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AnHoOTanua. AKmya1bHocmb paboThl ONpe/iesieHa He06X0JUMOCTBIO IPOBeleHHs] Te0TEXHUUeCKOr0o MOHUTOPUHTIA B 30HaX
pacrnpocTpaHeHHUs] MHOT0JIeTHEMeP3JIbIX FPYHTOB AJ N0A3eMHBIX TPy6onpoBoJoB. ['eoTexHUYecKas cUcTeMa «MHOIOJIET-
HeMep3JIbli TPYHT — NOJ3eMHbIN TPyOGONpPOBOA» MO/ BePXKeHA BJIHSHHUIO 9K30T€HHbIX I'e0JIOTUYeCKUX MPOLecCoB BO BpeMs
3KCILIyaTalyH, [UKINYeCKOMY U3MEHEHUI0 COCTOSIHUS TPYHTOB CE30HHOTO CJIOS1 OTTaWBaHUsl U IPOMep3aHHUs, OTTalBaHUIO
MHOT0JIETHEMEP3JIbIX TPYHTOB OT TEIJIOBOT'O BO3/I€HCTBUA TPYy6ONPOBO/A, U3MEHSAIOIETO [JIAHOBO-BbICOTHOE IOJIOXKEHHUE.
MHoroo6pa3ue cxeM B3aUMO/IeHCTBUA TeJsla TPY6ONpPoBo/Ja C pa3HOBUHOCTAMM JIMTOJIOTMYECKOTO CTPOEHUSA MHOTOJIETHE-
MEeP3JIbIX IPYHTOB 10 TPacce AOJDKHO AeTalbHO NPOpabaThIBaThCA Ha 3Tane MPOeKTHPOBAHUS U TaKXkKe JeTaJbHO OLeHH-
BaTbCA NPHU NPOBEJeHUH re0TEXHUYECKOr0 MOHUTOPUHIA Tpy6onpoBoaa. OTCyTCTBHe HOPMATHUBHBIX TPeOGOBAHUH K KOH-
TPOJIMPYEMBIM NIapaMeTpaM N0J3eMHbIX TPY6ONPOBOJOB NPHUBOAUT K NIPUMEHEHHUI0 HeCTaHAAPTU3UPOBAaHHBIX U Pa3HO06-
pasHbIX CeTell MOHUTOPHHIA OT NMPOEKTa K MpoeKTy. OTCyTCTBHE HOPMATHUBHBIX 3HaYeHUH NpesieJbHbIX AedopManuii moa-
3eMHOro Tpy6oIpoBo/a NPUBOAUT K HEOOXOAMMOCTH MCIOJIb30BaHUA paCYeTHBIX METO/IOB ONpe/iesIeHUs NpeJiesIbHBIX Jie-
dopmanuii oOCHOBaHUS U TPyGONpoBoAa. ABTOpaMu MpeAJIOKEHO JJOTIOJHUTE KOMILIEKCHYI0 METOJUKY PacieToB MOA3eM-
HBIX TPyOOIIPOBO/IOB, pa3paboTaHHyto paHee coTpyAHuKaMu AO «TomckHUIIMHedTh», onpeneneHneM npesebHBIX JONY-
CTUMBIX JlebopManuil Tpy6onpoBoa B KaXK/J0H TOUKe TPAcChl C HAJIMYMEM MHOTOJIETHEMEP3JIBIX [PYHTOB Ha 3Tale IpoeK-
THUPOBaHUS U JaJbHEHIIMM HCI0JIb30BAaHUEM I10JIyYeHHBIX pe3yJIbTaTOB B KaueCTBe KOHTPOJUPYEMOr0 KPUTEPUS IPH MPO-
BeJIeHUHU Te0TeXHUYeCKOro MOHUTOpHUHra. Lles1b1o siB/sieTCs onpe/ie/ieHre KOHTPOJIMPYEMbIX TapaMeTpPOoB JJIsl FeoTeXHUYe-
CKOT0 MOHHMTOPHHIA IO/I3€MHBIX TPYOONPOBOAOB B KPUOJHUTO30HE HA 3TAlle IKCIIyaTal[Md HAa OCHOBE NMPUMEHEHHUs KOM-
IJIEKCHOM METOAMKH pacyeTa I0/[3eMHBIX TPyOONpPOBO/OB, a TakKe GOpMUpPOBaHUe TPEOGOBAHUH K CUCTEME MYHKTOB MOJY-
yeHHs UHPopManuu. Memodsl: 0630p HOPMATHBHOM 6a3bl MO re0TEXHUYECKOMY MOHUTOPHHTY, aHa/IN3 U OlleHKa TPUMeHs-
eMBbIX METO/I0B U KOHCTPYKIMI MOHUTOPHUHTA 0/I3eMHBIX TPYOONPOBO/OB, aHA/IN3 KOMILJIEKCHON METOAUKU PacyeToB MO/ -
3eMHBIX TPY6GONpPOBO/AOB NMPHMEHUTEJNbHO K LieJiIM Fe0OTeXHUYeCKOro MOHUTOpHUHra. Pesyssmamul [lo utoram o63opa
HOPMaTHBHO-TEXHHUYECKON JOKYMeHTAlMH BbISIBJIEHO OTCYTCTBUE KOHKpETHU3alUU MeTO/I0B, 060py/A0BaHUs, 06'beMa CETH
reoTeXHUYeCKOro0 MOHUTOPUHIA U NIePUOJUIHOCTH NPOBeJIeHUsI MOHUTOPUHIA TPY6ONPOBO/OB; BbIIBJIEHO TpebGoBaHUeE IO
NpPUMEHEHUI0 pacyeTHOr0 MeToJa Npejie/bHbIX AedpopMalUil U OTCYTCTBHE ONKMCAaHUs BO3MOXHBIX MeTOZO0B. [Ipu JeTanlb-
HOM aHaJ/iM3e KOMILJIEKCHON MeTOAMKH NPOBeJleHHsl pacueToB TPy6onpoBooB, pazpaboTanHoi B AO «TomckHUITHHedTHY,
060CHOBaHO ee MpUMeHeHUe [JJIf LieJled re0TeXHUYeCKOro MOHUTOPHHTA, OTMeYeHO MPeuMyLeCTBO METOAUKU B leTalbHO-
CTHU TOJIy4yaeMbIX Npejie/bHBIX 3HaUYeHUH JedopMaliu ¢ TOUHOCTBIO [0 OJHOTO MeTpa BJ0Jb OCH Tpacchl TPy6onpoBoja.
OnucaHbl MeTOAbl U KOHCTPYKLMH, IPUMeHseMble [IJIT MOHUTOPHUHra AedopMalnuil NoA3eMHbIX TPy6ONPOBOAOB, YCTAaHOB-
JleHa COBMEeCTUMOCTb IPUMeHeHUs1 KOMIIJIEKCHOM MeTOAUKH NPHU J1060H KOHCTPYKLUU U crloco6e MpoBeieHUs] MOHUTOPHH-
ra. [IpesyioxkeH nepeyeHb OCHOBHBIX KOHTPOJIMPYEeMbIX ITapaMeTpPOB U 060CHOBaHHe 00'beMa U NapaMeTPOB CUCTEMBI reo-
TeXHUYeCKOTO MOHUTOPHUHTA [iJIf1 N0/ 3€MHBIX TPyOONPOBO/IOB.
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Abstract. Relevance. The need for geotechnical monitoring in the areas of distribution of permafrost soils for underground
pipelines. The geotechnical system “permafrost soil - underground pipeline” is subject to the influence of exogenous geologi-
cal processes during operation, cyclical changes in the state of soils of the seasonal layer of thawing and freezing, thawing of
permafrost soils from the thermal effect of the pipeline, changing the plan-altitude position. The variety of schemes for inter-
action of the pipeline body with varieties of lithological structure of permafrost soils along the route should be worked out in
detail at the design stage and also assessed in detail during geotechnical monitoring of the pipeline. The lack of regulatory
requirements for the monitored parameters of underground pipelines leads to the use of non-standardized and varied moni-
toring networks from project to project. The lack of standard values for the maximum deformations of an underground pipe-
line leads to the need to use calculation methods for determining the maximum deformations of the base and pipeline. The
authors proposed the use of a comprehensive methodology for calculating underground pipelines, developed by employees
of JSC TomskNIPIneft to determine the maximum permissible deformations of the pipeline at each point of the route with the
presence of permafrost soils at the design stage, with further use of the results obtained as a controlled criterion when con-
ducting geotechnical monitoring. Aim. To determine the controlled parameters for geotechnical monitoring of underground
pipelines in the cryolithozone at the operational stage based on the application of a comprehensive methodology for calculat-
ing underground pipelines, as well as the formation of requirements for the system of information points. Methods. Review of
the regulatory framework for geotechnical monitoring, analysis and evaluation of the applied methods and designs for moni-
toring underground pipelines, analysis of a comprehensive methodology for calculating underground pipelines in relation to
the purposes of geotechnical monitoring. Results. Based on the results of the review of regulatory and technical documenta-
tion, the authors have revealed a lack of specification of methods, equipment, volume of the geotechnical monitoring network
and frequency of pipeline monitoring, as well as the requirement for the use of the calculation method of limiting defor-
mations and the lack of description of possible methods. A detailed analysis of the complex methodology for pipeline calcula-
tions, developed at JSC TomskNIPIneft, substantiates its use for geotechnical monitoring purposes, and notes the advantage
of the methodology in the detail of the obtained limit values of deformation with an accuracy of one meter along the axis of
the pipeline route. The authors studied the methods and designs used for monitoring deformations of underground pipelines
and established the compatibility of using a complex methodology with any design and method of monitoring. The paper in-
troduces the list of the main monitored parameters and justification for the scope of the geotechnical monitoring network for
underground pipelines.

Keywords: geotechnical monitoring, underground pipeline, permafrost soils, complex methodology for pipeline calculation,
numerical modeling
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BBeaenue

Hanuuue mHorosetHemeps3ibix rpyHToB (MMI) B
OCHOBaHMHU 3JaHUNM U COOPYXKEHUU SIBJIAETCS YCJIOBU-
€M, TIPH KOTOpOM TpeOyeTcs IMPOBOAUTH T'€OTEXHUYC-
ckuii MmonuTOopuHr (I'TM) ocHOBaHMii U QyHAaMEHTOB
31aHUH U COOpYKEHHUU. B COOTBETCTBUM € MYHKTOM
15.3 Csoga IlpaBun 25.13330.2020, mpu BCKpPBITHH
MMI' MOHHUTOPUHT OOJKEH IHPOBOIUTHCS ISl BCEX

TUIIOB 3[aHUN U COOPY>KEHUI, B TOM YHCIE U ULl OA-
3eMHBIX TPyOOIPOBOIOB.

[Ipu reorexHUYECKOM MOHHTOPHWHTE 3aJadaMu sB-
JISIETCSl BBISIBJIEHUE COCTOSTHUSI OCHOBAaHHUS U COOpYKe-
HUA, OIICHKAa KPUTUYHOCTH HW3MEHEHWH W TPOTHO3
YCIIOBUM JaNIbHEHIIEH SKCIulyaTalud. BEIABIEHHE CO-
CTOSIHUSI TPOUZBOAUTCA HA OCHOBAaHUM HATYPHBIX
HAOIIOJICHUN M0 PSITy KOHTPOJIUPYEMBIX MapaMeTpoB,
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oOcnenoBanusi coopykeHus. OLeHKa KPUTUYHOCTH
IpOM3BOAUTCS B (OopMaTe CpaBHEHHS pE3YJIBTATOB
HATYPHBIX HAOIOACHUH C IpEAeIbHBIMU 3HAUYCHUSAMHI
KOHTPOJIUPYEMBIX NTapaMeTPOB, Ha3HAYaeMbIX Ha 3Tare
npoektupoBanus. [Iporno3upoBaHue sBsieTcs 00s3a-
TEJIBHOM YacThiO ISl KOPPESLMU MPOEKTHBIX pellie-
HUH ¢ (PaKTHIECKOH 0OCTAaHOBKOM T'e0JIOTHYeCKOi cpe-
JIbl C yYETOM TEXHOTEHHBIX M3MEHEHHUI Ha dTame dKc-
MJTyaTanuu.

KonTponupyembiMu napameTpaMd OpU IIpOBeIe-
vun ['TM  saBistorcs: nedopmanum, TeMIiieparypa
MMI, BbICOTa CHEKHOTO TMOKpPOBAa, YPOBEHBb IOJ3EM-
HBIX BOJ, HAJMYUE ONACHBIX I'€OJIOTHYECKUX IK30TICH-
HBIX IIPOLIECCOB.

I'eoTexHU4eCcKknid MOHUTOPUHT IMOJI3EMHBIX TpyOO-
IIPOBOJIOB B KPHUOJIUTO30HE SIBISIETCA CIOKHOW 3a1a-
Yyeil, IOCKOJIbBKY B OCHOBAaHUHM IMPOTSHKEHHBIX COOPY-
KEHHI TPOUCXOIAT pazHOOOpa3Hble M3MEHEHUSl reo-
KpPHOJIOTHYECKUX YCIOBHU IO BCEU JIMHE TPOQUIIS,
HM3MEHEHUs yCIOBUA MPOKIAJKU, BOSHUKAIOT pa3HOHA-
MpaBJieHHbIE TIEpEeMelIeHUs] TPyOONmpoBOIa, YTO MpPHU-
BOJMT K PasiUYHBIM COYCTAHHSIM J1e()OPMUPOBAHHOTO
COCTOSIHUA TPyOOIpPOBOJA, B CBA3U C 4YeM TpedyeTcs
Ha3HA4YCHUE BapbUPYEMBIX MPEeNbHBIX AeopManuit
U MpeAebHBIX TEMIIEpaTyp IPYHTOB IO BCEH UIMHE
TPyOOIIpOBOJIA.

