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AHHOTAUMUA

BBepeHue. AkTyanbHOCTb 0CBOeHMS ApKTuyeckol 3oHbl Poccuiickon ®epepaumn obycnaenusaertcsa Ykasom lNpe3vaeHTa
P® o1 26.10.2020 Ne 645 (B pep. ot 27.02.23) «O Ctpateruv passutusa Apktudeckon 3oHbl Poccuiickont Pegepaumm n obec-
nevyeHns HauuoHanbHou 6esonacHocTn Ha nepmog Ao 2035 roga». OcBoeHne ApKTUYECKOM 30HbI CONPOBOXAAETCSt 0COObI-
MV pYCKamu, CBA3AHHBIMU C KCTPeMarnbHbIMU NMPUPOAHO-KIIMMAaTUHECKUMM YCIIOBUSIMU 1 AerpafaLmeil MHOToneTHeln meps-
notel. Mo pasHbIM oLeHkaM, TemnepaTypa Bo3gyxa B ApKTUke pacTeT B 3 pa3a bObiCTpee cpefHeMUpOBOW, YTO NPUBOAUT
K Mpocajke Mep3rnoThl K CO34aeT MHOXECTBEHHbIE Cepbe3Hble KaK 3KOMorM4yeckne, Tak u coumarnbHble yrposbl. [ns cTpo-
UTENbCTBA PaXAaHCKMX OOBEKTOB B TaKMX CypOBbIX YCNOBUAX HEOOXOAMMa cuctema ynpasneHus puckamu Ha npeablHee-
CTVLIMOHHOW CTaguu, koTopasi BKIoYaeT B cebsi knaccudukaumio TepputopuasnbHbIX U OpraHn3aLMoHHO-TEXHONMOMMYECKNX
PVCKOB W OLIEHKY MHTerpanbHOro MHAeKca NpPUrogHOCTM yyacTka.

MaTepuanbi 1 meToabl. [IpMBOAATCA OCHOBHbIE pe3yrnbTaTbl HAy4YHO-UCCNea0BaTENbCKOM paboTbl MO aHanm3y 1 xapakre-
PVCTVIKE TEPPUTOPUATbHBIX Y OPraHM3aLMOHHO-TEXHOMNOMMYECKMX pUCKOB B ApkTuke. MNpeanoxeH noaxon MHOroakTopHom
KrnaccmduvKaLmm puckoB TEPPUTOPUU, UCTIONb3YS reONHMOPMaLIMOHHbIE AAHHbIE U SKCMEPTHbIE BECOBbIE KOIPULIMEHTDI.
Takke npeanoxeHa LWwkana UHTerpanbHOro MHAeKca NPUrogHOCTU TEPPUTOPUN.

PesynbraTbl. CchopmmpoBaHa knaccudmKaLms pUCKoB ANst CTPOUTENLCTBA MPaXaaHCKNMX OObEKTOB B apKTUHECKOM CEKTO-
pe Poccuiickon Pepepaumn. MNMpepnoxeHa popmyna MHTerpanbHOro MHAeKca NPpUrogHOCTU TEPPUTOPUN, YYUTBIBaKOLLAS Be-
COBOW BKMNag Kaxgow kateropun. Ha npymepe runoteTmyeckoro y4acTtka B Aimano-HeHeLkom aBTOHOMHOM OKpyre nokasaHo
NPUMEHEHNe METOAMKMN: pacCYUTaHHbIA UHOEKC MPUrOQHOCTM COOTBETCTBYET KIacCy «3HAYUTENbHO OnacHbin» u Tpebyet
MeponpuATUA No agantauum.

BbiBopabl. PaspaboTaHHasi cuctema no3BomnseT Ha MpeablHBECTULIMOHHOM 3dTane MiaHMpoBaTb Ka4eCTBEHHOE paHXMpo-
BaHWe NOTeHLUManbHOW NioLwagku CTpouTenbcTBa No YpoBHIO pucka n 060CHOBaThb MpuHATUE pelueHni. Ee npumexeHne
cnoco6cTByeT NOBbILLEHUIO 6e30MacHOCTM U YCTOMYMBOCTY MHAPACTPYKTYpbl B APKTUKE 3a cYeT BblGopa OnTUManbHbIX
TEeppUTOpUI N/vnu pa3paboTkn 3aLMTHBIX Mep Ha NPeAbIHBECTULMOHHOM 3Tane CTpoUTeNbLCTBa.

KIMKOYEBBIE CIIOBA: ApKTuka, apKTUYEeCKU CEKTOp, CTPOUTENbCTBO B YCMOBMAX BEYHOW MEep3roThl, Knaccudukaums
PVCKOB, UHTErpanbHbIN MHAEKC NPUIOAHOCTU, CTPOUTENBLCTBO MPaXAaHCKUX 3AaHWIA, CTPOUTENLCTBO B APKTUKE
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ABSTRACT
Introduction. The relevance of developing the Arctic zone of the Russian Federation is determined by Decree of the President
of the Russian Federation No. 645 of October 26, 2020 (as amended on February 27, 2023) “The Strategy for the Develop-
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ment of the Arctic Zone of the Russian Federation and Ensuring National Security for the Period until 2035”. The develop-
ment of the Arctic zone is accompanied by specific risks associated with extreme natural and climatic conditions and the deg-
radation of permafrost. According to various estimates, the air temperature in the Arctic is rising three times faster than
the global average, which leads to permafrost subsidence and creates multiple serious environmental and social threats.
The construction of civil facilities in such harsh conditions requires a risk management system at the pre-investment stage,
which includes the classification of territorial and organizational and technological risks and the assessment of an integral
site suitability index.

Materials and methods. This paper presents the main results of research work on the analysis and characterization of ter-
ritorial and organizational-technological risks in the Arctic. An approach to the multifactorial classification of territorial risks
using geoinformation data and expert weighting coefficients is proposed. A scale for the integral suitability index of a territory
is also proposed.

Results. A classification of risks for the construction of civil facilities in the Arctic sector of the Russian Federation has
been developed. A formula for an integral index of territorial suitability is proposed, taking into account the weight contri-
bution of each category. The application of the methodology is demonstrated using the example of a hypothetical site in
the Yamalo-Nenets Autonomous Okrug: the calculated suitability index corresponds to the “significantly hazardous” class
and requires adaptation measures.

Conclusions. The developed system allows for the pre-investment stage to plan a qualitative ranking of potential con-
struction sites by risk level and justify decision-making. Its application contributes to improving the safety and sustainability
of infrastructure in the Arctic by selecting optimal territories and/or developing protective measures at the pre-investment
stage of construction.

KEYWORDS: Arctic, Arctic sector, construction in permafrost conditions, risk classification, integral suitability index, civil
building construction, construction in the Arctic
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BBEJEHUE

