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Poszensoaiomvca numanns yenmpanizoganoeo 06Cny208y8ants AHIHOI YacmMunu Ma2icmpanibHo20
2a3onposody. Cmeopeno eKoHOMO-MAmemMamuity MoOelb npoyecy, AKA po32Na0acmbCs AK QYHKKYIs
numomux eumpam Ha oocnyeo8yeanta. Onmumizayis npoyecy oOCIY208V8aHHA OA€ 3MO2Y CKOPOMUMU
sUMpamu Ha 006CY208y68aAHHSL.

KittouoBi cioBa: HaiifHICTh, MariCTpaIbHUNA Ta30IPOBI/I, IIarHOCTYBaHHSI

Paccmampusaromes  gonpoc 0 yeHmMpaAnUUpOBAHOM  OOCIYICUBAHUY — TUHEUHOU  Yacmu
MazucmpanbHoz2o 2aszonposodd. Co30aHa IKOHOMO-MAMeMamuieckas MoO0eilb npoyeccd, KOMOopas
paccmampugaemess Kax @QYHKKyus YOerbHuIX 3ampam Ha oo6caycusanue. Onmumuszayus npoyecca
00CIYACUBAHUS NOZBOTIUN COKPATMUTND 3AIMPAMbL HA IKCIILYAMAYUIO.

KiroueBrie ciioBa: HaIe)KHOCTh, MarUCTPAIBHBIN Ta30IIPOBOJ, THArHOCTHKA

Are examined question of the centralized maintenance of linear part of main gas pipeline. The
ekonomo-mathematical model of process, which is examined as funkktsiya specific expenses on service, is
created. Optimization of process settles service to shorten expenses on exploitation.

Keywords: reliability, main gas pipeline, diagnosticating

OmHuM 3 HAWBaXIMBINIMX TOHATH, IO XapaKTEPU3ye CUCTEMY 3 TOYKH 30py 3a0e3redeHHs
CHOXHMBAYIB Ta30M, € HaAIWHICTh. 3araJbHOBIZIOMO, IO MOKA3HUKM 3aHAJIMHOCTI 3aJieXkKaTh Bl TEPMIHY
cmyx6u 00"exty. IS MaricTpadbHHX Ta3OMpOBOJIB IOPUAMYHO BCTAHOBICHO TPaHUYHUI pecypc
eKcruTyaTarii 33 poku, Miclisl 3aKiHUSHHS SIKOr0 HeoOXiJHa PEKOHCTPYKIIist a00 KaIiTallbHUH PEMOHT IS
BIJHOBJIEHHS ITOKA3HUKIB HAAIIHOCTI.

Cepen ra30TpaHCIIOPTHUX Marictpaiieid Ykpainu 17.27% eKcIulyaTylTbCs BxKe€ MoHaj 33 poOKH, a
13.66% mo BkazaHoOI rpaHulll 3anummiock MeHire 10 pokie. Omxe, 30.33% ra3onproBoiB Bix 3arajbHoi
iX MPOTSHKHOCTI BUMArarOTh HEBIIKIAAHMX 3aXOMdiB HE TUIBKH JUIS MIABUIICHHS EKCIUTyaTamiiHOl
HAJIMHOCTI, aje i 3a0e3MMeUeHHs )KUBYYOCTI.

Crin BiI3HAYWTH, MO EKCIUTyaTAl[iHHUMHU CITy)k0aMHi BeAyTbcs POOOTH 3 JIarHOCTYBaHHSI CTaHY
ra3onpoBO/IiB PI3HOMAHITHUMH METOJaMH, B TOMY YHCII 3 3aCTOCYBaHHSM IHTEICKTyaJbHHUX IOPIIHIB.
OcTaHHI TOKa3ajy, M0 HAa OKPEMHUX NUIBHMIIIX CTaH JIHIMHOI YaCTUHU Ta30MPOBOMIB KPUTHYHHM.
Kopo3iifHi mporiecy NMpHU3BENU JO 3MEHIICHHS po0O0Y0i TOBIIMHHM CTIHKH TPYO IO Takoi MipH, IO
MmoJiajibIlla eKCILTyaTallis ra30MPOBOIIB ITiJ] pOOOYUM THCKOM € KUTTEBO HEOE3IEUHOIO.

