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MPEOMCNOEBME

Hacrosumfi BHOyck «PYKOBOASIUMX yKasaHHil mo pe-
Jiefiiofl salHTe» YTBEPIKAEH 3aMECTHTENEM MHHHCTDA SHEp-
reTHKkH H sJjekTpudukamuy CCCP @. B. CanoxHHKOBLIM
(npoTokosr Ne ? oT 4.02.80). Bninyck npenuHasHaueH I
HCIOJE30BaHUA COBMECTHO © Bhnyckom 13A Baamen «Pyko-
BOAMUIMX YKasaHMii N0 peJjednol samure. Bunyck 4. 3a-
IMHUTa TOHMXAONMX TpaHchopMaTOpOR H aBTOTpaHchop-
maropoe» (M.: T'ocanepromspar, 1962).

B Bunycke nanb HOBbIE METOAH pacyeToB AHG(epeH-
LHAJbHLIX 3aLIHT TPaHC(OPMAaTOPOB H ABTOTPaHCHOPMATO-
poB C pelie, COIep>KalIMMH HACHINIAIOMHECH TpaHcdopMa-
TOpH TOKa (Tunos PHT-565 u JI3T-11), nuddepenuuas-
HOH 3alIMTH TPaHCGOPMATOPOB C 30HAMH pa3HOil YYBCTBH-
TeNbHOCTH, AU deperuHanbHOfl 3aMMTH TpaHC(hOPMaTOpOR
H apToTpalicdopMaropoB ¢ pene tina J3T-21, nuddepen-
LHANbHOA Sa3IIMTH OIIKMHOBOK BhICIlero M HH3IIErO HaNps-
eHHAi aBTOTpaHC(OPMATOPOB, MOHCTAHUHOHHOR B3aUIHTH
2BTOTPaHCGOpPMATOPOB, SaUHT CHHXPOHHOTO KOMIIEHCATOPa,
paboTtaiomero B GJOKe ¢ aBTOTPaHC(OPMaTOpOM H T. I

Hacrosmmne Pykopoasmue yKazaHnus ®COOTBETCTBYIOT
ra. 3.2 «Peneithan samutas [TVD W AUpEKTHBHLIM MaTe-
puanaM. ONHaKO HE MCKIIOYEHa BO3MOMHOCTb BPEMEHHBIX
pacxoxknenuit Mexay PyKOBOAAIIMMH YKaSaHUAMH W JOKY-
MeHTaMH, KoTopele GyAyT H3Jann B JAanbHefinieMm. B Ta-
KHX clyyanx obssaTeldbHEIMH sBasioTcH ITY3D M mupekTHB-
HElE MATepHaJbl.

PykoBonamHe ykasaHHs SBAAIOTCA peKOMEHILYeMBM
MaTepHajoM, KOTOPOMY AOJKHBE CNEAOBATE KaK TpOeKTHLIe,
TaKk H SKCIJYaTalHOHHBIE OpPraHW3alMH C [eJbl0 MaKCH-
ManbLbHOrO NPHMEHeHHS THNMOBHX peLIeHHH, YAelleBJeHHs H
YCKOpDEHHS CTPOHTeNbCTBA 3JEKTPOYCTaHOBOK, BHENPEHHSA
B SKCTJIyaTanHK HauGoJee COBEpPLIEHHEIX M NPOBepeHHBIX
OnuTOM penlerkd. OTCTYNJEHHA OT COOTBETCTBYIOMIHX pe-
IIeHH, TpHBeneHHBXx B PykoBOAsnHX ykasauusx, Aonyc-
KaloTCA B CJy4Yasx, KOrja 370 OGOCHOBAHO KOHKDETHBIMH
MECTHLIMH YCNOBHAMH, a TaKxke AJs paHee 3aNpOeKTHPO-
BalHBIX, MOHTHpYeMLIX HJIH JIeHCTBYIOLIHX YCTPOMCTE, eCJH
STH OTCTYMJIEHHA He BeNYT K CepLe3HEM HeNOoCTATKaM M
He DPOTHBOpEYaT NpPHHUHNHAJILHOMY HanpaBieHHI0 PyKoo-
OAIIHX YKasanufi.

B Bunycke yurensl AnpekTHBHHe MaTepuann IiaBrex-
ynpapiehHsi MHHHCTEPCTBA IHEPreTUKH M SJeKTpH(HKALHH
CCCP (sam. navanennka K. M. AnTunoB), a TaKike 0TSk
Bbl SHEPreTHYECKHX CHCTEM H NPOEKTHHX OpraHH3aumil.

Hacrosumii srnyck PykoBossumx ykasanmii paspaGo-
Talh B HHCTHTYTe <«JHEeproceTbNpoekT» (3aM. TIJIABHOrO
utxenepa C. 5. IlerpoB) coTpynnHkamu mnoppasiesneHus
THNOBHX paGoT oThena penefiHON 3aIMTH, ABTOMATHKH,
YCTOHYMBOCTH H MOZenHPOBaHs (Hay. oTmeaa L. II. Jlee-
KOBHY): PYKOBOJHMTENEM MOApasAeNeHHs, TIABHLIM HHIKeHe-
poM npoekta B. A. PyGHHYHKOM, IVI2BHHM CHELMAJHCTOM
T. H. HoponuoBoii, pyKOBOLHTEIEM rpynnu 3. H. Afipane-
T0BOH, HHxenepoM H. B. Kysuxoeofi. Ilpu paspaGorke
BHINYCKA HCNOJb30BAJMCh TaKxke paloTHl ApPYIHX CO-
TPYAHHKOB  oTfena penefiHOM  3amuTH, aBTOMATHKH,
YCTORYMBOCTH M MOZEIMPOBAHHS  JHEProCeTbNpOeKTa:
|_A._B. Yepnunal, B. S. Cweasnckoli, H. B. Bapuna —
B npunaoxenun 6, H. E. PuCens u B. M. 3ananwckoit —
B NPHJOKEHHH 7, IA. B. Yepnuna| u 3. II. CMmupHOBa —
B IIAPMO}KEHHH 8, C. 4. Ilerposa, H. E. Pubens u
I1. A. Beprep — B mpunoxxenun 9.

B odopmaenun paGors npueumanu y4yacTHe HHIKeHep
C. A. fiymuna u cr. texuux H. T. Aunpeesa.

Tosesunie npensioxenns, pekomennamuu ¥ cooGpase-
HHA N0 NAHHOMY BHITYCKY fianmu paGOTHHKH Psifa OpraHH-
saumii: I.B. Bepnop, M. M. Cepenun, 3. B. [lyrauescxuii
(¥Oxxuoe ornenenne SCIT); K. M. IloGponees, A. IT. Ilper-
KoB (I'opbKoBckoe otnenenne JCIT); B. B. Ynrupumckuil,
B. A. T'mrmau (Kueeckoe OKII 3CIT); A. C. 3acemkun
(HoBouepkaccknii nosmrexnudeckunii nuctutyr); B. H. Kyz-
pseues (Mocsuepro); M. P. TayGec (Pssambsuepro);
K. T1. Maxoea (Kysbaccsuepro); M. A. Illa6an (Jlensnep-
ro); K. I. Bakanmuucknii (YennGsnepro); E. M. Punzsion-
ckmii (Kyii6nmessuepro); B. H. Bapun (ATomTensossek-
tponpoekt); B. M. Koporoackunii (TaxnpomaaekTponpo-
ekt), I1. M. XanGexsn (Munsnepro VaGekckoii CCP).

Bce sameuanus u noxenanns npock6a HampapasTh MO
anpecy: 113r14, Mockesa, M-114, lllmosopas ua6., 10,
SHeproaToMH3aT,

AsTopsi



1. OBLLUME NOJIOMEHMA

1.1. B macrosiieM BHIYCKe PacCMOTPEHH pacyeTH 3a-
WHT NOHMMKAIOMMX TpaHc(opmaTopoBR H aBroTpaHcdopma-
Topos 110—500 kB, pHIonHeHHBX Ha NOCTOAHHOM oOnepa-
THBHOM TOKe.

1.2. PacyeTH 3aulMT NPOM3BOAATCA AJA BHOOpa NpHH-
LMNOB BHITIOJHEHHST SaUi¥TE, a TaKXe NapaMmerpoB ee
cpabaTEBaHus H KO3(¢HUHeHTa YYBCTBHTEJBHOCTH Aaf
pacueTHRIX pexxumoB paboTH cHcrem H BHaa K3; npu sTom
B Ciyyae BHIOJHEHHA 3alMTH C ABYMA HJH TpeMs peJse
TOKA pacyeT YYBCTBHTENBHOCTH [POH3BOAMTCS AJIS DEJeE, 10
KOTOPOMY MPOXOAHT HauGOJBIIHA TOK NOBPEKACHHS.

Bce pacuernl mapamerpoB cpabaTHBaHAS M YYBCTBH-
TEJRHOCTH SALIMT, 33 HCKIOYeHHeM YYBCTBHTENbHOCTH He-
KOTOPHX YCTPOHCTB CO CJIOXHBIMH XapaKTepHCTHKaMH (Ha-
npumep, pene cepu [I3T-11), npousBoasTCcA NO TEpBHY-
HLIM TOKa2M H HanpsiKeHHaM.

1.3. [IpHBeicHHEIE B HACTOSLICM BHINYCKE YKa3aHHA
A2HEl B NPEATNOJOKEHHH, YTO NOJHHE NOTPelHOCTH TPaHC-
(hOpMaTOPOB TOKA4, HCIIOJB3YEMHIX [Jifi 3aILHTH, HEe NMpEeBH-
waor 10 % npu erewwux K3 — pas auddepenuuansuol
aaumTel # opy K3 B pacuerHoll TOYKe — NI ADYIHX 3a-
uHT (cm. TTY3, n. 3,2.%.1).

1.4. Pacuer TokoB K3 nns BmGopa mapamerpoB cpaba-
THBAHHA H TPOBEDKH YYBCTBHTEJIBHOCTH 3aIUHT JOJDKEH
NPOM3BOAMTECA C YYETOM H3MEHEeHHs CONpOTHBJEHHE Tpauc-
dopmatopoB (aBToTpaHC(HOPMATOPOB) NpPH PEryJHPOBAHHH
HampsKeHHs TojA Harpyskoil. TlpH STOM MUMMMaJbHBE H
MaKCHMAaJbHEE 3HAYEHHS CONPOTHBJEHHH TpanchopMaTOpOB

2. AMODEPEHLUMATIBHAA TOKOBASl 3ALUMTA
BbIMONHEHHAS C PEJIE CEPMM PHT-560

2.4. YKAZAHMA MO PACHETY

2.1.1. Humxe faHe OCHOBMHC YKasauus N0 pacuety
AuddepeHiHalbHOE TOKOBOH SaIMTH, BHIIOJNHEHHOH ¢ pedie
cepust PHT-560 (tinos PHT-565 u PHT-566), npumern-
TeJbHO K JABYX- M TPeXoOMOTOYHEM Tpancgopmaropam *,
OAHAKO STH YKA3aHMsI MOTYT HCHOABL3OBATHLCH TaKKe M JJA
paciera au(depeHnHaNbHON 3aWHTH  aBToTpaHcopMa-
TOPOB.

Crnenyer OTMETHTb, YTC B cOOTBeTCTBHH € «PyKOBOAS-
UMMM yKasaHusMH [0 peJjeiiHoii sammre. Bemmyck 13 As
icnonb3oBanKe HGQepeHIHalbHEX 3alMT TpaHcdopMaTo-
poB, BumosHeHHEX ¢ pese cepuy PHT-560, Ha npoekTHpye-
MBIX NOACTAHUMSAX He PeKOMeHJyercsi, NOCKONBKY Ha TpaHc-
¢opmatopax ¢ PIH Takwe samurter B GOJBUIMHCTBE CIY-
yaep He Y/IOBJETBOPAKOT TpeGoBaHHsM YYBCTBHTEJBHOCTH,
pernamentpyemeim [1¥V3D. Oauako B faHHOM BHNYCKe YuH-
THBaJoch OoJibliioe PACHPOCTPAHEHHE TAKHX 3JaUIMT B 3KC-
NAyaTAUMH, a4 TaKXKe BO3MOXHOCTb HCTOJbL3OBAHMA HX
B OTAeNbHBEIX CJyuasX TPH TNPOEKTHpOBaHHH (B NepBYIO
cYepeip AJiA 3AMTH ABYXOOMOTOYHEIX TPaHC(OPMATOPOB
MouHoeThI0 MeHee 25 MB-A).

* Ilnn  1pexoGMOTOYHBIX TpancopMaTopoB
PHT-560 mcrnonbsywoTes KpafiHe peaxo.

4

pefle  CepHH

(aBTOoTpaHCHOPMATOPOB) H COOTBETCTBYIOLIME HM KOS(pHu-
LUHEeHTH TPAHCHOPMALHH AOCKHE NPHHHMATBECA N0 BOSMOXK-
HOCTH € Y4ETOM peasjbHO HCIONB3YEMBIX MOJOXKEHHH Nepe-
kmouareisi yerpoiictea PITH.

1.5. CornacoBauHe MO YYBCTBHTE/JBHOCTH 3aI(HT OT
preinnux K3 ¢ samHTaMH CMeIKHEIX SJIEeMeHTOB TPOH3BO-
auTcs B coorseTcrtBHHM ¢ [1¥V3, n. 3.2.27. B wuacrosiuem
BHIIYCKE BONPOCH COrJacOBaHHS paccMaTpHBAKTCA Ans AH-
CTAHUMOHHON 3AamHTH, TOKOBOH 3amurH obpartHoi mocje-
[OBATENLHOCTH M TOKOBOH 3amMTH HYJeBOH MNocieaoBa-
TeJLHOCTH, TOCKOJIBKY ANA 3ITHX SaUIHT YCJOBHE COrJaco-
BaMHSI B pHAE cJy4aeB SBJAETCS ONpefiesiouHM I
BeI6Gpa mapaMeTpoB cpabaThHBaHHS.

.1.6. Bce pacuern ToxoB K3, B TOM uMcie Aas peseps-
HHX 3A4lHT, B HEJAX YNPOIEeHHs NPOH3BOAATCA AJaA Ha-
yaJbHOrQ MOMEHTa BPEMEHH, NPH STOM YYHTHBAETCH TOJb-
KO NEepHOAMYCCKAS COCTABAAIOIAA TOKA.

1.7. TIpuBeaeHHHe B HACTOSILIEM BHIYCKE YKa3aHHA MO
pacuery aubdepeHuHanbHOK SaIMTH TpaMcpopMaTopos,
sumonuennoli ¢ pene cepun PHT-560, manm B mnonsoMm
oGnBeMe, HECMOTPA HMa TO uTO 067acTh NpPHMEHEeHHs 3TOH
zamuTH orpauxyeHa. Takoe pellleuue NPHHATO B CBSI3H
¢ TeM, UTO 3TH pejle elle IHPOKO HMCHOJB3YITCH H OyayT
ucnonbaoBarbess B skcnnyataumy. OaHako HMa BHOBB BBO-
auMoM 0GOpyAOBaHHM, KK NpaBHJIC, CleAyeT NPHMEHATH
pene cepust J3T-11 u nmie B OTAGNBHEIX CIYy4asx pene
cepun PHT-560.

TPAHC®OPMATOPOB,

CxeMa BHyTpeHHMHX coemmHehuii pene tThna PHT-565 u
npuMeph NPHHUHMMHAJBLHEIX CXeM €ro BKIIOYEHHS B 33mM-
Tax ABYX- H TpexoOMOTOYHOro TpaHc(opMaropa noKasaHsl
Ha puc. 2.1

B puddepeHIHaNbHO 3amMTe TPeXOGMOTOYHBIX TPAHC-
¢opMaTopoB TPaHC(OPMATOPH TOKAa 3aIMTH B obuieM cny-
yae TpPUCOEAHHAIOTCH K pabouyeil H 06eMM YpaBHHTEJBHEIM
06MOTKaM Hacelanuerocs Tpancopmaropa Toka (HTT)
pene tuna PHT-565 (pmc. 2.1,6).

B puddepeHnnanbHol 3auTe ABYX0OGMOTOYHBIX TpaHC-
dopMaTOpOB, @ TaKke TPeX0OMOTOYHEX TpaHc(opMaTopoB
B CJyyasix, KOTia BTOpUYHBIE TOKH B IJIeYaX 3alluTH JJIS
ABYX CTOpOH, COOTBETCTBYIOIIHE OZHOH M TOR e MOLIHO-
CTH, TNoJdyyalTCs NPHMEPHO OAHHAKOBEIMH, TPaHC(HOpMAaro-
PEl TOKa 3alMTH MOTYT TPHCOGAMHATECA TOJNBKO K YpaB-
uHrenbHelM  ofMoTkam H pene; mnp# sToM pabouas
o6MOTKa MOxer He  Mcnonb3oBatbesi (Ha puc. 2.1, coor-
Bercmfmmee coeHHeNHe MOKA3aHO NYHKTHPOM).

2.1.2. TMepeuuunit TOK cpaGaTeiBauus 3amuTH o3 BEHI-
6upaeTcs N0 CNEAYIOWHM YCIOBHAM.

2.1.2.1. OTcTpoitkH OT pacYeTHOr0 MaKCHMAJIBHOTO mep-
BUYHOTO TOKA HeGananca Imo,pacu NPH NCPEXOAHOM PEXH-
me BHewnux K3, onpepensemorc ¢ yuerom Biausuus HTT
pesie, H MPH TOKe KavaHHii (3€Ch H HHIKE MEPBHYHBIE TOKH



1
TIPEANOAAraloTcs] NPHBENEHHHMH K OXHOA R TOR e CTyme-
HH HanpsiKeHHs),

2.1

rie Korc — KOS(QQHUHEHT OTCTPONKH, YYHTHBAIOLHEN HO-
FPElHOCTH peJie, OWHOKH pacyeTa H HeOOXoNHMEM 3anac;
MOXeT OHTb NPHHST paBHuM 1,3

2.1.22. Orcrpolikn or GpocKa HaMarHHYHBAIOMEr0 TO-
Ka TNpPH BKJIOYEHHH HEHArpyieHHOTo TpaHcpopMaTopa
(aeTorpancdopmaTopa) non HanpsKeHHe

les=kkbsyrlaon, (2.2)

rie k— kosppuuKent, mCnonb3yeMufi NpR OTCTPofike Sas
UWTH 0T GPOCKa HAMAarHHYHBAIOMIET0 TOKAa, B OPHEHTHDO-
BOYHHIX pacueTax npHHHMaeTca paBumM 1—1,3 (c yuerom
TOro, UTO paccMaTpHBaeMoe pesie BHnoasHeno ¢ HTT, amero-
IUHM KOPOTKO3aMKHyTasi OOMOTKa, KOTOpas yCHIHBAaeT

lc.akkorofno.pa cogy

s(PeKT OTCTPOAKH OT HECTAUHOHAPHHX PEIKHMOB) H B cay- -

yae HeoGXOJHMOCTH MOXeT OHTb YTouHeH B CTOPOHY
ymehbiesHs (cM. n. 2.1.5); Apwr — KosHUMERT BHrop-
HOCTH, NPENCTABNSIOMHA OGO OTHOLIEHHE 3JIeKTPOMArHHT-
HOfi MOIUHOCTH aBTOTpaHc(opMaTopa K €ro NpoOXoAHO#H
MONIHOCTH, NOCKONbKY O6pOCOK MHAMArHHYHBAKOLIErO TOKA
onpejiensieTcd, B YacCTHOCTH, OGBEMOM CTalH CeplevyHHKa,
KOTOPHIfi  COOTBETCTBYET  S/JEKTPOMArHHTHOR MOLIHOCTH
aBTOTpaHc(opMaTopa; AN TPaHCHOPMATOPOB TPHHEMaeTes
kour=1,0; Jaom — HOMHHANBHHA TOK, COOTBETCTBYIOLLHIT
HOMHHAJIbHOMY HANpAXKeHHIO CPeJiHero OTBETBJEHHS yCTpO#i-
crea PITH u noMunanbnofi MommocTn Tpancdopmaropa.
2.13. PacueTHHF TOK He6anaHCa Ipg pace, BXONSIIE
B (2.1), moxer GuTh OnpeneneH KaKk CyMMa TPeX coCTaB-
NAIONHX 7

’xﬂ,pacu—_—“'nﬁ.putI+“”uﬁ.puqI-f-'”"'nﬁ.plct';(2 3)
rfie I'ng,pace — COCTABNAIOMAs, OGYCJOBNERHAs MOTpELIHO-
CTbI0 TPaHCOPMATOPOB TOKA; I”mo,pace — COCTABNSIOMAS,
00yC/I0BJIeHHAs Pery/HpOBaHHEM HANPAMKEHHR 3amHIIaeMO-
ro TpaHcgopmaropa (astorpancopMartopa); I”'ao,pace—
COCTABJIAIOLIAs, 00YCJOBIEHHAsSI HETOYHOCTHIO YCTAHOBKH Ha
HTT pene pacueTHHX unCesn BHTKOB I7if HEOCHOBHEIX CTO-
pon (cm. n. 2.1.6).

B (2.3) yuntnBamTCcs abCOMOTHHE SHAYEHHS COCTAB-
JAIOMHX TOKa HeGaJiaHca I'nﬁ.paut. I"a6,pace H f"'nﬁ.pac-w-
Iocnenune mMoryT onpenensTeCs Kak 3sHaueHHs, NpONOPIHO-
HaJIbHBE NEPHOAHYECKOH COCTABJAAIOUIES COOTBETCTBYIONIHX
TokoB BrewHero K3, no Bupamennsm: .

I’Hﬁ'pac‘zkﬂapkonnsn{mam (2.4)
» —
IIZG.DBN = (AU fyoy o -+ AUBkTOKB)!Hmax» (2.5)
1 s
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(2.6)

rie Ixmax — NepHOZMYECKAs COCTABNAMOMAA ToKa (UpH f=
=0), npoxonsmero uepes 3amuIIaEMylo 30Hy NpH pacueT-
HOM BHelllHeM (KaK DpPaBHJO, TPeX(asHoM) MeTaJNHYecKOM
K3 na cropowe, rne paccmatpuBaetcs mospespenue; onpe-
Ieasietcs npm paboTe TpaHc(opMaTopa Ha pPacueTHOM
OTBETBJIEHHH, COOTBETCTBYIOIEM, KaK NPaBHIO, MHHHMAJb-
HOMY SHAu€HHI0 Hanps)KEHHS peryJHpyemoH oOMOTKH
(—PO), mnu Tok Kauyauuil, eCNH B paccMAaTpPHBaeMOM cay-
Hae OH fABJAETCA PaCHeTHHIM; Kgep — KOS(DGHUHEHT, YYH-
THBAIOMHA NepexoiHkii pexXHM (HAaJHYHE anepHONHYECKON
CoCTaBJfIlOIIEH Toka); mnas pene cepun PHT-560, umeiome-
ro HTT ¢ xopoTko3saMknyTO#i 06MOTKO#, MOXKeT GHTL TpH-
HAT PaBHBIM |; Roxs — KOS()/(HUHEHT ONHOTHOHOCTH TPaHC-
¢QopmaTtopa Toka; npu BHewnHx K3 ma 7oii cTopome, rme
SalMIaeMufi TpaHcOpMaTOp HMeeT ABa NpPHCOeIHHEHHS
H TpaHC(OPMaTOPH TOKA paccMaTpHBAeMON SaLIHTH ycTa-
HOBJIEHH B LeN#X STHX NPHCOeAHHEHHH, NMPHHHEMAaercs pap-
HeM 0,5—1, mpuueM MeHbllec H3 yKasaHHHX sHaueHHN NpH-
HHMaeTcsl B CAyYasX, KOTlla yKasaHHHe TpaHcopMaTOPH
TOKAa o06TeKaloTcs Masio pasNHYACOIEMHCA Mexny coboil
TOKAMH H NPHMEPHO ONHHAKOBO HArPyIKEeHH: NPH BHeIIHHX
K3 Ba cropoHax, rme samumaeMufi TpancopMaTop HMeeT
OIHO MNpHCOENHHEHHe, KO3((PHUAEHT ONHOTHNHOCTH FEopn
cieyeT NpHHHMaTth PaBHHM 1; €-— OTHOCHTEJbHOE 3HAYe-
HHe TNOJHOM MOrpeliHoOCTH TPaHC(OPMATOPOE TOKA, CODTBET-
CTBYlOIEe yCTaHOBHBIUEMYcCsi pexxumy K3 wHan  xauanwii:
npH BHEOpe TPaHCPOPMaTOPOB TOKA MO KPHEHM npelenbHEIX
KparHoctelt npH 10 %-Hofi morpemHoCTH NpHHHMAaeTcs paB-
M 0,1, a nupn 5 %-Holt norpemmocts —0,05: AU, u
AUp — oTHoCHTeNIbHEE NOTPEIIHOCTH, O0G6YCJIOBIEHHEE pe-
TYNHPOBAHHEM HanpsiKeHHs Ha CTOPOHAX 3alIHIIAeMOro
TpaHcopMaTopa H NPHHHMaeMble pAaBHHMH MOJIOBMHE
HCTOJIb3YEeMOr0 JIHATA30HA PETYJHPOBAHHMS Ha COOTBETCT-
Bylomef CTOPOEe (B YC/IOBHSAX SKCOJIyaTallHH CJenyer YuH-
THBATh PeafibHO HCNOJb3YEMHH NHANA30H pEryianpoBaHH:A);
npH_3ToM Bubop uHcaa BHTKOB o6MoToK HTT pene (cwm.
n. 2.1.6) npomsBomMTCA Mo pexumy, COOTBETCTBYIOMIEMY
CPEeNHEMY 3HAYeHHIO DPEryJAHpPyeMOro HanpsKeHHs (CM. Tak-
ke 0. 2.1.4); Rroxa B Rroxp — KosppuuHeNTH TOKOpACHpe-
HeJieHHA, PaBHEHE OTHOIIEHHIO c/laramwlliX ToKa PacueTHOrO
BiemHero K3, npoXopsmmx Ha cTOpoHaX, rile MPOM3BOMHT-
CA peryJHpPOBaHHE HaNpsKeHHA, K TOKYy Ha CTOPOHe, Ije
paccvartpuBaercs K3; w@ipace M Wir pace — PacueTHHE
4Hcsa BHTKOB 06MoTOK HTT pene pis HeocHOBHHX CTOpPOH,
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=B BaliHTe IByXoOMoTouhoro Ttpauchopmaropa: 6 — TO e TPeXOGMOTOSHOrC

[+



UtsPominpad) =Umm,cp ]

U(+P6maxpa6) = Unom, cp T
—AU¢-Pominpad)

+AUgs pomax pas)
T T 1 i T T
, Xrp max
I el
AU+ Pomaxpas) “ ¥ ™7

dyﬂﬂr

L 1 [} L
T

L T T T T 1 w. L]
Atp.min Uonr Unom,cp

Iv.max
=

AU{—PﬂminpaﬁJ

Alpoan=4 U{—Paminp ad) +AU{+P£J max pad)

Puc. 2.2. OGo3HauerHe HANpSIKEHHH perymupyemoii 06-
MmoTkH TpancopmaTopa ¢ PITH
lMpemevsanne Jas Tex TpexoOMOTOYRHX TpaucdopMaTopon
c BHICOIMM HAaMpHMeHHeM 220 kB, y KOTOPMIX Uy, %, AN OTDeTB-

neHHHA, COCTBeTCTBYIOIIer0 MHHHMANBHOMY SHAYCHHIO HANDMXKEHHS
perynapyemoft o6morer (—PO), CGonbie wem jnsa OTBETBJEHHA,

COOTBETCTEYIOWIEro MAKCHMANBHOMY SHAYCHHID HANPSIKEHHA pery-

nupyemoR ofmoTeE (+PO), sHademds Xopo;n B [y g, MOTYT
AMeTh MecTo Ans oreeThrnena (+PO)

onpenensemple no ycnoshw Ganawca MJC npH BHEIUHHX
K3 [n. 2.1.6, pupaxenns (2.20) u (221)]; wr v win—
nputaTEe (uenHe) uHena puTkoB obmoToxk HTT pene pns
COOTBETCTBYIOMHX HEOCHOBHBIX CTOPOH; Rpox1 H Rrox 11—
ko9 dUIHEHTH TOKOpAaCNpeneseHus, paBHble OTHOLUEHHIO
claralomEx ToKa pacdersoro pHewkero K3, mpocopsmux
a2 CTOPOHAaX, Trae HCMOMb3YIOTCS COOTBETCTBEF O UHC/A
BHTKOB w1 H wr obmorok HTT pene, K TOKy I' &TOpOHE,
rae paccmarpupaerca K3.

Hcnonp3opande 3xaka «4» i «—» B (2.6) onpege-
nsleTcs Hafnpapnemued CocTaBAsOmWHX Toka K3: npH onm-
HAKOBOM HaNpaBJEHHH COCTABJAIOIIHX TOKa (HampHwmep,
K 3amHmaeMoMy TpaHChopMaTopy) HCMOMBIYETCH 3HAK
¢|», NpH NPOTHBOMOJOXHOM — 3HAK ¢—»,

Bripaxeuus. (24)—(2.6) cocrapneHbl NPHMEHHTELHO
K Tpexo6mMoTOuHOMY TpaucdopmaTopy; A IBYyXO6MOTOY-
Horo Ttpaschopmatopa B mnpasoil dactd (25) u (2.6)
HCKJIOYAKTCA BTOPHE YJeHEL

Onpegenexue cocrapasmomedt Toka Hebananca I'no,pacs
no (2.4) B pAge cnydaeB MOMKET MPHBECTH K 3aBBILIEHHIO
Jug,pacu, TMOCKOJBKY MOAHA MOFPEIIHOCTL TpaHchopMmaro-
pPOB TOKa B peajbHBIX YCJAOBHAX MOXeT OHTb MeHBIle
10 %. B sTHX cayyasX BO3HHKAET BOFIPOC O BBEJEHHH
B pacueT Toka neGanaHca, COOTBETCTBYIOUIETO YTOYHEHHO-
My 3HAYEHHIO HOJHOH MOrPEIIHOCTH €, PACCUHTHBAEMOMY MO
KPHBLIM HAMArHHYMBAHHA TPaHC(HOPMATOPOB TOKA. YKa3aH-
HOe 0COGEHHO AKTYaJBHO AJf CJAydas, KOrja 3allHIlaeMbii
TpaHchopMaTOp HMEET ABA MPHCOSIHHEHHS K JAHHOH CETH
(cxeMa MOCTHKA HJWM YeTHIpEXYTOJnHHKA) H TpaHcdopma-
TOPEl TOKA B UENH STHX MPHCOENHHEHHH, HCNOMb3yeMble AJIs
AHbdepennHanbHOil 3a1MTH, O0bEOHHAIOTCH B pacnpene-
NHTeLHOM YeTpoificTBe. BBHIY CHOMHOCTH 3TOrO pacyera
CHH}EHHe TOJHOH NOrpellHOCTH B PAaccMaTpPHBAEMBEIX CJIy-
gagx mowxer Owrrb rpy6o yuTeHO KOSHOUIHEHTOM Ropa<l.

2.14. Ha Tpaucopmaropax ¢ PIIH pacyerHoe 3xade-
HMe CyMMBl COCTaBJASIOIMX TOKa Hebanaca (Iuo4-1"wo)
npy HeoOXOAHMOCTH MokeT OBITB YTOUHEHO B CTOPOHY
VMeHBIUEHHS, €C/IH TpH pacdyere YUHMTHIBATE OTKJOHEHHE
pervisitopa HAaNpAIKeHHA HE OT CPEeOHErQo ero mnoOJOMKEHHH
Unomcp (puc. 2.2), a ot Hekoroporo ontHMansHoro Uons,
KOTOpPOe XapaKTepH3yeTcs TeM, YTO €My COOTBETCTBYIOT
paBHblE M0 3HAYEHHIO CYMMBI COCTABNAIOMHX TOKa Hebanai-
ca (Ims+I"ss) T©pH KpaHUHX, peanbHO BO3MOIKHBIX
OTKJIOHEHHAX  pPeryiastopa B  CTOPOHY  YBeJIHUEHHS
({4-POmaxpas) H B crOpoHY yMeHblleHHS (—POminpas)
HANPAMKEHHA PETYJHpyeMOH 0O6MOTKH

Uuﬁ +"1'{:'3)[+P0 max pad) — “:-:5"!“ 'r;t:‘;} (—PO min pad)+ (2.7)

IMonoxeHHe pPErynaTOpa, COOTBETCTBYIOUIEE ONTHMAJb-
nomy HanpsxeHHio Uone, HAXOIHTCA MEMAY CPeaHHM IO-
JIo#CHUEM H TeM KpadHHM, pea/ibHO BO3MOXHBIM €ro mno-
JIOy<eHHeM, MpH KOTOpOM 3HaYeHHe CYMMAapHOrO TOKA, Mpo-
Xofisillero NpH pacyeTHoM Brellrem K3 wepes samumaemsil

6

tpatcdopmatop, Oymer MakcHMampHbM [xmex [xax npa-
BHJIO, COOTBETCTBYIOIHM MHHHMAJBHOMY pealibHOMY 3Haue-
HHIO HaﬂgﬂH(EHHﬂ perymnpyemoit o6MoTKE (—POminpac)]—
cM. pHC. 2.2.

Cnenyer OTMETHTh, YTO ONTHMAlbHOE HaNpfKeHHe
SIBASIETCS PACYETHOH BEJIHYHHOH H MOXET He COOTBETCTBO-
BaTh KaKOMY-TO KOHKPETHOMY OTBETBJIEHHIO.

OnruMansHoe HanpsikedHe Ugor MOXeT OHTBH ONpene-
NeHo MO BHPAaXEeHHIO .

Uour - [1-I—A£f(+p Dmuzpaﬁ)-—Aynsr] Unm-,cl:. {28}

rae AU pOma=zpac) — PA3HOCTE PEaJbHOIO MAKCHMAJIBHOIO
*

H CpelHEro OTHOCHTEJbHBIX 3HaYeHHit HanpsAmeHHA PEryJiH-
pyeMoit o6MoTkH Tpancdopmatopa; AUons — pasHOCTb pe-
»

aJBHOTO MAKCHMAJBHOTO H ONTHMAJBHOTO OTHOCHTEJBHBIX
3HaYeHHil HANpMKEHHS pPeryJaHpyemoii 0GMOTKH TpaHcdop-
martopa.

OTHOCHTENMBHAA NOCPEIIHOCTE: OGYC/OBNieHHAs DPEryJH-
poBaHHeM HanpsiKeHHA HA CTOpPOHE O 3aIHUIAEMOro TPaHC-
gopmatopa, AUcnra MOMer OHTh onpesenesa H3 (2.7)

¢ yueron (24)  (25)

(knepkunna—!‘Agolrak'r oﬂu—l—B[':akroxa) In(-u-'pofna_xpaoj =
- [Enpkonna'{—(ﬁy nnnnw—Aynn re) X
Xkunu—!-AUﬂkrolm]!m—rominpalﬂ.

-
tae lw4POmaxpat) H Ix(—POminpac) — NEPHOAHYECKHE CO-
CTaBNSIOIMHE MAKCHMAMbHBIX CyMMapHHX TOKOB (npH [=
=0), NpoXoAsmHX MpH pacyeTHoM BHelHeM K3 wepes sa-
LIHINAeMBlil TpaHC(HOPMATOp ApH KpafiHuX peafibHO BO3MOX-
HBEIX MOJIOMeHHSIX PpEryJfTopa, COOTBETCTBEHHO HA OTBET-
paenusx (PO maxpab) u (—PO min pab); Aynnnm—-

PAa3HOCTh PEaNbHBIX MAKCHMAJNBHOTO H MHHHMANbHOTO OTHO-
CHTEJBHBIX 3HAueHHiT HATNPSIKEHHH perymupyemoii oOMOTKH
TpascopMaTopa, MOMYyHaeMbIX NpH PEryJHPOBaHHH Hamps-
JEHHSI Ha CTOPOHE @ 3aUIHIIAEMOr0 TPAaHCHOPMATOpa;
Aynnm—-m e, yto B (2.8), Ha crOpoHe G.

Uz (2.9), yuuThBas, 4T0 kpep=1, Eoxz=1, £=0,1, mo-
MY49ai0T BHIPAXKEHHE AMA OnpefeseHHs Al;ionu

E(O-l T A%:mm:zkmxa 1o Agﬂk'l‘o“ﬂ "X

(29)

.

Aym: kro«uux(—POmfnpaﬁ) = i
Xl:c (—PO min paﬁ]_"(o'l"['b'[,{akmxa )"x (+PO max pad) .

+ 1 (490 max pecy)
(2.10)

Ilna mByXO6GMOTOYHBIX TpaHC(OpMAaTOpPOB BEIpAXKEHHE
(2.10) ynpomaercs M MpHOOPETaeT CJEAYIOUIHi BHA:

(Agumu -+ 0, l}f,\. (—PO min pat) —

Alogr=
g Ig-: (—PO min pab) .

= D'"K ( +PO max paG) ’

-

(2.11)
+Ix{+POnm pat)
[ocne #axompewus no (2.10) wam (2.11) ﬂymﬂ

onpejensierca ytousentioe 3nadenne (/'ac+/"mc) Mo sesoil
uan npapoil vacth (2.9):

L5 TpeXo6MoTouHoro TpaucopMaropa (mo Jemoit
qacTH) .
f’nu [”nu=(0.1+AE{nnrakrouu+
+ﬁgﬂonn)fﬂ(+1’0mnﬂlnﬁ): (2-12’

s AByXoOMoTouHoro Tpakcdopmatopa (mo JieOR

YACTH)
1'554—1”35: (0.l+ﬁgon1)fu(+1'0mu:pgl:!]. (2.13]

Crenyer oTMeTHTs, YT0 YTOUHEHHE 3HAUEHHS -TOKA He-
Ganaca no Beipaxenuio (2.12) wm (2.13) MoxeT Oka-
saThCA Hesiecoo0pasHEIM B TEX CJYYasX, KOrAd TOK BHeLl-



mero K3 (npu KotopoM onpepensiercs TOK HeGanaHca),
DaccYyuTaHHHHA NPH OAHOM H3 KpPaHHHX peajbHO BO3MOXX-
HEIX TOJOMKEHHH perynasTropa HaNpsKeHHA, OTJHYaeTcs Ha
15 9% u Gosee OT TOKa, PacCYHTAHHOrO NMPH CPEQHEM IOJIO-
JKEHHH PeryssTopa HanpsiKeHHs.

2.1.5. Ilepeuunuit Tok cpabGaTHBaHHS 3aUIMTH M0 YCJIO-
BHIO OTCTPOWKH oT GpOCKa HaMarHHYHBAIOUIEro TOKa MpH
BKJIIOYEHHII HeHarpykeHHoro TpaHcdopmaTtopa (aBToTpamHC-
¢opmaTopa) mom HampsikerHe no (2.2) MoXeT GHTH CHH-
JKeH 3a CYeT YTOYHEHHA 3HayeHHs KoadipHuHenta k B cooT-
BETCTBHH C KOHKDETHEIMH YCJOBHAMH (CM. DpHAOXKe-
uHe I11).

Y1ouHeHHoe 3HayeHHe Kos((QHUHEHT2 R onpenensercs
00 OJHOMY H3 CHeAYIOMIHX BHIPAMEHHH B 3aBHCHMOCTH OT
3HaYeHHT HOMHHAJBHOTO BTOPHYHOrO TOKa TpaHc(opmaTo-
POB TOKa, ycTaHOBJIEHHEIX Ha CTOPOHEe BK/IoYaeMoH o6MoT-
KH TpaHcgopMaTopa (aBToTpaHchopMaTopa):

a) mpH HOMHHaNLHOM BTOPHYHOM TOKE 5 A

k==1,7-—2,8)£.,; (2.14)
6) OpH HOMHHaJAbHOM BTOpHYHOM Toke I A
k=1.3—l,25XE, (2.15)

e {(,.—muocnrenauoe HHAYKTHBHOE COIPOTHBJIEHHE KOH-

Typa BKMOYeHHs1 TpaHchopmaropa (aBToTpancopmaropa),
OTPEAENTEMOE TI0 BHIPaXKEHHIO
Xe= Xe+ by X1, (2.16)
B e B o
OTHOCHTENbHOE HHAYKTHBHOE CONPOTHBJEHHE NpsiMoft mo-
C/IE0BaTEJIbHOCTH CHCTEMHB! (CONMDOTHBJEHHE N0 BBOJOB
BKNIOYaeMoft 06MOTKH) {"' ONpPENENAELTCA 1O OTHOLIEHHIO

£ 6a30BOMY COTPOTHBJIEHHIO
Facle o or
- X‘ Umu,‘slm!'-‘l
B ¢opmynax (2.16) n (2.17) Sszowm ~— HOMHHaNLHAST MOLI-
HOCTh BKJIIOYaeMoro TpaHcopmaTtopa (OpoxopHas — aBTO-

TpaHcopmatopa); Usom — HOMHHANBHOE MexnydassHoe
HanpsXeHHe BKJOYaeMol 06MOTKH; X" — oTHOCHTENBbHOE

L4

HHIYKTHBHOE CONPOTHBJIEHHE BKJIOYaeMoH OGMOTKH TpaHC-
{opmaropa (aBTOTpaHCc(OpPMATOP2) TNPH BK/IOYEHHH OAHOMN
¢asn H NOJHOM HACHIUEHHH CTEPXKHER H SPM MarHHTONpPO-
Bofla TpaHcdopMaropa (aBTorpaHchopmaTopa); Ky — Koag-
(GHUHEHT, YIHTHBAIOIIHA YBeJHYeHHe HHAYKTHBHOTO COINpPO-
THBJIEHHSI BKJM0YaemoH oOMOTKH TpaHcopmaTtopa (aBro-
TpaHcopMaTopa) 3a CYET HENONHOFO HACHINEHHH APM ero
MarHHTONpPOBOAA.

3HaYEHHA OTHOCHTE/IbHEIX HHIYKTHBHHX CONPOTHBIEHHH
TpexoOMOTOUHBIX TpaHCc(OPMAaTOPOB H aBTOTpaHc(opMaTo-
POB {fsf') npuBeneHsl B TaGa. IT1.1, pBYX0oOMOTOYUHBIX

Tpancopmaropos —e Tabn [I11.2; X.,lll TaKke MOTYT

OuWTh NOACYHTAHW N0 YNPOUIEHHHM BbIPAXKEHHS M, MPHBe-
JeHHEIM B Tabn. IT1.3.

Kos¢pduunent £ opHeHTHPOBOYHO MOMKeT GBITH NPHHAT
paBeuM 1,15,

Ilpu pacyere mo (2.14) (HOMHHAZNBHHA BTOPHYHHH TOK
5 A) 3nayeHHs KO3QQHUHEHTa £ AOMKHH HaXOMHTHCH
B npepenax 1,3>£=>0,9, a npe pacuete mo (2.15) (HOMH-
HaJbHEEH BTOPHYHHA Tok 1 A) —B npemenax 1,3>£=0,8
(cv. mpunoxente I1.1).

2.1.6. Uncno ButkoB ofMotku HTT pene, cooteetct-
BYKIEe TOKY cpabaTHBaHHA 3amHTH Je,a ANA ONHON H3

(2.17)

CTOPOH  3amHIMaeMoro TpaHcdopMaTopa, TNpPHHHMaeMo#
B pacyeTe 3a OCHOBHYIO, ONpEHe/sAeTcs] N0 BHPAaIKEHHIO
Fe
D
w, =T 2.18
OCH, pacd Ic, P.tm ( )

rae Fe,p — MarsHToasHxymas cina (MJC) cpaGatheaHus
pene; nis pene THnoe PHT-565 m PHT-566 no pannmm
sasopa Fep=100 A; le,p,ocn— TOK cpabGaTHBAaHHA peJe,
OTHECCHHHI K OCHOBHOﬁ CTOIJOHQ; ONpEeAEJSAETCH IIpHBEIEe-

HHEM MEPBHYHOrO ToKa cpabaTHBaHHs 3aIMATH KO BTOPHI-
HEIM LenfAM TPaHC(QOPpMaTOPOB TOK2 OCHOBHOH CTOPOHEL

3a OCHOBHYIO MOXET NDHHHMATLCSI CTOPOHE, KOTOPOMR
COOTBETCTBYET HanGOJBLUKA H3 BTODHYHHX TOKOB B MJeyax
samuTH (cM. M. 2.2.1) (Tak Kak opH sTtoM B oblem cryyae
TOK I'"’u6,pace TONYyYaeTCs MeHblIe), HJH CTOPOHA OCHOB-
HOTO NMHTaHHA (T2K KaK S5TO HECKOJBKO YODOIUIAET pacyeTh
YYBCTBHTEJBHOCTH), TOC/AENHee Uenecoo0pasHo B caydasx,
KOrna BTOPHYHEIE TOKH B IJeYaX 3amHTH 6JH3KH 0O 3HA-
YeHHI).

Uucna BHTKOB 06MoTOK HTT pene, cootBercraylomime
TOKY cpaGaTmBafHfl 3aHTH lg s, AN APYTHX (HEOCHOB-
HHX) CTOPOHM 3aMHI2eMOro TpaHcOPMaTOpa ONpenensioT-
cfl MO YCJIOBHIO Easencrsa H’%'JIEO (npu Heyuere HeGanaHca)
pesynbTHpyromen MJIC B HTT pese npu Harpyscuuowm pe-
HMe H BHelWlHHX K3. 3To obecrneuHBaeTcs ODH paBeHcTRe
MJIC Bcex CTOPOH B YCJOBHSX IPOXOMAEHHS MO HHM
OfHOM H TOH JKe MOLIHOCTH, HaNpHMeP HOMHHANBHOH MOII-
HOCTH 3allHLIaeMOro TpaHc(opMaTopa, T. €. KOrga HMeeT
MeCTO COOTHOUICHHE

(2.19)

rne locm,s, 1z H [11 s — BTODHUYHEE TOKH B TJIEYaX 3alllH-
THl [JI51 OCHOBHOH H HEOCHOBHHIX CTOPOH, COOTBETCTBYIOIIHE
HOMHHaJLHOA MOLIHOCTH TpaHcdopMaTopa (npoxogHol —

Tocr,sWoen=I1 31 pace=/11 s Wr1 pacT,

aBToTpaHchopMaTopa); Wocm — NPHHATOE WYHCJO BHTKOB
ob6moTkH HTT pese nns ocHOBHON CTOPOHEL.
H3 (2.19) cnenyer:
locn, 8
@] pacy = Wocn T: (2.20)
Incn. B

2.1.7. UyBCTBHTE/ILHOCT 32IO0HTH NPH METaJJHYeCKHX
K3 pacuerHoro BeHaa (m) B 3amuuaemoll soHe Xapakte-
pH3yeTc KO3()(HIHEHTOM YYBCTBHTEJNBHOCTH k4(™), KOTO-
pHii ompenensieTcsi Kak oTHolleHHe paGoueit MJIIC pene,
paeHolf cymme MJIC o6motok HTT pene, B ycsoBHAX mo-
ppexsients, K MIIC cpaCaTuBanus peae

M

P
Fi3 My,

=FMa ™ (2.22
[F = Fc. ” ql i +kqp y ( )
cC: P n=

rpe Fpae™) — paboyas MIC HTT pese npu paccmaTpH-
BaeMoM MeTajuiHdeckoM K3  pacuerHoro BHua (m);
Ipn'™) — ToK, nopeoguMuit kK obmMoTke HTT pene ¢ yHcnoM
BHTKOB Wn, C YYETOM €ro 3Haka NpH pacCMaTpPHBaEMOM
MetajnpyeckoM K3; w, —uyncno BHTkOB o6MoTkn HTT
pese, HCHOJb3yeMOe Ha CTOpoHe n; Fep—TO e, 9TO
B (2.18); k'™, ..., kgp!™ — craraemue kKosdhHUHEHTA
YYBCTBHTENBHOCTH 3alIHTEHL, onpenenseMie aonef Toka K3
H TOKOoM cpaCaTeBaHus 3amHTH Ha COOTBeTCTBYIOUIEH
CTOpOHE.

Cnaraembie K03((HIHEHTA YYBCTBHTENBHOCTH Ean AR
paccmatpuBaemoro BHaa K3 (m) moryr onpepensTteca ye-
pe3 nepBHYHHIE 3HayeHHA TOKOB, NPHBEAECHHHX K CTOPOHE,
TNPHHATON 32 PaCyeTHYIO, MO BHPaKeHHIO:

I(M}wﬂ . plm) kglhwﬂ Jim g(m) (rm)

(m) __ “pn K min"rok n g min™tox n™ex n
. = 3
Fe,p Usn Kp P p Iea ey
X, pacq
(2.23)
HIH
(e
(m) 22T 2.
= e (2.232)
c. cXn

rae lymin(™) — nepBHYHOE MHHHMaJIEHOE 3HAYEHHe NepHo-
JHYeCKOR cocTagssiiouiefi cymmapHoro toka K3 paccMaTpH-
BaeMoro BHAa (m) B 3alllHiiaeMoH 30HE, NpHBEJEHHOrO
K pacuetHoH ETopoHe; f¢,an — TOK cpaaThHiBaHHS 3aHTH,
ofyciopnennufi BHTKaMH paboyeit obmorks HTT pese,

7



Ta6nuna 2.9

Smagenve kosdduuvenTa
rlm)
cxenm kM) ox
M nfuo. | Bra K3 Mecto K3 €x | Ortromenne )
HA CTOpoRe ¥ Ba cropose [ 5
1 Mexny Tpems dasamu (u ma-| Ha cropore ¥V ama ]| V3 1 1
TPYSOUHET PeHM)
’ 2 1 Z i)
Tl eyl e s e | 7=(vs) | ve7E)
Ha cropone [
V3 1 1
3 H y 1 g N e
Opeofi dasu Ba 3emnio a cropone V3 Vi

YCTAROBJEHEHMH Ha CTOpPOHe n, MPHBeleHHHl K pacder-
Holt cTopone; Ixn!™)—cocTaBnsiomias MNepBHYHOrO MHHH-
ManesHOro Toxka K3 paccMartpusaeMoro BHpa (m) B 3amm-
maeMofi 30He, MPOXOAAMEr0 Ha CTOPOHE 7 H MNpPHBelIEHHOro
K pacgeTHOll cTOpoHE; Uzn B Ux,pace — HAnNpsikeHHS XO-
NOCTOrO XOja 3allMmaeMoro TtpaHc¢iOpMaTopa COOTBETCT-
BEHHO HA n-fi H PaCYeTHOH CTOPOHAX; Rroxn'™)— kosddu-
[HEHT TOKOpacNpeleJieRHs I CTOPOHH n H pacCcMaTpH-
paemoro sHna K3 (m); Krn — xosdunuent tpancdop-
Manue TpaucOpMaTOpOB TOKA HA CTOpPOHe n; Rexn(™ —
k03 HUHEHT CXeMH, ONpejessieTcsi BHAOM NOBPeXICHUS
(m), cxeMofi coeiMHeHHMs TPaHC(HOPMATOPOB TOKA 33UIHTH
Ha paccMaTpuBaemoii cTopoHe (n) M cXemoll coelMHeHHS
o6MOTOK 3auHiaemMoro tpancopmaTopa (ecii noBpexie-
HHe paccMaTpHBaeTCst Ha Jpyroft cropone) —pmc. I12.1
(Boxn®), 112.2 1 123 (kexn®) B [12.4 (Ecxa®™).

CnenyeT OTMeTHT», 4TO B 3HaMmeHaTene (2.23) m
(2.233) yureH kosdduUHEHT CXeMH UJf 3aMHIKAHHS MexIy
Tpems (asamu kexal®, MOCKOMLKY NepeBOX Ha BTOPHIHYIO
CTOpPOHY TOKa cpabaTHBaHHS 38NHTH Jc,an OCYNIECTBASET-
€A M0 CHMMETPHYHOMY PEXHMY.

B tabn. 2.1 npusefern suageHHsi KosduunenTa cxe-
MH ey NPH pa3sNHUHHIX BHEAX B pasnandnoM Mecte K3.
TaGauua cocrasfieRa [ns TPancOPMATOPOB €O CXEMON co-
envHenus obmoroxk ¥Y/Y/I-11 ucxomsi H3 cleRyiONero:

Ha cTopoHe ¥ saupIlaeMoro TpaHcopMaTopa TpaHC-
(opMaTOpH TOKa coenMHeHH B TpeyroJeHMK (I}, a Ha
cropore [ — B spesny (¥);

paccMaTpHBaeTCst Tpexpenefinasi CXeMa 3auIHTH; Inf
AByxpenefinoll cxeMm 3Hauenus xosdduumentos (Tam, fhe
OHH OTJHUEIOTCH) JaHH B CKOOKax;

k03dOdHUIEeHTH CXeMHl [AJs 3aMBIKaHHs onHol ¢asw Ha
8eMNI0 OAHK A% 33ALMTH TPaBC(OPMATOPOB, B KOTOPOf
TOKH Ha OTJENbHHX CTOPOHaX MOTYT ONpefeNsaThLCH pac-
npefeneHyeM TONHOrO ToKa B Mecte K3 mo cxeme mpsimolt
nocnefoBaTeNbHOCTH (CM. mpHaoxenne [12).

Ileprasi u BTOpas cTpokH B Taba. 2.1 moryr GHTH
HCNOJAB30BAHH TaKiKe NpH pacietax KodOHUHEHTOB dyB-
CTBHTENLHOCTH 2amHTH  aBTOTpaHcdiopMaToOpa €O CXeMOH
coenHHeHHst Yapro [I1-0-11.

Tox cpaGaTuBanHsl 3amMTH  Je,sn, NPHBEEHHEI
K pacdeTHOHl CTOPOHE, MOMKET ONPEeNeasiTbCs N0 BhpaMKeHHo

I .. FC-DKM Ux,
C, 3npac? — wﬂkg‘g‘ Ux. -

- (2.28)

OGosHayenus Te ke, 4T0 H B (2.23).

HOns pene cepur PHT-560, Fgp koroporo paBha

100 A, Beipaxenne (2.24) wMmoxer OHTHL mNpeiCTaBJEHO
B BHJIE
1 F %A, 2.95
& 1= Ty kB U, pace e

Jlns pByXOGMOTOYEHX TpaHC(OPMAaTOPOB, 2 TAKKE JLAR
OpHEHTHPOBOYHHX  pacdeTOB 3alHTH  TPeXoOMOTOUHHX
TpanchopMaTopoB B aBTOTpaHcOpPMATOPOB KOI(Q(HIHEHT
YYBCTBHTEJALHOCTH k4(™) MOKeT onpenetaTbCsi B Mpeimc-
NOMEHHH, YTO BeCh TOK NMOBPeMJIeHHs MPOXOJHT MO OXHOR
CTOpOHe

(m) g, (m)

. Kmincxn

»
Ie, sk |
rjie Jyimin{™) — MHHHMAaNLHOE 3HA4YCHHE MEPHONHYECKOH CO-
crasnaomefi cyMmapHoro Toka K3 paccmaTpHBaeMoro
Bnjga (m) B 3ammumaemMol 3o0He, NPHBEJEHHOTO K CTOPOHE
OCHOBHOTO THTaBHs; le¢,a— TOK CpabaThiBanMsl 3aNNTH,
NpHEeJIEHHHH K CTOPOHE OCHOBHOr'O NMHTaHHA.

Ocranvuuie obosHadenus Te ke, 910 B (2.23).

UyBCTBHTEABHOCTh 3aMHTH ONpenefisercsi NMpH MeTal-
maveckom K3 Ha BHBOjax sampiniaemoro tpancdopmaTopa
(aBToTpanciopmaTopa) npm paboTe ero Ha pacHeTHOM
OTBeTBJIeHHH, PacueTHRIMH pexumaMyu paboTH MOACTAaHUHE
H [UTAONMX CHCTEM SBNSIOTCH peasbHBle PeXHMH, oﬁg-
CNOBAMBAIONIME MHHMMaJbHE TOK NpH pacdeTHoM Bupe K3.

B coorserctBun ¢ [T¥3 (n. 3.2.21) tpebyerca oGecne-
YHTL HAHMEHbLIHH KO3((QHIHEHT YYBCTBHTENLHOCTH [pH-
MmepHO 2,0.

Honyckaercs cHmxeHHe Tpebyemoro kosthdunuenta
YYBCTBHTEJILHOCTH NMpPHMEPHO 10 1,5 B cnelyommx ciyyasx
(8 xoroprix ofecneveHHe KOS((HIMEHTA YYBCTBHTEJLHOCTH
oxono 2,0 cBSISAHO CO SHAYHTENLHHM YCJOMHEHHEM 3aIH-
TH HJIH TEXHHYeCKH HeBO3MOMKHO, NPH 3STOM 3aMeHY pene
cepui PHT-560 na pene cepun J3T-11 ne caenyer cug-
TaTh 3HAYHTENLHEIM YCJOMHEHHEM):

npr K3 Ha BHBOAax HHsliero Hampsi:eRHsi TpaHcdop-
MaTOpOB MOUHOCTEIO MeHee 80 MB-A;

B pexuMe BKIOUeHHs TpaHcdopmaTopa (aBTOTpaHC-
¢opmaTtopa) ron HanpsikeHHe, a Takie JAf KPaTKOBpe-
MeHHBIX PeXXHMOB ero paGoTh (HanpHMep, NPH OTKJIOYEHHE
OHO# W3 MHTaIOLHX CTOPOH);

npu K3 3a peaxkTopoM, YCTaHOBJNEHHHIM Ha CTOpOHE
HH3LIEr0 HanpsiKeHHs -rpanc%opmampa (asrorpancdop-
MaTopa) H. BxO#smHM B 30HY ero nmuddepenumancuoft
3aIHTHL

[lpy HajwuuH JPYTHX 3aLIHT, OXBATHBAIOMIHX PeakTop
H YIOBIETBOPAIOMHX TpebOBaHHAM  YYBCTBHTENBHOCTH
K ocHOBHHM samurtaMm npu K3 3a peakTopoM, YyBCTBHTENb-
HOCTB nH(epeRuHanbHOl 3aumTH TpancopmaTtopa (aBTo-
tpancopmatopa) npu K3 B 3Toff Touke nonyckaercs ne
obecrneysBaTe.

R = (2.26)

2.2, PEKOMEHAYEMbIA NOPAIOK PACHETA

B coOTBeTCTBYMH C NpHBeJEHHEIMH B M. 2.1 yxazaHHAME
pacuer pugdepeHnHanbHON 3aWMTH TpaHcoOpMaTopa, BH-
noiHeHHoH ¢ pene cepus PHT-560, npowsBonMrcs B Cle-
AYIOWeM NOpsiKe.



2.2.1. OnpenensloTcss NEpPEHYHBIE TOKH A5 BCEX CT0-
POH 2awHiaeMoro TpaucdopMaTopa, COOTBETCTBYIOIIHE €ro
HOMHHANLHOH MOWMHOCTH, Ison. [To 3THM TOKaM onpene-
JITIOTCH COOTBETCTBYIOLUHE BTOPHYHEIE TOKH B IWVI€YaX 3dlUH-
TH Irs, Itrs ¥ J1ir s, ucxons u3 KosqHUHEHTOB Tpamc-
thopmampu TparchopMaTopoB Toka Ky (BoiGHpaloTcs ¢ yue-
TOM NapaMeTpPoOB MCHoJb3yemoro olopylOBaHMS, €ro nepe-
TPY304HOIl crocoOHOCTH, TpeGoBawni pesefHON 3alOMTH H
CXeMBl COeJIMHCHHA Tpawc(pOpMaTOpPOB TOKa — NpH COelH-
HEeHMH TPancOPMAaTOPOB TOKa B TPEYrOJNbHHK HCXOIAT HS

neperunoro Toka fgow ¥V 3 BBHAY nedecoobpasnocti HMeTh
BTOPHUHEE TOKM B IVIeYe 3alUMTH, He npeBeaiomye 5 A)
1 K03 dHUHEHTOB CXeMBl Rcx.

222, OnpenensaioTcsl NepBHYHHE MAKCHMalbHBE TOKH
K3, npoxonsume vepea samumaemsli TpancdopmaTtop npu
sretiinx K3 Ha Beex ero croponax.

223. OnpenensieTcss pacyeTHHil NMepBHYHEIN TOK Hela-
nauca In6,pace 6e3 yuera I"’us.pace. Pacuer mpoussoamtcs
no (2.3)—(2.5) ¢ yuerom anavenn#t TokoB K3, nomyuennnix
B O 222,

2.2.4. OnpegnensieTcsi OpPHEHTHPOBOYHOE 3HaYEHHe Tep-
BHUHOTO TOKa cpabaTeiBanHA 3aliuTH lecs No (2.1), ucxoas
M3 3HaueyuA Hebanawca fae, NOAYdYeHHoro B 0. 2.2.3, u no
(22) B cootBetcTBHMM ¢ pexkomennammsmu n. 2.1.2. [Tpunu-
maercs: Oonbuiee M3 JABYX MOJYMEHHBIX 3HaYeHHIl.

Ecmm pns TpancdopmaTopoB momuocThio 256 ME-A u
BHIIE 3HAYEHHE MEPBMYHOrO TOKa cpabaThHBanvs 3allHThHl
le,s no (2.1) oxaxercs Goawewne 1,5 HOMHRaNBHOIO TOKa
TpaHcOpMaTopa, TO B COOTBETCTBHH C DPEKOMEHAANHSMH
[1Y3 (n. 3.2.21.4) cneayeT BHNOJHATH 3alUMTY C pede ce-
pun JI3T-11.

2.2.5. IponsBonuTCA NpenpapHTe]bHasd TPOBEpKA YYB-
cteuTenbrocTh. JlnAa sToro onpepensieTcs HepBHUHBIH TOK
npu Meramnigeckux K3 ma BHBoRax sammiuaemMoro Tpasc-
QopmaTopa B pacuyeTHBHX N0 YYBCTBHTENBHOCTH pexHMaX
pa6oTH NOACTAHUKH M IHTAIOLMX CHCTEM B NpEAnoJoNe-
HHHM, YTO BeChb TOK MNOBpeXIEeHHS NOPOXOJHT N0 OAHOH H3
cropon TpancdopmaTopa. Kosdduumuent yyBCTBHTENLHOCTH
onpenenserca no (2.26) ¢ y4erom OpHMEHTHPOBOMHOTO 3Ha-
YeHHs ToKa cpabaThBanusi 3awmTH fe,s, NOAYUEHHOTO
B O 224,

Ecin nonyvenHoe 3HaveHWe KOsh(MUMERTa YYBCTRH-
TeJBHOCTH OKajKeTCl HE HHXKe AONYCTHMOrO, TO pacyer 3a-
UIHTH, BHINONHeHHOi ¢ pene cepun PHT-560, crenyer npo-
JOMKNTh, KaK NOKA3aHO HHKE.

B Tex cnyyasx, xorga sHauemne KosdduumuesTa gyB-
CTBHTENILHOCTH OKAXEeTCH HHMKe AONYCTHMOrO, a8 pacyeTHBIM
yciaoBHeM 101l BHIGOpa TOKa cpalaTHBaHMS SaIIUTH SIBJA-
Jlack OTCTpofika oT Gpocka HaMarHMYMBAIOLIETO TOKa NO
(2.2), caenyer mnpomusBecTH yTouHeHMe KosddmumenTa k
B 5TOM BHIpa)KeHHM B COOTBeTcTBHM ¢ m. 2.1.5,

Ecnn pacuetnEm mis Bubopa ToKa cpabaTmpamns 3a-
MATH ABJNAJACH OTCTPOiiKa OT ToKa He6alaHca NpH BHEMI-
X K3 mo (2.1), To cnepyer mepeiiTh K pacueTy samuTh,
BollioNiHelHO# ¢ pene cepum J3T-11. B Tex penkux cay-
Yasx, KOTKa 3alnATa, BHNOJHEHHas ¢ pene cepun H3T-11,
TOXe He obecrieyHT TpebGyeMyl0 YYBCTBHTEJILHOCTh H3-33
OTCTpoliki 0T Opocka HaMarHMYMBAIOLIETQ TOKA, ClELyeT
NONBITATECH A0OKTBCH TpeOyeMoRl YYBCTBHTEJLHOCTH SALIH-
Tl ¢ pene cepun PHT-560, npoussens pacuer ee no onth-
MAaJIbHOMY HAIIpAXKEHHI0 B COOTBETCTEBHH C PEXOMeHIauMs-
mu 0. 2.1.4. Kpome Toro, ykasamnsii pacuer nenecooGpasto
TIPOM3BOJHTL B YCJIOBHAX SKCHNYATAUHH € HENBIO YBefHde-
HHSl YYBCTBUTEJIBHOCTH SALUKTEL, BHIIOJHEHHON C pefle CepHH
PHT-560.

226. Onpenu_me'rca YKHCJI0 BHTKOB 0O0MoTkn HTT pese,
COOTBETCTBYIOlleE TOKY cpabarThiBapHsl saumts lo,s A0S
ocHOBHO cToponbl. Pacuer npowssogutcs mo (2.18) B co-
OTBETCTBHH ¢ 0. 2.1.6.

IpunnMaercss Gankaiillee MeHbIIEE 10  OTAOLIEHHIO
K nonyderHoMy (2.18) nenoe WMCJIO BUTKOB @oen (M3 3Ha-
“eHHH, KOTOPHE MOryT OHTbh ycTaHoeneHn Ha HTT pese
B COOTBETCTBHH € HMEIONIMMHCS BHBOMAMH).

2.2.7. OnpepensioTess yuesla BHTKOB  o6MoToK HTT
pele nas jApyrMX (HEOCHOBHEIX) CTOPOM SaUIMIIaeMOro

Tpancdopmaropa no (2.20) u (2.21), ucxons w3 npusHATOrO:
nna yerawopkn Ha HTT penme uncna BHTKOB @Woem OCHOB-
HO# CTOPOHHL

clyuasx, KOrJa STH YHCIE BHTKOB @I pacy HJR
WIT paca NOJMyYalOTCA ApOOHHMH, NpHHHMalOTCs GCiKaii-
uHe nedble (MeHbUIME HJIH O(JbUIHE) YHCAA BHTKOB @y H
Wy, @ pacyeT YTOYHAETCS 38 CYET yyeTa COCTaBisioedh
Toka uebananca I"'wepacn (0OycnoBnennol ykasaHHEM
OKpyIjleHHEeM), KaK 5TO NoKaszano B Iim. 2.2.8 u 2.2.9.

Ilpu sTOM [AA  yMeHbilennss Toka welananca
I"' n6,pace B pARE CAydaeB menecoobpasnHo OKpYIIATL YHC-
Jla BHTKOB W] pacw M WII pace TakuM obOpasom, 5TOGH co-
cTapngomne Toka HeGananca I”"'go,pace B (2.6) Hmenm
NPOTHBONONOXKKEBE 3HAKH. OHAaKo NPH STOM HEOGXOAMMO
npoBepHTh, He OyneT su Goabllle pe3ynbTHPYIOLIMA TOK He-
Gananca Imo,paca B APYTHX CIydasix NOBPEXIEHHHA, B KOTO-
pHX. cocTaBaslouMe Toka nebGalawca I'"gg,pace EMEWOT
OIMHAKOBHIE SHAKH,

2.2.8. OnpenenseTcss NEpPBHYHBIA YTOUYHEHHBI TOK He-
G6ananca lus,pace (¢ ydeToM cocrapnsiomedi I”’zo,pace NO-
nyuesnoi B n. 2.2.7) no (2.3).

229. Onpenensierca TokK cpaGaTHBaHWA 3aIHTH, CO-
OTBETCTBYIOLMI npueATOMY umcay ButkoB HTT pene nas
OCHOBHOH CTOpPOHBl H IIpHBeNEHHBI K PacyeTHOH CTYNeHR
HanpsureHns n no (2.25).

2.2.10. Onpenensiercss IefCTEBHTENBHEN KOshOHEIMEHT
OTCTPOHKH 3alNTH Rore, uexons u3 (2.1). Ecmt korc=1,3,
caenyer mepelTH K pacueram no n. 2.2.11; ecnn kore<1,3,
cnelyeT NPHHATH IJ1si OCHOBHOR CTOPOHEl HOBOE YHCJIO BHT-
KoB, Gmuxafillee MeHBUIEe MO OTHOWIEHMIO K NPUIHMABIIe-
mycs panee (nna pene Thna PHT-565 wa opunm BHTOK
MeHbIIe). 3aTeM NPOM3BOAMTCA MepecueT YUC/Ia BHUTKOB A
npyrax (HEOCHOBHHIX) CTOpPOH 3almuulaeMoro TpaHchopma-
Topa no (2.20) n (2.21). lgacue-r NOBTOpAETCA [0 TeX nop,
noKa geficTBHTENBHHI KOsQ@HIHEHT OTCTPOfKH 3alUHTH
Rore, PACCUHTAHHBLIH MO TOKY CpabaTHBAaHHS 33MMTH, BH-
YHCIIEHHOMY € Y4eTOM cocTaBasioued I zg pacea OKamercs
NpMMepHO paBHEM Man Goabmum 1,3.

2.2.11. OnpepensioTcs TNEpBHYHBE TOKH [IOBPEXIEHHS
¥ KoshHUMENT YYBCTERHUTENbHOCTH Ho (2.22) wuxm (2.26)
B COOTBeTCTBHM C n. 2.1.7 npu meranmuueckux K3 mexay
neyms dasaMu Ha BHBOJAX 3alHiiaeMoro TpaHcdopmaro-
pa € MHUTAaEMBIX CTOPOH B PACYETHHX MO YYBCTBHTENBHOCTH
pexpMax paboOTH NMOACTAHMK ¥ NHTAIOUWMX CHCTEM.

Jlng TpexoOMOTOYHHEX TpaHc¢OpPMAaTOPOB C BHICUIRM Ha-
npsxennem 110—220 kB, pgns xoropeix BO3MOXHO onpo-
GoBaHHe CO CTOPOHH CPEIHErO HATIPSIKEHHSH, JOJIKHHL OIipe-
IeNATHCS * TAK)Ke NepBHYHBE TOKH NMOBpeIeHus u Kosdpdmn-
OHEHT YYBCTBHTEJBHOCTH N0 BHpaenuaM (2.22) wuiam
(2.26) npu MmeranmmdeckoM saMBHKaHHK' HA 3€MJIO OLHOM
¢asel HAa BEIBOJIaX BHICIIEr0 HaNpFIKEHHA 3AlUMLIEEMOro
TpancdopMaTopa B pexkume ero onpoOOBakHsl CO CTOPOHE:
CPeIHEr0 HANpKEeHAS.

2.3. MTPUMEPBl PACHETA OMOMEPEHLIMANLHOW
TOKOBOW 3ALUMTHI BYXOBMOTO4YHOIO
TPAHCOOPMATOPA

2.3.1. MNMpumep

2.3.1.1. B wacTosmem npuMepe naH pacyeT mnddepen-
[HaJIbHOA TOKOBOM 3aUIMTH JBYX0OMOTOYHOrO TpaHcdopma-
Topa 115/6,6 kB mommoctrio 16 MB-A. TpaschopmaTop
HMEeT BCTPOEHHOE pEryJlHpOBaHHE HalpsKeHHS MoN Ha-
rpy3koit (PITH) B wefiTpanu BHCINEr0 HanpsIKeHHS B Iipe-
genax —+16 % womunsanveoro. Hexoamas cxema M cXeMH
saMmeulennsl npaMofi 1 o6paTHOR nmocyenoBaTenbHOCTER NpH-

BefleHH Ha puc. 2.3
Ilpumep paccunTaH B MMEHOBaHHHIX enunHnax. Compo-
THBJIEHHS, NPHBEJEHHLIE K CTOPOHE BLICUIETO HANDAKEHHS,
Ha puc. 2.3,6 ykasamH B oMax. CONpOTHBNEHHs 3almuilae-
MOro TpancopMaTopa pacCYMTaHH NpH ABYX Kpaftuux pe-
aNnbHO BO3MOJKHHIX NOJOIKEHHSIX peryastopa. Peankno Bo3-
MOXHBIi [HaNas0oH peryJHpOBAaHHA NPHHAT OT MHHHMAJb-
Cy
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Ilpumep 23.1 pacuera audepeHuHaNLHON TOKOBON 3alMTE ABYXOOMOTOUHOTO TpancdopmaTopa:

BKAIOYenHR pene THna PHT-565 B

auddepesnuansAoff TOKOBOR samure NBYXOOGMOTOWHOro TpaHchOpMATOpA.

flipumevaunuwe B cxemMe saMelleARHE Ha pHC.

HHA PperymHpyemMoffi  oOMOTKH;

b CONpOTHBJEHHA

. !

HOrO0 3HaYeHHS HANpPAMXeHHs peryanpyeMoll o6MOTKH
[Ui~ro)] 1o Ranpsixenusi, COOTBETCTBYIOUIEI0 MaKCHMajb-
HOMY  jonyctHMOMY  paboyeMy ° HAanpsKeHHIO CeTH
(126 xB).

2.3.1.2. PacueT NpOM3BOAMTCS B CJEAYIOIEM MNOPsIKe.

2.3.1.2.1. OnpenensioTcs NepPBHYHEE TOKH HAa CTOPOHAX
BHICLIEro H HH3IIEro Hanpsikeuuft samuuaemoro Tpancdop-
MaTopa, COOTBETCTBYIOLIMEe ero HOMHHAJBHOR MomHocTH. ITo
S5THM TOKaM onpe,ﬂ.eﬂmrcs COOTBETCTB}I'IOIILHE BTDPH‘IHHE
TOKH B MJieuax 3alllHTH, HCXOAR H3 KO3(h(HIMEHTOB TpaHC-
¢opmanuun TpanchopmaTopoR Toka K; (em. m. 2.2.1) u xo-
a()OHIHEHTOB CXeMHl kex (CM. Ta6a. 2.1).

PacueTsl BEINOJMHEHE! B COOTBeTCTBMH ¢ m. 2.2.1 u npu-
BefleHkl B Tabn. 2.2,

23.1.22. OnpenensieTci MAaKCHMAJBHEH  IePBHYHKIT
TOK, MPOXOASIIHA Yepe3 3allHUlaeMEIH Tganc¢o Marop MpH
K3 wmexny Tpems (dazam¥ Ha wHHax 6 kB (B Touke K;
Ha puc. 2.3,a). :

Pacuyer BHIIOJHEH B COOTBETCTBHH ¢ m. 2.2.2

lrltmcx(al= 840 A.

2.3.1.2.3. OnpepensieTcsi NMepBHYHEI pAacyeTHEIT TOK He-
«Gananca luc,pacy Oe3 yyera cocrabisiomedi I”'us,pacy NpH

23,6 wanpsmenns NHTaOUeR
YKasaWu [0 KpafiiAX peajibHO BOSMOMXHHIX OTKJOHEHHH peryifTopa B CTODOBY YMeHblueHHs H YpejuuenHA (B cKOOKax)
CHCTEMBl YKasauu s

TpancopmMaropa
Hanpaxe-
MaKCHMANEHOrO H MHHHMaJbHOro (B cKOORaX) DEXHMOR

CHCTEMBI H CONMPOTHBNEHHA

paccmatpuaemom BreitneM K3 mo (2.3)—(2.5) B coorBeT-
cTBMM C 1. 2.2.3

Ius,pacw=(1-1-0,1-0,16) 840=218,4 A.

23.124. Onpenensercs MNpelBapHTeNEHO MePBHUHLLL
TOK cpalarhiBaHHs 3al[HTH B COOTBETCTBHM c I 2.2.4:

JI0 YCJIOBHIO OTCTPONKH OT MaKCHMaJBHOTO TOKa Heba-
sanca no (2.1) Ges yuera cocTapJsioulelt Toka HeGajamca

1 ”’n G.paca
Ic_a;l,3 -21 8.4 =283,9 A:
Mo YcJOBHIO OTCTPOfikH 0T 6Gpocka HaMarHHYHBAOLlero
ToKa no (2.2)
1c,5:>1,3-80,4=104,5 A.

PacueTtnoft pas BHIOOpa ToKa cpabGaTHBaHHS SBJSETCH
OTCTpoOiiKa OT TOoka HebanaHca mpH BHemHem K3

1c,:—2839 A.

23.1.2.5. TlponsBouTCH INpelBAPHTEJBHAR MpOBepKa
gYBCTBHTENBHOCTH B COOTBeTCTBHH ¢ m. 2.2.5.

B paccmarpuBaeMOM NpHMepe pacdeTHHIM IO YYBCTBH-
TesbHOCTH ABJAeTcA K3 mexny apyms dasamu Ha cTOpOHE

Tac6auna 2.2

i UncnioeOe SHaveHHe NJIA CTOPOHE!
Hapumenonaive BefHIHHME Omm:e'rm 110 xB | 6 kB
IlepBuynEi TOK HA CTOpOHAX 3ally-
I2eMOro  TpaHcopMaTopa, COOTBETCT- T e Sgam .lﬁ_ﬂ — 80 .4 .ﬁg@_ = 1400
BYIOUIMIi €r0 HOMIIHA.TbHOH MOIIHOCTH, = 7 TTRENE V3.115 d V36,6
Cxema coenmnennsi TpaHC(HOPMATOPOB — a y
YOKa
Kos(prmment TpascopMauuy Tparc- K; 150/5 2000/5
<opmaTopos TOKa ‘
Bropemmpiit Tok B mieuax 3aupThl, i
COOTBETCT BYIOIIHH HOMHHAJBHON MO - I Taopekex 80,4¥V3 _ 4 64 el =368
iocm 3allHIAeMoro  TpaHedopmartopa, ol S - 1y T150/5 - 200056 —

a0




Ta6Gauua 2.3

HaumenoBaune pe’iHuYHHB] OfosEaqeHe B MeTOA OnpelejeHns Yacnosoe 3HATCHAE
I, sk T
Tox cpa‘iaTeiBaHIA pere HAa OCHOBHOH cTO- Ie, p. oca = —Cgi 283—’9-[-@- = 16,4
pone, A nio 150/5
Uneno sutkos obvwotkn HTT pene AnA
“OCHOBHOH CTOPOHbI:
Eos 100
pacueTHoe Mo (2.18) Tocu, paca = T 0t
» C, p: OCH k
7PEABAPHTENLHO TIPHHATOE Woew = &7 yp 6
Uueno Butkos odmorkn HTT pene ang "
‘HUOCHOBHOi CTOpPOHBI:
I 4,64
cueTHOe Mo (2.20) w =y 655 =179
pa (2:20) 1 pacy = Poos 7, 3,5
Npe1BapHTeNLHO TPHHATOE Wy =T g 8
Coctasngioliag nepeHIHOro Toka nebaman- [lo (2.6)
«ca, OOGYCNOBNEHHAN OKPYIJIEHHEM DpacyeTHoro i @ pocq — ¥ 7.96—8
UHCTa BUTKOB HEOCHOBHOH CTOpPOHHJ ANLA pac- I = | ———— I-————840| = 4,22
YeTHOTO CJiyuasi NoBpexaeHus, A G Ylpacu it 7,9 ’
IMepeuuneiii pacueTHuii TOK HeGanauca c ITo (2.3) 218,4 1-4,22 = 222 62
eToM coctasasiomeis I A ’ ’ et
¥ HG.pacq Iy . pacg = I‘rﬁﬁ. pac‘![l + |Inﬁ_ pacql + ['ruﬁ' pacy 1
Tok cpaGaTeBaHHA SaUTHl HA OCHOBHON e 4 Fe.p Kno 100 150/5 089
: e ™ = i
eTopoHe, Wocx 'V' 5 6 V3
I, s 289
Koaddpmment oTcTpoilku sammTh (oKonga- kore =7 55 6= 1,296=1,3
QencHoe 3uauenue) a6.paca §
OxkoHyaTeNbHO TNPHHUATOE SHUCJID BHTKOB Woes = W yp
otmotkn HTT penme piig yerawOBkH HA OCHOB-
HOil H HEOCHOBHOI CTOPOHAX : B =W ep 8

6 kB B Touke K2 (puc. 2.3,0) B MMHMMaNBHOM DpexHme
padoTel nuTAOMEeH cHCTeMH M NPM MaKCHMalbHOM CONpO-
THBJIGHHH 3allfliaeMoro Tpaucopmaropa

Il{m‘ﬂml =462 A—

Koadduuyeus 4YyBCTBHTENBHOCTH, ONpefeNsieMHR M0
(2.26), pasen e
462V3

iy — e Lab0 1,5,
2839V 3

e xKospduuuent cxemu npu K3 memxay asyms ¢asamu
Ha CTOpOMe HH3ILIEro HAMPSIKEWMS 3aUHINAEMOTo TPAHC-

dopmaTopa B3ST M3 Tabm 2.1.

Kosgdunmenr uyscTBuTeNbHOCTH ke Gosblue TpeGye-
moro IT¥3 B kpaliuux ciydyadx, NOSTOMY pacdeT 3alHTH
.c pere tuna PHT-565 moxno npoposmxuts. Onuako
B pAacCMATpPHUBAEMHX YCIOBHAX JeJaTeJbHO HCHOJMb30BaTh
pene tuna O3T-11.

23.1.2.6. Onpepensiercss uucno BuTKoB o6Morkn HTT
pene nas ocHosHoit cToponH 110 kB (sa ocuosHyio cTO-
poHy B coorsercTBuy ¢ n. 2.2.6 NMpHHATA CTOPOHA OCHOB-
moro nutanus). [lpuHuMaercs JSmnxaiiuiee MeHbilee 1O

k

a .
OTHOLUGHHIO K TONYYEHHOMY M3
Woer="6.

2.3.1.2.7. OnpenenseTcs YUCAO BHTKOB Wrpaca OGMOT-
KH HTT pene nns HeocHoBHOH cToporn 6 KB 3ammmaemo-
ro Tpancdopmaropa no (2.20) B coorserersum c¢ n. 2.2.7,
UHcio BHTKOB Woem M Wi YTOUHAETCH MOCJE yyeTa coO-
crasnsionieit Toka wHebananca I"'w6,pacs, 0BycroBNeHHOR
HeTOYHOCTBI0 ycTaHoBkH Ha HTT pene pacueTHBIX wyween
BHUTKOB, cornacuo m. 2.2.8.

Pacuern no 1nn 23.1.26 u 23.1.27 npuselenH
B 71abn. 23. Cxema BKJIOYEHMA pelile AN paccMaTpuBae-
MOrO MpHMepa NpHBefiena Ha puc. 2.3,8.

2.3.1.2.8. Onpenensiercss suauenve Kosddwuuenta 9ys-
CTBHTEJIBHOCTH AN TOKa cpaﬁa’mnaﬂnﬂ 3aIUMTH, COOTBET-
CTBYIONIEro OKOHYATENbHO NPHHATOMY, B pexuMe, IPH KOTO-
pOM TPOM3BOAMNACH TpeABapUTeNbHAS NpPOBePKa YYBCTBH-
TeabHOCTH, Mo (2.26

46271/3
ks=—————1.bi> 150,
289 V'3
PaccMotpennas 3ammTa MoxeT OWTh HCNOJb30OBaHa

B KpalHUX clydasX ANA SalMTH J1BYX0GMOTOYHOrO TPaHC-
dopmaropa no puc. 2.3.a.

(2.18) wunc0 BHTKOB
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2.3.2. Npumep

23.21. B nacrosmeM npuMepe naH pacueT mHddepen-
OHAJNIKHOH TOKOBOH 3amHThH ABYXOOMOTOYHOrO TpaHC(Op-
maropa 115/6,6 kB momruocteto 16 MB-A. Tpancdopmatop
AMeeT BCTPOGHHOE PerysHpOBaHHe HaNpsDKEHHS NOj Harpys-
KOii B HeATpaJNH BHICIIEro HANPSKeHHS B mperenax =16 9%
HOMHHaMBbHOTO.

PacyeT paH ¢ yueTOM OTKJIOHEHHS DeryJsTopa Hamps-
WeHHs He OT CpefiHero moJioxewws (cm. npumep 2.3.1),
a 0T NONOXeHHA, COOTEETCTBYKIIETO ONTHManmbHOMY Ha-
npaxeHHio Ugnr. McxonHas cxeMa M cXeMa 3aMelleHHs
npaMoii  (ob6paTHOit) NOC/e 0BATENEHOCTH NPHBEJEHH Ha
pHc. 2.4,

IlpuMep paccuHTaH B HMeHOBaHHEIX eamHnuax. Conpo-
THBJIeHHHA, Hé)HBEﬂEHHHE K CTDPDHE BHICIIIETO HBUPR}KEHHH,
Ha pHc. 2.4,6 yKasaHH B OMax.

3HaueHHs CONPOTHBJEHHil 3amHIMaemoro TpaHcthopma-
TOpa FpH IBYX KpaHHHX DeasbHO BO3MOMHHX NOJOXKeHHAX
perynsTopa 3aMMCTBOBAaHH H3 npumepa 2.3.1, n. 2.3.1.1.

IpeaBapuTe/ibHBE pacueTH NOKA3aniH, YTO NpH BHGOpe
ToKa cpabaTiiBanus saumTH los mo (2.1) ¢ yueTom
(23)—(2.5) uyBCTBHTENBLHOCTH .nmpql:_f eHUHaNbHON 3allH-
TH He YIOBJeTBOpsAeT TpeGoBaHHAM 53 (npn K3 Mexny
IBYMSA (a3aMH Ha BHIBOJAX HH3ILIEr0 HanpsiKeHHH TpaHC-
tdopmaTopoB kq=1,25<15), a 7ok npu BHewmem K3
B Touke K; (puc. 2.4,0), paCCUMTAHHHIL NPH NOJOXCHHH
perynstopa Ha oreerBaenmn —POminpab, oTimuaetca Ha
42 % >15Y% oOT TOKa, pacCYMTAHHOrO MpH CpelHeM NOJOo-
JKeHHH peryJnaTopa HanpskenHs, [lostomy B coOTBeT-
cTBHH ¢ m. 2.14 B npHMepe nNpoH3BeleH pacueT CYMMH
cocragnmomux ToKa HeGananca (I'ag+1"sc) Hcexonm H3
OTKAOHEHHA OT ONTHMAJILHOTO HanpsieHHus peryJHpyeMoil
06MOTEH.

2.3.2.2. PacyeT NpoH3BOAHTCA B CJeJYIOEM NOpAAKe.

2.3.2.2.1. llepByuHEe HOMHHANEHHE TOKH 3alMHIIAEMOro
TpaucopMaropa, kKo3dHUHEHTH TpaHc(OpMAUKH TpaHC-
¢opMaTOPOR TOKA AJNS 3AUIHTH H BTOPHYHHE HOMHHAJbHEE
TOKM B TJeYax SamHTH 3aMMCTBYIOTCA H3 npumepa 2.3.1
(cm. Taba, 2.2).

2.3.22.2. OnpepensioTcs TOKH, NPOXOAAIIHE Hepe3 3a-
ntumaemulil Tpanchopmatop npu K3 Mmexay tpeMs (hasamu
Ha mwuHax 6 kB (rouka K; ua puc. 2.4,0) npe noJoMeHHAX
PErynsTopa COOTBETCTBEHHO Ha OTBeTBNeHHax —POminpab
H --POmaxpa6. B vacTosimeM npHMepe, Kak H B TIpHMe-
pe 23.1, 3a MCnoNB3yeMHil B SKCNAyaTauHH TPHHAT pe-
ansHO BO3MOXKHHI [Hana3oH PEeryJHpOBAHHS HANPSIKEHUS
Tpanccpop_ma'ropa: oT Haﬂpﬂ}l('EHHﬂ, COOTEBETCTBYIOnero no-
noxennto PITH na kpaithem oteerBiennn —POminpab,- no

4 g 110 %B
E =J'7£@'<B

MaKCHMaJbHO HAONYCTHMOTO paﬁoqero HanpsAMeHna CeTH.
1. e. ot 96,6 mo 126 kB:

I3 _p0 min pasy = 1022A,
2 =502 A;

K (+POmax pab) min
3 -
!:E E+P0mxpa|5) max = 690 A;

2.3.2.2.3. Onpenensaorcs:

Pa3HOCTE HCNOJNB3YEMHIX MaKCHMaNBHOTO H MHHEMAJb-
HOr0 OTHOCHTEJIbHHIX 3HAYeHHil HanpsKeHH§ peryJHpyemoR
obmoTKH TpaHctopmaTopa
126 — 96,5

115

pAasHOCTh peasibHOr0 MAaKCHMAJBHOMO M ONTHMANBHOTO
OTHOCHTENEHHIX =~ 3HAYEHHil HaNpsMeHHs  peryNMpyeMoi
oOMOTKH TpaHcthopMaTopa no (2.11)

AU = (0,257 4-0,1)1022—0,1-600
e 1022 - 600
ONTHMAaNBEHOe HampsikeHHe mo (2,8)
Upnr= [1+ (0,2567—0,16)—0,188] 115=104,4 xB.

Pacuetn BHIOJHeHH B COOTBETCTBHH C I 2.1.4.

2.3.2.24. Onpenensercf NepBHYHHIT pacyeTHHil TOK
nebananca Ieo,paca Ges yuera cocraBasomeil [“"sg.paca
(o6ycnoBneHHOro HeTOYHOCTBIO ycTaHOBKH Ha HTT pene
PAacueTHOr0 YHCJAa BHTKOB) NPH PAacCMaTPHBAaeMOM HOBPeX-
zenun no (2.13)

I’n6,pacat1"a6,pacy=(0,1-}-0,188) 600=172,8 A.

2.3.225. lpenpapurentHo onpenensiercs NepBHUHEIR
TOK cpaGaTeBaHHS 3amHTH 0e3 yueTa cOCTaBlifiomed TOKa
HeGananca /'"/gg,pace B COOTBETCTBHM ¢ m. 22.4:

N0 YCJAOBHIO OTCTPOIKH OT MakCHMaNBHOrO TOKAa He-
Gananca no (2.1)

lc.s=>1,3-172,8=2246 -A;

=(,257;

AUporu =
e

=0,188;

N0 YCNOBHI) OTCTPOHKH OT OpOCKa HaMarHHYHBaOIIEr®

ToKa no (2.2)
Ic,5=1,3:80,4=104,5 A.

PacuetHoit ans BriGopa ToKa cpafaTuBanus ABAAETCS
OTCTpOiika OT TOKa HebasnaHca NPH BHEUIHEM NOBpPeXIeHHM

I0:=224,6 A.

Pene PHT-565

-
Iy - Yy

t4)
28 1470

|

i Q123456 z 4 o
% = TR
I 0123456 3210
|

i

: 7 5% 2432
“iyp

Xemax="5 Om
Xemin=100M %
5(10) om

- WE

TAH-16000 .

115 % 16%/6,6 kB A

= ='98°o ~
thf POy =554 ? 57,2(116,2) 0m
U (+p0) =1571
6xB
ﬂ} .Kg 5)

Puc. 2.4. Ipumep 2.3.2 pacyeTa auddepeHuHanbHoil  TOKOBOI
a— HACXofiEan cxeMa; 6 — cxema sameujenua npsamofl (oGpaTrRofl) MOCAENOBATENLHOCTH;

ExB

FenemEERRIE

S s

K pene dpyeol aasi

8

samuTH ABYX0OGMOTOYHOrO TpancdopmaTopa:
& —cxeMa BEJoUenHs pene thHna PHT-568-

B nuddepennuanbHofl TOKOBOA 3awMTe HBYXOGMOTOWROro TpancdopMaTtopa.

NMpumenanne CM. npuMenande ¥ pHc. 2.3
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Ta6aunpma 2.4

YncnoBoe sHagenHe ANF CTOPOHE
HaumMerOBaHEE BEJHYHEE Ofosnaienne # MeTON Onpele/eHns 1103 | ot
K
TNepBuynbiii TOK Ha CTOPOHAX SaLIH-
ANFEMOTO  TpaHc(HOpMATOpa, COOTBETCT- ! o s e _16000 .. 16000 o
BYIOUIHiT €70 HOMMHA/IbHOH MOIIHOCTH H i 1 T V3104,4 2 V36,6
ONITHMATLHOMY HanpskeHHIO, A
Cxema coesiHnenusl TpaHC(HOPMATOPOB —_ pi Y
TOKa
Kosduupenr TpancopMauHs TpaHC™ K; 300/6 2000/5
¢opmaTopoB, TOKA
Bropuusmil TOK B nieuax SalMHTH, I kb T 1400
COOTBETCTBYIOLMTI HOMHHAJBHOI MOlL- oot 5= mk'm = SE'EV_‘?' — 2,56 500075 = 3.5
HOCTH saupiaemoro Tpamceopmatopa, A I 300/5 /

TaGnuna 2.5

HanMeHoBaHKe BeHYHHbI

O&osuaueEHe B MErol onpencieHus

Yiicnosce 3HaYeHHe

UO'IJ’T'
T(j{( CpaGaTHBarKsl pefie Ha OCHOBHOH CTO- lesus 994.6.104,4/6,6
e - s s
4 fe. p. ocs Kro 5000/5  — or0
Upcno sutkos oomotkr HTT pene ansa
OCHOBHOT! CTOPOHEL: P
: 100
(e HOE Mo (2.18) @Weex, paca = _jﬂ'—— g 9= 1.2
C, P, OCH '
Tipe;iBapuTe/lbHO TpPRHATOE UWoer = Wit yp i1
Uneno purko o6Mmotku HTT pete ans we-
“DCHOBHO# CTOPOHBL: ;
3v
pacieTHoe Mo (2.20) Wypacq = Pecn 0“;;;’ 11_% =15,1
IpeaBapPHTENBHO NPHHATOE Q=W 15
CocraBnfisoas NepBHYHOTO TOKa HefGanaH- B B 15.1— 15
J T e pacq o .
ca, oOyc/oBienHasl OKDYTMEHHEM DACYETHONO | o (9 6) lﬁsrpﬂﬂ= P | — 1022| = 6,6

yHCsid BUTKOB HEOCHOBHOH CTODOHHL [/ PacueT-
HOTO Ciyuas noBpeaeHus, A

LI pden

[Nepprunkli pacqersbli TOK HefanaHca ¢
rer
yuetom coctapasomedt Iyg ooq0 A

I[o (2.3)}{35_ pacy = .L'"ﬁﬁ pacy B
+I‘ru6.pacqi +|fﬂﬁ. IJBC‘;[

172,8 4 6,6 = 179,4

Tok cpaGaTeiBaHusi samnTel (NpHBe/leHHbil e Fe.p Kni 100 300/5

K CTOpOHE BHCLIErO HaNpsDKeHHH), A c, 3="py S 95 - e =281,2
: i Iy e V3

Kos(@HuuenT OTCTPOiiKH samkTy (OKOH- i Ie, s 231,2 T
yaTenbHOe 3IHAUEHHE) oTe I, paca 179,4= 29=1,

q

OKOHUATe/IbHO ~ NPHHATOE 4HCJIO BHTKOB wp =1y, 15
obfmotke HTT pene sl YCTAHOBKH Ha OCHOB- i

HOif ¥ HEOCHOBHOH CTOpOHAaX

Woon = wll vp
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2.32.26. [lpoHsBOmMTCS NpefBApHTEILHAR MNPOBEPKa
YYBCTEHTEJBHOCTH C LEJBbIO BHIABJEHHA B NepsoM npubau-
MeHHH BO3MOMHOCTH BHOONHEHHHA 3alHTH € peJle THNAa
PHT-565 B cooTBeTc#BHH C I 2.2.5.

B paccMaTpuBaemMoM IpHMepe PacYETHHIM MO YYBCTBH-
TesipHOCTH fABNfAerc K3 mexny neyms (pasaMu Ha CTOpOHe
6 kB (B Touke K, puc. 2.4,a) B MHHHManLHOM pexXHMe pa-
GOTH CHCTEMH H IPH MaKCHMajbHOM CONMPOTHEJEHHH 3aLH-
waemoro TpaucdopmaTopa.

KosthduuneHT YyBCTEHTEJLHOCTH,
BHpaxenuio (2.26), paseu

_ 502V3
Y ou,6V3

7. . ynoeneteopsier TpeGoBanuam IIVI, nmostoMy pacyer
3aWMTH, BHNOAHeHHON ¢ pene Tthma PHT-565, caenpyer
TUPOACIIKHTS.

2.3.2.27. Bubop eHtkoB pabounx obmorok HTT pene
Ans ocHoBHoill ctopoHH (6 xKB) NpOM3BOAMTCS B COOTEET-
cTEHH c 1. 2.2.6, ucxoas ¥3 ONTHMAJNBHOTO HAOPSAXEHHN HA
perymupyesoii ctopore. IlepeHuHHI TOK Ha CTOpPOHE BHC-
LIEr0 HanpsKeHHs Npu ouTHManbHoM HanpseHHH Ugpr

I 16 000
HoM, oOT = Vg" 104'4
BropHukuili TOK B TJeve 3aluTH Ha cropone 110 xB

88,5V3
T300/5

onpenesseMHii No

=2,24>2,0,

=88,6 A.

