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NMPAKTUYECKOE UCNOJNIb30OBAHUE BSAMMHOW MHAOYKLUUU
NMPU MAPKUPOBKE CTATOPHbIX OBMOTOK TPEX®A3HbIX
ANEKTPOOBUTATENEN

HW3BecTHBIE cIOCOOBI «110A00pa» M «TpaHchopMalum» AJsl OCYLIECTBICHHUS MAPKUPOBKH CTaTOPHBIX 00-
MOTOK Tpex(a3HbIX NIEKTPOABHUIaTeNeH OTIMYAIOTCS OONBIIMMH 3aTpaTaMi BPEMEHH M 3HAYNUTEIbHBIM YHCIIOM
nepexitoueHui. [IpeanokeH HOBBIM CMOCOO BBIMOTHEHUS] MAPKUPOBKH BBIBOIOB CTATOPHBIX OOMOTOK Ha OCHOBE
aHaJM3a B3aMMOJCHCTBUSI MArHUTHBIX IOTOKOB BHYTPH 3JIEKTPOJBHUIATElIsl U SBJICHHS 3JIEKTPOMarHUTHON B3au-
MOWHJIYKILIMH, CYLIECTBYIOIET0 MeXy (azamu TpexdasHoro sekTpoasuraress. CHayaa ¢ TOMOIIbIO KOHTPOJIb-
HOM JIaMITBl, OMMETpa, BOJITMETPA U JP. ONPEEISIOT IPHHAIICKHOCTD JBYX BBIBOJIOB K KaXIOH M3 Tpex (a3
AIEKTPOBUTATEIS. 3aTeM TPH OOMOTKH ((ha3bl) COSTUHAIOT TOCICIOBATEIBHO (B OTKPHITHIN TpeyronbHUK). Co-
OpaHHYIO TaKMM 00pa30M JIEKTPHUUESCKYIO e IPHUCOCIIHSIOT K CeTH IEPEMEHHOT0 ToKa HanpspkeHueM 220 B u
napauieNbHO K Kax oW (haze MOAKIIOUAIOT TPH OIMHAKOBBIX BosbTMeTpa. Eciu ¢asbl anekrpoaBuraress okasa-
JIMCh BKIIFOYCHHBIMH COTVIACHO: Hayallo-KOHEl-Hadaslo-KOHEel-Hayall0-KOHEL], TO BOJIBTMETPHI ITOKAXYT OMHAKO-
BbIC 3HAYCHUS HanpspKeHus. Ecin ofiHa U3 (a3 okazanach BKIIOUEHHOW B OTKPBITHIN TPEYTOIbHUK BCTPEUHO M0 OT-
HOIICHHIO K JIByM JIPYTHUM, TO BOJBTMET, IIOJKIIOUEHHBINA K HEH, MOKaXKEeT OOJIbliee HAIPSDKEHUE [0 CPAaBHEHHIO
C MOKa3aHUsIMU BOJILTMETPOB Ha ABYX JPYyrux (azax. PykoBoACTBysCh MMOKa3aHUSIMU BOJIBTMETPOB, MOXKHO CPasy
OCYIIECTBUTH PAa3METKy Hadas ¥ KOHLIOB (a3 ANIeKTpoABUTaTeis. Beumay Toro 4to ¢assl TpexgasHbIX AIEeKTPOIBHU-
rarelieii B POIecCe BHIMTOIHEHHS MAPKUPOBKH COCIMHSIOT TOCIIEI0BATEILHO, PA30OMKHYThII TPEYTOJILHUK MOYKHO
BKJTIOUaTh Ha ceTeBoe HanpspkeHune 220 B mpu cobparHOM 3eKTpoaBHUraresie 1 Ipy yaajleHHOM poTtope. bompme
pa3nuuus B HanpsDKEHHUsIX Ha (a3ax BOZHHMKAIOT NPH yAajeHHOM potope. [IpemioxkeHHbIl criocod MapKHUpPOBKU
(a3 TpexdasHbIX EKTpoABUTaTEIeH Oonee ynoOeH I HCIONB30BaHMs B ITPAKTHKE Ollaroapst He3HAYUTEIILHBIM
3arparamM BPEMEHH U MEHbBIIEMY YHCITy MePEKIIIOUSHUH.

KoaroueBrble ciioBa: TpexdaszHblil 2JIEKTPOABUTATEb, MAPKHPOBKA CTATOPHBIX 0OMOTOK.

