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MeTannokcugHble orpaHunuumTenun
nepeHanpsaxeHusA

BbIOoOp orpaHuuuTenen nepeHanpsikeHus n
X NPUMeHeHue B pacnpeaenurenbHbIX
ceTsAX cpeAHero HanpsiXXeHus

BBepgeHue

MeTtannokcuaHbie (MO) orpaHnuuTenu nepeHanpsixeHus (OlNMH)
cpeaHero HanpskeHus

KoHcTpykuma OIMH

MpvHuun gericteus OMNH

Bbi6op napameTpos OlNH

Bbi6op OMNH

OddpekT BO3OENCTBMA BPEMEHHbIX NepeHanpsbkeHmun Ha MO OrlH
3HayeHne HoMuHanbHoro HanpshkeHus ONMH (Ur)

Bei6op OlMH v onpegeneHne onuTenbHO-A0NYCTUMOro paboyero
HanpspkeHus (Uc)

Mpumepbl 1 YacTHbIE criyyau

CeTu C KOMMNEHCMPOBaHHOW HENTpanbio UNn ¢ 3a3eMrieHneM HenTpanu
Yyepes 6onbLIoe ConpoTUBNEHNE

CeTu ¢ N30NMpoBaHHOW HEWTPArbIO U C PENENHON 3aLLMTON OT
3aMbIKaHUS Ha 3eMIo

CeTu ¢ 3a3emneHHon HenTpanu (E < 1.4)

CeTu ¢ 3a3emneHHon Hentpanu (E > 1.4)

MexdasHoe BkntodeHme OlMH (cxema «HenTyH»)

HanpskeHune ceTn ¢ rapMOHNYECKUMI COCTaBMSALLMMU

3awuTta
3awmTHbIn ypoBeHb OlNMH
3awmTtHas 3oHa OlMH

CneuuanbHble cny4yau npumeHeHuns OMNH

3awwura kabens npu nepexoge Bo3aywwHon JIOI B kabenbHyto
TpaHcdopmaTop B koHLe kabens

TpaHcopmaTop, HENOCPEACTBEHHO NMOAKIMIOYEHHBIN C OLHOW CTOPOHbI K
Bo3ayLuHom J13MM

OTl1H B 3aKkpbITbIX 3rerasoBbIX pacnpenycTponcTBax cpegHero
HanpspKeHns

eHepaTop, NPUCOEONHEHHbIV K MMHUW CPEAHENO HaMPSKEHUS
3awuTa gBuratenen

3awmTa 060Mn04eKk BbLICOKOBOSbTHBIX kabenei

MO OIMH ans ceT NOCTOSIHHOro ToKa

KoHcynbTauusa no sBonpocam npumeHeHus OlNMH



1. BBepgeHue

Ob6opynoBaHWe 3MeKTPUYECKMX ceTen NoaBepraeTcs MHOrMM ONacHbIM
Bo3gencTemAM. OgHa 13 raBHbIX ONacHOCTeN - nepeHanpsikeHue. Boicokas
CTOMMOCTb 31EKTPOO6OPYAOBaHNSA He MNO3BONSET NPOEKTMPOBAaThL €ro C
n3onsaumen, kotopas Bblgepxana 6bl nobble nepeHanpsxeHus. Mo ceoen
npuupoAe 3Ta ONacHOCTb HE MOXET ObITb yCTpaHeHa NOMHOCTLI0, HO €€ MOXHO
yMeHbLWNTb. [10 3TON NpUYMHE, NOAXOA K peLUeHnto NpobnemMbl COCTOUT B TOM,
4yTO6bI BCTPaMBaTh 3aLUMTHbIE YCTPOWCTBA B CETb. ATOT METOA OKa3arcs
Hanbonee peHTabenbHbIM M HagexHbIM. MeTog NPUMeEHSIeTCs B CETAX BbICOKOrO,
CpeaHero HanpsKeHus, a Takke B ceTax HanpsbkeHnem go 1 kB.

HaunbonbLuyto onacHocTb Anst 06opynoBaHvs NPeacTaBnsioT UMMYNbCHbIE
nepeHanpsbkeHnsi. OHM BO3HWUKAIOT BCNEACTBUE aTMOCHEPHBIX pa3psaos v
KOMMYyTauui B ceTu. cnonb3oBaHue orpaHnuntenen nepeHanpskeHns (OrMNH)
aBnseTcs Hanbonee acpheKTMBHON 3aLMTON OT 3TUX NepeHanpsaxeHuin. OMNH
yCTaHaBnNMBaeTCs B HENOCPeACTBEHHOW BrM30CTu OT 3aLMLLaeMoro
06opyaoBaHns, N AeNCTBYET Kak WYHT ANS MMNyNbca NepeHanpsixeHns.

BenunuunHa nepeHanpsikeHns 006bIYHO onpegendaeTcd B yCINOBHbIX eMHuLax
«p.n». OTa eguHuua onpependeTca Kak

Ip.u. :\/E'U%g

roe Un — MakcumanbsHoe AerCcTBYoLLEee 3HaYeHME NIMHENHOMO HanpsKeHUs npuy
HOpMarsibHOM pexnmMme paboThl ceT. PakTUyeckoe HanpsikeHue ceTn 0ObIYHO
MeHbLue, yem Um.

Um (kB) 36 72 12 17.5 24 36 42
1 p.u. (kB) 29 59 098 143 196 294 343

Tabnuua 1: 3HaveHue 1p.u. ans pasnuyHbIX 3HadeHun Un,

B gononHeHne K MMMNynbCHbIM NepeHanpsXeHusIM, dnekTpuyeckme ceTn Takxe
MCNbITLIBAIOT KpaTKOBPEMEHHbIE NepeHanpsikeHus. Kak npaBuno, 1o
nepeHanpsKeHNsi NPOMBILLIEHHOW YacTOThl, BbI3BaHHbIE U3MEHEHWUSIMU B
pexume paboTbl ceTu.

Taknum 06pa3om, NepeHanpspKeHNs B CETAX MOTyT ObiTb pasgeneHsl Ha
crnepfyroLme KaTeropumn:

- KpaTKOBPEMEHHbIe nepeHanps>xeHus I'IpOMbILLIneHHOﬁ 4YacToThbl

- BO3HMKaIOT, HAanpuMep, Npy OTKIOYEHUN Harpysku Uim Npyu KOPOTKOM
3aMblkaHUM Ha 3emnto. VX npogomkuTensHOCTb MOXET HaxXoAMTbCst B Npeaenax
o1 0,1 cekyHAbl 4O HeCKOnbKunx YacoB. OBbLIYHO UX aMnNNNTyaa He npesbllaeT

3 p.U., TaK YTO OHW, KaK NpPaBuIIo, He NPEACTaBMAOT Yrpo3bl Ans
obopyaoBaHus. Tem He MeHee, OHU ABMNATCA KPUTUYECKMM (DaKTOPOM Ans
npaBunbHoro Bbibopa OlH.

PeppoMarHnTHbIV pe3oHaHC B TpaHCcopMaTope MOXET Takke NPUBECTU K O4EHb
BbICOKUM NepeHanpsixeHnsmM, B OCHOBHOM ceTeBo YacToTel. OlNMH(bI) 3awmwaioT
nsonsumio TpaHccpopmartopa OT NOBPEXAEHWI, BbI3BaHHbBIX TAKUMM
pesoHaHcHbIMK sBneHnsamun. OgHako camu OlMH npu aTom GyayT neperpyeHsl 1
MOTyT BbIANTW U3 CTPOs BCneacTeue neperpesa. CoBpeMeHHble TpaHcopmaTopbl
C MarnbIM1 NOTEPAMU, MOAKINIOYaEMble Ha HEHarpy>XeHHYH0 kKabernbHy NnHNIo,
0COBEHHO 4acTo BbI3bIBAOT (PepPOMarHNTHbIV PE30HAHC, KOTOPbIN paspyLluaeT
OrlMH.



- Kom MyTaUuMOHHbIe NepeHanpaAXeHns

- NPOUCXOAAT BO BpeMsi NepekrtoyeHnin U NpeacTaBnsoT cobon GbicTpo
3aTyxatLime konebaHusi. YactoTta konebaHuii YacTo AOCTUraeT HECKOMNbKMX KIL,
a amnnuTy4a MoXeT AOXOAUTb 4o 3 p.u.

KpyTble umnynbcbl ¢ 6o5ee BbICOKOW aMniUTy40M MOTYT NOSIBUTLCS Mpy
NepeknioYeHnsix B ceTax ¢ 6onbLUMMn MHOYKTUBHBIMW Harpy3kamu. 3gecb
ONUTENbHOCTb (PPOHTA MMMYNbCa NepeHanpsiXXeHns HaXoaMTCsa B Npegenax ot
0,1 oo 10 MKc, a aMnnMTyAa MOXeT AocTuraTb 4 p.u.

BkntoyeHne n oTKIoYeHne Harpy>xeHHbIX KabenbHbIX Unn BO34YLUHbIX nan
MOXET TaKXXe Bbl3blBaTb NepeHanpsikeHns. Tak Kak nx aMmnnntyga 0ObIYHO HUXE
2,2 p.U., TO OHM HEe NpeacCTaBNAT ONacHOCTU ANA CeTu. OpaHako, KpUtn4yeckmne
3HayeHunsa go 7 P.U. MOTYT NOABUTbLCA, €CNN pa3beNHUTESb pa60TaeT CIMALLKOM
MeaneHHOo, 1 B 3TOM Clly4yae MOXXeT BO3HUKHYTb MOBTOPHOE 3a)XuraHne ayru
MeXay ero KOHTaktamu.

