHAJIBHOM MOIIHOCTBIO XapaKTePU3YIOTCS
HOMUHAJIBHBIM 3HAYCHUEM TIPOIOJDKUTEILHOCTHIO Harpy3ku (ITH)

MB=100 %ﬁtﬁztwsﬂﬂ

I'ne Ly Cpag s L MPOJOJKUTEILHOCTH PAOOTHI X.X. M OJTHOTO IHKIa rpu 10 MuH .

Cranpaptheie 3nauenus [1H: 15, 25, 40, 60%.

Jlist peskrma MepeMeIarolerocsi ¢ 4acTbIMUA peBepcaMmu S7 JOMOTHUTEIBHO YKa3bIBAIOT
yucia pesepca B yac (crana. 3HadeHus 30, 60, 120, 240 pes/d ipu F=1,2; 1,6; 2,5 u 4), a nua
MEePEMENIAIONIETOCS PEKUMa C H3MEHEHHUEM 4YacTOThl BPAIICHUSASS — MPOAOIHKUTEIBHOCTD
paboTHI C pa3HOM YACTOTOW BpaICHUSI.

B ciyuae uzmenenHoil Harpy3ku nasurarenss DIl ee u3 ycioBHs COXpaHEHHUS CPETHUX
MOTEPh MOIIHOCTA W COOTBETCTBEHHO CPEIHEro MPEBBIINICHHUS TEMIIEpPaTyphl JBHUraTeNs HaJ
TEMIIEpAaTypoOl  OKpYXKaloIIel Cpeabl 3aMEHSIOT CPEAHEKBAIPATUUYECKOM,  SIBISIOMIEHCS

SKBHUBAJICHTHOH IMOCTOSSHHOM:

I=m

DS

_ =1

PSS i=m
2t
i=1 y
rae Li, — 3HAUYCHUS MOKa3aTeNs M IMPOAODKUTENFHOCTH HArpy3KH Ul I-r0 ydacTka
Harpy3ouHoil quarpammsl OII, M-uucio yyacTkoB Harpy3o4Hoi auarpammsbl. [Ipu nmocrossHHON
Harpy3ke e€ 3HaueHue /Uil OJHOrO y4yacTKa Harpy3ku (m=1) coBmajgaer ¢ 3KBUBAJICHTHBIM

snavermenm Ui~ L

Br100p ABUraTesi o HarpeBy.

Bri6op nBurarenst 3aBbIIIIEHHOW MOMIHOCTH B 1,5 pa3a u Oosiee BEAET K PE3KOMY
YXYALIEHUI0 ero sHepreTrudeckux nokaszareneit (KIIJ, cos¢) u HeompaBmaHHOMY Mepepacxomy
CPENICTB U DJIEKTPONOTPEOICHUS, KPOME TOTO, U3-3a CUCTEMATHUYECKOW HEJOTPY3KH JABUTATENb B
nepuoj;, paboThl HE TMporpeBaeTcs A0 HeoOXoauMoi TeMmmeparypbl. B ycioBusix BiakHOU
OKPY)KaIOHIGﬁ Cp€Aabl U30JIAIWA ABUIaTCIid BO BpPpEMA MIWTCIBHBIX I1ay3 B pa60Te IIOCTCIICHHO
YBJIQXHSETCS U €€ CONPOTUBIIEHUE MOHMKAETCA. DTO MOMKET MPUBECTH K JIIEKTPHUUECKOMY
Hp06OIO H30JIAIMH ITPU BKIIFOUCHUUW ABUTAaTCIId U €T0 MPCKICBPEMEHHOMY BBIXOAY U3 CTPOA.

Takum 00pazoM, MOIIHOCTH JABHUTATENsl PACCYUTHIBAIOT, MPEXJE BCETO, HCXOAS U3
obecrieueHnsi ero HOPMUPOBAHHOTO HArpeBa, a 3aT€éM B 3aBUCHMOCTH OT XapaKTepa Harpy3Ku
MPOBEPSIOT MO JOMOJHUTENBHBIM YCIOBHSIM: OOecleueHue IMycKa, YCTOMYMBON paboThl Mpu
neperpy3kax. [[yisi mpaBMIbHOTO BRIOOpa MOIIHOCTH JABUTATENS 10 HArPEeBY HEOOXOAMMO 3HATH
3aKOH, 10 KOTOPOMY €0 TeMIIepaTypa U3MEHSAETCS BO BPEMEHH.

Ilepexonnbie mpouecchbl 3J1EKTPONPHUBOAA

[lepexonHbIM mpoLIECCOM MPUHATO HA3bIBaTh MpOIECC Mepexoja AJIEKTPONpPUBOAA OT
OJIHOTO YCTaHOBHUBILETOCS COCTOSHUS K APYromy, KOrja OJHOBPEMEHHO U3MEHSIOTCS CKOPOCTb,
MOMEHT U TOK JBUTaTeNs, a TAaK)Ke CKOPOCTh U MOMEHTHI BCEX 3BEHbEB KMHEMATHYECKOU LeMH,
COEIMHAIONIEH BUTATENb ¢ pab0YUM OPraHOM MeXaHU3Ma.

K mepexomnsIM mporeccam OTHOCSTCS IYCK, TOPMOKEHHE U PEBEPC 3IIEKTPONPUBO/A,
NIEPEXO0JI C OAHOM CKOPOCTH Ha APYTYI0, a TAK)XKE MPOLIECCHI, BBI3BAHHBIE H3MEHEHUSIMM MOMEHTA
Ha BajJy JBUTATess, U3MEHEHUEM HampsyKEeHUs ceTH. XapakTep MpOTeKaHUS U JJIMTENbHOCTh
NEPEXOHOTO  Tpolecca B psie  MPOU3BOJICTBEHHBIX  MEXAHM3MOB  OIPEAECISAIOT
MIPOU3BOIUTENIEHOCTh, OCOOEHHO KOT/Ia JUIUTEIbHOCTh paboyero uKia COu3Mepruma ¢ BpeMeHEM
pa3roHa ¥ TOPMOXKEHHUS.

Bwmecre ¢ TeM, moTepu 3HEpruu B ABUTATENE MPHU MTyCKE U TOPMOKEHUU MOTYT OKa3aThCs
COM3MEPHUMBIMH C TIOTEPSIMHU B YCTAaHOBUBLIMXCA pexxuMax. I1o 3Toil npuunHe npu onpeneneHun
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MOIITHOCTH JBUTATENsl KpallHe BaKHO YYUTHIBATh MOTEPH MPU MYCKE M TOPMOKEHHU, OCOOCHHO
KOI'/Ia YMCJIO ITYCKOB U TOPMOKEHUN B YAaC OTHOCUTEIIBHO BEJIHKO.

Xapakrep U JIUTEIbHOCTh NEPEXOIHOrO MPOLEcca ONPEAEIIAOTCS MOMEHTOM JIBUTATENS,
MOMEHTaMU CHUJI COINPOTUBIEHUS (TpeHus, pe3aHus, aepopmanuu H T. 1.), MaccaMud U
MOMEHTaMU  HWHLJepIuu  JOBWXKYyHMXca  Ten.  3aBucumoctd N, M, lor  Bpemenu u
IIPOJIOJKUTEIIBHOCTD TIEPEXOAHOrO MPOLECCAa MOKHO OINPEIEIUTh C IIOMOIIBI0 HU3BECTHOIO W3
MEXaHUKH YpaBHEHU JBWKEHHUs. /{151 mocTynaTenbHOro ABMXKYIIErocs Tesa

F/F. = mdv/dt. (1)

Jlns Bpalaroierocs tena

M/M; = J dw/dt. (2)

VYpaBHEHUsSI JBUKEHHS COOTBETCTBYIOT OJHOMY IHOCTYNATEIbHO JBHUKYILEMYCS WU
Bpamjatouiemycsi teny. JIroOo, gaxke caMblii MPOCTEUIIMN MPOU3BOACTBEHHBIM MEXaHU3M, K
npuMepy M300pakeHHbIN Ha pUC. 1, COCTOUT HE U3 OJHOTO, a U3 HECKOIbKUX ABMKYIIUXCS WU
BpAILAIOLIUXCSl C Pa3jIMYHbIMM 4YacTOTaMHU Tell (IIecTepeH, BajoB, IIKUBOB U T. X.). [lo aToi
MPUYMHE TIPU pacueTe NEePEXO0IHBIX MPOILECCOB IEKTPOIPUBOIOB MOTPEOOBATOCH ObI COCTABUTH
N COBMCCTHO PCHIUTH CTOJIBKO ypaBHeHHfI, CKOJIBKO 3BCHLCB C PA3JIMYHBIMU CKOPOCTAMU UMCECT
MexaHu3M. [l ynpouieHus: 3aa4yd BC€ MOMEHTBI MHEPLHUHU, MOMEHTBI CHUJI CONPOTUBIICHUS U
JBIDKYIIHME MOMEHTBI TPUBOJAT K OJHOM CKOPOCTH — OOBIYHO K CKOPOCTH Bajla JBUTATEIS; B
pe3ynbTaTe 3TOr0 BCE 3BEHbSI MEXaHHW3Ma 3aMEHSIOT OJIHUM SKBUBAJEHTHBIM 3BEHOM, MJIA
KOTOPOTO COCTaBJISIIOT M 3aTEM PELIAIOT OJTHO YPAaBHEHUE JBHKCHUS.

