Hazaexxnocts: BOJIC nporus BY

Mo cTpaHHOMY CTeYeHuto OBCTOATENBLCTB, a CKOPEE U3-3a YBNEYEHHOCTN BCEM HOBbIM, ABE B3aUMOLOMNOS-
HAOLLME TEXHONOMMM NOCTPOEHNS CUCTEM CBSA3M B 3HEpreTuke: ONTnYecKkasi u BbICOKOYACTOTHAsA, MOCTENEHHO
BXOAAT B XXECTKYIO KOH(ppoHTauuto. To n aeno cnbelwatcsa BbiCKasbliBaHUSA, npegpekatowme BY cBasm kopoT-
Kn Bcero 3-5 net cpok XusHu. Hu pasgenenune pyHKUMOHAmNbHBIX BO3MOXHOCTEN TEXHOMOIMMIN, HU OYeBUa-
Hble JOCTOUHCTBA KaXdow 13 HUX npu nepegaye Tpebyembix 06bemMoB MHGOpMaLMM Ha 3afaHHbIe paccTos-
HWS1, HN CTOMMOCTHbIE MOoKa3aTenu, HakoHel, B pacyeT He MPYHUMAITCS.

OcTtanocb Tonbko yoeauTbcsa B Gonee BbICOKON HageXHOCTU u 6esonacHocTn nepegasaemon no BOJIC-BJI
MHpopMaLMn, 1 MOXHO 3a0bITb O CTOSLKO NET BEPOW 1 NpaBaon cryxallen aHepretuke BY ceasm...

O BOJIC-BJI

Hanbonee pacnpocTpaHeHHOW TEXHOMOrMen NPoknagku ontTudecknx kabenen B BonbLION aHepre-
Tuke cumtaetca nogsecka OPGW (OKI'T) kabenen, To ecTb 3aMmeHa 0b6blyHbIX [T, Tpocamu, cogep-
Xawwmmm B cebe ontmnyeckue BonokHa. OBycnoBneHo 3To BbICOKOM HagexxHocTbio OKIT no cpaBHe-
Huto ¢ apyrumun sugammu BOJIC-BJ1, HesaBucumocTbio OKIT pewleHnin oT knacca HanpsbkeHus BJl, a
TaK k& BO3MOXXHOCTbIO NCMONb30BaHMSI TEXHOMOMN B NIOOLIX KITMMaTUYECKMUX 30HaX.

B cpeaHem gonga OKI'T kabenen Ha BOJIC-BJ1 coctaenset 70...75% v npogomkaeT pactn, Jons
OKCH kabenen paBHa 15...20% (cHwxaeTtcs), OKH kabenen - okono 10%. OctanbHble 4eTbipe
Buaa npoknagkm BOJIC-BJT no Tem nnn MHbIM NpUYMHaM UCMNOb3yoTcs penko. MNpu cTpouTenbeT-
Be HoBbIx BJ1 gonga OKI'T npesbiwaet 80%. OrpaHnyunsaeTt npumeHeHne OKI'T goporosusHa ycta-
HOBKMW, yBEMNMYEHNE Harpy3ok Ha onopsbl, 1 HEO6X0AMMOCTb OTKNtoYeHUA BJ1 Ha Bpemsa npoknazku un
MoHTaxa. [Npu pekoHCcTpyKumm cywectaytowmx BJT gons OKI'T He npeBbiwaeT 45%.

UHcTtannsaumm BONC-BJT OKI'T umetoT HanbonbLuyto CTOMMOCTb, TPEBYIOT NPUMEHEHUST CIOXHOIO
TEXHONOrM4yeckoro 00OpyAoOBaHWS AN MOABECKM M MOHTaxa, WU 3Ha4MTenbHbIX 3aTpaT Ha
npoekTupoBaHue. B Tabnuue 1 nokasaHbl OTHOCUTENbHbIE CTOMMOCTU (B YCINOBHbIX eOuHULAXxX 3a
knunomeTp) npoknagkn BOJIC-BJ1, npy MCNONb30BaHUN KaYeCTBEHHbIX KOMMMEKTYOLMX, TOM UK
WHOM COCTaBe paboT U TWATENbHOCTU UX BbINONTHEHUS.

Tab6umna 1

e OKI'T OKCH OKH

Makc. Cpen Cpeg 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
MpuHapnexHocTn 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
OunzanH, TY n TT 0,57 0,28 0,28 0,57 0,28 0,28 0,57 0,28 0,28
lMpoekTnpoBaHue 2,27 2,27 1,42 1,42 2,27 2,27 1,42 1,42 2,27 1,14 0,57 0,57
Hapsop 1,14 1,14 0,57 0,57 1,14 1,14 0,57 0,57 0,57 0,57 0,40 0,40
MNoasecka 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 1256 11,14 1563 12,11 10,29 9,15

CTpykTypa 3aTtpaT, npuBedeHHasa B Tabnuvue, oTnvyaeTcs OT TPaAUUMOHHO WUCMONb3yeMon npu
cpaBHeHuu ctonmocTern BOJIC-BJT n BY cBasu. MNoyemy ctaHOapTHble METOAUKM HE TOMHbI, U YTO
CKpbIBaeTCS 3a Kakgow nosuuuen onvcaHo B pabotax [1 ... 4]. B obwem cnydae cTpykTypy 3atpar
no cosgaxuto BOJIC-BJ1 HeobxoanmMo AONONHUTL CRNeayowmnMm, B KaXK4oM criydae nHansmnayansHo
BblYMCNAEMbIMW, MO3NLNAMMN:
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Akcnnyarauus 6romxeT byayuien akcnnyatauum BOJIC-BJ1, BknoyatoLwmin ycnyrm CTOPOHHMX opraHusauuii + matepuansl, nméo
co3faHve CoOBCTBEHHbIX CTPYKTYP MO 3KCMyaTaLmu.

[Mpuyem, NOMMUMO aBTOPCKOrO HaA30pa NPOEKTUPOBLUMKA, HAA30p 3a cTpouTenscTtBom BOJIC-BJ1 gomkHa
BbINOMHATb MMEHHO Ta OpraHn3auus, kKotTopasi BnocneacTBum 6yaeT ee akcnnyaTMpoBaTth

MnaHupoBaHue cocTaBrieHne rpacdumka paboT, pacxofbl Ha OTKIOYEHNE NTIMHUKW, UCXOAA U3 CKOPOCTU cTpouTenbcTBa 8 ... 10 km
BOINC-BJl B Hep,enlo1, 3eMneoTBo, NOTpaB NOCEBOB U T.A4.

O6yueHue obyyeHne cOBCTBEHHbIX 1 NPUBIIEKaeMbIX CMeLnanmcToB.

TonbKo NpodeccroHanbl, OCHaLLeHHblE HOBBIMU 3HAHUSIMU 1 TEXHWUKOM, MPY COOTBETCTBYIOLLEN OpraHv3aLmm
paboT, cnoco6HbI rapaHTMpPOBaTh Ka4ecTBO NPoekTa. YBEeNUYeHne CTOMMOCTY CTPOUTENbCTBA BNOCNEACTBUM
OKYMUTCA CHDKEHWEM 3aTpaT Ha aKcnnyaTaumio. OWmnGKY CTPOUTENbCTBA, 0COBEHHO CKPbITbIE, MPOSBNALNECS HE
cpasy (WTpadHble caHKLuMK 30ecb He NoMOryT), TPe6ytoT GOIbLIOrO BPEMEHH M YCUIUIA Ha YCTPaHEHMWE, U, YTO
COBEPLLEHHO HEAOMYCTUMO, ATNMTENBHOV OCTAaHOBKU CBA3Y.

O6opyaoBaHue CucTema TakToBOW CMHXpOHU3aumu. Cuctema ynpasneHus

O4yeBMOHO, YTO CTOMMOCTb OLUMOGKM MPU OLEHKE HAOEXHOCTU npoekTupyemon cuctemol BOJIC-BJ
OYeHb BbICOKA, 1 MHOTOKPaTHO NpeBbIWaeT CTOUMOCTb ownbkm B BY cBasw.

BesycnosHo, noctpouts BOJC-BJ1 MOxHO M B nontopa, n B ABa pasa fewesne’. Ho noytu
HaBepHsAKa Takasd cucteMa He GygeT yaoBneTBopsTb TpeboBaHWSAM MO KayecTBy, AONTOBEYHOCTU
(cpok cnyxbbl He MeHee 25 neT) n macwrtabupyemoctn. BOJIC-BJ1 gomkHa BblaepXuBatb Kak
MUHMUMYM 1 ... 2 MOOEPHM3aAUMM WNU PEKOHCTPYKUMM (M3-3a YOBOEHUA nNepenaBaemMoMn
nHdhopmaumn kaxgble 18 mecsaues, unu B 65000 pas 3a 25 neT nNo cpaBHEHWUIO C Harpys3kom Ha
MoMeHT 3anycka BOJIC).

