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I. BBEJIEHHUE

N3BecTHO, 4TO B 0OMOTKAaX aCHHXPOHHBIX JIBU-
rareneil CepHilHOro NMPOW3BOACTBA HEOOXOIUMO CO-
OmonaTh yciIoBHE CHMMETPHH, CBS3BIBAIOIIEE YHCIIA
MOJIFOCOB 2p M MapaUIeTIbHBIX BETBEH d, COOTHOILICHH-
em: 2pla = nenoe uncio. OCOOEHHOCTH HCIIOTHEHUS
HEKOTOPBIX JNEKTPUYECKUX MAIIWH, HAlpHUMep, B
KPYIHBIX CHHXPOHHBIX ¥ aCHHXPOHHBIX MamuHax [1],
a TaKXKe B MallMHaX CIENUaJbHOIO Ha3HaueHus [2],
MPUXOANTCS UITH HA HApYIICHNE TaHHOTO yCiIoBus. B
STHX CHUTyalHsAX MOXXET BO3HHKHYTH HebOamanc D/1C
MapajuIeIbHBIX BETBEH U YpaBHUTEIbHBIC TOKH, KOTO-
pBIe MPUBOAAT K JAONOJTHUTENIBHBIM JTOOABOYHBIM ITO-
TepsM, HOSABJICHUIO NIYMOB U BuOpanuu. JlocTraTouHO
4acTo moAoOHBIH HebGamaHC BO3HUKAET B MPOIECCE
pPEMOHTA JIIEKTPUIECKHUX MaruH [3].

C pocTOM BeNIWYMHBI TOKa B OOMOTKax BO3HH-
KaeT HEoOXOAMMOCTh TpUOeTaTh K MapajuielTbHOMY
COEJMHEHUI0 KaTylIeuHbIX rpynn. B stoMm ciyuae
mo0oe HepaBeHCTBO pesynbrupyrommx JJIC mapan-
JIETbHBIX BETBEW, Kak I10 BEJIMYMHE, TAaK M MO dase,
OMaCHO M3-32 BO3MOYKHOCTH BO3HMKHOBEHMS YPAaBHH-
TEJBbHBIX TOKOB.

Jis ycTpaHeHusl ypaBHUTENbHBIX ToKoB, DJIC
napajuTeNIbHBIX BETBEH OOMOTKHU JIOJKHBI OBITH OJIH-
HaKOBBI KaK IO BEJIMYMHE, TaK U 1o ¢ase. s 3Toro
BETBH JOJDKHBI COCTOATH M3 OJHOTO M TOTO K€ YHUcia
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KaTyIIeK, SKBUBAJIEHTHO PacHpeesICHHBIX MO OKPYX-
HOCTH MAaIllMHEL. B mpeansHOM ciydae J000BBIC YacTH
BCEX KaTYIIEYHBIX I'PYMI TOXE€ IOJDKHBI OBITH OJHU-
HAKOBBIMHM, TaK KaK IPU HEBBIIOJHEHUH 3TOTO YCIO-
BUS OHU OyAyT 00JiafaTh pPasIUYHBIMU MOJHBIMH CO-
IPOTUBJICHUAMU. B cilydae JBYXCJIOHHBIX M OJHO-
JBYXCIIOMHBIX 0OMOTOK OJMHAKOBBIM JIOJDKHO OBITH U
pacmpenieneHne aKTUBHBIX CTOPOH KaTyIIEK KaxIoH
U3 MapajuiesbHBIX BeTBel no cinosm [1].

