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Ha niocmagi uucenvnux po3paxyHkie MazHimHux nouie mypoozeHepamopa eu3Ha4eHo (pa3o6i cnigeiOHOWEHHA MACHIMHUX
nomoxkosuennensy i EPC 11020 mpughaznoi oomomku. Maznimui nons po3enadanuce aK po3oinwHo 6i0 0ii 00momox pomopa i
cmamopa, max i npu HAKIAOEHHI YUX NOJLiG i uje npu PO3PAXYHKAX MAZHIMHO20 RONA 8 PEHCUMI HAGAHM AHCEHH.

Ha ocnoee uucnenHnsix pacuemos mMazHUmMHbIX noJieil mypoozeHepamopa onpeoenensl (hazoevie cOOMHOUIEHUA MAZHUN HBIX
nomoxcoyennenuii u 3/JC e20 mpexghaznoii oomomku. Imu noas paccmMampueanucy pazoeabHo om O0eicmeus 00Momox
pomopa u cmamopa, npu HANOIHCEHUU IMUX NOJIEl U RPU PACUEMAX 6 Pedcume HAzPy3Ku.

BBEJIEHUE

B xmaccuueckodl TeopHM 3NEKTPUYECKUX MAIINH
IepeMEeHHOro Toka [1-3] aHanmu3 AJIEeKTPOMAarHUTHBIX U
JHEPreTUUECKUX IPOLIECCOB IIPOBOJUTCA Ha OCHOBE (ha3o-
BbIX (BPEMEHHBIX) COOTHOLICHUWIH TOKOB, HANPSDKEHUH,
O/1C, marauroaBmwxkymux cwit (MJIC), MarHUTHBIX MOTO-
KOB M JIp. DTO Kacaercsi U CHHXPOHHBIX MallWH, I/ie BaX-
HYIO pOJIb WIpaeT Crenu(pUYHBIA IS HUX, TaK Ha3blBae-
MBIH, YroJ Harpy3KH, KOTOPBIH HarJsiJJHO BBOJIUTCS IO-
CpPE/ICTBOM BEKTOPHBIX JUarpaMm.

Kak n3BecTHO, BEKTOpHBIC AMArpaMMBbl CTPOSITCS Ha
OCHOBE psiJla YCIIOBHOCTEH M YNPOLIEHUI B OLpeereHUN
TIPE/ICTaBISIEMBIX Ha HUX BeMW4MH. K 3THM yCIOBHOCTSIM
OTHOCSITCS. PACCMOTPEHHE MAarHWTHBIX TOJIEH B 3a3ope,
TOrJia KaK HENOCPEACTBEHHOE MpeoOpa30oBaHUE SHEPrUU
MIPOUCXOAUT B MPOBOAHHUKAX SIKOPHOH OOMOTKH (HayHMHasl,
HanpuMmep, ¢ Bo3oyxnerns D/1C). Kpome toro, Hackimie-
HHE MarHUTOIIPOBO/IA B PEKUME HArpy3KH €CJIU M YYHUTHI-
Baercsl, TO JIMIIb KOCBEHHO. TeM He MeHee, BEKTOpHbIE
JMarpaMMbl JJaf0T HarjsiqHO COOTHOIICHHUS BJIEKTpHYe-
CKUX ¥ MAarHUTHBIX BEJIMYHMH, B TOM YHCIIE U YIOMSHYTHIH
yroi Harpy3ku. Takue KoJuuecTBeHHbIE U (a3oBble COOT-
HOIIEHUSI YMO3PHUTEIFHO TEPEHOCSTCS] M Ha MarHUTHBIC
TIOJISL B PEaTbHBIX 3JIEKTPUUECKUX MallHHaX.

OnHaKO KIIACCHYECKHE METOABl pacuera >JIeKTpHde-
CKUX MallliH He Jal0T BO3MOXKHOCTH OIPE/IENICHUS] dTHX
COOTHOUIEHHH JIJI MarHUTHBIX TOJIEH HEMOCPEICTBEHHO B
KOHCTPYKLIMH MallliH. A BCE 9TO CTAHOBHUTCS BO3MOYKHBIM
Ha OCHOBE YMCJICHHBIX METO/IOB pacuera dJIeKTPOMarHuT-
HbIX monei [4]. Ho, k coxanenuro, Bonpockl 3¢ ¢eKTnuB-
HOT'O HCIIOJIb30BAHUSI 3THX METOJOB JUISl 3JIEKTPUYECKHX
MalllMH elle HeI0CTaTOYHO mpopaboranbl. Kak mpaBmuio,
32 PEeIKUM HCKIIOYEHUEM, pacyeT IoJedl OKa3bIBaeTcs
JEMOHCTPALOHHBIM, T.€. 0€3 JaJIbHEHIIero UCrnoiab30Ba-
HHA JUIS aHalu3a IPOLECCOB U MapaMeTPOB SJEKTpUye-
ckux MamuH. [loaTomy, B 00lIeM IIaHe, akTyalabHO pas-
BUTHE CHCTEMBI METOAOB 3(PPEKTHBHOIO UCCIIECAOBAHUS U
pa3paboTKK 3JEKTPUYECKUX MallMH WMEHHO Ha OCHOBE
YHCIICHHBIX PAcueTOB MATHUTHBIX MOJIEH, KOTOPhIE Ial0T
BO3MOJKHOCTM KaK YTOYHEHHS PEUICHUH TpaJuIOHHO
paccMaTpUBaeMBbIX 3ajay, Tak U IOIy4eHHs paHee HeJoc-
TH)KUMBIX PEIICHUH.