ABTOMATH3AIUA YIEKTPONPUBOIA

ABTOMaTH3aIUS JNEKTPONPUBOJA CO3Ia€T  BO3MOKHOCTH JUTS MOBBIIICHUS
MPOU3BOJUTENHPHOCTA TpPyAa, VYIYYIICHHS KadecTBa NPOIYKIIMU, YMEHBIICHHUS pacxoja
AIIEKTPOIHEPTHH, TOBBIIICHHUS HaJleXKHOCTH B paboTte. Kpome TOro, mpu aBTOMaTH3alluU
oOneryaercs TpyA 4eJNOBEKa, OH OCBOOOXKIAeTcsl OT HEOoOXOJUMOCTH  BBINOJIHEHUS
YTOMUTENBHBIX M OAHOOOpa3HBIX OMepanuil 1Mo ymnpaBieHHIO. Bmecte ¢ TeM ympoimaercs
o0ciyXKMBaHUE, COKpAILlaeTCsl KOJIMYECTBO 0OCTYKHBAIOILEr0 IEPCOHAIA.

ABTOMAaTH3AIHS SJIEKTPOIIPUBOJIOB CTAHKOB OCYIIECTBISIETCA B (PYHKIIUU MyTH, BPEMEHH,
Harpy3Ku U CKOPOCTH.

ABTOMaTH3a1UA 3JEKTPOINPUBOJIA CO3JAET  BO3MOYKHOCTHU JUTSt TTOBBIIIEHUS
MPOU3BOJAUTENPHOCTA TpPyAa, VYIYYIICHUS KayecTBa NPOIAYKIMH, YMEHBIICHHS pacxoja
AIIEKTPOIHEPTUH, TOBBIIICHHUS HaJeKHOCTH a pabore. Kpome Toro, mpu aBTOMaTH3alUU
oOneryaercs TpyA 4eJNOBEKa, OH OCBOOOXKIAeTcsi OT HEOoOXOJUMOCTU  BBINOJIHEHUS
YTOMUTENBHBIX M OAHOOOpa3HBIX OIMepaluii Mo yhpaBieHHI0. BmecTe ¢ TeMm ymporiaercs
o0ciyXKMBaHUE, COKpAILlaeTCsl KOJIMYECTBO 00CTYKHBAIOILIEr0 IEpCOHAIA.

ABTOMaTH3alMs  DJIEKTPONPHUBOJOB U  MPOU3BOJCTBEHHBIX  IMPOLECCOB, CO3JaHUE
COBPEMEHHBIX METOJIOB aBTOMAaTHYECKOTO YIpPaBJICHUS, PETYJIUPOBAHHS U  KOHTPOJIS,
pa3paboTKa CIOXKHBIX aBTOMATU3HUPOBAHHBIX AJIEKTPONPUBOJIOB U KOMITJIEKCHOM MEXaHU3alluu U
aBTOMATH3aIlMU TIPOM3BOJICTBA MPUBOJAT K 3HAYUTEIHPHOMY TOBBIIICHUIO TTPOU3BOAUTEIIBHOCTH
Tpyaa.

ABTOMaTH3aIMeil  AJIEKTPONPUBOJAA CO3JAETCS  BO3MOXKHOCTH  JJI  YIpPAaBIICHUS
MPOU3BOJCTBEHHBIMA MEXaHM3MaMH Ha PpACCTOSHUU (JIMCTAaHIIMOHHO), OOecCIeYnBaeTcs
pEeryJlMpoBaHUE TEXHOJOTMYECKUX IPOLIECCOB U CTPOTas IOCIEA0BAaTEIbHOCTh BBITOJIHEHUS
MPOU3BOJICTBEHHBIX ONEpaIIHil.

[IpoekTom aBTOMATH3allMK  DJIEKTPONIPUBOJA M HeTemepekaunBaromed  CTaHIMU
IIPEyCMOTPEHBI CIEAYIOINE ONEepaIiy.

C aBromaru3alyeil >JeKTpONPUBO/IA CBA3aHbl 3HAYUTENbHbIE MPEUMYIIECTBA, TaK Kak
OHa CO3/]a€T BO3MOKHOCTHU JIaJIbHEUILIEr0 MOBBIIEHUS POU3BOAUTEILHOCTH TPY/a, YIyUlICHUS
KayecTBa MPOAYKLINH, YMEHBUICHHS pacxoa 3JIeKTPOIHEPTUH MPU OJHOBPEMEHHOM IMOBBIILICHUU
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Ha/IeKHOCTH B paboTe. OJHOBpEeMEHHO 00Jerdaercss Tpyx JIOAeH, 4eJI0BEeK OCBOOOMXKIAETCS OT
HEO0OXOIUMOCTH BBIMOJIHEHUS] YTOMUTENBHBIX U OJIHOOOPA3HBIX OMEPaLUii MO YIPaBICHUIO.

IIpu ocymiecTBICHUH aBTOMATH3AIMK  3JICKTPONPHUBOJA CISAYET YACHATh OO0JIbIIoe
BHHUMaHUeE croco0y IMycKa, COryiacysl ero ¢ BO3MOXHOCTSMHU MHTAOIIEH CETH C TOYKH 3pEHUs
o0ecrieyeHns TpU MyCKe HOPMAIBHOW pabOThl JEKTPOJBUTATENEH, MOJKIIOYEHHBIX K HIMHAM
TOM K€ MOJCTaHIIUH.

Cpenu  CpeIacTB aBTOMATHU3allMM  AJIEKTPOIPUBOJAOB 3HAUUTENBHYIO  POJIb  UIPAIOT
MarHUTHbIE YCUIUTENU. VX TOCTOMHCTBAMU SIBJISIFOTCS] BHICOKAs! HAJIE)KHOCTh U JOJITOBEYHOCTb,
IIPOCTOTA BBIIIOJIHEHHBIX HAa MX OCHOBE CHUCTEM YIPABIEHUS IPUBOJAMH, BbICOKAs
KIIUMaTH4ecKass W MeXaHH4yecKas CTOHMKOCTb, CPAaBHHUTEIBHO HEBBICOKAs CTOMMOCTD,
JOCTYITHOCTH OOCITYKUBaHHS IEPCOHATIOM, HE UMEIOIIUM BBICOKOH KBAIN(DUKAIIUH.

CoBepILIEHCTBYIOTCSI CUCTEMbI aBTOMATHU3AIMH 3JIEKTPOIIPUBO/IA 32 CUET MCIOJb30BAHUS
MUKpPOIIPOLIECCOPHON TEXHUKH. AHAJOTMYHBIE IPOLECCHl IMPOUCXOJIAT U B OTECYECTBEHHOM
HE(PTSAHOM MaITUHOCTPOCHUHU.

JIEeKTPONPHUBO MOOMJIBHBIX MAIIIUH U YCTAHOBOK

DIEeKTPONPUBOAOM Ha3bIBACTCS MAaIIMHHOE YCTPOMCTBO, npeoOpasyroiee
3JIEKTPUYECKYIO SHEPIHI0 B MEXAHUUYECKYIO M COCTOSILEE U3 3JIEKTPOABUTATENS, IEPEJATOYHOIO
MEXaHM3Ma U alnaparypbl YIPaBJIECHUS U 3aIIUTHI. DJIEKTPONPUBOJ 00ECIICUMBAET yIpaBICHUE
npeoOpa3oBaHHON MeXaHWYecKoi HSHeprueid. B HeKoTOopble THUIMBI ANEKTPONPUBOAA BXOISAT
npeoOpa3oBaTeNbHBIC YCTPOMCTBA: BRIPSIMHUTENH, TIPE0OPa30BaTEeIN YaCTOTHl, HHBEPTOPHI.

DNEeKTpOnpUBOJA, NPUMEHSEMbIH B IPOU3BOACTBEHHBIX IIpOLIECCAX, MAENAT Ha TpHU
OCHOBHBIX THIIa: TPYIIIOBON (TPaHCMUCCHUOHHBIM), OTMHOYHBIA U MHOTOJIBUTaTENbHBIM.

['pynnoBeiM  Ha3bIBae€TCs TaKOW  AJIEKTPONPUBOJ, B  KOTOPOM OT  OJHOTO
AIIEKTPOJIBUraTels ¢ MOMOUIbIO OJHOM WJIM HECKOJIbKMX TPAHCMHUCCUM JIBH)KEHUE NEpeNaeTCs
rpymnmne paboyux MamuH. Takol 371eKTPOIPUBOA U3-3a TEXHHUECKOTO HECOBEPIIEHCTBA HAXOJUT
OUY€Hb OTPAHUYEHHOE TPUMEHEHNE.

OAVHOYHBIM HA3bIBAETCSI TAaKOM JJIEKTPONPHUBOJ, KOTOPBI C IOMOIIBK OTIEIBHOIO
AIIEKTPOJIBUraTelsl MPUBOAUT B JIBUKEHHE OJIHY MAIIMHY WIM HPOU3BOJCTBEHHBIH MEXaHU3M.
PaznuuaroT mpocTOM OAMHOYHBIA NPUBOL W HWHIMBUAYAJIbHO-OJMHOYHBIA. B mpoctom
OJIMHOYHOM MpPUBOJE 3JIEKTPOJIBUraTellb C paboyeil MallMHOM COoequHSeTCsl IUIOCKON Win
KJIMHOPEMEHHOM Tepeiadell yepe3 pelyKTop MM HEMOCPEACTBEHHO ¢ momoubio My¢pT. Takoi
AIIEKTPONPUBOJ UMEIOT U3MeNbuuTeNn KopMoB «Bonrape-5My», UT'K-30b, npoOuiku kopmoB
KAY-2,0 u KIM-2,0 u ap.