OpnHako Jake B CaMOM  HJEaJIbHOM Clyyae,
MIPU MOJHON MACHTUYHOCTU BCEX MapajlieNbHBIX BET-
BEil, BO3MOXHO BO3HMKHOBEHHME YPABHHUTEIbHBIX TO-
KkoB. Tak, Hampumep, IOJie WCTOYHUKA MarHUTHOI'O
HOJIST MOXKET OBITh HEe OJMHAKOBBIM Ha PAa3HBIX IIO-
JIIOCHBIX JAeleHUAX. [IpuunHa 3TOro 3aKitodyaeTcss He
CTOJIBKO B KaKHX-THOO pa3IHyYUsX B CAMOM HHAYK-
TOpe (XOTA M 3TO HE MCKIIOYEHO), CKOJIBKO B HEpPaB-
HOMEPHOCTH 3a30pa MEXIy HHIYKTOPOM U SKOpPEM.
Jaxxe Tpu OTIMYHOM PACIIONOKEHUH BCEX ITOIIOCOB
10 OTHOLIEHUIO K OCH BpallleHUs UHIYKTOpa cama 3Ta
0Ch MOXET OBITh CMEIIIEHA 110 OTHOLIEHHUIO K OCH SIKO-
ps, Tak 4TO 3a30p MOIY4aeTcs] HEPAaBHOMEPHBIM €CTe-
CTBEHHO, 4TO IOJI€ CUJIbHEE B MECTaX C MEHBIIUM
3a30poM, 1 HaoOopoT. ITockonbky B 0OMOTKaxX HEKO-
TOPBIX MalIMHAaX CIIELHUaIbHOTO Ha3HAueHMsl Hu30e-
kaTh HeOanmanca D/]C mapamiensHbIX BETBEH HE yaa-
eTcs, TO HeOOXOAMMO OTIPEeIIATh KaK BETHYNHBI pa3-
HoctHbIX DJIC, Tak u ux ¢assr [1].
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3amayeil HacToOsIIEH CTaTbU SIBISETCS pas3pa-
00TKa YHHMBEPCAJIHHOTO aJIrOPUTMa pacueTa PasHOCT-
HBIX DJ]C mpou3BOIBHBIX OOMOTOK M €T0 TECTHPOBa-
HHUE TyTeM COIOCTAaBIICHUS MOIYYCHHBIX PACUCTHBIX
JAHHBIX C pe3yJbTaTaMH SKCICPUMEHTAIBHBIX HCCIe-
JIOBaHMI.

II. OCHOBHAS YACTb

Hwmwxe npusonutcs amroputm ADE pacuera
paszHoctHbIX DJIC. UcxoqupiMu JaHHBIMU AJIS1 pacye-
Ta 10 JAHHOMY aJiTOPUTMY SIBJISIFOTCSI:

— yncino Z ma3oB CepACYHHKA, B KOTOPOM YJIO-
JKeHa MccieayeMas 00MOTKa;

— pabouee YHCIIO Tap TOMIOCOB P;

— YHCIO pPacCMaTpUBAEMBIX MapalieIbHBIX
BETBEN Q;

— gncna Nj AKC B kaxmoil M3 nmapajienbHbIX
BCTBCH;

— 3HaKOMEepEeMEHHbIE MacCUBBI HOMEPOB Ma30B
Pn, B KOTOpBIX yioxerbsl AKC kaxmoii i-oi mapain-

nemproit BetBH Pyj ={Myj, Mo, Ngi oo M- N 35
— MmaccuBbl Wyj OTHOCHTENBHBIX YHCEN HpPO-
BOJIHUKOB (BHUTKOB), COOTBETCTBYIOIIUX KAKIOU

AKC B i-0if mapaiebHON BETBH.
IMpr HEOOXOMMMOCTH YKa3BIBAIOTCS TAKIKE Iar

0OMOTKH 110 [1a3aM Y ¥ Beln4uHa ckoca Dy .

ADE

CIBUTa B MarHUTHOM TI0NIe Oty =277/ Z .

1. Pacuer yrma «; MHUHHMMAJBLHOIO

ADE 2. ®opmupoBatie MaccuBoB Ay, yrio-

BbIX koopanHaT AKC B kaxJoi M3 a mapaulenbHBIX
BETBell MO TrapMOHHKaM K-ro mopsiika B qHama3oHe
HU3MEHECHUST TOCIEAHUX OT 1 10 Z/2 10 BBIPaKCHHIO

ANik = {alik ,a2ik yrenas ,aijk R ,aNik },
rae
knij ‘Oz, €CII nij >0
“ik k.. -ab 0
n; -abc(az) + 7, ecm ny <
ADE 3. OmpeneneHrie aOCONIOTHBIX BEIUYAH
BektopoB Epy OJIC kakzaoil W3 & mapaielnbHbIX

BETBEH MO TapMOHHUKaM K-ro mopsjika B Juana3oHe
U3MEHEHUs MOoCNeaHuX ot 1 1o Z/2.

N, 2\ 2
Epj =1 2" sinfkag [ +4 2w, cosfkary ]
i=1 i=1

ADE 4. Pacuer 06M0OTOYHBIX KO3 dHIIIEHTOB
Kwik TapauteIbHBIX BETBEM DIIEKTPUUECKON MAILIHHBI:

— K03(OUIMEHT pacmpeiesieHnst -0 BETBU
Kpik o TapMoHuKe mopsiaka K

N; 2 (N, 2
Z:Wi’k Sin[kaik ] + ZWi* COS[k(Zik ]
o

Kpij = N
|
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—00MOTOYHBIH KO3 PUIUECHT

kWik = kDik kYk kCKk
rae kyx — koadurment ykopouenus, Kexyx— Koaddu-
LUEHT CKOCA [0 FTAPMOHHUKE Mopsiaka K.