HopmaTuBHbIM JOKYMEHTOM, onpegensowmm oblmne texHndeckme tpebosanusa k BOJIC u BOJIC-
BJ1 Ha aTane NpoeKkTnpoBaHUsl, CTPOUTENBCTBA U UX KCNyaTaummn, asnatTca MNpasuna [5].

PacueTtbl HagexHocTn BOJIC n BOJIC-BJ1 ocHoBaHbl Ha OOLWMPHBLIX CTaTUCTUYECKUX OaHHbIX O
nospexgaemoctn OK, PK 1 curHanbHbix kabenen, ynoxeHHbIX B FPYHT, a Tak xe obpbiBax 'T Ha
BJ1 Bcex knaccoB HanpsbkeHun. OueHkM cpegHen NNOTHOCTU OTKa30B MNOA3EMHLIX Kabenen
konebntoTtca B npegenax ot 0,19 go 0,35 Ha 100 KM, B 3aBUCMMOCTM OT TOrO, YYUTbIBAIOTCS MpU
nogcyeTe NoBpeXxgeHnsa oT NpPUPOAHbIX ABreHun u BnNuaHua BI1 anektpudunumpoBaHHbix KO, nnu
HeT.

B cnyyae BOJIC-BJ1 Tnna OKI'T ncnonb3yemMble OLEHKN NIIOTHOCTU OTKA30B HE MEHee LUMPOKN: OT
0,03 po 0,25 Ha 100 kM, B 3aBMCMMOCTM OT TOro, YTO HeobxoguMmo gokasaTb. Hanpumep, B
MpaBunax [5] ucnoneaytotcsa 3HadeHmsa 0,03 ... 0,08 u3 yero genaetcs BbiBO4 0 ToM, 4TOo BOJIC-
BJ1, nogeeweHHble Ha BJ1 HanpsikeHnem 110 kB w1 Bbiwe, N0 napaMmeTpamM Ha4eXXHOCTU NOSHOCTbLIO
COOTBETCTBYIOT NEPCNEKTUBHON LNPOBON CETUN CBA3MN.

McxogHbiMn nocTtynaTtamMu Takoro nogxoaa AsnATCA AoNyLLEeHUA:

M.4.1. BONC-BJ1 coctomt n3 OK Ha onopax BJ1 n ob6cnyxmBaembix OKOHEYHbIX M MPOMEXYTOUHbIX
CTaHUMi, coAdepXalimMx KOMMMeKCbl annapatypbl A  BOCCTAHOBMEHMSI W pereHepaumm
nepegaBaemMbiX WMHPOPMALMOHHBIX CUrHanoB. BepoATHOCTbL OTKasa COBpPeMEHHOW amnnapaTypbl
HU3Ka, PEMOHTOMPUIOQHOCTb TlapaHTUPOBaHa M3roTOBUTENIEM U BpeMsi  BOCCTaHOBIIEHUS
He3HauuTenbHo. NoaTtoMy HagexHocTb BOJIC onpegensietcsa HagexHocTbto OK 1 onop BJ1.

! CkopocTb ctpoutensctea BOJIC B ropoackor yepte oLeHMBaeTcs o pasHomy. [nsg noa3seMHon
npoknagku npueoanTcst undpa 60 MeTpoB B Hegento, Ans yknagkvM B kKaHanusauuio 2 KM B AeHb. A C
y4eTOM BCeX 06CTOSATENBLCTB 1 CNOCOO0B NPOKMaAKN peKOMeHAYT UCMOMb30BaTh 3Ha4YeHNe 2 KM B
Hegento [8].

% B [7] ykasbiBaeTcs, 4To cToumocts CMP 06biuHo cocTansieT (100 ... 110) % ot ctoumocTn OK.
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M4.4. B HavyanbHbIN nepuoa ncnonesosaHus BOJIC-BJ1, go 2010 roga, noka He NonyyveHbl HagexXHble
aKcnnyaTauuoHHble nokasatenu HagexHoctn OK, cnegyetr npuHuMaTb BO  BHUMaHue
aKCTpanonupoBaHHble nokasatenn HagexHoctn OK, npupaBHMBasi WX COOTBETCTBYOLLMM
3KCMMyaTaLMOHHBLIM NoKa3aTensiM HaAeXXHOCTU MOABECKM CTaNbHbIX> rPO303aLLMTHBLIX TPOCOB.

IMNOTHOCTb OTKa30B rPO303aLUTHBLIX TPOCOB B pesynbTaTte 06pbIBOB 1M NageHus onop Ha 100 km BJ1 B
rog npueepeHa B tabn. .4.1.

Hanpspkenne BJ1, kB MnoTHocTb OTKa30B, Mgy
110 0,08
220 0,05
330 0,04
500 0,03

M4.5. CpegHee Bpems BoccTtaHoBneHnst OK Ha BJ1 110 kB n Bbiwe npuHATO paBHbiM 10 yac.

B ToXXe BpemMs B AOKyMeHTe [7] NpnBOAATCHA HECKOMBbKO MHbIe OaHHbIE:

B HavanbHbIn nepuop ucnons3osaHua BOJIM-BJ1, no 2010 roga, noka He nonyyeHbl HageXHble
aKcnnyaTaumoHHble nokasatenu HagexHoctn OKIT, cnegyeTr npuvHUMaTtb BO  BHUMaHWe
3KCTpanonuvpoBaHHble nokasatenu HagexHoctn OKIT, npupaBHMBasi MX K COOTBETCTBYHIOLLUMM
aKcnnyaTaumoHHbIM NokasaTensam HageXXHOCTU rPo303aLLMTHBIX TPOCOB.

MNOTHOCTL OTKA30B rPO303aLLUTHBLIX TPOCOB B pesynbTate 0bpbiBoB Ha 100 km BJ1 B rog npuseaeHa
B Tabnuue 5.9.

Tabnwuua 5.9 - NNOTHOCTb 0TKA30B rPO303aLUUTHBLIX TPOCOB B pe3yrnbTate obpbiBOB

Hanpspkenne BJ1, kB MnoTHocTb OTKa30B, Mgy
110 0,22...0,25
220 0,06 ... 0,09
330 0,05...0,08
500 0,03...0,06

HopmaTtneHoe Bpemsi BoccTaHoBneHnsa Ha BJ1 HanpsbkeHnem 110 n 220 kB coctaenseTt 12,4 yaca, a
Ha BJ1-300 n BJ1-500 - 6,2 yaca.

B aTux ycnoBusix MHTEPECHO CPaBHUTb, MPUBOOUMbBIE B Pa3fUYHbIX WCTOYHWMKAX, AaHHble MO
WMHTEHCMBHOCTAM OTKa30B Mg (Tabnuua 2) n BpemeHam BoccTaHOBMNEHMs t,.

Ta6auma 2
5] (7] [91*

UcTouyHUuK

Mg ty Mgy tv mg ty
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
MNoasemHbIN Kabenb B Tpy6e, KonoAue, lWaxTe, NoTke 0,196 7,25 0,34 7,25 0,213 8

3 M3BecTHO, 4TO B 6onblunHcTBE criydyaeB OKI'T uMeeT BHELUHWA NOBUB UMW NOMHOCTLIO antoMUHMEBBIN, TO
ecTb OKI'T 6onbLue Noxox Ha npoBofd Mapku AC, Unm cMeLLlaHHbIN cTanb-antoMUHUEBBIN.

* B oTyeTe komnaHum ALF npuBeaeHbl ycpeaHeHHble AaHHble 0 nospexaaemoctn OKI'T kabenen, He
CBsI3aHHbIE C NoBpeXxaaemocTbto [T, mony4veHHble Ha OCHOBe onbiTa akcnnyataumm 45000 kv kabenen B
TeyeHne 1986 ... 1998 roqos Ha BJ1 Bcex knaccos Hanpsikenuin. [Ana OKCH kabenen m=0,0081.
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Ocoboe HegoymeHue Bbi3biBaeT npuseaeHHoe B [5] Bpemsa BoccTtaHoBneHms OKIT, paBHoe 10 va-
cam (B ToMm 4ucrnie Bpems nogbesga 3.5 yaca), KoTopoe UCNoNb3yeTcs ANA pacyeTOB HaOEXKHOCTU
BOJIC-BJ1 n B aToM AOKYyMEHTE M BO MHOIMX ApYrux Kak gencreutenoHoe. Ha camom gene 10 va-
COB — 3TO pacyeTHOe BpeMs, Heobxogumoe and Toro, Ytobbl obecneunTb K03PHOUUNEHT rOTOBHO-
ctn BOJIC-BJT gnvHon 13900 km paBHbin 0,985 npn HapaboTke mexay oTkasamu 670 yacos, TO
eCTb undpa Hu4ero obLiero ¢ peanbHOCTLIO He MMetowas. B npuHumne, To e KacaeTcs U NOTHO-
CTW OTKa30B: And Tpebyemoro koachduumneHTa rotoBHoCTU grnnHHon BJ1 He meHee 0.985, 3HaveHne
nnoTHoctn otkasos BJ1 100 km He gormkHo npeBbiwatb 0,094 [10]. MmeHHO noaTomy B lNpaBunax
MCMOSb3YTCS MUHUMArbHbIE 3HAaYEHUS MAIOTHOCTEN oTka3os [T,

B [7] noag BpemeHeM BOCCTaHOBMEHUS WMEETCH B BuUOYy HOPMUPOBAHHOE cpedHee Bpems
BOCCTaHOBIIEHMS noBpexaeHnn dasoBbix npoBoaoB, a He OKIT. lNoTHoCTb noBpeXxaeHun
dasHbix nposoaos anda BJ1 110 kB coctaensieT 0,17 ... 0,19, ana BJ1 220 kB - 0,05 ... 0,07 n 500 kB
-0,03 ... 0,05.

