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CTAHOAPT OPTAHU3ALIMNA
TpaHchopMaTopbl U aBToTpaHchopmaTopbl 35 -220 kB.
AnddepeHunanbHas ToOKoBas 3almTa
PacuéTt yctaBok
MeTogmnyeckme ykasaHusa

1 O6nactb npuMeHeHus

B HacTosweM cTaHaapTe AaH KOMMAEKCHbIA Mnoaxo4 K pacyéTy YyCTaBoK
anddepeHumanbHOM  TOKOBOWM  OTCeYKM U auddepeHumanbHOM  3aWwnTbl  C
TOpMOXeHueM TpaHchopMaTopoB M aBToTpaHcdhopMmaTopoB, BbI6Opy AmanasoHa
M3MepeHnn aHanorosblXx KaHanos 6nokos BMP3, Bbibopy YycTaBoK O610KUPOBKMU
3aWmMTbl Npy 6pocKax TOKa HaMarHM4YMBaHMSI.

B cTtanHgapTte npuBedeHbl NpuMepbl pacyéTta ycTaBoK AuddepeHumanbHOM
TOKOBOM 3alWMTbl TpaHCHOPMATOPOB.

Ncnonb3oBaHue  cTaHgapTa  MO3BOJIMT  MPOEKTHbIM  OpraHmM3aunsaMm  u
3KCMAYyaTUPYOLWMM NpeanpuaTnsam apdeKTMBHO peanm3oBaTb BCe PYHKUMOHANbHbIE
BO3MOXHOCTK 6510k0oB BMP3, BbinyckaeMbix OO0 «HTL, «MexaHOTpOHMKa>».
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2 O603HauYeHnAa N COKpalleHus

B HacTosiLeM cTaHaapTe NpUHATLI cneaylowmne 0603Ha4YeHUN U COKpaLeHns :
BEMP3 - 6/10K MMKpONPOLLECCOPHbIN penemnHon 3alnThbl;
BTH - 6pocok Toka HaMarHM4YMBaHUS;

BH - BbICcllee HanpsaXeHue;

03T - anddepeHumanbHasa 3awmTa C TOPMOXKEHNEM;
AOTO - anddepeHunanbHas TOKOBasi OTCEYKA;

NMNB - nHdopMaLMOHHLIN Npu3HaK 6/10KMpOBaHUS;

K3 — KOpoTKOe 3aMbIKaHue;

HH - HM3LWee HanpsXeHue;

0.€. — OTHOCUTESIbHbIE eANHULLbI;

NBB - nepekntoyeHne 6e3 Bo36yXaeHUs;

NTH - npeobpa3oBaTenb TOK - HANPSXEHNE;

PMH - perynnpoBaHmne Hanps>XeHns noa Harpy3skon;
CH - cpenHee Hanps>XeHue;

TCH - TpaHcdopMaTop COBCTBEHHbIX HYXA;

TT - TpaHcdhoOpMaToOp TOKQ;

UT - umdppoBOn TpeyronbHUK;

Y — yyBCTBUTESIbHbIN.
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3 AnddepeHunanbHan 3awmrta TpaHcdpopmaropos 6nokamm BMP3

3.1 AnddepeHumnanbHy0 TOKOBYIO 3alUUTy MPUMEHSIOT B KayecTBe OCHOBHOM
ObICTpOAENCTBYOWEN 3almMTbl TpaHCcHOPMATOPOB W aBTOTpaHCHOpPMATOPOB OT
MOBPEXAEHUIM Ha BbIBOAAX, @ TAKXe OT BHYTPEHHUX NOBPEXAEHUN.

3.2 MopgknioyeHne TT Kk 6noky BMP3 HeobxoamMMO oOCyLLeCcTBASATb MO CxXeme
"3Be3aa", He3aBUCMMO OT CXEM W Tpynn CcoeauHeHWss obMoTok TpaHcdhopmaTopal
(pncyHok 3.1).
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PucyHok 3.1 - lNMpuMep cxeMbl NOAKAKYEHUS BTOPUYHbLIX Lenen TT kK 6noky BMP3

MoakntoyeHnsa Bcex TT Ao/mkHbl obecneumBaTb MoAdayvyy BTOPUYHBIX TOKOB
MOSIOXUTENBbHOrO HamnpaBneHns Ha Bxoabl 6510ka (pucyHok 3.1). 3a NonoXxuTenbHoe
HanpaB/eHNE TOKOB CTOPOH MPUHSATO HanpaB/iEHME TOKOB B CTOPOHY 3alUMLLAEMOro
obbekTa.

U3pecb u panee TepMuH "TpaHcdopmaTopbl" pacrnpocTpaHsSeTcs U Ha aBTo-
TpaHchOpMaToOpbl, EC/IN B TEKCTE CneumarbHO HE OrOBOPEHO.
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AByxda3Hoe nogkntoyeHmne TT AonNyCTMMO MUCNOMb30BaTb TOMIbLKO ANst 06MOTOK
TpaHcdopmaTopa, CoeaMHEHHbIX N0 cXxeMe "TpeyronbHuUK", MpuM 3TOM Ha BXOA TOKa
da3bl B 6noka HeobxoauMMo nopaTb CyMMapHbiM Tok a3 A m C B npoTtmBodase
(pncyHok 3.1).

3.3 lNepBUYHbIE TOKM B 06MOTKax TpaHchopMaTopa He paBHbl MO 3HAYEHMUIO U,
B obwem cnyyae, He coBnagawT No ¢ase. 3HayeHUs TOKOB OT/INYAKOTCA M3-3a
KoaddunumeHTa TpaHchopmaumm TpaHchopmaTopa. Yron casura a3 TOKOB 3aBUCUT
OT rpynnbl coegnHeHns obMOTOK.

HeoanHaKoBOCTb Ko dnuUMeHTOB TpaHchopMaumnm TT CTOpPOH
TpaHcdopMmaTopa BedeT K ewe 6onblweMy pasinynio  BTOPUYHBIX TOKOB,
ncnonb3yemblX B 6510Ke 3aWMUThI.

B 6nokax BMP3 npenycMOTpeH NpOrpamMMHbIN YYET aKTUUYECKMX 3HAYEeHWUMN
KoadpdpuumeHToB  TpaHchopmaumm TT umn KoapduumeHTa  TpaHchopmaumm
TpaHchopmaTtopa ("unmdcdpoBoe BbipaBHMBaHWME"), bnaropaps 4yeMmy He TpebyeTtcs
NMPUMEHNATb NPOMEXYTOYHblE TpaHcdopMaTopbl (aBTOTpaHchopMaTopbl) TOKa.

KoaddpuumeHTbl TpaHchopmaumm TT nonb3oBaTenb 3a4aéT B BUAE YCTaBOK.

B 6nokax bBMP3 npeaycmoTpeHa KomneHcaums nosopoTa dda3bl npu
pasfiInyHbIX KOMOMHAUMAX CXEeM W rpynn coeguHeHur O6MOTOK 3awmuiaeMoro
TpaHchopmaTopa (onepauuns "undpoBon TpeyronbHmMkK").

CxeMy u rpynny coeamHeHu oH6MOTOK nosnb3oBaTenb 3aaaéTt B 6n1ok BMP3
COOTBETCTBYHOLLEN YCTABKOMN.

3.4 lMpwn BHewWwHeM K3 Ha 3eM/110 TOKM HYNEeBOM nocnenoBaTelbHOCTU NMpoXoasT
TONbKO No daszam o6MOTKKN TpaHCchopMaTopa, COeaAUMHEHHOM Mo cxeme "3Be3aa’.

B o6MoTke, coeaMHEHHOM NO cxeMe "TpeyronbHUK", TOKWU HYyJIeBOM
nocnenoBaTenbHOCTU UMPKYNMUPYIOT, He BbiXoAs 3a npeenbl "TpeyronbHuka". B
da3HbIX npoBogax AaHHOW O06MOTKM TOKM HYNEeBOM MocnenoBaTeslbHOCTH
OTCYTCTBYIOT.

Ona obecneyeHns npasBuibHOW paboTbl anddepeHUnanibHON TOKOBOW 3alUuUThI
npun BHeWwHMX ogHodas3HbiXx K3 B 6nokax BMP3 npeayCMOTPEHO UCKIIOYEHME TOKOB
HYneBoOM nocnenoBaTesnbHOCTU ANs 06MOTOK, COeAMHEHHbIX Mo cxeme "3Bezpa", u3
pacyéTos.

3.5 B 6noke EMP3 B mpgeanbHOM cilyyae B Harpy3o4yHOM pexuMe U B pexume
BHewHero K3 anddepeHumanbHbli TOK OTCYTCTBYET.

Ha npakTvke B Harpy3o4yHOM pexume un pexumme BHewHero K3 Bo3HMKaeT
anddepeHumanbHbii  ToK (TOK HebanaHca), BbI3BaHHbIA nNorpewHocTaMu TT,
M3MeHeHneM KoadpdpurumeHTa TpaHchopMaunumn TpaHchopmaTopa npu peryanpoBaHnm
Hanps>XeHns, NOrpeLIHOCTbIO BbipaBHUBAHMSA TOKOB CTOPOH.

Tok HebanaHca TeM O6onbwe, 4yem 60nblie 3HAYEHUSS TOKOB CTOPOH
TpaHcdopmaTopa.

3.6 B 6nokax bBMP3 auddepeHumanbHOM 3alnTbl TpaHcdopmaTopa
peanni3oBaHbl ABa BuAa anddepeHumnanbHOM TOKoOBOM 3awmnTtbl: ATO n A3T.

YctaBky cpabatbiBaHma AOTO 3agatoT 6o0nblie MakKCMMalbHO BO3MOXHOIO
3HayeHus Toka HebanaHca B pexunme BHewHero K3 vnn BTH.

Mpu aToM, BO MHOrux cny4dasx OTO MoxeT He obecneuntb Tpebyembin YD
(cM. 6.5.2) KoapdnuMeHT YyBCTBUTENBHOCTU K K3.

Ons obecneyeHus Tpebyemoro kKoadpdpuUMEHTA YYBCTBUTENbHOCTU 3aLUUTHI
ncnons3sytot A3T.

YcTtaBka cpabaTtbiBaHusa O3T Bo3pacTaeT C yBeIMYEHMEM TOKa TOPMOXEHMUS,
paccuuTbiBaemoro B 651o0ke BMP3 13 TOKOB CTOPOH TpaHcdopMaTopa.
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3.7 CywecTBYylT ncnosHenmsa 6nokos BMP3, obecneumBatome y4éT TeKyLLero
MONOXEHMS YCTPOMUCTBA peryinpoBaHns Hanps>KeHus.

B Takmx 6nokax A[OMonHUTENbHO K OcHoBHOM ("rpybon") xapakrtepuctuke
cpabaTbiBaHmna O3T npeaycMoTpeHa "4yBCTBUTENbHAA" XxapakTepucTuka.

Mpn wncnonb3oBaHuM "yyBcTBUTENbHOM" XapakTepuctukun A3T 6nok BMP3
npon3soanT pacuyéTr dakTnyeckoro KoaddunumeHTa TpaHchopMauum
TpaHcdopMaTopa, 4TO MO3BONASIET CHU3UTb COCTABASAKOLWYK ToKa HebanaHca,
obycnosneHHyto BansHuem PIMH (MNBB).

"YyscTBuTtenbHas" xapaktepuctuka A3T wumeer 6onbwnn  KOaddULMEHT
YyBCTBUTENbHOCTU, YeM "rpybasa" (pucyHok 3.2).

YyeT TeKyuwero nosoXeHust YyCTPOMCTBa peryanpoBaHuUsa Hanpsi>keHust B 6aoke
BMP3 ocywecTtBnéH nporpaMMHbIM cnocoboMm, C YYETOM 3HAYEHUN TOKOB CTOPOH
TpaHcdopmaTopa.

A In

Inro

I.El,3T Hay
3T Hay 4 = i

I Kropm 2 4
HB

Y

3o0Ha cpabaTbiBaHUSA 0,5 Ihom Tp 1,5 Thom e

30Ha 610KMpoBaHUs
PucyHok 3.2 - Xapaktepuctukm ATO, A3T n "uyBcTBuTenbHoro" opraHa A3T (43T Y)

3.8 Toku, nony4yeHHble B 6n10oke BMP3 nocne nporpaMMHOro MCK/IKYEHUS
TOKOB HYNeBOM MNOCAeAoBaTeNbHOCTM M KOMMEHCauun nosopoTa a3, Ha3BaHbl
Aanee Tokamu "KOHTypoB".

KonnyectBo Takmx "KOHTYpoB" paBHO TpeM (MO KOJMYECTBY COOTBETCTBYHOLWMUX
da3). Tokn Kaxaoro m3 "KoHTypoB" dopmMmupytotcas ns tokos ctopoH (BH, CH, HH)
TpaHcdopmaTopa.

OnddepeHumnanbHas TokoBas 3awmta B 650ke BMP3  dyHKUMOHUpYeET
pasgesibHO ANs Kaxaoro m3 Tpéx "KOoHTypoB". MNpu cpabaTbiBaHUM 3alnTbl XOTH 6bl
B oAHOM u3 "KoHTypoB" 650k BMP3 dopMumpyeT curHan Ha OTKIOYEHMUE
BbIK/1lOYATENEN CTOPOH TpaHcdopMaTopa.

3.9 OuddepeHumanbHbil TOK Bblumcnsercs 61okom BMP3 kak OTHOLWEHWe
BTOPUYHOro AauddepeHumanbHOro ToKa K HOMWHAAbHOMY BTOPUYHOMY TOKY
TpaHcdopmaTopa un aBnsdetcsa 6e3pasmepHOn BETUYMNHOMN.

Bbluncnenne puddepeHumanbHoro Toka B 6n10oke BMP3 npoucxoauTt Ans
Kaxxgoro ns "KoHTypos" no ¢opmyne
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LeantIc CH(HH1) T K HH(HH2)

a= 181 ’ (3_1)

HOM TP
BH
KTT

+1

rae Iiens Iicuownys Liwmgwzy - BEKTOPbI BTOPUYHBIX TOKOB CTOPOH "KOHTypa",

npuBeaeHHble K CTOpoHe BH, A;

BH “~ ~ .
Lomp - HOMMHANbHbIW MEPBUYHBIA TOK CTOPOHbI BH, A;

KE - koaddurumeHT TpaHcdopmaumm TT cTopoHbl BH.

dopmyna (3.1) npueeneHa NPUMEHUTESIbHO K  TpEXOHBMOTOYHOMY
TpaHchopmaTopy M TpaHchopMaTopy C pacliensieHHon o6MOTKOM CTOpoHbl HH.
Ons aByXxobMOTOYHOro TpaHcdopmaTopa pacyeT anddepeHuMnanbHOro ToKa

npomsBoaAnTCA ANs ABYX CTOPOH, T.e. craraemoe iKCH(HHl) B dopmyne (3.1)

OTCYTCTBYET.
HoMWHanNbHbIN NEPBUYHLIA TOK TpaHcdopmaTtopa ans nwbon n3 ctopoH (BH,
CH nnn HH) MoXHO paccuuTaTtb no popmyne

I SHOM TP

HOMTP = = . ! (3.2)
\/5 ) UHOMTP

rae S,owtp - HOMMWHANbHAA MOLHOCTb TpaHchopmaTtopa, B-A;

Uyomp - HOMUWHANbHOE HaMnpshXeHMe CTOPOHbI TpaHcdopMaTopa, OTHOCUTETbHO

KOTOpPOM Npon3BOAAT pacyeT, B.

3.10 Tok TopMOXeHuss ana TpEXOOMOTOYHOro TpaHcdhopmaTopa
TpaHcopmaTopa C pacwennéHHon obmoTkom HH, gasnsawowmncsa 6e3pasMepHo
BenmuynHom, 6ok BMP3 BbluncnseT ans Kaxaoro m3 "KoHTypos" no dopmyn

n
n

I = ‘IK BH‘ + ‘IK CH(HHI)‘ + ‘IK HH(HHZ)‘
T IBH '
2 . “HOM TP
KBH
T

(3.3)

Ona aByXxobMOTOYHOro TpaHcdopMaTopa pacyeT npousBoAMTCS AN ABYX
CTOPOH, T.e. cnaraemoe I, .y, B dopmysne (3.1) oTCyTCTBYET.

3.11 BbluncneHme BeKTOPOB BTOPUYHbLIX TOKOB cTOopoH (BH, CH wunm HH)
"KoHTypoB" B 6noke BMP3 npoucxoauT B 3aBUCMMOCTM OT CXEMbl U Trpynnbl
coeamHeHns obMoToK TpaHcdhopmaTopa.

3.11.1 OAns obMOTOK CO CXeMOW CoeAMHEHUSa "TpeyrosibHUK" TOKWM CTOPOHbI
"KOHTYpoOB" COOTBETCTBYOT (ha3HbIM TOKaAM

I K1~ iAl (3.4)
I K2~ iBl (3.5)
i1, (3.6)

roe I,, I, I, - BEKTOPbI BTOPUUHBIX (ha3HbIX TOKOB.
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3.11.2 [Ona pA[Byx- W TpexobMOTOYHbLIX TpaHCPOpPMATOPOB CO CXEMOW
coeanHeHns Bcex obmoTok "3Be3pa" B 6noke BMP3 npoucxoauT nporpamMmMHoe
NCKJ/TIOYEHME TOKOB HYJIEBOM NOCNEA0BATENbHOCTU AJ1 BCEX CTOPOH

: . T, 4141
I =1,——"—2——=, (3.7)
: 1,41 41
I =[-8 ¢, (3.8)
: N RS s
I =1+~ 2-¢ :; <. (3.9)

3.11.3 Ana npoymx cxem coeamHeHuss obMOTOK TpaHcdopMaTopa ANa CTOPOH
CO CXeMoWn coeauHeHus "3Be3aa" BbIMOMHAETCA MpPOrpaMMHOE WUCKYEHUE TOKOB
HyNneBOM nocnenoBaTeNbHOCTM U KOMMNEHcaunsa nosopoTta ¢a3sbl no npasunam "LUT-1"
mwnnm "UT-11".

Onepauun no npasuny "UT-1" sBbinonHaTcs no ¢dopmynam (3.10) - (3.12)

I.,= i/jgic , (3.10)
Iyo= IBEA : (3.11)
I.,= ICEB . (3.12)
Onepaunn no npasuny "UT-11" BbinonHsatoTcs no dopmynam (3.13) - (3.15)
I.,= i/jgiB , (3.13)
Iyo= IBEC , (3.14)
I.,= ICEA . (3.15)

Ecnn HanpsikeHne obMOTKM CO CXeMOM coeauHeHus "3Be34a" Bblle HanpsiKeHWUs
0BMOTKWN CO CXeMoKn coeanHeHuns "TpeyronbHMK", onepaunmn BbIMOHSOTCS:

- no npasuny "UT-1" ana rpynnbl coegnHeHns obMoToK 1;

- no npasuny "UT-11" anga rpynnbl coegmHeHns obmMoTok 11.

Ecnn HanpshkeHne 06MOTKM CO CXEMOM CoeauHeEHUs "3Be3aa" HMXKe HanpsiKeHus
0BMOTKWN CO CXeMoK coeanHeHuns "TpeyronbHMK", onepaunmn BbIMOSHSOTCS:

- no npasuny "UT-1" ana rpynnsl coeanHeHns obmoTok 11;

- no npasuny "UT-11" ansa rpynnbl coeanHeHns ob6mMoToK 1.

3.12 Tok HaMarHunumBaHus TpaHchopMaTopa, 3HaYEeHNEe KOTOPOro B HECKOJIbKO
pa3s npeBOCXOAMUT 3HAuYeHMe HOMMHANbLHOro TOKa, MOSIBASETCA TOAbKO B TOWM
0bMOTKE, Ha KOTOpYH MnojaeTcsa HanpshxeHue (npuv BKAKYEHUMM TpaHcdopmaTopa
noa HanpshkeHme WIn Mnpu BOCCTAHOBIEHMM HaMNpsXKeHUs nocnie OTKYeHUs
BHewHero K3). 2TOT TOK uMMeeT 3aTyxXalwlWh XapaKTep W MOXET BbI3BaTb
cpabaTbiBaHMe 3awWmTbl B cny4vae npesbiweHns BTH yctasku 43T.
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Ona npepoTBpalleHne cpabaTbiBaHMSA 3alinTbl NpU BO3HUMKHOBeHUM BTH B
6nokax BMP3 npeaycMoTpeHa BO3MOXHOCTb 6nokuposaHus O3T no pe3ynbTaTtam
rapMoOHMYeCcKoro aHanusa andpdepeHumanbHbIX TOKOB.

N3BecTHO [1], uTO B anepumoamvyeckoM bBTH pgona BTOpOM rapMOHUKK
coctasnsetr okono 15 %. B nepuoanmyeckom BTH ponss BTOpPOM rapMOHMYECKOWM
cocTtasnsawwen HamHoro 6onbwe m coctasnsetr o 40 %. loaToMy, B KayecTsBe
npu3Haka Hanmumsa bTH ncnonb3oBaHO NpoOLEHTHOE COOTHOLIEHME BTOPOMN M NEepPBON
rapMoHuKM B aAnddepeHumanbHOM TOKe.

