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Byov-sikuil enemenm mazicmpanibHo2o Haghmonpogoody npusHaweHuil 0/ 6UKOHAHHS 3A0AHUX (YHKYIL Y 8i0n0-
BIOHUX YMOBaX 8UpoOHUYOL | mexniunoi excniayamayii. Lli ¢pynxyii peanizyiomocsi y pobouomy mexHiuHoOMy CMaHi,
SAKUL XAPAKMePU3yEmobCsi CYKYRHICTNIO CMPYKIYPHUX NAPAMEMPIE, 3HAYEHHSL AKUX nepebysarons y 6USHAYEHUX Me-
arcax. CmpykmypHi napamempu KOHMPOJIOIOMbCS WIISAXOM GUMIPIOSAHHSL OlACHOCMUYHUX NAPAMempié | OYiHIOBAHHS
SKICHUX O3HAK MEXHIUHO20 CMAHy eleMeHma. Bci nokasnuxu Hadivinocmi, 3peutmoro, 3a1exicams 6i0 MexHiYHO20
CMany JHIUHOT Yacmuku Haghmonposooy, cmabilbHOCMI Il CMPYKMYypu, Mepminy 30epexcerb 3Ha4YeHb Napamempie
MEXHIYHO20 CMAaHny 6 3a0anux medcax. llepesuwjennsi xoua 6 0OHUM CIPYKMYPHUM NAPAMEMPOM SPAHUYHO20 3HA-
YEHHST 03HAYAE NOPYuleHHs Yiichocmi abo pobouoi npudamuocmi Hagpmonposody. Ceped seruxoi KiibKocmi noka-
BHUKIB, WO XAPAKMePU3yomy MexXHIYHU CMaH JHIUHOL YacCmuhu Hagymonpoeooy, ICHYIOMb MAKIL, 3MIHA AKUX 3HAY-
HOMW0 MIpol0 6nIu6ac Ha pecypc cucmemu. Ha cb0200Hi docums akmyaibHUM € 8UKOPUCMAHHS 3aKOHOMIPHOCMEN
mpeHndy Kpumepiig 3 Memor 6UHAYEHHs 3ATUUKOBO20 PECYPCY.

Y cmammi poszensamymuil eniue emomnoi miynocmi i mpiwgunocmitikocmi mpyonoi cmani mapxu 13I1CY na
SAIUMKOBUIL PeCyPC Ha¢m0np0600y «Odeca—Epodu» Ilobyoosani gbynkuiOHaﬂbHi 3aNeACHOCMI Kpumepiro 6mo-
MHOT Miynocmi cmani 6i0 uacy excnayamayii, wo 0aioms 3M02y OYIHUMU 3ATUWKOBULL PECYPC HAGMONp 0600y.

Kitro4oRi cltoBa: Hai#HICTh, 3aIHITKOBHI PEeCypc, TEXHIUHA SKCIUTyaTallisl HaTOPOBOIY.

JIrobou s1emenm Mazucmpaibho2o Heghmenposooa NPeOHA3HAYeH O/l BbINOIHEHUs. 3A0AHHbIX (QYHKYULL 8 CO-
OMBEMCMBYIOWUX YCIOBUAX NPOU3BOOCMEEHHOU U MEXHUYECKOU IKCHAyamayuu. Imu QYHKYUL peanruzylomcst 8 pa-
boueM MmexHUUeCKOM COCMOSIHUY, KOMOPOe XapaKmepusyemcs COOKYNHOCMbIO CIPYKIYPHLIX NAPAMEMPOS, 3HA-
YeHUsL KOMOPBIX HAXO0SIMCs 8 onpedenenHbx epanuyax. CmpykmypHble napamempsvl KOHMPOIUPYIOMCsL HymeMm Uu3-
MepeHus OUAZHOCTNUYECKUX NApAMempo8 U OYEeHUBAHUS KAYeCTNBEHHbIX NPUSHAKOS MEXHUUEeCKO20 COCMOSIHUSL dle-
menma. Bce nokaszamenu nadesjcnocmu, 6 KOHEUHOM UMo2e, 3A6UCAN O MEXHUYECKO20 COCTNOSHUS TUHEUHOU Yac-
mu Hepmenpoeooa, cmadbUIbHOCHb ee CHPYKMYPbl, CPOKA COXPAHEHUN 3HAYCHUTI NAPAMEMPO8 MEXHUUECKO20 CO-
CcmosiHust 6 3a0aHnbIX epanuyax. IIpesvliuenue xoms 6bl 0OHUM CIMPYKIYPHLIM NAPAMEMPOM NPEOesibHO0 3HAYEHUs
O3Hauaem HApywienue yenocmHocmu unu padouei npueoonocmu Hegmenposooa. Cpedu 601bul020 Koauvecmea
nokazamenel, Ymo XapaKmepusyiom mexHuieckoe coCmosiHue TUHEUHOU Yacmu Hehmenpoeood, Cywecmeayom ma-
Kue, usMeHenue KOMopulx 8 3HAUUmMeIbHOl Mepe gausiem Ha pecypc cucmemvl. Ha cecoons docmamouno axmyan-
HbLM UMeemcsl UCHOIb308AHUE 3AKOHOMEPHOCIMU MPEHOY KPUmMepueas ¢ Yeibio onpeoesieHuss 0CMamouyHo20 pecypcd.

