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AHHOTauuA

"pl/l OlleHKe TeEXHUYEeCKOoro cocrosaHusa Mal’MCTpanbeIXprﬁOﬂpOBOAOB KOBdeJMI.l,MEHT KOHLeHTpaLuuu HanmeeHuﬁ, BO3HUKaOLWUX
B CTeHKe prﬁbl B 30He BbIABJIEHHOI0O KOPPO3WOHHOIO Ae(bEKTa, npuHUmaetcsa AETepMMHMPOBaHHOﬁ BeJINYUHOMN. Mo.qenu,
npumeHsaembie ANA pacyeta JdHHOIo KOB(b(bMI.l,MEHTa, coaepxar TaKomn napameTp, Kak TOJILMHA CTEHKH prﬁbl, KOTOprﬁ ABnserca
cnyqaﬁuoﬁ Be/IUYNHOWU U UMeeT WHAUBUAYANbHbIE pacnpeaeneHua paxke Ana pr6 OAHOIMo CoOpTameHTa. BCHeACTBMe Hanuyusa
beHKLlMOHaanOﬁ cBA3UN C TOJ'II.I.IMHOﬁ CTeHKHU pr6bl 3Ha4YeHuAa K03(beVIL|VIEHTa KOHLeHTpauuu Hal'lpiI)KEHMﬁ TaKXe NoAYUHAITCA
pacnpepeneHuam, BUA KOTOpbiX 3aBUCUT OT CTAaTUCTUYECKOTO pasﬁpoca 3HaYeHun TONWUHDbI CTEHKHU pr6bl.

Ha npumepe OuUeHKH npO‘IHOCTHOﬁ HaAEeXXHOCTU U YPOBHA PUCKA OCNIOXXHEHHbIX KOPPO3UOHHbIM II:l,t-!(t)EKTOM JINHENHbIX Y4aCTKOB
MarucTpaabHoro Hecbrenpoaon,a obocHoBaHa HeoﬁXOAMMOCTb ydyeta KO3(bd)ML|MeHTa KOHLEeHTpaLuuu Hanpﬂ)KEHMﬁ B pacyeTHbIX
Mojgenax Kak cnyqaﬁuoﬁ BeJINYUHDbI.

Martepuansi u meToabl KnioueBblie cnosa

3amepb! TONLWMHBI CTEHKM TPYObI NPOU3BOAMANCH YbTPA3BYKOBbLIM MarucTpanbHblii HeTenpPoBOs, NMUHENRHbIN Y4aCTOK, KOPPO3UOHHBIN
TonuuHomepom mogenv DM2 (brpma «Krautkrdmer GmbH & CO», Germany), — aedeKT, k03D OUUNEHT KOHLEHTPAL MM HANPSAXEHWIA, NPOYHOCTHASA
06paboTKa pe3ynbTaToB 3aMePOB U PacyeT 3HaYeHU NoKasarenei HaAleXXHOCTb, BEPOATHOCTb OTKa3a

HaZLeXXHOCTM BbIMNO/HEHbI HA OCHOBE METOAOB HeMnapaMeTpUYEeCKoii

CTATUCTUKY U TEOPUW HAAEKHOCTU, pacyeT Ko uLMeHTa KOHLeHTpaLmum

HanpsKeHWii BbINonHeH Ha 6ase cTaHgapTa B31G.
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Abstract

At the stage of assessing the technical condition of main pipelines, the stress concentration factor for stresses occurring in the pipe wall in the
area of the identified corrosion defect is taken as a deterministic value. The models used to calculate this factor contain such a parameter as
the pipe wall thickness, which is a random variable and has individual distributions even for pipes of the same range. Due to the presence of a
functional relationship with the thickness of the pipe wall, the values of the stress concentration factor also obey distributions, the type of which
depends on the statistical spread of the values of the pipe wall thickness.

The necessity of taking into account the stress concentration factor in the calculation models as a random variable is justified by the example of
assessing the strength reliability and the level of risk of linear sections of the main oil pipeline complicated by a corrosion defect.

Material and methods The stress concentration coefficient is calculated on the basis of the
The pipe wall thickness was measured using an ultrasonic thickness gauge  B31G standard.

of the DM2 model manufactured by “Krautkramer GmbH & CO” (Germany).
The processing of the measurement results and the calculation of

the values of the reliability indicators are based on the methods of
nonparametric statistics and the theory of reliability.

Keywords
main oil pipeline, linear part, corrosion defect, stress concentration
factor, strength reliability, failure probability
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BBegeHue

OueHKa TeXHUYECKOro COCTOAHWA NUHER-
HbIX Y4aCTKOB MO pe3ynbTatam BHYTPUTPYG-
HOW [MAarHOCTMKW Ha OCHOBE HOPMATUBHOIO
AoKymeHTa [1] npeanonaraeTr onpepeneHve
KOHLEHTPALMU HanNpsKeHWiA B CTeHKe Tpy6bl
B 30HE BbIABNEHHbIX KOPPO3MOHHbIX AedeKTOoB.
KomnneKcHbIl noaxos K OLEHKe 0nacHoCTu
KOPPO3MOHHbIX Ae(eKTOB BCNEACTBME BO3HUK-
HOBEHWA KOHLEHTpPaUWW HanpaxeHuid Bnep-
Bble NpeAcTaBfeH B OTPAacieBOM AOKYMEHTe
BP/, 39-1.10-004-99 [2] v nonyuun passutue
B nocnefynlmnx Metognkax no o6ocHOBaHMIO
pa6otocnocobHOCTM TPpyO C MOBPEMAEHUAMM
[3-6]. Cpean 3apybexHbIX HOPMATUBHbIX 4OKY-
MEHTOB N0 OL,eHKe OMacHOCTU KOPPO3UOHHbIX
AetheKToB TPY6ONPOBOAOB OAHWUM U3 OCHOBHBIX
ABnAetcs craHpapt B31G [7]. Bce napametpsl,
BXOAfLLME KaK B OTeYeCTBEHHble, TaK W 3apy-
GexHble METOANKM, HA OCHOBE KOTOPbIX BbINO-
HAETCA OLeHKa KOHUEHTPaLUW HanpsaKeHui
B 30HE KOPPO3WOHHOrO AedeKTa, NpUHUMAtTCA
npu pacyetax Kak AeTepMUHUPOBAHHble Beu-
UMHbI. BcneacTeue 3Toro 3HayeHue UCKOMOro
KoathdnUMeHTa KOHLEHTPaLUW Takke ABNA-
eTCcA AeTePMUHUPOBAHHOW BennynHoit. OaHa-
KO pe3ynbTatbl, NpeacTaBneHHble B paboTax
[8, 9], cBMAETENLCTBYIOT, YTO TaKOW reomeTpu-
YecKuit napameTp, KaK TONWMHA CTEHKMU TPyObI,
(haKTMYeCcKn ABNAETCA CAYyYalNHOW BENWNYMHON,
KoTOpas MMeeT WHAWBUAYaNbHble 3aKOHOMeEp-
HOCTU W NPeAenbl paccenBaHus ans Tpy6 pasHo-
ro copramenta. O4eBMAHO, YTO B TaKOM Ciyyae
K03 DULMEHT KOHLEHTpaLmMKn, onpeaensaembii
Ha O0CHOBe 3aBWCMMOCTEN, cofepXallux napa-
MeTpbl, KOTOPble YYNUTbIBAIOTCA KaK CnyvaiHble
BeNYMHbI, BYLET NPUHUMATb ClyyaiiHble 3Have-
HUA. BcnepctBre 3Toro BO3HWMKAET npaBomep-
HbIi BOMPOC, HACKONbKO CyLeCTBEHHOe BNUA-
HUe OKa3blBAlOT (aKTUYeCcKMne pacnpepenerus
K03 dULMEHTa KOHLEHTPALMUN Ha Cy4YaiHbIn
CMEKTP HanpsXeHW, BO3HUKAIOWMX B CTEHKe
Tpy6bl C KOPPO3MOHHBIMU MOBPEXAEHUAMM,
M HACKONbKO ajeKBaTHO OLEHWBAeTCs TeKy-
WM ypOBEHb HAZEKHOCTWN U PUCKA TMHENHOTO
ydyacTka 6e3 yyeTa cay4yaiiHON Npupoasl reome-
TPUYECKUX NapameTpoB Tpy6bI.