=2,56 A.

‘rBoM. ONT, B =

3. AMOOEPEHUMATILHAS TOKOBAS 3ALLIMTA
M ABTOTPAHC®OPMATOPOB, BbiMONTHEHHAS

3.1. YKASAHMUSA NO PACYHETY

3.1.1. Huxe JaHe OCHOBHHe YKasauHs IO pacuery
MHdepenyanstoli TOKOBOH 32lUMTH, BHITOJHEHHOA ¢ peje
cepur JI3T-11 (tumos J3T-11, HO3T-11/2, A3T-11/3 n
H3T-11/4), npUMeHHTeNBHO K ABYX- ¥ TPEXOOGMOTOUHEIM

Eash
ok r
1200——
| l
Hoo— ! i //
1

4000

J |

£ 20" 200 300 400 500 600 700 Fyopp, P

Pue. 3.1. Topmo3Hbie XapakTepPHCTHKH TINOB

O3T-11, N3T-11/2, n3T-11/3 n O3T-11/4:

I —soHa cpaGaTeiBaHHs; 2-—30Ha cpabaTbiBaHHA HJIH TOPMOMe-
HHR P 3ABHCHMOCTH OT Yria Mexiay TOpPMO3IHBIM H patouHM TO-
KamB, §— 30Ha TOpMOMXeHHH; J—XapakTepMcTHka cpalaTbiBaHHA,
COOTBETCTBYIOIIAS MAKCHMaNbHOMY TOpPMOXenHio; fI —To e Mu-
BHMANEHOMY TOPMOIKeHHIO

14

pene

PacyeTn mnozasanH, YTO B PaccMaTpHBaeMOM TNpHMepe
Kos(ppuuHenT Tpanc(opMalyuH TpaHc()OPMATOPOE TOKAa CTO-
pourt 110 kB nenecoobpasno mnpuHATL paEHEM Krjo=
=300/5, a e 150/56 (kak B Taba. 2.2). ¥YKasauuoe OpHBO-
IHT K YBEJHYEHHIO UYYBCTBHTENBHOCTH 3aUMTH (33 cCUer
yMEHbLUEHHS cocTaBasiiomiell Toka uebananca [”’g6,pacw
B 5TOM ciyyae).

OxonyagensHo BHOpaHHEEe KOa(ipHIHEeHTH TpaHcop-
Mau¥E H  pacyeT HOMHHAJbHEIX TOKOB NpHBEIEHE:
B Tabn. 2.4,

2.3.228. OnpepensieTcsi YHCNO BHTKOE W) pacw "0OMOT-
kH HTT pene nns ueocnosuoii croponn 110 Kﬁ 3amuuLae-
moro Tpancgopmartopa no (2.20) B cooTBeTcTBHH C 1. 2.2.7.
Pacyern no nn. 23227 u 23228 ceenenn B Taba. 2.5.

CxeMa BKJMOYeHHs pene I pacCMaTpHBaeMOro MpH-
Mepa NPHBENEHa HA pHC. 2.4,6.

232.29. Onpenensiercss 3Hayense KosddHuHeHTa yyB-
CTBHTEJBHOCTH NSl TOKa cpabaTHEaHMs 3alMTH, COOTBET-
CTBYIOLLEr0 OKOH4YAaTEJBHO TIPHHATOMY, B peXM#bMe, NMPH KO-
TOpPOM NpPOHSBOAMJIACH MPEABAPHTENbHASA NPOBePKa YyBCTEH-
TeJBHOCTH, 1o (2.26)

502V 3

= =92 17> 2,0.
231,2¥'3 -

q

Paccporpensasi 3allHTa HMeeT JOCTATOYHYIO YYBCTBH-
TENBHOCTD H MOXeT GHTh HCMONBL30BAaHA S 33UIHTH JBYX=-
06MOTOYHOFO TpaHchopMaTopa Mo puc. 2.4.a.

TPAHC®OPMATOPOB
C PENE CEPMM O3T-11

TpancOpMaTopaM, a TaKkXe aBTOTpanchopMaTopaM, Ha-
XOAAUIHMCS B SKCITyaTalHH.

Pene cepun J3T-11 xapaktepusyercsi HaaHuuem OLHOfR
topmosuoft o6MOTKH B HTT pene, 4TO HaeT BO3MOMHOCTH
06eCneyHTh TOPMOMXEHHEe OT TOKA B ONHOM KOMIJexkTe (WiH
OT CyMMapHOrO TOK2 B OAHOi rpynne KOMILIEKTOE) TpaHc-
¢opMaToOpOBE TOKa. XapaKTepHCTHKa cpabaThiBaHHA pede
OpH HAnAHYMH TOpMOXeHHS Fpas=f(Fropn) HeOnHO3HAYHA
H 3aBHCHT OT Yyraia Mexnay pabounM [pacp M TOPMO3SHEIM
Iropu,p (cM. n. 3.1.6) Tokamu B HTT pene.

Ha puc. 3.1 npuBejeHH 3aBOACKHE XapaKTePHCTHKH
pene An% TAKHX yIi0B Mexay pabouuM ¥ TOPMOSHEIM TO-
KaMmH, TNpPH KOTOPHX ofecneyHBaeTcs MakcuMmazabHoe (KpH-
sas I) H munumaneHoe (kpusas /1) Topmokenie.

Hcnonssopakne TOPMO3HOH O0OMOTKH [JaeT BO3MOX-
HOCTH He OTCTPauBaTh MuHHManbkufi TOK cpabaThiBanHs
3amHTH Je,amin N0 (2.1) OT TOKOB HebGanauca nNpH TaKHX
BHEIUHHX HOBPB?KILEHHHX. KOrjga HMeetrcsl TOPMO}KEHHE, no-
CKOJIBKY HeJleliCTEHe 33IIHTH B 3THX cayyasx obecheunBaer-
csl  TOpPMOXEHHeM. VYkazanHoe oOycnosmusaer GOmbuIyio
YYBCTBHTEJIBHOCTD 3AIIHTH,

CxemMa BHYTpPeHHHX COEIMHeHHii pese M NpPHMEPH NpPHH-
LHMHAJEHHX CXeM ero BKJIOYeHHS B 3allHTax JIBYX- H
TpexobmoTounkx TpaHcgopmaTopor (aBToTpamchopMaTo-
poB) NMOKasaHH Ha pHe. 3.2

3.1.2. HepelicTre 3sammthl npH Takux Buewmux K3,
KOrja TOpPMOXeHHe oOTCyTcTByer (Mo Topmosmoli oOMOTKe
HTT pene TOK He NPOXOJAHT, HampHMep, NPH OTKIIOYEHHH
CTOPOME, Ha KOTOPOHl OH2a YCTaHOBJNEH3), & TaK¥e INpH
BKMIOYEHHY HeHarpyxeuHoro TpaHctopmaropa (aeToTpaHc-
topmaTopa) NOm HanpsxeHse, oObecrneuxBaeTcss BHOOpPOM
MHHHMaJIbHOrO TOKa cpabaTeiBanus 3alUTH Jcamin NO
TeM e YCJIOBHSIM, YTO H TOKa cpabaTHBanHA 3aUMTH ¢,
Bunonuenuolt ¢ pene cepun PHT-560 (cm. n. 2.1.2):

OTCTPOHKH OT pacyeTHOr0 MaKCHMAaJhHOrO TNepEHIHONG
TOKa HeGanauca [g6,pacw TPH TMEPEXOAHOM pEXKHMe EBHeL-
uux K3, onpepensiemoro ¢ ydyetoM BiusHHs HTT pene,
7. . mo (2.1), B KoropoM korc mpuHEMaercA pasHum 1,5;
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Puc. 3.2. Ilpumepsl NpPHHUHINAATBHLIX CXeM BKJMoYeHns pene tnna JA3T-11:
a — B salETe AByxoOmMotousoro TpaHcdopmaropa; 6 — To e TPexoOMOTOYHOro

oTcTpofikd oT 6pocka HAMarHWYMBAIOMIEro TOKa IIPH
BKJIOYEHHH HeHarpy»KeHHOro TpancdopMaTopa (aBTOTPaHC-
¢opmaTopa) noa Hampsikende, T. e. mo (2.2), B KOTOPOM
Ko3(dHIHeRT k& B rpy60 OpPHEHTHPOBOYHHX pacueTax mpH-
nrvaercst paeueyM 1,2—1,6 H B cayuae neoGXONHMOCTH
Mog:e-r GHTL YTOUHEH B CTOPOHY yMeHbleBHS  (CM.
n. 3.1.3).

yae)nuqeuﬁue sHaveHHs: Koshdumuentos B (2.1) B
(2.2) mO CpaBBEHHIO € DPACcYETOM 33LHMTH, BHIOIHEHHOH
¢ pene cepus PHT-560, mpuuHMAIOTCS B CBA3H C TeM, YTO
pene cepun JI3T-11 HMeer xyauwme napaMeTpH B OTHOLIe-
HHH OTCTPOMKH OT HeYCTAHOBHMBIUMXCSI TOKOB H3-33 OTCYT-
ctenst B HTT pese KopOTKO32MKHYTOH OOMOTKH.

Pacuernmii Tok HeGanauca la6,pace AN BHOOpa TOKA
cpaGaTuBanns 3amKTH lcamin onpeenserca mo (2.3)—
(2.6) nu6o fipH Heo6XOAMMOCTH YTOUHEHHS ero 3HAYeHHs
B c;opouy YMeHBUIEHHS N0 MeTOAHKE, H3JI0MXKEeHHOM
BN 2.1.4

3.1.3. IMepeuubbili MHHHMaJeHBEIH TOK cpalaTHBaHHS
3AlIMTH NO YCJOBHIO OTCTPOHKH OT Gpocka HaMarsHUHBAIO-
ero TOKa TPH BKJIOYEHHH HeHarpyrKeHHOTO TpaHcpopMa-
Topa (aproTpancdopmaropa) noi Hanpsxkende mno (2.2)
MOXeT OHTh CHHXKEH 33 CHYeT YTOYHEeHHs 3Ha4YeHHs K0ad-
QuupenTa £ B COOTBETCTBMH C KOHKPETHHMM YCJIOBHSIMH
(cm. nprnoxerne IT1).

VrounenHoe 3HaveHuwe Kosddmimenta k onpelensercs
N0 OJHOMY M3 CJEIYIOIIHX BHpaeHHA B 3aBHCHMOCTH OT
HOMHHAJLHOFO BTOPHYHOTO TOKA TpaBCGOPMAaTOpOB TOKA,
VCTAHOBJIEHHHX Ha CTOpOHE BKJII0YaeMoit 0OMOTKH TpaHC-
¢opmaropa (aBToTpaHchopMaTopa):

NpH HOMMHAJILHOM BTOPHYHOM TOKe 5 A

k———2,l—3,7¥.‘; (3.1
NpPH HOMHHAJILHOM BTOpHYHOM Toke 1 A
k=1,45—1,6Xx, (3.2)

rie Xy — OTHOCATE/NLHOE KHAYKTHBHOE CONPOTHBIIeEHe KOH-
*

Typa BKIOUeHHA TpaucopMaTopa (apToTpancdopmaropa),
onpenensiemoe no (2.16

3yavesns peanyms, pxonsmux B (2.16), onpefensioTcs
115t BroYaeMoro Tpancopmatopa (apToTpancdopmaTopa)
B COOTBETCTEMH € pekomenZaumsivu 1. 2.1.6. B "acThocTH,
3HaYeHHs OTHOCHTEJBHHX HHAYKTHBHHX COM BJIeHri
X prarouaeMoit 0OMOTKH TpaHchopmaTopa (aBTOTPaHC-

-
dopmaropa) MpH BKIIOYEHHH OHOA (asH H NMOJHOM HacH-

IIeHHH CTepXHell ¥ ApM MarHuTonposoja TpaHchopmaTopa
(aproTpancgopmaTopa) npuBejedk B Taba. L
[11.2, a Takxe MOryT OBITE MOJCYHTAHEI MO YNPOIIEHHEIM
Bripaxenuam Taba. IT1.3.

Hns aptoTpancdOpMATOPOB C BEICUIMM HAIDPSIKEHHEM
500 kB, QA8 KOTOPHX OTCYTCTBYIOT SHAYEHHA ‘J'{',ﬂl

B Ta6n. I11.1 W ynpouleHEHe pacyeTHHe BHPAXKCHHA IR
onpenenesnst Xgf) B tabs. I11.3 MoryT ucnosb3opatbes pe-
»

KOMeH/IalliK, TMpHBelennHe B Tpuaoxennn IT1.

ITpu pacuere no (3.1) (HoMuHANLHHI BTOPHUBHIL TOK
5 A) anauerns kKospuimenTa k£ JOMKHB HaXOIHTHCH
B npeflenax 1,6>k=1, a npu pacyere no (3.2) (noMEmHamL-
HE BTOpHuHLIl TOK 1 A) —B mpenenax 1,6>4£=08 (cM..
npunoxenne IT1).

3.1.4. Uncno ButkoB pabounx ob6morok HTT pene
(wr yp, Wi1yp H Wp), COOTBETCTBYIOLIEE MHHHMAJILHOMY TO-
Ky cpabaTeBaHHs 3aUHTH [c,amin, ONPElENfAeTCs TaK IKe,
KaKk H B pacyere SalHTH, BHIOJHEHHOH € pesie CepHH
PHT-560, 7. e. no (2.18) ans OCHOBHOH CTOPOHH H IO
(2.20) u (2.21) — a9 HeOCHOBHHIX CTOPOH.

3.1.5. Bubop cTopoHH, K TpancopMaropaM ToKa Ko-
TOpofi 1enecoo0pPasHO NPHCOEIHHHTE TOPMO3HYIO OOMOTKY
HTT, pene, nonxeH NPOHSBOAMTHCH TakHM o6GpazoM, YTOOR
o6ecneYHTh BOSMOXKHO OGOJBILYIO YYBCTBHTENLHOCTDL 3aIIHTHL
Jnst sTOro HeoOOXOAHMO MMETh:

MeHbLIee 3HAYeHHe MHHHMAJIBHOIO TOKa cpaﬁaTmBaHnn
32aUNTH l¢,amin,

MeHELee TOPMOXKeHHe NpH pacyeTHOM MO YYBCTBHTEJ/b-
HoctH mertannuueckom K3 B sanmmiaemoii 3oHe (ecan sto
He TNPOTHBOPEYHT NEPBOMY YCJOBHIO).

Hns pana cayuaes uenecoobpasHas cXeMa NpECOelH-
HEHHS TOPMO3HOH OOMOTKH MOXeT OBiTh BHfIBJEHA Ha
OCHOBaHHH HEI'IOEPEJICTBEHHOI‘O paccMOTpeHHR CXeMH 3JieK-
TpHYeCKHX coednHeHHil. Tak, Hanpumep, B c/ellyIOLUIHX KOH- #
KPeTHHIX CAYYasX TOPMO3HYI0 0OMOTKY, Kak MNPaBHIO, Ie-
Necoo0pasHo NPHCOEIHHATH:

Ha IBYXOOMOTOYHHX TpaHncdopmaropax — Kk Tpanchop-
MaToOpaM TOKa, YCTAaHOBJEeHHEHIM Ha CTOPOHE HM3UIEro Ha-
npsmeHus, a Ha JByXo6MOTOYHHX TpancdopMmaTopax
¢ pacuienyesHoli o6MoTKo#f — Ha»CyMMY TOKOB Tpancdop-
MaTopOB TOK3, YCTAHOBJEeHHHX B LelH KaXJIo# H3 pacuien-
neHHHX o6MoTok. IlenecoobpasrocTe Takoro NpHCcoedjHe-
BHSA TOPMO3HOH O6MOTKH OOBSICHSETCSs TeM, YTO NPH STOM
MHHEHMaJEHBI TOK cpabaTHBaHHA 3alHTH [c amin ONpele-
nsietca no (2.2), a npr K3 B sanMuiaemoiil soHe TopMoxKe-
HHE OT TOKa CHCTEME OTCYTCTBYET,

15
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Puc. 33. Pacuer 3saumrH, BenoJHeHHOR C pese THNA

A3T-11:
4 — cnpsiM/eHHe XAPAKTEPHCTHKE cpalaTHBAKHA peJie, COOTBETCT-
BYIOIER MHHHMANBHOMY TOPMOXEHHIO; 6— OnpejeneHne paGou:c’
MJIC cpaGarupauus pene Fpuq o, 1O Xa8PAKTePHCTHKE., COOTHET-
cTByIONUefl MAKCUMAJbHOMY TOPMUMKEHHIO

%

Ha TpexoOMOTOYHHIX TpaHchopMaropax — K Tpauchop-
MaTOpaM TOKA, OPPAHHYHBAIOUIMM SALIHIIZEMYIO 30HY C TOH
cTopoHE, npH BHewmnem K3 Ha KoTopoil TOK HebaJjamca
uMeeT GoJbliee 3HaueHHe, eCIH MPH STOM MHHHMAJbHHI
10K cpaGaThBanHa 3auMTE [oamin
(2.2); B npotHBHOM Clyy3e, T. €. €C/AH OlNpPeNeNIOLIHM

ocraercss (2.1) —Ha cyMMy TOKOB TpaHC(opMaTopoB TOKaE,

YCTZHOEJEHHEX HAa CTOPOHAX CpejiHero H HH3IIEro Hamps-
JeHuii, ecyd MPH 3TOM He CJelYeT CHUHTAThCA CO CAydaem
premrero K3 1a cropoHe HH3MEro HaNpsixeHHs B pexHMe
OTK/IIOUEHHOr0 BHIKJIIOUATENs] HA CTOPOHE BBICIIETO Halps-
JKEHHS HJH ecJH OTCTpoilka OT Tokos HefajaHca mpH yka-
sannoM K3 He sBASiETCS oONpe/lesiiouedl MpH paccMaTpH-
BACMOM BEJIOYEHHMH TOPMO3HOH OOMOTEH;

Ha aBTOTpaHCGOPMATOPax — K TpaHCHOpMATOpPaM TO-
Ka, YCTAHOBJEHHEIM H4 CTOPOHE Cpe[Hero HalpsiKeHHs,
rne, KaK NpaBio, NpeJycMOTPeHo peryJaHpoBaHHe Hanps-
JKeHHsl [OJl *HaTPy3KOH.

Tex chay4asx, Korfga [pHCOe/IHHEHHe TOPMO3HO
06MOTKH Ha CyMMY TOKOB TpaHc(opMaTopoB TOK4, ycTa-
HOBJEHHBIX HAa CTOpOHe CpPeAHErD H HH3ILUEro Hampse-
HHl, NPHBOAMT K OOJBIIOMY 3arpyC(vieHHIo, HJIH HeBHIOJ-
HEMO H3-33 HEJOCTATOYHOFO YHMCJA BHTKOB TOPMO3HOIL OG-
MOTKH, LeJecoo0pasio MPHCOEAHHATH K TpalcgopMaropam
TOKA, YCTaHOBJIEHHBIM Ha CTOPOHAX CPe/lHero H HHSILIEro
HaNpsUKeHHH, DA3HOE KOJIHUECTBO BHTKOB TOPMO3HOR o0-
moTkH. Heobxonumoe npu 3TOM JOMOJHHTEIbHOE MpHCOENH-
HeHHe K pacyeTHOMY BUTKY TODMOSHOH OOMOTKH pese OT
BTOPOTO TPaHC(OpMaTOpa TOKa KOHCTPYKTHBHO MOXET
6LITL  BLIOJHEHO AHAMOTHYHO paccMoTpennomy B 0. 6
npunoxenus 3.

3.1.6. HeneficTBHe 3auMTE NPH TakKHX BHEIIHHX K3,
KOrjia HMeeT MECTO TOpMoxemHe (MO TOPMO3HOR obMoTKe
HTT pene npoxoAHT ToK), o0eCNeuHBEETCH C Y4eTOM Xa-
pakTepHcTHKH cpabaThiBaHHA peJe, COOTBeTcTRYIOWEN MH-
HUMAJbHOMY TOpMOMeHHio (Kpupas [l wa pHC. 3.1).

OuesHHO, 4TO HecpaGaTHIBaHHe 3aLHTH 6yner obec-
fMeueHo, ecad BCe TOYKH, COOTBETCTBYIOIIHE BO3SMOMHLIM
npu BHeliHHX K3 OTHOLIEHHAM paboueit H topmostoit MJIC
8 nnockocTH Fpas, Fropm, OYAYT JIeXaTh HAEKHO HHXKE
3TOM XapaKTePHCTHKH. -

B cayuasx, Korna MakcuMajbnas paGouas mac
Fpasmax==200 A, Aif YNpOWeEHHs pacueTa XapaKrepHCTi-
Ka, COOTBETCTBYIOWAs MHHUMABHOMY TOPMOXEHHIO, same-
HeTCH KacaTeJbHOH K 3TOR XapaxkTepHCTHKE, nposefieHHokH
u3 Hayama Koopiumar (puc. 3.3,a), a B pacuerT BBOJHTCH
TauTeHC yIyia o Hak/iOHA KacaTesbHOH K OCH abenuce tg a.

16 u

onpeseqsercs Mo

[lpu stom mnecpabarsiBanve 3auutsl (c sanacom) Oyner
obecrieyeHo, ec/H YIOBIETBOPSIETCS HEpaBeHCTEG

Ips6. pipas
bore T —<1ge, 3.3
) (33)
rae Ipacp # Iropm,p — pabouuit u TOPMO3HON TOKH, MOJ-
BOAMMEE K pejie; Wropw — HCOOJNb3YEMOE HYHCJIO BHTKOB
topmosnoit o6motkn HTT pesie; @Wpag—THCAO EHTKOB
paGoueit o6morku HTT pene na cropone, K KOTOpOR MpH-
coeflfieHa TopMosHas oOMOTKa; NpH STOM YYHTHIBAETCS
NpUHATOE 4YHCJO BHTKOB, ec/ld paccMarpHBaemasi CTOpoHa
ABJSieTCS OCHOBHON M pacueTHOe 4HC/IO BHTKOB, ecjiH pac-
cMaTpuBzeMasi CTOPOHA SBISETCH HEOCHOBHOU, kore —
K03(p(hHUHEHT OTCTPOHKH, yunThBaOIWEA oKy pene H
HeOGXONMMBIE 3aMac; MoXeT ObTh NPHHAT paBHbiM 1,5.

H3 (3.3), yuuTnBas, 4TO OTHOLIeHHe TOKOB B peJsie

ABHO OTHOIUEHHI0 COOTBETCTBYIOUIHX Iep-

BHYHBIX TOKOB Ipas/Iropm, @ TAKKE YTO NPH BHEUIHHX l&
pabounit TOK Ipas paBeH TOKY HeGanauca Ing,pacu, ANA
onpefiedeHna HeoOXONMMOIO uHCJA BHTKOB TOpMO3HOR
o6MOTKH Monyuaem clefylollee BrpayeHHe:

I8, pacilpat
o> e T g5

rie lus.paca B Iropw — COOTBETCTBEHHO NepBHYHBIN TOK
nebananca, onpejeyenisil no (2.3), ¥ NepBHYHHI TOPMO3-
soit Tok mpu K3, pacieTnHoM s BHOGOPa uHCa3 BHTKOB
TopmozHoit o6motkn HIT pene.

gto B (3.3).

Ocrtasblipie 0003H24eHHs Te Xe,
TaureHc yria ¢ Hak/JoHa KacaTenbHolt K ocH aGemmce
npd Fpasmax==200 A, HCXONf H3 3aBOACKOH XapaKkTepHCTH-
K CcpabGaTBIDANKS, MOXKET NPHHHMATLCS PABHEIM MPUMEPHO .
0,75 (puc. 3.3,a). Y
ciyuae, Korja MakchManbHas pabouas MIC
Fpaomax<200 A, cnpsiMienHe XapaKTepHCTHKH cpabaTh-
BanHs MPOM3BOAMTCH AJsl pacueTHoro yuactka. [Ipu sToM
KpHBasi XapaKTePHCTHKH cpaGaTbiBaHiA 3aMeHnfieTcsi Mps-
MOil, KOTOpasi COGNHHSET HAYaJO0 KOOPAMHAT C TOUKOM,
OrpaHHuMBaIONell PaceTHEHl YYacTOK XapaKTePHCTHKH H
COOTBETCTBYIOLIEH MAKCHMAIBHO BO3MOMHOH MIC Fpasmax
npit BHemiHem K3 Ha paccMaTpHBAaeMOiH CTOpOHE, onpene-
JisieMoii 0 BHpParKeHHIo

Inas,p/lropm,p

(3.4)

(3.5)

Fpn Gmax= korulnﬁ.pncq,nwpaﬁ,

rie Ius,pacs,s — PacHeTHuIl MAKCHMAJbHBIR BTOpHYHHE TOK
nebananca Ha CTOpOHe, K KOTOPOH NpHCOE/HHeHa TOPMO3-
Has o6moTKa, npu BreliHeM K3 na paccMarpHBaeMon CTO-
poke, ongeneneunui‘i ¢ yueTom cocTapisiomell ToKa HeGa-
nanca I"'we,pacs-

Ocranbitle 06o3Hauenusi Te e, uto B (3.3).

[lps cOpAMAEHHH XapaKTePHCTHKH HA  pacueTHOM
Y4acTke B pacueT Heoﬁxommom YHcJaa BHTKOB TDDMOBH(}FI
o6MoTKH Mo (3.4) BBOAMTCA TaHreHc yrvia a’ (puc. 3.3,a)
HAKJOHA K OcH abcupce cnpamisioueii npaMoi, Npose/en-
MOl B3 TOUYKH, OrpaHHuYMBAIOLICH PacyeTHBIH y4acTOK.

PacueTHEIM I8 ofpefeneHus HeoGXONHMOro 4HCAA
BHTKOB TOPMO3HOIl OOMOTKH 0O (3.4), 1. e. ofycaoBiHBAIO-
MM MAaKCHMaJbHOe HYHCI0 HeoOXOAHMBIX BHTKOB, SIBHTCH
metamiuueckoe K3 mexny Tpemsi (pasaMd B TaKOM PexH-
me pabote, Koraa Gyner HauGOJBUIHM OTHOLIEHHE

1, 46, pacy
I TopM

Tpu 5TOM AO/MKHBl PACCMATPHBATBCSH K3 na Tex cro-
ponax, OT MOBpeX[eHHi Ha KOTOPHX OTCTpOiika MPOH3BO-
NUTCS C MOMOLBI0 TopMoxenHs. [lis TpexoGMOTOuHOrO
TpaHc(opMaTOpPa C MPHCOEAHHEHHEM TOopMO3HOR 0OOMOTKH
1A CYMMY TOKOB TPaHC()OPMATOPOB TOKAE, YCTAaHOBJIEGHHBLX
Ha CTOpOHAX Cpe/Hero H HH3IIEro panpsxkeHuil NpA napan-
Jeabhoil pabore TPaHC(OPMaTOPOB Ha CTOPOHE CPEANEro

Al = (3.6)



HANpRKEHAsl, JoJKeH paccMarpuBathest caydaii K3 wa
CTOpOHEe HH3IIEr0 HaNpAX<eHHS. (3.4) noNKHO YYHTEI-
BaTbCH 4HCJIO BHTKOB paboueit ofmMotkr HTT pelie @pas
JJ5T CTOPOHE! HHSIIEro HamnpsixkeHHs, TA€ paccMaTpHBAeTCs
K3 m nporexaer GoJbIIHII TOK TOPMOMKEHHH, a 1oj TOKOM
Itopw AOMIKEH TOHHMATBCS Pe3YJ/IBTHPYIOUMA TOK B TOp-
Mo3HOl o6MOTKe pene, TpHBeJeHHEHT K pacueTHOH cTOpOHe,
HanpuMep CTOPOHE BBHICLUETO HANpPAKEHH:, H ONpejensieMblil
MO BHIPAKEHHIO
ICH. B

‘rTrDM EE Impm. HH — *1epu, CH + (3.7)

‘FHH. B

rae Iropw,mE, Iropwm,cH — NMEPBHYHBIN TOPMO3HOH TOK CO-
OTBETCTBEHHO Ha CTOPOHaX HHSIIEro H CPeAHEro Hampsie-
uHil npH paccMaTpHeaemomM BHelnHeM K3 Ha cropome Hus-
1IN0 HAanpsieHHs, NPHBEAEHHBIH K pacyeTHOH CTOPOHE;
Icn,s, Iss,e — BTODHYHLIE TOKH B IJ@YaX SaIIHTH HAa CTO-
POHa&X CpeAiHero H HH3LIEro HaﬂpﬁH{EHHﬁ, COOTBETCTBYIOLIHE
HOMHHAJbHON MOIIHOCTH TPpaHcdopMaTopa (NPOXOIHOH —
aBToTpaHchopMaTopa).

B cayuae, xorja B 33amHTe TPexoOMOTOYHOrO TpamHcC-
{opMaTtopa K TpaHcopMmMaTopam ToKa, YCTAaHOBJIEHHBIM Ha
c*roponax CpeaHero H HH3Lero Ha]‘lpﬂ}KEHHﬁ, NpHCOEIHHACT-
¢l pasHOoe YHCJ0 BHTKOE TOPMO3HOH OOMOTKH, T. €. BHI-
HOMHSETCS AOTONHHTENbHOE TPHCOEOHHEHHE K PAacHeTHOMY
YHCAY BHTKOB mocseprert (m. 3.1.5), HeoOXogHMoe 4YHCIO
BUTKOB TOPMO3HOH OOMOTKHM clienyeT PAacCUHTHIBATb, MCXO-
O H3 TokoB BHewmHero K3 Ha paccmatpHBaeMoil cTOpOReE:

75l CTOPOHHL CPeaHero HanpsizeHus —uo (3.4);

IS CTOPOHBI HH3LIEr0 HaNpSxeHHS — MO BLIpaKeHHIO,
octaBjeHHoMy 1O aHadornd ¢ (3.4) c yuetom (3.7):

\ L6, pacipas, 1t
§\§ g 10Kt e
I I
h TopM, CH “CH, B
\ i i meu, uH THH, » @ropm, CH, (3.8)

\Jm Bce 0603HAYEHHST Te }Ké. uto n B (3.4) u (3.7).

3.1.7. UyBcTBATE/IBHOCTE SalIHTH NPH MeTaJJHYeCKHX
K3 B szammumaeMoii 30He B TakHX peXHMaX, KOrja TOPMoO-
JKEHHE OTCYTCTBYeT, XapakTepHayercsl Ko3(bHUHEHTOM TyB-
CTBUTENBHOCTH, onpenenseMuM no (2.22) wan (2.26). Pac-
YeTHBIE PEKHMB H BHAH NOBPEKAEHHS, a4 TaKKe MHHHMAaJb-
HO AONYCTHMOE 3HaueHHe KO3(dHUHEHTa YYBCTBHTEJNbHOCTH
aHanorH9Hbl TAKOBHIM AJIA 33LIHTH, BHIIOJHEHHOH C peJe
ceprn PHT-560.

3.1.8. YUyBCTBHTENBHOCT 3alIHTH NPH MeTallIHYecKHX
K3 p sammmaeMofi 30He B TaKHX PeHMAaX, KOrjia HMeeTcs
TopMoxeHHe (mo TopmosHoi o6motke HTT pese mporexaer
TOK), oOnpegensiercsi M0 XapakTepHCTHKe cpabaThBaHHS
pene, COOTBETCTEBYIOUIEH MaKCHMAaJbHOMY TOPMOKEHHIO
(kpuBasn I ma puc. 3.1), n oueHHBaeTca KoshPHIHeHTOM
QYBCTBHTEJIBHOCTH Ra,ropm, BLIYACJISEMEBIM 1O BHIPAXKEHHIO:

Fra6

kq.'rolm - pab, ¢ p X

(3.9)

rae Fpas — pabouass MJIC HTT pene npu paccMaTpuBae-
moM MerannnyeckoM K3; Fpac.c,p — paGozaa MJIC cpaGa-
THIBAHHS peJie B YCJOBHSX, KOrla 3aiHTa HAXOAHTCH Ha
rpanH cpaGaTHBaHHA NpH paccMmaTpuBaemoym K3, Ho He me-
TaJ1JMHYECKOM, a HWepe3 NepexoJHoe COTpOTHBJIEHHE.

Pabouas MIIC HTT pene Fpas oOnpejensieTcss MO BH-
paxeHUIo

P
Fpa6= 2 !paﬁ. pnpatins (3.10)

n=1

rie Wpagn — UHCAO BHTKOB pabouell (auddepeHuHaNLHOM
H ypaBHHTenbHo#t) obmotkn HTT peme, mcronbsyemoe Ha
cTopoHe #; Jpas,pn — TOK, MOABOAHMEIE K paboueii o6MOT-
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ke HTT pese ¢ 9HCIOM BHTKOB @Wpagn C Y9€TOM €ro 3ma-
Ka IPH paccMaTpHBAEMOM MeTajuiHdeckoM K3.

IIpr O0ZHOCTOPOHHEM NHTAaHHE, a TaKxe s rpy6o
OPHEHTHPOBOYHHX PACYeTOB NPH MHOFOCTOPOHHeM NHTAHHH
paGouas MJIC pene Fpas MOXeT ONpefeisaTbcst O BHIpa-
HEHNIO

Fpa6=1p16.p.nonnmple,nn1, (3.11)
rie Ipag,poonm =~ TOK M[PH DPaCCMATPHBAEMOM MeTAJHYE-
ckoM K3 B paGoueir o6motke HTT pese (mpm muorocto-
POHHEM NHTAaHHH B TPEANOJSOKEHHH, YTO OH MNOJHOCTHIO
NPOXOJHT MO CTOPOHE OCHOBHOIO IHTAaHHN), Wpatb,uar —
4HCNO BHTKOB paGoueit o6motkn HTT pene, Henonbayemmx
Ha NHTAIOLIEH CTOpOHe (TPH MHOTOCTOPOHHEM TNHTAHHE —
Ha CTOPOHE OCHOBHOrO MHTaHHS).

Pa6ouass MIIC cpabatmBannusi pene Fpap,c,p, BXOAS-
masi B (3.9), onpejessieTcst MO XapaKTePHCTHKE CPaBaTH-
BaHus pene, COOTBETCTBYIOWIEH MaKCHMaJLHOMY TOPMOXKe-
Huio (xpuBas / Ha pmc. 3.1), cne.néﬂoumm o0pa3om:

onpejensiercst Topmoshas MJC HTT pene Fropu npu
paccmatpnBaeMoM MeTamiueckoM K3 no Bupakenmio

Fropw=Iropn,p@Wropn, (3.12)
rpe I-“)pm,p H Wrope — TO e, 9TO B (3.3);

HA MJOCKOCTD Fpas, Fropu HaHOCHTCH TOYKAd, COOTBET-
cTByiowias Fpag, onpepenerrofi mo (3.10) wam (3.11), n

- Fropm, onpesenennoit no (3.12), 1. e COOTBeTCTBYIOM asn

paccMaTprHBaeMoMy ciydar Merasnmgeckoro K3 (touka A
Ha pHc. 3.3,6);

TIPOBOAHTCA OpPsiMasl, COEAMHSIONMAS STY TOUKY C Ha-
9an0M Koopamkat (npsmas OA ua puc. 3.3,6). Sta nps-
Masl SBHTCS T€OMETDHYECKHM MECTOM TOHYEK, COOTBETCTBYIO-
UHX paccMarpHBaeMoMy ciyvaw K3 gepes pazamunbie re-
PEXOIHEIE CONPOTHBJIEHHS, NOCKOJBKY IIPH MOSIBJICHHH M
YBeJIHYeHHH TIePEXOAHOTO COMPOTHBJEHHA B MecTe K3 To-
KOpacnpejeJieHHe, a C/ieOBaTeNbHO, H COOTHOLIEHHE MeKAY
paGouHMH K TOPMO3HEIMH TokamMi B MJIC He M3MeHSIOTCS.

Touxa nepeceuennst stoit mpsimoft ¢ pacueTHOl 1O wyB-
CTBHTE/IEHOCTH XapaKTePHCTHKOit cpaGaTHBaHWs pese, co-
OTBETCTBVIOLUEH MAaKCHMANBHOMY TOpMOXeHHio (Touka A’
Ha puc. 3.3,6), OGyAeT SIBAATBCH TOYKO, CHe 3amMTa HAa-
XOIHTCA HA TPaHHM CPaGaTHIBAHMSA, M, CJENOBATENbHO, COOT-
BETCTBYIOLIAsl 3TOH TOuke paGouas MJIC Gymer seasitees
pa6oueit MIIC cpaGatuBanus Fpas,e,p NpH paccMaTpBae-
MoM caydae K3, HO gepes mepexomuoe conpoTHBAeHHe.

PacueTHuM N5 onMpeneNniendsi 4yBCTBHTENbHOCTH ABJS-
e1csl MeTasinyeckoe K3 wa BeBOJaX 3ampinaeMoro Tpamc-
dbopmatopa (asToTpancdopmaTopa) mpn paGote ero Ha
PAcUeTHOM OTBeTEJEHHH. PacueTHHMH pexuMami paGoTul
NOACTAHIHE H NMHTAMHX CHCTEM SABJISIOTCH peajibHuEle pe-
KHME, 0GYCIOBAMBAIOIe MAHHMANBHEG TOK NPH paccmart-
puBaeMom srae K3. Ilpn sToM po/KHE YIRTHBATHCA TakHe
PEZKHMBl paGOTH 33UMLI2EMOr0 TpaHcdOpMaTopa (asTo-
Tpch¢o3pmampa), ITPH KOTOPHIX BO3MOMKHO Odsblias pgoas
Toka K3 mporekaeT uepes TOpMO3HYI OGMOTKY.

Ha croponax, TNPHMBIKAIOWHX K CeTH C [VIYX03aseMJieH-
HEIMH HeATPajNsiMH, JONXHH paccMaTpuBaTecsl K3 MeXay
¢asamn n samuKanus oamofi (asw Ha semmo.

B coorserctenn ¢ ITY3 (3.2.21) Tpebyerca obecneynts
32H§{3HBMP‘ KOSQQPHUHEHT TYBCTBHTEABHOCTH Kq ropn OKO-

0.

Jlonyckaercs cHHikeHHe TpeGyemoro Kos(hHIReHTa
‘I}a’];CTEHTEJIbHDCTH A0 3HaYeHHst OKono 1,5 B Tex xe ciy-
493X, 9TO0 H [AAS 33MHTH, BHEIOIH H
PHT.560 (ca. . 2.17). " e e

CrepyeT OTMETHTB, 9TO NpPH OnEHKe YYBCTEHTENBHOCTH
3aUHTH 1o (3.9) c yYeTOM BOSMOMKHOCTH CMELIEHHST Xa-
PaKTEPHCTHKH cpPabaTHBAaHAS H3-33 MOTPEILHOCTH pese He-
00X0AMMO Take, 4TO0H TOYKH, COOTBETCTBYIOLHe pacuer-
HLM caysagM K3 (manphmep, To9ka A Ha pHc. 3.3,6),
HaXOIHMHCE OT DPaCYeTHOW MO YYBCTBHTEJBLHOCTH XapaKTe-
PHCTHKH cPaGaTLiBaHAs pesie HA PAcCTOSHMAX, He MeHbIIHX,
geM 10 % koopnusaT TOYKR. YKazaHHOe sBmsieTCS Heobxo-
AHMBIM YCJIOBHEM HajJexHofi paboTw pese.
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3.2. PEKOMEHAYEMbIA NOPSAOK PACHETA

B COOTBETCTBHH C MPHBeJeHHHIMH B I. 3.1 yKasaHHAMH
pacuer auddepeHLHaNnbHON 3alHTH, BHMOJIHEHHOll ¢ pene
cepun, JI3T-11, npousBOAHTCS B C/EAYIOMEM TNOPAIKE.

3.2.1. OmpejensiioTcs NEPBHYHHE TOKH [N BCEX CTO-
pOH SamHIAeMOro TpaHcHOpMaTopa (aBrorpancdopMaro-
pd), COOTBETCTBYIOIIHE €ro HOMHHANbHOH MOIIHOCTH (npo-
XOHOfl MOmHOCTH aBroTpaHcdopmaropa).

Ilo 3THM TOKaM ONpPCAENAIOTCA COOTBETCTBYIOLIHE BTO-
pHuHbIe TOKH B IjedaX SallHTH It s, Inx 2 ¥ Iy11 5, HCXOZRA
#3 K03(HUHEHTOB TpaHchopMaLHH TPaHCPOPMATOPOB TOKA
K; (pmbupaiorcs ¢ yyetoM napaMeTpoB HCMOJb3yEMOro
060pyIOBAHHSA, €r0 Meperpy3cyHoi cnocob6HocTH, TpeboBa-
Huii penciiHoll 3aIMTH H CXeMH COeIHHCHHSI TpaHCpopMa-
TOPOB TOKAa — [PH COeJHHEHHH TpaHcHOPMaTOPOB TOKA
B TPeyroJbHHK HCXOHAT H3 MEPBHYHOr0 TOKa T
BBHAY Uenecoo6pasHOCTH HMETb BTOPHYHHE TOKH B Ijeue
3amHTH, He mpepmiiaomHe 5 A) B KO3(OHUHEHTOB CXe-
MH kox.

3.2.2. BuGHpaercs cropoHa, K TpaHcdopmaropaM ToKa
KoTopoit nHanGoJee uenecoofpasHO MPHCOCAHHHTL TOPMO3-
Hyio o6motky HTT pene B COOTBETCTBHH C PeKOMeHRALMHA-
mu . 3.1.5.

3.23. Onpezensietcsi OPHEHTHPOBOYHOE 3HAYEHHE NeEp-
BHYHOIO MHHHMaJBHOIO TOKA cpaﬁamsauuﬂ SAlHTH
Icamin ©Ges yuera cocTaBjsiomled Toka HebGanawca
P56, pace, HCXO[S H3 OPHHATOTO MECTa YCTAHOBKH TOPMO3-
Holi oOMOTKH. Pacuer TIpOH3BOAMTCH B COOTBETCTBHH
cm 312

Jna nByXoOMOTOYHHX TpaHcHOpPMATOPOB, a TaKXe
TPexo6MOTOYHHX TpaHcopMaTopoB ¢ BKJIOYeHHEM TOPMO3-
HOit 06GMOTKH pesnie HAa CYMMy TOKOB TPaHCOpPMATOPOB TO-
K4, YCTAHOBJEHHHX HAa CTOPOHAX CPefHero H HH3LIEro Ha-
npskenuii (4 TaKxe NpH MNOJABEIeHHH 3THX TOKOB K pas-
HHM UYHCJIaM  BHTKOB  TOpMO3Hoii 0OMOTKH), BHGOp
MHHHMANbHOTO TOKA Cpa6aTHBAHHS BaUMTH feamin NPO-
H3BOIHTCH MO YCJIOBHIO OTCTPOHKH OT 6pOcKa HaMarHHUH-
BAIOIIErO TOKA NPH BKIIOYEHUH 3alIHIIAeMoro Tpanchopma-
Topa noj Hanpsikehne no (2.2).

3.24. OnpezensiioTcst 4HCaa BHTKOB pabounx OOMOTOK
HTT pene, COOTBETCTEYIONHE MHHHMAaJIBHOMY TOKY cpaba-
THBaHHA 3aWHTH [c,amin, AJAl OCHOBHOH CTOPOHB H [Jisl
IPYTEX CTOPOH SallHIAEMOro Tparc(opmaTopa (aBTOTpaHC-
tdopmatopa).

Pacuet nponspomutes no (2.18), (2.20) v (2:21) B TOi
JKe TOCCAOBATENBHOCTH, YTO H AJIAl 3amHTH, BHIOJHEHHO
¢ pene cepun PHT-560 (cm. mm. 22.6 u 2.2.7). Ilps stom
VUHTHBaeTcsl, YTO MHHHManbHas MJIC cpaGaTHBaHHA
Fepmin 0OpPH OTCYTCTEHH TOPMOXEHHSI JAJA pesie CepHH
J3T-11 taxxe pasHa 100 A.

B cnyuyae Heo6XOgHMOCTH MOJNyyeHHHE YHCNA BHTKOB
HTT pene YTOUHSIOTCA 3a CHeT y4era cocTapnsiomeli Toka

nebananca lus pacq AHAJOTHYHO TOMY, Kak Jmsi pejie

cepun PHT-560 (n. 2.2.8). [pn stom B pacuer BBOIHTCA
e

coctapnsmoman g ppeqs COOTBETCTByIOMAR BHelukheMy K3

NpH OTCYTCTBHH TOPMOXEHHS, SBISIONEMYCA PaCUETHHM
s OnpeneNieHHsi MHHHMaJbHOrO TOKA cpaGaTHBAHHA 3a-
IHTH I}E,amin (cm. n. 3.2.3).

3.2.5. Onpepensiercs HeoOXojHMOe YHCNO BHTKOB TOD-
‘mo3Hoil o6moTkH HTT pene B coorsercrsa ¢ 1. 3.1.6. Jlna
sToro npu BHewHpx K3, orcrpoiika OT KOTOPHX NPOH3BO-
JOHTCA C IOMOLIBI0) TOPMOIKEHHS, B pAacueTHHIX pexHMax
pabOTH NOACTAHUMH H NHTAIOMHX CHCTEM ONPEIeAETCH
nepBHYHEE TOPMO3HOH TOK Iropm H nepBHUHHI ToK Heba-
safca Ing,pace N0 (2.3)—(2.6).

Onpefensercs HeoOXOAHMOE YHCJO BHTKOB TOPMO3HOI
o6motks HTT pesie @Waopn Mo (3.4). Ilpn 3TOM HCXOAHHM
ABNAIOTCA HAaHOOJBLIEe OTHOlEeHHe BHILUEYKa3aHHHX TOKOB
u uHcno BHTKOB paCoueir o6MotkH HTT pene @wpas Anf
CTOPOHH, K KOTOpOH MPHCOEAHHAETCA TOPMO3HAH ob-
MOTEA.

3.2.6. Onpepensiorcst nepeHunbie ToEH B Mecte K3 o
K05HUMEHTE UyBCTBHTCALHOCTH TpPH Metannnuecknx K3
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PasHHX BHIOB Hd BHBOAAX 3allHIAEMOr0 TPaHCYOPMATOP
(aBToTpancopMaTopa) B PACYETHHX MO YYBCTBHTEJBHOCTH
pexymMax paOOTH NOACTAHUHH H MHTAIOWMX CHCTEM 145
cyuaeB, KOTna OTCYTCTBYeT TOpMoeHHe. Pacuer mpom3Bo-
auTes mo (2.22) Ham (2.26) B coorBercTBHH ¢ M. 3.1.7 Tak
3e, KaK 1A samuTtH ¢ pene cepud PHT-560.

3.2.7. Onpepensuorcs mepBHYHEHE TOKH B Mecte K3, co-
OTBeTCTBYIOIHE TOKH B pene Ipac,p HAa OTHEJNBHBIX CTOpPO-
Hax saupmiaeMoro Ttpancgopmaropa (aBToTpaHcdopmaro-
pa) 1 TOK B TOpMo3khoii o6motke HTT pene Iropw,p IPH
MeTannnieckhx K3 paanvyHHX BHOOB HA BHBOfaX 3alliH-
maeMoro Tpakcopmatopa (aproTpaHcdopmaropa) aas
chayyaeB, KOrja HMeEeTCA TOPMOXeHHe, B PACYETHHIX O 4YyB-
CTBHTEJIBHOCTH pexHMaX. PacueTHhy SBASETCH MHHHMAnAb-
HElT pekHM paboTH NHTAIONIMX CHCTeM H TaKOH DEXHM pa-
6oTH (HanpEmep, OTKMOUEHHe O[HON H3 CTOPOH) samHmae-
Moro TpaHcopmaropa (aBroTpanchopmaropa), NpH KOTO-
poM BO3MOMXHO Oonbmasi monst Toka K3 nporekaer uepea.
TOPMO3HY10 00MOTKY.

3.2.8. Onpeaensiercs pabouass MJAC Fpac M TODMO3HAR
MJC Fropm HTT pene B paccMaTpHBaeMHX Caydasx me-
rananyeckux K3 mo (3.10) u no (3.12). Tlpr srom Hcxon-
HEIM FIBISIOTCA 3HAYEHHS TOKOB B paboYell H TOPMO3HO#R
ofmotkax HTT, noayyennne B n. 3.2.7.

3.2.9. Tpaduueckn onpenenserca pabosas MJIC cpa-
GaruBauns pene Fpag,cp B CIy4Yasx, KOTAA 3alHTa B pac-
CMOTPEHHHX BHIUE PacYeTHHX M0 4yBCTBHTENBLHOCTH YCJIO-
BHAX HANOAHTCHA Ha TpaHH cpabaTHBAHHA H3-3a HANHYHF:
NepexojHOro conporupienus B mecte K3, Hcxons Hs pac-
YeTHOIT 1O YYBCTBHTENHHOCTH XapAKTEPHCTHEH cpabaThiBa-
HH$l peae (COOTBETCTBYIOWEH MAKCHMAJIBHOMY TOPMOXE-
HHIO) M 3HAueHnil paboueil Fpas ¥ TopMo3HOH Fropw MIC,
monayueHHuX B m. 3.2.8. .

3.2.10. Onpepensierca 3HaueHHe KosdduuHeHTa uyB-
CTBHTEJILHOCTH Rq ropm B PACCMATPHBAEMHIX CJAYYafAX MMo-
BpexaeHHA ¢ TopMmoxkehHeM mo (8.9) B coorBercTBHH
¢ n. 3.1.8. Ipy 3Tom HCNONBL3YIOTCH SHaueHHa paboued
MJIC Fpac u paboueit MAC cpabatuBakns pesne Fpao.c,p,
nonyyenHLEE COOTBETCTBeHHO B no. 3.2.8 B 3.2.9.

B caydyasX, KOrjia YYBCTBHTEJLHOCTE HELOCTATOYHA,
A0MKHE GHITH PAaccMOTPEHL! Apyrie BHIomieHHS ax(pde-
peHUHANLHOH 3aIMTH (CM. HHZe).

3.3. MPMMEP PACHETA JHUODEPEHL{HMANBHOW
TOKOBOW 3ALLMTLI TPEXOEMOTOYHOTO
TPAHCOOPMATOPA

3.3.1. B mnacTosmueMm NpHMepe paH pacuer aHddepen-
HHAALHOI TOKOBOM 3aMIMTH MOHMZAAIONUIETO TPeXoOMoTOUHO-
ro tpatcgopmaropa 115/38,5/11 kB momtocTeio 40 MB-A.
TpakcdopmaTop HMeeT BCTPOEHHOE PEryJHPOBaHHE HAampsi-
wenua nog uarpyzkoit (PITH) B Hefitpand BHcIIero Ha-
npsxenns B npepenax 116 % HoMHHANBHOTO H OEpex.io-
uyennis (ITBB) oTeereieHHil 0OMOTKH CPeJHErQ HAMPSKEHHA
tpancopmaTopa B mpejenax - (2%2,5 %) uoMHHAanNLHOro
HANPAMEHHS.

TpancdopmatTop ycraHopjeH Ha JABYXTpaHcdopmaTop-
HOH NOACTAHLHH; NpeAyCMaTpHBAeTCH MHTaHHe TpaHchop-
mMaTopoB co cropohn BH m napannenvhas paGora Tpakc-
topmaTopoe Ha cropore 110 n 35 kB. Hexogwas cxema
7§l MpHMepa pacyeTd, a4 TaKaie cXeMd 3aMelleHHA NpAMON
(o6paTHoil) nocnenOBATENbHOCTH MpIBefleHH Ha pHe. 3.4.

[Npumep paccynTad B HMeHOBawHHX egHHHuax. Compo-
THBACHHS, NDHBEACHHHE K CTOPOHE BHICINETO HANpPAMKEHHS,
Ha puc. 3.4,6 ykasaHh B OMax.

ConpoTHBJIcHHS 3aipmaeMoro TpaHcgopmartopa pac-
CYHTAHBl MPH ABYX KpaHHX peaabHO BO3IMOXHHX NOJO#e-
HHSIX Perynaropa.

3.3.2. Pacyer 3ammuTH, BHIOJIHEHHON C peJe THNA
J3T-11, npOH3BOAHTCA B Cle[YIOIIEM MOPAOKE.

3.3.2.1. OnpegensioTcsi NepBHYHbHE TOKH [Jifi BCEX CTO-
pOH 3auuillaeMoro TpakcOpMaTopa, COOTBETCTBYIOUIHE €ro
HOMHHaNbHON MomoctH. [lo sTHM TOKaM ONpepenAITCH
COOTEETCTBYIOLIHE BTOPHYHHE TOKH B NJe4ax SauHTHL
Hexoasd H3 KoadgHIHeHRTOB TpaHcopmaniy TpaHchopma-
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Puc. 3.4. Tlpumep pacuera muddepenumasbiOii TOKOBOU 3aIUMTH TPeXOGMOTOYHOrO TpancHopmaTopa:

a— Hcxonmas cxema; 6 — cxema 3amMelmeHHEs mpAMoR (oGpaTHofi) NMOCAENOBATEABHOCTH;
B Toukax K; H Kz B MakcHManbHOM pexHme paGotThbl
r%ancd:opuuopon Ha TIDACTAHUKH; & —T0 e npH Tpexdasseix K3 B sanmniaemofi

— cxeMa BKmMoOYenHR pene tuna JI3T-11 » auddepenunansuofl Tokomoft samuTe TPeXxoOMOTOYHOrO TPaHC-

KOp B TpamcHOpMaTOpe NpH BHEWHHX TPeX(asfAbix K3
H napainensioffl paGore
peHve paGoThl CHCTEMBI;
dopmaTopa.
NMprMeuanHe.
YyKasanbl AAA KpafHux,

B cxeMe 3aMelmeHHR HAa pHc. 3.4.6 HanpsMeHHs
peanbHo BOSMOM(HBIX OTKJIOHEHHI Derynstopa ® CTOPOHY YMGHBIUEHHS H Yyeeaudenus (B cKoOkax) mnanpsse-

6= CXeMbl 3aMEeljeRHA NS onpede’CHHA To-
cHcTeMH Npn  paspenbHol
30HE B MHHHMAABHOM

nuTaomeR CHCTEMBl M CONMPOTHBJAEHHA TpaucdhopMmaropa

HHA peryaupyeMoRi ©OMOTKH; CONPOTHBACHHA CHCTEMEl YKa3anbl JNH MaKCHMAaNBHOroO M MHEHMankHoro (B cxobxax) pexumMa paGoTht
L]

topoB Toka Ky M KoapduuuenToB cxemr Kex (CM.
Taba. 2.1).

PacueTsl BHITIOJIMEeHH B COOTBETCTBHH ¢ m. 3.2.1 m cBe-
neds B taba 3.1

3.3.2.2. BuGHpaetcs cTopoMa, K TpaHchopmaTopam TO-
Ka KOTOpOH 1esiecoo6pasHO MNPHCOEAMHHATh TOPMO3SHYIO
o6MOTKy peJie.

B cooteercTBHH c peKomenpaumamu mn. 3.1.5 Topmos-
Hyl0 0GMOTKy Lenecoo6pasHO BKJIOUHTh Hd CYMMY TOKOB
TpaHc)OpMaTOPOE TOKa, YCTAHOBJIEHHEIX Ha CTOpOHax
cpejHero M MM3ILEer0 HanpsKeHHl, Tak Kak NpH NOAKJIOYe-
MMM TOPMOSHOH OOMOTKH TOJNBKO K TpaHcdhopmaTopam TO-
K4, YCTAHOBJIEHHEIM HA ONHOH H3 CTOPOH (CpenHero HjM
HH3LIETO HANpPAMKEeHHs) 3alMmaeMoro TpaHchopmaTopa,
ONpeNeNsioHM yCa0BHeM Juisl BhGopa TOKa cpabaThiBanus
3allMTHL OcTaeTcs OTCTpOika oT BHewHero K3.

MunuManbHel TOK cpaGaTHBAHHS 3aILHTEL ONpeeiseT-
cA 10 YCJAOBHI0 OTCTPOHKH OT OpocKa HaMarHHYHBAIOLIEro
TOKA TpH BKJIOUEHMH HEHarpyeHHoro TpancdopmaTopa
MOM HalnpaiKeHHe B COOTBETCTBHM c m. 3.2.3

Ic.amiﬂ=],5'20] ='301,5 A.
3.3.2.3. OnpenenstoTca HHCAA BHTKOB paGoueit obmot-
xu HTT pese pns ocHosnoii cropoum 110 KB (cTopoHbl
2.

®

¢ HaubOoAbLWHM BTOPHUHEIM TOKOM B TUIEUE 3alHTH) M Aas
npyrux ctopod — 35 H 10 xB, ucxons M3 3uauenys MHME-
ManbHOro TOKa cpabaThHBakus 3amMTH (J¢,amin=301,5 A),
noJyuyeHHoro B n. 3.3.2.2.

Pacyethl mpoM3BOAsSTCS B COOTBETCTBHH ¢ 1. 3.2.4 mo
(2.18), (2.20) u (2.21) u ceenenn B TaGu. 3.2.

TIpuHHMaKOTC K HCNOJNB3OBAHHMIO CJeAyIOILHe 4YHCaa
BHTKOB: Wit yp=15 BHTKOB, YTO COOTBETCTBYET MH M?gb-

100 400

HOMY TOKY cpabGaTHBaHHA 3aLUHTH fc.amiﬂE"_l-é_yT’=

=308 A, u wpyp=19 BHTKOE.

3.3.2.4. Bubupaercs HeobXonuMoe 4YHC/O BITKOE TOP-
mo3nol ob6motkH HTT pesne B cooTBeTcTBHM. ¢ m. 3.2.5.
Jns storo paccmarpuBaioTes BHemnde K3 wexny tpems
(hazaMp B MakcHMaJbHOM pexHMme paboTel cucremsl [Ipn
BKJIIOYEHHH TOPMO3HOH OOMOTKM Ha CYMMy TOKOB TpaHc-
(OpMATOPOB TOKA, YCTAHOBJIEHHHIX Ha CTOPOHAX Cpeauero
H HH3LLUETr0 HANpsKeHHMH, pacueTnuM sBJseTca K3 ua cro-
pone HH npu napaanenpnoit pabote TpancopMaToOpoB.
Hcxops M3 noayyeHHHX 3HauyeHHi TOKOB™ (puc. 3.4,8),
onpeneaseTcss NePBHYMHIE TOK Hebananca u HeoOxonumoe
YHCJI0 BHTKOB TOpMoO3HOH o0OMoTKH. PacueTh cBejieHbl
B Taba. 3.3. ]
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TaGaupga 3.1

Ynenoaoe CTOPORKL
Haumenosauue BeJHIHHbL Oﬁcgja;e:é{;;gw [ ok = 3Haqe3::::xq -
K
Mepeninbii TOK Ha CTOpOHAxX
sauuﬂum’arl.;oro Tpancopmatopa, |, Saom 40 000 201 40 000 - 40 000 Sibo
COOTBETCTBYIOLIHH €ro HOMHHAb- HOM = 1/ = = - e . =
oo L VAl V3.115 V3.38.5 V3.l
Cxema coepunenusft Tparcdop- - pil I v
MaTOPOB TOKa
Koapduuvent Tpancdopmaru Ky 400/5 1500/5 3000/5
TpaHcpOpMaTOPOB TOKA
BropsuHbliii Tok B mneyax 3a- -
LIMTH, COOTBETCTBYIOUIHI HOMH- I Taomkex 201 V'3 600V3 2102-1
HAJIbHOl MOUIHOCTH 3@lIKILAEMOro HoM, B K, ~200/5 = 4,35 | 105~ =8.46 | 30005 8,5
Tpancopmatopa, A ;
TaG6nunpa 3.2
HapvenosaHie senMNHHL OGosHanenye ¥ MeToll ONpegesleHns Yucs10 808 anadeHne
Tok cpaGaTbiEanus pelle HA OCHOBHOII I A Ie, skex 301,5V3
cTopore, A c. p, ocx K“'I'_’n —T005 = 6,52
Yncno surkos obmorkn HTT pene pna
OCHOBHO#l CTOPOHEI;
'y 100
acueTHoe 2 1P g B
P IMo (2.18) wWocx, pace == e 5.50 = 15,33
UYucno BHTKGB paGouelt o6motkm HTT
pefle AJIst CTOPOHBI kB:
Lt 4,35
pacueTHoe Mo (2.20) Wyppey = Wpey °f; = 16 3755 = 18,86
NpHHATOE i w=w 19
Yscno BurkoB pabGogeii obmorku HTT
pene ana cropore 10 kB:
. I
pacyersoe Mo (2.21) Wiy puiy = Woes ‘}":I L 15 53L.355_= 18,64
B
HPEHRENe Y~ Yy 19

IMpunnmaercs: Guumkafiee Gospllee K PacCYHTAHHBIM
YHCJIO BHTKOB Wropw=18 BuTKOB. CXeMa BK/OMeHHs peje
C yKa3aHMeM YHCJAa HCHOJB30BAHHHX BHTKOB pPabouymx
Topmostoli oomorok HTT pesne nmpusesena na pme. 3.4,0.

3.3.2.5. Onpenensiercsi YYBCTBHTENBHOCTE 3AIMATH TPH
merasamudeckux K3 B sammmmaeMoli 30He, KOrja TOpMOXe-
HHe oTCcyTcTBYeT, B cooreercTemH ¢ m. 3.2.6. Paccmarpu-
paerca K3 mexpy npyms ¢asamp Ha cTOPOHe HH3IUEro
HanpsikeHusi TpaHchopmaTopa (B Touke K3 ma puc. 3.4,a)
npu pasnesbHOH pa6oTe TPancoOpMaTOPOB B MMHHMAILHOM
pemrnme paGoTH CHCTEMBI,

[NepeuyHHE TOK B 3amuTe NMpH paccmarpuBaemoM K3
paseH (puc. 34,2).

12, —598.0,87 =520 A.

min

20

Kos¢ummenr uyscreurenmsroctn no (2.26)
SVT
368V3

kq=

=],89>>1,5.

3.3.26. Onpenensiercst 4yBCTBHTEBHOCT 3AMMATH TPH
K3 B sampmmaemofi 3ome, Korza wHMeeTcs TO MOXKeHHe,
B _coorBeTcTBHM ¢ I. 3.2.7. Paccmatpupaercs K3 mexay
ABYMA (asaMi Ha CTOPOHe HH3LIEr0 HANPSKEeHHs (B TO4-
ke Ki Ha puc. 3.4,0) npu napamnensuoit pa6ore Tpancdop-
MaTOpPOB B MHHHMAJLHOM pemHMe PAGOTH CHCTEMEL

Iepeuunniii Tok B 3aumTe na croponax 110 u 35 kB
npu paccmatpusaemom K3 (puc. 3.4,2)

I 0=12 5 =470,5-0,87 — 409,4 A,



Ta6auua 3.3

Haumenoranye BeTHSAHEL Ofosaavente A METOM OTpefeneHns Uucnosoe SigneHne
Peaynutupyiomsii TOK B Io (3.7}
MO3HO# 06 . A
B e ) il p Ieh, 1158 3,46
TopM = “ropw, HH — “1opm, CH lHH,n 1158 — 9 3.5 = 585,6
ﬂemmﬁ pacueTnsli ITo (2.3) — (2.6) 1-1-0,1-1158 4 (0,16-0,5 -}
TOK JlaHca 'E' yueToM 1 sk E i AlJ E 86
cocrapasmomeii [ ocqr A x5, pact = Vwepfonetli mazl + {AUo# 1o o + +{:r,::'5.0,5).1158~+-|Eg—ing9 X
B pacu — W1 :
G+ AUk )1 | e el ==
grrox plfR max + WY pacu rox1 T 05— 18,64 19_1 1158
18,64
Wy pac Tl g
-}-_w"...........km‘” i = 255,92
11 pacu
UHCI0 BHTKOB TOPMO3HQiT .
obmotkn HTT pere:
pacgeTHoe [To (3.4) ;
I, pace®pat, pacu 1,5-255,92-18,64 — 16.98
WropM, paca = TcW 585,6.0,75 X
NpUHATOE Wropy = Wy 18

Bropuunbifi Tok, mopBomummii K pabouedi o6MOTKe
HTT pene na cropore 110 kB,

409,4V3

—W"S,BS A.

‘rpad. pio =

Bropuuneii TOK, noaBoguMu K paGouelt o6moTKe
TT pene Ha cropone 35 kB u Topmosuoii o6MoTKe,

1 =
100,422 V3
lpaﬁ' P36 — lfolﬁf- P 150(;/5 =?:73 A.
B cootsercteEE ¢ 1. 3.2.8 onopepeasitorcs pabouas

!(-"é;.ig)n TopMO3Eas Fropw MJIC HTT pene mo
' Fpas=8,85-1517,73-19=279,6 A;
Frope=7,73-18=139,14 A.

3.10) ©

B coorsercreuu ¢ m. 3.2.9 mo xapakTtepucTHKe cpaa-
THBAHHS DeJle, COOTBETCTBYIOLIEH MaKcHMalbHOMY TOPMO-
MeHHI0, Tpauueckn onpegenserca pabGosas MJIC cpa6a-
THBaHHA pene Fpag,c,p; ANS paccMaTpHBaeMBX YCJOBHi
Fpar=2796 A, Fropn=139,14 A —rmo xapakTepHCTHKe,
cotirrneqfaymmeﬁ MaKCHMaJIbHOMY TOPMOXKEHHIO, Fpac,c,p=

B cootBercreun ¢ m. 3.2.10 mo (3.9) onpenensiercs xo-
S(QHUMENT YYBCTBHTEJNBHOCTH 3alIMTH NPH pacCMaTpHBae-
moM K3 ¢ Topmomenuem

279,6
—],0971,08.

kq. TOpM = 166

33.27. Kak cresyer H3 TDipHBe[ileHHHIX pacueTOB, BO
BCEX PacCMOTPeHHEIX cayuasix K3 B samuniaeMon 30me Kak
npu orcyterBud (cM. m. 3.3.2.5), Tak M npH HanHuHm (CM.

n. 3.3.2.6) TOPMOIKEHHS 3allMTa, BHNOJHEHHAsi C Peae ce-
pun JO3T-11, ofecrieynBaeT MHEHMaNbHO JONYCTHMEIA DO
ITY3 ko3(ddHUHEHT 9YBCTBHTENbHOCTH.

3.4. YKAZAHWSA MO PACYHETY YYBCIBMTEJSIbHOTIO
KOMMIEKTA AMO®EPEHLIMANLHOW TOKOBOH
3AUMTH C ABYMSA KOMIJIEKTAMM

Huddepenunanbias TOKOBas 3alHTa C ABYMS KOM-
NeKTaMH —IPYORM H  YYBCTBHTeJIbHHM — NPHMEHSeTCs
B CJayudasX, KOrga sauHtra ¢ OAHHM KOMIIIEKTOM IO
mn. 3.1—3.3 o6ecneunBaer TpelGyeMyl 4YBCTBHTENBHOCTD
npu K3 Ha BHBOZaX HH3LIEr0 HaNpsxKeHHs TpaHchOpMaTo-

a, B0 He obecrieynBaer TpebyeMOi 4YBCTBHTENLHOCTH ODH
3a PeakTOpoM.

I'py6H KOMIMEKT, jedcTBYOUMH Oe3 BHIEPHKH Bpe-
MEHH, BHIONHAETCH B COOTBETCTBHH C PEKOMERIALHSAMH,
TpHBeAeHHHMH B I 3.1—3.3.

UyBCTBHTENbHBIA KOMIVIEKT BHINOJHAETCH C DEJe CEpHH
J3T-11 (O3T-11/2, O3T-11/3 uau J3T-11/4). IMpuuus-
IHAJbHHE CXeMB BKJIOYEHHs pejde B 3alIHTaX ¢ ABYMA
KOMIJIeKTaMi ABYX- H TpexoOMoTounoro TtpaHchopMaTopa
NpHBEJEHH Ha pHC. 3.5.

IepBuunbii MHHEMaAbHEA TOK cpaGaThBaHHs YYBCTBH-
TeJbHON0 KOMIUIEKTA 3aUMTH [feamin AOMKeH OHTDL
orctpoer 0T OpoCKa HaMarHHYHBAIOLIEr0 TOKa NPH BKJIO-
UeHHH HeHarpyXKeHHOro TpaHc(hOpMaTopa NOA HalpsKeHHe
c Y'-IETOM 3aTYXaHH#A HaMar’HH4YHealwUero Toka 3a BPEMH
JIeACTBHA 3aLIHThL

TlpakTHueckn MHHHMaJabEHA TOK cpabaThiBanns uys-
CTBHTEJILHOIO KOMIIIEKTa 3alUHTH Joamin MOXHO ONpene-
JATL N0 YCJOBHIO obecneuekHs TpeGyeMoR 4YBCTBHTEJLHO-
CTH M TPHHHMAaTh, KCXOASA H3 ONKITA SKCILIyaTalHH, B Ipe-
penax Ieamin=1(0,75—1,0}1gom,z, TAe Juom,z — HOMHHANE-
ERfl TOK B3amHuaeMdro TtpaHchopmaTopa, & BhIEPKKa
BpeMénn fo a20,5+1,0 c.

Jlns Tpexobmortounoro TpaHchopmaTopa StdpeKkTHB-
HOCTb 9YBCTBHTEJbLHOTO KOMIVIEKTa OrpaHHuHBaeTcsi HeBo3-
MOZKHOCTLIO TIOCJeN0BaTEeJNIbHOIO BKJIKYeHHHA Y ABHHUTEJILH O
H nuddepenunanbhoii 06motok (cM. pHe. 3.5,6 H 8).
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Puc. 3.5. [lpuHunnMaieHbie cxeMmsl BRJoyeHua pene tuna JI3T-11 B anddepenunancHoft TOKOBOM 3amuTe ¢ IBYMA

KOMILIEKTAMH:

a—n
OOMOTEH YYBCTBHTCALHOIO

22

salHTe ABYXOOMOTOYHOIO

TpanciopMaropa;

6 — B samure TpexolMoTOwHOro TpaEchOpMaTopa C BK/IOMEHHEM TOPMOSHOR
KOMIJIEKTa Ha cyMmy TokoB cropod CH m HH; 86— 10 Xe ¢ BKiUeHHeM TOPMO3HON o0MOTKH Kaxgoro
koMnjekTa Ea cymmy tokoe CH u HH; [ —rpyGuift koMmnaext; [/ — YYBCTBHTENBHEI! KOMMNEKT



4. IUDDEPEHLMANEHAS TOKOBAS 3ALLUMTA TPAHCODOPMATOPOR,
MUMEIOLLAS 30HbI PABHOH 4YYBCTBMTENBHOCTHM U BbINONMHEHHASA

C PENE CEPMM PHT-560 MNM A3T-11

HNuddepenunancras TOKOBAR 3aliMTa € 30HaMH pas-
HOH UYYBCTBHTENBHOCTH MOXKeT TNPHMEeHAThCH HAA IBYX- H
TpexobmoTouHHX TpaHchOPpMATOPOB, KOTla 3alHTa ¢ ONHOH

* 30HOit yyBCTBHTENBHOCTH No mn. 3.1—3.3 He obecneudBaet
TpebyemMoll HyBCTBHTENLHOCTH, B Cllydasx:

NPHCOEIHHEHHA 3allHillaeMoro TpaHcdopmaTopa K CTO-
pOHe BHICIIETO HJH CpellHEr0 HANPAXKEHHs Yepes JBA BHl-
Kioyatead (Mo CXeMe MOCTHKAa HJH YeTHIPeXYTOJbHHKa) —
3aM[HTA C 30HOH NOHHKEHHOH YyBCTBHTENLHOCTH;

HAJHYHA HA CTOPOHE HH3LIEr0 HANPSMEHHS TOKoOrpa-
HHYHBAIOWIETO pPeakTopa, KOrjAa 3allliTa ¢ OJHOH 30HOM
uvBcTBHTeZbHOCTH 1o nm. 3.1—3.3 obecneudBaer Tpebye-
¥MYIO YyBCTEBHTENBHOCTL TpH K3 Ha BHBOJAX HH3IIEro Ha-
npsXKeHHs TpaHc(opmaTopa, Ho He obecrnedHBaeT Tpebye-
molt uyecteuTenbHocTH npu K3 3a peaktopom, — samuTa
€ 30HOM TOBHIIEHHOM uyecTBHTEnbHOCTH; Tpefyer ycTaHOB-
KH TPaHc()OPMATOPOE TOKA MEMKAy BEHIBOJAAMM HH3IIEro Ha-
npsukeHns TpaHcdopmMaTopa H TOKOOTPAHHUHBAIOIIHM peak-
TOPOM.

PaccMaTpuBaeMoe BHIMOJHEHHE 3alHTH B HEKOTOPHX
Cllyuasix MOIKeT OKasaTbCsl IenecoofpasHeiM pnnst obecnede-
HHS YYBCTBHTENLHOCTH AH(pGhepeHuHanbHOH 3alMTH TpaHC-
«hopmaTopa W ero omHHOBOK Oe3 yBeJHYEHHS KOJHUECTBA
annapaTyps WM €e yCcJOXHeHHf, Hanpumep Ge3 BEIMOJHe-
HHA OTAENeHHX AnQ(pepeHnHANBHHX 3AILHT OHIHHOBOK, pe-
4KTOpa HJH HCIONB30BAHHA 3almuThl THoa [3T-21.

4.4. YKASAHHA MO PACHETY

4.1.1. Huxke paHsl OCHOBHBIE YKA3AHHA IO pacyeTy
andepeHuHanbHOR  TOKOBOH 3aluMTH  TpaHC(poOpMATOpPOB,
AMelomell 30HBI pa3HOM 4yBCTBHTeJbHOCTH. IIpH sToM pac-
CMATPHBAIOTCA TOJBKO OCOBeHHOCTH pacyera [0 CPABHEHHIO
¢ ofeunoR nu(depeHnuHanbHOfl TOKOBOH 3alUMTOH, BHIION-
HeHHON ¢ TakuMH e pene (cepun PHT-560 mnu JA3T-11),
HO HMelOnle#l OIHY 30HY YVBCTBHTENBHOCTH, METO/HKA pac-
geTa nocaennel nonpobuo m3NomeHa B ML 2 H 3.

IMpuHnune BHOOJHEeHHA AHGdEpPeHINaNbHOH TOKOBOH
3alMTH ¢ 30HAMH Pa3HONl YYBCTBHTEJNBHOCTH PacCMOTPEHH
B npunoxenun [13; npuMepH NPHHIHOHAJBHEIX CXeM C 30-
HAMH TOHHXKEHHOH H NOBLIIIEHHOH YYBCTBHTeNbHOCTH UPH-
Belensl Ha puC. 4.1

4.1.2. Tleppuunblit (MuUHNIMaJbHBIR) TOK cpabaTHBaHHA
3alKTH BEIOMpaeTcs A Ka#/0H M3 30H, HCXOQA H3 Clie-
JIVIOIIETO.

4.1.2.1. lns OCHOBHOI 30HE TEPBHYHEI TOK cpabarh-
BaHHA Je s,0cm BHIOHPaeTCA TaK e, KAk JUIA 3aIHTH
C ONHOH 30HOH YYBCTBHTEJbHOCTH, BEINOJHCHHOII C pelie
TEX ke THIOB, COOTBeTCTBeHHO nu. 2.1.2, 2.1.3 u 3.1.2.

Jas oTeTpoiikk ot Toka nebananca, KoTopuifi onpefe-
JIfeTcs  TOKOM, OpPOXOoNsLHM Yepe3 OCHOBHYIO 30HY MpH
BHewHux K3, HDomKHE paccMATpuBATheH MOBpPeXKAEHHS,
SIBJAIOMIHECH BHEHMIHHMH 170 OTHOLIEHHI0 KO Beefl 3ammuTe
B uenoM (a He N0 OTHOHIEHAIO K paccMaTPHBAeMOH 30me),
TIOCKO/IBKY 30HH PA3HOfl YYBCTEHTENBHOCTH OXBATHIBAIOTCS
He CAMOCTOATENbHEIMH 3aIIATAMH, a4 OAHOH, BHIIOJHEHHOH
#1a ofmemM pesne, H TOTOMY CENEKTHBHOe NeficTBHe BHYTDH
30HH, OXBATHBaeMoli BceH B3allHTOH B nexoM, He Tpe-
GyeTes. .

4.122. [ln7 30HH MOHHYX€HHOH YYBCTBHTEJBLHOCTH UDH
BHIMONHEHHH 3aHTH Kak ¢ pene cepun PHT-560, Tak u
c pene :cepus JI3T-10 wepBuyHHi TOK cpabaTHEAHHA
d¢ amon BHOHpaeTCA MO VCJOBHIO OTCTPOHKHM OT ToKa He-
Gananca npu BHeliieM K3 Ha cTOpOHe BHICHIEro HampsKe-
Hifl cooTBeTcTRenHo mo no. 2.1.2.1, 2.1.3, 3.1.2 u no (2.1)
# (2.4). Ina neyx- 4 TpexoGMOTOUHBLIX TpaHC(HOPMATOPOB
fIPH OTCYTCTBHH OHTAHHS CO CTOPOHH CPeHEr0 HalpAKe-
Eéus pacueT TOKA HeGanaHea Jue pace 00 (2.4) moxer npo-

M3BOAMTECA €  YUeTOM KOS(hQHUHEHTa ONHOTHIHOCTH
konﬂ=0.5-

4.1.23. Ina 30HH NOBHIEHHON YYBCTBHTENLHOCTH Tep-
BHYHLIA TOK cpafathiBaHHA o s mos BHIOHpaeTCR MO YyCilo-
B0 obecnievenus MpHHUMAaeMOR yyBcTBHTEMbHOCTH K K3 32
peaKkTopoM, TaK KaK NPH HAJHYHH TaKOH 30HH 3AUIMTA BH-

aojnsiercst ¢ pene ceput J3T-10 (cm. mike)
2

Iiﬂl:'n
kq »

ffggm—nepnnqﬁoe MHHHMAaJlbHOe 3HAYeHHe MNepHo-

(4.1)

Ic. 3, moB =

rjae

nHueckoi cocrasnsomedt Toka npu K3 mewny neyms da-
3aMH 3a peakTopoM (B 3amHmaeMoll 3oHe) H palbote
TpaHcOpMATOpPa HA CPEAHEM OTBETBJEHHH; Rq — OPHHA-
MaeMulli KOS¢HUHEHT YyBCTBHTENLHOCTH.

Kosbdrurent uyecTBuTensHOCTH B (4.1) pekomerzyer-
ca upunumaTh ke=25, nockonbky TpebyeMasi B COOTBET-
creun ¢ ITY3 uyeereutensHocTs (Bqe==1,5) nonxmHa obec-
NeYnBATECS TPH PACYETHOM [0 YYBCTBHTENBHOCTH KpaifiHem
peansHo BO3MOXKHOM OTKJIOHEHHH peryssitopa.

OrcTpoiika or Toka HeGananca upe pHemmux K3 Ha
CTOPOHE, HH3HIEr0 HaNpsxeHHsa o0ecneYnBaETCs TOPMO-
HeHHeM,

Crnenyer OTMETHTB, YTO BOSMOKHOCTb BHIUIOJHEHHS 30-
HEl  TIOBBLIHIEHHOMH YYBCTEHTEJBEHOCTH TPH HCOONB3OBAHHH
ana 3amuTH pene cepud PHT-560 orpanmuena, Tak Kak
HeobxoauMas B 3TOM caydae oTcTpofika Toka cpabGaThiBa-
HHA OT TOKa HebGanmanca npu Beewnem K3 ue nossoaser
obecneudTh TpebyeMyl0 YYBCTBHTEJLHOCTE.

4.1.3. Uncao eutkoB pabouux obmorox HTT pene, co-
OTBETCTBYIOINHX TOKY cpabaTHiBAHHSA 3aUIHTH, OUpeue]seT-
CH anda KAaMaoi 30HB Kak JA ()‘I'ILCJII:HOFI 3aLIHTHL.

Jlnst cTopoHs! paccMaTpuBaeMofi 30HBI, NPHHMMAeMOil
3a OCHOBHYIO, pacyeT 9HMCJ/a BHTKOB cjellyeT MpOH3BOOHTH
HCXOIA H3 MEepBHYHOrO TOKA cpabaThBaHHA 30HH no (2.18).
Ilpu aToM B KadYecTBe OCHOBHOH HeJecoo6pasHO MPHHHMATDH
CTOPOHY, [fie yCTaHOBJeHH TPaHC(OPMATOPH TOKA, OrPAHH-
YHBaWIHe HE TOJbKO pacCMaTpHBAEMYIO 30HY, HO H BCIO
3aIHUTY B [EJOM.

Jnsi HEeOCHOBHEIX CTOPOH PacCMATPHBAeMON 30HH pac-
HET YHCHA'BHTKOB CHeAyeT TPOH3BOOHTh, HCXOAA H3 4YHCAA
BHTKOB, MPHHATOrO /1 OCHOBHOH CTOPOHBI, H OTHOUIEHHSA
BETOPHYHHX TOKOB B [OJeYaX 3AllHThl, OPHCOEJIHHEHHEX
K TpaHchopMaTopaM TOKa, OrpaHHYHBAIOUIHM pPaCCMATPH-
BaeMyw 30Hy, no (2.20) v (2.21).

Yucho eutkos pabounx obmortox HTT pene, npucoeau-
HAEMBIX K TpaHcopMaTopaM TOKa, pPasrpaHHYHBAKOLINM
30HH! pESHDﬁ HYBCTBHTEJNIBHOCTH, ONpeenAeTcA OKOH4Ya-
TeNbHO KAK PAa3HOCTh BHTKOB, NOJYYEHHHIX B pacueTax nns
CMEIXHHEX IpaHHIL 30H:

(4.2)
(4.3)

Wpat,ocH,non=Wpad,oea—Wpab,non,

Wpa6,ocH,mos—Wpa6,nos—Wpad,0cH,

TI€ Wpat,0cw,non, Wpab,oenm,mom-— YHCJAO BHTKOB paboumx
ofmorok HTT pene, npucoemunseMux K TpaHcopMaTopam
TOKa, PasrpaHHYHBAKOIUHM OCHOBHYIO 30HY ¢ 30HAMM COOT-
BETCTBEHHO MOHMIKEHHOR M MOBHLICHHOH YYBCTBHTEJBHOCTH;
Wpag,ocs, Wpaf,mom, Wpad,mom — YHCJAO BHTKOB pabounx
obmorok HTT pene, monyueHHHX AJS paccMaTpHBAeMO#
CTOPOHBI COOTBETCTBEHHO B PAcueTaX OCHOBHOM 30HBI H 30H
NOHHXEHHOH H NOBBIUEHHOH YyBCTBHTEJABHOCTH.

4.1.4. Bubop cxeMH OpHCOEAHHEHHS TOPMO3HOM 06MOT-
ki HTT pene (npH BHOOJNHEHHH 3alUTH C pele CephH
J3T-11) upousBozuTca ChAefywoiHM o6pasoM:
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Puc. 4.1. TlpuHuHNHa/BHBE CXeMb BK/IOYeHHs peJie B Iu(QepPenuna’bnOf TOKOBOH saupite © ABymMs 3OHaMH pas-
HOH YYBCTBHTEJLHOCTH:

g—B saniuTe JIBYXOGMOToYHOrO TpaHcdopmaropa ¢ peae Tina PHT-505 ¢ 30HOHA MOHMIKeHHOR WyBCTBMTENLHOCTH Ha cropoHe BH;
6 — B samuTe ABYXOOMOTOuHOrO TpaHcdopMaropa ¢ peje THOa J3T-11 ¢ 30HOA MOHKMEHHOH SYBCTBHTEJLHOCTH Ha CTOpOHe BH;
&= B SaUHTe TPEXOGMOTONHOrO TpaxcdopMaropa ¢ pede tnnall3T-11°c 3cHOR NOHMMKEHHOA YYBCTBHTEJbHOCTH Ha CTOPOME BH; ¢—
B samure nsyxobmorounorc TpancopMaTopa ¢ pere THna J(3T-11 ¢ s0HOA MOBbiLIEHHOA YyBCTBHTEALHOCTH Ha CTOpOHE HH

Ha OBYX- m TpeXoOGMOTOUHHX TpaHcopMaTOpaX MAPH  HHS 30HH MOBHIUEHHOH UYBCTBHTENLHOCTH B 33HIHTE TPEX-
OTCYTCTBHH 30HH NOBHIUEHHOH YyBCTBHTEJbHOCTH MO TeM  OOMOTOUHHIX tpancopmatopos. Ecim e onpemeisroUIHM
3Ke coobpa)kenusaM, YTO H Ajs oOwuuol nH(depennuajib-  OCTaeTCH (2.1), 30Ha NOBHIUEHHOH YYBCTBHTEJHHOCTH BH-
HOff 3amMTH ¢ OJHOM 20HOH YYBCTBHTEJBHOCTH, —T0  MOJHHMa TOJbKO NPH OTCYTCTBHH MHTAHHA H napamnenbHoi
n. 3.1.5; paboTH Ha CTOpPOME CpelHerc HANpsiXeHHs, OPH STOM TOp-

Ha [OBYX0OMOTOYMEIX TpancdopmaTopax NpH HAJIHYHH  MO3HasA o0MOTKa BKJYaercs Ha CyMMY TOKOB TpaHC(op-
30HH TNOBHIIEHHOH WYYBCTBHTEJLHOCTH TOPMO3Has OGMOTKAa  MaropoB TOKA, YCTAHOBJECHHHX Ha CTOPOHAX HHSIIErc H
MPHCOENUHAETCS K TPaHc$OpMaTopaM TOKA, YCTAHOBJIEHHEIM — CPENHErO HanpsAKeHui.

Ha CTOPOHe HH3IIEro HamnpsiXKeHHA H OrpaHHYHBAlOLIHM BCIO 4.1.5. Yueno sutros TOpMo3HOH obmorkn HTT peae,

3aIHTY B HEJI0M; obecrieuHBalOLMX HefeficTeHe 3amMTH OpH BHemmux K3,
Ha TpeXoOMOTOYHHX TpancopMaTopax NpH HaJHYHH  ONPelesIAeTCs CJeAYIOLHM obpazom,

S0HH MOBHINEHHOH YYBCTBHTEJIBHOCTH TOPMoO3Has OOMOTKA Ha JIBYX- H TpPeXoOMOTOYHHX TpaHctopMaTopax MNph

NpHCOeHHsIETCS K TeM e TpancdopMaTopaM TOK4, YTO H  OTCYTCTBHH 3OHH MOBHINEHHOA YYBCTBHTENBHOCTH NO TEM
Ha JIByXo6MOTOUHKX TpaHcopMaTOPaX, eCIH MPH STOM MH-  JKe BHpaXeHHsiM, Y10 H JIs 06BuHO# ~aH(de peHIHANBHOR
HHMaNbHHI ToK cpabaTHBaHHA 3aUIHTH Ic,amin [OOA  BAUHTH C ojHOft SOHGHt YyBCTBHTENBHOCTH, —nNo (3.4),
OcHOBHON 30HH onpenensiercs mo (2.2), uro co6mopaercs  (3.7), (3.8) B cooTBETCTBHR C I 3.1.6.

B PeIKHX CIy4asX H OrPaHHYHBAaeT BOSMOXHOCTH NpHMEHE- Ha JBYXOOMOTOYHHIX TpaHc(opMaTOpax NPH HaJHYHID
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30HH TOBMILEHHOR YYBCTBHTEIbHOCTH — To (3.4), B KOTO-
POM Wpas — KOJIHYECTBO BHTKOB paGoueli obmotkn HTT
peJie, IPHCOENHAAEMBIX K TeM 3Ke TpaHcdopmaTopaM TOKa,
YTO M TOpPMO3H2A OGMOTK3, T. €. K TpaHchOpMaTopam TOKa,
YCTAHOBJIEHHEIM HA CTOpPOHe HH3WIEro HampAMKeHHs H orpa-
HHYHBAWIHM BCIO 3aLHTY B HeJOM;

Ha TPeXoOMOTOYHLIX TpanctopMaTopax NpH HaJHYHH
30HH NOBHIIEHHON YYBCTBHTEJNLHOCTH B clyvae, KOrja Top-
mMo3Has o0OMOTKa TpHCOeJHHsieTcs K TpaHchopmaTopam
TOKA, YCTAHOBJEHHHM Ha CTOPOHe HH3ILEro HanpsiKeHHd H
OTpaHHYHBAIOUHM BCH 3aLIHTY B IEJOM, — T3K 1K€, KakK H
Ha nBYXoOMOTOUHEIX TpaHchopMmaTopax;

Ha TpexoOMOTOYHEIX TpaHc(opMaTOpax NpH HaJNHYHH
S0HB NOBLILEHHOMH YYBCTBHTEJBHOCTH B CJy4ae, Korja TOp-
MO3HaA OOMOTKA BKJIOYaeTcss Ha CYMMY TOKOB TpaHcop-
MAaTOPOB TOKa, YCTAHOBJEHHEIX Ha CTOPOHE HH3IUEro Ha-
npaxeHHA H OrpaHHYHBAKILIHX BCK 33aLIHTY B neJoM, H
TpaHc(hOPMATOPOB TOKA, YCTAHOBJEHHHX Ha CTOpOHE cpel-
Hero HamnpfeHHs,—mno (3.4), B KOTOPOM Wpac— YHCIO
BuTKOB pabouefi ob6motka HTT pene, npHcoeaHHSAEMEX
K TpaHcpopMaTOpaM TOKa, YCTaHOBJEHHHIM Ha CTOPOHE HH3-
[iero HANpsXEeHWA M OTPAHHYHBAIOLIHM BCIO  SallHTY
B IEJIOM.

CrenyetT OTMETHTB, YTO B 3alliTe ¢ 30HOM NOBHIUEHHON
YYBCTBHTEJIBHOCTH TIpH pacyere no (3.4) 4YHCIa BHTKOB
TOpMO3HON 0BMOTKH, NpHCOeAHHAEeMEIX K TpaHCGOpMaTopaM
TOKA, YCTAHOBJEHHEIM .HAa CTOPOHE HH3IUEr0 HaNpAMKEHHHA,
cocrapifwmas Toka Hebananca lu6,pacw, 06YCJIOBJIEHHAA
pery/HpOBaHHEM HAaTpPAXKEHHA 3alllHuiaeMoro TpaHchopma-
Topa [”u6,pace, AOVIKHA OTpeJedATHCA 1O BHPAXKEHHIO

e
’Hﬁ. paca = (Auak-mx ot AUakmu B )X

Wnab, cew Ty, wox, ocn

X

(4.4)

wpaﬁ. noe J'n. HOM, TOB R
rie Ismom,oen H Jp,mom,non — BTOPHYHBEE HOMHHAJBHHE TO-
KH B Iuiedax cOOTBETCTBeHHO OC]{OBHOﬁ 80HHI H 30HH MNO-
BLIUEHHOH YYBCTBHTEJBHOCTH 3alHThI.

YKaE]aHHDe OHPE,IISJIHETCH TeéM, 4YTO 3Ta COCTABJAKONIIAs
I"as 6ypeT co31aBaThCs TOJNBKO TOM YacTel0 BHTKOB pabo-
yeH OOMOTKH, ONpefeNAMHX TOK cpabaTHBaHHA B 30He
NMOBHIEHHOI YYBCTBHTEJNIBHOCTH, KOTOpas HAXOOHTCH Ha
APYrHX CTOpPOHAX 3aIUHIaeMOTo TpaHcgopmaTopa.

4.1.6. YyBerBHTe/IbHOCTE NIPH MeTaiaHueckux K3 ompe-
AesisieTcs OTHENbHO [ Kampoil 3oHH 3auuth. Koaddu-
LHEHT YYBCTBHTEJBHOCTH [OJA 3alIHTH, BHINIOJIHEHHOM C pe-
ae cepun PHT-560, a Takike pJs 3aulHTH, BLINOJHEHHOM
¢ pene cepun JI3T-11 B pexkumax, Koraa TOPMOXeHHe
oTcyTeTByer, onpepenaetca no (2.22) wim (2.26) B coor-
BeTCTBHH ¢ nm. 2.1.7 u 3.1.7.

KoaddHupenT YYBCTBHTENBHOCTH AJA 3alLHTH, BHIIOJ-
HenHoft ¢ pese cepun JI3T-11 B pexumax, Korja HMeeTcs
Topm??);{enne, onpejenserca 1o (3.9) B COOTBETCTBHH
cn 3.18

4.2. PEKOMEHIVEMbIF MOPAAOK PACYETA

4.2.1. OnpenensiioTci NEPBHYHLEIE TOKH [JA BeeX €TO-
POH 3alljHlaeMOro TpPaHc(OpMaTopa, COOTBETCTBYIOUIHE €ro
HOMHHANBHOI MowmHOCTH. [Jo 5THM TOKaM onpepelsiloTcs
COOTBETCTBYIOIHe BTOPHYHHE TOKH B TJeyax 3allHTH,
Hexomsa H3 Kos(guiMeHTOB TpaHchoOpMauHn TpaHcdopma-
TopoB ToKka K; (cm. m. 22.1) H KO3DOhHUHEHTOB CXemhl
kox (cwm. Tabn. 2.1).

4272, BrbHpaeTcsi cXeMa TpPHCOeIHHEHHA TOPMO3HOM
ofmotku HTT pene (npn. BHMoJHeHHH 3aIIHTH C pelie ce-
pid [I3T-11) B cooTBeTcTBHH ¢ T. 4.1.4.

423. Onpepensiotcs nepBHuYHbie (MHHHMAJNBHBIE) TOKH
cpabaThiBalikA OJA BceX 30H 3aLIHTHL

Jlns ocHOBHOH 30HH TepBHYHHH TOK cpabaTeBaHHA
onpelensercad B cOOTBETCTBHH ¢ mm. 2.1.2, 2,13, 2.22—
225, 228 (npH BLINOJHeHHH 3alfHTH C pejie CEPHH
PHT-560) unn 3.1.2, 323 (npH BHINOJHEHHH 3aL(HTH
c pene ceprn II3T-11) u ¢ yueTom yxasauuii m. 4.1.2.1.

Jna 30HH TOHHMEHHON YYBCTBHTEJNBHOCTH NEPBHYHBIA
TOK cpaGaThiBarua onpenensierca mo (2.1) n (2.4) B coor-
perctBul ¢ nm. 2.1.2.1, 21.3 (npH BHNOJHEHHH S3aLIHThH:
c pene cepun PHT-560) nam 3.1.2 (npH BHNOJHEHHH 3a-
mute ¢ pene cepun JI3T-11) H ¢ yueToM YKa3aHHi
n 4.1.2.2. 51 30HEl TIOBHIIUEHHON YYBCTBHTEJBHOCTH nep-
BHUHEI TOK cpabaThiBaHHA ONpEJeNAercA B COOTBETCTBHH
¢ yKasaHuHAMH 1. 4.1.2.3.

4.2.4. OnpepeNinercsi YHCAO BHTKOB paGoyux oGMOTOK
HTT pene, coorseTcTBYlOIiee TOKam cpabaThiBaHHA Ka-
J10il 30HBI 3ALHTHL. :

Hna ocroBHOH cTOpPOHW, BHGHpaemolt AJMA Kaxlof 30-
HW B COOTBeTCTBHH ¢ 0. 4.1.3, pacuer NpOH3BOJIHTCA TO
(2.18). K yeraHoexe ua paGounx o6morkax HTT pene npu-
HHMaKTCA ONHKallliie MeHbIIHe N0 OTHOLIeHHI0 K TmoJay-
YeHHHIM H3 BLIpa)<eHHfi BHTKH, KOTOPHe MOryT OLiTb ycTa-
HOBJIeHH Ha pesie. FickjloueHHe cOCTaBlfeT 3allHTa ABYX-
o6moTOuHOrO TpaHcopmMaTOpa ¢ TpeMsa 30HAMH YYBCTBH-
TesbHOCTH. TTOCKONBKY B 3TOfi 3auTe TpaHcGopMaTopHl
TOKa, OTPaHHUMBAlOIHEe OCHOBHYI0 30HY, HH Ha OOHOH M3
ee CTOPOH He OyAYT OrpaHH4YHBATh BCIO 3aIHTY B LEJOM,
TO H Ha OCHOBHOIi CTOpPOHe OCHOBHOR 3OHH [UIA [aibHeil-
mero pacyera MOryT OwTh OCTABJAEHH TNOJYYeHHHE H3
(2.18) ppobHbie HiH LeJLe YHCAA BHTKOB.

