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B nporieci TpuBaiioi excrutyaratii aedopmatiii nepepiziB € XapaKTepHUM SIK JUIsSl HA3eMHUX, TaK 1 JUIS MiA3eMHHUX
JUISTHOK TPYOOIPOBOJIB PI3HOrO MpU3HAuYeHHS. B cTaTTi pO3IJISIHYTO NHTAaHHS MaTeMaTHYHOIO MOJENIOBAHHS
npouecy neopMyBaHHsS TPYOONPOBOIIB, MO SKUX 3/IHCHIOETHCS TPAHCIOPTYBAHHSA Ta30pIAMHHUX CyMiled 3
arpecMBHMMH KOMIOHeHTaMu. [loOynoBaHo Mozeni tporecy JedOopMyBaHHs TpPYOONPOBOAY 3a BIJIOMHUMH
NEepeMillleHHSIMH TI€BHOI MHOXXMHM TOYOK ToBepxHi. Ilpm moOynoBi Mozeni mporecy aeGopMyBaHHS He
BUKOPUCTOBYETHCS iHQOpMALlis PO XapaKTep Ta TPUBAIICTh 3YCWJIb Ta HaBaHTaXXEHb, LIO JAIIOTh Ha TPYOOIPOBIiJ.
[ToOynoBaHO 3aKOH pyXy TpyOONpoOBOLY 3 ypaxyBaHHsAM nedopmalii mepepiziB B TppOX HampsiMkax. PeanizoBaHo
MaTeMaTH4Hy MOJIENb Npoliecy OOTiKaHHs Je(OPMOBAHUX MeEpepi3iB TPYOONPOBOJY 3 METOI OLHKH 3aJeXHOCTI
aepoJIMHAMIYHUX XapaKTePUCTHUK Tepepi3iB BiJl iX mpocTopoBoi kKoHbirypauii. [Ipy oMy BUKOPUCTOBYEThCS anapar
inTerpanbHux piBHsHb @®penronbema Il pony. 3a cTBOpeHUMH Ha OCHOBI BKa3aHHMX MOJIENei OOYUCIIOBAILHUMHU
QJITOPUTMaMH IPOBEICHO PO3PAaXyHKH HANpPYKEHOTO CTaHy TPYOONPOBOIIB Ta aepOAMHAMIUHMX XapaKTEPUCTHK
nedhopmoBanux niepepisiB. HaBeneHo aHaiiz pe3ynbTaTiB pO3paxyHKIB — IHTEHCUBHOCTI HANPYXEHb Ta 3aJISKHOCTEH
aepoJMHAMIYHUX XapaKTEPUCTHK BiJ| CTYIEHsS ENINTHYHOCTI Tepepidy Ta KyTa atakud nedopMOBaHOro Imepepisy.
BusiBiieHo, 1o npu BHBYEHHI HaNpy:KeHO-Ie(OpMOBAHOTrO CTaHy HEOOXiZHO BPaxOBYBaB aepoOAMHAMIYHI CHIIU Ta
MOMEHTH.,[II0 BUHHUKAIOTh NpH AeOpMyBaHHI mepepisiB, PO3MIsSHYTO BUMAIOK, KOJNU BHACTIIOK AehOpMyBaHHS
nepepiz HaOyBae eNMINTHYHOI KOHQIrypamii,lo XapakTepHO Ui MIIOYUX IUISHOK TpyOorpoBoxiB. BusHaueHo
HANpPSIMKH MOAAJTBIIMX TOCIIPKEHbh — MOJICIIOBAHHS Te4ii B TPyOOIPOBOII, IO TPAHCHOPTYE Ta30piHUHHI CyMilli 3
arpecCMBHUMHM KOMIIOHEHTAMH 332 HAsBHOCTI 30H 13 TOTEHLIHHOK BTPATOK TI'ePMETHYHOCTI BHACIIJOK 3MiHH
HaINpYXeHO-1e()OPMOBAHOI0 CTaHy Ta BHUSBJICHHS MOIIMPEHHS MIKIJJIMBUX PEYOBUH B 30HI, IO OTOYYE TPYOOIPOBiA
IPY HOro po3repMeTu3allii, BUBUEHHS Ipoliecy AehOpMYBaHHS HESTINTHYHUX MPOQIIiB.