3.13 lpn cxeme coeaMHeHns OBMOTOK "TpeyroabHWK" M pa3HOBPEMEHHOM
BKAKOYEHMU (pa3 nNpu BKAOYEHUM TpaHchopMmaTopa B pexnme, 6/IM3KOM K XONOCTOMY
xoay, anddepeHumnanbHbin TOK COCTOUT M3 Toka HebanaHca n BTH.

B TakoM cny4yae BO3MOXHa B3aMMHas KOMMeHcauusi BTOPOWN FapMOHUYECKOW
cocTtasnsawuwen, obycnoBneHHonm BO3HMKHOBeHMeM bBTH, ©n KpaTKOBpeMeHHOW
rapMOHMYECKOW COCTaBAsoLLEeN NepexoaHoro npouecca BKAYEeHUS.

B aTOoM cny4ae, u3-3a HeAOCTAaTOYHOrO 3HAYeHMs BTOPOM FAapPMOHWUYECKOM
cocTtasnsawwen B andpdepeHunanbHOM TOKe, BO3MOXHbl 0TKa3bl 6nokupoBaHusa A3T
n cpabaTbiBaHMS 3aWNThI.

Moatomy B 6nokax BMP3 agononHUTENnbHO WCNOAb3YeTCa 4JeTBepTas
rapMoHu4yeckas coctasnsitowasa amddepeHumanbHOro Toka.

3.14 bnokunpoBaHue O3T 6nok BMP3 ocywecTBnseT pasaenbHO ANS Kaxaoro
13 "KoHTYypoB" npu npeBblleHnn 3HayeHmeM UMb 3agaHHON YCTaBKMU.

BbluncnenHne 3HadeHms UMb pgna kaxaoro m3 "kKoHTypoB" B 6510ke BMP3
npomncxoauT no gopmyne

I +|1
(100) gng (200) ang
UMb = T , (3.16)
‘ (50) angp
roe ‘I(loo) np| — BEVICTBYIOLLIEE 3HAYEHME BTOPOW FrApMOHUKN B A dEPEHLMaIbHOM TOKE;
‘—’(200) anp| — AEVICTBYIOLLIEE 3HAYEHWE YETBEPTON rapMOHVKV B AnddepeHLManbHOM TOKeE;
‘—’(50) np| — AENCTBYIOLLEE 3HAUEHME NEPBOV FAPMOHWKM B AndPepeHLnanbHOM TOKe.

3.15 [Ana noBblweHns 3pPeKTUBHOCTN 6/10KMPOBaHMS 3alUUTbl B PexXume,
conpoBoxgatwemca bBbTH, B 6nokax BMP3 npeaycMoTpeHa BO3MOXHOCTb
nepekpéctHoro 6nokupoBaHmsa [AO3T, koraa npu npeBblwweHnn WINB 3aaaHHOM
yCTaBku xoTs 6bl Ans oaHoro u3 "KOHTypoB" npoucxoaut 6nokmposaHue O3T Bcex
"KOHTYypoOB".

ONVUTenbHOCTb AENCTBUSA MEPEeKpPECTHOro pexumma 610KMpoBaHUSA OrpaHMyeHa
yCTaBKOM MO BpeMEHN, 3aaaBaeMon B bnoke.

MepekpécTHoe 610KMpOBaHME MOXET MPUBECTM K 3aMeasieHUuld AeNcTBus
3aWMTbl B Cfyyae HanoxeHusa pexmma K3 Ha pexum, COnpoBOXAAKWMNCS
BO3HWKHOBeHMeM BTH [2].

Ncnonb3oBaHMe [aHHOro pexuma 6510KMpoBaHus  3awmnTbl MOXeT 6biTb
pPEKOMEHA0BAHO NNLWb B HEKOTOPbLIX C/ly4vasiX, 0 KOTOPbIX HAaNMMcaHo Hmxe (cM. 6.8.2).

4 Bbi60op nepBrUYHbIX TT 1 NTH 6n0koB BMP3

4.1 TT AOMKHbI yAOBNETBOPATb TpeboBaHUAM MO UX MPUMEHEHUI0 B LeEensax
penemHomn 3awunTbl (B TOM 4YMCAe U NO YCIOBUSAM TEPMUYECKON CTOMKOCTM BTOPUYHbIX
uenen) n A0/HXKHbI 6bITb NpoBepeHbl B cooTBeTcTBMU ¢ Pl 153-34.0-35.301-2002 [3].
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4.2 Ha stane npoBepkun TT B cooTBeTCTBUM C [3] HeobxoamMo paccyuTaTb
3Ha4YeHMUS MOJIHbIX OTHOCUTENbHbIX MOrpeLwHocTen TT CTOpOH TpaHcdhopmaTopa:
Emakc -~ COOTBETCTBYHOLIME MaKCMMasbHOMY (a3HOMY TOKYy BHelwHero K3,
nportekarwLwemy yepes TT;
- &yyy - COOTBETCTBYHOLWME MUHMMaNbHOMY (a3HOMYy TOKy K3 B 30He AencTBusa
3aWnTbl, NpoTeKawLwemy vyepes TT;

£s - COOTBETCTBYIOLWME MOMIOBMHE HOMWMHAMBHOIO 3HAYEHUsT TOKa
TpaHchopmaTopa;

€ pab maxc COOTBETCTBYKOLLME 3HAYEHUKD MaKCuUManbHoro paboyero ToKa
TpaHchopmaTopa;

€5 - COOTBETCTBYIOLIME MOSYTOPA HOMMUHAMIbHLIM 3HAYEHWAM TOKa
TpaHcdopmaTopa.

C uenbl ynpouweHns pacyéTta AonyCcTuMo:
- MPUHATb 3HA4YeHWe MOrpewHoOCTN &, PaBHbIM 0,1 npu ycnosuu, 4TO

peanibHasi KpaTHOCTb Toka K3 He NMpeBOCXOAUT HOMUHanNbHYO U peanbHas Harpyska
Ha BTOpWUYHble Luenn TT HE NPeBOCXOAUT HOMUHANbHYIO;

- MPUHATb 3HAYEHWNS NOTPELUHOCTEN &,,,,, &5/ € N g s pasHbiMn 0,1 npwm

pab makc

YyCNOBUM, YTO 3HAYEHMUE &, HE npesBocxoamnT O,1.

4.3 B HekoTOpbliX 6bnokax BMP3 npeaycMmoTpeHa HacTpouka [NTH aHanoroBbix
BX0A40B, onpeaenstowmx ananasoHbl U3MEPEHNSA BTOPUYHbIX TOKOB.

Ons obecneyeHnss NpaBUNbHOMO W3MEpeHUs MakKCMManbHO Toka K3,
npoxoasuwero yepes TT, 3Ha4YeHMe BEpPXHEN rpaHuubl Anana3oHa uamepenuin MNTH
N3MEPUTENbHOrO KaHana iy, nmy AOMKHO YAOBNETBOPATL CEAYIOLWEMY YC/TOBUIO

I

. K MAKC
Imakc nmH 2 kI7EP : ! (4-1)
K7T

rae K., = 2 - KO3(POMUUMEHT, YUUTbIBAIOLWINIA MEPEXOAHbIA pexXxum (Hanuume

anepmoanyeckom COCTaBASIOLWEN TOKA);
I make - Nepuoanyveckas cocTaB/islowas MakcumanbHoro dasHoro Ttoka K3

(kak npaBuno, TpexdasHoro MmetTannudeckoro K3), npoTekatowero 4vyepes TT (B
Ha4yanbHbI MOMEHT BpeMeHu K3), A;
K - KoadpduumneHT TpaHcpopmaumm TT.

Hactponka INTH ocylwecTBniseTcsa nyTemM nporpaMMHOro sbibopa HOMMHaNLHOIo
TOKa W3MepuTenbHOro kaHana I,,,,; W3 paga 3HavyeHuUn. HOMUMHaNbHbLIA TOK

N3MepuTeNnbHOro KaHana I,,,, ,; W COOTBETCTBYIOLME €MY AMANa3oHbl U3MEpeHUNn

npuBeaeHbl B pyKOBOACTBAX Mo aKcnsyataumm Ha 61okm BMP3.

Onsa Bcex NTH gonyckaetcs pabota ¢ TT, uMeOWMMMN HOMUHAIbHOE 3HAa4YeHune
BTOPMYHOro Toka 1 unm 5 A.

B cnyyae, ecnn m3-3a cavwkoM 6onbworo 3HadyeHms Toka K3 BbibpaTtb MTH
BblllEeyKa3aHHbIM crnocoboM He ypaércsa, cneayet Bblibpatb MTH ¢ MakcumanbHO

D Ana TT, BbiNyWeHHbIX B cooTBeTcTBuM ¢ TOCT 7746-55, aeicreuTenbHas
KpPaTHOCTb MEPBUYHOro Toka, cooTBeTcTBytowas 10 % norpewHocTn, MOXeT bbiTb Ha
20 % HWMXXe HOMUHaNbHOWN, YCTAHOB/IEHHOMN 3aBOAOM-U3rOTOBUTENIEM.
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BO3MOXHbIM 3HAYe€HWeM i, Obpawas ocoboe BHMMaHME Ha BbIMNO/HEHME

YCNOBUM, N3NOXEHHbIX B N. 4.1.

Mpu BbiIGOpe HOMUHaNbHLIX TOKOB NTH MoxeT noTpeboBaTbcs cobnwaeHue um
MHbIX YCNOBUN, NMpMBEAEHHbIX B PYKOBOACTBE MO 3KCMayaTaumu Ha 650K penenHomn
3alWNThI.

4.4 BbibpaHHble B cooTBeTCcTBUM C M. 4.3 MTH Heobxoammo npoBepuTb MO
ycnosuo obecrneyeHns 3a4aHHOM MOrpewHOCTU U3MEepeHUs ToKa Harpy3o4dHoro
pexuma no cootHowenuto (4.2) ana MTH ¢ Tokamn 1., 7y, PaBHbIMKM 5 A 2,5 A, 1

no cootHoweHwuo (4.3) ana NTH c Tokamun 1., 7, , PaBHbIMM 1 A n 0,5 A.

I
IHOMHTH < 6. N, (4-2)
T
I
IHOMHTH <3N, (4-3)
T

5 OnddepeHunanbHana TOKOBaA OTCeYKa

5.1 YcraBky cpabatbiBaHua AOTO B [onsgx OT HOMUHANbHOMO TOKa
TpaHcdopmaTopa BbibMpatoT Takon, YTobbl obecneumnTb OTCTPOMKY OT:

- BTH;

- paC4Y4€THOro MakcMMasnbHoro Toka HebanaHca.

N3 ABYX MOMyYEHHbIX 3HA4YeHMW B KadecTBe YycTaBku cpabaTtbiBaHms ATO
cneayeTt NpuUHATb Hanbonbluee 3HavYeHue

5.2 [na oTcTporiku oT 6pocka TOKa HaMarHu4ymBaHus ycrtaeky [,

pekoMeHAyeTCa NpuHATL OT 4 [0 5 o0.e. HOMMHaNbHbLIX 3HayYeHUMn ToKa
TpaHcdhopmaTopal).

5.3 [1na OTCTPOWKKM OT pacYETHOro MakCuMMasbHOro Toka HebanaHca 3HauvyeHue
yctaBku I, onpeaenstoT no ¢opmyne

I

AT0

= Kore Ly pacas (5.1)

oTC

rae Ky, = o1 1,15 po 1,3 - Koah®dUUNEHT OTCTPONKU, YUUTbIBAKOLLMA NOrPELLHOCTb

pacyeTa n HeobxoaAnMbIN 3anac;

15 pacs OTHOCUTE/IbHbIM  PacY€THbIA MaKCMMalbHbIM  TOK HebanaHca,

COOTBETCTBYHOLUMA MaKCMMalbHOMY TOKYy BHewHero K3, npoxoasuiemy 4epe3s
TpaHchopmaTop.

!
IHE pacy = ‘IHE pacy +‘Ilr-l’5pac<-/ +‘II’-1’L’5 pacu |’ (52)
rae I, .., - coctaBnstowas, obycnoBneHHas norpewHocTbio TT;
Iiis pac cocTaBndwowas, obycnosneHHas peryMpoBaHMEM HaNPSKEHUS

3alUmMLLaemMoro TpaHcdopmaTopa;

D AnanasoH NpuHAT C y4&TOM MOAABEHUS anepuoaMYecKOoi COoCTaBsoLLEN
TOoKa npu undposon obpaboTke curHanos B 61oke BMP3.
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I - cocTaBnstouwas, obycnoBneHHass HETOYHOCTbIO BbipaBHMBAHUSA TOKOB

Hb pacu
nney.

CocTtaBnstowne OTHOCUTENBHOIO pacyeTHoro Toka HebanaHca I, ..., Ijs jocs Y

I[f pacy BBIMMCHAOT NO opMynam (5.3)-(5.5)
Iy _ k k IK MAKC
H5 pacy — Knep " Ko * Emakc 'IBH—I (5.3)
HOM TP
I
I pacy = (UPEl'l Krok1 + Upery + Krok 2) : IKB/TiI (5.4)
HOM TP
" IK MAKC
HB pacy :7/'1—.BH—' (55)

HOM TP

roe K., = 2,5 - KO3I(POUUMEHT, yuuTbiBaOLWNIA YBEIMYEHME MNOrpewHocTn TT B

nepexoaHOM pexume Npu Haanymm anepmoamyeckom COCTaBASIOLWEN TOKA;
k,, =1 - KO3(pdUUMEHT OAHOTUNHOCTU TT;

o4
Evakc — MaKCuMalsibHOE U3 3HAYEHUN OTHOCUTENbHbIX MOJHbIX I'IOFpGLIJHOCTGVI

TT cTopoH TpaHchopMaTopa B pexuMe, COOTBETCTBYOWEM TOKY I, . (CM. 4.2);
I mae — MNepuoanyeckas COCTaBiglowWas MakCcumanbHoro @asHoro Toka

BHewHero K3 (kak npaBuno, tpexdasHoro Mmetannmnyeckoro K3), npoTekatowero
yepe3 TT (B Ha4yanbHbIM MOMEHT BpeMeHu K3), npuBeaeHHasa K ctopoHe BH, A;

I 1 - HOMUHAIbHBIM NMEPBUYHbIV TOK CTOPOHbI BH, A;

Uperys Upgr, — OTHOCUTENBHBIE NMOrPELUHOCTN, 06yCNOBNEHHbIE PeryinpoBaHUEM

HaNpsAXeHWs Ha CTOpOHaxX 3aluuiaeMoro TpaHcdopmaTopa;

Kok 11 Ko, — KO DULIMEHTBI TOKOPAcnpeaeneHns, paBHble OTHOLEHWIO TOKa,

npoxoAsiWwero no CTOpoHe, rae MpOU3BOANTCS PperynpoBaHMe HanNpsXeHus, B
peXxume paccMmaTpmBaemMoro BHewHero K3 kK Toky K3;
y =0,05 - oTHOCMTenbHas NOrpewwHoCTb UMGPOBOro BblpaBHMBAHMS TOKOB

nrfeu.
OTHOCUTENbHbIE norpeLwwHoCcT npUHUMaloT paBHbIMU NoJIOBUHE
n-1 AU
MCNO/Ib3YEMOro Anana3oHa perynnposaHud (U%mﬂ)z-—§—~i66, roe n - KoOJn4decTBoO

CTyrneHen perynmposaHus, AU - war perynmpoBaHus HanpsbkeHus, %), HO He
meHee 0,05.
B cnyuyae vcnonb3oBaHus ycrtpowcTea MNBB npuHumatoT U, = 0,05.

Ana ynpoweHna pacyeToB AOMYyCTUMO MPUHUMAaTb MNpeaesibHble 3HAYeHUs
KO3MPUUNEHTOB  Kipy = Krg, =1, YuUTbIBasAs, 4YTO 3TO BeAET K CHUXEHUIO

Ko puumeHTa 4yBCTBUTENBbHOCTM 3aLUNThI.

dopmyna (5.4) coCTaBJ/ieHa NMPUMEHUTENIBHO K  TPexobMOTOYHOMY
TpaHchopmaTopy (aBToTpaHCchopMaTopy).

Ans aByxobMoTO4YHOro TpaHcdopmaTopa B npaBon 4yactu dopmynbl (5.4)
cnaraemoe U,., - Ky, HE YUUTbIBAIOT, a cnaraemoe K, , MPUHMMAIOT paBHbiM 1

(cM. npuMep pacyéTa ycTaBok B 7.1).
5.1.4 CornacHo [4] npoBepKy yyBcTBUTENBbHOCTM ATO HE Npon3BoAAT.
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6 AnddepeHumnanbHaa TOKOBas 3allUTa C TOPMOXXEHUEM
6.1 O6wme npmHUMNnbI Bbi6bopa ycTtaBok A3T

6.1.1 [Ins yMeHblleHMs COCTaBaslLWeNn Toka HebanaHca I BbI3BAHHOM

HBE pacy 1
peryimpoBaHMeM Hanpsi>XeHusi, M MoBblleHNns KoadduumeHTa 4YyBCTBUTENBHOCTU
03T BbinyckaT ucnonHeHuns 6nokoB BMP3, B KoTopbix obecneuymBaeTcss YuéT
TeKyLero nonoXXeHns yCTpoOUCTBa perynpoBaHnUs Hanpsi>kKeHus.

6.1.2 B Takux wucnonHeHusx 6nokoB BMP3 npeagycMoTpeHo gaBa Habopa
yctaBok A3T: "rpybble" un "yyBcTBUTENbHbIE".

6.1.3 Pacuétr '"rpybbix" ycTaBOK npou3BOAAT AN cCpefHero MnOoJIoXKeHUS
perynatopa HanpsXXeHus, Yy4yuTbiBasg MaKCUMallbHO BO3MOXHOe  3HauyeHue
OTHOCUTENbHOro TOoKa HebanaHca, nMpu OTK/IOHEHWUWU perynaTopa HanpsXeHus Ha
MOJIOBUHY AMana3oHa peryimpoBaHug.

B 6onblWKMHCTBE cCny4dYaeB, B npouecce 3Kcnayatauum TpaHcdhopmaTopa
MCNoONb3ylT He BeCb AWana3oH peryampoBaHusa (MOsIOXeHune perynstopa penko

HAaXOAWUTCA B MOJIOKEHWM, COOTBETCTBYIOWEM MAKCUMANbHOMY 3HaueHuto Ij: .. ),

4YTO NPUBOAUT K MUCMOSIb30BAHUIO 3aBbllLUEHHbIX ycTaBok [O3T.

B HekoTopbIX cny4yadx, Npuv BKJIOYEHUU peaKTopa Ha CTopoHe HH B 30HY
3alUMTbl  3TO MOXET TMNPMBECTM K HEBbINONHEHUO TpebosaHun T1YD [5],
YCT@HOBJ/IEHHbIX AN KO3 dULUMEHTA UYYBCTBUTENIbHOCTU 3alMTbl K MeTalsIn4yeCcKnuM
K3 3a peakTopoM.

6.1.4 YBenuueHune koaddpuumeHta 4vyscTBUTENbHOCTM [O3T MOXHO A06UTLCS

MYTEM CHWXXEHWA COCTaBSAOWENR OTHOCMTENbHOro Toka HebanaHca I, .., npu

aBTOMaTMYECKOM Y4yéTe TeKyLllero rmosioXKeHUss YCTPOWCTBA peryanpoBaHus
HanpsXXeHus, BbiNosIHAeMoro anroputmom 3T BEMP3.
6.1.5 Pacuét "uyyBCTBMTENbHbLIX" YCTaBOK  3aWMTbl, WCMOMb3YOLLEN

MHdOpMaLMIO 0 TeKyLleM nosoxeHun PIMH, npon3BoasaT Ans 3Ha4YeHUs TokKa I,’;b.pacq,

BbI3BAHHOI0 OTK/IOHEHUEM pEerynaTopa Hanps)XXeHUsa OT TeKyLWero rnosioXXeHus Ha Tpu
CTYNeHn, HO He MeHee 4eM Ha 5 % OT HOMMHANBLHOIro HaNpPsSXXEeHUS.

6.1.6 MNepekntoyeHne Mexay rpynnamm "rpybbix” n "yyBcTBUTENbHLIX" YCTaBOK
npomncxoauTt B 6nokax BMP3 aBToMaTnueckn. YcnoBus nepektovyeHns npuBeaeHbl B
pPYKOBOACTBE MO 3KCNayaTauMm Ha KOHKPETHOe ucrnonHeHune 6noka.

