BOJIC npotus BY
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Mo CTpaHHOMY CTeYeHUto obcToaTenbCTB, a Ckopee Kn3-3a yBJrie4eHHOCTU BCeM HOBbIM, ABe B3anmMoaonorsi-
HAOLWNE TEeXHONOrMm NnoCTpoOEeHNA CUCTEM CBA3N B SHEPreTuKe: onTnuvyeckasa n BbICOKOYacToTHasA, NoCTeneHHo
BXOOAT B XECTKYHO KOHCprHTaLLMIO. To 1 geno cnbiwartcs BbICKa3biBaHMUS, npepgpekarwowmne BY ces3un KOpOT-
kuii Bcero 3-5 net CPOK >KU3HWN. Hn pasgeneHune Ct)yHKLLMOHaJ'IbeIX BO3MOXXHOCTEN TEXHOMOMNN, HU OYeBuna-
Hble JOCTOMHCTBA KaXKAOW N3 HUX npun nepenade Tpe6yeMb|x obbemoB I/IHCbOpMaLLMM Ha 3adaHHble pacCcToA-
HUA, HW CTOMMOCTHbIE NoKa3aTesli, HakoHel, B pac4yeT He NPUHUMaKTCA.

OcTtanock TonbKo y6eanTbes B 6ornee BbICOKOW HAAEXHOCTM U Be3onacHOCTM nepesasaemMoin No BONOKOHHO-
ONTUYECKUM NIUHUAM CBSA3M NO BO3OYLUHbIM NMHUAM anekTponepegayun (BOJIC-BI) nHdopmaummn, 1 MOXHO
3abbITb O CTOMBLKO NET BEPON U NpaBaou cryxalen aHepreTuke BY ceasw...

BOJIC-BJI u BY. CtouMoCTh TpaKTa

Haunbonee pacnpocTpaHeHHOW TexXHOnorMen nNpoknagakn onTuyeckux kabenen B 6onbLIon aHepre-
TUKE cuMTaeTcs noaBecka onTudecknx kabenen B rposotpoce (OKIT, 3apybexHoe ob6o3HayeHue
OPGW) kabenen, To ecTb 3ameHa 06bl4HbIX rpo3oTpocos (I'T), Tpocamu, cogepxawmmm B cebe
onTuyeckne BoriokHa. OBycnoBreHo 3To BbICOKON HaaexHocTbto OKI'T no cpaBHeHWO ¢ Apyrumu
sugamm BOJIC-BJ1, He3aBucnmocTeto OKI'T pelweHnin oT knacca HanpsbkeHnsa BJl1, a Tak xe Bo3-
MO>HOCTbIO MCNOMBb30BaHNS TEXHONOMN B NMOOLIX KNMMAaTUYECKNX 30HaX.

B cpegHem pona OKI'T kabenen Ha BOJIC-BJ1 coctaenset 70...75% v npogosmpkaeT pactu, 4ons
camoHecyLmx ontudeckmx kabenen (OKCH) paBHa 15...20% (cHwxaeTcs1), HABMBHBIX ONTUYECKUX
kabenen (OKH) — noctosiHHa u coctaenseT okono 10%. Opyrne veTtbipe Buaa npoknagkm BOJIC-
BJ1 no Tem vnu nHbIM NpMYMHaM UCMOMNb3YIOTCS PEAKO.

Wuctannsaumm BOJIC-BJT OKI'T umetoT HanbosnbLUlyto CTOUMOCTb, TPEOYIOT NPUMEHEHUS CIOXHOMO
TEeXHosiormyeckoro obopyaoBaHua ANs MOABECKM W MOHTaXa, W 3HaduTenbHbIX 3aTpaT Ha
npoektupoBaHme. B Tabnuue 1 nokasaHbl YCOBHbIE CTOMMOCTU MPOKIagKM OAHOrO KunomeTpa
BOJIC-BJ1, npu MCNonb30BaHUM KOMMMEKTYOLMX Pas3NUYHOro Kadectsa, TOM UM MHOM COCTaBe
paboT 1 cTeneHn KBanMULUMPOBAHHOCTM U TLWATENTbHOCTU X BbINOSTHEHUS.

Tadonuua 1

(e OKI'T OKCH OKH

Makc. Cpen Cpen MuH. Makc. Cpen Cpen MuH. Makc. Cpen Cpen MuH.
OK c 24 OB 54 54 54 54 4,8 4,8 4,8 4,8 4,8 4,8 4,8 4,8
MpuHagnexHocTn 1,14 1,14 0,91 0,91 1,14 1,14 0,91 0,91 1,14 1,02 0,80 0,80
O6cnepoBaHue 2,84 1,42 1,42 2,27 1,14 1,14 1,71 0,85 0,85
AvzanH, TY n TT 0,57 0,28 0,28 0,57 0,28 0,28 0,57 0,28 0,28
lMpoekTupoBaHue 2,27 2,27 1,42 1,42 2,27 2,27 1,42 1,42 2,27 1,14 0,57 0,57
Hansop 1,14 1,14 0,57 0,57 1,14 1,14 0,57 0,57 0,57 0,57 0,40 0,40
NMoaBecka 5,68 3,41 2,84 2,84 4,55 2,84 2,56 2,56 2,84 1,71 1,71 1,71
MoHTax u TecTupoBaHue 1,14 1,14 0,85 0,85 1,14 1,14 0,85 0,85 1,71 1,71 0,85 0,85
Bcero 20,18 16,20 13,70 11,99 17,91 14,78 | 12,56 11,14 1563 12,11 10,29 9,15

CTpykTypa 3aTpart, npuBedeHHas B Tabnuvue, oTnvyaeTca OT TPagUUMOHHO WMCNONb3yemMon npu
cpaBHeHun ctoumocTten BOJIC-BJ1 n BY cBAsn. NovyeMy cTtaHgapTHble METOAMKA HE TOYHbI, U YTO
CKpbIBaEeTCA 3a Kaxdown nosuumen onvcaHo B pabotax [1 ... 4]. B obwiem cnyyae cTpykTypy 3atpart
no cosganuo BOJIC-BJ1 Heobxoanmo AONONHUTL CNeayloWwmnMm, B KaXKA0OM criydae nHansmnayansHo
BblYMCNAEMbIMU, MO3ULIMSIMU:
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Akcnnyatauus GrooxeT 6yaywen akcnnyataumm BOJIC-BJ1, BkntovatoLwmii ycryrm CTOPOHHMX OpraHusaumi + marepuvansi, nmbo
co3faHne COBCTBEHHbIX CTPYKTYP MO 3KChnyaTaumm.
Mpuyem, NOMMMO aBTOPCKOro HaA30pa NPOEKTUPOBLLNKA, Haa3op 3a ctpouTensctBom BOJIC-BJ1 gomkHa
BbIMOJSHSATL UMEHHO Ta OpraHu3alusi, KoTopas BrocreacTBum ByoeT ee aKkcnyaTMpoBaTth

MnaHupoBaHue cocTaBrneHue rpacuka pabot, pacxodbl Ha OTKIOYEHME NTMHUK, UICXOASA U3 CKOpoCcTU cTponTenbeTea 8 ... 10 km
BOJIC-BI B Hegenio', 3emneoTsog, noTpas NOCEBOB U T.4.

O6yueHue 0by4YeHne cobCTBEHHBIX 1 MPUBIIEKAEMbIX CMELMANUCTOB.
Tonbko NpodeccuoHarnbl, OCHaLLEHHbIE HOBLIMU 3HAHUAMU U TEXHUKOIA, MPU COOTBETCTBYHOLLIEN OpraHu3aLmm
paboT, cnocobHbI rapaHTUPOBATL KAYECTBO NPOoeKTa. YBENUYEHNE CTOMMOCTY CTPOUTENBCTBA BNOCIEACTBUM
OKYMUTCS CHUXKEHWEM 3aTparT Ha aKcnyaTauuto. OLWMGOKU CTPOUTENbCTBA, OCOBEHHO CKPbITbIE, MPOSABSIOLLNECS HE
cpasy (WTpadHble CaHKL MK 30eCb HE MOMOrYT), TPEGYIOT GOMbLIOrO BPEMEHUN U YCUMUIA HA YCTpaHeHWe, 1, YTO
COBEpLUEHHO HEQOMYCTUMO, ATUTENIbHOW OCTaHOBKM CBSA3M.

O6opyaoBaHuMe = CucTemMa TaKTOBOM CUHXpOHM3aUMKU. Cuctema ynpaeneHus

lMpakTnyeckn cnegyeT paccMmaTpmBaTh TP HE3aBMCUMBIX Cnyyas npoknagku BOJIC-BIT:

e CrtpoutenbcTtso HoBou BJl;
e PekoHCTpyKums cywecTsytoLlen BJl;
e PekoHcTpyKums cywecTtsytoLen BJl, BoinonHaemasi «COGCTBEHHbIMU cUnamm.

Mpwn cTtpouTenbcTBe HOBOWM BJ1 6onbluas YacTb NPOEKTHBIX U U3blCKaTENbCKUX paboT No npoknagke
BOJIC-BJT moryT ObiTb BbIMOSHEHBI B pamKax aHamnorMyHblx paboTt no Bo3segeHuto BJl. A u3
ctoumocTtn OKI'T HeobxoaMMO BblMECTb CTOMMOCTb 3amMeHsieMoro um [ T.

Mpn pekoHCTpyKuun cywecTteyowen BJl1 npoekTHble M u3bickaTenbckve paboTbl Heobxoanmo
BbINONHATL B MOMHOM obbeme. CnegyeT yveCcTb BO3MOXHOE W3MEHEHMEe KOHCTPYKUMKM Ornop
(ynpoyHeHve) n cBa3aHHble C 3TMM paboThbl. A Tak Xe 3aTpaTbl Ha CHATUE U YTUNM3auMIo
cywectaytowero ['T (xopoLuo, ecnun ero yaacTtcsl npoaath).

MonynapHein Ha ypoBHe MPCK cnocob pekoHcTpykumn BJ1 «cBonmu cunamm» - He Bornee, 4yem
crnekynauusa 1 noagmMeHa ogHuMX NOHATUA apyrumu. [poekTHble U n3bickaTerbckue paboTbl B 3TOM
Crlydae Wunu He BbIMOSTHAOTCA COBCEM, WIM BbIMOMHATCSA 4aCTUYHO, B CUITYy BO3MOXHOCTEMN
«OOMaLLHMX» NPoeKTHbIX rpynn. Mpu aTOM pacxoabl Ha NPOEKTUPOBAHME, TakK XKe Kak U pacxodbl Ha
BbIMOSIHEHNE BCEX CTPOUTENBHO-MOHTaXHbIX paboT (CMP), oTHocaTca Ha 3apaboTHyto nnaty
(oknagbl) paboTHMKOB, UNK apyrne «OoKeTHble» CTaTbM pacxogoB. B kpanHem cnydae,
paboTHMKaM BbINMCbIBaeTca npemusi. Bce nocneaytowme pacxofpbl, CBsi3aHHble C oLuMbkamu
NPOEKTUPOBAHUSA, CTPOMTENbCTBA M MOHTaXa CrUCbIBAOTCA Ha «TeKylme» pacxodbl Mo
akcnnyataumm BJ1. Onyckass npaBOBYyHO CTOPOHY BOMPOCa, MOXHO Cka3aTb, YTO €AMHCTBEHHOM
3HaunMmMoun Bbirogon oT npoknagkn BOJIC-BI1 «cBonmu cunammn» aBnsieTcs BO3MOXHOCTb 3aKymnKu
MaTepuanoB HanpsIMyl Ha 3aBOAax M3roTOBUTENSX - peanbHOe CHMxeHne cebectommocTn Ha 10-
20%. Npopgaxa cywecTsytowero ['T NoKpbIBaeT 3aTpaTthbl HA «MPEMUIO».

[ns Kaxgoro n3 pacCMOTPEHHbIX CrydYaeB MOXHO BblMMCNNTL NpeaenbHyto anvdy BJl, Ha koTopon
ctpoutenbctBo BOJIC-BJ1 uenecoobpa3Ho C TOYKM 3peHnsd KanuTanbHbIX 3aTtpaT. Bonpoc
obecrne4yrBaemMon CUCTEMOW CBSI3M LUMPOKOMOMOCHOCTM 30€eCb He paccMmaTpuBaeTcd, Tak Kak B
noaaBnsloLWeM yucre crnyyvyaeB NOTPeOHOCTU SHEpreTMkn B €MKOCTU KaHaroB CBs3M B paBHOM
cteneHn ygosnetsopsatoTca n BOJIC-BJT n coBpemeHHbiMn BY cnuctemamn.