Jlnsa ppyrux, HeOCHOBHHX CTOPOH KaX[0# 30HH pacyer
yHcla BHTKOB TiponaBoanTea mo (2.20) u (2.21). [lpu stom
clenyeT MCXOIMTh M3 NpUHATOro njs ycranoBkH Ha HTT
peJie YHCJIA BHTKOB OCHOBHOM CTOPOHHL.

4.25. OnpepensiioTes YHcjla BHTKOB paGounx 06MOTOK
HTT pene, npHcoegMHAeMHXx K TpancdopMaropam TOKa,.
PAasrpaHHUHBAIOLIHM 30HH PasHOR YyBcTBHTeJpHOCTH. Pac-
yeT npouspoauTea no (4.2) u (4.3).

K ycranoske na pabGounx obmorkax HTT pesie npHHEH-
MaloTcs GaHKaiiuHe (MeHbIUHe HJH OOJbIIHE) TO OTHOLUe-
1HI0 K monyueHunM M3 (4.2) H (4.3) uesnie uHucia BHTKOB
Wpat,oce,noe H Wpat,0cE,mos H3 3HaueHHM, KOTOpHE MOTYT
6HTh YCTAHOBJNEHL Ha pefle. YKasaHnHoe OKpyrfieHHe H Bhi-

30BeT COCTABNANLLYIO TOKa Hebanamca Jug pacy, YUHTH-

BaeMyIo HHxe B n. 4.2.6,

4.2.6. Onpenensiercss HeoGXOAHMOe HHCJO BHTKOB TOP-
mosHoli o6motkH HTT pene mo (3.4), (3.7) u (3.8) B co-
oTBeTcTEHH ¢ nm. 4.1.6 n 422

Ina storo mpu BHewHnx K3, orcrpofika oT KOTOPHIX
MNPOH3BOAKTCA € NOMOILBIO TOPMOMEHHA, B PacyeTHHIX pe-
JKHMaxX NOACTAHIIHH H DNHTAOUIHX CHCTEM OINpelenfaeTcs
nepBHYHbI TOPMO3HON TOK Irzopm H TepBHYHHI TOK Hela-
naHea Ire,pace Mo (2.3)—(2.6).

PH 3TOM CcJeAYET YYUHTHEBaTh, UTO COCTABJIALIAR
Toka HeGanamca I pacus OTpesenNenan mo (2.6), se-
3HBAeTCH OKpYyrieHHem BHTKOB pabounx -obmorok HTT
peJie, MpHCOeOHHAEMEIX K TpaHchopMmaropaM ToKa, pasrpa-
HHYHBAIOLHMM 30HE Pa3HOH UYBCTBHTEJBHOCTH, Wpat,0cn,008
H @Wpas,ocu,nos (CM. . 4.2.5), a Takie 4TC cocTaBiAKOLIAA
ToKa HeGasaHca I”me,pace DPH BHewHem K3 Ha cropone
HH3NIEro HanpAMeHHA H HaJHYHH 30HH TNOBHIIEHHOR qyB-
CTBHTEJIBHOCTH JOJKHA onpenenateca mo (4.4) us m. 4.1.5,
a He no (2.5).

4.2.7. OnpepensiercA YYBCTBHTEJBHOCTh 3aLIHTH], BhI-
nosnHenHoi ¢ pene cepur PHT-560 umu II3T-11 (B nocien-
HeM Clyyae B peXHMax, KOTJla TOPMOKeHHe OTCYTCTBYeT),
npu meraiauyeckux K3 pasnux BHAOB B pacueTHHX IO
YyBCTBHTEIPHOCTH TOYKaX H peHMax paGoThl nojicraHUHA
H NHTAOUHX CHCTeM JJA BceX 30H 3aluTH. Pacuer mpo-
H3BonuTeA no (2.22) unu (2.26) B cooTBercTBHE ¢ nn. 2.1.7
H 3.1.7.

428. Onpepensiercss YYBCTBHTENbHOCTL 3alUMTHl, Bh-
nonsenHot c¢ penae cepun JI3T-11 B pemxumax, korna
HMeeTcsl TOPMOXKeHHe, NPH MeranuyeckHx K3 pasubix BH-
[0B B PacYeTHEX [0 YYBCTBHTEJBHOCTH TOYKAX H PeXHMax
paboThl mopcTaHuMfi M MHTAIOMMX CHCTeM JiiA BCex 30H
3aIIHTHL.

Pacuer l'IpOH3B0,l1HTCﬂ TaK e, KakK [0JA 3aliHTH
C O1HOM 30HOf YyBCTBHTENBHOCTH, N0 (3.9) B COOTBETCTBHH
con 3.18 u 327—-32.10
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4.3. NPUMEP PACYETA AMGM®EPEHLIMANBHOM
TOKOBOR 3ALLMTHE JBYXOEMOTOYHOTO
TPAHCDOPMATOPA, MMEIOLEA 30HY MOBBILIEHHOM
YYBCTBMTENIbBHOCTH HA CTOPOHE HH

43.1. B nHacrosAmem mnpHMepe naH pacier AHbdepeH-
UHANBLHOH TOKOBOH 3alIHTH [ABYXOOMOTOYHOTO TpaHcdop-
matopa 115/6,3 —6,3 kB momHocteio 40 MB:A. Tpase-
{opMaTOp HMeeT BCTPOEHHOE pEryJHPOBAaHHE HanpsKeHHs
TIOf, HATPY3KOil B HEIiTPAJH BLICIIErO HANDHAMEHHA B Mpe-
nenax +16 % HoMHHANBHOrO.
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Puc. 4.2. Ilpumep pacuera auddepeHnHansHON TOKOBOII
sawMuTEl AByxoOmoTouHoro TpaHcdopMaTopa, HMemoLlei
SOHY NOBHLILIEHHOH YYBCTBHTENBHOCTH, B KOTOPYIO BXOAAT
venH cropoHs HH:

@ — BcXonHas cXema; 60— cxema sameunlenun npsamofi {oGpatroi)
NOCNeROoBATENbHOCTH; & — TOK B TpanchopMarope nNpH BHELUHEM
K3; 2—pacverunit TOK B Tpancdopmarope npH K3 B 3oHe
NOBLINEHHO) YYBCTBHTENBHOCTH; O — TOK B TpaHcdopMaTope mpH
K3 B OCHOBHOH 30HE; € — TO e B 30He MNOBEIUEHHON YYBCTBH-
TENBHOCTH: o — cxema Brmowenun pene TEna J3T-11 8 audde-
penuBanbHoft ToKOBOH samute AByXoGMoToumoro TtpaucdopmaTopa
€ [BYMS SOHaAMH Ppa3HOf YYBCTBMTENBHOCTH
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Hexopnas cxema Ans mpHMepa paciera, a Takke cxe-
Ma 3aMemieHHss MNpAMoil (o6GpaTHOi) Noc/ielOBATeIbHOCTH
npuBefeusl Ha puc. 4.2, u 6. Ilpumep paccuutaH B HMe-
HOBaHHBIX ennEHNAX. ColpoTHBNeHHs HA pHC. 4.2,6, npHBe-

AeHHBIE K CTOpPUHE BHICIIErO HaNpHXKEHHA, YKa3aHbl
B OMax.
ConporHBiienHst  3aujHiiaemMoro Tpamcdopmatopa c

YCTPOHCTBOM pETYJHpOBAHHA HAMpF KeHHs MOJ HAarpysxoii
PITH paccuxTassl npd ABYX KpaiHHX peaibHO BO3MOMHBIX
NOJIOXEHHAX peryJisTopa. :

4.3.2. ITpeaBapHTeIbHBIMH pacieTaMH YCTaHOBJIEHO, YTO
muddepeHuHanbHas  TOKOBAaf# 3almHTa TpaHcopmaTtopa
[I0/3KHA BHIMOJHATECA C 30HOH MOBBIIEHHOH YYBCTBATEJb-
HOCTH Ha CTOpPOHE HH3LIEro HAMNpSAMeHHH, TaK KaKk 3auHTa
C OAHOH 30HOH 4YYBCTBHTEJBHOCTH, BHINOJHEHHAf C peJe
cepun JI3T-11, HMeeT HeNOCTATOUHYIO 4YYBCTBHTENLHOCTH
k K3 sa peaktopom (ks=1,365<1,5).

4.3.3. PacueT 3auMTH, BHIIOJHEHHOH ¢ pese THOA
J3T-11, npoH3BOAHTCA B CJIEAYIOUEM NOPHIKE.

4.3.3.1. OnpegennAoTes NEepBHYHLIC TOKH AJA BCeX CTO-
poH 3amHIiaemMoro TpaHcopmaTopa, COOTBETCTBYIOLIHE €ro
HOMHHAJILHOH MOUIHOCTH.

ITo 3THM TOKam OMpefeNIAIOTCA COOTBETCTBYIOIIHE BTO-
puUHBIE TOKH B RJIeyaX 3allHTH, HCXOMAA H3 KO3(dHIHEHTOR
TpaHcopManus TpaHcdopmaropoB Toka Ky (em. m 2.2.1)
u xospdHuHeHToB cxembnl kex (cm. Tabn- 2.1). Pacuerm
cBefieHbl B TaGm. 4.1. '

4.3.3.2. Bubupaercs cTopoHa, K TpaHcdopMaTopam To-
Ka KOTOpOi HeNiecoo0pa3HO NPHCOEAHHHTL TOPMO3HYIO
obmoTKy pesie. B ccoTBercTBHH ¢ pekoMenganuamu m. 4.1.4
TOPMO3HafA OOMOTKA BKJIOYAeTCA Ha CYMMY TOKOB TpaHC-
¢opmMaTOpOB TOKAa, YCTAHOBNEHHHIX B LEeNH Ka)HoH mH3
paciien;ieHHbX 0GMOTOK HH3ILEro HanpsiyXeHHHA M OrpaHH-
YHBAIOWHX BCIO SAlMTY B LEJIOM.

4.3.3.3. Onpepensiorcs MHHHMaJLHEIE TOKH cpabaTh-
BaHHA 51 BCeX 30H 3alLHTHL

4.333.1. lInAa OCHOBHOH 30HEl MHHHMAJBHBIE TOK
cpabaTeiBadHA 3alUHTHl OMpeesfAeTcA MO YCJAOBHIO OTCTpOI-
Ki OT Gpocka HAMArHHYHBAIOMIETO TOKA MPH BKJIOYEHHH
HEHarpyenHoro Tpanchopmaropa IOA HaNpHAMKEHHE MO
(2.2) B cooTBetcTBHH C 0. 3.1.2

le,a,ucn= 1,5'20 1:301,5 A.

4.3.33.2. nsn 30HB! NOBLILLEHHOH TYBCTEHTENLHOCTH M-
HHMANBHEIH TOK CcpabaThIBAHHA 3ALUKTH OMNpeeNAeTcH Mo
ycnoBrI0 obecnelenHs kq=2,5 npu K3 mexay nByms da-
3aMH 33 pPEaKTOpPOM B MHHHMAJLHOM pekHMe paboTH CH-
CTeMbl H OpH pabore 3ammuaemorc TpaHchopmaTopa Ha
cpeaHem oTBerBJieHHH no (4.1) B cootBercTBHH ¢ nm. 4.1.2.3

425V 3
I¢, 3, uon = m

4.334. Onpepensiercs  HeoOXofHMOE WYHCJIO BHTKOB
obmorkH HTT penme mnsm Ka ol W3 30H 3aIIHTHL

4.3.34.1. insi OCHOBHOH 30HH 33 OCHOBHYIO CTOPOHY
NPHHATA CcTOpOHa ocHoeHoro nutaHusa 110 xkB. Heo6xonu-
MOe uHC/I0 BHTKOB paboueit o6mMotke HTT pene nns ocHoB-
HOH cTOpOHH! onpefesderca Mo (2.18), mexoos M3 3HAYEHHA
MHHHMAJBHOrO TOKa cfraﬁa‘rbmannﬁ samMTH lo,8,008=

=170 A.

_=301,5 A, noayuenHoro B n. 4.3.3.3.1.

Onpepensierci  pacueTHOe WYHCJIO BHTKOB paboueii
obmorkn HTT pene, npHHATOH B pacueTe 3a HeOCHOBHYIO
Eggﬁoﬁoe,uﬂueuﬁoﬁ K Tpanchopmatopam Toka TA2), mo

PacyeTsl BHNOJHEHH B COOTBeTCTBHHM c n. 424 u ce-
JIéHB! B CTPOKH 1—4 Tabu. 4.2.

43342 [na 30HL MOBLIUEHHOH YYBCTBHTEIBHOCTH
3a OcHOBHyIO npuuATa obmorka HTT perne, npucoepmmen-
Hasi K TpaHchopmaTopam Toka TA3, orpaHHYHBAIOmMM 3a-
WHTY B ueaom. HeobGxomumoe umcio BHTKOB paboueit
oomorkn HTT pene pnns OCHOBHOH CTOpOHBI 3TOH 30HH!
ofnpefenfieTcd, HCXOANM H3 3HAaYEHHA MHHHMAaJBLHONO TOKa
cpabaTuiBanda  3aHTH  Je,anoe=170 A, noAyueHHOrO
B n. 43332 no (4.1),



Tacnauna 4.1

HaumesoBaHHE BTN Hb Ofietipeesite W ey = e - =
: i e 110 kB 6 kB
IlepBuysblit TOK Ha CTOpOHAX
sauunnaeMoro  Tpacopnaropa, | Sucx 000" oni 40000 3670
COOTBETCTBYIOLIEI €r0 HOMHHAIb- ROM = Vé—b’nou % V3.115 ¥V 3.6,3
HOH womHocTH, A
Cxeva coenurennsi Tpanchop- — yil y Y
MaTopOB TOKa
Koadipmivent TpauchopMany K, 400/5 TA2 TA3
TpaHC(OPNATOPOB TOKE 3000/5 300Q/5
Bropuusblil Tox B mieuax 3a- -
AHTH], COOTBETCTBYIOUIMiI HOMM- I =fuo“kc-\' 201V3 Sk 3670 =6,12 3670 —6.12
HA7BbHOI MOLLHOCTH 3allHIIaeMoro B K, J 405 300075 3000/5
s Tabonia 43
H I .
,ir:n_ HanMe HORAHE BE THYIHB Of03HaYeHHe W MeTOI ofpefeseHns ‘-lncméoc 3HAYeHHE
1 Tok cpadaTeipaHuf pesie B OCHOBHOI 30- I . !_'f_im 301,5- V'3 —6.52
ne, A C, p. OCK KITA! -"'——4110!,5 =06,
2 Uncno purxos ofvorkm HTT pere pas
OCHOBHOI CTOPOHEl OCHOBHOIl 30HEI T'Al: = -
c.p
pacueTHoe Tlo (2 18) 'ocw, TAlpacy — m 6,52 = 15 34
3 ‘npuHsiToe Yocn, 741 = Up =
B PacuerHoe umcno BHTKOB oGMoTxd HTT o (2.20)
pene ANA HEeOCHOBHOH CTOPOHHI OCHOBHO¥ I 435
30uu 7 A2 Wl vl - rmﬂ.{. 15 ==5 = 10,66
» TAZpacu ocH, Iy 1a2 6,12
Ux c,p, BH 115
5 Tox cpadaTeiBanuf peie B 30HE NOBLI- L S e 170673
IIeHHOH 4VBCTBHTEIbHOCTH, %, HH o e :
I = 5 5, 1
C, p. mOB — KITM SUUU}
6 Yucno BuTKOB obomotkm HTT pede mns f
OCHOBHOII CTOPOHBI 30HEI NOBLIUEHHON UYB-
cTeuTensHoCTH 1 Ad:
- Fe 5 LA
pacuertoe Mo (2.18) @, TAIpacy = T - 8,17
7 NpHHATOS Do, TA? = Qiyp 19
8 PacuetHoe uncio BHTKoB oOMmorkn HTT Mo (2.20)
pefie Nl HEOCHOBHOH CTOPOHLI 30HB! NOBBI - I
LeHHOIT uYyBCcTBuTE1bHOCTH T A2 " o 8, TA3 " 19 6,12 A48
Whos, TA%pacy — “rnos, TA3 ls. TA2 6,12
B Pacuettoe uncio Butkos obmorkn HTT To (4.3)
e, npucoe.nnﬂermoﬁ k 742, pasrpauntu- T i 5
ﬁomeuy B0HEI Pa3HOH UYBCTBHTENLHOCTH Wocr—uor, TA2 pact — Pnos, TAZ pacy 19 — 10,66 = 8,34
— Wocn, TA? pacy
10 Ipuusitoe uncio BHTKOB ofmotkn HTT Coew, TAI = Zp 15
peie * g —w
Yhos, TA3 = L yp 19
Woek—nos, TA2 = ¥ ¥p 8
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Tadtauuya 4.3

Haumenosasine BeTHYHHL Ofo3Hadelne # METORA OnpenencHus Yuenosoe sHaqgeHne
TlepBuunLit pacueTHbli TOK He- Mo (2.3), (2.4), {2/.6) n (4.4) 15 4,35
Ganarca ¢ yaerom cocrapsioumeit /o 3 6,12
npu K3 na wmwsax HH, A Is6, pacy = (kﬂeﬂkaﬂf"‘ (I'I‘Orl +0,16—3 T
e, Al Ty, vom, Tar . +§Lgl4;_3:_8) 795.3 =
At = Iy vom, TAZ 4
4= Y S = =10,23.725,3
Woen—non, pacd Wocu—noB )
s Wocr=—n0B, pact L. max B
Uycno BHTKOB TOPMO3HOI 06- [Mo (3.4)
motkn HTT pene:

Iss, pacihon, 742 1,5-0,23-725,3-19 —8.8
pacueTHoe Wropw, pacy = Kore W 725,3-0,75 ki
TNPHHATOE Wropy == Wy 9
OnpenenseTcss pacueTHOE WYHCJO BHTKOB paboueii 4.3.3.45. OnpenensieTca Heo6X0AHMOE YHCIAO BHTKOB

o6vmotkn HTT pene, npuuAToil 108 3Tofi 30HH 32 HEOCHOB-
}({%130 ](npncoenuueﬂnoﬁ K TpaHcdopMaTopam Toka TA2), no

PacueThl BHIOJHEHE B COOTBeTCTBMM C 1. 4.2.4 M OpH-
BejieHH B mm. 5—8 Tabm. 4.2.

4.334.3. Onpepensercst uncsio BUHTKOB pabouek o6MOT-
ki HTT perne, npucoefnHeHHOR K TpaHc(hOpMaTOpaM TOKa
TA2, pasrpaHHYMBAIOIIHM 30HH PAa3HOf YYBCTBHTENBLHOCTH,
no (4.3) B cootBercTBHM ¢ 0. 4.2.5. PacuerH INpHEEJEHH
pon. 9 u 10 Tabn. 4.2.

4.3.3.4.4. TlpunuMaroTcs CreyIOlIHe YHCNa BHTKOB:
wpy==15, YTO COOTBETCTBYET mxyiggaﬁf&uaanus 3alHTH

308 A:

w11 yp=8, UTO COCTBETCTBYET TOKY cpabaThBaHHA 3aIUMThHI
B 30He NOBHIUEHHOMH YYBGTBHTEJIbHOCTH, TMpHBEACHHOMY
K cTopore BH:
npu paboTe Ha cpejHEM OTBeTBJEHHH
100 _400/5
6,12 V3
154-8——
4,35

npu paboTe Ha KpafiHeM peafbHO BO3MOKHOM OTBET-
paenun -|-PO (126 kB)

B ocHoprofi 30He [ s, ms=-——ﬁ.‘73:—

=176 A;

Ic. 3, moB —

100 400/5
"c.s,noﬁ (+PO) = 6.12 126 -V"g" = 169 A;
\ 1548—"—.——
4,35 115

@1 yp=19 BHTKOE.

5. AJMOD®EPEHLIMANIBHAS TOKOBAS 3ALLMUTA

Topmosnofi o6motku HTT pene mo (3.4) B COOTBETCTBHH
¢ n. 4.2.6; nnw sToro onpelenseTcs ToKk HebGanaHca qu;.pacq

o (2.3), (24), (26) u (4.4) c yueToM TOro, 4TO f;ﬁ' -

c0318eTCH TOJEBKO Toii paGouei oomorkofi HTT pene, KoTo-
pas INpPHCOCIMHACTCH K TpaHC(OpMaTopaMm TOKA TAIL

r -
a Ly co3jaeTcs OKpYT/eHHeM BHTKOB Toil paGoueh

o6motku HTT perne, koTopas npucoeHHAETCH K TpaHcop-
MaTopaM Toka TAZ2, pasrpaHMuYHBAIOLMM 3OHH pasHOf 4yB-
CTBHTENbHOCTH.

PacueTH npusejers B Tabm. 4.3.

4.3.3.5. OnpejiesiseTCH YYBCTEMTEJAbHOCTL BalUHTH MpH
K3 mexay AByMAa (asaMy B MHHMMalbHOM pelkume pabo-
TH CHCTEMEl B 3aLIMILAEMHIX 30HAX:

OCHOBHO# moToK B Touke Kp (puc. 4.2,0)

5T1V3
38V3
NOBHINEHHO YYBCTBHTENbHOCTH B Touke K (puc. 4.2.e)
379-V3
169V3

L

1,85>1,5;

Y. OCH —

A ol

Pacuer npoussojuics mno (2.26). 3ammrta HMeeT JO-
CTATOMHYIO YYBCTBHTEJNbHOCTH H MOXKeT OHTh HCHOJb30BaHZ
AJs 3allHTH TpaHchopMaTopa mo puc. 4.2,a.

TPAHC®OPMATOPOB

U ABTOTPAHC®OPMATOPOB, BLIMONMHEHHAS C PENE TMNA A3T-21

(43T-23)

A

5.1. YHKA3AHHUA NO PACHETY

5.1.1. Hiuxxe f2HE OCHOBHHE YKasaHMA IO PpacHeTy
9YBCTBHTEJbHO}N JiM(depennaTbEoli TOKOBOH 3aIMTH, Bhi-
noaueHHoil ¢ peje Tuma J3T-21 (I3T-23), npHMeRHTEIbHO
X TpaHcdopMaTOpaM H aBTOTpancopmaTopaM. YCTPOHCTBO,
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[PHEIMO JIEACTEBHA H XapaKTepHCTHKH 3allHThl paccMoTpe-
EH B npuiaoxenuH I[15. ;

5.1.2. [MeppuuBnf MHHEMAAbEHID TOK cpaGaTHBaHus
3amuTH (ee W BHTEJBHOTO Opraua) NOpPH OTCYTCTBHE
TOPMOMKEHNs ¢,smin BHOHpaeTcAa 00  CJefYIOLIMM
YCIOBHAM.



© 5.1.2.1. OrcTpofikH ©OT pacyeTHOro NEpPBHYHOrO TOKa
tefanaHca B pexkHMe, COOTBETCTBYIOIIEM Hayasly TOpPMoO-
JKEHHA, KOTOPas TNPOM3BOAMTCH MO BEIPAXEHHAM, aHAajO-
rmieey (2.1) 1 (2.3):

’
-fc. smin—:'«-’"‘kﬂmlnﬁ. TopM, HaY — ko'rc{"ma, O, Haw -+

rr rrr

3 b, TopAI, Hall+ }EP.TDW,Ha'{)! o (5-1)

T.ﬂeInu.'ropu.na-t,frno.'ropu.nau. HO, TOPM, Hauy “HO, TODM, Hay
70 e, 4To B (2.3), HO B peKuMe, COOTBETCTBYIOIEM Haua-
Jy TOPMOXeHHS (KOrja NOJyCyMMa OTHOCHTEJbHHX TOP-
MOSHEHIX TOKOB paBHa TOKY '{Tcpuluaq'—'cm. puc. I15.1);

fora Tsxosqnilmmem' OTCTPOHKH, NpHHUMaeMbii
HuM 1,5,

5.1.2.2. OtcTpoiikH oT GpOCKa HaMarHHYHBAIOIET0 TO-
K2 TpH BKJIOYEHHH HeHarpy:KeHHOro TpaHcgopMaTopa
(aam-rpancqmpmaroga) noj HanpsXenue no (2.2), B xoro-
pom Kospmument k npuHuMaercs pasuum 0,3.

Kak nokasanm wuccaepopands, nposegennse B 100
3CII kaup. texn. mayk I. B. BepaoseyM i cT. HayuHEIM
cotpyauukoM M. M. CepellMHBIM, BKIIOYEHHe B 30HY Jeil-
CTBisl 3AIUMTH aBTOTPaHc(OPMATOpa JHHeHHOrO peryaupo-
BOYHOIMO TpaHC(OPMaTopa, YCTAHABAHBAEMOrO HA CTOPOHE
Hu3Wero Hanpsixkenus (cM, «PykosojasniMe ykasaHus IO
peneiiHof samute. Beimmyck 13A», pue. 2.2), npakruuecku
He BJHACT HA pacCMaTpHBaeMOe YCNOBHE OTCTPOIKH OT
0Opocka HaMarHHYMBAIOIETO TOKA aBTOTPaHc(oOpMaTopa.

5.1.2.3. OGecneuenns HeleficTBHA 3alHTH (B COBOKYII-
HOCTH C JDYrHMH (hakTOpaMu — cM. HHKe) OT Toka Heba-
JlaHca TNepexojHOro pexHMa BHewHero K3. Yciosme co-
6a0aeTes npu

(5.2)

pas-

Ic,amiﬂ..:?-o.slnnu,
rae Iron — TO 3Ke, yto B (2.2).

YkaszaHHOe YCJIOBHE ONpejensercs TeM, YTo Hefleii-
CTBHE pacCMaTpHBaeMmol 3allHTE B IIEPEXOAHOM pexHMe
srelinero K3 ofecneynsaercss cOBOKYMHOCTBIO pana (ak-
TOpOB, AeHCTBYIOIHX Ha TOpMoOKeHHe ((opMa XpHBO#H Toka
HebajaHca, TOPMOXKEHHE OT BTOpPOH TaPMOHHKH, HanHupe
TOPMOMKEHHA 0T (Pa3HOro TOKA B NJeYax 3alllMThH), JAFOIIHX
TapaHTHPOBAHHEH s¢deKT NpH MHHAMaJbHOM TOKe cpaba-
THIBAHHA 34IHTH, YAOBJeTBOpAloneM (5.2). Ycaosee 5.1.2.2
Ijsi aBTOTPAHCHOPMATOPOB He HABNAETCA PACYETHHIM, T4K
KaK ofecrneiHBaeTCA NMpPH MeHbLIHX 3HAYEHHAX [c smin, YEM
yenosue 5.1.2.3. PacueTHHM OpHHHMaeTcs Goabluge H3
3Ha4yeHuH, MOJy4eHHEIX MO YcaoBuam 5121 u 5123,

S 5.1.3. Ilepsrie ape coctasnsiomue [’gsropmmas H
I"56,70pM,naq, BXOMAANHE B BHpaxeHue (5.1), MOTyT GHITH
onpezeners no (2.4) u (2.5), cocTaBAeHHBEIM A PekHMA,
COOTBETCTBYIOILIEr0 HAYaJy TOPMOXKEHHH.

Ilpu stom kos¢pduument knep NpuHEMaeTcH paBHEmM 1,
4 NOJHAs NOrPellHOCTh TPAaBC(OPMATOPOBR TOKA e, YUHTHI-
Ban ,I[,OI'IOJ'IHH'I'E.'II:HYIO NOTPEeIlHOCTD HCIIONMb3YEMHEIX B 3anfH-
Te aBTOTPaHCPOPMATOPOB TOKA, NPHHUMAETCs pabHoil 5 Y
NepBHYHOrO TOKa, NMpPOXOASAIIEro o OAHoH, HaHOojee Ha-
TDYEHHOH CTOpOHe 3alulaeMoro TpancgopMaropa (aBTo-
TpaHcopMaTopa) B pexHME, COOTBETCTBYIOIIEM HAayasy
TopMoxends. Ecim Ha HauGonee HarpyeHHOH CTOpOHe
aBToTpaHchOpMaToOphl TOKAa HE HCNOJB3YIOTCA, TO MNOrpel-
HOCTE € MOXKeT NpHHHMAaTbesAs pasHoH 3 9, ykasauHoro
TOK4, O[HAKO TPH 3TOM JOMKHE  PACCMATPHBATHCH
(c meabio cpaBHeHHst) ¥ NOrPEINHOCTH & OT TOKOB, NPOXO-
JAMX [0 JAPYrHM CTOpPOHAM 3amMiiaeMoro TpaHchopma-
Topa (aBToTpaHc)opMaTopa), rae YCTaHOBJCHH ABTOTPAHC-

MaTOPEl TOKa.

Cocrasnatoman /"' ue,zopm,naw, 06yc/OBJEHHAR B pac-
CMaTpHBAEMOM CJly4ae HecOBNAJeHHEM pacdeTHHX TOKOB
(cm. n. 5.1.4) ¥ HOMHHAJBHEIX TOKOB HCIONb3YEeMEIX OTBET-
BicHHH aBToTpancopMaTopoB Toka Tunos AT-31 u AT-32
HIM TpaHcpeakropa pene TAV, onpemensercs mo Bepa-
2HEHHIO

‘.ll! _l

6. TopM, Hag "101‘![ pacy

I 1078, pacy ~— {1078, oM

[y lﬁnrs. pacy ™ fzo'm. HOM

(5.3)

I!DTB. pacy TOpM, Bay, MWr

A

rie liors.pace H Jzovs,pacy — pacueTHEle 3HAYEHHS TOKOB
Ha HeOCHOBHEIX CTOpOHaxX (HampuMep, Ha CTOPOHAX BHICIUe-
ro H CpefHero HanpsiKeHuH) s Buﬁoxa CXeMEl BKJIIOYE-
HHf aBToTpaHcopMartopoB Toka Tinos AT-31 u AT-32 uan
oTBeTBJEHHH TpaHcpeakTopa pese TAV, coorBercTBymOUHX
NPHHATOMY BKJIOYEHHIO (OTBETBJCHHI)) Ha OCHOBHOH CTO-
pore (HanpuMep, Ha CTOPOHE HH3IIEr0 HANpPAMKEHHS)—CM.
1 bd.4; florn,ann H I'xomn,aux—ﬁﬂlﬂﬂaﬁ]llﬂﬂ K pac4er-
HhIM HOMMHAJIbHEIE TOKH NMPHHATHIX OTBETBJCHHH aBTOTpaHC-
¢opmaTtopos Toka THnos AT-31 um AT-32 mau TpaHcpeak-
Topos pene TAV HAa HEOCHOBHEIX cTOPOHAX; [ropm,maw,m —
NepBHYHBIA TOPMO3HOH TOK, COOTBETCTBYIOIHH HAYawgy TOp-
MOXKEHHs, onpenenseMeii no (5.8), (5.9), (5.11) 3?5.12
5.1.4. OtperBneHds lorw,mom,0cr TPAHCPEAKTOpAa peJe
TAV wumm abrorpaHchopmaTopoB Toka THnos AT-31
(AT-32), ecsit mocieHHE HCHOAbL3YIOTCA Ha paccMaTpHBae-
Mol cTopoHe, MpHHHMaeMofi B pacyeTe 33 OCHOBHYIO (Ha-
MpHMep, CTOPOHA HH3LIEro HanpsaXeHu#), BHOHpadTCH,
HCXOAA M3 BTOPHYHOrO TOKA Jgom,m.ocm B MJEYe SaIHTH
Ha 3ToH CTOpOHe, COOT BYIOLLLEr0 HOMHHAJNLHOH MOLIl-
HOCTH 3amuulaemoro TpaHcopmatopa (asrorpancopma-
TOpa), TaK, 4TOOH
!ors.nou.ocsﬁf‘ou_s.oca- (5-4)
OtTBeTBieHHA aBTOTpaHc(opmaropos Toka Thnos AT-31
i AT-32 pns HEOCHOBHEIX CTOPOH CleflyeT BHIGHPAThb, MCXO-
Jf M3 BTOPHYHOrO TOKA [mom,s,meccm B IlJede 3allHTEl Ha
paccMaTpHBaeMoll HEOCHOBHOH cTOpOHe, COOTBETCTBYIONIEro
HOMHHaJbHO/ MOILHOCTH 3alllHIllaeMoro TpaHcgopMaTopa

(aBrorpancdopmatopa) u  oebpanHoro  OTBETBJEHHS
lorn som,ocn AR OCHOBHOH CTOPOHEL:
fo-rs. HOM, HEOCH é-!n'rn. pacy, HeocH —
,H'DM, B, HéeqlH (5-5)

= lorB, BOM, OCH .
!no:-t, B, OCE

[To (5.4) m (5.5) nmpHHHMaIOTCH OTBETBJICHHA C HOMH-
HAJBHEIM TOKOM, PABHEIM HiH OnumaHuIHM MeHBLIMM pac-
YeTHOro. ¥YKaszanHoe Heo6X0AHMO Ana OOecrneyeHHA BO3-
MOMHOCTH BHICTaBJIEHHA Ha pe.nc YCTEBKH OTHOCHTEeAbBHOI'O
MHHHMAaJIbHOTO TOKa cpabaTeiBauua (NpH OTCYTCTBHH TOP-
momenHn) lo pmin, COOTBETCTByIOlleH HaHMeHbLIEMY BO3-

&

MOXHOMY 3Ha4eHHIO TNEepBHYHOIO MHHHMAaJbHOIO TOKa
cpabateBanus 3amuTH feamin (00 M. 5.1.2),

It‘ annk(:’{

W (5-6)

'ic. pirin KIIOTB. At
roe Ky u kex — xosdpduument tpancopmanun Tpancdop-
MaTOPOB TOKa H KO3(HIMEHT CxeMEl JJa pacyYeTHoH cTo-
POHEL :

Bce BenmynHbl B (5.6) mOMKHEI MPHHEMATHECA OJA CTO-
POHEI, oﬁﬁmonmmalow.eﬁ Hanbonpinee 3arpyOaense salH-
TEL. TakoH cTOpOHOH sBNAETCA Ta HEOCHOBHad cTOpona, AJis
KOTOpOHl npHHATOEe OTBeTBNeHHE [orpmom.meccn OOMBLIE
OT/IMY3EeTCs OT pacyeTHOrO0 [lors,pacu,meocs, €CJIH C STOH
CTOPOHEI MOMET NMPOH3BOJHTLCH, BK/IIOYeHHe TpaHcgopmaTo-
pa noj HanpaKeHHe.

YBesqnueHHe YCTaBKH Ha pese [0 3HadyeHHH, NoJydex-
HEIX 1O BEpaxeHuio (5.6), NPOH3BOAHTCS ¢ MOMOIILIO pe-
auctopa R13 (cm. puc. I15.2,a).

Ilpn BriGope OoTBeTBJeHHII aBTOTpaHcPOpMaTOPOB TOKA
tinos AT-31 u AT-32 m tpaHcpeaktopa peie TAV B 1e-

e
Aax ofbecleyeHHs HaHMEHBIUHX 3HaYeHHIl !H.ﬁ TOPM, Ha

MoryT ucmoabsopatbes Taba. T16.3 u [15.4, mpusefenHmhe
B npunoxenun [I5,

B nneve 3amuTH Ha OCHOBHOI CTOpOHe aBsroTpaHcop-
MaTOpH TOKa MOTYT He Hcndnn3oBaTbes (HAnpuMmep, Ha
CTOPOHe HH3INEro HanpsKeHHA B 3allHTe TPaHC(HOPMaTOpoB
¢ HepacuienyieHHoid oOMOTKON H OJMHOYHHM PEAKTOPOM HIIH
Ges pcakTopa), eciH ToJaydaeMas NPH STOM KPaTHOCTDb
TOKa ;nou,n,oca orm,noM,ocr IO3BONAET OOecneYHThb TpE-
OyeMyi0 TepMHYECKYI0 CTOHKOCTb aBTOTPAHC(OPMATOpPOB H
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peje MNpH YydeTe BO3MOXKHOH NEperpysKH 3alluuiaemMoro
(aBToTpanchopMaropa).

5.1.5. TopmokeHHe, Kak NpaBujio, CJelyeT OCYLiecTB-
JIATH OT TOKOB Ha BeeX (MHTAIONIHX H NMPHEMHEIX) CTOPOHAX
TpaHcgopMatopa (asrorpancgopmaTopa). OnHako, ecis Ha
NOACTAHUHHE HE HMEeTCH CHHXPOHHEIX JBHraTeJiel, B 3allHTE
JBYX- H TpexoOGMOTOYHOrO TpaHcOpMaTopa NpH HaJHYHH
NHTAHHA TOJBLKO CO CTOPOHH BHICHIETO HANDSIKEHHA H OT-
CYTCTBHH NapaajesbHoll paGoTe Ha CTOPOHE CpeliHero Ha-
NpsykeHHs TPHHUHMNHANLHO B HCASX YBeJHUYEHHS YYBCTBH-
TeJBHOCTH 3alUTH LeldecoofpasHo Owio Ol TOPMOXKeHHe
OCYIIECTB/ATL TOABKO OT TOKOB H2 INPHEMHBEIX CTOPOHaX.
Ho nps 31om MoXer notpeGoBaThCsi KOI(QHIHEHT TOPMO-
JKeHHf BHIIE YCTaBOK, NPeAYCMOTpPEHHHX Ha pele.

HcnonssoBaHHe TOPMOMKEHHSI TOJBKO OT TOKOB NpHEM-
HBHIX CTOpoH OfecnmeiHBaeT OTCYTCTBHe TOPMOMEHHH OT T0-
KoB BHyTpeHHHX K3, a mcnonbsoBaHHe TOPMOXKEHHA OT TO-
KOB BCeX CTOPOH NPH BO3MOXXHOCTH NMHTAHHA € HECKOJBKHX
H3 HHX HeoOXOiMMO n4f ofbecrneyeHHsi OTCYTCTBHAi TOpPMO-
wenns Npu I<Imom (cM. m. 5.1.7).

5.1.6. OrperBaends Jforn,ropmmon  TMPOMEKYTOZHHX
TpaHcgopMaTopoB Toka TA 1en# TOPMOXKeHHS: pesie H MpH-
CTABKH JONOJHHTEJBHOTO TOPMOXKeHHA BHOHpAIOTCH, HCXO-
Jifi H3 BTOPHYHOrO TOKa Inow,s B TUleue 3aLHTH, COOTBET-
CTBYIOLIEr0 HOMHHA/BHON MOLIHOCTH 3alHLIaeMOro TpaHC-
¢opmatopa (asTorpancdopmaropa), H paHee BHOPaHHHIX
(cM. n. 5.1.4) KosdppuuuenTos TpanchopMauHu Krar aBTO-
TpaHcOPMATOPOB TOKA, €C/H MOCJEAHHE HCNOMBL3YIOTCA HaA
paccmaTpHBaeMOil CTOpOHE

I :
Iors, ropm, nom == lors, ropm, pact = %‘:;f‘ - 4 (5.7)

[TpHHHMAIOTCH OTBETBJEHHA C HOMHHAJBHEIM TOKOM,
paBHBEIM HAH GAMXKAHIIEM MEHBUIHM DPACYETHOTO.
5.1.7. YcTaBKa «Hauana TOpMOMKeHHS» [ropmmau (CM.
*

e, T15.1) no OTHOLIEHHIO K HOMHHAJBHOMY TOKY
ors,mom NPHHATOrO OTBeTBJEHHS NPOMEXYTOUHEIX TpaHC-
dopmaropo Toka TA wuens TOPMOMEHHS pese M TNPHCTaB-
KH JOMGJHHTEJBHOTO TOPMOXKEHHsi JOJXKHA TNpPHHHMATHCA:

Iropm,nan=1,0, KOrJa TOPMOXKEHHE OCYLLeCTBIAETCH OT TO-
-
KOB BCeX rpynn TPaHCHOPMaTOPOB TOKA PacCMATPHBAeMOW

nupdepeHHANBHON 3aLHTH TpaHchopmaTtopa (aBTOTpaHC-
?DpMaropa), T. e. NpH MHOrOCTODOHHeM TNHTaHHH, H
rops,mas=0,6, KOrga TOPMOXEHHE OCYLIECTBJIAETCA TOJb-
»

KO OT TOKOB Ipymmn TpaHc¢opMaTOpOB TOKA, YCTaHOBJACHHARIX
Ha FNpHeMHHX CTOpPOH@X 3amHliaeMoro TpaHcdopMaTopa
(apToTpancdopMaropa), T. €. NPH OJNHOCTOPOHHEM MHTAHHH.

Ilpu TakoMm BBHOOpe YCTaBKH <Hayaja TOPMOMKEHHA»
i-ropu,ﬂaq U NPHHATHH OTBETBIEHHH loze,zopu,som MNpOME-

JKYTOYHHX TpaHcopmaropos Toka TA wuenH TOPMOKEHHS
peJie B MPHCTABOK AOMOJHHTENLHONO TOPMOXKEHHS PaBHEIMH
Iore,copm,pace N0 BHpaKkeHuio (5.7) mpH TOKaX, MeHbUINX
COOTBETCTBEHHO:

(5.8)

5 ITDDM,IIH‘[.I:I=IBDH

(ans  YcTaBKH «HauYana Topmon{enum.l,opu_sa-:=l.0) H
(5.9)

f1opm.nn1,n’=l,2luou.
(Aas. YCTaBKH <«HAyaJa TOPMOXXEHHE» Itopn,mav=0,6),
k3

obecrieulBaeTca OTCYTCTBHE TOPMOXKEHHS.
IlpH NpHHATHH
lozs,ropm,mom <lore,ropm,pacs (5.10)
OTCYTCTBHE TOpMOXMeHus OyaeT obecneuuBaThcA NpPH TOKaX,
MeHBUIHX COOTBETCTBEHHO: !
oTB , TOpu, Hont I
Tropy. man. v = C.50uon | Rrox 1 I +
" ors, TOpM, pacu 1

F; §
orn, TopM, Hom 11 ortn, TopM. Hom 111
+k'l‘0l{ 11 1 +k‘mﬂ 111 I :
oTB, TOPM, Pact 11 R, Topa, pacs 171/
{5.11)

(Aa8 YCT2BKH «Hauaja TOPMOXMeHHH» [ropm,mas=1,0) ¥
. !
oTB, TOpM, Hom I 1
Tropy, waw, v = 1,2k50n i ok 11 Tﬁm—-{-
\ OTB, TOPM, pacy IT

) (5.12)
ots, TopM. pacs I11

(sl YCTaBKH «HauaJa TOPMOKeHHA» [ropm,mae=0,6), rie
krox 1, Broxir, Frox 11— KosHiMeHTH TOKOopacnpenene-
HHfI cooTBeTcTBeHHO s cropou I, II m IIl B paccmarpH-
BadeMOM peXXHME, T. €. 10 OTHOLIEHHID K NMEPBHYHBIM TOKam
rOpH30OHTA/NbHAS YaCTh XAPAKTEPHCTHKH TOPMOXMKEHHH (cM.
puc. I15.1) Heckosmko coxpaiwiaercs. [losTomy B caydasx,.
Korga TOKH lore,ropm,pace B BHpaxeuHu (5.10) auaun-
TeJAbHO NPEBHIUAIOT TOKH [orp,ropm.mom, B uenAX obecne-
YeHHA OTCYTCTBHA TOPMOMKEHHS B HarpysouHoOM peiKHMe oT
ToKa Juom CAELYET d BO BTOPOM cJaydae (NpH OCYLIEeCTBJE-
HHH TOpPMOIKEHHS TOJBKG OT TOKOB IpYNN TpaHCopMaTo-
poOB TOKa, YCTaHOBJCHHBIX Ha NpHEMHEIX CTOpPCOHAaX 3aulM-
I2eMOro TpaHcdopMaTopa) TPHHEMATh Iropwm man=1,0.

L3
ITpu atom B (5.12) Bmecto Ko3gduuuenta 1,2 Hapo npH-
HHMAaTh 2.

ITepBHuHble TOKH Hauaja TOPMOXeHHA [ropm,sawm 1O
(5.8), (5.9), (5.11) u (5.12) sBsTcA pacyeTHHIMH TIpH
BHOOpe MHHHMAJBHOTO TOKa cpafaTHBaHHA 3aLUHTH TIPH
OTCYTCTBHH TOPMOXeHHA ¢ amin N0 (5.1).

CureflyeT OTMeTATb, 4T0 B LEJAX VNpOWieHHA NpH Gaus-
KHX 3HaueHHuX TOKOB fors,ropm,mom H fors,ropn.pacs, BXO-
aamux B (5.11) u (5.12), HX OTHOWIEHHS MOXXHO NPHHH-
math pasHeiMu 1,0, 7. e. noaszopatees (5.8) u (5.9).

5.1.8. KosthduuiieHT TOPMOMKEHHSE Rrops, PABHHIA TaH-
reHcy yria Hak/JoHa TOPMO3HOH XaPaKTEPHCTHKH pefe (CM.
puc. I15.1), BuGHpaeTcs no ycaoBHio obecneyeHHs Hejed-
CTBHA 3auIHTH (B COBOKYNMHOCTH € APYTHMH ()aKTOpaMH—
em. . 5.1.2.3) or toka HeGanaHca NepeXONHOTO peXHMA
sHemHero K3.

OreTpoiika oT nepexofHoro (a He YCT2HOBHBLIETOCH)
pexxnmMa onpejensercd TeM, 4T0 ¢QopMa TOKa HeGaaaHca
NepexoJHOr0 pexxHMa NpH OnpefleJeHHBX YCJAOBHAX MOMKET
OKa3aThCH TaKOH, 9TO BPEMSHMNYJbCHHHA NPHHUHN H TOP-
MOMEHHe OT BTOpOi rapMobukM OyAyT HeflOCTATOUHBIMH
Ans obecriedeHssi HafeXHOH OTCTPOAKH 3alllHTHL

KosdHuHeHT TOPMOXKEHHS kropu, YAOBJETBOPAIOULHiH
VKa3aHHHM VCAOBHAM, ONpefienseTcss NO BHPaXeHHIO, CO-
C‘l‘aBJ]EHHOM}" HCXONHA H3 '.I‘OpMOSHOﬁ xapamepm:rnxﬂ pene

(cm. puc. T15.1)
kom’{:u.‘:. pacy, B _{‘c. pritin

Al

e
0- 5A££Top&: U!5E‘3TO|:|'\:. pacy, B T I TOpM. Ha4
(5.13)

rae Ju6,pacu,s — OTHOCHTENBHEN MaKCHMaJIbHBH pacueTHhk
#

BTOpHYHBEIT TOK HeGanaca, NMOJBOAHMHFI K OTBETBICHHIO
Tpancpeaktopa pene TAV unu aproTpaHcOpMaTOpOB ToKa
npu pacuerHoM BHeiuHem K3, o1 KOTOpOro sammnTa JOTKHA
GETH OTCTPORHa COOTBETCTBYIOUIHM BHIGOpOM KO3 ¢HUHeEH-
7a TOPMOMEHHA FErops; !c,pm“— OTHOCHTEJILHEIT  TOK

cpabaThBaniA pene NMPH OICYTCTBHH TOPMOxeHHs (yCTaBka

MHHHMAJLHOTO TOKa cpabaTbiBanua), onpefleffaeMHi 00

(56); 0,52 zopn,pace,s — NOAYyCYMMa OTHOCHTEJNBLHHX BTO-
-

DHUHEIX TOKOB, NOJBOLHMBIX K OTBeTBAEHHSM NPOMEXYTOU-
HEX TpaHcdopMaTopoB Toka TA uend TOPMOXKeHHs: pesie
H TPHCTABOK JAONOMHHTEJBHOTO TOPMOJKEHHf NpH pacuer-
HoMm BHewHem K3 £wopm.xaq‘—-mH0CHTeﬂbeIﬁ BTOPHYHEI

TOK HauaJa TOpMOXKeHHs (ycTaBka <«Hauada TOpPMOXe-
Hug» — 1. 5.1.7); korc — KO3(d«pHIMEHT OTCTPOIKH, NPHHH-
MaeMHil paBHEM 1,5.

-3paueHHs BCEX TOKOB, BXOZAuINX B Bhipaxenfe (5.13),
PacCUHTHBAIOTCH MO OTHOWIEHHIO K NPHHATHM OTBETBJE-
HEAM B cooTBercTByomeil nemm pede: pabounx TOKOB — MO
OTHOLIEHHIO K JIPHHSTHIM OTBETBJEHHSM TpPaHCDEAKTODa

!{JTB, Topa. Hoa THI

+ k(ou IIT

k‘l‘op‘\l T



pene TAV nau aBroTpaHcopmatopor Toka (cM. m. 5.1.4),

TOPMO3HBLIX TOKOB — K IpHHATHM OTBETBJAEHHSM NOPOMEKY-

TOYHEIX TpancopmaTopoB Toka TA uenmd TopMoiKeHHs pelie
H MPHCTABROK JOMNOJHHTENLHOro TopMmoxKenHa (cm. m. 5.1.6).
Kos(ppuunedr TopMoxeHus Rropwm MOMeT OHTb BHpa-
JKeH TaKiKe yepe3 OTHOCHTENIbHHE 3HayeHHs NepBHYHHX To-
KOB, TIOABOAHMBEIX K 3alIlHTe:
HOM, B, OCH I

Ik(.rrc}’ﬂﬁ. paci g C, prin
E B * OTB, HOM, NncH *
Lo Lore, TOpM, pacy )
O»EUmpn. - T TR -'rropu. way

* OTB, TOPM, BOM »*

{5£.14)
rae las.pace — OTHOCHTEJIbHHIH MaKCHMAaJbHEH PacyeTHHIl
*

nepBHYHEIT TOK HeGanaHca Npu pacueTHom BHelHeMm K3:
0,68/1opm,pacs — DONYCYyMMa OTHOCHTENBHEIX THepBHYHEIX
"

TOPMO3HEIX TOKOB IpH pacyeTHOM BHewHeM K3; Iyom 5, 0cn—
BTD]}H'H{Hﬁ TOK B IIJe€ye ‘3alllHTH Ha C.TOPOHE. IIpHHHMaeMOﬁ
B pacyeTe 338 OCHOBHYIO, COOTBETCTRYMLUHH HOMHHaJILHOMH
MOLIHOCTH 3aLKLIAeMOro TpaHcgopmatopa (aBrorpancdop-
matopa); Jors,mom,oce — HOMHHANBbHHI TOK NpPHHATOrO
OTBeTB/IEHHs] TpaHcpeakropa pete TAV wau aetorpancop-
MaTOPOB TOKa JJf CTOPOHH, NPHHHMaeMOH B pacyeTe 32
ocHosuylo (cM. 0. 5.1.4); Jors,rops,paca H Jore,Topm mom —
pacuetHuilf [NMo Bepaxenuto (5.7)] u nDpuHATHH (HOMH-
HanbHEdt) TOKH OTBETBJIeHHHl NpPOMEXYTOYHHIX TpaHchop-
MaTopoB TOKa TA LeNH TOPMOKEHHS pene H NPHCTABOK
JONONHUTEIbHOTO TOPMOKEHHS Ha COOTBETCTBYIOLIHX CTO-
pouax (m. 5.1.6).

Ocranbhple 06o3HavedHs Te e, 9yto H B (D.13).

3naueHHA NepBHYHLIX TOKOB {nﬁ,pacq H LToPM,pacT,

Bxogsiux B (5.14), paccUMTHBAITCS N0 OTHOLWEHHI) K HO-
MHHAJBHOMY TOKY Juom 3aLUKIUAEMOTO TpaHC(OpPMaTopa
(aprorpancopmaropa).

PacueTHwit MakcHManbHBI NepeBHYHKIT TOK HebGanauca
Ie6,pace mpu pacyerhom sHewwHem K3, HeoOxoaummbiil mns
OnpeneneHus OTHOCHTEJIBHHX HepBHYHOTO Jgg pace 1O

(5.14) pBropuutoro Jug,pace,s N0 (5.13) MakcumaJbHOrO
£ 3

pacuerHoro Toka HneGanaHca, MOiKeT OHTB paccyHTaH Mo
(23), 2 3HaueHHs BXOJSIIHX B Hero COCTABNSIOLUMX TOKa
neGanaHca !’nﬁlpacqr, !”nﬁ,pal:‘l H I”'nﬁ,pal:q‘—'coﬂTBeTCT-
BeHHO No (2.4), (2.5) u BHpaxkeHwHw, aHajsorHunoMy (5.3),
HO COCTABJEHHOMY JJ1sl PacyeTHOro BHELUHEro MeTajiHde-
ckoro K3. Ilpu stom B nensx obecnieyeHHsl HellelCTBHS 3a-
LIMTH OT TOKa He0allanca NepexofHOTO PeXHMa BHELHero
K3 kosdpdnuvedr B (2.4), yuuTHBaIOWME NepPexofHEl pe-
MHM, PeKOMEHAYeTCsl TPHHHMAaTh PABHEIM Epep=1, ‘

Menbutee 3navenHe NPHHUMAETCS NPH HCNOJNbL30OBAHMM
Ha pasHBIX CTOpOHAax 3aulHUlaeMoro TpaxcopMaTopa
(asroTpancdopmaTopa) ONHOTHOHHEX TpaHCPOPMATOPOB TO-
Ka (TONbKO BCTPOEHHHX HJIH TOJLKO BLIHOCHHX) H Ofi}Ha-
KOBOH cXeMe HX coefyHeHHs (HanmpHmep, B 3Be3ny), Gousb-
Ilee 3HAYEHHe NMPHHHMAETCH HPH HCHOJb3OBAHHH [UJIA 3IALIM-
Thl PasHOTHOHBIX TPaHC(OPMATOPOB TOKa M PasHEIX cXemax
X coefuHeHHs (Ha OxHO M3 CTOPOH B 3Be3Ny, Ha Jpy-
rHX— B TpeyronbHHK). Ilonyuennoe pacuetHoe 3sHauense
Eropm BHICTABJSIETCS Ha peJe € NOMOLUBI) MEpPeMeHHOro
pessicropa Ri12 (puc. I15.2,a).

5.1.9. llepeuunuii TOK cpabaTHBaHMA OTCeYKH oOnpe’
JeNseTcs CNeAYiOLUHMHE YCJIOBHAMH.

5.1.9.1. Orcrpoiikoii ot Opocka HaMarHHYKHBAOINETO
TOKAa, KOTOpas jans TpaHcopmaropa, a Tem Oonee aBTo-
TpancopMaTopa HAaJeXHO oOeclieyHBAaeTcsl yike HpH MH-
HHMa/IbHOH YCTaBKEe Ha peJie No TOKy cpabaThiBanHs 0TCed-
KH (6lorn,mon), echim OTBeTBNeHHs paGoueit uenH pene
eeibpanst (cM. 1. 5.1.4) npHMepHO paBHEIMH BTOPHYHEIM
TOKaM B COOTBETCTBYIOIMX TJieuaX 3amuTH [Jozs,mom,ocn=
~lnom,p.0ce—cM. (5.4)]; npy BuGope oTBeTBnenHii pa-
Goueit venu pene SsHAYHTEJLHO MEHBLIHMH BTOPHYHHX TOKOB
B IUleYax 3alMTH B 3allluTe TpancdopMaTopa MOJKHA TpH-
niuMarees Gonbwas ycraska (9ors mom)-

5.1.92. OtcTpoiikof OT MaKCHMalbHOrO NEePBHYHOTO
ToKa HeBananca Ing,pace NPH NepeXoiHOM pesKUME pacyer-

noro BHewHero K3 mo (2.1). 3navenns Toka HeGanaHca .
Igg,pacs, Bxogsiero B Bmpaxenne (2.1), H ero cocras-
naoinx  I'ge,pace, [“m6,paca N I"'ge,pacy MOryT GHTB
onpeje/ieHH COOTBeTCTBEHHO No (2.3)—(2.5) u BHpame-
HHIO, aHajoriuHoMy (5.3), HO cocTaBieHHOMY Sl pacyer-
Horo BHeulHero metasunyeckoro K3. Ilpu stom, yunrmBas,
YTO OTCEYKA pPearHpyeT Ha CpejlHee 3HAUeHHe HaNPsiIKeHHA
Ha BTOpHYHOK oOMoTKe TpaHcpeaktopa TAV u He pearn-
pyeT Ha HMOyJabc TOKka Helasdanca B NepBHIH NepHOA OT
BO3SHHKHOBEHHA KB [IIOCKOJ'ley NOoCTOAAHHaA BpPeEMEeHH ce
nenu okono 30 mc (cm. m. 4 npunoxenus I15)], kosdu-
nHeHT B (2.4), YYHTHBAOHI NepeXoiHbill pexXHM, CJIEHyeT
NPHHHMATD:

Ruep=1,5--2,5 — npn MCNONL30BAHHH HA pPAasHHX CTO-
poOHaXx 3alHLIaeMOro TpaHcgopmaropa (aBToTpancopma-
TOpa) OBHOTHOHEX TpaHC(POpMATOPOB TOKa (TOJIBKO BCTpO-
eHHHX MJH TOJIBKO BHHOCHHIX); :

kuep—2-+-3 — NpH HCNOJIL3OBaHHH Ha Pa3sHHX CTOPOHAX
3amuuaemMoro TpaHchopmaTtopa (aBtorpaHcdopmaTopa)
PA3SHOTHNHEIX TPaHC(OpPMaTOPOB TOKa.

Ilpn sToM MeHbLUMe 3HAUCHHS Ruep NPHHHMAOTCS TIPH
O/IHHAKOBOH CXeMe COe[HHeHHA TPaHc(OpPMAaTOpPOB TOKA 3a-
IUHTH HA PasHHIX CTOpPOHaX (HampuMep, B 3Be3ny), a Goub-
UIHe 3HAYeHHS — NPH pAa3HBIX CleMaX COeJHHEHHSl TpaHc-
¢opmaropor TOKa 3amHTH (Ha 0JHOH W3 CTOPOH B 3BE3AY,
Ha PYTHX — B TPeyTOJbHHE ). »

5.1.10. UyBCTBHTENBHOCT 3aLUHTH (€€ YyBCTBHTENBHO-
IO OpraHa) onpejiesiercs npn meraianyeckom K3 Ha Bhi-
BOAAX) 3allHmaeMoro TpaxcdopMaTtopa (aBroTpaHcop-
maTopa) ~npH paGoTe €ro Ha pacyeTHOM OTBETBJEHIIH.
PacuetneiMy pexxHMamu paboTel NONCTAHLMH M NHTAIOLNX
CHCTEM SIBNAIOTCS pealbHble pexHMbl, 00YCIOBIHBAIOLIHE
MHHHMaNAbHEH TOK NpH pacuetHoM Bujae K3.

KosfydHumenT YyBCTBHTENABHOCTH PACCUHTHIBACTCS, HCXO-
A5l H3 NePBHYHBIX TOKOB paccmatpusaemoro suna (m) K3
Iymin™) H MHHHMAJBLHOTO TOKa CpabaTHBaHHS 33IHUTH
Icamin mo (2.26).

B (2.26) munumanbHuft TOk cpabaTHBaHMs 3aIHTH
NpPH OTCYTCTBHH TOPMOMEHHS [c smin HCHONB3YETCH B CBA-
3H C TeM, UTO TOPMO3HAas XaPaKTEepPHCTHKA 3alUTH HMeeT
TOPH3OHTAAbHYI0 YacTh, KOTOpas H ONpelelisieT TOK cpaba-
THBaHKHS Ha rpand cpabaTwBanus, Hanpumep npu K3 uepes
COOTBETCTBYIOLIeE MEPeXOHOE CONpOTHBEJEHHE. DAaKTHYECKH
3a0lHTA HECKONBKO 3arpyGaisieTcs M3-33 TODMOMKEHHS OT
TOKa Harpys3kH.

Crnenyer OTMETHTh, YTO, K&K MPAaBHJO, WYBCTBHTEJ-
HOCTh 3alUMTH NpH Jc,s=0,8/50m ObecneunBaercs ¢ Go:b-
LIHM 32M1a00M, NOSTOMY HeoOXOAMMOCTL B ee pacyeTe pos-
HHKaeT JHIb B 0cOOLIX CJay4YasX, XapakTepH3yeMHX Bechua
ManeMe Tokamy K3 B 3aliminaemoli sone.

YyBcTBHTEIBHOCTE fH(epentHaibioll TOKOBOH OTCed-
KH He ONpelensieTcsl, TaK KaK OHA SBJsSeTCA BCIOMOraTeib-
HBHIM 3JMIEMEHTOM, Ha3Ha4weHHe KOTOPOro — NpeoTBpalieHie
Henonycrnuom 3ame/lIeHHd HJIH OTKasa cpaﬁarunaﬂns 3a-
LWHTH NpH OONBIIHX KPATHOCTAX TOKA, KOTAA GYBCTBHTEIb-
HElH Opran moxer cpaCoraTb ¢ GoOJbLIHM 3aMefJIeHHeM HIH
He cpaboTaTh H3-32 HCKaXieH!ls (POPMEL KPHEOH BTOPHYHO-
To TOKa B MHepexofHom pexume K3 (nampuwmep, npu snaun-
TeJbHOM HaCHUIEHHH TPaHCPOPMaTOPOB TOKA), H TOPMOiie-
HHH BCJeJICTBHE S3TOro HYBCTBHTEJBHOI O opra}sa S3alIHTH
TOKaMH BTOpOH H Gonee BBICOKNMI rapMOHHKaMH.

5.1.11. Jlna obecnedenus aeiicTeHs 3aLUHTH MPH 3aMbi-
KaHHH Ha 3eM/0 OXHOH (haskl B 3auliuaemoil 3oHe (Ha
CTOpoHax ¢ GOMLIUHM TOKOM 3aMBIKAHNSA Ha 3eMJI0) C Bpe-
MEHEM, He NMpeBHIIAOUM !, c:

tc,s'-:-:-. (0:045_5_016?‘1)' (5.15}

riie T)—rnocrosinHas BpeMeHH CeTH, Harpyska Ha TpaHC-
(opMaTops TOKa [HOMKHA He NpeBHIIATE AONYCTHMYIO,
HCXO/ifl M3 KPHBLIX NpEAesbHOH KDPATHOCTH ISl TOKa, pas-
HOTO y/JBOEHHOMY TOKY cpalartniBanusi orcedkd (2/¢soxc).

' Omutpersko A. M., Jlunt M. T. Bapsuie NepexomH X Npo-
lleccor wa Owictponeficteue nuddepesupaneno samuTe JI3T-21.
DaekTpHvecKHe cTaHuHH, 1982, MNe 6, c. §53—57.
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VkazanHoe HeoOxofMMo JIysi Toro, utobnt npH 6oJb-
“HX KpaTHocTsx Toka K3, Korma 4yBCTBHTENBHEI Oprad
-AMeeT GoJBLIOE BpeMs JelcTBHs, obecrneuHBajoch € 3ana-
CTOM neﬁc-mae OTCEYKH € J[JOCTATOYHO MAJbIM BPEMEHEM.
a npH Ttokax I«<<2[¢ore oOOeCmeuHBasOCh JOCTATOYHO
‘GhicTpoe AeliCTBHE YYBCTBHTEJBHOrO OpraHa.

5.2. PEKOMEHOYEMbIA MOPALOK PACHETA

B COOTBeTCTBHH € NMPHBENEHHEIMH B M. 5.1 yKasaHHAMEH
-‘pacuer IH ?epeaunanbnoﬁ SallHTH, BLIMIOJHEHHOH € pele
tuna J3T-21 (HA3T-23), npoH3BOOMTCS B CHAEAYIOMIEM [0~
DAOKE.

5.2.1. OnpenensnoTcsi TCPBHUHHE TOKH [JS BCEX CTO-
pOH BamHNIaeMoro TpaHcopMatTopa (aBToTpaHchoOpMaTo-
pa), COOTBETCTRYIOIHE ero HOMHMHAJBHOH MOMHOCTH (rpo-
XOonHOH MOIMHOCTH JJifi aBroTpaHcdopmaropa). Ilo sTHM
TOKAaM ONpeleNsoTCsi COOTBETCTBYIONHE BTODPHUHEIE TOKH
B myeyax sammrhl s, fi1s B frms, HCXOnA U3 Koaddu-
1IHeHTOB TpaHchopMauku TpanchopMaTopos Toka Kr (BH-
OHpaIOTC € YYeTOM NapaMeTpPoB HCHOJB3YeMOro 06opyno-
BaHHS, ero NepPerpysouHOit crnocobrocTH, TpeCoBaHMil pe-
fiefiHOi 3alETHL H CXEMBl COelHHEHHS TpaHC(HOPMATOPOB
TOKa; TPH COENHHEHHH TpaHcgopMaTOPOB TOKA B TPEYTO/Ib-
HHK — HCXO/I1 H3 TIEPBHYHOTO TOKa Imowm ¥ 3 BBHAY nefe-
coo6pasHOCTH MMEeTb BTOPHYHBIE TOKH B [JieUe 3allHThl, HE
NpesslIa0NHe HOMHHANBHEI TOK TpaHC(OPMATOPOB TOKA
5 wian 1 A) u Kos(hdHiHeHTa cxeMbl Kex.

5.2.2. Bubupaerca otBeTBienue lors,monm,ocm TPAHC-
peakropa «pene TAV wnu aBroTpancOpMaTtopoB TOKa
(eci OHE HCNOJB3YIOTCA B IJeUe 3alWTH HA paccMaTpH-
BaeMoii CTOpPOHe) [Jf CTOPOHH, NPHHATOH B pacyeTe 3a
ocHoBHY0. BRG0P NpPOH3BOIMTCS B COOTBETCTBRH ¢ M. 5.1.4,
HCXO[A H3 3HAYeHHil HOMHHAJIBHOrO BTOPHYHOTO TOKa [BHI-
paxente (5.4)]. .

5.2.3. BuOHpaiOTCs OTBETBJIEHHS TPAHCPeaKkTopa pese
TAV wunu aeroTparcpopmaropoB Toka Thna AT-31 mim
AT-32 pnsi [pYTHX, HEOCHOBHBIX CTOPOH lors,mommecen MO
puipaxennio (0.5) B cooreetcTBHH ¢ m. 5.1.4, HCcxona u3
pHOpanHoro mno 0. 5.2.2 oTBeTBJeHHs JIA OCHOBHOH €TO-
POHB H HOMHHAJLHBEIX BTOPHUHBIX TOKOB Ha COOTBETCTBYIO-
IHX CTOPOHAX.

5.2.4. OnpenesisiioTci CTOPOHE, HA KOTOPEIX HCHOJB-
3yeTCs TOPMOXKeHHe, B COOTBeTCTBHH ¢ 0. 5.1.5.

5.2.5. Buibupaercs ycTaBKa «Hayana TOPMOKEHHT®
(1,0 uan 0,6/crn mon) B COOTBETCTBHH € 0. 5.1.7.

5.2.6. Bubupatoorcs orBeTBseHHS Jorn,ropm,mom TPOMeE-
HYTOUHBIX TpaHcdopMaTopoB TOKa TA 1eNH TOpMOYKeHHs
peJe HJE TNpPHCTABOK JIONOJHMTEJBHOrO TOPMOXKEHHS TO
(5.7) B coorBercTeHH ¢ 0. 5.1.6, WCXOasi W3 BTOPHYHHIX
TOKOB [mom,s B IJieUe SAIUHTH H KOS(@HIHEHTOB TpaHC-

dopmauun kar aBTOTpaHCGhOpMaTOpOR TOKa THna AT-31
une AT-32, eciH OHH HCHONB3YIOTCS B IJleYe 3AINHTHL

QOaHaKo B TeX cayuasx, KOrja pasHHua Mexay pac-
YETHHIM TOKOM K OamKaflUEM MeHBIUHM HOMHHAJILHBIM TO-
KOM OTBETBJIEHHA 3HAUMTeJbHO OOJEIIE, WeM Memay pac-
YeTHHIM TOKOM ¥ GmmxkaiitiyM GOJBIUHM HOMHHSJ/IBHHIM TO-
KOM OTBETBJIEHH#, Lieqecoofpa3Ho NMPHHHMATh K HCHNO/B30-
BauuMo Omuxaiitiee Oonblllee 3HAUeHHe, CBA3aHHOe C ITHM
yMEHBIIeHHe TOPMOJKEHHS KOMIEHCHPYeTCH B JaJsbHefilleM
BEIOOpOM yBeJHUeHHOTO 3HaueHHsi Kosd¢HUHEHTa TOPMO-
wenns — cm. (5.14).

5.2.7. Onpenensiercsi TOK HebanaHca B peXxHMe, COOT-
BETCTBYIOIIEM Hayajy TOPMOXEHHA [u6,ropm,mas, 1O
(23)—(2:5) u (5.3) ¢ yueroM pexoMeHpauii m. 5.1.3.

5.2.8. Onpenenfercs NepBHYKblii MHHHEMaJbHBIA TOK
cpabaThiBanusi 3allHTHl (ee UYBCTBHTENEHOro Opraea) Io
(5.1) 1 (5.2). OnpeznensieTcsi OTHOCHTENbEBIH MHHHMaJbHBL
TOoK cpabarniBanus peiie fo,pmin TPH OTCYTCTBHH TOPMO-
enua no (5.6) B cooTBeTcTBHE C n. 5.1.4.

5.2.9. Onpepensierca kosgduuEenT TOPMONKeHHs 3aniH-
TH PBropm. JLJIS STOr0 oONpenenseTcs NepBHUHBIA MaKCH-
MaJbHEI TOK, NpoXoaAmHi uepes 3amuimiaeMsiit Tpancgop-
Martop (aBrorpascdopmarop) npH BremreM K3 u BEMHC-
AsieTcs 3HAYEHHe MAKCHMAJBHONO pacueTHoro Toka Heba-
nanca Iss.pace N0 (2.3)—(2.5) m (5.3). Pacuer npouseo-
JIHTCA MO BhIpaxkennio (5.14) B cOOTBETCTBHM C . 51?1.8.

5.2.10. Onpenensiercs DEepPBHYHBLI TOK cpabaThBAHHA
OTCEYKH B COOTBETCTBHH ¢ m. 5.1.9.

5.2.11. Onpenensierca sHaueHHe KosdpuiEeHTa YyB-
CTBHTEJBHOCTH 3aIIATH (e€ YyBCTBHTENABHOrO OpraHa) kg
B COOTBETCTBHH € peKoMenpanuaMu n. 5.1.10.

5.3. MPMMEP PACHETA AMOMEPEHLIMANBHOH
TOKOBOHW 3ALLMTHI ABTOTPAHCMDOPMATOPA,
BLINONHEHHOMA C PENE TMNA O3T-21

5.3.1. B macrosilleM TpHMepe naH pacder OH$-
epeHnHanLHON TOKOBOH 3ammThl  aBToTpaHcdopMaTopa
0/121/11 kB momsoctero 126 MB-A. Asrorpancdopma-

TOpP HMeeT ECTPOEHHOE PpETYJHDOBAHHE HANPSXKEHHS MOA
Harpyskoii (PITH) Ha cTOopoHe cpejHero HanpaXeHHs
B npenenax +129, wnommHasgeHOro. Ha nopcrasumu ycra-
HOBJIEHO JiBa apToTparcdopMaTopa, KoTopele paboralor
napaJuieNsHO Ha ctoponax 220 u 110 kB.

IJjs ‘BOSMOMXHOCTH pPery/IHDOBAHHS HaNpsiKeHHS Ha

CTOPOHe HH3LIEro HATIPSIKEHHS YCTAHOBJIEH JIWHeHHEIH pe-
%n%ngmuﬁ tpaHcdopmarop 11115 9% kB mommocrhio

Hcxonnas cxema AMs NpHMepa pacyeTd, 4 TAKXKe cXe-
MH 3aMenlenns TpsMoit (oOpaTHoil) H HyJeBof nocJeno-
paTenbHoCTell npuBenensl Ha pe. 5.1. Tlpumep paccunran
B HMEHOBaHHHIX epnHHHNAX. CONpPOTHBIEHHS, TNpHBEeJEHHEE

TaG6nunua 5.1

Ofosnavent TOR : YrcnorOe 3RaTerHe A7# CTOPORBI
HaaMenoRaHHE BETHYHHE on;e;:.;fr;:;e 0, B e | —
Ssiom, mpox 125 000 125 000 125 000
TNepBuanLit TOK Ha CTOpoEaX 3amt- | [pow = ~—i—f-— '17*3—_739=3l4 Wzm? V-—S_—ﬁw=6569
IaeMoro aeToTranctopMaTopa, COOTEET- ¥t .
-CTBYIOUIHMII er0 NPOXOJHOH MOIHOCTY, A
Kosiduument Tpancopmammn tpasc™ |~ Ky 750/5 1000/5 3000/5
-(popMaTOpOE TOKA
Cxema coenusennsi TpaHcoOpMaTO- - o I y
POB TOKA
. Lnowkex | 314-V'3 -597.V3 6569. 1
Bropuusbifl TOX B IJieyax SalluTH, Teon, s = = | i il T 9-10 =185
£OOTBETCTBYIONLTH MPOXOAHOMH MOUIHOCTH $ 750/5 1000/5 3000/5 ]
SalHIaeMOro aBToTpancopmaTopa, A
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TaGnuna 52

N
n/n

HanmeHnoeanue sennynn

YucnoBoe sHayeHHe A/ CTOPOHH

OGczpavetine # MeToJ, onpefleieHus

220.{13]

110 B

I

10 kB

HomuHaabHEE TOK NpPHHATOrO
OTBETBJIEHNS TpaHCpeakTopa pene
Ha OCHOBHO# CTOpOHe, A

Mo (5.4)

Iore. mom, ocn << Iuown, B, ocu

3,63

Pacuerneiit TOk oTBeTB.eHHS
aBToTpancopMaTOPOB TOKa Ha
HEOCHOBHBIX CTOpOHax, A

[o (5.5)
Tors, pacy, HEOCH —
Iore, mom. ocu

= fagmM, B, HeocH !noa-l o i

3,63
5,163’g3 =5,17

3,63
3,62

=10,98

Tun aproTpancdopmaropos TO-
Ka, KOTOPEie BKJKOYAIOTCH B Iie-
Y0 3aULTHI

Hommuanuumii Tox nenoanaye-
MOro OTBETBJNEHHA aBTOTpaHC-
dopMaTOpOB TOKa, K KOTOpOMY
OJBOAATCA BTOpHUHHIE TOKH B
[Jieqe 3aikTh, A

Homep Henosnbsyemoro oreer-
BIIeRHS aBTOTpaHCHOPMaTOpPOE TO-
Ka, K KOTOPOMY NOABOAATCHA BTO-
pHUHLIE TOKH B TJieye 3auuThl

Homep ncnonbsyemoro orper-
BJieHHsI aBTOTpaHchopMaTOpOB To-
K3, K KOTOpOMY MOAKJIOYaeTes
peve

HomuHanbHblil TOK menonbaye-
MO0 OTBETBJIEHHA aBTOTpaHChop-
MaTOpOB TOKa, K KOTOpOMY IOJi-
Kiiouaetcst pesne, A

HomMuHatbHBIE TOK DpHESTOrO
OTBETBJIEHHS TPANCpeaKkTopa pere
H2 HEOCHOBHHIX CTOpOHax, A

Homep wcnonbayemoro oteer-
BJIeHHS 'rpalr(:peax'mpa pene

AT-32

AT-32

5,15

10,92

1—11

ITo Tta6a. [15.4

2,5

4,25

2,5

4,95

J

10

Pacyernuii Tok oTBETBNENHA
NpoMex<yTOYHBIX  TpanctopMaTo-
OB TOKa UenH TOPMOXKCHHS pe-
ne, A

Mo (5.7) :
HoM, B

kﬂT

paca =

I OTB, TopM,

3,62

5,16

5,15/2,5 —2.51

10,95

10,92/4,5 — 1%

Homunanbupii Tok opumsitoro
OTBETBJIEHHSl TPHCTaBKE M [po-
MEXYTO'UHBIX  TpaHCOpPMAaTOpOB
TOKa, A

[{)15. TopM. HOM

3,75

2,5

3,75

Homep wmenonbayemoro oTeet-
B/HHS TDHCTABKH H [POMEX(Y-
TOUHBIX TpanclopMaTOpoB TOKa
perne

[To 1a61. T15. 2

3—245
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S1x max=9000 MB-A V3

N PSR I.;I Xer=5868(6,82) 0m Xe1=5,86(8,62) 0M

o

Xars=374(62,6)0m |Yane=374(625)om

ATDUTH~125000
230/121+12%/11xB

Xaro=—R7(174) Xagc=—&7(f34)ﬂﬂ

Un,BH-cH(-P0)=16,9% 1
A 4 ] =96(215)0
U H-ni-pey=20,3% P-—)E:-D'—‘rs: Xz =56(215)0m Wi~ :
m,m-m,(wa)—'f.ﬂ;% —8,7(174)0m | -8,7(174) 0m Xr= |
= Ueh-HH(+Poy=20, ———14 220(252) ” — Y =g5(21,5)0m

Ep=
X = 938(685) On

Uy, 8- =31%

=83,8(66,5)0m
Xur,ﬂz XIH:H 3,&{ J}

=938(68,5)0m

X =1780m | | X;=1780m - Y

T i

ATDH-40000 ;mm‘
f1+15%xB

Xy=63(115)0m
Xp=63(115) 0m

(3)

8)

220(252)

220(252)
Eg=——=—xB
R
8820m

220(252)
Ey=—n—=xB
AT

K

374(62,6) Om

374(62,8)0
~87(174)Om G851

~87(7%)0m

—gli

2468(1438) A Kgg} ’

2)

—8,7(174) 0m
93.8(68,5) Om




Puc. 5.1. IMpumep pacuera auddeperumanbnofi  TOKOBOR
38UIHTH aBTOTpaHc(OpmMaTOpa, BBHINOJHCHHOII C pese THDa
HO3T-21:

4 — MCXoAHan cxeMa; 6 — cxema samewlenuna npsmo#t {(oGpaTHOH)
HOCJAEAOBATENLHOCTH W TOKOpaclpejiesicnie NpH BHElIHeM Tpex-
QasioM K3 B Touke Kg B pexkHMe [2; & — ¢xeMa SaMellleHHA
HYJIeBOi NOCJe/AUBATEIbHOCTH; & — CXeMa 3aMellenns MNPAMOH no-
CJIeA0BATENbHOCTH JJIA ONpefesicHHsl TOKa npu prneniHeM Ttpexdas-
HoM K3 B rouke Ks B pexume I111; 0 — cXembt 3aMmeuieHHs OpAa-
Mol (oOpaTnoll) nociesopaTeNbHOCTH ANA onpeuenenns Tokos K3
MemAy JMAByMs ¢asaMH B 3aujHIMaeMoll 3one B touke Ky B pexu-
Me IV2; e— 10 e, 410 H &, HO B pexnume 1l; 2 — TO IKe, UTO
H @, #o B Touke K B pexkume [I2; 35— 10 me, uTO H O, HO
B Touke K; B pexume I1I2; u — cxema samelleHHS uyJesBoll no-
CAeNOBATEILHOCTH OAf OnpefleNeHH’ TOKOB oiHodaszHoro K3 B aa-
uHUlaeMol 30He B 1odKe K, B pemume 112; k— 7o xe, UTO H i,
HO B Touxe Ky B pexume 1112,

lNpumevanun: |. B cxemax sameuleHHs Ha puc. 5.1 pa-
Ikl HOMHHANBHOe H MakcHManbHoe palbovee (B cKOOKax) Hanpsi-
#euHs ceTH. CONPOTHBAEHHA NHTAlOWMX CHCTEM YKasadbl OJA
MaKCHMAaJIbHOMC H MHHNManeHOro (B cKOOKax) pexHmMos paloTh.
ConporueiieHHs  apToTpaHcdopMaTopa H TOKH K3 yKasaHel s
KPaunnx OTKJAOHEHMil peryJjsiropa b CTOPOMY YBeJHYCHHRE H YMeHb-
wenHA (B cxofkax) MmanpskeHHs PeryaHpyemMoll oOMOTKA. {po-
THEJIEHHS JaHHelinoro peryauposounoro tpancdopmaropa npH MH-
HHMaJIBHOM "M MaKcHManbHoM Kosgpuumentax TpanchopMauus
NpaKTHYEeCKH OAHHAKOBLI H MOITOMY YHKasaubl OLHUM SHaYeHHEM.
COnpoTHBJIEHHS peakTopa YKazaHel AJA KpalHNX OTKAOHeHH# pe-
TYJNATOpa JHHEHHOro peryaHposoynoro TtpauchopMmaTopa nHpH oT-
PHUATEIBHOM H MOJIONHTeNsHOM (B cKOGKax) perynHpOBaHHH.
LOﬂpC}TﬁBJIEHH}'I BCEX 3JIeMeHTOR YKasadbkl B OMax H HPHBE,REHI:I K
CTOpOlie BHICIUETD HaNpPAMKEeHHS.

2. Pexumul oGosuauensi: | — Bkalovennl o0e cucTeMBl H Bee
BhlKAOYaTenH aptorpancdopmaropa; Il — BrjloveHB! ofe CHCTEMI:,
HO OTKAKYEH BBKAIOYATE/L 3aliHIlaeMoro asTtorpadcedopmaTop.
co cropousl BH; 111 - BrilodeHbl ofe CHCTEMBI, HO OTEAKOYCH
BLIKJIIOYATENb SamHlliaeMoro asToTpaHcdopMaTopa ¢o  CTOpPOHW
CH; IV — othuiodena cHerema CH, Bee BBIKJIONMATENH BEJIOYEHE;
I — 8 paGoTe HaxonHTCH oauHM aBToTpancdopMatop; 2 — B paGote
HAXOAATCHA [ABa aBTOTpaHcQOpMaTOpa.

3. Cxembl saMeulennsn upsimofi (o6paTHOil)
CTH JJA CcJay¥aeB o H K npHBenes
pec. Bl u 3

NOC/IEA0BATENBHO
COOTBETCTBEHHO Ha

K CTOpPOHE€ BHCIIEr0 HAMpsKeHHs, HA cXeMax 3aMen|eHHS
ykasaHel B owmax. ConpoTHBJICHHA S3aulHILACMOF0 aBTO-
TpaHcopMaTOpa paccuMTalbl NpH ABYX KpAiHHX NOJOKe-
HHSIX peryjsaTtopa.

ConpoTHB/eHHS JIHHENHOr0  PeryJHpPOBOYHONO TpaHCc-
dopmatopa u peakTopa (CONPOTHBJEHHS KOTOPOrO PacCyH-
TaHL NPH ABYX KpaiiHHX MOJOMEHHSX pPeryiHpoBOYHOro
aBTOTpPaHc(OpMaTOpa) 3aHMCTBOBaHB H3 TNpHMEpa pacyeTa
uGpepeHIHaIbHOH 3aUMTE Lenell cTOPOHLI HH3LIero Ha-
npsixenus (cM. m, 7.3)

5.3.2. PacueT 3amuTE NPOM3BOAMTCH B ClEAYIOUIEM
NOpsKE.

5.3.2.1. Onpezensi0Tesi MEPBHYHBIE TOKH s BCeX CTO-
POH 3auluwacMoro aBToTpanchopMaTopa, COOTBETCTBYIOLIHE
ero npoxoanoit moutnoctd, llo stum Tokam onpenedsioTcs
COOTBETCTBYIOUIHE BTODPHYHBIE TOKH B MJeyax 3auliThl
laom,s, uCXOAS M3 KO3(PHUMCHTOB Tpancopmalmu Tpamc-
(popmatopos Toka K; B Ko3G¢uUHCHTOB cxembl Eex. Pac-
YeTH BBINOJAHEHB B COOTBETCTBHH ¢ n. 52.1 M ceegens
B tabn. 5.1.

53.2.2. BuibHpaoTesi OTBCTBACHHS TPAaHCPEaKTOpa pede
TAV pnsa ocHOBHO# CTOpOnBl (33 OCHOBHYIO TPHHHMAETCs
ctopona 220 kB, na koropoli BTOpHYHBIH TOK B mieye 3a-
UMTHL TMPHMEPHO DPaBell HOMHHAJIBHOMY TOKY OTBETBJEHHS
Tpancpeaktopa pene) lors,uom, ccn-

Pacuer npouspojgntcs no Beipaxkenuio (54) B cooT-
BeTCTBHH ¢ n. 5.1.4.

5.3.2.3. BribuparoTcs OTBETBAEHHS ABTOTpaHCHOpPMATO-

B Toka AT-32 ans neocnoBubix ctopon 110 u 10 KB

orE,noM,neccn, HCXOAH H3 Bblﬁpa“"ﬁro OTBETBJCHHA TpaHC-
peaktopa pene TAV pns ocnoeHofi c1opobl lors wom,ocH
(n. 53.22) H HOMMMANBHOrO BTOPHYHOTO TOKA B MNJeuc:
3aWMTEl  Ha  pacCMaTpUBaemMoil  HEOCHOBHOH  CTOPOHC:
Taom.p,8e0cn (. 5.3.2.1), no Beipaxenmo (5.5) B cooTeet-
creiM ¢ n. 5.1.4. Pacyetn no nn. 5.3.2.2 u 5.3.2.3 ceefieHu
B omn. 1—9 taba. 5.2. :

5.3.24. Onpejensiorcsi CTOpoHbl, Ha KOTOPHLIX HCMNOJb-

3yeTcst TOPMOXCHHE, B COOTBETCTBHH € PCKOMEHAALHAMH
o. 5.1.5.

3.

Beniy HanHums nHTAHHA ¢ ABYX CTOPOH M BO3MOMHO-
CTH mMepejayd Harpy3ku xak co ctopoum BH, 7ak u co
yeToponnl CH nenccooGpasio oCyuleciBAATbL TOPMOMCHHE OT
TOKOB, IMpOXOAAUMX BO BCEX CTOPOHAX 3auHLUAEMOTO
aBtorpancpopmatopa. [Ing 3TOro, MOMHMO NPOMEX yTOYHbIX
Tpanc()OpMATOPOB pene, HCNoAL3yercss NpHCTaBKa JAonod-
HHTEJLHOTO TOPMOKEHHS.

5.3 25. Bubupaetcsi YcraBka «Hayana TOpPMOIKeHHA»
:vopu,naqﬁ!,ﬂ B COOTBETCTBHH ¢ n. 5.1.7 ¥ Ha OCHOBAHHH

n. 5324

5.3.2.6. BuibupaoTcsi  OTBETBJAEHHS  NPOMEKYTOYHBIX
TPaHC(OPMATOPOB TOKA M NPHCTABKH AOTOJHHTENBHOrO
TOPMOKEHHS,, HCXOAA H3 BTOPHUHEIX TOKOB [yom.s M BHI-
Gpanubix B n. 5323 kosdduunenToB TpaHcdopmallhn
apToTpatcopmatopoB Toka AT-32 kar (Rar onpepensior-
ca B3 nn. 4 u 7 tabn. 5.2), no ewipaxenuo (5.7) B coot-
BeTCTBHH ¢ 1. 5.1.6.

HoMusanbieiit TOK NpHIATOr0 OTBETBACHHS TPHCTAB-
KH, YCTaHOBJEHHOH B LeNsAX 3allMThl cO ctoponbl 220 kB,
pasuuii 3,75 A, Gosbuie pacyetHoro — 3,62 A. Takoe npe-
BHIlIEHHE BO3MOX1I0 B COOTBETCTBHH ¢ n. 5.2.6.

Pacuetn cBegenn B nn. 10—12 taba. 5.2.

5.3.2.7. OnpenensieTrcs NePBHYHBIH TOPMO3HOH TOK, cO-
OTBETCTBYIOUHI «Hayany TopMoxechHa», no (5.11)

3,75

i =0,5-314 el
o, s, w = 0.5-314 (2

2,5
2,51

.1) — 318,5A.

5.3.2.8. Onpenensercs Tok HeGajaHca B pexHMe, cO-
OTBETCTBYIOLIEM <«HAYaJy TOPMOMEHHS®, 10 BLIPAMEHHAM
(6.1), (24), (2.5) n (5.3) B coorBercTBuH ¢ nm. 5.1.2.1 #

fus;mpm_m.;= (1.[-0.("5 40,124
5,17 5,15

—555A.
517 I) 318,5 OA

53.29. Onpepensercs mnepBHYHBLIEI MHHHMAJBHBIR TOK
cpabaTbiBaHHsi 3aulUThl (ce YYBCTBHTEJBHOIO opraHa) mno
CJEAYIOUHM YCAOBHAM:

OTCTPOHKH OT PacdETHOrQ NMEepBHYHOro TokKa nHebasaHca
B pexHMe, COOTBETCTBYIOLICM Hauyany TOPMOMKEHHsH, M0

(5.1)
lc,amin}],5'55,5=83,3 A;

OTCTPOHKH 0T TOKAa HebGanaHca NepeXoiHOTO PCIKHMA
sHemrero K3, no eripamenmo (5.2)

lo,smin=0,3-314=94 A;

3a pacueTHoe npHHHMaeTci OGosbliee H3 NOJYYEHHBIX
pacueTHEIX 3HaueHuii lc,amin=94 A.

5.3.2.10. Onpenensiercsi OTHOCHTE/bHBIH MHHHMAJILHBII
TOK cpabaThiBaumsa peide (€ro YyBCTBHTEJbHOrO OpraHa) mpu
OTCYTCTBHH TOpMOxeHns mo (5.6). 3a pacueTHyio npHHH-
MACTCA CTOPOHA CpEjHerc HanpsixeHHs B COOTBETCTBHH

cmn 514
O et
9 = V3
ic. pmin = W =0,301 =~0,3.

5.3.2.11. Onpeaensieres: NCPBHYHEI MaKcHMAaJbHBIA TOK,
TIPOXOAALLMHA uepe3 3amHiacMblii aBTOoTpaHcpopMaTop npH
srewmen K3 (cxema zameufouns ans pacuera Toka BHeln-
siero K3 npueesena Ha puc. 5.1,2)

I : 220 '
P S5 88 34

2938 A,



Tabnuua 5.3

v KoshhniHenT 4yBCTBHTETLROCTH 3auurel J13T-21
Bug K3 B salnuliaevoil 3oHe H PemHM paBoTEl CHCTEM
npn +PO l npx —PO
547V 3 458V'3
K3 meway meymsi dasamn ma cropoue HH asrorpancdopmato- . A =4 87
pa sa peaxtopom B pexcime 1V2 (puc. 5.1, 0) 9 V3 94 V3
66V3 _ 488V3 _
K3 mexny nsymsi dasam sa cropose HH asroTpancdopmaTo- —=6,45 —5,19
pa 3a peaktopoM B pexcume 11 (puc. 5.1, ¢) 94 V'3 %4V3 -
2440-2 1302-2
K3 mexnay apyma dasamn ma cropone BH asrorpancdopmato- gm_:.s.il} Vi =16
pa B pexcime 112 (puc. 5.1, o) 94¥ 3
K3 mexpy nngml dasamu Ha ctopore CH aproTpascopma- _2_4%'_2_:30_35 L%;z:_=l7’7
topa B pexume 1112 (pue. 5.1, 5) uV3 94V'3
K3 ma semno opmoil asut Ha ctopore BH aBroTpancgopwva- ﬂ!;l_;_” --1—3-?%:8,6
Topa B pexcme 112 (puc. 5.1, ) 9%4V3 94V3
K3 na sem1i0 onmoit dase wa cropone CH aerorpalicdopmaTopa M=17.4 _15_9_OL.£T=9’8
B pexame 1112 (pue.5.1, K) 94V'3 94V3

# COOTBETCTBYIOIHA €My MaKCHMalbEl pacueTHuiil TOK
nebanasca Ins,pace No (2.3)—(2.5) u (5.3), npuiem (5.3)
cocTaBneHo AJjsi pacuernoro premnero K3 (ompepensiercs

[ B a emecto I Henonb3yeTes fxmax); KO-
O, pacys TOPM,H2Y,E Emax);

shHUHEHT, YUHTHIBAIOWHH nepexojHel  PekHM,
B (24) npunst passum 2 (m. 5.1.8.3)

knep

T o = (2.1.0, 140,124

5,17—5,15

2938 = 952 A.
|

5.3.2.12. OnpepensieTcd Ko3(Q()HUHEHT TOPMOMNKEHHS 3a-
muTE no (5.14) B cOOTBETCTBHH C M. 5.1.8

952 3,62
1.5 314 3’63 —"Gll:; 16
krops = 5038 (3,62 2,51 1=0'5 -
T 314 3.75+ 2,5)

5.3.2.13. Onpepensiercs NCPBHYHBIA TOK cpabarbiBaHH
orceukt lc,ore TO YCIOBHIO OTCTPOHKH OT MaKCHMAJbHOLO
NepBHUHOrO TOKa HeGanaHca [np,pace TPH NEpPeXOfHOM pe-
weme K3 ma mmuax 110 kB no (2.1) B coorsercTBHH
cn 5192

3nauenHs Toka Hebananca [ae,pacys BXOASILIETO B BHI-

paxenne (2.1), H ero cocTaBAAIOIHX Inci.pam .
=g rt e
g6, pacy M Tug, pacy  OMPENENSIOTCH  COOTBETCTBEHHO TIO

(2.3), (2.4), (2.5) u eepaxenuo, anNajJOrHTHOMY (5.3), HO

coctapnennomy ana pacuetHoro K3; koadgHunenTt kuep
B (2.4) npunsT paBHLIM 3
L6, pacu = (3-]-0.1 40,12
5,17'_“ 51 15
5,17
.rc,q-;c.‘pagq#1,5'1245-:!870 A..
VeraBka oTceukH npHHsTa paBHoH 6/ors,mon. IlpH 13-

KOit ycTaBKe NepBHUHBI TOK cpalaTbiBaHHs OTCEYKH Gounp-
llle erO PACUETHOrO 3HAUEHHA H paBeH

|) 2038 = 1245 A;

750
I, orc=6:3,63 Té_ﬂlago A.

5.3.2.14. Onpepensiercss Ko3(pHIHEHT UYBCTBHTENbLHO-
CTH 3amMTH (ee HYyBCTBHTeNLHOTO oprana) kg mo (2.26)
B cooteetereum ¢ m. 5.1.10.

CxeMsl 3amellleHHsl Ansi pacueTHelX BHAoB K3 B 3auw-
[112eMOil 30HE M COOTBeTCTBYIOIHE HM TOKH NpHBEAEHH Ha
pHc. 5.1,0—x.

Peaynbratel pacuetos kg. cBepenst B Taén. 53. Hs
Tabn. 5.3 caefyer, YTO UYBCTBHTEJBHOCTH 3alMTE ofecrie-
uypBaeTci ¢ GoNbIIMM 3anacoM. YKasaHHoe NOATBEPIKAAET
TO OOCTOATENLCTBO, YTO pACHeT YyBCTBHTENbHOCTH andde-
peHuHancHON 3allMTH, BHINONHEHHOH ¢ peje Thna HA3T-21,
KaK npaewJio, IPOM3BOAHTL He TpebyeTcs.

5.3215. Crnenyer OTMeTHTb, YTO ANsi paccMaTpHBae-
moro astoTpaHcdopmartopa mousoctbio 125 MB-A Gonee
llenecooGpasHelM C TOUKH 3peHHA obecneyeHHs GombIlei
YYBCTBHTENEHOCTH K MOBPEXAEHHSM B JIHHEHHOM perysiH-
poBouHoM TpaucopmaTtope (B mpumepax paccmoTpenst K3
33 peaKTOPOM) HBJSIeTCH HCNOJBb3OBaHHE OTAeNbHOf AHG-
<epeHIHaNLHOR TOKOBOH 3alLUHTHE Uenedl CTOPOHEL HH3WIEro
nanpsKeHusi aetoTpaHchopmaropa (cM. TN, 7) H BKJOue-
HHEe PpaccMOTpPCHHOH AH(QdepenimanbHoil  3alMTH  aBTO-
TpaHcopMaTopa Ha BCTpOEHHHe B aBTOTPaHCPOPMATOP €O
ctoporn HH Tpamncopmatopsl Toka (cM. <Pykosoasuue
yKazaHHs [0 peneiidoit samuTe. Bemyck 13A» n. 2.1.2).



