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B HaCTOAIIUX YKa3aHUAX paCcCMOTPCHBI OCHOBHBIC 3Tallbl BBI60pa napaMeTpoB aCMHXPOHHOI'O
OJICKTPOABUIATCIIA C KOpOTKO3aMKHYTOfI06MOTKOﬁ poTopa MW IPHUBEACHA MCTOAMKa pacdyera c€ro

paboueit XapakTepUCTUKU

TpeGoBaHuUs K BHINOJHEHUIO KYPCOBO padoThlI.
L{e/1p50 BBIOIHEHUS KyPCOBOM PaOOTHI SBIISCTC
1. Pacuer mapamMeTpOB aCHHXPOHHOTI'O JBUTATE/IsI B COOTBETCTBHHU C HCXOIHBIMH JIAHHBIMH,
NPUBEICHHBIMU B 33/1aHHH;
2. Pacuer u mocropoeHne pabounx XapaKTEPUCTHK aCHHXPOHHOIO IBUTATEIIS.
Pabourie XapaKTepUCTUKH CTPOSITCS MPH MOCTOSIHHBIX 3HaUCHUAX (hasHOro Hanpsokenus Unom,
ero yacrorsl fuom B mmanasone nsmeneHus CKOMbXEHUSI 0,5Sm0m< S <1,2 Suom € 11arom 0,1 Spowm.
Jlnst pacuera pabouMX XapaKTEPHCTHK PEKOMEHIYESTCs MCIob30BaHue makeroB Matchcad wiu
Excel.

[Tpumep paboumnx xapaTepHCTUK aCHHXPOHHOTO JIBUTATENS MPBEeH Ha puc. 7.3, 7.4.
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Crucok nmreparypbl

BBEJIEHHE.
OO01ue cBeeHnst

ACHHXPOHHBIC JBUTATCIIA SIBISIOTCS CaMbIM PAacCIpPOCTPAHEHHBIM THITOM
OCCKOJIEKTOPHBIX JJIEKTPUYCCKUX MAIIMH TEPEMEHHOr0 Toka. I[IpoMbINIICHHBIN
BBIITYCK  BBICOKOBOJIbTHOW  TOJIYIIPOBOJHUKOBOM  TEXHHKH W  CTATHYECKHUX
npeobpa3oBareiield  HaNpSOKCHUS  MO3BOJISIIOT — BHEAPSTH  DJICKTPOIPHUBOJ  C
ACHHXPOHHBIMH  JIBUTQTEISIMA BO BCEX OOJACTAX TEXHHKH. OT CHCTEM
aBTOMATHUYECKOTO YIPABJIEHUS, TJI€ UCIOJIB3YIOTCSl JABUTATENIM MOIIHOCTHIO MEHEe
1BT, 10 TATOBOrO MpWBOAA MOIIHBIX TPAHCIOPTHBIX CPEJACTB, TJC HCIOIB3YIOTCS
nBuraresau MoiHocTeo 0osee 1000 kBT.

ACUHXPOHHOU HA3bI8AIOM MAUUHY NEPeMEHHO20 MOKd, V KOMOPOU Velo8ds
CKOPOCMb 8pAWYEHUsI POMOPA (), OMIUYAEMCA OM Y2l08OU CKOPOCMU 6pPAUeHUs]
INEKMPOMACHUMHO20 NOASL 1 U  USMEHAEeMCs 8 3A8UCUMOCMU OM HA2PY30UHO20
MoMeHma.



ACHHXPOHHBIE ABUTATENN KJIACCUDUIIMPYIOTCS:

1) TpexasHbie ABUTATEIN C KOPOTKO3AMKHYTHIM POTOPOM;
2) tpex(asHbie ABUraTelin C ha3HbBIM POTOPOM;
3) nByxda3Hble HCIIOJHUTEIbHBIC IBUTATEIHN C KOPOTKO3aMKHYTHIM POTOPOM;
4) omHO(Da3HBIC IBUTATENN C KOHJICHCATOPHBIM ITYCKOM.

ACHHXPOHHBIE MalllUHbI OOIIET0 Ha3HAYEHUS! PUMEHSIOT TJIaBHBIM 00pa3oM
B JIByX HCIIOJHEHUSX: C KOPOTKO3aMKHYTHIM (Oenuubs KieTka) U ¢ (a3HbIM (C
KOHTaKTHBIMU KOJIBIIAMU) POTOPOM.

HauGonbmee mpumeHeHne UMEIOT Tpexdas3Hble JTBUTATEIH, pAaCCIYNTAHHBIC HA
paboTy OT ceTu npoMbIIUIeHHONW dYacToThl (50 I'm). ACHHXpOHHBIE ABUTATEIN
CHEIUATBHOTO HA3HAYCHUS I MPUOOPOB U CHCTEM aBTOMATHUKH M3TOTABIMBAIOTCS
Ha MOBBIIIEHHBIE YaCTOThI mepemMeHHoro Toka (200, 400 'ty u 6omee).

B HacTOSmMMX METOMWYECKHX YKa3aHUSAX PACCMOTPEHAa METOJIWKa BBIOOpa
nmapameTpoB Tpex(pa3HOT0 ACHHXPOHHOTO JIBUTATENS ¢ KOPOTKO3aMKHYTOH 0OMOTKON
poropa.

Tpexd¢a3Hbplii aCHHXPOHHBIA [BUraTejlb COCTOMT W3 CTaTopa U pPOTOpa
(puc.1). Jng 3amuThl OT BHEIIHUX BO3JCHCTBUI pabouue y37bl JBUTATENs
pacnoyiararorcst B kopnyce. PoTtop aBurarens ¢ JIByX CTOPOH YCTAHABJIMBAE€TCS B
NOJAIIMITHAKOBBIC Y3JIbl. [IOAIIMITHUKOBBIE Y3716l ABUTATEINS TAK)KE 3aKPEILISIOTCS B
KopIryce.

Ha cratope nBurarens pacnosnaraercs TpexdasHas 0oOMOTKa, BBIMOJHEHHAs
o cxeme ““3Be3a” WK “TpeyroibHUK’. Pa3pl 0OMOTKH CIBUHYTHI B MPOCTPAHCTBE
JIpyT OTHOCUTEILHO Apyra Ha 120°31. OOMoTKa cTaTopa MOAKII0YAETCS K HCTOUHUKY
Tpex(a3zHOro MepeMeHHOro HampsbkeHusd. Eciin oOMOTKa poTopa BBIMOJHSETCS MO0
TUIY “OeNnubsl KJIETKa”, TO OHA MPEACTAaBISIET COO0N TOKOMPOBOIAIINE CTEPHKHEBBIE
AJIIEMEHTBHI, 3aKPETVIEHHBIE B TOKOITPOBOASAIIEM KOPOTKO3aMKHYTOM KOJIBIIE.
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Puc. 1. AcHHXpOHHBIN ABUTATEIb C KOPOTKO3aMKHYTOH 0OMOTKOM poTopa
1 — xopmyc, 2 - spmo cTaTopa, 3 — 0OMOTKa craTopa, 4 — apMo poTopa, 5 —
KOPOTKO3aMBbIKaroIIee KOJIbII0 0OMOTKH poTopa, 6 — Bai, 7 —
TTOJIIIUITHUKOBBIN Y3€IT

JIBuraresb ¢ KOPOTKO3aMKHYTOM OOMOTKOM pOTOpa KOHCTPYKTHUBHO MPOIIIE,
yeM JBurartenb ¢ (pa3Hoil OOMOTKOW poTopa, HajJexHee B padoTe, ACIICBJIE, HO
MyCKOBBIE XapaKTEPUCTUKU Y HETO XYyKE.

[Ipu BItOUEeHHH OOMOTOK CTaTopa B CeTh Tpex(a3HOro TOKa, B MalluHE
BO3HUKAET BpAUIAIOIIEECs] MATHUTHOE TOJIE, YTIIOBAasi CKOPOCTh BPAILIEHUSI KOTOPOTO

OMpEIENAETCS BEIPAXKECHUEM
o, = 2 fl ’ (1)
p
rae f; - yacToTa HanmpsOKEHMsI MUATAIOIICH CETH,
P — 4KCIIO Map MOJOCOB.

[Tone, cuemnssick ¢ oOMoTkoM sikopsi, HaBoguT B Hedt DJIC. Ilpu sTom B
CTEp>KHAX OOMOTKM pOTOpa MOSBUTCS TOK. B pesynbTaTe B3auMOJCHCTBHUS TOKa C
BpAIIAIONIMMCS MATHUTHBIM TIOJIEM Ha POTOPE BO3HUKAIOT SJIEKTPOMATHUTHBIE CUJIBI.
COBOKYIHOCTh ATHUX CHJI CO3[AE€T AJIEKTPOMArHUTHBIA BpalAIOIIMIl MOMEHT, MOJ
JEUCTBUEM KOTOPOTO POTOP MPUXOAUT BO BpAICHUE B CTOPOHY BpAILCHUS MOJIS
CTaTOpa C YIJIOBOM CKOPOCTHIO <.

Ecnu ap=w1 w HampaBieHusl BpalleHUs IMOJsS W POTOpa COBIAJIAIOT, TO
AJIEKTPOMArHUTHOTO B3aWMOJCHCTBUS MEXKIy OOMOTKON craropa W  OOMOTKOMU
poTOpa HET, TaK KakK NPOBOJHHUKHA POTOpa HE OyIyT mepeceKaThCs MarHUTHBIMU
CUJIOBBIMM JIMHHUSIMH BpalllalOLIErocsd TOoJisl cTratopa, a, ciaexoBarenbHo, JJC B
poTope OyAeT paBHA HYIIIO.

HempemeHHBIM yCIIOBHEM B3aMMOJICHCTBUS CTaTOpa W POTOpa aCHHXPOHHOM
MAIIUHBI SBJISETCS HATUYKUE PA3HOCTU CKOPOCTEH BpaIllEHUS! 1~ @3-




BenmnuuHa, KOTOpas XapakTepu3yeT OTy pPa3sHOCTb, HA3bIBACTCS CKOJIBKEHUEM.
OTHOCHUTENBHOE CKOJBKEHHE pOTOpPa OTHOCUTEIBHO SJIEKTPOMATHUTHOTO — MOJIS
OIIpEICISICTCA KaK
s=2"% )
w,

B 3aBUCMMOCTHM OT COOTHOWIEHUS @ U @ Pa3IMYaloT TpU peXKUMa PAOOTHI

ACHHXPOHHOM MalluHbI (puc. 2):

1) nBUTATENBHBIA PEXKUM, KOTJA <) , @ BEKTOPHI YITIOBBIX CKOPOCTEH HalpaBICHBI
B OJHY CTOPOHY, IIpH 3TOM BEJIMYMHA CKOJIBXKEHHUS MOJKET IIPUHUMATL 3HAUCHUS B
npenenax 0<s <1;

2) TEHEPATOPHBIA PEKUM > @, , @ BEKTOPBI YIJIOBBIX CKOPOCTEH HAIpaBJICHBI B OJTHY
CTOPOHY ; IPM DJTOM BEJIMYMHA CKOJIBXKEHHS MOXKET I[IPUHUMATh 3HAYECHUS B
npenenax -oo <s <0;

3) peXuM d3JIEKTPOMATHUTHOTO TOPMOKEHHMS, KOrjJa @p<a1 , a BEKTOPbI YTJIOBBIX

CKOPOCTEUW HAIIpaBJICHbl B PAa3HbIE CTOPOHBI; MPU 3TOM BEJIUWYMHA CKOJIBXCHUS

MO>KET MPUHUMATh 3HaUYeHMs B Iipefeax 1<s<+oo

PerynupoBanue CKOpOCTH BpalleHUs pOTOpa JBUTATENS B IIMPOKOM JIAAIIA30HE
OCYILIECTBIIIETC W3MEHEHUEM YaCTOTHl ITUTAIOLIEr0 HANPSKEHUS, U3MEHEHUEM
YHCIIa Iap MOJIOCOB P WX U3MEHEHHUEM 3HAYECHUSA CKOJIBLKEHUS.

TeHEPATOPHBI
pesIm

peEITM
SMEeKTP OMATHHTHOT'O
TOPMOAEHILA

OEMTATEMNE HETI peaTm
i

Puc. 2. PexxrmMbl paboThl aCHHXPOHHOT'O JIBUTATEINS



XapakTepuCTUKH aCHHXPOHHBIX ABUTaTeJIeil
MexaHH4ecKne XapaKTepUCTHKH AaCHHXPOHHBIX JBHTATEICH IIPEICTABISIOT COOOM
3aBUCHMOCTH YTJIOBOH CKOPOCTH POTOpa OT AJIEKTPOMAarHUTHOro MoMeHTa ap=f (M)
WJIK MOMEHTA OT YTJIOBOM cKopocTh poTopa M=f(a,). YacTo B KauecTBEe MEXaHHUUECKOM
XapaKTePUCTUKH YI00HEE NCTIOIb30BaTh 3aBUCUMOCTH MOMEHTA OT CKOJIBKCHHUS POTOpa
M=f(s). Bug MexaHWM9IeCKHX XapaKTePUCTHK aCHHXPOHHOTO JIBHUTATENIs MPEICTABICH Ha
puc. 3.

I dam I I I I

S~

Y

Puc. 3. Mexanndeckue XapakTepUCTUKU aCHHXPOHHOTO JBHTaTessi: |- reHepaToOpHbIi
pexxuM; |- nuratensHeiil pexxum; |11- pesxxuM 1eKTpOMarHiTHOTO TOPMOKECHHS

B coorBercTBMM ¢ MEXaHMYECKOM XAPAKTEPUCTUKOW ITYCKOBOM MOMEHT
JIBUTATENS COOTBETCTBYEeT «»=0 (pOTOp HE Bpallaercsi), ero 3HaYeHHE COCTaBIISIET
M,=(0,3+0,7) Mmax.

MakcuMyM  3JIEKTPOMarHMTHOIO MOMEHTa JOCTUTaeTCsi MpPU  CKOPOCTH
BparieHus poropa apurarens ap= (0,820,9)an. [lpu @»=w; >MeKTPOMArHUTHBIHN
MOMEHT PaBEH HYJIIO.

MakcuManbHOE 3HAYEHWE JJICKTPOMArHUTHOIO MOMEHTA JBUTaTeNst Mmax
COOTBETCTBYET TMpPEAETY YCTOMYMBOCTH ACMHXPOHHOIO [IBUTaTelsl W 3HAYCHHIO
KPUTHUYECKOTO CKOJBKEHUSI Sy,. B uama3zoHe 3HaueHW CroimkeHus — 0<S<s,,
YBEJIMYCHUE HATPy3KU HA BaJly JBUIATEJ BBI3BIBACT YBEJIMUYCHUE SJIEKTPOMArHUTHOTO
MOMEHTA; IIPU JTOCTHKEHUU IEKTPOMAarHUTHBIM MOMEHTOM MAaKCHUMAJIbHOTO 3HAYEHUS
HACTyMaeT TMpeneNT YCTOWYMBOCTH pabOThl ACHHXPOHHOTO JIBUTATENs; JajbHEUIIICee
YBEJIMYECHUE 3HAYEHUSI S>S,, BBI30BET YMEHBIIICHUE MOMEHTA JBUTATEIS HE3aBUCUMO OT
3HAYCHUS MOMEHTa Harpy3ku. Takum o0pazom, paboTa aCHHXPOHHOTO JBHUTATEIIs
CTAaHOBUTCS HEYCTOMYMBOM TIPU  CKOJIBKEHHUSIX, S>S,). [Ipy MakcuMalIbHOM
AIIEKTPOMArHUTHOM MOMEHTE€ Mmax U S=S,, J1I000€ HE3HAYUTEIBHOE YBEIMUEHUE
Harpy304HOTO0 MOMEHTA MPUBOAUT K YBEIUYEHUIO CKOJBXKECHUS W YMEHBIICHUIO
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AIIEKTPOMArHUTHOIO MOMEHTa M 3TOT Tpoliecc OyneT NpOAOIKATHCS J0 TOJHOM
OCTaHOBKM poTopa asurarens. CienoBarenbHO, Uil YCTOWYMBOM pabOThI JBUTATEINS
HEOOXOAMMO, 9TOOBI CyMMa HArpy304HBIX MOMEHTOB, JIEHCTBYIOIIMX Ha POTOp, ObLIa
MEHBIIIE MAKCUMAJILHOTO MOMEHTa Mpyax. XapaKTEPUCTUKON HAICKHOCTH PaOOTHI
JBUTATENsl B YCIOBUSIX CIy4YailHBIX KpPAaTKOBPEMEHHBIX MEPErpy30K, SBISETCS
neperpy3ouHasl cnocoOHocTh A . OHa ompenensercs OTHOIICHUEM MaKCUMAJIbHOTO
MOMEHTa K HOMUHATIBHOMY A=Mmax/M,,,,; 17151 OOJBIIIMHCTBA AaCHHXPOHHBIX JIBUTATEIICH
A=1,7+2,5.

Pabourie XapakTepUCTUKA ACHHXPOHHOTO JIBUTATessl MPEACTaBISIOT  COOOM
3aBUCUMOCTH CKOPOCTH BPALIICHUS POTOPA @, KM 7], MEXaHUYECKOTO MOMEHTA Ha BTy
nsurarenst M, koa¢huIrieHTa MOIIHOCTH COS ¢ M TOKa cTaropa |l oT MOIIHOCTH Ha
Baity asuratens P, npu Ui=const u an=const. x onpenenstor s3KkCrepuMeHTATLHO WK
pacyeTHBIM IMyTEM IO cXeMaM 3amelieHus. Paboure XapakTepuUCTUKH CTPOSAT TOJIBKO
JUIL 30HBI YCTOHMYWMBOW pPa0OTHI JABHWrareis, T.e. 1O cKombxkeHus (1,1+1,2)S,.,.

HpHMepHBIﬁ BU] pa60‘-II/IX XapPaKTCPUCTUK ACHHXPOHHOT'O ABUI'aTCIIA IIPUBCIACH HA PUC.
4.

i

cos &y

=N

Puc. 4. Paboune XxapakTepuCTUKN aCHHXPOHHOTO ABUTaTeNst

Paboune xapakTepUCTUKXM ACHMHXPOHHOTO JBUTATENsl ONPEHEINSIOTCS Kak
3aBUCUMOCTH KIIJI 7], MEXaHUYECKOIO0 MOMEHTA Ha Bajy ABUrateins M, koadduimenta
MOIIIHOCTH COS ¢ , TOKa cTtaropa |1 ¥ mpuBeAEHHOro 3HauYeHUs Toka poropa l2’or
CKOJIbXeHus potopa S ipu Ui=const u ay=const



|. BBIBOP TIAPAMETPOB ACUHXPOHHOI'O 3JIEKTPOABHUI'ATEJIA

Honycmumvie naspy3ku acunxponno2o osueamens

B cootBerctBuM ¢ 'OCT 7217-87 “Martunsl 3J€KTPUUYECKHUE BPAILIAIOIITHECS.
JIBurarenm acUHXPOHHBIE pacyeT NapaMEeTpOB JBHUTraTeisl BBINOIHAETCS I
HOMMHAJIBHOTO peXUMA.

OTOMY pEXHUMY JTOJDKHBI COOTBETCTBOBATH JIOITYCTUMBIE HATPY3KH JABUTaTEIs.

1.1. JomycTumoe 3Ha4YeHHE 4acTOTHI BpalleHus poropa. Koporko3amkHyTas
OOMOTKa pOTOpa ACHHXPOHHOIO JBHUIaTellsl HMMEET MKECTKYI0 KOHCTPYKIHIO 0e3
71000BbIX yacteil. 1loaTOMy npu BpalleHMM POTOpa HE BO3HUKAET OINACHOCTU €€
MEXaHUYECKOI0 pa3pyLICHHUS.

JIuMHATHPYIOIIMM ~ Y3JIOM B OTHOIIEHWM MEXAHWYECKUX Harpy3ok Yy
ACHHXPOHHOI'O JIBUTATENs SIBJSIFOTCSI MOMUIMITHUKH, B KOTOPBIX 3aKPEIUIAETCS Bajl
poropa. Eciu B JBuraresne HE HCIOJB3YIOTCS IOAIMMIIHUKY  CIIEHUAIBHOTO
Ha3HAYEHUs, TO MAKCHMaJIbHO JIOMYCTMMAas 4YacTOTa BpallleHUs poTopa
N, =2200 06/ mun

1.2. JlomyctMoe 3HA4Y€HHE DJIEKTPOMATHUTHOW Harpy3kd. MOMeHT,
CO3/1aBa€Mblil ACHHXPOHHBIM JBHUTraTelIeM, BO3HUKAET B pe3yJIbTaTe B3aUMOJICHCTBUS
MarHUTHOTO TOJIsI, CO3aBa€MOro OOMOTKOM CTaropa, C TOKOM, MPOTEKAIOLIUM B
obmoTke portopa. [losToMy MarHMTHas ILE€Nb MAallUHBI HMEET OIpeelIsIolee
3HaueHue B pabote apurarensd. [Ipu yBelInyeHUM MarHUTHOTO MOTOKA MPOUCXOIUT
HAChIILIEHUE sSpMa cTaropa U poropa. Jisi 31eKTPOTEXHUUYECKUX CTaJlei, KOTOpbIe
UCIIOJIb3YIOTCS TIPH U3TOTOBJICHUHM sIpMa MAlllMHbI MIPEIEIbHOE 3HAaU€HUEe MarHUTHOM
WHIyKUUAU cocTaBiseT 2,3...2,4 To.

