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O PACYETE PACCEAHUSA TPAHC®POPMATOPOB
. C PASBHOBBICOKUMH OBMOTKAMH

10. B. DPAKMAH

{(IIpencrasneno npodeccopom M. JI. KyTABuHBIM)

Pacyer coOmpoTHB/IEHHsS] KOPOTKOTO 3aMbIKAHHSI PAa3HOBBICOKHX 0OMOTOK
HaXOJUT NpPaKTHUECKOe NPHMeHeHHe IpH NPOEKTHPOBAaHUH TpaHchOpMaATO-
POE ¢ MPOU3BOJBHO PACMNOJOXKEHHBIMH OOMOTKAMHU.

Onpenenende COOTBETCTBYIOUIEH HHJIYKTHBHOCTH paccesiHHd C IO-
MOIUBIO TEOPHH MHOTOOOGMOTOUHBIX TpaHcthopmaTopos [1} cBoguTcs kK MHOTrO-
KpaTHoMy NpuMmeHnenutro ¢opmynant Kamma, K HemocraTkam 3Toro cmocoba
pacueTa MOXHO OTHecTH OO0JbIOH OObeM BBIUMCAEGHHH M MEHBIIYIO, 4eM VY
dopmyasl Kamna, TouYHOCTh pe3yJsbTara, OOYCJIOBJEHHYIO BbIUYHTAHHEM Be-
JAUYHH OJHOro NMOPSAKA B NPOMENKYTOUHBIX BBIYHC/ACHHUAX.

[donyckaemoe B 3aBOJACKHX pacyeTax ycpeAHeHHe OJHM3KHX 110 BeJHUYH-
He BBICOT Pa3HOBBICOKMX OOMOTOK TeOpeTHYecKH He 0OO0CHOBAHO.

Hacrosimas paGora mocssilieHa ob6ofiienuio gopmynbl Kanma Ha cay-
yai, Korga CepeiuHbl BBICOT PA3HOBBICOKHX OOMOTOK PacloJOXKeHbl B OAHOIL
ILTOCKOCTH, HOPMAaJbHO# OCSM TOCJHENHHUX.

ITpuHnuMHaAbHO B  MATHUTHO YPaBHOBEIIEHHOM  JABYXOOMOTOYHOM
TpaHcopMaTOpe, Ha OCHOBAHMH 3aKOHA COXPAHEHHs 3HEPTHH, 3HEPIHIO
MATHHTHOTO MOJIsI PACCESIHUS W MHIYKTUBHOCTBH PACCEHHA MOXHO 0Xapak-
TEPU30BaTL BBICOTOH JIOOOH H3 Pa3HOBLICOKHX 0OMOTOK. [Lisl BbIsiCHEHHst
peasbHO# BO3MOXKHOCTH HCIOJb30BAHMs BHICOT 0OMOTOK B (opmyse Kannz
BCCIOJb3yeMcst BrIBogoM Porosckoro [1, § 671

Paccmorpum JABYXOGOMOTOUHBIH TpaHcopMmaTtop, OOMOTKH KOTOpOTO
COOTBETCTBYIOT BCEM YCJOBHSIM, MPUHSTBIM B BbiBOAe POroBckoro, Ho OTJH-
yalTces 1o Boicote (puc. 1). [Jas onpeneneHdsi BEKTOPHOIO INOTEHUHAA
MATHHTHOrO TOJisi NPOCTPAHCTBO MeXAy (eppPOMATHHTHBIMH IJIOCKOCTAMH
HYKHO PasjeJuThb Ha TPHU 30HbL. B BbIBoge Porosckoro 3TH 30HbI ompefe-
JASI0TCH caedyluM obpa3oM. 30oHa | comepzHT Bce 00JacTH MAarHUTHOTO
ToJssl, B KOTOPHIX IJIOTHOCTh TOKAa HE paBHa Hy/aw. B 3To# 3o0He MJIOTHOCTb
TOKa He 3aBHCHUT OT KOOPAMHATBlL X M MEHSeTCsl JIHIUb B HallpaBJeHHH
ocH y. 30HBl 2 1 3 pacrnosoXkeHbl Mo 06e CTOPOHBE 30HBI 1 H NMPOCTHPAKTCHA
10 GecKOHeYHOCTH. Bo Bcex TOUKax 3THX 30H IJIOTHOCTb TOKa paBHA HYJIO-

[Ipu pacnonoxeHuu oOMOTOK COrJIacHO pHMC. | mMpuHa 30HBI 1 He MO-
Ker ObiTh NPHHSITa PaBHOH CpelHell BbICOTE OOMOTOK MJH BBICOTE MEHee
BLICOKOH OOMOTKH, NMOTOMY YTO TaKOA BHIGOp IIPOTHBOPEUUT ONpeleSeHHAM
BCex 30H. Ecnu NMpHHATH IIHPHUHY 30HB | paBHOH GoJee BbICOKOH OOMOTKH,
TO HAPYUIAETCSl TOJbKO YCJOBHE He3aBUCHMOCTH IIJIOTHOCTH TOKa OT KOOp-
JAHMHATBL X B 3TOH 30He. BMecTe ¢ TeM BBLINOJIHEHHE 3TOrO YCJOBHSE OCyLLleCT-
BJASAETCSt JOCTATOYHO TFOCTO.
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Piic. 1 — Puc, 1.

