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AxkmyanbHocmb uccredosaHuss 0bycriogneHa HeobX0AUMOCMbI0 CHUXKEHUS pucka agapull Ha nepexodax MasucmparbHbIX 2a30NPo8o-
008, NPOMOXEHHBIX 8 3aWUMHbIX (hymnsipax no0 aemoMOBUBHBIMU U Xene3HbiMu dopoeamu — 0OHUX U3 Haubosee onacHbIX U omgem-
cmeeHHbIX y4acmkos. J1ed, obpasosaswulics 8 MeXmpybHOM NPOCMPaHCMee NPU HamuYUU Ce30HHO NPOMEP3atOLYUX U OMMAUBaIoULUX
2pyHmMOo8 UNU Npu nepekadke easa npu ompuyamenbHOl memnepamype COBMECMHO C HeKa4yeCmeeHHOU yCmaHO8KOU MopuesbiX
YNIoMHeHu(l, MoXem npusecmu K CMSmUto NONEPEYHO20 CEYEHUS 2a30nposoda, mem caMbIM NOBbILAs PUCK asapuu Ha daHHOM ydacm-
ke. [posodumble uccredogaHusi N038ONISAM 3apaHee U3y4umb NOMEHYUAbHO YA38UMbIE y4acmKu nepexo008 ¢ NOMOWbI KOMNbIomep-
HO20 ModenuposaHus u npedycmampusamb 0715 HUX KOMNIEKC 3aWUMHbIX Mep.

Lenb: ouyeHka 803MOXHOCMU NOBPEXOEHUS MagucmparbHbIX 2a30nposodos, NPOMOXEHHbIX 8 3aWUMHbIX hymnspax, 1b0oM, KOmopbil
obpasosarcs 8 MexmpybHoM npocmpaHcmee,; 060CHo8aHuUEe AONOTHUMENbHbIX Mep U pekoMeHOayul, HanpasneHHbIX Ha obecneyeHue
6e3onacHol akcnnyamayuu no03eMHbIX nepexodos MasucmpasbHbIX 2a30npogodos No0 a8momMobUTbHBIMU U JKene3HbIMu Oopo2amu.
O6BbekmbI: y4acmKu MasucmparbHbIX 2a30nposo0os, NPOOXEHHbIE 8 3aWUMmHbIX hymuspax nod aemomobUNTbHbIMU U KENe3HbIMU
dopozamu 8 ycrosusix Ce30HHO OMMausaloWe20 U npoMep3aruie2o pyHma e61u3u 3awumHo20 (ymnsapa unu mpaHcnopmupyrowjue
2a3 npu ompuyamesnsHol meMnepamype.

Memodbi: mamemamuyeckoe modesnuposaHue, ModenuposaHue MemodoM KOHEYHbIX 3IEMEHMO8, MemoObi CMPOUMENbHOU MeXaHUKU U
CONpomusIIeHuUs Mamepuanoe, niaHuposaHue 3KCnepuMeHma.

Pesynbmambi. OnpedenieHa 803MOXHOCMb NOBPEXAEHUS MagucmparnbHbIX 2a30nposodos, NPOMOXEHHbIX 8 3aUmHbIX hymuspax,
nbdom, KomopbIil 06pa3sogarcs 8 MexmpybHoM npocmpaHcmee; npednoxeHa MamemMamuyeckas MoOesb onpedeneHus dagneHus, 803-
HuKarowe20 8 mexmpybHom npocmpa+Hcmee ecnedcmeue ysenudyeHusi obbema 3amep3arowiell 800bl, U NPogepeHa ee adeksamHoOCMb ¢
ucnonb308aHueM npozpamMmHo2o komniekca ANSYS Ha npumepe ea3onposoda 219x6 Mm u 3awumHozo gymnspa 325x12 mm; 0bo3Ha-
YeHb| pekomeHOayuu 015 8H08b NPOEKMUPYEMbIX 2a30Npo8odoe U UX nepexo00s, @ makxe Ons yxe Cyuecmsyoujux.

Knroyeenie crnosa:

MazucmparnbHbili 2a3onposod, 3auiumdbiti oymnsip, ned, nepexodsbi nod asmomobUIbHbIMU U Xene3HbiMu 0opo2amu,

HanpsikeHHO-0ehopMUpPOBaHHOE COCMOSTHUE.
BBepeHue €4 3HAYUTENBHBIMHU COLMAbHO-3KOHOMUYECKIMH YIIEp-

CoBpeMEHHBIE MarHCTpaNbHbIE Ta30mpoBofbl — dro  Oami [1]. OuUeHKy puCKa BOSHUKHOBCHNs aBaphu Kak Ha

CIIOKHBIC JIMHEHHO-TIPOTSKEHHBIE WH)KEHEPHBIE COOpY-
KEHUS, KOTOPBIE TAHYTCS HA MHOTHE TBHICSYU KHIOMET-
POB, TIPOJIOKEHHBIE B PA3IMYHBIX KIMMATHYECKUX YCIIO-
BUSX M NIEPECEKAIONINEe HA CBOEM MyTH 0OJbIIOE Pa3HO-
00pa3sue eCTeCTBEHHBIX U HCKYCCTBEHHBIX MPEISTCTBHIL.
OxHOM U3 COCTaBHBIX 4acTeH 3TUX COOPYKEHUIl ABISIOT-
¢Sl IO/I3EMHBIE NIEPEXO/bl MATUCTPAIbHBIX A30IPOBOIOB
NOJl aBTOMOOMIIBHBIMH U JKENE3HBIMH  JIOPOTaMU.
B Hacrosmee BpeMs K COOPY)XEHHIO NAHHBIX YYacTKOB
NPEIBSBISIOTCS. TOBHIIICHHBIE TPeOOBaHMSA 0e30MacHo-
ctu. OJIHAaKO, KaK MOKa3bIBAET MPaKTHKA, JaXKe 3THX Mep
ObIBaeT HEJOCTATOYHO, YTOOBI H30EKATH aBAPUH.

BaxHoil cocTaBisromell YNpaBiIeHUS MPOMBIILICHHON
0e30MacHOCThIO SIBISIETCS AHANM3 TEXHOT'GHHOTO PHCKA.
ABapuy Ha 0003HAYEHHBIX yUacTKaxX, KaK MPaBUIIO, HMe-
10T 0oJ€e BBICOKYHO YAENBbHYIO YacTOTy (B Iepecyere Ha
€IVHULY [JIUHBI), 4Y€M B CPEIHEM Uil JUHEHHOH uacTu
MarucTpaIbHBIX Ta30IIPOBOAOB, U MOTYT CONPOBOXKAATD-
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JIAaHHBIX Y4YacTKaX, TaK W Ha BCEX MPOYMX, SKOHOMHYE-
CKHH yIiep0 ¥ BO3MOKHOE YUCIIO TIOCTPAJABIINX TIPOH3-
BOJIAIT 10 PA3JIMYHBIM YTBEPXKACHHBIM MeTOAnKaM. Mmes
HEo0X0JUMBIE JTAaHHBIC O 30HE MOTECHIIHATLHOTO TTOpaxe-
HUA, 0 OMDKalX 00bEKTaX U TMPOYHE JaHHbBIE, MOKHO
TIPOU3BECTH KOJIMYECTBEHHYIO OIICHKY PUCKa HA JAHHOM
yuactke. K mpumepy, crangapt [2] comepxut mompobHoe
OIKCAHUE MOCIENOBATENBHBIX JTAallOB KOJIHYECTBEHHOTO
aHAIW3a PHUCKA TPUMEHHUTENHHO K TEXHOJIOTHYECKUM
00BEKTaM TPAHCMOPTAa Ta3a M Ta30BOr0 KOHJEHCATA U
noa3emMubIx xpanwui raza [TAO «I"aznpom».

