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COBOKYHHOCTB HNCTOYHUKOB ITUTaHUAI, KaOeJIbHBIX JII/IHI/If/'I, IIWH IIUTAaHUA IICPCKIIOYATOIIUX YCTpOﬁCTB H Ipyrux

9JICMCHTOB OIICPATUBHBIX HCHCﬁ COCTAaBJISCT CUCTEMY ONEPATMBHOIO TOKA JAHHOMW BJICKTPOYCTAHOBKH.

OmnepaTUBHBINA TOK HA MOJICTAHIMAX CITYKUT JUIS TUTaHUS BTOPUIHBIX YCTPOUCTB, K KOTOPBIM OTHOCSTCS
onepamusHvle Yyenu 3auumsl, A6MOMAMUKU U MeleMeXanuKu, annapamypa OUCManyuoOHHO20 YNpasieHusl,
asapuiinas u npedynpeoumenvuas cuenaauzayus. [lpu HapylieHusIX HopMaabHON pabOThI MOICTAHITUN
OTICPATHBHBIN TOK UCIIOJIB3YETCS TaKXKe MU aBapPUITHOTO OCBEIIECHUS U DJICKTPOCHAOKEHHUS dIIEKTPOABUTATEICH
(0c000 OTBETCTBEHHBIX MEXAHU3MOB).

Knaccudpukanus cucTeM onepaTUBHOIO0 TOKA HA JIEKTPUYECKHUX MOJACTAHIUAX

[IpuMeHsI0TCA CIeAYIONMNE CUCTEMBI ONEPATUBHOTO TOKA HA MOJCTAHIIHUIX:

1) MOCTOSIHHBIN ONMEPATHUBHBIA TOK - CHCTEMAa MUTAHUS OIECPATUBHBIX IIENEH, MPU KOTOPOM B KAdECTBE
HMCTOYHUKA MMUTAHUS IPUMEHSIETCS aKKyMYJIATOpHAs OaTapes;

2) mepeMeHHBId ONEPATHUBHBIN TOK - CHCTEMa MUTAHUS ONEPATHUBHBIX IENEH, MPU KOTOPOW B KAyECTBE
OCHOBHBIX HMCTOYHUKOB MHUTAHUS MCIOJB3YIOTCA HW3MEpPUTENIbHBIE TpaHCGHOpPMATOPhl TOKA 3allUIIAEMBbIX

MPUCOCIUHEHUN, U3MEpPUTEIbHbIE TPaHCHOPMATOPHI HANpPSKEHUs, TpaHCHOPMATOPbI COOCTBEHHBIX HYXI. B



Ka4eCTBE JOIOJHUTEIBHBIX HMCTOYHUKOB MUTAHUS HMITYJIbCHOTO JEHMCTBUS MCIOJB3YIOTCS NPEABAPUTEIBHO
3apsSKEHHbIE KOHIAECHCATOPHI;

3) BBIIPAMJICHHBIA ONEPATHUBHBIM TOK - CHCTEMa IMUTAHUS ONEPATUBHBIX LIENEW IMEPEMEHHBIM TOKOM, B
KOTOPOM MEPEeMEHHBIN TOK NMpeoOpa3yeTcss B MOCTOSIHHBIN (BBIIPSMIICHHBIA) C MOMOIIBI0 OJOKOB MUTAHUS U
BBITIPSIMUTENBHBIX CHJIOBBIX YCTPOWCTB. B KadecTBE MOMONHUTENBHBIX MCTOYHHKOB MUTAHUS HMITYJIbCHOTO
JNEUCTBHS MOTYT UCIIOJIB30BATHCA MPEABAPUTEIIBHO 3aPSIKEHHBIE KOHIECHCATOPHI,

4) cMelIaHHAsl CHUCTEMAa OIEPATHUBHOIO TOKA - CHCTEMa NUTAHUA OIEPATUBHBIX LENEW, NPU KOTOPOU
UCIIONIb3YIOTCSl Pa3HbIE CHUCTEMBI OINEPATUBHOTO TOKa (TIOCTOSIHHBIA W BBINIPSIMIIECHHBIA, NEPEMEHHBIA U
BBITTPSIMIICHHBIN ).