BBenenue. TpexdazHble SIEKTPOABUTATENN HMe-
10T TpH (Pa3BI-KaTYIIKHA, MEXIY KOTOPHIMHU CYIIECTBYET
B3aMMHAsl MHIYKIHU. B mpakTuke 3KCIUTyaTarin, 0co-
OEHHO ToCiIe PEMOHTA, BCTPEYAIOTCS AIEKTPO/IBUrare-
JI, Y KOTOPBIX OTCYTCTBYET MapKHUPOBKA BHIBOJOB, T.C.
0003HaueHUsI HaYajl U KOHLOB (a3. ITO He MO3BOJSIET
coOparh CXeMBI COCTUHEHHS OOMOTOK «3BE3MIOW» WIH
«TPEYTOJbHUKOM» B 3aBUCUMOCTU OT COOTHOILIEHUH
HalpsDKEHUH CeTH ¥ TAcCTOPTHBIX JAHHBIX JJIEKTPO-
neurarens [1]. DmeKTpoaBUTATENH C OTCYTCTBYIOUIEH
MapKHpOBKOH HEPEIKO OTHPAaBISIIOT B YTHIU3ALMIO,
YTO BEChbMa PACTOYUTENHHO. BBHAY 3TOro BO3HHKAcT
HEOoOXOIMMOCTh B OIpENeSICHUH Hadyall U KOHIIOB (a3
JIIeKTpoABHTaTENCH. B pasHoe BpeMs ObUTH Ipemsioxke-
HBI CITOCOOBI OTPEENICHHs] Havyal ¥ KOHIIOB (a3 TpeX-
(ha3HBIX 2JIEKTpOIBHUTaTelei, KOTOpBIE MPHMEHSIOTCS
JIOCTaTOYHO IIMPOKO W B HACTOAIIEE BPEMS: CIIOCOD

TpaHchopMarum, crnocod mogodopa [2, 3]. Y atux cnoco-
0OB MMCIOTCS CYIICCTBCHHBIC HEOCTATKHU, CBSI3aHHBIC
€ HEOOXOAMMOCTBIO BHIIIOIHATE PAZ EPEKITIOUSHUH, KO-
TOpbIe TPeOYIOT 3HAYUTEIIBLHBIX 3aTPaT BPEMEHH.

Hens uccaenoBanus — 000CHOBaHHE U pa3paboT-
Ka IPOCTOro crnocoda MapKUPOBKH CTaTOPHBIX 0OMO-
TOK TpeX(a3HbIX ACKTPOIBUTATCIICH.

Marepuan u Meroamka. MarepuaioMm sl Hc-
CJIE/IOBAaHMI CITY>KWIIH Tpex(]aszHble 3JIeKTPOBUTaTEIIN
C OTCYTCTBYIOIIEH MapKHPOBKOH CTaTOPHBIX OOMOTOK.
B pesynsrare aHanmza B3auMOJEHCTBHUS MarHUTHBIX
ITOTOKOB BHYTPH TpeX(a3HBIX IMEKTPOABUTATENCH ya-
JIOCh TIPEIJIOKUTEL 0OJiee MPOCTON Crmocod ompenene-
HUS HavaJl U KOHIOB (a3 ICKTPOBUTATEIICH.

PesyabTarsl u 00cyxaenue. HoBbli criocob ompe-
JISTICHNs] Hadall U KOHIOB (a3 TpexdaszHbIX 3JIEKTPO-
nIBUTATENel 3akmodaeTcss B ciemyromeMm. CHauama
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W3BECTHBIMH CHOCOOAaMH C ITOMOIIBIO KOHTPOJIBHOM
JIaMIIbI, OMMETPA, BOJIBTMETPA U JIp. ONIPEACIAIOT IIPHU-
HaJUISKHOCTh JIBYX BBIBOJIOB K KaKIOW M3 Tpex (a3
ANIEKTpOABUTATENA. 3aTteM TpU 00MOTKH ((aser) coemau-
HSIOT TI0CIIEIOBATEJIbHO (B OTKPBITHIH TPEYrOJbHHUK)
[4, 5], xak moka3aHO Ha pUCYHKE 1.

L p/4 y//4

O N\ O

Puc. 1. Cxema coequnenus ¢a3 Tpexgaznoro
3J1eKTPOABUraTe sl B OTKPBITHIA TPEyroJbHUK

CobpaHHYyI0 TaKUM 00pa3oM MIEKTPUIECKYIO LI
MIPUCOETUHSIIOT K CETH TIEPEMEHHOTO TOKA HAIPSKEHH-
em 220 B. [TapamrenpHO K KaKO0H (haze MOIKITFOYaroT
TPU OJMHAKOBBIX BOJETMETpa. MOXKHO H3MEPATH Ha-
MpsDKCHHE Ha KaxI0i (ha3e M OTHIUM BOJBTMETPOM.