ITomuMo 3TOTO, B MUPOBOM NPaKTHKE TAKKE aKTUBHO
BHEJIPSIOTCS. M TPUMEHSIIOTCS Pa3MYHBIE TIOJXOIBI K
OIIEHKE PUCKA BOSHMKHOBEHUS aBapUi HA OMACHBIX TPO-
M3BOJICTBEHHBIX 00BEKTaX, B YACIO KOTOPHIX BXOMAT Ma-
TUCTpaJibHbIe Ta30mpoBojbl. Cpequ HHUX MOXKHO OTMeE-
THTh TPUMEHEHHE KOMIUIEKCHOTO METOJa KONMYECTBEH-
HOTO aHaIn3a PUCKOB [3] MM NpHMEHEHHE METOJa HMH-
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JIEKCAIlMU IS OIIEHKU PUCKA C UCIIOIb30BAHMEM TEOUH-
(opMarmoHHbIX cucteM [4].

PesynpTHpyromas oneHKa PHCKOB MO YKa3aHHBIM Me-
TOJMKAM, TIPUMEHUTENBHO K MePeXoaM MarucTpalbHbIX
ra30mpoBOJOB O] ABTOMOOUIIBHBIMU U HKEJIE3HBIMU J[0-
poramu (0COOEHHO ¢ BBICOKOHM MHTEHCUBHOCTBIO JIBUKE-
HHUS), TOBOPHT O BBICOKOHW CTENEHHM OMACHOCTH 3THUX
YYaCTKOB, B INEPBYIO OYepeilb, JUIS KU3HA U 3I0POBbS
mopeii. [ToaToMy Tak BaXHO COOJIOICHHE MOBBIIICHHBIX
TpeboBaHUH 0€30MaCHOCTH, MPEABABIAEMBIX K JAHHBIM
y4acTKaM MardcTpajibHBIX Ia30MPOBOAOB HA BCEX dTamax
JKM3HEHHOTO IMKJIA 3TOTO 00BEKTa: OT MPOCKTHPOBAHMSA
IO ero JUKBHAamuu. Y XOTA IOIHOCTBIO HMCKIIIOYHTH
BO3MOKHOCTh BOSHHKHOBEHHS aBapuii Ha JIIOOBIX MPOU3-
BOJCTBEHHBIX NPEINPUATHIX HENb3sl, CHU3UTh PUCK HUX
BO3HUKHOBEHHS BCE-TaKU BO3MOXKHO.

OnacHble COCTOSIHMA Ha nepexoagax

OmacHoe COCTOSHHE Mepexona XapaKTepu3yercs co-
BOKYITHOCTBIO H XapaKTepoM €ro Ae(heKToB W HEHCIIpaB-
HocTel. JledekTsl M HEHCTIPABHOCTH, BO3HUKAIOIIME HA
JaHHBIX YYacTKaX, aHAIOTMYHBI TeM, 4TO MOTYT MpoO-
SBUTHCS HA JIMHEIHHOM 4acTH MarkucTpaabHbIX Ta30IpoBo-
I0B. B mepByio ouepenp, 3T0 KOPPO3UOHHOE PaspyLICHHE
MeTalla BCIEACTBIE HAPYIICHAS ENOCTHOCTH M30JAIH-
OHHOTO TOKPBITHS, TOQPBl U BMATHHBI, IMPOFOJIbHBIE
TPEILMHBI, TPEIIMHBl HAa CBAPHBIX COCJUHEHMAX U T. 1L
netextsl. Hamuune u panbHeiuiee ux pasBUTHE TPHBO-
IUT K BOSHUKHOBEHHMIO ONACHOTO COCTOSHHS, KOTOpOE
BIIOCIIC/ICTBHH MOJKET TIPHBECTH K Pa3repMETH3AINH Ta-
30MIPOBOJA.

[Ipy4uHbI ¥ YCIOBUS UX BO3HUKHOBEHHUS MOTYT OBITh
Pa3NIYHB, HAYMHAs ¢ Opaka CTPOMTENBCTBA M 3aKaHUH-
Bas ECTCCTBEHHBIMH IIporeccamu Koppo3nd. OpHako
3leCh HMMEIOTCS HEKOTOpHIE OCOOCHHBIC YCIOBHS, HE
BCTpevarolyecs Ha JuHeldHod wactu. Ilpenmochuiku k
HUM MOTJIM OBITH 3aJI0KEHBI KaK Ha 3Tane NpOeKTHPOBa-
HIIS (HaI[puMep, HEBEPHBIN BEIOOP KOHCTPYKIAH TIEPEX0-
Ia, HeBepHas OICHKA TPYHTOBBIX YCIOBHIi), TaK U Ha
9Tl CTPOHUTEIBCTBA.

B pesynbrate Hapymenus TpeboBaHHil HOPMAaTHUBHO-
TEXHUYECKOH JOKYMEHTAIWH, OTCTYIUIEHHH OT Tpebye-
MBIX TEXHOJOTHI CTPOUTENBCTBA JIHOO K€ TIPH JOBOJIBHO
ITATENBHON SKCIUTyaTallid Ha TaKUX Tepexofax Maru-
CTPATIbHBIX Ta30IPOBOJOB, MPOIOXKEHHBIX B 3AIIUTHBIX
(yTnIpax, MOXET BO3HHKATh SIEKTPUYECKUH KOHTAKT
«Tpy0a—(yTisapy (HEmoCpeACTBEHHOE B3aUMOJACHCTBHE
WM B3aHMOJIEHCTBIE depe3 KOppPO3HOHHYI0 cpeny). Ta-
KO€ B3aUMOJIEIiCTBIE NPHBOJUT K HHULMUPOBAHUIO KOP-
PO3HOHHOTO Pa3pyIICHUs B MECTE KOHTAKTA MM CHIXKe-
HAIO 3(P(EKTUBHOCTH DIEKTPOXUMHYECKON 3aIUTHI Ta-
3omposoja [5].

OpnHoii u3 Hanbosee BaXHBIX 33/1au IIPH COOPYKEHUH
TNepexoJi0B MOJ00HOTO THIMA SBIAETCS KauyecTBEHHAS
TepPMETH3AIMA MEXTPYOHOTO TIPOCTPAHCTBA C IEIBIO
NIPEeIOTBpANICHNs MOMAJaHus IPyHTOBBIX Boj. Ha cero-
IHAIIHKUA TeHb pa3paboTaHO MHOKECTBO BapHaHTOB HMC-
NONHEHUS TOPLEBBIX TIEPMETU3UPYIOIIUX MAHXET MU
yKpbITHI 11 HUX. ONBIT 3KCILTyaTaluy Kaxaod U3 HUX
TI03BOJHN BBIABUTH HEIOCTATKH, KOTOpHIE OBUIM yCTpa-
HEHBI B MIOCTICAYIONMX BapuaHTax. M Tem He MeHee pa3-
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TepMETH3AIM MEXTPYOHOTO TMPOCTPAHCTBA BCE-TAKH
cnydaercst.  [locimencTBust — pasrepMeTH3aluu  0OBIYHO
MPUBOAAT K TMOMAJAHUI0 TPYHTOBBIX BOJ B MEKTpyOHOE
MPOCTPAHCTBO U HEraTHUBHO BIHSIOT HA COCTOSHUE CTEH-
KH 3alMTHOrO (yTiasdpa M KOHCTPYKIHMH OHNOPHO-
HaMpaBJIAIONINX KOJEIl, MOCTEIIEHHO paspyias ux. B pe-
3yJbTaTe JIaHHBIX KOPPO3HOHHBIX MPOLECCOB PUCK aBa-
PHH Ha [epexo/iax BO3PacTaer.

