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OHEHKA PATMOHAJIBHOCTHU ®OPM YKJIAJKA COBMEHIEHHBIX ObMOTOK
B TOPIIEBOM YACTH NOJU®YHKIIMOHAJIBHOT'O SJIEKTPOMEXAHUYECKOI'O

ITPEOBPA3OBATEJIA

3anpononoeana KOHCMPYKMUGHA KOMHOHOBKA CYMIU{EHUX 0OMOMOK 3a2UOHO020 NOIPYHKUIOHANILHO20 E/1eKMPOMEXAHIYHO20
nepemeopiosaua y mopuesii 30Hi 306HIUIHE020 cmamopy. Po3zianyma kapmuna mMazHimnozo noan npu 3acmocy8anti pizHux
npoginie nazy ma piznii eAudOUHI pO3MAULYBAHHA IX HA CHIAMOPI, 0CHOBH020 MACHIMHO20 NOMOKY MA ROMOKY RA308020 PO3Cilo-

GAHHA 6 MOPUesill YacmuHi Kinbuegsiil 00MOmMKU.

Hpewwofceua KOHCMPYKMUBHAA KOMHNOHOBKA COBMEU,EHHbIX 00MOmMoK ROCPYHCHO2O INIEKMPOMEXAHUUECKO20 npeoépa;*tmame.rul
6 mopueaoﬁ 30HE€ 6HEUIHE20 cmamopa. Paccmompeua KapmuHa MACHUMHO20 ROJIA npU UCROJIb306AHUU PA3HbIX npmﬁuﬂeﬁ na-
306 U pll3H0ﬁ zﬂyﬁune UX DACROJIOHCEHUA HA cmamope, paccHumanbl OCHO6HO20 MACHUMH020 ROMOKA U ROMOKA nRA306020 pac-

CeAHUA 6 MOPUEBOIl YACHU KOJIbUEE0I 00MOMKU.

BBEJIEHUE

IorpyxHble NoONU(pYHKOINOHATBbHBIE 3JIEKTpOMeXa-
Hudeckue npeodpazoBatenu ([IDMII) B HacTosiiiee Bpe-
Ms TIpeICTaBJIeHbl PAAOM MOAW(UKALNIT B 3aBUCUMOCTH
OT TEXHOJOTMYECKHUX MPOLECCOB, KOTOpbIE OHM obecre-
yusaoT [1, 2]. MHorooGpa3sue onepauuii (miaBjieHue,
NepeKkayka, TPAHCHOPTUPOBKA, CMELIMBAHUE W HAIPEB B
XMMUYECKUX PEaKTOpax JIErKOMIABKMUX MaTepuasoB W T.
1.), B KOTOPBIX y4yacTBytoT [IDMII, mopoxkaaeT MHOKECT-
BO KOMMOHOBOK W ()OpPM YKJIaOKH CTaTOPHBIX OOMOTOK.
Ocoboe MecTo 3aHMMalOT KOMIIO3ULHMU COBMEIIEHHBIX
KOJIbIIEBBIX U OapabaHHbiXx 00MoTOK [3], hopmupyromive
3neKTpoMarHuTHele cuctemMbl [I9MII ¢ BbICOKMMEU KO3 (-
(uIreHTaM1 NCTIONB30BAHUS AKTUBHBIX MAaTEPUAIOB.

OB30P IMTYBJIMKALIMA U UICCJIEJJOBAHUI

TexHonornu ykiaanku J000BbIX HacTeit GapabaHHbIX
00MOTOK aCHHXPOHHBIX MauIvH [4] onucaHbl 1OCTATOUHO
wupoko, oaHako B [IDMII npu Hanuuum akTUBHOMN KOJIb-
1ieBoit 0OMOTKM HEBO3MOXXHO MPUMEHUTb CTaHIAPTHbHIE
TEXHOJIOTUYECKHE PEIIEHUS U METObI OLEHKH.

M3BecTHBI MaTeMaTHYeCKUE MOJENH pacuéTa NasoBoro
paccestHus. MeTonamMK  Iu(depeHInaTIbHOrO HUCUUCTICHUS
171 MaluH (CTaHOApTHOTO) KJIACCHYECKOTO HWCIOJHEHHS,
OJTHAKO Pa3nuus B KOHCTPYKLMU HE TO3BOJISIIOT B MOJIHOI
Mepe KCTOJIb30BaTh U3BECTHBIE MOENH 03 KOPPEKTUPOROK.

