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NMPEAHUCIHOBHE

Pacyer monycTHMHX HArpy3oKk B TOKOBHX HeMAX peief-
HOM 3alHTHl ABJAETCA ONHHM H3 3TanoB MPOEKTHPOBAHHA
peneiiHOW 3alUTHL M ABTOMATHKH 3/EKTPOIHEPreTHYECKHX
001eKTOB. AHaJlOrHYHHe pacyeTH MPOBOAATCA B YCJIOBHAX
9KCIJIyaTauHH H HANafKH peJeHHOH 3aUIMTHL.

B nocnennne roAW BHNOJAHEH Goablioff 06HeM HaydIHO-
HCCNEJOBATENbCKHX H MeTOAHYecKHX paboT AJMA cO3LaHHA
HHXEHepHHX METOHOB pacyeTa AOMYCTHMBIX Harpysok Ha
TpaHchopMaTOphl TOKA M BHIGOpa ONTHMANbHBIX CeYeHHH
XHJI KOHTpOJIBHOro Kabens. Heo6xoauMocTh npoBeleHHs
HCC/IEJOBAHHH CBA3aHa C pe3KHM YBeJHYEHHEM YpoBHel
TOKOB KOPOTKOIO 3aMHKaHHA B COBPEMEHHbIX IHEprocHCTe-
Max H BO3pacTaHHeM HarpysoK B TOKOBBIX LeNAX BCJAeACT-
BHe yBeJIHYeHHA NJIHH KOHTPOJbHHX Kabenel u KoaHuecTBa
pefleiHOR anmapatypel. B pesy/bTare npHXoAMTCA JTHOQ
pesKo yBeJHYHBATh CEYeHHe XXHJ KOHTPOJbHOrO Kabeiqs,
NM6o NONycKaTh B HEKOTOPBIX PeXXHMaxX CHHXKeHHEe TOYHOCTH
pa6oTh TpaHcdopMaTopoB ToKa. C TOYKH 3peHHA SKOHOMH-
yecKHX ()aKTOpOB MOc]efHee MNpPEANOYTHTENbHeH, OAHAKO
CHHIKEHHE TOYHOCTH He JOJIKHO YXyAwaTh 3$(PeKTHBHOCTDb
byHKHHOHHPOBaHUA YCTPOHICTB peJieliHoit 3auuThl. [Toatomy
Heo6xonuM AH¢depeHLHPOBAHHHA MOAXOA K pacyeram Ao0-
NyCTHMBIX HAarpy3oK B 3aBHCHMOCTH OT BHAA 3alUHTH H
npuMeHsemoil pejefinod annapaTyphl.

B Hacrosweli KHMre paccMOTpeH KOMMJEKC BOMPOCOB,
CBA3aHHBIX ¢ pacYeTaMH AOMYCTHMBIX Harpy3ok H BHOOpOM
CEYeHHA XHJ KOHTPOJBHOro KaGedd B TOKOBHIX HemAX pe-
nehinofi 3awMTH. I8 060cHOBAaHMA NPHHATHIX peUICHHH
KPaTKO paccMOTPeHH OCHOBHHE MeTOJH pacdera TpaHcdop-
MaTOpOB TOKAa M JaHa HX CPaBHHTelbHas oueHka, HMccie-
A0BaHO NOBeAeHHe pefefinofi anmapaTypel NPH HCKaXeHHON
¢opme KPHBOH TOKa, BHI3BAHHOH HachillleHHEM MAarHHTOMpO-
BOZa TPaHcOpMaTOPOB TOKa. Takohi KOMIJIEKCHBIH MOAX0A
NO3BOJIHA cHOPMYAHPOBATL PacieTHHE YCNOBHA AR BHOO-
pa Harpy3ok, a TakXe ONpejeNHTh KPHTEPHH, OTPaHHYH-
BalOlHE MpeJeNbHYIO HAarpys3Ky Ha TpaHcOpMaTOpH TOKa.
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H3noxeHHas B NaHHOW KHHIe MeToguka Guia oGeyiK-
AeHa HayYyHO-TeXHHYeCKOH 06leCTBEeHHOCTbIO H NPHMEHseT-
CA HAa MpPaKTHKe.

Pasfennl KHHCH, cOflepXKalliHe OMHCaHHEe HOBOIl MeTO-
JHUKH, HANIOCTPHPOBAHH NPHMEPaMH pacueTa CeYeHHH KHJ
KOHTPOJIbHOrO Kabessi B TOKOBHX UeNAX pejedHof 3aliHTH
pasHbix THNOB. IIpuBeleH cnpaBoYHbLIA MaTepHa/ IO TPaHC-
(opmMaTopaM TOKa, 9aCTHYHO 3aHMCTBOBAHHHHA H3 HAdOP-
M3UHOHHHIX MaTepHaJIOB M WACTHYHO MONYYeHHH H3 THNO-
BHX HCOHTaHHE TpaHCc)OPMATOPOB TOKA. TeopeTHUECKHe
BHKJaJKH OPEeNCTaBJeHH B OObeMe, MHHHMAJAbHO He06Xo-
LHMOM IJ5 0GOCHOBZHHA NPHHUHNOHAJABHBIX NMOJOXEHHH Me-
TOAMKH pacyetoB. BoJsiee JeralibHOe H3yueHHe MaTepHa/oB
MOXeT OHTHb BHMOJHEHO N0 HCTOYHHKAM, Ha KOTOpHe na-
I0TCA CCBUIKH.

OcHoBHOlt MaTepHas KHHrH GasHpyeTcs Ha 000GIIeHHH
psiza paGoT, BHMOJHEHHHX aBTOPaMH B Hay4YHO-HCC/I€0Ba-
TeNbCKOH 3JIeKTPOTexHHYeckoll jia6opaTopHH 'OpsKOBCKOro
oTAeNeHHA HHCTHTYTa «JHeprocerbnpoekt» ('O ICII).

Apropn GaaromapHnl HHXenepam A. . Bapranory,
B. fl. BaunkoBy U A. 3. BuibHully 3a npejpocTaB/eHHE pe-
3yJIbTATOB THNOBHX HCOBITAHAA TPaHCPOPMATOPOB TOKa H
KX 32BOINCKHX XapaKTepHCTHK, PeLeH3eHTY KHWCH KaHA.
TexH. Hayk M. A. lllabany u pexakTopy KaHA. TeXH. HayK
J1. C. 3ucmaHy 3a nmosie3snne 3aMe4aHHs H COBETH, KOTOpHe
CNOCOGCTBOBANM YAYYWIEHHIO KHHTH.
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BBEJLEHHE

WUsmepurenpibe opraHbl NOAaBAAOWIEro GOJbUIHICTBA
ycTpoOiicTBE penefiHOH 3aLUHTH OT K. 3. pearHpyioT Ha TOKH
HIH Pa3NHYHBle COYETAHHA TOKOB H HAMpPSXKEHHH B 3allM-
WaeMOM MPHCOENHHEHHH. 3alaHHBIA YPOBeHb TOKa B 3allu-
Te W H30JALUHSA ee uenefi OT CHCTEMBl BHICOKOro Hanpsike-
HHA 06eCnmeYHBAalOTCA NEPBHYHBIMH H3MepHTeJbHHIMH rpe-
obpasoBatenamu Toka [1]. Ilepprunble H3MepHTeNbHHE IIpe-
o6pa3oBaTesu TOKAa HMeEIOT pAA pasHoHAHocTed. HanGosee
IIHPOKOe INpPHMEHeHHe B HacTosdllee BpeMs MNOJYYHIH
tpancdopmaTtopsl Toka (TT) ¢ 3aMKHYTHIM (PePPOMACHHT-
HHM MariutonpoBofoM. OTeyecTBeHHash NMPOMBIUIIEHAOCTD
cepuitHO BHNycKaer GoJabiioe YHcao TT pasnuyHbIX THNOB
H HampsXeHH#, KOHCTPYKUHH KOTOPHX AOCTaTOYHO MOAPOG6-
HO omucaHul B [2].

ITo nepBuyHo#t o6MoTKe TT NPOXOAHT TOK, MOAJEKALIHH
TpaHcOpMauHH, MO BTOPHYHOH, 3aMKHYTOH Ha HEKOTOpoe
COTPOTHB/IEHUE,— BTOPHYHLIA TOK, NPHMEPHO NpONOpUHO-
HanpHHK nepsHuyHOMy. OcnHoBHas ocofenHocts TT, Kak
3JEKTPHYECKOro anmnapara, COCTOHT B TOM, YTO HOPMaJbHEIM
IS HEro SBNSETCS PEeXHM ¢ MaJbiM CONPOTHBJEHHeM Ha-
TPY3KH, T. €. peXXHM, GNIH3KHA K K. 3. BTOpHYHOH uenH. Co-
MPOTHB/IEHHe BTOPHYHOR LieMH H MepBHYHHA TOK ABJSIOTCHA
OCHOBHBIMH TIapaMeTPaMH, KOTOpHe ONpefesiAloT norpei-
Hocte TT B ycnosusax skcnnyarauuu. [Ipw pabouux Tokax
HHAYKuMs B MmarmuTonpoBole TT HeBenuka (06HIYHO LOJH
Tecaa), a MPH K. 3. BO3pacTaeT H B 3aBHCHMOCTH OT Ha-
IPy3KH H KpPaTHOCTH TOKa K. 3. MOXKeT JOCTHraTb 6OJIbLIHX
3HaYeHu#, GMH3KHX K HHAYKUHH HacHILIEHHS MarHHTOMpO-
Boaa. BeseacTBme HacHUeHHs MAarHHTONPOBOAA B 3THX
CliyuyasiX yBeJIHUYMBAeTCs NMOTpeimiHOCTb TpaHcopMaiuu, 4To
HeXe/laTelbHO C TOUKH SPeHHs TOYHOCTH paGOTH M3MepH-
TeJbHBIX OpraHoB 3alHTH. ITosToMy mepBOe ycJlOBHe
npH pacyere Harpysok Ha TT 3akmiouaercsi B TOM, 4TO6H
B c/1ydae nona»_emennﬁ B ONpefe/leHHBX (pacyeTHHIX) ToY-
Kax cerh TT pa6oTan ¢ AONYCTHMOH MOrPelIHOCTBIO
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(o6nyHo He Gosee 10% no TOKY B yCTaHOBHBLIEMCS pe-
XKuMme).

A HeKOTOpHIX peXXHMOB, HaNPHUMep NpH K. 3. B HayaJe
3alIHUIAeMBIX JIHHHH, KOrfia YpPOBeHb TOKOB BHILIE, YeM
NpH K. 3. B pacyeTHHX TOYKaX, YCTOHYHBOCTh (YHKUHOHH-
POBaHHA 3aILHTH YacTO He Hapyluaercd, ecad T1 pafoTaer
C [OrpelrHocTbio, 3HaYHTeNbHO Oosapmed 10%. Ogmako
YUHTHIBASl, UYTO STH PEXHMBl XapaKTePH3yIOTCA YBelHue-
HHeM YIJIOBHIX norpemHocTel B HcKaxenHeM (OpME KpH-
BOH BTOPHYHOTO TOKa BCJAEACTBHE HACHIEHHS MarHHTO-
nposona TT, He HCK/AOYaeTcs BO3MOMKHOCTH H3JNHIIHHX
cpabaTHBaHHN HaNpaBJEeHHHX 3alMT HJIH OTKAa30B B cpa-
6aThiBaHHH TOKOBHIX 3awiMT. [losToMy BTOpPOEe ycnoBHe
npu pacyere TT. coctoHT B ToM, YTOGH oGecmeYHBaJHCh
ycrofyuBocTh cpalaTHBAHHA H3MEpHTENbLHHX OpPraHoB 3a-
IMMTH NPH HCKaMKeHHOH (opMe KPHBOH TOKa B cJydae
GJH3KHX BHYTPEeHHHX K. 3. H CeNeKTHBHOCTb HecpabaThiBa-
HHA 3alHTH NMPH BHEWIHHX K. 3. TpeTbe pacyeTHOe
yCAOBHEe 3aKNyaeTcs B MPeJOTBpAlLleHHH MepeHanps-
KeHHt Ha BTOpHYHEIX o6morKax TT.

Bu6op narpy3ku Ha TT, HCXOAS H3 TpeX mepeyHC/EeH-
HBIX PaCYETHHIX YCJOBHH, H COCTaBJAAET CYTh HOBOH MeTOMIH-
KH (B mpexHeli MeTORHKe BHIGOp HAarpy3ok, Kak NpaBHJIO,
OCYIeCTBASNCA TOMBKO MO MEPBOMY YCJAOBHIO).

Ilna onpefefeHHA KpHTepHeB BHIOJHEHHA BTOPOro pac-
YeTHOr0 YCJOBHA MPHMEHHTEIBHO K YCTPOHCTBAM 3alllHTH
PasAHYHBIX THNOB HeOOGXOAMMO MPOBECTH KOMIMJEKCHOe Mc-
caenoBaiue chcreMbl TT — ycrpoficTBO pesefiHoi 3alIHTH.
Tarof nmomxoA Mo3poJsieT He TOJBKO OMpPeleNHTh NMpeneb-
HBE gonycTHMble norpeiiHocTH TT NmpHMeHHTENBHO K KOH-
KPeTHHIM 3allUTaM M COCTAaBHTh pacueTHble YCJOBHA AJIA
BHGOpPa HAarpysok, HO H chOpMYJKPOBATh NOMOJHHTENbLHEE
TexHuYecKHe TPeGOBaHHA K annaparype.



T/IABA MMEPBAA

METOZA bl PACYETA NOIrPEILHOCTER
TPAHC®OPMATOPOB TOKA

1-1. OCHOBHBIE MAPAMETPbLI TPAHC®OPMATOPOB TOKA

K noMuHasbHbIM mapaMerpaM TT OTHocATCA: HOMH-
HaabHOe HanmpskeHHe Unon; HOMMHANbHA! YacTOTA fmom;
HOMHHAJNbHEIA NMepBHYHHHA TOK linow; HOMHHAJNBHHHA BTOPHY-
HHA TOK Janow; HOMHHANbHHIE KO3(GHIHEHT TpaHchopMma-
UAH gom==I1mom/I280w; HOMHWHANbHAA BTOpPHYHAA HATPY3-
Ka — 3HaYeHHe BTODHYHOA Harpy3ku ¢ Ko3dpPpuuueHTOM
momuocth 0,8, mpu koropoit TT rapanTupyercs knacc Tou-
HOCTH HJAH TNpeneiNpHas KpPaTHOCTb; HOMHHAJbHHE KJaacce
TOYHOCTH BTODHYHOH OGMOTKH; HOMHHAJIbHAS MpelesabHaf
KPaTHOCTb BTOPHYHOH OGMOTKH ANA 3aHTH Kjon — OTHO-
WeHHe HaHGOJbIIero NepBHYHOrO TOKAa K ero HOMHHAJbHO-
My 3HA9YeHHIO, IPH KOTOPOM MOJIHAA MOrpelIHOCTb He Mpe-
BHINAeT 3aJaHHOr0 3HaYeHHS A/ HOMHHA/JbHOA BTOPHYHOH
HarpyskKH.

[Moanas norpemnocts TT, %, B ycaoBHAX ycTaHOBHB-
merocs peXMma BHpaxaeTcs GopMysaoH

T
=TV T ds—ira, ()

1]

rae iy, iz — MTHOBEHHBIE MEPBHYHHINA H BTOPHYHHH TOKH co-
OTBETCTBEHHO; I — AJIHTEJBHOCTb NMepHoma ToKa; [y — mef-
CTBYIOUIMA NMEPBHYHHIA TOK.

Bupaxkenne mon paaMKaJoM sBASeTCH KBajpaToM fef-
CTBYIOLUEr0 TOKa HaMarHHYHBaHHsA, NMPOTEKalollero B mep-
BHyHOA o6MoTKe TT, mosToMy moJHY0 MOrpeulHoCTb MOXK-
HO paccMaTpuBaTb KAaK JAefCTBYIOWIHA TOK HAMATHHYHBA-
HHA, BbIpaXeHHblA B %:

s:%—m, (1-2)

rae lo— neficTBYIOMKA TOK HAMATHUIHBAHHUS,




JKcnepHMeRTaNbHOe Onpeje/ieHne MOJIHOA NorpeliHoCTH
NPOH3BOXHTCS MO cxeMe Ha pHc. 1-1, pekomenaoBanHOR
[3] u [4]. B sroii cxeme ammepmerp A; H3MepsieT BTO-
prunbd Tok o6pasuosoro TT (OTT), amnepmerp Az — pas-
HOCTb TOKOB 00pasuosoro u ucnmiryemoro TT (HTT), T.e.
Tox Jo.

[To [3] HoMRHaAbHAs npeAenbHAas KpPaTHOCTL O6MOTOK
OJS peNedHOH 3alluThl TMPHBOAHTCA HPH MOJMHOX mOrpeiu-
Hoct#, paHolt 10% (Kimom); B coorBetcTBHH ¢ [4] 06-
MOTKH JJIf pesieiHOA 3alIHTHl MOryT HMeTb Kiacc TOYHO-

m Iy arr

Fac. 1-1. Cxema wcnuitannh

% arr Laz) "’" T TpancopMaTopoB TOKa,
)

ctH 5P unn 10P (un¢pa xapakTepH3yeT MOJHYIO morpeu-
HOCTb TNpPH TOKe HOMHHAJbHOH NpefeJbHOA KPaTHOCTH).
HOas o6MOTOK Kiaacca 5P HOMHHanbHAas mpefenbHas KpaT-
HOCTH 6yJAeT MPHBOAMTLCA NPH MonaHOR norpemHocTH 5%
(Kmon)-

Hapaay c monnoit norpemnocteio TT e npu pacyerax
HCMOAB3YeTCA TOKOBag norpewHocts f, %, onpepensemas
no gopmyJne

Iy
I, — =
f=—7=100=Taula— 1 1o, (1-3)
Maom

rae Iy — neficTBYIOIAN BTOPHYHHIE TOK.

Cheur ¢as Mexay NepBHYHHIM H BTOPHUHLIM TOKaMH
XapakrepHayercf yrnoBod norpewHoctsio TT. B coorser-
ctBuu ¢ [3] yraosas norpewsocts TT 8 —yroa Mexay
BEKTOpaMH IMepBHYHOrO M BTOPHYHOrO TOKOB NPH TaKOM
BHGOpe HX HanpaBjeHHH, KOr4a NpH OTCYTCTBHH YrJIOBOA
NOrPeIHOCTH 3TOT YroJl paBeH HYJIO.

Caenyer elle pa3 MOAYEPKHYTb, UTO NPHBEJEHHblE Bbi-
lle onpefe/leHHA NOrpeliHocTed OTHOCATCH K YCTaHOBHB-
IUHMCSE peXXuMaM pa6oThl TT, mpuYeM MOHATHe YrJa0BOIf
MOrpewHoCTH, CTPOro roBOps, HMeEET CMBICHA, Korja mep-
BHYHBIH H BTODHYHLIH TOKH CHHycOHAaabHH. [lng ananuaa
pa6oret TT B mepeXxoAHWX mpoleccaX, a TaKXe B ycTaHoO-
BHBIUHXCA DPeXHMax, CONPOBOXAAOUWIHXCA [MYGOKHM Ha-
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coilllenieM MarsuTonposogoB TT, koraa ¢opma BTOpHYHO-
ro TOKa CyLIECTBEHHO HCKaxeHa H OTJHYaeTcs OT CHHYCOH-
LanbHOH, BBOAATCA JOMOJIHHTENbHbBIE NOHATHA MNOTPELIHO-
crefl, XapaKTepH3YIOWIHX Te HJH HHHE COOTHOUIEHHS MeX-
Ay NMePBHYHBIMH M BTOPHYHHIMH TOKamu TT.

B HeroTophix KOHCTPYKUHAX TT MOMXET HMETb MecCTo
HECOOTBETCTBHE MeXAY NeHCTBHTeNbHbIM (BHTKOBBIM) H HO-
MHHa/IbHHM KO3¢$QHUHEeHTaMH TpaHCHOpPMAaUHH BCJENCTBHE
BHTKOBOH KOppeKuuH. BHTKOBas KoppeKuHs ocyllecTBJASeT-
cd ¢ 1edbio YMeHbleHHs norpeiiHoctd o6morox TT, npea-
Ha3HaYeHHBIX AJS NHUTAHHA H3MepHTeNIbHEIX npHOopos. Ta-
Kajd KOPPEKUHA MOXEeT He YYHTHBaTbCA MpPH pacyeTax,
ec/ii BHOCHMAs el0 morpewHocTb we npessimaer 1%. Kor-
Ba HefcTBHTENbHOE YHCIO BHTKOB BTOPHYHOH OOMOTKH He-
H3BECTHO, HO H3BeCTeH ee KJAacC TOYHOCTH, YKasbiBaeMHIH
npeANpHATHEM-H3TOTOBATE/eM, TO HaHGoJblliee OTJIHYHE
YHCNa BHTKOB OT HOMHHAJIbHOrO 3HAYeHHA B MPOLEHTaX
MOXeT OLITb PaBHO 4HCJAy, 0603HayauieMy KJIacc TOYHO-
cti 9Toii oOMoTKM. Otcioga caeayeT, 4ro Aas 0OOGMOTOK
knacca 0,5 u 1,0 BHTKOBYIO KOppeKUHIO MPH pacyeTax [o-
NYCTHMHX HAarpy3oK B TOKOBHX LEMsX 3aulHTH MOXHO
He YYHTBbIBaTh. [la/lee paccMaTpHBAIOTCH OCHOBHbIE METOLHl
pacyeta norpewnocrefi TT,

1-2. METO, 3KBHBAJIEHTHBIX CHHYCOH],

Hnsa apanusa mnpoueccor B AByxo6morouHom TT
YA06HO HCMONBL30BATh 3SNEKTPHUECKYI) CXeMY 3aMelleHHs
(puc. 1-2,a). B aroit cxemeé Rin, Lin— cOOTBETCTBEHHO
aKTHBHOE COMPOTHRJAEHHe H HHAYKTHBHOCTb pacCcefAHHSA Mep-
BHYHOH OOGMOTKH: R2s, Lz —TO Xe BTOPHYHOH OGMOTKH;
Ru, Ly— aKTHBHOe COMPOTHBAECHHE H HHAYKTHBHOCTh Ha-
rpysKH; Ry, Lo— To Xe BerBH HamarHHYWBaHHA. ConpoTHB-
JIEHHEe Ro BBOJAHTCA AJA Y4eTa I0OTepbh Ha BHXPEBHIE TOKH
B MarHutonposoge TT.

ITockonbKy mapaMeTpnl MepBHYHOH LeNH He BAMAIOT Ha
TOKOpacnpejesieHHe B cxeMe (HX 3HaueHHe MpeHeGpeKHMO
Majl0 OO CpaBHEHHIO C NapaMeTpaMH [ApPYTHX 5JeMeHTOB
NepBHYHOA Uenmu), AJS pacyeToB OOBYHO MOMb3YIOTCA YNpO-
wenHo# cxeMolt 3amemenns (puc. 1-2,6), B KoTOpO# HHOT-
ka AOMOJHHTENbHO NpeHeGperaioT CONPOTHBJAEHHEM MNOTEPb
Ha BHXpeBbie TOKH (nonaraoT Ro=00).

HanGonee mupokoe pacmpocTpaHeHHe MOMYYHA METOX
pacdera norpeiinocrefi TT, oCHOBaHHHA Ha 3aMeHe AeficT-
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BHTEJIbHEIX HECHHYCOHJAJbHEIX KDPHBHIX TOKa H HampfiXe-
HHA (HECHHYCOMAANMBLHOCTE BHI3BAHA HeAHHeHAHOCTHIO Xa-
PaKkTepHCTHKH HaMarHWYHBaHHA Margutomposoja TT)
SKBHBAJIERTHHIMH HM NO JAeHCTBYIOIIEMY 3HAUeHHIO CHHY-
COMAANbHHMH BeJHYHHAMH (MeTOA 3KBHBAJNIEHTHHX CHHY-
coup — MIC). TIpu 3ToM NOABAsSETCE BO3SMOMKHOCTL 3aNHCH
YpaBHeHHH B KOMIJeKCHOH ¢GopMe H NOCTPOEHHH BEKTOp-
HHX AHarpaMM. B3aHMocBf3b MeX1y TOKaMH B pacyeTHOH
cxeMe 3ameuleHus (puc. 1-2,6) onpeaeasiercs ¢ NOMOLIbIO
BOJIbT-aMNIePHON XapaKTepHCTHKH HaMarHHuuBanus (BAX),

Lzg Rz
— b —
7 ito - .
Ky Lo
”
4| ‘ i

Puc. 1-2. Cxemn sameinenus TT.
a — nonsaf; § — ynpouleRdasn.

CHATOM CO CTOPOHH BTOpHYHOH o6mortkH TT npm npakru-
YecKH CHHYCOHAANbHOM HaMpsiiKeHHH.

BekropHaa amarpamma TT, cooTBeTcTByMIlas cxeme
saMelleHHs puc. 1-2,a, npHBezeHa Ha pHc. 1-3. Ona mo-
CTpPOeHa B MPeANOMNOXKeHHH, YTO BCe CONPOTHBAEHHA JHHEH-
Hbl H [I03TOMY NpPH CHHYCOHAa/JbHOM NEepBHYHOM TOKe CHHY-
COHAAJbHEL H BCe APYrHe BeAWYHHHL. I/ MOCTPOEHHA BEK-
TOPHOA AWarpamMbl 3aJalOTCA YCJAOBHBIMH HanpaBJeHHSAMH
TOKOB. 32 NOJOXHTe/IbHBE HanpaB/ieHHs TOKOB Iy u Iz npH-
HHMAIOT HX HaNpaBJ/eHHs, COOTBETCTBYIOUIHE MapKHpPOBKe
saxumoB o6morok TT, a mmenno [3]: npu HanpasaeHHH
TOKa B NMepBHYHOA 06MoTKe oT Hauana JI; Kk koHuy JI, BTO-
PHYHB TOK NMPOXOAHT MO BHelwrxeR uen ot Hy K Ha.

Y TT, paboraiowero 6e3 morpemiHocT® (TOK HaMarHu-
yupanus ie=0), anreGpamyeckas cymma lyw; u lw, (w—
YHCAO BHTKOB) mMepBHYHOA W BTOpHYHOA OOMOTOK paBHa
Hyao. EciH npHHATD NMPOTHBOMOJMOMCHBIE MMOJOXKHTEJNbHbIE
HanmpaBJeHHA AAA TOKoB Iy u Iz, monyynm:

lwi—lhw,=0. (1-4)
Ilpu mocTpoeHHHM BEKTOPHHIX AHArpaMM B TeXHHKe pe-
JIeHHOM 3alMTH /A yIoO6CcTBa OGHYHO NPUEHMAIOT NPOTHBO-

MOJNOXHOe NOJNOXKHTEAbHOE HanpasieHue TOKoB [y u Iz
[1], T. e. HanpaBaeHHe AeHCTBHTENBHOTO TOKa | H3MEHAIOT
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Ha nporuBonosoxHoe. B 3ToM cayyae Toku /y u I, cosna-
gaor no ¢ase (nmpu [y=0). 3a ucXoAHbIH NpPHHHEMAaETCA
BeKTOp TOKa l,. Bce BeJHYHHEI NMPUBOAATCA K YHCHAY BHT-
KOB BTOPHYHOHA 06MOTKH. ITo H3BeCTHHIM 3HaYeHHAM COIPO-
THBJCHHH BETBM BTOPHYHOrO TOKa OMpelelsioTca:
HanpAXeHHe Ha 3a)XKHMax BTOPHYHOH OGMOTKH

Us=l3Zy=1, (Ra+jXu); (1-5)

Puc. 1-3. BexropHaa puarpamma Tpascdopmaropa
TOKA.

3. 4. C., HHAYKTHpYeMas Ha BTOpH4HOHA o6moTke TT,
Es=Uz+15Z23=Uz+ I2(R3s+jX3s), (1-6)
rie Xu=wLlg, X2s=wL2s; @ — yraoBas 49acToTa;
casur $as mexay E n I
=arctg-M—'.‘ (l.?)
L R+ Ry
MMorox B maruutonposoje TT ® orcraer ot E; Ha 90°

(® npuuAT oTcTalowHM oT E; B CHIY YCJOBHS NPOTHBO-
NMONOKHOCTH HampaBiaenuil TokoB /y u [2). [dua cosnamus
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NOTOKAa HeOGXOAMM TOK HaMarHHYMBaHuA [o, onepexaiowui
@ Ha yroa motepb B cTaan ¥

¥, = arclg %:-, (1-8)

rae Xo, Ro— COOTBETCTBEHHO HHAYKTHBHOE H aKTHBHOe (10-
'repb) CONpPOTHBJIEHHEe BETBH HAMAarHMYUBaHHH B CcXeMe 3a-
meuienna TT.

[,
i 7
I

50 v //

o o i B an \\\

ol // // 11 \§\Q

L1 N\

w A \;" N
X

m / ‘\\ \
No=

7 AT

ao  quz 605 41 42 051 2 & x100AMm

Puc. 1-4. 3asucumocTH yraa notepns B TpancdopMaTope TOKa oT Hanpa-
HEHHOCTH noJa.

3aBHCHMOCTb yrja MoTeph OT HaNpPAXKEHHOCTH MarHuT-
HOro TMOJIA AJAS MarHHTOMPOBOAOB M3 XOJOAHOKAaTaHOH cTa-
au Mapku 3-310 npuBeseHa Ha puc. 1-4.

MaruuTHble XapaKTeDHCTHKH AAA CTajl OXHOA u Toff
e MapKH HMeWT 3aMeTHHA TexHoJorudeckuft pasbépoc.
KpuBas 1 oTHOCHTCS K CTaju ¢ XYAIUHMH XapaKTepHCTHKa-
mu, 3—c ayqwumua. [Ipu pacyerax dYacTo HCmoAL3YIOT
yCpeHEHHYI0 KpuBYIO 2.

IMepeuunnil TOK, NpHBEJIeHHHH K YHCAY BHTKOB BTOPHY-

HOofi OOMOTKH,
'=l+lo. (1-9)

Onpenesenne Toka lo npu H3BecTHHX napamerpax TT,
Harpy3kH H NepBHYHHEIX TOKOB mpou3Boautcs no BAXTT
¢ noMouibio 3asucuMocTd B=f(H), rae B — unaykuns
B marHutonposose TT, H — HanpsiKeHHOCTh MarHHTHOTQ
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noad. Yron § mexny sexropaMu !’y u l; Ha BeKTOpHOR AH-
arpaMMe XapakTepH3yeT YrJoByio norpewmHocTs TT.

U3 BexTOpHOH AMarpamMmbl MOryT ObiTb OnpelefeHb
3HauYeHHs MoJHOA e, TOKOBOA [ m yruoBoit 8 morpelHo-

creit TT:
e=1001o/ 1"y, (1-10)
fr— 1001’7:5iu(?,+w¢); (1-11)
B arcsin[}% cos (g, 4 T.) ] (1-12)

Gopmyan (1-11) u (1-12) nonyyenn Ge3a yyera BHTKO-
BOA KOppeKUHH TNPH YCJIOBHH

I+ Iy sin (g2 + o) =1y, (1-13)

YTO0 RONYCTHMO NMPH MaJbx §.
Ha (1-10, 1-11) onpenensieTcs cOOTHOLIEHHe MexXAy [

H e
f~—esin(p3+¥¢). (1-14)

Takum o6pa3oM, mo BEKTOpPHOM AHarpaMme MOryT OhiTh
onpefeneHs Bce OCHOBHHe norpemnoctH TT B ycraHoBHB-
eMcs pexHme paGoTh. MeTOA 3KBHBAJEHTHBLIX CHHYCOHI
B TEYEHHE MHOrHX JIeT HCMONb3YeTcss NpH KOHCTPYHPOBAHHH
TT, BuiGope AOMYCTHMHX HArpysok, onpelefieHHH TOKOBHIX,
MOAHHX H YrAoBhHIX norpeiHocTed. PacueTs, BHIMOJHEHHBIE
no M3C, noarsepXraloTea 3KCNEPHMEHTANBHBIMH JaHHLIMH
B Tex cayuasx, Korga TT paGoraer ¢ morpemnoctamu f<
<10+15%. Hcnonbsosanue MIC paa pacuyetro TT B pe-
Xumax, korna f>15%, npuBomut K omuGKaM, BO3pacTaio-
IWHM C yBenuyeHHeM aGCOMIOTHOrO 3HaveHHs f. STH owuG-
KH BEI3BaHH caenyiowuM. Ha saBHCHMOCTL AeficTBYyrolLero
TOKAa HaMarHu4yupaHus [y oT AeACTBYIOUIEro HanpsKeHHA,
HCIOJIB3yEeMYIO B pacyerax AJs onpeneieHds Toka lo, cy-
IeCTBEHHOEe BJHAHHE OKa3HBaeT (opMa TOKOB H Hanps-
XeHufl, NpH KoTOpHIX OHa cHuMmaercs [5, 6]. Ha puc. 1-5
npusenensl BAX TT tana T®H-110, cHATHE NPH CHHY-
coHpa/bHOM ToKe (/) HAM CHHYCOHAANBHOM HampsiKEHHH
(2) [6]. KpuBas ! npoXOXHT 3HAYHTEJIbHO BHIIE KPHBOH 2.
OquHJIHO. 49TO AJA INOJYYEHHA HPHEHJIEMOﬁ TOYHOCTH pac-
yera ycJoBHsi onpelneneHus BAX HonHH COOTBETCTBOBAThb
pexumy paGotw TT. [lpn f<<10+15% uckaxenus opmsl
KpHBOH TOKAa [, HEBeNHKH W ANA AHHeHHOM HArpy3KH NpH
CHHYCOHAaNbHOM TOKe /i Hanpsikenue Up NMpaKTHYECKH CH-
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HycoraasbHo. Pacuersl mo MIC B aTom caydae (¢ Henods-
sopaHueM BAX, CHATOH npu MPaKTHYECKH CHHYCOHAAJbHOM
HalpsiKeHHH) Nal0T [pHemJeMylo TodHoctb. [lpu §>
>10+15% ¢opma U, sameTHo HcKaxaercs, BAX cmema-
eTcad TeM CHJAbHee, YeM GoJiblie oTnHyHe dopMH Us oT cu-
HYCOHOA/NbHOK, HYTO MPHBOAMT K 3aMETHbIM pacYeTHHM
ownbkam. Tak, Hanpumep, AomycTHMas Harpyska Ha TT
tana TB-35-220/5, paccuuraHHad no KpusbiM 50%-Ho#
KpaTHOCTH, noctpoeHHbiM Mo M3C, B 1,35—1,6 pasa MeHb-
e, YyeM NoJy4YyeHHAs M3 ONHTA.

Puc. 1-5. BonbT-aMnepHse XapaKTepPHCTHKH

U [— TpaHcdopMaTopa TOKa.
100
/ i Puc. 1-6. OcumanorpaMmsl TOKOB rgauo@op-
74 7 matopa Toka tHna TB-35, Nuown=200/5 npn
a0 e aKkTHBHOR marpyske, f=48%, 8=45" (no nep-
// BOfi PapMOHHKE).
&0
" iy
" A, A J
]
. [/
| Y
Iz
=7 2 ¥ 4

Ecan B pacuerax HCMOJAb3YETCA 3aBHCHMOCTb Bmaxr=
=f(H), 10 Bpax Onpegensiercs U3 cOOTHOUICHHS

U,
B=4K : ¥ ? (l'ls)

rae Q —cevueHWe MAarHMTONpPOBOAA, M2 v — YacTOTa mepe-
MenHoro Toka, I'm; Ky — xosdduunenT dopmul Kpusohi Ha-
npsixenus Us [lpm cumycomnanbHom Hampsaxennn Ky=
=1,11 u u3 (1-15) moxuo onpenenuts B. [Ipn mecanycou-
AanbHOM Hanpsokennn Kg=£1,11, npuyem no meronmy M3C
HeBOSMOXHO OnpelenuTs 3Hayenue Ky, a caefoBaTenbHo,
H Buax. Tlpu mpeoGaanaiomefi akTHBHOA BHeWIHefi Harpys-
Ke B pemumax f>10%, xapakrepusywomuxca rayGokuM
HacHilleHHeM MarHutonposoga TT, Ky>1,11.

JInf HANIOCTPAUMH CTeNeHH HCKaXeHHA (GOPMH KpHBOH
TOKa Ha puc. 1-6 npuBeaeHa oCUH/IOrpaMMa, CHATAsA NpH
ucnbiTanHsax TT B pealibHBIX YCJAOBHSIX MpH BHICOKON Kpart-
HOCTH ToKa K. 3. (K=15). Has xpusoit iz, Kg=~1,45. [Ipn
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yBeNHUEHHOM 3HaueHHH Kgp M MPOYHX PaBHHX YCAOBHAX
(narpyska, Tok /y) unaykuus B Marautonposoze TT, a cae-
AOBaTeJbHO, H NMOTPeLIHOCTH GYAYT MEHblle pacCYHTaHHHIX
no meroxy MIC. Takum o6pasoM, pacyeT morpeiHocTed
TT no merony M3C B pexumax f> (10-+15)% npusoaut
K CcyllecTBeHHWM owubkaMm, npHYeM OOGBLIYHO MOrpeLHo-
CTH, paccyutaHHsle mo MIC, peille AeHCTBHTENBHBEIX, a4 A0-
mycTHMBE Harpysku o6MoToK — Huxe. Iloatomy aas pac-
yerop TT B pexumax [>10%, conpoBoxpawowuxca ray-
GOKUM HacHIUEHHEM CTaJH MarHHTOMPOBOAAa, HEOGXOAHMO
HCNOAb30BaHHE G0Jiee TOYHHX METONOB pacuera.

1-3. METOJL IPAMOYTOJIbHOA XAPAKTEPHCTHKH
HAMATHHYHBAHNWA

B nHacroslee Bpemsi pa3paG0OTaHO HECKOJNbKO MHIXKEHep-
HEX MeTOROB pacyera morpewnocted TT npu f>10%. Han-
Gonbluee pacnpocTpaHeHHe MOJNYYHN MeETOJ C HCHOJb30Ba-
HHEM TMPSAMOYrofbHO#i XapaKTepHCTHKH HaMarHHYHBaHHA
(MMXH) [7, 8]. Metox ocHOBaH Ha CHEAYIOUIHX AOMylle-
HHAX,

1. [ToTepy B craJn Ha BHXPEBHE TOKH H IHCTEpPE3HC He
YYHTHIBAIOTCA.

2. B pacuere mcnonp3yercss cpeAHAAs KpHBas HaMarHu-
uupabus B=f(H) (puc. 1-7,a), KoTopas annpoKCHMHpY-
eTcd TpeMa OTPe3KaMH NMPAMBIX JAHHHA (puc. 1-7,0): BepTH-
KaabHbiM Tpu | B|<<|Bs|, H=0 ® ropH3oHTa/bHEM NpH
|B|=Bs, |H|>0 (snecb B,— ycloBHasi MHAYKIHSA "HacH-
HeHHs MareHTomposoja TT).

YyeT noreps B cTasi HeoGXOJAHM NMPH aHAJH3e PeXHMOB
paborat TT ¢ pasomKHyTOH BTOpHYHOA OOMOTKOM, HanpH-
Mep NpH ONpeJesieHHH NEepeHanpsKeHHH Ha ee 3a:KUMaX.
B pexnmax, Korza BropudHas o6MOTKAa 3aMKHyTa Ha He-
GonblIOE CONMPOTHBJEHHE, BJHAHHEM CONMPOTHBJEHHA Ro
B CXEME 3aMelleHHSI MOXHO npeHe6peyb, Tak Kak TOK Mo-
tepb B 102—10% pa3 MeHbwe Toka Harpysk:u [9].

IMpocrefimas KycOYHO-THHEHHAA aMNPOKCHMAUMs Xapak-
TePHCTHKH HaMarHHYHBaHHA YacTO HCMOJb3yeTcs NMPH NpH-
61MXXeHHOM aHaJii3e YCTPOHCTB ¢ (peppOMarHHTHEIMH Cep-
ReYHHKaMH, B YaCTHOCTH, MarHUTHHIX ycuautenedr. OcHos-
HOe IOCTOHHCTBO TaKO# AaNNpPOKCHMAaUHH — iipejensHoe
YAPOUIEHHE PaCcyeTOB NPH COXPAHEHHH NpPHEMJeMol TOYHO-
CTH, HATAAJHOCTb HHTEpNpeTauHH (GH3UYECKHX MPOLECCoB.

(usnueckuit cMbica ucnosb3oanus [1XH aas pacyeros
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TT cocTouT B TOM, 4TO KaXABIA mofaymepHoA mnpouecca
TpaHncpopMauHH TOKOB Pa3GHBaeTcs HAa YYacTKH TOYHOH
TpaHcOpMALKH, KOrAa MOTOKOCUENNeHHe (MHAYKUHSA) Me-
HsieTcsi B KoHeuHuX npenenax ==Ws(xB.), H y4acTKH OT-
CYTCTBHA TpaHCGOpMauHH, KOTZa NMOTOKOCHEN/JIEeHHEe He Me-
uaerca (d¥/df=0). B uHTepBase TouHOA TpaHCHOpMauuH
CONpOTHBJEHHE BETBH HaMarHW4uBaHus X, B cxeme 3ame-
mwenus TT GecKoHeYHN BEJHKO W TOK HAarpyskH i paBen

20w P i o yatm
H(ig) Alty) Aleg) Altp)
g g g Ji] i
a) ) -~ )] 2
5(v)
w @ "
/i
Az
2 )

Puc. 1-7. Kpupan uamaruuunpanns TT.

a — cpeannn; 6 — annpokcuMauds no metony MXH; a—no merony CXH; 2 —
AKHeftHaA; J — no metoay HXH; e —cxema zameweuus TT ¢ TXH.
NpHBEJEHHOMY NMEPBHYHOMY TOKY; B HHTEpBaJie OTCYTCTBHA

tTpancpopmauun Xo=0, i»=0.

