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HE3ABUCHUMbBIN HHBEPTOP C ABTOHOMHBIM ¥Y3JIOM
KOMMYTAUHKH OJid NUTAHHSA CHHXPOHHO-PEAKTHBHDIX
ABHUTATEJIEHA

10. M. AYKACOB, B. A. 3AXAPOB

(ITpepcraBieHa HayyHO-TexHHYeckuM cemuHapom HHH ASM mpu TIIH)

OpnHo#t M3 OCHOBHBIX O6JsiacTell NMpPHUMEHEHHs CTaTHYECKHX HHBEPTODOB
ABJISETCS NPUBOJ C CHXPOHHBIMH JBHTaTeJsiIMH, B KOTOPBIX TpefyeTcss TOYHOE
peryJupoBaHHe CKODOCTH B ONpefle/leHHOM auanasoHe. Takue NPHBOABI He-
o6xonuMbl A/1s1 Teo(pU3HUYECKOH ammapaTypbl, CEHCMHYECKHX CTaHIHH, Teje-
rpaHbplX anmapaToB, KHHoamnmnapaTtypsl U Ap. /s coxpaHeHHs neperpysod-
HO¥ CNOCOOGHOCTH ABHraTesedl HeOOXOAMMO pery/JHpoBaTh MHTaollee Hamps-
J$€eHye NMPONOPIHOHAJBHO YacToTe. THPHCTOPHBIE HHBEPTOPHI MO3BOJISAIOT I10-
JYUUTb BBIXOJHOE HANpsixKeHHe C YaCTOTOH, onpefessseMOoH TOUHOCTbIO KBap-
neBoro reHeparopa. /s ykazaHHbIX IPHBOJOB CXeMa ylIpaBJeHHs HHBEPTO-
poMm moJkHA obecneynBaTh MOAAEPKAHHE MOCTOAHCTBA OTHOLUEHHS Hamps-
JKeH¥sl K 4acTOTe NPH U3MEHEHHWH TOKa Harpys3kd OT HyJd 10 MakKCHMaJbHO
JOTYCTHMOTO 3HAUYEHHUS NpH JI060M 3HaUeHHH KO3(@HIHEHTa MOUIHOCTH Ha-
rpy3ku. Ha puc. 1 npuBenena cxemMa CHJIOBOH 4aCTH H NPHHUUNHAJIbHASA 3JI€K-
TpHYECKasl cXeMa ylnpaBJeHHs] He3aBUCHMbIM HHBEPTOPOM C aBTOHOMHBLIM Y3-
JIOM KOMMYTaIlHH.

B 3TO# cxeMe 3ajaHHOe 3HAaUeHHE YACTOTHI C BBICOKOH TOYHOCTbIO GOP-
MHpyercsi HHBepTopoM Ha THpHcTropax ¥YBI, ¥YB2, YB3 u tpancpopmarope
TP3, nox Bo3aeiCTBHEM CHI'HAJIOB YNPaBJEHHs, IOCTYNAIOIHX OT BbICOKOCTA-
ouabHoro kBapieBoro reieparopa KI'. 3amanHoe cpenHee 3HaueHHe BBIXOL-
HOTO HANPSIXKEeHHUs MOALEepPKHBAETCS CIOCOO0M IUHPOTHOH  CTaOH/IH3ALHU
(I1IC) corsmacHo ¢popmyae (1).

Ue == 2naUpin 7 » (1)
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"= RS Ko3(hdHuHeHT TpaHC(OPMALIHH CHJIOBOTO TpaHcGoOpMaTopa HH-
BEPTOPA;

a — KO3(p(HIHMEeHT BO3paCTaHHs HANPSIKEHHS DU H3MEHEHHH NHUTa-
jolero Hanpsiaenusi Uj, Tekyllee 3HaueHHe KOTOPOro paBHO
aUmin.

MunuMalbHOe 3HAUEHHE Qmin= 1, TaK KaK MakKCHMaJbHOe 3HaueHHe
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pa ¢ ABTOHOMHBIM Y3JIOM KOMMYTallHH
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Tiae

{y — MJIUTEIBHOCTb MMIYJbCA,

T — nepuon CJAeJOBaHUS HMIIYJbCOB.
4 JpdexkTHBHOE 3HAUYEHHE NPSAMOYTOJbHOrO HaNpsKEHHUsI ONpeaessieTcs 10
popmyae:

Usipgp-n = m2Uymin Var;
a 3(p(peKTHBHOE 3HaueHHe NMepBOH rapMOHHKH

Y2
Us(l)(bl = - ~~‘£ e -naU,min sinwy .