Ha naHHBIII MOMEHT CyIIECTBYET JOCTATOYHOE KO-
JIMYECTBO METOJAO0B MPOBCACHNUA MOHUTOPHUHIA 110 KaX-
JOMY KOHTPOJHMPYEMOMY Iapamerpy, OIHAKO He BcCe
W3 HUX JOMYCTUMO HCHOJb30BaTh IS MOA3ZEMHOIO
TpyOomnpoBoaa [1-15]. Bonbioit npobaemoii st 3kc-
IUTYaTaI[MOHHBIX CITYyKO SBISFOTCS MPOEKTHL, B KOTO-
pBIX pUMEHSETCA TUTIU3ALUS HMHXEHEpHO-
reosornueckux ycnosuii (UI'Y) mo Tpacce mo nana-
]_Ha(l)THO-I/IHIH/IKaHI/IOHHBIM Ipu3HaKaMm, JHUTOJIOTHYC-
CKOMY CTPOEHHIO U TE€OKPUOJOTHYECKUM OCOOEHHO-
CTsIM, COOTBETCTBCHHO, IIPCACIIBHBIC KPUTECPpUU JIA
MOHHUTOPHUHTA Ha3HAYAIOTCA B COOTBETCTBUU C TUIIN3a-
nueil mMbo mpUHHMAaOTCs HOopMaTwBHO. IIpoBemeHue
MOHHUTOPHUHTAa W OLEHKA HN3MCHCHUS re0JIOTHYSCKOM
cpenpl mo tunam UWI'Y He mNO3BONSIIOT JTOCTOBEPHO
OLICHWBATh HAINPSUKEHHO-Ie()OPMUPOBAHHOE COCTOSI-
HUEe TpyOOonmpoBoJa, 0 (PaKTUUYECKUX 3HAYEHUSAX KOTO-
pOro MOXHO CYIWUTH TOJBKO IIO pE3yjibTaTaM BHYT-
pUTpYOHOI TUATHOCTHKH.

IIpunsras  corpyauukamu AO  «TomckHU-
[MNHedTH» KOHLENIHS KOMILIEKCHOTO MOAX0/1a K pac-
YeTaM TOJ3€MHBIX TPYOONPOBOJOB B KPHOJIUTO30HE,
BKJIIOYAIOIIas B c€0s BBINOJIHEHUE TEMJIOTEXHUYECKUX
pacueToB Bcex yudacTkoB Tpaccsl ¢ MMI' ¢ mocneny-
IOIMUM TPOBECACHUEM IPOYHOCTHBIX pPAacUY€TOB BCEroO
TpyOOIPOBOIa, TO3BOIISET ACTAIFHO MPOTHO3UPOBATH
U3MEHEHHsI OCHOBAHHsI TPyOOIPOBOAA, BBIBIIATH MaK-
CHIMaJbHBIC pAacueTHbIC IedopManyy OCHOBaHHSA U
M3MEHEHUs] TeMIIepPaTypHBIX TOJIed BO BPEMEHH, NpHU

KOTOPBIX OY/ET yIOBJICTBOPCHO YCIOBUE MPOYHOCTU U
yCcTOH4YHMBOCTH TpyOompoBoa [16].

Lenbto paboOTHI SBISETCS OMPEAEICHHE KOHTPOJIH-
PYEMBIX HapaMeTpOB MAJsi TEOTEXHHYECKOTO MOHHUTO-
pHHIa MOJ3EMHBIX TPYOOIPOBOIOB B KPUOJIUTO30HE HA
JTare OSKCIUTyaTal[id Ha OCHOBE IPHMEHEHHS KOM-
[UIEKCHOW METOJIMKM pacuera MOA3EMHBIX TPyOOoImpo-
BOJIOB, a Takxke GopMHupoBaHHe TPeOOBaHUIT K cUCTEME
IIYHKTOB HOJXy4eHHs HHPOpMaIHH.

MeTouKa HccieJ0BaHUA
Uccnenosanue nposeneno B 2022-2023 rr. 8 AO

«TomckHUITHEDTH» 1 BKIIOYATIO B ceOsl:

1) aHanuM3 HOPMATHUBHOW JOKYMEHTAIMH IO MOJ3EM-
HBIM TpyOompoBogam B Poccuiickoit deneparin
IUTSL OIIpeieIIeH s TpeOOBaHUH 110 MOHUTOPUHTY;

2) OLEHKY MPUMEHUMOCTH METOJOB MPOBEACHHS T'€0-
TEXHHYECKOTO MOHHUTOPHUHTA ISl TIOJ3EMHOTO TPY-
0ompoBOJIa;

3) neranbHBINA aHAIN3 KOMIUIEKCHOW METOJIMKU pacue-
TOB TOJ3EMHBIX TPYOONPOBOAOB U MOJyYaeMbIX
pe3yIbTaToB Uil OOOCHOBAaHUSI WX IPUMEHEHHS
MIPY TEOTEXHIYECKOM MOHUTOPHHTE;

4) pa3paboTKy M OOOCHOBaHWE MEPEYHS OCHOBHBIX
KOHTPOJIUPYEMBIX IapaMEeTPOB MPU IMPOBEIACHUH
MOHHUTOPUHTA ITOI3¢MHEIX TPYOOIIPOBOJIOB.

CocTosiIHMEe HOPMAaTHUBHO-TEXHUYECKOH JJOKyMeH-
TalyM N0 reoTeXHU4eCKOMY MOHUTOPHHTY MOJ-
3eMHBIX TPyOONPOBOJ OB B KPHOJIMTO30HE

s mpoBeaieHus aHaIN3a COCTOSIHHAS HOPMAaTHBHOM
0a3pl ObLIa chenaHa MoJ0OpKa OCHOBHBIX (enepalb-
HBIX HOPMaTHBHO-TEXHHYeCKUX HokymeHToB (HTJ) —
CBOJIOB MPABWJI M TOCYTapCTBEHHBIX CTAHAAPTOB IIO
MPOCKTHPOBAHUIO U AKCIUTyaTallud MOJA3EMHBIX TPyOO-
mpoBoaoB B MMI (tabm. 1).

OcHoBHBIE TpeOOBaHHS K MPOBEACHUIO TC€OTEXHHU-
YECKOr0 MOHUTOPHUHTA B 30HE pacrnpocTpaneHuss MMI
onuckiBatotes CIT 25.13330.2020. HeobxomumocThb
npoBefeHnss ['TM uis MoA3eMHBIX TPyOOIPOBOJIOB
obocHoBana B myHkrtax 15.3 CII 25.13330.2020, myHk-
te 8.7.2 CII 305.1325800.2017 u nynkte 11.46 CII
410.1325800.2018. Tabmuma M.1 CIT 25.13330.2020
OTIpeNeNsieT OCHOBHBIE KOHTPOJIMPYEMBIE IMapaMeTphl
pu I'TM — TeMniepaTypa IrpyHTa, ypOBEHb MTOA3EMHBIX
BOJ, Jedopmarysi, TeMmIepaTypa  OXJIAKIAIOLINX
ycrpoiictB. KoHCTpyKTHBHO yCTpoiicTBa it Habro-
JIeHUs 3a yKa3aHHBIMHU IapaMeTpaMy He 3aBHCAT OT
THTIA COOPY>KEHUS! U aHAJIOTUYHBI KaK JUTsl TUTOMIAHbIX
COOPY’KEHHUH, TaK 1 JJISI MOJ3EMHOTO TPyOOIIpoBOAaa.

Oo6nacte npumenenus CIT 497.1325800.2020 He
pacmpocTpaHseTcss Ha JuHeWHble 00bekThl, CII
22.13330.2016 He pacmpocTpassieTcsi Ha TPOEKTHUPO-
Banue coopyxennit Ha MMI', a CIT 305.1325800.2017
HE paclpoCcTpaHsieTcd Ha MOHUTOPUHT MaruCTpalbHBIX
TpyOOIpOBOJIOB.
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Ta6auya 1. IepeueHb HOpMamueHoO-mexHuU4eckoll doKymeHmayuu 0.1 nod3eMHblx mpy6onposodos 8 PP

Table 1.

List of regulatory and technical documentation for underground pipelines in the Russian Federation

O6./1acTh MIPUMEHEHUSs
Application area

HopmaTuBHas JOKyMeHTalLus
Normative documents

06J1aCTh HOPMHUPOBAHHUS
Normalization area

IIpoekTHpOBaHNe OCHO-
BaHUM U QYHJJAMEHTOB
COOpyKeHUU B
KPHOJIUTO30HE

Design of grounds and
foundations facilities in
cryolithozone

CIT 25.13330.2020

«OcHOBaHUA U pyHaMEHTHI Ha BEYHOMEP3JIbIX
rpyHTax. AKTyanusupoBaHHas pegakuus CHull
2.02.04-88 (c UsmeHeHusiMu N 1, 2, 3)»

Set of rules 25.13330.2020

"Soil bases and foundations on permafrost soils"

OO61Me NPUHL MBI TPOEKTUPOBAHUSA COOPYKEHUH Ha
MMT;

Bb160op npuHLMIaA NpoeKTUpOoBaHUsA Ha MMT

General principles for the design of structures on perma-
frost;

Choice of design principle on permafrost

[IpoekTHpOBaHHE
N0/I3€MHBIX
TPy6GONpPOBOJOB
Design of underground
pipelines

CIT136.13330.2012

«MarucTpasbHble TPyGONPOBObL. AKTYaJIU3UPO-
BaHHas pegakuusa CHull 2.05.06-85*

(c UsmeHeHussMu Ne 1, 2)»

Set of rules 36.13330.2012

"Trunk pipelines"

OcHOBHbIe Tpe6OBaHUs PU IPOEKTUPOBAHUU Maru-
CTpPaJIbHBIX TPYOONPOBOAOB:

KOHCTPYKTHBHbIe Tpe6GOBaHus, TpeGOBaHUs K Tpacce,
TpeGOBaHMsI IPU pasHbIX BUAAX IPOKJIAAKU U APYTHE
Basic requirements for the design of main pipelines: de-
sign requirements, requirements for the track, require-
ments for different types of laying, and others.

CI1 86.13330.2014
«MarwucTpajbHble TPyGOIPOBOABI»
Set of rules 86.13330.2014

"Main (Trunk) pipelines"”

[IpaBuJIa NPOMU3BO/CTBA CTPOUTEJIBHBIX paGoT NpU
YKJIaJiKe TpyGONpOBOZOB

Rules for production of construction work when laying
pipelines

CI1 284.1325800.2016

«Tpy60ImpoBO/bI TPOMBICIOBBIE JJIs1 HEPTH U rasa.

[IpaBusa NPOEKTHPOBAHHUS U IPOU3BOACTBA paboT»
Set of rules 284.1325800.2016

"Field pipelines for oil and gas. Rules for the design
and production of works"

OcHoBHbIe TPeGOBaHHs P POEKTUPOBAHUH TPOMBIC-
JIOBBIX TPYGOIPOBO/OB
Basic requirements for the design of field pipelines

CI1410.1325800.2018

«Tpy6onpoBo/ibl MAaruCTPa/IbHBIE 1 TPOMBICIOBBIE
Ju1 HedTH 1 ra3a. CTPOUTENBCTBO B yCIOBUSAX BEY-
HOH Mep3JI0ThI ¥ KOHTPOJIb BBITNIOJHEHHS PaboT»
Set of rules 410.1325800.2018

"Main and field pipelines for oil and gas. Construc-
tion in permafrost conditions and control of works"

[IpaBuJIa NPOU3BO/CTBA CTPOUTEJIBHBIX paGoT NpU
yKJIaJIKe TPYGOIPOBOZOB B YCJIOBHUSX pacpoCTpaHeHHUsI
MHOT0JIETHEMED3JIbIX [PYHTOB

Rules for the production of construction work when laying
pipelines in the conditions of the spread of permafrost
soils

I'OCT 34737-2021

«MarucTpasbHbli TPY6ONIPOBOAHBINA TPAHCIOPT
HedTH U HepTenpoayKToB. [lepekaunBariye
cranyuu. [I[poekTUpoBaHe»

State standart 34737-2021

"Trunk pipeline transport of oil and oil products.
Pumping stations. Design"

OcHOBHBIe Tpe6OBaHUSA MPY IPOEKTUPOBAHUU Maru-
CTpa/IbHBIX TPyOONPOBOOB U NlepeKauUBaloLUX CTAHIUH
Basic requirements for the design of main pipelines and
pumping stations

F'eoTexHUYECKUI MOHU-
TOPHHT 3/laHUH U CO-
OpY>XKeHHUH B IIepHUOJ,
CTPOUTEJNBCTBA U IKC-
IIyaTanuu
Geotechnical monitoring
of buildings and struc-
tures during construc-
tion and operation

CIT1497.1325800.2020

«OcHOBaHUA U QYHAAMEHTDI 3JaHUH U COOpYKe-
HUI Ha MHOTOJIETHEMEP3JIbIX TPyHTax. [IpaBuia
3KCIJIyaTaluu»

Set of rules 497.1325800.2020

"Soil bases and foundations of buildings and struc-
tures on permafrost soils. Operating rules”

CIT 305.1325800.2017

«3paHus U coopyxenus. [IpaBria npoBeieHus reo-
TEXHUYECKOT0 MOHUTOPUHT'A IPH CTPOUTEIbCTBE»
Set of rules 305.1325800.2017

"Buildings and structures. The rules of geotech-
nical monitoring under construction”

YKasaHHs 10 MPOBeJIeHUI0 Fre0TeXHUYECKOT0 MOHUTO-
PHHTa IPH CTPOUTENBCTBE U IKCIIyaTallM 3JaHUH U
COOpYKEHHH, B TOM YHCJIe TTIOA3€MHBIX

Guidelines for conducting geotechnical monitoring during
construction and operation of buildings and structures,
including underground ones

CIT1 22.13330.2016

«OCcHOBaHMA 3/JaHUH U COOpPYKeHUH. AKTYaIU3U-
poBaHHas pegakuusa CHull 2.02.01-83»

Set of rules 22.13330.2016

"Soil bases of buildings and structures”

