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Bsenenne
B manrom CTO paccMaTpuBaeTcs METOIMKA pacyeTa MapaMeTpoB HACTPOMKH

u cpabarsiBanus MIT yerpoiicte P3A o6opynosanus 6-35 kB 06vektoB EHOC.

[TpaBunbHbl BEICOpP mapamerpoB cpabarbiBaHus MIT ycrpoiicte P3A
SBJISCTCS B&KHBIM (JAaKTOpPOM TIOBHINICHHS TPOIIEHTA TPABHIBHBIX AeHCTBHIA
yerpoiicte P3A B aBapuiiHbIX peskuMax. Kpome TOro, 0ObIYHO TEPMHHAT 3aIIUTHI
BBIIOITHSAET HE TOJBLKO OJHY OCHOBHYIO yHKIMIO. TEPMUHAII MOXKET OCYILECTBIIATh
Takke PyHKIMHM yCTpOHCTBA pe3epBUpOBaHMs NPH OTKaze BhiItouarens (YPOB),
(yHKIMM ycTpO#iCTBA aBTOMAaTUYECKOT0 NOBTOPHOTO BKIMIOUeHUs (ATIB), QyHKumn
CXEMBI YIIPABIICHUS! BBIKIIIOYATENIEM U IPyTHeE.

B Bujly CIOXKHOCTH ITOPHTMOB 3alllAT OT 3aMbIKAHWS Ha 3€MIIIO B CETAX
6-35 kB ¢ pasnuuHBIMH COCOOaMU 3a3eMIICHUS HeliTpaau BHIOOp MapamMeTpoB
cpalarplBaHus OTHX 3alUT BakeH Ans oOOecmedeHus TPaBHIBHOTO HX
(YHKLMOHUPOBAHUSL.

1 O6aacTs NpEMEHEHN
HacTosmuii cTaHmapT ycTaHaBMHBAcT €AWHBIE TPEOOBaHHS K pacuery Hu

BBIOOPY MapaMeTpOB HACTPONKU U cpalaTbiBaHUs YCTPOMCTB peneiHOl 3aluThl |
aBroMaruke (P3A), yCTaHOBIEHHBIX Ha 000pynoBaHuy 6-35 kB o6nektoB EHOC.

OOBEKTaMK PEryTMPOBaHNsl YKA3aHHOTO CTaHAAPTa OPTAHW3AIMH SBJISIOTCS
COBOKYIIHOCTb YCTPOWCTB PENCHHON 3amMTBl OJJIEKTPHYECKHX CETEH KIIACCOB
HanpspkeHus 6 — 35 kB, a Taxke CBA3aHHBIX C HAUMM HAa YPOBHE YIPABIIAOIINX
CUTHATOB (WM BCTPOSHHBIX (DYHKIMI) YCTPOHCTB aBTOMATMKU: YCTPOMCTBa
pe3epBUpOBaHUs IpU OTKase BbikMtouarens (YPOB), aBroMaTidecKoro IOBTOPHOTO
BrmroueHUs (ATIB), aBTOMarHyeckoro BBoga pesepBa (ABP), aBromMaTuku
yIpaBleHUs. BEIKMIOYATeNeM (AVYB), ompeneneHusi paccTOsHUS 1O MecTa
noBpexaenus (OMIT) ams crenyromux BUAOB 000PYIOBAHMS: IIMHBI, OTXOIAIINE
JISII (KJ1, BJI, KBJI), TOKOOrpaHUUMBAIOIIHI PEAKTOP, TIMHEWHEII peryIiupOBOYHEI
(BoseTOmOOABOUHEIH) TpaHcopmarop, YKPM  (ycrpoiicTBa KOMIIEHCAIUH
PEaKTUBHONM MOIIHOCTH, HAIPUMEP, KOMICHCHPYIOLIME PEaKTOpHl, Oarapeu
CTaTHYeCKUX KOHJCHCATOPOB), BBOAHON (CEKIMOHHEIN) BEIKIIOUYATENb, OOMOTKA
Hu3koro HanpspreHust AT 220 kB u AT 330-750 kB, Tparcdopmarop cOOCTBEHHBIX
myxn noactanimu (TCH), tpancpopmarop 'K, cunopoii TpanchopMarop ¢
0OMOTKOM BBICHICTO HANpsDKeHHs 6-35 KB, W3MepuTeNbHBIA TpaHCHOPMATOp
HanpsbkeHus 6-35 kB.

CyObeKkTaMu peryJIMpOBaHus HACTOSLIETO CTAHIAPTA OPraHU3alliy ABIITIOTCS
MIPOU3BOIUTENH | MOJIL30BATENN YCTPOHCTB P3A.



JleticTBre cTaHmapTa opraHu3anuy pacrnpoctpansercs Ha ITAO «DCK EDCy,
Ha OpraHu3auy mnpomsBopureneii ycTpodicts P3A  mpm paspaGoTke MMM
METOMMYECKAX YKA3aHWM IO pacdeTy MapaMeTpoB cpadaThiBaHUS IS CBOMX
YCTPOMCTB, HA TIPOEKTHBIE OPTaHU3AINH, B KAYECTBE CIIPABOYHOIO.

2 HopMaTHBHBIE CCBIIKH

I'OCT 7746-01 Tpanchopmaropsl Toka. OOmHUEe TEXHUYECKHE YCIOBHS
(c TTompaBkoif).

TI'OCT 11677-85 Tpanchopmaropsl cuiaoBble. OOLmME TEXHUIECKHE YCIOBHS
(c ismenenwmsivu Ne 1 — 3).

I'OCT 19431-84 DuepreTuxa u anekTpuduxans. TepMUHEL U ONPEASTICHHS.

T'OCT 24291-90 Onekrprueckasd 4acTb JIEKTPOCTAHIMU M ONEKTPUYECKOH CETH.
TepMHHEL ¥ ONIPEACIEHHS.

ITHCT 283-18 TpanchopMaTopbl H3MEPUTETIBHEIE, YacTh 2. TEXHHYECKHE YCIOBUS
Ha TpancgopmaTopsl Toka (¢ TTompaskoit).

3 TepMHHBI U onpe/ICICHAS

B HacrosmeM cranaapre npuMmeHeHsl TepMuHbl mo ['OCT 19431,
I'OCT 24291, CTO 17330282.27.010.001-2008, CTO 59012820.29.020.002-2012,
IEEE (C37.2-2008, IEC 60255-24-2013, a Takxe CIEAYIONIME TEPMUHBI C
COOTBETCTBYIOLMMHY OIPEACTICHUAMU:

4 O003Ha4YeHHs] M COKPAILIEHHS

B HacrodImeM cTaHAapTe NIPUMEHEHBI CICAYIOMUE COKPALCHHUS U 0003HAUECHHUS:

COMTRADE COMmon format for TRAnsient Data Exchange, hopmar nan-
HBIX, IMEIOIINX MOCIEA0BATENFHOCTE BO BPEMEHH, TEHEpHpYe-
MBIX PA3THIHBIMEI HCTOYHIKAMH C IIENIbI0 00MEHa;

RTDS Real Time Digital Simulator— mporpamMmHo-anmapaTHbiii KOM-
INIEKC AV pa3pabOTKU MOemeli S3HEPrOCHCTEMEl H PacueToB Te-
PEXOMHBIX PEKUMOB B PEaTbHOM MacIurade BPeMEHHU;

RSCAD IIporpammHOe obecnieueHne I CO3IaHMs MOJICIIA SHEPTrOCH-
CTEMBI ¥ pacyeTa NEePEXOIHBIX PEKIMOB B PeaTbHOM MacITade
Bpemenn Ha RTDS;

ABP aBTOMATHKA BKJIIOYCHUS PE3EPBA;

ATIB 4BTOMATHKA MOBTOPHOT'O BKITFOYECHUS,



APM P3A

AY
AVB
BK
BHT
BCK
BJI
BH

BHP
I3
Icoss

arp
A3
J3J1
30
J3T
J31
J3Ty
ATO
3113
3MH
3011
311
3MIBI
3[H
3110
3Py

K3
KJI

ITporpaMMHBIN KOMIUIEKC JUIS PAcUYeTa NEKTPUYECKAX BENTMYUH
IIPU NOBPEXKACHUIX CETU U YCTABOK PEICHHOMN 3allUTHI,

ABTOMATHKA PETYIHPOBAHUS HATIPSDKEHNUS,
aBTOMATHYECKOE YCKOPEHHE;

ABTOMATHKA W YITPABIICHUE BBHIKITIOUATEIICM;
OJOKMPOBKA MPU KauaHUSX;

OpOCOK HAMArHUYMBAIOLIETO TOKA,

Oarapesi CTATHYECKHMX KOHIEHCATOPOB;
BO3/1yIIIHAS JIMHKS SJICKTPONIEPEIauH;
BBICIIIEE HAMPSHKCHUE,

(I)yHKI_II/ISI BOCCTAHOBJICHHA HOPMAJIBHOI'O PCIKUMA,
ra3oBas 3aigura,
rpynmnoBas CurHajau3anusa OT 3aMBIKaHUI Ha 3CMIJIIO;

JIYTOracAIni peakTop;

JUCTAaHLIMOHHAS 3AILIKTA,

middepenpanbHas 3amuTa TMHUHY,

i depeHimanbHast 3auTa OIMHOBKH,
mddepeHmampHas 3amuTa TpanchopMaTopa;
middepenHpanbaas 3ammnTa IH;
ouyBcTBIeHue pynkuun J3I1;
muddepeHpambHas TOKOBas 0TCEUKa,

3aIuMTa OT IyTOBbIX 3aMbIKaHUI,

3alMTa MUHUMAJIBHOTO HANPSKEHUS,

3amuTa 00paTHOM MOCNeI0BATEIBHOCTH;
3aUuTa OT MEPErPy3KH;

3alIMTa OT MEPErPy3KH TOKAMHU BBICILIMX TAPMOHUK;
3alIMTa OT MOBBIIECHUS HAIPSKEHUS,

3alUMTa OT MOTEPH OXJIKICHUS,

3aKpBITOE PACTIPEACTUTENBHOE YCTPOMCTRO;
KOMMYTaLMOHHBIN armapar;

KOPOTKOE 3aMBIKAHUE;

kaOebHas JIMHUSL AIEKTPOIEpEJaUH;



KH KOHTPOIIb HAIPSDKEHMUI;

KOH KOHTPOJIb OTCYTCTBHS HANIPSDKEHNS,

KPY KOMIIIEKTHOE PACIpPeNEIUTENBHOE YCTPOHCTRO;

KPVY3 KOMIUIEKTHOE pacupeAenuTeIbHOE YCTPOHCTBO C AJIEra30B0iM
WU30JIALMEH;

KC3 KOMIUIEKT CTYIEHYATHIX 3aIIIHT;

KITH KOHTPOJIB LICIEH HATPSHKCHNUS,

KT KOHTPOJIb LIeNel TOKA,

JIBIT JIMHUS SNIEKTPOIIEPE 1Ay,

MT3 MaKCHUMaJIbHasg TOKOBas 3aIlInTa;

M®TO Meskay ha3Has TOKOBas OTCEUKa,

MT3/U MaKCcUMaJIbHas TOKOBAs 3aIlUTa ¢ IYCKOM M0 HANPSHKEHHUIO,

M/ K3 Mexayasznbie K3;

HH HU3LLEEC HANPSDKECHUE,

H3033 HaTpapieHHAas 3alliTa OT 3aMBbIKaHH HA 3eMJIIO;

HIT HyJIeBas MOCIIEA0BATENbHOCTD;

HTA HOPMATUBHO-TEXHUYECKUI JOKYMEHT,

OHM OpraH HAMpaBJICHHUSI MOITHOCTH,

(0):0% OTKPBITOE PACIPEACIUTENBHOE YCTPOMCTBO,

oy OTEpaTHBHOE YCKOPEHHE,

T1IC MOJCTaHIIHUS,

IITH TIPOMEXYTOUHBIH TpaHCHOPMATOP HANPSHKEHUS,

IITS TIpaBuna TEXHUYECKOI SKCIUTyaTallu SNEKTPHYECKNX CTAHIIMIA
u ceteit Poccniickoii denepanun;

I1ys TIpaBuna ycTpoiicTBa 31EKTPOYCTaHOBOK;

P3 peneiinas 3amura,

PIIB peJie TOJIOKEHUS «BKIIIOUEHO,

PITH YCTPOMCTBO PETYJIMPOBAHHUS MO HAIPY3KOH,

PIIO peie MOJIOKEHH ST KOTKIIFOUCHOY

Py pacnpeieIMTeNbHOE YCTPOHCTBO;

CA ceTeBas aBTOMATHKA;

CB CEKIMOHHBIN BHIKITHOYATEND,



CTO

TH3HIT

T3
TH
TO
TT
YPOB
OMB
SMO
33C

CTaHJAPT OpraHU3alHy,
Tpancdopmarop;

TOKOBAas (HaIpaBJICHHAS ) 3allUTa HYJICBOH
MOCJIEAOBATENBHOCTH,

TCXHOJIOTHYCCKIE 3aIIHTHI,
TpaHcopMaTOp HATIPSDKCHUS,

TOKOBast OTCEYKA;

TpaHcgopMmarop ToKa;

YCTPOHCTBO PE3EPBUPOBAHMS IIPH OTKA3€ BBIKITFOYATENS,
JIIEKTPOMArHUT BKITFOUCHHS,

JJIEKTPOMArHUT OTKITIOYCHHS;

OJICKTPOOHCPIrCTHICCKAA CUCTEMA.

5 Cxems! noaxmiodenns ycrpoiicts P3 u CA ko Bropuuneim uensm TT,

TH

Cxemsl noaktoueHus yerpoitcts P3 u CA ko ropuunbiM nensim TT u TH
TIPUBEICHB! COTIIACHO 3aIUIIaeMOMY 000pYIOBaHHUIO (PUCYHKH 1 — 5)

Jvapa 1 Jlvewma 2 Jlumma 3 JImama 4 Jlomms S

lemn . 1

CT1 —DcCT2 CT3 —pDCT4 CcTs ——(PCT6

Q1 ?@ Q3 ?m Qs E%

2c.1.

VT1 | VT2

ks

J3II

Pucynok 1. IToxkmouenne x TT u TH ast 3amuthbt mmH



MT3\
J3I
30n

ABP
BHP
YPOB Q1

CTl
RN

2cu1 T

Ql

VTI

Pucynok 2. Ilogkmouenue k TT u TH a5 3a1ur 1 ceTeBoil aBTOMAaTUKU
CEKI[MOHHOTO BBIKJIFOYATEIS

J3T
MT3

30

313

VPOB Q1 J

D q
VT1 = T = T
VT1 VT2

Pucynok 3. Iogxmouenne k TT u TH st 3amuT TpancdopmMatopos (cnesa — AByXOOMOTOUHBIIT
TpaHchopMarop, CrpaBa — TPEXOOMOTOUHBIN TpaHChOpMaTop)
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A ™

JIvrng YPOB QI

Pucynoxk 4. Iloakmouenue k TT
*

A VT1
Q1 @

13
WL M®TO
/

Vo

H3033 *
Ico3s3 *
T3HII **
30I1

u TH pis 3ammT U ceTeBOi aBTOMATHKH JIMHUHU

- TOJIBKO IJIS1 CeTei ¢ M30IMPOBAHHON U KOMIIEHCUPOBAHHOH HEHTPAJIbIO.

** - TONIBKO AJIS CETEM C HEMTPAJIBIO, 3a3eMIICHHON Yepe3 HU3KOOMHBIH Pe3HCTOp

x AT(T)
x MT3/U
JI31II

3011

VT2

. YPOB Q1
Lem T A
i
o |

I/ VTI1

[

Pucynok 5. ITopkimouenve k TT u TH st 3ammut 1 ceTeBoii aBTOMaTHKH BBOZA
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6 Pacuer ycraBok ycrpoiicts P3A 6-35 kB
6.1 BbI0Op ycTaBoOK JJIs1 TOKOBBIX 3alIHT 0T Mexaypa3HbIx K3 nis
BO31YIIHBLIX H Ka0e/IbHbIX JIMHHIA 6-35 KB ¢ 01HOCTOPOHHAM NNTA-
HHEM
BrI60p ycTaBOK TOKOBBIX 3alUT A 1-3 cTyneHel MuHuil ¢ 0MHOCTOPOHHUM IIMTa-

HHeM npeacrasyieH B Tabmuue 1.

ToscHsromas cxemMa NpUBECHA Ha PUCYHKE 6.

& e jKB

n @

®_;|l_r5|Erl ‘}« )Q I

«f &

-

4

Pucynok 6. Y4acTOK CeTH ¢ OHOCTOPOHHHM MHTaHHEM
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Ta6auua 1. Bo160p YCTaABOK TOKOBbBIX 3aLIUT JJUHUHA C 0AHOCTOPOHHUM HUTAHHEM

PacuerHoe DOP- D®OPMYJIA Pacuingposka OBOCHOBAHHUE
yc/I0BHe MYJIbI AN BbIGOpa o003Ha4YeHUl B U TIOSICHEeHUsI
Ans BbIGOpA | BpeMeHH ¢dopmyaax
TOKa cpada- | cpaGaTbiBa-
ThIBaAHHS HHUS
IlepBasi ctyneHb (0TceuKka 03 BbIIEPKKH BpEMEHH)
ycnosue [: F'es(A) = | th,m=0 Igzmx rox K3 B Tpumeyanue:
(v 3 * -
OTCTPOHKA OT | - Il(mzmx (6.1-2) KOHLE 3amumae- | "PY HAIMIMK 3 Crin
Toka K3 B (6.1-1) MOTO y4acTKa HOI aKTHBHOMH (I)I/L]Ib—v
KOHIIE 3aIIHIIa- K =12 —xootbcpr- TPOCHMMETPUPYIOLIEi
EMOr0 yHacTKa e YCTaHOBKH TOK JIBYX-
IHEHT HAIGKHOCTH | " dasuoro K3 mosker
B MaKCHMAllb-
OBITH BBILLE TOKA
HOM PEKHUME "
TpéxdasHoro
ceTH
. 1 — I
yemosue I I ca(A) = tes(a) = 0 Kﬁpocxa - koo du-
OTCTPOHKA OT Kspocka * (6.1-4) IUEHT, YIUTHIBAIO-
Opocka Toka liom tp—pa U YBETHICHHE
HAMarHWYIHBA- (6.1-3) TOKA TIPH OPOCKE
HUSA TOKa HAMArHUYHBa-

HUS, IS CTYTICHU
0e3 BBIJICPKKH Bpe-
MEHH NMPUHUMAETCA

paBHBIM 5

Zlyom Tp—pa - CYMMa
HOMHHAJTBHBIX TO-
KOB TpaHc(opMaTo-
POB, KOTOPHIE MOTYT
OBITH BKJFOYEHHI O/~

HOBPEMEHHO
U3 nByx ycnoBHil BRIOHpaeTCss HaMGOMbIIMIA TOK cpabaThiBanus [ c3.(A)
— > CHMAJIBHBII TOK
lea, tpexdasnoro K3 B
L2 (6.1-5) MECTE YCTAHOBKH
3aIIUTEL
HecesiekTHBHasi TOKOBasi 0TceuKa 0e3 BbIIEPIKKH BpeMeHH
Yenoeue I: s O | team =0 IIEZI\ZHH(B) - Munu- | [IPHMEHSETCS B Tex
obecrieueHue €3 = Ty MAJTBHEIH TOK ZBYX- CITy4asx, KOTAa

HaJEKHOIO Cpa- (6.1-6) (hasHOro B KOHIIE HY)KHO OTKIIFOYMTh

OaThIBaHUS TIPH

3aIHIIAeMOH JI1-
HHHU
kg = 1,25

K3 mo Beeit muHMM
0€3 BEIAEPKKH Bpe-
MeHH(0CTATOYHOE
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K3 B xoHIIE 3a-

HanpsKCHUE B MC-

I A€ MOMITH- CTE€ YCTAaHOBKH 3a-
HUHU el ipu K3 B
KOHIIE TIEPBOM CTY-
TICHH 3aIIUTHI
Menbie 0,6UHoM),
CENIEKTUBHOCTH BOC-
CTaHABITUBAETCA IM0-
cne AIIB umu ABP
Yenosure 1I: Isnoy = | thaqa) =0 | Itauoay TOK cpaba-
OTCTPOUKA OT Kl pen THIBAHHS HECETIEK-
TOKA IIPH TPEX- | kr.pacn.maxc THBHOM OTCEYKH
daznom K3 B (6.1-7)
KOHIIE 30HBI ka =1,2 k03¢ u-
,Z[GI”/'ICTBI/ISI IUCHT HAJIC)KHOCTH
MTHOBEHHOM COTJIaCOBAHUA
TO mpexsiny- I¢3npes. - TOK cpa-
IIEro y4acTKa OaThIBaHUA TIEPBOH
B MakcuMalib- CTYIICHH 3aIIUTBI
HOM PEXKIME TIpEBITYIEH JTH-
paGOTHL HUH WA TIPHCOETH-
Henus (TpaHcdop-
MaTOp IPHEMHOM
MTOACTAHIIHH
Bropasi ctyneHn (0TceuKa ¢ BbLAEPKKOIl BpeMeHH)
ycnosue I: 14 = t£_13_( » =4t | ka=12 -x0o0du- CM. OSICHATOIIHH
COIJIACOBAHHE K lampex (6.1-9) LUEHT HANEKHOCTH | PHC. 7.
0 TOKY KTOKpacr Makc COTTIACOBAHUS Cormacyemas 3a-
¢ TIEPBBIMH (6.1-8) 1D tokcpa- |UIHTA - 3ammTa I/CT
CTYIIEHSIMH 3a- 6a'T'HpB:'HHH nepBoii A. ?amma, C KOTO-
IIAT TIPEIBITY- cTymenn samurer | POY POM3BOHTCS
IIHX YYaCTKOB npexsiTymei - | COTTACOBAHHE - 3a-
ceTH muTa r/ct b

HUH WIH TIPUCOETH-
HeHus (TpaHcdop-
MaTop OpPUEMHOMN

MOJCTAHIINH )

KTOKopacnp *KO:)(b(l)I/I-

LIHEHT TOKOpacIpe-

JIENeHHU —3TO OTHO-

menue Toka K3,

MPOTEKAIOIIETO Ye-

pes3 coracyemyo
3aMIUTy, K 3HaYe-

Bcee K3 B 30He neii-
CTBHsI BTOPOH CTY-
TieHH 3amuTH b, (a
C 3armacom MpaKTH-
YEeCKH HAUHHASA C
KOHIIA ee nepeoii
30HbL) HE TOJDKHBI
OTKIIFOYAThCS BTO-
Poii CTyTIEHBIO 3a-
mutel A. Ha puc. 7
MOKA3aHo, YTO
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HuIo ToKa K3, mpo-
TEKAIOIIETO Yepes3
3AIUTY C KOTOPOH
NPOU3BOJMTCA CO-
TJIacCOBaHUE (OMpe-
JIETAETCS MaKCH-
MaJIbHBIH K03 du-
IIHEHT TOKOpacIpe-
JCTICHUSL ITyTEM
pacuetroB B APM
P3A BI6OpOM U3
Pa3HBIX PEXKHMOB
K3, Harpys3ku u
KOH(UTYpaLHH
CETH)

At - cTyneHs ce-
JIEKTHBHOCTH' —
0,3 pu cornacosa-
HuH ¢ MIT 3amu-
tamu u 0,5 mpu co-
TJIACOBAHHH C 3JIEK-
TPOMEXAHUYECKUMH
3aLIUTAMH

I I
Iczpn > Ic3p > TO
€CTh, IAHHOE YCJIO-
BHE BBIIMTOJIHCHO

yemosue [ A:
COTJIACOBAaHHE
10 TOKY
CO BTOPBIMH
CTYyTICHAMH 3a-
IIUT NIpEeabIay-
IIUX YIaCTKOB
CeTH - odecrme-
YHUBAETCA pa-
00Ta BTOPOI
CTYIIEHH pac-
CMaTpUBaEMOU
JTUHUH 3aBe-
JOMO TOJIBKO B
30He padOThI
BTOPOH CTYTICHH
MOCTIE IYIOILETO
Y4acTKa CETH

I —
Icaay =
Ky 1D

c.3.q1pejy

KT.pacn.mMakc

(6.1-10)

ks =1,2 k03 du-
LUEHT HAACKHOCTH
COITIACOBAHUS
1§_’3’_31pe,1_ - TOK cpaba-
TBIBAHUS BTOPOH
CTYIICHU 3aLIUThI
TpeABIAYIIEH TH-
HUM WU TIPUCOEIH-
HeHus (TpaHcdop-
MaTop MPUEMHON
TTOJICTAHIIVH )

pacuer MPOHU3BO-
JUTCA 1O JaHHOH
dopmyne, ecnu He
obecrieunBaeTcsa
TpeOyembrii K03 du-
LUEHT YYBCTBHTEb-
HOCTH TIPH pacyere
N0 TPUBEJCHHOU B
MpeABIIyIeM
MyHKTE (QOpMyIIE.
B pmanHoM ciydae,
HEOOXOJMMO COTJIa-
COBaHHE BTOPBIX
CTYNEHEH 3alUT II0

BpeMeHH ((opmyra
(6.1-9)

! CTyIcHB CeNEKTHBHOCTH MOKET OBITh yMEHbINeHA 10 0,2...0,3 mpu HeOOXOIHMMOCTH H COOTBETCTBYIOLEM O00CHOBA-
HUHM (Ha CMEKHOH CTOPOHE IPHMEHIOTCS 3aIUTHI U BBIKIFOUATEH] C BBICOKOH TOYHOCTBIO M CTA0HIIBHOCTBIO IO BPE-

MEHH CpabaThIBAHHS).
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ycnosue II: ", = tih i =4t | ka=12-x03bdn-
- k
OTCTpOIKa OT k_ﬂ a6 wake LIMEHT 3a11aca
MaKCHMAJTBHOTO B6 112 (6.1-13) ke - k03 Punment
pabouero Toka (6.1-12) BO3Bpara (ompene-
MPUCOe THHEHHS JSIETCS B TIACTIOPTE
ycrporictea MII
P3A wmm B PO)
Ipa6 maxc — TOK pa-
00uMii MAKCHMAITb-
HBIH
ycnosue I11: ", = tih =4t | ka=13 —xoodpdu- | Tloschenne k pac-
Kukcan — IMEHT HAJECKHOCTH | YeTy Ko>(duimenra
OTCTPO¥KA OT ke (6.1-15) COrMacoBaHUs caMo3aIycKa JBUTa-
TOKa camo3a- (6.1-14) Lyom sz — CyMMa TeNeH CM. TIoCIIe
IyCKa JABHTaTC- ' TOKOB Harpy3KH Ta6JIP[HBI 1
e JBHTATEIICH

ke - k09 Pument

BO3BpaTta (ompee-

JETCA B MACTIOPTE
ycrpoicTea MIT
P3A uma B PJ)

Keaw - k03¢ uumeHT

caMmo3arycka JBUra-

Tenet

Y3 Tpex ycrmoBuit BEIOHpaeTes HanOo bt TOK cpabaTbiBanus 1M () M €CITH OTpeIesio-
OIUM siBJIseTCs yenoBue I A, To BpeMs cpabateiBaHus BhIOHpaeTcs mo gopmye (6.1-9)

Tpernba cTryneHb (MaKCMMaJIbHAs TOK0Bas 3amuTta - MT3)

ycnosue I: M. = tég_( N ku =1,2 ~k03dprum- | Kospduument camosa-
OTCTPOMKH OT ku 26 makc =1 @ €HT HaJC)KHOCTH myCKka 3A€Ch HE yIUThI-
C.3.

MaKCHMAIEHOTO k36p1 6 + At ks - ko3(urpenT | BaeTCH, Tak Kak pop-
pabouero Toka (6.1-16) (6.1-17) BO3Bpara (ompeaes- MyJia NIPUBEACHA IJIs
l'lpI/ICOCI[I/IHeH]/ISI : €TCS B HaCHOpTe HpaKTI/I"IeCKOFO OTCyI-

. CTBUS ABHIaTEIbHON
ycTpoiictsa MIIT HAFDVIKI
P3A uma B PO) TPY3iH.

Ipa6 make — TOK pa6o-
Y MAKCHMAabHBIH

smax

I = omax
pab Makc V30,90 0m

Smax - MaKCHUMAaJb-
Hast MOLIHOCTh
HArpys3Ku

(6.1-18)

IIpn Hanu4uu nBuUrarte-
Jnieil ucronesyercs pop-
myJia ycnousi 1
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yenosue II: 1 lch.a‘. ti oy = | kn=1,3 —k03tbprum-
oTcTpoiika ot | _ *H e+ €HT HAJIEKHOCTH
TOKA caMo3a- ke C'3'L(|At) COTNIACOBAHUA
mycka /:uinraTe- :_(I; C'a:I'fﬂ‘fjﬂBf Lyom pp.5. — CyMMa TO-
JieH pab maxc (6.1-20) KOB Hal"py3KI:I JBH-
(6.1-19) ratenei
ks - ko3 dument
BO3Bparta (OIpeaes-
eTCs B IIacTIopTe
ycrpoticta MI1
P3A umu B PO)
Keav - K09(pduiment
caMo3aIrycKa JBHIa-
Tenel (moACHEHHE
nocite Tabmaip: 1)
yemosue IT: | I 54 te ks =1,3 k03 rim- | AHATIOTHYHO YCIOBHIO
cormacoarue | _ kul"compen | =l eHT HagexHocTH | I 11 BeIGOpa TOKA
0 TOKY KT.pacn.Makc| + At COTIIACOBAHMA cpabaThIBaHUA CTY-
C BTOPHIMH (6.1-22) nenw II:
CTYTICHIMH 3a- (6.1-21) Bcee K3 B 30HE meti-
LIUT IpeIblIy- CTBHS TPETEH CTYIICHK
IIHMX YIaCTKOB 3amuTH b, (a ¢ 3ama-
ceTH COM IPaKTHYECKH
HAYHHAs C KOHIA ee
6mopoii 30Hbl) He
JOJDKHBI OTKITFOUATHCS
TPEThEH CTYIEHBIO 3a-
IUTHI A
yemosue 1T A: | [IF @ = tih Pacmudpoeky 060- | pacuer MPOH3BOMTCA
COTJIACOBAHHE kol eompen, | = tég_(g) 3HAYEHHUI no maHHOH dopmye,
TIO TOKY Tkrpaenmae | + At (ycmoswue I11) €CIIH He obecreunBa-
C TPETBHMH (6.1-23) (6.1-24) eTca TpeOyeMsIil ko3d-
CTYIEHAMU 3a- (HULIHEHT YyBCTBH-
IIUT Mpeabiay- TETBHOCTH TIPH pac-
[IMX Y4aCTKOB YeTe MO MPHBEIEHHOM
cetd B TIPEABLAYIIEM

nyHKTe (opmyre

TosicHenwue k pacuery ko3 puIMeHTa caMmo3anycka ApUrareneii:

o st GBITOBOM Harpy3ku K caM MoskeT ObITh MPUHAT paBHBIM 1,3 -1,5;

® eciiM XxapakTep Harpy3ku Ha ctopole 0,4 kB TpaHcdopMaTOpOB HEU3BECTEH, BBO-
JMTBCS OHsATHE 0000IIeHHas Harpy3ka. O0o0IIeHAas Harpy3Kka XapakTepusy-
eTcs 3HaYcHUeM compoTtupieHns Xuarp* = 0,35 o.e. 3HaueHue Xnarp* = 0,35
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0.€. COOTBETCTBYET KOA(PUIHEHTY camo3arnycka — 2,9. (PacyeTsl TOKOB KOpPOT-
KOT'0 3aMBIKaHUSA I peleHoM 3anmThl. YueOHoe nocodue. Yacts nepsas. M.JI.
Hebpar, 1996);

® sl HAIPY3KH, COJIeprKaIei qBurartenu Ha cropoHe 6-10 kB, koaddunueHT ca-
MO3aIycKa pacCUMTHIBAETCS MHANBUAYATIBHO, B 3aBUCUMOCTH OT KOH(UIYypaLim
CETH, COIPOTHRIICHUS €€ DIIEMEHTOB M COOTHOLICHUS MOIIHOCTH JBUIaTesell u
Mpoyei HArpy3Ku (ECIIl HATPY3Ka CONCP’KUT B OCHOBHOM IBUTATENH ), TO KO-
(UIMEHT camo3alrycka MoXeT OBITh OIpeeNeH Mo GopMyie:

k __ ZInyck.npur
cam — T,
pab mMaxc

ITyCKBUT - IyCKOBOM TOK ABHraTes s (TOK camMo3amycka 6e3 ydeTa BoiOera ABHraTesei)
I5a6 maxc~ MAKCUMATTBHBIN pabovHif TOK, MATARONHH CeKIpH, 6€3 yIeTa MyCKOBOTO TOKA JIBH-

rareuei
IIC A IICh IICB
TN
Vs | | | ‘ I
' | I |
. | | | |
Ny \ ‘ | I {
Leam ﬂk_“bl | I ‘I |
.
~ J | | }
IcrA T | JI |
Bapuant 1. Ier Aqr 3282 CL
Bapuant 2. L Aqr—30Ha LICT.A I 5q) } TOHA IC?E\\\L ) 4
Icy. B(I) | 30Ha Il¢r.b j
|

Pucynok 7. TTosicHenue K BEIOOPY ycTaBok mo Tabmume 1 (yciaoBus 1 — Bapuant 1 u
ycnosue A - BapuanT 2 1 cTynenn 1)
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YyecmeumenvHoCMb 6MOpoll CHYREHU TIPOBEPSIETCA B CIIyYae METAJUTHUECKOTO
K3 B KOHIIE 3aIIUIIAEMOM JIMHIU TP MUHUMAIEHOM PEKUME (PUCYHOK 6).

/@
kg =222 > 13 (6.1-25)

c3.

ITpu oTcyTcTBHY TpeTeH(pe3epBHOM) CTYTIEHH KOIQ(HIMEHT 1yBCTBHTEIIEHOCTH MPH-
HUMAETCs paBHBIM 1,5

2 .
IK_MHH(KZ) MHHHMAITBHBIH TOK aBy(dazHoro K3 B koHIEC 3ammmacMoro y4acTka

YyecmeumensHoCmp mpembveil crmynery 3auThl nposepsercs npu K3 B
KOHLE MPEIBIAYIIETO YIACTKA B MUHUMAIEHOM PEXXHME (PHCYHOK 6):

1@ "
kg =208 > 15 (6.1-26)

IC.B.

ITpu HemOCTaTOUHOM TyBCTBUTENBHOCTH BTOPO# CTYIIEHH TOKOBOH 3aIUTHI HC-
HOJB3YETCS Iy CK 10 HAIIPSDKECHHUIO.

6.2 BbIOOp yCTABOK TOKOBBIX 3aIIHT € MYCKOM N0 HANPSIXKCHHIO

Ilyck Mo HANPSDKEHUIO IIPETHA3HAYEH UL YBEJIUYCHUS YyBCTBUTEIBHOCTU
cpalaThIBaHus 3alUKUTEL, MyTeM OJIOKWUPOBAHHUS OTACNBHBIX cTyrneHeil MT3 npu oTcyT-
CTBHH CHIDKCHWS HANPSHKEHUS, a TAKJKE 7151 KOHTPOI cpabaThIBaHMs TyTOBOH 3allliThI
IIPY CHIKEHUM HANPSLKEHUS HA CEKIIUH.

Tok cpabamsiganus émopoii cChyneny moKoeol 3auumsl NPU UCNOAL306AHUU
RYCKa RO HARPAX}CEHUI0 PACCUNTHIBACTCS 1O clieayromiei GopMyiie:

kOTC
les = k_ﬂlp.MaKc. > (6.2.1)

THe Iy uaxc - TOK HATPY3KH B MAKCHUMAIEHOM pabodeM PEKAME;
kore = 1,2 — 1,4 - x03pOHUIHEHT OTCTPOIKH;
ky = 0,95 - koadduEeHT BO3BpaTa.

Iyck mo HANPSDKEHUIO OTCTPAMBACTCS OT MUHHMAJIBHOTO Padouero HAIPsDKCHHS
JUIs ICKITFOUEHHS JTOXKHOTO cpabaThIBaHHsL.,

Hanpﬂ.)fcenue cpa6ambmanuﬂ 3auiumsl ¢ NYCKOM RO ROJAHOMY HANPANCEHUIO:

Up.min.
U, = —k%_‘]’ékkm , (6.2.2)
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A€ Up g in, — MUHUMAJIbHOE paboUee HAIPHKEHAE B HATPY30UHOM PEKHME;
k, = 1,2 — xodpdunmenT HaaeKHOM OTCTPONKH;
ky; = 1,05 — ko3 ummenT Bo3Bpara;

Keaw - KOOOUIMEHT caMo3aIrycka JBUTaTeNeH Harpy3ku (s cetu 6-10 kB cum.
pacuer o ¢gopmyne Tabnuusl 1; ans cetu 35 kB nanHbIi kK03pPuuueHT MOXKET OBITH
MIPUHAT PaBHBIM 2,0, TAK KaK 3HAYMTEIBbHYIO YaCTh TAKOH CETH IPEACTABILET cOOOM
CTaTHYeCKas HArpy3Ka).

IIpu necummeTpudHbIX K3 MOkeT OBITE HCIIOMB30BAH IIyCK 3aIINT, IIPHA KOTOPOM
HCIOJIB3YETCs HANPsDKEHUE 00PaTHOM NOCIeI0BaTeIbHOCTH.

Hanpsorcenue cpabamosl8anusn 3aUmsl ¢ RYCKOM RO HANPANHCEHUIO 00pamHOIl
nOCNEe006amenbHOCHI:

UC.32. = 5,0 B
Kos¢dhuiueHT 4yBCTBUTENBHOCTH 3ALIUTHI OTIPEAETISIETCS 110 hopmye:
U,
ky = UL - JUIS TIyCKa 10 TIOJTHOMY HAIPSDKEHUI0 (6.2-3)
kmax

Uspac .
ky = % — ISl ICKa T10 HATIPSDKEHUEO 00paTHOM MOCe 0BaTENbHOCTH,
c32.

(6.2.4)

riie Uy max — MAKCUMAJIBHOE 3HAYEHHE OCTATOYHOTO HANPSKEHUs B MECTE yCTa-
HOBKH 3aiuTH npu K3 B KOHIIE 3aMMIAcMOro WiIH pe3epBUpyeMoro ydactka. Koag-
(MIHEHTH! 9yBCTBUTEIBHOCTH JOJDKHEL YIOBJICTBOPATE CIEAYIOLIUM YCTOBHSAM:

- 3amMra J0JDKHA HAAEeKHO NeiicTBoBarh mMpu K3 Ha 3alMIacMoOM y4YacTKE M
UMETh KOQPUIMERT 4yBCTBUTENBHOCTH TipH K3 B KOHIIE 3TOT0 yuacTka nopsaka 1,5;

- 3aIWTa AODKHA AeHcTBOBATH IpH K3 HA CMEXXHOM yuyacTke W MMeTh Ko3(u-
[IMEHT Y9yBCTBUTEIBHOCTH Opsiaka 1,2.

6.3 BpI00p yCTABOK TOKOBBIX 3aLUUT € 3aBUCMMBIMH OT BPpEMEHH Xapak-
TCPUCTHKAMH
IIpu 3HAYUTENBHON MPOTSHKEHHOCTH PATHANBHON CETH BBIIEPIKKA BPEMEHH
MT3 Ha TONOBHOM Y4YaCTKE MOKET HOCTUraTh OONbIUMX BEIMIMH, YTO HEOIAronpH-
SITHO IIPY BO3HUKHOBeHUM K3 Ha JaHHOM yuacTke. [T03TOMY B TAKOM CIIy4ae Impeia-
TaeTCs MCTIONB30BATh XapaKTEPHCTUKHY € 3aBHCHMOM OT TOKA BBIAEPIKKON BPEMEHU.
3TO MO3BOINT YMEHBIITUTh BRIACPIKKY BpeMeHH npu Onu3knx K3.
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Kak puaHO u3 puc. 8 (BepxHuii rpadmk), ecna MT3 Ha yuactke AB, ycTaHOBIEH-
Hasl Ha MOJICTAHIUMHU A, OyIET UMETh HE3aBUCUMYIO BBIAECPXKKY BpeMeHH, To Bce K3 Oy-
JIyT OTKJIHOYATHCS C BBIIEPXKKOI BpeMenu tepb + At, rue tcpb — Bpems cpabarsiBaHus
MT3 na noactanuuu b, ycTaHOBICHHASA HA NPEABLAYILEM YYACTKE.

Bui6op e 3aBUCHMO# XapaKT€PUCTUKH O3BOJIUT MPH OJTU3KUX K MOACTAHIHN A
K3 3HaUMTENbHO YMEHBLIUTD BBIACPKKY BPEMEHH, Tak Kak Onuskue K3 umeror 6omb-
K€ TOKH.

Bri6op xapakTepucTKH cpadaTEIBAHMS 3aIIUTH C 3aBHCAMOM OT TOKA BBIAEPK-
Kol BpeMeHH yno0Hee MPOM3BOJUTH rpaduuecku.

ITpu BEIGOpe Takoi XapaKTEPUCTHKH ONMPEACISIOIMM SBISETCS YCIOBHE COTJIa-
COBaHUs ¢ XapaKkTepUCTHKOH MT3 nmpenbIayIero 3J¢MeHTa CETH.

TopamoK coryiacoBaHUsl BEIOWPAEMO# BpEMs - 3aBUCMMOM XapaKTePHUCTHKHU JIH-
HHUH C BpPEMA-3aBUCUMOH XapaKTEPUCTUKOM MM HE3aBUCHMO# OT BPEMEHH XapaKTepH-
CTUKOH NpeIplayIlero 3IEMEHTA IPUBECH Ha puc. 8.

Boi6oOp XapakTepUCTHKU 1O BAPUAHTY, KOTAA BPEMs - 3aBUCHMAs XapaKTEpH-
ctuka (MT3 A) cornacyercs ¢ He3aBACHMO OT BpeMern MT3 b mponssoanTcs cieny-
roumM 06pa3oM (BepXHHi rpaduk):

e Crpoutcs rpaguk 3aBUCHMOCTH BPEMEHH CpabaThIBaHUS 3aIIUTHI
TpeOBIAYLIEro JIeMenTa oT Toka - tepb(I) = const;

e PaccunThIBAacTCS TOK B 3aI0UTE MPEABIAYLICIO teMeHTa pu K3 B
ero navane (Ik31),

TTo ocu BpeMEHU OTKIIAABLIBACTCS CTYIIEHb CEINEKTUBHOCTH At;

¢ Uepe3 NOJyIEHHYIO TOUKY IPOBOAUTCS JMHUS, HapalielbHas OCH
abcrmce;

e BriOpaHHas XxapakTepucTHKa /i paccMarpuBaemoii MT3 Ha moj-
cranumn A — tepA(l) mpu Tokax, MeHpIMX IK31, TOJDKHA MPOXO-
JUTE gepe3 Touky X 1 uatu seime tepb(l);

o TlIpu Tokax Oossire Ik31 xapaxrepuctuka tcpA(I) MoxeT pacrnona-
rarbCs Kak Bbllie Tak u Hiwke tcpb(I). 113 Habopa xapakTepucTuk
CIIeyeT BEIOpATh TAKyI0, Y KOTOpO# mpu Gombmmx Tokax (mpasee |
=1Ik31) Oyner MeHbIIEe BpeMs cpaOaTEIBAHUSL.

