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IIpeocmaenenvl npunyunvl U pe3yasmamsl YUCIEHHO-NOLEeB020 onpedeneHus u capmonuyeckozo anauza I/C ¢ oomom-
Kax mpexgasuvlx aCUHXPOHHbIX O8U2amenell ¢ KOPOMKOIAMKHYMOU 06MOmMKOU pomopa. Dmo peanusyemcsi 6 OUHAMUKe
MHO2ONOUYUOHHBIMU PACHEMAMU SPAWYAIOUE20CS, MAZHUMHO20 NOJIsL MENMOOOM KOHEYHbIX INEMEHMO8 8 NPOSPAMMHOL
cpede FEMM. Pacuemvi asmomamusuposansl nocpeocmeoM Ynpasisiouell. npospammbl Ha aieopUmmU4eckom si3blke
Lua. Ananu3z nposooumcsi 05t pazHoll 0OMOMKY CMAmMopa u pasHulx CMepIICHel 00MOMKU pOmMopa 6 pesicume Hazpy3Ku u
UCKYCCMBEHHBIX PEACUMAX XON0Ccmozo xooa. [lisi onpedenenus spemennvix @yuxyuti IC 6az06bimu AGIMOMCA AHANO-
SUYHBIE (DYHKYUU MACHUMHOZ0 NOMOKOCYENIEHUs], NOTyddemble 8 OUCKpemHuoll uucinosot gopme. Ilepexoo k I/[C ocywe-
CMBIAEeMCs Yepe3 pasiodiceHue GYHKYUll 8 2apmMoHudecKue paovl, d MAaKice 8 KOHeYHO-pasHoCmHou gopme. [na anpoba-
yuu npeocmagienHozo memooa ananusa IJC ucnonvzyemcs osueamenv mowHocmvio 15 kBm. Bvisenen ciodchulii xa-
paxmep epemennvix yuxyuti IC u ux wupoxue capmonuyeckue cnekmpol. bnobm. 17, tabn. 2, puc. 11.

Knrouesvle cnosa: acuHXpOHHbBIN IBUraTeNb, OOMOTKH CTaTOpa M POTOpA, MarHUTHOE NoToKocuerienue, IJC, uuc-
JeHHO-TI0JIeBBIe pacueTsl, FEMM, BpeMeHHBIE (GYHKIINHN, TApMOHUYECKUI aHAIN3.

BBenenue. Tpexdasupie acuaxponnsie apurarenn (TAJl) obecrneunBaroT mpeoOIagaoNIyl0 4acTh
3JIEKTPONPHUBOJIOB PAa3IUYHBIX MEXaHW3MOB. DTH JABUraTeNld MPOIIIN AIUTEIbHBINA MyTh pa3BUTHs, HO OHU
caMH M CHUCTeMa HMX TEOPETHYECKOTO aHalM3a IMPOJOJDKAIOT COBEPIIEHCTBOBAThCSA. VM Tak Kak B OCHOBE
npuHuuna aeicteus TAJl nexur B3aumojieiictBue MarHUTHbHIX nosieit (MII), To A TOYHBIX UX pacdyeToB U
MOCTIEYIOIIETO UCCIIEOBAaHUS MPOKOTO Kpyra napaMeTpoB, XapakKTEepUCTHK M MPOLECCOB BCE MIUPE MpPH-
MEHSIOTCS YHCJICHHBIE METO/BI U, B TIEPBYIO OYepe/lb, METO KOHEUHBIX 31eMeHToB (MKD), uemy crocobet-
BYET pa3BUTas CHCTEMA MPOTPAMMHOTO 00eCIeYeHHSI.

[Ipumeps! Teoperudeckux uccienoBanuii TAJl ¢ HMCMOIB30BaHMEM YHCIEHHO-TIOJIEBBIX PacdyeToOB
BEeChbMa MHOTOYHCIIEHHBI, I03TOMY IPEACTABUM XOTS ObI HEOOJBIIYIO, HO THIIUYHYIO MX 4YacTb. Tak B [6]
npoBoAUTCS MojenupoBanue U aHanmu3z MII u mexanumyeckux xapaktepuctuk TAJ[ ¢ ucnosib3oBaHHEM
TpexmepHoro MK3; B [7] — yrouHeHHOE ONpeAesieHre Bpallalolliero MOMEHTa U 3JIEKTPOMEXaHMUECKUX Xa-
PaKTepUCTHK; B [8] — AMAarHOCTHKA M KOHTPOJb BO3ZHUKAIOIIMX HEUCIIPABHOCTEH B MarHMTHO-HEYpPaBHO-
BermeHHOM TAJ| Ha OCHOBe MeToAa KOMITEHCAINH C aHAJIM30M BPEMEHHBIX M IPOCTPAHCTBEHHBIX TAPMOHHK
MIT; B [10] — aHanmu3 UCHOAB30BaHUS MAarHUTHBIX KIUHBEB B KpyMHBIX TAJ] ¢ OTKPBITBIMU Ma3aMu U TIOUCK
palMOHANIBHBIX PEUICHUH YIyYIIeHUs WX JHEPreTHYECKUX IapaMeTpoB M XapaKTEPUCTHK, YMEHBIICHUS
MyJIbCAIMA BPAIIaOEr0 MOMEHTa, BHOpanny 1 mryMoB; B [11] — uccrmemoBaHus ckoca MMa3oB W mepekoca
poTOpa MOCPEACTBOM PACCMOTPEHHS PAIUAIBHOTO CHJIOBOTO MarHWTHOTO JABJIEHHUS B BO3AYLIHOM 3a30pe C
MOMOILIBI0 PA3NUYHBIX PACUETHBIX ASJIEKTPOMarHUTHBIX Mmopenei: 2D-MKD, 2D-FEM wynbTH-IakeTHast
(ctmpanenas) u 3D-MKD; B [12] — unenTudUKAIMSI TapaMeTPOB U MOTEPh MOITHOCTH OT BHICIIMX TapMOHU-
yeckux MII B rmybokonasaoMm TA/I; B [13] — cpaBHUTENBHOE HCCIENOBAHHE PAOOTOCIIOCOOHOCTH OOBIYHOTO
u BeIcOKO3(dekTrBHOrO TAJl ¢ momometo aHanm3a MKD u SKBHUBaJCHTHOMW CXEMBI 3aMelleHus; B [14] —
MOHHUTOPHUHT cocTostHuA TAJ] (ImarHocTupyoTcs Takue HEMCIPAaBHOCTH KaK yCTaHOBMBILIHKECS Tpex(dazHoe
U Mek(pa3zHoe KOPOTKHE 3aMBbIKaHUs ), TOCPEICTBOM aHanu3a ¢ nomousio MKD ompenenstoTes pacnpenene-
HUE€ MarHUTHOM WHIYKIIMH, BpeMEHHbIe (D)YHKIIMH TOKa, MOMEHTAa M 4acTOTHI BpamieHus; B [15] — paccmar-
puBaercss FEM moznens TAJ[ ¢ KOpOTKO3aMKHYTBIM pPOTOpOM B IporpaMMHO# cpeae Comsol s aHanmu3za
€ro napaMeTpoB U BPEMEHHBIX 3aBUCUMOCTEN TOKOB U MOMEHTA BpallleHus; B [16] — ucciaenoBaHue BIUSHUS
(hopmMeI 3y0IIOB cTaTopa Ha XapakTepuctuku TAJl ¢ cocpenoToueHHBIMA 0OMOTKaMu; B [17] — aHamu3 BUO-
poBo3mymaromux cui B 3a3ope TAJl ¢ acummeTpueil poropa MOCPEACTBOM HCIHOJIB30BaHUS BPEMEHHO-
maroBoro MKD, a Takke aHalM3 IOTEPh MOITHOCTH B 3y0OIax M CTEPXKHAX KIETKH POTOpA.
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Hns pacuetoB nByxmepHbix MII cpeau apyrux mupoko ucroisb3yercs nporpamma FEMM [9], oc-
HoBaHHas Tarke Ha MKD. Ona s ekTHBHA U IS DIIEKTPUIECKUX MAIIUH KJIACCHYECKON KOHCTPYKIIUH MPH
MPAKTHYECKU TUTOCKonapauieabHoM MIT B penenax ux akTHBHOW 4acTH, B TOM uucie — st TAJ].