1.3. JlomycTMmoe 3Ha4Y€Hre TEIJIOBOM HArpy3Ku. JIMMUTHpYIONMM y3710M 1O
TETJIOBBIM Harpy3KaMm y aCHHXPOHHOTO IBHTAaTels C KOPOTKO3aMKHYTOH OOMOTKOM
poTOpa ABJSIETCS M30JSILIMs 0OOMOTKM cratopa. OJIHMM M3 OCHOBHBIX TOKa3aTemei
M30JSIIIMM  SIBJSIETCST €€ KJIACC HarpeBOCTOMKOCTH, KOTOPBIA XapakTepH3yeTcs
3HaYEHUEM TEILJIOBOTO (hakTopa

Aj=A-j, (1.1)
rae A - JIMHEHHas Harpy3ka OOMOTKM CTaTopa, j- IJIOTHOCTh TOKa B MPOBOJHUKAX
OOMOTKH CTaTopa.

B mHacrosmiee BpeMmsi sl ABHTaTeNeld  MCMONB3YeTCS M3OISIUS U3
CTEKJIOBOJIOKHA KJaccoB HarpeBoctoiikoctu F u H. [lomyctumoe 3HavyeHue
TEILIOBOT'O daktopa s A30JISILIUA Kjacca HArpeBOCTOMKOCTHU F
(Aj). =3600 4% /cm-mm®, &  JuId  Kiacca  HarpeBocroiikocth  H o -
(Aj),, =4200 A%/ cm- mn?.

1.4. JlomycTMoe 3HAY€HHE YACTOTHl MHUTAIOMIETO HampspkeHus. [lpu
YaCTOTHOM YIPABICHUH CKOPOCTBHIO BPAIICHUsI POTOpa JBUTATENSI OOMOTKA CTaTOpa
MOJIKITIOYAETCS. K MCTOUYHUKY HampsDKEHUSl yepe3 CTaTHUECKHi MpeoOpa3oBaTenh —
uHBepTOp. [IprHIIMT paboTh MHBEPTOPA COCTOUT B MPEOOPa3OBAHUN TTOCTOSIHHOTO
HaNpsDKEHUsT B TIEPEMEHHOE HAINpsHKEHWE 3aJaHHOM YacTOThl C  MOMOIIBIO
KOMMYTALMU 3JEKTPOHHBIX KIIIOYEH (THPUCTOPOB WIIM TPaH3UCTOPOB). IlockombKy
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DIIEKTPOHHBIE KJIHOYM MMEIOT KOHEYHOE BpEMS KOMMYTALIMH, TO JJII MHBEPTOPOB
OOIIero Ha3HAYEHUS TNPUHUMACTCS, YTO MAaKCHUMaJlbHOE 3HAUEHUE YacCTOThI
IUTAIONIECTO HAMIPSDKEHHS HE JOJDKHO MPEBBIIATh frax =150 I'mI.

1.1. Pacyer mapaMeTpoB pexxuMa padoThl ABUTaTEIS

Ha mnpakthke pacueT napamMeTpoB AaCHHXPOHHOIO JBHTATelsl BBIIOJIHACTCS Ui
HOMUHIBHOIO PEKUMa B IIPEAIOJIOKEHHUH, YTO JIBUraTelb pabOTaeT OT CHUHYCOUIAIBHOIO
WCTOYHMKA HanpsDKeHWs. B Hacrosee BpeMs Uil NHUTaHWS ACHHXPOHHBIX JIBUTaTeNen
CIIELMATIBHOTO HA3HAYEHMsl HCHOJB3YIOTCS CTAaTMYECKUE IpeoOpa3oBaTeli - HHBEPTOPBI
HanpspKeHUs WM Toka. Ha BbIxoge wuHBepTOpa (Qopma HamnpsyKEHUs 3HAYUTEIbHO
OTJMYaeTcs OT cuHycoupanpHOM. Tak kak wuHBepTOop padoraer Ha mnpotuBo-O/C
CTaTOPHOM OOMOTKM ABUTATENsl, UMEIOLIYI0 CHHYCOMJAIbHYI (opMy, TO TOK B (ase
ONPENEISIETCS Pa3HULEW MEXIy IPWIOKEHHBIM CTYIIEHYaTbIM HAIpPsHKEHUEM WU
cuHyconganbHo 1npotuBo-OJ[C. OgHako pacuer ABUrareiss BEAETCS HAa OCHOBHYIO
TFApMOHMYECKYIO COCTABIISIONLYIO (Da3HOTO HalpsbkeHus. B ganbHeiem — ecim 3To BayKHO -
IPY pacyeTe XapaKTEepUCTHK JBUTATeNs YUUTHIBAETCS, YTO HANPSHKEHHE HA €r0 BXOJAE MMEET
CIIOKHBI TapMOHMYECKUM COCTaB, KOTOPBIM  ONPENENETCS TUIIOM  HWHBEPTOpA U
XapaKTEPUCTUKaMHU CaMOT'0 ACHHXPOHHOTO JIBUTATEII.

VcxomHpIMU TaHHBIMUM JUISL pacdeTa aCHHXPOHHOIO JBHUTATEIIs SIBILTIOTCS MEXaHWYECKas

MOIITHOCTh (MOIIHOCTh Ha Bally JBHIATEIIs) P,,..., 3HaYeHHE JIMHEHHOrO (mm  (azHOTO)

HaITPsPKCHUA Ha BXOAC U Alwom , HOMMHAJIBHAA Ny, 1 MAKCUMaJIbHASA N0y, YACTOTHI BPALLICHMS

poTopa.
Pacuem onekmpuueckux napamempos pedicumos_pabomvl_ACUHXPOHHO20 _08U2ameis
CBOAUTCST K OINPEICTICHUI0 OPUEHTHPOBOYHBIX 3HAYCHUM  DJICKTPUUYECKUX M MEXAHUUECKHX
Harpy30K JIBUTATEJIs, IO KOTOPBIM BEIOMPAIOTCSI €0 KOHCTPYKTUBHBIE TTapaMeTphl.
["abGapuThl ANIEKTPUUECKON MAIIMHBI U Pa3MEphbl €€ OCHOBHBIX Y3JIOB OMPEIEIISIIOTCS €€
TIOJTHOM  DJIGKTPUUECKOM MOITHOCTRIO 1, KOTOpas TOMBOAWTCS K JBHUTATEII0 B BHJC
SIIEKTPHYECKOi MomHoCTH (prc. 1.1).

»| cratop—t» g | porop

Q \\-;Pz
/

Mz 2

Puc. 1.1. Tlepenaya sHeprum B aCHHXPOHHOM JIBUTATENE
3HaueHHUE TIOJTHOM MOIITHOCTH TPEX(a3HOTO JBUTATEIIS

Q =mu, I, (12)
rme M, =3- uucno a3 odmorku craropa, U, - nelicteyromee 3HaueHue HanpsokeHus (asbl
0OMOTKH cTatopa, |, - neiicTByromiee 3HaueHne Toka (asbl 0OMOTKH CTATOPA.

B nBuraresne nosHas MOIIHOCTb PACKIIAIbIBAETCS HA JBE COCTABIIIOIINE — PEAKTUBHYIO
MOIIHOCTb S1 M aKTUBHYIO MOIIHOCTb P1 . PeakTnBHas cocTapistomas MOIHOCTH S1 pacXOayeTcst
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Ha CO3[aHME€ MArHUTHOIO TMOJI B JIBUraTesie, a AaKTHBHAs COCTABJSIONIAs MOIIHOCTA P
niepeIaeTcs 10 SHEPreTUUECKOM LIS JABUTATENIS, MPeoOpasysiCh B MEXaHMYECKYIO MOILITHOCTh Ha
BaJTy JBUTaTeNs Ps.

[TomHast MOITHOCTH JBUTATENS C €€ AKTMBHOM M PEAKTUBHOW COCTAaBILIIOIIMMU CBSI3aHA
COOTHOIIICHHEM

Ql =y S12 + P12 . (13)

AXTHBHAas COCTABJIAIOLIAS AIEKTPUIECKON MOIHOCTH

P =Q,-cosp=m -U,-l,cos¢ , (14)
a PeaKTHBHASI COCTABIISIONIAS AICKTPHIECKON MOIITHOCTH
S,=Q,-sinp=m -U,-l,;singp , (1.5)

TJIe COS ¢ - KOA(PPUITMEHT MOIITHOCTH JIBUTATEIS.

Mexannyeckasi MOIIHOCTh Ha Bayly ABUraresisi P, OyAeT ompenensiThCs 3HAYCHHEM
aKTHBHOH MOIITHOCTH Ha BXOJIE IBUTaTeIs P1, 32 BEIYETOM MOJHBIX IIOTEPh B IBHTATENE » AP

P,=R-) AP (1.6)
WJIM MOMCHTOM Ha BaJly ABHAT'aTCIIsA
P,=M, -@,=M,-27-n,, 1.7)

rae M, — MEXaHMYeCKMii MOMEHT Ha Baiy japurarens [Hm], o,- yrioBas ckopocts poTtopa
npurarens [pan/c], an, —dvacroTa BpaieHus potopa[l/c].

Kak n3BecTHO, aKTHBHAsI COCTABJISIIOIIAS BXOJHOW MOIIHOCTH Y BBIXOJHAS MOIIHOCTH
CBSI3aHBI TAKXKE 3HAUYCHUEM KOA((DUIMEHTA MTOJIE3HOTO ISHCTBUS

P-Y> AP P,
—= =z (1.8)
I:)l Pl
CoOTBETCTBEHHO MOITHOCTH, TOK |1, TIpoTekaronmii B OOMOTKE CTaTOpa MOXKET ObITh
MPEJICTABIICH CyMMOM aKTUBHOTO TOKA

]7:

l,, =1,cos9, (1.9
Y PEaKTHBHOI'O TOKa

l,, =1;sing . (1.10)

Cornacho (1.3)

=1+ 1y, (1.11)

Crnenyer Taoke HalIOMHUTb, YTO IS CUHYCOMIATBHOTO TpeX(a3HOro HampsHKEHUs €ro
JIMHENHOE 3HaueHue U,, CBS3aHO ¢ (ha3HbIM 3HaYCHUEM U; COOTHOIIICHUEM

U,, =+/3U, (1.12)

JIisi pacuera OCHOBHBIX TMapaMETPOB HOMHHAIBHOTO peXuMa paboThl JBUTaTelis
HEOOXOAUMO TIO 3HAYCHUIO MEXaHMYECKOM MOITHOCTH P2, OMPEIETUTH 3HAYEHHUE €T0 MOTHON
MOITHOCTH Q; 40y JIJ1S1 TOTO MEpBOHAYATBHO ONPENENSETCS aKTUBHAS MOIIHOCTh Ha BXOJIC B
JBUraTelb Py, 3a4aBIIFCh OPHUEHTUPOBOUHBIM 3HAYCHHEM HOMHMHAIILHOTO KO3 HUIpeHTa

nojie3Horo jeiictBust 77, =0,94 1o xapakrepucTHKam JBUrareNs-mpoToTurnia. Torma B

cooTBeTCTBHH C (6)
P

2HoM
Pl HOM = '

HOM



12

Ha BTOpOM 5talie, 1Mo 3HAYEHHIO AKTHUBHAS MOIIHOCTH P 4, PACCUMTHIBACTCS IIOJHAS
MOIIHOCTh Ha BXojie aBuratesis (D)

R
Ql HOM =

(cosp),,,,

P PR

(cos),,, 7 (cosg),,

rae (cosg),, ~0,84- OPHEHTHPOBOUHOE 3HAYCHHE HOMUHATHHOTO KOA((HIMEHTA MOIHOCTH

W Ql HOM =

JIBUTATENSA-TIPOTOTHIIA.

[TockosbKy MoJTHAsE MOITHOCTh JIBUTATENIS OIPEICIISICTCS] ANIEKTPUIECKUMU TapamMeTpaMu
pexuMa pabotel apurarens, To 1o (1.2) MOXXHO onpenenuTh MpeaBapUTEIbHOE 3HAYCHUE
HOMHMHAJTLHOTO TOKA €r0 CTAaTOPHOU OOMOTKH

_ Ql HOM
1 - .

1Hom

BCHGI[CTBI/IG TOI0, 4TO Tt a6apHT N MacCa IJICKTPOABUTATCIEI OIIPCACILAIOTCA OTHOILICHUCM

2 Hom

, JKCJIATCIIBHO BO3MO>KHBIM CKOpOCTHOﬁ JAUAINa30H ABUTAaTCII HUCIIOJIBb30BATh ITOJIHOCTBIO,
2

T.. 00ecreynTh padoTy JBUraresisi ¢ BO3MOXKHO OOJbLIEH 4acTOTOM BpauieHus poropa. Jlis
3TOr0 KOHCTPYKTHBHOW CKOPOCTH TEIUIOBO3a Viyoucmp INOJDKHA COOTBETCTBOBAThH JOMYCTHMAst
9acTOTa BPAILIEHHs! POTOpA JBUrATeNsl, KOTOpasi M0 MEXaHWYECKOM MPOYHOCTH MOAIIMITHUKOB HE
JOJDKHA TIpeBbIuars N, . OZHOBPEMEHHO NPH YacTOTE BpalleHus potopa N, HE JOJDKHA

OBITH MPEBBIIIICHA MAKCUMAILHO JIOMyCTUMAsl YacTOTa MUTAIOIIETO HAMPSDKEHHs, TIPU KOTOPOM
obecrneurBaeTcsl yCTONUMBAsk KOMMYTALIMS JIEKTPOHHBIX KITFOUEei MHBEpTOpa, T.€. 150111

YactoTa BpallleHUsS SJIEKTPOMArHUTHOTO TIOJIS JIBUTATENsl NP HOMHHAIBHOM PEXKHME
paboThI

. nZ HOM
luom — y
1-s, ,

TI€ Syom - HOMHUHAIIBHOE CKOJIBKEHHE POTOPA.

n (1.13)

OnbIT MPOEKTUPOBAHUSI MTOKA3BIBAET, YTO JJIsl ACHHXPOHHBIX JABUTrATENICH ONTUMATLHBIC
3HAUEHUSI CKOJIBKEHUS (TIPY KOTOPBIX YIACTCsl MOTYYUTh HAUOOJTbINIEe 3HAUEHHE MEXaHUTIECKOTO
MOMEHTA) COCTaBJISIIOT

Shom = (3+4)% .

N3 Teopur acMHXpOHHOW MAIMHBI W3BECTHO, YaCcTOTA IMHUTAIOLIETO HANPSKEHUS

CBSI3aHA C YACTOTOM BpalECHU MOJs N1 COOTHOUIEHUEM
f,=p-n , (1.14)
rae P - 4ucio 1map ImoJIrocoB.

B TO ke Bpems, dacToTa BpalleHHs POTOpa ACHHXPOHHOTO JBUTATEIISI 3aBHCHT OT YaCTOTHI
BpAIICHHUS 3JICKTPOMArHUTHOT'O OIS B BO3YIITHOM 3a30p€ U ONPEICIISCTCS KakK

n,=n-(1-s,,) (L15)
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PeniB coBMecTHO (4) 1 (5) MOXKHO OIPEAEIUTh, KAKOE YMCIIO Map MOJIFOCOB JIOMKEH COJIEPIKATh
ANIEKTPOJIBUTATE]Ib:

fl = (1 - SHOM ) (116)

2 max

pz
n

Kaxk npasuiio, 1yist onexrpoasurareneii P =3 wm P =4 . 3Hauenre P OpUHAMAETCS U3
YCJIOBUSI, YTOOBI NMPU MaKCUMAJIbHOM YacTOTE BpallleHHs poTopa Ny, 4acToTa IMUTAIOLIETO
HaNpsDKEHUs! He TIPEBbIIIaia JOIMyCTUMOro 3HaueHus f,,, .

Pacuem napamempog pexrcumos pabomvl aCUHXPOHHO20 08U2amelis
[Tpu 3amanHO# yacToTe nuTaromiero Hanpsbkenus f; [['1], vactoTa Bpamenwus
AJICKTPOMArHUTHOTO TIOJIS B BO3AYIITHOM 3a30P¢

f
n =%, [uc] (1.17)
p
OTHOCHUTENBHOE CKOJIBLKEHUE ACMHXPOHHOI'O ABUTAaTCIIA OIIPCACIIACTCA KaK
n,—n
g="1— M (1.18)
nl

rie Ny — 9acToTa BpalieHus poropa, [1/c].
C yuetoMm [1.18] yacTora BpaleHus poTopa JBUraTeIs
n, =n,(1-s), [1/c] (1.19)

1.2. Pacyer napamMeTpoB sipMa cTaTopa

[TapameTpbl craropa OINPEAEISIOTCS BO3MOXKHOCTBIO PA3MEIICHUS] aKTUBHOW YacTh
MAIIIMHBI B 33JTAaHHBIX TabapuTax v pa3MelieHueM TpeOyeMOoro Yrciia BATKOB OOMOTKHM CTaTopa B
€To Ta3ax.

SIpMo cTaTtopa M3roTaBIMBACTCS IMXTOBAHHBIM W3 JIMCTOB 3JICKTPOTEXHUYECKOW CTAN
TomHOM 0,5 MM.

[TapameTpbl cTatopa ONPEACISIOTCS BO3MOXKHOCTBIO Pa3MEINCHUS AKTUBHOW YacTh

MalllMHBI B 3aIdHHbBIX ra6apHTax.

Tonmmma octoBa N; paccunTeiBaeTcs M3 ycIoBHS KperUleHHs MOMIMITHAKOB POTOPA;
OPMEHTHPOBOYHO it purarenei P1>100 kBt MoxHO mpunaTs h; =17 — 20 mm (puc. 2.1).

BHemmuii uameTp akTHBHOM uacTM cratopa D, NpMHMMAoT — MeHbIe, yeMm
Tojy4erHoe 3Hadenre D jHa 2 MM:

Ecnu 3amanbl nipenenbHble TabdapyThl MAIMHBI, TO HApYXHbIA (BHEIIHWN) AUaMETp
cratopa D, HeoOXOmMMO MpUHUMAThb B COOTBETCTBHU C 33/IaHUEM U PSIOM HOPMAJIBHBIX
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raGaputoB (puc. 2.1). SIpMo cTaTopa U3roTaBIMBAIOT U3 JOPOTOCTOSIIIEH AMEKTPOTEXHUUECKON
CTaJM U OTXOZbl MaTepHayia TPU IITAMIIOBKE €ro JIMCTOB JIOJDKHBI ObITh MUHUMATBHBIMU. B
COOTBETCTBUM C 3THM TpeOOBaHMEM pa3pabOTaH HOPMAIBHBIA Pl AUAMETPOB CTATOPA,
PEKOMEHTyEMBIiA IIPH M3TOTOBJIEHUH JICTOB sIpMa crartopa (Tad. 2.1).

. '.—'”'“37-"?7‘ Puc. 2.1. K
‘ 7t pacuery
’ p;  1apameTpos

ACHMHXPOHHOTI'O
' ABUTI'aTCJIA

[ -

i
A

1
1
SR R

Tabmuma 2.1
Brennue nuamerpbl IakeToB CTaTOPAa ACHHXPOHHOW MALLTMHBI

["abaput 4 |5 6 |7 8 9 10 (11 (12 |13 (14 |15
No

Jlnamerp 208|248 | 291|343 | 393 | 458 (590 | 740 | 850 | 990 |1180| 1430
D,, Mm

Huamerper D, raGaputoB 1-9 mnpumeHsrOTCS i1 TAKETOB CTATOPOB JBUTATEICH
MorHocTEIo 0,6-100 xBT.

s nurarenedt mouHocthio 300 kBT 1 MeHee 1ienecooOpa3sHO MpUHUMATh rabapur
Nell.

Jiist neuraresnieit 6osbIel MOIHOCTH - radaput Nel2.

BuyTpennmii quametp sipma cratopa Di onpeznensercss peKoMeHIyeMbIMA 3HAYEHUSIMU
WHIYKIIMH B sIPME CTaTopa U BBICOTOM Taza ctatopa. [lepBoHavansHo 3HaueHne D1 mpuHUMaeTcs
UCXOJISl U3 TOTO, UTO

D, =(0,7...08)D, . (2.2)
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OxoHuarenbHoe 3Hauenne D; onpernensercs peKOMeHIyeMbIMU 3HAYEHHUSIMA MHLYKLMK B S[PME
craropa B; <14 7.

JIns yMeHbIIEHHS TOKa HAMarHUYMBAaHWs [JBUTAaTess M TOBBILECHUS Kod(dHIeHTa
MOIITHOCTH BO3IYIIHBIN 3a30p ABUraTeNsl JENaloT & =15+2 mum(puc. 2.1).

