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MATEMATHYECKHUE MOJAEJIN VIS PACYHETA
MMOKA3ATEJIEN MTOKAPOBE3OIIACHOT'O OCTATOYHOI'O
PECYPCA KABEJIbHBIX JIMHUI

(pencraBieHO )

HpC)IJ'IO)KCHBI MaTEMaTU4YCCKUEC MOJCIHN, KOTOPBIC IMO3BOJIAIOT MNPOBOAWUTH
pacueTsl IMoOKa3zareneil moxapobe3zonacHoro ocratouHoro pecypca (IIOP)
i kabenbHbix JuHUKA (KJI) co ciydaiiHOM BeNMYMHONW pacxogyemMoro
pecypca 3a 3aJaHHYIO KaJCHIAPHYIO IPOJOJDKHTENBHOCTh 3KCIUTyaTalluu
nu3acims. I[J'If[ IMPOBCACHUSA TaAKUX PACUCTOB JOJI?KHEBI OBLITh U3BECTHHI 3aKOHBI
pacmpezneneHust HapabOTKH JI0 PECYpPCHOTO OTKa3a M CyMMapHON HapaOOTKU
KJI x Ha3HauYeHHOMY CPOKY CITyKObI

KuaroueBbie ciioBa: noxap, pecype, kabelibHOE H3/1ene

IHocranoBka mpobJemsbl. [lo manuem [1], B 2011 rogy B Ykpaune
KOJIMYECTBO TOKapoB OT KabenpHbIX usnenuit (KM) mo cpaBuenuro ¢ 2010
rogomM ysenuumwioch Ha 2,5 % u coctaBuio 8249. MartepuanbpHblil yiiepo
npesbicui nokazatens 2010 roga Ha 31,9 % u poctur 672293,9 ThIC. TpH.
KonunuectBo morubmux Bo3pocio Ha 2,35 % no 174 dgenosek. [lo mpuuune
3aropaHus OAMHOYHO TMPOJIOKEHHOro Kalens mpousonuio 7141 mnoxapos,
KabeJie, PoJIOKEHHBIX B My4kax, - 1053 moxkapoB, kabenei, MpoJIoKEHHBIX B
KopoOax, - 55 moxapos.

KW umeror ompeneneHHbIN Mokapo0e30MacHbIl pecypec IKCIUTyaTaluu
[2, 3], KOTOpBIIl 3aBUCUT OT MHOTUX (PaKTOPOB U MPH OMPEEICHHBIX YCIOBUIX
MOKET 3aKOHUYMTHCS KaK paHbllle, TaK U M03Ke HOPMATUBHOT'O CPOKA.

AKTyaJIbHBIM SIBJISIETCSL COBEPILIEHCTBOBAHUSA CHUCTEMBl TEXHHUYECKOTO
oO0cnyxuBanug u pemonta KJI, B coctaBe xotopbsix skcmryatupyrores KU, c
LEeJIbI0 CHIKEHUS 3aTpaT Ha MOJJep:KaHrue UX paboTOCIOCOOHOTO COCTOSIHUS U
3aJIaHHOTO YPOBHSI HAJEXKHOCTU paboTbl. OOHUM M3 IMyTeill pelieHus 3>TON
3a/layu SBJSETCS pa3paboTKa M BHEAPEHHUE TEXHUYECKOTO OOCITYKUBAaHUSA U
pemonTta KJI nmo daxtuueckomy coctostHuto. st 3Toro He0oOX0IUMO PEIIUTh
3amady oueHku mnokazareneid [IOP konkpernoin KJI mo skcmtyaTallmOHHBIM
JAHHBIM.

AHaJan3 nocjaeaHux AocTxennii u nyoaukanuii. [Tog [TOP KJI Oynem
MOHUMAaTh CyMMapHyto HapaboTky KJI oT MOMeHTa KOHTpOJIS €€ TEXHUYECKOTO
COCTOSIHUSA 10 OTKa3a, B pe3ysprare kotoporo KM KJI nocturator npeaenbHoro
cocrosinuda. llog mpenenbHbIM —cocTosiHUEM OyAeM TOHUMaTh  TakKoe



TEXHUUYECKOE COCTOsIHHE, MpH KoTopoM pemMoHT KJI HeBo3MoxkeH u (MiM)
HKOHOMHYECKH HEIleeco00pa3eH.