YuntbiBast 6onee yem 87% un3HOC ycTaHOBReHHoro obopynoeaHua BY cBsasm, B kayectse Basuca
ANA cpaBHeHMA KanuTanbHblX 3atpaT Ha co3gaHve BOJIC-BJ1 n BY TpaktoB cnegyeT Bbibpatb

! CkopocTb cTpoutensctea BOJIC B ropoackor yepTte oLeHmMBaeTcs No pasHomy. [Ans nog3eMHomn
npoknagkv npmesoautcs Lmdpa 60 MeTpoB B Hegento, ANs yKnagkv B kKaHanusauuo 2 kM B AeHb. C yyeTom
BCEX 0BCTOATENBLCTB M CNOCO60B NPOKNaakM B [8] pekOMeHAYIOT NCNONb30BaTh 3HA4YEeHMEe 2 KM B HEAENHO.
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cnyyam nomnHom (ontumanbHon) TpexdasHon BY obpaboTkm BJl, cocTosiwen M3 WecTn KOMNNEKTOB
anemeHToB BY o6paboTtku: PK kabenb, @I, KC, BUY3 n PBO makcmmanbHOW M MWHMMAIbHOWM
TeHgepHon ctoumocTu. [inuHa peTtpaHcnaumoHHoro yyactka BOJIC-BJ1 npuHaTta pasHon 150 km.

CHWXeHne cToMMocCTHn MaTepunanoB 3a CHeT NPAMbIX 3aKyrnoK CoCTaBnAeT 20%.

Takum obpasom, npu nogsecke OKI'T nonyyunm:
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PucyHok 1. OKI'T. HoBoe ctpouTenbcTBo. 1o ocn X — CTOMMOCTb 0gHOro kunometpa OK
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PucyHok 2. OKI'T. PekoHcTpykuus. Mo ocn X — ctoumMocTb ogHoro kunometpa OK
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PucyHok 3. OKI'T. «Csonmu cunammy». o ocn X — ctommocTb ogHoro kunomeTtpa OK

BbIMprILLI OT MUCMNOJIb30BaHNA MeToada «CBOMMWU CUITaMn» OKa3arcAa 3Ha4YuTerlbHO MEHbLUUM, YeM
oXunganocb, Bcnencrteme Toro, 4To And KOPPEKTHOCTU CpaBHEHUA CTPOUTENbCTBO BY TpaKkTa TakK
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Xe BbIMNOJTHANOCb «CBOMMU CUNMaMu» - NO UEeHaM MNpAMbIX 3aKynokK, U BbINOJIHEHUA CMP p860T
cunnamMmm MECTHbIX CJ'Iy)K6.

MNpn BbINOMHEHWM pacyeTOB AMS HOBOIMO CTPOMTENBCTBA W PEKOHCTPYKUMM HE Y4uTbIBaNuUCb
CTOMMOCTU NPOEKTHbIX, U3bICKAaTENbCKNX, U NO ynpoyHeHuto BJT paboT. ®akTnyeckme gonyctumble
AnuHbl BJ1 npyn HoBoM cTpouTenscTBe ByayT Ha 10-15 % MeHbLue, a npu pekoHCTpyKuun - Ha 40-
60%.

Mpwn npoknagke OKCH nonyyunm:

200,0 - 750
AnuHa, kM .
180,0 t 750 min
500
160,0 500 min
140,0 0330
0 330 min
120,0 @220
1 0220 min
00,0 110
80,0 110 min
35
60,0 1 35 min
40,0 4
4 — |
20,0 —
= OK,
0,0 : : : : : : ; ; : : : 1 y.ekm
2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000
PucyHok 4. OKCH. Hoeoe cTtpontenbcTso. Mo ocn X — CTOMMOCTb 04HOro kunometpa OK
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PucyHok 5. OKCH. PekoHcTpykums. o ocn X — ctonmocTb ogHoro kunometpa OK
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PucyHok 6. OKCH. «Csoumu cunammy». o ocn X — ctoMmocTb ogHoro kunometpa OK
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BbIMprILLI OT ncnonb3oBaHNA MeToda «CBOMMU CUNaMn» 340€eCb OKasalica elle MeHblle, 4eM Mnpu
HOBOM CTpOUTENbCTBE (CbaKTI/I‘-IeCKI/I OH OTcyTCTByeT), TakK KaK COKpalleHNA KanutalnbHbIX 3aTpaT 3a
CHEeT CHWMXEeHNA CTOUMMOCTU CTPOUTENTbHO-MOHTaXHbIX pa60T He npeaycmMmoTpeHo (OHI/I «CKPbITbI»

N3HayarnbHo).

Mpun npoknagke OKH nony4mm:
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PucyHok 7. OKH. HoBoe ctpoutensbcTso. Mo ocn X — cToMMOCTb 0gHoro knunometpa OK
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PucyHok 8. OKH. PekoHcTpykums. Mo ocn X — cTouMocTb ogHoro kunomeTpa OK
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PucyHok 9. OKH. «CBonmu cunammy. Mo ocn X — ctonmocTb ogHoro kurnometpa OK

I'Ipep,eana;l anvnHa Bl npun ncnonb3oBaHMA MeToda «CBOMMU CUNaMn» ONATb HE U3MEeHUNnachb.
Kak n npennonaranochk, BbIUTPbIL 30eCb MOXHO MOJTy4UTb TONTbKO OT CHMXEHUA 3aKyNnOYHbIX LIEH.
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M3 aHanusa rpadukoB? CTaHOBUTCS MOHATHOW CIOMMBLLASICA MPOMOPLMSA: NPU CTPOUTENLCTBE HO-
Bbix BJ1 gona OKI'T npesbiwaeT 80%, npu pekoHCTpyKumn cywecteytowmx Bl - He npesbiwaeT
45%. OrpaHuumBaet npumeHeHne OKIT npu  PEKOHCTPYKUMW  OOPOroBU3HA  MPOEKTHO-
N3blCKaTESTIbCKUX N CTPOUTENbHO-MOHTaXHbIX paboT, yBenmdeHne Harpy3ok Ha Onopbl, a Tak Xe He-
obxogumocTb OTKNoYeHus BJT Ha Bpems Npoknagky n MoHTaxa.

Yrto kacaeTcs MarnmcTparlnbHbIX, MEXCUCTEMHbLIX U CMCTeM006pa3yI'OLL|,I/1X BJI:

Mpn HoBom cTpouTtensctBe BOJIC-BJT cBepxBbicoOkux HanpskenHun (CBH) npum
cywecteyowmx B Poccum ueHax Ha OKIT HaxogaTcs 3a rpaHuUen 3KOHOMMYECKON
appekTMBHOCTM NpK AnuHax nuHuii 6onee 60-80 km.

OgHako, ¢ ydeTtom TOro, yto BOJIC-BJ, npoknagbiBaemble no BJ1 CBH, B ocHOBHOM HOCAT
cucteMoobpasyroLmnin Xxapaktep, 1 BbINONHEHNE TpeboBaHMIN NO X LUMPOKOMOSIOCHOCTU Kak
B HACTOALWMN MOMEHT BpemeHu, Tak M B Oygywem, obasaTenbHO, MOXHO cuuTaTbh
npoknagky OKI'T BOJIC-BJT1 CBH npu HOBOM cTpouTenbCcTBE HEOHXO4MMOWN HE3ABUCUMO OT
OnuHbl BI.

Mpn pekoHcTpykumn BOJIC-BJT CBH HaxogaTca 3a  rpaHuuen  3KOHOMUYECKOM
apdeKkTMBHOCTM Npu AnvHax nuHui 6onee 40-60 kv (6e3 yyeTa CTOMMOCTU MPOEKTHbLIX,
n3biCKaTeNbCKMX, 1 No ynpovHeHuto BJT pabor).

OpHako ecnu cosgaBaemble BO TpakTbl MMeET cucTeMoobpasylolwmi xapakrtep, W
BbINOfHEHNe TpeboBaHMI MO UX LUMPOKOMOMOCHOCTU 0bsi3aTenbHO, cTpouTensctBo OKIT
BOJIC-BJ1 CBH Heobxoanmo, He3aBucumo OT AnuvHbl BJ1. B ocTanbHbIX criydyasx crnegyet
ncnonb3oBaTb BY kaHanbl.

Ona BJ1 220 n 330 kB Kak HOBbIX, Tak U pekoHCTpyupyembix, ctpontensctso OKI'T BOJIC-
BJ1 onpaBaaHoO TONbKO C TOYKM 3PEHMS KCUCTEMHOCTMY» CO30aBaeMblX KaHamnoB CBA3
(LUMPOKONONOCHOCTL KOTOPbLIX ANSA HYyX 3SHepretTukn euwe Heobxogumo obocHoBaTb B
obbemax TW, TC wn kbut Tpebyemon K nepepaye WHDOPMaLUM B YCTAHOBIMEHHbIE
NHTEepBanbl BpeMeHN).

Ona BJ1 Bcex knaccoB HanpsbkeHu (ocobenHo BJ1 220 m 330 kB) Heobxogumo
npuBreyeHne CTOPOHHUX WMHBECTULUMIA, ecriv 3TO BO3MOXHO B MPaBOBOM Mofe, KoTopble
MOryT CMeCTUTb rpaHuLy akoHoMuyeckon adhdektnsHoctn OKI'T BOJIC-BJT go 100-160 km.
OnTumanbHbIM crnocoboM pasgeneHnss 30H OTBETCTBEHHOCTM B 3TOM Cryvae MOXHO
cyuTaTh BblAeneHne A58 HYXO 9HEPreTUKU K TEMHbIX» BOSOKOH.
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PucyHok 10. OKI'T. 3ddheKTUBHOCTb NHBECTULMI NP HOBOM CTPOUTENBCTBE

2 CnepyeT yuuTbiBaTb NPMMEHMMOCTb TeXHonornn npoknagku BOJIC-BJ1: OKI'T — BJ1 Bcex knaccoB
HanpshkeHun, OKCH — BJI1 154 kB n Hwke, OKH — 35 kB n Huxe.
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PucyHok 11. OKI'T. OddeKTUBHOCTb MHBECTULIMI NPU PEKOHCTPYKLNU
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0330 min

@220

0220 min
110

110 min

35
35 min

—]

%

0,0

75 68,75 62,5 56,25 50 43,75 375 31,25 25 18,75 12,5 6,25 cpeAcTe

PucyHok 12. OKI'T. 3 deKTUBHOCTb MHBECTULIMI NPU PEKOHCTPYKLMM KCBOUMU CUIIaMU»

AdhdekTneHoCTb Npoknagkn BOJIC-BJ1 Bo Bcex crniydasdx BO3pocna, Tak Kak npu pacdeTte
NpUHMManoch 4oNyLleHWe B TOM, YTO Ha CTpouTenbcTBO BY TpakTa BHeLWHWE MHBECTULMMK
He npuBneKarTCcs.

M3meHeHne 3aKkyno4yHOM NOSIMTUKM He3aBucnmo oT crocoba npoknagku BOJIC-BJT moxeT
AaTb CHWKEHWe 3aTpaT Ha kanutanbHoe cTpouTenscTBo Ha 10-20%.

YUto kacaetca BJ1 110 kB n Huxe («goctyn», pacnpencetu):

BY TpakTbl Bcerga gewenne BOJIC-BJ1 (kpome ceepxkopoTkux BI1 anuHon go 10-15 km),
ocobeHHOo, ecnn y4yecTb, 4YTO Ha BJl aTMx knaccoB HanpshkeHus noriHas (onTumaribHas)
cxema BY obpaboTkun BCcTpevaeTca KpaiHe peako, u 0bbl4HO obpabaTbiBatoTca 1-2 ¢asbl.

®aktnyeckn ctpoutensctBo BOJIC Ha Takmux BJ1 onpaBgaHO TOMbKO C TOYKM 3peHUS
aAMVHUCTPaATUBHO-XO3AWCTBEHHbIX W cOUMarbHbIX HYXO PpernoHa, WM «CUCTEMHOCTU»
KaHanoB CBA3M, Korga oHM HeobxoanMbl, YTOObI 3aMKHYTb, pa3BepHYTOe Ha MarmcTparbHbIX
nMHMAX wupokononocHoe BO konbuo. lMpyn 3TOM HageXHOCTb TaKkoro «nrneva» unu
COOTBETCTBYIOLLEro norykonsua byaet B pasbl, €Cnn He B AECATKN pa3 HKe HadeXHOCTU
maructpansHbix BOJIC-BJ1 kaHanos.

HesaBucumo OT Tuna cTpouTenbCTBa - HOBOE UM pekoHcTpykumsa - OKCH BO TpakTbl
BbIrMAgAT npegnodtutensHee OKIT.  Onpepgensiowum kputepveMm npu Bblbope OK
OOIMKHBbI CTaTb pacyeTbl HALAEXHOCTM MPOEKTMPYEMOM CUCTEMbI CBSI3M C TOYKU 3pEHMUS
nepegadn TexHonorndeckon nHdgopmaumm, rmasHoiM obpasom P3A. OKCH pekomeHayeTcs
NCNonb3oBaTb NOMHOCTLIO AN3MNEKTPUYECKNI.