B cucremax onepaTtuBHOIO TOKA pa3jIAYvarOT:

- 3aBUCUMOE NMUTaHUE, KOTAa padoTa CUCTEMbI TUTAHUS ONEPATUBHBIX IETIEH 3aBUCHUT OT PeKUMa PabOThI
JAHHOW AJIEKTPOYCTAHOBKH (JIEKTPUUECKOMN MOJCTAHIINN);

- HE3aBUCUMOE MUTaHuE, KOrAa padoTa CUCTEMbI TUTAHUSI ONIEPATUBHBIX 1I€TIEH HE 3aBUCHUT OT peKuUMa paboThI
JAHHOM 3JIEKTPOYCTAHOBKH.

Oo01acTH IPUMEHEHUS PA3JIHYHbIX CHCTEM ONEPATUBHOI0 TOKA

[TocTosiHHBIN OmMepaTHBHBIM TOK mNpuMeHsieTcss Ha moxactaniusax 110-220 kB co cOOpHbIMU IIMHAMU 3THX

HampsDKeHU, Ha mnoxacTtaHmusax 35-220 kB 6e3 cOOpHBIX MIMH Ha JTUX HANPSKEHUSX C MAaCISHBIMU



BBIKJIFOYATENISIMU  C  DJIGKTPOMArHUTHBIM ~ MPHUBOAOM, IS  KOTOPBIX BO3MOKHOCTH  BKJIIOUCHHUS  OT
BBITIPSIMUTEIBHBIX YCTPOUCTB HE TOATBEPKIAEHA 3aBOAOM-U3TOTOBUTEIIEM.

[lepeMeHHbIN OnEpaTUBHBIN TOK MpuUMeHseTcs Ha nmoAcTaHuax 35/6(10) kB ¢ MacnaHbpiMu BBIKITIOUATESIMU 35
kB, ma moacrammmsax 35-220/6(10) m 110-220/35/6(10) kB 06e3 BBIKIIOUATENIEH Ha CTOPOHE BBICIIETO
HaIpsbKeHUs, Koraa BeikiaouaTenu 6(10)-35 kB ocHamieHbl npy>KMHHBIMHA PUBOJAMHU.

BrinpsiMiieHHBIH OMEpaTUBHBIA TOK JIOJDKEH MNPUMEHSThCA: Ha moxacTaHiuax 35/6(10) kB ¢ wmacnsHbiMu
BeIKITFOUaTenssMu 35 kB, Ha moacranmusax 35-220/6(10) kB u 110-220/35/6(10) kB 06e3 BeIKIIOUaTenel Ha
CTOPOHE BBICHIEIO0 HAMNPSKEHHS, KOTJA BBIKIIOYATEIM OCHAIIECHBI 3JIEKTPOMArHUTHBIMH TPHUBOAAMU; Ha
noactaniusx 110 kB ¢ ManbIiM 4uCIOM MacIISIHBIX BhIKJItoUaTesiel Ha ctopone 110 kB.

CwmemnranHas cUCTeMa IOCTOSIHHOTO W BBIIPSAMIICHHOTO ONEPATHUBHOTO TOKA IMPUMEHSETCSA I YMEHBIICHUS
E€MKOCTH aKKyMYJSATOPHON OaTapeu 3a CUeT NMPUMEHEHHUS! CUJIOBBIX BBITIPSMUTEIBHBIX YCTPOUCTB JJIsl MMUTAHUS
LETIeH IEKTPOMArHUTOB BKJIFOUCHUSI MACJISIHBIX BbIKIItouaTenen. LlenecooOpa3HoCcTh NpUMEHEHUSI 3TOM CUCTEMBI
JOJKHA OBITH MOATBEPKICHA TEXHUKO-9KOHOMUYECKUMH pacueTaMH.

