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KuiBcbKnil HalioHaIbHUH YHIBEpCHTET
6yniBHULTBA | apXITEKTYpH

MOAENTMPOBAHUE UCTOJNTHUTENBbHbIX MEXAHU3MOB
PEMYNUPYIOLWUX OPFAHOB B TPYBOMNMPOBOAHbIX CETAX
B YCNOBUAX ACY TIl

CylecTBeHHOe 3HAUeHUEe B CHCTEME BOAOCHAOMXEHMS MMEIOT Kak aK-
TUBHEIE, TAK H NMacuBHbIE peryaupyrouiue opradsl (APO u ITPO). K nepsbiM
OTHOCSATCA HACOCHbIE arperarbl, OCHOBHBIM €IEMEHTOM KOTOPBIX ABASIOTCA
anexTpuyeckue apurarenu. Ko BTOPLIM OTHOCSTCS 3aMOpHO-PEryIupyoLas
anmnapatypa pa3iM4HbBIX THIOB. B cereBblX TpyOONpPOBOAHBIX CETAX BOJO-
CHaOXKEHHA NIPH HalM4MH aBTOMATH3MPOBAHBIX CHCTEM YIpaBJIeHHs pacnpe-
JIe/IEHHEM LIENeBbIX NPOAYKTOB PEKOMEHAYETCS TPUMHHEHHE 3K TpHHLH-
POBaHBIX 3aJBIDKEK, TO €CTh 33ABWKEK C HICKTPHYECKHM MPHUBOAOM. Yuu-
ThiBat ACY anextponpusozna (ACY 3II) B atom [TPO ucnons3yercs snek-
TPOABHIaTeNb TPEX(PA3HOTO MEPEMEHHOTO TOKA.

VYpaBieHue 3MeKTPOBUIraTeNiiMU NEPEMEHHOTO TOKa OCIOXHEHO psi-
oM 06CTOATENLCTB, Hanbosee CyecTBEHHBIMUH U3 KOTOPBIX SBJISIOTCA Clie-
Ayrouue: 1) MOMEHT 3eKTPOABUraTellst ONpe/ieNieTes NpOn3BeAeHHEM JBYX
Pe3yNbTUPYIOLWIMX BEKTOPOB 3/IEKTPOMArHUTHBIX 1aPaMeTPOB CTATOpa U Po-
TOpa W ABAseTcA (YHKUHEH 4eThIpEX MepeMEHHEIX; 2) MMEETCs CHIIBHOE
B3aMMOJEHCTBUE HAMArHMUMBAIOLIMX CHJI CTATOpA U POTOpA, B3AWMHOE CO-
CTOSIHME KOTOPBIX HENPEPHIBHO MEHSETCA NPH BpalleHuH poTtopa; 3) ¢ ue-
JILKO JIYYLIEro HMCIIO/Ib30BaHHA JBUraTeNs B PasIM4HBIX peXUMax ero pa6o-
Tbl BO3HUKAET 33/1a4a PeryaMpoBaHHs MarHUTHOTO MOTOKA JABUTaTEN .

DNeKTpoABUraTeny MEPEeMEHHOI0 TOKa COBMECTHO C YIpPaBiAeMbIMH
npeobpaszoBaTeiaMH MIPEACTABIAIOT cO00i CIOXKHBIE MHOTOCBSI3HBIE HEJH-
HelHble 0ObekTbl ynpasneHus. [logHoe MaTeMaTHYeckoe ONMHCAaHME TaKHX
00BEKTOB OKa3hIBAETCA JOBOJLHO FPOMO3AKHM U HENPEMHHHUMbIM TS WH-
KEHEPHBIX METOJJOB CUHTE3a CUCTEM yNpaBneHus. BMmecTe ¢ TeM B npakTuke
TIOCTPOEHHSA CHCTEM 3JIEKTPONPHBOJOB, Bitouas u ACY DI nepemenHoro
TOKa, MOJYYMNIM pAaCNpOCTPAHEHHE TMPOCTbIE MPUEMBI CHHTE3a CHCTEM
ypaBjieHUsl, OCHOBAHHBIE HA NPHHLIMNAX MOAYHHEHHOTO YNpaBIeHHs U Ha
MCTO/Ib30BAHNH YHU(DHLIMPOBAHHBIX HACTPOEK KOHTYPOB peryiupoBaHus,
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BXOJALIMX B CHCTEMY ylipaBieHus. Mcnonb3oBatne 3THX NPUEMOB MO3BOJIS-
€T He TOJIbKO MPOCTO BbIIONHUTHL CUHTE3 CHCTEM YTIPABAEHHUSA, HO U CO3AaeT
060CHOBaHHYIO BO3MOKHOCTh MTPEHEOPEKEeHUsI B3aUMOCBS3bIO PSifia KOOPIH-
HaT W 1apaMeTPOB IEKTPOTIPHBOMOB.