[TocKoNbKYy OOMOTKM MAarHuTHO YpaBHOBEIIEHbl, JHarpamMma pacrnpeje-
JIEHHsT TIJIOTHOCTH TOKa BJIOJib OCH Yy MOXKeT OHITb TIpeJAcTaBjeHa B BHJE
JABYX NPAMOYTOJbHUKOB, PaBHBIX IO IJIOUIAAN:

iBbhlz—jCChg; (1)
Tae
ipg U i, — IJOTHOCTH TOKa B obMoTKax 1 u 2;
b U ¢ — paguanpHble TOJLIMHEL 0OMOTOK | M 2;

lify # hy — BrIcoTBl 0OOMOTOK 1 H 2. ,
PapenctBo (1) He HapyuIuTcsl, ecqim YMHOXKHTb M pas/esuTb ero npaBylo
JacTh Ha h; (ma puc. 1 h;>hy), a 3atem nepenucaTs B BUe

iBbh1=—ichh1; (2)
ipe=1cho/hy; '

31ech u HHXKe uHAEKC P (pacyeTHBHIH) MCIOJAb30BaH AJds1 0003HAUeHHSs
BeJMUUH, He HMEIOUIMX MecTa B peajbHOM TpaHcdopMmatope.

Papencto (2) 3aMeHsieT pacCMOTpPeHHe peadbHOro TpaHchopmartopa
C Pa3HOBBICOKMMH OOMOTKAMH pPAacCMOTpPeHHeM pacueTHoro ((QUKTHBHOIO)
TpaHc(opMaTopa ¢ PaBHOBBICOKHMMH 0OMOTKaMH, 3KBUBAJEHTHOIO PeajbHO-
My IO YCJOBHK) MAarTHHTHOH ypaBHOBelleHHOCTH oO6moToK. 3 paBeHcrBa

(2) nmoayuum

rae

ich:—‘le. (3)

B pesyaeprate paccyxpenm#i, orauvalouuxcs ot npuseaeHubnix B § 67 [l
TOJbKO HCIIOJ1b30BaHWeM pasenctsa (3) Bmecto pasenctBa (23, 9) [1],
MOXKHO cAeJaTh BBIBOJ O TOM, YTO B PaCCMOTpPEHHOM cJaydae B QopMyay
Kanma ciaepyer NMOACTAaBJASIThL BHICOTY 0o0Jjee BBICOKOH OOMOTKH. \
BoiBon PoroBckoro ocHoBan Ha ONpeieNeHHH SHEePTiHH MAarHHTHOrO IO-
Jisg paccesiHus, ciaejopaTeqabHo, popmyaa Kamnma moxer ObITh HCIOJIb30Ba-
Ha JJs1 pacuera TOJBKO B TOM cJaydae, KOrJga IHEPrHH MArHWTHBIX IIOJIeH
B -PacyeTHOM W p2ajbHOM TpaHcdopmaropax OAMHAKOBH. B To Ke Bpewms
BBEJCHHAss B paBeHCTBO (2) pacueTHas MJIOTHOCTbL TOKA H COOTBETCTBYIO-
las el 3HEpPrusi MArHUTHOrO TOJS MeHbllie JeHcTBHTeabHBbIX. [las yerpa-
HEHHUsI OTMEYEHHOro NMPOTHBOPETHs HEOOXOAMMO VYBEIMYHTH 06beM IoIA
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paccesiHusi PacyeTHOro TpaHcopmaTopa, coxpaHsas OOBEMHYH NJIOTHOCTH
HEPTHH ero MArHUTHOTO MOJIsi Heu3MeHHO#. Bricora paBHOBBICOKUX 0OMO-
TOK pacyeTHOro TpaHcopmaTopa Oblia yCTAaHOBJEHA Bbllile, MO3ITOMY YyBe-
JHUCeHUe 00BbeMa IMOJs PacCesiHHST MOXKHO OCYLIECTBHTb TOJBKO MyTeM H3-
MEHEHHs] paAuaJbHbiX pa3MmepoB rnociaenHero. OnpeneseHne paaHaJbHBIX
pasMepoB pacyeTHoro TpaHchopmaTopa NpoBeleM HAa OCHOBAHMH CJelylo:
KX COOGpaKEeHUH.