B cmamwe paccmompennoe enusinie yCmaniocmHou npoYHOCIY U MPEeUUHOCHOUKOCMU MpPYOHOLL CIAU Map-
xku 131 CY na ocmamounsiil pecypc negpmenposooa « Odecca-bpoowiy. Ilocmpoenvl pyHKYUOHATbHBLE 3A6UCUMO-
cmu Kpumepusl YCmanioCcmHol RPOYHOCMU CINALU O 8DEMEHU IKCHIYAMmayul, Ymo 0aiom 603MOICHOCTD Oy e-
HUMb 0CMAamounblil pecypc Heghmenposood.

KiroueBsbie ciioBa: HaIeKHOCTh, OCTATOUHBIH PECypC, TEXHHUYECKas dKCIUTyaTalus HedrenpoBoa.

Any element of main oil pipeline is assigned to perform set functions in the appropriate production and main-
tenance conditions. These functions are realized in the working technical state, which is characterized by the range
of structural parameters the values of which are within set borders. Structural parameters are controlled by meas-
uring diagnostic parameters and evaluation of high-quality signs of the technical state of the element. All reliability
indexes, eventually, depend on the technical state of the linear part of oil pipeline, stability of its structure, term of
storing values of parameters of the technical state in the set scopes. Excess by at least one structural parameter of
maximum value means the violation of integrity or working adequacy of oil pipeline. Among a great number of in-
dexes that characterize the technical state of the linear part of oil pipeline, there are those the change of which to a
great extent affects the resource of the system. Nowadays the use of trend criteria conformities in order to determine
the remaining resource is rather essential.

The influence of fatigue strength and fracture toughness of the pipe steel mark 13G1SU on the remaining re-
source of «Odesa-Brody» is investigated in the article. Functional dependences of steel fatigue resistance crite-
rion from time of exploitation that provide an opportunity to estimate the remaining resource of oil pipeline
are developed.

Keywords: reliability, remaining resource, maintenance of oil pipeline.

3 mosuuiii TpyGomposinHoro OyxiBHMITBA
OIIHUM i3 HAHTIEPCTIEKTUBHILIMX HANPSMIB MPOrHO-
3yBaHHS € BH3HAYEHHS KUIbKICHHX ITOKa3HHKIB
HaAIHHOCTI HAQTOMPOBOIY 3a pe3yabTaTaMH KOHT-
POIIO SKOCTI #i0ro cropyukenHs. IIpornosyBaHst
HAJIHHOCTI K MPOLEC HAYKOBO OOIPYHTOBAHOIO
IPOrHO3Y KOHCTPYKTUBHO-TCXHOJOIYHUX 1 eKc-
TUTyaTallfHUX BJIACTHBOCTEH KOHCTPYKIIIi crupa-