6.1.7 lpn npeBbllUEHUN 3HAYeHMEeM OTHOCUTeNbHOro anddepeHunanbHoro
Toka I, yctaBku I, B TeYeHMe BpeMeHU, 3a4aBaemMoro yctaskon T,., 6nok BMP3

dopmupyet curnan "HebanaHc".
YctaBky no BpeMeHu T,. 3ajaloT WUCXO0AA U3 YCNOBUS OTCTPOMKWM  OT

MaKCUManbHOro BPpEMEHU AENUCTBUSA pe3epBHbIX 3almMT TpaHcdhopMaTopa.
6.1.8 Mpun Hannmumm TCH B 30HE [AENCTBMS 3alUMTbl PacyYET YCTaBOK
Heo6X0AMMO BbINONHATL YUYMUTbIBAsS cneaytoLlee:

- YCTaBKy HayanbHoro Ttoka cpabatbiBanua O3T I,

anddepeHumanbHOro Toka B 3awmTe, BbiaBaHHOro K3 3a TCH;
- YCTaBKy curHanusaumum HebanaHca I, OTCTpamBalOT OT MakKCUMasibHOro

paboyero Toka TCH.

OTCTpamMBalT OT
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6.2 Bbi60p yCcTaBKM HauvaJZIbHOro Toka cpabarbiBauma A3T
6.2.1 YcTaBKy HadyanbHoro toka cpabaTbiBaHus O3T I,
YC/0BUS OTCTPOMKM OT pacCyYeTHOro MakCMMasbHOro Toka HebanaHca B Harpy3o4HOM
pexxume no aHanormm c 5.3.

6.2.2 Ona 6nokoB BMP3, yuuTbiBalOWKMX Tekyuee nonoxeHume PIH, pacuert
BbINOJIHAOT ABaXAbl, CHadana Ans rpynnbel "rpybbix" yctaBok, a 3aTeM Ans rpynnbl
"yyBCTBUTENbHbIX " YCTaBOK.

Ecnn perynupoBaHue Hanpsi>kKeHUss He npuMeHseTcs, "J4yBCTBUTENbHblE"
yCTaBKu cneayet npMHUMaTb paBHbIMKU "rpybbiM".

6.2.3 YcTaBKy HayanbHOro toka cpabartbiBanHuns O3T I

A3T Hay
dopmyne

BblbMpatloT U3

BblYNCIAKOT MO

I

A3T Hay

— Kore * Ls pocs (6.1)

oTC

rae Ky, = oT 1,5 - KoapdUUMEHT OTCTPONKK, YUMTbIBAIOLLNI NOrPeLIHOCTb pacyeTa

M HeobxoaMMbIN 3anac.

6.2.4 3HaueHve TOKaA [0 ..,

aBTOTpaHchopmaTopoB HaxoaaTr no dopmyne (6.2), a AN ABYXOOMOTOYHbIX
TpaHchopMmaTopoB M TpaHcdopMaTopa C pacuensieHHon obmoTkonm no dopmyne
(6.3) yuuTbiBasi, 4YTO XapaKTEPUCTUKA TOPMOXEHUSA WMEET MepBbi MU3NOM MNpwU
3Ha4yeHun Toka TopmoxeHuna 0,5 1, 1»

Ans. TPEXOOMOTOYHbIX TpaHcdhOpMaToOpoB U

IHE pacy — 0,5 (kﬂEP ’ ko,qH “Eo5 Tt UPEI'l ’ kTOKl + UPEI'Z ) kTOKZ + 7)/ (6.2)
Lis pacy = 0,5 (kﬂEP Ko o5 + Uper + 7) ' (6.3)
rae koo, =1 - KO3®OEPUUMEHT, YUUTbIBAOWMA MNEepexofHbln pexnMm (NPUHATO

OTCYTCTBME anepuoanyeckon COCTaBnSoWEN TOKa B HAarpy304HOM pexunme);
k,, =1 - Ko3(pdUUMEHT OAHOTUNHOCTU TT;

04
£ s — MaKCMMasnbHOE M3 3HAYEHMI OTHOCUTENbHbLIX MOJHbIX MOrpelwHocTen TT

CTOPOH TpaHcdopmaTopa B pexunme, cootseTcreywowem 0,5 71,,,,,» (cM. 4.2);
Uperis Uper, — OTHOCUTESIbHBIE MOrPELIHOCTN, 0O6YC/IOB/IEHHbIE PEry/INPOBaHNEM

HaNpsAXeHWs Ha CTOpOHax 3aluuaemMoro TpaHcdopmaTopa;

Kok 11 Ko, — KO3 DULIMEHTBI TOKOPAcnpeaeneHns, paBHble OTHOLIEHWIO TOKa,

npoxoAswero no CTOpoHe, rae MpoOU3BOAUTCS PperyanpoBaHMe HaMNpsXXeHus, B
pexxume paccMmaTpmBaemoro BHewHero K3 kK Toky K3;
y =0,05 - oTHOCMTenbHast MOrpewHoCTb LUMEPPOBOro BblpaBHMBAHUSA TOKOB

nneu.
Ona rpynnbl "rpy6bix" yCTaBOK OTHOCUTENbHblE MNOrpelwHoOCTU MpUHUMAOT
n-1 AU
PaBHbIMW MOJIOBUHE WCMO/Ib3YEMOr0 AMANasoHa perynnmpoBaHus (U, =5 "100"
roe n - KOMMYeCTBO CTyneHem perynaupoBaHusa, AU - war peryampoBaHus

Hanps>xeHus, %), HoO He meHee 0,05.
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Ans rpynnel "4yBCTBUTENbHBIX" YCTABOK MPUHUMALOT U, ,, = 3-AU /100 (AU

- lar perynmpoBaHus HanpsixxeHus, %), Ho He meHee 0,05.
B cnyuyae ncnonb3oBaHus ycrtpowcTea MNBB npuHumatoT U, = 0,05.

B uenax ynpoleHnss pacyeToB AOMYCTUMO MPUHMMAaTb MNpeaesibHble 3HavYeHns
KO3MPUUNEHTOB  Kip; = Krpg, =1, Y4UUTbIBAsi, 4TO 3TO BeAET K CHUXEHUIO

Ko puumeHTa 4yBCTBUTENBbHOCTM 3aLUNThI.
6.2.5 Ecnu 3HayeHue ycTaBkW [ ., NOJlYYEHHOE B XOA4Ee pacyé€Ta, MeHblue

MMHUMANIbHO BO3MOXHOro Ans BBoAa B 610K 3HadeHus (CornacHO pyKoOBOACTBY MO
3KCnyaTauMm Ha KOHKpeTHoe uUcrnosiHeHne 6noka BMP3), To B KayecTBe 3HadeHUs
YCTaBKM M ANS AaNbHENLMX Pacy€ToB B Ka4ecTBe YCTaBKWU [, ., CNEAYET MPUHATb

MWHWMaNbHO BO3MOXHOE /151 BBOAA B 610K 3Ha4eHwue.
6.2.6 3HauyeHue ycTaBku [, ,,, He pekomeHayeTcsa BblbupaTtb MeHee 0,3 o.e.

Mo paHHbIM [2] AO3T c ycrtaBkon I, oT 0,3 ao 0,5 o.e. obecneunsaer

TpebyeMbln  KOIPDUUMEHT UYYBCTBUTENbHOCTM K BUTKOBbIM  3aMblKaHUsSIM B
nepensieTéHHbIX 06MOTKAxX M MEXKAaTyLlEeYHbIM 3aMbiKaHMAM B NO6bIX 06MOTKaX.

6.3 Bbi60p ycTaBku ko3dpPpmumeHTa TOpMOXKEHUA BTOPOro yyactka
XapaKTepucTukm Topmorkeuusa A3T

6.3.1 KoadduumeHT TOpMOXeHUs K,,,,, BTOPOro y4dacTka XapaKTepUCTUKU

TopMoxeHusa 3T BbIOMpalOT MCXOAS U3 YCNOBUS OTCTPOMKWU TokKa cpabaTbiBaHMS
3aWMTbl OT pacyeTHOro Toka HebanaHca Npu TOKE TOPMOXEHMS, COOTBETCTBYHOLLEM
KOHLY BTOPOro y4yacTka.

BTopo y4yacToK XapakKTepuCTUKM TOPMOXEHWSI COOTBETCTBYET TOKaMm
TopMmoxeHus ot 0,5 no 1,5 1,,,,,» (pycyHok 3.2).

Ona 6nokoB BMP3, yuuTbiBaOWMX Tekylwee nonoxeHue PIMH, pacueTt
BbINOJIHAOT ABaXAbl, CHadana gnsa rpynnbel "rpybbix" yctaBok, a 3aTtem Ans rpynmnbl
"yyBCTBUTENbHbIX " YCTaBOK.

Ecnn perynumpoBaHue HanpsiXeHUss He npuMeHseTcs, "4JyBCTBUTENbHblE"
yCTaBKu cneayeT npMHUMaTb paBHbIMKU "rpybbimM".

6.3.2 KoadpduumeHT TOpMOXEHUSA K.y, , PACCUNTBLIBAIOT NO opMyrie

I I

KTOPM 2 = ﬂ31T 25 _ 613;%” = Iﬂ3r 2 Iﬂ3r Hay ! (6-4)

rae I ,,, — Tok cpabaTbiBaHue 13T npu Toke TOPMOXEHUA 1,5 1, 1 ;
I 51 e ~ YCT@BKA Ha4asnbHOro Toka cpabatbiBaHusa A3T.
6.3.3 Tok cpabatbiBaHue AO3T [ acCynTbIBAOT No popmyne
JI3T 2

Iﬂ3T2 :KOTC'[HEpawzl (6.5)

rae Ky, = o1 1,15 po 1,3 - Koah®dUUNEHT OTCTPONKU, YHUUTbIBAKOLLMA NMOrPELLHOCTb

pacyeTa n HeobxoaAnMbIN 3anac;
Lig pes =  PACYETHOE  OTHOCWUTENbHOE  3HaueHWe Toka  HebanaHca,

COOTBETCTBYOLLEE TOKY TOPMOXeHUA 1,5 1, » -
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6.3.4 3HauyeHve TOKa [, B9 TPEXOOMOTOYHbLIX TpaHChOPMaATOpPOB MU

aBTOTpaHcopMaTopoB HaxoasdAT no d¢opmyne (6.6), a aAng ABYXOOMOTOYHbLIX
TpaHchopMmaTopoB M TpaHcdhopMaTopa C pacuenneHHon obmoTkonm no dopmyne
(6.7) yunTbiBasi, 4YTO XapaKTepUCTUKA TOPMOXEHUS WUMeeT BTOpOM W3/I0OM Npwu
3HAUYEHUN ToKa TopMoXeHUa 1,5 T,y 1» -

IHE pacy2 — 115 ) (kﬂEP ’ kO[{H "85 + UPEI'l ’ kTOKl + UPEI'Z 'kTOKz + 7) ’ (6-6)
L pacur = 1,5+ (kﬂEP Koy - &5 + Uper + 7) ' (6.7)

rone k., = 2 — KO3(POUUMEHT, YUUTbIBAKOWMNN YyBENMYEHME MNOrpewHocTn TT B

nepexoaHOM pexume Npu Haanymm anepmoamyeckom COCTaBASIOLWEN TOKA;
k,, =1 - KO3(pdUUMEHT OAHOTUNHOCTU TT;

o4
& s — MaKCMMaJ/ilbHOE U3 3HAYEHUN OTHOCUTENbHbIX MOJIHbIX I'IOFpeIJJHOCTeﬁ TT

CTOPOH TpaHcdopMaTopa B pexume, cootseTcTeyoweM™ 1,5 7, ,, (cM. 4.2);
Uperis Uper, — OTHOCUTESIbHBIE MOrPELIHOCTN, 0O6YC/IOB/IEHHbIE PEry/INPOBaHNEM

HaNpsAXeHWs Ha CTOpOHax 3aluliaeMoro TpaHcdopmaTopa;

Kok 11 Ko, — KO DULIMEHTBI TOKOPAcnpeaeneHns, paBHble OTHOLEHWIO TOKa,

npoxoAswero no CTOpoHe, rae MpOU3BOANTCS PperyanpoBaHMe HaMNpsXXeHus, B
pexxume paccMmaTpmBaemoro BHewHero K3 kK Toky K3;
y =0,05 - oTHOCMTenbHash MOrpelwHoCTb LUMEPPOBOro BblpaBHMBAHUSA TOKOB

nneu.
Ona rpynnbl "rpy6bix" yCTaBOK OTHOCUTE/bHble MNOrpeLHoOCTU MpUHUMALOT
n-1 AU

PaBHbIMW MOJIOBUHE WCMO/Ib3YEMOr0 AMANA3oHa PerynnmpoBaHuns (U, =5 "100"
roe n - KOMMYeCTBO CTyneHem perynaupoBaHus, AU - war peryampoBaHus

Hanps>xeHus, %), HoO He meHee 0,05.
Ans rpynnel "4yBCTBUTENbHBIX" YCTABOK MPUHUMALOT U, ,, = 3-AU /100 (AU

- lar perynmpoBaHus HanpsixxeHus, %), Ho He meHee 0,05.
B cnyuyae ncnonb3oBaHus ycrpowcTea MNBB npuHumaioT Uy, = 0,05.

B uenax ynpoleHnss pacyeToB AOMYCTUMO MPUHMMAaTb npeaesibHble 3HavYeHns
KO3MPUUNEHTOB  Kip; = Krpg, =1, Y4UUTbIBAsi, 4TO 3TO BeAET K CHUXEHUIO

Ko puumeHTa 4yBCTBUTENbHOCTM 3aLUNThI.
6.3.5 Ecnn 3HadyeHne K,,,,,, MNOJIY4EeHHOE B XOoA€e pacyé€Ta, MeHblue

MUHMMasIbHO BO3MOXHOIMo ANns BBoAa B 610K 3HayeHus (cornacHO pyKOBOACTBY MO
3KCnyaTauMm Ha KOHKpeTHoe ucrnosiHeHne 6noka BMP3), To B KayecTBe 3HaveHus
yCTaBKM M ANg AanbHENWMUX pPacyéToB B KayecTBe KoadpduumeHta K, ., clenyer

NMPUHATbL MUMHMNMaJ/IbHO BO3MOXHOE AJ14 BBOAaA B 610K 3HayeHune.

6.4 Bbi60op ycTaBku ko3dpPpmumeHTa TOPpMOIXKEHUSA TPETbEro yyacrtka
XapaKTepUCTUKM Topmorkeniusa A3T

6.4.1 KoaddPunumeHT TOPMOXEHUSA K, p,, TPETbErO y4yacTKa XapaKTEPUCTUKMU

TopMoXxeHusa 3T BbIOMpalOT MCXOAS U3 YCNOBUS OTCTPOMKWU TokKa cpabaTbiBaHUS
3aWmMTbl OT pacyeTHOro Toka HebanaHca NpM MakCMManbHOM TOoKe BHelwHero K3.
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Ona 6nokoB BMP3, yuuTbiBalOWMX Tekylwee nonoxeHue PIMH, pacueTt
BbINOJIHAOT ABaXAbl, CHavana gnsa rpynnbel "rpybbix" yctaBok, a 3aTtem gnas rpynmnbl
"yyBCTBUTENbHbIX " YCTaBOK.

Ecnn perynumpoBaHume HanpsiXXeHUss He npuMeHsaeTcs, "4JyBCTBUTENbHblE"
yCTaBKu cneayeT nNpuHUMaTb paBHbIMKU "rpybbimM".

6.4.2 KoaddPunumneHT TOPMOXEHUSA K, p,, TPETbEr0 y4yacTKa XapaKTEPUCTUKMU

TopMOXeHusa OA3T paccumTbiBaloT No popmyne

I, —1
aro — 4 pra
Kroms = 7 iy / (6.8)

K mopm TOPM 2
rae 1,, - yctaBka cpabatbiBaHua ATO, BbibpaHHas no 5.3;
I 5y, — TOK cpabatbiBaHuns A3T npu Toke TopMoOXeHus 1,5 1,

Il(no
mopm
Liopy», = 1,5 = TOK TOPMOXEHUS, COOTBETCTBYIOLWMUA BTOPOMY U3NOMY

— TOK TOPMOXEHWUS!, COOTBETCTBYHOLLMA MaKCUMasibHOMY TOKY BHellHero K3;

XapaKTePUCTUKN TOPMOXKEHUS.
Mpun pacyéte kKoadhdMUMEHTA TOPMOXEHMUS TpeTbero y4yacTtka rpynnbl
"4yBCTBMTENbHbIX" YCTAaBOK BMECTO 3HaueHus Toka [,, Cneayetr WCMnosib30BaTb

3HauyeHue Toka I, -

3HayeHne ToKa I,;,, CNeayeT pacCcynTbiBaTb aHANOMMYHO 3HAYEHWUIO TOKa
10, 3aMeHuB B popmyne (5.4) Uy, Uy, Ha 3HaYeHus, paBHble 3-AU /100 (AU -
Lar perympoBaHuns HanpsXXeHus B npoueHTax), Ho He MeHee 0,05.

6.4.3 Tok TOpMOXeHus [ COOTBETCTBYHOLMA MaKCUMaSbHOMY TOKY

K mopm 1

BHelHero K3, BbluMCASAOT No dopmyne

I — 1= kﬂEP “Emakc | . IK MAKC
K topm 2 IBH
HOM TP

' (6.9)

roe k., = 2,5 - KO3(PUUMEHT, YUUTbIBAOWMN YyBeNU4YeHne norpewHoctn TT B
nepexoaHoM pexuMme npu Haanvynum anepnoamyeckon CoCTaBnsaloLWen ToKa;
Iivuke — TNepuoamnyeckas CoCTaBnsdlowWas MakCMManbHOro @asHoro Toka

BHewHero K3 (kak npaBuno, tpexdasHoro MmeTtannunyeckoro K3), npoTekatowero
yepe3 TT (B Ha4yanbHbIM MOMEHT BpeMeHu K3), npuBeaeHHasa K ctopoHe BH, A;
Emakc — MaKCUManbHoOe M3 3HAaYeHWN OTHOCUTEJIbHbIX MOJIHbIX MOrpeLIHOCTEN

TT cTopoH TpaHchopMaTopa B peXxuMe, COOTBETCTBYOWEM TOKY I, . (CM. 4.2);

I » - HOMWHANbHbIA BTOPWYHbLIA TOK CTOpoHbl BH TpaHcdopmaTopa
(aBToTpaHcdhopmaTopa).

6.5 NpoBepka uyscTButenbHoctn A3T

6.5.1 CornacHo pykoBoasawmMM ykasaHusam [4], uyBcTButenbHocTb A3T cneayet
onpeaenatb nNpu metannandeckoMm K3 Ha BbiBOAAX 3almllaeMoro tTpaHcdopmaTtopa,
npu ero paborte Ha pac4ETHOM OTBETB/IEHUM.

PacyéTHbiMN pexumamm paboTbl MOACTAHUMM U NUTAOWUX CUCTEM ABMSOTCS
peanbHble pexunMbl, obycnasnmparoLmMe MUHUMaNbHbIA TOK NPU pacyéTHOM Buae K3.
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6.5.2 CornacHo MY3 [5] koapPUUMEHT 4YYBCTBUTENBbHOCTU 3alUUTbl A0KEH
6bITb OKONO 2.

Echn obecneyenme 3T10ro wmnm  6AM3KOro 3HadeHUs  KoadpduumeHTa
YyBCTBUTENIBHOCTU CBSA3@HO CO 3HAYUTENbHbLIM  YCAOXHEHMEM  3aWUTbl UK
TEXHMYECKN HEBO3MOXHO, AOMYCTUMO CHMXeHMe KoadduumeHTa 4yBCTBUTENBHOCTHU
anddepeHymanbHOM 3aLlmMTbl A0 3HAa4YeHUs okono 1,5 B cneaywowmx cnydasx:

- npn K3 Ha BbIBOAAX HM3LWIEro HanpshkeHns TpaHcdopMmaTopa MOLLHOCTbIO
MeHee 80 MB-A;

- B pexuMme BKJKOYEHMS TpaHCcopmaTopa noAa HanpshkeHue, a Takxe Aans
KpaTKOBPEMEHHbIX pexuMmoB ero paboTbl (Hanpumep, Npu OTKAKOYEHUN OLHON U3
NMUTAOLWNX CTOPOH);

- B pexmMme K3 3a peakTopoM, YCTAHOBJIEHHbIM HA CTOpPOHE HU3LWero
Hanps>KeHUsa U BXOASWMM B 30HY AnddepeHunanbHON 3aWmThbl.

YyBCTBMTENBbHOCTL AnddepeHumnanbHON 3aWwnTbl TpaHchopmaTopa npu K3 3a
peakTopoM AonyctumMo He obecneumBaTtb MNpU  HaNMuMM  OPYrUX  3alumT,
OXBaTbIBalOLLUNX peaKTop U YAOBAETBOPSAKOLWMX TpeboBaHMAM YyBCTBUTENbHOCTH.