HNmenHo B TakoMm acnekre (opMyaupyercs ueJib
AAHHOW PaGoThI - aHATU3 (Aa30BBIX COOTHOUIEHHH 3JIEK-
TPUYECKHX Y MarHUTHBIX BEJIMYMH B CHHXPOHHBIX Mallld-
HaX Ha OCHOBE YMCJICHHBIX PACUETOB MATHHUTHBIX IOJEH.
A Tak Kak YHCJIEHHBIE pacueThl TPeOYIOT KOHKPETHBIX
00BEKTOB MPUIIOKEHHS, TO B JaHHOM Cilydae JJIsl HILTIO-
CTpaluy TPEICTaBIIIeMOro MOAX0Ja K O0YCIOBICHHOMY
aHanmu3y ucnons3yercs Typooreneparop (TI') momHOCTEIO
nopsinka 200 MBT, yxe paccmarpuBaBmmiica B [5]. K
OCHOBHBIM J1aHHBIM TT', NCTIOJIB3YEMBIM 3]1€Ch, OTHOCSTCS
€ro JJIEKTPOMAarHUTHas CHCTeMa, NpeNCTaBICHHAs Ha
puc.1, a Taxke mapaMmerpsl: paauyc poropa - 0,537 m;
HEMarHuTHBIA 3a30p - 0,1 M; Yncio BUTKOB Ha a3y 00-
MoOTKH cratopa w,=10; pacuyerHas mmuHa - [,=5,29 m;
HOMHHaJbHbIE (a3Hble Hampsbkenne Uy=9093 B m Tok
1,=8625 A; yacrora f=50 I'mi; x03(UIMEHT MOITHOCTH
cos@=0,85; cxemMa 0OOMOTKH CTaTOpa - «3BE311a»; OTHOCH-
TEJIFHOE YKOPOUEHHE I1ara 3Toil 00OMoTku =4/5.

Puc.1. Pacuetnas Monens TypOoreneparTopa:
BBIJICNICHBI (pa3bl 00OMOTKH cTatopa A-A’, B-B’, C-C’; naHbl
MIPHUHSATHIC TIOJIOKHUTEBHBIC HATIPABJICHUS TOKA U
KOOpJIMHAT 7,
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METO/JJUYECKHE OCHOBbBI AHAJIN3A

UroObl TOArOTOBUTHCS K aHAIU3y COOTHOIICHHH
MarHWTHBIX MoJeH B pexxume Harpysku TI, mposexem
TIPE/IBapUTEIBHYIO TIOrOTOBKY HeoOXomuMol HH(popMa-
LINH, UCTIONB3YS MPUMEPHO TOT )K€ TMOMIXOJ K €€ Oorpese-
JICHUIO Ha OCHOBE YHCIICHHBIX PacyeTOB MarHWUTHBIX I10-
JIe, KOTOpbIi mpeacTaBieH B [6,7], XOTd U Ha ImpuUMepe
TI" HeTpaAUIIMOHHON KOHCTPYKIIUH.

MarHuTtHOoe TONE€ MNpeanonarajoch IJIOCKomapal-
JIETIbHBIM, €r0 PacyeThl NMPOBOAMIINCH B TOMEPEYHOM Ce-
yennn TI (puc.l), Tae 3TO mojie ONMCHIBAIOCh B TOJISIP-
HBIX KOOpIUHATAX (7,(0) N3BECTHBIM AU PepeHIINaIEHBIM
YpaBHEHHEM

10 04, 1 0| 04,

—— | Vvr— |+ == v—

ror or | 2 00| O¢
rne A., J. - akcuanbHble COCTaBIIAIOLIME BEKTOPHOIO Mar-
HutHoro moreHimana (BMII) u mnotHocTM TOKa; V-
yaenbHoe MarauTHoe conpotusienue (YMC).

VYpasuenue (1) pemanoch YMCIEHHO METOIOM KO-
HeuHbIx pasHoctedd (MKP) [8] ¢ ucnons3oBannem HeoO-
XOIUMBIX JUIsl MPAaKTHYECKOW €ro peaju3aluH yCOBEp-
meHcrBoBanwmii [9,10]. Tak kak oOMoTKa ctaropa (puc.l)
HE UMeNa Ocell CUMMETPHH, TO JUIsl OTIEPUPOBAHMS C HEIO
BO BCEX PAacUeTHBIX PEeKMMax MHHHUMaJbHOH 00JacThiO
pacueTa SBJSUIOCH TOJIIOCHOE JEJICHHE, & COOTBETCTBYIO-
e rpasuyuHele yenosus ans BMII npencraBisuiucs yxe
B [5-7]. B Takoii obiacti pacuera HCHOIB30Bajach I0-
JSIpHasi CETOYHAsl MOJENb C YHCIIOM JIMHUHA OKPYXXHOCTH
Jm=41 ¥ uKMcaoM paguanabHbIX TMHUH i,=139.

I'maBHOW OCOOEHHOCTHIO aHajIM3a JIIEKTPOMAarHHUT-
HbIX B3aumojeictBuil B TI 31ech siBisieTCsl yXoa OT Tpa-
JIMIIMOHHOTO PACCMOTPEHUSI MAarHUTHBIX TOJIEH B 3a30pe U
YCIIOBHO BBIJIETISIEMBIX TOJIEH paccesHusl. AHAJIN3 CTPOUT-
Csl Ha HETOCPE/ICTBEHHOM OIEPHPOBAHUU C MAarHUTHBIMU
norokocterieansamu (MIIC) da3Hoit 0OMOTKH cTaTopa,
OIIpEe/IeNIIEMBIMHA TIO TOJHOMY MAarHUTHOMY MOJIO, COOT-
BETCTBYIOIIIEMY Ka)XKJIOMY KOHKPETHO paccMaTpHBaeMOMY
pexxuMy Bo3OyxaeHust wiu pabotsr TT .