OcBoenne Apkruaeckoit 30HbI Poccutickoit Dene-
palK TECHO CBSI3aHO C YHUKAJIBHBIMH BBI30BAMH U PH-
CKaMH, OKa3bIBAIOIIMMH OOJIBIIOE BIMSHUE HA CTPOU-
TEJILCTBO TPAXKIAHCKUX 00beKkToB. KittoueBbie (hakTopbl
pHCKa BKIIIOYAIOT B ce0s 3KCTpeMaibHbIEe KIMMaTH4e-
CKHE YCIIOBHS, JIETPa/Iallii0O MHOTOJIETHEH MEpP3JIOTHI,
OTCYTCTBHE MH(PPACTPYKTYPHI U JIpyTHe OCOOEHHOCTH
peruoHa. ITo onenkam MexXnpaBUTENbCTBEHHON TpyII-
Bl DKCTIEPTOB MO u3MeHeHuto knuMara OOH, Temsl,
C KOTOPBIMU Ha 3emile CTAaHOBHTCS JKapde, BO3pacTa-
1oT. Tak, cpenHss Temneparypa Ha TUIaHETE BBIPACTET
Ha 1,5 °C yxe k 2030 ., Ha 10 jeT paHbpIIe, 9eM 0XKH-
Janock npeskae. [Ipu 3ToM cuibHee BCero MOBBIIICHHE
TEMIIEpaTyphl Ha IUTAHETE OLIYIIACTCs Ha ¢ MOIocax
1 BBIpA)KaeTCs B OBICTPOM TasTHHUH JIB/IOB M BEYHOU Mep3-
noter’ [1]. CormacHo MEKIyHAPOAHOM TpOrpamMme ap-
KTHYECKOTO MOHUTOPHHTA U OIICHKH (Arctic Monitoring
and Assessment Programme — AMAP) u naopmarim
ApPKTHYECKOTO COBETa, HECyllast CIOCOOHOCTh IPyH-
TOB B 30HaX BEYHON Mep3ioThl CHU3UTCA Ha 25-50 %
B nepuoza ¢ 2015 mo 2025 r., Ha MecTopoXkaAeHUIX SMma-
ma — Ha 50-70 % [2]. OTn U3MEHEHUS CO3MAI0T YTPO3Y
YCTOWYMBOCTH 3MaHNH 1 MHPACTPYKTYphl. [1o naHHBIM
cratucTuky, bonee 50 % cymectByronel HHPpacTpyK-
TYpHI B BEUHOI MEp3JI0TE PACIIONOKEHO B 30HaX C BbI-
COKMM PHUCKOM ITIpOTamBaHus rpyHTOB. CTOUT TaKxke
OTMETHTB, 4TO B HacTosIee Bpems 10 30 % 31anuii B 0T-

! Kak cTpouTh Ha Beka Ha Taromieil mep3nore obcyminn Ha 11
Dopyme «ApkTrka — Pernonsn / BocTouHbI LIEHTp rocyaap-
cTBeHHOTrO Tanuposanust. 2024. URL: https://vostokgosplan.
ru/en/kak-stroit-na-veka-na-tajushhej-merzlote-obsudili-na-ii-
forume-arktika-regiony/

JETBbHBIX TOPOJAX UMEIOT Ae(hOpPMALIH U TOBPEKICHHS
KOHCTPYKIIMI W3-3a JIerpajialiii OCHOBaHus [3].

CTpOoUTENHCTBO TPAKIAHCKUX OOBEKTOB B APKTH-
K€ CTAJIKNBACTCS HE TOJBKO C TEXHUYECKHMH TPYIHO-
CTSIMH, HO U C BBICOKHMH TEPPUTOPHAILHBIMH PUCKa-
Mmu. Ilox TeppuropuanbHbBIMU PUCKAMU IOHUMAOTCS
YIpo3bl, KOTOPBIE CBA3aHbl CO CBOWCTBAMH KOHKPETHOU
MECTHOCTH, KOTOPBbIE MOTYT OKa3bIBaTh HEraTHBHOE
BIIMSTHUE HAa CPOKU M CTOMMOCTbH CTPOUTENLCTBA. B yc-
JIOBHUAX ApKTI/IKI/I K TaKUM pHUCKaM MOXHO OTHECTHU:

* MH)XEHEPHO-reoJornyeckue (HecTaOuIbHbIE Ipy-
HTBI, TEOKPHOJIOTHYECKHE TIPOLIECCHI, INIyOWHA MTPOTau-
BaHMS MEP3JIOTHI, TOA3EMHBIE BOJIBI);

° KpUOTEHHbIE (Jerpajanus Mep3JioThl, BOJIO-
3aCTOM, TEMIIEpaTypHasi HEOJHOPOIHOCTD);

* KJIMMaTH4YecKue (IKCTpeMalIbHbIC TEMIIEPaTyphl,
CHE)KHBIE 3aHOCHI, KOPOTKHIA CTPOUTENBHBINA CE30H, 00-
JieICHEeHue);

* JIOTUCTHYECKHE (OTCYTCTBHE KPYIJIOTOJUYHOTO
JOCTYT, 3MMHHK H JIEIOBBIE IEPENPaBbl, BBICOKAs CTO-
UMOCTB JIOCTaBKH, YAAJCHHOCTh OT CHAOKEHHSA);

* uH(ppacTpyKTypHBIE (OTCYTCTBHE CeTeii, mpobiie-
MBI C ITOJKIIIOUYEHHUEM, HEOOXOANMOCTh TOABE3IHBIX
myTei);

* JKoJOTHYECKHE (0C000 OXpaHseMble MPUPOI-
Hele Tepputopun (OOIIT) u MuUTpalMOHHBIE MYTH,
YyBCTBUTEJIbHBIE YIKOCHCTEMBI, BOJIOOXPAHHBIE U CAHU-
TapHBIC 30HbI).

B coBpeMEHHBIX peanusix BO3pacTaeT MoTpeOHOCTh
B U3YUCHUU BJIIMAHUA ACTPpaJallii MEP3JIOThI HA I/IH(bpa-
CTPYKTYpPY M pa3paboTKe IO/AX0Ja K OLIEHKE PUCKOB.
3apyOesKHBIN OMNBIT MMOKa3bIBAET, YTO HCCIIENOBATEIN
MIPUMEHSIOT TeOMH(DOPMATMOHHBIE MOACTH I Tpadu-
YECKOTO TPEICTABICHHS ONACHBIX 30H, IPUMEPOM MOYKET
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ciyxuth npoekT The Arctic Risk Map ot HopBexckoii
komranud DNV GL?, ocHoBanubiii Ha 6aze ArcGIS for
Server. OTOT IPOEKT UHTErPUPYET HH(POPMALINIO O TEM-
neparype, ITOPMOBOH aKTUBHOCTH, JISZIOBOH 0OCTaHOB-
Ke, HaJIM4MK CriacaTeNbHbIX CIykO0 1 T.11. B oreyecTBeH-
HBIX Hay4YHbIX paboTax aHaIM3UPyeTCsl yCTOWYMBOCTD
KOHCTPYKIHUI U COOPYKEHHUH B YCIOBUSX U3MEHUYHUBOTO
KiuMaTa (moTerieHne u T.4.) [4, 5], mpemnararorcs me-
TOJMKH WHKEHEPHOH 3alIUThl OCHOBaHUH [6—8]. OmHako
HET €JJMHOW CHUCTEMBI KJIaCCU(HUKALUKN TEPPUTOPHAIIH-
HBIX PHUCKOB JUISI apKTHYECKOTO CTPOUTEIHCTBA O0BEK-
TOB I'pakJaHCKOro Ha3HaueHus. Hacrosmee HayuHOE
HCCIEIOBaHNE TpeIaraeT BOCIOIHUTD 3TOT mpoode,
npejiarasi CTpyKTYpPUpPOBAHHBIN MOAXOJ K UIECHTU(DU-
Kallu1 ¥ OLICHKE PHUCKOB, OPHEHTHPOBAHHBIX Ha apKTH-
gyeckue Teppuropud. HoBrn3Ha mpeacTaBieHHON paboThI
3aKJTIOYaeTCs B alalTaIll UMEIOIIUXCSI METOIOB PHCK-
MEHeKMeHTa K ycnousiM Kpaitnero CeBepoM ¢ yueToM
COBPEMEHHBIX TEXHOJIOTHH M TCHACHUWH W3MEHEHUS
OKPYXKAaFOIIHX (haKTOPOB CPEIIBL.

Iens nccienoBaHust — pa3paboTKa U OMUCAHUE
CUCTEMBI KilacCHU(UKALMU TEPPUTOPUAIBHBIX PUCKOB
U METOJ]a OIICHKH MHTETPAJIbHOTO IOKA3aTessl MpH-
TOTHOCTH y4YacTKa JAJIsl TPaXJaHCKOTO CTPOUTEIhCTBA
B ApxTudeckoif 30He Poccuiickoit denepannu.