OcHOBHbIe TPpe6OBaHUS K OCHOBAaHHSM 3/JaHUH U COOpYXKe-
HUH, OCHOBHbIE TPe6OBAHMUS K FeOTEXHUYECKOMY MOHUTO-
PUHTY, Ipefie/IbHbIe fepopMalivi OCHOBaHUsI QYHJaMEHTOB
Basic requirements for the foundations of buildings and
structures, basic requirements for geotechnical monitor-
ing, limiting deformations of foundations

[Mepeuens HT/I ans mpoeKTHpOBaHUS TPYyOOIPOBO-
JIOB JIOCTaTO4YHO OOLIMPEH U pa3fielieH B OCHOBHOM I10
TUNIaM TpyOompoBoAOB. B KakaoM M3 HOPMAaTHBHBIX
JIOKYMEHTOB Ta0J. 1 comepikarcsi OTIeNbHbIe TpeOoBa-
HUA 10 HeoOXxoanMocTu MoHuTopuara MMI™ u cocto-

SIHUA TpyOOmpoBona, HO Oe3 ompeneneHus oo0bema U
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cocraBa paboT, epevHs 1eMeHTOB ceTH [ TM 1 nHBIX
TpeOoBanuid, 3a uckmoueHnem CIT 410.1325800.2018,
KOTOPBIN CONEPKUT MHPOPMAIIUI0O O HEOOXOAMUMOCTH
«YCTaHOBKM MAapKHUPOBOYHBIX CTOEK-PETepOB
OIICHKH MTPOCAKH TPYOOTIPOBOIAY.
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Hna 37aHui M cOOpYKEHUH ¢ HanmmuueM QyHOa-
MEHTOB IPEAEIbHOE 3HAYEHUE KOHTPOJIUPYEMBIX IIa-
paMeTpoB YCTAaHABIMBAET NPOEKTHAs OpraHu3alus B
cootBercTBUU ¢ TpeboBanmsimu HT/I: nnst temrepatyp
TPYHTOB — PacdeTHBIN TeMIEpPaTypHBII pEeXUM B 30HE
yCcTpoiicTBa (pyHAaMEHTA TI0 TEIUIOTEXHUIECKOMY IIPO-
THO3Y, U1 AeOpMalldii — IpeAeibHbIe qeopMaIiu
OCHOBaHMS (YHJJAMEHTOB B COOTBETCTBUH C MPHIIOKE-
muem ' CIT 22.13330.2016. Jlns moazemMHbIX TpyOoO-
MIPOBOJIOB NpEJeNbHbIE 3HA4YeHHA HE OIpeAeIIeHbI
HOPMAaTHBHO W JIOJDKHBI OBITH IMOJIyY€HBI PacueTHBIM
cniocobom, o uem rnacut myHKT 8.5.4 T'OCT 34737-
2021 n mynkt 5.4.1 CIT 305.1325800.2017, mpu aTom
OTCYTCTBYET IEPEUEHb JIOMYCKAEMBIX METOJIOB U Tpe-
OoBaHUs, TMPEIbSIBIAEMBbIE K METOAaM, pe3ysibTaTaMm
pacueToB W WX TOYHOCTH. TakuMm oOpa3zom, Bce pac-
YEeTHbIE METObI, ONPEAEISAIOIINe MEXaHUKY B3aUMO-
JIefcTBUA TPyObl M BMEMIAIOIIETO TPyHTa TOJIBKO B
OTIPENICTICHHBIX CEUEHHAX, JIMOO0 C THIHN3UPOBAHHUEM
re0JOrMYECKUX YCJIOBUH, SBISIOTCA IOIYCTHUMBIMH C
TOYKHU 3peHusl TpeboBaHmii (heepanbHbIX HOPM, HO, 110
MHEHHIO aBTOPOB, HE SIBJISIFOTCS PEJIEBAHTHBIMH IS
BCel MPOTSHIKEHHOCTH TPACCHl IMHEHHOTO COOPY>KEHUS
110 IPUYMHE HECOOTBETCTBUS TOYHOCTH PE3YyJIbTaTOB U
CJIOJKHOCTHM T'eOoTeXHUUeckoil cucreMbl « MMI' — moj-
3EMHBIH TPYOOTIPOBOI.

PestoMupyst, MO’)KHO BBIJIEINTH JBE OCHOBHBIE IIPO-
6JIeMbI COBPEMEHHOTO COCTOSTHHUS HOPMAaTHBHOMN JIOKY-
MEHTAallUd IO T'€OTEXHUYECKOMY MOHHUTOPUHIY IMOJ-
3eMHBIX TPyOONPOBOAOB:

e OTCyTCTBHE TpeOOBAaHUI IO METOJAM ONPEACICHUS
U TOYHOCTH NpeAeNbHBbIX 3HaYeHUH KOHTPOJIUpYe-
MBIX MapaMeTPOB Ui MOA3EMHBIX TPYOOIPOBOIOB
B KPUOJIHUTO30HE;

e OTCyTCTBHE TpeOOBaHWIl MO COCTaBY, 00BEMY, THU-
MOBBIM KOHCTPYKIIUSIM, PACIIOJIOKEHHUIO 3JIEMEHTOB
cetu I'TM u npuMeHseMBIM METOJaM HU3MEPEHUS
KOHTPOJUPYEMBIX MMapaMeTPOB JJIsl MOA3EMHBIX JIN-
HENHBIX coopyxeHuil B MMI'.

B xadecTBe pelleHUs BBISBICHHBIX MpoOieM aBToO-
pamu npeajaraercst K NIpUMEHEHUIO0 KOMIUIEKCHas Me-
TOJMKA pacyera MoJ3eMHOro Tpybompooga B MMI,
OCHOBHBIE UepPThI KOTOPOH MpeI0KeHbI B [16].

KoMnekcHas MeToJHMKa pacyeTa NOA3€eMHOr0
TPy60NpoOBOAa U ee IpMMEeHEeHHe
JAJ1A neJiel reoTeXHU4eCKOro MOHUTOPHHTa
[Tom3eMHBIH TPyOOIPOBO] pacroiaracTcs B pa3Ho-
00pa3HBIX TEOJIOTMYECKHMX M TCOKPHUOJOTHYECKUX
YCIOBUAX: CMEHSIOMIHUECS THIIBI PaCIpPOCTPAHEHUS
MMI o Tpacce, OT CIUIOMIHOIO 10 PEAKOOCTPOBHOIO
pactpoctpanennss MMI', Ha4uue nepeneTkoB, CKBO3-
HBIX ¥ HECKBO3HBIX TAJIUKOB, Pa3HOOOpa3Has JIHTOJO-
rud, MUPOKUE Auamna3oHsl Temmepatyp MMIT — ot
TeMmepaTyp, ONM3KUX K TeMIepaTypaMm (a3oBbIX Iie-
peXonoB, N0 TEMIIEpAaTyp IEepexoia B TBEPAOMEP3IIOE

COCTOSIHME — BCE IMEPEUYUCICHHBIE YCIOBHUA MOXKHO
BCTPETUTh Ha WHXKEHEPHO-TCOJIOTUYECKOM Tpoduiie
onmHOTrO TpybompoBoga. TpaHCHIOPTHPOBAHUE YTIICBO-

JIOPOJIOB Ha NPOTSDKEHHBIE PACCTOSHUS OJDKHO MPO-

W3BOAMUTHCSA MPH COOTBETCTBUM TPEOOBAHUSAM K MOJ-

JIEpKaHUI0 W M3MEHEHHUIO TeMIepaTyp IpOoAyKTa.

CMeHa TeXHOJIOTHUYECKUX PEXUMOB U U3MEHEHUE 00b-

€MOB TIepeKauyky NPUBOIAT K HAJIMYUIO TUAra30Ha

TeMIIEpaTypHBIX pPEXUMOB. VI3MeHsromuiics JaHa-

madT U penbed MOBEPXHOCTH, M3MEHCHHE BBICOTHBIX

OTMETOK TOBEPXHOCTH, BOJHBIE M HHBIE MpPErpajabl

MIPUBOISIT K CMEHE TMOJIOKEHUI TpyOOnpoBoa B TPYH-

Te, IPUMEHCHHIO OTBOAOB, KOMIICHCATOPOB, OaiiacTu-

POBKH U MHBIX JIEMEHTOB Pa3HOH HOMEHKJIATYPBHI.

Bce BhImenepevncieHHOe UMEET HEMOCPEICTBEH-
HOE B3aMMHOE BO3JICHCTBHE B T€OTEXHUYECKOU CHCTE-
Me «MMI' — moa3eMHBI TpyOOIPOBOI» W JOKHO
OBITh YYTEHO NpU MPOTHO3UPOBAHUH H3MEHEHUH CH-
cteMbl. TakuM 00pa3oMm, THITU3UPOBAHUE TEOJOTHYE-
CKHX YCIIOBHH M IMPHUMEHEHHE JBYMEPHOTO paciera B
nonepeyHoM cedyeHun opHoro tumna UI'Y He y4yuThI-
BalOT BCEro JHMara3oHa BO3MOXHBIX COYETaHUH reoso-
THYECKUX, TE€OKPUOJIOTUYECKUX M TEXHUYECKHX YCJIO-
BUI IIPOKJIAJKU B CUCTEME.

KomrutekcHast MeToanka, OCHOBaHHAsI Ha UTEpally-
OHHOM TEIJIOMEXaHUYECKOM pacyeTe BCeH MPOTSHKEH-
HOCTH TPacchl MOJ3EMHOI0 TpyOONpoBOJa, MPUMEHS-
ercs corpynaukamu AO «TomckHUIINHEDTH» B cBO-
ux npoekTax ¢ 2020 r. Metoanka 3aKirodaeTcsi B 00b-
€MHEHUHU TeMJIOTEXHUYECKOTO0 U MPOYHOCTHOTO pac-
YeTOB, MPOBEJICHUN aHallu3a UX Pe3yJbTaTOB U UTEpa-
IIMOHHOTO MOI00pa YKOHOMHYECKH 3(PPEKTHBHBIX 3a-
UIUTHBIX MEpPONPHUATHH, KaK OCHOBaHUS TpyOOmpoBoO-
Jla, TaK ¥ camoro TpyOOIpoBoja, MO OMPEACICHHOMY
aJrOpUTMY.

OCHOBHBIE TOJIOKEHHUSI METOJUKHU 3aKJIIOUAIOTCS B
CIEIYIOILEM:

1. PacueThl TEmJIOBOTO peKMMa TPYHTOBOTO OCHOBA-
HUS U PacyeThbl Ha MPOYHOCTb U YCTOWYUBOCTH TPY-
0ompoBOJia TOJKHBI TMPOBOAUTHCS UYUCIEHHBIMHU
METOJIaMH B CIIEIUATM3UPOBAHHOM IMPOTPaMMHOM
o0ecIieueHNH.

2. Jlia moA3eMHBIX TPYOOIPOBOMOB, MO TPacce KOTO-
pBIX ObUTH BCKPBHITHI MMI', MOMKHEI OBITH paccuu-
TaHbl TEIUIOBBIE PEKUMBlI U U3MEHEHHE HaNpsKEeH-
Ho-nedopmupoBanHoro coctosuus (HJC) monHo-
CTBIO 10 BCEH JJIMHE TPacChl, a HE JUIA OTIACIbHBIX
THTIOBBIX YYACTKOB.

3. Ilpu mpoBeneHUH pPacdeToB IOJKHBI OBITH YUTEHBI
ycioBusi, HauOojee OMU3KME K IapaMeTrpaM JKC-
IUIyaTalud TPyOONpOBOJia, C BOCCTAHOBICHHEM
HH)XEHEPHO-TEONIOTHICCKUX MPOQHICH ¢ ydeToM
nosioskeHuil rpanuny MMIT, m3MeHeHus Temmepa-
TYpHOTO peKuMa MpOoIyKTa.

OcHOBHBI€ 3TaIlbl IPOBEIEHHUS PACUETOB MO3EMHBIX
TpyOOIPOBOIOB OTpaXxeHHI B O10K-cxeme (puc. 1).
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Puc. 1.
MOHUMOpUH2a
Fig. 1.
otechnical monitoring

K wm3pIckaHusIM Ui TIOA3EMHON MPOKIAIKU TPYyOO-
MIPOBO/Ia JOJDKHBI MIPEIBSIBIATHCS 0cOObIe TpeOOBaHUS,
TaK KaK KOJIMYECTBO H O6’I)CM HCXOAHBIX HAHHBIX IJIsA
pacyeToB SIBISCTCS BaXKHBIM IUII KOPPEKTHOCTH MPO-
THO3UPOBAHUS U PE3yIbTaTOB pacueToB [17].