BrI00p XapakTepUCTUKHU 10 BAPUAHTY, KOTIa BPEMsI-3aBACHMAsl XapaKTEPUCTHKA
(MT3 A) cornacyetcs ¢ BpeMs-3aBHCEMOM XapakTtepuctnka (MT3 B) npousBoautes
CIEeIYIONMM 00pa3oM (HIDKHHI Tpaduk):

e Crpontcst Tpauk 3aBHCHMOCTH TOKa CpaOaThIBAHUS 3allUTHI
TIPEIBIIYIIETO 3TeMEeHTa OT BpeMeHH - tepb(I);

e PaccunThIBAacTCS TOK B 3aITUTE TIPEIBIAYIIEro deMenTa npu K3 B
ero Hauane (Ik31);

¢ Tlo rpaduky 3aBucumoctu tcpb(I)) ompenensercs BpeMs cpabaThl-
Banus MT3 Ha noactanimu b;

e Ilo ocu BpeMEHH OTKJIABIBACTCS CTYIICHD CEIEKTUBHOCTH At
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ITIC

teeE

o BriOpaHHas xapakTepucTuka s paccMarpusacmoil MT3 Ha noa-
craHuud A — tcpA(l) 1npu ToKax, MeHbIMX k31, momDKHA UATH
Beimie tepb(1);

¢ TlIpu Tokax Gomerie [k31 xapaktepuctuka tcpA(l) MoxeT uaM Kak
Bhimie Tak U Hiwke tepb(l). M3 Habopa XapakTeprCTHK HY>KHO BBHI-
Oparb Takyio, y KOTopo# nmpu OonbIIMX TOKax (IpaBee TOYKH I =
Ix31 Oy meT MeHbIIe BpeMs CpadaThIBaHuUs, & TIPH TOKAX JIEBEE TOUKU
I = Ix31 xapaktepuctuka tcpA(l) OGymer mmst KaxmoH TOUKH Ha OCH
TOKOB HMETb OTJIMYHE TI0 BpeMeru 0T xapaktepuctuku tcpb(l) He MeHee
mioc At.

A TIC B
o {]er i 51
t
________ TOUKa X
| te. b = const
|
|
|
|
Irn I
t
tee B (D)
______ TOYKa X BapHaHTH X-Ki t. A (D
At
|
| =
| T~
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Pucynox 8. TToACHsrONMi PUCYHOK AT CTy4ast COTIACOBAHMA BRIOHPACMOM BPEMA - 3ABUCHMOM XapaKkTepH-
CTHKM JIMHHH C BPEMA-3aBUCHMOM XapAaKTEPUCTHKON HIIH HE3ABHCHUMOM OT BPEMEHH XaPAKTEPHCTHKON MPEIBLTYIIErO
3IEMEHTA CETH

Jns moGoro BapuaHTa COIVIACOBAHMS HEOOXOAMMO HPOBEPUTH YCIOBHE OT-

CTPOIKH OT MAKCHMAJIBHOTO Paboyero TOKa JIHHUH:
IMHH o = kH . lpaG.MaKc 2 (6'3'1)

k, -xo>3puUHEHT HATEKHOCTH,

Ivun cp MMHHMAJIBHBIA TOK CpabaThiBaHKs 3aLIATEI C BPEMA-3aBUCHMOH XapakTe-
PUCTHKOH cpabaThiBaHUs.

Ecnu ycnoBue He BBIIOJHAECTCSA, TO 3AIUUTY € 33JaHHON BPEM-TOKOBOH Xapak-

TEPUCTHUKOI MPUMEHATE HENB3SL.

6.4 Bo10op ycTaBOK AJisl TOKOBBIX 3amuT oT Meskaydaszubix K3 115 Bo3-
AYWHBIX H Ka6eabHbIX JuHAi 10-35 kB ¢ ABYCTOPOHHHM NATAHHEM
Jns nuHuil ¢ JByXCTOPOHHUM NHMTAHUEM KakK TPABUJIO MCIONB3YIOTCS TPH CTY-
NEHU HANPABJICHHBIX 3ALIUT OT IIKH B JITHUIO U OJJHa 0OpAaTHO HAIpAaBJICHHAs CTYMEHb
Pacuer TokOB cpabareiBaHus HampasieHHOH MT3 aHamormyeH pacueTry HeHa-
IPAaBJICHHOH ¢ IIyCKOM 10 HAPSOKEHUIO, HO IIPU ONPeNeieHU MaKCUMaILHOTO pabo-
4ero TOKa CledyeT YYUTBIBATh TONbKO MAKCUMATBHBIA pPEXKUM, COOTBETCTBYIOLIMHA
HAIIPaBIEHUIO MOIIHOCTH OT MKH B JIuHUIO (Tabmina 1).

VT0J1 MAKCUMAJIBHOHN YyBCTBUTEIBHOCTH TOKOBBIX HAITPABJICHHBIX 3ALIUT
0T Mexxay(a3Hbix K3 BeIOHMpaeTcs paBHBIM YTy JIMHAH TIO (JOPMYJIE:

Omy = arctgm. (6.4.1)

VAJIHHHU

Jins GIOKMPYIOLIEr0 pene MOLIHOCTU YIOJ MaKCHMAITBEHOM 9yBCTBHTEIHHOCTH
paBeH:

@myenox = Pmy T 180 rpag. (6.4.2)

Jnst oObraHO Mcnonmb3yeMoit 90 rpanyCcHOM CXeMbl BKITIOUCHHUS PEJIe MOIIHOCTH
YIOJ1 MAaKCUMAJIbHOM 4yBCTBUTENBHOCTH HA BEKTOPHOU JMarpaMMe OTKIIBIBACTCS OT
JIMHEHHOT0 HANpPsDKEHUS, HA KOTOPOE BKJIIOYEHO pene. 3a MOJI0KUTENBHOE HalpaBiie-
HHE IPUHATO BPAIEHUE TIPOTHUB YAaCOBOW CTPEITKH.

Hexotopeie npornspomurema (3A0 «4DA3», cepus BOMII PY) BBozsT momod-
HUTEIBHBIE YCTABKK: BBOJ B paboTy HalpaBJIeHHOM TOKOBOI 3allUThHI U cpabdaThiBa-
HUH PeJIe MOLIHOCTH, HAIIPABJICHHON OT mKH B TuHKIO (PHM paszpemt. ) u BBoJ B paboty
pelie MOIHOCTH TPU OTCYTCTBUY HAMpaBleHUs MOITHOCTH K mimHaMm (PHM 6110K).

Jlanee nIpuBOAATCA BEKTOPHBIC THATPAMMEI HAITPSKEHUI U TOKOB U ONIPE/ICIICHHE
30HbI cpadareiBanuss PHM a7st pazHbIX TUMOB TOBPEK/CHWM. 3allHIaeMas 30Ha IS
PacCMOTPEHHBIX BEKTOPHBIX AMArpaMM sBISETCS y4acTok BB, ycTpoiicTBO ycTaHOB-
JIEHO Ha nmoacTaHuMu b (pucynku 8-11).
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;Siax ToK K3 B KOHLe 3aLmLLaeMoro yyacTka. MonoxeHune «PaspeLu» ans
yctaBku PHM cBuaeTenscTByeT 0 npumMeHeHnn PHM-P u paspelueHun cpabaTbiBaHUs
MT3 npu K3 B Touke K1 1 oTcyTcTBMM pa3pelLeHus cpabaTbiBaHns MT3 npu K3 B
ToukKe K2 (pucyHok 8). Pa3peluatoriee PHM BbiBOAMT 13 paboTbl MT3, eciv MOLHOCTb
Harnpas/ieHa B MPOTUBOMO/IOXHYIO CTOPOHY, NM60 YPOBEHb HANPSAXEHNS HeloCTaTOueH
Aansa cpabatbiBaHMs PHM.

MonoxeHne «bnok» anga ycrasku PHM cBugeTenscTByet o0 npumeHeHun PHM-
b 1 6nokupoBaHum cpabatbiBaHns MT3 npu K3 B Touke K2 1 oTcyTCTBMM 6/10KMPOBa-
HuA cpabaTbiBaHna MT3 npu K3 B Touke K1 (pucyHok 9). Bnokupytouiee PHM He Bnu-
feT Ha paboty MT3 npu HemcnpaBHOCTAX B LENAX HanpsHXeHUs U HWU3KOM YpPOBHe
HanpsXXeHus.

Bnokupytowee (o6patHoHanpaeneHHoe) PHM-b pesepBupyeT HanpaBneHHbIe
3alMTbl MOACTAHLUMN B, «CMOTPSALLME» B CTOPOHY MOACTaHLUMMN A.
Tok cpabaTbiBaHus PHM-B paccunTbiBaeTcs no dopmyrne:

"c3piv-6 = KH mNTBXA rae: (6.4.3)

KH=1,2 -KO3(h (DML NEHT HAfeXHOCTMK;

N T/rxA ' Tok B PHM-B npu K3 Ha nogctaHumnm A B MakKCMasbHOM pexume paboThbl.

Bpemsa cpabaTtbiBaHua PHM-B (puc.9) oTcTpanBaeTca oT BpeMeHu cpabaTbiBaHWS ca-
MOV MefiieHHO AelicTBytow el cTyneHn PHM-P nogctaHumn B, cmoTpAaLeit
Ha noAcTaHumnioo A:

A.spum-6 = Az.PHM-P + At (6.4.4)

PLL-P

PucyHok 8. 3oHa cpabatbiBaHus PHM-P (yuacTok EB)

PLU-B

PrcyHok 9. 3oHa cpabaTbiBaHua PHM-B (yuyactok Ab)
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Tprxcpeatoe K3.
NeOLLIpa5Qriuyitola,nX In (LWL p&xwwwiid vk Lk

Pnsa CLU pebeTaifiiHale, Usb
Ppsi CLL, peGorsuupii Ha /a U

PucyHok 11. 3oHbl cpabatbiBaHns PHM-b npu (pvi PHM-B, paBHom 135°

6.5 Bbl6op ycTaBOK A1 TOKOBbIX 3alNT 0T MexaydasHbix K3 gnda BBoj-
HOTo (CEKUMOHHOTO0) BblkatouyaTena KPY 6-35 kB
[nsi TOKOBOWA 3aL1MTbl BBOAHOIO BbIK/HOUATE/NS 00bIYHO MCMONb3YHOTCA ABe (Npu
H806X0,CI,I/IMOCTM TPW TOKOBbIX CTYMEHN C NYCKOM MO Hanps>XeHUo 1 0Ha TOKOBasd CTy-
neHb oA JIOTMYECKOA 3alnTbl WWH.

1- as CTyneHb - 0TCEYKA C BbIAEPXKKOI BpeMeHW pesepBupyeT 3alumTy WwinH (431U
ans 20-35 KB unm normyeckyto awuty WwWnH ans 6-10 kB).
2- as CTyneHb - MakCMa/ibHas TOKOBAs 3allMTa pe3epBupyeT 3awmTy NUTarLWmnx

pacnpeaenuTeNbHy0 CeTb (MepoB.
3- as CTyneHb UCMONMb3yeTCs AN1S TOrMYECKOi 3aLUThbI LLVH.
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Taonuua 3. Beioop yecrasok anst ToxkoBbix 3amut BB(CB)

PacuerHoe ycioBue

@opMyJibl AN5 BbI-
Oopa Toka cpaGaTbl-

®opMy.ibl AJIs1 Bbl-
0opa BpeMeHHM cpa-

Pacuindposka 00603HaueHHil B
dopmynax

OGocHoBaHHUeE U MOSICHE-
HUsA

BaHMsI GaTbIBaHUS
MepBasi cryneHb (0TCeUKA C BbIAEPIKKOI BpeMeHH)
ycnosue I: 15 = Ky " I smpen tl, = At kx =1,2 ~K03()HIMEHT HANEKHOCTH
COTTIACOBAHUE 110 TOKY (6.5-1) (6.5-2) COTJIACOBAHUA Cornacyemas 3amura —
C MEPBBIMH CTYTIEHSAMH 3a- IL('.IEJ).npe;[.- - TOK cpabaTbiBaHys epBoii | 3AIATA BBOJHOTO Bbi-
IIHT MPEABITYIIAX y1acT- CTYTICHH 3aIIUTHI TIPEIbl Ay e ikmy | <O 1aTe/ L Samura, ¢
KOB CceTH (mUTaromux (hu- VT TIpHCOe THeHus (Tpanchopmatop | KOTOPOH MpoHssouTeA
JEPOB) IIPHEMHO# TIOCTAHIIAH) COTJIACOBAHHE - 3AIMUTA
At - CTYTIEHB CENEKTUBHOCTH? — OZHOTO H3 IMUTAIOMHUX
0,3 pH cornacosanmu ¢ MI1 samu- | PHACPOB © naubonbmeti
Tamu 1 0,5 IPH COrNMAcOBaHHH ¢ iek- | SOHOH ACHCTBHA IICPBOH
TPOMEXAHHYECKIMH 3ATTHTAME CTYMeHH 3amuThl drjepa
@ (2)
mpoBepka Ko3(punuenTa e = Listm(_ 13 Iy - TOK pn  aByx(asHom K3 B mu- | TIPOBEpPKa koddduumenTa
YyBCTBUTEIHHOCTH 7 s HUMAJILHOM pekiMe paboTel ceTH Ha TyBCTBUTCILHOCTH
6.5.3) cexmmu HH
Bropas crynens (MT3)
yenosxe I: Mo = % a6 Makc t2_£‘_§B = tg';g”g + At | ka=1,2 - k03D DHIHEHT HATEKHOCTH
OTCTPOMKA OT MAKCHMAJTb- . 5_“4) (6.5-5) ke - k03¢ uLmEeHT BO3BPaTa (ompe-
JemsieTca B macnopte ycrporcrsa MIT

HOro pabo4ero Toka mpu-
COCTMHEHHS

P3A wm B PO)

Ipa6 maxe = TOK paboUHii MAKCHMAITb-
HbII BBOJA

tMI3. - Bpemsa cpaGaTwiBanus MT3

BBOJIHOTO BHIKITIOYATEIA,
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tM’IS
c3.hup

dunepa

- BpeMs cpabarpiBanus MT3

CETH B KOHIIE OJJHOTO M3 OTXOA5-
KX, MATAIOIUX PaCTPEAETUTENb-
HYI0 CeTh, GUIEpOB (BEIOUpaETCs
TOT uaep Ans koroporo K4 munu-
MaJIeH)

ycnosue 1I: M = kukcam oM ABE ki =1,3 - ko3¢ duieHT Hage:kHOCTH | B cimydae nemonb3oBanus
OTCTPOIKA OT TOKA CaMO3a- - ks COTJIACOBAHHS IyCKAa MO HANPIKEHHIO
MyCcKa JIBUTaTeNeH (6.5-6) Liompps. - CyMMa TOKOB HATPy3KH (cM.) oTcTpOiiKa 1Mo 3TOMY
JIBHTaTENeH YCIIOBHIO
ke - k03¢ PuLmeHT Bo3Bpara (ompee- HE TPOU3BOIUTCS:
TETCA B acmopTe ycerporictea MIIT
P3A wm B PO)
Kean — K03 uipieHT camo3arycka 1Bu-
rarenei (Tabnuma 1)
nposepka KodddurmenTa . 18 13 1@, - Toxnpr nByxdasuom K3 | mpoBepka kospduumenta
YYBCTBHTEIBHOCTH 65 7)‘{ =, = B MHHUMAJIBHOM PEKAME paGoTel | YYBCTBHTEIBHOCTH

TpeTbsi cTyneHb(JIOrHYecKasi 3a1IMTa [IHH)

Cw. rnasy JI3II

2 CTyneHs CeNeKTHBHOCTH MOYKET ObITh yMeHbIIeHa 10 0,2...0,3 Iy HEOOGXOAMMOCTH H COOTBETCTBYIOMEM 000CHOBAHMH (HA CME/KHOM CTOPOHE MPMMCHSFOTCS 3AMHTHL i BHIKIIFOUA-

TEJH C BBICOKOM TOYHOCTBHIO M CTAOMIBHOCTBIO TIO BPEMEHH CPa0aTHIBAHMS).
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Ecnu MT3 amst pa3nuyHbIX BADHAHTOB CXEM CeTH 6-35 KB BbINONHEHBI KaK (DYHKIHH
PasHBIX TEPMUHATIOB U HMEIOT ACHCTBHE (MITH OJJHO M3 NCHCTBHIT) HA OJMH H TOT XK€ BBIKITIO-
4aTeiib, TO TEPMHAHAI C MEHBIIEH yc-ramcoifi o BPEMECHH JOJDKEH HMETH 60]‘[]:]].[}’10 YCTaBKy 1O
TOKY CpaGaTBIBaHHS[ O CPAaBHCHUIO ¢ APYTrUM TEPMHHAJIOM, 9TOOBI HE TPOHU3O0ILIIO U3JIUIITHETO
OTKIFOYECHUS.

6.6 Bbi0op ycTaBoK AJIsl TOKOBBIX 3a1LUT 0T Mexkayda3nbix K3 nis cuio-
BbIX TpaHc(opMaTopoB BhICHINM HanpstkeHuem 35(10; 6) kB
ToKOBbIE 3aLIMTHl YCTAHABIUBAIOTCS Ha cTopoHe BH, eciu cunoBoii Tpancdop-

MAaTop He UMEET PaCIIeTIEHHYI0 0OMOTKY CO CTOPOHBI HU3KOT0 HanpsikeHus. Ecii co
croporsl HH mMeetcs pacmernieHHas 0OMOTKA, TO IIPEAyCMaTPUBACTCS 3aIUUTA KK~
JTOTO BEIKITIOYATENsl BBOAA (KaK pe3epBHAs i cBoeit rpynnsl puaepos). Beibop ycra-
BOK II0 TOKY ¥ BPEMEHHU CpadaThIBaHUs, pacyeThl KO3(D(PHUIMEHTOB TyBCTBUTENBHOCTH
JUTSL TOKOBBIX 3aIlIUT TPAaHC(HOpPMATOpa ¢ BHICIINM HanpsbkeHUeM 35 KB mpuBeneHs! B
Tabmane 2. Cxema TpaHc(opMaTopa ¢ npuierarLeii ceTbio NpUBeAcHa Ha puc. 12.

Ha HH tpancpopmaropos 10(6,3)/0,4 kB, B ciiyqae OTCYyTCTBUS YyBCTBUTEIHHO-
ctu MT3 na cropone BH k ogHoasneim K3 Ha cropone HH, B Heitrpanu Tpancdop-
Maropa(«3Be3/ia ¢ HyJIEM») YCTaHABIMUBACTCs ClenUanbHas 3amTa oT oguohazHbx K3
Ha ctopoHe 0,4 kB. [Toaxmouaercs k TT, ycraHOBICHHOMY B Helitpanu o6motoxk HH.
BrI00p yCcTaBOK CIeIMabHOM TOKOBOH 3amuThl (Tabnina 4, nocnentss rpaga).

Pacuer HE0OX01MMBIX TOKOB I BEIOOPa ycTaBoK npoussoautcs B APM CP3A,
TJIe YIMTHIBAETCS TPYTIa COeMMHEHHT critoBoro Tpancdopmaropa. i MIT tepmuHa-
JIOB OOBIYHO TPYTNA COSAUHEHUI SBILIETCS YCTaBKOM 3alUThL, IO3TOMY TpaHcdopMa-
TOPHI TOKA Ha 00EHX CTOPOHAX CHJIOBOTO TpaHC(OPMATOpa COEIUHSIIOTCS B 3Be31y. B
cnydasx, korma TT yke MOAKITIOUYEHH! Ij1s KoMIeHcauun (Ha3oBOro cIBUra TOKOB Mep-
BUYHBIX OOMOTOK CWJIOBOTO TpaHC(opMaTopa «TPEYrOJBHUK — 3B€3/1a» NP pacyeTax
UCTIOJNB3YeTCA KOA(PPHUIMEHT CXEMBI.
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Pacnpeﬂ CIIHTCIIBHAA CETh

Pucynox 12. Cxema 3amumaemoro Tpancopmaropa 35 kB ¢ mpuieraromei ceThio
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Ta6muua 4. BeiOop ycTaBoK TOKOBBIX 32Ut TpaHcopmaTopa Ha ctopoHe BH (mpumep Ha puc. 12 ) u cneunajbHOii TOKOBO#H
3amuThl 0T oAHOoda3HbIX K3 Ha ctopone HH
0,4 kB TpancopmaTopa

PacueTtHoe yci10-
BHE

®opMyJibl AJIs1 BIOOpa
TOKA cpaldaTbIBaHUs U
NnpoBepKH K03 PuLu-
€HTa YYBCTBHUTEJbHO-
CTH

®opmy.ia 4J14 Bbl-
Gopa BpemMeHHU cpa-
O0aTbIBaHHSI

PacuiudpoBka o6o3HaueHuii B popmynax

OGocHoBaHue U
MOSICHEHHUS

IlepBasi cTyneHb

(oTceuka 0e3 BbIAEPIKKH BpeMeHH) Ha CTOPOHE

mpu HamuunK JI3T — B KauecTBe €ro pe3epBHOM 3aIIMTHI

BH — 0T BHYTpEHHHX NTOBPEKICHUAN B YaCTH TP

aHc(hopMaTopa, a

ycaosue I
OTtcTpotika OT TOKa

kx =1,2 —k03dpuLIMEHT HANEKHOCTH OT-
CTPOMKHU.

©) — . ®
K3 na BriBomax HH Limaxen = Kex " Kip * I maxuy - TOK Ha CTO-
TpaHchopmaTopa pone 10(6,3) kB npu K3 Ha ctopone HH.
I _ @®) ¢l -0 ky =1,2 —x03¢drLmeHT HANEXKHOCTH OT-
Fesmmy = ku Iy max c3.(BH) — CTPOMKH.
(6.6.1) (6.6.2)
Ky = 1/V/3 - k03 (pUIHEHT CXeMBI 171 COeMIU-
HeHHs1 OOMOTOK TPeyTrONbHUK/3Be3a C HyJIeM.
Ky =1 - xoaddunueHT cxembl 11 COeAnHe-
HUsT OOMOTOK 3Be371a/3B€37a C HyJIEM.
Kpp. - kosddunuent tpanchopmarun
yciosue 11 . K o
Otcrpoiika ot I'cs@my = Kopocxa , Spocka - KO3 DHUIMEHT, YUUTHIBAKOIINHN YBeEH-
.3 tea) =0 YeHHe TOKa Ipu OPOCKe TOKa HAMarHMIUBaHHs,
6pocka TOKa Hamar- Zlomrp—pa
- (6.6.3) (6.6.4) IJIsI CTYTNIEHY 0€3 BbIAEPIKKH BPEMEHH MOXET

OBITH OPHHSAT PaBHBIM 5.

3
1 kmaxBH ONpeae-

JISIE€TCA IIPU TAKOM
nojoxxeaun PITH,
KOT'/Ia CONpPOTHUBIIE-
Hue Tpancdopma-
TOpPa MUHHUMAJIBHO
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Elyom rp-pa - CYMMa HOMHHAJIbHBIX TOKOB TPAHC-
(hopMaToOpOB, KOTOPBIE MOTYT OBbITH BKJIFOYEHBI
OHOBPEMEHHO.

W3 nByx ycnoBuit BbIOHpaeTcss HauOONbLIMH TOK Cp

abareanns I’ , )

IIposepka ayBCcTBH-
TeJIbHOCTH

)
ky =% > 1,5 (66.5)

2 .
IEE.M)“H - MHHHMAJIbHBII TOK AByXdaszHoro K3 B

MeCTe YCTaHOBKH 3aIuThi(Ha cropoHe BH)

MT3 nepsas crynenbs Ha cropone BH — npu orcyrersum /I3T nans 3am
MBIX OTCEYKOH, H MuTaomei cern, a npu Hajanuuu /3T - kak pesepBHas 3a1UTA TPaHCHOPMATOPA M MUTAIOIIEH CeTH

uThbl TpaHcdopMaTopa OT BHYTPEHHHX NOBPEKIEHHH, He 3aIHIIAe-

TeJlell Ha HampsKe-
Huu 6-10 xB
TOJNBKO ISl TPAHC-
¢dopmaropa ¢

ks - koapuumeHT Bo3BpaTa (OMpenemnsiercs B
nacropte ycrpoiictsa MII P3A wiu B P3)
Kecam - KO3 PHIIIEHT camMo3anycka IBUraTenei

Venosue L s = th s =t 4 At | kn=1,2 —xoopuument HanexnoCTH
Ortctpoiika OT Mak- | KuKueper Inas e (6.6.7) ks - ko3(pdunmeHT Bo3Bpara (onpenensercs B
CHMaJIbHOrO pabo- 1% ’g’ 6) nacnopte ycrpoiictsa MII P3A wnu B PJ)
'I€TO TOKa TpaHC- o Ipa6.maxc 1p-pa — MAKCHMANIBHBINA PabOUMii TOK
(bopwmaropa Tpancdopmaropa’
Kueper — IOMYCTUMAas KPATHOCTD MEPETPy3KH
TpancopmaTopa B coorBercTBHHM ¢ [TTD
A _ Bpems cpaGaTbIBaHNs CaMOi Mei-
JICHHO OeHCTBYIOLIEH 3aIUThI TUTAIOLICH CeTH
Ycnosue 1I: /i R ky =1,3 —x03(hpuIIMEHT HANEIKHOCTH COrNIAaCOBa- S —
OTcTpotika OT TOKa caMr3. = T T fHOMABY HUS
camosarmycka asura- | (6.6.8) Lo e,z — CYMMa TOKOB HAarpy3ku [BHrareneit Ha HAMP:LKCHHC

6-10 kB orcyT-
CTBYIOT, TO OT-
CTpoiiKa TOKa
cpabaThIBaHUA 110

3 Ecliu HOMHHATBHBII TOK CHIOBOTO TPaHC(OPMATOpa GOThIE MAKCHMATHLHOTO PAGOYEro TOKa, TO B (DOPMYITy TOACTABIACTCA HOMHHATBHBIH TOK,
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HanpspkeHneM BH
35xB

3TOMY YCTOBHIO
HE TIPOU3BOTUTCS

Pacuet ko3¢ durrieHTa caM0O3aIycKa IBUraTeiei.

Ecnu Harpy3ka cOiepKUT B OCHOBHOM JBUTaTEIH, TO K03()HHULMEHT caM0o3aIlyCKa MOXeET OBITh ONpeneeH mo Gopmye:

__ ZInyckaBur

kcaM = rne

ZIaoM aBur’

2ITyCcK. ABUT — CyMMa IIyCKOBBIX TOKOB [IBUTATEJE,

X[HOM. IBUT — CyMMa HOMHHAJIbHBIX TOKOB JIBUTaTENEi.

B npyrux ciyuasx ko3h@uienT camMo3amycKka pacCUUThIBAETCS. HHANBU/YAbHO, B 3aBHCHMOCTH OT KOH()MIyPaLUH CeTH,
COIPOTHUBIICHUS €€ 3JIEMEHTOB M COOTHOIICHUS MOITHOCTH ABUTATeNel 1 Mpodeil Harpy3Ku.

ycnosue III:
OTCTpPOMKA OT TOKa
caMo3aIlyCKa JBUra-
TeJel Ha HampsixKe-
Huu 0,4 kB ToNBKO
st Tpancdopmaro-
pac BH 10(6,3) xB

Jist OprToBO# Harpy3ku Kcam moxxer ObiTh mpu-
HAT paBHBIM 1,3 -1,5. Ecii XapakTep Harpy3ku
Ha cropoHe 0,4 kB TpaHCpOpMaTOpPOB HEH3BE-
CTeH, BBOOUTbHCS TIOHSATHE 00001IeHHAsT
Harpy3ska. O0o0imeHHas Harpy3ka XxapakTepusy-
€Tcs 3HaYeHHeM conpoTuBiIeHns Xuarp® = 0,35
o0.e. 3HaueHue XHarp* = 0,35 0.e. COOTBETCTBYET
koaddunuenty camozanycka — 2,9. (Pacuerst
TOKOB KOPOTKOI'O 3aMbIKaHMs AJIsl pENIEIHOM 3a-
muThl. YueGHOe mocobue. YacTs mepsast.

W.JI. Hebpat 1996)

U3 nByX ycuosuii BoibupaeTcst Haubobluii Tok cpabaTerBanust 1!, .

nposepka ko3 du-
L[IE€HTa YyBCTBU-
TEeJIbHOCTH

(2)

K.MHH(

=13

kq = IIC.S.MTS.
(6.6.9)

2
IIE.]V?HH - ToK ABy¢aszuoro K3 B MUHUMaNBEHOM

pesxuMe paboThI CeTH Ha IIMHAX OIHOTO U3 pac-
mpenenuTenbHeIX myHkTos (PID), roe oH umeer
HAaUMEHbIIEE 3HAYCHUE
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YCIIOBHE TIPH HAJU-
YHH IyCKa 110
HAIPSDKEHUIO CO
croponsl HH:
OTCTpOIKa OT MaK-
CHUMaJIbHOTrO pabo-
4ero TOKa TPaHC-
dbopmaropa u MUHU-
MaJibHOTO pabouero
HAaTPSUKEHHUsST Ha
cropone HH tpaHc-
¢dbopmaropa

ke
11c.3MT3. = % Ipa6.MaKc.'rp
(6.6.10)

Up.min.

Uc3. =77
= (HH byt kpkecay

t! — ¢dun

C.3.MT3 C.3.MT3

+ At

(6.6.11)

kx =1,2 —xo3dpurment HanexxHoCTH

ks - kO3(dunpeHT Bo3BpaTa (OnpeneseTcs B
nmacriopte ycrporicrsa MII P3A wmu B PJ)
Ipa6 maxe.1p-pa — MAKCHMAJIBHBIN pabodunii TOk
tpancdopmaropa’

tg wnns —  BPEMS cpabaThIBaHMs CaMoii Me-
JIEHHO JIEMCTBYIOIIEH 3aIIUThI IUTAIOLIEN CETH
Up min. — MUHMMaNbHOE pabovee HampsikeHHE B
HArpy304HOM pPexKHUMe

ky = 1,2 — xoad dunreHT HaIeKHOCTH,

k; = 1,05 — xoaduumeHt Bo3spara

MPHU HEJOCTATOY-
HOM 9yBCTBH-
TEJIBHOCTH HC-
MOJIB3YETCS MyCK
MO HATIPSKEHHIO
co ctoponst HH
tpaHcopmaTopa

nposepka ko3 du-
LIVeHTa YyBCTBU-

2
ky = k(o 1,3

IIC.3.MT3. -

2
IIEN%HH - Toxk aBydasHoro K3 B MUHUMaIbHOM

pexuMe padoThI CeTH Ha LIMHAX OXHOTO U3 pac-

CHMaJIbHOTO pado-
H4ero TOKa TPaHC-

7.6.13)

1
tcamras - BpEMs Cpa-
GaTbIBaHMs IEPBOI

TEBHOCTH (6.6.12) npenenuTenbHbIX myHKTOB (PIT), roe oH uMeer
HaWMeHbIIee SHAYCHUE
MT3 Bropas cryneHb Ha ctopoHe BH - nys 3ammTsl pacnpenenuTesbHO# ceTH
ycaosue I I s, = 2 a6 maxcrp tl s = thawms + | ka=1,2 —x03dduunent HagexnocTH
OTCTpO#iKa OT MaK- ST ke T At | rme: ke - kO3 duuHeHT Bo3BpaTa (ONpeaessercs B

nacnopte ycrporictsa MII P3A unu B POJ).
Tiom tp-pa — HOMHHAJIBHBIHA TOK TpaHchopMaTopa

¢opmaropa CTYTI€HU 3aIMHUTHI
MT3 na cropone BH
(6.6.14)
I 1 Kk ks =1,3 —xo3¢PHuLHeHT HAAESIKHOCTH COTJIACOBa-
ycaosue 1" camr3. = % Lyom gps - Ecmu pBuraremm
s .
(64.15) Lyom gp.s. — CYMMA TOKOB HATPY3KH JIBUTATENCH. Ha HANPSKEHHE 6

4 . N
Ecm HoMHHATILHEIH TOK CHIIOBOTO TpaHCHOPMATOpa GOMbINE MAKCHMANILHOTO Paboero Toka, TO B (JOpMyJIy NOACTABISETCS HOMHHATBHBIH TOK.
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OTCTDONKA OT TOKA ks - ko3(hpunmeHT Bo3BpaTa (ONpenensiercs B 10 xB orcyr-

caMlc-)p3aHyc1<a JIBHTa- nacropre yerpoiicrsa MIT P3A umu B PO) CTBYIOT, TO OT-

Telell Ha HampshKe- CTpOMKA TOKa cpa-

Hun 6-10 kB: 0aTeBaHUS  TI0
3TOMY  YCIIOBHIO
HE TPOU3BOINUTCS

2 - -

Iposepxa koaddu- ky = [ >15 I,E.,\%[H - MUHAMAJIbHBIN TOK, POTEKAOIIMI Ha

I[I€HTa YyBCTBU- Mogurs, — 77 cropore BH npu nByxdasznom K3 B xosrte mo-

TENBHOCTH (6.6.16) CIEMyIOIITEro 3 TPaHC(hOPMATOPOM SIEMEHTa

CETHU

VYcnosue npu Hamu-
YUH ITyCKa 110

I s, = 21
c3MT3. — Ky pab.MaKc.Tp

6.6.17)

Up min. — MUHEMAJIBHOE pabotee HAPSKEHNE B
HArpy304HOM PEKMME Ha CTOPOHE HH3KOTO

ITpu HegocTaTOU-
HOW YyBCTBH-

HAIPSHKEHUIO CO Hanpsokerust (HH) TENbHOCTH UC-
CTOPOHBI HH: U  Upmin, k; = 1,2 — xosdpduunenT Hanex Ho# OT- HOJIb3YETCS IyCK
OTCTPOHKA OT MaK- c3.(HH) = 4 o CTPOUKH, IO HAMPsKCHHIO
cuManbHOro pabo- (6.6.18) ky = 1,05 - xoappuireHT BO3BpaTa co croporst HH
Yero TOKa TpaHc-

aHc(popmMmarTopa
(bopmaropa 1 MUHK- Tpasichop P
MAaJIbHOTO pabouero
HATIPSDKEHNS Ha
cropone HH Tpanc-
¢dopmaropa

2 2 o -~
ITposepka koadpdu- ky = [ > 15 I}E.M)“H - MUHUMAJIbHBIN TOK, MPOTEKAOIIHI Ha
LUEHTA YyBCTBH- Meaurs, cropore BH npu nByx¢asuom K3 B koHLe no-
TeJIbHOCTH (6.6.19) CNETYIOWIEro 32 TPaHCHOPMATOPOM dJIEMEHTa
CceTH
3amuTa OT Neperpy3Ku

Orcrpoiikaorwo- | o — Korer ) rppa tieperp = 10 C korerp - K03 dumment neperpysku — 1,05 3ampra neficTByer
MHHAJIbHOTO TOKa (6.6.20) k (6.7.24) M Ha CHTHAI
TpaHcdopmaTopa : o -
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onpenenseTcs no Ine-
perpy304HOil xapak-
TEPUCTUKH TPAHC-
dhopmaropa

CnennanbHas TOKoBasi 3amuTta ot ognodasubix K3 Ha cropone HH 0,4 KB

OTcTpoiika OT TOKa
B HYyJIEBOM IIPOBOZIE
CHJIOBOT'O TPaHC-
(hopmaropa npu mo-
IIyCTUMOW HECUM-
METPUHU HATPY3KU
no ¢azam

(T'OCT 11677)

Ky
Ic.a.cneu.a. - k— 310 MaKc, —
B

kaHeCI/IM. I

Ky
(6.6.21)

pab.makc.Tp

tc.a.cneu.a = teamm T At
(6.6.22)

k= 1,2 — x03pPHULHEHT HAEKHOCTH.

ks — xo3(dunmeHt Bo3Bpara (onpenensercs B
nacnopre ycrpoiictea MII P3A unu B PJ).

310 viaxe. — MAKCHUMAJIBHO AOIYCTUMBIH TOK HyJIe-
BO# IOCJIEOBATEILHOCTH TPaHChOpMaTOpa Ha
cropore HH.

Tpa6 . vaxce.tp-pa — MAKCHMAITbHBIN paboumii TOK
TparchopmaTopa.’

Kueenv. — HOTIYCTHMAs KPATHOCTD MEPETPY3KU
TpaHc(opmaTopa o TOKY HYJIEBOH OCIenoBa-
tenbHOCTH. (0,75 mpu cxemMe COeTUHEeHUsT «Tpe-
YrOJbHUK-3Be31a» U 0,25 mpu cxeMe coeTnHe-
HUS «3BE3[1a-3BE3/1a»).

tcann — BpeMs cpabaThbIBaHUsI 3aLIHUTHI HYJIE-
BOU MOCJIEAOBAaTEIbHOCTH, YCTAHABJIUBAEMON Ha
orxomsmux ot cekunn HH npucoenuuennsx u
JEWCTBYIOLIAsl Ha OTKJIFOYEHHE aBTOMaTa (Kak
MPaBWIIO U5, PABHA HYJIIO).

At = 0,5 C - cTyneHb CeIeKTHBHOCTH

5 A v
Ecmi HOMHHATBHELH TOK CHITOBOTO TpaHCOpMATOpa 60bIIE MAKCHMANBLHOTO PabOYEro TOKa, TO B (JOPMYJTY TOACTABIIAETCA HOMHHALHBIH TOK,
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6.7 BbIGop ycTaBOK AJIsl TOKOBBIX 3a1IHUT 0T Mexkaydasnbix K3,
YCTaHOBJIeHHOIi Ha ctopone HH aBTroTpancgopmMaTopoB ¢ BbICIIUM
nanpsoxennem 220-750 kB (Tabnuua 5)

220-730xB

I 10xB

@1 o2 D3 D4

Pucynok 13. AsroTpancopmarop ¢ npuieraromicii cersro Ha HH
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Tab6nuua 5. BeiGop ycTaBok ajist TOKOBbIX 321Ut Ha cropone HH agTorpancdopmaTtopa (mpumep Ha puc. 13)

PacueTHoe yciio-
BHE

P®OPMYJIbI pas
BbIOOpA TOKA Cpa-
GaTbIBaHUS U
NMpoBepKH K03~
$uumenrta uys-
CTBUTEIBLHOCTH

DOOPMYJIA
ZJ1s1 BbIOOpa
BpeMeHHM cpa-
OaTbIBaHMS

Pacumdposka o603Haqennii B pop-
MyJiax

OBOCHOBAHHUE

H NMOSICHCHUSA

Ilepsasi crynenr MT3 na cropone HH — anisi pesepBupoBanus AudepeHIHATBHOM 3aLUTbI OIIHHOBKH, BK/II0Yal0-
myto JIPT wim peaxropa(sb) - puc. 13

yciosue L I, = th s ki =1,2 - k03 puIMeHT HATEKHOCTH
OTCTpOWKa OT kukpeper Ipaﬁ.MaKc.Tp — t??fq =+ At ke - kosdduumenT Bosepara (onpenensercs B
MaKCHMaJIbHOTO ( 6k73 1) B nacnopte yctpoiicrsa MII P3A wmn B PO)
pabouero Toka T (6.7.2) Ipa6.maxc.rp-pa — MAKCHMAIIbHBIN pabo4wmit TOK
TpaHchopmaropa o

IUst OXHO(@3HbIX aBTO-
TpaHchOpMaTopos, ¢
pacnonoxenuem TT
BHYTPH TPEYrONbHUKA!

I
1 c.3MT3.

=—2 7
kB\/§ pab6.MaKc.Tp
(6.7.3)

Tpanchopmaropa

Krieper — HOIIyCTHMAs KPATHOCTH MEPETPY3KH
aBTOTpaHC(OpPMATOPa B COOTBETCTBHH C
JUNAC)
gua

camrs — BPEMA CPaOATHIBAHMS CAMOM Me/-

JIEHHO JEUCTBYIOLIEH 3aIUThI MUTAIOIICH
CeTH
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yenosne I I ka =1,3 — ko3 pULHEHT HANEKHOCTH COrNACO-
. Kok BaHUS
OTCTpOiika  OT chaM Liompsz (6.7.4) | .
ToKa -~ B Hom,g5.s. — CYMMa TOKOB Harpy3KH JBHraTeseit
mycka JBHUrare- ke - xosddunuent Bosspara (onpeaensercs B
neit 6-10 xB nacropte ycrpoiictsa MII P3A unu B PO)
Keay - k03 pumenT camosanycka qsurarenei
U3 1ByX yCIoBHit BRIOHpaeTCa HAMOOIBINHIA TOK cpabaThBanua I, v
- @) 2
MpoBEpKa K03 ( ey = Ty v > IIE.N?HH - Tok Ha cropoHe HH aBroTpanc-
¢umeHTa dyB- e amma, ¢dopmaropa mpu  aByxdazHom K3 B munu-
CTBUTEIIBHOCTH 1,3 (6.7.5) MaJIbHOM peskuMe PabOThI CETH HA CEKLIUK
HH
ycnosue npu Hami- | 1y = tl s ka =1,2 - ko punmenT HameKHOCTH TPH HEAOCTATOYHOM
Ka I S — 94 -
MY ITyCKa IO - Toas marcrrp = t?.sfm + At | ks - koo duLmenT Bo3BpaTa (onpenensieTcs | 4yBCTBHTEIBHOCTH
B v
HAIPSDKEHUIO CO (6.7.6) B nacnopTe yctpoiictea MIT P3A umu B PD) | mcrmomp3yercs myck
Topons! HH: o i 7
eToPO . ans onHodasHbIX aB- (6.7.10) Tpat.viare.p-pa — MaI;CHMaﬂbHHH pabouuif TOK | 10 HATIPSUKEHHIO CEK-
OTCTPOHKA OT MgK' TOTPaHChOPMATOPOB, TpaHcdopmaTopa mue wuH HH
CHMAaJILHOTO pao- u .
P ¢ pacnonosxenuem TT tf_ N s~ BPeMs CpabaThiBaHUs CAMOI MeJI-

94ero TOKa TpaHC-
¢dopmaropa u MUHHU-
MalbHOro pabotuero
HAMPsSDKEHUsT Ha
cropone HH tpanc-
(dbopmaropa

BHYTpPHU TPEYIOb-
HUKA:

1
1 ¢3MT3.

H
= k_\/§ I pa6.Makc.Tp
B
(6.7.8)

JIEHHO AE€MCTBYIOLIEN 3alUThl TUTAIOIeH
CeTH

Upmin. = 0,9U}0y — Munnmambroe paGo-
e HANIPSIKCHUE B HAIrpy301HOM PEKUME

k, = 1,2 — xo3dduument nanexHoii or-
CTpOKY;

k, = 1,05 — xosddumment posspara

¢ Ec/M HOMHHAIBHBIIi TOK CHIOBOTO TPAHC()OPMATOPa GOJIBINE MAKCHMATBHOTO PAGOUero TOKA, TO B (DOPMY Iy MOACTABIIICTCS HOMHEANBHBIHA TOK,

38



Up.min.