6. AUDDEPEHUMANIBHAS TOKOBAS 3ALLMTA OLWUMHOBKM BBICLUEFO
(CPEQHErO) HANPSXKXEHMS ABTOTPAHC®OPMATOPOB

6.1. YKASAHHA MO PACHETY

6.1.1. Huxke [aHEl OCHOBHHIE YKA3ZaHHA N0 pacyery
IuddepenunanbHoii TOKOBOH 3aIUHTH OLIHHOBKH BBEICHIETO
(cpenHero) HanpseHHs: aBTOTPaHCHOPMATOPOB, BHINOJHEH-
Hoit ¢ pene cepur J3T-11 (cm. «PykoBoasimHe ykazaHHS
no peseiiHoit 3amure. Bemyck 13A», puc. 2.2)

3awura NpHCOE/IMHAETCA K TpaHCGOpMAaTOpaM TOKa,
ECTPOCHHBEIM BO BTYJKH BhiCliero (CpefiHero) HanpsiKeHHs
apToTpancopmaTopa, H K BHIHOCHBIM, YCTAHOBJIEHHEIM
B leNAxX BHKJIOYaTeNeli BLICero (cpefHero) HaNpsKeHHS
WJIH BCTPOEHHBIM BO BTYJKH 3THX BLIKJIIOuaTeseH, TpaHc-
¢dopmaropam Toka. Topmosnas ofmotka HTT pene npu-
COE/IHISETCS K OJHOMY M3 TpaHcgopMaTOpOB TOKa, ycTa-
HOBNEUHBLIX B 1eNsX BHIKJIIOYATENst BHCWEro (cpejHero)
HATpAMENHs, NPHMBKAOMero Kk 60nee MOLIHOM YaCTH CETH,
Vkasaunoe obecneynpaeT OTCYTCTBHE TOpMOXenHst npy K3
B 30He JIEHCTBHS 3aIUHTHL B pey<HMe onpoboBaHHs ABTO-
TpaHcdopMaTopa €O CTOpOHBI CpejHero (Bniciiero) ira-
npsieHHs H Melbllee 3HAYeHHe MHHHMaJblOro NepBHYNOro
TOKa cpabarThiBaHHsi 3alMTLl (NPH OTCYTCTBHH TOPMOX<C-
HHS1), T. €. OOMbUIYI0 YYBCTBHTEJBHOCTH 3aUIHTEHL

HacTosiine yka3anus MOLYT HCIOJNBb3OBaThCA TaK¥Ke
npu pacuete nH(GepeHUHAILHOR TOKOBOH 3alIHTHl OLIHHOB-
KH BEHICNIETO HanpszKeHHs TpaHcgopMmaTopa.

6.1.2. TlepBuunetit TOK cpabaThiBaHHA 3AIUHTHI BHIGH-
paeTcsi TO YCJOBHIO OTCTPOHKH OT PacyeTHOro MakCHMallb-
HOTO MepBHYHOTO TOKA HebanaHca [np,pace NpH NEpexof-
HoM pexcuMe BHemHero K3 B cayyae OTCYTCTBHS TOpPMO<e-
HHSl, T. €. NPH OTKJIOUCHHOM BBIKJIOYaTese, Ha TOK B IelH
KOTOpOro BkJiouena TopMoaHas o6motka HTT pese. Tlpu
STOM [0MKHO paccmaTpHBaThess K3, BHemnee no oTHoLUe-

7. AMDOOEPEHUMATIBHAS TOKOBAS 3ALLUMTA

HHI0O K Ju(depeHuHaNEHEM 3amETaM coGCcTBeHHO aBTo-
TpaHcopMaTOpa H €ro OUIHHOBOK.

OfcTpoiika npouspoautcs 1o (2.1), B KoTopoM Korc
npHHUMaeTcs paBHEM 1,5.

6.1.3. HenefictBHe zammtel npH BHemnux K3 ua cTo-
pOHe, TIe yCTaHOBJEHa PACCMATPHBAeMAas 3allHTa, B Chy-
yagx, KOrja Ha 3TOH CTOpoHE BKJIOYeHH 06a BHIKII0YATEJs
# TokH K3 uacTHuHO KM TMOJHOCTLIO HE OrpaHHYHBAKOTCH
conpoTHRNeHHeM aBroTpancdopmatopa, obecneyHBaeTCs
TOPMOIKEHHEM.

Pacuer TpeGyemoro umcia BHTKOB TOPMO3HOH OOMOTKH
HTT pene npoussojwtcs no (3.4), B KOTOPOM Wpasc—
pacueTHO® HJH NPHHSTOE YHCAO0 BHMTKOB paboueil 0OMOTKH
HTT pene, npHcOeNHHEHHOH K TeM ke TpaHchopMaTopam
TOKZ, 4TO H TOpMO3Has 0OMOTKA.

6.1.4. UyBCTBHTENILHOCTE 3aIUKTHl OlEHHBAETCS MPH Me-
rajnuueckoM K3 mexcuy apyMs ¢azaMm H NpH 3aMblKa-
HAX A 3eMJI0 OfiHOH (a3pl HA OUIMIOBKe Boicliero (cpej-
Ilerc) HANpAMKeHHs B pexkuMme onpobGoBaHHS aABTOTPaHCGOP-
MaTopa, K4K [paBHio, CO CTOPOHBEl cpejiero (Bhicliero)
nanpsixeins 1 pabote aproTpaxcopmaTopa Ha PACUETHOM
OTBETBJEHHH. :

PacuetnniMu pexumamu paGoTel MOACTAHLHE H NMTAIO-
KX CHCTeM SIBJSIOTCH PEaiLHbIEe PeHMb, 00YCJIOBJIHBAIO-
uHe MHHHMAJbHEIH TOK NpH pacdyetHoM Buie K3.

Ko5()pHIHEHT YYBCTBHTENBHOCTH Ry ONpPENENSAETCS IO
(2.26) B cootpercTeud ¢ m. 2.1.7, mockosbKy B pacCcMaTpH-
BACMOM cJlyuae TOPMOXEHHEe OTCYTCTBYET.

B cooreercteuu ¢ ITVD (n. 3.221) npu K3 na omm-
HOBKe BHICIUEro (CpejiHero) HanpsikeHHS! aBToTpaxctopma-
Topa B pexHMe onpoGopamHs TpebyeTcs O0eCIeYHTh Hak-
MEHBIIHI KOS(QHIHEHT UYyBCTBHTENBHOCTH — mopsizka 1,5,

LENEA CTOPOHDI

HMU3LWENO HANMPIMKEHMSA ABTOTPAHCMOPMATOPOB

7.1. YKA3AHMA NO PACYETY

7.1.1. Huxxe naHsl OCHOBHBIE YKA3aHHS MO pacyery
JmddepeniKaisHol TOKOBOH 3aIHTH ueneif CTOPOHEI HH3-
Ulero HanpsiKeHHs ABTOTPaHC(GOPMATOPOB, BHIMOJHENNO
c pene cepun JI3T-11 (cm. «Pykopogsmuue ykaszaums no
pefeiiHoii 3zamute. Bemyck 13A», pHe. 2.1 1 2.3).

3amuTa mpHCOeAMHSIETCST K TpaHcopMaTtopaM TOKa,
BCTPOEHHBIM BO BTYJKH HM3LIETO HANPSXEHM aBTOTpaHc-
dopmaTOpa, H K BEIHOCHEIM TpaHc(OpMaTOpaM TOKa, ycTa-
HOBJEHHLIM Ha OTBCTBJIEHHSX K cekuuaM mupn 6—10 xB.

Topmosnas obmorka HTT pene BriouaeTcss HA cyMMy TO-

KOB BHIHOCHBIX TpancopMaTopoB ToKa, 4TO obecneyHBaet
oTcyTeTBHe TOopMoxcHHs npy K3 B samumaemoi sowe,

,  7.12 TlepBuusblii MHHHMAaJBHENT TOK cpaGaThBaHHA
3alHTH BRIGHPAETCS IO CJAENYIOMHM YCJHOBHSM,

7.12.1. Tlpy HanuuH¥ HA CTOPOHE HH3LIEr0 HAaNpsie-
Hufl @BTOTpaHcopMaTopa JHHEHHOTO PETYJHPOBOYHOTO
TpaHcpopMaTOpa — N0 YCJIOBHIO OTCTpOHKH 0T Gpocka Ha-
MarnHuYMBAIOIET0 TOKA B  JHHeflHOM  peryJiiponoyliom
TpancopmMaTope TpH BKJIOYCHHH €r0 TOJA HAampsiiKelHe,
NPH 3TOM HAHOOJBIICC 3HAYMCHHE pAacCMAaTPHBAEMOro Hamar-
HHYHBAWOWEro TOKa ﬁy,ne'r B cJayuae, Korja MQI‘HHTOI‘IPOBO-
Iul 06OMX 3JIEMEHTOB JHHCHIIOrO peryJiHpOBOYHOTO TPAHC-
¢dopmaropa  (mocnefoBaTensHOro  TpahHcdopMaropa H
PETYJIHPOBOYHOTO  aBToTpanchopMaTopa)  HACHUIAKOTCS,
a MarHHTOMpPOBOJI OCHOBHOTO aBToTpaHc(opMaTopa He Ha-
CHILLAETCS.

Pacuer npouzeoautes no (2.2), B Koropom snauenue
k npunumaerca pasBubm  1,2—1,5, a TOK Igem P2BHEIM
Ion per,nom — HOMHHAJILHOMY — TOKY,  COOTBETCTBYIOLUCMY
9JIeKTPOMATHHTHOH MOIHOCTH JIHHEHHOr0 peryJHpOBOYHOTO
Tpancdopmaropa, onpeieAeMOMYy IO BHIpaxeHHIQ

(7.1)

!'au.nur,uouzfrx.vnr.n nukm

rae [a per,mom — HOMHUANLHEI TOK JHHEHHOrQ peryiHpo-
BOYHOro TpanchopmMaTopa («TOK B JHHHH»), COOTBETCTBYIO-
uwui cpefeMy TNOJNOXEHHIO MEPEKNTIOYAIONIEro ycTpoHcTBa;
kn — K03 pHUHENT TpaHCHOPMANHH  NOCJe/|0BATENILHOTO

TpalcopmaTopa, onpejessieMblfi N0 Bepa)ceHHIO  (cM.
npuioxkenue I16):
Us. of,
by A ) i L) (7-2)
Uf]mu

rre Upq nos,xp — AuHeiinoe A06aBounoe HaNpsXKEHHE MNpPH
paGoTe peryJHpPOBOYHOrO aBTOTpanchopMaTopa Ha KpafineM
orBerBAeHUH; Ujuom — HOMHHAJBHOE JHIEiHOe Hanpsce-
HHE JIHHEHOTO PeryJIMpoBOYHOrO TpaHchopmaTopa.

* 7.122 Tlpx OTCYTCTBHH Ha CTOPOHE HH3LIETO HAmpsi-
JeHHs1 apToTpaHcdOpMaTopa JHMHEHHOTO peryJHpOBOYHOrO
TpancdopMaTopa — Mo YCJOBHIO ofecneueHHs 3ajaHHON
YYBCTEHTEJLHOCTH B 3alUMIIAEMOH 30He; NpH 3TOM peKo-
MEHIYeTCcA TNpPHHEMAaTh KO3(GHIHEHT YYBCTBHTENbHOCTH
ke=20.

7.1.3. Uucna sutkoB paGounx o6motrox HTT pene, co-
OTBCTCTBYIONNIX MHHHMAJLHOMY TOKY cpaGaThipamHHs 3aly-
7Bl lo.amin, onpefedsiores no (2.18) v (2.20) B coorser-
cTBHM ¢ 0. 3.14.

7.1.4. Hepeiictere zamuthl npu Buemnux K3 Ha cto-
pOHEe HH3WICr0 HanpsMKeHHA 06eclcYHBAETCH TOPMOIKEHHEM.

Pacuer TpefyeMoro 4HCIa BHTKOB TOpMo3HOf 0OMOT-
ki HTT pene npoussojutcs mo BelpawenHio (3.4), B KoTo-
POM Wjac — PaCUeTHOE HJH NPHHSITOE YHCJIO BHTKOB pao-
yeit obmotrku HTT pedae, npucoefnHeHHOH K BHHOCHEIM
TpanchOpMaTOpaM TOKA, YCTAHOBJAEHHHIM HA OTBETBJEHHSX
K cekuysmM mHH 6—10 KB.

7.1.5. UypcTBHTEJNBHOCTD 3ALUHTH OLEHHBAGTCA NPH Me-
tanauuyeckom K3 memay ppyms ¢dasamu KoshdHUMEHTOM
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9YBCTBHTEJBHOCTH kq, onpcacJgeMuIM HCXOAH H3 TOTO, uTo
upy K3 B 3aluuiaemoli 30He TOPMOMKE€HHE OTCYTCTBYET:

;(2}‘_
o 20, (7.3)
!c. amin
rie I.ﬁm — MHHHMAJLIIOe 3HAYEHHE NCPHONHYECKOH CO-

ctapiisioniedt Toka K3 npH 3aMuikaHid Meway AByMs (a-
3aMH B 3alHIacMon 30HE; [fe amin — MHHHMAJBHBIH TOK
cpabaTLHBAHUS 3ALUNMTH, ONpPEAEAsieMblii YHCJIOM HCTIONB3O-
paHHLIX BHTKOB paboucit obmorku HTT peJsie, npucoenumnen-
HOll K TpaHc¢oOpMaToOpaM TOKa, BCTPOEHHBIM BO BTYJKH
HH3LIEro HATpsKeHHs1 aBToTpancdopmaTopa.

[lpun Ha/muHH HA CTOpOHE HH3LIETO HATPSMKENHS aBTO-
TpancOpMAaTOpa JIHHEHHOrO PEry/IHpOBOYHOro TpaHcdop-
MaTOpa MJH TOKOOTPaHHYMDAIOLIEro pPCakTopa YYBCTDHTCNL-
focth mposepsercs npu K3 3a stumn snementamu; K3
MEXAy TNOC/enoBaTeNbHEM TpaHc(GOpPMaToOpoOM M peryJH-
pPOBOMHEIM ABTOTPaHC(OPMATOPOM MOMKCT 1ie paccMaTpH-
3aThcd, ecnu (KaK 9TO W BHNOJHAETCH B HacTosilllee Bpe-
vf) 0Da 9TH 3JIeMCHTa JHHEHNOrO PEeryJHPOBOUHOrO TpaHC-
¢opmaTopa pacnoJiaraloTess B ofHOM 0ake H 3allHLIAI0TCHA
ra3oBHM pelie H pedie laBJienHs.

YyncTBUTENBHOCTL 33UHTH ONpesienseTcs npH paboTte
CHJIOBOrO aBTOTpaHchOpMAaTOpa H JIHHEHHOro peryJiHpoBOu-
HOro TpaHcopMaTOpa Ha pacueTiHX OTBeTBaenHsX. Pac-
UETHHIMH peXHMaMH paboTLi MOACTAHUHH ¥ THTAIOWHX CH-
cTeM SBJAIOTCH PCalbHO BO3MOXKHLIC DCHHMBL, 0BVCJIO0BJI-
BalOLIHe MHHHMaJbHLT Tok K3.

B coorserctonn ¢ II¥2 (n. 3.2.21) npu K3 na puso-
[0aX HH3LIEro HanpspKenus asToTpancdopMaTopa W 3a JH-
HEeHHLIM  pEryJiHpOBOUHHM TpaHcdopmatopom Tpefyercs
ofecneunTh HAHUMEHBLUIHI KOIDGOHIHEHT UYBCTBHTEJLHO-
cTH — npumepno 2,0, a npn K3 3a ToKoOrpaHHUHBAEIOLIHM
peaktopom — 1.,5.

7.2. PEKOMEHOYEMBIA NMOPAQOK PACHETA

B COOTBETCTBHM C TPHBCAEHHBIMH B n. 7.1 yKazaHHAMH
pacuer aH¢pepcHiHaNbHOl 3aUHUTH penelf CTOPOHLI HH3-
IIero HanpsKeHHs, BHTOJHeHHOH ¢ pesie cepun JI3T-11,
TPOH3BOAHTCA B CJeNyIOLIEM TOPAMKE.

7.2.1. Ilpy nHaJHuHM HA CTOPOHE HHAILUEro HANPSKeHH#
aproTpaHc(OpMaTOpa JHHeHHOTO PEryJHPOBOYHOFO TpAaHC-
dopmaTopa.

7.2.1.1. OnpepensieTcst NMCPBHYHLIA TOK [mom HA C€TO-
poHe HH3IIEro HaNpsKEHHS CHIOBOro aBTOTpaHcdopmaTopa,
COOTBETCTBYIOLIHA €ro NpOXOJHOH MOLIHOCTH.

[To sTOMY TOKY ONpEAc/siioTCs COOTBETCTBYIOLIHE BTO-
pPHYHLIC TOKH B Tulevax 3amMTH frs H [11n, HCXONs H3
KosppuunenToB TpaucopmanHy TpaucopMaTopoB TOKA
Kr; (BumOHpaloTcs ¢ YUeTOM mNapaMeTpoR HCHOJIL3YeMOorTo
o0OpynoBaHHs, €ro Teperpy3ouHoH cnocoGHOCTH, TpeGoBa-
HHil pelleiiHOH 3alIHTHI H CXeMBl COeAHHCHHA Tpainchopma-
TOPOB TOKa) M KO(DHUHEHTOB CXeMHl Kcx.

7.2.1.2. Topmosnas ofmotka HTT pene Brnouaercs
Ha CYMMY BHLIHOCHBIX TpaHcHOpPMaTOpPOB TOKA B COOTBET-
CTBHH C peKoMmeHpauusmu m. 7.1.1.

7.2.1.3. Onpepensiercss MepBHYHBIN TOK cpabaThiBanust
3auTH no (2.2) ¢ yuerom (7.1). 3naueHue HOMHHAJILHOTO
TOKa  JIHHEHHOrO  peryJHpoBouHore  TpaxcdopmaTopa
I5 per.mom, BXoOnsuero B (7.1), npHHUMAcTeA HA OCHOBAHHH
TEXIHICCKHX [AHHLIX JIHHEANOro PeryJipOoBOYHOrO TPaHC-
dopmaTopa (cM., Hampumep, Tabu. 7.1), suauenne Kospon-
HHEHTa TpaHcGOpPManHH MOCJIEA0BATEILIIOr0 TpaHcopMa-
Topa onpepessierca no (7.2).

7.2.1.4. OnpenediseTcs YHCIO BHTKOB paboueli 0GMOTKH
HTT peJie, cooTBeTCTBYIOLICE TOKY CPabaTHIBAHHS 3aILHTHLI
LIt OCHOBHOH H HeocHOBHoil cTopoil. Pacuer npon3BoguT-
¢a B coOTBETCTBHH ¢ n. 3.1.4 no Bupaxenusm (2.18) n
(2.20) B TO# e TOCJAENOBATENBHOCTH, MTO H AJA 3a8LLHTH,
BumnodHcHuoll ¢ pene cepus PTH-560 (cm. nnm. 226 wu
22.7). Ips 3TOoM YuHTHIBaeTCH, YTO MHHHManbHaa MJIIC
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cpabaThBaHWA NpH OTCYTCTBHH TOPMOMCHHS Fepmin ANS
pesie cepun [13T-11 Takke pasna 100 A.

B cayuae neofXOQMMOCTH TOJIydeHHBIE 4YHCIE BHTKOB
paboueii obmorku HTT pesie yTounsorcs B COOTBETCTBHH
¢ TeXHHUCCKNMH BOIMOMHOCTAMH pede cepun J3T-11 (cm.
n. 7.3.2.3).

7.2.1.5. OnpepensicTcs  HeoOXOAHMOE HHCIO BHTKOB
Topmoauoii obmotkn HTT pese B coorserctsun ¢ n. 3.1.6.

Ianst storo npu pHeiwsnx K3, orctpoifika OT KOTOPHX
NPOM3BOAHTCH € TIOMOLLBIO TOPMOXKEHHS,, B PACHETHHIX pe-
»HMax paboTel TOACTAHIWH H THTAIOWHX CHCTEM onpejie-
ASeTCs TNEePBHUHEE TOPMO3HOI TOK [ropwm ¥ MEpBHYHLIE TOK
nefananca Iu6 pace MO BuipameHusm (2.3)—(2.6).

Onpenesisietcst HeoOXOAHMOE YHC/IO BHTKOB TOPMO3HO#H
obvotkn HTT pene wWzopn MO (3.4).

7.2.1.6. Onpencasiorcs nepBuuibie Tokn B mecte K3 u
KO3(UIHCHTE YYBCTBHTEJIBHOCTH TpPH METAJJIHYECKHX K3
MeHKAY AByMs (a3zaMH B 3alIHILaeMON 30HE B PACHYETHLIX
110 MYBCTRHTENLHOCTH PCMUMaX pafoTh MOACTAHLHH H NH-
TAIONIMX CHCTCM.

Pacuer npoH3BoaHTCH (73) =
n. 7.15.

7.2.2 Tlpu oTcyTCTBHM HA CTOPOHE HH3IUETO HANPsKe-
HHS  aBTOTpaHcopMaTopa JIHHEHHOTO PEryJIHpOnOYHOTO
TpanchopmaTopa.

7.22.1. [lpousnoasTcs  pacieThll B COOTBCTCTBHH
¢ n. 7.2.1.1 u pHnoaHsioTes pekomenaanud M. 7.2.1.2.

7.2.2.2. Onpepensercsl NEPBHYHLI TOK cpabaTuiBaHHs
3aUlITL N0 yenosuio obecneuenys 3aaallHOR YyBCTBHTENb-
HOCTH B 3alMIACMON 30lic B COOTBCTCTBHH C PeKOMeH.d-
uuamMe n. 7.1.22. Jlns 3Toro nNpoH3BOARTCH pacieTh no
m 7.1.5.

7.2.2.3. JlaJee pacueThl BLINOJHSIOTCA B COOTBETCTBHH
c pekoMeHpanusmu mm. 7.2.1.4, 7.2.1.5.

noe COOTBETCTBHH

7.3. MPMUMEP PACYETA [MD®EPEHLMANBHOM
TOKOBOW 3ALUMTLI LLEMEA CTOPOHL!I HU3LUEro
HANPSMWEHUS ABTOTPAHC®OPMATOPA

7.3.1. B mactosuiem npHMepe gal pacuer aHpdepen-
nHaNbIOH TOKOBOH 3aWHTH ¢ pesae cepun JI3T-11 nenei
CTOPOMB  HH3WIETO  HAMPsKENHs  aBTOTpaHcdhopmaTopa
230/121/11 kB wmownocteio 125 MB-A npu waauune Ha
CTOPOHC HH3LIETO HATIPSKEHHs JIHUCHHOTO PeryJsiHpoBOYHOTO
TpancopMatopa moumocThio 40 MB-A.

Jlnsi paHHOrO npHMepa HCMOJB30BAHLI HCXOJAHLIE NaH-
Hble H pacueThie CONPOTHBJCHHIT MHTAIOUMX CHCTEM H &BTO-
TpancopMaTOpoB, KOTopbie ObUIH TPHBEAEHLH B TNpHMepe
pacueTa 3awNTH apToTpaucdopmaTopa ¢ pelie  CepHH
JI3T-21 (cm. m. 5.3.1 u puc. 5.1,4; 6, 0, €).

Hexonnas cxema ueneil cTOpOHEL HH3LIETO HanpsiKe-
min npuBeseHa Ha pwe. 7.1,a. TlapameTpsi JiHHEAHOrO pe-
ryanpoeounoro Tpancdopmatopa JITIH-40000 11+15% B
naust B Tabn. 7.1. ConpOTHBJICHHS JIHHEHiHOTO pETyJIHpO-
nouHoro Tpancdopmaropa, Owm, npuBeneHHbIe K HH3LIEMY
HATPSKEHHIO HA BHBOAAX CHJOBOTO aBTOTPaHC(OPMATOPA,
ONpCACEHB TPH KPailiHx MOJOXEHHAX TNepeK/oualollero
YCTPOWCTBA PCTY/IHPOBOMHOTO aBTOTpaHc(opmaTopa B CO-
oTBeTcTEHA ¢ npuioxkenneM I16 mo supaenno (I16.13):

NpH NOJOMKHTENBHOM pPeryJiipoBaHHH

10,6 1650

e oo o). 0400 O,
Zn. per = "Y3 -100- 2471

NpPH OTPHLATEJNBLHOM pEryJ/HpOBaHHH

5 24 7,8-1650
7. PeC T /37, 100- 1825,2

Ha cxemax aameutenns (cm. puc. 5.1,6 w d) namno
OAi0 3HAUEHHE COMPOTHBJCHHS JIMHEHHOrO PeryJiHpOBOYHO-
ro Tpaucopmatopa, OM, NpHBeleHHOE K CTOPOHE BHICIUETO
panpsizkernst 220 KB, TaK KaK pasHHpa MexJy 3HaYeHHSMH

=0,0407 Om.




Tab6anua 7.1

2s | g2 ol
na o5 < e 2 :
0¥ = I = . £2da o , ®
52 | 83= | % | g8% | 8g: | de3
¥ & gz ® o ege_ | £88 H58
ggg | EE% | L& | Fod2 | Pegan | S35z
€22 | 285" | o5 | m2gs | 28FF | 2RER
1 | 41650 | 2471 10,6 0 10,57
9 1485 | 2428 11,7 0,09 | 11,53
3 | 41320 | 2386,5 | 13.1- | 0,31 12,75
4 | 41155 | 23461 | 15,0 0,6 14,35
5 | +99) | 2307.6 | 17.4 0.9 16,43
6 | +825 | 227001 | 207 1,16 | 19,42
7 | +660 | 22338 [ 25.3 1.31 | 23,89
8 | +495 | 21987 | 328 1,32 | 31,35
9 | 4330 | 2164.6 | 47.6 1,13 | 46,3
10 | +165 | 21315 | 922 0,7 91,18
1 0 21995 . . o
12 0 2099.5 - - .
13 0 2099.5 = s =
14 | —165 | 20684 | 89,5 0,69 | 88,48
15 | —330 | 20382 | 44.8 1.06 | 43.59
16 | —495 | 2008.9 | 30,0 1,21 | 2865
17 | —669 | 1980.4 | 22.4 1,16 | 21,18
18 | —8&5 | 19527 | 17,8 1,0 16,71
19 | —990 | 1925.6 | 14,5 0,75 | 13,73
20 | —1155 | 18996 | 12,1 0,49 | 11.61
ot | —1320 | 1874.1 | 10.3 0,25 | 10,02
92 | —1485 | 1849.3 8.9 0,07 8.79
23 | —1650 | 18252 7.8 0 7.81

CONpPOTHBJCHHIT NpH KpalHHX MOJOXKEHHSX TepexJioyalole-
To YCTpo#icTBa PEry.JHPOBOYHOrO aBToTpaHc(opMaropa He-
JHAYHTENBHA,

ConpoTHBAEHHE PeaKkTOpa PacCyHTaHO TAKMKe NMPH JBYX
KpaiiHiX MOJOMEHHAX NepeKNoYaloulero ycTpoicTBa pery-
JHPOBOYHOTO aBTOTPAHC(OPMATOPA, COOTBETCTBYIOLUMX MH-
HHMAJIBHOMY H MaKCHMalbHOMY Kosddmuumenty Tpancdop-
MalHH TocNeIHero.

Kospuument tpancopMaiy  NOCAe0BaTEBLHOTO
TpancdopMaTopa onpepensieTcss Mo BelpaxeHuio (7.2)
1650
- =0, 15.
e 11 000 8

7.3.2. Pacyet salMThl NPOH3BOAMTCH B CJACLYIOIIEM TNO-
pAOKE.
7.3.&.1. OnpenensieTcss NEPBHYHEI TOK Ha CTOPOHE
HH3LWEro HanpsXeHHs CHJAOBOTO ammpaucq:opua'ropa, Cco-
OTBETCTBYIOIIHI €ro NPOXOAHOH MOIIHOCTH; MO STOMY TOKY

L3r-11/3

KAT * e =
TN TAT : a?wzfzass 25%1?1332 50
4 Wy &
a0
hi'hs p 04812%4‘”15;9931555 i
142 143 LJP
.3‘52@ 5
9
TA2 {743 4
ﬂ.) 135791113
E "_*-]'._‘-_
K pene
8) ﬂpyaﬁxtpua

Puc. 7.1. Npumep pacueta nuddepeHHanbHOil TOKOBOH
3aIMTHl Lienefi CTOPOHbl HM3ILET0 HAMPSMKEHHS aBTOTPAHC-
(opmaTopa:

a — Hcxonuan cxema (cM. Takxe puc. 5.1.4); 6 — cxema BriOve-
uug pene Tna A3T-11/3

ONpeiensioTCsl BTOPHUHBIE TOKH B IJCYaX 3aUIHTHl, HCXOAA
u3 Kosdduumentop TpaHcopmaums TpanchopMaTopoB TO-
ka K; (cm, m 22.1) # kospduumnentor cxemrl kex. Pacue-
TH cBefieHH B Taba. 7.2.

7.32.2. TlpensapuTejbHO OMpe/ieNsieTCsl NEPBHYHLIA TOK
cpabaThiBaHHA 3aUMTHL MO YCIOBHIO OTCTPOAKH OT 6pocka
HAMATHHUMBAIOWETO0 TOKA B JHHEAHOM pPery/nHpoBOYHOM
TpancdopMaTope TPH BKMIOUEHHH €ro TMOJ HanpseHHe Mo
(2.2) ¢ yuerom (7.1

Ic.s=15-2099,5-0,15=472 A.

7.3.2.3. Onpejensiercst  uucno ButkoB  obmorkn HTT
pene st ochosHol (TAI Ha puc. 7.1,a) B HEOCHOBHOH
(TA2 v TA3) cTOpOH B COOTBETCTBHH C PCKOMCHIALHAMH
n. 2.16 no (2.18) u (2.20). Pacuern cBesexrt B Tabn. 7.3.
PacueTHOE 4YHMCIO BHTKOB Wocm,pacy PaBHo 254 (cm. m. 2
taba. 7.3). Onnako MakCHMalbHOE UMCIO BHTKOB, KOTOpOE
MoeT GbiTh NPHHATO /A OCHOBHOil CTOPOHEL, OrpaHH4EeHO
TeXHHUeCKHMH naHHbiMH pene cepun JI3T-11. Tlo nomy-
CTHMBIM 3HaueHHsiM Toka B pene cepuu JI3T-11 B HOp-
MaJBHOM pPEXHME C Y4YeTOM BOSMOXHHIX NEPErpysok
1,41, per. nm_!.4-24?l )

6000/5

==l

Liox. pene==1p, TAl =

Kirar

= 2,88 A\ [0sl OCHOBHOf CTOPOHEH MOMeT ObITh HCNOJb-
e [}
Ta6uauna 7.2

YucnoBoe 3HayeHue pnA TpancbopMaTtopa TOKa
HauMeHoraHN e DEIHUHHE Al | TAZ, 743
125 000 6568
MepBuuHLIll TOK HA CTOPOHE HH3IUErO0 HANpPHIKEHHA CHJOBOIO V3 .11 =
aBmTKauch:opmampa, COOTBETCTBYIOIIHII €ro TNpPOXOJHON MOLLHO-
CTH,
CxeMa CoeJiHHEHHS! TpaHC(HOPMATOPOB ToOKA y y
KosdipuumenT Tpancgopmauny Tpancdiopmaropop Toka K 6000/5 3000/5
6568 6568
Brophunblit TOR B I7euax 3aUlMTH, COOTBETCTBYIOUWH Npoxon- soons > 300-_0,&":[0'94
EOll MOIIHOCTH CHIOBOTO apToTpaHcdiopMaTopa. A 6000/




Ta6nuna 7.3

e ffl‘ HanmeHOBaHHE BeJTHUHHE! Om:ﬂg;':egﬂgﬂm UmnesnoBoe sHauenne
= I l‘i __&_0 394
1 Toxk cpaGaThiBanusl pesle HA OCHOBHOH cTopoHe, A c.p.ocE= K o 6000/5. '
2 PacueThoe uHcio BuTKOB o6MotkM HTT pene mHa To (2.18)
OCHOBHOII cTOpOHE Fep 100 o054
wocn.pacq=m 0,394
3 IMpausroe umeno Burkoe obmotky HTT pere nnm Woen = Wyp 7
YCTAaHOBKH Ha OCHOBHOii CTOpOHE
4 PacieTHoe ukcno suTkoB o6moTku HTT na neocHosmoii Mo (2.20) .
CTOpOHe Tocn, ® 5,4
= 77 =38,5
“Ipacy = Woou T 10,94
5 ITpunaroe uneno wutkos ofmotku HTT pene pna Wy = Way 39
YCTAHOBKM HAa HEeOCHOBHOfI cTOpOHe
Fe. pKno 100 6000/5_,
6 Tok cpaGaThiBaHM#l 8allMTLl Ha OCHOBHOH cTOpoWe, A Ie. s Wocn Rox ok R | 560

30BaHa uacTh OCMOTKH wWyp pene Tuna J3T-11/3, umeio-
uag 77 BHTKOB, IJA KOTOPO#l [pompenme=3,5 A. Tlostomy
NPUHATOE HYHCAO BHTKOB ocHoBHOH 0O6moTkn HTT pese
(cM. n. 3, Ta6n. 7.3) paBno 77.

7324 Tok cpaGaThiBanMs SaWKThl, ONpeeNAeMbli
YUCJIOM HMCmoNb3yeMbiX BuTKoB oOMoTkH HTT pene pns
OCHOBHOH cTOPOHH, f¢ z=1 A

7.3.2.5. Bribupaercsi HeoGXO/luMOe 4YHCJO BHTKOB TOp-
mosnofi obmorkn HTT pesne B coorsercTern ¢ n. 7.1.4.
Ilna storo paccmatpuBaeTcs Brewnee K3 memay Tpems

a3aMi Ha CTOPOHE HHM3IICrO Hanpsenns B Touke Kg
lP.-:m. puc. 5.1,6) npu napannenbHoil pafoTe HBYX aBTO-

TpuHEMaeTcs K WMCNOJB30BAHAIO Gamxailutee Gonbluee
YHCJO BHUTKOB Wyopm—24 BHTKA. CXxeMa BKJIOYEHHA pedie
C yKasaHueM 4YHcHa HCNONL3YCMLIX BUTKOB paboumx M TOp-
mosnoii ofmorok HTT perne npusenena na pre. 7.1,6.

7.3.2.6. Onpenensiercs YYBCTBHUTENbHOCTL 3AUIHTH TIpH
K3 mexpay npyms ¢azamu B 3aummuiaemofi 3one B ToYKe
Ks (cm. puc. 5.1,8) npu oTkAloYeHHOfi CHCTEME CPEIHEro
HanpsxenHss H pabore cHCTeMBl BEICIIErO HaNpAXKEHHS
B MHHMManbHOoM pexume. Omnpenpensiercs  Kos(dHUHEHT
yyBCTBUTENBHOCTH, HCxoas M3 Toka K3 W TOka cpabaTh-
BaHWs 3awWMTH B cooTeerctBuu ¢ n. 7.2.1.6, mo (7.3)

Tpanc)OpMaTOpPOB B MaKCHMMaJbHOM pexume paboThi CcH- 230
CTéM BHICIIErOo H CpeJHero HanpsmxeHHi. 458 ——

OnpenensieTcs nepBHYHLI TOK HeGajianca H HeOGNOIH- S 11 B |
MOe YHCAO BHTKOB TOPMO3HOH OOMOTKHM, MCXOHf M3 NOJY- . O 1560 Y
yeHHOro 3nauenuss Toka Brelwnero K3. Pacuetn no
n. 7.3.2.5 ceenensl B Taba. 7.4. Tl .

a6auna 7.
HanMmenoBanHe BEJHUHHE OfiosHauenie it Meron OnpepnencHns YHcJI0BOE 3HAYEHHE

INepeuunmit pacyeTnwii TOK neba- Mo (2.3) c yuerom (<.4) — (2.6)
Jauca € yH9eTOM COCTaBJIALLEk 1-1:0,140,15-1 4
ly6. pacr A 6. pacy = (k'ﬂEpknnnf"l_ AUk -+ +' 38,5-—39 ) ot

o | 38,5 K,
+| Ipacua 1 )lmnax
wlpacq
1,5-184-38,5

PacyeTHOE YHCJIO BUTKOB TOPMO3HOI] Tlo (3.4) ~ 019095 =20,5

ob6motkn HTT pene T i — .
wTopl!. pacy = l,"'u‘l'l; me“ tgq,

TIpHEATOE YHCJIO BHTKOB TOPMOSHO Wropw = W'r 24

obmotkn HTT pere

40




8. OMCTAHUMOHHAS ZALLUMTA ABTOTPAHCHOPMATOPOB OT MHOTOMAZ3ZHbIX K3

8.1. YKAZAHMA NO PACHETY

8.1.1. Huxe naHbl OCHOBaHBIE YKa3aHHsI N0 BHsBJe-
HHI0 HeOGXOAMMOCTH YCTAHOBKH H PacyeTy AHCTaHUHOHHOM
3alIHTH aBTOTpaHcdopMaTopa OT MHOrodasHex K3, BH-
nosnHeHHO ¢ nomowbio BaHenu (nuGo ABYX maHenefl) THna
I13-5 (unu [132105), KOoTOpas COMEpMHT ABa KOMILIEKTA
pene conpotuBiaends: tuna KPC-2 —nmepBasi cTyneHb
tina KPC-3 —BTopast crymenb (cM. «PykoBopsuine yka-
3a§uis no peneiiHoit sauurte. Buoyck 13A», puc. 2.1—2.3
H a.1).

8.1.2. ¥craHoBka [MCTAHUHOHHOH 3alllUTH ABTOTpAaHC-
(popmaTopoB MOKeT noTpeGoBaThesl MO YCAOBHSIM Obecre-
YeHHA: -
8.1.2.1. CornacoBaHns 3amHT CMEXHUBIX JHHHI C 33-
uHTaMH aBToTpaHcdopMaTopa.

8.12.2. Jlansnero pesepsHPOBaHHsI B CETSIX BHICHIEro
HJIH CPeHEr0 HarnpsixKeHHs,

OnHOBPCMCHHO 3al[UTa MOMEeT YaCTHYHO pesepBHpO-
BaTb OCHOBHBle 3aUMIHTH aBTOTpaucdopMaTopa.

Henonwsopanne jucTaHuMoHHOll 3amMTH MO YCJAOBHIO
8.1.2.1 mMoxeT OKasaTbhesi HEOGXOAMMEIM B cayuyasx, KOraa
MpH OTCTpOiiKe BTOPHX CTyneHel AHCTAHUMOKHBIX 3aLHT,
YCTaHOBNEHHHX Ha NPOTHRONOMOMXKHBLIX KOHLAX CMEXHBIX
JHHHI BHICLIEro WsH cpejnero Hanpsoxenusi, or K3 3a pac-
CMaTPHBaeMBIM  aBTOTPAHC(OPMATOPOM UYBCTBUTENBLHOCTD
stux crynedefl Kk K3 B KoHue 2amuuiaeMoll aAHHHH He 06ec-
NeYHBaeTCsl.

[Ipu corsacoBaliyl paccMaTPHBAEMEIX BTOpPHIX CTyfe-
Hefl NUCTAHUHMOHHBIX 38LIMT JHHHA ¢ TNEpBHIMH CTYNEHSMH
3aMUT JAHHHE 3a aBToTpaHcopMaTopom (HalpHMEp, BTO-
pLiXx cTynenell 3aIHT JAHHH{ BHCINEr0 HANPAMKEHHS TOA-
CTauuUHH C MEpPBLIMH CTYNEHAMH 3allHT JHHHE CpefHero
HANPSINEHUSI) MOXKET HMCTh MECTO HeceseKTHBHOE neiicTBHe
ITHX BTOPHIX CTyneHeli NMpH OTKa3e NEpBOH CTyneHH 3allH-
Thl JHIMH 33 aBTOTPaHCOPMATOPOM (HANpHMEp, JAHHHU
cpefiHero HanpsoKeHHs), © KOTOPOHl NPOH3BOJMJOCH COrAa-
coBaHHe, a TaKikKe ﬂpH OTKa3e €€ BLIKII4YaTeJ s C OTKasoM
YPOB uan npu K3 na muHax sa aBTorpancdopMaTopoM
(nanpuMep, Ha IUHHAX CpeaHEero Hanp*;um:lmy-:d):J H OTKaze
cpafaThiBaHHs HAH BHBOAe H3 paboTh 3auHTH STHX LIHH,
Ilostomy B paccmaTpuBaemom cayuae uesnecoobpasio co-
TAAcOBHIBATD BTODHIE CTYNEHH JUCTAHIMOHHON 33IUMTH
CMEXHBLIX JAWHHH CO CNlelHaAbHO yCTaHAaBAHBaeMOH AHCTaH-
IHOHHOI 3alllHTOH aBTOTpaucdopmaTopa (MepBasi CTYMeHs).

Ha aBtorpancdopMmaTopax ¢ BHICIUHM HalpsiKeHHeM
220 kB ykasaHdoe cornacoBaHHe HeoGXOANMO B TEpBYyIO
ouepesib MPH OTCYTCTBHH HA JIHHHSX CMEIKHONO Hanpsxe-
HHA MOJMOLEHHOrO GAHKHEro pe3epBHPOBAHMS.

Wcnonb3oBauue MHCTAHUMOHHOH 33IMHTH N0 YCJAOBHIO
8.1.22 momeT OKa3aTbcsi HEOGXOAMMEIM [fIsi OTKJIOYEHUS
K3 ua cmexHON JHHMH, HAaNpHMEP CPEAHEr0 HANPSIKEHHS,
NpH OTKase cpabGaTHIBaHHS ee BAUMTH UMW BHKJIOYATeNs
(B nocnepuem caydae — npu oTKase cpabartiBanust YPOB),
EC/H TIPH STOM He OOecneyuBaeTcst YyBCTBHTENBHOCTL ApY-
THX PE3EPBHHIX 33IMT aBTOTpaHcdopmaropa OT mmorodas-
ubix K3 (TokoBofft samuTe 0GpaThHON nOc/efOBaTeNLHOCTH
H MaKCHMaJbHOH TOKOBOH 3alMTH C TYCKOM HAaMNpsKeHHs!).

JlucTaHuuOKKAs 3aMIMTa, KaK H APYrHe pesepBHHE 3a-
nTe  aBToTpancdopMaTopa, C MepBOH BHIAEPHKKOH Bpe-
MeHH feficTByeT Ha feselide LMH (M3 OTKJIOUEHHE HIMHO-
COEIHHHTENIBHOTO HJIH  CEKUHOHHOTO BHIKJIOYATENS), YTO
ofecrnieunBaer nopeliieune 3¢GQeKTHBHOCTH AANbHErO pesep-
BHDOBauMf, T. €. MOBHILUEHHe YYBCTBHTENBHOCTH 3alHT
CMEeMWHRIX HpHCOef.lHHEHHﬁ H YMEHBIIEHHEe YHCMAA HECENEeKTHB-
HLIX oTkioyenHit. [Tocnennee nHanGonee shQEKTHBHO npH
AeHCTBUM TIEPBOIi CTYTIEHH 3allHTH, M103TOMY HCNOMb3OBAHHE
STOH CTYMEHH TIPHULHNHANBHO 1enecoobpasHo, name ecq
oHo e Tpebyetcs no ycaosuio 8.1.2.1, ocobenno npr OTCYT-
CTBHH HA OTXOASIUHX JHHHUAX [NOANOHMEHHOro OnuiKHero
pesepBupoBakus (cM. <PykoBonsmMe ykasanus 1o peseii-
ol samure. Bumyck 13A»). Oamako, yunrthisas Manyio
BEPOATHOCTE YKA3aHHHIX HECEAeKTHBHHX OTKJKYeHHA OpH

CpPaBHHTeNbHO peakux MuHOrodasuux K3, npuMeHHTEAbHO
K aBrorpaucdopMaTopam ¢ Buiciuum Hanpsikennem 220 xB
cnefyer paccMaTpHBaTh BO3MOXHOCTh OTKasa B UENsX
YIPOIIEHHA OT MEepBof CTYNEeHH MpPH HaJHYHH Ha OTXOAS-
IIHX JAHHHAX GAHMNHETO PDSEpBHpOBaHHH 34lHT, ecnH 3Ta
cTyneilb He TpeGyercs mo ycnosuio 8.1.2.1.

8.1.3. VcranoBka [OHCTAHUHOHHON 3auMTH HA AaBTO-
TpancdopmaTope no ycaosuio 8.1.2.1 tpebyetcsi, ecan ynos-
NeTBOpAeTes CcAefylouiee HepaBeHCTBO:

Z
_“at, BH-CH
z{l:!3_5=0'87 (z.r[ + T ) <<kZy, ( 8.1)
=€, 5, £ T 1£
rpe E,I:I a, n — COMpOTHBJENHe cpabaTuiBanHsA BTOpO#H cTy-

NCHH 3ALIMTH, YCTAHOBJAEHHOH Ha MPOTHBONONOMHOM KOHLE
JHHHI, OnpefesieilHoe N0 ycioBH otceTpoiiku or K3 3a
paccMaTpHpaeMuM aBTOTpancoOpMaTopoM; Za - CONpOTHE-
NeHHe paccMaTpUBaeMON AMHUM; Zar,nm-cn — MHHHMAAbHO

BO3MOXHOE ¢ YYeTOM perysjHpOBaHHs COMPOTHBACHHE pac-
cMaTpHBaeMOro antoTpancgopMatopa MexAy CTOpPOHaMH
BHCIIETO W CPeAlero HanpsuKeHuil, NpUBefeHHOE K HanNps-
MEHHIO pACCMATPHBAEMOH JHHHH; Rrox,n — KO3 dHuHEHT
TOKOpacnpeieieHusl, PaBHbIE OTHONICNHIO TOKA B JHHHUM
K TOKY B aBToTpaHcdopmarope npr K3 3a aprorpancdop-
Maropamu; kg — Tpebyemutit T1V3 kosdduunent uysersu-
TesbHOCTH AMCTAaHUHOHWOH 3ammTel K K3 B KOHUe 3aum-
maeMoil NUHUM; NpHHHAMaeTcs pasibiM 1,25,

CnefyeT OTMETHTH, 4YTO AJAf aBTOTPaHcdopMaTopoB
¢ Boiciiim Hanpsikenwem 330 kB n Boiune xosdduument
TOKOPAaCnpefeneHusi Ryox MOMXET ObITh KOMMJCKCHOH BeJjiH-
YHHOH H3-32 y4YeTa NpPCALIECTBYIOUIETO peaJfbHOro Harpy-
30UHOTO PEeN<HMA CEeTH. i

Ecnu He YUHTHIBATL Yriibl BeJHYHH Zn,__z-ar.BH-—Cﬂ H
kzox,m, T0 ycnopne (8.1) momer GuiTh mepenmcaHo B che-
AYIOIEeM BHIE:

0,87Z,;, prcu . Z4r, RH-CH
A e a0 OB o B,

Hcnonbays (8.2) u 3uadeunss mapaMeTpoB aBTOTpaHC-
¢dopmaTopo ¢ BHcumM Hanpsokenuem 220—500 kB, npu-
BeneHHbie 8 TaGn. 8.1, MOXHO OpHEHTHDOBOYHO OLEHHTB,
NpH KaKOH NpPOTHMEHHOCTH JAHHHH BLICIIErO HAH cpejHero
Hanpsi)KeHHsi Ha paccMaTpHBaeMBIX aBTOTpauchopMaTopax
noTpefyercs ycTaHOBKA JAHCTAWIHOMHOH 2alIMTH N0 YyC-
JoBHo 8.1.2.1.

PesyabTaThl Takofi OLEHKH AJA cayyas, KOrpa TIpH
orcrpoiike or K3 3a aBroTpaHc()OpMaTOpPOM  NOJIKEH
paccMaTPHBATLCS PEXHM OTCYTCTBHS MOAIHTKH M TIPH Ha-
NMUMH Ha MOACTAHUMH OAHOIO (Rrow,n=1,0) H 1BYX
(kxox,n=2) H aBTOTpatichopMaTOPOB, MpuBEaent B Taba. 8.2,

8.1.4. Tlpu ycTauoBKe [AHCTAHUMOHMOA 3aUIMTH 1O
ycnoBHio 8.122 creayeT YuUMTHBATE BO3MOXXHOCTH CMe-
UleHHsT B TepBHI KBaApaHT KOMIIEKCHOH MNiOCKOCTH Xa-
PaKTEPHCTHKH pesie CONpPOTHBJIEHHS BTOPOH CTymeuH 3a-
wute (komnaekt KPC-3 nauean), uto oGseruaer obecne-
yeHHe JaJkHero pesepBHpOBauuS.

Opnako ykasanHOe CMellleHHe XapaKTEepHCTHKH B caly-
yae, KOTjla MPH 3STOM OHA He OXBATHBAET HAYAJO CMeX-
HOfi AHHHH, 3alHTa KOTOPOH pe3epBHPYETCH, MAOMYCTHMO
JHIIL TIPH YCJOBHH, YTO B 30He HeneHCTBHs paccMaTpH-
BaeMoli BTOpOH cCTyneHH [AHCTaHUHOMHHEIA 3alHTH ¢ 3a-
nacoM obecneyHBaeTca neficTBHe ee mepBofi CTyNeHA HJH
TOKOBOfi 3amMTH OGpaTHOH mNOCAefOBaTeNLHOCTH H Mak-
CUManbHOH TOKOBOK SallHTH ¢ TNycKOM  HallpsixemHs
aBroTpatchopMaTopa.

8.1.5. B neasix ynpouieHHs caenyeT cTPeMHMTHCH yCTa-
HaBAHBaTh Ha aBTOTpAaHC(OPMATOpPe ¢ BLICWIAM HANps-
wennem 220 kB ojiHy nanenb AHCTAHIHOMHON 3aUIHTHI.
[Tpu stoM B oOmeM cayvae MNepBas CTYNeHL MaHenH MoO-
HKeT HCmosb30BaTeCA Kak no yeqoeuio 8.1.2.1, Tak u no
ycaosmio 8.1.2.2, 1. e. B Kadectee BTOPOR cTynmemu 3a-
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Ta6auna 8.1

Tadanna 8.2

HoMmunanphble Hanpasenns | &5 | X
et s anToTpAHCopMaToOpa Ha T n;;;eiljn'cﬁl:é
HAIBHAR MOUL- cToponax, kb O | ® etopone,
HOCTE @BTO- oo
TparcdopMa- 2]
Topa. MB-A BH CcH HH < | BH CH
=
ATNTH-32 230 | 121—12 ©, | 6.6; 11; 20 | 330,6 | 70.9
121 35 11 | 181,8 50,3
121 412 9% 7| 15,7 40,2
ATIUTH-63 230 | 121—12 % | 6.6; 11; 21 | 176,3 22,4
121 38,5 11 9.4 25,6
121412 % 71 58,8 | 20,4
ATAUTH-125 230 | 121—12 % | 6.6; 11; |18,9} &0 Yzl
121 13,8; 38,5 | 11 | 46,6 12,9
121412 % 6,8 | 8.8 10
ATOLITH-200 230 | 121—=12 % | 6.G; 11; 19.4] 51,3 11
121 13.8; 15,75;] 11 | 29.1 8,1
121412 o, 34,5 6.7| 17.7 6.2
ATNLITH 260 230 | 121—12 9% [ 11; 13,8; 209 21,7 9,5
121 15,75; 1] 11,4 6.5
i 121412 % 38.5 7.1 7.4 5,2
ATALITH-125 330 | 115—12 % | 6.6: 11: |10,3] 89,7 8,4
115 15,75; 10 | 87,1 10.6
115412 9% 38,5 10,8| 94,1 14,3
ATLITH-200 330 | 11612 9% | 6.6; 11; |10.6] S7.7 5.4
115 15,75; 38,5/ 10| 54,5 .6
115412 g, 1 59.9 9.1
ATILITH-125 500 121 6,6; 11; |10,5| =210 12,3
38,5
ATILITH-250 500 121 11; 38,5 |10,5| 105 6.2
AO, 167 230 V_ II: 13.3; 0
JITH16 g _wz'ag—% 15175: 3. 1z| 60 9.7
3 | movs Si ) onr) ewofee
230/V 3+ 12 60 16
+12,36 %
AOLITH-267 500 | 230/¥3— | 11;13.8; | 9 | 28,2 4.7
v | —1L2% | 18.75: 20;
230/ V3 38,5 8.5 | 26.6 5,6
230/V 3} 9.5 | 29.7 7.8
11,2 %
AONITH-167 500 | 330/¥3— | 11; 38,5 [13,5| 67,5 | 22,8
|
330/V3 9,5| 47,5 | 20,7
330/V3+ 10| 50 27.3
+12 %

LIHTH, TNOCKOJBKY NpH Bhifope HasHAYCHH:A ctyneneft na-
HeJH TpeAnoYTeHHe CHEAYeT OTAaBaTh OCYIECTBJCHHIO
JalbHero pesepBHpoBaHHs. B nocnefreM ciydae pexo-
MEHAYeTCA HCHOJIb30BaHHE IANKNTHYECKOH  XapaKTepH-
CTHEH.

Ha aprorpanchopmaTopaX € BuICIUIMM HAampshKeHHeM
330 kB u Buille, KAK NpaBHJO, YCTaHABIHBAKTCH JBE
naHeJNH.,

8.1.6. CxeMa nopkJiOueHHs Leneli 70ka SallHTH oOnpe-
JleNsieTcs B 3aBHCHMOCTH OT HasHAYeHHs J@HHOR cTyme-
py. Kak mpaBuio, LenH TOKa TOAKJIONAITCS K TPaHchop-
mMaTopaM Toka Ha Toff cTOpoHe aproTpancdopmaropa,
B KOTOPYIO HampaBjieHa paccMaTpHBaeMasi CTYNEHEB. On-
HAKO TPH HCHOJAB3OBAHHH CTYNEHH ANA OCYUIeCTBIEHHs
GnHIKHEr0 pe3epBHPOBAHHSA OCHOBHBIX 3aUIHT aB70TpaHC-
dopmatopa (cMm. m 8.1.2) H HanpaBJieHHOCTH €e B CTO-
POHY WHH cpejHero (BHCIIEro) HANDPsKEHHS, UeNH TOKa
STOIl CTYNMEHH JO/KHB THOAKMIONATECH K Tpancdopmato-
paM ToKa Ha CTOpOHe Bhiciiero (CpefHEro) HampsiKeHHs
aprorpaHcdopMaropa Tak, uto6m TNOCHeAHHH BXOJHA B
sony aeficTBusi crynenH. Ms3-3a TaKoro BKJIOYEHHs TOK
B paccmaTpupaeMoit crymens npu K3 sa aBrorpascdop-
Matopom Gyper saeucern of mojoxewns PITH nocren-
Hero, 4TO TPHBOAHT K YMEHBLUICHHID WBCTBHTEJII:HOCTH
sammTh (cM. Takxe n. 8.1.8).

g - INonuua npumil, KM, npH Koropoll B
z HoMuHantaoe OTCYTCTENE MOANHTKH noTpelyeT-
= HaTIpRKEHNE CH YycTaHOBKa Ha NOACTaHIHHE OH-
& ceTH, KB CTAHIHOHHOI! 3AIHTb! MO YCJOBHID
m ¢ornacopaHHis ¢ Hell 3amnTh JHHHI
ﬁ (n, B.1.2.1)
-
§ B cetd CH 8 cetH CH
g< % .
2 s5- |88 | s |28
o e |85 | ag |85
= o LH CH o == % X0 ==
i 2 |B3 | =88 |28
=g | ogg| Egs | o
£8 Stg | BBe| ERE | BPs
32 220 110 | =332,3 | 665 115,56 231
63 220 110 169 338 58,5 117.,4
125 220 110 82,8 | 165,56 28,7 57,5
290 220 110 5,9 102 17,8 35,7
250 220 119 21,3 | 42,5 1 30
125 330 110 324 626 3.2 60,4
200 330 110 196,56 | 392 19,4 38,8
125 500 119 85 1610 47,2 94
250 500 110 402 85 23.8 47,5
1673 500 220 210,56 422 a2 74,4
267%3 | 500 | 220 102 24 18 36
1673 | 500 | 339 182 364 79,2 158,8

[IpuMedan He YhensHble CONPOTHRICHUA JHHMI TIpHHIHMA-
shch: 0,4 OM/RM ans supsi 110 B 220 kB; 0,32 Om/km mim  nuHH]
300 kB: 0,3 Om/kM puaa apHHE 550 KDB-

817 llens HanpsKEHMs 3aUMTH MoOryT B oOulem
ciydae BKmouaThesi Ba  (asHbe HanpsKeHHs (oTHOCH-
TeJILHO HYJeBOH TOUKM CHCTeMbl) TpanchopmMaTopa Hanps-
HeHHH, }'CTEHDBII'EHHOFO HEHDCP&HCTBEHHO HAa BHBOoAax
HH3LIEr0 HanpsiKeHus aBroTpaHcOpMATOpa, HWJIH HA MEXK-
nydasHue Hanpsikenusi TpaHcdopmaTopa  HAMPSKEHHS,
YCTAHOBJEHHOFO HA IIMHAX CPEJHEr0 MAH BHICIIEr0 Ha-
npsikenns. Tocneanee uenecoobpasno B cJydasx, Korla
o6e cTylfeHM 3aMMTH BRIOUAIOTCS Wa TpaHcopMaTopH
TOKA, YCTAHOBJNEHHHE Ha TOM e CTOpoHe aBToTpancdop-
MaTopa, Ha KOTOpOH YCTaHOBJEH HenoNb3yeMuii ans 3a-
umTe TpaHcdopMatop HanpsikenHs. [IpH TaKoM BKJIO-
yeHuu ofecneyHBaercd MakCHMaNbHAA qyBCTBHTENEHOCTD
npy BHemwmx K3 3amuThl, HanpaBJeHHOH B CTOPORY
CeTH.

HenonbzoBanue TpancopMaTopa HANpsMKEHHs CTO-
POHB HM3IIEr0 HANpsKeHHs Hanbonee nenecooBpasHO NpH
BKJIOYEHHH cTyneneli 3aulutel Ha TparcoOpMaTopsl TOKA
pasHBX CTOpoH aBroTpanchopmaropa. Opsako B 3TOM
cnyuae Hanpsikerne B zamurte npu K3 Ha cropoWe cpen-
Hero HampsikeHHA apsrtoTpancdopmaTopa 6ynetr 3aBHCEThb
ot nonoxenus PITH nocieinero, 4T0 MPHBOAHT K YMEHb-
1IeHHIO ‘lYBCTBHTEJ‘]I:HOCTH SALIHTH.

8.1.8. TMepeuunoe conpoTHBICHHe cpaGaTHBaHWA Nep-
pofi CTYNMeHH 33ulMTHl, HCHOJb3yeMOfi pasi ofecneyenHHs
COFNAcOBaNMs SAMKT cMeXHEX JHuuiino ycnosuio 8.1.2.1
Zlc 5 ax TIPH BKJIOYEHHH ee Ha TpaHchopmMaTop Hanps-
HeHHs, YCTEHDBJIQHHHH Ha BHBOJAAX HH3LIEro Hanpsmxe-
Hus aprorpancopmaropa, BulGHpaercs:

MPpH HANpaBJEHHOCTH XapaKTePHCTHKH peae K IMIHHAM
Cpe/iHero HanpsKeHWsi — M0 YCJIOBHIO COrNIACOBaHHA C
NepBLIMKH CTYNEHAMH 3aUIHT CMEXHBIX JHHHF cpeaHero
HAMPSHEHH A

. I
Z‘ = 2ods : 1—a “Zcs,n,cH L)
c,3,a1 =148} 8 I-—}—B+6 krnx.a?,(‘,]-[
2! il
— C,87Z 0,78 2" 8.3
a7, CH P krox. ar, CH ( )



(3zecr W B panpHefiiueM Bce BXOAfUIHE B BHIPaXKeHHA
CONMPOTHBJICHHA AOJNMHH GHTL NpHBENEHE K OAHOR H TOR
e CTYNeHH HanpsKenus);

NPH HarnpaBJeHHOCTH XapaKTEPHCTHKH pesie K IUHHAM
(oIUMHOBKE) BHCINErO HANPSHKEHHH — N0 YCJOBHIO COrJla-
COBAHHS € NEPBEIMH CTYNEHSMH 3aWHT CMEXHHIX JHHHEA
BHICIIETO HANPAMKEHHS

I
Z[ o5 za'r. IH I =10 Zc.a.n.FH Ay
c,a.ar"’-l_'_!]_'..a 14544 k-rm.a‘r,BH_
Z}: a, n, BH
= 0,877 = 0,78 — (8.4)
£La r + k-mu.av, FH

roe Zlesan,ca H Zlc,an BH— NEPBUYHHE CONPOTHBJICHHA
cpafaTeBanis 1UEPBOA CTYNEHH 3alMHTH JHHHH COOTBET-
CTBEHHO CPEJHEr0 M BHICIUEr0 HaNpAMeHHA; Rrox.ar,cH H
Erow,ar, BH — KOoa(ppHUHEHTH TOKOpAacnpeneneHis, pasHbIe
OTHOIIEHHI0O TOKa B aptoTpaHcdopMaTope K TOKY B JIH-
HHH COOTBETCTBEHHO CpPEJHEro M BEICIUEro HanpsnkeHu#t B
pacyeTHOM nO corjacoBauulo ciysae K3, mpu stom pac-
yeruaiM siBUTCA K3 B TakoM peanbHO BO3MOKHOM PEXH-
me paGOTH, KOTOPOMY COOTBETCTBYET HaHOOJLIUHA KO-
3d(dHUIHeHT TOKOpacmpeleneHHs; « — MOrPeiHoCTE TPaHC-
dopMaTOpoB TOKa M peseiiHofl anmapatypel B CTOPOHY
YMEHDbIIeHHs 3alupiiaeMofi 30HH, NPHHHMaeTcH paBHOM
0,1; P — norpemnocTs TpaHchOPMATOPOB HANPIIKEHHS C
yU€eTOM TNajeHHA HampsKeHNnds B KX mensx H penefiHoi
annapaTypsl B CTOPOHY YBeJHYeHHs 3allMIaeMOf 30HHI,
npunkmMaerca pasHofi 0.05; 8 — morpeiuHocTh, BEISBAHHAN
HEeTOYHOCTLIO pacueTa NEePBHYHBIX SJEKTPHYECKHX BeJH-
yHM, W HeoOXOAWMEIR 3amac, mpHHAMaetcs pasrodi 0,1;
Zar g M Zaz.cH — MHHHMaJBHO BO3MOXHOE (c ydeToM
PEryJHpOBAHUA) CONPOTHBJEHHE OOMOTOK COOTBETCTBEHHO
BEICIUErO H CPegHero HamnpsXKeHuii paccMaTpHBaeMoro
asroTpaHcOpMaToOpa, NPHBEAEHHOE K HanpsMKeHHW pac-
cMaTpHBaeMoRl JIHHHH.

Bupaxenns (8.3) mu (8.4) cocTaBleHH B mNpeano-
JOXEHHH, YTO INHTAHHE CO CTOPOHB! HH3IUEro HanpsameHWus
anToTpaHcopMaTopa OTCYTCTBYET.

[lpu wucnosp3oBaHMH ANA  3aluWTH  TpauchopmaTopa
HAMPMKEHHS, YCTAHOBNEHHONO HA CTOPOHE CpEelHero Ha-
npsukeHHs apToTpaucopmaTopa, BupaxenHe (8.3) npu-
obpetaeT BHJ
1
Zc.s. a,CH |
k

I
1—a Z¢ 9, 0.CH

14+p4 8 ‘!"'rox. ar, CH

zZ < =0,78
ErSat ToK, at, CH

(8.3a)

Ilpn ncrionb30BaHHH AnA 3aWHTH  TpauchopmaTopa
HAaNpsXeHHsd, YCTAHOBJEHHOr0 Ha CTOPOHE BEICWIErQ Ha-
npseHus asToTpatcdopmaTopa, (8.4) npHobGpetaer BHA

1 1
1 l—a Zc.a.n.BH Zc,a. g, BH
zc 3, aT T e I _=0’78-k___
o 1 + ﬁ+ 8 ToK, at, BH TOK, at, BH

(8.4a)

B cayyasx, korla nepeas CTYIEHb NOJKMOYEHA K
TpaHc)OpMaTOpaM TOKa, YCTAHOBJNEHHLIM HA CTODPOHe 3a-
UHTHI, COrnacyeMoil ¢ paccmaTtpHeaemoli nepsofi ciy-
MeHbI0 3alHTH apToTpancdopMaTtopa, T. €. KOrja aBTo-
TpancopMaTOp BXOAHT B 30HY, 3aLHLIAEMYI0 paccMaT-
pHBAEMOH TNEepPBOH CTYNeHbIO, NOCHeAHNS [OMKHA OHTh
AONOJIHHMTENBHO OTcTpoeHa ot K3 Ha snemeHTax cTOpOHH
HH3LIEr0 HallpsiXKeHHH, He HMeWnHux GucTpomeficTBYIONE
3alluTel, Hampumep Ha mmHax 6—10 kB paunofi noa-
cTannun.  YKasauHoe MOMXeT HeJONyCTHMO OrpaHHYHTDL
YYBCTBHTENLHOCTL paccMaTpPHBAaeMOl  CTYIEHH.

B uensix oGecneuennss YaCTHYHOFO pe3epBHPOBAHHA
OCHOBHBIX 3aIUMT apTOTpaHcOpPMATOpa INpH BKIIOYEHHH
38UHTE HA TpaHCHOPMATOPH TOKA, YCTAHOBJEHHEIE Ha
TOfl cTOpoHe anToTpaHcgopMaTOpa, B KOTOPYIO Hanpab-
7eHa  paccMaTpHBaeMas TepBas  CTYNeHb, KeJaTelbHo
HMETL CMellleHHE XapPakTepHCTHKH pejle B TpeTHH KBaj-

paur. OnHako 3TO cMElleHHe MOIKEeT OrpaHHIHBaTLCH He-
o6xoauMocTrio oTcTpoiikn or K3 Ha sieMeHTax CTOpOHH
HH3IUETO HANPSKEHHWs, He HMetomux OGricTpolefcTBYIO-
el 3aLKTHL

IlpH BRAOYEHHH NepBOA CTYNEHH 3allKTH Ha TpaHc-
dopMaTOp HANPMKEHHH, YCTAHOBJIEHHHA Ha BHIBOAAX
HH3IIErO HATIpSIKEHHS aBTOTpaHC(opmaTopa, YKasaHHoe
CMelleHHe XapAKTeDHCTHKH B TPETHil KBaipaHT HeoOXOAH-
Mo aas obecrieueHus aefCTBHA paccMATPHBAeMOf CTYIEHH
npy K3 ua mmnax cpeHero HampsiKeHus.

8.1.9. Ilepsuunoe cONpoTHBAEHHe cpabaTLiBaHHA BTO-
pofi CTYNeHH B3aliHTH, HCNOJb3yeMOA anA  oCecneyeHHs
panbHero peaepsHposahua no n. 8.1.22, Z™;;ax, BHOGH-
paercs MO YCJOBHIO OTCTPOAKH OT BEKTOPOB COMPOTHB-
JIEHHH Harpy3KH B MecCTe yCTaHOBKH 3AIUHTH B pacyeTHHIX
Harpy30uHeIX, B TOM W4HMCHNE H mocHeaBapHiHBIX, PEXH-
max. [Ipy sTom B nepByl0 ouepenb AONKHBE paccMaTpH-
BATLCA PEeXIME, ofycnopnHpaiome GoJjbmHe yraH @aarp
NMpH MajBIX CONPOTHBJAEHHAX HATPY3KH Zaarp-

Pacuer ?l' 5, ar TPOHM3BOIHTCH NO BBRIDAMKCIHHM: AN

XapaKTepHCTHRH co cMeluennem (a+=0)
Zyarn, pac
Ztl:! S e T
(1 4+ 2a)cos(@nayn — Puarp) —
-V (1 + 23)2('()52(%3(1);'! = 911;1['[1) i 40‘.(1 +a} = {85)
b4 5 3

LJS XapaKTepUCTHKH, Npoxonsilieli Yepes HAdano Ko-
opaunat (a=0), :

ZIIETDv pact
k cos (?mﬂx'[ =4 ‘Pnarn)

(8.6)

n 45
¢, 8, &1 =

rie a— CMelleHHe XapaKTepHCTHKH cpaGaTeiBaHKA BTO-
poii CTYNEeHH 3aLMTHL, OTH. €A, (N0 OTHOWIEHHWIO K YCTaBKe
NIpH OTCYTCTBHH CMEILEHMS, T. €. II0 OTHOIUEHAI0 K JHa-
MeTPy OKPYMKHOCTH XapakTepHCTHKH cpabaTeiRauus): NpH
CMEIIEHHH B TPEeTHH KBajpaHT NpHHHMaeTca OTpHUATENb-

HBEIM, NPH CMEIEHHH B NEpPBHfi KBAAPAHT — NOJOKHTENDb-
HBIM; @Pmaex 5 — Yrod MaKCHMaJNLHOR  YYBCTBHTENBHOCTH
pene; Aarp,pacy H @marp — 3HAY€HHE H YroJl BEKTOPOB

CQNPOTHB/ECHHA HarpyskH B MecTe YCTaHOBKH 3alUUTE B
PACUETHEIX HATPY30UHBIX, B TOM WUMCHE W lOc/eaBAPHIHBIX
pexumax; k— koahdHuHeHT, paBHBIl TNPOH3BEJEHHIO KO-
a(pHnueHTa OTCTPOAKH Kore Ha KoOsthbHUHEHT BO3BpaTa
kn; OPHEHTHPOBOYHO MOXeT OwTe NpHHAT paBHEM 1,25
{kn'rt::],z; kn=l,05).

Chenyer OTMETHTh, 4TO NpH BuHOOpe cMelleHHs &
XapaKkTepHCTHKH cpabaTeiBaHHA B NEpBHIA KBaJpauTt And
asroTpaHcdopMaToOpoB ¢ BhiciuHM Hanpsixkeduem 330 kB
B DHIE HeoOXOAUMO VUHTHIBATEL BO3MOMXHOCTL EMKOCTHO-
ro xapakrepa Zmarp, CBASZHHOTO, HampHMep, ¢ BHemHeil
CMKOCTHOR NpPOBOOHMOCTEKD JIHHHA sJeKTpOnepelayw,

Bupeon suipamenuii (85) u (8.6) nmaH B npHiaoxe-
upu I17. B aToM e NpuioOMEeHHH AaH aHATH3 BHIDAMKEHHN
(8.5) npH pasnHYHLIX CMELIEHHAX, H3 KOTOpOro CcJjefyer,
4TO BO BCeM BO3IMOXHOM [OnanazoHe C‘.\‘EQI.L[EEHH!'!, T. B NpH
—0,1<<a<C0,5, nmepen KeappaTHEIM KOPHEM JOJKEH YUH-
THIBATHCH TONMBKO 3Hak «—». [lpu cmemenun xapaxTep-
CTHKM cpabaTelBaHuf B nepBuil kBazapaut (a>0) Kak
3HAK «—», TaK H 3HaK «-}» mepesl KOpHeM JaiT MNOJO-
MHTeNLHbe 3HaYeHHs conpoTHBJEHHS Z1leaar, HO TpH
HCMOMBL30BAHHH 3HAKa <«—>» NOJy4daeTcd XapaKTepHCTHKA
€ MeHLIUMM COMPOTHBJIEHHEM cpabaThLiBAHKA, NpPHMEHeHHe
KOTOPOH OrpaHHYeHO TeM, YTO OHa B pANE CJAYYaeB He
obecrieyrpaeT HeOOXOMMMYI0 HYBCTBHTENLHOCTH, a NpH
HCMONb30BAHHH 3HAKa «->» TONY4YaeTcs XapakTepHCTHKA
¢ GOnbIUMM  CONMpPOTHBJEHMEM cpabaTwBanus, KoTOpas,
ONNAKO, OKA3LIBAGTCH HE OTCTPOEHHOR OT COMPOTHBAEHHM
Harpy3kH, OONbIUHX MHHHMANLHO BO3MOYHOIO CONMPOTHB-
NeHB s Znarp,pacn.

[Tpr cmemeHHH XxapakTepHCTHKM B NEPBHE KBagpaHT
Ha 0,1<<e¢<0,5 obecneunsaercsi OTCTPONKA 33LIATH OT
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Ta6nuuna 8.3

HaumeHoBanHe Be/IHYHHBI

YucnoBhie 3Ha4YeHHA

Yroa ($max v—Puarp—09) B (8.7) 30 35 40 45 50 55 | 60 | 65 | 70
H (‘Pmnx'l_"i’uarp) B (8.8), rpan

Cuewenne g #e mensiue [B (8.7)] win 0,5 0,372 0,278 0,205 0,153 U,llll 0,077 0,052 0,033
He Goswe [B (8.8)], orn. en.

nioforo No 3HAYEHHI0 CONPOTHBJIEHHS Harpy3kH c YrioM
Qrnarp, T. € OTCTPOfiKa OT BEKTOpa CONPOTHBJIEHHA Ha-
rpy3k¥ DO YLy, ec/l¥ YIOBJETBOPAETCH BHPAXKEHHE

I — sinf@mnyq — $rarp — AP)
8 SN (Fmana — Puorp— AF)

" (8.7)

rie Aq — yroJi, y4uTLIBAaOIIHH NOrpPeHOCTH pejie, €ro
KO3((pHUIEHT BO3BpPaTa M HEOOXOAMMBIA 3anac, NpUHH-
maercst 15—5° npr cvemenun 0,1<<e<<0,5 (Géspume sna-
yeHHs A NPUEMMAIOTCS TPH MEHBUIHX CMeLleHHsX a).

Buzon (8.7) nam B npunoxenuu I17.

W3 awaimsa (8.5), KoTophlif npupenen B NPUJIOMKe-
uun I17, cnenyer, YTO NPH CMEUIEHHH XapaKTePHCTHKH
cpabaTuBanus B nepsoii keanpant (a>0) neficTBHTeNB-
HEIE 3HAaueHHss CONMpOTHBJcHHs cpabaToiBanusi ZMeaar
MOryT GBITH NOJNYYeHH TOJBKO HPH YCJIOBHH

I — sin{@ma v — Prarp)
25in(Pmaxn — Prarp)

a<< . (8.8)
Kak noka3zan ananus, (8.7) u (88) ynosaersops-
I0TCH, €ecnH Mexny 3HaveHHAMH yraoe H CMELIEHHSA a
cofmONaloTes COOTHOLIEHHS, DpHBeneHHbe B Talha. 8.3.
IMpn manpaenenun obewx cTyneweli B OAHY CTOpPOHY
Il CMELIeHHH BTOPOH CTyneHH B NEPBHf KBaApaHT Hauex-
HOE NEPEKpLITHE 30H, OXBAaTHBaeMHX NEPBOH H BTOPOH
CTYNEHSMH, T. €. HallelKHOe <«3allenjeHHe» XapaKTepHCTHK
cpafaThiBaHHA YKa3aHHLIX CTYNeHell B ciyuae, KOria OHH

HMEIOT OJIHHAKOBBle VYIJL MAaKCHMAaNbHOH UYBCTBHTENb-
HOCTH, PABHBHIE YTy CONpPOTHBAEHHS JHHHH (P max s=
=@ oz w=@n), oOGeCHeUHBaeTCH, €CHH:
| I
a< 0'9‘5‘;;5' ay lz°'l ot (8.9)
l'lzc. 3, aT -—U,QZC_ 3, atT
HiH
0,9(1 s
g e O TG ae , Na )
# 8 0,14 1,1a
rie Zi_ el Zil s, ar — CONPOTHBJEHHA  CcpalaTuiBaHus

COOTBETCTBERHO NEpBOfl M BTOPOH CTyNeHeHd 3allMThl, Ha-
npaBJeHALIX B OJIHY CTOPOHY.

Busox (89) u (8.10) nman B npuioxkennn I17.

B ycroBusX SKCnayaTalldd pPeKOMEHAYeTCH TakKke
npol3BOJMTE COMJIACOBaHHE NO YYBCTBUTEJNBHOCTH € IO-
creipuMu  (TPETbMMH) CTYNEHSAMH [AHCTaHLUHOHHBIX SallHT
CMEXHHIX JMEME, ec/ln NpH 3TOM obecneuupaercs Tpebye-
Mas uyecTBHTeabHOCTE (cm. m. 8.1.12),

8.1.10. TlpurogrocTe BEIOPaHHOro CcONPOTHBIEHHS cpa-
GathiBapMs NepBOfi cTynenu 3amuTh (cv. n. 8.1.8) oue-
HHIBAETCA N0 YYBCTBHTEJBHOCTH E!'I'Opﬂﬁ CTyneHH pHCTan-
LMOHHO 3AIUMTHl JIHHHH, [JA KOTOpPOH mnoTpeGoBanach
YCTAaHOBKA AHCTAHLMOHHOH 3allMTH aBTOTpaHcopMaropa
no yenosuio 8.1.2.1.

8.1.11. Buipep:Ka BpeMeHH NEPBOH CTynHeHH 3allUThI
BHGHFSE‘!‘CR No YcJOBHIO COrjlacopaHusi C TOM CTYIeHbIO
(nepBofl, a B OTHENBHHIX CJyYasX — BTOPOH) BSalHT JIA-
HHil, ¢ KOTOpOH NPOH3BOAWTCH ColJlACOBaHME MO CONpo-
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THBJIEHHI0 cpafaTLiBanks, a BHIEPXKKA BpPEMEHH BTOPOMH
cTynen¥ 3alllMTH, KaK NPaBuio, — [0 YCJOBHIO COrJaco-
BaHWs C TpeThell cTyneHbio 3aumT Jubkid. [lpu sTOM co-
riacoBafye HPOH3BOAMTCH € HA3BaHHOH CTYNEHBIO, HMEo-
uieft HauOonbIUYI0 BHEIIEPIKKY BpEMeHH H3 3alIHT CMeX-
HBIX JIHHHI TOrO HalpsiKeHH#, B CTOPOHY KOTOpPOro
HanpaeJeHa pacCMaTpHBaeMas CTyIenb 3allWThl aBTo-
TpancopMaTopa.

Kaxpnas crynesb [eficTBYeT NOCJIENOB3aTENBHO:

Ha pa3genenHe cucTeM (CEKUMH) WIMH € MHHHMAaJb-
HOll BBIIEPHKKOH BpeMeHH, YYHTHIBalOUleH MHHHMalbHOE
AM=0,3-+0,4 c;

Ha OTKJIOYEHNe BHIKJIOUaTe el
TpancopMaTopa, Kyna
CTyNeHb;

Ha BEIXOMHHIE peJe 3allluT aBToTpanchopMaTopa ¢ BH-
OepXKKOfi BpeMeHH, Ha cTynmehb GoJbliell, YeM Ha OTKJIO-
yenHe BHIKJIOYATEs apToTpaHchopmaTopa.

8.1.12. YyBcTBHTeNBHOCTE BTOPOfi CTyHEHH 3allMThI
NpoBepseTcHd TaK K€, KaK ¥ TPeTBHX CTYNeHe#l 3aluT
nuuni, —no K3 B KoHUe 30HE pe3epBHpOBaHHA, T. €.
NpH KacKajgHOM OTKAOuYeHHH MeTaznngeckoro K3 B KOH-
e CMEKHBIX JHNH{l, 38lIMTa KOTOPBIX PE3epBHPYETCH.

B ofbmem cayuae npH [OpoBepKe YYBCTBHTENBHOCTH
FAOJIKEH YYHTHIBATECH YroJ CONPOTHBJEHHA B MecTe ycra-
HOBKH 3alHTH B PacueTHOM peXHMe, OnpenessiemMuil pac-
xomaenrem no ¢ase IJIC nHTAOUMX HCTOYHHKOB,

Tpebyemuiit KoahpuLUEeHT YYBCTBHTENLHOCTH B cOOT-
percToul ¢ TT¥Y3 ky=1,2.

KpoMme TOro, npH TaKOM CMEHIEHHH XapaKTePHCTHRH
cpabaTbiBalHsl BTOPOH cTylEeHH B NEpPBLH KBanpaHnT Komn-
JNEKCHOM NJIOCKOCTH, NPH KOTOPOM He OXBATHIBAeTCS Ha-
YaJi0 CMEXHBIX JHHHH (3alHTa KOTOPHIX pe3epBHpYeTCH),
B cooteercTBuu ¢ n. 8.1.4 nomxno OuTh obecneyeHo Ha-
IexHOe e3alleNfienie» pacCMaTPHBAEMOHR XapPaKTepHCTHKH
BTOpO#i CTYNEHH € XapaKTePHCTHKON NEpBON CTYNEHH Mu-
cTaHuMonHOi 3amuTe [cv. (8.9) u (8.10)] wam uyscTBH-
TeNbHOCTh TOKOBOH 3amHTE 00paTHO# NOC/AeNOBaTEeNBEHO-
CTH M MaKCHMaJBHOH TOKOBOH 3alIMTH C NYCKOM Hanps-
XeHHA apTOTpancopMaTopa B Hauase 30HE cpalaThipa-
HHfl paccMaTpHBaeMOH BTOPOH CTYNeHH JMCTaHlHOHHOH
3aLIUTHL

8.1.13. Conpotuenenue cpaGatmBanusi pene Zepar
onpefienfeTcd Ha OCHOBAHHH NEPBHYHOIO CONPOTHB/AEHHA
cpabaTuiBaHMA 3allUTHl Ze oz ar, KOTOPOE NpeAnOfaraercs
NPHBEIEHHEIM K CTOpPOHE, TAE YCTAaHOBJEHH Tpanchopma-
TOPH TOKa paccMaTpHBAeMO CTVIEHH 3allMTLL

OpH NOAKJIONEHHH 3allMTHl K TpaHchOpMaTOpaM ToO-
Ka, YCTaHOBJEHHHIM HA CTOPOHE CPENEero HanpsKeHHs,
H K TpancopMmaTopaM HanpskeHdsl, YCTAHOBJAEHHLIM Ha
CTOPOHE HH3ILIEr0 HanpsiKeHHs asToTpaHcdopMaTopa,

TOk
Hanpameﬂa

CTOPOHHl aBTO-
paccMaTpHBaeMas

Kicn
Z = F= ' Z o
C, py 8T V3 KUHH ”aT‘ T ¢, 3, 8T ( )

NpH NOAKAIOMEHHH 3allHTH K TpancOopMaTOpaM TOKa,
YCTAHOBJNEHHEIM  Ha CTOpOHE BRHICIUEr0 HaNpsMEeHHA, H
K TpanchopmaTopaM HaNpAMKeHHH, YCTAHOBJEHHEIM Ha
CTOpONlE HH3MIEr0 HaNpsiKenHs anTOTpaHcdopMaTopa,

Kf BH

Zc.p. ar== Ze, 3.8 (8.12)

V3 KUHH Nar, BH-HH
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ipH MOMKJIOYeHHR 3alMTH K TpaHchopMaTopaM TOKa
H HANPSKCHHS, YCTAHORJEHIBIM Ha CTOPOlie BEICLIEIO
(cpenHero) HanpsxeHHs aproTpancgopmartopa,

Krpp chy

KUBH (CH)

rpe  Kren, Krca—xoshoHunenTst TpaHchOpMallHH
TpaHcOpMaTOPOB TOKA COOTBETCTBEHHO HA CTOPOHE BHIC-
Ilero H CpefHero HalpsixeHHil aBTOTpaHCHOpMaTOpa;
Kv su, Kv BH — kosthHutents TpancopMaiuui TpaHc-
[b()pMETCIpOB Haﬂpﬂ'}KEl{Hﬁ COOTBETCTBEHHO Ha CTOpOHE
BHICIIETO H HH3MIEr0 HanpseHHH aBToTpaHcopMaToOpa;
Rar, BH-HH, Mar, CH-HH — KosthOHIHenTt Tpancgopma-
LHH paccMaTpHBaeMOro aBTOTpaHC(opMaTopa COOTBET-
CTBEHHO Me€XKJY CTOPOHaMH BEICIIErO — HH3MIEIro H cpej-
HEro — HH3LIero H.ﬂl’[pﬂ)KEHHﬁ, B IocrneaHeM ciyiae ﬂpﬁ'
uuMaercs ¢ yuerom PITH asrotpancdopmatopa.

Kos¢dmment V3 B snamenarene (8.11) u (8.12)
onpefensieTcss BKJIOYEHHEM 3alIHTH Ha (ha3Hblie BTOPHY-
HEIE HaNpHKEeHHA.

YcraBka Ha pese CONpPOTHRJEHHS BTOPOH CTYyNeHH
Z:,u. [pH OTCYTCTBHH cCMellledHs] XapakTepHCTHKH cpaba-

TH{;MHHH (a=0) ® cMewennu ee B TpeTHi KBagpaHT (@<
<0)

Z, Pe 3T = zc. 3, am (8. 13)

2, 2, (514

NpH CMELIEHHA XapaKTepHCTHKH cpalaTeBaHlis B nep-
Buifi keagpant (a>0)
11
11 Co P
Zyer = H‘_a . (8.15)
rje @ — 10 ®e, uto B (8.5).

8.1.14. YyscTBHTENLHOCTL OOEHX CTyNeHeH 3allHTH N0
TOKY TOuHOH paboTm onpegensiercss KO3pHUHEHTOM TyB-
CTBHTENLHOCTH FRgr Tpu K3 wmexay TpemMs ¢asaMu B
pacueTHOlt TOUKe

(8.16)

rae Ix min — NepBHYHLI TOK B MecTe YCTAHOBKH 3alHTH!
npe K3 memny Tpema tasamm B pacueTHoil Tolke B pac-
YeTHOM MHHHMAJbHOM pexHMe; Jax — TOK TOYHOH pabo-
Thi (MepBHYHEIH) MNpPH JAHHOM BHle NOBPEKIEHHS,

MHHHMaJIbHOE 3HAYEHHE KOS((HIUHKEHTa YYBCTBHTEb-
HoCTH fonyckaercs npumepuo 1,3 pans nepsoil crymenn
sangitet H 1,1 oA BTOpOA CTyneHH 3allHTH.

Tok I« min paccuHTHIBaeTCA [Ns NEPBOH CTYNeHH 3a-
uHTHE OpH K3 B KoHLle OXBaTHIB@eMoll €0 30HH [OJf
BTOpOH cTyneHH 3amutet—npn K3 B Konue 3obl pe-
3epPBHPOBAHHS.

Hna ofenx crynenefi 3amHTH [AOMKHO paccMaTpH-
BaTkCA KackajHoe oTkmodentie K3, npr sToM pacderssim
INsi BTOPOi  CTYNEHH 3allHTHI MABJAETCH pPEMHM, COOT-
BETCTBYIONIKA HAKMeHBIIEMY 3HAUEHKIO KOa(gHIHeHTa TO-
KOpacnpeeieHHsl Rrox,ar, PABHOTO OTHOIIEHHIO TOKAa B Me-
CT€ YCTAHOBKH 3alHTH K TOKY B Touke K3.

I nepeoit CTynenn pacueTHuiii TOK He 33aBHCHT OT
pexknma paboThi CHCTEMB!, B KOTOpO#l paccMaTpHBaeTcs
NoBpeEXOeHHe, 4YTO crnelyer H3 NpHBEAEHHBIX HHXE BBHI-
paxenuii AJIsi TOKAa B MecTe YCTAaHOBKH 3aumuTe npH K3
Mexcay tpems ¢asaMu B KOHIe 30HH, OXBATHIBaeMOf ee
nepBoii CTYNeHkIo.

Ilpy nojkmouenun 3amHTH K TpaHChOpMaTOpaM Ha-
NIPFIKCHHS, YCTaHOBJIEHHHIM H2 CTOpOHE HH3IIero Hanps-
MEHHsl aBTOTpaHc(pOPMaTOpPa, H HANPABJCHHH 3ALIHTH B
CTOpOHY CpeaHero (BbiCHIero) HaNpsMeHHs

i e Uﬂnmk‘rm(. ar
e V.__ 1 e
3 !‘_ZE 5 !_z:'a-r. BH (CH) + ,Er_. 3, ar )k'rox. aT]
U
= 7 o . B
E 1
= Z 7
Va—( k'TOK, - +__E‘I'. BH (CH) +_c, 3, “)

Hpr nomkmosennn sammth k Tpamcdopmatopam Ha-
NpsXeHns, YCTAHOBJEHIIHIM Ha TOH CTOpPOHE ABTOTPaHC-
topmaTopa, B KOTOpYIO HampaBJieHa 3alllHTa,

Ul!n:\!(k'roﬁ. a‘r]]

i - fissl,
V3 [Z; + (Zar, BHCH ‘l‘_zi_g_a-,)kmn. arl
- Ull(m + (8.]8}

zi:
g — I
V3 ( T T2, tHen o aim

[IpH NOAK/IOYEHHH 3KalUMTH K TpancopmaTopaM Ha-
NpSKEHHs, YCTAHOBJIEHHEIM Ha CTOPOHe BHCIero (cpeine-
ro) HanpsixeHus apToTpaHcOpMaTopa, H HaNpaBJEHHH
3allHTHl B CTOPOHY cpefHero (BuICIIEro) HaNpsKeHHs,
7. €. B CTOpPOHY aBToTpaHcopMaTopa,

l - UH(‘IMI‘T:'IK. art Fl
= Sl L3
V3 (2, 4+ 2L s olioia)
Ugae

- . (8.19)
vy (=t .
Fro.ar | ~Lor% ot

B Buipamennax (8.17)—(8.19) Zj; — skeuBaneHTHOE C€O-

NPOTHBJIEHHe  [HTAIOMmeH  HENOBPeMJEeHHOH  CHCTEMH;
ar,BH(CH) — CONPOTHBNEHHE Jyda Bhicliero (cpeauero)
HalNpsXeHHA B CXeMe 3aMellleHHA 3ETO‘TpaHC¢iO|lM31‘Opa:
Zar,BH-CH — CONpOTHBJEHHe anToTpaHcopMaTopa Memx-
LY CTOpOHAMH  BBICIIEIO H CpefHEro  HaNpsMeHHis,
Zl¢,3,ax — CONPOTHBJCHHE cpabaThiBAHHS  pacCMaTpHBae-
MOii mnepBOH CTYNeHH 3alllHTbi; Rrox.ar — KO3(PQHUHEHT
TOKOpaclpefesieHHs, paBHbIl OTHOLIEHHIO TOKa B  pac-
cMaTpHBaeMOH 3alllHTe K TOKY, NOATEKAKuUeMy OT MHTal-
meil HeMOBpEMJeHHOH CHCTeMbl; MpPH J[BYX aBTOTpaHC-
topMaTopax Ha NOACTAHUMH Krok,ar=0,5, npH ojHOM
krok.mr=l,0.
3navenne ToKa J¢ no (8.17)—(8.19) sasHCcAT OT pe-
mHMa pabGoTH TOJNBKO NHTatoUlefi HeNOBpeXKJAeHHOH CH-
cTeMbl M He 3aBHCHT OT peHMa pabOTH CHCTeMbl, B KO-
TOpOH paccMaTpHBaeTCsi NOBpex JeHHe.

8.1.15. Pacwer ycrpoiicTea OnOKHDOBKE INpH Kada-
uusx (tanoe KPB-125 & KPB-126), npenycMotrpeHHOro
Ha nadenu Tuna II3-5 (I192105), npousBOAHTCH MpHH-
IMOHAJBHO aHAJOFHYHO pacuery, nphBefieHHOMY B <Py-
KOBOJSAIIHX YKasaHHAX Mo penednoll 3amure. Bunyck 7»,
ra. 5, pasp. u 3.

8.2. PEKOMEHAYEMbIA NOPAOOK PACHETA

B cooTseTcTBHM C NpHBENCHHBIMH BHie OOIIHMH YKa-
3aHHAMH pacyeT [AHCTAHIHOHHOH S3allHTH aBTOTpaHc(op-
MaTtopa oT MmuorogasuHnix K3 npouseoautes B caefyto-
ulem Mopsike.

8.2.1. Onpenensietcss HeoOXOAHMOCTL NpHMEHEHHS [H-
CTaHUHOHHOR 3allHTHl aBTOTpaHcopMaTopa OT MHOrO-
tasusx K3.

Ins aBrToTpaHCOpPMATOPOB € BHICUMM HANPSMHEHH-
em 220 kB onpenensercs Tpebyemoe 9HCJIO H Ha3HaYeHHe
CTyneHeHd 3alllHTHl [JIA Kam[OH H3 CTOPOH H Ha 3To#
ocHoBe TpefyeMoe 49Hc/0 NaHesied (OAHa WAH [Be); ANA
aBTOTpaHcOPMATOPOB € BBHICIIHM HaNpsikeHHeM 330 kB
H BHIlE, KaK MpPaBHJIO, YCTAHABJHBAKTCA [ABE NaHENH.

Brifupaercss cxeMa NOAKJIIOYEHHA Lenefl Toka H Ha-
NpSAKeHHs 3alHTEL

8.2.2, OnpepensioTcsi nepBHYHbie CONPOTHBJEHHA cpa-
GaThiBaHHs NepBHIX CTyNeHeil 3amHTH Zlegar MO  ycio-
BHIO COIMIaCOBAHHA C TEPBBIMH CTYMEHAMN [ACTAHLHOH-
HBIX 3alllHT CMEXHHX JHHMA ceTH, B CTOPOHY KOTOpOf
HalpaBneHa paccMaTpHBaeMad NepBASN CTYIEHb,
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Pacuer nponzsomutcs mno (83), (8.4), (8.3a) mm
{84a) B saplichMOCTH OT TOro, B CTOpOHY KAaKOH CeTH
Hanpasieda H OT Kakoro TpancopmaTopa HANPAAKEHIS
NHTaeTrcH paCCMBTpHBaE‘MHSl neppas CryneHb. Bxopsuiue
B 3TH CHpameHds KO3(QQHUHCHTH TOKOpaclpee/eiins
krow.ar.cn H Eroxar,BE JNOJKHbL PAacCUHTHBATHCH, B Ta-
KHX peaJibHO BO3MOMKHBIX perKHMaXx paGoTh, KOTOPHIM
COOTBETCTBYIOT  HaHMEHbllHe CONPOTHBJIEHHS B MeCTe
YCTAHOBKH paccMaTpHBAeMOR 3allHThl, T. &. HaHboJbIIHe
3HauenHs sTHX KO (PHUHEHTOR.

8.2.3. Onpepensercs HOPHIOAHOCTh BbIOpaHHBIX B CO-
oTBetcTBHE ¢ T. 8.2.2 comporHsiexHH cpabaTupauus nep-
BhLIX cTyneHed 3aUlHThl. 3

Ilis sTOro npoBepsieTcsi MYBCTBHTEJLHOCTH COTJIACO-
BAHHEIX C HMMH BTOPHIX cTyneHed MHCTAHLHOHHBIX 3allHT
NHHHE, H3-332 HEOCTATOMHON YYBCTBHTEJIBHOCTH KOTOPBIX
noTpeGoBasach YCTAHOBKA pACCMATPHBAEMBIX NEPBHX CTY-
nexeii AHCTAHLHONNHON 3alUHTH aBToTpanchopmaTopa.

Bu6HpaeTcs cMeulenHe XapakTepHCTHKH cpabaThipa-
HHS peJe B TpeTHH KBajpawT H nNposepsieTcst OTCTPOiKa
or K3 nHa siemeHTAX CTOPOHH HH3IIEr0 HANpseHHs, HE
HmeoulEx  GulcTpoielcTByIOUle 3aUlHTH, HanpHmep Ha
mpHax 6—10 KB nauHOH nNOACTAHLHH,

8.2.4. BubHparoTcs BHJEPKKH BFQMEHH NepBHX CTY-
neweil 3aulHTH B coOTBeTcTBAA ¢ M. 8.1.11.

8.2.5. Onpenensiorcst nepBHUHEE CONPOTHBJIEHHS Cpa-
GaTHBAHHS BTOPHIX CTyNeedi SamwTh Z.' , .. WO ycio-
B0 Obecneuchnsi  TpeGyeMofi UYBCTBHTE/MBHOCTH  (CM.
n 8.1.12).

826. IlpsHrmalTcA pacueTHBe SHAYEHHS CMeELIEHHS
@ XapaKTepHCTHK cpabaThiBalus BTOPLIX CTyNeHeii 3allH-
Ta nps BuGpanubix B 0. 8.25 conpoTHBieHHsx cpaba-
ThHIBAHHA.

B cayuasx, KOrja OaHeJb HCMOJB3YeTCA AJIfi BEINOJ-
HeHHsl OepBOi H BTOpO¥ cTyneHedl 3allUTHl, HATPABJIEHHEIX
B OJHY CTOPOHY, CMellcHHe XapaKTepHCTHKH B MepBhif
KBapaHT C/IEAYeT NpHINMATL MO YcloBHIO oObecneveHHs
HAIZEeKHOr0 «3aleNJIeHHA» XapakTepHCTHK NepBOoH H BTO-
poit ctymemeil sammTe. Pacuer npomssoantes mo (8.9).