Hapsiny ¢ nccnenoBaHUsIME OT/IENBHBIX TTAPAMETPOB U XapPaKTEPUCTHK, TPOBEACHHBIMH B TIPOIUTH-
poBaHHBIX paboTax, mporpamma FEMM B coderannu co ckpurniramu Lua 3¢ dhekTrBHA I aHaIn3a THHAMU-
yeckux nporeccoB B TAJL [3, 5]. 3mech nmpoBoauTCs JabHEHIIIEE Pa3BUTHE UCCIICIOBAHUI TAaKOTO poJa.

Hesnio nanHoii padoThl sSBIAETCS pa3paboTKa METO/Aa YUCICHHO-TIOJNEBOTO ONpEeACIeHUs] BpEMEH-
HeIX ¢yHkuid 3JIC B oOMoTKax ctatopa u poropa TAJ] m rapMOHWYECKUN aHAN3 dTUX (HYHKIMHA B PEKU-
Max Harpy3ku M XoJocToro xoja (XX).

O0BexT ucciaenoBanus. /s pacueros Oe-
percsa tpexdazapiii TAJ] ¢ KOpPOTKO3aMKHYTOH 00-
MOTKOM poTOpa MOIIHOCTHIO 15 KBT, mpoekT koTto-
poro mpencrtaieH B [1]. JIBurarenp MMEET YHUCIO
map TIOJIFOCOB p=2 W PacCUYUTaH Ha HOMHHAJIbHOE
(haznoe Hanpsokenne Up=220 B u gactoty ;=50 I'm.
Huametp cepaeunuka ero poropa d,=0,184 M, BO3-
IyITHBIN 3a30p 6=0,5 MM, aktuBHas mouHa [,=0,13 M;
gucia nazoB cratopa Q=48 u poropa Q,=38; uncmno
BUTKOB (a3zHoil 00MOTKH ctatopa Ny=112. Psg ma-
pametrpoB nmanHoro TAJl yrounen B [4] Ha OCHOBe
pa3paboTaHHOTO MeETOAa IPOEKTHOTO aHauu3a, a
UMEHHO: ckoiibkenue s=0,0261; ¢a3Hple TOku cra-
topa [;=28,75 A u potopa ,=450 A u yrinoBo# casur
MEXIy HUMU 0,=83,2°.

Hns pacuera MII B nporpamme FEMM wnc-
MOJIB3YEeTCA MOJENb JJEKTPOMArHUTHOH CHUCTEMBI
TAJl B ero momepedyHOM CE€UYEHUH, MOKa3aHHas Ha
puc. 1. Ee ¢popmupoBanre u 00OCHOBaHME JaHBI B
pabotax [2, 4]. Pactipenenenue ¢a3HbIx 30H 0OMOT-
KM CTaTopa HASHTH(HUIIMPYETCS WHIEKCAMH TIPH CO-
OTBETCTBYIOMINX (ha3HBIX TOKAX iy, isp U iyc. B pabo-
T€ WCTIOB3yeTCs YTIIOBasi KOOPAWHATA ¢, OTCYMThIBaeMas OT BepTHKaIbHOW ocu. [loka3aHsl emne Hampasie-
Hust Bpauienust MII craropa u potopa, 0003HaYeHHBIE CHUMBOJIAMH MX YacTOT BpaiieHus 7, u n. [Ipeacras-
JICHBI TAaK)Ke HAIPaBICHHUS TOKOB POTOpA i, M IPUHATAs HyMepallys ero mnazoB co cuerdnkoM j. [1pu Bparme-
Hun MII u poTtopa HanpaBiIeHUS TOKOB U MOJIOKEHHS ITa30B POTOPA H3MEHSIIOTCH.

OO0mue NpuHIMIBI pacyeTa MaruuTHOro moJst u IC B oomorkax TAJL.

B nonepeunom ceuennu TAJl MII onncriBaeTcs o0men3BecTHHIM AudhepeHIHaIbHbEIM ypaBHEHUEM

1 — -
rot| —rot\k 4, || =k J ., (1)

u
rae A, J. — akCHaNbHBIC COCTABIISIONINE BEKTOPHOTO MarHUTHOTO ToTteHnuana (BMII) 1 mIoTHOCTH TOKa;

k — opT Mo akcuanbHOI OcH z; |1 — aOCOMIOTHAS MarHUTHAs MMPOHUIIAEMOCTh, onpeaessieMas s Geppomar-
HUTHBIX CEPJICYHUKOB UX KPUBOW HaMarHUYMBAHHMS.

Ha BHemHel moBepxHOCTH cepiedHnka craropa it BMII npurumaercs ycnoBue Jupuxite 4,=0.
Uucnennsrit pacuer MII npoBoautcs MK3J, kak otmedanocs, o nporpamme FEMM [9] npu KOHKpETHOH
MO3ULUK POTOPa H COOTBETCTBYIOIIMX 3HAYCHUSAX TOKOB CTaTtopa u poropa. [Ipu 3ToM nomyuieHneM sBIseT-
Csl IPUHATHE CHHYCOMIAIBHOTO XapaKkTepa MX BPEMEHHBIX (YHKIIHH.