B camom LLMPOKOM CMbICIE, KOMMYTaLUMOHHbIE NEPEHANPSIKEHNS TaKkKe
BKITHOYAOT UMMYIbCHbIE NEpEeHanpsKeHUs, Bbi3BaHHbIE HAaYarbHbIM MOMEHTOM
3aMbIKaHUI Ha 3eMIT0 UNu Mexay asamu, Npu 3TOM amnnuTyabl 0ObIYHO UMEOT
HebonbLume 3HaveHusi. C Opyrov CTOPOHbI, ECIN OHW NMPOUCXOAST Yepes Marble
NPOMEXYTKU BPEMEHM (MepeMexatoLLMecs 3amblKaHUsi Ha 3eMII0), TO UX YacToe
NOBTOpPSIIOLLIEECS BO3AENCTBUE MOXET NPMBECTYU K paspyLueHmto OlNMH
BCreacTBME neperpesa.

— [po3oBble nepeHanpsixeHUs

- BO3HMKaIOT BCrieacTame atMocdepHbIx pa3psaos. MNpsamon yaap MonHUM
BbI3bIBa€T OCOBEHHO MOLLHbIE MepeHanpsHKeHUst C aMNINTYA0W A0 HECKOMbKUX
MeraBonbT. Kak npaBuno, 3T1 MOLLHbIe MMNYIbCbl He AoCTMraloT obopyaoBaHus,
NOTOMY YTO M30MATOPLI, yCTaHOBMEHHbIE Ha JIAI nepekpotoTcsa Ayron,
obecneymBas TeM camblM €CTECTBEHHYIO 3aLUUTY OT nepeHanpskeHuin. B cetn
CcpegHero HanpshkeHns aMmnnuTyaa, ocTarLascs nocne Toro, Kak Takue
N30NSATOPbI MEePEeKPbIBAOTCH, MOXET AocTuratb 3HaveHus go 10 p.u.

Yaap MonHuK B 3aluUTHbIN Tpoc JIOMN Takke Bbi3biBaeT NepeHanpsikeHus B
npoBofax. TN HaBefeHHbIe NepeHanpsKeHs 4OCTUrarT aMnUTYOHbIX
3HaYeHUN Yepes HEeCKObKO MUKPOCEKYH 1 3aTeM BbICTpo 3aTyxatoT. [Mpu aTom,
aMnNnUTyAHble 3HaYEHUs B CETAX CpedHero HanpsbkeHus gocturaoT 10 p.u.

po30oBble NepeHanpskeHUs NPeAcTaBnsaloT caMyro GonbLUY yrpo3y Ans ceTein
CpefHero HanpsbkeHus. 3alumTa fomkHa GblTb NOCTPOeHa Takum obpasom,
YTOGbI OrpaHUYMTL NepeHanpsikeHust 4o 6e3onacHbIX AN anekTpoobopyaoBaHUs
BeNMuYuH. B To e Bpems Bbixog 13 cTpost OMH, Hanpumep oT neperpysku,
JOJIKEH BbI3blBaTb MUHUMYM HEN3BEXHBIX NPV 3TOM NOBPEXAEHUI.



I 2. MeTannoKcuaHble orpaHuunTenm

nepeHanpsikeHUsi cpeaHero HanpsiXeHus

Mo4Tn BCe HOBbIE BBICOKOBOSIbTHBLIE CETU, CMOHTUPOBaHHbLIE 3a nocnegHune 15
net, obopynosaHsl MO OlMH. HanpoTus, B ceTsix CpegHero HanpsixeHusi, Bce
elle ycTaHaBnMBalTCa 06bl4HbIE BEHTUNbHBIE pa3psaHvkn. B nocnegHee Bpemsi
MO OTI1TH 6e3 nckpoBbIX NPOMEXYTKOB MOSYYUIM LLUIMPOKOE pacnpoCcTpaHeHne 1 B
3TUX ceTax. JTa 3ameHa onpasgana cebs B Takke Kak U BbICOKOBOSIbTHbBIX CETSX,
6narogaps nyywemMy ypoBHIO 3aLLUTbl, 0COBEHHO Npu MMMynbcax
nepeHanpsikeHW ¢ o4eHb KPyTbIM (OPOHTOM U MYYLIMMW XapaKTepucTukamm B
YCMOBUSIX 3arpsA3HEHHOW OKpyXartoLlen cpedbl. [epexod Kk nonMmepHOMy Koprycy
caenan BoO3MOXHbIM nsrotoeneHve OlNMH 6e3 HeobxoanMbIX paHee NCKPOBbIX
npomMexxyTKoB. [TonrMepHble KOpMycbl TakKe NMeIoT Apyrne BaxHble
npeumyLlecTsa. 3TO - BbICOKas HAQEXHOCTb (repMeTunsaums oT NPOHUKHOBEHNS
Bnaru!) n cylecTBEHHOE CHWXKEHNE pyCKa paspyLuatoLLero BO3AencTens B
cnyyae Bbixoga OlNMH 13 cTpos (0CKonoYHOE paspyLleHue Kopryca).

2.1. KoHcTpykuusa OIMNH

MO OTIMH coctouT TOoNbko U3 ABYX anemeHToB. OAWH N3 HUX - aKTMBHAas 4acTb,
cocTosilas M3 ogHoro wunu 6onee o6biMHO umnuHapudeckux MO  aguckos
(peanctopHble 6noku). BTOpon — M3ONAUMOHHBLIA KOPMYC W3 MNONMMEPHOro
MaTepuana. MexaHuveckas npoyHoctb OMNH obGecneunmBaeTca nMbo 3a cuyeT
kopnyca (Hanpwmep, ¢apdopoBOro), unuM, B Ccryvyae MNOMMMEPHOro Kopnyca,
3acyeT BHYTPEHHEN akTMBHOW 4acTu. B nocnegHem criyyae BOMOKOHHO-
apMMpoBaHHas CTPyKTypa nnMbO MOMHOCTbI0O OXBaTbiBAET PE3UCTOPHLIA BIOK,
nnbo KeCTKO CTArMBaeT ero no KoHuam. Pe3ncTopbl CMOHTUMPOBaHbLI B LUNMHAPE
C BOJIOKOHHO-YCUINIEHHOW CTPYKTYPOK, YTO AenaeT KOHCTPYKUMo 6ornee NnpoYHom u
xecTkon. [pocTas M MexaHU4ecku HagexHasi KOHCTPYKUMS aKTMBHOMW 4acTw,
NMOHWXEHHas BEPOSATHOCTb pa3spyweHus npu nospexgeHun OFMH, penaet
BO3MOXHbIM MCMONb30BaHNe HekoTopbix OMNH ¢ nonMMepHbIM KOprycom B
Ka4yeCTBE OMOPHbIX N30NATOPOB B ONPEAENEHHbIX YCIIOBUSX.

2.2. NpuvHuun pencteus OMNH

OrlH orpaHnuMBaeT HanpskeHue, NpUKNaabiBaeMoe K ero 3axumam, popmmpys
JAenuTerb HanpsiKeHWss BMECTE C MOMHbIM CONMPOTUBIEHNEM UCTOHHMKA
nepeHanpPsXXeHNs UM C BONHOBOLIM COMPOTUBIEHNEM NUTAOLLEN TIMHUM.
ConpotueneHve OMNH HenuHEeNHO, NO3TOMY MNpY NPEBbILIEHUN HEKOTOPOTO
npegena HeGornblune M3MEHEHWS HanpsbkeHWs Ha 3axumax OlMH npueoasT k
CTPEMUTENbHOMY POCTY TOKa Yepes pesncTopbl. Yem Gonblue HENMMHENHOCTb,
TeM Gonee y3kuil AmanasoH ocTatollerocst HanpshxkeHns ONMH.
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Puc. 1: TununyHasa BonbT-amepHas xapaktepuctuka MO OlMH Ha 10 kA, Knacc1

Mockonbky MO OlMH He NMET UCKPOBbLIX MPOMEXYTKOB, U UX
HENMHENHOCTb HAaCTOMbKO BENWKA, YTO NMPU HOPMaribHbIX 3KCNIyaTaunMoHHbIX
pexvmax ToK, NpoTeKaroLuii Yepes pe3nctopsbl, o4eHb Man u OMNH noctosHHO
HaxoguTcs B paboyeM cocTosiHMM U cpabaTbiBaeT hakTuieckm 6e3 3agepkku



(pnc.1). Opyrumn cnoBamu, OTCYTCTBYET 3afepkka B cpabaTbiBaHUK, Kak 3TO
MMEeEeT MECTO B paspsaHMKax C MCKPOBbLIMWU MPOMEXYTKaMu, rae npobusHoe
nepeHanpsikKeHne NpoMeXyTKOB JOSMKHO ObITb CHavana npeBbILeHO. JTO
o3Ha4aeT, 4yto MO OIMH nmetoT ABa CyLLECTBEHHbIX NpeumMyLLecTBa. Bo-nepsbix,
MO OIMH HageXHO orpaHUYMBaET HanpsbkeHe A0 6e30NacHbIX 3HAYEHUI Aaxe
ONsi KPYThIX MMMYMbCOB U AaXe B CAMOM Havarne umnyrbca nepeHanpsikeHust.
Bo-BTOpbLIX, HE CYLLIECTBYET HMKAKOrO APYroro nyTu, No KOTOPOMY MMMYMbChbI
nepeHanpsikeHus cmoryt "obxoaunTs" OlNH.