HesaBncumo oT TMna CTpoMTENbLCTBA — HOBOE MIM PEKOHCTPYKUMst — Ha aTux BJ1 cnegyert
oTKasaTtbcs oT ucnonb3oBaHus OK ¢ HeobocHoBaHHO 6onblwinm vncriom OB, ocobeHHo OB
pasnMyHbIX CTaHOAPTOB. Tak ke HeobXo4MMO N3MEHEHWNE 3aKYNOYHOM NONINTUKM (CHUXKEHNE
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3aTpaT Ha kanuTtanbHoe cTpoutenbcTBo Ha 10-20%), W npuBneYeHWe CTOPOHHUX
nHBecTMumin. CoveTaHne ykasaHHbIX (DaKTOPOB MOXET MOAHSATb rpaHuLy 3KOHOMUYECKOW
apdpekTnBHoCcTU ncnonb3oBaHua BOJIC-BJT go 50-80 km. OnTumanbHbIM pacnpegeneHnem
30H OTBETCTBEHHOCTU Mpu 3TOM ByaeT vunu BblAeneHne Ans HYXO SHEePreTUKN «TeMHbIX»
BOJIOKOH, WNU wucnonb3oBaHve ana cosgaHua BOCIIA MOLWHbIX, YOOBETBOPSOLLMX
TpeboBaHmaM P3A 1 Haxoaswmxcs nog KOHTPONemM SHePreTUKOB, MyNbTUMIEKCOPOB.

Bo Bcex crniyyasx npuBneYvYeHUs BHELLIHUX WHBECTUUMW He criegyeT 3abbiBaTb O TOM, 4TO Mpu
pasgeneHnn 30H OTBETCTBEHHOCTM CYLLUECTBEHHO YCMOXHATCA (M yOopOXakTcsl) BOMPOCHI
aKkcnnyatauum, obcnyxumBaHus, a rnaBHOe, peMoHTa nospexgeHun BOJIC-BJ1. Ws-3a
BbIHYXAEHHbIX npocTtoeB BJ1 (HEAOOTNYCK 3NEeKTPOIHEPrMM) BO BpeMS OXMOAHWS U BbINOMHEHUS
peMoHTHbIX paboT Ha BOJIC-BJ1, nnn npoctosa BOJIC-BJ1 B aBapunHOM COCTOSIHUM (LUTpadoHble
CaHKuMn) m3-3a HEeBO3MOXHOCTUM oTkmodenus BJl. Tpu pacvete HapgexHoctn BOJIC-BI1 u
CTOMMOCTM PEMOHTHO-BOCCTAHOBUTENbHbLIX paboT BpeMsi Ha BOCCTAHOBMEHWE B 3TOM Cry4vae
cnepyet 6patb He mMeHee 3-90 gHen, npuyem Tem Gornblle, YeM Bonee «CUCTEMHbIE» (OYHKLMMK
BblnonHsaeT BJI.

EctectBeHHo, BOJIC-BJT mMoxHO nocTpouTb U B nontopa, U B ABa pasa gdewesne’. Ho noytu
HaBepHsika Takas cucteMa He OyaeT yaoBneTBopsiTb TpeboBaHUAM MO kavyecTBy, AONITOBEYHOCTMU
(cpok cnyxbbl He MeHee 25 neT) n macwrabupyemoctn. BOJIC-BJ1 gormkHa BblaepXusatb Kak
MUHUMYM 1 ... 2 MOOEPHM3aLMN UMM  PEKOHCTPYKUMM (M3-3a YyOBOEHWUs nepenaBaeMon
nHdopmaumn kaxable 18 mecsues, unm B 65000 pas 3a 25 neT No cpaBHEHUIO C HarpysKon Ha
MomeHT 3anycka BOJIC).

OueBngHO, YTO CTOMMOCTb OLUMBKM MpK OLEHKE HAOEXHOCTU npoekTupyemon cuctemol BOJIC-BJ1
O4YeHb BbICOKa, U MHOTOKPaTHO MPEBbILAET CTOMMOCTL ownbkn B BY ceasn.

BOJIC-BJI u BY. OCHOBBI Ha/1€2KHOCTH

HopmaTuBHBIM JOKYMEHTOM, onpeaensowmm obme texHndeckmne tpedosanusa k BOJIC n BOJIC-
BJ1 Ha aTane npoekTMpoBaHUs, CTPOUTENLCTBA M UX 3KCNyaTaumm, sensaTca MNpasuna [5].

PacueTbl HagexHoctn BOJIC u BOJIC-BJ1 ocHoBaHbl Ha CTaTUCTUYECKMX AaHHbIX O MOBpeXxaa-
emoctn OK, PK n curHanbHbIX kabenen, yrnoxXeHHbIX B FPyHT, a Tak e obpbiBax ['T Ha BJl Bcex
knaccoB HanpsbkeHun. OueHKn cpefdHen NAOTHOCTU OTKa30B NoA3eMHbIX kabernen konebnioTca B
npegenax ot 0,19 go 0,35 Ha 100 Km, B 3aBMCMMOCTM OT TOro, Y4YMTbIBAKOTCA Mpu nogcyeTte
NnoBpexXaeHNsa OT NPUPOAHBLIX ABNEHU 1 BNnaHusa Bl anektpudumumpoBaHHbix XK, nnun Her.

B cny4yae BOJIC-BJ1 Tuna OKI'T ucnonb3yemble OLEHKN NAIOTHOCTM OTKA30B HE MEHEE LUMPOKU: OT
0,03 go 0,25 Ha 100 km, B 3aBMCMMOCTWM OT TOrO, 4YTO Heobxogumo fokasaTb. Hanpumep, B
MpaBunax [5] ucnonbayotcsa 3HadeHns 0,03 ... 0,08 us 4yero genaetca BbiBog 0 ToM, 4To BOJIC-
BJ1, nogBelueHHble Ha BJ1 HanpsikeHnem 110 kB v Bhilwe, No napaMmeTpam HageXHOCTU NOSTHOCTBIO
COOTBETCTBYIOT NEPCNEKTUBHON LIMGPOBON CETU CBA3MN.

MexoaHbivmm nocTtynatamMum Takoro nogxoaa AsnATCA aonyLeHnA:

M.4.1. BONC-BJ1 coctout n3 OK Ha onopax BIl1 n obcnyxmBaemMbIX OKOHEYHBLIX U MPOMEXYTOYHbLIX
CTaHUMW, coaepXaliMx KOMMMeKCcbl anmnapaTtypbl Ol BOCCTAHOBIIEHWS W pereHepauun
nepegaBaembix WHAOPMALMOHHBIX CUrHanoB. BepoATHOCTb OTKasa CoOBpeMeHHOW annapaTypbl

B [7] yka3biBaeTcs, 4To ctoumoctb CMP 06bivHO cocTaenseT (100 ... 110) % ot ctoumocTn OK.
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HM3KA, PEMOHTOMPUrOOHOCTb rapaHTMpOBaHa W3rOTOBUTENEM W BPEMS  BOCCTAHOBIEHMS
HesHauuTenbHo. MNMoatomy HagexHocTb BOJIC onpepensetca HagexHocTbo OK 1 onop BJl.

M4.4. B HavanbHbIM nepuog ncnons3osaHns BOJIC-BJ1, go 2010 roga, noka He Nony4veHbl HaaeXHble
aKcnnyaTauuoHHble nokasatenu HagexHoctn OK, cnegyet npuHMMmate BO  BHUMaHWE
3KCTpanonupoBaHHble nokasatenn HagexHoctn OK, npupaBHMBad WX COOTBETCTBYIOLLUM
3KCMnNnyaTaunoHHbIM nokasaTensiM HageXXHOCTU NOLBECKU cTanbHbix* rpO303aLLUTHBIX TPOCOB.

MNOTHOCTb OTKA30B rPO303aLLUTHBIX TPOCOB B pe3yrnibTaTe 06pbIBOB 1 NageHust onop Ha 100 km BJ1 B
rog npusegeHa B tabn. .4.1.

HanpsixeHue BJ1, kB [noTHoCTbL O0TKa30B, Mgy
110 0,08
220 0,05
330 0,04
500 0,03

M4.5. CpegHee Bpems BoccTaHoBneHusa OK Ha BJT 110 kB u Bbilwe NpuHATO pasHbIM 10 yac.

B Toxe BpemMsaA B JOKYMEHTE [7] npnBOOATCA HECKOJIbKO UHbIE OaHHbIE:

B HavanbHbI nepuog ucnonb3oaHua BOJIM-BJ1, gno 2010 roga, noka He MnonyyeHbl HageXHble
3KcnnyaTauuoHHble nokasatenun HagexHoctn OKIT, crnegyeT npuvHMMatb BO  BHUMAaHWE
3KCTpanonupoBaHHble nokasatenu HagexHoctn OKIT, npupaBHMBas MX K COOTBETCTBYIOLLUM
3KCnnyaTaunoHHbIM nokasaTensiM HageXXHOCTU rpOo303aLLUTHbIX TPOCOB.

IMNOTHOCTb OTKa30B rPO303aLUUTHBLIX TPOCOB B pe3ynbTate 0bpbiBoB Ha 100 kv BJ1 B rog npuBeaeHa
B Tabnuue 5.9.

Tabnuua 5.9 - NNOTHOCTE 0TKA30B MPO303aLLUUTHBLIX TPOCOB B pesynbTaTe 00pbLIBOB

HanpsixeHue BJ1, kB [noTHoCTb 0TKa30B, Mgy
110 0,22... 0,25
220 0,06 ... 0,09
330 0,05 ... 0,08
500 0,03 ... 0,06

HopmaTneHOe Bpems BoccTaHoBneHus Ha BIl HanpspkeHnem 110 n 220 kB coctaenseTt 12,4 yaca, a
Ha BJ1-300 v BJ1-500 - 6,2 yaca.

B aTux ycnoBuAX WMHTEPECHO CpaBHUTb, MPUBOAUMbBbIE B Pa3fMYHbIX WUCTOYHMKAX, OaHHble MO
WHTEHCUBHOCTSIM OTKa30B My (Tabnuua 2) n BpemeHam BoccTaHOBNEHUSA t,.

Taonuna 2

UcTouHMK ;3] [ [9]5

mg thy mg tv ms tv
110 kB 0,08 10 0,22 ... 0,25 12,4 0,0085 13,8
220 kB 0,05 10 0,06 ... 0,09 12,4 0,0085 13,8
330 kB 0,04 10 0,05 ... 0,08 6,2 0,0085 13,8
500 kB 0,03 10 0,03 ... 0,06 6,2 0,0085 13,8
MopseMHbIN Kabenb B Tpy6e, konogue, waxTte, IOTKe 0,196 7,25 0,34 7,25 0,213 8

4 M3BecTHO, 4To B 6onbLlunHcTBe criydaeB OKI'T uMeeT BHELUHWUIA MOBUB UMW NOMHOCTBIO antoMUHUEBBIN, TO
ecTb OKI'T 6onbLue noxox Ha nposod Mapkn AC, Unv cMeLLaHHbIN CTanb-antoMUHUEBBIN.

® B oTueTe koMnaHuu ALF npuBefeHbl yepeaHeHHbIe AaHHble 0 noBpexaaemoctvt OKIT kabeneii, He
CBsi3aHHbIE C noBpexaaemocTbto [T, nonyyeHHble Ha OCHOBE onbiTa akcnnyaTtaumm 45000 kv kabenen B
TeyeHne 1986 ... 1998 rogos Ha BJ1 Bcex knaccoe HanpsikeHun. [Ina OKCH kabenen m=0,0081.
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Ocoboe HegoyMeHue Bbi3biBaET NpmBeaeHHoe B [5] Bpema BocctaHoBneHust OKI'T, pasHoe 10 va-
cam (B TOM 4ucrie Bpems noavesga 3.5 yaca), KOTopoe UCMNOSb3yeTcs ANs pacHeToB HaAEXKHOCTU
BOJIC-BJ1 1 B 3TOM JOKYMEHTE M BO MHOMMX OPYrMX Kak gencreutensHoe. Ha camom gene 10 va-
COB — 9TO pacyeTHoe BpeMs, Heobxoaumoe ans Toro, YTobbl obecneunTb KO3MOULMEHT rOTOBHO-
ctn BOJIC-BJT gnnHon 13900 km paBHbii 0,985 npu HapaboTke mexay oTkasamu 670 yacos, TO
eCTb umdpa Hmnyero obuiero ¢ peanbHOCTLIO HE Metowas. B npuHuMne, To e KacaeTcs U NNOTHO-
CTW OTKa30B: Anga Tpebyemoro koauumneHTa rotoBHOCTU gnnHHOM BJ1 He meHee 0.985, sHaueHune
nnoTtHoctu otkasos BJ1 100 km He gomkHo npesbiwaTtb 0,094 [10]. MimeHHo noatomy B lNMpasunax
NCNONb3YyTCA MUHUMAarbHbIE 3HAYEeHUSA NOTHOCTEN oTkasoB 1.

B [7] nogo BpemMeHeM BOCCTaAHOBMEHWS WMEETCs B BWOY HOPMUPOBAHHOE CpedHee Bpems
BOCCTaHOBMEHMs noBpexaeHnn paszoBbiX npoBogoB, a He OKIT. lMNoTHOCTbL noBpexaeHun
dasHbix nposogos ans BJ1 110 kB coctaenset 0,17 ... 0,19, ana BJ1 220 kB - 0,05 ... 0,07 n 500 kB
-0,03 ...0,05.