MHoronBUraTeIbHbIM HA3bIBACTCSl TaKOM AJIEKTPONPUBOA, Korja B OAHOM paboueit
MalllgHe I NpUBOJa pabodyMX OPraHoB HCHOJB3YIOTCA OTJENbHBIE AJIEKTPOJBUTaTENN
(Hanpumep, 3epHoouncTuTenbHas Mammaa 3BC-20, ouncturens Bopoxa OBII-20A, rpanynstop
OI'M-0,8A u np.).

C pa3BuTHEM NPOM3BOJACTBA M €0 TEXHUYECKON OCHAIIEHHOCTH B KJIACCHU(PHUKAIUIO
AJIEKTPONPUBOOB BBEIEHBI JOMOIHUTEIbHBIE XapaKTEPUCTUKN OCHOBHBIX THUIIOB IIPUBOIOB.

B wunauBHIyanbHO-OAMHOYHOM TPUBOAE HUMEETCS KOHCTPYKTHBHAs CBSI3b JleTayel
ANIEKTPOABHUraTeNss ¢ paboyeil MalmMHOW (MalIMHKAa Ui CTPHJKKM OBELl CO BCTPOECHHBIM
AIIEKTPOIBUTaTENIEM, JJIEKTPOJIPEIIb U T.I1.).

B MHOronBuraTeibHOM 3JIEKTPONPHUBOJE pa3INMYal0T IPOCTOW MHOTOJBUTATEIbHBIN
NPUBOJ, KOIJa dJEKTPOJABUTATeNh C paboOYyMMH oOpraHaMM MAIIMHBl  COEIUHSETCS
HEMOCPEACTBEHHO 0€3 KOHCTPYKTHUBHBIX M3MEHEHMH [BUTATENs, TO €CTh C IMOMOIIbI0 MYy(]T,
PEMEHHBIX Mepelad U PeAyKTOPOB; B HHAMBHIYyaJbHO-MHOI'OJBUTATEILHOM MPHUBOJE JI€TaNIN
AIIEKTPOABHUraTeNs CIy)XaT OAHOBPEMEHHO M JETalsiIMH pabOuyuX OPraHoB MamluH (POJIMKU
MPOKATHOTO CTaHa, IMPHUBOJ] OYECHIBAIOIIMX BAJIMKOB B XJeO0yOOpPOYHON MamuHE H Jp.);
arperaTipoBaHHbII MHOIOJBHUIATENIbHBIN AJIEKTPONPUBOJ, KOTJa COIVIACOBAHHO JAEHCTBYET
nenas cucreMa pabouMx MalluH, OOBEAMHEHHBIX B OOIIYIO MOTOYHYIO (TEXHOJOTHYECKYIO)
JMHUIO, HAIpUMEpP 3€PHOOUYHCTUTENIbHO-CYIIMIIBHBIE KOMIUIEKCHI, LEXU JJs NPUTOTOBIIECHUS
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KoHLIeHTpupoBaHHbIX kopMoB THna OKI-30, OKII-50, ycraHoBka i NPUTOTOBIIEHUS
BUTaMUHHOU Myku ABM-0,4 u np.

DJNeKTpUYecKrue MPUBOJABI MOTYT OBITh KJIacCH(UIMPOBAHBI MO DALy IMPHU3HAKOB: IO
YCIOBHUAM TPUMEHEHHUs (CTallMOHapHble W MEpeABMKHBIE), [0 CHOco0y YIpaBieHUs
(aBTOMaTU3MPOBAHHBIE, YACTUUHO ABTOMAaTU3UPOBAHHBIE U HEABTOMATU3UPOBAHHBIE), IO YUCIY
cKkopocTell (0JJHOCKOPOCTHBIE U MHOT'OCKOPOCTHBIE), 110 POAY HCIHOIb3YEMOM 3JIEKTPUUYECKON
SHEPTuu (MMOCTOSHHBIN TOK, 0HO(a3HbIN U Tpexdas3HbIil) u 1p.

Pa3zButuio anexkTpornpuBoAa M pazHOOOpasHIO €ro TUIIOB BO MHOIOM CIIOCOOCTBYIOT
CJICAYIONINE TMPEHMYILECTBA IEKTPOIIPUBOA NIepea APYTUMH BUAAMU MPUBOJOB: OBICTPBIA H
IPOCTOH IyCK 3JIEKTpOABHUraTess, Ogarogapst KOTOPOMY JIETKO OCYIIECTBUTh YacThle MYCKH U
OCTaHOBKM MAIlMHBI; BO3MOXKHOCTb TOYHOIO Yy4Y€Ta pacxoJa DSHEPruu Ha OTHEJIbHbIE
IPOM3BOJICTBEHHbIE OIEpallMi, YTO I03BOJIIET OLICHWBAaTh U CpPaBHUBATh BIMSHUE STOH
COCTaBJISAIOLICH HA CTOMMOCTb MPOJYKIIMH, a TAK)KE CPaBHUBATH MEX1y c000i paboune MalInHbI
Pa3JIMYHBIX TUIIOB; CIIOCOOHOCTH 3JIEKTPOJBUIATEIIS BbIAECPKUBATh 3HAUUTENbHBIE NEPETPY3KHU;
AIIEKTPOABHUTATE MOTYT paboOTaTh MOTPYKEHHBIMH B BOAY, B 0€3BO3IyITHOM MPOCTPAHCTBE U
B MPOYUX YCIOBUSX CpE€Abl, I/le JIpyrue JABUrateiau paboTaTh HE MOTYT; JIEKTPOJBUTaTENN
UMEIOT 0oJiee JJIMTENbHBIA CPOK CIIY>KObI, MEHBIINE T'adapUThl U METAIJIOEMKOCTh, IPOCTHI B
OOCIIy’)KUBaHUM M HAAEKHBI B SKCIUIyaTalluW; IpPHU 3IIEKTPOIPUBOJAE JIErde OCYLIECTBUTH
aBTOMAaTHU3alMI0 pabOThl KaK OT/AEIbHBIX MalllMH, TAK U BCETrO MPOU3BOACTBEHHOI'O IIpolecca B
LIEJIOM; BO3MOXHOCTb HCIIOJIb30BAaHUs AJIEKTPUUYECKON MAIIMHBI KaK B JBUTAaTEIbHOM, TaK U B
TOPMO3HOM  (F€HEpAaTOPHOM) pPEKUME; BO3MOXKHOCTb  M3TOTOBJICHUS  AJIEKTPONPUBOAA
IPAaKTUYECKH 000 MOLTHOCTH (OT J0JIel BaTTa 10 COTEH M ThICAY KHJIOBATT), HA Pa3IMYHYIO
4acTOTy BpallleHUs; BO3MOXHOCTb KOHCTPYKTHUBHOIO YIPOIIEHHUS paOouell MalluHbI, €€
COBEpPILEHCTBOBAHUS; SKOHOMHUSI OOTHPOYHBIX M JPYTUX MaTepHalioB, YUCTOTA B IOMELICHUH,
YIIy4IIEeHUE YCIOBUM Tpyaa

JIEKTPONPHBOJ CTAHOYHOI0 000Py10BAHUS.

CoBpemeHHbIE MHOTO()YHKIIMOHAIBHBIE CTAHKH M MPOMBIIIIEHHBIE POOOTHI OCHAIIECHBI
MHOTI'OABUTATCIBbHBIMHA JJICKTPOIIPHUBOAAMHU, OCYHICCTBIAIONUEC TEPEMECIICHNEC NCIIOJTHUTCIIbHBIX
OpTaHoB IO HECKOJIBKUM KOOPAMHATHBIM OocsiM (puc. 1).

VYnpasnenue padboroit cranka ¢ UITY BeImomHsAETCS ¢ UCTIOIb30BAaHUEM THUITOBBIX CHCTEM,
BbIpa0aTHIBAIONINX KOMAaHABI B COOTBETCTBUU C 3aJaHHOW B IM(POBOIl dopMe MporpaMmMmoil.
Coznianue BBICOKOTPOU3BOAUTEIBHBIX MUKPOKOHTPOJIJIEPOB M OJAHOKPUCTAIBHBIX MUKPOOBM,
COCTaBILIOIIMX mporpammupyemoe sapo UYIIY ngano BO3MOXHOCTE € HMX ITOMOLIBIO
ABTOMATHYECCKU BBINIOJIHATE MHOXCECTBO T'COMCTPHYCCKUX U TEXHOJOTHYCCKUX onepaunﬁ, a
TaKk)K€ OCYIIECTBIATh TMpsiMoe IU(GPOBOE YIPaBIEHHWE CHCTEMOH AJIEKTPONPHUBOJIOB U
3JIEKTPOABTOMATHUKOM.

Puc. 1. Cucrema nnpuBonoB ¢pesepHoro cranka ¢ UITY

Pa3HoBHUIHOCTH 3J1eKTPONIPUBOAOB CTaHKOB ¢ UITY u Tpe6oBaHuS K HUM
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[Tpouecc MeTanno00pabOTKH pPE3aHUEM OCYLIECTBIISETCS IOCPEACTBOM B3aUMHOIO
nepemenieHust  oOpaOaThiBaeMON  3arOTOBKM W JIE3BMM  PEXYLIET0O  HMHCTPYMEHTA.
ONEeKTPONPHUBOIBI SIBISIOTCSA YaCTbIO CTAHOYHOI'O 000pPYIOBaHUs, KOTOPOE IPEIHA3HAUCHO YIS
OCYILECTBIICHHS U PETYIMPOBAHUS IPOLIECCOB METAII000PaOOTKU nocpeacTBOM cuctemsl UITY.