B poccuiickoii akaieMuueckol JuTeparype cy-
IIECTBYIOT SMIIMPUIECKHAE CBHCTEIBCTBA CHCTEMHOTO
BIIMSIHUSI KDHOTEHHBIX MPOLIECCOB HA HH(PPACTPYKTYPY
apKTUYECKUX ropoJioB (nedopmanus GyHIaMEHTOB,
TEPMOKapCT, MPOCAAKH, HAPYLIECHUE APEHaKka) U UMe-
eTCsl HeOOXOMMOCTh PErHOHAIBHONW KOPPEKTUPOBKU
WH)KEHEPHBIX PEIICHUH 1 MOHUTOPHHTA MEP3JIOTHI [9].
Wroroseie paboThl MO ajantanuu UHOPaCTPYKTYPhI
ApKTHUKH AeNaloT aKIeHT Ha Mepbl OXJIAXKIEHUS OC-
HOBaHMM, pa3BUTHE CETEH UM yJIyUILIEHHE TEXHOJIOTHI
B TPaIOCTPOUTENbCTBE 1 dKcruryaTaruu [10]. [Ty6mu-
KallMY 110 IPOEKTUPOBAHUIO U YCTPOUCTBY OCHOBAHMI
B YCIIOBUSIX MHOTOJIETHEMEP3JIbIX rpyHTOB (MMI') ornu-
CBIBAIOT TEXHOJIOTHYECKHUE pelIeHHs (CBaiiHbIe MO,
TETUION30JISILIUS, KOHCTPYKTHBHBIE CXEMBI ISl CEHCMO-
1 MOPO30CTONKOCTH) M TPAaHUYHBIC YCIOBUS UX MPH-
menumocTH [11]. TlapamnensHo ¢ 3TUM pa3BUBAIOTCS
MOJXObI K OLIEHKE T'€OJNHAMUYECKUX W MPUPOIHO-
TEXHOTEHHBIX PHCKOB Ha IIPOEKTaxX, OPHEHTHPOBAHHBIX
Ha Kpaiinuit CeBep, — OT BEpOATHOCTHBIX JI0 HEUETKUX
KJIaCCU(DUKATOPOB U IKCIIEPTHBIX BecoB [12].

WmxeHepHble 0030pbI M TEMaTHYECKHE CTaTby ITpel-
JIaraloT OOLIMPHBIN CIIEKTP Mep aAanTallu: MPeaoT-
BpaIlleHHEe MPUTOKA TEIUIa B TPYHT, YCHJIICHHE OTBOJA
Terua (MMacCHBHbIE/aKTUBHBIE CUCTEMBI TEPMOCTa0MITH-
3aI1K), yCHJICHHE OCHOBAHHS M HACBITICH, a TAaKXkKe KOp-
PEKTUPOBKY KOHCTPYKTHBHBIX CXEM M PEKUMOB ITPOH3-
BozcTia [13, 14].

2 Kaprorpadgus ApKTHKH: PUPOJHBIE YCIOBHUS, OCBOCHHE
u pucku // Esri CIS. ArcReview. URL: https://arcreview.esri-
cis.ru/2017/05/10/arctic-development-mapping/
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PaccMoTpuM pocCHiiCKYI0 NMPaKTHKY: 2a30mpan-
cnopmuwlil Kopudop «bosanenkoso — Yxmay (FIHAO)
KaK cegepnas «20106a» cucmemvl «Aman — Eeponay.
Jlns Beimaum ra3a ¢ momyoctposa SIman B EauHyro riry6oxo-
BonHYt0 cuctemy EBpomneiickoit uactu Poccuu (EI'TC)
MIOCTPOCHBI /IBE HUTKN «BOBaHEHKOBO — YXTa», BKITFOUAs
CJIO)KHBIE IPHOPEIKHO-MOPCKHE M 3a00I0YEHHBIC YUacT-
ku. [IpMeHEeHbI pemeHust 0 3aUTe U30IALIN B MEP3-
JIBIX U CKaJIbHBIX TPYHTaX (TIOYIIKH, aMOPTH3UPYIOIIHE
CJIOM), IPOTHBOIPO3HMOHHBIC MEPOTIPUATHS (TeOpeIeT-
KH, OeperoyKperuieHne), yyiepskanue TpyHTa Ha OTKOCaX,
YTSDKENIeHUs Ha Mepexoiax BOJOTOKOB. Llens — MuHH-
MH3anus TeIUIONPHUTOKA K TpyOe 1 aedopmariiii ocHo-
BaHUs Ha (POHE TEPMOKAPCTA U CE30HHOTO OTTAMBAHHS’.

«VYxma — Topowcoky u skcnopmmuwlil Mapupym
«Aman — Esponay. Poccuiickas yacts «Sman — EBponay
HaunHaetcs B Topixkke; ras u3 AHAO noctynaet no ko-
punopy «boBanenkoBo — Yxrta — Topskok». [Tepmadpocrt-
KPUTHYHBIE PEIICHHUSI COCPENOTOUCHBI Ha CEBEPHOM ILIE-
ye («boBaHEeHKOBO — YxTay), TOrna Kak «Yxra — Topixok»
B OCHOBHOM BHE KPHOJINTO30HBI U 0OECIIEUNBAET MPO-
MYyCKHYIO CITOCOOHOCTH U IaBJieHue".

«Cuna Cubupuy. Tpacca iepecekaeT paiioHBI € JIe0-
HACBIIIEHHOW MEP3JIOTON M SKCTPEMaJIbHBIMU TEMIIepa-
typamu 10 —60 °C. VIcionb3yroTCst CTau U CBApOYHEIC
TEXHOJIOTHH JJIsl HU3KOTEMIIepaTypHOl paboThl, MOA-
xox strain-based design Ha mOTEeHIMATBEHO NeOPMUPY-
€MBIX Y4acTKax, YCHJICHHBIH T€OKPHOJIOTHYECKHH MO-
HHUTOPHHT, CE30HHOE IIIAHUPOBAHKE PAOOT, JTOKAIbHbIE
MEpBbI IpeHaka U cHerosaaepxkanus [15].

Hegpmenposoonas cucmema Bocmounasi Cubups —
Tuxuu oxean (BCTO). Ha nepmadpocT-ydacTkax npu-
MEHSIIOTCSI CE30HHO-ACHCTBYIOIINE TEPMOCTaOnIM3a-
TopH! (nByxdaszusie Tpyoku/ TPCT) mns mognepikaHus
OTPHIIATENIBHBIX TEMIIEPaTyp OCHOBAHMS, TETIOU30s-
VST, IPEHAX M MHXKEHEPHAs! 3aIUTa OTKOCOB/HACKIIECH;
MIPOBOJIUTCS PETYJISIPHBIA MOHUTOPHHT () (PEKTUBHOCTH
yCTpOHCTB.

MATEPHAJIBI U METO/JAbI

Hayunas paGoTa HOCHUT KOMIUIEKCHBIA ITOIXOT
1 OIIMPAETCs Ha JIAaHHBIE METOAOJIOTUH CTPYKTYpPHPOBAH-
HOTO aHAJIN3a PUCKOB. J{JIsl COCTABICHHS CHCTEMBI KJIac-
cuduKanuu puCKoB ObUTH cOOpaHbI CBeIeHHS O (PaKTo-
pax, BIUSIOIINX HAa CTPOUTEIIbHBIE IIPOEKTHI B APKTHKE.