BenuuunHbl, npuBedeHHble B [9], MMEIT nNpaKTUYECKOe HanofHeHne — 3TO YCpeOHEHHble
napamMeTpbl Mo oOTkazam UK BoccTaHoBneHnto OKIT 3a anuTenbHble CPOKW  SKChnyaTauuu
pasnunyHbIX KOHCTPYKUMMA Kabenenm B pasHOOOpasHbIX reorpauyecknx, KinmMaTU4eckux u
TEXHOreHHbIX ycnosuax. Npuyem noa BpemeHeM BOCCTAHOBMNEHUA UMeETCHA B BUAOY yCpeAHEeHHoe
Bpemsi nofnHoro BocctaHoneHus BOJIC-BJ1 ¢ yyeTom mncnonb3oBaHust cTpaterum onTuMarnbHOro
obcnyxnBaHus. BocctaHoBNEHNE NO BPEMEHHOW CXxeme 3aHUMMaeT He BGonee 2 yacos. [1noTHOCTH
0TKa30B crneuuanbHbiX KOHCTpYKUM OKI'T kabenen (cambix 4OPOrMxX) 3HAYUTENbHO OTNMYaKTCS OT
ycpeaHeHHbix. Tak OKI'T «CkanJlant» BToporo nokonenus nmeet ms=0,02 Ha 100 Km.

lMockonbKy 3TWM MNAOTHOCTU OTKA30B HE CBA3aHbl C noBpexgaemoctbto [T, TO NOMHLIA MOTOK
oTtkasoB OKI'T gormkeH BblUNCNIATLCS, Kak cyMma nospexgaemocten I'T n OK-I'T

m=m, +m,

OcHoBHble napameTpbl HagexHoctn OKI'T anuHon L (Ho He BOJIC-BJT) moxHO onpegenuTb no
NpUBEAEHHBbIM HUXe opMynam:

8766—m*tv*1;

8766 —m*t
= K =1-K K, =
¢ 8766 & ¢ ¢ 8766
8766 —m*t «L

8766 —m*t, K, *1, C1

T; = = TL —
m 1-K, m

fne KgunKyg K03(hpULMEHTbI FOTOBHOCTM N HEFTOTOBHOCTU HEKOTOPOW pedrepeHcHon BJ1,

ana KOTOpOl7I npnBOOATCA NMOTHOCTb OTKA30B N BpeMA BOCCTAHOBIIEHUA

InL AnvHa pedepeHcHom (06bibHO 100 Km) 1 peanbHon BJl
KqL KoahpnumeHT roToBHOCTM pearnbHoun Bl
TinT, HapaboTKn Ha oTka3 pedepeHcHon n peanbHon BJl

Mpu ncnonb3oBaHUM CTpaTerMM ONTUMAaNbHOrO BOCCTaHoBneHus Ans onpegeneHns K,y MOXHO
ncrnonb3oBaTb METOAMKY pacyeTa [17] Unm ynpoLeHHOEe BblpaXkeHue

(t,—0.7-t

trans )

I+,

ng.o
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rae  tians Bpems noabessa.

PeanbHo HagexHocTb BOJIC-BJ1 OKI'T onpenensetcsa He Tonbko obpbiBamMu T nnn cobCTBEHHbI-
MM NoBpeXxaeHusiMn ontudeckoro kabensa (OK-BI).

Mpexge Bcero, npu co3gaHun npoTskeHHbix BOJIC-BJT mMoXeT BO3HWKHYTb HEOGXOAMMOCTb
NCNOIIb30BaHNS MPOMEXYTOUHbBIX ONTUYECKUX YCUNTUTENEN, PEreHEPATOPOB NN MYTTbTUMNIEKCOPOB.
B [7] oTAenbHO paccynTbiBaAOTCA ANWHBI Y4aCTKOB pereHepalmm rno wupokononocHoct (Lg)
2
4.4-10° 4.4-10° 10"
6 =

_ L6y =| ———— Le,=—
o-AL-B M0\ ooy - B " o,-B

op U & (NC/HM*KM) aucnepcnsa n cymmapHas gucnepcus SM onTnyeckoro BofokHa

GPMD (I'IC/KMO'5) nonsipnsaumMoHHo-moaoBas aucnepcmss SM onTMYecKkoro BofokHa
AL, (HM) LUMPUHA CMNEKTPa UCTOYHMKA U3IYyYEHMS
B (MIu) LLIMPOKOMNOSIOCHOCTb LMAGPOBLIX CUrHanoB, nepegaBaeMbiX No ONTUYECKOMY

TPakTy, C y4eTOM NEPCNeKTUBbI PasBUTUS U MOAEPHU3ALNN
n no 3atyxanuto (L), roe

A.‘WGKC -M - npc ’ apc

aok + allc /Lcmp + am ’ nm

- MakCnMarlibHada NpoeKkTHaa AlMMHa y4acTtKa pereHepaunm

a  Makc

A
L, ..> — - MMHMManbHas NPOEKTHas AnvHa y4acTtka pereHepaumm
aOK + aHC /Lcmp + am : nm

Lerp (kM) cpefHee 3HavYeHne CTPOUTENBHOW OSIMHbI Kabens Ha ydacTke pereHepauum

ok (BB/KM) KMITIOMETpUYECKOe 3aTyxaHne B ontuyeckoM BorokHe OKI'T

e (BB) cpeaHee 3Ha4YeHue 3aTyxaHus Ha CTbike MeXay CTPOUTENbHbIMY ANMHaMn
kabens Ha y4acTke pereHepauun

N pe 4YUCIO pa3beMHbIX ONTUYECKNX COEQUHUTENEN Ha y4acTKe pereHepaumu, ¢
yyeToM nepexonos vepes [1C n kpoccooro obopygoBaHnst

O (8B) 3aTyxaHue MOLLHOCTM ONTUYECKOrO U3Ny4YeHUs pasbeMHOro ONTUYECKOro Co-
eguHuTens

Nm YUCIO ONTUYECKUX MYT Ha y4acTke pereHepaunmn, ¢ ydetom nepexonos BJl-
BJ1 v BJ1-KIN

om (8B) 3aTyxaHne MOLLHOCTM ONTUYECKOro U3nyvyeHus B Mmydre

Avakc: Awan (8B) MakCuMansHoe U MUHUMAribHOE 3Ha4YeHNd NnepekpLIBaeMoro 3aTyxaHus ar-
napatypbl BOJIC, obecneumBatoLlee K KOHLY Cpoka Crny»0bl 3Ha4eHne Koad-
cdrumeHTa owmbok He Gonee 107"

M (ab) CUCTEMHLIN 3anac Ha y4acTke pereHepaumm 2 ... 6 ob

O6s3aTtenbHbiM TpeboBaHMeM aABNAeTCS BbiNONHeHMe ycnoBus Lg pmp b > Lg max - ECIM e Lg pvp, D
< Lg max, TO HEOBX0AMMO N0 npumeHaTb apyroe OKIT, nubo cHukaTb CKOPOCTb Nepenaydn, oo
ncnonb3oBatb Apyroe ontudeckoe obopygoBaHue. B KpanHem crniydyae, MOXHO MeperTu Ha
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cucteMbl cnektpansHoro ynnotHeHns WDM un gpyrue. CoBpeMeHHble Joporve MynbTUMNeKCopsb!
MoryT obecneunTtb yyacTkm pereHepaumm ot 130 go 180 km.