6.5.3 KoadduumeHt udysctButenoHoctn A3T npu MeTanamdeckom K3
onpeaenstT no popmyne

K. — Lisun - (L= &)
4 IBH . I

HOM TP A3T Hay

/ (6.10)

roe I,,,; — MWHWMaNbHOE 3HayeHue nepuoauMyvYeckon cocTasBnswen Toka K3 B

3allMLLLaEMON 30He, NpuBEeAEHHOE K CTOpOHe BH, A;
Eyyy ~ MAKCUManbHOE M3 3HAYEHUN OTHOCUTESNbHbIX MOJIHbIX MorpewHocTen TT

CTOPOH TpaHcdopMaTopa B pexume, COOTBETCTBYHOLWEM TOKY [, ,,, (CM. 4.2);

I » - HOMUHasbHbIN MEPBUYHbIN TOK CTOPOHbI BH, A;

I 57 e ~ YCT@BKA Ha4asnbHOro Toka cpabatbiBaHuns O3T.

6.5.4 MNpu NUTaHUN MecTa NOBPEXAEHUS C ABYX CTOPOH KPUTEPUN HALEXHOro
cpabaTtbiBaHmnsa O3T npu BHYTpeHHeEM K3 Ha NMHUM anekTponepeaay npueegeH B [6].

CornacHo 3TOMYy KpUTepuio AN Kaxaoro KoadduumeHTa TOPMOXEHMUS
CYLWEeCTBYIOT MaKCMMasibHble rpaHU4Hble Yribl pacxoxaeHus ¢a3 TOKOB CTOPOH
TpaHcdopMmaTopa ¢,,, orpaHu4mnsatome obnactb 6e3ycnosHoro cpabartbiBaHus.

B aTton obnactm ycnosme npesbiweHns anddepeHunanbHbiM TOKOM YyCTaBKWU
HayanbHOro Toka cpabaTbiBaHMUS 3aWMTbl ABASETCA 4OCTATOYHbIM ANs cpabaTbiBaHUS
AO3T.

6.5.5 Mo aHanoruu c [6] c yuyétom dpopmyn (3.1) n (3.3) KpUTEPUN HALEXKHOIO
cpabaTtbiBaHusa O3T TpaHcdhopMmaTopa NpUMHUMAET BUA

1
COS(P<§'KZTOPM—1: (6.11)

roe ¢ — das3oBbIf CABUM MexXay ToKamu, °;
Kiopy - KO3 ®ULMEHT TOPMOXKEHUSA XapakTepucTuku O3T.

Mpu BbiBOAE dopMynbl (6.11) TOK CTOPOHbI TpaHcdhopMmaTopa 6€3 NUTaHus He
yuunTbiBanNCs.

6.5.6 B cooTBeTCTBMM C KpuUTEpMEM HaAEeXHoro cpabaTbiBaHWs MOCTpOEHa
Xapaktepuctmka 6esycnosHon 4yyscTBuTenbHocTn A3T (pUCyHOK 6.1).
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B 3awTtpuxoBaHHOM obnactu cpabaTbiBaHME HEe 3aBUCUT OT COOTHOLLUEHWUM
MeXay TOKaMum 1 onpenensaeTcsa TonbkKo KO3dDUUMEHTOM TOPMOXEHUS.

&, rpan
170

165 ~

160

155 ~

150

145

140 ~

135~

130

125

120 T T T T T T 1
0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Ktopm

PucyHok 6.1 - Xapaktepuctmka 6e3ycnoBHon yyBcTBuTenoHoctn A3T

6.5.7 B cny4yae nuTtaHua TpaHcdopmaTopa C ABYX CTOpPOH MNOCNe pacyeTa
KoaddunumeHtTa YyBCTBUTENBHOCTU HeOb6XoAMMO AOMONMHUTENBbHO Yyb6eanTbca B
obecrneyeHnn KpuTepus HagexHoro cpabaTbiBaHus.

6.5.8 Tak, Hanpumep, npun koadduunmeHte TopMoxeHus A3T, pasHom 0,9,
cpabaTtbiBaHne 3awmTtbl nNpn K3 B 30He obecneynmBaeTcss He3aBUCUMMO OT
COOTHOLLUEHUAN MexXAy TOKaMW CTOpOH TpaHcdopmaTopa, NpU yrne pacxoxXaeHus
Mexay HMMM He npesbiwarwem 126°,

OnddepeHumnanbHblh  TOK  MNpyM 3TOM  AO/DKEH MPEeBOCXOAUTb  YCTaBKy
HayanbHOro Toka cpabartbiBaHmsa AO3T.

6.6 Bbi6op ycTaBkM curHanusaumm HebanaHca

6.6.1 YcraBKky curHanuMsaumm HebanaHca [,; BbIGMpAlOT K3 ycCnoBuA

OTCTPOMKM OT pacyYeTHOro MakCuMMasnbHOro Toka HebanaHca B HaArpy3o4yHOM pexume
no opmyne

I

Hb

= Kore  Ls paca (6.12)

oTC
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rae Ky, = 0T 1,1 - KoapdUUMEHT OTCTPONKK, YUMTbIBAIOLLNIA NOrPeLHOCTb pacyéTa

N HeobxoaunMbINM 3anac;

Lyii poeu - OTHOCUTENbBHbIM PaCYeTHbIN TOK HebanaHca npu TOKE TOPMOXEHWS,

COOTBETCTBYIOLLEM MaKCMManbHOMY paboyeMy TOKy TpaHcdopmaTopa.

3HayeHue yCTaBKu 1, peKkoMeHayeTcs YTOUYHUTb rnocne BBOAA
TpaHcdopMaTopa B 3KCM/lyaTauuto Ha OCHOBAHWUWU AaHHbIX O (akKTUYECKOM TOKe
HebanaHca B Harpy304HOM pexunme.

6.6.2 OTHOCUTENbHbIA ~ pacy€THbIi  ToK  HebanaHca [, . Chepyet

pacCcynTbiBaTb B COOTBETCTBUN C 6.2.4 C YHYETOM CleayroWwmX U3MEHEHNI:

- 3HauyeHume 0,5 B ddopmynax (6.2) wn (6.3) cneayetr 3aMeHWUTb Ha
OTHOCUTENIbHOE 3Ha4YeHne MakCMManbHoro paboyero Toka TpaHcdopmaTopa;

- 3HaYeHue g, CNelyeT 3aMeHUTb Ha ¢ (cm. 4.2).

6.6.3 YcraBky no BpeMeHu T, cneayer OTCTPOUTb OT MakKCMMasbHOro
BpPEMEHU AENCTBUSA pe3epBHbIX 3alMT TpaHCcdhopMaTopa no popmyne

pab makc

T,

Hb

=K TPES’Makc’ (613)

orc '’

rae K, = oT 1,5 - Ko3PULMEHT OTCTPONKKN, YUMTbIBAOLWNI HEOOXOANMbBIN 3anac;
T

b3 wake ~ MAKCUMarnbHas ycTaBKa MO BPEMEHW [AENCTBUS pe3epBHbIX 3aluT

TpaHcdopmaTopa.
6.7 Bbi6op yctasok A3T npu Hannuumn TCH B 30He 3aWuunTbI

6.7.1 Bbibop yctaBok [A3T M nNpoBepKy 4YyBCTBUTENbHOCTU 3aliuTbl MNpwU
Hannumu B 30He 3awmTtbl TCH cnegyeTt npoBOAUTbL aHANIOrMYHO OMMCAHHOMY B 6.1-
6.6 Cc y4ETOM O0COBEHHOCTEN, NPUBEAEHHbBIX HUXKE.

6.7.2 [Ona obecneyeHuss CeNeKTUBHOCTM AENCTBUSA 3aluTbl  YCTaBKYy
HayanbHoOro ToKa cpabaTteiBaHua [O3T, paccumTaHHyo no dopmyne (6.3),
AONONHUTENIbHO HeobXxoAMMO OTCTpoUTb OT aAnddepeHunanbHOro Toka B 3awuTe,
BbI3BaHHOro K3 3a TCH no dopmyne

]BH
] K TCH MAKC

JI3T nau :KOTC‘]BH—: (6.14)

HOM TP

roe K, = 1,5 - Koah®dUUMEHT OTCTPOMKN, YUNTbIBAIOLLMN MOrPELLIHOCTb pacyéTta u

HeobxoanMbIM 3anac;

I s vke - MEPMOANYECKAs COCTABAAOLAA MaKCUManbHOro dhasHoro Toka K3
3a TCH (kak npaBuno, TpexdasHoro Mmetannnyeckoro K3), npmBeaeHHas K CTOpPOHE
BH, A;

120, » - HOMUHasbHbIN NEPBUYHbIN TOK CTOPOHbI BH, A.

6.7.3 B xopme pacuyéTta yCTaBkuM curHanmsaumm HebanaHca AOMOSHUTENbHO
cneayeTt yuuTbiBaTb MakKCuMManbHbIM pabounnt Tok TCH, yBenMumBalwLlMN 3HAYEHUE
ToKa HebanaHca B Harpy3o4HOM pexume.

YcraBky curHanusaumm Hebananca [,,, B cnyyae Hanumumsa TCH B 30He

3aWwmThl, cnepyeT BbibupaTb No dopmyne
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I/ K +1

TCHpaé)’ (615)

us — H™orc '(IHE pacu

rae Ky, = 0T 1,1 - KoapdULUMEHT OTCTPONKK, YUMTbIBAIOLLNIA NOrPELIHOCTb pacyéTa

N HeobxoaunMbIM 3anac;

1115 e ~OTHOCUTENBHBIN pacyeTHbIV TOK HebanaHca B COOTBETCTBUM C 6.6.2;

Lrcy ys = OTHOCWTENbHOE 3HayeHWe MakcuMmanbHoro pabouero Toka TCH,
npueegeHHoe K ctopoHe BH.

6.8 Bbi6op ycTtaBok 6nokupoBanuma A3T npu BO3HUKHOBeHun BTH

6.8.1 YcraBky WUMNB K ,,. pexkomeHayTcsa yctaHasnueaTb 0,15 (cm. 3.13). B
npouecce 3Kcryataunm 3HavyeHmne yctaBkn K . MOXET 6biTb YTOUYHEHO.

6.8.2 OyHKuMiO nepekpéctHoro 6nokuposaHms [O3T pekoMeHAyeTcs
ncnonb3oBaTb ANa TpaHcdhopMaTopoB, rpynna coegmHeHuss O6MOTOK KOTOpbIX
oTnnyaetcsa ot 0 unun 6.

MepekpécTHoe O610KMpOBaHME MOXET MPUBECTU K 3aMeasieHu0 AeNCTBUS
3aWMTbl B Cfyyae HanoxeHusa pexmma K3 Ha pexum, CONpoBOXAAKLWMNCS
BO3HWKHOBeHMeM BTH [2].

MoaTomy peleHne 06 MCMNOIb30BaHUMN dyHKLUMN nepekpécTrHoro
610KMpOBaHUSA TMPUHUMAKOT WHAMBUAYANbHO, AN KaXAoro paccMaTpMBaeMoro
cnyJas.

DyHKUMIO NepeKkpECTHOro 610KMpOBaHMSA WUCMOMb30BaTb He peKkoMeHAayeTcs,
€C/In BO3MOXEH ONepaTUBHbLIN aHANWU3 NMPUYMH OTKIKOUYEHUS TpaHcdhopMmaTopa.

B 3TOM cny4yae, ecnuM aHanmM3 MOKaXeT, YTO NMPUUYMHOWN OTKJ/IIOYEHUS SBMOCH
HegocTatodHoe ans 6nokuposaHusa AO3T 3HadenHme UIMNB B ogHOM u3 "KOHTypoB"
3aWnTtbl B pexmme BTH, BO3MOXHO BbINOJIHUTL MOBTOPHOE  BKJ/IHOUYEHUE
TpaHchopmaTopa Noa HanpsXeHune.

B npoTuBHOM cnydae, (pyHKUMS nepekpécTHoro 6nokuposaHus O3T MoxeT
O6bITb NCNONb30BaHa.

6.8.3 YcTaBKky N0 BpEMEHW OrpaHUYeHust AOJANTENbHOCTU TMepPEeKPECTHOro
pexuma 6nokunposaHua T .. AnsS TpaHCOPMATOPOB Masion U CpeaHen MOLHOCTU

pekoMeHAyeTCsa NpuHMMaTb paBHOM 1 ¢, ansa TpaHcdopMmaTopoB 60/bLWON MOLLHOCTH
- 2C.
3HaueHne yctaBkun T ;. PEKOMEHAYETCH YTOUYHUTb MO OMbITY 3KCr1yaTtauunu.

6.9. Tpe6oBaHua kK 0pOPMJZIEHUIO pe3yNbTaTOB pacyéra

6.9.1 B uenax MuMHMMM3aAUMM KOIMYEeCTBa BO3MOXHbIX OWKWMOOK B npouecce
Hanagkn obopyaoBaHUs, a Takxe Ana YynpoweHus npouecca Hanagku, no
OKOHYaHMKM pacyéTa yCTaBOK CleayeT 3arnoiHUTb 61aHK 3a4aHns yCTaBoK.

6.9.2 bnaHkK 3agaHuns yCTaBOK CoAepXUT B cebe nepeyeHb BCEX YCTaABOK M
MPOrpaMMHbIX K/OYEeNn KOHKPETHOro McnosiHeHuss BMP3 mn MoxeT 6biTb NOay4YeH C
cavTa npegnpuatua (www.mtrele.ru).

6.9.3 [na onpeaeneHnUs MoNOXeHUN nporpaMMHbIX Kawoden 6noka BMP3,
3aHOCUMbIX B 6naHK, HeobxoAMMO pPYKOBOACTBOBATbCS CXEMHbLIMU peLUEHUSIMU,
OTPa>eHHbIMWN B MPOEKTHOMN AOKYMEHTaUNN.
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7 NMpuMepbl pacyéTta yCTaBOK
7.1 AByX06MOTO4YHbIN TpaHCchoOpMaTOp

7.1.1 N\cxoaHble AaHHble

XapaKkTepuctnkum TpaHchopmaTopa:

T™™n - TAH-16000/110;

cxema v rpynna coeanHeHuns obmotok - ¥, /A—11;
- S Lomrp=16 MB+<A - HOMMHaNbHasA MOLIHOCTb;

- URY, » =115 KB - HOMWHaNbHOE HanpsXeHne CTOpoHbl BH;
- U, ., =6,6 KB - HOMWHaNbHOE HanpsXeHue CTOpoHbl HH;
T :9,81) % - HanpshkeHne KOPOTKOro 3aMblkaHusa TpaHcdopmaTopa,

COOTBETCTBYHOLWEE KpAaHEMY HMXHEMY nosioxeHuto PIMNH (perynmpoBaHue B CTOPOHY
MoBbIWEHUSA HaNpsaXeHns 3abnoKMpoBaHo);

Up wae = 11,7 % - HanpsbkeHne KOPOTKOro 3aMblKaHUsA TpaHcdopmartopa,
COOTBETCTBYHOLLEE KPpAaNHEMY BepXHEMY nosioxeHuto PMH (perynmpoBaHue B CTOPOHY
MOHUXEHNA HanpsXXeHusa 3abnoKMpoBaHo).

Cunctema perynmpoBaHns Hanps>XeHus:

- PMMH B HenTpanun BH TpaHcdopmMaTopa;

- n =19 - KOAMYECTBO CTyNEHEN perynpoBaHuns;
- AU =1,78 % - war perysimpoBaHns Hanps>XeHus.

MapameTpbl NUTaKOLEN CUCTEMBI:
- Xy =21 OM - conpoTMBAEHNE CUCTEMbI B MUHUMAIbHOM peXnMe;

- X¢macc = 18,5 OM - conpoTnBneHne CUCTEMbl B MAaKCMMaslbHOM pPeXUME;
- UZ oy =115 kB - cpeaHee HOMWHaNbHOE HanpsKeHNe CUCTEMBbI.

MapaMeTpbl CUCTEMbI CTOPOHbI HH:
- U oy = 6,3 KB - cpeaHee HOMUHaNbHOE HamnpsiXeHWe CTopoHbl HH.

MapameTpbl TT:
- K& =30 - koaddpuumeHT TpaHchopmauum TT cTopoHbl BH TpaHcdhopmaTopa;

- K =400 - koadduumeHT TpaHcdopmaumm TT cTtopoHbl HH TpaHcdhopmaTopa.

YCTPOWNCTBO 3alUUThI:
BMP3-TAO-12-20-21.

D HanpsbokeHne K3 ans Kaxaol CTyneHW peryanpoBaHUs YKasbiBalOT B
nacnopte Ha TpaHcdhopmaTop. [Ana TpaHchopMaToOpoB, BbIMOSIHEHHbLIX B
cootBetctBMM C [7], [8] wnm [9], 3HA4YeHUs YyKasaHbl B COOTBETCTBYIOLLEM
rocyfapCTBeHHOM cTaHgapTe. B cny4dae OTCyTCTBMA TakKuMX AaHHbIX, A1S pacyeToB
cneayet nMpuHATbL HanpshxeHume K3, COOTBETCTBYHLEe cpeaHEMY MOJSIOXEHMUIO
perynsaropa.
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7.1.2 PacyéT conpoTtmBneHms TpaHcdhopmaTopa

7.1.2.1 ConpoTuBrieHne TpaHcpopMaTopa paccuymTatb ANS9 ABYX NpenenbHbIX
CNy4yaeB - KPpaHEro HMXHero n KpamHero BepxHero nonoxenums PrH.

HanpsxeHne o6MoTkn BH, cooTBeTCTBYIOWEE KPAaWHEMY HUXHEMY MOJSIOXEHUIO
PIMH, paccuuTaTb no opmyne

n-1 AU 19-1 1,78
—)=115-1-—=—=.."-)=96,6 KB. .
2 100) ( 2 100) (7.1)

BH | BH
UMI/IH - UCP HOM * (1 -

HanpshxeHne o6bmoTkm BH, cooTBeTcTBylOwee KpanMHeEMYy  BepXHeMy
nonoxeHuto PINH, paccuntaTtb no popmyne

n-1 AUy 45 q,19-1 1,78
2 100 2 100

BH 1 BH
UMAKC - UCP HoM (1 +

) =133,4 KB. (7.2)

PaccuntaHHoe  3HayeHue U, nonyuyunocb  6onblue  MakCUMManbHO
[OMyCTUMOro ANst AaHHOMN ceTn®),

B kauvectBe Ul . NpUHATb 3HavyeHne 126 kB B cooTBeTcTBUM C [10].

7.1.2.2 ConpoTmBneHme TpaHchopMaTopa, COOTBETCTBYHOLWIEE KpanHEMY
HUXXHEMY nosioxeHuto PMH, paccuntaem no popmyne

u BH 2 2
Xt mun = UL Y = 9,8 '96’6 =57,1 OMm. (7.3)
100 S,,,,» 100 16
7.1.2.3 ConpoTtmBneHme TpaHchopMaTopa, COOTBETCTBYHOLIEE KpanHEMY
BeEpxXHeMy nonoxeHuto PIMH, paccuntaTtbh No dopmyne

X _ U marc Unic _ 11,7 1267
TMAKC T 100 S, 100 16

=116,1 OMm. (7.4)

7.1.3 Bbibop MNTH 6nokos BMP3

7.1.3.1 Ona Bbibopa MNTH 6nokoB BMP3 npousBectn pacyér TokoB K3 Ha
ctopoHax BH (K1 Ha pucyHke 7.1) n HH (K2 Ha pucyHke 7.1) TpaHcdhopmaTopa.

7.1.3.2 MNeprnoanyecKkyo COCTaBNASOWY MakCMManbHOro gasHoro Toka K3 Ha
cTopoHe BH paccuutaTtb no dopmyne

pr__ Yohow _ 115000
K MAKC \/§'XCMAKC \/5.18’5

= 3589 A. (7.5)

7.1.3.3 Ucnonb3ysa dopmyny (4.1), Npou3BecTV pacyéT ivn.. qr, 4719 CTOPOHbI

BH

IBH
i > K, ke _ 5 3989 5404, (7.6)

MAKC MTH nep * KBH 30
TT

B cootBeTcTBMM € [11] BbIGpaTh MTH C ipy oy =250 An T8 . =2,5 A.

D Cwm. Tabnuuy B-1 [10].
22



CTO AnBr-055-2013

115 kB Xc makc=18,5 OM
XC M[/|H=21 0]Y E :E KB
NG
K1
TH-16000/110 18,5(21) Om
115kB £ 91,78 % / 6,6 KB
A K1

- Uk Makc=9,8 %

K2 < Ucwnn=11,7 %
s K ° 57,1(116,1) Om

6,3 kKB K2

—_——

a) CXxeMma pacyeTHas 6) cxeMa 3amelieHuns

PucyHok 7.1 - CxeMbl — pacyétHasa (a) n 3amewenuns (6)

7.1.3.4 Ona npoBepkn BbibpaHHoro MNMTH no 4.4 paccuutaTb no dopmyne
(3.2) HOMUHanNbHbIM NEPBUYHbIN TOK CTOPOHbI BH TpaHcdopMmaTopa

S 16000000
IBH — HOM TP _ _ 80, 3 A.
NI J3.ue . J3-115000 (7.7)

MoacTtaBTb NoOAy4YeHHble 3HavyeHus B dopmyny (4.2)

2,5£6-80’3
3

=16,08. 7.
. (7.8)

BbibpaHHbIn TITH obecneynBaeT u3MepeHMe TOKa Harpy3o4HOro pexuma c
3alaHHON NOrpeLIHOCTbIO.