BennuuHbl, npuBegeHHble B [9], MMEWT NpakTU4Yeckoe HanosiHeHMe — 3TO YyCpedHEeHHble
napamMeTpbl No oTka3am W BoccTaHoBneHmto OKIT 3a AanuTenbHble CPOKM  aKChnyaTauuu
pPasnnyHbIX KOHCTPYKUMA Kabernen B pasHoobpasHbiXx reorpadnyeckmx, KiMmaTU4ecKux u
TEXHOreHHbIX ycnosusax. Npuyem noa BpemMeHeM BOCCTAHOBIIEHMSI UMEETCA B BUOY yCpeOHEHHoe
Bpemsi nofnHoro BocctaHoBreHns BOJIC-BJ1 ¢ yyeTom mcnonb3oBaHusa ctpaTternm OnTUManbHOro
obcnyxueaHunda. BocctaHoBREHME MO BpeMEHHOM cxemMe 3aHMMaeT He 6onee 2 yacos. [noTHOCTH
OTKa30B creumanbHbix KOHCTpyKunn OKI'T kabenen (cambix 4OPOrnx) 3HAYUTENBHO OTANYAKOTCA OT
ycpeaHeHHbix. Tak OKI'T «CkanJlant» BToporo nokosneHus umeet mg=0,02 Ha 100 Kkm.

lMocKoMbKy 3TU MMAOTHOCTU OTKA30B He CBs3aHbl C MNOBpexgaemMocTblo [T, TO MNOSIHbIA MNOTOK
oTka3oB OKI'T gormkeH BblMMCAATLCS, Kak cymma nospexgaemocten I'T n OK-I'T

m:mg+ms

OcHoBHble napameTpbl HagexHocTn OKI'T gnuHon L (Ho He BOJIC-BJT) moxHO onpegenuTtb Mo
npuBeaeHHbIM HKe hopmynam:

8766—m*tv*§

_ *
,:8766 m*t, K, =1-K, K, =
¢ 8766 ¢ ¢ ¢ 8766
8766 —m*t « L
8766—m*t, K, *t, C1
m l—Kg m
Foe  KgunKyg KO3 hULMEHTBI FOTOBHOCTU U HEFOTOBHOCTU HEKOTOPOM pedepeHcHoun B,

and KOTOpOIZ npnBoaATCA NOTHOCTb OTKAa30B N BpeMA BOCCTAaHOBNEHUA

InL AnNuHa pedepeHcHorn (06b14HO 100 kM) 1 peanbHoun BJl
KqL KO3(pPMLMEHT rOTOBHOCTU pearibHou BJl
TinT, HapaboTKn Ha oTka3 pedepeHCcHon n peansHon Bl

Mpu ucnonb3oBaHMM CTpaTerMn ONTUMArbHOrO BOCCTaHOBMEHWUs Ansi onpeaeneHns K,y MOXHO
ncnosnb3oBaTb METOAMKY pacyeTa [17] unm ynpoLLeHHoe BblpaxeHue
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(,-07-1,,.)

trans

1, +t,

ng.o
roe tirans BpeMs nogbesaa.

PeanbHo HagexHocTb BOJIC-BJ1 OKI'T onpepensetcs He Tonbko obpbiBamu I'T unm cobCTBEHHbI-
MM NOBpeXaeHnsMn ontuyeckoro kabens (OK-BJ1).

Mpexpge Bcero, Npu cosgaHun npoTskeHHbIX BOJIC-BJT MoxeT BO3HUMKHYTb HEOBXOAMMOCTb
NCMONb30BaHUSA NMPOMEXYTOYHbIX ONTUYECKUX YCUIUTENEN, pereHepaTopoB UM MyNbTUNIIEKCOPOB.
B [7] oTAenbHO paccuUnTbIBaKOTCA ANMMHbBI y4aCTKOB pereHepaumm no WnpoKononocHoct (Lg)
2
_44-10° 4.4-10° 10"

6= Lé,,,=| —— Le)=——
c-AL-B R e Y " 5,-B

op 1 G (NC/HM*KM) ancnepcus U cymmapHas aucnepcnst SM onTuyecKkoro BorokHa

CPMD (nc/KM°'5) nonsapusaunoHHo-mogoBas gucnepcnsa SM onTnyeckoro BosiokHa
AN, (HM) LUMPUHA CNeKTpa UCTOYHUKA N3NyYyeHns
B (Mlu) LLIMPOKOMOJTIOCHOCTb LUM(POBbLIX CUTHaNoB, NepefasaembIX No ONTUYECKOMY

TpakTy, C y4eTOM NEePCNEKTUBLI Pa3BUTUS U MOAEPHM3aLMN
n no 3atyxauuio (L), rae

A,waxc -M - npc ) apc

- MakCcnmMalribHada NpoekTHaA aAnnHa y4actka pereHepaunn

Qa  Makc

auk+aHC/Lcmp+am-nm

L, > s - MMHMMarbHasa NPOEeKTHaa AfnMHa yvacTka pereHepaumu
o, +a, /Lcmp +a, n,
Lerp (KM) cpefHee 3Ha4YeHMe CTPOUTENbHOM ASIMHbI Kabensa Ha ydacTKe pereHepaumm
ook (AB/KM) KnnomeTpuyeckoe 3aTyxaHue B onTuyeckom BoriokHe OKI'T
owe (BB) cpefHee 3Ha4yeHue 3aTyxXxaHUs Ha CThIKe Mexay CTPOUTENbHbIMU ANUHAMMK

kabensa Ha yyacTke pereHepaumu

N pe YMCIO Pas3beMHbIX ONTUYECKUX CoeaVHUTENEN Ha yYyacTke pereHepauun, ¢
y4yeToMm nepexonos Yepes MC n kpoccoBoro o6opyaoBaHus

Opc (AB) 3aTyxaHue MOLLHOCTU OMNTUYECKOro MU3My4YeHns1 pa3beMHOro ONTUYECKOro co-
eanHuTens

Nm 4YNCIO OMNTMYECKMX MYOT Ha ydacTke pereHepaumu, ¢ ydetom nepexogon BJl-
BIT v BJ1-KJ1

om (BB) 3aTyxaHue MOLLHOCTM OMNTMYECKOro M3ny4vyeHus B mydre

Avake, Awn (8B) MakcumMarsibHoe N MUHUMAarbHOE 3Ha4YeHNA NepekpbiBaEMOoro 3atyxaHma an-

napatypbl BOJIC, o6ecneumBatoLlee K KOHLY Cpoka Cny0bl 3Ha4YeHne Koag-
cuumenTa owmbok He Gonee 107"°

M (ab) CUCTEMHbIN 3anac Ha yvacTke pereHepauum 2 ... 6 ob
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Ob6gaszatenbHbiM TpeboBaHnem ABNAETCA BbINONHEHNE ycnoBus Lg pvp b > La max - ECNN e Lg pvp. b
< Lg max, TO HEOBXOANMMO NGO NpumeHaTb apyroe OKI'T, nmMbo cHMXaTb CKOPOCTb Nepenayn, nmbo
ncnonb3oBaTb ApPYyroe ontuyeckoe obopydoBaHue. B kpanHem criydae, MOXHO MepenTuM Ha
cuctembl cnekTpanbHoro ynnotHeHns WDM n gpyrmve. CoBpeMeHHble Joporne MynbTUMNeKcopbl
MOryT obecneunTb AnNuHbl y4acTkoB pereHepaumm ot 130 go 180 km.

Ecnv anuHa yyactka pereHepauum MeHblie Tpebyemon anuHel BOJIC-BJl, To Heobxognmo
ncnonb3oBaTb OMTUYECKU YCUINUTESb UM pereHepaTop. Tak Xe MOXHO BbIMOMHUTL 3axon Ha
npomexyTouHyto [C, yctaHoBMB Ha Hen wMmynbTunnekcop. [lpu ucnonb3oBaHuM ycunutenemn
OOJTKHO BbINONHATLCA yenosue: ontudeckoe OCLL He moxeT 6bITe MeHbLle 13 b [18].

PesynbTupytowmin koadpuumeHT rotoBHOCTU ontuyeckoro OK-BJ1 Tpakta coctasut

— * * e ok g ok g Mres kKM k
Kg'ukgt _Kg(L_LGW) Kg'LGW Kg'pc Kg'm Kg'reg Kg'm Am, unu 6onee To4YHO

—1_ * * * * —
Kg.ukgt _1 (Kng(L—LGW) +Kng.LGW + npc Kng.pc + nm Kng.m + nreg Kng.reg +nmux Kng.mux + (1 Asy.s' ))

, TO€  Nieg , N mux YMCIO ONTUYECKUX pereHepaTopoB / yeunuTenen n MynbTUNNIEKCOPOB
COOTBETCTBEHHO

Asys NOHWXKaOLWNIA KOIPDULMEHT rOTOBHOCTU OT BAIUSHUSA BHELLHUX (0aKTOPOB,
Mo KOTOPbIM OTCYTCTBYET CTAaTUCTMKA OTKa30B [14]

Lew, L-Lew AnuHa yyactka BOJIC ¢ nogsemHbim kabenem n OKI'T cooTBETCTBEHHO

KoadhdmumeHT rotosHocTtn BOJIC-BJ1 (¢ y4eTOM OKOHEYHOIro 06opyaoBaHns)

— * g2
Kg.VOLS—VL _Kg.ukgt Kg.mux
Mo paHHbIM [9] npu nospexaeHun OKIT rpo3oBbIMM paspsgaMu UnvM B pesynbTaTe nonagaHum
nynamMu /gpobblo YacTbl cnyyYan noBpexaeHus oTaenbHbiX BonokoH OK, npu coxpaHeHwu ero
paboTocnocobHoCcTM B Lenom. [103ToOMy BO3MOXHO BbIMOMHEHUSA Pe3epBUPOBAHUS MO BOMOKHAM
oaHoro un Toro ke OK. KoathdumumeHT roToBHOCTM CETEBOrO TpakTa N, -ro Nopsiaka onpegensderca
Kak:
n

_ o n

K —1—(1—Kng) ~ K, , npn GOMnbLIOM N

ng.t

Mpwn pesepBupoBaHUK No cxeme n,, + N, U3 Ny OAMHAKOBO HadeXHbIX BosriokoH (OB ogHoro OK):

_ (nw + nr) . K("ﬁ']) + nw . 1
ng.wr '.( + 1)' ng + T
nw * nr * nw nr (n +n )+7L
w r
wir
rae Nw U N, 4yncrno pa60l-||/1x N pe3epBHbIX BOJTOKOH
T HapaboTka Ha OTKa3 YCTPOWCTBA MEepeKrioYeHns Ha peseps

Mpwn pesepBnpoBaHMM MO CXEME N, U3 Ny OOUHAKOBO HaAEXHbIX BOMIOKOH (NapannensHoe coeguHe-
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Mpwn nonHom pesepsuposaHnn OK-BJT TpakTa, B TOM YniCre Mo KOMbLEBOW cxeme, korga ny =n. = 1,
B obLlemM Buge nonyymm

Kukgt.res =1- (1 - K'.ukgt.] ) * (1 - K'.ukgt.Z) *..
0606w eHHbIN KoaddurumeHT rotoBHocTn BOJIC-BJ1 (c y4eToM okoHe4YHoro o6opyaoBaHns)

K =K *K?

g.VOLS—VL.res g.okgt.res g.mux.res
Ha npvBegeHHOM HuxKe pucyHke 13 nokasaHbl:

INeBbIV rpadmnk — 3aBUCMMOCTb KO3 PULMEHTa rOTOBHOCTU Npu 1-4 KpaTHOM pe3epBUpOBaHUN NpU
O[MHAaKOBOW Ha[EXHOCTU OCHOBHOro u pesepsBHbix BOJIC-BJT 3a nepuoa akcnnyataumu, pasHbIv
1.5 MTBF. A TaKk Xe BepoOsiTHOCTb BbIXxOo4a W3 CTPOS NEepBOro pe3epBHOr0 kaHana BO BpeMs
BOCCTaHOBIEHNSA 0CHoBHOW Tpaccel BOJIC-BJI.

MpaBbIi rpaduk — 3aBUCUMOCTb KO3(PULMEHTA FTOTOBHOCTU NPU OAHOKPATHOM pe3epBUpOBaHUN
npy OAMHAKOBOM W PasNUYHON HAOEXHOCTHAX OCHOBHOro u pesepsHoro BOJIC-BJ1 kananoB 3a
nepvog akcnnyataumn 18 net (MTBF paBHbl 12, 5 1 60 neT). A TakK )Xe BepOSATHOCTb BblxoAa M3
cTpos pesepBHbIx kaHanoB (MTBF paBHo 5 u 60 neT) Bo BpemMs BOCCTaHOBMEHWUSI OCHOBHOM
Tpaccel BOJIC-BJ1 (MTBF paBHo 12 ner).