3 BoanenkoBckoe HI'KM u crcTeMa MarucTpaibHbIX Ta30-
npoBoaoB boanenkoBo — Yxta // T'asmpom. URL: https://
proektirovanie.gazprom.ru/press/ehntsiklopediya-proekti-
rovshchika/krupnejshie-proekty/bovanenkovskoe-ngkm-i-
sistema/

* Ukhta — Torzhok (Yamal) 2 Gas Pipeline // Global energy
monitor WIKI. URL: https://www.gem.wiki/Ukhta-Torzhok
%28Yamal%29 2 Gas_Pipeline

5 000 «TpancuehTs — BocTOK» 00CIEI0BATIO CHCTEMBI TEPMO-
CTa0WIM3any Ha 0OBbEKTaX B 30HE BEYHOI Mep3ioThl // Slcna.
URL: https://ysia.ru/ooo-transneft-vostok-obsledovalo-sistemy-
termostabilizatsii-na-obektah-v-zone-vechnoj-merzloty/
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3a ocHOBY (pOpPMHUPOBAHUS MEPEUHSI PUCKOB MPHHSTHI
KaTreropuy, peKOMEH/I0BaHHBIE IKCIIEPTaMH, OPUCHTHPO-
BaHHbBIE Ha APKTUIECKHE TPOCKTHI: TIPUPOIHO-KINMATH-
YeCKHe, MH)KeHEPHO-TE0JI0rMYeCKHe, HHPPACTPYKTYPHO-
JIOTUCTHYECKUE U IKOJIOTHUYECKHUE.

PaccMOTpuM KakIyl0 U3 ONMCAHHBIX BBIIIE KaTe-
TOpHil PUCKOB ISl CTPOUTENLCTBA OOBEKTOB TPAXKIAH-
CKOTO Ha3HaYeHUs! B APKTHKE.

Ipupoono-kaumamuueckue pucky. K HIM oTHO-
CSITCSL OKCTPEMAJIbHBIE TEMIIEPATYPhl BO3/yXa, CHIIbHbIC
BETPHI, OOMIIBHBIE CHETOMAAbl M METENH, Apeiidyrommid
nen 1 oOpasoBanue Hajenu. OHU BIHUSAIOT HA yBEJHUe-
HHUE CPOKOB CTPOUTEIILCTBA, IIOBBILICHHBIH H3HOC TEX-
HUKH ¥ KOHCTPYKIMH, HEOOXOAMMOCTb B YHUKAJIbHBIX
TexHONoTusX. TakxkKe M3-3a MePEeUnCIICHHBIX (aKTOpOB
BO3HMKAIOT TPYJHOCTH C paboueil 1esTeIbHOCThIO HH-
JKEHEPOB, CTPOUTENBHBIX OpHras u T.1I.

Huorcenepno-eeonozuveckue pucku. B nannyio
IPYIILY BXOJSIT PUCKH, CBSI3AHHBIE C COCTOSIHUEM IPYH-
TOB OCHOBaHUS, HAIpUMEp HaJIWYWE MHOTOJIETHEU
MEp3JI0THl, TIIyOWHA CE30HHOTO MPOTaMBaHMS, JEI0-
HACBIIIEHHOCTh I'PYHTA, PUCK TEPMOKAPCTA, MPOCAT0K
u Hajened. DTH PUCKH TTO3UIIMOHUPYIOTCS KaK KITIoUe-
BBIE, TaK KaK yCTOMYMBOCTH U COATAHCHPOBAHHOCTD OC-
HOBaHMsI — 3TO COXPAHHOCTH BCETO COOPYIKEHUSI.

Hnppacmpykmypno-noeucmuveckue pucku.
TpaHCTIOPTHBIE CHCTEMBI B OCHOBHOM yZIAJICHBI OT pa3-
BHUTBIX apKTHYECKUX TEPPUTOPHI, TaKKe UMEIOTCS
poOJIeMBl ¢ MH)XXEHEPHBIMU KOMMYHUKanusMu. OT-
CYTCTBHE KPYIJIOTOUYHBIX JIOPOT, TOPTOB, OTPAaHNIECH-
Hasl IOCTYITHOCTh — BCE 3TO CO3/[aeT PUCKHU YOpOKa-
HUSI 3aB03a MaTE€pHAIOB, 3aJICP)KKU JTOCTABKH TEXHUKU
n cHaOkeHus. OTMEJaroTcss HEOOXOAMMOCTh CTPOH-
TEJIbCTBA ABTOHOMHBIX MCTOYHHUKOB dHEPTHHU, OTPaHU-
YEHHBIE MOIITHOCTH MECTHBIX CETEH, OTCYTCTBHE KBa-
TUGUIIPOBAHHBIX OpUTax HAa MecTe (7 yCTpaHeHUS
9KCTPEHHBIX CUTyalUii, MOJIOMOK U T.1I.).

Oxkonoeuueckue pucku. Croga ornocsatcs OOIIT
U MHTPAIMOHHBIC ITyTH )KUBOTHBIX, UyBCTBUTEIILHBIC
9KOCHUCTEMBI, & TAK)Ke BOJOOXPAHHBIC Y CAHUTAPHBIC
30HBI. DTH (DaKTOPHI HAKJIAABIBAIOT OT'PAHUYCHUS
Ha pa3MelIeHne MIIOmaaKu U rpapuk padot. Kakme-
TO TEPPUTOPHH HE MOAXOJAT JUIsS CTPOUTEIBCTBA, I/Ie-
TO HYXXHBI YBeJIM4eHHbIe Oy(epsl. Bo3Hnkator nomos-
HUTEJbHBIC TPEOOBAHNUS K LIyMY, 3aIIUTE BOABI U MTOYB.

Kaxxnplii U3 mepeurcieHHbIX OJOKOB paclucaH
Ha OoJyiee neTanbHBIC TOKa3aTenu ((PakTOpbl pHCKA).
Jst kaxoro pakTopa onpeiesieHbl KaueCTBEHHBIE U KO-
JIMYECTBEHHbIE rpajaluy pucka. Harpumep, no paccros-
HUIO 710 HH(PACTPYKTYphl: MeHee 50 KM — HU3KUH PHCK
(6mm3Koe pacoNoKeHue K IeHcTBYIOMEeH HHPAaCTPyK-
Type), 50-200 kM — cpeanuii, 6oaee 200 kM — BbICO-
KU (TpyIHOOCTYITHAS MECTHOCTB).

Memoo oyenxu u gecosvie Ko3Qpuyuenmaoi.
J111 KONMMYECTBEHHON OLIEHKU TEPPUTOPUAIIBHOIO PUCKA
UCIIOJIB3YETCS] METO/I OAJUIBHON OIEHKH C IOCIIETyTO-
MM CyMMHPOBaHHEM C BECOBBIMH KOA(PHUITMECHTaAMH.
Kaxnomy dakropy pucka X, NpuCBaMBaeTCs 3HAYCHUE

unekca 7, mo mxkane or 0 go 1, rne 0 — orcyrcTBHE
yrpo3bl, a 1 — MakcuManbHasi HeOJIaronpusiTHas CH-
Tyanus. baiibl MOTYT yCTaHAaBIMBATHCS M KOPPEIUPO-
BaThCsl HA OCHOBE M3MEPEHHBIX JAHHBIX HIIH DKCIIEPT-
HOH oneHKH. BecoBble KOA(GHUINEHTHI OIOKOB MOTYT
OBITb IPUHATHIMU PAaBHBIMHU, €CJIN CYUTATh BCE TPYTIITBI
PaBHO3HAYHO BaKHBIMH, JTM00 MU HEepeHIINPOBAHHBIMU
Ha OCHOBE AKCIEPTHOTO pamXKUpoBaHus. B HaydHOM HC-
CJIeTIOBAaHUM B 0Q30BOM BapHaHTE MPHUHSTHI PaBHbIC Beca
onoxos (a,= a,= a,= a,= 0,25). Ilocne npuceoenus
6ayToB BceM (paKTopaM W BBEIYUCIICHUS CPETHUX 3HAYe-
HHH 110 OJIOKaM PacCUNTHIBACTCS] MHTETPAJIbHBIA HHIEKC
HPUIOHOCTH TepPPHTOpPHIL I, — 000OIIeH b KpHTE-
pHii, OTpa)karOMMUN CTENEHb MPUEMIIEMOCTH y4acTKa
Juist cTpouTenbeTBa. MHneke gpopmupyercst kak B3Be-
IICHHAs cyMMa (WITH cpefHee) OalljIoB M0 OCHOBHBIM
6JI0KaM PHUCKOB C YUETOM HX BECOB:

m
I, = Zj:] aR;,

rae m = 4 — 4uciao OJIOKOB; R/_ — CBOJHBII pUCK
1o j-my 0moxy (0 — orcyTcTByeT, | — MakcHMaJbHO
KpUTH4YeCKHui). B mpocTeiimem ciaydae (Koraa nCHoib-
3YIOTCS paBHbIC ) I €CTh CpejHee apupmeTHYeCcKoe
YeThIpeX CBOAHBIX OLEHOK. B manHo# pabore mox uH-
JIEKCOM MPUTOIHOCTH MMOHUMAETCS A0 PUCKOBOM CO-
crasystonieit: 0 03HaYaeT NOJHOCTHIO TIPUTOIHBIH (0e3-
PHUCKOBBI y4acTOK), | — MONMHOCTBIO HEPUTOIHBIH,
6e3 upe3BblyaiiHbIX Mep. Takum o6pa3om, 4eM BhIIIE
MHJICKC IPUTOIHOCTH, TEM CEphEe3HEe CyMMAapHBIN Tep-
PUTOPHUANIBHBIM PUCK M TEM MEHEee MpPHBIIEKATENbHA
IUIOINAKA JUI CTPOUTENBCTRA.

Jnst MHTepIpeTay HHTErPalbHOTO HHJIEKCA pa3-
paboTana mkana kareropuzanuu. Onupasich Ha MOIXO/,
ONMCaHHBIN B HAay4yHBIX HcclieqoBaHusax [16], npex-
JIOKEHHBIX U HE(TETAa30BBIX 00BEKTOB B APKTHKE,
YCTaHOBHMM CEMb I'paJlalliii pUCKA 110 BEJTUYUHE /" = 1l1p

 OeszomacHas teppuropus: r < 0,2. [Ipaktudeckn
HE HECeT YTrpo3 JJIsl CTPOUTENHCTBA, CTAaHIAPTHBIE YCIIO-
BUST;

* cimabo omacHas: 0,2 < r < 0,3. Hebonpmue pu-
CKH, JIETKO KOHTPOJIUPYEMBbIC IITATHBIMU PEIICHUSIMU;

» ymepenHo onacHast: 0,3 <r <0,45. Cpenuuii ypo-
BCHB PUCKOB, TPEOYIOTCS CTIEINAIBHBIC MEPHI B IPOCKTE;

e omnacHas: 0,45 <r <0,6. Beicokuii puck, 3Ha4H-
TEJILHOE BIHMSIHUE Ha MPOEKT, HEOOXOAMMOCTE CEpbhe3-
HBIX WHKEHEPHBIX PEIICHU;

e 3HayMTeNbHO onacHast: 0,6 <r <(,8. O4ueHb BbI-
COKHH PHUCK, 0€3 aIalTalliOHHBIX MEPOTIPUATHI peau-
3a1us IPOEKTa KpaHe YCIOKHACTCS;

* ype3BbIyaiiHo onacHas: 0,8 <r < 0,9. UpesBbI-
YallHO BBICOKHMI PUCK, CTPOUTENILCTBO HA TAKOM y4acT-
Ke ITOYTH BCET/Ia YKOHOMUYECKH HEIeJIeco00pa3Ho Win
TEXHUYECKH CIIOXKHO;

» katactpoduuecku omacHas: > 0,9. Puck neno-
IIyCTUMO BBICOK, TEPPUTOPHUS MPAKTUUECKU HEIPUTO-
Ha JUIsl OCBOGHHS B TEKYIIUX yCIOBUSIX.

DTH KaTeropuu MPUBOJAT OLICHKY K MOHATHOMY
YPOBHIO, YTOOBI MIPHUHSATHIE peIICHHs OB 000CHOBA-
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HBI, KOPPEKTHBI U yNOOHBI. CTOMT OTMETHTH, YTO HIOPO-
TOBBIC 3HAYEHNUS BEIOPAHbI CXO/s U3 aHAN3a HAYTHOU
JUTEPaTypBl, X MOXKHO BapbUPOBATh MO/l KOHKPETHbIE
TpeboBaHus mpoekra. [IpeyroxenHas mKana yqYuTbiBa-
€T POCCUMCKUI OIBIT PUCK-OLEHKH ISl apKTHUYECKUX
Teppuropuii [17].

Jannvie u uncmpymenmut. C LENBIO IPAKTUYECKON
peann3alnuu U3JI0KEHHOTO MOAXOoAa MPEeIoIaraercs
ucnons3zoanue [ MC-mardopmel yist cOopa 1 aHan3a
MIPOCTPAHCTBEHHBIX JaHHBIX M PUCKOB. B pamkax mc-
cireoBaHus C(hOPMUPOBAH HAOOP YCIIOBHBIX CBEICHHUN
JUISL IEMOHCTPALlMOHHOTO MpUMepa: KIMMaTH4YeCcKUue
mapaMeTpsl (TeMIeparypa Bo3ayxa U T.1.); TeOKPHOJIO-
THYECKHE XapaKTEPUCTUKH — O0OOOIIECHHBIE PE3YBTATHI
MOHHUTOPHHTa MEP3JI0ThI, IpoBoANMOro Hay4yHeiM 11eH-
TpoMm u3yuenust Apkruku [ 18]; uHpacTpyKTypHBIC CBe-
JICHHSI — CITyTHUKOBBIE CHUMKH, OTKPBIThIE KapThl J10-
por u mocenkoB. MHTerpanys komriekca gaHHbIxX B [ IC
MO3BOJISICT HAIVISAHO MACHTU(QHUIMPOBATH KIIOUEBBIC
(hakTOpbI prCKa Ha KapTe U COMOCTaBUTh MH(OPMAIINIO
o pa3HbIM y4acTkaM. K mpumepy, npu momomu Arc-
tic Risk Map mimu aHaIOTHYHOTO TIPHUIIOKEHUS MOJKHO
BU3YaJIbHO OLIEHUTH, HAXOANUTCS JIM paccMaTpHUBaeMbIi
Y4acTOK B 30HE YaCThIX MITOPMOB, B 30HE MHUIPALUU
KUBOTHBIX WJIM PAJIOM C 0CO00 OXpaHSIEMbIMH TePPH-
TopusaMH. B HacTosmelt paboTe Mg yOPOIICHHUS BCe
OLICHKH IIPOBE/ICHBI aHAIUTHYECKH, OJJHAKO B TIEPCIIEK-
TUBE Npeasiaraercsi pa3padorarb HUPPOBOH HHCTPY-
MeHT — ['YIC opueHTHPOBaHHYIO CUCTEMY MOIACPIKKH
MPUHATHS PELICHNH, Kyaa Oy/IyT HHTETPUPOBAHbI U TIPO-
MUCaHbl MOZIEJH pacdyeTa MHAEKCA MPUTOHOCTH. DTOT
MHCTPYMEHT CMOKET aBTOMaTHUECKH IIPHCBaNBaTh Oaj-
JIbI 1O (PaKTOpaM Ha OCHOBE 3arPyKEHHBIX CIIOEB (KapTa
MEP3I0THI, KIMMaTH4eCKUE KapThl, TPAHCIOPTHAS CXe-
Ma), a 3aTeM BbIJIaBaTh MHTETPAIBHYIO OLIEHKY M PEKO-
MEHJIAIMIO M0 KaTerOpUH pUCKa.