€TBbCS HA KOHKPETHI KpHUTEpii SKOCTi, BUOIp SIKMX
3aJI©KUTh BiJl IPU3HAYCHHS Li€i KOHCTPYKIIi i mo-
CTaBJICHUX BUMOT. JlOCIIDKEHHAM SIKICHHX T1OKas3-
HUKIB CIIOPY/DKCHHS 1 eKCILTyaTamii Maricrpaib-
HUX TPyOONPOBOAIB HA MAapamMeTpH iX HaIiHHOCT,
KHUBYYOCTI 1 JIOBrOBIYHOCTI TPHCBSAYCHO TMpaIli
Bepesina B.JI., boponaskina I1.I1., Bycnenka H.I1.,
MongaBanoBa O.1., SIxkoBineBa €.1. Tomo. Y mux
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Tabauusa 1 — 3anexxHicTb 3MiHUM HanpPy»KeHHA B yaci

' KinbKicTb LHKITiB 3HaueHHs Yac | Pospaxymkose
Tun cram o HampyKCHH: eKCITyaTaIil HampyKCHH:
710 pykinyBanHs, N o, Mlla t, TOJI. o, Mlla,

192000 250 88,1 265,83
297000 223 136,3 242 .4
490000 176 224.9 204.,6

3pasku 741000 139 339,9 1643

3 HOBOI CTaJIi 1004000 125 461,8 130,2
1396000 125 640,9 92,5
1578000 124 724 4 78.8
1709000 125 780,9 70,7
151000 183 69,3 160,6
200000 162 91,7 153,1
265000 136 121,9 1436

3pasku 476000 95 218.6 117,0

3i craui (1) 1007000 70 462.4 69,8
1170000 65 5372 59,6
1529000 62 702,5 41,9
1735000 63 796,7 34,3
165000 229 75,8 216,9
270000 193 123,7 196,9
343000 168 157,7 183,8

3pa3ku 622000 120 285,9 141,9

31 cTani (2) 1008000 97 463,1 99,2
1200000 96 551,1 83,1
1500000 92 688,4 77,1
1731000 92 794.8 50,8

TpalsiX BUPILIYIOTHCS 3aBAaHHs ONTUMI3aLii mpo-
LeCIB CIIOPY/DKCHHS MariCTpanbHUX TpyOGOnpoBO-
JiB B YMOBax TEXHOJOTIYHOi HEBH3HAUYEHOCTI iH-
(dopmarrii Ta 3a0e3eueHHs 3aaHOr0 PIBHA Haii-
HOCTI 3a TIEBHMX 3axOfiB OymiBenbHUX poOiT. On-
HAK, 3aBJIaHHs] CTOXAaCTHYHOIO MiAXONY 10 MHUTaHb
BTpaTH SIKOCTI CUCTEMHM Ha eTalli ii ekciuTyararii, a
TaKOX BILIMBY IKOCTi Oy/iBEABHUX POOIT Ha IOKa-
3HUKH HaIIHHOCTI B yMOBaX HEBU3HAYEHOCT1 BHXi-
nHOI iH(popMaIii 3alIuIIaroThCsl Ha JaHWH 4ac He
peaizoBaHUMHU.