Ynpoujawole AONYLIEHHs, NPHUHSITBIE TPH BBIBOAEe ¢opmyabl Kanna
[1; 2], cnpaBensiuBbl H B CJyyae Pa3HOBBICOKMX OOMOTOK, TaK KaK BCE BHI-
paKeHUst /51 pacyera HUX HHAYKTHBHOCTH paccesiHHS 110 3TOoi dopmy.e,
NoJy4aeMble ¢ MOMOLIBKD TEOPHH MHOroOOMOTOYHBIX TPaHCHOPMATOPOB, JH-
HEeHHBbI.

Eciau npese6peub KPUBLH3HOH OOMOTOK W HCIOJMb30BATH AONYIIEHHE O
NPSIMOJHHEHHOCTH MAaTCHHUTHBIX CHJIOBBIX JIHHHI, Bblpa)KeHHe oObeMa I[0Js
paccesHuss — V — Ha eIUHUILY cpefdHeH A/uHbl BHTKa oO6MoTOK (B [l] coor-
BeTCTBEHHO Ha €JMHHLY [JIMHbI B HaNpaBJeHUH OCH Z) MOMKHO 3alHCATh
8 BUIE

V=rth/p;

rie t=a-+b-+4ic — paauajapHLIi pasmep MOJS PACCEAHHS;

h — BbicoTa OGMOTKH;

a — 3a30p MexJy OOMOTKamy,

o — Koappuuuent Porosckoro.

[Ipu BeiBoge dopmyasl Kanma [1] noapasymeBaercst, uTo Bech 00beM
10J1s1 PacCCesTHHs 3aHAT IOTOKOM paccesiHHs nepBHYHOH oOMOTKH. [lockoab-
Ky 0OMOTKH TpaHcdoOpMaTopa MArHWTHO ypaBHOBEILEHbI, MPABOMEPHO U 00-
paTHOe pacCy:KAEHHe, COrjacHO KOTOPOMY Bechb OOBEM TNOJA pacCesTHHS
3aHSIT MOTOKOM pAaCCesiHUsI BTOPHYHOU 06MOTKH. OO6beMHas IJIOTHOCTH
3HEPrHU noJjsi paccessHHa Wy B 3THX caydasx OyIer paBHa COOTBETCTBEHHO

Wy =W/V,=Wp/h1;
Wyo=W/Vz=Wpo/hst;
rue W — noJiHasi 3HeprHsa TOJs PacCesiHHs.

B peasbHoM TpaHcopmaTope HMeeT MECTO HEeKOTopast CpeaHsis 00b-
eMHas NJIOTHOCTh 3Heprud — Wy cp, NOITOMY YCAOBHE PAaBEHCTBA IHEPIHIl

MATHHUTHBLIX ToJei PaCYE€THOr0 H pe€aJibHOIO TpaHC(bOpMa'I'OpOB MOXKHO 3a-
ITHCATH B BHJAE

Wy =% 5 = Wigp oL, (4)
OTKyLa .
BH=g1; (5)
rae
Tp — DAAMAJbHBIH pasMep MOJA DPACCEssHUS pacueTHoro TpaHcdopma-

TOpA;
¢=Wyep/W,, — ko3pDullHeHT, NOKA3LIBAIOLIUH, BO CKOJIBKO pas pa-

AHAJNbHBIH pasmep MoJs paccesiHHs B pacyeTHOM TpaHchopmatope Gosb-
Lie, 4eM B peaJbHOM.

ComnocraBieHne pasnHUHBIX cnoco00B ocpeaneHHs Beaudud Wy, 1 Wy
II0Ka3aJjlo, YTO ONTHMaJibHble PE3y/JbTaThl B [JOCTATOUHO GOJAbLIOM aHana-
30He OTHOIUIEHHEH BbICOT OOMOTOK JalOT BhIpaxKeHHe

Wvyep=V 0,5(W*vi-+Wv?). (6)

[ToctanoBka paBeHcTBa (6) B dopmyay (5) NMo3BOAAET MONYUHTb CJe-
Lywollee BbipaKeHHe KosdduumeHnra ¢:

o=V 0,51 + (h, p2/hop, 1.
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[TpoBeaeHHble paccyKAeHHs NMO3BOMAIOT 3amucaTh Gopmyay Kamna nms
pacuera CyMMapHOH HHAYKTHBHOCTH pacCesHHs TpaHcQopMaTtopa C pasHo-
BBICOKHMU, CHMMETPHYHBIMH OTHOCHTENbHO ocH y (puc. 1) obmoTkamu B
BUJIE