TeopeTnyeckas 4acTb

Ycnosue, obecnedynsatouiee 6esonac-
HYI0 3KCMAyaTaumio ydactka MarucrpanbHoro
Tpy6onposoaa (MT), OCNOXHEHHOTO HaANM4u-
eM KOppOo3WoHHOTo AedeKta, onpeaensercs
BblpayeHnem:

y-o,, < [0'”,] , @

rae o, — KONbLEBbIE HANPAKEHUA, BO3-
HUKaloWwmMe B CTeHKe TPyObl Noja AencTBuem
BHELHeWN HarpysKku; [am] — AONYCTUMbIe KOfb-
LeBble HanpsXeHus ANA matepuana Tpyobl;
W — KO3(p®dULMEHT NOBbIWEHNA HAaNPAXeHNN
B CcevyeHuU TpyObl, rae BbiABIEH KOPPO3UOH-
HbI gedeKT.

PacyeT u4mMcneHHOro 3HayeHWs [aHHO-
ro Ko3dduymeHta ¢ yueTom yCTaHOBNEHHbIX
B npouecce BHYTpUTPYOHOW AedeKTocKonuu
napameTpoB KOpPpO3UOHHOTO Aedekta Mo-
KET BBINONHATLCA NO Pa3NNYHBIM METOAUKAM
[2-6]. Hanpumep, B COOTBETCTBUM CO CTaHAAp-
Tom ANSI/ASME B31G [7], 3HaueHus koathdu-
umnenTa y(h,l) onpenensiotcsa 3aBUCUMOCTbIO:
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Fig. 1. The histograms and probability density functions f, (5) of the pipe wall thickness
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rae D — HapyxHbid anamerp Tpy6bl; 0 —
TONWMHA CTEHKN TPYObl; [ — ANMHA KOPPO3WOH-
Horo aectekTa; h — rnybuHa gedexra.

AHanu3 3asucumoctu (2) nossonser cpe-
naTb BbIBOA, YTO €CiM MpU pacyertax 3Haye-
HUe TOMWMHLI CTEeHKU TPybbl O MpUHKMMAaeTcs
BE/IMYMHOW AeTepMUHMPOBaHHOW (d=const),
TO KO3 UUNEHT KOHLEHTPALUN HanpsHKeHni
W OT BbIABJEHHOTO B NpoLecce AWArHoCTUKU
KOpPPO3MOHHOTO AedeKTa TaKKe OyaeT ABNATLCA
NOCTOAHHON BennynHoi. OfHAKo thaKTUYeckn
TONWMHA CTEHKU TPYObl & ABASETCA CNyYaiHbIM
1o cBOeW NpupoAe napameTpom. NMpumepsbl pac-
npeaeneHnii AaHHOro napameTpa, nojyyeHHble
B pe3y/ibTate CTaTUCTUYECKON 06paboTKM Bbl-
6OpPOK 3HauYeHuii 5‘. ,i=1,m (m — KonuyecTso
3amepoB), CHOPMUPOBAHHBIX MO pe3ynbTatam
TONUMHOMETPUN TPY6 C Y4aCTKOB NUHENHOM
yactn (14) maructpanbHbix Hedre- (MH) u ra-
3onposogos (MF), npeactaBneHbl Ha pUCyHKe
1a v 1b cooTBETCTBEHHO [8, 9].

O4eBMAHO, YTO €I napameTp d npeacTas-
NleH BbIBOPKO Cly4aiHbIX 3HAYEHMIA 5i,i:],m,
TO, cneays 3asucumoctu (2), ansa KoadbulmreHTa
KOHLEHTPaL UM HanpAKEHUN i TaKKe ByaeT nony-
yeHa BbIOOPKA CAyYaHbIX 3HAYEHWI y/i,iZI,m.
OJAHaKo 3aKOHOMEPHOCTU pacnpeseneHuns Koad-
tuumenTa ¥ 1 napametpa o GyayT oTaMyaThCs,
MOCKONbKY 3aBMCMMOCTb (2) npeanonaraer ma-
TemaTuyeckue AeiicTBus ¢ napamerpom. Benea-
CTBME 3TOr0 NpeAcKkasatb anpuopm, Kakoi 3aKoH
pacnpegenerns 6yfeT UMeTb KOIDDULMEHT v,
YUUTLIBAKOWMNIA KOHUEHTPAUWIO HanpsKeHWn,
BO3HMKAIOWMX B 30HE KOPPO3UOHHOTO AedekTa,
He NpeacTaBAseTcs BO3MOMKHbIM.

Annpokcumaumna hyHKUMA NNOTHOCTU Be-
POATHOCTM CAyYyalHbIX BENUYMH, BXOAALLMUX
B MOJE/NN pacyeTa noKasateseil HafemxHoCTH,
ABAAETCA OfHUM U3 OCHOBHbIX 3TanoB peleHns
3a/1a41 OLLEHKM NPOYHOCTHOM HAEKHOCTH:

Prly=(c-5)20], €)

roe ¢ — HanpsXeHWs, BO3HMKawLMe
B CTEHKe TpyGbl Ha 3Tane akcnayaraymm MH; s —
npeAenbHble HaNpsAXeHUs, JONyCKaeMble maTe-
puanom Tpybbl Ha LaHHOM y4acTKe.