OcHoBHas cnoxHOCTs nipy co3fanun ACY DI nepeMeHHOro toka 3a-
KJIOYAETCs B CO3JaHHM HE3aBUCHMOTO YITPABIECHHs 3JEKTPOMArHUTHBIM MO-
MEHTOM M IOTOKOM JBuratess. Ecnu 3To ynaercs BeINONMHHTB, To0 ACY DI
TIEPEMCHHOTO TOKa ¢ 00paTHBIMHU CBA3MH 110 CKOPOCTH MU TTO TIOJIOKEHHIO
BbINOJHAKTCA TOUHO TaK e, kKak 1 ACY 311 nocTosHHOTO TOKa, BKIOUYas
criocobbl yNpaBieHHs MYCKOBLIMH ¥ TOPMO3HBIMH PEKUMAMH.

ITpy cuHTe3e B3aUMOCBS3AHHBIX CHCTEM YIPABIEHHS HCIOJb3YIOTCH
JIBA OCHOBHBIX TIpHEMa, 06ecrieyuBatoiX aBTOHOMHOCTE (HE3aBHCHMOCTh)
KOHTYPOB PEryJIMpOBaHMA: a) WCMONb30BAHME PA3NUYHOTO poAa MOIMOJHH-
TEABHBIX KOMMNEHCALMOHHbIX CBSi3eH MEXAY JOKANbHBIMU KOHTYpaMK pery-
JnupoBaHus; 0) passeneHue NOKANBHBIX KOHTYPOB PETYJIHPOBaHHSA 1O ObICT-
poneiicTButo. O6a 3THX MpHeMa MCIONB3YIOTCS NP BhINoJHeHud ACY II1
NepeMeHHOro TOKa, W 3TO J1aeT OCHOBAaHUE YK€ Ha CTaauu HOpMHpOBaHUSA
MaTeMaTHYeCKOH MOENH 3IEKTPONPUBOAA AeNaTh PSl YIPOILEHUH.

IIpunuMas Bo BHUMAaHNE H3JI0KEHHOE BBILLE, B KAUECTBE METOUYECKOH
OCHOBbI MATEMaTHYECKOro OIHCAaHHA AWHAMHYECKHX TPOLECOB B 3NEKTPO-
NpHBOJAX NEPEMEHHOTO TOKA MCMONL30BaHBI MOAXOABI, pa3paboTaHHbie B
tpynax npog. P. lllendenraa (1; 2]. MccneqoBanue 3MeKTPONPUBOAOB Mie-
PEMEHHOI0 TOKA B CTATHYECKUX PeXXUMaxX OOCTOSATENBHO BBINOJHEHO B TPY-
nax npod. A. C. Cananepa [3; 4].

[py nccnenoBaHUM NEepexoaHBIX MPOLECOB B TPEXPA3HLIX aCHHXPOH-
HBIX 3MEKTPOIBUraTeNsIX 1e/1eco0bpa3Ho NPUHATh CAEAYIOUHE JAOMYILEHHS,
03BOJIAOLIME B AOCTYNHOIT MaTeMaTnyeckod (opMe Bblpa3HTb COOTHOILLE-
HHS OCHOBHBIX NIapaMeTPOB W KOOPAMHAT 3MEKTpOABUTaTeNs: 1) HaMarHHYH-
BAKOIIME CHJIBl OOMOTOK ABUraTens pacrnpefesneHbl CHHYCOHOAJIbHO BIOJb
OKPYKHOCTH BO3/IyIIHOFO 3a30pa; 2) NOTepH B CTallM CTaTopa U poTopa OT-
CYTCTBYIOT; 3) 0OMOTOK CTAaTOpa M POTOpa CTPOr0 CUMMETPHYHEBI CO CIBHU-
rom oceit 06MoTok Ha 120°; 4) HackIleHHe MAarHUTHOI LENy OTCYTCTBYET.