Korga nepeHanpsbkeHne cnagaeT, TOK B pe3NCTopax YMeEHbLUAETCs B
COOTBETCTBUM C XapakTepucTukon 6noka MO, a conpoBoXaatoLwuin Tok,
XapaKTepHbI NS pa3psAHUKOB C UCKPOBbIMK NpomexyTkamu, B OMNH He
BO3HMKaET. ATO 0COOEHHO BaXKHO B CUCTEMAX NMOCTOSIHHOIO TOKA, MOTOMY YTO
OTCYTCTBYET HEOOXOOUMOCTb B MPOXOXAEHMUN TOKa Yepes Hymb Ans
€CTECTBEHHOrO ralleHusl ayru, BO3HMKAKLWEN B UCKPOBbLIX MPOMEXYTKaX
paspsaaHukoB. Moatomy MO OMNMH MoryT ucnonb3oBaTbCH, Kak B CETAX C
yactoTom 50/60 Ny n 16 2/3 'y, , Tak U B cuctemax NoCcTOSIHHOro Toka.

2.3 Bbi6op napameTtpoB OINH

Bei6op OINH npoussoauTtcs no aoBym rmaeBHbIM napameTpam. OguH 13
HUX - paboyee HanpspkeHne Uc, npu kotopom ONNH 6ynet pabotaTb HagexHo K
YCTONYMBO MHOrO neT. [ipyroi - cnocobHOCTb NOrnoLeHns paspsaaa unm
HOMUVHanbHBIN pas3psaaHbIv ToK |, B cooTBeTCTBUM € knaccom J19TT.



3. Bui6op OIMH

3.1. AdchekT Bo3aencTBUA BPpeMeHHbIX NepeHanpsxxeHnn Ha MO
OnNH

Mockonbky OINMH He NMerT MCKPOBBLIX MPOMEXYTKOB, BITOKM pe3ncTopos
B HWX NOABEPralTCcs NOCTOAHHOMY BO3AENCTBUIO HanpshkeHust cetu. B
HOPMarbHbIX 3KCNyaTauMOHHbIX YCIOBKAX HA EMKOCTHON TOK HakrnagpiBaeTcs
oYeHb HebonblUasa akTMBHas COCTaBnAOLWAas HeCUHYCOMAANbLHOW OpMbl. ATa
aKkTuBHas coctasnstowas cosgaet notepu B OlNMH, Tak 4To B UTOre Temneparypa
OlNMH He3HauUTENbHO MOBLILLIAETCH OTHOCMTENBHO TEMMepaTypbl OKPYXatoLLero
BO3ayxa.
Korga HanpsixeHve noBbILaeTCsl, TOK B pe3UcTopax U notepun ObICTPO pacTyT.
OpHako, bnaropgaps cesoen macce, OlNH He pa3pylaeTcs MrHOBEHHO, a TONbKO
HarpeBaeTcs 0O onpeneneHHon cteneHn. Ecnv nepeHanpsikeHve
KpaTkoBpemeHHo, OlMH He GyaeT nospexaeH. Ha puc. 2 nokasaHbl
xapaktepuctuku yctondmsocTtu OMNH B 3aBMCUMOCTY OT ANUTENBHOCTH
BO3JeNCTBMSA NnepeHanpsikeHus. HukHAS kpuBas xapaktepHa ans ONH, kotopble
y)Xe npeABapuTenbHO Harpy>KeHbl MOLLHBIMU UMMYfbCamMn B AOMOSTHEHNE K
ynuctomy nepeHanpsixkeHuto ¢ UTOV (B cnyvae ONH Ha 5 kA n 10 kA Knacc 1 ¢
MOLLHBIM umnynbcom 4/10 Mk 1 amnnutygon 65 kA nnu 100 kA). BTopas,
BEPXHSSA KpyBasi, Noka3biBaeT cnyyaw, rae Ha OMNH Bo3gencTByeT TOMbKO
UMMYNbC MepeHanpsxeHns.

3HaueHus Ha xapakTepucTukax nogarTcs nbo B abComnoTHbLIX eanHuuax, nmbo
)Ke Mo OTHOLLEHMIO K pabovemy HanpsbkeHuto OMNH Uc.

1.0

0.1 1 10 100 1000 10000 100000
t (cekyHabI)

Pwuc. 2: Xapaktepuctukm yctondmsoctn OlNMH B 3aBUCMMOCTM OT ANMTENLHOCTH
BO34EWCTBMA MMnynbca nepeHanpsxkeHns, TOV gnarpamma,

(T — UTOV,max

U

c

)

Cnepytowimn npuMmep oObSACHAET UCMONb30BaHMe AnarpamMmmbl:

OINH 10 KA, Knacc 1 ¢ Uc 6 kB paboTtaeT ¢ HanpsixeHneM 6 kB Ha ero 3axxumax B
TeyeHue HeornpeaeneHHo oTpeska BpemeHu. B momeHT t = 0 npoucxoanT paspsg,
1 yepes OlNH npoxoaunt umnynsc Toka 100 kKA dopmon 4/10 mkc. Cpasy nocne
paspsifia NpoNCXOAWT 3aMblkaHWe Ha 3eMMo OAHON dhasbl, Ha HEMOBPEXAEHHbLIX
hasax HanpspkeHne Bo3pocno npubnuanTtensHo o 7.7 kB (T = 7.7/6.0 » 1.28).
PenenHas s3awmTa cetn MeeT BbiAEPKKY BpeMeHu cpabaTbiBaHns okono 3 c.
Onarpamma nokasbiBaeT, 4To OlNMH BbIAEPXKUT 3TOT MMNYNBC NEpeHanpsKeHus.
3agepxka BpemeHu 6onee 3 ¢ npuserna 6bl kK TOMy, YTO pabo4vas Touka
Haxogunach 6Gbl BbilLe 6oree HU3KOW KPMBOR, YTO MOrMo Obl NPUBECTH K
TepMuyeckomMy paspyLueHuto OlMH.



3.2. 3HauyeHune aTTecTaumMoHHoro HanpsikeHus Ur OMNH

ATTecTaumnoHHoe HanpsixeHne Ur He nMeeT HMKakoro cneundunyeckoro
NpPaKkTU4eCKOro 3HaYeHns Ans Nonb3oBaTensi, NOTOMY YTO ero 3HaYeHne 3aBUCUT
OT McnbITaTenNbHbIX YCNOBUI, onpeaensemMblx cornacHo MOK 60099-4.
ATTecTaunoHHOe HanpsKeHue CRyXuMT NPOCTO BCNOMOraTenbHOW BENMYMHON ANS
onpegeneHnst pabovmx xapakTepucTuk.

3.3. Bbi6op OINH mn onpepeneHune paboyero HanpsikeHua Uc

MepBas BenuumHa, Heobxoanmas ans Boibopa HanpsikeHus Uc OlMH -
HanpshxeHue, nNpuknagbisaemoe k 3axvmam OlMH B HopmanbHbIX, HeaBapUHbIX
ycnoBusx. ATO 3aBMCUT OT Toro, nogkntoyeH nu OMNH mexay dason n 3emnen,
mexagy dasamu NIOMN unun mexay HenTpanbto u 3emnen. OBbIMHO, HanpsXXeHue
MOXeT BbITb pacCYNTaHO UCXOASA U3 MAKCUMarnbHOro MexdasHoro
(MMHenHOro) HanpshxeHust cuctembl. ECnmn aTo HanpsixkeHne HeM3BeCTHO, UMK OHO
MEHSIeTCA CO BpeMeHeM, ANS BbluMCeHW b6epeTcs camoe BbICOKOE HanpsikeHve
Ans obopygosaHna Um.

B TpexdasHbix cnuctemax, BpeMeHHble NepeHanpsixeHnst MoryT NPOUCXOAUTb
nocre 3aMblkaHWUIA Ha 3eMIt0, U BENNYMHA UX onpeaensieTcs yCrnoBusimm
3aseMrneHus HenTpanu. MpogomKMTenbLHOCTL NepeHanpsXXeHns 3aBncuT ot
ycrnosui paboTbl ceTu. Myxo3asemneHHble ceT 0ObIYHO BbIKMIOYalTCS B
TeYeHMe HECKOMbKNX CeKyHL. N3onmpoBaHHbie 1 ceTu ¢ KoMneHcaumnemn moryT
npogonkaTb paboTaTe NpY YCrOBUAX 3aMbIKaHUS Ha 3eMIT0 B Te4YeHne
HeCKOmnbK/X YacoB. BennunHa oxugaeMoro BpeMeHHOro nepeHanpsikeHus 4acto
onpefensieTcs ¢ ucnonb3oBaHweM daktopa E. BpemeHHoe nepeHanpsikeHne
Urov TOraa paccuuTbiBaeTcs Kak:

U
’” \/g -E roe U,, MOXeT 6bITb 3aMeHeHOo

HanpsbkeHvem cuctemsl Uy, ecnv aTta
BENMYMHa U3BECTHA.

UTOV =

Y7061 MO OlMH paboTan B ceTu HagexHo, npu Belbope paboyero Hanps>KeHns
U, AOMXHbl ObITb BbINOSHEHBI ABA YCIOBUS:

— U, pomkHo 6biTb GonbLUe UK paBHATLCS HAMPSKEHWIO, NPUKNaAbIBaeMOMY K
3axkunmam OINMH. Ons OMH, cBA3aHHbIX C 3eMIel, A0MKHO BbINOMHATLCA
cnepytoLlee ycroBue:

U

U.z2—= rae U,, MOXeT BbITb 3aMeHeHO
3 HanpshkeHmeM cuctembl U,.