[Ins HanpsxXeHWit o anNpoKcMMaLms GyHK-
unmn f (o) BbiNONHAeTCA B pesynbTaTe cTaTh-
cTMYecKon 06paboTkM BbIGOPKM HanpseHUn
o, ,i=1,m. [aHHas BbibopKa hopmupyertcs
Ha OCHOBE COBOKYMHOCTM CNyYaiiHbIX 3HAYEHNi
pi,izm, 136bITOYHOrO BHYTPEHHETO AaBne-
HUA, KO3 dULMEHTa KOHLEHTPALMK HanpsxXe-
HWiA ,,i=1,m, a TaKKe TONWNHbBI CTeHKN TPY6b

0,,i=1,m n N3BECTHBIX QDYHKUMOHANbHbIX 33BU-
cumocTen [4, 8, 9]:

0=a(pi, v, 51,(Dn, AT, h, [,=const)), (&)

rae D — HapymHblil auametp Tpy6ol; AT —
TemnepartypHbiil nepenag; & u [ — napamerpsl
KOppo3noHHoro fedekTa.

Annpokcumaymio hyHKLMN naoTHOCTH f(S)
npeAenbHbIX ANs Matepuana TpyObl Hanpske-
HWUM BbIMONHALOT MO Bbl60pKe3HaquMl7IS/.,j:],n,
KOTOPYI0 NONYYaIOT B pe3ynbTaTe MexaHU4ecKmx
ucnbiTaHuit 06pasLoB, U3rOTOBNEHHbIX U3 TPYD
¢ obcnepyemoro yyactka. B cootBetcTBuM € OT-
€4eCTBEHHbIMU HOPMATMBHBIMU AOKYMEHTaMM
B KAYecTBEe Npe/eNbHbIX HANPAXEHWNA S NPUHK-
MaeTcA npejen TEKY4YecTn o, , CNef0BaTeNbHo,
BbIGOPKA 3HAYEHNIT UMEeT BUL:

S/. = O-T/’

Jj=1n

roe n — Konm4yectBo 006pasuyoB npu
UCMbITAHUSAX.

BoccraHoBneHne QyHKLMIA NNOTHOCTM pac-
npeaenexus BepoaTHoCTU f (a) u fi(s) , Heob-
XOAUMbIX ANs pelweHus 3agaum (1), BbINOAHAOT
Ha O0CHOBe MEeTO/J0B HenapameTpuyecKon cTa-
™cTukm [10, 11]. Cnegys ogHOMY M3 HUX, no-
Ny4unBlIEMY Ha3BaHue «meToj PoseHbnartra —
Map3eHa», uckomas QyHKUMA pacnpepenenus
OLeHMBAETCA IOKaNbHO B KaX/J0M TOYKe 3Kcne-
pYMeHTanbHOM BbIGOPKK X, i=1,n c nOMOLLbIO
3NemMeHToB 06yyaloleil BbIBOPKU N3 OKPECTHO-
€1 x,. Npn 370M 06wWwasn GyHKUMA BEPOATHOCTH
F(y) asnaetca HeKOTOPO NMHeNHON KOMBUHa-
LMein N3BECTHbIX (PYHKLUIA:

F(y):liK(—y;xf], ©)

i=1

y=x)
rae K(1), [:[T} — apepHas GyHKUMA

K(t); h — «crnaxusaowuits ans nonayyaemoin
oueHKu napametp [11].

Toraa 3aBUCMMOCTb A5 NIOTHOCTW pacnpe-
AeNeHUs BEPOATHOCTU BYAET UMETb CleayioLni
BUA:

_Ln y_xi\
f@)—n.h;k( iy ©

d
rae k:mK(y)'
OnTumarnbHble 3HaYeHWs ANA napameTpa
h v apepHoit dyHkuun K(t) onpepenstoTcs
Ha OCHOBE MHMOPMAUMOHHOrO GyHKUMOHaNa
KayecTBa:

J= Tlnk(t) - f(t)dts @)

ncexona U3 ycnosna AOCTUKEHUA UM MaKCUMallb-
HOro 3Ha4yeHuA.
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Mpumepsbl pelleHns 3apay annpokcuma-
unu dyHKUMN £ (0) NNOTHOCTU HanpseHuit o,
BO3HMKaloOWMUX B CTEHKE TPY6bl Npu cayyaitHoM
cneKTpe U3meHeHus napamerpos p, A7 n o ans
pasnuMuHbIX y4acTtkoB JIY marucTpanbHbix He-
¢Te- 1 ra3onpoBoAoB, a TakKe hYHKLUUKM NnoT-
HOCTW TMpeAenbHbIX HanpAXKeHW Ans TPYOHbIX
cTanei pasnuyHbIX Npou3BoAUTeNein Noapo6HO
paccmoTpeHbl B pabotax [8, 12-17].

BTopoii MeTos HenmapameTpuyecKkoin an-
NPOKCMMaLMM 3aKNo4YaeTcs B TOM, YTO OLEHKA
HEeN3BeCTHO YHKLMM NNOTHOCTU pacnpesene-
HUA BEPOATHOCTU f(2) ULLETCA B BUAE pasfoxe-
HUA N0 CUCTEME TPUTOHOMETPUYECKNX YHKL I

0,(1) = 4 cos((Zj—l)zij, j=12...
T 2

cneayouum obpasom:
N

0= 20,0, ®
Jj=1

roe lj — K03 DULMEHTbI pa3noxeHus.

[ns ‘onpepeneHns yucna TPUrOHOMETPU-
yeckux GyHkuun N (B AaHHOM MeToae «CloX-
HOCTb» OLEHKM) W 3Ha4yeHUn KoahduuneHTos
pasnoxeHus /1]. NPUMEHSIOT METOA CTPYKTYPHOIA
MUHUMU3aLUK pucka [18]. OnTumanbHoe Yncno
uneHoB pasnoxerus N moxeT ObiTb OnNpeaeneHo
Ha ocHoBe MH(OPMaLMOHHOTO hyHKLMOHana:

Jy= jln [ O] f (0)dt = j In[f, ()] dF (1))

npu [JOCTUKEHUW UM MaKCUManbHOro 3Ha-
yeHus. ConocTaBneHue MaKCMManbHbIX 3Ha-
YeHUn UHDOPMaLMOHHbIX (HYHKLMOHANOB
J u J, no3BonAeT oueHUTb KayecTBO annpok-
cMmauumn u BbiGpate Hanbonee 3hdeKTUBHbII
MeTOA ANs MoBbiX BbIGOPOK Cly4alHbIX BeNu-
UMH, BXOAALLMX B MOAENN pacyeTa nokasartenei
HaAEXHOCTU.