BeliieonucanHbpie CHTYalll K HACTOSIIEMY BPEMEHH
JI0CTaTOYHO XOPOIIO M3YYEHBI, pa3pabOTaHbl PasiddHbIC
METOJBl ¥ PEKOMCHIAMH IS WX HENONYIICHHS I
CBOECBPEMEHHOTO ycTpaneHns. OpHako Oblia oOHapyxe-
Ha 0J[HA HHTEPECHAs! 0COOEHHOCTh: BO3MOXHOCTh MOTEPH
YCTONYMBOCTH MOTIEPEYHOTO CECUEHHS Ta30MpoBOIa B pe-
3ynmbTare 00pa3oBaHHSA JbJa B MEKTPYOHOM MPOCTPaH-
cTBE. B muTepatype MOXHO BCTPETUTH JIUIIb HECKONBKO
MyOJMKamuid, B KOTOPBIX TaK IWIM HHA4Ye 00O3HaueHa
HaHHas mpo0JieMa NMPUMEHHTENHHO K Tra3opacmperenu-
TENbHBIM CHCTeMaM. BO3MOXHOCTh BO3HHKHOBCHHUS Ta-
KOH CHTyaIluH Ha MAarkCTPAIbHBIX Ta30IPOBOJIAX M MpPe/-
CTOUT OIICHHUT.

Lenun n 3apgaun

OCHOBHOHM LIETBI0 HCCIIEAOBAHUS SBISETCS OICHKA
BO3MOKHOCTH TIOBPEXIECHUS MarkcTpalbHbIX Ia30Mpo-
BOJIOB, MPOJIOKEHHBIX B 3aIIUTHBIX (yTiApax, JIbAOM,
KOTOpBIA 00pa3oBajics B MEXTPYOHOM MPOCTPAHCTBE.
JlomomHUTENbHAS LIENb — 000CHOBAHHE JOTIONHUTENbHBIX
Mep M PEKOMEHJIAIN, HANpABICHHBIX HA OOECICUCHHE
0e30macHO IKCILTyaTAIlNH TIOA3EMHBIX TIEPEX0I0B Mari-
CTpANTbHBIX I'a301IPOBOJIOB MO ABTOMOOUIBLHBIM H U XKe-
Je3HbIMH. J1J1 9TOr0 HEOOXOIUMO MOCIEA0BATENbHO pe-
IIUTh PAJ 3a]a4:

o aHauM3 MMerllelics MHDOPMAIMK TI0 JAHHOH Tpo-
Oneme;

® TIPOBCACHUC CO6CTB€HHLIX OKCIICPUMCHTAJIbHBIX HC-
cJeJoBaHMi1 Ha MOJIENM M CPABHEHHUE MX PE3YJbTaTOB
C pesynbTaTaMu 00CIeJoOBaHUil 1 UCTIHITAHUN U3 IPY-
TUX HCTOYHHKOB,

¢ IIOCTPOCHHE PACUETHONH MOZENH M pa3paboTka MeETo-
JUKU pacyeTa ¢ HCIMOJb30BAaHUEM METOJOB COMpO-
THUBJICHUSA MAaTCPUAJIOB U CTpOHTeHLHOﬁ MCXaHUKH,

® IIOCTPOEHHE KOMIIBIOTEPHOI MOJENU B IPOrPaMMHOM
kommiekce ANSYS u pacuer ¢ ucmonb30BaHieM Me-
TOJa KOHEYHBIX 3JIEMEHTOB, POBEPKA €€ aJeKBATHO-
CTH U CPaBHEHHE C MPEIIOKECHHONW PacueTHOW Moze-
JBIO U C 3KCHEPUMEHTAJIbHBIMU HCCIEI0BAHUAMU Ha
peabHON MoJIEnHy;

o 000CHOBAaHME JIOTIOJHUTEIBHBIX MEP M PEKOMEHJa-
Wi, HampaBICHHBIX Ha oOecredeHne 0e30macHoOH
SKCIUTyaTally TOA3EMHbBIX TEPEX0J0B MAarucTpaib-
HBIX T'a30IPOBOJIOB I10]] aBTOMOOIJIBHBIMI U XKeJe3-
HBIMHU JIOpOoraMu C Y4Y€TOM HMCIOIIUXCSA BapUAHTOB
pemeHns 0003HaYCHHOH TIPOOITEMBI.

HopmatuBHas 6a3a u TekyLuve npeAcTaBneHus

0 nNpoGneme Ha CErogHALWHNIA feHb

B Hacrosimee BpeMs Ipu IPOEKTUPOBAHUU M COOPY-
KCHUH TIEPEXO0JI0B IO/l aBTOMOOMIBHEIME H KEIC3HBIMH
noporamu B Poccuiickoit @enepanyy pyKOBOACTBYIOTCS
TpeboBaHuAMH T0KyMeHTOB [6, 7], a Takxke TpebGoBaHus-
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MH CIEIHATBHOTO OTpacieBoro jokymenta [8]. B mux
YCTAHOBJICHBI HOPMbI TPOEKTUPOBAHNS, KOHCTPYKTHUBHBIE
TpeOOBaHs, TEXHOJIOTHS CTPOUTEILCTBA, a Takxke Tpebo-
BaHUS K KOHTpPOJTtO KavyecTBa. OCHOBHOH (M, COOCTBEHHO,
HpeJCTaBIAOMEeH U HAC MHTEPEC) KOHCTPYKLMEH Tie-
pexoja SBIAETCA MPOKNIAiKa Ta3ompoBOAa B 3ALIUTHOM
dyTspe.

OpHUM 13 MPUMEPOB 3apyOEIKHBIX HOPMATUBHBIX J10-
KymenToB sBistercst crangapt CIIA [9], ycranasnusaro-
MU HOPMBI MPOCKTUPOBAHHS M CTPOHMTEIBCTBA IS
YYacTKOB TPYOOIPOBOIOB, MPOJOXKEHHBIX MOJ €CTe-
CTBEHHBIMH U HCKYCCTBEHHBIMU MPEIATCTBUAMH KaK C
HCIIONb30BAHNEM 3alMTHBIX (YTIIPOB, TAaK U 03 HHUX.
Kpome TOro, MaHHBIA CTAHAAPT MOXKET HPUMEHATHCS M
ISl ONEHKH cOCTOsHUS mepexona. [Ipumep Takoro wmc-
TONB30BAHMS  CTaHAApTa — OIEHKA  HANPSKCHHO-

ne(OPMHPOBAHHOTO COCTOSHHS TA30TIPOBOIA, OTMHCAHHAS
B pabore [10]. meeTcst Takxke W MEKIYHAPOIHBIH CTaH-
aapt [11] st OpoeKTHPOBAHHS M COOPYKEHHS TEPEXo-
0B TPyOOIPOBOJIOB, MPOJIOKEHHBIX B 3AIIUTHBIX DYTIIs-
pax. B 3apy0exHO# MpakTHKe TakKe UMEHTCS MPEeio-

57 g

JKEHHUA 0 O0TKa3y OT 3allUTHOrO (yTIspa B MONB3Y yBe-
JMYCHHS TONIIMHBI CTEHKH Ta30mMpoBOfa Kak Hambomee
3KOHOMHYHOTO U MPAKTUIHOTO CIOCc00a, U3IOKEHHBIE B
pabore [12].

Ha cerogusAmumil 1eHb NOTEP0 YCTOWYMBOCTH TIOTIE-
PEUYHOTO CEYEHHs ra3ompoBoja B pe3yibraTe oOpa3oBa-
HUSA JIbJIa B MEXTPYOHOM TPOCTPAHCTBE IO UMEIOLTAMCS
JaHHBIM CBSI3BIBAIOT € OJJHOM M3 ABYX IIPUYMH: HAXOXKIE-
HHE CE30HHO OTTAaMBAIOLIEr0 M IPOMEP3AIOIIEro IpyHTa
BOJM3HU 3aNIUTHOTO (YTISIpa WM TPAHCTIOPTHPOBKA Ta3a
NpU OTPULIATENBHBIX TEMIEPaTypax COBMECTHO C HeKa-
YECTBEHHO! YCTaHOBKOM TOPIEBBIX YINIOTHEHUH U B TIep-
BOM, ¥ BO BTOPOM CIIyyae.