B pabGorax [4, 5] mpenjiokeH OJHOMApaMETPHBIA TOXOJ K OIICHKE
0CTaTOYHOro pecypca otaenbHbix KU.

W3BecTHBl aHATUTUYECKHME METOAbl pacyeTa MokKaszaTeled OCTaTOYHOTrO
pecypca TEXHUYECKHMX Wu3aeauil [6, 7], OCHOBaHHbIE Ha TOCTPOEHUHU
MaTeMaTUYECKUX MOJENel ¢ NeTepPMUHUPOBAHHON BEIMYMHOM PacxomayeMoro
pecypca.

Ilocmanoeka 3a0auu u ee pewienue. OTHUM U3 OCHOBHBIX MPU3HAKOB
JOCTHXKEHUSI TOXKApOOMACHOIO0 COCTOSIHUSI SIBJISIETCS yBEJIIMYEHUE TapameTpa
MOTOKa OTKa30B oTAeNbHbIX KM 1160 mHTEHCUBHOCTH OTKa30B 3seMeHToB KJI
(HampuMep, COeTMHUTENBHBIX MY(]T).

[loctpoum MaTtemaTHueckuMe MOJENM JUIsl pacuera Toka3aresei
OCTaTO4YHOro pecypca koHkpetHod KJI B mpeamonokeHuu, yto cymmapHas
HapaOoTka 1(T) 3a (UKCUPOBAHHYIO KaJIGHJIApHYIO0 MPOJOJDKUTEIBHOCTD
SKCIUTyaTallud T SABJISETCS CIydyalHON BEJIMYMHOM € W3BECTHOM (yHKUUEH
pacnpenenenusi G(x, T) U IJIOTHOCTBIO pactpeaenenus g(x, t). [Ipu stom Tun
ATOrO0 3aKOHA pacHpeleNieHuss M €ro mapaMmeTpbl 3aBHCIAT OT KaJeHAapHON
MPOJOJDKUTENBHOCTH AKCIUTyaTanuu KJI.

[lycte F(x) — ¢yHknus pacnpenenenuss HapaOoTku & wuzaenus 10
peCypcHOro oTkasa, r(t) — ciydailHas BeJIMYMHA pecypca, BbIpaOaTbiBacMas
U3JIeTTUEM K MOMEHTY T KOHTpoJIsl TexHudeckoro coctosuus. Toraa ITOP &(g(x,
T)) U3JEHs TI0CTIe MOMEHTA T ONPEEISIETCS IO COOTHOUIEHUIO:

g—r(t)  ange &>r(r);

&e(x,7)= - (1)

0, anse  &<r(r)

B 3agavax mpojjieHus pecypca TEXHUYECKUX HM3IEIUM MOJ MOMEHTOM

BpPEMEHU T OHUMAIOT, KaK MPaBUJIO, HA3HAYEHHBIN CPOK CIY)Obl. Bennuunsl &

1 1(T) — ciy4aiiHble, cle0BaTeNbHO BeMunHa &(g(X, T)) ABISETCS ClIydyaHOU

BEJIMYMHOM, TTOATOMY B KadecTBe rnokaszareneir [IOP O6ynem paccmatpuBaTh ee

qucioBble  XapakTepucTuku: "cpegumii  IIOP"  Tio(g(x, 1)), '"ramma-

npoueHTHei ITOP" Tyop(g(x, 1)). bomee obmei xapakrtepuctukoin ITOP
asngercs pyHkius pacnpenenenus [1OP, T.e.

P{r(t) <& <t+r(t)}
PlE > 1(t)}

E(t)=P{E—1(1)<t/E>1(1)} =

b

nim



F(r(t)+t)-F(1(1))
P{E > 1(1)]

F.(t)= ; 2)

rjae t — 3aJanHas HapaOoTKa.
CooTBeTCTBYIOIIAsI BEPOATHOCTh O€30TKa3HONW paboThl B TEUCHHE
3aJlaHHON HapaOOTKU t HAXOJUTCS IO COOTHOUIEHUIO:

P{E>1(1)+t}

Pr(t)zl_Fr(t): P{E‘D>I'(T)} :

3)

N3 dbopmynsl (3) BUIHO, YTO pacyeT BEPOSITHOCTH OE30TKa3HON pabOThI
WU BEPOSATHOCTH Toro, uro BenuuuHa [IOP wusnenus Oyner He MeHbIE
3aIaHHON HapaOOTKU t CBOJAMUTCS K BBIUMCICHUIO BEPOSITHOCTEH P{@ >1(1T )} u
P{E > (1) +t].