CwmenranHas cucTteMa MEPEMEHHOIO M BBIIPSMIIEHHOTO ONEPATUBHOTO TOKA NMPUMEHSIETCS: I MOJACTAHIIUU C
MEPEMEHHBIM ONEPATUBHBIM TOKOM IPU YCTAHOBKE HA BBOJIAX MUTAHUS BBIKJIFOYATENEH C 3JIEKTPOMArHUTHBIM
MPUBOJIOM, ISl MUTAHUS SJIEKTPOMArHUTOB BKJIFOUEHUSI KOTOPBIX YCTAHABIMBAIOTCS CHIIOBBIE BBINPSIMUATEIIbHBIE

yctpoiictBa. s moacranumii 35-220 kB 0Ge3 BbIK/IIOYATENe HAa CTOPOHE BBICIIETO HAMPSIKEHMs, KOrJa HE



oOecrieunBaeTCs HaJekHas paboTa 3alMT OT OJOKOB MHUTAHUS MPHU Tpexda3HbIX KOPOTKUX 3aMbIKaHMM Ha
CTOPOHE CPEAHETO WJIU BHICIIETO HAMPSKEHHUS.

B ostoM cnydae 3ammrta TpaHC(OpPMATOPOB BBIMOJHSAETCS Ha TMEPEMEHHOM TOKE C HCIOJIb30BaHUEM
MpEeABAPUTEIBHO 3apPSXKEHHBIX KOHJIEHCATOPOB, @ OCTAJbHBIX 3JIEMEHTOB TMOJCTAHIIMM — Ha BBIIPSMICHHOM
OTIEPAaTUBHOM TOKE.

Cucrema nmocrosiHHOro onepatuBHoro toxka (COIIT)

B xayecTBe HCTOYHHUKOB MOCTOSTHHOTO OTIEPATUBHOTO TOKA UCTOIB3YIOTCS aKKyMYJISITOPHBIEC OaTapen pa3aTudHbIX

THUIIOB.







IHoTpeduTE N MOCTOAHHOI0 TOKA

Bcex moTpebutenei sHEPTUH, TTOIYYAONINX MUTAHUE OT aKKyMYJISITOPHOM OaTapew, MOXKHO pa3JciuTh Ha TPHU
TPYIIIIbI:

1) IlocTossHHO BKJIFOYEHHAs Harpy3ka — ammnapaTbl YCTPOWCTB YHpaBJiIeHUS, OJOKMPOBKH, CUTHAIM3AIMU U
peJIeHHON 3alluThl, MOCTOSHHO OOTEKaeMble TOKOM, a Tak)Ke ITOCTOSHHO BKIJIFOUCHHAs YacTh aBapHUHOTO
ocBemieHus. IlocTosHHAsT Harpy3ka Ha aKKyMYJSATOPHOM OarapeW 3aBHCHT OT MOIIHOCTH ITOCTOSHHO
BKJIFOUYCHHBIX JIaMIT CUTHAIM3AlMU U ABAPUHWHOTO OCBEIICHUSA, a TAKXKE OT TUIIOB pelie. Tak Kak IMOCTOSIHHBIC
Harpy3kyd HEBEJIWKH W HE BIMSAIOT Ha BRIOOp Oarapew, B pacueTax MOXHO OPHUEHTHPOBOYHO MPUHUMATH IS
kpynHbIX noAacTanuui 110-500 kB 3HaueHre NOCTOSIHHO BKJIFOYEHHOW HArpy3ku 25 A.

2) BpemeHHas Harpy3ka — NOSIBIISIIOIIASCS MTPU UCUE3HOBEHUM TTIEPEMEHHOTO TOKA BO BPEMSI aBapUHHOTO PEKUMa
— TOKM HArpy3Kd aBAPUHWHOTO OCBEUICHUA M JJIECKTPOJABUTATENIEHM IMOCTOSHHOTO TOKA. JIJIMTENBHOCTH 3TOM
Harpy3KH onpeaessaeTcs IIUTEILHOCThIO aBapuu (pacueTHas JMTeabHOCTh 0,5 yaca).

3) KparkoBpemeHnHass Harpys3ka (IJATEIbHOCTBIO HE OoJiee 5 ¢) co3maeTcsl TOKaMU BKITIOUCHHS W OTKITFOUCHUS
MIPUBOJIOB BBIKJIIOYATEJIEM U aBTOMATOB, ITYCKOBBIMM TOKAMU 3JIEKTPOJABUTATENIEW U TOKAMHU HAarpy3Ku amnmapaToB

yIpaBjeHus, OJIOKUPOBKH, CUTHATU3AIUU U PEJIICMHON 3aIIUThI, KPATKOBPEMEHHO 00TEKAEMBIX TOKOM.