UC.3.(HH) = kg'kg

poBEpKa KO-
(purmenra yys-
CTBHTEIBHOCTH

(6.7.9)
[©)]

I
_ xevm(
ky=mg—2
C.3.MT3.

1,3 (6.7.11)

2
I,EJ\EHH - Tox Ha cropore HH asrorpasc-

¢dopmaTopa mpu  aByxdassHom K3 B Munu-
MaJIbHOM PEeKHMe PabOThI CETH Ha CeKLIUH
muH HH

Bropasi crynens MT3 Ha ctopone HH — 1715 pesepBuposanusi orxoasimux ot cexknmii mnH HH ¢uxepos

yciosue I
OTCTPOMKA OT Max-
CHUMaJIbHOTO pado-
9Yero TOKa TPaHC-

III —
C3.MT3. —
kﬂkneper
1 a6.MaKC.T
ks pab. -TPp

(6.7.12)

I —
tC.3.MT3 -

té.S.MTB + 4t
rag:

I
teamrs -BpEMSA

ka =1,2 - koo punment HapeKHOCTH

ks - koo punmenT BosepaTa (onpemens-
ercs B nacnopte ycrpoiicrsa MII P3A unu B
P3)

opmaropa 1JI1 ONHO(A3HOTO UC- | cpabaThBAHKS Kneper — IOTTyCTHMAs KPATHOCTH TIepe-
NONHeHUs OOMOTOK | nepBoif cTymeHu | TPY3KH aBTOTpaHC(OpMAaTopa B COOTBET-
cropons! HH: samutel MI3 Ha | crpum ¢ TITD
| L ctopore HH
_ ke, (6.7.14)
- pa6.Makc.Tp
k3
(6.7.13)
) 17, _ ks =1,3 —k03dPULNEHT HATEKHOCTU CO-
ycnosue II: IV camTs. = ’
OTCTpOiika OT TOKa Kukeaw ; acoBamIA
& HOM.ABZ _ _
caosanycka apura- | 37 3 Lyom pps. — CYMMa TOKOB HAarpy3ku JBHra
(6.7.15) Teneit

Teneii 6-10 xB:

ke - koadppuumeHt BosBpara (onpenensiercs
B nacnopte ycrpoiicrea MI1 P3A wmu B PJ)
Kean — K03 PpULIMEHT CaMO3aITyCKa BUTaTe-
nei
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[Mposepka xo3¢-

1(2)"H

1(2)

ky = - > kMuy - MEHHMAIBHBIN TOK, IPOTEKAIO LML
(unmenTa yyB- 15 I eamrs, Ha cropone HH mpu nByx¢assHom K3 B
CTBUTENBHOCTH (6.7.16) KOHLIE OJHOTO U3 OTXONSIINX OT CeKLUH
e HH ¢unepos
ycnosue mpu Hanu- | [H o0 = U TIPH HEAOCTATOYHOH

YUY yCKa 110
HAIpPSDKEHUIO CO
croponst HH:
OTCTPOWKA OT MaK-
CcHUMaJIbHOTO pabo-
4ero TOKa TpaHC-
¢dopmaropa u MUHH-
MaJIbHOTO pabo4ero
HAIPSDKEHUsI HA

H
k_a pab.Makc.Tp

(6.7.17)

U .
__ Ypmin.
Uc.3.(HH) - Kyky

(6.7.18)

p:min, — MUHEMaJIbHOE pabouee
HamnpspKeHHe B HATPYy309HOM PEXXUME Ha
cTopoHe Hu3Koro Hanpsokenus: (HH)

ky = 1,2 - xosdpdunumenT HanexkHON
OTCTPOIKHY,

ks = 1,05 — xoaddunment Bo3ppara.

YYBCTBUTEIILHOCTH
HCTIONB3YETCA ITyCK
10 HANPSKEHUIO CEK-
mu muH HH

croporne HH tpanc-

¢dopmaropa

T[Tposepka ko3¢- 1% 1@ 7 i
ky = qu.mm > kMuE - MUHHMAaJIbHBIA TOK, MPOTEKAIOIHMA

(prmieHTA YyB- 15 (6.7.1 93-3“’”3 Ha cropore HH nipu nByxdasuom K3 B

CTBUTEIIBHOCTH ’ o koHue npu asyxdasznom K3 B koHIE of1-

HOTO U3 OTXOIOALIUX OT cekiuu muH HH
¢dbunepos
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6.8 BbIOOp yCTABOK /IS TOKOBBIX 3amaT 0T Mexaydazasix K3 aas-
HeliTpaneo0pa3ywumux Tpanchopmaropos ( TpancGopMaTopsl AJIst
nojxMo4enns B Heiitpamm 'K nin/u pesucropa)

Ciyuaii 1. HelitpanunoGpa3ytouuii TpancopMaTop UMeeT Harpy3Ky Ha CTO-
pone HH (00brano0 - 310 TCH).

BrI0Op ycTaBOK NMPAKTHYECKH HE OTIMYAETCS OT BHIGOPA YCTABOK OOBIYHOIO
CHIJIOBOTO TpaHC(opMAaTopa , €CITA MOLIHOCTH STP-pa HAMHOTO GOJIbIIE MOLIHOCTH
JT'K(pesucropa) - Sark(pesucropa).

Cnyuaii 2. Tpancdopmarop npeaHasHaYeH TONBKO A noxmodenns JT'K wiu

pesucropa.
Bribop ycraeku mo Toky cpabarsiBanus MT3 npou3Boautces mo Gopmyie:

kI -
T, = 2 D e (6.8.1)
B

Iiom pric - HOMuHANBHBIH TOK JITK.

Cnyyait 3. HelitpamuoOpasytomuuit TpaHc(opMaTop HMEET HArPy3Ky CO CTO-
ponsl HH u ero MOIIHOCTE conoctaBuMa ¢ MomuocThio JIIK(pesucropa).

M — ky IHUM']'K( )
I T3<:.3 = k_s (IpaG.MaKc +ATpea)' (682)
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6.9 Bb160op ycTaBOK IS 3aI0UTHI OT HENMOJTHO(A3HOTO PEKHMA

3anmTa 0T HENOIHO(]PA3HOTO PeXUMA IO OTHOIIEHHWIO TOKOB 0OpaTHO# U npsMoii
TIOCJIEI0BATEIBHOCTH MOXKET OBITH MCIIOIB30BAHA I 3aLIMTHI BO3AYIIHEIX U KaOelb-
HEIX JIMHUH, a TAKXKE 3alUTHI JBUTATECIICH.

Omna o6ecnednBacT JIy YlIyi0 IyBCTBUTEIBHOCTh U CTa0UIIBHOCTD 110 CPABHEHHMIO C
(yHKIMEi TOKOBO# 3alUTHl 0OPAaTHO OCIEA0BATENBHOCTH, TaK KaK OHA HCHOJIB3YeET
COOTHOIIIEHUE TOKOB 00paTHO#! K IPsAMOM [OCIIEAOBATENBHOCTEH, KOTOPOE ABIAETCS OT-
HOCHTENIPHO ITOCTOSHHBIM B CITydae H3MEHEHNS HarPy3KU.

OyHKIU 0CHOBAHA Ha N3MEPEHNY HeOamanca MeXXry TOKaMHu 00paTHOMH U psiMOid
TI0CJIEI0BATETIBHOCTH.

YcraBka [0 OTHOIIEHHIO TOKOB IPSMOM U 0OpaTHO# MocneaoBaTesIbHOCTH pac-
CUMTHIBAETCS 10 hopmyJie:

1,3HP
27 2 10%. (6.9.1)

Iy c3

Brinepxxa Bpemenu 3HP Ha cUrHa WIH OTKIIFOYEHHE t3np.2 JOJDKHA OBITH OTCTPO-
€Ha 0T MAKCUMAITBHOTO BPEMEHH AEHCTBHS 3aluT Npu Mekaydazueix K3:

t3np2 = tpes.MaKc + At’ (692)
TIE tpesmaxe — MAKCHMATIBHOE BpEMS JEUCTBUA PE3CPBHBIX 3aIlIAT MUTAOLLEN CETH,

At=10.5 + 1.0 — Bpems 3amaca.

6.10 BbI00p ycTaBOK /sl TOTHYECKOI 3aIMHTHI LIMH
JUst TOrMYecKOoi 3aMTEl IWH UCTIONIL3YETCs ONHA M3 cTyneHe MT3 BBoa-

HOT'O BBIKITFOUATEJIA C 6JIOKI/IpOBKOﬁ oT CpaGaTBIBaHI/IS[ TOKOBBIX ITYCKOBBIX OPraHOB 3a-
AT HpI/ICOCHI/IHCHI/Iﬁ, OTXOOAIIUX OT IIIHH.

Tok cpabamuvleanusn cnyneHu moKo6oul 3auyumsl NPU UCHONBL306AHUL O3 J10-
2UYECKOU 3auiUmbl WUH, PACCUNTHIBACTCS TI0 CIICAYIOLIEH BopMyie:

ken
IC.3.JT3LL[ = k_ * (kcaMIIIOM.,uBE + [paﬁ Make)> (6101)

roe k; = 1,1 - koo pumuenT 3amaca,;

Keams - KOO duimeHT OTCTpOIKK OT camo3anycka >fiekTpojasurareneii. Cm. mo-
scHenue mocie Tabmmmb! 1;

kg = (0,95 —0,99) - koa(hduIEeHT Bo3BpaTa TOKOBBIX 3aLIUT.

Lyarps - MaKCHMANBHBIA TOK HAarpy3kH, Ge3 yueTa myCKOBOIO TOKA ABUTATENEH.

MaxcuMaNbHBIM TOK HArPY3KU MIPUCOEAUHEHUS ONPENEIAETCS KaK:
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Smax g
IHarpZ = 730900’ (6.10.2)

1€ Syax — MaKCHMAalbHAs MOITHOCTE HATPY3KH.

I ycksnpur — CYMMapHast BEJIMYMHA ITyCKOBOTIO TOKA BHICOKOBOJILTHBIX DJIEKTPO-

JIBHUTATECIICH.
s mpexotepamenus cpadateiBanus JI3ILI, korma TOk moBpexaeHHOTO Qumepa HEIO-

cTatoueH It cpabateiBanms cBoeii MT3 (K3 mamexo B ceTH) HEOOXOAUMO BEITIOTHUTE
coznacoeanue moka cpabameiganus JI3LI c moxom cpabameiéanus coomeemcmey-
oweii cmynenu MT3, omxooauux om WK RPUCOEOUHEHUTI U MOKOM CPadamviea-
Hua cmynenu MT3 ceKUuOHHO20 6bIKNIOUAMENAL.

ks
Iesnsw = —— (Ic.3.M'13 c])u,q.(CB))r (6.10.3)

Toxpacup

rae k, = 1,2 —  xosddunueHt 3anaca,

Kroxpacnp = KOOOOUUMEHT TOKOPACTIPEAEIIEHUS, PABHBIH OTHOIICHAK) 3HAYCHHUS
Toka K3, mpoTekaromero uepe3 NoBpesKACHHOE MTPUCOECAUHEHNE, K 3HAUEHHIO ToKa K3,
MPOTEKAFOIIETO Yepe3 BBoA. B (opmyny moscrasnsercs MUHMMAIbHOE 3HAUEHHE KO-
3¢ duureHTa TokopacupeaeneHus.

Koa¢ouryieHT 4yBCTBUTENBHOCTH OTPEACIACTCS IO POPMYIIE:

/@
L) > 1,5, (6.10.4)

les13m

kl{=

2

@
rne 1K.MHH(K3)

Bpema cpabamviéanua cmynenu moko6oii 3au{umsl IpU UCTIONb30BAHNHA TS JIOTH-
YECKOM 3aLIUTHI IIUH pUHUMAaeTcst paBHEIM 0T 100 1o 200 Mc, B 3aBUCHMOCTH OT Be-
mnuuHbl Toka K3 Ha mmHax.

— MUHUMAaJIBbHBIH TOK nByx(aznoro K3.

6.11 BpIGop ycTaBOK /151 3aI0HT 0aTapeH CTATHYeCKHX KOHAEHCATOPOB.
6.11.1Bp100p ycTaBOK 1151 TOKOBBIX 3aIIHT 0T Me:kay(a3unix K3 niist 6a-

TapeH CTATHYECKUX KOHIEHCATOPOB
Tok cpabamereanusa nepeoii CMynenu moKosoil 3auiiimpl BEIONPaeTCs U3
YCJI0BHS OTCTPONKH OT ToKa BKI0UeHUs BCK(B pexume BKIIOUeHHS Gatapey BO3HH-
KaeT 3JIeKTPOMArHUTHBII NEPEXOAHBIA IPOLECC) U PACCUUTHIBACTCS O CACAYOIICH

dhopmyie:
k]u'rc'k

L orcKorewn 6.11.1.1)

1
I c3. = Kor
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rae: k! o = 2,5 — koodduumenT oTCTpOliKKY, YHHTHIBAIOMIMI IEPEXOIHbIIH Mpoece
nipu BKimroueHnH bCK.

Kexems: = 1 (€CIIH KOHAEHCATOPB! COEAUHEHBI B 3BE31Y ) HITH \3 (ecnu KOHACHCATOPHI
COCIMHEHBI B TPEYTOJNBHUK).

ki — k03 Puuuent Tpancopmauum TpaHcGopMaTopoB TOKA.

I 5ck — TOK ycranosusuierocs pexxuma bCK i ok paspsna BCK Ha MecTo BHew-
Hero K3.

Toxk ycranosusmerocs pexkuma bCK paccuntsiBaetcs mo gopmyie:

Igg = e (6.11.1.2)

-5 ~XcXpearr”
rac.
X — HHAYKTUBHOC COMTPOTHUBJICHUC CUCTCMBI,
Unompas - HOMAHAJIBHOE (ha3HOE HANPSDKEHAE;
Cs> —OKBMBAJICHTHAs1 ECMKOCTbh KOHJACHCATOPOB OII,HOf/'I (1)33]:1 €MKOCTb KOHACHCATOPOB,
Cx

Cy= —m ,rac:

CK - eMKOCTB O{HOTO KOHAEHCATOPA;
m - YHCIIO MAPAICTBHBIX BETBSH B GaTapew;
7 - YHCJIO MOCIIEA0BATENFHBIX KOHACHCATOPOM B OaTapen;

Xpeaxr - COMPOTUBIICHAE IEMIIQHUPYIOMETro peaKTopa.

Bpema cpadampvieanus nepeoii crynenu TOKOBOH 3aIIUTHl IPUHUMAETCS PaB-
HEIM 0.

Ecnu Bo3MOkHO nookarouenue émopoit BCK npu exniouennoii nepeoii, 1o
BO3HHMKAET KPaTKOBPEMEHHEIH OONBIN0M ypaBHUTENBHEII TOK:

I _ Uuouqm'ﬁ e:
ypaen — 73 'Z'RBHyTp s .

Ryuyrp - BHyTpeHHee conpotusiienne bCK.

Ot TOKa TaKO# BEMMYMHBI OTCEYKY OTCTPOMTH HEBO3MOXKHO. [ToaTOMYy, B NaH-
HOM CIlyyae, PEKOMEHIYETCS BpeMs cpabaTbIBaHWsS OTCEYKH BHIOMpPATh PaBHBIM
20-30 mc.

K 5TOMy MOMEHTY BpEMEHN YPABHUTENBHEINH TOK PAKTUYECKH HCUE3HET.

Toxk cpabamvisanua 6mopoil CMyneHu MoK08oil 3auimsl PacCUNTHIBACTCS
II0 TO ke (hopMyJie, HO TaK KaK BEIAEPXKKA BPEMEHU BhIOMpacTcs Ooublei ¢ pacye-
TOM [0JIHOI'O 3aTyXaHHs IEPEXOTHOTO MPoIecca, To
kY ore = 1,5 — k03(dUIMERT OTCTPOMKH.

Bpema cpabampvieanus émopoii cnyneHy TOKOBOH 3allUTHL BEIOUPACTCS U3
co00pakeHHM I MOJHOTO 3aTyXaHus IIEPEXOAHOTO mpolecca npu BkitoueHud bCK u
IIpuHUMaeTcs pasHoit 200 Mc.

KoadduimeHt 4yBCTBHTENFHOCTH IIEPBO CTYIIEHH PACCUMTBLIBAETCS 110 (popmyJie:
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ey ="‘j,“%z 11, (6.11.1.3)

rIe:
Lis ppoga - MEHAMaNBHEI Tok K3 Ha BBoAe BCK (K3 3a AremnmpyronmM peakro-

poMm).

KoaddurreHT 9yBCTBUTENBHOCTH BTOPOi CTYIICHU PACCYHTHIBACTCS IO HopMyIIe:
foy =t > 9 9 (6.11.1.4)

IIIC.E.
ICH
L 13 mun - MEHUMAaNIBHBIH TOK Tipr K3 B BCK.

Ecmu k03 QpPuIreHT 4yBCTBUTENLHOCTH MOYYUTCS MeHbIIE 1,1, TO npuMeHeHHe nep-
BOIi CTYIICHU HE LIENEcO00pasHo.

6.11.2 Bbi0op ycTaBoK AJIsl 32IIHTHI OT Meperpy3Ki TOKAMH BbICIIHX
rapmonuk BCK
Tox cpabamsleanua nepeoil CIMyneHu 3auiumsl om nepezpy3Ku, 0elicmeyio-
uieii Ha OMKIIOYeHUe, BEIOUpPAETCs M3 YCIIOBUA OTCTPolKkH oT Toka BCK ycTaHOBHB-
IIErocs peXkuMa U PacCUUTHIBACTCA mo (popMmyIie:

Korc'Kexemnt
Ileq 2 =828 gy, (6.11.2.1)

rae: k! 7 = 1,3 — k03 UUUERT OTCTPOMKH.

Kexens = 1(€CIIH KOHIGHCATOPHI COSANHEHBI B 3BE3/Ly) Ml \'3 (€CITH KOHICHCATOPEI
COCTMHEHBI B TPCYTONBHHK).

k. — koo Puuuent Tpancopmauun TpaHcGHOPMATOPOB TOKA.

I 5ck — TOK ycranoBuBinerocs pexxuma bCK wmn Tok paspsga BCK Ha mecto BHeu-
Hero K3.

Tok ycranopusiierocs pexxuma bCK paccuntsiBaetcs mo gopmysie:

Iy = —ammbae (6.112.2)

T >
E—Xc

91 X
X, - THAYKTUBHOE COMPOTUBIICHAE CUCTEMBI,
Usiomepas - HOMMHATEHOE (pa3HOE HAMPSKEHHE.
C - 5KBUBAJICHTHASA EMKOCTb KOHJCHCATOPOB OTHOM (ha3bl EMKOCTh KOHJCHCATOPOB
W3 nByx 3Ha4eHU# Toka BIOMpacTcs Gornbliee.
Bpems cpabampireanus nepeoii cmyneru 3allUTH OT NEPErPy3KU BLIOUpaETCs

13 cOOOpaKeHHUH OTCTPOMKH OT BpEMEHH HATMUMS UCKAKEHUHM CHHYCOMTATBHOTO
TOKA IIPY NEPEXOJHOM [POLIECCE BO BHEIHEH CETH M MPUHUMAETCS mopsiaka 2,5 c.

Tox cpabambiganua emopoll Cyneru 3auummst Om nepezpy3Ku, oeticmey-
1oueli Ha cuznan, paccuumvlédemca no moii yee popmyne, no k' .. =1,1.
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Bpema cpadampieanua émopoii cmynenu 3allATHL OT NEPErPYy3KU IPUHIMA-
€TCsI PaBHEIM, TTOpsiaka 4-5 ¢.

6.11.3 BriOop ycTaBOK JUTs TOKOBBIX 3aITT OT MeXaypasubix K3 s myHTHpY-
X peakropos 10-35 kB.

Tok cpabampreanus (0TCEUKN) Ic3, PACCUUTHIBACTCS UCXOAA U3 YCIOBHS OTCTPOIKH
OT 6pocKa TOKa HAMAarHMUMBAHMUS PEAKTOPA MPH BKITIOYECHU.
Iy =5 Liowwp (6.11.3.1)
rae:
Tom mp - HOMMHAIBHBIH TOK [1IP, paccunThiBaemslii o Gopmyne:

SHOM
Luom mip = ﬁ—u'{;" : (6.11.32)

6.12 3ammThl OT 0AHO(A3HBIX 3AMBIKAHMIA HA 3EMJIIO
3amura MOXKeT JeHCTBOBATH KaK Ha CUTHAJ, TAK U HA OTKJIIOYEHHE B 3aBUCHMO-
CTH OT MECTHBIX YCIIOBHIH U TpeOoBaHMii 0€30MaCHOCTH.

6.12.1 Henanpasiennas 3amuta ot 033 1o 0cHOBHOl rapMoOHHUKe 1151
CETH ¢ H30/IHPOBAHHOM M Pe3HCTHBHO-323¢MJICHHOH HeliTPaabIo
(4epe3 BLICOKOOMHOE CONPOTHBIICHHE)
3azeMIIeHUE HEUTpasy CETH Yepe3 BHICOKOOMHOE COIPOTHUBIICHHUE — 3TO 3a3eMJIie-
HHE 4epe3 CONMPOTUBIICHHUE, 10 MOAYJIIO CONOCTABUMOE C CYMMAPHBIM €MKOCTHBIM CO-
MIPOTHUBICHUEM CETH (0OBIYHO eANHUIIEI KOM).
3ammura pearupyeT Ha EMKOCTHBIN TOK HyJIEBOH OCIE0BATEIBHOCTH CETH, TTPO-
TEKAIOLTUH Yepe3 MOBPEXKICHHBIH DTIEMEHT. 3allnTa NOAKIIYaeTC Ha TpanchopMaTop
TOKa HyJIEBOM IOCIEAOBATENBHOCTH 3anminaeMoro npucoemuHenus (TTHII) wmm, B
ciydae, ecny kabenb oHO(ha3HbIi (HanpuMep, NPy MPUMEHEHUH W30JISIIAN W3 CIIH-
TOrO MOJMATHJIEHA) HA TpeXTpaHcHOpMaTOpPHBIM (QUIBTP TOKA HYJICBOUN TMOCIEHAOBA-
TENBHOCTH, BEIIOJHEHHBIH Ha (a3HbIX TpaHchopmaropax Toka (OTHIT).
3HaYeHHE CYMMAapHOr0 €MKOCTHOIO TOKA HYJIEBO# IOC/IEN0BATEIbHOCTH JINHUMA
Beell cetd pu O33 MOXKHO OPHEHTHPOBOYHO ONPEAEIUTH MO SMITUPUUIECKUM (PopMy-
aaM:

Uy -1
- anst KabenbHbIX cetedt Iocy ~ —— z (6.12.1.1)

Up -1
- JUTS BO3AYIIHEIX ceTeif [ooy ~ — 2 6.12.1.2)
X 350 '

rae Uy - HOMHHAJIEHOE HaIpsHKCHUE CETU B KMJIOBOJIBTAX,
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[s - cymMMapHas [JUIMHA JIMHUHR CETU B KUIOMETpaXx.

[Tpu U3BECTHOM 3HAYEHUH EMKOCTeit KaOenei, BO3AYLIHBIX JTUHUM U APYroro 060py-
JIOBaHMsI, CYMMAapHbIii TOK HyJIEBOH NOCIEN0BATEIHHOCTH CETH MOXKET OBITh OMPENETEH
KaK:

IOCZ = \/§ ‘W CZ : UH + IOCABPII" R
(6.12.1.3)

rae Cy - cyMMapHasi eMKOCTb ceTH (03 1BUraTenbHo# Harpy3ku) Ha dasy;
@ — YITI0Bas 4acToTa;

27 " .
Tocaeur = 5 Juom "3 Cgp* Uy - €MKOCTHOM TOK JBHIaTEIBHOM HATPY3KH, T/IE:
0,0187-5,-107¢

= —————— - ¢MKOCTb JIBUTaTECJILHOI HArpy3KH.
AB " 1,2./U4(1+0,080,) a b

COOTBETCTBEHHO, VIS i-TOTO NPUCOEAUHEHHS, COOCTBEHHBIH €MKOCTHBIN TOK HY-
JIEBOH ITOCNIENOBATENILHOCTH IpK BEEIHEM O33 onpenensercs Kak:

Ioci =V3-w-C; Uy (6.12.1.4)

Tox cpabamvieanusn 3augumst I cp 3 BeIOMpaeTcs U3 ydera HecpaOaTeIBaHUS TIPH
BHemrHEX 033 M0 OTHOMICHHUIO K 3alMINACMOi JITHUHK U B pekuMax 6e3 033

Toxk cpabateiBanus HeHanpasneHHOH O33 BEIOUpaeTcs U3 ABYX YCIOBHIL:

1) oTcTpoiiku 0T COGCTBEHHOTO EMKOCTHOTO TOKA HYJIEBO# MOCIEAOBATEILHOCTH
3aMAIIAEMOTO TTpucoeauHeHNS (Ioc;):

Ieps = kore, " kep. " loci » (6.12.1.5)

rae ko = 1,2 + 1,3 - K03 GHUIMEHT OTCTPOHKH, yIATHIBAOIIMIA OTPEIIHOCTE PETie
TOKa, OImMOK| pacdera Iyc; v 3amac;

kep. = 2,0 - kood@uumenT, yUuTHBAIOLIMI YBEIMYCHHUE NCHCTBYIOIIETO 3HAYE-
HUsI COOCTBEHHOTO €EMKOCTHOTO TOKA JIMHWUH IIPY AYTOBBIX nepeMesxatomuxcst 033

2) oTCTpOHKH OT MakCUMabHOTO ToKa Hebananca @THIT B pexkumax 6e3 O33 (B
YaCTHOCTH BCIIEACTBHE ECTECTBEHHON HECUMMETPHHM EMKOCTEH CETH Ha 3eMITIO 110 (ha-
3aM) WX TIpY BHENTHUX MexKaydasapix K3:

Iepz 2 kore. * lumaxc » (6.12.1.6)

rae kg = 1,5 nns tpextpancdopmaropasix @THIT u 1,2 ans kabenbueix TTHIT;
116 maxc - MAKCUMAITBHEIH TOK HeOaIaHCa.
IIpu npumenenmm TTHII  TOK lygyaxe HA3MEPSETCS B LEMH BTOPUYHOMN
OOMOTKH.
ITpu npumenennn OTHIT Tok HebanaHca paccUUTHIBAETCS MO GopMyIIe:
Iysmaxe = Kogu. " € * Iz mac, TAC: (6.12.1.7)

koms. = 1,0 - K03 (pUIEEHT OTHOTHIIHOCTH TPAHCHOPMATOPOB TOKA,

€ =0,1 -mnpenenpHas morpentHocTs 1T,
liamake - MAKCIMAITBHBIN TOK MExaydaznoro K3, mpotexarormuit mo OTHII;
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Jlns BBHIOpaHHO#M VCTaBKH TPOBEPAETCS KOIPQPHUIMEHT YyBCTBHUTEIBHOCTH 3a-

LATHL.
Jlnd ceTr ¢ U30JIMPOBAaHHOI HEATPAITBIO!

ko = 2 > kg non TIE: (6.12.1.8)
Icp3

Loy = locy — loci - TOK B paccMarpuBacMoii 3alumre
JIns1 ceTH ¢ pe3uCTUBHO-3a3eMJICHHOM HEWTPAIBIO

I3aM.
k, = sl > kl{.MﬂH.,qon. > (6.12.1.9)

Icp3

2
tne:  laug = J(locz —Ioc)? + (Un/(V3-Ry)); (6.12.1.10)
Kyt pon, = 1,5 — MHUHHMAJIBHO JIOTYCTHMBIiA KOO(OHUIMEHT TyBCTBATEIEHOCTH;

Ry — conpoTHBIeHUE 3a3eMIICHUS HEATpaNH,
Uy - HOMHHAIIBHOE HANPSDKECHUE CETH.

JUTsT MCKITFOUEHHST M3THITHUX cpabaThiBaHUit MPU KPAaTKOBPEMEHHBIX MEPEX0/I-
HBIX MTPOLIECCAX, BEI3BAHHBIX KOMMYTALUAMU B CETH, a TAKKe IPH KPATKOBPEMEHHBIX
nyroBeix O33 BBOAWMTCS BBIAECP)KKA BPEMEHH Ha cpabaTeiBaHME fcp.3. MHHUMabHOE
3HAYEHKE /cp.3 IOJDKHO COCTaRNATh HEe MeHee 0,1 ¢. Pexomenayemoe 3Hauenue 0,5 c.

6.12.2 Hanpasnennas 3amuTta ot O33 no 0cHOBHOIi rapMoHHKe
JJ181 ceTell ¢ H30/IMPOBAHHOI HEHTPA/IbLIO H PE3HCTHBHO-3a3€¢M-
JICHHO# HeATpa/IbIO
HanpasnenHble 3a1uThl IPUMEHSIOTCS B CIIy4Yadx: IPU EMKOCTHOM TOKE OAHOTO
npucoeauHeHus 6omnee/pasHo 0,5 OT CyMMapHOIO EMKOCTHOTO TOKa CETH; TPH HATTMYHUH
TIOCTIEA0BATENbHBIX YYACTKOB C YCTAHOBJIEHHBIMH 3ammTamMu oT O33; mpu Hejmocra-
TOYHO YyBCTBUTEALHOCTH HEHANPABIICHHBIX 3aILKT.

HarmpaBierne ompenensercs mMyTeM KOHTPOJS YIJIa MEXIY BEKTOPaMH TOKA H
HAIPSDKEHHS HYJICBOM MOCIICA0BATEIBHOCTH 3AIUMINACMOTO TIPUCOCANHCHHSL.

¢ = L(oci, Up). (6.12.2.1)

Ilo memsM HanpspKeHUs 3aLUTA NOAKIIOYAETCS K JOMOIHUTENBHOW BTOPUYHOM
obmoTke mmHHOTO TH, coOpaHHON B Pa3sOMKHYTHIH TPEYTOMBHHK, WIH Ha (pa3HbIe
HaNpspKEHUS OCHOBHOM OOMOTKH, € ITOCIIEAYIOIIM MaTeMAaTHYECKUM PacieToM Hamps-
JKEHHs HYJIEBOH MOCIC0BATEILHOCTH.

Hamnpasnennas 3ammra ot O33 1o npuHUUNy AciicTers He TpeOyeT OTCTPOHKU
OT COOCTBEHHOr0 €EMKOCTHOTO TOKA 3alUIIIAEMOr0 IPUCOEMHEHUS 1 001a1aeT 6ob-
LIEH YyBCTBUTEJILHOCTBIO IO CPABHEHHIO C HEHANIPABIEHHOM 3amuToi. [ToMmumo 31oro,
HAMpaBICHHAA 3alIATa MOXKET NMPUMEHATBCA B CETAX, HMEIOIINX NPHCOCIUHEHUS C
PE3KO Pa3IMYaroIAMCs EMKOCTHBIM CONPOTHBIICHUEM.
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Hanpsorcenue cpabameieanue 3augumeol Ucpz = 0,15 + 3U0 mpw ogHohazHOM
3aMBIKAHUH HA 3CMILIO.

Tok cpabamsieanus 3auumol Icp3 BEIOUpAcTCs U3 YCIOBHS OTCTPOMKH OT MaK-
cuManbHoro toka Hebananca OTHII B pexxumax 6e3 O33 wiM npu BHEHMIHUX MEXK-
nydasnaerx K3:

]CP.3 = kOTC. : IH6.|V[a|<c s (61222)

rae ko = 1,5 ws tpexrparcdopmaropasix @THIT u 1,2 ans kabensHeix TTHIT,
16 maxc - MAKCIMAJTBHBIN TOK HebajlaHca.

3HauYeHHE MAKCUMAJILHOTO TOKA HeOalaH ca OMPEAENETCS MO BHIPASKCHUIO:
1H6.Mal<c = kHG, ' lpacq.MaKc. > (6-]2-2-3)

tre  lhacumaxc. - MAKCAMAJTLHOE 3HAYCHHE ()a3HOTO TOKA, MPOTEKAKOMIETO B MECTE YCTa-
HoBkH OTHII B pexxume 6e3 O33);
kus. = 0,05 — xoddpdummenT Hebananca.

JUts BHIOpaHHO#M yCTaBKH TpoBepsieTcst KOIpQHUIMEHT TyBCTBATEIFHOCTH 3a-
LIATEL IO TEM ke (hOpMyJIaM, 4TO U JJisl HEHAPABICHHON 3aIUTEL

Jns ceteli ¢ M301MPOBAHHON HEHTPAIIBIO Y201 MAKCUMAIbHOU YY8CMEUMENb-
Hocmu (@) 10KeH cocTapnath -90°(no ortHowenuio Kk Bekropy 3U0), npu 3azeM-
JleHUY HEHTpany 4epe3 pe3ucTop Yrojl MaKCUMAaIbHOW YYBCTBHTENTLHOCTH KOPPEKTH-
pyeTcd B CTOPOHY yMeHbIeHus. Harmpumep, Tpy paBHBIX 3HAUEHUSIX €EMKOCTHOTO TOKA
CETH M PE3UCTUBHOIO TOKA B HEUTPAIU yroJl MAKCUMAIbHON YyBCTBUTENIBHOCTH MOXKET
OBITH IPUHST paBHEIM -135°,
B ofmeM ciaydgae yron MakCHMAaJIbHOM YYBCTBHUTENBHOCTH PACCUHTHIBACTCS NO (op-
MyJe:
Pus = —(90° + arctg LLCERD,) (6.12.2.4)

Iocy —loci

JU1st HCKITFOUEeHNS M3UIIHUX cpabaThiBaHUN NpPH KPATKOBPEMEHHBIX MEPEXO0M-
HBIX MIPOLIECCAX, BBI3BAHHBIX KOMMYTALUUsAMH B CETH, a TaKXKe MPH KPATKOBPEMEHHBIX
ayroeeix O33 BBOAMTCS BBIIEPKKA BPEMEHHU Ha cpabarbiBaHUE /cp3. MUHMMAaIbHOE
3HAYEHUE /cp 3 AOJDKHO COCTABIATH He MeHee 0,1 ¢. Pekomenayemoe 3Hauenue 0,5 c.

Ipu nocnenoBaTeNBHEIX YYAaCTKaX CETH BREIIEPIKKM BPEMEHH HAIPABJIEHHBIX 3a-
AT JOJMKHBI OTIMYATHCS HA CTYNEHb ceNieKTUBHOCTH (0,5 ¢).

6.12.3 3ammra ot O33 N0 AKTHBHOI MOIHOCTH HYJIeBOii MOC/Ie0BAa-
TEJILHOCTH (BATTMETPHYECKAsl 3a1[HTA) VISl ceTeil ¢ KOMMeHCH-
POBaHHOH HeliTPaNb10 H KOMOHHHPOBAHHBIM 3a3eMJIeHHEM
HeliTpaaun

Ilon xOMOMHMpOBAaHHEIM 3a3€MIICHHEM HEWTpaId MOHMMAeTCs 3a3eMJICHHE
HEATpaNK 4Yepe3 MapamieNbHO BKITFOYEHHBIE JyTOTaCUTEBHBIH PEAKTOP H BBICOKOOM-
HEIH PE3UCTOP.
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3amuTa 0CHOBAaHA HA KOHTPOJIC BETMUYMHEL M HAIIPABJICHUS aKTUBHOM MOIITHOCTH
HYyJIEBOH MOCIJIEN0BATEIBHOCTH OCHOBHON 4acTOThI IpH O33. AKTUBHAS MOLTHOCTh TIPH
033 Ha NpUCOSTUHEHUH ONPENCTISIETCS KaK MPOU3BEACHNE HANPSOKCHUS HYJIEBOM IM0-
CIIENOBATENBHOCTH HA aKTUBHYIO COCTABJLAIOIIYIO TOKA HyJIEBOM IOCIEI0BATEIEHOCTH
BCEI CETH, 332 BEIUETOM aKTUBHOM COCTABIIAIONIEH COOCTBEHHOIO TOKA JIMHUM.

Mownocmp cpabampviéanua 3auiumsl ONA CeMU C KOMREHCUPOBAHHOU
Hellmpanvio:

Py

Pocps. =+~ (6.12.3.1)
roe: ky = 1,5 — k03 GUHEHT IyBCTBUTEIEHOCTH.
Py = Uy (ocy — loci — Inrp) " cos < = Ug * Iypyoun - AKTHBHAS MOIII-
HOCTB HyJIEBOI mocnenoBaTenbHOCTH IIpu O33, (6.12.3.2)

rone «— TCKYLICC 3HAYCHUC YIJIa MCKIY TOKOM U HAIPSHKCHUEM HyJ'IeBOfI nocjaca0Ba-
TEBHOCTH;
Inrp — ToxK uepe3 JI'P B pexxume O33.

AKTHBHAs COCTaBIIAIONIAsA TOKA MOKET OBITh BEIMUCIICHA Yepe3 Ko duimenT ycno-
KoeHus ceTu (d).
Iorcomn. = d* IOCZ. (6.12.3.3)

Jns ceteit ¢ KOMIEHCHPOBAHHOW HEWTPAIBIO C BO3AYIIHBIMU JTMHUAMU U HOP-
MaJIbHBIM cocTosiHreM u3omsiuud d = (3 + 5) %. Jiis ceTeii ¢ KaOeIbHBIMH JIMTHASIMA
d = (2 +4)%. llpu vanuunu Kadeeit ¢ cocTapuBIeiics W3osmucH (Mpu 3arpsi3me-
HUSX H YBIQKHEHUIX) 3HaueHue d Moxket gocturarsb 10 %.

Jls ceteili ¢ KoOMOMHAPOBAHHBIM 3a3eMiicHUEM HelTpam mpu O33 cymMMapHoe
3HAYCHHE 3HAYCHUE TOKA lpp CKIIAABIBACTCA U3 AKTUBHBIX COCTABIIAIOMMX TOKOB YEPE3
BBICOKOOMHBIi pe3uctop u yepe3 AI'P:

IOR = IORKOMH. + IORpeauc‘r. (61234)

Py = Uy * Iyp - akTMBHAA MOIIHOCTH HYJIEBOW MocneaoBarenbHocTH pu O33 ¢
KOMOWHMPOBAHHBIM 3a3€MJICHHEM HEHTpaH.

Jins ynydimieHust OTCTPOHKH 3alUTHL OT HOPMAIBHOTO HArpy304HOIO PEKUMA
MOXKET OBITH MPEAYCMOTPEH MYCK 3ALIUTHI IO HAMPSHKEHHIO HYJIEBOW MOC/IEA0BATENb-
HOCTH.

Yemaera nycka no nanpascenuio nyneeoii nocneooeamensHocmu
Ub nyex BBIOMpaeTcs B imanaszone otr 5 10 20 B, B 3aBHCHEMOCTH OT HanpsDKeHUS HeOa-
JIaHCA Ha JIONIOJIHUTENBHO#M BTopudHOi oOMoTke TH B pexume 6e3 O33. Pekomenaye-
MO€ 3HAYCHHUE Up pyere = 15 B.

JUTs UCKITFOUYCHHS W3JHIIHUX CpabaThbiBaHWii MPH KPATKOBPEMEHHBIX MEPEXO/I-
HBIX TPOLECCaX, BRI3BAHHBIX KOMMYTALIMSIMU B CETH, & TAKOKE ITPA KPATKOBPEMEHHBIX
ayroebix O33 BBOAMTCS BBHIJCP)KKA BPEMEHHM Ha cpalarbiBaHue !cp3. MUHUMANBHOE
3HAYCHHUE ICp 3 JOJDKHO COCTABIATh He MeHee 0,1 ¢. Pexomenmayemoe 3raueHue 0,5 c.

50



6.12.4 Curnamuszauust npu O33 ¢ UCMONB30BaHUEM BBICHINX TAPMOHHUK TOKa

Cursanusanys NpeAHA3HAYECHA JJIs CEJICKTUBHOTO OINPEACNICHHs MPUCOEAUHE-
Hu, umerolero O33. Curnanusanus MOXET OPUMEHATHCS B CETAX KaK C H30JMPOBaH-
HOHI HEWTpAJbIO, TAK M B CETAX C HEHTPATBIO 3a3€MJICHHON 4Yepe3 MyroracHTeIbHbIH
peakTop (KOMIEHCUPOBAHHAS HEUTPAIb), a TaK XK€ IS ceTel ¢ KOMOUHUPOBAaHHBIM 3a-
3EMJICHUEM HEUTpanu.

CurHansanys BEISBISET HOBPEXKICHHOE MPUCOSANHEHHE IO HAUOOJBIIIEMY 3Ha-
YEHUIO CyMMBbI BBICHIMX TAPMOHUK B TOKE HYJICBOH MOCIEA0BATENIBHOCTH HECKOIBKHX
TIPUCOCAMHEHUH, peamn3ysl, TakuM 00pa3oM, OTHOCUTENIBHEIN 3amep. CUrHanu3auus
HMEET Iy CK [0 HANPSLKEHUIO HYJIEBOM MOCIIEI0BATEIBHOCTH OCHOBHOM YacTOTHI, KOTO-
Pblii IpeiHa3HAUCH I 00eCIeUeHHs CPABHEHIS TOKOB TOJIBKO B PEKHME IMPH HATMYNH
033.

YcerpoiicTeo curHanmmzanyy noaxrrodactes K TTHIT npucoennHeHuii U K J0MOJ-
HHUTENbHOH BTOpH4HO# 00MoTKe TH 1mmH.

Yemaexa nycka no nanpacenuio nyneeoii nocieoosamensrnocmu Up nyex BBI-
Gupaetcsa B Auanazone oT 5 mo 20 B, B 3aBHCMMOCTH OT HanpsbKeHUs HebanaHca Ha
JIOTIOSTHUTENEHOM BTopu4HO# 00MoTKe TH B pexxume 6e3 O33. PekoMeHayeMoe 3HaUe-
HHUE Uppyer= 15 B.

6.12.5 Curzammsauud npu O33 ¢ UCNONb30BaHUEM HANPSYKEHHUST OCHOBHOM

4acTOTbL

Curnanuzaums MpeAHa3HA4YEHA JUT HECENEKTUBHOTO BBIsIBICHUS Hanmmausi O33 B
KOHTPOJIUPYEMOH CETU ¢ M30IMPOBAHHOH, PE3MCTUBHO-3a3¢MJICHHOH (BBICOKOOMHOE
3a3€MJICHHE) 1 KOMIICHCHPOBAHHOM HEUTpAIbIO, a TaK K€ IS CETU ¢ KOMOMHUPOBaH-
HBIM 3a3eMJIeHHEM HeliTpani. CurHanuianus DOAKIYACTCS K JOMOJHUTEIbHON BTO-
puaHoit 06MoTke TH, coGpanHOi B Pa3OMKHYTEIN TPEYTONBHIK, MITH Ha (ha3HEIE HATIPS-
JKEHUSI OCHOBHOM 00OMOTKH, C MOCIEAYOMIM MAaTEMaTHYECKUM PacueTOM HANPSDKEHUS
HYJIEBOH IIOCIE0BATENEHOCTH.