Tak xak marmutHoe none B TI' momydaercd B Buze
pacnpenenenust BMIL, to ucxoanoe 3nauenne MIIC on-
penensercs, Kak u B [5-7], mo popmysie

=—J,, (1)

W, = 2 [A4.dS, @
A5,

rJle MHTEIPUPOBAHHME MPOBOIUTCS MO OOIIeH IuTomann
MOTIEPEYHOr0 CEYCHUS Sy CTOPOH CeKIHid (ha3HOW 0OMOT-
KU cTaTopa B Mpejeliax pacdyeTHod obmactu. VcxomHoe
3naueHne MIIC W¢; mo (2) siBisiercs eTMHUYHBIM, TO
€cTh OyJeT NPUXOANTHCS Ha €IUHUILY aKCHAJIbHOW JJTHHBI
W OJIMH yCPETHEHHBI BUTOK (ha3HO 0OMOTKH.

B mporecce npoBoguMoro aHajgM3a OTCUET YIJIOB
OyleM BecTH, KakK MOKa3aHo Ha puc.l. YTIoBoe monoxKe-
HUe (a3HOi 30HBI OOMOTKH CTaTOpa OIpENeNsieTcs o0-
KEHHEM €€ OCH, MEePIECHIUKYSPHOH YCpeIHEHHOM ILIoCc-
KOCTH KOHKpeTHOH (ha3zHoi oOmotku. Tak Ha puc.l ¢as-
Hast 0OMOTKa A-A’ JI&XUT B TUIOCKOCTH, MEPHEHIUKYISP-
HOW OCH POTOpa, W 3HAYMT 3]IeCh OCH 3TOH OOMOTKH U
poropa coBmanaroT (monoxeHue @=0).

Ecnm nmocne pacuera MarHUTHOTO OISt B KAKOM JIH-
60 pexume Haiitu MIIC mo dopmyne (2) mns dazHon
00OMOTKHM cTaTopa, HaxoAslIeiHcs B IMO3UIMH, COOTBETCT-
Bytomieil puc.l, To 310 OyAeT TOIBKO HEKOTOPOE MTHO-
BenHoe 3Hadenne MIIC. Torga kak B mporecce paOoThI
TT ero poTrop co cBOMM II0JIEM U MarHUTHOE ToJe 0OMOT-
KM CTaTopa BPalIAlOTCS U B KAKOM TO M3 MX TIOJIOXKEHUH y
¢azuoit oomMotku MIIC Oyner MmakcumanbHbIM. JIJ1s TOTO,
YTOOBl HAWTH 3TO TOJIOKEHHE (YTO AACT BO3MOXKHOCTH
orpenenuTh (usndeckyto ock HamarauuuBanus TI B
KOHKPETHOM pEeXuMe), a Takke Haitu ammutyny MIIC,
MIPUMEHUM CJIETYIOIINH METOIMIECKHN TTOIXO/.

Ilpn QukcHpoOBaHHON CTPYKType PpPacCUMTaHHOTO
MarHuTHOro mosisi OyaeM pacrojiarath YCJIOBHO (ha3HYIO
00MOTKy craTopa (CTpYKTYpy €€ CeKIHWi) B pa3HbIX yIio-
BBIX ITO3MILUSIX OTHOCHUTEIBHO POTOpA, OMPEAENss KaX-
netit paz MIIC o dopmyne (2). Tak momydurcst 3aBuUCH-
MOCTh W () I (ha3HOIT OOMOTKH, KOTOPYIO MOXHO

pa3noxuTh B rapmoHnueckuit pag Oypse [11]

o0
Per= D Wpc08(ko+Cy) . 3)
k=13,..
OpueHTHpYysCh Jaliee Ha OCHOBHYIO - MEPBYIO Tap-
MOHHYECKYIO COCTaBJISIONIYIO 3TOM (PYHKIMH, IO ec Ha-
4anbpHOH (aze {; MOXHO yCTAaHOBUTh HEHOCPEACTBEHHO

HalpaBjieHue ocu Hamarunuuanus TT.
[Ipu BpameHnu poTopa yrioBoe MoJoKeHue (Ga3Hoi
0OMOTKH OTHOCHTEIHHO HETO
p=0t, “4)
rne © =27 f - yrnoBas yacrora. [losTomy KoopauHaT-

Hast ¢yukuust (3) mpeoOpa3syercst BO BpeMEHHYIO (yHK-
o W (¢) . Ecnm paccMaTpuBaeTcss MarHMTHOE MOJIE

TOJILKO OOMOTKH pPOTOpa, TO 3TO COOTBETCTBYST HCTHHE.
Ecnmu e B CO3JaHMU MarHUTHOTO TOJSI YU4ACTBYET U 00-
MOTKa CTaTopa, TO 3TO OyIeT OCHOBAaHO Ha JOIMYIICHHH,
4TO B TypOOreHepaTope BpaIaeTCsl MMEHHO TakKas CTPYyK-
Typa MarHUTHOTO TOJIs, KOTOpas paccunTaHa mpu HUKCHU-
POBaHHBIX TOKaX B OOMOTKE CTaTOpa W MOJIOKESHUH POTO-
pa.