Ans n3sectHbix GyHkunii (o) n f(s) Bepo-
ATHOCTb 0TKasa Q yvacTtka J14 paccuuTbiBaetcs
Ha OCHOBaHuK BbipaxeHua (1), KoTopoe B pe-
3ynbTaTe NnpeobpasoBaHNil MOXHO NPeACTaBUTL
B cnegywolem Buge [12, 13, 15]:

Q-[ £0|[%ds]do. a0

MonyyeHHble 3HaYEHNUA BEPOATHOCTM OTKa-
3a Q no3BonsAoT 060CHOBAHHO OTBETUTH Ha BO-
NpoC, HACKONbKO 3HAUYMMbI Pa3NNYUA B 3HAYEHU-
AX NOKa3aTenei HaeXHOCTU U OLLeHKE YPOBHS
pucka Ans NMHEenHbIX yyactkoB MT npu npu-
HATUM B pacyeTax Ko3ddULuMeHTa KOHUEHTpa-
UMM HanpsaXeHWN i NOCTOAHHOW BENNYMHON

W)

0.16

o

=

8]
.
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Puc. 2. Tucmoepamma u pyHkyus niomsocmu
fw(dl) pacnpedeneHus KoagpuyueHma
KOHyeHmpayuu g

Fig. 2. The histograms and probability density
functions fw(d’) of the stress concentration factor
distribution

Tabs. 1. icxodHble OaHHble 0415 pacdema seposmHocmu omkasa Q U yposHs pucka
Tab. 1. Initial data for the calculation of the probability of failure Q and risk level

1. Marepwuan Tpy6sl Cranb 17T1C
2. BHewHuit guametp TpyGbl D, =720 mm
3.  TonwmHa cTeHKM t=9 mMm

4. TnybuHa Koppo3noHHOro AetekTa h=3,5mMMm
5. TpoTAXeHHOCTb KOPPO3MOHHOTO AedeKTa [=600 mm
6. Kateropwa yyactka I

7. KoadduureHT HapexHOCTV No BHYTPEHHEMY 1aBNEHNI0 n=11

8.  KoadduymeHT ycnosuin pabotbl m=0,9

9.  KoadduureHT HagexHocTM no matepuany Tpyo k=134

10. KoadduymeHT HagexHocTv no HasHadeHuio Tpybonposoaa k=11

1 C y4eTOM CTaTUCTUYecKoro pasbpoca AaHHOTo
Ko3tduLeHTa BCleacTBME CyvyaliHoi npupo-
Abl TONWMUHbI CTEHKM TPY6bI 0.

Mpumep pacyeta

PaccmoTpum npumep pacyerta, Ha NepeBom
3Tane KOTOPOro BbIMOAHUM OLEHKY BAUAHMA
CNyYyanHoW NPUPOAbLI TONWMHbLI CTEHKKU TPYObl
0 Ha daKTnyecKoe pacnpejeneHune 3HayeHuii
KoadduymMeHTa KOHUEHTpaUUW Hanpsxe-
HUI Y B CTEHKE TPYObl B 30HE KOPPO3MOHHOTO
nedekra.

Ha BTOpOM 3Tane BbINOAHUM pacyer Be-
poATHOCTM oTKaza () N0 KPUTEPMIO NPOYHOCTH
1 onpeaenm ypoBeHb pUCKa ANs Tpex MHen-
HbIX y4acTKoB MH, npu cTponTeNbCTBE KOTOPbIX
npumeHsnacb Tpyba ogHoro coprameHra. Co-
OTBETCTBYIOLLME PACYETbl BbINOAHUM ANs ABYX
BapuaHToB. B BapuaHte 1 npumem Koatbduym-
€HT KOHLEHTPaLMUU HanpsaXeHUd ¥ Kak feTep-
MWHWPOBAHHYI0 BEANYMHY, 3HAYEHWUSA KOTOPOW
paccymTaHbl ANA W3BECTHbIX NO pe3y/ibTaTtam
BHYTPUTPYOHOM AMArHOCTUKM NapameTpoB Kop-
PO3MOHHOrO AedeKTa Ha OCHOBAHWK 3aBUCU-
mocTu (2). Mpu pacyetax no BapuaHty 2 Koadh-
(ULMEHT KOHLEHTPaLMK HanpsxeHuin y byaem
YYUTBIBATb KaK CNyYaiHylo BENUYMHY, 3aKOHO-
MEpPHOCTU paccenBaHMA KOTOPOW BbifiBAEHbI
Ha NepBOM 3Tane paccmaTpuvBaemoro npumepa
(tabn. 1).

[ins peanusauum nepeoro atana paccyura-
eM Ha 0CHOBe 3aBucUMOCTH (2) 1 AaHHbIX Tabnn-
Ubl 1 3HaYeHMs KO3 ULMEHTa KOHLEHTPALNUM
HaNpAKeHUN NpK yCAOBUU, YTO TONLLMHA CTEHKM
Tpy6bl 0 ABNAETCA AETEPMUHUPOBAHHON BeNU-
YMHOI. B pesynbrate nosy4nm 3HauyeHne Koad-
tuumnenta w(h,l) =1,404, koTopoe GyneT Heob-
XOAMMO Ha BTOPOM 3Tarne npumepa pacyeta ans
peanusauun Bapuanta 1.

AnnpoKcumaumio GyHKLMKM NNOTHOCTU Be-
ponTHocmfw(l//) K03 MLMEHTa KOHLEHTPaL MK
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2
0.1 ~] P
\\" , ‘\
0.075 7
1
0.05 . \ y
e, i\l
0.025 H’ A

0

310 350 390 430 470 sMlla

Puc. 3. Tucmozpamma u pyHKyua nnomHocmu
f.(s) donyckaembix HanpsxceHuil s

Fig. 3. The histogram and probability density
function of the limit stresses s

BbIMNOJIHAM MO BbIGOPKE €ro 3Ha4yeHuin, chopmu-
pPOBaAHHOM Ha OCHOBe (PYHKLMOHANbHON 3aBU-
cumoctit (2) 1 BbIGOPKM CiiydaiiHbIX 3HAYEHMI
TONWMHBI CTEHKU Tpy6bl J, KOTOpas npuBeje-
Ha B BUAE MMCTOrpammbl Ha puc. la. Pewenune
NaHHOW 3a/a4y BbINONHUM Ha OCHOBE 060UX
METOJ0B HenapameTpUyYecKoi CTaTUCTUKK,
paccMOTPeHHbIX Bbllwe. AATOPUTMbI 1 NpuUMe-
pbl pelweHns NofobHbIX 3aaay paccMOTpeHbl
B pabotax [8, 9, 19]. Vickomble thyHKUMK NNOT-
HOCTU BepOﬂTHOCTMf(;/(l//) 1 BbIGOPKA CyYanHbIX
3HaYeHUN KOIdULMEHTa i/ B BUAE TUCTOTPaM-
Mbl MpeACTaBaeHbl Ha PUCYHKe 2, rae uudpoii
1 o6o3HayeHa QYHKUUA fw(W)' nonydyeHHas
Ha ocHoBe metoga PoseH6nartra — Map3eHa,
a undpon 2 — MeToL0M CTPYKTYPHOW MUHUMM-
3alMK1 IMNUPUYECKOTO PUCKA.