Cxema samemenus TT ¢ [THX npusefexa Ha pue. 1-7,e.
B sto#t cxeme La=Lan+Lw, Ra—=Ryp+ Ry, a BeTBb HaMaruu-
YHBAHUA 3aMEHEHa KJYOM, 3aMKHYTHIM MpPH HaCHILIEHHOM
Maruutonposoge (|¥|>%s) H pasoMKHYTHM IpH OTCYT-
CTBHM Hachillesua. Llenp pacdeToB cBOAMTCA K ompeaese-
HHIO MOMEHTOB KOMMYTalHH KJi04a H MOCAEAYIOLIeMY BH-
YHCAEHHIO BTOPHYHBIX TOKOB (neficTBylOLLEero, cpejnero,
aMNIHTYAHOTO), YIJIOBOA MOrpEIIHOCTH IO MepBOA rapMo-
HUKe, rapMOHHYECKOTO cocTapa KpuBofi Toxa H T. A. Cihe-
AyeT OTMETHTb, YTO NPH HCKaXXeHHOH (opme KpHBOA TOKa
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TOKOBHE H mosHble morpewnoctd TT pasanynsl ans ned-
CTBYIOHIUX, CPEAHHX H AMNJAMTYAHHX TokoB. [lostomy mo-
FPeWHOCTH AOJXKHBE ONpeAeNaTbCA B 3aBUCHMOCTH OT Na-
paMerpa, Ha KOTOPHIH pearHpylOT H3MEpHTeJbHHE OpraHu
3aMHTH.

Kpupse MrHOBeHHHX 3HAauUeHHH TOKOB M HanpsXeHHH
npusefieHs Ha pHc. 1-8. Y9acTkH A COOTBETCTBYIOT HATEp-
Banam BpeMeHH, Koraa Maruutonposos TT HeRacHuleR

wi wt
5 7 6 x 7n
wt x wt
T 7% ot | oz \ WX Jlex
Iy g}
_ wt wi
Wi, & T3 wi; VG F3
b )

Puc. 1-8. Toxn u wanpaxenna TT ¢ TIXH.

@ — AN GKTHEHO-HHAYKTHMBHOA Harpyswku; O — gas axtuenofl ma-
rpysKn; & — AR HHAYKTHBHOR HATPYSKH.
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(xa0u pasoMkuyT) u ip==0. Bropuunuii Tok papen mpuse-
AEHHOMY MEPBHYHOMY H [IPH YCJNOBHH CHHYCOMJAJAbHOCTH
nocihaenHero:

fa=t"y==I"1max Sin 0. (1-16)

DNIeKTPOABHKYILAA CHJIa TpaHcopMaTopa:
e6=I"1maxZ28in (0! +@2). (1-17)

Yyactkn 5 cOOTBETCTBYIOT HHTepBajaM BpeMEHH, Kor-
na Maruuronposog TT wachiumieH. Hachulenwe nactynaer
B MOMeHT #; (nmoanexaulHii BHYHCAEHHIO), NOCJE 4Yero 3a-
TYXaHHe BTOPHYHOTO TOKAa NMPOHCXOOHT MO SKCNOHEHUHalb-
HOMY 3aKOHY C MOCTOAHHOH BPeMEHH BTOPHYHON LeNH

Ll xl
=tk 1-18
1 R’ NR‘ . ( I )
B MoMeHT {) mosiBAAETCA TOK HaMarHHYHBARHKA

fo==i"y—ia. (1-19)
B MOMeHT f; TOK HaMArHHYHBAHHA CHHXKAeTCA [0 HYJH,
KJIOUW pasMBIKaeTcd H HAYMHAETCs H3MeHEHHe NMOTOKocuen-
JIeHH N0 HEeHACHUeHHOMY (BepTHKAaJbHOMY) ydacTKy Xa-

PaKTEepPHCTHKH HaMarHWYHBaHHSA.

Onpenenenne TOKOBOR NOTPEIIHOCTH NPOH3BOAKTCH IO
(1-3), npr 5TOM BTOPHYHHHN TOK 3aBHCHT OT pAja napa-

METpOB
Ie=[ Iy, Ts, Yo, Z2, nu); (1-20)

TOKOBas MNOrpeuHocTh
=¥ (ot, afa). (1-21)

3RaveHus yraos @f; u of; ONPEAeNAIOT, HCXOAA H3 pa-
BEHCTBA BOJBT-CEKYHOHHX MJIOWAAEH B TeYeHHE KaXKAOro
noaynepuoaa. HanGonee npoctele COOTHOIIEHHS MOMYYaKOT-
cA MpH ABYX KpaiiHux caydasx paGoru TT:

YHCTO aKTHBHOM CONMpPOTHBJIEHHH BTOPHYHO! BeTBH (L:=:
=0; R:>0);

YHCTO HHAYKTHBHOM conpoThBieHHH (R:==0; L;>0).

B nepeom cnyuae TokoBas norpemnocts [7, 8] Gyxmer
paBHa:

f—_-_-( e . 1) 100, (1-29)
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Jlaa uHXeHepHEIX pacueToB YAOGHO BBecTH 0GOGLIEHHEIR
K03 pHIHEHT

T 222B,Qut,

C= = (1-23)
CBASAHHHA C yrJIoM wf; COOTHOIIEHUEeM
cos wli=1—2C. (1-24)

Uz (1-24) cneayer, uTO TOKOBYI0 TOTPELIHOCTh MPH
aKTHBHOH Harpys3ke MOXHO pacCMaTpHBaTh KakK (QYyHKIHIO
TONbKO o6o6uieHHoro Kosdpduuuenra C (puc. 1-9, kpu-
Bag I).

P g1 42 03 O% 85 86 47 48§ 08 I0

T =
- /]
o4 = -
' & %t L
i * e >
e ,/ 3 | A

A |~

aa 15/1 /’ l)
, -

oA

Puc. 1-9. 3apucuMoctd TokoBOA M nonHo# morpemmnocted TT (otH. en.)
or ofo6uerHoro napamerpa C.

I —f ana akTHBHOR B € AAR WHAYKTHBHOR HarpyskH; 2 — [ nan RHAYKTHBHORA Ha-
rPYy3KH; § — & AAR AKTHBHOR HATPYSKH,

Bo BTOpOM CJyYae TOKOBaf NMOrpelliHOCTDb

f=( P, i Sef, ¥ TG Sot st ad; _ 1) 100. (1-25)

Taknm oGpa3oM, H NpH HHAYKTHBHOH Harpyske TOKOBaf
MOrpelHoCTh TaKXkKe sABAAeTcd (GYHKUIHeH eZHHCTBEHHOrO
aprymenta — yraa wfy (puc. 1-9, kpuBas 2).

Onpenenesue yraoBbIX MOrpeilHOCTEd H rapMOHHYECKOro
cocraBa kpuBo# Toka. [Ipu CHHYCOHZA/JPHOM MEPBHYHOM TO-
K& M HeCHHYCOHAAJNbHOM BTOPHYHOM § OmpelensieTca Kak
yron cABHra Mexay MepBHMYHHM TOKOM M NepBod rapmo-
HuKokt BTOpHYHOro Toka [5]. Ecau Re=0, L,>0, nepsnie
TapMORHKH /5 B [y COBNAfaT No ¢a3de ¢ MepBHYHBIM TOKOM,
T. & §=0. Ilpu L,=0, R:>0 yraoBas norpewiHocTb HaH-
Gosbwias (Ans HewaMenHoro Zg). [lna onpenenenus 6 Kpu-
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BY10 iz({) HeoGXOAMMO Pas/OXWUThb HAa COCTaBJAIOLLHE, BH-
[e/IHB MEepBYI0 rapMOHHKY.
Korna R;>0, Lo=0 [s':']:

b= arclg gt (1-26)

U3 (1-26) caeayer, 4To mpu HEH3IMEHHOM XapaKTepe
Harpyskd 6 oJAHO3HaYHO CBf3aHA ¢ @l M MOXeT GHThb npex-
crasieHa Kak ¢yHkuus C. 3aBucumoctb §(f) npu akrus-
HO# lnmaxmaﬂo-nnnymunuoﬁ Harpyske npuBejeHa Ha
puc. 1-10.

BaxuuM gocrouncrBom Meropa I[IXH ssaserca Bos-
MOXHOCTb NOCTPOEHH 3aBHCHMOCTEH, XapaKTepu3yIOUlHX

pa6otry TT, B QyHKIUHHE OT OQHO-
o ro apryMenra — 060G6ILEHHOr0

g Kosp¢uuuenta C. TakHe yHH-

5 Bepca/jbHble XapaKTEepPHCTHKH
7 /| norpewnocrei TT ¢ IIXH npu
CHHYCOHJAJLHOM NEPBHYHOM TO-

e //‘ 7 Ke H AKTHBHO-HHAYKTHRHOA Ha-

7 v rpyske npueellenn B [8] (Bartux

2017 paborax Roapduuuent C, obo-
— 3HaueH A;).

7 7 Jnsi pacyeTOoB KOHKPETHHIX

2 ¥ & W% TT nowmerony IXH neob6xoxnmo
Puc. 1-10. 3asrcumocts 8(f) PacnojiaraTh 3HaueHHiAMH B,
ann TT ¢ NXH. INockonsky peasbubie TT uMmeloT
]f“;; ﬂF:x;:;:;j'"‘;m?rmﬁ“;i i; XapaKTepHCTHKY HaMarHHvyhBa-
rpys3Ke C cOS Py=0,8, HHAA, OTAHYHYIO OT HIEAJBHO-NPA-
MOYTONbHOH, HHAYKUHH B, aBas-
eTCH UHCTO paCUeTHHIM MapaMeTpoM H OTJIHYAETCS OT HHAYK-
unH Hacsimenna TT, nocruraemodt npu A > (5—10) -10¢ A/m.
B pacueTax MarHHTHBIX ycHABTened ¢ ucnoibaopannem ITXH
uHoraa B, onpenensioT B Touke MepeceYeHHA BETBEH mpe-
nenbroi nuHaMugeckodt netau. [pumenntensuo X TT Guiau
NpoBejieHH HCcleJ0BaHAA [10], B pesyabTaTe XOTOpHX pe-
KOMeHIOBaHH CJeAyiollHe NpHMEpPHble 3HAYeHHA Ds:
ans TT, MaruuTONPoBOJAB KOTOPHX BHIMNOJHEHH H3 CTa-
A Mapok 3-41—3-42, B,=12-+16T, ana marauronposo-
10B M3 cTaaH Mapok 3-310+-3-330 B=15+138T.
Menblune 3HavesHs B; peKoMeHAYeTCH HCNOJb30BATh
B pacuerax Aefictyromux Tokos ana TT co wramnoBaHHH-
MH MarHHTONPOBOZAMH, CpeflHHe 3HaYeHHsa B, (cooTsercTt-
penvo 1,4 m 1,65 T) npu onpeReneHdn AHCTBYIOWHX TOKOB
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TT ¢ neHTOUHLIMH MarHHTONPOBOAAMH, a HAHOOJBLIHE 3HA-
venpns B, (coorsercrenno 1,6 u 1,8T) npr pacyere cpea-
Hero Toka. PeKOMeHJalUHH OTHOCATCA K peXHMaM, Korja
{>156+20% u peanbHas HHAYKIIHA B MarHHTompoBoge TT
BZ=B,. Ilpu BHICOKHX KPaTHOCTAX TOKA K. 3. 15 MHOIOBHT-
koBbix TT 310 ycnoBre npakTHYeCKH BCErAa BHMONHAETCH.

Kax nokasanu 3xcrepHMeHTH H MOJENHPOBAHAE HA aHa-
noropoii OBM, Tousocte meroga ITXH ans TT ¢ maruuro-
NPOBOZOM H3 XOJOAHOKATAHOW CTaJ# B YKa3aHHHX peXH-
Max coctapiser ==10%, 4To BNOAHE MPHEMJEMO JNA HHXKe-
HepHHX pacueroB. Chaenyer OTMETHTb, YTO MATHHTONMPOBO-
I GonpwmHerBa TT 6—750 KB HaroToBasAOTCA H3 XOMO[A-
HOKaTaHHX craned Mapok 3-310—3-370 (unH HMOOPTHHIX
crajiefl ¢ MPHMEPHO AHAJOTHYHBIMH XapaKTEPHCTHKAMH).

B nocnepnne roasl GuiiH paspa6oTaHsl H APYTHE METO-
an pacyera TT B ycraHoBuBlwEXcs pexuMaX. OcHoBHBIE
H3 3THX METOLOB KPaTKO PacCMOTPEHB HHXKe.

1-4. METOI, CNIPIMJIEHHON XAPAKTEPHCTHKH
HAMATHHYHBAHHA

Merop pacuera norpemnoctefi TT ¢ Hcmonb3oBaHHeM
XapaKTepPHCTHKH HaMarHHYHBAHHA, anNpOKCHMHPOBAHHOH
TpEMa OTpe3KaMH NPAMBIX JHHHA ¢ HaKJOHOM B obJaacTH
HacHIEHHs marHuTonpoBoxa (cu. puc. 1-7,8), 6Hn paspa-
6oran B [5, 11, 12] u Ha3span metrogom CXH. ¥ TT ¢ CXH
B CXeMYy 3aMelleHMs MOCNefoBaTeNbHO ¢ KJAoYoM (cM.
puc. 1-7,e) BKJAIOYEHA MHIYKTHBHOCTH (Ha CXeMe He MokKa-
3aHa), conpoTHBJeHHe KoTopoli Xg; OKa3nBaeT BJHSHHE Ha
rokopacnpenenensne. Pexum pab6otm TT ¢ CXH xapaxre-
pusyetca caeaywolumMu napamerpamu [11]:

a) xosdpuumenrom C; 6) NMOCTOAHHOA BpeMeHH BTOPHY-
Hoit uenu To=Ls[rs; B) OTHOIIEHHEM

8=2a2/ Xos. (1-27)

[leperie ABa M3 YKa3aHHBIX MapaMeTpa HCNOAB3YIOTCA
n npu pacyetre TT no meroay I1XH. Anaaus cBuzerenber-
pyer [12], yro mpu ©>>20 pesyabTaTH pacueTa o METOAY
CXH u ITXH npaktuuecku cosnagaswor. das GoabluuHcTBa
TT, Mar#HTONPOBOAK KOTOPHIX BHMOJHEHH H3 XOJOAHOKA-
TaHHX craseff, NpW Harpy3kax, COOTBETCTBYIOWIRX e>
>10+-15%, ycnohe 8>20 B OCHOBHOM BHINOJHAETCH, H
ans pacyetop morpemroctedt TT no wHTErpanbHbLIM 3Have-
HHAM TOKOB lefsecoo6pasHo HCMOJAB30BaTh GoJiee mpocro#
werop [IXH. Merorn CXH MoxXHO pekomMeRROBaTh AAs par-
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yeToB yraosuix morpemnocte# TT no nepexony yepes Hyne-
BOe 3HaYeHHe TOKAa HJH 3alaHHBII ero yposeHb, a TaKXke
B peXHMAaX KpaTHOCTeH ToKa, eclH 2; Malo H 6<20.

1-5. METOA BA3SHCHbBIX NAPAMETPOB

Merog Ga3HCHHX mapaMeTpoB TNpeAnoXeH mnpod.
A. . Oposaosum [13]. Io atomy MeTody CTpOMTCA 3aBH-
CHMOCTb MeXJY KPaTHOCTLIO MEPBHYHOrO TOKa

K.=K|Ks
H COMPOTHBJEHHeM BTODHYHOH wUeMH
Zzu=L2| L2

npu f=const u U,=K.Zz.=const, (1-28)

rae

Ko, Z5 — GasucHbie BeJHYHHBl, KOTOPHE NOMKHB OpPHBO-

AMTbCA B KaTalorax.
Nz (1-28) umeem

Z2.=1/K.. (1-29)

Kak nokasano B [12], meroa Ga3sHcHHX napaMeTpoB
MoxeT OuTh cBefeR x meroay IIXH npu C<1,0 n 6>20.

Chenyer OoTMETHTb, YTO COOTHOIIEHHE Bpmax==Bnexs, NO-
JOXEHHOe B OCHOBY Merofia Oa3uCHEIX MapameTpoB, NpH
e<<10% wuapywaercs, TaK KakK B 3aBHCHT OT KpaTHOCTH
ToKa K. 3. H Harpysku. [loatomy pekomeHayemas 06/acTb
HCIOJIB30BAHHA 9TOTO MeTofa, TaKike Kak H Meropa [TXH—
pexumbi mpe f>10-+-15%.

1-6. MEYOAD MOJEJIHPOBAHMA TPAHC®OPMATOPOB TOKA

Meroas (GH3HYECKOr0 MOIENHPOBAHHS SABIAIOTCH HaH-
Gosnee TOYHHIMH H TIO3BOJSIOT MOJYYHTb 3HAYeHHS Norpeu-
Hocrefi TT B mIHpOKOM JAManasone H3MeHeWHs iy H Z; Me-
TofHKa (H3HYecKoro Mogennposanua TT paspaborana
uucturyrom dnekrpoanHamukd AH YCCP [14]. Mogenn-
pOBaHHe 3aKJIoYaeTcs B SKCMEPHMEHTANbHOM ONpeleeHHH
nurpemﬂocreﬁ Ha YMeHbUWIeHHBIX MOIeNsAX, nmapaMeTpol Ko-
TOPHX B onpe,qenenﬂou Macuratbe COOTBETCTBYHOT HCCHe-
ayembiM TT. Kputepuu monoGusi npn MozennpopakHu Ge3
H3MEHeHHs YacTOTH HCTOYHHKA NHTAHHA NJiA YCTAHOBHR-
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weroca pexxuma TT ¢ OAMHAKOBBIMH KPHBHIMH HAMarHH-
YRBAHHA HMEIOT BHA:

m =m =m, =m =1 1-30
Iy Taya Raya Loys {1-30)

rae lyg, layn, Rayn, Loyn— ynensHele 3HaYeHHA COOTBETCT-
BEHHO MEPBHYHOrO W BTOPHYHOTO TOKOB, aKTHBHOTO COMpO-
THBJEHHA H HHAYKTHBHOCTH BTOPHYHON BeTBH CXeMbl 3ame-
menna TT.

24=05 B2 07 505 Q02

b 4 4 A A
/L L/ PAavi
" AN

Y AWARVAWIW/

7 VY
gl ] / 1/ J/
P _/ _,/ / A / /|5y

3 s 0 zs 5 0 2 3 5 10 AN

Puc. 1-11. O6oburernbe xapauﬁncrnn TOKOBO/ norpeur-
HOCTH 4

YienbAHe 3HA4YeHHS CBA3AHH C ACHCTBHTENBLHHIMH CJe-
AYIOUHMH COOTHOILUEHHAMH:

!I:lrn.= l,w,ﬂ;

Isu:: Ilwlﬂ'v

Ry =R}/Quw,; (1-31)
Ly, =L!Qu,;

Vs =U,/Qu,. J

AxcnepumenTanbHble 0606IEHHBE XapaKTePHCTHKH AJA
norpemiHocTH f B 3aBHCHMOCTH OT [iyn, Ziyg (puc. 1-11)
NpUBeJeHH B [(19]- Tam xe nagH 060CUIeHREE XapaKTepH-
CTHKH APYrHX BeNHYHH, HEOOXOAHMEIX NMPH BHINOJHEHHH Clie-
IHAJbENX pacyeToB. Bce XapaKTepHCTHKH NMOCTPOSHH! AJIs
OcHOBHOR KphBOA HamarHmuuBawus TT, 6nH3KOA K KPHBOH
HaMarHugHBa#nusa craju O-310 ¢ HAHXYAIIAMH MACHHTHHMH
X3paAKTEPHCTHKAMH.

B rex crydasx, Korfia H3BecTHa peaJibHasi XapakTepH-
cTaka HamaranyHeaHua TT u oHa cyumiecTBeHHO OT/IRUaercs
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OT OCHOBHOH, PEKOMEHAYeTc OCYLUeCTBJAATb Nepecuer n0-
NYCTHMBHIX Harpysok, HaWAeHHbIX H3 0000LIeHHEIX Xapak-
TEepPHCTHK C NMOMOLLbI0 MacwiTaba MarHHTHOH TPOHHLIAEMO-

ctd no gopmyne
z:ynz Zly:l, oeu./mm (1-32)
rie

M, = Brealy | By (1-33)

Biycon, Bop — COOTBETCTBEHHO HHIYKUHA MOJAENH H OPHTHHA-
A3 npH GAsHCHHX 3HaYeHHAX HanpskeHHoctd nons He.

Zyp=0,005 aa0r go002
% i }7_ [
a0 /!7 /
J (i ¥
20 .’/ 4 4 ‘/
/ % /
bl {2
] /r /
0 > /] 4
2 54 580 g W NN N 200 10% Afw
Zyp=0,005 a,007 q,0002
% I I/
[ /
’ / /7
20 y /
7 z L
) f

+ 6 @1 g 20 I 6080100 200 500K0° AW

Puc, 1-12, XapakrepucTuky TokoBoRt norpemuocty TT, mocrpoenwie no
MeToy (H3HYeCKOro MogeanpoBanus (cniownne ArHAK) # Metony TXH
(NYHKTHDHBIE JHEKH).

Cpasnenne 0606LIEHHEIX XapaKTEPHCTHK ¢ Xxapakrepu-
cTHKaMu, moayuenuniMH mo meroay I[TXH, ceumerenscrayer
0 AOCTAaTOYHO GJH3KOM COBNAJEHHH pe3yAbTaToB MpH f>
>10+15%, C<1 (puc. 1-12). Mexny merozamu pacuera
mo [MXH n ¢msndeckoro mozenupoBaHHs MOXKHO YCTaHo-
BHTb B3aHMOCBsi3b [12], BupaxkaeMmyio COOTHOLIEHHEM

E
o I W 1-34
S e (1-34)

rae Eawyn— ycnosHas 3. A. C. HaCHIEHHS.
A



W3 (1-34) cnepyer, uro napamerpoM C MOXKHO Xapak-
TepusoBaTh norpetwtHocTH TT ¢ peanbHOR XapaKTepHUCTHKOM
HAMArHUYHBAHKSA, NPEACTaBHB 3aBHCHMOCTD [=F (l1yn, Z2yn)
B BHJE

f=F,(=22)=F. (). (1-35)

Takum o6pasom, npn C<! meroxm [TXH n ¢usnvecko-
ro MOJACNHPOBAHHA JAIOT GJH3KO COBMAaLalOULHe PesynbTa-
to: npu C>1 meron INXH ne npuroxen; cneayer mpume-
uaTs MIC uan MeTos QHU3HIECKOro MOAENHPOBAHUS.

Meroa MaTeMaTHYeCKOro MOJENHPOBAHHS C HCNOJb3O-
paHueM aHajoropbix IBM mosyuma w@pokoe pacmpocrpa-
Henue AJsA aWan#sa npoueccoB B TT, mpeHMYyLiecTBEHHO
IJs HccleAOBaHHHA mepexoaHuX mpoueccoB B TT, a Takxke
IpH aHa/qH3e PasAHYHHX CXeM COeIHHeHHs BTOPHYHHX 006-
morok TT. Meroauka aHanu32 peTaibHo paspaborama [5,
9, 15]. Ipeanoxen psan Apyrux metomoe pacietra TT, Ha-
ngﬂuep 16, 17], a Takxke Merozh aHaAH3a CHCTEMH
«IT— 3ammra» [18], KOoTOpHE HCHOAB3YIOTCA B OCHOBHOM
npu pa3paGoTKe HOBOH anmapaTtyphbl, HCCAEJOBaHHAX MOBE-
JeHHs YCTPOKCTB 3alUATH NPH CJAOXHBIX 9JEKTPOMATHHT-
HBIX MepeXOAHHX Mpoueccax B IHEProcHcTeMe H T. A.

1-7, OUEHKA PA3JIHYHBIX METOAOB AJiS HHXEHEPHBIX
PACYETOB

W3 paccMorpenus pasnHuBHX MeTOROB pacyeta TT
MOXHO CAelaTh BHIBOJ, YTO C yYyeToM yA06CTBa HCMOJB3O-
BaHH#A, MPOCTOTH H YHHBEPCANBHOCTH NPH obecneyeHHH
npyueMaeMoit TouHocTH AnA pacyetros TT B ycranoBuBmHXCH
pexumax HauGosiee IIMPOKO Uenecoo0pasHO NPHMEHATHb
CIeNYIOUWHE METOMBI:

1. MeTon 3KBHBaJAeHTHHX CHHYCOHA — AJAl PEXHMOB pa-
6ot TT ¢ e<<10%. Korza B<<1,3+1,6 T, nanpumep, pns
setpoedHux TT ¢ HeGoabluum KoddduuuerTom tpaHcdop-
MAUEH ® MaJHX KpaTHOCTAX ToKa K. 3., M3C npuropen
M AAs pacyeTa pexxuMoB ¢ > 10%.

2. Meton IMTXH —npu ¢>10-+15%, B>1,5+-1,8T. O6a
3TH MeTOfla HCMOJNb30BAHH NpPH pacderax H NOCTPOEHHH
Kpussix mpejeabHbix kKpatHocred TT (cm. IT-2).
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1-8. TPEBOBAHHA K TPAHC®OPMATOPAM TOKA
MO PEKOMEHAAIHAM M3K

[My6nukanns MIK mo cTpykrype 6JH3Ka K CTaHaapry
M COCTOHT H3 CleYIOIHX riaB: ofliHe TpeGoBaHHs KO BCeM
TT, nonomuurencHsle TpeGopahus K TT ans H3MepeHui,
JononHuTeNbHBe TpeGoBanus K TT mas 3awuTH.

Kaxpas rnaBa cofepuT TpeGoBaHHA K XapaKTepHCTH-
kaMm TT, HopMBl NpHEMO-CAATOYHHX H THNOBHX HCNIHITAHHH,
yKasaHRs N0 MapKHPOBKe.

Pexkomenpauun M3K yuursiBalorcs npn nepepaborke
IOCT [3], B 9acTHOCTH, BBONATCA CTaHAApTHHIE KJNaccH
toudocTH o6MoTok TT gns samutei: 5P u 10P. [Ipepens-
HBle 3HAUeHMs norpeluHocTe 3THX o6MOTOK NMPH HOMHHANDb-
HOR BTOPHYHOR Harpyske ¢ cos gz=0,8 A0JXHH cooTBeT-
ctBoBath Taba. 1-1.

Ta6auua 1-1

Mpefemuss sxagennn NOrpeluHocTel
DpH TOKE HOMWHAML-
MpH HOMHHAJILHOM NEPBUTHOM TOKE noft mpegentnoft
Kanace KPaTHOCTH
T - Yrnopasi norpelHoCcT n —
FPEWBOCTS, 9% s pea ROCTB, %
sP +1 =60 +1,8 §
10P I3 = — 10

Ias o6motox Knacca 5P npH Toke HOMHRANbHOMA npe-
JeabHo# KpaTHOCTH OyJeT rapaHTHpPOBaHA MOJHAas norpei-
HocTh 5%. 310 KaeT BO3MOMKHOCTh MOBHICHTL YYBCTBHTEb-
HOCTb HEKOTOPHIX 3alllHT, HanpHMep, MPOAOABHBIX AHe-
pesuHaNbHHX TOKOBBIX 32 CYeT YMEHbIUeHHS PpacyeTHOro
3HayeHHs Toka HeGananca (¢ 10 ao 5% Toxa K. 3., mpHBe-
feHHOro Ko BTOpHYHOA o6MoTke TT). OnHo#t M3 BaXKHBIX
pekomeHpauuii MOK sBasercss Heo6XONHMOCTb H3MEDEHHS
TOKa HaMarHHYHBaHHA OOMOTOK ANs 3aLIHTH NPH MPHEMO-
cratoynbix Hensitahuax TT. [lo 3navyeHuio 3storo ToOKa
cyZaT (KocBeHHO) o moaHoli morpewHoctH TT npu Toke
HOMHHAJIbHOH TipefesbHOli KpaTHOCTH. TakHM o6pazoM, NIpH
Bunycke kaxporo TT KOHTpo/MpyeTcs COOTBETCTBHE €ro
NONHOA MOTPEMIHOCTH NACNOPTHHM AaHHHIM.
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THNABA BTOPA4

METOAb! PACYETA NMEPEXOAHBIX NMPOLECCOB
B TPAHC®OPMATOPAX TOKA

2-1. OBILHE CBEAEHHS

TounocTh TpaHc(hOpMALHA TOKa B MEPEXOAHHIX NpoLuec-
cax K. 3. CyLeCTBEHHO BJHSeT Ha YCTOHUHBOCTb (QYHKUHO-
HHPOBAHHA YCTPOACTB penefiHOR 3alHTH, B OCOGEHHOCTH
B cerax 220 kB u BHure, Korga rpebyerca Gucrpoe OTKMIO-
senre K. 3. [lostroMy ananusy paborn TT B nepexoauux
mpoueccax mNocBsAUleHO Gojblloe Yucao NYyOJAHKALHE Kak
8 CCCP, rak u 3a py6exom [19—27 u np.].

Crpemsienne MOBHCHTL ToYHOCTL paborsl TT B mepexon-
HHX npoleccax, KoTopas B obieM ciydae yBeauudBaercs
C yMeHblIleHHeM BHellUHe# Harpysku Ha o6morkn TT, npuse-
10 K ToMy, 4TO J0 1974 r. mepexoAHHI#t mpouece NpH pacye-
Tax JONYCTHMHX Harpy30K YYHTHBAaJca BBeAeHHeM koaddu-
LlHEHTa ka, TOBHILIAKLIMM PacYeTHYIO KPaTHOCTh TOKa. Yuc-
JeHHO® 3HAYEHHe R, B 3aBHCHMMOCTH OT THMA 3alIMTH H
BpeMEHH ee JefiCTBHS NPHHHMAaNOCh pasHbiM 1,2—2 (nmpH
3TOM, NOMHMO amepHoJHYecKo#l coCTaBRAsOIIel TOKa K. 3.,
YIHTHBAJHCh TaKKe HETOYHOCTb pacdeTa TOKOB K. 3. H
pasbpockl XapaKTepHCTHK HamariHuusauus TT).

Bpegenue kosddHuHeHTa, NOBHILAIONIETO PacYETHYIO
KPaTHOCTb TMPH CH/ABHO BO3POCUIHX YPOBHAX TOKa K. 3. MpH-
B&JI0 K TAKOMY YBE&JIHUYEHHIO paCUeTHBIX CeYeHHH XHA Ka-
Gesedl, 970 BMECTO KOHTPOJBLHOTO YacTO MPHXOAHIOCH TpoO-
KA2fHBATh CHA0BOM Kabeab cevenweM 25—50 mm2 C mpy-
rofl cTOpOHEI, He ObIIO TrapaHTHH, YTO BHOOp HArpysoK Ha
TT ¢ yuerom ynomsyToro Koabduunenta obecneunt pabo-
1y TT 6e3 cyuwlecTBeHHHX norpeiiHocteft B MepexonHHX
nmponeccax K. 3., KOria B TOKe COREPXHTCA anepHoIHuecKas
COoCTaBAAKOILAA. Bonee TOro, H3 pesynbTaTOB HCCHAENOBA-
ruft 19, 25] 6ma0 M3BeCTHO, YTO MEpeXOAHHIE MOTpPelHo-
cti TT 3aBHCAT He TOJNBKO OT HArpy3KH, HO B 3HAYHTENBHO
Goapmed cTemeHHM OT MOCTOAHHOW BpeMEHH NepPBHYHOM
CeTH, MOMEHTa BO3HHKHOBEHHS K. 3. H XapakTepa Ha-
PPY3KH.

losroMy BO3HHKNA HEOGXOXHMOCTH HCCHENOBATH KOJH-
JecTBeHHOE BJHSAHHE BTODHYHOM HATPYSKH Ha TepexofHHle
norpemtocTH TT ¢ TeM, urofH onpexesuTs Uenecoobpas-
HCCTh HCMOJIB30BAHHA mNoBHUAaKILero Kodpduuuenra npu
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pacuere JONMYCTHMHX HArpy3oK B TOKOBHIX LENAX 3dLUMUTH
H B cayyae ue/necoo6pasHOCTH ero NMPHMEHEHHS YCTaHOBHTh
onTHMAanbHHE 3HAYEHHA 3Toro Koapduunenra.

2-2. METO NPAMOYI0JIbHOA XAPAKTEPHCTHKH
HAMATHHYHBAHHA

Meroa IIXH seasercs HauGosiee NpPOCTHIM H HarAd4-
HBIM, XOTA €ro TOYHOCTb HHIKE, YeM Y MHOrHX ApYyrux, 6o-
Jiee CJIOXKHBEIX METOAOB, a 0611acTh HCNOAB3OBAHHA OTPaHH-
YHBAeTCA CJAYYafiMH, KOrka MaKCHMaJbHas HaNpsXXeHHOCTb
MOJAR BO BpeMsi MNEepPexoNHOro Mmpouecca MNpeBhiliaeT
1000 Afm [20] (unm C<3 [24]). Pacuersas u SKcmepu-
MEeHTa/IbHasi MPOBEPKH CBHIETENbCTBYIOT, YTO TOYHOCTb Me-
Tona [IXH npn npaBuabHO BHGpaHHBIX pacyeTHHX mapa-
Metpax (WHAYKUHSA B,) B pexumax ¢ C<3 cocraBaser
+10% [21, 24], yto mpHeMaeMO A/ MHOCHX MHXKEHEpPHBIX
pacyeros.

Huxe nprBeseHn ocHoBHBle nojdoxenns Mmeroga [1XH
NPHMEHHTEJbHO K pacdery NepexOAHOro Mpouecca B UEnsx
oanoro TT. AHanH3 BHMOAHAETCA NPH CAEAYIOLWHX A0My-
IEHHAX.

1. TepexopHHA npouecc fABASETCA CHAEACTBHEM K. 3.
B HauGosee HeOJAronpHATHHIA MOMEHT BpeMeHH, Koraa
MrHOBEHHBIH NMEpBHYHHNA TOK MaKCHMaleH, MPHYEM Y4YHTHI-
BaeTCs TOJNBKO OCHOBHas rapMOHHKA TOKa. B sTtom cnyvae
MepBHYHH TOK H3MEHSIeTCS MO 3aKOHY

i

L (t)=!mu(cos mt—e_ﬁ)' (2-1)

riae [imex — aMNJAHTYAA NEPBHYHOrO TOKA; I'y— MOCTOAHHAA
BpeMEHH MepPBUYHON ILIend, rae MPOHSOWJIO K. 3.

2. Ha mpoTfXXeHHH BCEro pacCMAaTPHBAeMOro MeEpexon-
HOro mpouecca NMepHOAHYECKAas COCTaBAAKLAA NEPBHYHOrO
TOKa K. 3. He MEHfeTCH.

3. [TepeHuHbIA TOK B peXuMe, NPealIeCTBOBABILEM K. 3.,
NpHHHMAaeTCd PABHBIM HYJIO,

[ns ofinero cayyas aKkTHBHO-HHIAYKTHBHOW Harpysku
B HHTepBaJje TOYHOH TpaHchopMaunH (BepTHKAaJbHHH y4a-
CTOK XapaKTepHCTHKH HaMarsiHYHBaHHA) mpouecc B TT (cm.
puc. 1-7,e) onucbiBaeTcs ypaBHeHHEM

dw di ¢
=L 7 tiR. (2-2)
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raie ¥ — noroKocuensenne BHTKOB BTopHYHON 06MoTKH TT.
Pemenne 310ro ypaBHeHHs HMeeT BH]

B:Bm+%f:g[z,sinw+q,)—

—RoT,(1—¢ ’%) — X,e_;: | 2-3)

rie Booy — SHAYeHHe OCTATOYHON MHAYKUWH B MarHUTOMpO-
soge TT.

U3 (2-3) caenyer, urto muaykuus TT B nepexomHoM
npollecce COCTOHT H3 NEPHOAHYECKON H amepHoAHYEcKOH co-
CTaBIAIOWAX, npuyeM npH R2>0 aneproauveckas cocran-
Aowas HEAYKUMA (Ba), saBucamas ot Ty, MoXeT 3HauH-
TEJIbHO NPEBHINATH NMEPHOJHYECKYI0 COCTABJSIOMYI0 HBAYK-
usy, 3aBHcALLYi0 oT wf. Boabloe 3navenne B, mpn mpeo6-
Jajalied aKTHBHOW Harpyske BH3bIBaeT Hacoillewwe TT
B MepexoAHOM MpoLecce ¥ 3HAYHTENbHHE MOrpemHOCTH.

Ilpn 9uCTO AKTHBHOM COTMPOTHBJIEHHH BTOPHIHOH UENH
ypaBHeHHe (2-3) MOXHO 3anMcaTh B BHAE

BBur _ ginat —of,(1—¢ ™)) (2-4)
max
rae Bma.t = I%NTJ-:TR-'— —MaKCHMa/lbHOe 3Ha4YCHHe mnepHOAH4Ye-

CKO#l cOoCTaBJAIONIe HHAYKLUHE B YCTaHOBHBIUEMCSH peXume.
[TpenenscHoe 3HaueHHe OTHOMUIEHHS

Bs — Bocy,
.

e
-t

(2-5)

OTKyA2 yC/l0BHe TOYHOK TpaHcHOPMAUHH B MNepexoaHOM
npoiuecce

e Bt |1 4ol . (26)

max

an AKTHBHO-HHAYKTHBHOM XapaKTepe HarpysgH 3TO
yCioBHe 3anHINeTCA B BHIAE

Bs— Boer >1 + QT, cos ¢, npu (I:DTl COS @, =sin Py (2'7)

Brmx
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Jeg > [ +sing, npu o, cos, <sing,. (2:8)

ma

Hetpyano yGemuTbes, 4TO
e —c; 29

max
3Havenne C onpenenserca mo (1-23).

Taxum o6pa3om, aas TT ¢ IIXH nepexonnmifi npouecc,
TaK e KakK M YCTAHOBMBUIMIICA peXHM, MOXHO oXapak-
TepH30BaTh 000GIIEHHHM KOIDGOHLHEHTOM H MOCTOAHHON
Bpemenn T,. U3 (2-6) caenyer, uto TouHas TpaHchopma-
LUMA B MepexofHOM npouecce B HaHOOJbIIEH MepPe 3aBHCHT
or Ti Tak, Hanpumep, nprn T:;=005 c (pea’sbHHe
3HaveHus aas cereii 110—220 xB) us (2-6) wumeem:
(Bs—Bocr) | Bmax==16,7. CnenoBatenbHo, aas obecnevenus
TouHo# paGotel TT B mepexofHOM mpolecce BHEWHSA Ha-
rpyaKa (uau ponycTHMas KpPaTHOCTh TOKAa K. 3.) AOMXK-
Ha OHTh cHHXeHa B 16,7 pasa nmo cpaBHeHHI0 CO 3HAYEHHSA-
M, BHGpaHHBIMH 1O KPHBBHIM MpeeNbHHX KpaTHocTed, 9T0
HepeanpHo. OcTaTouyHas HHAYKUHS HeGAarolpHATHOrO 3Ha-
Ka ewe Goablie yBelHYHBaeT MOTPELIHOCTH B MEpexoiHHX
npoueccax. B sTHx ycaoBHax muorue TT, B wacTHOCTH
3peHbepofi KoncTpykuwu (tunma TPHII), umeiomue Goab-
uroe BHyTpeHHee compoTHBJeHHe (Z2s), MOrYT HacHILAThCA
NaXke MPH 3aKOPOYEHHHX BTOPHYHHIX O6MOTKaX.

Crnenyer oTMeTHTb, 4TO ycjaoBHe (2-6) moayyeHo npH
HaunbonblIeM HauyalbHOM 3HAYEHHW anepHOAHYecKof co-
cTapasioliedl TOKa K. 3.; OHO HMEET MEcTo MPH MajabixX
MrHOBEHHHX HANpPAXKEHHAX (KOrza BeposTHOCTb BO3HHKHO-
BEHHS K. 3. HauMeHbliaf). B peanbHBIX yC/lOBHAX yKasaH-
Has anepHoAHYECKAs COCTABMASIONIAA BTOPHUHOrO TOKA
MeHbllle aMMNAHTYIH €ero nepHOAHYecKo# coCTaBAAIOIIEH.
Bonpoc o pacietHoM HaHGoAblleM Ha4aJbHOM 3HaYeHHH
anepHogH4YecKo# cocraBiaswilefi Toka K. 3. B HacToslee
BpeMs IUCKYTHPYeTCH.

Onmako pnaxe npu YMeHbUIEHHHX pacyeTHHX 3Haye-
HHAX amnepHONHYECKON cocTapasiiolleli NOMYyCTHMas KparT-
HOCTb TOKA K. 3. MM Harpyaka sropuyHoff o6MmotkH TT,
OpH KoTophXx ofecneynpaercd HeoOxomHMas TOYHOCTb
TpaHchopMalHH B INEPEXOXHOM mpolecce, HenpHeMJeMbl
M3-33 BLICOKHX YPOBHEHA TOKOB B COBpeMEHHHX CeTAX H
Goabuwux Harpysok Ha TT.
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HpyruMu c/noBaMH, HacHlleHHe H 3HAYHTeJbHHE MO-
rpeliHocTs B nepexoaHom npouecce aas TT ¢ 3aMKHYTHM
MarHUTONPOBOJAOM 9aCTO MBJAAIOTCH HeH3GexuuimH. [lo-
cKoJbKY Takme TT IIHPOKO pacnpocTpaHeHHb, H3MepHTelb-
HHe OPranH penefHoH 3aWIHTHL B CAYYanX, Koraa tpedyercs
HX BbICOKO® OBICTPOZEHCTBHE, HOJKHB COXpaHATh pabo-
ToCocOGHOCTE MPH HCKaXKeHAAX (OpPMB KPHBOH BTODHYHO-
r0 TOKa, BBI3BaHHLIX YBeJHUEHHLIMH norpewHocraMu TT.

