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BONMPOCHI OBLMIEW TEOPHUHU SJEKTPHYECKHUX MALUHUH
NMPUMEHUTEJIDHO K BECKOJIJIEKTOPHbBIM
AJEKTPOMALIUHHBIM YCHJIUTEJAM (BIMY)
MOCTOSAHHOTIO TOKA

A, H. CHOPOCIIEIIKHH

(PeromenjoBaHa CEMHHApOM Hadeap HJEHTPHYCCKHX MAILIAH
H oOuleH 3JeKTPOTeXHUKN)

PaspaGotka ponpocoB o01lell TeopHH 3JEKTPHUECKHX MaUIMH TO3BOJSIET
BECTH CPAaBHUTEJbHVIO OLIEHKY Pa3JHUHBIX KJ3aCCOB 3JE€KTPUUECKUX MalLHH
W OTKpbIBAeT MEepPCIeKTHBY /s PA3BUTHS HOBBIX 3/EKTPHYECKHX MaLIMH.

CopMellleHHble 3JeKTpUYeCKUe MAIUWHBI THIA HpeobpasoBarenelt, ycu-
JIUTeNel NPeACTaBAsdioT COO00H cnenudUUHBIA Kaacc MallMH, H paccMoTpe-
HHe HX ¢ HO3WIUi ofbliell TeopuH 3JIeKTPUUECKHX MAallUH Kpaline HeoOXo-
anmo, OGWHi NOAXO/ K HAM, 110 HAallleMy MHEHUI0, MOKeT OBTh pa3paboTaH
Ha OCHOBe TE€OPUH 3NMEKTPOMATHUTHBIX sABJeHuiI MakcBessa M ypaBHEHHH
Jlarpanxka [1, 2, 3]. Ilpu sToM HenocpeaCTBeHHO YUMTHIBAIOTCS (PU3MUECKHE
CBOMCTBA MAaHIWH.

[Ipu BLIOJIHEHUM VCJAOBHII COBMellleHUsT Karblil KacKaj MOXKHO pac-
CMAaTPUBAThL KAk OTAENBHYIO Mall{Hy ¢ MOCAeVIOULUM YCTAHOBJCHHEM CBA-
3M MeXJy OTLeJbHBIMH KacKanaamu. YpasHeuus: Jlarpanxka-Makceedinaa nos-
BOJISIIOT pAaccMaTpuBaTh KaxKAyld M3 OOMOTOK B OTAEABHOCTH M 3anucaTb
/s Hee ypapHeHHs Jlarpas:ka BTOPOTo poja JJsl 3JE€KTPOMEXAHUUECKHX U
SMCKTPOABMKYUIUX cUJa. B ofleM e B KaxJOM KacKajle COBMelleHHOH
MalliHbl 11 KaxJa0i #3 0OMOTOK 3aNHCBHIBAIOTCS YPABHEHUS 3JeKTPOIBHU-
KYIIUX CHJI H 3JEKTPHUECKUX MOLUHOCTEH M ypaBHEHHs 3JeKTpoMmexaHuue-
CKHX CMJ M 2JEKTPOMEeXaHHUeCKHX MOUIHOCTEH € YY4ETOM B3aMMOAEHCTBUSI
00MOTOK CTaTopa U poTopa.

B KoHeuhOM BH/e 3TU YpaBHEHHUS 3aMUCHIBAIOTCS TakK:

I. YpaBuenus s.a.c.

ex = ixTx + ——— 1K1K . : mxa fa) . (1)

2. YpaBHeHHUs 3/eKTPHUUECKHX MOLLHOCTeH

. . od (Ikd \ Y d (my,i

PeJ[ ='€klg = IKQ Iy + Ix (dlg K) \, d?a a) . (2)
3. YpaBEHeHUS 3JeKTPOMEXaHHUUECKHX CHJI
[ dm

Moy = — — la Iy _d_;R— . (3)

4. YpaBHeHHs] 37€KTPOMEXaHHYECKUX MOUIHOCTEN

1 . . dm

Pon = — o lals df:B : (4)

O6Go3nauyenua B popMmyaax:
ex — oboblIeHHasd 3. 1. cC.
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M,,, — o606111eHHan 3/71eKTpoMexaH1yeckas cHJaa,
o — reoMeTpuyeckas KOOpIHUHATA.

Ty, ly, Mg, ig, i, iy — AKTHBHOE CONPOTHBJIEHHE, HHAYKTHBHOCTH, B3aH-
MOHHJYKTHBHOCTH U TOKH paccMaTpHBaeMblX 0OMOTOK.