YpaBHeHue paBHOBECHS HampsukeHHH Ans o6MOTOK Tpéx (a3 cratopa
MMEIOT BHA!
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] do,
Uy, =1, R +——=;
la la®™ (1[
‘Plb
Uy, =Ry +—— |
& 7 (h
=i Ry +— I
dt
COOTBETCTBEHHO 1A 0OMOTOK TpEX ¢a3 poropa
i . : d(p ]
Uy = lzaRz + d;a N
s oo, A9y
Uy =iy Ry + : 2)
» =t T
1 v d(p
Uy = l—;ch +—d_,‘2£,

THE Uy, Uy, UyerUng Uy, Uy, — MPHOBEHHBIE 3HaYeHHs (asHbIX HanpskeHnuit
CTATOPa M POTOPA; I,y iieringsisps fre — MTHOBEHHBIC 3HAYEHUS (a3HBIX TO-
KOB CTAaTopa H pOTOPa; @y, Pyps Picr Pags Py, Poc— MOJMHBIE NMOTOKOCUETIIE

uud hasHbX 06MOTOK; R, R, — aKTHBHbIE CONPOTUB/EHHS 0GMOTOK CTaTO-
pa 1 poTopa.

Kcnonb3ys BeIpaKeHUs pe3ylbTUPYIOUIMX BEKTOpoB, ypasHeRus (1)
MOKHO 3amucaTh B BHAE 0fHOro JuddepeHHaNbHOr0 ypaBHEHHS B BEKTOP-

o 2 4

Hoit dopme. [lns aToro neppoe ypasHenue u3 (1) yMHOxaeTcs Ha ga , BTO-
2 2,

poe Ha ;a , TpeThe Ha —3—a . CymMupys monyueHHble NpOU3BeAeHHs, Oy aeM
UMETb:

2 2 2 2

'3‘(“1a +au, +a'u )= (‘la +aiy, +a llc)Rl (‘Pm +aqy, +a’@,)
WIH B BEKTOpHOI popme

1231 =ilR1 +‘d—“p‘|‘. (3)
dt

AHRanordyHo BEKTOPHOE YPaBHEHHE HAPSKEHUH poTopa:
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Uy =Ry +—2. @)

B ypaBHenusx (3) u (4) BEKTOpPb! 3amucanbl COOTBETCTBEHHO B CHCTe-
Max KOOpAMHAT cTaTtopa M poTopa. JJis COBMECTHOFO pellieHUs ypaBHEHH
UX HeoOXOAMMO NMPHBECTH K OJIHOI cHCTEMe KOOpAWHAT.

Ipu uccnenoBaHUM NMEPeXOAHBIX MPOLIECCOB B BJIEKTPOJBUTATENSAX Me-
PEMEHHOI0 TOKa MPUMEHSIOT Pa3IMyHble OPTOrOHANbHbIE CHCTEMbI KOOPAH-
HAaT, OT/IMYAIoLHecs YIJIOBOH CKOPOCTHIO BPALUECHHS KOOPAMHATHBIX OCeH
(), HAllpUMep CUCTEMBI, OCH KOTOPbIX HEMOJBHKHBI OTHOCHTEJILHO POTOPA,
MM HEroABHYKHBI OTHOCHTEIBHO CTAaTOpa, W/M BPAILAOTCA ¢ CHHXPOHHOM
CKOPOCTHIO.

VpaBHeHNs aCHHXPOHHOIO 3JEKTPOJBUraTeNlsl B CHCTEME KOOpAMHAT,
BpalUsioueiics ¢ MPOU3BOJIbHOI CKOPOCTBIO (g, UMEIOT BUA:

d
u =Lk, +—2(%L+jwkq>l;
5
do,
[

U, =iHRy + + j(0g — pr@Q,,

T/ie () — Yr0Bas CKOPOCTh BPALIEHHs POTOPA; Py — YHCIIO Nap MOJHOCOB.
[Tpy WccnesoBaHUH NEPEXOHBIX HPOLIECCOB B ACHHXPOHHOM 3JIEKTpO-

ABHratesie, YNpaBisdeMOM YacTOTONH M HaNpsHKEHHWEM CTaTropa, YAoOHO Hc-

N0J1530BaTh CHCTEMY KOOPJAMHAT, BPALLAIOILYIOCA CO CKOPOCTBIO ), paBHOH

YIJIOBOH CKOPOCTH BPALUEHNS MATHHTHOIO MOMA @, , MPHBEAEHHOM K unuciy

nap TMOJICOB, paBHOMY eauvHie (MPUBEAEHHON K ABYXIOJIOCHOMY 3JeK-
Tpoasuratento). Ilpeanonaraercs npu ToM cripaBeyIMBLIM PaBeHCTBO