— Touka yctonumnsoctu OlNH, noaBeprHyToro BpeMeHHbIM nepeHanpsikeHusM,
OOMKHa NexaTtb HUXe UMW Ha XapaKTepUCTUYECKOW KPUBOM
nepeHanpskeHni. C Lenbio NpoBepkn, Takke A0MKHa ObiTb onpedeneHa
MakcuMmarbHas NMpOAOIDKUTENBHOCTb NepeHanpsxeHns. B Lensx nosbieHns
Ha[leXXHOCTU BCeraa ucnornb3yrT 6onee HM3Ky U3 ABYX KPUBBIX, €CMW He
nmeeTcs 0cobbIX MPUYUH ANIS MHOTo pelueHns. Ecnn paboyas Touka nexur
BbiLLE KpMBOW, paccmaTtpuBaeMsbit OINMH He MOXeT ucnonb3oBaTbCsl B AaHHOMN
ceTn. BmecTto atoro gormkeH ncnons3oBatbest OINMH ¢ 6onee BbICOKUM
paboynm HanpsKeHNEM.

U,or roe T onpefensieTcs BpeMeHeM
U.2—— OTKIMIOYEHNSI KOPOTKOTO 3aMbIKaHUS
T CUCTEMBbI { U XapaKTEPUCTUKON

yctonunsoctn OlMH k nepeHanpsxeHnsm.



3.4. Mpumepbl U YacTHbIe criyyau

3.4.1. CeTu c KOMNEeHcaUnen eMKOCTHOIroO TOKa 3aMblKaHUA Ha
3eMII0 N1 Cc 3a3eMrieHneM HenTpanu Yepes 6onblwoe conpoTuBrieHue

B aTux ceTax HanpspkeHve «asa-3eMsisi» Ha HEMOBPEXAEHHbIX (hasax
B OCHOBHOM He GyaeT npesbiwatb U,,.

U >U ansa OMNH, nogkntoyeHHbIX Mexay ason u
N 3emnen

MakcuMarbHOe HamnpsKeHUE Ha HeliTpanu TpaHcgopMaTopa AoCTUraeT
3HaveHus U,,/\3:

—_m ansa OlNH, ycTaHOBMEHHbIX MEXA
U > y y
¢ ﬁ HelTpanbto TpaHcopmaTopa 1 3emnen

Heo6xoaMmo oTMEeTUTb, YTO NPU HEKOTOPbIX 0B6CTOSITENBCTBAX B pesynbTarte
pPEe30HaHCHbIX ABNeHMn akTop E MOXeT AocTuratb BenudmHbl 1.85. B Takux
cnyyasx paboyee HanpspkeHne U, AOMKHO ObITb yBENMYEHO COOTBETCTBEHHO.

3.4.2. CeTu c 3a3eMrnieHneM HenTpanu yepes 6osnbLuoe
COMNPOTUBIIEHNE U C PENIeMHON 3alUUTON OT 3aMblKaHUIN Ha 3eMJIH0

AMNNUTYyda NepeHanpsikeHnn JOCTUraeT TeX Xe 3HaUYeHUIA, YTo 1 B
CeTAX C KOMrMeHcaLme eMKOCTHOro Toka. BbiCTpoe oTKMioUeHne, 0gHAKO, MOXET
no3BonuTb Ucnonb3oBaTb OMNH ¢ Gonee HU3KUM pabounm HanpsikeHuem U, Npu
Gornee HagEXXHOM YPOBHE 3alLUThl OT NepeHanpsikeHu.

U
Uu,2—> ans OMH, noaknioyeHHbIX Mexay ¢ason 1
T 3emnen
U,
Uc > — " ans OlMH, nogkmtoYeHHbIX Mexay
T- ﬁ HeWTpanblo TpaHcopmaTopa 1 3emnemn

3.4.3. CeT C HA3KMUM CONMPOTUBNEHMEM 3a3eMiieHust Heutpanu E < 1.4

Ecnun 6onblioe konnyectBo TpaHCOPMaTOPOB MMEIOT 3a3eMIIEHHbIE HENTPANK
C HU3KMM COMpPOTMBIIEHNEM, (DAKTOP 3aMblKaHus He OyaeT npeBbilaThb
BeNMYuHbl 1.4 ans Bcen ceTn. M3-3a 60MbLLIOTO 3HAa4YEHUST TOKa KOPOTKOrO
3aMblKaHusi, NPOBeAEHME pac4eToB B TakmMx ceTsAx ynpowaeTtcs. MoxHo
mcnonb3oatb OMNH ¢ 6onee HU3kMM pabounm HanpskeHnem U, 1 Npu 3ToM
obecneyunTb NyyLWMI YPOBEHb 3aLUNTBI OT NEPEHANPSKEHNA.

T - \/5 ansa OMH mexay dasoi u 3emnei



MakcumanbHoe Hanps>xxeHune B HeVITpaJ’II/I He3a3eMJTeHHbIX TpchcbopmaTopOB

Urr =04-U,

¢ ansa OMNH, nogkntoYeHHbIX Mexay
T HeWTpanbto TpaHcopmMaTopa 1 3emnemn

3.4.4. CeT C HA3KMUM CONPOTUBIIEHMEM 3a3eMiieHust Heutpanu E > 1.4

Ecnu HelTpanu TpaHcopMaTopoB 3a3eMIIeHbl Yepes CONPOTUBMEHME C LiENbIO
orpaHU4YeHUst TOKOB KOPOTKOIO 3aMblKaHUs!, HANpsKeHNe Ha HEMOBPEXAEHHbIX
chaszax nosblwaeTcs Jo U,,. B cnyyae akTMBHOIO 3HaYeHWsi CONPOTUBMNEHNS
3a3eMneHus HanpsbkeHue U,, MOXET AaXe yBenuunTbes Ha 5 %.

1,05-U,
. >—= Ona akKTMBHOIO COnpoTuBIIEHUA
T 3a3emMneHund

U

3.4.5. OMNH, nogkntoyeHHble Mexay dasamum ( cxema Neptune )

B HekoTOpbIX CxeMax, Hanpumep, TpaHcopmaTopbl Anst YroBbIX NeYen,
3aLMTa OT KOMMYTaUMOHHBIX NepeHanpsXkeHni Tonbko ¢ nomousto ONMH,
NOAKMYEHHbIX Mexay daszamMu 1 3eMnemn, He MoOXeT OblTb JOCTAaTOYHOW. B aTumx
crny4asx YpoBEHb 3aLUMTbl MOXET ObITb YIy4llIeH 3a CYeT YyCTaHOBKM
pononHuteneHbix OMNMH mexay dasamu.

Bawwra coctont u3 6 OMNMH, 3 - mexay dasamu 1 3 - mexay dasamv 1 3emMrnei:

oo
=

by

PasHoBMOHOCTBIO Takol koHdurypaumm siensietcst cxema Neptune, Ha3BaHHas
Tak U3-3a CBOEero Buaa. ATa cxemMa Takke obecneuvBaeT 3aliuTy U Mexay
dazamu, 1 NO OTHOLLEHUIO K 3eMne. YPOBEHb 3alUMThI MO yYKka3aHHOW cxeme Ha 33
% BbILe, YeM y BapuaHTa ¢ 6 OlNH. bonee BbICOKWIA YPOBEHb 3aLLMUThI
obbAcHsieTca TeM, 4To Heobxoammo nogdupatb OlNMH ¢ 6onee BbiCOkMM paboynm
HanpskeHvem U.,.

U >U ansa scex OMNMH

=

U >0,667-U ans scex OIMH

3.4.6. HanpsikeHue ceTU cOaAepXUT BbICLUME FAPMOHUKN
W3-3a HenuHenHon U-I XxapakTepUCTUKU, KPUTUYECKOE 3HaYeHne Ans

MO OlMH — amnnuTygHoe 3HaveHne paboyero HanpsbkeHus. Ecnv xe
HanpshXeHne CoAepXM T BbICLUME rapMOHWKN, HEOBXO0AMMO YYNTbIBATbL,4TO
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aMMIMTyQHOE 3HAYEHUE HanPsHKEHUS MOXET OTKIMOHATLCA BECbMa CYLLECTBEHHO
OT yBENMYEHHOro B V2 pa3s AeiCTBYIOLLEro 3Ha4eHUs Hanpsxenus ceTn. Ecnu
3TO pasnuume cocTaBnseT MeHee, YeM 5 %, BenuumnHa paboyero HanpspkeHust
[OImKHa ObITb N3MEHeHa COOTBETCTBEHHO. [ns 6onblinx oTknoHeHun, OMNMH
OOMmKkeH ObITb BbIOpaH Mocre KOHCYnbTaLumn C ero U3roToBUTENEM.

To xe camoe pekoMeHayeTcs npyu MoHTaxxe MO OINMH B6nM3nN TUPUCTOPHbIX
npeobpasoBaTeneii. KoOMMyTaLMOHHbIE MUKW, HANM4ne NOCTOSHHON
COCTaBnSALLEN HanPs>KeHUS yKasbiBaloT Ha TO, YTO HE06X0AMMO NMPUHUMATL BO
BHMMaHWe JononHuTensHble kputepun Boibopa ONMH.