B ma3ax cepmeuHuka cratopa pasMmeniaercs TpexdaszHas OOMOTKa, KOTopas
MIOZICOEIMHAETCS. K CETH MepeMEHHOro Toka. da3pl 0OMOTKU COEMHSIOTCS MO cXeMme “‘3Be3na’
WIM MHOTOYTOJIbHUK. Mexmy coboii oOMoTkm (a3 cmerieHsl Ha yrom 360/ mp rpam; mis
Tpex(asHoii oOMoTKM 3TOT yron paBeH 120°. Havama mpoBOTHMKOB OOMOTOK 00O3HAYAIOTCS

Oyksamu 4, B u C (wm &, b u ¢), a koH1p! mpoBoHIKOB 00MOTOK X, Y 1 Z (1w X, Y u Z) (puc.
2.2,a)

Puc. 2.2. Pacnionoxxenue tpexdaszHoil 0OMOTKM Ha cTatope (a); pachoyioKeHHE BUTKA
OOMOTKH B Ta3ax craropa (0)

OOMOTKH (ha3 BBIMOJIHSIOTCS U3 OTIETbHBIX KaTyIIEK, COEAMHEHHBIX MOCIIEIOBATENBHO.
B nanHOM ciyyae moOnA KaTyIIKOM MOJApa3yMEBAIOTCS HECKOJIBKO MOCIEI0BATENBHO
COCIIMHEHHBIX BUTKOB OOMOTKM CTaropa, pa3MELEHHbIX B OJHMX M TeX K€ Ma3zax U
UMEIOIMX OOLIYI0 HM30JISILIMI0 OTHOCHTENIbHO CTEHOK Masza. B cBOIO ouepenph BUTKOM
CUMTAIOTCS JIBA AaKTHBHBIX (T. €. pacHOJIOKEHHBIX B CAMOM CEpACYHHMKE CTaTropa)
npoBofHUKA 1 1 2 (puc. 2.2.0), yIOKEHHBIX B IBYX Ta3ax MO COCSTHUMH Pa3HOMMEHHBIMU
NOJIOCAaMA M COEMHEHHBIX Jpyr C JPYroOM IOCHENoBaTenbHO.  [IpoBOmHMKH,
PacTosIo’KeHHbIE BHE CEPIICUHUKA CTaTOPa U COSAMHSIONINE aKTHBHbIE IPOBOAHUKU MEXKITY
coOOM, Ha3bIBAIOTCSI JIOOOBBIMM YacTIMU OOMOTKHU. [IpsMoivHelHble YacTu KaTyllek
O0OMOTOK, yJIO)KEHHBIE B Ma3bl, HA3bIBAIOTCS CTOPOHAMU KaTYILIEK WM NTa30BbIMU YaCTSIMU.

[a3b1 cratopa, B KOTOpbIE YKIIA[bIBAIOTCS OOMOTKH, 00pa3yloT Ha BHYTpPEHHEH
CTOpOHE cTaTopa 3yOlbl. PaccTosHue MexITy cocemHUMM 3yOLaMu CeplIeYHHKa CTaTopa,
U3MEPEHHOE MO €ro MOBEPXHOCTH, OOpalIeHHOW K BO3MYIIHOMY 3a30py, HA3bIBACTCS
3yOI0BBIM JICJICHHEM (3yOLIOBBIM I11ArOM) HITH T1a30BbIM JICTICHHEM {1

t, =0, +0,, (2.3)

e b u bz — mvprHa nasa cratopa u mMpHHa 3y0Iia cTaTopa.
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[log mnomocHbIM JeneHreM craropa (cM. puc. 2.2.0) MOHMUMAeTCs JJIMHA
OKPY>KHOCTU PACTOUKU CEpJICUHMKA CTaTopa, NMPUXOAIIAscs Ha OAMH Toimoc. BemiurHa
TIOJTFOCHOTO JICJICHUSI MOYKET OBITh HaliieHa 1o hopMyJie

7D
7, =—23
2p

rie D1— nuamerp pacTouku cTaTtopa, m; 2p — YUCIIO MOJF0COB OOMOTKH CTaTOpa.

(24)

[HomocHoe JCJIICHUC MOXKCT OBITH TaKKE BBIPAKCHO YHCJIOM IIa30BbIX ,HCHCHHﬁ,
3aKJIIFOYCHHBIX MCKIY OCAMH COCCAHUX ITOJIFOCOB.

Katymku oOMOTOK cTaTtopa XapaKTepH3yIOTCS OMPEACNICHHBIM YHCIOM BUTKOB Wi U
mraroB Yi. [1lar kaTymku onpenensercss YUCiIoM 3yOLI0BbIX JIJICHUH, 3aKITFOUEHHBIX MEXTY
LEHTpaMU T1a30B, B KOTOpbIE YKJIAAbIBAIOTCS TPOBOJHUKK Karymiek. Illar karyiiku
CUMTAeTCsl TMOJIHBIM — JUAMETPATBHBIM, €CIM OH pPaBEH MOJFOCHOMY JICJTIEHHUIO,
U3MEPEHHOMY B YHCJIE 3yOL0B, PUXOASIIMXCS Ha OJIUH MOJIIOC, T. €.

Zl

Ty (2.5)

Yi=17

rJie Z3— 4uciio 3yOI0B 0OMOTKH CTaTopa.
Ecnu mmar MeHsl11e OFOCHOTO JIETIEHHsT, TO OH HOCUT Ha3BaHWE YKOPOUEHHOTO.

LleHTpasibHBIA  YIOJI, COOTBETCTBYIOLLMM IIOJFOCHOMY JEJICHHUIO, COCTaBIIET B
JIBYXIIOJTFOCHOM 3JiekTpoasurarene 180, B uerbipexnonocHoM 90, B mectunonocHoM 60° u
T. 1. [IpuHsSTO CUMTaTh yroji, COOTBETCTBYIOIIMI TMOJIOCHOMY JenieHuto, paBeH 180
anekmpudeckux epadycos [o1. epad]. Toraa Yrucio AMEKTPUYECKUX TPATYCOB B OKPYKHOCTH
PACTOYKH JJIs1 IBUTATENSI, UMEFOIIIETO 2p MOI0COB, cocTaBut 180-2p.

Karymka ¢ yKOpOYEHHBIM IIArOM MOXET  XApPaKTEPU30BaTbCA  HEKOTOPHIM
KO3(D(DUIMEHTOM YKOPOUYEHHS , KOTOPbIM BBIPKAETCS OTHOIIICHUEM Ilara KaTyIKu Y; K
BEJIMYMHE TIOJIFOCHOTO JEJIEHUS 71, T. €.

YxopoueHue mara npuBoUT K cHkeHnto DJIC, MHIyKTUPYEMOW B KaTyIlIKe, TaK KaK
IpU 3TOM 00€ CTOPOHBI BUTKA HE HAXOAATCS OIHOBPEMEHHO IOJ LIEHTpaMH COCEIHMX
Pa3HOMMEHHBIX IOMIOCOB. OIHAKO TAaKOE MCIHOJHEHUS KaTrylleK WMEKT W psl
HOJIOXKUTENBHBIX CTOPOH: KOHOMHMSI MMM 32 CUET JIOOOBBIX YacTel, OOJieTUeHNe YKIIaIKH
KaTyIlIeK B nasel craropa. KpoMe Toro, mpu 3ToM yJIy4IIArOTCs MIEKTPUUECKHE TIOKA3ATENN
JIBUTATEl 3@ CYET CHIDKEHMsS TaK HAas3bIBaCMbBIX BBICIIMX T[APMOHUYECKUX, KOTOPBIC
YBEJIMUYMBAIOT [OTEPHU U YXYIIIAIOT (POPMY 3IIEKTPOMArHUTHOT'O TOJIS.

Karymiku omuoit ¢azpl OOMOTKHM CTaropa, pacrojOKEHHbIE B COCEHMX TMazax M
COEIMHEHHbIE JIPYT C APYIrOM IIOCJIEOBATENbHO, OOBEIUHSAIOTCS B TaK HAa3bIBAEMYIO

KaTyLICYHYIO Ipyrry. B cBOIO ouepenp KaTyleuHbIe TPYIITbl MOI'YT COSAMHSTHCS BHYTPU
KaKI0M (pa3bl MOCIeI0BaTENbHO WM OOBEIUHATHCS B apasuiebHble BeTBU. [laparienbHbie



17

BCTBU IPHUCOCANHAIOTCA K BHCIHIHUM 3KHMMaM (1)8,3131. Yucno MapaJuICIIbHbIX BETBEH (pa?)BI
0OMOTKH CTaropa aj sIBJBICTCS OJHUM U3 €€ MOKa3aTeicH.

B masel craropa acHHXpOHHOTO JIBHTATeNsl 3aKJIa/bIBACTCS JBYXCIIONMHAS OOMOTKA.
Otyyure IBYXCIOMHON 0OMOTKH OT OIHOCIIOMHOM 3aKiTI0YaeTcsi B TOM, YTO B Ma3bl CTaTopa
3aKJIA/IBIBAIOTCS. CTOPOHBI ABYX Karyiiek. OfHa CTOpOHA KaTyIIKWA pa3MeIIacTcsl Ha JiHE
1masa, a Jipyras - B 4aCTH Ma3a, MPUJIETaoIleH K pacTouke craropa (puc. 2.2,0, 2.3,a,0). [Ipu
JIBYXCJIOMHOM BBITIOJTHEHIH OOMOTOK CTaTopa BCE KATYIIIKH W3TOTOBISIFOTCST OJMHAKOBBIMH,
YTO YIPOIIALT U yJICHIEBIISIET POM3BOJICTBO U JACNACT MX 00JIee TEXHOIOTMIHBIMH.

OmHyM W3 TJIaBHBIX TMPEUMYIIECTB JIBYXCIOWHBIX OOMOTOK IO CpPaBHEHHMIO C
OTHOCJIOMHBIMH SIBIISIETCSI BO3MOYKHOCTH CYIIIECTBEHHOT'O BIIMSIHUSA Ha ()OpMY TIOJIs OOMOTKH
C MTOMOIIBIO YKOPOUEHHUS I11ara. Y Ka3aHHbIE BBIIIE [TPEUMYIIIECTBA IByXCIONHBIX KaTyILIEK
oOecreumyii UX TPAKTUUECKOE TNPHMEHEHHE B TIOABIIONIEM OOJBIIMHCTBE MAIliH
MIEPEMEHHOT'0 TOKa CPETHEH 1 OOJTHILION MOIITHOCTH.

OnHocnoitHble 0OMOTKH (puc. 2.3,B) MMEIOT psifi NPEUMYILECTB 1O CPAaBHEHUIO C
JBYXCIIOWHBIMA TIPH WCTIONIb30BAHUM WX JJISI CPAaBHUTEIBHO MaJbIX aCHHXPOHHBIX
npurarenieil. B aTux 00MoTKax OTCyTCTBYET M3O0JSAIIMOHHAS TIPOKIIAIKA B CEPEAMHE 1Ma3a, 4To
CYILIECTBEHHO YJIYYIIIaeT MCIOJb30BaHUE 00beMa Ma3a M yBEIMUMBaeT Kod(pduimeHT ero
3anonHeHus. Kpome Toro, mpy U3roToBJIEHUH MEJIKMX MAIIMH MOIIHOCTBIO 710 4—35 kBT ¢
MSITKUMU BCHITHBIMUA OTHOCJIOMHBIMHU KaTyIIKaMH (puc. 2.3.a), KOTOpbIE 3aKJIa bIBAIOTCS B
masbl CTaropa OJHOBPEMEHHO OOEMMH CTOPOHAMH, TIOSIBIISIETCS  BO3MOXKHOCTh
UCTIOJNIb30BaHMs aBTOMATHMYECKUX WJIM TIOJlyaBTOMAaTUYECKHX CTAaHKOB I YKJIAJIKU
OOMOTOK.

i)
E
! ’:s )

P

a) : .6) ' g)
Puc. 2.3. T1a3b1 1 0OMOTKH cTaTOpa

a) — TIOJTY3aKphIThIM Ma3, 00MOTKa JBYXCJIOWHAs; 0) — OTKPBITHIN a3, 00MOTKa
JIBYXCJIOMHAs; 8) — TOJTYOTKPBITHIN a3, 0OMOTKA OJHOC/OWHAs; 1 — 0OMOTOYHBIN
mpoBOJ; 2 — ma3oBas KOpoOka; 3 — MPOKJIaAKa IMOJ KIMHOM; 4 — TpoKiIajaKa
MEK]y CIOSIMU; S — Ta30BbIi KJIUH

Ha puc. 2.4. npuBenieHa cxema ImpocToi OTHOCIIONHONM OOMOTKH CTaTopa.
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D p
N S N S
b
c : A |
01=5

Puc. 2.4. Cxema npocToil 0JJHOCIOMHOM OOMOTKH
craropa ¢ 1=5 u p=2

ﬂ—mmfﬁﬁﬁffﬁ@gmm________
. :

Puc. 2.4. a Cxema AByXCJIOMHONU OOMOTKH cTaTtopa ¢ (1=5 u p=2

OpHEHTUPOBOYHO, YHCIIO BUTKOB OJHOM (ha3bl OOMOTKM cTaropa W, MOXKET OBITh
onperiesieHo 13 3HaueHus TpanchopmaropHoit JIC dasbl
Eyn=444-(W, -k o) fp - @ (2.6)

- HOMMHAJIBHOE 3HAUEHWE MATrHWTHOIO I[IOTOKA MAIMHbL, K,1 - OOMOTOUYHBIN

1Hom Hom

rne o, .
K03 PULIMEHT (a3bl OOMOTKHU CTATOPA.

[lockombKy BCE JEKTPUYECKME MAIIMHbI HMEIOT OUYeHb MAaJIeHbKUE 3HAYEHUS
COMPOTUBJICHUI OOMOTKH, JIIsI HOMUHAJIBHOTO PeKrMa padOThl MOYKHO CUUTATh

E,.. ~096U,. (2.7)
3naueHust  K,; m3MenstoTcst B auanasoHe K,s; =0,96-1,0 (B 3aBHCHMMOCTH OT THIIA
OOMOTKH); €CJIi OOMOTKa paclpe/ie/ieHHasi — Kak 0OMOTKa CTaTropa aCMHXPOHHOTO JBUTATENIs
(puc. 2.2, 2.4) - Ky <1,0, eci cocpeoToueHHass — Kak KOPOTKO3aMKHyTass 0OMOTKa poTopa
ACHHXPOHHOT'O JIBUraTeNIsl WM OOMOTKA TJIABHBIX TOJFOCOB JIBUTATENISI TIOCTOSIHHOTO TOKA Kog;

=1,0.

1HoMm

3HaueHNEe HOMMHAJILHOTO MArHHUTHOIO TIOTOKAa @ OonpeacirsicrCia, B OCHOBHOM,

IUIOIIA/IbI0 CEUYEHUs] MarHUTOPOBOZA; OPUEHTUPOBOYHO €0 3HAUEHHUE VIS HJIEKTPOJBUIraTeNeH
morHocThio 100...600 kBT MoyxHO npHHsITE @, ~ 0,08 B6 . Torna Ha ocHoBauuu (2.5) u (2.6)

HOM
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MOXHO OPHUCHTUPOBOYHO OIIPCACIINTD H€O6XO,III/IMO€ YMCJI0O BHTKOB O,Z[HOﬁ (I)aBBI 0OMOTKM
cTaropa

~ 0,96-U,
- 4144'('k061I)' flmw '(Dwz‘

rac (DHMI, k051 - OPUCHTUPOBOYHBIC 3HAYCHNSA HOMHWHAJIbHOI'O MAIHUTHOI'O IIOTOKA MAIIIMHBI U

(2.8)

W

00MOTOUHOTO KOd(duImeHTa Gazbl 0OOMOTKH CTATOPA.
Kax mpaBuiio, Jyist TEIUIOBO3HBIX aCHHXPOHHBIX JIBUTATENEH 3HAYEHHE W, JOCTATOYHO

BEJIMKO, YTO HE TO3BOJISIET PA3MECTHTh Ha CTATOpE JBYXCIOWHYIO OOMOTKY. B sTOM cityuae
MPUMEHSIOT KOMOMHUPOBAHHYIO OOMOTKY, KaK/Iasi KaTyllka KOTOPOM COCTOUT U3 JBYX BHUTKOB
s dexTrBHOrO MPOBOHKKA. B 3TOM Ciyyae 00MOTKa cTaTopa Moy4aeTcsl YeThIPEXCIIOMHOI.

[ocne Toro, Kak orpenesieHo HeOOXOMMOE OPUEHTUPOBOYHOE YHCIIO BUTKOB OOMOTKH
cTaTropa, HeoOXOMMO PACCMOTPETh BO3MOYKHOCTH €€ KOMITOHOBKH Ha CTaToOpe.

[Ipu pacdere mapaMeTpoB CTaToOpa HUCMOB3YIOT BCIIOMOTATENILHYIO BETMYMHY - YHCIIO
Ma3oB Ha Mojroc U a3y (i, T.€ YUCIIO Ma30B OAHOM (ha3bl, HanpuMep, dhasbl @, TPUXOSIIUXCS Ha
OJHY TIOJTFOCHYTO crucTemy N-S.

JIJisl BBITIOJTHEHUSI CUMMETPUYHONM OOMOTKHM BEJIMUMHA (1 JIOJDKHA MPUHUMATH JH000€
nesnoe 3Hauenue (1 =1,2,3,4,5,6... U3 pucynka 2.4 crienyer, 4To JaHHAsS SJICKTPUIECKash MallliHa
MMeEET JIBE Mapbl MOJIOCOB, T.€. 2p=4, a uncio BUTKOB B oaHOM (aze W;=10. Takum oGpazom,
YHCJIO 1A30B Ha MOMMIOC U (pazy Juist JAaHHOM OHOCIOWHON OOMOTKH

6, =% =5, 29)
2p
WJIY YMCIIO BUTKOB B OTHOM (haze w, = p-q, .
Orcroma Cleayer, 410 BelIMYMHA W, , paccumTaHHas 1o (2.7) HE MOXKET HMETh

NPOU3BOJIBHOE 3HAYEHHUE; TIPH BHIOOPE MapaMeTpoB OOMOTKH CTaTOpa HaJl0 MPUHSATH TAKOE LIENIOe
3HaueHuUe O, YTOOBI YMCIIO BUTKOB B (pa3e OOMOTKH cTaropa W, — W, .

OO111e€ YMCII0 BUTKOB OOMOTKHU CTaTopa Mpy CUMMETPUYHOMN OJTHOCIIOMHOM 0OMOTKE

Wy =m, -w, =m,-p-q. (210)

Kaxnmplii BUTOK OOMOTKM HWMEET JBE CTOPOHBI (puc. 2.2), CIEIOBATENbHO, IPH
OZIHOCJIOMHOM 0OOMOTKE YHCIIO M1a30B HA CTATOPE AOJDKHO OBbITh paBHOZ, = 2-W,.

Cratopbl TEIUIOBO3HBIX ACHMHXPOHHBIX JBUrareiell MMEIOT Kak IpaBUIO IPOCTYIO
METIEBYI0 OOMOTKY WIM KOMOMHHMPOBaHHYIO OOMOTKY. [Ipu wWCHoNB30BaHMM ABYXCIIONHON
NETJIEBON OOMOTKHU

Z, = 2';/\/1 =W,. (2.11)
[pu nByXCroiHOM KOMOMHUPOBAHHOM OOMOTKE CTaTopa
2-W, W.
7 = 1o 2.12
=207 212)

OmbIT  NPOCKTHPOBAaHWSI ~ ACHHXPOHHBIX ~ JIBUTATEICH  TMOKA3bIBACT, YTO  €ro
BecorabapuTHbIC TIOKa3aTeNM OyIyT HAWTYUIIMMH, €CITU IMpUHA nasa by v mmpuHa 3youa bz
UMEIOT TPUMEPHO OJIMHAKOBBIC 3HaYeHMs, T.¢ 077/~ Dz1. Toraa B cootBeTcTBHM C (2.3) MOYKHO
CUYHTATh, YTO OPUSHTUPOBOYHOE 3HAYCHHUE 3yO1I0BOro Mara ty~ 2007,
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ITocKOIIBKY AIIEKTPOTEXHIYECKas CTalb — XPYIKHIA MaTeprall, ceucHue 3yoiia cratopa bz
HE MOJKET OBITh MEHee 8MM.
Toraa MakcuMaTbHO BO3MOYKHOE YHCIIO T1a30B HA CTaTOpe
_rn-D, =D,
e Tt 0,016
MOYKHO OTIPEIEITUTh, CKOJIBKO CJIOEB JIOJDKHA UMETh

7 (2.12)

z1min

Cornocrasisas 3HaueHusas Wi u Z

1 max
00MOTKa CTaTopa, a COOTBETCTBEHHO M THIT OOMOTKH. [Tpr 3TOM JIOJDKHO BBITTOJIHATHCS YCIIOBUEC
Z,<Z, ..
[Mpuastoe mo (2.11) wm (2.12) uymcrmo 3yOroB craropa

IMO3BOJEACT PACCUUTATD SY6HOBBIﬁ 11ar OOMOTKH

ﬂDl
-2t (2.13)

1.3. Pacyer napamMeTpoB 00MOTKH CTaTOpa

Tunwvl 06MOmMKU CMAMOPA U 0OMOMOYHBIL KOIDDULUUEHTN.

J1J1s1 cTaTOpOB ACMHXPOHHBIX IBUTATENICH MOTYT MPUMEHSITHCS OOMOTKH Pa3IMYHbIX THITOB:

- IIETJIEBAs,

- BOJIHOBA,

- KOMOMHUPOBAHHAS (JISTYIIIAYbS).