7.1.3.5 [llepuoanyeckyo COCTaB/SAOWY MNPUBELEHHOINO MaKCMMasbHOro
da3Horo Toka K3 Ha ctopoHe HH paccuutaTtbh no dpopmyne

i _ U2 o _ 115000 _
K MAKC 11PuB \/§'(XCMAKC+XTMMH) J3-(18,5+57,1)

878 A. (7.9)

MpuBecTun noJsly4eHHoe 3Ha4yeHune K Hanps>XeHuto CTOPOHbI HH
TpaHcdopmaTopa no dopmyne

Uz 96,6
III‘ZHMAKC = III‘:,-IMAKC newe " T — = 878 63 13459 A. (7.10)
CP HOM /
7.1.3.6 Ucnonb3ysa cdopmyny (4.1), npousBecTu pacyét if . .., ANS CTOPOHbI
HH
. I 13459
IZ,IZKCHTH 2 Kgp 'I}MT;,‘__I/(C:Z' 200 =67A. (7.11)
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B cootBeTcTBMM c [11] BbIGpaTh MTH € Ay =130 AN T =1,0 A.

7.1.3.7 Ona npoBepku BblbpaHHoro MNMTH no 4.4 paccumTtatb no dopmyne
(3.2) HOMUHanNbHbIM NEPBUYHbIN TOK CTOpOHbI HH TpaHcdopmaTopa

[HH Siovre 16000000

HOM TP — \/g-U:(H)MTP - \/5-6600

=1400 A. (7.12)

MoacTtaBuUTb NONyYeHHble 3HavyeHusa B dopmyny (4.3)

1400
1,0<3-——=10,5. 7.1
400 (7.13)

BbibpaHHbIin TITH obecneynBaeT M3MepeHMe TOKa Harpy3o4yHOro pexuma c
3alaHHOWN NOrpeLIHOCTbIO.

7.1.4 Bbibop ycTaBku cpabatbiBaHusa ATO

7.1.4.1 YctaBKky cpabatbiBaHua OTO I,,, No yCnoBuio OTCTPOWKKM OT Bpocka

TOKa HaMarHM4MBaHus NPUHATbL paBHOM 4 (B cOOTBETCTBUM C 5.2).
7.1.4.2 Mo ¢dopmynam (5.2) - (5.5) onpeaenntb OTHOCUTENbHbLIN PACUYETHbLIN
Tok HebanaHca I, .., NPV MaKCUManbHOM TOPMO3HOM Toke BHewHero K3 (L1, )

19-1 1,78 878
I, . =(25:1.01+2=1.178 4.0,05.878 _503. _
e pacy = ( t =5 700 1709503 (7.14)

30ecb M panee B pacyéTe MNpUHATb 3HAYeHUS MOJSHbIX OTHOCUTENbHbIX
norpewHocten TT BO BCex pexumax paboTbl TpaHchopmaTopa pasHbiMu 0,1
(peanbHas KpaTHOCTb ToKa K3 He npeBOCXOAMT HOMUHANBHYO U peanbHasi Harpyska
Ha BTOpUYHbIE Lenn TT He NpeBOCXOAUT HOMUHANbHYIO).

7.1.4.3 WUcnonb3ysa dopmyny (5.1), paccuntaTb yctaBky cpabaTtbiBaHua ATO

I,., NCXOAs U3 YCNOBUS OTCTPOMKM OT pacYETHOro MakCcMManbHOro Toka HebanaHca

A

I,,=12-503=6,04. (7.15)

7.1.4.4 B kavectBe ycTaBku cpabaTbiBaHus ATO I, NpuHATL 6onblee u3
ABYX Mofly4YeHHbIX no 7.1.4.1 n 7.1.4.3 3HaveHwue. I, =6,04.

7.1.5 Bblbop ycTaBku HavanbHoro Toka cpabatbiBannsa A3T I, ..,
7.1.5.1 OTHOCUTENbHbIM pacyeTHbIn TOK HebanaHca, WCNOSb3yEeMbI NpwU
pacuete I, ,.,, PaccynTatb, MCNonb3ys dopmyny (6.3)

19-1 1,78
IHEPva :0,5(110,14'7 100

7.1.5.2 Tlo d¢opmyne (6.1), paccumtaTb YCTaBKYy HayanbHOro TOKa

cpabatbiBanva A3T I, ..,

+0,05] - 0,155. (7.16)
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Isras =1,5-0,155=0,24. (7.17)
7.1.5.3 B cootBeTctBUMN C 6.2.6 NpUHATb 3Ha4yeHwWe yctaBku ..., PaBHbIM
0,3 o.e.

7.1.6 Bblbop ycTaBkm KoaddMUMEHTA TOPMOXEHMUS BTOPOro Yy4yacTKka
Xapaktepuctukn TopMmoxenusa A3T Ky,

7.1.6.1 Ncnonb3ysa ¢dopmynbl (6.5) n (6.7), onpenenntb TOK cpabaTbiBaHus
A3T 1., npn Toke TopMoXxeHusa 1,5 I, .,

19-1 1,78
Irs :1,2-1,5-(2-1-0,1+T- 100

+0,05]=O,74. (7.18)
7.1.6.2 Mo dpopmyne (6.4) paccuntaTb YCTaBKY K, opy
Ko, =0,74-0,3=0,44. (7.19)

7.1.7 Bbibop ycTaBknm KoadpdpuumMeHTa TOPMOXEHUS TpeTbero ydyacTka
XapaKkTepuctukn TopMmoxenusa A3T Ky 5

7.1.7.1 To dopmyne (6.9) paccuntaTb 3HaAYEeHME TOKA TOPMOXEHUS,

COOTBETCTBYIOLLEE MAaKCUManbHOMY ToKy BHewHero K3 (I, .. mous)

2,5-0,1) 878

I =|1- . =
K Topm ( 2 80,3
7.1.7.2 Mo dpopmyne (6.8) HanUTW ycTaBKy K, p, ;

« _604-0,74

o> = g ¢ 1g = 0:66. (7.21)

7.1.8 Bbibop ycTaBkM HauanbHoro Toka cpabatbiBanus A3T I, ..., rpynnb
"yyBCTBUTENbHbIX" YCTaBOK

7.1.8.1 OTHOCUTENbHbIM pacyeTHbIn TOK HebanaHca, WCNONb3yeMbl MNpU

pacuete I, ..., HAWTK, ncnonbsysa dopmyny (6.3)

3-1,78

IHEPva:O,S-(1-1-0,1+ +o,05]=o,1oz. (7.22)

7.1.8.2 YcTaBKy HavanbHoro toka cpabatbiBaHus A3T I, ..., paccutatb Mo
dopmyne (6.1)

I oee =1,5-0,102=0,16. (7.23)
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7.1.8.3 B coOTBETCTBMM C 6.2.6 NpUHATb 3HAYeHWe yCcTaBku I,.., .. . PaBHbIM
0,3 o.e.

7.1.9 Bblbop ycTaBkm kKoadduUMEHTA TOPMOXEHMUS BTOPOro YydyacTka

xapaktepuctuku Topmoxenunsa A3T K., ,., "HYBCTBUTENbHbIX" yCTaBOK

7.1.9.1 Mo dopmynam (6.5) u (6.7) onpeaenntb Tok cpabaTbiBanve A3T 7.,

npu Toke TopMoXxeHusa 1,5 1, »

3-1,78
100

Iﬂ3T2:1,2-1,5-(2-1-o,1+ +o,05]=o,55. (7.24)

7.1.9.2 YcTtaBky Koy ,., ONpesenntsb no dopmyne (6.4)
Kropm2s =0,55-0,3=0,25. (7.25)

7.1.10 Bblbop ycTtaBku KoOdIhPULMEHTA TOPMOXKEHUA TpeTbero Yy4acTka

xapaktepuctuku TopmoxeHunsa A3T K., 5, "YYBCTBUTENbHbIX" yCTaBOK

7.1.10.1 Mo dopmynam (5.1) - (5.5) paccumTatb yctaBky I,,, B
COOTBETCTBUU C yKasaHuaMn 6.4.2
3-1,78 878
I =12-(2,5-1-0,1 ~—.1+0,05)-——=4,64. )
Ao ( 100 1799503 (7.26)
7.1.10.2 Mo dopmyne (6.8) paccuntatb yCTaBKy Kiopys.,
4,64 - 0,55
K. =————"—=0,51. (7.27)

TOPM 34y — 9,6—1,5
7.1.11 lMNMposepka yyscTBUTENBbHOCTKN OA3T

7.1.11.1 [na npoBepkun u4yBcTtBuTenbHoctu [A3T paccuumtaTb nNpuBedeHHoe
MMUHUMANIbHOE OTHOCUTENIbHOE 3HaYeHne nepmoanveckon coctasnswowen Toka K3 Ha
ctopoHe HH (Touka K2 Ha pucyHke 7.1) no ¢opmyne

o V3 U2 o _3 115000  _
K MUH 11PyB 2 \/5'(XCMMH+XTMAKC) 2 \/§-(21+116,1)

420 A. (7.28)

7.1.11.2 To c¢opmyne (6.10) paccumtatb KOIDDUUMEHT YYBCTBUTESIbHOCTU
O3T npu meTannnyeckom K3

_ L - (L = ) _ 420-(1-0,1) _
80,3-0,3

K‘-I - IBH . I

HOM TP A3T Hay

15,7. (7.29)

KoadppuumeHT 4yBCTBUTENBHOCTU yaoBneTesopsieT TpebosaHusam 6.5.2.
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7.1.12 Bbibop ycTaBku curHanusaumm HebanaHca

7.1.12.1 B kayectBe MakcumMmanbHoOro paboyero ToKa MNPUHATb 3HAYEHME
HOMWHANbHOro Toka TpaHchopmaTopa.
Mo dpopmyne (6.3) paccunTaTb OTHOCUTENBbHbBIN PACYETHbIN TOK HebanaHca

19-1 1,78
IHEPva :1,0(110,14'7 100

+0,05] - 0,31. (7.30)

7.1.12.2 Mo ¢dopmyne (6.12) paccumtaTb YCTaBKy CUrHanmsaumm HebanaHca

I

HEZK 1

HB pacy

orc =1,1-0,31=0,34. (7.31)
7.1.12.3 B COOTBETCTBMM C PYKOBOACTBOM MO 3KcCnayataumm 6noka BMP3 [11]
yCTaBKa CMrHanusauum HebanaHca [, Ao/XHa 6biTb 3a4aHa KoadduumeHtom K, .,

PaBHbIM OTHOLUEHWIO [, K yCTaBKe HayanbHoro Toka cpabatbiBaHus A3T I, .., .

v __ Ls 034

He T 0,3

A3T Hay

-1,14. (7.32)

7.1.13 Bbibop ycTtaBok 6noknposku A3T npn BO3HMKHOBEHMM BTH

7.1.13.1 Ycraeky UMB K ,,,, B cootBeTcTBMM C 6.8.1 npuHATb 0,15 0.e.

7.1.13.2 YcTtaBKy N0 BpPEeMEHW OrpaHUYeHUs LJUTENbHOCTU MNepeKpECTHOro
pexunma 6nokmposaHna T . B cOOTBETCTBUM C 6.8.3 NpUHATbL paBHon 1 c.

7.1.14 Ona ynobcTtBa BBOoAa B 6510k BMP3 cBecTtu yctaBku B Tabnuuy 7.1.

Tabnuua 7.1 - YcTaBKku 3awuThbl

YcTaBku O603Ha4yeHue 3Ha4yeHune
Yy BH
HoMuHanbHbIN TOK NTH Ana ctopoHbl BH, A g 2,5
Yy HH
HoMuHanbHbIN TOK NTH Ana ctopoHbl HH, A Lom 1,0
Tok cpabatbiBaHuga ATO, o.e. I 6,04
KoadbdunumeHTt cmrHanmsaumm HebanaHca, o.e. K, 1,14
HavanbHbin TOK cpabaTtbiBanna 43T, o.e. J — 0,3
KoadhdunumeHT TopMOXeHNa BTOporo yyactka A3T Kiopm 2 0,44
KoadhdunumeHT TopMOXeHNSa TpeTbero yyactka A3T Kiopm 3 0,66
NMep, o.e. K s 0,15
Bpems orpaHuyeHuns onmMTenbHOCTH T 1
NepeKpECTHOro pexxmnma 6JJ0KMPOBaHUSA, C 15
HayanbHbIN TOK cpabaTbiBaHUs "4yBCTBUTENbHOIO" I 0,3
opraHa [3T, o.e. BT Ha
KoadppunumeHT TOpMOXEHMS BTOPOro yyacTtka K 0,25
"yyBCTBUTENbHOr0" opraHa A3T TOPM 24
KoadppuumeHT TOpMOXEHMS TpeTbero yyacTka K 0,51
"yyBCTBUTENbHOr0" opraHa A3T TOPM 34
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7.2 AByX06MOTO4YHbIN TpaHCchoOpMaTOp € pacwiennédHom o6morkom HH

7.2.1 NcxoaHble aaHHble

XapaKTepucTmku TpaHcdhopMaTopa:

- Tvn - TPAH-40000/110;

cxema v rpynna coeavHeHus obmotok - ¥, /A/A-11-11;
- S omme=40 MB-A - HOMMHaNbHaaA MOLLHOCTb;

- USY, » =115 KB - HOMUHaNbHOE HanpsiXeHne CTOpoHbl BH;
- U, ., = 6,3 KB - HOMMHanbHOE HanpseHne CTOpoHbl HH;
U ke BH-HH1(HH2) MH = 18, 841 op - Hanps>XeHne KOPOTKOro 3aMbliKaHus

TpaHchopmaTopa mexay obmoTtkamm BH n HH1 (HH2), cooTBeTcTBYlOWEE KPpAaWNHEMY
HMXXHEMY nosoxeHuto PMH (perynupoBaHue B CTOPOHY MNOBbLILLEHUS HanpsXeHus
3a6/10KkNMpoBaHoO);

Uy sy mace = 20,12 % - HanpsbkeHue KOPOTKOro  3aMblKaHWs
TpaHchopmaTopa mexay obmoTtkamm BH n HH1 (HH2), cooTBeTcTBYlOWEE KPpAaNHEMY

BepxHeMy nonoxeHuto PMH (perynupoBaHue B CTOPOHY MOHMXEHUS HaNpsiXKeHUs
3a610KNMpoBaHO).

CncteMa perynmpoBaHus Harnpsi>XeHus:

- PIMH B HenTpanu BH TpaHcdopMaTopa;

- n =19 - KOAMYECTBO CTyNEHEN perynpoBaHuns;
- AU =1,78 % - war perysimpoBaHns Hanps>XeHus.

MNapaMeTpbl NUTAKOLWEN CUCTEMDI:
- Xy =20 OM - conpoTuBieHNE CUCTEMbI B MUHUMAIbHOM peXUME;
- X¢macc =10 OM - conpoTnBNEHNE CUCTEMbI B MAaKCMMasIbHOM PEXUME;

- UZ oy =115 kB - cpeaHee HOMWHaNbHOE Hanps)KeHNe CUCTEMBI.

MapaMeTpbl CUCTEMbI CTOPOHbI HH:
- U oy = 6,3 KB - cpeaHee HOMUHaNbHOE HanpsiXXeHue CTOPoHbl HH.

MapameTpbl TT:

KE =80 - KOoadduumeHt  TpaHchopmaumm  TT  cTOpoHbl  BH
TpaHchopmaTopa;

- K =400 - koadduumeHT TpaHcdopmaumm TT cTtopoHbl HH TpaHcdhopmaTopa.

YCTPOWNCTBO 3alUUThI:
BMP3-TAO-12-20-21.

D HanpsbkeHne K3 ans Kaxaon CTynNeHW peryanpoBaHUs YKasblBalOT B
nacnopte Ha TpaHcdhopmaTop. [Ana TpaHchopMaToOpoB, BbIMOSIHEHHbLIX B
cootBetctBMM C [7], [8] wnm [9], 3HA4YeHUs YyKasaHbl B COOTBETCTBYHOLLEM
rocyfapCTBeHHOM cTaHgapTe. B cny4dae OTCyTCTBMSA TakKuMX AaHHbIX, A5 pacyeToB

cneayeT TMpuUHATL HanpsxenHue K3, COOTBETCTByHOLWlEE CpPeAHEMY MOJIOXKEHUIO
perynaropa.
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7.2.2 Pac4yéT conpoTtmBneHuns TpaHcdhopmaTopa

7.2.2.1 ConpoTuBrieHne TpaHcpopMaTopa paccuymTatb AN9 ABYX NpefenbHbIX
CNy4yaeB - KPpaHEro HMXHero n KpamHero BepxHero nonoxexHus PIH.

HanpsxeHne o6MoTkn BH, cooTBeTCTBYIOWEE KPAaWHEMY HUXHEMY MOJSIOXEHUIO
PIMH, paccuuTaTtb no opmyne

n-1 AU 19-1 1,78
—)=115-1-—=—=.."-)=96,6 KB. .
2 100) ( 2 100) (7.33)

BH | BH
UMI/IH - UCP HOM * (1 -

HanpshxeHne o6bmoTkm BH, cooTBeTcTBylOwee KpanMHeEMYy  BepXHeMy
nonoxeHuto PINH, paccuntaTtb no popmyne

n-1 AUy 45 q,19-1 1,78
2 100 2 100

BH 1 BH
UMAKC - UCP HoM (1 +

)=133,4 KB. (7.34)

BbluncneHHoe 3HavyeHne HanpsaxeHus U, Nonyynnocb 6onblue MakCcMManbHO
AONYyCTUMOro Ans AaHHol cetn?).

B kauvectBe HanpsbkeHus U... NPWUHATb 3HadeHne 126 KB B COOTBETCTBUU C
[10].

7.2.2.2 ConpoTmBneHme TpaHchopMaTopa, COOTBETCTBYHOLWIEE KpalHEMY
HUXXHEMY nosioxeHuto PMH, paccuutaTb no popmyne

X _ Ui USZHZ _ 18,84 ‘ 96, 67
TMAR 100 S,oure 100 40

- 43,9 Om. (7.35)

7.2.2.3 ConpoTmBneHme TpaHchopMaTopa, COOTBETCTBYHOLWIEE KpanHeEMY
BepxXHeMy nonoxeHuto PIMH, paccuntaTtbh no dopmyne

X _ Uy marc Ui _ 20,12 ‘ 126°

TMAKC 100 S,ow; 100 40

=79,9 Om. (7.36)

7.2.3 Bbibop MNTH 6nokos BMP3

7.2.3.1 Ona Bbibopa MNTH 6nokoB BMP3 npousBectn pacyér TokoB K3 Ha
ctopoHax BH (K1 Ha pucyHke 7.2) n HH (K2 Ha pucyHke 7.2) TpaHcdhopmaTopa.

7.2.3.2 MNepmnoanyecKkyo COCTaBASOWY MakCMManbHOro gasHoro toka K3 Ha
cTopoHe BH paccuutaTtb no dopmyne

1 __ Yohow 115000
K MAKC \/§-XCMAKC \/510

7.2.3.3 Mo ¢dopmyne (4.1) Npou3BECTU PACUET ipy, . o7y BN CTOPOHbI BH

= 6640 A. (7.37)

IBH
i/g:Kc a2 Koep - K;?;:C = 2'% =160A. (7.38)
T

D Cwm. Tabnuuy B-1 [10].
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B cooTtBetctBun c [11] BbI6pate MTH c Tokom /& =250 A ¥ TOKOM

MAKC MTH
BH _
IHOM nmH = 2,5 A.

115 kB Xc make=10 OM

115

X =20 OM E,=—— kB

C MWH @ \/§
TPAH-40000/110
115 kB + 9:1,78% / 6,3-6,3 KB 10(20) Om

K1l

Uk BH-HH1(HH2)MAKc = 18,84 %
Uk BH- =20,12 %

k BH-HH1(HH2)MWUH 0 43,9(79,9) Om
a) pacyeTHas cxema 6) cxema 3aMelleHuns

PucyHok 7.2 — CxeMbl — pacyétHasa (a) n 3ameweHuns (6)

7.2.3.4 [Ona nposepkn BblbpaHHoro MNTH no 4.4 HaWTW HOMMUHANbHLIN
NnepBUYHbIN TOK CTOpOHbI BH TpaHcdopmaTopa no dopmyne (3.2)

o Shom e 40000000

_ - =200,8 A.
T J3.u, . V3115000 (7:39)

MoacTtaBuUTb NONyYeHHble 3HavyeHusa B dopmyny (4.2)

2,5<6

200,8
== =15,06. 7.4
30 (7.40)

BbibpaHHbIin ITH obecneuynBaeT u3MepeHMe TOKa Harpy3o4yHOro pexuma c
3alaHHON NOrpeLHOCTbIO.

