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Pospobneno memoo pexoncmpykyii mennocazosux mepedxic NpOMAZY8AHHAM  NOMIEMUIEHOB020
mpyoonposody 6 Oepexmuuii cmanesuii nopuihem. /s yvoeo po3pobaeHUll MA206Ull NOpUieHb ma
Oazamocekyitiny —YWinbHIOBAAbHY CUCHEMY, AKY Kpinaams 00 mopys Oe@eKmHo20 CMmaieto2o
mpybonposody. Kinvbkicmv cexyiti YWibHIOBAIbHOI CUCEMU 3ANeHCUmMb 6I0 MUCKY 8 MIdCmpyOHOMY
npocmopi. Ilogimps 3akauyioms KOMHPECopomM 6 NpomsAcy8anull NOMiemureHoguil mpyoonpogio. 3
NOAIEMULEH08020 MPYOONPOBOJY ROGIMPSL Yepe3 OMBOPU, GUKOHAHI 6 020JI06KY, NHOCIMYNAE 8 3aNOPuIHeull |
Misxempyonuti npocmip. OcCKinbKu YWiNbHIO8ANbHA CUCMEMA He BUNYCKAE NOGImps 3 MIXCmpyOHO20
npoCmMopy Mo MUCK 3d NOpWHeM 3pPOCAE i 6iH NOYUHAE PYXAMUCL 3amA2yIouU 3a C00010 HOGUU
noniemuneHosuti mpyoonposio é oeghekmnutl crmanesuil.

Burxonano mooenioganusi OCHOBHUX MEXHONO2IUHUX Hpoyecie  Oesmpanueinol peKxoHCmpyKyii
Meno2azo8ux mepexc po3pobaeHum memooom. Pospobreno memoouxy niobopy komnpecopa 0
BUKOHAMHA poOim. 3a po3pobieHoI0 MemoOUKo po3PAxo8yEMbCs MUCKY 8 3aNOPUIHe80MY NPOCmopi, npu
SAKOMY HOPUIEHb 3 NPUKPINIEHUM 00 Hb020 NONiemuieHosum mpyoonpogodom oyoe pyxamucs. 1106yoosaro
epaiuni 3anedicHocmi HeoOXiOH020 MUCKY 6 3aNOPUHEBOMY RPOCOpi 6i0 008ICUHU OLIAHKU, KA OyOe
PEKOHCIPYIO8AMUCY.

Ukrainian heat and gas network obsolete and demolition of more than 75%. For every 100 km of steel
pipes per year average of 55 accidents occur, and every year the condition worsens. Also in Ukraine is
practically not developed nor implemented trenchless repair technology heat and gas networks of cities and
towns. These and a number of other reasons cause need for special development and implementation of
large-scale reconstruction of trenchless technologies heat, gas networks Ukraine.

Classified and analyzed existing in the world methods of reconstruction heat, gas networks.
Highlighted features, features a range of technical features, advantages and disadvantages of each. It was
established that the most widespread today in the world there are methods liners ("pipe in pipe", "U-liner",
"Swigeling" drawing the polymer tube with the destruction of the defective pipeline "Primus Line",
"stocking"). The following factors to be considered while deciding on reconstruction heat and gas networks
liners — pulling in new polyethylene pipe steel defective. The analysis of existing in the world of traction
means for pulling the new pipeline defective and found that reconstruction heat and gas networks available
today traction means requires time and significant human and financial costs.

The method of reconstruction heat and gas networks pulling polyethylene pipeline defective steel pig.
To this end, developed and multisection traction pig sealing system that attaches to the side of the defective
steel pipe. Number of sections of the sealing system depends on the pressure in the annulus. Air is pumped
into the compressor plastic pipe. Polyethylene pipe air through holes made in the headroom, by pig and
enters the shell side. Since the sealing system does not release air from the annulus the pressure on the pig
increases and it begins to move delaying a new plastic pipe to defective steel.