B HEeABHOMOMIOCHBIX MaIlHHAX HHAYKTUBHOCTH W B3aMMOUHIYKTHBHOCTH
MeXKAY $a3aMd MOXKHO CUMTATh IOCTOSIHHBIMH, a H3MEHSIIOTCHA JHIUL B3aU-
MOHH/JYKTUBHOCTH MeXAy oOMOTKaMHU €TaTtopa U poTopa.

U3 cucremer ypasHennit (1)—(4) MoKHO onpefesuTb TOKH, MOILLHOCTH,
MOMEHTBI U YCTAHOBUTb, TAKUM 006pa3oM, CBSI3b MEXKAY OTACJAbHBIMH KacKa-
JaMHu.

[IpoBenem onpeneseHne HEOOXOMHMBIX BeJIHUMH TIDHUMEHUTEJNbHO K
B3MY mnocrosiHHOro Toka ¥ MEPEMEHHOro ¢ (PUKCUPOBAHHON YaCTOTOH, cxe-
Ma M OPHHUHN paboTbl KOTOPBIX HOSICHSIIOTCA pHC. 1.

Ha pucyHke npuHATbH 00603HAYCHHS:

. 2
’ 7

<.

¥
, B,
D L
—eo

b,

Puc. 1. Cxema BAMY mocTtoAHHONO TCHA.

A — oOMoTka ympaBaeHHs. PacrnojoxeHa HA CcTATope H NHTaeTCH
. INOCTOSIHHBIM TOKOM,;
B, C,— o0MOTKu pOTOpa NEpBOTO H BTOPOIrO KacKaldoB YCHJHTEJ,
D — ruixoanas o6MoTka. PacnosioxkeHa Ha cTatope.
B; u B, — BoInpsiMmutesibHble GJOKH B porope U Ha cratope. [lpu ort-
cyrerBuM By Ha BLIXOJe ToJiydaetcss NepeMeHHblH TOK (HK-
CUPOBAHHOHM 4acCTOTHI.
[Hudppamu 1, 2, 3 o6o3HaueH NOpPANOK yepefoBaHHsd Pa3 B TPEXPALHLIX
©OMOTKax poTopa M cratopa.
op — YIIOBasi CKOPOCTb BpallleHHs DOTOPA,
®1; ®g — YIVIQBBle CKOPOCTH BpallleHHs noJgeill B oOMoTkax B u 1.
‘CTpesikaMu IOKa3aHbl HampaBJjieHus BpalleHHs poTopa U mnoJeil B
I u I Kackranax.
Py u Po— qucaa nap nosocoe B I u Il kackanax.
Hanumem ypaBHeHust paBHOBecHda 3..c. ajas obmorok A, B, C, u D.
B camom o6uiem BHAe OHM 3amUIIYTCS CAedyIOUIHMH BLIPAXKEHUSIMH.
s obMoTkH A

oo dLais) | g(myapiie)
Ua= bt g e

d(moas iss) | d(myap isp)
a0 @ (9)

+
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Has nepBoit daser o6MoTKM B
. d(lBi1B) . d(MBi'zB) . d(MB i:*.B)

O =1iprB T i It +
d(myapi . di .. dm di.
__(_éﬁ\t_‘i_il = i,srs + 1,56LsB -“dltB— T 1a f‘I[—AE- + mlAB—(;:“ . (6)
Jaa o6morku C
. d(Lcic |, d(mcipin) , d(mesp izp)
Uc icrc + dat + dt + dt +
_d,(}mglt) fsp) (7)

s o6bmoTku D
d(Lpip) d(MDigD) . d(Mp i3p) n

Umip =1ipm + —
dt dt dt ‘
d(mipcic) dimp dmicp dic .
+ ———= = iibm+1,5Lp + ic —=—— + Mipc —. 8

dt BT t D gt (8)
O6o03navenusa B popmyaax:
ia,iB,ic,i,p — MrhHoBeHHBble 3HauyeHus TOKOB B o6MoTKax A, B, C, u D~
Ia.re,ic,’o,La,Le,Lc,Lp, — aKTuBHble CONPOTUBACHHA U HUHJAYKTHBHOCTH

qéMOTOK A, B, C, uD.

Mp, Mg — B3aUMOMHAYKTHBHOCTH MeXx/]1y ¢aszaMu o6mMoTok B u D.

BykBOil M ¢ COOTBeTCTBYIOLIHMH HHAEKCAaMH 0603HAUEHBl NlepEMCHHbIE B3au-
MOMHIYKTHBHOCTH Mexk/J1y OOMOTKaMmH cTatropa H poTtopa.

Ui — nccrosiHHOe HanpsiKeHHe, NPUJOKeHHOe K 0OMOTKEe yNpaBJeHHS.

Uci, Up — MrHOBeHHble 3HauyeHHs HampsikeHud B obmorke C u dase
o6moTkn D.