ADE 5. Ompenernenne YrIOBBIX KOOPIUHAT

AjGjx BEKTOpOB pe3ynpTupyromunx IJC Vi( j)k KaKIo#

13 A NapajyiesIbHbIX BETBEH
Nj

ZW i(]) Sln[kai(j)]

APi(j)k = arCtg ;\Tl

J
ZlW*I(J) COS[kai(j)]
i=

ADE 6. Ompenernenue BeIMYMHBI BEKTOpa
SC dazsr VPhp , TIo paboueit rapmonuke k=p, pas-

HOTO CpPEIHEMY 3HAYEHHIO PE3YNbTHPYIOIINX BEKTO-
poB DAC BeTBel

a 2 a
{Z Epip Sin(Apip )} + {Z Epip €0S(Apip )}
i1

i=1

2

E

ho =
php a

ADE 7. OmpeneneHue BeIMYUH BEKTOPOB
AEPijk pasHocTHBIX 3/[C, paBHBIX OTHOCHTEIBHOM
reoMeTpuueckoi pazHocTu BekTopoB DJIC nmms Bcex

BO3MOXHBIX MAPHBIX codeTanuil (i U j) mapaaieabHbIX
BETBEH 10 rapMOHUKaM K-ro mopsimka

AEp;, = \/ [EPijk Sin(APijk )‘ Epik Si“(A Pilk )]Z + [EPijk COS<APijk )— Epik 905<Apijk )]2

ADE 8. Ompeznesnenue OTHOCUTEIBHBIX 3HAYe-

*
Huit BekTopoB AE  pijk pasnoctaeix 9//C

Peansnoe 3nauenue pasHocrroit IJIC AE ma-
paUIeNIbHBIX BETBEH 3aBHCHUT HE TOJBKO OT KO3(hQU-

I[IEHTa HEYPaBHOBEIICHHOCTH fijk , HO U OT ycJo-

BUH CO3JaHNd T'CHCPHUPYHOUICIT0O MArHuTHOTO IIOJIS B
TOM WJIM UHOM THUIIC IJICKTPHUICCKUX MAIIINH.
B CHMHXPOHHBIX MalllhMHaX BCC MPOCTPAHCTBCH-

HBIE TapPMOHHKH MO BO30YXKICHHS BpamIarOTCA C
OJIMHAKOBOM CKOpocThio. Ho uwmcimo momocoB Kk-oii
rapMoHUKH B K pa3 Gosbliie, 4eM y TIEPBOM, MOITOMY
szf'k.

IIpu M3BECTHOM COOTHOLIEHWU T'APMOHHMK HH-

nykunn By / Bp OTHOCHUTENILHOE 3HAYEHHE PA3HOCT-

*
Hoii DJIC E cjk mo k-oif rapmoHmKe MOKHO ompeje-

JINTH 11O BBIPAKCHUTIO
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. Epi fi
AE pijk — P ok

Php
ZﬁfWkPWikaKk Bklé‘T f

a 2\/5 fWk PkaCKp Bplé‘T

ijk =

_ KpwikKekk Bk i
kPkaCKp BP
Ecu paccMaTpuBaroTcs MapasulelbHble BETBU

B HEJIBHOIIOJIIOCHOM CHHXPOHHOM TI'€HEPATOpE, TO
MOXHO I10JIaraTb, 9TO B IIEPBOM HpI/I6JII/I)KeHI/II/I OTHO-

wenne uagykumii By / Bp

MJIC

MO>XXHO 3aMCHHTH OTHO-

ILEHHEM F/F, H03TOMY

AE "o Kpwik Kckk kOBWk P ¢
P K pwoKero Koswpk 1<
PWp"™CKp "OBWp
B acMHXpOHHBIX MAIIMHAX BCE MPOCTPaH-
CTBCHHBIC TAPMOHHKH BPAILIAIOTCS CO CKOPOCTBIO B K
pa3 MeHblel, yeMm y nepBoit. [Toaromy f=f

* Epk T
AE apk = —PK K _
Php

1 22 fwkyyi Kew s B
K 242 fwkyypkep 1578

fi =

P k WKkCKk o
K2 k “wpKcxp

PaccMoTpuM nprMeHEHHE MPEITIOKEHHOTO al-
ropuTMa Ha npumepe pacyera pasHoctHeIXx JC on-
HOW W3 cXeM OOMOTOK, TIIpEICTaBICHHBIX B [1,
puc.3.25,6].