Jns aHanu3a NOBeJEHHS YCTPOMCTBA 3alMTH, a TaKXKe
onpeneneHus OCHOBHHIX GaKTOPOB, BJAHAIOUWMX HA TOYHOCTb
pabotu TT, Heo6xoguMo paccuntate norpeiuHoctn TT Ha
NpOTAXKEHHH BCero nepexoAaHoro mpouecca. OveBHAHO, 9TO
3TH NMOrpelHOCTH GYAYT H3MEHATBCA OT NEpPHOAa K MepHo-
Ly ¥ nocyie 3aBepllieHHs MepexojHOro mpouecca BO BTOPHY-
Huix uensx TT cTanyT MHHEMAJbHEMH H PaBHRIMH TIOTpell-
HOCTAM YCTAHOBHBIUErocs pexuMa. PacdeT mepexoAHHX mo-
rpewrocTedt HauGonee npocTo BenonHsercs Merogom [TXH.

Oas TT ¢ TIXH npu axTHBHOM CONMpPOTHBJIEHHH BTOPHY-
HOM LlenH MOMEHTH HACHIEHHA COOTBETCTBYIOT MOMEHTaM
fnpekpaileHua TOKa B Harpy3ke, a MOMeHTH BHxofga TT u3
HAaCHILEHHA  COOTBETCTBYIOT MOMEHTaM Mepexoia 4Yepes
HyJb KPHBOR nepsHuHOro ToKa. IlpH 3ITHX YCNOBHAX Cpas-
HHTENLHO JIETKO MOTYT OHITHL ompejgeneHbl morpewrHocTH TT
Ha MPOTAXKeHHH Bcero mepexopHoro mpouecca. B [21] pac-
YeT morpemrHocTelf G NMpoH3BefieH rpadoaHANTHTHYECKHM
MeTOfOM. YUHTHIBas HArJNAJQHOCTL 3TOr0 MeToAa, PaccMoT-
puM ero Gosee mozpoGHo. Ha puc. 2-1 npuBeneHH KpuBHE
H3MEHeHHA HHAYKUMH B Maruutonmpoeofe TT ana pasnnu-
HHX NepuojoB NepexonHoro npomecca npu Ty1==0,02 ¢. Kpu-
Bag | XapaKkTepH3yeT M3MeHeHHe HHAYKUHH B MArHHTONPO-
sofe TT B coorBercTBHM ¢ ypaBHenueM (2-4), T. e. B mpel-
NONOXEHHH, d9TO HacHIleHHe oTcyTcTByeT. Kpusnie 2—6
NOCTPOEHH ¢ Y4eTOM HACHIIEHHS.

MoMeHTE HacHIlEHHA B KaX[IOM NEpHOAe MepexonHOro
npoliecca OnNpefleNATCA 10 TOYKAM MepeceYeHHs MpPAMOH,
napaianejbHOH OCH abGcuMcc, ¢ OpOHHATOH

Bs— Bocr

Bmax

H kpuso#i /. OT MOMeHTa HacHuleHHs A0 KOHIUA MoJyrne-
pHOJa CMellleHHOro NMEepBHYHOrO TOKA, H3MEHAIOLIerocs Mo
(2-1), #EAYKUMA B MArHATONMPOBOJE HE H3MEHAETCA W OCTa-
erca pasHodl B, B Haganme cneaymollero moaymepuoma us3-
MEREHHe HHAYKIHH MPOHCXORHT no (2-4) or sHaueHus B..
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Puc. 2-1. UsMeHenHe HHAYKUMH

i': bs/bmas 8 marHuronposoae TT aaa pas-
! JHYHHX TNEPHONOB MepexoaHoro
12 npouecca npu T,=0,02 c.

[ AN g Il 1 —npu oTCYTCTEME RacmeHHA; 2 —
7 i ¢ BJB:G:-R' Boctu-m I—B,/8 .~
ar «3, Byo,=059B, 4—BJB, . =l
0 Byee=0.59 B,; §—B,/B .=l

B, og=0; 6— BB =08 Byoo=0.
4t teyf H
(N7 EANNTA
Vi WAV A
12 sl | X J 11
DA Aawreassocts noaynepHo-
ol T v I AoB mepBHYHOrO TOKa On-
z penensiercs B3 (2-1) mo
z4 yenosHio i (f) =0.
28— PaccMOTpeHHe KpHBHIX
az—% 2—6, UOCTPOEHHHIX NpB
5 YA pPasHbiX 3HaYeHHAX
—UN
a0 TR Bs — Booy
4 Y Brmax
|
48 { ¥ Bocr, cCBHAeTENLCTBYET
&2 R 0 CHIENYIOMEM:
| | i :
55 - / a) HacHuIeHHe MarHe
50 U774 7onposora TT Hactymaer
¥ T T 17| B nepBoM Xe moaynepHoxe
2
g \f—-+H—| nepexoasoro mponecca npu
§ U] wuarpyske, wusMensomefics
T | Z( W X7 W @B B NOBOJbHO WHPOKHX mpe-

Aenax;

6) MOMEHTH HACTYMJIEHHS HACHUIEHHA B MOCJeAYIOUIHX
MOJNynepHOAAX He 3aBHCAT OT OTHOMEeHHA B,/Bna. (npu
Bs/Bmsx<l) B 3HaueHna Bocr.

IMockonbKy MOMeHTH HACTynJieHHA HacHiuendn (f,) #
BHIXOa H3 HACHIUEHHS MOJHOCThIO XaPaKTePHIYIOT Norpew-
HOCTH TpaHcpopmaund, HE3aBHCHMOCTb f; OT OTHOUIEHHA
Bs/Bmax O3HAYaET HE3ABHCHMOCTb NMEPEXOLHBLIX MOrpeLrso-
crefi TT oT BTOPHUHONA Harpy3kH (3a HCK/AIOYEHHEM NEPBOro
nepHoaa).

Otor BaxHm#A BHBOR [21, 22, 24] cBupeTesbCTBYeT
0 HeueJecooOpasHoCcTH BBeleHHA KO3((PHUHEHTOB, MOBH-
IIAOUIHX PacYeTHYIO KpPaTHOCTh TOKa, AJA ydYeTa nepexoi-
HHX MpOLECCOB MpH pacdeTe AOMYCTHMBIX Harpy3ok Ha 06-
morku TT.

Du3HYecKH HE3aBHCHMOCTb NEpPeXOJHHX morpellHocTedi
TT or Harpy3kn oGbACHAETCS TeM, YTO OTpHIATeNbHas NO-
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NyBOJIHA NMEPBHYHOrO TOKA (MO OTHOWIEHWIO K anepHognde-
ckofi coctaBasitomled) npu Bs/Bmax=1 Bceraa tpancgop-
MHpYeTcs NMOJHOCTBbIO, 0becneynBasi pasMarHHYHBaHHE Mar-
Huronposofa TT, BuiBoA pa6oyelt TOYKH HA HeHAaCHILEHHBIA
Y4acTOK XapaKTepHCTHKH HaMarHHYMBaHHA M TpaHcdopma-
UHI0O nocieAyiouleil TONOKHTENbHOH MOJNYBOJHH, paBHOM
no niIolajAy OTpHuaTenbHOH monysosHne. Takum o6pasoM,
yBelHUeHHe HArpy3KH TPHBOAHT K YBEJIHUEHHI0 CTeleHH
pasMarHHYHBaHHA MarHHTomposoAa TT B OTpHUATEABHOM
nonynepHOAE H 3HaYeHHe #; OCTaeTCA HEH3MEeHHBIM.

PHe. 2-2. Ocumnnnorpammb Tokos TT tuna THC-110-10.
Ao =1000/5, [, =325 kA, Ty=0,0¢ ¢, /—R ~4 Om, BB, ~088; ?—R =
=2 Om, BB .. =16 3—x,=2 Ou, R,=039 Ou.

A HANIOCTPauUMK 3TOrC NOJOXEeHHA Ha pHe. 2-2 npHpeleHH
OCLHJINOr paMMbl TT, CHATHE B Hayqno-ﬂccnenosareamou NEeHTpe No
HCNHTAHHAM BHICOKOBOILTHOA amnapatypn Munsngpro CCCP  npu
OJAHHAKOBRIX TOKAX K. 3. H MOMEHTaX HX BO3IHHKHOBEHHA. Harpysxa
B nmeppoM omnuTe (1) Rz=4 OM, uYTO COOTBETCTBYeT MNOrPelHOCTH
e=10% npn K=32,5. Bo BTopom onmte (2) Harpyska Gmja yMeHb-
wena sapoe (Rp=2 Owm) npu Tolt Ke KpaTHOCTH TOKa. Kak Buamo u3
ocunnnorpamm, norpemnoctH TT (33 HCKAoueHHeM nepBoOro NEpHOAA
nocje BOIHHKHOBERHA K. 3.) NPAKTHYECKH HE H3MEHHNHCh, B TpeTheM
onuiTe HArpy3ka HMella aKTHBHO-HHAYXTHBHHA Xapaxtep (Xw=2 Owm;
Re=0,39 Ou; K=325).

CoBmectHoe pewienne (2-1) u (2-4) npu ycioBuH orpa-
HHYEHHA HHAYKUHH Ha YPOBHe = B, No3BOJAET ONnpelenuTh

nepexoAubte norpewnoct TT. B [21] Gbinu onpenenentt
NOrpPellHOCTH KakK Mo AeHCTBYIOLIEeMY, TaK H CpefHeMYy TO-
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Puc. 2-3. YruBepcanbRHe XapaKTepHCTHKH [EpeXONHOr0 Npomecca K. s
NpH aKTHBHOW Harpyske (n— HOMEp mepHOAa).
a—am peficTeylowero_Toxa fys = [ofI’,; 6—am yrnosofi morpemrnocTs Do nepsoft rap
MOHHKEEe BTOPHYIQIO TOKA,

2
%)

0z 01406 48 W0

Puc. 2-4. Bpema BacTynJeHHs HacHIIEHHA MarHHTOnpoBofa TT B 3aBH-
CAMOCTH OT OTHOMEHHA (B,—Bocr)/Bmax (@) H z,fzmm ()
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KaM AAs NOJNIOXHTENbHHX MONYNepHOAOB MEepPexoAHOro mpo-
necca. Peiende ypaBHeHHi NPOBOAHJNOCH rpadoaHalHTH:
veckn. B [24] peuienue ypaBHeHHH BuHOAHAJOCh Ha DBM,
npHYeM NOrPelIHOCTH ONpeJeNANHCh MO NepHoAaM nepe-
XoaHoro mpouecca. ITposeleHHble pacueTnl 4ajH BO3MOX-
HOCTb NOCTPOMTb YHHBepca/lbHble XapaKTepPHCTHKH HHTe-
rpajbHHX 3HAaYeHHHA TOKOB K YIJIOBOM MOrpeIUHOCTH AJA
Pas/HYHEIX NEpPHOLOB MEPEeXOAHOTO Npouecca. YHHBepCalb-
Hble XapaKTePHCTHKH NJA ZEHCTBYIOLLEro TOKa H YIVIOBOH
NOrpeliHocTH O MepBof TapMOHHKE NPHBEJAEHH Ha pHC. 2-3.

Ilo (2-4) MOXHO aHaJHTHYECKH OHpENEeNHTb AJHTEe]b-
HocTe TouHOH TpaHcopmaumn TT B mepexossoM mpouec-
ce. 3aBHCHMOCTH BPEMEHH HaCTyIJieHus Hachienuss TT

t.l;:: or ortHOWeEHHA (Bs—DBocr) [Bmax NpHBEZeHH Ha

puc. 2-4,a [24]. Tlopo6uue KpHBHe, HO B Gojee yROOGHOM
ANS aHanH3a BHAe, NMpHBeleHH B [22] (pue. 2-4,6 —Ha
ocH abcumce -oT0KeHo oTHOWeRNE Z,/Z; 100 TAE Zy (14—

Harpyska, BH6paHHas N0 KPHBHIM NpeleAbHHX KPaTHO-
CTeH).

s KpHBHX Caefyer, uTo BpeMs 4 BechMa Mand — ot

3 10 8 Mc npH HSMeHEHHH OTHOMWIEHH Tz-’-—-- or 1 pmo .
2 (10%)

2-3. METO, CNIPAMJIEHHOR XAPAKTEPHCTHKH
HAMATHHYHMBARHA

HIna pacderoB mepexofHHX mpomeccop patotw TT
B [5, 22] pexomeHXyeTcs WCHOJb30BaTb XapaKTePHCTHKY
sipa CXH (cm. puc. 1-7,8). Takas annpoKCHMauHs Xapak-
TEPHCTHKH HAMAarHHYHBaHHA NO3BOJIAET YYHTHIBATH TpPaHC-
(opMaNAI0 TOKa BO BTOPHYHYIO llellb MOCJe HACTYMJeHHA
HacHimenua (npu B>B,), 410 Gosee MOJHO OTpaxKaer pe-
anabhuil npouecc 8 TT no cpasnerrio ¢ [IXH, mockosabxy
MarHHTHHE - XapaKTePHCTHKH peasibHbix TT He HZAeanbHO
npaMoyroibHbl. Metox naer BosMOXHOCTE O6ojee TOYHO
paccyutaTh MrHOBEHHBIH BTOPHUHHIA TOK.

Oznako amanus nokasmisaer [12], uro nmorpewnocts TT
¢ CXH onpenensiorcss 3naveHuAMu Ty, T, 6 [0 BHuHCAsACT-
ca o (1-27)] u Bpemenewm £, B pesy/ibTaTe 4ero YHCIO KPH-
BHX, ONHCHBAIOUIHX BeCb nepexonﬂuﬁ npouecc, HaCTOABKO
BEJHKO, YTO CTPOHTBH MO 3TOMY METOAY YHHBepcaJjibHHeE Xa-
paKTepHCTHKH Helesnecoo6pasno. [las pacyeToB peKoMeH-
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AYyeTcsa HCHOJb30BATh YHHBepcaJbHHE XapaKTepHCTHKH, MO-
ctpoensbnie no Merony IIXH, koropue mpu C<3,0 u 6=20
JalOT BOOJHe NpHEMJIeMYIO IJis HHXKeHepHHIX PacyeToB TO4-
HocTh — = 10%.

2-4. METO/JL IHHEAHOA XAPAKTEPUCTHKH
HAMATHHYHBAHHA

Pacyernan XxapakrtepucTHka Jauue#Horo TT npuseaena
Ha puc. 1-7,2.

Teopus amuefinbix TT pa3spab6oraHa HauGoJee TOJHO.
HAna HuX nonydeHH B O6LIEM aHAJHTHYECKOM BHIe pelre-
Hus AvddepeHUHANbHHX YpaBHeHHHA, ONHCHBAOMIKX mepe-
xoaubift npouece [19, 23]. Oudpdepenunancioe ypapHeHHe
cXeMbl 3aMelleHus JuHefiHoro TT

diy di,

1 ., 1
7t +7; =9+ b (2-10)
rae
_ Lepks
=

IMpu6anxkenHoe pemeHne ypasHewus (2-10), moayyen-
HOe B MpeanonoXeHuH, 4ro ¢=0 (cmpaBemauso aas TT
C 3aMKHYTHIM MAarHHTONDOBOJAOM, Y KOTOpPHX LKLy,
T%w?> 1), a iy onpeneasiercs mo (2-1), umeeT BHA:

! t
o 7.7 B ;
b2 ()]

[Mo TakoMy Ke 3aKOHY H3MEHSeTCs H MHAYKLHA B Mar-
naronposoae TT. TlosToMy MOXHO 3anucHBaTh COOTHO-
LIeHHe

t t
T ‘f.‘)
Pnast 5o QT‘T,(;,—T: +1. (212
MakcuMyM B ypaBHeHHH (2-12) JocTHraeTcs npH
7.7 7
t= _(ﬂT’TTl In 7‘—. (2'13)

3asucumocTd
max BI
b=t 2 (7))
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iph T\=50 mc u T)=100 mc npusegeHst Ha pHc. 2-5.
Y nnnefiHoro TT orHoweHHe (Bmax+Ba)/Bmex NpH GoJb-
wHx Ty, xapakrepieix ana TT ¢ 3aMKHYTHIM MarHeTOmpo-
sogoM (To>1 c), Benmko, 7. e. Takoit TT ponxeH uMeTh
SHaYHTeJbHBlE pa3MepH M JAONMYCKAeT OTHOCHTENBHO He-
Goabliylo Harpysky (IO CpaBHEHHIO C JOIYCTHMOM Mo ycJao-
BHAM YCTaHOBMBLIerocsa pexxnma). M3 xpusodl BHAHO, 4TO

A 7 14 I
;g £ 1 \ r,=100«“5' i 7
{ A *a
25 d \f\c 25
'\ \ v
20 \ \ /. 20
| AX Ty =50 4
75 AN 5
b
. e Y
0 T N[[[Lz 10
2N N
5 \k B \:."'\. 72
d— =t R na Vg
] % 9% u Mo

Pue. 2-5. 3aBHcHMOCTb ks H & oT T

a—pan TT c eucokoR M. A.c.; b—gaa TT ¢ HopmanaeHod wm.pm.c ¢ —pgna TT

c HuakoRl M. A. ¢. 3oka A —TT ¢ GoAbwMM BO3OYIWHMM 3aiopom; soHa B —TT

€ MajduM BOSLYWIHWM 3830poM; 3oKa C — oOwuHufA TT; 3ova D —TT co CHEXKEH-
Hoft Harpysxofl.

OAHEM H3 CnocoGOB yMEHBLIEHHS OTHOWEHHA (Bmart
+Ba) [Bmex SABAAETCA YMEHbIUEHHe Ty, YTO JAOCTHTaeTcH,
HanpuMep, BBeJeHHEM HEMarHHTHOTO 3a30pa B MArHHTO-
mpoeoy, TT. OnHako HemMarHHUTHHH 3230p NPUBOAMT K yBe-
Juyernio norpemHocTd TT B ycraHOBHBIIEMCA peXume pa-
6ot (kpuBee a, b, c). Ilostomy npu paspaloTke KOHCT-
pykun#i TT, X KOTOPHM TNPeABABAAIOTCA Tpe6OBaHHS TOY-
KO paGoTH KaK B YCTAHOBHBINHXCA peXHMax, Tak H NpH
NepexoAHHIX NMpoueccax K. 3., OGLIYHEO HAXOAAT KOMMPOMHC-
CHOe pellieHHe JHGO MPHMEHAIT CelHalbHEe MEeTOAb KOM-
NeHCAllHH MOTPEIIHOCTeH YCTaHOBHBIIerocs pexuma [27].

2-5. METOZl HAKJIOHHOR XAPAKTEPHCTHKH
HAMATHHYHBAHHA

B peaabubix TT ¢ 3aMKHYTHIM MAarHHTONMPOBOJOM Xa-
PaKTepHCTHKA HAMArHHYABAHMA, KaK YK€ OTMeyajoch, Cy-
ectBeHHO HenuHefiHa. [To3TOMY COOTHOLIEHHS, MOJNYYeH-
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Hete gaa TT ¢ nnHedHO! XapaKTepHCTHKOM, cnpaBelsIHBH
TOJNILKO AJA YYacTKa MarHuTHo# xapakreprctukd TT, Ko-
TOPHH YCJAOBHO MOXKET CYHTATLCS JHHEHHBIM.

Illgpokoe npHMeHeHHe INOJY4YHJ MeToA pacuera TT
N0 HaKJOHHOR XapaKTepPHCTHKe HAaMarHHYHBAHHA  (CM.
puc. 1-7,0) [19, 25, 26]. B arofi xapakTepHCTHKE HMeeTCs
JHHEAHHA HAKJOHHLIA YYacCTOK, COOTBETCTBYIOLIHA HEHacH-
IIEeHHOMY COCTOAHHIO MarHHTompoBoga TT, W ropuaoHTamdb-
HHl Y9acTOK, COOTBETCTBYIOWIHI HACHILEHHOMY COCTOSHHIO.

ConpoTHB/eHHEe BETBH Hamar-
20 HHYHBAHHA B HeHaCHINEHHOM
,\’ N/V/\/\J] CoCTORHAH peanubix TT sce-
15 e Ila KOHEYHO, XOTH H OYeHb
/\[\] Benuko (ycnosue Zo>Zg) #
» % no3poaser nepeiity k I[1XH).
C;o*raomenna (2-11),
z (2-12), nonyueHHmle AJMA NH-
N I.YAVAVAVAV: T Hefinoro TT, cnpaBeanHBH
\N\| aas auHeliHoro (HakJoHHO-

P 1 ro) yyactka HXH.
g5 a1 g1 42 @ IIp (BmaxtBa) =B, Ha-
Puc. 2-6. Pacuernan sapucy. CTynaer uacemenwe TT &

MOCTb £, OT BpeMeHH. npoueccH B HeM Ha HHTepBa-
770075 ¢ Ti=0002% ¢ To= J€ HACHILEHHOTO COCTORHHS
et ali=d ) (MAETOME20% 111 NPOMCXOAAT AHANOTHYHO pac-
Tt ey MarmTOTPO  CMOTPEHHBIM Bhillle AJIA T

' ¢ IIXH. HurepecHo, 4910 NpH
Goablnx 3Hayenusnx Tp xapakTep u3MeHeHHs HEAyKuuH TT
¢ HXH u I[TXH B Hayaje mepexopHOro rnpotlecca NpHMepHO
oannakoB [26] (puc. 2-6).

Cnényer OTMeTHTb, 4T0 B peKomeHpauuax MIK mo pac-
yeTaM mepexoAHnx mpoueccosB B TT, npeaHasHaueHHHX MIA
MATAHHA OHCTPOLEACTBYIOIIHX 3aUIHT, HCAOMB3YeTCs METOA
HXH.

2-6. METOAB $H3HYECKOI0 H MATEMATHYECKOTI'O
MOAEJIHPOBAHHA

[MorpewsocTn HenuHeAHnXx TT npH MepexoAHHX mpo-
meccax MOryT GHTL ompejeneHH No O60GWIEHHHM XapakTe-
pucrdkam [23], mosydeHHHIM MeTONOM (H3HUECKOTO MOfe-
yinpoBaHKa. [lockonbkKy uHcIo (axTOpoB, ONpefeAsiolIHX
pabory TT npe mepexoAHOoM mpoilecce, 3HAYHTEJNbHO MNpe-
BHIlIAeT YHCJAO (AKTOPOB, Xapakrepuayiomux paGory TT
B YCTaHOBHBLIEMCA PeXXHMe, KOJAHuecTBO 060CUIEHHBIX KpH-
BHX H NepBoM cjayuae HaMuoro Goavime. Ilas HesHHeAHHIX

38




TT & [23] mocrpoenn crenyiomue o6oCLIEHHLHE XapakTe-
PHCTHKH:

1) 3aBHCHMOCTH OTHOCHTeNIBHOrO MAaKCHMyMa amepHo-
ARYeCKOA cocTaBJsiouiedl TOKa HaMarHHYMBaHHs OT Bpe-
MEHH €ro JOCTHEHHS,;

2) 3aBHCHMOCTH OTHOCHTEJbHHX 3HaYEHHHA MaKCHMyMma
anepHOAHYECKON COCTaBAAOWeA TOKa HaMarHHYHBaHHSA OT
3Hauenui !m,?n, Zgyn, Tl, Tg, Bocﬁ

Zyg=02 0T G05002 G607 0005 6,002 0007

W ERIVAVAD A4 7
//

i / )
,a Y 71T 417
/ JARVAD AVANY,
ST AT A7 17
NAVAVAN AW,
P w Vv /1 / A 11ya

2
3¢5 W 23 s w 23 5 WA

20005

Puc. 2.7, OGoGimennle XapaKTEPHCTHKH MAaKCHMAJBHHX morpemuocTeft
no peficteyromed neproauveckoffi cocrasasiomet Toxka mpu I'1=0,005 c,

3) 3aBACHMOCTH BeJHYHH, XapaKTEPHSYIOWMX MoTpell-
wocre TT no nepwonuyeckoMy TOKY NpPH MOAMATHHYMBAHHA
TT nocrosHHeiM TokoM. OGoOweHHBle XapakTepucTHKH TT
noaydensi B MHcturyre anekrponunamuxkn AH YCCP. Onu
NOCTPOGHH JAJSI JOCTATOYHO INHPOKOro AHANas0oHa W3MeHe-
HHS Harpy3ok Ha o6MOTKH TT H KpaTHOCTedl TOKOB K. 3. H
NO3BONANT ONMpefeNuTh Pas3NAuEbe BHAM norpewnocred TT
B NepexoAHOM mpouecce Ge3 CJIOXKHHX aHANHTHYECKHX pac-
qe'roaz. Onna H3 00606lIeHHHX XapaKTepHCTHR JaHa Ha
pue. 2-7.

Tlpu o60cHOBAaHHH METOXHKH TNONYYeHHS OGOGUIEHHHIX
X4PaKTeDHCTHK NOKAa3aHa BO3MOXHOCTb NPHMEHEHHs TIPHH-
UHMA HaJOXEHHA COCTaBJSIOUHX MEPBHYHOrO ToKa MJA
HeenefoBankR HenuuefiHoro TT. PekoMeHAyeTcs cHadaja
paccMaTpuBaTh JAeACTBHE anepHONHYECKOR cocTashasiolled
nepBHIHOro TOKa K. 3. 6e3 yyera nmepHOOHYECKOH, a 3aTeM
NepHOAUYECKOR cocTaBAsAIOled C yY4eTOM MAarHHTHOrO Co-
CTOfHHA MarHHTONPOBOJAA, ONpPENENseMOro anepHoAuIecKOn
COCTaBAAIOUIeA TOKA HAMAarHHYHBAHHA B NPENNOJOXKEeHHH,
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9TO OHa B JaHHHA NEpHOA HMeeT HeH3MeHHOe 3HaveHHe.
JonycTHMOCTE HCNOJNB30OBaHHS METOAA HaJOXKeHHA AJA
aHanu3a nepexojHHX npoueccoB B HenuHefinmx TT naer
BO3MOXKHOCTE CYLUIECTBEHHO YMNPOCTHTb MNPOBEJEHHE HCIIbI-
tanuii TT. MeToaHMKa HCNBITaHHH, peKomeHpoBaHHas [23].
OCHOBaHa Ha 3aMeHe MepexOMHOro Ipoliecca B MOMEHT MakK-
CHMAaJNbHONH MOTPEIHOCTH fmgx 3KBHBAJIEHTHEHIM YCTAHOBHB-
IIHMCA PeXHMOM, B KOTOpOM Mareutonposoj TT noamar-
HHYHBAETC NOCTOAHHBIM TOKOM, CO3JAIOIIHM Ty Ke
HAaMpSXKE€HHOCTb MAarHATHOTO MOJS, YTO H anepHoAHYecKas
cocTaBifiomas TOKa HaMarHHYHBAaHHA HCCIEAyeMoro nepe-
XOAHOTO MpPOLECCAa B MOMEHT fmgy. 3HaueHHe MOCTOSHHOIO
nogMarHdyYHBaloliero TokKa Onpejendgercd pacdeToM ane-
pHOAHYeCKOro mepexoxHoro mnpomecca B TT, a meppHYHHIMR
TOK MPH HCMHTAHHU PaBeH CHHYCOHAAJbHOM cOCTaBAAlOMIEH
MEePBHYHOTO TOKA B JAaHHOM TIEPEXOJHOM TMpouecce.

Meroan maTemaTHYeckoro Mopaenupopawna TT sasns-
10TCq HanGonee yHHBepcajibHbIMH. OHH MO3BOJAIOT Yy4ecTh
Goabuioe YHCAO (GAaKTOPOB, BAHAIOWAX Ha mpouecchl B TT,
JaloT BO3MOXHOCTH OCYLIECTBJAATL aHAJAH3 paﬁDT‘H rpynn
TT, a takxke cucreM TT — ycTpoficTBo 3almuTH. ITH MeTo-
AH MoAYyYHAH wupokoe pacnpoctpaHenne B CCCP w 3a py-
Gexom {9, 18].

2-7. OILEHKA PA3JTHYHBIX HH)XEHEPHBIX METOI OB
PACYETA NMEPEXOJHBIX MPOWECCOB

Jlaxke mpH MHOTOYHCJEHHHX JNONYUIEHHAX, YIpoilaio-
[UX pelleHHe 3aJlaqH, pacuyeTH MNEpexXOAHHIX MPOUECCOB
B TT xocratouHo TpynmoeMkH. B mpakruyeckoii aeatenbHO-
CTH 4acTo He Tpebyercsa Gojblluasi TOYHOCTb, a AONMYCTHM
KauecTBEHHHR aHaNH3, KOTOPH MoXeT OHTb NPOBENEH
C HCMONL30BAHHEM YHHBEPCAJBHBIX XapaKTepHCTHK no-
rpemHocTedf, mocTpoeHHmx no Meroay IIXH [21, 24],
a Takxke 0GOGIIEHHBIX XxapakrepHcTHK [23].

B Gonee cOXKHHIX CAydYasiXx, B 4YacTHOCTH TIPH paspa-
Gorke HOBHMX Komerpykum# TT, GuicTpomeRcTBylomux
ycTpoficTe penefiHoft 3amuTHl H T. M., MOTYT GHITH HCNOMNb-
30BaHEI H APyrHe METOAH, HampHMep MaTeMaTHYeCKoro Mo-
JAEeNHPOBAHUA ¢ NpHMeHeHHeM DBM.

BuinosHeHHBIE HCCAENOBAHHS CBHAETENLCTBYIOT O Kpah-
He cnabofi 3apHcHMOCTH nepexonuoft morpewroctH TT or
BTOPHUHON HATpPy3KM (3a MCKIIOYEHHEM IIepBOTO MoJyme-
pHona mpomecca mocje BO3HHKHOBEHHS K. 3.). YMeHblleHHe
Harpy3ki Ha o6motrky TT B 1,5—2 pasza no cpasHeHuio
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¢ BbIOpaHHOR NO YCNOBHAM YCTAHOBHBIIErOCA peXuMa
NpaKTHYECKH He CHHXaer norpemnoctH. [lostomy npume-
HeHHe NoBHINaloNmero Kosd¢pHuHenTa, yBeJHIUBaIOLIEro pac-
YeTHYI0 KPaTHOCTb TOKA K. 3. C Ie/IbI0 ydeTa mepexofHhIX
IpoLeccos, HERCJ'IECOOﬁpaSHO.

C npyrofi cTopoHH, He06XOAHMO MMETb B BHAY, 4TO NpPH
DOCTOAHHOA BpeMeHH nepBHuHOA cetH 77>0,03+-0,05 c¢
(cern 110 KB u Bhme, a HHoraa W Gosee HH3KHX Hanpsa-
sernfl) TT ¢ 3aMKHYTEM MarHHTONPOBOLAOM B NEpexoA-
HRIX TpOHEcCaXx BeCcbMa 4acTo HACHWIAKTCH. 310 NpHBO-
AHT K 3HAYHTENbHHM morpeliHocTsM. Ilockonbky Takue
TT 8 Hacrosmee Bpems HanboJsee WHPOKO pacmpo-
CTpaHeHb, H3MepHTeJbHHE Oprasn OHCTPOAERCTBYIOMUX
ycTpoficTB peneliHOA 3aWIMTH JQMKHH OBITh BHIMOJHEHH
TakuM obpasom, uro6H HcKaxeHHA (OpMH KpHBOH BTO-
PHYHOr0 TOKA, BHI3BAHHHE YBeJMYEHHHMH TIePeXOAHHIMY
norpewHocTaMH TT, He NpPHBOAMAH K HapyweHHIO (YHK-
IHOHHPOBAHHS 3aLIHTHL.

2-8. NPEABAPHTEJIbHBIE PEKOMEHOALHH M3K
N0 KOHCTPYKUHH H XAPAKTEPHCTHKAM TT, K KOTOPHM
NMPEADBABJAIOTCA TPEBOBAHHA TOYHOCTH
B NEPEXOAHBIX MPOLECCAX

B coorsercteuu ¢ mpoexToM pexoMeHnamui MOK TT,
npejHas’HaveHHHe JAAA THTAHHA  OHCTPOAeHCTBYIOLIHX
yerpolicT penefiHOf 3alIHTH (KOrAa CJeflyeT YYHTHBAThb
nepexoAHHe MPOIECCH B CETH), pasfesioOTcs HA TPH Kjaac-
ca i 0603HayaloTCA CAERYIOUIEM 06pa3oM:

TPX—TT, umeiomuii CHAOWHOA KOJAbUEBOA MarHuTO-
npoBojA, ¢MOCOGHHIA TOYHO mepefaBaTh BO BTOPHUHYIO LENb
KaK NIepeMeHHYI0, TaK ¥ NOCTOSHEYI0 COCTABJAIOILAE, TPO-
NOPUHOHANBHEE NEPBHYHOMY TOKY;

TPY —TT ¢ Ma/BM HeMarHHTHHIM 3330POM AJs yCTPa-
HeHHsl 0OCTATOYHON MHAYKIHH;

TPZ —TT ¢ HeMarHuTHHMH 3a30paMH K JauHefHOR Xa-
PaKTepHCTHKOHA BO BceM QHANA30HE H3MEHEHHA TOKOB,

Tpaucpopmatopu Toka tHma TPZ ofecneynpaior Tou-
By TpavC)OpMAIHIO TOJALKO NEPHOAHYECKOHA cJarajoiiefi
TOKa K. 3. B coorBeTcTBHH ¢ HasHauenueM TT coorsercr-
ByWIllero Kaacca perJaMeHTHPYIOTCA TPeGOBAHHS TOYHOCTH
B MNepeXojHWX mpomeccax. 1pe6oBaHHA TOYHOCTH nNpH
aKTHBHOA Harpyske, cosgaiomel HauGonbllke morpemHo-
CTH, HODMHDYIOTCA CJelyIolHM 06pa3om:
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aaa TT knacca TPX norpemwHocTs M0 MaKCHMYMY MIHO-
BEHHOro 3HaYeHHA TOKAa HaMarHHYHWBaHHA He JOJXKHA npe-
Bumate 5% aMnAHTYAN HOMHHAJbLHOTO BTOPHYHOIO CHM-
METPHYHOrO TOKa K. 3., a MOrpemHOCTE N0 NEPeXody ToKa
yepes HyJeBoe 3HaueHHe — 3° B TeyeHue Jio6oro mepuona
npomecca K. 3., AJAA KOTOPOro perjiaMeHTHpPYeTcs To4-
HOCTB;

aas TT knacca TPY norpewiHocTH OnpenesAloTes aHa-
aoruyHo TT knacca TPX H cocTaBasiioT COOTBETCTBEHHO
75% u 45%

ans TT gnacca TPZ HopmupyeTcss nmoOrpellHocTh TpaHC-
¢opmMauHH nepHoAHYecKofi cocraBagioulled ToKa K. 3., ne-
pHOAHYEeCKass COCTABAAIONIAA TOKA HaMarHHYHBaHHA He
RomkHa npesniwars 10% nepHonuueckod cocrasasooued
BTOPHYHOTO TOKaA.

Pacger norpemnocredi TT npouspogurcs MeronoM HXH
no ¢popmysnam (2-11)—(2-13).

Jannble ykasaHbl Npd HOMHHAJbHOA akTHBHOH Harpys-
Ke ob6morok TT wmommuocteio ot 2,5 go 15 Bt. Cuaegyer
OTMETHTb, YTO YKa3aHHHe HOPMb ABASAIOTCS NpelBapHTENb-
HEIMH H, BEPOATHO, 6YLYT KOPPEeKTHPOBATHCS.

I'NABA TPETHA

PABOTA USMEPUTEJIbHbIX OPTAHOB
PEJIEAHON 3ALLUTHI NPH HCKA)KEHHOR
$OPME KPHBOR TOKA

3-1. OBIMHE NOJIOXXEHHA

BONBIIHHCTBO M3 HAXOMAWAXCA B SKCIIYaTalUHH
ycTpoficTB pellefiHOM SalMTH M ABTOMATHKH pacCYHTaBO
Aast paGOTH MPH CHHYCOHAANbHHX TOKaxX. 3TO YCJOBHE BH-
nonusercs, ecan TT pa6oraioT ¢ MNOMHOA HOTPEIIHOCTBIO
e<10%.

IMpu paGore TT c €>10% HCKaKeHHHA BTOPHYHBIA TOK
COAEPIKHT KPOMe OCHOBHOWM CNeKTpP BHICIIHX TapMOHHK

=) Iy s Sin (10 +T,), 31)
n=|

rie I'n mex — aMNJAHTYAA n-# rapMoHHKM TOKA; W, — Ha-
yanbHas pasa n-A rapMOHHKH.
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B ycrawosHBuieMcsi pexume K. 3. (MepBHUHBIN TOK CH-
RycowjalieH) TpH HachllleFdH Markatonposoga TT Kpw-
Bas BTODHYHOrO TOKa CHMMETPHUHAZ OTHOCHTENbHO OCH
aGeumee (cM. puc. 1-6). [MostoMy BO BTOPHYHOM TOKe CO-
HepXarca TOJNBKO HeYeTHHe TrapMOHHKM, T. e. n=l, 3,
[Mpn macumennu TT B nmepexoaHom mnpouecce K. 3. BTO-
PHYHBI TOK CORXEPKHT CNEKTP FapMOHHK, NpHYEeM 3HaYeHH:
BCEX YETHBIX FAPMOHHK CTPEMSITCH K HYJIO 10 Mepe 3aTyxa-
HHSA NMEPEXOAHOro Mpolecca, a HeYeTHHX — K HX 3HaYeHHAM
B YCTAHOBHBIIEMCH PeXHME.

TIprunHOM MOABAEHHA BHICIUHX TaPMOHHK B JAaHHOM CITY-
Yae SBNNETCH HeNHHefiHEfi 3JeMeHT — BeTBb HAMArHHYMBA-
waa TT. IIpe oTCyTCTBHH BHICIIHX TAPMOHMK B MEPBHYHOM
TOKe aGCOMIOTHOE COZeP)KaHHe WX BO BTODWYHOM M Hamar-
HHYHBAIOWEM TOKaX OQHHAKOBO.

Tok BHCIDAX rapMOHHMK MeHbIlUe MOJHOrO TOKA HAMATHH-
YKBAHHS, COMEpIKAlUero enle ¥ OCHOBHYIO rapMoHnAKy. [TosTo-
My B VCTaHOBMBIIEMcCA pexume K. 3. npu e<10% Bucune
FODMOHHKH BO BTOPHYHOM ToKe He mpeBbicaT 109% ocHoBHOM
H EMH 6e3 3aMeTHOM TMOrpeIIHOCTH MOXHO MpeHeGpeub.

Hanwune BHCIIAX rapMORMK B TOKE CYIECTBEHHO BJHSET
H2 X2paKTePHCTHKH YCTPOACTB 3aIUATHl, B YACTHOCTH, CHH-
KaeT VCTONYHBOCTb CpabaTHIBAHHS 3JeKTPOMEXaHHYECKHX
pene (TOKa W HaNpaBJeHAS MOMIHOCTH), H3-3a BHOpALMH
HX KOHTAKTOB. ¥ peJie, PearHpyioliHx Ha (a3oBbie COOTHO-
lieBRA (pene HampaBJeHHRS MOLIHOCTH M HaNpaBleHHhe
pene CONPOTHBJEHHA ), MOXeT GHThL HapyleHa YCTORUHBOCTE
HecpabaTHIBAHUA H3-3a BO3PACTAHHA YIrJIOBOW  morpem-
HOCTH.

Hanuune BHCIIHX rapMOHHK B TOKe CHHXKaeT YYBCTBH-
TeAbHOCTE M GHcCTpofelicTBHe YycTpoficTB 3alHTH, BHIMOJ-
HEHHHX KaK Ha 3JeKTPOMEeXaHHYEeCKHX, TaK H Ha GeckoH-
TaKTHHX pefe.

Huxe npueonuTcst aHanus paGoTe HanGonee pacmpoct-
PaHeHHBIX H3MEPHTENbHBIX OPraHOB 3aLUHTH M PacCMAaTpH-
BAIOTES PEKOMEHIAUWW, TOBHINAIOMIHE YCTONUHBOCTL WX
(GyHKUHOHMPOBAHHA NPH HECHHYCOHAAJNbHHX TOKax.

3-2. 3JIEKTPOMATHHTHBIE PEJIE TOKA

YpaBHeHne YCHJIHMA 57€KTPOMArHATHHIX TOKOBHX peJe
Ge3s yyeTa HAaCHIUIEHHS MATHHTONPOBOA2 W MOTEPb B CTaMH

HMeeT BHI;
F=ki?, (3-2)
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Te { — MTHOBEHHHH TOK B o6MOTKe pene; k-— kKo3ddn-
UHEHT NPONOPLUHOHANLHOCTH.