N
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©
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t/MTBF Ner

PucyHok 13. KoadpduumeHT roToBHOCTM pe3epBUPYyEMON CUCTEMbI U BEPOATHOCTb OTKasa
pe3epBHOro KaHarna BO BpeMsi BOCCTaHOBIIEHWUA OCHOBHOIO

BvaHo, 4TO BeposSITHOCTb BbIXOA4A M3 CTPOSI Pe3epBHOr0 kaHama crnabo 3aBUCMT OT BpeMEHU
BOCCTaHOBMEHUSI OCHOBHOIO KkaHarna, UM onpefensieTcss ero HapaboTKOM Ha oOTka3, a TaK e
BPEMEHEM ero (pyHKLMOHUPOBAHWS.

CTtporo rosopsi, BONpoc pe3epBrpoBaHns B KorbLeBbix BOJIC cTpykTypax He Tak O4HO3Ha4eH, Kak
npuHato nonaratb. Paccmotpum npumep (PucyHok 14) pacdeta HageXHOCTU [OCTaBKu
nHdopmaumm mn3 yana 1 B y3en 3 B konbueson BOJIC-BJ1 cucteme, BbinonHeHHon Ha Bl
pasnuyHbIX KrnaccoB. CyMTaeM MynbTUMNEKCOPbl (Miz345), YCTaHaBNMBaeMble BO BceX Yyanax
CMUCTEeMbI, OOWHAKOBbIMA W WUMEKLWUMU BEPOATHOCTb OGesoTkasHon pabotbl Py,=0,95
onpegenseMylo HaexXHOCTbIO ONTUYecKX Moaynen. Kaxabii MynbTUNNeKcop coaepXxut Asa-Tpu
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ONTMYECKMX MOAYNs, obcnyXusaroLwmx HesaBmucuMble HanpasneHusa nepegadn. BOJIC-BJ1 Ly o3 =
L, nmetoT HagexHocTb 0,995. BOJIC-BJ1 L4 4553 = L, = 0,95.

m2

m1

L45 m5

m4
PucyHok 14. Mogenb konbueson BOJIC-BJ1 cuctemsbl, npopesaemas pebpamm XeCTKoCcTn

Torga HagexHoCTb BepxHero nonykosnbua BOJIC-BJ1 coctaBut Pis = Pg_m4 * L2 = 0,80638.
HwxHero: Pqgss = Pg_m6 * L,* = 0,63025. M BepoSITHOCTb [10CTaBKM MHGopMaLmm 13 yana 1 B y3en 3
P136_p_ =1- (1 - P123) * (1 - P1453) = 0,92841 .

BeeoeMm OOMOMHUTENBHYIO OMTUMYECKYKD CBA3b C HageXHOCTblo Lps = 0,99. HagexHoctn AByx
pe3epBHbIX NyTen AOCTaBkN MHAOPMaUMN COCTaBAT Pqas3 = Pg_m6 *Ly* Ly * Los= 0,6879 1 Pyssos =
Pom® * Ly * Lo® * Lys = 0,58979. A nonHas BeposTHOCTb AOCTaBKM MHbopMaummn 13 yana 1 B yaen 3
Piap1=1-(1-Pa23) " (1 - P1asa) * (1 - Pa2ss) * (1 - P1as2s) = 0,99083.

Beenem elle ogHy ONTUYECKYIO CBA3b C HagexHoCTbio Lz = 0,95. HagexXHOoCTb pe3epBHOro nyTu
[ocTaBkn MHopmauum coctaBut Pz = Pg_m2 * Ly = 0,85738. A nonHasi BEpPOATHOCTb 4OCTaBKU
MHCpOpMaUMM n3 ys3na 1B y3en 3 P13 p2.= 1- (1 - P123) * (1 - P1453) * (1 - P1253) * (1 - P14523) * (1 - P13)
= 0,99869.

Tenepb BMECTO AOMOSHUTENbHbLIX ONTUYECKMX CBA3EW nocrnegoBaTenbHo BeBegem BY «pebpa
xectkocTn» ¢ Pgy=0,9995 n Lgy = 0,99986. Toraa B nepBom cry4vae (CBA3b 2-5) HAgeXHOCTU ABYX
pe3epBHbIX NyTen JOCTaBkN MHpopMaLmn cocTaBaT Pioss = Pg_m4 *Li* Lo * Pey?* Lgy = 0,76903 un
Pias2s = Pgm® * L1 * L2 * Pgy®* Ley = 0,659351. A nonHas BeposTHOCTb 0CTaBKM MHOpMAaLN 13
y3na 1B y3en 3 P13 p1BY.= 1- (1 - P123) * (1 - P1453) * (1 - P1253) * (1 - P14523) = 0,994367

HapexHocTb BTOporo BY pesepsHoro nyt (cBsisb 1-3) coctaBuT Pq3 = Pgy® * Lgy = 0,99886. A
nonHasa BeposiTHOCTb AocTasku MHpopmaumm n3 yana 1 B y3en 3 Pizpaey=1 - (1 - P123) * (1 - P14s3)
(1 - Pazsz) * (1 - Pasaz) * (1 - Py3) = 0,9999936. To ecTb, NO CpaBHEHUIO C OMTUYECKUM
pe3epBMpoOBaHNEM OHa YBENMYUIACh Ha TpU nopsaka.

Takum obpasom, ecnu OCHOBHOM LuMpoKononocHbin kaHan BOJIC-BJ1 noctpoeH Ha BJ1 Bbicokoro
HanpsbKeHUs, HeT CMbICra CTPOUTbL LUMPOKOMNOJSIOCHBIM pe3epBHbIN kaHan Ha BJ1 6onee Hu3koro
HanpshkeHnsa. Tak ke Henb3sa ucnonb3oBaTb BY kaHan ¢ Manon HageXHOCTbHO, COMOCTaBMMON C
HagexHocTbto BOJIC-BJI. Jlyuwuni pesynbTaT gaeT ncnonb3oBaHne BbiCOKOHagexHoro BY kaHana
C YHKUMAMM TOMHOIO pe3epBUPOBAHMSA  TEXHONOMMYECKOro, HeobGXoOMMOro 3aHepreTukam,
Tpadmka.

MpuHUMNUanebHbIM ABNAETCA MECTOMNONoXeHne pesepsHoro BY kaHana (B npvBegeHHOM npumepe
nne4yo 25 pacnonoXeHo HeygadHo, nrnevo 13 — ontumanbHO). Yem 6Gonbwe ysnos BOJIC-BII
BOCIIA konbueBon CTPYKTypbl WyHTUpytoTca BY  «pebpom», Tem Bblle HaOeXHOCTb
pe3epBMPOBaHHON cucTeMbl. [pegenbHbIM crnyvyaeM SBMSIeTCsl COEAMHEHME KKaXOOro C KaXKabIM».
Nnun pesepsuposanue kaxgoro BOJIC-BJ1 kaHana B konbue BY kaHanom.
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BOJIC-BJI u BOCIIHN. 3TO He Tak nmpocTo

Peanusaumst MHOrMX napamMeTpoB, Ucnonb3yemMblx nNpu pacdeTe HagexxHoctn BOJIC-BJ1 TpakTos,
TpebyeT OCyLLECTBIIEHUS CIIOXHbBIX aAMUHUCTPATUBHBIX M OPraHN3aLNOHHO-TEXHNYECKNX
MEepPOoNpPUSATUN.

Kak nokasaHo paHee, k0ah(PMLUMEHT rOTOBHOCTH N0BON CUCTEMbI 3aBUCUT OT ABYX PaKTOPOB:
HaJeXHOCTN KOMMOHEHTOB N BpeMeHn, Tpebyemoro Ans ux o6Cny>xmBaHsi UM BOCCTAHOBIEHNS.
N ecnun Bonpoc HaaeXHOCTN KOMMOHEHTOB B 0bLLeM criyqae fnerko peluaeTcs 3a cyeT
NCNonb3oBaHWUs annapaTypbl UM CUCTEMHbIX PELLEHNA N3BECTHbIX C BONbLUNM OMNbITOM YCTaHOBOK
KOMMNaHU1 (MHLIMUK CrOBaMK: YUCTO (PMHAHCOBO). TO BONPOC YMEHbLLEHUSA BPEMEHN
BOCCTaHOBMEHUA HEe TaK OQHO3HaYeH.

CyuiecTBytoLMe HOPMbI Ha BPEMS BOCCTAaHOBMNEHMS HEOBCNYXMBaeMbIX 0ObEKTOB COCTaBMNAOT
Tempn < 2,5 4ac (B TOM yncrie Bpems nogbesaa 2 yaca); obcnyxvsaemblX 06beKTOB - Tgopn < 0,5
yac unn gaxe 10 muHyT [10]; Bpems BoccTtaHoBneHus OK - T < 10 yac (B TOM yncrne spemsi
nogbesna 3,5 vaca), cpok cnyx0bl annapatypbl — He MeHee 20 neT. OHM He BKIYaloT B cebs
BpeMsl 0OHapyXeHUs aBapumn, OTbICKaHWE NPUYMH BO3HUKHOBEHNS aBapumn, 4OCTaBKy 3anacHbIX
YyacTewn, Nony4YyeHne gonycka Ha npoeseaeHne pabot, pa3bopky paboymx cxem, nocne
BOCCTaHOBUTENbHOE TECTUPOBAHNE, COOPKY CXeM, BBeAeHue B paboTy.

Mo meToamkam pacyeTta HagexHocTn komnaHun EventHelix (Tabnuua 3) oxugaemoe BpemMsi
BoccTaHoBneHnss MTTR, npexae Bcero, 3aBMCUT OT TOro, rae pacnonoxeH komnnekt 3UIM, n ectb
N Ha 06bEKTE KBANUMULUMPOBAHHbLIA JONYLLIEHHbIA NepcoHan.

Tab6auna 3

MecTtononoxeHue UM Tun o6cnyxuBanua MNC Oxupaemoe MTTR
100% 3UM Ha MNC 24 yacoBoe Hanuyme KBanMduULMpPOBaHHOro, 06y4eHHOro, Co 30 MuHyT

BCEMV NpaBamMu Aonycka u AocTyna nepcoHana
100% 3UM na NC KBanuduumpoBaHHbIf, CO BCEMM npaBamu Aonycka v focTyna 2 yaca

nepcoHan HaxoguTCs B LLIAroBOWM AOCTYNHOCTU 24 Yyaca B AeHb
100% 3UM Ha MNC PerynsapHble Yacbl paboTbl 7 gHE B Heaento 14-18 yacos
100% 3UIM Ha MNC PerynsipHble yackl paboTbl Tofnbko B paboyune gHu 3 aHsa
3WMM orcyTcTByeET. MepcoHan npubbiBaeT nocne obHapyxeHus aedekra unm 1

. . Hepens

[ocTaBnaeTcsi KypbepCcKon Cry>6oM. BmecTe ¢ UMM
e e MepcoHan paboTaeT B CTOPOHHEN opraHusaunn. Tpebyetcs
[ocTaBnsaeTca NoYTON Unu Apyrum [ [ 2 2 R RELY 2 Hepgenu

nony4yeHne Bcex Aonyckos
crnocobom y (A

YunTbiBasi CyLlecTBylOLLEE B COBPEMEHHOM 3HEPreTUKe NoNoXeHne BeLLern ¢ 3an4yacTsMn n
OTCYTCTBMEM Ha 06bekTax kBanmpuLMpoOBaHHOIO B 3TON 0b6nacTu nepcoHana, oxmgaemoe Bpems
BOCCTAHOBIEHMUSA HE MOXET ObITb MeHee 3 ... 7 OHeN.

[axe ecnun NnpuHATL BpeMsa 0BHapyXeHUs aBapun paBHbIM HYIO (pearibHO OHO MOXeT BbITb 1 8
Yyacos, 1 24 yaca, 1 bornee), OTbICKaHWe NPUYMH BO3HUKHOBEHNSI aBapun MOXET 3aHATb
NPOAOIMKNTENBHOE BPEeMS, KOTOPOe HanpsMylo 3aBUCUT OT KBanudukaumm nepcoHana,
obcnyxusatowero 06bekT. A eCnm Mbl FOBOPUM O CIIOXHbIX COCTaBHbIX TPakTax, TO 9TO BpeMs
BPSA N MOXeT ObiTb MeHbLue 2 ... 12 yacoB. K Tomy xe, ecnv 06bekT He obcnyxnsaemsblin, TO K
3TOMY BpeMeHu HeobxoamMmo Aob6aBuTb BpeMs NpubbITUS HA MECTO BO3HUKHOBEHWUS aBapun.