OcCHOBBIBasICh Ha M3NIOKEHHOM, 10 amiututyne MIIC
W), | TEpBOH TapMOHMKH HAXOMMTCSA COOTBETCTBYIOIIEE

nelictByroriee 3HaueHue daznon DJ]C
Ey =444 fwg ly Y )

JuIst J1I000ro peskuma Bo3oyxnenus T

PE3VYJIbTATHI PACUETOB

HcxonHbIM SIBUIICS pacyeT MarHUTHOT'O TOJIs, CO3/1a-
BaeMoro 0OMOTKOH poTopa.

B pesynbrate cepun pacuetoB npu uzmenennu MJIC
00MOTKH poTopa Fy mocnenoBaTebHBIMU MPHOIHKEHH -
MH Oblna HalineHo ee 3HadeHue Fx=127 kA (Ha JBa T0-
JII0ca), TIpu KoTopoM 1o dopmyrte (5) momydaercs B pe-
xuMe xonoctoro xona (XX) 3/1C, paBHas HOMUHAIBHO-
My (a3HoMy HanpsbkeHuro Us.

KapTuHa MarHMTHOTO TOJISL B OTOM PEXHME MPOHJI-
JIIOCTpUpOBaHa JuHUAMHU paBHOoro BMII Ha puc.2,a, npu-
yeM MakcumanbHoe 3HaueHne BMII  cocraBuio
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A pax = 04564 BG/m .

ITo pacnpenenennto BMII mocpenctBoM BbIuucie-
HUI Ha ocHOBe (opmyIiel (2) Obuta chopMupoBana GyHK-
s (3) m Uil mepBoll rapMOHHMYECKOH COCTaBIISIONICH
nonydena ammautyna MIIC W, ; =0,779 B6/m. Awm-

IUTUTYIIBl BBICHIMX TapMOHMYECKUX IO OTHOLICHHIO K
-4 o
Y, 1 umeror nopsapok 107, 3a HCKIIOYEHHEM TpeTbel

TAPMOHHUKH, XOTS M Y HE€ OTHOCHTEIIFHOE 3HAUCHHE TAKXKE
nesenuko: 0,0066. Tak uto dynkmmio (3) B pexxnme XX
MOKHO CUHTATh MPAKTUUCCKH CHHYCOUIATEHOM.
Hecmortpst Ha TO, 4TO B peskume XX MarHutTHoe mosie
CUMMETPHYHO OTHOCHUTEIBHO OCH POTOpa, IS TIEPBOM
rapmonuku MIIC ¢a3zHoit 00MoTKH B (3) HauanbHas ¢a3a
€; =09° (B rpamycax), uTo OOBACHSAETCA reOMeTpHYe-

CKOM HECUMMETpHEH JBYXCIOHHOW yKOPOYEHHOH OOMOT-
ku craropa. CrieZioBaTeNbHO, €€ OCh HaMarHU4MBaHus (Ha
puc.2,a obo3HadYeHa CTPENKOH Fy) UMEET TaKoi ke CIABUT
OTHOCHTEJIBHO OCH poTOpa. AHAJOrMyHBIA (ha30BbIid
CIBUT OTHOCHUTEJIBHO TIOJOXKEHHSI OCH Bpalllarolierocs
potopa umeet 1 BpemenHast pynkmms MIIC.

ITo ammmutyne MIIC omnpenensiercs amIUIUTyAHOE
3HAYCHHUE YIIENFHON B3aUMHON MarHUTHOW TPOBOUMOCTH
00MOTKH poTopa u (ha3bel 0OMOTKH CTaTopa
m,l
Ampg = Fx

B pexume HOMHUHAIbHOW Harpy3ku B TI dasnas
OJIC nmomkHa MPaKTHYECKH COOTBETCTBOBATH HOMHHAIb-
Homy HampsibkeHuto. [loatomy u MIIC ot pe3ynbTupyro-
IIEr0 MAarHUTHOT'O TIOJIS MO BEJUYMHE AHAJIOTUYHO TOMY,
yto ObUTO Tpu XX. CiemoBaTeNbHO, M HACBIIICHUES Mar-
HUTONPOBOJIA B THX pPEKHUMax OyIeT MPUMEPHO OTUHA-
KOBBIM, XOTS U TIPH CMEIIICHUU OCCH HaMarHUYHUBAHUS.

=6,097 I'n/m. (6)

a 6
Puc.2. Maraurasre nomst TT:
a - Tore 0OMOTKY poTopa; O - rmone ¢assl A-4 0OMOTKH cTaTopa

[Mocnennee nano ocHoBaHue 3aUKCHPOBATH B 00-
JacTH pacuera pactpenenenne YMC, kak U npu HOMHU-
HaJbHOM HANpPSHKEHUH B pexuMe XX, W HA 3TOM (oHe
MPOBECTH PACyUeThl MArHUTHBIX TOJeil 0OMOTKH cTaTopa,
Tpe/oaras, 4To OHH OyIyT COOTBETCTBOBATH TEM JIOJISIM
PE3YIBTHPYIOIIETO MAarHUTHOrO MO, KaKyl0 OHH obec-
MeYaT U B PKUME HOMHUHAITBHON HArpy3KH.

CHavana ObUIO PacCUNTAHO MATHUTHOE TIOJC OJHOM
(ha3HOI OOMOTKH CTaTOpa NpH aMIUTUTYyAE €€ HOMHUHAJb-

Horo Toka [,,= 21 o - CoOoTBETCTBYIOIIAs KapTHUHA

MAarHuTHOIO I0Js NPOMJUIIOCTPUPOBaHa Ha puc.2,0, mpu-
YEeM B 3TOM ciydae A4, =05525 B6/wm.