Kawu4oBi cioBa: HanpyxeHHil ctaH, TpyOOIPOBiJ, aepoJUHAMIYHI XapaKTePUCTUKH, nedopmarlis nepepisis,
SINTHYHICTb.

In the process of long-term exploitation the section’s deformations are inherent both for evaluated and
underground sections different purposes pipelines. The article deals with the problems of pipelines deformation
process mathematical modeling through which the transport of gas-liquid mixtures with aggressive components is
carried out. Models of the pipeline deformation process by known displacements of a certain set of points of a surface
are constructed. The construction of the deformation process model does not use information about the nature and
duration of the forces and loads acting on the pipeline. The law of pipeline motion was constructed taking into
account the deformation of sections in three directions. A mathematical model of the process of flow around deformed
sections of the pipeline is implemented in order to evaluate the dependence of the aerodynamic characteristics of the
sections on their spatial configuration. The apparatus of Fredholm integral equations of the second kind is used.
According to the computational algorithms created on the basis of the mentioned models, the stresses of the pipelines
and the aerodynamic characteristics of the deformed sections were calculated. The analysis of the results of
calculations - the intensity of stresses and dependencies of aerodynamic charac teristics on the degree of ellipticity of
the section and the angle of attack of the deformed section is presented.It ws discovered that during over-ground
section’s stress-strained staate control it is very important take into attention the value of aerodynamics loadings and
momentums. It was considered the situation when after deformation the section has received the eliptical
configurations, which are inherent for the real pipelines. Directions for further research are identified- modeling of
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flow in a pipeline that transports gas-liquid mixtures with aggressive components due to the presence of zones with a
potential loss of tightness due to a change in the stress-strain state and detection of the spread of harmful substances in
the zone surrounding the pipeline when it is depressurized, studying deformed cros s-sections of a non-elliptical

configuration.

Key words: stress state, pipeline, aerodynamic characteristics, section deformation, ellipticity.

Beryn
JocmimkeHHs TEXHIYHOIr O cTany
TpyOONpoOBONiB, TO SKHUX TPAHCHOPTYIOTHCS

ra30piIMHHI CYyMIIIll 3 arPECHBHUMH KOMITOHEHTAMHU
€ BAXKIMBOK HAyKOBO-TEXHIYHOI MPOOIEMOIo,
BUPIMICHHS AKO1 JIO3BOJISIE MPOBOANUTH
i1eHTU(IKALII0 MOTEHIINHO HEOC3MEYHUX UITHOK.
30KkpemMa, BHBUYCHHS HaMpPy>KEHO-IeOpPMOBAHOTO
CTaHy JI0O3BOJISIE BHSBHUTH Ti 30HH, B SIKHX
MOXKJIMBUM € BTpaTa CYLUUIBHOCTI MaTepiany
TpyOONpoBOILy, 1, SK HACHIJOK, BUKHIN XIMI9YHO
arpecUBHUX PEUOBHH, IO TPAHCIOPTYIOThCs. [Ipu
bOMY HEOOXiJIHO BpaxOBYBaTH BECh KOMIIJIEKC
(akTOpiB  CHJIOBOTO BIUIMBY, IO JIiOTh Ha
TpyOornpoBin. Bkazana mpobnema gociiKyBaiach
O6aratema aBTopamiu [1,3,4], mpore B mux poborax
MpUIMAETBC Ta UM IHIOIA MOJENb MPOIECY
nehopMyBaHHS Ta HaMPYXEHOro CcraHy 0e3