MonyyeHne gonycka Ha npoBefeHne padot —4 ... 8 yacos, pasbopka paboumx cxem — 0,5 ... 2
Yyaca, nocne BOCCTaHOBUTENbHOE TecTupoBaHue — 2 ... 24 yaca, cbopka cxem — 0,5 ... 2 yaca,
BBeaeHue B paboTty / onpoboBaHune — 1 vac.
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CyLLeCTBEHHO yrnyyLINTbL CUTYaLMIo MOXET UCMNOMb30BaHMe TEXHUKM, obragatoLlen BCTPOEHHbIMU
cMcTeMamm aNarHoCTUKN ¢ BonbLUOKW rNyBuHon AeTanusaumm, u yganeHHbIM MOHUTOPUHIOM
cobbITUI, a He COCTOSHWIA. Toraa NPy BO3HUKHOBEHUN aBapun He UMeeT 3HaYeHNns rae: Ha
MECTHOM WIn Ha yaaneHHOM obbekTe, Unn B TpakTe, obcnyxusatoLemMy nepcoHany ¢
MUHUMarnbHoW 3agepxkon (10-15 MUHYT) NOCTYNUT MHpOPMaLMs O BO3HUKHOBEHUN, TUNE N MeCTe
aBapvu, NpUYMHe BO3HUKHOBEHWNS aBapuu, Yka3aHUu TeXHUKN, 6NOKOB NNn y3noB, Bbl3BaBLUNX
aBapuHYIO CUTYaUMIo; pekoMeHZaunm no coxpaHeHno paboTocnocobHOCTU CUCTEMbI, BapuaHTbl
ObICTpenLLEero ycTpaHeHUs aBapunHON cUTyauun, Unmn onTUMaribHOro nepexoda Ha pe3epBHbIn
MapLUpyT (3TO MOXET ObITb BbINOSIHEHO aBTOMATUYECKN), 1 T.4. B aTOM cnyyae, gaxe ecnuv Ha
obbekte otcytcTByeT 100% 3UIM, Bpemsa ero 40CTaBKM MUHUMU3UPYETCS.

30ecb OyaeT yMeCTHO YNOMsiIHYTb O ABYX cneummnyeckmx 0COBEHHOCTSIX COBPEMEHHON LMdPOBOI
TEXHUKN:

e K Hel He NpyMeHMa cTpaTernst oNTUManbHOro BOCCTAHOBMNEHMS, MOCKObKY NPOCTO
OTCYTCTBYIOT NapaMeTpbl HabMNoaeHMs (Takne, Kak 3aTyxaHune B BOrokHe unun BY Tpakte).
Mo3aToMy, HE CMOTPS HA BCTPOEHHbIE CUCTEMbI ANArHOCTMKM, U CMNOCOBHOCTb LIMPOBLIX
CUCTEM CaMOCTOSATENIbHO YCTPaHATbL HEKOTOPbLIE BUAbI aBapUA, X BbIXOA U3 CTPOS
XapaKkTepuayeTcsl NOHATUEM «BHE3aMNHoOW cMepTuy. B aTUX yCnoBMaX e AMHCTBEHHOM
BO3MOXXHOCTbIO COKpaLLEHMSI BpEeMEHN BOCCTaHOBMNEHUS ABNSAETCA ObiCTpasi Nnokanusaums
(hakTOpOB BO3HMKHOBEHUS aBapum, 1 aBTOMaTN3aLMs NPOLLECCOB NEPEKTYEeHMs Ha
pes3epBHbIe NyTK Nepeaayn

e TepmuH HapaboTka Ha oTkad MTBF MoXeT NPpUMEHATLCSA TOSMbKO K YCTPOUCTBY B LerioM. K
OTAENbHBbIM MOAYSIAM AOSDKEH NPUMEHATLCA TepMUH: HapaboTka go oTkasa - MTTF.
MpuHUMNManbLHOEe OTNNYME COCTOUT B TOM, YTO NoHATUE MTBF npMMeHnMo TonbKo K
PEMOHTONPUIoAHbIM N3AENUAM, U B ClyYae aBapum YCTPOMCTBA €ro BOCCTAHOBMEHNE
3aKnYaeTecs B NPOCTOM 3aMeHe AaedekTHbix mogynen. OgHako camn Modynu He sBMSTCS
PEMOHTONPMUIoAHbIMU (MO KpanHen Mepe, B YCNOBUAX SKCANyaTaumm), U X BbIXO4 U3 CTPOS
O3Ha4aeT 4ns aKcnnyaTaumm NofnHYK U OKOHYaTEmNbHY NOTEPIO.

Bpems npmbbiTMs HA MECTO aBapum 3aBUCUT OT ABYX DaKTOPOB: MECTOMOMOXEHNA 06bekTa, Un
pacnonoXeHnsa peMOHTHbIX Bpurag / TexHn4eckoro nepcoHana. B sapybexHon nutepaTtype,
nocesweHHon obenyxusaHuio BOJIC-BJ1 cuctem, pekomeHgyetcst obecneunTs
achanbTMpoBaHHbIN Noabesn K kaxgon onope BJl, Bxogswen B Tpaccy OKI'T/OKCH. na BOJIC-
BJ1, npoxogsawwmx Boosrib aBTOMOOUIBbHBIX UK XKene3HbIX Jopor (3a pybexxom - pacnpocTpaHeHHas
npakTuka), aTo He npobnema. XoTsa gaxe 34ecb MoryT ObiTb TpygHOCTU. [py cpegHen ckopocTu
aBTOMOBMNbLHOro TpaHcnopTa 3a ropogom 50 ... 60 KM/4ac NyHKTbI PacnonoXeHNs PEMOHTHbIX
Opurag He moryT HaxoguTbes ganbwe 100 ... 150 km OoT MecTa aBapun. A BOT B ropoge, rae
cpenHaa ckopocTb He npeBbiwaeT 10 ... 20 km/yac, a B Yac-nnk MOXeT ObITb 1 TOrO MeHbLLE,
obecneuntb Bpemsi NPUOLITUA PEMOHTHUKOB 2 .. 3 Yaca npobnemaTtuyHo. Tem 6ornee, YTo B 3TOT
HOpMaTMB BXOAUT BpeMs Ha cOopbl (Hanpumep, B Ntoboe Bpemsi CyTok odhopMieHne Hapsa0B m
nonyyeHue 3anyacrten unm obopygoBaHns Ha cknage).

HecnoxHbIi aHanmn3 nokasbiBaeT, YTO pearibHoe BpeMsi BOCCTaHOBMEHWS!, KOTOPOE HEOBXOANMO
yuMTblBaTb NPU pacyeTax HaaeXHOCTH, CocTaBnsaeT 24 ... 72 Yaca unv GonbLue.

I'Ipm OLiEeHKe roTOBHOCTU CUCTEMbI TaK XXe Heobxoammo yunTbiBaTb BpeEMA Ha npoBeneHne
I'IpOCbI/IJ'IaKTW-IeCKI/IX pa60T M nnaHoBoe OGCJ‘Iy)KI/IBaHllle. Ecnu TPaKT Ui cuctemy pas B rog
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Heob6xoaumo BbIBOAUTL B 06CNyXmnBaHWe Ha 8 4acoB, TO Yy HUX, B NPUHLUMNE, HE MOXET ObITb
KO3 hULMEHT roTOBHOCTM Bbilwe 0,999.

M3 pucyHka 15 BMAHO, 4TO Anst Toro, Ytobbl o6ecneunTb K0adhPULUNEHT HETOTOBHOCTU (MPOCTOS)
paBHbin 0,0005 (Mnu K;=0.9995), HapaboTka Ha 0TKa3 yCTPOMCTBa UMM CUCTEMbI HE MOXET BbITb
MeHbLUue 5 neT, a B 6onee obwem cnydae — meHblie 20 ... 70 ner.

MTTR = F{g, MTBF)

30 4D .5II| B0 T B9 W '.{II} ;I1ﬂ 120 130 140 150 160 170 180 180 200 0 220 230 240
MTEBF, ner

i = 00
) & 0, D005
=i o
LT ]
1 5

i 45 2 25 3 35 4 &5 & : 5 B &5 8 05 18 108 11 1.5 12 125

PucyHok 15. 3aBMCMMOCTb MaKCMMasibHOrO BPEMEHW BOCCTaHOBMEHWA OT HApaGoTKM Ha OTkas, U
Tpebyemoro koadrLUMeHTa rOTOBHOCTM.

[1ns CnoXHbIX COCTaBHbIX TPaKTOB OAWMH TOJIbKO 3TOT NapamMeTp (MHTepBaJ’I O6CJ'Iy)KMBaHMFI) MOXeT
OKa3aTbCA HenpeogosIMMbIM. Benb 3a BocemMb nnu gaxe MeHbLUE YacoB Heob6xoaMMo npoBepPUTb
BCE kOMMOHEHTHI TpakKkTa, raoe Obl OHM HK BbINK pacnonoXeHbl. I'IpM HEBO3MOXHOCTHU
Oﬂ,HOBpeMeHHOﬁ npoBepKn, CPOKN O6CJ'Iy)KMBaHMFI oTAENbHbIX KOMMNOHEHTOB TPaKTa AOJTKHbI ObITb
CTpoOro cornacoeaHbl, " ObITb CyuweCTBeHHO MeHbLle MNMo ANMnTernbHOCTU.

C apyron CTOpOHbI, YTOObI yBENUYNTL MHTEPBaAn 06cnyxuBaHms o 2 ... 4 neT (M NOBbICUTb
rOTOBHOCTb CUCTEMbI), HapaboTka Ha OTKa3 y3M0B TpakTa JOSMKHa cocTaBnaTe MUHUMYM 40 ... 80
net (cM. PucyHok 16) npu cootBeTCTBEHHO 95% 1 99% BEpPOATHOCTM COXpaHEeHUN
paboTocnocobHoCTN cucTemb’.

3apadva Tak e o4eHb HenpocTad. Mo gaHHbIM koMnaHum «ABB OHeprocesasb» cebiwe 70%
0TKa30B 060pyA0BaHMSA CBSI3aHO C ero HeMpaBuITbHOW aKcnnyaTauuen. M3 Hux 6onee 67%
cocTaBnsaloT AedekTbl 3a3emneHuns n pa3Boakm kabenemn, 12% - owmbKkn NpoekTnpoBanns, n no 4%
- OLWMOKKN NepcoHana u cucteMbl NUTaHKsA. To eCTb AOCTMXKEHMEe 3a4aHHOM roTOBHOCTU TpebyeT
npoBeneHns Ha o6bekTax, BXOOSALLMX B TPACCy kaHana, opraHnM3aumoHHO-TEXHUYECKNX
MEepPONPUSTUIN HEMOCPELACTBEHHO HE CBA3AHHbIX C NMPOEKTOM.

® TMpu BpeMeH akcnnyaTaLun paBHOM HapaBoTKe Ha 0Tka3 paboTOCNOCOBHBIMMU OCTAIOTCS TONBKO 37%
YCTPOWCTB.
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BeposaTHOCTE, YTo nobok TepmuHan orpaboTaeT ykazaHHoE BpemMA
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PucyHok 16. PekomeHgyembii MHTepBan obGCnyXuBaHUSA, kak OyHKUMSA HapaboTkM Ha OTKa3 u
BEPOSATHOCTU TOro, YTO YCTPOWCTBO MMM CUCTEMa K ITOMY BpemeHu Oyget
NOMHOCTBIO PYHKUMOHMPOBATb.

BeposaTHo, aTn o6cToaTensctBa BbiHyanunm 3A0 «KomnaHusa TpaHcTenekomy [14] onst AOCTMXEHMSA
3aJaHHON HaZEeXHOCTU CBOMX ONTUYECKMX CUCTEM CBSI3N MCMONb30BaTh A pa3MeLleHus
annaparypbl 3aLUMLEeHHbIe CryXebHble NOMEeLLEHWS, UCKMoYatoLLmne BAUSIHNE AONOMHUTENBbHbIX
BHELLHWX BO3OENCTBUN; @ TaK e MPUMEHUTb CUCTEMbI INEKTPONUTAHUSA C YETbIPEXKPATHBIM
pes3epBMpPOBaHNEM (OBa HE3aBMCUMMbIX hraepa NUTaHus, An3enb-reHepaTop U akkyMynsiTopHas
GaTapes).

Bonee TOro, pacyeTtbl nokasanu, 4TO TONbKO NPWU YMCne pe3epBHbIX NyTen bonee ABYX-TPEX MOXHO
[OCTMYb BpemMeHu npoctos meHee 1.5 vaca B rog. NMpu 3Tom 3a 0CHOBY ObINK B3siTbl MEPONPUATUS,
no3sonueLLKe JocTu4Yb Ha TpaHccubupckon BOCITT marnctpanu cnegyowmx napameTpoB
Ha[eXHOCTU: NNOTHOCTbL OTKa3oB m = 0.15 Ha 100 km, t, = 7 yacos, Kq = 0.99985 (Hnxe
Tpebosanun [7] Kg = 0.99989), Bpems npocTos — 1.3 yaca B rof!

Bbicokas NNOTHOCTbL OTKa30B 00ycrnoBneHa npexae Bcero TemM, 4to obpbiebl I'T ganeko He
e[MHCTBEHHas NpuynHa nospexaeHui BJ1, cnocobHas BbidBaTh noBpexaeHne OKI'T (Tabnuua 4).