IMpu noncraBnennn (3-1) B (3-2) moaydum ypasneHHe
YCHJIHSI 3JIeKTPOMArHHTHOTO peJie TPH HEeCHHYCOHJaJIbHOM
TOKe (FapMOHHKH YCHJHS YeTBEPTOrO MOpAAKAa H BHIle He
YVYHTBIBAKTCA BCJIEACTBHE HX MAJIOFO BJHAHHA):

1 ]
F= ok [P\ nox = I imax + Pymax — I*\max cOS 20t -

~+ 2 a2l ymax €05 (20t - ¥ )
+ 2l ol max €03 (20 4T — T )]. (3-3)

H3 (3-3) BHAHO, YTO MOCTOAHHAA COCTABJAAIOUIAS YCH-
JHsi pejie NPOMOPUMOHAJBHA CyMME KBaZpPaTOB AMIJIHTYZ
BCEX FapMOHHK MPOTEKAIOMIEro 4Yepe3 HEro TOKa:

1
Fo="2—k2 Pﬂmax' (3-4)

ITepemeHHas COCTABAAOWIAA YCHJAHA pelie 3aBHCHT He
TOJIBKO OT COAEpXKaHHA, HO H OT HadaJbHOW ¢a3h BHICIIHX
rapMOHHK OTHOCHTEJIBHO OCHOBHO:

F = b [—I* gy COS 20 21 0,1, cOS (20T ) -
+ 2’mxlmx cos (2@‘ + Tu - ‘F,)] . (3'5)

Ecau B (3-5) W3=Ws=0, To nepemMeHHas COCTaBAAIO-
as YCHNIHA OT OCHOBHOH TIapMOHHKH ToKa GyZer KOM-
MEHCHPOBAThCA MepeMeHHOH CocTaBJAfOUied OT BHCLIHX
rapMoHuK. CnpaBe/IHBOCTb 3TOrO MOJOXKEeHHS NpoBepANach
Ha pene tana IT-521/6, noasepKeHHOro BHGpauuM AaXe
IpH YHCTO CHHYCOHAa/AbHOM Toke [28, 29], a Takxe Ha
peae tuna PT-40. Tipu Bxumogenwu pene tuna PT-40 na
TOK C CcOAepKaHHEM TpeThefi TapMOHHKH OTHOCHTEJbHO
ocHOBHOA 0k0J0 98% u W30 (puc. 3-1) ero KOHTAaKTH
paGorator Ges Bubpaunn [30].

Havanbrbie a3 BHCUIHX rapMOHEK HCKAXXEHHOTO BTO-
PHYHOrO TOKa Npu npeobiagaioiiefi aKkTHBHOH Harpyake Ha
TT npubankaloTcd K 3HAYEHHAM, COOTBETCTBYIOIUMM HaH-
XyAHIMM ycaoBuAIM paGoThl pese, T. e. (Ws=~m, Ws=0).
B 3TOM pexHMe nmepeMeHHbE COCTaBJAAILHE YCHARHA B pene
OT OCHOBHOM H BBICIIHX TMaDMOHHK CK/aJLIBAlOTCA, YBEJH-
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UHBAas OTHOLIEHHe AMIJIHTYAH NepeMeHHON COCTaBJsfIOLIeH
YCHIHSA Fregmax K MOCTOAHHOHN cocTapsiomel Fp.

[lopenenne pene ynoGHO XxapakTepH3oBaTh KO3 GhHIH-

€HTOM NyJbCALKH KPHBOA YCHAHA
Ko o0R, (3-6)
[ ]

Ias cunyconpanvHoii ¢opmu KpuBofii Toka Ky=I1, urto
cnepyer HemocpeactBeHHO H3 (3-3). Ilpu Hckaxenuu dop-
Mbl KPHBOH TOKAa M HeOJIarompHATHHX 3HAaYeHHSX HaYalb-
HbiX (a3 BhcIHX rapMoHHK (¥s, Ws, ..., ¥a) Kp>1. 310
cnoco6cTByeT BOSHHKHOBEHHIO BHOPAaUHH KOHTaKTOB peJie.

L9k el
17— Lra ot
A A 35 g,g‘
WL P
L7
a7
asll il
10 1% 18 22
Pue. 3-1. Ocuuanorpamma pabo- Pue. 3-2. 3asHcuMOCTB
™ pese tHna PT-40 npu neck- Kn or K4 Bropuunoro To-
HYCOHZANBHOM TOKe ka TT.

{—10k B OOBMOTKe pene; 2-—ToK
B KOHTaKTAX pene.

B kauecTBe KpHTEpHA CTeNmeHH HCKaXKeHWsS KPHBOW TOKa,
YUHTHIBAIOLLETO cOJepXKaHHEe TaPMOHHYECKHX COCTaBJAW-
WHX H X HauaJabHble $asbl, MOXeT GHITb MPHHAT k03ddu-
nuent popme Ky [31]

x 2 1 1max
be = o t o= s (3~7)
2 VE-E T ,ﬂ max COS (T',, s ﬂwl]

a=l1

Aranus mckaxeHnA GoOpMB KPDHBOH BTODHYHOrO TOKa
TT, npoBefileHHEA B r1. 1, NO3BONAET NOAYYHTL 3ABHCH-
Mocte Ko=f(Kg). dra saBucumocts (puc. 3-2) ycraHas-
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NHBAaeT KOJNHYECTBEHHYIO CBf3b MexXay dopmoft KpHBO#
Toka (ompenensemofi norpemHoctsio TT H xapakrepoM Ha-
Tpy3KA) H K03hdHUIHEHTOM MYJAbCANHH 3JEKTPOMArHHTHOrO
yeuaust pene. Ha puc. 3-2 HaHeceww TOYKH, TNOJydeHHHE
B pe3yAbTaTe PasJOXKEeHHS B FapMOHHYECKHA PAN OCLHJJIO-
rpamm BTopuumoro Toka TT Tumoe TB-35 u THIM-110,
paGoTAIOUKHX HAa AKTHBHYIO HarpysKky ¢ BBICOKHMH NOrpeml-
HOCTSIMH.

U3 npusefienHoft 3aBRCHMOCTH clenyeT, 970 AN YMeHb-
WeHAs: BUOPAUKH KOHTaKTOB pene cienyer ymenbmnatb Ko
MArHHTHOrO MOTOKA (H/H TOKAa NPH HeHacHllalomeMes Mar-
nutonpoBone pene). Pene Toka PT-40 ¢ anTHBHOGpalHOH-
HHM 6apaGaHYEKOM 3HAUHTENBHO MeHee MOJABEPXKEHH BHO-
paumam, dem pene IT-520. TIpu HCOBITAHHAX B ro 3CI
BLIABJEHO, UTO AaXe XyAmHe sk3eMmasph pere PT-40 oka-
3WBaNHCh MOJBEpXKeHHHMH BHOpAuUHH TONbKO mpr Knp=
>1,4+15, 7. e. npn f=>30+-40% n KpaTHOCTH TOKa OT 5
o 10 no OTHOMEHHIO K YCTaBKe, B TO BPeMs KaK peje ce-
pun IT-520 Bu6pupoBano npr Kn=1.

B0O3MOXHOCTE BO3HHKHOBEHHS BHODaNHH KOHTAKTOB
pete ST-520 npu mekaxXeHHOM ToKe Ouina BHssJeHa B Moc-
3HEepro, Ha OCHOBABWH Uero PEKOMEHIyeTcst OrpaHHIHBaTh
noanymo norpewnocts TT snauenneM e<<50% (npH cos Pa=
~1), uro coorsercreyer f=13% (cm. puc. 1-9, Kpusne 3
% [). B neficTBHTe/NbHHX YCAOBHAX MpH €0 @s~0,8 momy-
cTHMoe 3HaueHHe f MoXeT OHThL yeenndeno 10 f~20%,
ONHAKO C HEKOTOPHIM 3amacoM B KauecTBe pacieTHoro naa-
nee npuHUMAaeTes fron=13%.

Ina nanbHefimero NOBHILEHHS HAaXEXHOCTH CpabaTh-
Banus pene PT-40 pa3pa60TaHO HECKOJBKO CnocoGoB, Ha-
TNpaBNeHHHX B OCHOBHOM Ha yMenbuienne K.

B [32] npeanoxeHO BHMOJAHATL K. 3. OGMOTKH MOBEPX
OCHOBHBIX o6moTtok pene. Ha pme. 3-3 k. 3. o6MOTKa mpen-
cTaBngeT co6oft aKTHBHOE COMpOTHBAEHHE Ry, BK/IIYEHHOE
flapanaesbHo HAAYRTHBHOCTH L oCHOBHOR OGMOTKH. Cene-
HHC MeIR K. 3. 06MOTOK PAaCCUMTHIBAETCA TaKAM 06pasom,
qro6s NMepBas rapMOHWKAa B Heft cocTaBasia okono 50%
TOKa OCHOBHO® 06MOTKH. [IpH HCKaXXeHHOM TOKe HHIYK-
THBHOE COMPOTHBJAEHWE OCHOBHOA OGMOTKH pejie pacTer
NPONOPUHOHANEHO MOPSAKOBOMY HOMepY FapMOHHK; AKTHB-
HOe e COMpPOTHBJEHHE K. 3. OGMOTKH OCTaeTcs MpaKTHYe-
CKH HeH3MEHHHM, TIOSTOMY TOK BHICHIHX 'apMOHHK NpPEHMY-
ILIeCTBEHHO OTBETBJAfAeTCHA B K. 3. 0OOMOTKY H dopMa MarmHT-
HOTO MOTOKAa NMPHOIHKAETCH K CHHYCOHAANBHOR. JHononug-
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TeAbHHE K. 3. OOMOTKH PEKOMEHAYETCH BHMOMHATbL Ha Kax-
foM moatoce MarmHTonposona peie PT-40 mexanum nmpomo-
AoM: cedeHHeM 12 MM2 HJH B BHJE CIJOIIHOR PHAB3H TOO
Me ceYeHHs.

[Ipr TakoM HCMOMHEHHH K. 3. OGMOTKM OTHOLIEHHE CO-
NPOTHBAEHHA NapajyieIbHHIX BETBEH B CXeMe 3aMelleHHs
peae ¢ K. 3. 06MOTKOM COCTaBJSET:

ang nepBoft rapMoHHKH X,z [Rx=0,575; ana Tperbeft
rapmonuki Xiz/Ra=1,73, roe Xir, XsL — HHAYKTHBHOE CO-

0 A 1

P AL

a0° £ [fa\ &
7) 4)

Pue. 3-3. Cxema 3amel(eHis Mar{dTHOA UEMH H BeKTOPHHE MHArpaMmubl
pene PT-40 c k. 3. obmoTKOM.

@ —créua sgMelleNHfi; § — BeKTOpHAS AHArPAMME JAAN NepBoRt TapMoHHKM ToKa;
8 —To Xe A8 TpeThefl FADMORHKH TOKA.

NpoTHRNeHHe OCHOBHOA OOMOTKH peJjie COOTBETCTBEHHO TOKY
nepeoft W TpeThell rapMOHHK; Ry — AKTHBHOE COMPOTHBIE-
HHE K. 3. OOMOTKH,

B atom cayuae mons Toka TpeTbell rapMOHHKH, OTBeT-
pAsboIaACcA B K. 3. 0GMOTKY, COCTaBJASET:

R _
-!-3,5=-—1i—(%-?-§-)-'— —0,87,

a B OCHOBHYI0 OGMOTKY

P i
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[lepBas rapMoOHHKAa TOKa DacmpefeNHTCs CHAeRYIOLHM

ofpa3om:
B K. 3. 0O6MOTKY
!& = 1 =().5;
!I(n 1 3 L
'+ (w5m)

B OCHOBHYIO OOMOTKY

g 1
I VT+ o057 QP

CnenoBaTenlbHO, 3HaueHHe TpeThedl FapMOHHKH TOKa
B OCHOBHO# 0GMOTKe peJie IO OTHOIWEHHIO K MepBOH yMeHb-
maercs 8 0,87/0,5=1,73 pasa.

[Iposepra storo cmoco6a B I'O ICII noxasana, 4ro
pene PT-40 ¢ K. 3. 06MOTKOi ueTKO paboTaer B UIHPOKOM
AEana3oHe TOKOB NpH TokoBoil morpemHoctH TT xo 70%
(Ky==1,8). W3 pHc. 3-4 BHAHO, YTO NPH BBEAEHHH K. 3. 00-
MOTKH (popMa KpPHBOA MAarHHTHOro NoTOKa B pene yayd-
ulaeTcs Mo CpaBHeHHIO ¢ (GoOpMONA KpHBOH TOKa.

OpnHaKko Hapsily C yKa3aHHbBIM AOCTOHHCTBOM 3TOT CmO-
co6 HMeeT cielyiollue HeNOCTAaTKH: NOBHIIAaercs MOTped-
nenue pene Ha 20—25%, yBeauumBaercs TOK cpaGaTHBa-
HHS npuMepHO Ha 14% u BospacTaer 3aBHCHMOCTb YCTaB-
KH OT TeMIepaTypH OKpYXKalolled cpeabl.

OKBHBaJMeHTHHM MO 3(Q{EKTHBHOCTH, HO HECKOAbKo 60-
nee CHAOXKHHM, fABaserca cmoco6 [33], saxawouaowuiics
B BHINONHEHHH AONONHHTENbLHOH MHOrOBHTKOBOA OGMOTKH
HA MaTHHTONpPOBOJE peJe, MOAKAIOYAEMOH K KOHAEHCATOPY.
O6pasyemuiii LC-KOHTYp o6aajaer CMOCOGHOCTHIO yMeHb-
IIaTh CBOE CONPOTHB/AEHHE C pPOCTOM HOMepa TapMOHHKH
TOKa, T. €. YBENHYHBATh CTCMeHb Pa3MarHHYHBaHHA MarHH-
Tonposofa pene. M3-3a OTMEUEHHHX HEJOCTaTKOB 06a 3TH
cnoco6a He NOJYYHJIH IWHPOKOTO PacHPOCTPAHEHHS.

Cnocob, npennoxenuni B [34], ocHoBan Ha 3ddekre
MeCTHOrO HacCHILEHHS MATHHTONMPOBOAA pete. YMeHblIeHHe
cedeHH MAarHHTONpoBoAa pene (moa o6MOTKamH) H Je-
mecTKa SIKOpS MO3BOJAET MONYYATb MAarHUTHHA NOTOK ymJo-
wenHoii GopMH (H3-32 HACHUIEHHA) TpPH MHKOOGPa3HOM
TOKe, T. €. CHH3HTb Ky TMOTOKa, a clefoBaTesbHo, H Ki.

B HacHUIEHHOM MarHWTOMpoBOAe HadanbHas ¢asa
TpeThel TapMOHHKH NOTOKAa 10 OTHOUIEHWIO K OCHOBHOH
npuGanxKaercs K BauGonee G1aronpHATHOR (¥s—>0) c rou-
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KH 3peHHs] noBefeHHs pese. HacHiluenHe MArHHTHOM CHCTe-
MH peqe yayqmiaer ero pabory 3a cyer O6/aronpHATHOrO
CABHra TpeThell FapMOHHKH, H 32 CYeT yMeHbLIEHHS COAep-
#aHHA BHCIUMX TAaDMOHMK B KPHBOM -MarHHTHOrO NOTOKA MO
CPaBHEHHIO C MX CONEPKaAHHEM B KPHBOH TOKA.

Hcenbitanaa MojepHH3HPOBaHHHIX peae PT-40, npose-
Aeinne B HoBOYEpKacCKOM TMOJHTEXHHYECKOM MHCTHTYTe
u 8 TO 3CII, nokazanu NOCTaTOYHO BHCOKY!0O 3(derTHB-
HocTh Moiepuu3anuu. Hacrpofika pene cyuiecTsenHo cka-
3biBaeTcd Ha MX MOBEXEHHH NPH HECHHYCOHAAJBHBIX TOKax
(puc. 3-B). Pene, y KOTOpPHX COBMECTHHH X0J KOHTaKTOB
cocrapager 1,8—2 mm (puc. 3-5,a), ycroitunso paboraior
npd Ky,=1,85—1,9 u KpatHocTax Toka 15—20 (f=70-~
80%). ¥V pene ¢ coBMEeCTHHIM XOAOM KOHTaKTOB 1—1,5 MM

NN |
,\ avaANSANA

Puc. 34, Pec. 3-5.

Puc. 3-4. OcuunnorpaMmul paGotw pene PT-40/10 npu nHechHycompant-
HBIX TOKaAX H COBMECTHOM XOJ€ KOHTaKTOB OKONO 1 MM,

a —pene Ges x. 3. ofMoTox; 6 —pene ¢ K. 3. ofimorkamu; [/ —Tox 8 ofmoTkC
pene | =25 A, KQ 1,5: 2 —noToK B MarTHWTONpPOBOAE, § — TOK B KOHTAKTAX,

Puc. 3-5. Ocu,uu.norpaunu NpH HECHHYCOHLA/JbHOM TOKEe B LEMH BTOpHY-
ot o6motku TT tema TB-35, 200/5.

a — COBMECTHHR Xom mmlx‘mn pese 1,8—2 mm ({[[=2500 A, [,=21 A, Ky=1.7):

6 — coBMecTHRt XoA KOHTakToB peae 0,5—1 mm (/,=1600 A, J’.-Eﬁ A, Km-l.!!a);

I —peponunnfl Tox TT; 2 —propwanufl Tok TT (B o6MoTke peae); 3 —Tox
B KoHtakrax peae PT-40/6 (swinm. Ao 1970 r.).
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(prc. 3-5,6) nomycTHMble 3HadeHHR Ky H: UOPEBHINAIT
1,4—1,5 (f=30—40%). IlpenenvHo nonycruMas TOKOBasA
MOrpellHOCTh AN MOAepHH3HpoBaHHHX pesne PT-40 npHrs-
Ta C HeKOTOPHM 3anmacom 50%.

Y peae PTM, pcTpanBaeMoro B NPHBOAN BHK/IOYaTe-
Jeli, BE6pauMa AKOPA OT NepeMeHHOH cocTaBasiouleH ycH-
JHA He OKa3bBaeT CYLUIECTBEHHOTrO BJHAHHA Ha TMOBeJeHHe
pene. Sromy cnocob6crByer npeofaazaioumias HHAYKTHBHAA
Harpyska Ha TT (MHAYKTHBHOCTb pejie), B pesyJbTaTe 4ero
¢opma TOKa B peJe yayylliaeTcs (MO CpaBHEHHIO C YHCTO
aKTHBHOH HAarpy3kofi), YTO 3HAYHTeJbHO yMeHbliaeT Kp.
[Tostomy cneunanbHex Mep no 6opbGe ¢ BHOGpaunued pene
npsAMoro AeficTBHSA MOXHO He npuHHMats [33].

3-3. HHAYKUHOHHBIE PEJIE TOKA

Ipr CHEYCOHJANBHOM TOKe BpaIlaOMIHA MOMEHT pele

He COlepXHT nepeMeHHOA cocraBasomed [1]:

M=kol% sin ¥,
rae & — KosQQPHUHEHT TPONOPHHOHANbHOCTH; W — yroa
CABHra no ¢ase MeXAy MOTOKAMM B pacllenJeHHHX MOJo-
cax MarHHTONpOBOJA pene.

Briciire rapMOHHKH B TOKe HPHBOAAT K MOABJEHHIO ITe-
peMenHoft cocrasasomed Mmomenta. Ilo mpunuuny neficraus
5THX peJie MepeMeHHas COCTABAAIONIAA MOMEHTa He MOXeT
BHI3BaTh BHOpanuH KoHTakToB. ITosToMy npesensho aomy-
CTHMasi TOKOBas MOTPelIHOCTb AAS HHAYKUHOHHHX peje no
YCJAOBHIO MNOBENEHHA KOHTAKTOB MOXET He PperjaMeHTH-
poBaTthcA.

Opnrako HcKaXeHHe (GOpPMH KpPHBOR TOKa OKasuBaer
BAHSAHHE Ha BpeMa Jefctea pene. [lpm HecuHycou-

RaibHOM H HEH3MEeHHOM

€ fiep JefiCTRYIOIEM TOKe BpeMs

20 cpaGaThiBaHHS pese 3aBA-

CHT OT (a3H BHICIIHX Tap-

16 MOHHK TOKa (MpeHMyllle-

W CTBEHHO TpeTbeH) MO OTHO-

44 WY WeHRAI0 K ocHOoBHOM, [THko-
08 \NY

NJ T Puc. 3-6. Bpems cpaGarupamus

1 ™~ HHOYKUHOHHOrO  pefe  TOKa

G J|™— PT-85/2 B sasHcuMOCTH OT op-

T MH KpHBOR TOKa.
fies A tox, 50 Tn; 7=
0=—"7""% 6 8 WA 1o nuxootpasnoR dopuss (¥s=18P):

3 — tox ynaomenHoR dopuu Pyw0),



obpasnas popMa Toka BHIHIBaeT yBeNHUeHHe BpeMeHH Aefi-
CTBES peJie, a ynaouleHHas—yMenbiienue (puc. 3-6). Takoe
noBefieHHe pesle OODBACHAETCA CTENeHbI0 HACHINEHHA €ro
marautonpoeoaa. [Ipu mukooGpasnoft dopme TOKa aMmaH-
TYAa M. I. C. Gosblte (NMPH HEH3MEHHOM HefiCTBYIOIEM 3Ha-
YeHHH), 9eM NPH CHHYCOHAAJbHOA HJIH ynuouwleHHOA dopwme,
MOSTOMY HHAYKUHA TOXe BHue. Hacniuerne nonocos Mar-
FHTONPOBONA peJjle YMeHbliaeT HHAYKTHBHOCTb K. 3. BHTKOB
¥ NPHBOAHT K YMEHBIIEHHIO BPaIlialoiiero MOMEHTa, a cle-
A0BATeNbHO, K YBEJHYEHHIO BpemeHH jefictBua pene. Ha
puc. 3-6 kpuBast 3 mocTpoeHa Aas cayuas, korga 11 paGo-
T4eT Ha aKTHBHYI Harpysky ¢ f=60%. BuaHo, uTo Han-
Goxbiee yenHueHHe BpeMeHH cpabaTHBaHHA penie no cpae-
HeHHIO C BpeMeHeM JeACTBHA NPH CHHYCOHAANbHOM TOKe
(kpusas I) cocraBager okoao 30%. IToaromy ans orpanu-
TeHHS BAHAHHA HCKaxeHu#i GopMH KpHBOR BTODHYHOrO TOKa
TT Ha BpeMs-TOKOBYI0 XapaKTEpPHCTHKY pelle B KayecTBe
EOMYCTHMON MOTPEMHOCTH NPHHHMAETCS [fron==50%.

84. HHAYKUHOHHBIE PEJIE HANMPABJIEHMA MOUWHOCTH

Ypaenenne spawmawouiero MoMmenta pexe PHM npu
HCKaXXeHHOR KpWBO# TOKa mo (3-3) uMmeer BUA:

Map=ck®a[ @17 sin p+2®se sin (20t-+¥s-+9) ], 3.8)

rae @, — noTox, co3mapaeMHfl TOKOM B O6GMOTKE Hamps-
xerns pene; @y, O3r — NOTOKH, CO31aBaEMHE TOKAMH CO-
OTBETCTBEHHO mMepBofi H TpeThbell rapMOHHK B TOKOBOW
o6Motke pese; ¢ — yroa mMexay @y u Ojq.

B (3-8) He yd4TeHH rapMOHHKH MOMEHTA BHILE BTOPOH
_BCAECTbHE WX He3HauHTesabHoro BausHusA, W3 (3-8) Buauo,
1o My NpE HCKaXKeHHOR GopMe TOKAa COLEPIKHT IIOCTO-

SEHYIO
Mo=k®:®;x sin @ (3-9)
K NepeMeRHYI0
M_= %00, sin(2ot+ T, +¢) (3-10)
COCTABAAOINHE.

TlepeMennast cocTaBAasioIast H3MEHAETCA BO BPEMEHH
¢ fBoftHOA gacTOTOR MHTAIOWEr0 HAMPAMKEHHS W Mpomop-
IHORANbHA MOTOKY TpeThell rapMonuku. [Ipm oTcyTcTBHH
BBICIIHX TaPMOHHK B TOKE H B MOTOKE MAarBHTOMpPOBOAA
pele (ecnin mocAelHHA He HACHIIAETCHA) BpPAWAIOIHAA MO-
MEHT He COJlepXKHT NepeMEeHHOA cocTapisiolnef,
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Tak xXe Kak u peie Toka, noseflenne PHM Gynem xa-
paxkTepH30BaTh K09 (QHUHEHTOM NyAbCAaUHH Bpallalomle-
ro momenta. M3 (3-9) u (3-10) nonyyaem:

2P, 5in 2wt + ¥, 4 )
Ka= @1151“7 - (3"'}

Orcioga CNeAyeT, 4TO [OBefeHHe peNe 3aBHCHT OT
yrna @ H orHoweHHs Msr/®(r B TOKOBHX MOJIOCAX MarHH-

180 N_T5°
160

201k mux G :\‘.
" 4 120 \t N
" P4 A NN

1 oo NMAONS RN

/
b d Z 80 AW .:\\
28 £ 60 \T \\ \\ \\

/ , VAWAWAWA
o 4 IBVRYRVAYA
ur 4 1 2115 #\ ’
f;JYJ i If X

f 52 6% af 48 10 g 3z 47 06 48 |

Puc. 3-7. Hamenenne ko3dpu- Puc. 3-8. 3oHm HapeXHOR paboT

UHeHTa I'[}'MRHH npamawmem pene nanpannennn MOLUHOCTH.

MOMEHTAa AJA Pene HanpaBAeHHA [ —K, ... on=l. 2=K; ,0rnon™
MOLIHOCTH. -] 2 3 - 4

1=Ky max=F(f), 8 ornocurensamix K .. pop=16 — Ky max por=18
eaunnuax; 2—K; . o.=

6 — Ky max gon=20.
-F“um:”!mu:)-

o max pon™ %

TOMPOBOAa H He 3ABHCHT OT NMOTOKa B MOJIOCaX Hampsike-
HAA (NpH ycloBHH cHHycoumaabHOCTH Py). Ecnn me yum-
THBATh HACHIUEHHS TOKOBHX TOJNIOCOB MAarHHTONpPOBOJA
pene, 9TO CYHTAeTCH YacTO AOMYCTHMHM, MaKCHMAJbHOE
spagenne Kn u3 (3-11) MOXHO nmpexcTaBHTL B BHAE

2[ x
Knmaxz'ﬁﬁ?’- (3'12)

Ha puc. 3-7 npusenena 3aBHCHMOCTE  Kumax=
=F (Ismax |l 1max, [) 2A5 @=r|2. TIpH H3BeCTHOM HONMYCTH-
MoM 3HaYeRUH Knmax H Jsmax/[imax 30HA deTKOR paGoTH

52




pere B 3MEKTPHYECKHX TPafycax onpejeisercd Henocpen-
cteHHO #3 (3-12) mo BHpaXKeHHIO

- — ATCSiN e Samex ;
p_z(go arcsin !mszm), (3-13)
3aBacuMoCTH PB==f(/3max//imax) NPH pA3AHIHHX 3HAYE-
HHAX Komaxgon MPHBENEHH Ha puc. 3-8

Henwranus pene PHM moarsepauaum cnpaeefJHBOCTb
(3-13) m nokasanu, uTo NpH Knmax<<1 pene paGoTaer Ge3
Br6paupu ¢ 30HOR P=180°.

B HekoTOpHIX peXHMAaX K. 3. BO3MOXHH MCKaXeHHS
GopMH KpHBOA TOKa B peJse, NMPH KOTOPHX OTHOLIEHHe
l3masx[l\max MOXKET JOCTHraTh 3HAYEHHH, MPEBbILIAIIHX
05, T. e. TAKHX 3HauyeHHM, KOraa 30Ha HajeXHo# paGoTh
pene BCIEACTBHe HHTEHCHBHOA BHOpalMH KOHTaKTOB CY-
UIECTBEHHO CHHWIKAETCA HJH OTCYTCTBYeT BOBce (mpu
Iwmax/I1max=0,5 ¥ Ku max non=1, p==0). Bubpauus KoHTaK-
TOB MOXET 3aMeTHO yMeHbIUHTb 30HY HaJleXHoro Hecpaba-
THBAHHS pefie, YTO CO3JACT ONMACHOCTb €ro H3JMILHero cpa-
6aTBaHHA MPH K. 3. BHe 3amuiiaeMoRi sonnt. HanGonee pe-
POATHH TaKHe PEeXHUMHl AAA peJie, BKJIIOYEHHHX B HyJNeBof
nposox TT, paGorawmux ¢ MOBHIUEHHHIMH MOrPeUIHOCTA-
MH NpH AByX(a3HHX K. 3. Ha 3eMJi0. B 3aBHCHMOCTH OT
yeaoBHi NBYXGasHOro K. 3. Ha 3€MJII0 NPH ONHHX H TeX Xe
HCKAXKEHHAX KPHBHX ¢a3Hbix ToxkoB TT cyMMmapHHf TOK
B HyJeBOM NPOBOAE MOXKET HMeTb DPa3NHYHHe 3HAYeHHd M
bopMy kpuBoli. 'apMoHRYecKHE COCTaB TOKa B HYJEBOM
ApoBOAE MOXeT GBITb OMpefesieH MO H3BeCTHOMY TapMOHH-
9eCKOMY COCTaBY TOKOB (a3 H yryiaM cIBHra MeXAay COOT-
BETCTBYIOIIMMH FaDMOHHKAMH TOKOB 3THX (as.

PaccMOTPHM HECKONLKO cay4aeB ABYX(a3HHX K. 3. Ha 3EMT0
BiARIH OT MeCTa YCTAHOBKH 3AWMTH NPH DAINUIALIX OTHOWEHHAX

CYMM3pPHHX COMPOTHBACHHA HyJneBoii W ofpaTHOA MOCNEAOBATE/NLHO-
cTefl B MeCTE K. 3.

xos xoz g Xoz i
Xor X
(lpa Xgy/Xor =0 yroa casura MeAy OCHOBRLIMM TADMORRKAMH TO-

ko8 a3 B n C, a Take MeXKAy BCeMH BLICIUHMH TFapMOHHKAaMH, He
KpaTHBMH TpeM, paBeR 60°. B 3ToM ciyuae mepBas M BCE BHCIIAE

rADMOHRKH (He KpaTHble TpeM) B HYJNEBOM NpOBOZE B V?dpasa Gonn-
me, YeM B (JasHHIX NMPOBONAX, 4 KPaTHHE TPeM DPaBHW HYJIO.
Mpa Xyp/Xop = | ocHOBRHE W BCe BuCmHE (He KpaTHue Tpem) rap-

MOHHKH QasHBIX TOKOB CABHHYTH COQTBETCTBEHHO Ha 120°. B nynemom
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MPOBOZE OCHOBHAA H BCe BHICIUHG (He KpaTHHe TPeM) TapMOHHKH PaB-
HB HX $asHHM 3HAYeWHsAM, a TADMOHHKH, KPAaTHHE TpeM YABaHBalOTCH.
B pexmme nsyxdashoro k. 3. Ha 3emmo ¢ Xge/Xpy —+co yroa
MexN(Y ONHOHMeHHHIMH FapMOHMKAMH (ra3HbIX TOKOB cTpeMutcs k 180°
a cyMMa HX B Hy/lieBOoM TNpPOBOAE — K HYMO,

HanGonasmee cogepKaHHe BHCINHX rapMOHHK, KDaTHHX TpeM, B Hy-
NepoM MPOBOAE MOXeT HMeTb MecTo NpH TpexthasHoM K. 3. (mﬁ
Gonbuiee, yem B ¢asumx Toxax). OpHako B 3ToM caydvae pene P
HysneBofi nocsaenOoBaTeNbHOCTH He Gyner paboTaTh, TaK KaK OTCYTCTBY-
er HanpaxenHe 3Uy. Otciofa caenyer, uro HanOonee TAXeNnM AAA

PHM nynesofi nociegoBaTeqsHOCTH sBAfeTcs caydall asyxdasHoro K. s.
Ha seMmo ¢ Xp/Xyp = 1. [lpu sTOM ponycrumas mons Tperbe rapMo-

HHKH B (asubiXx TOKax BABoe MeHblle, 4eM anaa pese PHM, srmoueu-
HHX HA 3TH ¢asHbe TOKH.

JononuuTeAbHNM (GaKTOPOM, BAHAIOWIAM Ha TOBEJEHHE
pene, sBAsETCA YBeAHYeHHE YrjoBoA mnorpewHocTH TT
C pocToM & H f.

B nacrosinee BpeMA H3BECTHO HECKONbKO MpenjoxeHui
no cHHXenulo BuGpauun xoutaktoB pere PHM. Omnum u3
HHX aBaserca cnoco6 [35], B cooTBETCTBHH € KOTOPHIM Ha
TOKOBHE MOJAI0CA MAarHHTONMPOBOAR peJie HANEBAIlOTCA K. 3.
MeJiHbIe THAB3b ceueHneM 24 MMm2, Tlposepka storo cnoco6a
B Yena6suepro u B 'O 3CII nokasasa AOCTaTOYHO BHICO-
Kylo ero spderrusnoct. ¥ pene PBM-01 npu I3//,~0,63
(f=50%, marpyska Ha TT akruBHag) 30HA YeTKOA paboTH
C BBeJleHHeM K. 3. TH/Ib3 YBeJHYuBaeTcs NMPAaKTHYECKH C HY-
as po 132° (pue. 3-9).

Onnaxko 3toT cnocof HMeer pAA CYIIECTBEHHHX HeNO-
craTkoB. K HHM OTHOCATCA: yBeJHUYeHHe MOLIHOCTH cpaba-
THBaHHA B 1,5—1,7 pasa, cMemeHHe yria MaKCHMaJbHOH
uyBcTBHTeAbHOCTH HA 20—40° H 3aBHCHMOCTD ero oT GopMH
KpHBOi TOKa. IDTH HejocTaTKH (0COGEHHO mMOCJeQHHH)
NPAKTHYECKH HCKAKOYAIOT BO3MOMHOCTb UIMPOKOTO MCMOJb-
8oBaHHA pese c ruib3amu. OcyulecTBiieHHe NMPeNToXeHHOA
B [35] KOppeKTHPOBKH yriia MaKCHMAJbHOH YYBCTBHTENb-
HOCTH peJie B 3aBHCHMOCTH OT CTENeHH HCKaXkeHus hopMH
KPHBOA TOKa CJAOXKHO W BPSA JH UesecoobpasHo AJAA Mpak-
THUeCKOro NpHMeHeHHA. YMeHblileHHe BHOpalUHMH KOHTaKTOB
peJie HanpaBJeHHA MOLIHOCTH MOXeT 6HTb AOCTHTHYTO Gaa-
rogaps ocnabneHHI0O NMOTOKA TpeTbed CapMOHHKH B Mar-
HuTonpoBofe pene [36] myreM mOAKJAIOUEHHS KOHAEHCATO-
POB NMapannenbHO KaXKAof CeKUMH OGMOTKH HanpsXeHH:A
peae (puc. 3-10). ITonaras, 49T0 BCe 3/7€MEHTH CXEMB 3a-
mewmeHHs (pHc. 3-11) AMHeAHbI, MOXHO 3anHcaTh BHpaXe-
HHe IJIA onpefiefleHHs €MKOCTH KoHfgeHcatopa C B 3aBH-
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Pre. 3-9. Puc. 3-10.

Puc. 3-9. 3oun paGot pene PBM-01 npu f=50%, /,=5 A.

J—Ges K. 3. rAALS NO HAACSKHOMY 3AMHKAHWIO KOHTAXTOBR, 2—C K. 9. THAL-
3EME 0O HANGKHOMY 3AMBIKAHHI0 KOHTAKTOB; J— TO Me, WT0 2, N0 IAMHEANNID
KoHTakToB pease PI1-212.

Pre. 3-10. Cxema nopxnoueHus KoHAeHcaTopoB K pese PHM.
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Pac. 3-11. Cxema samewenns pere PHM ¢ noaxmovenHuMH ROHgeHCS-
TopaMH MpH MHTARHH MO LUEMH TOKa H K. 3. SAXXHMAMH HaNpSKEHHS,

0—noxEa® cxema saMemenmn; 0 — ynpomeBRas cxema JaMenjefnn; @ — BEKTOp-
HAR gEATPaMMA OAR YnpoleAHOR cxeMbl; Ry X, — 8KTHBROE M HEIYKTHBHOE (;‘:E:-

CesAing) COMPOTHBAGHKA TOKOBOA oGMoTku; Rop. Xop — CymmapHele sxTHREHE u

MHAYKTHEHO® (paccesHHA) CONPOTHBAEHWS O0MOTKR HAODAWERMR: X L — conpotEE-
AtiHe BETBH HAMATHHYHBAHHN TOKOBHX MOAIOCOB PeNé MPH SAMKHYTHX HaKOPOTKO
uMWueX Ramprxensn; XCp — cyumapHOe CONPOTHBAGHRE MYHTHDYWMMX Kome

Zescaropos.
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CHMOCTH OT TpeGyeMofi cTeleHH OcNabJeHHs p 3HaveHui Ky
= PEL %
C= X, G9! (3-14)
rae Xjz — HHIYKTHBHO® CONPOTHBJIEHHE BETBH HaMAarHHYH-
BaHHSl MarHHTONPOBOAA peJse NpH w=314 piugc.
Hanpumep, ans pese PBM-171/1 (X;.=26 Om) npx
p=3 (cooTBeTCcTBYeT yMeHbleHUI0 Ky B 3 pasa — or 3Haue-
#usa 1,5 mpu f=50% mo puc. 3-7 mo 0,5) us (3-14) mno-
JYIHM:

e 341 — -
C= 4.314-26-3+9) =10-10"* .

U3 nuc. 3-8 naxonum, 4TO 30HA HagexHok paGoTh pe-
se ysenuguBaercs oT HyJA (Opu Kopow=1 u I3/1;==0,5) mo
142° npu noakyiouenun KonaeHcatopoB 10 Mk® k xaxmoi
CeKUHH OOMOTKH HampsKeHHA.

PesyabTaTh pacueTos npu p=3, BHMOJHEHHHE AAA PA-
Aa pene, npuBefeHH B Ta6a. 3-1.

Ta6auua 3-l

Yscao patos
B ool cex- Pacterman ew- | Tlpaanro
Tz pene ups oomorie | Xy, 0 O ma:lw ‘my?"m?
PBM-178/1 520 18,8 19 20
PBM-171/1(PBM-271/1) 720 26 10,256 10
HMB-178A/1 1450 b2 5 5
HMB-171A/1 1100 40 8,9 10

DKcnepuMeHTaNbHAA NMPOBEpKa AaHHOTO cmoco6a B ycJo-
BHAX pa6orel TT Ha aKTHBHYW HarpyskKy ¢ TOKOBOH mo-
rpewnocTeio 50—60% mnoxasana ero BHCOKYI0 3¢deKTus

Ta6auna 3-2
Pene HOpasasHONO KoRAexCATOpaMN
Pene ¢
F Is o =
rj —

Tem pese Y& g E 2| < E E E <
ABRHNEER I
o |ef|E|f| & |G| F| &S] T
PEM-171/1 10 | 0,65 {100 [80 |48 |45 | 30,3 |10 [ 164 | 171 |50 | 24.4
PBM.271/1 100,52 | 100 |68 |8 |45 ] 33,6 |10 | 165 | 165 |50 | 27,5
HMB-178A/1 1006 |100/[30| ofl7o|t2s]| 4175|175 |76] o7
PEM-171/1 50 (0585| 40|90 (75 |—]| — (10190 |1e6|—]| —

56



Prc. 3-12. OcnuanorpaMMir paorn 7

pene PEM-171/1 npe Toke [p=

=10 A, I)/[;=055 Up=100 B,
qu=5=.

a—peae HOpMaRbsHOTO HCMONMHEeHHR

G—pese ¢ KOHEeHCATOPaMH; [/ — ToK

B KoHTaKTax; 2~ TOK B TOKOBOR oOMoT-

He; J— MArAWTHHA NOTOK B TOKOBHIX j\ N A
moacax,

V Y V \
7

HOCTb. Pesy/nbTaThl HCNHITA-
HHfl peie HOpPMAJNBHOTO HC-

MoJHEHHs ¥ C KOHJAeHCaTopa-

MR npHBefensl B Tabu. 3-2 W /\ z _/\
HAMIOCTPHPYIOTCH  OCLHJAJIO-

rpaMMamMH Ha puc. 3-12. \f \,/;/\JVA

B ra6an. 3-2 frp — 30Ha Ha- /\

IexHO# paboThl pene; Pus— J e W
30Ha HafexXHOH OAOKHDOBKH; 5)
Py —norpeGnenne uened Ha-
IPKEHHS; Qu.y — YrOJA MaK-
CHMaJNbHOM  YYBCTBHTEJbLHO-
¢, I 1 Up — coOTBETCTBEHHO TOK M HanpsieHHe peJe. 3o-
Ha HajexHoH paGoTH onpeaeaanack no cpabaruiBaHuio 6e3s
sebpaunn pene PTI-24, BknioyeHHOro Yepes KOHTAKTH pene
PHM. IMoakntoyenHe KOHAEHCATOPOB CHHXKAeT norpebienue
pele MO LEMH HampsyKeHusA. IDTO CHHXKeHMe O6YCNOBIEHO
YaCTHYHOM eMKOCTHOR KOMMeHcauueR HHAYKTHBHOM cocTas-
asiomell Toka HaAMarHWYMBAHHA. YroJ MaKCHMaJbHOM 4yB-
CTBHTENLHOCTH pefie NPH BBeJeHHM B €ro CXeMy KOHJeHCa-
T0POB NPAKTHYECKH He H3MEHSETCH.

K wezocraTky cmoco6a ciesyeT oTHecTH He06XOZMMOCTh
mof6opa KOHAEHCATOPOB MO 3HAYEHWIO eMKOCTH C pa3bpo-
oM He Gonee 3—5Y ANM HCKAIOYEHHS CaMOXOZA peJie TpH
0TcyTcTBHH ToKa. [lo 3TOf nNpHYMHe MacCOBHA BHINYCK
pente ¢ KOHgeHcaTOpaMHu 3aTpyARHTENeH. Takof cnocof Mo-
XeT OHTH pealH30BAaH B YCNOBHAX SHEProcucTeM, Koraa
ypoBeHb TOKa K. 3. BO3pacTaeT HaCTOJABKO, YTO BO3HHKaer
0M3aCHOCTh OTKA30B B CPaGaTHIBAHHH YCTAHOBNEHHHIX B 3KC-
mayaranuio pene PHM H3-3a BHOpalHH KOHTaKTOB.