PazymHoli anbrepHaTUBON NpeaBapUTEIbHONW OLIEH-
KU SBISIOTCS KOMOMHHUPOBAHHBIE METOIbI MPOTHO3MPO-
BaHHUS, OCHOBAHHBIE HA METOJAaX YMCIEHHOTO MOJENHUPO-
BaHus [5, 6]. DT MeTonbl Ha MpakKTHKe TOKAa3bIBAOT
YAOBIETBOPUTEIIbHBIE PE3YNIBTATHI CXOAUMOCTH MOJENH U
HATYpHBIX HCCIENOBAHUN C JOMYCTUMBIMU YPOBHSIMH
norpewHocreil. Takxke MeToAbl MOJAEJIUPOBAHMS [OBbI-
IIAIOT YPOBEHb ABTOMATH3AaLMM PAcu&THOTrO MpoLecca,
4TO SKOHOMUT BpeMsi U AAET BO3MOXKHOCTh MPOPAOOTKU
00JIbIIETO KOJIMYECTBA BAPUAHTOB MCTIOJNHEHNS M BbIOOpa
ONTUMAaJIbHOW KOHCTPYKLUH OOMOTOK.

Lleas padoTsl. OueHka pannoHaTbHOCTH GOpPM yK-
JaIKU COBMEIIEHHBIX 0OMOTOK M MOTOKOB Ma30BOr0 pac-
CessHUsl MarHUTHOTO TMOJS MpH PA3IMYHON TmyOuHE M
¢dopme naza craropa [TOMII.

OCHOBHAA YACTb

B cBs13u ¢ yknaakoit 1Byx 0OMOTOK Ha TOPLEBOI vac-
TH CTaTopa BO3SHUKAIOT CJIOKHOCTH B Pa3MEIIEHUH M KOM-
MyTauuu oOMOTkM GapabaHHOro Tumna. ABTOpaMH CTaTbu
TIPEAJIOKEHO PalrOHaTBHOE PACTIONIOKEHNE COBMEIEHHBIX
00MOTOK Ha BHEIIIHel TOpLEeBO# yacTu ctatopa (puc. 1).

Jns obecniedeHUs] MEKXKOMMYTAIMOHHBIX COEIHHE-
HUil GapabaHHOW OOMOTKM HEOOXOAWMO YBEIHYHTH TIy-
OuHy maza OOMOTKM KOJILLIEBOIO THIMA, a JIOOOBbIE YacTH
cekuuit 6apabaHHO OOMOTKM PacroiOKUTh HAll YJIOKEH-
HOW B ma3bl 0OMOTKOI KOJIbLEBOrO Tumna. B Toxe Bpems

nogoOHOTro crnocoda PacroJioKeHUss BO3HUKAET BO3MOXK-
HOCTh yBETMUYCHHUS TOTOKOB paccesHHs B TMa30BO 4acTH
TOPIIEBOTO CTaToOpa W YBENMUYEHHS TUIOTHOCTH MarHUTHOU
WHIYKOAA B sipMe. 71 TIPOBEPKHM COOTHOINECHUS MEXIY
TOTOKOM TIa30BOTO PacCesiHUS W OCHOBHBIM MarHUTHBIM
notokoM [19MI], a Takxke a5 MoJgyyeHUs: KAPTUHbI [10JIsA C
LEJIbIO OTpEENeHUs 30H MaKCUMaJlbHOW MHAYKUMHU, ObLia
pa3paboTtaHa MaTemMaTH4eckash MOJENb, OXBAThIBAIOILAS
pasnuuHble OPMBI Ma30B TOPLEBON YacTW MHAYKTOpa U
pa3NuYHOe WX PACTIONIOKEeHHE B TITyOHHE MacchBa CTaTopa.