B 0OMoOTKe cTaTopa moapa3zyMeBaeTcsi CAMMETpHYHAsI Tpexdas3Has cucteMa (pazHbIX TOKOB

l'sA = Imscos(a)s t) 5 isB = IMSCOS(O)S 1= 2”/3) 5 isC = Imscos(a)s 1+ 27[/3) ’ (2)
rae t —Bpemst; [, — aMIDINTy1a; @, =2 7 f; — yIJI0Basi 4acToTa.

B crepxusax potopa popmupyeTcs MHOrodasHas cuicTeMa MIHOBEHHBIX 3HAYEHUH TOKOB

Iy =\/EI, sin{p[(j—l)a,,,, +a,, +a,1]} , j=12,...,0, 3)

rZie 0,1 — YII0Bask KOOpAKWHATA IepBOro Has3a poTopa; o,,~360°/Q, — B3aUMHBIN YTJIOBOM COBHI €TO Ia30B.
Hnst monmyyenus: epemennvix ghyuxyuii 3/]C obmomox TA/] mpoBoAsSTCS MHOTONIO3UIIOHHEIE pacye-
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161 MII 7151 3amaBaeMoro ¢ marom At BpeMeHHOTO psiaa [3, 5]
t=At (k—1); =12, .., K, 4)

rae K — gucino no3uuuii, no3posstoniee chopMupoBaTh 3T GYHKUUH Ha 3aJaHHOM BPEMEHHOM JHara3oHe.

[Ipu stom kaxnbrii paz MII oOMOTKM cTatopa OT CHCTeMBbI TOKOB (2) MOBOpadMBaeTCs Ha Yroi
Aa=w; At/p, a potop — Ha yron Aa,=Ac, (1—s) ¢ y4eToM 3a1aHHOTO €ro cKoybXeHus s. Torga onpexaenser-
cs koopauHaTa 1-ro maza o=, 0tAe(k—1), k=1, 2, ... , K, tne a0 — ero KoopJinHaTa B HAYaJbHBIA MO-
MEHT BpeMeHH, U 10 (3) mory4yaercss HOBOe pacrpeaeneHre (pa3HbIX TOKOB.

Ha puc. 1 u puc. 2 moka3zaHbsl HaIpaBJIeHUS TO-
KOB 0OMOTOK B HauaJIbHbII MOMEHT BpeMeHH. 3HaKH Iie-
pell CHMBOJIAaMH TOKOB CTaTopa JOOaBIISIOTCS K MX 3HA-
geHmsiM 10 (2). Ha puc. 2 cWioBRIMH JMHUSMH HIaHa
kaptuHa MII Uit pexuma HOMUHAQJIBHOM Harpy3kKu
(HH). bonee neranu3upoBaHHBII (parMeHT 3TOH KapTu-
HBI TIOKa3aH Ha pHC. 3 B 30HE 3a30pa C MPHUJIETAIOIINMHI
3yOII0BO-11a30BBIMU CTPYKTYpaMy pOTOPA U CTATOPA.

Brruncnenne TokoB cratopa (2) u potopa (3) B
MOMEHTHI BPEMEHH ITOBOPOTOB POTOpa (4) MPOBOAATCS
pu padote mporpammel FEMM aBTOMaTHuecku ¢ Hc-
M0JIb30BaHMEM HamucaHHOro ckpunta Lua. Yron noso-
pora MII Ag, Mexny GUKCUPOBAaHHBIMH TTO3UIHSAMH, &
TaKKe pa3Mepsl TPEyroJbHUKOB KOHEYHO-3JIEMEHTHOMN
CTPYKTYPHI B3STHI JIOCTATOYHO MaJIbIMHU ISl oOectede-
HUS HEOOXOAMMOM NeTanu3anui (QyHKIHA paccMaTpH-
BaE€MBbIX BEIMYMH. YHCIO y3J70B 3TOM CTPYKTYpHI CO-
cTaBJsU10 0K0JI0 40 ThIC., TPEyTONbHUKOB — 80 THIC.

Pacuernsnii anamus DJIC B oomotkax TA]L ipo-
BOJUTCS 4Yepe3 UX MarHUTHOE IOTOKOCIIETIJICHHE
(MIIC), onpenensemoe no pacnpenencauo BMIT

y = Mola [ sign4.ds, (5)
S‘/’ S(ﬂ

rae S, — IUIOIaAb CEYEHUs 10 TOKOIPOBOASAIIMM JIIEMEHTaM BceX (pa3HbIX
30H (pa3HOM OOMOTKH CTaTopa WM CTEP)KHS OOMOTKH POTOpA; Sign — 3HAK
TUTOTHOCTH TOKa (+ wiu —); N,, mis cratopa — N,, it potopa — 1.

B npouecce pacueroB Bpamaromerocs MIT Obiin cpopMupoBaHsl
muckpetHele BpemeHHble (yHkuuun MIIC (5) ¢a3npix 0OMOTOK cratopa H
poTtopa

(), k=12, ..., K; F(t), k=12, .. K (6)

Ot QyHKIMH pacKIaipIBalOTCA [0 W3BECTHBIM IIPAaBUIIaM B KOCHU-
HYCHbIE TAPMOHUYECKHE PAIBI U3 HEUETHBIX TAPMOHUK (BBHIY TTOBTOPEHUS
3Ha4eHUH QyHKIMH Ha TOIyHeproAax co CMEHOH 3HaKa)

K K
g g
Vo= X¥ apcos(vagt+yg,); V.= XV acos(vo,t+y, ), (7
v=1,3,5... v=1,35...

rJe v — HOMep rapMOHUKH; K, — BBICIINI UX HOMEP, KOTOPbI OrpaHUYeH MPUHATHIM B (4) 4UCIOM TOYEK HA
MOJIYTIEPHOJIE KOHKPETHOH (QYHKIMU u3 (6); w, =S w; — YIJIOBas 9acTOTa HECYIIeH — MepBOil TapMOHUKH
ANIEKTPOMATHUTHBIX BETHYMH POTOPA; Y5y, ¥y — HAUAIBHBIE (a3bl.

Ha ocHoBaHMHM 3aKOHA 3JIEKTPOMArHUTHOW MHAYKIUY nenaercs nepexon oT (7) k ¢azueim DJ1C

d¥, K« dy, s
eg=—-== Yvao¥ , cos(vatty, -m2); e,=——"+= Yvo, ¥, cos(va,t+y,,-72), (8)
dt  v=i35s. dt v-135..

OTKyJa noiy4arorca aMutyasl rapmonuk O/1C E; ,, =V @5 ¥ vy Evm =v@, ¥, 1 UX JEUCTBYIOIINE 3HA-
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ICHUA Igs,v = l;sgn,v /w/EZ 5 lzr,v = lzrgn,v /“/EE'

Hepuoauunocts BpeMeHHbIX pyHknuu MIIC u IC oomotox TAJI.