Ecmm ¢a3sr snekTpoaBuraTenss OKaszaich BKITIO-
YEHHBIMHU COIVIACHO: HavaJlo-KOHEI[-HavaJIo-KOHEeIl-Ha-
Yaso-KOHEIl, TO BOJBTMETPHI MOKaXYT OIWHAKOBBIC
3HaueHHus Hampsokenus. Eciu omnHa u3 (a3 okasanack
BKITFOYCHHOH B OTKPBITBIA TPEYTOIBHUK BCTPEUYHO
[0 OTHOMICHHUIO K JByM IPYTHUM, TO BOJBTMETP, MOA-
KIIOUCHHBI K HEH, MOKaXeT OoJbliee HampsKe-
HHE 10 CPaBHEHUIO C TIOKA3aHUSMH BOJBTMETPOB
Ha JBYX APYrux (azax. PyKOBOACTBYSCH MOKa3aHUSIMU

SNEKTPUOUKALINA N ABTOMATU3ALIMA CEJTIbCKOIO XO3ANCTBA

BOJIBTMETPOB, MOJKHO Cpa3y OCYIIECTBUTH Pa3METKY
HadaJl ¥ KOHIOB (ha3 3JIeKTpogBUraTeNs.

Cy1ecTBO IIPOLIECCOB, IIPOUCXOMSIIHX TIPU Pa3METKe
BBIBOJIOB (Da3 AJIEKTPOABUIaTEINs OIUCAHHBIM CIIOCOOOM,
MOXKHO BBISICHUTH IIPH PAaCCMOTPEHHM MarHUTHOW IIeNn
TpexdazHoro snekrpompurarens [6]. CiemyeT WMeTb
B BUJLY, YTO Kakaasd U3 (a3 dIEKTPOIBUraTesl CO3IaeT
MarHUTHBIE TIOTOKM CAaMOWHIYKLIMH W B3aUMOWHIYK-
1y [7]. Pa3BeTBisromuecs MarHUTHBIE TIOTOKH KaXI0H
(ha3bl Ha /1Ba ITOTOKA B3aMMOWHIYKIIMH CLEIUISIOTCS C CO-
ceaHnMHU (pa3amu. MarHUTHBIE IOTOKH B3aMMOHHIYKIIUT
KaX/I0M U3 Tpex (a3 HampaBJIeHbl HABCTpeUy ApYT Apy-
ry (puc. 2). OTuM OOBSICHIETCS PABSHCTBO HAIPSDKCHHUIA
Ha 3aKUMax Bcex Tpex (a3. YpaBHeHus, XapaKTepH3yro-
IIMe 3HAYCHNSI HANPSDKEHNS Ha 3aKUMax (a3, IMEIoT BUIT

di di di di di di
u, :lR1—+L1—+M12—+M13——M21—— s
dt dt dt dt dt dt
di di di di di di
u,=iR,—+L,—+M, —+M,,—— — —;
P dar Cdr  dar Pdar  Cdr Y dr
di di di di di di
u, =iR,—+L,—+M, —+M, —— - -,
P ar Cdar dar tdar At P dr

THE U, U, t; — COOTBETCTBEHHO HAIPsLKEHUS Ha (pasax
aNeKTpoABUTaTeNst, [ — 3HaueHHe CUIIbl TOKa B (pazax;
L — uHayKTHBHOCTH (ha3bl; R — conpoTuBieHue (asbl;
M — 3HadeHHE B3aUMOMHAYKIMH MeXIy (azamu;

di dt — IMMPOU3BOJAHAsA CHUJIbI TOKA.
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Puc. 2. BekTopHas 1uarpaMma, COOTBETCTBYIOIIAsl COIVIACHOMY BKJIIOYEHHUIO (ha3 dneKTpoaBurareis
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B xommurekcHO# (opme 3amucu 3TH ypaBHEHUS
HMEIOT BU]T

U, :l[Rl +ja)(L1 +M,,+M,;-M,, _M31)]:
= I(R,+ jooL,);

v, :i[Rz +jw(Lz My + My —-M, _Msz)] =
=I(R,+ joL,);

Uy =I[ R+ jo(Ly+ My + My — M, — M) | =
:l(Rs +ja)L3)'