[lns nepBoro mMetoga mMakcMmanbHoe 3Ha-
yeHne MHbOPMaUMOHHOTO GyHKUMOHANA Ka-
yectBa (3) cocrasuno J = 0,48631, a ana BTO-
poro (9) — J, = 0,53732. CnenosatensHo, Ans
BbIBOPKM CyYalHbIX 3HaYEHMit Kot duymerTa
KOHUEHTpaLWKU HanpsaKeHW y/i,i:m nyduwee
KayecTBO anmnpoKcUmalum d:)yHKLl,VIVIf‘;I(l//) obe-
cneymBaeT METOA CTPYKTYPHOW MUHUMM3AUMUN
IMNUPUYECKOTO pUCKa.

[ns peanusauuu BTOpOro atana npumepa
HeobxoAnMbl GYHKLMM NAOTHOCTU BEPOATHOCTM
/.(s) npeaenbHbix (nonycKaembix) s AnsA matepu-
ana Tpy6bl HanpsxeHuit u yHKuum f (o) pns
HanpsKeHWi o, BO3HMKAIOWMNX B CTEHKE TPYObl
B 30He KOppo3uoHHoro aedekTa. B KayectBe
npeaenbHbIX HaNPsXXEHWA S NpUMeM npeaen Te-
Kyyectu o, cTanu 1711C, TaK KaK B COOTBETCTBUM
C laHHbIMK TPYBHOrO KypHana npu cTpouTenb-
CTBE UCCNEeflyeMbIX Y4aCTKOB NPUMEHANACh TPY-
6a, U3roToBNEHHAsA M3 [aHHOW cTanu Ha Yens-
6uHckom TMN3 B cooTBetcTBUM € TY 14-3-109-73.
Bbi6opKa 3Ha4YeHNit Npesiena TeKyyecTy s, =0y,
j=1,n B BUAe ructorpammbl U hyHKLWA NAOTHO-
CTU BEPOATHOCTU f (5), KOTOpPas npeacTaBneHa
Ha pucyHKke 3 1 0603Ha4YeHa yudpoi 1, nonyye-
Hbl B pa60Tax [14, 16]. OTMeTUM, 4TO B YKa3aH-
HbIX paboTax annpoKcumauma hyHKLWU NaoT-
HOCTU BEPOATHOCTU MpeAesbHbIX HanpsXeHui
BbINO/JHEHa meToaom PoseHbnatra — Map3eHa
(6). B Hactosuwen paboTe BOCCTaHOBEHUe
hyHKUMUM fs&ﬂﬂﬂ TOVA e UCXOAHON BbIGOPKM
s, =0, j=I1,n BbINONHEHO Ha OCHoBe anbTep-
HaTMBHOrO METofa — CTPYKTYPHON MUHMMMK3A-
UM 3mnupuyeckoro pucka (8). MonyyeHHas
B uTore dyHkuna f(s) npueeaeHa Ha pucyHKe
3 n o603HayeHa unbpoii 2. Mpu 3Tom 3HaYeHne
MHopMaLmnoHHoro dyHKuMoHana kadecrsa (9)
ONA JaHHOTO meToja coCTaBuno JN = 0,08654,
a ana metoaa PoseH6bnatra — Map3exa (3) —
J =0,11493. CnepoBatenbHo, Nyyliee Ka4yecTBo
annpoKcUmaLmMn MCKoMoi hyHKUNUK fs(s) ons
AaHHOW BbIGOPKM Npeaena Tekyyectn obecne-
uynaer metoa PoseH6bnatra — MMap3eHa, yTo
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Tabn. 2. lucmozpamme! u yHKyuu nromHocmu f (a) HanpaxceHud o , BO3HUKAIOWUX 8 CMeHKe mpyGbl
Tab. 2. Histogram and probability density functions f (o) of stresses o in the pipe wall

Yuacrok 1 YuacTok 2 Yuactok 3
f®) _ 5@ 5@
0.12 ] f 02 0.16 -
S®) /4 f® i £
1. 0.09 0.15 I 0.12 - W
i \ AN
0.06 n \w - 0.1 - \ 0.08 4 \
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N A i
0 na 00T 0 A0 On n 0 1 (on 1
3.6 3.72 3.84 3.96 4.08 p,MPa 24 28 3.2 3.6 4 pMPa 345 3.6 375 39 4.05 pMpPa
f.(0) _ AG £, (o)
- |
0.12 _r \ 0.12 0.12 }
AG f,(0) /(0
2 0.09 0.09 0.09 \(
0.06 n 0.06 - S 0.06 4\
0.03 \ 0.03 0.03 2=
0285 205 305 315 325 6,MPa ¢ 215 240 265 290 315 oMPa 0280 200 300 310 320 6,MPa
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0.06} 0.06 0.06
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0
0285 300 315 330 345 oMPa 0225 250 275 300 325 5 rPa 275 290 305 320 3350MPa

Heob6XoAMMO y4nUTbIBATL NPU pacyeTe BEPOATHO-
ctn otka3za Q (10) ana uccnefyembix TMHENRHbIX
Yy4acTKOB.

B kayecTBe napametpa BHelHeN Ha-
rpy3ku npumem u36bITOYHOE BHYTpEHHee
pasnexne p. BolbopKM ciyyalmHbIX 3HAYEHU
p,,i=1,m BaHHOro napameTpa AnA KAKAOro
13 paccmaTpuBaembix B NpUMepe y4yacTKOB
npeAcTaBNeHbl B BUAE TUCTOTPAMM B NepBOi
CTpoKe Tabnuubl 2.

PesynbtaThl annpokcumauuu  QyHKUnMn
NNOTHOCTU BEPOATHOCTU HANPsKEHWIA, BO3HUKa-
IOLLMX B CTEHKe TPYObl HAa KaXAOM U3 Y4aCTKOB,
noflyyeHHble B pe3ybTaTe peleHus 3agaun (4)
no BapwuaHTy 1, npejcTaBneHbl BO BTOPOM CTPO-
Ke Tabnunubl 2. AHANOrMYHbIe pe3ynbTaThl, Nosy-
YeHHble NpPU peleHnn NoCTaBNEHHON 3a4auu
no BapuaHTty 2, npuvBeAeHbl B TPETbEN CTPOKE
TabnuLbl 2.