Ilns yMeHblueEHs BHOpauuH KoHTakToB pene PHM
TpERIOXeHO TaKXKe HCNOJb30BaTh ABYXCTOPOHHHE XecTKHe
ynopH, OrpaHHYHBaloWke Xon Gapabamuuka (akops) [37].
3Jtot cnoco6 sddeKTHBEH TOJNBKO NPH onpeaejJeHHOA KparT-
WOCTH H CTeNeHH HCKaXKeHusi POPMH KPHBOA TOKa.
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B YensiGonepro yMerblenne BHOpanuu KOHTAKTOB peJe
PHM pocruraetcs cnegHajbHOH peryaHpOBKofl KOHTaKTOB.
B orimume or npemnxyuiero cnocofa orpaHHueHHe XoJa
GapaGanyuKa OCYINECTBJASETCA KOHTAKTAMH C JKECTKHMH
ynopaMH. YxasaHuee cnocoGH NPHMEPHO DPABHOLEHHH H
MOryT OHTh HCMONb30BaHW BMecte. Haummas ¢ 1969 r.,
Y9A3 sunyckaer pene PHM c¢ xectkHmu ynopamr. Mo-
JepHH3alKg BHNYCKaeMHX B Hacrosillee BpeMs peie PBM
3aKJI0Y2€TCA B CJEAYIOLeM.

a) HemoaBuXHble KOHTaKTH BHNOJHeHH CABOEHHBIMH,
HX NMPYXHHE HMEIOT Pas/HYHYI0 9acTOTy COGCTBEHHBIX KO-
ne6aHHi, BCAEACTBHE 4Yero paspHiBbl LenH MPH BHOpaIHH
KOHTAKTOB CMeUIeHH BO BpeMeHH. CBOGOJAHHIE KOHIH He-
MOABHXHEX KOHTAKTOB BHNOJHEHH TaKMM OGpa3oM, uTO
NpH JefiCTBHM TOABMXKHHIX KOHTAKTOB OHH NepeMel1ajoTes
C TPeHHEM 1O MOBEPXHOCTH CMEelHaJBHOrO YrOoJNbHHKA, 4eM
ofecneanraercsi GHICTpOe 3aTyXaHHe BHOpalHil.

6) Yroa noBopora MOABHIKHONR CUCTEMHl OrpaHHYeH ABY-
MA [ONOJHHTeNbHBMMHM YNOPAaMH, 32 CYeT 4ero MOCTHraercs
yBeJWYeHHe 30HH HaJeXHOR paGOTH peJe.

B) B nomocax mox ToKoBOH OGMOTKOf cHOeNaHH BHIpe-
3bl, obecnedynBalolllHe OHICTpOe HACHIleHHe MNOJIOCOB H
yMeHbIUeHHe aMIVIATYAN BHODallHH KOHTaKTOB BCJEACTBHE
yaydieHuss GopMBI KPHBOA MOTOKAa B TOKOBHIX INOJIOCaX
(ymenbiuenns @3 u Kp). Honyctumule norpentdoctn TT pas
PHM pasanyHOoro HCNoONHeHHs npuBefeHH B Tada. 4-1.

3-5. IHOSEPEHIHUAJIbHO-PASHBIE BHICOKOYACTOTHBIE
3AMHTDHE

B psne opraHH3amHR NpoBeNeHH TeOPETHYECKHE H SKC-
NepEMeHTAJbHEE KCC/NeJOBaHHA HaJeXHOCTH paGoTH xHd-
tepennnanbHo-pasnbix samut ([AP3) npu BHCOKHX Kpart-
HOCTSIX TOKa B YCTAaHOBHBLIMXCH DPeXHMaX H NEPEXOAHHIX
npoueccax K. 3. AHanu3 paGoTH MycCKOBHIX OPraHOB H Opra-
Ha MaHHNYJAUHH B. 4. nepexatudkom 3awute JP3-2
(0®3-201), Bunonxennsit B [38], cBuaerenbcTByer, 4TO
NoJNsIPH3OBAaHHOE peJie TNycKOBOro oprana paGoraer Ges
BHOpaUHH KoHTaKTOB np# norpemHoctax TT c akrueHo#
Harpysgofi f=55-+60%. 310 o6bACHAETCA HAJHYHEM B My-
CKOBOM OpraHe CriaXHBamilero H PE30HAHCHBEIX KOHTYPOB,
ocnabAsAIoOHX BAHSHHE BHCIIHX rapMoHHK. Ha Brixoze
KOMOGHHHPOBAHHOrO ¢HABTPA TOKOB npsMoft u o6paTHOR
nocaegsoBatenbHocTH [)~-kl; BHCIIAE rapMOHHKH ocjaGias-
IOTCH PE30HaHCHHM KOHTYPOM, HAacTPOEGHHHM Ha 4acToTy,
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6AH3KYI0 K YacToTe OCHOBHON rapmoHHKH. Bamaromaps Ha-
AHYHI0 PE30HAHCHOrO KOHTYpa Hava/JbHas (asa BHXONHOro
HanpsXeHHs OQuabTpa [\+kJ; (HanpAXeHHA Ha BXoxe
OpraHa MaHHNYASNHH B. Y. NepejlaTYHKOM) onpejensiercs
pasoi ocHOBHOM rapMoHHKH TOKa. Ecam cymma yraosoit
norpemsocTds TT ® yrna pacxoXKAeHHs BeKTOPOB Hamps-
JKeHHA N0 KOHUAM JIHHHH B PpeXHMe, NpealecTByrOulieM

Pat. 3-13. 30w paGoret pene Puc. 3-14. 3onm paGoTel amcras-
conpotusnenuss KPC-132, yeras- uWosHoro oprama sawmre J3-2

Ka Zp=10 Om. NPH  HECHHYCOHAANBHEIX  TOKax.
1~ reoperHeeckad  XapAKTEPHCTRAKE Yeraeka CONpOTHBNEHHA 1 Om,

NpA CHEYCOHRANLHOM ToWe, 2 — mefi- I nelter ==

CTEHTENLHAR  XapPaKTEPHCTRKE  MpH

CHEYCOMASNBHOM TOKe: §— xapakre- | — TEODETHUECKAA XapaKTepuCTHKA npH

PUCTHKE TPH HECKAYCOMAANbHOM To- CHHYCOMAaanbHoM ToKe; 2 — neflcTRHTEN:-
xe (K,=1,54). HAS XapAKTEPHCTHKA NPH CHHYCOHLANbROM

ToKe; J — XApaKTepHCTHEKA OPH HecHHYCO-
HRaRbHOM ToKe (fw ;

K. 3. B 3aWHIllaeMoR 30He, He mpesnimaer 120—135° mpa-
BRAbEAA paboTa 3amuTH obecneyeHa. [Ipm paGote TT
¢ TOKOBOH MOrpeIIHOCTHIO B YCTAHOBMBLIEMCH peXHuMe K. 3.
20 50% BKAWYHTENBHO YKa3aHHOE YCAOBHE BBINOJHAETCH.

Ha ocHoBanHH 9THX RAHHBIX, @ TAKXKe Pe3yJbTaTOB NpPoO-
pepkn (pusuyeckofi mozeny samute AP3-503 B T'O SEH
H NOJOXKHTENBHOTO ONMBITA 3KCMJIYaTaUUH 3alUMTH MOXKHO
¢ieNaTh BHIBOK O JAOMYCTHMOCTH MOBHIEHHHX TOKOBHX
morpeiocred TT npu X. 3. B 30He neficTBua AupdepeH-
GHAABHO-PASHBIX 3aLLHT.

59



Hdas o6ecneveHHs HaJeXHOA MaHHNYAALUHH B. 4. mepe-
KaTYMKOM NOMYCTHMAs TOKOBas NOrpeuiHOCTb PerjiaMeHTH-
pyercsa caexyiolunm obpasom [39]:

3(0,92— L min/ I s
fnmﬂ ( k‘ﬂfl 1k )’ (3.15)

rae k— kospduureHt ¢GHAbTPA;  imin — MHHHMAJBHBIHA
TOK NpAMOf MOC/]ENOBATE/LHOCTH, NPH KOTOPOM HMeer Me-

3]
CTO HafleHAs MAHHMYAALHS; l:"m; ~—MAaKCHMANBHHRA TOK

Tpex¢dra3HOro K. 3. B HauaJle 3alidiaeMoll JKHHH.

8-6. AJHCTAHULLHOHHBIE 3AUHTH

[ToBeserne AHCTAHUHOHHBIX 3aWMT onpelenserca paGo-
Tofi BXOAALIHX B HHX HaNpaBJ/IeHHBIX peJie COMPOTHBJIEHHS.
B kauecTBe HM3MepHTeNBLHHX OPraHOB AHCTAHIHOHHHIX 3a-
AT MHPOKOe PacnpocTPaHeHHEe TOJYYHJIH pesie COMPOTHB-
NeHUs HHAYKWHOHHOrO THMNA.

Hccnenosanus pene KPC-132 npu pabore TT Ha akTuB-
HYI0 Harpysky ¢ f<<60% BHIABHIH JHIWb HEe3HAUHTEJNbHOE
coxpawienne paGouedr 30ubl (puc. 3-13), oGychaoBjenHoe
HeKOTOPHIM YBeJHYeHHEM NYJbCHPYIOLIEr0O MOMEHTa B Bh-
xoaHOM opraHe. BuOGpauun KOHTaKTOB pese He Halawia-
nock. OrcyrcTBHe BHOpPAUHH KOHTAKTOB BHXOLHOrO OpraHa
peae KPC-132 obbscHseTcs HaiHYHeM DE30HAHCHOTO KOH-
TYpa BO BTOPHYHOH NeNH NMPOMEXYTOYHOTO TPaHCPeaKTopa.
Kontyp macTpoer Ha wacroty, 6aM3kyio K 50 I'u.

BunyckaemMass B Hacrosllee Bpems 3amuta JI3-2 co-
NepXHT HanpaB/AeHHBE pesie CONPOTHBJEHHA, BHNONHEHHLIE
Ha MPUHIMMNE cPaBHeHHR aOCOMIOTHHIX 3HAYeHHH BeNHUHH,
chopMHpOBaHHHX H3 TOKa H HaNpsKeHHs, B oflleM ciyyae
paBHHX

A=kU-+k; ] 316

B=hkYU —k,

rie ky, ke, ks, Re— Ko3ppHuHeHTH mnpeoGpa3oBaHHA TOKa
(deTHBHle MHIEKCH) H HanpsiKeHHs (HeueTHHle HHIEKCHI);
I v U — coOTBETCTBEHHO Pa3HOCTh Ga3HEIX TOKOB H MEXAy-
¢asHoe HampsKeHHe, NOABOAHMBIE K pejie CONPOTHBJAEHHS.
B xauecTBe H3MEDHTENLHOrO 3JME€MeHTa HCMOJb3yeTcs Mar-
HHTO3/IeKTPpHIECKOe peJie.

Hccnenopasug samure [13-2, npoBefeHHbe ANA HWIKDPO-
KOro AuanasoHa KpaTHOCTeHA TOKa H 3Ha4YeHHH TOKOBOA mno-
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rpemnocta ([,=5—25 A; f=10--50%), nokasanu, uto npu
HECHHYCOHAANbHOM TOKe Haluofaercd COKpallleHHe 30HH
IeficTBHS. THCTAHLUHOHHOTO OpPraHa H HM3MeHeHHEe yria Mak-
CHMAaNbHO# YyBCTBHTENBHOCTH, Tak, pH f=50Y% 3oua peficT-
BHA yMeHbLIaeTcs nmpHMepHo Ha 26%, a yron MakcHMalsb-
HOW YyBCTBHTENBHOCTH yMeHbluaeTcs ¢ 60 mo 25° (puc. 3-14).
C yMeHbllIeHHEM MOTPEINHOCTH CTeNeHb H3MEHEHHA yKa3aH-
HHX MapaMeTpoB cHHXKaeTcA. Bpems cpaGaTniBaHHA peJe
CONPOTHBJIEHHS MPH HECHHYCOHAANbHHX TOKax He MpeBH-
IIaeT 3HayeHHA, TAPAHTHPOBAHHOIO 3aBOJOM-H3rOTOBHTE/IEM.
[lpu cpabGaTHBaHHH 3alUHTHL B 30He ee AEHCTBHA H JIOOHX
HCK2)KEHHAX BXOAHOTO TOKa BHOpDallWH KOHTAKTOB MarHHTO-
3JeKTPHYECKOTO peJie NMpaKTHYeCKH He HabGaiogaerca. 3To
06BbACHAETCH HAJHYHEM CrJa)KHBAIOIIHX (PHJIBTPOB B ILENH
pese.

OTmeveHHOe COKpallleHHe 30HBI H YXO/ Yrja MakCHMalb-
HOll YYBCTBHTEJBLHOCTH MOXKHO CYMTATh MOMYCTHMBLIMH, TaK
KaK nopuiueHHne norpewHocTH TT pomyckaiores JHiUb NMpH
6MH3KHX K. 3., KOTJIa H3MeHeHHe XAPAKTePHCTHK He MpPHBO-
JHT K OTKa3y B cpaGaThiBaHHH 3alIHTH.

FMTABA YETBEPTAA4

BbIBOP JONYCTHMbIX HATPY30K
HA TPAHC®OPMATOPBI TOKA

4-1, OBUHE CBEOEHHA

Pacyertnie ycaoBus Aas BHOOpA AOMYCTHMEX HArpy3ok
Ha o6morku TT, nuTalollHe TOKOBHE LIEMH YCTPOHCTB pefeft-
KO 3alHTH OMpEJENSIOTCA HA OCHOBE ClHeAyIOMmuX Tpe6o-
Baﬂnﬁ(§40].

1. OGecneyenns ToYHOCTH paGOTH H3IMEPHTEJBHHIX Opra-
HOB peNefHOH 3alHTH NPH K. 3, B PacYeTHHIX TOYKAX 3JeK-
TpHyeckoit cetH (monnads mnorpewHocTs TT & He AOMKHA
npesnimath 10%).

2. [IpexoTBpamieHHs OTKa3a cpabaTHBAHUS 3alUHTH TPH
HaHGOJBIIHX TOKaX K. 3. B MeCTe YCTAHOBKH 3alUTH BCJAEJ-
CTBHE YpPe3MEepPHOro yBeJHYEHHd YrJIoBoH norpemrHoctd TT
#1H BHOPALHH KOHTAKTOB 3/IEKTPOMEXaHHYECKHX peJsie, Bhi-
3BaHHON HCKaXKeHHOH (GopMOH KpHBOH TOKa.

3. OrpaHHYeHHA HAaNpAXKeHHA BO BTOPHUHHX wLemax TT
710 IONYCTHMBIX 3HAYEHHH.
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YuureBas, 9T0 HcKaXKenHas ¢opMa KpHBOA TOKa OKa3H:
BAET HEOAHHAKOBOE BJIHFHHE HA pa3JdHYHHE H3IMEDHTE/bHbIE
OpraHH YCTDONCTB 3alUMTH, O HHX COOTBETCTBEHHO MOTYT
JonyckaTbcd H pas3aHuHele fmorpemBoctH TT. 3HaveHHA
frou, TPH KoTOpPHX O6GecneuHBaercd YCTOHYHBOE (PYHKILHOHH-
pOBaHHe YCTPONCTB pesleAHON 3aIMMTH, MPHHATH HAa OCHOBA-
HHH SKCNEpHMeHTaJbHBX NaHHHX (CM. ri. 3) H NpPHBEJeHH
B Tabu. 4-1.

Ta6aaua 4
Tin ssomT B pene Fion %
MakcuMaabHad TOXOBaf 3allHTA C HE3ABHCHMOH BH-
AepiKwofi BpeMeHH H OTCEeYKA C pesle TOKa:
Iggé-w MOJEPHHIHPOBAHHEE, BHTYCKAOTCA C 50
1969 r.
PT-40/P na Gase monepnuskposannoro PT-40 | He pernaments-
pyerca
PT-40, swmycxanuce no 1969 r. 40
37520 13
MaxcHManbHaA TOKOBAA 3alllHTA ¢ OrPadHieHHO 3a- 50
nu%n;gg BHIepXKoR BpemenH Ha peae PT-80,
HanpasjeHnHe MaKCHMANbHHE TOKOBHE M JHCTAHIH-
OHHHE 3AMHTH OT MeXaydasHEX K. 3. ¢ pefe:
PBM ¢ :KecTKHMH YyNopaMH, BHIYCKAalOTCA 30
¢ 1970 r.
PBM u MMB, sunyckanuce no 1970 r. 10
PBM ¢ XecTKHMH YNOpaMH H KOHIEHCATOpaMH 50
Hanpasnennde ToXOBHE 3aWlHTH HYAeBOA nocheno-
BaTEeJNEHOCTH OT K. 3. Ha 3emaw B cerax 110 kB
# BHILE ¢ pefie:
PBM ¢ MXeCTKHMH YOOpaMi, SHIYCKalTCA 20
¢ 1970 r.
PBM u UMB, suinyckaauck no 1970 r. 10
PBM ¢ ecTkHMH YnopaMH H KOHAEHCATOPaMH 40
JHcTaHUHORHAA SAlIATA ¢ HaNpaBjeHHNMH pene co- 50
QIpoTHBNEHHA (HHAYKUHOHHBIMH W MarHHTOS/EKTDH-
YEeCKHMH )
[Tpoponeusie auddepenunanchHue Tokoene samute | He pernamesn-
(TpancgopMaToOpOB, rexepaTopoB, IMHH H JHHHA) THpyeTcR
¢ pene PHT, 13T (ecan TopMosHas o6MoTKa He
obTeKaeTcs TOKOM {IpH ®. 3. B 3allAlIAeMOR
1 ¢E,one) + Cx. @
H{QeperunanbHO-pasHue BEICOKOYACTOTHEE 3allif- . (3-1
TH %-2; O¢3-201; 093-402, 0P3-501 A

B 3aBHCHMOCTH OT NpHHUWMA NEACTBHA H3MEPHTENbHHX
OPraHOB pesieAHON 3allHTH ONpeie/AIOIIHM ee IOBEASHHE
(dakTopoM AB/AAETCS TOKOBAasA HAH NOJHASA MOrpellHOCT.
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Tax, ranpumep, ana npomonpHHX AH(PEpeHUHANBHHX
TOKOBHIX 3allHT (WIHH, réHepaToOpoB, TpaHCHOPMATOPOB, JH-
HHfl), a TakXe IS JIMHEAHBLIX 3aIIHT, BKAKYEHHHX HA CyM-
My ToKOB HeckosbKMX TT, Tok HeGamaHca onpegeasercs
TOKOM HAMarHHYHBaHHA HaubGoiee HarpyXkeHHoro TT, mosTo-
My ANA HHX CJeAyeT perJaMeHTHPOBaTh MOJNHYI0 MNOTper-
HOCTh W NMO/MB30OBATHCH KPHBHMH MPEAeJbHHX KpaTHOCTeH.

ToBenenye penefiHHX 3alAT C TOKOBBIMH HJH AHCTaH-
NHOHHHMH H3MepHTeNbHHMH opraBamu (MO) sasucHT oT
agavennd ¥ Ga3u TOKa 3apiuifaemoro obbekra. Jlna Takmx
3aMAT perMaMeHTHPYIOTCS TOKOBas H YIJIOBas MOrpelHoc-
8 TT. [IpH MaccoBHIX pacyerax, BHITONHSEMBIX Ha 3Tarne
TMPOSKTHPORAHUS SHepPreTHUecKHX 00beKToB, HeOGXOLHMOCTD
ACNoNb30BaHHA ABYX BHAOB norpewmnoctet TT mpeacrasias-
eT onpejeneHHbe Heyno6cTBa. [ToaToMy yuMTHIBas, 4TO KpH-
BHe mpeaenbHHX KpaTHocTel Kjo=f(Zy), mocTpoennne mo
yenosHio e<<10%, HeamauutensHo (Ha 10—12%) orauvaror-
¢a or kpHBuX 10%-HHX KpatHocTeft m=f(Zs), mocrpoen-
HHX MO ycaosHio f<<10%), ¢ uenso efHHO06pA3HsI B THNOBEIX
pacyeTax NOMYCTHMO HCNOJIb30BaTh KpuBHe Kiyo=f(Zs) He-
3aBHCHMO OT THMNa 34LIATH; 3TO JaeT OnpeleNieHHH! pac-
verHaf sanac. s Golee TOUHBIX PacyeTOB [OJIKHH HC-
NoMBb30BaThCH TE BHAM Norpelntdocrefi TT, Kotopule onpefe-
JAI0T NNOBENEeHHe 3aALHTH.

Anann3 Gosbwioro yucaa xapakrepuctak TT, BunosaHeH-
Aufk c npHBaevyeHneM HHGOPMALHOHHHX MAaTepHAJIOB 33BO-
Jl0B, CBHAETEABCTBYET O TOM, YTO Kjomom WACTO 3aHHKaETCH.

NPUBOAAT K TOMY, YTO TOHKA, COOTBETCTBYIOLLAS
Kiomow, MOXeET pacTonaraThcsi HHXKe KDHBOA TpelnesbHOR
kpariocTd. [IpHBOAHMHE B 3aBOACKHX HHGOPMAIHOHHBIX
MaTepHaNaX 3HaUeHHs cJejyeT PacCMaTpPHBaTh KaK rapaH-
THpOBAaHHBIE (B pAfde cJAydaeB ¢ JOBONLHO GOJBIIHM 3ana-
com). MosToMy ANS MOBHILIEHHS TOYHOCTH PACUETOB Leseco-
ofpasto onpenensitb Kjomow MO ReACTBHTENBHBIM (3KCIEpH-
MEHTaIbHHM) KPHBHM TpelelbHHX KpaTHOCTed Hax pac-
YeTHHIM TIyTEM,

4-2. PACYETHBIE YCJIOBHA AJA 3AMHT
PA3JIHYHBIX THNOB

ToxoBbie SaIHTBI C HE3ABHCHMOR BLIJEPXKKON BPEMEHH.
Qs ofecneyenns HeoOGXOAMMOA YYBCTBHTENBHOCTH H Npe-
HOTBpalieH¥St OTKA30B B cpaGaTHIBAHHH 3alMUTH TOKOBaf
norpemnocts TT He OoaXHa npesbimartb 10% npu TOKe
cpabaTeiBaHHA peJe,
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PacwerHas KpaTHOCTh TOKa

1,1/
The [1c.;— NMePBHYHBIA TOK cpaGaThHiBaHUA 3aWHTH; [imom —
HOMHHA/BHBIH NMepBHYHBIA TOK; Ko3(duuuent 1,1 yauTeBaer
yBeIHYeHHe KPAaTHOCTH MNEePBHYHOIO TOKA MO CPaBHEHHIO
C KDaTHOCTHIO BTOPHYHOro TOKa BcJsexctBHe 109%-Hoit mo-
rpemtHocTH TT.

Ilns pene TOKa MaKCHMaJbHBIX TOKOBHIX 3alIHT TpaHC-
tdopmaropos, mofkMOUeHHHX K TT, BcTpaHBaeMBIM B CHJIO-
Bele TpaHcdopMaTOpH (aBTOTpaHCGHOPMATOPH), B YC/AOBHAX
cpabaTbiBaHHs peje Moxer OmTh AonyweHa e>10Y%, ecau
npi Kpace paGouas TOYKA HAa KPHBOH MpeNeJbHBIX KPaTHOC-
Teil pacnosioKeHa HH)XKe TOYKH TNepernfa (Ha «oGpaTHOA»
9acTH KpPHBOW, — cM. puc. [12-45, kpuBpie /—4). B 3stom
caydyae KO3(hHUHEHT UYBCTBHTEJNBHOCTH SalIHTH HOJKeH
onpefenATbCA C Yy4eTOM yBeJIHYeHHOH morpewHocTH TT.

C uenplo mpeRoTBpalleHHs OTKasa B cpabGaThlBaAHHM 3a-
IMHTH TPH K. 3. B 3allHIIaeMOH 30He H3-3a BHOpPamHH KOH-
TAaKTOB TOKOBHIX peJieé TOKOBas NOrPemIHOCTh He JOJXKHa
npeBHUIaTh 3HAYeHHH, NpUBeAeHHHX B Taba. 4-1.

MakcHManbHag KpaTHOCTh TOKa K. 3., IPH KOTOPO#l TOKO-
Basl MOTPEIIHOCTh He JOJKHA MpeBHINATL NMpefeJbHHIX 3Ha-
YGHHH, ONMpefleIAeTc COOTHOWEHHEM

I
Ko ==-E0E, (42)
TA€ I1x max — MAKCHMAJBHO BO3MOXHKI TOK MPH K. 3. B Ha-
yaJe 3alHulaeMoro npHcoeauHenuda. as pene PT-40 mpu
cos 9<<0,8, a rakxe ansg pere PT-40/P (PHpH Jno6oM Xa-
pakrepe Harpy3kH Ha TT) Kmax He pernaMeHTHpYeTCH.

ChnenyeT OTMETHTB, YTO AN TOKOBHIX 3alUHT HET HeoOXxo-
KHMOCTH TIPOBEpATh KO3(PHUHEHT HYYBCTBHTE/NBHOCTH MpH
6JH3KHX K. 3., TAK KaK aGCcO/NIOTHOe 3HaueHHe BTOPHYHOrO
toka TT, HeCMOTDS Ha YBENHYEHHYI0 TOKOBYIO TOTPEIIHOCTS,
Bcerfa 0oJblle MO CPABHEHHIO C YCIOBHEM MPOBEPKH YYBCT-
BHTEJBHOCTH NMPH NMOBPEXAEHHH B KOHLE 30HBI AEACTBHA 3a-
uuTH, rae f<<10%. 3To moxoxeHHe cnpaBeiMBO LA 3a-
uit, UO KOTOPHIX pearHpyloT Ha HHTerpajibHhE 3HaYeHHsi
TOKOB (AeficTBYiOLLHe H CPefiHHEe) U YYBCTBHTENbHOCTb KOTO-
PBIX NpaKTHYECKH He CHHXKaeTcsd MNPH HCKaXkKeHHOH ¢opme
kpuBoi Toka (pene PT-40, PT-40/P u ap.).

MakcHmanbHble TOKOBbIE 3AIHTH C OrpaHHYeHHO-3aBHCH-
Moil BHAepxKoil Bpemenn. [l ofecneueHHs CeNeKTHBHOCTH
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SallATH TOKOBAsfl MOrPelIHOCTh He JOJIKHA mpeBniwnath 109
OpH TOKe K. 3., 0 KOTOPOMY MNPOH3BOAHTCA COT/JIacOBaHHe
BPEMEHHHX XapaKTePHCTHK CTYNeHeH SallHTH,

j —L R (4-3)

[

rie [icors — NEPBAYHBIA TOK, MPH KOTOPOM MPOH3BOAHTCA
COrJIacoOBaHUe MO BpeMeHH cTymeHed samure. [Iaa cosgaHus
REKOTOPOro 3amaca 4acro NMPHHHMAIOT /icorm PABHEIM TOKY,
NpH KOTOpPOM HauMHaeTcsi He3aBHCHMas 4YacCTh XapaKTepHC-
tiky pene [41]. MakcuManbHas KPaTHOCTh TOKA K. 3., TIPH
KDTOPOﬁ TOKOBaA MOrpellHOCTh He AOJIXKHA TPEBHIIATDL Npe-.
IeabHbiX 3HayeHHit (tabGn. 4-<1), onpenensiercs mo (4-2).

HanpasieHHbie TOKOBBE W AMCTAHUMOHHBIE 3amHTH. g
ofecnieyennst HeO6XOAMMON YYBCTBHTENbHOCTH H IIpeJOTBPa-
IeHHA H3JHIIHEro cpalaTHiBAaHHA NPH BHEWIHHX K. 3. CTY-
NeHYaTHX SalHT TOKOBas nmorpemHocts TT He pomxHa mpe-
sumats 10% npu noBpexieHHax B pacyeTHo#t Touke. Pac-
YeTHOR ABJAETCA TOYKA K. 3. B KOHIle 30HH AefCTBHA nepBoil
CTYMeHH 3allUTHI,

Ecru cornacoBanue 3allliT CMeXHBIX 3JEMEHTOB C Mep-
BOf CTYMeHBIO NaHHOM 3alUHTHI He MPOH3BOAHTCA, pacyeTHass
TOYKa K. 3. MOXeT MPHHHMATbcs B KOHUE SOHW MAeHCTBHA
BTOPOR CTYMEHH.

Pacgernas kpaTHOCTDH

Koo =12 (+4)

lllﬂ

(mas TorOBEIX 3aHT [ypace=1,1/1c.3).

[IpeneavHo momycTHMas TOKOBasi MOrpPeUIHOCTb MPH MO-
BpeX/JeHHH B 3all[HIlaeMOA 30He C MAaKCHMaJbHOH KpaT+
HOCTBIO TOKAa K. 3. Mo (4-2) He HOMKHA MpEBHINATh 3Haye-
HHf, oTipefileAeMBEIX THNIOM pene (cM. Tabu. 4-1).

Jns npefoTBpameHHs H3MHUIHEro cpabaTHIBaHHA 3allH-
TH MpH BHEUIHHX K. 3.. TOKOBaf MOrpellHOCTh He JAOJXKHA
npessiate 10% mnpu MOBpeXAEHHAX Ha IIMHAX TOACTAH-
OHH, K KOTODHM MOAKJIOYEHO 3alllHIaeMOe NPHCOEAHHEHHE
(. 8. «3a cruHOf®). B KauecTBe pacyeTHOro MpPH 3TOM NpH-
HHMaercd HauGOABINMA TOK, MpOTeKalouuH Mo 3amuiiaeMol
NHHHH.

Mponoavhsie  auddepenunanbhbie  TOKOBHE 3alHTH
(TpancopmaTopoB, reHepaTopoB, WHH H AuHK#A). daa mpe-
JOTBpAallEHHA H3AMIIHEro cpabaTHBaHWA SamMKTH NpH
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BHEWHHX K. 3. monHasa morpemnocts TT He NOMXHa npesH-
warte 10% npn HauGodbileM TOKEe BHELIHEro K. 3.

!Ipﬂl:ll
Knuzm' (4-5)

MakcHManbHasi KpaTHOCTD TOKa Kmax, KOTOpasi AaA
IMbdepeHNHaIbHHX TOKOBHIX 3alIMT TpaHcgopMaTopoB
(aBroTpancdopmaTopoB) BO MHOro pas mpepmimaer Kpacw,
MOXeT He perjlaMeHTHPOBAaTbCA NpPH HCMOJb3OBAHHH pele
tinia PHT (u 3T npu oTcyTcTBHH TOKa B TOPMO3HO# 06-
MOTKE B pexHMe onpeleseHHl Kmox), HECMOTPS Ha 3arpy6-
JIeHye 3THX peJsie NpH HCKaXeHHOH ¢opMe KPHBOR Toka. ITo
IOMYCTHMO, MOCKOJBKY Oo/iplias KPaTHOCTb TOKa B pete
obecrneynBaer ero HaJeXHoe cpabaTHBaHHe.

B cayyae wucnonb3oBanus AHGQepeHNHaAbHHX peJe
¢ topmMoxenueMm (tunma J3T) npu oOTeKaHHH TOKOM TOp-
MO3HOA OOMOTKH B pexXuMe onpefeneHHa Kmae clienyer py-
KOBOJCTBOBAaTbCA peKOMeHRalHsaMH [42].

Huddepennuansio-pastbie BHCOKOUACTOTHHE 3aUMTH.
Ina npefoTBpallieHHs H3NMLIHero cpabaTHBaHHUA 3alHTH
npy HanGOJbLIEM TOKE BHELIHEro K. 3. TOKOBas morpei-
Hocth TT He fonxkHa npesumats 10%.

Pacuernas KpaTHOCTb

I1pacy ! (4-6)

K=

Hna ofecneuenuss HagexHoH pabGoOTH oOpraHa MaHHOY-
JSALMH NPH TMOBpeXIeHHUAX B 3alUIaeMOHd 30He JOMYCTHMAa%
TOKOBaS MOTPEHOCTh TMPH Kpgx HEe JOMKHA MNPEBHINATh
3HayeHHH, onpegensieMux mo (3-15). 3naveHHss ToKa [ymin
B (3-15), nmnpuBemeHHHEe KO BTOPHYHHM BeaHYuHaMm 1T,
npeacraBiaens B Ta6u. 4-2 [39].

Ta6aunma 4-2
i I’l min' A, mpu k
« | s | s 10
A®3-2, N$3-201 1,1 1,6 2,0 .-
H®3-402, 0P3-502 —_ 0,18 0,24 0,3

3amuTh, BKIIOYEHHbEe HA CYyMMY TOKOB ABYX H Gosee TT.
3xech HeOGXOAUMO YYHTHIBATH CIEAYIOlIee:

a) TpaHchopMaTopH TOKa, COBMECTHO MHTAIOIIHE 3a-
IIUTY, 4acTO 6LIBAOT DA3HOTHNHHMH (HampuMep, OJHH
BCTPOEHHHIA B CHIOBOH TpaHc(pOpMaTop, a APYro# OMOpHHI)
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B MX XapaKTepHCTHKH (3a HCKIIOYeHHeM Ko3(¢HIHEHTa
TpanchOpMallHK) MOTYT BeCbMa CYIIECTBEHHO OTJAHYATHCS.

6) B nenu HArpysKH NMpoOTEeKaeT CyMMa BTOPHYHHX TO-
goB 06oux TT, 9TO yBe/NHYHBAET HHAYKNHIO B HX MarHHUTO-
MPOBOJAX M MOrPElTHOCTH 1Mo CPaBHeHHI0 ¢ OAHHOYHO pao-
raiomaM TT mpH TOM e TOKe 4Hepe3 ero TeEpPBHYHYIO 06-
MOTKY.

B) Townocts paboret MO 3amuTte xapakrepHayetcs CyM-
MapHOA TOKOBOM (UJH MOJNHOH) morpewHoctsio TT, KoTOpast
fi I0JDKHA PerJiaMeHTHPOBAThCH.

CyMMapHas TOKOBas MOTpelIHOCTb (MO aHAJOTHH C TO-
%0BOA norpewnocTbio ogusousoro TT), Y%, Oymer:

ndoy —

e 0 T iy (47)
1z

rie I,,—Tok B Harpyske, MOJKMOYEHHOA HA CYMMY TOKOB
myx TT; "n — CYMMapHEIt mepBHUHHIA TOK, MNOAMexauuk
TpancopManHy.

Mpr f, < 10°/, morpemrocTs oaroro us TT Moxer GurTh

cymecrsexHo Goabwe 10%; ona onpexensercs nmapamerpa-
ui TT W TOKOM, MpPOTEKAMOIIHM Yepe3 ero MepBHYHYI0 06-
uotky. TpaHcdopMaTOpH TOKAa OKa3bIBAalOT B3aUMHOE BJIHA-
HEE ApYr Ha Apyra, oco6eHHO 3aMeTHOe B peXHMaX Hachl-
merHs MaruATonpomofoB. Pacuer wuorpewdocrefi TT
B YCTAaHOBMBIUEMCH PeXHMe K. 3. ANA 3THX CIYYaeR HJIJIO-
CTpHpYETCH NpHMEpOM, NpHBeldeHHBIM B § 4-5. OcobenHocTH
pa6oTH 3aIIMT TNPH BK/AIOYEHHH HX Ha CYMMY BTODHYHBIX
rokoB zByx TT uacTuuro paccMorpern B [43].

4-3, PACYET CEYEHHHA )XUJI KOHTPOJIbHbIX KABEJIER

Busox pacuerHbix Bbipaxenud. HesaBHCHMO oT cxeMH
coefHAEeHHS BTOPHYHHIX uenedl TT u BHA2 K. 3. CONPOTHBIe-
RAe Harpy3kHu (MO MOAYJIO) MOJXKHO 3alHCaTh B O6IIeM BHAE:

Zpee =02y~ bZ, + dRess |+ Roers (4-8)

rie Zy — NMOJHOE COMPOTHBJEHHe peJiefiHOA Harpy3KH B HaH-
6onee marpyxeHHoRk aze; Zo— TO e, HO B HEHTPaAH MpH
coepnreHHy TT no cxeMe 3pe3fn (HJIH B 06G1Iel LeNH CXEMH
HenonHOA 3SBe3H); Ryas — AKTHBHOE CONPOTHBJIEHHe Kabe-
a1 0T 3a3kMMOB BropHuHOM 06MoTKH TT a0 MecTa yCTaHOBKH
penefiHOf anmapaTypH; Rpep — NEpeXofHoe CONPOTHBAEHHE
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COEJMHHTEbHHIX KOHTAKTOB B TOKOBHX LENsX 3aumur; a, b,
d — KoapdHIHEHTH, 3aBHCHILHE OT CXeMHB COeNUHeHHS 06-

Motok TT, cXxeMH BKJ/IOYEHHS Harpys3kd M BHAa K. 3. (B o-
leM cjayyae KOMIJIEKCHHE); Zpacq — PACYETHOE CONPOTHB-
JieHHe Harpy3ku Ha TT.

Meroauka pacyera Ryas OCHOBHBAETCH Ha CJELYIOULHX
JRONYLICHHAX.

1. IIpu BHUHC/IeHHH Zg H Zy ¢ LeTbi0 yNPOIIEHHS NPH:
HHMaeTcs, YTO BCe MOJHHE CONPOTHBJIEHHA MOCJAefOBATENb
HO BKJIIOYEHHBIX 9JIeMeHTOB B ()asHOM LeNH H uenH HeATpa-
JAH HMEIOT ONHHAKOBHIE YIJbl, T. €. MOLYT CKJAaJAbBaTbCA
apudMeTHYecKH (aHAJOrHYHOe MNOMyLieHHe NMPHHEHMAJOCh H
panee).

2. BuipaxkeHue (4-8) 3aMeHsieTcss pacyeTHHIM COOTHOLUe-
HHEM

Zyae=aZy+bZ, | +| dRyas |+ Ruep- (4-9)

ITpu sToM mpeanonaraercsi, 4T0 KOMIUIEKCHHE COMPOTHE-
nennst aZgy+bZy u dRyas cosmagaior mo yray. ITpuustoe
yOpolLileHHe NPHBOAHT K HEKOTOPOil MOTPEeLIHOCTH pacyera H
co3faeT AONOJAHHTENbHBI 3amac. IlorpewHocTs pacuera
MOxeT GbiThb OnpenesieHa no popmyne

:3=M=(l L= )100,

R'yas V1T —ntsin’h — ncosA

rge
n___!g_z¢+jzn | + Ruep,

Zpaca

A —yron cABHTa MeXJy KOMIJIEKCHBIMH CONPOTHBJICHHAMH
aZy+bZo u dRyas; R'xas, Rkas — compoTHpNeHus KaGexs,
ofpeJeseHHble cooTBeTCTBEHHO npH A% 0 1 A=0. Hanpumep,
npu n=05u A=30° A=6,5%; a npu n=0,5 u A=45
A=15,3%.

3. HonycTHMoe conpoTHB/JeHHe Harpy3kH Ha TT onpe-
Jensercd MO KPHBBIM TMpPEAENbHBIX KpaTHOCTeR, NOCTpoOeH-
HHM TpH c0s @;=0,8. B peaspHBX YCJOBHAX COS @z — Na-
paMeTp NepeMeHHBbIi, 3aBHCAILIMI OT pafa ¢akTopor (mpH-
MeHAeMOH annapaTtypbl H CXeM SalUMTH, AJHHbI H CeYeHHA
KOHTPOJIBHOrO Kabens, KpaTHOCTH TOKOB K. 3. H Ap.). OGmIu-
HO ero 3HadeHHs Jnaexatr B mnpemenax 0,6—1,0. Koraa
cos 92>0,8, Hcnonb3oBaHHe KPHBHIX TNpefebHHX KpaTHOC-
Ted Aaer pacuerHuifl 3anac (5—7%), TaKk KaK MPH aKTHBHOM
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XapaKTepe HAarpy3kH JONycTHMoe conporheienne Ha TT
yBeNHYHBaeTcA (CM. BeKTOpHYIo Auarpammy TT na puc. 1-3).
ITpr cos ¢2<0,8 nonyctHMoe conporuBaeHHe #a TT mo cpas-
HEHHIO C BHGDAHHBIM TIO KPHBBIM NOJNKHO OHITH yMeHblues
HO, O/IHAKO CTENEHb 3TOT0 YMEHbIUEHHsI MPH peaibHHX yre
aax @p (cos:==0,6) Hacroabko Manaa (1—5%), uro mMoxer
HE YYHTHIBATbCHA TIPH pacueTax, TeMm 601168, 4TO, MEpPBLIE aBa
ROMYUIEHHS AAIOT CYLIECTBEHHO GOMBIIHI 3amac.

BupasuM Zpacw B (4-9) uepe3 Zypon, ONMpeleieHHOE MO
KpHBHIM NpH u3BeCTHOM Kpacu:

Zpacq'-_—"mZn,non. (4‘:1 0)

B o6wem caywae pacnpenejeHHe Harpysku Mexnay N
noc/e10BaTeNbHO BKJAKYeHHBIMH TT onpexensieTcs COOTHO-
mMeHHeM HX MOLLHOCTed HAH mapaMerpoB B, Q, w,, T. e.