ypaxyBaHHsS  OCOOJIMBOCTEH  MPOAYKTY, IO
TpaHcnopTyeThes. [Ipyu BUBUEHHI TEXHIYHOTO CTaHy
TpyOONIPOBOMIB, MO SKUX  TPaHCIOPTYIOTHCS
ra30piJHHI CyMillli 3 arPECHBHUMH KOMITOHEHTAMH
HEOOXiIHO BpaxoByBaTH peajibHy IPOCTOPOBY
KOH(Irypamito peasbHUX TPYOONPOBITHUX CHCTEM
AK B HauzeMHOMY [3],Tak 1 B MiA3eMHOMY
TOJIOXKEHH] [4], mpuUOMy Ui HAJ3EMHUX JUISHOK
MOXKHA BUKOPHCTOBYBATU SIK IHTErpajbHUN ITiaXij
JI0 OLIHIOBAHHS HaMpyXeHoro craHy [3], Tak i
BUBYATH OKpEMi BHJM CWJIOBHX BIUIMBIB OUIBII
JIETANBHO (HAIPUKIIAJI, BITPOBI HABAHTAXKEHHS).

MartemaTuuHi Mojei npoiecis.

1. OrmiHka HapyXeHO-1epOPMOBAHOTO
CTaHy TpyOOIIPOBOIIB.

F(s,0,1,t) =F (5,0, 1,t)+ p(S, 0, 1,t) x (COS (S, @, T, )b, +

+sin o(s, @, r, 1N, +w (s, 1,0t —%

ne S, - [OB’SI3aHOI 3
TPYOOITPOBOIOM KPUBOJIHINHOI KBa3IUIIHIPAIHOL
CHCTEMH KOOPIHHAT, 30KpeMa, S - KOOPIHHATH
snoek Bicii, O0<S<L, L - joexkuna
JOCHIIKYBAHOTO (pparMeHty, (P - NMONAPHHH KyT,

0<p<2z, r
nepepisy R, <r <R, ., Bexropu n.b,n ’ﬂ

KOMIIOHCHTHU

- TONApHUHA pajaiyc ITaHOTO

- BIIMOBITHO paniyc-BEKTOp TOYKH Ha TOBEPXHi
TBipHOI TPyOOIPOBOAY, bI - BeKTop OiHOpMali 10

—

uiel minii, N, - Bekrop HopMai 10 Hel, tl - BEKTOp

JNOTUYHUWA 70 BepXHBOi TBipHOI [3], QyHKIiA
p( S,p,1, t) XapaKTepu3ye nedopmartizo
mepepi3iB B pamiadbHOMY HAmpsMKy, 3 i

JIOTIOMOT'OI0 MOJIEIIOETHCS 3MiHa (DOPMHU Tiepepizy

(SN THYHICTS, TPYIIEBUAHICTh TOIIIO),
a)(s,go,r,t) - TOBOPOT TIEpepi3iB MO HANPSMKY
MOJIIPHOTO KyTa (kpy4eHHs nepepizis),

w(S,,r,1) - nosnosxui medopmartii mepepizin

(B mpuitHsTid B OaraThox MoHOrpadisx rimoresi

Ha ocHoBi Bimomoro migxoay [3]
3aIUCYETHCS  Pajiyc-BEKTOP  JOBUTBHOI  TOYKH
TpyOOIIpOBONY:

_ 1)
n,
npo miocki mepepism W (S,,r,t)=0). Ilpu

BiIOKpeMJICHHI [} 3a BIIOMMMM NEpEMINICHHAMU

TOYOK ITOBEPXHI BUKOPHUCTOBYETHCS armapar CIuIaiH
— (yHKIIHN 13 3rTaHKyBaHHSAM TPETHOTO CTEIEeHS
[8,9], srmamkyBaHHS TIPOBOIUTHCA 3 YpaxXyBaHHIM
TOYHOCTI BUMIpPIOBaHHS KOOPAMHAT TOYOK ITOBEPXHI
3a Bimomumu wmeromukamu [8]. Ilicms moOymoBu
panmiyc-Bektopa (1) 3IiMiCHIOETBCA PO3PAXyHOK
KOMITOHEHTIB TEeH30piB medopmarlii Ta HampyKeHb
[3] 3 BuKOpHCTaHHSIM METPUYHOTO TEeH30pa