JloCmiKeHHSIM MIITHOCTI Ta TPIIMHOCTIHKOC-
Ti TpyOONPOBITHHUX CTaJIel MPUCBSIYEHO HU3KY PO-
OiT BITYM3HAHUX [2, 4] Ta 3apyODKHUX BUCHHUX [5].
VY HuX po3poOIieHO 3araibHi METOAWKH BHUIIPOOO-
BYBaHb, IMOKa3aHO iX PE3yJIbTATH Ta BCTAHOBJICHO
XapaKTepHi 3aKOHOMIPHOCTI Jierpajallii MaTepiaiis
TpyOHUX craneil. OHaK BKa3yeThes, M0 KOXKHA 13
CTaJieil € HEMOBTOPHOK CHUCTEMOI0, MEXaHIYHI Xa-
PaKTEpPHCTHKY SIKOi Ta TX 3MiHa y Yaci MOXKe CyTTe-
BO BIJPI3HATHCS BiJl aHAJIOTIYHUX XapaKTEPUCTHUK
iHIMX cranedl. ToMy BUBUEHHS MEXaHIYHUX BIac-
TUBOCTEeH TpyOHOI crami mapku 13I'1ICY, 3 skoi
criopybkeHa Tpaca Hadronposony «Oneca-bpom,
Ma€ TMpaKTUYHE 3HAYCHHS IS JIOCHIJPKEHHS Ha-
niiiHocti HadTonpoBoay. s mpoBeneHHs J0CTi-
JDKEHb 3 METOI0 BH3HAYCHHS 3aJIMIIKOBOT'O PECyp-
Cy Ha(TOMpOBOIY BHKOPHUCTAHO PE3YJIbTATH BTO-
MHHUX BHUIIPOOOBYBaHb 3pa3KiB TPYOHOI cTali map-
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ku 13I'1CY, mo Oynu Bupi3aHi 3 Tpyd HadTOIpO-
Bofly Ta 00poGieHi 10 HEOOXiaHMX poO3MipiB. 3
METOI0 JOCII/DKEHHs 3pasKiB 3 JaHMX JUISHOK
Tpacu HaTONPOBOAY Ta MOPIBHSAHHS iX i3 3pa3Ka-
MM 3 HOBOI TpyOH OylI0 BHKOPHCTAHO: HOCIiIHI
3pa3ku 3 HOBOi CTadi, JOCTiIHI 3pa3Ku cTali Had-
TOMPOBOY, BUPI3aHi 3 TpyOH, sika OyJjia y eKCILIy-
atauii (1), Ta gOCHiAHI 3pa3Ku cTami HAPTOMPOBO-
Iy, o Oynu BUpi3aHi 3 TpyOu, sika Oyia 3aKoHce-
pBOBaHa B CEPEIOBHIII BAIHIKOBOTO MOJIOKA Ta
nepebyBajia B ekcruryaraitii (2).

Pe3ynbratn BTOMHHX BHUIPOOOBYBaHb CHCTE-
MaTu30BaHi B a0y 1.

Jyis mepeBeieHHs] KUTbKOCTI IIMKIIIB HaBaHTa-
JKeHHs N 3a 4acTOTH (0 Y Yac eKcIulyarallii 0yyio
BUKOpPHUCTaHO (HOpMYITy

N 2n-N
t=—-= . (1)
o f

Toni 3aneXHICTE 3MIHM HANPYKCHb IPAHALI
BTOMHOT MIITHOCTI y XO/Ii eKCITyaTalil 3a MUKIiY-
Hol yactotu 3,8 Iy Moke OyTH ampoKCHMOBaHa
eKCHOHeHHiaHBHO}O (YHKIIIEIO BUIY

2

o=A4-exp(-a-t),
ne A,a — koedilieHTH, IO XapaKTEPHU3YIOTh

BEJIIMYHMHY 1 TEMIT 3MEHILICHHS HanpyXeHb rPaHuIli
BUTPUBAJIOCTI B Yaci 1 MUIATaroTh BU3HAYCHHIO.

[2)
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1 — 3pa3ok 3 HOBOI cTai; 2 — pa3ok i3 craii (2); 3 —3pa3ok i3 craii (1)

Pucynoxk 1 — KpugBi BTOMEI

[Tepmmii 3 HUX MOXHA NMPUHAHATH 34 ITOYATKO-
BE 3HAYCHHSI TPAHUIIl BUTPUBAJIOCTI, a APYTUN — K
XapaKTepUCTUKy TEMIy 3MEHIICHHS TPAaHUI BU-
TPUBAJIOCTI Y XOJI eKCIUIyaTallii, To0To 3a koedi-
LIEHT CTapiHHSA HA(TOIPOBOY.

3a maHuMH, BKasaHUMM B TaOuuii 1, 3 BHKO-
pHUCTaHHIM 3aJIeKHOCTI (2) moOynoBaHO (yHKIIIT
KpHBI BTOMH JUIsl Pi3HUX 3pa3KkiB TpyOHOI craii
mapku 13T'1CY. Benmnunnu koedimieHTIB B emi-
pHUUHiil 3anexHOCTI (2) A pi3HUX 3pa3KiB BH3HA-
YEHO 3a METOJO0M HalMEHIIMX KBaJApaTiB i MojaHi
B Ta0ymIi 2.