MonyyeHHble NCKOMbIE YHKLUM NAOTHOCTH
BEPOATHOCTM HanpsxeHuii f (a) u f.(s), rpacu-
yeckasa WANCTpaLuA KOTOPbIX MpeAcTaBieHa
Ha pucyHKe 3 1 B Tabiuue 2, NO3BONAIOT Ha OC-
HoBe 3aBucumoctu (10) BbINONHWUTL B COOTBET-
ctBuu ¢ BapuaHtom 1 n BapuaHtom 2 pacyet
3HAYEHWI BEPOATHOCTM OTKasza O ANA KaXAoro
13 NPUHATBIX B NpuMepe yyacTkos J14. Pe3synb-
TaTbl pacyeta U cooTBeTCTBYlOLan rpaduyeckas
nHdopmaLns npuseaeHsl B Tabnuue 3.

AHann3 nony4YeHHbIX pe3ynbTaToB

AHanu3 faHHbIX, NPEACTAaBAEHHbIX B Tabau-
ue 2, CBUAETENbCTBYET, YTO CMEKTP Hanpsxe-
HUIA, BO3HMKAIOWMX B CTEHKE TPYObl HAa KAXAOM
13 paccmaTpvBaeMbIX Y4acCTKOB, OTIMYAETCs
B 3aBMCMMOCTW OT TOrO, AETEPMUHUPOBAHHO
(BTOpas ctpoka Tabn. 2) unu cayyanHon (Tpetbs
cTpoKa Tabn. 2) BEMYMHON NPUHAT B pacyeTax
KO3(DPULMEHT KOHLEHTPALUN HaNPAXeHUR .

Taba. 3. [paguyeckasn unnocmpayus u pesybmamsi pacdiema sepossmsocmu omkasa Q
0214 IUHelHbIX y4acmKo8 Ma2ucmpanbHo20 Hegpmenposooa
Tab. 3. Graphic illustration and results of calculating the probability of failure Q
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CneacTBrem 3TOro ABNAKTCA OTAUYUA B NpU-
BefleHHbIX B Tabnuue 3 3HaueHUsX nokasarens
HaleXXHOCTM — BepoATHOCTM oTKasa @, nonay-
YeHHbIX MPU pacyeTe Mo KaxAaomy W3 paccma-
TpMBaeMbIx B Mpumepe BapuaHtax. Tak, Ansa
Yyactka 1 npu pacuyete no BapuaHty 1, Koraa
KO3t OULMEHT  NPUHAT JeTepMUHUPOBAHHON
BENYMHON, BEPOATHOCTb OTKasa ANA paccma-
TPMBAEMOrO y4yacTKa coctaBuna Q11=2,871x10'2.
[ina 3Toro xe y4yacTka npu pacyeTe no Bapua-
Ty 2, COrnacHo KOTOPOMY KO3(M(MULMNEHT KOH-
LleHTpauun ¥ nNpu BbIYUCNEHUN BEPOATHOCTU
OTKa3a Y4YMTbIBA€TCA KaK CiyvyailHas Benunyu-
Ha, 3HayeHne BEPOATHOCTU OTKasa cocTaBaAeTr
Q12=4,363x10'2 M OTANYaeTcA No OTHOLWEHUIO
K npeablaylieMy BapuaHTy pacyeta Ana 3Toro
e y4yacTka ~ B 1,5 pasa.

AHanornyHble faHHble 0 3HaYeHUAX BEpPO-
ATHOCTM oTKasa O ansa YyacTka 2 cocTaBnsioT
0,=8,24x107 n 0,,=1,38x10?, a ana YyacTtka
3 — 0,=9,83x10° u Q,=1,657x102 Takum
obpasom, pesynbTatbl, NoAyYeHHble ans Yyacr-
Ka 2 1 Y4yacTKa 3, N03BONAIOT TaKKe KOHCTaTu-
poBaTb oTIMumMA ~ B 1,5 pa3a B 3HaYeHUAX Be-
posTHOCTM oTKasa () Ans paccmaTpuBaembix
pacyeTHbIx cny4aeB. [Ipy 3TOM BepPOATHOCTb
oTKasa O MeeT 60MblUMe 3HAYEHNUS ANA KaXKA0-
ro U3 paccmaTpuBaembix B MpUMepe y4yacTKOB
MH npu yuyete cTatuctuyeckoro pasbpoca 3Ha-
YEHWIA TONLMHDI CTEHKM TPY6bI 0.

lMonyyeHHble 3HayeHus nokasateneir Q.
n Q,, Ha OCHOBe NpuBeaeHHOI B TabnuLe 4 ma-
TPULbI NO3BONAIT KnaccupuumpoBaTtb BUA OT-
Ka3sa Anda YyacTka 1 Kak «BeposTHbI» BHe 3aBU-
CMMOCTM OT BapuaHTa pacuera. [pu 3Tom puck
3KCMIyaTaLuM AaHHOTO y4acTKa C y4eTom Toro,
4TO TAXECTb NOCNEACTBUI ero oTKasa ABnAeTca
KPUTWYECKON, ABNAETCA Bbllle A0NYCTUMOro
1 COOTBETCTBYET YPOBHIO «Ax.

[OnaVYyacTtka 2 n YyacTka 3 BMA OTKasa B CO-
OTBETCTBMU C pe3ynbTaTaMi pacyeTa 3Ha4eHUN
nokasatens HagexHoctn @, u Q. no BapuaH-
Ty 1 Knaccuduumpyetca B oTIMumne oT YyacTKa
1 KaK «Bo3moxHbInx». Mpy 3TOM prck ans Yuact-
Ka 2 1 Y4acTKa 3 COOTBETCTBYET YPOBHIO «B»
1 ABNAETCA HUXe AonycTumoro. B cnyyae yyeta
CTaTUCTUYECKOro pa3bpoca 3HauYeHUN TONLWUHbI
CTEHKM 1 (PaKTUYECKUX 3aKOHOMEPHOCTel nsme-
HeHUA KoadduLMeHTa KOHLEeHTpaLum Hanpsaxe-
HWIA, 4TO COOTBETCTBYET pacyeTy no BapumaHty 2,
B/, 0TKa3a AnA JaHHbIX y4aCTKOB Ha OCHOBaHWK
nonyyeHHbIX 3HaueHuii nokasateneit O, n Q.
Knaccuduumpyetcs yxe Kak «BepoaTHbin». Mpu
3TOM PUCK ANnsA Y4acTKa 2 1 Y4acTKa 3 cooTBeT-
CTBYET YPOBHIO «A», KOTOPbIN Bbille AOMYCTUMO-
ro. Takum o6pasom, Ans Y4actkos 2 u 3 cnegyet
OTMETUTb CYLLLeCTBEHHbIE OTNIMYNA B pe3ynbTaTtax
OL|eHKM HafleXXHOCTW 1 YPOBHA PUCKa B 3aBUCH-
MOCTU OT TOr0, KaKoW BEAWYMHOW NpW BbINO-
HEHUU pacyeToB Y4MTbIBAETCA KO3IPDULMEHT
KOHLeHTpauun y — [eTepMUHUPOBAHHON MK
cnyyanHom.