Cxema ynpassenus IIIC mocTpoeHa 1o BepTHKAJIbHOMY METONLY yNpaB-
JIEHHS! ¥ o0ecreuyHBaeT MOAYJALHNIO IHPHHBI HMIYJbCOB MepeMellleHneM 3a/l-
Hero (poHTa .

Takoit naBepTop coueraer B cebe nmpeoGpaszoBaTe/ib U PEryasToOp BbIXOA-
HOTO HanNpsiXKeHHs1 OLHOBPEMEHHO, YTO SIBJISIeTCS NMPeHMYyLIeCTBOM MO CpaB-
HEHHIO C HEeNPepPBbIBHBIM pery/HipoBaHueM HaNpSKEHHs PH NMOMOIILU YIpaB/s-
€MOTO BBIIPSIMUTE/SI C CHJIOBBIM (DUJIBTPOM Ha BXOJE HHBEPTOpA.

ABTOHOMHBIH KoMMyTHpYylowuit y3en (mpoccenn — IAPI, 1P2, 1P3, nu-
oabl — JI15, 131, KoMMyTHpyIOIlast EeMKOCTb €, U THpHCTOp YB3) BhIMOJIHEH
M0 CXeMe C HEeMOCPeICTBeHHbIM Nepe3apsioM KOMMYTHPYIOUIEro KOHAeHCcaTo-
pa, uTo obecrneynBaeT caMoOpery/JMpOBaHHe BeJHYHHBI KOMMYTHPYIOLIErO Ha-
NPS’KeHUs B 3aBUCHMOCTH OT TOKa HAarpy3KH M yCTpaHseT sIBJeHHe «pacKau-
Ki» 3apsitHoro KoHTypa [2]. Harpyskoit HHBepTOpa siBJsIeTCSl Tpex(dasHbli
CHHXPOHHBI pPEaKTHBHBIH IBHUraTeNb, BKIIOUEHHBIH MO cXeMe OAHO(Aa3HOro
MIUTaHUSA. .

Pa6ora cxeMbl yrnpaB/eHHsl WIJIOCTPUPYeTCs BpPeMeHHOH aHarpaMMOoH,
npHBEIEHHON Ha pHC. 2.

Bxonnoe nanpsxenue U; npsimoyrosnbHo# ¢opMbl wacrortodn 100 ey ¢
JleIWTeNsl 4acTOThl KBApleBOTO reHepartopa (pHc. 2, @) TOCTymaeT depes
nubdepenupyoiLyio uenb CiRp Ha TpUrrep ¢ aBTOCMeIleHHeM (TPaH3UCTO-
pbl T; Ty) ¥ OHOBPEMEHHO Yepe3 SMUTTEPHbIH MOBTOPHUTEb (TpaH3HcTOp Ts)
v Ga3oMHBEpPCHbIH yCHAUTeNb (TpaH3ucrop Tg) ympabJaseT paboToil reHepa-
Topa nuaoobpasnoro nanpsixkenus (I'TIH) wa tpanauctope Tio. OT Kaxaoro
NOJIOKHUTENBHOrO TH(GepeHIInpOBAHHOIO HMIy/IbCa TPUITED ONMPOKHIbIBALT-
Csl ¥ IO3TOMY BBIXOJHO€ HAMpsKeHHe C Hero MMeeT YacToTy B JBa pa3a MeHb-
wyio 50 ey (puc. 2, 6). BoixofHOe HanpsiXKeHue ¢ TpHUITepa yepe3 SMUTTEP-
HbIA noBroputesb (T3) mojaeTcs Ha BXOL YCHJIHTE/si MPSMOYTOJbHOrO Ha-
npskenus (tpansucrop T4), Harpy3koil KOTOPOTO ABJSETCS NMepBHYHAs 00-
MoTKa tpancpopmatopa TPI. C Beixoxubix 06MoToK Tpanchopmaropa TPI
CHUMAIOTCs ABYXNOJISIPHbIE MMIYJbCH (PHC. 2, 8), ympasJjsiolide paboToil
MOAYJIATOPA AJHTEJbHOCTH HUMNyabcoB (MIIHM), BbIMOJHEHHOTO HAa TPaH3H-
cropax Ts, Te u Tpancdopmarope TP2. C BHIXOAHBIX OOMOTOK TpaHchopma-
Topa TP2 nosioKuTeabHble HMIYJbChl MOJAIOTCA Ha YIPaBJSIOLHe 3JeKTPO-
nbl pabounx THpUcTOpoB HHBepropa YBI, YB2 (puc. e, d). [IaHTENbHOCTD
YIPaBASAOMAX HUMIYJIbCOB PEryJIHPYETCSl CXeMOH CpPaBHEHHs, BBINOJIHEHHOH
ua tpurrepe IlImurra (tpansucropsl T1j, T12) H TPaH3HCTOPHOM Kiaioue T3.