ITocne Toro kax MPOBEACHBI M3BICKaAHUA B JOCTA-
TOYHOM O00BEMe, CIEHUATUCTAMH TPyOOIPOBOIHOTO
TpaHcopTa paspabareiBaeTcsi mpoduib Tpaccsl, Ghop-
MHUPYETCSI BEpTUKAIbHAS TUIAHMPOBKA MPOKIAIKA TPY-
OompoBona, IPH HEOOXOAUMOCTH HAMEUAIOTCS TUKETHI
Cpe3KM WIIM JOCHIIKM TpyHTa, 0003HAYarOTCs MecTa
MepexoIoB Yepe3 nperpajbl. Takke MPOBOAUTCS KOM-
IUIEKCHBIN THAPABINYCCKUN pacdeT A TPYHIBI 00b-
€KTOB WJIM OTACNBHOIO TPYOOMpPOBOAA, TPH KOTOPOM

ba0K-cxema npumeHeHUs1 KOMN/AEeKCHOU Memoduku paciema nod3emMHo20 mpy6onposoodd 0151 HyHcO 2e0mexXHU4eckoz2o

Flowchart of application of an integrated methodology for calculating an underground pipeline for the needs of ge-

MOJOUPAIOTCS apaMeTpbl TpyOOIpoBoaa — ONpPEaeIs-
eTcs IuaMeTp TpyOOIpOBOJA U TOJIIUHA CTEHOK, OIle-
HUBAIOTCS TIapaMeTphl JaBIICHUS, IMPOITYCKHOW CIIO-
coOHOCTH, OmpeAeNseTcs TeMIEPaTypHbId PEeXUM Iie-
PEKavYKH MpOAyKTa U MaJCHUE TeMIepaTypbl QIrouaI0B
o Tpacce TPyOONpoBOAa IPH HEHU3OTECPMHUECKOM
JBUKEHUU KUIKOCTH. [lJI TEIUIOBBIX PacyeToB IPYyH-
TOB OCHOBAaHUSI HambOoJiee 3HAYMMBIM pE3yJIbTaTOM
THPABINIECKOTO pacueTa SBISETCS TpaduK IancHUS
TeMIepatypsl (UIIonaa OT MPOTSHKEHHOCTH TPAcChHl B
TE4EHHE BCEro nepuoja skciuryatanuu. CoBpeMEHHOE
IporpaMMHOe OOECIIeUCHUE MO3BOJIET ACTATIH3HPO-
BaTh U3MEHEHHE TEMIIEpaTypbl IPOIYKTa HE TOJIBKO 10
MPOTSHKEHHOCTH, HO M BO BPEMEHM, YTO IMO3BOJISET
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yU4ecTb pa3HOE TEIIOBOE BO3ICUCTBHE OT TPyOOIPOBO-
Jla Ha TPYHTHI OCHOBAaHHUS B JIOOOH TOUKE Tpacchl 3a
HCCIeyeMbIi TPOTHO3HBIN mepuoj. Ha ocHoBanum
pe3yNIbTaTOB T'HIPABINYECKOIO pacyera onpeaesseTcs
HEO0OXOJMMOCTb B TEIJIOBOW H3OJISALUH IS COXpaHe-
HUS HEOOXOIUMOTO TEMIIEPATyPHOTO PEKHIMa YTIICBO-
JOPOJIOB IPU TPAHCHOPTHUPOBAHUU. YUET HEUZOTEPMHU-
YECKOTO JBIKEHHSI KHUIKOCTH B TpyOOmpoBoae o0s13a-
TEJICH TIPH JUTMHAX TPYOOIPOBO/Aa OT HECKOJNBKHX KH-
JIOMETPOB, a TaKXKe MPH IMIMPOKOM JHAMa30HEe TeMIle-
paTyp, Kak 1o JJHHE TPACCHI, TaK U IO TOaM dKCILTya-
TaIK, MOCKOJBbKY TeMIlepaTypa MPOIyKTa SIBIISIETCS
OCHOBHBIM TEXHOT'€HHBIM TEIJIOBBIM BO3JEHCTBHEM Ha
BMEUIAIOIINE MHOTOJIETHEMEP3JIbIE TPYHTHI.
CchopmMupoBaHHBIH NPOGMIB TPACCHI, THAPABIHYE-
CKHE pacueThl, COBMECTHO C pe3yJIbTaTaMU HHXKEHep-
HBIX U3BICKAHUH, SBIAIOTCA UCXOJHBIMU JaHHBIMH JJIS
MPOBEJICHUS HAYaJIbHOW HUTEpallul TETIOTEXHUYECKHX
pacueroB. B cnenmanu3upoBaHHOM INPOrPaMMHOM
obecIieYeHNH U BCEX YYaCTKOB TPACCHI, HAXOSIINX-
csi B MMI', co3naercst TpexMepHasi pacdeTHast MOJIEb,
B KOTOPOil Bocco3aeTcsi Hpo(uiIb Tpacchl ¢ €ro JUTO-

VcnoBHbIE 0003HAYECHMS:

=== (cajiKa IpyHTa IpH TOJIIUHE TEII0BON U3ousnuu 88,5 MM

JIOTUYECKUM CTPOEHHEM, MOAEIUPYETCsS TEeMIEepaTyp-
HOE II0JIE M0 HCCIEAOBAaHHBIM TEPMOMETPUUECKUM
M3BICKaHMsIM, 0003HaYaETCS MECTOIONIOKeHHe (PpoHTa
MEP3JIOTHI, BBIICTISIOTCS. HEMEP3JIble TPYHTHI.

TpyOompoBoa Moaenupyercs ¢ U3MEHEHHEM Ipo-
CTPaHCTBEHHOT'O MOJIOXKEHUS B IPYHTE, B COOTBETCTBUU
¢ mpoduiIeM Tpacchl, ¢ TUHAMUYECKIM H3MECHCHHEM
TeMIeparypsl ¢monaa B TpyOOHmpoBoAe MO AJHHE
Tpacchl ¥ 110 BPEMEHU 3KCILTyaTalluH.

Lenp nepBoi UTepaluy pacuera — pacCuuTaTh H3-
MEHEHHE TEMIIEPaTypHbIX MOJEeH U CIPOrHO3HPOBATH
orrauBanue MMI' ¢ mepBoHayaJbHBIMU TEXHUYECKHU-
MU MEPONPUATUSIMU — TOIBKO C YUETOM MEPOIPUSITUH,
3aJI0KEHHBIX 110 pe3yJbTaTaM TEIJIOIMIPaBINYECKOro
pacueTa WM 3aJjaHusl Ha IPOEKTUPOBAHUE.

[TockonbKy HpH TEIUIOTEXHUYECKHX pacueTax pac-
cuuThiBaeTcs Bech MaccuB MMI, To W mporauBaHue
MMI MO>KHO MPOCUYUTATh AJIs BCEH JUTUHBI TPYOOIPOBO-
Ja. Pe3ynbraTroM TEMIOTEXHUUYECKOTO pacyeTa SBIISETCS
MPOTHO3UPYEMBIN TPOQIIF OCAAKHA TPyOOIpoBOIa —
rpaduk MaxcuMmanbHOW ocagku MMI™ 3a Bech mepuon
9KCILTyaTall|H 110 JUIMHE PACYeTHOro y4acTKa (puc. 2, a).

ala
110 A yiggTxa, M
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VcnoBHEIE 0003HAYEHMS: 6/b

—<o— TemmnepaTypa rpyHTa B TOUKE YCTAaHOBKH TEPMOMETPUUECKON CKBaXxHHBbI, 1ata 12.09.2021
—2— Temmneparypa IpyHTa B TOUKE YCTaHOBKH TEPMOMETPHIECKON CKBaXKMHEL, fata 15.09.2023
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Puc. 2. Pe3ysibmambl mensiomexHu4eckozo paciema: a) npoguab ocadku pacyemuoli modeau dauHoli 135 m; 6) npozHo3Hble
memnepamypbl 2pyHmMa 8 mepmMomempu4eckoll CkeajicuHe no mpacce mpy6onpogoda
Fig. 2.  Results of thermal engineering calculations: a) settlement profile of the design model with a length of 135 m; b) pre-

dicted ground temperatures in a thermometric well along the pipeline route
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Ilockonbky A MOA3EMHBIX TPYyOONPOBOJIOB OT-
CYTCTBYIOT HOpPMAaTHBHBIE OIpPaHMUYECHMs II0 OCaJKe
TPYHTOB OCHOBaHUS, IIPU NPOBEIEHUM IIE€pBOHAYAIIb-
HBIX TEIUIOTEXHHUYECKUX PacueTOB TPeOyeTcs HCKITIO-
4yaTh BBICOKME 3HAYEHUS MPOCAJKU TPYHTOB B KOPUIO-
pe Tpacce TpyOompoBoma IS HENOMyNICHUS 3HAYH-
TEJIBHOTO MOHMKEHUSI OTMETOK €CTECTBEHHOI'O pellbe-
¢a. Tepmonpocaska B 30He NPOKIaIKU TPyOOIpoBOga
¢ 00pa3oBaHNEM JIO)KOMHBI BJIOJIb OCH TPYOBI BO BpeMsI
9KCIUTyaTallud MOXET MPHUBECTU K PAa3BUTHUIO SK30T€H-
HBIX T€OJOTMYECKUX IMPOILECCOB, MPOLECCOB OOBOIHE-
HUS U 3a00JaYMBaHUs, CTOKA ITOBEPXHOCTHBIX BOJ B
30HY TpaHIIeN TPyOOIpoBOAa C MOHIDKEHHEM BBHICOT-
HOU OTMETKH penbeda, pa3BUTHIO IPOLECCOB MyUEHUS
U ycKopeHus mpoueccoB aerpagaunun MMI'. B 3aBu-
CUMOCTH OT MHXXEHEPHO-T€0JIOTHYECKOI'0 CTPOEHHUS U
XapaKTEPUCTUK TPYHTOB MPHUIIOBEPXHOCTHOIO CJIOS
TpeOyeTcss OrpaHHYMBATh 3HAYCHUE MAaKCHUMaJIbHOM
0CaJKU TPYHTOB, KOTOPOE MOKHO HUBEJIMPOBAThH NPHU
MOMOIIM 3aIIUTHBIX MEPONPUATUI 1O OTBEIEHHIO IO-
BEPXHOCTHBIX BOJ OT TPaHIIEH — (JOPMHUPOBAHHIO KIO-
BETOB Y IIOJOLIBBI OTKOCA, HaATPAHIIEHHOIO BaJIMKa,
BBICOTA KOTOPOTO ONpPEAETISETCS C YIETOM OCaJIKH.

Ilocne anamu3a pe3yiabTaTOB IEPBOM HUTepalUu
TEIUIOTEXHUUYECKOr0 pacueTa P BBICOKUX 3HAUCHMSX
0CaJKU MPOU3BOAUTCS JAONOJHUTEIbHBIN TEMJIOTEXHU-
YeCcKUil pacdeT ¢ MoJ00pOM 3alIUTHBIX MEPONPUSITUI
10 YMEHBIIIEHUIO OTTaUBaHUSA — PACCMATPUBAETCS yBe-
JIMYCHUE TEIJIOBOM W3OJSAIMH TPyOOIpoOBOAa W/WIIH
peainzanus TEIUIOBOM M30JSLUH KOTJIOBaHa, IPOBEe-
HUE 3aMeHbl TPYHTA Ha HEMyYWHUCTHIE TPYHTHI U MHBIE
Meporpuatus. Takum 00pa3oM, IUKI TEIUIOTEXHHUYE-
CKHX PAacyeTOB IIPOJOJDKAETCS IO YyIOBJIECTBOPEHHS
YCJIOBUHU IO MCKJIIOYEHUIO BBICOKMX 3HAYEHHM 0CaJoK
U BO3MOXXHOIO Ppa3BUTUS OIACHBIX I'€0JIOTHYECKHX
mnpoleccoB (B OJIOK-CXeMe JJaHHbIE YCIOBHUsI Ha3BaHbI
«TEOJIOTHUCCKUMHE ).

B pesynbrate opmupyeTcs OKOHYATENBHBIN IIPO-
¢wnp ocamkn MMI™ mpu OTTaMBaHWW, KOTOPBIA HC-
MOJIb3YETCA B KaueCTBE UCXOAHBIX JAHHBIX Ui 3a/a-
HUSl JOIONHUTEIBHBIX YCJIOBHH Harpy3kd Ha TpyOo-
MIPOBOJI NPH MPOBENEHUH CIEAYIOIIEro 3Tana — npoy-
HOCTHOI'O pacyera.

IIpouHocTHOM pacueT NpoOBOJUTCA B CIELUAIU3U-
POBaHHOM MPOTPaMMHOM OOECTIeUeHIH Ha BCIO UTHHY
TpybomnpoBosa, kak B MMI', Tak 1 B HEMep3JbIX TPYyH-
TaxX. B IpoYHOCTHBIX pacdeTax y4UTBIBAIOTCSA BCE IIPO-
CTPaHCTBEHHBIC M3MEHEHHS TPyOOIpOBONA, MPUMEHE-
Hue OaJyIaCTUPOBKHM, THUI BMEILAIOLIETO0 IPyHTa, Xa-
PaKTEpUCTUKHU TPOAYKTa U TPYOBl U JApyrue mapameT-
pel [16]. IIpu HeynoBiIETBOpEHUM PE3YIbTATOB MIPOY-
HOCTHBIX YCIIOBHI ITOJOHMPAIOTCS 3alIUTHBIE MEPOTIPH-
SITUSL K TpyOONPOBOY — OT 3aMCHBI OTBOJIOB U H3Me-
HEHHS paJiiyCcoB M3Trnda 10 YBEIMYCHHUS Kilacca Mpod-
HOCTU cTanu. Ilpu MOBTOPHOM HEyZOBIETBOPEHUHU
MPOYHOCTHBIX YCIIOBHHM OTMEUYAIOTCS MUKETHI TPYOBI C

MIPEBBIIICHUEM HANpsDKEHUI M HampaBlIAIOTCSA B Kade-
CTB€ HUCXOOHBIX JAaHHBIX Ha I[MOBTOPHYIO HUTCpaluio
TEIUIOTEXHMYECKOTO pacdeTa Uil 1Moxdopa W IpuMe-
HEHUs JONOJHUTEIbHBIX MEPONPUITUN OCHOBAaHUS Ha
KOHKPETHOM Yy4YacTKe Tpacchl, Jajee — IOBTOPHBIN
MPOYHOCTHOU pacueT. [Ipu yqoBIETBOPEHUHN YCIOBUN
MPOYHOCTH TPYOBI 3aIIUTHBIE MEPOIPHATHS OCHOBA-
HUsSL TpyOOmpoBoJa U Telaa TpyOoIpoBoJa yTBEpKAa-
IOTCA KaK OKOHYAaTCJIbHBIC, HA OCHOBAHWU JAaHHBIX pE-
3yNIBTaTOB pa3padaTeiBacTCs pabodas JOKyMEHTAIHUs
o TpyOoIpoBOAaM.

[lo HalmeMy MHEHHUIO, IPUHATHIE IPOEKTHBIE peLIe-
HUS O KOHCTPYKIMH TPyOOIpoBona ciyxar 0a3oit
Juis mpoekTupoBaHus cetu I'TM s ero 6e3omacHoit
9KCIUTyaTalnH.