B mnetneBoit oomotke (puc. 3.1) mpu o0xome Kaxaod (azbl COBEPIIACTCS JIBUKCHUE
nieTyicoOpasHoi (POpMBI, a B BOJIHOBOM 0OMOTKE (pHC. 3.2) — IBIKCHUE BOTHOOOpA3HOW (pOPMBI.
KomOunmnpoBanHast 00MOTKa PUMEHSIETCs, Koryia (pasa oybKHA UMETh OOJIBITIOE YHCIIO BUTKOB, a
JIMAMETP CTATOpa HE MO3BOJISET Pa3MECTUTD METIIEBYIO UM BOTHOBYIO OOMOTKY.

[Ipu BBIOOpE THMAa OOMOTKA HEOOXOIMMO OpPUEHTHPOBATHCS HAa 3HAUEHHE TOKA (pasbl
cratopa. [1o yclioBHi0 HOpMATLHOTO OXJIAXKICHUS JBUTATENISI TOK MapalieIbHON BETBU OOMOTKH
11<200-220 A.

Kak w3BecTHO W3 TEOpUH DJIEKTPUUECKMX MAIMH JUIi TIETJIEBOM OOMOTKM YHMCIIO
napaJuieTIbHbIX BeTBeW 2a=2; [l BOTHOBOM OOMOTKH 2a=2p.

B Texnuueckoii mmreparype cxeMbl OOMOTOK OOBIMHO TPENICTABISIOTCS YCIOBHO B BUJIC
Pa3BEPTKU OKPY’KHOCTH Ha IUIOCKOCTU uepTexa. [Iph 3TOM CTOpOHBI KaTylleK, YJIOKEHHBIX B
nasbl, M300paKAIOTCS MPSIMBIMU JIUMHUSAMH. OHOCTIONHBIE OOMOTKM HW300payKatOTCSl OJJHOU
JIMHUEH, A IBYXCIIOWHBIE IByMsl JIMHUSMU; CTOPOHA KaTyILKH, YJIOKEHHAS B BEPXHEW YacTy I1a3a
— CIUIOLLIHOW JINHUEW, & CTOPOHA KATYILIKU Ha JIHE 1432 — ITYHKTUPHOU JINHUEH.

C ToukM 3peHHsi CaMOM TEXHOJOTMH M3TOTOBJICHUS KaTyIIKH TETJIEBBIX OOMOTOK
BBITOJIHSOTCS MSTKUMU WA KECTKUMHU
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Puc. 3.1. PazBepHyTas cxema ABYXCJIOWHOMN METIECBOM OOMOTKH

N N,

PETER ) CREEEY
p 11 TR

SEYTRIEETEY T
npequnil
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Puc. 3.2. Pa3BepHyTas cxema JABYXCJIOWHON BOJIHOBOM 0OMOTKH Z = 36; 2p = 4

J1ist MsITKUX (BCHITTHBIX ) 0OMOTOK MCITOJIB3YIOTCS TPOBOJIA KPYTIIOTO CEUCHHSI,
KOTOPBIE «BCHIMAKOTCS» B MOJY3aKPBITHIE a3kl (CM. pUc. 2.3,a), TOOYEPEIHO MO OJJTHOMY
npoBOAHUKY. Takoil crioco® U3roToBIEHUSI OOMOTOK MIPUMEHSIETCS B ACHHXPOHHBIX
JIBUTATEIISAX MAJIOW U cpeaHel MOoIIHOCTH mopsiaka 10 100 kBT.

B mammHax cpenseil u yaiie O0JbIIONH MOIIHOCTH KECTKUE OOMOTKH M3
1a0JIOHHBIX KaTyIIeK U IPOBOJA NPSIMOYTOJIBHOTO CEYEHMsI. DTH MPOBOAA
MpeIBapUTENBLHO (POPMYIOTCS U U30JUPYIOTCS, a 3aTEM YKIIA/IbIBAIOTCS B Ma3bl CTATOPA.

Kpatko He0OX0AMMO OCTAaHOBUTHCS HA BOIPOCE CUMMETPUYHOCTA OOMOTOK U
crocobe coenuHenus pa3z o0OMOTOK.

CumMMeTpruHbIe OOMOTKH XapaKTepHU3YIOTCS TEM, UYTO HABEJCHHBIC BO BCEX
¢dazax OOMOTKHM cTaropa 3. J. C. paBHbl Mo BenuuuHe. [Ipu PTOM HaBElIEHHBIC B
Ka)XI0H mape cocemHux ¢a3s 3. /1. C. CMEIIEeHbI BO BpEMEHU OTHOCUTENLHO JIPYT ApyTa
Ha OJWH W TOT ke yroj. Kak ykaspiBasioch panee, /sl Tpexda3zHOH OOMOTKUA ITOT
yroia paseH 120°.

Hecummerpuunbie OOMOTKHM cTaTOopa BCTpedaroTcss peaxo. Hecummerpus
OOMOTOK MOKET MPUBECTH K MOBBILIEHHOW BHOpAllMd MAIIMHBI U YBEIMYEHUIO
TOKOB, 4 COOTBETCTBEHHO K JONOJIHUTEIBHOMY HArpeBy U POCTY DJIEKTPUYECKUX
MOTEPb.
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Bce nmpoueccol MW 3aBUCHUMOCTH, IIPHUBCACHHBLIC 3€Cb, OTHOCATCA K
ACHMHXPOHHBIM ABHUIaTCIIAIM C CUMMCTPUYIHBIM 00MOTKaM.

B acuHXpOHHBIX ABUTATENSIX HCIOJB3YIOTCSA JIBa crocoda coenuHeHus (a3
OOMOTOK MeXay coOOi: B 3Be3y MU TPEYrOoJbHUK. OTHU COCIUHEHUS MOTYT
BBITIOJIHATHCS] KAK BHYTPH MAalIMHBI — [IIYX0€ MOJICOSAMHEHHE, TaK U BHE JIBUTATEIIS
— C MOMOIIbI0 CMEHHBIX MEPEMbIUYEK Ha CHEIUATbHOM IIMTKE, YCTAHOBJICHHOM Ha
KOPITyCE MAIlIUHBI.

ACHHXPOHHBIE JBUTATEIN IMHPOKOTO TPUMEHEHHS OOBIYHO BBITYCKAOTCS
U1 pabOThI HA OJHOM U3 IBYX HANPSDKCHHH HAXOMAIIMXCS B cooTHomeHun 1 : V3,
Hanpumep, 127 u 220 B, 220 u 380 B u pexe 380 u 660 B. [Ipu meHbieM u3
KKJBIX JBYX HaIpsoKeHUM ¢asbl ABUTATEN COSCAUHSIOTCS B TPEYTONbHUK A, a mpu
oonpiiemMm—aB 3Be3ny Y. [lpu BHemHeMm coenuHeHud (a3 JBUraTess CpaBHUTEIBHO
MIPOCTO MOKHO MOAKIIIOUNUTH €T0 K OJJTHOMY U3 YKa3aHHBIX Ha IIUTKE HAIIPSIYKEHUH.

DIIEKTPOJABUTATENN IUPOKOro mnpumeHe Husg MomHocTeio 100...600 kBt
BBIITyCKatoTcs na HanpspkeHue cBbiiie 500 B. da3bl nX 0OMOTKHM CTaTOpa COCTHMHEHBI
Mo cxeme ‘“3Be3na’. OTO TMO3BOJSET IEPEIaBaTh HSHEPrUIO IO CUJIOBOM IEMHU
TEIUIOBO3a C BBICOKMM HANpsDKEHUEM, a 3HAYUT MEHBIIUM TOKOM, Y€M IIpHU
COEIMHEHUH T10 CXEME “TPEyTOJbHUK .

O06o03HaueHMs BBIBOJOB OOMOTOK ACHHXPOHHBIX JBUTaTelie B COOTBETCTBUU
c T'OCT 183-66 mnpuBeaensl B Tabn. 3.1. B acHHXpOHHBIX JBHUTaTeIsIX C
CEKIIMOHUPOBAHHBIMU OOMOTKAaMH, C TOMOIIBIO KOTOPBIX BO3MOXHO HW3MEHEHHE
Yyycaa map TMOJIFOCOB, BIEPEIU MPOIMUCHBIX OyKB O0003HAUYEHUN OOMOTOK CTaBSITCS
nudpel, HAYUHAS C €AUHUIBI. DTH JOMOJHUTENIbHBbIC HU(PHI MOKA3bIBAIOT YHUCIIO
MOJIIOCOB JJAHHOW CEeKUMU. MapKHpOBKa BBIBOJIOB HAHOCUTCS HA IIUTKE PSAOM C
BBIBOJIAMH HJIM Yallle HEMOCPEICTBEHHO Ha KOHIaX 00OMOTOK. CpaBHUTEIBHO PEAKO,
HAlpUMEpP B MaJIbIX MaIllMHAX, OOMOTKHU PAa3IMYaIOTCS C MOMOIIBIO PAa3HOI[BETHBIX
NpoBOAOB. B 1BuUraTtensx cTapblX BBITYCKOB MOTYT BCTPETUTHCS CIIEAYIOIIHE
o0o03HaueHus Havan U koH1oB ooMmorok: H1, H2, H3 u K1, K2, K3 uim X, V, Zn U,
V, W.

Kak crnienyer u3 puc. 3.1 u 3.2 craTop aCHHXPOHHOTO JBUTATENS] UMEET PACIIPEICTICHHYIO
0OMOTKY, 3(h(hEKTUBHOCTh KOTOPOM ISl CO3MaHMS MarHUTHOTO IIOTOKA MEHBINE, 4YeM Y
cocpenotoucHHOM. CHIKeHre S GEKTUBHOCTU PACTIPEACIICHHOW OOMOTKH B TPOIIECCE CO3IAHMS

MAFHUTHOTO TIOTOKA MAIIMHBI YYUTHIBACTCS 0OMOTOUHBIM Kodddummentom K,z . B obmem
CcITy4ae 0OMOTOYHBIN KO3(D(MUIUEHT pacrpeieieHHOM OOMOTKH CTaTopa ONpeessieTcs: Kak

Kpo1 = kyl ’ kpl, (3.1)
rae K 1~ KOOQOULMEHT yKOPOUEHHST OOMOTKHY, kpl - KOO(PUIIMEHT pacripeaeneHns OOMOTKH.

Koadhduiment ykopoueHns: 0OOMOTKH 3aBUCHT OT PACIpENIENiCHHs] €€ TIOJHOTO M YaCTUIHOTO
mraroB. Koaddurment pacnpenenenust 0OOMOTKH 3aBHCHT OT YKICIA TTa30B Ha MOMOC U (azy (s |
T.€. YHCJIa MATHUTHBIX IIEHTPOB (ha3bl B OJTHOM MOTFOCHON CHUCTEME.
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B ciyyae npumeHeHust Ha cTaTope YKOPOYEHHOM OOMOTKH IIard Io ra3aM CTPEeMSITCS

BBIOMPATh TAKMM 00Pa30M, YTOObI ¢ OTHOCHTEIIBHBIH mar f = I 0833 ,re Yz1 = 271’ Yi-

Yz1
TIepBbIi YacTHuHbIA mar (cMm. puc. 3.3). Ipu TakoMm 3HadeHnd [ B KPUBOU 3.1.C. OTCYTCTBYIOT

KpaTHble 3-€ii TMPOCTPAaHCTBEHHbIE TAPMOHMYECKUE U COMACPKUTCS HAMMEHBIIEE YHUCIIO
rapMoHn4eckux 5 u 7-ro nopsakoB. Koaddurment ykopoueHust 1mara 0OMOTKH ONpeeNisieTcs
Kak

K, :sin(ﬂ%)ﬁl. (32)
KoadurmenT pacrpeneneHusi OCHOBHON MApMOHUYECKOM 3.11.C. OOMOTKH CTaTopa
sin .
R 63
g, Sin oma

H3onayuonnvle mamepuanvl _u nposooa 0as _00OMOMOK ONPEACISIOTCS
YCIOBUSAMH €€ JKCIUTyaTalluud (TeMreparypa, BIaXXHOCTb W Jp.), HaNpsDKCHUEM, Ha
KOTOpO€ paccunTaHa oOOMOTKa, KOHCTPYKTHBHBIM HCIIOJHEHHUEM OOMOTKH
(omHOCIIOWHAS WM JBYXCJIOWHAs, KATyIICYHAs WM CTEp)KHEBas, MsTKas WIN
XKecTkasi), a Takxke hopmoi maza. M3omsiusa HeoOXoauma Kak MEXAY BUTKAMU —
sUmMK08ds, TaK W MEXKAYy TPOBOJOM H 3a3¢MJICHHBIM KOPITYCOM JIBUTATEIS —

KopnycHaA.

N30nsunonHbIE MaTepuaibl Pa3IuvyarOTCsS MO0 CBOEM HArpEeBOCTOUKOCTH —
CIIOCOOHOCTH BBIICPKMBATH 33/IaHHYI0 pa00uyl0 TEMIMEpaTypy U BBINOIHATH CBOU
(GYHKIIMU B TE€YEHHUE BPEMEHU HOPMAIBHOM KCILTyaTalliU 3JEKTPOOOOPYyA0BaHUs, B
KOTOPOM HCIOJIB3YETCS TAHHBIN JIEKTPOU30ISLIMOHHBIN MaTEpHUa.

Cornacao I'OCT 8865-70 paznuyaroT ceMb KJIACCOB HAarpeBOCTOMKOCTH; IS
U30JISIIIUHM OOMOTOK DJIEKTPUYECKUX MAIWH MPUMEHSIOTCS MaTepuaibl KiaccoB A, E,
B, F u H, ny1s xotopsix B TabJ1. 2 MpuBEIEHBI IOy CTUMbIC TEMITEPATyPhI.

Tabmura 3.2

JlonycTumas temiieparypa i U30JSUN PA3IMYHBIX KJIACCOB HArPEBOCTOMKOCTH

Jonyctumas temmneparypa, °C,
OOBbeKT u3MepeHus JUTSL U30JILIMM Kiacca
HArpeBOCTOUKOCTH
A E B F H

[IpenenbHo gomyctumas s matepuana wzomsiiuu| 105 | 120 | 130 | 155 | 180

Cpennsist normyctuMas Jijisi OOMOTKHA 90 | 100 110 | 125 | 140

JlommycTrMOeE MpeBbIIICeHUE HaJl TEMIIEPATypoit 50 60 | 70 @ 85 | 100
OKPY KaroIEenl Cpebl
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B snexrponaBurarensix cTapbix BBITYCKOB OOMOTKHM CTaTOpa BBIMOJIHSIUCH U3
npoBoja Mapku [1B]], u301upoBaHHOTO JBYMS CIOSIMH XJIOMYAaTOOYMa>KHOM TPSIKHU,
MMEIONIETO HEIOCTAaTOYHO TEIUIOCTOMKYI0 M3OJSALMI0 3HAYUTEIBHOM TOJIIUHBI,
CYIIECTBEHHO CHIDKAIOMIYI0 KOA(DPUIIMEHT 3amoidHeHWs Ta3a W TEeM CaMbIM
YXYALIAIONIYI0 UCIOJIb30BAHUE JIBUTATENS.

3ateM OBUIM OCBOEHBI OOMOTOYHBIE MpOBOJAa C OoJiee TOHKOW U Ooliee
TEIUIOCTOMKOW  M30JIsIIMed — HMajeBOd M KOMOMHHUPOBAHHOW  (SMalieBO-
BOJIOKHUCTOI) Mapok [19B-2, [I19M-2, T13JIBO u ap.

[TocnenHue roapl AT OOMOTOK JIBHTaTeICH MPUMEHSIOTCS MPOBOJIA C M30JIAIIUCH
kiaccoB F u H mapok [19TB, IIC, IICIK u I[19T-155.

JI71s1 TOBBIICHUS SJIEKTPUYECKOW U MEXaHMYECKOW MMPOYHOCTH, BIArOCTOMKOCTH U
VIYUYIIEHUS] TEIJIOOT/aud OOMOTKHM TMPOMUTHIBAIOTCS B  AJIEKTPOU3OJISIIMOHHBIX
JaKax: MacJISTHOOUTYMHBIX, TIU(TaIeMacisIHbIX, KpeMHUHOPTraHUYeCKuX u 1p. s
3alUTBl OOMOTOK OT MEXAHWYECKUX TMOBPEXKICHUN M BO3ACHCTBHUS HEKOTOPHIX
XAMUYECKUX PpEAreHTOB, a TakXe Ui CO3JaHHus TJIAJIKOM TOBEPXHOCTH,
3aTPYAHSIONIE OCEJaHWe W HaKOIUIEHWE TIpsi3M W TbUIM, OOMOTKH CHapyXu
MOKPBIBAIOT AMAJIbIO WJIA CHEIUATBHBIM TOKPOBHBIM JIAKOM.

PaccMoTpuM mpumMep MUCTIONBb30BaHUS IS CTaTopa KOMOMHUPOBAHHONH 00MOTKH (pHC. 3.3)
JIBUTATENsl CpeaHEed MOIHOCTA. Ha snekrpoaurarensx cpeaHeld MOIIHOCTA HPUMEHSIOTCS
TOJIKO I1a0JIOHHBIE JIBYXCIIONHBIE OOMOTKH, YTO MO3BOJISIET JIyUIlIE UCIIOIh30BaTh 00bEM Ma3a U
MOBLICUTh  A((DEKTUBHOCTh TEIJIOOTBOJA OT TMPOBOAHUKOB. Karyillka KOMOWHHUPOBaHHOMN
OOMOTKM COCTOMT W3 JIByX BHUTKOB. BUTKa TETIEBONM OOMOTKM W BUTKAa BOJHOBOM OOMOTKH.
[TockombKy 0Ha KaTyIllka KOMOMHHUPOBAHHON OOMOTKH COJIEPYKHT /B BUTKA, TO B Tla3aX CTATOPa
JIBUTATENISI MOXKHO PACTOJIOKUTH BIBOE OOJIBIIIE BUTKOB, YEM TPU TIETJIIEBOM WM BOJIHOBOU
O0OMOTKH (TIpU YCIIOBHH, YTO CIIOEB 0OMOTOK OJTTHAKOBOE).

Ecmum 11 KoOMOMHMPOBAaHHOM OOMOTKH YHCIIO 1Ta30B CTAaTOpa Ha MoJroc U asy 0, MpUHSTH
IIEJIBIM, TO TIOJTHOE YHCIIO TIa30B CTATOPa ONpeesmTest Kak Z, =2pm, g, .

2y71

\\\'/)/1.\\'1/\\
I
I
1

Puc. 3.3. KoMOuHupoBaHHasi CAMMETPHUYHAs JIBYyXCJIOHHas 0OMOTKa
BEPXHUH MIPOBOJHUK B a3y, = = = HIDKHWUI IPOBOJHYK B I1a3y

Ceuenusi 3¢chchekmuerno2o npoBoOHUKA 0OMOMKU CIAmopa
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Beiitie ykaspiBanock, st TOro, YTo0bl KaTyiKd OOMOTKH CTaTopa ObUTH OJMHAKOBBIMH -
OOMOTKa JOJDKHA OBITh JBYXCJIOMHOW. B 3TOM cilydae B ma3zy cratopa OyayT pacriojioyKeHBI
yetpipe 3(HHeKTUBHBIX TpoBoaHWKA (puc. 3.4). Opghexmusnvim Ha3BIBACTCS MPOBOAHUK, IO
KOTOpOMY IPOTEKaET MOJIHOE 3HaUeHue (PazHOro ToKa ABUrates lq.

Ceuennie 3(h(eKTHBHOTO MPOBOAHMKA OOMOTKH CTaToOpa (a1 OMPEIEISIOT MO 3HAYCHUIO
TOKa (ha3bl |1 M TOIyCTUMO# TJIOTHOCTH TOKA B IIPOBOTHUKE 1.

JlorycTmasi TJIOTHOCTh TOKa 3aBHCHT OT KJlacca HArpeBOCTOMKOCTHA W3OJLSILIMU U
UCTIONIE3YeMOM CHUCTEMBI OxJIaxkreHus. Kak ObUIo yKa3aHO BbIIIE, TPU WCIIONB30BAHUU IS
NPOBOJIHMKA OOMOTKHM CTaTopa M30JBIIMH KJIacca HarpeBOCTOMKOCTH F 3HaueHWe TeruioBOro
daxropa Ajr=3600 A%cv:mm?, TIPH HCIONB30BAHMM W30ISLMM KJIacca HarpeBocToikoctn H
Ajr=4200 A%/crmm?,

Kiacc HarpeBOCTOMKOCTM W3OJSIMM  OMpPENeNsieT 3Ha4YeHHe TeIrIoBoro (hakropa
NPOBOTHUKA A], KOTOPBIH SIBISICTCS MPOU3BEICHUEM JIBYX BEJIMYWH. JIMHCHHOW HArpy3ku A H
IUIOTHOCTH TOKA |

Al=A-j. (3.1)

ITo 3Havenuo Toka a3kl cTaropa MOXKHO ONPEICTUTh 3HAYCHUE JIMHEHHON Harpy3Kku

craropa:

A=W (3.2)

rme M, =3- uncno a3z 0OMOTKH cTatopa; W, - YhCIIO BUTKOB B (paze 0OMOTKM crtaropa; D; -
BHYTPEHHUH JiaMeTp cratopa (cM. puc. 2.1).