B Takux ymoBax OJHWM 3 HAWBOKJIMBIIIMX NHTaHb YJAOCKOHATIOBAHHS CHCTEMH TEXHIYHOTO
00CITyrOoByBaHHS 1 PEMOHTY IHIHOT YaCTHHHM MaricTpajlbHHUX Ta3OlMpOBOJIB € BUOIp palioHaNbHOI
crparerii 0OOCITyroByBaHHS 3 METOK MOJANBIIOTO ONTUMAILHOTO IUJIAHYBaHHS KOHTPOJBHO-
BIIHOBJIFOBAJIbHUX 3aXO/IIB.

Ilpu ¢opmyBanHi crpaTerii oOCIyroByBaHHS 1 PEMOHTY HEOOXiHO BpaxoBYBaTH crHeluQiky
pealibHOTO TMPOLIECY eKCIUTyaTallil JiHIHHOT YacTMHM, a TaKOX BHUMOIH JIIOUYUX HOPMATHBHHX
JOKYMEHTIB, M0 HAaKIagaloTh CEpHO3HI OOMEXKEHHS Ha MOXKIIHMBI BapiaHTH pPO3PaXyHKOBHUX CXEM
TEXHIYHOTO 00CITYTOBYBaHHS i pEMOHTY.

3a OCHOBYy pO3PaxyHKOBOI CXEMH KOHTPOJbHO-BIIHOBIIOBAJLHUX 3aXOMIB  IPHHMAETHCS
JBOCTaJ(iiiHa MOJeNbh PyWHYBaHHS Ta30lMpOBOLY, OOTOBOpeHa B TomnepenHbomy mnapapadi. Crpareris
(opMy€eThCS y 3alIeKHOCTI Bil BUILy KOHTPOJIO, CTaHy 00'€KTIB, XapaKTepy PEMOHTHO-EKCILTyaTaI[liHAX
3axOJIiB 1 MPUHIIMIIIB BIUIMBY Ha CHCTEMY 3a pe3yJibTaTaMu KOHTpoto. JIiHiiiHa yacTHHA MaricTpajibHOTO
ra3onpoBoay (00'€KT) KOHTPOJIbHO-BiTHOBIIOBAJILHOIO OOCIYrOBYBaHHS MOXE 3HAXOMAMTHUCSA B JCSKIM
KIHILIEBiM KiIbKOCTI ctaHiB E = {E] ,E2 ,...En } BurmaakoBuii poriec eBOIONIi CTaHIB CUCTEMH B 4Yaci
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onucyeTbess PyHKIisIMA X(t) 31 CTYMIHYACTUMH TPAEKTOPISIMH. AHAII3 MPaKTHKH EKCIUTyaTalii JiHiHHOT
YaCTUHH CHCTEMH Ta30MpOBOJIIB, BUMOTH JIIOYMX TaTy3eBHX HOPMATHBHUX JIOKYMEHTIB JIO3BOJISIFOTH
chopMyJIIOBATH HACTYITHI MOXKJIMBI CTAHU CHCTEMH:

E, - cipaBHuii cTan
E, - He cripaBHMIA cTaH, aje MOXJIKMBa poOoTa
X(t) =1 E, - Henpane3natHuii (BiAMOBa)

E, - peMOHTHO - BiIHOBIIOBaJIbHE 0OCIYrOBYBaHHS

E, - xonrpois

Po3paxyHkoBa cxeMa KOHTPOJbHO-BIIHOBIIOBAILHUX 3aXOMiB (cTparerii) pOpMyIIOEThCS B TaKHii
crocio:

- Ha MaricTpaJlbHOMy TIa30MpOoBOJl 3IIHCHIOIOTBCSA CTPOro IEPIOJUYHI TEPEBIPKU CTaHy
(repMeTHYHOCTI) JiHIHHOT YacTUHH (3 TIepiogoM O );

- Y BUNAJIKy BUSBJICHHS HECIIPABHOCTEH 1 YIIKODKECHB (CBHUIIII, BUTOKY 1 PUPIBHSHI 0O HUX CTaHM)
3MIACHIOIOTHCS HEBIIKIIAIHI BiIOYI0BHI POOOTH;

- Y BHIAJKy BiJMOBJICHHS (CaMOCTIfHOrO TPOSIBY VIIKOIDKCHHS) Y MDKOTJISIOBHIA TEepiof
MPOBOMATLCS HEBIAKIIAIHI aBapiiHO-BiNOYA0BHI pOOOTH.