@y = 0y =27f;,

Tie f;— YacToTa HampsKeHHs cratopa, ['1; @, — yrioBas uactora Hanps-

JKeHMs cTaTopa, paj/c.
Ha ocHoBanuu ypaBHeHWH (5) myis paccMaTpuBaeMON KOOPAMHATHOM
CHCTeMbl MOKHO 3arucarh
) d :
u, =L R +———;p' + jOgQ;
t
(6)

uy =R, + 2221 jswg,,
dt

rag § — CKOJLKCHHE 2JICKTPOABUTATEIIAL

100



rjie 5 — CKOJIbXKEHHME HEKTPOIBHIATENA:
Q-0 _ - pp®
W o,
(0, = ®y/ p — YIVIOBa% CKOPOCTb BPALLEHWA MATHUTHOTO IOJIS, HIIH CHH-

XpOHHAA CKOPOCTE JJIEKTPOJIBHIaTeNs ).
[TorokocuenieHus CBS3aHbl ¢ TOYKaMH Hepe3 HHAYKTHBHOCTH

5=

¢ =inl +iL,;
(Pz . il Lm + lZLZ
Hﬂﬂ onpencencHus 3HeKTp0MarHHTHOr0 MOMEHTa ACHHXPOHHOI'O 3JJICK-
TPOABHIATEJIA UCTIOIB3YETCA BEKTOPHOE MMPpOU3BEC/ICHHE @) H il , Torga:

Q]

3 .
M =5Pn(‘P|X’1 ) @)
WITH BEKTOPHOE IIPOU3BENIEHUE O, 1 i, , TOT/a:
3 .
M =—77-p,7((|)2><12 ). 9)
YupteiBas BeipaxkeHus (7), Moxo 3anucath (8) v (9) B Buae:
3 : K . 3 .
M= 'Z‘Pn(‘llﬂ tiL, )i = a‘l’an( b Xy ); (10)
3 . KN 3 L
M = ~% prlyL, +iLy )xXi, = —-2- Pl (i xi,); (1

Bropsie paBeHcTBa B ypaBHeHusx (10), (11) cnpaBejiuBbl [10TOMY, YTO
BEKTOPHOE NMPOHU3BEACHHE JIBYX OJIMHAKOBO HAlPaBJACHHBIX BEKTOPOB PABHO
HYIHO.

Ilﬂﬁ TIONTHOTO ONMMCAHUs MEPEXOAHBIX TPOLECCOB B aCHHXpOHHOM JJIEK-
TPOABUTATELIIE K YPaBHEHHAM HaﬂpﬂX\‘CHHii H MOMEHTOB CJEOYET ﬂOﬁ&BHTb
YPaBHEHHUE!

dw

M-M_=J]—, (12)
dt

3aMmuCaHHoe A1 CKATAPHbIX 3HAYeHUit MOMEHTOB M u M‘, %

[TonyueHHas cucTeMa ypaBHEHMiH 3J1eKTPOABHIaTeNs sBISETCA HEu-
HEHHOi, W pelleHue e€ Mld PasIMyHBIX JHHAMUYECKHX PCKUMOB padoThl
3MEKTPOABUTATENsT MOKET OBITL BBINOJIHEHO C HCNOJIL30BAHUEM BBIUECIH-
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TeJbHBIX MalllMH. Bmecte ¢ TeM NpH CHHTe3e CHCTEM YIpaBAeHHs aCHH-
XPOHHBIM JIBUraTeseM Lenecoo0pasHo pacrofarat NPOCTBIMH W HATsI-
HBIMH AMHAMHYECKUMHU MOAEJIAMH JMEKTPOABUIATENN B BUJE NEPEAATOYHBIX
yHKLIMH MU CTPYKTYPHBIX cXeM. Takas BO3MOXKHOCTH [OSBISETCH, eCiH
paccMarpuBaTh MEPEXO/IHble MPOLECChl B OTKIOHEHUSAX OTHOCHTENbHO Ha-
YaNBHBIX KOOPAMHAT 3JIEKTPOABUrATENS.
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