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yaenHqeHHji rnaaustx pasvepoa L\flSl nonyxenua Ma
h · ( I 1t)arrun =k4 -+cos- + IllHHbl TOH )I(e MOW.HOCTH.bz 2 6 

Hesoropue KOHCTPYKTHBHble peurenas 06blq

HhlX 3neKTPHqeCKHX MaIllHH npHMeHHMbl TaK)I(e H K 1t 1t 1t)+k2 COS-+COS-+COS- .( 643 MOL\ynIO CI1EM. Hanpnaep, L\nSl CHH)I(eHHSI nynsca

~Hii spamarouiero MOMeHTa nornocu poropa MoryrTIpHBeL\eHHlliI epopMyna He )"IIITbIBaeT npOBOL\H
6blTh BhlTIOnHeHbI co CKOCOM. 3TO )I(e YMeHhIllHT H MOCTIt 60KOBblX nOBepXHOCTeii nomocos poropa. Pac
nynscauna panaansuoti cunsr MO,lIynji. xer MeTOL\OM KOHeqHblX :meMeHTOB nOKa3bIBaeT, 'ITO 

O n bIT npOH3BO,lICTBa 6eCnOL\IllHnHHKOBbIX Ma,lJ)UI sersrpexnomocuoro nOTOKa He06xoL\HM sanae no
IllHH H HaCTpOHKH HX CHCTeM ynpasneanx saecerpaznca 10 %, a .lUUI ztsyxnomocnoro - 25 %. 
CBOH KOppeKTHBbl B npouecc npOeKTHpOBaHHji . Ilnomans n oaepxn ocru poropa HHL\YKTOPHOH 

MaUlHHbI, xepes KOTOpyIO HL\eT OCHOBHOH nOTOK, B H a ar ane )I(e pa3pa60TKH MeTOL\HKH pacsera TaKHX 

,lIBa pasa MeHblIIe, qeM y acanxp on aoii MaIllHHbI. MOL\yneii Ha,lIO npHHHMaTb BO BHHMaHHe onacaaasre 

Enaronapa 3TOMy BbICOTa jipMa cr arop a CI1EM TaK oc06eHHOCTH, MHor He H3 KOTOpbIX npHMeHHMbI L\nSl 

)I(e MeHbIlle, HO 3TO )I(e 06CTOjiTenb CTBO rpefiyer rno fioro THn a 6eCnOL\IllHnHHKOBbIX MaIllHH. 
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DESIGN FEATURES OF SYNCHRONOUS RELUCTANCE BEARINGLESS MACHINE MODULE 

Atthe article mainfeatures ofsynchronous reluctance bearingless machine affecting theprocess of itsdesign areconsidered. Rela
tionships betweendesign parameters and controlprincipleof magnetic suspensionsystem, breakaway torqueandsafetyfactor of 
radialforce arepresented. Selectionfeatures of magneticflux densityin thegap and the height of thestatoryokeareconsidered. 

Synchronous reluct ance bearingless machine, design of electric machines, safety factor of rad ial force,
 
breakaway t orque, mag netic fl ux dens ity in t he gap. the heigh t of stator yoke
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Canrm-nemeptiypecruti eocyoapcmeennuti 31leKmpOmeXHU4eCKUU
 
ynueepcumem «J73TM» UM. B. M. YllbRHoeo (J7eHUHO)
 

Y HIiI~IiIKa 4Ii1J1 MOAene~ 3neKTponpIiIBoAoB B CIiICTeMax 
perynlilpoBaH IiIJI TeXHonorlil4eCKIiIX nepeMeHHblX 

Ha OCHoeaHUU paccuomp eunux uameuamuwecxux MOaeAeU pa3JIUl.fHbIX coepeu enuux snexmponpueoooe e cu
cmeuax peeynupoeonus meXHOJlOZUl.feCKUX nepeue nnux npueooumcs o606UjeHHaR MOaeAb snexmponpueooa. 
COCmaBJIeHamatinuua nopouempoe o606UjeHHOU MOaeAU aJlR pa3JIUl.fHbIX cucmeu snexmponpueoooe. 

Coapesrexasre anexrponpaaoztsr nepev enaoro CKHX H 'rpaucnoprnsrx MaIllHH, ocaamarorcs cpen

TOKa, npenaaaaasea nsre nna ynpaanea na acnornr a  CTBaMH per ynaposan aa TeXHOnOrHqeCKHX nepewen

TenbHhIMH opraaasm pa3H00 6pa3HbIX TeXHOn OrHqe- HbIX. M aTeMaTHqeCKHe MOL\enH CHCTeM peryrmposa
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HHH 3THX nepeaenasrx MOryr 6bITb a ecsva CJlO:lK

HbIMH, eCJlH OHH con ep scar onHCaHH5I ,lJ,e<popMaQH H 

ofipatiarsmaevoro BeIQeCTBa HH CTPYMeHTaMH n p n 

HaJIHqHH HeCKOJlbKHX HCn OJlHHTeJlbHbIX opran o e . 