Ilo [4] npunumaem — Mp=0,5Lg, — Mp = 0,5 Lo.

Ypasnenus (5)—(8) HamucaHbl 1J15 MTCHOBEHHBIX 3HauyeHUIl M JeHCTBH-
TelbHbl AJs1 JAIOGOro YCTaHOBUBILEroCs WU MNepexojHoro pexuma. Pac-
CMOTPHUM TOKa JIHIIb YCTaHOBUBIUMICA pekum paboTbl U OyIeM YYUTHIBAThb
TOJbKO OCHOBHBbIE TAPMOHHYECKHE.

B 3TOM csyuae H3MeHEHHA TOKOB M B3aHMOHHAYKTHBHOCTEH OYAyT OII-
penenqThCsl YpaBHEHHSAMU:

18 = Imp sin (ot + 2,); mias = My sin ot
2B = ImB sin (mlt +a; + 2; ) ; Moy — Magsin (u)lt -4- 252 );
2 T
izp = ImB sin ((ﬂlt + a — ; ) ; Mmsag — Mag sin ((ult — —-23~t_);
(9)
mpci = Mcp sin wef; itp = Imp sin (wet + ap);
Mecep = Mcep sin (wgt + 2; ) ; iop == lwp sin (mgt + ag — ~23_——) ;

imcip = minc,
Mcep = Mapg,

Mc3p = M3pcC.
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Has yeranoBusulerocs pexuma (5) NpUMET BHA:

Ua = Iara, (10}
Ua

Ja = ———.
TA

YpasHenue (6)
0 = Impsin (o;t + o) rg + 1,5Lp ImB ®; cos (ot + o) +

+ Ia o, Magcosof;. (11)
Otkyna
—IaoMapcosom,t
Img = — : , (12)
sin(w;t -+ )13 -+ 1,5Lpw; cos (w,t + %)
Vpasuenre (7)
Uc=lcre u Ic= Ue , (13)
e
rie Uc M lc  — 3HaueHHs BLINIPSIMJEHHBIX HANPSIXKEHUA H TOKA.
YpaBuenune (8)
Umpsin wgt=Imp[sin (0ot + a2) rp+1,5Lpws cos (wst + as) ] +
+IcwsMepcos wot, , (14)

OTKY1a
Ump sin wst
sin (wgt + ag) rp + 1,0Lp wécos (w.t -+ ay)

ImD -

]C(U2MCDCOS (Dgt (15)
sin (wet + ag) rp F 1,5Lpws cos (wet + ag)
Ilpn Hasuyuu BBHINPAMUTENBHOrO OJOKAa By YUUTHIBAIOTCS BLINPAMJIIEH-

Hbi€ BbIXO/HbE TOK M HaTpSKEHHE.
Heo6xonumblie 9.4.c. xasg oO6mMotok B u D

e — lawMagcos oty
eip — IC(OEMCDCOS W2 t, (16)
DJeKTPHYeCKHe MOLIHOCTH 06MOTOK A ¥ C ¥ MOIUIHOCTH, pUXOASILIHecs]
e ¢dasy oomorok B u D
P,,=I1a% 1,
Pyn18= iige1 = Impsin (ot + ;) [a0;Mgcos w;t. (17)
Py =1c? re;
Py, ip=ipeip = lmpsin (wet + ag) -Icw,Mcgcos wot.
DJIeKTPOMeXaHHIecKue MOILIHOCTH Ha a3y aast I u I kackaios

Povias =" 5 [xlon Man w1sin (1t + a) cos ont;,
Powcip = — %ICImDMCD 02 Sin (oot + ay) cos wot. ;, (18)

"

Bpamatomue momentnl aas I u Il xackamos

Maoy.1ag = — %— [almp Mas sin (o1t + ;) cos ot ,
1 .
Mowcip = — 71(: ImpMcp  sin (wot + a3) cos wot (19)
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Taxum o6pa3oM, Ha OCHOBaHHM oflIUX ypaBHeunit Jlarpanxa-Makcses-
Jla OIpeessiloTCa Bce HeoOXoAuMble JaHHblE COBMEIIEHHOMN 3JEKTPUUECKOH
MaluHbl THla BAMY nocrosHHOro uau nepemennoro toka. [lo HuM moxer
ObITb cileiaH HeoOXOAUMBIH aHalHW3 BCeX PEeXKUMOB PabdOThl YCUIAUTEJS.

B ycuaurensix, kak HpaBuHJIoO, JJs KOMIEHCAllUd peakIuHu SKOPSA HMe-
1cst o6MoTKH 00paTHOi cBsisu. Co3faBaeMbie HMH TOKH, MOLUHOCTH M MO-
MEHTBl YYHTBIBAIOTCS AHAJOTHYHBIM 00Opa3oM.
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