Tenepr opmyna (2) nana eqMHUYHOE COOCTBEHHOE
MIIC dazHoit obmoTkn ¥ 4, MCXOMs M3 Yero MoiydeHa

COOCTBEHHAs yJelTbHAs MarHUTHAs TMPOBOIUMOCTH (Pa3bl
00MOTKH cTaTopa

Y

Ayg=—2=7736-10"° Tu/m, (7
Fd),m

- amrmuutyaa dassoit MJIC.

rae Fd),m =1, W,

Paccuntano ObUIO Takke MarHUTHOE TONE Cpasy
Tpex (a3 0OMOTKHU CTaTOpa MPH 33JJAHUX B HUX TOKOB JJIS
MoMeHTa BpeMeHH =0 1o ¢popmynam

iy=1,,cos(ot); ig=1,, cos(oat—%n) ;

ic =1, cos(ot + 2/3 ), ®)
Tak 4To B (ase A-A’ MIHOBEHHOE 3HAYE€HHE TOKa 3aJaBa-
Jlach paBHBIM aMIUIMTYIE TOKa, B Apyrux ¢aszax - ee mo-
soBuHe. COOTBETCTBYIOIIAsl KapTUHA MarHUTHOTO TOJIS
JlaHa Ha puc.3,a ¥ B 3TOM ciydae 4,,. =0,7612 B6/m .

a 6
Puc.3. Marautasre nonst oomotku craropa TI' B pa3Hble

T
MOMEHTHI BpeMeHn: a-1=0: 6- ¢t =159,7— ¢
360

Tenepr mo opmyse (2) ompexnensercss eIMHUYHOE
MIIC, kyna Bxonar u B3auMuble MIIC ¢da3HbIx 00MOTOK.
Ucnonw3ysl, kak u panee, pazioxenne MIIC B rapmoHu-
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4yeckui psn (3), HalIM aMIUTUTYLy OCHOBHOM rapMOHHMKH
W,,1> @ 32TEM U PE3YNbTUPYIOIIYIO YAEHbHYHO MarHuT-

HYIO ITPOBOIUMOCTbH (pazbl 0OMOTKHM cTaTopa

m,1

Ag = =112-107° Tu/m. Q)
Fpm
HOJ'Iy‘ICHHOG 3HAYCHUC AS OTJINYAJIOCh OT A A B

1,448 paza, Torga Kax Mo TEOPUU 3JIEKTPUUECKUX MAIIUH
[1-3] mpu ucnonb30BaHUM MOJEH TOIBKO B BO3AYLIHOM
3a30pe JOJDKHO OBITH 1,5.

[TosToMy, y4uTHIBas, 4TO B peXHUME Harpy3ku Aei-
CTBYIOT Bce TpU (pa3Hble OOMOTKH, jJajiee MCIONb30BaIH
UMEHHO Ag U NOTY4YUIM CUHXPOHHOE MHIYKTHBHOE CO-
MIPOTHUBJIEHNE OOMOTKH CTaTopa

Xg=2nf I, Agw;,
KoTopoe coctaBuio 1,861 Om.
3aMeTnM, YTO JUIS YUCTOTHI BBIYHCIUTENLHOTO JKC-
MIeprMEHTa HCIONb3yeM MarHUTHBIE IO U MapaMeTphl
TI' B npssimonuHeliHoi yactu. [Ipun HEOOXOOMMOCTH MOX-
HO y4ecTh M JIOOOBOE paccesHHe, HalpuMep, Ha OCHOBE
pacueToB MarHUTHOrO 1o B TopueBoi 30He TT [5].

WHTepecHo, YTO NMpHU CUMMETPUYHON CHCTEME TOKOB
(8) u pacmonoxxenun (asHbIX 0OMOTOK Ha pHcC.3,a, Kak U
Ha puc.l, ocb COOCTBEHHOr0 HaMarHMYMBaHUs (IIOMe4YeHa
cTpenkoit Fg ) TpexdasHoit 0OMOTKHM M3-3a YNOMSHYTOM

(10)

€e HEeCUMMETPHH OKa3ajach CMEIICHAa OTHOCHUTEIBHO OCH
poropa ua yromn 0,9°.

IIpoBeieHHBIE pacyeThl IMO3BOJSIOT  ONPEIETHTh
nerictryromue 3HadeHuns JJ]C B (ha3Hoit 00MOTKe cTaTopa
OT 10JIs1 OOMOTKH POTOPA B PEXKUME HATPY3KU

Epy =\/(Ud,c0s<p)2 +(ES +U, singo)z , (D
rae D/1C ot mons peakimu sikopsi B pasHON 00MOTKe
E¢=X,41,; (12)
(ba3oBblii CABAT MEXAY (pa3sHBIMU HAMPSHKCHHEM U TOKOM
¢ =arccos(0,85) =31,8°.

OAC Eg MOXHO ObIO OBI ONpENENUTh CPasy IO

¢dopmyne (5), HCHONB3ys COOTBETCTBYIOIIEE 3HAYCHHE
V), ¥ He npuberas K MOCPECTBY CONPOTUBIEHUS X ; .

Ha ocuoBe dopmyn, momnobHsix (5) u (6), mo Benu-
yuHe £ v THonmydaercs Heooxoaumas MJC oOMoTkH
poTOpa B pESKUME HATPY3KH

E
o
> ata’>mfA

Boruricnenus no KOHKpeTHbIM mapamerpam TI' manu
3Hauenus: £5.=16050 B; E.=22230 B; Fry=310 KA.