Hcxonneie nanssle: Z=36, p=3, a=2, N;=6,
N1:N2:6, PN]_:{l, 25, 26, 720, 731, 732}, PN2:{21 13,
14, -7, -8, —19}. OOMoOTKa OAHOCIOWHAS, PABHOBHUT-
KoBasi (W=CONSt) 1 CKOC Ha CEepACYHHUKAX OTCYTCTBY-
eT.

IIpennoxxennsiii anroput™ pasHocTHbIX IJC
ot peamm3oBaH B cpene EXEL. Tlomydennble pe-
3yIbTaThl CBEAEHBI B Ta0II. 1.

[omydeHHbIe pe3ynbTaThl pacyeTa IOKa3bIBa-
0T 4TO, NPU @=3 B COCTAB KaXXIOH Mapajie’abHON
BETBH BXOJMT JBE TPYNIBI CEKIMH; €CIM Pacroiio-
JKUTh UX PSIIOM, Kak B CXeMe a, To 0OMOTKa Oyzaer
OT(GUIBTPOBBIBATh FTAPMOHNYECKUE YETHBIX TIOPSIAKOB,
HO B CJIydae HENpPaBMIBHOW COOpKM MAIIMH MEXIy
napajulelIbHBIMH ~ BETBSIMA  HEM30€KHO BO3HUKHYT
ypaBHUTENbHBIE TOKH. ECin jke pacmoioXWTh 3TH
TpyINbl 0 KOHLIAM JHaMeTpa, Kak B cxeme 0, TO B
00MOTKe, He Tepsolel GuIbTpyIoIeil crnocoOHOCTH,
NpaKTHYECKH He OyAeT ypaBHHMTENbHBIX TOKOB. IIpm
a=2 B COCTaB Ka/0W BETBU BXOAMT IO TPH TPYIII;
MOJIHOCTBIO TOJJaBUTh TapMOHMYECKHE YETHBIX IO-
PSIIKOB Y)K€ Helb3sl, HO, COSHMHSS MOCIIEA0BATEILHO
TpYINBI, JIeKale psSIoM, KaKk B CXEME 6, MOXKHO
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YMEHBILIUTh UX COJIEpKaHHE BTPOE, 3aTO yPABHUTEIb-
HBIE TOKM MEXAY TAaKUMH BETBSAMH IPH HETPaBUIIb-
HOW cOOpKe HEM30EXKHBL. JTH TOKHA OyIOyT MpaKTHIe-
CKH OTCYTCTBOBATb IIPU IOCIICIOBATEIIbHOM COCAUHE-
HHH TPYII Yepe3 OJHY, KaK B CXeMe &, HO TapMOHNYe-
CKHe YETHBIX HOPAAKOB OyoyT NMpencTaBIeHbI MOJTHO-
CTBIO.

Jns TOATBEpXKIOCHUS alNeKBATHOCTH IIPEAJIO-
JKEHHON MaTeMaTH4ecCKONW MOJENH BBINOJIHUM CpPaB-
HEHHE MOJYYEHHBIX PACUETHBIX JAaHHBIX C Pe3yJbTa-
TaMH SKCHEPUMEHTA.

Tabnuya 1 — I'apMoHMYeCKHE aHATU3bI BapUaH-
TOB CXeM a, 0, BH T.

v Krv E AE", Agpy

cxema a

1 0,211 0,845 1,730 120,0

2 0,663 2,654 2,718 120,0

3 0,966 3,864 0,000 0,000
cxema 0

1 0,423 1,690 3,464 120,0

2 0,000 0,000 0,000 0,000

3 0,966 3,864 0,000 0,000
cxeMa 6

1 0,000 0,000 0,000 0,000

2 0,511 3,064 1,586 180,0

3 0,966 5,796 0,000 0,000
cxema 2

1 0,000 0,000 0,000 0,000

2 0,000 0,000 0,000 0,000

3 0,966 5,796 0,000 0,000

Cne: v — nopsmok rapMoHUKH; K, — KO3 (HITHEHT
pacnpenenenns; E — ¢asnmas DJC; AE,
tenbHast DJC; Ag;- yrioBOW CABUT.