Ecnn gnuHa ydvacTtka pereHepauumn MeHblie Tpebyemon anuHbl BOJIC-BJI, To Heobxoammo
NCMNonb30BaTb OMNTUMYECKUA YCUNUTENb UMM pereHepatop. Tak e MOXHO BbINOMHWUTL 3axo4 Ha
npoMmexyToyHyto [C, ycTaHOBMB Ha Hew MynbTunnekcop. [pu mMcnonb3oBaHUKM ycunuTenemn
[OOJDKHO BbINONHATLCA yenosue: ontudeckoe OCLL He moxeT 6biTe MeHblle 13 b [18].

PeaynbTupytowwmin koadguumneHT rotoBHocTn ontuyeckoro OK-BJ1 Tpakta coctasut

— * % gk g k Mree %k R M %
Kgf)kgt - Kg(L—LGW) KgALGW KgApc Kg.m Kgfeg Kg.mux Asys’ umm 60”39 TOYHO

—1_ % * * * —
Kg.okgt _1 (Kng(L—LGW) + Kng.LGW + npc Kng.pc + nm Kng.m + nreg Kng.reg + nmux Kng.mux +(1 Asys ))

,TAE  Nieg s Nmux YMCMO ONTUYECKNX PEFrEHEPATOPOB / yCUnuTenei n MynbTUNNEKCOPOB
COOTBETCTBEHHO

Asgys NOHMXaLWMNA KOIMDULMEHT TOTOBHOCTU OT BIIMAHNA BHELLHNX (0AKTOPOB,
Mo KOTOPbIM OTCYTCTBYET CTaTUCTUKA OTKa30B [14]

Lew, L- Lew AnunHa yyactka BOJIC ¢ nogsemHbiMm kabenem n OKI'T cOOTBETCTBEHHO

KoadbdpumumeHT rotoBHocTn BOJIC-BIJ1 (C y4eTOM OKOHEYHOrO 060pyAOBaHNSA)

- * g2
Kg.VOLS—VL - ngkgt Kg.mux

Mo pgaHHbiM [9] npu noepexaeHun OKIT rpo3oBbiMM paspsgamMn unu B pesyrnbTate nonagaHum
nynaMmu /gpobbio YacTbl criydaum noBpexaeHus oTAenbHbiXx BONokoH OK, npu coxpaHeHuu ero
pabotocnocobHocTM B Lenom. [Mo3ToMy BO3MOXHO BbINOSIHEHUS PEe3epPBMPOBAHMSA MO BOJTIOKHAM
ogHoro n Toro xe OK. KoacdhdumumeHT roTOBHOCTM CETEBOrO TpakTa Nn; -ro nopsigka onpegensieTcs
Kak:

K :1—(1—Kng)"' ~ K" , npy 6ONbLIOM Ny

ng.t ng ?
Mpwn pe3epBMpOBaHUKN NO CXEME N, + N, N3 Ny OANHAKOBO HaAeXHbIX BoriokoH (OB ogHoro OK):

— (nw—'_nr) L g (n+l) nw . 1

g b(n +1) LR . )+T—L
w r

wir

rae  nwun 4nCno Pabounx 1 pe3epBHbIX BOMOKOH
T HapaboTKa Ha OTKa3 yCTPOWCTBa NEpPEKioYeHNs Ha pe3eps

Mpu pesepBMpoBaHUM NO cxeme n,, U3 Ny OAUHAKOBO HaAEXHbIX BOMOKOH (MapannenbHoe coefuHe-
Hue OB ogHoro OK):

n, |
n .
— t * ny, % n=n,
Kng.w:t - z '( _ )' Kg Kng
n, n,\n —n,).

Mpwn nonHom pesepeupoBaHmum OK-BJ1 TpakTa, B TOM 4ncrne no KonbLeBown cxeme, Korga ny = n, = 1,
B obLlem Buge nonyvmm

Kokgt.res = 1 - (1 - Kg.nkgtAl) * (1 - Kg.okgtl) *
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O606LeHHbIN koaddurumneHT rotoBHocTn BOJIC-BIJ1 (¢ yueTOoM OKOHEYHOro 060pyaoBaHus)

=K *K?

g.okgt.res g.mux.res

K

g.VOLS—VL.res

YTo BBIOpATDH?

PaccmoTpum peanbHbin npoekT. Mexagy asymsa NC A n B Heobxoammo opraHu3oBaTb KaHanbl
nepegayn texHorornveckon vHdopmaumm n P3A ana sawwmtel BJT 500 kB (PucyHok 1). PewnTtb
3aQa4y MOXHO 4YeTblpbMsi cnocobamn. Co3gaHnem:

1. BM tpakta no BJ1 500 kB
2. BOIJIC-BJT1 OKI'T tpakta no BI1 500 kB
3. BOIJC-BJ1 OKI'T tpakTa no BJ1 220 kB
4. BOJIC-KJ1 TpakTa no KJ1

Tpakt CoctaB Kq
* * * * *
BY 500 kB 2*(PK+®M+KC+BY3)+BN500/53 ( K, ¥ Ky * Ky i Kg.LT) K, 50 53
BOJIC-BN 2 %
OKTT 500 kB Ch{p Ky pe " Keisoo 53
BONC-BN 2Kp+220/5.6+Mydp+Kn/16+Mykc+Kn/16+Mydp+22 K* *K? *K? %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_717.6
. 2Kp+Kn/26.8+Mykc+Kn/9.4+Mykc+Kn/11+Kp+Kn/7 5 %3 * *
BOIC-KN +Kp+Kn/d+Kp+Kn1/12.2+Mykc+220/28 Kepe " Kome ™ Keow 104" Koo
n C A BN 500 kB 53 km
500 kB  NC220kB  24176m rad 26,3 um T
r24 5,6 km rz4 5,5em — — o —
@ a0 T IIT o gekle—y T3 T ¢ T T o o b o
BN 220 kB . nc 220 kB BN 220 kB Nnc 220 kB
; T —
VY A - |  nce
=
Ll ° | 500 kB

K 3618 ojej0
26,8 KM @

Nnc 220 kB 28 kM

ras

KN 220 k8
I — O — G il

nc 220 kB nc 220 kB nc 110 kB Nnc 220 kB

0/0 Cl; Di ﬁi 0/ ﬁ‘ @
K16/2 11 km K16/2 7 km

;153‘ 4|c3': 2 /
(o}
nC 220 kB
4
/
(o]

A B
I
(=

T ToOL~o oo
a 0zz ua

/7

nc 220 kB
PucyHok 1. Cxema npoxoxaeHuns BJ1 n KIl

KoadhdhumumeHT rotoBHOCTM BY TpakTa MOXHO paccymtaTb Ha OCHOBaHWUM AaHHbIX, NPUBEAEHHbIX B
[16], n gaHHbIM KoMnaHu OAO «BHeproceTbnpoekT» (1) 1 OO0 «ABB OHeprocsasb» (2).

AnemeHT Kngo [1 6] Kngo 2) Kgo Kgo (2)
PK ka6enb 0,0000240 0,999976
(o) 0,0001230 0,00001825 0,999877 0,99998175
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KC 0,0000038 0,9999962

BY3 0,0002900 0,00001342 0,99971 0,99998658
Kng (1)
AnemeHT Kng [16] Kq Kg (1)
m tv Kng (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
B 330 kB 0,000098 0,05 6,2 0,000035 0,999902 0,999965
BI1 500 kB 0,000073 0,03 6,2 0,000021 0,999927 0,999979

Mpwn anuHe PK kabensa 1000 m nony4yaem 4YeTbipe BapnaHTa noctpoeHnsa BY Tpakra

BY TpakT | | ]l v

Kg.vensoo Kgo * Kq Kgo * Kq 1) Kgo o) * Kq Koo 2 * Kg 1)
BJ1110 kB 0,9989988 0,998878426 0,9997611 0,99964062
BI1 220 kB 0,9990208 0,999019757 0,9997831 0,999782059
BI1 330 kB 0,9990208 0,999083356 0,9997831 0,999845706
BJ1 500 kB 0,9990458 0,999097489 0,9998081 0,999859850

KoadhdmumeHT rotoBHocTn OKI'T 500 kB TpakTa BbluMcnsaeTcsa no opmyne
53

K50 =K. o ¥ Ky ysoo 53 = K2 o ¥ Ky yis00'™ - TA€ KOMNOHEHT KZg o0 BBE[IEH C YHETOM TOrO, YTO

KaXkabl ONTUYECKUIA TPAKT HAYMHAETCHA U OKaHYMBaETCH KPOCCOBbLIM 060pYyA0BaHNEM.