Ha 6a3ze »TnX naHHBIX Ha pHC.4 MOCTPOEHA IO W3-
BECTHBIM IpaBuiaMm [2,3] BekTopHas auarpamma TI, ui-
JIIOCTpUpYIOLas COOTHOIeHUsT Hanpsbkenus, 2JC wu
MIIC ¢da3Hoit 0OMOTKH, a TaKXke COOTBETCTBYOMIHE (a-
30BBIC CJIIBUTH, KOTOPBIC MPEIIOIOKUTEIBHO JOJKHEI
HUMETh MECTO B pe)KMME HOMUHATBHOM Harpy3ku. Ha naua-
rpamme obosnauensl MIIC ¢asuoit oomorkn ¥y n Wy,

(13)

KOTOpbIe OOYCJIOBJIEHBI COOTBETCTBEHHO MAarHUTHBIMHU
TOJISIMH 0OMOTKH poTopa M TpexdasHoli 0OMOTKH CTaTo-
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Puc.4. Bexropras muarpamMer MIIC u O/1C

pa, a Taxke pesynsrupyromee MIIC ¥y, . Ilanenue Ha-

IpSDKEHHE Ha aKTUBHOM COIIPOTHUBIIEHMH IpeHeOpexu-
TEJNBHO MaJIo.

W3 auarpaMMsl onpesenstoTcs yroyl Harpy3Ku
Eg+Uy sing

0 = arctg —9=379° (14)

Uy coso
U Yroj CABWra Oceil HAMarHUYMBaHUs OOMOTKH POTOpa U
00MOTKH cTaTopa
B=@+06+90=159,7°. (15)

UT0OBI MOTYIUTH HEOOXOAUMBIHA TIOBOPOT MAaTHUTHO-
T'O TOJIT OOMOTKH CTaTopa Ha TakKoi yron 3, B ¢popmynax
(8) ObLTO 3a1aHO COOTBETCTBYIOIIEE BPEMS

p
= 360 T, (16)
rae T - nepuo u3MeHeHus Bcex BenuyuuH B TT.

[Ipu ompeneneHHBIX TOKaX B (pa3zax OOMOTKH CTaTo-
pa ¥ omATh Ha ()OHE HACKHINICHUS U3 pekuMa XX ObLI
MIPOBENICH pacyeT MarHUTHOTO TOJIS TpeX(pa3HoH 0OMOTKH
craropa. KapTiHa Takoro mojs mpezcTaBieHa Ha puc.3,0
U B 3TOM ciy4ae 4,,. =0,7556 B6/m.

t

VYike onrcaHHBIM NMPUEMOM ¢ Hcnoiib3oBanueM MIIC
(2) u pasnoxenus 3aucumoctd ‘¥, () B pan Buna (3)

JUIs TIEPBOM TapMOHMKHM ONpelenuiach HadanbHas (asza
€; =160,6°. CoorsercTByromiee MOMOKEHHE OCH HaMar-
HWYMBaHUS Ha puc.3,0 momedeHo cTpenkod Fg. Ecim

y4ecTh, 4To Tpu =0 TONOKEHHEe OCH HaMarHUYUBAHHS
coorBercTBOBAIO §; =0,9°(puc.3,a), To NEHCTBUTEILHO
MIPOM30IIIEeT HEOOXOAMMBIA TTOBOPOT STOM OCH Ha 3ajaH-
HbIA 110 (15) yrom B.

C y4eToM HEHM3MEHHOIO COCTOSHHS MarHUTOIPOBOA
TI" 6bUTO MPOBEACHO HAJIOKECHUE MATHUTHBIX MOJICH

F
N
Ay = Ax ot 4.,

fX
rne A,x, A,g - pacnpenenenus BMII B pexnme XX u

an

OT MOBEPHYTOro Ha yroi f3 momnst o6MoTKH cratopa. ITomy-
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YeHHas KapTUHA MAarHUTHOTO TMOJs MpEACTaBlIeHa Ha
PHC.5 ¥ B 9TOM Cllydae 4, =05565 B6/m.

Puc.5. Kaptrna MarHuTHOrO 1ojisi, HoJydeHHas
CYMMHpPOBaHHEM TI0JIeH 0OMOTOK POTOpa M cTaTopa

Io pesynpTupyromemy pacnpenencauro BMIT A4,y
Obuia Haiiziena yrinosas 3asucumocts MIIC YW (9) u

HalJIEHO MOCPEICTBOM pasokeHus (3) IonokKeHHe OcH
HAMarHUYMBaHUS PE3yNbTUPYIOIEr0 MAarHUTHOIO MO,
0003HaUEHHON Ha pHC.5 cTpenkoi F) , 34ech Xke MoKa3a-

Hbl HallpaBJIeHUs OCel HaMarHW4YuBaHusi F rou Fg or

COCTABJISIONIMX MarHUTHBIX TOJICH.

PaccuntaHHOE TI0 pachpesieNiCHHI0O MarHUTHBIX TONeH
CMEIIIEHHe Ocell HAMArHWYMBAHKS COOTBETCTBYET MCXOIHBIM
(a30BBIM CIBUTAM BEITMYMH HA BEKTOPHOM JHAarpaMme
(puc.4). Tlo ammmuryne nepsoii rapmonuku MIIC da3Hoi
OOMOTKH OT pe3yJIbTHPYFOLIEro OIS OIpe/ieNieHa COOTBETCT-
BeHHO ee pesynbrupytomas DJC. [elictByromiee 3HaUeHUE
atoit DJIC npakTuuecky COBIMAIAI0 C TeM 3HAYEHUEM, KOTO-
poe OBLTO OMPEIENICHO U B pexkiMe X X.