Puc. 1. Pacnonoxenue 0OMOTOK cTaTopa
Ha BHEIIHEH TOPLIEBOX 4acTH

Jnsa yknaznku jo00Bo# yactu 6apabaHHOM 0OMOTKU
rnyOWHa Mnas3a KoJibLeBOH OOMOTKM Oblla YyBeIuueHa
MPUMEPHO B 2 pa3a U ycTaHOBJIEHA BeJIWYHMHa O€30MacHo-
rO0 3JIEKTPUYECKOTO BO3AYHIHOTO MPOMEXYTKA MEXIY
AByMsi oOMoTKaMu. [1a3sl pacnonaranyick Ha pacCTOSHUMY,
MO3BOJISIIOIIEM CUUTATh MATHUTHBIE MOJSI BOKPYT KaXao0-
ro rna3a He3aBHCHMBIMU IPYT OT Apyra.

Maremaruueckass MOJENb paccMaTrpuBaiach JUIst
pa3BEPHYTOTO ydyacTka TOPLEBOro craropa. B nanmbHel-
IIeM paccMaTpUBAIOTCS MEPBbIE TAPMOHUYECKHUE MAarHUT-
Horo notoka u DJIC. [1pu noctpoeHun mojaenu Obul Hc-
MOJIB30BaH MOAX0[, Uaes KOTOpOro uijoxeHa B [7, 8].

Ha ocHoBaHuM pa3paboTaHHOl TeoMeTpudecKoi
MOJEH TOPLEBOro cTaTtopa, MOCTPOEHa CEeTKa KOHEUHBIX
3JIEMEHTOB, MPUHSATHI TPAHUYHBIE YCJIOBHS, a TAKXKe 3a/a-

¢u3nueckre 3HAUEHUS BeNWMUMH Mopenu. KapTuHsl
pacnpesieNieHusi CeTKH KOHEUHBIX 3JIEMEHTOB, SKBUMOTEH-
LUaJbHBIX JIMHUHA MArHUTHOTO TOJS W TUIOTHOCTU Mar-
HUTHOTO TOTOKA MPEICTaBIIeHbl HA PHUC. 2.

ArnmnapataMy TOCTIPOLECCOPHOH 00paboTKM B Ta-
keTe mpuknaaHeix nporpamm Comsol Multifisics Ha rpa-
HULIE BHYTPEHHEH 4acTW poTopa MONy4YeHbl YHCIIEHHbIE
3HAYEHHs TMOTOKOB TMA30BOT0 PACCESHUS U OCHOBHOTO
maruutHoro noroka IIOMII, a Takxke nosyuyeHbl 30HbI
MaKCUMaJbHOM MIOTHOCTH MarHUTHOM WHIYyKIMM MakeTa
TOPLEBOrO CTATOPA.
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Puc. 2. Kaptunsl pacnipeaeNieHUs] CETKH KOHEYHBIX 3JIEMEHTOB, SKBUTIOTCHIMATBHBIX TMHAI MATHUTHOTO TOJISI U TUIOTHOCTH Mar-
HUTHOI'O 110TOKA TOpLEeBO# yactu [I1DMI1

ﬂpnmeM, 4YTO BEJIMYMHA MOMNEPEUYHOTO0 MArHUTHOTO
[OTOKA PACCesiHUsl 3aMbIKAETCsl MONepEK nasa v onpene-
JISIETCSl CIICAYIOLLMM BbIPAXKEHUEM:!
h

X
Doy =1 - J‘Bx'dyzln'Bch'hni )
0
rae By, — cpenHee 3HaueHue x-i cocrapisolleil mar-
HUTHOM WHIYKUWH 1O BBICOTE Masa.
Tlockonbky st AByxMepHbIX 3anau By = 0A / 8y, To
umeeM Byg, = AA/ Ay = AA/ h,. C yuérom (1) nonyuunm:
(Do-len'AAp, (2)

rae AAp — pa3Hulla 3HAUYEHU I BEKTOPHOTO MArHuTHOIO
NOTEHIWATIa MEKAY TOYKAMHU MO BBICOTE Ma3a.

BennurHa OCHOBHOrO MAarHUTHOrO MOTOKa onpenae-
JIIETCA CNeaYH UM BbIPAXKCHUEM

b,
@y =1, [By-dx~1, Bygp-by, 3
0

rne By, — cpenHee 3Hauenue Y-ii cocraBnsiowmei mar-
HUTHOU UHAYKUMHU 110 LIMPHHE 3y0La.
IockonbKy st AByXMepHbIX 3anau By = 0A | 0X, To
umeeM By, = AA/ AX = AA [ bz. C yuérom (1) nonyuunm:
@My=l,,-AA,[ , ()]

rae AA, — pazHuua 3HauYeHUH MEXIy TOYKAMHU [0 LINPH-
He 3yOua.