10



4. 3awumTa

4.1. YpoBeHb 3awutbl OMNH

YpoBeHb 3awwmnTbl Ues ONpeaenseTcs Kak MakcumarnbHOe ocTaoLeecs
HanNpsPKeHMEe Ha 3aXMMax paspsifHUKa, Korga HOMWHarnNbHbIN paspsgHbIn TOK C
copmoit 8/20 mkc npoxoouT Yepes OlMNH. bonbwunHcTBo OlNMH, YCTaHOBMEHHBIX B
CETHAX CpeHero HanpsXeHWs UMeeT HOMUHAIbHbBIN Pa3psaHbIA TOK 5 KA nnm
10 kKA. ®opMa HOMUHANBLHOroO pa3psaHOro Toka onpeaensieTca kak 8/20 Mkc.
Tako UMNyNbC NepeHanpsXXeHNs XxapakTepeH Ansi rp030BbIX NepeHanpsKeHNIA.
B TexHunyeckux xapakrepucTtukax OlNH obbi4YHO yka3biBaeTCs ocTaloLleecs
HanpsbkeHVe Anst TOKOBbIX MMMYNbCOB MOJTHUM U AN 3HAYEHWI, KPaTHbIX
HOMUHarNbHOMY pa3psiAHOMY TOKY.

KommyTauuoHHbIe nepeHanpsbkeHnss uMetoT 6onee HU3kMe amnnuTyabl, Yem
nepeHanpspkeHnst MONHUKN. IMEeHHO NO3TOMY OOSKHBI pacCMaTpuBaThCs
MaKCHMMarbHble OCTaTOYHbIE HANPSPKEHWS ANs KOMMYTALMOHHBIX MMMNYIbCOB C
dopmont 30/60 Mkc 1 npy amnnuTyae BomHbl Toka 125 n 500 A.

4.2. 3awmTHasa 3oHa OMH

MMnynbCbl NnepeHanpsikeHusl B BO3AYLUHbIX CETAX U kabensax numetot
dopmy BeryLmx BomnH. TO 03HAYaeT, YTO HanpsKeHUs B NPOBOAHUKe B ntoboe
AaHHOe BpeMS 3aBUCHAT He TOMbKO OT BPEMEHU, HO TakKe U OT MOJOXKEHNS TOYKU
Ha NPOBOAHUKE, rAe NPON3BOAMTCH U3MepeHue. PasHoCTY NoTeHUManoB mMoryT
6bITb O4eHb BornbLune, 0cCOBGEHHO BO3ME MECT, rAe NPOMCXOOAUT U3MEHEHMNE
NOMHOro CONpoOTMBIEHUSI NPOBOAHMKA (B Touke nepexoaa JIOM unu xe B Touke
pa3BeTBreHust). MpuymHa 3Toro — OTpaxeHne BOJSHbI B 3TUX TaK Ha3blBAEMbIX
TOYKax oTpaxeHusl. HeobGXoAMMO yunThiBaTh, YTO HAMPSHXKEHME Ha 3aLlMLLAEMOM
obopynoBaHUKM He Bcerga CoOOTBETCTBYET HanpshkeHuto Ha OMNH B ogunH 1 TOT xe
MOMeHT BpemeHu. Yem ganbiue OlNMH ot o6opygoBaHus, TeM 6onblue byaet aTta
pasHuua. MNpu onpegeneHHoOM paccTosHUK, MoXeT cryynTcs, yto OlNMH BoobLue
He obecneynBaeT 3awmuTy 060pyaoBaHNS. ITO KPUTUYECKOE PACCTOSHME
Ha3sblBaeTcs 3awmuTHoM 3oHor ONMH. OlMNH gomkeH Bcerga MOHTUPOBATLCA Tak,
4YTOObI 3MEKTPUYECKOE PACCTOSIHNE MeXay 060py0BaHNEM U pa3psioHNKOM
ObIN0 MeHbLUE, YEM 3aLUUTHAS 30Ha.

B cucteme cpegHero HanpsxeHus 3awmtHasa 3oHa L OMNH moxeT 6bITb
nNpuBNMXeHHO oLeHeHa cneaytoLlen popmynon:

v BIL
= — — P
2.5 112
Mne v = 300 m/MKc (ckopocTb cBeTa);

BIL = ocHOBHOW ypoBEHb UMMYNbCHOM NPOYHOCTU U30NALUK
obopygoBaHus, KoTopoe ByaeT 3aLumLLEeHo;

Up = ypOBEHb OrpaHNYEeHNs NepeHanpsHKEHNA 3aLLmnT paspsgHmka
(ocTaTo4HOE HanpsxeHe Npu HOMUHaNbLHOM TOKe pa3psaa);

S = KpPyTU3Ha UMMynbca NepeHanpsKeHus.
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Puc. 3: Cxema ycraHosku OMNH

TunuyHble 3Ha4veHns S - 1550 kB / Y s (ons Bo3gyLUHOW CET Ha AepPEBSHHbIX
onopax) u 800 kB / p s (Bo3ayLuHasi ceTb € 3a3eMSIeHHbIMU TpaBepcamu). [ns
ceTeli CpeaHero HanpsbKeHVs 3TV BENUYUHBI OnNpeaensoT npubnmantensHo
crnepyroLlime 3almTHbIE 30HbI:

L=23m

BosgywHas ceTb ¢ 4epeBSHHLIMU Orlopamu

L=45m
Bo3,qyu.|Ha;| CeTb C 3a3eMITleHHbIMU
TpaBepcamu

B ynpoLleHHon cxeme Ha puc. 3, CyMMa pacCTOsiHUMKM a U b He JorkHa
npeBbILLaTh 3aLUMUTHYIO 30HY L:

a+b< L

BbluncneHve npegnonaraeT, YTo AnNMHa 3asemMnsiolLero npoesoga OMH
HaCTOmNMbKO KOPOTKa, YTO ee MOXHO He y4uThbiBaTb. B npoTMBHOM cnyyae, AnvHy
3a3eMIA0LLIEro NPOBOAHMKA He06X0aAMMO A06aBNATb K PACCTOSAHMIO b.

BnusHne TpaHccopMaTOpHO EMKOCTU Ha 3aLLMTHYH 30HY OOMMKHO 006s3aTenbHO
NPYHMMAaTbLCS BO BHUMaHWE. EMKOCTb MOXeT nHoraa npuBOAMTb K
HEeAoNyCTUMOMY YMEHbLLEHMWIO 3aLLUMTHON 30HbI L; B 3aBUCMMOCTM OT PacCTOSIHUSA
b, 3TO yMeHbLUeHNEe MOXeT cocTaBnsATb 80 % 30HbI. OTO OCOGEHHO BaXHO ANs
BO3YLLHOW CETW Ha AePEBSAHHbBIX Oropax. Hanpumep, Ans cuctembl HanpsbkeHUs!
24 kB, paccTtosiHne b gomkHO ObITh He 6onblue, YeM 1 M. 3awmTHasa 30Ha L
cocTaBsnseT npubnuautensHo 2 M, octaenssd 1 m Ang paccrosHua a. MNpu
cucTemMe HanpsbkeHun Bbllwe 24 KB makcumarnbHaga animHa pacctosHus b
cocTtaBnseT Tonbko 0,6 m.

HAcHo, 4To 3awmTHLIN 3ddpekT OINMH KpUTUYECKM 3aBUCUT OT ero PacnosoXeHNs
Ha JI3MM. Ansa makcumansHon 3awuTtbl, OMNH gomkeH 6biTb YCTaHOBIMEH, Kak
MOXHO Onmxe K 060pyLoBaHMIO, KOTOPOE OH 3awuiLaeT, a Bo3aywHasa JIoMM
JomkHa ObITb nogknoyeHa HenocpeacTeeHHo k OMNMH. Ha puc. 4 nokasaHbl Tpu
BapuaHTa nogkntodenns OMH gna 3awuTel TpaHcdopmartopa. TpeTuii BapuaHT -
HaWmMy4YLWNiA, XOTS OH TOXE MOXET ObITb YryylleH 3a cHeT COKpaLLeHNs
paccTosiHusa mexay TpaHcdopmaTopom n OlMH. MepBbii BapnaHT 3HaYUTENBHO
XyXXe, MOTOMY 4TO, @ 3TO OYEBUAHO, 3aLUMTHBIN 3PGEKT paspsaHUKa MOXET ObITb
CYLLECTBEHHO ynyuLleH 6e3 6onbLuMX JOMNONHUTENBHBLIX 3aTparT.
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N A

HeXernaTenbHbIN XOpOLWNMA  OTIIMYHBbIN

Puc. 4: BapwaHTbl nogkntovenus OlNMH ang sawutel TpaHcdhopmaTopa

B HekoTOpbIX criyyasix AOBOMBHO TPYAHO, UK OaXe HEBO3MOXHO, HE NpeBbIlaTh
MakcumarnbHoe pacctosHue b 1 M. unm 0.6 M. ansa Bo3aywHon JI9MN Ha
AepeBsiHHbIX onopax. B Takux J13IN Heob6xoaMMo U3MeHNUTb KOHCTPYKLMIO. Kak
npaBuIo, 3TO OTHOCUTCS TOMbKO K 3a3eMIIEHNI0 TpaBepc nocnegHux 3 onop
nepeg TpaHcopMaTopoM. DTO YMEHbLUAET KPYTU3HY NepeHanpsxxeHnin oo
YPOBHS1, NpM KOTOPOM 3alLMTHas 30Ha CTAHOBUTCS AOCTaToOvHOW. HepgocTaTkom
3TOro peLleHns ABNsieTCH TO, YTO cpeHee KONMYecTBO 3aMblkaHUA Ha 3eMMto U
KOPOTKMX 3aMblKaHU HaYMHaET pacTu, CTAHOBSACh NOYTU TAKUM e BbICOKMM, KaK
B CUCTEMaXx C 3a3eMIeHHbIMK TpaBepcamu. [lpyroe, bonee nsswHoe peLleHne,
COCTOMT B TOM, YTOObI yCTaHOBUTL BTOpOW komnnekT OMNMH Ha nocnegHen onope
nepeg TpaHcopMaToOpoOM, BMECTO AOMOSTHUTENbHbLIX 3a3eMIIEHNIA. DTO Takke
YMEHbLLUAET KPYTU3HY BOMHbI NEpeHanpsikKeHun, Ho 6e3 yBennyeHus KonmyecTsa
3aMblKaHU Ha 3eMITI0 UM KOPOTKUX 3aMblKaHUIA.
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. 5. CneuunanbHble npumeHeHus OMH

5.1. 3awumTa oT NepeHanpsxeHUN cekuuim kabens npu nepexone
Bo3aywHon J13M B kabenbHyto

B 6onbluMHCTBE cnyvaeB He06Xxo4MMO 3awmLaTtb oba KoHua cekumm
kabensi ¢ nomowybto OMNMH. [nsg o4eHb KOPOTKUX CEKLMIA AOCTAaTOYHO 3aLUUTUTD
kabenb TONbKO C OAHON CTOPOHBI.