Modeling of core processes trenchless rehabilitation heat and gas networks developed method. The
method for selecting a compressor performance. For developed technique calculated pressure by pig space
in which a pig with attached plastic pipe will move. Built graphics depending by pig required pressure in
the space the length of the section to be reconstructed.
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HAnpystceno-0eghopmosanoco Cmany ma nop 6 ’s13k020 PYUHYBAHHS 36apHUX MPYOONPOGIOHUX eleMeHmis i
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noCyour mMucKky 3 GUAGIEHUMU MPUSUMIDHUMU HECYYITbHOCMAMU Memany (IOKATbHUMU KOPOIUHUMU
empamamu Memany, MaKkponopamu), y momy 4ucii, 8 001acmi 36apHUX MOHMANCHUX WEI6 OJisl BUSHAYEHHS.
Xapakmepuux 0coOIuBoCmell 2paHuyHo20 CMany Oe@eKmHux KOHCMPYKyill. Ananiz HanpysiceHo-
0eghopmMosano2o cmamy 36apHOi KOHCMPYKYii NPOBOOUBCSL HA OCHOGI CKIHUEHHO-e1eMEHIMHO20 PO38 SI3AHH
3a0aui HecmayioHApHOT MEePMONAACMUUHOCIE UWLTAXOM NPOCMENCYBAHHS NPYICHO-NAACTHUYHUX dedhopMayill
3 MOMeHmMY NOYAMKY 36APIOGAHHSA 00 NOBHO20 OXON00NCEHHA KOHCMPYKYIL | NOOANbULO20 HABAHMANCEHHS 00
2PAHUYHO20 CMAaH). B 0CHO8Y KOHMUHYATIbHOI OUIAmMAayitinoi mModeni pYUuHYy8aHHsi NOKIAOeHO noemante
NPOSHO3YB8ANHA MIKPO- MA MAKPONOWKOONCEHHs Mamepiany KOHCMPYKYIi K npu 36apioéanti, max i npu
HABAHMANCEHHT BHYMPIUWHIM MUCKOM [ 306HIUHIM CUTIOBUM MOMEHMOM 32UHY 00 2PAHUYHO20 CIAHY Ha 643l
meopii I'ypcona-Teepeaapoa-Hionmana. 3anpononoeano Kpumepii MaKpOpyUHYS8AHHA KOHCMPYKYIl 3a
KPUXKO-8 "A3KUM MEXAHIZMOM.

Pospobneno memoou tmoGIpHICHOT OYIHKU HANPYHCEHO20 CMAaHy mMpyOOnposioHoi KOHCMPYKYIL 3
no3uyii cxunbHoCcmi 00 pPYUHY8AHHA, WO 3ACHOBAHI HA [HMESPY8AHHI PO3PAXYHKOBO20 NOAA 20N08HUX
Hanpyscenvb 8 pamxax cmamucmuku BetOyna. /s KopekmHOI KilbKIiCHOI OYiHKU CMAaHy 6i0N08I0AIbHUX
KOHCMPYKYIlI HA OCHOGI KOMWIEKCHO20 AHANI3Y 2SPAHUYHO020 CMAHY CManesux mpyoonpogoodie nio
GHYMPIUWHIM MUCKOM OMPUMAHO (QYHKYIOHANbHI 3anexcHocmi Koegiyienmis Betibynia 6i0 eracmugocmeli
Memarny, a came 8i0 2panuyi mexKy4ocmi ma Cmynetio 0eq)opmayitinoeo 3MiyHeHHs.