B 3aKkntoueHun cnepyet oTMETUTD, YTO B pac-
CMOTPEeHHOM Npumepe pacyeTbl Ko3dduLmnenTa
KOHLeHTPaL MW HaNpsXeHN B 30He KOPPO3MOH-
Horo fedekTa BbiNoNHEHbl Ha 6ase cTaHgapTa
B31G [7]. AHanornyHble pacyetbl MOTyT BbITb MO-
Nly4eHbl Ha OCHOBE Nto6Oro Apyroro craHaapTa,
MPUHATOrO B Ka4eCTBe HOPMATVBHOTO JOKYMEH-
Ta B KOMMNaHuu-oneparope.

Utoru

OueHKa YpOBHA MPOYHOCTHOW HaAEXHOCTU W
puCKa ANA OCNOXHEHHbIX KOPPO3WOHHBIMU fe-
(heKTamMn NUHENHBIX Y4aCTKOB MarucTpanbHbIX
Tpy6onNpoBOAOB npeanonaraer pacyer noka-
3aTeneil HafleXXHOCT Ha OCHOBE BEPOATHOCT-
HbIX mogenei. lpu 3Tom KO3DPULMEHT KOH-
LleHTpaLMmn HanpaxeHWin BCNeACTBUE HanMuua

Tabs. 4. Mampuya «8eposmHocms — msaxecms nocaedcmsuii»

Tab. 4. Matrix “probability — risk level”

OtKas YacToTa BO3-
HUKHOBEHUA KaTacTpo-
0TKa3a B rof tbudeckas
YacTbin 1 A
BeposTHbI 1-10? A
B0O3MOXHbIN 102-10* A
Peaxui 10“-10¢ A
Mpaktnyeckn <10 B

HEBEPOATHbLIN

TaxecTb NOCNEACTBUI OTKa3a

KpUTUYeCcKas  He KpUTW-  C npeHebpe-
yeckas KUMO ManbiMu
nocneacTeMAMU
A A C
A B C
B B C
B C D
C C D

PyKoBOACTBO Nno 6e30nacHocTu «MeToanyecKre 0CHOBbLI MO MPOBEAEHMIO aHaNM3a onacHocTen
1 OLeHKe PUCKa aBapuil Ha OMACHbIX MPOMU3BOACTBEHHbIX 06beKTax», yTBEpXKAeHHOe MpuKasom

PoctexHap3sopa ot 13.05.2015 N2 188.

BykBeHHbIMU UHAEKCAMK B TabnuLe 4 0603HaY€eHbI 4 YPOBHSA pUCKa:

«A» — pPUCK Bblle fonycTMmoro, Tpedyetcs pa3paboTka LONONHUTENbHbIX Mep 6e30nacHoCTY;
«B» — PUCK HWKe JONYCTUMOrO NpY NPUHATAN AOMONHUTENbHbIX Mep 6e30nacHoCTH;

«C» — PUCK HIKE AONYCTUMOTO NPU OCYLLECTBAEHUN KOHTPOAA NMPUHATLIX Mep 6e30MacHoCTH;
«D» — puUCK npeHebpexuTenbHo Man, aHanus u NpuHaTue mep He Tpebyercs.

KOPPO3MOHHbIX Ae(EKTOB NPUHUMAETCA B [iaH-
HbIX MOZLENAX AeTEPMUHUPOBAHHO BENUYMNHON.
Pe3synbTathl MccnefoBaHWin M Npumepsl pac-
yeTa, NpMBEJEHHble B CTaTbe, MO3BONANT CAe-
natb BbIBOJ, YTO KO3((ULMEHT KOHLEHTpauun
HanpsXeHWn haKTUYeCcKn ABNSETCA CNydYalHom
BE/NIMYMHOM. Y4YeT AaHHOro dakra npu pacyete
nokasaTtenei HaAeXHOCTM MO3BONAET MOBbI-
CUTb AOCTOBEPHOCTb MONYYEHHbIX PEe3ynbTaToB
1 6oNnee KOPPEKTHO BbIMONHWUTb OLEHKY YPOBHS
pVcKa ANsA y4yaCTKOB MaructpanbHbix Hedre-
MPOBOJOB, OC/IOXHEHHbIX KOPPO3MOHHLIMU
nedekramu.

BbiBOADI

e CraTucTMyeckmii pa3bpoc haKTMyecKux 3Ha-
YEHWA TONWMHBI CTEHKW TPybbl onpeaenser
CNyYanHbIl CNEKTP U3MeHeHns Koahduum-
€HTa KOHLEHTPaLuWU HanpsxeHuin B 30He
BbISBNIEHHbIX KOPPO3MOHHbIX [JedEeKTOB.
BcnepctBue 3T0ro 3aKOHOMEPHOCTU U3Me-
HEHUA HanpsAXeHW, BO3HUKAKLWMX B CTEH-
Ke TpyObl, OCNOXHEHHON KOPPO3UOHHBIMM
paedeKTammn, UMerT CyLLLeCTBEHHbIE OTINYUA
B 3aBMCMMOCTW OT TOTO, CIy4aHON Uam je-
TEPMUHUPOBAHHOW BENNYMHON NPUHUMAET-
€A Npu pacyetax KO3 hULMEHT KOHLEHTPa-
LMW HANpAXKEHWUN.

e [lonyuieHune, cornacHo Kotopomy Ko3ddu-
LMEHT KOHLEHTPAL UM HanpAXeHUn NpUHHU-
MaeTcs [eTepMUHUPOBAHHON BENUYUHON
B BEPOATHOCTHbIX MOAensX, Ha 6ase Ko-
TOPbIX BbIMOMHAETCA pacyeT MokasaTtesei
HaAeXHOCTN, ABNAETCA HeoO6OCHOBAHHLIM,
TaK KaK 3TO NPUBOAUT K 3aHUKEHWIO 3HaYe-
HWI NOKa3aTene HaZLEXHOCTW U, KaK cnep-
CTBUE, HEKOPPEKTHOW OLEHKE YPOBHA pUCKa
obcnefyemMbix y4acTKOB MarncrpanbHoro
HethTenpoBoaa.

e [leTepMUHUPOBAHHbIE METOAbl  OLEHKU
MPOYHOCTU He NMO3BONAKT YYECTb CTATUCTHU-
yeckuid pasbpoc M cayyaiiHylo npupoay
napameTpoB, 3HAYUMbIX /1A ONpeAeNneHns
(haKTMYecKon HapexHocTm u Tem 6onee
YPOBHS pUCKA [/ OCNOXHEHHbIX KOPPO3M-
OHHbIMW [edeKTaMn NNHENHbIX Y4aCTKOB
MH. CnepctBrem 3Toro aBnseTcs Heo6xoau-
MOCTb COBEpPLIEHCTBOBAHUA CYLLECTBYOLNX
1 pa3paboTKM HOBbIX BEPOATHOCTHbIX Me-
TOAOB WHAMBUAYANbHON OLEHKN daKTuye-
CKOTO TEXHWYECKOTO COCTOSHUA U TEKYLLEro
YPOBHA HAAEKHOCTW NUHEWHbIX Y4acTKOB

