H3BECTHUH

TOMCKOTI'O OPOAEBHA TPYIOBOTO KPACHOI'O 3HAMEHH INTOJIUTEXHUUYECKOT O
UHCTHUTYTA umeuan C. M. KHPOBA

Tom 160 1966

KOMIIEHCAILLUSI PEAKILUH AKOPA
B BECKOJIJIEKTOPHbBIX 3MY

A, HU. GHOPOCIIEIIKHWH, 3. H. IIOJBOPCHKHH

(ITpegcraBnena cemMuHapoM Kadefp SJIeKTPHYECKHX MAallHuH
H O0IIel 2IeRTPOTEeXHUKHA)

C pasBHTHeM MNOJYINPOBOAHUKOBOH TEXHHKH [OSIBHJIAChE BO3MOIKHOCTD
co3aTh 6ecKo/IeKTopHble DMY, He HMeOllHe CKOJb3SIUX KOHTAKTOB, Ofl-
HaKo, cNoco6 KOMIEHCAUHH DeaklHH SKOpsl B INpPeLJOXKEHHBIX cxeMmax [1]
3THX YCUJIHMTEJIEH HMEET TOT CYLIECTBEHHBI HEJOCTATOK, UTO IO3BOJSET
OCYIIECTBHTh KOMIEHCAUMIO TOMBKO MPOJOJBHOH COCTABJAIOILEN H.C. peak-
UHH SIKOPH.

Ha puc. | npencrasiena cxema 6€CKOJIJIeKTOpHOI‘O OMY, B KoTOpO#
KOMIICHCHPYeTCsi PeaKuust sIKOpsi Kak 1O MPOJOJbHOH, TakK H MO0 Molepey-
Hoii ocsm. OO6mMoTKa 1 ¢ YHCIOM map IOJIOCOB Py CAYKHT [OJs 3anyckKa
acHHxponHoro paBuratens. Ilpu BRaoyeHnn oOMOTKM yrnpaBiaeHuss 2 Ha
NOCTOSIHHOe HAMpsiKeHWe B CTATOPe YCHJHUTEs1 BO3HUMKAET IIOTOK YIIPaB-
JieHHS C YHCJOM Inap nouiocoB Py u B 0o6MoTKe 3 HaBoAuTCH 3. 4. ¢. Bhinpsa-
MHTeNb 4, cOOpAHHBIA Ha NOJYIPOBOAHMKOBLIX AHO/AX, NpeIHA3HAUEH MAJIs
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TITaHus OGMOTKH 5, KOTOpas co3flaeT NMOTOK € YMC/IOM Tap mosiocos P,
BPalLalOWHHACH OTHOCHTENIbHO cTatopa. B oOMOTKe 6 3TOT NOTOK HABOAMT
3..c. IIpu Bk/IOUEHHWH BLIIPSIMHUTENsi 7 Ha Harpy3Ky no obmoTke 6 mpore-
KaeT IepeMeHHbli TOK W Co3/aer H.c. peakumu sikopsi. Komneuncauus npo-
J0JbHOH COCTaBIAIOLIEH H.C. PEAKLUUH SIKOpPS BeleTcsl 3a CYET YBEJHUEHUs
ToKa B 06MOTKe D NIpH yBeJHYEHHH HArpy3Kd € Nnomoliblo oOMOTKH o0part-
HOH cBa3Hu 8. ‘

ConportuBaeHueM 9 peryJaupyercs CTemeHb TPONOJbHOH KOMIIEHCALHH.

J19 KoMileHcallMH ToNepeyHol COCTaBASIOLICH H.C. peaKLUHH AKOPs HC-
noab3yercss obmorka 10, caBuHyTas Ha 90 371€KTPHUECKHX T'DalyCcoB OTHO-
cutegapHOo 0OMOTKH 5. [IponopuuoHanbHO TOKY Harpysku OyAyT pacTH: H.C.
obmoTku, 11, HampsiXKeHWe Ha BBIXOJe BbINpAMUTENs 12, muTamwuerocsa or
o6MoTKu 13 u, ciaefoBarenbHo, Tok B o6mortke 10. Crenenb momepedHoi
KOMIIEHCAllHH peryJIipyeTcsi CONpOTHBJAeHKeM 14.

O6MoTKa 13 cayKUT BTOPUYHOH OOMOTKOH AJd NPHBOIHOTO ABHraTess
M OJHOBDEMEHHO S$BJSeTCss T'CHEePaTOPHOU st NMUTaHUA BbIIpAMuTeNd 12,
a ooMoTKa |1 ¢ uucaom map nomwocos Py caykut o6MOTKOH BO3OYKACHHS.

o

Exq

/Is‘a""'/f

JI xycost

s0

Puc. 2.