Hanuuue ycnoBuil, npeacTaBleHHbIX BbIIIE, MOKA3bI-
BAET NMOTCHIMAIBHYI0 BO3MOXKHOCT 00Pa30BaHUs U pas-
BUTUS BMATHH, TPEUIUH, PA3JIUYHBIX KOPPOSUOHHBIX MO-
BPEXKJEHUM CO BCEMU BBITEKAIOLMMH IOCIEICTBUAMHU
(puc. 1). Bo3aMOXHOCTD MOBPEXICHUH TakOTO poja To/I-
TBEPUIIM PE3yIbTaThl 00CIIEIOBAHUI PaccMaTPUBAEMbIX
TIEPEXO/IOB, & TAKKE PE3YJIbTAThl MOJICIBHBIX HCIIBITAHUH,
omucannbie B pabote [13].

Puc. 1. Cuamue 2azonpogoda écneocmeue 006pazo8anusi 1b0d 8 MeICMpyOHOM NPOCMPancmee
Fig. 1. Crumpling of the gas pipeline due to the formation of ice in the inter-pipe space

ITpoucxomuT 3T0 MO CcIeyoIEel cxeme: B pe3yibTaTe
pasrepMeTH3aINN TOPIEBHIX YIUIOTHEHHH TPYHTOBAS BO-
Jla CTIOCOOHA TIPOHUKHYTH B MEXKTPYOHOE MPOCTPAHCTBO
¥l TIPUBECTH K MOTEpPE YCTONIMBOCTH TONEPEIHOTO ceye-
HUS Ta30TpPOBOAA (CMATHIO) 38 CUET YBENHYEHHSI 00beMa
B [IPOLIECCE 3aMEP3aHHUSL.

CoOCTBEHHbBIC JKCIIEPUMEHTANBHBIC HCCIIEIOBAHMS,
TIPOBEICHHBIE Ha MOJIEIH, IOKA3aJIH CXOKUE PE3YIIbTATHI.
B xauectBe 3amuTHOr0 (yTaspa BBICTYNAET OTPE3OK
TpyOBI mmuHOH 250 MM, TrameTpoM 108 MM M TONIHHOMN

CTCHKH 3 MM C TIPHBApECHHBIM MAaTPyOKOM JUIS 3aIloiHe-
HUS MEKTPYOHOTO MPOCTpaHCTBA BOAOW. st MMuUTAINH
ra3onpoBojJa HCIMOJB3YETCs OTPE30K TPYObl JIHHON
310 mm, nuametpoM 51 MM 1 TommuHON cTeHKH 0,5 MM.
Manas tpyba moMemmaercs BHYTPH OOINBIIOH, OMUPAsCh
Ha BBIPE3aHHBIC BCTAaBKH W3 ITeHOIUTacTa. KoHIBI TpyO
TePMETH3UPYIOTCS CAMOJETBHBIME MAHKETAMH U3 PE3H-
HbI 0€3 BCSKUX YCUIEHUH U QUKCUPYIOTCS HAa 00EUX TpY-
0ax TpHM TOMOIIM CTANbHBIX YEPBAYHBIX XOMYyTOB. OO-
MM BUJ MOJIEIH TIPECTABICH Ha puUC. 2.
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\
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ELY

Puc. 2. Obwuii 6uo modenu 015 sxcnepumenma: 1 — 2azonpoeod; 2 — zawummuwlii pymasp; 3 — cmanvhotl xomym, 4 — pesu-
Hoeas maHacemada, 5 — nenonnacmosuvle 6CmaeKu-onopwsl, 6 — nampy601<; 7 — KpbliuKa

Fig. 2. General view of the model for the experiment: 1 — gas pipeline; 2 — protective case; 3 — steel clamp; 4 — rubber cuff;
5 — styrofoam support inserts; 6 — branch pipe; 7 — cover

MexTpyOHOE NPOCTPAHCTBO MOZIENH IOJHOCTBIO 3a-
TOJHSUIOCH BOJOM, 3aT€M MOMEIIANOCh B MOPO3HIBHYIO
Kamepy Ha 24 yaca /10 OJTHOTO 3aMOpPaXUBAHHS BOJbL, a
ToCNie TO/BEPTaoch IMONHOMY OTTaWBAHMIO NPU KOM-
HaTHOM Temmepatype. [locie mojiHOro OTTaMBaHHUA MO-
ZeNb TIO/IBEPIIach 0CMOTPY U (UKCALMH PE3YIIBTATOB: 1O
BepXHel o0pasyroniell BHyTpeHHEH TpyObl B TIONOXECHAN
12 yacoB pacronaranach MpOAOJIbHO BEITSHYTas BMATHHA,
C OJIHOTO M3 TOPLOB PACIIMPSIOIASCS TPU 3aMep3aHuH
BOJIa PACTSIHY/IAa IMIPOBH3UPOBAHHYIO MamKkety (puc. 3).

Puc. 3. Pesynomam sxcnepumenma
Fig. 3. Result of the experiment

W3 puc. 3 BUIHO, YTO CHTyalHs OYCHb HATIOMHHACT
pe3ymbTaThl 00CIeOBaHNH, O KOTOPHIX OBLIO CKa3aHO
BhIIe. CMATHE (IIOTEPsT YCTONIMBOCTH TIOTIEPEIHOTO Ce-
YeHWs) MPOU30ILIO B TOW ke camoil mosunuu. JaHHoe
CXOJICTBO, OYEBH/IHO, TOBOPUT 00 OJIMHAKOBBIX YCIOBHAX
KPHCTALTH3ALAH.

AHanmu3 WMeromeics JUTepaTyphl MOKa3al, 4To K
HACTOSIIEMY MOMEHTY YK€ CYIIECTBYIOT HEKOTOPEIC
CIoco0BI penieHus MocTaBleHHOH npobnembl. CTaHmapT
[8] momyckaer mpokTaAKy MarkcTpanbHOTO Ta3ompoBoja
0e3 3amuTHOrO YyTIApa B CIydyae TPAHCIOPTHPOBKH ra3a
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C OTPHUIIATENLHON TEMIEPATypOll WM € MPHU HAIUIHH
MHOTOJIETHEMEp3IBIX TpyHTOB. OnHAKO 31eCh TpebyeTcs
COOTBETCTBYIOIEE TEXHUKO-3KOHOMHYECKOE O00OCHOBA-
HHUE, MOCKOJNBKY Ta30mpOBOJ TOABEPracTCs 3HAYMTENb-
HBIM HArpyskam OT ABHKYIIETOCS TPAHCIOPTA M TOTpe-
OyeT yBenmueHns 3HaYeHNS TPOCKTHOH TOJIIUHBI CTEHKH.
[Ipwn mammawnw xe GpyTaspa 1 60pbObI ¢ JTen000pa3oBa-
HHEM B MEXKTPYOHOM MPOCTPAHCTBE (IPHUMEHHUTEIBHO K
CHCTEMaM Ta3opacipeleleHus) yxe pa3paboTaH psn
TEXHHYECKHX penreHuil. CaMbIM MEpPBBIM CPE HUX SIB-
JSETCs CIOoco0 3aMOTHEHUS MEXTPYOHOTO MPOCTPaHCTBA
BCIICHEHHBIM TOJMMEPOM, OMHCAaHHBI B pabore [14].
[lombITkH €ro MOAUMDHUKANKK TPHBEIH K MOSBICHUIO
KOHCTPYKIIHil 3aIIUTHBIX (yTIIAPOB, OMHUCAHHBIX B pado-
tax [15] (ucmonb3oBaHKe KOMBIIEOOPA3HBIX OTPE3KOB 3a-
MKHYTOTIOpHCTOr0 momuMepa) u [16] (ucmomp3oBanme
CIIMPAIbHO-HAMATHIBAEMBIX OTPE3KOB M3 PYIOHHOTO Iie-
HOTIONMATUICHA). Elle oivH M3BECTHBIH COCOO 3aKiio-
YaeTCs B CHIDKCHHM TEMIEPATyphl 3aMep3aHusi pacTBopa
C TIOMOIIBI0 MOPOIIKOOOPA3HOTO XJIOPHCTOTO KBS U
onmcan B padote [17]. OnHako BBIBOIBI 0 HEOOXOIMMOCTH
HCTIONB30BAHMS OTHX PENICHHH OCHOBAHBI HA PE3yNbTaTax
MOJICTIbHBIX HCTIBITAHUMH, B TO BPEMs KaK MATEeMaTHUCCKHU
TapaMeTphl ITUX SIBICHUM eie He ObUtH monmydeHsl. [Ipu
HAIMYAM MaTEMaTHYeCKOM W KOMITBIOTEPHOH MOJenen
MOKHO OLCHHTb HANPSHKEHHO-Ie(OPMUPOBAHHOE COCTOSI-
HHE Tiepexo/a 0e3 MPOBEACHHS MOJICTIBHBIX MCIIBITAHUN U
TPHHATH COOTBETCTBYIOLTHE MEPHI.