Ecnu Bocnonb3osatbecsa AaHHbIMK U3 [5, 6, 7, 14] Ky = 0,995 ... 0,999, msye = 0,03 1 tys00 = 6,2 ...
10 yacos, nony4nm (xmin Y i X T Vi Xt Vi s X ymax)

Kg.os00 = (0,99 ... 0,998) * (0,999977 ... 0,999986) 0,990002 0,997978 0,990011 0,997987

[ina pacyeTa TpeTbero n 4eTsepToro BapnaHToB u3 [5, 6, 7, 14] npumem Kg oo = Kgm= 0,995 ...
0,999, Kgmux = 0,995, ma = 0,07 1 tyo00 = 10 ... 12,4 yacos, mgw = 0,213 1 t,gw = 8 Yacos, nony4nm

Kg.o220 = (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

Mpv B3aUMHOM pe3epBMpPOBaHUIN NEPBOro-NepBoro, NEPBOro U TPETLEro, NEPBOro U YeTBEPTOro,
TPETbEro 1 YeTBEPTOro BapMaHTOB MOMy4YnM

Kg.vesoo Il Kgvesoo 0,9999991 = 0,99999987  0,99999987 @ 0,99999998
Kgvesoo Il Kgo220 0,9999624  0,99999447  0,9999847  0,99999775
Kgvesoo Il Kgoow 0,9999623  0,99999447  0,9999809 0,9999972
Kg.0220 Il Kg.o aw 0,99844303 0,99936733 0,99921106 0,99967942

To eCcTb HAAEXHOCTW OTAENbHO B3ATbIX ONTUYECKMX TPAKTOB 3HAYNTENBbHO HWXe HaaexHocTm BY
TpakTta. HagexHocTtb pesepsuposaHHoro OKI'T TpakTa Bblle HagexXHOCTH He pesepsupyemoro BY
TpakTa, NONTHOCTBIO BbIMOSTHEHHOrO Ha poccumnckon BY obpaboTke, HO HUXKE HaOEXHOCTU He
pesepsupyemoro BY TpakTa, BbINONHEHHOrO ¢ ucnone3osaHnem drl n BY3 xopollero kayecTsa.
JTiobble BapuaHThl pe3epBrpoBaHus ¢ ydactuem BY TpakToB 6onee HagexHbl, YeM OTAENbHO
B3ATbl€ UK pe3epBMpyeMble ONTUYECKNE TPaKThbI.

PeanbHas cutyauunsa moxeT ObiTb eLe XyXe, Tak Kak Npu pacydeTax He YYnTbiBancs CUCTEMHbIN
KO3 ULMEHT YXyALLIEHUS NapamMeTpPOB ONTUYECKOro TpakTa. Hanbonee oueBmngHas ero
CMbICIIOBas Harpy3ka — 9TO BEPOSATHOCTb OLWMBKM Npu KOHUrypuposaHum / paboTtax Ha
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NPOMEXYTOYHbIX MyrnbTUnnekcopax. 1o aaHHbIM [15] ownBKM 13-3a YenoBeyeckoro hakrtopa
npesbiwatoT 50% obLero Ymcna npouCXoasLnX B dHepreTuke OTKkasos.

Ecnn ncxogntb 13 TOro, Kakmmm SOSMKHbI ObITb CBOMCTBA COBPEMEHHBIX ONTUYECKMX N OMNTO-
3MNEKTPOHHbIX KOMMOHEHTOB Kg ,c = 0,9995 ... 0,9999, msyo = 0,03 1 tys00 = 6,2 ... 10 yacos, nony4nm

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

[ina pacyeTa TpeTbero n 4eTBepToro BapmaHToB nNpuMemM Kg o= Kgm=0,9995 ... 0,9999, Ky mux =
0,99995, My = 0,07 n tyo0 = 10 ... 12,4 yacos, mgw = 0,213 1 t,gw = 8 Yacos, 1 nony4nm

Kg.o220 = (0,997 ... 0,9994) * 0,9999 * 0,99994 * (0,999914 ... 0,999931) 0,996756 0,999152 0,996773 0,999169
Kg.oow = (0,9975 ... 0,9995) * 0,99985 * 0,99986 * (0,999969 ... 0,999975) 0,997185 0,999182 0,997191 0,999188

Mpv B3aUMHOM pe3epBMpPOBaHMIN NEPBOro-NepBoro, NEPBOro U TPETLErO, NEPBOIO 1 YETBEPTOro,
TPETbEro 1 YeTBEPTOro BapMaHToB KOS (PULMEHTbI TOTOBHOCTM COCTaBST

Kg.vesoo Il Kgvesoo 0,99999909 = 0,99999987  0,99999987 = 0,99999998
Kgvesoo Il Kgo220 0,99999690  0,99999955  0,99999921 0,99999988
Kgvesoo 1l Kg.oaw 0,99999731 0,99999961 0,99999923 = 0,99999989
Kg.0220 Il Kg.o aw 0,99999087  0,99999737  0,99999766 = 0,99999933

To ecTb HAOEXHOCTU OTAESNBbHO B3ATLIX ONTUYECKUX TPAKTOB MO-NPEXHEMY HUXKE HAOEXKHOCTU He
pesepBupyemoro BY tpakta. OgHako HagexxHocTb pe3epBupoBaHHoro OKIT TpakTa 3Ha4YMTENbHO
BblLLE HAOEXHOCTU He pe3epBupyemoro BY TpakTa. Jltobble BapnaHTbl pe3epBUpoBaHnNS C
yyactuem BY TpaktoB 6onee HagexHbl, YeM OTAENbHO B3SATblE NN pe3epBUpPYEMbIE ONTUYECKUE
TPaKThbI.

30ecCb TaK e Kak U B nepBoOM Cliydae CuTyauna MOXeT 3Ha4YUTEelIbHO YyXyOLINTbCA N3-3a ownbok
O6CJ'Iy)KI/IBa}0LLl,eFO nepcoHana unn agMMHNCTPaTopoOB CETU.

HecomMHeHHbIM siBnisieTcst cnegyowmi dakT: 3a pegkum nckniodeHnem BOJIC-BJT TpakT aBndeTtcs
CMNOXHbIM 1 cocTaBHbIM. BY TpakT — npocTtbiM. COOTBETCTBEHHO ypoBeHb owmnbok B BY cucteme
Bceraa bygeT HUXe, Yem B ONTUHECKON. TO MOXET OKa3aTbCA peLlatoLL MM apryMeHToB Mnpu
BblOOpe cucTeMbl CBSA3M A5 NOCTPOEHMS KaHanoB nepefadn TeXHONOorm4eckon nHpopmaumm un
P3A.

C gpyrou ctopoHbl BY kaHanbl H1MKkorga He cMmoryT obecneuntb nepegady Takmx o6bemos
nHdopmaumm, kak BOJIC-BI1 cuctembl. MHpopmaumm Tak xe Heobxoaumon ans
PYHKLMOHMPOBAHNS SHEPTrOCUCTEM.

Kamyw,eecn npoTnBopeYne ferko pas3peimmo, ecrin criegoBaTtb NPOCTbIM MpaBuiiamMm

e [lpy co3gaHUKM OCHOBHbLIX KaHANOB nepeaadn TEXHONOrMYeckon MHopmaLlmm, 0COBEHHO
kaHanoe P3A, B nepByto o4yepeab HEOOX0ANMMO paccMaTpuBaTh UCMOMNb30BaHME NPSMbIX
npocTbix BY kaHanoB, MerLWnX HanBbICLLYIO HAAEXHOCTb

o Ecnn Ha BJ1 cywectByeT npsamon unu coctasHon BOJIC-BJ1 TpakT, nmetowmnn He 6onee 1-2
NPOMEXYTOYHbIX MYSbTUMIEKCOPOB, €r0 MOXXHO UCMNONb30BaTh, KAK OCHOBHOWN. Pe3epBHbIi
KaHan o6s3atenbHO aomkeH 6biTb BY. Co3gaHne ang uenen pesepBmpoBaHus
cneumanuanposaHHoro BOJIC-BJ1 TpakTa, Bkntovas cosgaHue / 3aMblikaHUe «KonbLiay, Hu
9KOHOMMWYECKM, HN C TOYKWN 3peHUs HagexHocTn ans uenen P3A He onpaBgaHo
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e Ecnn Ha TeppuTOpUM 3HEProcMCTEMBbI CO3aeTcs KomnbLeBasa nnu MmHorokonsuesasa BOJIC-
BJ1 cuctema nepegaun nHhopmawmmn, ee HeoBXoaANMO «Mpoceydb pebpamm KeCcTKOCTU»
OCHOBHbIX TexHonorndecknx BY kaHanos. BOJIC-BJ1 pecypc JomKeH NCNONb30BaTbLCA Kak
BTOPOW U TPETUN YPOBHU pe3epBUPOBaHUS.

e Ecnu ncnonbsoBaHne BY cBA3M No KakuM-nnmbo npuynHam He BO3MOXHO, TO Ans
obecneyeHnst COBMECTUMOW HAAEXXHOCTU AOMKHO BbINOMHATLCA TPOVNHOE UMK YETBEPHOE
pesepsupoBaHme BOJIC-BJ1 cuctem

ITO He TaK IIPpOCTO

lMpuBeaeHHbIE NpaBuna OTHIOAb HE SBMAITCA CIULIKOM XecTkumun. Ckopee 3To Aaxe peBepaHc B
ctopoHy BOJIC-BJ1 TexHonorun. MNMockonbKy peanu3aumns MHOMMX NnapameTpoB UCMOSb3yeMbIX MpU
pacyeTe HagexHocTn BOJIC-BJ1 TpakToB TpebyeT ocyLLeCTBNEHNS CIIOXHbIX aaMUHUCTPATUBHBIX U
OpraHn3aLMOHHO-TEXHUYECKMUX MEPONPUATHUIA.