BiIIIOBiTHOT CUCTEMHU KOOpAWHAT
SO X =S X, =@; Xy =T :
or or
g; = . )
BusHaveHi KOMIOHEHTH TeH30piB aedopmartii
Ta HampyKeHb JAO3BOJSIIOTH BHUIUIUTH  30HU

TPYOOIIPOBOY, SIKi 3a3HAIOTh MAaKCHMAJIBHUX 3MiH
B HaNpYXEHOMY CTaHi, MPUYOMY JIOCII/KEHHS
NPOBOAUTHCS Uil  HAaO3eMHUX Ta MiA3EMHUX
OUISTHOK ~ TpyOOmpoBOHiB,  NPUYOMY  OILiHKa
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KOMIIOHEHTIB HanpyXeHb O

U]
MI3eMHUX OUISHOK € OCOOJMBO  BasKJIMBOIO,
OCKLUTbKH TpyOOIPOBOIH, o SIKUX
TPaHCIOPTYIOTBCS ~ Ta30piMHHI  cyMimni 3
arpecCHBHUMH  KOMIIOHEHTaMH, SK  HpaBHIIO
pO3TAIIOBYIOThCSA HA  OUIbINIA  TIMOWHI, HIK
3BHYAIHI MaricTpajbHi TpyOOIPOBOAM, a TOMY Ha
HUX Ji€ OlblIe TPyHTOBE HABaHTaKEHHSI.

JIJis Ha3eMHUX JIUISTHOK BYKJIIMBUM (PaKTOPOM
CHJIOBOTO BIUIMBY € il BITPOBUX HABaHTa)KEHb.
Jost OLIIHKHU aepOoIMHAMIYHUX BIUJIMBIB
BUKOPUCTOBYETBCS MiAXiA, MmO 0a3yeTbesi Ha

K(0,6,)=

TCH30pa I
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BUKOPHUCTaHHI PO3B’S3KY IHTETPajbHOTO PiBHSHHS
Openronsma ApYroro poAay BiJHOCHO JTOTHYHOI J10
MOBEPXHI Tepepisy TpyOOompoBOay KOMITOHEHTH

HIBUKOCT1 BITPOBOT'O TIOTOKY [6] Vg :

V,(0,) = izfvg(e)K(e, eo)dmggf(eo),(s)

V, = %ﬁ - HOTeHIian MOToKy [6], K(Q’GO) -

PO IHTErPAIBHOTO OIepaTopa:

(Y(0) = y(6,))X'(6,) = [x(6) = x(6,)1y'(6,)

ne X(@), y(@), X(@O), y(90) - KOOpJWHATH
TOUYOK Iepepi3y B KOHTPOJIbHIN 90 Ta B KOXKHIN 3

touok @ Ha nosepxHi npodimnto (puc.1)
4
x0)=cos
y(@) = f(0)

r

¥

[X(0) ~X@)F +1y©O) - y@)F “
f(@) - (QyHKOisA, IO ONHCYE eNINTUYHICTH
nepepizy.