PacueT faBneHns yBenuunBarolLerocs

B 00beMe NbJa B MeXTPyGHOM NpocTpaHCTBe

[puposa pazpymuTenbHO CHIIBI JIba B 3aMKHYTOM
o0beMe [OCTaTOYHO IIMPOKO M3BECTHA. B sureparype
MOXHO HalTH paboThl, B KOTOPBIX MOAPOOHO OMUCHIBAET-
Cs 3TO ABJIEHHE, YCTAHABIMBAIOTCS 3aBUCHMOCTH JaBIie-
HUSA JIbJa OT TEMIIEPaTypsl, OT HATMYHMSI PACTBOPEHHBIX B
samep3atomieil Boge ra3os [18-20]. Omxako crmporHosu-
pOBAaTh TIOCIEACTBHS YBEMHYCHHS 00beMa 3amMep3atomeit
BOJbl B 3aMKHYTOM IPOCTPAHCTBE JAOBOJBHO TPYIHO.
Jlaxe B JaHHOM KOHKPETHOM CIIy4ae HENb3sl C YBEPEHHO-
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CTbIO CKa3aTh, YTO HanOOJIEe YA3BUMBIM JJIEMEHTOM B CH-
CTEME «Ta30TPOBOI—NIE/I-3AMMUTHBIN (GyTIAP» OKaAKETCS
MIMEHHO Ta30mpoBoA. BosneiicTBue nmbia MOXET OKa3aTh
pa3pyIINTENLHOE BIWSHIE U HA 3AIUTHBIN QYTIsp, BHI3HI-
Basl B HEM KOJIbLIEBbIE HATPSIKEHUS BBILIE YCIOBHOTO M
(usnyeckoro npeena TeKy4ecTH MaTepuaia Tpyosl.

[losToMy mpexzae 4eM menaTh Kakue-THOO BBIBOJBI
KacaTeIbHO TaHHOM CHTYalld, He0OX0MUMO 000CHOBATH
X pacyeTaMmu, 4ToObl aIeKBaTHO OLCHUTD MpearaeMeie
IPOEKTHbIE PELICHHUSL.

[Ipu 3amep3anun BoAB 00beM 00pa30BaBIIETOCS JIbAA
MOJKET YBEMIMBATHCS 10 9 % OT MepBOHAYANBHOTO 00-
eMa BOJB! (3TO MOKa3bIBaeT OTHOIIEHHE IIOTHOCTEH BO-
Ibl ¥ JbJa). ITO TOBOPUT O TOM, YTO HANpPSIKEHUS B
cTeHKax o0emx TpyO OyIyT BOSHHMKATh, €CITH MEXTpYO-
HOE TPOCTPAHCTBO 3aIOJHEHO BOJAOH Kak MUHMMYM Ha
92 %. Ha ocHoBe mH(OpMAINM O PACHIMPEHHH JbIA

[

MOHO PacCUUTaTh KOJNBIEBIC HATPSIKCHHS B CTCHKE ra-
30MPOBOJIA M 3aUIUTHOrO (yTIspa, BHI3BAHHBIE HX Ie-
(opmarueil BCaenCTBHE PACIIMPEHHs JbAa, U CPABHHUTH
UX €O 3HaUeHHEM (hU3MUecKoro (YCIOBHOTO) TpeeNna Te-
KY4eCTH MaTepUaloB.

Pacuer naBneHus yBenuuuBaromerocs B 00beMe Jbja
B MEXTPYOHOM MpOCTpaHCTBe OyleM MNpOM3BOAMTH Ha
OCHOBE B3aMMOCBSI3H MEXKy HAMPSUKEHUAMH U aeopMa-
IMAMH B CTEHKaxX 3al[UTHOrO (yTisipa M ra3ompoBoja.
Jlns pereHus JTaHHO# 3a1a4y NPUHAMAEM BO BHUMAHHE,
YTO JABIICHHE PACHIMPSAIONIErocs JbIa OJUHAKOBO JUIS
CTEHOK Ta30MpOBOJIa M 3alUTHOrO0 ¢yTispa. M36bTou-
HOE JIABJICHHE BHYTPH Ia30IPOBOJA OTCYTCTBYET (CIydan,
KOTJIa Ta30IpOBOJl HAXOMTCSA Ha KOHCepBaluH). Topie-
BBIC CTCHKH PACUCTHON MOJENH TAKKe MPUHIMAIOTCS He-
nebopmupyeMbiMu. PacueTHas cxema HpelCTaBIeHA Ha
puc. 4.

]
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Puc. 4. Pacuemnas cxema
Fig. 4. Calculation scheme

O0BeM MEKTPYOHOTO TPOCTPAHCTBA O U TIOCIE H3-
MeHeHHs 00beMa 3aMep3arolneil BoJbl IpH JehopMalin
ra3onpoBojid W 3allUTHOTO (YTIspa BHIYHCIAETCS IO
dopmyrnam (1) 1 (2) COOTBETCTBEHHO:

Vo = mR3h — nrih; (6]

Vl Tchzh - TEleh, (2)
e Ry — cpenuHHbIIN pafuyc CTEHKHU 3alUTHOTO QyTIIsipa;
Iy — CPEIMHHBIA pajyc CTEHKH ra3omnpoBona; R; — cpe-
IVHHEI Pafiyc CTEHKH 3aIIUTHOTO (yTIIpa MOCTE €ro
nedopmanym; 4 — CPEIMHHBIN Pajiyc CTEHKH ra3ompo-
Bozia mocie ero aedopmarum; h — amuHa 3amuTHOTO By-
TIPa U Ta30MPOBOJIA.

VBenudeHune neppoHayanbHOro 00beMa OyjeM BhIpa-
XKatb 4yepe3 Kod(puuueHT pacumpenns K, — oTHOIEHHE
YBEJMYECHHOTO 00heMa K TIEPBOHAYANTBHOMY:

ko=l wRih-nrih _ Ri-rf
P vy aR3h-mrgh  RE-1E

®)
HUcxons u3 hopmyist (3) onpenenseTcs HOBOE 3HAUeE-
HHUE CPEAMHHOTO PajJlyca CTEHKH ra30mpoBoa Iy

= fRf —ky(RG — 1)

)

OTHOCUTENBHOE YIIMHEHHE CTEHKH Ta30MpOBOAA
ompenensercs o gopmyne (5):
1~ To
o

(©)

OGoOmeHHsIit 3akoH ['yka IS MIOCKOr0 HampsKeH-
HOTO COCTOSTHHS Ta30TIPOBO/IA UMEET BUL:

) A
oy =

r oo

gy =
E E (6)
O.T O.T‘F

el = B, K

fp E E

rie E — MOaynb ynpyroctu CTaiu; &y, — OTHOCHTEIbHBIE

nedopMar OT JICHCTBHS TPOJOJBHBIX HAMPSKCHHUI;
Ogy — KOJIBILEBBIC HANPSKEHHA B CTEHKE Ta30IPOBONA;
Ogp — TIPOJIOJIbHBIE HATIPSKEHUS B CTEHKE ra3olpoBOja;
v — ko3 ¢urment [lyaccona.