Kornpa ne ynaeTca obecneuHTh Ha[eKHOe <«3amern-
JieHHe® HJH KOrja OaHesb HCMOJb3yeTcs Ui BHIOJIHEHHA
ABYX BTOphIX CTYNEHefi 3aulWTH, paccMaTpHBaemoe cme-
UleHHe B MepBHIfi KBaApaHT MOMHO HPHHHMAThb MO YCJIO-
BHI0 ObecrmeueHnsl BTOPOIl CTYNeHb0 TpeGyemol 4YBCTBH-
TeJLHOCTH B KOHLE 30HBI, OXBATHIBaEMOMH pEEE])BHbIMH
sauTaMl  aBTOTpaHcdopMaTopa (TOKOBOF 3alUHTOl 06-
paTHOM TOC/ENOBATENLHOCTH H MaKCHMaJbHOH TOKOBOH
3aulHTOl ¢ NYcKOM HanpsAKeHHs) 0OpH BHEIIHHX MHOro-
cdazimx K3 B ceTH, Kyaa HanpaBsiena paccMaTpHBaeMmas
Bropas ctynedib (cm. m. 8.1.4). Pacyer MOMeT npoOH3BO-
naThes no  (8.9), B KOTOpOM TOL CONPOTHBJICHHEM
Z1; 5,47 TNOHHMAETCA NEepBHYHOE CONpOTHBAEGHHE B MECTE
YCT4HOBKH paccmatpHBaemoli BTOpofi ctymend nph K3
B KOHIe 30HH, OXBAThiBAEMOH YKasaHHbLIMH pe3epBHbIMH
samHTaME  aproTpakcdopmatopa. IlpH  sTOM  AOJIKHH
PACCMATPHBATBCH DEXHKHMBl, B KOTOpHIX 3TO COMPOTHBJIE-
Hie Zl¢ aar HaHMeHbLIEE,

[Ips Bufope cMelleHls XapaKTePHCTHKH cpabaThiBa-
HHR B DepBhblii KBafpaHT jAJs abToTpaHcdopMaTopoB ¢
puiciiiM HanpsxkendeM 330 kB H BHIle clienyer TaKxKe
YYHTBIBATb BOSMOXHOCTh EMKOCTHOrO XapakTepa Zaarp,
CBS3aHHOTO, HANPHMEp, C BHEWIHell eMKOCTHOH TNpOBOAH-
MOCTBIO JIHHHH 3JIEKTpOnepejiayH. ?

8.2.7. Mpn npusstLix B n. 826 cMemenHsx a xa-
paKTepHCTHK cpabaThiBauHs, HCxXOAs K3 Ta6n. 8.3, BHOH-
paeTcs MeTOJi OTCTPOHKH OT HArpy3OYHOTO pexHMa H 1o
(8.5), (8.6) man (8.7) npoH3BOAHTCA pacyeT NEPBHYHBIX
conpomanemiﬁ cpabaToiBaHHA BTOPHIX CTyMNeHed SalHTH

1
Zc.a, aTe

8.28. TlpoBepsercs 4YBCTBHTENBHOCTH BTOPHIX CTY-
peweil 3alMTH OpH nofyvenHux B M. 827 conportHBle-

HHAX cpabaThiBaHHA thg_m nyTeM CpaBHEHHS IOC/en-
HHX C CONpOTHBJIEHHAMH cpabaThBaHHA, YAOBRJETBOPSIO-
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{IHMH  YCJIOBHIO UYBCTBHTENBHOCTH, KOTOphie O nonmy-
yend Beile B pacyeTe mo m. 8.2.5.

8.29. Ecan uysergntensnocts no mn.8.2.8 orasuBaer-
¢ NeIoCTaTOMHOI, TO YBCANYHGAETCH CMellleHHe a Xa-
paKkTepHCTHEN cpabaTeipanus H TNOBTOpAeTca pacyeT IO
nn. 827 1 8.28.

8.2.10. BoiGuparoTcs BLIJAEPIKKH BpeMeHM BTOpPHIX CTY-
neneil 3aumuTii B coorsercTBHH ¢ M. 8.1.11.

8.2.11. OmnpenessiotTes conpoTHBJenHs cpabaTHBaHEA
pese mepBbIX H BTOpHIX cTyNeieidl 3aIHT, 4 TaKXKe yCTaB-
Ka Ha pese BTOpPOHl CTYNMeHH 34allHTH B COOTBETCTBHH C
0. 8118

Pacuer npoussojmntes no (8.11)—(8.13) B saBHCH-
MOCTH OT BbIGPAHHOH CXEeMbl NOJAKJIIOUYEHHS lened TOKa H
Hanpsixenns saulnTa B n. 8.2.1  no Bepaxentio (8.15).

8212 Tlpoeepsercas YyBRCTBHTENLHOCTH OGEHX cTyme-
Hel N0 TOKY TOMHOH paboThbi.

Pacuyer npousBopuTcs B coorBetcTBHH ¢ m. 8.1.14.

8.3. NPMMEP PACHYETA

8.3.1. B wuacrosiulem OpHMepe JlaH pacyeT MAHCTAH-
uHOHHOR 3auluThl aproTpancopmatopa ATILITH-125000/
92920/110, HMewulero BCTpPOEHHOE peryJHpOBaHHE HaNps-
MEeHHH NOJ HATPY3KOH HAa CTOPOHE CPEAHEr0 HATpPAMKeHHs
B Hpegenax =129 HOMBIANBHOTO.

FicxojiHas cxema JUIi NpHMEpa pacyeTa, a Takke
cxembl 3amellleHns npavoi (o6paTHoil) nOCJENOBATENLHO-
CTH NpHBENeHbl Ha pHc. 8.1,a | 6.

[lprMep paccunTan B HMEHOBAHHBIX ENHHHUAX, TPH-
pefleHHEIX K CTyneHH Boicuiero wanpsxenss (230 kB) kax
K OazoBoii.

8.3.2. Onpenensercs HeoOXOJHMOCTE NMPHMEHEHHS JH-
CTAHLHONHON 3aulkTLi apToTpancdopMaTopa (a HMEHHO ee
neppoii cTynewH) mno YcnioBHio oecneyenns TpeCyemoi
YYBCTBHTE/LHOCTH BTOPHX CTYNEeHeH [AHCTAHUHOHHHIX 3a-
UIHT, YCTAHOBJIBHHBIX Ha  [POTHCONOJOMHBIX — KOHNAX
CMEKHBIX JHHHE B cootBercTBui ¢ nnm 8.12.1, 813 =
821, ucxoma H3 (8.2). Ilps 5TOM JOOKHEI paccMaTpH-
BaThCA 3allNTHl Hanbosee [AJHHHBIX JIHHHHE H ¢ GOMBILH-
MH Ko3(HUHEHTAMH TOKOpAcrpele/eHns.

Jns nuunit J12 220 kB pnenoit 200 km

37,4—8,7

Z=80>23 —33,% Om.

Pacuersniii  (HanGospiusil)  ko3(HUHEHT TOKOpac-
npeneneHHss B paccMaTpHBaeMOM Clyyae COOTBETCTBYET
oTkarouendo JuAEE JII 220 kB (nswmsoi 150 kM) B ma-
pajuiesbHoll  paboTte apToTpaHcOpPMaTOPOB HA CTOpPOHE

CpeiHero HanpaAXeHHs
k-r ox.n=2-

Ins yquupe JI8 110 kB pasnoi 100 kM
BA=8T
0,374

Pacuetnuldi  (HanGoJbllHiT) KOos(HUMEHT TOKOpacmpe-
IieJleHHs B paccmMaTplBaeMOM cliyyae COOTBETCTBYET OT-
KJouennio HanGosee KopoTkoit JsumHH JI4 110 kB (mnn-
soi 50 km). Pacuerst npoHsBOAATCSH, HCXOAS H3 CXEMH
3amveuleniss npAmoi (oGpaTthHOH) NOC/eLOBATEJIBHOCTH IO
prc. 8.1,6 nyis cayyas MaKCHMAJBHOTO peryJHpyeMoro Ha-
npsuKkeHHs (MHHEMAJBHOTO CONPOTHBJEHHS aBTOTpaHcgop-
MaTopa) H napaJjJienpHoll paGoTEl aBTOTpancGOpMaTOpPOB
B MHHHAMaNbHOM pexiime paboTu cicreM C5 H C6

25»8,5-1,5
2
krmc, 3= 58,5

-1.56
= (154 76,1)

Z;,=115<2,3 —176 Ow.

=0,374.

Hs npHBeneHHOro pacueTa MOMKHO cHEJAaTh CAELYIO-
LLHe BHIBOAH.



83.21. [as obecneyeHAsl COrJIACOBAaHHA BTOPHX CTY-
neieii 3aluTe Junuii 220 kB ¢ sawmToft aBroTpaHchop-
MaTOpa Heo0OXoaMMa YCTallOBKA Ha apToTpaHc(opmaTo-
pax [HCTAHLHOBHOH 3alUHTE ¢ NEPBOH CTYNEHLIO, HANpaB-
JEHHOH B CTOPOHY CHCTEMB! CpEZIHero HanpsiKeHHs; 3T10T
ke BHIBOZ MoeT GpTh clienan Ha ocuosauHH Taba. 8.2

PaccMaTpuBaeMan cTyneHb OcoOeHHO ierecooGpasHa
npu orcyrcreud Ha Jubuax 110 kB nosnouenHoro Gami-
Hero pesepsHpoBanun (cM. «PyKoBoasilie yKa3auHs IO
penefinoil sawuTe. Boimyck. 13A»).

8.3.22, YypcTBHTEJILHOCTL BTOPHIX CTyNeHed JAHCTaH-
LUHOHHBIX 3awuT Juudit 110 kB oGecneunBaercs npH oOT-
cTpoiike Hx ot K3 3a aproTpancdopMatopaMH H, Cleno-
BaTeqbHO, He TpeGyercs YCTAHOBKH COOTBETCTBYIWOLUEH cTy-
NeHH AHCTAHLHOWMON 3alUuTH Ha aBTOTpaHcdopMaTopax.

8.3.3. Onpepensiercsi HeoGXOAHMMOCTE NPHMEHEHHs OH-
CTAHLHOHHON 3awuTHl aBTOTpancgopMartopa (a HMEHHO
€e BTOpPOH CTyneHH) 1o ycioeHIO obecneyenus pe3epeH-
pOBaHHsi B CETSIX BHICIIEro H CpeJHero HanpsiKeHHi B
cootBetcTBHH ¢ nm. 8.1.2.2 u 8.2.1. Ilpu stom yuHTBIBaET-
Csi YYBCTBHTEJILHOCTH B 30HE pe3epBHPOBaHMs JPYTHX pe-
3epPBHBIX 3alHT aBTOTpaHchopMaTopa OT MHOrO(pA3MEIX
K3 (rokoBoii- sauiute!t o6paTHOll NOCHENOBATE/NLHOCTH H
MAKCHMAaJIbHOH TOKOBOH 3aLHTHI C NYCKOM HAINpsKEenHs),
YYBCTBHTEJLHOCThL TPETBHX CTYNeHeH JAHCTAHLUHOHHBIX 3a-
IHT, YCTAHOBJEHHBLIX Ha NPOTHBONOJOXKHLIX  KOHIAX
CMEXHBIX JIHHHI BLICLIErc H CPeaHero HanpsiKenuii, Ha-
JHYHe HJM OTCYTCTBHe Ha HHX NOJIHOLeHHoro GJHIKHEro
Pe3epBHPOBAHHA H BO3MOXHOCTL nNOBhlennsi sddexkTHp-
HOCTH JaJibHero pe3epBHpPOBAHHS NpPH NpPHMEHEHMH pac-
cMaTpHBaeMOR BTOPOH cCTYyneHH JHCTAHLHOHHOH 3aLUHTH
aBToTpaHcdopmMaTopa.

Conpotuenenns cpabaTHiBaHHA TPeTLHX CTyneHedl nu-
CTAHUHOHHBIX 3allHT, YCTaHOBJEHHBIX Ha HPOTHBDIIOJIO}K-
HbIX KOHLAX CMEeXHHX JHHHH, OCBYHO 3aMMCTBYIOTCH H3
pacyera 3alMT JuuHH. B Hacrosiuuem npumepe OHH pac-
CYHTAHB! HCXOAsi H3 TOKOB TOCJeaBapHilHOTO pexuMa, yie
YUHTBIBAIOIIHX TOK camosalycka JBHraTesell Harpy3kKH H
NpHBEAEHHHX Ha HcXonHOH cxeme no puc. 8.la (cm.
«PYKOBOAsLHE YKa3aHHf N0 penednoii sawute. Bol-

nyck 7»).
HOas puunu JT1 220 kB paunofi 150 km
0,9-230 :
zZn = —= ! =170 O
&3l ¥3.1,2.1,1:0,75 cos(8J° — 35°) 10,5,
Hcnonbsys  MakchmalbHylo ycTaBKy  peje  THNa
KPC-1 Z¢ p max=30 Om, MOXHO NOJYSHTS
220 000
Z K # |
gl , ot C- R U X 330 Ow.
¢, smax K; 1000/5
270 3HaYeHHe B pacCMaTPHBaeMOM CJydae MOMKET
OBlTh HMCHOJB30BAHO NPH SJIHNTHYECKOH XapaKTepHCTHKE
pese.
Hna oumuit JI4 110 kB pauuofi 50 kM
0,9-115
M = - =173 Om.
€& %= "3 .1,2.1,1.0,3 cos(65° — 35°) "

Hcnonesysi snaunTHUeCKyl0 XxapakTePHCTHKY Ha Mak-
cuMasHofi yeTaske pene THna KPC-1 Zep maxz=30 Owm,
s nHaud JI4 MOXKHO NOJAYYHTH

110 600
100
M = _ﬁmT=275 Om.

Onpenensiercsi uyBCTBHTEJLHOCTH — PACCMAaTpPHBAEMBIX
TPETBHX CTYINEHeH AHCTAHLHOMHLIX 3alIHT JHHHE NPH Kac-
KaJHOM oTKModednH K3 B KoHIe NpeNplAyliux JHHHE
(s Toukax Ki u Kz ua puc. 8,1,a) npu BKIOYEHHHIX H
OTKMIO4YeHHBIX aBroTpanchopmartopax. [lpw stom jponxk-

S, =T5000MB-A s,,--sgjacf.m-a
or Vid )it zU 1
@ —ae 50 2708 200 wm ;{,ﬁ | C:;,)
9 T S02h —— B e ssoMBA
fg=sna/5é_ e
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ATAUTH—125000 Ky = Se=S00MEA
230/121%12%[11xB w005y 4 300
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Puc. 8.1. IlpumMep pacuera AHCTAHWHOHHOKH 3aLHTH ABTC
Tpancdopmaropa:
a — ucxomHan cxema; 6 — cxeMma saMemieHHss npsamofi (oCpaThoil)
qocnegoBaTenbHOCTH.

Mpumevaunn: 1. Ha puc. 8.1, npuBencHbi: Sy — Mak-

cHManbiie MmomnoctH K3 mexpuy Tpems ¢hasaMH Ha IHHaX CH-
crem 220 w 110 xB (B MHHHManBHOM peXNlMe MOLHOCTH BCEX CH-
cTeM cHmwxaloTcs B 1,6 pasa); [y, ., — MakcHMaiabHO BO3MOMHbIE
TOKH HarpyskH B nocieapapuiiioM pPacueTHOM HArpy30YHOM peH-
Me NpH OTKJIONEHHH MapannensHo paGoTaiouiero asToTpancdop-
MaTopa.

2. ¥YgensHoe conpoTHBieHWe muuH X, =04 OmM/wM; Q=75
pns nuueid 220 kB; @, =65° mnsn aunwft 110 xB.

3. B cxeMe 3aMeulepufi Ha pHc. B8.1,6 3xavemus conpoTHBIeE-
Huit npuBemens! K uHanpsamedwio 230 xB. ConpoTtHBNeHn# aBTo-
TpascdopMaTOopa LaHBl IJS cpelHerc W KpaflHEX nonoesHf pe-
rynsTopa; conporuBneHusi snemextoe ceth 110 xB — mns cpegmhe-
ro H Kpafinero, COOTBeTCTBYIOLIErOo MAaKCHMaNbHOMY peryJinpyemo-
My Hanpsmennto (121412%) nonomennii peryasTopa W MOJOHKC-
HHS, COOTBETCTBYIOLLEr0 MHHHMAanbHOMY, PpeaJbHO BO3MOMHOMY
peryHpyeMoMy Hanpsykenuio (npuuato 121—8%). 3HauenHsa co-
npoTHBNeH#R, COOTBETCTBYIOLIEX MaKCHMaJbHOMY § paccMaTpHBae-
MOMY MHHHMAJBHOMY 3HaYeHHAM pETYJHPYEMOrO HAODAMCHHR
npHBEfeHbl B cKOOKax B BHJe JPOGH, nepBoe — B YHCJAHTENEe, BTO-
poe — B 3HaMeHaTene

el paccmatpuBaThesi K3 B koHpe HauOosiee [LJTHHHBIX
JIHHHI ¢ MEHBIIHMH Kos((duuHenTaMH TOKOpacnpejene-
HHfI, T. €. pacueTHblc YCJOBHSI AJs1 Ofecneyenusr Aalb-
Hero pesepeHpoBanys (C5 H C6 — 5KBHBAaNCHTHHE CXe-
Mbl YHACTKOB CeTH, Ha JMHusx Kotopeix K3 He paccmart-
pHBaeTCs B NPeANONOXEHHH, 4TO KaK AJsi JlaHHOro ycJo-
BHS, TaK H JJsi OnpejelleHHsi NapaMeTpoB JAHCTAHIHOH-
HOH 3alATHl OHH HE FBJAIOTCS PaCHETHBIMH).
UyBCTBHTEIPHOCTD TPeThEH CTYNeHH JMCTaHLMOHHOF
saumtel | mueuu JIf 220 kB npu K3 B Ki u BKoueH-
HHIX aBTOTpancgopMartopax
z!ll'

= °*3’";"’ = 33080 =1,15.
Ji2
In+ g o
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Pacuetnpiit (Hanvenbumit) kosdduHuHeHT TOKOpachpe-
JlejlenHs B PacCcMarpHBaeMOM cilydae COOTBETCTBYeT pa-
Gote apToTpancOpMaToOpPOB MPH  MakCHMAJLHOM  peryJiu-
pyeMoM HanpsiKeNul, MakCHMaAbHOMY pexHmy padoTsl
EQQTOH élﬂ kB H MupHHMaJLHOMY pekHMy paboTbl CeTH

K

58,5
Zgy0= (1154 76,1)|j(57,5+76,1) || T—i—

+ 37.4;8,? 35,7 Om;

35,7
35,7 4+ (3,5-1,5 + 60)

krox = =0.354-

UyBCTBHTENBHOCTh TpeThell CTYNeHH MHCTaHIHOHHOI
samuTht 4 auank J4 110 kB nps K3 B Tonke K2 1 BKaio-
YeHHBIX aBTOTpaHcgopMaTopax

2 e 275
= : = = 0 * 6‘1 i
¥ e 40
Zma+ T 0,097

Pacuetblit  (HauMeHbIUHIA) KOI(GQHIHEHT TOKOpac-
npejieienust B paccMaTpHBacMoM cifyuae COOTBETCTBYeT
paGote aBTOTpaHCGOPMATOPOB NPH MAKCHMaJBLHOM pery-
JHPYEMOM HANpPSKEHHH, MAKCHMAJbHOMY pemuMy paGoThl
cucteM Cl, €2, C5, C6 w MuBHMATbLHOMY pemkMy paGoThl
cucteMul C4

) 37,4—8,7

Zogmo = (3,5 +60) | (10,6 4- 80) + ————==

= 51,65 Om;
58,5
Zsor0_y10= 51.65 “T=18,6 Om;

18,6
18,6 + (57,5 1-76,1:1,5)

=0,097.

Frox =

W3 npuBenennoro pacueta cjelyer, 4to B CeTH
220 kB B paccMOTpeHHBIX BHle PacYeTHEIX YCJAOBHIX
JleiiCTBHE TPEeThEll CTYMeHH JIMCTAaHLHOHHON  3aumute [
oGecneunBaetcs npy K3 wa 95% mnwnn avnen JI2 u Ges
MeHiCTBHS JIHCTAHUHOHHOI 3allliTel  aBToTpaHcdopMaropa.
Kpome Toro, mocsefHas He mnoBhichia Ol H 3@¢ertHs-
HOCTB JlaJIbHEro pe3epBHPOBaHHs, NOCKOJLKY MEponpHs-
THY MO JIeJeHHI0 NojiICTaHUHH, paboTaiollleii Mo cxeme ue-
THIPEXYTrOJEHHEE, Onsi CoXpaHeHusds 4YacTH €ee B paﬁore
e mnpeaycmatpusatorea. [lpeanonaraercs, 4TO OTKJIOYE-
HHe aBTOTpaHcdopMaropa ‘B pacCMartpHBacMOM chayuae
pHeinHero K3 MpoMsBOAHTCH €ro pesepsHEIMH 3aIHTAMH
(3ammToli 0GpPAaTHOH MOC/NENOBATEJNBHOCTH H MAKCHMaJb-
Holl TOKOBOH 3alMTOH € NMYCKOM HanpsilKeHHd, T. €. 4TO
YYBCTBHTENBHOCTE HX JlocTatouda. ChnellyeT Takie y4u-
TLIBATb, YTO BEPOSATHOCTE JIEHCTBHS  PE3ePBHLIX SallHT
astoTpancgopmatopa npy K3 Ha nunmax 220 kB BecbMa
mana. 1o onpejeisiercs wasnuwem YPOB ma nopcran-
LHH H NOJHOUEHHOTO OJIHIKHEr0 pe3epPBHPOBAHHS 3alHT
Ha JauaHax 220 kB.

B cetw 110 xB nanwhee pezepBHpoBaHue He obecne-
yuBaercs. [losHonenHoe GiHIKHEC pe3epBHPOBaHHe 3allHT
pa sgueuax 110 xB umeercs He Beeraa. ]ﬁuﬂanuunnﬂan
3alMTa aBToTpaHcdopMaTopa, AeficTByiolllas C nepBoii
BBIICPIKKOIl BpeMeHH Ha pasjienense cexlwii wwme 110 kB,
3HA4YHTENbHO MNOBBEIIAeT 3IQQEeKTHBHOCTL JaJlbHErO pesep-
BHPOBaHH#.

83.4. B cooTBeTCTBHH C NpOH3BEJleHHEIMH BEIle pac-
yeramu (nno. 832 n 83.3) wa paccmaTpHBaeMoM aBTO-
TpancOpMaTOpe YCTAHABJHBAETCS JIHCTAHIHOHHAS 3allly-
Ta, BEINOJHCHHAA OJIHON NaHe bio € nepBofi W BTOpOR CTy-
neHsiMH, HaNpaBJeHHEIME B CTOPOHY CpEJIHEro Hanps-
HEHHS.

48

B coorsercteuu ¢ n. 8.1.6 menmu Toka ofenx cryie-
Heil 3alHTH MOAKJIOYAoTes K TpancdopMaTopam TOKa
CTOPOHLI CPEHCTO HANpsKCHNS B MPe/NONONKeHHH, HTO
ApH NOAKJAOYEHHH K TpancgopMaiopaM TOKa CTOPOHBI
BeICLIE) HaHpﬂ}Kﬂ[HH nepeas CTyineHbL OKa¥xeTcs He OoT-
crpoersoit o1 K3 Ha IIHMHaX HH3WIEro HanpseHusd, a
BTOpas CTYHGHB-—HEJJ,OCT&TOHHG HYBCTBHTEJII:HO;I H3-32
PITH aBToTpancdopMatopa.

llenn wanpsikenuss mnaHelu B  COOTBETCTBHH C
n. 8.1.7 BkmouaioTcsi Ha MewxaydasHble HanpAKeHHs
TpaHcGOPMATOPa HANPAKEHHS, YCTAHOBJIEHHOIO Ha IIHHAX
Cpe/IHEr0 HanpsiKeHHsl.

8.3.5. Onpenensiercs nepBHYHOe CONPOTHBJEHHe Cpa-
GaTLBaHHs NepBofi cTyneHd 3amwuThl Zo g 5o N0 YCIOBHIO
COrJIACOBAHHA C NEPBHIMHM CTYNEHSIMH 3aLLHT JHHHH Cpel-
HETO HANPSKEeHHs.

PacueTHoii B cetn no puc. 8.1,a sBasercs Jmeusa JI4
naukol 50 kM. Pacuer npoussonutcs no (8.3a) ans chny-
yas MAKCHMAaJbHOTO PEryJHPYeMoro HanpsikeHus (MHHH-
MaJBHOCO COMPOTHBNEHHS aBToTpanc(opMaTopa H MHHH-
MaJBHOTO MNPHBEJICHHOTO CONPOTHEJ/IEHHS JHHHI CPeAHero
HanpsiKeHHs1) € YYeToM TOro oOCTOATE]LCTBA, HYTO /14
pacCMaTpuBaeMulX JIHHHH CPEJHEro HanpiieHHs, ABJA0-
IWHXCH JHHHMH C JIBYCTO]JOHHHM nuTaHKEM, 30HA, 0OXBa-
ThIBaeMas MEPBOH CTYNEHBIO NMCTAHLHOHHON 3ailHThl JiH-
HHH, C KOTOPOH NPOH3BOAHTCS COLNACOBAHHE, COCTABJSET

87% nnueBl JHHHK
[ 0,87-57,5
75 QR
0,571

CaB, 8T

Pacuernstit (Hau6osbiuHil) Kos(pHUHEHT TOKOpacrpe-
JeNeHHST B pacCcMaTpiBaeMoM cJyuyae COOTBETCTBYeT pas-
neabHOK pabote astotpanchopmaTopoB Ha CTOpOHe Cpefl-
HCrO HanpsKeHHS B MHHMMaJBHOM peiHMe paboTel cCi-
crempl C6. Pacuersl NpoM3BOAATCH, HCXOAS H3 CXeMEl 3a-
MemeHust mnpsaMoit  (00paTHOH) MOCAEAOBATENBHOCTH MO
puc., 81,6 naas cayuas MakCHMalLHOIO peryJiHpyemoro
HanpsiKeHns =

Zga20= (3,5-60) Il (10,6+4-80) 4-28,7—=66 Owm;
__ 58,5:1,5
Frok, ar = 58,5-1,5 -}- 66

Kpome Toro, joskua ObiTh IpOBepeHa OTCTpOiika Xa-
paktepHcTHKH cpabaThiBaHks NO CMelleHHio B TpeTHit
kBaapanT or K3 Ha wWHHAX HH3WEr0 HANpsRKeHHS NOJ-
CTAHLIHH.

836. B cootserctBuu ¢ n. 8.1.10 npensapHTe/NLHO
OUEHHBAETCS NPHIOAHOCTL  BRIOPAHHOrO  CONPOTHBJEHAA
cpabaTeiBaHHs TMEPBOH CTYNCHH SALUHTEL

Ilns sToro omnpenefsiercsi CONpoTHBJAeHHe CpabaThl-
BaHUS BTOPON CTYNEHH AMCTAHIHOHHOH 3&UHTH 2 JHHUH
JI2 220 kB paueoi 200 kM (ans koTopoi noTpeGoBasach
YCTaHOBKA JIHCTAHUHOHHOIT 3alHTel aBTOTpaHcpopMaTo-
pa) no yCJAOBHIO COINIACOBAHHS C PACCMOTPEHHOR nepBo#
cTynensio samuth  aBToTpaHcopmatopa. CorsacoBanue
NpoH3BOAHTCE B pPeXHMe napajJeibHoid paBoThl  aBTO-
TparcdOpPMATOPOB HA CTOPOHE CPE[HEro HAaNPAMKCEHHA A5
ciyqas MaKCHMaJbHOCO PeryJHPYCMOro HanpsiKeHHS

-'=68-,5 Om.

—0,571.

Zgr, BH-CH +("‘“}Zl. ;
z}:tﬂgo,s?(zm-{- . LUy
TOK. 1
37,4—8 0,9-68,5
=0,87 (80+ . ’7;“ : - ):1{;9 Owm. .

PacuetHpiit (HanGosblinil) ko3Q<dHUKEHT TOKOpachpe-
JlefienHs. B pacCMATPHBAEMOM CJy4yae COOTBETCTBYeT OT-
kntoueruio nuenu J 1 220 kB (nnmnoft 150 KM) Rrow,n=2.

Onpenensiercss  YYBCTBHTEJNLHOCTb  PacCMatTpHBaeMod
BTOPOi CTYIEHH AMCTAHIHOHHOH 3awuTel 2 anbua JI2

1 169

=g =1+36>1,%5.



Takum o6pa3om, BuGpaHpas TNepBas CTYNeHbL OHCTaH-
UHOHHON  3allHTH  aBTOTPAHCYOPMATOPa COOTBETCTBYET
CBOEMY Ha3HAYEHHIO, T. e. mospoiser obecneunts Tpebye-
MYI0 UYBCTBHTENBHOCTH BTOPHIX CTylEHeH AHCTAHIHOHHRX
sammT CMEKHBIX JuHuil 220 kB,

8.3.7. Bunepika ppeMenH NCPBOI CTYNCHH 3aUIHTL!
aproTpaHchopMaTopa B cooTBercTBHH ¢ 1. 8.1.11 npuuu-
MaeTcsd 10 YCAOBHIO COracOBAHHA C NepBOH CTYICHBIO
3aUHTR JHITHH, AcCHCTBYIOLICH Ge3 BLIAEPHKH BPEMEHH, Ha:

pasjeneHHe cHcTeM (CeKuMit) LiMH

tj=t) ,+At'=040.3=0,3c;

OTKJIOUCHHE BHIKJIOYATENs aBTOTPaHCcopMaTopa ua
ctopoie CH

Ay =1 4 At = 0,3+ (0,4 =+ 0,5) =0,7=0.8¢c.

(Af’ npHHRTa NOHMKEWHOM, NOCKOJbKY 3allHTa, € KOTO-
poil npou3BOAKTCH corsacoBanme, aeficTByer Ge3 BulaepiK-
KH BpeMEHH).

8.3.8. OnpenensieTcs mnepBHuHOE CONMpOTHBAEHIE Cpa-

% 1i
Garusanus BTOPONH CTYNEHH 3aWMTH Zo g oo 10 YCJIOBHIO

oGecnieuennss TpebyeMot uyecTeHTeNbHOCTH (0. 8.1.12).
PacueTHUM sIBJISIETCS  KackaaHoe oOTkJAoYeHHe K3 B
kouue nuuun JI3 110 kB paunoit 100 km (B Touke K32)
NpH HakMeHblieM KO3 duunente ToKopacnpefenenns. Co-
nporusnenne JAHHH JI3 (Zjg) npHEHMaercs no cXeme 3a-

Mewennst npsiMoit  (oGpatHOl) nochenoBaTeNbHOCTH (CM.
prc. 8.1.6) npu MaKcHMalLHOM pPETYJAHPYEMOM HamnpsKe-
HHI. YKAazaHHOE HEe HMeeT NMPHHIOHITHAJIBHOIO 3HAYCHHA B
chyuae NOAKJEOYEHHS 3aliliThl K TpaHcopMaTopaM TOKa
H HanpsuKeHns, YCTAHOBJEHHKIM HAa CTOPOHE CpelHCro Ha-
NpSUKEHHS, OJHAKO 3To yAOGHO AJs AadbHefiluero pac-
yeTa, TaK KdK NPH MaKCHMa/bHOM peryJHpYyeMOM Hamps-
XEHHH  PACCYHTHIBANOCH COMPOTHBJEHHe CpaGaThiBaHHA

TNepBOi CTYMEeHH 3aUHTH Zf:. s, ar (1. 83.5)

Znzky 115-1,2
It o ah o
C, 3, aT — U,I55 890 OM.

Pacuethnit (HaiiMesbinuil)  Kosdduument TtoOKOpac-
MpefieeHHss B paccMaTpHBAEMOM CJyude COOTBETCTBYeT
MHHHMaJbHOMY pexxuMmy pabotul cnetem 220 kB CI u C2
il MaKCHMaJbHOMY pexHMy pa6GoTk cHetem 110 kB C4,
C5 u C6 npu napaanensHoii paGote aBToTpaHCopMaTo-
poe. Pacuer npom3BoiuTcs Mo CxeMe 3aMelleHus puc. 8.1,6
NPH MAKCHMaJbHOM peryJHpyeMoM Hanpskensn. OOpako
NpH ApPYrHX COOTHOLUEHHSX COMpPOTHBJEHHH 3JIEMEHTOB CXe-
MBbl 3AMELICHHS PACHETHHIM MOXKET OKas3aThCH H  cayuak
paGoTel aBTOTPaHCHOPMATOPOR NPH MHHHMAJBHOM PeaJibHO
BO3MOXHOM PEryJHpyeMOM HampsiKeHHH

kl‘D‘K- ar

58,5
Zoo =5 (76,14 57,5) = 24,0.0m;

24,0
kr—.uc. AT o
2 l(s,s. 1,5 4 60)[)(10,6-1,5 4 80) 4
= 0, 155.
37,4—8,7 .
+*2—‘+24'°]

839. B cooteerctBnn ¢ n. 8.2.6 onpemessiercs nomy-
CTIMOE CMCLUEHHEe XapakTepHCTHKH cpabaThBaHHS BTOPOIl
CTYNEHH 3allHTLI B OepBhlil KBaApaHT, obecneyuBaoLlee
HalleKHOe «3aLeNJICHHEe» XapPaKTepHCTHK NepBOH M BTO;
poil cryneHeil samuTL. Pacuer mponssoamuTcs no Bepa-

xenuo (8.9)
0,9-68,5—0,1-890
1.1-8%0—0,9-68,5

Takum oGpasom, mpH cMeleHHH XapakTepHCTHKH cpa-
GaTuiBanus BTOpOil CTYNEHH- B TEPBLII KBaApaHT HaleK-
HOe «3alenieHHe» XapakTepHCTHK He obecrevHBAeTCsH, NO-
3TOMY B KAyecTBe PACHETHLIX MOXMHO NpPHEATL 3HAYEHHS

4245

—0,03.

0=

cvettennss a=—0,1 w a=0; pna panbeefiwero pacyera
npuHuMaeMm a=—0.

83.10. Tlpy npuuaTOM B 0. 8.3.9 cMmewelnn xapak-
TepPHCTHEH cpabaThiBaHua ¢ =0 BLGOp CONPOTHBIEHHA cpa-
GaruiBamus BTOpOil crymeun sauwmte Z ) NPOH3BO-

€, 8, 4T
AHTCH NO YCHOBHIO rrrcrpoi»’mu OT BE€KTOpa pacuyeTHoro
CONMpPOTHBJEHHS HArpy3Kks B MecTe YCTaHOBKEH 3allfThl 1O
BhipaxeHnuo (8.6)

i (1 A2 273
€ % 3T = 1,95 c0s(73° — 35°)
rage pacieTHOe CONPOTHBNEHHE HArPY3KH 33 HEHMEHHEM

APYrHX [AaHHHX ONpe/efs/ioch MO MOWHOCTH asTuTpaHC-
¢opMaTOpa C YyuCTOM €ro AOINYCTHMON MeperpysKi

=278 Om,

Parkgep 125.1,4
Tuarp, pacy = 57— == *—=0),439 kA;
HArD, pacy VS Um,m ,._3 230

Uit 230-0,9

7 = —— —— =273 Om,
HAPp, pact V-S llial‘p. Mo V3-D.439

a yrojl BeKTopa Harpyski HOpHHHMAJCH TakKHM e,
na nunuax 110 xB.

83.11. Tonyvennoe B n. 83.10 comporupienne cpa-
GaThiBaHusi BTOPOH CTYNEHH 3aLUHThI Z,:_'g_ ar —218 Om

KakK

3HAYHTENIEHO MeHbIle  Tpebyemoro Z":I 3. ay —890 OwMm
(cm. m. 825), T. ¢ uUYBCTBHTENBHOCTH HEHNOCTATOMHA.

8.3.12. B cootBerctBuu ¢ n. 829 tpebyercs NpHHATEH
Goabluee, yem B n. 8.3.9, cmeweHne XapakTepHCTHKH cpa-
GaThiBaHHs BTOPOH CTYNEHH 3aUHTH, T. €. CMElelHe ee
B nepBuIfi KBaJpanT.

Hexons uz (8.8), ompenmensercs cMellleBHe @, KOTO-
poe MoOKeT GhiThb NPHHATO NPH OTCTPOHKE CONMPOTHBJEHHS
cpaGaThiBAHUA OT BEKTOpPa CONPOTHBJIEHHST HATPY3KH 1O
Bhipaxennio (8.5)

41 —sin(73° — 35°)
2sin(73° — 357)

Ilpunumass a=03, no (8.5) onpenensiem CONPOTHB-
JieHHe cpabaTLiBAHHA BTOPOI CTyNeNH 3aliHTHI

1 273 (1 +42-0,3)cos(73° — 35°) — G

£ ST NN On 2.0,3

=0,311.

— V1§ 2-0,3)%0s*(73° — 35°) —4-0,3(1 1- 0, 3)
= — 208 Om.

ITonyuenHoe conpoTuBieHie cpaGaThiBaHif Takke He
VAOBAETBOPSET TpeGOBAHHIO UYYBCTBHTENLHOCTH (MeHbiue
890 Om).

Ilpuuumas a=0,4, onpepensieM, kaxol 3anac (Agq)
Oyner HMeTh MeCTO NPH OTCTPOiiKe CONMPOTHBJEHHSI Cpa-
GaThBAHHA BTOPOfi CTYNEHH 3aUIHTHI OT BEKTopa COMpo-
THBJIEHHSl HArpy3KH No yrJy.

Hexonn ua (8.7), nonyyaem:

1

A¢ < Pmaxy — Puarp — arCSiN W.—

= 73° — 35° — arcsin =73° — 35° — 33°4) =

1
2-0,4-4-1

= 4(.-20' ]
YTO HEeJ0CTATOUHO.

[Mpunnmaem a=0,45, Torna

1
Agp = 73° — 35° — aresin —————=73° — 35° — 31°4y/ =
2.0,4541
= B°20F,
uTo ofeciedHBaeT HalexkHylo oTcTpoilky oT BekTopa co-
NPOTHBJICHNST [0 yray.
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Takum obpasom, oxkonuaTessHO nNpnHiMaeTcsi: colipo-
THBJIeHKE CpabaThIBAHHSA BTOPOH CTYTCHH 3alHTHE ZLI 3, aT=
—890 On u CcMelleHHe ee XapakTepucTuku cpabaThiBa-
HUR B nepBuii Kpanapant a=—045.

CheiyeT OTMETHTb, uTO NOCKOJABLKY He yaanaoch ofiec-
MeuNTh HAaAEXKHOe <«3allenenue» (cM. mm B8.3.9—8.3.11)
XapaKTepPHCTHK cpafaTbiBaHHA NEpBOH M BTOPOil CcTyme-
Hel 3aluTLl, TO NpH MHorogasueix K3 B obaactu cme-
IWEeHHA XAPAKTEPHCTHKH cpabaTLBaHKs BTOPOH CTYNEHH
JOJIXKHBL HAJEHO AefiCTBOBATH APYrHC De3cpBHble 3allH-
Tl aBtoTpaHcdopmatopa o1 Muorodasibix K3 (TokoBas
saummTa OfpaTthOll TNOCTEAOBATENBHOCTH H MAaKCHMalbHAsg
TOKOBAas 3all[HTa € NYCKOM IO HANpSMKEHHIO).

JornoanuTenuHEie pacueThl NOKAasaj!, YTo TPETbH CTy-
neHb ' AHCTAHLHOHHON 3alluTLl 4, YCTAHOBNCHHOI Ha Npo-
THBOMOJ/LOXKHOM KoHue JjuHuH JI4, ¢ conpoTinlieHHeM cpa-
GaTLIBAHHA Zéi.mm,, =275 Om (cm. n. 8.3.3) npu
BKJIIOYEHHBIX aBTOTpaHcOpMaTopax, banMeibuleM Ko3g-
(HiMenTe TOKOpacnpefenenns Krox=0,097 (cMm. m. 8.3.3)
u yuere 109 norpemHocTH pejie B COUpPOTHBJACHHH Cpa-
GaTLIBaHHS OXBATHIBAeT NPH Kackaanom oTtkmouenun K3
B55Y% annuel nueud J13.

IMo amanorud ¢ BripameHunem (8.9) MOXHO NOAYUHTH

0,552 54
‘_“"'_"__‘O'lzl:f 3, aT
a< krou ol
0:55Zy5
woal 5, 8P Evox
0,55-115
s it S )
0.155 0 ot
) G5 o
1,1-89 — ——m——
0,155

Takum o6pazoM, NpH NPHHATOM CMELEHHH B NepBLIH
kBagpadT (a==0,45) xapakTepHCTHKH cpa0aThIBAHHS BTO-
poH e¢Tynewn 3aulutu aBTorpancdopmatopa Byner Ha-
IeWHO OfecriedHBATLCH €€ «3alenjieHHe» C XapaKTepH-
cTukofi cpabaThiBaHuR TpeTbeli CTyNeHH AHCTAHLHOHHOM
3alMTE 4, YCTAHOBJIEHHOH Ha TNPOTHBOMOJOMHOM KOHLE
nuHan JI4, T. €. TPeTbH CTYNEHH 3allHT, YCTAHOBJEHHbIX
Ha NPOTHBONOJOKHLIX KoHUax Jjudui 110 kB, 6Gynyr neii-
creopate npy K3 B obnacTH CMelleHHS XapaKTepHCTHKH
cpabaThLIBaHus BTOPOi CTYDeHW 3aUThl aBTOTpaHc(Op-
MATOpa HEe3aBHCHMO OT [eHCTBHs pe3epBHBIX 3allHT OT
muoroazueix K3 asrorpancdopmaropa.

8.3.13. Bunep:xKa BpeMeHH BTOPOH CTYNEHH 3allHTHI
astotparcopMatopa B cootBetctBud ¢ n. 8.1.11 npuHH-
MaeTCs 1O YC/AOBHIO COrJIACOBAHHA € TPETbel CTYNEHbIo
samut auumit 110 kB, umerowefi 60nbulylo  BEAEPKKY
BpEMEHH:

HA paam:neﬂue cuctem (cexuuit) wuH

(1= 4 A= 10,4

Ha OTKJIOUeHHE BoIK/JlouaTens asToTpanchopmaTopa
Ha ctopone CH

il = ]! + At = 1]' 4- (0,4 +0,5)c

[Af npmHsiTO MCXOAst M3 TOrO, YTO PAasHHUA BO BpEMEHH
JCHCTBHS HA pa3fieicHWe CHCTeM (CEKUmH) wWku W Ha
OTKJIOueHHE BLIKJIOuaTesNsi aBTOTpaHcopmaTopa onpele-
JsieTcs YCTaBKOH pejie BpeMEeHH, ofiero Aaf NepBOH H
BTOpO#i CTyneHeil 3auuTui] (cm. «PykoBoasuiHe yKasaHHs
no peneiiioii sawmmre. Bunyck 13A», puc. 2.1—2.3).
8.3.14. OnpenesisuoTcs CONPOTHBJEHHS cpabaThiBaHHSA
pene ofenx CTyNeHed 3alllHThL Iockossky ofe cCTymeHH
NOAKAIOUEHb K TpaHcdOpMaTOpaM TOKa H HanpsiXeHws,
YCTAHOB/JCHHHM HA  CTOpPOHE CPEAHEro  HANpSKEHHS
(n. 8.3.4), conpoTHpieHHs cpabaTHBAHHA peJle obeux cTy-
neneii onpenensiorcs no (8.13) ¢ yderom TOro oberos-
TeNLCTBA, UTO TNOJYYeHNbie B pacuere NepBHUHLIE CONpPO-
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Tunnenns cpabatusanus 2L , oo w ZI1. . dpusenennt &

CTOpOHE BLICLIErO HaNpsKeHnsi aBTOTpamchopmaropa mpH
MaKCHMAaJLHOM pETYJHPYeMOM HaNpsiHeHHH

1000/5 121-1,12 \2
1 - .+68,5| —————— ) =4,34 Ou;
€ P47 110000/100 ( 230 ) 3
1000/5 121-1,12 \*
" o - =56,3 Om.
¢. P.aT = 110 000/100 ( 230 ) .

8.3.15. TlpoBepsieTcst YYBCTBHTEJBHOCTL NO TOKy TOU-
HOil paboThl O6elx CTYNeHeil 3alllHTLI B COOTBETCTBHN C
n. 8.1.14

OnpeaensieTcss NEPBHYHLII MHHHMAJBHEI TOK B Me-
cTe YCTAaHOBKH 3alHTHL NPH 3aMHIKAHUH MEXAY TpemMs
(hazaMH B KOHLE S0HEI, OXBaThbiBaeMOH NMepBOH CTYNEHEIO,
no (8.18). PacuetHbim sB/sieTCst MHHHMAJLHLI  peXHM
pa6oThl cHcremsl 220 KB, MakcHManbHEI DPEXHM pabothl
chetems 110 kB u napannensmas pabota aBTOTpaHchop-
MAaTOPOB NPH MHHHMAJBHOM PeajbHO BO3MOXKHOM Pery/i-
pYEMOM HanpsiKeHHH

= 230000
Tmin = (3515 1 60)1(106 1.5+ 80) .
r [ = e ot

=514 A.

(62,6 + 17,4) - 101 .3]

[Nepeuunoe conpoTHBJexHe cpabaThiBakusi NEpBOH CTY-
NMeHH 3alllHTH, NPHBEAEHHOE K CTOpPOHe BBICUIETO Hanpsd-
HeHHA TNpH MHHHMaJNbHOM peasnbHo BO3MOXHOM PperyJm-

pYEMOM HaNpsKeHHH, \

121.1,12 \® 230 =
71 - . =101,3 Om.
ey 68.5( 230 ) (121-0.92 ) «

YyBCTBHTE/NLHOCTE TNepBOfi CTYNeHH No TOKY TOUHON
pabortut no (8.16) B

514 ————
121092 _ 5.94%1,3.,

ki v = —T5w

OnpeneasneTcss NePBHUMEIi MHHHManbubifi TOK B Me-
¢Te YCTAaHOBKM 33UIHTLI B TeX Xe YCJIOBHAX, HO NpH 3a-
MbIKaHHH MexAy Tpemsa ¢asamu Ha JIHHHH 110 xB nan-
Hoii 100 KM B KOHIe 30HBI, OXBATHIBAEMOH BTOPOH CTY-
neHblo 3alivThl. PacuyeT NPOH3BOAHTCA TaKXe No (8.18)

13 230000 A
Rmin ™ reg B, 10,6-1, 8)
V3 l(%,S 1,54 69)]1(10,6-1,5 4- }+
0,5
= = 90 A.
+4-(62,6 4+ 17,4) + 1317] :

IMepBHuHOe CONPOTHBAEHHE CPAGATLIBAHHSA BTOpO# CTY-
neHH 3alllHThi, NpHBEJeHHOe K CTOPOHEe BLICIIEro Hanps-
JEeHHs 0pH MHHHMAJBLHOM peanbHO BO3MOMHOM PEryJH-
pPyeEMOM HarpsiKeHHH,

121.1,12 \2 230 )‘
=131 .
230 ) (121-0,92 y TR

YypCTBHTE/BHOCTE BTOPOfi CTyNeHH no TOKy TOYHOI
pabotei mo (8.16)

Z'[I

c, 3, 8T

=890(

Takum 06pasoM, UyBCTBHTEJLHOCT NO TOKY TOUHO
paboTul ynoBAeTBOpAETCS A ofenx cryneueii 3alMThL



7. TOKOBASl 3ALUMTA OBPATHOM MOCEQOBATENBHOCTH ABTOTPAHC®OPMATOPOB

9.1. Wmxe pamn yxasawHsi Do pacueTy TOKOBOil 3a-
WHT 00paTHOH NOC/IEAOBATENBHOCTH aBTOTpaHcgopMaTO-
POB NpH BHWIOJHEHHH ee HANpaBJEHHOH C (HALTPOM-pejie
TOKA H MOLIHOCTH oO0paTHOM NOCAEA0BATENbHOCTH THOA
PMOII-2 560 HeHAmpaBiCHHOH ¢ (UABTPOM-Piie TOKa
obpaThoii mocjenoBatessrocTH THoa PTP-1M  (cm. «Py-
KOBO[fLIHE YKa3aHHs N0 peJeiinoii saluute. Bunyck 13As,
puc. 2.1—2.3).

9.2, lleppHunbii TOK cpaGaThHBaHHS 3alUHTH BHGH-
PaeTca mNo YC/OBHIO OTCTPOHKH OT TOKa Ha BHXOMAE
(HALTPA 00paTHOK NOCAEAOBATENBHOCTH NPH MaKCHMAJb-
HO BO3MOXKHOH B YCHOBHAX 3KCHJyaTauHH Neperpyske
4BTOTPAHCHOPMATOPA M0 BHPAIKEHHIO

(9-1)

k
Jrnc* 3= :rc Us::é‘l’ -’moc)l
B

rae faue — TOK Hebajanca na Buxofe ¢HALTpa 0GpaTHOM
HOCNEA0BATE/IbHOCTH, TNPHBEJIEHHLH K NepBHYHON cTOpOHEe
TpaHcOpMaTOPOB TOKa 3allHTH, B paccMaTpHBaeMOM
PEXMHME MAKCHMAaJbHO BO3MOXHOH B YCJOBHSX 3KCILIyaTa-
UuH neperpy3kH asroTpaHcopMaTOpa; 0OYCJOBNEH IIO-
TPElIHOCTRIO TPAHC(OPMATOPOE TOKAa 3alUHTH H OOrpeui-
HOCTBEO (DH/ILTPA, CBA3AHHOH C HETOYHOCTBIO HACTDOHKH
H BO3MOXHHM OTKJOHEHHEM YaCTOTH; /2 mec — NEPBHYHBI
TOK OOPaTHOH FOCJEAOBATELHOCTH B PaccCMaTpPHBAEMOM
PeXKHMe neperpyski, o0ycroBieHHuI HeCHMMeTpHeli B CH-
CTeMe (HAJHYHE HECHMMETPHYHOH, HanpHMED, JKeje3HO-
AOpOXHKOH Harpyskd, pa6oTa OAHONK H3 JHHHA B JIJIH-
TE/IbHOM HETIONHO(MA3HOM pexcuMe H T. JL.); Koxo — KO3(-
(PHUHEHT OTCTPOHKH, NDPHHHMAEMLLl paBHhimM 1,2; ks —
KO(OHUKEHT BO3BpaTa peie, MIsi (QHILTPA — pese THAA
PT®-IM moxer GumTh npuHST paBubivM 0,75; nas (HIBT-
pa-pese tina PMOIT-2—0,8.

IlepBuusniii ToKk HeGananca [gxg OpHEHTHPOBOYHO
MOXET OHTH ONpejeleH IO BHPaXeHHIO
!3 .5==.knﬁ [I&I'p maxy (9‘2)

rie Imarp max — MAKCHMAJIbHO BO3MOXMHEI B YCIOBHAX
SKCILyaTamHK TOK HarpyskH aBTOTpaHc(popmaTopa (Ha-
IPHMED, B YCJOBHSIX mOCJ€aBapHilHOrO <«Habpoca» ua-
TPYSKH); kno — KOIQ(HUHEHT HebanaHca; NPH  BHINOJIHe-
HHH 3aIHTH ¢ QHALTPaMH-Pese THnoa PTO-IM  man
PMOII-2 mMoxer 6uTh npuuaT paBuumM 0,02—0,03.
YcnoBHe oTCTpOiiKH OT TOK@, BO3HHKAIOLIEro B BH-
XOAHBIX LenfX (QHALTPA TNpPH pa3puBe COENHHHTENBHHX
[I]pOBONOB TPaHCYOPMATOPOB TOKA, NMHTAIOLIHX ycTpolicTBO
buasTp-pesie, npH BwGOpe ToKa cpaGaTmBauis 3alHThI
e Y4HTHBaeTcss BO HsGexkanHe HEONpABAAHHOrQ 3arpyo-
ACHHS 3allHThl, NOCKOJLKY [IPH HAMEMHOM BHNOJHEHHH
MOHTa><a BTOPHMHBIX LeNeH TakHe MOBPENKACHHS PERKH.
Ilpn BeGOpe TOXa cpabaTteiBauus salkTH fgcn 1O
(9.1) nocreauss, xkak npaBHnO, me corjacyercs c pe-
SEPBILIMH CTYNEHSMH 3aIMHT CMEHBIX JHHHI (em. n. 9.3),
OSTOMY B LeSiX CHIJKEHIS] BOSMOXHOCTH HECE/eKTHE-
HHX JCHCTBHH 3alUMThl cJefyeT NPHHHMATH ee TOK cpa-

GaTnBaHHs

I3 0,6=>(0,1+-0,2) Ion, (9.3)
4 TaKXKe OrpaHHYHTL YYBCTBHTEIBHOCTh SALUHTH B 30He
Pe3epBHpOBaHus (kg JOAXeH OHTh He GoJsiee 1,5).

93. B ycnoBuax SKCIJIyaTallHH peKOMeHJYyeTcss Tak-
e NPOH3BORHTB COrNAcOBAHHE MO  YYBCTBHTEJLHOCTH
paccmaTpHBaemol saliuTe 0GpaTHOH TNOCTeN0BATEbHOCTH
C 3alHTaMH, YCTAHOBJIEHHBIMH HA CMEXKHBIX JIHHHSX H
Ha aBTOTPaHCOPMATODE HAa CTOPOHE HH31LEro Hanpske-
HHS:

93.1. C TOKOBOK 3awmTOR HYNEBO# mocaenoBaTenn-
HOCTH B ceTsiX € rayXo3aseMJ/IEHHBIMH HefTpassMy.

932. C samutoli or Muoropasmmx K3 (mHcTanui-
CHHaf, MaKCHMa/bHAA TOKOBAR).

4%

9.33. C TokOBO# 3awNTOi O0CGPaTHOH NOCJAEN0BATENb-
HOCTH, €CJIH HMEIOTCH CMEXKHbie JHHHH, Ha KOTOpbIX Inpe-
AycMOTpeHa TaKas 3alluTa, TpH 5TOM COrJacoBaHHe IO
nn. 9.3.1 v 932 ¢ sallHTaMH 3THX JIHHHH He NPOH3BO-
JHTCA.

YKasaHHOE cOrjlacoBaHHe NPOH3BOJHTCA B CJay4asx,
KOrAa 3TO NPH3HAHO Lueaecoobpasubm Aasi obecnevyeHHs
Ha [i€XHOro 3JeKTpocHabxKeHHsi mnoTpeCHTesel (HanpHMep,
Ljsi 3alllETel  MOLUHBIX  ABTOTpaHC(pOpMaTOpOB, oOcylie-
CTHAAIOIMHK  OTBETCTBEHHYIO CBfi3b MEXJAY CHCTEMaMH,
KOTAa @NpH OTKJIOYeHHH 3THX apTOTPaHc(OpMaTOpOB Te-
psAeT HTaHHe OOJBLIOH pAHOH € OTBETCTBEHHHMH MO-
TpebuTensimi) H mpu 3TOM o0GecueuHBaercss Tpefyemas
4YBCTBHTEJBHOCT paccMaTpHBaeMoOil salliTh. IIpH BGo-

- pe Toka cpabaTuBaHHfi [0 YCJOBHIO COIIACOBaHHA 10

HYBCTBHTENLHOCTH YC/1OBHe Mo 0. 9.2, Kak npaBHJO, He
siBasieTcsi pacyetHniM, Pacuer napameTpoB cpaGaThiBaHHSA
3allHTH M0 YCJOBHIO COrjacoOBaHHsl N0 YYBCTBHTEJIBHOCTH
paccmaTpHBaeTCs HHXKe H INPOH3BOAHTCH B COOTBETCTBHH
C yKazaHMsiMH, NpPHBEeAEHHHMH B mNpHjoxeuH:u [I8.

9.4. CornacoBaide 1O YYBCTBHTEJBHOCTH C 3alllHTaMH
CMEXMHHX JHHHH (CM. 1. 9.3) AOMMKHO NPOHSBOAKHTECH C
HanOosiee YyBCTBHTE/LHLIMH CTYNEHfIMH 3THX SalllHT.
A cMexubix JMEHME, HA KOTOPHX NpeAycMaTpHBaeT-
€4 BO3MOMHOCTH IJHTeJbHOH paGOTH J[ABYMs (asamH,
KpoMe OOHYHOrO corjiacobaHHs c SalllHTaMmH, AeHCTBYIO-
whye opn K3 B pexume paGote Tpemsi (asamu, [0-
[NOJHHTEABHO LOJMHO [IPOH3BOANTECA colJlacOBaHHe ¢ 3a-
wHTamH, JAeHCTBYOWHME npu K3 B pemume paGotu aBy-
M ¢asamu,

Bubop /3¢, no ycnosmio cornacoeauns TpeGyercs
NpOH3BOANTL TaK, 4ToOb NPH OTKA3€ NO 4yBCTBHTEJBHO-
CTH OJHOH H3 OTMEYeHHLIX 3allHT paccMaTpHBaeMas 3a-
WHTA 06paTHOH MOCAEA0BATEJNBLHOCTH He NPHXOAHAZ B
AEHCTBHE, T. €. JOMKHO Y[NOBJETBOPATHCH YCJOBHE

dae,a=koxclapacs, (9.4)
rie lspaen — TOK 00GpaTHOi IOC/NEJOBATENBHOCTH B Me-
CTe YCTAHOBKH PpaccMaTPHBaeMoH TOKOBOH 3aulkTh 006-
PaTHOII [OCJIE/I0BATENILHOCTH B YCJOBHSIX, KOrfia 3allluTa,
C KOTOPOH MNPOH3BOJMTCA COr/IacoBaHile, HAXOAHTCA Ha
FPaHH cpabaTeiBanHs, IS peXHMOB paGotm # Buga K3,
OOYCJ/IOBJHBAIOIHK HauGONblce 3Ha4YeHde Toka B pace
CMaTpHBAEMOH 3alUKTE; Rore — KO3QQHUHEHT OTCTPOKKH,
NpHHHMaeMblii pasHbim 1,1,

9.4.1. Ilpu BuGOpe lge,n no ycnosmio n. 9.3.3 TOK
Iapaca, BXOASULHH B BHparkeHue (9.4), Buumcasiercs mno

BhIDa ¥ EHHIO
l’mmr.1=k2-r nlrfzc.a,npen. (9.5)

rae lgc,snpen — TOK cpaGaTmBamis 3alETH 0GpPaTHOR NO-
CJE0BATE/NBHOCTH CMEKHOH JHHIH, C KOTOPOH DpOH3BO-
AHTCH  COFJIACOBAaHHE; Kgrow — MaKCHMaJbHHH  KOs(QH-
UMEHT TOKOpaclipeie/ieHHsl B cxeme 3aMelleHHA o0OpaTHOR
NoC/IEA0BATE/IPHOCTH, paBHBI/i OTHOILEHHIO TOKAa B MecTe
YCTAHOBKH pacCMaTpHBAEMOH 3alUNTH K TOKY B CMEXHOI
JIHHHH, C 3alUHTOR KOTOPOHR NpPOH3BOMNTCSA COr/acoBaHiE;
olipeficiseTcsi NpPH KacKagHom oTkjaouenHnn K3 B 3ome
pe3epBHPOBaHHSA NOC/aeHE.

9.42. Ilpn BuOope fy,s no yciopusM nm 93.1 u
9.3.2 B uensix ynpomexus pacuera J[onycKaerca:

COr/IACOBAHHE 3alUHT N0 YYBCTBHTENLHOCTH NPOH3BO-
AHTH TONBLKO C 3alUHTaMH OT 3aMuKaHHE Ha 3eMJI0 B ce-
TAX C ryx03aseM/JeHHnMH HeHTpansaMH (cm. n. 9.3.1) H
C 3aluTaMH OT MHorogasuux K3 B certaix ¢ H30JIHPOBaH-
HLIMH HeATpansmH (cM. 0. 9.3.2); npu stom momyckaercs
li¢ YYHTHBATb HEOCHOBHBIE PEXHMH PaGoTh, a NOBpEXK-
ACHHYIO JIHHHIO clefyeT cYHTaTh OTKAIOYEHHON OCHOBHOM
3aINTOH HA NPOTHEONOJOMKHOM KOHILE;

He NpOH3BOJAHTHL COrJacoBaHHe C 3alllHTAMH, YyB-
CTBHTE/LHOCT KOTOPHIX C 3aNacoM MpPeBOCXOAHT Tpebye-
MYIO NSl pe3epBHuIX 3amuT no ITY3.

|



n 831 7br
no BHpaxe-

0.43. [lpu smbope lzc,. Mo YenoBi©O
opacu, BXOmsUIHA B (9.4), onpejpensieTcs
HHAM:

L9 3aMHKanHA onHoi ¢ass wa 3eM.10

i Ba o !ﬂc.a o

AL = (9.6
2paci Bsveuc 3 ° ! )
AN 3aMBIKAHHA ABYX ¢23 Ha 3emJo
karor 1| Zos
Ty arox_foc. 3 g
1 gpaci — "D p. 3 Ly : (8.7)

fae foo,s=— TOK CpabGaTHBAHHA TOKOBOH 3alUHTH HYJIEBOH
NOC/AEAOBATE]LHOCTH, € KOTOPOH NPOH3BOAHTCA COrJAco-
Banue; Zgy W' Loy — PE3YJBTHPYIOUIHC COMPOTHBJIEHHS
cxeM 3aMelleHHs COOTBETCTBEHHO HYyJeBol H 00paTHOH
MOCJeA0BATEbHOCTER OTHOCHTE/NBHO MECTA pacuyeTHOro K3;
onpeneJsioTcsl A Metasumueckoro K3: fprox — MAKCH-
MaJpHHH Ko3(DDHIMEHT TOKOpacnpeje/eHis B Cxeme 3a-
meulenust ofpaTHOR NOC/E[ORATENBLHOCTH, DPABHBIIL OTHO-
IIEHHIO TOKA B MECTe YCTAHOBKH pacCMaipHBaeMOH 3aLiH-
o K TOKY B Mecte K3; kyyox — MO BOZMOMKHOCTH MHHH-
MaJbHHI (paccMaTpHBAETCH TOT ke pexiM paboTh CeTH,
YTO W NpH ONpeneseHHH Kkorox) KO3(UIHEHT TOKOpac-
NpenejieHHs] B CXEMe 3aMeLleHHs HYJEBOH NocJeNoBaTesihb-
HOCTH, paBnbli't OTHOILEHHIO TOKZ2 B CMEKHOH JIHHHH, C 3a-
LIHTOH KOTOPOH NPOH3BOAHTCH coOrJidacoBaiue, K TOKy B
mecte K3; kn— KoapduuMenT, YUHTHBAIOIWHA BJIHAHHE
nepexoanux conporusiennii B Mecre K3, moxer OHTb
npHHAT paBibiv 1,2,

Pacuetnniii Bua K3 onpepessiercss B COOTBETCTBHH C
npunoxennem 18

Zox
npe  ky T >1,0 pacdeTHHM JJs COrJacosa-

HHf fBJRETCA 3aMblkanHe aByx (a3 Ha 3eMJI0;

v

(1
npu ky P

< 1,0 —3aMBIKaHHe Ha 3eMJi0 Oof-

HOH (ha3wl,

3navenne Zoy [Zpy
(T18.11).

Bueon Beipaxkenud (9.6) u (9.7) npuBeneH B NpH-
Jaoxennn T8,

9.4.4. Ilpu corjacoBaHHM ¢ 3allUTAMH, AeACTBYIO-
wumMH npy K3 B perxeme ANHTe/bHOH paboThl  ABYMs
dasami (KOTOpOe MPOM3BOAHTCH JOMOJHHTENBHO K M. 9.4.3,
eCJH Ha paccMaTpHBaeMOH CMEXHOINl JIMHHH [peaycMmart-
pHBaeTcA YKasaHHHH pexum paboTel), TOK Jlspacs, BXO-
asuui B (9.4), onpepessiercst no (I18.15)

Jo. o Zor

I —_—
2pacH aroK ~ -
3 222

roe fge,a— To e, 4t0 B (9.6); kgrox — TO e, 4TO B
(9.5); Zgg M Zoy — 10 e, yr0 B (9.7), HO OTHOCHTE/b-
HO MecCTa pa3phBa B cXeme C OAHOBPeMEHHHM MeTaJLIH-
ueckuM K3 mempy Tpems ¢dasamMH B KOHie JHHHH, paGo-
rafouer asyms gasami.

~ Tok cpabaTHBaHHd 3aUMTH MO pacCMOTPEHHOMY YC-
nosKio Moxer OLITh OpHEHTHPOBOWIO (C 3amacoM) TIpH-

Har no ([18.16) (99)

rpe Joes — TOK cpaGaTHIBAHHS TOKOEOH 3alHTH HYJIEBO#H
rocJjie10BaTENBHOCTH, NCHCTBYIOLEH B [AJHTEJIBHOM peXHMe
paboTs nByMsA (a3amH, Ha JHHHH, 0JA KOTOpPOH mnpeay-
CMATPHBACTCH TAKOH pexum paboTH.

94.5. Ilpn BubGope [lscs Mo yciaoBuio . 932 TOK
Iopacy, Broasmit 8 Bupaxenne (9.4), pas cornacoBanus
C AMCTAHIHOHHOW 3AUIHTOH CMeXKHHX JIHHHI B CETHX C H30-
JIHPOBAHUEIMH HeNTpPaJsMH B UeJsX YNPOLIEHHS LUeJeco-
obpasno onpepesanTh Ge3 yyera CABHra yrioB CONPOTHRJEHHI

52

onpepessiercss no  ([18.13) w

(9.8)

!20,3?-‘!00,:,

3JIEMeHTOB CHCTEMHl, IIPHHHMAast CONPOTHBJICHHS 3JleMeH-
TOB, BXOAALIHX B cXeMbl npsiMoi H 006paTHOH mnocnenosa-
TeJibHOCTEH, onunakoBeiMH. [lpu atoM TOK Ilzpacs ONpene-
JISETCH o Bblpa}K('IIHK)

Ey

I =k —_—
2pacy 2TOK 27,

(9.10)

rae Zy — pe3yJbTHpYIOLlee COMPOTHRIEHHE CXEMB TNpAMOH

(0GpaTHOil) MNOCJAEAOBATEJABHOCTH NO OTHOUIEHHIO K MecTy
K3; oi)lpe,ae.r[me-rcs o (I18.19); korox*— 1O ke, yto B (9.6)
u (9.7).

9.4.6. [lpu Bubope [sc,a Mo ycsaoedio m. 9.3.2 Tok
Iopacy, BXojsimni B (9.4), ANA COrJIACOBAHHA € MAKCH-
MaJibHOH TOKOBOH 3aLIMTOH CMeXKHBIX JIHHHH B CeTHX C H30-
JIKpORAIHBEIMH HEHTPaJsIMH OMpeic/feTcsd [0 BhPANKeHHIO

I,
lmc.,-;kmﬁ?i, (9.11)

rac /¢ s— TOK cpabaTbiBanus MaKcHMaJbHOW TOKOBOH 3a-
IKTH, € KOTOPOH MPOH3BOAMTCS corjacosanue; Ropox —
T0 e, 910 B (9.5).

95. B Tex cayyasx, KOrja MOC/enHHE CTYMCHH 3AUHT
OT 3aMBIKAHHA HA 3eMJ0, YCTAHOBJEHHBIX Ha CTOPOHAX
BHICILIETO M cpejliero HanpsixeHui aptorpancdopmartopa,
COTJIACOBAHKW € 3ALIMTAMH CMEA(HBIX JIHHHH, COrJiacoBaHHe
€ 3dLIHTAMH JHHHA B CETAX C PJyXO3aszeMJeHHBIMH HeHTpa-
Jgamu no n. 9.3.1 u 9.3.2 opueHTHpOBOUHO MOMET OHTH
srinosHedo no (T18.14)

!20.8;(115-_2:0)100.3! (912}
rie Ipe,s— TOK cpaGaTHBaHHH nocjgeaned, Hanbohee Yye-
CTBHTEJIBHOM CTYNEGHH 3alIHThl OT 3aMBIKAHMI Ha 3eMJo
aBToTpaHcgopmaropa.

- 96. Buaepmkka BpeMeHH 3aulHThl BRIGHpaeTesl Nno ycio-

BHIO COIJIRCOBAHHMA € TEMH 3aLIHTaMH, C KOTOPHIMH OHA
corJlacoBHBa/ach Mo YYBCTBHTEJBHOCTH, T. € € MNOCJEAHH-
MH, Hau0ojee YYBCTBHTENBHHEIMH CTYMEHSMH 3aLIHT CMeX-
HbIX AuHHE oT MHorodasnnix K3 (AucTaHuUHOHHAS, MAKCH-
MaJibllasi TOKOBasl) M TOKOBOH 3aLIHTH HYJEBOH MOC/Eno-
BATCJbHOCTH (NOC/IeAHEee — B CETAX € TAyX03a3eMJeHHBIMH
HeATpaJiaMH) MJH C TOKOBOR 3auuTol ofpaTHOR mocJe-
JLOBATEJLHOCTH. :

3amuTa JefCTBYeT MNOCJAEAOBATENBHO: Ha pasjieiiedude
cHcTeM (CeKUMH) [IHH, HA OTKJ/IOYEHHE BLIKJIOuATEJEH TOH
CTOpPOHE apToTpaHcdopMaTopa, Kyna HanpapjeHa 3auLiHTa,
Ha BbIXOJHHE peJic 3allATH aBTOTpaHcopmaropa anaJio-
THYHO TOMY, KaK [HCTAHUHOHNAs 3alMTa aBToTpaHcdop-
maropoe (cm. n. 8.1.11).

Brijepxka BpeMeHH AeHCTBHA 3alUHTH IO 1enH aBTO-
MAaTHYECKOID YCKOPEHHS JOJUKHA MNpPHHHMATHECH Ooublue
MaKCHMAaJBHOIO BpPeMEHH pPAa3HOBPEMEHHOCTH BKJIOHEHHS
¢a3 poK/OYATENS aBTOTpanchopmMaTopa.

9.7. UyBcTBHTEBIOCTh 3a21HTH MO TOKY NpoBepaeTcs
MO BHPAaKEHHIO

I
k,,.T=T?3‘—, (9.13)
2. 3

rae lyx —TOK oOpaTiioh Mocjel0BATENLHOCTH B MeECTe
YCTAHOBKH 3allHTH NMPH MeTajnnueckoM K3 wmexnay aBymst
(dasamMy B KOHLUE 30HLI Pe3epEHpPOBaHHA B pexkme, 00y-
CJIOBJHBAIOLUEM HANMEHBIUIHA TOK B 34LIHTE.

CrenyeT OTMETHTh, YTO OjHA H3 PE3EPBHBIX 3ailHUT
aprorpancopmMaTopa — AaHHAN HJH TOKOBas 3ailHTa HYy-
JcBOH mocsenoBaTedbHocTH (ri. 12) — nojixkHa yLOBJETBO-
PATb Tpe6GOBaHHIO YYBCTBHTEBHOCTH B KOHIE 30Hb pesep-
BHPOBANHA MpPH 3aMblKaHHH ABYX g,la:i Ha 3eMJIo.

B coorsercteud ¢ [I¥3 (n. 3.221) tpebyetca obec-
NeYHTh HAMMEHBILUHH KOI(QQHUUCHT HYBCTBHTEJbHOCTH — M0-
psaka 1,2. Ecam na astotpancdopMaTope HCMOJIB3YETCH
NHCTAHUHOHHAA 3alHTAa BTOPOH CTYMEHH C XapaKTePHCTH-
KOl cpabaTuHBaHHs, CMELIeHHOR B NEpPBHIA KBaJAPaHT KOM-
MJIEKCHOH IJIOCKOCTH W He OXBATHBANONICH HAYAJN0 CMEX-



HBIX JHHHIT B eCsIH B 3TOH 30He He ofccneyHBaeTCst HaMIeHK-
Hoe JeilcTBHe nepBoil CTYNCHH paccMarpHBacMofi AHCTAH-
UHOHHOH 3alUMTH (T. €. He oOecneYHBAETCH HaJeMHOE «3a-
HenieHHe» XapaKkTePHCTHK nepBaii M BTOPON CTyneHe# JH-
CTAHUHOHHOH  3aiMTH  aBTOTpaHchopMaTopa), YYBCTBH-
TeJbHOCTL paccMaTpHBaeMOil 3awMThl o6paTho#i mocaeno-
BATEJBHOCTH [I0JIKHA npobepaThea npH K3 B Hauane 30HbI
cpaGaTeIBaHKA YyKa3aKHoll BTOpoil CTymeHH AMCTaHUHOHHOI
samuTe, (cm. 0. 8.1.12). Ilpr sTom Tpebyetca obecneuuThb
HaHMEHbLIKE KOSDHUMEHT YyBCTBHTENBHOCTH Mopska 1,3,
YUHTHIBaA BO3MOMHYIO NOrpeLiHOCTL JIHCTAHUMOHHOH
3alHTHI.

YyBCTBHTCBHOCTL 3aIUHTEL N0 MOIHOCTH npoBepaeTcs
No BbIpaeHHH 5

UzsUzz)nn‘n

KiKySe, » (9:14)

Ry, m=

rae (l23Uz) min — MownocTs ofpaTHoli NOche 0BATENbHO-

CTH B MeCTe YCTAHOBKH 3allHTH npH MeTaJJHYeCKOM K3
MeXAYy ABYMsi (asaMH B KOHLE 30HbI PE3epBHPOBaHHS,
B KoTOpo#l samura olbpaTioil nociepopaTeJsHOCTH paGo-
TaeT Kak Hanpaa-rleﬂnaﬂ. B pexuHMe, OGYCHUB.I'THB&ECILL[EM
HaiMeHbllee 3HAYEHHE PacCcMaTPHBAEMO# MoOLLEOCTH o6GpaT-
Hoil nocaenoBatenwsHocTH; K; M Ky — KoshdHUHEHTH
TpaHc(OpMaLHH COOTBETCTBENHO TpaHC(OPMATOPOB TOKA H
rpanc$0pmampan HanpsokeHus; Se,p— MOWHOCTL cpaba-
THBaHHA peJie HanpaBJCHHA MOIUHOCTH.

B coorpetcteun ¢ [TY3 (n. 3.2.25) Tpebyetca ofecne-
YHTL HaUMEHbWHI KO3(GHUHEHT 4YBCTBHTENLHOCTH — MPH-
mepHo 1,4, a B paccMOTPEHIIOM BbIlIE CJy4Yac HCNOJb30BA-
HusA Ha aBToTpancopMaTope JAHCTaHIHOHHON 3a1HTH € Xa-
paKTepHCTHKOH cpabaThiBanKs, He OXBaTbiBawlicil Hayaso
CMEHBIX JIHHHIA, — NOBbIeHH b  Ko3((HLHCHT 4YyBCTBH-
TeJIbHOCTH — npHMepHo 1,6.

10. MAKCHMMAJIBHAS TOKOBASl 3ALLUMTA C NMYCKOM HAMPSAMXEHMS
TPAHC®OPMATOPOB M ABTOTPAHC®OPMATOPOB

L]
10.1. Hipxe nakol ocHOBHble yKazauusi Mo pacueTy.
10.1.1. MakcumaabHOIl TOKOBOH 3alMTH ¢ KOMOHHHPO-
BAHHBIM MYCKOM HANpPsKEHHs, BLIOOJHEHHOH C NOMOILBIO
pese Toka Thna PT-40, ¢uawTpa-pesie HanpsxeHus ofpart-
hoit NocaenoatensHoctH THna PH®-IM v MHHEMaILHOrO
pene Hanpsixeunua THna PH-54.

10.1.2. MakcHManbHOIl - TOKOBOH 3aMHTEE C MHHHMAJb-
HpIM TVYCKOM Hallpsi)eHHs B 0AHO(A3HOM HCMNOJHEHHH,
ycTauapsiupaemoi Ha cTopoHe BH aBTorpaHcdopmartopa,
(nonoanenre k Tokopoil 3amuTe obpaTHOI MOCJEA0BATE -
HOCTH Ans peficteust npy K3 mexay Tpems ¢pazamu), Bei-
foJHeHHOI ¢ moMOLIbe pesie Toka Thna PT-40 u pene mu-
HHMaJIbHOro Hanpsixenus THna PH-54.

10.2. TMeperubbtit TOK cpaGaThiBaHHS 3aLLHTHL onpejfe-
JIAETCA [0  YCJOBHIO OTCTpoﬁKH OT HOMHHaAJLHOTO TOKAa
Inom TpaHcdopmaTopa (aBTOTpancopmaTopa) Ha cTOpoMe,

rje YycTaHoBJicHa paccMaTpHBaeMasn 3apiHTa, Mo Bbipa-
HEeHHID
km'c
J'u:.a= !aou' (10'”
kg

rjie Roxc — KOS(hQHUHEHT OTCTPOINKH, YYHTBIBAIOUHI OWHG-
Ky peJe M HeoOXOmHMBI 3anac, Mo)eT ObiThb MPHHAT paB-
M 1,2; ks — KoshpuLHEHT BO3BpaTa pesie, MOMeT OBITh
NPHHAT paBHbiM 0,8.

Ilpu ycTanoBKe z3allKTEI HA CTOpOHE, Tjie NPeLyCMO-
TPEHO peryJHpoBakHe Hampsixenus, B (10.1) creayer yum-
THBaTh BO3MOXSHOCTh YBEJHYEHHMS HOMMHAJBLHONO TOKa, KO-
Topuiti B coorBerctBuy ¢ I'OCT 11677—75* (oo, 4.1 w
4.7) He JOMKeH OPeBBLILATHL HOMHHAJLHEH TOK ANA Cpej-
Hero oTBeTBAeHHs Gosee uem Ha B 7ex cayuasx,
KOrja MakcHMagbHblii  paGounii TOK [pagmex CTOpPOMBL
TpatcpopmaTopoB  (aBTOTpaHcOPMaTOPOB), Ha KOTOPOIl
YCTAHOBJIEHA PAacCMaTpPHBAEMAS 3AIIHTA, MEHbLIEC HOMHHAJb-
HOTO Jyom, BmecTo nocaearero (fsom) B (10.1) caenyer
HCMOJL30BATL Ipasmax-

10.3. B ycjoBHAX SKCMAyaTalHH PEeKOMEHAYeTCA Takike
NPOH3BOAHTL COrJacoBaHHe MO 4YYBCTBHTEJbHOCTH paccmart-
PHBAEMOH 3aIHTEL € MNOCJeAHHMH, HaubOJee YYBCTBHTEb-
HBIMH CTYNEHSAMH 3alHT OT MHOrogasubix K3 npenbinyuimx
SNCMEHTOB MJIH ¢ MAaKCHMAJbHLIME TOKOBBIMM 3aLUHTaMH
€ NYCKOM Hanpsieils, YCTAHOBJEHHbIMH Ha croponax Go-
Jee MM3KOrO HanpsieHHs sallHilaeMoro TpaHcdopMartopa
(aBToTpauctpopmaTopa).

10.3.1. MakcumasbHOH TOKOBOH 3aulHTON C NYCKOM
pni Ges MycKa HaNpsKEHHs MO BHIPAKEHHIO
1o,a=Fkorckrondc,s,upep. {10.2)

10.3.2. ucranuHorHOl 3alHTOH NO BBIPaKeHHIO

s> ———— " (10.3)
) Ea ¢, 3, mpei
; +a
V3 i + S Z

rae fc supen — TOK cpabaTblBaHKR MaKCHMaJLHOH TOKOBOI
321HTHL OPCABAYIIETO 3JEMeHTd, ¢ KOTOPOi NpOH3BOAHTCA
COIJIaCOBaHHE; ZLyp,— Pe3YJLTHPYIOLIEE CONPOTHBJCHHE 10
MECTa YCTAaHOBKH paccMaTpPHBAeMoil TOKOBOH 3amuThl CO
cTopoHbl mnutauksi npu K3 Ha npeapiayniem snemewTe;
Z¢ 5.upen — CONPOTHBJEHHe Ccpa0aTLIBaHUS 3aALUTH [pebi-
AYUWIErO 3/eMeHTa, ¢ KOTOpOi MPOH3BOAHMTCS COTJacoBaHHe;
AZ — conpoTHBJeHHE OT MecTa YCTAHOBKH pAacCMaTpHBae-
MOif TOKOBOIH 3alHThi [0 MECTa YCTAHOBKH 3alUMTHl Ifpe-
JAbUIYILETO 3JIeMEHTd, C KOTOpoil NpoM3BOJHTCH COrJjiacoBa-
HHE; korc—vi{oatbzmuuenr OTCTPOHKH, NPHHHMaeMblfi paB-
HEIM  L1; Reow, B'wox — KOS(@QHUHEHTH TOKOpacnpeaeJe-
HHs, papBHbie OTHOWIEHHIO TOKA B MeCTe YCTAHOBKH pac-
CMaTpHBaeMoit 3alHTHL K TOKY B CMEXHOM sJeMeHTe,
C 3allHTOH KOTOPOTO MPOHM3BOJAHTCH cOriacoBakke (Rrox),
M K TOKY B conpoTHBJCHHH Zyy(k%rox);

10.4. Ieppyunble HanpsixxeHus cpabaTelBaHus 3allHTH
OnpefleJIATCs N0 CAEAYIOLUHM YCJOBHSM.

104.1. Ina MHHMMAJBHOrO pene HANPSIKEHHS, BKIIO-
YeHHOTO Ha mexaydasnoe HanpsxeHue (Tena PH-54), kak
KOMOMHHPOBAHHOTO, TaK H MHHHMAaJbLHOrO Mycka Hampske-
HHMA — HCXOAA H3:

10.4.1.1. OGecneuenus BO3BpaTa pese MOCJE OTKJIOYE:
nus BHewHero K3 no Bripaennio

Umin
korcks

10.4.1.2. OtcTpoliku OT nanpseHHsi caMozanycka MpH
pkamoueHun of AITB uwanw ABP 3aTopmo<eHHBIX ABHrarteJe

Harpy3kH
Usan

ko‘fc

Dot % (10.4)

UC. 3 é » (10-5)

rhe Umin — mexnydaszHoe uanpsikeHHe B MecTe YCTaHOB-
KH 3allHTHE B YCJOBHfIX CAMO3anyCka nocJe OTKIICUeHHS
prewkero K3 (ompesessieTcst pacdetom); B OpHEHTHPOBOY-
HBIX pacyeTaX MoXeT GbiTb NPHHATO paBHbiM (0,9-0,85) X

nom; Usan — Mexaydasnoe Hanpsxenue B MecTe ycTa-
HOBKH 3alIHTHI B YCJOBHAX CAMO3alYCKA 33aTOPMOIKEHHbIX
ApHraTesieli Harpy3ku np BkJioueHHH HX or AIIB wan

03



ABP (onpenensiercs pacuetoM); B OPHCHTHDOBOWHEIX pac-
werax MoxeT OuTb NpuHATO paBiHuM npumepno 0,705 0wm;
kore — woachuurent orctpofiku: moxcer GLITH MPHEAT DAB-
HoM 1.2: B, — koachduupeyr Bozspara pese; MoXkeT OHITH
NpHEST paBrem 1.2,

10.42. s duneTpa-pere wannskenvwfi ofpathofi 1o-
caenoparemenocty  (tuna PH®-IM) komOGusupoparHoro
Nnycka HaNpsaXeHus — HCXOAS M3 MHHHMAMeHON yCTaBKH
yerpoiictea (6 B mexnydaznnix)

Use,5=0,06Urom. (10.6)

ITo nawHBIM 9KCNEPHMEHTOB M ONBEITA SKCILIVATALHH
NpH TakoM Hanpsokenuy cpabatuoanus obecncuupaetcs
oTcTpofika oT nanpskenus nefananca B pacucrHom (Ha-
IPY2049HOM) peMHME.

10.5. Cornacopanue no uyscrBHTENBHOCTH no 1. 103
MPOM3BOAMTCST TONBKO B CNy4asix, KOrna 370 NpH2HAINO 1ie-
necoofpasnbiM A5 ofecredenuss HaJEXHOr0 3yeKTpocHal-
wenns notpebuteneft (no awanornn ¢ m. 9.1.3) u npH sTOM
oficcrieuppsaercss TpefyeMas YYBCTBHTENBHOCTL paccMmaTpil-
Baemoft samurnl. Cornacopanue zaumtet no m. 10.1.2 cne-
AOVeT NPOH3BOMHTHL JMIIE B cAyuasx, Korna oo ofecreicHo
st TokoBofi 3amuTH ofpaTioft nocnenoBaTensHOCTH (CM.
n. 93). Ognako B 3THX CIYYasx COTMacoBanie 3alUIUTH
no n. 10.1.2 uactro obecneunBaercst ABTOMATHYCCKH.

PacuernniM gas cornacosaHus mo (10.2) uw (10.3)
ABJISETCH PEXHM, Koria kosduuHenT TOKOpAchpeneneins
B:ox MMeET MaKCHMaNLHOE 3HaUeHHe.

10.6. Bropuuntifi Tok cpaaTniBanns pesie onpenensner-
€51 MO BHIPAYKEHHIO s

I, o=1Ic 35— 10.7

(< c, 3 K}' » ( )
rne kex — Kosdhunment, 2apucTmmii 0T CXEMBl coemine-
HUs TpancOpPMATOPOB TOKa 3AmIHTH; NPH COGJHHEHHH [O-
cnenuux B 3Be3ny kox=1,0, npu coenuHenmu Ttpancthopma-
TOPOB TOKAa B TPEYrOMbHHK Rey = V3, Ki—xoapou-
nueHT TtpanchopMaudu TpancdopMaTOpoOB TOKA 3aUIHTLL

10.7. Buinepxka Bpemens 3auurh Bubupaercs no
VCJIOBHIO COTJIACORAHMS C . IMocTefHHMH, HauGosice UyBCTBH-
TEeMBHLIMM CTYTeHsMi 3aumT ot mHorodasnsix K3 npemwl-
IVIIHX sfeMeHToB (MaKCHMalbHOR TOKOBOK € MYCKOM Ha-
npsokenust wam  6es  Nycka, JUCTAHIHOWHOR 3alIMTOR),
B YACTHOCTH € MAKCHMANBHEIMH TOKOBLIMH 3aIIMTAMH
¢ NYCKOM HAMPSIKCHHS, VCTAHORJICHHBIMM HAa CTOPOHAX TOTO
we uay Gosnee HUIKOTO HANMPSDKCHHS 33MMINAEMOro TPaHc-
dopmatopa (asrorpancgopmaropa).

10.8. YyscTBHTENMLHOCTD 3AMHTH OMPEeIHeTCs N0 BH-
PaXKeHHsM:

It pene Toka
f-':!ml'.ﬂ 4

k‘ﬂ'_ ’c - s

ANA MHHMMATLHOTO pelie HAMpsiKeHHs, BKIOUEHHOrO
na mexaydasnoe Hanpsxenwe (tuna PH-54), xomGrmmpo-
BAHHOFO TyCKa HANPSIKENHs

(10.8)

k
c. 3fm_
qu':U ’

amax

(10.9)

11. MAKCUMAJILHAS TOKOBASl 3ALLIMTA

PaccMaTpuBaeMas 3aulMTa MOXCT MPHMEHSITBECS B CIy-
yae, KOrjia MO YCJAOBHAM TYBCTBHTEJBHOCTH BO3MOXNO HE-
HCIOTb30BaHMe NMycKa MO HanpskeHnio 3amutel mo ra. 10.

11.1. IMepeuunelil TOK cpaGaTLIBAHHA 3ALUHTH, BHITOJ-
wennofi ¢ momombio pene Toka tuna PT-40, onpenensercs
10 YCJIOBHIO OTCTPONKH OT TOKAa B MECTE ec YCTAHOBKH NI
caMo3anycke ABHraTencli HATPY3KH [0 BLIPAXKEHHIO

(11.1)

nnsg MAHHMAALIIOrO peje RANpAXOHAR, BKMIOYCHHOTO

Ha wmexavidaznoc wanpsnxenve (tuna PH-54), munumMans-
HOTO MYyCKa HanpsixeHns

k - UI:. 2 -

qU = 4] ?

amax

(10.10)

nnst duasTpa-note Hanpsokenusi ofipatHoli nocnenosa-

Tesenocte (tuna PH®-1M) komGunupoBamnoro mycka Ha-
NPT ReHUS

r’gvm'-u

kIQU= U ]

2. 3

(10.11)

rne Ji min— NEpBHYHOE 3HAUEHHe TOKA B MecTe VCTAHOB-
KH 33muThl npH  Metannnueckom K3 pacvernoro Buna
B pacueTHoll TOUKe B peuMe. 0GYCNOBITHBAIOMEM HaWMell-
iee 3naueHne 3Toro ToKa; Usmax — NEpBHYHOE 3HAYEHHE
MexnyhazHoro HaNpsHKEeHUss B MeCTe YCTAHOBKH 3alMNTH
npu Merammeckom K3 meskny daszamu B pacuernofi Tou-
Ke B pexname, obyvcnopnuBaroneM HauGoJbilice 3HAYEHNC
storo nanpsments; Ussmin — NEPBHIHOE 3HATCHHE MeMIY-
thasuoro nanpsokenns ofpaTHoil NOCACAOBATEILHOCTH B Me-
CTe VCTANOBKM 3aNIHTH NpH MeTannnyeckom K3 mexny 1py-
M5 dazamMn B pacyeTHoii Touke B pexwume, obycnoBmisai-
IIEM HalMeHbIee 3HAUCHHE ITOTO HaNpskenus; Ks—To XKe,
yro B (10.4).

Inst 3amuTH ¢ KOMOHAMPOBAHHEIM NYCKOM HaNpsike-
uas (cm. n. 10.1.1) uyscrBuTENBHOCTE MO TOKY MO BHpA-
weumo (10.8) onpenensiercst npH 3aMBIKAHHH MEXIY ABYMSA
thazamm, nns 3aMMTH ¢ MHAMMAJBHBIM MYCKOM HAampse-
Hug (m. 10.1.2) —npu 3aMelkaniu Mexayv TtpeMs dazamu.

ITpr onpeneneHwH YYBCTBHTCJBLHOCTH MHHMMAJLHOTO
pese HANpAIKEHAS, BKAOYEHHOr0 HA Mexknyhasuble Hanps-
JEHHS, KoMOHNHpOBaHHOro nycka wanpsokenns (10.9) yuu-
ThBaeTcs kostdunuent posppara k., MOCKOMEKY B Cjyuac
cummerpuunoro K3, kak mnpasuno, KpaTKOBPeMEHHO IMO-
sBAseTcs nanpsikeHne oGpaTHON MoOCNeNOBATENBHOCTH.

B coorsercteun ¢ IT¥V3 (n. 3221) kak nas pene
TOKA, TAK W [MA5 pefe Hampsoxends Tpefyerca obechedHTb
HauMeHbIHA KO3Gh(HIHENT YVBCTBHTENLHOCTH:

npu BunonwenHd 3ammroll gynknufi ocHoBHOM 3amm-
TH wWHH — npumepro 1,5 (npu K3 na mwwnax);

MpH  BBNOMHeHHMH 3amuTofl Gywkuufi peacpnupona-
kst — npumepno 1,2 (npw K3 B koHue 30HH pe3epBHpOBRa-
nwst) .

B cayuae ucrnons3oBanus Ha aBTOTpaHchopmaTope BTO-
poft CTyNeny IMCTAHUMOWNON 3aUMTE C XapaKTepHCTHKON
cpaBaTLiBanus, cMeulenHofi B NepBufl KBAAPaHT KOMILIEKc-
Hoft MAOCKOCTH, He oXBaTHBAaWOUIell Hauano cMexHoOll MHHUH
M He HMerouell «3anemyienye» ¢ IepBof CTYNEHb0 VKa3aH-
HOI IMCTAWNHOHHON 3aUINTH, 9YBCTBHTENLHOCTH Pelle TOKa
¥ MHHMMANEHOTO pefde HATPSKEHHS paccMaTpHBaeMmofl Ma-
KCHMAJBHON TOKOBOM 3alIMTH C MHUHHEMAJBLHLIM MYCKOM Ha-
npsKeHust JoMkHa nposepsthes npy K3 B mavame 30wl
cpabaTEBaHUA YKazaHHoR BTOpON CTymMeHM NHCTAHUMONHOM
samuthl (cm. n. 8.1.12). TTpu stom Heo6xonumo ofecneauTs
napmMenpInEf  KoahHIHEHT YYBCTBHTENBLHOCTH — IPHMCPHO
1,3, yuuruBas BOSMOXHYI0 MOrpellnoCTh JHCTAHUHOHHOM
3aUIMTHL

rae Ipatmax — MEPBHUHOE 3HAYEHWE MaKCHMALHOro pabo-
ero T0ka B MECT€ YCTAHOBKM 3amHTH; Kkaan — Koadhdumm-
€HT, VYUTHIBAOWHI yBenHueHHe TOKA B YCNOBHSIX CAMO3a-
nycka 3aTOPMOKEHHLIX ABHTaTenefi HarpyskH; 3aBHCHT OT
ynaleHHOCTH, MPOLEHTHOrO COnepanusl B Harpyske H Mo-
pAIKa OTKMOYEHHS nBUrateneli (onmpenensieTcss pacieTom);
oaTc, kg_m e, 9T0 B (10]).

B cnyuasx, kKorjla pexuM caMo3almycka BO3HHKaeT He
nerocpescTBeHHo mocsie  poaHuknoBenust K3  (Hanmpumep,
B pesynbrate nefictBHs ABP), kosdodmuuEesT Bo3Bpata ky
B (11.1) He yunrmBaercs,



11.2. Bropnunbifi ToK cpafaThBaHHA peJie Onpefenser-
ca no (10.7).

11.3. BunepmKKa BpeMedH 3auuTH BHOHpaeTca §o
YCJIOBHIO COIJIaCOBAHHS C NOCAeLHHMH, Hanbojee 4yBCTBH-
TeJIbHEMH CTYNeHsIMH 3alHT oT MHorodasHux K3 npenn-
NYLIHX 3JEeMEHTOB AHAJIOTHYHO TOMY, KaK BLIEpiKa Bpe-
MeHH MaKCHMaJIbHOK TOKOBOH 3auiMThI C NYCKOM Hanpsixe-
g (cm. m. 10.7).

11.4. Yyscrsureasnocts onpenensietcs no (10.8) npu
metaiampueckoM K3 wmexay uasyms ¢asamMp B pacueTHOR
TOUKE B pexHMe, o6YCIOBJIHMBAIOMIEM HauMeHbliee 3HAUYCHHE
TOKa B MeCTe YCTaHOBKH 3amuth. ITpm aToM B cooTBer-
creun ¢ [V (n. 3.2.21) Tpebyercs obecneynTh HaHMEHb-
WHH Kos(hpHIHEHT YYBCTBHTENLHOCTH TaKof e, Kak u 1A
pesie TOka MaKCHMAJbHOH TOKOBOil 3alllMTH ¢ NYCKOM Ha-
npsixenns (cm. n. 10.8).

12. CTYINEHYATASl TOKOBASl HAMPABJIEHHAS 3ALMTA HYJEBOWH
NOCNEAOBATENILHOCTU ABTOTPAHC®OPMATOPOB OT 3AMbBIKAHMHA
HA 3EMJIIO B CETAX C FMYXO3A3EMIEHHBIMH HEHTPANIAMM

12.1. Huxke nafinl OocHOBHHE YKA3aHHA 10 PACYETy CTy-
neHyaToll TOKOBOR HanpaBieHHOH 3allHTLI HyJNeBoi mnocJe-
JIOBATENILHOCTH OT 3aMBIKAHHIT HAa 3eMJIO, BHNOJHEHHOMH
¢ nomombio pene Toka THna PT-40 u cepun PHT-560.