[IpuHATO CUMTATH, YTO MEPUO] U3MEHEHHUS IEKTPOMArHUTHBIX BelanduH B ctatrope TAJ] paBeH rme-
puoy u3MeHeHHs TOKOB (2) u coctaisaeTr 1,=1/f;, a B porope — T,=T,/s. Ho nipu Tako¥ uacann3anuu UTHO-
pHUpyeTcs B3auMHOE TOJIOKEHHE 3yOII0B CTaTopa U poTOpa, YMCiIa KOTOPHIX HE COBIAIAIOT.

C y4yeToM 3TOro «HA€aJbHBID) MOJHBINA MEPUOJ AIEKTPOMAarHuTHbIX BenuuuH B TAJ] mpoiiner To-
r/1a, KOTJa OJHOBPEMEHHO TOBTOPHUTCS paclpeziesiecHe TOKOB B OOMOTKE CTaTopa W B3aMMHOE ITOJIOKEHHE
KOHKPETHBIX 3yOILI0B cTaTopa U poTopa. B aToM ciydae MOXHO 00ecreunTh TOYHOE COBIAJCHUE 3HAUEHUI
BpeMeHHBIX QyHKIHH ¥(T,,) = ¥ (0) u P(T,) = ¥(0), tne Ty, — enunbrit nepuon mist MIIC u DJ1C obmo-
TOK cTaTopa U poTopa. OZHAKO IPH TaKOM HEPHOAE KOMIBIOTEPHOE BpEMsI pacueTa 0Ka3anoch Obl ype3Mep-
HO OOJIBIIIM ¥ HE OTNPaBABIBAIOIINM €T0 IeNd. B peanbHOCTH IS BEISBICHUS MPAKTUYECKHA HATIISATHBIX yC-
JIOBHBIX TeproaoB paccmatpuBaeMbix ¢yaknnid MIIC u 9JIC oOMOTKH cTaTopa OyaeM CunTaTh JOCTATOY-
HBIM YKa3aHHOTO nepuozaa 7T, a Ay 0OMOTKH poTopa — nepuoaa 7,, HECMOTPsI Ha HEKOTOPBIE PacX0okKIECHUS
BEJIMYMH B Ha4aje U B KOHIIE 3THX [IEPUOJIOB.

Anauan3 BpeMeHHbIX pyHkuuii IJIC o6moTKH cTaTopa.

st momyuenust BpemeHHBIX Gyuknmnidi MIIC u 3JIC o6MoTku craTopa pacuersl MII mpoBeaeHs! mpu
€ro MoBOPOTE B Mpeneiax ABYX IMOJIOCHBIX AeNeHui, T.e. B paccMarpuBaeMoM TAJ[ Ha 180° ¢ marom
A0,=0,5°. Takum oOpazom, st F(¢;) B (6) uucno K cocrasmiio 360, a BpeMst pacueTa Ha COBpEMEHHOM KOM-
MBIOTEPE JOCTATOYHO BBICOKOTO YPOBHS — OKOJIO 7,5 4aca.

ITocne o6padotkn pyukmwit MIIC u DJIC B cootBercTBHH C (7), (8) TTOTyUICHHBIE PE3yIETATHI TPE/I-
CTaBJIeHBI Ha puc. 4 u B Tabn. 1 qa pexxumoB HH u XX npu yuere uncna rapMoHUK Kg, COCTaBIIAIONIETO
48. B naeanu3upoBaHHOM pexuMe XX TOK B POTOpE OTCYTCTBOBAN, & TOK CTaTOpa CHMXKEH J0 3HA4YeHUs
1=6,89 A, pr1 KOTOPOM Ha 3aKMMaX OOMOTKH CTaTOpa IMOJYYIOCh HOMHHAIFHOE HANPSIKEHUE TIPH COOT-
BercTByMomeil 9/[C B 0OMOTKe cTaTopa (3TO yCTaHABIMBAJIOCH B COOTBETCTBHU C METOAMKOHN U3 [4]).

Oynkrusa MIIC ¥(r) Ha puc. 4, a BRITIIIAT OTHOCUTEIHHO TJIAAKOW M TPAKTHYESCKH COBIANAeT C
(dhyHkuei nepsoii rapmonuku (7). Jns ¢ynkuun E(f) Bce 00CTOUT 3HAYUTENHHO CIOXHEe, TaK KaK 110
cpaBHenuto ¢ MIIC ammutyna 3/1C kaxnoi rapmonuku B (8) ymHOXaeTcs Ha ee HoMmep. s pesxkuma HH
1o cpaBHeHHUI0 ¢ XX (puc. 4, 6) BAMAHUE BBHICIINX TAPMOHHK BBIPA)KEHO 3HAUUTENBFHO CHIIBHEE, YTO MOKAa3bl-
BaeT cpaBHeHUE rpaduka Ey(f) ¢ rpad koM IepBoi TapMOHUKH F (7).
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Puc.4,a, 6

Uckaxenue obmeit popmel kpuBoit DC nposBiseTcs yxe MpH yueTe Ynucia rapMoHuK Kg =6 — no-
JyBOJIHA COOTBETCTBYIOIIETro rpaduka Takxke MokasaHa Ha puc. 4, a. Ilpu TakoM uncie rapMOHMK TJIaBHOE
BJIMsAHUE Ha GOpPMY KPHBOIl OKa3bIBAIOT AUCKPETHAsl CTPYKTypa (a3HbIX 30H OOMOTKHU CTaTopa, a TaKKe Uc-
Ka)KeHHEe MarHUTHOTO ITOJIS U3-32 HEPaBHOMEPHOT'O HACHIIIEHNUS 3yOILI0B CTaToOpa M0 AyTre OKPYKHOCTH.

Crnoxnas popma mynscaunii pyHKun Ey(f) BeI3BaHAa COOTBETCTBYIOLINM B3aUMOCHCTBHEM 3yOua-
TBIX CTPYKTYp CTaTopa M POTOpa, B3aUMHOE MOJOXKEHHE KOTOPBIX HENPEPBIBHO M3MEHSIETCA C COOTBETCT-
BYIOIIIMM TIepepacipeieieHHeM CHIIOBBIX JIMHUN MarHutHoro mois (puc. 3). To, 4To rapMOHWYECKHd psn
OJIC ne ucuepnbiBaeTcs HoMepoM Kg =48, Ha puc. 4, a CBUAETENBCTBYET TpaduK MpHU PACIIMPEHHOM elie
BIIBOE J10 Kg =96 uucie rapMOHUK.
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3nauenus DJIC oOMOTKH cTaTopa U €e TapMOHUYECKHH COCTaB MPEACTaBICHBI B Ta0M. 1 It pexu-
moB XX u HH. 3xecy makcumansnoe 3Hadenue E ., 1 aMIuTyaa nepsoit rapmonuku OJ1C E;,, | TaHbI B
a0COJIFOTHOM M3MEPEHUH, aMIUTUTYABI BBICIIHX TAPMOHUK
— B OTHOCHTEIBHOM: Ej ,\x = E ny /| Eg 1. Koo ouimen-
THl psAda TPEICTAaBIEHBI IJIsl €ro HavYadbHOW dYacTH, a
TaKKe JaHbl TPUMEpbl Hamboiee 3aMEeTHBIX BBICIIUX
rapMoHMK. B 1ienoM, rapMoHHUYECKUi cOCTaB OLIEHUBAET-
cs1 K03 (DUITMEHTOM UCKaKEHUS