Ha puc. 2 npeacTaBiieda BEKTOpHas AuMarpaMma BBIXOJHOIO KacKana
HESIBHOTIOJMIOCHOTO YCHJAUTENs! B MPEANOJOKEHHH, YTO TOK, HANpAKEHHE H
3.J1.C. U3MEHSIOTCSI BO BPeMEHHU IO CHHYCOM/1aJbHOMY 3aKOHY M Iapamerphl
MallMHbl MOCTOAHHBL. [ljig ynpolleHUsi BBIBOAOB, & TaKxKe s [OJYUYeHHS
Hanbojiee yIo6HOro NpH MPAKTUUECKHX pacueTax YpaBHEHMsi BHeEIHHell xa-
PAKTEepUCTHKH BEKTOp HaMpsiXKEeHUst HaANpaBJsieTCsi MO BELIECTBCHHOW OCH q,
KoTopasi onepexkaer och  Ha 90° mpu BpalleHUH BEKTOPOB TPOTHB 4aco-
BO crpenakH. Ha pucynke 0603HadeHbl:

so — (asHoe 3HaueHue 3.4.C. BHIXOAHOH OOMOTKM HPH XOJOCTOM
xoje,
Ey— 3.4.c. KOMnIeHCaluH,
Exd. Exq — KOMIeHcHpyolilHe 3.1.C. COOTBETCTBEHHO TI0 MPOAOJBLHON H
U HOIEPEyHOH 0CHAM,
IgX¢xsing—nazente HanpsKeHHs B CHHXPOHHOM HHAYKTHBHOM COTIDO-
THUBJIEHHH, CINPOEKTHPOBAHHOE HA BEKTOP HaNpAKeHus,
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jIsXxCOS® — nanenue HaNpsixKeHus B CHHXPOHHOM HHAYKTHBHOM COTPO-
TUBJIEHHH, CIIDOEKTHPOBAHHOE HA OCh,
[s rg — majeHue HaNpsyKeHUsT B aKTMBHOM COIPOTHBJEHHH BHIXO/I-
HO! OOMOTKH.
M3 anarpammbl pHc. 2 Haxoaum (GasHoe HampsKeHUe:

Uu = V (Eso +Exd)® + Exq® — (I Xy cOs ¢ — I5 I sing)? —

— I3 Xey sing — Igrgcos @, (1)
rae
, Woed
Exd = ¥ad ~y "+ lnd Koca:
y
ESO
Raog = [, — CONpOTHBJEHHE HaMarHHYHBAHHS,
y
Wocd — 4nc10 BHTKOB OGMOTKH OGPATHOH CBSI3H 1O NPOAOJb-

HOHN OCH,
Wy — uneno BUTKOB OGMOTKH YIpaBJeHHS,

Iocq =Koed Iy — ToK 0OMOTKH 06paTHO# CBSA3H 1O MPOJOJBHON OCH,
Kocq — KO3 dHLHeHT 06paTHON CBSI3H 110 NMPOAOJALHON OCH,
Exq - Ruq Kocq Ii;
Ryq— conporub/eHne HaMarHHYMBAHHUs TO MOMEPEYHOH OCH,
Tocq = Kocq Iy — TOK 0O6MOTKH 0GpaTHO# CBSA3H MO HONMEpPeuyHO OCH.

HamnpsixkeHne Ha BbIXOJE YCHIHTENs TNPH MOCTOSHCTBE CHUCHAJMA yIpan-
JieHds1 B obuiem caydae Gyaer paBHO

. 1 . W . 2
Uy = T(: [l//(Eso + Ry Wo;d Koed In ) T (Raq KOCq )? —

— K2 I;2 (X¢x cos ¢ — rgsin 9)? — Ky Xex lusing —KjIurgcos ¢

(2)
rae
Us )
Ky = {j, —OTHoulenue JeficTBylollero 3Hauenus pasHoro Hampse-
H
HUS K BBIIPSIMJIEHHOMY,
| .
Ki= —Isi— — OTHOIWIEHHe AeHCTBYIOLLEro 3Ha4eHus Pa3HOro TOKAa K BHI-
H

NpsiIMJAEHHOMY.
I. BHewHss xapakTepUCTHKA NPH <MOJHOH NonepeyHoOd KOMIEHCAUMHU>»

DTOT pexXHM HMeeT MecTo IpH
RagKocq= Ki(XcxCose — rgsing)
M HPAKTHYECKH OCYLUECTBJASETCS YCTAaHOBKOH JBHXKKa CONpPOTHUBJAEHHS 14 B
TAKOM IOJOKEHHH, MPU KOTOPOM KpHUBas (Pa3HOTO HANPSKEHHS HMEeT HaH-
MeHblliee HCKaXKeHHe BO BCeM [HaNas3oHe H3MEHEHHS HarpysKu.