C W3BECTHOW CTCNCHBIO MPHONMKECHUS MOXXHO
CYNTaTh, 9TO OOMOTOYHBIEC JJAHHBIE (Da3 AIIEKTPOIBUTA-
TCJIsI OAUHAKOBBI 1 BCC BXOAAIIUC B YPAaBHCHUSA O6MO-
TOK COOTBETCTBEHHO pPaBHHI [8], T.e. eciu R, = R,= R;;
Ly=L=Ly; M,=M, =M;=M,=M,;=M,=M,
To U, =U=

B cimyuae BcTpedHOTO BKITIOYEHHUS OMHOM W3 (a3
3JIEKTPOJIBUTATEIISI BUTKH TPEThel (ha3bl, BKIFOYCHHOM
BCTPEYHO IBYM APYTHM, TPOHU3BIBAIOTCS UYETHIPHEMS
MOTOKaMU B3auMouHaykuuu M, M, M,,, M, Ha-
MIPaBJICHHBIMHU B OTHY CTOPOHY (pI/IC. 3).

JIBe npyrue ¢a3pl IPOHU3BIBAIOTCS TOTOKAMH B3a-
UMOUHAYKIIUH B Pa3IMYHBIX HANPAaBICHUSAX. ODTUM
0OBSICHSICTCSI HaJTMUne OOIBIIETO 3HAYCHHS HAIpsIKe-
HUS Ha (ase, BKIIOYEHHOW BCTPEYHO 110 OTHOLICHUIO
K JIByM NIpyTUM. YpaBHCHHSA, MMOATBEPKIAIOIIAE STO
IOJIOKCHHUEC, UMCHOT BHU

SNEKTPUOUKALINA N ABTOMATU3ALINA CENNbCKOIO XO3ANCTBA

- R ﬂ"'l‘ di Mlzﬂ"'Mnﬂ_ mﬂ 31ﬂ;
dt dt dt T dt dt dt

di d di di di di

zR —+L,— —+ — —+ —;
2 g Mg M g e gt ey,

=iR, ﬂ+L ﬂ+M di M32ﬂ+M13ﬂ+M23ﬂ.
dt o Cdt dt dt dt dt

JleiicTBUTENFHO, YpaBHEHHE, ONpEACIIIIONIee 3Ha-
YCHHS] HANPKCHUA Ha 3aKHMAX (ha3pl, BKIIOUYCHHON
BCTpequ MMeeT Ha JIBa cliaraeMbIx Ooublie [9].

B xommekcHO# (opme 3amucw 3TH ypaBHEHUS
MIPUHUMAIOT BU]T

U, :ll:Rl +ja)(L1 +M,, +M|3 -M,, +M3|):| =
=I[R + jo(L +2M)];

U, :l[Rz +ja)(L2 +M,, +M23 -M, +M32):| =
=I[R, + jo(L,+2M)];

Uy =I[ R+ jo(Ly+ My + My + M, +M,,) | =
=I[ R+ jo(L,+4M)].

Taxum o6pazom, U, > U, = U, Ilo BexTOpHOI AHNa-
rpaMMme, MpEeACTaBIEHHONM Ha PUCYHKE 3, BHIHO, YTO
BekTop HampspkeHUs U, Ha 3akuMax (pasbl, BKIIOUEH-
HOW BCTPEYHO JIBYM JIPYTUM, OOJBIIE MO CPaBHEHUIO
¢ Bekropamu U, u U,

LjoM;
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ljoM3,
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Puc. 3. BexropHas 1uarpaMma, COOTBETCTBYIOILAS BCTPEYHOMY BKJIIOYEHHUIO
O1HOI1 U3 (a3 IneKTpoABUTaATESH
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Ilokazan mpuMmep NPAKTUYECKOTO HCHONb30BAHUSL
SIBTICHUSI B3aMMHOM WHIYKIMH, MO3BOJIIONIMNA CyIle-
CTBEHHO YNPOCTUTH HPOIECC MAPKUPOBKU (a3 Tpex-
¢a3HbIX anekTponsurareneii. Beumy Toro uro ¢asb
Tpex(azHbIX 3JEKTPOJBUTATENICH B IPOLECCE BBIIION-
HEHHsI MapKUPOBKH COEAMHSIOT MOCIENOBATENBHO, pa-
30MKHYTBI TPEYTOJbHUK MOXHO BKIIIOYATh HA CETEBOE
Hanpspkerne 220 B pu coOpaHHOM 3IIEKTpOIBUTATENIE
U TIpH yIAJIEHHOM poTope. bonblye pa3nudus B Hampsi-
KEHMsIX Ha (pazax BOSHUKAIOT IPH YJaJICHHOM POTOpE.