Tabaununa 1

EsmaxaB EsmlaB Exm3* EsmS*
XX 296,9 3113 0,030 0,016
HH 3059 293,5 0,050 0,031
Es m,7,* Es,m 9,* Es m,11.* Es,m 36.*
XX 0,005 0,002 0,001 0,002

-0,5

Ky ) HH 0,009 0,003 0,002 0,013
ddist = Es’m,l Z Es,m,v . (9) Esm42* Esm46* Esm 71.* ddixt
v=l XX 0,001 0,002 0,999

HH 0,016 0,017 0,025 0,997

OueBuaHo, uTo npu nepexoae oT XX k HH Bric-
M€ TAPMOHUKH CTAaHOBATCS OOJiee 3aMETHBIMHU.

Anaau3 BpeMeHHbIX pyHkuuii 3J1C o6MoTKH poTopa.

Hnst nonyuenust BpemenHbx ynkuuii MIIC u 3IC oomotku potopa pacuetrsl MII npoBeneHs! ipu
TaKOM €ro TTOBOPOTE, 9TOOBI chopMUPOBATH MX B IpeaeaxX MOJOBUHEI epruoaa, T.e. st 1,/2. OnpenenceHo,
YTO A7 3Toro oburwii yron noBopota MII craTopa o, momxen coctaBuTh 3462°. O4eBUIHO, YTO TaKOH e
mrar moBopotoB MII Ao, kak u mis uccnenoanus ¢pynkiuu IIC 0OMOTKH cTaTopa, HE MOXKET OBITh MPH-
HAT. Bo-TiepBBIX, N3-3a Upe3MepHOT0 BPEMEHH pacdeTa, BO-BTOPBIX, H3-3a TOTO, YTO MOJYyYEHHOE YHCIIO TO-
YeK HeJb3d 0TOOpa3uTh rpa@uuecky Ha SKpaHe KOMIBIOTEPA AaK€ C BHICOKMM YPOBHEM MUKCENBHOTO pa3-
pewenns. [ToaToMy BBIHYKICHHBIM OBLIO YIPOIIEHUE PACYETOB — C YBEIMUYCHUEM 11ara Aa;.

B kadecTBe MCXOTHOTO MPUEMIIEMOTO BapHaHTa MPHUHAT mar moBopota MII Ao,=7,5°, 9T0 COOTBET-
CTBYET YIJIOBOMY pa3Mepy 3yOII0BOro miara cratopa. [Ipu 3ToM yros cMemienus poropa OTHOCUTENBHO CTa-
topa Aoy, =s Aa, coctaBun 0,195°, yrcno no3unmii K=462, a o0uiee Bpems pacuera — okojo 9,5 gaca.

B rnaBHOM BapuanTe pacuera — B pexkume HH — mociie MEHOTOMo3unmonnsix pacueroB MII, dopmu-
poBanus ¢pyukimu MIIC (%) (6) u oopabotku Gpynkuuit MIIC u D/1C B cootBercTBUU ¢ (7), (8) momyye-
HBI pe3yIbTaThl, IOKa3aHHbBIE HAa pUC. 5 — puc. 7 U B TaOII. 2.

Ha puc. 5 rpaduku dynxkoun MIIC ¥(f) u -
DJIC E,(f) npencTaBiIcHBI IPH ydYeTe BeChMa WIHPO- "=

&0
KOTO CIIEKTpa rapMOHHUK 10 uucia Kg=192 na Qone 5
rpadMKOB UX MEPBBIX FapMOHUK ¥1(?) U E, (7). 3mech

40-

U Janee BTOpHIE MOJYBOJHBI I'padMKOB J00aBIECHBI
JUIS. HarJISiTHOCTH CO CMEHOM 3Haka MepBbIX Mmoiy- 304
BOJIH, KOTOPbIE HEMOCPEACTBEHHO PACCUMUTaHBl. OTH  20-
()YHKLIHH COOTBETCTBYIOT CTEP’KHIO OOMOTKH POTOpa  1g.
MO/ HOMEPOM /, yKa3aHHBIM Ha puc. 1.

OueBuiHO, YTO B JAHHOM ClIy4yae BbICIIHE
TapMOHHMYECKUE COCTABJIAIONIUE IPUCYTCTBYIOT yKE B
¢ynkuun MIIC, a B ¢gynxuun DJIC onu B 3Haum- 201
TEJIbHOW Mepe YCHWJIMBAIOTCA IO Y)K€ OTMEUEHHBIM -301
MpUYUHAM. A B IIeJIOM IIUPOKHH CHEKTP TapMOHUYE- _40-
CKUX COCTaBIISIIOLIMX NPEACTaBICHHBIX BETUYHH 00b-
ACHSIETCS HEYCTOWYMBOCTBIO MArHUTHOTO IIOJIS B
3y0I110BO# 30HE cepaeunukoB TA]Jl, koTopoe mpu ot-
HOCHUTEJIBHO MajOM 3a30p€ CHJIIBHO MyJIbCUPYET NpHU
W3MEHEHUH B3aHMMHOTO TMOJIOXKEHUS 3yOI0B cTaTopa u
pOTOpa, YTO YK€ BBIABIICHO M OTPAKEHO B [5].

Bnusinue rapmonudeckoro cocraBa Ha BpeMeHHble QyHKIH MIIC 1 3/1C mposBisieT comnocranie-
HHUE TpadUKOB Ha puUcC. 5 M pUC. 6 NPH MOCIEAOBATEIHHOM YMEHBIICHUN YHCIIA YUUTHIBAEMBIX TapPMOHHUK
BIIBOE, T.¢. Ha puc. 5 — Kg=192, puc. 6, a — Kg=96, a Ha puc. 6, 6 — Kg=48.

g ynpouenust rpadukoB fanee cpaBHUTEIbHBIN aHATN3 IPOBOIUTCS MPH YUCIe TapMOHUK Kg=48.

