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Ilpoananizosano memoouKy po3paxyHKy Hanpys#CeHo2o Cmany mpyoonpogooy, 8ich K020 MA€ HAXUL
do e2opuzonumy, nio uac tioco nepeizonayii. Iloxazano, wo 3anexcnocmi 05l HAXUAEHUX MPYyOONnpoeodie
BIOPIZHAIOMbCSL 610 3ANEHCHOCIEl OISl 20PU3OHMATILHUX OLIAHOK I OISt PO3PAXYHKY HANPYHCEHb HeOOXIOHO
BUKOPUCTNOBYBAMU HAOTUINCEHT MEMOOU.

KittouoBi ciioBa: TpyOOIpOBi, FipchKa MICIIEBICTbh, TO30BXKHIM CXWUII, 3aMiHa 13011111

Ipoananuzuposarno memoouxy pacuema HAnpsNCeHHO20 COCMOSIHUSL MPYyOOnpo8ooda ¢ HAKIOHOM K
eopuzonmy npu samene uzonsiyuu. Iloxazano, umo 3asucumocmu 0Jisi HAKIOHHBIX YUACMKO8 OMAUYAIOMCSL
om 3asucumocmeli OJis1 2OPUBOHMANLHBLIX YUACMKO8 U Ol pAcyema HANpsadceHuil HeobXooumo
UCNONB308aMb NPUOTUNCEHHBLE MEMOObL.

KittoueBnlie ciioBa: TpyOONpPOBO/I, FOpHAS MECTHOCTD, MPOOIbHBIA CKJIOH, 3aMEHA M30JISIIIHN

Methods of deflected mode calculation of pipelines with longitudinal slopes during its coating
replacement are analyzed. It is shown, that relations for pipeline slopes differs from relations for
horizontal sections and for calculation of tensions approximate methods must be used.
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TexHomoriss 3aMiHM  130JSIIIMHOTO TMOKPUTTS MAariCTPalbHUX Ta3ompoBOAiB  0e3 3YNHHKH
TPaHCIOPTYBaHHs MPOAYKTY € HaJI3BUYAHO HeoOXiaHa a1 rairy3i. Ha cydacHoMy erami sk TEXHIKa, TaK
1 Teopernyna 06aza JJsl JaHOI TeXHOJOril po3podiieHa 1 BpoBa/pkeHa B mpaktuky [1, 2, 3]. Kpim Toro,
JOCIIDKEHEe MUTaHHA OOTPYHTYBAHHS BHOOPY MaKCHMAIBHOI BiJICTaHI MK 3EMIISTHUMH IEpEeMHYKaMH
JUIsl IUTSHKA TPYOOINPOBOJTY, HA SIKiH BUKOHYETBCS TEpei30isiiis 0e3 3aydeHHs MATPUMYIOUNX MalluH
Ta MeXaHi3MiB [4], oHaK yCi pO3MIISIHYTI Mpali MpUCBIIeHi poOOTi TPYOOIIPOBOAY Y HOPMAIBHUX YMOBaX
MPOXOJPKEHHSI TPACH.

YactiHa MaricTpaibHHUX ra3onpoBoiB Bitun3HAHOI [ TC MpoXoauTh B TIPCHKUX YMOBaX, JJIsl SKHX
JIOIYCKAETbCS ~ 3aCTOCOBYBAaTH  3arallbHONPUUHATI  TEXHONOTIT  Mepei3onslii  MaricTpalbHHX
TPYOOIPOBOIB 3 MeBHUMHU ocoOmuBocTsIMH [3]. 111 0cOOIUBOCTI 3€0UIBIIONO CTOCYIOTHCS 3aKPIILICHHS
PEMOHTHUX MaIllMH Ha TIO3JIOBXKHIX CXWJIaxX JUId HEAONYNICHHS iX CIOB3aHHS 1 HE CTOCYIOThCS
0e3rocepeIHbO TEXHOOT1T BAKOHAHHSI POOIT.

Mogaenb TpyOOnpoBOYy, 3alEMICHOTO B TPYHTI Ha MO3JIOBXKHIX CXMJIax MOXe OyTH TpescTaBieHa

Ha PUCYHKY 1.