BuiBoabl

BemmonHAs HecnoxHbIe onepanuy  (NMOMapHYIO
KJIaCCU()MKAILIMIO BBIBOJIOB CTAaTOPHBIX OOMOTOK TpEX-
(ha3HBIX 3JIEKTPOJBHUTATENCH) U N3MepPsIsl HANPSDKEHUS
Ha KaXIoW (aze AIIEeKTpOIBUTATENS, MOXKHO OBICTPO
A Ka4yeCTBEHHO BBINOJIHUTL MAapKUPOBKY CTATOPHBIX
00MOTOK 3JIEKTpOoBHUTaTeNeH. MHOTOKpaTHOE HCIIONb-
30BaHHUE MPEIJIaraeMoro crnocoda pa3mMeTKd BBIBOAOB
(a3 Tpex(hazHbIX IEKTPOIBUraTENICii HA IPAKTUKE 10-
Ka3aJio ero NpocToTy U yI00CTBO.
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PRACTICAL USE OF MUTUAL INDUCTION WHEN MARKING
STATOR WINDING OF THREE-PHASE ELECTRIC MOTORS
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The conventional methods of “selection” and “transformation” for marking stator windings of three-phase

electric motors are characterized by considerable time consumption and significant number of switching opera-
tions. The authors offer a new method for marking stator windings, which is based on an analysis of the interaction
of magnetic fluxes inside the electric motor and the phenomenon of electromagnetic mutual induction between
phases of a three-phase electric motor. First, using a control lamp, an ohmmeter, a voltmeter, etc., one can de-
termine the relationship between the two terminals and each of the three phases of an electric motor. Then three
windings (phases) are connected in series (to form an open triangle). The electric circuit assembled in this way is
connected to an alternating current network with a voltage of 220 V, and three identical voltmeters are connected
in parallel to each phase. If the motor phases are turned on according to a “start-end-start-end-start-end” pattern,
the voltmeters will show the same voltage values. If one of the phases in an open triangle turns out to be set in an
opposite manner to the other two phases, a voltmeter connected to it will show a greater voltage than the voltmeter
readings in the other two phases. Basing on the readings of voltmeters, one can immediately mark the beginnings
and ends of the electric motor phases. Given the fact that the phases of three-phase motors are connected in series
during the marking process, an open triangle can be connected to a mains voltage of 220 V with an assembled
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electric motor and a remote rotor. Large differences in phase voltages are observed in case of a remote rotor. The
proposed method for marking the phases of three-phase electric motors is more convenient for use in practice due

to its decreased time consumption and fewer switching-over acts.

Key words: three-phase electric motor, marking of stator windings.
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METOOUKA NMPOBEAEHUA SKCIMPECC-KOHTPONA
M MOHUTOPUHIA COOEPXXAHUA TYMYCA B NOYBE

Pa3paborana cnenmanbHas METOANKA ITPOBEACHMUS SKCIIPECC-KOHTPOJIS 1 MOHUTOPHHTA COIEP)KaHHUA TyMyca

B [IOYBE COIVIACHO HOBOMY CIIOCOOY OTPEAEIIECHHUS COEPIKaHUsI I'yMyca B IIOUBE C yYETOM €€ JJIEKTPUUECKUX CBOUCTB.
CyIIeCTBEHHBIM OTIMYHEM IIPEAIaraeMoli METOANKH SIBISIETCS TO, YTO MPOBOST M3MEPEHHS JJIEKTPUIECKOTO CO-
TIPOTHUBIICHUS TUIOMIAIN TIOBEPXHOCTH TOYBBI MEXKIY TPYIIIAMHU 3JIEKTPONOB. Takas METOAHMKA IMpexycCMaTpHUBAET
pasMeleHe 30HIUPYIONUX U H3MEPUTEIBHBIX IEKTPOIOB HA 3HAUMTENbHOH Miomany (10 10 KB. METPOB) TIOYB.
LIynbl 21€KTPOIOB NP 3TOM 3anIyONIsIIOTCs B IOUBY Ha NiiyOuHy 10 20 cM Ha paccrosiHuu 10 10 m. I{ymns! u3me-
PUTETIBHBIX 3JIEKTPOJIOB 3anTyONsIOTCS B 3€MJII0 Ha JIMHUM Pa3MEIeHUs 30HANPYIOIIUX JEKTPOIOB BHYTPH HHX.
PasMmemarorcst "3MEpHUTENBHBIE SIICKTPOIBI CHMMETPHUYHO IIEHTPY MEXKITy 30HANPYOLITIMH SIEKTPOAAMH Ha pacCTo-
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