7.2.3.5 [llepuoanyeckyo COCTaBAOWYK MNPUBELEHHOINO0 MaKCMMasbHOro
da3Horo Toka K3 Ha ctopoHe HH paccuutaTtbh no dpopmyne

o _ Uzt nom _ 115000  _
K MAKC PuB \/5-(XCMAKC+XTMMH) \/§(10+43,9)

1232 A. (7.41)

MpuBecTun noJly4yeHHoe 3Ha4yeHune K Hanps>XeHuto CTOPOHbI HH
TpaHcdopmaTopa no popmyne

v 96,6
III‘ZHMAKC = III‘:HMAKC neuB % =1232. 3 = 18891 A. (7.42)
CP HOM !
7.2.3.6 Mo dopmyne (4.1), NnponsBecTv pacyéT Toka 7 ., AN cTopoHbl HH

HH

iHH > k IK MAKC MNPUB 2 . 18891 _ 95 A

Ivake nmv 2 Knep K—#’ - 400 (7-43)
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B cooTtBetctBUM C [11] BbI6GpaTh MTH c TokOM Jff ..., =130 A n TOKOM
IHH

HOM MTH — 1 A.

7.2.3.7 Ona npoBepkun BblbpaHHoro MNTH no 4.4 paccumtaTb HOMUHANbHbLIN
NepBUYHbIN TOK CTOpOHbLI HH TpaHcdopMaTopa no dpopmyne (3.2)

[HH Suomre 40000000

HOM TP _\/§'U:(H)MTP = \/5-6300

= 3666 A. (7.44)

MoacTtaBuUTb NONyYeHHble 3HavyeHusa B dopmyny (4.3)

3666
1<3.22-77 5, .
200 (7.45)

BbibpaHHbIin TH obecneunBaeT M3MepeHMe TOKa Harpy3o4yHOro pexuma C
3alaHHON NOrpeLIHOCTbIO.

7.2.4 Bbibop ycTaBku cpabatbiBaHusa ATO

7.2.4.1 YctaBky cpabatbiBanua ATO I,,, No yCcnoBuio OTCTPOWKKM OT Bpocka

TOKa@ HaMarHM4MBaHus MPUHATb paBHOM 4 0.e. B COOTBETCTBUM C peKoMeHaaumsiMu,
MU3/T0XKEHHbLIMU B 5.2.
7.2.4.2 Mo dopmynam (5.2) - (5.5) onpenenntb OTHOCUTESIbHbIN PacCYETHbLIN

ToKk HebanaHca I, MPY MAKCMMANbHOM TOPMO3HOM TOKe BHeELWHero K3

HH
(IK MAKC I1PUB )

19-1 1,78 1232
I =251.01+2-1.L78 4 .005).1232 _> g3, _
be pacs = ( t=5 700 1190 3008 (7.46)

30ecb M panee B pacyéTe MNpUHATb 3HAYeHUS MOJSHbIX OTHOCUTENbHbIX
norpewHocten TT BO BCex pexumax paboTbl TpaHchopmaTopa pasHbiMu 0,1
(peanbHas KpaTHOCTb ToKa K3 He npeBOoCXOAMT HOMUHANbHYIO U peanibHas Harpyska
Ha BTOpUYHbIE Lenn TT He NpeBOCXOANUT HOMUHANBLHYIO).

7.2.4.3 Mo dopmyne (5.1) paccumtaTb ycCTaBKy cpabatbiBaHua ATO I,

Ncxoaa M3 ycroBuUs OTCTPOMKM OT pacyéTHOro MakCMMasbHOro Toka HebanaHca

Ijo=12-2,83=34. (7.47)

7.2.4.4 B kavectBe ycTaBku cpabaTbiBaHus ATO I, NpuHATL 6onblwee u3
ABYX MOSy4YeHHbIX Mo 7.2.4.1 n 7.2.4.3 3HayeHne I, =4 o.e.

7.2.5 Bblbop yCTaBKun HavyanbHOro Toka cpabateiBanmsa A3T I, ..,
7.2.5.1 OTHOCUTENbHbIM pacyeTHbIn TOK HebanaHca, WCNONb3yEMbI NpwU
pacueTte ycTaBku I, .., paccuuTaTb no dopmyne (6.2)

19-1 1,78
IHEPva :0,5(110,14'7 100

+0,05] - 0,155. (7.48)
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7.2.5.2 Mo dopmyne (6.3) paccumTtaTb YCTaBKY Ha4yasbHOro TOKa

cpabatbiBanva A3T I, ..,

I me =1,5-0,155=0,24., (7.49)

7.2.5.3 B cooTBeTCcTBMM C 6.2.6 NPUHATL YCTaBKy [

137 vay P@BHOM 0,3 0.€.

7.2.6 Bblbop ycTaBkm KoahdMUMEHTA TOPMOXEHUS BTOPOro Yy4acTKka
Xapaktepuctnkn topMmoxenusa A3T Ky,

7.2.6.1 Mo dopmynam (6.5) n (6.7) onpeaenntb Tok cpabatbiBanne A3T I,
npun Toke TopMoxeHua 1,5 1., »
19-1 1,78

Irs :1,2-1,5-(2-1-0,1+T- 100

+0,05]=O,74. (7.50)
7.2.6.2 Mo dopmyne (6.4) paccuntaTb 3HaYEHUE YCTaBKN K, ., »
Kromm> =0,74-0,3=0,44. (7.51)

7.2.7 Bbibop ycTaBkum KoadpduumMeHTa TOPMOXEHUS TpeTbero Yy4yacTKka
XapakTepuctukn TopMmoxenusa A3T Ky 5

7.2.7.1 Paccumtatb 3HayeHMe TOKa TOPMOXEHUsl, COOTBETCTBYylLlee

MaKCMManbHOMY TOKY BHelwHero K3 (I} .. ), no dopmyne (6.9)

2,5-0,1) 1232
>0, ] =5,4. (7.52)

I =1~ . =
Krop ( 2 200,8
7.2.7.2 YCcTaBKy K,,n,, pPaccumtatb no ¢dopmyne (6.8)

3,4-0,74
KTOPM3 :m20,69. (7.53)

7.2.8 Bbibop ycCcTaBKM HayanbHOro Ttoka cpabatbiBaHua O3T I

A3T Hay u rpynn bl

"yyBCTBUTENbHbIX" YCTaBOK

7.2.8.1 OTHOCUTENbHbIM pacyeTHbIn TOK HebanaHca, WCNOMb3yeMbI NpwU
pacuete I, ..., onpeaenntb no cdopmyne (6.3)

3.1,78

IHEPva:O,S-(1-1-0,1+ +0,05]=0,102. (7.54)

7.2.8.2 Tlo d¢opmyne (6.1) onpeaennTb YCTaBKy HadanbHOro TOKa

cpabatbiBanva O3T I ...,
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I ooee =1,5-0,102=0,16. (7.55)

7.2.8.3 B cooTBeTCcTBMM C 6.2.6 NPUHATbL YCTaBKy [

137 waww P@BHOM 0,3 0.€.

7.2.9 Bblbop ycTaBkm KoadhdMUMEHTA TOPMOXEHMUS BTOPOro Yy4yacTKka

xapaktepuctuku Topmoxenunsa A3T K., ,., "HYBCTBUTENbHbIX" yCTaBOK

7.2.9.1 Mo dopmynam (6.5) n (6.7) onpeaenntb Tok cpabatbiBanma O3T 7.,
npu Toke TopMoXxeHusa 1,5 1, »

3-1,78

Iﬂ372:1,2-1,5.(2.1.o,1+ +o,05]:o,55. (7.56)

7.2.9.2 3HaueHune ycTaBkun K, ,, onpeaenntb rno gopmyne (6.4)

Kropma = 0,55-0,3=0,25. (7.57)

7.2.10 Bblbop ycTtaBku Kod3dPULMEHTA TOPMOXKEHUS TpeTbero y4acTKka
xapaktepuctuku TopmoxeHunsa A3T K., 5, "YYBCTBUTENbHbIX" yCTAaBOK
7.2.10.1 B cooTBeTCTBMM C yKa3aHusaMm 6.4.2 no cdopmynam (5.1) - (5.5)
paccumnTaTtb TOK [

ATO u
3-1,78 1232
I, =12-(2,5-1-0,1+ -1+0,05)-m:2,61. (7.58)
7.2.10.2 Mo dopmyne (6-8) paccuntatb YCTaBKy Koy s,
2,61-0,55
K =————=0,53. (7.59)

TOPM 34y — 5’4_1’5
7.2.11 lNposepka yyscTBUTENBbHOCTKN OA3T

7.2.11.1 [na npoBepkun u4yBcTtBuTenbHoctu [A3T paccuutaTb nNpuBedeHHoe
MMUHUMANIbHOE OTHOCUTENIbHOE 3HaYeHne Nnepmoanveckon coctasnsawowen Toka K3 Ha
ctopoHe HH (Touka K2 Ha pucyHke 7.2) no ¢opmyne

o VB U2 o _V3 115000  _
K MUH 11PUB 2 \/§ ) (XCMMH+XTMAKC) 2 \/§ (20 + 79,9)

76 A, (7.60)

7.2.11.2 Tlo c¢opmyne (6.10) paccumtatb KOIDDUUMEHT 4YYBCTBUTEbHOCTHU
03T npn metannindyeckom K3

III(_IHMMH neus * (L = Eupn) _ 576 -(1-0,1)
| AR | 200,8-0,3

HOM TP A3T Hay

K, =

=8,6. (7.61)

KoadppuumeHT 4yBCTBUTENBHOCTU yaoBneTsopsieT TpebosaHnsam 6.5.2.
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7.2.12 Bbibop ycTaBku curHanumsaumm HebanaHca

7.2.12.1 B kKayecTtBe MakcumMmanbHoOro paboyero TOoKa MNPUHATb 3HAYEHME
HOMWHANbHOro Toka TpaHcdopmaTopa.
Mo dpopmyne (6.3) paccunTaTb OTHOCUTENbHbBIN PACYE€THbIN TOK HebanaHca

19-1 1,78
IHEPva :1,0(110,14'7 100

+0,05] - 0,31. (7.62)

7.2.12.2 Mo ¢opmyne (6.12) paccumTaTb YCTaBKy CUrHanmsaumm HebanaHca

I

s = Kore - 1

HB pacy

orc =1,1-0,31=0,34. (7.63)
7.2.12.3 B COOTBETCTBMM C PYKOBOACTBOM MO 3KCnayataumm 6noka BMP3 [11]
yCTaBKa CMrHanusauum HebanaHca [, Ao/KHa 6biTb 3a4aHa KoadduumneHtom K, .,

PaBHbIM OTHOLUEHWIO [, K yCTaBKe HayanbHoro Toka cpabatbiBaHus A3T I, .., .

v __ Ls 034

He T 0,3

A3T Hay

-1,14. (7.64)

7.2.13 Bbibop ycTtaBok 6noknposku A3T npn BO3HMKHOBEHUM BTH

7.2.13.1 YcraBky WUMNB K ,,,, B cootBeTCcTBUM C 6.8.1 npuHATL pasHon 0,15 o.e.

7.2.13.2 YcTaBKy N0 BpPEMEHW OrpaHUYeHUs LJUTENbHOCTU MNepeKpECTHOro
pexunma 6nokuposaHna T . B cOOTBETCTBUM C 6.8.3 NpUHATbL paBHoOM 2 C.

7.2.14 Ona ynobcTtBa BBoAa B 6510k BMP3 cBecTtu yctaBku B Tabnuuy 7.2.

Tabnuua 7.2 — YCTaBKU 3awuThbl

YcTaBku O603Ha4vyeHue 3Ha4yeHune
Yy BH
HoMuHanbHbIM TOK NTH Ana ctopoHbl BH, A g 2,5
Yy HH
HoMuHanbHbIN TOK NTH Ana ctopoHbl HH, A Lom 1,0
Tok cpabaTbiBaHuga ATO, o.e. I 4,0
KoadbdunumeHTt cnrHanmsaumm HebanaHca, o.e. K, 1,14
HavanbHbin TOK cpabaTtbiBanna 3T, o.e. J — 0,3
KoadpuumeHT TopMOXeHunsa BToporo yyactka A3T Kiopm 2 0,44
KoadhdunumeHT TopMOXeHNa TpeTbero yyactka A3T Kiopm 3 0,69
UMb, o.e. K, 0,15
BpemMs orpaHuyeHuns onmTenbHOCTH T 5
nepekpECTHOro pexmnma 6J10KMpoBaHUA, C 16
HauanbHbIN TOK cpabaTbiBaHUS "4yBCTBUTENbHOIO" I 0,3
opraHa [3T, o.e. BT Has
KoadpuumeHT TOpMOXEHMS BTOPOro yyacTka K 0,25
"yyBCTBUTENbHOr0" opraHa A3T TOPM 24
KoadppuumeHT TOpMOXEHMS TpeTbero yyacTka K 0,53
"yyBCTBUTENbHOr0" opraHa A3T TOPM 34
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7.3 Tpéxo6bMOoTOUYHbIN TpaHcdopMaTop

7.3.1 cxoaHble aaHHble

XapaKTepucTuku TpaHcdhopMaTopa:

T™™n - TATH-40000/110;

cxema v rpynna coeanHeHuns obmotok - ¥, /Y, /A-0-11;
- S omme=40 MB-A - HOMMHaNbHaaA MOLLHOCTb;

- URY, » =115 KB - HOMUHaNbHOE HanpsiXeHne CTOpoHbl BH;

- USey» = 38,5 KB - HOMWHanbHoOe HanpsiXeHne CTopoHbl CH;

- U, » =11 KB - HOMWHaNbHOE HanpsKeHne CTOpoHbl HH;

- Uy grcH v = 9,52 9% -  HanpskeHue  KOPOTKOrO  3aMblKaHWs

TpaHchopmaTtopa ™Mexay obmotkamm BH wn CH, cooTBeTcTBYHOWEE KpalHEMY
HMXXHEMY nosoxeHuto PMH (perynupoBaHue B CTOPOHY MNOBbLILLEHUS HanpsXeHus
3ab6710KknMpoBaHoO);

Up s cumac =11,56 % - HanpshkeHMe  KOPOTKOro  3aMblKaHuA

TpaHchopmaTopa ™Mexay obmotkamm BH u CH, cooTBeTcTBYHOWEE KpaWHEMY
BepxHeMy nonoxeHuto PIMH (perynunpoBaHue B CTOPOHY MNOHWMXEHUS HaMNPSXEHUS
3ab6/10KNMpoBaHoO);

- Uy iy = 17,04 % -  HanpshkeHue  KOpPOTKOro  3aMblKaHUSA

TpaHchopmaTtopa Mexay obmotrkamm BH wn HH, cooTBeTcTBYyHOWEE KpalHEMY
HUXXHEMY nosoxeHuto PMH (perynupoBaHue B CTOPOHY MNOBbLILLEHUS HaMNpsXeHus
3ab6/10KNMpoBaHoO);

- Uiy umacc =19,29 % - HanpshkeHMe  KOPOTKOro  3aMblKaHus

TpaHchopmaTtopa ™Mexay obmotrkamm BH wn HH, cooTBeTcTBylOWeEE KpamHEMY
BepxHeMy nonoxeHuto PIH (perynunpoBaHue B CTOPOHY MOHWMXEHUS HaNPSXEHUS
3a6/10KNMpoBaHoO);

Up oy = 6,5 % - HanpsxXeHue KOPOTKOro 3amblKaHWa TpaHcdhopmaTtopa

mexay obmotkamm CH n HH.

Cunctema perynnpoBaHnsa HanpsixxeHnsa Ha ctopoHe BH (PIH):
- Ng, =19 - KONUYECTBO CTYNEHEN PEryIMpPOBaHUS;

- AU, =1,78 % - war perysimpoBaHus Hanps>XeHus.

Cunctema perynnpoBaHus HanpsixxeHus Ha ctopoHe CH (MBB):
- Ny, =5 - KONMYECTBO CTyNeHen peryimpoBaHuns;

- AU, =2,5 % - war perynmpoBaHus HanpsxXeHus.

D HanpsbkeHne K3 ans Kaxaol CTyneHW peryanpoBaHUs YKasbiBalOT B
nacnopte Ha TpaHcdhopmaTop. [Ana TpaHchopMaToOpoB, BbIMOSIHEHHbLIX B
cootBetctBMM C [7], [8] wnm [9], 3HA4YeHUs YyKasaHbl B COOTBETCTBYHOLLEM
rocyfapCTBeHHOM cTaHzapTe. B cny4yae OTCyTCTBMA TakKMX AaHHbIX, A5 pacyeToB
cneayet nMpuHATbL HanpshxeHume K3, COOTBETCTBYHLEe cpeaHEMY MOJSIOXEHMUIO
perynsaropa.
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MapameTpbl NUTaKOLWEN CUCTEMDI:
- Xeumy =25 OM - conpoTMBAEHNE CUCTEMBI B MUHUMANIbHOM peXnMe;

- X¢macc =15 OM - conpoTnBneHne CUCTEMbI B MAKCMMasIbHOM pPEXUME;

- UZ oy =115 kB - cpeaHee HOMUHaNbHOE Hanps)KeHNe CUCTEMBI.

MapameTpbl cucTeMbl CTOpoHbl CH:
- U on =37 KB - cpeaHee HOMUHaNbHOE HamnpsiXeHWe CTOpoHbl HH.

MapaMeTpbl CUCTEMbI CTOPOHbI HH:
- U oy =10,5 KB - cpeaHee HOMMHaNbHOE HanpsiKeHne CTopoHbl HH.

MapameTpbl TT:

KE =80 - KoacpdpuumeHT  TpaHcdhopmaumm  TT  cTOpoHbl  BH
TpaHcdopmaTopa;

- KY =300 - «koadduumeHT TpaHcdopMaumm TT  cTopoHbl  CH
TpaHcdopmaTopa;

- K7 = 600 - koaddumumeHT TpaHcdopmaumm TT cTtopoHbl HH TpaHcdhopmaTopa.

YCTPOWNCTBO 3alUUThI:
BMP3-TAO-10-30-21.

TpaHcdopMaTOp YCTAHOBMAEH Ha ABYXTPaHCHOpMATOPHOM NOACTaAHUWUMU.
NMpeaycMOTpeHO nuTaHuMe TpaHcdopMaToOpoB CO CTOpoHbl BH w©n napannenbHas
pabota TpaHcdopMmaTopoB Ha cTopoHax BH u CH. Cxema aneKkTpuyeckom ceTtwu
npueBeneHa Ha pUCyHke 7.3.

NMpuMmep pacyéTa ycTaBoK npmBenéH anga tpaHcdopmaTtopa T-1 (pucyHok 7.3).
PacuéT ycrtaBok anga tpaHchopmatopa T-2 Npom3BoaUTCS aHaANOMMYHO.

Xc make = 15 Om
115 kB l Xcmun = 25 OM

TATH-40000/110
115kB £9:1,78 % /
38,5kB £ 2:2,5% /
11 kB

UkeH-chmmn = 9,52 %
Uk gh-ri v = 17,04 %
Uk BH-cH Make = 11,56 %
Uk BH-HH Makc = 19,29 %
Uk cH-ni = 6,5 %

37 kB

10,5 kB

PucyHok 7.3 — CxeMa 31eKTpu4eckomn cetu
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7.3.2 PacyéT conpoTtmBneHns TpaHcdhopmaTopa

7.3.2.1 ConpoTuBrieHne TpaHcpopMaTopa paccuymTatb AN ABYX NpefenbHbIX
CNy4aeB - KpaMHero HMXXHero u KpamHero BepxHero nonoxenus PIr1H.

Hanps>xeHune o6MoTkn BH, cooTBeTCTBYOWEE KPAWHEMY HUXHEMY MOJSIOXEHUIO
PIMH, paccuuTaTtb no opmyne

n-1 AU 19-1 1,78
—)=115-1-—=—=.."-)=96,6 KB. .
2 100) ( 2 100) (7.65)

BH | BH
UMI/IH - UCP HOM * (1 -

HanpshxeHne o6bmoTkm BH, cooTBeTcTBylOwee KpanMHeEMYy  BepXHeMy
nonoxenuto PIMH, paccuntaTtb no dopmyne

n-1 AUy 45 q,19-1 1,78
2 100 2 100

BH 1 BH
UMAKC - UCP HoM (1 +

)=133,4 KB. (7.66)

BbluMncneHHoe - 3HaydeHue Udllec nonyumnocb  6onbwe  MakCUMasbHO
AONYyCTUMOro Ans AaHHol cetn?).

B kauecTtBe HanpshxeHusa Us.. MPUHATL 3HayeHne 126 kB B cooTBeTCTBUM C
[10].