Kabenb, npucoeanHsowmin so3ayiuHyto J13MN k nogctaHuum, noasepraeTcs
noABepraeTcsi ONacHOCTU NepeHanpPsPKEHNNI TOMNbKO CO CTOPOHbI BO3AYLLUHOW
JI3MN. MoaTtomy OINMH pgomnkHbl GbITb YCTAHOBMNEHBI B TOYKE Nepexoaa BO34YyLLIHOM
J13MN B kabenbHyto. BTopow OINH ¢ gpyron cTtopoHbl kabenst MoXHO He
yCcTaHaBnuBaTb, ecnuv AnvHa kabens LK He npeBbilwaeT 3HayYeHUn, yKasaHHbIX

B Tabnuue 2.
N
@V

Puc. 5: Cxema nogknioveHus sosayLuHon JI3IM k noactaHumm

Ly

noacTaHuus

C ppyroii CTOpPOHbI, 0GopyaoBaHNe BHYTPW NOoACTaHLMK, NOAKMHOYEHHOE K
APYroMy KOHLY 9TOro kabensl, MOXXeT NoABepraTbcsl NepeHanpsKeHnam,
BCreACTBME OTPaXKEHWs! BOMHbI OT KOHUA kabens. 3To Takke MOXET NPUBECTU K
HeobxoaumocTun yctaHosku OINMH Ha gpyrom KoHue kabensi.

U, (kB) Lk (m)
[epeBsiHHas onopa 3a3emneHHas TpaBepca

Z2(Q) 30 60 30 60
3.6 oc oc oc oc

7.2 64 45 64 50

12 40 30 40 32
17.5 25 21 26 22

24 28 23 28 24
36 22 20 22 20

Tabnuua 2:  MakcumanbHas anvHa Ly kabens mexay noactaHumen n
Bo3ayLuHon J13I, npn KOTOPOW MOXHO YCTaHOBUTL TOMLKO OAUH
OlnH

[nsa onTumanbHOM 3aLMThl KOHUEBLIX KabernbHbIX MyddT 1 Ansa ocnabneHus
6erywert BonHbl, OMNMH gomkHbl 6bITh YCTaHOBMNEHbI HENOCPEACTBEHHO BO3Me
KOHLEBbIX kKabenbHbix MydT. Kabenu, coegunsiowwmecsi ¢ OlNMH (Bkntoyas
NPOBOAHMK 3a3eMneHust!), 4OMKHbI ObITb, KAk MOXKHO KOPOYE OIS CHUXKEHUSI
BO3MOXHOTO HaNpsiKkeHUs B NeTNsiX NpoBoAHuUKa. KabenbHas o6onoyka nunm
3KpaH JOMMKHbI ObITb NpUcoeauHeHbI k 3a3emneHmto OlMH.

[nsa kabenewn, yCTaHOBMNEHHbIX MeXAy ABYMS Cekumsammn Bo3gyLiHon J13MM, yacTo
[oCcTaTto4yHOo ycTaHoBUTL ONMH TONbKO € 0QHOWM CTOPOHBI, XOTSA MMMYMbChbI
nepeHanpsKeHnst MoryT NpuxoauTb ¢ 06enx cTopoH. B aTom cnyyae 3awuTa,
koTopyto obecneunBaeT OlNMH OT nepeHanpskeHWN, BXOOSALIMX C HE3ALLMLLEHHON
CTOPOHBI, CyLLIECTBEHHO ocnabneHa. Moatomy, npegnaraemasi cxema ¢ O4HUM
OlMH pekoMeHayeTcs TONbKO NPU OYEHb KOPOTKMX ANMHaX kabensi.
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A Ly

i

Puc. 6: KopoTtkas kabenbHas BcTaBka B BO3AYLUHON CETU

VAN

Ecnu kabenb CMOHTMPOBaH, Kak YacTb Bo3ayLuHow JIOIN Ha aepeBsHHbIX onopax
(cm. Tabnnuy 3), 3aWwmTHaAN 30Ha YpesBbl4ariHO Marna. B aton cxeme
"ecTecTBEHHas 3awuTa oT nepeHanpskeHni” (CM. Bbllle) Npeanaraemas
M30NsTOpamMmn B cyyae NpsiMoro yaapa MOSHUU, OY4eHb OrpaHnyeHa. 3HavyeHuns
ans L, npuBegeHHble B Tabnuue ans ONMH, otHocsATes k ONMH ¢ HoMuHanbHbIM
TokoMm pa3spsga |, = 10 KA, npy ycnosuu, 4To BOSTHOBOE COMPOTUBMEHUE
Hen3MeHHO BOIb BCel cekummn kabensi. KabenbHble OTBETBMNEHWS U Apyrve

TOYKU OTPpaXXeHuna npmnBogAT K ,u,aaneVlmemy coKpalleHuo Ly .

Uy (kB) Ly (m)
[epessaHHas onopa 3asemneHHas Tpaeepca

Z(Q) 30 60 30 60
3.6 7 3 17 10
7.2 9 4 22 13

12 9 4 19 14
17,5 6 3 15 13
24 10 5 17 15
36 8 4 15 14

Tabnuua 3: MakcumanbHasi onuHa Ly kabens mexay ABYMS CeKUMsiMy
Bo3ayLuHon J13 ¢ 04HOCTOPOHHEN 3aLLMTON (AnMHA
coeauHsioLmx npoBogHukoB Mexay OMNH n kabenem makc. 1 m)

5.2 TpaHccopmaTop B KOHLe Kabens

Ecnu anuHa L kabensi npeBblllaeT 3HavyeHus1, 4aHHble B Tabnuuax, To
Heobxoaum BTopor OINMH. Cneayowmin BONpoc, A0 Kakow CTENeHW BTOPOR
Az 3alUTUT NOHWXaoLWMIA TpaHcdopmaTop. 34ech pellaiollee 3HavyeHe
mmeeT pacctosiHne mexay OlNH n TpaHcopmaTopoMm.

_/l\" ~ Letwom a @_
v N
A1@ Az@
Puc. 7: BTopoli paspsaHuK, yCTaHOBMEHHbIM Mexay kabenem n
TpaHchopMaTopoMm

B cnepytowem npumepe, TpaHcopmMaTop NoakNtoYeH Kk Bo3gyLuHom JN3M1,
noaBePXXEHHOW rPO30BbIM NEpPeHanpPsKeHNsIM, Yepes Kabernb ANNMHON Ly
csbille 100 m. Kak o6bsicHeHo Bblile, OMNMH Heobxoanm u B To4ke
nepexoaa Bo3ayLuHon J13 B kabenbHyto, 1 B koHLe kabens.
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OMNH A1 cnyxuT, Kak 3awmTa ans ctopoHsbl npoogHuka, OMNMH A
OrpaHUYMBaET NepeHanpsiKeHNsi, BbI3BaHHbIE OTPaXXEHMEM B KOHLIE
kabensi. OMH cBA3aHbl HeNnocpeaCTBEHHO C HAaKOHEYHKaMu Kabensi.

U, (xB) a (m)
[epessaHHas onopa 3asemreHHas Tpaeepca
Z(Q) 30 60 30 60
3.6 300 300 500 500
7.2 43 37 53 53
12 20 14 20 14
17,5 17 10 16 10
24 19 12 19 12
36 16 11 20 11

Tabnuua 4:  MakcMmanbHO JOMYCTUMOE PaccTosiHME a Mexay KOHLIOM kabensi
n TpaHcdopmaTtopom, korga sTopor OlNH yctaHoBneH
HenocpeacTBEHHO B KOHLE kabensi

B aTon cxeme, ecnu paccTosiHMe a He MNpeBblllaeT 3HaYeHun,
npvBeAeHHbIX B Tabnuue 4, TpaHcdopmaTtop byaeT 4oCTaTOYHO 3alumLLEH
OlNH A.. MpepnonaraeTcs, YTO EMKOCTb TpaHcopMaTopa cocTaBnseT 2
H®. MeHbLUMe 3HaYeHNs EMKOCTU YBENUYMBAIOT MakCMarbHO
[0onycTMOE pacCTOsiHUE.