N
1
m= B w,
E{P:Q{p.‘wﬂpiz “QG 2ay
a=l

rae Bp), Qp), Wep — COOTBETCTBEHHO MHAYKUHS, CeYeHHe
MarHMTONpOBOAA M UHCJAO BTOpHYHHX BHTKOB TT, nns koro-

poro Bumoaugercs pacuer; B, Q,, w,, —Te xe napa-
metpl TT ¢ HOMepoM a.
[Tpu N=2
_ Bi»Quws (1) + B2)Qa)ws (s)
= ‘BIpJQ(plw: tp) » (4.1 l)

rae p=I1, ec/iu pacuer Bemercss Aas mepporo TT u p=2—
ang sroporo TT.

Ecan ponyctuth, uro B MarHuronpososax TT, BTOpHY-
Hiie OGMOTKH KOTOPHIX cOeAHHEHH MOoc/eJoBaTeNbHO, HHAYK-
LKA OpHUMepHO oJWHAKOBa, To H3 (4-11) moayunM:

Q1)®s (1) + Q) ®s (2) (4-12)

m = »
Qo)W (p)

W3 (4-9) ¢ yyetom (4-10) mMoxHO onmpejeuTs

Ras="L127, o (413)

rae
s I'?_ztb'i' ?_zai'i'krup

mZy pon

(4-14)
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Hcnonsaya H3BecTHYI0 SaBHCHMOCTD

:=R_ﬁ%. (4-15)
A3 (4-13) momyuaeM pacueTHOe BHpaXKeHHe ANA JNOMYCTH-
MO#i INHAB KOHTPOJNBHOrO KaGeJst:

hon=Zogon 20 (4-16)

rie S —cedeHne XKuam Kabens, M?; p— yAenbHOe CONPoO-
THBJIGHHE MaTepHala XHA Kabenss, OM:M; Ilpon — AOMYCTH-
Mad AnHHA KaGens, M.

PacuerHne BHpaXeHHs A n B d B SaBHCHMOCTH OT
cXeMul COefHHeHHA BTOpuuHmX uUene#t TT W BHOA K. 3. NpH-
BeJeHb B Taba. 4-3 nna m==1. [Ipn m=1 3nauenHsa n cne-
JAyeT pasfeNuTh HA m.

MoxHO OTMeTHTh, YTO MOACTaHOBKA 3Ha4eHHH KO3(PPH-
mHeHTOB n W d B (4-9) NMPHBOAHT K M3BECTHHIM pacYeTHHM
cootHoweHnsaM. Mcnonb3oBanwe NMPHHATHIX KOIPDHLAEHTOB,
XapaKTepH3YIOIIHX BCE CXeMH coelHHeHHA obMorok TT H
BHIH K. 3., y106HO, B YaCTHOCTH, AJA BHIOJHEHHS PacyeTos
Ha 9BM.

IMpakTAyeckHe pacyeTH yA0GHO BecTH B 6Ga3HCHBHIX Be-
JWYHHAX, BHYHCAEHHBIX, HanpHMep, AaS Kabeas c MeAHBIMH
KHnaMHu ceyeHHeM 2,5 Mm2. B stoM cayyae u3 (4-16) npu
m=1; Sc=2,5-10-% M? p=1,75-10-% OM-m noayunm:

I 1—
2;,6_= 143 == (4-17)

Buuncaus [g u3 (4-17) npu u3BecTHOM Zgpom, H3 COOTHO-
IIeHHsA

Spacq —Inefler
=t (4-18)

HaXoAUM pacyeTHOE CeueHHe XKHJ Kabend, Mm%
¢ MeIHHMH XHIaMH

' EHCT
Spucq Cu™ 2,5 n;:c H (4-19)
¢ aMOMHHHEeBHIMH XHWJIaMH
!
Spacw n==% u;:ﬂ . (4-20)

3nech lpencr — AeficTBHTENbHAA AnuHa Kabeas ot TT xo
MecTa YCTaHOBKH pejlefiHO# anmmapaTtypH, M.
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Puc. 4-1. JinarpaMma gas BuGo- o= e
pa JOMYCTHMOTO CEYeHHR XHA 7 § |
KOHTpOBHOrO Kalens. t A o,

]
|

B coorsercTRHH ¢ (4-19) J T

i (4-20) nmocTpoeHm [Ha-

rpammbl  (pHc. 4-1), mno- 'S

3BOJIAIOIIHE MO OTHOUIEHHIO

letcr/ls onpepenuth pac- 25

YeTHO® CeuEeHHe XHJI Ka- g5

fensi ¢ MEZHOH HJH aJio- Inaier/%s

uEHHeBoR  Jkuaok. [Jlua- g

16 ¥
rpaMMbl HMEIOT BHI CTY- ol »

nenyaThiX QYHKOHA C yyeToM CymeCTBYHNIEro psifia CTaHs
JapTHHIX cedeHHH xun Kabenefi u mpoBomoB. [lHarpamMmu
cIpaBeUTHBH W AJA cay4das m>1, npu stoM [g onpepens-
erca U3 (4-17) c yueToM pealbHHIX 3HaueHHA m ¥ n.

Mpoeepka TT Ha npemesbHO ROMYCTHMYI0 TOKOBYIO MNO-
rpewuocThb. JlonycTMele KPATHOCTH TIPH NOBHIIEHHHX TOKO-
BHX MOrPellHOCTAX ONpefeNsioTCA YMHOXEHHeM Mpefelb-
EHX KpaTHOCTeR Ha nosuimaiomudl xos¢duuneHt A:

Knox=KpaceA. (4-21)

A=C,/C, (4-22)
e C, —oGo6mennuf napamerp, aHanoruunmd (1-23), Bu-
wacneHARR npH e=10%, T. e.
__ 222B,Qwyngn ;
G G S— (+2)

C— o606menHnfi napamerp, BHuncaeHHnf no (1-23) npu
Km, T. €.

Kosdpduunenr

G 220 R e (4-24)
max’ 1p&pacn

rae  Iimow — HOMHHaABHHA nepBRYEHA TOK TT; Zypacw—
pacueTHOe CONpOTHBJAeHWe BTOpHuHOA uenu TT, cocrosiiee
H3 CONMPOTHBJEHHR HArpy3KH Zy H CONPOTHBJAEHHA BTOPHY-
HOH QGMOTKH Zgs.

YunroiBas, uT0 A 3aBHCHT OT MAaKCHMAJbHO AONMYCTHMOR
TORKOBOR MOrpemiHOCTH ANA penefinofi annmaparype, yao6HO
npefictaBATh ero B BHie A=W(f). Dra saBHCHMOCTb, MO-
crpoernas npA e=0,1=const u cos ¢s=0,8 ¢ Hcmoab3oBa-
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HHeM o6oGieHHBIX XapakTepHcTHR [14], npuBezena Ha
puc. 4-2.

Crnenyer OTMETHTb, YTO HEKOTOpPOE BIHSHHE Ha 3aBHCH-
mocTh ‘A (f) okasbiBaeT H3MeHeHHE Ziy OT KPATHOCTH Nep-
BHuHOro Toka y paga TT (ocobenno y TT ¢ HecHMMeTpHu-
HHM paclofioKeHHeM MepBHYHOH OOMOTKH OTHOCHTE/IBHO
MarHHTONPOBOAA H BTOpHuYHOA o6MoTkH). OJHaKo, Kak no-
Ka3aJl aHaJu3, BHNOJHEHHHIT N0 faHHWM [14], 31O BAHAHKE
BHpPaXeHo cnafo K He BHOCHT GOJbLIOA MOrPelIHOCTH B pac:

yer. Ilpu nocrpoerun A=W (f)

A napamerp A npuHMMANCH ANA Ha-
g ] rpy30K, NpH KOTOPHIX OH HMeer
HaNWMeHblIee 3HayeHHe, T. €. C He-

; / KOTOpHIM 3amacoM.
3asucumocts A=W (f) cnpa-
Beaanea npu B>I1T B Maruuro-
* P 4 nposoge TT. Dtomy ycaosuio yzo-
7 BJETBOPAIOT KpHBble NpeAeNbHBIX
2 — KpaTHOCTefl, He cojep:Kalllie TOYKH
7 neperu6a B npejenax uyepTexa.
[Mpu sanuuuu Takoi TOYKH yKas3aH-

/]
2 W B % yoe yenosne yROBNETBOpAETCA AJS
Phc. 4-2. 3asHcumocts xo- KPaTHOCTEH, NPEBLIUAIOIMHX KpaT-
sddrunenra A or Toko- HOCTb B TOYKe meperxHéa.
Bofi morpemnocth TT. [TpoBepka Ha mnpegeapHO JO-
NYCTHMYIO TOKOBYI NOTPEeUIHOCTh
(haKTHdecKH 3aKn0YaeTcsi B ONpeJelleHHH OTKOPPEKTH-
POBaHHOA (C y49eTOM ZONYCTHMOH TOKOBOK NOrpelIHOCTH)
pacdeTHOA KPaTHOCTH TOKa, MO KOTOpoO# c/leAyeT BHOHpaTh
Zanon B3 KpHBHX Kio(Zu). 3Ta nposepka BHINOJHAETCA
B caefyoluel moc/ae0BaTeIbHOCTH.

[TpH n3BeCTHOM fjon AN KOHKPETHHIX YCTPOACTB 3alLHTH
(cM. Taba. 4-1) u3 puc. 4-2 onpegensierci A H BblUHCASETCH
oTHOIeHHE KpmaxefA.

Ecnu Kpax/A> Kpace, TO B KauecTBe pacueTHOR Kpart-
HOCTH NIPHHUMAaeTCA

K,
K en = —-’;—ﬁ . (4-25)

Ecnn Kpax/A<Kpace, TO B KauecTBe pacueTHOR coxpa-
usercs KpaTHocTh Kpacs.

Meroaska pacuera ceueHHAl MHJI KORTPOJbHBIX KaGejed,
Hcxonupie AaHHBE, Heo6XOAUMEE ANS BHMIONHEHHS pacue-
Ta: tdun samuth; THD TT, ero kosgduunenT TpanchopMaluun
H CXeMa coeJHHEeHHS 06MOTOK; HaHOONbIIHe 3HAYEHHA TOKOB
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B PacCMaTPHBAEMbIX MPUCOEAHHEHHSIX NMPH Pa3JHYHBIX BH-
lax K. 3. B pacueTHOH Touke (Ans onpefgencHUs Kpacu) H
B MeCTe YCTaHOBKM 3alIHT (A5 onpefeneHHst Kmax); MaK-
CHMaNbHO JONYCTHMAs AJfA AaHHOTQ THMA 3alUMTH TOKOBas
norpewnocts TT  (ompemensiercs mo Taba. 4-1); AaxHa
KONTpOJIBHOro KaGeas oT nmaueneil saiiut Zo TT u Marepu-
all XHJ Kabens (MeAb UK aJNIOMHHHIA).

Ecnn B pacyere TpeGyerca yuer AByXxdasHoro K. 3. Ha
3eMJ110, IONOJHHTEJNbHO BHUYHCAAETCH YroJl @ MeXAy TOKaMH
8 NoBpeXAeHHEIX dasax no ([11-6).

[Topanok pacuera cJjenyrOLIMii:

Onpenensiiores Kpacs B Kmox AR PA3JNHUHBIX BHIOB
k. 3. [To H3BeCTHON NOTPEWHOCTH [ron H3 pHC. 4-2 ompeje-
asercss napamerp A. Betunensercs K'pacq Mo (4-25) H B Ka-
YecTBE PACUETHON NpHHHMaeTcs 6GOabluas M3 KpamHocTeR
Kpacs uH K'pace. I10 KpHBHIM MpelenbHLIX KpaTHOCTEH AN
3aflaHHBIX T'[!J (cM. [12) u BrGpaHHOIl pacYeTHOH KPaTHOCTH
onpefiensieTcsl AONYCTHMOE COMPOTHBJGHHE Harpy3kH Zugpom
B cootBercTBMH ¢ BbipameHHamMu tabua. 4-3 gas 3amaHHOM
cxeM coefmuHeHus TT paccunrbiBaloTcst KO3QPHUHEHTH n
i d. [To 3nauenuam n v d u3 (4-17) onpenensoTes oTHOIIe-
BAf lg/Zgon. U3 cooTHOWEHHA l6/Zpon NPH H3IBECTHOM Zpon
onpepenserca ls. Onpenensiercs OTHOWEHHE Ilgescr/ls H 1O
puc. 4-1 — pacyerHoe (M3 CTaHZApTHOrQ pAJa) CEYEHHE HKHJ
KOHTPOJILHOTO Kabesia ¢ aJIIOMHHHEBOH HIH MeIHOH XKHAOH.

B ycnoBHsX sxcmiyaTallHH BO3HHKaeT HeoGXOAMMOCTb
oneHHTh Hanb6oabwHe norpemHoctH TT, Hanpumep npu yse-
AHYEHHH TOKOB K. 3., 3aMeHe KOHTPOJIbHOTO Kabens, H3Me-
Hennst ko3p¢uuuenta Tpanchopmauuy TT u 1. n. [pu atom
napamerpul TT, Harpyska, ce4eHHe XXHJ KOHTPOJBHOro Ka-
Gersl M MaKCHMaJbHAs KPaTHOCTh TOKAa K. 3. H3BECTHH H
ABNFIOTCA HCXOAHKMMH JAHHBIMH ANS pacyera.

Pacuer BbINONHAETCS B Caelyloliefi NocaefoBaTenbHOC-
TH. [To KpHBO¥ npexeNbHBIX KPaTHOCTeH IS H3BECTHOH Ha-
rpyskd Ha TT ¢ y4eToM CONpPOTHBAEHHA KOHTPOJILHOrO
kabeas omnpepmensercd Kpacq, 3aTeM onpegenserca A=
=Kmax[Kpaca B H3 pHC. 4-2 — TOKOBas norpemsocTs TT.

Pacyer Hanpsikenuit Ha BropHuHbIX of0Morkax TT. AM-
MIHTYAa HanpAXKeHHA Ha BTopHuHOU o6MoTke TT npH Ha-
rpyske, MaJo SaBHCALUER OT 3HaYeHHA TOKAa, OMpeleNfercs
C VY4eTOM amepHOAMYecKOii cocTaBjflONleli TOKAa K. 3. MO
BHAXKEHHIO

Usmas = Kmeax V§-’ mollet.plm* (4-26)
77



rae Ky — ynapuuifi K03 dHUKEHT TOKa K. 3., OlpelenseMell
B TOM Xe peXXHMe, 4YTO H KpaTHOCTb Kmax 1O pHC. 4-3
(cos pg=0,8) B 3aBHCHMOCTH OT IOCTOAHHOH BPeMeHH Iep-
BHYHOH CeTH T; Zgpaca — (PAKTHYECKAS BTOPHUHAA Harpys-
ka Ha TT, OM, BuyHC/IeHHAS M0 BBIPAXKEHHIO

Z, oo =12y -} d R (4-27)

S’ pacy

[Toayuyenxoe no (4-26) HanpaxeHHe Usmar CpaBHHBAETCH
¢ ponyctuMuiM. JefictBylomee HanpsxeHue Usmon no [44]
npuuaMaerca pasHeM 1000 B. Jomkuo cobaioaaTthes ycio-
BHE

Uspax < V2 U, 0= 1410 B, (4-28)

Hanpaxenne Ha 3axXuMax BropuuHofi o6mMoTkn TT nmpx
MaKCHManbHOA KPaTHOCTH TOKa K. 3. B pAfe caydaes npe-
Bumaer 1000 B. 3to uMeer MecTO B OCHOBHOM, BO BTOpHY-
HuiX nensx TT ¢ Jomow=1 A. XapakrepHo, 4T0 cOnpoTHBJIE-
HHE KOHTPOJIBHOrO Kabeds B 3THX clydasiX OOBIYHO He mpe-
Buimaer 10—15% o6uiero conpoTHBIeHHsT HarpysKH, mosto-
My yBelMYEHHE CEUeHHsA XHJ He MOXeT CYIUeCTBEHHO BIH-
ATh Ha YMEeHbIIEHHEe HanpsXKeHHa.

C apyrofi cropoHs, pacuer no (4-26) cosfaer BecbMa
CyllecTBEHHHH 3anac, NMOCKOABKY OH BHIMOJHAETCA MNpH
MaKCHMaJbHO BO3MOXHOM 3HAYeHHH anepHoJHYecKol co-
CTaBNAWIIeH TOKAa K. 3., HE YYHTHIBaer HacHllleHHe MarHH-
tonpoeofa TT B 9THX ycNOBHAX H XapaRTepHOe AJA TAXe-
AHX cnyuaeB 3HadeHue cos ¢<0,8. [TosTomy cuHraercs zo-
MYyCTHMHIM HeyyeT anepHORHYECKOro mnpolecca NMpH pacuere
HanpsXXeHHA Ha 3axuMax BropHuHoA oOMoTkH TT, T. e.
npuuaTHe Ky=I1 B (4-26).

Mpumepw pacueTa cedeRHRA XHA KOHTDOAbHMX KaGenet B TOKOBHIX
uensx penefinofl samute. fIpumep 4-1. BubpaTh ceueHHe XHJ KOHT-
poabHHX Kalenefl B TOKOBHIX NeNsX MaKCHMaiAbHOA TOKOBOR 3amuTh
MoHHXawmero Tpauchopmaropa 110/10 xB mommuocteio 63 000 xB-A.
Tokopne UenH 3amKTH noakmodeHH X TT TAma TBT-110, Agow=—
=600/5. Broprunne o6motkH TT coeankeNn B 3BesAy. ToK cpaGaTu-
BaHRA SamMATH [o,=480 A. Makcumanspufi Toxk Tpexdasmoro K. 8.

na cropoxe 110 kB fﬂz'—m A; Ty=005 c; cos 9e=0,8; fron=

=50% (cm. Tabn. 4-1). Iamma xkoutponsuux kKaGemedt or TT mo me-
€72 YCTAHOBKH 38MHT Iyescr=90 M (xunu amowmunreBue). Conpotus-
negn;eouanﬁome narpyxentoft a3 propHuHOR o6MOTKE TT Zg=
=0,8 Om.
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Pemenne. Onpeeasorcs pacueTHas K MaKCHMANbHAs KpaTHO-
CTH TOKOB K. 3. cOOTBeTCTBEHHO No (4-1) w (4-2):
1,1.480 25 000
Kp“||= 600 =0.88; KW=W=4I .6.

Jlna nmpepensHo AonycTHMoA norpemwHoctH [=50% no pmc. 4-2
saxopnten A=2,6. OnpefenseTcs HOBoe 3HayeHHe pacueTHOR KpaTHO-
<tH K'pace € yueToM Koagduurenta A no (4-26):

K'D@C‘I = 'ET‘G- =16,

Tak KaK K'pacu>Kpaex (16>0,88), 10 32 xacqetnym TPAHHMAETCH
K'paen. U3 KpHBHX npemesbHHX KpatHocted TT TBT-110, 600/5
(puc. T12-45, kpuBass 6) AnA K'pace==16 Baxomutess Zaxox=45 OM.
H3 1a6n. 4-3 nna cxemu [ onpepgenstores
0,840,056
n=—rt 0,189, d=1.

flo n v d onpepenserca k3 (4-17) oTHoOweRHe
i 1—0,189
Z‘ﬁ.;: 143 —— =116,

DasncHas AnHHA KOMTpOABHOrO Kabeas, M, HaXOAHTCA YMHOMeHHeM
d6/Zs.non HA Zyyom, T. €. lg=116-4,5=522 m. Onpemensercas oTHO-
Iexne

‘ﬂ.dc-r 90
16 =§§§ =0|]72,
10 ero 3HAYEHHIO — CeycHHE AMOMHHHEBOR XHAH KOHTPOJAbHOro Kabe-
ag $=2.5 mm? (cM. puc. 4-1).
C yvetoM BHGpanHOTO CeveHHA Kabeas mo (4-27)

028.90
Zy paca=0,189-4,5 + 1 0—’ﬁ—=1 85 Ow.

Uz pre. 4-3 npr cos ga=0,8 u T,=0,05 c onpepenserca Ky=1,64.
flo (4-26) BuuMcaAsieTcs AMMANTYAHOe 3HAYeHHe HANMpAMEHHS Ha BTO-
paunolt o6moTke TT:

U‘gmng‘l,&"l.ﬁ' l,4l . 1.85=890 B.

Yenoswe (4-28) Bmmonns-
erc

A,
Mpumep 4-2. Onpenennts g . !
CedeHHe XU KOHTPONBHHX Ka- ;g P
Genefi B TOKOBLIX Memfx 3aIUT
(0CHOBHBIX H pe3epBHHX) JHHHA
110 kB. Ha aumun ycranomre- 0| {11
#n:  AnddepenuHansHo-pasHan .

IA o

Puc. 4-3. 3aBHcHMoOCTH yAapHo-
ro KosdpunuenTa Toka K. 8. or 52
TOCTOSIHHOA BpeMeHH NepBHYHOA ol

CEeTH. ’
1=—co8 '“-1.0; 2= cos 9yq=0.8. g a0+ oG08 o2 o1 [




BHCOKOUACTOTHaA Samura THna J®3-201; HucTaHNHOHHAA 3allHTa H HA-
npaBiieHHas TOKOBAaM 3alliTa OT K. 3. Ha 3eMMi0 (UaHedb 3aWATH
SI13-1636-73/2). ToxoBHe IeNH 3aMHT NOXKMIOYEHH KO BTOPHUHHM OG-
morkam TT Thna TB-110-50; Agow=400/5. IManeap 3I13-1636-73/2
O®3-201 pxmoyenn Ha passwe obmorkd TT. Bropwuswe obmorks TT
coeauHeHn B 3ee3ny (cxema 1 B Taba. 4-3).

PacyeTHhe H MaKCHMaJbHEIE TOKH K. 8. IF’“ =3100 A; I8, =
o ’ — - F‘
= gggg i; 1, =3200 A; 75), =9000 A; I.) =30004; 130 =

IMpepenso ponycTHMue TOKOBHE MNOrPEelIHOCTH: AAA AHCTAHLHOH-
HOA 3aUIHTH ana 0%; AAR 33UHATH OT 3aMHIKAHHA Ha 3eMAI0 fron=
=20%; Ana H®3-201 fyon onpemenserca mo (3-15) ¢ yuerom taba. 4-2
mp k=6 (fnoa=46%).

ConpoTHBJieliHe HanGonee HarpyeHHoRl  ¢asm naxens
3I13-1636-73/2 Zg=1,1 OM; coOmpOTHBJEHHe HAarpyskH B HYJeBOM
nposofge Zg=I1,11 Owm; conmpoTHBaeHne HaHnGonee HarpyxerHOR dasum
samutet JD3-201 Zg=1,0 Om; Z=0,114 Om. Harpyska Ha TT mume-
er cos ¢a=0,8. IlocToAnHaa BpemeHR NepBHEYHOA CeTH B peXKAMe oOmpe-
BeneHHA [max cocraBaser 0,02 ¢ (73=0,02 c). JeficreHTeAbRan ATH-
Ha KouTpoashux KaGeneft ot TT no naunenedl 3aHT lgesor=130 M.
Koutpoabuufi kabens ¢ MeaHHMH XxuiamH. CoOTHOWEHHS CONDOTHB-
neunlft“nunun H CHCTEMH B pacyeTHOR Touke K. 3. (0oGosHaueHHs
e, -

Rl Xia

Oc On
i 0,26; Xw.—_-o,n, o 0,2; - 0,39.

Pemenune Onpemensorca pacueTHHe M MAaKCHMajabHHE Kpat-
HOCTH TOKOB K. 8. COOTEBeTCTBeHHO N0 (4-4) B (4-2):

npr K@

Kpaca = ?%Oﬂ 7.86; Kz = %—:ﬁj= 22;
opa K¢

Kpaeq = 3—;209‘?= 8,0; Kpuz= %=22,5;
npa K(:1)

3000 8500
Kpgey = W=7’5; Kmaz = 200 — 21,3.

IOas npemenbHO AONYCTHMHX MorpewHocrefi 3 pue. 4-1 onpepe-
aserca Koapouuuent A, Oaa faon=50% A=26; M fxon=20% A=
“1,5] Ans gon’z"ﬁ% A=l2,4.

(4-25??%”?33-’2(05“393 KO Kirore e 22/2,4 = .2?“?:;;&1(33
K'pacq =22,5/2,4 =9,4; npu K"V Ko, =21,3/2,4=8,9.

Ias naweau 9N13-1636-73/2 npn K Kp, o =22/2,6 =8,45; npu K
K'pacq =22,5/1,5=15; nps KD K, =21,3/1,5=14,2. Bo scex
cayaanx K’'pacy > Kpseq. MO3TOMY B fanpnefluHX pacgeTax HCHOMb3yeT-
ca K’pacy-

80



Ha xpusofi no pnmc. I12-47 onpenensworcs sHaveRHs Zg.xon. Hns
003-201 npr K'paca=92 Zugzon=48 Om; 0pH K'pacv=94 Zpnon=
=4,7 Ou; np¥ K'paocw=89 Zazon=>51 Om. Jna 3I13-1636-73/2 npx
K'paes=845 Zajnon=54 OM;, npi K'pacw=15 Zppon=28 Owm; npn
K’pl61=l4,2 Zl,;on=3 0“.

Onpegensnorca Kospdruuents n B d Mo BHpaXeHHAAM, OPHBEIEH-
WM B Tabn. 4-3.

Mpr AByx¢asHHX K. 3. Ha 3eMA0 NMpeABapHTeNbHO Tpefyercss Bh-
SHCIRTH YTOM G MEXOY TOKaMH B noBpexienHux ¢asax no (IT1-6)
¢ yuerom (I11-3):

0,11 41
K=0,26 0,3950,2 0,49;

¥3(0.5+4 0,2
a=2 arctg "_0,(_5-¢;J_|-:?§—-)’ 106°.
‘PesyabTaTH pacueToB CBelleHH B Tala. 4-4.
TaGauna 4-4

1
Buan, ] neficr v

Magem sawemu K3, n d ! lge m T St |2 Euu'
k» lo22 [t |12 |s40 586
A93-201 K} 0,25 (2 53,51 2501 0,52| 1,5| 955
K(t.1) 10,224|1,97| 56,4| 287 920
K(*) 0,213]1 30,4| 165 374
aB-1636-73/2 | KV 0,81 |2 13,6| 383,43 |10 635
K(.1) |0,744(1,97] 18,6] 56 592

Bo Beex ciyuasAx HanpmeHHe Ha BTOPHYHHX 0oOMoTkax TT ae
mpeBHmaeT gonycTHMoro no (4-28). B ta6a. 4-4 Iyemce/ls ompenenser-
04 LAA MeHbUIEro WS 3HadeHHH lg. ~

4-4, OCOBEHHOCTH XAPAKTEPHCTHK NPEAEJBHBIX
KPATHOCTER BCTPOEHHBIX TT NPH MAJIBIX
KPATHOCTAX TOKA

[lpr MaaHX KPaTHOCTAX TOKA K. 3. XapaKTePHCTHKH 4ac-
70 EMeloT To4ky nepern6a (pmc. 4-4). YuacTKH KpHBO#H A0
K nocne TOYKH neperuba, ycJOBHO Ha3BaHHHE COOTBETCTBEH-
EO nMpAMo#i H 06paTHOM BETBAAMH, XapaKTepH3YIOTcA Caefy-
omeit ocobennocTeio. Ha mpaMolt BETBH HMeET MECTO cOOT-
sowenne dK/dZ <0, T. e. yMeHbllIeHHe KPATHOCTH TOKa NMpH-
BORHT K YBEJHUYEHHIO AONYCTHMONH Harpy3ksH Ha O06GMOTKY
TT. Ha o6paTHofi BeTBH yMeHbllleHHe KPaTHOCTH TOKa MpH-
BORHT K YMEHBLIIEHHIO I0NYCTHMON Harpy3skH, T. e. dK/dZ>0.

CymectsoBaHHe 00paTHOH BeTBH oObfAcHAercA ocobeH-
HOCTAMH KPHBBIX HaMarHHYHBaHHA, KOTOpPHeE NPH MaJunx [p
CymecTBEHHO HeMHHeAHH. DTO NPHBOAHT K YMEHBIUECHHIO
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MarHHTHOi NPOHHLAEMOCTH, a CAeJ0BATENbHO, H CONMpPOTHB-
NleHHsi BeTBH HamarHHuuBaHdus TT N0 CPaBHEHHIO C PeXH-
MOM paboThl Ha NHHEAHOM y4acTKe XapaKTepHCTHKH HaMar-
HHYHBaHHA. [losToMy 14 coxpaHeHus TpeGyeMoro mo ycJao-
BHIO e<'10% cooTHowenns /o=>0,1/') npH yMeHbIIEHHH TOKa
(HauHHaA ¢ HEKOTOPOro 3HAYEHHs, COOTBETCTBYIOUIETO Hepe-
X0y Ha HeNHHEHHYI0 4acTh XapaKTePHCTHKH HaMarHH4HBa-

HHS) HEOGXOLHMO CHHXKaTb Harpysky.
O6partnas BerBb xapakTepHCTHKH Kjo=f(Zs) npH Kpat-
HocTAX Toka Kijo=1-+-5 HMeerca y BcrpoeHHHX TT c oTHo
CHTEJIbHO HeGOJMbIIHMHE K03 dH-

Ko LHEeHTaMH TpaHcopMaluHn
(nzon<40). ¥ stux TT oTHOme-
A HHe lep/wy (lep — cpemuas Aaw-

Ha MAarHHTHOTO TYTH, Ws— YHC-

JI0 BHTKOB BTOPHYHOA OOGMOTKH)

5 OTHOCHTENBLHO BEJNHKO H AJA Mo-

Ay4eHHs ManuXx lo HanpsKeH

p z, HOCTb TOAA NOMXHA 6HITHL He-

o — Ooabuiofi (lo=Hlep/ws). Tlpr

3THX 3HAYEHHAX XapaKTEPHCTH-

Pac. 4-4. Kpusan npemens- y, B—f(H) wenunefina, Jins

HHX KpatHOcTeA TT.

\AB —npsuas serss; 58 —ogpar-  BCTPOEHHEIX TT ¢ Gospmmme Ko-

Has metEs. stpdHuHeHTAMH TpaHChOpMAllHH,

a TaKxe MHOTOBHTKOBBIX ONOp-

Heix TT, Y KOTOPHX @, cymlecTBeHHO Gosibllle, 4eM Y BCTPO-

eHHHX TT c TeM Xe rfgow, a lcp MeHbINE, TOYKA meperHba

XapaKTepHCTHKH cMemlaeTcs B 06aacTh MaAnX KpaTHocred
toka (K1 0<1) H He HMeeT CymIECTBEHHOrO 3HAYEHHS.

Haanune ob6paTHolt BeTBH Ha KpHBOH NpenesbHOM Kpar-
HOCTH NPHBOAHT K TOMY, 9TO NPH MaJbiX KpaTHOCTAX TOKa
K. 3. H peanapHHX Harpy3kax Ha TT wacro TpyAHo oGecne-
yaTte e<<10%. B 49acTHOCTH, 5TO HMEET MecTO AJNA MaKCH-
MajbHHIX TOKOBHX 3aIUHT TpaHchopMaTOopa, Y KOTOpPHX
B COOTBETCTBHH C pacueTHHIMH ycaosuame (§ 4-2) Tokopas
norpemnocts TT He gokHa npepwmath 10% B ycnopusax
cpabathiBaHnd pene. ToK cpabaThiBaHHA SallHTH TPaHc:
dopmaropa oOHYHO 6/M30K K HOMHHAJbHOMY TOKY TT H
HonycTHMas Harpyska Ha o6morku TT, onpepenennas H3
KPHBHIX JUISi 3TOTO TOKa, MaJja,

B tex cayvasx, korza palouas TOYKa MpH pacyeTHOH
KPaTHOCTR pacnosioXeHa Ha obpaTHo#t BeTBH KpHBO#, a Ha-
rpy3Ka, onpelefleHHas H3 5TOA KPHBOH, CJIHIIKOM Mana,
AomycTmMo HMeTh £>10% B ycnoBHAx cpabaTHBaHHA pele.
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Tak kak TT paGoraer npu HeGoabIux WHAYKUMSAX (Ge3 Ha~
CHIeHHA MAarHHTONPOBOAA), TO OTKa30B B cpabaTHBaHHA
pene ¥3-3a BHOPANHH KOHTakTOB He Oyner. KpATepnem po-
IYCTHMOCTH MOJAOGHEIX PeXKHMOB JOJ¥eH OWTh NpHEMJeMbR
(no ITY3) ko3¢¢PHUHEHT YYBCTBUTEJIBHOCTH 3aLUHUTH, KOTO-
pHil clefyeT ONpelensiTb C YYeTOM YBeJHYEHHOH TOKOBO#
|{10rpe1)uuocm TT. Ona moxer 6HTh paccuntaHa no M3C
m.1).

lopagok pacyera. [lo (4-27) onpegmensercs pacueTHas
warpyaka Ha o6motku TT. Bropuwunas 3. a. c. Ha o6motke TT nprn nep-
BHYHOM TOKe cpaGaTHBaHMA SAMMHTH ONpefieNsieTcd NO BHPAWEHHIO

I

E ==0, Z ﬁ‘.—.:: » 3

2= 0,92y paca o= U, (4-29)

e 0,9 — xospduunent, yuHTHRaOmMEA (B NepBoM NPHOAHMKEHHH)

JueEBNIEHHe BTOPHYHOTO TOKa H3-3a2 mnorpewnoctH TT. Huaykuas

» MarmHtonpoBoae TT paccuntmBaerca mo (1-15), nmo kpumofi B==
chp

=f(H) onpemensercs H, paccunTHBacTCA !.=?'—- Buuncnser-

¢ nomHas morpeursocts TT B MpEeANOAONKEHHH, UTO YTAW COMPOTHB-
JeHHA Harpy3KH H BeTBH HaMmarhnumBarHa TT paBHb:

e = -’If" 100. (4-30)

Ecan £8>20%, uenecoofpasHo yTouHHTe Koshduuhent B (4-29)
{emecto 0,9 nomcTaBHTL MeHbIIHA KO3(DHUHEHT) W BHOBb pacCYHTATDH
Bee MapaMeTPH, HaymHas ¢ 9. A ¢ Ey. Pacuer e saKaHuHBaercs, ecan
{(1—/100) oTamuaerca or npHHATOro B (4-29) xosdpHumHenTa He Go-
xe yem Ha 10%.

Onpepenserca Ko3h}RIHEHT YYBCTBHTENLHOCTA 3aHTH

e T -
th:c.a‘i'joﬂm' {481

PaGota ¢ yBenHueHHOR NOTpemHOCTHI0 JgonycTHMa, eciH Ke=1,5.

Mpumeuwanue. Ecan K«<<15 na 10—15%, MoxHO emnoa-
BT YTOUHeHHH# pacder morpemHocte nmo MIC c ydveroM peabRO-
™0 yraia HarpyskH K yraa norepe (em. ra. 1).

Has npomoabHelx pHGGEpeHNHATHHHX TOKOBHX 3amHT TPaHC-
fopMaTopoB B CcOOTBeTCTEHH ¢ (4-5) moMHas mnorpemMocTs He
JonxkHa npesnmarts 10% npr HaHGoanlwieM TOKe BHewHero K. 3. [lo
mn_;)_l[ TOKY HoMkHa BHOHpaThCcHd MAONYCTHMas Harpyska Ha ofMoT-
wTT.

Kak H3BecrHo, CONPOTHBAEHHA GONBLIUHHCTBA THIOB MOHHXKAIOMAX
pancopMaTopoB, obopynoBamHHx PITH, cymecTBeHRO H3MeHAIOTCH
WK Kpafinux nonoxenHax peryasropa PITH. ITostomy nanGonasmuft
(pacteTnnifl) TOk K. 3. MoMeT GuTH 3Ha4yHTenbHO Goabllle HaHMEHbIe-
10 Toka K. 8. [Ipn MeWblIEM TOKe, ecTH pacyeTHas TOYKZ pacnosaraer-
tn Ha ofpaTHOf BeTBH XapaKTePHCTHKH DpeAenbHOl KPaTHOCTH, NOA-
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#af norpemwrocts Gyfer Gombwe 10% (2>>10). Awanorrumoe ycnoBue
MOXET HMETb MeCTO H B pacyeTHOM PeXKHME, eclH K. 3. BOIHHKAO ue-
pes nepexojHoe CONPOTHEJEHNE.

Opnako ofa sTHX pexcHMa npH 8>>10% MOryr cuHTaThCa mony-
CTHMBIMHE, TaK Xak aGcosioTHOE 3RaueHHe TOKa HebanaHca NpH BHELIHAX
K. 3., HECMOTPA Ha YBeAHYeHHYI0 e, GyAeT MeHblle, JeM B PacCUeTHOM
pexume, 4Yro 0OYCNOBAMBAETCA YMEHblIeHHEM HHAYKIHA B MATHHTO-
nposogax TT No cpaBHeHHIO C pacueTHHM peXHMOM. YBeMHYeHHYIO
NOJIRY!0 MOrPelUHOCTh CReAYEeT YUHTHIBATL TOABKO NpPH pacuete 4Yyp-
CTBHTEJABHOCTH 3alUHTH AHAAOrHYHO TOMY, KaK 5TO BHNOJMHEHO Bhille

AN MaKCEMaAbHOA TOKOBOA 3alUHTH.

4-5. OCOBEHHOCTH PACYHETA NOJHOA W TOKOBOR
NMOrPEIMHOCTEA NMPH BKJAIOYEHHH 3ALUHT HA CYMMY
TOKOB OBYX TT

Hcxonuasa ynpolleHHas cXeMa TEpPBHYHBIX COEAHHEHHH
npuBeneHa Ha pHc. 4-5,a. Amanu3 BHNOVIHAETCS TPH JOmy-
feHHH, yTo TOKM [1; H [ npH K. 3. B Touke K coBmajamor
10 pase H Nuom1TT=Tgom2TT-

Iy

=

anr X _ AA2 ‘o .
; 1 1
) By Up < I
oL E | 21 Y 44 } Zpr Zy
i Tr
Nl o
Ll Zme
K szuyuman
-f:z? 2IT V.77
//zz( Iﬂ‘ Zgz
\c ad 5)
Typtlyy
o
In
UZ}"”ZZ ‘ zﬂ* zﬂ?. zl
I
a) e g)

Prc. 4-5. CxeMa BEMOYEHHA 3aWIMT Ha cyMMy ToxoB gsyx TT.
@ — CXE€MB NEPBHYHEIX COBRHHEeHHR R BKRIOSEHHA SALIATH HA8 CYMMY TOKOB; 6~
pacueTHan CXéMa 3aMELUECHHA, & — YNPOLIeHHAA CXeMa 3aMeUleHHA.

ITo ananoruu ¢ onuHouHo paboraromuM TT HeoGxoxnMO
ONpeNeNHTh CYMMapHYIO NOJHYIO NOrPELIHOCTh

1
0, = 2T 100, (4-32)

- !n+(u
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3fiech

I'=Kipaca/ 1s0n;

!12=K2pamflmu;

!0!:=!u+lo!' (4'33)
rz}:} Io1, 1oz — coOTBETCTBEHHO TOKH HaMargudusanua ITT
2TT.

Pacuernas cxema  3amemenna TT npuseleHa Ha
puc, 4-5,6.

Pacyer morpeurHoCTH BHINOJHSAETCS CJAeAYIOmHM o6pa-
30M.

Onpepensercs HanpAMKeHHe Ha BTOPHYHOR O6MOTKe
raxaoro TT npu K. 3. B pacueTHOH Touke

U,,:::; zm+’":;" - n:w BT By T2
(4-39)
U=l (Zut Zu) + 1.2, (4-35)

the Zssy, Zopy — COOTBETCTBEHHO CONPOTHBIEHHA BTOPUUHBIX
obmorok 1TT B 2TT; Zg— conmporHBAeHHe HATPY3KH.

Onpepensiercd HHAYKUHA B MAarHATOMPOBOAE KaXAOro
TT npn 50 Tt mo BEIpaXkenHIO

U,
Bnax = 5550w, (4-36)

[To Tunosofi kpuBoit B(H) ana naHHOA MapKu craiH
onpeaensierci 3RaueHHe HaNPSKEHHOCTH MarHHTHOrO NOJAS
s gaxgoro TT.

Tox samarHuuupaHufa kaxporo TT onpepensercd no BH-
PaXEeHHIO

=0 (4-37)

rie [ —cpeaHAs AJAHHAa MAarHHTHOH CHJIOBOA JIHHHH MarHH-
ronposoja TT, M.

Onpepeastorca I, no (4-33) n s, no (4-32). Ecom s, <
<10/, TouHOCTH PabOTH peJefiHkX YCTPOACTB MOMKET CUH-
ratsea ofecneueHHod. Korza

F11Z 1,100 .
& 7T T T Tl }

IiaZana100
Unt Loz < 10

(4-38)
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cxema samemtenns TT moxer 6uTh ynpouweHa (pHc. 4-5,8);
npH 5TOM BhipaykenHa (4-34) u (4-35) Takke ynpoIlaOTCS:

Uy ~Up=rel+1,) 2 (4-39)

Mpumep 4-4. Paccunrate e; Ank cxems Ra puc. 4-5, a npu cae-

nux mammmx: 1TT tHna TOHI-220, na=600/5, knacc P, Q=
2;;1.%-10-‘ M2, we=240, =106 wm, Z,.;-D.SE On; 2TT THD2
TBT-220, 600/5, Q=94,5-10~% M?, w;=119 ButkOB, 1=25 M, Zg=
=0,915 On.

AL
g .

Tt ~

z

e T

=S

5

0.5
a5

g%
53 45

492

a1 A
0,08 ,
[
i g
A w7
/

iy
s /8 »

2 3 #8570 20 30 50 70 w0 208 500 1000 Alv

Puc. 4-6. KpuBhe HaMarHHYHBAHRS 3/7eKTDOTEXHRUECKHX crafefi, MNph-
MEHAEMBX AAA H3roToBNeHus MarsHtonposopos TT.