BMeCTe C 3THM, cosp ea ea asre 3JleKTpOnpHBO,lJ,bI C 

BeKTOpHbI M ynp a an eua esr 'ra xxce HMelOT CJIO:lKHble 

onHCaHH5I. B pe3YJIbTaTe 0 6 IQHe MaTeMaTHqeCKH e 

MO,lJ,eJIH CTaHOB5ITC5I CJlO:lKHbIMH H MaJIO npHrO,lJ,HbIMH 

J],JIH xa-recraennoro HCCJIe,lJ,OBaHH5I TeXHOJlOr Hq eCKOrO 

npouecca, BbInOJIH5IeMoro Cp e,lJ,CTBaMH an exrponp n 

BO,lJ,a. BbIXO,lJ, H3 3TOro nOJIO:lKeHH5I - n p aueseaa e 

MHKpO- H MaKpOMO,lJ,eJIHp OBaHH5I a a oranax CHHT e3 a H 

onTHMH3aQHH CHCTeM, a 'raiose npn ueaeaae B CTP YK

TYPe xacxannoro ynpaBJIeH H5I YHH<pHI.(HpOBaHHbIX 

3KBHBaJIeHTHbIX MO,lJ,eJIe H 3JIeKrpo n p HBO,lJ,OB, 0TPa

)l(alOIQHX HX OCHOBHble ,lJ,HHaMHq eCKlIe CBoHCTBa . 

D PH npOeKTHpOBaHHlI 3JIeKTP OMeXaHlIq eCKlIX 

CHCTeM B0 3HHKaeT H e0 6 x o ,lJ,HM OCTb p acx er a TaKHX 

napaxierpoa, KaK RJi ' - 3KBH BaJIeHTHble conpo TJi 

TH BJIeHHe H n OCT05lHHa51 BpeM eHlI 3JleKrpOMar HlIT

aoro KOHTYPa; CMi, Cei - K03<P<PlIQHeHTbI n p o n o p nn

OHaJIbHOCTH COOTBeTCTBeHHO 3JIeKrpOMarHHTHoro MO

MeHTa H aKTHBHoro TOKa CTaTOp a. D 03TOMY Oq eH b 

Ba:lKHO npOBeCTH YHlI<p HKaQHlO MO,lJ,eJIeH an exrpo n pn

BO,lJ,OB B CHCTeMax perymrpo s aaaa TeXHOJIOf Hq eCKHX 

nepeaemrsrx. C 3TOH QeJIblO paccaorpaa OCHOBHbIC 

,lJ,HHal\mqeCKH e MO,lJ,eJlll CHCTeM 3JICKTpon pHBO,lJ,OB n e

pesrennorc TOKa n pn q aCTOTHOM BeKTOpHOM ynp aan e

HHI1, opaenrapyacs a a 060 6IQaI o IQH e BbIBO,lJ,bI, cn e

nanasre B p a fiore [1]. J1c nOJIb 3y e M 0 603HaqeHlI5I ne

pexremrsrx B CHCT eMe KOOp,lJ,HH aT d -q n p H o p n e a 

TaQlIlI OClI d n o sexropy n OTOKOCQen JIeHH5I p oropa. 

. 
\lh 

Puc. 1 

1Il3BecTIIUl Cn6 r3TY "n3TIIl» NQ 9/2015 

C U CTeMa «npeofipaaonar em, qaCTOThI - aCUH

Xp OH HhlU ~BUraTeJlh» (IPI-A,[Q 6 e3 ysera H a ChI

uten n n M a r HuTHOu CUCTeMhI. YpaBHeHH5I J],JI5I CO

CTaBJI5llOIQHX TOKa craropa ild H il q nOTOKocQeIDIe

HH5I p orop a '1'2 H q aCTOTbI pOTOp HOH 3,L(C OOp HMe

lOT BH,lJ, 

<!>op My JIa 3JIeKrpOMarHHTHOrO MOMeHTa H pa

BeHCTBO qaCTOT BpaIQeHH5I: 

Mil. =%Pn k2'1'2 ilq C\{)Jn =OOPn+OOp ' 

Ha p HC. 1 noxasana cTpYKTYPHa51 cxeaa KOHTY

p OB p erynHp oBaHH5I TOKOB B CHCTeMe rPl-A,L( 6e3 

yser a HaCbII.QeHH5I MarHHTHOH CHCTeMbI, nOCTPoeH

Ha51 aa OCHOBaHHH 3THX ypaBHeHHH. 