7.3.2.2 ConpotuBneHme obmotkm BH TpaHcdopmaTopa, COOTBETCTBYHOLLEE
KpamHeMy HMXHeMY nonoxeHuto PIMH, paccumTtatb no dpopmyne

X _ 1, (U vt U i it =Y & cririrs mars) . Unins” =

TBHMAH — 5 100 Stiom e (7.67)
_l‘(9,52+17,04—6,5)‘96r62 -234 OmMm |
=3 100 40 ' '

7.3.2.3 ConpotuBneHme obmotkm CH TpaHchopmaTopa, COOTBETCTBYHOLLEE
KpamHeMY HMXHeMY nonoxeHuto PIMH, paccumTtatb no popmyne

X _ l (Uk BH-CH MI/IH+Uk CH-HH MI/IH_Uk BH-HH MI/IH) . USZHZ _

T CH MUH 2 100 SHOM . (7 68)
_1.(9,52+6,5-17,04) 96,6’ _ | 15 o '
2 100 40 ! '

ConpoTtmnsneHnem obmMoTkn CH TpaHcdhopmaTopa npeHebpeub, X; o = 0.

7.3.2.4 ConpotuBneHme obmoTtkm HH TpaHcdopmaTopa, COOTBETCTBYHOLLEE
KpamHeMY HUXHeMY nonoxeHuto PIMH, paccumTtatb no popmyne

X _ l . (Uk BH-HH MUH +Uk CH-HH MUH _uk BH-CH MI/IH) . UI\?IZHZ —

T HH MAH = 5 100 Shiom 1 (7.69)
_1 (17,04+6,5-9,52) 96,6° .., , |
=3 100 40 ' '

D Cwm. Tabnuuy B-1 [10].
37



CTO AnBr-055-2013

7.3.2.5 ConpotuBneHme obmoTkm BH TpaHcdopmaTopa, COOTBETCTBYHOLLEE
KpanHeMy BepxHeMy nonoxenuto PINH, paccumntaTtbh no dopmyne

X = l (UkBH—CH makc Yk sr-rr make =Y k cv-mn MAKC) . UIE:IL\?,KC2 =

T BH MAKC = 5 100 Stiom 1 (7.70)
_1 (11,56+19,29-6,5) 126° _,5 5 . |
=3 100 40 |

7.3.2.6 ConpotuBneHme obmotkm CH TpaHchopmaTopa, COOTBETCTBYHOLLEE
KpanHeMy BepxHeMy nonoxenuto PIMH, paccuntaTtb no dopmyne

X = 1 (U s arv-c mare Y i cnnrs mae =Y k -t manc) ) Unirc” =

T CH MAKC 2 100 SHOMTP (7 71)
_1 (11,56+6,5-19,29) 126*  , ,. , |
=5 100 40 ' '

ConpotmnsneHnem obmMoTkn CH TpaHcdhopmaTopa npeHebpeub, X, ., yae = 0-

7.3.2.7 ConpotuBneHme obmotkm HH TpaHcdopMmaTopa, COOTBETCTBYHOLLEE
KpanHeMy BepxHeMy nonoxenuto PIMH, paccuntaTtb no dopmyne

X = l . (U o marc Y i cr-tr make —Y k BH-cH MAKc) . UI‘E;ZKCZ =

T HH MAKC = > 100 Shiom 1 (7.72)
_1.(19,29+6,5-11,56) 126 o, o |
=3 100 a0 |

7.3.3 Bbibop MNTH 6nokos BMP3

7.3.3.1 [Ona Bblbopa MNTH 6nokoB BMP3 npousBectn pacyér TokoB K3 Ha
ctopoHax BH (Ttouka K1 Ha pucyHke 7.4), CH (Ttouka K2 Ha pucyHke 7.4) u HH
(Touka K3 Ha pucyHke 7.4) TpaHchopmaTtopa.

115
E,=— kB
NG
15(25) Om
K1
- P

23,4(48,3) Om | |23,4(48,3) Om
— .
K2

16,4(28,2) OM | | 16,4(28,2) Om

;K3

PucyHok 7.4 - Cxema 3amMelleHuns
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7.3.3.2 MNepmnoanyecKkyo COCTaBNASOWY MakCcMManbHOro gasHoro toka K3 Ha
CTOpoHe BH paccuuTtatb no dpopmyne

o __ Ukhow 115000
K MAKC \/§-XCMAKC \/515

7.3.3.3 Mo dopmyne (4.1) HANTU TOK ipyc 7y B9 CTOPOHBI BH

- 4427 A. (7.73)

I 4427
iotee mm > Kogp - K;;:C :2-W=111A. (7.74)
T

B cooTtBeTcTBUM C [12] BbI6GpaTh MTH C TOKOM ioncmy =130 A U TOKOM

I%M o =1,0 A

7.3.3.4 [Ona nposepkun BblbpaHHoro MNTH no 4.4 paccumtaTb HOMUHANbHbLIN
nepBUYHbIN TOK CTOpOHbI BH TpaHcdopmaTopa no dopmyne (3.2)

o Shom e 40000000

_ - =200,8 A.
T J3.u, . V3115000 (7.75)

MoacTtaBuUTb NONyYeHHble 3HavyeHus B dopmyny (4.3)

1,0<3.2008_5 53, (7.76)
80
BbibpaHHbin MTH obecneumBaeT mM3MepeHMe TOKa Harpy3o04yHOro pexuma cC
3alaHHOWN NOrpeLIHOCTbIO.
7.3.3.5 [llepnogmyeckyro COCTaBASKOWY MNPUBEAEHHOr0 MaKCUManbHOIMo
da3Horo Toka K3 Ha ctopoHe CH (Bblknatoyatenb cTopoHbl CH OTKAO4YEH) paccunTaTb
no opmyne

< Ugs om 115000

K MAKC MPUB —

= =1729
\/5'(XCMAKC+XTBHMMH) \/§.(15+23,4) (7.77)

A.

MpuBecTun noJly4eHHoe 3Ha4yeHune K HanNps>XeHUto CTOPOHbBI CH
TpaHcdopmaTopa no popmyne

Uz 96, 6
CH e LM _ 1729. 37 - 4514 A. (7.78)

K MAKC K MAKC rpuB UCH
CP HOM

7.3.3.6 Mo dopmyne (4-1) HAWTW TOK iyt 1y BT CTOPOHBI CH

o op e _, 4514

MAKC nTH = Npep -~
K< 300

- 30A. (7.79)

B cootBetctBMM c [12] BbI6GpaTh MTH c TokoM i .., =65 A N TOKOM
ICH

HOM MTH — 0,5 A.
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7.3.3.7 Ona npoepkun BblbpaHHoro MNTH no 4.4 paccumtaTb HOMUHANbHbLIN
nepBuYHbIN TOK CTOpoHblI CH TpaHcdhopmaTopa no dopmyne (3.2)

o Siomre 40000000

omT 3w 338500
MoacTaBuUTb NONyYeHHble 3HavyeHusa B dopmyny (4.3)

- 600 A. (7.80)

600
0,5<3.-——=6. .
300 (7.81)

BbibpaHHbin MTH obecneumBaeT mM3MepeHMe TOKa Harpy3o04yHOro pexuma cC
3alaHHON NOrpeLIHOCTbIO.

7.3.3.8 [lepuoaAnyecKyo COCTaB/IAOWY MNPUBELEHHOINO0 MaKCMMasbHOro
da3Horo Toka K3 Ha ctopoHe HH (Bbiknto4yaTenb cTpoHbl CH BKAKOYEH) paccumTaTb
no dopmyne

" ) UZs viom ~ 115000 541 A

K MAKC MPUB = X = >34 = " (7.82)
/ T BH MUH / ' .
3'(XCMAKC+ > + X7 it ) 3-(15+ 2 +16,4)

MpuBecTun noJly4eHHoe 3Ha4yeHune K Hanpsa>XeHuto CTOPOHbI HH
TpaHcdopmaTopa no dopmyne

Uz 96,6
III:IHMAKC = III‘:,Z/IAKC news T = 1541 10.5 =14177 A, (7.83)
CP HOM '

7.3.3.9 Mo dopmyne (4.1) paccuntaTtb ToK 2 - o, ANS CTOPOHbI HH

. I 14177
IZ,IZKC i 2 Knep '% =2- 600 47 A. (7.84)

B cootBeTctBMM c [12] BbI6GpaTh MTH c Tokom jif ... =65 A ©n TOKOM

IZ,(-)IM o = 0,5 A

7.3.3.10 Ona nposepku BblibpaHHoro MNTH no 4.4 paccumTaTb HOMUHANbHbLIN
NepBUYHbIN TOK CTOpOHbLI HH TpaHcdopMaTopa no dpopmyne (4.2)

#i__ Swowre _ 40000000 _
J3-um o 3.11000

2099 A. (7.85)

HOM TP —
MoacTtaBuUTb NONyYeHHble 3HavyeHusa B dopmyny (4.3)
2099
0,5<3.-——==10,5. .
500 (7.86)

BbibpaHHbIn TH obecneunBaeT M3MepeHMe TOKa Harpy3o4yHOro pexuma C
3alaHHON MNOrpeLIHOCTbIO.
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7.3.4 Bbibop ycTaBku cpabartbiBaHusa ATO

7.3.4.1 YctaBKky cpabatbiBaHua OTO I,,, No yCnoBuio OTCTPOWMKKM OT Bpocka

TOKa HaMarHM4MBaHMS NMPUHATbL paBHOM 4 0.e. (B cooTBeTCTBUM C 5.2).
7.3.4.2 Mo dopmynam (5.2) - (5.5) onpeaenntb OTHOCUTENbHbLIM PACUYETHbLIN
Tok HebanaHca I, .., NPV MaKCUManbHOM TOPMO3HOM Toke BHewHero K3 (I, )

19-1 1,78 . 5-1 2,5 1729
I —(2,51.0,1 178 (212 1,0,05). 2722 _4 4. _
e pacy = ( Y5700 1 2 100 109 5008 (7.87)

30ecb M panee B pacyéte MNpUHATb 3HAYeHUS MOJSHbIX OTHOCUTENbHbIX
norpewHocten TT BO BCex pexumax paboTbl TpaHchopmaTopa paBHbiMu 0,1
(peanbHas KpaTHOCTb ToKa K3 He npeBOoCXOAMT HOMUHANBbHYIO U peanbHas Harpyska
Ha BTOpUYHbIE Lenn TT He NpeBOCXOANUT HOMUHANbHYIO).

7.3.4.3 Mo dopmyne (5.1) paccumtaTb ycTaBKy cpabatbiBanua ATO I,

Ncxoaa 13 ycroBuUs OTCTPOMKM OT pacyéTHOro MakCMMasbHOro Toka HebanaHca

I,=12-4,4=528. (7.88)

7.3.4.4 B kauectBe ycTaBku cpabaTbiBaHus ATO I, NpuHATL 6onbuwee u3
ABYX Mofly4YeHHbIX no 7.3.4.1 n 7.3.4.3 3HayeHwue. I, =5,28.

7.3.5 Bblbop yCTaBKu HavasnbHOro Toka cpabatbiBanmsa A3T I, ..,

7.3.5.1 OTHOCUTENbHbIM pacyeTHbin TOK HebanaHca, WCNOSb3yEMbI MNpwU
pacuete I, .., paccuntatb no dopmyne (6.2)

19—1.1,78+5—1. 2,5
2 100 2 100

IHEPva:0,5-(1-1-0,1+ -1+0,05]:O,18. (7.89)

7.3.5.2 Mo d¢opmyne (6.3) paccumTtaTb YCTaBKY Ha4yasbHOro TOKa

cpabatbiBanva A3T I, ..,

Iroes =1,5-0,18 =0,27. (7.90)

7.3.5.3 B cooTtBeTcTBMM C 6.2.6 NpUHATL yCTaBky I, . paBHo 0,3 o.e.

7.3.6 Bblbop ycTtaBkm KoaddMUMEHTA TOPMOXEHMUS BTOPOro Yy4acTKka
Xapaktepuctukn TopMmoxenusa A3T Ky,

7.3.6.1 Mo dopmynam (6.5) n (6.7) onpeaenntb Tok cpabatbiBanne A3T I,
npun Toke TopMmoxeHua 1,5 1., »

19—1.1,78.1+5—1.2,5
100 2 100

Iﬂ3T2:1,2.1,5.(2.0,1+ -1+0,05]:O,83. (7.91)
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7.3.6.2 Mo dpopmyne (6.4) paccunTtaTb 3Ha4YEHUE YCTaBKN K, »

Koopm» = 0,83-0,3=0,53, (7.92)

7.3.7 Bbibop ycTaBkm KoadpdpuumMeHTa TOPMOXEHUS TpeTbero y4yacTKka
XapakTepuctukn TopMmoxenusa A3T Ky 5

7.3.7.1 Mo dopmyne (6.9) paccumtaTb TOK TOPMOXEHWUSI, COOTBETCTBYHOLLUN

H
MaKcUMasnbHOMy Toky BHewHero K3 (I, - nous)

2,5-0,1) 1729
I =[1-- |- =7
K Topm ( 2 ] 200,8 ! (793)
7.3.7.2 Mo dpopmyne (6.8) paccuntaTtb YCTaBKy K, p, ;
5,28-0,83
K = _T1-=-0,75. (7.94)

TOPM 3 — 75_15

7.3.8 Bblbop ycTaBkM HauanbHoro Toka cpabatbiBaHus A3T I, ..., Fpynnb
"yyBCTBUTENbHbIX" YCTaBOK

7.3.8.1 OTHOCUTENbHbIM pacyeTHbIn TOK HebanaHca, WUCNONb3yeMbl NpU
pacuete I, ..., Paccuntatb no copmyne (6.3)

3-1,78

L paca :0,5-(1-1-0,1+ +0,05+0,05]:O,127. (7.95)

7.3.8.2 Tlo dopmyne (6.1) paccumTaTb YCTaBKY Ha4yasbHOro TOKa

cpabatbiBanva O3T I ...,

Isr e =1,5-0,127 =0,19. (7.96)

7.3.8.3 B cOOTBETCTBUM C pekoMeHaaunsamm 6.2.6 NpuUHATb 3HAYEeHWE YCTaBKU
1,51 vauy P@BHBIM 0,3,

7.3.9 Bblbop vycTtaBkm KoahdMUMEHTA TOPMOXEHUS BTOPOro YydacTKka
XxapakTtepuctuku topmoxennsa O3T K,y ,, TPYNMbl "4yBCTBUTENbHbLIX"

yCTaBOK

7.3.9.1 Mo dopmynam (6.5) un (6.7) onpeaenntb Tok cpabaTbiBanme A3T 7.,
npu Toke TopMoXeHusa 1,5 1, »

3.1,78

Iﬂ3T2:1,2-1,5-(2-1-0,1+ +0,05+0,05]=O,64. (7.97)
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7.3.9.2 Mo dopmyne (6.4) onpeaennTtb 3HaveHne ycTtaBku Ky, .,

Kropmas = 0,64 -0,3=0,34. (7.98)

7.3.10 Bblbop ycTtaBku Kod3hPULMEHTA TOPMOXKEHUS TpeTbero y4acTKka
xapakTtepuctuku topmoxennsa O3T Koy 5, TPYNMbl "4yBCTBUTENbHbLIX"

YyCTaBOK

7.3.10.1 No ¢opmynam (5.1) - (5.5) paccunTtatb ToK I,.,, B COOTBETCTBUM C
yKasaHusamm 6.4.2

31,781+0’051+0’05)£:4,17. (7.99)

Loy =12-(2,5-1-0,1+ 500.8

7.3.10.2 YcraBKy Ki,py 5, Paccumtatb rno gopmyne (6.8)

4,17 -0,64
KTOPM3LI :ﬁ20,59. (7.100)

7.3.11 lNMposepka yyscTBUTENBHOCTKN OA3T

7.3.11.1 [na npoBepkun u4yBcTtBuTenbHoctu [A3T paccuutaTb nNpuBedeHHoe
MMWHUMAsIbHOE OTHOCUTENIbHOE 3HaYeHne nepuoanyeckomn cocrtasnsawowen Toka K3:

- Ha ctopoHe CH (Touka K2 Ha pucyHke 7.4) npu BKAKOYEHHOM BbIK/ovaTene
cTtopoHbl CH no dopmyne

< _\3 U o B 115000
K MUH PUB —

| X 2 . . -
2 ﬁ-z-(xcmﬁ%) 2 /3.2.(25+48,3)

2 AT (7.101)

- Ha cTopoHe HH (Touyka K3 Ha pucyHKe 7.4) npu BbIKIKOYEHHOM BbIKO4YaTene
cTtopoHbl CH no dopmyne

A _ 3 UggHOM 3 115000 567 A;

K MWH rP1B _?' \/§'(XCMMH+X L X (7.102)

T BH MAKC T bt makc ) 2 \/§'(25+48:3+2812)

7.3.11.2 Mo ¢opmyne (6-10) onpenenutb KO3 EPUUMEHT YYBCTBUTESIbBHOCTHU
AO3T npu meTannmnyeckoMm K3 angd HaMMeHbLlIEero n3 ToKoB, NOJly4eHHbIX B 7.3.11.1

o = T Q- ewpn) _392-(1-0,1)
L A 200,8-0,3

HOM TP A3T Hay

=5,8. (7.103)
KoadppuumeHT 4yyBCTBUTENBbHOCTU yaoBMeTBopseT TpeboBaHUSAM, U3N0XKEHHbIM
B 6.5.2.
7.3.12 Bbibop ycTaBku curHanmsaumm HebanaHca

7.3.12.1 B kKkayecTBe MakcumMmanbHoOro paboyero ToKa MNPUHATb 3HAYEHME
HOMWHANbHOro TokKa TpaHcdopmaTopa.
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Mo dopmyne (6.3), paccumTaTb OTHOCUTENbHbLIA PacYETHbIM TOK HebanaHca,
COOTBETCTBYHOLMA MaKCUManbHOMY paboyeMy TOKy

L, . -10.1.1.01+2-1L78 4,51 25
’ 2 100 2 100

-1+o,05] - 0,36. (7.104)

7.3.12.2 Mo ¢dopmyne (6.12) paccumtaTb yCTaBKy CUrHanusaumm HebanaHca

I

ws = K !

HB pacy

-1,1-0,36=0,4. (7.105)

oTC

7.3.12.3 B COOTBETCTBMM C PYKOBOACTBOM MO 3KCnayataumm 6noka BMP3 [12]
yCTaBKa curHanmsauum HebanaHca [, AO/mKHA ObiTb 3a4aHa KoadduumeHTom K, ,

PaBHbIM OTHOLUEHWIO [, K yCTaBKe HayanbHoro Toka cpabatbiBaHus A3T I, .

v _ Ls _04

He T 0,3

A3T Hay

=1,34. (7.106)

7.3.13 Bbibop ycTtaBok 6nokunposaHma O3T npu BO3HMKHOBEHUM BTH

7.3.13.1 YcraBky WNB K ,,, B cooTBeTCTBMM C 6.8.1 nNpuHATL paBHOW

0,15 o.e.
7.3.13.2 YcTaBKy MO BpPEeMEHW OrpaHUYeHUs LJUTENbHOCTU MNepeKpECTHOro
pexunma 6nokuposaHna T . B cOOTBETCTBUM C 6.8.3 NpUHATb paBHOM 2 C.

7.3.14 Ona ynobcTtBa BBOoAa B 6510k BMP3 cBecTtu yctaBku B Tabnuuy 7.3.

Tabnuua 7.3 — YCTaBKu 3awuThbl

YcTaBku O603Ha4yeHue 3Ha4yeHune
‘A BH
HoMuHanbHbIM TOK NTH Ana ctopoHbl BH, A g 1,0
‘A H
HoMuHanbHbin TOK NTH anga ctopoHbl CH, A A 0,5
‘A HH
HoMuHanbHbIM TOK NTH Anga ctopoHbl HH, A Lom 0,5
Tok cpabaTbiBaHua ATO, o.e. I 5,28
KoadpdunumeHT curHanmsaumm HebanaHca, o.e. K, 5 1,34
HauanbHbin TOK cpabaTtbiBaHmsa O3T, o.e. I ot vau 0,3
KoadhdunumeHT TopMoXeHNa BTOporo yyactka A3T Kiopm 2 0,53
KoadhdunumeHT TopMOXeHNa TpeTbero yyactka A3T Kiopm 3 0,75
NMep, o.e. K s 0,15
Bpems orpaHuyeHuns onmMTenbHOCTH T >
nepekpECTHOro pexmnma 6J10KMpoBaHuUs, C 16
HayanbHbIN TOK cpabaTbiBaHUS "4yBCTBUTENBbHOIMO" I 0,3
opraHa [3T, o.e. BT Has
KoadppunumeHT TOpMOXEHMS BTOPOro yyacTtka K 0,34
"yyBCTBUTENLHOrO" opraHa A3T TORM 24
KoadppuumeHT TOpMOXEHUS TpeTbero K 0,59
yyacTka"uyBcTBMTENbHOrO" opraHa A3T TOPM 34
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8 AHanus pab6ortbl ancddepeHUumanbHON 3aWMTbl TpaHcchopmMmaTopa nNpum
noMmowm nporpammbl "FastView"

8.1 Tlporpamma "FastView" Haxoautca B cBo60OAHOM A0CTyne Ha caute
npeanpmatns www.mtrele.ru.

8.2 AHanm3 paboTtbl anddepeHunanbHOM 3awWunTbl TpaHcdopmaTopa B
nporpamme "FastView" Bepcuun 4.2. Bknto4vaeT B cebsa:

- NPOBEPKY BEKTOPHOM AMarpaMMbl TOKOB B HAarpy3o4HOM pexume;

- pacyéTt amddepeHUmanbHOro Toka U ToKka TOPMOXEHUS B pexunme K3.