Yemaexa cpabamwieanua cuznanusayuu no HANPAdICEHUIO HYAE60U NOCAEO0-
samenvHocmu Uy cp.c BLIOMpaeTcs B AuanazoHe oT 5 1o 20 B, B 3aBUCUMOCTH OT Hanpsi-
xeHust HebajlaHca Ha OTIOHHUTENBHOM BTopraHOoi o6MoTke TH B pexxnme 6e3 O33.
Pexomennyemoe 3nauenne Uy cp.c, = 15 B.

JIJTsT UICKITIOUEHHUS] M3NMIIHUX cpabaThiBaHUil CUTHATU3ALMY TIPU KPATKOBPEMEH-
HBIX MEPEXOIHBIX IIPOIIECCaX U KPATKOBPEMEHHBIX CAMOJIMKBUAUPYIOMUXCSA JyTOBBIX
033 BBOIUTCS BEIACPKKA BPEMEHH Ha cpabaTblBaHUE fcp.c. MUHUMAIbHOE 3HAUYCHUE
{cp.c TOJDKHO COCTaBNIATL He MeHee 0,5 c.
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6.12.6 3ammra or O33 B ceTsiX ¢ HU3KOOMHBIM 3a3eMJIEHHEM HelTpaIn

Hu3kooMHBIM cyMTAETCS 3a3¢MIICHUE HEWTpaH, IPH KOTOPOM 00ecleUnBaeTCs
cpabareiBanyie MT3 npu O33. Ero BenuuKHa ONPEAENAETCS TEPMATECKOM CTOUKOCTH
pe3ucTopa (00sr4HO AecaTkr OM).

3aiura BBIMOIHAETCS MocpencTsoM MT3 (kpome kabenbHBIX THHA# W3 CIHIUTOTO
noymaTIieHa). Tok K3 onpenensercss conpoTUBIEHHEM PE3UCTOPA, BKIIOYAEMOTO B
HEUTpasb, IO3TOMY COPOTUBIIEHUE PE3UCTOPA JOJDKHO obecneunBars Tok K3, mocta-
TOYHBIH A7 cpabateiBanus MT3 ¢ TpeGyembiM Ku.

lopmrs < Ze— e (6.12.6.1)

4" Rpcaner *
Rpesucr CONPOTHRJIEHHE HA3KOOMHOIO PE3UCTOPA;
Ujom - HOMHHAJIBHOE HALIPSDKCHUE CETH;
k, =15 - ko3¢ uLHEHT TyBCTBATENEHOCTH,
Iepmrz - TOK cpaGareiBanus MT3.

Jigs  kaOenmbHBIX JHMHMM M3 mmroro moiamdTwieHa cornacao  CTO
ITAO «@CK EOC» 56947007-29.060.20.020-2009) HeoOx0uMO TIpeyCMaTpUBATh
JIBE OTAEIbHBIE 3AIUTEL:
oT Mexny(asubix K3 1 0T ogHo(a3HBIX 3aMbIKAHWM HA 3EMITIO.
Toxk cpabatbiBanus 3amuTel 0T OO3 BEIOKpaeTCs Mo hopMyIe:
1CP.3 = kH ' 1H6.MaKca rac (6]262)
ky = 1,2 - xo3pduImenT HaneKHOCTH
Lugmaxc = ko,zu—l. * € * Ia maxe> THE:
kogu, = 1,0 - koohduLMERT OTHOTHIHOCTH TPaHCHOPMATOPOB TOKA,
€ =0,1 -npenensHas norpeuHocTs 1T,
Liamaxe -MaKCHMabHBINH TOK Mexxay Gasaoro K3, nporexarormii mo OTHIL

KosdduipeHT 9yBCTBUTEIBHOCTH ONpeensIeTes mo GopmyJe:

ky= 2= > 15 rze: (6.12.6.3)

Icp3
loss - TOK, OIPENENAEMBL CONPOTUBICHUEM PE3UCTOPA [UTA 3a3¢MJICHHS HEUTPaITH.

Ecmm  ky oKkasancs HWKe JOIMYyCTHMOTO, TO OTCTPOKY OT HeGaaHca MpH MEKIy (has-
HbIX K3 MOXHO HE JenaTh, BBEAS BBIICPKKY BpeMenu s O33:
toz3 = lepmrs T AL, rae: (6.12.6.4)
tepmTa - BpeMs cpalarbiBarms MT3 oT Mexay hasasx K3;
At = 0,5¢ - cTymeHb CENEKTUBHOCTH.
To ects, mpu MexaypasHerx K3 gomyckaercs cpadarbiBanme myckoBbix oprasos 033
Ha BpeMs CylIecTBOBaHUs Mexknyhaznoro K3.
Toraa Tok HeGanaHca BEIYUCIAETCS IO hopMyIIe:
Iu6maxe = ko;u-l. tEer IpaG.MaKCa rae: (6.12.6.5)
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kogs = 1,0 - Ko3(pQULIMERT OTHOTUIIHOCTH TPAHCHOPMATOPOB TOKA,
€ =0,1 -npenenvHas morpemrHocTh TT;

Lhagmaxec - MAKCUMAIIbHBIH PabOUYHH TOK.

6.13 BbIGOp yCTABOK AMCTAHUUOHHBIX 3ALIHUT

JucTaHIMOHHAs 3ammTa Ans ceTedd 35 kB BKiItoyaeT B ceOs Kak MpaBuiio 3 CTy-
TICHH, K&KIasd U3 KOTOPBIX BKJITFOYEHA Ha MEKnyasHbie (WM Ha 0HO(MA3HEIE — IS
3ALUMUTHI OT JBOMHBIX 3aMBIKAHUH ) TOKU M HAMTPSKCHUSL.

Xapakrepuctuku cpadarsiBanuss PC pasHBIX MPOH3BONTENEH OTIMYAOTCS APYT
OT APYTra, HO KaK MPABUJIO MPEACTABIIIOT COO0H MHOTOYTOJIbHUK (B YACTHOCTH Mapa-
nemorpamMMm). Ha puc.14 nmpuBeaeH npuMep TUIMYHOM XapaKTEPUCTUKH HANPABJICH-
Horo PC. B He3aBUCHMOCTH OT AcTasiel XapakTeprcTuki PC KOHKPETHOrO MPOU3BOIH-
TeNs BEIOOP OCHOBHBIX YCTABOK ITPAKTHUYECKH HE OTIMYAETCA. B ciydae kakmx-mibo
ocobeHHOCTEH BEIOOPA YCTABOK, CBA3AHHbIX C BUOM XapaKTepUCTUKH, B MY IaHbl He-
00XOAUMEIE TTOSICHEHHSL.

TpaauIMOHHO IyCK AUCTAHIIMOHHOH! 3aIUTHI POCCHHCKIX MPOU3BOIUTENEH OCY-
IIECTBIIACTCS OT OPraHOB IIPUPALLECHUS TOKA MPAMOIA 1 00paTHO# MTOCIEAOBATENEHOCTH
OJOKMPOBKM ITPH KaYaHWAX, KOTOpas M BBOJWT Ha HEKOTOPOE BPEMsl 3allUTy B Jeii-
CTBHE.

Ho, B nocnennee BpeMs, HEKOTOPbIE NIPOM3BOAUTENN UCTIONB3YIOT OTACNBHbIC
TOKOBBIE (WJIM TOKOBBHIE C ITyCKOM ITO HAIPSDKEHHIO) IIYCKOBBIE OpraHbL [locnenHee
HEoOX0JUMO, B TOM UHCIE, ¥ KOTAa MPOU3BOAUTENH, KPOME TPATULMOHHON POCCHIA-
CKO¥i OTOKMPOBKH TMPH KauaHWsX MpeAyIaratoT U APYroif BApHaHT, HCIOIB3yeMEIit HHO-
CTPaHHBIMU ITPOU3BOAUTEIIIMU, & UMEHHO ONMOKMpOBKa /I3 MO CKOPOCTH M3MEHEHHA
BEKTOpa conpoTuBicHus. JlaHubri BapuanT aiaroputma BK He pekoMeHOyeTcs ans
YCT@HOBKH B CETAX C BBICIIMM HampsDKeHUEM 10 35 kB B cuiy ux 0coOeHHOCTEH 1 He
UCTIONIB3YETCS OONBITUHCTBOM ITPOU3BOAUTENEH TEPMUHANIOB 6-35 KB.

6.13.1 BeIGop ycTaBOK MycKOBBIX opranos /I3
Ilpn vcnons30BaHUKM  TOKOBOIO ITyCKOBOTO OPraHa, JeHCTBYIONIETO IIPU BB~
JIEHWH CHIDKEHMS HANPSDKEHNMS, YCTABKU BEIOUPAIOTCS KaK sl MAKCHMAIBHO TOKOBO#
3AlUMTHI C ITYCKOM 110 HAIIPSXKCHUIO.

Ipw ncromp30BaHAM MTyCKOBOTO OpraHa OIOKMPOBKU OT Ka4aHHi (UM CaMOCTo-
SITEJIBHBIX ITyCKOBBIX OPraHOB, JEHCTBYIOMIMX II0 TOMY K€ [IPUHLIUAIY ) CM. BEIOOp yCTa-
BOK a1 BK.

Ipu vcnone30BaHUK TOKOBOTO IyCKOBOIO OpraHa, AcicTBy1oUero 6e3 KOHTPoIs
HAIpsDKEHUS, yCTaBKa MPUHAMAETCS paBHOH ycTaBke MT3 (BeIbop yctaBok MT3, Tad-
muua 1).

YyBCTBHTENLHOCTH TOKOBBIX ITYCKOBBIX OpraHoB /I3 mposepsieTcs B ciiydae Me-

Taumyeckoro K3 B KOHLE 3aiuiaeMoit THHIH TP MUHUMAJIBHOM PEXKUME CCTH.
(2)

g = > 1,5 (6.13.1.1)

c3.

B nanHoM pasiene Bce ycTaBkH paccuuTaHbl B OM/dazy
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6.13.2 Bbi6op ycTaBOK N0 peakKTUBHOMY U aKTUBHOMY COMPOTUB/IEHUNIO
(o6wmnin noagxon ANs BCEX CTYNeHEN)
Ha puc. 14 npuBeaeH NpyvMep TUNMYHON XapaKTepucTWKN HanpasneHHoro PC
AN NOSACHEHNs BbI6Opa YCTaBOK MO aKTUBHOMY WM PEAKTUBHOMY COMPOTMBIEHWIO U
yrna MakcuMabHOR YyBCTBUTEbHOCTU. OCTa/lbHble YCTaBKM MO YTy, NOKa3aHHbIE Ha
pUCYHKe BblOMPaOTCA M0 peKOMeHAaLmMy Npon3BoANUTENS.

YcTaBka nopeakTUBHOMY CONPOT MB/IEHUIO x ycr OMNPefeNnseTcs ¢ y4eToM yrna
HaKNoHa XapaKTepucTukm cpl 1 UCX0As U3 COMPOTMBEHNI CpabaTbiBaHUIA, ONpeseneH-
HbIX HUXe

XycT = ZQ *sin” (6.13.2.1)
rae ZC3 - MONHOEe CONpPOTMBIIEHWE cpabaTbiBaHWSA CTYMeHel 3aluThl, onpeae-
NEeHHOe MO0 HUXKeYKa3aHHbIM MyHKTaM.

YcTaBKa No akTMBHOMY CONPOTMBAEHUIO RYCT onpefensieTcs BEIMYMHO pacyeT-
HOr0 aKTMBHOIO CONPOTUBIEHWS B MECTe MOBPeXAeHUs nNpu mexaydasHbix K3. Mpu
pacuete RyCT fo/mkHa 6blTb NpOM3BeAeHa NPOBepKa OTCTPOWKM OT MakCUMalbHOro
HarpysouyHoro pexxknumMa.

Yron HakfnoHa XapakTepucTukn cpabatbiBaHMs (Yron nnMHMM) ] onpegensetcs
ncxoaa U3 yaenbHbIX NapaMeTpoB MUHUM No hopMyne:

<l = arctgh =, (6.13.2.2)

Ayp.nunun

rae Xy IMHUM - peakTUBHAs COCTaBNAWAA YAeNbHOro COMPOTUBNEHUS K-
HUK;
Aya.IMHUW - aKTWBHAs COCTaBASOLWLAS YAEbHOTO COMPOTUBIEHNS IMHNN.

PucyHok 14. MNMpumMep XapaKTepUCTUKN pene conpoTUBIEHNA
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YcTaBKa o0 aKTHBHOMY COTIPOTHBIIEHHIO Rycr COCTOMT M3 ABYX COCTaBIIAIOLIMX.
TlepBast coctapnsromas Rycq 3aBUCHT OT CONPOTHBIEHUA Z . ; COOTBETCTBYIOMICH CTy-
TICHH M YT7Ia MAKCUMaIbHON 4yBCTBUTENBHOCTA. BTOpas cocrapnswomasn Rycry 3aBH-
CHT OT CONPOTHMBIICHHUS Ayru B MecTe K3 B KOHIIE 3alMIAEMOT0 YIacTKa.

Rycry = Zg5 * €05y , (6.13.2.3)
rae
Z 5 — HOIHOE CONPOTHBICHNUE cpabaTIBaHMUS CTYIICHEH 3aIUTEI, OMPEeICIICHHOS
110 HIKEYKA3aHHBIM TTYHKTaM

91 = arctg 2 (6.13.2.4)

YA JTHHAH

- YroJi UM (Yroj MaKCHMAJTbHOW Y9yBCTBHTEIIBHOCTH

R
Rycrz = Ky 32+ 05, (6.13.2.5)

rze:

Muosxutens 0,5 pUMEHEH, TaK KaK yCTaBKU paccuuTadbl B OM/(a3sy, a Tok pac-
cuMTHIBaeTCA A AByXdazHoro K3;

K, - xoaddurment 3anaca;

Rp -compoTHBIEHNE AyTH, PACCUMTHIBACTCS MO (OpMYJIE:

Rp = 1050—=, (6.13.2.6)

Ipyrn

rae:

Lyru - HEHCTBYIOLICE 3HAYEHHE TOKA IyTH, A;

L - nymHa nyry —paccTosiHIe MEXKIY IPOBOJAMH, M;

K - xo>dduimesT TOKOpacHpeIeneHus, paBHblii OTHOLICHHIO TOKA B MECTE
YCTAHOBKE 3allIUTHI K TOKY Yepe3 AyTY;

Muoxutens 1050 B3AT U3 uTeparypsl [32].

YcTaBKa 0 aKTUBHOMY COIIPOTHUBIICHUIO PACCUMTHIBAECTCS O hopMmyoie:

Rycr = Rycr1 + Ryera. (6.13.2.7)
3aTeM MpoBepsIeTCS OTCTPOIiKa 3TOH YCTABKH OT TOKA HATPY3KH H PE:KAMA CaMO-
3aIlyCKa JBUTaTeNel pu OTKITIOUeHNN BHemmHIx K3 (ipym OTCYTCTBHH Ha XapaKTepH-
cruke cpabareiBanus J|3 «BbIpe3a I HATPY3KIY.

Zpaomun. Singy
R, < =" % (oS4, — 6.13.2.8
yer ksky ( o tg(‘Pl)) > ( )

e

7 _ Upa6 mun

pabMHH. _\/g*k—l -MHHUMQJIBHOC CONPOTHUBJICHUEC B HArpy3o4HoM
cam {pa6maxc

pexuMe

k3 = 1,2 - xo3pduument 3anaca;

55



kz = 1,04 - xo3¢duument Bo3ppara,

H - YTOJI Harpy3KH,

Keaw - Koo dunuenT camoszanycka geurareneit (TaGnumal);

Upas mun = 0,9 i0m¢pas - MMHUMANTBHOE paGodee HAMPSKEHAE B HATPY30YHOM Pe-
KHME;

[Tpu HamMuum Ha xapaktepuctuke cpabarbiBaHus 13 «BbIpe3a Ijisi HArPY3KW»
PACCYATHIBACTCS MAKCUMAJIbHO BO3MOKHOC€ aKTHUBHOC COMMPOTHUBJICHUEC, OTIPCACIIACMOC
Harpy304YHBIM PEXHUMOM C YYETOM caMo3arycka ABUTarenei:

ZpaﬁMuH.tl)as.

Ruupea <=7 % (COSpu) (6.13.2.9)
rac:

ky = 1,2 - ko3 duLmeHT HanEKHOCTH;
kg = 1,1 - xooppuumenr Bo3ppara;
@uarp - YTOJI CONPOTUBIIEHHS HATPY3KH

Upas
Z = pabhmn MHWHHUMAJIBH! TIPOTUBJICHHEC B HAr YHOM PEXKUME,
padmun. = TF aJIbHOE COTIPOTHBJICHHE B HArPYy304HOM P ;

pabmMaxc

Yron Porpesa  — Puarp +5 rpaj .

6.13.3 BuiGop ycTaBok 10 Z JJist BceX CTyNeHeii JUCTaHIHOHHO¥ 3a-
IIHTHI 0T Mexkaypasabpix K3
BeNMu4YrHEL TOKOB, HANPHKEHUE U COMPOTUBIICHUH, HEOOXOAUMBIX UL pac-

4eTa yCTAaBOK, PEKOMEHAyeTCs mpon3BoanTe B APM CP3A. Jlanee Bce ykasaHus IO
BEIOOpPY ycTaBOK JI3 maHEI MPIMEHHUTENEHO K pacderaM B APM CP3A. Eciu pacueTst
npomBoasarcs Ha APM CP3A, To otanaetr He0OX0IUMOCTE B OIIPeeICHUH KO3 du-
IHEHTOB TOKA PaCIPEACICHHUS.

IIpu vammunu PITH Ha TparchopMaropax mpu BHIOOPE PaCYETHOTO PEXUMA IO
VCIIOBUSIM OTCTpOMKH 0T K3 3a TpaHchopMaTopoM JOJDKEH YUUTHIBATHCS PEXXUM, IPU
KOTOPOM COIIPOTHBIICHHE TpaHCcHOpMaTopa MIHUMAIBHO.

BrI160p yCTaBOK IO COMPOTHBIICHHIO M BPEMEHH cpabaThIBaHUS IS HEPBOI-
TpeTeit crymeneii /I3 ¢ HeoOX0AMMBIME TTOSICHEHHSIMY AaHE B Tabmmie 6.

TTostcusromast cxema K BeIOOPY ycTaBok 13 (BTOpas CTYIEHB) IS YCIIOBHS CO-
riaacoBaHus (1. 6, Tabnumer 6) ¢ TOKOBBIMY WIH KOMOWHHPOBAHHBIMH 3AIIUTAMH IIPE-
cTaBlieHa Ha puc.1 5.
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Tabanma 6. BuiGop yerasok 113

CTy-
Ne “
Ne | HeHD Pacuérnoe yciioBue Pacuernast popmyna HoscHenus
'3
I Jl1g onmpeneneHus cONPOTUBICHNUS Cpa- Zla < Zm 0,85 * Z a5 Jlns ciydaeB HaIH-
GatbiBanus Z! ., wa muHuM 6€3 OTBETB- (6133 Brﬁ o uKs OTBETBIICHUH B
JICHUH(KpOME TYNHKOBBIX JIMHMUIA) I APM CP3A omnpe-
Zyap - CONIPOTHBICHHE JIVHHUH, HA JENAETCS COMpO-
. KOTOpO# aBIINBACTCS WT
VYcenosue: orcTpoiika oT K3 Ha mmHax ao— %p;) Z(T:E?)}(I:I/ITGH};:_HCH;:H;IH a TUBJICHUE B pac-
TIC, npuMBbIKaroIme K IPOTHBOIOIIOX- ’ P CMaTpUBAEMOH 3a-
HOCTh TT K3
HOMY KOHLLY JTHHHH B =0,05 - oTHOCHTENBHAS TOTPEII- (TS TP 13 1
> MIMHAX HAU3IIETO
nocts TH (cpenHero) Hamps-
6 =0,1 — yueT morpenrHocTeii pacqeT
»1 — YHCT OTPCIHOCTCH PaCHeTa | opyg TpaHcdop-
1 Maropa OTBETBJIE-

To ke TIpy HAJTMYMHM Ha JIMHUSIX OTBETB-
JIEHWH’

VYcnorue 1: oTcTpoiika ot aByxdaz-
HOro MeTaumaeckoro K3 Ha mmHax
HU3LIETO (CPEeIHET0) HAPSHKEHUS
TpaHC(POpMaTOpa OTBETBICHUS

1 i —
Zc.3A < ZOTCT‘p.OTBeTBJ‘[ - 0!85 *

1
ZOTCTp.OTBeTBII , TAC
(6.13.3.2)
Z{rcrporsersn - CONPOTHBICHUE, H3-
MeEpIEMOe PacCMATPUBAEMOI 3amu-
To#i mpu K3 Ha muHax HU3IMmero
(cpenHero) HanpspKeHUS TpaHchopma-
TOpa OTBETRICHUA

HMS B PEKHME pa-
OOTEI CETH, KOTIa
OHO MHHUMAJIBHO.
Ecnu cpazy no
CXEME CETH HENb3s
OTIPEACTUTE MUHU-
MAaJIBHBLA PEXKUM,
TO JIeTIaeTCsl He-
CKOJIBKO Pac4eToB
I ONIPEICTIECHUS
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Taoauua 6. BeiGop ycTraBok 13

Ne | €TY ,
Ao | TI€HB PacuérHoe ycioBue Pacuernas ¢popmysa HosicHenus
13
3TOro pexuMa’.
Ycnoue 2: oTcTpoiika 0T Gpocka Toka
HAaMaTrHIYMBAHUA CHIIOBOTO TpaHcdop- ZL < Co (X + X%?ama_) O0603HaYEHUS | TTO-
Maropa X, PAJIOK pacuera,
(6.13.3.3) BXOJAUIIX B hop-
Myiy BenuduH (PY,
OKOHYATENbHO BEIOUpaeTCA U3 IBYX Bhirtyck 9, [Tpuio-
yCIIOBHI, T, ipH KoTopoM yerapka | *eHue VID)
TIOJIY4AETCSl MEHBIIE
I [lna onpedenenus conpomuenenus Zla < % = 0,85(Znap + Zrp)
cpabamvieanus_Z' ., (nns Tynuko- (6.13.3.4)
BBIX JIMHWH — THHAH O€3 oTnaek u ¢ Zyp - MUHEMAILHOE KBUBAICHTHOS | 11 ypenuueHus
OMHOCTOPOHHMM IMTARUEM IIPH OTCYT" | oonpoTUBNenne NapauieNbHO paboTa- | 30HbI CpabaTbiBa-
2 CTBHUHU BBIKJIIOUATENS HA TpaHcopMa- JONIVX TPAHCOPMATOPOB HA MMHAX | Hyst iepBOi CTY-
TOpe KOHIIC MHHH) TIPOTHBOMONOYKHOM, MO OTHONIEHHIO K | nenu
Yenosue : Orcrpoiika ot K3 Ha mimHax MECTY YCTAHOBKH 3AIIATEI TIOICTAH-
HUBIIETO (CPETHEr0) HANPSDKEHNS H
Tpancdopmaropa
3 s Ompe/ieeHNd BPEMEHN cpabatbl- tl, =0
BaHU IEPBOM CTYNEHA

7 IIpu BceX pacucTax MHHHMATEHOTO peskmnva, B APM CP3A onpenensieTcss MUHUMAbHbIH PEKAM PAGOTH! MUTAIOMICTO SKBHBATICHTHOTO HCTOYHHKA.
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TaGauna 6. Beidop yerasok 13

Ne | T¥
No | TleHB Pacuérnoe ycioBue Pacuernas ¢popmyna TlosicHenust
3
Crynenb 6e3 BBIICPKKH BPEMEHH
II Ecmm, x paccmatpu-
zl < Zacn_ _ () 85 & Zpaen » BACMOH JIMHUH,
, 1+p+6 YCTaBKU KOTOPOH
(6.13.3.5) BBIOMPAFOTCS, TTPH-
MBIKaeT CIIOXKHAS
Zpacy - COMPOTHBIIEHUE B PACCMATPH- | cetp, 10 3a pacueT-
na onpedenenua conpomugnenus BACMO¥ 3AIUTE IPH JBYX(PA3HOM ME- | Hpiif IPUAMMAIOT
cpabamvisanus 7', TaudeckoM K3 Ha IHHAX yNaneH- | pesxuM ceTH, TIpH
HOT'0 KOHITA B TOM U3 MPEABIAYIITNAX KOTOPOM COIIPO-
4 Yenosue 1: oterpoitk ot K3 Ha m- | 9/1CMCHTOB CCTH U B TAKOM PEKUME, | THBNIEHHE B Pac-
Hax yJaJIeHHOTO KOHI[a Mpeabiaymreit | KOT@ OHO MUHUMAJIBHO. CMaTpHBaeMoii 3a-
(manbornee yNaNeHHOM OT NCTOYRMKA | LC/IH Ha [PEbLL el JIMHIK €CTb OT- | mprre, U1 KOTOPOI
TIWTaHWs) JHEAA Wi Tparcdopmaropa | BETBICHHUA, TO npoepsitorcs K3 na BEIOUPAIOTCS
(IpyIIbI TpaHC(OPMATOPOB) LIMHAX HU3IICTO (CPE/IHET0)HANPSDKE- | yeTaBky, OyaeT MH-
HHUs Tpaﬂcd)opMaTopOB OTHUX OTBCTB- HUMAJIBHO NIPH K3
TICHHH. Ha yJaJE€HHOM
KOHIIE OIHOTO M3
U3 Bcex pacucToB Bbl6l/lpa€TCH MIPEABIAYINNX 3JIe-
HAMMCHBIIEE  Zpcy MEHTOB (CM. TAKXKE
MOSICHEHUE K 1. |
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Tabauua 6. Beidop yeraBok 13

Ne CTy- .
No | TeHb PacuérHoe ycioBue Pacuernas gopmyiia IlosicHenus:
* | m
JJAHHO! TaOIHIIBI)
1]
1 Zc.aA = 0185(Zpacq)
(6.13.3.6)
Zpacy - HANMEHBLLEE PACYETHOE CO- Bce K3 B navare
o HEBI IEHCTBUS
TIPOTUBIICHUE B COTJIACYEMOH 3aLIUTE 30 Hem(f oncil
pr K3 B KOHILE IEPBOH 30HBI TOTO s;O%I’TIX 60;]:6 a
To sce MPEJBAYIIETO MEMEHTA CETH U B LT, YA
- JIEHHBIX OT MUTAak0-
TOM pEKHME pabOTHI CETH, KOTIA OHO Imieit cHCTeM (a
YcnoBye 2: cOrIacoBaHue MO COMpo- | MUHAMANBHO B —
5 THUBJICHUIO CO IICPBLIMU CTYIICHIMH 3a- Ecnu cornacyeMele XapaKTepUCTUKA Hgﬂ C KOHIIA HX
IIUT IPEIBIAY X JIMHUN WU TPUCO- PeIC CONPOTUBIICHUA UMCIOT paSHLII?'I P 3;‘}[)
CAMHCHHH DHRLTO AUt ogmm,r OTKJTEO:
Zpaca  PACCUATBHIBAIOTCS COCTABJIsIO- Hauca CBOUMH
Y
ome mo R u X 1 mpoBOMTECS CoTIa-
coBaHHe IO R n nopX' BTOpBIMH CTyTIC-
: HAMH, a He Ooree
OMU3KMX K MTUTAR0-
i
Reaa < 0,85(Rpacy) (6.13.3.7) el cHCTEM®
1
Xcaa = 0,85(Xpaca) (6.13.3.8)
6 Onpedenenue 7, = Ecim cornlacoBaHue Mporu3BoauTes | B mporpamMme

61



Ta0auua 6. Beidop ycraBok 13

cTy-
Ne .
Ao | TIeHB PacuérHoe ycioBue Pacuernast gopmysia HosicHenust
' 13
IO YCJIOBHIO COITIACOBAHMSA C TOKOBOK | C TOKOBOH OTCEUKOH, TO Zpaey - 3T0 | APM paccumteiBa-

OTCEUKOM TN KOMOMHUPOBAHHOM OT-
CEUKOIf TT0 TOKY W HAIIPSOKCHUEO

Ta TOYKa Ha TMHWK BB, B KOTOPO# TOK
4epes 3auty noacraduuu b npu
JByxGazHoM MeTamnueckoM K3 B
TOM PEXUME PaboThI CETH, KOT/IA OH
MUHIMAJIEH, PaBeH TOKY cpadaTbiBa-
HHS OTCEUKH HA NoAcTaHmuu b.
Omnpenensietcs B APM myTem pacue-
TOB B HCCKOJIBKHUX TO'-il(aX(CM. osACHE-
HUE B 9TO# ske Tabmune) — puc 13

= Ecau corIacoBaHUe NPOU3BOJUTCS
¢ KOMOHHMPOBAHHO# TOKOBO# OTCEY-
KO ¢ IMyCKOM IO HAMPSDKEHUIO, TO
JOTOTHUTENBHO OMPEAENSETCA  Zpacy
JUIsl Oprasa o HanpspKeHUr. OTo Ta
To4Ka Ha muHuYU BB, B KoTOpOIt
HaNPsDKEHHE B 3all[UTE HAa TO/CTaH-
muu b npu aByxdaznom Merarmde-
ckoM K3 B ToM pesxnmMe paboTHI ceTH,
KOT/Ia OHO MAKCUMAJILHO, PaBHO
HANMPSLKEHUIO CpabaThIBaHUs Ty CKO-
BOIr0 OpPra”Ha OTCEYKH Ha MOJCTAHIAN

€TCS COIIPOTHBIIE-
HHE B MECTE yCTa-
HOBKE 3aIlHUTEL, C
KOTOPOH IIPOHU3BO-
JUTCSI COTTIacoBa-
HU€ (MOACTaHLIUS
B), mpu K3 B cepe-
JMHE JIMHUHM B Pa3-
JIMYHBIX PeKUMAX
paboTsl ceTu. BEI-
OmpaeTrcs pexuM, B
KOTOPOM TOK 4epe3
3amury (Ha puc.12
n/ct B) MUHUMAJTB-
HbIH (COOTBECT-
BEHHO HaTpsKEHHUE
MaKCHMAJTbHOE).
3areM BeIMYHMHA
PacCYMTaHHOTO
TOKa (HanpsoKeHUs )
CPaBHUBACTCA C
YCTaBKaMH 110 TOKY
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Ta6suna 6. BoiGop ycrasok /I3

Ne
Ne

cTy-
NIeHb

13

PacuérHoe yciioBue

Pacuernas ¢popmyaa

Hosicnenust

b. Onpenenserca 8 APM nytem pac-
YETOB B HECKOJIBKHX TOUKAX (CM. T10-
SCHEHNE B 3TOM ske Tabnuie). 3atem
BBIOMPAETCS HAMMEHBIIEE Zpacy M3
PacueToB sl TOKA U HANPSDKEHWS —
puc. 13

U HANPSKCHHUIO.
Ecmm okaxkercs,
YTO pPaCCUATAHHEIN
TOK 4€pe3 3aIuTy
MEHBIIIE YCTABKH,
TO JeNaeTCs He-
CKOJIBKO MOCIIEN0-
BaTECIBHBIX pacye-
TOB B TOYKaX
ommke K /ct B,
MOKa PacCUUTaH-
HBI TOK HE CTAHET
PaBHBEIM TOKY
(HanpsKEHUIO )
ycraeku. Ecnu pac-
CUMTAHHBINA JJI9 CE-
PEAVHBI JIMHUK TOK
OKa)KeTCs OOJIBIIIC
YCTaBKH, TO Pl MO-
CJIEAOBATCJIbHBIX
pacyeToB JenacTcs
JUIs TOYek, OoJiee
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Tadauna 6. Buioop yeraBok 13

Ne
Ne

cry-
neHb

13

Pacuaérnoe yciioBue

Pacuernas ¢opmyna

Ilosicnennst

yOAJICHHBIX OT Ce-
PEOVHBI JIMHAU

Onpeodenenue epemenu cpabamsiea-
HUA 6MOpOoIl cmynenu

Beiepkka BpPEMEHH BTOpOil CTYNEHU
JI3 mpuHAMaeTCs Ha CTYNEHb At Celek-
THBHOCTH OOJIBIIE BBIIEPKKH BPEMEHH
OBICTPOACHCTBYIOLIEH 3AIMTH MPEBI-
JYIIETO y4YaCTKa, ¢ KOTOPOH IPOM3BO-
JWTCS COTNIACOBAHME, WM 3AIIUTHI 6e3
BBIKJIFOYATENS, YCTAHOBJICHHOH  Ha
tpaHchopMarope I1C, mpuMbIkatomeii k
IIPOTHBOIONOKHOMY KOHLY 3alliHIlae-
MOT'0 y4acTKa

teh, = tis + AL
(6.13.3.9)
At=10,5 ¢ cTyneHb CeNneKTHBHOCTH

Ta

To e npH HaATMYKMK HA TPEABIAYIIEM
y4acTKe MapajuieIbHbIX JIMHUI 1 [ore-
PpeuHO# 3alMTH HA HUX.

OTCTpO¥iKa OT KACKaAHOTO ACHCTBHS
3aLUTH] MapaIETbHBIX JTMHUH

I _ .noneped
tc.3. - tc.3KaCKa,q. + At , TIe

(6.13.3.10)

nonepe4 s
Lcakackan, - BPEMS KaCKagHOTO nei-
CTBHUS NONEPEYHOM 3aLUTHI (TIpU-

MepHO 0.8 ¢)

IIpn Hanw4wy He-
CKOJIBKUX YCIIOBUH
OTCTPOITKH 110 Bpe-
MEHH - IPAHNMA-
ercs HaubonbIee
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Ta6auna 6. Beioop ycrasok 13

HOCTH B KOHIIC MPECABLAYIINX JICMCH-
TOB CCTH

apyx¢aznom K3 B koHIIE 30HBI pe3ep-
BHUpOBaHus. [Ipy HAIMYKMH HECKOJIb-
KHWX TAKUX 30H, OTXOOAIIHUX OT INHH
IPOTHBOIOJIOKHOM MOJACTAHIUU pac-
CMaTpUBacMOii JINHUK, BEIOMpaeTCs
TOT PSKHM, B KOTOPOM Zp,,cy MHHH-
MaJibHOE

Ne | €T
No | TeHb Pacuérnoe ycnosune Pacuernas ¢popmyna TlosicHenus
3
tll =t..ypop + 4t , THE BpEMSI
To >xe npyu Hanu4uy Ha npeabinymeM | (6.13.3.11)
70 y4acTKe B €70 Hadaie, YPOB t.sypop., - BpeMs cpabarbiBaHUs
Orcrpoiika ot geitcreust YPOB VPOB Ha noactanuui b° (mpuMepHo
09¢)
kq = 1,2
Z acy
zm, _ 2—q , TIE:
Onpedenenue conpomueieHus cpa- (6.13.3.12)
Gamvisanus mpemeii cmynenu  Z'1, | ku =12 OCHOBHO€ Ha3HaYe-
Zpacy - COTIPOTHBIICHHE B PACCMATPH- | pye tpeteii cTy-
3 Vernopue 1: o6ecIedeHne JyBCTBUTENb- | BACMOH 3alUTE NPH META/UIMIECKOM | [IeHH 9TO Pe3epBH-

pOBaHKE 3aIIUT
NpeAbIIYILUX JJie-
MEHTOB CETH

8 Ecu mipr BHIGOPE BBIEP/KKH BPEMCHH TI0 YCIIOBHIO OTCTPOHKH OT Aelictus YPOB, moy4aeTcs 60bmoe BpeMs CPabaThIBAHHA, TO JOIyCTHMO HE yYHTHIBATH ITO YCIOBUE, ECITH

paccMarpuBacMas HHHA o6opyaosana AINB.
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TaGauna 6. BeiGop ycrasok /13

N | TV
N; nenb | PacuérHoe yciosue Pacuernas ¢popmyaa HosicHenust
~ | A3
I
ZIII — Unpn,
- ¢3Harp \/g'kn'kB'Inarp- €oS(¢MY.~Prarp)
YenoBue 2: mposepsieTcs OTCTPOiika oT (6.13.3.13)
MaKCHMAIBHOTO TOKa re:
U JTMHUHY (32 UCKITIOUECHHUEM CIIYJacB, Uninsorcenn~ MHHAMATTBHOE KCTUTYATa-
KOT/Ia XapaKTEPUCTHK HMEET «BBIPE3 | | b onoa meinoe HATIPSDKEHHE, MO-
JU1sL HArpy3KiD» ), KOTOPBIH IIpIHIMa- xeT GbrTh TPHASTO 0,9 * U, oy
ercst Tu6O 0 JIUTENBHO A0y CTH- k=12 Home
- = 1,2 — xoap@uuueHT Ham&KHO-
9 MOMY TOKY, JIN00 38/1a8TCs AUCIETHep- | 1.
CKOH crTy»k00H 3HEPrOCHCTEMBI KaK Jeg _ 1,1 - koo(dHIMenT BO3BpaTa;
’ >
COS( HATrPy3Ku _ Xypnun
Ec npu BeiGOpe  Zggs 1O M. 8 man- | My, = ATCLEp " - yron MakcH-
HOH TaONHMIE! OHO IOy IHIOCH MaJIbHOM YYBCTBHTENIBHOCTH PENE CO-
MEHBIIIE, YEM II0 OTCTPOHKE OT HPOTHBJIECHNS,
HaIpy3KH, TO OHO BBIGI/IpaCTCH mo 1.9 (pHan - YTOJ CONPOTUBICHUS
(oTcTpoiika oT Harpy3ku). iHaue BEI- HAPY3KH
00p ocyIIECTBIISIETCS IO I1. 8
OnpenieneHre BPeMEHY cpabaThIBAHNS
TPETEH CTYNEHN
10 N e =l + At 6.13.3.14
Beigepkka BpeMEHHM TpeTed crymenu | %~ 763 + ( )
J13 npuHUMaeTcs Ha CTYIEHB At celek-
TUBHOCTU OOJIbIIE BBLICPIKKH BPEMEHH

66



Ta0suna 6. Boioop yeraBok /13
Ne | €T .
Ne ;gﬂb Pacuérnoe ycnoBue Pacuyernast popmyaa Iosicnennst

BTOPO#t CTYIIEHH 3aLIUTHI MPEABIAYIIETO
yuacTka

Bri6op k03¢ (GUIMEHTOB UYBCTBUTEBHOCTH [Tl BTOPO#i- TpeTeit cTymeHelt 113 ¢ HeoOX0MMMBIMHA MOSICHEHHAME JTAHBI

B Ta6nuue 7.

Taoauna 7. Bui6op k03guLHeHTOB YYBCTBHTEILHOCTH 1151 /I3 U npoBepka YYBCTBHTEIBLHOCTH 10 TOKY TOYHOi paGoThl

HoM K3 3a ornmaiikoii

Crynennb Pacuérnoe ycjioBue Pacuernas ¢popmyia | llosicHenus
NeNe | ~TY ) y.
. zl
I UyBCTBUTENLHOCTL BTOpol crynenn J13 nomkna | ki = ~==>1,25
TpoBepAThCA Npu MeTaunyeckoM K3 B koHIe 3a- (6.13 3"f55)
IIUIAEMOM 30HBI T
Z”
I k=22 > 1,25
pacy PaccuuteiBactcs
[Ipy HamMUMM HA JIMHUM OTMACK, YyBCTBUTEIb- (6.13.3.16) ¢ TIOMOIIbI0 APM
HOCTB MPOBEPAETCS NPH METALTHYECKOM ABYX(a3- CP3A

Zpace — COTIPOTHBIIEHHE
B MECTE YCTAHOBKH pac-
CMAaTpUBACMON 3aILUTHI
npu K3 3a oTmaiikoii B
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pexuMe paboThI CETH,
KOT/1a OHO MaKCH-

MAJTBHO.
y i _ Zi
I YyBCTBUTEIIBHOCTD TpeTel cTyneHd JI3 noipkHa | ky' = — 1,25 PaccuuThBacTes ¢
MPOBEPATHCS MPU METAUTMYECKOM JiByX(paznom K3 6133 T‘;“ TIOMOLIBIO APM
B KOHIIE IPEABIAYIIETO IEMEHTA(IIIEMEHTOB) CETU (6.13.3.17) CP3A
— 3TUM 00€ECTICUMBACTCS TAIbHEE PE3CPBUPOBAHHE Z,., - conporusnentic  Me-
CTE YCTAHOBKH PaccMaTpHBAc-
moii 3amuth ipu K3 B koHLIE
NPEAbIAYLIETO 3JICMCHTA CCTH,
B pe>kUME paboTHI CeTH, KOTAA
OHO MAaKCHMAJIbHO
o @
IIpoBepka  4uyB- | TOK B 3amIUTe B 30HE ACHCTBUS CTYNEHH JOJDKEH JTOUP = JCMHRL o g PaccunteiBaeTcs ¢

CTBUTEJILHOCTH 10
TOKY TOYHOW pa-
0otel I3 i Bcex
CTYIIEHEH

OBITB BBIIIEC TOKA TOYHOM pabOTHI

I,

(6.13.3.18), rne L, -
TOK TOYHOI paboThl —3a-
JIa€T MPOU3BOIAMTED;

- MUHHMAaJIbHbIH
TOK B 3aLIKTE MpH AByX(a3-
HOM K3 B KOHIle 3alnuinae-
MO¥i 30HBI

MOMOIIBIO APM

CP3A
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6.13.4 YerBepras cryneHb ANCTAHIHOHHOH 3aIIUTHI

VYcraBka cpabateiBaHus YETBEPTOM cryneHu JI3 BpiOupaeTcs Ucxoas U3 HazHave-
HUs. UeTBepTas CTYMEHb MOXKET MMETh 00paTHOE HampaBlieHHWE. B TakoM ciydae
YCTaBKa BBIOUPACTCS aHAIOTHYHO 3-€# CTYNEHH C YYETOM HArpy3KH 3a CIIUHOM.

6.13.5 Oco0enHOCTH BbIOOPA YCTABOK AHCTAHIHOHHBIX 3ALIUT Napa-
JIeJIbHBIX JIMHHI

JlucTaHIMoAHAs 3alTMTa MOKET MCIONB30BAThCA KaK OTASNIbHAS 3alUTa KXo
JMHAN, TaK 1 00wwas /13 3aimra, ToIKIIo9aeMas Ha CyMMapHBIi TOK JIMTHAH

[25]

Bri6op miepBoit crynenu /I3 B 000HX cilydasx He OTJIMYAeTcs OT BHIOOpA 3aIuT
OJIMHOYHBIX JIMHUH C YYETOM CXEMBI OKPYKAIOIIEH CETH.