IIpu o00pa®oTKe TNPHUHATO BBIACNIATH OCHOBHBIC JIBWKCHHSA, OOECIeUMBaroIIne
yIpaBJIs€eMble IIPOLIECCHI pe3aHus IPU B3aUMHOM JIBUKEHUH MHCTPYMEHTA U 3arOTOBKH, a TAKXKe
BCIIOMOTATeNIbHbIE TEPEeMEIEHHs], CIIOCOOCTBYIOIIME MPOLEAypaM aBTOMATHUECKOW paboThI
o0opynoBanusi (IOJBOJ M OTBOJ MpPUOOPOB s  OCYILECTBJIEHUS KOHTPOJSA, 3aMEHY
MHCTPYMEHTA U T. I1.).

K OCHOBHBIM OTHOCST IJIaBHOE JBM)KEHUE PE3aHMs, UMErolee HauOOJbIIyI0 CKOPOCTh U
MOIIHOCTh, KOTOPbIE 00ecIeurBao | He0O0OX0IUMOE YCUINE PE3aHUs, a TAKKE IBUKEHHE [10]1auH,
HeoO0XoauMoe JUIsl HepeMelleHHss pabdodyero opraHa IO MPOCTPAHCTBEHHON TPAaeKTOPUHU C
3aJJaHHON CKOPOCTBIO. [l MOJydeHHsl MOBEPXHOCTH U3AEIMA 3adaHHON (GOopMbl paboune
OpraHbl CTaHKa COOOLIAIOT 3aroTOBKE M MHCTPYMEHTY JIBUXKEHUS HYKHOW TpaeKTOpUU C
YCTaHOBJIEHHOM CKOPOCTBIO M CHJIOH. OIEKTPOIPHUBOIBI COOOLIAIOT paboYMM OpraHam
BpalaTeIbHOE M IOCTYNATEIbHOE JBIDKEHHUS, COUYETaHMsS KOTOPBIX KHUHEMaTHYECKOU
CTPYKTYpOl CTAaHKOB 00eCIeunBalOT TpeOyeMble B3aMHBIE TIEPEMEIICHHS.

Haznauenue u Tun MeTamiooO0padaThIBAIOLIEr0 CTAHKA BO MHOI'OM 3aBUCUT OT (POPMBI
M3roTaBIMBAaEMON AeTanu (Kopiyc, Bal, 1UCK). BO3MOXHOCTH MHOTrOONEpalMoOHHOTO CTaHKa 110
dopmupoBaHHI0 TpeOyeMbIX Npu 00pabOTKe TPAeKTOPUM MepeMelIeHU HHCTPYMEHTOB U
3arOTOBKU OIPEJEIAETCS KOJIMYECTBOM KOOPAMHATHBIX OCEH, a, CJIeJOBATEIIbHO, YHCIOM
B3aMMOCBSI3aHHBIX 3JIEKTPOIPUBOJIOB U CTPYKTYPOM CUCTEMBI yIIpaBIECHUS.

B Hacrosmee BpeMsi [PUBOJABI  NPEUMYILIECTBEHHO  BBINOJHSAOT Ha  0ase
HA/IeKHBIX JIEKTPOABUraTesel  MEepeMEeHHOro  TOKa € YaCTOTHBIM  YIPABICHHEM,
OCYIIECTBIISIEMbIM U(POBBIMU peryisiTopamMu. Pa3nuyHble TUITBI 371€KTPOIPUBOJOB PEATU3YIOT
C IPUMEHEHUEM TUIIOBBIX POMBIIIJICHHBIX MOJYJIeH (puc. 2).

MusB.

Puc. 2. Tunosas ¢pyHKIMOHATIbHASA CXEMA JIEKTPONPUBOJIA

MuHMMaNbHBI ~ cocTaB  OJIOKOB  3JIEKTPONPHUBOJA  COCTABIAIOT  CIEAYIOIIUE
(GyHKIIMOHATIbHBIE OJIOKU:

. UCTIOJIHUTENIbHBIN 3nieKkTpoaBuraress (D]1);

. cuioBoM npeoOpazoBatenb yactoThl (CIIY), mpeobpasyronuii 371eKTpOIHEPTUI0
NPOMBIIIJICHHONM ceTu B Tpex(a3Hoe HanpspkeHUe TMUTaHWsS JBUTATeNst ¢ TpedyeMoMm
aMIUTMTYJION U YaCTOTOM;

. MuKpokoHTposuiep (MK), BeimonHstonmid (GyHKIHUN YIPaBISIOMICI0 YCTPOHCTBA
(YY) u dopmuposarens 3aganus (D3).

ITpombInIeHHBIH OJIOK CHIIOBOTO MpeoOpa3oBaTels YaCTOThl COACPIKUT BBIIPSIMUTENb U
CHIIOBOH MHBEPTOP, BHIPAOATHIBAIONINI C MCIIOIB30BAHUEM MHUKPOIPOIIECCOPHOTO YIPABICHUS
BbIXOJHBIM [IIM KOMMyTaTopoM CHHYCOUJabHOE HAaNpsHKEHHE ¢ TpeOyeMbIMH ITapaMeTpaMH,
olpeieNnseMble CUTHAIaMU YCTPOWCTBA YIIPABICHMUSL.

Anroputm yIpaBJICHUS paboToit 3IIEKTPONPUBO/IA OCYILIECTBIISCTCS
MHUKPOKOHTPOJUIEPOM  IOCPEICTBOM  BBIpAaOOTKM KOMaHJ, IMOJIYYEHHBIX B pe3yibTare
COIIOCTABJICHHUSI CUTHAJIOB ()OPMHUPOBATEIIS 3aJaHUS U JAHHBIX, MTOJy4aeMbIX ¢ HH(POPMAITMOHHO-
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BbanciauTensHoro komrekca (MBK) Ha ocHoBe 00paboTKM W aHaiM3a CUTHAIOB C
COBOKYITHOCTH JJaTUHKOB.

DNEKTPONPHUBOl TJIABHOTO JBWKEHUS B OOJBIIMHCTBE MPHIOKECHUH COACPIKHT
ACMHXPOHHBIN 3JIEKTPOABUTATENb C KOPOTKO3aMKHYTOW OOMOTKOHl poTOpa W pEayKTOp B
KaueCcTBE MEXaHUWYECKOM IMepefaud BpalleHUs Ha MINUHACIb CTaHKa. PeaykTop uacro
BBIMIOJHSETCS B BHUAE KOPOOKHM CKOpPOCTEH C DIIEKTPOMEXAaHHMYECKHUM JUCTAHLIHMOHHBIM
MEPEKIIIOUCHUEM TIepeiad. DIIEKTPONPUBO TIABHOTO JIBIKEHUS 00ecrednBacT HEOOXOAUMOe
yCUJIME pe3aHusl IpU OMPEIEIICHHON CKOPOCTH BpALICHHS M MOSTOMY IIEJIbIO PEryIUpOBaHUS
CKOPOCTH SIBJISIETCS TIOJI/IEP>KaHUE MOCTOSIHHON MOIIHOCTH.

TpebGyeMblil nuana3oH peryiupoBaHHs CKOPOCTH BpAIICHHUS 3aBUCUT OT JUAMETPOB
o0OpabaTbIiBacMbIX HU3JENHUNA, WX MATEPUATIOB M MHOTHX Jpyrux (aktopoB. B coBpeMeHHBIX
aBTOMATU3UPOBaHHBIX cTaHkax ¢ YIIY mpuBoj IJIaBHOrO NBHUYKEHUS BBIINOIHSIET YCIOKHEHHBIE
(GyHKIIMY, CBSI3aHHBIC C HApEe3aHHEM pe3bObl, 00pabOTKOI JeTaneil pa3sHOro JuaMeTpa U MHOTHE
Ipyrue. OTO TNPUBOAMT K HEOOXOAMMOCTH o0ecreueHusi BechbMa OOJBIIOro JHana3oHa
peryaupoBaHusi  CKOpPOCTHM, a  TakKe T[PUMEHEHHUS  PEBEPCUBHOrO  mIpuBoaa. B
MHOTOOIIEPAIIMOHHBIX CTaHKaX TpeOyemblid AHama3oH W3MEHEHUS CKOPOCTH BpAlllEHUS MOKET
COCTaBIISITh THICSYH U OoJiee.

B mpuBomax momau Takke TpeOyroTcs BecbMa OOJbIIME AMANa30Hbl W3MEHEHUS
ckopoctu. Tak mpu KOHTYpHOM (HpPE3epOBAHUM TEOPCTHUYECKH HAIO0 HMETh OCCKOHCUHBIH
JUAna30H CKOPOCTH, T. K. MUHUMAJIbHOE 3HAUYE€HHE B HEKOTOPBIX TOYKAX CTPEMHUTCS K HYIIIO.
Yacto ObicTpoe MepeMenieHne padoYuX OpPraHOB B 30HY OOpaOOTKH TaKKe OCYIIECTBIISCTCS
MOCPEACTBOM MPHUBOJIA M0/1a4, YTO 3HAYUTEIHHO YBEIUYUBACT JUATIA30H U3MEHEHUSI CKOPOCTH U
YCJIOKHSIET CUCTEMBI YIIPaBIIEHUS MPUBOJIAMHU.