[TpuHsIB Ki1acC HArPEBOCTOMKOCTH M3OJISIIMK 11 OOMOTKH CTaTOpa MOYKHO PACCUHMTATH
JIOMYCTUMYIO TUIOTHOCTD TOKA B IIPOBOHUKE
. Aj

Jimax = K . (33)

Bce TeruioBo3HbIe 3IEKTPOIBUTATE M UMCIOT TMPUHYAUTENIBHYIO CHCTEMY OXJIQXKICHHS,
T.C. BeHTUJIITOP YCTaHOBJICH BHE MAILIMHBI M BO3IyX B HEE HATHETACTCS 110 BO3AYXOBOY (PYKaBy)
HE3aBHUCUMO OT BpallicHHs poTopa. JIjIs TakuX 3IEKTPUYSCKHX MAIMH JOMYCTHMOE 3HAYCHHUE
IUIOTHOCTH TOKA B MPOBOTHUKAX (j1)or=8A/MM? . Eci  snekTprdeckas MalMHa 000pyI0BaHa
CHCTEMOM CaMOBEHTHJIIIIMM, T.C. HAa BOJy pPOTOpa YCTAHOBIICH BEHTHJIATOP (KPbLIbYATKa),
KOTOPBII OXJIaKIAET JBHUTATe/Ib IPHM BPAIIEHHH POTOPa, TO JOIMYCTHMOE 3HAYCHHE IUIOTHOCTH
TOKa B POBOIHMKAX (j1)or=4A/MM? .

[Tpu pacyeTe OPHEHTHMPOBOYHOIO CEYCHHS AKTHBHOIO IPOBOJHHKA OOMOTKH CTAaTOpa
PEKOMEHYETCS IIPUHATH ITIOTHOCTD TOKA J; < J; 1o

oo
qal :j_l (34)

3HaYeHME (py MO3BOJISET BHIIOIHUTE SCKH3 Ma3a (puc. 3.4).

! b” J b Zlmax

s

A=
- NJFEEEEE |
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Puc. 3.4. 'eomeTpudeckue mapaMeTpsl ma3a craTopa ¢ KOMOMHUPOBAHHOU
oOMoTKOH: 1 — mpokiaika; 2 — MOKpOBHAS H30JIALHS; 3 —3(()EKTUBHBIN MPOBOIHUK;
4 - KJIIMH

Leomempus naza cmamopa.

OmbIT  MPOEKTUPOBAHUS  DJIEKTPUYECKUX MAIlMH TOKA3bIBACT, YTO HAWITyYIIHe
TIOKa3aTeId MMEeT aCHHXPOHHBIN JIBUTATE) b, Y KOTOPOTo IIMPHHA Ta3a craropa bj; v BbICOTA
naza cratopa Ny CBSI3aHbI COOTHOIIICHUEM

by 1
h, 4
[Ipu npoTekaHny EPEMEHHOIO TOK IO MPOBOAHUKY HAOMOAAETCSI CKUH-3(D(EKT, KOTOpbINA
3aKJTFOYaeTCsl B TOM, UTO TOK BBITECHSIETCS K TIOBEPXHOCTH TMPOBOAHMKA. B pe3ynbTare, TOK 1O
MPOBOJIHHKY PACIIPENieIsieTCsl HEPaBHOMEPHO, CEYEHHE TPOBOJHMKA IJIsI TPOTEKAHUSI TOKa
CHIDKAeTCs, U COMPOTHBJICHHE OOMOTKH BO3pAcTaeT. JTO MPUBOAUT K YBEIMUCHHIO TIOTEPh B
MalliHe, CHIDKEHHIO €€ KIIT 1 TIOBBIIIIEHHOMY HarpeBy OOMOTKH.
UroObl cHU3UTH BIMsIHUE CKMH-d(dekTa Ha paboTy MammHbl SGEKTUBHBINA TPOBOIHUK
OOMOTKM HAOHMpalOT W3 HECKOJBKUX 3JIEMEHTAPHBIX MPOBOAHMKOB (puc. 3.5). s marmn
CpEIHEN MOIIHOCTH BbICOTA 3JIEMEHTAPHOTO MPOBOJHUKA HE JIOJPKHA MPEBBIIATH 2,8. ..3,2 MM.

(3.5)

3JI€MEHTapHbIN
IIPOBOJIHUK

A

<

Puc. 3.5. DddexkTuBHbIN TPOBOAHUK OOMOTKH CTaTOpa, COCTOSIIIIUN U3 IBYX
AJIEMEHTAPHBIX MPOBOHUKOB

Ceuenne npoBomHrka U,; BBIOMpArOT TakuM, YTOOBI IUIOTHOCTH TOKA B OOMOTKE HE
IPEBBIIIANIA JOIMYCTUMOTO 3HAYCHHS
) L, .
Ji=—= Joex. (3.6)
qal

l'eomerpust maza ¢opmupyercs UCXOd W3 YCIOBWM, 4YTO IIMpUHA 3yOla
B, nin =8 My (puc. 3.4), MHIYKIKMS B 3y0lle C Y4ETOM HACBILIEHHS MArHUTHOM LIENU HE JI0JDKHA
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MPEBBINIATh JOMyCTHMOTO 3HadeHus B, <B ,, a BbICOTa AIEMEHTapHOTO MPOBOIHHUKA
Karymku D, = 2,8 +3,2 mm (puc. 3.4); npu GoJbIIeil BEICOTE IPOBOJHUKA J00ABOYHEIE TIOTEPH

OT BBICHIMX FAPMOHUYECKHX COCTABJISFOIIMX TOKA JOCTUTalOT OOJBIIMX 3HAYEHHM, YMEHBILAS
KIIZ JIBUTATEJIS.

Karymiky 0OMOTKM cTaTOopa HamarhiBalOT Ha IIMPOKOE PEOpO M YKIJbIBAIOT B a3,
TEOMETPUYECKUE TTapaMETPhI KOTOPOT'O YTOUHSIOTCS C YYETOM BUTKOBOW M IIOKPOBHOM M30JIALIAN
(puc. 3.4).

CeueHre ¥ reOMETpUUYECKUE pa3Mephbl MPOBOAHUKA YISl ITAOJOHHOW (KECTKOM KATYILIKH)
BBIOMpArOTCs U3 TabMIIb! 3.3.

Tabmmma 3.3
Pa3mepsI psiMOyTOJIbHOM MEH

Pa3mepbl npsiMOyTOIbHOM MeJT, MM™

0,90 2,83 7,40 1,56 4,70 11,6
1,01 3,05 8,0 1,68 510 12,5
1,08 3,28 8,6 1,81 5,50 13,5
1,16 3,93 9,3 1,95 5,90 14,5
1,25 3,80 10,0 2,10 6,40 15,6
1,35 4,10 10,8 2,26 6,50 16,0
1,45 4,40 11,0 2,44 6,90 16,8

2,63 7,0 18,0

* PazMep 1poBo/ia MOKHO MOJTYYUTh KOMOMHAIMEH JIFOOBIX TAOJIMYHBIX Pa3MEPOB
TompyHa 130K OOMOTKHM CTaTopa ONpeeNsieTcs 3HaueHneM (pa3Horo HarpsbkeHus. B
3aBHCHUMOCTH OT (ha3HOTO HAMPSHKEHUSI MEHSIETCS YHCIIO CJIOEB KOPITYCHOM M30Iisituu (Tadm. 3.4).
Tabmima 3.4
TomyHa U301 OOMOTKH CTaTopa

U, B 500-800 800-1200 1200-2000 2000-3000

A 5y MMF* 2,0 25 3,0 40

** TOJIIMHA U30JISILIUY TI0 IIIMPUHE 1a3a (Ha JIBE CTOPOHBI)

M301MOHHEIN CJION CKJIAIbIBACTCS U3:

- BUTKOBOM H30JISIIMN — OJIMH CJIOM BCTBIK CTEKJITHHOM JIeHThI TomiHoM 0,11 M,

- KOPIYCHOM W30JSILIMA — IISITh CJIOEB BIIOJYTIEPEKPBIILY BCTBIK CTEKISIHHOM JICHTBI
tommHoi 0,11 MM;

- TIOKPOBHAS U30JIALIUS - OJIMH CJI0M BCTBIK CTEKIITHHOM JIeHThI TOIHOM 0,11 M.

[Tpu pacuere TOMIMHBI U30JAIMA OOMOTKH HEOOXOAMMO YYECTh, YTO TOTOBYIO KaTYILKY
MPOMUTHIBAIOT JIAKOM, MPH TOM MPOUCXOJUT PACHYIICHUE HM30JSIMU IO IIUPUHE U BBICOTE
KaTYIIKA Ha BETUUHUHY Apaer=0,3 MM.

B cBs13u ¢ 3TuM 1mmpuHa naza (puc. 3.4 )

By =0, +A,L+A 0 STy =Dy, (3.7)

pacn

Bricota maza cratopa mpH JIBYXCIOWHOM OOMOTKE CKJIAIBIBACTCSI W3 BBICOTHI JIBYX
KaTylieK ¢ W3OMSMmed Ny,  TPEX MHMKAHHUTOBBIX MPOKIANOK Ayy=0,5 MM, KOTOpBIE
YKJIAJIBIBAFOTCSI HA JIHO T1a3a, MEXKTY KaTyIKaMH U T0f] KJIWH, COOCTBEHHO KJIMHA TOJIIIUHOW
News=3MM M 3a30pa MEKTy KJIMHOM M pacToukoi craropa hy =1,5 MM (puc. 3.4)
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h,=2h__ +3A +2A _+h_  +h (3.8)

pacn KIUH

Bricora KaTyHIKH OIIPCACIEICTCS TUIIOM HpHMeHﬂeMOﬁ O6MOTKI/I; ecim 0OMOTKa IIpocCTas
IICTIICBAsI NI BOJIHOBAs

hzcaml = ul ’ le + Au3 ! (3'9)
Ecm o6MoTka koMOHMpOBaHHAs (cM. puc. 3.3)
hKaml = 2 ) ul ) le + Au3 ' (310)

rae Up - YHCITO 3JIEMEHTAPHBIX IPOBOAHUKOB B OTHOM aKTHBHOM IIPOBOJTHUKE OOMOTKH CTaTopa
COHDOWIM@]Z@HM@ éaé’bl 06M07’}’ZKM cmamopda.
JIymMHA TIPOBO/THHUKA BUTKA KATYIIIKK cTaTopa (puc. 3.6)
l,=2l,+4l, +4a+4l (3.11)

rie |, - axtuBHas nmHA BuTKA (YacTh BUTKA, PACTIONOKEHHAS B APME CTATOPA, I/Ie HABOJUTCS
S/1C dassl Ey);

|, — moOoBast yacTh BUTKA KATYIIKH; MPEIHA3HAYCHA I COCIUHCHHS aKTHBHBIX MPOBOIHUKOB
OOMOTKH € TIEJThI0 00pa30BaTh 3aMKHYThIN BUTOK,;

a - TIPSIMOJIMHEHHBIN Y4acTOK KAaTYIIKW TIPH BBIXOJE W3 Mas3a (C y4eTOM paauyca HM3rHoa),
NPUHUMACTCS B 3aBUCHMOCTH OT HANPSDKCHHSI OTHOCHUTEIBHO KOPITYCa, JUTS AJICKTPOIBUTATEIICH
CpeaHEN MOIIIHOCTH OPUEHTUPOBOYHO MOKHO IIPUHATE a=28 MM

l,1s — TOJIOBKA KATYIIKH; MPH JBYXCJIOMHOM OOMOTKE CTaTopa aKTHBHBIC MPOBOIHMKU KATYIIIKA
pacriojararorcsi B PasHbIX IUIOCKOCTSIX, YTOOBI BCE KATYIIKH OBLIM OJHOIO pasMepa; Uit
9JICKTPOJIBUTATE ICH CPEHEH MOIITHOCTH OPUSHTHPOBOYHO MOYKHO TPHHSITH l,0s=30-33 mm;

A
\ 4

|ﬂ\/

Puc. 3.6. K pacuery JyiiHbI BUTKA.

JloGoBasi 4acTh KaTylIKd HE ydacTByeT B cozmaHuu JJIC u sBISETCS HMCTOUHUKOM
JIOTIOJTHATEITBHBIX TTOTEPh B MAIIMHE M TOTOKA paccesiHusl (TIOTeph MArHUTHOTO TIOTOKA IPU
coznanuu JJ1C). B cBsi3u ¢ 3TUM JT000BBIE YaCTH OOMOTKY CTPEMSITCS BBITIOJHUTH MAKCUMAITLHO
KOPOTKHMH.

B o0miem ciyuae ayvHa T000BBIX 4acTeH KaTyIIIKW ONpeeNsieTcs 1aroMm oOMoTku. st
MOJTy4YEHHsT MakCUMaibHOro 3HadeHusi JJ[C aKkTUBHbIE MPOBOAHMKU KATYIIKUA JOJDKHBI
pacronarathCs o] Pa3HBIMHU TTOJTFOCAMH, T.€. Ha PACCTOSTHHUM TTOJTFOCHOTO JICJICHUSI.
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OmbIT IPOSKTUPOBAHMS ANIEKTPUUESCKIX MAIIMH TTOKA3bIBACT, YTO MUHUMAIBHBIA YTOJ
PacroNoKeHusI JIOOOBBIX YacTel KaTyIIKU Y, KOTOPBIH MO3BOJISIET PACTIONIOKUTE Ha CTaTOpE BCE
BuTKH 00MOTKH cocrapisier 28-30 ? (puc. 3. 6). TlosToMy mmiHa J10G0BOM 4aCTH KATYIIKA MOKET
OBITh ONpeieNicHa KaK

y, 1
| =2+ — .
* 2 cosy (3.12)
[1Tar oOMOTKH
yi=m-q, 't1’ (3-13)

TJIe (1 — YKCIIO TTa30B Ha MOJIOC (pazy, t — 3yOIoBbIi Iiar.

JIMHa aKTUBHOW YacTW CTaTopa OKOHYATEIBHO ONPENENsieTCS MPU pacyeTe MarHUTHOM
LEIY MaIlMHbI UCXOJIS M3 YCIIOBHS, YTOOBI MHAYKIMS B €T0 3yOliaX HE MPEBBICHIIA JOIyCTHMOIO
3HAYCHMUSI:

1, > o | (3.14)
0,y - Lty Kep B

Z1min max

rae @, - 3HAaY€HWE MarHUTHOI'O TIOTOKA; &5 - KOA(PPUIMEHT MOIFOCHOTO MEPEKPBITHSL.

OnHako TEpBOHAYAILHO ISl AJIEKTPOJBUraTeliC JUIMHY AKTUBHOW YacTW NPUHUMAKOT 10
JIBUTATEIIO MPOTOTHUITY, @ 3aT€M NEPECUUTHIBAIOT MPH BBIIOJIHEHUH pPacdeTa MarHUTHOW LICTIHL.
J1y1st iBUTaTeIIs CpeHE MOIHOCTH MOKHO MPUHSATH |:=0,5 M.

Pacyer compoTuBieHrsi 0OMOTKM CTaTOpa OCHOBBIBAETCSI HA TEOMETPUYECKUX TTapaMeTpax
€€ KATYIIKA W BBIMOJHSACTCS TOCTe KOHCTPYKTHMBHOM mpopaboTku. [lpu sTromM HEoOXomammo
YUUTBIBATh, YTO TIPH IKCIUTyaTallMy JIBUTATENsl €r0 OOMOTKA HArpeBaeTcs, a NPU HarpeBaHUU
MeIM ee yJeNmbHOe compoTuBieHue yBermmuuBaeTca. B coorBerctBum ¢ I'OCT pabGouas
TemriepaTypa oOMOTKM JJIEKTPUYECKON MalnmHbl B okcrutyarammn 1,=115 °C. B cripaBounoit
JUTEPATYpe YAEIbHOE COMNPOTUBIICHUE 3JIEKTPOTEXHUYECKOM MEIW TPUBOAUTCS  JUIs
temneparypsl 20 °C. TlosToMy mpum pacdeTe CONPOTHMBIEHMS OOMOTKM M3MEHECHHE €€
COTPOTHBICHHE MPH Harpese yumtbiBactes kodddummentom [1+a (T, —20)], rae 0=0,0039

[1/°C] - ynenbHbIi ko3 GULMEHT COMPOTUBIEHNS MEIH.
B pe3sysnbsrare oMHuuecKoe conpoTUBieHHe (a3bl 0OMOTKHM cTaTtopa

P W
r="—""""[1+a(T, —20)] (3.15)
qal
1| Om- mm? o
e p, ==l yJIEIbHOE COMPOTUBJICHUE JJICKTPOTCXHHUUECKOH MEIu IpH

temneparype 20 °C, (ai- ceueHHe aKTHBHOTO TPOBOAHMKA 0OMOTKH ctaTopa,[mm?], |-

JUTMHA BUTKA OOMOTKH, [m].
14. Pacyer napamMeTpoB sipMa poTOpa U €ro 0OMOTKH

ACHHXpOHHBIE [JIBUTAaT€NIM BBITYCKAIOTCA Kak ¢ (a3HOW OOMOTKOM poTOpa, TaKk U C
KOPOTKO3aMKHYTOM 0OMOTKOM pOTOpa.
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KopoTko3zamMkHyTass 0OMOTKa COCTOMT W3 CTEp)KHEH, 3aMKHYTBIX HAKOPOTKO, a (ha3Has

00MOTKA COETMHSIETCS C BHEITHUMHU ITyCKOBBIMH CONPOTUBIICHUIMU (pHc. 4.1, 4.2).
A 8 {

9

/

—

L] T

2 m

a) 6)

Puc. 4.1. TlpuHinuanbHasi cxeMa aCHHXPOHHOTO JIBUTATENIS ¢ KOPOTKO3aMKHYTOM OOMOTKOM
potopa (a) u ¢ ha3Hoi 0OMOTKOH poTopa (0)

1- oOmoTKa cTaTopa, 2 — KOPOTKO3aAMKHYTasi 0OMOTKa poTopa, 2’- (azHasi 0OMOTKa poTopa, 3
— IIETKH, 4 — ITyCKOBBIE PE3UCTOPBI

Puc. 4.2. POTop acHHXPOHHOTO JABUTATEIS C KOPOTKO3AMKHYTONH OOMOTKOM

VY dazHoro poropa oOMOTKa BBIMOJHSETCS TPEX(Pa3zHOM, aHATIOTMYHO OOMOTKE
cTaTopa, C TEM JKE€ YHCJIOM IIap ITOJIOCOB. BUTKHM OOMOTKH 3aKjIaJbIBalOTCS B IIa3bl
CEpJCYHMKA pOTOpa M COSOUHAIOTCA IO cxeMe ‘3Be3nma”. KoHmpl Kaxmon ¢asbl
COCIMHSIOTCS ¢ KOHTAaKTHBIMM KOJbLIAMH, 3aKPEIUIEHHBIMU Ha Bajldy pOTOpa, W 4Yepe3
HIETKU BBIBOJIATCS BO BHEIIHIOK 11€Tb. KOHTAKTHBIE KOJIbI]A U3TOTABIMBAIOT U3 JIATYHH
WJIU CTaJli, OHU JIOJDKHBI OBITh M30JUPOBAHKI APYT OT JApyra u oT Baja. B kauecTBe mETOK


http://commons.wikimedia.org/wiki/File:AM_Klietka_stoc.jpg?uselang=ru
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UCIOJB3YIOT METAUIOrpaUTOBbIE IIETKH, KOTOPBIE NPUKUMAIOTCS K KOHTAKTHBIM
KOJbLIAaM C MOMOULIbIO MPYKUH IIETKOAEpKATeNell, 3aKpelUIEHHBIX HEMOJBUKHO B
KOPITyCE MAILUHBI.

OOMOTKa KOPOTKO3aMKHYTOTO POTOpa BBINOMHACTCS U3 CTEPXKHEH PaziuuHOi (POopMBl,
3aKpPCIUICHHBIX METOJIOM CBAapKd B JBYX Kojblax (Oemmubs KieTka). Takum oOpas3om,
00pa3yroTcsi 3aMKHYTbIE BUTKH. KaXIplil BUTOK COCTOHMT U3 JIByX CTEp)KHEW U JBYX y4acTKOB
KOPOTKO3aMBIKatomx Kouer (puc. 4.3). YV aBurarenell ¢ CaMOBSHTWIISIIMEH Ha Baly poTOpa
PACHOJIOAKEHBI BEHTWIISILIMOHHBIE JIOTIATKU

Puc. 4.3. Jlutas amomuHueBas OenWuybs KIETKa pOTOpa KOPOTKO3aMKHYTOI'O
ACUHXPOHHOTO JBHUTaTelsi (C KOPOTKO3aMBIKAIOIIUM KOJBIIOM M BEHTUISIIMOHHBIMU
JonaTKaMu

CreprxkHH poTOpa MOTYT MMETh pasHyro dopmy. Hanpumep, Ha puc. 4.4,a uzobpaxeH
pPOTOp, OOMOTKa KOTOPOTO BBHITIOJIHEHA B BUJIE MEIHBIX MPSIMOYTOJNBHBIX cTepykHer. Ho warre
CTEeP)KHM JICNIAIOT JIMTBIMA W3 QIFOMHHUS, IyTeM 3alMBKA B mas3bl poropa. Ha puc. 4.3,0
NpYBEJICHBI (DOPMBI ITA30B POTOpa € ATFOMHHHEBOM KOPOTKO3aMKHYTOH OOMOTKOM.