NOTeHLMANbHO ONACHbIX MPOTAXKEHHBIX 06b-
€KTOB, KOTOPbIMU ABNAIOTCA MArncTpanbHble
HedTenpoBozb.
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Results

The assessment of the level of strength reliability and risk for linear
sections of main pipelines complicated by corrosion defects involves
the calculation of reliability indicators based on probabilistic models. e
In this case, the stress concentration coefficient due to the presence of
corrosion defects is taken as a deterministic value in these models. The
results of the research and the calculation examples given in the article
allow us to conclude that the stress concentration coefficientis actually a
random variable. Taking this fact into account when calculating reliability
indicators makes it possible to increase the reliability of the results e
obtained and more correctly assess the risk level for sections of main oil

pipelines complicated by corrosion defects.

Conclusions

e The statistical spread of the actual values of the pipe wall thickness
determines the random spectrum of changes in the stress
concentration coefficient in the zone of detected corrosion defects.
As a result, the patterns of stress changes occurring in the pipe

References

1. SNiP 2.05.06-85. Trunk pipelines. Moscow:
Gosstroy, FAU “FTsS”, 2013, 81 p. (In Russ).

2. VRD 39-1.10-004-99. Recommended
practice for quantitative assessment
of the condition of trunk gas pipelines
with corrosion defects, ranking of them
in terms of hazard level, and determination
of service life remaining. Moscow: IRC
Gazprom, 2000, 41 p. (In Russ).

3. Kiselev V.K., Stolov V.P. Model for assessing
the strength and structural reliability of gas
pipelines with arbitrarily oriented surface
defects // Reliability and service life of gas
pipeline structures. Moscow: VNIIGAZ,
2003, P. 67-77. (In Russ).

4. Teplinskiy Yu.A., Bykov I.Yu. Management
of gas pipelines operational reliability.
Moscow: TsentrLitNefteGaz, 2007, 395 p.
(In Russ).

5. Makarov G.l. Strategy of technical
policy of updating oil and gas pipeline
transportation systems. Svarochnoye
proizvodstvo, 2013, issue 9, P. 44-48.

(In Russ).

6. STO Gazprom 2-2.3-112-2007.
Methodological guidelines for assessment
of the operability of the gas trunk pipeline
sections with corrosion defects. Moscow:
ITsR Gazprom, 2007, 68 p. (In Russ).

7. ASME-B31G. Manual for determining the
remaining strength of corroded pipelines:

10.

11.

12.

13.

wall complicated by corrosion defects have significant differences,

depending on whether the stress concentration coefficient is taken
as a random or deterministic value.

The assumption that the stress concentration coefficient is assumed
to be a deterministic value in the probabilistic models used
to calculate reliability indicators is unfounded, since this leads
to an underestimation of the reliability indicators and, as a result,
an incorrect assessment of the risk level of the surveyed sections
of the main oil pipeline.

Deterministic methods of strength estimation do not allow
us to take into account the statistical spread and random nature of the

parameters that are important for determining the actual reliability
and, moreover, the level of risk for linear sections of MN complicated
by corrosion defects. The consequence of this is the need to improve

A supplement to ASME B31G code for
pressure piping. New York: American
Society for Mechanical Engineers, 1991,
69 p. (In Eng).

. Golofast S.L. Assessment of the main gas

pipeline strength reliability considering
the actual regularities of the distribution
of the pipe wall thickness. Occupational
safety in industry, 2020, issue 6, P. 21-28.
(In Russ).

. Golofast S.L., Shockiy S.A. Justification

of resistance reliability and risk level for
linear sections of the main oil pipeline
according to statistical variability of the
pipe wall thickness. Exposition Oil Gas,
2021, issue 1, P. 62-66. (In Russ).

Maritz J.S. Distribution-free statistical
methods. 2nd Ed. London: Chapman & Hall,
1995, 255 p. (In Eng).

Hollander M., Wolfe D.A., Chicken E.
Nonparametric Statistical Methods. John
Wiley & Sons, 2014, 848 p. (In Eng).
Golofast S.L. Monitoring of the Reliability
of the main gas pipeline linear sections
during various periods of operation.
Occupational safety in industry, 2019,
issue 7, P. 7-14. (In Russ).

Filatov A.A., George M.S. Influence of the
operating conditions of the gas pipeline
on the indicators of its strength reliability.
Nauka i tekhnika v gazovoy promyshlennosti,
2013, issue 2, P. 75-82. (In Russ).

the existing and develop new probabilistic methods for individual
assessment of the actual technical condition and the current level
of reliability of linear sections of potentially dangerous extended
objects, which are the main oil pipelines.

14. Golofast S.L. Assessment of the influence
of the mechanical properties of 17G1S
pipe steel of various manufacturers on the
strength reliability of main pipelines.
Exposition Oil Gas, 2018, issue 7, P. 67-72.
(In Russ).

15. Shotskiy S.A. Tracking random nature
of creep strength on pipeline materials,
while assessing resistance power
of pipelines’ curved sections weighted
by uniform coating. Exposition Qil Gas,
2019, issue 5, P. 69-73. (In Russ).

16.Golofast S.L. Effect of statistical straggling
of the yield strength of 17G1S pipe steel
grade on strength reliability of the main gas
pipelines. Occupational Safety in Industry,
2019, issue 2, P. 42—47. (In Russ).

17. Davydov A.N. Comparison of linear sections
reliability for the changes in the properties
of pipeline steel 14HGS long maintained
pipelines. Exposition Oil Gas, 2019, issue 4,
P. 103-107. (In Russ).

18. Vapnik V.N., Glazkova T.G., Koshcheev V.A.,,
Mikhalskiy A.l., Chervonenkis A.Ya.
Algorithms and dependency recovery
programs. Moscow: Nauka, 1984, 815 p.

(In Russ).

19. Syzrantsev V.N., Nevelev Ya.P., Golofast S.L.
Calculation of the strength reliability
of products based on nonparametric
statistics methods. Novosibirsk: Nauka,
2008, 187 p. (In Russ).

WH®OPMALNA Ob ABTOPAX | INFORMATION ABOUT THE AUTHORS

Fonodact Cepreii JleonnpoBuy, 4.7.H., npodeccop,
000 «lasnpom npoekTMpoBaHue», CaHkr-MNerepbypr, Poccus

[insA KOHTaKTOB: trasser@inbox.ru

Golofast Sergey Leonidovich, ph.d., professor, “Gazprom-Project”
LLC, Saint-Petersburg, Russia

Corresponding author: trasser@inbox.ru

29