Haiinem BepostHOCTh coObiTHA & > 1(1). BeposTHOCTH TOrO, 4TO
CyMMapHas HapaOOTKa u3JeNusl 3a KaJCHJIApHBIA CpPOK CIyXObl T Oyner
MpUHAJJIeKaTh UHTEpBAITY (X, X+dX) 1 HapaboTKa 0 pECypCHOIo OTKa3a OyaeT
He MeHee X paBHa F(X)g(x,t)dx. Torma, MHTErpHUpYsS 3Ty BEPOSTHOCTH IO
BCEM X, MOJTYUUM:

0

Ple>r(t)f=[ F(x)g(x,t)dx. 4)
0

BepositHocTh coObiTust & > r(t) +t HalizeMm, paccykaas aHaJIOTHMYHBIM
o0Opazom, T.€.

0

P{£>r(r)+t}=JF(x+t)g(x,1:)dx. (5)
0

Bemmunny cpennero INOP T,on(g(X, T)) HaiineM Kak MaTeMaTH4eCKOe
OKUJaHUE CiTyvaitHoU BenunuuHbl &(g(X, 1)), T.€.

0

Oy (g(x,7)=M[E(g(x,1))]= [PlE(g(x,71))> t)dt =
0
1 e8]
= —D{EJ N r(r)};[P{a >1(T)+ thdt.



Haiinem temeph COOTBETCTBYIOMIME (POPMYIIBI JJIsi TaMMa-IIPOIIEHTHOTO
IIOP. Bemnuuny ramma-mponeHtHoro IIOP T,q,(g(x, t)) ompenenum u3
cooTHoIeHus (2):

P& > (1) + 04, (8(x,1)]

P(ex.t) > Oy, (8(x,0))= P{E> (1))

=001y, (6)

0 <7 <100%, nnm u3 ypaBHEHHUS:
P{E > (1) + Oy, (8(X,7))§ = 0017 - PE > 1(1)].

BepositHocTH P{é >1(1T )} u P{é >r(T)+ t} MOYKHO paccMaTpuBaTh Kak

MOJENN HAACKHOCTH THUIA "HArpy3Ka-mpo4yHOCTh' M JUIsI KX pacyera
HCTOJIb30BaTh M3BECTHBIE cooTHomeHus [8]. Pacuersl mokasateneit IIOP
KOHKPETHOM KJI HE00XO0IUMO IIPOBOJIUTH U1t KQJICHTAPHBIX
MPOJOKUTENBHOCTEN  AKCIUTyaTallUM W3JAEJIHUS W COOTBETCTBYIOIIMX UM
3aKOHAM  pacrpejeiieHus cymmapHod Hapaborku KJI. B kauectBe
pacnpeneneHui HapaOOTKH /IO PECYpCHOrO0 OTKa3a MOXXHO HCIOJIb30BaTh
TUIIOBBIE pacIipe/ielieHus, TpuBeJIeHHble B cTanHaapre [9] (HopmanbHOE,
SKCTIOHEHIMaNbHOE, BeiOymia, norapudMuuecku HOpMaIbHOE, TamMMa-
pacrpeneneHue, b dy3nonHoe MOHOTOHHOE " mudy3rnoHHOe
HEMOHOTOHHOE).

[Tonyuum pacuetHbie cooTHomeHus nokaszateneit [IOP KJI na npumepe
HKCIIOHEHIIMATBHOIO 3aKOHA paclpeesieHnst HapaboTKU 10 PeCypcHOro OTKa3a
¢ mapameTpoM A;, T.€. & ~ ' (A, 1); cymmapHast HapaGoTKa r(T) AJIsl 3a1aHHOTO
cpoka ciyx0bl T KJI — ciayyaiiHas Benu4MHA C MJIOTHOCTBIO pacmpeeseHus
g(x, 1). Torna, u3 Beipaxkenuii (3), (4) ciemyer:

0

§>r(r) =J Fe(x,1)dx . (7)
0
P{E>T(T)+t)= Te_x‘(””g(x,r)dx = e_x‘t]?e_x‘x)g(x, 7)dx . (8)
0 0