8.3 AHanm3 BbINOJHEH Ha nNpuMmepe TPEXOOMOTOYHOro TpaHcdopmaTopa CO
cneaywmMmn XxapakTepucTmkamu:

- CXeMma U rpynna coegnHexus obmotok - ¥, /Y, /A-0-11;
- S Lomme=25 MB+A - HOMMHaNbHasA MOLIHOCTb;

- USY, » =115 KB - HOMUHaNbHOE HanpsiXeHne CTOpoHbl BH;
- USey» = 38,5 KB - HOMWHanbHOe HanpsiXeHne CTopoHbl CH;
- U, » =11 KB - HOMMHaNbHOE HanpsiXeHne CTOpoHbl HH.
MapameTpbl TT:

KE =120 - Koa(pduumeHT TpaHchopmaumm TT  CTOpOHbl  BH
TpaHchopmaTopa;

- KY¥ =120 - «ko3adduumeHT TpaHcdopmauum  TT  cTopoHbl CH
TpaHchopmaTopa;

- K7 =300 - koacdurumeHT TpaHcdopmaumm TT cTtopoHbl HH TpaHcdhopmaTopa.
8.4 MNpoBepka BEKTOPHOW AMArpaMMbl TOKOB B Harpy304HOM pexume

8.4.1 3arpy3uTb OCUMNIOrpamMMy Harpy3o4yHoro pexmma m3 6noka BMP3 wu
OTKpbITb €€ B nporpamMme "FastView".

8.4.2 [na BCex aHanoroBblXx KaHanoB B OCUMAIOrpaMMe YCTaHOBUTb
napameTpbl oTobpaxeHus "F" (MrHoBeHHble 3Ha4yeHus) n "BTopu4dHble 3Hay." B
COOTBETCTBUMN C PUCYHKOM 8.1.

—
IIII H

1| 3agaTe

PucyHok 8.1 — HacTporka aHanoroBbix KaHanoB

8.4.3 OTKpbITb OKHO 33aZaHuWs pacyéTHbIX KaHanoB, HaxaB KHoMky "3apaTtb"
(pncyHok 8.1).

8.4.4 B OKHe 3agjaHuUs pacyéTHbIX KaHanos p[obaButb QopMmynbl AN
BblYMC/IEHNSA TOKOB CTOPOH "KOHTYpoOB".

8.4.4.1 WNcknwo4yeHMe TOKOB HYNeBOM MnocnenoBaTesnbHOCTM UM KOMMEHCauuko
nosopoTa ¢da3bl Ana CTOpPOH TpaHcdopmaTopa CO CxemMon coeanmHeHusa "3Be3aa"
BbINOSHUTL NO npasuny "UT-11" (3.11.3).
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8.4.4.2 Ina nepeBoada TOKOB CTOPOH "KOHTYpOB" B OTHOCUTENbHbIE 3HAYEHUSA
BbIYMCNINTb HOMUHA/IbHbIE BTOPUYHbIE TOKM CTOPOH TpaHcdopMaTopa no dopMynam
(8.1) - (8.3)

S 25000000
G _ HOM TP _ - 1,046 A,
M J3LuB KB 3.115000-120 (8.1)
S 25000000
1¢H _ HOM TP _ - 3,124 A,
M 3Lus, - KSY 3.38500-120 (8.2)
o Stiom e 25000000 _ 4 554 o (8.3)

oM Bt KE 311000 - 300

8.4.4.3 [obaBuTb ¢opMynbl AN BbIYUCNEHUS TOKOB CTOPOH "KOHTypoB" B
OKHe 3aaHusa pacuyéTHbIX KaHanoB B cooTBeTcTBMM C 8.4.4.1, 8.4.4.2
(pncyHok 8.2).

HazgeaHWe KaHana Popmyna

Ilv ("Ta BH" - "Ie BH")/1.732/1.046
[ ("Ie BH" - "Ic BH")J1.732)1.046
[ 3w ("Ic BH" - "Ta BH")J1.732)1.046
I1s ("Ta CH" - "Ie CH")/1.732/3.124
I2s ("I CH" - "Ic CH")1.732/3.124
[3s ("Ic CH" - "Ta CH")1.732/3.124
Iln "Ta HH"/4.374

IZn "Ie HH"/4.374

I3n “Ic HH"j4.374

PuUcyHoOK 8.2 — BbluncieHne TOKOB CTOPOH "KOHTypoB"

Mpu BBOAE (pOpPMYN cneayeT yuuTbiBaTb PErucTp M A3blKk B HAMMEHOBAHUAX
KaHanos OCUMANOrpamMMmbl. Ons NCKKOYEHUS ownbok, CBSAA3@HHbIX  C
HauMeHOBaHUSAMM KaHanos, cneayetr Ao06aeBnaTb MX B pacyéTHble OopMysibl B
cneayouwem nopsake:

- pAobaBuTb B OKHe 3ajaHus pacyéTHbIX KaHanoB ntbble cTaHAapTHble
dyHKUMN N3 BUbnmMoTekn Nporpammsbl;

- CKONMMpoBaTb HAaMMEHOBAaHMS KaHanoB U3 CTaHAAPTHbLIX MYHKLWNA;

- BCTaBUTb CKOMUpPOBAHHbIE Ha3BaHUs Npu BBoAe (POpMYII.

8.4.5 PacuyéTtHble KaHanbl TOKOB CTOPOH "KOHTYypoB" A06aBUTb Ha BEKTOPHYIO
avarpammy. [ns aToro cnepyeT WENKHYTb MpaBoM KHOMKOW "MbIWK" NO BEKTOPHOM
anarpamme.

Yron mMexay BeKTopaMum TOKOB pa3HbIX CTOPOH OAHOro "KOHTypa" aomkeH 6biTb
okono Hyns unmn 180 rpaaycoB. CyMMa BEKTOPOB TOKOB CTOPOH OAHOro "KOHTypa"
A0/MKHa 6bITb 621M3Ka K HYJ0, KaK MoKa3aHo Ha pucyHke 8.3.

8.4.6 Ecnn yron mMexay BeKTOpaMW pasHbiX CTOPOH OAHOro "KoHTypa"
3HauUMTENbHO OT/MYaeTca oT Hyna wnu 180 rpapycos, dasupoBka uenen TT npwu
nogkntoyeHmnm 6n1oka BMP3 BbinosHeEHa HenpaBuAbHO (PUCYHOK 8.4).

Ecnn BeKTOpbl TOKOB CTOPOH OAHOro "KOHTypa" HeoAWMHaAKOBbI MO aMnnuTyae,
TO KO3(dMUMEHTbI TpaHchopMaumm TT WMANM HOMMHANbHbIE HaNpPsX)XeHUs CTOPOH
TpaHcdopmaTopa 3aaaHbl HenpaBuabHO (PUCYHOK 8.4).
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Ilvn 860.995 mA [ Umax [0,0%

CE3S 939,516 mA Imax | 950,00 ma

Al: 932,277 mA

IZvn  448.189 mA

CK3: 938,688 mA

Al 93B.64 mA =T

I3vn -1.30918 A

CK3:  939.19 ma

Al: 939,153 mA

L™

Ilnn -819.573 mA

CK3: 932,589 mA

Al: 932,533 mA

I2nn -518.505 mA

CK3: 930,703 mA

Al: 930,485 mA

I3nn  1.30463 A

CK3: 93162 ma

al: 931,581 mA E1vn -0° 939,28 md
Oizvn -1200 935,64 md
M v 1200 939,15 méA

[911 P00 —_— E1inn -1770 932,53 mA

0w, =5 106 160 - [12nn 630 930,49 mé
« | _’|J [C13nn 570 931,55 mA

PucyHok 8.3 — ®a3npoBKa n BbipaBHMBAHWE TOKOB - NPaBU/IbHO

Ilv  90.6908 mA
CH3: 51,7099 mA
Al: 46,9934 mA

2l

I2v -33.2531mA
CK3r 48,734 mA
Al 43,4617 mA

I3v  -574377 mA
CK3: 53,3405 mA
Al: 49,6381 mA

I1s -90.0866 mA
CK3: 73607 mA
Al 73.5182 mA

125 84.0133 mA
CK3: 74098 mA
Al: 74,0281 mA

13s 6.07321 mA
CK3: 73,4695 mA
Al 78,3932 mA

IIn 70.1219 mA
CK3: 72,7413 mA
Al: 258,15 mka

IZn  70.1214 mA
CH3r 744233 mA
Al: 408,859 mkA

ity -0e 46,993 mA
W vElE e : Wiz 1170 48,462 mA
T WY - =
g Cris 1500 73.518 mA

T T T T T T T T T T T T T
Zeavees, -Ts ‘ e I & ‘ s I ! I » e O 5 74028 mé
Kl _’IJ [ ic -65° 78,393 mA

PucyHok 8.4 — ®asnpoBka M BblpaBHMBAHME TOKOB - HEMPABU/IbHO
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BHUMAHME: TMNpun HenpaBuabHOW ¢asumpoBke uUenen TT wam
owunbo4yHOM 3ajaHMM NnapaMeTpoB 3awuujaeMoro TpaHcchopmMmaTtopa npm
BHewHeM K3 3awmra MmoxkeTt cpabortaTtb HenpaBuJibHO!

8.5 PacuéT anddepeHunanbHOro Toka U Toka TOPMOXeEHUS B pexmnme K3

8.5.1 3arpy3uTtb ocumnnorpamMmmy pexmma K3 nu3 6noka BMP3 n oTKpbITb €€ B
nporpamme "FastView".

8.5.2 [na BCex aHanoroBblXx KaHanoB B OcCUMAIOrpaMMe YCTaHOBUTb
napameTpbl oTobpaxeHus "F" (MrHoBeHHble 3HayeHus) n "BTopu4dHble 3Hay." B
COOTBETCTBUMN C PUCYHKOM 8.1.

8.5.3 OTKpbITb OKHO 3a4aHMs PacYETHbIX KaHanoB, HaXxaB KHonky "3apaTtb"
(pncyHok 8.1).

8.5.4 B OKHe 3agjaHuWs pacyéTHblX KaHanos A[obaBuTb QopMmynbl 404
BbluncneHnsa amddepeHumanbHbiX TOKOB U TOKOB TOPMOXEHUS "KOHTYpoB".

8.5.4.1 [Ona pacyeta aunddepeHumanbHblX TOKOB HeobXoAMMO CIOXUTb
MIFHOBEHHbIE 3HAYeHUsI TOKOB CTOPOH "KOHTypoB". [N 3TOro HanucaTb B OKHe
3alaHNSA PacYETHbIX KaHanoB OPMYybl B COOTBETCTBUN C pucyHkoMm 8.5 (Idifl, Idif2
n Idif3).

8.5.4.2 [na pacyeta TOKOB TOPMOXeHUS HeobXxoAMMO  BbIYMCAUTL
AOENCTBYOLWME 3HAYEHMS NEePBON FAPMOHWUKW TOKOB CTOPOH "KOHTYpPOB" M HaWTU UX
nonycymmy. ing atoro TpebyeTcss HanucaTb B OKHE 3a4aHus pacyéTHbIX KaHanoB
dopmynbl B cooTBeTCTBUM C pucyHkoM 8.5 (Itorm1, Itorm2 n Itorm3).

HazeaHwe kaHana | Popryna

Iiv {"a BH" - "Is BH")/1,732/1.045

v ("I BH" - "Ic BH")/1.732/1.046

I3 ("I BH" - "Ia BH"™)/1. 75201046

Iis {"la CH' - "Is CH"1.732/3.124

Is e CH" - "Ic CH"Y1.732/3. 124

I3s "Te CH - "La CH"1.732)5. 124

Iin "Ta HH"/4.374

IZn "Ie HH"/4.374

I3n "Ic HH"/4.374

Idif1 I1w4+I1s+I1n

Idifz I2w+I2s+12n

Idif3 I3w+13s+13n

Ttarml (Faourig: (T1w, 14Faurie: (I1s, 13+Fourie: (I1n, 172
Itarmz (Fourie: (T2w, 134Fourie: (I2s, 13+Fourie: (I2n, 112
Itarm3 (Fourie: (T3v, 134Fourie: (I3s, 13+Fourie: (I3n, 102

PucyHok 8.5 — BbluncneHue amddepeHumanbHbiX TOKOB U TOKOB TOPMOXXEHUS

8.5.4.3 [na oTobpaxeHus [OeUCTBYIOWUX 3HauYeHun auddepeHumanbHbIX
TOKOB HeobxoaAMMO B OCHOBHOM OKHe nMporpamMmbl BblAeNIUTb WX KaHanabl W
nepeksitoYnTb pPexuMm OoTobpaXXeHus Ha MnepBy FapMOHUYECKYH COCTaBASOLWYO
(pncyHok 8.6).

TOKW TOPMOXEHNS OTOBpaxatTcs B AENCTBYHOWMX 3HAYEHUSIX.

'j&;: |E| :_ FHEEDTHROEATE <

1 |'_
— T S8 XY
ffoe) FAq ¥AAN, NOCTOAHHYH ) .

|| ZagaTte |

|
PucyHok 8.6 — HacTpoika aHanoroBbiX KaHasoB
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8.5.5 MaMeHeHne BO BpeMeHU 3Ha4veHun gnddepeHunanbHbiX TOKOB N TOKOB
TOPMOXEHUS MOXHO HabnwgaTb NyTeM nepeMelleHUss BepTUKasbHOro Bu3npa B
nporpamme (pucyHok 8.7).

Idif1 656.275 mA
CH3: Th3.22 mA
Al 656,275 mh

[
Idif2  718.36 mA
Kz 792,051 mA
Al 71836 mA

&
Idif3  632.574 mA
CKE: 59,445 mA
Al 632,574 mA

Itorm2 1.52861
[aLEH 1.12122
AL 0.294391

Itorm3 1.47618

[ h 1.41174
Al 0.046015

T
Itorml 1.47446

CH3: 1.22413

Al 0.106574

oy 2 . .
MNepeeog '3 HA CWrH
¥POBn 2 . : : ! ) . ! B .
Nb AMb = : x : : = | [T ]
BHewHAA 3awmTa 1 a : ! L] i

-229 MCeK, -176 -123 -69 -14 39

PucyHok 8.7 — OnddepeHumnanbHbie TOKU U TOKM TOPMOXKEHUS
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9 VYcraBkm [AO3T AN HEKOTOPbIX TUNOB TpaHchOpMaTopoBs,
paccyMTaHHble B COOTBETCTBMM C laHHbIM JOKYMEHTOM

9.1 B Tabnunue 9.1 npuBeneHbl yctaBku "rpyboro" opraHa A3T, paccynmTaHHbIe

B COOTBETCTBMM C pasgesom 6 pana  TpaHCPOpMaTOpOB, BbINOJHEHHbIX B
cooTBeTcTBUMK C [6], [7], [8].

B xopne pacuyéTta ucnonb30BaHbl cneaylouwme 3HadYeHUs norpewHocten TT,
Ko punumeHToB ToKopacnpeaeneHmns n KoadpdmnunMeHToB OTCTPONKMN:
- gMAKCI 80,5’ gpa6 Makc “n 81,5 paBHbI Olll

- Kok 11 Krox » BO BCEX (hOpMYyJsiax pasHbl 1;
- Kore = 1,2 B popmynax (5.1) n (6.5).
YcraBka Ko3d@uuUMeHTa TOPMOXEHUSA TpeTbero ydyactka Ki,,,; PpaccyuMtaHa

A8  KpaTHOCTEM MaKCUMManbHOro Toka BHewHero K3 K HOMWMHaNbHOMY TOKY
TpaHcdopmaTopa oT 5 go 15.
9.2 B Tabnuue 9.2 npuBeaeHbl ycTaBku "4yyBcTBMTEeNnbHoro" opraHa [A3T,

pacCyMTaHHble B COOTBETCTBUU C pa3aesnoM 6 ang TpaHchdOpMaTopoOB, BbIMOSIHEHHbIX
B cooTtBeTcTBUK C [6], [7], [8].

Xoa pacyéTta aHanoruyeH 9.1.
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Tabnuua 9.1 - Yctasku "rpyboro" opraHa A3T

YcTtasku 3T

Perynuposatne I K.opy s ONS KPAaTHOCTEN MaKCUMaNbHOIO TOKa BHewwHero K3 K
HanpsaXXeHun4d A3T Hau ! | K

TpaHcdopMaTopa o.e. TOPM 2 HOMMHANIbHOMY TOKY TpaHcdopmaTopa oT 5 o 15 o.e.

5 | 6 | 7 8 9 10 | 11 | 12 | 13 [ 14 | 15

[BYyx06MoTO4YHbIEe TpaHcdhopmaTopbl 35 - 220 kB
PMH +9x1,78 % 0,3 044 0,71, 069 068|067 067|066 | 066|066 0,66 |0,66]|0,65
PMNH £2x2,5 % 0,3 0,24 055,053 ]052]052),051]051]051] 0,5 05 105]0,5
PMH £12x1 % 0,3 0,37 1065063062062 061|061 ]|061]| 0,6 0,6 {06 | 0,6
PIMH £8x1,5 % 0,3 0,37 1065063 |062|062 061 |061]|061]| 0,6 0,6 | 0,6 | 0,6
PMH £8x1,25 % 0,3 0,33 0,62 | 0,6 o6 10590580558 ),0,58,057)]057|0,57]|0,57
PIMH £6x1,5 % 0,3 0,32 061,059,058 057]057]057]0,56|0,56]|0,56|0,56|0,56
PIMH £4x2,5 % 0,3 0,33 10,62 ] 0,6 o6 1059058058058 ),0,57)0570,57]0,57
TpéxobMoTOYHbIE TpaHchopmaTopbl 35 - 220 kB

PMH £9x%1,78 %
MNBB £2x2.5 % 0,3 0,53 (0,78 0,76 | 0,75 | 0,74 | 0,74 | 0,74 | 0,73 | 0,73 | 0,73 | 0,73|0,72
PMH £12x1 %
MBB £2x2,5 % 0,3 046 0,720,701} 0,7 | 069|068 )| 068 | 0,68 | 0,67 | 0,67 |0,67|0,67
PIMH £8x1,5 % 0,3 0,37 1065063062062 061 ]061]|061]| 0,6 0,6 {06 | 0,6
PIMH £6x2 % 0,3 0,37 1065063062062 061|061 ]|061]| 0,6 0,6 | 0,6 | 0,6
PIMH £6x1,5 % 0,3 0,32 /061059058057 057]057]0,56]0,56]0,56]0,56]|0,56

€10¢-550-19MT 01D



Tabnnua 9.2 - YctaBku "yyBcTBUTENBbHOO" oprana A3T

PerynmnpoBaHue
HanpsXXeHus

TpaHcdopmaTopa

YcTtasku 3T

PMH +9x1,78 %

PMH +2x2,5 %

PMH £12x1 %

PMH +8%1,5 %

PMH +8x1,25 %

PMH +6x1,5 %

PMH +4x2,5 %

PMH +9x1,78 %

MNBB +2x2,5 %

PAH +£12x1 %
MNBB +2x2,5 %

PMH +8%1,5 %

PMNH £6x2 %

PMH +6x1,5 %

Kiopm 3, 415 KPATHOCTEN MaKCMMasibHOro ToKa BHewHero K3 K
HOMWHAaNbHOMY TOKY TpaHcgopmaTopa oT 5 ao 15 o.e.
6 | 7 | 8 | 9 | 10 | 11 | 12 | 13 | 14 | 15
[BYyx06MoTO4YHbIEe TpaHcdhopmaTopbl 35 - 220 kB
0,54,053,052]052,051,051/051]0,51]0,51]0,51
053052 ,052]051]0,51 0,51 0,5 0510505
053]052,052051]0,51 0,51 0,5 0510505
053]052,052051]0,51 0,51 0,5 0510505
053]052,052]051]0,51 0,51 0,5 0510505
053]052,052]051]0,51 0,51 0,5 0510505
0571056 ,055/055]0,54,054 0,540,549 0,54/0,54
TpéxobMOoTOYHbIE TpaHchopmMaTopbl 35 - 220 kB
061, 06 059|0,59|058,0,58)0,58|0,58/|0,58/0,57
0,6 o6 059,058|058)0,58|0,57)|0,57,057|0,57
053]052,052051]0,51 0,51 0,5 0510505
0,55/054,053/053]0,520,52]0,52,0,52]0,52/0,51
053052052051 ]0,510,51] 0,5 0510505

4]
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