[lpuBenennble HyXKe yKasaHMA [AaHH B TNpeanofoxe-
HHH, 4YTO 3dlIHTa BHINOJHAETCHA Hanpameanoﬁ. JHEKO nJjsa
MOBHILUEHHST HANEKHOCTH, & TaKiKe B pAle ClyyaeB H 4yB-
CTBHTEJNBHOCTH 3aMHMTH CJEAYET CTPEMHTLCH BLIIOJNHATH
HANpaBJeHHLIMH TOJBKO Te ee CTYNEHH, CeJeKTHBHOCTb KO-
TOPHX NpPH BBHIIOJHEHHH HX HeHanpaB/ieHHBIMH He obecme-
YHBAETCS,

12.2. Tlepeuunkii ToK cpaGaThBaHHA NepBoil H BTOPOI
cTyneHel 3ailuThl BHOMpaeTCA 1O CAENYIOIIHM YCJOBHAM.

12.2.1. CornacoBaHHa NO 4YYBCTBHTEJBHOCTH COOTBET-
CTBEHHO C NepBOH M BTOPOH CTYNEHAMM 3dUHT OT 3aMbl-
KaHHA HA 3eMJI0 CMEMHLIX JHHHA NO BHPaMKeHHIO, anajo-
rnunomy (10.2),

1 (11
1383 = korckrondod's) npens )
re I (.I;.)npen_'mx cpabaThiBaHHsl CTYNEHH SaulliThl OT

3aMBIKANME HA 3EMJII0 CMEXHOH JHHHHM, € KOTOpPOH npo-
H3BOJIHTCA COTAacoBaHue; Rorc — KO3(DHUHEHT OTCTPOHKH,
npunpMaeMulil paBHHM 1,1; Biox — KOShdUIHEHT TOKOpac-
npefesieHHs LA TOKOB HyJeBoH NMOCJeAOBaTe/bHOCTH, pab-
HBE OTHOLIEHHIO TOKA B MECTE YCTAHOBKH paccMaTpHBac-
MOft 3aLIHTHl K TOKY B CMEXKHOH JIHHHH, C 3alHTOH KOTOPOI
NPOH3BOJAKTCH COrJacoBaHHE.

PacueTHHM Jisi  corsiacoBanus no (12.1) sensercs
pexuM paboTH CeTH, NONCTAHUHH H 3alHI@eMOro aBTo-
TpaHcopMaTopa (NOJIOXKEHHE pPEryJfTopa HANpsiXKeHH:),
npH KOTopoM KoadpHuIHEHT ToKopacnpeneneHus Eiox HMeET
HanOOJbILEE 3HAUEHHE.

B uensix nNOBHINEHHS YYBCTBHTENBHOCTH 3alIHT OT 3a-
MBIKAHHII HA 3eMJI0 JHHHH NOCHeAVIOLIMX YYacTKOB CETH
MOKET OKa3aThCsl 1e/ieco00pasHbM COr/iacoBaTh NEPBYIO H
BTOPYIO CTYNEHH paccMaTpuBaeMOil 3alMTH He ¢ NepBoii M
BTOPOH, 8 COOTBETCTBEHHO CO BTOPOf H TPETbEH CTYICHAMH
3aMMT NPeLAYUINX JHHKIL.

12.2.2. OvcTpoiiKn OT yTPOEHHOTO TOKA HYJEBoil nocJje-
JIOBATEILHOCTH, TIPOXOMSIIEr0 B MECTe YCTAHOBKH 3aLHTHI
B HenoJHodasnom pexume, posunkawmem B uukae OAIIB
Ha CMEXHBIX JIHHHAX, a TaKKe B [AJHTENLHOM HeEnojHogas-
HOM pexHMe Ha NPeALAYIIHX JHHHAX (ecam ;s HHX npe-
AYCMOTPEH TAaKOH pexuM paboTii).

Pacuer npoH3BOAHTCSA NO BHIPaNKEHHIO

BT = ko cMomen, (12.2)

riie 3lomen — MAKCHMAJLHOE 3HAYEHHE YTPOGHHOTO TOKA
HyAeBofi MocsefloBaTe/IbHOCTH, NPOXOAALIEro B MecTe ycTa-
HOBKH paccMaTpHBAeMOH 3alHTH B HEMOJHO(DA3HOM pPeMH-
Me, BoznukaomeM B uukiae OATIB nuGo B naHTenbHOM He-
noaHogasnoM pemuMme; FEore — KO3(HIIHEHT OTCTPOIHKH,
npuHiMaembiii pasueiM 1,4—1,5 ana 3amHTH, YCTaHOBJEH-
noii Ha cropone 330—500 kB, npm ucnoabsoBanum pene
myna PT-40; 1,3 — aam Bcex QCTanblbix Cayuaes.

OTcTpoiika OT YTPOCHHOrO TOKa HYJeBoii mnoclie/0Ba-
TeJLHOCTH, NPOXOASINETO B MecTe YCTAHOBKH paccMaTpH-
BaeMoH 3amHTH B HelojHOdasHOM pexHMe B LHKJAE
OATIB, ne Ttpebyercst, eCNH COOTBETCTBYIOmAs CTYICHb
orctpoena oT uukaa OAIIB no sBpemenH.

12.3. BHOpaHHHii N0 pacCMOTPEHHBLIM BEBILIE YCJOBHAM
TOK cpabaTHBaHHs] BTOPOH CTyNeHH NpoBepsieTcs B COOT-
BETCTBHH € YKA3aHHsIMH, npHocaenusiMn B n. 124, no ycno-
BHID OTCTPOHKM OT TOKa HeGasaHca B HYJiCBOM TIpOBOLe
Tpaucdopmartopos Toka [em. (12.3)]:

123.1. Tlpp K3 wmexay Tpems @QazaMu Ha cTOpOle
HH3LIEr0 HAMPSIMKEHHS paccMaTpPHBAeMOro aBToTpaHcopMa-
TOpa H 33 TpaHCGOPMATOPAMH H ABTOTPaHC(OPMATOPAMH
JlaHHOH H NMPOTHBONOJOKHBIX NMOACTAHIM, €ClH PAaCCMaTpH-
Baemasi BTOPas CTyNeHb HE COTJacoBaHa NO BpeMeHH ¢ 3a-
muTaMi oT Muorogasuux K3, yeTanoenenHbIMH HAa cTOpO-
Hax HM3ILEro HaNpsiMKEeHHs YKas3aHHLIX TpaHc(hopMaTOPOB H
aBTOTPancOpPpMAaTOpOB.

12.3.2. Tlpu Kauanusix HAH ACHHXPONHOM XO/E, ecJH
BHIIEPKKA BpPEMEHH pPAacCMAaTpHBAEMOHl CTYNEHH HE NpeBh-
WAET AJHTENbHOCTH NepHOAa Kauanui (B OpHEHTHPOBOY-
HBIX pacueTax mepHoJ Kayamuii MoxeTr OuTh npuuat 1,5 c).

124. llepeuunnii Tok cpaGaTbiBanusi TpeThell CTYNEHH
BHOHpaeTCss 1O YCJAOBHIO OTCTPOHKM OT TOKa HebGananca
B HYJICBOM NpOBOjie TpancgOpMaTOPOB TOKa:

124.1. Tlpn K3 wmexay tpems ¢azamu Ha CTOpPOHE
HH3IIETO HANpPSMKEHHS PAacCMATPHBAEMOTO aBrToTpaHcdopma-
TOpa H 3a TpaHc(OpPMATOPaMH M ABTOTPaHCHOPMATOPaMH
OaHHON H NPOTHBONOJOMHEIX NOACTAHUMH [0 BHPAMXKEHHIO

e W (12.3)

rie fons— TOK meGajiaHca B HYJICBOM MNpoBojie Tpancdop-
MAaTOPOB TOKA B YCTAHOBHBIUEMCs PEMHME NPH paccMaTpH-
BaeMbix BHeminHx K3 mexay Tpems ¢azamu; Eore — Ko-
s(hHIHEHT OTCTPOHKH, NMpHHHMAaeMblll paBHbIM 1,25,

12.42. B nocieaBapHiiHOM HAarpysouHOM PpEXHME IO
BHIP a3KEHHIO

;[I.Is =%Uﬂﬂ-’:+ 3w, p), (12.4)

rne fone — TOK HeGananca B HyJeBOM NpoBofe TpaHcdop-
MaTOpPOB TOKa B MNOCJEABAPHIHOM HArPY30YHOM PEKHME;
3lon,p — YTPOEHHHI! TOK HyJEBOil NOCJHef0BATEAbHOCTH,
obycioBNEHHMH HeCHMMETpHell B CHCTeMe, BO3HHMKAIOUIEH,
HanpuMep, npH paGoTe CMeXHOR JMHHH C OIXHOCTOPOHHHM
NHTaHHEM B HENoJHOPA3HOM pekHMe, Eorc — TO e, uTO
B (12.3); ks — ko3pdHuHEHT BO3BpaTa, IJA paccMaTpHBae-
MHX peje MoxeT OwiTh npunsaT paBnbiM 0,8 nas pene
tuna PT-40, 0,6 nns pene cepun PHT-560.

OrteTpolika oT Toka HeGajanca no n. 12.4.1 me Tpe-
Gyercsi, ec/ii paccMaTpHBAaeMasi TPeThsl CTyNeHb COIacoBa-
Ha MO BpeMeHH ¢ 3auHTaMH oT mHorogasmsix K3, ycra-
HOBJIEHHHIMM H3 CTOPOHAX HH3WIEro HanpsiMeHHsl yKasaH-
HBIX Tpanc)OpMaTOpOB H aBTOTpancdopMaTopOB.

B (12.4) nonmub paccMaTpHBATECS 3HaUYGHHA TOKOB
Hefananca, YYHTHIBAIOLIHE BO3MOMXHOCTb Kauanuil H acHH-
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XPOHHOrQ X0[d B NOCJACABAPHIHOM HArpy3gduoM peHMe,
€cNH BHIIEPXKA BPEMEHH TPETbeH CTylleHH COOTBETCTBYET
YKasauHoh B n. 123.2,

12.5. B ycnoBHSIX 3KCIAYaTaulH PEKOMEHIYETCH TaKKe
NMPOH3BOAKTL COrJIacoBaHlie MO YYBCTBHTENLHOCTH TpeTheR
CTYNEHH 3aMUTH ¢ MocnefuHMH, HaHboMee YYBCTBHTEbLHLI-
MH CTYNCHAMH 3alHT OT 3aMbIKaHHII HA 3CMJII0 CMEHHBIX
nuukit no (12.1). OaHako ykasaHHOC COTNECOBAaHHE MPOH3-
BOJHTCH TOJBKO B CHy4asix, KOrfla 3TO MNPH3HAHO Uesneco-
obpa3ausiM 15t obecneuensii HanexKHoro sfekrpociabxe-
HHA moTpebuteacit (no aHadordd ¢ n. 9.3) K nNDH 3TOM
obecneunBaetca TpeGyemasi HYBCTBHTEJbHOCTL PaecMaTpH-
BaeMoif 3alHTHIL.

12.6. Tok mebananca B (12.3) u (124) npubammenno
MoxeT OhITh ONpefesieH MO BbIPAMKEHHIO

Tono=~#nclpacs, (12.5)
rie Ipace — TOK B MeCTe YCTAHOBKH 3aIMTHl NPH pPaccMmart-
puBaemom sHewHem K3  mexpy Tpems ¢gasamu  [om.
(12.3)], npu KauauHAX WIH acHHXpoHHOM Xoze [cm. (12.4)]
B MOCTeaBapHiHOM HArPY30YHOM peume; Rus — Koa(hn-
1HeHT nebGanamHca.

3nauenve Koa(pguuMeHTa HeGananca Rge NPHHKMACTCH
B 3aBHCHMOCTH OT KPATHOCTH TOKA [fpacs:

MpH KpaTHocTH He Gosiee 2—3 MO OTHOLIEHHIO K MCP-
BraHOMY TOKY TpanchopMatopos Toka paeunm 0,05

npi GOJBIIHX KPAaTHOCTSX, HO He mpeBocxoasumux 0,7—
0,8 no oTHOLIEHHIO K TpefesibHOH KPaTHOCTH MepBHYHOro
TOKa TpancopMaropoB Toka paBuuM 0,05—0,1.

GOgsiblliel TOMHOCTBIO, @ TaKike NpH OOJBIIHX KpaT-
HOCTHX TOKd [lpacy TO OTHOLIEHH K TEPBHYHOMY HOMH-
HajbHOMY TOKY TpancopMaTopoB ToKa Tok HelGanamca
Ions MoOKeT OuITb ONpelefieH B COOTBETCTBHH C TPHJIOXKE-
nnem VII «Pykopomsiiix ykasaHHiH no pesiefHoH 3amuTe.
Beinyck 12».

Heo6xoanmo orMeTuTh, 4TO pacuer Toka HeGananca
Ions mpH BHewnux ynaneHnux K3 Memay Tpemsi ctha3samu
clielyeT NPOH3BOAHTL C YYETOM TOKa HArDYy3KH,

12.7. Tok cpaGaTelBaHHS aBTOMAaTHYeCKH YCKOpsSieMOM
CTYMeHH 3allHTH JONOJHHTeNAbHO K YKa3aHHbIM BhILIE YycJO-
BHAM CNCAyeT TaKKe OTCTPauBath oT GpockKa HAaMarHHyH-
Barlero TOKa TNpH BKJIIOYEHHH M0J HaNMpPsKEeHHe 3alllH-
maeMoro asrorpancgopMaTtopa (nmo ananorud ¢ «Pykoso-
AAUHMKH YKa3aunsaMH no peneiinodl 3amute. Bunyck 12»,
pasa. I, n. 1,2 u npunoxenne V), ccan Bpems meilcTBHs

3alIHTEL MO 1(CNE ZBTOMATHYECKOTO YCKOpellls He MpeacTas-
JFETCSl BO3MOMKIEIM BHIMOJHHTE OOJBLIHM MaKCHMaJBHOTO
BPCMCHI Pa3HOBPEMEHHOCTH BKJIOYEHHs (a3 BHIKJIOUATeNs
anm-rgaucg»opmampa.

12.8. Bojep:ska BpemeHd nepsoil, BTopoit u Tpetbek
CTyNeHeld 3alMTel BHIOHPAeTCs TO YCJNOBHIO COrJacOBaHKH
COOTBCTCTBEHHO C NCPBOI, BTOPOH (MJH BTOPOH, TpeTheH —
cm. . 12.2.1) u nochemHedl CTYMeHAMH 3aLIHT OT 3aMbIKa-
1Kl H2 3eMJK CMEXKHEIX JIHHHIL

3ammta ACHCTBYCT NOCNeNOBATENBLHO: Ha pasfeneHHe
cHCTCM (CEKIMIT) 1ML, HA OTKJIOYEHHE BBIKJIOYATesst TOM
cropousl aToTpancdopMaropa, rjie YCTAHOBJEHA 3aLIHTa,
Ha OTK/AKUEHHe BCCTO aBTOTpPaHcopMaTopa AHAJOTHYHO
JIHCTaHUHOHHOH 3alHTe astoTpanctopmatopa  (cMm.
m 8.1.11).

12.9. UyBcTBHTENBIIOCTE peae ToKa 3alllHTel onpege-
JIAETCA MO BHIPAMKEHHIO

31
hy—= —>, (12.6)
Toc. s
rie 3/, — yTPoeHHBl TOK HYJCBOIl MMOC/EA0BaTEJBHOCTH

B MeCTC YCTAHOBKH 3allMTel npx Metaiaudeckom K3 wma
aeMJI0 01HOI (a3l B pacyeTHol TOuKe B pexume, oby-
CNOBAHBAIOILEM HAHMCHBLIGE 3HAYENHE 3TOro Toka: fpe,a —
TOK cpabaToiBanusl paccMaTpuBaeMo#l CTYneHH 3allHTHL

YyBCTBHTEBHOCTL NEPBOIl K BTOPOH CTYNeHel 3aluHTh
npoBepsieTcst MpH 3aMblKaHKM Ha 3¢MJK0 HA WHHEX pac-
cMaTpuBacMol nogctaHudy. Ilpr stom »enatenbHo obec-
neycHHEe UYBCTBHTCJBHOCTH NMEPBOH CTYNEHH B UeNAX YMEHb-
IEHHS BpPEMEHH AEHCTBHS 3allHTHL Ha pasjelieHHe CHCTEM
(cerumit) mmn. OpHako OKOHYATEJLHO TNPHrOAHOCThE Bl
OpanHoro Toka cpabaTuiBaHHA NepBoH H BTOpPOH CTymeHeit
3aUMTEl OIEHKBAETCA MO YYBCTBHTENBHOCTH COrJlacyeMslX
C HMMH COOTBETCTBEHHO BTOPOIi W TPeTbel CTyrneHeH 3aulHT
OT 3aMbIKaHHH Ha 3eMJI0 CMCXKHHIX JIHHKI CMEXHOro Ha-
npsixeHHst.

UyBCTBHTEABHOCTL TPEThEll CTYMEHH 3aLIHTH NMpoBeps-
eTCH MpH 3aMBIKAHHAX HA 3EMJI0 B KOHLC CMEXHBIX JIHHHI,
33LIHTa KOTOPLIX PE3ePBHPYETCH.

B cooTBETCTBHE C l'[ygC (n. 3.2.21) Tpebyetca obGecne-
YHTb HAHMEHBUWHH KO3(pHUHEHT UYYBCTBHTEJNBHOCTH — MO~
panka 1,2

YUyBCTBHTENBHOCTL peNie HAMPABJCHHA MOIMIHOCTH pac
CMOTPEHHOH 3aUIKTLl ONpefeNsieTcsi MO AHAJOIHH € yKasa-
HHSMH, NPHBEACHHLIMH B «PyKOBOASAILHX YKa3aHHAX Mo pe-
neitnoit samute. Boinyck 12», pazn JK.

13. 3ALLUMTA OT 3AMBIKAHMHA HA 3EMJIIO HA CTOPOHE
HMU3ILLUErTO HAMPAXEHWA ABTOTPAHC®OPMATOPOB

3alHTa BHINOJHACTCA , ¢ NOMOLIBK) MAKCHMalbHOTO
pene Hampsixcennst THna PH-53/60]1, mMeromero pocrarou-
Hyio Tepmuueckyw croikocth (110 B). [Nepsuunoe wanps-
JKeHHe cpabaTeiBanHs 3aMMTH MPHHHMACTCS MHHHMAMBHO

BO3MOMHEIM ANst AZNHOro pene, T. €. COOTBCTCTBYIOULNM
Uecpmin=15 B. Bolacpika bpeMeHH I[PHIHMaeTcs TpPH-
-mepHOo 9 ¢ (3amuTa AelicTBYET HA CHTHAT).

14. TOKOBAS 3ALLMTA HYJNEBOM NMOCNENOBATENBHOCTH TPAHCDOPMATOPOB

OT 3AMbBIKAHMA HA 3EMIIO

14.1. 3amura ycranaBiHBaeTcss Ha TPeXOOMOTOYHBIX
TpaHcdopMaTopax, HMEIIIKK MHTAHHE CO CTOPOHBI CPejiHe

ro. HANPAKCHHH.
14.2. NepBHuHEli TOK cpabaTbIBaHHA 3aLIMTH BbIOK-

paeTcs Mo TeM ke YCJOBHAM, YTO H TOK TpeTbeil cTYMeHH
TOKOBOH HANpaBAeHHOH 3alUHTH HVJIEBOH NOCJeN0BATENBHO-
cTH asToTpaHchopmaropa {(cm. n. 12.4, 12.5).

15. 3AUWMTA OT NEPENPY3KM TPAHCHOOPMATOPOB U ABTOTPAHCDOPMATOPOB

Tok cpabaTtebiBaHHsi pene TOKA 3alHTH OT NMEPerpy3KH
(meficeByomeit Ha curuan) onpenensercs no (10.1), B ko-
TOPOM: [nom — HOMHHAJBHHE TOK 06MOTKH TpaHc(opMaTo-
pa (aBroTpalcopMaTopa) £ YHCTOM peEryJHpOBaHHs Ha-
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npsixenns (em. m 10.2), Ha croponie KOTOpPoit ycTanoBJaeHa
paccMaTpHBaemoe peJie; Rore — KoahHIHEHT OTCTpOitKH,
npuHEmaeTcs pasHbiv 1,05,



16. KOHTPONb M3ONALMM BBOLIOB OBMOTKM BbLICLUEFrO HAMNPSMEHMS

ABTOTPAHC®OPMATOPOB

16.1. Huoxe naHbl OCHOBHBIE yKa3aHH® Mo pacyeTy
YCTPOHCTBA KOHTPOJA H30OJALHH BHICOKOBOJLTHEIX BBOAOB
00 kB aBTOTpanc(OpMAaTOPOR, BHITOJHEHHOTO € MOMOLLLIO
Gnok-pene tHna KWB-500P u corsacyiouero TpaHchopma-
Topa tHna TIIC-0,66.

16.2. Bnok-pene tHna KHMB-500P Brimouaer cHrHadb-
Holii (pene THna -PH-53/60[1), oTkmouamowmit (pesie THRa
PT-40/®) u mamepHTenbHEli (MHAIHAMIEPMETD) SJEMEHTL.

16.2.1. OcHOBHBIM 3/IEMEHTOM HBJAAETCA CHIHAJBHEL.
Ero cpabaTumiBamic yka3sbiBaeT Ha Hauaslueecs nporpeccH-
PYiOlice NOBpejlieHle H3IONFALHH BhLICOKOBOJILTHOIO BBOJA.
CpabaThiBanie CHTHAJBHOTO 3JEMEHTa [OMKHO NPOHCXO-
IHTh NPH TOKC B NMEPBHYHOA OOMOTKE COrJacyioOLLero TpaHc-
¢opmatopa, paBHOM 5—7 Y HOMHHAJBHOIO €MKOCTHOIO
TOKa BBOAA Juom,emi,sona, T. €. TOK cpabaThiBauMsi CHr-
MaJIbHOrO 3JIeMEHTa JOJIKeH ONpefefisiThCs 110 BEIPaXKeHHIO

fc,cnrn= (0,05—0‘.07)[}]9“.3"3,3“Una. (161)

Beizepyka BpeMCHH CHTHa/BHOTO SJEMEHTa Onpele-
JIAeTCA H3 YCJAOBHA OTCTPOHKH OT MAKCHMAJbHON BEHIIEPIKKH
BPeMEHH pPC3EPBHBIX 3ALIHT 3JEMEHTOB CCTH BLICIUErO Ha-
npsikennst (500 kB), npumekaowell k asToTpancop-
MaTopy:

16.2.2. OTKMOYAOWHIT 3JeMENT [OMKEH BBOAHTBCSH
B pafoTy ToJbKO Mocjle cpalaTHBaHHA pesie BPEMEHH CHI-
HajbHOro ssieMeHTa. ToK cpafaTeiBaHHs OTKJIOYAOLlero
SJieMeHTa OnpelleiAeTCH Mo BLIpaMeHHIo

IO.OTHHE(0}2_(}.25)!HDM.CMK,EEUJ_L{!- {162)

Brutepikka BpeMCHH OTK/IOYAIOLIETO 3JCMCHTA ONpefe-
JifileTcsl H3 YCJIOBHS OTCTPOHKH OT GHICTPOACHCTBYIOUIHX 3a-
LHT H peKoMeHayeTca B mpegenax 1,2—1.3 c.

Han ucKmoueHHs JIOXKHBIX cpabaThiBaHHit TpH NMOBpe-
OeHHsIX B UENsX COefHHEHHA corJacyiollero Tpatcdopma-
Topa H BBOjoB 500 kB oTKmouamwILHi sJeMeHT moJKCH
HMeTh JonoJHHTeNbHYlO OnokupoBky. Cpabatuisanie 6Jo-
KHPYIOUICTO pefie J0/UKHO NPOHCXOJAHTH NpPH pEe3KoM H3Me-
HeHHH TOKa B MepBHYHOK OOMOTKe COrJIACYIOLIEro TpaHe-
dopmatopa ot nyna o (0,6=0,7) Iuos.emu.snona.

16.2.3. Tox nebananca Ius B Gnok-pene KUB nomxen
OLITH OTPEryJHpOBaH MHHHMAMLHEIM. PekoMcHayemoe 3ia-
ueHe Juo=(0,005-+-0,015) som emu su0na.- ITO 3HAYEHHE
lag MOMeT GLITE NOCTHIHYTO nOAGOPOM COOTBETCTBYIOLIHX
OTBETBJIEHHH TNepBHYHOH OOGMOTKH COTJacyIOllero TpaHc-
¢opmaropa. ’

17. TOKOBASl 3ALIMTA PETYJIMPOBOYHLIX OBMOTOK rPYNMNbl

OAHOMA3HBIX ABTOTPAHC®OPMATOPOB

17.1. Hike pnaHbl OCHOBHBIC YKa3aHHA 1O pacue-
Ty TOKOBO¥ 381LUHTEl  BBIHECEHHbLIX HA  OTAEeJIbHBIH
(GoKOBO#) cCTepeHb MAarHHTONPOBONA PeryJHPOBOYHEIX
OOMUTOK  IpyMilbl  OAHO(AIHBIX  aBTOTPAHCHOPMATOPOB
(AOJILITH-167000/500/220, AOILITH-167000/500/330 wu
AOJILITH-267000/500/220 — puc. 17.1). 3ammrta BKJAOYe-
Ha HAa TOK HYJEBOH MNOC/eNOBaTeNBHOCTH B KOMIeHCALHOH-
HBIX OOMOTKaX rpynnel H HMeeT TOPMOMKEHHE OT TeOMETpH-
YECKOH pa3sHOCTH TOKOB HyJIeBOll NOC/iefoBaTe/lbHOCTH Ha
CTOPOHAX CPe/HErc -H BRICLIEro Hamps:KeHHil; B neasnx obec-
neveHHsi TpeOyeMOro TOPMOMEHHSi HA CTOpOHE CpelaHero
HaNpsAMEeHHS MOXeT HCNOJNb30BATLCHA IPOMEMKYTOUHBIH To-
BRIUAWHA TpanchopmaTop TOKA.

17.2. Tok cpabaTeiBanHs pefie 3alUHTH BHIGHPAeTCH MO
YCJOBHIO OTCTPOHKH OT MAaxcHMallbHOro TOKa Hebasnalica
B HYJIEBOM NpPOBOjie TPaHC(OPMATOPOB TOKA B LENH KOM-
NEHCALHOHHOH OOMOTKH 1pH BHewHHX K3 mexny tpems
¢dasamH Ha CTOPOHAX CpelHEro H BEICIIEFO HANPSMEHHi]
4BTOTPAHCHOPMATOPA N0 BHIPAMECHHIO

1ou6

foc, p= ko-rckuc;] K

q (17.1)
Twowmn
rne fons — NMEpBHUHLIE TOK Hefananca B HyJeBoM npoBo/jie
TpaHC(OpPMaTOPOB TOKA KOMITEHCAIHOMIOH OGMOTKH B ycTa-
HOBHBIIEMCH peHMe TNpH paccMaTpHBaeMbiX BHewHHX K3
MEKAY TpeMs (azaMH; Kore — KOIQMHUHEHT OTCTPOHKH,
YHHTBIBAIOINME IOrpellHoCTL pefje H HeoOXONHMEIH 3anac;
npHiHMaercad paBHbiM 1,25, Enep — KO3(DHUHEHT, YUYHTHI-
BAIOWHIT NepeXoaHblit peskHM; npHiHMaeTcsa pasHeM 1,5—
2,0, mockosibKy 3aiHTa paGoTaeT Gc3 BLIIEPXKKH BPEMEHH;
Kixomn — KoappHunenT tpancopmanyu TpaHcdopmaTopa
TOK3, YCTAaHOBJEHHOTO B LeMH KOMNEHcauHOHHOH OOMOTKH
aBToTpascopmaropa.

Mepeiunetii Tox weGanawca lono, BXOASWME B BRpa-
skenne  (17.1), npHGAHMKCBHO MOMET ObiTh onpefedieH Mo
BLIPAXEHHIO

!nuﬁﬁkuﬁ!uomn.pacq, (17.2)

rie Juommpace — HAHGONLIWHI TOK B KOMIEHCALHOHHOM
o0MoTKe  aBTOTpaucopMaTopa MpH  paccMaTpPHBAEMBIX

Brelkix K3 mexny Tpemsi pasammu; kus — xosdpHument
HeGananca.

Tok Iiown.pacw, Bxopsiunii B8 (17.2), onpepensercs
naA  cayyas paboTel  aBTOTpaHC(OpPMaTOpPa HA HHIKHEM
oTseTBJeHHH no (I19.6) b
i (17.3)

HH

Jlﬁumn. pacy — IBH

rie Ipi —TOK B OOMOTKe BHICLIEro HANPHIKEHHH ABTO-
TpancopMaTopa NMpH BHEIUIHHX MeTalHueckix K3 memuy
TpeMs (a3aMH Ha CTOPOHAX CpeliHero H BHICIIErO Hanps-
JeHHH aBTOTPaHC(OPMATOPa B MAKCHMAJBHOM peykiuMe pa-
Gothl cHcTeM; Uper — HalpskeHHe Ha  PCryJHPOBOMHOR
o6mOTKe; Usir — HOMHHANLHOE HaTpsKeHHe OOMOTKH HH3-
ulero HanpsAMeHHs asTOTpaHchopMaTopa.
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Pue. 17.1. Cxema pasmenlenss ofMOTOK H pacnpenefenye
TOKOB B aBToTpaHcopmMaTope ¢ BHHeceHHOl Ha GOKOBoOl
CTepXKeHb MarHHTONPOBOJA PEryJHpPOBOYHOI OOMOTKOf.

I PHMeyaHure Ha cxeMe nokazaHu Tpadcdopmaropu
TOKa, HCnoJb3yeMble AAH 3aUlHTEl PEryJHPOBOYHOH OBMOTKH
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Kosthguunent HeGananca, BXOJALIHH B BHIpaXcHHe
(17.2), npuuMmaeTcs B 3aBHCHMOCTH OT KpaTtHOCTH TOKa
Iwamm,pacy 10 OTHOUWEHHIO K NepBHYHOMY HOMHHAJBHOMY
ToKy TpancopmaTtopa TOKa B KoMIeHcauHoHHoi 0OMOTKe:

npy  neGosbiwmx  kparHoeTax — A0 (2-+3)Mmom,r,x
k|{|§=0,0‘5;

npH GOJBIIMX KPATHOCTAX, HO He NPEBOCXOARIIHX
(0,7--0,8) 1o (Ix10o— npejicabiias KpaTHOCTH MEPBHYHOTO
Toka TpancopmatopoB Toka npH 10 %-noi NOrpeltHocTH),
knﬁ=0‘05—f—0,l.

C Goublueii TOYHOCTBIO, a Takie TpH OOJBLUHX KpaT-
HOCTAX TOKA Inomn,pacs 10 OTHOLIGHHIO K NEPBHYHOMY HO-
MHHAMBHOMY TOKY TpancopmaTopa TOKa B KOMIECHCAULHOH-
Hoil o6MoTKe mepBuuHblil Tok HeGalaHca logs MoO¥eT OHITH
ollpefic/leH B COOTBETCTBHH C NPHJIOXKEHHEM VII «Pykoso-
JAIMX YKasaHuil no peneiinofi sammre. Bumyck 12».

17.3. Uucno putkop pabouch obmorkn HTT pene, co-
oTBeTCTBYIOmEe TOKYy cpabaThiBanus peje 3aumtol foc.p,
olpefleIRETCH 110 BLIPAXKEHHIO

Fe,p

r (17.4)

wpaﬁ ==

rae Fop—MJC cpaGatuipauus pelie; JJA pejie CephH
I3T-11 no naunnm 3apoaa Fep=100 A; Joe,p — TOK
cpaCaTuBauus pefie 3alllUTHI, ONpeleNsieMblit N0 BLIpaxe-
o (17.1).

174. YUucno sutkos Topmostoit o6motkn HTT pene,
ofecrieulBaloHX HeledCTBYE 3amMTLl NIPH BHEWHHX 3a-
MLIKAHHRX Ha 3eMaio, onpejenseTcA Mo BLIPaXKEHHIO

al opat, pWpad

I#.'T(.p;\l; kuﬂ: 3’01_0‘,“. P fg a

» (17.5)
rae 3lopat,p ¥ 3loropm,p—TOKH, IPOXOAALLEE COOTBETCTBEH-
Ho B paboucit ¥ TopMO3HOH OOMOTKax pefie MpH PacCHETHOM
BHEIIHEM 3aMLIKAHHM Ha 3eMJI0, @pas — HCIOJIB3YeMOe
yucsio BUTKOR paboueil o6motkn HTT pesne, onpelensemoe
no (17.4); tg @ — Taurenc yria MeXJly KacaTesbuoil K Xa-
paKTepHCTHKe peJie, COOTBETCTBYIOLLEH MHHMMAJBLHOMY TOP-
MOMKEHHIO, U ocblo abciHee; onpefensieTcsl B COOTBETCTBHH
¢ pekomennanusmi 1. 3.1.6; kore — Koauurent oTcTpoii-
KH; MOMeT OLITb MpHHAT papHuiM 1.5.

Tok B paGoueit obmotke pesie 3lopas,p, BXOASIMH
g (17.5), onpejlenaeTcs NpH BHEIUHHX 32MBIKAHHAX Ha 3EM-
0 HAa CTOPOHE CPEAHEro H BHICIIEro HAIpAXEHHH aBTo-
TpancopmaTopa B COOTBETCTBHH C MPHIIOMEHHEM 19 mo
BLIPa }EHHAM:

IpH BCPXHEM MOJIOMKEHHH MCPeKIouaTes PIIH, ucxo-
psi w3 (I19.10), ¢ yueToM HanpasJieHHs TOKOB MpH BHeLI-
uux K3

[3(Toct — fortr)  Uper |

3’@36. Qi (17.6)

K Ixomn UI H

npH HIDKHEM noJoxenun nepekmoyatens PITH, nexons
ua (I19.11),
3o U
Sosn per (17.7)

3 =
opafi, p K U
Ixomn “~HH

rae loca ¥ lopu — neficTBUTENbHBIE 3HAYEHHA TOKa HyJe-
BoOil NOCJAeNOBATENILHOCTH, NPOXOAAIIEro IpH pactueTHoOM
BlElLIHCM 3aMLIKaHHH Ha 3eMJI0 COOTBETCTBEHHO HA CTOpO-
Hax CPEHero M BEICILEro HalpsiXeHHH apToTpaHcgopmaro-
. pa; Uper — HalpsieHHe Ha PETyJHPOBOYHO obMoTKe
asrotpatcopmatopa; Uwpn — HOMHHA/bHO® HAlNpFAXEHHE
06MOTKH HM3LIEFO HanpsxeHus apToTpakchopmatopa;
Kiwoun — TO e, uto ¥ B BHpaxenun (17.1).

Tok B TopMo3HOH oGmoTKe pene 3loropm,p, BXOJAMLHIA
s (17.5), paccmaTpupaeTcs NpH BHCWHHX 3aMLIKAHHAX Ha
3eM/I0 HAa CTOPOHAxX CPCAHEr0 M BLICLIErQ HADPAXKEHYJ
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anm*rpancm]mpms‘ropa COOTBCTCTBEHHO B TEX e TOYKax H
pexumax pabGoThl, YTO H TOK B paGoueiit oGMmoTKe peJe
[cm. (17.6) 1 (17.7)], m onpefensercs N0 BHPANERHIO

SIOCH vy SIUBH

3lyrope, p= . (17.8)

KretiKrapow  Kinn

rne loew # Iopn —To e, uto H B (17.6) n (17.7);
Kicir u Krpu—rkoadduuuentsl Tpanchopmauny Tpachop-
MATOpPOB TOKA, HCIOJB3yeMBIX JJIA 3alHTLI H YCTaHOBJEH-
HBIX COOTBETCTBEHHO Ha CTOpPOHAX CPERHEroc H BLICIUEro Ha-
npsxenuit asrorpaHcdopmaTopa; K ropom — KoathpuuuenT
tpaHcdopmatuu npomexyTouHoro TpancopMaropa, ycra-
HOBJIEHHOrO BO BTOPHYHOI uenH TpancdopMaTopa ToKa CTOo-
poHLI Cpeiiero HanpsMenHs.

PacyetuelM IJA  onpefesenns HeoOXO[AHMOro UHCIE
BHTKOB TOpMo3HOH 0OMoTkH mo (17.5) smnseTca MHHH-
Majibioe TopMoXeHHe NpH HauOonbilieM TOKe B paGoueit
o6MoTKe peje. DToMy, Kak NpaBHlo, COOTBETCTBYET OfiHH
M3 CJAEAYIOIMX CIY4aeB BHELIHErO 3aMBIKAHHSI Ha 3CMJIO:

NOBpEX/CHHEe Ha CTOPOHE BLICUIETO HANPFKEHHA UPH
HIXKHeM TofioxeHnH nepekmouatens PITH (korna sce BHT-
KH DETY/JHPOBOYHOH 0OMOTKE 00TeKaioTcsi TOKOM CTOPOHEI
BLCIiCro HANPAXEHHs) M MHHHMATBIOM pexuMe paGoTH
CHCTEMBI CPeJiHero HalpsiXKeHHA;

NOBpEX/ieHHe Ha CTOPOHE CPE[HETO HATpAXeHis IpH
BepxHeM nojoxenun nepekmodatens PITH (korpa mce pHT-
KH peryjnpopodtoil oOMoOTKH ofTekaloTcs pasHocThIO TO-
KOB CTOPOH CpefAHeroc M BLICIIETO HanpaMeHHil) H MHHH-
MajbioM pexxume paboThl CHCTEMB BLICIIETO HAlpsLKEHHS.

Paccuutanioe paccMoTpeliLiM crHocoGoM HHCJIO BHT-
KOB TOPMO3HOH OOMOTKH Wropy NPH HEHCHONLI3OBaHHM PO
mexxyTouHoro Tpaucdopmaropa [8 (17.8) Kinpox=1], k2K
IPaBHJIO, TPEBHILIAET KOJIHUECTBO BHTKOB TOPMOSHHX o6mo-
tok HTT pene, BuilycKaeMblX B HacTOfllee BpeMf Mpo-
MBIUIEHHOCTBIO, 4TO H NPHBEJO K HeolXonHMOCTH HCMOJb-
30BAHHME B CXCME IPOMEXYTOYHOro TpaHcgopmaropad
¢ Krapow<1 ANA yBeluueHHS TOPMOBHOTO TOKa B peJie.

17.5. TlepsuuHLil TOK cpabaTHBaHuA GAOKHPYIOMIEro
pelie 3allHTLl, BEJIOYEHHOTO HA TOK HyJneBoil noclelloBa-
TEeNBHOCTH CTOPOHH BLICIIETD HaNpAXeHHA H BBOIHMOrQ
B fAeiicTBHEe B pexHMe AJIHTENbHONH paloThl asToTpaHchop-
MaTopa C OTKMIOUEHHHIM BLIKTIOYaTesleM Ha CTOPOHe cpefi-
HEro Hanpseys, NIPHHHMAETCA
(17.9)

’oc.a.ﬁnou': 1,5-’110511

rae lwom — HOMHEAJNBHBIT TOK 3alLMIAEMOr0 aBTOTPAHC-
topmaTtopa.

B uwenmsx npopepkd 3((EKTHBHOCTH HCIONBIOBAHHT
GAOKHPYIOLLEro pefie A0/KHO ObiTh NpPOBEpeHO HejeficTnie
paccMaTpHBaeMoil TOKOBOI! 3aIHTH peryanpoBouHoit o6MOT-
KH TIPH BHEIIHEM 3aMLIKaH}H Ha 3€M/I0 Ha CTOPOHE BICIUeE-
FO HalpsKEeHUA C TOKOM

3lypua=1,2loc,3,6m0x (17.10)

B pEXHME OTK/IOYEHHOrO BLIKJIOYATENH HA CTOPOHE CPEn-
HEro HanmpsXeHHs. YKazaHHas [MpPOBEPKA [POH3BONHTCH
HCXOLS W3 TOPMO3ZHOH XapaKTePHCTHKH pelie, COOTRETCTRYIO-
wiell MHMHMaJbHOMY TopMoxenmio. IIps sTom Tok B pato-
yeii oOMoTKe pesie onpepenserca no (17.7), a ToK B TOp-
Mo3noil o6moTke peae —mo (17.8) npu fien=0.

17.6. UyBCTBHTEJIBHOCTE 3AMHTLI MOXET HE MPOBCPATH:
csi, TaK Kak pacuer Tokos K3, paspaloTaHHblil TOMLKO AJS
3aMBIKANHE BHTKOB TOJIOBHHB M BCEH peryiHpoBotiHoil
o6MOTKH !, CBA3aH CO CJOXHBIMH pacueTami, a fipH 0o-
BPEX/ICHHAX TAKOTO KONHUECTBA BHTKOB NPAKTHYECKH BCEr-
1a o0ecledHBAeTCH XOpollas 4yBCTBHTEIBIOCTD 3alIHTHL

! flerpos C. f., Geprep M. A. HikeHepHBli mMeTon pacuera
TOKOB MpH MOBPCHKICHHN PEryJipoBOMHON OGMOTKH aBTOTpanc(op-
matopor 500—750 kB. B c6. ABTOMATHYCCKOE YMApaBACHHC SHCP-
rocucremamu B apapufinpy pesume. Tpyam ICII. M. Smeprus,

1981,



18. 3ALLUMTA CMHXPOHHOIO KOMMEHCATOPA, PABOTAIOLLIEFO

B BJIOKE C ABTOTPAHC®OPMATOPOM

18.1. MPOAONLHAS AHDDEPEHLIMANBHAS
TOKOBASl 3ALLUMTA

18.1.1. Huske nambl ocHOBMBIC YyKa3alusi [0 pacueTy
nuhheperHaIbHOR TOKOBOH 3aLIHTH CHIIXPOHHOTO KOMIIEH-
caTtopa, pabotamouero B 6J0Ke ¢ aBTOTpaHcdopMaTOpOM,
BLIMOJIHCHHON ¢ pene THna JI3T-11/5.

18.1.2. Tlepeuunniii  Tok cpabatoiBanns  saupithl Je g
BuIGHpaeTCsl MO YCJOBHIO oGecricueHHs MaKCHMAJBEHO BO3-
MOKHOH OpH HCMOJB3YCMOM pefie YYBCTBHTEJBHOCTH 3aLUM-
Tel. [IpH 3TOM NpaKTHUECKHM BO3MOMKILI JBA CJyuas:

18.1.2.1. lnn 3awurtel CHOXPONHOrO KOMIEHCATOpa
HCMONB3YIOTCS TPaHc(OPMATOPE TOKA € OJIMHAKOBLIMH KO-
appunHeHTaMH TpaHC(OpPMaLIHH.

18122 Jlns 3amwuThl CHHXPOHHOrO KoOMICHCaTOpa
HCnoas3yoTesi TpanchopMaTopel TOKa ¢ Koabhgulimentamn
TpanchopManin, OTIHYAPIAMICA B 2 pa3a.

18.1.3. B cayuae no n. 18.1.2.1 B nndipepeninansroi
I 33LHTH HCMOMB3YETCsl MAKCHMANBHO BO3IMOXKHOE 'HC-
10 BHTKOB paGoued o6moTkn HTT pene (wpas==144 BHT-
Ka), MTO COOTBETCTBYET TMCPBHYHOMY TOKY cpabaTniBauns
3aLHTLL

Fe.p K 100
!‘-_-_ L m'p;iﬁ I ]44 KI—U.GW;,
rope Fe,p — MJIC cpaGateiBanns pese; JJis pene CEpHH
N3T-11 Fep=100 A; Kr— kosdduunent tpaHc(oOpMalliu
TpanchOpPMaTOPOB TOKA, HCMOJB3YEMBIX IJA 3alUHTHI

B cnywae no n. 18.1.2.2 x TtpanchopmaTtopaM TOKa
¢ wmenbiunM Koapdnuuentom TpanchopMalnH noaKIIONa-
forcs 72 BHTKA, a K Tpanc)OpMaTopaM TOKa ¢ GONbUIHM
kospdunmenToM Tpanchopmaumn— 144 Butka paGouef
o6motkn HTT pene. Tlpm sTomM ToK cpabaTbiBanus 3a-
wHTE [e s ONpenensieTcd OJf OCHOBHOM CTOpoHH (cTOpO-
HA C MeHBUIHM BTOpH4HEIM TokOM) mo (18.1).

18.1.4. Topmosnas o6motka HTT pene npucoenuusier-
ca K TpancdopMaTOpaM TOKA, YCTAHOBJEHHEIM CO CTODOHBI
nefiTpany, 4To oGecneyHBAET OTCYTCTBHE TOpPMOIKEHHS MPH
K3 B ceuxponnoM KommeHcatope B TepHOm MycKa.

18.1.5. Brifop HCNONB3YEMOro 4YHCNA BHTKOB  TOp-
mosnofi ofmotkw HTT pene, oGecmeunBarolinx wenefi-
cTBHe 3amnThl Mpn prewrnaxX K3 mexnay Tpems dasamu
B ACHHXPOHHOM XOle CHHXPOHHOTO KOMIeHncaTopa, T. e.
oTcTpoiKa oT Toka ueBananca Ppppacy B YKA3aHHLIX
Coydasix, MPOHIBOAMTCY MO BBEIPAXKEHHIO, MOJYYEHHOMY H3
(2.4) n (3.4),

(18.1)

rk(r‘rkncpkn.'lls wmuxpat
Foputge
rne Bce oboamawemns Te e, uyto B (24) u (3.4).

3navenns Kosbduumuentos B (18.2) moryr GeiTh mpm-
HATLI:

gr.mp,.“.“t ' (18.2)

kore=1,5; kuep=1,0; konn=1,0; £=0,1;

(kone NPHHHMAETCH paBHHM ENHHHIE, MOCKOJBLKY CO CTo-
pobt HeliTpand H (a3ubiX BLIBOJOB YCTAHABIHBAKOTCH
TpaHchopMATOPE TOKA pa3HHX THIOB). YuHTHIBAs TaK-
we, uro ang pene cepun JIST-11 moxmo npunste tg a=
=075 (npu Fpas mox=200 A) ® uto npu Brewwem K3
Inopm=Ix max, H3 (18.2) mMoxmHO mONYUHTH HeoGXomHMoe
UlcJ0 HCNONb3yeMbIX BHTKOB TOPMO3HONH OGMOTKM:

i

1:5' 1.1.0, um:axwpaﬁ
Lo+ 0,75
— 0,2(0],35 =0,2- 144 = 28,8 sutKa,

T. € Ha pele AOMKHO OLITh YCTAHOBJEHO Wropw==
=29 BHTKOB.

Wropn, pac ==

18.2. 3ALUMTA OT OHOMA3HLIX 3AMBIKAHMHA
HA 3EMIIIO B OBMOTKE CTATOPA

18.2.1. Huxe nawel OCHOBHLIC YKA3aWMsi [0 pacueTy
3allHTEl OT onHohasHbIX 3aMbIKAHHA Ha 3ema0 B O6MOT-
Ke CTAaTOpa CHHXPOHHOTO KOMIIEHCATOPA, BHIIOJHEHHOH C
noMolbID ycrpofictea THma 33I-2.

Ycrpoficteo THna 33I-2 paccMOTpeHO B NpHIOMKEHUH
T110, npuuuunuaseHas cxema YycrpoficTBa npuBeneHa wa
puc. IT10.1.

18.2.2. VcrpoficTBO cO/EPIKHT NiBa OCHOBHLIX 6JiOKa:

1822.1. Biok OCHOBHOI TrapMOHHKH — MakCHMAJBHOE
pene HaNpSAKEHHs, pearHpyiollec Ha NOBbILEWHE HAMPS-
MKEHHS HYJNepofi MOCeNOBATENEHOCTH MepBOfi rapMOHHKH
H MpeHa3Hauyenyoe A 3allliTE 4acTH OGMOTKA cTaTopa
CHHXPOHHOIO KOMIleHCATOpa, MpHMBIKAIOIUEH K ero Jguuefi-
HBIM BBEIBOZAM.

18222 Baok TtpeTpefi rapMOHHKH — pejie MPOH3BOA-
HOH, pearHpyiollee Ha 3HAUEHHS AMIJHTYAL H ee Mpo-
H3BOJIHOH MO BPEMEHH HaNPSKEHHS TPeThell rapMONHKH
M MpelHa3HaYeHHoe JUIS 3allIHTLI HeMTPalH M MpPHMBIKAIO-
el K Heli yacTH OGMOTKH CTaTOpa CHHXDONHOTO KOM-
eHcaTopa.

1823. Hanpsxenue cpaGaTeBaHnA
pene MalpsKeHHA BHIGHpaeTcs B Mpemenax

Up ¢ p=5+-15 B.

Hanpsoxense cpaGaTteiBamns pene MNpoH3BONHON co-
crapnaer

MaKCHMaJbLHOTO

U

=13+ 10,
awarp
rie Usx — manpsokeHne Tpetbeli rapMOHMKH TIPH BO3HHK-
HOBEHHH 3aMLIKAHHA wWa 3eMmio (BO3PACTAeT CKAuKoo6-
pasno); Us narp — Hanpsixkenne Tpethell TAPMOHHKH B Ha-
rPY304HOM pexHMe.
Pene npoussojHOM BO3BpallaeTcsi B HCXONHOE MOJO-
AKelle NpH

U,
= =0,85 - 10%.
U::‘Harp
Bpems cpaGatnisamsi  pese  NpoM3BORHON  MpHHH-
MaeTcs

f::,p%ﬁ,3 c

18.3. 3ALLUMUTA OT MOTEPH BOIBYKAEHMA

3awnTa NpeiHA3NAYEHA NS OTKJIOUCHHS CHEXPOH-
HOro. KOMNEeHCATOpa ¢ KOHTPOJIeM HalpsMeHnHs Ha ero Bbi-
BOJlaX, KOTOPHIH MNG3BOJSIET NPENOTBPATHTL OTKAIOUCHHE
B peXHMe pabGoThl CHHXPOHHOrO KOMIEHcaTopa Ge3 BoO3-
GyK/eHHs, KOTJAa HaNpsKeHHe B CHCTEMe HAXONMTCS HA
JIONYCTHMOM YpOBHE.

Hanpsokenne cpabaTtbiBanms paccMaTpHBaeMoil 3alim-
Thl NPHHHMAGTCS B Mpenesax

Uc.s=(0,6--0,8) Unon.

Bpems’ cpa6aToiBanis 3aluHTEl ONpefeseTcs OTCTPOR-
KO OT KpaTKOBpeMeHHbIX MePeXONNHX DPEXKHMOB W TMpH-
HHMAeTCsy B 3aBHCHMOCTH OT KOHKPETHHIX YCJOBHA pa6o-
Thl CHCTEME B Npepenax

te,s=0,5+3 c.

18.4. BALUMTA OT MCUESHOBEHMS MNUKU CHMKEHUG
HAMPAXEHMA

3ammTa NpenHaswauena s NPeNOTBPAIeNHS TycKa
CHHXPOHHOTO KOMMNEHCATOPA C OTKJIOMCHHBIM MYCKOBLIM

PEAKTOpOM MpH MNOABJEHHH HANPAKEHHA TOCJe ero JUH-
TeNBHOTO HCYE3HOBEHHS HJH 3HAYHTEJBHOID CHUIKEHHS.
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Hanpsixene cpafarhiBanis paccMaTpHBaeMol 3alli-
Tl IPHHHMAETCH B Mpejenax

Ul.ﬂﬂ(0315+0‘2)'UHlJM-
BPEMS CpaﬁaTHBaHHH 34lIHThI ﬂPHHHNaETCﬂ

i(:‘a:i.".lg i

18.5. HACTOTHAA 3AUIMTA

3auuta npejHasHauena AJg8 Toro, 4tofn B pexHME,
Koria noACTAaHUHA € CHHXPOHHBIM KOMINeHcaTopom pa-
6oTacT Kak TYNHKOBas, OTKAOYATE CHHXPOHHLIE KOMNEH-
caTop Nocae OTK/IOYEHHR NHTAIolleH JHHHIE CO CTOPOHH
cicremMbel. B mporHeBHOM cayuae 3a cuer HHEPUHOHHOIO
Beifera CHHXPOHHOTO KommeHcatopa GYAyT nojsiep:xu-
BATbCR HANpsiKeHHe HA IUHHAX H JAyra B MeCTe NOBpe-
JeHHS,

Yacrota cpabaThianus pearpymloulero oprava (pene
NMOHHMKEHHS YACTOTH THNA ]IJ)L].]} paccMaTpuBaeMoi 3a-
H[HTH NPHHHMAETCH

fc,p=45 ['u,

uTO ONpejensercs MHHHMAJLHOH YacToToi cpabaThBaHNs
pese Tina PY-1.

18.6. 3ALLUMTA OT MEPETPY3KM

3auuTa NpefHasHaueHa AJs CHTHAJH3AlHH Meperpya-
KH CHHXpPOHHOrO KomneHcatopa. Tok cpalaThiBanHs pac-
cMaTpHBaeMol 3aumThl onpegedqsercs no (10.1), B ko-
TopoM: [fuom — HOMHHAJbHEIH TOK CHHXPOHHOIO KOMIEH-
catopa mnpH pafoTe ero ¢ BOAOPOAHBIM OXJaKAEHHEM,
kore — KOSOUUNEHT OTCTPOHKH, NPHHHMAETCH pPaBHLIM
1.05.

Ias cursanu3alin  neperpy3ok B pexHMe pabGoTh
6e3 BOAOPOAHOTO OXJa#ACHHS, KOTAa CHHXPOHHLIH KOM-
IeHcaTop MOMEeT HeCTH TOJbKO NOJOBHHY CBOeH HOMH-
HAJbHOH HarpyskH, NpPeAyCMOTpPEHO peJie, HMEWOUee TOK
cpabaThiBaHHsa, B JABa pa3a MeHbIUHH, H BKJIKOUaeMoe B
paGory B yKasaHHOM pemHMe.

Bpema cpabartniBanus 3aniThl NpHHHMaercs

te ,aiﬁ-i-? C.

NMPUNOXMEHUE T

YTOYHEHME 3HAYEHMH KO3DDMLIMEHTA OTCTPOMKH ~ OT EPOCKA HAMATHMYMBAIOLLErO TOKA
AUDODEPEHUMANBHONW TOKOBOW 3AUWMTEI TPAHCDOPMATOPOB MU ABTOTPAHC®GOPMATOPOB,

BbIMONHEHHOW C PENE CEPMM PHT-560 MK O3T-11*

1. lNpuMeusieMble B HacTosulee BpeMs B AHepen-
LMaJbHON TOKOBOR  3samMte pene cepin  PHT-560 n
HO3T-11 ofnanaloT NOBLIIEHHOA OTCTPOHKOH OT GPOCKOB
HaMarHHuHBAIONIEro TOKa M TOKOB Hebasjalca, cosepika-
LiHX anepHofgnueckyio caaratoutyio. [lostoMy npu ompepe-
JNeHHH TOKOB cpabaThiBanHs AHrpepeHlHaILHOR TOKOBO#H
3au(HTHl TpahcopMATOPOB H aBTOTpaHCHOPMATOPOB MO
YCIOBHIO OTCTPOHKH OT Gpocka HaMarHHYHBAIOUIero TOKA
[cm. (2.2)] pacuerHmmH sBasmioTcs OpockH Oe3 anepHo-
JHUECKON cJaaraiollell, HMelouiHe OTPHLATENbHEE —HOJY-
Bosubl. TlpoTekdnHe B pene AHQQepeHIHaNBHOA TOKOBOH
3amMTe OpOCKOB HamMmarHHuHBamlulero Toka 6e3 anepHo-
JHYECKOH cuaraiouiefi BO3MOXMHO B CJAEAYIONHX CJAyHasx:

1.1. llpn onpenejeHHpix COYETAHHAX YCJIOBHH, Xapak-
TepH3YIOUIX npollecchl B NEPBHYHLIX Lensx TpaHcdopma-
TOPOB TOKA 3alllHThl — OCTATOYHLIX HHAYKIHAX B CTEpK-
HAX MarHHTONPOBOAOB CHJOBLIX TpauchopMmaTopos (aBTO-
TpancopmaTopos). dase HaNpPAMEHHS HCTOMHHKA NHTAWHA
B MOMEHT BKJIOUEHHH, CXeMe COCAHHEHH: TpaHcopMaTo-
POB TOKA 3alHTH L.

1.2. Tlpn nornouleHdd anepHoAHuecKOH coaraioniei
Opocka HaMarHMuHMBalOUIEro TOKa TpaHcdopMaTopaMH TO-
Ka 3allHThl H3-3a HachillleHis HX MarHHTONMPOBOAOB.

2. Tok cpaGatuiBanus Au(pepeHUHANBHOH TOKOBO#H
3alMThl TpanchOpMAaTOPOB H ABTOTPAHCHOPMATOPOB, BHI-
nosiHeHHod ¢ pene cepud PHT-560 wmu JI3T-I1, mo ye-
JN0BHKD OTCTPOHKH oOT OpoCKa HAMarHHYHBaIoOLIEro TOKa
onpeneasercs no (2.2).

Ilpu rpyCeix pacuerax Aas KO3(QHMUHEHTA %k B BHI-
paxcenun (2.2) npHHumaioTcs HavGOJbIIHE 3HAYCHHS, MOJ-
TBEPKAEHHLIE AJHTENbHEIM ~ ONLITOM  SKCTJyaTallHH
(cv. no. 2122 u 3.1.2): £=12+15 aasn pene cepun
O3T-11; k=10+13 pna pene cepuuw PHT-560, umeto-
mero GoJsee BBICOKYIO OTCTPOHKY OT OpOCKa HaMarHHyH-
BalOuero TOKa € OTpPHUATEIbHBIMH MOJYBOJHaMH B yC-
JIOBHsIX No 1. 1.2 nacTosuiero npHJOMXEHHs 3a CHeT Ha-
JIHYHSL KOPOTKO3AMKHYTHIX BHTKOB, 3aMOMHHAIOUIMX arne-
PHOAHYECKYIO CJaraioniyio.

* Hactosilce nNpHAOMKCHHE COCTABACHO Na OCHOBaHHK MaTe-
pHanos wHHoro oraencHds 3CTl, npeacTaBlenHblX Kani TEXH.
Hayk I'. B. BepaoBuiM M CT. HayumbiM corpyidukom M. M. Ce-
PEHHBIM.

' Oposnoe A. Jl. JiexkTpHueckHe Wend ¢ (GeppoMarHETHBIME
CcepaedHHKamMHi B penednoll sawguTe. M.: Jueprus, 1965,
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3. B yTouHeHHOM pacueTe TOK cpalaTHIBAHHS MOMKET
ObiTe cHHXKEH (IO CpaBHEHHIO ¢ MOJYYEeHHHIM B rpy6om
pacueTe) 3a cuer YTOYHEHHs 3HaueHHs KoadpuubenTa k.

[IpoBeneHnble HCCAEHOBAHHA MNOKasaJdH, YTO YTOuHe-
HHE 3HauenWs Kosp¢uuuenta k ulesecoobpasko NpoH3BO-
AHTB 33 CHeT Yyuera JAeHCTBHTENbHHIX 3HaueHHil cJeaylo-
HIHX NapaMeTpoB, ONpPEAE]fIOU[HX MPOLECCH B MEPBHYHBIX
H BTOPHUYHBIX Wensix TpaHchOPMAaTOPOB TOKA:

X« — orTHOCHTEIbHOE HHAYKTHBHOE  CONPOTHBJIEHHE

»
KOHTYpa BKJIOYEHHs TpancopmaTopa (aBroTpaHcopMa-
TOpa) Ha XOJIOCTOH XOH, ONpefessieMoe Mo OTHOIUCHHED
K GasopoMy conpothaentio [em. (IT1.5)];
Zg— OTHOCHTEJIbHOE — AEHCTBHTENLHOE CONMPOTHEBJCHHE
£ 2

BTOPHYHOH UenH TpaHcOPMATOPOB TOKA 3alllHTLI, onpe-
JeqsieMOe N0 OTHOIUEHHIO K AONYCTHMOMY €€ COMpPOTHB-
JeHHio no ycaoHio obecneueHuns 10%-nofi noaHoi no-
TPEIUHOCTH IIPH CHHYCOHJAJLHOM TOKE, aMIUVIHTYAa KOTO-
poro paBHa aMnJdTyAe OpOCKA HAaMarHHYHBAIOU(Ero TOKA.

Uem Goaplue OTHOCHTEBHOE HWHAYKTHBHOE COMPOTHB-

~IEHHe Xg. TeM MEeHblU€ NpH NpOYHX PpaBHHIX YCJOBHAX

*
6pocOK HaMarHHYMBalON(Ero TOKa, B TOM uHcie u Ges
anepHojiueckoi caaratouedt (ev. nn. 1.1 u 1.2 nactos-
Hiero NpHAOHeHHs). 3uauenHe Xy 3aBHCHT OT HHAYKTHB-
-

HOTO COMPOTHBJIEHHA CHCTEMbl, KOHCTDYKTHBHBLIX H 3JIEK-
TPHYECKHX INapaMeTpoB BKJIOMAEMOro TpaHcdopmaTopa
(asrotpancopmatopa) [cm. (I11.5)} u u3mensercs B
IUHPOKHX npeaenax.
3HaueHHe OTHOCHTENbLHOTO CONMPOTHEJICHHA Lo onpepe-
*

JfIeT [EHCTBYIONIEE 3HAYEHHE M JIPYrHe XapaKTepHCTHKH
BTOPHUHOTO TOKa TpaHcOpMaTOpoB TOKa TMocje MOvio-
LIeHHA ANEePHOAHYECKOH caaraioliledi GpOCKa HaMarHuuM-
palontero Toka. HauGosee 3HayHTeNbHO CONPOTHBJIEHHS
Zp otauuarTes s TpancOpMaTOpPOB TOKA € HOMHHAMDL-
*

'HbIM BTOPHYHBIM TOKOM O H 1 A.

Kak nokazanu nponeneHinle B MOxHOM oTHesnedHu
3CII HcenefoBaHHR, pAa3THYHBIM OKA3blBAGTCst H  BpeMs
NOFJIOLEHHA AanepHOAHUECKOi caaratouted Gpocka Hamar-
HHUHBAIOUlEro TOKA H COOTBETCTBEHHO CTeNeHb ero 3a-
TYXaHHA 33 9TO BpEMA.

Ias TpaHchOpMATOPOB TOKAa € HOMHHAJBHBIM BTO-
puuiiM  TokoM 1 A compoTtuBaenve Z; 3HAUHTENIRHO



Ta6éanna I1.1

Hanpsxenna w, Mexpy o6MOTKaMH (B 3@8BHCHMOCTH OT 3paueH s
nonoxens nepextiouatenst PITH) pns Musumancnoro, tly
HoMHRaNBHbIE HANDIKEHHS 0GMOTOK CPERROro H MARCEMANEHONG SHEMEHIRt PeryaupyeNioro X ofimo-
Tun TpanchopmaTopa Hanpsxennd, % TOK
(apToTpanchopmaTopa)
BH—HH CH—HH BH-CH
BH cH HH : BH | CH
min | cp | max | min I cp | max min | cp | max

TITH-10000/110/35 115 38,5 6,6; 11,0 16,65 | 17.0] 19,50 | — 6.0 e 9,99 | 10,5 12.69 0,198 | 0.139
TJLTH-16 000/110/35 115 38.5 6.6; 11,0 16,4 17.0/085 | — | 6.0 | — 0.5 | 10,5 | 11.69 | 0,215 | 0,141
TJILTH-16 000/110/35¢ 115 38,5 6.G; 11,0 9,658 | 10,5 11,79 | — 6,0 — |16.48 | 17,0 | 15,58 1 0.214 | 0,978
THTH-25 000/110/10 115 11,0 6,6 17,47 { 17,5 | 19,5 — 6,5 fiesd 9,99 | 10,5 [ 11,86 | 0.219 | 0,141
TJLTH-25 000/110/35 115 38,5 6,6; 11.0 17,47 |17.6]19,5 | — 6.5 — 9,99 | 10,5 | 11,86 | 0.2356 { 0,159
TJITH-40 000/110/10 115 1,0 6,6 7.4 |17.5|19,2% | — | 65| — 9,52 | 10,5 | 11,56 | 0.215 | p,171
TIUTH-40 000/110/35 115 38.5 G6.6; 11,0 17,04 |17,5(19,29| — | 6.5 | — 9,52 | 10,5 | 11,55 | 0,245 | 0,171
TITH-40 000/110/10* 115 1.0 6.6 95 |10,5|116 | — | 6.5 | — |17.03] 17.5 | 19.30 | 0,246 | 0,115
T TH-40 000/110/35* 115 38,5 6,6; 11,0 9,5 110.5]| 11,6 — 6,5 — |17,03 | 17,5 | 19,30 | 0,246 | 0,115
T/ TH-63 000/110/10 115 11,0 6. 17,14 | 17,5] 19,20 — | 7.0] — k10,1 | 10,5 | 10,9 |0.,258 | 0,159
TJTH-63 000/110/35 115 38,5 6,6; 11.0 17,14 | 17.5| 19,20 | — 7,0 — [|10.1 10,5 | 10,9 }0,258 | 0,159
TJTH-63 U00/110/10% 115 11,0 6,6 10,1 |10,5111,8 | — 7.0 — ji1z7.2 | 17.5 | 19,3 }0,241 } 0,110
TILTH-63 000/100/35*% 115 38,5 6.6; 11,0 0.1 fo5i1nne | — | 7.0l — |iz.2 | 17,5 | 19,3 ]0,241 | 0,110
TITH-BO/000/110/10 15 11.0 .6 18,25 |18,5| 2047 | — | 7.0 | — 10,28 | 11,0 | 12,33 | 0,295 | 0;151
TILTH-B0 000/110/35 15 38,5 6,6; 11,0 18,25 | 18,520 47 | — 7.0 — 10,28 | 11,0 | 12,33 10,295 | 0,151
T TH-BO0 000/110/10% 15 11,0 6,6 10,22 | 11,0] 12,13 | — 7,0 — |8,15 | 18,5 | 20,27 | 0.295 | 0,107
T LTH-80 000/110/35% 115 38,5 6.6; 11,0 10,22 4 11,0] 12,13 | — 7.0 — |I8,15) 18,5 | 20,27 | 0,295 | 0,107
TIITH-16 000/150/35 158 38.5 6,6; 11,0 18,27 |18,0] 17,23 | — 6,0 — 1,41 ] 10,5 | 10,38 | 0,227 | 0,144
TIITH-25 000/150/35 158 38.5 f,6; 11,0 18,50 { 1B,0]17,42 y — 6,0 — | 1,42 ]| 10,5 | 10.4 |G.227 | 0.144
TILTH-40 000/150/35 158 38,5 6.6; 11,0 18,57 | 18,0117,77] — | 60| — 11,12 10,5 [ 10.25 | 0,227 | 0,144
T/ATH-63 000/150/35 158 38.5 6.6; 11,6 18.3 |18,0117,3 | — | 6,0 — |10,90 | 10,5 | 10,13 | 0.227 | 0,144
TJ1 TH-25 000/220/35 230 22; 38,5 6.6; 11,0 19.5 |20,0| 20,4 —_ 6,5 — |12,4 | 12,5 113,4 | 0,242 | 0,147
TJ1TH-40 000/220/35 230 ; 38,5 6,6; 11,0 29,3 |22,0119.0 | — 95| — [16,8 | 12,5 ] 9.8 |0,257 | 0,169
TITH-10 000/220/35** 230 | 29: 38,5 6.6; 11,0 e 1125 8o | — | 85} . 2wz |22 19.2 |0.257 |0 132
TJTLITH-63 000/220/ 35 230 29: 38,5 6.6; 11,0 30,4 |24 19.7) — 10,5 — 17,9 | 12,5 | 10/5 |0.271 | 0176
TJLITH-63 000/220/35** 230 | 29 38,5 6.6: 11,0 117.7 [12,5] 10,4 | — | 1005 | — 29,6 | 24,0 [20.0 {0.271 | 0)142
ATITH-32 0p0/220/110 230 121 6,6; 11,0; 38.5 — 3600 — |22,5| 21,0 | 23,0 [2p.0 | 11,0 | 7.0 |0.346 | 0,252
ATILITH-63 000/220/110 230 121 6.6; 11.0; 33,5 — 135,0] — |24,5] 22,0 | 25,0 |21,0 | 11.0 | 7,0 ]0.353 | 0,260
ATILTH-125 000/220/110 230 121 6,6; l:lséﬂ: 13,8; ~ |31,0] — 20,3 19,0 | 2001 18,9 | 11,0 | 6.8 |0.559 | 0)476
ATJILITH-200 000/220/110 230 121 6'?5 ;‘13.0. 13,8 — 13201 — |21.5| 20.0 | 21,2 |19.4 | 11,0 | 6,7 |0,548 <t
I ) : : "

ATALTH-250 000/220/110 230 121 11,0; Igés; i5.75: | — |32.0] — ]23.0] 20.0 | 21.8 |20.9 | 1.0 | 7.1 o544 0.485
ATHLITH-125000/330/110 330 115 6,6; ';l,éo:s 15.75; | — [86,0] — ]29,6( 22.0 | 22.1 |10.3 | 10.0 | 10.8 |0,462 S0

ATJILITH-200 000/330/110 30 15 6.6; 1550;5 15.75; | — [34.0] — |27.2]| 22,5 | 20.3 | 10,6 | 10,0 | 11,0 |0.471 p e

ATALITH-125 000/500/110 500 121 6.6; 11,0; 38.5 (25,0 |24,0]23.0 [16.0] 13.0 v (o M e = o

AT/ILITH-250 000/ 500/110 500 121 11,0; 38,5 26,0 |24.0)23,0 |16,0| 13,0 H,o = 10,5 = =t =

AOJILITH-167 000/500/220 |500/¥3| 230/V3 “'”50‘3"‘58"?'?"': — |35.0f — |50 21,5 | 20,0 |12.0 | 11,0 |12,0 | —

,0; 38,5 ¥ 3

AOJILITH-267 000/500/2:0  [s500/V3 | 230/¥'3 11,01;30%.8_33 lg.?s; — |28.,0f — |3.0|12.5] 125 9.0 | 85| 9.5 |0o.483| —

AOJILITH-167 000/500/330  |500/V3 | 330/V3_ 11,0; 38,5 — |oro] — |77.0| 610 | 520 {135 | 95 {100 | = | —

AOJILITH-333 000/750/3:0  |750/V3 | 330/V3_ 15,75 — |28,0] — |2r.0] 17,0 | 17,0 [12.0 | 10.0 | 11,0 [0,812| —

AOJILITH-417 000/750/500 750/V3| s00/V'3 15,75 92.0 |81,00/750 {70 | 68,0 | @,0 [13,0 | 11,5 |10,8 |1,307 | —

MpumevaHun L
penenns ICILL

TaGmmua cocTapaena no pauubiM FOCT u TV, pelicTBRTeBHEM Ha | HiGHS

1978 r., ® marepranam HO¥uOro or-

2. 3seapouxkoil (*) ouvoanaleHs TpaRCOPMATOPSLI, BHINOJIHEHHbIe NO BAPHAHTY M. 4 NpHMeuadus K Taba. 5 TOCT 121G5—74,

3. JlByms 3peafouxamu (**) oGoaHAueHE! Tpanc)opMaTOPH, BbINOTHEHHEIC N0 BAPDHAHTY 1. 2 mpHEMeyakus K T 0. 7 [O 159577
4. TpakcdopMaTOpLI tan-ro'rpmcdmpua'r?phl! € BRCIHM Hanpamendem 110 kB sbinoaHens: nupFOCT 1296574+ 150 xHEgo 153(')31” 1?95'46—-

72; 220 kB—no 1'0CT 15957—70; 330 kB—no

OCT IT45—72; 500 kB—no I'OCT 17544 -72; 750 kB—no TV (TY 16-517.755-73 pns HABTOTpaHC-

dopmaTopa co cpennhm HanpsxkenneM 330 kB TY 16-517.883-75 nns  aBToTpancdopMaTops co cpepdim Hanpsxentem 500 kB).

MeHbllle, A BpeMf TOrJOUeHHsl ANEPHOJAHYECKOH ciaraio-
uteii u 3aTyxaHus Gpocka Gonbule, ueM Ans -rpchq‘&opMa-
TOPOB TOKA € HOMHMHAJbHBIM BTOPHUHBIM TokKOM 5 A. [lo-
STOMY IIpH TNPOYHX pPaBHBIX YCAOBHAX ANA TIEPBLHIX MOTYT
NPHHMMATHCS MeHbille 3HAUEHHS] Kos(ouumenta k. Ilpw
STOM JOMMKHBE YYHTBEIBATHCH HOMHHaJbBHEIE BTOpPHYHBIE TO-
KM TPaHcOPMATOPOB TOKA 3AUIHTHL, YCTAHOBJIEHHOH CO
CTOPOHBI BKJIOYaeMOH OOMOTKH, @ TaKie CO CTOpOHK
o6MOTOK, COEIMHEHHHIX B TPEYroAbHHK H OOTeKaeMBIX
GpPOCKOM HAMATHHYMBAIIIET0 TOKA TOCKE JOBKJIOYEHHS
Bcex (as, ecnH TpaHcOpPMATOPEl TOKA BKJIOYEHb Ha
(azHbie TOKH 3THX OOMOTOK.

4. Ytoynenwe 3Hauenusi Kosduumenta %~ npoH3BO-
JIMTCH 1O BEIPA XMeHHAM

[lpu tpancopmaTopax TOKA € HOMHHAJNBHLIM

BTOPHUHBLIM TOKOM 5 A: :

ans pene cepun PHT-560

be=17—2,8Xx; (I1L.1)
*

ana pene cepun JI3T-11

£=21—37Xu. (111.2)
*

42 Tlpn TpancopMaTopax 7T0Ka C HOMHHAJEHEIM
BTOPHYHLIM TOKOM 1 A:

ansa pene cepun PHT-560

k=l,3-—l,25x.:; {I'Il3)
ans pene cepun J13T-11
k=1,45—16X. (I11.4)

Buipamenna (I11.1) n ([11.2) cnpaBesnngu npu 3sHa-
uyeHHAX Kos(dHUHenta k, HAXOAAUMXCA B npenenax: k=
=13+09 pna peae cepus PHT-560, k=15+1,0 nna
pese cepun JI3T-11; poipamenus ([11.3) u (I11.4) — npH
3HaveHHAX kos(pdHuHeHTa k, HAXOAAUIMXCA B nNpeenax:
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Taénuua I11.2

Henpsukenns u, mexay oGMoTKamu (8 3asu-
HomHHa 1 pHEe HanpsxeuHsa oOMOTOK, KB Pﬁlﬁ?iﬁ?mﬁt&nﬁﬁmggf 2;&:2:{;“?11:1‘:(- R {Eal’
Tun TpascdopmaTopa CHMANLHOTrO 3HaYeHH!! pelYJHpyeMoro oOMOTOK
Han paxetns, Y BEI CRUETrO
HanpaXxexHa
EH I_-lH min I cp max

TJIH-10000,/110 115 | 6,6; 11,0 8,70 10,5 12,36 0,176
THH-16000/110 I156 | 6,6; 11,0 9,80 10,5 11,71 0,182
TPJIH-25000/110 115 | 6,3—6,3; 10,5—10,5; 6,3—10,5 9,84 10,5 11,72 0,171
TPIIH-32000/110 115 | 6,3—6,3; 10,6—10,5; 6,3—10,5 9,77 10,5 11,58 0,171
TPIH-40000/110 115 | 6,3—6.3; 10,5—10,5; 6,3—10,5 9,59 10,5 11,46 0,171
TPIILIH-63000,110 115 | 6,3—6,3; 10,5—1045; 6,3—10,56 10,84 10,5 11,90 0,171
TPILIH-80000/110 115 | 6,3—6,3; 10,5—10,5; 6,3—10,5 9,76 10,5 11,60 0,236
TLIH-80 000/110 115 | 38,5 9,76 10,5 11,60 0,236
TPOLIH-125000,110 115 | 10,5—10,5 10,5 10,5 11,9 0,236
TJIH-16000/150 158 | 6,6; 11,0 155 11,0 11,8 0,175
TPOH-32000/180 158 | 6,3—6,3; 10,5—10,5; 10,5—6,3 10,86 10,5 10, 14 0,171
TPJIH-63000,150 158 | 6,3—6,3; 10,5—10.5; 10,5—6,3 10.66 10,5 10,0 0,171
TPIH-32000, 220 230 | 6,6—6,6; 11—11; 6,6—11 11,6 12,0 12,7 0,182
TPIOH-32000, 220 230 | 38,5 11,6 12,0 12.7 0,182
TPILH-63000, 220 230 | 6,6—6,6; 11—11; 6,6 —11 11,6 12,0 12,7 0,182
TP ZLIH-63500 220 230 | 38,5 11,6 12,0 12,7 0,182
TPOLH-100000/220 230 { 11—11 11,6 12,0 12,7 0,247
TPLIH-100000/220 230 | 38,58 11,6 12,0 12,7 0,247
TPRJILIH-160000,220 230 | 11—-11 11,3 12,0 13,2 0,247
TPOLH-160000/220 230 | 38,5 ° 11,3 12,0 13,2 0,247
TP JI1H-63000,330 330 | 6,3—8,3; 6,3—10,5; 10,5—10,5 14,3 11,0 8.8 0,175
TIH-63000,330 330 | 38,5 14,3 11,0 8,8 0,175

INpnmeuanusa: l. Tabama coctapiena no ganuum FOCT u TY,
Jernn ICIL

ReficTeuTenmsHeM ma | vions 1978 r., w maTepuanam lOxmoro oTze-

9. TpaHchopMaTophi € REICLUEM Hanpixkeknem 110 kB seinonrens no FOCT 1295574, 150 kB—m FOCT 1734572, 22) kxB—no rocr

1597770, 330 kB—no I'OCT 1754572

k=1,3+0,8 nnsa pene cepun PHT-560, k=1,5+-0,8 nan
pene cepun J3T-11.

Ec/ii B KOHKpeTHOM pacueTe IIpH TpaHcdopmaTopax
TOKa C HOMHHANLHLIM BTOPHYHBIM TOKOM 5 A Okaxercs,
4yTO A; «=0,3, 70 3Haueuue KOsQQHUHEHTa R JOJKHO IpH-

HHMATECH paBHBIM npe,ue.nbuuu MHHHMAJIbHbIM 3HAYEHHAM:
1,0 pns pene cepin O3T-11, 0,9 ana pene cepun PHT-560.
CoorpercTBeHHo INpH TpaHcpoOpMaTOpax TOKAa ¢ HOMH-
HanibiBiM BTOpHYHBIM TOkOM 1 A npu X.=0,4 sxauenHe

N
kos(ppuuuenta k nnm pene cepuit PHT-560 m J3T-11
JIOJ#HO TIpHHHMAaTECH paBHEIM 0,8,
5. OtnocutesnHoe HHAYKTHBHOE CONpPOTHBJEHHE KOH-
Typa BKJIOUEHHSH f“ onpejieNisieTcst M0 BH pParKeHHIO

X Lot bl (T1.5)
* * *

rae X¢ — OTHOCHTENEHOE HHAYKTHBHOE  COIIpOTHRJIEHHE
%

NpaMOii 1OC/E/10BATENEHOCTH CHCTeMBI (CONMpPOTHEIEHHE 10
BBONOB BKIOYaeMoH OOMOTKH), omnpejenseMoe MO OTHO-
weHKio K 0a30BOMY CONPOTHBIEHHIO, KOTOpPOE COOTBET-
CTByeT HOMHHAJLHBIM IlapaMeTrpaMm TpaHcdopmaTopa (aB-
ToTpancopmaTopa)
U2
Xg=—22 (T11.6)

SnoM

Stom — HOMHIaJBHAS  MOULHOCTL TpaHcopmaTopa (aBTO-

tpancopmaTopa;  Unow — HOMHHAJIBHOE — MexAy(asHoe

uanpsKkennie BKMOYaeMol OOMOTEH; Xa(!) — OTHOCHTEH:-
*

f0e MHIYKTHBHOe CONpOTHBJeHHe BKJIOYaeMOH OOMOTKH
TpaHcdopmaropa (aBTorpaHcopmaTopa) NpPH BKIKYEHHH
opHoW ¢aspl H TOJHOM HACHILEHHH CTep)KHeH H ApM mar-
HHTOTpOBOnAa  TpaHchopmaTopa (asToTpaHcdopmaropa),
olnpenesfgeMoe HO OTHOLIGHHIO K 6a30BOMYy CONpPOTHBIe-
HHIO Xg; k) — xoabduuHenTt, yYyHTHIBAIOUIHII yBeJHUEHHEe
HHIYKTHBHOrO  CONpPOTHBJIEHHS  BKJOYaemofi  OOMOTKH
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Tpancopmatopa (aBToTpaHcopMaTOpa) 3a CYET HENOJ-
HOr0 HachllleHHs $IPM ero MarHHTONpOBONA.
3HayeHHN OTHOCHTEJNbHBIX HHAYKTHBHHX CONpPOTHBJE-
Huft X pus psAma BHNYCKAIOUHXCH OTEYECTBEHHBIMH
*

saponamu TpancopmaTopoB (aBTOTpaHCGOpPMAaTOpOB), IO-
JyYeHHBE pacyeTHHIM myTeM, mnpHBefennl B Ta6n. IT1.1
(nng TpexoOMOTOYHBIX TpaHchOPMATOPOE H aBTOTPaHC-
¢dopmatopos) u I11.2 (ansa aByxobmoTouHbix Tpancdopma-
TopoB). [lns TpaHcopMaToOpoB H am'o-rpanccgopua'mpos
JPYTHX THIOB (NOC/TejHHe € BHICUIHM HanpsxeHHeM 10
330 kKB BKIIOYMTENbHO) 3HaYeHHe {n(" IpH HaCHIEHHBIX

MATHHTONPOBOJIAX MOMKET OBITH IMOJACYHTAHO NO YTpOLIleH-
HEIM BHIpa<eHHaM, IpHBefeHHEIM B TaGn I11.3 depes
nanpsoxedus K3 wux%. Tlpn stom 3nauenwHs 6x9% MoOryt
NpHHHMAaTbCH COOTBETCTEYWLIHMH CpEepHEMY 3HAYEHHIO pe-
FYJIHpPYeMOro HalNpsKeHHS.

Ecnu monmxaioiiuii Tpancdopmatop (aBToTpaHcdOp-
MaToOp) MOMEeT BKJOYATbCH (O CTOPOHB BhHICUIEr0 H
cpejiHero HanpsXKeHHH, TO :}1})}{ pacuete HpHHHMaeTcs
MeHblliee H3 NByx 3HaueHHit X', cOOTEeTCTBYMHOLIHX 06-

%
MOTKAM YKa3aHHBIX HAIpSMEeHHH.
3nayenua Xw!" MOryT ¢ [OCTAaTONHOR TOYHOCTBIO
L]

JnpejlenAThCs ¢ HernoJb3opandem Tabn. I11.1—I11.3 Taxxe
LIS HaXOAALIHXCHA B 3KCIJAyaTalHH HJH HOBBIX THIOB
TpaHc$OpMAaTCPOB M  aBtoTpaHcopMaTOpOB, €CNH  HX
SJEKTPHYECKHe HapaMeTphl — MOIHOCTE, HOMHHAJbHEIE Ha-
npsukeHHst O6MOTOK, HanpsokenHss K3 06MOTOK — GJH3KH
K 3HAYEHHAM 3THX Ke I[apameTrpos TpaHcpoOpMaTOpPOB
(arToTpancdopmaTOpOB) KOHKPETHBIX THNOE, TNpHBE#eH-
HbolX B Tabn. IT1.1—IT1.3.

INpn onpepenenHH 3uavenHs Xs no Tta6n. I1l.1—

*
I11.3 suavenHe xospduuuenta k, B (I11.5) mMoxer npu-
HHMATbCsl paBHbiM 1,1—1,1
6. Jins aBTOTpaHC(HOPMATOPOB C BRICIIMM HalpsKe-
HHeM 500 kB, nnA KOTOpPHX OTCYTCTBYKOT 3HaweHHA Xath
»*
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Tabnupa 1.3

MoliHocTs TparcdopMaTopa (aBToTpanchopmaropa)

PacueTHoe BHpaxeHWe IR
x(
B

[lpuMesanne

Bekanwuenne

TpavchopmaTopoB coctopoun BH

6,3 — 63 MB-A (BKmOYHTEHHO)

75— 125 MB-A (BRIIOUHTELHO)

TpancopMaTophl € KOHCTpYKINEi, anano-
ruynoit TpancopMaTopy THIa
'[ﬂU. I’-125000/220

g o
0,094 40,74 S, 11,% — HanpskeHne KOPOTKOTO 3aMbika-
100 RIA MeX/Y BK.2i0uaemoii 0GMOTKOS H BHYTpeH-
Heit 0OMOTROI, HaHECEHHOI Ha cTepkeHst
0,158 0,74 M
r » 1{0
HK"/O
a5 L 0. 77—
» + lm

Bxknwuenne as

TOoTpaicPopMaTopoB co cTOpoHL Bl

120 — 180 MB-A (BKJIOUHTENLHO)

120 — 250 MB-A (BKJIIOYHTENBHO)

189 MB-A (o6motka CH BmyTpennsAs)

Bknwuenmne

Jlnsa Bcex wmoiHocTeli  TpancopMaTopos
NPH Wy py_cy > Uy pH—pn  (00MoTka  CH
BHYTPeHHSA)

IOns Beex MolHocTeii TpaHncdiopMaTopoB

HPH 4y gr—cH < Uy py_pp (09MOTKa CH pac-

nonowena mexay osmorkamu BH v HH)

o,
0,195-+ 0,76 e 1% — HanpfiKeHHe KOPOTKOr0 3amMuKabiis
160 MWy BKIOuaemoil OOMOTKOH M BHYTpeHHeit
0OMOTKOIi, HAHECeHHOH HEerNocpeIiCTBEHHO Ha
1% cTepHent, OTHECEHHOE K TPOXOIHOH MoIIlHOCTH
0,272 40,78 IHT— aBTOTpaHcdopmMaTopa
L, W%
0,35} ———
* 100
TpanchopmaTtopoB cocTopoubl CH
%o
0,037 +—— 1% — HanpfieHHe KOPOTKOro 3aMLKaHHA
100 mesiy obnwoTkamy CH n HH
%
0,140,724 ——
g x 100

1 [IpusHIKOM BHYTDennell o6MOTKE fuisercs HAUCOJEIeE 3HAYCHHE U, % MeAY 370l CGMOTKO! 1 0GMOTKOIl BEICLIEND HAMPSAeHI.

2 Pacuernbie BHPEKEHHA CNpaBefInBbl 1A aBTOTPIHCPOPMATOPOs C BHICTUHM HANPAKeHieM 1o 330 kB s 10TITEILHO.
NMphmeyaHue TaGmia coctabneda KHHbIM OTACICHHEN SCH.

B tabn IIl.l u ynpouienHsie
onpenesenns Xes() B Tabn.
*

METOIHKY pacdeTa HHAYKTHBHOCTH OGMOTOK
HOCTBI0 HACHHIEHHBX MarHHTHEIX ApMax !,

aCUETHHE BHIPaXKeHHA ns
1.3, MO¥XHO HCHOJNBL30BATH

ONEITHBEIE NAHHBIE.
H He MoJi-
CXOnfl H3

TpancdopmMaTopa HIH aBTOTpaHcOpMaTopa C YUeToM He-
MOJHONO HACHILIEHHA €ro MarHHTONMpOBOjAA,

HCHONIL3Y A

Hanee pacuer npoussogntes no (I11.5) c yderom

3HaYeHHl 3T0f HHAYKTHBHOCTH Lgac, OTpenensieTch X
¥y b HAC Pe. "“L“‘-'“ufé“{i‘n_=k1)(g“ " —“§£=k11\'é“. (I11.8)
By X\ = =25 (111.7) * 6 :
- 18 7. I s e g
g . Jins ycHnenHst oTcrpofike aAuddepenuuantHof 3a-
rie ®— yriaosas ckopocTh; Xe¢-— 6a3oBoe COMPOTHBAEHHE 1y OT 3HAYHTENBHBIX GPOCKOB HAMArHHIHBAKOUIETO TOKA

o (I11.6).

KPOME TOro, MOXHO ONpefesiHTh OTHOCHTENBHYIO HH-
#

HaC. ou
AYKTHBHOCTD —'L——) HAH HMHIYKTHBHOE COMNDOTHBJE-
6
(1) )=
une (XS )" o6morox Brmouaemoro nox HampsKenue

! 3achinkan A,
aBsToTparcdopM aTOPOB
uuka, 1976, Ne 11.

* 3uxepMad M. X. XapakvepHCTHKN HaMarHH4YMBaHHA MOLI-
HuX Tpancdopmartopo 500—750 kB. — dnexTpuuectBo, 1972, Ne 3.

** 3aceinkuy A, C,, Bepapos I. B., Cepenun M. M, Onpege-
JieHHe MNapamMerpoB CcHNoBoro TpaHcdopMaTopa € HAaCBIUEHHEIM
MardHHTONPOBOAOM. — BaeKTpiuecTso, 1975, N 12. i

C. HupykteenocTe o6MOTOK
110—500 kB.— Hap. By30B.

HACHILLeHHBIX
SnexTpoMexa-

6Ge3 anepHOAHYECKOH charawuiefi, KOTOpPHE MOryT Ipove-
KaTh B peje B CJAyJae HEONHOBPEMEHHOro BKJIOYEHHSA ¢as
rpyfnel ogHodasueix TpanchopMaropoB  (aBTOTpaHchop-
MATOPOB) MNPH CcOeNHHEHHH TpaHc(OpPMATOPOB TOKA €O
CTOPOHBl BKJIIO92eMOH OGMOTKH B TPEYroJbHHK, HeoGxo-
IHMO BTOpPHYHBIe OOMOTKH peJie COegHHHTb TaKxXe B Tpe-
YroJbHHK, ecJlE NpHHATOE B PesyJbTaTe YTOUHAKLIEro pac-
yeTa 3Ha4YeHHe k MeHblle €ro MpejeNBHHX 3HadeHH# (co-
oreercteendo 1,3 pna pene cepun PHT-560 w 1,5 jna
pese cepin JI3T-11). B 3stOoM ciydae penie, B KOTOPOM
OTCYTCTBYET anepHoRHYecKas charawlias, Oyner sarpy6-
NATHCH 328 Cc9eT IIYHTHPOBAHHS €ro HCIOJIHHTE/JBHOTO Op-
raia BTOpPHYHHIMH OOGMOTKaMH pede APYTHX ¢as, mDo pa-
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Oounm OOMOTKAM KOTOPHIX [IPOTEKAlOT anepHOaHtecKHe
craralolliHe, a TakKe 3a CUeT 3aMbBIKaHHf B KOHType BTO-
pHUHEIX OOMOTOK peJsie BHICIIHX rapMoHHK !. OJHake TakHe
cXeMbl BKJIOYEHHS TpaHchopMaTOPOB TOKAa HA YKa3aHHHX
TpancopmaTopax (anToTpancdopmaTopax) BCTpPeYaroTCH
BECbMa PeKo.

8. llpumep yTOUHEHHOro pacyeTa 3HAYeHHSI KO3((H-
IHenTa k [Af OTCTPOMKH nHp¢epeHUHANLHOR SalUHTH OT
6pocka HAMArHHUHBAKOLIETO TOKa no (2.2).

B npumepe paccmaTpHBaeTcA AH(pepeniHanbHas 3a-
uuta aptotpancdopmatopa ATILTH-125000/220, BH-
nosuenhas ¢ pene thuna J3T-11. ApTotpancdopmatop
BKJWOYAETCA 10J] HanpAXeHHe CO CTOPOHH OOMOTKH
220 kB. HomuHanbHEEl BTOPHYHBI TOK TpaHcOpMaTopoB
TOK2 34LIMTH, YCTAHORJEHHHX Ha cTopone 220 kB, co-
cTaBjfieT 5 A, OHH COeJHHEHH B TpeyroJbHHK. CoOIpOTHB-
nenHe cHcrembl 220 kB B cxeme npsiMoii mocnegoBaTtesib-
HocTH Xc=10 Om (npuseseHo k uanpsmenuio 220 xB).

Pacuer MnpoH3BOAHTCA B CAeAylOLIeM [OpA/Ke,

8.1. OnpepenseTcA OTHOCHTENbHOE HHAYKTHEHOE CO-
IIPOTHBJIEHHe BKJIOYaeMok OOMOTKH aBToTpaHc(opmaTo-
pa Xah,

»

! Dposnos A. Jl. IAnekTpHucckHe IenH ¢ (eppoMariHTHBIMH
cepreunukamMu B penefiHoll samute. — M.: Buepruy, 1965.

M3 1a6n. I11.1 nmaxomsm )5,('>=0,559.

82 Onpenennercsi 6a3cBoe CONPOTHBIEHHE, COOTBET-
CTBYMWILEe HOMHHAJBHEIM [apamerpam abBToTpaHchopMma-
Topa, no (I11.6)

29

? Uz OM
NG = Jon =387 E

8.3. OmnpenenseTcA OTHOCHTeNbHOE HHAYKTHBHOe CO-
NpOTHBJEHHE CHCTEMHl B CXeme MpsIMOfi TocseaoBaTelib-
HOCTH

10
Xo= ——=—0,026.
% © BEF fac™

8.4, OnpenenseTca 3HaudeHHe OTHOCHTENBHONO HHAVK-
THBHOTO COMNPOTHBIEHHA KOHTYpa BiJAtowenHs no ([11.5)

X1=0,026--1,15-0,559=0,668.

»

8.5. Onpenensercsi yTOWHEeHHOe 3HaueHHe KOI(HHIH-
enta k JAJs OTCTPOHKH 3allMTH OT Oppcka HaMartiHuH-
BawOLlero Toka no (2.2).

INockonnky nonyuennoe apauenne Xg(1>0,3, 70 B CO-

OTBETCTBHH € peKoMeHJIalHAMH anHHMéeTCH k=10
L]

MPUIOMEHME N2

METOAMKA ONPEAENEHMS HODMULIMEHTA YYBCTBMTENLHOCTH AMDDEPEHUMANBHOW TOKOBOM
3AWMTEL TPAHCHOPMATOPOB MNPM OTCYTCTBMM TOPMOMEHMSA '

1. Hmke paccmaTphBaeTcl OfipejieieHHe TOUHONO 3Ha-
yeHHA KO3(HUHEeHTa HYBCTBHTEJbHOCTH M0 [€PBHYHBIM
TOKaM MOBpesIeHHA Jas AHdpepeHuHanbHol — 3aLUHTHI
TpaHciopMaTOpa, BHIONHEHHOH ¢ pene THna PHT-565.
OjHako MonyueHHLe BbIBOJAB MOryT OwTh pacrpocTpake-
HH TakMe Ha AHQQepeHUHANBEHYI0 SaLHTY, BHITOJHEHHYIO
c pene ¢ TOPMO3HWMH 00MOTKaMH B cayuanx TakHx K3
B 3allHIIaeMOH 30HE, MpH KOTOPHX TOPMOMEHHe OTCYT-
CTBYeT.

2. Kos(hHuHeHT UYBCTBHTENBHOCTH 3aIHTH kq(™)IIpH
metannnueckix K3 pacueTHoro BHaa (m) B 3allHLiaeMoH
30He olipejenseTcss Kak OTHOwende paGouedr MJIC perne,
paproii cymme MJIC o6motok HTT B ycioBHAX HNOBpEX-
nenns, kK MJIC cpabatnBanis pede:

P
N plm)
zr_\[?ﬂ] 2' Ipn mﬂ

:15 =1
e — K R
ek 2 (M2.1)

rje Fg:é — pabouas MIC HTT pene fpH paccmaTpH-
paemoM MeTasunueckom K3  pacuetnoro BHAZ  (m);
I pnU™) — TOK, MOABOMMMBI cO cTOpOHE n K o6motke HTT
pesie ¢ WHCIOM BHTKOB Wn, ¢ YUeTOM €ro 3Haka IpH pac-
cMaTpHpaemoM wmeTanmnueckom K3 pacuetnoro Buaa (m);
Wy, —yHeno BHTKOB 00moTkH HTT pene, HCNOJB3yeMbIX
Ha n-#t cropohe; Fop— MIC cpabathiBakds pene; AAs
pene Thna PHT-565 u JI3T-11 anu OTCYTCTBHH TOPMO-

wenns) cocraBnmeT 100 A; r‘ei’{"...k&’:)—cnarammne

KOs(p(pHLHEHTA YYBCTBHTEJNILHOCTH 3alHTH, OlpefenseMble
noneii Toka K3 H TOKOM cpabaTbiBaHHs 3allHTh Ha CO-
OTBETCTBYIOLLEll CTOPOHE.