Taonuua 4

Mpu4nHbI NoBpexaeHnn YactocTb 0TKa3oB, %
MepekpbITUE U pa3pyLueHne U3oNATOPOB 57,0

MepekpbiTHe ¢ ha3bl Ha onopy 3,8

MepekpbiTHe ¢ (ha3bl Ha Npoe3XaloLmne MexaHu3Mbl 3,3

O6pbIB rpo303almMTHOro Tpoca 3,1

MapgeHwme chasbl Ha 3emno 2,4

Ha6pochl Ha da3y 1,8

MepekpbITUA Ha AepeBbA 1,6

Mpouue 27,0
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B 2005 rogy 3A0 «KomnaHus TpaHcTenekoMm» onybrnvkoBana pesynbTaTthl NATUNETHEN
aKcnnyaTaumm oNnTU4EeCKUX CUCTEM B 30He LeHTpanbHon Pocceun [19]: 41600 km Ha onopax
KOHTaKTHOM CeTU 1 NUHUA aBToBNoKMpoBKK, 6760 kKM B nonnumepHbix Tpybonposoaax, 3640 kv — B
rpyHTe. PaccMoTpuM HEKOTOpbIE U3 HUX.

e [lony4yeHHble napameTpbl: KOAPDULMEHT roToBHOCTM B 30He MXK[ Ky = 0.9995 Ha 100 Km,
BpeMsl BOCCTaHOBMNEHWs t, < 6 YacoB, BEPOSTHOCTb ownbkM < 10°. PacyeTHast HapaboTka
Ha oTka3 — 1.37 roga, nnoTHocTb oTkasoB — 0.7305.

e Haubonee Becomble cocTasnsoLwwme t,: obHapyxeHne n nokanusaums otkasa - 5.5%,
NnoaroToBKa TPaHCMNOPTHBIX CPeacTB, Cbop u nogrotToBka peMoHTHoM bpuragbl — 13.9%, ee
AocTtaBka K mecTy aBapun — 41.7%, Bpems nogrotoBkn opoHTa paboT — 13.9%, peMOHT —
25%

e 30Ha akcnnyaTaumoHHo-TexHonormdyeckoro obcnyxmsaHuna (3TO) — 150 ... 200 kwm,
nnHenHoro — 30 ... 50 km. Hopma TexHonornyeckoro obenyxuneaHmsa — 45
Km/4yenoBek/mecsL, TO €CTb pasmep NOCTOAHHO AencTBytollen B 3oHe OTO bpuragbl — 3 ...
4 yenoseka

e 3artpatbl paboyero BpemeHun Ha obcnyxmeaHue JIKC — 78.6%, annapatypbl U cuctem
nutanna — 21.4%

e KanutanbHble 3aTpatbl Ha obcnyxusaHue JIKC — 66%, annapaTtypbl U CMCTEM NMUTAHUS —
34%

e JkcnnyaTtaumoHHble pacxobl Ha obcnyxumeaHue JIKC — 76% B 2002 ... 2003 rogax u 83% B
2004 rogy, annapaTypbl 1 cuctem nutaHusa — 24% 8 2002 ... 2003 rogax n 17% B 2004 rogy

o TpynosaTpaTbl Ha 06CNYKMBaHUE KaX4oro MHTepdencHoro okoH4yaHms — 0.5
yenoBek/mecsL,

e lcnonb3oBaHue KOMbLEBbLIX CTPYKTYP (M1 06X040B) AN pe3epBUpOBaHNsSt BO3MOXHO
TONbKO ANd ceTun ¢ Harpyskon He 6onee 50 ... 60%

e [lapameTpsl, koTOpble HeO6xoaAMMO nonyunTb: Ky = 0.9998 Ha 100 KM BO3OYLUHbLIX NIMHUA 1
0.99989 ans kabenbHbIX, BpeMs BOCCTaHoBNEHUA t, < 5 yacoB AN BO3QYLWHbIX IMHUA K 5.3
Yyaca ans KkabenbHbIX, NNOTHOCTb 0TKa3zoB M = 0.192 anga Bo3aywHbIX nHuM 1 0.181 gnsa
KabGenbHbIX

[ocTurHyTble No pesynbTatam aKcnyaTauumn napameTpbl 30eChb Tak Ke HUXE HOPMUPYEMbIX, HO
6nm3kn Kk pacyetHolM Ans BOJIC, noctpoeHHbix Ha BJ1 30 ... 35 kB 1 nog3emHbIx kabenax. Manoe
BpeMsi BOCCTAHOBIEHWS, U Kak CrieCTBME BbICOKasi TOTOBHOCTb, 06bsACHATCA TeMm, yTo JIKC
npoxoaat Boonb XK n aBToMobunbHbIX Tpace, 1 Manomn 30HoN o0b6CnyXnBaHus PEMOHTHbIX Bpurag
30 ... 50 km.

3aecb HeobxoaMMO eLle pas Nog4YEPKHYTb, YTO OCHOBHBIMW NOTEPSMU BPEMEHM NpW
BoccTaHoBneHnn BOJIC, npoxoasimx no Tpaccam BbicokoBoSbTHbIX BJ1 (CBH, cnctemHbix,
MEXCUCTEMHbBIX Y MEXroCyaapCTBEHHbIX) MOXET OKa3aTbCs BPpeMS Ha MosyYyeHne paspeLueHuns Ha
oTkntoYeHne BJ1 n nonyyeHne cooTBETCTBYIOLLMX AOMYCKOB.
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BOJIC-BJI u BY. HagexxHoCTb. UYTO BbIOpaTH?

PaccmoTtpum peanbHbin npoekt. Mexay asymsa NC A n B Heobxoanmo opraHMsoBaTh KaHarbl
nepegayn TexHonornyeckon nHdgopmauum n P3A gna sawwntel BI1 500 kB (PucyHok 17). Pewntb
3a7a4y MOXHO 4eTblpbMsa criocobamu. Co3gaHvem:

1. BM Ttpakra no BJ1500 kB
2. BOJIC-BJ1 OKI'T tpakta no BJ1500 kB
3. BOIJIC-BJ1 OKI'T tpakta no BJ1 220 kB
4. BOJIC-KJ1 tpakta no KIJl

TpakT CocraB Kqy
2
* k % % %
BY 500 kB 2*(PK+®M+KC+BY3)+BJ1500/53 (Kg.RK Kg.FP Kg.KC Kg.LT) Kg.500_53
BOJIC-BN 2 %
OKI'T 500 kB 2Kp+500/53 Kg.pc Kg.VL500_53
BOJIC-BN 2Kp+220/5.6+Myd+Kn/16+Mykc+Kn/16+Mych+22 K4 *KZ *KZ * K * K
OKI'T 220 kB 0/5.5+Mykc+220/17.6+Kp+220/26.3+Kp+220/22.6 g.pc g.m g.mux g.GW _32 g.VL220_77.6
2Kp+Kn/26.8+Mykc+Kn/9.4+Mykc+Kn/11+Kp+Kn/7 5 %3 * *
BOJNC-KI +Kp+Kn/4+Kp+Kn/12.2+Mykc+220/28 Kg.pc g.mux Kg.GW_7O.4 Kg.VL220_28
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PucyHok 17. Cxema npoxoxaeHusa BJT n KJ1

KoadbdumumeHT rotoBHoCcTM BY TpakTa MOXHO paccumMTaTb Ha OCHOBAHWUM OAHHbIX, NPUBEOEHHbIX B
[16], v paHHbIM kKoMnaHun OAO «3HeproceTbrnpoekT» (1) 1 OO0 «ABB 3Heproceasb» (2).

AnemeHT BY 06paboTku Kngo [16] Kngo 2) Kgo Kgo (2)
PK kabenb 0,0000240 0,999976

on 0,0001230 0,00001825 0,999877 0,99998175
KC 0,0000038 0,9999962

BY3 0,0002900 0,00001342 0,99971 0,99998658
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Kng (1)

BN Kng [16] o v Koo Ky Kg (1)

Bl 110 kB 0,000120 0,17 12,4 0,00024 0,99988 0,99976
BI 220 kB 0,000098 0,07 12,4 0,00099 0,999902 0,999901
Bl 330 kB 0,000098 0,05 6,2 0,000035 0,999902 0,999965
BI 500 kB 0,000073 0,03 6,2 0,000021 0,999927 0,999979

Mpwn anuHe PK kabenga 1000 m nonyyaem yeThbipe BapmaHTa noctpoeHnsa BY Tpakta

BY TpakT | i ] \%

Kgven Kgo * Kq Kgo * Kg (1) Kgo 2) * Kq Kgo ) * Kg (1)
BI1 110 kB 0,9989988 0,998878426 0,9997611 0,99964062
BJ1 220 kB 0,9990208 0,999019757 0,9997831 0,999782059
BIl1 330 kB 0,9990208 0,999083356 0,9997831 0,999845706
BJ1 500 kB 0,9990458 0,999097489 0,9998081 0,999859850

KoadhdbmumeHt rotosHocTn OKI'T 500 kB TpakTa BbluncngeTca no popmyne
53
_r2 % — K2 % 100 2
K, o500 =K e * Ko rsoo 53 =Ky e " Ky yisoo - » TA€ KOMMOHEHT K% pc BBEAEH C Y4ETOM TOrO, YTO

KaXabll ONTUYECKUIA TPAKT HAYMHAETCA U OKaH4YMBaETCsl KPOCCOBbIM 060pyaOBaHMEM.

Ecnu Bocnonb3oBaTbCca AaHHbIMU U3 [5, 6, 7, 14] Ky oc = 0,995 ... 0,999, msye = 0,03 U tys00 = 6,2 ...
10 yacos, nony4um (xmin *ymin;xmax *ymin;xmin *ymax;xmax *ymax)

Kg.0500 = (0,99 ... 0,998) * (0,999977 ... 0,999986) 0,990002 0,997978 0,990011 0,997987

[ns pacyeTa TpeTbero n 4eTBepTOro BapnaHToB u3 [5, 6, 7, 14] npyumem Kgoc = Kgm = 0,995 ...
0,999, Kgmux= 0,995, my = 0,07 1 tz00 = 10 ... 12,4 yacos, mew = 0,213 n t,gw = 8 Yacos, nony4nm

Kg.0220 = (0,97 ... 0,994) * 0,99 * 0,99994 * (0,999914 ... 0,999931) 0,960551 0,983954 0,960567 0,98397
Kg.oew = (0,975 ... 0,995) * 0,985 * 0,99986 * (0,999969 ... 0,999975) 0,960532 0,979995 0,960537 0,980001

I'Ipm B3aMMHOM pe3epBunpoBaHM NnepBOro-rnepBoro, NepBoro-TpeTbero, NnepBoro-4eTBepToro,
TpeTbero-4eTBepToro BapmaHToB Nosy4nm

Kg.veHso0 Il Kg.veHs00 0,9999991 0,99999987  0,99999987 @ 0,99999998
Kg.veHs00 1l Kg.0220 0,9999624  0,99999447  0,9999847  0,99999775
Kg.veHsoo Il Kg.ocw 0,9999623 @ 0,99999447 @ 0,9999809 0,9999972
Kg.0220 Il Kg.0 cw 0,99844303 0,99936733 0,99921106 0,99967942

To eCTb HAaAEXHOCTUN OTAENBbHO B3SIThbIX ONTUYECKUX TPAKTOB 3HAYMTENBHO HWKE HagexHocTn BY
TpakTa. HagexHocTb pesepsupoBaHHoro OKI' T TpakTa Bblle HadeXHOCTM He pesepBupyemoro BY
TpakTa, NOSTHOCTLHO BbINOMIHEHHOMO Ha poccuiickon BY obpaboTke, HO HUXE HageXHOCTU He
pesepsupyemoro BY TpakTta, BbINOSIHEHHOMO ¢ ucnonb3oBaHnem O n BY3 xopolero kadecTsa.
JTiobble BapuaHThl pe3epBnpoBaHns ¢ ydactuem BY TpakTtoB 6onee HageXxHbl, YeM OTAENbHO
B3SITble UM pe3epBUpPYEMbIE ONTUYECKME TPAKTbI.