ITpu BEIOOpE CONMPOTUBIIEHUS cpabaTbiBaHusl BTOPOii cTynienu /13, exniouennoii
HA MOK 00HOU IUHUY TIPU BHIOOPE PACUETHBIX PEKUMOB I K&KI0TO YCIOBHS HE00-
XOAUMO YUUTHIBATh CIACAYIOLIEE:

e CoracoBaHue ¢ NEPBOM CTYNEHBIO NPEIBIAYILETO YYACTKA CETU JOJDKHO
TIPOM3BOAUTECA CIIEAYIOMNM 00pa3oM:

€CITH TIPESIBIIYIIAM YIaCTKOM CETH SIBJISICTCA OAWHOYHAS JIMHUS, TO - MPH
OTKJTFOYEHHOM TapayieNbHOM IMHAN HA PACCMATPHBAEMOM YUYaCTKE CETH
(cM. puc.16, a);

B Oonee CITOXKHOM Clydae, KOTJa TMapaUIebHbIe JIMHUN, HAXOAATCA Ha
IPEeOBIIYIIEM YYaCTKE CeTH, BHE 3aBUCHMOCTH OT TOTO BKIIEOYeHA [I3
TPEOBIAYLIErO yYacTKa Ha TOK OJHOM WM IBYX JIMHUM (cM. puc.16,6) u
puc.16, B) , 3a pacUeTHBIN NPUHUMACTCS PEXKUM. KOTIa Ha paccMaTprBae-
MOM y4acTKe CETH paboTacT OJHA JIMHHUS, & Ha TIPESABIAYILEM — BE TMHUY,

mpy BKITIOUEHUH [[3 IpEeAbIAYILEro y4acTka Ha TOK KaKHOH JIMHUM (CM
puc.16, 6), 3a pacYETHEIN PUHUMALSTCS PEXKIM, KOTra Ha paccMaTpuBac-
MOM y4JacTke ceTd paboTaeT ojHa W3 MapaUIeNbHbBIX IMHUH, a Ha Mpebl-
JYIIEM Y9acTKE CETH IIPOMCXOMT KackamHoe oTkitoueHue. Tak kak /(3
BTOPOH CTYIICHH PacCMaTPHBAEMOTO YIACTKA MOXKET cpadoTaTh 10 Havaja
KacKaJJHOTO OTKJIFOUEHUS, B (OopMyJe I OKOHYATENbHOrO pacyera co-
TIPOTHBIICHUS CpabaTHIBAHMS NO/DKEH OBITh YUTEH K03 (h(pHIIEHT BO3Bpara,

e IIpU COITIACOBAHMK MO YCJIOBHIO OTCTpoiiku or K3 Ha mmHAax HMs-
mIero(cpeHero )HanpsokeHIs TpaHchopMaropa (puc. 16 a-B, Xk) B Ka4eCTBe
pacdeTHOTro (PacueTHRIX) peskuM(0B) IPUHUMAETCS T€, KOra Ha paccMar-
pUBacMOM y4acTke paboTaeT ofHa JIMHUS C Pa3IMYHBIMY BAPHAHTAMH Pa-
OOTEI MapayuIeNbHBIX IMHAH HA MTPEIbITYIIEM YIacTKE;
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e [lpu corniacoBaHuy C IEPBOIi CTYNEHBIO 3AIUTH KOHIIA ApaJUIENIbHOM JI-
HUHU PaccCMaTpPUBAEMOTO yYacTKa ceTH (puc. 16 a-B, 5k) 3a pacueTHBIN MPH-
HIMAETCS PEKUM KAaCKaJHOTO €¢ OTKIIouenH s’

W3 Bcex ycnoBuii pacuera compoTUBIECHUs BTOPOi cTyneHu J[3 BeiOMpa-
€Tcs TO, IPU KOTOPOM paccMaTpuBacMast 3allliTa «BHIUTY CONPOTHBIICHAE
Zpacy HAUMEHBIIAM.

Ipu BEIOOpE COMPOTHBIICHAS cpabaThIBaHAS BTOPO# cTynieHn J13, éxntouennoi
HA CYMMY MI0OK08 06yX NAPAIEeNbHbIX TUHUY TIPA BEIOOPE PACICTHBIX PEKUMOB JU1sl
KeKIOTO YCJIOBHSI HEOOXOJUMO YUHTBIBAT CIICAYIOLIEE:

¢ CoracoBaHue € IEPBOM CTYMEHBIO NPEABIAYLIEr0 YYaCTKa CETH JOJKHO
IIPOU3BOAUTHCS CIEAYIOIMM 00pasoMm:

€CJIA TIPEABIAYIIUM Y4aCTKOM CCTH SABJIICTCI OQMHOYHAA JIMHHUH, TO - B
pexxuMe paboThl  JIBYX HAapa/UICHbHBIX JIMHWA HAa paccMaTpHBacMOM
y4acTke ceTH (cM. puc. 16. r);

e Tlpu cormacoBaHMy 110 YCIOBHIO OTCTPOiKH 0T K3 Ha mHHAX HU3-
IIero(CpeHET0 HANPsHKEHIST TparcdopMaropa (pHc. I, €) B KaUeCTBE pac-
YETHOTO(PacueTHbIX ) PEXKUM(OB) TPUHUMAETCS T€, KOT/IA HA paccMaTphBa-
€MOM y4acTKe paOOoTAal0T JBE JIMHHUYU C Pa3/IMYHbIMHU BapuaHTaMu paboThl
MIAPAJUIENIBHBIX JIMHAN HA MPEABIAYIONIEM YYacTKe NPU UX HAJTHYMH (B
nporpamme APM CP3A).

H3 Bcex ycrnoBuif pacueTa CONPOTUBICHHS BTOPOif crymenn /I3 BeIOMpaeTcst
TO, [IPY KOTOPOM paccMaTpUBaeMast 3alUTa «BUNT) COMPOTUBIIEHAE Zp,cy HANMEHB-
IIIM.

Ecnmu npu BeIGOpE compoTUBIEHUS cpabaThiBaHKs YKa3aHHBIM CIIOCOOOM, HE
VIOBJIETBOPAIOTCS TPeOOBAHHS IIO YyBCTBUTEIBLHOCTH, TO HEOOXOIMMO COTIPOTHBIIE-
HUe cpabaTbiBaHUsl BEIOpPATh MUCXO/s M3 00ECIICUSHHUS TyBCTBUTEITEHOCTH C COOTBET-
CTBYIOIEM YBEJIMUCHUEM BBLACD)KKY BPEMEHH HA MUHUMAIBHYIO CTYIIEHb IO CEJeK-
TUBHOCTH.

° [lpu TPYAHOCTAX BBIGOPA PACUCTHOTO PEKUMA CETH PEKOMERAYeTCA B nporpamme APM CP3A paccumTaTh HECKONBKO
BapHMAHTOB BIOOPA.
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PrcyHoK 16 Pear/HHbE BEVBHT | MB0E/ VE BHE K SVHAV M YCTEHOBKA 38LLYT HA H/IX (C BKTFO-RHVEM
HALTOK QHOV JVHAA M1 HR.CyMVlY TOKOB MBpa VE BHL X JVHAY)

6.13.6 AucTaHUMOHHas 3almMTa OT ABOMHbIX 3aMblKaHWU Ha 3eM/T0

Y 60MbLIMHCTBA NPOM3BOAMTENEN MNEpPeKoYeHne Ha 3amep KOHTYpOB (hasa-
3eM/1s MPOUCXOAUT aBTOMATMUYECKM NPy NOSIBNEHWI TOKA HYIEBOI NMOC/eA0BaTe IbHO-

CTW.

YcTaBKa opraHa Mo TOKY Hy/eBOi NocC/ieoBaTenlbHOCTU, OCYLLECTBSIOLLErO
MyCK Ha 13MepeHne KOHTYPOB (has3a-3eM/s PacCUMThbIBAETCA MO (hopMy/ie:

AN ca —  '"MOpacd —  * Manep * MHOyCTaH > (6.13.6.1)
roe:

KH = 1,25 - KO3(h(MUMEHT HafEeXHOCTH;

Jcanep —2,0 - KO3hPMUNEHT anepuognuyHOCTK;

/HBycTaH ' TOK HebanaHca B Hy/1€BOM MPOBO/E B YCTaHOBUBLUEMCS PeXMUMEe Npu MeTan-
NNYeckom TpexgaszHoMm K3 B MecTe YCTaHOBKM 3alWTbl, B peXXMMe paboTbl CeTW, KOrga oH
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MaKCHMAJICH.

Lisyeran = Koga * fi 1S, (6.13.6.2)
rae:
kogu = 0,5 - mpu omaOTHIHEIX TT (KO3GHLEEHT OAHOTHITHOCTH);
kopy = 1,0 - mpu pasroTrmHex TT;
fi =01 - orHocurensHas norpemuocts TT;
1,533) - TOK B MECTE YCTAHOBKH 3alUTHI MPH MeTAIUTHIECKOM Tpexdasnom K3 B mecte
YCTaHOBKH 3aIUTHI, B PeKAME PAOOTHI CETH, KOTA OH MAKCHMAJICH.

ITockonbKy anropuT™ pacdyeTa KOHTYPOB (a3a-3eMist, yIUTHBaeT KOIPHULHEHT KOM-
MEHCAHH 10 TOKY HyJIE€BOH MOCIEA0BATENPHOCTH H 33 CYET 3TOTO MPABHIIBHO H3MEPSETCS
paccrosaue 1o Mecta K3, pacueT ycTaBoK JHCTAHIIHOHHOM 3AIMTHI OT JBOMHBIX 3AMBIKAHHIA
MPOU3BOTUTCA II0 TEM Ke (hOPMYJIaM, UTO M IS 3aIMUTHI OT MEkaydasHbix K3.

Ecnm napameTpHpOBaHHE TEPMHHANA ITPEAIIONIATaeT BBOJ 3aPAHEE PACCUHTAHHOTO KO-
sdduunenTa KOMICHCAMH 0 HYNIEBOM TOCNIEAOBATENBHOCTH, TO OH PACCYMTBIBAETCH MO
bopmye:

A

Ko = 27 (6.13.6.3)

rae: ZyWZ,; - KOMIUIEKCHBIE COTIPOTHBIICHHUS CONPOTHBIIEHHS HYJIEBOM U
IPsIMOA IIOC/IEJOBATENEHOCTH 3alIUITIAEMOM JINHUH.

Hckmrouenuem saBiseTcs BblOOP YCTABKH IO AKTHBHOMY COIIPOTHBIICHHIO, TOCKOIIBKO B
9TOM CJTy4ae OIPEIeAIONMM ABIIAETCS HE CONPOTHUBIICHHE AyTH, KaK pH Mexaydasnom K3,
a CONPOTHUBIIEHHE OMOPHI H 3a3€MJIAIOMIET0 YCTPOHCTBA. TakuM 00pa3oM MOKHO IPHHSTH:

RYCT = RyCTZ + R3a3eMn> (6-13-6-4)
rae:

Ryc2 - CONMPOTHBICHHE AYTH, PACCYATAHHOE ISl ONPEICNCHNUs yCTaBKH yis /13
oT Mexxay asHbix K3.

Ripzemn - COIPOTHBICHHE 3a3€MISIOIIETO YCTPOMCTBA OMOPHI (TOpPs/IKa
10-30 Om).

Koyppuuuenm uyscmeumenvnocmu 01a RycK08020 0p2ana, 0Cywiecmenio-
W{€20 NYCK HA UIMEPEHUE KORMYPOE (ha3a-3eMasn paccuumsieaemcs no dopmyne:
31
kg™ =22 > 125, rae: (6.13.6.5)

"3

31y vy, — MMHMMAIBHBIH TOK HYJICBOH ITOCIIE/IOBATEILHOCTH NPH JBOWHBIX 3a-
MBIKaHHAX Ha 3EMJIIO B 30HE JiciicTBAS nmocieqHel ctynenu J13.
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6.14 biOKHpOBKa NMPH Ka4YaHHAX

ITyck BK ocymecTBisiercss OT 4yBCTBUTENIBHOIO M Ipy0oro pene, KOHTPOIH-
PYIOLIMX CKOPOCTb M3MCHCHHUS BO BPEMEHH BEKTOPOB TOKOB MpSAMOi W 0OpaTHO#M
TIOCNEIOBATENBHOCTEH, 4TO obecreunBacT paboTy 3aIMUTH PH HECHMMETPHUYHBIX
K3. IlyckoBble opraHsl IpUpAIICHUS TOKA PEarupyoT Ha CKaYK00Opa3HOe MOBHIIIC-
HHE TOKOB 00paTHOM WIlM NPAMOH mocneaoBaTenbHocTe. Ecii y MpOU3BOANTENS HET
VHBIX PpeKOMEHIami, To ycTaBki BK BEIOMparoTes ciieAyronmM o0pasoMm.

Tox cpabamuieanusa 4uyecmeuUmenbioz0 Op2ana nO NPUPAWEHUI0 HOKA 00-
pamnoii nocredosamenvrocmu DI2yye Boibupaetcs ucxoms u3 odbecnedenns Ku=1.2
B KOHIIE OPEABIAYIIETO YUacTKa CETU B PEXKAME, KOTIa OH MUHMMAJICH:

12pacu
DI2 ypp = —

pr—— [2pacu 1,2, (6.14.1)

rae:
[2pacy - Tok oOparHOi OCIE0BATENBHOCTH B pACCMATPUBACMOM 3alUTE MPH

JByxdazaoM K3 B KOHIIE MPeaBIAYLIETO JIEMEHTA CETH, B PSKUME, KOTIa OH MHHHAMa-
JIEH.

Ecmu DI2 y, momyuntes Mebiie, yem 0,08 [HoM, TO
DI2 ,; = 0,08IH0M . (6.14.2)

Tox cpabamvieanun 2pyb020 0pzaHa RO NPUPAULEHUIO MOKA OOPAMHOU NO-
cneoosamenvrocmu DI2zpy6 Buibupactcs no gpopmyiie:

DI2 1py6 = 2DI2 4y, - (6.14.3)

Tox cpabampieanus YyecMeUmMenbHO20 OP2AHa NO NPUPAWEHUIO MOKA NPA-
Moil nocaedosamenvrocmi DIuye BriOupaercs ucxoas u3 odbecneveHus Ku =1.2 B
KOHIIE TTPEABIAYINETr0 yHacTKa CETH B PEKUME, KOT1a OH MUHUMAIIEH:

_ Iipacu

DI1 4y = = Ilpacy * 1,2, (6.14.4)

k4 4yB -
Tac:

[lpacy - TOK mPsIMOIf TTOCIIEIOBATEIFHOCTH B PACCMATPUBAEMOM 3aIUTE MPH
TpexdazHom K3 B KOHIIE NpebLAYyIIEero dNEMEHTA CETH, B PEXKUME, KOTJa OH MUHUMa-
JIEH.

Tok cpabampieanusa zpybozo opzana no RPUPAUEHLI0 MOKA RPAMOIL ROCIE00-
eamenvHocnu DI1zpy6 Beibupaetcs no Gopmyse:

DI1 rpys = 2DI1 (6.14.5)

Bpewms BBoga B paboty cryneneii /13 mpu cpabaTbiBaHHM YyBCTBHTEIBHOTO Op-
rana BK — ty uyn= 0,4 C.

Bpems BBosia B paboty crynenei I3 npu cpabarsiBanuu rpy6oro oprana BK —
tsn py6 0,4 C.
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Bpems 610xupoBk cryneneit J[3 no BozBpara BK — tyewmy =5 €.

6.15 Br100p ycTapok OJIOKHPOBKH NPH HEHCIIPABHOCTSAX Leneii
Hanpsxenus (BHH)

ANTOpUTMBI Pa3HBIX IPOU3BOAUTENEH UMEIOT ominune. [loaToMy 3/€Ch B 1aH-
HBIX MY nprBotiTes BBIGOp 00mux yecrapok BHH.

Yemaexa no cHudrcenu0 001020 U3 MUHUMATBHBIX HANPANCEHUI BHIONpA-
€TCS IO YCITOBHIO OTCTPOMKH OT MUHUMAIBHOTO pabovero peskuMa 1 M.O. IprHsTa
pasHo# 70 B.

Yemaexa no nanpaxcenur o6pamnoii nociedosamenbHocmu BEIOUpaeTcs
1o (opmyie:

Uzpm = Korer Uoep » (6.15.1)
rae:
Usep =19 B - manpsoxerue 06paTHOMN TOCITEI0BATETBLHOCTH PA 0GPHIBE OTHOTO W3
npoBoaoB ueneit TH;
korer =0.8.

Yemaexa no moky obpammnoit nocreooeamensnocmu:
Lopun = % (I2up +121p)s (6.15.2)
rie

kocrp = 2.0 - k030 ¢ummenT oTcTpoiim;

kB — xoa(duImeHT Bo3Bpara — 6epeTcs U3 TEXHUIECKUX JAHHBIX KOHKPETHOTO MpOo-
W3BOIUTENS;

rup = 0.03I a6manc. - TOK HebanaHca Mo 06paTHON MOCTEN0BATENBHOCTH, 06YCIIOB-
JICHHBIH MOrPEITHOCTAMHA H3MEPEHHS U PACUeTa,;

Lbyp - TOk HeGananca 1o 0OpaTHOI MOCIIEAOBATEIFHOCTH, 00YCIIOBIICHHBIH HECUM-
METpPHEl B cUCTEME.

6.16 BniGop ycraBok st auddepennuanbroi 3amuTel WEH 35 kB
(JI3110), audPpepenuuanbuoii 3amuThl ommHOBKH (J[30), BKiII0UYast
TOKOOTPAHHYHBAIOIINI PeakTop(peakTopsl) HA CTOPOHE HHU3KOIO
HANPSDKEHUsI TPAHCT(POPMATOPOB W  ABTOTPaHcHOPMATOPOB
110-500 xB

6.16.1 ludpepennnainbuas TOKOBAS OTCEYKA
Yemaexy cpabamvieanusa /JTO Bcex NyCKOBBIX OpPraHOB BBIOMPAIOT MO YCIIO-
BHIO OTCTPOMKH OT PacuéTHOr0 MaKCHMAaJIBHOTO TOKA HebalaHca.
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PacuéTHBIM AMs OIIpeIeeHIT MAKCUMAIEHOTO TOKa HeOanaHca BEIOHPAIOT ITPH-
coequaeHre, TT KOTOPOTo MMeeT HanOOIBIIYIO IOTPENIHOCTE MPH MPOXOXKACHUHN de-
pe3 Hero Toka BHemmHero K3.

MaxkcuManbHbIi pacuéTHEIM TOK HeOanaHca Iyp auxc IPU MAKCHMAIIBHOM TOKE
BHemmHero K3 onpenensror no popmymne

lup make = (SMAKC kg ko,:u-l + ) * Ixa makc > (6~16-1~1)

TIE Eyakc - MAKCUMAIBHOE 3HaYEHKE NONHOM norpemHocT TT pacdéTHOro Iprco-
emuHeHns (10 % npu BEHIIOMTHEHHN TpeOoBaHMi),

kg - 0T 2 10 4 - k03 duUIMEHT, YIUTHIBAIOILNH aTEPHOTHIECKYIO
cocrasirontyto Toka K3 — 3apucut ot Harpysku TT (B citydae GoJbIoit 3arpy»eHHo-
ctu TT WM HATMYUS MOILTHBIX HCTOYHMKOB BOIM3M noAcTaHmy 35 kB kosdduimeHt
arepHOANIHOCTH BBIOMPAETCS PABHEIM 4);

kogu = 0,5 (ana onppoTunEeX TT) nnu 1 (a1s passotumHex TT) - kosddu-
OUEHT ogHOTUIIHOCTH TT);

y = 0,05 - morpemnocTs NEQPOBOrO BHPABHUBAHKS TOKOB "ILey";

Ix3 Makc - IEPHOIMYECKAsl COCTABILAIOIIAS MAKCHMAIbHO BO3MOXKHOTO NEPBUY-
Horo Toka K3 (B HauanpHEI MOMeHT BpemeHu K3), npoxopsiiero mpu BHemHeM K3 1o
TT npucoenHeH s, SBIAIOMIETOC PACYETHBIM, A.

Koaddwment k,; 00yc/ioBIeH MOBHILCHHBIMEA TPEOOBAHUAMH K TIPEACITHHOM
KparHocTH Toka K3 B cilyuae Hanuuus anepHOANYCCKOR COCTABNAIONICH B TOKE. 3Ha-
yeHue koapdunmenta k, pekoMeHayeTcss IPUHAMATH TEM O0JIbIIE, YeM OJIIDKE peaib-
Has KparHocTb Toka K3 k npesenbHoii KpaTHOCTH A5 paccMatpuBaemoro TT.

Yemasky cpabambisanusn JITO Iyrg onpenensior no Gopmyie:

Lgro = K - Iy makc » (6.16.1.2)

rae K = 1,5 - ko3¢ $uuueHT Haae)KHOCTH.

ITpu BeIbOpE yeTaBku cpabarsiBanus ITO ans pexxuma ormpoGOBaHMS TIPHCOETH-
HEHHS [0 CXEME C "OTKPHITHIM TIEH0OM" 510 oripIPH OTCYTCTBHU CHIIOBBIX TpaHchop-
MaTopoB B 30HE JieiicTBUs 3aumTh 3arpyonenue J[TO He TpeOyercs.

IIpu Hanmuuuu CUIOBBIX TPaHC(HOPMATOPOB B 30HE NEHUCTBHS 3AUIATHI YCTABKY
ATO Heobxoaumo oTcTpouTh OT MakcuMmaneHoro BTH cunosoro Tparcgopmaropa
NPUCOCAUHEHHUS.

Jlyist IepBOTO Citydas yCTaBKy Inro onp MPUHEMAIOT PABHOH yCTaBKe cpadaThbiBa-
Hust [ITO Iy, BEMACIEHHOH IO HOPMYIIE, TO €CTh, 110 onp = IgT0-

Bo BTOpOM CITy4ae 3HaYEHNE YCTABKH [yir oppONPEnensoT o Gopmyie

Inro onp = Kpthluom rp-pa » (6.16.1.3)

10 ECJIH B MCTOMHYECKHX YKA3AHHAX KOHKPETHOTO IIPOH3BOAUTCIIS HE OTOBOPEHO HHOE.
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TAe Kgry = 7 - K03(duiment 6pocka Toka HaMarHIIHBAHNAS,

Iom - HOMHHAIIBHBIH TOK CHJIOBOTO TpaHc(opmaropa, A.

B cBsa3u ¢ Tem, uro J[TO sBnsercs BcnomoraresbHbIM s5emenToM 13T, mpo-
BEPKY 9yBCTBHTENBHOCTH J[TO HE mpou3BoaAT.

6.16.2 Inddepennnanbuas TOKOBAsI 3aIHTA HIMH H OIIMHOBOK
C TOPMOKEHHEM

Jns ympomeHus pacdeTa XapakTepPUCTHKH cpabaThIBaHUS W3OUPATENBHBIX U
MyCKOBOTO OPraHOB BEIOWMPAIOT AHAJOTMYHBIME, a WX YCTaBKH PACCUMUTHIBAIOT C HC-
HOJIB30BAHUEM NAPAMETPOB BCEX NPUCOESTMHEHHI, HE3ABUCUMO OTTOT0, 32 KaKoi Cek-
nueii (MepBoil WK BTOPOii) MH OHK 3aQUKCHPOBAHBI.

Jnd crynenu cursammzanuy HeOalanca nmpud oOpbIB€ BTOpHYHBIX Hemeid TT
yCTaBKy cpabaThIBaHKs TAKOKE PACCUUTHIBAIOT HE3ABUCUMO OT (PUKCALIMU NPHCOEAUHE-
HHUH 32 TOH WK WHOM ceKnuel muH.

Ecnu tpebopanus o ycnopusiM ayBcTerTeNbHOCTH JI3I1T Mith 10 yCcloBUAM OT-
CTPOMKHU CUTHaNM3aluy Heballanca He BBIMOJIHSIOTCS, TO BHIOOP YCTaBOK MYCKOBBIX U
I/I361/IpaTeJ'[BHHX OpraHoB MOXCT OBITD OCYIICCTBIJICH € YICTOM q)HKcaHI/II/I TMpUCOCOANHE-
HUH.

TIpu u3meHenuu paboueii cxembl COOPHO# CHCTEMbI IIHH HEOOXOAUMO BHINOJI-
HHTBH PAcieT YCTaBOK, YIMTHIBAIONTHH APYTYIO (PUKCAITHIO PHCOSTUHEHHUIA.

Bunx TopMO3HOW XapakTEPUCTHKU y PA3IHYHBIX IPOU3BOMUTENCH MOXKET OTIIHU-
9aThCsl YUCIOM YYacTKOB M YIJIOM HakjIoHa,Ha pucyHke 17 npuseieH npaMep Hanoo-
nee TunuyHoM xapakrepucruku 3111 wru 130.

VYemasky nauansnozo moxa cpabamsiéanus opzanos JI3II 1 3y yay 0nvHOY-
HOW CHCTEMBI IIMH M JBOMHOM CHCTEMBI IIHH M 3aUTHI OIKHOBKK /I30 ompenesstor
o opmyne

Insmnay = Kotcluare makc » (6.16.2.1)
rae kore = 1,2 - xoadduuesT oTrcTpoitku ot quddepeHnuanTsHOro Toka, BO3HUKAIO-
n1ero mpu oOphIBe BTOPUIHEIX Hernei TT;

Iyare Makc - MAKCHMATBHBI TOK HArpy304YHOIO pexxuMa (MEPBHYHBIL TOK
Harpy3ku 6a3MCHOTO IPHCOSIUHEHNS ), A.
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Pucynok 17. Xapaxrepuctuku JITO u 3T

MaxkcumanbHei Tok HeGananca B paboueM PEsKHME [y pas OTIPEAENSIOT 110 (Op-
MyIie

Iy pas = (€narp makc + V) * Tnare makc » (6.16.2.2)

rae €garp makc = 0,1 - HauGonbImas pacuéTHas MOMHASA MOrpemHOCTh TT NPH MaKCH-
MaJIbHOM TOKE€ HArpy304HOTO PEXXHAMA;

y = 0,05 - morpemHocTs muhpoBOro BHIpABHUBAHUS TOKOB "miiey”.

Yemaexy cpabamvisanun Iy ppy cmynenu /{31, neiicTByIOmEH Ha CUTHAITH-
3anuio Hebananca u 6nokuposanune J[3111 npu oOpbiBe BTOpHUHBIX Hienei TT, BeIUHC-
JAIOT Mo opmyIie

Iup cpas = Korc * Iup pas » (6.16.2.3)

rae Kore = 1,4 - k0o HUITMEHT OTCTPOHKH;

IyE pAE - MAKCUMAJIbHBIM TOK HeOanaHca B paboueM peskuMe.

B pesynbrare npeBHIeHns U QepeHIHANIBHBIM TOKOM YCTaBKH Iyp cpap B T€-
YeHHWE BPEMEHH, OMpeaensIeMoro ycraBkoil Ty, npoucxoaut 6nokuposanue J[TO u
JI3T u cpabaThiBacT OpraH CHTHAJIM3aLHu.

Yemaeky no epemenu Ty criemyer OnpenensTh HCXOII U3 YCIOBHS OTCTPOHKH
OT MaKCHMAJILHOTO BPEMEHH ACHCTBHS PE3EPBHBIX 3aIIUT OTXOAAIMUX JIMHUH.

Koagpduument topmoxenns Kr yuyactka topmoxkenus J3II BEIMUCIAOT MO

dbopmye:
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_ Inro—Ius PaB (6.16.2.4)

T} y
K3 MAKC —{HATP MAKC

INomyuyenHoe 3HaueHue ko>PduueHTa TOPMOXKEHUS TIPUMEHSIIOT JUISL IyCKO-
BOTO M H30UpaTenbHbIx opranos JI3111

Jns HapexHoi paboTel 3auuTer mpu K3 B 30HE €€ nelicTrs, 3HadeHne K0 Pu-
nuenTta Ky nomkHo Obith He Gonee 1,9. Ecmu pacuetHoe 3nauenue K, >1,9, HeoOxo-
JHUMO IIPHHATH MEPBL O YMEHBLICHUIO NOTPEMIHOCTH U3MepuTeNbHbIX TT, 00ycioB-
JIEHHOH TOKOM I3 Makc, HAIPAMED, CHU3HUTH HArpy3Ky Ha BTOpUYHBIC ienu TT.

Hcnons3ys ¢opMyily HAXO[MM YCTaBKY II0 TOKY Ha9asia TOPMOXKEHAS Ifrr

1,05
Iyr = Iyarp makc " (1 + W)' (6.16.2.5)

@®opMyI1a OIy4eHA UCXO/Is U3 TEOMETPUUCCKUX CBOMCTB XapaKTEPUCTHK, U300-
PaKEHHBIX HA pucyHKe 17.

"UyBCTBUTENbHBIE" YCTABKH, UCMOJNB3YEMbIE PH ONPOOOBAaHUH IHH, OTCTpau-

BaroT 0T Toka HeOanarca /13111 HeOTKITFOYaEMBIX IPHCOCIMHEHU HATPy3KH.

OTCTPOIiKY BBHIMONHSIOT C YYETOM TOKa camo3anycka JBurarencii, 6pocka Toka
HaMarHUYMBaHWs CHJIOBBEIX TPaHC(OPMATOPOB, TOKOB KayaHWH WM aCHHXPOHHOIO
X074, KOTOPBIE MOTYT BOSHUKHYTh MEXK/Y [IPUCOCAUHEHUAMHI CUCTEMBI (CEKIIWH ) [IVH.

Tox cpabamuvieanua Lisnr Hag 4 RO YCOGUAM OMICINPOLIKU OM HEOMKAIOYae-
MbIX BpUCOCOUHEHUI OTIPEAENAIOT 110 dhopMyie

Inzmuayy = Ku * enom * Keaw * Ipacar + Kot * Ipacaz + Ipacuz + ), (6.16.2.6)

roe Ky = 1,5 - koadhduimentT 3anaca;
&yom = 0,5 - mommas morpemHocTs TT, yCTaHOBIEHHOTO HA MPUCOEH-
HCHUU NUTAHUSA 1HH,

Kean - KO3 dHLEHT camMo3alrycka, yIUTHIBAIOIIHI YBEIMUSHUE TOKA IPH CaMo-
3amyCcKe 3aTOPMOKEHHBIX ABHTaTenei. 3HaueHue koa¢QuiiuenTa BEIOUPAIOT B Auana-
30HC OT 1,5 0 3 B 3aBUCUMOCTH OT HOMHHAJIBHOTO MYyCKOBOI'0 TOKa IMOAKITIOYCHHBIX
3JIEKTPOABUIATENEH,

Inace1 - PACYETHOE 3HAYEHHE PAGOUETO TOKA HEOTKIIFOYAEMOTO [IPHCOEIMHEHHS,

COJICPIKAIIETO JBUTATEIbHY O HAPY3KY C CAMO3aIlyCKOM 3aTOPMOXKEHHEIX ABHTraTelNeH,
A;
Kgyr = 5 - k03¢ dunenrt Opocka TOKa HaMarHU Y BaHUS,

Ipacyz - PACUETHOE 3HAYECHHE PAGOUCTO TOKA HEOTKIIOYAEMOT0 IIPHCOSAMHEHNS,

COZEPIKAIIEIO CHIIOBEIC TPAHC(HOPMATOPHI, A;

Isacy3 - PacueTHOE 3HAUEHHE PAGOUETO TOKA HEOTKIKOYAEMOT0 NIPHCOEAMHEHNS,

78



HE COAEPKAIIETO CHIIOBBIX TpaHC(HOPMATOPOB U IBUTATEILHON HATPY3KHU € cCaMOo3aIyc-
KoM, A,

Toxk cpabamvieanua I 3y yay y 1O YCAOCUAM OMCHIPOTIKU OMY MOKO8 KAYAHUIL
WY aCKHXPOHHOTO X012 ONPEEILSIOT 110 (hopMyJie

I3 nayy = Ky * €nom ~ Iau (6.16.2.7)

rae Ixay - TOK Ka4aHUi WM aCUHHXPOHHOTO X014, A.

B kauectse ycraBku Iz yay y BRIOUPAIOT GOIIbLIEE U3 3HAYCHHH, BEITUCICHHBIX
1o (hopMyIam.

Koa¢pdunuent topmoskenust K, , IpUHUMAOT PaBHBIM K.

Tox nauana mopmoxncenua "uyecmeumensuvix”" opzanog Ity NPUHAMAIOT
PaBHBIM [yt

IIposepka uyscrBHTeNLHOCTH /B3I 1 130
Koathduuuent uyyscrButensHocty 311 ([30) Ha yuactke 6€3 TOPMOMKEHUS
paccuMTHIBAOT 1O (hopMyIie

Ky Hopm = D (6.16.2.8)

>
I3 Ay

rae Ixz myy - NEPUOANYECKAs COCTABNAIOIIA Toka MeTayutnyeckoro K3 (B HauabHbI#
MoMeHT BpeMeHHu K3) B MUHUMAITBHOM pexxuMe paboThl, A.

PacuetHoe 3HaueHuNEe K03 dUnHEeHTa TYBCTBUTENFHOCTA JO/DKHO COOTBETCTBO-
BaTh TpeboBanusaM I1YD u ObITh 0koMO 2. st peskiMa onpoOoBaHMs NIWH 3HAUCHUE
K03 ureHTa 9yBCTBUTENEHOCTH MOXKET OBITH OKOJIO 1,5.

Ecnm pacuetHoe 3HaueHIE KO3 huImeHTa 9yBCTBUTENFHOCTH HE COOTBETCTBYET
TpeOOBaHUsIM, TPUBEACHHBIM B ITY D, HEOOXOANMO MPHHSATH MEPHI, CIOCOOCTBYIOLTHE

YMECHBIICHUTIO YCTAaBKN I[BH_[ HAY (I,Z[3LU HAY q)

6.17 Br10op ycraBok aas qaddepennnanabHoii 3amuTsl Tpancdop-
martopa (JI3T), ¢ BeiciiuM Hanpstkenuem 10 35 kB
ITpu mapamerpuposannn 3T HE0OX0ANMO 3aAaTh IPYIITY COSAUHEHHI 0OMO-
TOK 3aIlUIIAEMOT0 CHUJIOBOTO TpaHc(opMaropa, €ciii TpaHCHOPMATOPEl TOKa BCEX
«IUIEY» CUIJIOBOTO TpaHc(opMaTopa COSAUHEHHI B «3BE3/y». ITO HEOOXOAUMO s
KOMIIEHCAMu (ha30BOro CABUra BEKTOPOB TOKOB IIPH COEIMHEHNH «3BE3/a - TPEYTOJTh-
HUK».

6.17.1 Bp10op u pacuer ycTaBok quddepeHunaibHoi 0TCeuKu

JudpepenimansHas TOKOBAsA OTCEUKA pearnpyeT Ha IEPBYIO TAPMOHHUKY aud-
(epermmansHoro ToKa. Yemasky JTO cienyer BHIOUPATH 110 ABYM YCIIOBHSIM:
- oTCcTpOiiKa oT pexxuma bHT;
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- OTCTPOMKA OT PeKMMa MaKCHMaJbHOTO CKBO3HOIO TOKa (MAaKCHMAIBHOTO
MEPBUYHOTO TOKa HebanaHca Impy IePex0oJHOM pexkxnMe BHeIHero K3).

ITo ycmoBuro otcrpoiiku oT peskima BHT HeoOxoauMo npHHIMATh
Im026,0[0.e.].

Ilo YCIIOBHUIO OTCTpOﬁKH OT MAaKCUMAJIBHOI'0 CKBO3HOI'O TOKa.
Inro 2 ko - IHﬁ.pac'-U [o.e], (6.17.1.1)

e kome — KOOQPUUUEHT OTCTPOUKH, YUUTHIBAIOIIUN TOIPEMHOCTH YCTPOii-
CTBa, OIMOKM pacueTa U He0OX0MMBIH 3amac, IPUHIMACTCs PaBHBIM 1,5.
lu6paca = Kug * lcxs.maxc — PACIETHBIH TOK HEGANAHCA B POKAME MAKCHMATBHOTO CKBO3-
HOTO TOKa, 0.€.

Pacuer Toka HeGaaHca MOXET OBITH OIIPENENEH Kak CyMMa TPEX COCTaBIIs-
FOIIUX. COCTABJIIOMEH 00YCIOBICHHOM OIPEIIHOCTHIO TPaHC(HOPMATOpPOB TOKA, CO-
CTaBJIAIONICH, O0YCIIOBICHHOM pEryINpOBAHMEM HANPSDKCHUS 3alIMIIACMOTO TPaHC-
dbopmaropa, u cocrapistomielt, 00yCIOBICHHO# MOTPENTHOCTHIO BHIPABHUBAHKSA TOKOB
CTOpOH.

kus — K03 hHIMEeHT TOKa HeOaaHca 1Mo epBoii FApMOHUKE:
Kus = knep * Kogu - € + AUper + Afp, [0- €] (6.17.1.2)

TI€ Kup - KOOQOULUEHT, YUUTHIBAOIINH NEPEXOIHBIA PEXKUM (HAIMYUE allEPUO-
JUUECKOI ClTararoiei Toka), IPUHUMAETCS PABHBIM 3.
Ko - K03(pGUIHEAT OTHOTHITHOCTH TPAHC(HOPMATOPOB TOKA.

IIpy BHEIIHMX KOPOTKHUX 3aMbIKAHUAX HA TOM CTOPOHE, TA€E 3aMIAEMbLH TPaHC-
(opMarTop NPHCOENUHEH K CETH Uepe3 [Ba BBIKIIOUATENS TPUHUMAETCS paBHbIM 0,5 -
1,0, npryeM MeHbBIINE U3 YKA3aHHBIX 3HAYCHUI NIPUHUMAOTCA B CIIy4asx, KOIrJa IpH
5TOM NOBPEXICHUH TPaHC(HOPMATOPhl TOKA 3AIUUTHI, YCTAHOBJICHHBIC B IEMAX 3THX
BBIKIIIOUATENIEH, 00TEKAI0TCS MAJIO Pa3IMUAOIMMU MEX Ty coO0H Tokamu. I1pu BHEIm-
HUX KOPOTKHUX 3aMBIKaHISIX HA CTOPOHAX, Il 3aIMUINAECMBbIil TPAaHC(OPMATOP OPHCO-
€IMHEH K CETH Uepe3 OJMH BEIKIIOYATENb KOA()OUIMEHT OAHOTUIIHOCTH CIIEAYET MpPH-
HUMATh paBHEIM 1,0.

£-0THOCHUTENBHOE 3HAUCHHE MOJIHO} MOTPelIHOCTH TpaHCc(HOpMaTOpa TOKa, COOT-
BETCTBYIOIIEE YCTAaHOBUBIIEMYCS pexxiMy K3 wnm kauanuid. ITpu BeiGope TpaHcdop-
MaTOPOB TOKA 10 KPUBBIM MPEETbHBIX KpaTrHocTeH pu 10%-HO# MOrpemmHoCcTH mpu-
Humaetcd paBHbiM 0,1, a mpu 5%-Hoii norpewnocty - 0,05.

AUp]‘[H: [1-AU crp 06— (AU crppy00)|
2-100%
TYJIMPOBAHUEM HaPsHKEHUs TpaHc(OpMAaTopa, IPUHUMAETCS. PABHOMN MOJNOBUHE JCH-

OTHOCHUTCJIbHAs MOrpCIIHOCTD, BBI3BAHHASA pPe-
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CTBUTENEHOIO AMANA30HA PEryIMPOBAHMS (HAPUMEp, IPU MONOBUHE PETYIHPOBOU-
Horo ananasoHa =10 %
04y —(— 0,

Ay ="2EC0N — 01 (6.17.1.3)

ITpu orcyrereun PITH AUpe = 0.

Afyp - OTHOCHTEJILHAA TIOTPELIHOCTE BEIPABHUBAHMSA TOKOB CTOPOH. Ompene-
JS€TCa norpemHocTsaMu BxoaHeX TT U aHanoro-umGppoBeIMH IPeoOpa3oBaTEIIMH
yCTpOHCTBA ¥ MOKET ObITh npuHsTa papHO# 0,05. ITorpeniHoCTh CBA3aHa ¢ TOYHOCTBIO
pacuera i JOCTOBEPHOCTH IAHHBIX, TAK KaK BHIPABHUBAHUE HPOMCXOIUT IIPOrPAMMHEIM
myteM. B ciyuae nmpuMeneHus TOMONHUTENBHBIX BhipaphuBatomux 1ITT Af,,,, npu-
HUMaeTcs paBHOii 0,1 (ecu He yKa3aHO MHAYE y KOHKPETHOTO ITPOM3BOATELS ).

I s maxe - MAKCUMATBHBIN CKBO3HOM TOK, IPHBEASHHBIH k OasicHOMY TOKy. [Tepu-
oJIMdecKas COCTaBJIromas Toka (mpu t=0), IPOXOAAIIETro Yepe3 3alUIACMYI0 30HY
TPH PaCYEeTHOM BHEIITHEM (Kak IpaBiiio, Tpexdasnom) Metaumdeckom K3 Ha cTopoHe,
[JIE pacCMaTpUBACTCS TIOBPEK/ICHIUE, WX TOK Ka9aHWiA, €CITH B pacCMaTPUBAEMOM CITy-
Yae OH SBIIACTCS pacueTHBIM. Onpenensgercs mpy paboTe TpaHc(opmaropa Ha pacueT-
HOM OTBETBJIEHHH, COOTBETCTBYIOIIEM, KaK MPABHJIO, MUHUMAIBLHOMY 3HAYCHHIO
HANPSDKEHUS PETYIHPYEMOH OOMOTKH.

(3
1 Uss(PITH)
I =200 = 2 o.e. 6.17.14
CKB.Make Isas \/3'(ZT_MHH+ZCHCT_MHH)'1633 ! [ ] ( )

©)
rae ICH(HH) - MaKCHMaJbHOE 3HAUYCHHE TOKa, M3MEPEHHOE Ha cropoHe BH, npu

BHelIHeM Tpexda3HoM Metammueckoro K3 na cropone CH(HH), A.  BriGupaercst
Gonbliee 3HAUCHUE U3 IBYX TOKOB.

Is45 - Ga3MCHBII TOK, 32 KOTOPHIi OOBIYHO MPUHAT HOMHUHANBHBI TOK CHJIOBOTO
tpancopmaropa croponsl BH, A.  BasucHblii TOk onpeaensercs no gopmyne:
Tgp= ot (6.2.51)

V3-Uyom_BH

Uninenny = (1 — AUppy) * Uyou_pn - HANPSDKEHUE NPH KPaiHEM MHHMMAIEHOM
nonoxxeuuu PITH nnn MunumansHoe HanpsbkeHue ctoponsl BH nipu perynuposanun
(ecnu ectb naHHEbIE), B. (6.2.52)

Uy . UMHH(PHH)Z

Zr yun = To0% 5 - COTIPOTHBIICHIE CHJIOBOTO TPaHC(HOPMATOpa MpHBe-
- (. HOM
nenHoe k oomotke BH, Owm, (6.17.1.5)
rae U~ Hanpsokenue K3 cunoBoro TpaHcdopmaropa (IacropTHOE 3Haue-

nue), %.
Shom - HOMUHAJIbHAs MOIIHOCTE CHJIOBOTO TpaHcopmaropa, KBA.

Yemaska no epemenu cpabamwieanusn J{TO o6b1aHO BriOMpaeTes O c.