YcnoBue BLI60pa AD - BO3BMO>XHOCTB BblJJa41 MAKCUMAJIbBHOI'O TOJTYKOBOI'O TOKAa B KOHIIEC

aBapUMHOTO PEKUMa, T. €. 10 UICTEUCHHUIO 2-X 4acoB (CM. pucC.).
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Cucrema MNEPEMECHHOI'0 OIIEPATUBHOI'O TOKA

[Ipu mepemMeHHOM OINEepaTUBHOM TOKE HaubOOJee MPOCTHIM CHOCOOOM MHUTAHUS AJIEKTPOMArHUTOB OTKIIIOUCHUS
BBIKJIFOUATENICH SIBISIETCS HEMOCPEICTBEHHOE BKIIOUYEHUE HUX BO
BTOPUYHBIC TN TPAaHCHOPMATOPOB TOKA (CXEMBI C pelie MpsIMOTO
ACUCTBUSL WM ¢ OCUWYHMUPOBAHUEM  IIEKMPOMACHUMOB

OMKAIOUEHUS NPU CPADAMBIBAHUU 3aUUMbL, CM. PUC.).

BrikmtoyaTens, paboTaronii Ha TMEPEMEHHOM ONEPATHBHOM TOKE
IOJKeH — obnajaTh  pacyenumensimMu — MAKCUMATbHO20 — MOKA,

YCTaHAaBJINBACMBIMH HCIIOCPECACTBCHHO B IIPHUBOJC BBIKJIHOYATCIIA.
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Cxema ¢ ACITYHTHPOBAHHAEM JJICKTPOMArHATOB OTKIIIOYCHHA
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CxeMa IelIyHTHPOBaHMS € McOab30BaHueM pese PT 85
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[Ipu 3TOM TpenesabHbIE 3HAYECHUS] TOKOB M HAIpPSIKEHUNW B TOKOBBIX
LEMSIX 3alHUThl HE JIOJKHBI MPEBBINIATh JOMYCTUMBIX 3HAYCHUH, a
TOKOBBIE AJEKTPOMArHUTHI OTKItoueHUsl (pene tunoB PTM, PTB umu
TOO) nomwkHbl o0ecneynMBaTh HEOOXOJAMMYI) YYBCTBUTEIBHOCTH
3alllUThl B COOTBETCTBUM ¢ TpeboBanusmu [1YD. Ecnu »tu pene He
o0OecreunBaloT HEOOXOJAMMOM YYyBCTBUTEIHHOCTH 3alllMTHI, MUTAHUE
LENeN OTKIIOYEHUS] MPOUZBOAUTCS OT MPEIBAPUTEIBHO 3aPSKEHHBIX
KOHJEHCATOPOB.

Jpyroi mnpuMmep TOBBIMICHAS HAACKHOCTH CXE€M 3alllUThl  HA
NIEPEMEHHOM OIEPATUBHOM TOKE — MPUMEHEHUE BBIKIIOUATENEH C
OJIOKaMHU yIIpaBJICHUs, CIIOCOOHBIMH pE3EpPBUPOBATH NHUTAHUE — B
CIy4ae IMOTEPH OCHOBHOTO MHUTATHCSA OT TOKOBBIX lener. Ha pucynke
n300paxeH BAKYYMHBIN BBIKJIFOYATEIIb BB/TEL-10-20-630,
ycTaHoBJIeHHBIN B kamepe KCO.