! — crans Genprufickas mapku M6, oTommennan, 8=0,35 MM: 2 —To Xe HeoToX-

Wennan; §— cranp ?pann?scnn Mapkw M6X, orommennas, 8=0,35 um; 4—1T0

Me HEOTOMINEHRAR; § — cTanp AMepRKEHCKAaA "31‘3'“' Unisfl M 3, oTOXMeHHAS,
0=0,34 MM; 6 —cTenb MapkR 3-310, 8=0,35 mM.

PacyetHas kpathocts Toka mpH Tpexdasom K. 3. Kjpaoe==10:
Kapecw=3; Zy=1,5 Om. Texnnueckue naunue oGoRx TT Bsarw wa 13,
Pemeunne. INposepsiotes ycnopus (4-38) mam ITT § 2TT:

10.600-0,55. 100
13:@0-ﬁ5 —-23|2> !0.

Yenoensn (4-38) He BWMONMAIOTCH, MOSTOMY PAcueT BefieTcss W0
(4-34) r (4-35):

| - T%ﬁ [10-600 (1,5 -+ 0,55) + 3-600.1,5) = 125 B;



1
U,y =T§6{3-600 (1,5 4 0,915) 4 10-600-1,5] =113 B.
[Mo (4-36) ompenenseTcs HHAYKUEA B MardHHTONPOBOJE .KaXXAOrO

125
Buaxitr = 59.91,5.10-%.240 1,09T;

113

Bpaxarr = 333.94,5.10-%119 6 T.

Mo «xpusoit I Ha puc. 4-6 onpemeasiores Hyrr=37 A/m;

Hg'r1-=1a M.
Io (4-37) onpepensoTcA TOKH HamarHHEuHeanusa TT:
37-1,0
Iy= —-2'40—9’—'9.163 A;
18:2,5

Iy = 9 = 0,378 A.

Mo (4-33) onpemensiercd CcyMMapHH# TOK HaMarHHYHWBaHHA:
Tge=0,163+ 0,378 = 0,541 A.

CyMMapHas monHas MNOrpewiHoCTh BHYHCAsercAa no (4-32):

0,541-120
fr = "13.500 100 = 0,834 %.

Bwsod, TounocTe paboTer usMepuTeabiblx o0p2aHO8 obecnedexa.
lpamevanne. Chaexyer OTMeTHTs, uro norpemnocts 27T
(c MeHBIIHM pacyeTHHIM TOKOM K. 3.)

0,378-120
SOTT="3.600 100 = 2,52, %,

1. €, NpeBNUIAeT ey, HECMOTPA Ha To 4to 277 Gonee MOMHGIA.

4-6. NOCTPOEHHE KPHBBIX MPEAEJIBHBIX KPATHOCTER
TPAHCHOPMATOPOB TOKA

Cornaco [3] B nHdpopMauHOHRBIX Martepnanax Ha
TT po/KHBI NPHBOAHTHCA KPHBHE MpefeNbHBX KpaTHOCTeH,
nocTpoeHHHe Mo ycaoBHw &<<10%. B cBA3H ¢ TeM 4To npH
scnnitanuax TT Bpema uamepenu®t cocrasaser 3—4 c, 3a-
BOACKHe KpMBHE (aKTHYeCKH OrpaHHYMBAIOTCA KPaTHOCTHIO
T0Ka, ROMYCTHMOH [0 YC/JAOBHIO TPeX- ueThIPeXCeKYHXHOH
repuuyeckoi crofikoctH. Kpome toro, ansa paza TT npHBO«
AHTCA BMECTO KPHBOJ OIH2 TOYKa — NpeAe/bHas KPaTHOCTb
1pH HOMHHaNbHOA Harpyske Kjog.
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Jlns npoeKTHPOBaHHS 3aLIMT 3HepProoGLeKToB M BHGopa
ONTHMANBLHHX ceYeHHR XHJI KOHTPOJNBHHX Kabeleil B mensx
TT Heo6XOAMMO HMETh KPHBHE B LIMPOKOM JHANa3oHe H3-
MeHeHHs Harpy3ok. Pacnonaras OCHOBHBIMH TeXHHYECKHMH
AaHueiME TT, MOXKHO NMOCTPOHTL TakHe KpPHBbie pacueTHHIM
nyTem.

Huxe faetcd METOAMKA NOCTPOEHHA KPHBHIX Npefelib-
Hux xpatHoctedi' TT. B pacderax Hcnosib3yercs THNOBas
KpHBad HAMarHHYHBAHHA CTaAH MarHHTonposoga TT
(pHc. 4-7).

7 [Braz

-

Puc. 4-7. TunoBas KpWBas Ha-
MaTHHYHBAWHA, PeKOMeHpyeMas

5

oGbeHHEHHEM  <€JOJeKTpoanma-

pat» Ans pache;a napameTpos

10 "

J loga 2000 3000 Alm

3HaueHHe HCKOMOMN npelenbHOf KPaTHOCTH MOXHO Hai-
TH H3 BHIPaXKeHHSA

222B,,Quw,
_——tr

w—

(4-40)
!Slﬂlzl
rie Bp,— mpepenpHass uHAYKUHMS B Marautonposoge TT,
npu Koroposi e=10%=const; Q — ceuenne cTaaH MarHHTO-
nposoza, TT, M?; w;— 4HCIO BHTKOB BTOPHYHOAR OGMOTKH
TT; Isgow — HOMHHANBHBLIA BTOPHUHHE TOK, A; Zy=Zaz+
~+Z23 — NONHOE CONPOTHBAEHHE LENH BTOPHYHOH OOMOTKH
TT, OM; Zz— noaHoe cONMpOTHBJIEHHe BHELIHEH BTOPUYHOMH
Harpy3kH, OM; Zog — NONHOE CONPOTHBJECHHE BTOPHYHOR 06-
motkn TT, OM.
Ipu e=10%=const uMeeM:

’
L% 1o, (4-41)
ep

rae I’y —nepeuyruft Tok TT, npuBeAeHHHA KO BTOPHYHOM
o6MoTKe, A; lcp — CpeXHAA AJHHA MarHATHOrO MyTH B Mar-
HHTOTPOBOAE TpT, M; H — HanpsKeHHOCTh MAarHHTHOrO MOJA
B marHuTonposoje TT, A/m.

Hanvueiimufi aHaau3 yAoO6HO BeCTH B YAEAbHHX BeJsH-
YHHAX:

a) yAenbHHA NepBHYAHA TOK, A/M,

' I'yw,
1 T l:, ; (4-42)




6) yAedbHOe HampsiKeHHe Ha Harpyske, B/M',
U,

U= gots (4-43)
B) yAeJbHOe compoTHBiaeHHe, OM/M,
by _
2y =Z, g (4-44)
r) yAe/bHas KpaTHOCTb
Kuyn= 10 E:'- (4-45)
[ToacraBasa (4-41) B (4-42), Haxoaum:
I[yn= IOH. (4'46)

Ina npeneabHofi KpaTHocTH e=10% yaensHOe Hanps-
KeHWe Ha Harpy3ke MOXKeT GEITb NMpeAcTaBJAEHO B BHJE

Mo (4-49) u kpuso#
I na puc. 4-8 moctpoe-
HE 3aBHCHMOCTH Kjoyp=
=f(Zayz) mnpH  HOMH-
HalbHOM BTOPHYHOM TO-
ke 5n 1 A (puc. 4-9).

Uzyn=222Byp. (4-47)
U3 (4-47) u (4-46) nonyyaem BHpayenite ana Zoy:
B,
Zyyy=22,2 "- (4-48)
[lo (4-48) ® opawHeIM Ha puc. 4-7 crpouTea
3aBHCHMOCTD p=
'"f(Zm) (puc. 4-8, Kpn-
Bafi l'lo,uc:'rannnﬂ = : -
(4-40) H (4-44) B s }
(4-45) W yuuwTHBaiA, YTO 15 =k
By=f(Z2ys), moayuum 2
06o0nieHHyI0  3aBHCH- 10
MOCTL MpeAeNbHON KpaT-
HOCTH, BHIPAXKEHHOH B 45 i
yAeAbHbIX BEJIHUHHAX: T 3 izru_
_ 222ByZeyn f a1 6z a3 0F
A T
(4-49) Puc. 4-8. IMpenencHas HHAYKUHA B Mar-

HHTONpOBOJAE B 3aBHCHMOCTH CT YAe/Nb-
HOr'O CONPOTHBAEHHA BTO HYHOR wUe-
nu TT npu e=10
! — KpuBaf, MOCTPOEHHAs NO xupa ACTHES
HAMATHHYHBARHA AR CTANA S-SIU {pnc. 4-6);
2 — Kpupas, TNOCTPOEHHAS C MpHMeHeRHEM
ANNPOKCHMAUHH XADAKTEDHCTHKH HaMardu-
wupalus No (4-63) mpn B,,=>1 T; $§—r7o
e, 9TO W 2, HO OPH Eﬂ,gl T.
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b//4 Xy Puc. 4-9. OGofuennuie KpHBbie mnpe-
i X HMeAbHEX KpaTHocTed TT.
i \'\ F—lgpou=5 A; 3—lguou=1 A
J " \\‘
b M
F4 N .\\
109 N, 2N IMTonb3ysace KpHBEIMH Ha pHC, 4-9,
= MoXHO ans Jawoboro TT mnpu
5 A [ H3BeCTHHIX [3g0m, Q, @2, lop B Z2p
*
: (cm. T12), ompeaennts Ko BO
BCeM [Hana3OHe Harpy3ok, OpH
£ N[] xotopbix e=10%.
s J ) Mpumep 4-5. PaccunTate 3Have-
7 HHe npemeapHofl kpatHoctH TT TEna
5 Ga| TBT-220; nmaow=300/5; Q=94,5-10-*
M% lop=25 M; wy=08; Rpu=0,18 On;

40z 005 41 6z 45 x,.—Bn,ss Om (cM. M2-1) 1n8 Zyges
=4 Om.
Pemenne. OnpepensercA noAHOE COMPOTHBJAGHAE BTOPHYHOR
uenH TT:

Z,=Z,4+ VR F X*0a =14+ V70,187 1 0,60° = 4,72 Oun.
M3 (4-44) ompepenserca ymeibHOe CONPOTHBJACHHE

lep 2.5
Zoyn = Z’Qw’. =4 72 97.5.10-7.58¢ =0,37 Om/M.

To xpusoft 1 (pue. 4-9) mnx [sow=5 A ompemensioTcs ABa 3Ha-
9eHHA YyHAeabHOf mNpeAedbHOM KpaTHOCTH (Ans npaMoA H o6paTHOB
BetBefl) Kyguy==1700; Kyzz=600. [Io (4-45) BHUYHCIAIOTCA Npemenb-
Abie KPaTHOCTH

2,5 2,6
Kyo(y) = 1700 §=7-35u Kyo(2) =600 B 2,6.

3nayenne Zy, B 00leM cjayyae 8aBHCHT OT KOHCTPYK-
nun TT, KpaTHOCTH NMEPBHYHOrO TOKa H HarpyskH. [Tostomy
B COOTBETCTBHH ¢ PYyKOBONAWMMH TeXHHYECKHMH MaTe-
pHanaMH MHH3JEKTPOTEXNpOMa MO pacyery NpeAeabHBIX
KpatHoctefi Bce TT yciioBHO pa3GHBAIOTCA HAa TPH TPYNMHL

[Teppas rpynma—TT, and KOTOPHX BHIONHAIOTCA
yCNOBHS:

a) BTopHYHas O6GMOTKa pPaBHOMEpHO pacnpeliesieHa 0o
KONbIEBOMY MarHHTONPOBOLY;

6) nepsuuHas o6MOTKa AHGO MOBTOPSIET PAacHOJOMKEHHE
BTOpHYHOH, AnGO npencrasiaser co6ofi crepxkeHb (IIHHY),
NPOXORALHA yepes HeHTP KOJbllda MArHHTONPOBOAA;
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B) BAHSHHE COCEHHX TOKOMPOBOMOB NpeHelpexxuMo
wano. 3uauenne Zy; aasi TT nepBoft rpymnu MoxeT GHTB
IPRHATO PaBHBIM HYJIO.

Bropas rpynna—TT c HecMMMeTPHYHBIM pacno-
JoxeHHeM OGMOTOK OTHOCHTeJbHO MarHutonposoja. Jlas
stix TT Zys#0 H 3aBHCHT OT C/MeAyIOIIHX (PaKTOPOB: reo-
uerprdeckoft popMbl OOMOTOK, HOMHHAJNbHOA M. A. C., KpaT-
HOCTH TEPBHYHOTO TOKA M BHEWIHeA HATPYSKH. 3HaueHHA
Z ana stoft rpynnet TT go/KHB! yKaseiBaThes B HH(op-
MANFOHHLIX MaTepHanax.

Tperps rpynna—TT ¢ n066M BHIOM HCHONHEHHSA
o0MOTOK, mpenHa3HadeHHHe Aad paloThl B KOHTypax
¢ Gonvtunmu TokamMu (TT aas BBOZOB H TOKONPOBOXOB MOLL-
WX reHepaTopoB). 3HaueHus Zpg Aasi stofl rpymnul TT He
uoryT 6HTH TOYHO ONpeeNeHH.

Ecnn Xon(Zos) He mpHBOLATCH B HHGOPMALHOHHBIX Ma-
rephanax (takux TT GoAbIIHHCTBO), OHH MOTYT ObITH Ompe-
feAeHH MpuOAHIKEHHO € HCMOJb30BaHHEM JaHHHIX Kjomom H
Zyson, MOJNYIEHHBIX NMPH THNOBHX HcnuTaHusax TT, caeayio-
M 06pa3omM.

O6HYHO B YC/IOBHAX THNOBHMX HenbitaHuit TT Ha HOME-
falbHYI0 MPefeNbHYI0 KPaTHOCTh HHAYKUHA B MariHTONpoO-
sofe cocrasaser okono 1,8 T (1,6—1,8 T). IMostomy, npa-
gaMag ¢ RexoTopeiM 3amacoMm B=18 T w® noacrasaas
8 (4-40), nonyyaem a9 HOMHHANBHOR Harpyaxku

¥ e 00w, (4-50)

- fﬂD'MK 1eHOM

JateM BeuHCAAOT X,, H3 BHIPAKEHHA

Zt.n: V (Xﬂ.uuu + Xan)' + (Rumu + 1 !2R!a)' ’ (4'5 l)

the Xgsom, Ru.mom — COOTBETCTBEHHO HHAYKTHBHASN M AKTHB-
fiadl COCTABASIOMIHE HOMHHAmbHOM Harpy3kH Ha TT; Xgs,
Ry —cocTaBAAIONIHE TONHOTO CONPOTHBJEHHA BTOPHUYHORA
obmorkn TT. Koadduunenr 1,2 yuuTeBaer yBenHueHHE
aKTHBHOTO CONPOTHBJIEHHA BTOPHYHOA 06MOTKM TT mpu ee
sarpese B0 +75°C. I1pu THMOBHIX HCOBITAHHAX cOS P2=0,8.
B stom cayuae

Rusom=Z g nom COS qm-—-ﬂ. 8Zu.mon;

Xamou=2n nom Sinl ¢2=0,6Z ¢ zon.

[Tocne ompenenenns Xop BHUMCHSAIOT Zgp MO BHIPAXKEHHIO

Zpw=V X'+ (1.2R,)" ; (4-52)
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napamerp Zis HCHOOAb3yeTcs NpPH PacyeTax KpHBHX mpe-
OeqapHEIX kpatHoctedt TT.

3Hayenus Zys, paccunrannde no (4-52), moryr oxasarts
€A HeCKO/NbKO 3aBLILIEHHHIMH, TaK KaK B pacdeTax MpHHUE-
Majoch Zzg==const, a B JAeACTBHTENBHOCTH cC pocToM Ha-
rPy3KH (CBHIIE Zgmom) HMEET MECTO yMeHbllenHe Zpp (Wa

BAoF ucxoTunsix FarKbIX
Lyuoms €, Lop:@2s Zn.wowsKion: Pufze

Bslqucnene feyams
Zow U 224 10 ($51) & (3-52) Krg & Zy npu D=0
41
w Bervacasnue
| kpu 2y npu 220
Hem Aa
Zy=0,2 Ig=5
Zp.xon="7 Zr.xon=300
1 [
;&;w;ﬁfﬂ;; 2,232, |___
2= { 2‘{ H 22 q lﬂf
7<0 A Nesams
Zy, Ko mazs 228
Hem
.BHMMMMJ = |
Kyp o (4-5%, BYTME
2w Kpmuz Xomin: 228 ]
Kguun<l Az |
Beiquenenes
L i Kip=400 0t [ Fpnam 22
ObISUCAERUE *
B=K10 maz LrnomZz/222Qwr
F=18
Ada
Py Kem

Prc. 4-10. Baor-cxema nporpaMmu I;)au::mﬂ-a KPUBHX NpeneNbMMX Kpat-
Hoctedt TT.
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§—10%). Pacuer kpuBuix TT sunoansncs ua 3BM <Hau-
pr-C» mo mporpamme, 6/OK-CXeMa KOTOPOA mpuBefeHa Ha
pac. 4-10.

lpr pacuerax Ha 3BM 3asucumocte B=f(Zzys}
(puc. 4-8, kpuBaa !) amNPOKCHMHpOBaJach ABYMs aHanai-
THYECKEMH BHIPAXKEHHAMH

141,24y 082 —Z,,, nps B,,>1T;

4-53
1—22V0,42—2Z2,, npu B <1T. } {roh
B coorBercTBHH ¢ (4-53) Ha puc. 4-8 mocTpoeHb KpH-
pas 2 (ansi Bpp==1 T) u xpuBaa 3 (ang Bp<<l T).
Pacuetr mpeenbHOAi KPaTHOCTH BHINOJHAMCA MO BHpa-
KeHHIO
222Bnp (zlyn) QW;

T bt Z0)
¢ y9eToM OrpaHHYeHHs

Zyyn=<<0,42; (4-55)

snayenne Zyyp=0,42 cooTBeTCTByeT npefenbHOM Harpyske
ga TT, npn Koropo#t eme cobmiomaerca ycaoBHe e=10%
(pxc. 4-9).

[To uanoxeHHOR MeTOAMKE pPaCCYHTAHH H MOCTPOEHH
KpuBHe KpaTHOCTedl GonbwmucTBa OTewectBeHHHx TT, Kak
BUNYCKAaeMKIX B HACTOAILEE BpeM#, TaK H CHATHIX C MPOH3-
BOACTBA, HO LMHPOKO pAacnpoCTPaHEHHHX B SKCMAyaTalHH
Ba JefiCTBYIOUIHX 3HEprooGbeKTax. DTH KpPHBHE MNpPHBe.e-
B I12,

(4-54)

4-7. TOCTPOEHHE KPHBLIX NPEAEJIBHOA KPATHOCTH
Nno BOJIbT-AMNEPHORA XAPAKTEPUCTHKE TT

B ycnoBHsX sKCnAyaTamMH BO3HHKaeT He0OXOKHMOCTH
B mocrpoenn KpuBbIX TT, Mapka cTaJlH MarHHTONPOBOJOB
KoTOphix He H3BecTHa. J{AsA 3TOro CHEMaeTcs BOJBT-aMmep-
Hag xapakrepucruxka TT co ¢TOpOHH ero BTOpHYHOA 06MOT-
KA B pexXHMe XOJIOCTOro xoja. BoabT-aMnepHas XapakTe-
PHCTHKA HOJKHA OHITH MOCTPOEHA ANA NEACTBYIOUHX TOKOB
H HanpSKeHHA NPH NPaKTHYECKH CHHYCOMAANbHOM Hampsd-
kennn, Kpusnle crpoarca aas e=10% wu cos 9=0,8. Tak
KaK NpH YKa3aHHHX napameTpax yrioBsas norpemsocts TT
Re npeswimaer 5°, TO ¢ AOCTATOUHON TOYHOCTHIO (1-9) MOX-
HO MPEACTABHTH B BHAE CKANADPHOA CyMMBI:

h=ly+1,. (4-56)
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Ha ocHoBauHu npuusitoro ycaosnsa e=10% ToK Hamar-
HuauBaHua TT
I=0,11. (4-57)

Conpotupnenne BropuuHo#t HarpyskH TT, BelpakeHHoe
yepe3 HalpsKeHHe XOJOCTOro xofa, MEepPBHYHbINH TOK C yue-
ToM (4-56) M (4-57) u compoTuBAeHHe BTOPHYHOR OGMOTKH,
MOxeT GbTb MPeACTaBJIEHO B BHAE

Z,=pir—2Z,, (4-58)

£ 0,97,

e I’y — neficTpyiomee 3HaYeHHe NEPBHUHOrO TOKA, NMPHBE:

JeHHoro B0 BropuuHoi o6Morke TT. 3navenue Zyy AOMIKHO

:6bITh H3BECTHO HJIH ONpEeleNeHO 3KCNePHMEHTaJbHO.
[lpenensHas KpaTHOCTH OMpeAeNsieTCd MO BHPAXKEHHIO

Kio=I/I150n- (4-59)

KpuBbe npegenbHBIX KPaTHOCTEH CTPOATCA B CJAEAyIO
Juefi nocsenoBaTeNbHOCTH:

NpHHUMAeTCs paj 3HayeHuRt U,, ANg KaxXAOro 3HayeHus
u3 BAX onpepenserca [o. 3 (4-57) onpepenserca I,=
=101/, no (4-58) ompenensierca Zy ANA BCeX BHIGpPaHHHX
Touek. [To (4-59) npH H3BeCTHOM HOMHHAJbHOM TOKe TT
onpefensioTca 3HaueHusn Kiq.

[To peaynbTaTam pacyeToB CTPOHTCA 3aBHCHMOCTB Kjo=

=[(Zs).

4-8. YYET HEJIHHEHHOCTH CONMPOTHBJIEHHA
TPH PACYETE JONYCTHMBIX HATPY¥30K

Kpusue npesensuuix KpatHocreit TT crposres ans nu-
HefiHON Harpy3xu c cos @g=0,8, T. e, B NpeAnoJoXeHHH,
4TO COMPOTHBJIEHHE He 3aBHCHT OT TOKa. B jeficTBuTeNbHOC-
TH annaparypa, noakaiogaemas k TT, Kak mpaBuso, HMeer
Henunefinyio BAX. Hesnunefinocts B OCHOBHOM onpegenser-
CA HaJnHyHeM (eppOMATHHTHLIX 3JIEMEHTOB B YCTpOACTBAX
penefiHofl 3allluThl (MarHHTONPOBOAK peJsie, TpaHcdopMarTo-
PHl, CEPAEYHHKH 3NEKTPOMArHHTOB H T. I.).

Hau6onee 3ametHo HenuHedinocts BAX BupaxeHa y pe-
Jie ¢ MarHHTONpoBOofioM 6e3 3a3opa HJAH C HeOGOABIUAM He-
MarHuTHeIM 3a3opom (PI1-341, PBM-12, PBM-13, PTM,
PTB u pp.). 3HauHTeNbHO MEHbLIAA HeMMHEeAHOCTb HaGJi0-
RaeTcs y 3NeMEHTOB, HMEIOUHX MAaTrHHTOMPOBOAH ¢ 60Jb-
IHM HeMarHuTHeiM 3a3opom (PT-40, sammura ¢ TpaHcpeak-
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10paMH BO BXOAHHX uensgx). [N cpaBHeHHS XapaKrepHc-
mkn pene PIT-341 u PT-40/06 npusenenn Ha puc. 4-11.

Kak ormeuanoct B8 ra. 1, BAX Henunefinoro snementa,
IOCTPOEHHAs AJNA MeACTBYIOWMHX 3HAUEHHA TOKa H Hamps-
KeHH#A, 3aBHCHT OT (OpPMbI KPHBOA NOABOAHMEIX BENHUHH,
72K KAK MarHATHAS HHAYKIHS B MAarHHTONPOBOJE ABASETCH
neuHefiHOf QyHKIHeA HANPAXEHHOCTH MNOAA H ee NMpOH3-
BOLHOH MO BpPEMEHH.

Kpusbie npeenpHHX KpaTHOCTeH, MO KOTOPHM NpoOBeps-

erca Harpyska TT, cTposiTcs npu NPaKTHUECKH CHHYCOH-
JaTbHOM HanNpsiXKeHHH, T.e.

B NPEANOJNOXEHHH, 4TO [ —

FTODHYHASl Harpyska JaH- g, !

HeAHa H He BHOCHT 3aMerT- y, —

BWX HCKaXKeHWd. Ecau [, 46— 7
CHHYCOHZAJIEH, TO TPH €< g4 L L~

<10% He3aBHCHMO OT CTe- o Rt I
IeRH HENHHEHHOCTH Ha- 0 5 77 75 20 25 ~4

TPY3KH NMPAKTHYECKH CHHY-

comlanenpn BTOPHYHBIf TOK fe'g’éc:ﬁ:‘!; sz::va;]qleig:;le E‘f)"a“n‘
IT. B 3TEX ycnoBHAX mnpH PT-40/06 (2).
tenvrefiHOA Harpyske ¢op-

¥a kpuBofi BTOpHuHOro Hanpsxeuus TT U; moxer OT/H-
YaThCl OT CHHYCOHMAB H NPHHEMarb NHKOOOpasHBIA BHI,
IpHyeM cTenmeHd HCKaxenus U, pacTer ¢ yBeaHueHHeM CTe-

IekH HeNHHEHHOCTH HarpysKH.

H3BectHo, uTO cpelHee 3HaUeHHe NMHK0OGpa3HO# KpHBOMH
¢ 3afaHHEIM AeACTBYIOUIHM 3HaYeHHeM HHXKe, YeM y CHHy-
CORAH C TeM Xe NeHCTBYIOIHM 3HAUYeHHEM. DTO O3Hadaer,
370 NPH TPOTEKAHHH CHHYCOMAAJNLHOTO0 TOKA 4Yepe3 HeJH-
gefidyi0 HHAYKTHBHYIO HaTpy3Ky CpeiHee HalpsixeHHe Ha.
Befi GyneT HHXKe, ueM MpH NPOTEKaHWH TAKOro XXe ToKa ue-
pe3 JHHefiHyI0O Harpy3Ky IpPH YCIOBHH, uTO AefcrByiollee
BanpseHHe B OGOMX CHydYasix OCTAETCA HEM3MEHHLIM.

B cOOTBeTCTBHH ¢ CYUIECTBYIOUISH B NPOCKTHOH NMpPaKTH-
K¢ METOJAMKOM pacueTHOe CONPOTHBJAEHHE HeNHHERHOA Ha-
rpy3kn Ha TT ompelensior no sagaHHoMy Toky Hu3 BAX,.
CHATOH I8 NeHCTBYIOLUMX 3HAYEHHA HAaNpsKeHHA M TOKa.
Pesy/bTHPYIOLLYIO HAaTPY3KY HaXOAAT KakK apHPMeTHUECKYIO-
CyMMy AHHeAHOR H HeAHHeHAHOA COCTaBJAAIOIIHX H CPaBHH-
BAKT e ¢ AONYCTHMOR HArpyskoR, ompefeneHHOA MO KpH--
euiM npesenbHeIXx KpaTHocreir TT. IlpHBegeHHHe paccyx-
JEHHA MOKAa3pBAKT, 4YTO TOYKA Ha KpHBOi npeaeNbHbIX
kpatHoctefi TT, onpegeneHHas AAs HeNHHeAHOA Harpyskh
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[0 cyumecTByiowleA MeTOAHKE, COOTBETCTBYET MEeHbLIeMy
3HavenHio HHAYKuHE B TT, nafimeHHoMy I/ Takofi ke
JuHeAHON HATPY3KH.

Takum oOpasoMm, npumeHAeMas pacyeTHas METONHKA
yuera HeNHHeHHOM Harpy3KH HeCKOJIbKO 3aBHIILIAET pacyer-
HOE COTIPOTHBJIEHHE HAarpy3KH, T. €. CO3XaeT OonpejeseHHH
sanac. CneaoBaTeNbHO, MOABAAETCH BO3MOXHOCTB YBeJHUe-
HUst pomycTuMoRt Harpy3kd Ha TT npu e=10% nyrem 6o
Jiee TOYHOrO y4eTa €e HeJHHeAHOCTH:

Zgsenpon+ Z2n=n (;mnon+zzs) ’ (4-60)

TAe Zuuenmon — AONYCTHMOE MO KPHBHIM NpefesbHHIX Kpar:
HOcTeHl 3HAaueHHe BHEIIHe#l HeanHedHOA HATpy3KH Ha TT;
Za pon — RONYCTHMAA BHEWIHAs JHHeAHAas Harpyska Ha TT
npu e=10%; n — KospPHOHEHT YBeJHUEHHS NONYCTHMOrO
conpoTHBAeHHA Harpyskd TT, 3aBHCAIMHA OT CTENeHH ee
HenuHednoctn (n=1). ComporusieHue Zp; nNpHHHMaeTcH.
JHHEAHBIM,

KonnuecTBeHHYIO CBA3b MEXIY JHHeAHOR H HesJHHeHHOK
monyctumoli Harpy3koi Ha TT HafiZeM H3 cJaedyOLLIHX COOT-
Howennft [45]. B o6wmem cayzae npa e=10%=const &
50 I'o, BMeeM:

Inif MHHeRHOH HarpysKH

Kol Z Z
Bﬂp= 1 ‘gﬂa‘]_{lrllfgw-:- ID); (4‘61)

ZnA HeJHHeAHOA Harpy3kH

K:nf:m ZILHER. ZIB
B, =Sl Cusenton + Fu), (469

rae 1,11 —kosdpdpuunent dopmu kpusoff 3. A. c. Ha BTO-
puuHo# o6morke TT mpu amuefinoRt Harpyske; Ky —To e
NpH HeJHHEHHOH HAarpyaxe.

[IpupaBnusaa mpasbie 4actu (4-61) u (4-62), a Taxxe
yuurtoiBas (4-60), noanyuaewm:

1=0,9Ks. (4-63)

TakaM o6pasom, 3ajaua CBORHTCA K SKCHEPHMEHTalb:
HOMy onpegnenennio Kg KpHBOH 5. 4. C. Ha BTOPHYHOM
obmotke TT mpH HesuHEAHOR Harpysxe.
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49. PACYETBl HAIPY30K HA OBMOTKH TPAHC®OPMATOPOB
TOKA B CXEMAX HA MEPEMEHHOM OTNMEPATHBHOM TOKE

Illnpoxoe pacnpocTpaHeHHe B OTeYeCTBEHHOA MpakTHKe
HONYYHAH CXEME 3aIMHT SHEpPTeTHYeCKHX 00beKTOB Ha Me-
peMEHHOM OTEpaTHBHOM TOKe, MCTOYHHKOM KOTOPOTO
apasiorea TT.

PaccMOTPHM MOPANOK HHIKEHEPHOTo pacuera HAarpysok
B TOKOBHIX MEMAX SAIIUTHl € JEIIYHTHPOBAHHEM SMEKTPO-
MarHuTOB OTKMIOYeHHa (DO) BHIKMOYaTeNel B Cxemax 3a-
IHTH TOHHXAaWLIHX TpaHchopmaTopoB. Takne cxeMbl
(puc. 4-12) sABAAIOTCS THNOBBIMH AJA MOACTAHUHMA C BHIC-
IWHM HanpsikeHuem 110—220 kB
H yOpOUEeHHBIMH CXeMaMH 3/eK-

110-220%8
§ TPHUYECKHX COEeAHHEHHH, The co
a CTOPOHH BHICIIEro HAMpPSKEHHA
X3 YCTaHOB/JEHH OTAEAHTENH H KO-
‘ POTKO3aMBIKaTeJH.
smienmens & B cxemax ¢ JewryHTHpoBa-

HHeM B KauectBe 30 BHIKIIO-
yateneii 10—35 kB o6wuHO
HCTIONB3YIOTCH TOKOBHE  pelne
npamoro aeiictsus (PTM) uan
TOKOBHIE 3JIeKTPOMATHHTH OT-
kmouenus (TI0). Toxku cpa-
6arbiBaHug T30 coctasadioT

A'B[C
rrg E Puc. 4-12. Cxema sautntel Tpancdop-
3 90 30 KO P3 MaTopa Ha mnepeMeHHOM ONepaTHBHOM

s[HHHH] TORE

@ — cxema riapAMX 0eneR; 6 — cxema BCMO-
MoraTelbHBIX Hemefi,




1,6 1 3 A, a MyHAMAaNbHBIA TOK cpabaruBanus PTM 5 A
PTM u T30 nurawrcs or TT. B npusoas BKIIOUEHHS Ko-
pOTKO3aMbiKaTesefi BeTpauBapTes Toavko PTM 1.

YuuTHBaf, YTO MOIHOCTb BCTpoeHHHX TT Mana, B THIO-
BHIX CXeMax 3aulHThl ¢ AewyHTHpoBaHuem 30 (3B) mnpw-
MEHAIOT NoCAefoBaTeNbHOe CoefHHeHHe JABYX BTOPHUHLIX
o6morox TT B Kaxkmo# dase.

B COOTBeTCTBHH C THNOBBIMH <CXeMaMH HHCTHTYTA
«DHeproceTepoOeKT» ONHOBPEMEHHO AelwyHTHPYloTea IB H
30 Ha cTOpoHEe HH3LIEro HampAXEeHHA TpaHcPopMaTopa;
B SKCMJIyaTaluH PacHPOCTPAHEHHl TaKXKe CXeMbi, B KOTOPHIX
JDelyHTHpyeTca Toabko 3B, a 30 oTkMwYaercs KacKamho
noc/ie BK/AIYEHHS KOPOTKO3aMBIKaTeJs.

Cnemyer OTMETHTb, YTO MOCJEAOBATebHOE COEAHHERHe
aByx o6morok pcTpoeHHnx TT He Bcerma Tpebyercs, Tak
Kak y pocraroyHo wmoumuweix TT (manpamep, TBT-110,
nuom>200/5) onna ob6morka ob6buHO obecrieuHBaeT MuTa-
HHEe HAarpy3KH NpH coXpaHeHHH TpebyeMoill TOYHOCTH.

[Ipn npoekTHPOBaHHWH 3AaIIHTH TOHHXKAIOLUIEro TpaHc-
tbopmaTopa B CXeMax ¢ JelIYHTHPOBAHHEM 3S/MEKTPOMAarHH-
TOB B o6WieM caydae AOJXKHbl NPOBOAHTHCA PACUETH YCTa-
BOK 3aIUHTHl TOHHXKAIOUIEr0 TPaHCHOPMATOPA, CEUCHHS HKHUN
KOHTPOJIbHOrQ Kafend B TOKOBHIX LEnfAX, TOKA HafeXHo#
pa6oret 30 (3B), KOMMYTAUHOHHOH CMOCOGHOCTH KOHTAK-
TOB pelle, OCYWECTBAKOMHUX AewyHTHpoBaHHe D0 (3B),
HampsMeHH HA 3a)XHMax BTOpuuHON o6motku TT.

Pacyers! yCTaBOK ROMKHBE BHIMOMHATHCA B COOTBETCTBHH
¢ [46] nau mpyruMmu ykazanusMu 510 sTomy Bonpocy [1, 41,
42 u np.]. OcranbHble 3Tanbl pacyeTa HeNocpeACTBEHHO
CBSI3aHBl ¢ Harpy3ouHo#t cnocobHocteio TT. PaccMoTpum ux
Gonee noapobHO.

Jlng npoBeAeHHA pacyeTOB HeOOXOAHMBI CledyiollHe
HCXOAHHE MaHHBIE: COMPOTHBJAEHHE npaAMofi TMoCJaefOoBa-
TeNbHOCTH (AHG0 MOIIHOCTH K. 3.) CHCTEMBl B MHHHMAJb-
HOM H MaKCHMaJNbHOM peXcHMe ee PaloThi, THN NOHHXKAIO-
wero TpaHchOpMaTopa H ero MacmopTHblE JAaHHBIE, THI Bbl-
KNI0YaTeas, KOPOTKO3aMblKaTeNa ¥ MPHBOXOB K HHM, AJHHA
KOHTpOJbHOTO Kabens (OT BCTPOEHHHIX B TpaHC(OpMarop
TT mo Mecra yCTaHOBKH peJle 3alIHTHI); COMPOTHBAEHHE
06MOTOK peJsie 3aLIHTHI B TOKOBBIX Iemsax (HAH TmoTpebase-

! B panpHefilneM NOX TCPMHHOM «3/MeKTPOMArHHT OTKMOYEHHA>
B Tekcte GyAyr moapaayMeBateca PTM u T30, scrpanBaembie B npu-
BOAL BHKMIOYAaTeNEA; MOX TEPMHHOM <3]EKTPOMATHHT BRJIOYEHHS»
(©®B) — péae PTM, BcrpanBaeMbie B NPHBOA KOPOTKO3aMHKaTes.
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uas stoft annaparypo#t mommuocrs); THm TT u -xosdpdu-
IHEHT TpaHCPOPMAIHH.

[Topssaox mpoBeeHUN PACYETOB,

1. Onpesnensiercss CeyeHHe XKHJA KOHTpOJbHOro xabens
N0 MeToAHKe, H3noxeHHOH B § 4-3. OcobenHOCTh 3aKII0Ya-
ercs B TOM, YTO Harpyska Ha o6morkm TT monxua ompe-
lensATbcsd KO AewryHTHpoBanus 0, T. e. Ge3 yyera compo-
tueiaedus 30 (DB), Tak KaK TOJNBKO B 3TOM PeXHME HE0O- -
XOZHMO BBINOJHeHHe ycaoBHsA e<10%. [locne newyHTHpPO-
Banus 30 (I3B) morpemHoctH TT He pernaMeHTHPYIOTCS
# TaKOH# pexHM He sABAfAeTcs pacueTHbiM. Pacuer ceuenui
Kua KaOenel MOKET MPOBOAMTBCA Tospko Aas TT, ycra-
HOBJICHHBIX Ha CTOPOHE BBICIIETO HJIH CPeJIHero Hampske-
HHS TPAHCGOPMATOPa, eC/IH Ha CTOPOHE. HU3IIEro Hampske-
wus TpaHcopmaropa BeKAo4aTenu, TT u penefinas anna-
paTypa yCTaHAaBAHBAKOTCA B HENOCpeACTBEHHOR GJH30CTH
Apyr or Apyra (manpumep, B suefixax KPY wau KPYH).

2. Onpepnensierca pacyeTHOe CONPOTHBJACHHE HAarpysKH
#a TT nocne pewyHtHpoBaHus D0 (2B) npu pacuerHoM
mByx¢dasnHom K. 3. Ha ctropoHe HH unu CH (pas Tpexo6mo-
TOYHBIX TIOHHXKAIOUHX TPaHC(HOPMATOPOB) HANPAKEHHA.
Harpyaka onpepensiercs no (4-13) Ans cxeMbl cOeIHHEHHS
o6morok TT B Tpeyronbhuk. [logcranoBka KO3$PUIHEHTOB
nuds (4-13) gna sToro cayuyas NPHBOAHT K H3BECTHOMY
COOTHOILIEHHIO

ZP o =3Ras+3Z,+ Ry (4-64)
e Z . — conporupaenne Harpyska Ha oomotkm TT npu

pacyeTHoM AByx¢dasHoM K. 3. Ha cropone HH u CH rpanc-
dpopMaTopa; Ryas — CONMPOTHBAEHHE XHJbI Kabeas oOT 3a-
xumoB TT no mecra ycraHoBKM anmapartypu; Zp — compo-
THBJAEHHA peNeRHOH amnapatypsl B OoJHOH ¢ase mocie ge-
WYHTHPOBAHHA, T. €. ¢ y4eToM conpotusieHus 3B (20);
Ruep — mepexofHoe CONPOTHB/AEHHE  KOHTAKTOB (Rpep==
~0,05 OM). 3aBHCHMOCTH Ryas=f(l) AnA xabenefi c men-
HOH H aJIOMHHHEBOA XHJaMH TIPHBeJeHH Ha puc. 4-13.
Conporusienne Zy npeicrasaser co6ofi cymmy conpo-
thneHufi pene H OB (30). IlpumepHble 3HAYeHHs 3THX
CONPOTHBJIEHHA [JIA THNOBOM 'CXeMH AaHH B Taba. 4-5 u
4-6. YuuTEIBan HeNHHEMHBIA XapaKTep HarpyskH, B Ta6a, 4-5
NPHBEJEHB! 1BAa 3HAUEHHS COMPOTHBJEHHH: MPH OTHOCHTE/b-
#0 HeGOoNbIIOA KPATHOCTH TOKA, COOTBETCTBYIOWLEd K. 3. 32
tpaHchOpPMATOPOM, H NMPH BHICOKOM KPATHOCTH, COOTBETCT-
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Bylomef K. 3. Ha cropoHe BH Tpaﬂc(popuam}a. B pacuerax
no (4-64) Hcnoabayercs Goabllee 3HaueHue Zy,

Conporusnenne 30 3aBHCHT OT THNA BHKJIKUATENd 1
npusoaa. B kauecrBe pacueTHoro npHHUMaercd

2,050 =082, (4-65)

rae Z.—congomsnenue D0 npH BTAHYTOM CepAeYHHKE

peae PTM (T20).
o Rxas
10
f1 //"
/
£3
{/ v
/
s A
7
g 7 { //
]
/1
i If 74 /
/
a5 (/ / f/
qg- J/ /’ =
P
=
“ AP ANZEr L
ﬂz J( 1/ e il
4 L~ 514 |+
V/’/ -] __...--""f-—_
9.!{// — :/—"""1“5
o L

i i 50 Vi L7/ [/ = B -1,

Pac. 4-13. 32BHCHMOCTH CONPOTHBAGHAA XUA KaGeNA OT AAMHB AAS Mej-
HEX S| H anoMuHHeBHX S, Kabenefi pasAMUHHX CedeHHR.