I'pad mepexoniB cTaHiB CHCTEMH Yy XOJi KOHTPOJIBHO-BIIHOBIIOBAIBHHUX 3aXOMIIB IPEICTABICHHI
Ha PUCYHKY 1.

Bynemo BBakaTH, 1110 BiIMOBA Ha JIiHIMHIA YaCTHHI BUABJIAIOTHCS MPAKTUYHO MUTTEBO i aOCOIIOTHO
BiporigHO. BiporiHicTh KOHTPOIO XapaKTepU3y€eThCs TOBHOIO IMOBIPHICTIO BUSIBJICHHS YIIKOJKEHHS P
3a pe3yjbTaTaMu nepepipku. [IpuiiMeMo MpUMyIIEHHs, [0 3aX0AH 00 TEXHIYHOTO 00CIyrOBYBaHHS 1
PEMOHTY 3IHCHIOIOThCS MPAKTUYHO MHUTTEBO (Yepe3 HEMOPIBHSHHO MEHIII BUTPATH Yacy CTOCOBHO O ) i
HE BIJIOMBAIOTHCS Ha PIBHI MOKA3HUKIB HAAIHHOCTI Ta30IIPOBOY.

Meror0 palioHaIBHOTO TUTAHYBAHHS 3aXOIB 100 OOCTYrOBYBaHHS 1 PEMOHTY JIHIHHOI YacTHHH
MaricTpaibHOrO ra30MpOBOJLY MOJrae B MiHIMi3alii (yHKIII METH CyMapHHUX MIUTOMHUX BUTPAT 3 00JIIKOM
ycix 1 cKi1aIoBUX MpH 00paHiil cTpaTerii KOHTPOIbHO-BITHOBIIOBAIBHUX 3aXO0IIB :

®(z!)= min . (1)

Taka mocraHoBKa 3amayi HiIkoM Tpamuiiiiina [1]. Jms i peamizaiii HEOOXigHO OnEpIKaTH
iHTEerpaNbHUil BHpa3 QyHKIII MeTH (3a7aya aHaNizy) 1 MOKa3HUKIB, 1 CKJIAaJIOBHX, & TaKOX 3HAWUTH
ONTHMAJbHI (EKCTpeMalbHi) 3HA4YeHHS (QYHKIII NMpU PI3HUX BUXITHUX JaHUX 1 TPAaHUYHUX YMOBaX
(3amava cuHTE3y). ['0JIOBHMMM MpUHIMIIAMUA (QopMai3allii 3amporroHOBaHOT MaTEeMaTUYHOI MOIENII €
HMOBIpHICHUH MiAXix 1 067K akTopa HaAIHHOCTI JTiHIHHOT YACTHHU MaricTpajbHOrO Ta30IpOBOY.

[IponoHOBaHa poO3paxyHKOBa CXeMa KOHTPOJIbHO-BIJIHOBIIIOBAJIBHUX 3aXOJiB OLIIHIOETBCS
HACTYITHUM IHTErpajJbHAM TTOKA3HUKOM:

Z;=Zag~ﬁaB+Zm~ﬁn+an/5 +0, )

ne n,,n, - y3arajbHEHi IOKa3HUKM, 10 OLIHIOIOTH BiJNOBITHO CEPEJHIO MUTOMY IHTEHCHBHICThH

as

YCYHEHHS aBapiil 1 YIIKO/DKEHb Ha JTUISHIT, 0 00CIyroByeThes, 1/100y; () - y3aralbHEeHWH MOKa3HUK 3

OI[IHKH TMHUTOMOT'0 30MTKY BiJl BTpaT ra3y TpH/N00Y; Zus, Z, - TOKA3HUKA PEMOHTONPUAATHOCTI JIHIHHOT
YaCTHHH, IO OLIHIOKTH CepPeIHI BUTPATH (BIAMOBIIHO) HA OJHY aBapiro, YIIKOIKCHHS.