CUCTeMa IJ1I- A,ll; C yqeT oM nacs nuenna Mar

H UTH OU CU CTeM hI. Ilormsre nOTOKOCQenJIeHH5I CTa

ropa 0/1 H poropa 0/2 OTJIHqalOTC5I OT rnasaoro no

TOKocQenJIeHH5I 0/m COOTBeTCTBeHHO na BeJlHqHHbl 

nOTOKOcQenJIe HHH paCCe5lHH5I B COOTBeTC TBHH C 

y p aBHeHH5IMH 

0/1=o/m +L1crll ; 0/2 = o/m + ~cr I2 ' (1) 

()) 
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3neKTpOTeXHIi1Ka 

H3 KOTOpbIX cnenyer, qTO B HeHaCbI~eHHOM MaIIIHHe 

\jim =Lm (11 + 12 ) =Lm1m» 

rne 1m =11+12 , 

IlpH ysere H aCbI~ e HHH CBH3b Me)KJJ.y \jim H 1m 

npezrcraanser C0 60M n erraneiiayto 3aBHCHMOCTb 

\jim =Lm1m , HnH 

- (' )-1 1m = Lm \jim' (2) 

C yserosr Bblpa)l(eHH M (1) H (2) CHCTeM a ypas 

HeHIIM ~nH npOCTpaHCTB e HHblx Be KTOp OB BO s p anta 

IO ~eMcH CHCTeMe x oopna n ar 6~eT HM eTb B H~ 

P\jil =ul -1IRI - j~:m\jil; P\ji2 =- 12R2 - jW/ V2; 

- \jil - \ji 
~= m;\jim =\ji2 - ~a~;

Lla 
- - - - , - 1_
12 =Im -h ; 1m = ( Lm ) \jim' 

CTPYKTYPHaH c xesia BbInOnHHeTCH Ha OCHOBaHH H 

cnenytomax ypaBHeHHM: 

P'JIld =uld - Rlild +~:m 'JIlq ; 

P'JIlq =Ulq - R1ilq +~3J1 'JIld ; 

P'JI2d =- R2i2d + Wp 'JI2q ; 

P'JI2q =- R2i2q - Wp 'JI2d ; 

. _ 'JIld - 'JImd . . \j!lq - \j! mq 
lid - L ' Ilq = L 

10 10 

'JImd = 'JI2d - L2a i2d ; 'JImq = 'JI2q - ~ai2q ; 

i2d = imd - ild; i2q = imq - ilq ; 

imd =(L:nr 1
'JImd s imq =(L:n r I 'JImq , 

B KOTOpbIX BeKTOp bI HaMarHHtIHBaIO~ero TOKa H rrra s 

noro n OTOKOCQenneHHH, KaK H oct ansnsre BeKTOp bI , 

rrpencraaneasr B B~e KOMnneKCHbIX qHCen: 

L; =imd + imq ; \jim ='JImd + 'JImq . 

cDopMyna 3n eKTpOM arHHTHOr O MOMeHTa : 

M JJ. = %Pn ('JIldilq - 'JI1qi ld ) . 

CHCTeMa «npeotipaaoaarem, qaCT OTLI - CHH

XP OHHLlH ~B H raTeJIL» (IIQ- C)l;) 6 e3 ~eM n$epHOH 

0 6MOTK II ()l,O). IlpHHHMaH BO BHHMaHHe TO, q TO B 

xaranorax n a CHHXp OHH bl e M aIIIHHbI napascerpsr 
06blqHO ~aIOTCH B OTHOCHTen b HbIX e~HHHQax , u en e 

C006PalHO n pa M aTeMaTHqeCKOM OnHCaHHH anex 

TpOMarHHTHbIX n pOQeCCOB B CHHXpOHHOM ~BHraTeJI e 

TaK)I(e HCnOnb30BaTb OTHOCHTen b Hble e~HHHQbI H 

HOpMHpOBaTb ypa BHeHHH, BXO~Hrn.He B 3TO OIIHCa 

36 

HHe. Bason u e 3HaqeHHH, OTHOCHTenbHO KOTOpbIX 

BbInOnHHeTCH HOp MHp OBaHH e, BbI6 Hp aIOTCH TaK, 

q T06bI M aKCHManb HO ynP OCTHTb HCXO~Hble ypaane

HHH npH COxpaHeHHH HX COOTBeT CTBHH !pH3HQeCKHM 

npOQeC CaM , npOHCXO~Hrn.HM B ~BHraTene . B COOT

BeTCTBHH C [1] 6alOBbl e 3HaQe HHH Ben HQHH BbI6H

paIOTCH cnen yrounoa 0 6 p alOM: 