KoadhnumeHT rotToBHOCTU N0BON CUCTEMbI 3aBUCUT OT ABYX (PaKTOPOB: HAOEXHOCTU
KOMMOHEHTOB 1 BpeMeHU, TpebyemMoro ans nx obcnyxnBaHusi Unn BOCCTaHoOBNeHUs. U ecnn
BOMPOC HAOEXHOCTN KOMMOHEHTOB B 06LLEM Cnyyae ferko pelaeTcs 3a c4eT UCNOoSib30BaHuWs
annapaTtypbl UM CUCTEMHbIX PELLEHUI U3BECTHbIX C 6OMbLLMM OMNbITOM YCTAHOBOK KOMMaHWUN
(MHBIMK crioBamMun: YMCTO (bMHaAHCOBO). TO BONPOC YMEHbLUEHNS] BPEMEHN BOCCTAHOBNEHUS HE TaK
OHO3Ha4YeH.

CyuiecTBytoLme HOpMbl Ha BPEMS BOCCTAHOBMEHMS HEOBCNYXMBaeMbIX 06bEKTOB COCTaBMNAOT
Tempn < 2,5 4ac (B TOM Yncne Bpemsi nogbesaa 2 vaca); obcnyxmBaembiX 06BHEKTOB - Tg opn < 0,5
yac nnm gaxke 10 mmHyT [10]; Bpems BoccTtaHoBrneHust OK - T o < 10 yac (B TOM uncne Bpems
nogbesna 3,5 vyaca), cpok cnyxbbl annapatypbl — He MeHee 20 net. OHM He BKIYaloT B cebs
Bpemsi 0ObHapyXXeHus1 aBapun, OTbICKaHNE NPUYMH BO3HUKHOBEHMWST aBapun, JOCTaBKY 3anacHbIX
yacTen, nonyvyeHme gonycka Ha nposedeHne paboT, pa3bopky paboumnx cxem, nocne
BOCCTaHOBUTENbHOE TECTUPOBaHME, COOPKY Cxem, BBeAeHNe B paboTy.

Mo meToamkam pacyeTa HagexHocTn komnaHuu EventHelix (Tabnuua 3) oxxmaaemoe Bpems
BoccTaHoBrneHna MTTR, npexnae Bcero, 3aBUCUT OT TOro, rae pacnonoxeH komnnekt 3UM, n ectb
NN Ha 06beKTE KBANUMULMPOBAHHbBIA AOMNYLLEHHbIA NepCcoHann.

Tabauna 3

MecTtononoxeHue UM Tun o6cnyxuBaHus MNC Oxupaemoe MTTR
100% 3 Ha MNC 24 yacoBoe Hanuyve KBanugULMpoBaHHOro, 06y4eHHOro, co 30 MuHyT

BCEMM NpaBamMu Jonycka 1 JocTyna nepcoHana
100% 3 Ha NC KBanuduumpoBaHHbIi, co BCEMM NpaBaMu AoMycka v AocTyna 2 yaca

repcoHarn Haxo4WTCs B LLIAroBOW AOCTYNHOCTU 24 Yaca B AeHb
100% 3WUIM Ha MC PerynspHble Yackl paboTbl 7 AHEN B Heaenio 14-18 yacos
100% 3UIM Ha INC PerynsipHble 4ackl paboTbl TONbKO B pabovne gHu 3 OHsa
3UI oTcyTcTBYET. MepcoHan npubbiBaeT nocne obHapyxeHust Aedekra unm 1

. - Hepens
[ocTtaBnsieTcsa KypbepCcKou CryX60W. BmecTe ¢ 3UN
3UI oTcyTcTBYET. o
o lMepcoHan paboTaeT B CTOPOHHEW opraHusauuu. Tpebyetcs

[ocTaBnseTcs NOYTON MW Apyrum 2 Hepenu

nony4YeHue Bcex A0nyckoB
crnocobom Y Aoy

YunTbiBas CyLlecTByloLLee B COBPEMEHHOM 3HEPreTUKe NOMoXeHNe BeLLen ¢ 3an4yacTsMn
OTCYTCTBMEM Ha 0ObeKTax KBanMdULMPOBaAHHOIO B 3TON 06nacTn nepcoHarna, oXxXngaemMoe BpeMs
BOCCTaHOBIEHUS HEe MOXeET OblTb MeHee 3 ... 7 oHEeN.
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[axe ecnu NpuHATL BpeMsA 0OHapyXXeHUsa aBapun paBHbIM HyIHO (pearibHO OHO MOXET ObITb 1 8
yacos, 1 24 yaca, 1 6ornee), OTbICKaHWe NPUYNH BO3HUKHOBEHWSI aBapuM MOXET 3aHSATb
NpoAOIIKUTENBHOE BPEMSi, KOTOPOE HamnpsiMyo 3aBUCUT OT KBanudukauum nepcoHana,
obcnyxusatowero o6bekT. A eCnm Mbl FOBOPUM O CIIOXHbBIX COCTaBHbIX TPaKTax, TO 9TO BpeEMS
BpSi4 NI MOXKeT BbITb MeHbLUe 2 ... 12 yacoB. K Tomy xe, ecrin 06bekT He 0b6cnyXmBaemMbli, TO K
3TOMy BpeMeHu Heobxoammo fo6aBnTb BpeMsi NpUbbITUA HA MECTO BO3HUKHOBEHWSI aBapu.

Mony4yeHne gonycka Ha npoBegeHue pabot — 4 ... 8 yacos, pasbopka paboumx cxem — 0,5 ... 2
yaca, nocrie BOCCTaHOBUTENbHOE TeCcTupoBaHue — 2 ... 24 yaca, cbopka cxem — 0,5 ... 2 yaca,
BBeAeHue B paboTy / onpoboBaHmne — 1 yac.

CyLLeCTBEHHO yny4LIWUTb CUTYaLMIO MOXET UCMONb30BaHNE TEXHUKM obnagatoLlent BCTPOEHHbIMU
cUcTeMaMm ANMarHoCTUKKN ¢ BonbLuon rnybuHon aeTanusaumm, u yaaneHHbIM MOHUTOPUHIOM
COBbITMI, @ He COCTOAHWI. Torga Npu BO3HUKHOBEHUU aBapyy He BaXKHO rae: Ha MECTHOM MIn Ha
yAaneHHoOM obbekTe, Unu B TpakTe, 06CnyXuBaloLemy nepcoHany ¢ MMHMManbHOW 3a4epXKon
(10-15 MuHYT) NnocTynNUT MHOPMaLUSA O BOZHUKHOBEHUU, TUME U MECTE aBapuu, NPUYMHe
BO3HWKHOBEHMUN aBapuu, yKazaHU TEXHWUKKU, 6OKOB NN y3roB, BbI3BaBLUMX aBapUNHYO CUTYaLMIo;
pekoMeHOauumn no coxpaHeHuio paboTocnocobHOCTM CUCTEMbBI, BapuaHTbl BbiCTpenLiero
yCTpaHeHUs aBapunHOM CMTyauuu, Unn oNnTUManbHOro nepexoia Ha pe3epBHbI MapLUPyT (3TO
MoXeT BbITb BbINOMHEHO aBTOMaTnyecku), n 7.4. B aTom cnyyae, aaxe ecnun Ha obbekTe
otcytctByeT 100% 3UI, Bpemsa ero AocTaBkn MUHUMU3UPYETCS.