3 BpaxyBaHHAIM 00YMOBIICHHX BHIIE PO3PAXYHKOBUX CXEM PYHHYBaHHS i 0OCIyroBYBaHHS JIIHIHOT
YaCTUHH BBA)KA€MO IHTEHCHUBHICTh IMOTOKY BiZIMOBJICHB 1 YIIKO/PKEHb A TIOCTIHHOIO BEIWYHHOK, OTKE B
BUIAJIKy OJHOMApPaMETPUYHOr0 EKCIIOHEHTHOTO PO3MOJTy JUIs XapaKTepHCTHUKU Oe3BiMOBHOCTI
CHUCTEMH MOYKHA OOMEXKHUTHCS €MHUM MTOKa3HUKOM A, 1/100y.

[potec po3BUTKY YIIKOKEHHS 10 Or0 caMOCTIHHOTO MPOsBY (BiMOBA) OMUCYETHCS BUIAKOBUM
4acoM iICHYBaHHs HECIIPaBHOCTI 3 (yHKIIieto posnoairy d(t).

ISSN 1993—9965. Haykosuit BicHuk IOHTYHI. 2012. Ne 2(32) { 76



Tpy6onpoBifHui TPaHCHOOPT r'as3y

E; - enpasnuii cman; E; - necnpasnuii npayezoamuuii;
E; - nenpayezoamnuii (6iomosa); E, - 6ionoenenns, Es - konmpono

Pucynoxk 1 - I'pad nepexoaiB craHiB JiHiiHOT YacTUHM MaricTpajJbLHUX ra30npoBoAiB y Xoai
KOHTPOJIbHO-BITHOBJIIOBAJILHUX 3aX0/1iB

Cepen TOKa3HUKIB PEMOHTONPHUAATHOCTI (KpiM Z,, Z, ) 1 epeKTHBHOCTI 0OCIyroByBaHHS
ra30TpaHCIIOPTHOI CHCTEMH HEOOX1THO BPaXOBYBAaTH:

-BUTPATH Ha KOHTPOJIbHI 3aX0/1 (MepioJUYHE NATPYIFOBAHHSA) -Zyp;

- 30MTOK BiJl yTpaT rasy IpH CTpaBJIOBaHHI B X011 peMoHTy C;

- cepe/iHs MUTOMA BETMYMHA 30UTKY BiJl OTHOTO YIIKOKEHHS -(CBUINA, BUTOKY) - ( ;

- IMOBIpHICTh BHSBIICHHS YIIKO/PKEHb 32 PE3yJIbTaTaMH TEePEBipKH - P ;

- IePIOAMYHICTH KOHTPOIIO - O, Ai0.

PosrnssiHemMo cralrfioHapHHi PEKHUM OOCITyrOBYBaHHS HEOOMEKEHOI TPUBAJIOCTI 3 MEPIOAUYHUM
KOHTPOJIEM CTaHy JiHIITHOT YaCTHHU 3 4acToToro 1/3 1 J03BOJIIEHOO 3AaTHICTIO P.

[luToMe 4YHMCIO YIIKOMKEHb, BUSBICHUX 3a pE3yJIbTaTaMU TIEPEBIPOK SKi HE MPOSBUIINCS
CaMOCTIHHO, CKIIaJac:

S5 S5 38
7, :é A[ POt + A[ P(1 - PYD()dt + 2. [ P(1- P (0t +... | =
0 5 20
K+1

o (k+1)s
= l/1132(1 -P) [@ (o)t
4 K=0 KS

ne @ (t) =1—-@(t) - iMOBIpHICTb Herepex oLy YIIKOKEHb, 110 3'SBUIINCS, y BiIMOBAX 32 yac t ((pyHKIIis
HaJIHHOCTI).
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BimMoBa cHCTEMH € peE3yJIbTaTOM CaMOCTIHHOIO MPOSBY YIIKODKCHHS (HECHPaBHOCTI), IO
YTBOPWIINCH y TEpioJl MK JBOMa KOHTPOIBHHUMH IEPEBIpKaAMH UM HEBUSBIICHOI IiJI Yac MOIEpeHixX
KOHTPOJIbHUX OTJISIB.