[MonydeHHbIE  pe3ymbTaThl  3aCBHUICTEILCTBOBAIH
MIPABWJIBHOCTh IMOCTPOCHUA PACUCTOB U COOTBETCTBHE
(a30BBIX COOTHOIICHHUH 3JICKTPOMATHUTHBIX BEJIMYHH,
PACCUMTAHHBIX MO0 BEKTOPHOW TUAarpaMMe W OMpelelicH-
HBIX MO0 MAarHUTHBIM MOJisiM. U Bce 3TO J1aJio OCHOBaHUE
JUTS. HETIOCPEACTBEHHOIO pacyeTa MAarHWTHOTO IO B
peXUMe Harpy3ku npu HaigeHHoi panee MJIC oOMoTKH
poropa Fy , HOMUHAIBHOM TOKE OOMOTKH CTAaTOpa, IpH

3aaHuM 1Mo (8) MTHOBEHHBIX 3HAYCHHUH (pa3HBIX TOKOB C
onpezaeneHHbIM 1o (16) 3HaYeHneM BPEMEHH f, a TaKXKe C
HaxXOXXJEHHEM B TIpollecce pacyera MOl HACBIIIEHUS
MarHuTONPOBO/A, COOTBETCTBYIOIIETO PEXKUMY Harpys3Ku.
Kak n B mpeapiaymmx ciydasx, ObUIO ONpeneneHo
MOJIO)KEHHE OCH HAMarHWYMBAHUS B YCIOBHUSX PE3YJbTH-
PYIOIIEro MO, a TakKe IeHCTBYIOIIee 3HAUCHHE Pe3yib-
tupytomei ¢pazHoi 3/1C, koropoe cocraBmio 8450 B.
Namenenns ¢aszuoit DJ]C, mo cpaBHEHUIO ¢ BapUaH-
TOM HaJOXKEHHs TOJIeH, MPOU30ILI0 M3-32 H3MEHEHUS
HACBIIIEHUsS] MarHUTONPOBO/A. 3aMETHO M3MEHWINCH, TI0

CpaBHEHHIO C puc.4 W puUC.5, U (Pa3oBbIC COOTHOIICHUS
JJIEKTPOMAarHUTHHIX BenuuuH. [losTomy, uToOBI OOecrme-
YUTh B PEXKMME HOMHUHAJIHHOW Harpy3Kd COOTBETCTBYIO-
Iee 3HaYeHHe HOMHHAIBHOTO HAIPSDKEHHs, Oblila Halje-
Ha pacyeTaMu I0 METOJY ITOCIIEI0BATENbHBIX MPUOIIKe-
HUil HeoOxomumast BenumuunHa MJIC oOMoOTKH potopa
Fyy , xoropast cocrasma 330 KA.

PaccunTanHast KapTHHA MarHUTHOTO TIOJISL B PEKUME
HOMUHAJIBHOM HAarpy3k NpejacTaBieHa Ha puc.6. s
5TOrO MOJA MOMYYHIIOCh 4, =05575 B6/M.

Puc.6. Kaptuna nonsa TT" B pexume Harpy3ku

IIpoBenennsie pacuerst MIIC noarBepauau nomyde-
HUE HeoO0XomuMol pesynpTHpyromeit ¢asunoir DJC, a
TaKXKe Nl PacloioKeHHe Pe3yJIbTHPYIOIIEro yria Ha-
MarHuuuBanus Gy =32,2°. A 4TOOBI TIPOSBUTH POJIbL

00MOTOK pOTOpa M CTaTOpa, OBUIM PACCYUTAHBI PA3/IEBHO
MarHuTHBIE TIOJSI 3THX OOMOTOK IIpH ONpEJESICHHOM B
peXMMe Harpy3KM HachllleHWH MarHuTtonpoBoga 1T
(pacnpenenennu YMC).

Tax OBIJIO YCTAaHOBIIEHO, YTO B CIIOXKUBILIHMXCS YCIIO-
BUSIX OCh HaMarHWYMBaHUs (NMPUMEHHUTEIBFHO K IMPOBOJ-
HHUKOBOH CTpyKType (a3HOi OOMOTKHM) IOJEM poTopa
pacrnonoxunack mox yramom G o =-2°, 5JIC or sroro

noist cocraBuna E gy =22270 B. Ananorndssie Benu-

YHHBI ~OT TOJS  OOMOTKM  CTaropa  COCTaBHIIU
G5 =1589°, DAC Eg=15620 B. Bekrops MIIC

Ha3BaHHBIX PACUETHBIX PEXHUMOB IIPEICTaBIICHBI TaKKe
Ha puc.6, a Ha puc.7 - COOTBETCTBYIOIINE KapTHHBI Mar-
HUTHBIX  Homed (@11 momst  OOMOTKM — poTopa
A gy =11065 B6 /M, 00MOTKH craropa -

A gy =0,7329 B6/M ).

Hcnonp3yst 0603HaUeHHsT BEJIMUUH U UX (ha30BbIe CO-
OTHOIIEHUS 10 puc.4, onpeaenuM yroi Harpysku TI', kax
(ha3oBBIl CABUT MEXKIY OCSIMA HaMarHWYMBaHUS (a3HON
obmotkw, coorsercrByrommmu MIIC Wy n W
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a )

Puc.7. KapTHHBI MarHUTHBIX TIOJIC OOMOTKH poTopa - a
1 00MOTKH cTaTopa - 0, paccunTaHHBIE Ha (OHE
HACBIIIEHNS MarHUTOIIPOBO/IA U3 PEXXUMA Harpy3Ku