- a an paxcenae na CTaTOp e UI6 =.fiUIH =116Z6 ; 

- TOK CTaTOp a 116 =.fiIIH; 

- yrno aas QaCTOTa HanpjJ)l(eHHH na CTaTOpe 

Wo3J1. 6 = Wo 3J1. H =2nfH ; 

- n o r o x o c u en n e a a e 0 6 MOTOK craropa 'JII6 = 

~ 
W03J1.6 

= U I6 
- con por n an en a e Z6 = ~3J1 . 6~ ;

116 

'JII6 
- HH~YKTHBHO CTb 06MOTKH craropa L 6=-- ; 

116 

- TOK B036~~e HHH I = U l6 = \j!16 ; 
j6 W03 J1• 6 M df M df 

- aan p s ace a a e B03 6~~e H HH U f 6 =R f If 6 ; 

- nOTOKOCQenneHHe 06MOTKH B036y)KJJ.eHHH 

'JIf 6 =Lf l f 6· 

B 3THX asrpaaceaasx 6 alOBaH HH~yKTHBHOCTb 

CT aTOp a onp enens er c a KaK HH~yKTHBHOCTb, npa KO

TOPOH 6alOBbIH TOK CTaTOp a C03~aeT 6alOBOe nOTO

KOCQenn eHHe, a 6alOBbIH TOK B036~~eHHH - KaK 

TOK B 06MOTKe B036~~eHHH , n pn KOTOpOM na xono

CTOM x orty n p H 6alOBOH CKOpOCTH zrsararena HH~y

uapyercs 6alOBOe n an p a acen a e. M~eKCOM « H» no

MeqeHbI HOMHHanbHble 3Haq eHH H Ben HQHH . 

C HCTeMa ypaBHeHHH B OTHOCHTenbHbIX e~HHH

u ax , onH CbIBaIO~HX 3n eKTpOMarHHTHbl e npOQeCCbI B 

CHHXpOHHOM ~B HraTene BO Bpa~aIO~eHCH C CHH

XpOHHOH CKOp OCTbIO CHCTeMe xoopnaaar ; HMeeT B H~ 

P'Vld = Wo 3J1. 6 (Uid - Rilld - ffio'Vlq ) ; 

P'Vlq =~3J1 . 6 (Ulq - RIllq - ffio'Vld ) ; 

- uf-if -r- WId-if (3) 
p'fl f = lid = _

Tf Xd 

-r- 'JIlq -r- - (1 )- -;-
Ilq = --=- ; If ='JI f - - (5f Xd'Id , 

xq 

- W03J1 
me WO = - OTHOCHTen b HaH QaCTOTa aanps

W0 3J1. 6 

)I(eHHlI aa c r ar o p e; RI = RJlZ6 - aKTHBHOe conpo

- Lid 
TH Bn eHHe 0 6 MOTKH crar o pa; xd =W03 J1. 6 Z6 = 



N£A-


LId _
L6 CHHXpOHHOe COnpO THBneHHe CTaTopa no 

npononsnoii OCH; 

xpOHHoe conpO THBn eHHe CTaTopa n o n On ep eq HOH 

Lf 
OCH; Tf =- - nOCTOHHHaH Bp eMeHH 06MOTKH 

Rf 

M2 
B036)')1<)l,eHHH; af =1- ---.!!f.- - K03<pqlHQHeHT 

LfLld 

pacceamrs B Mar HHTH OM KOHType 06MOTKH B036)')1<

)l,eHHH H 0 6MOTK H craropa no OCH d , 

[ MJf / ( Lf Lid) ] - COMHO)l(JffeJIb, paaasni (1- af ) . 

Ornocarensuue BenHqHHbI B ypaBHe HH HX (3) 
0603Haq eHbI TeMH )Ke CHMB o n aMH, KOTOpbIMH OHH 

0603HaqeHbI B aficornor a s tx enaaauax, HO n o sres e 

HbI xeproii csepxy. 

TIPH npe06p a30BaHHHx y-rreno , qTO MHO)K HTen b 

M dflj6
------=~~ =1 . 

LfLld 

<l>opMyna anexrpouannrraoro M OM eHTa : 

M JI = %Pn ('JIld ilq - 'JIlqild ) . 

BbI6paB 6a30 BOe anaxea ae MOMeHTa paBHbIM 

M6 =2"3 
Pn'JI16 116 H nonemra a a Her o 06e q aCTH 

ar o r o BbIpa)K eH HH, nonyqHM au paaceaa e )l,nH M O

MeHTa B OTH OCHTenbHbIX emma uax: 

MJI =Wldllq -Wlqlld· 
C HCTeMa JIlI-C,ll; C JJ;eMn<llepHoii 06MOTKOii. 