B nmpuBojax mojad HanuM TpUMEHEHUE CHUHXPOHHBIE JBUTATETU U OCCKOHTAKTHBIC
JIBUTATEIN TIOCTOSIHHOIO TOKa, a TakKe B psAe CIydyaeB acHHXpPOHHbIE nBuratenu. K Hum
MPEIBbSABISIOTCS CIEAYIOIINE OCHOBHBIE TPEOOBaHUS:

. HIMPOKUH JMAIIa30H PETyIUPOBaHUS CKOPOCTH;

. BBICOKAsl MAKCUMAaJIbHAsI CKOPOCTB;

. BBICOKAs! IIEPETrPy304Hasi ClIOCOOHOCTb;

. BBICOKOE  OBICTPOJEHCTBME TMpPH pa3roHe M TOPMOXKEHHM B  pEXHUME
MO3UI[MOHUPOBAHUS;

. 0o0J1b1Iasi TOYHOCTh TO3UIIUOHUPOBAHMS.

CTaOunpbHOCTh XapaKTEPUCTUK MPHUBOJOB JIODKHA OO0ECTIeUMBATHCS TPH  BapHUAIHSIX
Harpy3Ku, M3MEHEHUU TEMIIepaTypbl OKpYKAroLeH Cpeibl, HANpPSHKEHHs AJEKTPONMUTAHUS U
MHOECTBA JPYTUX MPUYHH. ITOMY CIOCOOCTBYET pa3paboTka parMoOHAIBHOM aganTupyeMoun
CHUCTEMbI aBTOMaTHYECKOTO yIPABICHHUS.

MexaHn4eckasi 4aCTh CTAHOYHOTI'O PUBOAA

Mexannyeckass YacTh TPHUBOJA MOXET TPEJICTABIATh CIOXHYI0 KHHEMAaTHYECKYIO
KOHCTPYKIMIO, COJIEPKAIYI0 MHOXKECTBO BpaIIAIOLIUXCS C Pa3HBIMHU CKOPOCTSIMU YaCTEW.
OOBIYHO BBIICTISIOT CIEAYIONTNE JIEMEHTHI:

. POTOP DJIEKTPOABUTATEINS, CO3/IAI0IINIA MOMEHT (Bpallatoliil I TOPMO3HOM);

. MEXaHWYECKYIO TMepenady, T, C. CUCTEMY, ONPEACISIIONIUNA XapakTep IBUKEHUS
(BpamarensHO€, MOCTYMAaTeNFHOE) U U3MEHSIOIIYI0 CKOPOCTh TIepeMenieHus (PEAYKTOD);

. pabounii opraH, IpeoOPa3yrOIINil IHEPTUIO IBIKEHHSI B TIOJIE3HYIO padoTy.

Caeasimmii aCHHXPOHHBIN MPUBOJ IJIABHOI'0 IBUKEHUSI METAJLIOPEKYIEero CTaHKa

CoBpemMeHHbIN peryJupyeMbli BIIEKTPOIPHUBO/T TJIaBHOTO JIBUKCHUS
MeTanooopadareiBatonux craHkoB ¢ UIIY mpeuMyliecTBEHHO BBINONHSIETCS Ha 0Oase
ACHHXPOHHBIX JIBUTATEJCH C KOPOTKO3aMKHYTOM OOMOTKOH pOTOpa, 4YeMy CIOCOOCTBOBAIIO
MHOKECTBO (DaKTOPOB, Cpeau KOTOPBIX CIEIYyeT OTMETUTh COBEPIICHCTBOBAHUE SJIECMEHTHOMN
6a3b1 THHOPMAITMOHHON U CUIIOBOM AJICKTPOHUKHU.
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PerynupoBanue pe:xMMOB IBUTaTENEN IEPEMEHHOTO TOKA OCYILECTBIISETCS MTOCPEACTBOM
M3MEHEHHUs YacTOThl MUTAIONIET0 HANpPSDKEHUST C TIOMOINBIO CHJIOBOTO IpeoOpas3oBarers,
OCYILECTBISIOLIETO HAPSAY C PErYJIUPOBAHUEM YACTOTHI U3MEHEHHE U IPYTUX MapamMeTPOB.

XapakTepUCTUKHU CHEAAIIEr0 3JIEKTPONPHUBOAa B 3HAYUTEIBHOM CTENEHU 3aBUCIT OT
3¢ (HEeKTUBHOCTH BCTPOCHHOMU CAY. [Ipumenenne BBICOKOTIPOU3BOAUTEIILHBIX
MUKPOKOHTPOJIJIEPOB MPEAOCTABWIO MIMPOKHE BO3MOKHOCTU OPraHU3ALMKU CUCTEM YIIPaBICHUS
AJIEKTPOIPUBOIOM.
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Puc. 3. Tunosas cTpykTypa ynpaBieHHsS aCHHXPOHHBIM JIBUTATENIEM C HCIIOJIb30BaHHEM
npeoOpa3zoBaress 4aCTOThI

KonTponnep mnpuBona reHepupyeT UHCIOBBIE IOCIEI0BATEIbHOCTH [UIsI CHUJIIOBOTO
KOMMYTaTopa, OCYILIECTBISIONIET0 pPEryJIMpOBaHHE peXHMa padOThl 3JIEKTPOJIBUTATEIS.
KonTponnep aBromatuku obOecrnieuuBaeT TpeOyeMble XapaKTEPUCTUKH B pEeXMMax Iycka U
TOPMOYXKEHHUS, a TAKXKEe aBTOMATHYECKYI0 HACTPOIKY U 3aIIUTy 000pyI0BAHHUS.

ArnmapaTHas 4yacTh BBIYUCIUTEIBHOM CHUCTEMBI TaKXe COJEP’KUT: aHaJIOro-UU(pOBbIE U
u(poaHaIoroBele Mpeodpa3oBareny il BBOJA CHUTHAIOB C JaTYUKOB M YIPaBIECHUS HX
paboroii;

. MOJYyJIM BBOJIAa U BBIBOJIA AHAJIOTOBBIX M IU(PPOBBIX CHUTHAIOB, OCHAILEHHBIE
uHTEp(PeicHbIM 000pyI0BaHHEM U KaOEIbHBIMU pa3beMaMu;
. uHTepdeiicHbIe 0JI0KH, OCYIIECTBIIAIONINE BHYTPEHHHE MEXMO/1YJIbHbIE TIepeaayun

JAHHBIX U CBSI3U C BHEIIHUM 000pYyIOBaHUEM.

Bosbmioe  kKonmM4yecTBO  BBOJAMMBIX — Pa3pabOTUYMKOM  HapaMeTpoOB  HACTPOMKHU
npeoOpazoBareisi 4acTOTHl C YYETOM HOJPOOHBIX JAHHBIX KOHKPETHOIO 3JIEKTPOJBUTATENS
o0ecreunBaroT 3aJJaHHbIE TPOLEAYPhI YIIPABICHUS, CPEIU KOTOPHIX MOXKHO OTMETHUTH!

. MHOTOCTYIICHYATOE PETYIMPOBAHUE CKOPOCTH,

. BEpPXHEE U HIDKHEE OTPaHUYCHHE YaCTOTHI,

° OFpaHI/I‘-IeHI/Ie KPYTHHIGFO MOMCHTA,

. OCYIIIECTBIICHUE TOPMOXKEHHUSI C HCIOJH30BAHHEM IOJaud MOCTOSHHOTO TOKa B
onHy u3 (a3 gBUTATEINS,

. 3aIIUTa OT MEePErpy3KHu HO TOKY U OT IeperpeBa, o0ecreueHrne pexuM SKOHOMHH
AIEKTPOIHEPTHH.

IIpuBox Ha 0cHOBe 0€CKOHTAKTHBIX ABUIaTeJIell MOCTOAHHOI0 TOKA

K npuBosaM mogay METaIIOPEKYIIMX CTAHKOB MPEIBSIBISIIOTCS BRICOKHE TPEOOBAHUS K
JIMaIa30Hy PEryJIMpPOBAHUS YACTOThI BPAILECHUS, INHEUHOCTU PETYIMPOBOYHBIX XapPAKTEPUCTHK
U OBICTPOJICHCTBUSA, MOCKOJBKY OHM ONPEICNSIOT TOYHOCTh B3aUMHOTO MO3HIIMOHUPOBAHUS
WHCTPYMEHTA U JIETaJIH, a TAKXKE CKOPOCTh UX MEPEMEILECHNUS.
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[IpuBoabl mMOAAaY MNPEHMYIIECTBEHHO OBLUIM peaTu30BaHbl Ha OCHOBE JBUTATENCH
MOCTOSIHHOTO TOKAa, KOTOpbIe 00iaiaiy HEOOXOJUMBIMU XapaKTEPUCTHUKAMU YIPABJICHHS, HO B
TO JK€ BpeMs HaJMYMe MEXaHHYECKOTO IIETOYHO-KOJJIEKTOPHOTO y37ia OBUIO COIpPSIKEHO C
HU3KOW HAJIeKHOCTBIO, CIOKHOCTHIO OOCTYKMBAHHUS, BHICOKUM YPOBHEM AIIEKTPOMATrHUTHBIX
MIOMEX.

Pa3BuTHe CpencTB CHIIOBOM JIIEKTPOHUKM M IU(GPOBON BBIYMCIUTEIBHON TEXHUKU
CIOCOOCTBOBAJIO UX 3aMEHE B AJIEKTPOIPHUBOAAX OCCKOHTAKTHBIMH JIBUTATEISIMHU TTOCTOSHHOTO
TOKa, YTO I[IO3BOJIMJIO YIIYYIIUTh SHEPreTHYeCKHe TI0Ka3aTeld U TIOBBICUTH HAJIeKHOCTh
CTaHOYHOro 00opyaoBaHUs. OnHaKO OECKOHTAKTHBIC [BUTATENM OTIMYACT CPABHHUTEIHHO
BBICOKAsi CTOUMOCTD BCJIEJICTBUE CII0)KHOCTH CUCTEMBI YIIPaBICHUS.