Ha BXox cxeMbl cpaBHeHHs IOAaeTcsl HanpsikeHHe ynpasiaenus (Hy),
paBHOE PAa3HOCTH BHINPSIMJIEHHOTO HANpsKeHHsT 06paTHON cBA3H (HMoc), CHH-
MaeMoro ¢ JOMNOJHHTeJbHOH 06MOTKH CHJIOBOTO TpaHchopMaTopa HHBEpPTOpa
{puc. 2, o) u stanonHoro (H,), 1. e. Hy=Ho.—H,.

HanpsixkeHue reHepatopa NHJbI, CHHMaeMoe ¢ KoHaeHncatopa Cio (Hy)
CYMMHDYeTCSl ¢ HanpsixkeHHeM ynpasJjeHus. Cymma Hanpsikenun Hy-+Hy
CpaBHHBaeTCs C HanpsikKeHHeM cpabatbiBanus TpHrrepa llImurra Hcp. Ilpu
ycaosuu Hy+Hy>Hp NPOHCXOXHT ONPOKHIABIBAHHE TPHITEPA B APYroe yc-
TOHYHBOE cocTosiHHe. IIpH OTpHUIATENBHON NOJYBOJHe HANPSXKEHHS Ha BXO-
Ae Tpausucropa Tio OH OTKPHIT, H HanmpsixKeHHe Ha Bxomge TpHrrepa llIMurra
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Puc. 2. BpemeHHbsle aguarpaMMbl CXeMbl YIIPABJIEHHSA
HHBEPTOPOM.

paBHO HyJ10. Tpurrep ¢ SMUTTEPHON CBS3bI0 HAXOIUTCS B TAKOM COCTOSIHHH,
Y10 yepe3 TPAH3UCTOP 112 MPOTEKAeT KOJJIEKTOPHBIH TOK, KOTOPBI 3anupaer
TpaH3UCTOPHBINA K04 Ty3. IIpu OTCYTCTBMM BXOAHOTO HMIYJbca TPAH3UCTOP
Tio 3amepT MOJIOKHUTEJNbHBIM CMEIIeHHEeM Yepe3 TPaHsuctop Tg M PEe3UcTop
Ry7, xongencatop Cio HauMHaeT 3apskKaTbCsl OT CYMMBl HANPSKeHHH ynpaB-
Jdenue W Hanpsxkenue nutanus I'TIH. BuyTpeHHee cOnpOTHB/IEHHE MEPBOTO
HCTOYHHKA MaJjo, M03ToMy KoHJaeHcaTop Cio NMOUYTH MTHOBEHHO 3apsKaercs
10 ypoBHS My, T. e. GopMHUpPYyeTCsl CTyNeHbKa MH/A000PA3HOr0 HaNpsKeHHs.
Hanbue xongencatop Cio 3apsizkaercss ¢ MOCTOSTHHOR BpeMeHH T=Rgg-Cio,
UCTOYHHUK HanpsixkeHUst My oT cXeMbl OTKJIOUaeTcss AHOAOM /15, K KOTOPpOMY
MPUKJ/IAAbIBaeTCsl 06paTHOE HATPSXKEHHE.

IIpu noctuikeHny HaNpsKeHHs HA KOHJeHCATOpe C,o nopora cpabarhbl-
BaHUS Hcp TPHUITED ONPOKHIBIBAETCA B IPYroe yCTOMUHBOE COCTOSIHHE, TPaH-
3UCTOPHBIN K/MI0Y T3 OTKPBIBAETCS TOKOM, ONpEIe/IsieMbIM CONPOTHBJIEHHEM
R:1, 1 kK 6azam TpansucropoB MU Ts, TG yepe3 AUOMIbI ,ZZg, /14 mpuKJiaabiBa-
eTCsl HaNpsI)KeHHe CMeIleHHsl 458, OTHOCHTEJIbHO HX 3MHTTEPOB, YTO TPHBO-
JIAT K 3aNUPaHAI0 OTKPHITOTO B 3T0 BpeMs Tpausucropa Ts (uau Te) M, ciie-
JIOBaTeJbHO, K CHSITHIO CHUTHAJIA yNPaBJeHHUA C YIPaB/SAIONIEr0 3JeKTPOia OT-
KPBITOTO B 3TO BpeMs paBouero Tupucropa ¥YBI (unu YB2). d)opMa Hanps-
YReHHs Ha 6ase M KOJLIEKTOPE TPAaH3HCTCpA T3 moxasana Ha pHC. 2,3 U 2, u.
OnHoBpeMeHHO BBIXGAHOH HMIIyJIbC c BbIXOlIa tpurrepa IlImurra, npozmcp(pe-'
peruupoBaunbiil no uenu Cpy, Rss (puc. 2, k), sanyckaer XKAywHuid GJOKHHT-
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redepaTop Ha TpaHaHcTope T7, ¢ BEIXOZHOH OOMOTKH KOTOPOTO MOCTyIaeT KO-
POTKHI HMINYJIbC HANPSI)KEHHs] Ha yNpPaBJSIOMHNH 3/71€KTPOJI Tacsiliero THPUC-
Topa ¥B-3 (puc. 2, a).