OnpeneneHbl UI3MEHEHHS! OTHOLIEHHS MOTOKA Ma3o-
BOTO paccesHUs] ¥ OCHOBHOTO MarHUTHOTO MOTOKa B 3a-
BHCUMOCTH OT TyOuHbI 1 popMb naza (tabn. 1).

Tabauua 1
MarnurtHble NOTOKHY B TOpLeBo# yactu [1OMI]
dopma naza D, MB6 | @ ,MB6 | @i/ D, %
T nyOuna naza h | 2h h | 2h h 2:h
OBanbHbBIH 09 |327|415|4,19| 21,7 78
TIpsiMoyronbHbIit 041]114|361| 34 | 114 | 335
TpaneuueBuaHbIN 046|135|367|349| 126 | 38,7

Ilo pesynbraTaM pacuéToB BBIABIEHO, YTO MPH MO-
JOOHOM pacroyioXKeHH OOMOTOK Ha TOPLEBOW yacTh
craropa [1DMII Hambosnee BBHITOIHBIM SIBISETCS TpHUMe-
HEHHE Ta30B TMPSIMOYTOJIbHON (OpMBbI, KOTOpBIE OaloT
HAUMEHbLLIEE YBEJIMUYEHUE [10TOKA MA30BOr0 PaccesiHusl
npu yriayOJieHnH rna3a B MacCUB CTaTopa.

BBIBO/IbI

1. B pabote mpemioxxeHa KOHCTPYKIIHS pacTooxKe-
HUSI ABYX OOMOTOK Ha BHEUIHEM TOPLEBOM CTarope, ro-
3BOJIAIOLIAA BBITIOJIHATh KOMMYTALUKO OBYX 06MOTOK,
TOPUEBBIC 30HBI KOTOPLIX JICKAT B PA3HbIX IMJIOCKOCTAX.

2. B pabore paccMoTpeHa Maremaruueckask Moesb
TOPLIEBOM 30HBI CTATOpA C PACMOJIOKEHHON B Helt 0OMOT-
KOH KOJbLIeBOro Tuna. [lomyueHbl KapTUHBI pacrpeneieHus
MAarHUTHOTO MOJIsl TOPLEBOW 4acTW cTaTopa, ONpeneseHbl
YYaCTKU MakCUMaJIbHOW MIOTHOCTU MarHUTHOM MHIAYKLWH,
00yCJIOBJIEHHbIE HaWMEHbLIeH HMPUHON MarHMTONpOBOAA

M YrjioBbIMU 30HaMu npoduieit nazos. [onyyeHHas mare-
MaTU4ecKas MOJejb MOXKET ObIThb UCIOJb30BaHA NPU KOM-
IJIEKCHOM IPOEKTUPOBaHUU norpyxHoro [ISMII.

3. PaccuntaHbsl MarHuTHble TIOTOKU PAcCesiHUs U OC-
HOBHbIC MarHUTHbIE MOTOKH, TONY4eHbl HX COOTHOILLE-
Hus. [lo pesynbrataM pacu&ToB Haubojee MOAXOISILINM
i "yrmyOneHus’ okasalcs TPSMOYTONbHEIN Ta3, obma-
JaloUKi, KpOME TOr0, TEXHOJIOrMYECKUMHU MPEUMYLLIECT-
BaMHU MpH yKJiajiKke U U3rOTOBJICHUU OOMOTKH.
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N.N. Zablodskiy, A.V. Lupanov, V.U. Gritsyuk

Rationality estimation of combined windings structural
arrangement in front area of a polifunctional
electromechanical converter

Structural arrangement of combined windings of a submersible
electromechanical converter in the front area of an externa sta-
tor is introduced. Patterns of magnetic field for different types
of dlots and different depth of their location on the stator
are considered, the basic magnetic flux and dot leakage flux in
the front part of circular winding cal cul ated.

Key words — submer sible electr omechanical converter,
dispersion flux, circular winding, structural arrangement
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