Ho npunmunmy neiictBus OECKOMIEKTOPHBIA  JIBUTATENb MPEACTABISET  COOOM
ANEKTPUUYECKYIO MALITUHY MOCTOSHHOTO TOKAa ¢ MarHUTORJIEKTPUUYECKUM UHAYKTOPOM Ha POTOpe
1 00MOTKaMu KOps Ha ctaTope. KonnuecTBo cTaTOpHBIX 0OMOTOK M YHCJIO MOJIOCOB MarHUTOB
poTopa BeIOMpaeTcs B 3aBUCUMOCTH OT TPEOYEMBIX XapaKTepUCTUK ABUTarens. VX yBennueHue
CIOCOOCTBYET YIYYIICHHIO IUIABHOCTH XOJa M YIPABIIEMOCTH, OIHAKO MPUBOAUT K
YCIIOKHEHUIO KOHCTPYKIIUU JBUTATEIIS.

B cTaHOYHOM 3JIEKTPONPHBOAE MPEUMYLIECTBEHHO MPUMEHSETCS CTPYKTYpa C TpeMms
SKOPHBIMU OOMOTKaMH, BBITIOJTHEHHBIMU B BUJIE HECKOJIBKUX COCTMHEHHBIX CEKIIHM, U CUCTEMBI
BO30YXKICHHSI OT TIOCTOSIHHBIX MAarHUTOB C HECKOJIBLKHMH TTapaMH MOJIIOCOB (puc. 4).
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Puc. 4. q)yHKHI/IOHaJ'II)Haﬂ cxema OECKOHTaKTHOI'O JABUTATECIIA ITOCTOSIHHOT'O TOKA

Bpamaromuii MOMEHT o00pa3yercss 3a CYET B3aMMOJICUCTBHS MAarHUTHBIX ITOTOKOB,
CO3/1aBacMbIM TOKaMH B OOMOTKaX CTaTopa, U MOCTOSHHBIMH MarHUTamu potopa. HemameHnHoe
HaIpaBJIeHUE AJIEKTPOMArHUTHOTO MOMEHTa 00ECIIe€UYNBAETCS COOTBETCTBYIOIICH KOMMYTAIMen
MOJIBOAMMOI0 K OOMOTKAaM CTaropa MOCTOSHHOTO Toka. [locrmemoBareiabHOCTh MOAKIIOUEHUS
00MOTOK cTaropa K HUCTOYHHKY UO OCYIIECTBISETCS CHJIOBBIMH TOJYNPOBOJHUKOBBIMU
KJIFOYaMH, KOTOPBIE MEPEKIIOYAIOTCS MOJ JACMCTBUEM CHUTHAJIOB PACHPENETUTENS] UMIIYJIbCOB
IIpu 1mogavc HaHpﬂ)KeHI/Iﬁ C JaTYUKOB ITOJIOKCHUA POTOpA.

B 3amade perynupoBaHUST PEXHMOB padOTHI AIIEKTPONPUBOAA Ha OECKOHTAKTHBIX
ABUTATCIIAX MMOCTOAHHOKO TOKA BBIACIIAIOT CICAYIOMNE B3aMMOCBA3aHHBIC BOITPOCHI:

. pa3paboTka aJIrOPUTMOB, croco6oB u CpenCTB YIPABICHUS
JNIEKTPOMEXaHUYECKUM TIpeoOpa3zoBaTesieM MOCPEACTBOM BO3ICHCTBUS HAa JOCTYMHbBIE ISt
HU3MCPCHUMA (1)I/I3I/I‘-ICCKI/IG BCJINYHNHBI,

. CO3/IaHM€ CHUCTEMBbl aBTOMATHUECKOIO YMpPaBIEHUS MPHUBOJA C TIOMOIIBIO TEOPUH
U MCTOAOB aBTOMATUUCCKOTO PCTYJINPOBAHUA.
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DJIeKTPOrUAPONPHUBO/ HA OCHOBE IIATOBOTI0 IBUTATEJS

B COBPEMEHHBIX CTaHKax MOJTYIIAIIN pacnpocTpaHeHue COBMECTHBIE
anekTporuaporpuBoasl (3ITI), B KOTOpPBIX MOCTYMAIOMIME OT 3JIEKTPOHHOM cuctembl YIIY
TUCKPETHBIE  DJIEKTPUYECKHE  CUTHAJIBI  MpeoOpa3yroTcsl  MOCPEACTBOM  CHHXPOHHBIX
ANEKTPOJBUIATENIC BO BpallleHUE Baya. Pa3BuBaeMblid 1O/ ACHCTBUEM CHUTHAJIIOB KOHTPOJUIEPA
npuoza (KIT) cuctemsr UITY snexkrpoasurarenem (3/1) Bpamarmuii MOMEHT CIIYKUT BXOIHOU
BEJIMYMHOM JUIsl TUAPOYCWINTENs, CBA3aHHOE MexaHudyecko mepenauer (MII) ¢
ucnoHuTeNbHBIM opranom (MO) cranka (puc. 5).
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Puc. 5. CDYHKI_[I/IOHB.JIBHB.H CXEMa JJICKTPOruaApOoIipuBoaa

VYhpapiseMoe — BpalleHHE  pOTOpa  BJEKTPOJABMUrareist IOCPEICTBOM  BXOJHOIO
npeobpazoBanus (BII) u runpopacnpenenurens (I'P) npuBoaut k BpalieHHo Bajia riApoMOTOpa
(I'M). C uenpto cTaOuiIM3alMu [apaMeTPOB TUAPOYCUIUTENS OOBIYHO HCHOJIb3YeTCs
BHYTpEHHSs1 0OpaTHas CBA3b.

B snexkTponpuBoiax MEXaHM3MOB CO CTapTCTOIHBIM XapaKTepOM JBMXKEHMS IUIU
HENPEPBhIBHOIO IE€pPEMEILEHUsT Hauuld NpuMeHeHue marosble asurarenu (ILIJ]), xotopsie
OTHOCUTh K pPa3sHOBUIHOCTH CHHXPOHHBIX dJekTpojBurareneid. IllaroBele paBurarenn c
MMIYJIbCHBIM BO30YKJIeHHEM HauboJee npucnocodiieHsl 11 ucnoaszyemoro B CUITY npsmoro
U(POBOTO YIPABIEHHUS.

IIpepsiBUCTOE (IOLIArOBOE) NEPEMEILEHUE POTOPA HA OMPEAEICHHBIN yroi MoBOpOTa Ha
KOKIBIH MMITYJIBC IPENOCTABIAET BO3MOKHOCTH IOJIYYEHHs JOCTATOYHO BBICOKOM TOYHOCTH
MO3UI[MOHUPOBAHUSI OYEHb OOJBIIMM JUANa30HOM H3MEHEHUS CKOPOCTH MPAaKTUYECKH OT
HYJIEBOIO 3HAYCHHS.

[Ipy uCnONB30BaHMM IIATOBOTO JBUTATENsl B AJIEKTPONPUBOJE YIPABICHHE UM
OCYILIECTBIISIETCS C IOMOLIBIO YCTPOWCTBA, COACPIKAILErO JIOTMYECKHH KOHTPOJUIED U
KoMmyTaTop (puc. 6).

K. KouTtponep Cunosoii
npuBoja  —— KOMMYTaTop

Puc. 6. YcTpolicTBO yripaBiieHUs ArOBbIM AJIEKTPOJBUTATEIIEM

[Tox neficTBueM ympaBISIONIE KOMaHIBI BBIOOpA N-10 KaHajla KOHTPOJUIEP MPHUBOJA
CUIlY BeipabarbiBaeT HUGPOBBIE CHUTHANBI JUIS YOPABIEHUS CHUJIOBBIM TPaH3UCTOPHBIM
KOMMYTaTOpOM, KOTOpBIH B TpeOyeMoW IMOCJIEeIOBATEILHOCTH TOAKIIOYAET TIOCTOSHHOE
HANpsDKEHWE K CTaTOpHBIM oOMoTkaMm. JIjis TIONydeHUs MalbIX 3HAueHUH YIIIOBOTO
NepeMEIIEHHs 3a OJWH IIar o = 7/p Ha POTOpE MOMEMIAOT MMOCTOSHHBI MarHUT C OOJIBIIMM
KOJINYECTBOM T1ap MOJIKOCOB P.
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3. METOJWYECKHWUE PEKOMEH ALY
10 MOJATOTOBKE K 3AHSITUSIM

3.1 JlabopaTropuas padora Nel (JIP-1) M3yuyeHue yHUBepPCAJbHOIO JIA0OPATOPHOIO
CTeH/a.

YHuBepcanbHbIi 1a00paTOPHBIN CTEH] pa3MelEéH Ha (PPOHTAIBHOI CTeHE ayJUTOPUH U
npezcTaBisieT co0o0il KapKac C pacroNoKeHHBIMU Ha HEM MaHEISIMHU IPHOOPOB U 000PyIOBaHHUS,
HAa0Op KOTOPBIX JIOCTATOYEH JIJIsl BHIIIOJHEHUS JII000M U3 J1abopaTopHBIX padoT 1ukia. BeiBoabl
npuboOpoB U 000pYIOBaHMA OCYIIECTBICHBI Ha KJIEMMBI INPOHYMEPOBAaHHBIX MaHENeH, ¢
MOMOIIbIO0 KOTOPBIX Yepe3 COCAUHUTEIbHBIC TPOBO/A C HAKOHEYHUKAMHU PUOOPHI COSAUHSIIOTCS
B cxeMbl. Jlnsi coenHeHus] MpUOOPOB, HAXOMSAMIMXCS Ha MPOTUBOIOJIOKHBIX CTOPOHAX CTEHAA,
CIIy)KaT MepexoJHble KJIEMMBbI, PAcHOJOKEHHbIE HA JIBYX HIDKHUX pEUKax CTEH/Aa, WMEIOIIue
HoMmepa oT |1 1o 18 c¢ kaxpaoll cTopoHbl creHia. KiieMMbl, nMerolue OJUHAKOBBIM HOMEp,
COEIMHEHBI MEXy COO0 MPOBOAOM-YITTHHUTEIIEM.