PE3YJIBTATBI HCCJEJOBAHUA

Obwas xapakmepucmura cucmemsl. B pesynsrare
MIPOBEJICHHOTO HCCIEeI0BaHUS c(hpopMUpOBaHa IIEIOCT-
Hasl CHCTeMa KJ1acCH(UKALMK 1 OLICHKU TePPUTOPUAITb-
HBIX PHCKOB, peIHA3HAYCHHAS IS TIPEIBAPUTEIBHOTO
aHaJHM3a TEPPUTOPHUH TSI CTPOUTENHCTBA B APKTHKE.
CucTeMa BKJIIOUACT: OMUCATENBHYIO CTPYKTYPY PUCKOB;
MeTo/1 0aJUIbHOM OlleHKH (AaKTOPOB U pacyeTa WHTe-
TPaTbHOTO MHJIEKCA TPUTOTHOCTH; MIKATUPOBAHHUE UH-
JIeKca 10 KaTeropusaM pHCKa ¢ HHTepIpeTaIueil; pexo-
MEHIAINU — THUIOBBIE MPEAJI0KECHUS IO MepaM
JUTS KQXKTOW KaTeTOPUHU pUCKA.

Onucamenvnas cmpykmypa puckog. CocTaBleHa
JIPEBOBHIHASL CX€Ma PHCKOB MPOEKTa CTPOUTEIIHCTBA
B Apkruke (pucyHok). Bepmmaa — TepputopuanbHbIH
PUCK MIPOEKTa, Jlajiee UAET pa3BeTBICHUE Ha 6 KaTeropuit
MIEPBOTO YPOBHS: HHKEHEPHO-T€OJIOTNIECKIE; KPHOTEH-
HBIC; KIMMAaTHYECKHUE; JOTUCTHICCKIE; HHPPACTPYK-
TypHBIe; dKojoruueckue. Kaxnas kareropus, B CBOIO
ouepesib, pacrucana Ha 4—5 KOHKPETHBIX MOKa3aTemei.
Takoe neTampHOE OMHCAHHE JaeT BOZMOXKHOCTH CKOH-
LEHTPUPOBATH COOP JIAHHBIX 110 KAKIAOMY ITyHKTY.

IIpumep pacuera 1Jisl THNIOTETHYECKOI0
yuyactka B AHAO

Jis neMoHCTpanuu pabOThl CUCTEMBI PAcCMO-
TPUM yCIOBHBIN mpumep. [Ipeanonoxum, 4To miaHu-
pPYETCsl CTPOUTENBCTBO KUJIOTO MUKpOpaiioHa B SIMano-
Heneukom aBroHoMHOM OKpyre B 30 KM K c€BEpO-BOC-
ToKy OT I. HoBBIii YpeHroit. MeCTHOCTh — IJIATO C BbI-
cotam, mpuMepHo 60 M HaJl YpOBHEM MOpsI, TOKPBITOE
necoTyHapoi. VMcxonHble nanHbIe (THIIOTETHYECKHE,
HO OJM3KHME K CPEJHUM 3HAYCHMSM JUISl ATOH JOKa-
[IMK): cpenHerogonas temmeparypa —8 °C, pacuerHas
MuHuMaibHas —50 °C; npoAOIKUTEIBHOCTD 3UMBI ~ 8
MECSLEB; p03a BETPOB — YACThIE€ CUIbHBIC BETPHI 3U-

WHKkeHepHO-reo1ornyeckue Kpuorennsie Kinmarnueckue
Y v Y
.
* HeCTaOHIIbHbIE 'PYHTEL; SKCTPEMAJILHBIC
O3eMHbIE B * TepPMOKApCT; TEMIIEpaTyphl;
* II 'MHBIC BOJIbI, .
ﬂ6 e aﬂ ; * Jlerpajialus Mep3IoTL; * CHEIKHBIC 3aHOCBI;
* INIyOHMHa IpoTanBaHUs .
y p « BozI03aCTON . 06neueugﬂme, .
MEP3JI0ThI * KOPOTKHUHU CTPOUTEIIbHBIN
Ce30H

DaKTOPBI TEPPUTOPUATILHBIX PUCKOB

Jloructnueckne HndpacrpykrypHsie

Dkosoruyeckue

Y Y

Y

* OTCYTCTBHE KPYIJIOTOAMYHOIO
JlocTyna;

* JIEZIOBBIE TIEPENPABDI;

* YAAJICHHOCTb OT CHAOMKEHUs;

* BBICOKAasi CTOMMOCTD JTOCTaBKH

* OTCYTCTBHE CETeli;

* IPOGIEMBI C HOJKITIOYEHUEM;
* HEOOXOAUMOCTh HOBBIX
TMOABE3AHBIX MyTel

* 4yBCTBHTC/IbHBIC 9KOCHCTEMBI;
* BOJIOOXPAHHBIC U CAHUTAPHBIC
30HBI;

* OOIIT 1 MUTrpaLOHHBIE ITyTH

Cxema TeppUTOPHATEHBIX PHCKOB ITPOEKTOB CTPOUTENLCTBA B APKTHKE
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MOI{; CHET BBINAAAET 0 2 M 3a 3UMY. | pyHTHI — Be4UHas
Mep3JI0Ta ¢ TeMIleparypoil Ha rryouHe dyHaaMeHTa
~ =3 °C, MOLIHOCTh CE30HHO-TAJIOr0 cios 1,5-2 wm;
penbed OTHOCHUTENBEHO POBHBIN, HO OMM3KO MpPOTEKa-
eT peka (MOTeHIHaJbHOE MOATOIUICHNE IIPU MaBOJIKE
HCKJIFOUEHO, TaK KaK y4acTOK Ha BO3BBIIIEHHOCTH).
CelicMuuHOCTD paiioHa Hu3Kas (He Ooiyee 6 OamIoB).
NudpacTpykTypa: Ommxkaimas acharbTHpOBaHHAS
JIopora — B 25 KM; 3JIEKTPUUYECKHE CETH OTCYTCTBY-
0T, HO B OyAyIleM IUIaHupyeTcs: cTpouTenbeTBo JIDIT;
J10 Keje3Hou aoporu ~ 40 KM; 10CTaBKa I'py30B BO3-
MOXKHA 3UMOH Hanpsimyto oT Ypenros. [logBoas uror:
Y Yy4acTKa BBICOKUH MHKEHEPHO-IFE€OKPHOJIOrnYECKUI
puCK (Temas Mep3J0Ta cO JIJOM), YMEPEHHO BBICO-
KUH KIUMaTHYECKUU PUCK (IKCTPEMaTbHBIN XOIOJ
1 BETPHI), HHPPACTPYKTYPHBIH PUCK CPETHUNA (OTHOCH-
TellbHasi OJIM30CTh FOPO/Ia, HO OTCYTCTBHE MHKEHEPHBIX
KOMMYHMKAIUH Ha JOKALUH), COIIMAIbHO-I)KOHOMUYE-
CKHU pHCK YMEpEHHEIH (HeoOuTaemast 30Ha). [IpoBenem
KOJIMYECTBEHHYIO OLICHKY 1O METO/IHKE:

* MHXEHEPHO-TEOKPHOJIOTMYECKHHi Ook: R, =
= 0,65;

* KJIMMaTHYECKUU OJIOK R_ =07,

* MH(PACTPYKTypHBIA OMOK R o~ 0,55;

* COLMAIbHO-OKOHOMUYCCKHI 0ok R~ 0,5.

Hanee npocymMmupyem monyuuBimecs seca: /=
=0,25(0,65+0,7 + 0,55 + 0,5) = 0,6. DT0 3HAYCHHE TIO-
magaeT B nuana3oH 0,6—0,8 — «3Ha4yuTeIbHO OIIacHas»
Kareropusi pucka. Takoi ydyacTOK elle MOXKET ObITh
MIPUTOJICH /ISl TOCTABJICHHOMN 3a/1auu, HO TpeOyeT ce-
PBE3HBIX MEp: B JAHHOM CIIydae HeOOXOANMO Ipeayc-
MOTPETH OpOTHe PyHIAMEHTHI Ha CBasAX C TepMOCU(O-
HaMU ISl OXJIQXK/ICHUS TPYHTa (4TOOBI IPEAOTBPATHTh
€ro OTTamBaHHe) U T.A. DTOT NPUMEDP WILIFOCTPUPYET
MPAKTHYECKYI0 IIEHHOCTh METOJIMKH: €Ille Ha JTare
IUTAHUPOBAHUSI NHBECTOP M MPOCKTHUPOBIIUKHA MOTYT
COCTaBUTh «IOPTPET» TEPPUTOPUH.