Jis pa3pabotku paboueil JTOKyMEHTAIMH IO T'eo-
TEXHUYECKOMY MOHUTOPHHTY IOA3EMHOT0 TpyOompo-
BOJIa TpeOyeTcsl He TOJIBKO MPUMEHEHHUE CIEIUATBHBIX
KOHCTPYKIMH AehOpManOHHBIX MAapOK, HO M HAIMINE
NPEAETbHOT0 KPUTEpHS IO IepOpMaIusaM, KOTOPBIH
MOJET OBITh MOJYYEeH TOJBKO PacUeTHBIM IyTeM, TaK
KaKk HOPMAaTHUBHOC 3HAYCHHE OTCYTCTBYET, a IIperei
JIOJDKEH OBITh JUHAMUYECKHM, OTpaXkas H3MEHAEMOCTh
cucTeMsl Mo Tpacce. MIMEHHO 3Ty 3ajady U pemaer
KOMITJICKCHBIH MOJXO0J K IPOCKTHPOBAHUIO OOBEKTA —
npoWIb OCalKh TPYOOIPOBOJA XapaKTepHU3yeT Mak-
cuMmanbHyo ocagky MMI' npu oTTauBaHUU B TEUYEHUE
MepHOJia IKCIUTyaTallid C BBHICOKOW IUTAHOBOW W BBI-
COTHOW TOYHOCTBIO, NMPH KOTOPOH OYAyT YIOBIETBO-
PEHBI YCIIOBHS IPOUHOCTH, B CBSI3U C UeM oOecreunBa-
ercs 0e30macHas dKCIUTyaTalus 0ObeKTa.

TakuMm o0pa3zom, TPOQPHIL OCaAKH OOOCHOBAHHO
SIBIIIETCSI PACUETHBIM MPEAEIbHBIM KPUTEPHEM IO Je-
¢dopmarusiM, 3a TPEBBILIEHUEM KOTOPOTO M JIOJDKCH
MPOU3BOAUTHCA KOHTPOJIb, YTO ITOJIHOCTHIO OTBECYACT
TpeOOBaHUAM HOPMATUBHOM TOKYMEHTALIMH.

KommekcHbIil pacyeT Mo3BOJISET MOJYyYUTh MPO-
THO3HBIE pacueTHbIe 3HaueHus Temneparyp MMI, a
TaKXe 3Ha4YeHUs nepemMenieHuid kposimu MMI'. B ten-
JIOTEXHUYECKUX pacdeTax MOJEIHPYeTcs BECh I'€0JIO-
TMYECKHH MAacCHB IO TPacce, 4TO IO3BOJSET (hOPMH-
poBaTh Tpad)uKN MPOTHOZHOTO NU3MEHEHHUS TeMIepaTyp
TPYHTOB B JII00OH TOUKEe TPAacChl, KOTOPBIA MOXET OT-
CJIC)KUBATBCA BO BpEMA OKCIUIyaTalluhd B TEPMOMCETPHU-
yecknx ckBaxuHax (TC), ycTaHOBICHHBIX IO Tpacce
Tpy6OIpOBO/Ia C IPOCKTHBIM I1aroM (puc. 2, 6).

IIpuMeHsieMble METOABI M KOHCTPYKLMHU
AJi1 u3Mepenus gedopmanuin
0/;3€eMHOTr0 TPyGOoNnpoBoAa

[ockompky HOpMAaTHBHAs TOKYMEHTAlHs IO T€O-
TEXHUYECKOMY MOHUTOPHUHTY HE OrOBapHUBAaeT KOH-
KPETHBIX METONOB U KOHCTPYKLUH DIIEMEHTOB CETU
I'TM o mapameTpy aedopmanuii TpyoonpoBoa, pac-
CMOTPHUM YK€ MPUMEHSIEeMble METOJbl 1 KOHCTPYKLUHU
JUTSL U3MepeHus JeQopManuili moa3eMHOro TpyOompo-
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Boga. Knmaccuueckum meronom usmepeHus aedopma-
Ui WIN BEPTUKAIBHBIX IEPEMEIEHUN SBIIIETCS I'€0-
METPUYECKOE HUBEJIHUPOBaHUE. {151 HEro NPUMEHSOT-
Csl KOHCTPYKLMHU, UMEHYyEeMbIE PENEPHON MapKoi, niu
nedOopMallMOHHON MapKo#, UIsl MOA3EMHBIX TPy0O-
IIPOBOJIOB.

B KOHCTPYKIMIO MapKu BXOAUT METAJUIMYECKUI XO-
MYT Uil KPEIUIeHUs] K TpyOOIPOBOAY C TEIUIOBOM H30-
msanued. K KoHCTpyKIMu XoMyTa KpemnuTcsl CTOMKa Jie-
¢dopmanmonHoit Mapku. OCHOBHas IpoOieMa TaHHOH
KOHCTPYKIMH — OTCYTCTBHE yCTOWYHMBOTO IUIAHOBOTO U
BBICOTHOTO TIOJIOXKEHMsI OroyioBka mapku [18]. Bricot-
HOE TIOJIOKEHHE 3ariTyOJIeHHOTO TPYOOIpOBOIa B TPyH-
T€ MOXET JOCTHraTb HECKOJBbKHX METPOB, BBICOTA
HaI3EMHOM YacTH TakKe MOXET gocTurarb 1-1,5 M,
TakuM 00pa30M CTOHKa 3a c4eT OOIIeH JUIMHBI MOXKET
TEPATh JKECTKOCTh U COOCTBEHHOE YCTOMYMBOE IOJIO-
xeHne. Takxke Helb3sl TpeHeOperaTb W WHBIMU IIPO-
LeccaMi, BO3HMKAIOIIUMHU B IpyHTax, — CMeEp3aHue
CTOHKHU C TPYHTOM, ITyuy€HHE IPyHTa, CMEIIEHUE IPyH-
TOB, TEMIIEPaTypHOE IUHEWHOE pacHIUpeHue TpyOo-
MPOBOJIa, IPUBOMAIICE K M3JIOMY 3allleMIICHHON TPYH-
ToM Mapku. OJJHaKO, HECMOTPs Ha BCE MEPEUUCIICHHbIE
MHUHYCBI, MapKa JUJIsl T€0JIe3UIeCKUX METOJI0B U3Mepe-
HUs JeopMalmid MO3BOJIAET OTCIE)KUBATh BEPTHKAIIb-
HOE IepeMelIeHne TPyOOIpoBOAa TPH OTTaUBAHUU
nnu mydyeHun MMIT B OCHOBaHMM, KOHCTPYKIHSL MO-
JKET U3MEHSATHCS TI0J] pa3jIMyHble TPEOOBAHUS JKCILTY-
ATUPYIOIIUX CIIYXO0, IUIsl M3MepeHus nedopmanuid He
TpeOyeTcss AONOJHUTEIBHOTO OOOPYIOBaHHUSA, KpoMe
reoziesndeckoro. [Ipu yacTom mare yCTaHOBKH MapoK
o Tpacce TPyObl U COBMECTHOM aHAJM3€ C Pe3ylbTa-
TaMH BHYTPUTPYOHOU TUArHOCTUKU MOTYT JOCTUTaTh-
Csl YJIOBJIETBOPUTENBbHBIE PE3YJIbTATHI MO OMPEACTICHUIO
TJJAHOBO-BBICOTHOTO TIOJIOKEHHUS TOA3EMHOTO TPY0O-
MPOBO/IA.

Taxke CTOUT OTMETHTh Pa3pabOTKy aBTOMATHU3H-
POBAHHOM CHCTEMBI TE€OTEXHUYECKOTO MOHHTOPWHTA
MOJ3€MHOTO TPyOONPOBOAA, 3alaTeHTOBAHHOM CO-
tpynuukamu ITAO «Tpancuepts» [19]. YcrpoiicTBo
ABTOMAaTU3UPOBAHHOTO T€OTEXHUYECKOTO MOHHTOPHH-
ra TpyOoIpoBoAa oOecleunBacT IONyUCHHUE NAaHHBIX
TeMIepaTypbl OKpY>KaloLIero Bo3lyXa B paiioHe pasz-
MEIICHUSI MapKH, TEMIIEPATYPBI 110 NIEPUMETPY HapyK-
HOW TIOBEPXHOCTH TPYOOIPOBOJIA WM TETIOU3OJIINAN
Ha TpaHUlle C IPYHTOM, IPOCTPAHCTBEHHOIO IMOJIOXKE-
HUS TIOJ3E€MHOr0 TpyOONpoBOJa MPH MOMOIIM yCTa-
HOBJICHHOW Jie()OpMAIIMOHHON MapKu, a TakkKe BO3-
MO>XHOCTb UCIIOJIb30BaHUS TMCTAHLIMOHHOTO METOoJa —
BO3JYLIHOTO JlazepHoro ckanupoBanus (BJIC) c wuc-
MOJIL30BAaHUEM TUIACTHHBI-OTpaXkaTens. [looxuTensb-
HbIMHU CTOPOHAMH NPUMEHEHUS JAHHOTO PEIICHUs SB-
JISETCSI TOJIy9eHUE TeMIIEpaTypHOTO pacIpeieicHus] B
OCHOBaHMM TpPyOONpOBOAa B AaBTOMATH3MPOBAHHOM
pexuMe, BO3SMOXKHOCTh IIPUMEHEHHUs 0ojiee ObICTPhIX U
COBPEMEHHBIX METOJIOB M3MEPEHUH MO MePEeMELICHUIO

TpyOompoBoaa B npoctpancTBe. HecMoTps Ha 310, MU-
HYCOM SIBJIACTCSI CIIOKHOCTh KOHCTPYKIHH CHCTEMBI,
MPUBOJIAINAS K O0IIEMY yIOPOXKaHHIO IIPOSKTa U OTpa-
HUYCHHUIO €€ MPUMEHEHUS Ha TPyOOmpOBOAAX IIOBBI-
LIIEHHOTO YPOBHSI OTBETCTBEHHOCTH, MAarHCTPalIbHBIX
TpyOOIIpOBOIaX.

JedopmanmoHHbIe MapKu AN MOI3EMHBIX TPY0O-
MPOBOJIOB UMEIOT CYIIECTBEHHbIE MHUHYCHI — IO HUM
MOXHO CYJWTH TOJBKO O JIOKAIILHOM HW3MEHEHHH IPO-
CTPAaHCTBCHHOTO MOJOXKEHHUs TPyOOIpoOBOga B TOYKE
YCTaHOBKM MapKH, pe3yJbTaTbl MOHUTOPHHTA JHUC-
KpETHBl BO BPEMCHH, HOPMATHUBHOW TMEPHOIMYHOCTH
HU3MepeHud Je@opManuii MoXKeT ObITh HEAOCTATOYHO
JUTSL OTCIICKUBAHUA U3MEHEHUH MOJIOKEHHs TpyOompo-
Bojia. [Ipy 3TOM KOIMYECTBO MapoK JOJKHO obecrie-
YUBAThH IIOJyYCHHE JAaHHBIX MO BEPTHUKAIBHBIM IIEepe-
MEIIEHHUSIM HE TOJBKO CaMBIX OIACHBIX YYaCTKOB Tpac-
CBl, HO ¥ BCEll MPOTSHKEHHOCTH TPACChl, JJISI BO3MOXK-
HOCTH 3aKJIIOYCHHUS O 0E30MacHOM COCTOSHHUH TPy0O-
MPOBOAA, YTO MPUBOIUT K YBEIUYCHUIO 00beMa paboT
1 CTOUMOCTH MOHUTOPHUHTA.