Ha crenae umeercs 3 aBromarndeckux Boikmrouaresnst QF1...QF3, ¢ moMoIpo KOTOphIX
Ha cTeH noaaércs TpéxdasHoe HanpsokeHHe cooTBeTcTBeHHO 21/36, 127/220 u 220/380 BONBT,
aBTOMAaTHYECKUH BhIKIIOUaTeb QF4 ms mogaum moctossHHOrO HampspkeHus -25 — 0 - +25 B u
aBTomaruyeckue BbikIodarenu QFS5 u QF6 nans momaynm mepeMeHHOro M MOCTOSIHHOTO
HanpspKeHUs: cooTBETCTBEHHO 127 u 220 BoibT. CUTHAJIbHBIE JIAMIIbl, PACTIONOKEHHBIE MEXKIY
BBIKJTIOYATEIISIMHU, YKa3bIBAIOT HA MMOJa4yy HANpPSDKEHHS O aBTOMATHUYECKHUX BBIKIIOYATENEH, a
JamIbl, PACIOJIOKEHHBIE HEMOCPEJICTBEHHO Yy KIEMM — Ha HaJd4Me HaIlpsHKEHUS
HEMOCPEJICTBEHHO Ha KIIEMMaXx.

[lepen ¢poHTATBEHBIM CTEHAOM (B IEHTpPE ayJUTOPUU HAMPOTUB JIOCKH) CMOHTHPOBAH
HArpy304YHBIA CTEHJI, OCHOBY KOTOPOT'O COCTaBJIAE€T MAlllMHA OCTOSHHOTO TOKA MapaljieIbHOTO
BO30YykAeHUs (OaaHcupHas MaiinHa). CTaTop MalllMHbI 3aKpeIUIEH Ha MOAIIMIHUKAX U UMEET
IPOTHBOBEC, YTO 00ECIEUMBAET MMOBOPOT CTATOpA Ha OMpPECNEHHBIN Yroi NMpU MPUIOKEHUH K
BaJly MAaIIUHBl OINpeneaEHHOro Bpamjaromero MoMmeHTta. [lo yrimy OTKIOHeHus mnpu
COOTBETCTBYIOILIEH TAapUPOBKE JIETKO ONPEAENAEeTCS MOMEHT Ha Bany MamuHbl. C Bajom
Harpy304YHOM MalllMHBl COEAMHSETCS BaJl MCHBITYEMOW MalluHbl (BEHTWJISATOpA, IeHepaTopa,
ANIEKTPOABHUraTeNs) U MPOU3BOIUTCA HKCHEPUMEHTAIBHOE ONpeiesieHne €€ XapaKTEepUCTHK Ha
pPa3IUYHBIX YacTOTax BpamieHusa. J[ns nuTaHus HArpy304HOW MalIMHBI M Ui NHUTaHUsA
WCIBITYEMON MAIIMHBI UMEETCA TAKXKE PACIIOJIOKEHHBIE PSIIOM [IBE CIIAPKU THUIA «T€HEpATOp-
JIBUTATENbY». BBIBO/IBI BCEX ATUX MAIIMH OCYIIECTBIIEHBI HAa TAaHEJIN (PPOHTATIBHOTO CTEHAA.

3.2 JlaGopatopuas paGora Ne2 (JIP-2) MWcciaenoBanue 3JeKTPOABHUIraTe s
MOCTOSIHHOT'0 TOKA NMapaJljieJbHOr0 BO30Y:KIeHHUsI.

DNeKTpOoABUTaTeh MOCTOSHHOTO TOKA MapajljieIbHOT0 BO30YKIeHHS (IIYHTOBOW) UMEET
PAcIIONIOKEHHYIO Ha IOJII0CAaX cTaTopa OOMOTKY BO30Y)KIEHHsI, BBHIIOJHEHHYIO M3 OOJIBIIOTO
KOJINYECTBA BUTKOB METHOTO M30JUPOBAHHOTO MPOBOJIA, U MHOTOCEKITHOHHYIO OOMOTKY SIKODS,
YII0KEHHYIO TI0 OKPY>KHOCTH B T1a3bI JKeJe3a AKOps, HaOpaHHOTO U3 OTJENbHBIX, H30JIMPOBAHHBIX
Ipyr OT JApyra JHCTOB 3JEKTpOTeXHHYecKoW cTanu. CeKUUH COeAMHEHBl MEXIy coOoi
1ocjae0BaTeNbHO. TOYKM COeMHEHMs CEeKIMH BBIBEJCHBI Ha IUIACTHHBI KosiekTopa. Iloason
TOKa K KOJUIEKTOPY TPOU3BOAUTCS dYepe3 YTOJIbHBIe, TpaduTOBBIE WIH METHO-TpadUTOBEIC
IETKU.

B nannoii mabopatopHoil paboTe MpeasiaraeTcsi HAyYUThCSl MPOU3BOIUTE COOPKY CXEMBI,
OCYILECTBIISATh 3aIlyCK 3JIEKTPOJBUTATEINS, NMPOU3BOAUTH PEryIMpPOBAHHE YaCTOThl BPALICHHUS,
U3MEHSTh YCTAaHABJINBATH M U3MEPSITH MApaMETPhI PEIKUMOB PAOOTHI.

3.3 JlaboparopHasi padora Ne3 (JIP-3) U3yueHue cxeMbl YNpaBJIeHHS] ACHHXPOHHbBIM
3JIEKTPOABHUIaTe/IeM € MePEeKJIIUYEHUEM €O «3Be3[bl» HA «TPEYroJbHUK».

[lepexmioueHne H>IEKTPOJABUTATENS CO 3BE3[bl HA TPEYroJIbHUK MPOU3BOAMUTCS, BO-

MEPBBIX, [P 3aIMYCKE SJIEKTPOABUTATENS C LETbIO pa3rpy3KH MAJIOMOIIHOM 3JIEKTPUUYECKON CEeTH
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OT IMOBBIIICHHOI'0 IMYCKOBOT'O TOKAa. HpI/I 9TOM HAIIPSIPKCHUC Ha 00MOTKaxX npu COCAUHCHUU HX

«3BE30M» 110 CPABHEHUIO C COCIMHEHUEM «TPEYrOJIBbHUKOMY CHUXKAETCS B J3 pa3, BO CTOJIBKO
e pa3 CHIKaeTcs M (a3HbI MyCKOBOW TOK. JIMHEWHBIH K€ TOK, 4TO OCOOCHHO Ba)KHO IS
CTaOUIIPHOCTH HAmNpsOKEHUS B MUTAIOUICH ceTu, CHmXKaercss B Tpu paza. K coxanenwuro,
IIOCKOJIBKY MOMEHT IIPOIOPLUOHAIECH KBaJApaTy HAaIpsDKEHUsA, B TPHU pa3a CHUXKACTCI U
myckoBoi MOMeHT. [1o3TomMy naHHBIN croco0 3amycka MPUMEHUM TOJIBKO i paboumx MaIIuH ¢
MaJIbIM MOMEHTOM TPOTaHUSI.

Bo-BTOpBIX, 00paTHOE NEpeKIIoUeHUE DIIEKTPOJBUTATENSI C TPEYroJbHHKAa Ha 3BE3AY
IPOU3BOJIUTCS C EJBIO MOBBIIICHUS KO (UIIMEHTa MOITHOCTH NIPY Majoi (He MpeBbIIIaromeit
30%) creneHu 3arpy3Ku 3JeKTpoABurareis. B aToM ciyuae, XOTs MOMEHT AJIEKTPOABUraTeNs U
CHU)KAETCS B TPU pas3a, HO €ro OKa3bIBA€TCs JOCTATOUHO JUIsSl IPEOJOJIEHUS IIOHMKEHHOIO (TIpU
HEJOrPy3Ke) MOMEHTA COMPOTUBIICHUS paboueii MallluHBI.

B nannoii nabGoparopHoil paboTe mpesuiaraeTcs HM3y4UTh CXEMY  YIIPaBJICHUS
AJIEKTPOJIBUIaTEIEM C IIOMOIIBI) MAarHUTHOIO ITyCKaTels, YCTPOMCTBO M INPUHLMUI JECUCTBUS
MTHEBMATUYECKOTO pelie BPEMEHM, HAyYUTHhCS MPOU3BOAUTH COOPKY CXEMbl, yOEAHTHCS B
3P PEKTUBHOCTH (DYHKITHOHUPOBAHUS CXEMBI.

3.4 Jlabdoparopnasi padora Ne4 (JIP-4) Cxema peBepCHBHOIO YHpaBJIeHUSI
ACHHXPOHHBIM 3JIeKTPOJABUIATEJEeM ¢ TOPMOKeHHeM NPOTHBOBK/IIOYECHHEM.