):(eMn<pep H)'IO 0 6MOTKy npe)l,CTaBnHIOT B BH)l,e nsyx 

06MOTOK, o p He HTHpOBaHHbIX no OCHM d H q . TIPH 

3TOM yqHTbIB alOTCH B3aHMHbI e M ar HHTHbIe CBH3H 

Me)KJJ;y CTaTopHOH 0 6MOTKOH no OCH d , )l,eMn<pep

HOH 06MOTKOH n o OCH d H 0 6 MOTKOH B036)')1<)l,eHHH, 

a TaK)Ke M e)K)l,y CTaTopHOH H )l,eMn<pepHOH 0 6 MOTKa 

MH no OCH q . 

K ypaBHeHHHM paBHOBeCHH Han p H)KeHHH )l,0 6 aB

nHIOTCH ypaBHeHHH p aBHOBeCIDI Han p H)KeHHH )l,nH 

)l,eMn<pep HOH 06MOTKH H BNpa)KeHHH )l,nH n OTOKO

CQenneHH}I scex narn <pHrypHpymIQHX B MO)l,enH 

06MOTOK. B a6con lOTHNX en a aauax 3T H ypaBHeHHH 

3anHCbIBalOTCH cneJJ.YIOIQHM 06pa30M: 

O=RDiD+P'JID ; O=RQiQ+ p 'JIQ; 

'JIld = Lldild +Mdf i f +MdDiD; 

'JIlq =Llqilq +M qQiQ ; 

1,,13aecnUI CnSr3TY «/13Tllh ' Ng 9/2015 

'JIf =Lfif +Mfdild+M jDiD ; 

'JID =LDiD + M Dd i Id+M Dfif ; 

'JIQ = LQiQ + M Qqilq , 

rne RD = RQ - aKTHBHoe conporaaneaae )l,eMn

<pep HOH 0 6 MOTKH; 'JID , 'JIQ, to , 'o - noroxocuen

rremre H TOKH )l,eMn <pep HOH 06MOTK H COOTBeTCTBeH

HO; M dD =M Dd - K03<P<PHQHeHT B3aHMHOH HH

)l,YK QHH Me)KJJ;y 06M OTKOH craropa H )l,eMn<pe pHOH 

0 6MOTKOH n o OCH d ; M qQ =M Qq - K03<p<pHQHeHT 

B3aHMHoH HH)l,YKQHH Me)K)l,y 06MOTKOH craropa H 

)l,eMn <pep HOH 06MOTKOH n o OCH q; M jD =M Df 

K03<P<PHQH eHT B3aHMHoH HH)l,YKQHH Me)KJJ;y nesm

<pep HOH 06MOTKOH no OCH d H 06MOTKOH B036)')1<)l,e-

HHH; LD , LQ - HH)l,YKTHBHOCTb )l,eMn<pepHoH 06

MOTK H no OCHM d H q . 

):(n}l nepexona K OTHOCHTenbHbIM e)l,HHHQaM BbI

6HpalOTcH 6a30 BbIe 3HaqeHIDI BenHqHH, OTHOCHIQHX

CH K )l,eMn <pep Ho H 06MoTKe: 

- TOK )l,eMn<pepHoH 06MOTKH no OCH d 1D6 = 

= 'JI16 ; 
M dD 

- TOK )l,eMn <pepHoH 06MOTKH no OCH q I Q6 = 

_ 'JI16 .
 
- M qQ '
 

- nOTOKOCQenneHHe )l,eMn<pepHoH 06MOTKH no 

OCH d 'JID6 =LD ID6 ; 

- n OTOKOCQenJIeHHe )l,eMn<pepHoH 06MOTKH no 

OCH q 'JIQ6 =LQIQ6 · 

3 Haq eH He 6 a30BOro TOKa )l,eMn<pepHoH 06MOTKH 

no OCH d BbI6HpaercH TaKHM 06pa30M, qTO npn npo

TeKaHHH er o n o 06MOTKe C03)l,aJIOCb 6bI nOTOKOCQen

nen a e craropao ii 06MOTKH no TOH )Ke OCH, pasnoe 

6 a30BOMY 'JI16. na30BOe n or o x o c u en n ea a e )l,eMn<pep

HOH 06MOTKH no OCH d BbI6HpaerCH paBHbIM nOTO

x o cuenneaato, C03)l,aBaeMoMY 6a30BbIM TOKOM I D6 . 

AHaJIOrnqHbIM 06pa30M BbI6HpalOTcH 6a30BbIe 3Ha

q eHIDI M H )l,eMn <pep Ho H 06MOTKH no OCH q. 