B srom cnyuyae ypaBHeHHe BHEIIHeH XapakKTePUCTHKH 3HAUMTENbHO
VOPOIaeTcss U NPUHMUMAET BH/I:

1 A\ , .
Uy = Ko Eso + Rag _\_KQ/:C,d_ Kocdly ) — KiXey Iy sing — Ky rg Incos . (3)
y
M3 ypaBuenus (3) BHAHO, 4TO, H3MEHsii CONPOTHBJEHHEM 9 Koahdu-
LIHEHT OOpPATHOH CBA3M MO MPOAOJBHOH OCH, MOXKHO PeEryaupoBaTb XKecrt-
KOCTh BHEWIHHX XapaKTepHCTHK.
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Caenyer 3ameTuTb, YTO ypaBHeHHe (3) cOpaBeAiHBO TOJNBKO MPH I0O-
CTOAHHBIX MapaMerpax YCHJIMTENs, a NPU H3MEHEHHU HaArpy3KH HU3MEHSAET-
€l UHAYKTUBHOCTbL BBIXOJAHOUl OOMOTKH W B3auMHasi HHAYKTHBHOCTb BLIXOJ-
HON OOMOTKH W 06MOTKH 5. Ho yuuThIBasi, uTo OTHOlIEHHE 3THX HHIYKTHB-
HOCTe#l NpPaKTHYeCKH He 3aBHCHT OT TOKa HAarpysKd, ypaBHEHHE BHeIIHel
XapaKTepUCTHKH GeckossiekTopHoro DMY npu noJqHo# momepeuHod Komien-
calKu M HEHACHIIEHHOM MepBOM KacKajae NMPHUMET BHI:

1 X K . Ki
Uy = Ko (Eso + KocdRagln) chxxo — 'R’ﬁ' Xex Iysing — Ko Islqcosg.
B stom ypaBHeHuu yrosa
¢ = 77 + 4,

rjie y-— yroJ KOMMYTAaLHH,

o — YTOJ 3aKHTaHHUA.

Yraet y 4 ¢ MOXKHO paccyuTbiBaTb Mo dopmynam 2]

Xoyo — HEHAcCbllleHHOe CHHXPOHHOE HHAYKTHBHOE CONDOTHBJEHHE Bbl-
XOJHOrOo KacKaja. :

Koadpounuentor K1 u Ky onpenensiiorcss cooTBETCTBEHHO HO KPHBBIM
1 u 2 puc. 3, a 3aBUCHMOCTH Xgy 1J1 HECKOJbKHX 3HaueHHH Kooq4 onpepe-
JIIOTCA KpHBBIMHU 3, 4 puc. 3.
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Puc. 3.

DKCNepuMeNTalbHO OblIH MOJY4YeHbl BHELIHHE XapaKTePHCTHKH MpH
TIOJIHOH TONePeYHOl KOMIIEHCALHH C Pa3/H4HOl JKECTKOCTBK, AMsi KOTO-
obiX Koeq=const, a Kyeq=var.

Ha puc. 4 5TH XapaKTepHCTHKY MOKA3aHbl CIVIOUWIHBIMU JHHUSIMH H IS
CPaBHEHHs MOKAa3aHbl MYHKTHPHBIMH JIHHHSIMH XaPaKTEPUCTHKH, PACCYHTAH-
Hble Mo ypaBHeHHIO (4). Kak BHMAHO W3 puCyHKa, pacyeThl AAlOT BIOJHE
YAOBJIETBOPHTE/bHbIE Pe3y/JbTaThl. BaXHBIMU JIOCTOMHCTBAMH 3TOIO PEeKH-
Ma fBJAIOTCA NPAMOJHHEHHOCTb BHEHIHMX XaDAKTePHCTHK U MHHHMAJbHbII
YPOBEHb MY/bCallMil BHIXOJHOrO HaTpPSiKEHHs.
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Puc. 4.