°T11

Puc. 4.4. ®opma creprkueti (a) u 1a3oB (0) poTopa ¢ KOPOTKO3aMKHYTOM 0OMOTKOM

JI71st TIOBBILIEHHS ITyCKOBOI'O MOMEHTa aCHHXPOHHOT'O JIBUTATeN sl MPUMEHSIOT JBOMHYIO
OeNMMYbIO KIIETKY, KOTopas (PaKTUYECKd COCTOMT U3 JIBYX OEIMYbUX KIJIETOK, CTEPXKHH KOTOPBIX
COEIMHEHBI TIEPEMBIUKO# (puc. 4.5)

a) 6)

Puc. 4.5. PoTop aCHHXpOHHOTO JIBUTATENIS C TBOMHOM OCTTMUbEl KIIETKOM
PaccMotpuM 00MOTKY poTopa B BUie OSTMIbel KIIETKH.
Uucno a3 KOpoTKO3aMKHYTOM OOMOTKH POTOPA PABHO YHCITY €€ CTepHEH (Ma30B), T.€.
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my=25. (4.1)
ITockoNBKY KaKIpIi CTepyKeHb OeMMUbel KIICTKU MPEICTaBIsieT co0oi a3y — 0OMOTKa
pOTOpa COCPEOTOYEHHAS C 3HAUCHIEM 0OMOTOYHOTO KO3 pUIeHTa
k052:1. (42)
OnuH BUTOK KaTYIIIKA 00pa30BaH IBYMS CTEPXKHIMU (CM. prc. 4.2), a K&KIpIi CTepPKEHb
— (baza 0OMOTKH. 3HAUNT OHA (ha3a KOPOTKO3AMKHYTOM OOMOTKH poTopa coaepkut 0,5 BUTKa,
T.C.
w,=0,5 (4.3)
Cepneunnk potopa AJl BBIONHSCTCS MIMXTOBAHHBIM C MPSIMBIMH Ta3aMH PA3TMIHON
(OpMBI U aKCHATTEHBIMU BEHTHIISIIIMOHHBIMU KaHAIaMH. Hapy>KHBI TaMeTp cepedHIKa poTopa
D,=D,-25. (4.4)
JIst anekTpoABUraTesniell paboTaroNINX B TSDKEJIBIX YCJIOBHSIX ITyCKa YKCIIO TIa30B POTOpa
Z, noikHO ynosineTBopsth HepasenctBy 0,827,<7,<7,. Ha mnpaktuke 3Hayenue Z,
BBIOMPAFOT MICXOJSI M3 YCJIOBHH MUHHUMH3AIMK JOOABOYHBIX IMOTEPb, MApPa3UTHHIX MOMEHTOB,
paIuabHBIX BUOPAIMOHHBIX CWJI W Iyma. lVccriemoBaHWsl, BBIIONHCHHBIE Ha 3aBOJIE

«3J]€KTpOCHJ'I3», IMO3BOJIMJIM  OIIPCACIIUTE PCKOMCHAYCMbBIC 3HAYUCHUA Zz B 3aBHCHUMOCTH OT

3HaueHnii P u Z, (1abm. 4.1).
Tabmra 4.1

PexkomentyeMoe unciio rma3zoB potopa A/l
p Z, Z,
3 54 44, 64; 66; 68
12 56; 58; 62; 82; 84, 86; 88
90 74, 76, 78, 80; 100; 102; 104
4 84 66; 70; 98; 100; 102; 104
96 78; 82, 110; 112; 114

CrepxHM POTOpPA ACMHXPOHHBIX JBUrareleid OTIMBAIOTCS W3  AJTIOMUHHS WA
V3TOTaBIMBAIOTCS W3 JJIEKTPOTEXHUYECKOM Menr. [ moydeHHs] BBICOKMX 3HAQUEHWM K.ILII.
CTEP)KHH OOMOTKH pPOTOpa MOTYT M3TOTABIMBATBHCA U3 CIDIaBA AJIEKTPOTEXHHMUYECCKOM MEIu U
cepeoOpa.

JIJI1  acCMHXPOHHBIX JBUTATEJICH TEIUIOBO30B OOMOTKA POTOpa IPEUMYIIICCTBEHHO
OTJIMBACTCS M3 AJTFOMUHMUS, a Ta3bl s[pMa POTOpa UMEIOT TPYIIEBUIHYIO (POpMY CO IUTUIIOM (pHC.
4.6). 3nayenus muameTpos Gombiero d,,., 1 Mensiero d, ., oBaNOB Na3a (a COOTBETCTBEHHO

Y CTEpIKHSI) IPHHUMAFOTCST TAKMMH, YTOOBI 00SCTICUNTD MPUOTM3UTEITHHO TIOCTOSHHYIO IITAPUHY
3ybra poropa Dy, #b, 50 #0500 . ONBIT NIPOEKTHPOBAHMS 3MIEKTPUYECKUX —MAIUH

TIOKa3bIBAaCT, YTO €¢ BecorabapUTHBIC MOKazaTejM OyayT HAWIydIMMH, €CIM IIMPHHA T1a3a
potopa by, 1 cpenHsis mmprHa 3y0ria Dz, UMEIOT MPUMEPHO OTMHAKOBBIC 3HAUCHUS, T.¢ D7~ bz,
Torma MOXKHO CUMTATh, YTO OPHEHTUPOBOUHOE 3HAUCHHE 3yOII0BOrO Imiara t~ 20z.

[ToCKOJBKY ANIEKTPOTEXHUYECKAs CTallb — XPYIKHI MaTepHall, CeueHue 3yOlia cratopa bz,
HE MOXET OBbITh MEHee SMM.
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['eoMeTpuyeckue mapaMeTpbl CTEPXKHS POTOpa OMPENEISIOTCS €ro 3JIEKTPUUYECKON

Hal"py3KOI?I. PGKOMGHILYCTCH BBIACPKHNBATDH COOTHOIICHHUC
BbICOM A CM EPIHCHA

4 =
Hau60/waeen0nepewHoeceueHue CM epPIHCHA
d 2 max
bs
\\ I N
bz 2 min |
<> : —
h |
Z2 i
i hz’
bz 2 max |
|
? .
d 2 min
el ~

Puc. 4.6. 'eomeTpuueckue napaMeTpsl nasza 1 3y0iia potropa

PaccmarpuBass Oenmmypi0  KJIETKY pOTOpa Kak KOPOTKO3aMKHOTYEO —MHOTO(ha3HYIo
COCPEIOTOUEHHYIO OOMOTKY € 4ucioM (a3 M, = Z,, 00MoTouHbM Koddduumentom K, ., =1 u

uuciioM BUTKOB B (ase W, =0,5 rneiictByromiee 3Hauenue (asHol 51¢ OOMOTKH poTOpa

HAXOJUTCS KaK
w, K w, K
27062 27062
EZ HOM = 1Hom ~ 0’96U 1Hom k . (4-5)
170061 1061
Ilo 3Hauenuto E,,  onpenenstorcs dha3Hble 3HAUCHUS TOKA B CTEPIKHE
P
2HoMm ( 4 6)

| = .
2o ZZE 2 Hom (1_ SHow)n

N KOPOTKO3aMbIKArOIIEM KOJIbLIC

I _ 2 Hom
KAwom — .
. T
23|np—
2

ITo 3HAYEHUIO ] s PACCUUTHIBACTCSI MUHUMAITBHO BO3MOXKHOE CEUECHHE CTEP)KHS
I
2 1o
— 4.7)
J
Ecm komImoHOBKa poTopa IMo3BOJISIET, 3HAYCHUE TUIOTHOCTH TOKA B CTEPKHIX OOMOTKH
poTopa 11e71eCO00pa3HO MPUHSATH KaK U B TIPOBOJHMKAX OOMOTKHU cTatopa. B Tom ciydae, kormia

qa2 =
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HEOOXOIMMO HCIIONB30BaTh B POTOPE CTEPIKHU MEHBIIIETO CEUCHHs, 3HAYCHHE TUIOTHOCTH TOKa
MO’KHO yBEIIMYUTE, HO HE Ooriee, ueM 10 8 A/mm2,

[TakeTr cepneynrKka poTOpa B CHPECCOBAHHOM COCTOSTHUM  YIICP)KUBACTCS  JIBYMS
HOKMMHBIMH IIAHOAMH, TOJIIIMHA KOTOPBIX cOCTaBIIsieT promuTelbHo 0,11,., rie |, — aktuBHas
JUTFHA dJIeKTpoaBuTaresist. [l anekTpoaBuraresieil ¢ akTHBHOW JIMHOM akeTa poropa 1;=400-
500 MM ToNmMHA KaKIOW HaXMMHOW madObl 40 +50 i ; TO3TOMY KOPOTKO3aMBIKAIOIINC

KOJIbIIA OTCTAIOT OT CEepICUHMKA SIKOps Ha pacctostaue |, ~ 0,05 v, a mmHa CTEp)KHSI MEXTY

kompavu lor =1, +2-1, (mnma osmextpompurareneii mommocteio mopsaka 300 kBt
OPUEHTUPOBOYHOE 3HAYCHUE AKTHBHOM JUIMHEI COCTABIAET |, ~ 0,5 1 ).

[TapameTpbl KOPOTKO3aMBIKAIOLIETO KOJIbIa ONPEIEISIOTCS MapaMeTpaMu CTEpXKHs (pHC.
4.7).

" =
e =
il Cal
ot r, [
ey
gt
e ]

CIepIcers pomopa '!
i

3
| =
Q
WUXTNOBAHHBLL CEPOSYHUK
KOpOmMKO3aMbIKawoujee b
KONBYO 0OMOMKU bt e

HANXCUMHOE KOObHO

Puc. 4.7. K pacueTty reoMeTprn KOPOTKO3aMBIKAIOIIETO KOJIbI[a 0OMOTKH pOTOpa

BricoTa KoItblia B paJJiajbHOM HaIpaBJICHUH PUHIMACTCSI
he, =(L4+16)h.,, (4.8)
riae her - BeicoTa crepykHst potopa (puc. 4.7).

[[InprHa KoJbIIA B OCEBOM HAIPABJICHWH OMPEAEIISIETCS JOITyCTUMOM IJIOTHOCTBIO TOKA B
KOJIBIIE

by = 'L . (4.9)
Jlina snekrpoasurateneid MOIHOCTHIO Topsizika 300 KBT 1O TEXHOIOrMM MPOM3BOJICTBA
IIMPUHA HE MOXKET ObITh MeHbIte 40 Mm .
Cpennuii quaMeTp KoJblia
Dy, =D, —hg, . (4.10)
Cpennsist JyTMHa KOJIbLIa, IPUXOISIIAsICs Ha OHO Ma3oBoe JeiieHne (puc. 4.8)
_ 7 Dy,
= Z

IKA
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d2max

F: 35"

ko’

k2

[xn

d2min

Puc. 4.8. K ompeaenennio JIMHBI KOJbIIa KOPOTKO3aMBIKAIOIIEH OOMOTKH pOTOpA,
NpUXoJIsIIeics Ha oaHy a3y

ComnpoTHBIEHHE KOJIbIIA, TPUXOISIIETOCsS Ha OJJHO Ma30BOE JICJICHUE MPU HOPMATbHBIX
YCIJIOBUSX

|
fa =P (4.11)
2
Om- mm _
rae o {T} - YICIIbHOE COMPOTHUBIICHHE MaTepHuaga 0OMOTKH poTopa, Oy, = by, Ny, -

ceucHHe Koiblla, o, =0,029-+0,033 Om-mm* I m - YAEJIBHOE COIMPOTUBIICHUE ATFOMUHUS TPU

1 o
20°C; p, =——Om-mm® /M- yIEOBHOE COIPOTHBJIECHHE >JIEKTPOTEXHUYECKOH MEIU MpH
M 57

temmnepatype 20 °C.
PacueTHast JUIMHA CTEPIKHS YUUTHIBACT IUPUHY KOJIEL]
lr =lor +Dy, . (4.12)
COINpPOTHBIIEHHE CTEPIKHS P HOPMATBHBIX YCIOBUSIX
fer = Pa IciT : (4.13)
a2

Potopst A/l MoriHOCTBIO 710 400 KBT He SBISIEOTCS TITyOOKOMa3HBIMH, a YacToTa TOKa B
crepkHsix Mama f, =s-f,, modToMy 3(h(hEKT BBITECHEHHS] TOKA B CTEPXKHSX HE OKa3bIBACT
3HAYUTENHHOTO BIIMSHUS Ha I3MEHEHHUE MX COMPOTHBIIeHNS. OIBIT MPOSKTUPOBAHMS ITOKA3BIBACLT,
yro npu Beicote crepkust <40 mmBO BceM paboueM Juana3oHe W3MEHEHWsI YacCTOTBI
NIWTAIOIIETO0 HAMPSHKEHHUST y4YeT BBITECHEHHS TOKa TIO3BOJIIET TOBBICUTH TOYHOCTH pacueTra
aKTUBHOTO W PEaKTHBHOIO COIPOTUBJICHUM poTopa He Oonee, yeM Ha 1%. Takum oOpaszom,
aKTUBHOE COIPOTHBIIEHHE (Pa3bl OOMOTKHM pOTOpa JIOMYCTUMO OIpeAessTh 0e3 ydera 3ddexra
BBITECHEHUSI TOKa
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2r,
_ KA
L = (rCT e [1+a(T, —20)], (4.13)
[ pr
rie A = 2sin N YUYHTBIBACT Pa3HBIC TIOTCHIMAIBHBIC YCIIOBHS B CTEP)KHSIX POTOpA.
2
E - WK, 5
®2 T D1
Wl k06 1
15. Pacuer MarHuTHOM LieIA
B ocHOBe pacueTa MarHUTHOM IIETIH JIBUTATEIIS JISKUT 3aKOH TIOJTHOTO TOKa
fH 1 =F,,
i
rae  H.|l - TaJeHMe MarHUTHOTO HaNpsOKCHUS HA YYacTKe MarHuTHOM 1iemm, Fo —

pe3yJIBTHpYIONIask HAMArHMYMBAIOIIAs cHuia, Hi — HalpsbKeHHOCTh MATHUTHOTO TIOJISE HA YYacTKe
MarHuTHOW 1ienu, | — JumMHA yyacTka MarHWTHOM IIeMy, B MpeeNiax KOTOPOro 3HA4YCHUE
HaNPsDKEHHOCTH HE MeHsieTcs, T.e. Hi=const /

Pacder MarHuTHO# LIETN 3JIEKTPOIBUTATEIS BBIOJHSETCS C LICTIIMH:

- ONpEICNHTh AKTHBHYIO JUIMHY ACHHXPOHHOTO JBHTarens l,; aKTMBHAsS JUTMHA
JIEKTPHYECKON MAIMHBI JIOJDKHA OBITh TaKOW, YTOOBI TIPU M3BECTHBIX PAIABHBIX pa3Mepax
(Imamerpe sipMa cTaTopa M IMaMeTpe sipMa poTopa) MPOITYCTUTh 3aaHHOE (HOMUHAITBHOE Do)
3HAaUCHHUE MArHUTHOTO MIOTOKA,

- pacCHuTaTb TOK HaMAarHWYMBAHUA XOJIOCTOI'O XOIad I TOK HaMarHM4WBaHMsI (TOK

o
OOMOTKH CTaTopa Ha XOJOCTOM XOJy MAIlMHBI 32 BBIYETOM TOKA IOTEPh XOJOCTOIrO XOJa),
KOTOPBI HABOUT B MAIIIMHE 33JaHHOE (HOMUHATIBHOE D)) 3HAYEHNE MATHUTHOTO TIOTOKA.
Merosika pacuera MarHWUTHOM IlenmM Oa3upyeTcs Ha 3HAY€HUM HOMUHAJIBHOTO
MarHUTHOTO MOTOKA.
N3 Teopun aneKTpUYEcKUX MallMH M3BECTHO, YTO HAMpPsDKEHUE, MOABEACHHOE K (paze
OOMOTKHM cTaTopa JeKTpoaBHraress (puc. 5.1)
U =E+I,-Z
rae E1— 3aavenue D/1C, HaBoMiMasi MarHUTHBIM TI0JIeM B (paze 0OMOTKH cTatopa, |1 - 3HaucHue
TOKa B (paze 0OMOTKH cTaTopa, Z; — 3HaYE€HHE MOJTHOTO COMPOTHUBIICHHS a3kl OOMOTKH CTaTOpa .
3HaueHUE MOJTHOTO CONMPOTHUBRJICHHS (Da3bl OOMOTKM CTAaTOpa IS AJIEKTPUIECKUX MaIlH
MaJio. J{j11 HOMUHAITEHOTO peKUMa pabOThI NIEKTPOBUTATENS MOYKHO CUHTATh, YTO
E,,, ~0,96U (5.1)
OJ1C (a3el 0OMOTKH CTaTOpa OMPEIETSIETCsI €€ TpaHC(HOPMATOPHBIM 3HAYCHUEM
E,.. =44-f .w -k, -® (5.2)

e f1 10, — HOMMHAJIBHOE 3HAYEHHUE YaCTOTHI IMUTAFOIIETO HANPsDKSHKS, ['1; Wy - YHCIIO BUTKOB B
¢daze oOMoTkm cratopa;, K, — OOMOTOUHBIM KOI(PQHUIMEHT OOMOTKH cratopa, Dy —
HOMMHAJTLHOE 3HAYE€HUE MarHUTHOTO MOTOKa, BO.

1 Hom

1 Hom 1 Hom Hom !
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I.z jo L,

Puc. 5.1. BektopHas quarpamMmma aCHHXPOHHOTO ABUTATEs

Torma TpeOyemoe 3HaYeHHE HOMHMHAIBLHOIO MArHHUTHOIO ITOTOKA JIBHIATENISl MOYKHO
paccuuTarh U3 3aBUCUMOCTH Egq ),

(D . El(D HOM 0 . 96U
Akt wik o, 4k f

1D nom

Wlkoﬁl ’

(5.3)

1Hom 1Hom

e ks — koaddurment Gpopmbl TOKa; 171 CHHYCOMIaIbHOro Toka ks=1,11.
B 10 e BpeMms u3 Kypca (pU3MKH M3BECTHO, YTO MArHUTHBIN IMOTOK OMPEICIICTCS

3HAYEHUEM WHYKITUH B U IJIOMAIBI0 S, Yepe3 KOTOPBIN MPOXOAUT MarHUTHBIN TOTOK,
®=B-S=B-I-b

e S, b, | - momane MIPOXOKJIEHNUS MATHUTHOTO MOTOKA, €€ IMPUHA U JJTUHA.



38

Takum oOpasom, 3Hadenne P, omnpenenser MUHMMAILHYIO aKTUBHYIO [UIAHY

SKOPSI

Ia min Zl - ’ (54)

(I '7‘“5 “Ker *B 21 mex

rae b, 1/; -mmpuna 3y61a cratopa Ha BeicoTe 1/3 OT /HA Taza (3T0 CeyeHHe COOTBETCTBYET
Zl
CpefHeMy 3HAYEHHMIO MHAYKIMHU 10 BBICOTE 3yOma) ; b, 4, 2_p - IIMpHHA 3YOLIOB SKOpS,

IIPUXOAIIAACA Ha OOWH IIOJIOC, o YUHUTBIBACT (bOpMy MAardvMTHOI'O IIOJE1 B BO3AYHIIHOM

2

3a30pe  (MpU  HEHACHINIEHHOM  COCTOSIHMM ~ MarHWTHOH 1erm &5 =— ~0,63;
T

Ker #092..094 - xodpduimeHT IMMXTOBKM  CTaiM  CepIACYHUKA  CTATOpa;

B,1mx =16+18 T - HoMuHanbHOE 3HAYEHHE UHIYKIMK B 3y0Lax craropa. IT0CKOIbEKyY

B 3aBUCMMOCTH OT MHAYKOHWKW B PA3JIMYHbIX CCUCHMAX MaAlllMHbl MarHUTHAA LCIb MOXKCT

HACKIIIATHCS, TIPMHMMATL B KAYECTBE PACYETHOTO 3HAYEHHS MHIYKIMU JOIYCTHMOE - JJist
JIEKTPOTEXHUYECKON cTaim B; 1, =2,2+2,4 T - He pexoMeH IyeTCs.

[Tocne Toro, Kak ompeseieHa aKTHBHAsS JUTMHA MAIlMHBI, PACCUNTBHIBAIOTCS BCE
CEUCHHSI MAarHWTONPOBOJA (CCUYCHHS sApMa CTaTopa M POTOPA, MO KOTOPHIM IPOXOIUT
MarHUTHBIH TOTOK) (pHc. 5.2 ).