Pucynox 1 — Po3noaisa mo3aoB:kHix 3ycu/ib B Tpy0onpoBoi
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i yac nepeizonsiuii Ha MO3A0BKHIX CXUIaX

OO’eKTOM [ITOCHIDKEHHSI € KaliTalbHUA PEMOHT MAULIHOK MAaricTpallbHUX TpyOONpOBOAIB Ha
MO3/IOBXKHIX cxXuilaXx 0e3 3yIMMWHKU TPaHCIOPTYBAaHHS MPOAYKTY Ta 0e3 mifxiiiManHs TpyOomnpoBoay. Kpim
TOrO mepesidavacTeCs, Mo TPyOONPOBI/ MOBHHEH OYTH POSKPUTHIT HA MaKCHMAIIBHO MOXIIHMBY TOBKHHY
3a YMOBH, MO0 TPYOONpPOBI MOXE YTPUMYBAaTHUCh CaMOCTiHHO (0e3 3almydeHHS MiITPUMYIOUUX
MEXaHi3MiB).

Jl1s TOPU30HTANIBHOrO TPYOONPOBOAMY, SKWH € 3alUEMJICHMH B TPYHTI W PO3KPUTHH Ha IEBHY
JIOB)KUHY, MOKHA PO3PAaXOBYBATH HANPYXKEHO-Ae(pOPMOBaHUA CTaH 5K Ul OJHOIPOTiHHOIO GaniKoBOro
nepexony Oe3 KomreHcaTopis [5]. OnHaK Ha MO3OBKHIX CXMIIAX YMOBHU 3AIUEMIICHHS TPYOONPOBOAY Ha
000X Kpasx JUISHKA € He OAHaKoBi. lle 3yMOBIEHO B MepIly 4Yepry pi3HOI IO30BXHBOK CHIIOK,
CIIPUYMHEHOI0 TPOEKIIEI0 Bard TPYOONPOBOAY y CYKYITHOCTI 3 HaBaHTAXKCHHSIMU BiJl Baru MPOIYKTY
(ocobmuBO Uit MaricTpaidbHUX HAa(TOMPOBOAIB) Ta PEMOHTHUX MAIIMH Ha HOro Bich (y BEpXHIH TOYII
3ycuiuist Oyzie OUTbIIMM , HK y HUXKHIN [4]). ToMy METOAMKY sl OAHOIPOTiHHOTO OAIKOBOTO MEpexoay
0e3 KOMIIEHCAaTOPIB AJIsl JAHOTO BUIIA/IKY 3aCTOCOBYBATH HEMPABOMIPHO.

Jlnist BU3HAUCHHST PO3MOALTY 3THHHOTO MOMEHTY TIO JIOBXKHHI TPYOOIIPOBOIY HEOOXITHO pO3B’sA3aTH
HACTYITHY CUCTEMY piBHSHB [3]:
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ne E — MOIyTh Ipy’HOCTI; ] — MOMEHT iHepii nepepisy Tpyou; x — mo3gosxkus koopaunara; M=)
3TUHHUI MOMEHT B Tpy6omposoi; P(X) - pe3ynbTyroda Mo3moBxkHs CUIa Ha JUIAHIN dX ; — 3MilEHHs
TpyOONPOBOLY IO MEPHEHAMKYJISAPY BIIHOCHO MOro IIOYATKOBOrO MONOKEHHs; ¢(X) - momepeune

HABaHTa)XEHHS Ha OJIMHUITIO JIOBKWHU JIUITHKU. SIKII0 Ha BINpi3Ky dx HasBHI MOMEpeyHi 30cepe/KeHi
CHITH, TO

~q,,(x)-dx+q, (1) dx+ D0, cos(@)

q(x) = p

* 3)

ie 4, (x) - cymapHa Bara OJMHHIN JOBXHHH TPYOOIPOBOIY, BKJIFOYHO 3 Barorw TPYyOH, MPOIYKTY,
130JISIIHHOTO TIOKPHUTTs, OanacTyBaHHs Ta (YTHPOBYBAaHHsS, Ta Bara TPYHTY HaJ OJUHHICIO JIOBKUHH

tpybonpooxy; @& - Kkyr Haxmay TpyGOHpOBOLY IO TOPH3OHTY; ZQZ - cyMmMa TIONEpEYHHX

30cepe/keHux cunl Ha AutsHi dx; g, (y(X)) - peakiis ONOpPH TIPYHTY Ha OJMHHMIIO JOBKHUHHU

TpybonpoBony. BBaxkaemo, 1m0 B HEMOPYIIHOMY CTaHi peakilis ONMOpPH TPYHTY piBHa CyMapHid Basi
TpyOONpOBOLY, TOMY PEaKilisi ONOpHU € PYHKIIEIO BiJl BEPTHKAIBLHOTO 3MIIIEHHS TPYOOIIPOBOLY

“4)

ne C— koedillieHT mocTeni rpyHTY; V(X) — MolepedHe 3MIleHHs TPyOOIpOBOTY Bijl TOYaTKOBOT'O CTaHYy.