[Ipu noacranoske (7), (8) B hopmyiy (2) HaliieM BEpOSITHOCTh TOTO, UTO
BennuuHa [TIOP Oyner He MeHee 3a1aHHOM HapabOTKH t:

P{E(g(x,1)) > th=e ", ©9)



U3 ¢opmynsr (9) BHAHO, 4YTO BEPOATHOCTH P{Q( g(x,r))> t} pu
HKCIIOHEHIIMATBHOM 3aKOHE pacrpeiiesieHusi HapaOOTKH 10 peCypCHOTO OTKa3a
HE 3aBUCUT OT THIIAa 3aKOHA pacrpenaesieHus cymmapHoil Hapabotku KIIL
Bemuuuny cpeanero [TIOP nonyunm u3 Beipaxenutii (5), (7)...(9):

Os (g(x,r»:%, (10)

T.e. BennuuHa cpegHero [IOP npu sKkCOHEHIMANBbHOM 3aKOHE pacipeiesieHus
HapabOTKU 70 PECYpCHOTO OTKa3a HE 3aBUCUT OT THUIIA 3aKOHA paclpeeeHus
cymmapHoit HapaboTku KJI.

3Hauenne ramma-npornentHoro IIOP T, (g(x, T)) ompenenum u3

dhopmyisl (6):

e—MOgay(g(x,T)) — 0,0I'Y ,

nim

In(0,01y)

O’ﬁé y(g(X’T)) =- N
|

(11)

N3 popmynsl (11) BugHO, yTO BenmuuHa ramma-nporeHTHoro [HOP npu
HKCIIOHEHIIMATBHOM 3aKOHE paclpeiiesieHHsi HapaOOTKH 10 peCypCHOT0 OTKa3a
HE 3aBUCHUT OT THIa 3aKOHA pacmpeieneHusi cymmapaoi Hapadotku KJI.

Buieoowi. 1lpennoxennbie MaremaTudeckue mojaenu (1)...(6) mo3BoisioT
poBoANTh pacueTsl nokazareneit [IOP mns konkpetHsix KJI co ciaywailiHOM
BEJIMYMHOM  pPAacXoOAyeMoro pecypca 3a  3aJaHHYK  KaJeHIApHYIO
MPOIOKUTENBHOCTD SKCIUTYyaTAllMM U3JIE€NUsA, B TOM YWCJIE U 32 Ha3HAYEHHBIN
CpPOK ciy>kObl u3aenus. s MpoBeleHHs TaKUX pacyeToB JOJKHBI OBbITh
M3BECTHBl 3aKOHBI pacClpeesieHuss HapaOOTKHM 10 PECypcHOro OTKaza u
cymmapHoi HapaOoTku KJI k Ha3HaueHHOMY CPOKY CITYKOBI.
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A.C. Kupumok, O.B. Kynakos

MartemaTuuHi MoJeJii AJ1s1 pO3PaXyHKY MOKAa3HHUKIB M0KeK00e31eYHOro 3aJMIIKOBOI0
pecypcy kadeJbHUX JiHil

3anponoHOBaH1 MaTeMaTUYH1 MO, 1110 JI03BOJISIOTh MPOBOAUTH PO3PAXyHKH TOKA3HUKIB
MOXKEXKO00E3MEYHOTO 3AIMIIKOBOTO PEecypcy Hisi KaOenbHUX JIHIA 3 BHUIAJAKOBOIO
BEJIMYMHOIO PECypCy, 110 BUTPAYAEThCS, 3a 3a/aHy KaJleHJapHy TPUBAIICTh €KCIUTyaTallii
BUpoOy. [l mpoBeneHHS TaKMX PO3PAaxXyHKIB MOBHHHI OyTH BIIOMUN 3aKOHHM PO3IMOALLY
HaIpalloBaHHS IO pecypcHOi BIIMOBHU 1 cyMapHoro HampautoBaHHs KJI 1o mpusHaueHoro
TEPMIHY CITyXKOU

KuouoBi cioBa: noxexa, pecype, kabeabHUN BUPIO

A.C. Kirilyuk, O.V. Kulakov

Mathematical models for computation of indexes of fire-safety remaining resource of
cable lines

Mathematical models which allow to conduct computations of indexes of fire-safety
remaining resource for cable lines with the accidental size of the expended resource for the
set calendar duration of exploitation are offered. For conducting of such computations the
laws of distributing of work to the resource refusal and total work of cable lines to the
appointed term of service must be known.
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