[MuTome umcno BimMoB (aBapiii) BU3BHAYMMO HACTYITHAM YAHOM:

ra=t Aid)(t)dt . ff(l PfB—8)-B( i+

2 [0 PR 5)- B0+ |- | @
:éii(b(t)dt+élg(l—P)K(KIﬁ%(t—5)—5(t)]dt

OIiHKY y3arajJbHEHOro IOKa3HHMKa MUTOMOro 30MTKY Bl BTpaT ra3zy B aTMoc(epy IOLLIbLHO
MPOBECTH B JIBa CTAIIH:

0=0,, +0,, (5)

ne Qym - MUTOMUH 30UTOK BiJ] yTpaT ra3zy MpH HECPaBHOCTAX (BUTOKY, CBUIIII); Qmp - MIUTOMUH 30UTOK
BiJl CTPaBIIOBAHHSA Ta3y 3 IUISHKHU TPH MPOBECHHI Bi/IHOBIIOBAJIBHUX POOIT.

OuiHNTH THTOMUH 30MTOK BiJi BTpAT ra3dy BiJl MOMEHTY TOSBH YIIKO/DKEHHs (BHTOKY) IO HOTO
JiiKBiganii (micias BUSABJICHHS) JOCHTh CKJIaJHO. Anaparypa, 1o 31aTHa (GiKCyBaTH 0OCATH BUTOKIB Yepe3
MIKpPOCBHIII 1 pO3€MHI 3'€qHaHHA, BIACYTHA. CHUCTeMH OE3YNMHHHOTO KOHTPOJIO 3a TePMETHYHICTIO
TpyOONPOBOIIB MOKHU MepedyBarOTh Y CTalil JOCHIJHO-TEOpETHYHUX Po3pobok [1]. CtatucTiyuHi MeToIH
HENPUUHATHI Yepe3 BIICYTHICTh MoAiOHO1 iHdopMmanii. HeoOXiqHo BIAMITHTH, IO BEIMYHWHA IMHTOMHX
BTpAT Tra3y uepe3 CBUINI i BUTOKM Ma€ JyXe IMUPOKHUH Niama3oH. 3 BH3HAYEHWUM CTYIEHEM TOYHOCTI
cepenmHi MUTOMI BTpPAaTH ( MOXXKHA BU3HAYATH 32 HEMPSMHMH JAQHUMH Y 3aJIeXHOCTI BijI mapamerpiB
(pexxuMy) TiepeKadyBaHHS, XapakTepy 1 po3MipiB YIIKOMKeHHs. Toii mUTOMHI 30UTOK BiJ BTpaT Taszy
4epe3 YIIKOKEHHS 13 CepeJHbOIO 110J000BOIO BTPATOK  BHU3HAYMUMO:

S5 5t 20 t
0. =é A[drq [ @(x)dx+ 2 [dtq [ (1- PP (x)x +
0 0 5 t—6

38 t
+ijdtqj(1—P)5(x)dx+... = . (6)
20 t—o6
1 S 5_1_ o (K+])5 Lo
=5 AIdtqch(x)dx+ﬂqZ(l—P)K j dtjcb(x)dx
0 0 K=l KS -6

Sk npaBuio, HaOLIbIIA MTUTOMA Bara B 3araJiLHoMy 00Cs31 BTpaT rasy B aTMocqepy CKIaIaloTh
BTPATH TPH CTPABIIOBAHHI ra3y 3 MIUITHKH Tra3olMpoBONYy, IO peMoHTYeTbesi. O0"eM CTpaBlIEHOTO raszy
BH3HAYAEThCS XapaKTEPUCTHKAMHU JUITHKMA (JIOBXKHMHA IIEPEKPUTOI MUISIHKH MDK JBOMAa JIHIHHUMH
KpaHaMH; JliaMeTp Ta3olMpoBOLYy) 1 MapaMerpamMu Ta3zy, W0 TepeKadyeThes, (THUCK, TeMmIeparypa,
koedinieHT crucnuBocTi). He ckiamae TpyqHOIIIB BU3HAYUTH CepeIHi 3HaueHHs BUTpat (30uTKy) C Bix
BTpAT Ta3y MPH CTPABIIIOBAHHI Tiepe]] MPOBEACHHSIM BOTHEBHX POOIT Ha Tpaci.