W3 mpakTHKK 37IeKTPOMAarHUTHOTO pacdeTa aCHHXPOHHBIX JBUTATENICH HM3BECTHO,
9TO M0 JUIMHE MArHUTHOW JIMHMM MOYKHO BBIICIUTH IISTh XapaKTEPHBIX YYaCTKOB, B
npesenax KOTOPHIX HANpSHKEHHOCTh MAarHUTHOTO Toist Hi  ocraercs mpHOIMBUTEHHO
MOCTOSIHHOM:

SIPMO CTaTOpa;

3yOITbI CTATOPA;

1
2
3. BO3IYIIHBIN 3330;
4. 3y0IIBI pOTOPA;
5. spMo poTopa.

Pacuer marHuTHOM CHCTEMBI BEAETCA HA OJMH IOJKOC M YYETOM TOIO, YTO
MarHWTHAs LETb cuMMeTpryHa. 3 cxeMbl pacrpeneneHiss MarHiTHOTO TOTOKA BUIHO, YTO
10 3yOII0BOMY CIIOIO CTaTopa, BO3MYIITHOMY 3a30py W 3yOIIOBOMY CJIOIO pOTOpa MPOTEKAeT

IOJIHBI MarHUTHBINA MOTOK, CO3/1aBaEMbIN OJHOM MApOM MOJMKOCOB D, a B ApMeE CTaropa u
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pOTOpa TIOTOK pacrpe/ie/IIeTCs Ha Ba, B Pe3yJIbTaTe IM0 SIPMy CTaTopa M poTopa MpOTeKacT
MOTOK @D/2.

5.2. K pacyery MarHuTHOM LI aCHHXPOHHOT'O JIBUTATEs

1- MarHuTHOE TIOJIE B CTATOpE, 2- MArHUTHOE TI0JI€ B POTOPE

Ceuenne ns noroka @, B SIPME CTATOPA OINPENEISIETCS ¢ YYETOM TOTO, 4TO OH
IIMXTOBAaHHBIA KaK

S 1= hal Ia 'kCT ' (5-5)

rae h,; — BeicoTa sipma craTtopa (puc. 5.3).

a

CedeHue 7151 MOTOKA B 3yOIIOBOM CJIOE CTaTopa Ha OAuH moJroc (puc. 5.3)

Z
Szu3 :2_[1)b21/3|akCTa ) (5.6)

rae D,,; - mmpuna 3y6ua Ha 1/3 BBICOTHI OT IHA Ma3a, T.K. B 5TOM CEYEHUM 3yOla

WHIYKUWSI TPUHUMAET CPEIHEE 3HAUCHUE.

CeueHue ISl IOTOKA B BO3IYIIIHOM 3a30pe Ha 0JIMH HoJjtoc (puc. 5.3)
3 77(D2 +O),
= Z—p

rae D, —BHemHuil nuaMeTp poTopa, O — BO3MYIIHBIN 3a30p.

s, , (5.7)

CedeHue 17151 TOTOKA B 3y0IIOBOM CJIOE€ POTOpa Ha OJUH moJttoc (puc. 5.3)
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Z
Sz :Z_F)bz 2ralaKera (5.6)

rae D, ,; - mumpuna 3yona Ha 1/3 BBICOTHI OT JHA Ma3a.

CeueHwe s TIOTOKA B sipMe potopa (puc. 5.3)
Saz =Ny Lo Koy -ax, (5.5)
riae h,2, — BeicoTa sipma craTopa (puc. 5.3).

Bricora spMa poTopa pacCHUTBIBACTCA C YYCTOM TOI'O, YTO 4YCPC3 APMO IIPOXOAUT

BaJI JIBUTATENS Y UMEIOTCSI BEHTWISILIMOHHBIE KaHAJIbI (puC. 5.3)

_ D,-D,-2h,,-133n,d,
_ : |

rae N, dK — YHUCJIO pAAOB U ANaMCTP BECHTUIIIMOHHBIX KaHAJIOB B POTOPC.

ha2

(5.6)

Ilo 3HaveHWsaM TIOTOKAa MW IUIOMIAJIEM CEYEHWII MAarHuTHOM IeNu
PACCUUTBIBAKOTCS 3HAYCHUS] MHAYKIIMHA B COOTBETCTBYIOIINX CCYCHUSX.

3Ha4YCHUS HWHAYKOHNH B SY6I_[OBOM CJIOC POTOpPa HAa HOMHUHAJIIBHOM PCKHUMC

D, .
BZ 2mom o ’ (5 . 7)

SZZ/S

3HAUYCHUC MHAYKIWHU B BO3AYIITHOM 3a30P€C

By o =~ (5.8)

C yueroM TOro, 4yTo B IpME€ CTATOpPa U POTOPA MArHUTHBIN OTOK Pa3aeseTCs

Ha JIB€ YaCTU UHAYKIMS B IPME CTATOPA U pOTOpa

D
B — HOM , 5.9
al nom 2 . Sal ( )
D
B = —ton 5.10
a2 Hom 2 . Saz ( )

3HaueHWe WHAYKIMU B SpME CTaTOpa W POTOpa PEKOMEHAYETCsl (aHAJIOTUYHO C

JABUT'AaTCIIIMU ITIOCTOAHHOT'O TOKa)
B, <14 Tn (5.11)

BrI3BaHO 3TO TEM, YTO IJIMHBI YYaCTKOB MAarHUTHBIX CHUJIOBBIX JIMHUM B CIIMHKAX
spMa CTaTopa U pOTOpa JOCTATOYHO BEJIUKH, U MPU OONBIIMX 3HAYEHUSX B, U B
najicHue MarHUTHOTO HAMNPSOKEHUS HAa JTHUX ydYacTKaX MarHUTOpoBoja OyayT CTOJb
3HAYMTENIBHBI, YTO HEOOXOJMMBIM  TOK HAMarHWYMBAaHHS JBHTATelId Ha PEKUME
XO0JIOCTOT'O X0J1a MOXKET IIPEBBICUTh HOMHUHAJIBHOE 3HAYCHHUE TOKA OOMOTKH CTaTopa. JTO
HenonyctuMo. lloaromy, ecnu 3HaueHUSA Biruon U Bazuon HE YIAOBIETBOPSIIOT YCIOBUIO

(5.11), HeoOX0TUMO YBEIMYUTL COOTBETCTBEHHO 3HAYCHUS Na1 Mtk hgp.
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3HAYCHUS HANPSDKEHHOCTEH MArHUTHOTO TOJNS B KaXKIOM CCUCHUH
MarHUTOIPOBOJIA OTIPEACIIAIOTCS 1o MarHUTHOM XapaKTePUCTHKE
AIIEKTPOTEXHUIECKOW CTa)N (CM. IPHIIOKCHHE).

C yd4eToM TOro, 4TO BO3IYyX, KaK U BaKyyM, UMEET IOCTOSHHOC 3HAYCHUC
MarHUTHOW TPOHHUIIAEMOCTH, 3HAYCHUC HANPSIKCHHOCTH MArHUTHOTO TIOJIA B

BO3YIIHOM 3a30p€ OIIPCACIIACTCA 110 3aBUCUMOCTHU

B
_ =0
H5 —_k(s, (5-11)
Ho
rie Ks --pesynsrupyrormii koad et Kaprepa, yUUTHIBAIOIIMI TOMOTHUTEIBHOE
COIPOTUBJICHUE MAarHUTHOM LIETIA B BO3IYIIIHOM 3a30P€, BHOCUMOE HAIIMYMEM T1a30B CTATOpa U
poTopa,;
-7
Uy =47-107" I'n/m - abcomoTHAs MarHATHAS TPOHUIIAEMOCTD BO3/TyXa.

3HayeHNe K03(1)(1)I/II_II/I€HT3 KapTepa OIIpCACIHICTCA UCPC3 BCIIMYMHBIL, PACCUNTAHHBIC
OTACIIbHO IJIA I1a30B CTaTOpPa U poOTOpA:

k5 = k51'k52 ,

b 12
Ky, =1+ i
H R CE T I

cTaTopa Ha MarHUTHOE COTIPOTUBIIEHUE B BO3IYIIIHOM 3a30DE;

- koo duiment Kaprepa, yunTsIBarolpii BIUSHUE MA30B

2
S

t,(56 + b ) — b
Ha MarHUTHOE COIIPOTHUBIICHHE B BO3YIIIHOM 3a30p¢;

Kso =1+ >~ - koo duiment Kaprepa, yauThIBaroIyii BIMSHUE TTA30B pOTOPA

b,.'=Db;, +0,2 Mm - mmpuAaa masa cratopa B mramme, MM;
b,;, - mmpuna naza craropa, MM (puc. 3.4);

by - mmprHa muma nasa poropa (puc. 4.6);

0 — BBICOTa BO3YIIIHOTO 33a30pa, MM.

Ha pacripenenenve MarHMTHOM WHIYKIIMA B 3yOllaX CTaTopa, poTopa M BO3IYIIHOM
3a30pe aCHHXPOHHOTO JIBUTATENS CHJILHO CKa3bIBACTCS HACKHIIICHHE 3YOIIOB CTaTOpa M POTOpa
(T.K. BO3AYIHBIN 3a30p OYEHb MaJT), PUBOJIS K «YIUIOMICHUIO» CUHYCOMIATBHON KPUBOH TOJIST B

obrmactu ee MakcuMyma. B pesynbrarte BenmmuMHa 5 yBenMuMBaeTcs (s > ), UTO
T

HEOOXOIIMO YUUTHIBATH TIPH ONPE/IETICHUN HAMATHUUMBAIOITICH CHITBL.
B npakTryeckux pacuerax 3HAuUCHHE BEIMYMHBI 5 ONPEACIIIOT MO Tpadudeckoi

sapucumoctu o5 = f (K, ) (puc. 5.4), rue
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F,+F;+F,,
H — F5

- koodrwent Hacemenus, F,,, Fs, F; ,- HanpsbkeHHocTM MaruTHOrO mojst B 3yOLOBOM

(5.12)

CJI0€ CTaTOpPa, BO3AYIITHOM 3a30pe U 3yOI[0BOM CIIOE POTOpA.

0.86
as Puc. 5.4. 3aBucumMocCTh

0.84
0.82 ko3 puImeHTa moICHOTO
MEPEKPHITHS OT KOdPPHUIEHTA

0.8
0.78 HaCbIIICHUA MarHUTHOM OCIIn

0.76
0.74
0.72

0.7
0.68
0.66
0.64

0'621 121416 18 2 2224 2628 3 3.2

Kn
Jlyist TOro, 4TOOBI OMpPENETUTh 3HAUYCHUS MATHUTHBIX HANpPSDKEHHM Ha BCeX
y49acTKaxX Ieny HEOOXOIWMO OMPEISIUTh JUIMHBI MarHUTHBIX MOTOKOB Ha Ka)JIOM
yuactke (puc. 5.3). [IockobKy MarHMTHAs IeMb CAMMETPUYHA pacyeT BEJASTCS Ha Y2

JUIMHBEI MAarHUTHON CUJIOBOW JIMHUH.

i
1
e

B g 3
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Puc. 5.3. K onpenenenuto JTMHBI MArHUTHOM CHUJIOBOM JIMHUM

[TomoBrHA IMHBI MATHUTHOM CWJIOBOM JIMHWH B SIPME CTATOpa OMPENENSAETCS 10

cpemHeMy ceueHuro sipma (tadm. 5.1), (puc. 5.3) , M
Tz (Da — hal)

T o0p (5.13)

rae h,; — BbIcoTa sipMa cTaTopa.
JIIMHa MarHMTHOM CHJIOBOM JIMHUM B 3yOLIOBOM cjioe crartopa -N,,, M (puc.
5.3).
JIIMHA MarHUTHOM CHJIOBOM JIMHHMH B B BO3IYIIIHOM 3a30pe — O , M (puc. 5.3).
JIIMHa MAarHUTHOM CUJIOBOM JIMHUK B B 3y01I0BOM clioe potopa - N,, (puc. 5.3).

[NonoBMHA JJTMHBI MATHUTHOM CUJIOBOM JIMHUHM B sipMe poTopa (puc. 5.3), M

n(D,—2h, —h,)
L.= 2 YA a
a2 2'2p y (5.14)

rjae h,2 — BbIcOTa sipMa cTaTopa.

[MpousBencHne  JUIMHBI  KKIAOTO  ydacTKa MAarHUTHOH  Ilemu  Ha
COOTBETCTBYIOILIEE 3HAYCHUE HaNpsDKeHHOCTH MarHutHoro mois liHi, mo3Boser
ONPENCTUTh  TAJCHUE  MArHUTHOTO  HANPSOKCHHWS] HA  KaKIOM  yJacTKe
(HaMarHUTYMBAOIIYIO CHITY Kaxaoro yyactka) Fi= liH; (tadim. 5.1)

TpeOyemoe 3HaueHHE MarHUTOIBMXKYIIEH CHITbl OOMOTKH CTaTOpa Ha OJIMH TMOIIOC ISt
CO3/aHMs1 MAarHUTHOTO MOTOKA 3HaueHrueM P, Tpr XOJI0CTOM XOJIe ACHHXPOHHOTO JIBUTATEIIs
npuHUMaeTcst Ha 3% BbIIle pacyeTHOM (KO PHITMEHT 3araca)

F, =103(F, +F,, +F, +F,, +F,,), (5.15)
a JISKCTBYIOITIee 3HAUYCHNE TOKA HAMAarHUYMBaHUS Ha XOJIOCTUM XOTy
7 phK
g m, \/z k051W1 .
Tocrie pacuera TpeOyemoro 3Hadenus |, cremyer onpenenuTs ero OTHOCHTENBHOE

.
H o
3HA4YCHHC I u T , KOTOPOC Ha HOMHUHAJIbHOM PCKHUME 1JII ACHHXPOHHBIX JIBUI'ATCIICH MOXKCT
1

(5.16)

nocrurats |, ~0,7+0,75. Ecom |, > 0,75 crnenyer ymMeHbLIMTS MHAYKIMIO B HAKOOIICE

HAIpPsHKEHHOM CEYEHUM MarHUTOIPOBO/IA 32 CUET YBEIMYEHHUS €ro TUioiiaan. Ecim Bee ydacTku
MarHATONPOBOIa UMEIOT OOJTBITIOE MArHUTHOE HATPSDKEHKE, TO T1€71eCO00Pa3HO YBETTMUIUTh
3HaucHue W, .

Tabmuna 5.1

K pacueTty MarHuTHOM LI€NU ACHHXPOHHOTO JBUTATENS
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Haumenosa| Marnutn | Pacuetnoe ceuenue, M4 Jlnuna ywactka, | Wnayku| Hanpsxennoc | Tlamenue
HHE Bl IOTOK, M - Th MarHuTHOTO
ydacTka B6 MarHMTHOTO HalpsOKeHUsT  Ha
Ha oJtst Ha | yyacTtke, A
ydactke, A/M
y4acTke,
Tn
SApmo 05-®,, | S,=h, 1 kg L, = B, | H,(B,)" | Fa=Hals
cTaTopa
4 (Da — hal)
2-2p

3yOripl S = H B F =B -h
craropa o, Zz 13 h,, | Byys ’ 213(Bzy3) | Fous =Bous ha

b, 4l Ker

2p z13'afer
Bosaymmnsl | P e e 5 B H.= &** Fa‘ = H& 0
i 3a30p o 0 ° Hy
3ybup! poto D . Sz 213 = 822/3 H, 2/3(Bz 2/3)* Fr2i3=Bz25-hy,

Z, hz,

=0z 25l ke

2p
A . = . . = * F.=H.- L
p(I))TN([)(;)a 05 P 832 - hal Ia k(:T a Laz Baz HaZ(BaZ) a2 az a2

”(Dz -2h, _ha)
2-2p

L4 HaHp?DKeHHOCTL MAaruvuTHOrO IOJIA B 3aBUCUMOCTH OT 3HAYCHUS NMHAYKIIUHN OIPCACIIACTCSA 11O I(pPIBOﬁ
HaMaron4iuvuBaHUA OJIA COOTBGTCTBy}OH.[eﬁ MapKHu CTaJIH.

-7
** 1y =47 -107" '/ M - abcomoTHas MarHUTHAs MPOHHUIAEMOCTE BO3IyXa.

Io 3HaueHnto |, MOXHO OLICHUTH 3HAYCHHE TOKA XOJIOCTOrO X0/1a 0OMOTKH cratopa | .
IIpu paGote Ge3 HArPY3KH AKTHBHAS COCTABIIIOMIAs 31oro Toka |, ~(0,02+0,03)1,. [Tostomy

MOYKHO CYHTaTh, YTO TOK XOJIOCTOTO XO/a JIBUTaTeIs MPUOIM3UTEILHO PaBeH CBOEH PEaKTUBHOM
COCTABIISIONICH, T.e. TOKY HamarauamBanus |, ~ 1.

1.6. Pacyer MHAYKTMBHBIX CONPOTHBJIEHHII 00MOTOK CTATOPAa M POTOPA

NHyKkTHBHBIE CONMPOTHBIICHHS ACHHXPOHHOTO JIBUTATENS PACCUMTHIBAIOTCS HA
ocHoBanuu 3aBucumMocty DJIC paccesaus kaTymki. OCHOBHAS pEaKTUBHOCTH (ha3bl 0OMOTKH
OTIPEJIEIISIETCS KaK

X, =27 f L, pq, (6.1)

rae L - "HIyKTHBHOCTD paccesHUs OTHOM KaTyIIIKH.

Ha mpakTuke pacder peakTHBHBIX COIPOTHBICHHMA BBITOJHSACTCS IS XapaKTEPHBIX
CCUCHMI KaTYyIIKM: TIa30BOM M JIOOOBOHM, a Takke MO KOpPOHKaM 3yOIlOB sipMa
(maddeperimanpHoe paccesHue). C ydeToM Takoi auddepeHimaiym, 1 Toro, 4To YUcio BUTKOB

B omHOM (hase cratopa W; =S, P0;, tme Sy - 9uciao dPQEKTUBHBIX MPOBOIHUKOB B TIa3y,

PCaKTHBHOE COINPOTHURJIICHUE OOMOTKH CTaTopa Ha HOMHMHAIBHOM PEKHAME TIPE/ICTABIICTCS Kak,
Om
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- g )

X, =47 pty f1,,, Wy Ay + A1+ 441), (6.2)
PQ,

e Agy,Ayy Aai- TPOBOIMMOCTH PACCEsSsHMS COOTBETCTBEHHO IIa30BOM, JIOOOBOM — vacTeit

OOMOTKM M TIO KOPOHKaM 3yOIIOB. 3HAuYeHHUs] MPOBOJMMOCTEN pacCesHUs OIPENEIITIOTCS
reOMETpPHEN 11a3a U KaTyIIKA OOMOTKM CTaTopa. IT0CKONbKY BEMMUMHBL Ay, Ay, Ax; SBISIOTCS
Oe3pa3sMepHbIMU KO3 (DHITHEHTaMH BaKHO CIICIMTh, YTOOBI IIPH pacuere 3aBUCHUMOCTEl (6.4),

(6.8) BCce UCMOIB3yeMbIe BETMYMHBI UMENH JIF00YI0, HO OJTMHAKOBYIO, PA3MEPHOCTb.
[TpoBOIMMOCTH TMA30BOT0 paCCEsTHUSI OOMOTKH CTaTOpa MPH MPSAMBIX 1a3ax (puc. 6.1)

ﬂvm _ hHl_l - hm_z i hm_s n hm_z ’ (6.4)
3b, by, 4by,

rre 3HadeHmwst Ny 111 hyy 1.2 h 13 TIPUHUMAIOTCS TI0 IOBEPXHOCTH ME/TH ITPOBOTHIKOB OOMOTKH.

b1
Puc. 6.1. K onpenenennto
MIPOBOJAMMOCTH MA30BOT0O
paccesiHusE OOMOTKH cTaTopa
‘ } \l/ hir
A Lhm 2
i
hir 3
\

OnbIT MPOEKTUPOBAHUS ACUHXPOHHBIX JIBUIATEIEH IMOKA3bIBAET, YTO C HEKOTOPHIM
NpUOIMHKEHHEM  TIPOBOUMOCTh  TH(P(HEpEHIINATBHOIO paccesHusl W JI0OOBOIO  paccesHUs
OOMOTKH CTaTOpa MO>XHO OMPENETATh KaK

Ay =031, (6.5)
Ay =034, (6.6)
PeaktuBHOE cCompoTHBIIEHHE OOMOTKM pOTOpa HAa HOMHHATLHOM PEXHUME  JUIS
CHHXPOHHOM YacToThl f, M yderom Toro, uro W, = 0,5 npeacrasisercs kak , Om
X, =270 1 flllia(/’lTIZ_'_/lAZ_'_ﬂ’AZ)l (6.7)

e Apy, Ay, Arp- TPOBOAUMOCTU PACCESHMSI COOTBETCTBEHHO I1a30BOM M JIOOOBOM  dacTeid

OOMOTKH U 110 KOPOHKaM 3yOII0B.