OaHako 3TH XapaKTepPUCTHKH MNPAMOJAHHEHHBl TOJAbKO [0 OIpelesaeH-
HbIX 3HaUeH#iI TOKOB Harpy3ku. C JNajabHeHIIHM BO3pacTaHHEM HAarpys3KH,
Kak OblI0 YCTAHOBJIEHO M3 ONbITa, HaUYHHAeTCs HacCblleHHe MepBOro U J0-
MOJIHUTEJNbHBIX KaCKaJ0B YCHJIUTENsl. DTO BeJeT K TOMY, UTO POCT TOKOB B
obmMoTtKax 5 u 10 3amenssiercs, peakllus SKOpst 1O NPOAOABLHONH M IHole-
peuHol ocsIM OKas3biBaercss HEJOKOMIICHCHPOBAHHOH M JHHEHHOCTb BHeENI-
HUX XapaKTEpUCTHK Hapyuwaercsa. Hamnparkeuwe na BbIXOJe IIpH 3TOM HA-
UHHAET CHUXKaTbes Oojee pesko.

I1. BHeuiHsigs XapakTepHUCTMKA yCHJMUTENsi (e3 NomepeyHoH KOMIEeHCAUUH
C 3.4.C. MPOJCALHON KOMNEHCAIHH, JUHEHHO 3aBUCALIEN OT TOKAa HArpy3Ku

B umeloumuxca cxemax [1] Geckonaekropubix 2MY B03MOKEH TOILKO
3TOT pe:KUM paboTbl, KOTOPbIH B JAAHHOM YCHJAUTENEC NOJYYAETCS NPH 3aKO-
podenHon o6MoTKe 11.

Ha puc. 5 npeacraBieHbl 3KCNepUMEHTAJbHO IOJAYYEHHbIC BHELIHKHE
MAPAKTEePUCTHKH TNpPH Pa3JjuuHbIX Kospduuuentax oOpaTHOH cBA3n Kocy
(xpusele 1, 2, 3). HenunefiHocTe 3THX XapaKTEPUCTHK 3aTPYAHSIET TPAKTH-
YeCKoe HCHOAb30BaHHe M JAe/1aeT HEOOXOAWMbLIM NPHUMEHEHHE AONOJHHTENb-
HBIX YCTPOHCTB ANA MOJYUYEHUs JIHHEHHbIX XapaKTepHCTHK.

IT]. BHewHsis XapaKTepucTHKA YCHJAUTES Ge3 NPOoA0JibHOIM
KOMNEHCAUUH C KOMIIEHCALMeil MmonepeuyHoil peakuuu sKops,
NpoNoOpNHOHANBLHON TOKY HAarpy3Ku

IToT pexkuM PaboThl OCYLIECTBJSETCS NMPH 3aMKHYTOH HAKOPOTKO 00-
MoTke 8. Ha puc. 5 KpuBbiMH 4, 5, 6 IOKa3aHbl BHELUIHHE XapaKTEPHCTHKH,
NOJTYYeHHble 3KCICPHMEHTAAbHO TPH PA3JHYHOH CTENEHU MOMEPEeYHOH KOoM-
neHcauuu. M3 KpHUBBIX BHIHO, Y4TO BHEIIHSAS XapaKTEPUCTHKA HMMEET TeM
60./1blly10 KPUBH3HY, ueM OOJbLIS CTENeHb NOMEPEeYHOH KOMIEHCALHH OTJH-
4aeTca OT INCJAHOH IONEeDEeYHOH KOMIIeHCALHH, KOTOPOH COOTBETCTBYET KpPH-
Bas b.
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BbiBoabl

1. HauGoabmuii uatepec Aist NpaKkTHYECKHX LeJed NMpPEeJCTaBAsET pe-
’KHM NOJIHOH MOINepeyHoH KOMIeHCAalHH, 00eCeYUBAIOULH JHHENHDbIE BHEII-
HHEe XapaKTepHUCTUKH.

2. Bece cemMeHCTBO BHELIHHX XapaKTEPUCTHK, B TOM UHCAE H JUHEHHBIX,
pcajH3Hyercs ¢ NOMOUIbIO OAHOH JIUIIb JHHEHHOH 06paTHON CBA3d IO TO-
Ky, D09TOMY He TpebyeTcsa NOIOJHUTENBHLIX YCTPOHCTB MJIS IOJYUCHHS JIH-
HENHBIX XaP2KTEPHCTHK.

3. BeanunHa Toka YCTaHOBHBIIErocsi KOPOTKOIO 3aMbIKAHHSA onpeje-
JdeTcs HacbllleHHeM IEePBOro U JOMOJHHUTENBbHOTO KAaCKaM0B YCHJIMHTRNS H
MOZKeT OBITh 3apaHee BbiOpaHa M3 YCJIOBHA JONYCTHMOI IE€pPerpysKy.