! HacTosuee NPHIOWEHHE COCT2BJEHO € HCMOAB3OBaHHEM pall-
NPENNOMCHHS  HIKH. M. Kanesckoro (KHeBCcKoe  OTHEJCHHE
SucpronpoMa) W ero cratbH:  «Onpenelieide  YYBCTBHTEJNLHOCTH
anddepeninanbHOR  3aLHTL TpaHcdopMaTopa» . JAeKTPHUEC TBO,
1976, N 9, ¢. 5961
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Bupaxenne (I12.1) HcnoabsyeTcs A8 ONpefeneHHs
TOYHOrO Ko3gdHuHeHTa YYBCTBHTENLHOCTH n-06MOTOYHOIO
TpaHcOpMaTOPa € n-CTOPOHHHM IHTaWHeM NpH BCeX BH-
pax K3.

2.3. Huxe paccMaTpHBaeTcsi YyBCTBHTENbHOCTH aud- |
¢depenunanpHoii 3allliTel (B TpexpeneHHOM HCIOJAHEHHH)
TpexoOMoTOYHOrO TpaHcdopMaTopa € TPEeXCTOPOHHHM IH-
Taunem CO CXeMOH snekTpHYeckHx coeauuenuii Y/Y/IL

Henontays seipaxkenne ([12.1), moxuo noayuHTs Bhi-
pakeHus A5 kg 3alMTR NOpH pasHYHEX BHAax K3.

23.1. KopoTkoe 3aMukKaHHe MexAy Tpems ¢asaMu
Ha CTOpOHE BBHICIUErO HalpAMEeHHs TpaHchopmaTopa.

TokopacipejieieHHe i STOrO CAyuyas [pHBE/EHO HA
puc. [12.1, Ha KOTOpOM NpPHHEATH cJeayiolUiHe 0603Have-
HHSA:

cuctema I — cHcTeMa BLICILIErO HalpsKeHHS,

cuctema Il — cucteMa CpejHero HarpsiKeHHs

cuctema Ill — cuctema HH3IIEN0 HATIPSKEHH,
I — nepropnueckasn ciaratolllag nepexofHoro (NpH f=
=0) nepBruHoro Tokd B MecTe K3 memay Tpems dasa-
MH B Touke K Rroxi11, Rrow1 11, Erow 1 it — KOsdHUMEN-
Thl TOKOpAacipejefieHHsi COOTBETCTBEHHO [Jisi CTOPOH CH-
crem [, II u /Il B cxeme MpsAMOil MOCHEIOBATELHOCTH IIpH
K3 B Touke K.

Ha ocuopanun (I12.1) u TOKOpacHpenesnenHs B 3a-
wHTe, npuBefienHorq Ha puc. [12.1, kosdpHuHeHT uyB-
CTBHTeNBHOCTH 3aunThl npH K3 mexay Tpems QazaMH Ha
CTOPOHE BRICHICTO HanpsiieHHs paseH
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Puc. I12.1. Tokopacnpeaenenne B uensx audepeHunancron sammutel npn K3 mexny Tpems ¢asamm Ra ctopone BH
TpexoOMOTOYHOF@ TpPaHCHOPMaTOpPA € TPEXCTOPOHHHM NHTAHHEM

(3)
keoxtinn i 'z, B-H

@ )=

le}' + Kf[II
V3 brount V3t 1%, B-C
- (3) TOK “TOK Ty
k n. p.
TBK:;I] T, B-H wul)’ (F[2.2)
I

THe @Wj, Wi, Wiy — NPHHATHE (UeJbie) yHCNA BHTKOB 06-
vMotok HTT pene cOOTBETCTEBEHHO HAa CTOPOHAX CHCTEM
I, Il u Il sammmaemoro Tpaucdopmaropa; Krr, Krii
Kr 111 — kosppHIMEHTH TpaHc(OpMauWH TparcgopMaTo-
POB TOKa Ha CTOPOMAX, [[le¢ HCHOJB3YIOTCS COOTBETCTBEH-
HO YHCJIA BHTKOB W1, Wir H WiIr; Ne,B-C, N, B~H — K03(h-
HNeHTE  TpaHchOpMAaLMH  sallINaeMoro tpaHcopma-
TOpa.

23.2. Bupasenue (I12.2) moxer GuTh HCNOJB3OBAHO
Ang oupenenenns Ko3(PPHUHEHTA YYBCTBHTENBHOCTH 3a-<

5—245

umte npH K3 mexny nByms (asamu, ecsiH 3amHTa HMe-
er Tpexpenefinoe wHcnonnenue. TokopacnpepenenHe Ans
9TOro CIyuas NpHBeleHo Ha puc. I12.2.

Buipaxenve (I[12.2) MomerT GBITE HMCNONB30BAHO TaK-
e p[Nig  onpeiesieHHs KOs(HIHEHTa UYyBCTBHTENBHOCTH
3amnTel npn K3 Mexny Ttpemss uaM aByms ¢azamM Ha
CTOPOHe cpelHero Hanpsikenws W npun K3 mexay Tpems
(pazaMH Ha CTOpPOHE HH3IIEro HANPSIKEHHS, ecnH nop [®
NOHHMATL TOK, MPHBENEHHHE K CTYNEHM BHICLIEr0 HANpA-
HEeHHS.

2.3.3. KopoTkoe 3aMLIKaHHe MEXAY =IByMs (hasamu
Ha CTOPOHe HH3IUEr0 HanpsKeHHWs (TpeyroJibHHKa) 3a-
mHinaemMoro TpaHcdopmMaropa.

ToropacnipeneseHie 178 TOFO CIYYaH NpPHBEEHO Ha
puc. [123 B npennonoikeHWH, YTO CONPOTHBIEHHS BCEX
3JIEMEHTOB CXeM 3amellleHHs npAMoli H ob6paTHo# mocne-
HOBaTeIbHOCTEH OJHHAKOBHL

Ha ocnopamun (12.1) H Tokopacnpenenchns B 3a-
LHTe KO3((HUHEHT YyBCTBHTENLHOCTH 3amMTH npu K3
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Puc. 112.2. Toxopacnpeneserne B uensx axddepenunansuod samutsl npR K3 mexay nsyms (asamu Ha cTOpoKe BH
TpexobMoTogHOro TpaucdopmaTopa C TPEXCTOPOHHHM MHTaHHEM

Mexcay AByMs (asaMm Ha CTOPOHe HRSIIEr0 HanpsKeHHs

paBeH
1 (3,2'“][;'({31 . +3ktmcllllr‘c3) ke
100 \ 27, gl ' 20l !

V3 kronitni
S TRIORE @y J=

Eo®=

2KIIH
—0,01.0,871) (_'G’M_ o
neenKnp 1
V3 kyoxinr b Keox1 111 2 )_ (2.3)
ne, el L Kepgy & ;

roe ofosnauenHs Te ke, uTOo B BupaxenmrH (I12.2).
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2.34. 3aMmpkanHe Ha 3eMyi0 ONHOA (ase Ha CTO-
pose Buiciuero HanpsikenHs TpaHcdopmaTtopa. Toxopac-
npenesedde AJsi STOrO cayuas npHeeneno Ha puc. T12.4

Ha prc. [12.4 npHEETH caeayiolie o00SHAYEHHSA:

krox 21 — K03(hduuHenT TOKOpacnpeleNeHHs cO CTO-
poun cHctemH I B cxeme oGpaTHOR NOCJNENOBATENBEHOCTH;
B COOTBETCTBHH C MpHHATEM B 1. 2.3.3 JnonyumedNeMm
krox 2 1=Rrox11; .

krow o 1 — Ko3(dHIIHEHT TOKOpAaCNpEeneseHHs €O CTO-
poHn cHctemn | B cxeme HyJieBOR TNOC/IeNOBaTENIBHOCTH;

I{) — nepsioppueckas caarajomas mepexonsoro (mpm
f=0) nonHOrO TEpPBMUHOIO TOKA B MecTe 33aMHKAHHA Ha

. () 1) 1)
semsto opHoH dasw — B Touke K; 11}, 1o, Iig —
cnarapoige ToKa Ix() oporsercTeenno mpamofi, oGpaTuok
. Jii) 1) (R (§ 5]
H Hynesof nocnenosatensuocred; [ o, Iih . Lo Lob .

1
f,[:,;’g f,“c; CHMMETPHIHHE COCTABJAIUINE COOTBETCTBERHO
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Puc. 112.3. Tokopacnpenenense B uensx aH(pQepenunamuoi samurs upH K3 mexpy asyms ¢asamu wa cropowe HH
TpexoGMOTOYEOro TpaHCpopMaTOpa € TPEXCTOPOHHHM NHTAHHEM

toxos 1.y u 1LY, 0.01.37'1 Froxt > Kroxill Pz, B.C i
Ha ocuoBauuu ([12.1) M TOKOpacnpeleneHHs B 3a- e b s Ky 1 Ky v
uTe, mnpHsenenHoro Ha puc. [12.4, rosdpeuHenT 9yB-
CTBHTEJBHOCTH SallHTH NPH 3aMBKaHEH HA 3eMJ0 ORHOA k 5 \
goxi 111 1, B-H \
(pa3p paBeH —Vé_—K————-wm s (Nnz.4)
(18} 1 Ryoxir * 31‘" ST /
k = w
1 1C0 Ky it rae ofossauenns Te xe, 910 B ([12.2) m na pue. I124.
Hz (I12.4) emaso, 9to KO3PHIMERT TYBCTBATEJHHO-
krox 11l .3[1(‘3),11.3 s ct? Ar(deperiBaabHOl 3amMBETH  TpanchopMaTopa mpH
K wy+ 3aMHKaHEW Ha 3eMal0 OpHOR (asH wa CTOpOHe BHICIIEre
mni HanpsKeHMs MOMeT OHTL DOJyYeH 4Yepe3s TOKH B MecTe
b .37/, 5 K3 7tomko synesofi mocaenoBaTeIsHOCTH B Ko3(dHumeH-
+ rok! I w0y, BH TH TOKOpacOpeleneHEs E CXeMe OPAMOf Noc/enoBaTessb-
VB—K,”I 111 '::e{')::n, YTO OpEeACTaBJIsieT M3BECTHHe YHOGCTBa NpH pac-

5 e
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Puc. I12.4. Tokopacnpenenerue B uensx AHbbepeHINaTLHON 3aALKTH NPH 3aMLKAHHH Ha 3eMIIO onmnoit dasH Ha CTO-

pone BH TpexoGmoTounoro TpaHCcoOpMaTopa € TPEXCTOPOHHHM NHTaHHEM

NMPUINIOXEHHE N3

NPMHUMIMB! BbLINONHEHMA JAMOOEPEHLUMANLHONM TOKOBOW 3ALLMTBI
TPAHCOOPMATOPOB, MMEIOLLUEM 30HbI PA3HOWM YYBCTBMTENBHOCTH '

1. TokH, mpoxoxsmpe wepes pele AH(GEpeHLHANDL-
woit sampTeH npE K3 B sammumaemvofi 3ome, B 3HATHTE/Db-
Hofi Mepe 3apHcAT ot Mecta K3. Hanpuwmep, npn K3
Ha BRIBOAAX BHICLLIEFO HaNpSAHKEeHHH NOHHKAIOIEro
TpaschopmaTopa Tokm K3 mpm DpPOUHX pPABHHIX YCJIOBHSX
Bonbiue, yeM npu K3 Ha BHBOJAaX HHSLIEro HANPSMKEHHS.
C gppyroit CTOPOME, npH 3aMeHe OJHOH oOHlel 3aLIHTL!
S/1€MEHTa HEeCKOJbKHMH, OXBATHBAIOLIMMH pasjJHIHLHE 30-
HH, 3TH noclnefHHe MOTYT OHTH BHNOJHEHL! C PasHEIMH
ToKaMH cpaGatoieanus. [lpu 3ToM, Kak mnpaemno, Goiee
rpy6HME MOAY4alOTCs SalHTH, OXBATHBAKOLIHE 30HH €
660JBIMMH TOKaMH BRyTpeHHnx K3, uro obnerdaer obec-
neYeHHe ycJIOBHH TYBCTBATENLHOCTH.

| HacTosillee nDPHIOKEHHE €OCTABJEHO € MHCOOJbB30OBaHHEeM
paunpennoxennus uexk. H. TI. Ilsepuna (TopbKoBcKoe oOTnENE-
wue ICI) B ere cratbH: Tpex- =® ueTnpexsonHas aHddepen-
mHaNEHAA SalMTa  aBToTpancdopMaTopoB. — JNEKTPHUYECKHE CcTaH-
ueH, 1969, Ne B, c. §2—65.

68

B cBs3H ¢ 3THM B NpaKTHKe NPOEKTHPOBAHHS peXeH-
HOIl 3allWTHl YACTO NPHHHMAKTCH pelleHHs, Haleamne
OTpaxeHHe H B THIIOBHX CXEMaXx, KOorjia BMECTO OﬂHOﬁ
nH(pdepeHHAIBHOH 3aUIHTEH YCTAHABIHBAETCH HECKOJIBKO
C pasHHMH 3alIHIIaeMBMH 30HAMH W TOKaMH cpabaTHBa-
HHS, HO [AefiCTBYIOUIHX HA OJHH H Te e BHK/IIYATENH,
HanpuMep oTAeJbHbe AH(epenHiHaNbHEe 3AUIHTH COefH-
HeHHH BHICIIErO, CpejfHero HJAH HH3LIero HanpsxeHHs.

2. BMecTO HECKOJBKHX OTHEJLHHX JHGGepeHIHaIbHEX
3allMT MoXeT OHTh HCMOJB30BaHA OJlHA C© SOHAMH pas-
HOll uyBCTBHTENbHOCTH. JlNsi BHIMONMHEHHs TakoH SallHTH
TpefyeTcss MONOJHHTENBHO HCNOJB3OBATH TpaHCHopMaTo-
pH TOK3, YCTAHOBJEHHHEe HA TpaHHMe 30M pasHoll wWyB-
CTBHTEJILHOCTH, HampHmep TpaHchopMaTOpHl TOKa, BCTPO-
eHHBEe BO JIKH TparcdopMaTOpoE H apTOTpanc(opma-
TopoBs, TpakcopMaTOpH TOK3, ChelHaJbHO YCTAHABJIHBae-

MEBE MeXIy BHBOAAMH HH3IIEND HANPAKEHHS :rpa:-rcui:op-
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Puc. T13.1. TIlpunnunuanbhble cxembl aubdepeHusanbHofi TOKOBOH 3auluTul TpanchopMaTopa c 30MOM NOHHKEHH O

YyBCTBHTENLHOCTH Ha ctopone BH:

a — nnn ApyxoOMoTounoro Tpanchopmaropa
TpaHcdopmaTopa

¢ pene THna PHT-565; 6 — 1o me, ¢ pene tuna J3T-11;

8= ann TPexXoOMOTOYEOrD

A3T-11/%

e

Puc. I13.2. Ilpunuunuaneubie cxembl auddepeHIHaNbHON TOKOBOII 3alllHTH

yyBCTBHTENBHOCTH HAa cTopone HH:

& — ana ApyxobOMoTo4YHOIO
TOpa

MaTopa H TOKOOrpaHHYHBAlOIMHM peakTopoM. Takoe BEI-
NoJHEHHe Jaer BO3MOXHOCTH YOPOCTHTE AH(depeHIIHATb-
HYIO 3alUHTY NpH COXpaHeHHH, KaK NpaBHJO, TOfi e 4YB-
CTBHTEJBHOCTH. KpOME TOro, Nno cpaBHEHHK) C HECKOJIBKH-
MH J!l.Hd]tl)epeHuHaJ‘lhﬂhIMH 3alHTaMHd, HMEKIIHMH pasHY-
HBle 3aiiHilaeMeBle 30HB, OnHA av(depeHuHanbHafd 3a-
LIHTa C 30HAMH pa3HON YYBCTBHTEJLHOCTH ABJfiercs GoJee
HaZemxHOM, TaK Kak NpH TOil e HanemHocTH cpabaThiBa-
HHA TNOBHIIAETCH HANEXHOCTh HecpaGaThiBaHHS.
Cnepyer, OIHAKO, OTMETHTH, 4TO NpHMeHeHHe OAHOM
3alllHTH € 30HaMH pa?.ﬂ{)ﬁ YYBCTBHTEJbHOCTH BMECTO He-
CKOJIbKHX OTAeNbHBIX 3alllHT BO3MOMHO TOJBKO B TeX CJaYy-
yafX, Korja He TpeGyercs ofecneudBaTh H30HPaTEJBHOCTH

TpancopMaTopa € 30HOM MOBHILEHHOH

HepacllenjenHoro Tpancdopmaropa; 6— TO e pACIIENJERHOro;, & — Anf TpexobMoTonmoro Tpancopm s

neficteus (7. e. korga He Tpebyercs paanudats K3 Ha
OIIHHOBKe H B TpaHcopMaTOpe HJIH apToTpancgopMaTo-
pe), HampHmep, AJA NYCKa YCTPORCTBA MOKAPOTYLIEHH:H
HaH ocyuiectBienns AIIB npm K3 Ha oummMHOBKe H He
Tpefyercs ocTaBisith B paboTe 3alllHTy OJHHX SOH [pH
OTKJIOUeHHH [PYTHX, HalpHMep OCTaBISTh B [JeficTBHH
OLUHHOBKY BHICIUEr0 HANpHIKCHMA H ee 3allHTy npH o7-
KJIIQUEeHHN 3alliililaeMoro TpancopMaTopa HJIH aBTOTpaHC-
thopmaTopa.

INprHnMnHanpHble CXEMH pa3HYHBIX BapHAHTOB AM(-
tepeHIHaNbHON 3alIHTHL C 30HaMH pasnoil YyBCTBHTE/b-
HOCTH N JABYXOOMOTOYUHOrO M TPeXo6MOTOYHOrC TpaHC-
topmMaTOopoB mnpHeeneHm Ha pHe. [13.1 m T13.2.
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3. Ha puc. I13.1 nokasamo Bhnonsende nMddepen-
HHaJBHOH 3aUIHTH c SOHOA DOHHMKEHAOR YYBCTEBHTENLHO-
CTH Ha CTOPOHe BHICIIEro HAOpPFXKEHMs AAd JBYX- H Tpex-
o6mMOTOUHHX TpaHC(HOPMATOPOB, OpPMCOEIMHEHHHX K CTO-
poHe BHiCIIEro HaOpAXeHMs 4Yepe3 JBa BHIKJIOYATEN:.

PaccMaTpHBaeMaf SamETa EMeeT [Be S0HH pasHol
WyBCTBHTENBHOCTH:

30Hy NOHHIKEHHON YYBCTBNTENLHOCTH, OXBATHBAIILYIO
COelHHEHHS Ha CTOpPOHe BHCINEro HamNpFXKEHHs H orpa-
HAYEHHYI0O BWHOCHHME (MJH BCTpOEHHHIMM BO BTYJKH Bhi-
KmouaTeneil) TpauchopmatopamME Toka Ha cropone BH
¥ TpaHC)OPMATOPaMA TOKa, BCTpOeHAWMH Bo BTYaxA BH
3a1LHILAEMOTO TpaHchopMaTopa;

OCHOBHYI0 30HY, OXBAaTHBAIONYI0 Tpancdopmarop H
erpaHFUeHHYI0 TpaHcOpMaTOpaMM TOEAa, BCTPOeHHHIME BO
sryakH BH 3ammmaemoro rtpascdopmaTopa, H TpaHcdop-
M2TOpaMH TOKa, YCTAHOBJEHHHIMN Ha CTOpOHE Jif L1
AByxo6moTounoro B ua croposax HH m CH nnm tpex-
o6yvorouHoro TpaHcdopmaTopa.

Takasg 3awATa MOXKET HCIONL3OBATECH B CJydYadx,
Korna ofbgmas AnddQepeAnMantEas 3alMHTA C OXHOH 30-
HOH YYBCTBHTEJBLHOCTH, OTCTpPOeHHad OT MAaKCHMaJbHOIO
Toka HeGanawca NpH TNepexofsoM pewume puemmnx K3
Xa CTOPOHE BHICLIEr0 Hampsixenns, He obecneyHBaeT Tpe-
G6yemyo dyBcTBHTeMbHOCTE K K3 B sammuaeMofi sone Ha
CTOPOHAX HH3LIErO0 M cpeasero Hanpsxkennfi Tpancdop-
MmaTopa.

Tox cpaGaTHBaHHf SAUINTH B 30HE DOHHXEHHOH TyB-
CTBHTE/LHOCTH Ha cropose BH ompepensercs umcyiom
»uTkOB paboueit o6motkn HTT pene, npHCOEIMHEHHbIX K
BLIHOCHBIM (HJH BCTPOEHAHIM BO BTYJKH BHKJIOYaTeneil)
TpancopmaTopam TOKa Ha cropone BH: wyyp-t+wp—
B cxeMe no prc. [13.1,a; wWiyp+Wp—B cXeMe IO
puc. [13.1,6 u wp—B cxeMe no prc. I13.1,6

Ina ysennueHHs TYBCTBMTENLAOCTH SalUATHE MNPH MO-
BPEXKAEHHSX B TpaHchopmaTope (OCHOBHAE 30HA 3allH-
TH) HCNOJL3YIOTCH TpaHC(OpPMATOPH TOKA, BCTPOEHHLIE BO
pTysike BH 3ammmaemoro TpascdopMatopa, K KOTOPHIM
EPHCOGIHHAEGTCH HEKOTOpOe umcio BHTKOB pabouelt 06-
MoTkm HTT pese. [oasprOcTs 3THX TpaHCc(HOpPMaTOPOB
TOKa NpHHEMaeTcH Takof, 9ToOH NpPH HNOBPEXKIAEHASX B
ocnopaoii 3oHe MJIC putkoB paGouefi o6moTkM HTT pene,
NpHCOENAMHEHHHX K STAM TpafAcdopMaTopaM TOKa H K
BHHOCHEIM (HJM BCTPOEHHHM BO BTYJKM BHENOYaTese)
TpaHchopMaTOpaM TOKa Ha CTOpOHe BH, cymmupopa-
JHCh.

[TosToMy npH oOAHHAaEROBHX kos(¢HUMenTax TpaHc-
topMaLHA paccMaTpRBaeMHX TpasCGOPMATOPOB TOKA TOK
cpabaThiBAHHA 3alIKTH B OCHOBHOR 30He oOnpenensieTcs
CYMMO# NPHCOENHHEHHHX K HAM BNTKOB paGoueHi OGMOTKH
pene: (Wiyp+Wp)twp—B cxeme no pme. [13.1a;
i yp+Wp)+wWp—5 cxeme nmo pme. T13.16 m wy+
4+ wp"— B cxeme no puc. [13.1,8.

Tlpe passbix KospdmmBenTax TpasBcdopMaias 3TAX
TpaHcOpMaTOPOB TOKA paccMaTpMBaeMble HETKE JIOJIXK-
HH OHTH MpHBEJEHH K OJBAOMY H TOMY e BTODNUHOMY
HOMHMHAJIEHOMY TOKY.

CrnenyeT OTMETHTb, 9T0 oOpoGoBaHHe TPexoOMOTOUHMBIX
TpanchOPMATOPOB TPM HANHUAN S0HH NOHMIKEHHOH YyB-
CTBHTEJILHOCTH Ha CTOPOHe BHCIUEro HaNPsKEHHT JOJXKHO
NPOH3BOAHTECH TaKiKe €O CTOPOHE BHICIIEr0 HaNpsIKEHHAH,
NOCKONBKY TPH NOBPEXAeRMA B 30He NOHWHXKeHHOH 4YyB-
CTBHTeNEHOCTH B peXXHMe ompoGoBanHHE CO CTOPOHH Cpea-
HEro HanpsKeHAs YYBCTBATENBHOCTH 3alINTH MOMET OKa-
3aThCH HeNOCTaTOYHOM.

[Mpumenenne 30HH DOHAXeHHOR YYBCTBHTEJNBHOCTH
OrpaHHYHBaeTCA NO YCJOBMI0 WYBCTBRETENLHOCTH, NOCKOJBKY
TopmosHas o6moTka pene cepmm JI3T-11 obwuso Hchomb-
syercsl 1Jis OTCTPORKH OT TOKOH HeGasaHca OCHOBHOH 30-
A sauuTH. Kpome Toro, mpE coeimHeHMM TpaHchopma-
TOPOB TOKAa Ha CTOPOHe SOHH NOHH¥EeHHOM YYBCTBHTENb-
HOCTH 'B TDEYIOJILHMK CHEHXXaeTcH WYYBCTBMTEJBHOCTh K
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asyxdasunm 1 oprodasuuiM K3 no cpaBHeHHIO C OTAE/b-
HOll SaUIHTOH ONIMHOBKH, TpaHcGOPMaTOPH TOKa KOTOPOH
MOryT OHITE COGAHHEHH B 3Be3ly.

4. Ha puc. [13.2 nokasaHo sunonHenHe ARQdepen-
HHANLHONA 3aMMTH ¢ 30HOH NOBHIUEHHOA YYBCTBHTEJBLHOCTH
Ha CTOPOHE HH3IIero HanpsDKeHHst AAf ABYX- H TPEXOGMO-
rounux TpaHcGOPMAaTOPOB NpH HANMYHA HA paccMaTpHBae-
MOfi CTOPOHE OXHHOYHOrO HAH CABOEHHOrO peaxkTopa.

PaccmaTpHBaeMas 3amiTa MMeer JBe 30HH pasHOH
%YBCTBHTENLHOCTH:

OCHOBHYIO 30HY, OXBaTHBalOUlyl0 TpaHCGOPMaTOp H
orpanruenHyl0 TpaucopMaTOpaMH TOKa, YCTaHOBJEHHHIMH
na croposax BH u CH, H cnenpa’nbHO yCTaHaBAKHBAEMBIMH
MeXAy BHBOJaMH TpaHcdopmaTopa H TOKOOrpaHHYHBAIO-
IWHM peakTopoM TpaHcopMaTOpamMH TOKa Ha CTOpOHE
HH;

30HY NOBHILIEHHOfi YYBCTBHTEJLHOCTH, OXBAaTHIBAIOLLYIO
TOKOOrpaHHYHBAION(HA pEaKTOp M CORNHMHEHHA HA CTOpOHE
HH ® oOrpanduYeHHyX) ChNelHalbHO YCTaHABAMBAEMEIMH
MEXAY BHBOAaMH TpaHcdopMaTopa H TOKOOTpaHHYHBAIO-
MM peakTopoM TpaHc(OpMAaTOPaMH TOKA H BHIHOCHEIMH
TpancdOpMaTOPAMH TOKA, YCTZHOBJEHHWIMH 332 DEaKTOPOM.

Takas 3aulMTa MOMKET HCMOJbL30BATLCH B CIyYasX, KO-
rna O6huHAas AH(QepeHnHaNbHAR 3aLIHTa C OMHOH 30HOH
4YBCTBUTENEHOCTH, ObecmeunBas TpeGyemylo 4UyBCTBHTEIL-
nocte npi K3 o peaxktopa, He obGecneunsaer ee npa K3
3a peaKTOI}OM.

Toxk cpabaThiBaHHA 3allHTHl B OCHOBHOH 30He oOmpe-
nenseTcs uEcnoM BHTKOB paGouefi o6motkn HTT peue,
MPHCOENHHEHHBIX K TpancdopMaTOpaM TOKA Ha CTOPOHAX
BH u CH: wiryp}wp—B cxemax no puc. [13.2,a ub,
wyp H Wyp — B cxeme mo pHe. [13.2,6.

Jns ysenwueHHs YYBCTBHTEJBHOCTH 3alllHTH HpPH NO-
BpEACHHAX B TOKODFP&HH‘IHB&IOIHEM peaKTope H CcOelH-
HEHHAX Ha CTOpPOHE HH3LIEero HANMPAKEHHHA HCMOJIB3YIOTCH
TpaHc()OPMaTOPhl TOKa, CNEUHANLHO YCTaHaBJAHBAEMbIC Ha
cropore HH mexay BeiBogamu TpamchopMaToOpa H PeakTo-
POM, K KOTOPhIM NpHCOGAHHSIETCs HEKOTOPOE YHC/IO BHTKOB
paGouefi O6MOTKH pene; NONAPHOCTE 3THX TpaHcdopma-
TOPOB TOKAa MpPHHHMAeTcsl TaKoH, 4YTOOW NpH TNOBpexne-
HIHEX B 30He NOBHILeHHOH uyscTeHTeanHocTH MIIC BuT-
KOB paboueil OGMOTKH peje, NPHCOGAHHEHHHX K STHM
TpancopmaTopaM TOKa H K TpaHC(OpMaTopaM TOKa,
verawosnennmiMd  ma cropomax BH u CH, cymmupo-
BaJHCh. "

TlosToMy NpH OIHHAKOBHIX Ko3(pOmuHeHTax Tpancdop-
MalMH paccMaTpHBaeMbix TPaHCHOPMATOPOB TOKa TOK cCpa-
GaTHBaHHs 3allHTH B 3OHE NOBHIIEHHOR YYBCTBHTEJBHO-
CTH ONpeeNsieTcs CYMMOR TNPHCOSAHHEMHBIX K HHM BHT-
kop paboueit o6moTkH pene: (Wi yp+Wp) +Wp—B CXe-
max no pue. [1.3.2,a u 6; wip+w'op 0 WoptWsp —B CXe-
me mo pHe. MM3.2,8.

Ipu pasueix KoadduUUHEHTaX TpPaHCHOPMALHH STHX
TpaHCOPMaTOPOB TOKa paccMaTpHBaeMbie BHTKH AOJKHbI
OHTE NPHBEJEHH K ONHOMY H TOMY )€ BTOPHYHOMY HO-
MHHaJIbHOMY TOKY.

5. TpucoennnenHe TpaHCcOpMAaTOPOB TOKA K pabo-
uyum o6moTkaM HTT pene B cxemax no pwe. [13.1 u [13.2
nokasano ycaosHo. Hanpumep, cxemu no pmc. [13.1,a u 6
MOKa3aMbl ANs CAyYas, KOrAa NpH OAHHAKOBHIX KO3p(H-
LHeHTaX TpaHcGOPMaUHH BHIHOCHHX (HJH BCTPOEHHHX BO
BTVJKH BhIKJAWOuaTesefi) H BCTPOSHHHX BO BTYJKH TpaHC-
¢dopmaTopoB TpaHCcPOPMAaTOPOB TOKAa 3aulHTa B 30HE NO-
HH)KEHHON UYBCTBHTEJBHOCTH He OGOonee 4eM B 2 pasa
rpyGee, 9eM B OCHOBHOH 30He. Ecnn ke TpeGyeTcd HMeTb
Goneliiee 3arpybreHHe B 30He NOHMMKEHHON UYyBCTBHTENb-
HOCTH, TO MeJecoofpa3H0 MNOMEHATE MECTAMH INpPHCOEH-
ueuHe K pab6ounm o6moTkamM HTT pene BCTPOEHEHIX H
BHIHOCHHX TpaHcOpPMATOPOB TOKA. YCTAaHOBJEHHHX Ha
cropone BH.

6. B cxemax 3amATH TpPeXoGMOTOYHOrO TpamC(op-
matopa (pmc. I13.1,6 B I13.2,8) B oOGueM ciygae TpeGyer-
cf NpeAyCMOTPETh AONOJHHTENLHOE NpHCOeIHHEHHE K pac-



4eTHOMY BHTKY IH(depenunaibHoi obmotkn HTT pene.
KOHCTPYKTHBHO 5TO MoKeT OHTb JIeTKO BHIIOJHEHO rHO-
KHM OPOBOJHHKOM, NMPACOENHHAEMEIM MOJ BHHT, COSLHHHAIO-
uiHfi pacueTHHi BHTOK ¢ rue3noM mop naatoii. Jlpyroft ko-
Hell rHOKOrO NPOBONHHKA COENHHSAETCH C OLHHM M3 3aXN-
moe (10, 11 wm 12), npenycmaTpHBaeMEIX BO BTOPHYHOH
obmotre pene cepur JI3T-11 nasi ucnwTamMll, K STOMY
e 3a)XKHMY NpPHCORAHHFAETCH COOTBETCTBYIOMHEA TpaHcdop-
MaTOp TOKA.

7. Cxema no puc. I13.1,6 B HacTHOM clydae MOMKET
6HTL BHNOJMHeHa 6e3 HCNOJIL30BAHHE JONOJHHTENBHOrO
fIDHCOEIHHEHHS, paccMOTpeHHoro B 0. 6 HACTOAINEro NpH-
noxenHs. B 3TOM cJydae BCTpoeHHHe Bo BTyakH BH sa-
wiHIlaeMorp TpaHcopmaTopa TpancGOpMaTOPH TOKa INpH-
COENHHAIOTCA K TOMY e 3axkuMy pRddepenunansHold ob-
MOTKH Wp, 9TO H BHHOCHHE TpaHc(OpMaTOpH TOKa Ha
cropoe BH (puc. I13.3,a). llpn TakOoM nNpHCOGOHHEHHH
B C/ydae ONHHAKOBHX KO3(QHUHEHTOB TPaHC(OPMALHH
BHHOCHHIX (HJIH BCTPOEHHHX BO BTYJKH BHKJIOYaTesnef)
H BCTPOEHHHX BO BTYJAkH BH samumaemoro tpascgopma-
Topa TpaHcopMaTOpOB TOKa obecneunBaeTcs 3arpybue-
#He 3alATH B 30HE NOHHIKEHHOH YYBCTBHMTEJBHOCTH pOB-
HO B 2 pasa.

Ha prc, [13.3,6 nokasano BrnoJHenHe [H(p(epeHIH-
a/pHOM 3alIHTH ABYX06MOTOYHOro TpaHc(opMaTopa c Tpe-
Ms 30HAMP pa3HOR YYBCTBHTEJLHOCTH INPH TOM Xe CO-
OTHOLIEHHH YYBCTBHTEJLHOCTH 3a3MIHTHI B 30He MNOHHXKeH-
@0l WyBCTBMTEJBHOCTH H B OCHOBHOHR 30He, KaKk H B cXxe-
Me no puc. [133.a

Cagyer yYHTHBATb TAKIKE, 4YTO /8 BHINOOJHEHHS
5AIMATH ¢ S0HAMH pa3HOH YyBCTBATENBHOCTR Ge3 HCNOJb-
30BaHMA MAONOJIHHTENBHOIO TMPHCOENHHEHAS MOXHO HC-
Mo/b30BaTh pa3jHuyHe Kos(PuuReHTOB TpaHChHOPMADRN
BCTPOEHHHIX BO BTYJKH 3allHIlaeMOro TpaHcopMaTopa
H BHHOCHHIX TpaHcopmaTopoB Toka Ha cropode BH m
BHHOCHHX TpaHcopmaTopoB Toka Ha croporne HH, ycra-
HOBJIEHHHIX JI0 H nOcjle TOKOOIpaHHYHBAIONIEr0 peakTopa.

A3r-1f -
wa

Puc. T13.3. Tpuununnajsuse cxembl anddepenunanbHol
TOKOBOA 3AIHTH TpaHcdOpMATOpPa ¢ 30HAMH DA3HOH HyB-
CTBHTE/ILHOCTH 03 HCHOJB30BAHHS [JONOJNHHTENIBHOIO MpH-
COeIHHEHHSA:

a— nnA TpexofMoroynoro Tpamcgopmaropa c 30HOA TOHHXeHHOI
QYBCTBHTENbHOCTH; 0 — OAsS ABYX orounoro Ttpancopmaropa C
30HaMH NOHHMXEHHOA H NOBHLIEHROA WYYBCTBHTEJBLHOCTH

8. CsenyeT OTMETHTh, YTO CXxema MO pHC. [13.2,6 uMe-
eT BeCbMa OrpaHHueHHyI0 OO6JacTh NPHMEHCHHS B CBSA3M
c Tem, uTo B 5Tofi cxeme npH BremnHx K3 ma cropoue
CPeJHEr0 HANpSIKEHHS] HE HMEETCH TOPMOMKEHHS.

NMPUNOMEHWE N4

BUDDEPEHLMATIBHAS TOKOBASl 3ALIMTA FPYNMNbl OOQHOMA3HbBIX ABTOTPAHC®OPMATOPOB,
BLINONHEHHAS € MCNONb3OBAHMEM TOKA B KOMMAEHCALMOHHOW OBMOTKE,

C PENE CEPMM PHT-560 MM A3T-11"

1. Ocob6eHHOCTHM BLINOIHEHMA M YKasaHMfA no pac4ery

1.1. Huxce paccMoTpeHn OCOGEHHOCTH BHIOJHEHHS H
JlaHL yKasaHHsi no pacdery AnpdepennnansHofi TOKOBOM
sanuTh OAHO(MA3HEX ABTOTPAHCHOPMATOPOB C BLIHECEHHOI
Ha oTnensHuili (GokoBofi) cTepiXeHb MAarHHTONpPOBOZA pe-
ryaupoBousofi o6MoTkoR (puc. IT4.1), uTo mospoJisier mpo-
H3BOAHTb  HE3ABHCHMOE  PEryJHpPOBaHHE  HanpsKeHHs
TOJILKO KA CTOPOHE CpEeHero HanpsikedHs TpaHcgopma-
TOpa.

B Takom aptotpanchopmarope cymma MJIIC obmo-
TOK Ha CpemHeM cTep)KHe MAarHHTONpOBO#A NPH NpeHe-
OperkeHHH HAMATHHYUHBAIOLIHM TOKOM paBHA HyJIO H He
SABHCHT OT peryJHpOBaHHSA

(Vi W)+ JguWe + L'Wi=0,  ([18.1)

rae’? lgy, I;:H H I —Tokn (npH ¢ =10), mnpoxoasIuHE no
©OOMOTKAM CpelHero cTepXHf MAarHHTONpOBOAa SallHIiae-
MOro aBTOTpaHcdopmaTopa.

[MosToMy eciH pH(pQepeHNHAJbHYIO SalIHTY, B KOTO-
Pyl B HArpysouHOM pexHMe H npu eHemuux K3 nona-
HaloT TOKH, NPOXoAfllHe MO OOMOTKaM CPEHErc cTepiKHA
(I'exs, I'ce u I's), nactpouts na Ganauc MIC stix oC-

* Hactoamee

NpHIoKeHHe COCTEBAEHO ¢ HCNoNbsomaHHeM
paborel HEH¥K. B,

H. AGpamenxoBa (CuOupckoe orpenenme 3CII).

MOTOK, TO NpH peryJHpoBaumdH B Heli ue Oyner cospa-
pathcs MJIC ot 710ka HeGananca [“ms, OOYCJOBJAEHHOrO
pPEry/IHpOBaHAEM HANpPSXKEHHS NOA HArpysKOH 3amiHlllaeMo-
ro aprorpaHcdopmaropa. Takas samuta OGyner 4yBCTBH-
Te/bHee OOHYHOE AH(p(EepeHuHANBHOH 3aIHTH, BEJIOYeH-
Hofl Ha (pasHHe TOKH C TPEX CTOPOH aBTOTpaHC(opMaToOpa.

PaccMaTpHBaeMasi 3alliTa AOJIKHA OBITH BKJIIOYEHA CO
CTOPOHH HA3LIEr0 HANpSIKEHAs Ha pa3UOCTh TOKOB HA
BHIXOZle OGMOTKH HH3IIErOy Hanpskeus [mm H B KOM-
nexcanfouHoft 06MoTKe Ixowmn (KOSQOHUHEHTH TpaHCHOP-
MaUHH TPaHCOPMATOPOE TOKA, YCTAHOBJEHHHX B STHX
HenAx, AOJKHH OHTh ONHHAKOBHMH), 8 CO CTOPOHH BHIC-
IIer0 H CPERHEro HANpfAMXEeHWH — Ha (asube TOKH, TaK
KaK TpaHcOpMATOPH TOKA CO BCeX CTOPOH BK/OHAIOTCH B
3Be3ny.

Ilna Toro uto6m pesyaetHpyiomas MJIC o6motok
HTT pene B HarpysouHoM pexuve # npn bremnnx K3
otpaxana Gasanc MJIIC oOMOTOK Ha CpeAHeM CTEpiKHe
MaruHTONpOBOZA aBToTpancgopmaropa [cm. ([14.1)], co-
OTHOLLEGHHE YHCeN HCMoJb3YeMblX BHTKOB OOMOTOK peJie Ha
pasHHEX CTOpPOHaxX aBToTpaHcdopMaTopa MOJIKHO COOTBET-
CTBOBATH COOTHOWIEHHIO YHCENl BHTKOB OOMOTOK CpenHero
CTEPIKHSl MATHHTONPOBOAA HJH HPONODIHOHAJBHEIX HM HO-
MHHaJbHHX (asHbX HanpsXKeHHii apToTpancdopMaTOpa.

Ha Bupaxenus, ananormydoro (I14.1), wo Hnanucas-
HOMO /1l BTOPHWYHMIX TOKOB

Ty, oKpr(Wa + Wa) + g, oKicuWe +
+ 15, KpppWs =0, (114.2)
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Puc. I14.1. Cxema pasmelienHss O6MOTOK H TOKOpacCrpelelsieHHe B aBTOTpaHCcopMaTOpe € BhIHECEHHOH Ha GokoBoil

CTEp¥eHb MATHHTONPOBOJA pEryJHpOBOYHOI OOMOTKOIL:
a— cXeMa pasMelleHHs OGMOTOK;

TOKM, NpOXOASUHe IO OOMOTKaM CPelHero CTepHS MAaTHHTONPOBONa apToTpaHcdopMaropa;
astoTpancthopMaTopy (mepEHuUHLIE TOKH, npoxo,u.smue yepes TpaHC(OPMATODE TOKa Sal(HThH)

BETCTBYIOLIHX CTOPOH K SalllHujaeMOMy

(rme Krsu, Krca u K; an — xosdpduuuents Tpancgop-
MauuH TpaHcpOpMATOPOB TOKAa, YCTAHOBJEHHHX COOTBET-
CTBEHHO HA CTOpPOHAX BHICLIEro, CpemHero H HH3IIEero —
HA BHIXOJle OOMOTKH HH3ILUEr0 HANDSKEHHA H B leH KOMs=
neHcauMoHHoll ©0OMOTKH — HanpsikeHuii aBToTpaHcdopma-
TOpa), BHIHO, 9TO HCNOJb3yeMble 9HCJIA BHTKOB OOMOTOK
HTT pene mosxHE GHITh NPONOPUHOHAJALHH Kos¢duIHeH-
TAM NpH BTOPHYHHX Toxkax B (I14.2), 1. e

Wpy = leJBH(WI +W,):
wey = kK jcnWe
t"HH = lef[-ﬂ{WS'

(114.3)

Iockoapky OTHOILUEHHe 9YHCEJH BHTKOB OOMOTOK Cpef-
HEr0 CTepXHs aBTOTpaHcthopMaTopa Mo¥eT OHTHL BhIpa-
3THX 0OMOTOK

6 — Toxopacnpenenenue npH K3 na Bmpopax BH; & — To xe wa BmBonax CH; I’BH. rcu

I, —

fnn- JCI{ —TOKH, :ox:xonﬂume ¢ coor-

BKJIIOYEHHOH Ha TFeOMETPHUECKYI0 CYMMY TOKOB CTOPOH
3alHIlaeMOro aBTOTpaHc(opMaTopa.

1.2. TlepByunnbiii TOK cpabaThiBaHHA SalHTH ONpefe-
JIHETCS MO (2 1)—(24) c 7ofi nuWb pasuHied, 970 B
ToKe HebBanaHca npu Bueittem K3 no (2.3) He yuHTH-
BaeTcs cocrtaBasiomas [“ms, OGYCJOBIEHHAS pEryJHpoea-
HHEM HAMNpSXKeHHR M0jJ HArpysKOMi.

1.3. Tok cpaGaThiBaHHs pesie (BTOpHYHHI TOK cpaGa-
THBaHHSA 3alllHTH) [JA OAHOH H3 CTOPOH, NDHHATOH B
pacuete 3a OCHOBHYIO J¢p.ocm, 8 TAK¥Ke HCIOJIb3yeMOe
upcio BHTKOB oOMoTKH HTT pesne ma oOcHoBHOI cTOpOHE
Wocn ONPEAENAIOTCH B COOTBETCTEBHH ¢ DeKOMEHIALHAMH,
npeBefentnME B 1. 2.1.6. [lps stoM xosddumuesT cxeMm
BCETAA NPHHHMAETCH paBHBIM 1, Tak kak TpaHcOpPMaTOpPHI
TOKA 3alllHTH €O BCEX CTOPOH 3allHIIAeMOro aBTOTPaHC-
¢opMaTopa BKJIOYAIOTCS B 3BE3LY.

1.4, Yncaa wucnosb3yeMmbix BuTKOB o6mMoTkH HTT pe-

JEHO 9Yepe3 HOMMHAJbHLEIE HAMPSIKEHHH e HA JDYrHX  (HEOCHOBHMBIX) CTOPOHAX ©0p "
(cm. pumc. T14.0). WIL pacx opny;e,ne.nm(oma, ncxo;{s: H3 p%THOIﬁEHHE.c:!KﬁD
. YHCeJl BHTKOB OGMOTOK, paclonoXeHHHIX Ha cpefHeM
Wy =ka(Up, wom, BH — Up, ulls, cn — 0:8U¢p, per)s ci}\_}:pmrie MAaUHHTONPOBOAA  aBToTpaHcdopmaTopa  [cm.
W, —=E(U — 0,8U, - 4.3) JH60 nNpPONOpUHOHAJBLHEIX KM  HOMHHAMBHELX
w’ k’f}, 0w, O ®. per); ¢asnux HAnpspKeHuil asroTpaHcopmaropa [cm. (I14.5)).
8 = FaUpop, 1im1, Hanpumep, npH npHHATHH 3a OCHOBHYIO CTODOHH
(T14.4) BCIIEr0 HANPSOKEHHS DACUETHHE WHC/A BHTKOB OOMOTKH
HTT pene pias CTOPOH CpefHero WeH,pacy W HH3IUIETO
rie Ugmou.BH, Ugromcr, Usommm, Ugper— HOMH- Wom pacy HANDSKEHHIT ONPEJENSIOTCH MO BhIPAMKEHHSIM:
HAJIBHBIE HANIPSKEHHH COOTBETCTBEHHO OBMOTKH BHICLIETO,
cpe.um;ro (Ha cpepHeM OTBETBIEHHH DeryJHpPOBOYHON OG- KW
MOTKH) H HH3IUero HanpskeHuil aBTOTpaHCQOpMATOpa H @ _—— =
HA peryJHpOBOYHOI o6MOTKe, Bmpaenus (I14.3) nas Hc- o i Kipu(We -+ Wy) iy
noJib3yemulx 9ncen BaTkoB o6Moroxk HTT pene moryr Guite ol (5, N )
SANMHCAHE B CHENYIOUleM BHAE: = _{CH b, oM, CH 22, per wer;  (I14.6)
Kien(Up, sow, 811 — U per) '
wpy = ksKypn(Up, nom, B — Ug, per)s o
Wey == k!KICH{UdJ. Hom, CH ‘_0'5[}'11- per); (H4-5) - s —IHHY gy =
Wy = kK pUson, 11, PR Kipn(Wy +Wy)
= KI’HHL nom, HH
Pacuer paccMaTpHBaeMofi 3allHTh NPOH3BOAHTCS aHa- & WpH. (T14.7)

JIOTHYHO pacueTy oOOwmuHOH AH¢epeHIHAJBHOR SaLHTH,
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1.5. Tlocne NpPHHSTHS YHC]A BHTKOB A7 HEOCHOBHHIX
CTOPOH B COOTBETCTBH C peKoMeHpauusmMe nm. 2.2.7, 2.28
H 229 mo (26), (23) u (2.1) onpenensercs cocTaB-

nsiolas Toka HeGananca /., OGYCJOBJCHHAA HETOYHO-

CThIO YCTaHOBKH Ha HTT PEﬂe pacqe'rﬂom HHCJIA BHTKOB
O6MOTOK IJ5i HEOCHOBHHIX CTOPOH, H YTOUHSieTcs TOK cpa-
GaThBaHHS 3allHTHL

1.6. YyscTBHTE BHOCT: 3aliTH NpH K3 B 3ammumae-
T§g2 ,:aone onpegenserca B coOTBercTBHH ¢ n. 2.1.7 mo

Bxogamas B (2.22) cymmapnas paGouas MJC oG-
motoxk HTT pene npH paceMaTpHBaeMOM METAJIHYECKOM
K3 B sammniaeMofi 3oHe omnpeneisieTcs NO BhHIPaKEHHIO

"Fﬂﬁ —_——

(I14.8)

rae Iem, Icn, Iun H_Iwomu— NepBHuHEE TOKH (npH f=
=0), momxozxsiuxe ¢ COOTBETCTBYIOUIHX CTOPOH K 3alllH-
IMaeMoMy aBTOTpaHcOPMAaTOpPy H TOK B €ro KOMIEHCallH-
oHHO#t o6MoTKe mpH paccmarpHBaemoM K3 B 3ammmaemoft
some (puc. I14.1,6 u 6); wpm, WcH, WHE — YHCJAA HC-
nosb3yemMux BHTKOB o6motok HTT pene cooTBeTCTBEHHO
Ons CTOPOH BHICINErO, CPefHEr0 H HH3IUEro HamnpsMKeHHH
aBTOTpaHcopMaTopa.

Tox B KOMmeHcalHOHHOM OOMOTKE luomn MOMET OHTHL
onpeneneH H3 YCJOBHS paBeHCTBa HyJio cymmm MJC
06MOTOK GOKOBOr0 CTEPHHf MAarHHTONpPOBOJA aBTOTPaHC-
dopmaTopa

lmamwxcnm - 0- (n4 -9]

n

’ r re r
._"B}I(Wper'l' Wper ) +_!CHWper‘

OTKyAa

: W I . W“
K= _( Iy — 25 A 10, =2 ) (14.10)
= = Wi = Wkovm
rae Wpep = W;er AL W;;r,
C yueroM smpaxeuns ([14.10) sopaxenne (I14.8)
npHoGperaer caeAyIOIIHE BHA:

“gH Wen
EFputs == Lt By R

W rr
per per YHH
Wiono ToEH Do '
koMo —CH Wyoun — Ky un

(T4.11)

H;igli K3 ®Ha cropoHe BHCIIEr0  HANDSKEHHS
(puc. I14.1,6) Ica=Icu, a 1’3;1 HMEeeT OTPHUATe/bHOEe
3HayeHHe (32 NOJNOKHTEIbHOE NPHHSATH HANPABJCHHS TO-
KOB K 3allliimaeMOMy aBToTpaHc(opMaTopy, YKalaHHbEE
na puc. [14.1,6 m 8); npn K3 Ha CTOpOHe cpenHero Ha-
npsikenHs (puc. I14.18) I'sp=I/sm, a Feu umeer or-
PHLATEJNEHOE 3HAYEHHE; npH K3 ua cropore HH3IUEro Ha-
npaxerHs I'sp=/pr H I'cn=Ica.

Hcxops M3 yKasaHHOro pacyeTHHIM pexHMOM paGo-
TH aBToTpaHchopMaTopa nprn K3 Ha cTOpOHAX BHICIUETO
H HHSIIEro HanpsxeHHii OynmeT HH3IUEe IOJIOMKEHHEe pe-

L4
TYASTOpPa HANpPsKEHHS (W’pu, =0),a gpi K3 Ha cropoue
CPEAMEro HANPSXKEeHHs — BLICIIee NOJOXEHHe peryssTopa
Hanpsixerns (W q, — MaKCHMAJIbHOE) .

OTHOIIeHHS YMCeNn BHTKOB OOMOTOK GOKOBOTO CTEpK-
HA MOryT OHITH 3aMeHeHH NpONoOpUHOHAJBHBIMHE HM OTHO-

LIeHHAMH HOMHHAJBHBIX ()a3HBIX HATpPSIKEHHHA aBTOTpaHC-

thopmaTopa
Wper=keU g, per; (114.12)
onun=ngnou,E‘E: (H4l3)
Woer == kU, per- (4. 14)
Bupamenne  ([14.14) cooTBercTBYeT pacierHomy

(BepxueMy) TIOJIOMEHHI0 PEryJfATopa HAlpSXKEHHs IJ CAy-
yas K3 B sammumaemoif 30He Ha CTOPOHE CPEIHEro Ha-
NPAXKEHHS.

C yuerom (I14.12)—([14.14) supaxenne ([14.11) B
pacuetHnx ycaoeusix K3 B samumaeMoii soHe NpHHHMA-
eT BHI:

npH HmkHeM (—PO) nonoxenHu peryasTopa

Wy WeH
SF 6=l 70— + 1 a4
P36 = BH K po o K, CH
U w
&, per HH <«
Iy 77— -+ 1 - [14.15)-
—BH Uy o, HH Tl Ky yn ( )

npH pepxueM (+PO) nonoxenHH perynaropa

L'py BeH
EFpe6 = Ipy K en + Ien Ky cut i<
’ ’ UC]J- per nuHH
= [QBH +fcn) Uson, HH -!HH] Ky fH416)

Caenyer oTmerHTs, yTo npd K3 Ha cropoHe cpen-
HEr0 HAanpsiKeHHs! pPacyeTHbIM 1O YYBCTBHTEJLHOCTH, KaK
npaBHsio, siBaserca BepxHee (4PO) nosoxkenue perysisro-
pa, a mpH K3 ma cropoHax BhICIIETO W HH3INEro Hamps-
neHud — HmXHee (—PO) mnosoxeHHe perysasaTopa.

2, Npumep pacyera

2.1. B nactosluleM npHMepe pAaH pacuerT nHddepen-
nuanbHOR TOKOBOH 3allHTH CPYNIE H3 Tpex oaxHopas-
HBIX aBTOTpaHcopMaTopoB (B panabHeiillleM B He/sXx
COKpallleHHsi HMeHyeMol <«aBroTpaHcdopMaTop*) MOMIHO-
cteio 3167 MB-A, Hanpamenuem 500/230/11 xB. As-
TOTPAHCOPMATOP HMEET BCTPOEHHOE PeryJHpOBaHHE Ha-
npsixenHs nopn Harpyskofi (PITH) wa cropoHe cpeamiero
HanpsixeHns B npepenax 412,12 % nomuuanenoro. Pery-
JfpOBOYHAS OOMOTKa BhIHECEHa Ha OTjesbHul (6OKOBOI)
CTepeHp MarHHTonpoBoga. ABToTpaHcopmaTop Yycra-
HOBJEH HA  JABYXaBTOTPaHCOPMATOPHOH  MOACTAHIHH,
npejycMaTpHBaeTcs mnapaJyesbHas pafoTa Ha CcTopoue
220 kB.

JlaH pacyeT SalllHTHl C HCHOJNb30BAHHEM TOKAa KOM-
nmeycALHOHHOH o06MOTKH aBToTpaHcopMmaTopa, T. €. He
pearHpyiommeH Ha TOK ,;1:5 H BHIOJHEHHOH c peje THHAa
PHT-566 u JI3T-11/4. B uensax cpasuHenHs B Taba [14.6
NMPHBENEHE TaKXe napaMeTpu [H((pepeHLHalbHOH 3aLilk-
Tl ¢ pene Thna J3T-11/4, BxaouyeHHEM no OBLIUHOH
cxeme Oe3s HCIOJb30BaHHA TOKa KOMIEHCALHOHHOfi 00-

r
MOTKH, T. €. pearHpyioleii Ha Tok I .

Hcxopnas cxeMa AJs pacyera, a Takie CXeMbl 3a-
Mellennsl npsaMofi (ofpaTHoill) H HYZNeBOH NoOC/Eel0BaTeb-
HOCTH mphBeneHw Ha pHe. [14.2,a—«x. Ilpumep paccuHTan
B HMEHOBAHHHIX €IHHHLAX, CONPOTHBJEHHS, TNPHBENCHHEIE
K CTOPOHe BHICIIEr0 HaIpSKeHHsd, B CXeMax 3aMellleHus
yKasaHbl B OMax.

2.2. Pacuer 3amuThl, BHINOJHEHHOff c pelde THNA
PHT-566, Ges yuera !;;. pacy TPOH3BOMHTCH B CJEAYIO-
LIEM IOPALKE,
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Syr=30000 MB:A £, =500(525) =
s Xocr=Xacr ¥ vE 2
K "
} X.r=8,8413,26) On Xor=8,84(13,26)xB
Sar =10000 MB-A
oy Xocm =1,2X1cn
i Xara = [I]Xar.FﬁH(SS}W [:]”w-ﬂ ~ [T]X,.,Fszs(ss)un
== i
sou/zse:sxz,oz%/ﬂ;a% 67,3(55) 0m Xem=20(41,2) Om 67,3(55)0m
Uy, BH-CHE-PB)= ; —:I—*@ "
U, gH-ch(+p0)=12% | XarH= 500(325) XagH= X =2%(434)0m
uﬁ.aﬂ-ﬂ'ﬁ=35% =m33ffﬂ3)ﬁﬂ E,},:—“..‘;—-rcﬂ =TU7,3(7?33)0“
U eH-HH(-P0) =£5% Xess= Xaru=1073(1138) b
Ly, cH-H(+PO)=E0% =107,3(119,8) Om
5) e S = p ) =
K peakmopy
500 500(525) 00(525)
B Ep=—7«B 2 ~4
8,84 Im 13,26 O 13,260m
673 Om 67,3 On 6 g'éjf 67,3455) Om

20(41,2)0m

Ep=32x8 1633(1133) A e
2390A 3) * B 3190(3961)A £ 500f525)
: 2039 _ 500(525) o "l
500(525) (1815) A L
F = ———KB ”)
@ Vi p
13,26 Om 13,26 Om 5 13,26 0m
i P !
3 £7,3(55) 0m (1108)A ¥
67,3(55) 0m fﬂ?’f 67365)om | ]673(55)0m
 20(41,2) Om (1287)A 26(49,9)0n
' 7 !
1017(1079) A :
= E _ 500(525)
3018(32,72)A R

(zo}jii ﬁzﬂﬂgsjnu 107,3(115,8) omt
L/

Puc. F142. Tpumep pacueta angdeperinanbloil TOKOBOH SaLLKTE OLHO(DA3HOTO aBTOTpaHcopMaTopa € BEIHECEH-
HOil Ha GOKOBOH CTEp)keHb MATHHTONPOBOJA PeryJHpOBOYHOH 0OMOTKOM:

a — HCXOAHan cxema; 6 — cxemMa saMemenHs npEsmofi (ofpartHofi) mocnenOBaTeNBHOCTH; 6—CXeMa 3aMmelllenus HYAEBOR nochefoBaTelb-
HOCTH; 2-— CX€Ma 3aMelleHHA NpAMOA IOCAefOBaTeTbHOCTH ANA efiefIeAHA TOKA NpH BHEWHEM rpexdasuom K3 B TOUKE Ky B pe-
#Hme IVID: d—To e, 9TO 1. HO B TouKe K: B peXxHMe 12; e—cxema 3aMellleHHs npsimoll  (oGpaTHoil) NOCNeNOBATENLHOCTH ANS onpejene-
Aus ToKOB K3 Meway AByMs dasamu B 3auHuiaemoft 3oue B TouKe Ks B pexume Il; sc—T0 e, 970 €, HO B TOUKe Ky B pexume 112;
3— 10 e, 5TO e, HO B TOuKe Ks B pemume I112; u— cxema saMemenHs HYJeBOR MOCNENOBATE/bHOCTH JUIH ONpENEACHHA TOKOB ONHO-
¢daspore K3 B sauumaemofi 3one B touke K B pemume 112 {cxeMa samelleEns npAMoft H o6paTHofi mochefoBaTensHOocTefl nNpHBene-
Ha Ha PHCYHKe %): K—TO e, 4T0 #, HO B Toike K; B pexmme I[12 (cxema saMeueHHS npaAMofi m ofpaTHOR MNOCJAENOBATENBHO-
cTel OpEBelleHa Ha PHCYEKe 3).

7

MpeExedanns I PexaMp o6osuadenn: 1 — Bkaiodens ofe CHCTeMbl H BCE BHIEJIOTATENH aproTpanctopMaTopa; Il — B0~
geHbl 00e CHCTEMH, HO OTKAIOY9eH BHKIOYaTen: c¢o cropowbt CH,; III -— BKAOGeHE! ofe cHCTeMB!, HO OTKJIOUEH BHIKJKYaTenb CO CTO-
poun BH; IV — otkmodena cHcrema CH, Bce BLKIOvaTenn BEMO9ens; 1—B pafoTe HMaXOAHTCH OJHH aproTpanchopmarop; 2—B
pafoTe HaxolaTcs JBa asToTpaBcdOpMaTOpa.

2. B cxeMax SaMEl[eHHH AAHH HOMHHANBHOE ¥ MaKCHManbHoe paGouee HanpfiKeHHA CETH. ConpoTHBAEHRA OHTAWMHX CHCTEM
YKasapbl ANf MAKCHMMAMLHOrO H MHEAMAJTLEOTO (B cKOOKax) pexuMoB paGoThl. CompOTHBICHHS aproTpancthopMaTopa R TOKE YKasa-

WL LnA KpafiHHX OTK/IOHERMH pErynsTopa B CTOPOHY yBenHUeHHs R yMembmieRss (B ckofKax) HAOPSWEHHHE peryanpyeMoii of-
MOTKH
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Tab6nuna [14.1

Haumenonanne pemEvTuis OGozuaieHEe H METOR

Ypcnosoe sHayeHre AN CTOPSHH

ORpejencHRS 500 xB i 220 kB | 10 kB
Tgon = -167 (. -167 000 ’

TepeuuHbLlii TOK Ha CTOPOHAX 3AllH- F;M 3—2.__‘-?:—09*—‘530 %12&0 E’._!LOOO__
{aeMoro aBTOTpaHcopMaTopa, COOTBET- | EPOX V'3 .500 V3 .230 V3.n.v3a
CTBVIOLIHIi €ro NPOXONHOH MOUIHOCTH, A Y5 U — 15 160

» CP

CxemMa COeNMHEHMS TPaHC(OpMATO- — ¥ vy y
POB TOKa

KosthuimenT TpancdOpmaLiu TpaHC- K; 1000/1 2000/1 6000/5
(OopmMaTopOB TOKA

580.1 1260-1 15 160-1

BropHuHLIi TOK B Neyax 3aiiuThl, Igon, » = W=0s58 200071 6T00/FT=I2'65
€OOTBETCTBYOLLIHHA NPOXOAHOH MOILHOCTH Lok :
3alMIaEMoro aetorpancdopMartopa, A =--R—I---

2.2.1. OnpenensioTcst NMEPBHYHEE TOKM LN BCEX CTO-
POH  3alLHINAEEMOr0 aBTOTpaHC(OpMATOpa, COOTBETCTBYIO-
liHe erc npoxofHoli MowHocTH. Ilpu 3TOM NepBHYHLIA TOK
Ha CTOpPOHE HH3IUEr0 HaNpfKEHHS ONpeenseTcsi KaKk TOK
B ¢aze, TIOCKONMBLKY Ha CTOPOHE HH3IIEro HaNpsXKeHHs
ISl 33lIHTH HCIONMb3OB2HH TpPaHC(OpPMATOPH TOK3, YCTa-
HoBnennne B ¢asax. OnpeflensiloTcsi BTOPHYHLlE TOKH B
niedax 3allHTH, HCXOAs M3 KosdguuuenTOB TpaHcdop-
Manuu TpaHcopMaTOpPOB TOKE.

PacyeTsl BHIOJHEHH B COOTBETCTBHH c m. 2.2.1 H cBe-
nennl B Tabn. [14.1.

222. Onpenensiercsi MakCHMaJbHBIL NEPBHUHBIN TOK,
MpOXOASuMH  dYepe3  3aiUHLUaeMulii aproTpaHchOpMaTOp
npr K3 wMexpy Tpems dasamp ma uwmHax 220 kB, o71-
KJIOYEeHHOH CHCTEME CpeflHero HampskeHust u paboTe on-
Horo aprotpaHcdopmaropa (Toukz Ki® na puc. I14.2,2).
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K max

= 4754 A.

223. Oppepensiercl MepBHYHHIE pAacYeTHHH TOK He-
e
Gananca Ino,pace Ge3 yuera cocraasominX fpg pocq ¥

I;é:mﬂ npH paccMaTpuBaeMoM BHewHem K3 mo (2.3) H
(24) u B cooTBeTcTBHH ¢ n, 2.2.3.

Int.paca=1-1-0,1.4754—=4754 A.

2.2.4. TlpegBapHTenbHO oONpefensieTcsi MEPBHYHLIE TOK
cpabaTeBaHifsl 3alHTE B COOTBeTcTBHM c m. 1.2 HacTos-
wero TNpUJOMKEHHs 10 YCJOBHIO OTCTPOMKH OT MaKCH-
MaJkiloro Toka HebanaHca no (2.1}45:33 yuera cocTaBasiio-

Ganar 4 I
mHX ToKka HebanaHca H6, pacy H HG, pacy

Ics=>13-4754=0618 A;

N0 yCNOBHIO OTCTPOHKH 0T OpOCKa HaMardHHYHBAlO-
uero Toka mo (2.2)

Ic,a;z ll3'0|54' 580=407 A4

[lepBHuHblii TOK cpaGaTsiBaHAA — 3aIUHTH NpPUHHMA-
ercs paBHBIM [¢ =618 A.

2.25. Onpepmensercs u4HCJO BHTKOB oOMoTkH HTT
pene gns ocHoBHoit cropone 500 kB (32 ocmoBHylo cTO-
POHYy B COOTBeTCTBHM ¢ 0. 1.3 JaHHOrO TNpHAOXKEHHS

GpRuATa CTOpoHa OCHOBHOIO HHT&H]IS—I). anHHM&ETCﬁ

Gmixaiiliee MeHblliee TO OTHONIEHHIO K MOJYYEHHOMY H3
Buipaxenusi (2.18) uHC/IO  BHTKOB Woca==161 BHTOK.

2.26. TipemeapMTentHO ONp2eNsioTcAd 4YHCAZ BHTKOB
obmorkn HTT pene nas HeocHopHEX cTopoH 220 o
10 xB 3amMiuaeMoro aBTOTpPaEC(popMaTopa B COOTBETCT-
sun ¢ ([14.6) u (T14.7).

OTH 4HCAa BHTKOB YTOYHSIOTCA nOCNE YYeTa COCTaB-
nebananca lig pocqs OBYCTOBIEHHOH He-

HTT pene pacueTHBIX WYHCen

nsIoWeN ToKa

TOYHOCTBIO YCT3HOBKH Ha
BHTKOB cOrniacHo m. 2.2.8.

Pacgern no mm. 2.2.5
¥eHHsi cBeieHul B Taba. [14.2.

Hs n.ll tabn. I14.2 BHaHo, 4r0 Ko3ddHUHEHT OT-
CcTpOfikH He obecrmeuyuBaeT CeNCKTHBHOCTH NeHCTBHs 3a-
WHTE], TMOSTOMY NJAS OCHOBHOH CTOPOHHI ClelyeT NpPHHATH
HOBOE W4HCJO BHTKOB, Gnmikaiilliee MeHblllee IO OTHOLUE-
HHI0O K moayuyeHHoMy B n.3 Taba 142 u nepecyuTarb
yucna sHTKOB 06MoTkM HTT pese nns HEOCHOBHHX CTO-
POH. YKa3aHHOE CHHXKEHHe HYHCEJl BHTKOB [JS OCHOBHOH
CTOPOHH H TNepecyerT yucna BUTKOB -o6Motkn HTT pene
ISl HEOCHOBHBIX CTOPOH JOMMKHO NPOH3BOAHMTHECH, AO TEX
nop, nmoka Hu obecneuntcsi cenexTHHOCTh. OKoHuaTesb-
HO TPHHSTHIM YHCIOM BHTKOB JIJf OCHOBHOH CTOPOHE!
SBHIOCh Wocon= 155 BHTKOB, a [N HEOCHOBHHIX CTOPOH
wer=141 BHTOK B @Wrpa==8 BHTKOB.

Cxema sriiouenus pene PHT-566
puc. T14.3.a.

227 Onpepensercsi 4YYBCTBHTENBLHOCTH 3aLIHTHL TPH
K3 B samumaemoii sone no (I14.15) u (I14.16) B coot-
BeTcTBHH ¢ 1. 1.6 HacTosIIero NpHAoKeHHs.

CxeMH 3aMeineHHs [Oas pacyera TokoB K3 B pac-
HeTHEIX pelHMax npHBelenn Ha puc. [142e _k, 2
3HayeHMs] TOKOB cBefeHn B Ta6n. I74.3.

PeaynbraTl pacdetoB no n.2.2.7 KACTOSIEro NpH-
JIO3KEeHHs] NpUBeIeHs B Tabn. I14.3.

2.3. Pacuer 3auwiMTH, BHIMOJIHEHHOH € pene THOA
I3T-11/4, 6e3 yuera lyg pacy TPOMSBOAHMTCS B CJHEAYIO-
meM nNopsaKe.

2.3.1. IlepBuunue TOKH A#/f BCEX CTOPOH 3alluluae-
Moro asToTpaHcopMaTopa, KO3(GHUHEHTH TpaHchopMa-
LM TpaHchOpMaTOPOB TOK2 H BTOPHUHHE TOKH B mJe-
yax 3alUMTH 3auMCTBOBauH M3 Taba. IT4.1.

2.3.2. Bubupaercs CTOpoOHA, K TpaHcdopMaTopaM ToO-
Ka KOTOpoH peJjecoo6pasHo TNPHCOEAUHHTH TOPMO3HYIO
o6MOTKY pene. B cOOTBeTCTEHH € peKOMeHAaUHAMH
n.3.1.5 TopMmosHyio oOMOTKY NenecooOpasHO BKMNIOUHTH Ha
TOK  TpaHchopmMaTropa .TOKa, YCTAHOBNEHHOIO Ha CTO-
pOHE cpefHero Hamnps kKeHHsl.

i 2.2.6 HacTOfIErO TPHJNO-

NpPHUBEIeHa Ha
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Ta6nuna (4.2

n;:!. Hamumenopaghie BeTHIHH Ofio3HaYerHe H METOA Oonpellefeins YucJoBoe sHaueHHe
i Tox cpaBaTeiBanHA pene Ha OCHOBHOM I, skex 618-1
cropotie, A Ie.p.oon ="K pes . 100071 = 0:618
Pacuetsoe vumcno Butkos obmorxs | Fo (2.18)
2 |HTT pene fisi OCHOBHOII CTOPOHE! Fe p 100 =181 .8
Woc, pacs = T - & e 0,618 s
[Ipe/iBapHTEALHO NPHHATOR YHCIO BHT-
3 z-?-:poof:[mTKH HTT pene mifi  OCHOBHOI Weice 161
[To (I14.6) Vi
i Pacuerroe wicno BHTKOB  OOMOTKH WeH pacy = 2000/1(230/V 3 — 16.4) ¢
%TKBpe.ne A7 HEOCHOBHOH CTOPOHL Kl g i 0y 1000/1 (500/V 3—16,4-2)
A “BH =
Kipr(Ug, siom, B — Vo, per) PR TET
INpepsapuTensro  npHEATOE  YHCIO
5 |eurkos oomorku HTT peie mnsi weoc- YcH 148
noeuoil croponn 220 xB
PacyeTHoe 4uCHO BHTKOB OOMOTKH Mo (TH.7) 6000/5-11 v
6 II-}JTEB pejie [Jii HEOCHOBHOH CTOPOHLI . A Ky Uyom, i . 1000/1 (500/]”5'...]5'4.2)
HE =
P ™ K rar(Us, wow, s—Uper) X 161 =8,29
IMpeneapaTENEHO NPUHATOE YHCIO BHT-
7 |koe obmorkn HTT pene st HEOCHOE- UaH 8
wofi eropons 10 kB
Cocragasiiomjasi NepeaYHOrO TOKa He- [To (2.6)
g |6ananca, ofyciomleHHasi OKpyT/ieHH- _ 146,2 — 148
€M paCYETHOrO YHC/A BHTKOB HEOCHOB- 1% WeH pace — YeH 146.2 -4754 | = 48,6
HOH CTOPOMEI JNA pacyeTHoro chyvas G, paca — e — Ik max 4
noepexcieHns, A CH pacn
lMepeuunbiii pacuerHuli TOk Hebanamca 12 = [I' L+ r” | 4754 - 48.6 — 524
9 C YYeTOM COCTapJstoLled IHG pacu’ BV, pac u0, pacy 6, pacy e =
1o | Tox cpabatusanns sauure wa ocros- Fe,p Krgn 100 1000/1 _ .,
uoii ctopone, A fe.s= Woen  Rex [ A ™
Yrounennoe :HaueHne Kos(pHUHEHTA _ s 621 c
11 lor erpoiiku kore = T s gy — 1190 s
VTounennoe unci0 BHTKOB OOMOTKH Woem 155
12 [HTT pene ansi OCHOBHO CTOPOHBI =
VrouneHHOe pacyeTHOE YHCHIO BHTKOB Mo (114.6) 2000/1 (230/V 3 — 16.4)
obmorkn HTT pese pafi  HeoCHOBHOI Wekpacy = 2000/1 (230/)' 3 — 16.4)
13 |ctoponw 220 B 1000/1 (500/V 3 —16.4.2)
po U ) / /
] Kycn Uy, now, ci — 0,504, per 2
I W 1856 = 141
Kipn (Um, Hon, BH ""Ud)-pﬁl‘)
YTouHenHOe YHCIO BHTKOB OOMOTKH
14 HQ’BT pelle [Jf HEOCHOBHOH CTOPOHBI %en 141
220 kB




ITpodoaxwc. mabn. I14.2

nji. HanvenoBanHe PelTAYHH

Ofo3nayenHe H METOM ONpPENeeHH:

Uncnopoe 3Ha9eHHe

VTOYHEHHOE pacyeTHOE 4YHCJO BHTKOB
I5 [o6morkn HTT pese mjsi HEOCHOBHOJ

Mo ([14.7)

o, =
cropors 10 kB HH pacy 6000/5-11 e
o K; 1mUsion, HH 1000/5(500/V 3 —16,4-2)
KIBHfU{tJ, wom, BH — Ul‘}). per} X 185 = 7,98
!6 y'l.‘OlIHE,liHOe YHC.IQ0 BHTKOB OOMOTKH
HTT pene nns HeOCHOBHO CTOPOHEI @PHH 8
10 xB
o Cocrasnsiomas neppuuroro Toka me- | Tlo (2.6)
Gasanca, ofycnoBjeHnasi, OKpyrieHHeM & il
VYTOYHEHHOTO PACYeTHOI0 YHCNA BHTKOB o __| CH pacu CH , 0
HEOCHOBHOH CTOpOHLI [l PacyeTHoOro uG, pace - K max
coVyasi nOBpexaeHns, A LS
18 Tok CpaGaTLBAKKS 3aIMTH HA OCHOB- Fe,p Kipn 100 1000/1 dh
Hoii ctopome, A c.3 = —wocn Fox 155" 1 =
[lepBuunLIii  VTOYHEHHLIH pacyeTHbI ’ o
19 -ro'ni'neoa.'ianca C YUETOM COCTaBJsIOMIEH Tus, pacu= [ 15, pacs | + 1116, pacu | 475,4 +0 =475,4
!HU. pacq’ A
op | YToumennoe swauenwe KOS(uunienta Bor S k. s 645 L 198513
OTCTPOIiKH €™ Iy, pacu 475,4 . '
21 | OxoHuaTeALEO NPHEATOE YHCJIO BHTKOB Weys Yenr YHH 155; 141; 8
-y Pene muna PHT-566 Pese moxa. J3T—11/4
d § & = T =
— | { 2 Wo 1|
| it '
; 1 & |
Wi | |
9 11 L 2 i|| Z5sswstes so0zmw0 1
T I {
365 pateaNT o000 [l s |
° | 0 7 14 2128 35 260 1761349250 | [
| 218 | ) |
1 I 071212835 280 176 5250 |
i i F % el | con e I " i
t | K mpaxcgopmMamopa 1 o, "
KOMNEeHCAYLOHHOL gt o KOMNEHCOYUOKHOL { J
odmomxu u 8 pase HH : 0 4 8 12 16 2024 1371098153 25 odmomxis 1 8 pase HH ‘
aBmomparcgopmatopa | %ﬂﬁnmmpaﬂapc?pmmpfl 0 4 8zt202% 137 B15325
e T = | T
I 1
| TN f ‘
| . - 2
ILufzsffsssszsfsfzs - 0123456 322619125 ]
ol va
a) K pene dpyzux ppaz—y > 3) ;Z
K pene dpyzou @azs

Prc. 114.3. Cxempl BKJIOYEHHS pesie B npuMepe pacuera nu(pdepenunasLEOf TOKOBO#H
TpancdopMaTopa € BHHECEeHHOl Ha OOKOBOF CTepIKeHb MArHHTONpPOBOAA peryJHpoBOYHON OOMOTKOI:
a4 — FpH ENNONHEHHH 3alHTH ¢ pene THna PHT-566; 6 —To e c pene THna O3T-11/4

samaTel  opxodaszHOro aABTO-
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Ta6auuya [N4.3

3uavennn Toxkos K3 no puc, I14.2, a, opiselelHLIX K COOTBETCTBYIOLLHM CTOROHAM,

A, NpE NOIOMEHMH PeryaaTopa
n?n.!. Bua u M;c:: ‘KS B sséu.m‘mmoﬂ Testy I ;3 » ion
+PO —PO +PO —PO +PO
K3 mexpy ppyms ¢dasamMm Ha Bol-
1| Bopax HuSIIErOo HANUPSHKEHMS AaBTO- 406 682 406 682 1633ﬂ — 3168
TpaHcdopmaTopa B pexxnve 11 257,6
K3 mexny np 3aMi Ha CTO-
2 | pone cpe.tlnyem Y::ng?menm aBTO- 3190 3961 3190 3961 1]
TpaHcopMatopa B pexcume I1 2
K3 mexay aByma ¢asaMH Ha cTO- = 508
3 | pone BHICIIErO HaNpFMEHAA aBTO- 0 0 — 3018 — 3272 mlsmzm
TpascgopmaTopa B pexeme II1 2 .
K3 na semnto opHoH ¢assl Ha €TO- 1723.2 -}
4 | pose cpesHero HampRmKEHWA AaBTO- lg‘;'? +69 4 1108 = 3669 4554 0
TpancdopMaTopa B pexcume II 2 + 821 =36 = 4554
K3 ua semmio opnHoii a3l Ha k. (1167-2 4 1017) X
5 | cropore Bhicwero HanpmeHus aBTO- 0 .0 = “6;';;5'0—- — 1287-3 = 500
TpancpopMaropa B pexmme I11 2 = —3b0l | = —3861 XéS—__?'B — 6501
NMpumevamne., CM. opEneianEe K pme. [14.2. .
11 podoanc. maoa. M14.5
3uavenrst TokoB K3 mo puc. I14.2, a, EPHBEJIEEHLIX K COOTBETCTEYHANLHM
CTOpOEaM, A. NP DOJOXKEHHH peryiaTopa
Ne Bug B mecve K3 B zamiuul aeMofl ! ' r
. SOEE B PEIRHME CH len HH
—PO +PO —PO +PO —PO
K3 wexpy nByMs daszaMm Ha Bbl-
I | Bopax mmswero = Hanpskenus aBTO- 1133@:-12587 3168 2587 0 0
TpanchopmaTopa B pexkume 1l 219
K3 wmexay aeymst dasamm ha cro- —3190X | —3961X
2 | pone CcpeliHere HAUPTKEHHS ABTO- 0 500 500 0 0
TpanchopMaropa B pexcume II 2 Xm# T
= —6189 (= — 9043
K3 mewny meyms cdazaMu Ha CTO-
3| pore BacTIiero nang:ﬂem asto- | 3272 ﬂ—u-=‘.?47't'.‘i 5855 7470 0 0
Tpancopmaropa B pexcume 111 2 219 .
K3 na semato onkoil ¢aszbl Ba cro- (—1424-3)X| (—1723.3) X 603-500/11 615-500/11
4| pore cpenmero HanpskeHMs aBTO- Y 500 500 Ve = VE =
Tpancopvarepa B pexuve 11 2 Xm— Xﬁ-z 3 3
POHE BHICWIEFQ HanpsiKewus aBTo- =+ 1079) X Vi e
Tpancopmaropa B pexume I11 2 500 3 3
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Tabnuna 4.4

H anMeHOBaHWE B eTHUNHBI QGozpaverine B MEeTOH olipele/IeHRdA Yrcnosoe 3BaveRie
Toxk cpabatviBanmsi penie Ha OCHOBHOf Ie, skex 470-1
cropane, A Le.pcon = Fpggy * o001 ~ 47
Pacuernoe umeno ButkoB obmorku | 1o (2.18) 100
THH pene psisi OCHOBHO# CTOpPOHEI Feg Wk 213
Wocn,pace = Tl o 47
IpunsToe uHC/0 BHTKOB OOMOTKH & 208
HTT pene nns OCHOBHO# CTOPOHHI oce
Pacuethoe umcno sutko obmotkm | [lo (I14.6) =
HTT JJifi HEOCHOBHOH CTOPOHLI = e
220llthtme R Upu ; WeH pacs . 2000/1 (230/ 3~ lﬁ"”x
_ Kicit U, mow, ctt — 0:5Us, per) 100071 (500/V 3—16,4-2)
Kipt: Uy, won, 81— U, per) & X 208 = 189
IlpmusiToe whHelO BHTKOB  OOMOTKH
HT E!Jeme JUifi HEOCHOBHOIi CTOPOHE! “cH 183
220 x
Io (I14.7)
H%cllernee YHCT0 BHTKOB OGMOTKH Ky U i 6000/5- 11
LS HEOCHOBHOIi CTOPOHHI |- rd HOM, - %
10xB" ik s = T U mom i — Upped) | 1000/1(600/V3—16.4.2)
i 208 = 10,7
X wpy X
Ilpunntce unero BuTFOB  OOMOTKH
HTT pere 15 HEOCHCBHOH CTOPOHBI ©HH 10
10 xB :
Tatauya 4.5
HanMernoBaERE BENRYHHE! OGosnauense B Mevop onpefieieRns YKcJoBOE 3HaYEHHE
Meperummii pacueryuii Tok weGananca | 110 (2.3), (2.4), (2.6) r, .
¢ yueron coctansiowteii fyg ooy, A I'e6, pace = : ('-1-0.1|+| 1891-;9183’ ))\_
WeH pacy — YoH 0
(kncpkmn‘ T B ) [ Y4754 = 623
Pacuetnoe uncno ButkOB TOpmoswoii | 110 (3.4)
obmoTkM HTT peae Iﬂﬁlmm%.pm m —49.,5
%pu.pﬂcq=ko'rc____‘_'—'ﬁmp“tga 4754-0,75
IpunATCE YHENO BHTKOB TOPMOZHOI
oomotk HTT pene Wropm 55

2.3.3. Onpenmensiercs MHHHMAJBHBEI TOK cpabaThiBa-

HHfl 3allHTH B COOTBETCTBHH ¢ N.1.2 HACTOSILEro mNpH-

JIOMEHHA:

Ic2=1,5-0,54-580=470 A,

MHHIMA/BHBI TOK CPabaTHBaHUs 3alMTH [OPHHK-

MO YCNAOBHI OTCTPOfIKH OT MAaKCHMaJbHOTO TOKAa He-
Gananca npu K3 mexay TpeMs §azaMu ua CTOpOHe HH3-
IIEr0 HanpseHWs No BhpaxeHuio (2.1)

I6,:=>1,5-0,1-1580=237 A;
rae 1580A — tok Tpexdasworo K3 B Touke K: B peH-
Me 112; A
Mo YCJ0BHIO OTCTPOHKH OT OpocKa HaMarHH4HBaloime-

TO TOK3a [IPH BKJIOYEHHH HEHarpy»<eHHOro aBToTpauncdop-
MaTopa noj uanpsikenue no (2.2).

MaeTcs PaBHHM J¢amin==470 A.

2.3.4. OnpenensioTcs uHCAA BHTKOB pabouefi o6MoT-
ku HTT pese ans ocHosmoil crogonu 500 kB u amns
HEOCHOBHHX ctopou 220 u 10 K B COOTBETCTEBHH C
n. 2.26 HaCTOALIErO NPHIOXKEKHS, HCXOAS H3 SHAUYEHHS
MHHHMAJNBHOIO TOKa cpabaThBAHHA 2aMHTH . amin=—
=470 A, nonyuennoro s m.2.3.3 HACTORIIErO NPHJIONKE-
uns. Pacuern ceemennt B Ta6n. [14.4. [puuumalorcs
CNefYIOLHe YHCAA BHTKOB: Wocn=—208 wr— 183, wpi=

=10.
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Ta6auua 4.6
Ko3pPHUHEeHT YYBCTBHTEIBHOCTH
salllHTH ¢ HCNONbL2OBAHHEM peJe
THIIa
Bup K3 B sauult’naenoﬁ aoHe o ' e g I ——
¥ pexuM paGoTh CHCTEM jGes Henoas™
C HenonpsoBaHHeN Toka| SOBAHHA
B KOMIEHCALHOHHON TOKd B
oTKE KOMMeHCa-
HOHHOI
OGMOTKE
K3 mexny neyms ¢asa- 3.0 aail 3,9
MH Ha BbIBOAAax HH3LLIEro
HanpsikeHHst  aBTOTpaHc-
(popmatopa B pexcume 1
K3 mewny nsyma (asa- 4,3 5,9 6,8
MH Ha CTOpPOHE CpeIHero
HanpsKeHHA apTOTPAaHChOp-
maropa B pexnme [12
K3 mewny nsyms ¢asa- 4,6 4,0 2.9
MH Ha CTOpPOHE BRLICLLIETO
HanpseHHs apToTpancop-
maropa B pewume (112
K3 ua zemnio oauoit ¢a- 5,9 7.8 8,9
3kl HA CTOPOHE CpeHero
HallpsiKeHus aBTOTPancdop-
varepa B pewume [12
K3 Ha semmo OJHO# a- 5,5 4,7 3,3
361 Ha CTOPOHE BLICILETO
HANPMKEHHA aBTOTPaHCHop-
matopa B pewnme LI12

NMpumeyak He CM. npuMeuanne 1 pic . I14.2.

2.3.5. Bubupaercsi HeoOXOAHMOe 4HCIO BHTKOB TOp-
MoaHoit o6motkm HTT pene B cootBercteHu c 1n.3.1.6.
Jlast storo paccMaTpHBaetcs BHemsee K3 mexny TpeMsi
¢azamMp Ha CTOpOHe CPEIHEro iaNpsXKeHHs NPH OTKJIO-
UEHHOJi CHCTEMe CPCAIHero HANpSUKCHHA M padOTe OMHO-
ro asroTpaHcpopmatopa (puc. I14.2,¢). Onpenensiercs
repBHuHLIE TOK HeGajanca M HeoOXOAMMOE uMCIO BHT-
KOB TODMO3HOi 0OMOTKH. PacueTol CBe[eHb B Tabn. I14.5.
Cxema BKIOYeHHS pene C YyKa3aHHeM €HCJA HCNOJNL30O-
BAaHHEIX BHTKOB DabOuHX M TOPMO3HOH# 0OMOTOK HTT
pene npusefiena Ha puc. [14.3,6.

2.3.6. Onpenenasercsi 4yBCTBHUTEJIbHOCTh SALIHTHL IPH
MetTanaHueckux K3 B sammmaeMofi 30He, KOTNLa TOPMO-
xenpe orcyrerByer, no (I14.15) n (I14.16) B cooTsercT-
BHM ¢ 1.1.6 Hacrosulero npuaoxkeHust H no (2.26).

237. Onpegensiercst 4YYBCTBHTENBHOCTH 3AIIHTH! NPl
K3 B 3ammuaeMoil 301e, KOrja HMeeTcsi TOPMONKeElNHe,
B coorBercTBHH ¢ T.1.6 HacTosmlero NDHJOIKEHHA #
n.3.2.10.

Pa6ouas MJIC HTT pene Fpag Onpenenserci no
supaxennam  ([14.15) n ([14.16). Topmosnasn MIcC
HTT pene Fropw u paGouass MJIC cpaGaTuiBanis pene
Fpa6, o, p ONPENENsIOTC MO METOJIHKE ch. n. 3.1.8).

CxeMH 3amelleHMss ans pacdera TokoB K3 B pac-
YeTHHIX peXkHMax npueefieHn Ha puc. [14.2,e —r. 3ua-
yeHHS TOKOB YKasaHu B Taba [14.3.

Pesynprath pacueroB no mn.2.3.6 m 2.3.7 nacros-
Liero NPHNOXeHHs cBefileHH B Taba. I14.6.

2.4. B uensx CpaBHeHHs JYBCTBHTeNILHOCTH JBOe-
peHIHANbHEIX 3allHT PASJIHYHOTO HCNOJHEHH OBl BhHI-
noJHen Takie pacueT AHbdepedliAaNbHOH 3aLIMTH C pe-
ne tuna J3T-11/4, BrmoueHHoll NoO OOCLYHON CXeMe,
7. e. 6e3 HCNONb3OBAaHHA TOKA KOMIEHCALHOHHOH ©6-
MOTKH, pearupyioueil 1 Ha Tox ["ws.

PacyeT NDOHSBOAKICH B COOTBeTCTBHH C T 3 u B
HacTOsLleM NPHMePe He NDPHBEIEH.

B peaynprare pacyera ObUIH TNOJYYEHB! CAEAYIOLIHE
napaMeTphl 3aLIATHL:

TOK CcpabaTHBaHHS 3aUHTH, TMPHBENCHHEIH X CTOPO-
He BeICLIEro HanpsukeHus, [, =470 A;

HCNIOJIb3yeMOE 4YHCIO BHTKOB paboueli OOMOTKH Ha
cropone: BHCwero Hanpskenust wpu=208; cpeaHero
HanpsixkeHus wWemp=183; HHU3IIEro HANDSIKEHHA WHEH=
=14

HCTIONB3YeMOe HHCIAO BHTKOB TODMOSHOH OOMOTKH,
NDHCOSAHHEHHO! K TpancdopMaTopaM TOKa, YCTaHOB-
NeHHEM HA CTODOHe CPelHero HanpsKEHHS, Wropn=105.

KoagpuunenThl qyBCTBHTENL IOCTH cReneHH B
tabn. I14.6.

25. Hs paccmorpennst Tabna. [14.6. mMoxHO cHenath
cleAyiolHe BHBOJH:

25.1. InepenunansHas 3aillHTA,
HCMONBL30BAHHEM TOKA B KOMMCHCALMOHHOH OOMOTKe H
pene tina PHT-566 (cM. n.2.2 wacrofllero npuaoxe-
HUIS), HMEeT HYBCTBHTEJILHOCTb iiPHMepHO Ha 70 % Bu-
we, ueM pauddepeHuHasbHAR 3allMTa OOGHYHOTO BHINOJ-
werust ¢ pene tunma J3T-11/4 npu K3 ma cropore shic-
llero HanpsKEHMs W OTKJIOUEHHOM BRIKIOuaTene Ha ITOf
ctopone (pexum I112). Tlprn mpyrux K3 wyBCTBHTENb-
HOCTHL SalllHTH, BBHINOJHEHHOH C Dejie THIA PHT-566, Ha
20—35 9 HuKe, YeM y SalUTH OOLMHOTO BHIOJHEINHN
c pene tuna O3T-11/4.

25.2. Inddepenunanpian 3amuTa, BHNOANEHHAT C
HCMONB3OBAHAEM TOKA B KOMIEHCALUHOHHON OCMOTRE M
penre Tuna J3T-11/4 (cm. n.2.3 wacrosunero npHJONKE-
HHst), HMeeT UYYBCTBHTENBHOCTE Ha 40—50% Bmue,
geM mH(iepeHlHanbHAA 3allHTa OGBMHONO BHMOJHEHHS
¢ pene tuna JI3T-11/4, npu K3 Ha cTOpOHE BHICIUErO
HaNDAMEHHA H OTKIKYEHHOM BHILJIOYATE e HA 3TOH CTO-
powe (pexxum 1112). Ilpn npyrnx K3 dayBCTBHTENBHOCTD
97oii samiutTe Ha 12—20 % HHXKe, UeM Y 3SaUIHTH o6mit-
Horo Bunonmenust ¢ pese tuna J3T-11/4.

Cnenyer ©OTMeTHTb, 4TO peajbHO BO3MOXHHIMH TO-
BPEXKJIEHHAMH SIBASIOTCA TOJBKO 3aMBEIKaHKs Ha 3eMnio
onHolt dase H PeAKo Mexnydasibie K3 Ha cropone CH,
rax Kak ®a cropoHe HH m, Xak npasmno, Ha CTODOHE
BH samura BKJOYACTCA Ha BCTPOEHHbie TpaHC(POpMATO-

BEIMOJHEHHaA C

DBl TOKA.
253 BBuay CJIOXKHOCTH BHIMOJHCHHS W pactera
audpepeRuHanbHOf 3aUMUTE € ACNOJIL3OBAHHEM TOKA B

KOMIEHCALHOHHON OOMOTKe Ona MOXeT NDHMEeHAThCH B
OTAeNbHEIX ChOyyasX, Korna yKkasaHHoe HeOOXOnHMO JH
oGecneueHusi TpeOyeMoli  UYBCTBHTEJALHOCTH. Cnenyer
TaKkikKe OTMETHTb, 4TO 3J4IMHTA NO NPHHUMNY AEHCTBHS HE
pearppyer Ha BHTKOBHE K3 B peryJaHpoBoYHOil 0OMOTKE.

NMPUNOWEHME TS5

YCTPOHCTBO M NPUHLMI OEACTBMA YYBCTBMTENBHOW OUOGEPEHLHANLHOM TOKOBOH

3ALYMTBI TPAHCDOPMATOPOEB M ABTOTPAHCHOPMATOPOB TMNA A3T-1

1. [udpdepentHanbHaf TOKOBaA zauMTa THOA
N3T-21 ([3T-23), paspaGoranuas BO- BHHHP, obGna-

naeT BBICOKOH UYBCTBHTENbHOCTBIO, AoCTATOTHOH — Anfl
» Hacrosllee WpENQIKEHHE COCTaBlieHO C HCMOALIOBAHHEM
MaTEpHalOB KAHA. TeXH. HayK A. M. JIMuTpERKO H HAX.

M. T. Jiuata (BHHHP). 3
80

{B31-23) %

OTXJIOUEHHS TMOBPEIK/CHHH, CONDOBOKAAIOWHXCS TOKAMH
B 3aluTe, MECHbLIIHMH HOMHHAMALHLIX, 9T0 [enaer npaMe-
HeHpe ee 0Co60 Lesecoob6pasHhIM B NepBylo ouepenb ANf
FEMMTE  MOIHBIX, JOPOrOCTORUIHX rpancopMaTOpOB M

aBTOTPaHC(hOPMATOPOB.
Sammura tona J3T-21 npennasuayena s paboTk



fpH NHTaHAM OT CeTH NOCTOAHHOTO TOKa HanpfiKeHHeM
110 mon 220 B wuom GJioKOB NMHTaHHMA € HOMHHAJBHEM
BHIXOIHEIM HanpsiKeHHeM BHOpsmJenEoro Toxka 110 B.
Samura tHna JI3T-23 npennasnadena ass paGoTH NpH
NHTaHHH OT CETH MOCTORAMHOrO ToKa Hanpskenwem 220 B
u uMeeT nocdasdble BHIXOJHL

2. Jns orcTpodkH oT OpOCKa HaMarHHYHBaiollero
TOKa NpH BKMOYeHHH HEHArpy»eHHOro TtpaHcdopmaropa
(aBroTpancopmaropa) NOA HanpsiKeHHe H OT Nepexol-
HEX TOKOB HeGanaica npu BHewnnx K3 B samurte ce-
prr JI3T-20 HcHosib3yeTcss BpeMs-HMOYJbCHblH NPHHIHD
GJIOKHPOBAaHHA 3alluThl NMPH NO4BJEHHH B KPHBOH AHG-
depeHnMANBHONO TOKa Nays, AJHTeNLHOCTHIO MNPEBHILIAK0-
HIHX 3ajaHHY0, B COYeTaHHH C TOPpMOIKEHHEM OT n-ropofi
rapMoNmKH. Jlns yaydileHHs OTCTPOHKH OT «Tpaucop-
MHDOBAHHEX» OLHONOJSPHEX OPOCKOB HaAMarHHYHBAIOLIE-
ro TOK3 MHCNOJB3YeTcsi MPHHIHMA KOPPEKLMH (POPMBI KpH-
BOji BTOPHYHOrO TOKa. JlJifi OTCTPOHKH OT YCTAHOBHBIIMX-
€51 ¥ TepexoAHHX TOKOB Hebalalca HCNOJb3YeTcs TOPMO-
KEHHE OT TOKOB MJIeY 3aIHTHL

Penie ofecmeyHBaeT TOPMOXKeHie OT apH(pMeTHyecKoli
nonycymmel (ha3HeX TOKOB ABYX TPYHN TpaHC(pOPMaTOpOB
Toka. [IpH HeoGXOOMMOCTH HMEeTh TOPMOM(EHHE OT Tpex
MM 4YerHlpex [PYRN TpaHcgopmMaTopOB TOKAa HCROJB3YIOT-
ca TpexdasHble NPHCTABKH [ONOJHHTEJILHOLO TOPMOXKE-
uua tana [IT-1.