Ha npuxnaoi munosux eunaoxie excniyamayitiHoi NOWKOONCEHOCMI eleMeHmie Ma2iCmpaibHo20
mpyobonposoody muny JIOKATbHUX NOGEPXHESUX GMpam Memany 8 o0nacmi MOHMANCHO20 36APHO2O WA
00CNiOMNHCEHO CneyuiKy epaHudHo20 CMAany 6 YMo8ax HABAHMANCEHHS SHYMPIWHIM MUCKOM I 306HIUHIM
Momenmom 3eury. Iloxkazamo, wo xapaxmep 63a€MO0Ii 3AMUUKOB020 NICIA3BAPIOBATLHO2O HANPYIHCEHO2O
CMAaHy Memarny 3 eKCniyamayiuHuMu HanpyHceHHaMU 8i0 2e0OMempUIHO20 KOHYEHMpamopa Mac cymmesuil
6NIUB HA BEIUYUHY 2PAHUYHO20 SHYMPIWHb020 mucky 6 mpyoi. Kpiv moeo, suznaveno xapaxmep eniugy
000amK08020 MOMEHMY 32UHY HA Hecyuy 30amHicmb OLISAHKU mpybonposoody 3 i304b08aHUM OeqheKmom
JOKAIbHO20 KOPO3IiliHO20 CMOHUeHHs cminku. Ha ocroei pesynbmamis inmezpanibHo20 aHANIZY CMAHY
Odeghekmmoi OinsiHKU MpPYyOONPoBody O0CHIONCEHO 3MIHY UMOGIPHOCMI DPYUHYBAHHS KOHCMPYKYIL 6i0 Oil
BHYMPIUHbO20 MUCKY MA MOMEHMY 32UHY NPU PIZHUX 2e0MEMPUUHUX POIMIPAX OedheKmy CIMOHULEHHS.

Kmouosi  cnosa: mamemamuyne MOOENO8AHHS, 8 3Ke PYUHYBAHHA, 36aApHUll  mMPYOOnpoeio,
MpuGUMIpHUL OeheKkm HeCyyinbHOCI, SPaHUYHULL CIAH, HANPYHCEHO-0eqhOPMOBAHULL CIMAH, UMOBIPHICTD
PVUHYBAHHSL.

The main assumptions have been given for the physical and mathematical models of combined
development of the stress-strain state and voids of ductile fracture in welded pipeline elements and pressure
vessels with the detected 3D metal discontinuities (local corrosion metal losses, macropores), including the
ones located in the area of site welds for determination of the characteristic features of defective structures’
limiting state. Analysis of stress-strain state of the welded pipeline section has been carried out based on
finite element solution of the problem of non-stationary thermoplasticity by tracing of elastic-plastic
deformations from the beginning of welding to the complete cooling of the structure and subsequent loading
to the limiting state. The continuum dilatation model of fracture is based on a stepwise prediction of micro-
and macro-damage of material both in welding and under loading with internal pressure and external force
bending moment to the limiting state on the basis of the Gurson-Tvergaard-Needleman theory. The criteria
for macroscopic fracture of structure on a brittle-ductile mechanism have been proposed.

Methods for probabilistic estimation of stressed state of the pipeline structure from the point of view of
fracture susceptibility, which are based on the integration of the calculated field of principal stresses within
the framework of Weibull statistics, have been developed. Functional dependences of Weibull coefficients on
the properties of the metal, namely yield stress and degree of strain hardening, were obtained for correct
guantitative assessment of the state of critical structures based on a complex analysis of the limiting state of
steel pipelines under internal pressure.

Specific features of the limiting state under loading with internal pressure and bending moment have
been investigated based on an example of typical cases of operation damage of main pipeline elements such
as local metal losses in the area of site weld. It was shown that nature of interaction of residual post-weld
stress state of metal with operation stresses from the geometry concentrator significantly affects the value of
limiting pressure in the pipe. Besides, effect of the additional bending moment on load-bearing capacity of
the pipeline section with isolated defect of local corrosion wall thinning has been determined. Change of
fracture probability of the structure as a result of internal pressure and bending moment loading at various
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geometry dimensions of thinning defect has been investigated based on the results of integral analysis of
state of pipeline defective section.