SAKJIIOYEHHUE U OBCYXJIEHUE

CTpouTeNnsCTBO B APKTHKE CONPSDKEHO ¢ YHHUKAIb-
HBIM COYETaHHEM IPUPOAHBIX ¥ TEXHOTCHHBIX PHCKOB,
TpeOyromux 0co00ro BHUMaHUs Ha dTanax IUIaHUPO-
BaHUs, IIPOCKTHPOBAHUS M IKCILUTyaTallMM OOBEKTOB.
Pa3paboTka cuctembl kKiaccu(UKaluu H OICHKH Tep-
PHUTOPHATIBHBIX PUCKOB II03BOJISAET CTPYKTYPUPOBAHHO
HOJXOIUTH K 3ToM 3aade. Kinaccudukanys puckos 1o Ka-

TETOpUAM (I(JTI/IMaTI/I‘{eCKI/IM, OKOJIOTHYCCKHUM, COLIMAJIbHO-
HKOHOMUYECKHM U JIp.) AT BO3MOXXHOCTb OXBATHTH BCE
ACTICKTHI YTPO3, CBA3AHHBIX C TEPPUTOPHEH CTPOUTEIh-
crBa. KonmmuecTBeHHast OLeHKAa M MOAEIMPOBAHNE PH-
CKOB, B CBOIO OU€PE/ib, 1al0T MHCTPYMEHTLI JI IIPOrHO3a
1 CpaBHCHUS BAapHaHTOB — 3TO OCHOBA JJId MPUHATUA
000CHOBAHHBIX YIPABICHUECKUX PEIICHUH.

[IpuMeHeHne ONMMCaHHON CUCTEMBI Ha MPAaKTHKE
03HAuaeT, YTo JI0 Havyaja CTPOUTEILCTBA MOXKHO HJICH-
TUGHUIMPOBaTh Hanboee ornacHble GakTopbI Al KOH-
KpeTHOH Tutomaaku (Oyab TO BEpOSITHOE MPOTAMBAHKE
MEP3JI0THI, 30Ha BO3MOKHOTO MOJATOIUICHHUS WM OT-
CYTCTBHE PE3EPBHBIX ITyTel CHAOKEHHS) U OLCHUTb,
HACKOJIBKO KPUTHUYHBIM Oy/IeT UX BIUSIHUE. DTO MO3BO-
JIACT 3aJI0KUTH B IPOCKT HCOGXOI[I/IMI)Ie MCEpPHbI 3alUThI:
YCHUJICHHBIE KOHCTPYKIINH, JOIOTHUTEIBHBIE PECYPCHI,
IUIAHBI 110 YpE3BbIUAHBIM cUTyanusM. B xoze peannsa-
IIH TIPOEKTa HETIPEPHIBHBIA MOHUTOPUHT U IIEPECMOT]
OLICHOK pHCKa 00€CIIeUNBAIOT aKTYalIbHOCTb IPHHSATHIX
Mep Ha BCeM MPOTSHKEHUHU KM3HEHHOTO LIUKJIA 00bEKTa.

BaxHO NOTYEPKHYTh, YTO B YCIOBHUSIX YCKOPEHHO-
TO U3MEHEHUsSI KIIMMaTa ¥ aKTHBHU3AIMH XO3SHCTBEHHO-
TO OCBOCHMS APKTHKH CHUCTEMa YIIPABJICHUS PUCKaMHU
He ocTaeTcs cTaTuuHOM. OHa IBOJIOLUOHUPYET, OMH-
padcCb Ha TaHHBIC I/ICCJ'IG}IOBaHI/II\/’I U TCXHOJIOTMYCCKUC
nHHOBaMu. Hampumep, BBIABICHHE HOBBIX OMACHBIX
TEOJIOTHYECKUX MPOLIECCOB, CBSI3aHHBIX C Jerpaganuei
MEp3JIOTHI, BEJIET K IIEPECMOTPY KIIaCCH(UKALMN PUCKOB
1 METOJ0B UX OLICHKU, ITIOABJICHUC 60.]166 TOYHBIX KJIHN-
MaTUYECKUX MOAEJIEH yilydlaeT POrHO3UPOBAHUE IKC-
TpeMaJIbHBIX HArpy30K U T.1. Takum oOpaszom, cucrema
KJIacCU(HUKAIMH ¥ OLIEHKH PHUCKOB JOJDKHA OBITH THOKON
W aIalITUBHOM, PETYSIPHO OOHOBIISIEMOH COBMECTHBIMU
YCUIIUAMU YUYCHBIX, MHXKXCHCPOB U YIIPABJICHIICB.

BHeznpenue cHCTEMHOrO MMOAXO0Aa K OLIEHKE Tep-
PUTOPHABHBIX PHCKOB MPU CTPOUTENBCTBE B APKTHKE
TIO3BOJIMT 3HAYHUTEIILHO ITOBBICHTH 0€30MacHOCTh U 3(-
(exTuBHOCTB NpOoekToB. Kitaccudukanus prckoB odec-
MeYrBaeT BCECTOPOHHEE BUJICHUE MPOOJIEM, OlleHKa —
KOJIMYECTBEHHOE ITOHNMAaHNE BEPOSITHOCTU M MOCIE-
CTBHH, a TOCJIEIyIOlIee yNPABIEHUE PUCKAMHI — CHH-
JKCHUE DTUX BEPOSTHOCTEH M TTOCIIEACTBUN IO MTPHUEM-
JIEMOTO ypOBHs. Bce 3T0 CIy)KUT 3aJ10r0M YCTOWYHBOTO
Ppa3BUTHA apKTHYCCKUX PETMOHOB, COXpaHCHUS KU3HU
1 30POBbsI JIIOAEH, a TAKXKE 3alUThl YHUKAJILHOU NpH-
pozxst CeBepa py OCBOSHHH €r0 OOTraTcTB.
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INTRODUCTION

The development of the Arctic zone of the Rus-
sian Federation is closely linked to unique challenges
and risks that have a significant impact on the construc-
tion of civil facilities. Key risk factors include extreme
climatic conditions, permafrost degradation, lack of in-
frastructure and other characteristics of the region. Ac-
cording to estimates by the UN Intergovernmental Panel
on Climate Change, the rate at which the Earth is getting
warmer is increasing. The average global temperature
is expected to rise by 1.5 °C by 2030, 10 years earlier
than previously expected. The most significant increase
in global temperatures is being felt at the poles, where
it is causing rapid melting of ice and permafrost' [1].
According to the Arctic Monitoring and Assessment
Programme (AMAP) and information from the Arctic
Council, the bearing capacity of soils in permafrost
areas will decrease by 25-50 % between 2015 and
2025, and by 50—70 % in the Yamal deposits [2]. These
changes pose a threat to the stability of buildings and
infrastructure. According to statistics, more than 50 %
of existing infrastructure in permafrost is located in
areas with a high risk of soil thawing. It is also worth
noting that currently up to 30 % of buildings in some
cities have structural deformations and damage due to
foundation degradation [3].

The construction of civil engineering structures in
the Arctic faces not only technical difficulties, but also
high territorial risks. Territorial risks are understood to
be threats associated with the properties of a specific
areca that may have a negative impact on construction
timelines and costs. In the Arctic, these risks include:

* engineering-geological (unstable soils, geocryo-
logical processes, depth of permafrost thawing, ground-
water);

* cryogenic (permafrost degradation, waterlogging,
temperature heterogeneity);

* climatic (extreme temperatures, snow drifts, short
construction season, icing);

* logistical (lack of year-round access, winter roads
and ice crossings, high delivery costs, remoteness from
supplies);

* infrastructural (lack of networks, connection
problems, need for access roads);

 environmental (specially protected natural areas
(SPNA) and migration routes, sensitive ecosystems,
water protection and sanitary zones).