[lepure piBHSAHHS CHCTEMH € HENIHIHHUM, OCKiIbKM BenuumHa P(X) 3aneXuTh BiI apryMeHTy
PIiBHSHHS, TOMY JUlsi HOro pO3B’s3aHHs HEOOXIJHO BUKOPHCTAaTH OLMH 3 HAaOIIXCHHX METOAIB. ICHye
METOMKA PO3PaxyHKy HAlPYKCHOTO CTaHy PO3KPHTOI [Uls MEpei3oisillii AULSHKA TpyOGOoIpoBoxy 3
BUKOPHUCTaHHAM METOIy ciTOK[3], siKa i B3sTa 32 OCHOBY, po3pobiena OIHAK JUIs PIBHUHHOI JiISHKH.
Kpim Toro, B 3ramaniii npami cucrema (1)-(2) po3B’a3yeTbesi aHATITUYHO 3 TPUITYIICHHSM IO BETHYNHA
P(x) ne 3anexurs Big aprymenry x.

YucnoBuid METOJ, 3alporoHOBaHMH Yy [3], A€ axeKkBaTHI pIllICHHS 3a YMOBH BHOOPY KPOKY
ampoKCUMAaIlil YaCTKOBMX IMOXIIHHMX PI3HHMIIEBUMH aHAJIOraMy y MEBHUX Mexax. TyT ke A JUISHKH
TpybonpoBony A0BXHHOK 40 METpiB KUIBKICT TOYOK TpyOompoBony BHOpaHO y KimbkocTi 30 mpu
PEKOMEHIOBaHii KibkocTi He Mene 10.

Posnumemo piBastHHS (1) 3 BUKOPUCTAHHIM Pi3HULIEBUX aHAJOTIB
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BIJIIOBIIHO
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et (6)

PesynbTytoua mo3noBxHs cuiia P(X) BU3HAYAETHCS 32 HACTYITHOIO 3aJIKHICTIO!

(7

e Jhlﬂhll - KiITbIIEB1 HAMIPYKEHHS B pr60HpOBO)Z[1 CIPUYHMHEH] BHyTpuHHlM THCKOM,; Ot - - IO3/10BXKHE

HaTpyXeHHSI B TPYOONPOBOJI, CHPUYMHEHE PI3HUIICIO TEMIIEpaTyp MK TEMIIEpaTypoOlO YKIIaJIaHaHHS

TpyOONpPOBOLY Ta TEMIIEPaTypoOIO MOBITPSA I 4ac PEMOHTY; * - BiACTaHb BiI TOUKH BH3HAUCHHS
MO3/IOBKHBOTO 3yCHJUIL JI0O HWXKYOrO TII0YaTKy 30HHM MPYKHOTO OMOpY TPYHTY TMO3MIOBXKHIM
MepeMillieHHsM TpyOomnpoBoay; F- mmIomia mepepidy Tida TpyOw; / — IOBXKHHA PO3KPUTOI JUISHKH
TpybompoBony; Al - cyma mepemimieHb MeXi MK 3arOpHYTOI 1 HE 3arOpHYTOI YaCTHHU TPYOOIPOBOAY
Ha 000X KpasX BHACIIJOK BTPATH CTIMKOCTI B TO3JIOBXKHHOMY HANPAMKY CYMDKHHUX JIO PO3KPHTOT
TUISTHOK TPYOOIIpOBOY; Linge — MOBKMHA HUKHBOT JUISTHKA TPyOONpOBO/Y, sIKa € 3alieMiieHa B rpyHTi. B
MepIIOMY HAOIMKEHH] TPHUMAEMO L5 =!.

Meronuka po3paxyHKy MO3J0BKHBOTO MEPEMIIICHHS MEKi MDK 3aTrODHYTOIO Ta HE 3arOPHYTOIO
AUSIHKAMH aHAJIOTIMHA BUIA/IKY 3aIEMIICHHs TPYyOOIPOBO1Yy Ha rOPU3OHTaIbHIA AutstHLi [5]. [Ipu npomy
HEOOX1HO OKPEMO PO3PaXOBYBATH 30HY 3 MPYKHBOKO 1 IJIACTHYHOKO € OPMAILIEIO TPYHTY.