Jlns obecrmeyends HafeXHOCTH H YMeHbLIeHHS Bpe-
MeHH JelicTBHs peJie mpH  GOJBILAX KPaTHOCTSX TOKOB
K3 B s3amuimaemoii 3oHe, KOrja MOMKeT HACTYNHTh Ha-
chillenHe TpaHcdopmaTopoB ToKa (ocobenHO NPH HAJH-
YHH anepHOZHMYECKOH caaramomieii), a BO BTOPHYHOM TOKE
NOSBATCA IJHTEJbHHE nayse, npelycMoTpena nudge-
pEHU.HaJTbH&H TOKOBasi OTCEJYKa.

3. Topmosnas xapaktepuctnka pete (puc. I15.1) co-
CTOHT H3 TOPHSOHTAJNBHONO ¥ HAKJOHHOTO YYacTKOB, 4YTO
yJiyuliaeT 4yBCTBHTeJbHOCTb 3amnTel K K3 B 3aulHmae-
MOl 30He NpH NPOXOXKJAEHHH CKBO3HOFD TOKa HAarpyskH.

MunnMaiblBEi TOK cpabaThiBaHlis peJie NpH OTCYTCT-
s TopMOXKenHsi [c,p min (B Opefeiax ropH3OHTAJBHO-
rO yyaCTKa TOPMO3HOIi XapaKTEDHCTHKH) peryJHpyercs
maasio ot 0,3 no 0,7 HOMHHaJLHOPO TOKAa RPHHATOIO
oreerBoeinss Jors, nom TpaHcpeaktopa TAV perne.

JlJHna ropH3OHTAJBHOTO YYACTKA  XapakTePHCTHKH
Iropm, naw, n PECyJHDYeTCs CTYNEHY2TO Ha ABa MOJIOJKe-
una (0,6 w 1,0) HOMMHAJBHOrO 7OKa NPHHATOrO OTBET-
BICHUS TPOMEXYTOUHHX Tpancgopmatopos toKa TA ue-
NH TOPMOMKEHHsl pelle M NPHCTABOK  JIOMOJHHTEJbHOrO
TOPMOIKEHHS.

KosbouuxenT TOpMOMKEHHs peJie, PaBHHEIH TafreHcy
yria Hak/JIOHA HAKJOHHOH YacTH XapaKTePHCTHKH,

Al

k i R
TopM T 0, 5A% ropy, B
.

(Al — npHpaiiedHe ' OTHOCHTENHOTO  M(XpePRHIHANLHOrO
*
ToKa, a 0,5AE rpy, o — NpHpauenie apH(MeTHYECKOH nony-
*

CYMMB OTHOCHTEJBHEIX BTOPHUHBIX TDSMOSHHX TOKOB)
peryJupyeTcs MJaBHO B Mpejesax 0,3—0.,9.

4. 3ammra tuna J3T-21 ([O3T-23) ~BunonHena
Tpex(asHoii B YeTHIPEXMOAYJbHONH Kaccere: TPH MONyJd
no ukchy a3 u yeTsepThiH OOWNH MOLYJE RHTAHHSA H
VApaBJieHHs (CTabHIH32aTOD MHTaNis MNOJyNPOBOAHHKOBHIX
lienell, BHXOAHOEe TPOMEKYTOYHOE peJie, CHIHAJH3AUHA H
T. A.).

}'Ipmunuaaman cxema (asHoro Mopyas peje and-
depennpansnoi samuret MP3J1 (pHe. T1.5,2,a) copep:kHT
| CReflylollie OCHOBHbie Y3/bi: paboiyio Uenb, YHPOLICHHYIO
Uen, TOPMOMKEHHs OT BTOPOH TapMOHHKH; LeNb TOPMOXE-
HHS OT TOKOB B NJeyax 3allMTEl; PearHpylollui Opra.

Pafouan yeny COCTOHT M3 TpaHCpeaKTOpa TAV (of-
MOTKa ®Ws), BRINPAMHTEJBHOrO MOCTa Ha AHOAAX VDI —
VD4 u pesucropoB R7 — R9. OSmorounkie JaHibie TpaHC:
peakTopa M 3Havemusi pesucTopos R7 —R9 m R3 monoS-
palB Tak, YTO NOCTOjHHAas# BPEMEHH BTOPHYHOH LENH

6—245
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Puc. TII5.1. TopmosHele XapakTepHCTHKH pejie THOA

JO3T-21 (A3T-23).

lIpumedanne. 3HaieHus HO OCHAM N2HH B OTHOCHTENb-
HEIX efHHHIaX (N0 OTHOWEHHI0 K HOMHHAJLHBIM TOKaM HCNOJb3o-
BAHHBIX OTBETBJeHHfI pene)
= I !'rop'.\i. B

®A '

2 (=]
'
HOM, OTB *TOpM lf

HOM, OTB
TPaHCPeaKTOpa T (COBMECTHO C BETBBIO HaMarlHYHBaHMA)
granna npumepro 0,06 nmepHona NPOMBINJIEHHOH YacTOTHL

KasaHHoe 3HavYeHHe NOCTOAHHON BpeEMeHH ABJAGTCHA OI-
THMAJbHLIM H3 YCJIOBHS KOPPEKTHPOBaHHS (OPMH KPHBOH
«TpaHc(OPMHPOBAIHEX> ONHONOJAPHLIX TOKOB BK/IIOUEHHS.
Ilpu Takom 3HaYEeHHH T aNepPHOAMYECKas COCTABJSIOLras
Toka K3 B 3amuiiaeMol 30He NOIJIOILAETCS BETBBIO Ha-
MarHHUHBAHHS TPAHCPEaKTOPA MPAKTHYECKH MNOJHOCTHIO 34
BpeMsi, pasnoe 0,18 nepuoda NPOMBIIIEHHOR Y&aCTOTHL
bBuaronapst stomy pelle NpakTHYecKu He 3aMeajAeTcss npH
CHHYCOHAAJbHBIX ToKax K3 ¢ anepHOIHYecKOH COCTaBJIAI-
e, i

Ilpn Gosbikx kpatHocTsX TokoB K3 B samuiaemoi
30He, OCOOEHHO MPH HaJHYHH anepHOAMYECKOH cocTas-
nfOLIeH, MOXET HACTYNHTh HachileHHe TpaHchopMaTo-
poB Toka samuTe. [IpH 5ToM BO BTOPHYHOM TOKe TpamC-
¢dopMaTopoB ToKa NOsABJsIOTCS maysel. Jlas obecneve-
HHS HajeXHOCTH H OmCTpPOARi>TBHA  pelie B  3THX
pexxumax mnpumenena aH¢¢epeHuMalbHas OTCEYKa, BHIOJ-
Hennas Ha auome VD5, pesuctopax R2, R4 wm R5, kon-
pencatope CI H pelle ¢ MarHATOYNpPaBjiseMbIM KOHTAK-
tom KA. Huop VID5 npenaTcTeyeT paspaly KOHpeHca-
topa CI na paGouylo Lenb BO BpeMsi Hay3 B TOKe.
[TocTrosinHasi BpeMeHH LeNH OTCEUKH MPHHATa paBIOH NpH-
MepHo 1,5 mepuofia mpoMeilLlen#ofi YactoTe. [lpu sTom

‘npuONMKEHHO MOXKHO NoJjaraTh, 4to peje KA pearupy-

eT a2 CpeliHee 3HaYeHHe HANPSIKeHHs Ha BTOPHYHOH OG-
MOTRe TpaHcpeakTopa. Bnaronaps stomy obecneuHBaeTcs
HEKOTOpasi OTCTPOiiKa OT oaHonossipHeix Gpockom Hawmar-
HHYHBAIOLIEr0 TOKa H MEPeXOAHbIX TOKOB Helajanca, T. e.
OTceyKa He pearHpyeT Ha HMOyJbC Toga HebGanamnca B
nepphiil neproj OT BosHMKHOBeiHs K3. C nomoupio Ha-
kaagsn SX2, BeBelleHHON Ha JIHLEBYIO CTOPOHY NaHEeIH, MO-
WeT OBITh MOJMY4eHa yCTaBKa OTCEYKH 6 Jors,mom (MOJIOZKE-
uie a6) wmaH 9oremom (MONONenuwe 66) TpPaHCPEAKTO-
pa. Hsmenenre nosoxeHus uaknaikn SX2 npaxkrtuve-
CKH He BJIHAET Ha NpoLecCH B paGoyefi menH, TaK Kak
cymMma conpoTHBieHMH R2 u RS 3HaynTe bHO GOJbILE
NPHBEEHHOr0 COMPOTHBJIEHHS HMarpyskH BTOPHYHOH menH
TpPaHCPeaKTopa.

Jisi samuTs paGouedl men# ot BY nomex (¢ uacro-
tamu Gonee 1000 I'm) mapansensHo oOMOTKe @, TpaHC-
peakTopa BKJIOYen KoHpeHcaTop C5 HeGOMBIIOH eMKOCTH.
VkasaHuRil KOHNEHCATOD TNpPAKTHYECKH He OKashHBaer
BJHAHHA Ha XaDaKTePHCTHKH 3alluTel B paboyem 1nua-
nasoHe 4acroT.

Ilenv TOpMONCEHUS OT GTOPOU 2GPMOHUKI COCTOHT
us tpamncpeakropa TAV (obmotka w;), peauctopos RS,
R10, dumptpa BrOpoii TapMoHHxH LC2, BLNPAMHTENbHO-

ro Mocta na muopax VDIO — VDI3, craaxusawouiero
KoHpeHcaTopa C4 wu paspenuressHoro anoma VDI4.
81
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Crabunntpousn VD15, VDI6 npuMeHeHH AJH OrpaHHYe-
HHji TOPMO3HOTO CHFHAJa Ha YpoOBHe, COOTBETCTBYIOLIEM
nepuoaHYeckoMy Opocky HaMArHHYHBAOLIEr0 TOKa C
aMnaHTYROH 2/orp, mow- B KaUECTBe TOPMO3HOrO CHIHA-
Jida HCNOJb3YeTcsi BHNpPSMIEHHHE TOK mJieya (HALTPA,
comepxamiero KonzeHcarop C2. [obpotHocts (uabTpa
paBHa npumepHo 2,3. Ilpn 3mom oGecneyHBAeTCA OTCTPOH-
Kd OT NepHOIHYECKOro ﬁpocxa HamarHH4dHeawllero TO-
Ka, HMEIOLIEro [AJHTeJbHOCTh NIay3 He MeHee 4,5 Mc H
OTHOCHTEJIbHOE CONEpIKAHHE BTOPOH TAPMOHHKH He Me-
Hee 40 %.

Lleny Topmoscenus or TOKOB 6 NAeaX SQUUTH. CO-
CTOHT H3 TNPOMEXYTOUHHX Tpanchopmaropos Toka TAl

[ ] 1,0 Io-rn, HOM-

n TA2, punpsmHTeNbHEX MoctoB  VSI, V82, nnonos
VD6, DV7, ctabunutponos VD8, VDY, craamusaiollero
KoHpeHcatopa C3 B pesncropoB RI, R6, RIl n RIZ2.
Hns nomkjoueHHs OAHON HJAH JABYX TNPHCTABOK AONOJHH-
TEeNbHOTO TOPMOMEHHA TnpeaycMoTpedHnl BhBoam [[12/6a
n [ll2/7a. bnaropaps sKmoueHuro crabuantpoHos VD9
v VD8 B RauanbHOM 4YacTH TOPMO3HHIX XapaKTEpHCTHK
HMeeTCHd TOPH3OHTaNbHHI yuacTok. C noMouipio Haknan-
KH SX3 ycraHapnHBaercs IJHHA TOPH30HTAJAbHOrQ y4a-
cTXa  TOPMO3HOM XapawTepHCTYKH 0,6 Iore, o W
Perynipoeka kosbduiHeHTa TOPMOMEHHH
kroiﬁ} NPOH3BOJAHTCH C FOMOINbIO TNEPEMEHHOTO Pe3HCTo-
pa RIZ.
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Puc. I15.3. CipykrypHas cxeMa H BpeMeHHE!® KHArpaMMbl
paGoTH pearupyiolilero opraHa:

a — CTPYKTYpHas cxema; G — feficTBHe peardpyiOUIero oprana
npu Gpocke HaMarnMYHBAKONIEr0 TOKa; 8 — To Xe nopH K3 B 30He

IIpuHuHNHANBHAR CXeMa NPHCTABKH MONOJHHTENIBHOTO
TOPMOXKEHHS npuBefeHa Ha puc. 115.2,0.

IHpunyunuasbHas cxema peazupyroujezo opeauwa MpH-
pepena Ha puc., I15.2,6. CrpykrypHas cxema H BpeMeH-
Hple aHarpaMMbl paGoTel pearHpyiomlero OpraMa IphHBe-
neHn #a puc. I16.3. Pearnpyloniuii oprai COCTOHT H3
penefigoro ¢QopMHpoOBaTENs  NPAMOYrOJibHEIX HMIYJIBCOB
P&, sneMeHTa BHAGPIKKH BpeMCHH Ha BosBpaT Bs H
snemenTa BHAepxkn BpemcHn B. Tlpu ojHomosspHOM
Gpocke HamarHHyHBawmtero Toka (pHc. I15.3,6) AnHTeNb-
HOCTh Tlay3 Ha Buxofe P@, samepseMas Ha 3afaHHOM
ypoBHe, OGosbilc BHAEPKKH BpPeMEHH Ha BO3Bpat 3die-
MeHTa Bg H Ha BRIXOJE MocJjenHero HMEITCA naysu C
NepHOKOM CJe[0BalHs, PAaBHHM IEPHOAY MPOMHIULIEHHO R
YyacToTH; sseMent B, HMelowHi ycraHoBKy Gonee 1ie-
pHOAa TPOMHILJEHHOH 4YacToTe, He cpaGathiBaer. IIpH
CHHYCOHAZJBHOM TOKe Ha BXoJe pefie, NpeBHIUAOLEM
verasky (puc. I16.3,8), nnHTe BHOCTH MAy3 Ha BHXOAE
P& craHoBHTCH MeHbIle BHJIGPHKH BpeMEHH Ha BO3Bpat
sneMenta By, Ha BHXOfE IOCAEAHEro INORBJAAETCH
CMAOLIHON CHTrHaJ H 3JeMeHT B cpaGaTmiBaer.

VeraBka asnementa Bs Haxoldics B mpefenax 4,5 —
5 Mc, ycraska sseMeHta B—21—23,5 mc. Pesnefineiit
cdopmupoBaTesi, PP BHIMOJHeH M0 CXeMe YCHJKTeJNs-0r-
pannuntenss Ha tpansucrope VTI (cm. pue. I15.2,6).
PerynupoBka 7Toxka cpaGarhiBaHsl pesieifHoro (opMHpO-
patens PP, a chaemoBateNibHO, H MHHHMAa/JbHOrO TOKa
cpabaTHBaHHg pelie B LEJNOM NPOH3BOAHTCS € INOMOUIBIO
nepeMenHoro pesucropa RI3. DneMeHT BHIEDIKKH Bpe-
MEHH Ha BO3BpaT B, BHNOJHEH 1lo MOCTOBOH CXeMe H
BKJIOuaer B ce6s 3apsafiHyio wenb RS — CI u moporoBmil
opraH, BHMOJMHEHHHE Ha TpaHsucTopax V72, VI3 u pe-
JuTesie HanpseHHs R6, R7. DneMeHT BHIEPKKH Bpe-
MeHH BkJjiouaeT B cebs 3apsmuyio uens RI2—C2 n no-
pOroBhHiil Oprad, BHIOJHeHHHH Ha TpaH3ucropax V74,
VT5 n penwtene uanpsxenns. RI6, RI7. Tlonoxmtenn-
Hasg ofpatHasi CBH3b B pearHpywolileM OpraWe OCYIeCTB-
NAeTCA NyTeM NOJKIIOUueHHs JIHOMA VD7 Mexny BHXO-
JOM pearHpyIOIero opraHa M CpelHeli TOYKOH JeJHTens,
BEnOJiHEHHOro Ha pesHcTopax R6, R7. K stoii xe Tou-
Ke NONKJKYeHo 3apsajHOe CONDOTHBJEHHE RS 3jieMel-
ta Bs. Komnpencarop C3 wcrosbsyercs JAiA  cO3flaHHA
HeGOJLIION 3afiepKH  cpabGatuBauns P® (nprMepHO
04 Mc) ¢ Uesbio INOBHIUEHHA TOMEXOYCTOHIHBOCTH 3a-
H{HTH [PH MOSBJEHHH IPONONBLHON BEICOKOYACTOTHOH IlO-
MeXH.

CxemMa MOAyNS NHTAaHHSA W ynpasienHs MITY 3awwm-
T THna JI3T-21 (cm. pue. I15.2,8) comepxHT napamer-
pHuecKuil CTaGuJH3ATOD THTAHHS, BHINONHEHHEIR Ha cTa-
Guantponax VD4, VD5 u pesuciopaXx RI—R4. Cra-
6unutpoust VDI — VD3 w jmonm VD6.I caymxar &Ins
HeKoTopofi KOMIencaiu# pa3bpoca HanpszKeHHH ctabu-
nuzanun  crabwintpodoe VD4 u VDS coOTBercTBEHHO.
IMepeMpukn, NOKasaHWble HYHKTHPOM, YCTaHaBJ/IHBaKTCH
B 3aBHCHMOCTH OT HampsiKeHHsA CTabHAHTPOMOB MNpH 3a-
BOMNCKOIl KanuOpoBKe Mopxysis. HomuHasieHBE HampsMe-

84

MHTaHHA nenei
—13 B u +6 B.

Huon VD62 cnyiur pns 3allHTH CcTaGHAMTPOHOB
VD! — VD3 npu mnogaue Ha MOAVJib HanpskeHns o6-
pathoii mosspHocTH. Koepmencatop CI CaOysKHT Ajs mpe-
OOTBPALICHHA BJHAHHA TIOMEX no uenam NMHTAHHA Ha
pearupyioliHe opraHu peJe.

YeunuTenb, BHIOAHEHHBIH HAa ;Fauancmpax VTl —
VT2, umeer Ha BriXofe cxemy WJIM ma mmomax VDI —
VD3 ¥ cayXuT OAs CBASH BHXOJIOB PEarHpyiolUlHX op-
raHoB pese Kamuofl H3 ¢as ¢ NPOMeXYTOUHHM peje Ha
repkoHe KLI. Kowrakr pene KL! Haxonurcs B IeNH
KaTyIIKKH BRIXOJAHOro mpomexyrounoro pese KL2. Hckpo-
racauui Koutyp K6 u C2 u pgmopm VD7.1 u VD7.2
ciyaaT hns yAYUIIEHHs YC/OBHH KOMMYTAllMH repMe-
TH3HPOBAHHOTIO KOHTAaKTa.

B cxeme mopyns npenycmotped BmBoa II/1/9c, mo-
3BOJIAIOLIMI IOJK/MIOYAaTh II0C/eI0BATENBHO € 0OMOTKORH
pene KL2 yxaszatenshoe peae THna PY-21, m BuBOR
LI f/0a, nossonsioHil NOAKAIOYATL [ONOJMHHTENIEHOE [1po-
MexcyToutoe pese. Ilpn HomumanbHoM HampsienHr 220 B
JO/KHO  HCIOJMb30BATBCA  YKasaTesibHOE  pelie THIOA
PY-21/0,015, a npu HOMHHaJbHOM HanpsizkenHn 110 B —
PY-21/0,025. ITotpebaseMas MOHIHOCTE JEONOJHHTENHHOIO

T0JIYTIPOBOTHHKOBHIX NPHHATH

_TpOMeXyTouHoro peje fgosxHa Oure He Gosee 8 Br.

Haxnaaka SX nosBoJisieT CHHMAaTh HaNpsiKeHHe IHTaHHA
¢ npomexyrouHoro pene KL2.

CxeMa MOAYJA NHTAHHS H yNpaBjleHHA SaUMTH TH-
na J13T-23 (cm. pue. I15.2,2) comepauT napaMerpHue-
CkHii cTaGMAK3aTOP ~ NHTAHHMA TAKOH Me, KaK B CcXeMe
sauutel TtHoa J3T-21. Cxema Monyns COAEPIKHT TPH
ycunurens Ha tpamsuctopax VII-— VI3, xoropue ue-
pes muoam VD3 — VDI cooTBercTBeHHO CBA38HH C BH-
XOgaMH pearnpyiOllHX . OpPraloB pejie Kaxjoi ¢asm H
BO3NEHCTBYIOT HA MPOMEXKYTOYHHIE peJie Ha TepKoHe
KLI — KL3.

Kontakta pene KLi.l1 — KL3.1 sepes amonu VD8.1,
VD8.2, VD9.1 coorBercTBEHHO BO3JCHCTBYIOT Ha BHXOA-
Hoe mnpomexytoutoe pene KI4. Hcxporacsine KOHTY-
Bu R6—C2, R7—C3, R8—C4 u mmomu VD7.1 mn
D7.2 cnyXxarT pANis yJAYYIIEHHS YCNOBHH KOMMYTalHH
repMeTH3HPOBaHHEIX KOHTAKTOB. B cxeme Moayuns mnpe-
nycMmorped BeiBon [U1/9c nns MOAKMIOYEHHS NOCHEN0-
BaTeJbHO ¢ o6MoTKoil pese KL4 yxasate/bHOro pene TH-
na PY-21 u suBonw [l/1/8a, Lil/4s, ll1/56 pns noa-
K/IOUeHHS BHEIIHHX INPOMEXKYTouHEIX pene. Hakunanka
SX nossosiser CHHMAaTh HaNps¥(eHHe NHTaHHR C INpoMe-
¥yTtouHoro pene KL4.

5. Pene BHNOMEHO Ha BTODHYHBIT HOMHHAJBHHIH
Tok 5 A; nopkJOyeHHe K TpancdopMatopaM TOKa €
BTOPHYHHIM TOKOM 1 A mNpOH3BOTHTCH 4Yepe3 ABTOTPAHC-
dopmaropu Toka tHma AT-31. Jaa mnoAxk/oYeHHs IJied
3alETH ¢ HOMHHAJbHBIM BTODHTHEIM TOKOM Gosbime 5 A
HCTOJIB3YIOTCS  aBTOTpaHcdopmaTopu Toka THna AT-32.
IMockoabky Ha nepsuutofi o6MoTke TpaHcpeaktopa TAV
paGoueli uenH HMeeTcs BCEro INeCTb OTBETBJIEHHI, a Ha
nepsHYHON o6MOTKe TpaschopMatopos Toka TAI wm TA2
TOPMO3HOM IENH — "eTHpe OTBETBJEHHs Ha TOKH 0T 2,5
fo 5 A (rabn. II5.1, I15.2), aBrorpancopmMatopH TOKa
tunoB AT-31 u AT-32 MOryr HCHOJIb30BATHCH TAKIKE NJif

BHPABHHBAHHA BTOPHYHEIX TOKOB B IJeyax — saliiuThi
Ta6nuna I15.1
Homep OTBETBJIEHHA :
Tpancpeaktopa TAV pa-
GoTett wem we . oo s Y 2 3 4 S
l'o'rn,uou- A ..... 5B 46 425363 3,0 2.6

Ta6anna [15.2

Hemep orBeTBneHusi TpaHedop-
matopos Toxka TA! u TAZ Top-
MO3HO#H LEenH . -

!DTB. uoa(-

I = 3 .8
375 3,0 2,5

G e O e 5



Ta6anna [15.3

HomuuaneHki TOK PaccMaTpHBAaEMOro BKIOueHns, A 1 0,3 (0,37 | 0,4 |0,41 |0,43]0,44 | 0,48 0,49
Homepa nernonbayeMeix OTBETBREHHE aBTOTpaHChOpMA- 2 |1—2 |1—2 |1—2(|1—2 |1—2 |13 | 1—-2] -2

Topa Toka THna AT-31, K KOTOpEM NOJBOASTCA BTODHY- -

HEIE TOKH B IVIEYaX 3alIHThI
MaxcHManbHBI IONYCTHMBI TOK BKJIOYEHEd, A & 1,2 ) e 1.2 |1:2 1.2 pb:82 Lh2 1,2
Homepa werionbsyeMblx OTBETBJIEHHI aBTOTpaHC(hopma- 4 |1—11{1—10| 1—9 |1—t1| 1—8 |1—I1| 19 | 111

{'Opﬁ TOKA, K KO'POPI:]M TNOAKNIOYaeTcAa pene
HomuBanbwil TOK HCNOAb3YEMOro OTHETBIACHRS pene, A B 2.5% |25 k] bR 9 5 2.5 3 3,63
1 0,52 | 0,53 | 0,54 0,56 | 0,58 0,58 { 0,6 0,63 | 0,63 | 0,64 | 0,656 | 0,68 0,7 0,71
2 1—2 | 1—3 | 1—2 1—3 | 13 1—2 | 1—4 —2 | 1—3 | 1—3 | 1—4 | 12 1—2 1—4
3 1,2 1.32 “|sl2 1.32 | 1,32 1:2 1,8 1.2 1.32 | 1.32 11,8 1,2 1,2 1.8
4 1—8 |1 |i1-wf| 1—8|1—10| 1—9 | 1—11| 1—8 | 1—9 | 1=11 | 1—10 | 1—11 | 17 | 19
5 3 3,63 |3 i 3,63 | 2,5 3,63 | 3 3,63 | 2,5 5 3 2,56
1 0,72 0,74 | 0,74 0,74 { 0,75 0,76 0.76 | 0,78 0,8 0,81 0,82 0,82 0,8 | 0,87
2 1—4 1—2 | 1—2 1—2 | 1-3 1—4 | 1—2 | 14 1—2 | 15 | 1—-3 | 13 1—4 | 1—4
3 1,87 ] #l:2 =2 2 1,22 | 1.8 1,2 1,8 1,2 243 || 1,32 [i1.32 19
4 1—11| 1—8 | 1—10| 19 | 1—I11 | 1—8 1—6 [ 1—10]| 1—9 | 1= | 1—1o | 1—11] 1—9 | 1—I1
B 3 426 |15 4,6 4,25 2,5 2.5 3 5 2.5 4,25 | 4,6 3 3,63
1 0,88 0,8 | 0,89 0,92 | 0,95 | 0,97 | 0,97 1,63 | 1,06 | 1,1 L, 11 1 L2 Jis2 1,22
2 1—5 | 1—3 | 1—3 1—3 |1—4 | 1—3 | 15 1—5 | 1—-56 | 1—6 1—4 | 1—6 | 1—6 | 1—4
3 243 11,32 | 1,32 1,32 | 1,8 1,32 | 2,43 | 2,43 | 2,43 | 3,3 1,8 3,3 3.3 1,8
4 i—10| 1—=10} 1—=11 | 1—7 | 1—=10 | 1—10 | 1—11 | 1—8 |1—10| 1—11 | 1—8 | I—11 | I—10 | 1—1I]
b |25 1405 3 3,63 |5 3 2,6 |3 25« l'aes 125 (2,5 15
1 1:23 | 12403 1267 F 15 28 1,29 | 1.3 | 1,34 | 1,38 1,39 | 1,45 | 1,49 | 1,50 1,5 1,56
2 —511-—4|1—2]|]1—-5|1—4|1-—6]1—6 |1-5 1—6 | 1—7 |1—-5 | 1-b 1I-6 | L,6
3 2,431 1,8 1,2 |2.43 1,8 3.0 3,3 2,43 3:3 43 12,43 2,43 | 2,43 | 3,3
“ 1—8 1—-7 1—-5 { 1—10 1—8 | 1—9 | 1—11 | 1—11 1—8 | 1I—11 | 1—11 | 1—10] 1—8 1—9
5 3 3 2.5 3,63 4,25 | 2,5 3 4,25 2,56 2,5 4.6 2.9 3.63 | 3
1 1,68 1,62 1,62 1,71 1,74 1760 1ETEA L S IS 158G ] 9T 2,02 2,04 2,05
2 1—7 1-5 1—-5 1—7 1—6 1—-5 1—5 1-7 1—6 1—8 1—6 1—6 1—-7
3 4,35 2,43 2,43 4,35 | 3,3 >ag b 2:43 |+4:35 #3313 5,91 3.3 33 4,35
S I—10 1—10 1—=11 1-9 1—10 1—8 1—9 1—8 1—9 1—I11 1—11 1—10 1—9
5 25 4,6 5 2,6 3,63 4,25 | 4,6 2,5 3,63 | 2,5 4,6 4.5 3
1 2.1 2,14 2,210 17227 2,21 | 2,21 2,28 | 2,31 2,32 | 2,36 2,39 | 2,49 | 2,67 | 2,66
2 1—7 | 1-8 1—6 | 1—6 1-7 | 1—6 1—6 | 19 I—8 | 18 1—6 | 1—7 | 1—8 | 1-—7
8- 435 [75.9] 3.3 3,3 435 | 3,3 8,300 |'2:5 5,91 | 5,91 3,3 435 | 591 |4,3
- 111110 1—9 |1—10| 1—8 }1—11| +—7 | 1—10]| 1—9 | 1—11 | 1—9 | 1—9 | I—I0 | 1—II
5 2638 208 4,25 | 4,6 3 5 3 2.0 2,5 3 4.6 3,63 | 3 4.6
1 2,68 | 2,75 .77 |27t 2 TEM LS 281 1'2,9 2,9 3.07°)| 3,12 | 3,14 [ 3,156 | 3,16
2 1—7 I—i0] 1.7 | 1-9 1—8 1—6 | 1—-8 1—-7 1—-7 1—-9 1—-8 1—7 1—7 | 1—7
3 | 4,3 |7,5 4,36 [ 7.5 5,91 | 3,3 5,91 | 4,35 |4,35 | 7,6 5,01 4,35 | 4,35 | 4,35
4 —ol1=11| 128 |1=w| 1—9 | 1—8 |1—11|1—10]| I—11 | 1=}l |1—=10| 1—8 | 1=9 ] 1—I0O
5 425 |3 3,63 | 3 3 5 3,63 | 4,6 5 3,63 | 3,63 4,25 | 4,6 5
1 3.3 3,35 3,38 | 3,6 3,64 3,89 3,92 3,94 3,94 3,95 | 4,25 4,27 | 4,29
2 I—10 | 1—-9 I—8 | 19 1—8 1—10 I—9 1—8 1—8 1—8 1-9 1—8 I—8
3 7:D 7,5 591 | 7,5 5,91 7.6 7.5 5,91 5,91 591175 591-1 5.91
4 i—11] 110 | 1—9 | 1=11] 1—=10 1—11 1—10 | 1—10 | 1—I11 1—9 | 1—10 | 1—=9 | 1—10
6. [8.63 | 3.63 3,63 | 4,25 | 4,25 4,25 4,25 4.6 o] I 4925 1] 4,6 4,6 b

TMpumeyanne. Makcumaisnbil AonycTiMEl} TOK BRJIOYEHHS, onpeneniemui! TepMmIecKol crolkoeThi0 06MOTOK apToTpanchopMaTo-
POB TOKa (nNpH BoaMoxHoit 40 %-Holl meperpyske sampuiaemoro TpascopMaTopa HiaR asToTpaHcOpMATOPE).

Ta6auua 115.4

Homuranbhblit TOK paccMaTpHBaeMOro BKAIQueHHs, A 1
Homepa menonbayemeix orTBETBJAEHHI aBToTpaHCdOp- 2

MaTopa TOKa Tmna AT-32,
PHYHLIE TOKH, B INeYaX 3allHTH

K KOTOpBIM TOJBOAATCS BTO-

MakcuManbHbIil IONMYCTEMEIR TOK BKJKOYEHHS, A 3

Homepa ncrnonbsyembix OTBETBJEHHEA aBTOTpaHCdOp- 4
Ma-rﬂ)a TOKa, K KOTOPHM MNMONK/IIOYaeTcs pene

OMHEaNbHEN TOK HCTIOMb3YENOTO OTBETBIEH S pele, A 5

5,06
1—-5

10
1—3

3,63

5,13
1-10

20
1—-7

2,5

5,15
18

15
1—-5

2,5

5,18 | 5,2
1«7 | 1-9

15 15
1—4 | 1—6

2,5 |2,5

5,31 |5,3l
1—10§ 1—I1

12,5 |12,5
1—-9 | 1—10

4,25 14,25

5.31
1—6

10
g

3
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0o n
zate |01 [20a7 [35.78 |2000, [ o5 1o [STaTa | 29208 | 551, | 22a18 | 57eT
_.__..u.......nl/.l..a,.v nhr..l_..b..lnd nh.v...l.ml.s : ..“nU_ - | nO..I..ml_.D |_0_ - mlw nﬁ- “]m.ld.o ™ _mT w _5_. - mtmlﬁu
n.__-!..._".._r_.l._u..,.wr O v O ™ i —— ] — O ——
TR A N R EER R BN EER BT BAL BT
- e - - - - =) — - . i -
e o o w_ |2 = - = o o R= = i
= 4& _.h_ 7_. Clw ™ _BR_HG. 0._6o_u r&._S_ 3 n—m-..m.ﬁﬁ_v -l n,wl_.Un_u M._'IM.OH_...G.. M,l_. 9_-%.
ot et U L e S say | LR | oS vin § W D == ——— 0 —_— - —— = L~ PN
29 & ~ o =P B L T e %o W 3° va [ 82 <pn | 8a +@ oS o 2 <w
Niw | ~ ol o @] >lnl > Lo | ‘o | v ey o 42, @il |28 ladl il oo
LD ) — it i EN) Gy || m——® o o 1) Q0 =t = i 1) ) = s = () llm.ld._ — et OV ..llml.a l..r..m.l.d.
- o - < o= S W o o [ =0 o S N = o —
B = M:w - o0 0 & ~ 0 ! i We o 0 %—v
= - | @ 4 -lo - -l - - - & L - =
5..|&.nh.|_..4| M‘.lm.m.lnd ..D.........i_._.a -....-.I_.ml_.qu 7.1_.11_.3 SFWWI_..A. QFmF5 ml_.ml_.d. n.MI_.wI_..a... H..._..m.h.co' Wl_mldu
(=) 1 oW . =) o o= T ge oo ™ = =
= & I~ 00 = O T M= w0 b=t 1 - o o —
eSeee (8%, 78 13757812729 [87.9 | 21018 | Blul8 | sTeTn | oleld | 3100 | 17
B RIS 1LY vt vt e O¥) 61-[..1...4. g L el Yy I v O = O Q0 == = — T o o (1) ..l...lml..n/_ — l.l.m.-lné I]mla
— _—
o A B B BN EE N ER B BN R A
— o) oo =t =} ~ = D © « o o9 o
2?38 189, Te | 31T | BTo02 1877 15T-T8 121wl slel, | sTele 81T | Sleld
~ e | @ ow | «FR® Rw ™ Be © 4 ™ @n a8 ne R %127 %
4.40_2.. .40_2 - o | o | Y o »lw | > D % =~ .._._o_hw n...._o_.wh. el ol Ju.. o lw S
LY vt o s P 1D vt vt et P 0 === S = WD D w0 OQ vt vt ™= OV [ R K I.Iml.n/.. —— O = () .l.lm]_.d. P e At o=
0000 b= ) o i~ o o) = 8 2 =
[~ o)~ — [{=] (=] o) = T
M.q_vﬂ_ 9.4,54. el R %,_5h6.. F“..w__.*.ha_.n.w 4._546. 0.._54 =l 18 3._5_&. Sl (€
ey N (BT LAl < R Band DA | =it B gt il 00 w= =GN L S el ———— L) llmld. St O — G — )
3 q_u %4886 __.m.?..c._, %aw .....m. J. 4 5“ o M..m n__v% ﬁ_,m. LI 8= 4 5= 45 nS 4
- n A ) - = lw - - - - - ) .
Siol [B1alefalal Jelelsfddals]iai® | Sigls |olell Y olgls L algla | elgl,
(=] (=] —_— — U =
$To02 87572 | 8T, 5118 | 2118 81 n | $1gTa | 21500 [ 21510 | 2lel. | <1g]
WSl Wil o =S |[Sm==t [ N==me | J R | o~RA | SR SaRaw | == S-Raw
no o o 10
BnT8 | 817 (8507 |31078 120018 | aful, | 8102, | 85.0, | 20ata | olel. | Hial
el glel o [ Slal o2 e [FaBoe | o~B-w | g-Bam | SIQ1, | S8 | 28w | B-8-o
87 78 137,18 89,5 |=T.78 27090 | 20008 | 0778 | 3], | Z1e28 | 20,0 | 21w
- - - - - - - - - —] -
5:...ml_._..4. 5..!5.13 nD]_...m..._l..nO B;I_.w14- n......._..nwl.d. 81513 gsiﬁ.m.l*.no. m...._.-_.m.l?u vt s ot OO n..m.ln.ml_.s ..h!_..mhna-
—NOen | ~amew [ —aogw | ~Nmew | ~Nomww | oo —C ) LD —_Nm ||~ [ oo - ) 10

86



1 podossicenue mabr. I15.4

1 18,75 18,95 19,25 19,52 19,55 20,0 20,6 20,9 21,2 21,2 21,25
2 1—11 1—I1 1—11 1—10 1—10 1—9 1—11 1—I11 1—10 1—10 1—10
3 20 20 20 20 20 15 20 20 20 20 20
4 1—-2 1—5 1—4 1—3 [—4 1—2 1—-5 1—3 1—3 1—4 1-2
5 3 4,6 3,63 4,25 4,6 5 5 3,63 4,6 5 4,25
1 22,6 287 23 24,4 24,6 25,0 26,6 28,8 28,8 31,3
2 1—11 1—I1 1—10 1—11 I—I1 1—10 1—11 1—I11 I—11 1—11
3 20 20 20 20 20 20 20 20 20 20
E 1—4 1—2 1—-2 1—4 1—3 1—2 1—2 1—3 1—2 1—2
b ) 4,25 3,63 4,6 4,6 4,25 5 4,25 5 4,6 5
Mpemedganne. Cu. npEmesanee K Taba. I15.3.
{ra6n. 1163 pas asroTpanchopmaropa thna AT-31 m puc. II522 mMelor MOIHOCTh 50 Br. IlorpebasieMasn

ta6n. 1154 nns asrorpancopmaropa THna AT-32).

AstoTpatcopMaToOphl BBINOMHCHE  OAHOPAIHHIMH H
NOCTABNSIOTCS KOMOMEKTHO ¢ pene (He Gonee 15 ).
IlpuuUunuanbHas cXeMa aBToTpancopMaTOPOB TOKAa TH-
nos AT-31 u AT-32 npusenena ua puc. I15.2e.

6. Bpemsi cpabaThbiBalHs SallHTHl NPH TOKE, PaBHOM
21cs, ® OTCYTCTBHH TOpMOMKeHHs He Gonee 0,033 c Ges
Bexonnoro pene  0.045 ¢ ¢ BBIXOAHBIM pene. KOHTaKTHl
soixogHoro pene KL2 na puc. 152,68 mu KL4 na

MOINOCT> B ILIEMH MepeMeHHOr0 TOKA MPH HOMHHAJBHOM
toxe 2 B-A (Ges aprorpancpopmaropa) H 5 B:A (c
apToTpaHchopMaTOpOM).

Kaxnas ¢asa samurel THna JI3T-23 uMeer Ha BbI-
xone pene wa repkohe (KLI— KL3, puc. I15.2,2), xom-
TaKT KOTOPOrO JONYCKAeT KOMMYTAUHI0 AaKTHBHO-HHIYK-
THBHOII MeNH MOMHOCTbI0 He Oomee 8 Bt mnpu HomH-
HanbHoM HanpsikenH 220 B nocTosiHHOrO TOKA.

NPUNOMEHMUE M6

ONPEJIENEHME NAPAMETPOB CXEMblI 3AMELLEHMS M BbIBOJ] BbIPAYEMMA AN
PACYETA TOKOB K3 3A NWHEWHBIM PEFYJIMPOBOYHBIM TPAHC®OPMATOPOM

TlpuHIMNAANBHAS CXeMa BKJIIOUEHHS, & TaKXe cxema
coenuHeHHss OGMOTOK H pacueTHas cxeMa 3aMelleHHsl npf-
Mot  (06paTHOi) NOCAeNOBATENLHOCTH JHHEHHOro peryJu-
poBounoro TpaHcpopmaropa npupefensl Ha puc. T16.1.

Merton pacuera TOKOB K3 33 JHHEHbIM peryJanpoBOT-
@M Tpancgopmatopom (B touke K pue. I16.1,a), cocros-

ilgM W3 JBYX S]eMenToB, GasHpyercsi Ha NpHHIHIE 3aMe-
HBl PETYJAHPOBOYHOTO TpaHchopMaTopa SKBHBAJIEHTHBIM
TpanchopMaTopoM.

Hcxons H3 pacdeTHBHIX cxeM mo puc. I16.1,6 u 2, MOMKHO
COCTABHTH CJIGAYIOllHe BLIPAXKEHHS, CBASLIBAMONIHE TOKH H
Hanpsnkenus cropor I u I, B KOTOPbIX BEPXHHA 3HAK COOT-

Cuermema.
~) Cucmemc.
[ I o I 3
I 4
— U: Ir Ir {-t—»x" [
= - | U =]
N L VY N | e S5
¢ —r ke = S
é‘r: fm)_, g =
o &
g Y ‘,g 5
WY - Yy a5 2
r e o g :c.,
- - S W S O
i {lunetineill T “n ; =E &
] | dodaBoyvmeil i hr g o 1
I | mpaxegcaMamo, ; R
: | paHepey P }!_‘ [‘ e
] I #
L 2 ke
.
K GerBodam HH
a
) 8) §) aémompaKcgopmamopc.
Hazpysxa el
——— |
JI
. e Puc. T16.1. Cxembl MHHEAHOrO peryJH-
3‘:‘.’1 poeogHoOro TpancdopMaTopa:
o U K 81808 HH @ — IIPHHUHNHaNbHAA  CXEMa  BHJOYEHHS;
LT siGodam s=
NMPHHLIHANMHEANBHA R Tpexgasnan CXeMa
g a8rmompancdopmdmopa coemuneHus OGMOTOK; e—p?;memaﬂ cxeMa
o zamelenusn mnpsiMofl (o6partHoll) nocieaosa-
TENABHOCTE AJIA CJyJad YBeJHUYeHHH Halps-
2) 2MEeHHA B JNAHHH; 2-~—TO0 e AJA caydasn
F - YMEHDLIUCHHA HanpAmeHHA B JHHHI
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I knper Z.«, per I
Kuazpysxe | Y >
% = ~—  Kéubodam HH

Iz aémomparcghop—
. mamopa.

kr per =1% ik

Zﬂ‘per :Zn- +‘ZP kgﬁz;r

Puc. 'I16.2. SxprBajseHTHAs CXeMa JHHEHHOTO peryJHpo-
BOYHOro TpaHnchopmaropa

BETCTBYeT MOJIOXEHHIO MEepPeKIIOYaoliero yCTpOHCTEa, KOr-
Aa HanpsaxenHs TtpauchopMaTopa H CETH CKJANLIBAKOTCSH,
a8 HHXKHH SHAK — MOJOMEHHIO MEepPeKIIoYalonero ycrpofi-
CTBa, KOrjJla HampsiKenus TpaHcdopMaropa H CeTH BbIYH-
TalTeq,

Ii=InFlo=InFkpkoln= (1Fkpks)l11;  (I16.1)
Ur=Un—I1Zu+ Untk; (I16.2)
Uni=UskpFIn1Zp=UskpFI11Zpky. (1.6.3)

Mz (116.2) u (I16.3) cremyer
(1Fkpkn) Ur=Uss—I'y (Za-Z k). (I16.4)

Ha ocropanrn (I16.1) u (I16.4) snHeiiubifi peryampo-
BOUYNBLI TpanchopMaTop MOMKHO PACCMATPHBATE KAK SKBH-
BaJleHTHBI TpaHchopmaTrop no pue. [16.2 ¢ wosbdunnen-
TOM TpaHchOPMAIUE &x per, H CONPOTHBJEHHEM Z 5 per,
BLIDAKEHHEIM B OMaX H NPHBEJEHHBIM K HATPSIKEHHIO CTO-
porn II, cooTBeTCTEBEHHO P3BHBIMH y

knper= 1$kpkn; (I16.5)
Z 5. per=Zn+Zpk?;. (I16.6)

B cooteetcTBHH ¢ pHc. I16.1,8 ¥ 2 KoshhHIKHEAT TpaHC-
dopManEH peryJiHpoBOYHOrO apTOTpaHchopMaTopa

.= ﬁU nlx, ot8

(116.7)
Ul HOM

kp

a xo3(hpHIHeHT TpanchOopMallHH NOCIelOBATENLHOTO TPaHC-
thopmaTopa
Uull X, OTB

s =

C; Unl X, OTB
rae Usiz,ors: Uniix,ors—(pa3sHbie HANpAMEHHS XOJOCTOTO
XO0Jla TOCJIeIOBATENbHOrO TpaHcdopMaTopa COOTBETCTBEHHO
JJis TIepBHYHON H BTOpHuHO# ero obmoTok npH paGoTe
pPeryJIHpoBOYHOrO AaBTOTPaHC()OPMaTOpa Ha paccMaTpHBae-
MOM OTBeTRJEHHH; Urmom—HOMEHANBHOE JNHHEHOe Hanps-
¥eHHe JIHHelHOro peryJiHpoBoYHOTO TpaHchopMaTopa.

Tockoseky koahdunuenT TpancdopMauuy mnocyefoBa-

TeJlbHOro TpaHcthopMaTopa kn He 3aBHCHT OT NOJOXeHHA
MePEeKJIIOYaIoIIero YCTPOHCTRa PeryJHPOBOYHOIO aBTOTPAHC-
thopmaTopa, oH MOXeT GHTL onpenesneH npH pabote mo-
cnefiHero Ha kpafinem oteerBJieHnH, Kornz Unrx ore= Ulnon
(cm. puc. I16.1,8),

=

(116.8)

Uj, nos, P

’ 116.8
UI HOM ( )

rne Ujn pos,xp — 3HaueHHe JHieliHoro no6aBOYHOrO HATpS-
KeHHsi NpH paGoTe PerynHpOBOYHOTO aBTOTpaHchOpMaTo-
pa Ha KpalHeM OTBETBJIEHHH.

YunTHIBas, YTO paccMaTpHBaeMbll JIHHEHHBIH peryJiH-
POBOUHHI# TpaHc(hOPMAaTOP HCMOJB3YeTcs B CHCTEME € Ma-
JBIM TOKOM 3aMBIKAaHHA HA 3€MJIIO, SKBHBAJIEHTHHIA TpamHC-
(opmaTop mo puc. I16.2 npuHEMaeTcs ¢ coefHHEHHEM O00-
MoTOK ¥ /Y.

B saBopmckux martepuanax obbNHO 33J13K0TCA CHAENAVIO-
[lHe MapaMeTphl JIHHEHHBIX PEryJHpPOBOYHHIX TpaHcopMa-
TOPOB JJA KamJjaoro OTBETBJIEHHSA:

I3 per,son — HOMHHAJIBHEI TOK B JHHHH (BO BTOpMY-
HOfi OOMOTKe TNocJeloBaTeNkHOTo TpaHchopmartopa I Ha
puc. T16.1), A;

Uz noc—rninnefiHoe nobaBounoe Hanpsixenue, B;

Ux,p — Hanpspkenne K3 peryJHpoBOYHOrO aBTOTPaHC-
topmartopa, %:;

ux,n—Hanpaxenre K3 nocrenosatensHoro tpanchop-
MaTopa, '%;

Ux, n,per — Hanpsxene K3 JMHeiHOTO peryJHpoBoY-
HOro TpaHcgopMaropa B LEJOM, %

Hcxons B3 9THX 3HAYeHHM, MOKHO BHIYHCJIWTE Ko3(phu-
nHeHT TpauchopManuH H ofiuee CONPOTHBJEHHE JIHHERIOro
peryJmpoBouHoro TpanctopMaropa mnpn pabore Ha Aail-
HOM OTBETBJICHHH.

KosddrurenT TpaHchopManiH Ex.per B COOTBETCTBHE
c (I16.5), (I16.7)—(I16.9) -

A8 V3—Unl X, OTR Unll x, OTR
kagor = 1% Uy won U

s e UJ'I» :!05
g AR £ i
I mom

nl x, o18

(T16.10)

ConpoTHBJNIEHHe JIHHEHHOTO PeryJHpoBOYHOIO Tpamc-
dopmatopa Zjn per, OM, npupeniennoe k¥ BhiBosam HH ap-
ToTpancthopMaTtopa, B cootsercTBun ¢ (I16.6)

) 2
Ly, nU_r:. nof LU DSUHI X, ofnkﬂa Y,
Zn. per = 100S;, per 100S, per ~
2 2
lug_“"‘-ut/_.p) U”‘ nod 'L[-T-.'I.IJ'TI'F,']‘ noo
1008y, per 10085, per
rme  Sp.per— MOMHOCT: JIMHEAHOrO  PEryJHPOBOYHOIO

TpancopmaTopa npu paboTe Ha paccMaTpHBAEMOM OT-
peTBNeHAH, B-A; MoXeT OHTb OIpeje/ieHa MO Bbipaxe-
HHIO

S.q. per = V@n 1105!.1 , per, BpM- (HG. 12)

Ms (I16.11) m (I16.12) ana CcoONpOTHBJEHHS JHHEd-

HOTO PperyJHpOBOYHOTO TpaHCopMaTopa CKOHYATeNBHO
MOXCHO NOJYYHTh:
U, n, perUn. 206
i L (116.13)

s per VE—IUUI:;, per. HoM ]

NMPUNOXEHMWE N7

ONPERENEHME CONPOTHMBIEHHUS CPABATBHIBAHMS BTOPOW CTYNEHHM
DBMCTAHLMOHHOWM 3ALLMTEI ABTOTPAHC®OPMATOPOB OT MHOTO®A3HBIX K3

INepBuuHOe cONpOTHBJIEHHEe cpaGaThHIBAHHS BTOPOH CTYy-
NeHH 3aUIHTEI Zéf,.ﬂ pbifupaeTcss MO YCJOBHIO OTCTpOfi-

KH OT BEKTOPZ CONPOTHBJIEHHA HATPY3KH B MecTé YCTaHOB-
KH 3alHTHl B PacyeTHHIX YCJIOBHAX Zparp,pacy H MOXET

GEITH BHIPaMKeHO 4epes pajuyc R H cMeileHHe TNeEpBHYHON
xapaxTepHcTHKH cpabatmBanua (pue. I17.1)
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zZ0 _9R 4 a2R=2R(14a).} (7.1

c, 3, 8T

3naueHne CMENIEHHs TPHHATO OTPHNATENBHRIM Tpis
cMelieHHH XaPaKTEPHCTHKH CpabaThiBaHHA B TPETHH KBaj-
paHT H TNOJOXKHTEJLHHIM — NPH CMELEHHH ee B TNepBHix
KBaJ(paHT.



Puc. T17.1. OnpeneneHue
+7xh pagHyca  XapaKTepHCTH-
Ki cpabarbiBaHHSI BTOPOil
CTymeHH  JHCTaHHHOHHOM
SalllHTHl  aBTOTPaHC(HOp-

-
! MaTopa
> /PR
b3
B
i Znal'p, pacy
0 {’ﬁarp

L S +R

.
a2p  Pmaxy

Paguyc R momer 6biTb ONpPELeNeH H3 TPeyroibHHKA
OO’B (puc. I17.1), B KOTOpOM:

ZH' . H
OB < — (117.2)
00’=RJ-a2R=(1-}20) R; (M7.3)

; zf{a q
(OBp=Ra=—7—— L (120

2zaarp , pactt

———5— (1 + 2a) cos (9max «— Yuarp) R: (1n7.4)

rie Zparp.pacs H Gparp—MOAYJb H YToa BEKTOpa pacuer-
HOTO COTPOTHBJIEHHS HATPY3KH; k—KO3((OHIHENT, PAaBHbIH
NPOH3BEJEHHI0 KOS(QHUHEHTa OTCTPORKH kore HA KOIDOH-
I1HeHT BOSBPATA £y, NOCKONbKY péesie NOMKHC GbiTh OTCTPOE-
HO OT PACYETHOrO 3HAYEHHSl HATPY3KH B YCJOBHSX BO3-
BP2TA; Qmaxy—yr0OJ MaKCHMAJbHOM  UYBCTBHTEJLHOCTH

peJe.
. IpeoGpasceuisag ([17.4), noayuaeM

Zyarp, pacu

—da(14a)R2 42 3 {(14-2a) X

2
Z[{&r P, nacd

X €08 (@max « — Puarp) R——pa—— =<0, ([1.7.5)

OTKYa 7
" — 2P (14 20) €08 (9max u— tuarp)
R< —Sa(1+a) .
i o
= 1/4 :.;.pac (1 4 2a)? cos? (Pma.xa — Pumarp) —
= ” —8a (I +a) ¥
arp, cq
_4L%Pa_.4a(1 +a)
=+ —8a(l+a)
e Zyiarp, pacy (14 2a) cos ($max u— Puarp) T g
k 4a (1 +a) o
+ V(1 +22)? 08 (¢max «— Puarp) — 40 (1 +0)
. 4z (1 +a) ¥
: (117.6)
C yuetom (I17.1) nmonysaem
I Zgarp, pacu (1 - 2a) cos (‘Fm;q_%arp}:t
Le,sar s k 2a
=+ V (1 + 2a)% cos® ($max y — $uarp) — 4@ (1 +-@)
— Ea »
(N17.7)

-i-"X
- 1 Z‘E P
T+ +ixh “c,3.A B
/4
Er,;,,ﬂ' )
s
e
rid : -
Zwarp,pacy Zuarp o4 //’
Lwarppa {2 ‘
Drarp g Harp, pac nlCCl‘" \‘lomrp
+ \. Te
¢ &1} k (pﬁurp 6) r 0 wmnxv, ﬂ) +K

Puc. T17.2. XapakTepHCTHKH cpabaThiBaHHs BTOPOH CTy-
TEHH [HCTAHIHOHHOR 3allHThH agm-rpaua:tbopmampa npH
3HAUNTENbHOM CMEIEHHH B NepBhlfl KBaXpPAHT:

4 — XapaKTepHCTHKA, COOTBETCTBYWILAR 3HaKy &—> nepen KBan-
patHeM kopHeM B (I17.7); 6 — XapakF¥eDHCTHKA. COOTBETCTBYIOLUAR
3Haky <+> nepen xeanpatbiM kopHem B ([17.7), oTcTpOeHH@s
OT COMPOTHBAEHHI HArPYSKH B MAKCHManbHOM DEIKHME, HO He OT-
CTpoeHHa# OT OONBWIMX conpoTHBNeHHEl HAarpyskm c TeMH JKe
YINaMH; & — X8paKTepPHCTHKA, OTCTPOeHHas OT MIOCHX NO sHave-

HMIO BEKTODOB CONPOTHBMEHHA HArpyskn c yraom ¢uarp

TIpH cMellleHHH XapaKTepHCTHKH CpalarhlBaHHs B Tpe-
Tuin keanpanr (a<<0) B (FI7.7) nepexn KoOpueM JOJDKeH
VUNTHIBATBCH TOJbLKO 3HAK «—», HHaye 3HA4YeHHe COMPOTHB-

Jennsi cpaGaThiBaus Z, g, ar NOMYYHTCH OTPHUATE/BHEIM.

Tlpn cMelleHHH XapaKTepHCTHKH cpabaThiBaHHsA B nep-
BHif kBafipaHt (@>>0) KaK 3HaK «}», TaK H 3HAK ¢—>»
nepex xopHeM B (I17.7) nai0T NONOXKHTENbHLIE 3HAYEHHR
CONPOTHBJEHHSA Z:I:.Is. ar » OCKOJIBKY BTOpPOH Y/IeH YHC/HTENs
B paccMatpHBaeMoM cayuae (npu a¢>0) Bcerga Merbwwe
nepsoro.  Ilpy  sroM  MemblleMy  SHAUeHHIOZ. , ay
(312K «—> nepes, KOPHEM) COOTBETCTBYET XapaKTePHCTHKa
cpabGaTrEIBaHHA, OTCTPOEHHAN Kak OT PaCYETHOr0 MHHHMajb-
HOTO CﬂﬂpOTHBJIEHHﬂ Hal‘pySKH Znarpd)acq, TAK H OT
GONMBUIHX CONPOTHBJEHHH HArpysKH € TEM KE YrJIOM Qaarp,
KOTOpLIE ‘MDI"YT HMETL MeCTO B ﬂp}THx, Hanpmiep B MH-
HHMaJbHOM, Harpy3ouHbix pexumax (puc. I17.2,a). Boap-
IEMY 3HAUYEHHIO Zcfs. a» TOTYYEHHOMY M3 BBIPKEHHA
(IN7.7) (3Hak «-» mepen KOpHeM), COOTBETCTBYET Xapak-
TEPUCTHKA cpabaThiBaHHs, OTCTPOEHHAsd OT PACUETHOrO MH-
HHMaJBHOTO CONPOTHBJEHHS HArpy3kKH Zgparppacs B Mak-
CHMaJIbHOM Harpy30YHOM pEXHMe, OfHAKO OHA OKa3HBa-
eTc He OTCTPOeHHOH oT GOMBIIHX CONPOTHBJEHHH HAarpys-
KH Z'garp € TEM 3Ke YIJIOM @marp (pHC. I17.2,6). Tlostomy
H TpH CMELleHHH XapaKTepHCTHKH cpabaTeiBauus B nep-
Bufi kBagpaut B (I17.7) nepen KOpHeM MOJMEH YUHThI-
BaTLCH TOXKE TOJNBKO SHAK «—»,

OueBHAHO, YTC OTCTPOIKA XapaKTepHCTHKH cpabathi-
BaHHS KaK OT PACUETHOTO MHHMMAJLHOrO CONPOTHBJEHHS
HArpY3KH Zmarp,pace B MaKCHMaJbHOM Harpy3c4HOM pe-
JHMe, Tak H OT GOMBLIIHX CONPOTHBACHHA HATPYSKH Zuarp
C TEM e YrJOM @Qearp Oynmer ofecneueHa TaKXe B Cay-
yae, KOrjla KacaTenbHas K paccMaTpHBaeMOil XapaKTepHc-
THKE, MPOBENEHHAaA H3 Hayana KOOpNHHAT, pacmoNOKeHa
C 3anacoM BhIIUE J'lylla, BHIXOOSIErO H3 Haydalda KOOp]IHH&T
Nof YTAOM @sarp K OcH atcuuce. Ilpu 3TOM XapakTepucTH-
Ka Gyner OTCTpOeHa OT MOGHX 1O 3HAYEHHIO BEKTOPOB,
CONPOTHBJIGHHH HArpy3KH ¢ yIJOM Qumarp, T. €. OymeT or-
crpoeda no yray (puc. T17.2,8). :

Uz ([17.7) eupno, uro AefiCTBHTENLHOE 3HAUEHHE CO-
npoTHBienns cpabatuBanni Z'¢,aar, YAOBJNETBOPSIOLIEE
YCAOBHIO OCTPORKH OT PacueTHOro CONpPOTHBJIEHHS Harpys-
KH 115 CMellenHs B Nepeulfi kBafpant (a>0) wmomer
6LITh TIONYYEHO TOJLKO MNpPH OMNpPEeJeNeHHOM COOTHOLIEHHH
CMEILIEHHS @ H PasHOCTH YTAOB (@maxws—Q@marp), @ HMEH-
HO TpH

(1+20a)2c05?(@maxa—@Prarp) —4a(14a)=0. (I17.8)
. 89



Tpeoépasoeuipan (I17.8), noayuaem:
4a?[cos?(Pmaxa=—@Prarp) —1 ]“{'4 afcos? (Pmaxu—

—@uarp)—1]+cos?(Pmaxa—@=arp) =0, (r'17.9)
IIH OKOHYATEJIBHO,
4a?sin? {(P maxa— Qrarp) +4asin? (Pmaxa—
'—-"Pnsrp)—cosz(q-’mnxu—q)sarp]@. {n?-lo)

OTKYyIna

- — 45in? (Pmay g — Prarp) T
0= 2-48in® (Qmax v — &

+V [— 450 ($rmax « — Puarp) 12 + 44 SI0% ($max q —
~— Yuarp) €082 (Pmax g — Prarp)

2 ipe) ?:tarp} E
_— 4 8112 (Pmax y — Pwarp) = 4 5I0 (Prmaxu—
2-4 sin® (Ymax v—
i ‘Fnarp) Vi ($max u— Pmarp) + €05% ($rmax a—FPuarp) :

— Puarp)
(Nn7z.11

Yuuteigas, uto npi a=>0 nepen KOpHeM CJeiyer pac-
CMaTPHBaTh TOJNBKO 3HAK «|», AJS CMEUEHHS B MepBbiit
KBajipaHT NolyyaeMm

1 —sin (?nmx . o ?Rﬂrp)
a< 2 sin {?max i Psﬂl‘p)

Ilns oTcTpoRKK XapakTepHCTHKH cpabaThiBaHHs OT Ji0-
60ro N0 3HAYEHHIO COMPOTHBJEHHH HArpysKH € YrioM
prarp (puc. [17.2,8) jgocTaTouHO, YTOOH JyY, NpOBEAEHHEIH
H3 HAYAJa KOOPAMHAT MOA YriaoM Q= (QPmarp+AQ) K OCH
abeiuce, RBIANCS KAcaTelbHOIL K 3TOH XapakTepHCTHKE.
Vron Ag jomKeH yuHTBIBATE TNOTPELIHOCTH pele, €ro Ko-
s(h(HUEEHT BO3BpaTa H HEOOXOAMMEIR 3amac.

Vkazannoe ycnoBHe moxer OBITh 3anHcaHO H3 Tpe-
vromeuuka OO'C (puc. I17.2,8) B crepyolleM BHe:

0’'C=00"sin (omaxs—@ ')

(17.12)

HIH

R<R(14]-2a) sin(pmaxs—Puarp—Ag),  (T17.13)
OTRyAA
[ —sin (Pmay « — $marp — Ag)

=t -
8 =""2'510 (Pmax « — Puarp — D)

Jlas XapaKTepHCTHKH, MPOXoAsell uepes Hauano Ko-
opmuHat (a=0), uz (T17.4) nmeem:
2
Harp, pacu

< TR

. ([17.14)

+Re —

zsarp. pard

2 k €0S ($max u— Puarp) R,  ([17.13)

OTKYVAla
z ’
1 e * (I7.16)

= =
¢, 3, ar 2R k2 €08 (@max g — Puarp)

B cayuasx, Korga nepeas CTyNeHb 3allHTHl Hanpasie-
Ha B Ty JXeé CTOPOHY, UTO H pacCMaTpPHBaeMas BTOpas CTy-
NeHb TPH CMELEHHH MocjejHedi B MepBHI KBajpaHt (a>
>0), cnepyer obecleuHpaTb HajexHOe NEPEKpPEITHE 30H,
OXBaTHIBAEMBIX NEPBOfi H BTOPOR CTYMEHAMH, T. € Hajex-
HOe <«3alleNfeHHe» XapakTepHCTHK cpabaTbiBaHHR YKasaH-
HEIX CTymeHeRi (ecqH pasphle MeXiy YKasaHHBIMH 30HaMH
He TIEPeKpHIBAETCH APYTHMH Pe3epBHEIMH 3aIHTAMH OT MHO-
ropasepx K3 sawmmmaemoro aBToTpaHctopmaTopa).

Hagexnoe <«3auenneHHe» XapaKTepHCTHK cpabaThiBa-
HHf ObecrmeumBaeTcs, eclH CONPHKACAIOTCH HJIH MepeKphl-
BAIOTCH OKPYKHOCTH, COOTBETCTBYIoWHE paboTe pese nep-
Boit u BTOpO#t cTyneneit ¢ morpewHocteio 10 %.

[lpH ONHHAKOBBIX YIU&X MaKCHMaIbHOH YYBCTBHTEJb-
HOCTH (I;:,l,,,;x ,,=?g“ «==¢s) HAJEKHOE «3aLEMNIIeHHe»

abecneuHBaeTcsi, ec/iH YIOBJETBOPSETCSs BHIpAXKeHHe

0.92; 5 o-—a2R" =0,1ZL, .. (.17
1
s Ps 8T
Iloicrasasa B (I17.17) oR!! =~—cl-:_—a H nepexo-
AR K TMEPBHYHEIM BEJHUHHAM, MONyYaeM
I A § It
Olgzc. s,at - 14a Zc, s, ar = 0. lzc. 3,ar " (17.18)

Hs (I17.18) mosyyaem ycJoBHS, MPH KoTophiX obecre-
YHBAeTCs HaflelKHoe 3aleleHHe:
[UIsi CMELIeHHA @ MpPH 3a/laHHOM COMpOTHBJIEHHH cpaba-

ToBaHHA  Z. g ar

O-QZE:. 3, m—-{),lzg 3, ar
1,121 —0.92! :

C, a, ar C, 3, ar

a< (T17.19)

1
IJIst COMPOTHBNEHHs cpabaTHIBanHA Zcf:i.m‘ npu 3a-
FAAHHOM CMEUIeHHH a

s 7l
ZII = Olg(l +aJ Z{;'g.ar{!
c.3,aT =~ (0,14 1,la ¥

(M7.20)

NMPANTOXEHME I8

YKA3AHMS K BbIBOPY TOKA CPABATBIBAHMA [, . TOKOBOW 3ALLUWTLI OBPATHOH

NOCNEQOBATENBHOCTH ABTOTPAHC®OPMATOPOB

1. Cornacosanne ¢ TOKOBOIl 3alMMTON HYJeBOil mocJe-
7I0BAaTENIBHOCTH CMEXXHBIX JIHHHI B CETAX C TJYX03a3eMJieH-
HEIME Heftitpansmu (cm. m. 9.3.1).

Jlns yrasamHoro coriacoBanHs paccMaTpHpaercs K3
HA 3eMJI0 Ha JHHHAX, BXOJAAUWHX B 30HY pe3epBHPOBAHHA
TOKOBOfI 3aIIMTLL HYJEBOil MOC/el0BaTeJLHOCTH CMEIKHOH
JHHHH, B YCJOBHSRX, KOrJla 3Ta 3aU[HTa HAXOAHTCA Ha rpa-
HH cpabaTeiBaHusi, 4 BEIKJIOUaTeNb NOBpEXIEHHOH JHHHHA
Ha fJajJbHEM KOHUE OTKaoueH. Hanpumep, nJs cornacopa-
HHSI € TOKOBOMl 3allHTOll HyJeBoH MOCNeJ0BATEJNBLHOCTH,
yeTaHoBnenuoit ma mueun JII cetn ma pue. I18.1,0, pac-
CMATPHBAETCA 3aMBIKAHHE HA 3eMJK0 Ha JHHHH JI4 mnpH
OTRJIOUEHHH € © JaJibHero KoHua. B ciayuyasx, Koraa npH
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metannnueckoM K3 B KOHLe JHHHH, HA KOTOpO# paccMat-
pHBaeTcAd mnoBpexjeHHe, KoIhPHUHEHT YYBCTBHTEJNbHOCTH
SaIIHTH, ¢ KOTOPOH TNpOH3BOAHTCH corJiacopande, Goubiie
e[MHHIE], pacueTHhe ycJoBHs coorBercTByioT K3 uepes me-
PexojiHOe CONMPOTHRJEHHE.

B umensx ynpolleHHs B MpHBe€HHHIX HHIKE PacIeTHHX
BEIpaXKEHHSX PA3HHUA B YIJIax CONPOTHBJEHHl SJEMeHTOB
CeTH He YUHTHIBaJZiach, & BJHFHHE MEPEX0jHOr0 CONPOTHB-
JIeHHs, YXYAIIAIOMEro YCJIOBHS COrJAacOBaHHA NpPH 3aMblKa-
HHH Ha 3eMJI0 ABYX (pas, yuTeHO BBejeHHeM CIeLHAJbHOr0
KoadpuunenTa.

Tokn obOpaTHOf NOCTeAOBATE/NBHOCTH B MecT€ 3aMblKa-

HHA onHoR (askl Ha semmo [t u mByX ¢as ma semmo



’2(1{'” ONpegensioTCA H3 KOMILICKCHBRIX CXeM 3aMellucHH#,

#pHBeIEHHEIX COOTBeTCTBenHO Ha puc. I18.1,6 U 8 nasa pac-
4eTHHIX YCJOBHI, MPH KOTOpHIX TOKOBAs 3aUMTA HYNeBOH
OCNefOBaTeNbHOCTH, YCTAHOBJeHHana Ha JII, HaxoJHTCA Ha
Tpann cpabaThIBaHHSA, T. €. A1 KOTOPHLIX YAOBJAETBOpRETCH
YCaoBHE

1

kl} TOK

IDC. 8
fé‘i) — fé:(' ”:'__ ¥ {ﬂB.l)

;e Rorox — 110 BO3MOKHOCTH MHHHMaJbHBEN (onHako non-
IeH PACCMATPHBATECS TOT e PeMHM pabOTHL CeTH, YTO H
npH OnpenenesHH Rorox — CM. HH2Ke) KO9(PHUHEHT TOKO-
pacnpelencHHsi B CXeME 3aMeNICHHA HyJeBOji MOcnenosa-
TeNBHOCTH, pABHBIH  OTHOLIEHHIO TOKAa B  CMEXHOH
JHHHH, ¢ 3amHUTOH KOTOPOH NPOHSBOAMTCA COI/acoBaHue,
K ToKy B mecte K3; [loc.n—TOK cpabaThiBaHHMf TOKOBOH
3aMKTH HYJEBOR TNOChe/0BATEAbHOCTH, ¢ KOTOPOH NpOH3BO-
JMTCS cornacoBaHHe.

M3 xoMmmIeKcHEIX CXeM 3aMewEHHs C yYeTOM BHIpake-
aus (I18.1) cnenyer:

JLJIA 3aMBIKaHuA OfHOH (assl Ha 3eMaI0

I
1y oty ot:s
féx} B !tgx} = e (118.2)
IS 3aMBIK@HHA JBYX {:]33 HA 3eMJIIO
Z, I Z
(1. 1) _ (1. 1} 0z __ 0C, 3 0% g s
I3 Ty r T, O (118.3)

Tok o6paTHoil NOCNEAOBATENRHOCTH B MECTE YCTaHOBKH
3amHTh [opaew B PACCMATPHBAEMBIX YCJOBHAX ONpenensier-
Cfl IO BHIPAKEHHAM:

AJ51 3aMBIKAHHA onHoil (assl HA 3eMJI0

I ey = hevoxl$y, (T18.4)
HAM ¢ yueTom Beipakenusn (I18.2)
Y
1) __ 270K 0€. 3 |
I sy T (T18.5)
A5l 3aMEKaHHS JBYX (a3 Ha 3eMIo
LLl) =t s (I18.6)
Wi ¢ yuerom Bhlpamenns ([18.3)
kz ToK f 3 zng
1 1 L Y
I3 paca = ku e (I18.7)

rae RBopox — MAKCHMAJBHHE KO3(QHIEEHT TOKOpacnpeaene-
HHf B cxeMe 3amemieHnf oOpaTHOH NOCJENOBATEJBHOCTH,
PABHBI{l OTHOIIEHHIO TOKa B MECTe YCTAHOBKH pacCMaTpH-
paeMol 3awuTel K ToKy B mecte K3; kp — Kos(osument,
YHHTHIBAIOINI BAHSHHE NepeXOAHBIX CONMPOTHR/CHHI B Me-
cre K3, MoneT GuTh Npuusar paBubiM 1,2 Zpp 0 Zoy =
pe3ayBTHPYIOUIHE CONPOTHBJCHHS CXEM 3aMCLIeHHS COOT-
BETCTBEHHO HYyJenoii H o6patHOH mnocaenoBaTe/bHoCTel
OTHOCHTENbHO MecTa pacuetHoro K3, ompepensiiores ans
metaannueckoro K3; Zorox, foec,a— TO e, 4To B BHpaxe-
unn (I18.1).

Hs conocraBnenns (I18.5) u (I18.7) crenyer, yto pac-
YCTHEIM JUISl PACCMATPHBACMOrO COTJIACOBAHHS SIBHTCS, KAk
NPaBHIO0, 3aMEIKAHHE HA 3eMM0 ABYX (as.

Jas onpeneneHua oTtHoweHns Zpy [/ Zm-_’ BXOAALIEr0

B (I18.7), nas BolGopa lse,s paccMOTPHM cXeMBl 3aMmenie-
HHY, OpMBejcHHple Ha puc. I18.1, mpuuumas comporHBJe-

HHA 3JIEMCHTOB, BXOIAIHX B CXEME l'IpHMCIle-{ H oﬁpamoﬁ
nocaenoBaTe/LHOCTe!, PaBHBIME, T. ¢ Zjp = Zg;.
Ha pnc. I18.1,2 mpuHATH caenyioure oGO3HaYEHHS:

(I18.8)
(I18.9)

Zy=Z, —Z1x;
Zo'=2 yy—~Zox,

roe Zig U Zox — CONPOTHBACHHS COOTBETCTBEHHO MpsiMOR
(oOpatHoli) H HYNEBOH nocneAOBaTeJBHOCTER YyHacTKa mo-
BpexaenHoit auHun JI4 (pue. I18.1,e) po mecra merasnu-
yeckoro K3 Ha semmo, mpH KOTOpPOM TOKOBasi 3apATa Hy-
NeBof nocJefoBaTelbHOCTH HAXOAHTCH Ha rpaim cpaba-
ThIBAHHA.

[Npr saMekanuu apyxX (as Ha 3emai0 TOK HyJeBoil no-

crejoBatensHocTH B Mecte 3ambkanns I ') mas pac-
CMATPHBAEMEIX YCJOBHII paBeH
Eg f s
L Zyg+ 22y " Hresd 8107
OTKYZa CIenver
Eg-3kg tox
Zyo+2Z =‘-—,w' 1 =Z.. (l8.11)

Hs ([18.8), (I18.9) nz(!'IB.ll}, ecaH NpHHATE 0603Ha-

oK 0
HA nN= o = z
qyeH ch H Zx' ’ Mnoay4yaercsi BHpaXKeHHe

AN onpefeneHus Zix

1

INonctasup 3suauenMe Zix u3 ([18.12) u Zye=—=nZix
B (I18.8) m (I18.9), moayusHM HCKOMYIO BeJHYHHY

an -t an'_(ﬂ‘—a) Z;'
Zig Zoy  Zet+2(n—o) 2y "

(118.13)

rae Z onpefensiercsi no Boipaxeuwio ([18.11).

Pacyer no paccMaTpHBaeMOMY YCJIOBHIO NPOH3BOAHTCH
no BepaxenusM (9.4), (9.6) ma (9.7) c yuerom (I18.13)
n (I18.11).

HOnsi rpyGo OpHEHTHPOBOYHOH OHEHEKH [z¢,s MO pac-
CMATPHBAEMOMY YCJIOBHIO MOKHO MPHHATH

iz k
g A
Zog Ry rox

=~1.6=2,0.

INpu stom paccMaTpHBaeMoe ycJoBHe mpHoOperaer BHJ,
f20,a= (1,5-2,0) Jog,a- (I18.14)

BBHLY NpPOTHBOPEMMBOCTH BJHAHHA Ha 3HauycHHe [oc,a
H3MEHEHHSl OTAEJLHBEIX BesHYMH, BXOJSIIHMX B BHPAMKEHHS
(I18.5) u (I18.7), mpH H3MeHEHHH PEXKHMOB PaGOTH HCXOI-
HOH CXeMbl HEmOCPCACTREHHOE BHIABJEHHE pACYETHHIX pe-
KHMOB, oOnpefeanonx HanbGoabliee 3HavenHe focz B 00-
meM cjayiae 3aTpyiHHTeSbHO. B cBS3H ¢ 3THM MomeT no-
tTpeGoBaTbc ompefeneHHe [oc,s WO paccMaTpHBaeMOMY
YCAOBHIO A/l PAAA OCHOBHBLIX PeXHMOB paGoTHL.

Hasn BhIﬂBJlEI%HH pacuetHoro BHaa K3 omnpenessercs

0F
k
OTHOLIEHHE 7

¢ nomompbl Bhpaxenns (I18.13)
ans BeiGpadHoro pexuma pabGotel HexoaHoH cxembl Ecaw

0
kn-z;> 1,0, wuyro mMeeT MecT0o B OOJBIIHHCTBE TpPaK-

THYECKHX cay4aeB, omnpeienense [yc,s AOCTATOYHO MpON3BE-
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Puc. I18.1. CornacoBaHee 1m0 4YyBCTBHTENBHOCTH TOKOBOM
2alinTel  oOpaTHOH TNOCNeAOBATENILHOCTH ¢  34llHTAMH
cMeXHLIX sjemMeHTOB npH K3 Ha cMewHOM sseMenTte:

a—'ucxmmeﬂ cxeMa; 6 — KoMnIeKcHad cxema S3aMellleHHd NpH

K3 onnoii ¢asw Ha 3emmo; & — 70 Xe npHk K3 nByx das Ha
SEMJ0;, € — CXeMa 3aMelleHHA OTAeJbHbIX nlenOBamhﬂmeﬂ

CTH TONLKO A/ 3aMbIKaHHA ABYyX (a3 Ha 3eMJI0 Kak pac-

0T

1,0
22}: < !- »
TO BuGOpP [20,> MPOM3BOAUTCA ANA 3aMBIKAHHA OLHON a3kl
Ha 3eMJI0.

2. Cornacopanye ¢ TOKOBOH 3allRTOH HYJEBOH mnocie-
JOBATEALHOCTH CMEIKHBIX JHHHA B PeXHMe ANHTeNbHOH pa-
6oTbl AByMA (asaMu 9THX JHHHAH, eCaH JAJAS HHAX TpPegy-
CMAaTPHBAGTCA BO3MOMCHOCTH YKa3aHHOTO pexHMa B CeTax
¢ ryyxosaseMleHHBIMH HeifTpanamd (cm. m. 9.3.1).

YKazannoe cornacoBaHie TMPOH3BOZUTCH [ONONHHTENb-
HO K PaccMOTPEHHOMY B I. 1 HAcTOSIEro MPHJIOXKEHHA.

Tox o0bpaTHO# NOC/AEAOBATENBHOCTH B MECTe YCTaHOB-
KH 3alIHTH [opaew MOMKET GLITh ONpefie/eH H3 KOMILIEKCHOR
cXembl 3amewenus (puc. [18.2,6) ¢ yuerom kosdduumenta
TOKOpacrpegeneHHs B cxeMe oOpaTHOR mnoOChez0BaTeNbHO-
CTH Rgrow B YCJOBHAX, KOI[a TOKOBAafl 3amMTa HyneBoll mo-
Clle0BATENBHOCTH, YCTAHOBJEHHAs Ha JIHHHE, paboTamomed
nByMa ¢aszamH, HaXOZHTCA Ha TpaHH cpalaTHBaHHg, T. €.
Koraa

YETHOrO AJIl YKasaHHblX caydaeB. Ecad ky

Toec.
!U}" = “-—é—g;
znx
!2 pacu = k21o!¢!2y = kz 'l‘o:(fuy Z'ﬁ." =
lc.s ‘ZOI
=kyrox—g — > i (118.15)
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Puc. I18.2. Cornacobanue No UyBCTEHTEJBHOCTH TOKOBOM
samuThl oOpaTHOH MOCJEA0BaTeNBHOCTH € 33lUTaAMH
CMEXXHBIX JIHHHH NPH paspbiBaX OAHOK (a3pl Ha CMEAKHOK
JIEHHK

a ~ HcxopHas cxema 1; 66— HcxonHas cxema 2
Hafg CcxemMa 3aMellleHHR DpH paspbiBe O#HOA dassl

8 — KOMNaeKc-

rae Ioy ¥ Joy — TOKH COOTBETCTBEHHO 00paTHON H HYJEBOH

noclefoBaTeNbHOCTell B JMHUH, paGortaiomell B paccMaTpH-
0L
BaemMoM HenoanodasHom pemume (Jgy ZIWE —H3

KOMHJIGKCHOM CXeMH 3aMelleHHs); Bce ocTajbHBle O003HA-
YeHHs Te e, 9TO H B BHpaxkenuH (I18.7).

Pacuer no paccMaTpHBaeMOMY YCJOBHIO MPOM3BOAHTCH
no (94) u (9.3}. Pacuer Jzpacs mo (I18.15) moxer mo-

_TPeGOBATLCA NSl PALA OCHOBHBIX PEXHMOB paGOTH Tak e

kKak H mo (I18.5) u (I18.7).
Yeaopre Bbl6Opa Ipe,» mo (9.4) H (9.8) Moxer OuiTh
3HAYHTENBHO YNPOLIEHO, E€CNH TNPHHATHL C 3anac0n£_ Rorox—
0z
=1,0, a Takme YUHTHIBATb, 4TO OOBIYHO ko-rchz;;:— He

npesocxogHT 3,0. IlpH sToM paccMaTpHBaeMoe ycJoBHe
NPaKTHYECKH YJOBJETBOPSAETCH HE3aBHCHMO OT MapaMeTpoR
HCXOAHOIl CXeMH, eCH OpHeHTHPOBOYHO HNpPHHATH

Ize,s=l0¢,5- (118.16)

B cnyyasx, Korga yder (I[18.16) mpueonut  3arpy6-
JIEHHIO 3alUMTHI NO OTHOLIEHHI0 K OCTAJbHbIM PacieTHHM
ycnoBusim Bbibopa foc,s, cnienyer mosbiopaTthea Oonee TOU-
HEIMH BhipaxeHHAMH (9.4) 1 (9.8).

3. Onpegenenne Zy N YCAOBHA COrNacoBaliHsl 10
YYBCTBHTEJBHOCTR € IMCTAHIHOHHON 3aINATON, YCTaHOBJEH-
HOH Ha CMEMHOH JHHHY B CeTH C H30JHPOBAHHOH Hedi-
Tpaneio (cM. 1. 9.4.5).



Ins onpenenésnsi Zy PACCMOTPHM CXEMY 3aMeEIEHHs,

NPHBEAEHHYIO HA pHC. [18.1,2. M3 sTOf cXeMBl CleAyeT, UTO
Z'=Zyg—Zx, THe Zx—COTUPOTHB/IEHHE YYacTKa NOBpexX-

neHHOi JHHHH no Mecta K3, npr koTopoMm pesepBHasi CTy-
nMeHb: NHCTAHILMOHHOIE 3al0MTEI HAXOAHTCA Ha TpaHH Cpa-
6aTEIBAHHSA.

Bpenem obozHaueHus:

Z¢,n — CONPOTHBJIEHHE CpabaTbiBaHHS CTYTNeEHH OHCTaH-
U;HOHHDﬁ 3aIHTLI, C KGTOPO TPOH3SBOHTCH COoriacoBaHHE;

Z 5 — CONpOTHBJECHHE JIHHHH, HAa KOTOPOH YCTaHOBJEHA
LHCTAHIHOHHAS 3allHTa;

Frox — KO3 GhHIHERT TOKOpacnpeneseHHsl B paccMat-
pHBaeMBIX VCJOBHAX, paBHbIﬁ OTHOLIEHHID TOK3a B JIHHHH
¢ IMCTAHIHOHHOM 3auHTOll K TOKV B MecTe K3.

!

Torga Zc,. paBHo :

Ze,s=Ly+ T, Zy,
= Tox
OTKVIA BHITEKAeT BLIDAXKEHHE N/ ONpejesieHusi Zx 0 Ly
Zy=Fkrox(Zcs—Za); (118.18)
Zz=z’+z“=zf+k10|g{z¢|a—z.n). (Hg.lg)
Pacuet Mo paccMaTpHBAEMOMY YCJOBHIO MPOH3BOAMTCS
no swuipaxcesusM (9.4) u (9.10) ¢ yyerom (I18.19).

Pacyer [zc,s MO YKa3aHHBIM BBIPAJKEHHSIM MOMET MO-

TpeboBaThCs IS PsIia OCHOBHHIX lple}xmoa pabothl ‘anajio-
ruuHo Tomy, Kak K no ([18.5) u (F18.7).

(T18.17)

NMPUNOMEHME N9

ONPENENEHME TCHKCE B CEMOTKAX M HA BLIBCOAX COHC®MA3HLIX ABTCTPAHC®CPMATCPCE
€ BbLIHECEHHCH HA BECKCBCH CTEPXXEHb MATHMTCIPCBCOA PEFYNMPCBCHHCH CEMOTHOWH

FMPH BHELUHMX K3

B accMaTpHBAaeMOM aBToTpaHcgopmMaTope
{AOIIHTH-157OOUI500;22U, AOIUTH-167000/500/330 =
AOMI1ITH-267000/500/220) cymma MJC obmMoTOK Ha cpen-
HeM H GoOKOBOM CTEepHHAX Ma[‘HHTOl'[pOBOna TpH HpﬂHBGﬁpe—
JKeHHH HaMarHHYHBAIOIIMM TOKOM paBHa HYJIO NpH mobom
noyio)<eHHH Nepek/mouaress ycrpofictsa PITH.

Jns oOMOTOK, pacnofO¥eHHHIX Ha OOKOBOM CTepiKHe,
npr npHHATHX Ha puc. 17.1 NoMoKHTENbHLIX Hamnpas.e-
HHAX:

Tpy Wher + (gt + Icr) Wper + JxowaWeom =0, (119.1)

OTKYHa
{ W, w!
per per
Jeoun = — \ Tor1 W, oy +tem m) (T19:53

’ e
roe Wper = per-;- Wper.
Ilpu kpaiiiux (BepXHEM H HHIKHEM) TIOJIOKEHHAX me-
pekmouatens ([19.2) npuHuMaer BHm:
NpH BEPXHEM TOJIO/KEHHH TNEPeKJIYaTesf, T. €. MNpH

Woer = Wpers (119.3)
Wper _
ﬁ;om:= =" (_fBH +£c1-1} m =
. s
per
= — (I / o [19.4
oy + Ter) s (119.4)

MIPH HE)HEM TOJOM(eHHH NepekJoYaTesd, T. €. TpH

r
Wper =0 (119.5)
W U
per per
Jrown = — Lo W = Lo Ty - AIBR)

tie Uper — HampsizieHHE H2 peryJHpoBouHofi OGMOTKE;
Upy — HOMEHANbHOE HAaTpsixeHHe OOMOTKH HH3IIEro Ha-
fpsiyeHHsT aBTOTpaHcdopMaTopa;

NpH HEKOTOPOM CPEIHEM MOJOXKEHHH MepeKaIYaTels,
[pH KOTOpOM

W’f I
per _ _ 2 (19.7)
Wpe,. dcn
Inoun=0. (1198)

Onaa suemunnx mexnydasueix K3 Ha cTopoHe cpenme-
O HJIH BHICLLIErO HATpPSKEHHA AJSA paccMaTpHBAEMBIX aBTO-
TpauchopMaTOpOB HAHGOMBIIKE TOKH B KOMIEHCAIHOHHOH

obmoTKe OynyT HMETh MeCTO MPH HHUIKHEM TMOJIOMEHHH Tne-
pekmouatesss ycrpoiictea PITH [em. (119.5) u (T19.6)].
[Tpr BepxHeM TNOJIOEHHH TMEpPeKJIOYATe/IA AJIA paccMaTpH-
BaeMHX aB‘rO’l‘paH(l?ogMa'r{)pOB (I19.4) npuHuMaeT BHA:

nas AOIOIITH-167000/500 /220, umelomiero perymupo-
panne AU=16X2,1 %,

g 500 Uper
Ji Lo B (S TR e 8
Jxonm = - (__BH —BH 230 (14-0,126) ) Upn

U
=0,637 2

HE T, ’ (119.9a)

aas AOIOLITH-167000/500/330, mMelowmiero peryJnpo-
Bauve AU=+8%1,5 %,

500 Uper
Ixowa= —| Jgu—Ipn 330{1+0,12)) s
ol
=0,35/ ; {I19.95
Slen { )

_nna AOOLITH-267000/500/220, mveiomero peryJmpo-
Baine AU=18x%1,4 %,

500 X e
hon= —{ lgg— bu s o Tey (T
Jxom Jer— BH 330 (1 1 0,112) ;

U
Uper

v HH
=5 U’M_EBH —UIE-- (I19.98)

T. €. TOK B KOMNEHCALHOHHON oOMOTKe GymeT Memblle, yem
OpH HHKHEM TMOJIOIKEHHH nepexioudatens ycrpofictsa PITH.

Bupawenns (119.1), (I19.2), (119.4), (I19.6) u ([19.8),
COCTaBJEHHBE IR MOJHHX TOKOB B OOMOTKax aBTOTpaHC-
dopmaTtopa, neHCTBHTENBHE TAKXKE [J57 CHMMETPHYHBIX CO-
CTaBJIFIIOLIHX STHX TOKOB, B YAaCTHOCTH /1A TOKOB HYJIeBOH
nocJie 10BaTeIbHOCTH. B cooTBeTcTBHE € STHM NpH BHEILHHX
3aMBIKAHMSIX Ha 3eMJIO TOK KYJ/eBOH TMoCJenoBaTe/lbHOCTH
B KOMNeHcaryiohHofi ofMoTKe aBTOTpaHcdopMmaTOpa npH

BEPXHEM  MOJOKEHHH NepeKalodaTeNsi [NO  aHaJIOrHH
c ([194)]:
Uper
_{n KoM = _EQBH +_{gcﬁ) UHH_ s (I19.10)

TPH  HH)KHEM [OJIOKEHHH TepekmouaTesii [No aHAJOrHE
c (I19.6)]: 4
Up,_\r
AR S (119.11)
o —9BH Uyy
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NMPUNOMEHMUE MG

YCTPOHCTBO 4YYBCTBMTENIBHOWM 3AUIMTHl OT OAHOMA3HBIX 3AMBIKAHHMHA HA 3EMIIO
B OBMOTKE CTATOPA CHHXPOHHOIO KOMMNEHCATOPA TMMNA 33r-2

1. ¥Yerpoiicrso Tuna 33I-2 COCTOHT H3 JABYX OCHOBHBIX
6/I0KOB € pasfenbHON CHrHaJH3anHeH:

a) 6noKka OCHOBHOH TrapMOHHKM, [NPeAcTap/IsIoUEero
cofoli MakCHMalbHOe peJjie HanpaAxKeHHs MepBOH TrapMOHH-
KH — TaK HasbiBaemOe pejie HanpsiKeHHs;

6) Gnoka TpeTbell TapMOHHKH, NPeACTaB/sioLCTO CO-
Goii pelle, pearnpyiomee Ha NpOH3BOAHYIO TPeThell rapMmo-
HHKH — TaK HashBaeMOe peJieé NpOM3BOAHOMH.

IMpupumnuanbuas cXeMa YyCTpOHCTBA MNpHBeJeHa
puc. I1.10.1.

2. Pene HanpsixeHns | COCTOMT H3:

¢uaerpa RI, TAI, Cl, C2, pHjensiomero Hampsxe-
HHe TepBOH rapMOHHKH;

BHIpAMHTENLHOTO MocTa VSI;

criiaxusaioniero konnetcaropa C3;

Pe3HCTOPOB NJIA peryjaupoBabusi yctasku RZ2—RS;

pearupyloIjero opraHa, colpaHHOrO Ha TpaH3HCTOpaXx
VT1, VT2, peauctopax R9—RI4, muonax VDI—VD4,

HCIOJHHTEJBLHOTO OpraHa KlI.

HaMeHeHHe YCTaBKH N0 HanpaxeHHio cpabaTHBaHRA
NPON3BOAMTCH IHCKPETHO MepeK/iodaTesieM YCTaBoK cpaba-
TrBaHnsa f1.

Ha

Konnencatop C4, cospnasas 3aiepikKy Ha cpabarwiBa-
HHe, YBeJHYHBAeT NOMEXOYCTOHYHBOCTb peJie.
3. Pesnie npoH3BOJHOI HMeeT ABA pearHpywollHX Opra--

‘Ha: NyCKOBOH M H3MepHTe/blibill, ,a TAKXKe 3JeMeNT Bpeme-

HH, CXeMy JIOTHKH H HCNOJIHHTEJILHBIE OpraH.
3.1. IlyckoBo#t opraH 2 COCTOHT H3:

dunerpa Cl4, TA3, BHuensiOLErc HanpsiKeHHe
TpeTbell rapMOHHKH;
BHNPAMHTENLHOTO MOCTa, COGpaHHOrO Ha AMOmax

VD25—VD26;

peanctopa R46, cnyxaulero 1,5 BHpPaBHHBAHHS aMILIH-
TYJ HanpsXKeHHi;

dopMHpYIOIHX uenoYek H3 pesuctopos R47—R5H4,
konaencaTopos CI9—C23 u mwopos VD27—VD43l,

yCHJIMTEN MOLHOCTH Ha TpaHsuctope VT8, nuonax
VD29, VD32, peauctopax R55—R57;

TPHITEPA C OAHUM BPeMEHHO YCTOHUHBEIM COCTOSIHHEM
Ila HOpMaJibHO OTKpHTOM TpHOme VTI0 m HOpManbHO 3a-
KPHITOM TpHOJE 9, puopax VD33—VD35, pesucropax
R58—R63 u wonpeHcaTope C24.

3.2. MameputeNbHEIl Oprad d COCTOMT H3:

¢uastpa C13, TA2, pEjessOLwero
TpeThell TapMOHHKH;

HANPSAKEHHE:
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Puc. IT10.1. INpuAunnuaibHas cxema ycTpoiictsa tuma 33I-2
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(hOpMHPYIOMINX 1enoyex H3 pe3ucTopoB R26—R29, R35,
R38, R39, R64, xonpencatopos CI5, C16, muonos VDI,
VDI7,

[OPOroBOr0 YCTPOHCTBA H4 HOPMANBHO OTKPHTOM TPHO-
Je VI3 ¥ HOpMAJbHO 3aKpHTEX ‘;Jpnonax VT4, VTS5, pe-
sucropax R33, R34, R36, R37, R40, R41 u xompeHcaTope
C17, nwone VDIS.

3.3. Dnement Bpemenn 4 cocTonT u3 juoma VD20,
Koupencatopa CI8 u peaucropa R42.

3.4. UcronuuTeNbHBI OPrad § COCTOMT M3 HOPMAaJbHO
otkpuitoro Tpuona VT6, HOpMaJbHO 33KPHTOrO TpHOAA
VT7, suxonHoro pene K2, muwonos VD21, VD22 u pesu-
cropoB R43—R45.

3.5. Cxema JorHKH oOOecneyHBaerT BKJ/IYEHHE MNYCKO-
BOro H H3MepHTEJNLHOI'O OpPraHoB no CXeMe H, uTo OCcy-
HIECTBASIETCS CBS3bI0 KOJUIEKTOpoB TphomoB VI8 u VII0

yepes nuoa VD37, Cxeva norHKH 6JIOKHpYeT BO3BPAT TPHr-
repa MycKOBOrO OpraHa nocjle cpaGaTbiBaHus] H3MEPHTEJb-
HOro oprana ¢ noMowero auonoB VD35, VD36 u pesucto-
pa R61, uto obecneynBaer cpaboTanHOe COCTOsiHHE peJie
NpOM3BONHOA B Tpoliecce YIEp:HBAHHS H3MepHTeJbHOro
opraua mpH HaJIHYHH 3aMBIKAHHS.

4. KpomMe pnBYX OCHOBHHX G/OKOB yCTPOFCTBO CO-
JEepPHKHT:

4.1. Bnox mutaHusi 6, KOTOpHHA COCTOMT M3 cTabu.n-
Tpona VD5, nuonos cmewennss VD6, VD7, pesuctopos.
R24, R25 u xoupencatopos C9—C12, C25.

4.2. YcTpoHCTBO CBETOBON CHMrHAJM3aNHH 7, BHITOJHEH-
Hoe Ha THpatpowax VLI, VL2, peancropax RI5—R22 u
u KoHpeHcatopax C5—C8. TupaTpoHB YyNpaBasiloTCsl KOH-
TAKTAMM MCNOJHHTENbHEX opraHoB KI w K2 na rameunus
THPAaTPOHOB TNpelycMoTpena KHomka SB-—cbpoc curHana,
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