0.
10

50
-60H

Puc. 5
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Puc. 6, a, 0

Ha puc. 7 comocrasmstores DJ[C nByx crepkHel poTtopa, KoTophle Ha puc. 1 ¢ Homepamu [ (nl) u
10 (n10). I'paduku >THX HYHKIUA UMEIOT BPEMEHHON (ha30BbIM CIBUT, COOTBETCTBYIOIMINUN TPOCTPAHCTBEH-
HOMY CHIBUTY cTepkHel mo yriy. B nenom rpadukn Bpemennsix ¢ynkunit 3/1C pasHbIX cTepHel Onn3Ku
IpyT K Apyry mo ¢GopMe U Mo BEIWYHMHE, XOTS €CTh U HEKOTOPHIC JIOKAJIbHBIC Pa3iuyuus. DTO Ke MOATBep-
JKJIEHO CPaBHEHUEM aHAJIOTHYHBIX (DYHKIMHN U psizia IPYyTUX CTEp)KHEH 0OMOTKH poTopa.

s cpaBuenus ¢ pexxumom HH TAJ[ 6b11 Takke mpoBeneH aHanu3 BpeMeHHBIX ¢yHkrmii MIIC u
OJIC B ycinoBHBIX pacueTHHIX pexknMax XX. Tak Ha puc. 8 gaHsl rpaduKy 3TUX QYHKIHHA IEPBOTO CTEPIKHS
poTopa, MOyICHHBIE B peKUMe XX TPH BpaIIeHUH POTOpa CO CKOJIbKEHHEM, Kak U B pexkume HH (umcto
pacdeTtHbIit mpueM). BuaHo, uto u B pexxume XX ecTh MHUPOKUH criekTp rapmMoHuK DJIC, 4To onAaTh e BbI-
3BaHO CJIOXHBIM B3aMOJEHCTBHEM 3y0UaThIX CTPYKTYp POTOpPa M CTaTOpa, XOTs MO CPaBHEHHIO C PEKUMOM
HH (puc. 7) nynscanun 3J[C HECKOIBKO YMEHBIIMINCH, TaK KaK HET BIMSHHUS TOKOB 0OMOTKH portopa (3),
JUCKPETHO paclpeieIeHHBIX MO Ma3aM.

B
40

30
200§

uB| B i1 Kg=4g
40 et

30

.. 20.
N o

0-

Kg=48

-10-
-20-

Puc. 7

Eme ogun pacdyeTHbIN BapHaHT NPOMILIIOCT-
pUpPOBaH Ha pHC. 9, OH COOTBETCTBYET TAKKE PEXKH-
My XX, HO C HENOJABMWXHBIM poTOpoM mpu s=1. B
3TOM cllydae, ecTeCTBEHHO, 3HaueHus J/]C Bo MHO-
ro pa3 Oojplie, YeM IpHU BpalleHHH POTOpa CO
CKOJIB)XEHHEM. A BOT BBICIIME TapMOHUKH IMPaKTH-
YecKH He mposBisiioTest U B GyHkusax MIIC, u gaxe
B (ynkuusax J/1C. DTo moaTBepkIaET TO, YTO MPO-
SBJICHHE LIUPOKOTO crekTrpa rapMoHuk DJIC B mpe-
JBITyIIUX BapUaHTaxX CBA3aHO C B3aUMOJIEHCTBHEM
3y0uaThIX CTPYKTYp poTopa u cratopa. Ilpu Hemon-
BIDKHOM pOTOpe (PaKkTHUECKH IMPOU3O0ILIA TpaHC-
dhopmanmst cunycounansaoit JJIC mMexay oOMOTKa-
MU CTaTopa U poTopa.
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TaGmma 2 T'apmonunyeckuit cocrap 3C B CTEpIKHE poTopa
E. —WB|E. . vB| E. o | E. .. | NPCACTaBICH B Taby. 2, rIe CMbICH 0003HAYEHMI TOT K€,
XX 46,02 36,5 0,028 0,018 | 4O u B Tabn. 1. K stum nanHeIM 100aBUM ellie MpUMEpHI
HH 146 34,1 0,039 0,026 Hambosee 3aMeTHBIX rapMoHHK mpu XX u s=0,0261: B
E7e | Emor | Evpire | Epise | AHAIasoHe v 0T 27 mo 173 momyueHo E,-=0,04-0,1, B
XX 0,005 0,003 0,004 0,005 nuanasone v ot 175 no 191 — E,,,,+ =0,02-0,04; mpu HH
HH 0,023 0,023 0,024 0,024 s v ot 27 no 173 monydeno E, .= 0,03-0,1, ot 175 1o
Ermiox | Ermorx | Ermass ist 191 - E, ,,+=0,02-0,25.
XX | 0,007 | 0,005 | 0,048 | 0,962 OtMmetum, uro mpu XX ¢ HEHOABUKHBIM POTOPOM
HH | 0,102 | 0231 | 0,102 | 0,785 | momyyensl 3HauutensHo Gonbiue 3Hauenus DJIC, yem B
peXrMax BpallleHHs poTOpa CO CKOJIbKEHHEM, a HMEHHO E,

max=1,38 B, E,,,1=1,40 B; nelictBytomee 3HaueHue — E,;=0,99 B. A BOT mposiBI€HUSI BBICIIUX TapMOHHK
MIPAKTHUYECKU HET, TO €CTh OCHOBHBIE U3 HUX B AMamna3oHe v oT 3 g0 27 cocTtaBustor £, ., += 0,001-0,01, nmo-
ToMy KodPuIMeHT neKakeHusI d,;,—1,000 xapakTepu3yet (paKTHIECKH YUCTYIO CHHYCOUTY.

UroObl IpoBEpHTH, Kak mosnuseT Ha BpeMeHHble GyHkuuu MIIC u 3/IC yMeHblIeHHe Iara yrio-
BBIX niepeMerennii MII, OputH IpoBeieHb pacueTsl Tpu Imare Ao,=1°. Teneps mpu Bpamernnu MII na xax-
JBIX JABYX 3yOLIOBBIX JEJEHHUSX CTAaTOpa MOIy4ajaoch 1o 15 pacueTHbIX Touek. OHAKO B CBSA3M C YIIOMHHAB-
mieicss mpoOIeMoil KOMIIBIOTEPHOTO BPEMEHHU TPU HOBOM IIare MONy4uTh nonyrnepuon ¢pynkuuit MIIC u
OJIC 0OMOTKH pOTOpa HE MPEICTABIIOCh pallHOHANBHBIM. [[03TOMY pacdeTsl MpOBEACHBI B 365 TOUKax,
YTO COOTBETCTBOBAJIO MOJIHOMY ITOBOPOTY POTOPA, a IO BPEMEHHU — OKOJIO JBYX MEPHOI0B U3MEHEHHS TOKOB
ctaropa (2). IIpu TakoM nojaxoze yriaoBo mar Aay, CMEIEHUs pOTOpa OTHOCUTEIBHO cTaTtopa paseH 0,026°,
U 3TOMY COOTBeTCTBOBaN BpemeHHou mar Af =0,1111 mc, a Bpems pacuyera — 7 yac 35 MuH.