3 BpaxyBaHHSIM IIbOTO, MUTOMHI 30MTOK BiJl CTPABIIOBAHHS Ta3dy 3 JUISHOK ra3oTpPaHCIOPTHOL
CHCTEMH, IO 00CITyTOBYETHCSI, CKIIA/IAE:

0., = §(1 -P,). (7)
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ne P, - TOBHa IMOBIpHICTh HEBHUSBIICHHS YIIKOIDKCHb 3a pe3yJIbTaTaMH BCIX MEPEBIPOK Yy Xomi
eKCIUTyaTallii JJiHIHHOT YaCTHHH.

HHZ M.t ‘M’[l D(K+1)5-t)1-P) P ]

Kk=0 t=0 =0
o §
. HHexp{— AP(1= P) D ((K +1)5 —t)dt =
k=0 t=0
- 5 ®)
=[Texpi-2P(1-P) [@ ((K+1)5—t)dt}
K=0 0
© (K+1)5
= exp{— APZ (1-P)* I@ (x)dx}
K=0 KS
3 BpaxyBaHHaM (6) - (8) Bupas (5) maTume BU;
. (I(+l)b t
0= l:ijdtqjqb x+/1qz jdtjcp )dx +
t-6 ‘ (9)

+ C[l - exp[— APZ(l - K]lcp B

[Tpuiitmaroun 00yMOBJICHE BHILE MPHUITYIICHHS PO EKCIIOHCHINIAJBHUHN XapakTep QYHKIT po3MoALTy
BHITAJIKOBOI'0 4Yacy ICHYBaHHS YIIKO/DKCHHS JIO CaMOCTIMHOro mposBy (BiAMOBa), CepeaHild yac
ICHYBaHHS YIIKOIKEHHS T, BM3HAUUMO SK MAaTeMaTHYHE OYiKyBaHHS BHIIAJKOBOTO HapoOiTKy Ha
Bi]MOBY

v, =M, = [tdo(t)= D
0 0 (10)
—j gy =L
o
3pyuHillle 3aMucaTy:
@(z):l—exp(— at), (1)

ae a=1/t, .
Omnyckarouu YWCIIEHHI MPOMDKHI TeperBopeHHs, 3 BpaxysanHsMm (10), (11), omepxxumo Bupaszu
y3arajgbHEHHX MoKa3HUKiB (3), (4), (9) B ocTaTO4HOMY BUII:

AP (1)
s 1o Pl (12)
7 e =1 _ﬂ-n; (13)
0 - (m )(/1 2 )+ Sl—exp(c 7.0, (14)
a o

Ha 3OiCHEHHS

Takum uymHOM, QYHKIIST METH CEpEIHIX MUTOMHX CYMapHUX BHTpaT §§B3

KOHTPOJIbHO-BiTHOBITIOBAJIbHHUX 3aXOJIiB y paMKax 0OpaHol cTpaTerii Mae BUTIISL
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Z +C

A =””T+/1(Zag +§)—(za3—zn +§)nn —%exp(— 7,8), (15)

1€ 7, - OUCYEThCs BUpasoM (12).

Po3pobriena maTemMaTHyHa MOJENb OLIHKU e()EeKTHBHOCTI KOHTPOJIBHO-BiTHOBIIIOBATILHUX 3aXOJIIB Y
paMKax TMPHUHATOI CTpaTerii TeXHIYHOro OOCIYroByBaHHSI 1 PEMOHTY JOCHTH aJIeKBATHO OITUCYE
pealbHUN Mpolec OO0CIYroBYBaHHs JIIHIMHOI YacCTMHH MAaricTpajJbHOrO Ta30lpOBOLY 1 JIO3BOJISE
BUPIIIYBATH KOMILIEKC 33124 10 HOT0 yI0CKOHAIIOBAHHIO.
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