[TpoBomMMOCTh TIA30BOTO paccesiHus OOMOTKH POTOpa TPU TPYIIEBUIHBIX TMa3ax (puc.
4.6)
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2

. d 2

ﬂ,nz _ hz l— T 2 max +0,66— hS _|_his’ (68)
3dZmax 8qa2 2 2 max bS

IJIE (a2 — CEYEHUE CTEPIKHS POTOPA.
JU1 ma3oB poTopa MHOM (OPMBI 3aBUCHMOCTH JUIS pacueTa paccestHisl OOMOTKH MOXKHO
HaWTH B JFO0O0# CIIPaBOYHON JIMTEPATypPE 1O MPOSKTUPOBAHHUIO AIEKTPOABUTaTENEH.
AHANIOrMYHO MPOBOIMMOCTH OOMOTKH CTaTOpa, U1l OOMOTKH pOTOpa
Apy =034y, (6.9)
Ay, =034, (6.10)

1. PACYHET U ITOCTPOEHUE PABOUYNX XAPAKTEPUCTUK ABUT'ATEJIS

7. Pacuer Harpy3KM AaCHMHXPOHHOIO JABUIaTeJii B COOTBETCTBHH CO CXeMOH
3aMelleHUsl.
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Pacuer xapakTepuCTHKH XOJIOCTOTO X0J1a U pa004YMX XapaKTEPUCTHK aCHHXPOHHOTO
JIBUTATEIS TOCIIC KOHCTPYKTHBHOW MPOPAa0OTKU BBIMOJNHSICTCS C MCIOJIb30BaHkeM T-o0pa3Hoii
cxeMbl 3amerienus (puc. 7.1).

Puc. 7.1. T-oOpasHas cxema 3aMelleHUs acMHXpoHHoro asurarens: Ui -
dasnoe Hanpspkenue craropa, E1- snc dassr craropa, |1 - Tok craropa, lo - Tox nemm
HamarHuuuBanus, | - mpuBedeHHBIN TOK poTopa, I'1 - aKTUBHOE COIPOTHBIICHHE
dassl 0OMOTKH cTaTopa, 2’ - NPUBENEHHOE AKTMBHOE COIPOTHMBIIEHHE POTOpa, Im -
AKTHBHOE COIPOTHBIICHHE 1IN HAMATHUYMBAHYS, ' - IIPUBENECHHOE CONPOTHUBIICHUE,
IPEICTABJIAIONIEE MEXAHMYECKYIO HArPY3Ky, X1 - PEAKTHBHOE CONPOTUBJIECHUE (hasbl
OOMOTKHM cTaropa, X2 - IPUBENECHHOE DPEAKTUBHOE CONPOTUBJIECHUE DPOTOpA, Xm -
PEAKTHBHOE COIPOTHMBIICHHE LENM HAMATHWYMBAHMA, Z] - TOJIHOE COIPOTHBIICHHE
daser 00MOTKH cTaTopa, Z2 ' - MOJHOE IPUBEAECHHOE CONPOTHUBIEHHE pOTOpa, Zm -
TIOJIHOE COIIPOTHBIICHHE LENH HAMATHUYHMBAHMS

I[Ipy 5TOM POTOpP PaCCMATPUBAETCS KAK HEMOABMKHBIN, a APAMETPHI ET0 OOMOTKH
IPHUBOIATCS K IIapaMeTpaM CTaTOPHOM OOMOTKH

r, =r,K,, - aKTHBHOE CONPOTHBJICHHE POTOPA, NPUBEACHHOE K [apaMeTpam
CTATOPHOU OOMOTKH;

X, =X,Kp - peakTHBHOE CONPOTHBICHHE POTOpPA, HPUBEAECHHOE K Iapamerpam
CTATOPHOU OOMOTKH |,

m, K, ;W
Kp = 7—T1( o 1)22 - KOO(PUIUEHT TPUBEICHHS.
ZZ koﬁZWZ

Kpome Toro, MexaHuueckas Harpy3ka JBHUTaTessl 3aMEHSIETCS MEPEMEHHBIM
AKTUBHBIM COIIPOTUBIICHUEM
r=r, 1=s : (7.1)
s
MO3BOJIIOIIMM YUHTBIBATh BCE MOTEPH B aBuratene (puc. 7.1).
DHepreTuuecKkuil OanaHc B ABUTATENIE NIPU TAKOM CXEMe 3aMEIIeHUs MOXKET ObITh

MIPE/ICTaBIICH BEKTOPHOM ArarpamMmoil (puc. 5.1) u cucremoi ypaBHEeHU I
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U, =10,2,+1,Z;
=T+, (7.2)
£ =1,z +r),
e Ul - (ba3HOE HANPSHKEHUE CTATOPHOM OOMOTKH; E,,E,, - cOOTBETCTBEHHO
DJIC dassl cratopa 1 HemoxemkHoro potopa; ly; I; I, - cootercTBeHHO TOK CTaTOpA,
TOK HAMATHUYMBAHUS [PHBEICHHBIA TOK potopa; Z,,Z,,,Z, - COOTBETCTBEHHO IOJIHOS

COIMIPOTHUBJICHUC (1)331)1 OOMOTKH CcTaTopa, IIOJIHOC COIIPOTHUBJICHUC MarHUTHOM OCIIn

JBUTATENS; TOJHOE TMPHUBEACHHOE COIMPOTUBICHHE 1ienmd OOMOTKM cTartopa, I -
IIPUBEICHHOE CONPOTUBIICHHUE, DKBUBAJICHTHOE MEXaHUYECKOW HArpy3Ke JBUTATEIIS.
B pe3ynbrare aneKTpUUeCKue U MEXaHWYECKUE HArPy3KHU AJIEKTPOIABUTATENS IIPU

3amanHbiX 3HaueHnsx f;,U; u S MOTyT OBITh paCCUMTaHBI M0 YPABHEHUSM:

I, =1, +1,c05¢ ,;
I, =g, +1,5iNg ;

_ [y2 2 .
I —1/|1a+llp,

COSgol:%;
I:)1 =m Ullla;
ZP: PlM + PZM +PC + PMex +P@06;
P, =P, —3P;
v -2
@,
o1 P
R (7.3)

rae | 1 - Tok o6MoTku cratopa; | 2 - mpuBenenHblit Tok 06MoTKH poTopa; |1 4, |1 p -
aKTUBHAs M pEaKTUBHAs COCTaBjsiomue Toka craropa; COS@ ;- xosdduuuent
MOILHOCTH JABUTaTens; P1 - diexTpuueckas MOIIHOCTh, IOABEIEHHAs K CTaTOPHOM
oomotke; 2 AP - cymmapnbie notepu B asuratene; AP, . - no0aBo4HbIe HOTEPH OT

OCHOBHOW M OT BBICIIMX TapMOHUYECKHUX COCTABIAIOIIMX TOKAa; M> — MOMEHT Ha Bally
JIBUTATEJIS; (02 — YaCTOTA BPALLIEHUS] POTOPA; 7] - KIIJ ABUTATEIIS;

ITOJIHOC COIIPOTHUBJICHHC 00MOTOK ABUTaTCIIA I10 CXEME 3aMCIICHMA .

z="R?+X? : (7.4)
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AKTHBHOC COIIPOTHBJICHHC 0OMOTOK ABUTATEIIS II0 CXEME 3aMCIIICHUA .
r.

R=r+-2%; (7.5)
s
peaKTI/IBHOC COHpOTI/IBJ'IeHI/Ie 06MOTOK JABUT'ATCIIA 110 CXEME 3aMCIIICHUA .
X =X, +X,; (7.6)

TPUTOHOMETpUUYECKHEe (YHKIMHU YIJIa MEXIy BEKTOpaMU TIPHUBEIEHHOIO TOKa
OOMOTKH POTOpa U HANPSKEHUS CTaTOpa:

R . X
Cos ¢ 2:;; Sing 2:7; (7.7)
SJIEKTPUYECKHUE MIOTEPU B OOMOTKE CTaTOpa:
AP, =ml’r,; (7.8)
SIIEKTPUYECKHUE IOTEPU B OOMOTKE pOTOpa:
APy, =m(l ,)°r; (7.9)
OCHOBHBIE [TOTEPHU B CTAJIH :
AP. = AP, + AP, : (7.10)
MEXaHUYCCKUE MIOTEPU
AP ~0,002P ; (7.11)

OCHOBHBIE TIOTEPHU B CTAIM CTaToOpa CKiIaabIBaloTcs u3 roteps B sipme (AP, ) u B

3yb1oBoMm cioe (AP,;) :
AP, =Cy; - (AP, +APR,), (7.12)

rne Cp=(2,7...3,0) - ko3ddUIMEHT MyIbCcaluid, YIYUTHIBAIOMUN 100aBOYHBIC IMOTEPU OT
3yOIIOBBIX TAPMOHUYECKUX UHAYKIIUHU, T.€. J0OABOUHBIE MOTEPU XOJOCTOTO XO/1a.

[Totepu B cTamm sipMa craropa W 3yOIIOBOM CJIO€ CTaTopa OMPEACISIFOTCS
COOTBETCTBEHHO KaK

APal = Pa Gal ; Ale =P, Gzl ' (7-13)
r7ie yJeJIbHbIE TOTEPH B ipME U 3yOILI0BOM CJIOE€ CTaTOpa:

f 15
— B 2| 1| .

Pa1 = Piosso Bar (50] , (7-14)
f 15

= B 2| 1| -
Pa = Pioss0 Ba (50) ; (7-15)

Prosso = 2,2 Bml ke - ynenbHble IOTEPH B CTaJIM MPHU YacToTe nepeMarnnuuBanus 50 I'i;
B, - UHIYKIIHS B spMe cTaTtopa, [BO] ;

B, .- naayknus B 3y0omoBom cioe craropa, [B6]; G, .G, - Bec sipma u 3y0110B craropa,

[xr].
OCHOBHBIMH TIOTEPSIMA B CTaJId POTOpPa MOXHO TpeHeOpeyhb, T.K. YacTOTa
nepeMarHU4YMBaHuUs spMa pOTOpa OYSHb Maa

f,=1-s, (7.16)
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1,5
2 .

a BEIMYMHA (%j <<1l; cOOTBETCTBEHHO YIEbHbIE IIOTEPH B IPME U 3yOIIOBOM CIIOE
15
2 2 f2
=n )54 pzzplolsoBz —~
50 ’ “ 150
XapaKTepHCTHKOfI XO0JIOCTOI0O XOJda ACHHXPOHHOI'O JABHUIATCIIA ABIILICTCA
3dBUCHUMOCTh TOKA XOJOCTOI'O XOoJa ABUTATCIA OT JIUHEWHOTO HAIIPSOKCHUA — TIPH

2

15
potopa Paz = Pioso Baz j Takke OyIyT OYeHb MaJlbl.

nocTosiHHOM 3HaueHnu ero gactotsl; 1o = f(U,,) npu f, =const,

daxtuueckoe 3nauenue | PaCCUUTBHIBAECTCS MO €r0 AKTUBHOU loa u PEaKTUBHOMU

2 2
Io:\IIOa +I0p - (7.17)

OHpGI[eJ'IeHI/IC BCJINYNH I()a u IO p BBIIOJIHACTCS IIOCJIC pacyeTa MarHUTHOM OeIIn

ly, cocrapnsrommm:

ABUI'aTCIIA, T.K. pCAKTHBHAS COCTABJIAIOIIAA TOKA XOJIOCTOI'O XOda
ly, = 1,. (7.18)

U

AKTHUBHAS COCTaBJHAOIIAA TOKAa XOJOCTOIO XOHda OIIPCACIIACTCA IIOTCPAMHU
MalllhHbI HA XOJIOCTOM X0y

AF)}I/IO]. + AFJCl + PMex

mlU D1

: (7.19)

IOa

rac SJICKTPUYCCKUC ITIOTCPH B 06MOTK€ c¢Taropa Ha X0JOCTOM XOI[y:
2
PMOl ~ mlly rl' (720)

B ToM criywae, eciMm acHMHXpPOHHBIM JBUTAaTeNb paboTaeT OT HMCTOYHHUKA
CUHYCOUJIAJILHOTO HAIPSKEHUs, 100aBOYHbIC MOTEPU MPU HATPY3KE PACCUUTHIBAIOTCS B
coorBeTcTBUM ¢ 'OCT 7217-87 «Maiunbl 3I€KTpUUecKue Bpaiaronecs. /[purarenu
ACMHXPOHHBIE)» KaK

AP, =0,05P, (7.22)

Ecnu acuuxpoHHBIN JBHUrateiah paboTaeT OT MHBEPTOPA, MOITOMY J00aBOYHBIC
MOTEPU MPHU HArpy3KE PAaCCUUTHIBAIOTCS C YYETOM CJIOKHOIO FapMOHHUYECKOTO COCTaBa
HanpsbkeHust B cooTBerctBuM ¢ ['OCT  7217-87 «MaiuHbl — 3JIEKTPUYECKUE
Bpalaromnecs. J[purarenn aCHHXpOHHBIE» KaK

APCO = APcee + APM 006 + O’O5P1 (722)

rac Apcee - IOTEPH B CTAJIM CTAaTOpa M POTOPA OT BBICHIMX MAPMOHUYCCKHUX HAIPSAKCHUA,

APM 006~ HOTCPH B 00MOTKax cTaTropa 1 poTOpa OT BBICIIUX 'APMOHHUYCCKHUX TOKA.
CI10XKHBII FapMOHI/I‘-IeCKI/Iﬁ COCTaB U(Dl Ha BBIXOJC MHBCPTOPA YUUTBIBACTCA IIPHU

pacydeTe )106aBOIIHBIX IMOTEPL ABUTATCIIA, T.K. HMCHHO 3TH IMOTCPHU YUYHUTBLIBAIOT HAJIWYHC
«IIapa3suTHBIX» TOKOB U MOMCHTOB.
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PabourMu  XapakTepUCTHKaMH  AaCHHXPOHHOTO  JBHTraTellsi  Ha3bIBAOTCS
saucumoctu |, = f(S) m cosg = f(S) mpu mocTostHHBIX mapameTpax HampsHKEHHS Ha

Bxone U A1 = const; fl =const . Jlg anekTpoaBuraresen 0COOBIN MHTEpPEC NPEACTABISAIOT

takke 3aucumoctd P, = f(S), Mmexanuueckuit moment Ha Baxy M, =f(S) u 7= f(S),

T.K. TIO3BOJISIOT OINPEAEIUTh CBOMCTBA MAaIIMHBL. JTHU XaPAKTEPUCTUKU PACCUUTHIBAIOT
IIOCJIE ONIPEJEIEHUs BCEX IIOTEPh B ABUTATEIE.

Ilpu pacuere padoYMX XapaKTePUCTHK JAHANA30H CKOJIbKEHHMS CJieqyeT
npuHumats 05s,,, <s<15s, ¢ marom 01ls, .

HOM

Ha puc. 7.3 u 7.4 npuBeieHbl XapaKTEpPUCTHKA XOJIOCTOTO XoAa U pabouwue
XapaKTEepPUCTUKU U XapaKTEPUCTUKH XOJocToro xoma anekrponsurarens JJAT-305,
npouzBojactea HIIO <«(IIPUBOJM» (r. JIbicbBa); KOHCTPYKTHUBHBIE MapaMeTpbl H
napameTpbl HOMHHAJIBHOTO PEXXMMa 3TOTO AJIEKTPOIBUTATENS YKa3aHbl B Ta0u. 7.1.

Tabmuna 7.1
OcHoBHbIE TeXHUUYECKUE NapaMeTpbl anekrTpoasurarens JJAT305
[Tapamerp 3HaueHHUEe napame]
HomuHansHass MONITHOCTH Ha Bally, KBT 305
Hanpsbkenue nuHeliHoe, B 675/1000
Toxk ¢asusbrii, A 320/195
YacToTa BpallleHusi CHHXpOHHAs1, 00/MHH 313/2230
YacToTa nuTaromero HanpsikeHusl, 1'i 15,55/111,5
Koaddurment nonesnoro neicTpust 0,88
[IyckoBoii MomenT, Hm 9770
MakcumanbHbIi Bpalarmuid MoMeHT, Hm 9316
MOITHOCTh B TOPMO3HOM peKUME, KBT 350
Coenunenue a3 0OMOTKH cTaTopa «3BE371a»
Yucno nap nomocon 3
Tun o6MoTKH cTaTopa KOMOMHHpPOBaHHAs
Knacc uzonsinum 0OMOTKH cTaTopa H
BryTpeHHuii quameTp craropa, MM 490
JUInHa cepAieuHnKa cTaTopa, MM 500
Yucino na3os craTopa 90
Yucno na3os poropa 80
Cranb cepaeuHuka ctaTopa, poTopa 2212
OxnaxneHue MPUHYIUTEIHLHOE
[nkn BeHTHIISIIUT Pa30MKHYTBIN
Pacxon oxJtayxaaroniero Bo3ayxa, M/ 0,8




[TonHoe naBneHue Bo3myxa, [1a 1500
Kinumaruueckoe UCIIOIHEHNE VXII1
CreneHp 3aUThI JP X5

Tun moaBecku

OnopHo-oceBast

Macca (¢ 0ceBbIM MOIIMIUITHUKOM), KT
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Puc. 7.3. XapakreprucTuka XoJocToro xoaa snekrpoapurarens JJAT-305
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Puc. 7.4. Paboune xapakrepuctuku JIAT-305 mpu Un;=912B f1=25 T'n u

XapaKTEpHUCTHKA X0onocToro xona npu f1=25 I'm.



NPHJIOXEHHE
XAPAKTEPHCTHKA HAMATHHYHBAHHSA B(H) CTAJIEHA

Tabauua |. 3navenns HanpsixenHoctd, H, A/cm, aas anekTpoTexHHUECKO#H
craan 1312

B, Ta 0 0,01 0,02 | 0,03 | 0,04 | 0,05 |o0,06]| 0,07 |0,08} 0,09
0,6 3 3 3 3 3 3,1 3.2 3,2 3,3 3,
0.7 3,4 3.4 3.5 3.5 3,6 3,7 3,7 3,8 3,8 3
0,8 4 4 4,1 4,1 4,2 4,2 4.3 4.4 4.5 4,
0,9 4,8 4.8 4,9 5,0 5,1 5,2 5,3 5.4 5,5 5,
1,0 5,7 5.8 5,9 6,0 6,2 6,3 6,5 6,7 6,9 7,
1,1 7,2 7.4 7.5 7.6 7.7 8,0 8,2 8,5 8,7 8,
1,2 9,3 9.6 9,99 10,1 10,5 11 11,3 11,6 11,9] 12,
1,3 12,8 13,3 13,8/ 14,2} 14,6/ 15 15,71 16,3| 17 17
1,4 18,2 19 19,8/ 20,6 21,21 22 23.5| 25 26,5 28
1,5 29 30 31 32,5] 33,5 35 37 39 41 43
1.6 47 50 53 56 60 63 67 71 75 79
1,7 83 88 93 98 104 110 116 122 128 135
1,8 142 149 156 163 171 179 187 196 205 214
1,9 224 235 246 257 269 281 294 308 322 336
2,0 350 364 378 393 408 423 439 457 476 495
2.1 515 535 556 577 598 620 643 666 689 712
2,2 735 759 783 807 831 855 880 905 930 955
2.3 980 1006 1032 1058 1085 | 1110 (1135 1165 1195 |1230
2.4 1270 [ 1305 |1340 1375 1415 | 1455 |1495 |1535 |1570 |1610
2.5 1650 1696 1730 1775 1820 1870 1920 1975 |2030 |2090

Tabnuua 2 3HaueHHsa HanpsxKeHHocTH H, A/cm,
IS 3NeKTPOTEXHHUECKHX cTaJged 2212, 2213 u 2214

OO DO W

B, Ta 0 0,01 0,021 0,03 0,04 | 0,05 0,06 | 0,07 0,08 | 0,09
0,6 3,9 3,9 4,0 4,0 4,1 4,2 4,2 4,3 4.4 4,
0,7 4,5 4,6 4,6 4,7 4,8 4,8 4,9 4,9 5 5,
0,8 3,1 5,2 5,3 5,3 5,4 5,8 5,5 5,6 5,6 5,
0.9 5,8 5,8 5,9 6,0 6,0 6,1 6,2 6,2 6.3 6,
1,0 6,4 6,5 6,5 6,6 6,7 6,7 6,8 6,9 6,9, 7,
1.1 7,1 7,1 7,2 7,3 7,3 7,4 7,4 7,5 7,6 7
1,2 7,7 7,8 7,8 7.9 8,0 8,0 8,1 8,2 8,2 8,
1,3 8,3 8,4 8,5 8.5 8,6 8,7 8,7 8,8 8,9 8
1,4 9 9,5 10 10,5 11 11,5 12 12,5} 13 13,
1,5 14 14,8 156/ 16,4 17,2 18 19,4/ 20,8] 22,2 23
1.6 25 27,21 29,4 31,6| 33,8 36 4] 46 51 55,
1,7 58 63 68,3] 74,5| 80,7 87,1 93,5 100 106 | 113
1,8 120 128 136 144 152 160 168 176 184 192
1,9 200 210 220 230 240 250 260 270 280 | 290
2,0 300 314 328 343 358 373 389 407 427 | 445
2,1 464 483 503 524 943 564 586 608 630 | 652
2,2 674 697 720 743 766 789 813 837 861 | 885
2,3 909 934 950 984 (1010 |1034 |1058 |[1087 (1116 {1150
2,4 (1189 |1223 (1257 |[1291 |1330 |1369 (1408 |1447 (1481 }1520
2,5 |1560 |1609 (1640 |1685 1730 |[1780 |1830 (1885 |1940 [2000

TN EN WD 00 O D s =) —
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