Taonauus 2 — 3HayeHHs koedinieHTin
B eMIIPUYHIi 3a/1€:KHOCTI /151 Pi3HUX 3pa3KiB

XapaKTepucTHKa A MIla 107 a,
cTaJi 3pas3ka ’ 1/ron
Hosa crans 120 0,00191
3pa3ok i3 craii (2) 90 0,00212
3pa3ok i3 craii (1) 60 0,00202

Pesynbratn moOpiBHSHHS KOEQIIiEHTIB JUIS
3paskiB craii (2) Ta (1) 3i 3paskom i3 HOBOI cTaui
(Tabmuust 2) cBixYaTh MPO AErpajauiio craji: 1o-
YaTKOBI 3HAYCHHS TPaHMIll BUTPUBAIOCTI MpH
bOMY 3MEHIIYIOThCSA, a KOeQII[IEHTH CTapiHHS
3pocTaroTh. CIii TAKOXK 3ayBaXKUTH, IO JJIsI 3pas-
Ka (2) moyaTKoOBi 3HAYCHHS TPaHHMIll BUTPHUBAIIOCTI
OUIbIII, a KOE(IIEHT CTApiHHS MEHIIWA, HDK JUIs
3paska 3 ctam (1). Lle cBiAYUTS, 1110 KOHCEpBAIIisS
Ha()TONPOBO/Y B CEPEIOBHIII BAITHIKOBOT'O MOJIO-
Ka MiaBHUINye Horo HamiiHicTh. Hyokdi mokasHUuKH
TPEHIy BTOMHOI MIIIHOCTI JJIst 3pa31<iB 3 HadTO-
npoBoy, WO OyB B €KCIUIyaTallii, MOSCHIOKTHCS
TPUBAIICTIO mepeOyBaHHs TPYO B HANPYKEHOMY
CTaHi, BUKIIMKAaHOMY BHYTPIIIHIM THCKOM.

Ha pucynky 1 wupixom moOynoBn KpuBHX
BTOMH B MiBJIOrapu(pMiuHii MKai MoKa3aHo xapa-
KTep 3MiHU TPaHHMIlI BUTPUBAIIOCTI s pI3HUX 3pa-
3KiB TpyOHOI ctani mapku 13['1CY.

[ToOynoBaHi TakuM YMHOM (YHKIIIOHANBHI
3aJIEKHOCTI KPUTEPil0 BTOMHOI MIIHOCTI crai
BiJ qacy eKcnnyaTauii' JAI0Th 3MOT'Y OIlIHHTH
CHTPONIHHUI pecypc HadTONpoBOAY, OIepKa-
HOT Ha OCHOBI TEPMOJIMHAMIYHOTO IMIAXOAY A0
npoliecy CTapiHHS CHCTEMHU

TQ
U
—— | Q(t)dt).
Vi, —Q,|

®opmyna (3), M0 BCTAHOBIIOE B3aEMO3B'SI-
30K MIX IapaMeTpaMy SIKOCTI Ha(TOIpPOBOAY,
Horo pecypcoM i HMOBIPHOCTSIMH TOYaTKOBOTO

(crocoBHO mapamerpa €2) i KiHIIEBOro (CTOCOBHO

P =F, -exp(-

napamerpa () ) craHiB, 3a yMoBH M0OY/0BH

bynkuii Q(t) =0(?),
kputepito Oy =0, 1 Q =0,

I‘paHI/I‘IHI/IX 3HAYCHb
Ta MOBipHOC-
TeW iX ICHyBaHHSA Po i P BIANOBITHO Ja€ 3MOTY
BU3HAYUTH 3aJIUIIKOBHH pecypc I, . Skmo 3a-
aexHicts o(t), To 3a hopmyioro (3) orpumaeMo

B pl-e ™)
P v-a(o,-o,

4)
3Bigcu
| v L
a H

JUs1 po3spaxyHKy 3aIMIIKOBOTO PeCypey B po-
Kax HpI/H/IHSITO CHIBBII[HOH_IGHHH

U :
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1 — 3pa3ku 3 HOBOI cTai; 2 — 3pas3ku i3 ctaii (1); 3 — 3pasku i3 crai (2)
Pucynoxk 2 — I'icrorpama po3nojiny 3ajJMIIKOBOr0 pecypcy

v _ 87660 —0982 200
uo 981-107-10 Mlla
(t=8760 200 — K-CTb TOAMH y KaJICHIAPHOMY POIIi).