JI71st ero BKITIOUEHMS/OTKITIOUEHHS] UCTIONB3YIOTCS CIIeUalIbHbIE OJIOKH

YIIPaBJICHHUS:
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YcTponcrtea ynpasneHusa cepun TEL

Bbiknw4yatenb

YcTpoucTBaynpaeneHua — BB/TEL

CEPHH TEL : ay :

OnepaTuBHOE NUTaHKe - Con : D_ :
i 1

i 1

BcnomoratensHoe NnuTaHue » -"_ : !
Cortkn : "

I I

KomaHOa BKNHYeHUA - !
- aln i BK

i 1

|l

KomaHaa oTKNHYeHUs . | \I‘_ !
e e e ]

e BnokynpasneHus
Bnok ynpasneHus BY/TEL-12-03
BU/TEL-220-05A 1
BEnoKnuTaHus

BP/TEL-220-02A
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Ha mnoncraHmusx ¢ NDEpeMEHHBIM ONEPATUBHBIM TOKOM IHUTAaHUE IIEMEM aBTOMATHUKH, YMOPABJICHUS U
CUTHAJIM3AIIUH MPOU3BOIUTCS OT IIIMH COOCTBEHHBIX HYXK]I Uepe3 CTaOMIN3aTOPHI HAMPSHKEHUS.

HNcrouyHnkaMu TMEPEMEHHOTO OIEPAaTHBHOIO TOKa SBISIOTCA TpaHC)OPMATOpPBl COOCTBEHHBIX HYXKI U
M3MEpHUTENIbHBIC TpaHC(HOPMATOPHl TOKA M HAMPSHKEHUS, OCYIICCTBISIONINE NMUTAaHWE BTOPHUYHBIX YCTPOMNCTB
HETIOCPEJICTBEHHO WJIM dYepe3 MPOMEXKYTOUHBIC 3BCHBS — OJIOKM THUTaHMS, KOHJCHCATOPHBIE YCTPOMCTRA.
IIepemMeHHBIN ONIEPATUBHBIN TOK pacpeaCISIETCS [IEHTPATU30BAHHO U, CIIEAOBATEIBHO, IPU €0 UCIOJIb30BAHUH
He TpeOyeTcs CIOXKHOM M JOpOrol pachpeieauTesbHOM ceTh. OIHAKO 3aBUCHMOCTb IUTAHUS BTOPUYHOIO
000py/IOBaHMS OT HAJW4YMUS HANpPSDKEHUST B OCHOBHOM CETH, HEIOCTaTOYHAs MOIIHOCTh CaMHUX HCTOYHHUKOB
(m3MepuTeIbHbIE TPaHCHOPMATOPHI TOKA W HAMNPSKEHHS) OTPAaHUYMBACT 00JIACTh MPUMEHEHHS OIEPAaTHBHOTO
MIEPEMEHHOTO TOKA.

TpancopmaTopsl TOKa clyKaT HAACKHBIMA HWCTOYHUKAMHU IS TUTAHHUS 3alIUT OT KOPOTKHUX 3aMBIKAHUM;
TpaHchopMaTOPhl HANPSHKCHHUS W TpaHCHOPMATOPhl COOCTBEHHBIX HYXKJ MOTYT CIYXUTh HCTOYHHMKAMH IS
3aIUT OT TOBPEXKICHWH W HEHOPMAIBHBIX PEKHMOB, HE COMPOBOXKIAOMIUXCS TIYOOKHMMH TTOHIKCHUSIMHU
HaIpsOKEHUS, KOT/1a He TpeOyeTCsl BRICOKOM CTaOMIbHOCTH HANIPSDKCHUS U IOMYCTUMBI IEPEPHIBHI B TUTAHUH.

CrabunuzaTopbl HAMPSKEHUS MPeTHa3HAYEHBI JIJIS:
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1) mommepkaHuss HEOOXOAWMOTO HANPSKEHHS OIEPaTUBHBIX Ierner mpu pabdore AYP, korma BO3MOXKHO
OJHOBPEMEHHOE CHUKEHUE YaCTOThI U HAIIPSIKCHUS;

2) pasjaeieHus OIEPaTUBHBIX IIETIE M OCTaJbHBIX IENeld COOCTBEHHBIX HYXJ MOJCTAaHIIUKM (OCBEIICHUE,
BEHTWJISIIIUSI, CBAPKA U T.J.), YTO CYIIECTBEHHO MOBBIIIAET HAJEKHOCTh OIEPATUBHBIX IIETICH.