UyBCTBUTENBHOCTE AU hepeHIMATEHON TOKOBOM OTCEYKA HE ONpeaeseTcs,
TaK KaK OHa ABJIAETCS BCIOMOTATENBHBIM 3JIeMeHTOM. Ha3HadeHne 3TOro JIeMeHTa -
NPENOTBPAILCHUE HEAOMYCTUMOro 3aMeUIeHUs] MM OTKa3a cpadaThlBaHUs 3allliThI
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IpH OOMBIUKMX KPATHOCTSAX TOKA, KOTA YyBCTBUTEIIBHAS CTYIICHD 3aIUTHL MOXKET Cpa-
60TaTh ¢ 6ONBIINM 3aMETIEHIEM WIH He cpaboTaTh U3-3a HCKaKEHHS (HOPMBI KPHBOM
BTOPUYHOTO TOKA B IepexoaHoM pexkume K3 (HanpumMep, IpH 3HAYATETHHOM HACHIIIE-
HUM TpaHcopMaropa TOKa), U BCIACICTBHE JTOTO ONOKUPOBAHHM UyBCTBHUTENHHOM
CTYIICHH 3aI[UTHl TOKaMX BTOPOH TrapMOHUKH.

6.17.2 BbiGop u pacuer yCTaBOK YyBCTBHTE/1bHOr0 Oprana auddepexnu-
AJILHOH 3a1MTHI TPaHCcPOpPMATOPa (C TOPMO3HOI XapaKTEePHCTHKOI)
XapaxTepucTHKa mpejcTaBieHa Ha puc. 18.  Tlo ocw opAuHAT OTIOXKEH Iu-
(bepeHumanpHE TOK. [1o ocu adcumce — TOPMO3HOM TOK.

3oHa cpabambleaHus

I,E‘L.lmm 1

\ 2o

ITl ITZ

PucyHok 18. Xapaxrepucruka cpabarsbatis JI3T ¢ TOpPMOKEHHEM

Tox cpabampieanua yyecmeumenvuo2o opzana /J3T BHIONpacTCs MO CIEAYIO-
M YCJIOBHSAM:

- OTCTPOIiKa OT PaCYETHOTO MAKCHMAJIBHOTO TOKa HeOajaHca MpH NEPEXOJHOM
pexxume BHenHUX K3 1 U TOKE KayaHui (3€Ch U HUKE NEPBUYHBIE TOKH, IPHBEACHBI
K OJIHOM W TOM K€ CTYIICHH HANPSDKCHUS).

- OTCTPO¥iKa OT OPOCKAa HAMArHMYMBAIOLIETOCA TOKA IIPH BKIIOYECHAH HEHArpy-
JKEHHOTO TpaHcdopmMaropa No4 HaPsKEHUE.
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Munumansrstii ougpgpepenyuanvrsiii mox cpabamoisanus I ., pA OTCYT-
CTBUM TOPMOYKEHUS BLIOMPAETCS TIO YCIOBUIO OTCTPOMKH OT pacyeTHOTO HebayaHca B
PEKUME, COOTBETCTBYIONIEM HAYATY TOPMOKCHHIS

I[l.Hall 2 kOTC ) IH6.Ha'-[.T0pM,' [O- e'] > (6]72])

pi(cH K yrc K03 PULHEHT OTCTPOIKHY, YUUTHIBAIOIIMN TOTPEIIHOCTH U3MEPH-
TETBHOTO OpraHa, OIMMOKHY pacdeTa i HeoOOXOMMMBIH 3arac, IPUHMUMASTCS PaBHEIM - 1,2

Lyg.nauropw = Kug * Ir1- pacuerHwiii Tok HeGananca B HOPMATBHOM PEXHME pa-
OO0TEI 3amMImaeMoro TpaHchopMaropa.

ks - k0o3pPuumenT Toka HebGanaHca Mo MepBOi rAPMOHWKE PACCUMTHIBACTCA B
PEXUME COOTBETCTBYIOIIEM HAYATY TOPMOKCHHS:

kys = Knep  kopn - €+ AUper + Afyp, [0. 6], (6.17.2.2)

TIE Kuep - KO3((PULUEHT, YUUTHIBAIOLIMI NEPEXOIHBIH pexknM. 3HaYCHNE KO-
dvmenTta MoskeT OBITH BHIOPAHO B 3aBHCHMOCTH OT THIIA 3aIUIIIAEMOT0 00BEKTA 110
Tabmume 8.

Tabanua 8. 3Hauenune ko3 dUIMeHTa, YIMTHIBAIOIIETO MEPEXOHBIH PEKUM
THII 3aHIAEMOro 00BEKTa K ep

TCH 21eKTPAYECKHX CTAHIMIA H IPYTHe MOHUKAIIKE TPaHC(PopMaTopkL, mMero-|1,5
e B COCTABE HArPY3KH MOIIHBIE ABUTraTelH HanpsbkeHueM 6 (10) kB

[TparcdopMaTopsl CBA3M U 6J0YHBIE TPAHCHOPMATOPEI JIEKTPHUYECKHUX CTaHmmii (1,7
Co croponst HH Her
[OAKIIOYEHHBIX TO- 1,0
KOOI paHH 1M BAtO-

MIMX PeakTOpPOB

TpaHchOPMATOPHI INEKTPHUECKUX CETEH,

HE HMEIOILME B COCTABE HATPY3KH CO CTO-(CHITOBbIE TPAHC- Co croponst HH
iporbl HH MomHeIX aBurareneii uim cus- (hOpMAaTOpEI MOIII- TMOOKITIOYCHBI TOKO- 12
[XPOHHBIX KOMIICHCATOPOB HOCTBIO He Gonee | OTPAHMYMBAIOLINX
40 MBA PEaKTOpoB
Cunoesle TpaHC(OPMATOpPBI MOIIHO- |1,5
¢TI0 63 MBA 1 6o1ee

Koy - K03(DOUMUIHEHT OJHOTUITHOCTH TPaHcpopMaTopos Toka. [Ipu BHEUTHUX KO-
POTKHX 3aMBIKAQHUSIX HA TOH CTOPOHE, TIe 3allUINaeMblii TpaHc(hOpMATOp MPUCOCHH-
HEH K CETH Yepe3 Ba BRIKJTIOUATENs MpUHUMaeTcs paBHbM 0,5 - 1,0, mpudeM MeHbIIHE
W3 YKa3aHHBIX 3HAYCHWI MPUHUMAIOTCS B CIyYasX, KOr[a MpU 3TOM MOBPEKICHHH
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TpaHchOPMAaTOPhl TOKA 3ALUUTHI, YCTAHOBICHHBIE B LIEMAX dTHX BBIKJIIOUaTenei, ooTe-
Kal0TCSA MaJI0 Pa3IMyaoIIMU MEKAy co00i Tokamu. [Tpy BHEITHUX KOPOTKHUX 3aMBbl-
KaHHAX HA CTOPOHAX, TA€ 3allUMIAEMblil TpaHC(GOPMATOp IPUCOEIUHEH K CETH Yepe3
OJIMH BBIKJITFOUATEb KOA(PPUUMEHT OJHOTUITHOCTH CJIEAYET NPUHIMATh paBHBIM 1,0.

€-0THOCUTENIBHOE 3HAUEHUE IIOJTHON OIPEHIHOCTY TpaHc(opMaropa ToKa, co-
OTBETCTBYIOIIEE yCTaHOBUBLUEMYCs peskuMy K3 uinu kauanuii. [Tpu BeIOope TpaHc-
(opMaTOpOB TOKA TT0 KPHBEIM TIPEACTBHBIX KparHocTei Tph 10 %-HOoH HOTpeNTHOCTH
npuHuMaercs pasueM 0,1, a mpu 5 %-Hoi norpemsocty - 0,05.

AUppp= n AUC"'P”“ZH/_”N(:(; Ueremn)|_ s raocurensras NOTPEIIHOCTE, BRI3BAHHAS PE-
TYJIMPOBAHUEM HaIpPsLKEHUs! TpaHc(hopMaTopa, MPUHUMAETCS PABHOMN MONOBUHE ACH-
CTBUTENIBHOTO TUAIA30HA PETYINPOBAHHUS.

ITpu orcyrereuu PITH AUppy = 0.

Afyp - OTHOCHTENBHAS TIOTPENTHOCT BHIPABHUBAHMS TOKOB CTOPOH. Ompene-
JsIeTCsl TIOTPEITHOCTAMHI BXOAHBIX TT M aHajoro-uu(ppoBBIMH NPe0Opa3OBATEISIMU
YCTPOMCTBA 3alUTHL U MOXKET ObITh puHaATa paBHoi 0,05, B ciyuae npuMeHEHHUs 10-
HOJHUTENbHBIX BoipaBuuBatonmx [TTT Afy,,, npuranmaercs pasuoii 0,1( ecinu He yka-

3aHO UHA4YC Y KOHKPECTHOIO l'lpOI/BBOI[I/ITCJTH).

Hcnonb3oBanue TOPMOJKEHHS TOJIBKO OT TOKOB IPHEMHBIX CTOPOH 00eCIeuH-

BAET OTCYTCTBHE TOPMOKEHHS OT TOKOB BHYTpeHHUX K3, a HCMoNp30BaHNe TOPMOIKE-
HHS OT TOKOB BCEX CTOPOH IIPY BO3MO>KHOCTH ITUTAaHMSA ¢ HECKONBKUX W3 HAX HE00X0-
JMO JUIS 0OECTICUEHHS OTCYTCTBHUS TOPMOXKEHHS TPH TOKaX [ < [, COCOO TOPMO-
JEHHS BRIOUpAeTCsl MPOU3BOAUTENEM 000pyaoBanms. [Ipn HaMUmy B TEpMHHANE He-
CKOJIBKHX CIIOCOO0B TOPMOKEHHMS BHIOOD MPOU3BOIUTCS HA CTAIAH TTPOCKTHPOBAHUSL.

YcraBka «Havaa TOPMOKEHUs» (I77) HA 1 HAKIIOHHOM y4acCTKE TOPMO3HOI
XapaKTEPUCTUKY - 30HAa MalbIX TOKOB KOPOTKOTO 3aMbIKaHUs, rie morpemHocts TT
MHHHMAJIbHA.

Havanmo TopMOoxkeHUS BEIOHpaeTcs paBHBIM [77 = 0,5 IPH MHOTOCTOPOHHEM
nmuTaHud ¥ [r;= 1,0 Ipu OAHOCTOPOHHEM MUTAHUM.

Kosddunuent TopmoxxeHus (kr2), paBHBIN TAHTEHCY YIJIa HAKITOHA TOPMO3HOMH
XapaKTePUCTHKH, BHIOMPAETCS N0 YCIIOBHIO 00ECTICUCHNS HEACHCTBYS 3aIUTHI - OT
TOKa HebajaHca NepexoIHOro peskuma BHerHero K3.

Kosddumment TopMoxeHus (kr2), YIOBICTBOPSIONIMM YKa3aHHBIM YCIOBHUAM,
OIpeneAeTCs 0 BEIPHKEHHUIO COCTABICHHOMY HCXOMS M3 TOPMO3HOI XapaKTePUCTHKH

__ Al Ino=Im KoreIug.paca = naw
kp=—== = L o.e. 6.17.2.3
27 A Iy Ira—iry gl IE ( )

rae kype - K03 dUuenT oTcTpoiKy, MpuHUMaeMbIif 1 3 quamnaszosa ot 1,1 mo 1,3.
PexoMennyemoe 3HaueHue - 1,2.

L6 pacy - PACUETHBIH MAKCUMATBHEIN TOK Heananca pH pacieTHOM BHenTHeM K3,
0.€.

Lugpacs = Ku * lcksmaxc- PACHETHEIA TOK HebanaHca B PEXMME MaKCHMABHOTO
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CKBO3HOI'O TOKA, O.€.

I g maxe -~ CKBO3HOH TOK MaKCUMAaJIbHOE 3HAYEHHE.
ITpranMaetcs g mae = Im2 = 2.

I ay - MUHIMAJIBHBLH TOK CPa0aThIBAHKS 3AIMTH] PH OTCYTCTBUH TOPMOYKEHHS,
¢dopmyna (6.17.2.1).

It - ycraBka Havama TOpMOXKeHNS Ha | HAKITOHHOM OTpe3Ke TOPMO3HOM XapaxTe-
PHECTHKH.

Hns pacuera kg npumensercs gopmyna (6.17.2.2), Ho Ky, - kK03 dumenT,
VUMTHIBAIOMIMI TIEPEXOHBII PEKAM, BHIOHPAETCS B 3aBUCHMOCTH OT THIIA 3alllHIIAc-
Moro o6bexra no Tabnune 9.

Ta6nuna 9. Beibop koappuumenta kye, 1151 pacuera k,q

THI 3amHIIAEMOT0 06heKTa Knep
[TCH 5>1eKTpHYECKIX CTAHLUM 1 APYrue NOHIDKAIOIINE TPaHCHOPMATOPEI, UMEIO- 25
ME B COCTaBE HAPY3KM MOILIHBIE JBATATENN HAanpsbkeHueM 6 (10) kB
[TpancdopMaTopsl CBA3W U GJIOUHBIC TPAHCHOPMATOPHI HMEKTPHUECKAX CTAHIIHI 3,0
Cunoseie Tpanc- (Co croporel HH HeT moaxiro- 20
[TparchOpMAaTOpPEI 2NEKTPUYE-  [(HOPMATOPHI MOIII- [YEHHBIX TOKOOIDAHHYHBAFOIIMX i
CKUX CETel, He MMEIOIIHE B CO- [HOCTBIO He Oonee [Co cropoHsl HH mokimtoueHs! 25
CTaBe HArpy3ku co cTopoHel (40 MBA [TOKOOI'PaHHYHBAKOILIE PEaK-
[HH MoLHbIX ABUTaTeNne Wik [TOpBI
CHHXPOHHBIX KOMIIEHCATOPOB CHIOBBIE TpaHC(bopmaTopm MOILHOCTLI0 63 MBA 2,5
m Gonee

Ycrapku a1 2 HaKJIOHHOTO YYacTKa TOPMO3HOM XapaKTEPUCTUKH - 30HA OOJIBINIX

TOKOB BHemHux K3.

It, - yCTaBKa Hauama TOPMOXKEHHS HA 2 HAKJIOHHOM OTPE3KE TOPMO3HOM Xapak-
TEPUCTUKU, IPUHUMAETCS PaBHOM 2,5 o.¢.
Ha BTOpOoM HakIOHHOM y4acTke ks perynupyercs B npeaenax ot 0,5 no 1,0 (B

OTHOCHUTC/IBHBIX eﬂl/IHI/IHaX).

Ecnu BEIMONHSIOTCS TpeOOBaHMUS K M3MEPHUTENEHBIM TPAaHC(HOpMaTOpaM, OTIACaH-
HBIM B pazzene 4, To npuauMaetcs ky; = 0,75. Ecii yka3aHHbIe TpeOOBAHUS B CHITY
psioa IPUYUH HE MOTYT OBITh BEIIOJHEHBI, TO CIICAyeT MpUHATh K3 = 1,0.

Ipoesepka uyscmeumensvHocmu oughghepenyuanvHol 3aujumol
H’pOBG’pKa HYBCTBUTCIIBHOCTH 3allIUTHl TOJKHA MPOU3BOAUTHECA NP METAIITAYC-

ckoM K3 Ha BBIBOZAX 3aIIMINAcMOro TpaHc(opmaTopa IMpH paboTe ero Ha pacyeTHOM
OTBETBJIEHNH. PacueTHBIMU PEXXKMMaMU PaOOTHl MOACTAHIIME H SHEPrOCUCTEMEL SBJIS-
I0TCS PealbHbIE PEKUMEL, 00YCIaBINBAIOIINE MTPOTCKAHNE MHHAMAIEHOTO TOKA MPH
pacuétHOM Buze K3.

Ilpu »3ToM pOWKeH obecmeynBaThess KOIDPUIMEHT UYBCTBHTEIBHOCTH
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HE HIDKE 2.
Ky = e e (6.17.2.4)

Inaruay
Ix3 vyun - Tok mpu K3 Ha cropone HH B MUHHMATEHOM PEXIME B 30HE JICH-
ctBus JA3T (pasen auddepennuamsaOoMy ToKy). [Ipu pacuere B APM 3amaercs rpymma

COEIMHEHNI CHITOBOTO TpaHc(hOopMaTopa, HO3TOMY KOMIIEHcauus (Ha30BOro CABKIA [0~

JdydJaeTcsa aproMaruuecku. IlIpu «pydunom» pacdere TokoB K3 cliemyeT momb30BaThCs

auteparypoil «PykoBoadinie ykazaHus no BelGopy ycraBok P3A, seimyck 135, Ta6-

mina 2.1.

Koa(punueHT 4yBCTBUTEILHOCTH ONPEAETsIEeTCS AT YCTABKH HAYasia TOPMOXKE-
HH:, TaK KaK P4 MUHUMAJIbLHOM TOKE TOPMOKEHHE MOXKET HE BCTYINaTh B AeiiCTBHE.

B cootsercTBrn ¢ . 3.2.21 ITYD, nomyckaercsi cHIKeHue Tpedyemoro ko3¢ du-
IMEHTA YyBCTBUTENBHOCTH 10 1,5 B CIEAyIOWUX Clydasx (B KOTOPBIX o0ecnedeHune Ko-
3¢ duLMeHTa 1yBCTBUTENLHOCTH OKOMO 2,0 CBS3aHO €O 3HAUHTETEHBIM YCIIOKHEHHEM
3aUIUTH WA TEXHUYECKH HEBO3MOXKHO):

- 1pu K3 Ha BBIBOIaX HU3LIETO HANPSKSHUS TPaHC(OPMATOpa MOLIHOCTHIO MeHee 80
MBA;

- B PE&KUME BKIIOYEHHS TPaHCHOPMATOPa NOA HANPSHKEHUE, & TAKXKE UL KPaTKOBpe-
MEHHBIX PEKMMOB €ro paboTHl (HATpUMep, TIPH OTKITIOUCHAH OJIHON M3 MHTAFOIIHX
CTOpPOH);

- npu K3 3a peakTopoM, yCTaHOBJICHHBIM HA CTOPOHE HU3LIETO HANPSLKEHUS! TPAHC-
(hopMaTopa 1 BXOASIUM B 30HY €ro auddepeHmanbHoi 3ammTHL.

IIpyu HamWYM| JPYTHX 3alUT, OXBATHIBAIOMIMX PEAKTOP M YAOBIETBOPSIOIMX
TpeOOBaHUAM YYBCTBUTENILHOCTH K OCHOBHBIM 3ammram npu K3 3a peaktopom, dyB-
CTBUTENBHOCTH AU PepeHIMATLHOMN 3ammTHl TpaHchopmaropa mpu K3 B aToit Touke
JIOITyCKaeTCst He 00eCIIeunBaTh.

B mpaxTuueckux pacyerax MOAyJib ToKa AByX(aszHoro K3 MOXKHO BBIpa3UTh Ue-
pe3 1ok Tpexdaznoro K3 B Toit ke Touke:

1P =02 08719 (6.17.2.5)
13
Bnokupoexa no émopoii 2apmonuxe
VYcraBka GOI0KMPOBKH 110 BTOPOif rapMOHUKE BEIOHPAETCS MO YCIOBHIO OTCTPOHKH
ot 6pocka HaMaranumBarommero Toka (BHT) mpu BrirodeHH: Tpancdopmaropa Ha Xo-
JocTol X0k, YcTaBka nprHUMaeTcs paBHOH 12 % (kan = 0,12).

Bouibop ycmagKku 01 KOHMPOAs MOKOBHIX Yenell

OYHKIWMS KOHTPOJIS TOKOBBIX LeNel aKTUBU3UPYETCS, €CIU H3MEPIEMBII Te-
KyIuii TOK XOTs OBl B OHON M3 (ha3 mpeBbimaeT $HukcupoBaHHyo BemmuuHy 0,125
Tnom. Ecnu nipu 3ToM nosiBisieTcst TOK 00paTHOM Ioce0BaTeNnbHOCTH 12, mpoBepseTcs
OTHOIIEHUE MOJIYJIeH 3TOr0 TOKa K MakCUMaTbHOMY (azHomy TOKY [12|/ |Imaxc oasml.
IIpu CHMMETPUYHOM Harpy3ke, Ipu OOpPBEIBE WM 3aKOpPaYMBAHUK OJHOM U3
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(a3, momynb Toka 12 = 1/3 Iyakc.oasm, oTHOmEHHE |12/ Tyake oazir| = 0,333. C 3amacoM,
napamerp cpabareiBanus 12/11 mMoxkeT 6T puHAT 0,2 (Takoe 3HAUCHUE, HAITPHMED,
3A0 «APEBA Ilepenaua u PacmpenencHue» Mpemlaract B 3aBOACKAX YCTAHOBKAX).

Bpems cpabatbiBanus yHKINE BRICTAaBIAETCS B mMpenenax ot 6,00 go 10,00
CEKyHII.

6.18 3amuTHI 0 HANPSLKEHUIO
6.18.1 BeiGop ycTaBOK 32l Thl MEHUMAJILHOTO Hanpsixkenus (3MH)

3amuTa MUHIMAaIbHOIO HAIPSDKEHNS UCTIOIB3YETCA B KauecTBe OIMOKUpOoBKA AYUP
MIPY CHIDKEHUM HANpPsOKCHUS B JIMHUM, HHIMBHAYATBHOrO oprana 3MH ¢ mycKoM oT
BHemHeH cxeMbl 3MH u B KauecTBe BOJILTMETPOBOM OnOKMpoBKH cTymeHedr MT3
(IYHKT «IyCK IO HPANpPsODKCHHIO» 3alUT JIMHUM) WM AYTOBOW 3aUIMTHL, IS ITyCKa
ABP, 1714 ycTpoHCTB 3aIUTHL ABUTATENs ¥ TPaHC(HOPMATOpa HANIPSDKEHIS, IS 3AIIHTHI
OaTapeu CTaTU4eCKUX KOHJIEHCATOPOB.

3MH BBoanoro Beikia4arens (Ilyck ABP)

3MH npennazHadeHa 11 ycka ABP npu HCUE3HOBEHWH NMHUTAHUS HAa CEKILWM.
ITycxoBbie opransl 3MH ycTpoiicTBa A0/DKHEL 00ecneunBarh nyck ABP mpu mcye3Ho-
BCHHUH Ha INHWHAaX IMUTaHWUA W HEC OOJDKHBI CpaGaTLIBaTB OpH CHWKCHUU HAIPAKCHUS
BCJIEICTBHE KOPOTKOTO 3aMBIKAHKS HA TMHTAIOLIEH CTOPOHE W HA OTXOJANIUX OT IOJI-
CTaHLUY [TPUCOCANHEHMUI, YTO OTCTPAUBAETCS BBIOOPOM YCTABKU MO HAMPSLKEHHUIO H 110
BPEMEHML.

Hanpsjicenue cpabampiganus paccUMTHBaCTCS 1o GopMymam:

Uep. = Uocrx./ (Korcta), (6.18.1.1)
Ucp. = Ucan/(Korc)- (6.18.1.2)

rae Uyerk. - HAUMEHBIIIEE PACYUETHOE 3HAYCHHE OCTATOUHOTO HANPSLKEHUS MPH

K3; Ucay - HAUMEHBLIEE HAMPSHKEHUE IIPU CaMO3AyCKe deKTpoABUrarenei; k. —
K02 (GUIMEHT OTCTPOIiKY, NPMHUMAaeMBIi 1,25; n,, — koo dunment Tpanchopmanim
TpaHc(opMaTopa HANPHKEHUS.

INpuHUMaeTCa MeHbIIEe 3HAYCHHE HANPSDKEHHS cpabaThIBAHUS H3 TOJTYYEHHBIX
o opmynam (6.18.1.1) m (6.18.1.2).

Buioepiicka spemenu 3MH npuHNMaeTcs Ha CTYNEHb OOJNBINE BHIAEPIKEK BpE-
MCHH 3alIUT NPUCOSTMHEHHMI, IPH KOPOTKOM 3aMbIKaHWH B 30HE NEHCTBHS KOTOPHIX
HaMpsOKEHUE HA PE3EPBHPYEMBIX MIMHAX CHIDKAETCHA [0 HAUPsDKEHUS cpabaThIBaHms
3MH.

3MH ycTpoiicTB 3a1UTHI ABHTaTe/Is U TpaHCPopMaTopa HANPSLKEHHST

B of1mmeM ciydae 3ammTa BHIOIHAETCS ABYXCTYIIEHYATON, IPYIIIOBOH C OpraHu-
3anueii muHok 3MH. B onpeeneHHbIX CIlydasix 3aliuTa BHINOIHASTCS MHIMBUY b
HOI1.
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IIpu BEIGOPE yeTaBok 3MH cnenyeT y4ecTb, aCHHXPOHHBIE ABUraTenu Oosee 4yB-
CTBHUTENIBHEI K TOHIKEHHUIO HAIIPSDKEHNS, Y€M CUHXPOHHBIE.

Tlepras ctynens 3MH npenHazHadeHa it 00JIETYeHHS CaM03aycKa OTBETCTBEH-
HBIX 3JIEKTPOABUTATENEH, OHA OTKIIOYAET 3CKTPOABUTATEIN HEOTBETCTBEHHBIX MEXa-
HU3MOB. HampsbkeHue cpalaThIBaHUs IEPBOM CTYNEHU YCTAHABIMBAETCA NMPUMEPHO
PaBHBIM

Ul = 0,7Uy0y, @ BoIICPIKKA BPEMEHN IPHHIMACTCS Ha CTYTMEHDb CEICKTUBHOCTH
6oJIBIIe BPEMEHH IeHCTBHS OBICTPOACHCTBYIOIIMX 3AITHT OT MHOTO(A3HEIX KOPOTKHX
3aMBIKAHUH

tes =05..15¢

Bropas cTyneHb 3alUThl OTKIFOYAET YacTh 3EKTPOIBUTATENCH OTBETCTBEHHBIX
MEXaHM3MOB, CaM0O3aITyCK KOTOPBIX HEAOMYCTUM 10 YCIIOBUSIM TEXHUKH OE30MacHOCTH
WA U3-38 0COOCHHOCTEH TEXHOIOTHYECKOr0 MPOLECea.

HanpsbxeHue cpabaTeiBaHUs BTOPOH CTYNICHU HE IPEBHILIACT

U, = 0,5U,0y, @ BEIICPKKE BPEMCHI TIPHHAMACTCS

te, =10..15¢.

3alyita MUHUMAIBHOTO HaNpPsDKEHUS ONOKMPYETCS IPH HAPYLIEHHUIX BO BTOPHY-
HBIX LIEMSIX TPaHC(GOPMATOPOB HAMPSDKEHUSI.

3MH 0aTapeH cTaTHY€CKHX KOHAECHCATOPOB
Hanpsowcenue cpabameiganus 3MH BuibupaeTcs u3 o0ecrieueHns YCJIOBUs BO3BpaTa

perte mpy caMo3alycke JBHraTelell B PACCUHTHIBACTCS 110 hopMyIe:

Ugy, = i, (6.18.13)

19 (5
Upninn — MUHAMAITBHOE JTMHEHHOE OCTATOYHOE HANPSHKEHHE TIPH CaMO3aITycke IBUTaTe-
Jeii (ecau HET BO3MOXKHOCTHU OMPEACIIUTh PACYETHBIM IIYTEM, MOXKHO MPHHSATH €TI0 PaB-
HbIM 0,85 Uyon);

Korer = 1,2 —K03hPUITHEHT OTCTPOITKH,

k; - k03 QuIUEHT BO3BpaTa Pesle HANPSLKEHUS (B3ATh U3 TEXHUYECKUX JAHHBIX IIPOU3-
BOJUTENS TEPMUHATIA).

Bpems cpabareiBaniss 3SMH BEIOHpaeTcst Ha CTYTICHD CEIEKTHBHOCTH OOJIBIIE, YeM
MaKCHMAaJIbHOE BpeMs CpadaThIBAHN 3AIUT BHEIIHEH CETH.

6.18.2 BpI0Op yCTaBOK 3aIUUT OT NOBbIIIeHAs1 Hanpsikerus (31TH)
3ITH GaTapeH cCTATHYECKHX KOHAEHCATOPOB
Hanpsasicenue cpabamviearnun 3I1H nepeoil cmyneHu, deilicmeyouieit Ha om-
KJl0ueHue BEIOMPACTCS U3 YCIOBHS OTCTPOUKH OT JOIyCTUMOTO YPOBHS NOBBIMICHUS
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HAOPSDKEHHUS. B TEYEHHE BPEMEHH, ONPEJEIIIEMOrO 0 TEXHUYECKOH TOKYMEHTAlMK HA
BCK.

Ucs = UnomnKorer » (6.182.1)
i (5

korer - OTIpenenseTcs Mo TEXHWYECKOM NokyMeHTauu Ha BCK.

U\iomn - HOMHHAIIBHOE IMHEHHOE HANPSDKEHHE.

Hanpaocenue cpabampiganus 3ITH emopoii cmynenu, IeiicTBYIOIIEH HA CHTHAN Bbl-
6upaercst U3 YCIOBHS OTCTPOWKH OT IUTHTENBHO NOMYCTUMOTO YPOBHS MOBBILICHHS
HAMpPsDKEHU:A, ONMPEAENIEMOro 1o TexHu4yeckoi nokymentauuu Ha BCK mo takoii sxe
¢dopmyIie, HO ¢ COOTBETCTBYIOMIM KO3()(MHUIMEHTOM OTCTPOMKH.

3ITH pnst curaanu3anu 1 010kupoBKH padorsl PITH

[Tpu HeucnpasHocTsx npuBoa PITH u €ro cxeMbl yrpaBieHHs BO3MOKHBI H3JTHIII-
HHE IEPEKIIIOYEHHS B CTOPOHY TOBHIICHHS HANPSKEHHS, YTO MOXKET MPUBECTH K TI0-
BPEXICHUSAM 3IEKTPOYCTAHOBOK IOJICTAHIIMU U NOTpeOuTENEH.

Hanpaxcenue cpabamuieanus 3ITH ¢ Oeiicmeuem Ha cuznaau3ayuio ppionpa-
€TCsI M3 YCITOBHI OTCTPONKH OT MAKCHMATTFHOTO HAMPSHKCHUS HA TIMHAX B paboueM
pexxume. /lnana3oH IPHHAMASMBIX 3HAYEHNH B 3aBUCHMOCTH OT THITa 000PYI0BAHHS
coctaBmsteT Ug, = 1,1...1,2 Uy

Bpema cpabamwieanusa 3ITH npuHUMaETCs Ha CTyNEHb OOJNbIIE BpEMEHH cpada-
THIBaHWs YCTPOHCTBA ABTOMATHYECKON PETYJIMPOBKH NMPUBOJA M BPEMEHH MEPEKITIOYE-
Hus npusoga PITH:

tes. = tapn + tnpusona T At, (6.18.2.2)

TIe tapy - BpeMs cpabaTEIBaHUS YCTPOICTBA AaBTOMATHYECKOH PEryIMPOBKH TPH-
Boaa, 0,2 ...0,5¢;

Cipusoga- BPEMSA TEpekmouenus mpusona PIIH, koTopoe s pasiuyHBIX BHIOB
TIPUBOIOB MOKET OBITH B Tpenenax or 0,2 ... 1 ¢;

At — CTyNEeHb CeNEKTHBHOCTH 1O BpeMeHH, 0,3...0,5 c.

Hanpsorcenue cpabameieanus 3IIHc oeiicmeuem Ha 610KupogKy NpuBoaa
BBIGI/IpaCTCSI aHAJIOTWYHO. YCTAaBKa MO BpPEMCHI CpaﬁaTLIBaHI/IS[ B OTOM Cjiy4yac AOJI>KHaA
OBITH MUHUMAJTEHA B OTCTPAUBALTCS OT YCIOBUN MAKCHUMAIBHON UTHTEIBHOCTH
KpaTKOBPEMEHHEBIX nepeHanpspkeHuii. Kak npaBuiio, BeIaepKka BpeMEHH BIOAPACTCS
MCHBIIC BpEMCHHA NEPCKITIOYCHUA ITPUBOAA, OJIA UCKITIOUYCHUA HaJIBHCﬁmCﬁ
HeMpaBmIBGHO paboTh!. [TpH 3TOM JOKHEL OBITH TIPEYCMOTPEHBI CXEMHBIE PEILCHHS
B YIPaBIECHUU NPUBOJOM I MCKIIOYCHUS Gi10KupoBku npuBoga PITH B
MPOMEXXYTOYHOM COCTOsIHMK. HanpsbkeHHe BO3BpaTa MPUHUMAETCS PABHBIM:
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Uy =1..1,05 Uy . (6.182.3)

6.19 3ammura ot Ayroesix 3ambikanuii(3/13)

BO3HUKHOBEHHE JYroBOTO 3AMBIKAHUS COMPOBOXKAACTCS YBEIMYEHHEM TOKA
W/WIN MOHIDKEHUEM HanpsbKeHUs. Mcmomb3oBaHue KOHTPOIA IO TOKY/HANPSLKEHUIO
JyroBO 3aIUTHI MO3BONAECT OJIOKMPOBATH JIOXKHOE AeiicTBHE nardymka (mpu BUGpa-
IMAX KJIAMaHa OyTOBOHM 3allWTEL, JIOKHOM ACHCTBUY KialaHa WiIH (JOTOTHPHCTOPA).

BEe16op ycTaBok 1t KOHTPOJIS IO TOKY WITH/H HAIPSHKEHUIO (Pa3fieiibl 10 BbI-

6opy yCTaBOK COOTBETCTBYIOIIHMX 3aII[UT).

6.20 Br100p ycTaBok QyHKIHII ceTeBol aBTOMATHKH
6.20.1 ABTOMaTH4YecKOe IOBTOPHOE BKJIIOYCHHE
OnsokpatHoe AIIB uHA# ¢ OTHOCTOPOHHAM MATAHAEM
Beinepxka BpeMeHd 0MHOKpaTHOTO AIIB mim nepeoro uukia asykparsoro AINB
JIMHWA ¢ OMHOCTOPOHHKM IUTAHUEM JOIKHA OTBEUYATh JBYM TPEOOBAHUSAM:
1) Beimeprkka BpeMeru AlIB ¢, , JODKHA ObITh OOJIBIIE BBIACPIKKM BPEMEHHU IO-
TOBHOCTH [IJ1s1 IOBTOPHOIO BKJIFOYEHHSI IPUBOJA OTKITFOYUBILETOCS BBIKIIOYATENS
tanB-1 = trormpus. T tsan. + 4L, (6.20.1.1)

7€ trornpus,~ BPEMS TOTOBHOCTH MPUBOJIA, KOTOPOE Ui PA3NMYHBIX BHOB MpH-
BOJIOB MOXeT OBITH B mipenenax o1 0,2 ... 1 ¢;

C3an~ BPEMS 3a11aca, yYHTHIBAIOMIEES HEMOCTOSHCTBO rornpus,, KOTOPOE BHIOHPa-
ercs B quana3one ot 0,3...0,5 ¢;

2) Beinepikka BpeMeHn AIIB momkHa OBITH G0JIbIIE BBHIAEPKKH BPEMEHH OT MO-
MEHTa IIoTacaHmsl AEKTpAIecKoii Ayru B MecTe K3 10 MOJTHOT0 BOCCTAHOBIICHHS H30-
JIAIMOHHBIX CBOMCTB BO3/yXa (BpeMs JEHOHH3AIUN BO3LyXa)

tAI'lB—l = t,u. + t3ar[., (62012)

I t, - BpeMs qenonu3atuu cpepl B Mecte K3 a BJL, 3HaueHHe KOTOPOTO 3aBHCUT
OT METEOPOIUTECKHX YCIIOBHIL, 3HAUCHNUS U JUINTENIFHOCTU NpoTekanus Toka K3, ot pa-
60dero HampspKEHWs, OPHEHTHPOBOYHBIC CPEIHUE 3HAYCHUS CIEAYIOIME: [l CeTel
HanpspkeHueM 710 35 kB BrimountensHo t, = 0,17 ¢, ana ceteit 150 kB ¢, = 0,25c,
s ceteii 220 kB t, = 0,32 c.

f3an, - BPEMS 3aTIaca, YIUTHIBAKOIIEE HEMOCTOSHCTRO ¢, , KOTOPOE NPHHUMACTCS B
muanasone 0,4 c.

3) Beigepyxxa BpeMern ATIB f10/DKHA ObITH GONBINE BBIAEPKKHA BPEMEHH BLI-
KIIFOYaTess
tanB-1 = Lrp. T g + Laan, , TAE (6.20.1.3)
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{5, — BPEMSI TOTOBHOCTH BKJIFOUEHUS BBIKITIOUATENS; ty ; — BPEMS BKJIFOUECHHS BBIKITIO-
yareJsl.

3a ycraBKy NpUHAMAETCS OONBILEE U3 TIOYYSHHBIX 3HAYECHUH topp—4 . 71 HOBHI-
HIEHHUs HAeXKHOCTH AelicTBus AITB Ha TMHUAX, Te HauboJiee YacTbIMU [TOBPEXKICHHU-
SIMH SBJISIIOTCS. HAOPOCHI TPOBOIOB, TIOC/IEACTBYS OT NMAJCHUs JEPEBbEB M KacaHHs PO-
BOJIOB [IEPEABWKHBIMU MEXaHM3MaMHU, LeJIecO00pa3HO YBENMUMTh BBIACPKKY BPEMEHH
Jo2-5c.

Boiiepikka BpeMEHU FOTOBHOCTH tror ag—1 BHIOMPAETCS, HCXOAS U3 HEOOXOIMMO-
ctu obecneyeHns: OTHOKpaTHOTO neiicTeus AIIB mpu MOBTOPHOM BKIIIOYCHHH Ha
ycroiiunBoe K3 H, COOTBETCTBEHHO, MOJDKHA OBITH OTCTPOEHA OT HAWOONbLICH BBI-
JEP>KKHA BpEMEHH AcHCTBUS P3A B 3TOM peXHME.

Jlnst obecnieueHus: OAHOKpPAaTHOCTH JekicTBus ATTB BbIKIIFOuaTes, 000pya0oBaH-
HOTO MPYKUHHBIM WJI TPY30BBIM MPUBOJOM:

trorAnB-1 = tsam. + tsan. (6.20.1.4)

ITpu Hamumy B cxeme AIIB penie BpeMEHH € YCTaBKOH tq zpp.:

troranB-1 = tsam, T 1 anB. t taan. (6.20.1.5)

L€ tgay, - HAMOOIBINAS BBIICPIKKA BPEMEHHU 3ALIMTHI ACHCTBYIONICH HA OTKIIIOYE-
HHE,
taan - BPEMS 3amaca, KOTOPOE IIPUHUMAETCS PABHBIM OT 2 110 3 C.

Ha npakTtuke A MCKITIOUEHMs TUIMTHUX MEPEKIIOUEHUN U COXPAHEHUS pecypca
BBIKJIFOUATEIIs IPU MHOTOKparHbX K3 ycTaBka 10 BpEMEHH TOTOBHOCTH MPUHAMAETCS
paBHO#t 30 c. [Ipu paboTe TMHUM B 30HE, TA€ MOTYT OBITh YACTHIE Cy4yad KOPOTKUX
3aMBIKAHUH: CHJIbHBIN BeTep, TONONEHN — 3TO BpeMs LEIeCOO0Pa3HO YBEIMYUTH 10
60...90 c.

JIsykparnoe AIIB JiMHHAI ¢ 0THOCTOPOHHAM NATaHHeM !
IIpumenenne aBykparHoro AIIB mo3BONsET MOBEICUTH 3(P(EKTUBHOCTH 3TOTO

BUJA aBTOMaTHKK. Kak MoKa3bIBaeT OIBIT 3KCILTYaTAIlH, YCIEIIHOCTh AeiiCTBHUS IIpH
BTOpPOM BKJTIOUeHUM cocTaBiisieT 10-20%, 4To noBhIaeT oOmwif MPOIEHT YCTIEUTHBIX
aevicteuii AIIB o 75-95 %. [IBykparHoe AIIB npuMeHSIOT, KaK MpaBHUiIo0, HA JTAHUIX
C OJHOCTOPOHHMM TMHMTAaHWEM W Ha TOJOBHBIX Y4aCTKax 3aKOJILIIOBAHHBIX CETEH, e
BO3MOJKHA padoTa B PeKUME OJHOCTOPOHHETO NIATAHUSL.

Brinep:xka BpeMeHn cpabaThiBaHHs U TOTOBHOCTH nepsoro mmkina AITB ompene-
JISIETCS AHATIOTUYHO BBIIEP)KKU BpeMeHH ofHOKpaTtHoro ATIB.

! Ha JIMHMAX C ABY XCTOPOHHUM IUTAHUEM ABYKpaTHOE ATIB He MPUMCHSETCS.
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Bpewms cpabarbiBanus Broporo nuxiaa AlIB tapp—, 10mKHO OBITE BEIOpaHo 60Jb-
UM JUIst 00ecTieyeHns MOATOTOBKH BHIKITIOYATENS K OTKITFOUCHHTO TPEThero K3 B city-
Yae BKIIOYEHHS HA YCTOMUMBOE MOBpeXxaeHue. B TeueHne 3Toro BpeMeHH BOCCTAHAB-
JIMBACTCS OTKJIIOYAOIIAs CIIOCOOHOCTh BBIKIIOUarens. Ha mpakTuke BHIISPIKKY BpE-
MEHMU pnp_,IpuHUMAIOT paBHo# 10...30 c.

B cetsx 6-10 kB amis uckmouenuss MHOToKpaTtHoi padotel AITB, BpeMs rOTOBHO-
CTH BTOPOTO LHKIA o7 anB—, BIOMpPatOT paBHeIM 60...100 c.

AIIB inHUi ¢ BbITEIEHHOI HATPY3KOM
B pacnpenenuTenbHBIX CETSX MOTYT OBITh PAOHBI C MECTHBIMH BIIEKTPOCTAHIIN-

MU OTHOCUTEIBHO HEOONBIION MOIIHOCTH, PA0OTAIONMMH APALIETBHO ¢ YHEPTOCH-
cTeMoii. IIpu 3ToM 00BIYHO GONbIIIas 4acTh MOTPEOIIEMOli MOIITHOCTH patioHa mojTyda-
€TCs1 OT CUCTEMBI MO JIMHWH 3JEKTponepeaud (JITHUU CBs3K). [1py OTKIIOUEHUH JTMHAT
CBSI3M MECTHAS ANEKTPOCTAHIINS OT/AENSETCS OT CUCTEMBI ¢ NE(UIIUTOM MOIITHOCTH, YTO
MOXKET BBI3BATh OIIACHOE CHIKEHUE YACTOThl U HANPSLKEHUS M BCICACTBHE 3TOTO MOJI-
HO€ PaccTpoiCcTBO padoTH HOTPEOUTENEH BCETO paifOHa, B TOM YHCIIE MEXAHU3MOB COO-
CTBEHHBIX HY)KJ JJIEKTPOCTAHIINH.