5.3. TpaHccopmaTop HenocpeacCTBEHHO NMOAKIOYEH K BO3OYLIHOW
N3N, noaBepxKeHHOM rPO30BbLIM NepeHanpPsiXKeHUsAM TONbKO C
OJHOW CTOPOHbI

Boob6uue, Tonbko TpaHchopmaTop, NOAKMHYEHHbIV K Bo3gyLiHon N3I,
NoABEpPXXEHHON rPO30BbIM MepeHanpshKeHnsm, HyxagaeTtca B yctaHoske OlMH
ONs 3aWwnThl OT NepeHanpsbkeHnin. Ocobbli criydan, koraa BbICOKOBOSbTHbIN
TpaHcdopMaTop CBA3bIBAET BbICOKOBOSbTHYIO CETb C CEThbI0 CPpeaHero
HanpPsPKEHWS, U NPU 9TOM CYATAETCS, YTO TOMbKO BLICOKOBOSbTHAA CETb
noaBepXxeHa onacHOCTU rPO30BbIX NepeHanpsixeHni. MNpu onpegeneHHbIX
obcTosATeNbLCTBAX, TaKkKe MOXeT NoTpeboBaTbCs 3aLnTa OT NepeHanpPsHKEHN 1
Ha CTOPOHe CPeAHEero HanpsXeHus.

MockornbKy rpo30oBble NepeHanpsiXXeHNs - O4eHb ObICTPbIE NPOLLECCHI,
npubnuanTensHo 40 % nNepBoHaYanbLHON aMNNUTYAbl NEPEHANPSKEHNS MOXET
€MKOCTHbIM MyTEM NePeNTN Ha CTOPOHY CPEAHENO HANPsPKEHUS Yepes
TpaHcdopmaTop. [Ang Toro, YTobbl OrpaHnYnTL 3Ty Npobnemy,
COOTBETCTBYHOLLME NHCTPYKLUMM PEKOMEHOYIOT HAa CTOPOHE CPELHEr0 HaNpshKeHNs!
YCTaHOBUTb ANWHHbBIA Kabenb, HU3KOMHAYKTUBHBIA KOHAEHCaTop, Unm
pPEKOMEHOYIOT KOMOMHaLMIO N3 3TW ABYX cnocoboB. AnbTepHaTVBHOE peLLeHNe,
ucnonb3ytowee OMNH, umeeT ABa sIBHbIX NPEVMMYLLECTBA:

— WHAyKTMBHO NepeaHHble nepeHanpsikeHUst MoryT ObiTb yBENNYEHbI
koHAeHcaTopamun. OrpaHMyeHne BenNnyMHbl AOMONHUTENBHOIO HaNpPsXKeHus
TpebyeT TwaTenbHoro noadopa gemndupytoero peamcropa. B pelexun,
ncnonb3ytowem OINH 6e3 NCcKpoBbIX MPOMEXYTKOB, 3TOT adppekT aaxe He
OOMXeH paccmaTpuBaTbCs.

— [pobon nsonauumn mexagy NnepBUYHON U BTOPUYHON 0BMOTKamMu
TpaHcdopmaTopa MOXeT NPMBECTM K TOMY, YTO MEPBUYHOE HaMpPsHKEHNe
nonageT Ha CTOPOHY CPEAHEro HanpsXXeHns 1 npmeedeT K AONOMHUTENbHOMY
nospexaeHunto obopyaosanus. Ecnn OINMH Bbinu yctaHoBNeHbl AN 3aLUThl
CTOPOHbI CPeAHEero HamnpsiXXeHUsl, OHN MOryT ObITb paspyLUeHbl, U BbI30BYT
KOpOTKOe 3aMblkaHue. Pa3psaHuk "xepTByeT" coboi, YToObI 3aWwnTuTh
ocTanbHoe obopygoBaHue, 1 noBpexaeHns OyayT orpaHMyeHbl TOMbKO
TpaHcdopmaTopoM. MockonbKy pa3psaaHukm haktuyecku paspaboTaHbl ¢
Yy4€TOM TOro, YTO OHW MOTYT pa3pyLlabCs B 9KCTPEMarbHbIX YCIOBUSX,
nocneacTBuSA 3TON XepTBbl 0ObIYHO MeHee cepbesHbl, YeM paspyLueHne
OPYrvX YCTPOWCTB, TakuX, KaKk KOHAEHCATopbI.

Mpenmywectsa OMNH ocobeHHO o4eBMaHbI B Criyyae TpaHcdopmartopa,
CBS13bIBaIOLLEr0 BbICOKOBOSIbTHYHO CETb C FEHEPATOPOM.

Mopo6Has cuTyauusa cnpaBeanvea v Ans TpaHcopMaTopa, COeANHSIOLLETNO
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ceTb CpedHero HanpsKeHns ¢ HU3KOBOJSTbTHOW CETbIO. 3p0ech Takke rpo3oBble
nepeHanpaXeHna eMKOCTHbIM nNyTeM MOryT nepefaBaTbCA OT CETU CpeaHero
Hanps>XeHna Ha HU3KOBOJTIbTHYHO CTOPOHY. Bot noyemy OlNH Ha HN3KOBOMbLTHOM
CTOpPOHE pEeKOMEeHAYITCA AaXe B TOM chny4dae, Koraa Tofibko CTOpOHa cpeHero
Hanps>xeHna nogsepxxeHa onacHOCTU yaapa MOJTHUN.

MoryT n1, n Ao Kakon cteneHun, Hu3koBonbTHble OINH 3awmtuTe TpaHchopmaTop
OT yAapa MOMHUM Ha HU3KOBOJIbTHOW CTOPOHE, SIBNSIETCS AUCKYCCUOHHBIM
BONPOCOM. BOMnbLUMHCTBO CNeunanmMcToB cHMTAlOT, YTO 3Ta 3aluuTa sBnsieTcs
COBEpLUEHHO focTaToyHoW. OaHako, CHOBa M CHOBA NOCTYNarT coobLieHns o
noBpexaeHnn TpaHcopMaTopoB, KOTOPbIE HE MOTYT BbITb OTHECEHbBI K
rPO30BbIM MEPEHANPSHKEHNSAM Ha CTOPOHE HU3KOTO HanpsbkeHus. B aTux cnyyasax
MOXHO NPeanonoXnTb, YTO 3TU, OTHOCUTENBHO MeAJSIEHHbIE NEPEHANPSKEHUS B
BUAE NEePEXOAHbIX MMMYNbCOB UHAYKTUBHO NEPeAaroTCst Ha CTOPOHY CpeaHEro
HanpsbkeHust TpaHcdopmartopa, Npy 3TOM amnuTyaa Ux Bo3pacraeT
nponopumoHansHO KoaduuneHTy TpaHchopMaumm 4O BENUYMHbI, NPU KOTOPOWA
MOXeT NpobuTbesa n3onsauus TpaHcgopmatopa. B pernoHax ¢ BbICOKOW FpO30BOM
AKTUBHOCTBIO XXenaTernbHO YCTaHOBUTb pa3psaaHMKn ¢ ob6emx CTOPOH, Aaxe, Koraa
ONacHOCTY rPO30BbIX NEpPEeHanpPsXXeHNn NoABEPKEHA TOMNbKO HU3KOBOMbTHAs
CTOpOHa.

5.4. OMNH B 3aKkpbITbIX 3Nera3oBbIX pacnpeaycTpomcTBax cpegHero
HanpsiKeHUs

CneumnanbHble OMNH BHyTpeHHen yCTaHOBKM MOHTUPYIOT
HenocpeAcTBEHHO BO3Me KOHLEBbIX kabenbHbIX MydT. OHN 06bI4HO
MCMOMb3YTCH ANA 3aLMTbl ArerasoBbiX pacnpegenmTenbHbIX NoACTaHunn
cpeaHero HanpsbkeHus. Ecnn auerika nogctaHumm cBsisaHa ¢ Bo3gyLuHom J19r1,
NoABEpPXXEeHHON ONacHOCTY yaapa MOSTHUKN, HOMUHArbHBIN TOK pa3psga aTnx OMNH
nomkeH obiTb 10 KA, Knacc 1. 310 ycrnoBue 4omkHO cobnogaetca gaxe, ecnm
10 kA OIMH yxe ycTaHOBMEH B ToUke nepexoda mexay Bo3sayuHon J1I9M n
kabenem. Ecnu cekumsa kabens [ocTaToOYHO ANMHHASA, B MOACTaHLMM MOXHO
yctaHoBuTb OINMH Ha 5 KA, NOTOMY UTO OXMAAEMbIN OCTAOLWNINCA TOK pa3psaa
yMeHbLUIaeTcs € yBenuyeHnem AnvHel kabens, n OMNH B Touke nepexoga
Bo3ayLHow JIOI B kabenbHyo OyaeT GpaTb 6onbLUyto YacTb TOKa pa3psiga Ha
cebs.

Ecnu OlNH TpebyeTcsa Tonbko Anst Toro, YTo6bl OrpaHNyYNTb KOMMYTaUMOHHbIE
nepeHanpsbkeHnsi, Hanpumep, B kabenbHbix ceTsx, OINMH Ha Tok 5 KA BnonHe
[OCTaToYeH, MOTOMY YTO OXMAaeMble TOKU pa3psga OTHOCUMTENbHO HebonbLune.

MuHUManbHble paccTosiHUSA, YkasaHHble usrotoutenem mexay OMNH, a Takke
mexay OlNH 1 3a3eMneHHbIMK 3nemMeHTaMu NoacTaHLUMIN, JOIKHbI
BblaepxuBaTbCs. JtoOble M3MEHEeHMS AOMKHbI YTBEPXKOATLCS TONBKO Nocne
COOTBETCTBYHOLLMX UCMbITAHUIA YPOBHS U30MNALNN.