Pucynok 1 — I'eomeTpisi npodijio Tpy6onpoBoay 3 NeBHOK eJTiNTHYHICTIO
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OueBUIHO, BUMAra€ 0CoOIMBOro TOCIIIMKEHHS
Bumagok 6 = 490 - B TakoMy BHMaaky no (4)
3aCTOCOBYETHCA TpaBmiio JlomiTans [1], micis yoro

(0.0, =L YOI XC) =X Oy @)
K(6)*+Y (6,

0
Bennunna £ (6,) BusHagaeThes 3a HOPMYIIOHO:

sg =V _(x(6,)cosa + y(6,)sin ), (6)

— IMBHUJKICTH HE30ypeHOro MOTOKY Ha

e V

JOCTATHIM BiJCTaHI BiJ JOCIIHKYBAHOIO MEpepisy;
O - XyT aTaku MOpoQilo — KyT MK HaIpSIMKOM
BITPOBOTO TOTOKY Ta TOPHU3OHTAILHOIO JIHIEHO
MEPIEHIUKYIAPHOI0 10  Oci  TPyOONpOBOMY.
Po3B’s130k piBHSHHS (3) TPOBOAUTHCS B JOMYIICHHI
po BUKOHaHHS MOCTYJIATY Yannurina-
JKyKOBCBKOrO MPO CKIHYEHE 3HAYCHHS MIBUIKOCTI
Ha JHHIl  cxoay MOTOKy 3  mpodiio 3
BUKOPUCTAHHSM YHCEIBHUX METOMIB [9] muIsxom
rmepexoxy Binm iHTerpanbHOro piBHSHHA (3) OO
CHUCTEMHU JIHIHHUX anreOpaiyHuX PiBHSAHD BiIHOCHO

U,(6)i=1

mo V =1 - 10610 Bci mBuaKOCTI MacmITaGyrOTHCS

,N. TIpu mpomy mnpumiimaernes,

T10 MBUAKOCTI MTOTOKY, IT0 Habirae.
BusHauyeHHs po3NoiTy KoMmoHeHT V 9(6’) €

MOCTaTHIM JUIsI  OIIIHKA BCIX aepOJAWHAMIYHHX

C, = [C,(Ox(0)x'(0)d0 + [C,(0)y(6)y'(6)do.

Pe3ynbTaTti TECTOBUX PO3paxyHKiB MOAENBHOI
TUISTHKHA TPYOOIIPOBOLY.

1. Jlns monenbHOI HIMSHKKA TPYOOIPOBOIY
MIPOBENICHO PO3PaxXyHOK HANPYKEHOTO CTaHy 3a
iHpOpMaIli€r0 PO TIEPEMIIIeHHs TEBHOI MHOXHHH
TOYOK TIOBEpXHi (puc.2.), MO TO3BOJIHIO BUSBUTH
MOTEHI[IHHO HEeOe3MeYHi 3 TOYKH 30py MOXIIUBOI
BTpaTH CYIUTBHOCTI Martepialy TpyOOmpoBOdY
30HU. BoaeTecs
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XapaKTEPUCTUK MPODLII0, OCKUILKA OpPTOrOHAIbHA
a0 V ¢ KOMIIOHEHTa IUBHJKOCTI V” JIOPIBHIOE

HYJIIO Yepe3 YMOBY HENPOTIKaHHA PiIMHU abo razy

Yyepe3 MOBEpxHIO npodinto Tpydomposoxy. Ilicms
sHaxomkenHs  V 9((9) o0uncmoeTbest  (hizuuHa

KOMITOHEHTA MIBUIKOCT1

\Y
U - 4 20(9) ' 2 (7)
VX6 +y'(6)
miCNsi  YOro  BCTAHOBIIOIOTbCS — HACTYITHI
aepoIMHAMIYHI XapaKTePUCTUKU MTPOQLITIO:
KOe(illiEHT THCKY:
C (0)=1-U,’ ®)
KOSIIIEHT MiAIMMaIbHOT CHITH:
2r
C,=|C,(0)x'(6)d6, 9)
0
KOe(illiEHT 1HIYKTUBHOTO ONOPY:
27
C,=[C,(0)y(6)do, (10)
0

KOe(il[IEHT MOMEHTY BIJHOCHO TIEPEIHBOI
KPOMKH PO iII0 (TOUKK PO3TalyKeHHS MMOTOKY):

(11)