Jns mpenoTBpaiieHus apapuu npuMensietcs ATIB TWHUM ¢ BBIICIIEHHOM HArpy3-
KO B COYETaHUU C AETUTEIbHON 3aImuTol J{A (menuTensHO aBTOMaTHKOM ), yCTaAHOB-
JICHHOW Ha OTHOM W3 DJIEMEHTOB CA3W TEHEPATOPOB CTAHIIMH C CHCTEMOM.

Bpewms cpaGateiBanus ATIB nvHHYM CBSI3HM B TaKO#i CXeMe JAOJDKHO OBITH OOJbIIe
MaKCHMAaILHOTO ICHCTBHS AETUTENLHOM 3aMThE (L7 ):

tang-1 = ty3 + 4t (6.20.1.6)
roe At =0.5—-0.7 c.

JJ1s1 IpeIoTBpaLLEeHHUs OTIACHOT'O HECHHXPOHHOTO BKITIOUEHHUS HJIEKTPOCTAHIINAH 110
JIMHUM CBSI3H NIPH OTKa3€ JETUTENLHOM 3aUThl HE0OX0AUMO BBHIONHATE ATTB JmHun
€ KOHTPOJIEM OTCYTCTBHSI HAITPSDKEHHUS CO CTOPOHBI JIMHUM.

Hanpsoxkenne cpabatbiBanusi peljic KOHTPOJIS OTCYTCTBHUSI HANMPSXKCHUS B CXEME
ATIB Beibupaetcs B mpeaenax (0,3 — 0,6) U,,,. ATIB nuauii, paGoTaroIumx B 3aMKHY-
TOM CETH C OAHUM HCTOYHHKOM NHUTAHHMS.

AIIB 1nHuAi, padoTalomux B 3aMKHYTOM CETH C OJHHM HCTOYHHKOM
NHTAHHSA
AIIB B TaKoii ceTi JOJKHO MPOU3BOJUTCS TOIBKO MOCIIE TOTO, KaK MOBPe-
XKIOEHHAS TMHMS OyIET OTKIIFOUEHa ¢ 00erx cTopoH. [103TOMY JOMONHUTENBEHO HEO0-
XOAMMO BBHITIOJTHUTE CJIEAYOINEE YCIOBHE:

tanB—1 = tc.3.2 —tc31 + tor2 — tom1 + t,q_tn.nl + t3an~ (6-20-1-7)

92



I'me to51, top1, tag1 — HAUMEHBIEE BpeMs cpadaThIBaHUS 3ALIMUTHI, BPEMS OTKIIIOYC-
HHS ¥ BPEMS BKIFOUCHUS BBIKITFOUATEIS] HA TOM KOHIIE JTUHHUH, UL KOTOPOIO paccuu-
TBIBAETCH tanp—_1; tes2. Lop1 — HAMOOMbIIEE BPeMs CpadaThIBAHMS 3ALUTHL U BPEMS
OTKJTFOUCHUSI BBIKITIOYATEIIS HA TIPOTUBOTIOJIOKHOM KOHIIC JIMHUY, t; — BPEMS ICUOHHU-
3aUuu cpensl B Mecte K3; £, — IONOMHUTENBHBIH 3anac Mo BpeMEHH, MPUHAMAEMBbIH
0.6c.

6.20.2 ABTOMATHYECKHIi BBOJ Pe3ePBa CEKIHOHHOIO BBIK/IIOYATEs

ABTOMaTHYECKWIA BBOJ pe3epBa OCYIIECTBISIETCS COBMECTHOM  paloToif
YCTPOICTB 3alMThLI BBOAHBIX M CEKIIMOHHOTO BBIKIIOUaTenel. [1pu ncuesHoBeHn: -
TaHWsI HA IIMHAX OJHOW M3 CEKLIMM MUTaHUE HA 00ECTOUEHHYIO CeKImio pu ABP ocy-
HIECTBIIACTCS YePe3 CEKIIMOHHBIH BBIKITFOYATENb.

B ceTeBbIX NPEANPUATHAX UCYC3HOBCHUE IMTAHUS TPOMCXOANT, KaK MPABUIIO, TPH
otkmoucHun nutatomeit JISIT 110-220 kB, oTKIMOYEHHH BBIKITIOYATENS Ha BHICIIEH
CTOpOHE TpaHcopmaTopa (B 3ToM ciydae aeiictsyer 3MH BBOAHOTO BBHIKITIOYATENS ) U
npu oTKIoYeHud Bohikmoyarens HH n BH ot 3ammt TpancdopMaTtopa (OTKIIOUEHHE C
ABP).

Kpome Toro, Bo3MO>KEH BBOJ Pe3€pBa IIPH CaMOTIPON3BOJIBHOM OTKJIFOYEHHH BbI-
KJIF0YaTeNs, 32 UCKIIIOYEHHUEM OTKITFOYECHHS BBIKITIOUATENS IEPCOHAIOM AUCTAHIMOHHO
WJIN TIPU TTOMOILH TENEYNPABICHHUS.

OcHoBHbIMH ycTaBkaMu ABP ABIIAIOTCS KOHTPONb HaNpsKeHKs Ha paboueii u pe-
3¢pBHOM cekuuu, u Bpems cpabareiBanus ABP.

HampsbkeHue cpabaTsiBaHis MUHUMATBHOTO Pelie HAMPSHKEHHSI Iy CKOBOTO OpraHa
BBIOMPACTCA TaK, 4TOOBI MYCKOBOI OpraH cpadaTsiBaj TOJIBKO MPH TOJTHOM HCYE3HOBE-
HHUY HATIPSOKECHHUS U HE NPUXOAUI B ACHCTBHE NIPU MOHIKCHUAX HANPSHKECHNS, BBI3BaH-
HbIX K3 wim caMo3anyckoM 3NeKTpoaBUTaTeNe.

JUIA BEINONHEHWS 3TOTO YCIOBMS HAlpssKEHME cpabaThIBaHUS MUHMUMAILHOTO
perie HanpsHKEHU S JOIKHO ObITh PaBHBIM

Uc.p. = Userx./ (KorcM), (6.20.2.1)
Uc.p. = Ucan/(KorcM)s (6.20.2.2)

rne Uyery - HAUMEHBIIEE PACYETHOE 3HAUEHHE OCTATOYHOTO HarpshkeHus mpu K3;
Ucaw- HAUMEHBIIEE HANPHKEHUE IPU CaMO3AIyCKe NEKTPOIBHTATENEH; Kyre — KOIP-
(ULMEHT OTCTPONKH, TPUHUMAEMBIit 1,25; n, — koaddunuent rpanchopmarm Tpanc-
(hopmaTOpa HaMPSKEHUSL.

[IprHMMaeTCs MEHBIIEE 3HAUCHUE HANPSDKEHUs cpadaThiBaHHS W3 TIONTYUCHHBIX
no gopmynam (6.20.2.1) u (6.20.2.2).

Hanpsokenue cpabarTbiBaHys MAaKCUMAJIBHOTO PeJie HANPSHKEHUS, KOHTPOJIUPYIO-
IIETO HAJIWYUE HANPSOKEHUS HA PE3CPBHOM MCTOYHUKE, ONPEICISCTCS U3 YCIOBHS OT-
CTPOMKH OT MUHUMAJIBHOTO pabouero HampsHKEHHS
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Uc.p. = Upaﬁ.MMH/(kaBnH) s (6-2O~2-3)

1€ Upagmun -MUHUMAIIBHOE paboyee Hanpskenue, K, -koappuimenT HanexHo-

CTH, IPUHUMAEMBIi B mpeaenax 1,1+1.2; k;, - kosgduiment Bo3Bpara pene, n, — Ko3g-
¢unment Tpancdopmarm TpaHchopMaTropa HampsHKECHHS.

[Tyck cxembl ABP mipu CHW)KEHHH HaNpsDKEHWS HA IIHMHAX HIDKE TPHHSATOTO IO
(hopMyIiam BHIIIE AOJKEH MPOU3BOTUTCS ¢ BBIACPIKKOM BPEMEHH TS TPEIOTBPAILICHUS
m3mumHuX Ackicteuii ABP nipu K3 B nutatorieii cetr wim Ha OTXONAMINX JIEMEHTAX, a
TaKKe Il CO3JaHus P HEOOXOMMMOCTH OMPECIICHHON TIOC/IEA0BATEIIPHOCTH JIEH-
cruii ycrpoiicte [TA. Bpems cpabarbiBaHus JOKHO BBHIOMPATHCH TO CJIEIYIOIIAM
YCIIOBHSIM.

a) 1o YCJIOBHIO OTCTPOMKH OT BPEMEHH CpabaThIBaHuS TE€X 3aIHT, B 30HE ACHCTBUSA
KOTOPBIX K3 MOT'YT BbI3bIBaTh CHHXKCHH A Hal'[piDI(eHI/ISI HHXC paccanaHHoro BBIIIIC.

tapp = t; + AL, (6.20.2.4)
tapp =t + AL, (6.20.2.5)

rae t;- HaubonbInee BpeMsi cpabaThbiBaHUs 3aUIUTHI PUCOCMHEHUH MH BhIC-
IIEr0 HANpPsDKCHUs MOACTAHINM; ty- TO K€ AJIS NPUCOCIMHEHMI IMH, B MECTE yCTa-
HOBKH ABP; At- CTyIICHb CENEKTUBHOCTH,

6) mo ycnoButo cornacosanusi aeiicteuii ABP ¢ apyrumu ycrpoiictBamu [TA
(AIIB, npyrux ABP, nenutensHON aBTOMATHKH ).

tagp = (teps + tiane + teps + t2ane) + taan » (6.20.2.6)

rae tep - BPEMST ACHCTBHUS 3L THI, tcp'&'- BpeMs IEHCTBH 3ALLUTHL, YCKOPSAEMOMH
nociie AIIB; t1 ang, t ang — YCTABKH IO BPEMEHU [IEPBOIO U BTOPOTO LMKIIOB, B CIy4ae
NPUMEHEHUS IBYKPATHOTO AByKparHoro AIIB.

B ciayvae ucnonb3oBaHus Ipyrux yeTpoicTB ABP Ha CMEXKHBIX 3lEMEHTAX, TIPO-
u3BoaMTCs cornacoanue ¢ ABP pacmonoxeHnHoro 61mxe K HCTOYHHKAM MUATAHUS

tapp = tappz t taan. (6.202.7)

Bpewms roroBHocTH ABP MoxkeT GbITh BEIOpaHo B auanazoHe 0,1 — 10 cek B 3aBu-
CHMOCTH OT TpeOOBaHUH HaJEKHOCTH.

3a Bpems nukia ABP CMHXPOHHBIE BUTATENH, MOAKIKOUYEHHBIC K CEKIUH, TIOTE-
pABIIEH IWTaHKE, BBITANAIOT U3 CHHXPOHU3MA 110 OTHOILECHHUIO K pE3EpBUPYIOLIEMY HC-
ToyHUKY. Pabota ABP MoskeT ObITh pa3pelleHa B IBYX CIIy4asx: WK TOcTe OTKITIove-
HUsI CHHXPOHHOM HArpy3KH, WIH I0CTIE CHATHA ¢ Hee BO3OYKACHUS U IEPEBOA B MyC-
KOBOU pEeXKUM.
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Veraeka « Konmponw U cexyuu» Ha CMEKHON CEKIMHU I0TDKHA OBITH Ha YPOBHE HE
menee 0,90y, 9TOOBL 00CCTIEUNTh HAICHKHBIA 3aITyCK 37IEKTPOABHUIaTeNcH Ha OTKIIO-

9YUBIHEHCA CEKIUH.
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Pucynok 19. Tlosicuenue k pabore ABP u BHP
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6.20.3 BoccTanoB/IeHHEe HOPMAJILHOTO PeKHMaA

OcHOBHO# 001aCTbEO IPUMEHEHUS BOCCTAHOBJICHUS] HOPMAJIBHOTO PEXKMMA SIBJIS-
I0TCS MOJCTaHUUH O€3 00CITy)KUBAIOLIETO NepcoHana. OyHKIMS BOCCTAHOBIICHHUS HOP-
MaJIBHOTO PEKMMA [03BOJISIET BOCCTAHOBUTH HCXOIHYIO CXEMY 3JIEKTPOCHA0KEHHS TO-
TPeOUTENS B ABTOMATUUYECKOM PEXKHME.

Hns eeimonnenust BHP Heo0xoquma uadopmanus 0 BO30OHOBIIEHUH TIUTAHUA CO
CTOpPOHHI TpaHc(opMaTopa. MudopMaiys o NOsABICHNN U HANMUYKY TUTAHUSA C BbICIIEH
CTOPOHBI MOXKET noctynars oT TH, ycranoBiaeHHOr0 A0 BBIKIIt0YaTesd BBoaa uinu TCH,
TAKOKE YCTAHOBJIEHHOTO A0 BhIKIIOUaresis. HgopMalys NocTynaeT B BUIE CUrHAJIA HA
JMCKPETHBIN BXOJI, CHTHAJI MOXKET OBITh MOJTy4€eH OT peiie HanpspkeHus (ans TH u TCH)
WK IPOMEKYTOUHBIX pene Tana PI1-16, PI1-23 u apyrux (s TCH) cpabaTeiBarommix
IIPH TIOSIBJIEHMU HANPSLKEHUS 10 BBOJHOTO BHIKITIOYATENS (HANPsUKeHUe cpabaThiBaHust
0,7...0,85 Uom).

Cxema BHP kpome ycraBku BBOAA/BEIBOJA UMEET YCTABKH OYEPEAHOCTH BHITION-
Henusd BHP, Bpemenn roroBHocTH 1 cpabarsiBanus BHP.

Ouepennocts BeimonHenns BHP nogpasymesaer apa ciydas: ¢ mEpEpPbIBOM MUTA-
HUs DoTpeduTens v 6e3. B nepBoM citydae [ HCKIIOYEHHS IEPEPBIBA MUTAHUS Mep-
BOHAYAJIBHO BKIIFOYACTCs BBOJHON BBIKJIIOYATEND, M TOJIBKO 3aTEM OTKIIIOYAETCA CEK-
[IMOHHBIN BBIKITIOUATEND (04epeaHOCTh «B/Cy). [Tpu 3TOM CeKIns BCe BpeMsl EPEKITIO-
YEeHUH HAXOMUTCA MO HANPSHKCHHEM U NMEPEPBIBOB NUTAHUS HE MPOMCXOIUT, BBOABI
00oux cekuuii padoTaroT napauiensHo. JJaHHBIH PesKuM KeNlaTesieH BO BCEX cilyyasx,
HO TIPEMEHUM TOJBKO TOTAA, KOTAA MCKIYEHA BO3MOXHOCTH BKITFOUEHHUS] BBOAHOTO
BBIKJIIOUATENIs B HEC(a3upOBAHHOM PEKMME, a TAKKE KOTAA JONYCKACTCs Mapajuieib-
Has paboTa CHIIOBBIX TPaHC(HOPMATOPOB.

B ciydasx, koraa HanmpsbKeHHE Ha TpaHcopMarope B Ha CEKIMH, 3aUTaHHOH OT
CMEXHOM, MOTYT 3HAYMTENHFHO OTJIMYATHCS MO (a3e wim abCOMIOTHOMY 3HAYCHHIO,
HeoOxonuMo mpuMeHsTh pexxuM «C/By. B 3ToM ciyuae mocneoBaTenbHOCTh 00par-
Hasl, OTKIII0YaeTCsl CEKIMOHHBIA BBIKIIIOYATENb, CEKIUS M €€ MOTPEeOUTENH OCTaroTCs
0€e3 MUTaHus, 3aTeM BKIIIOYACTCS BBOJJHOM BHIKIIOUATENb U TUTAHUE CHOBA BO30OHOB-
nsercs (ouepearocts «C/By). JlaHHBI peskuM HEKENATENIEH ¢ TOUKH IEKTPOCHA0Ke-
HUS TOTPeOUTENCH, HO MO3BOJISIET UCKITIOUNThH HeCc(a3upPOBAHHOE BKITIOUCHHE.

Bpems roroerocT BHP onpenensier BEIAEPKKY BPEMEHH C MOMEHTA MOSBICHUS
MUTAHUS Ha BEICIICH CTOPOHE (10 BBOAHOTO BBHIKIIIOUATEIIS ) 10 BKITIOUCHHS BBOJA (pe-
M «B/Cy») mimm OTKITIOYeHHs CEKITMOHHOTO BEIKITFoUarens (pexkum «C/By). Jlns uc-
KITFOUECHUS JTUIIHMX KOMMYTAIlU#i BBIJICPKKY BPEMEHM TOTOBHOCTH HEOOXOIMMO BBIOU-
paTh MO BO3MOXKHOCTH OOJIbIICH, TUTIMYHOM yCTaBKOM ABIAETCS: Tporpyp = 30 ... 60 c.

Hns pexuma «B/Cy, mpu OTCYTCTBMH 0COOBIX OTOBOPOK, BpeMs cpaOaThIBaHUsI
MOKHO IIPHHATH PABHBIM S C.

Bpewms cpabarsiBanns BHP s pexxima «C/B» He0OX0 MO MPHHAMATH MO BO3-
MOXKHOCTH MEHBILMM UISl COKPAILECHUS JITUTENbHOCTH IEPEPHIBOB TUTAHUS, BELICPIKKA
BPEMEHHU 0/DKHA YUMTHIBATH BpeMs Nepejiauu curHasia Ha otkimouenue CB u co6-
CTBEHHOE BPEMS OTKJIFOYECHHS BHIKITIOYATEIIS.

99



Kpome Toro, npu 6obimnoii apurarenbHoOi Harpy3ke Bpems cpadareiBanms BHP
JIOJDKHO KOPPEKTHPOBATLCS € YYETOM BPEMEHH BbIOEra HanOoJiee MOLIHBIX JIEKTPO-
JBHTaTeNe.

6.20.4 YcTpoiicTBO pe3epBHpOBAHES MPH 0TKA3aX BHIKJIIOYATEISA

B crarucTuke HaxoasT 0TOOpayKeHUs] OTACITLHEIEC CTyYau 0TKa3a B ICHCTBUM pe-
JICHHOM 3aIUTHI WJIM BREIKIIOYATENIEH.

HecMOTps HA OTHOCUTENIBHYIO PEIKOCTh TAKUX CIIYYacB MOCIEACTBUSIMH SIBIISI-
FOTCS TSDKETIBIE aBapHH, CONPOBOMKAAOLINECS MACCOBBIMU HOBPEXKICHUSIME 000pyI0-
BaHHUSA U HAPYLICHUEM DIIEKTPOCHA0KEHUS TOTpeOuTeNnell 13-3a MOHIKEHHS HapsDKe-
HUS ¥ HAPYIIECHUS YCTOWYNBOCTH SHEPrOCHCTEMEI.

IMTosTroMy BO3HMKAET HEOOXOAUMOCTh HCTIOIB30BAHMS PE3EPBHOTO OJIOKA 3aIUTHI
WIH OTKJIIOUEHHS IIPUCOCIMHEHNS C OTKA3aBITHM BBIKJIFOYATEJIEM BBIICCTOSAIIMM,

OTKJIIOYEHHOE COCTOSIHUE BBHIKJTIOUATEIS XapAKTEPU3YETCA MPOMAJAHAEM TOKA, B
OTKA3aBILEM BBIKITFOYATEIE TOK OCTAETCSL, TPU MPEBLIIICHMHA KOTOPOM TIPOMCXOINT MO-
Jlaya curHana Ha cpabarsiBanue YPOB.

Bpems peficters YPOB nomkHO ObITh O0ITBIIE BPEMEHH ACHCTBHS 3aIUTHI HA OT-
KITIOYEHHUE.

tYPOB = tOTKﬂ.BbIKJ‘I. + tBOB.P3 + tom.PB + t3ar[. > (62041)

T Corxnppicr — BPEMS OTKITFOUCHHUS BBIKITFOUATEIS; tyos p3— BPEMS, HEOOXOAUMOE
qus Bo3Bpata P3 myckaromneit YPOB; ¢, pg — BpeMs omudku pese spemerrd YPOB B
CTOPOHY YCKOPEHUS AEHCTBUS; t,,, = 0,1c — 3amac mo BpeMeHU.

Tok cpabateiBanus MakcumaabHOTO MO Toka YPOB BRIOHMpaeTcs 1O YCIOBHIO
o0ecreueHns] 9yBCTBUTEILHOCTH:

< b (6.20.4.2)

rae lyyuy — MUHAMAIBHBIM TOK 3aIMIAEMOT0 00BEKTA B aBAPUITHOM PEXKUME;
Ky — Tpebyemeiit kK03 PpUIMEHT UyBCTBUTEIIBHOCTH.

Tok cpabaTeiBaHMS PEKOMEHAYETCS BEIOWPATh MUHUMAIbHBIM W3 JuanasoHa (5-
10) % 0T lyyop, TAE Iyon-HOMUHABHBIH TOK 3aIMIAEMOTO 0OBEKTA.

YroObl IpeaynpeauTs ACHCTBIE HA CMEKHBIX MOACTAHIMAX MpH AeicTBUN YPOB,
HeoOX0IMMO BEIOPATH BBIICPKKHM BPEMEHH HA PE3EPBHBIX CTYNEHSX 3aIlUT 3THX MOJ-
CTAHLUI C yUETOM typog. DTO 3aMEUILET BBLACPIKKY BPEMEHM HA PE3CPBHBIX 3AIMTAX
CMEXKHBIX YUaCTKOB Ha At = typop.
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6.21 TpeGoBaHuA K BHIOOPY H3MEPHTEIBHLIX TPAHCPOPMATOPOB
TOKA

Cobmoaenne TpeboBaHumii k TpaHcopmaropam Toka cornacHo I'OCT 7746-
2001 mmeroT 0cob0e 3Ha4YCHHE B OCHOBHOM Ut A depernnansabix 3ammt (J3T,
JI3I0). TToaToMy BaXkeH pacueT NpeaesibHoi kparHoctd TT 1o ToKy.

Jns TT, eeiymenHsIX 10 2003 r. IpeIeNbHY 0 KPATHOCTD OMPEAEIIAIOT 110
KPHBBIM IPEETbHBIX KPATHOCTEH.

s TT, eemymernsix nocne 2003 r. mo FOCT 7746 -2001 HopmupyroTes
CIEIYIOIME TapaMeTPhl: HOMHHAIBHAS MPeIeIbHas KpaTHOCTh, HOMUHAIbHAS MOIII-
HOCTB Harpy3ku ¢ ko3 ¢punuesTom MomHocTd 0,8 ¥ COMPOTUBICHIE BTOPHIHOM 00-
MOTKH Ha IIOCTOSIHHOM TOKE.

B 3aBucumoctu 0T ypoBHs Tok0B K3 B ceTu M BTOpu4HOii Harpysku TT, npo-
H3BOIUTENH, ONPEJACTSIOT THI | Ki1ace TT, IpH KOTOPOM OHU FapaHTUPYIOT KOPPEKT-
Hyto paboty P3A.

Kpome o0wmenpussTEIX MeTo0B BeIGopa TT, HE00X0MMMO YUUTHIBATH BPEMsI
Jo HaceimeHus TT mpu K3. D10 Bpemst MOKeT ObITh ONPEACICHO 0 HOPMATUBHOMY
JOKyMeHTy: «IIpeBapuTENbHBINA HAMOHATBHEIN cTaHaapT. TpaHchopMaTopsl H3Me-
puTENbHBIE 4acTh 2. TEXHHYECKUE YCI0BUS Ha TpaHc(OPMATOPEl TOKay. Bpems 1o
Haceimerns TT TOIDKHO NPEBBILIATh BPEMs, KOTOPOE TPEOYETC airfOPUTMY 3aIHTHI
JUIS IPaBUIIBHOM €& paboTH! (YKazeiBaeTcs B PD mpou3BoAUTENS).

B mpumepe 11.9.1 «Bs16op ycrasok 3T npuBeaen» npumep npoeepku TT Ha
CTOPOHAX CHJIOBOIO TpaHc(hopMaTopa Ha MPEIEITbHYI0 KPaTHOCTD IIPU MX KOHKPETHOM
Harpyske.
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7 TpeGoBanus K 6JJAHKY YCTABOK
dopmMa OnaHKa YCTaBOK — COCTABJICHHAs B COOTBETCTBHM € TPEOOBAHUSAMH MPO-~

usBogutens MIT YP3A ¢opma nokyMeHTa, MPUMEHSIEMOTo TpH HacTpoiike MIT Y3A,
CoZieprKallas MEPEUeHb BCEX MApaMETPOB HACTPONKH (YCTaBOK) W allTOPATMOB ()yHK-
LUOHUPOBAHUs, NPEeAyCMOTPeHHBIX mpouspoauteneM MII YP3A, ¢ ykazanumem mux
HAaUMEHOBAHMH, aapecoB (MIPH WX HAJIMYWH), TOMYCTUMBIX JUAITA30HOB 3HAYCHHUH, 3a-
JIABaEMBIX QHANIOTOBBIX NIAPAMETPOB HACTPOMKH.

Bnank ycTaBok fomkeH ObITh paspabotan s kaxnoi Bepceuu [10 ycrpoiicTea.

OOmue TpeboBanus K 6yanKy ycraBok MIT YP3A:

1. bBnaHk mapameTpoB HacTpOHKH (YCTaBOK) M aITOPHUTMOB (PYyHKIIMOHHPOBAHHS
MIT VYP3A pomkeH (OpMUpOBaTbCS MPOU3BOIAUTENEM KOHKPETHOTO —YCTpPOMd-
crBa/lukada P3A u copepkarh nepeyeHb BCEX MapaMeTPoOB HACTPOMKH (YCTaBOK) M aji-
TOpPUTMOB (PYHKIIMOHUPOBAHUS, IIPEAYCMOTPEHHBIX B JAHHOM ycrpoiicTee/mkady, ¢
yKa3aHMEM UX HaMMEHOBAHWH, afipecoB (NPU UX HAIMYKH ), TOYCTHMBIX TAAMA30HOB
3HA4YCHUM, CTYIICHEH PEryIMpOBaHus 3HAYECHHH, 3aJaBaCMBIX aHAJIOTOBBIX TAPAMETPOB
HACTPOHKM B TOM YUCIE NApPaMETPhl HACTPOMKH U MyCKa BHYTPEHHETO PErUCTpaTopa
(ocumnnorpada) 1 BeTpoeHHOH QyHkimn OMII (npu Hamw9ww), TapaMmeTpsl Uit
HacTpOHKH MPoToKonoB cBsa3u ¢ ACY TII 06bekTa, NapaMeTphI Ul HACTPOHKH KaHana
CB3U MEXKAY HOJYKOMIUIEKTAMH OCHOBHBIX 3allAT, M TOJHOCTBIO COOTBETCTBOBATH
(Gaitny napaMeTpUpOBaHKS aKTyaJabHO!N BEPCUN IPOrPAMMHOIO 00ECTICUEHHSI.

2. Penaxtupyemsii dpopmar.

3. Crpoxa s yKa3aHHS IPEMIPUALTHS W MOACTAHI|N, TIC YCTAHOBJICHO YCTPOii-
CTBO, Ha KOTOPOE BBIIAIOTCS YCTABKH.

4. CTpoka IMCHETUEPCKOTO HAMMEHOBAHWS IPHUCOETHHEHIS

5. Crpoxka ams yKa3aHUs OUCIIETYEPCKOr0 HAUMEHOBAHUS ycTpoiicTBa/mKada.

6. Crpoxa c mHpopMaImell 00 HCIIOIHAUTENE, aTe BEIaUN OTaHKa 1 CPOKA peati-
3alUU JAHHOTO ONIaHKa.

7. Crtpoka Iy yKa3aHus IPUUMHA BEIIA4N YCTABOK.

8. Crtpoka ¢ nHpopManueit o xo3dduuueHTe TpaHchopmMalnK TpaHchopMaropa
TOKa.

9. Crpoxa ¢ nadopmanueit o koahdunuente Tpanchopmarmu Tpancopmaropa
HanpsuKEHUS

10. VYxazana Bepcus [10, ansg koTopoii BeLnaetes bY.

11. B o0s3arenbHOM NOPAAKE TODKHO OBITh rpadbl, B KOTOPBIX YKA3bIBAETCS ClIe-
Jyromas HHGopMaIms:
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e Kpatkoe 0003HAYEHNE TTapaMeTpa HACTPOHKH (yCTaBKH, HOMepa Ipo-
TPaMMHOTO TePEKITF0UATENST, HOMepa TafiMepa), COOTBETCTBYIOIIEE 0003HaTe-
a0 Ha UM TepMuHaa, a TakyKe COOTBETCTRYIOLLEE 0003HAUCHUIO Ha CXE-
Max, IPUBEIECHHEIX B PD [T KOHKpETHO Bepcruu TepMuHana/mkada;

® CIUHUIIEI N3MEPEHNUS,

® MAama30H W IIar U3MEHEHUs apaMeTpa,

® 3HAUCHHWE MAPaMETPa, BHICTABICHHOE MO YMOIYAHHUIO Ha 3aBOJIE-U3TOTO-
BUTETIE,

® Da3BEpHYTOE HA3BAHME MapaMeTpa W/HIH KOMMEHTApUil OT MPOM3BOIU-
TeTS TPy HeOOXOIMMOCTH ATk KaKHe-TTHO0 TIOSCHEHHS 10 JAaHHOMY TTapaMeTpy
(HarrpuMep, ecii B epBOii rpade yKkazaHo KpaTKoe Ha3BaHWe mapameTpa la, To
B 3TO# rpade BO3MOKHA 3aMKCh THIIA TOK (ha3bl A» WM «BENUYMHA cpadaThl-
BaHUSA 10 TOKY (a3bl A» U T.IL.).

e BENMYMHA 33/[aBAEMOT0 MTApaMeTpa HACTPONKH HITH CpabaTHIBAHUS
(ycTaBka).

® JIOJDKHBI OBITH YKA3aHNUS, B KAKAX BEIMYUHAX 33JAI0TCS TE UM HHBIC
VCTaBKH B TEPMUHAIIE (TICPBITYHEIC/BTOPAYHbIE, ()a3HbIe/THHEHHBIC, IMCHO-
BaHHbIE/OTHOCUTEIbHBIC),

® (CCBUIKA Ha MyHKT METOAMYECKNX yKa3aHMit 0 pacueTy u BHIOOpY mapa-
METPOB HACTPOUKHU (YCTABOK) U aIFOPUTMOB (DYHKIIMOHUPOBAHUS, B KOTOPOM
MIPUBENEHO OMMCAHKE BHIOOpA NAHHOTO NapaMeTpa HacTpoiiku (YCTaBOK) U ajl-
ropuT™a (QyHKIIMOHHPOBAHUS, JUTS KaXK0TO YKa3aHHOTO IapaMeTpa HACTPOHKI
(ycraBok) 1 anroputMa GyHKIMOHMPOBAHHSL.

12. Bce Ha3BaHMs MAPaMETPOB U BHELIHMI B 1 OJ1aHKA YCTABOK JOJDKEH ObITh MaK-
cHManpHO TpuOMIKkeH K uHTepdeiicy IO ¢ TOMOMBI0 KOTOPOTO, MPOUCXOIMT
HACTpoiiKa 1 MapaMeTPUPOBAHIE TCPMITHANA.

13. JIomxHO OBITH MPETYCMOTPEHO MECTO B OylaHKE MM OGOPMIICHO MPUIIOKEHUE
K OaHKy, TJIe YKa3bIBACTCS aJITOPUTM (PYHKLIMOHMPOBAHKE (CXeMa, PUCYHOK, Tabnu1ia),
BBHITIONTHEHHBIN Ha CBOOOAHO-IIPOTPAMMHPYEMOH JIOTHKE TepMHHANA. J[aHHEIH anmro-
PUTM (cXeMa, PUCYHOK, TabnmIia) TOJKeH OBITE BEITIOMHEH B BHIC, KOTOPHIi 0TOOpa-
saercs B 110 ¢ MoMOIIBI0 KOTOPOTro MPOMCXOAUT HACTPOHKA M TApaMeTPUPOBAHHIE TEP-
MHHaa. BO3MO)KHO IOMOHEHHE HATIISAHEIME CIIOCOOAMH OTOOPAKEHIS YKA3aHHOTO
BBIIIE AJITOPUTMA (UMEETCSA BBUAY CXEMa WM AMarpaMma, eClii IapaMeTpUpOBaHUE
IIPOUCXOAUT B TAOJIMYHOM BUJAE, MO0 HA CHELMATU3MPOBAHHOM S3BIKE IIPOTPAMMHUPO-
BaHUs).

103



14. JlomxHBl OBITH yKa3aHBI BCE CBETOAMOABI M (DYHKIMOHAIBHBIE KHOMKH (TIPH
HAJIMYMH ) C HA3HAUESHUSIMH 110 YMOTYAHHIO M HPETYCMOTPEHO MECTO /ISl BO3MOXKHOCTH
BBIMOTHUTB UX MEPeHA3HAUCHHE.

15. JlomkHa ObITh OTpaXkeHa KOH(PUTYpALHs IPUBSI3KHA BXOAHBIX JUCKPETHBIX CHT-
HAJIOB W BBIXOJHBIX PENE TEPMHUHAJIA K BHYTPEHHNM JIOTMYECKUM CUTHAJIAM, IPOTpaMM-
HbIE HAKJIAAKA JOJDKHBI UMETh 0003HAUECHHs B COOTBETCTBHH C JIOTHYECKOH CXEMOM.
I[Ipu 5TOM HODKHEL OBITH OTPA)KEHBI HOMEPA BXOAOB U COOTBETCTBYIOIIHMX KIEMM Tep-
MHHAJa, HOMEPA 1 Ha3BaHUs BHYTPEHHUX JIOTHYECKUX CUTHAJIOB, HA3BAaHMS TIPOTPaMM-
HEBIX IEPEKIFOYATENEH.
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8 IIpumepsl pacueTa ycTaBOK
8.1 Pacuer ycraBok nist 3T
B npumepe paccMOTpeH pacueT TpaHc(opMaropa Ha pachpeaeuTeNbHOM oI
CTaHIHIL
8.1.1 Hcxoanbie naHHbIE
JIByxoOMoTouHbIi TpaHchopmatop 35/10 kB Mommuocteio 4000 kBA. TpaHc-
(dopMaTop He HMEET PETYIMPOBaHUS HAMPSKEHUS! IO/ HATPY3KOiA.
Cxema Juts ipuMepa pacdera npuBeieHa Ha pucyHke 20.
OCHOBHbIE TAPAMETPbI CETU PACCUMTAHBE B UMEHOBAHHBIX eAWHUIAX. CONPOTUBICHUE
3aMUIIAeMoro TpaHchopMaropa ¢ yCTPOMCTBOM PpETYIMPOBAHHUS HANPKCHUSA MOX
Harpy3koit PITH paccunTansl mpu ABYX KpaiffHUX pealtbHO BO3MOXKHBIX NMONOXKEHUSX
perymsaropa.

Tabauna 10. Hcxoanble JaHHbIE 1JIS pacyera

JKBHBa/IEHTHBIE TAPAMETPhI YHEPTOCHCTEMbI

Hanpsbxenue B
MaKCUMaJTbHOM 35
pexunme, KB
Hanpsbxenue B
MHUHHMTEHOM 35-0,9
pexume, KB
OKBUBAJICHTHOE
CONMPOTHUBIICHHE
B MaKCHMaJIb- 4,25-0,9
HOM PEKUME,
OM
OKBHUBAJICHTHOE
COMPOTHBIICHHE 495
B MHHUMAJILHOM ?
pexume, Om

Cuiooii Tpanchopmatop

ITapamerp BH HH
Homunansnas 4000

MOLIHOCTB, KBA
HomunansHoe
HalpsKEHUE, 35 11
kB
Kosdpuumenr
TpaHchopMaLun
CHJIOBOI'O TpaHC-
¢dopmaropa

3,182
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HomuHanbHeie
TOKH 3aIlNIIAc-
MOro Tpancgop-
Maropa, A

SHOM

4000

I =" —66,0
o B \/§'UH0M_BH ‘/535

SHOM

1 ==
noM_HH \E'UHOM_HH ‘/5.11

Hanpsokenne
K3 Tpancgop-
maropa, %

U=7,5

Cxema u rpynna
COEAMHEHHS 00-
MOTOK TpaHc-
(dhopmaropa

Y/A-11

N3meputenabnbie TT Ha ctoponax BH n CH cunoBoro tpancgopmartopa

Twun

TD3M-35b

TOJI-10

Koadduiment TpaHe-
(opmanuu

200/5 =40

400/5 =80

IIepsuunerii Tox TT,

Inepﬁ.n’l I'BH> InenB.nl"l‘HH

200

400

Bropuunsrii Tok TT,

IRTnE.n'l T'BH> IBTOE.HI"I‘HH

5

5

CxeMa coequHeHus 00-
moTok TT

3BC3aa

3BC34a

Homunansnas npenens-
Has kpatHOCTE TT Ha
cropone BH u HH

kHOM BH> kHDM HH

30

10

ComnpoTHBIEHNE BTOPHY-
Ho oomMoTku TT Ha cTo-
pore BH 1 HH Rosyam,
RDGMZHI{ s OM

0,45

0,2

>

Homunansras Mom-
HOCTb BTOPUYHOI
Harpy3ku TT mpu
cosp=0.8

Smnp.nTT.BH 5 Smnp.nTT.H'H

20

15
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CucreMa
35 xB

Pucynoxk 20. Pacuernas cxema s 13T
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Ta6anna 11. Pacyernble Tokn K3 Ha cropone BH cniioBoro Tpancgopmaropa

MakcuManbHbIH IEPBUYHBINA TOK, IIPO-
XOMSIIMA Yepe3 3aIUMINAEMBbIiA TPaHC-
(popmarop npu K3 mexxay tTpems ¢a-
3amu Ha mmHax 10 kB (Touka K3), A

35000-1,1

3 Eg.max _ _
(Zr 4+ Xcmin)  V3+(23+4,25-0.9)

MakKc—

Tox K3 mexny nByms ¢azamu Ha CTO-
pore 10 kB (Touka K3) B MUHUMAaTEHOM
pexuMe paboThl MUTAOLIEH CUCTEMBI,
A

2 __ Eomn  ¥3_ 3500009 V3 _
i (ZT+XcmaX) 2 \/§(23+4,25) 2

578

Tox K3 na BBogax BH 3amumaemMoro

_ Egumin_35000-0,9

Tpancgopmaropa(touka K1) B MuHu- Im= X = V5aze =4284
Cc max 3'4,25
MAaJIbHOM PCIKUMCE, A
Tox K3 na sBogax BH 3amuiaemoro E
pmax 3500011
Tpancgopmaropa (Touka K1) B Makcu- Baxe=v——= 818

MaJIbHOM pekuMeE, A

¢ min a \/5'4,25'0,9 B
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8.1.2 Ilposepka TT Ha cooTBeTCTBHE TPEOOBAHUSIM 110 NPEAIbHON KPATHOCTH

Taéanua 12. HcxoaHbie H pacdeTHbIE JAaHHbBIE /ISl IPOBEPKH HA NPedeIbHYI0 KPATHOCTD

BH

VY nenpHas MPOBOAUMOCTDb IPOBOAOB

ot TT 10 3amuts! v, M/OM MM?

57

JTvHa COeOMHUTENBHBIX POBOIOB
anOB, M

77

Ceuenne poBoaos S, M2

ConpoTrBIIeHNE COETUHUTENbHBIX
MpOBOAOB, Ripos, OM

AKTHUBHOE COMPOTUBJIEHHE TEPMUHAJIA
3a1UThI, Rrepw, OM

0,008

IlepexomgHoe CONpPOTHUBIEHHE B LIEITH
Harpys3ku ’IVT7 Rncpcx, OM

0,05

Homunanbaoe COIIPOTUBJICHUC
Harpysku TT ZHFHOMBH(HH), Om

S
=08

ZHF.HOMBH(BH): IBTOp I

S
=0,6

ZHF.HOMBH(HH): IBTop I

Harpyska Rur pacs, OM

RI—IF pacu(BH) — RnpOB + RTepM + Rnep =064+
0,008 + 0,05 =0,7

RHF pacu(un) — RnpOB + RTepM + Rnep = 0‘54‘ +
0,008 + 0,05 =0,6

0,8>0,7 0,6 20,6
IIposepka ycnoBust Zuruon> RHrpacu. - ' : :
BBITIOJTHSETCS BBITIOJIHSICTCS
MaxkcuManbHbIH MEepBUYHBIN TOK, He-
pes 3aruuinaeMslii TpaHchopMaTop Eg max

npu TpexpaszHom K3 Ha mmHax 10 kB
(Touka K3), A

Ix3.cknmaxcBH = Il\%{akc:m:830
€ max.

35
I3 cxmmaxcin = Ifqaxc'kTP = 830ﬁ = 2640
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kH()M'JR

22 T L6R,

om2 ZHThow T Z]?IFIIOM I = 30-\/0,172 +1,6:0,17-0,8 + 0,82

Ipenensuas kpaTHocTb TT kip (1015 Fay Rosmz + Rerpacu P 0,17 + 0,7 =325 (BH)
KOHKpeTHo! Harpy3ku TT)
~10-/0,62% + 1,6:0,62:0,6 + 0,6? _

sl 0,62+ 0,6 =10 (HH)
IlpenenbHas kpaTHOCTH TT, npuse- InepsnTT(om) 200 InepsnTT(um) 400
NEeHHasi K HOMHHAJIbHOMY TOKY CHJIO- kﬁp:knp-l—:32,5-¥ =984 k;p:knp'l— =10 m:w
BOTO TpaHC(bopMaTopa k*r[p nomTP—pa BH nomtp—pa HH
Koaddhumment anepuoguasocTH, K,
(3aBucur ot norperHocreii TT B me-
pexomHoM pexnme corfiacHo [THCT- 1,4 (3Ha"eHue PeKOMEHIOBAHHOE TIPOU3BOAUTENIEM)
283-2018 u ot Tumna repmuHana P3A
— CM. PeKOMEHJAINH ITPOU3BOIUTEIIA)
IIposepka Ha BLEITOJTHEHHE YCIOBUS k> k I3 cxpmaxe -1 4@ - 176 k> k I3 cxnmaxce -1 42640 =176
coorserctaus TT npu K3 B pexume, ¢ S Isas(BH) " 66 ’ P s "7 210 ’
YUETOM alepPHOINUECKOH COCTABIIIO-
— BBITIOJTHACTCSA BBITIOJHSACTCS
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8.1.3 Pacuer ycrasok /13T

TaGnanna 13. Pacyer ko3(ppUIAEHTOR BHIPABHHBAHUS

HaumeHoBaHue Be-
JIHYHUHBI

OGo3HavyeHHe U MeTO/I OTpPe/IeIeHusT

BH

HH

ITpumeHeHwe Hgpo-

BOTO TPEYTOTLHHKA BKJT

Hudp. Tpeyr BH

Ludp. Tpeyr HH

Koapdumuent Beipas-
HUBaHUs (U1 KOH-
KPETHOTO TepMUHATA

A3T)

Ky,

_ IB'rop.nTTuu _
bp BH= T —
\/§ " lamp,lzn

5

V3-2,68

OTKJI
5

IBTOp.’ILTTHH _ =143

k, = =
P L m 350

1,08

Koadduruent cxembl
st TpexdazHoro cum-
METPHIHOTO PeXKHUMA

V3

Taomuna 14. IlpuBegenne BeJH4HH TOKOB K 0a3HCHOMY TOKY

BazucHblil TOK, A, npuBeneHHSIH kK cropoHe BH

I = _ 4000
= \/E'Umm BH V335

MaxcuMaIBHBIH IEPBUYHBINA TOK, TPOXO TN
yepe3 3aumImaemMslii Tpancopmarop npu K3
Mexay Tpems dazamu Ha wrHax 10 kB (Touka
K3), mpuBeneHHEI K 6a3UCHOMY TOKY, O.€.