O6paszoBaBmmiics nex OyZeT NpemsTcTBOBATh IpO-
JOJIbHBIM TMEPEMEIIEHHSIM Ta30POBO/Ia, TI0ITOMY 3Haue-
HHUE NIPOJIOJIbHBIX HAIPSKEHUH B CTEHKE TPYObI ompese-
nseTea Kak Voy,. Ha ocHoBe sToro momyyaem dopmyity
JUIsl pacyeTa KOJbLEBbIX HANPSKEHUH Oy, .
Eegy
1-v2

(7)

-
Ogy =
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JlaBreHue, BbI3BaBIIEE JAHHBIE KOMBIIEBbIC HAMPSKE-
HUS B CTEHKE ra3omnpoBoja (8):
= Tl ®)

T To )

TZie O; — TOJIIMHA CTEHKH Ta30MpOBOa.

OpHaKo paciMpeHue Jba OKa3bIBaeT OJTHOBPEMEHHOE
BJIUAHHE Ha 00€ 000JOUKM. DTO 03HaYaeT, yto JAeopma-
MK B CTEHKAX ra30lpoBO/a M 3allUTHOrO (yTiIspa 3aBH-
CAT JPYT OT APYTa, T. K. SBISIOTCS COCTABHBIME TapaMeT-
PaMH OJTHOTO M TOTO ke 00beMa — ueM Ooblie eopMu-
pyercs BHEIIHsA 000J104Ka, TeM MEHbIIE Je(opMUpyeTcs
BHYTpEHHSs1, © HA000pOT. UTOOBI y4ecTh 3Ty 3aBUCHMOCT,
3a/[aJIMMCSL HEKOTOPBIM 3HAYEHHEM KOJIBIEBBIX HaIpshKe-
HUI{ B CTCHKE 3aLUTHOrO (yTIsipa Opy M ONPEIENHM COOT-
BETCTBYIOIIME MM JehOpMAlMK B CTEHKE 3aIUTHOTO (y-
TIpa £, 10 3aKoHy I'yka. FIcX0/ 13 9THX JAHHBIX 0.1y
4aeM HOBOE 3HAYEHHE CPEIMHHOIO palMyca CTCHKH 3a-
muTHOrO Qymispa R;, KOTOpoe MOXHO HCIIONB30BaTh B
(opmyne (4) mpu ompeneneHUH HOBOTO paauyca Iy.

TTOCKOMBKY MBI YCIOBHIHCh, YTO JABICHHE PACIIH-
PSIOLIEroCs Iibjid PACIPOCTPAHSETCS BO BCE CTOPOHBI
OJMHAKOBO U PaBHOMEPHO (PR=P;), MOXHO OMPEIETHTH
BEJIMYMHY  JABJCHHS, BBI3BIBAIOLICTO  KOHKPETHbIE
HalpsDKeHUs ¥ Je(OopMalliy B CTEHKE Ta3olpoBOfa C
Y4ETOM KOHKPETHBIX HampsukeHud u aedopmanuii B

40

CTeHKe 3amuTHOro (Qytispa. JlaHHoe napieHue Oyzer
COOTBETCTBOBATH TEKYLIEMY KO3((HIMEHTY PaCIIUPEHHIS.
JUIst 3TOTO IOCTaTOYHO HAWTH OONIHH KOPEHb BYX YpaB-
Henu# (9) u (10), npupaBHSIB UX MeXITy COOOii:

R
O-Kué‘R .

Pr=—"F— (9)

Ro

E5r<r0— /Rg_k,,(xg_rg))

g (1-v?)

pr = : (10)

e R; onpexnensercs ciaenyrommm oopazoM:

of (1 - v2)>

—z |
O~ KONbLEBbIC HANPKCHUS B CTEHKE 3ALUUTHOTO (y-
TIAIPa; JR — TONMINHA CTEHKH 3alIUTHOTO ByTIspa.

Pemmast 311 ypaBHeHus rpaduuecku (puc. 5), HAX0IUM
TOUKY TiepeceueHus rpaukoB 3TUX QYHKIMHA ¢ KOOpAH-
Hatamut (05; p). D10 U GyzeT HCKOMOE 3HAYeHNe JaBiie-
HUS, BHI3BAHHOE M3MEHEHHEM 00beMa Jbaa B MEKTpPYO-
HOM TIPOCTPAaHCTBE B K, pa3, COOTBETCTBYIOIIEE Hamps-
JKEHHIO 0, B CTCHKE (QYTIIAIpa U 0y B CTEHKE Ta30MPOBO-
na. Hampsbkerus u meopMaruu B CTEHKE Ta30MpoOBOAA
MOXHO ompeaenutb u3 Gopmyn (8) u (7), UCoNb3ys 1M0-
Jy4eHHOE 3HAYCHHE JIaBIICHHL.

R1=R0(1+

i P, MIla
35 |
30 +
T =0=pR
I or
25 |
20 |
1 oR, MIla
15 + + + + : + + + + : + + + + : + - —+—F—+—+—+—+P
300 350 400 450 500 550

Puc. 5. I'paghuk ons onpedenenust 0asnenus 160a P 8 MeHCMpPYOHOM NPOCMPAHCMEE
Fig. 5. Graph for determining ice pressure in the inter-pipe space

Takum o6pa3om, yBenmauBas 3HaYeHHE K0dDHIICH-
Ta pacIIMpeHUs M AHAIM3UPYS HU3MEHEHHE KOJbLEBBIX
HanpsDKEHWH [T CTEHKH Ta30TpOBOJa M 3alIUTHOTO (Y-
TIApa, MOXHO TPEINONOKUTh, HA KAKOM 3Tafe W 4To
KOHKPETHO MEPBBIM MOTEPAET YCTONUMBOCTD MOMEPEUHO-
TO CEYCHHs CTCHKU TPYOBI — ra30MpOBOJ WX 3aIIUTHBIA

dyTaap.

MopenupoBaHue ¢ ncnonb3oBaHUeM
nporpammHoro komnnekca ANSYS

Pacuer mpowmsBoautcs B Moayie Static Structural Me-
chanical. TIpu mepBuuHOM pacuere s TOCTPOCHHS KOM-
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TBIOTEPHON MOJENU HCIONb30BANMCh MaTepHalbl U U3-
Jenus, KOTopble ObUTM NPUMEHEHB! B UCIIBITAHUAX, OTHU-
caHHBIX B pabote [5]. B kadectBe 3amurtHOTO (QyTIsipa
BBICTYIIACT OTPE30K TpyOsI 325%12 MM mmuHoii 1,5 M, ra-
301poBOJ MpezcTaBieH TpyOoi 219x6 M nuHoi 1,5 M.
Marepuan Tpy6 — cranb 091'2C ¢ BpeMEHHBIM CONPOTHB-
nenreM 490 MIla u mpenenom texyuectu 345 Mlla, mo-
Jyllb YIPYTOCTH — 2,06><105 MIla. B nansHeiimem, u3me-
HASL KOKJBIA U3 3TUX TTApaMeTPOB, MOXKHO TONy4YaTh pe-
3yNBTaThl I PA3IMYHBIX MepexojoB. TuIl omopbl — He-
nozsikHast (fixed support), ycranapmusaercst o Topiiam
ra3onpoBoja M 3amuTHOTO (yTidpa. [asinenue P npu-
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KIaJbIBAETCS. K BHYTPEHHEH MOBEPXHOCTH 3alIUTHOTO
¢byTispa M X HapyKHOW MOBEPXHOCTH Ta3ompoBoja. Be-
JUMYUHOM pa3BUBAEMOr0 B MEXTPYOHOM IPOCTPAHCTBE
JaBIICHHS 3a4aeMcsi MCXOIS M3 pe3yJbTaTOB PacueToB
BBILIEONIMCAHHOH MaTeMaTUYeCKOil MOJIEINH, B 3aBUCHMO-
CTH OT KO3(p(UIMCHTA PACIIMpPEHHs JbJaa. Pe3ynpTarhl

A: Static Structural

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1

25.11.2021 15:13

423,41 Max
38374
344,06
304,39
264,72
22504
185,37
145,69
106,02
66,348 Min

0,00
200,00

A: Static Structural

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

25.11.202115:14

398,87 Max
35793
31699
276,04

2351

194,16
153.21
1227
71327
30,384 Min

0,00

200,00

400,00

pacuera ia fapieHuss P=25,722 Mlla, cooTBETCTBYIO-
mero kodh¢uumenty pacmmpenns K,=1,009, npencras-
JeHbl Ha puc. 6. Pe3ynpTaTel pacueToB MpU paziUYHBIX
3HAYCHWAX [aBICHHA B MEKTPYOHOM IPOCTPAHCTBE
MOHO MPEJCTABUTH B BHJIE TAONHIIBI U B BHIE TPAQUKOB

(puc. 7-9).