5.5. FeHepaTop NPUCOeAVHEH K NIMHUUN CPeaHero HanpsXeHus,
noaBepXeHHOW rPO30BbLIM NepeHanpsHKeHUsAM

Ecnu reHepaTtop, HaxoAaLWMNCS NOA Harpy3kon, BHE3anHO OTKMHYUTb OT
CeTU, HanpsXXeHne reHepaTopa MrHOBEHHO MOBLICUTCSA, MOKa cTabunusatop
HanpspKkeHWs He nogkoppekTmpyeT ero. OTHOLLEHWE 3TOro BPEMEHHOTO
nepeHanpsKeHust K HopMarnbHOMY paboyeMy HanpsXKEHUIO Ha3bIBaloT
koadpuymneHTom cbpoca Harpysku 3. BenuumHa ero moxet gocturats 1.5.
Bpewmsi Bo3aericTeus ero t nexuT B npegenax ot 3 go 10 s. Paboyee
HanpspkeHve U, OlNH BbiGupaeTcs NO3TOMY Ha OCHOBaHUM 3TUX ABYX BESUYMH,
Kak onucaHo B rnase 3.3.

Uc o— ansa OMNMH mexay dason n 3emnen
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5.6. 3awumTa ABUraTenemn oT nepeHanpsHKeHUN

Ecnu BbICOKOBOMbTHbLIN ABUraTernb OTKIOYUTL B MOMEHT Mycka, OH
noABepraeTcs ONacHOCTU MNepeHanpPsKeHUsi n3-3a MHOrOKPaTHOrO NMOBTOPHOIO
3axuraHusa gyru B BeiknovaTene. NoBTopHOE 3axunraHne ayru nponcxoaut
Haubornee 4YacTo, ecnu Tok B Bblkrtodatene meHee 600 A. YUTobbl 3awmwaTb
asuratenn, OMNH gomkHbl 6bITb YCTAHOBMEHbLI HEMOCPEACTBEHHO Ha 3aXnMax
OBWraTensi Unm HemnocpeacTBEHHO Ha BbikntoyaTensx. ONH gomkHbl BeIGUpaTbLCa
B COOTBETCTBUWN C PeKOMeHZaUMAM, U3NOXEHHbIMW B pa3aene 3.

5.7. 3awumTa KabenbHOW 060ONMOYKN BbICOKOBOSNbTHLIX Kabenen

Mo TennoBbIM NpUYMHaM U C LENb YMEHbLUEHMS NOTEPb B kabene,
kabenbHasi 060n04Ka MM 3KpaH BbICOKOBOSLTHLIX Kabenen 3aseMnsitoTcs
TOMbKO C OAHOro KOHLUA. He3aszeMneHHbIl KOHEL, AOMKEH 3alUMLLATbCS OT
HaBeLEeHHbIX NepeHanpsbkeHuin ¢ nomoLubio ONMH.

Kputnuyeckum kputepmem ans seibopa OlNMH saBnseTtca HanpsixeHue U, ,
HaBeZeHHoe B kabene B criyyae KOPOTKOro 3aMbIkaHus. OTO HanpskeHue
3aBUCUT OT KOHCTPYKLMN kaberns 1 yCroBuI ero Npoknaaku B kabensHOM KaHare,
HO B 06LLeM OoHO He npeBbiwaeT 0.3 KB Ha 1 kKA Toka KOPOTKOro 3aMblKaHusl 1
1kM anvHbl kabens. Paboyvast Touka, onpeaensiemMas BENMYMHOW HaBedEHHOro
HanpspkeHus U; 1 ANUTENbHOCTBIO NMPOTEKaHMS TOKa KOPOTKOro 3amblkaHus t,
OOIMKHA NexaTb HUXKE XapaKTepUCTUKM YCTOMYMBOCTH, YTOObI rapaHTUpoBaTh
npaBunbHOCTL Bbloopa OlMH.

400

300 -

U; (V/kA km) 200

100
0 o
10 100
s/
Puc. 8: HaeegeHHoe HanpsikeHue u; B kabernbHoM 00004ke Unmn akpaHe

Ha1 kA Toka KOPOTKOIro 3aMblKaHUA U 1 kM onvHbl kKabenst B
3aBNCUMOCTU OT KOHCTPYKL NN kabens

U, u-I,-L ,
U,z—=—"—"T— ans OMH mexay 060M0UKo UK 3KPaHOM
T T 1 3emnei

I'ae I, - MakcumarnbHbI TOK KOPOTKOrO 3aMblkaHus, U L - AnvHa He3a3eMneHHON
cekuunn kabens.

5.8. MO OIMH gnsa ceTu NOCTOAAHHOIO TOKa

B ceTsx nocTositHHOro Toka yaapbl MOJTHUN U NEPEKIoYEeHNA Takke
MOTYT BblI3blBaTb NepeHanpsaXXeHnd, KoTopble noBpenTb MallnHbl 1
o6opy,qOBaH|/|e. [o HacTosiwero BpeMeHU NokKa He ObIno 0I'Iy6]'IVIKOBaHO HU
OAHOro MexayHapoagHoro ctaHgapTta Ui MHCTPYKUKUK NO  YCTaHOBKe OrlMH B 3TKX
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ceTax. Tem He MeHee, OMNH MoryT ycneLHo ncnonb30BaThCs B TaKUX CETSX,
4yT0ObI 3aWwmTNTL 060pyaoBaHne. MO OlNMH 6e3 NCKPOBLIX MPOMEXYTKOB
naearnbHbl Ans AaHHOro NPUMEHEHUS NOTOMY, YTO B HUX OTCYTCTBYET
COMpPOBOXAALLMIA TOK, KOTOPbIN B CETSIX MOCTOSIHHOIO TOKa ybupaeTcs ¢
GonbLIMM TPYLAOM.

M3-3a pa3Horo Bo3aencTBust HanpsbkeHns Ha 6roku pesuctopos, OMNH,
npefHasHa4yeHHble Ans CUCTEM NEPEMEHHOTO HaMNpPsKEHUs], He MOTyT
MCMOSb30BaTbCs B CUCTEMAX NOCTOSIHHOrO Toka. O4eHb BaXKHO, YTOObI
npumeHeHne cneumnanbHbix OlNH B cnctemax NOCTOSHHOTO ToKa
NoATBEPXAanoch n3rotoButernem. C HUM e HY>KHO KOHCYNbTUPOBAaTBLCS U MO
nosoay rabaputHbix pasmepos OlMH.
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N 6. KoHcynbTauusa no Bonpocam NpUMeHeHus
OlH

MHorouncneHHble AUCKYCCUX C Nofb30oBaTeNs MU NOATBEPAUIN, HUTO OHU
NPUBETCTBYIOT YacTble KOHCYNbTauum no npumerHenunto OMNMH. TunuyHeln cnyyan,
rge onbiTHasA nogaepKka MoxeT ObITb KpUTUYeckas - 3annaHMpoBaHHoOE
N3MEHeHNe TEXHOMOMMM, Nepexoa OT paspAaAHUKOB C MCKPOBLIM MPOMEXYTKOM Y
kepamunyeckumm kopnycamm k MO OIMH ¢ kopriycom 13 nonumepa. MNpasunbHble
pa3mepbl OlNMH, Korga cywecTByOLWMI 3aBO4 MOOEPHU3NPYETCS - OPYron
aKTyanbHbIN cryyYan. HoBble NpUMeHeHWs B CEeTSAX MOCTOSIHHOrO TOKa MUIn
pa3sBuTME KOHLeNUuM Mo 3awmute OT NepeHanpsKeHWn LenbiX CUcTeM 4acTo
TpebytoT rMyboKoro aHanusa Kak HavanbHOW cuTyaumu, Tak U obLmx
TpeboBaHwui.

nOSTOMy Mbl npeanaraem Halunm nokynatenam BCECTOPOHHIOK NoAAEePXKY U
KOHCYIbTaLMOHHbIE YCIYrK No BCEM BOMpPOCaM 3alLnTbl OT NepeHanpsbkeHmin. K
CoOXXaleHuno, BOSMOXXHOCTU OaHHOIo AOKyMeHTa He NO3BOJIAI0T OXBAaTUTb BCE
BOMpPOCbI, KOTOPbIEe AO0JIKHbI MPUHAMATbCA BO BHUMaHMeE.
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npl/lBeFLeHHaSl Bblle I/IH(*)OpMaLlVIFl, BKMtOYaa YepTexu, Unnctpaunum U Cxembl, OTpaxaeT Hallu 3HaHUA Ha CerOFlHﬂLLIHVIVI AeHb U nonaraetca Haﬂe)KHOIZ. o,ClHaKO, I'IOTpeﬁI/ITe]'II/I VISHEJ'IVIVI
[OMKHbI CAMOCTOATENBHO ONpeaenvTh NPUrOAHOCTb KaXKA0ro U3AENUS ANs CBOMX Creumbuyecknx yCrnoBuin. OTo He rapaHTUpyeT TOYHOCTb W NMOMHOTY NPUBEAEHHON Bbille nHdopmauun. Takue
06s13aTenbCTBa OTHOCATCS TOMBKO K TOMY, YTO yKasaHo B crieuuduKaLun Ha Kaxnoe OTAENbHOe M3[enve Wnv KOHKPETHbIX AOTOBOPHBLIX YCroBUsX. Halla OTBETCTBEHHOCTb 3a 3TV U3Aenus
YCTaHOBMEHA B CTAHAAPTHbIX YCIOBUSAX U NOMNOXEHWUM O Npoaaxax. Paiixem, norotun Taiko 3NeKTPOHUKC, U Taiiko ONEKTPOHMKC SIBMSIOTCS TOPTrOBLIMW Mapkamu.
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