Juist Toro 4TOOBI HEMPEPHIBHO M3MEPSTH JAedopma-
oA B TPyOOMpPOBOAE MO BCEH €ro MpOTSHKEHHOCTH,
MPUMEHSIOTCS BOJIOKOHHO-ONTUYECKHE CHUCTEMBI, CO-
cTofAIINe M3 Habopa paclpeelieHHBIX JaTYUKOB (CEH-
COpPOB) W aHAJM3aTOpa pPaclpelelCHHBIX NaTINKOB
[20-24]. JlanHble cHCTEMBI B KauecTBE JATYMKOB HC-
MOJIL3YIOT CaMO BOJIOKHO, 32 CYET 4Yero W3MepeHHue
TeMrepatyp U aeopmanuii MpOU3BOIUTCS 1O Bcel
JUIMHE TpyOOIpoBOia, NPHU 3TOM JaHHBIE CEHCOPBI
HMMEIOT HIMPOKHIA IUAna3oH pabovux TeMIepaTyp, OHU
YCTOMYMBEI K XUMHUYECKHIM M MEXaHUYECKUM BO3IEH-
CTBUSIM, HE TpeOYIOT 00cmyKuBaHusl (IpU OTCYTCTBUU
nedeKToB), a TaKKe JOMOJHUTEIHHOTO AJIEKTPOMUTA-
Hus. IlpuHnun nelcTBUS pacHpelesIeHHbIX BOJOKOH-
HO-ONTHYECKMX CEHCOPOB OCHOBaH Ha 3¢dekTe pacce-
vBaHMus MasjensiraMa—bpuiiiosHa, Ipu  KOTOpOM
CIBUT YacCTOThl OTPAXXCHHOTO ONTHYECKOTO CHUTHAJa
3aBUCHT OT TeMITEpaTypbl u gedopmarmu. OnTHaecKoe
BOJIOKHO Pa3MEUICHO B PACHpeelieHHOM JaT4uKe Jie-
¢dbopmaru TakuM 00pa3oM, 4TOOBI MAaKCUMAILHO TOY-
HO Tiepenath aedopMaiuio 00bekTa MOHUTOPHHTA Ha
BOJIOKHO, HE JIOIyCKasl ero paspylleHHs B IIHPOKOM
muanazoHe pedopmanumit. s pasHoro thma 3amad
CCHCOPHI TEMITEPaTyphl U Ie(GOpMaIlid MOTYT IIpHMe-
HATBCSI KaK COBMECTHO, TaK WU pa3fesbHO. BaXHbIM
YCIIOBHEM JJIsl ONpeieNieHusl iepeMelIeHus: TpyOoIpo-
BOJIa B TIPOCTPAHCTBE SBISETCS pa3MEIICHUE JTATYUKOB
M0 TpeM HampaBJeHUAM OT ocu TpyOompoBoma [25].
CeHCOpbI KpemsiTes: K TpyOOnpoBOAy HMpU MOMOIIH Me-
TaJNTAYECKUX XOMYTOB, IUTACTUKOBBIX CTSDKEK, MO0
TIPY TIOMOIIH WHOH OOMOTKH C OIPEIEIICHHBIM pacyeT-
HBIM IIIarom, o0OecrieunBasi MJIOTHOE MPHUIIETAHUE CCH-
COpoB K Tery TpybompoBosa. [IpenmyriecTBa cucTeMsl
COCTOSIT B HETIPEPHIBHOCTHU IMOTYUCHUS TAHHBIX, BBICO-
KOW TOYHOCTH ompejencHus aeopmanuii mo Bcei
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JUIMHE Tpacchl, UCKIIOUCHUU YEIIOBEYECKOro (hakTopa
IpU U3MEPEHUAX JeopMaIuid, yMEHbIICHUH TPYI03a-
TpaT Ha IPOBEACHUE MOHUTOpPUHIA. TeM HE MEHee He-
JOCTaTKaMH CHCTEMBI SBJSIIOTCA €€ KpailHe BBICOKas
CTOUMOCTD, JJIUTEIbHBIA MPOLECC IIyCKOHANANKH U
KaJHOPOBKH CEHCOPOB, CIOXHOCTh HHTEPIIPETANN
HaNpPsDKEHUH, TIOTYYEHHBIX OT CEHCopa B (PU3UUECKOE
nepeMelieHue 00beKTa, HeOOXOAUMOCTh B CIIEIMATH-
3MPOBAaHHOM NPOTPaMMHOM 00ECTICUEHUH ISl aHAIN3a
W XpaHeHWs HWHPOPMAaIH MO0 MOHUTOPUHTY. Taroke
CUCTEMA SIBJIIETCS YSI3BUMOW C TOYKU 3PEHHUS PEMOH-
TONPUTOJHOCTU — IPU HAIMYMM pPa3pbiBa BOJOKHA,
MIPOLIECC MOHUTOPUHIA HEBO3MOXEH O MOMEHTa pe-
MOHTa BOJIOKHA, JUI1 KOTOPOTo MOTPEeOYIOTCSI MOBTOP-
HBIE 3eMJIIHBIE pabOThl, BOCCTAHOBJICHHUE JIMHUHU OIITO-
BOJIOKHA 1 [TOBTOPHOM ITyCKOHAIAJKU CUCTEMBI.

[Ipouecc MOHMUTOPHHTa 3aKIIIOYAETCs B CPAaBHEHUU
(akTHUYECKOIl U IpenenbHON pacueTHOM aedopmanuu
TpybompoBoga. IlockombKy pe3ynbTaToM KOMIDIEKC-
HOM METOAMKHU MPOBEJEHHS PAaCUeTOB OA3EMHBIX TPY-
OOMpPOBOJIOB fABINSIETCA MaKcUMallbHas ocanka MMI
IIpY OTTaMBaHUM 3a I[EPHUOJ ODKCIUIyaTallud IO Bcel
Tpacce TpyOOIpoBOja, SBIAIOLIAsCS PACYETHOH mpe-
JeNbHOM  JedopManreil TeOTEeXHHUYECKOW CHUCTEMBI
«MMI —1py0omnpoBoa», IOO00H H3 TMMEePEUUCICHHBIX
METOJIOB IPOBENEHUS F€OTEXHUUYECKOT0 MOHHUTOPUHTA
MOJ3€MHOT0 TPYOOIPOBOAA COBMECTUM C M3JIOKEHHOM
KOMIUIEKCHOW METOIUKOH.

0GocHOBaHME KpUTepUEB AJIs1 HAa3HAaYeHUs
cocTaBa, 06'beMa CeTH U Pacnoji0KeHus
3j1eMeHTOB ceTu 'TM a1 o 43€MHBIX
JIMHENHBIX cOOpy:xKeHni B MMTI'

I'eorexunueckas cucrema «MMI' — moa3zeMHBIN
TpyOOIPOBOI» BO BpeMs SKCIUTyaTalldd MMEET BHYT-
peHHee B3auMoJieiicTBre: (DYHKIIMOHUPOBaHUE TPYyOO-
MPOBOJIa TPUBOAUT K HM3MEHEHUIO BCEX KOMIIOHEHT
Te0JIOTMYECKON Cpelibl, U HA000pOT, U3MEHEHHUE CPEbI
MMEET BO3JCHUCTBUE HA TEJNO TPYOOIpPOBOJA, MOITOMY
MpOBECHHE HATYpHBIX HAOMIONEHHH Tpedyercs s
BCEX OCHOBHBIX MAapaMETPOB CHUCTEMBI — TEMIIEpaTypa
MHOTOJIETHEMEP3JIOTO TPYHTa, YpPOBEHb IOA3EMHBIX
BoA, nedopmarsi MMI', BbIcOTa M TUIOTHOCTH CHEX-
HOTO  TIOKpOBa,  TeEMIepaTypa  OXJAXJAOIINAX
YCTPOUCTB, MEIOCTHOCTh U KOHTpodb HIC tpyOormpo-
BOJA.

g pemienus npoOieMbl OTCYTCTBHUSL TpeOOBaHUN
HT/ mo cocraBy, 00beMy W PacCIONOXKEHHUIO 3JIEMEH-
ToB cetd ['TM 1 1OJI3eMHBIX TPYOONPOBOIOB aBTO-
pamu ObUIO TPOBEEHO HCCieJOBaHUE TpeOOBaHUM K
BHUJAaM HaONIOJICHHUI MPU MOHUTOPHUHTE, MPOAHAIN3H-
POBaHBI PE3yJbTAaTHl COOCTBCHHBIX PACUCTOB ITOJ3EM-
HBIX TpyOONpOBOJAOB MO KOMIUIEKCHOM METOIUKE,
nyONUKAlMK TI0 MOHUTOPUHTY TOA3EMHBIX TPyOOIpo-
BOJIOB M C(OPMHPOBAHBI MPEIJIOKCHUS 0 Ha3HAUC-
HUIO KOHTPOJHUPYEMbIX MapaMeTpOB B NPOJOJIKEHUE

tabmumel M. 1 CIT 25.13330.2020 (Tabn. 2) ¢ npusene-
HUEM KPaTKOTr0 00OCHOBaHUS B MPUMEUYAHUH TaOJIHIIBL.

Temnepamypa epynma. PacctaHoBKa TepMOMETpPH-
YEeCKMX CKBAXKMH HOPMAaTHUBHO HE OTPaHUYEHA, MO3TO-
My KpuTepHeM i nojadopa odbeMa CeTH TEpMOMET-
PUYECKHUX CKBAaXXHUH SIBJISIETCS BO3MOXKHOCTH OTCIIEXKH-
BaTh KPUTUYHBIE TEMIIEPATypHbIE U3MEHEHUS IO Tpac-
ce, MPHU 3TOM IIar KOHCTPYKUUI TOMKEH OBITh SKOHO-
MHUYECKH Ieiecoo0paseH. DTo MPUBOAUT K HEOOXOIU-
MocTu paccTtaHoBkH TC ¢ ompenesneHHbIM IaromM M
JIOTIOJIHUTENILHBIM ~ CTYIIEHHEM CEeTH Ha Haubonee
«OTACHBIX» MUKETaX TPACCHI C HANOOJbIIEH BEPOSTHO-
CTBIO OTKJIOHEHUS OT MPOEKTHBIX TEMIIEPaTypPHBIX 3Ha-
YeHUU — B TIOHIKEHUIX penbeda, Ha ydyacTKax BOJIU3U
BOJIHBIX TIEPEXOJIOB, HA MEPECEUCHHUAX C MHBIMH TPY-
OompoBomaMH, W3MEHEHHSAX THIIA PACIPOCTPAHEHUS
MMI', BOM3U C GpOHTOM MEP3IIOTHI.

[TockonbKy Ha JaHHBIHK MOMEHT TPeOOBaHUS HOPM
JUISL TEOJIOTUYECKUX HU3bICKAaHUN SABJIAIOTCS JOCTaTOY-
HBIMU JJIs1 IPOBEACHUS TEIUIOTEXHUUYECKUX PacuyeToB
Tpacchl MOA3EMHOTO TPYOOIPOBO/a U MPOTHO3HPOBA-
HUSl U3MECHCHUI, HA OCHOBAaHHU KOTOPBIX MPUHUMAIOT-
C TEeXHUYECKHE PELICHUS U Ha3HA4yaroTcCs 3alllUTHHIE
MEpONpUATHS, 0OOCHOBAHHBIM SBISIETCA NMPUMEHEHUE
mara reoJIOTMYecKiX BBIPaOOTOK ISl IMOJA3EMHBIX TPY-
OOIPOBOJIOB IS IIeIe HATYpHBIX HaOmroneHuid. 11lar
M0 CTYIICHUIO CETH TaKXKE MPHUHAT B COOTBETCTBHUU C
IaroM 10 WHXKEHEPHO-TCOJIOTHYECKUM H3bICKaHUSM
JUTSL BOAHBIX IIEPEXO0B.

Yposenv nooszemmnvix 600. CraumoHapHble HaOIIO-
JIEHUsI 32 TUAPOTEOJIOTHUECKUM PEKUMOM HEOOX0TUMO
MIPOBOJAUThL B CiydYasX, KOrJa HOJ3eMHbIE BOJABI pac-
MPOCTPAaHEHBI UM MOTYT 00Pa30BbIBATHCS B 30HE B3a-
UMOJICHCTBHS OSKCIUTyaTHpyeMoro oObekra ¢ MMI,
MIPOTHO3UPYETCS TPOIIECC 3aTOTUICHUS, a TaKXKe, €CIH
MOJ3eMHBIE BOABI MOTYT BIUSTh Ha H3MEHEHHUE
CBOICTB IpyHTa U MHTEHCHBHOCTh Pa3BUTHUS OMACHBIX
TCOJIOTHYECKUX TPOIECCOB, TAKHX, KaK TEPMOKApCT
WIM MOPO3HOE ImyueHue. KoamuecTBo 371eMEeHTOB CeTH,
MEPUOAUYHOCTh U TMPOJOIDKUTENBHOCTh HAOIIOACHUI
JIOJDKHBI OBITH 0OOCHOBAHHI IIPU pa3paboTKe Mporpam-
Mbl MOHUTOPUHIA C YYETOM CJIOKUBIIHUXCS IPUPOIHBIX
ycnoBuid. [IpooKUTENhHOCT HAOTIOACHHA JTOJDKHA
COCTaBJISTh HE MEHEE OJJHOTO THAPOJIOTHYECKOTO Tojia
WIM NEpUosa NPOSIBICHUS Npoliecca, NepUOAUYHOCTh
HAOMIOJeHUH JOJDKHA TapaHTUPOBATh PETUCTPALUIO
MaKCUMAJIbHBIX W MUHHMAJbHBIX 3HAYEHHH H3MEHe-
HUN KOMIIOHEHTOB T'€OJIOTHYECKOW Cpeibl 3a IEPUOT
HaOIIOACHUH.

Juia I npunnuna ucnons3oanuss MMI' ¢ coxpane-
HUEM MEpP3JIOTO COCTOSHHS Ha IMEPHOJ DKCIUTyaTaluu
MPUMEHEHNE THAPOre0JIOrMYeCKUX CKBaXHH HeLele-
coobpazno. Ilar B 1-2 kM s 1l mpuHIMIIA HCIIOTIB30-
Baaust MMI' 11 yCTaHOBKH THAPOTEOIOTHYECKOTO
pekuMa pu oTTranBanud MMIT 000CHOBaH HaTMYHEM
MaJIOU3MEHSIEMOT0 TEMIIEPAaTypHOTO PeXUMa MPOAYK-
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Ta B TpyOOIPOBO/E B AMANa3oHe IIara rUIpOoreooru-
YeCKUX CKBOXHUH. IIpH 3TOM OCHOBHOE peIIeHHE II0
BEIOOpPY IIara ¥ yCTAaHOBKE ONMHOYHBIX HaOMIOqAaTEeNb-
HBIX CKB&)KMH JOJDKHO IPUHUMATHCS U ONHUCHIBATHCS B
mporpaMMe MOHHMTOPWMHTAa C YYE€TOM KOHKPETHBIX
YCIIOBUI MpOEKTa TPyOOIpPOBOJIA W aHANW3a €r0 TUA-
POJIOTHYECKUX YCIIOBHIA.

Temnepamypa oxnaxcoarowux ycmpoticms. Ilpu
HaJIMYUU CE30HHOJEHCTBYIOMIMUX WJIM TOCTOSIHHO JIEH-
CTBYIOLIUX OXJIAXAAIOLIUX YCTPOHCTB, MPUMEHAEMBIX
npu | npunnune ucnonezoBaHust MMI, Tpebyercs
MIPOBEPSATH PAabOTOCIIOCOOHOCTH BCEX YCTPOWCTB IpH
MOMOIIIXM TEINIOBU3UOHHONM CHEMKH HAI3€MHON YacTH
TEPMOCTA0MIIN3aTOpa, MPU TOMOIIM MUPOMETpa HIU
BH3YaJIbHO 10 HAJIMYMIO KOH/IGHCATa HA OpeOpPeHUH.