Takum 06pa3om, OHOBPEMEHHO CO CHATHEM YIPAaBJSIOUIEr0 HMIIYJIbCa
C OTKPBLITOTO paboyero THPUCTOpPA MOAAETCS OTHHPAIOLIUi HMIYJbC Ha racs-
i Tupuctop. OH oTnupaercs u GJarogapst nNpoueccy KOMMYyTALlid MPOHC-
XOJHT raumeHue paboyero THPHUCTOPA B HYKHBII MOMEeHT BpeMeHH. [1pu usme-
HeHHH HAarpy3kd Ha HHBepTOp OyHeT HU3MEHSTbCSl HANpsKeHHe YIpaBJeHHS
(puc. 2, o), uTO NPUBENET K H3MEHEHHIO NJIUTENbHOCTH IMOJYBOJIH BBIXOJHBIX
HMIyJIbCOB HANpPsIXKeHHsl HHBepTopa. (pHC. 2, M) H, CJeIOBaTeJIbHO, MOILED-
KAHUIO 3alaHHOTO YypOBHS HanpsikeHHsl.  Cxema ynpaBJieHHst oOecrieydBaer
JAHanas3oH H3MEHEHHSs] NJIMTEJBHOCTH HMIYJbCAa BBIXOIHOTO HANpPSIXKEHHS OT
90 no 180 sseKkTpHYECKHX I'PATLYCOB.

[Ipu nomouiu noteHuuomMeTpa Ry yCTaHaABJIMBAeTCs HANpPsKeHHe yIpaB-
JeHHs TAKOH BeJHUYHHBI, YTOOBl JJHUTEJBHOCTb IOJYBOJIH BBIXOJHOTO Hamps-
JKeHHsI B yCTaHOBHUBIIeMCs pexHMe Oblia 120 3/1eKTpHueckux rpanycos. Bei-
XOJHOe HaNpsKeHHe TaKoH (GOpMbl He CONEPIKHT UETHBIX FapPMOHHK, TpeTheil
H el KpaTHbIX, 4TO objeryaer (GUAbTPALHIO BBHICIIHX TAPMOHHUYECKHX BBHIXOJ-
HOTO HamNpsiXKeHHus. ;

OnHako mpu H3MEHEHUH MUTAIOILEro HaNps2KeHUs WJIH HAarpys3Kd Ha Ba-
JIy JIBUTATeJsI IJIHTEJbHOCTb HMITYJIbCA BBIXOAHOIO HANpsi:KeHUs OymeT U3Me-
HSITbCSI, YTO BBHI30BET M3MEHEHHEe COCTaBa HU3KOYACTOTHBIX FapMOHHK. Buius-
HHe BCeX TFapMOHHMK MOXKHO yuecTb KO3(P(HIHEHTOM HeJUHEeHHbIX HCKaxKe-
HMH, KOTOPBIA JJIs1 IHPOTHOrO Croco6a peryJupoBaHHsi  ONpeIessieTcst Mo

BoIpaxeHuio [3]
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OTHOCHTEJBHOTO yIJa pery/iupoBaHHs NpHBeleHa B [4], rie mokasaHo, 4TO
Kyx npuHUMaeT MUHHMaJbHOe 3HauyeHue npu p=0,76, pasuoe 0,28.

T
B nanHom cayuae npu t, = 5 p=0,66, uto coorBercTBYeT Kuy=0,31.

/A b 7 T T
O A e
4 3 3 2
HCcKaxeHu usmensiercst ot 0,31 mo 0,5, 4TO MOKa3biBaeT ILe1ec000pPa3HOCTh
IpUMEHEHHs] IHUPOTHOTO crocoba peryJupoBaHus.

PaspabGoranHasi cxema ynpaBJeHHS BBINIOJIHEHA B CEKTOpe aBTOMAaTH3a-

(MM mpoleccoB noucka Hedtu u raza HUU AIDM u obecneunsaer Oe3biHEp-
IHOHHOE M JIOCTAaTOYHO HaMJeKHOe YIpaB/JeHHEe HHBEPTOPOM:

[Ipu uameHenuu f; or K03(pDUUUEHT HeJUHEHHBIX
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