— OTHOCH-

Ha xadenpe 3JIeKTpUYECKHX MAIIMH H3TOTOB-
JICH 3KCIEePUMEHTANIBHBINA 00pa3el CHHXPOHHOTO re-
Heparopa. B 36 maszax craropa CHHXpOHHOTO TeHepa-
TOpa YJIOKEHA IIECTHIONIOCHAS PABHOKATYIICUHAS
0o0MOTKa, a ero cepAeyHHK poropa coctout u3 30
MMa3oB, B HUX VIIOKEHA CIeIMaibHas COBMCEIIEHHAS
0o0MOTKa pOTOpa, 3aKUMBI KOTOPOH BBIBEICHBI Ha
KOHTAKTHBIC KOJbI[a. YKa3aHHAs O0OMOTKa IO3BOJISIET
TEHEePUPOBATh 3 BapHaHTa MO BO3OYXKICHUS: IBYX-
MOJIIOCHOE ¥ 2 BapHaHTa IOJI1 C YHCJIOM IIOJFOCOB
2p=6. Kpome 3TOrO B pOTOpE JEKHUT OTACTHHAS Ye-
THIpEXTOIIOCHAasT 00MOTKa BO30YykaeHwus. [IpoBeaenne
OTIBITOB OBLIIO C U3MEHEHNEM TOKa BO30YKIICHNSI.

W3 Tabaumpl 2, BUIHO YTO JKCIIEPUMEHT TOJI-
TBEPAWUI ITaHHBIEC KOTOPBIE MBI OXHIAJIW IIOJTYYHUTH
nociie pacuera cxeM B EXEL, naHHble IOJIy4eHBI B
X0A€ OKCIICPUMEHTA 6BIJ'II/I JO0CTAaTOYHO TOYHBI, II0-
CKOJIbKY OTHOCHTENbHAs IOTPEITHOCTh HE IPEBBICH-
na 2%.
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Tabnuya 2 — CpaBHUTENbHBIA aHAIN3 IMOJIYYEHHBIX
ACUETHBIX JAHHBIX C PE3YJIbTaTAMU SKCIIEPUMEHTA.

UcCI0 HOMCOB AE AE*pm OTHOCHUTEIIbHAS
[OTPENTHOCTh

Cxema a

2p=2 1.742 1.73 0.006

2p=4 1.730 1.73 0.000

2p=6 0.000 0.00 0.000
Cxema 6

2p=2 1.710 1.73 -0.011

2p=4 0.000 0.00 0.000

2p=6 0.000 0.00 0.000
Cxema 6

2p=2 0.000 0.00 0.000

2p=4 2.032 2.00 0.016

2p=6 0.000 0.00 0.000
Cxema 2

2p=2 0.000 0.00 0.000

2p=4 0.000 0.00 0.000

2p=6 0.000 0.00 0.000

"

I'me: AE j—OTHOCHUTENIBbHAS KCIIEpEMEHTAIbHAS pas3-
A

HocTHBIX OJIC; AE ...~ OTHOCHMTENbHas pacyeTHas

pazHoctHbIx D/C.

A.M. Yakimets, H.G. Abdulkareem
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JUTEPATYPA

1. Kepse, I K. OOMOTKH 3IEKTPHYECKIX MAIIIH
nepemenroro toka[Texcr] / I'.K.JKepge//JI.: Dnepro-
arommsaar, 1989.—400 c.

2. JlerreB, B.I'. MeToanka CUMMETPUPOBAHHS COB-
MernéHubIx 0oMoTok [Tekcr] / B.I'. lertes, H.W. bu-
nounenko, B.II. CeepueBckuii // HsBectuss BY3
“Onekrpomexanuka’, Ne9.—1987.— C.59-64.

3. Jymuxk, B.JI. TunoBi moMuikd Npu BUTOTOBIICHHI
O0OMOTOK  JIBOOOMOTKOBHX ACHMHXPOHHUX MallHH
[Texct] / Jlymuk .B./1.,bepena 1.M.// EnextpoTexHika i
enekrpoMmexanika. — 2012. - Ne4. — C.41-42.

Odessa national polytechnic university, Shevchenko avenue, 1, Odessa, 65044

METHODS OF DETERMINING THE DIFFERENCE EMF ARBITRARY WINDINGS

The possibility of difference in EMF and traditional conditions and possibility of determining
the difference calculating power at any variants education parallel branches arbitrary multi-
phase windings and the possibility of a difference in traditional EMF conditions taking into
account the characteristics of their manifestations in synchronous machines considering ad-

ditional harmonics of the magnetic field.

Keywords: Parallel winding, difference emf, equalizing currents.
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