Onncaaae 3neKTpOMarHHTHbIX npoueccos B 

HOp MHp OBaHHOM aane sxmosaer B ce6H cnenyioume 

ypaBHeHHH: 

PWld =C003fl . 6 (Uld - RliJ.d - ffioWlq ) ;
 

PWlq =C003fl. 6 (Ulq - RliJ.q - ffioWld );
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'3neKTpOTeXHVlKa 

- uf - if 1 'a 
pl.JI f = T ; pWD =- ~ ; pWQ =- T ; 

f Q 

-r- WId - if - iD -r- _ WIq - iQ . 
lId = _ ~q - _ , 

xd xq 

Yj =Wf - (1- o f ) xdlid - 11 f lD ; 
ID =WD -(l - CiD)xf -IlDXdlid; 

lQ = WQ - (1- CiQ )Xqliq; 

_ MDfMdf . _ M DfM dD 
Ilf - , Il D - ' 

L M L Mf dD D df 

rne TD, TQ - nOCTO}{HHhle BpeM eHH JJ.eMn <pepHoH 

06MOTKH n o OC}{M d Ii q; 1- c D , 1- CiQ - K03<pqm 

uueirrsr CB}{31i MelK,nY cr aropn oii Ii ,neMn<pepHoH 

M2 
06MoTKaMIi no OC}{M d Ii q, 1- oD =--!!IL , 

LDL\d 

M2 

1- CiQ =--.!!SL ; o D H CiQ - K03<p<pHI..\HeHThI p ac-
LQLIq 

Ce){HH}{ ,neMn <pepHoH 06MOTKH n o OC}{M d H q ; 11f ' 

IlD - K03<p<pliI.\HeHThI CB}{3H Me)l(,ny 06MOTKOH B03

6~,neHIi}{ Ii ,neMn<pep HoH 06MOTKOH no OCH d . 

Hopvaposa tmste CTPYKTypHhl e cxeMhI an etcrpo 

npanonos C CHHXpOHHhIMH ,nBHraTen}{MH 6e3 ztexm

<pepHhIX 06MOTOK H C HHMH, BO spautaioureiics CH

CTeMe xoopznmar rrpnseneasr B [1]. 
C H CTeMa [Iq-C,LJ; c nOCTOHH HbI M H M a r HHTaMH 

(11M). M aTeMaTIflIeCKOe onn canae CI'IHXpOHHOro ,nBH

rarens C nOCTO}{HHhIMH MarHHTaMH BhInOnIDlIOT TaK)I(e 

° 
i1d =01 

. 0 

llq 
-

BO apamaroureiica C CHHXpOHHOH CKOpOCThIO cacrexre 

KOOp,nHHaT d - q .. ,ll;AA 3TOro npe,nCTaBAAIOT sexropsr 

UI d - q 1'1 i ld - q B BH,ne n poexuaii aa OCH d 1'1 q : 

Uid =R I (llP+ l] ild - RIPn ffi1}iIq ; 

UIq = R I (1}p+ 1) i\q - RIPnffiT,Jld + E 

1'1 onpenens ror 1'13 3THX p aBeHCTB npOeKI.\HH BeKTOpa 

TOKa craropa: 

. 1 (Uld + Pn ffi1\llq 7" Jlid =--- -- ; 
1i.p+1 RI 

(4) 

ilq =_I_(UIq - Pn ffi1i. ild _~). 
1i.P+\ R\ R I 

rIPH n OCTO}{HHOM nOTOKOCI.\enneHHH \jI f TOK 

cr ar opa no nonepe-raoii OCH 0,nH03Ha'-lHO onpenens

er 3neKrpOMar HHTHhlH MOMeHT JJ.BHraTen}{ B COOT

BeTCTBliH C <pOpMYJIOH 

3 .Mn ="2 Pnllq\jlL: 

PaCCMaTPHBM HHBepTOp aanpsoseaas I1H KaK rnr

HellHhIH ycnmrrens M0W:HOCTH C K03<P<PHI.\HeHTOM yCH

n eHH}{ kH 1'1 nOCTom HOH BpeMeHH TH = TWHM ' MO)l(

HOnpeacraarrrs ero MaTeMaTIflIeCKOe OTIHCaHHe B sane 

* kIPIC-UIC 
pUlC = 

TH 

BeKTOpHoe onncaa ae HHBePTopa BMeCTe C npe

06pa30BaTen eM xoopmnrar BO spanraroureiicx CH

CTeMe xoopznmar d - q 6y.neT HMeTh BH,n 

1
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

4o()-*l 

-------------------,
;x...nTea 1 

I 
1-t- .. iuJ : 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 

I ~----- - - -

-I 
I 
I 
I 
I 
I 
L ~ 

Puc. 3 

kHU1q 
* - PnffiTHUl d 

(5) 

U - - - -'----- - - - -
Iq - T P + l 

H 

CTpYKTYPHaH cx eMa KOHTypOB p eryrrHp oBaH HH 

TOKOB B CHCT eMe IT l.l-C):(llM, BKJIlOqalOI.l.\aH B cefis H 

HH Bep TOp, ynpaBJIHeM bIH B cPYHKllHH yrna nosopora 
poropa, nOcTpOe HH aH aa OCHOBe ypa BHeHHH (4) H 

MJJ. - M c(5) C yserov ypaBHeHHH MexaHHKH ro= ----':0.-_.:::... 
Jp 

npezrcrasneaa aa p HC. 2. 