Toraa stot yron

O=Cny—Cpy =342°, (18)
B TO BpEMsI KaK paHee, NPH pacueTax MarHUTHBIX MoJeil Ha
(boHE COCTOSIHMSI MAarHMTONPOBOIa M3 pexnMa XX, ObUIO
® =37,9°. YyurbiBas UTO B BBIPAXKECHUAX SHEPTETUUECKUX
napamerpoB TI" ucnone3yercs sin® [2,3], mo 3Toit cocTas-
JISTFOILIEH pacyeTHOE U3MEHEHHE cocTaBisieT 8,5%.
@®a3oBBIil CABUI MEXIy OCIMH HaMarHUYMBaHUS,
coorsercrByromumu MIIC Wg u W p (puc.4 u puc.6),

B=Cis —Cpp =1609°, (19)

HUcxons u3 (15), Ha monro pa3oBoro ciBura @ MexIy
(ha3HBIMH HANPSDKEHHEM M TOKOM OOMOTKH CTaTtopa ocTa-
erca 36,7° Bmecro ucxomHeix 31,8°. Ilo mapamerpy
COs( , ONpeNensiemMy 3Hepreruueckue nanusie TT,

W3MEHEHHE MEXIY BapHMaHTAMM pPacueToB C YCIOBHBIM
(mo pexxumy XX) M peauCTUYHBIM (II0 PEKUMY Harpys-
K1) HaChIIEHHEM MarHUTOIPOBO/IA COCTaBHIO 5,9%.
OueBUIHO, YTOOBI YIOBJIETBOPUTH MCXOIHBIM JIAHHBIM
TT (Ug, I, cOs@ ) B pexuUMe HATPY3KH, MOXHO B TIPHH-

e T0A00paTh cooTBeTcTBYIONME 3HaYeHus: MJIC ooMoT-
KH potopa F'y ¥ BPEMEHH / JUIsl 3/aHHs] MTHOBCHHBIX 3Ha-

a >’

yeHuil TokoB (8) B 0OMoTKe cratopa. OfHAKO 3TO BBIXOIUT
3a paMKH JAHHOM CTaThH. SICHO TONBKO, YTO HA OCHOBE KJIac-
CHYECKUX METOJIOB pacyeTa 3MEKTPUUECKHX MAIlMH Cpasy
BBIOpATh 3TH 3HAYCHUSI M OOCCIICUMTh HEOOXOMMMEIE (ha3o-
BbIC COOTHOIICHHS BCEX JJICKTPOMATHUTHBIX BEIMYMH 03
CYILIECTBEHHOM MOTPELTHOCTH HE YAAETCS.

BbIBO/IbI

1. YrnoBble monokeHus: oceid HamaruuuuBanus T B
Pa3IHYHBIX PSKUMAX MOKHO OMPENEIHUTh TOCPEICTBOM HC-
TOJTK30BAHMSI MATHUTHBIX MOTOKOCIICIUICHUI (pa3HOi 00MOT-
KA CTaropa, OCYIIECTBISIA TOMCK B3aMMHOIO TMOJIOKEHUS
pOTOpa M YCIIOBHO TepeMernaeMoit (ha3HOH 30HBI OOMOTKH
cTaTopa, Mpu KOTOPOM IiepBasi TApMOHMYECKAsT COCTABJISIO-
IIast 3TOro MOTOKOCIICIUICHUSI MaKCHMalibHa. HalieHHoe Tak

TIOJIOKCHUE OCeH HAaMarHMYHMBaHUS HanOoiee OJNM3KO K pac-
TIOJIOXKEHUIO PA3JIENUTENBHON CHJIOBOM JIMHUM MAarHUTHOTO
TOJISt B OOMOTOYHOM CJIOE CTaTOpa.

2. Ecnii Bo Bcex pacyeTHBIX pexxnMmax (Bo30yxkIeHue
00MOTKOW pOTOpa, BO30OYKICHHE OOMOTKOH cTaTopa, a
TaK)Ke WX COBMECTHHIM JICWCTBHEM) TNPHHSATh HEHU3MCH-
HBIM MarHUTHOE COCTOSHHE MAarHHTOIPOBOZA, TO TOJY-
yaeMble ()a30BBIC COOTHOIICHUS DJICKTPOMArHUTHBIX Be-
JIUYUH TPAKTUYCCKH COBMANAIOT C OMPE/ICICHHBIMH Ha
0a3e KIACCHMYECKUX METOAWK pacuera. [Ipu peambHOM
HACBHIIICHIHA MAarHUTONPOBO/IA B pEeKUME Harpyske ¢azo-
BBIC COOTHOIICHUS MPETEPIICBAIOT U3MEHEHUS, KOTOpBIC
JUTSL SHEPTETUYCCKIX MapaMeTpOB TypOOreHepaTopa mpu-
BOJIAT K TOTPENTHOCTSM Topsiaka (6..9)%.

3. OueBHIHA MENECOOOPA3HOCTH JATBHEHINEro COo-
BEPILICHCTBOBAHUS METOJIOB MPOCKTUPOBAHUS AJICKTpHUE-
CKHX MAalllMH Ha OCHOBE HCIOJIB30BaHUS YHCICHHBIX Pac-
YETOB MArHUTHBIX TIONICH. 3ajada, KOTOPYIO TMPH 3TOM
CJIEIYeT PEIINTh, 3aKII0YaeTCs B HEOOXOMUMOCTH pa3pa-
OOTKH METOJIWK, MO3BOJISIONINX PE3YITbTATHl YHCICHHBIX
pPacUeTOB MAarHMUTHBIX mMmojel 3¢ (deKkTUBHO TpaHCchHopMU-
pOBaTh B KOHKPCTHBIC MapaMeTphl pa3padaThIBACMbIX
ANEKTPUICCKUAX MAIIVH.
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