Jnist mopanbIinX MaTeMaTHYHHX PO3PAXyHKIB
BHKOPHCTOBYEMO EKCIIEDUMEHTAIILHO ~BHU3HAYEHI
[2] nist pisHUX THMNIB 3pa3KiB BENMYMHH rpaHmn
BTOMHO1 MIHHOCTI CKiajJae 120 MIla mis "HOBOI
cTaji 3 MeliaHHOI WMOBIPHICTIO, 8 TPaHUYHE 3Ha-
yeHHs1 HanpyxeHb — 101,2 MIla 3 #MoBipHICTIO
0,95, omep>kxuMO 3HAYCHHS 3QJIMIIKOBOT'O PECYPCY
(B maHoMy BHIAJIKy TOBHOTO, OCKUIBKH TPYOH 3

HoBoi crami) I, =23,96 poku. AHajorigxi pos-

paxyHKH MPOBEACHO JJIS JOCIITHUX 3pa3KiB cTai
HadronpoBoay tumy (1) Ta (2). Pesynbratn cknanm:

T, =16,09poxis, T , =16,79 poxis .

OtpumaHi 3 BpaxyBaHHSM TEPMiHY peasbHOI
excrutyatamii HagronpoBoay «Omneca-bpoam» (6
POKiB), pe3yiabTaTH LIIOCTPYE Tricrorpama, mpel-
CTaBJIEHA HAa PUCYHKY 2.

AHaJli3 OTPUMAHHX PE3YIbTATIB CBIAYUTH IIPO
3HIKEHHS TI0YATKOBOI SIKOCTI, 3aKJIaIeHol MmiJ| 4ac
CIOPYUKCHHSL ~ MaricTpajibHOrO  HadToIpoBOAY,
BHACJIIOK Jierpajanii Marepiany TpyOHOI cCraii.
Tax, 3a 6 pOKiB eKCIUTyaTauii JUISTHKY Haq)Tonpo-
BOJy, II0 HE MiJuisAraia KOHCepBallii, 3aTMIIKOBHA
pecypc TMOpIBHSHO 3 MPOTrHO30BaHUM 3HU3HMBCS HA
10,4 %., a y BUnaJKy KOHCEpBallil HAQTOIPOBOTY
B CEPEIOBHMIII BAIHAKOBOI'O MOjoKa — Ha 6,5 %,
0 CBIAYUTH MPO JOCTATHIO SKICTh 30€perKEHHS
TpyOHOI CTaJi B CepeOBUIIlI BAITHAKOBOT'O MOJIOKA.

BucnoBok. 3a pe3ynbTaTaMu MpPOBEACHUX
BTOMHHX BUTIPOOOBYBaHb 3pa3KiB TPYOHOI cTaji Map-
ku 13I'1CY BH3HAYCHO 3aJMIIKOBHK pecypc HadhTo-
npoBony «Opeca-bpoan». 3 miISHKM HAQTOMPOBO-
Ny, 110 HE Mijyiarana KOHCEpBallii, 3aJUINKOBUIH
pecypc 3HU3WBCS TIOPIBHSHO 3 TPOTHO3HMM Ha
10,4 %. Y Bumanxy xoHcepBallii HaQTOPOBOIY B
CEepeNOBHII BaITHIKOBOTO MOJIOKA Ha IIeH K Tepi-
O] 3aNUIIKOBHHA PECypc 3HU3HMBCS MOPIBHAHO 3

MPOTHO3HUM Ha 6,5 %, MO CBIAYUTH MPO BHCOKY
SKicTh 30epiranHsi TpyOHOI cTami B CepeloBHUIII
BaITHSIKOBOTO MOJIOKA.

3aBlaHHsIM HACTYIMHHX JIOCHI/PKEHb € BIIPO-
Ba/DKEHHS OTPHMAaHUX pPE3YNbTaTiB B MPAKTHKY
BHKOpHCTaHHs HaTonporoay «Oneca-bpomn».
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