Bvicoma u niomnocmu cnexcrnozo noxposa. CHex-
HBII MTOKPOB SIBJIAETCS BaXXKHBIM MapaMeTpoM, U3MEHS-
IOIUM €CTECTBEHHBIN MPUTOK TEIJIa U XO0JoJa OT at-
Mocepsl B TpyHT. J[J1s1 IpoBeeHNsT yTOYHSIONIIX HITH
MOBEPOYHBIX TEIUIOTEXHUYECKUX PACUYETOB JIOJKHO
YUUTHIBAThCS (DAaKTUUECKOE 3HAYEHHE JaHHBIX Mapa-
METpOB, Uil 4ero TpedyeTcs HMX HaONIOJeHHE COB-
MECTHO C TEPMOMETPUUYECKHMMHU HAONIONECHUSAMH IS
HaWIy4IIed B3aUMOCBSI3aHHOCTH B IPOTHO3€.

Jegopmayus. [1yia onpenencaus nepopManuii mo-
3eMHOTO TpyOOIpOBOAa aBTOpaMH MIPEAI0KEHO BHE-
CeHUE JBYX Haubojee pPacCIpOCTPAaHEHHBIX METOJOB
H3MEpPEeHHs — MPHU MOMOIIH T'€0Ie3NIECKON MapKu U C
MIPUMEHEHUEM BOJIOKOHHO-ONTHYECKUX CUCTEM.

[lo mpuvrHE YKOHOMUYECKOW IeIeCO00Pa3HOCTH U
HEOOXOJAMMOCTH ONTHUMM3ALKUN CTOMMOCTH T€OTEXHH-
YeCKOr0 MOHHUTOPHHTA MaKCHMAIIBHBIN mar aedopma-
LMOHHOM MapKu MPHUHAT B COOTBETCTBUM C ILIArOM
TEPMOMETpUUYECKUX CKBaxuH — 100 M. OT0 mo3sonur
MMETh MHUHHMAJbHYIO HH(POpPMAIMIO O TMPOCTPaH-
CTBEHHOM TIIOJIOKEHHMHU IIOA3EMHOr0 TPyOOIpoBOJa C
YUETOM H3MEHEHHsI T'€OKPHOJIOTMYECKUX YCIOBHH Ha
MMUKETE C COBMECTHBIM U3MEPEHUEM TEMIIepaTyp, BbI-
COThl M IIJIOTHOCTH CHEKHOI'O IIOKPOBAa, CPaBHUBATb
MOJTyYeHHBIE PE3yNbTaThl C MPOTHO3HBIMU 3HAYEHUSMU
Y BUIIETh JMHAMUKY W3MEHEHHs] MHOTOJETHEMEP3IBIX
TPYHTOB U TOJIOKEHHS TPYyOBI, COOTBETCTBEHHO. OHA-
KO JUTS TTOJyYCHUs! MTOTHOIICHHON WH(pOPMAIMK O ILIa-
HOBO-BBICOTHOM TIOJIOXKEHHU TPYOOIIPOBOIa TpeOyeTcs
CTYILLIEHHE Il1ara Mapok o TpyOoIpoBoxy. MuHuMab-
Heiii guana3oH mara B 10-30 M 000CHOBEIBaeTcCs Jio-
KaJIbHOCTBIO H3MEHEHWH I€O0JIOTMYECKOM cpeapl u
HEOOXOJMMOCTBIO OTCICKUBAHMA AeOopMaLuil B naH-
HOM JMara3oHe.

Ha B3riasig aBTOpoB, OOOCHOBAHUE KOJIMYECTBA
9JIEMEHTOB W YIUIOTHEHUS HAONIOAATENIFHON CEeTH
JOJDKHO OCHOBBIBAThHCSI HA PACUETHBIX 3HAYCHUAX XOTS
OBl OTHOTO U3 CIEAYIOMNX yCIOBUM:

1. Tlpoduns ocaaKu W OTHOCHTEIbHAsl pa3HUIlA Oca-

Jok. IIpu nmpuUMeHEeHUM KOMIUIEKCHOM METOAMKU

pacdera MOJ3EMHOI0 TPyOONpoBOJa MPOEKTUPOB-

MKy (DaKTHYECKH JOCTYNMHBI HOMEpa IHKETOB U

MPOTSHKEHHOCTh YYaCTKOB CO 3HAYEHUSIMH OCaJIOK

MMI', u3 KOTOPBIX MOKHO BBIIECTUTH yYaCTKH: C

MaKCHMaJTbHBIMH OCaJKaMH, C OTHOCHTEILHOU He-

OOJNBIIUMH OCaZKaMH ¥ C OTCYTCTBHEM OCAaJIOK

MMI', aHanmu3 KOTOPBIX U MO3BOJIUTH CHPOEKTUPO-

BaTh ONTUMAJILHYIO CETh Je(hOpMAIIMOHHBIX MapOK.
2. JXKectkocTh TpyOOMpOBOIA TIPH PACCMOTPEHUH TPY-

OompoBojsia B 6anoyHol mHTEepnpeTanuu. [Ipu pac-

CMOTPEHHH TPYOONpPOBOAa B BHIEC OaKH MOKHO

pacdeTHBIM CIIOCOOOM OIPEENIUTh MPOJIET MEXITY

OlopaMH, MpH KOTOPOM TepsSeTcs MPSMOJIUHEH-

HOCTB TPYOOITpOBOJIa M BO3HWKaET nporud. Paccro-

SITHUE TIPOJIETa MEXY OIOpaMH JOIMyCKaeTcs MpH-

HATb B Ka4€CTBC MUHHUMAJIBHOTO IIara Mapok,

o0ecrieynBaloNero MpsSAMOIHHEHHOCTh TPYOOIpo-

BOJa MEXIy MapKaMH, YTO II03BOJHT IIONydYaTh

JCWCTBUTENBHYIO0 HHGOPMAIIUIO O TIOJOXKEHUU TPY-

OompoBoJsia B mpoctpaHcTBe. OAHAKO MpU HEOOIb-

MIUX JUaMeTpax W TOJIIMHAX TPyOOIpoBOAa HaH-

HBIA METOJ MOXKET OBITh HEIPUMEHHM I10 TPUYHHE

HEeOOBIION AITMHBI IPOJIETAa MEXTY OTIOPaMH.

3. Yder TpyOOIpPOBOAHBIX 3JIEMEHTOB B KaueCTBE TO-
YEeK U3MEHEHUS CUCTEMBI. JIT0ObIe 2IEMEHTHI B BUIC
OTBOJOB paSJ’IH‘IHOﬁ HOMCHKJIATYpPhbI, IUIAaHOBBIC U
BBICOTHBIE YTIIBI TOBOPOTA TPYOOIIPOBOaA, KOMIICH-
caTopsl, (PUTHHTHU SIBIIOTCS HAHOOJEe OMACHBIMU
TOYKaMH, B KOTOPbIX MOT'YT BO3HHUKATb U3MCHCHUA
MOJIOKEHUsT TpyOompoBona. B maHHBIX Toukax
MPEeJIaraeTcs Crymarh CeTh Fe0Ie3NIeCKUX MapOK,
a Ha OCTaJIbHBIX NPAMOJIMHEMHBIX y4acTKaX TPacchl
MIPUMEHATH TUIIOBOM IIIaT.

4. YpenudyeHue o0beMa CETH MPU YMECHBIICHUH Kiac-
ca TouHocTH. [TockoibpKy TpeboBaHUil MO mpeenb-
HBIM JiehopMaIusaM K TMOJ3eMHOMY TPyOOTIpOBOIY
HOPMATUBHOM NOKYMEHTALUCH HE MPEIbsBISACTCS,
IpU HATUYUM OOOCHOBAHUSI TOUHOCTH HM3MEPEHUI
reoAC3NYECKUMU METOAaMH Mpeajiara€rcsa IOHHU-
XKaTh KJIacC TOYHOCTH HUBEIUPOBAHUS IS YMEHbB-
meHus oOmield CTOMMOCTH W3MEPEHUH, MPH 3TOM
TO3BOJIAA YBCIIMYUTH KOJHUYCCTBO TECOAC3UICCKUX
MapoK — TOYEeK H3MEpeHHs Ae(opManny.

[Ipu nmpuMeHEHUH BOJOKOHHO-ONTHYECKHX CHCTEM
KOHKPETHBIC Tpe6OBaHI/I$I K CCTHU: MPOTHKEHHOCTD JIU-
HUH, TOYKH BbIXOJa KalOeseil Ha TMOBEPXHOCThH IS
MOJKITIOYEHUSI aHAJIM3aTOPOB, O0IIee KOJIMYECTBO TO-
Y€K BbIXOJAa, U HHBIC AOIIOJHHUTCIBHBIC Tpe60BaHI/I$I
JIOJDKHBI TIPOPa0aTHIBATHCS MPOCKTUPOBIIUKOM B paM-
KaxX KOHKPETHOTO O0BEKTa M YKa3bIBATHCS B MPOTPaM-
ME MOHUTOPHUHTIA.

Cocmosinue mpybonposoda u NIAHOB0-BbLICOMHOE
nonoscenue. BuytputpyOHas mumarnoctuka (BTJ]) —
METOJ] Hepa3pyLIArIero KOHTPOJIS, SBISIONIMNACS ca-
MBIM HH(OPMATHBHBIM METOJOM OLEHKH COCTOSHHS
HJC tpyOompoBoaa, ero IuiaHOBO-BBICOTHOTO ITOJIO-
JKCHHS M BUJA, KOJNUYECTBA M MECTOIOJOXKCHUS Jie-
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(dextoB. JlaHHBIA BUJ NIUArHOCTUKH JOJKEH OBITh
Y4TEH B Ka4yecTBE OJHOTO W3 CIIOCOOOB TPOBENCHUS
TC€OTEXHUYECKOTO MOHHUTOPHHTA, ITOCKOJBKY IO €ro
pe3yibTaTaM MOXKHO KOCBCHHO CYAHWTh M 00 WU3MEHe-
HUU Fe€0JIOTHYECKON CpeIbl.

Crour ormeruth, uto BT/, BOJOKOHHO-
ontrueckue cucreMsl (BOC) u reoe3nueckrne MeToIbl

u3MepeHus AegopMmanuii UMEOT CBOHM IMOTPELIHOCTH
U3MepeHud U rpyOble omuoOku, pesynbtaTel BT]]
JIOJDKHBI TIPOBEPSTHCS W MOATBEPIKAATHCS JIOTIOJTHU-
TEJNEHBIM METOJIOM HU3MepeHHs nedopMaruii (FiIH mia-
HOBO-BBICOTHOTO TOJIOXKEHHSA) U OBITh KOMIUIEKCHBIM
crocoOoM u3MepeHus JeopMaliidi ¥ BBISBICHS TUTa-
HOBO-BBICOTHOTO MOJIOXKEHUS TpyOonpoBoaa [26].

Ta6auya 2. OcHosHble KOHMpPOAUPYeMble NApaMempsbl NPU 2e0MexXHU4eCKOM MOHUMOPpUH2e N003eMHbIX Mpy6onpoeodos

Table 2. The main controlled parameters in geotechnical monitoring of underground pipelines
YcrpoiicTBo [IpUHIUIIBI KCIIOJTB30BAaHHUS MHOTOJIETHEMEP3JIbIX TPYHTOB
JU1s1 HabJTI0 ieHUst [TapameTpsI B KaueCTBe OCHOBaHHS COOPYKeHHH
KoHTposnpyeMblit 3a KOHTPOJIMPYEeMbIM YCTPOUCTB Principles of using permafrost soils as the foundation of structures
napameTp napaMeTpoM KOHTPOJIA Il npUHLIKII C AONYyLIEeHWEM OTTaUBaHHUS TPYHTOB
Controlled parameter Device for monitoring | Monitoring device [ npuHUUn B IIEPU O/, IKCILIyaTallMU COOpY>KeHUs1)
the controlled parameters [ principle II principle with the assumption of soil thawing
parameter during the operation of the structure?)
C warom 100 M, c ymeHblLIeHHeM 1wara Ao 30-50 m
Ha y4yaCTKax C U3MeHEeHHEeM Ire0KpHOJIOrHueCcKoi
TepMoMeTpuueckas 5
TemnepaTypa rpyHTa CKBAKMHA KosnuectBo Cmarom 100 M | 06cTaHOBKH?)
Ground temperature . Quantity In steps of 100 m | In increments of 100 m, with a decrease in step to
Thermometric well . . . .
30-50 m in areas with changes in geocryological
conditions?
Pacnonoxxenue | Ha paccrossHuu 1,0-1,5 M oT ocu Tpy6onpoBoja
Location At a distance of 1.0-1.5 m from the axis of the pipeline
TepMoMeTpuueckas =
TemnepaTypa rpyHTa Ha 2 M HI>Ke TPOrHO3HOM TJIyGHHBI OTTaWBaHUs
CKBa)XMHa ['my6uHa 3ano0xe-
Ground temperature . He meHee 10 M | MMTI, Ho He MeHee 10 M
Thermometric well HUA .
Laying depth Atleast 10 m | 2 m below the predicted depth of permafrost
thawing, but not less than 10 m
JonyckaeTcsa He
KosinyectBo yCTpauBaTh C warom 1000-2000 m3)
Quantity Itis allowed not |Inincrements of 1000-2000 m3)
to arrange
Ha paccrosinuu 1,0-1,5 M oT ocu Tpy6onpoBoja,
YpoBeHb N0/i3eMHBIX 'naporeosiornyeckas .
Ha pacCTOSIHUM 1 M OT TEpMOMETPHUYECKON CKBa-
BOJ CKBa)XMHa
Groundwater level Hydrogeological well Pacnionoxenye - HHHBL
Location At a distance of 1.0-1.5 m from the axis of the
pipeline, at a distance of 1 m from the thermo-
metric well
[yiy6uHa 3a/100KeHuUst He meHnee 10 M
Laying depth Atleast 10 m
Temmnepatypa oxsa-
. Kongencarop oxna- .
MXAQIOLIUX YCTPOHUCTB . Kosinyectso 100 % oxs1aX/jalOLIUX YCTPOHCTB
) . YKAQAIOLINX YCTPOUCTB - . . -
Cooling device . Quantity 100% of cooling devices
Cooling condenser
temperature
. KonunyectBo PaBHOe KOJIMYECTBY TEPMOMETPHUYECKHUX CKBOXKHUHY
BbIcoTa ¥ JIOTHOCTD CHeroMepHas peHka . . 4
o Quantity Equal to the number of thermometric wells¥
CHEXHOTO0 I0KPOBa (cHeroMepHbIH I1y)
. Pacnosnoxxenue | Ha paccrtosinuu He Gostee 1,0 M oT ocu TpyGonpoBoaa
Snow depth and density Snow gauge ; . . .
Location At a distance of no more than 1.0 m from the axis of the pipeline
Mapka /151 10Jj3eMHOTO C marom 50-100 M c yMeHbLIeHHeM 1ara o 10-30 M Ha yyacTKax ¢
Tpy6GonpoBoja KosinyectBo HM3MeHeHHUeM yCJ0BUH 3ajieraHus®
Mark for underground Quantity In increments of 50-100 m with a decrease in step to 10-30 m in
pipeline areas with changing conditions®
Jedopmarius JlaT4MK TeMIepaTyphl U JaTYuK JedpopMaliy B TpeX HalpaBJIeHUsAX
Deformation BOJIOKOHEHO- (o 60k0BBIM 06pa3yOLUM TPYOGOIPOBOAA II0 TOPU3OHTAH, HA
PacnosiocxxeHue | BepxHelt o6pasylollell 10 BepTHKa/IN) BAOJIb Tesla TPy6onpoBoja
OINTHYECKas CUCTEMA . . . oo
. . Location Temperature sensor and strain sensor in three directions (along the
Fiber optic system . . P . ;
side generatrices of the pipeline horizontally, on the upper generatrix
vertically) along the body of the pipeline
CocTosiHue TpyGonpo- | CpejcTBa BHYTPUTPY6-
BO/Ia U ILJIAHOBO- HOMW JJMaTHOCTHKH U .
[lepuognyHocTs | [IpoBefeHMe BHYyTPUTPYOHO!H JUArHOCTUKU He MeHee 1 pa3 B 5 JieTo)
BbICOTHOE TONIOMEHME AedeKTocKonH Periodicity Carrying out in-line diagnostics at least once every 5 years®
Pipeline condition and In-line diagnostics and ymg g yoy
planned altitude position | flaw detection tools
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IIpumeuanusi/Notes