[Momydennas Bpemennas Gpynkuus MIIC ¥,(f) HenocpencTBEHHO MO TUCKpeTHOH (GyHKImu (6) mep-
BOTO CTEP)KHS poTOopa mpeicTaBieHa Ha puc. 10. Ota
MyJbCUpYIOMmas (YHKIUS OTHOCUTENBHO CTAaOWIIbHA, 4p

i
YTO CBHUAETEILCTBYET O IOCTAaTOYHOM YHUCIIE pacuer- 300 MBG”J Jl/rlh P ‘
HBIX ToueK. Ho Tak KakK 4HCIO 3THX TOYEK HE O0ecme- 400 4 [Sb i . ol L
YUBACT IMOJIyIepHOJa BPEMEHHOW (YHKIMH, TO O €€ 300{ 3 )‘ m' § f\&
TapMOHHMYECKOM PAa3JIOKEHUU HE MOTJIO OBITh PEYU. o9g{ 2 | ,
ITosTomy mnepexox ot muckpetHod (ynkuum MIIC | H | i
#(t) x ananoruunoi Bpemenno ¢pynkiuu DJC mpo- | h U M ! ,TS
BOJUTCS KOHEYHO-PA3HOCTHBIM METOZIOM Hemocpencr- | 0.3 L0 L> 20
BEHHO B YHCIIOBOU opMe, a IMEHHO: o00- . !
i oA PP 5 k1 (10) e
At At 400-
rae A%, — xoneunoe uzmenenne MIIC cTep:kHsa poTopa  _sgp- N S -
Ha YK€ OMNPEJEICHHOM BPEMEHHOM Iare Af. 6001 :
I'paduk 1OTy4eHHON NUCKPETHOW BPEMEHHOU oo |
dynxun DJIC E(f) Takxe nokazan Ha puc. 10. [Tyns- Puc. 10

cauMu OSTOH (YHKOMM MHOTOKPAaTHO TPEBOCXOISIT
nynscauun MIIC, yro 6but0 OoTMedeHO Bbie. DYHK- 4B 7,36
rus DJC sBnsercs: 3HAaKOIEPEMEHHOM B COOTBETCTBUM 500 5
¢ teM, uro pynkuus MIIC umeer depemyrommecs BO3- 400
pacTaroIlue 1 CIafaouiie yYacTKH.

Takoll ke mMoAXoA, Kak WU IJIsl TMOCTPOEHUS
¢ynxuii MIIC u O/1C Ha puc. 10, npumeneH i HUX U Al o
8 TOTYIEPIOTE € CTOTAORAFIEN GRS, 0Ty M :
HBIX paHee Ha 462 TOYKaxX W TIOKA3aHHBIX YXe Ha 01 0 M (o 25 H ”“' ’
puc. 4 — puc. 9. CooTBeTCTBYIOLIME TUCKpETHBIE PyHK- 1001 -1 e R
uuu MIIC u 9/1C npeacraiensl Ha puc. 11, KOTOpelid B -2009 -2
LIEJIOM TOJATBEPKAAET TO, YTO IIPOAHAIU3HPOBAHO YK€ .300{ _3
Ha puc. 10. Ho teneps n3-3a OOIBIIOro BPEMEHHOTO WA~ 40| 4
ra M HeJOCTAaTKa PaCuCTHBIX TOYCK IyNbCHPYIOMAs OT-  go0| | .
HocuTenbHO rmiaakas ¢yakmus MIIC mpeBparunace B Puc. 11

4
0| 3
2000 2

wo 1
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nuiooOpasznyto ¢ynkuuro. [Ipu Hanmmunu nonHoro nepuona ¢pynkuuu D/C ee ycpenHsronye 3Ha9YeHUs Talu
ObI rpad UK, MPUMEPHO COOTBETCTBYIOIIMI rpaduKy epBoii rapMOHUKH Ha pHC. 4.

BriBoaBI.

1. IlpeacraBiieHHBII METO YHCICHHO-TIOJIEBOTO onpeneneHus BpeMeHHbIX pyHkimii IJC B 00MOTKax
TAJI, ocHOBaHHBII Ha MHOTOITO3UITMOHHBIX pacueTax Bpamaromuxcs MII u cootBercTBytonmx MIIC, mo3Bo-
T BBISIBUTH ONM30CTh BpeMeHHBIX QyHKInH MIIC 0OMOTOK K CHHYCOMIaM ¥ 3HAYHUTENbHOE OTIHYHe QyHK-
uuit 3JIC oT cunycous.

2. B pexume XX BpemenHnas pyskmusa dhazaon IJ[C oOMoTkm cratopa mo Gopme Om3Ka K CHHY-
coujie, HO UMEET NMPHUILTIOCHYTYIO U HECKOJIBKO TpeOeHYaTyI0 BEpPIINHY HU3-3a HACHIIIEHUS! MarHUTOIPOBOA
Y CJIOXHOTO B3aMMOJICHCTBUS B3aMHO ITEpPEMEIAOIIMXCs 3yOI[0BO-MIa30BBIX CTPYKTYp cTaTopa U potopa. B
PEKUME Harpy3Ku 3TH 0COOCHHOCTH CTaHOBSTCS OoJiee BHIPAKEHHBIMH M3-32 BIMSHUS MarHUTHOTO OIS 00-
MOTKH poTopa. COOTBETCTBEHHO 3HAYUTEIHLHO YCHIIMBAIOTCS BhICIIHE TapMoHUKH D]IC.

3. 3/IC B cTEp)KHSIX KOPOTKO3aMKHYTOW OOMOTKH POTOpa COIEP KUT BBICILIHE BPEMEHHBIE TApMOHHKH,
Tak kKak ¢gopma BpeMeHHBIX (pyHKImi 3TuX DJ[C oTnmuaercs oT cuHycomabl. OHa UMEET IyIbLCHPYFOIIHIA,
MHOT/Ia «XAO0TUYECKHUI» XapaKTep, YTO OOBSICHACTCS YK€ YHOMSHYTHIM B3aUMOJICHCTBHEM 3YOLI0BO-IIAa30BBIX
CTPYKTYp, K KOTOpOMY J00aBJIsIeTCs] BIMSIHUE AUCKPETHOW CTPYKTYPHI TOKOB cTepxHel potopa. Bee aTo oco-
OeHHO CHIBHO BhIpaxkeHO B pexxume HH, a B pesxume XX mpu Bpamaromemcs poTope BBICIINE TapMOHUKH
OJIC 3HaYMTENFHO YMEHBIIAOTCA W (opMa KpUBHIX BpeMeHHbIX ¢yHKiui IJC 3ameTHO criakuBaercs. B
pexxume XX mpu HENOABMXKHOM poTope dopma paccMarpuBaeMbix ¢yHkiuid DJIC okaspiBaeTcsi OIHM3KOH K
YHCTOM CHHYCcOUAE — Mporcxonut Tpanchopmanus IJIC u3 0OMOTKH cTaTopa B 0OMOTKY poTOpa.