Ha npakTuke 4yacTo mMpuMeHsIeTCsl CIOc00 OBICTPOI OCTAHOBKHU AJIEKTPOBUTATENS ITyTEM
HEPEeKIIIOUYEHHUsT JIEKTPOJBUTaTeNsl Ha XOAy Ha oOpaTHoe BpauieHue. [locie mnepexiroueHus
AIIEKTPOABHUTATENSl MArHUTHOE I0JIE HAYMHACT BpalaThcs B OOpaTHOM HAIPaBICHHUH, a POTOP
IPOIOJDKAET 10 MHEPIMM BpAIaThCs, OBICTPO CHUXKAs YacTOTY BpallleHUs A0 Hyas. B stor
MOMEHT HANpsOHKCHHE C KJIEMM DJJIEKTPOJBUTATENS HYXKHO CHATh, MHA4YE SIIEKTPOIBHUTATENh
HayHeT BpallleHHe B OOpaTHOM HampaBlIeHMH. BpydHyi0 3TOT MOMEHT 3a(HUKCHpOBaTh He
yaaeTcs, MOATOMY MPUMEHSIIOT CrieluaibHoe pese KoHTpods ckopoctu (PKC).

B nanHoii 1abopatopHoii paboTe npeanaraeTcst U3y4nuTh CXEMY PEBEPCUBHOTO YIPaBICHUS
3-X (a3HBIM aCHHXPOHHBIM JJIEKTPOJBHUTATEeNIEM C IIOMOIIBI0O MArHUTHOTO ITyCKaTels,
YCTPOMCTBO M MPHUHIMI JEHCTBHSI pejie KOHTPOJIS CKOPOCTH, HAYUYHUTHCS MPOU3BOAUTH COOPKY
CXeMbl, yoenuThcs B 3 (HEeKTUBHOCTH (PYHKIIMOHUPOBAHUS CXEMBI.

3.5 Jladoparopnasi padora Ne5 (JIP-5) UccaenoBanune neHTpoOeKHOT0 BEHTHJISITOPA.
[{eHTpOOEKHBII BEHTHJIATOP COBepIIaeT paboTy MO MepeMEeleHUI0 BO3AYIIHONW MacChI.

Orta pabora wAET Ha YBEJIWYEHHWE KHUHETUUYECKOW OHHEPruM TOTOKa Bo3nyxa. Ecim dyepes
MOTIEPEYHOE CEYCHHE S HArHETAIoIIeTo TPyOOmpoBOAa BEHTHIIATOpPA MEPEMEIIAETCs BO3IYX CO
CKOpOCTHIO V, To pacxon Q Bo3ayxa, paBHBIH 00BEMY BO34yXa, MPOIIEIIIETO Yepe3 MoIepeyHoe
ceueHue TpyoompoBo/a 3a OJIHY CEKYHIY.

B nmannoii naGopaTopHOW paboTe TmpeiiaraeTcsi O3HAKOMHUTBCS C YCTPOWCTBOM U
NPUHIIMIIOM JEHCTBUS LEHTPOOESKHOTO BEHTUIISITOPA, HAYYUTHCS CHUMATh H  CTPOUTH
XapaKTEPUCTHUKHU BEHTUIIATOPA.

3.6 JlabGoparopHas padora Ne6 (JIP-6) MHcciaenoBanume MexXaHM4YeCKOH
XapaKTePUCTUKHU HIYHTOBOI0 JIEKTPOJABUIATeNIsl B pesKMMe THHAMHYECKOT0 TOPMOKEHHUsI.
21.]'[5{ nepesojia B PEKHUM JUHAMHYCCKOIO TOPMOXCHUA AKOPb OJJICKTPOABUTATEIIA
OTKJIFOYAETCSI OT CETH MOCTOSHHOTO TOKA M 3aMBIKAETCsl Ha COMPOTUBJICHHE RX MM HAKOPOTKO.
HaHpﬂ)KeHI/Ie Ha OOMOTKE B036Y)K)IGHI/I$I, a CJICOJO0BaTCiIbHO, U MarHUTHBIM ITOTOK OCTalOTCS
HEU3MEHHBIMHU.
B nmannHOl mabGopaTropHOW paboTe MpejyiaraeTcs HAyYUThCS OCYIIECTBIATH TEPEBOJ
QJICKTPOABUTATCIIA B PCIKUM JUHAMUYCCKOTO TOPMOKCHHA, CHUMATh U CTPOUTH MCXAHHUYCCKUC
XapaKTEPUCTUKU B ITOM PEKUME.
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3.7 JlaGoparopHas paGora Ne7 (JIP-7) Mexanudyeckne XapaKTepPHUCTHKH
ACHHXPOHHOI'0 3JIEKTPOABUTATEJIS.

B nannoit naGoparopHoii paboTe mpeanaraeTcs Hay4YUThCsS MPOU3BOAUTH COOPKY CXEMBI,
OCYIIECTBIISATH 3aITyCK CHCTEMBI JICKTPOJBHUTraTeled, NPOU3BOANUTH PETYIMPOBAHHE BEITHMYMHEI
HANpsDKCHUS. U HarPy3KH, YCTAaHABIUBATh U U3MEPATH MMapaMeTpbl PeKUMOB pabOThl, CHUMATh U
CTPOUTH MEXaHUYECKUE XapaKTCPHUCTHKH.

3.8 JlIaboparopHasi padora Ne§ (JIP-8) UcciienoBanue 3J1eKTPONPUBOA TeHepaTopa.

I'enepaTop TOCTOSIHHOTO TOKa C HE3aBUCUMBIM BO30YKIEHHEM HCIOIb3YeTCS Kak
UCTOYHUK PEryJIHpPYyeMOro HampsOKEHUS [UIsl MUTAHHUS AJIEKTPOJABHUraTesiel, HarpeBaTelbHBIX
YCTPOMCTB B CUCTEMaX aBTOMAaTHYECKOIO PeryJupoBaHus U IS apyrux ueneit. [IpuBogurcs on
BO BpAalllEHUE ACHUHXPOHHBIM JJIEKTPOABHUraTeIeM C KOPOTKO3aMKHYTHIM poTopoM. B
3aBUCHUMOCTH OT BEJIIMYUHBI TOKa BO30YXKICHHS W3MEHSCTCS HANpPsDKCHWE HA COMPOTHBIICHUU
Harpy3Ku reHepaTopa U, CJelI0BaTeIbHO, U3MEHSETCSl pa3BUBaeMas UM MOIIHOCTb, a BMECTE C
HE M MOILIHOCTh HA Bajly M Ha 3aKUMaxX MPUBOIHOTO JJICKTPOJBUTATENs. PeakTuBHas ke
MOIIHOCTh, MOTpediiieMass UM U3 CEeTH, OCTaéTcs MpakTU4YecKu Heu3MeHHou. I[loaTomy
KOA((UITMEHT MOIITHOCTH 3JIEKTPOIBUTATENS C MI3MECHCHHEM HArpy3KH TaK)Ke M3MEHSETCS.

B nannoit nabopaTopHoii paboTe mpeaiaraeTcsi HayYuThCsl TPOU3BOIUTH COOPKY CXEMBI,
OCYIIECTBIISIT 3aIyCK JIEKTPOJBUTATENS, IPOU3BOIUTH PErYJIUPOBAHUE BETMUUHBI HATIPSKEHUS
U Harpy3ku TreHepaTtopa IOCTOSHHOTO TOKa, yCTaHABIUBaTh, U3MEPSATh W PACCUUTHIBATH
napameTpbl PEKUMOB PaOOTHI.

3.9 JlaGopaTopnas padora Ne9 (JIP-9) UcciienoBanue 3j1eKTPONPUBOJA BAKYYMHOI'O
Hacoca.

BakyyMmHBIII Hacoc TpeaHa3HAa4YeH i oOecreueHHsl BakyyMma, HEOOXOAWMOTO st
paboThI TOMIIBHBIX aIapaTOB U MOJIOKOMPOBOJIOB. [IpuBOAUTCS OH BO BpallleHUE ACHHXPOHHBIM
DIIEKTPOABHUTATENIEM C KOPOTKO3aMKHYTHIM pOTOpPOM. B 3aBUCHMOCTH OT pa3BUBaEMOro
JIABJIEHUS] BO BCAchIBaloOIleM TpPyOONpOBOJE M3MEHSETCS MOIIHOCTh, HEOOXoaumas JUls
BpaIleHUs HAcOCa, a, CJIeOBATEIbHO, U MOITHOCTh Ha BaJly W Ha 3a)KUMaX 3JIEKTPOJBUTATEIIS.
Takum 06pa3zoM, KO3PPUIMEHT 3arpy3KH 3JIEKTPOJBUTATEINIS TaKXKe U3MEHSETCs, a PeaKTUBHAs
MOIIIHOCTh, TMOTpebJisieMas MM U3 CETH, OCTa€TCsA TMpakTHUYecKu HeusMeHHou. [losTomy
KO3(PPUIIMEHT MOIIHOCTH 3JEKTPOJIBUTATEINS C U3MEHEHUEM HArpy3KH TaKKe U3MEHSETCs.

B nannoit mabopaTtopHoit paboTe npejaraeTcs HayqYuThCsl TPOU3BOIUTH PETYIUPOBAHUE
BEJIMYMHBI BAKYyMa Hacoca, yCTaHaBJIMBaTh U U3MEPSTh apaMeTphl PEXUMOB PadOTHI.
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