[ToBHE TOB3OBXKHE TIEPEMILIIEHHsT KIHIIEBOTO Tepepizy TpyOOImpoBoy Ha MEXKI MK IPYHTOM Ta
TPaHIIICE0 BU3HAYAETHLCS 3a POpMYIIoro [5]

T,
U __P P f)nos (8)
k| 2pEF

ne k, —xoedilieHT MOCTeNi IPYHTY IPHU 3CyBi; p, — OIIP IPYHTY MOB3IOBKHIM HEPEMillieHHAM OIMHHUIII

JOBXHHU TpybOorpoBony; P,,; — TPaHUYHE MOB3JIOBXKHE 3yCHIUISI B TPYOONPOBOAL, MPH SKOMY IO
KOHTaKTy TpyOa-IpyHT Ma€ MicCIie IPY>KHHUI 3B'SI30K, piBHE

t,BPEF
nos k 2 (9)
u
Jie T, — FPAHUYHE JOTUYHE HANPY)KCHHS 10 KOHTAKTY TPyOONpPOBOAY 3 IPYHTOM
_ '
Tep - Ufg@ep +cep , (10)
O — cepemHi HOpMasbHI HANMpPYXEHHS B IPYHTI MO KOHTAKTY CHCTEMH TPyOa-IpyHT; ¢, — KyT

BHYTPILIIHBOTO TEPTS IPYHTY; C. — BIIHOBJIIOBAJbHA YaCTUHA 3YEIJICHHS IPYHTY IIPU KOB3aHHI Tpyou; [

— KoeiIieHT, SIKUIA piBHUH

'
p
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— 11
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[To3n0BXKHE 3ycHILIs, SIKE BUHUKAE B TPYOOITPOBO/II, PO3MOIUIIETHCS MO JTOBXKUHI PO3KPUTOI TUISTHKH
piBHOMIpHO. BimmoBimHO, BHACHIZOK IMepeMilIeHHS Iepepidy TPYOOIpOBOAY IMO3IOBXKHE 3YCHIUI Y
TpyOONpPOBO/Ii 3MIHUTHCS HA BETUYNHY

U +U
AP —AllE F — ( HUMC. sepx.) EF, (12)
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ne U,esU,,y, - BIMOBIIHO MO3M0BXHE NEPEMIIUECHHS IPAHULI MDK 3arOPHYTOIO i HE 3arOpHYTOIO

YaCTMHOK TPYyOM y HWXK4YiIA Ta BUIIKA Toulll BiAmoBimHO. KokHa 3 IMX BEIMYMH BU3HAYAETHCS 3a

dopmynato (9) 3 BUKOpUCTaHHSAM BimmoBimHoro 3HadeHHs P. Ilicns Bu3HaueHHsS AP  yTOYHIOETHCS
3HAYCHHS MMO30BKHLOI'0 3YCHIUIS Ha MTPOBUCAIOYIN YacTHHI TPYOH 3a (hopMyamMu

P(x) = P(x) — AP. (13)

[Ticnst yrouHeHHs BU3BHAYAEMO JIOBKUHH TIIISTHOK pr60np03011y, Ha SKUX BiOYBarOTHCS TIO3/IOBXKHI
3MIlIEHHS TPYOOIPOBOY Y TPYHTI Yy BEPXHIN Ta HWKHIN TOUII

_ P(Lnum) _ P(Lnuafc +l)
HUdIC - D3 A Tep > 6epx - D3 A Tep *

(14)

L{i 71OBXMHM BHUKOPUCTOBYEMO JUIs BU3HAYEHHsS JIOBKUHM [UISHKH, JUIA KO MPOBOAMMO
PO3paxyHOK BEPTUKAJILHHUX 3MillleHb TPYOOIPOBOY 32 PEKYPEHTHOIO (hopmyioro (6).

Hasezeni ¢popMyin 103BOJISIFOTH OTPUMATH PO3MOALL BEPTUKANBHUX 3MILICHb TPYOONPOBOLY IO
JIOBXKHMHI HAXHJICHOI NUISHKH. 32 (GopMylion (2), po3MHCaHO0 Yepe3 Pi3HHIIEBI aHAJIOTH 3 THM CaMHUM
KPOKOM PO30UTTS MO JOBXKHHI, MO)KHa OTPUMATH PO3MOALI 3THHHMX MOMEHTIB IO IOBXHUHI. JlaHui
METOZ € NPOCTUM Ta HAMJIHAM, MOXKe OyTH BUKOPHUCTaHHH y HABYAIBHOMY MPOLECI VIS MiArOTOBKH
(axiBIiB 3 KamiTalbHOrO PEMOHTY MAriCTPalbHUX TPYOONPOBOiB, OmHAK mnorpebye ampobauii Ta
MiATBEPUKEHHS JIOCTOBIPHOCTI OTPUMaHUX PE3yIbTATIB 338 KCIIEPUMEHTATBHUMH BUMIPIOBaHHAMH 200 3
BUKOPUCTAHHSIM CYYacCHHUX TMPOrpamMHUX KoMIulekciB (Hampukmag Ansys, Comsol, FemLab),
MPHU3HAYCHUX ISl PO3PAXyHKY HAMIPY>KEHOTO CTaHy TPUBUMIPHUX KOHCTPYKIIIH.
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