):(JIH acex pacca orpeansr x CHCTeM 3JIeKTpOn p H

BO,ll,OB KOHTypa peryn aposaa as a KTHBHOr O II peax-

THBHoro TOKOB iIq H i ld HBJIHIOTCH B3aIIMOCBH3a H

HbIMII . I1MeIOTcH nep expecrnsre ofipar usre CBH3H, 

3aBlICHMble OT CIIHXp OHHOH qaCTOTbI ~3Jl II COOT

BeTcTBYJOmeH q aCTOTbI Bp am eHIIH n anraren x . Ozma
KO BJIHHHlIe 3THX n ep eK pCCTHbIX c BH3eH na 3JIeKTpo

MarHlITHble n poueccu 6 YJl.eT CJIa6bIM , e CJIII n OCTO

HHHble Bp eM e HH mraep rop a C lllHM TH =T11ll1M 

6YJl.yr MHOro MeHb lIIe 3JIeKTpOM eXaHHq e CKOH n OCTO

~ JIS 
HHHOH Bp eM eHII npasona =-- . ):(nH 60JIbT3M 

cMce 

lIIHHCTBa npaKTHq e CKHX cnyxaea 3TO yCJIOBHe BbI

nOJIHHeT CH, H BJIHHHHeM nepexpecr astx cBH3eH B 

nepsosr npH6mDKeHHH MO)I(HO npeaeope-rs. Cn rya

llHH 3,ll,eCb aHaJIOflIqHa CHTyallHH npeHe6pe~eHHH 

,ll,eHCTBlIeM 06paTHoH CBH31I no npoTIIB03):(C ,ll,BHra

TeJI H aa 3JIeKTpoMarHHTHble npoueccsr. 

ll03TOMy ,ll,JIH asnuenpasezrenasrx CHCTeM npa

BO,ll,OB nOCTpOHM 0606meHHYJO MO,ll,eJIb 0,ll,H030HHOro 

perymrpoaaaas CKOpOCTH B sane CTpYKTYPHOH cxe

M bI, npnseneaaoa aa pac. 3 H lIIHpOKO HCnOJIb3ye

MOH B npa sonax nOCTOHHHoro TOKa, B qaCTHOCTH, B 

CHCTeMe ynpaBJIHeMbIH BbInpHMlITeJIb - ,ll,BHraTeJIb 

nOC ToHHHOro TOKa aeaasacavoro B036~,ll,eHlIH 

(YB- ):(llT). Cmrraerca, 'ITO 'P2 = const. Ilpezrycaar

plIBaeTCH «napauursaaae» CTpYKTYPHOH cxesrst KOM

nO HeHTaMH ztayx-, rpex- H MHoroMacCOBbIMH ynpy

r lIMII MeXaHlIqeCKIIMII nO,ll,CHCTeMaMH rrpasona. ITo

nofinsre MO,ll,eJIII HCn OJIb3YJOTCH He TOJIbKO ,ll,JIH HCCJIe

,ll,OBaHHH, HO H ,ll,JIH ynpaanemot B nepnon 

axc nnyar au mr n p HBO,ll,OB. Ha pHC. 3 (CTpYKTYPHaH 

cx esra 0606meHHoH MO,ll,eJIII rrpasona C peryrrxropasra 

TOKa H CKOpO CTII) npHHHTbI 0603HaqeHlIH: kni, Tni -

CHCTeMa 
IS T) 

Il apasrerp 

CM Ce 

YB-.D:nT R•.u 
L•.u. 

R•.n 
c;<t> c; <t> 

n4- A):( R\ +kzRz 
u; 

R\ +kzRz 
3 
"2 kZPn"' ZHOM kZPn"'ZHoM 

rrs-cn (6e3 .D:O) R\ ~ 1/R1 

I\H L,q/R\ +1 
3 
"2 Pn"'f Pn'"f 

nl.J-C.D: (c .D:O) R1 
UIH I/R\ 
I;; L\q/R\ +1 

3 
"2 Pn'" f Pn'¥f 

fTl.l-C.D:nM R1 
L\o 
R1 

3 
"2 Pn"' f Pn'¥f 
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3J1eKTpOTeXHLilKa 

nepenaroxasui K03tPtPHIlHeHT H nOCTOHHHM apev e 

HH npe06pa:WBaTeJUI (HHBepTOpa HanpH)J(eHHH); ipi 

nepenarosasra K03tPtP~eHT penyxro pa; M ci » 

M yi - MOMeHTbl COnpOTHBJleHHH H ynpyrnx can. 