1) II npunyun ucnoavzoganuss MMI ¢ npedeapumenbHbIM OmMMaAuBaHueM He pAccMampuedaemcss no npuyvuHe
HeyesiecoobpazHocmu mMemoda 045 AuHeliHbix coopyxcenutl/The second principle of using permafrost with pre-thawing is not
considered due to the inappropriateness of the method for linear structures.

2) B coomeemcmeuu c¢ npumeuyanuem 1 k mabauye 8.3 «CI 11-105-97 HuiceHepHo-2eono02u4eckue U3bICKaHUs 0151
cmpoumeascmea. Yacms 1V. [Ipasuna npoussodcmea pabom 8 palioHax pacnpoCmpaHeHusk MHO201eMHEMEP3bIX 2PYHIMO08,
waz 2opHbIX 8bIPA6OMOK 0151 NOJ3eMHBIX MPY6ONP080006, HAXOOAWUXCS 8 CAONHCHBIX UHHCEHEPHO-2e0102UHECKUX YCA08USIX, 8
KOMOpbIX Npou3eoosamcs mepmomempuyeckue U3bICKAHUS, HA3Ha4aemcs MuHuMaavHoiM - 100 m. [lpu usmeHeHuu
2e0Kpu0/102u4eckKoll 06cmaHo8KU no mpacce mpy6onpogooda: Ha/auyue 8epmukaabHozo gponma MMI (nepexod «Hemep3wvlii
2pyHm — mep3/blil 2pyHmM»), usmMeHeHue 2/y6uHbsl kposau 3asezanus MMI, Haiu4ue 800HbIX npe2pad, mpebyemcs yMeHbWams
KO/IU4ecmeo mepmomMempu4eckux ckeaxcuH do waza He meHee 30-50 m/In accordance with Note 1 to Table 8.3 "SP 11-105-97
Engineering and geological surveys for construction. Part IV. Rules for the performance of work in areas of permafrost distribu-
tion", the mine opening spacing for underground pipelines located in difficult engineering and geological conditions in which
thermometric surveys are carried out is assigned a minimum of 100 m. When the geocryological situation along the pipeline
route changes: the presence of a vertical permafrost front (transition "unfrozen soil - frozen soil”), a change in the depth of the
permafrost roof, the presence of water barriers, it is necessary to reduce the number of thermometric wells to the increments of
at least 30-50 meters.

3) Ilpu cmpoumenscmee no npuxyuny I npu HaIUYUU 8 OCHOBAHUU COOPYHCEHUU MHO20/1eMHeMeP3/blX 2DYHMO8 CAUBAI0We20Cs
muna 2udpozeosozuveckue CKeax)cuHvl Oonyckaemcsi He ycmpaueamov. I[Ipu HaAuduu & OCHOBAHUU COOpPYdHceHUll
MHO020/1eMHEeMEP3/bIX 2PYHMO8 HecAusawuje2ocsi mund, 8 3o0Hax ommausanust MMI' causarwowezocsi muna, Ha4 y4acmkax c
Ha/auvuem nod3emHbIX 800, ycmpausams 2udpozeoJiozuyeckue cKeaxcuHvl ¢ wazom 1000-2000 m. Ilpu Heobxodumocmu
YCMAHo8/1eHUsl 2U0pP02e002UMECKO20 PeXcuMad 8 coomeemcmeuu ¢ JAaHOWAPMHO-KAUMAMUYECKUMU U Mono2paguyeckumu
ycaosusimu donyckaemcest ycmpoticmeo Kak 00UHOYHbIX CKBAXCUH, MAK U yCmpolcmeo ¢ UHbIM Waz2oM npu 00n0JAHUMENbHOM
obocHosaHuu/When constructing according to principle 1, if there are confluent permafrost soils at the base of the structures, hy-
drogeological wells may not be installed. If there are permafrost soils of the non-merging type at the base of the structures, in the
thawing zones of the permafrost soils of the merging type, in areas with the presence of groundwater, hydrogeological wells with a
step of 1000-2000 m are installed. If it is necessary to establish a hydrogeological regime in accordance with landscape, climatic and
topographic conditions, installation of single wells or wells with a different step with additional justification is possible.

4) Bvicoma u n10mHOCMb CHEXCHO20 NOKPO8A S8ASI0MCS NApaAMempamu, 8AUSIOWUMU HA MENA080e COCMOsIHUE 2pyHMos. Jas
Nn08epouH020 Mena0MmexXHU4ecKkozo0 pacyema 80 6peMs Kcnayamayuu mpebyemcsi pakmuyeckoe 3HAYEeHUe B8bICOmbl U
NJI0MHOCMU CHEHCHO20 NOKP08a 0151 CPA8HEeHUsI NPO2HO3HO20 U pakmuyueckozo 3HaveHusl/Snow cover height and density are
the parameters that influence the thermal state of soils. For calibration thermal calculations during operation, the actual value
of the height and density of the snow cover is required to compare the predicted and actual values.

5) l'eodesuueckue mapku ycmpausaromcesi ¢ pac4emHbiM WazoM, ucxoos u3 ycaosuil 5.1-5.4, o He meHee 100 m/Geodetic marks
are arranged with a calculated step based on conditions 5.1-5.4, but not less than 100 m.

5.1 PacnososceHue mapok 00xcHO obecnedusams UH@OpMayuio o nepemeujeHuu mpy6onposoda 8 30HAX C J0KA/AbHbIM
nposieneHueM NUKOBbIX NPOZHO3HLIX dedhopmayull epyHmoeo20 0CHO8AHUA (npoduis 0cadok) 6 CpasHeHUU CO CMEeNHCHbIMU
yuacmkamu/Location of the marks should provide information on the pipeline movement in areas with local manifestations of
peak predicted deformations of the soil foundation (settlement profile) in comparison with adjacent areas;

5.2 JloaxcHa obecnedugamucs npSAMOAUHEHOCMb yHacmKka mpy6onpoeooa mexcdy MapkaMmu 3a cHem cobCcmeeHHol scecmKkocmu
mpy6onpogoda/The straightness of the pipeline section between grades must be ensured due to the pipeline own rigidity;

5.3 Ha yyacmkax usmeHeHUll npoCmMpaHCcmMeeHHO20 N0/0}CeHUs: mpybonpogoda, eAUsAWUX HA napamempsl nepemeujeHus:
Ha/au4yue omeodos, KOMNEHCamopos, y4acmkoe U3MeHeHUs NPOK/AAdKU ¢ NO03eMHOU Ha Had3eMHyw U Opyaue, JOAHCHO
obecneyusamucsl nojayveHue uHgopmayuu o duHamuke nepemeweHull mpybonposoda/In areas of changes in the spatial posi-
tion of the pipeline that affect the movement parameters: the presence of bends, compensators, areas of change in laying from
underground to above-ground and others, it must be possible to obtain information about the dynamics of pipeline movements;
5.4 BuibpanHblii Memod usmeperusi depopmayutl, KAAcC MOYHOCMU U3MepeHUll 00CHbI 6biMb IKOHOMUHECKU 060CHOBAHbI 8
coomeemcmeuu ¢ yposHeM 0MmeemcmeeHHOCMuU nod3eMHo20 mpy6onpoeoda, a makxice o6seMoM cemu 2e00e3U4eckKux Mapok
The chosen method for measuring deformations, the measurement accuracy class must be economically justified in accordance
with the level of responsibility of the underground pipeline, as well as the volume of the network of geodetic marks.

6) Ilpu CAOXHCHBIX UHIHCEHEPHO-2e0KPUOI02UYECKUX YC/A08USLX, NOBLIWEHHOM YPOBHE O0MEemcmeeHHOCMU COOPYHCEHUS
pekomeHdyemcsi 6os1ee yacmoe nposedeHue uccaedosaHue COCMOSIHUSL mMpy6onposoda 0.1 C80€8PEMEHHO020 O06HAPYHCeHUS
Kpumuueckux dedpopmayuli cocmosiHuss mpyb6onpogoodd, a makxice 015 Koppeasayuu pe3y/1bmamos nposedeHusi MOHUMopuHaa
dedpopmayuti npu nomowu 2eode3uyecKux Mapok uau 80J10KOHHO-ohmu4eckux cucmem u pesysabsmamos BT/l /Under complex en-
gineering and geocryological conditions, an increased level of responsibility of the structure, it is recommended to carry out more
frequent studies of the pipeline condition for timely detection of critical deformations in the pipeline condition, as well as for corre-
lating the results of monitoring deformations using geodetic marks or fiber-optic systems and the results of in-line diagnostics.

BbIBOABI 2. KoHTponupyemsblii mapaMeTp MO MpeaeiIbHBIM Jie-

1. BeisiBiieHO HOpMAaTHBHOE TPEOOBAHKE O HEOOXOIIIMO- (dbopMaIusiM MOI3EMHOT0 TPYOOIPOBOIA JOMyCKa-
CTH TIPOBEICHWS TCOTEXHUYCCKOrO MOHUTOPHHTA €TCs MOJydYaTh PacdeTHBIM CIIOCOOOM, B COOTBET-
MOJI3EMHBIX TPYOOIPOBOJIOB, MIPU ATOM YCIIOBHSA IIPO- cteuu ¢ tpeboBanmsimu ['OCT 34737-2021 u CII
CKTHPOBAHUSI CETH TEOTEXHHIECKOTO MOHHUTOPHHTA H 305.1325800.2017.

KOHTPOJIMPYEMBIC MapaMETPhl OTCYTCTBYIOT.
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3.

KommnekcHass MeTOQMKa pacyeToOB ITOJ3EMHBIX PACIIONIOKEHHBIX IO JUIMHE TPAacChl IMOJ3EMHOTO
TpyOOIPOBOJOB MO3BOJISIET TIOJIy4aTh JIeTalbHBIC TpybonpoBoa.

MPOTHO3UpPYEMBIE OcaJku TpyOompoBosa, mpu ko- 4. Vcmonb3oBanue mpoduield Ocaakd B KauyecTBE
TOPBIX 00ECHEeYHBAIOTCS MPOYHOCTHBIC YCIOBHS Mpe/IEbHBIX MapaMeTpoB Mo Ae(opMaIusM U TeM-
TpyOompoBoga. Pe3ynbrarthl  TEIIOTEXHUYECKUX nepaTypaM He 3aBHUCHT OT CIOC00a IMPOBEACHHUSI
pacyetoB — npoduib 0Ca KK, MOXKET SBJIATHCS Pac- MOHHUTOPHHIa M KOHCTPYKTUBHBIX PEIICHHI MO ce-
YETHBIM MPEAEIbHBIM 3HaYeHHEM M0 aedopmarn TH T€0TEXHUYIECKOI0 MOHUTOPHHTA.

TpyOompoBoaa AN Ieneil mpoBefeHus reorexHu- 5. CPopMyarpoBaHbl U 0OOCHOBAHBI OCHOBHBIC KOH-
YECKOr0 MOHHUTOPHMHIA; IPOrHO3HBLIE TEMIIEpaATyp- TPOIUPYEMBIE IIapaMETPhl IIPU TE€OTEXHUYECKOM
HBIC [OJISI MO3BOJISIIOT KOHTPOIHPOBATH KOHKPET- MOHHUTOPHHIE IOI3E€MHBIX TPYOOMPOBOJOB: BHIbI
HBIC PACUCTHBIC TEMICPATyphl, U3MECHCHHE IIOJIO- HaOJII0IeHNH, YCTpoiicTBa, 00BEM CETH U PacHolo-
JKCHHUA KPOBJIM B TEPMOMCTPUYCCKUX CKBaKMHAX, KECHHUC DJIEMEHTOB CETH I'€COTCXHHUYECCKOI'O MOHHTO-

pHHra.
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