800,00 {mm)

600,00

800,00 (mm)

600,00

Puc. 6. Pacnpedenenue Hanpsaicenull 8 3aujumuom gymiusape (ceepxy) u 2azonpogode (CHU3y), coomeemcmsyoujee 0ae1eHu0

6 medicmpyorom npocmpancmee — 25,722 MIla

Fig. 6. Distribution of stresses in the protective case (top) and gas pipeline (bottom) corresponding to the pressure in the in-

ter-pipe space — 25,722 MPa

JHamMuKa pocTa HampsDKeHHi B CTeHKaxX TpyO moka-
3BIBAET, YTO B CTEHKE Ta30MpOBOJA MPU JTaHHOM JaBjie-
HUW OHH BHIIIE, BEPOSTHEE BCErO, €r0 000JI0YKa U MOTe-
pAET YCTOMYUBOCT.

Ha nanHOM 3Tame Mozenb HE YUMTBIBAET TEPMOJUHA-
MUYECKHE OCHOBBI 00pa3OBaHMS JbJa M MPEACTABIACT
co0o# 3amaqy U3 00NACTH CTATHKH ISl KONMYECTBEHHOM
OIICHKHM TMOBPEXKICHUI Ta30mMpoBoja U 3alUTHOrO y-
TISIPa, TE JIeT BBICTYTACT B KAa4eCTBE aOCOTIOTHO TBEP-
noro tena. Ha mpakTuke e MOBEICHNE JIbJ]a HECKOIBKO
CIIOXKHEE: JIe]] TAKKE ABIACTCS Ae)OPMUPYEMBIM TEIIOM U
0011a1aeT HEKOTOPOI YIPYrOCThIO E; HMEET B CBOEM CO-
CTaBe TMOPUCTBIE BKIIOYEHHUS, 3aTIONHEHHBIE Ta3aMH, KO-
TOpBIE CMOCOOCTBYIOT CHIDKEHHIO CKOPOCTH POCTa JaB-
JICHUA,; TIPU MOBLILICHUU JTAaBJICHUS B 33M€p3alOHleI>i BOJC

PaBHOBECHOE COCTOSHHE «BOJa—JNEA» CMEIIaeTcs B CTO-
POHY MEHBIIUX TEMIIEPaTyp, MOHIKAs TEMIepaTypy 3a-
MEp3aHHs BOJIBL.

CpaBHEBasi pe3yJIbTaThl PACUETOB MO 00CHM MOZEISM,
Je7laeM BBIBOJI, YTO NPEMTONKEHHAs MaTeMaTH4eckas Mo-
Jenb JaeT ONMW3Kue 3HAYEHWs HANpSOKECHHH (MaKkCHManb-
Hoe pacxoxeHue 5,8 % 10 HOCTIKEHHs Tpeena TeKyde-
cTn) u neopManmii (MaKCHManbHOe pacxoxaerue 6,2 %
J0 JOCTWKEHHMS Mperena TeKy4ecTH) B CTCHKax TpYoO.
HeGompimoe pacxoxueHne pe3yibTaToB MO MEpe pocTa
JaBICHHUS COXPAHSETCS JUIIb 0 TEX HOp, MOKA B CTCHKE
ofHOH W3 TpyO He OyIeT NpEBHILIEH TpPEAeN TEKY4eCTH
IS JaHHOTO MaTepuana. AHAaTUTUYECKH BBIYMCIUTH HC-
TUHHBIC Ae(OPMAIMH IO TIPEACTABICHHON MOJICIH B Ta-
KOM CJTy4ae OKa3bIBACTCS HEBO3MOKHO.
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Tabnuya. Pezynbmamol pacuemos no npeodoiceHHON MamemMamuieckol mooenu u 8 npoepammuom xomniexce ANSYS

Table. Results of calculations based on the proposed mathematical model and in the Ansys software package
laru/Steps 1 2 3 4 5 6 7 8 9 10
kp 1,001 1,002 1,003 1,004 1,005 1,006 1,007 1,008 1,009 1,01
P, MITa/MPa 2,858 5,716 8,574 11,433 14,291 17,149 20,007 22,865 25,722 28,58
or, MITa/MPa 50,73 101,47 152,20 202,93 253,66 304,39 355,12 405,84 456,57 507,30
oR, MITa/MPa 37,28 74,55 111,83 149,10 186,37 223,65 260,92 298,19 335,46 372,73
Ar, mm/mm 0,0239 0,0477 0,0716 0,0955 0,1193 0,1432 0,1671 0,1909 0,2148 0,2387
AR, mM/mm 0,0258 | 0,0515 0,0773 0,1031 0,1288 0,1546 0,1804 0,2062 0,2319 0,2577
or(Ans), MITa/MPa 47,93 95,87 143,80 191,75 239,68 287,61 335,54 352,36 396,93 442,30
oR(Ans), MITa/MPa 35,81 71,63 107,44 143,26 179,08 214,89 250,70 286,52 322,32 357,71
Ar(Ans), mm/mm 0,0253 0,0507 0,0760 0,1013 0,1266 0,1519 0,1773 0,6804 3,5169 6,4078
AR(Ans), mm/mm 0,0265 0,0530 0,0795 0,1061 0,1326 0,1591 0,1856 0,2121 0,2386 0,2637
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Puc. 7. ['pauueckoe npedcmasnenue pe3yibmamog paciema HAnPANCEHUil 8 CMeHKax mpyb no npeonodlceHHol mMamema-
muueckoil moodenu (og u oy) u 6 npoepammuom xomniexce ANSYS (or(Ans) u a(Ans))

Fig. 7. Graphical representation of the results of calculating stresses in pipe walls according to the proposed mathematical
model (or and or) and in the ANSYS software package (or(Ans) and or(Ans))
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Puc. 8. I'paguueckoe npedcmasnenue pesyibmamos paciema 0epopmayuti 6 cmenke 3auumHo2o Qymiapa no npeodnoxtceH-
Houl mamemamuyeckoi mooenu (AR) u 6 npogpammnom komnnexce ANSYS (AR(ANS))
Fig. 8. Graphical representation of the results of the calculation of deformations in the protective case wall according to the
proposed mathematical model (AR) and in the ANSYS software package (AR(Ans))
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Puc. 9. I paguueckoe npedcmasnenue pesyivmamos paciema oepopmayuii 8 CmenKe 2a3onposooa no NpeodioHCeHHOU ma-
memamuueckoi mooenu (Ar) u 6 npoepammuom komnaexce ANSYS (Ar(Ans))

Fig. 9. Graphical representation of the results of the calculation of deformations in the gas pipeline wall according to the
proposed mathematical model (Ar) and in the ANSYS software package (Ar(Ans))