Key words: mathematical modeling, ductile fracture, welded pipeline, 3D discontinuity flaws, limiting
state, state of stresses and strains, probability of fracture.

YK 622.692.4

BIUIUB IIEPIO/ITHYHUX CKH/IAHb HA®TH HA IIPOIIYCKHY
3HATHICTb MAT'ICTPA/IBHUX HA®TOIIPOBO/IB

H. B. Axumis
IOHTYHT, 76019, m. Isano-Ppanxiscok, eyi. Kapnamcoka, 15, men. (0342) 72-71-39,
e-mail: tzng@nung.edu.ua

Hocniooceno 6niug enuyuHu nepioOUYHUX CKUOAHb YACMUHU HAQmMU HA NPONYCKHY 30AMHICMb
MazicmpanvHux — Hagmonpoeodie. Buseneno, wo i3 30i1bWeEHHAM ~ BEIUYUHU CKUOAHL  3POCHAE
NpoOYKMuUBHIiCMb Ha OLIAHYI HAGMONPOBOOY 00 NYHKMY CKUOAHHSA i 3MIHIOEMbCS pedcum pooomu 6Cboo
Hagmonposooy.

Hagmonepexauysanvni cmanyii 6inbuiocmi 8imMyu3HAHUX HAPMONPOB0di6 OCHAWEHI DIZHOMUNHUMU
Hacocamu, HAnipHi ma eHepeemuyHi Xapakmepucmury SKux Cymmeeso GiOpIi3HAMbCA, MIHIUHA YacmuHa
Xapaxmepusyemocs.  CKIAOHOI0  2IOPAGIIYHOI0  CIMPYKMYPOIO [ NEGHOI0  KIMbKICMIO NepecoHis, sKi
8IOpI3HAIOMbCS 2i0pABNIUHUM ONnopoM. Po3pobieHo aneopumm 6U3HAYEHHS HPONYCKHOI 30amMHOCMI MAaKux
MAz2icmpanbHux Haghmonposoois 3a Pi3HUX 3HAUEHb GUMPAMU CKUOAHHS | 0)0b-KUX KOMOIHAYIT 6KIOYEHH S
HACOCi8 Ha CMAHYIAX.

Bcmanoeneno, wo 3a paxyHok 30invbuieHHs 6eIUYUHU CKUOAHHS MOXCe 3MIHI0BAMUCH NIMIMYIOYa OLIAHKA,
KA 00MeAHCYE NPONYCKHY 30AMHICHb 8Cb020 MAICMPAIbHO20 HADMONPO8oOY.

Pospobneno pexomenoayii wpo0o eubopy enepeoeheKmuHux pesxicumie pobomu HAGmMonpoeodie 3a
PDI3HUX 3HAYEHb BeNUYUHU CKUOAHHA. 3a Kpumepii eHepeoepeKmugHOCMi NPUUHAMO MIHIMYM RUMOMUX
suUmMpam eieKmpoeHepeii Ha nepekayy8ants Hagpmu.

The effect of periodic oil discharges value on the flow capacity of oil pipelines was studied. It was
revealed that with the increase of discharge value the flow rate increases in the section of oil pipeline up to
the point of discharging and the mode of the entire pipeline changes as well.

Most oil pumping stations at domestic oil pipelines are equipped with various oil pumps, which have
substantially different pressure and power characteristics; linear part is characterized by a complex
hydraulic structure and a certain number of segments differing in hydraulic resistance. An algorithm for
determining the flow capacity of oil pipelines at different discharge values and any combinations of working
pumps at stations was developed.

It was established that by increasing the value of discharge the limiting section that limits the flow
capacity of entire oil pipeline can be changed.

Recommendations on choosing energy efficient operating modes for oil pipelines at different values of
discharge were made. A minimum value of specific power consumption for oil pumping was adopted as a
criterion of energy efficiency.
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