30ecb GyaeT yMeCcTHO ynoMsiHyTb O ABYX creumdmnyecknx 0CO6EeHHOCTAX COBPEMEHHON LMdpoBOM
TEXHUKM:

e K Heil He npyMeHMa cTpaTernst oNTUManbHOro BOCCTAHOBIEHMS, NOCKOSbKY NPOCTO
OTCYTCTBYIOT NapamMeTpbl HabnoaeHus (Takve, kak 3aTyxaHue B BONOkHe unu BY TpakTe).
Mo3aToMy He CMOTPS HA BCTPOEHHbIE CUCTEMbI AMArHOCTMKM, U CNOCOBHOCTb LIMGPOBbIX
CUCTEM CaMOCTOSITENbHO YCTPaHSATb HEKOTOPLIE BUAbLI aBapuii, UX BbIXOa U3 CTPOst
XapaKkTepusyeTcsi MOHATUEM «BHE3aMnHOW CMepTu». B 3TUX yCroBMAX e 4UHCTBEHHOM
BO3MOXXHOCTbIO COKPaLLEHUSI BpEMEHU BOCCTaHOBNEHUS ABNAETCA ObiCTpas nokanusaums
(haKkTOpOB BO3HUKHOBEHUSI aBapuK, 1 aBTOMaTU3aLMs NPOLLECCOB NEPEKIIOYEHUS Ha
pe3epBHble NyTW Nepeaaym

e TepMuH HapaboTka Ha oTka3d MTBF moxeT NnpuMeHATLCSA TONbKO K YCTPONCTBY B Lenom. K
OTAENbHLIM MOOYNSAM LOSMKEH NPUMEHATLCA TEPMUH HapaboTka 4o oTkasa - MTTF.
MpuHUMNManbHoe OTAnYMe COCTOUT B TOM, 4TO NoHATME MTBF npumMeHnMo TONbKO K
PEMOHTONPUIroAHLIM U3AENUSAM, U B Cllydae aBapum YCTPONCTBA €ro BOCCTAHOBIIEHNE
3akroyaeTcs B NpocTon 3ameHe aedekTHbiX Moaynen. OgHako camm MOAYSN He SABNAOTCA
peMOoHTONPUroaHbIMK (NO KparHen Mepe, B YCNOBUAX IKCNIyaTauun), u Ux Bblxod U3 cTpos
O3HauvaeT An1s SKCnnyaTaumm NoMHY0 U OKOHYaTENbHYO MNOTEPH.

Bpems npubbITnsi HAa MECTO aBapuun 3aBUCUT OT ABYX (DAKTOPOB: MECTOMONOXEHUA 06bekTa, 1
pacnonoXeHnst PEMOHTHbIX Bpurag / TexHnyeckoro nepcoHana. B sapybexHon nutepartype,
nocesLeHHon obcnyxunsaHuio BOJIC-BJ1 cuctem, pekomengyetcs obecneunTb
acdanbTMpOBaHHbIN NoAbE3A K kaxaow onope BJ1, Bxogsawen B Tpaccy OKI'T/OKCH. Ons BOJIC-
BJ1, npoxoasimux Boonb aBTOMOBUNBbHBLIX UIK XXeNe3HbIX AopOor, 3TO He Npobnema. XoTs gaxe
34ecb MOryT 6bITb TpyAHOCTW. Mpy cpeaHern CKkopoCcTn aBTOMOBUITBHOIO TpaHcnopTa 3a ropo4oM
50 ... 60 Km/4Hac NyHKTbI pacnosioXXeHUs PEMOHTHBIX Bpurag He MoryT HaxoguTbesa ganbewe 100 ...
150 km OT mecTa aBapuun. A BOT B ropofe, rae cpeaHas ckopocTb He npesbiwaet 10 ... 20 km/yac,
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a B Yac-NvK MOXeT ObITb 1 TOro MeHblLUe, obecneynTb BpeMsi NpubbITUS PEMOHTHUKOB 2 .. 3 Yaca
npobnematnyHo. Tem Gonee, 4TO B 3TOT HOPMATMB BXOAUT BpeMS Ha cbopbl (Hanpumep, B noboe
BpeMsi CyTOK opopMIeHne HapsaaoB 1 nonyyeHre 3anyacten nnu obopygoBaHusa Ha cknage).

HecnoxHbI aHanu3 nokasbiBaeT, YTO peanbHOe BpeMsi BOCCTAHOBINEHMS, KOTOpoe HeobXxoanmo
YyYnUTbIBaTb NPU pacyeTax HaJEeXHOCTU, CoCTaBnsieT 24 ... 72 yaca unu 6onbLue.

Mpyn oueHKke roTOBHOCTM CUCTEMbI TaK e HeobXoaMMO yYnTbiBaTb BPEMS HA NpoBeaeHne
npodgunakTnyecknx pabot n nnaHoBoe obcnyxunBaHue. Ecnu TpakT unu cuctemy pas B rog
Heo6Xx0aANMO BbIBOANUTL B OGCNYXMBaHUE HA 8 4acoB, TO Y HUX B NPUHLMNE HE MOXET BbITb
KO3 ULMEHT roTOBHOCTH Bbilwe 0,999.

M3 PucyHok 2 BUgHo, 4TO A5 Toro, Ytobbl o6ecneunTtb KOagULMEHT HEFOTOBHOCTU (MPOCTOS)
paBHbIn 0,0005 (unn Ky=0.9995), HapaboTka Ha 0TKa3 yCTPOMCTBa UMW CUCTEMbI HE MOXET BbITb
MeHbLe 5 net, a B 6onee obwem cnyvae — meHble 20 ... 70 ner.

MTTR = F(q, MTBF)

400
350+
m 300-

© 2504 q=0,00100
; 2004 q = 0,00060
& . o = 0,00030
~ 150 q =0,00016
1 Hegena
1 CYTHM

(1] r 7 ; - v . - ~
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MTBF, net

MTTR, yacoe

¢ = 0,00016
1 cyTeM

T Iy | SUNEEEE S B S S S G TR S S SEEE S ST S S— C—
15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125
MTEF, ner

PucyHok 2. 3aBMCMMOCTb MakCMMarbHOro BPEMEHW BOCCTAHOBMEHUs OT HapaboTkM Ha oTKas, U
Tpebyemoro KoadpmLmeHTa roTOBHOCTMW.

[nsa cnoXHbIX COCTaBHbIX TPAKTOB OAMH TOMbKO 3TOT NapameTp (MHTepBan o6CcnyXmMBaHnsa) MOXeT
okasaTbCs HenpeogonuMbiM. Begb 3a BocemMb U gaxke MeHbLLE YacoB HEOGX0ANMMO NMPOBEPUTL
BCE komnoHeHTbl TpakTa, rae 6bl OHM HU ObInM pacnonoXeHsl. [Mpyn HEBO3MOXHOCTH
OLHOBPEMEHHOW NPOBEPKM, CPOKMN OBCNYKMBAHUSI OTAENbHBIX KOMNOHEHTOB TPakTa AOMKHbI ObITh
CTPOro CornacoBaHbl, U ObITb CyLLECTBEHHO MEHbLUE MO ASIUTENBbHOCTMU.

C apyrov CTOpOHbI, YTOBbI yBENMUNTE MHTEPBaN obcnyxmnBaHna Ao 2 ... 4 net (M NOBbICUTb
rOTOBHOCTb CUCTEMbI), HApaboTKa Ha OTKa3 y3/N0B TpakTa AOSKHA cocTaBnATb MUHUMYM 40 ... 80
net (cM. PucyHok 3) npu cootBeTCTBEHHO 95% 1 99% BEPOSATHOCTU COXPaAHEHMS
paboTOCNoCOBHOCTN CUCTEMBI.

® Tpu BpemeHH aKcnnyaTaumm paBHOM HapaboTke Ha 0TKa3 paboToCNOCOOHbLIMKU OCcTatoTCs TONbKO 37 %
YCTPOWCTB.
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3afava Tak e o4eHb HenpocTas. 1o gaHHbIM koMmnaHun «ABB BHeproceasb» cebiwe 70%
0TKa30B 060pyaoBaHUSA CBSA3aHO C ero HenpaBubHOW aKkcnnyaTaunen. N3 Hux 6onee 67%
COCTaBNAT AedekTbl 3a3eMNeHns n pa3Boaku kabenen, 12% - owmnbkn npoekTupoBaHud, n no 4%
- OWKNBKM nepcoHana n cuctemMbl NUTaHUA. TO eCTb OOCTUXKEHWE 3a4aHHON rOTOBHOCTW TpebyeT
npoBeaeHnst Ha obbekTax, BXOAALWMX B TpacCy kaHana, opraHn3aumoHHO-TEXHUYECKNX
MeponpuATUA HENOCPEACTBEHHO HE CBA3AHHbIX C MPOEKTOM.

BeposaTtHocTh, YTO No6o TepmuHan oTpaboTaeT ykazaHHOe BpeMs

1

MuTepBan obcnyxnBaHus, ner
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PucyHok 3. PekomeHayembln MHTepBan o6CAyXMBaHUS, Kak (OyHKUMS HapaboTkM Ha OTkas u
BEPOSATHOCTM TOrO, YTO YCTPOMUCTBO MMM CUCTEMA K 3TOMY BpeMeHn ByaeT NoNHOCTbI0
OYHKLNOHMPOBATb.