202 b
Ligs= Lm;/—llfp__ (3‘}' g C) Pwm (7)
max
HJ1HA .
20, | 1 1
L= 20 (R, 4 - DRy o R )
max

raie Mo=4m-10—7 rH/M — MarHuTHbBle TPOHHUIIAEMOCTH BO3Ayxa (MAH Mac-

Jda) M marepuana oO6MOTOK (MeAb 41U AJIOMHHWH), NPHHATbIE PaBHBIMH
MarHUTHOM TPOHULAEMOCTH NYCTOTHI; :

W) — KOJHUYECTBO BHTKOB B OOMOTKe, K KOTOpOH INpHuBeJeHa cyMmap-
ast MHIAYKTHDHOCTH TpaHcdopmartopa Liag;

| -— cpenusii AauHA BHTka GOMOTOK;

hmax ¥ Bmj, — BbICOTBI GoJee U MeHee BHICOKOH OOMOTOK TpaHchop-
Martopa COOTBETCTBEHHO;
Rp Re u Ra— cpegnne paguycel 0OMOTOK M 3a30pa MEXKIY HUMH,

Pmax Y Pmin — KO3 puimenTsl Porosckoro, onpejeennble N0 Nmax
U hpj, IpU painasbHOM pasMepe MNoJisi DACCesiHUs, PABHOM T,

= V 0,5 [1 + (hyax Pmin/Nyin Pmaxz)]s

T —rhyax/eT
py=1— “;f (1 —e e ) — Ko puuueHt Porosekoro /s pacuer-
Max

{010 TpaHcpopmatopa.

YMecTHO OTMETHTb, 4TO KBajpar KosQ@uUHeHTa ¢ B ABYX MOCAEAHHX
()OPMYyJ1aX COOTBETCTBYET NPOHM3BEAEHHSIM DaJHalibHbIX Pa3MepoB.

®opmyan (7) u (8) mo orHowenuwo K dopmyne Kanna ssastorest 60-
_7Tee OOLMMM M NPEBpAllalOTCs B MOCJEAHIOID B C/lyuyae PaBHOBBICOKHX 00-
MOTOK, TaK Kak Npu Npac=hmi, ¢=1.

®opmyant (7) u (8), kak u popmyna Kanna, He y4YHTHIBAIOT BJIHSHHS
6aKa MJH KOXYyXa W SIpMOBbIX 6aJjiok TpaHcdopmaropa Ha paccMarpuBae-
MYI0 MHAYKTHBHOCTb M B TOM CMBbICJe SBAAIOTCST NpUOJIMKenHbimH. Ilpu
seiBoge dopmya (7) u (8) ynpoulawuiMe AONYUIEHHsST HE NPHHUMAJHCD, NO-
3TOMY TOYHOCTb 3THX (OPMYJ Takas XKe, kak y ¢opmyqabl Kanma, 1o ectb
okosio 10%.

s mpoBepKH TOC/AeJHEero yTBepXKAeHUsi OB W3roTOBJEH TpaHC(op-
MaTop, CepeuHbl BBICOT PA3HOBBLICOKKHX KOHUEHTpHYecKHX oOmoTok 1, 2
1 3 KOTOpOro pacno/iarajiuch B OJHOH TJIOCKOCTH, HOPMAaJIbHOH OCSIM T0-
caefnnux. HeoGxomumble AJisi BBIYHCJEHHH pasMephl TpaHcpopmaropa npu-
Bejenbl B Tabauue, rie uepe3 M r 0003HaueHbl BHYTPEHHHE H BHEILHHE
paguycbl 0OMOTOK.

J

Ta6aunga
v g
55 w ho6 q r
== [Tpumeuanus
S\O
° — cM oM l M

1 834 18 2,95 3,3 Bce oOMOTKH H3rO-
2 553 12 45 4,85 TOBIEHB! U3 MPOBOJA

3 1142 24 575 6,1 wmapru II3JI1-0,8
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Pacyer conpoTnB/eHHI KOPOTKOIO 3aMblKaHHsi 3TOr0 TpaHchopmaTopa
o ¢dopmyae (8) naer:
(1)L125=8,1 oM, (.0L135=II,28 oMm; (DL325=19 oM,
[Ipu COOTBETCTBYIOLIHX OMBITAX KOPOTKOTO 3aMBIKAHHS MOJYUYEHO
Xx12=8,04 om; xki3=11,05 oM; Xxa=214 om,
TO eCTh OTHOCHTeJbHbie MOTrpelrHocTH coctaBasiior 5,17%, 2,08% wu 11,2%
COOTBETCTBEHHO.
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