@

Makc _

ls

830

=12,6
66 '

ITepBuunsiit Tok mpu K3 mexxay apyms dhazamu
Ha cropore 10 kB (Touka K3) B MUHIMATEBHOM
pexMe paboTHI MUTAIOMIEH CHCTEMBI IPHBE/ICH-

HBIH K 6a3MCHOMY TOKY, O.€.

2
o _

Is

Tok K3 na BBogax BH 3amuiiaemoro tpancdop-
Maropa B MUHUMaJIbHOM PEKUME MPUBEICHHBIH K

0Ga3ncHOMY TOKY, 0.€.

/@

MuMH

4284
66

=64,9

Is

Tok K3 Ha BBomax BH 3amuiaemoro Tpasncgop-
MaTopa B MAKCHMAIBHOM PEXXUAME IPUBEAECHHbBIA K

0a3lCHOMY TOKY, 0.€.

©
Ivae

Is

_5818_8815
T 66

TaGauma 15. Pacaer Toka cpaGaTeiBanus auddepennnanbhoii orceuxu I g

Tok cpadaTbIBaHHS OTCEYKH MO YCJI0-

> Iro 2 6,0

BHIO oTcTpoiikn ot pesxknma BHT, o.e.

Koadduuuent orcrpoiiku Kore = 1,5

KOB(I)(I)\I’)[HVIGHT, YUUTHIBAIOLINH MEpe- ey = 3

XOIHBIA PeXXUM

Koadumnuent oJHOTHITHOCTH TpaHC- P
OfH —

(hopMaTopoB TOKa
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OTHOCUTENbHOE 3HAYEHUE TIOJIHOH 110-
TPEIMHOCTH TPaHCHOPMATOPOB TOKA

£=0,1

OTHOCHTENBHAS TOTPEITHOCTE BBIPAB-
HMBAHUsI TOKOB CTOPOH

Afyup = 0,05

MaxcumainbHblil IEPBUYHBLA TOK, IIPO-
XOAAIMN Yepes 3alUIacMbli TPaHC-
topmarop npu K3 Mexay Tpemst da-
3amu Ha mHax 10 kB (Touka K3), mpu-
BEICHHBIN K 6a3ucHOMY TOKY BH, I yare
0.€.

(3)
I _ e
CKB.MakcBH — I
6

—830—126
=% =12

KoadduruenT Toxa HeGananca 1o mep-
BOI TapMOHKKE

kHG = kucp . knuu
0,05 = 0,35

re+ AUp,

¥ Afop=3-1-01+

PacueTHblif TOK HeOaTaHCa B PSXKAME
MaKCHMAIBHOTO CKBO3HOTIO TOKA, 0.€.

Tu6pacs = K * Iexpsaxcen = 0,35 - 12,6 = 4,41

Tok cpaGaThIBAHHS OTCEUKH MO YCJIO-
BHI0 OTCTPOAKH 0T MAKCHMAJILHOTO
CKBO3HOI'0 TOKA, 0.€.

Inro 2 Kore - Ingpace = 1,5 4,41 = 6,62

BeiOupaeTcst Comnbllee U3 ABYX 3HAUCHNUI ToKa cpabateiBanus quddepeHunaibHom
TOKOBOH OTCEUKH II0 YCIOBHIO OTCTPOKH 0T BHT 1 1o yCnoBHIO OTCTPOWKH OT TOKa

HebaJlaHca. Inp, =7.0

Ta0muna 16. Pacuer Toka Hauajaa Topmoxkerus I .,

HHUBAaHUSA TOKOB CTOPOH

Koadduuuent orcrpoiiku Kore = 1,2
Koadduuuent, yuuoiBaronuii nepe- e =1
XOJHBIH PEKHM P
KoahduiueHT 0MHOTUITHOCTH TpaHe- P
dopmaTopoB Toka o
OTHOCHTENBHOE 3HAYCHHE MOTHOA MO~ | _
TPEIIHOCTH TPaHC(HOPMAaTOPOB TOKA '
OtHOCHTEIEHAS IOTPEITHOCTH BBI3BaH-

Has PEryJIMPOBAaHUEM HAIIPSUKCHUS AUpe = 0,16
Tpancdopmaropa

OtHOCHTE/IbHAS IOIPELIHOCT BHIPAB- | 4 foup = 0,05

KoaddummenT Toxa Hebananca 1o mep-
BOW FapPMOHHUKE

kus = Kuep “Koga * €+ AUper + Afip
=1-1-01+ +0,05=0,15

OtcTpoiika OT pacyeTHOro HebaslaHca B
PEXKHME, 0.€.

Inat 2 Kore * IHE.Haq.TopM =12-015=0,18

Hagano TOPMOKCHHUA TTPU OTHOCTOPOH-
HCM ITMTAaHUH, 0.€C.

Iy =10
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PacuerHblii TOk HeOanaHca B PEKUME
COOTBETCTBYIOLLIEM HA4ally TOPMOXKE- Is waswropw = Kug 111 = 015-1,0 =0,15
HHS, 0.€.

BribupacM ycTABKY MEHMMAJILHOTO TOKA cpabaThIBaHUs 3aATHI Iy, = 0,2
0.€.

Buibupaem I11=1,0 0.e., Tak Kak NIUTaHUE OJHOCTOPOHHEE U HET JAHHBIX O HArpy3Ke
CIJIOBOTO TpaHchopMmaropa.

Tabauna 17. Onpeaenenne K03(pPpHUHEHTOB TOPMOKEHHS

Koadduruent orcTpoiiku Kore = 1,2
Koapdumuent, yunThIBaroIumii nepe- ey = 2.0
XOIHBIN PEKUM

KoadduuueHT 0qHOTUIHOCTH TPaHC- P
(dopMaTopoB ToKa o
OTHOCHTETEHOE 3HAYEHHE TIOTHO# TI0- _
TPENHOCTH TPAHC(POPMATOPOB TOKA emot
OTtHOCUTENbHAS IOTPEITHOCTD BbIPaB- Moy = 0,05

HHBaHWs TOKOB CTOPOH
CKBO3HOM TOK TPUBEICHHEIN K 6a3nc-
HOMY TOKY, 0.€.

Koo durment Toka Hebanamca 1mo mep- Fus = Knep * Kogn * € + AUper + Aoy

BOIl TAPMOHHUKE =20-1-0,1++0,05=0,25
PacdeTHBI TOK HeOanaHca B peXxuMe
MaKCHMAaJIbHOTO CKBO3HOTO TOKA, 0.€.

Leawsare = 2

Iﬂﬁ.pacq = kys * lagmace = 0,252 =0,5

Onpenensercs k03 (OUIUEHT TOPMOXKEHHS 3aIIUTH 1 HAKJIOHHOTO Y4acTKa TOPMO3-
HO# XapakTepucTHKH — k2 o Gopmyiie
ke, = Aly _ Kore 'Iﬂﬁ.pacq = Inau _ 1,2:05-0,2 _
Ky = —= = =03
Al Iy = Iy 2,0-1,0

Bribupaem ycTaBKy KOd(QGOHUIMEHTa TOPMOKEHHS 3aIIUTH | HAKIOHHOTO y4acTKa
TOPMO3HOI xapakrepucTuku k> = 0,6 o.¢.

OmpenensieTcd ycTaBka Hadana TOPMOKEHUS 2 HAKIIOHHOTO y4acTKa TOPMO3HOM

XapaKTEPUCTHKH - TOPMO3HOI! TOK I1o.

Iz, perynupyercs B npeaenax ot 1 no 2,5 o.e. I[IpHHIMaeM peKOMEHyeMOe 3Have-
Hue I, = 2,5 o.¢.

Omnpenensercs K03QOUIMEHT TOPMOKESHHS 3AIUTH 2 HAKJIOHHOTO YIaCcTKa TOPMO3-
HOM XapakTepHCTUKH - k13
kr3 BeIOMpaeTcs u3 auanasona ot 0,5 1o 1,0. T.x. TpeGOBaHHA K U3MEPUTENBHBIM TPAHC-
(opMaTopam BHIIONHAIOTCS ipuEUMaeM k3 = 0,75 o.e.
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YcnoBue ky > 2 BHIMONHAETCSA, IyBCTBUTENBHOCTD 3aIUTEL 00eCIeInBacTCs ¢ 3aIa-
COM.
Boibupaetcs ko3dhumueHT GI0KApoBKY 1m0 2 TapMoHUKE (K;) B COOTBETCTBHH C pe-
KOMEHAaUUsIMH pazzena 7.4.2.
VYcraBka OMOKMPOBKY MO BTOPON rapMOHHMKE IpHHUMAETCA paBHOM 14 % mms
TpaHC(HOPMATOPOB C BBICIINM HampspkeHueM 35 kB: &z, = 0,14,
BriOnpaeTtcs ycTaBka KOHTPOIS TOKOBBIX IEMEH.
IprHIMaeM peKOMEHIYEMbIE 3HAUCHI:
- o ToKy Hebamanca [,s = 0,1.
- TI0 BpeMeHU cpadaTsIBaHus 7cpxr = 5 C.

8.2 Pacuer ycrasok /13111

8.2.11cxonHbie 1aHHBIE
3nauenust k03 durmenToB Tpancopmanum TpaHchopMaTopOB TOKA, UCIIONb3Y-
eMBIX Ha mpucoexuHeHusx [1C-35 kB "Cerepo-3anan” (pucyHok 21), mpuse-
Jenbl B Tabmune 18.

Q3 Q4 Q5 Q6 1 CB Q9 Q10 | Q11 | Q12
I [ | | [ | | |
[cou. 7 II c.w.
[ | |
[ Q2 o7 |qs

Pucynoxk 21. OxBuBanentHas cxema I1C-35 kB "Cesepo-3anan”

JU1st BCeX TIPHCOCAMHEHHI NOMYCKAETCS TONBKO OJMH LUK PAGOTHI arOPHTMA
ATIB.

[TpemycMOTpeHO OMPOOOBAHUE CHCTEM LIMH OT IPHCOEIMHEHNH, a TaKKe MPH-
COETMHEHHI OT CHCTEM IIHH TI0 cXeMe "3aKkphiToro mieya’. OnpoboBaHue NPHCOEIH-
HEHUM 110 cxeMe "OTKPBITOro Iuteya” He IPEeayCMOTPEHO.

Beoixmouarenu Q3 u Q11 xByx npucoeauHenuit (BJI-35 kB "Bocrounas" u BJI-
35 kB "3ananHas") He JO/DKHBI OTKJIFOUAThCA 110 curHany JI3I0L

Ta6aununa 18. Koadgpunuenrs: Tpanchopmanuu TpancpopmMaTopoB TOKa
npucoeHHeHn i
IprcoeMHEHNE U BHIKITIOUATENb ‘ Kir
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1 cucrema muH

BJI-35 kB "IlentpanmpHas-1", Q6 600/5
BJI-35 kB "IOxHas-1", Q5 600/5
BJI-35 kB "Cegepnas-1", 04 600/5
BJI-35 kB "Bocrounas", O3 600/5
AT-1 TIC-35 kB "Cepepo-3aman”, Q2 1000/5
II cuctema e
BJI-35 xB "IlenTpamsHas-2", 012 600/5
BJI-35 kB "3ananuas", O// 600/5
BJI-35 kB "Cepepnas-2", Q10 600/5
BJI-35 kB "Jlecnas-2", Q9 600/5
IAT-2 TIC-35 kB "CeBepo-3anan”, 08 1000/5
AT-3 TIC-35 kB "CeBepo-3anan”, Q7 1000/5
CeKUMOHHBIN BBIKIIOYATETh
CB-35kB, 0! CB 1000/5

Cxema, npuBeacHHAs HAa PUCYHKE 21, XapaKkTepu3yeTcs TaKUMH 3HAYCHUSIMH
TokoB K3:
TisMARC. = 15000 A - B MAKCHMAIBEHOM PEKUME PabOTHL;
Ixzmun = 10050 A - B MUHUMAJIBHBIM PEKUMOM PabOThI,
Txzaaiir onp 1w = 4200 A - B pexkume onpoOoBaHus [ clcTeMbl INH,
Ix3amir onp 200 = 4500 A - B pesxume onpoOosanust II cucremsl MuH.
MaxcumanbHbIi pabounii TOK HanOOoIee MOITHOTO MPUCOSTMHEHHUS:
Irarp maxe = 980 A,
MuHuMaIbHEIH padounii TOK HAMMEHEE MOLHOTO NPUCOCAMHEHHUS:
Tgare vom = 520 A.
HomunansHbIE TOKM DPUCOECAVHEHMIA, KOTOPBIE HE HOJDKHBI OTKITIOYATHCS TI0
curHany J3111:
IHOMTpHC "Bocrowsas” — 990 A,
Teoon 1p IIC "3amaguas” =~ 570 A.
PacueT ycTaBOK Ha4aroT ¢ OLEHKH HOTPEIIHOCTER TpaHC(HOPMATOPOB TOKA.
8.2.2 Tlorpemmnocru TT
Briopannsie TT ynosnersopsror TpeGoBanmsm. KparHoets Toka K3 He npeBoc-
XOIUT TPEJENLHO JOMYCTUMYIO UL PEAbHON HArpy3kM Ha BTOPHUHBIE IIENH
TT.
8.2.3 Pacuér ko3¢punueaToB 1U(PPOBOro BHIpABHUBAHMSI
B xauectBe 0a3nCHOTO HpUHUMAIOT KOd(duimeHT Tpanchopmammu TT ¢
HaUGOJBIIUM HOMUHAILHBIM MTEPBUYHBIM TOKOM, TO €CTh, K77543 =1000/5.
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Hcnons3ys GopMyITy HaXOAaT 3Ha4eHUE KodddummenTa K py U1 IPHCOESAUHE-
Hu# ¢ TpaHCHOPMATOPaMH TOKA, HMEIOMIME K03 duuueHt Tpanchopmarum;
- K= 1000/5:
K Krrnp  1000/5
UBM = Ko rpaz  1000/5
- KT[' = 600/5:
Kirn 600/5
Kpn =7——=777772=0,
Krrgaz 1000/5
8.2.4 Pacuér ycrasok ATO
MaxcuMalbHblid pac4€THBIN TOK HebanmaHca Inmvuxc TP MaKCHMATBHOM TOKE
BHemHero K3 HaxoaaT no gopmyre
Ius make = (&maxc * ko * Kogu +7) - ks make = (0,14 - 1+ 0,05) - 15000 = 6750 A
VYeraeky cpabarbianus JATO Ly paccunTeiBator no gopmyie
Inro = Kn - Ilygmake = 1,5 * 6750 = 10125 A.
8.2.5 Pacuér ycrasox /I3
Jnsi onpejeneHus yCTaBKM HAYalnbHOro Toka cpabareiBanms opraHoB JI3IL1
U3t Hay ICTIONEB3YIOT (HOPMYITY, IOJICTABHB B HEE MICXOHBIC TAHHbIE
Ingm nay = Korcluare makc = 1,2-980 = 1176 A.
Jlnst HaxoXKIEeHUs MakCUMAaJIbHOTO TOoKa HeOanaHca B paboueM pexxuMe lugpas
UCTIONB3YIOT GOPMYILy, IOJCTABUB B HEE HCXOAHBIC AAHHBIE
Iys pas = (€narp makc + V) * Inarp makc = (0,1 4 0,05) - 980 = 147 A.
Hcnonb3ys MCXOAHBIE JaHHBIE U OPMYITY HAXOAAT YCTaBKy CpabaThIBAHUS CTY-
neru J3I01, peficTByromieli Ha cUTHAN3AIO HebalaHca Npu 00pEIBE BTOPUYHBIX Lie-
nert TT
Iyg cpas = Korc * lup pap = 1,4 - 147 = 206 A.
VYcraBka cpabarbiBanus 1pscpas ctynenu 31, peiicTByromel Ha CUTHATN3A-
Mo mpu oOpbiBe BTOpHYHBIX nieneit TT, MoKHA yAOBIETBOPATEH yCloBHi0: 206 <
0,9*520 = 468. YcnoBre BHITOHSICTCA.
Takum 00pa3om, CTyneHb, JSUCTBYIOIIAs HA CUTHAIU3ALMIO O HebanaHce, MOJKET
OBITH BBEJICHA B paboTYy.
Hcnons3ys GopMyity HaxoaaT ko3¢ Guuuent TopMokeHus K, opranos JI3111
Inro—IHE pAB 10125-147
T= = = 0,71
Ixzmakc—IHarp Makc ~ 15000-980
Jsl HaxOXKAEeHUs YCTaBKK TOKA Havyana TopMoxkeHust [yr opranos /13T ucnoins-
3yI0T popmyity
1,05 1,05
IHT = IHAFP MAKC * (1 + K_T) =980 - (1 + m) = 2429 A
Jns onpeneneHus ycraBky cpadbatrbiBaHus Ly payy "UyBCTBHTENBHBIX  OPTaHOB
J3II ucnons3ytor Gopmyity
I[l3[LI navy = Ky - €nom * Ku - ]HOMTP MC "3anagnas” -
Pacuét Lz « IPOM3BOAAT I ciydast onpobosaHus II cucTeMbl MMH, T.K.
HOMUHAJBHBIH ToK BJI-35 kB "3anaquas™, noaxntoueHHoi K II cucremMe mmH B pexxuMe
onpoboBanHust, 6osIbIIe HOMUHATBHOTO ToKa BJI-35 kB "BocTounas", MOAKIIOYEHHO# K
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I cucteme muH B peskuMe onpoOOBaHHS.

INoncrapwe B GOPMYITy COOTBETCTBYIOMINE HCXOMHEIE JAHHBIC TTOJTY IAM

Ipgmnayy = 1,5-0,1-5-570 =428 A.

Koadpurment TopMoskeHHs Ky, YYACTKA TOPMOXKEHHS "dYBCTBATEIBHEIX" Op-

raHoB 13T npuHUMAIOT PABHBIM HAWJCHHOMY paHee 3HAYCHHUIO K.
Koy = Kr=0,71.

VYcraBky 1O TOKY Haudajuna TOPMOXXEHHS lyr v "dyBCTBUTENBHBIX" opraHoB JI3T

MPUHUMAIOT PaBHOM ycTaBke [xr opranos JI3T
[HT y = IHT y= 2429 A.
8.2.6 TIposepka uyBcrBHTEbHOCTH JI3III

Koaddumment gysctBuTensHOCTH Ky popys oprano 131 waxoasr no hopmyie,

TIOJICTABJISAS B HEE TIOIYUEHHBIE TIPH PacyueTe NaHHbIE
N _ Ikamun 10050
4 HOPM Lpmna 1176

Hcnone3ys 31y ke GopMyIy Haxo T KO3 PUIIMEHT UyBCTBUTENBHOCTH Ky gopys
"yyBcTBUTENBHBLIX" opraHoB JI3111 B pexxume onpoOoBaHus [ CUCTEMBI IIHH, T.K. 3HAYE-
Hue Toka K3 B 3TOM cilydac MUHAMAITEHO
IK3 MHH onp 1CILI — 4200 _ 981.

1311 HAY 428

Pesynbrarsl MPOBEpKH YyBCTBUTENBHOCTH MOKA3BIBAKOT, 4TO TpeOoBaHus ITYD

(1. 3.2.21) mo uyBctBuTensHOCTH J[311I BRINONHAIOTCS.

8,55

Ky nopm =

8.3 [IpumepsI pacyeTa yCTaBOK IS 3aIHTHI OT 3aMBbIKAHHH HA 3EMJII0
8.3.1 Henanpasnennaa 3033 ¢ cemu ¢ u3onupoeannoll Helimpanvio
HcxonHble naHHbIE:
Hanpsoxenue cetu: 10 kB
EMKOCTHO! TOK Ha KMJIOMETD JUTUHEI JINHUN:
locys =1.35 A/xm
Jlnuua xabens:
L=11 xu
EMKOCTHO# TOK KaOeJs, II¢ YCTAHOBJICHA 3aIliTa;
loci = Tocyni* L = 1,48
IHan.Cmeepa =581A

Tok cpabameieanus nenanpasnennoi 3033 BHIONpaeTcs U3 JIBYX
YCIIOBHIA:
- OTCTPOMKHY OT COOCTBEHHOTO €MKOCTHOI'O TOKA HYJIEBOH MOCIEI0BATENBHOCTH
3aIUIAaeMOro pucoequHeHus (Joc;):

Ieps = kore * kop. " loci =3,55A
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e ko = 1,2 + 1,3 - ko3¢QduumeHT OTCTPOHKHY, YUUTHIBAIOLIMI TOTPELIHOCTD PEIiE
TOKa, OINOKHU pacuera loc; ¥ 3anac;

kep. = 2,0 - k03(PHIMEHT, yIHTHIBAIONMH YBENWYEHHE NEHCTBYIOIIETO 3HAYC-
HHs COOCTBEHHOTO €EMKOCTHOIO TOKA JIMHUM NIPY IYTOBBIX TiepeMeskatomuxcs 033

- OTCTPOMKH OT MakCMMaJIbHOTO ToKa Hebananca GTHII B pexxuMax 6e3 O33 (B
YaCTHOCTH BCJIEACTBUE €CTCCTBEHHOM HECUMMETPHU €MKOCTEH CeTH Ha 3eMinio 1o (a-
3aM) WM TIPU BHEITHUX Mexay (a3Hbix K3:

Iepz = kore. " Tugmaxe = 1,25-0,96=1,21 A,

rae ko = 1,25 ans tpextpancdopmaropusrx ®THIT u 1,5+2 mis kabensasix TTHIT,
Lugmaxe = kus. * Ipacumaxe. = 0,05+ 19,4 = 0,96 - MakcuManbHBIH TOK HeOa-

JIaHCa,

IHarpA(])ugepa

rne Ipacq.MaKc. -
npoTekarowero B Mecte ycranoBku @THIT B pexxame 6e3 O33;
kys. = 0,05 — koa¢pdumeHT HebamaHca.

= 19,4 A - MmakcuMalibHOE 3HaYeHUE Ga3HOTO TOKA,

Hcxoms U3 IBYX YCJIOBHIA TOK cpabaThiBaHysl HEHAMPABICHHOM 3aIHTH IPHHAMAETCS
paBHBIM:

Icp'3 = 3,55 A

Ilposepka Ko3Ihhunuenma yyecmeumenbHocmu:
k. = Tocy—loci _ 19,26—1,48
17 Icps 3,55

=50 = kl{.MHH.AOl‘l. > TAC:

Iocy, - CyMMapHbIA eMKOCTHO# TOK Beell cetu 10 kB;
Ioci - EMKOCTHOI TOK Kalerst, T/Ie yCTAHOBJICHA 3aIluTa
k'-l.MI/lH.AOl‘I. =15

t.s. =0,5¢ - I OTCTPOHKH OT KPATKOBPEMEHHBIX CaMOMMKBHAMpYomumxcs O33.
8.3.2 Hananpaenennan 3033 ¢ cemu ¢ u30aUpOCAHHON HEUMPANbIO
HcxomHbIe TaHHEIE:
Hamnpsoxerune cetu: 10 kB
EMKOCTHO# TOK Ha KWJIOMETP AJMHBI BceX TMHUK (Kabemneit), OTXOAIIHX
ot ¢uaepa, Ha KOTOPOM YCTaHOBJICHA 3allUTa;
locys, =1,34 Alxm
JinuHa sHU(Kabens):
L=7425 xM
EMKOCTHO#M TOK Kaless, Ha KOTOPOM YCTAaHOBJICHA 3aIlNTa;
loci = locymi* L= 996 A
CyMMapHEI eMKOCTHOM TOK BeexX ¢uaepos cetr 10 kB — 19,26 A
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I, =2445A

arp.$pusepa

Tox cpabamvieanusn 3aujumpl Ip3 BHIOMPACTCS U3 YCIOBUS OTCTPOMKHM OT MaK-
cumansHoro Toka HebGamanca ®THIT B pexxnmax 6e3 O33 WM mpu BHEIIHAX MEXK-
nydasuex K3:

ICP.3 = kOTC. ) lH6.MaKC = 1:5 ) 0:05 : 81.5 =6,1A

e Kore = 1,5 (1,5+2 s xabensanx TTHIT),

116 mac- MAKCUMATBHBIH TOK HeOanaHca.
Ligmae = Kus. " Ipacq.MaKc. =0.05%815A

_ IHarpA(])uAepa
rne Ipac'i.MaJ(c. -

Katomiero B Mecte ycraHoBkd OTHII B pexxume 6e3 O33;
kus. = 0,05 — koa¢pdumeHT HebamaHca.

= 81,5 A - MakcHMaJTbHOE 3Ha4eHHe Ga3HOTO TOKA, MPOTe-

IIpoeepka ko3 pPuyuenma yyecmeumensHocmu:

Tocy—Ioci 19,26—-9,96
ky = 222 = =152 = Ky pon > TOC:
Icp3 6.1 . e

Iocy, - cyMMapHBbIi eMKOCTHOM TOK BeeH cetn 10 kB;
Ipci - EMKOCTHOM TOK KaleJls, T¢ yCTAHOBJICHA 3aIUTa
k'-l.Ml/lH.,[[OH. = 1’5

Hanpaxcenue cpabampiganusa 3U

Ucps = 0,15 * 3U0¢as = 0,15 * 10000 * v3 = 2595 B, rze

3U0¢as — yTpoeHHOE HAPSHKEHUE HYIEBOH MOCIESI0BATENBHOCTHY MIPH O/
HO(a3HOM 3aMBIKAHMU HA 3E€MJIIO
Yeon maxkcumansnoii uyecmeumenvrHocmu
Puy = -90 rpaj

t., = 0,5 ¢ - Wi OTCTPOMKH OT KPATKOBPEMEHHBIX CaMOTUKBUANPYommxcst 033,

8.3.3 Hananpaenennan 3033 ¢ cemu ¢ pe3ucmueHo-3a3eMAEHHOU HEUMPAIbio
Hcxonnble nanHbIe:
Hanpsoxenne cetu: Uy = 10 kB
ComnporusieHne 3a3eMitoLero pesucropa Ry = 100 Om
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EMKOCTHOI TOK Ha KMJIOMETP AJIMHBI BCeX JIMHUH (Kabeneit), oTXOAsImX
OT ¢uyiepa, Ha KOTOPOM YCTAHOBJICHA 3allIUTA:
locyn =1,34 A/km

Jnuna minwuii(kadens):

L=7425 &m
EMKOCTHOI TOK Kabest, Ha KOTOPOM YCTaHOBJICHA 3aIlHATa;
IOCi = IOLyAi - L= 9,96A
CymmapHbIii eMKOCTHOH TOK Beex (uuepos cet 10 kB — Iocy = 19,26 A
lHarp.c])ugepa =244,5A

Tok cpabameieanusn 3auwumet Icp 3 BEIOMpaeTCs U3 YCJIOBUSA OTCTPOMKH OT MaK-
cumanbHOro Toka Hebamanca ®THII B pexxumax 6e3 O33 wiM NpW BHEIIHAX MEXK-
nydasnex K3:

Icps = kore " Iumaxe = 1,5-0,05-81,5=6,1A >

rie kogre = 1,5 (1,52 mst kaGemsasix TTHIT);

116 maxc- MAKCUMATBHBIH TOK HeOamaHca.

IHG.MaKc = kHﬁ. ' Ipacq.MaKc. =0.05* 81:5 A >

1 Harp.¢uaepa

roe Ipacq.MaKc. =
karouiero B Mecte ycranopk @THII B pexxnme 6e3 O33;
kys. = 0,05 — xoxddunment Hebananca.

= 81,5 A - MakCHMAITbHOE 3HaYeHUe (PA3HOrO TOKA, MPOTE-

Ilposepka ko3 ppunuenma yyecmeumenvHocmu:

_ lsam _ 58 _ ‘
T s 61 9,5 2 k‘l-Ml/IH.Aon, , TOg:

2 10000
Law = (ocy = Toci)* + (Uu/(V3*Ry))" = (19,26 —9,96)% + (m)z =58A

kq.MnH.,qon. =15

Hanpasaoicenue cpabamoiganua 3U:

Ucps = 0,15 * 3U0¢as = 0,15 = 10000 - V3 = 2595 B, rze

3UO0¢as — yTpoeHHOE HANPsKEHUE HYJIEBOM MOC/ICA0BATEILHOCTH IIPH OJi-
HO(I)BBHOM 3aMBIKAHUHU HA 3CMIJTIO
Yeon makcumanvnoii ypecmeumensvnocmu:
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U 3-
Puy = — (90° + arcth—HM

(90°+ t 578 ) 125°
= — arc = — .
ey — loc 9364

Briaeprkka BpeMEHH 3alUTEL OTIPEALIIAETCS TEPMAIECKON CTONKOCTEIO 3a3eMISIOIIETO
pe3ucropa.

8.3.4 3amuma om 033 no axmugnoit MougHoCcmIL HY1€601I NOCE008AMENBHO-
cmu (6amMmMMempPUYECcKan 3auuma) O cemeil ¢ KOMNEHCUPOBAHHOL
Heumpanvto
Hcexonnsie jaHHBIE:

Hampsokenue cetn: Uy = 10 kB

EMKOCTHO¥ TOK Ha KAJIOMETp JUIMHEL BCEX JIMHMU (KaOelel), OTXOAAIIHX OT
¢unepa, Ha KOTOPOM YCTAHOBJIEHA 3AIIATA;

locyg =1,34 A/km

Jmina nuHuii(xabens):;

L=7425 xm

EMKOCTHO# TOK KaOes, Ha KOTOPOM YCTAHOBJICHA 3ALUKTA!

loci = locyai* L= 9,96 A

CyMMapHbLH eMKOCTHOH TOK Beex (punepor ceth 10 kB — lpey = 19,26 A

Mouinocmb cpabamvieaHuA 3auiUmeL;
Py 3352

Poces. =30 = & = 2235 Br, e
k, = 1,5 - ko3 dummenT uyBCTUTEILHOCTH
10000
Py =(ocy —loci —Iprp) "cos@ - Uy = lpp* Uy =0,58- 73 =

= 3352 Br, rae:
IOR =d- IOCZ = 0,03 . 19,26 = 0,58 A,

rie:
d - K03 PULHEHT yCIOKOEHHMS CETH

tes = 0,5 C - Wit OTCTPOMKH OT KPATKOBPEMEHHBIX caMONUKBAAUpYrowmxcsa O33.

8.4 Ilpumep BbIOOpPA YCTABOK JHCTAHIHOHHOMH 3AIMTHI

121



- KS5S 5
@ Q2 CT2 } BJI12

- an
Cuctema 1 _D

35 KB }1(4

Ic4 T41

-
B

10 kB

S41

O

Ic2

iKl

)

Crctema 2

35 KB

Pucynok 22. Cxema cetn 35 kB
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4.816+36.736 3.612+35.052

7.224+320.208 [c3 35 5.418+715.156
I 1 SR e |
b=0/1 @ ? bh=0/1
21=2.6+323 D 71=2.6+323
Kr=3.18 @ Kr=3.18
1
ncs 10
21=30.15+318.)6 Z1:30.15+j18.61
== —
1.464+32.484 1.952493.312
c1 35 2.196+37.452 2.928+39.936 e 35
b=0/1 @ e 35 b=0/1

71=0.456+34.3
%1=5.1+j31.9

Kr=3.18

()
KA
N
) @ nca 10
71=0.001430.001

21=0.001+30.001
@z=38.5 31=59.4+728.7 E=37.2

Pucynok 23. Cxema 3amerenus cetu 35 kB mns pacuera B APM CP3A

Hcxoaneic ganpie:

3amura ycranasnusaercs Ha I1C1 35 kB Ha BJI13

Koaddumment tpancdopmarmu TT Krr=300/5=60

Koaddumment rpancdopmarmm TH Kte=35000/100=350

CompoTtuenenue mpsiMoii nocaeoBateabHocTd BIT13 Z1= 4,816 +j6,736 Om
CompoTtuenenue Hynesoii nocaeosatensHocTa BJI13 Z0= 7,224 +j20,208 Om

Tox Harpy3k# B MaKCHMaIbHOM peskume (mpu otkroucHuu BJI32) Tnarp makc=113 A (meps)

3amep CONMPOTHBICHUS HAIPY3KH B MAKCHMAJIBHOM pesxumMe (Tpu oTkiroucHun BJI32) Zuarp_maxc=194/35
Owm/rpag = 158,91+111,27 Om

IlepBas cTyneHb JUCTAHIHOHHOI 3ammThI 0T Meskaydasubix K3 71

N 1
Yemagka nepeoii cmynenu /I3 no peakmugnomy conpomuenenuro Xycr oo

Xycr! = 0,85 * X3 = 0,85% 6,736 =5,72 0OM , rie:

Mcrl BA13

Xpi13 - PCAKTUBHOE CONpoTHBIIEHHE THHUA BJI13
. I
Yemagxa nepeoii cmynenu /I3 no akmuenomy conpomusenenuio Ryctr |

RyCTI aeripi1z = Byer1 + Ryerz = 4,79 Om, TOE
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Ryc‘rl = 0,85 * R BJI13 = 4,09 OM’
Ryery = Ko 22 % 0,5 = 1,1+ 0,5 * == 0,7 OM, zie:
Kt 1

K; =1,1 - koohdurment 3anaca st GEICTPOACHCTBYIOIICH CTYICHH,

L

Rp = 1050—— = 1050-2- = 1,3 OM - conpoTHBIEcHHE AyTH;

IAyru

Inyru = 2443 A — TOk iyru B KOHLE 30HBI AHCTBHA NepBoi cTynenH (pacuet Toka Ayxdastoro K3 8 APM
CP3A);

L =3M -paccrosuue mexay dasamu BJI (cipaBounsiit matepuan 1 omnop BJI 35 xB)

Kr =1,0 - koaddummeHT TOKOpacIpe AeICHNUS;

ITpoBepka OTCTPOMKM YCTABKU Rycperipmriz OT TOKA HATPY3KM M PEKMMA CAMO3AITyCKa
JIBUTATENEH Mpy OTKIIF0UeHNH BHEIHUX K3 (Mpu OTCYTCTBUM HA XapaKTEPUCTUKE Cpa-
OarbiBanus /I3 «BbIpe3a i HArpPy3K»

z sin, 89,5 0,57
< PaGMHUH. * ( _ (/JH) — ) ( _ ) — .
Ry, < ok, < \C0Son ~ 50,5 Toei0d 0,81 T3 28,7, rmoe:

7 _ Upa6 mun. _ 35000
pabMuE. \/§*kcaM Ipaﬁmakc V3%2,0%113

304HOM PEXUME

k;=12 - xoaddunmeHT 3amnaca;

kg = 1,04 - xoodduumeHt Bo3Bpara;

oH = 35 rpaj. - YIOJI HArPy3KH,
ke - KO3 (dumeHT camo3amycka qBurateneii, ;i cetu 35 kB npuHuMaeTcs pas-
HEIM 2,0.

= 89,5 OM -MMHHUMAJILHOC COIIPOTHUBIICHUE B HATPY-

Rycrner1pniz = 4,79 0M < 28,7  ycsioBue OTCTPOIiKH OT HATPY3KH H PEXKHMA CAMO3aMyCKa ABHraTe-
Jiei y10BJIeTBOPAETCS.

Zianer Bms < lzfgfs = 0,85 Zpy13 = 0,85 % (Rpm1z + Xpn13) = 0,85 * (4,816 + j 6,736) ,
Z! neriBais = 0,85 % 8,28 = 7,038 OM - ycTaBka nepBoii cTyneHu 3auuthi or Mexaydasabx K3
IO HIOJIHOMY COIPOTUBJICHHUIO

VYcTaBka N0 yrily MaKCUMAJIbHON YyBCTBHTEIBHOCTH:

Xpn13

@, = arctg = 54 rpag - YrOJI MAKCUMAJIbBHOM 4yBCTBUTEIILHOCTH.

Rpmis

OcTanbHbIE YITIBI XapaKTCPUCTUKHN CpadaThiBaHUs OTPEEIISIOTCS COTJIaCHO yKa3a-
HUSM [TPOU3BOIUTEIIS.

Bropas cryneHnn AMCTaHIHOHHO# 3a1UThI 0T Mexkaydasubix K3 72
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Yemaerka emopoii cmynenu /3 no akmusnomy u no peakmueHomy cOnpomueéie-
HU1.

Ilo ycnoeuio 1 orctpoiixu ot K3 Ha IIMHAX yAAIEHHOTO KOHIA MPe by el
(ramboree yIaJI€HHOM OT MCTOYHMKA TUTAHUS) JIMHUW WK TpaHcdopMaTopa (TPyIsL
TpaHc(hOpMaTopOB):

Xycr1” = 0,85 * Xpaculperiprg = 0.85 11,569 = 9.83 Om, I/IC

Mcr1 B/113

Xpaculpe iz = Xgi)m)xz = 11,569 Om - conporusnenue B 3awure BJI13 mpu K3 B Touke K2

RyCTl"HCTl BI13 = 0,85 * Rpaculperg gz = 0.85 % 8,405 = 7.14 Om, TS

Rpaculpe iz = Rg,)m)ﬂ = 8,405 OM - conporusnienue B 3amute BJI13 mpu K3 B Touke K2

ITo ycnoguro 2 cornacoBaHus IO COMPOTHBIICHAIO CO MEPBOM CTYMEHBIO 3aIUTHI
BJI32:

Xycr2!! = 0,85 * Xpacu2pcr1 g1z = 9,37 Om, TAC:

Mcr1 B/113

XpaC‘[an-l B/I13 = XB_]]13 + Xé_}]gz =6,636 + 4,29 = 10,926 Om

Ryct2" | oris = 0,85 « Rpacu2paq pras = 6,7 Om, THE:

Rpacy2pera pms = Rpms + Rbjyzz = 4,816 +3.07 = 7,816 OMm

Xycr'=9.370m  Rycr! =6.70m  Zycr!! = 11.52 Om

Zycer!! _ 1152

nm_ —
Ku =7 B = 1,39 > 1.25 .
Tperbs cTYnEeHDL AUCTAHIHOHHOM 3a1IHTEHI OT M€ a3nbix K3 73
n — Unin. _ 35000 _
Zesmarp = V3-kykiTyarp COS(@MY,~Puarp) | V3:1,2:1,1:113-co5(54-35) 144,29 Om
rae:

Uvnnskenn- MHUHHMAIBHOE SKCIUIyaTAMOHHOC JIMHEHHOE HANpsOKEHHWE, TPHHSTO
0,9 * Usou;

k, = 1,2 — ko3P PULUEHT HANEKHOCTH,

kg = 1,1 - koo duuueHT BO3Bparta;

X .
Ymy, = arctg === - yroy MAKCHMAIBHOM YyBCTBUTEBHOCTH PEIIE CONPOTHBIICHNS,

Ry;[.lmml u
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@uarp - YTOJI CONPOTHBIIEHHUS HATPY3KH.

BLIOOD YCTABOK JAHCTAHIMOHHOM 3aIIHTHI OT JABOHHBIX 3aMBIKAHHI HA 3eMJII0

VY GONbUIMHCTBA MPOW3BOJMTEINCH MEPEKTIOYCHHE HA 3aMep KOHTYpoB (hasa-
3E€MJIA IIPOUCXOJUT aBTOMATHUYCCKHU MPH MOABJICHUH TOKA HYHCBOﬁ mOCJIEA0BATCIIBHO-
CTH.

VYcraBka OopraHa mo TOKY HYJIEBOW MOCIEIOBATENBHOCTH, OCYILECTBISIOLIETO
IyCK Ha U3MEpEHHe KOHTYPOB (ha3a-3emMiist paccunuThIBacTCs 0 GopMyJie:

I3 =ky- lyspaca = ky * kar[ep * Iy6ycran = 1,25 % 2,0 x 412=1030 A,
(6.13.6.1),

rae:
ky = 1,25 - xoaddrmeHT HAZEKHOCTH;
kanep = 2,0 - k03 duIMEHT ANEPHOUIHOCTH,

lygycran -TOK HeOaNaHCa B HyJIEBOM NPOBOJIE B YCTAHOBUBILIEMCS PEKHMME TIPH METAJI-

meckoM Tpexgasrom K3 B MecTe yCTAHOBKH 3aIMUTEH, B peskAMe PabOTHI CETH, KOT/Ia OH
MaKCUMAJIECH.

Lugycran = Kopa * fi *I&) = 0.5%0,1 8240 = 412 A,
rae:
kosw = 0,5 - npuogsorunEex TT (ko3¢ dumuenT oqHOTHIHOCTH);
ko = 1,0 - npu pasHoTmmaex TT;
fi1 =01 -ortaHOCHTEeMBHAS TIOTPEHOCTE TT;

3
1153) - TOK B MECTE YCTAHOBKY 3allHTHI IIPH MeTaummdeckoM Tpexdasnom K3 B Mecte
YCTaHOBKH 3aIIUTEI, B PeKHAMe PabOTHI CETH, KOTJA OH MAKCHMAJICH.

[TockomBKy aITOPUTM pacueTa KOHTYPOB (pa3a-3emirs, yUUTHIBaeT KO3 uIpeHT kom-
HEHCAIIMM TI0 TOKY HYJIEBOM HOCIIE0BATEIBHOCTH H 33 CYET HTOrO IPABHIIBHO H3MEPAETCS
paccrosHue 10 MecTa K3, pacueT ycTaBOK JHCTAHIHOHHOM 3aIIUTHI OT JBOMHEIX 3aMBIKAHHH
IPOU3BOAUTCS IO TeM ke (popMyIaMm, YTO H JUIA 3alUTHI 0T Mexkay(dasHbx K3.

Ecmm mapamerpupoBaHre TEpPMUHATIA MIPEATIONIAracT BBOJ| 3apaHee PACCUUTAHHOTO KO-
s¢duLHeHTa KOMIIEHCAHK 10 HYJIEBOH IIOCIIE0BATENLHOCTH, TO OH PACCYHTHIBACTCS IO
dhopmyre:

Zo—2 )
T (6.13.6.3)

TAE: ZyWZ, - KOMIUICKCHBIE CONIPOTUBIICHUS COTIPOTHBIICHUS HYJIEBOH 1
NPsMO¥M MOCIIEAOBATENBHOCTH 3AIIUIIAEMON JIMHUH.

B nanHOM npumepe:

Kosddurpent KOMNEHCALH TOKA HyJICBOM MOCIEA0BATCIbHOCTH,
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rae kg = Kk, + jky — koMmiekcHBIN K03¢hGHUIMEHT KOMIICHCALIMN TOKA HYJIEBOH MOCIEN0BATEIBHOCTH,

% = (7.224 - 4.816)/4.816=0.5:

1

ke =

k, = X"X;:‘lz (20,208 - 6,736)/6,736=2.
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