3aknioueHue

[Ipr NpOEKTHPOBAHMI WM OLEHKE COCTOSHHS Tepe-
XO0/IOB MaruCTPaNbHEIX Ta30IPOBOJOB IO aBTOMOOHIE-
HBIMH ¥ XKeJIE3HBIMH I0pOraMi 0c000¢ BHIMAHHE TOJIK-
HO OBITh y[ENeHO TakuM (hakTopaM, Kak TeMmIepaTypa
IKCIUTyaTallly, YPOBEHb TPYHTOBBIX BOJ M €r0 MPOTHO-
3UpyeMble  M3MEHEHHS, BO3MOXHOCTH IPOMEP3aHHUS
TPYHTOB TIPH CMEHE CE30HHBIX TEMIEpaTyp, HalMdie
BOMIM3M (yTIIIpa MHOTOJNETHEMEP3NbIX TpyHTOB. COBO-
KYITHOCTb 3THX (haKTOPOB MOXKET NPHBECTH K 00pa3oBa-
HUIO JIbJIa B MEXKTPYOHOM IPOCTPAHCTBE U NOBPEKACHUIO
ra3onpoBoja W 3amuTHOTO (yTiapa. Cremyer Takxke
YYUTBIBATh, 9TO A TPYO OONBIIOTO IMaMeTpa 00BeM
MEXTPYOHOTO TPOCTPAHCTBA 3HAYMTEIBHO OOJNBIIE, TMO-
3TOMY TIpOiJeT Oonblue BPeMEHH, IPEex/e YeM Bojaa 3a-
TOJTHUT €ro XoTsa ObI Ha 92 %. OnHako He CTOHUT 3a0bI-
BaTh, YTO KOJBIEBbIC HANPSIKEHHS OT BHEIIHETO HITH
BHYTPEHHETO JABJICHHS B CTEHKE TPYO YBEIHUHBAIOTCS
TIPOTIOPLMOHANBHO UX AUAMETPY, MOITOMY NPH HEAOCTa-
TOYHOH TONIINHE CTEHOK Ta30IPOBOA HIH (yTIAP MOTYT
TIO/IBEPTHYTCS CMATHIO TpH 0oJee HU3KUX 3HAYCHUSX
JaBIICHHS JIbJA B MEKTPYOHOM TPOCTPAHCTBE, YeM IS
TpyO MEHBIIETO JHAMETpA.

Bo3MOKHBIX CLiEHapUEB IIpH HEMPABMILHONW OLIEHKE
CUTyalldl MOXeT OBITh JOCTATOYHO MHOTO, TO3TOMY
NPUHATHE TPABIWIBHBIX PEIICHHH 1O BBIACICHHBIM ac-
IEKTaM MOXET 3HAYUTENbHO CHU3UTh PHUCK aBapuM Ha
JaHHBIX y9acTKaXx.

[IpennoxeHHas MareMaTndeckas MOJETb pacyera
MO3BONSCT OLCHWTh BENMYMHY JAaBICHHA JIbAa B
MEXTPyOHOM TIPOCTPAHCTBE B 3aBHCHMOCTH OT M3MEHe-
HUA ero oObema. [IpoaHanmsmpoBas cremeHb Bo3zeH-
CTBHA JIEIOBBIX 00pa30BaHMH B MEXTPYOHOM IpOCTpaH-
CTBE Ha Ta30MPOBOJ U 3ALIUTHBINA (QYTIsp, MOKHO OIIpe-

JEIUTh HEeoOXOJMMOCTh HCIIOJIb30BAHUS JOIOIHUTEN b

HBIX MeEp 10 MpPEeNOTBPANICHHIO JIeI000pa30BaHus.

Ha ocHoBaHWH TOMyYEHHBIX PE3yJIbTATOB HA TEKYIIEM

9TaIe MOXKHO C/IeIaTh PSJI MPAKTHYECKUX BBIBOJIOB!

1. Tlpu mpoeKTHPOBaHMM HOBBIX MArdCTPAIbHBIX Ta30-
TPOBOJIOB U UX TEPEXO0JI0B MO aBTOMOOUIBHBIMU U
KENEe3HBIMH JIOPOTAMH, MPOKIAJIBIBAEMBIX B YCIOBH-
SX MHOTOJIETHEMEP3JIBIX TPYHTOB, CE30HHO IPOMep-
3a0IIMX U MPOTANUBAIONINX IPYHTOB, & TAKXKeE MPHU OT-
PHULIATENIHHON TeMIIepaType MepeKauky rasa, cieayer
PAacCMOTpETh BAPHAHT MPOKIAAKH O3 WMCIIOIb30BAHKS
3almTHOrO (yTspa. B aTom ciiydae Heobxommmo mpen-
CTABUTh  COOTBETCTBYIONIEE TEXHMKO-3KOHOMHYECKOE
000CHOBAaHHE ISl YBENMICHHS TOJMIMHBI CTEHKH T'a-
301pOBOJIa M 00ecTeUeHus Mmocneayronmen oe3omac-
HOCTH TIPH KCILTyaTaIlH.

2. Ecnn kOHCTpYKIMS Tepexojia BCE XK€ Tpearnonaraet
3aUTHBIA  QYTIIAp, TPH TPOCKTHPOBAHHM MOXKHO
BOCIIOJIb30BAThCA MPEIOKEHHON MaTeMaTHYecKoil
MOJICIBI0 MITH KOMITBFOTEPHOH MOJIEIBIO TS OTpese-
JICHUsI OTACHOTO COCTOSIHHS TEPEX0jia M YCIOBHH,
TIPH KOTOPBIX OHO BO3HHKAET.

3. Ha srane crpoutenbcTBa 00eCIEUNTh HaJICKAIIHE
BXOJIHOM KOHTPOJIb MOCTYIAMOIIMX MaTEPHATOB JUIs
TePMETH3AIUN MEKTPYOHOTO MPOCTPAHCTBA, MOOIIE-
PAILMOHHBIA KOHTPOIIb TPOLECCa YCTAHOBKU PE3UHO-
BBIX MAHXET U YKPBITUH 171 HUX, IPUEMOYHBIH KOH-
TPOJb  BBINOJHEHHBIX PabOT MO TrepMETH3AIMH
MEXTPYOHOTO MPOCTPAHCTRA.

4. ]lng npenoTBpalieHus Jieg000pa3oBaHus B MEKTPYO-
HOM TIPOCTPAHCTBE CIEAYET PACCMOTPETh BO3MOXK-
HOCTh MPUMEHEHHUS OJJHOTO U3 YCTPOMCTB U CIIOCOOOB,
IpeUIoKEHHBIX B padotax [15-17].
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STUDY OF THE PROBLEM OF STABILITY LOSS OF THE MAIN GAS PIPELINES CROSS-SECTION
IN PROTECTIVE CASES UNDER HIGHWAYS AND RAILWAY LINES AS A RESULT
OF INCREASE IN THE VOLUME OF FREEZING WATER IN THE INTER-PIPE SPACE
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vtarasov.1998@mail.ru
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Sultanmagomed M. Sultanmagomedov?,
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The relevance of the study is caused by the need to reduce the risk of accidents at the crossings of trunk gas pipelines laid in protective
cases under highways and railway lines — one of the most dangerous and responsible sections. Ice formed in the inter-pipe space in the
presence of seasonally freezing and thawing soils or when pumping gas at negative temperature together with poor-quality installation of
end sealing cuffs can lead to stability loss of the gas pipeline cross-section, thereby increasing the risk of an accident at this site. The con-
ducted research will allow us to investigate potentially vulnerable sections of crossings in advance using computer modeling and provide
for them a set of protective measures.

The aim of the research is to assess the possibility of damage to trunk gas pipelines laid in protective cases by ice formed in the inter-pipe
space; justify the additional measures and recommendations aimed at ensuring the safe operation of underground crossings of trunk gas
pipelines under highways and railway lines.

Objects: sections of trunk gas pipelines laid in protective cases under highways and railway lines in seasonally thawing and freezing soil
near the protective case or transporting gas at a negative temperature.

Methods: mathematical modeling, finite element modeling in the ANSYS software package, methods of structural mechanics and re-
sistance of materials, experiment planning.

Results. The possibility of damage to trunk gas pipelines laid in protective cases by ice formed in the inter-pipe space was determined; a
mathematical model for determining the pressure arising in the inter-pipe space due to increase in freezing water volume was proposed
and its adequacy was verified using the ANSYS software package on the example of a 219x6 mm gas pipeline and a 325x12 mm protec-
tive case; recommendations for newly designed gas pipelines and their transitions, as well as for existing ones, were indicated.

Key words:
Trunk gas pipeline, protective case, ice, crossings under highways and railway lines, stress-strain state.
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