I —=S5=16 uM?, Sy=25 MMl 2—S5=25 um?, S;md,0 uM?; §—S;wd mw!, Sym=
-6 M1, £ —S;=6 Mu2; S;=10 mm®; 5;52.5-10 ;m’. Sy=16 Mmu; 6 — S;=16 mmd,
g - MM,

Ycaosue (4-65) noAaTBepXKAEHO SKCHEPHMEHTANbHO AJA
HEKOTOPHIX KOHCTpyKuui pene PTM; ¢usnueckn oHo o3Ha-
yaeT, 4TO pacuenJeHHe MeXaHH3Ma NPHBOAA BHIKJAKOYATEd
npH cpabaTthiBaHuu pede PTM npoucxoXZuT paHblle, geM
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Ta6arna 4-5

Conpotusnense Toxopoll
ofuoTkH, OM. NpH KpaT-
Tun pene ROCTH TORA

K=1-=2 K=10+15

PHT-565 (akTHBHOEe compoThBieHHe paboueil, 0,1 0,1
NepBol H BTOPOR ypaBHHTENLHON OGMOTOK {IpH
TBONHOCTbIO BKNIOYEHHHX BHTKaX)

PT-40/P 0,35 0,2
PT-40/10 0,08 0,08
PBM-)I2 (nocnenoBatTenbHOE COEARHEHHe 06MO- 0,15 0,06
TOK
Pl'l-34)l (mocnenonaTenbAOEe  coegHHEHHe 06MO- 0,1 0,05
TOK
CyumapHoe conpoT#BAeHHe ANnapaTyph B THNO- Zpg=0.78 Zp,=0,48
Bofl cxeme
TaGauua 4-6
Conpotasnemse, Od
Tox cpala-
Tin 20 (3B) # npunoga THBAHIA, | Ceppeunuk | Cepremams
A omywer | STREyT
Pene PTM B npupoge III1-67 (II1-61) 5 0,64 2,32
Pene PTM B npusose BuKMouaTens 5 0,79 2,68
BMIIIT-10
Pene PTM 8 npusone IITIKM xopot- 5 0,72 2,0
ro3aMuikatenda K3-110M, K3-220M
T30 s npusone I111-67 3 2,22 7,5*
T30 B npupoge [II1-67 1,5 8,9 30*
T90 B npHBOgR  BHKAWYATEAS 3 3,98 12+
BMIIII-10
T90 B npuBOge  BHKAOYATEINR 1,5 15,5 47,0*
BMII[I-10

* Onpemesero NPuSmDEERHEM PACYCTOM.
cepieYHHK ROAJeT A0 ynopa M CONPOTHBJIEHHE pene CTaHeT
paBHBIM Z,.

3. Ompenensierca TOK HazexuHon pabotm 30 (3B):

!
luy0="tun (Ko g2 4-L.). (4:66)

r1ae kyp— K03QdUUHEHT OTCTPOIKH, YUHTHIBAIOUIHA BO3MONK-

HOCT H3MEHEeHHs] TOKa cpabaTbiBAHHS pejieé OTHOCHTEJIbHO

10Ka YCTaBKH, a TaKXe HeoOxomHMocTe obecrneyuTb BpeMsa

cpabatuiBanus pene menee 0,1 ¢ [47]; [, .o — HOMHHAMD-
. K@

Heit ToK cpabarwBanua 30; K 'pq — K03QHUHEHT cxe-
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Mul BraoYeruss 0 npH pacyeTHOM ABYX(dasHOM K. 3. 32
rpaHchopmaropoM; [, —Tok HamareuuuBanua TT mocae
nBewynTupoanus 90 npu pacyeTHoM JAByX(asHoM K. 3. 3a
TpaHchOpMaTOPOM, NpHBeNeRHbfi KO BTOpHYHHM mensm TT.

3uavyenns kospbuuuenToB, BxoaAwHX B (4-66): k, = 1.4
K® ,=1,5—npn asyxdasnoM K. 3.3a TpaHcOPMaTOPOM
€0 cxeMolt coefHHeHHS 0OMOTOK Y{A. ‘230= 1— npu

Apyxdasuom K. 3, Ha ctopose CH TpexoOMOTOYHHX TpaHC-
tdopmaTopoB co cxeMmoii coefHHeHHH oOMoTOK [/ 1/A.

YunreiBag HeGosbluge KpaTHOCTH ToKa B TT mpu I:p 20’

Iy B nepeoM NpPHOGAHKEHHH MOXHO ONPENENHTb NMO METOAY
5KBHBAJNIEHTHBEIX CHHYCOKJ C/eAylomHM o6pasom.

Briuncnsercs peficteyromias 5. 4. €. Ha BTOPHYHOH
ob6morke TT, Heobxoaumasn ans HagexHolt paGotm D0 TIpH
pacyeTHOM JABYX(]a3HOM K. 3.

_ flws0 Lo
2{__—-@{}-; Z,y e T Z1a)- (4-67)

Ina cxem c ABYMS MOCJAeJOBATENbHO BKJIIOYEHHBIMH
OAHHAKOBBIMH OGMOTKAMM CONpPOTHBJIEHHE Zyy YABAHBAETCH.

OnpenensercAs MakCHMaNbHAs MAarHHTHas HBAYKIAS
B MarHuronposoge TT no (1-15) mpu Kp=1,11. dns cxem
C OBYMf TOCJAeA0BaTeNbHO COeIHHEHHBIMH OJHHAKOBBIMH
obmorkamu TT pacyeTHoe sHaueHHe HEAYKUMH

Bypace max=0,5Bmax. (4-68)

[To kpuBo# HamaruuuuBanua craau TT (puc. 4-7) ans
Bpacamax ONpefensercs AeACTBYIOLAA HANPAXKEHHOCTb MOJA
H (A/m) B marruronpoBoge TT. B cayyasx, xoraa Moxer
6biThb CHATA peaNbHAas XapaKTePHCTHKA HaMarHHYUBAHUS
TT, uesecoo6pa3Ho B KayecTBe pacyeTHOH HCMONb3OBAThH
3Ty XapaKTePHUCTHKY.

Onpenensiercs OeHcTBYIOWIHA TOK HAMAarHWYHBaHHUSA IO
(4-37).

Pesyasrath pacyera [/ a p 20 AT PA3HIHHIX 3HaueHHdt Z,

yao6HO mpeicTaBHTh B BHAE 3aBHCHMOCTeR Knmin=f(Za),
rae

I
Krm’n: 220 ’ (4'69)

1 ymou
rae /yjyom — HOMHHANBHLIA nepBuyHbf TOK TT.



Kpussie Kpin=f(Zs) ana TBT-110 npueeaens Ha
puc. 4-14 u 4-15. Tlo xpuBHM Kyin=((Zy) NpH paccyHTaH-

@
Hom mo (4-64) Z..., ompenensercs K., a sarem I ...

B Meropuueckoit pabore TOPBLKOBCKOTO OTAEJNEHHS
HHCTHTYTa «DHeproceTbnpoeKT» «THNOBLE pacyerhl U OLEH-
Ka BO3MOJXKHOCTH BHITIOJHEHHS 3alUHT TPaHcGOpMaTopoB
36—220 xB Ha nepeMeHHOM H BHLIIPAMJIEHHOM ONEPaTHBHOM

1% (Kpin L—T
72 -
?.

17
0
a9
a8
a7
2 2

5 6 7 8 § myn 1z B K BN

!h |
= Z\| &
1

08| Kpin
a7
a6 -
| Zy
wono1zuaH leglt 8 19 20 0m

il
\
|

»

Puc. 4-14. MuHHManbHble KPAaTHOCTH HaAeKHOW pabOTHl SAeKTPOMArHH-

TOB OTKAIOYEHHA (BKMoueHHA) B uenH TBT-110 npHMeHHTeNbHO K ABYX-

o6MOTOYHHM TOHHMAIOWHM TpaHchopmaropaM (BTOpHuHbie OGMOTKM
aByx TT coeaHHeHH NOChefOBAaTENBHO).

2—lep30(3B) =54, 6 —Ilepa0 (3B) =3 1 —1 5 = 1004; 2= T o = 1504;
S—lpon=200 A; 4—1p5,,=>300 A

toges, 1977 r., npusoaarcs Kpusble Kmin=f(Zs) Ana 60.ab-
LAKCTBA OTEYECTBEHHHIX BCTPOEHHBX B Tpanchopmarop TT

mpi I 50=3 A, I,50=5 A, H yClOBHH HCNONL3OBAHHA

KaK OIHOM, TAK H HECKOJbKHX NACJeJ0BAaTeJbHO CO€JXHHEH-
Hbix o6MoToK TT.
YrouHseTcs KOSGOHUHEHT YYBCTBHTENLHOCTH 3aLHTHI

X8,
I saf-@— | (4-70)
p

rae [c;— NepBHUHHIA TOK cpabaThiBaHHA 3aLLHTHL
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ITpnuAMaercs MeHblee H3 JIByX 3HAUYEGHHH TOKA — Mak-
CcAMaJbHOA TOKOBOHR 3alMHTH lggmr H OHGDPepeHIHANBHOR
TOKOBOA lcanr (ecnn oOHa mpeaycmarpuBaercs). OOHYHO

2 3]
Leonr<<Icomn K,.f,? o K,!Ij', — Ko3ddunuentst  cxeMu

-?-g Knmin rd

79 7
7.8

17 ]
Le—r—=
L5
14
73
12
5
10 Zn
§ 6 7 8 9 Wyn 6w B

Hhs
oy

1

13\ Xmtn
12 7
17 -&E'-’-
W=7 %
A —
og
07
(]
g, Z

oo 1z B ® g6 77 18 1 200w

Puc. 4-15. MunHMa/nbHHE KPaTHOCTH HaJEeXHOR paGOTH 3/JeKTPOMarHu-

TOB OTKMoYeHHs (BKkmouenHa) B uenw TBT-110 npumennrenrro K Tpex-

oO6MOTOYHBIM TpaHicopMaTopaM (BTOpHYHHEe OOMOTKH AByx TT coemm-
HeHB NOC/eNOBATENbHO).

a 58 6—1 . 50am) =3 A I Tyuow =100 At 21,0, = 150 &

3= Nigou=200 Ai 4—1I1gqy =300 A

—Jcp 20(3B) =

BKJIIOUEHHS peJie COOTBETCTBEHHO NMPH ABYXda3sHOM H Tpex-
da3HoM K. 3. 32 TPaHCHOPMaTOPOM.

Mpu coexumennn obmotox TT B Tpeyrommmk K& =1,73;
@ __
K, ,=15—npu papyxdasHoM K. 3. s;‘ TpaHchopMaTopoM
co cxemoft coemunenns o6MOTOK [/A; K ,=1—rmpu aByx-
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pasHoM x. 8. na cropone CH TpexofMoTounmX TpaHcgopma-
T0pOB CO cxeMoH coepureHus o6MOTOK f/A/A Ana pByxpe-

JefiHOR CXEMbI; K::?p=2-—npﬂ AByx¢asHBIX K. 8. HAa CTOv

poue CH Tpexo6MOTOUHBIX TpaHcopMaTOPOB €O cXeMoRt
coepuHEHHs] OOMOTOK jf/[/A Ans TpexpenefRHOH TXeMbl.

Ecau ycnosue (4-70) BHNOJNHSETCS, TO YYBCTBHTE/b-
HOCTb SalIHTHI ONPEAENAECTCA N0 TOKY cpaﬁamnanus ee
H3MEpHTeNbHEIX opraHoB [46], a eciH He BHINOAHAETCH, TO
TYBCTBHTEIBHOCTE ONpefiensieTcss MO TOKY cpabarThiBaHHsA

50 (3B):
a) Ana AByXo6MOTOYHLIX TpaHchOpMaTOpPOB
k J'It(aillu'!'l 4 7 l)
- _-!l. p30 ’ ( .

rie Jumin — TOK Ha cropoHe BH Ttpancdopmartopa npu
TpexdpasHoM K. 3. Ha croporne HH;
6) ons Tpexo6MOTOYHBIX TpaHcdOpMaTOPOB

V3 _I'xmin
k‘-:T !—,’.-;—;"o—- » (4'72)

rie I'ymin —TOK Ha cTOpoHe BH Ttpancdopmaropa npu
mpexdasHom k. 3. Ha cropoe CH; I’ o, —TOK Hajex-

B0/t paotet O NpH pacyeTHOM ABYX(a3HOM K. 3. HAa CTO-
poxe CH.

[IposepsieTcs KOMMYTalUHOHHAs CMOCOGHOCTb KOHTAKTOB
pene, aemyHTHpylowHx 30 (3B). OaHuM M3 OrpaHHyHBaIO-
mEx (GaKkTOPOB NMPH MCNOJBL3OBAHHH CXeM C JAelIyHTHPOBa-
mmeM 30 (DB) sBAseTcs TOK 4Yepe3 KOHTAKTH peJe, ocy-
WECTBAAIOWMHKX JewyHTHpoBanHe. HauGonbllee 3HauyeHue
toka pene PI1-341 unn PT-80 cocraBasier 150 A npu co-
IPOTHBJAEHHH AellYHTHpYyeMol uenu He Goaee 4,5 Om.

IleproHayasbHO pacyeT TOKa BuINOJHAercad Ge3 yuera
HactimeHnusa Marauronposoaa TT no popmyne

19 < Vo (0o

e 'Kctg) ISBOII

fs (4-73)
Tme Iﬂx—'rox npH TpexdasHoM K. 3. Ha cTtopore BH tpasuc-
¢opMaTopa B MAaKCHMAJBHOM peXuMe paGoThl CHCTeMbl; K=
=V3; Lp=5 A ana cxeM c Jemryntuposarnnenm 30.
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B Tex cayyadx, Korja ycloBHE He BLIIOJNHSIETCS, Ceny-
€T TPOBEPUTh HaNHYHE HachillleHHs MarHutonposoza TT,
KputepneMm HacblllleHHs ABJSETCH YC/IOBHE

e>10% (4-74)
npi K=17,3 u CONPOTHBNEHHH HArPY3KH Zf’m“.
Ilpu pacyere Z® —=Z% . cjegyer yunTHBaTH Henu-

H. pacy A, pacy
HefiHulli xapaktep Harpy3kH Ha TT W pacueTHOe 3HaueHue

compousenmit pene onpeaensts npu K = 17,3. Pacuer Z" | |

ocymecTBasercs no (4-64) 6e3 yuera CONMPOTHBJIEHHSA Je-
wyntupyembix D0, NMOCKOJLKY periaMeHTHpYeTcs TOK Jo
Aewyntuposanus 0. Ecan ucnosb3yoTcsa ABe NOCaAen0Ba-
TeNbHO BKJAKYeHHbie ofHHakoBuie obMotkH TT, To pacuer-
HOE CONPOTHBJIEHHE Ha OIHY 06MOTKY

z'u.pacq= 0'5213} (4-75)

H. pacy”

[TpoBepka ycnoBus (4-74) ocyuiecTBafercd NO KPHBBHIM
npefenvHoi kpatHoctH TT. Ecar Touka ¢ KOOpAHHATAMH
=17,3 0 Z'gpaca Pacno/oxena BbilIe KPHBOA NpelesbHOM
KpatHocTH coorBercrByiowero TT (uMeer Mecro mpu &£>
>10%), To caeayer onpeienuTh NpPHMEPHOE 3HaueHHe
TOKa yepe3 KOHTAKTHI peJie, OCYLIECTBASIOWEr0 AyHTHPO-
BaHHe, ¢ Y4eTOM HachilleHHs MarHutonposoda TT.

I,~V3I® (1 = ﬁ) (476)

rae IS =1 In,—sropuummit Tok TT npn Tpexdasiom
K. 3. Ha cropoHe BH Ij-paut:qmpma'ropa 6e3 ydeTa Hachllle-
Hus MarHurronposoaa TT; &; — koaduuuenT 3anaca, yuH-
THIBAIOUIHH BO3MOXKHOCTb HMCMOJb30BAHHA JYYIIKX MAarTHHT-
HHX MaTepuayioB Ajasa MarHutompoBomoB TT (k=1,2; To-
KoBaf morpemrHocTs f ompenenserca mo xpHsofi A=Y ([)
(cwm. puc. 4-2).

Pacuyersl nokasbiBaWT, YTO Y CPaBHHTeNbHO MaJioMOII-
Hbix BerpoeHHBIX TT (TBT-35M ¢ ngow=1560/5; 200/5;
300/5; TBT-110 ¢ nuon=150/5; 200/5; TBT-220 ¢ ngon=
200/5) npu peasibHBIX Harpy3KaXx MarHHTONPOBOJAB! HACHIIIA-
IOTCA H TIOSTOMY AONYCTHMble KPAaTHOCTH TOKAa K. 8. MOTYT
6HTH cyllecTBeHHO BHe 17,3.
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PaccynreiBaercd HampsieHHe Ha BTOPHYHOH OO6MoTke
TT nocne aewynrupoBanus DO. IIpn BHICOKHX KPaTHOCTAX
70Ka K. 3. Ha BTOpHuYHHX o6moTkax TT Mmoryr BO3HHKaTh
yanpsiKeHHus, KOTOpHE MpPEACTaBAAIT ONacHOCTL AJS H30-
MAUHH BTOPHYHHIX uenefi, ONbiT CBHAETENLCTBYET, 4TO pac-
yeT HanpsXKeHHA Ha BropuyHnx o6Morkax TT, paborarouux
Ha HeMHHeAHYI0 HHAYKTHBHYIO Harpy3ky (20, 9B), zonxen
NPOH3BOAHUTLCA € YYETOM NOTepL Ha BHXPeBhHleé TOKH B Mar-
wuronposoge 30 u TT. Pacyer conpoTuBAeHHS MOTEPhL JO-
CTaTOYHO CJIOXKEH, MO3TOMY Ha MNpPaKTHKe 4acTO HOTMOJb-
3YI0TCA MPHO/JHMKEHHBIE HJIH SMAHPHYeCKHe (PopMyJH.

[IpubnmxeHHHA pacyeT aMIJIHTYAbl HaNpsXKeHHs Ha
sropHyHbiXx o6MoTkax TT ¢ yyeroM norepb Ha BHXpeBbe
tokd B MarHutonposoaax D0 u TT (compoTHB/EHHE MOTEpPh
Rs BKJIIOYaeTCHA B PacYeTHOM cxeme 3aMeIUEHHS TapaJJjeb-
HO HAarpy3Ke) MOXKeT NPOH3BOAMTLCA no [48]:

U:max =2 VEumaer’ 2 max» (4‘77)

i€ Eymax — AMMIKRTYRA HaTPAXKEHHS HA KaTymke D0 npH
HHAYKOHH B Mariuronposoje, pasuo#t 0,6—0,8 T (sra
HHAYKUHS COOTBETCTBYET MAKCHMAJbHOH MAarHHTHO# mnpo-
HHUAEMOCTH CTAJId MaTrHHTONPOBOJAA); R — COTMPOTHUBJEHHE
BEXPEBBIM TOKAaM; [ymax — aMIIMTYAa TOKA, NPOTEKAIOUIErO
yepe3 pese (6e3 yyeTa HachieHus 1T).

HanpsixkenHe Egxmar NPHONHIKEHHO MOMHO ONMpEJENHTb
skcnepumentanbio no BAX 30 mpu BepxHeM NOJNOXKEHHH
cepllegHHKa — KaK HanpsiaeHHe B Towke H3rH6a xapakre-
PHCTHKH,

O6nactb ucnonb3oBaHua popmyaw (4-77)

IﬂmuRs> IOEH maxs (4-78)

[Mockonbky Maruuronposod TT BoinonHsercd auG0 WHX-
TOBAHHBIM, JTH60 BHTBIM M3 H30JHPOBAaHHBIX APYT OT ApYyra
cl0eB JieHTH, 6e3 6ONbImIOH TOTrpelIHOCTH MOXHO Y4ecTh
TOABKO TOTepH Ha BHXPEeBble TOKH B MarHHTOMPOBOZE
30 (3B). dr1o naer HeboABMIOA pacyeTHHH 3anmac.

ITpumepHble SHaYeHUA Eymar H Ry, paccyuTaHHble npHO-
mxenHo gas TDO, BerpauBaemux B npusoA IMI1-67, npu-
BelleHb! HHXKe:

rwn A L R T O . L T I R R I A L 1)5 3
R.; 0“ = 8 % s s % 4 & & % B o os o® P AW ORGSOt oaos 140 35
X maxr Bo " s s LN I R T T LI I O L L 48 24
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HOaa pene PTM, BerpanBaemux B npuson ITI1-67, ¢ ne-
KOTOpHIM 3amacoM napaMeTpl Rz H Egmaez TIpUHONHIKEHHO
MOJXXKHO OLEHHTH CHEAyIOWHM 06pa3om:

/

E; max= ;:P_ﬁ Em T30! (4-79)
! 2
R, prn = ( ;:: ::4 ) R, 1s0- (4-80)

Pesyabrath pacuera no (4-79) npu 3HayeHHAX HCXOA-
HHX MapaMeTpoB, NPHBEAEHHHX BHILE, XOpOLIO coBmagair
C pesy/JbTaTaMH SKCHEPHMEHTOB, BHIMOJHeHHbIX Ha PHc-
KOM ONEITHOM 3aBOAE «JHEProaBTOMATHKAa»: MpPH Icﬂ.ao=

=01,5 A, 15=100 A, Uzpmax=1950 B, Usonsra max=1900 B.

OnbiTHEE H pacyeTHbie JaHHBIE Ry H Exmex 88 T30 B
PTM, BCTpPOoeHHBIX B MpHBOA BHKAW4Yareas BMIIII-10, ot-
CYTCTBYIOT.

Conocrasasss MomHocTH cpabarniBaHua pene PTM
(T30), BcrpoexHbx B mpHBoA BHKMowarens BMIIII-10 u
npuBog [1I1-67, MOXHO NPeANONOXKHTL, YTO HanpsXKeHHe Ha
20 npuBoaa BHKMovyarens BMIIII-10 6yxer na 15—30%
BHIle, yeM paccyHTaHHoe mo (4-79) aaa npusopa IIII-67.
PacueTHuM npH onpefeNieHHH [ymax ABJAAETCH PEXKHM ABYX-
¢dasHoro k. 8. Ha cropoHe BH rpanchopmaropa mexny da-
samu AB u AC, xorga B ogHoM H3 D0 nporekaer ToK,
yABOEHHHIA No cpaBHeHHKW ¢ D0, yCTAHOBJIEHHHM B ApPYyroft
¢ase. Hanbonbwee nanpsxKeHue Ha o6morke TT npH aByx-
ha3nom K. 8.

Uy, Usmax iy + Uzmax oy (4-81)

roe UEmathh Um,(c,w—auunmynu Hﬂ'ﬂpH}I{EHKﬁ Ha 3aXH-
mMax D0, ycTaHOB/JEHHHIX COOTBETCTBeHHO B ¢asax A m C.
Tokn B sTHX (dasax npu pacyetHoM aAByx(dasHOM K. 3. pa3-
JquYaTca B 2 pasa, npHYeM HaHGOMbWHA H3 TOKOB paBeH
TOKY TpH Tpex¢asHoM K. 3. C yueToM 3TOro HmeeM:

Loa iy = U amax ) = Kc(i) Vi f’ =Ve6I 2(3’: (4-82)

max

VE
: _— .=Tf;'°". (4-83)

[ToacraBnga 3HaueHus tokoB H3 (4-82) m (4-83)
B (4-81) ¢ yyetom (4-77), mocne mnpeoGpasopaunft moay-
qaeM:

Upsras =538 ¥ EpaxRo1S. (4-84)
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IpA oxnoBpementom aemynruposanun-30 u 3B (c oau-

HAKOBEIMH TapaMerpamu) BhipaxkeHune (4-84) npunumaer
BHL

Upg oz = 10,72V E, ,,,,,,R,rf’. (4-85)
Ecan B XKavyecTBe MakCHMAaJbHO ,ElOlI}'CTI{MOﬂ AMNJAUTYAbL

AANPSIKEHUS HA 3aXUMax BTOpHYHON o6moTku TT npunaTh
2000 B, To u3 (4-85) moayuum:

@ __ 20002
L o 3 (=R
A OfHOTO AellyHTHpyeMoro 9B H
(3) 20002

Anst OiHOBpEMeHHOro AemyHTHpyeMbix 30 u 3B.
[ToacraBnas B (4-86) snaueHHs mapameTpos, HalizeM

19
a) s T30 ¢ [p=1,5 A

3 20000
I = s —206 A

MagcHMa/IbHO NONYCTHMAas KPaTHOCTb TOKa
K=20,6/5=4,1;

fnoAyyeHHass KPaTHOCTb MaJjia, B De3y/bTaTe Hero CXeMbl
¢ T30, umeomum Jcp=1,5 A, npaKkTHYECKH He MOTYyT

HCMOJNIL30BAThCA MO YCJOBHSM JAONYCTHMHEX HanpsaXXeHHH
B TOKOBRIX LENAX;

6) ana TAO ¢ Icp=3 A

3) 20002 _ 2
IS-’ = 5,36%.35.24 164 A;

B) anfg PTM c Icp=5 A npH oZHOBPeMEHHOM JELWIYHTH-

posanuu DB u 30 onpepennMm napamerpsl Eymax H Rp 0O
(4-79) n (4-80):

ExPTM max% _g' 24= 14!4 B- R. = (—2‘)' 3= 12,6 OH,

(3) 20002
) =710,722.14,4.12,6 =194 A

Takum ob6pasom, Ana cayuaeB JAemyHTHpoBanus T30
¢ Icp=3 A H ofHOBpeMeHHOro HemyHTHpoBafus 30 u 3B
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¢ PTM [p=5 A ponycTHMuI#i TOK 1O YCNOBHAM nNepeHa-

npsaxeHu#t Ha 3axkumax o6Morok TT Goanmre, yeM nmo yecnao-
150

BHIO pabOTH KOHTakTOB pelle (7"3-') [Tosromy npu npoek-

THPOBAaHHH TAaKHX BapHAHTOB CXeM C JeUIyHTHPOBaHHeM
pacuer HanpsKeHWH Ha 3aXHMax BTOpHYHOH o6MmoTkH TT
MOXET He BhINONHATHCA.

[Ipumep 4-6. PaccunThiBaercd cxeMa 3allHTH NOHHKAIOLIEro
tpaHcpopmaTropa TMH-6300/110, Szou=6300 kB-A, Ugon=I115 kB,
« min=98%, Uk maexz=11,5%, Ux.cp=10,5%, AHamasoH peryanpo-
BaHHA HaNpsxeHHA nofA karpyskod A PITH+16%. ConporuBienne
NpAMOfL MOCNENOBATENBHOCTH CHCTEMB B MAKCHMANbHOM M MHHHMafb-
HOM pexcHMax ee paboTH: X¢ max=20 OM; X min=40 Om. Tpasc-
tdapmatop Toka TBT-110, ngon=150/5. Uncno nocrefoBaTellbHO BKIW-
GYeHHHX BTOPHYHHX ob6moTok TT B kaxmoh dase N=2. OmnompeMeHHO
JeWYHTHPYKTCA ABa 3aekTpomarautra 30 u 3B, BKMoueHHHe nocae-
Hmoeatensho. Bukmouatens Ha cropone HH tina BMIII-10. Tox

cpaGarusanna 30 (3B) I, 50 =75 A,

Conporusnenne DO B BepxHeM NOMOKeHHH cepaedHHKa Zgzo =
=2,7 Om. Kopotkoaamwikatens K3-110 M sunomsserca ¢ npueogoM
UK. Conporupnenne 33 B BepXHeM MOJOMERUE CcepiedHHKa Zggp =

=2 Om. [Inuua KOHTpPOALHOrOo Kabesns OT BCTPOEHHHWX B NOHH)XAOUHA
tpanchopmatop TT Ao pese 3aWHTH Ipencr=40 M. ConpoTHBAenHe
gene SaWHTH B TOKOBHWX uenax: npu k. 3. Ha HH rpancdopmatopa
pmax=08 Om; npu x. 3. va BH rpaucdopmaropa Zp min=0,5 On

(cM. Taba. 4-5).
Pewenne. Onpesenserca mepBHYHHN TOK cpalaTHBaHHA AHG-

tdepenttuanbnofl 3amMTH TpancopMaTopa, HanpuMep, no [41]
Ie.5=100 A.

OBPEJI.EJIHCTCH COMpPOTHBJAEHHEe NOHHMAWWIETO TP&HCC]JODH&‘I‘O}J& npH
NOJOXKEHHH PeryJaTopa HanpAXeRHA Nog narpyaxol, COOTBETCTBYIO-

wee AUpmy=—16 %:
Uxmin Wep (1= AUppy)I* _ 9,8 115 (1 —0,16)]F _
Xep min= 1008 0 100-6,3
= 144 OM.
Onpegenserca TOK Tpexdashoro K. 3. 3a TpaucdopmaTopom

B MAKCHMAJALHOM pEXHME paﬁo’ru CHCTEMH H XQp min
Usiom 115 000

.8 — =
V3 Xemax+ Xpmin) V3 (20 + 144)

OnpesiensieTcA KpaTHOCTh TOKA K. 3. NO OTHOMIEHHIO K HOMHHANL-
KoMy nepsuunoMy ToKy TT Tana TBT-110:

=405 A,

3
Ko Jimar 405
= Tiua 150 =fe
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M3 kpusux aan TBT-110, 150/5 (puc. T12-45, kpuBasn 2) anpe-
Ieanetc Zamon=1,45 OM mna oanof obmorkH TT. Ina peyx nocne-
10BATENBHO COGAMHEHHBIX BTOPHYHEX 06MOTOK TT Zugon=29 Om.

Ilo Bupamenuam Ta6n. 4-3 aaa cxemMpl 2 onpeaensOTca napa-
MeTpHl A K d:

3.0,8 40,05

n= —‘—2.§—’=0,845; d=3.
Onpenensetcs otHowenue [g/Zy non no (4-17):
1—0,845
3
Onpeaensiercs GasHCHaA NMHHAa KOHTPOJBHOrO KaGens
[6=74-29=21,5 M.

Onpepensercs pacdeTHOe Ce4eHHe KHJ KOHTPOJbHOre Kalens
€ aMIOMHHHEBHIMH JKHJIaMH NO pHC. 4-1, npu

g
me 143

=74.

Ineﬂc-r 40
IR
Spac1=10 MM2.
Ha pue. 4-13 npn S=10 mMm?2 n [=40 m onpeaeasercd CONPOTHB-
JenHe AN Kabeas Rxas=0,11 Om.
Onpeaensercs Sacqemae conpoThBAeHHe HarpyskH Ha TT nocne
rewysTHpoBaHua 30 (3B) ¢ yuetom Ryas mo (4-64):

Z® 0y =3-0,11+3 (0.8 +2,7-0,8 +2.0,8) + 0,05 = 14,08 O.

Onpenmenserca Tok HagexHod pabGota 30 (3B) (¢ Hcnoassosa-
HEeM 2 pHc. 4-14) no BHpameHHIO

Iy 0 50=TmonKmin =150.1,03 = 155 A.

Mposeprerca ycaopue (4-70):

5
Ie, s3> =5+ 155 == 134 A, 100< 134,

Ycnonue (4-70) He BHIMOAHAETCH.

[MposepsieTcs 4YYBCTBHYGALHOCTH 3awlHTH No (4-71), ana uero
npennapmen&ﬂo paocqn'ruaalo-rcs:

MaKCHMa/bHoe CONPOTHBNEHHe TpaHcdopMmaTopa

Ug mad/%max _ 11,5-1262 ]
Xopmax= 008 ,0mrp . 1006,3 =290 0%

10k TpexdasHoro K. 3. 3a TpancopuaropoM B MHHHMANEHOM PEMHME
o Umasx 126 000
KM V3 (Xe mintXpmax) ¥V 3- (40 + 290)

C yYeToM noMyYeHHBX JAaHHWX OnpeaeasetcA ke=220/155=142<2.
UyBCTBHTENBHOCTD 3aMTH He 06ecneyHBaeTcs.

Bunonmenne samuTy ¢ pemynTAposanmem omHoro 3B ¢ [, 50="5 A
HE faeT SAMETHHX NPEHMYMLeCTB, TaK Kak Il.pEID yMeHsIaeTca npH
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S5TOM HesHauHrtenbHo. [TpouseepeM pacueT JAA BapHaHTa JEIIYHTHPO-
panua 3B, pere PTM koToporo nepeMOTaHo H HMeeT TOK cpalaThiBa-
HAg 3 A. Buwmouatens Ha cropowe HH tpancopmaropa orkmouaer-
¢ KacKagHO nocJe BKJIOYEHHS KOPOTKO3aMHKAaTeas.

MMpumep 4-7. PaccuurniBaeTcs cxeMa SallHTH TOHHXAIOLIETO
TpanchopMaropa TMH-6300/110. Hcxomume NaHHBe TaKHe e, Kak
B npHMepe 4-6, 3a MCKJIOYEHHEM YHCNA OJHOBPEMEHHO ASLIYHTHPYeMBIX
30 (3B). Newyurupyerca oaud 3B ¢ Tokom cpabaTHBaHHA

I3 =3 A.
Pemeune. Onpeneaserca conpotussemme 3B ¢ /. ,55=3 A
B BepXHEM MONOKEHHH CepletHuKa:

5 5\*
leB= (Tg;.;;) Z.ISB=(-_3.—) -2 =5,55 Owu.

Onpenenserca Ear:qe‘moe conpoTHBNeHHe HarpyskH Ha TT nocae
RewynTHpopaHHA OB ¢ yveroM Rwas (43 mpumepa 4-6) no (4-64):

ZP ey =30,11 43 (0,8 + 5,55.0,8) + 0,05= 16,08 Ow,

Onpenenserca Tok HajexHoA pabGorm 9B u3 pue. 4-146 (kpe-
Bas 2) mo BHpaMEHHIO

I p33=f:mem=150.0,62=93 A.

a.
Iposepserca ycnoene (4-70):

1,6
I s = 'v'r—'B—-Q3=80.E A.

100 > 80,6.

Ycnopne (4-70) BHMmonHAeTCH.
[posepserca yyscTHTEIbHOCTD 3awmaTH no [ o (ope l}ﬂm H3 nprMepa
4-6) Ges yuera ypenuuexHofl morpemnoct TT:
ke=220/100=2,2>2.
TlpoBepKa YyBCTBHTEABHOCTH 3allHTH C YYeTOM DOrpeliHocTH TT
npH !e.a BHMOJIHAETCHA B’ CJIERY!OI.IJ,BFI nociefoBaTENAbHOCTH:

a) Onpepensercs 3HaueHMe pacueTHoH Harpyakn wa TT po .Jge-
IIYHTHPOBAKHA (C yYeToM NaHHLIX B npHMepe 4-6):

2, o =3Rua6 + 3Zept Roep=3-0,11 4 3-0,8 4-0,05 = 2,78 Ou.

6) OnpepenaeTcs HanmpaxeHAe Ha BropHYHbx ofmortkax TT npn
o.8:

0,9-100
U, =9%:;-_a (@) e+ 2220 = —'gﬁ— (2,78 4 2.0,154) = 9,25 B,
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3uavenne Z;,=0,154 OM npunumaerca u3 taba. I13. Hanpaxenne
1a o6motke ogHoro TT

U:p.cq=0,5Ugu0.5'g,25=4,ﬁ3 B.
3) Onpenenserca HHAYKUHA B Markmutonposoge TT:

B= Uspacq 4,63
"~ 222Quw, ~ 222-86-10-°-29

=0,084,T.

3uavenna Q ® w, onpemensiorca B3 Taba. T13.

r) OnpegenneTcd HanpAMeHHOCTb MAarkHTHOrO MOAS B MAarHHTO-
npososie TT: ua puc. 4-6 npu B=0,084 T H=85 A/m.

n) Onpegensercs TOK HaMarHHIHBakHa TT:

Hl 8,5-1,62

Lo

“=u, _.T=0,475 A,

3navenne [ Gepetca H3 taba. I13.
e) Onpenensercd KO3 (HUHEHT 4YYBCTBHTE/JBHOCTH € Y4€TOM 0O-
rpewrocT ITT:

. Ix min = 220 —
by = T o F uaddy - T00 1 30-0,475

=1,93<2.

Tonyvetnas 4YBCTBHTENBHOCTH OTJHYAETCA OT HOPMHPYeMOR He-
3I2YHTENILHO H MOMET CUHTATHCH NPHeMAEeMOl.

Onpenenserca ToK Tpexdaskoro k. 3. Ha cropowe BH tpanchop-
MaTOPAa B MAKCHMaJbHOM pexxHMe PaboTh CHCTEMH:

U 000
Imas = V5, pan~ Voo — 00 A

Tposepsierca ycnosne (4-74):

18 <17,3.150 = 2600 A;
3640 > 2600 A,

Yenosue (4-73) He coGmiofaercs, NO3TOMY BHOONHHM pacHeT
¢ yseroM norpemroctH TT.

Onpegensiercs MaKkCHMa/JbHAas KPaTHOCTh TOKa K. 3. [0 OTHOLIe-.
R0 K HOMMHaAbHOMY ToKy TT:

3640
Kmx = ‘m‘=24.3.

PacuerHas Harpyska Ha TT go memyHTHpoBaEEA NPH Kmax (C yge-
104 HeNHHeAHOCTH HarpysKkH)

2 e = 3Rua6 + 3Zpmin + Ruep =3-0,11 43.0,6 4 0,06 = 1,88 Ou.
§-262 113



Harpyska na ogun TT

{2)
Z' paca

Onpegenserca sHauenne npepenbhofi xpathoctd TT npH Zapacu=
=0,94 OM no puc, 12-45 (kpupas 2):

=0,5-1,88=10,94 Om.

Ki=16.
Onpepenserca xosdpuiuuenTt
Kpax _ 24,3
A="R-“—— 16 =1,52.

Hs puc. 4-2 npu A=1,52 onpefenseTcd 3HaueHHe TOKOBOH mno-
rpemnocth TT f=25&,.

OnpegenseTcs AeACTBHTENbHRA TOK Yepes KOHTaKTH MEMYHTHPYIO-
wero pene no (4-77):

3/ f 3640 25
!,p=ﬁm\l—-m- =1,73: - l__lﬁm = 166 A.
I,p> 150 A,

Mo ycnosHAM paGoTH KOKTaKTOB pelle BapPHAHT JelIyHTHPOBAKHA
3B ¢ lop=3 A B manHoM cayuae HenpHrofieH. B KauvectBe HcTouHMKA
MHTAHHA ONEPAaTHBHHX Ueneft SailHTH NOHHXaOWero TpaHchopMaTopa
B NaHHOM CJydae MoryT OuTb HCMOJb30BAaHH MpPefiBAPHTENBHO 3aps-
JKeHHbie KOKAEHCAaTOpH HiH GJOKH ODHTAaHHA.

NPHJAOXEHHSA

1. PEKOMEHJALHH NO ONPEAEJNEHHIO ¥TJIA
MEX]Y TOKAMH NOBPE)XLEHHBIX ®A3
NMPH ABYX®A3HOM K. 3. HA 3EMJIIO

Pacuer Bemerca MeToAoM CHMMETPHUHBIX COCTABAANWHX Aad 06-
WEro cny4as JHHAH C JBYXCTODOHHHM NHTaHHEM NpPH OGIIEMPHHATOM
JONYueHHH, 4TO CONPOTHBNEHHA NpAMOA H obpaTHol nochefOBaTesb-
HocTefi 9MIEMEHTOB CHCTEMB DaBHHI MEXAY COGOH.

Tlpn peyxdassoM k. 3. Ha 3eMmo (B-C-0) TOKH DoBpeXAeHMHX
¢as3 onpefensioTcs No BupaXkenHam [49]

S p— L i E_[_Vg—{“—'i
max T ¥ 28X/ X ye | I\ 72 Xy )t

()
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m_ge —m | (VT e Ko
Ig““";“:" 14 2X00/ X1 l-j( 2 +V3 X]n)_

—(—%—H()] ; -1

Iae fy'“. fé"“ — COOTBETCTBEHHO BekTOpw TokoB das B u C B Mecte
ycraroBRE TpamcdopMaTopor ToKa; Xy, X p — CyMMapHue conporas-

IeHHSI COOTBETCTBEHHO MpAMofl H HyJeBofi mocne]oBaTeNbHOCTER B Me-
e X. 3; m H K—xospdRumeHTH, onpelenseMule OTHOWEHHAMH

XIC
Sl P -2
XOE Xin+ Xic

K= X Xont X (Tui-3)

me Xie, Xoc — CONPOTHBIEHHS MPAMOA H HYJeBOA NOCTeXOBaTENbHO-
el cuctemu Ao Mecra ycravoeke TT; X,n, Xoa — conpotusiaenns
offi H HynepoRi NOCNAeOBaTeibHOCTER JIHHHH OT MECTa YCTaHOBKH
A0 MecTa K. 3.
Ha (IT1-1) waxoZHM yran cpaBHra Tokoe ¢as B m € OTHOCHTeNu-
w 10Kka dasu A:

* 0,5+K
¢gp=— |5 +arctg —— .
[ . V30,54 Xos/Xyp) -4y
'l-l- arct 0.5 +K
¥c="73 clg 75(0.5+Xm‘xu) .
Orciopa yron Mexny BeKTOpaMH I‘BI-“ H fél-l)
a=2n-}ps—Pc. (T11-5)

Moacrasnan suavewun @p u @c H3 ([11-4) B (T11-5), mocre npe-
ofpasopannfi monyvaeM:

3054+ X,/ X
a =2 arctg V— 0.5_'_1—;—2{ ) A {11-6)
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