BeposTHo, 3T o6cTositensctBa BoiHyaunu 3AO «Komnanusa TpaHcTenekom» [14] ons 4OCTMXKEHUA
3aJaHHOW HaZleXXHOCTN CBOMX OMTUYECKUX CUCTEM CBSA3W UCMOMb30BaTh AN pasMeLleHns
annapaTypbl 3almLlEeHHbIE Cry)XKebHble MOMELLEHUS, UCKMoYatoLwme BNNAHUE SONONHUTENbHbIX
BHELLUHWX BO3OENCTBUI; @ TaK XXe NPUMEHUTb CUCTEMbI SNIEKTPONUTAHUSA C YETbIPEXKPATHBIM
pe3epBMpOBaHMEM (ABa HE3aBUCKMMBbIX puaepa NUTaHus, u3ernb-reHepaTop U akkyMynsaTopHas
6atapes).

Bonee Toro, pacyeTbl nokasanu, YTO TONbKO NPW YNCNe pe3epBHbIX NyTen 6onee AByX-TpeX MOXHO
[OCTMYb BpeMeHM npoctost MeHee 1.5 yaca B rog. MNpu 3ToM 3a OCHOBY ObInK B3ATHI MEPONPUSTUS,
no3BonmBLUME JOCTUYL Ha TpaHccmbupckon BOCT] marnctpanu cnegylowmx napameTpos
HaOeXHOCTW: NMOTHOCTL 0TkazoB m = 0.15 Ha 100 km, t, = 7 yacos, Ky = 0.99985 (Huxe
TpebosaHun [7] Ky = 0.99989), Bpems npoctos — 1.3 vaca B roa!

Bbicokas nnoTHOCTL OTKka30B 06yCnoBneHa npexae Bcero Tem, 4to obpbiBbl [T ganeko He
€dVHCTBEHHasi NpuynHa nospexgennin B, cnocobHas BeizBaTh noBpexaeHne OKIT (Tabnuvua 4).

Tabauna 4
MpuynHbI NnoBpexaeHU YacTocTb oTKa3oB, %
MepekpbiTHe U paspylueHne U30NATOPOB 57,0
MepekpbiTUe ¢ a3kl Ha onopy 3,8
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MepekpbiTUe ¢ hasbl Ha Npoe3xarlme MexaHU3Mbl 3,3
O6pbIB rpo303alUTHOro Tpoca 3,1

MapeHue ¢asbl Ha 3emnio 2,4
Ha6pochl Ha a3y 1,8
MepeKkpbIiTUA Ha AepeBbA 1,6
Mpouue 27,0

B 2005 rogy 3AO «KomnaHusa TpaHcTenekom» onybnukoBana pesynbTatbl NATUNETHEN
aKcnnyaTaumm onTUYECKNX CUCTEM B 30HE LieHTpanbHon Poccum [19]: 41600 km Ha onopax
KOHTaKTHOWN CETU 1 NMMHNIN aBTOONOKNPOBKK, 6760 KM B nonMMepHbIx Tpybonposogdax, 3640 km — B
rpyHTe. PaccMOTpUM HEKOTOpPLIE U3 HUX.

e [lonyyeHHble napameTpbl: KO3 dULUEHT rotoBHOCTM B 30He MK Ky = 0.9995 Ha 100 km,
BpeMsi BOCCTaHOBMNeHUs! t, < 6 4acoB, BeposiTHOCTb olmbkmn < 10°. PacyeTHas Hapa6oTka
Ha oTka3 — 1.37 roga, nnoTHocTb oTka3oB — 0.7305.

e Hawnbonee Becomble cocTasnawowme t,; obHapyxeHne n nokanusaums otkasa - 5.5%,
NOArOTOBKA TPAHCMOPTHbLIX CPeacTs, cbop 1 nogrotToBka pemoHTHON 6puragbl — 13.9%, ee
AocTaBKa K MecTy aBapuun — 41.7%, Bpemsa noarotoBku copoHTa paboT — 13.9%, peMOHT —
25%

e 30Ha aKcnnyataumMoHHo-TexHororn4eckoro obenyxmsanuns (3TO) — 150 ... 200 km,
nuHenHoro — 30 ... 50 km. Hopma TexHonornyeckoro oocnyxmneaHus — 45
Km/JYenoBek/MecsL, TO eCTb pa3Mep NOCTOSIHHO AencTeyrowen B 3oHe ATO Gpuragpl — 3 ...
4 yenoseka

e 3atpathl paboyero BpemeHn Ha obcnyxusaHue JIKC — 78.6%, annapaTypbl U cuctem
nutanmsa — 21.4%

o KanutanbHble 3aTpathl Ha obcnyxueaHue JIKC — 66%, annapaTtypbl 1 cUCTEM NUTaAHUSA —
34%

e JKkcnnyaTauuoHHble pacxodbl Ha obecnyxusaHune JIKC — 76% B 2002 ... 2003 rogax n 83% B
2004 rogy, annapatypbl U cuctem nutaHusa — 24% B 2002 ... 2003 ropgax n 17% B 2004 roay

o TpyposaTpaTbl Ha obCnyXUBaHWE Kaxaoro MHTepgencHoro okoH4yaHms — 0.5
yenoBek/mecsL,

e lcnonb3oBaHWe KonbLEBLIX CTPYKTYP (MM 06X040B) AN pe3epBMpOBaHUS BO3MOXHO
TONbKO ANsi ceTu ¢ Harpy3kon He 6onee 50 ... 60%

e [lapameTpsbl, KOTOpble He06xoaAMMO nony4nTb: Kg = 0.9998 Ha 100 KM BO3OYLLUHbLIX IMHWIA 1
0.99989 ana kabenbHbIX, BPpEMSA BOCCTaHOBNEHMS t, < 5 YacoB Ans BO3AYLWHbIX IMHUA 1 5.3
Yyaca ans kabenbHbIX, MAOTHOCTb 0Tka3oB M = 0.192 anga Bo3aywHbIX NnuHun n 0.181 gnsa
kabenbHbIX

HocTurHyTele No peaynbTaTtaM aKcniyaTtaunm napameTpbl 30eChb TakK XKe HUKE HOPMUPYEMbIX, HO
6nm3kn k pacdeTHbiM ana BOJIC, noctpoeHHbix Ha BJ1 30 ... 35 kB n noasemHbix kabensax. Manoe
BPEMS BOCCTAHOBIIEHUS, U KaK CIeACTBME BbICOKAsi TOTOBHOCTb, 06 bsICHATCA TeMm, 4To JIKC
npoxogat Baonb XK 1 aBToMOBUINbHBIX Tpacc, U Manon 3o0HON 06CNyXMBaHUS PEMOHTHLIX Bpurag
30 ... 50 km.
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3aK/iloueHue

Ctpoutenbcteo BOJIC-BJ1 TpebyeT rpamoTHOro TEXHUYECKOro 1 hHaHCOBO-9KOHOMUYECKOIO aHa-
nu3a. [JJoCTmKeHMe yKasaHHbIX B PYKOBOAALLMX JOKYMEHTaxX napameTpoB HaAeXHOCTU TpebyeT
BbINOSMHEHMWS CIMOXHbIX TEXHUYECKUX U OPraHM3aLNOHHbBIX MEPONPUATUIA, CTOMMOCTb KOTOPbIX
A0JDKHA YYMThIBaATbCA B CMeTe Ha npoknaaky BOJIC-BJI.

rlpI/lBOD,I/IMbIe B PyKOBOOALLUMX OOKYMEHTAX napamMeTpbl HAOEXHOCTU ABNAKTCA NapamMeTpaMu,
KOTOPbIX Heob6Xxo0anMo SOCTUYb. |-|03TOMy npu pacyeTax HageXHOCTU NX NCNOoJb30BaTb HENb3A.
BMecTo HUX OOSMKHbBI MCMOMb30BaTbLCA pearnbHble 3Ha4YEeHNA.

Kaxagbin BOJIC-BJ1 npoekT yHukaneH. YHuBepcanbHOro nogxona K peLleHuto 3agadv He CyLecTBy-
eT. Vicnonb3oBaHne npu pac4yeTax HageXXHOCTU TONbKO KoadhduULMeHTOB roToBHOCTU T unn Ol
NPMBOOUT K 3HAYMTENbHOMY 3aBbILLIEHNIO HaaexHocTH npoekTupyemon BOJIC-BJ1. Becerga gomkHbl
yunTbiBaThCA BCce cocTasnstowme OKIT unm ¢pasHoro ontmuyeckoro Tpakra.

[BonHoe pesepsuposaHne BOJIC-BJ1 He no3sonseT nony4mTb KO3MMOULNEHTLI TOTOBHOCTH,
consMmepumMble ¢ roToBHOCTbIO BY TpakToB. MNoatomMy konbLeBble cxembl BOJIC-BJT AomkHbI
«npopes3aTtbesi» pedbpamun BY kaHanoB, obecneunBarowmx nepegady TexHonornyeckoro n P3A
TpadmKoB.
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