A i s
0 A Y
SR

4

0 T T
0 200 400 600

OdoBXuHa ginAHKu, M

——Po3nogin
{HTEHCUBHOCTI
HanpyxeHb

—a— KpuUmnuHi
3HaYeHHS
HanpyxeHb

IHTeHCUBHICTB
HanpyxeHb, MlMa

Pucynok 2 — Po3noain iHTeHCMBHOCTI HANIPY:KeHb 0
JOB:KHHI Mi3eMHOI TiJISTHKH TPyOONPOBOY .
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BCTAaHOBUTH MPOCTOPOBY KOH(]Irypamito IUX 30H,
NpoTe aHaji3 MPOBOOUTHCSA JUIS IHTEHCHBHOCTI
HanpyxeHs [3]:

(12)

2. IlpoBeneHo MOCTiIKEHHS BIUIMBY BITPOBUX
HaBaHTa)XEHb HAa TPYOONPOBiN, BCTAHOBJICHO, IO
migiiiManbHa CHJIa, MO0 JIi€ Ha TPyOONpORBIij,
JIHIHO 3aJI&KUTh Bij KyTa ataku X (puc.3.).

10
8
KoediuieHt /,,/"f
nigiimanbHoi o
cunm, 4 o
6e3posm. T
) -
f_/
0 T )
0 10 20 30 40

KyT aTtaku, rpag,

Pucynok 3 — Po3noain koedinienTa nigiiimaabHoi
CUJIM BiJl KyTa aTaKu

3. Ilpu mociimKeHHI BIUIMBY EIINTHYHOCTI
repepizy Ha MigiiManbHy CHITy, BCTAHOBJICHO, ITIO
OCTaHHS 3aJICKUTh BiJ EIINTHYHOCTI MPOdis:

SIKIIO  KpyId  Tpodiib  Mae  BENWKI  IMIBOCI
a=b= 0,5, TO pu ENMNTHYHOCTI
a=0,5; b= 0,45 migiiMansHa cuia
30imbIryeThes Ha 2,1% (puc.4).
10
8 s
KoediuieHt 6 B s —
nigifimanbHoi f,f'/ - ——paal
cunm, 6esposm. 4 ;//’ i Pan2
s
2 = Pan3
. L ?
0 10 20 30 40

Kyt ataku, rpag.

Pan 1 —a=0.5, b=0.445, Psn 2 - a=0.5, b=0.485, Psan 3 -
a=0.5, b=0.405.

Pucynok 4 — Po3nogii koediunienta migiiimaabHoi
CWJIM Bil KyTa aTaKu.

4. Po3pobrneHnii TIPOrpamMHHIA KOMILIEKC
JIO3BOJISIE MOJIETIOBATH HIMPOKHA Kiac mpodimiB
nepepiziB TpyOu, a came BpaxoBYBaTH:

- eJINTHYHICTD TPOdiNIO;

Memoou ma npunadu KoHmpoaio aKocmi 93

- OJHOCTOPOHHIO CINTHYHICTh, KOJHU
podiib CKIAAAETHCS 3 ABOX IMIBEMINCIB 3 PI3HUMH
EKCI[CHTPUCHTETAMU;

- Pi3HI KyTH aTaku MpoQisio.

HanpsimkoM mofansinx J0CTiIKEHb MOXKE
OyTH MOJEIIOBAaHHSA Tewil B TpPyOONpoBOMi, IO
TPAHCIIOPTY€E Ta30PiAUHHI CyMIllli 3 arpeCUBHUMH
KOMIIOHEHTaMH  4Yepe3  HasABHICTh  30H 13
MIOTEHIIIHHOI0 BTPATOI0 T'€PMETHYHOCTI BHACHIIOK
3MiHM  Hamlpy»XXeHO-Ie(popMOBaHOrO CTaHy Ta
BUSIBJICHHS TOLIMPEHHS IIKIJIMBUX PEYOBHUH B
30HI, [0 OTOYYy€e TPYOONpOBiA Tpu HOro
po3repMeru3arii.
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