Cucrema BBINIPSIMJIEHHOT0 OTIEPATUBHOI0 TOKA

JI714 BBITIPSIMIICHUS TIEPEMEHHOTO TOKA UCTIOJIB3YIOTCS:

brnoku nutanms crabunusupoBanabie Thna BITHC-2 coBmectHo ¢ TokoBbiMM Tuma BIIT-1002 — pis mutanus

HGHGI\/’I 3allIUTbl, aBTOMATUKH, YIIPABJICHHU.

binoku nurtanus HectabunusupoBaHHble Tuna BITH-1002 — ans nutanus

-a
-

HCHGI\/’I CUTHaJIM3allUl H 6J'IOKI/IpOBKI/I, 4TO YMCHLIIACT PA3BCTBJICHHOCTDL

YL L L
samsesn

HCHGI\/’I OIICPATHUBHOI'O TOKa H oOecreunBaeT BO3MOKHOCTD BbIJJa4dH BCeH

-
-

MOIITHOCTH CTAOMJIM3UPOBAHHBIX OJIOKOB ISl cpabaThIBaHUS 3aIllUTHI H
OTKJIFOUCHUS BBIKJIFOYATEIICH.

bmokun BIIH-1002 BMecto BIIHC-2 — pgns nutanug Lened 3amliuThl,
ABTOMATUKH, YIPABICHUSA, KOTJa BO3MOXXHOCTb WX HCIIOJIB30BaHUSA BMT 1002 n BINH 1002
MOATBEPKJICHA pacdeToM W He TpelOyeTcs CcTaOmiau3alvs OIEepaTHBHOTO HAINpsDKeHUS (Hampumep, MpHu

otcyTctBuu AYP).
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Cunoselie BoinpssmurenbHabie yerporcrBa TH Ha YKII m YKIIK ¢ HHAYKTUBHBIM HAaKOMUTENIEM — JJIsI TUTAHUS
BKJIFOYAIOIIUX  JJIEKTPOMArHUTOB TPUBOJOB  MACIAHBIX  BBIKItOUaTened. WHIYKTUBHBIM  HAKOIMUTEIb
o0ecreynBaeT BKIIOUYECHHUE BBIKIIFOYATEIN HA KOPOTKOE 3aMbIKaHWE MPU 3aBUCMMOM MUTAHHUU 1ETIEN BKIIFOUEHUS.

brnoxku mnurtanusa ©HectabwnmsupoBanubie bII3-401 mnpumeHsioTcs s 3apsAa KOHJEGHCATOPOB, KOTOPHIC
WCTOJIB3YIOTCS ISl OTKJIIOUEHUS OTACIUTEINICH, BKIIOUEHUS KOPOTKO3AMBIKATENIECH, OTKIFOUEHHS BBIKIIFOUATEIICH
10(6) kB 3amurToli MUHMMaIbHOTO HANPSKEHHS, a TaKXe OTKIOUEeHUs Bbikiroyarene 35-110 kB npwu

HC,Z[OCT&TO‘IHOﬁ MOIIHOCTHU OJI0Ka IMUTaHHUS.

26



| Cl-110 B

Il CLI-110 8

U

P-110 kB

@ TH-110xB
I
&5

A
B
A

e

B
ry
Al

AB B
PLUITH-110 B PIITH-110 ¥B

1 Gl

I_‘

LIEMK
L

+

Maxens TH-110 kB

LEMW LENA LEMN

T

% BIT-1
TT &L

BR-2
% BMT-3

BIMT-4

S
IOnAa kaxnoro B-110
i . OMEPTOK
® | KOMMN
ALLYAT
AB
DMEPTOK
:| : | KOMIN 3
ALLAT
AB

» YTIPABNEHWE
ﬂ,—. B-110+8

AB

BMNHC-1
oT ne
HCll  AB HATPY3-
# (CETh KM
oTKI ®_— Ao
—s
oT
I Cl
BMNHC-2
oT ns
| Cl AB HAMFY3-
C M
ok 8 — A
oT
11 c

CYEMA
KOHTPONA
WEONALMKA

MATAHKE

OT TCH

Cxema Hener NMUTAHUS MOJACTAHIUHA BBINIPAMJICHHBIM OIIEPATHBHBIM TOKOM

27