PeanbHas cutyaumnsa moxeT BbITb eLle Xyxe, Tak Kak Mpu pacyeTax He Y4nTbiBarncs CUCTEMHbIN
KO3a(ppMuUMEeHT yXydLeHnsa napameTpoB ONTUYeckoro Tpakra. Hanbonee oyesnaHas ero
CMbICNOBas Harpyska — 3TO BEPOATHOCTb OLIMOKU Npu KOHUrypuposaHum / pabotax Ha
NPOMEXYTOYHbIX MyrnbTUNnekcopax / kpoccax. o agaHHbIM [15] owmnbKNn n3-3a Yernoseyeckoro
dakTopa npesbiwatoT 50% obLuero Yncna NponCXoasLUmMX B 3HEPreTuke OTKasos.
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Ecnu ncxoantb n3 nepcnekTMBHbIX HAAEXKHOCTEN ONTUYECKUX N ONTO-3NEKTPOHHBIX KOMMOHEHTOB
Kgpe= 10,9995 ... 0,9999, msye = 0,03 1 tys00 = 6,2 ... 10 yacos, nonyymm

Kg.0500 = (0,999 ... 0,9998) * (0,999977 ... 0,999986) 0,998977 0,999777 0,998986 0,999786

[ns pacyeTa TpeTbero 1 4eTBepTOro BapnaHtoB NpUMeM Kq e = Kgm = 0,9995 ... 0,9999, Ky mux=
0,99995, myy = 0,07 n ty = 10 ... 12,4 yacos, Mmew = 0,213 1 t,gw = 8 Yacos, 1 nony4mum

Kg.0220 = (0,997 ... 0,9994) * 0,9999 * 0,99994 * (0,999914 ... 0,999931) 0,996756 0,999152 0,996773 0,999169
Kg.oew = (0,9975 ... 0,9995) * 0,99985 * 0,99986 * (0,999969 ... 0,999975) 0,997185 0,999182 0,997191 0,999188

I'Ipm B3aMMHOM pe3epBupoBaHM NepBOro-nepBoro, NepBoro N TpeTbero, NepBoro n 4eTeBepToro,
TpeTbero n 4eTBepToro BapmaHToB KOSCbeI/ILI,I/IeHTbI FOTOBHOCTU COCTABAT

Kg.veHsoo Il Kg.veHs00 0,99999909 @ 0,99999987 @ 0,99999987 @ 0,99999998
Kg.vehsoo Il Kg.0220 0,99999690  0,99999955  0,99999921 0,99999988
Kg.veHsoo Il Kg.ocw 0,99999731 0,99999961 0,99999923 = 0,99999989
Kg.0220 Il Kg.0 cw 0,99999087  0,99999737  0,99999766  0,99999933

To eCTb HAaAEXHOCTUN OTAENBbHO B3SIThbIX ONTUYECKUX TPAKTOB MO-NPEXHEMY HUXKE HALEXHOCTU He
pesepsupyemoro BY tpakta. OgHako HagexHocTb pesepsupoBaHHoro OKI'T Tpakta 3HaunTenbHoO
BblLLe HAaAEeXHOCTU He pe3epBupyemoro BY kaHana. Jliobble BapmaHThbl pe3epBnpoBaHus C
yyactuem BY TpakToB Gonee HadeXHbl, YeM OTAESNbHO B3SThIE UM pe3epBUpyeMble ONTUYECKNE
KaHarsnbl.

30echb Tak e Kak u B nepBOM cny4yae CutTyaumna MOXeT 3Ha4YNTe 1bHO yXyaOLInTbCA N3-3a owmnbok
OGCJ'Iy)KI/IBaI'OLLI,eFO nepcoHana nnn agMMHUCTpPaTopoOB CEeTU.

HecomMHeHHbIM siBRisieTes cnegyowmin pakt: 3a pegkum ncknrodeHnem BOJIC-BJT TpakT aBndeTtca
CNOXHbIM M cocTaBHbIM. BY TpakT — npocTbiM. COOTBETCTBEHHO YpOBEHb OLNMGOK B BY cucteme, B
TOM 4ucrie B pesyrbTaTe TEXHOrEeHHON AeATENbHOCTM YenoBeka, Bcerga 0yaeT Huke, Yem B
ONTUYECKON. DTO MOXET OKa3aTbCH peLlaroLLM apryMeHToB nNpu Belbope cucteMbl CBA3M Ans
NOCTPOEHMA KaHarnoB nepefaydn TexHornorndeckom nHpopmaumm n P3A.

C gpyrown ctopoHbl BY kaHarnbl HMKorga He cMoryT obecneunTb nepegavy Takmx ob6bemos
nHpopmaumm, kak BOJIC-BJ1 cuctemsl. MHdopmaumm He TONLKO TEXHONOMMYECKOW, HO Tak Xe
HeobxoanumMon aAnsa pyHKUMOHNUPOBAHNST S3HEPTrOCUCTEM.

Kamymeecq npoTneopevune nerko paspeimmo, ecnn cnenoBatb NPOCTbIM NpaBuiiam

e [pu co3gaHUM OCHOBHbIX KaHaNoOB NepeaaYn TeXHONOrM4Yeckon MHopMaLmm, 0CoGeHHO
kaHanoB P3A, B nepBylo odepedb He0OX0AMMO paccMaTpmBaTh UCMOMb30BaHME NPSMbIX
npocTbix BY kaHanos, MMeLLNX HAUBbICLLYIO HaOEXHOCTb

o Ecnu Ha BJl cywecTsyeT npamon unm coctasHon BOJIC-BI TpakT, nmetowmn He Gonee 1-2
NPOMEXYTOUYHbIX MYNbTUMNNEKCOPOB, M0 MOXXHO MCNOSb30BaTb, KAK OCHOBHOW. Pe3epBHbIii
KaHan obasaTtenbHO JormkeH 6biTb BY. CosgaHne ansa uenen pesepBupoBaHns
cneunanuaunposaHHoro BOJIC-BJ1 TpakTta, Bkntoyasa co3gaHue / 3aMblkaHue «Kosbuay, HU
9KOHOMMYECKN, HU C TOUKN 3pEeHUst HaOEeXHOCTN ana uenen P3A He onpaBaaHo

e Ecnu Ha TeppuTopmnn 3HeprocMcTeMbl co3fgaeTcs KonbLesas unm MHorokonouesast BOJIC-
BJ1 cuctema nepegaym nHgopmMaumm, ee HeobXoaMmMo «npocedb pebpamm KXeCTKOCTU»
OCHOBHbIX TexHonorndecknx BY kaHanos. BOJIC-BJ1 pecypc JomMKeH MCNONb30BaTbCA Kak
BTOPOWN U TPETUI YPOBHM pe3epBMpPOBaHMS
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e Ecnu ucnonbsoBaHne BY cBA3n no kakum-nmbo npuynHam HEBO3MOXKHO, TO Ans
obecrnevyeHns COBMECTUMOWN HAAEXHOCTM AOMKHO BbINOMHATLCS TPOWMHOE UK YeTBEPHOE
pesepsupoaHne BOJIC-BJ1 cuctem

3aKJ/Il0ueHue

Ctpoutenbctso BOJIC-BJ1 TpebyeT rpaMoTHOrO TEXHNYECKOro 1 (PMHAHCOBO-3KOHOMWYECKOrO aHa-
nu3a. [locTmkeHne yKasaHHbIX B pyKOBOOSALLMX JOKYMEHTaX NnapameTpoB HaJeXHOCTU TpebyeT
BbINOMHEHWSI CITOXHbBIX TEXHUYECKNX U OPraHN3auMOHHbIX MEPOMNPUATUIN, CTOMMOCTb KOTOPbIX
AOJIDKHA yunThIBaTbCA B cMeTe Ha npokrnagky BOJIC-BII.

rlpI/IBOLI,I/IMbIe B pyKOBOOALLUMX OOKYMEHTAX napamMeTpbl HAOEXHOCTU ABNAKTCA NapamMeTpaMu,
KOTOpPbIX HeobxoaMmo AOCTUYb. |_|03TOMy npu pacyeTax Hage>XXHOCTU UX NCNOJNIb30BaTb HENb3A.
BmecTo HMX OOMKHbI NCNONb30BaTLCS peanbHble 3Ha4YeHns.

Kaxxabin BONC-BJ1 NnpoekT yHuKaneH. YHMBepcansHoro noaxona K peLleHunto 3agaym He CyLlecTBy-
eT. Micnonb3oBaHue Npu pacyeTax HageXHOCTU TONbKO KoadpdmumeHToB rotoBHOCTU T unun @I
NPUBOOUT K 3HAYMNTENbHOMY 3aBbILLEHMIO HadexXHOCTU npoekTupyemon BOJIC-BJ1. Bcerga aomkHbl
yunTbiBaTbCA BCe coctasnsowme OKI'T nnn pasHoro ontnyeckoro Tpakra.

[BonHoe pesepsuposaHne BOJIC-BJ1 He no3BonsaeT NonyyYntb KO3AMULMEHTbI TOTOBHOCTH,
consmepumMble ¢ rotoBHOCTbO BY TpakTtoB. MNoatomy konbuesble cxembl BOJ1C-BJT AosmkHbI
«npopesaTbca» pebpamm BY kaHanoB, obecneumBaowmnx nepegadvy TexHonorndeckoro n P3A
TpaduKoB.

CIIMCOK J1MTepaTypshl

1. CnupugoHos B.H. [lBeHaauaTb xapakTepHbix owmnbok npu ctpoutensctee BOJIC. Lightwave R.E. N21,
2005r.

2. Hukonbckuii K.K., CnvpuaoHos B.H. MpuunHbl owmbok npu ctpoutenbctee BOJIC. Lightwave R.E.,
N23, 2005r.

3. BOJIC Ha BO3AYyLWHbIX NMHUAX 3nekTponepedayn. OnTukrenekoM, TexHuyeckue 3ametkn, HVO 005,
2003, http://optictelecom.ru/

4. "BbicokoBonbTHas" cBaA3b. OnTukTEnekoM, TexHudyeckne 3ameTtkn, HVO 003, 2003, http://optictele-
com.ru/

5. P[ 153-34.0-48.518-98. lNpaBuna NnpoeKTUpOBaHWs, CTPOUTENLCTBA U 3KCNyaTaunun BOSIOKOHHO-OMNTU-
YECKMX JIMHUIA CBSI3M Ha BO3AYLUHbIX JIMHMSIX 3NnekTponepeaaun HanpsbkeHnem 110 kB v Bblwe. — M.:
PAO «E3C Poccum» , 1999. —108 c.

6. CO 153-34.48.519-2002. MNpaBuna npoeKTUpoBaHUs, CTPOUTENBLCTBA M 3KCMlyaTaumMm BOSTOKOHHO-OM-
TUYECKMX JIMHWI CBSA3WM Ha BO3AYLUHbIX JIMHUSIX 3nekTponepesaun HanpspkeHvem 0,4-35 kB. MUHU-
CTEPCTBO SHEPIETUMKN POCCUNCKOW ®EAEPALIMW, MUHUCTEPCTBO POCCUMNCKOW ®EAEPALIMN
Mo CBA3U N UHOOPMATU3ALINA, 2003 .

7. PO 45. 047-99. JiuHun nepeaaunM BOMOKOHHO-OMTUUYECKME Ha MarncTpasibHOM U BHYTPU3OHOBLIX Nep-
BUYHbIX ceTsix BCC Poccun. TexHnyeckas akcryataums, PykoBoaswmin TexHuYecknin Matepmuan, Mock-
Ba, 1990

8. TnapblweBckuii M.A. DkOHOMUYECKME NepcnekTuBbl cnonb3oBaHus WDM-TexHonormu. Lightwave R.E.,
N92, 2004r.

9. Reliability of fiber optic cable systems: buried fiber optic cable optical groundwire cable all dielectric,
self supporting cable. ALCOA FUJIKURA LTD., may 2001

10. KomapHuukumit 3.W. HagexHocTb paboTbl BONIOKOHHO-OMTUYECKUX CETEN CBA3M WM OmnepaTUBHOE YCTpa-
HeHune aBapui. Lightwave R.E., N24, 2005r.

11. KOHCTpyKUUW, NpoOKnaaka, COeAMHEHME U 3allMTa OMTUYECKMX kKabenen cBs3n. — XKeHesa: MCD — T.
CekTop craHgapTusauumn MC3. 1994, -161 c.

12. Cumuues H.U., Epmawos A.A., LLIManbko A.B. Lindposas ceTb cBa3nm AO «MocHepro» - NHgopMKypb-
ep-Ceasb, 2000, No11.

Pomanos C.E. Page 23 11/14/2007


http://optictelecom.ru/

13.

14.
15.

16.

17.

18.
19.

KeHHeT 3.KopHenucoH, Maiikn J1.Orn36u, [Ox. Huk Yap. Ontudeckue kabenu BTOPOrO MOKOSEHMS,
BCTPOEHHbIE B MP0303aLUMTHbIN Tpoc (O630p KOHCTPYKLUUU U XapaKTepucTuk) www.tt.ru

3nopoBuos W.A., OT Yero 3aBUCUT YCTOMYMBOCTb cBs3n? Connect! Mup ceasu, N25, 2001r.

PeneliHas 3almMTa U NpoTMBOaBapuiHasi aBToMaTuka cetu 220-750 kB B 2006 roay. CO-LAY.
http://rza.so-cdu.ru/rza 2006 job.htm

PekoMeHAaLMM MO pacyeTy HaAEXHOCTU (PYHKLIMOHMPOBaHMA M obecnedeHusl 3afaHHON HaAEXHOCTU
KaHanoB CBsi3M AN nepeaauM  MHAMOPMaUMM  CUCTEMbI  MPOTMBOABApPUMHON  aBTOMAaTMUKW,
SHeproceTbnpoekT, OAI, 1981r.

AnekceeB E.B., KoHuenuusi TeXHUYECKON 3KCMlyaTaumm UM@POBbLIX BOTOKOHHO-OMTUYECKUX CUCTEM
nepegayun no Kputeputo HagexxHoctn, ®OTOH-3KCIMPECC, N22 (34), 2004 r.

Anekcees E.b., CraHaapTi3aumsa napametpos BOCT], Lightwave R.E., N22, 2003r.

3nopoBuoB W.A., AHTOHey B.P., Tomoszos K.A., 3goposBuoB (0.W., MeToabl OLEHKM KayecTsa
TEXHUYECKOro 06CNy)X1BaHMS1 BOJIOKOHHO-OMTUYECKMX NHUIA nepeaaydn, BKCC: Connect!, N26, 2005 r.

Pomanos C.E. Page 24 11/14/2007


http://www.tt.ru
http://rza.so-cdu.ru/rza_2006_job.htm