4. Pesynbrathl pacueta BpeMeHHbIX QyHKInid MIIC u DJIC cymecTBEeHHO 3aBUCAT OT BPEMEHHOTO
m1ara, ¢ KOTOpbIM [IOBOpa4nBaroTcs Bpamaronieecs MII u ero porop npu MHOTOIIO3ULIMOHHBIX pacdyeTrax.

5. OCHOBHBIM JIOYIIEHUEM IIPH pacueTax sBJSIETCS CHHycOuAaibHas (GopMa BpeMEHHBIX (DYHKIUH
ToKoB B 00OMoTKax TAJl. B peansHOCTH U3-32 3aMETHOTO BIHSHHS BhICIINX rapMoHUK DJIC dopma GpyHKIMH
TOKOB OyIeT OTIMYaThCs OT CHHYCOMJAJbHOH UM MMETh B CBOEM COCTaBE IyJbCHUPYIOIIYIO «IPEOEHKY» Ha
(hoHEe OCHOBHOI — IepBoii rapMOHUKH. B pe3ynbrare ¢popma BpemeHHbIX pyHkumid IC B 0OMOTKe cTaTtopa
OyZeT CriaKeHHOW ¢ TeHACHUMEH NprOImKeHus K cuHycouae. B 0OMoTke poTopa 0TMEUEeHHBIX HCKAKEHUH
¢dopmbr D/1C He n3dekaThb BBUAY CIOKHOTO B3aUMOJECHCTBHS 3yOLI0BO-TIa30BBIX CTPYKTYD.

6. [IpencraBienHblil MeTox onpeaeneHus BpeMeHHbIX GyHkuui I/IC B 0OMOTKax U pa3pabOTaHHOE
nporpaMMHoe OOeceueHHe SIBISIOTCS YHHUBEPCAJIbHBIMUA C TOYKU 3PEHHUS] CTPYKTYPBI 3JEKTPOMarHUTHOM
cucremsl TAJl B paMKax UX pacHpOCTPaHEHHBIX KOHCTPYKLMH, YTO MO>KHO MCIIOJIB30BaTh AJISl PACIIMPEHHOM
0a3bl yTOYHEHHBIX UCCIEIOBAHUM IEKTPOMATrHUTHBIX [IPOIIECCOB B TAKUX JBUTATEIISIX.
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YUCEJbHO-ITOJIbOBUI AHAJII3 YACOBUX ®YHKIINA I TAPMOHIMHOI'O CKJIAJTY EPC
B OBMOTKAX TPU®A3ZHOT'O ACHHXPOHHOTI'O IBUT'YHA

B.I. Minux, TOKT.TeXH.HayK

HauionanbHuii TexHiunmii yniBepcurer "XapKiBcbKuil MOMiTeXHIYHUIH IHCTHTYT”,

ByJ. Kupnuyoga, 2, Xapkis, 61002, Ykpaina. E-mail: mvikemkpi@gmail.com

Ilpedcmaeneno npunyunu i pe3yibmamu YUceibHO-NOIbOB020 GUIHAYEHHS | eapmonitinozo ananizy EPC 6 oomomkax
MPUPAZHUX ACUHXPOHHUX OBUSYHIG 13 KOPOMKO3AMKHEHOI0 00MOmKoio pomopa. Lle peanizyemucs 8 ounamiyi 6azamo-
NO3UYIUHUMU PO3PAXYHKAMU 0OEPMOBO20 MACHIMHO20 NOJISL MEMOOOM CKIHUEHHUX eeMEeHmis Y NPOSPAMHOMY cepedo-
suwyi FEMM. Pospaxynku agmomamu306aui 3a 00NOMO2010 Kepyiouoi npoepamu Ha aneopummiynit mogi Lua. Ananiz
npogooumsCsi 0ist pasHol 0OMOmMKU CIMAMOPA I PI3HUX CIEPIACHIE 0OMOMKU POMOPA 8 PeAHCUMI HABAHMANCEHHS | Uimy-
YHUX pedcumax Hepobouozo xo0y. /i eusnauenns yacogux ¢yuxyit EPC 6azosumu € ananoziuni pynryii MmacHimnoeo
NOMOKO34enienHs, OMmpUMy8ari 8 ouckpemuiu yuciosit gopmi. Ilepexio oo EPC 30iticHroembcs uepe3 po3Kiadanus
BUSHAYEHUX (DYHKYIU V 2APMOHIUHI pAOU, a MAKOHC y CKiHYeHHO-pisHuyesiu gopmi. [na anpobayii npedcmasnenoco
memody ananizy EPC euxopucmogyemucst 0suzyn nomydicnicmio 15 kBm. Buseneno cxnadnuii xapaxmep uacogux ¢yu-
rkyiti EPC ma ixni wuupoxi capmoniini cnekmpu. biom. 17, tabdmn. 2, puc. 11.

Kntouosi cnosa: acHHXpOHHUH NBUTYH, OOMOTKH CTaTtopa i poTopa, MarHiTHe moTtoko3ueruieHHs, EPC, gucempHO-
nosboBi po3paxynku, FEMM, yacoBi ¢yHKIIT, rapMOHIHHHI aHaTi3.

NUMERICAL-FIELD ANALYSIS OF TEMPORAL FUNCTIONS AND HARMONIC
COMPOSITION OF EMF IN WINDINGS OF A THREE-PHASE ASYNCHRONOUS MOTOR

V.I. Milykh
National technical university “Kharkov polytechnic institute”,
2, Kyrpychova str., Kharkov, 61002, Ukraine. E-mail: mvikemkpi@gmail.com

The principles and results of the numerical-field determination and harmonic analysis of EMF in windings of three-
phase asynchronous motors with a short-circuited winding of the rotor have presented. This has realized in dynamics
by multi-position calculations of the rotating magnetic field with the finite element method by the FEMM software envi-
ronment. Calculations have automated by the control program in the algorithmic language Lua. The analysis has car-
ried out for the phase winding of the stator and various rods of the rotor winding under load conditions and artificial
idle modes. The basic functions to determine the temporal functions of the EMF are analogous functions of magnetic
flux linking obtained in discrete numerical form. The transition to EMF has carried out through the expansion of cer-
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tain functions into harmonic series and also in finite-difference form. To test the presented method of EMF a 15 kW
motor has used analysis. The complex nature of the temporal functions of EMF and their wide harmonic spectra have
revealed. References 17, tables 2, figures 11.

Key words: asynchronous motor, stator and rotor windings, magnetic flux linkage, EMF, numerical-field calculations,
FEMM, temporal functions, harmonic analysis.
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