Ilapasrerpsr R3i , T3i , CMi, cei Moryr HMeTb 

pasnsre 3Ha'leHlliI ,UJIH pa3HbIX BapHaHTOB CXeM 

«nq-,UBHraTeJIb» H c nOc060B setcropaoro ynp aane

HHH. B Ta6JIHilY CBe,UeHbI tPOPMynbl ,Uml pacser a 

3THX napaaerpos . MeTO,UHKa pacsera napaaerpos H 

nOCTOHHHblX BpeMeHH ,UBHraTeJIH H3 JIO)J(eHa B [1]. 
B Ta6JIHile npHHHTbI cn enyrom ae o fiosaasemor: 

Lla - HH,UyKTHBHOCTb paccesa aa 06MOTKH CTaTOp a; 

k2 - K03tPtPHIlHeHT 3JIeKTPOMarHHTHOH CBH3H 0 6 MOTOK 

Lm 
illlH k2 = L L ' rne 

m + 2a 

- HH,UYKTHBHOCTb paCCeHHHH tPa3bI poropa ; L2a
 

Lm<lJ - rnaa aaa HH,UyKTHBHOCTb tPa3 bl; C; - KOH 


CTPYKTHBHaH nOCTOHHH aH ,UBHr aTeJIH; RI - conpo


THBJIeHHe tPa3bI 0 6 MOTKH erar o pa; UIH' hH - HO


MHHaJIbHOe a an p azcena e H TOK cr ar o p a COOTBeT 


CTBeHHO; M df - K03tPtPH QHeHT B3aHMHOH HH'uYK I~HH
 

Me)J(,Uy 0 6 MOTKOH CTaTOpa H ,UeMntPepHOH 06MOTKOH. 

no OCH d; if - TOK B 06MOTKe poropa C conpOTHBJIe-

HHeM Rf H HH,UYKTHBHO CTbIO Lf ; 'Vf - nOTOKO

CQenJIeHHe poropa. 3aMeTHM, 'ITO ,UJIH pacxera CM 

K0 3 tPtPHIlHe HT 3/ 2 HCnOJIb3yeTcH ,UJIjI aMnJIHT)'.UHbIX 

3H a'leHHH nepesseaasrx. E CJIH HCnOJIb3yroTCH 3tPtPeK

THB Hbl e ( ,UeHcTByroI..QHe) 3Ha'lemfH rrepesrennstx, TO 

K03tPtPHIlHeHT p asen 3. 
LVIji n q -C,ll; C'IHTaeTCjI, 'ITO npn c Ta6HJIbHOM 

Han p H)J(eH HH cern pesynsrapyrotnee MarHHTHOe no

JIe n OCTOjlHHo e . E CJIH H3Me~eTCH MarHHTHaH ,UBH

}j( ymaH CHJIa (M,ll;C), TO B036~,UeHHe craropa H3 

MeHjleTCH TaKHM 06pa30M, 'ITO pesynsrapyiomee 

Mar HHTHoe nOJIe CHHxpOHHoro ,UBHraTeJIjI OCTaeTCH 

H eH3M eHHbI M . H3MeHeHHe M,ll;C MO)J(eT nponcxo

,UHTb TOJIbKO sa C'IeT 3Ha'leHHH. H tPa3bl TOKa craropa, 

T. e . s a C'IeT H3MeHeHHjI peaKTHBHOH. COCTaBJIHIOmeH 

3TOro TOKa [2]. 
LVIH ,UeT aJIb HOr O HCCJIe,UOBaHHjI BJIHHHHH 3JIeK

TPoMar HHTHbIX npoueccos aa ynpasneaae Te XHOJIO

rH'IeCKHM H nepeMeHHblMH B0 3MO)J(HO HCCJIe,UOBaHHe 

npoilec c o B n o nOJIHOH Mo,UeJIH 3JIeKTP OMa r HHTHOH. 

nO,UCHCTeMbI. 
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UNIFICATION OF MODELS OF ELECTRIC DRIVES IN SYSTE MS 

OF REGULATION TECHN OLOGICAL VARIABL ES 

On the basis of the considered mathematical models of various modern electric drives in systems of regulation of techno
logical variables, the generalized electric drive model isgiven. The table of parameters of the generalized model for various 
systems of electric drives is made. 
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