In today’s reality, there is a growing need to study
the impact of permafrost degradation on infrastructure
and to develop an approach to risk assessment. For-
eign experience shows that researchers use geoinfor-
mation models to graphically represent hazardous ar-

' How to build for centuries on melting permafrost was dis-
cussed at the Il Forum “Arctic — Regions”, Eastern Centre for
State Planning. 2024. URL: https://vostokgosplan.ru/en/kak-
stroit-na-veka-na-tajushhej-merzlote-obsudili-na-ii-forume-
arktika-regiony/

eas. An example is The Arctic Risk Map project from
the Norwegian company DNV GL?, based on ArcGIS
for Server. This project integrates information on tem-
perature, storm activity, ice conditions, the availability
of rescue services, etc. Domestic scientific works ana-
lyze the stability of structures and facilities in condi-
tions of a changing climate (warming, etc.) [4, 5] and
propose methods for the engineering protection of foun-
dations [6—8]. However, there is no unified system for
classifying territorial risks for the construction of civil
facilities in the Arctic. This scientific study aims to fill
this gap by proposing a structured approach to the iden-
tification and assessment of risks specific to Arctic ter-
ritories. The novelty of this work lies in the adaptation
of existing risk management methods to the conditions
of the Far North, taking into account modern technolo-
gies and trends in environmental factors.

The aim of the study is to develop and describe
a system for classifying territorial risks and a method
for assessing the overall suitability of a site for civil con-
struction in the Arctic zone of the Russian Federation.

Russian academic literature provides empirical
evidence of the systemic impact of cryogenic processes
on the infrastructure of Arctic cities (foundation defor-
mation, thermokarst, subsidence, drainage failure) and
the need for regional adjustments to engineering solu-
tions and permafrost monitoring [9]. The final works
on the adaptation of Arctic infrastructure focus on foun-
dation cooling measures, network development and im-
provement of technologies in urban planning and opera-
tion [10]. Publications on the design and construction
of foundations in permafrost conditions describe techno-
logical solutions (pile fields, thermal insulation, structural
schemes for seismic and frost resistance) and the bound-
ary conditions for their applicability [11]. In parallel with
this, approaches to assessing geodynamic and natural-
technogenic risks in projects focused on the Far North
are being developed, ranging from probabilistic to fuzzy
classifiers and expert weights [12].

Engineering reviews and thematic articles offer
a wide range of adaptation measures: preventing heat
flow into the ground, enhancing heat removal (pas-
sive/active thermal stabilization systems), strengthen-
ing foundations and embankments, and adjusting design
schemes and production modes [13, 14].

Let us consider Russian practice: the Bovanenko-
vo — Ukhta gas transport corridor (Yamalo-Nenets Au-
tonomous Okrug) as the northern “head” of the Yamal —
Europe system. To deliver gas from the Yamal Peninsu-
la to the EGTU, two Bovanenkovo — Ukhta lines were
built, including complex coastal, marine, and marshy
areas. Solutions were implemented to protect insulation
in frozen and rocky soils (cushions, shock-absorbing
layers), anti-erosion measures (geogrids, shore rein-
forcement), soil retention on slopes, and ballast on wa-

2 Esri CIS. ArcReview. URL: https://arcreview.esri-cis.ru/
2017/05/10/arctic-development-mapping/
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tercourse crossings. The goal is to minimize heat flow
to the pipe and foundation deformation due to thermo-
karst and seasonal thawing?.

Ukhta — Torzhok and the Yamal — Europe export
route. The Russian section of Yamal — Europe begins in
Torzhok; gas from the Yamal-Nenets Autonomous Okrug
is transported via the Bovanenkovo — Ukhta — Torzhok
corridor. Permafrost-critical solutions are concentrated
on the northern branch (Bovanenkovo — Ukhta), while
Ukhta — Torzhok is mainly outside the cryosphere and
provides throughput and pressure*.

Power of Siberia. The route crosses areas with ice-
saturated permafrost and extreme temperatures down to
—60 °C. Steels and welding technologies for low-temper-
ature operation are used, along with a strain-based de-
sign approach in potentially deformable areas, enhanced
geocryological monitoring, seasonal work planning, and
local drainage and snow retention measures [15].

The ESPO oil pipeline system (Transneft). Sea-
sonal thermal stabilizers (two-phase tubes/TPCT) are
used in permafrost areas to maintain negative base tem-
peratures, thermal insulation, drainage and engineering
protection of slopes/embankments; the effectiveness
of the devices is monitored regularly?.

MATERIALS AND METHODS

The scientific work takes a comprehensive ap-
proach and is based on structured risk analysis meth-
odology. To develop a risk classification system, infor-
mation was collected on factors affecting construction
projects in the Arctic. The list of risks is based on cate-
gories recommended by experts focused on Arctic proj-
ects: natural and climatic, engineering and geological,
infrastructure and logistics, and environmental.

Let us consider each of the above categories of risks
for the construction of civil facilities in the Arctic.

Natural and climatic risks. These include extreme
air temperatures, strong winds, heavy snowfall and bliz-
zards, drifting ice and ice formation. They contribute
to longer construction times, increased wear and tear
on equipment and structures, and the need for unique
technologies. These factors also create difficulties for
engineers, construction crews, etc. in their work.

Engineering and geological risks. This group in-
cludes risks associated with the condition of the founda-
tion soil, such as the presence of permafrost, the depth

3 Bovanenkovskoye NGCM and the Bovanenkovo — Ukhta
trunk gas pipeline system, Gazprom. URL: https://proek-
tirovanie.gazprom.ru/press/ehntsiklopediya-proektirovsh-
chika/krupnejshie-proekty/bovanenkovskoe-ngkm-i-sistema/
4 Ukhta — Torzhok (Yamal) 2 Gas Pipeline, Global en-
ergy monitor WIKI. URL: https://www.gem.wiki/Ukhta-
Torzhok %28Yamal%29 2 Gas_Pipeline

5 Transneft Vostok LLC inspected thermostabilizing systems
at facilities in the permafrost zone, Yasia. URL: https://ysia.
ru/ooo-transneft-vostok-obsledovalo-sistemy-termostabilizat-
sii-na-obektah-v-zone-vechnoj-merzloty/
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of seasonal thawing, ice saturation of the soil, the risk
of thermokarst, subsidence and ice jams. These risks are
considered key, as the stability and balance of the foun-
dation is crucial to the integrity of the entire structure.

Infrastructure and logistics risks. Transport sys-
tems are mostly located far from developed Arctic ter-
ritories, and there are also problems with engineering
communications. The lack of year-round roads and
ports, as well as limited accessibility, create risks of in-
creased costs for the delivery of materials and delays in
the delivery of equipment and supplies. There is a need
to build autonomous energy sources, limited capacity
of local networks, and a lack of qualified teams on site
(to deal with emergencies, breakdowns, etc.).

Environmental risks. These include protected ar-
eas and animal migration routes, sensitive ecosystems,
as well as water protection and sanitary zones. These
factors impose restrictions on site location and work
schedules. Some areas are unsuitable for construction,
while others require larger buffers. Additional require-
ments arise for noise, water and soil protection.

Each of the above blocks is broken down into
more detailed indicators (risk factors). Qualitative and
quantitative risk gradations are defined for each factor.
For example, based on distance to infrastructure: less
than 50 km — low risk (close proximity to existing in-
frastructure), 50200 km — medium risk, more than
200 km — high risk (difficult-to-access terrain).

Assessment method and weighting coefficients.
To quantitatively assess territorial risk, a scoring method is
used, followed by summation with weighting coefficients.
Each risk factor X' is assigned an index value , on a scale
from 0 to 1, where 0 indicates no threat and 1 indi-
cates the most unfavorable situation. Points can be set
and correlated based on measured data or expert assess-
ment. The weighting coefficients of the blocks can be
taken as equal if all groups are considered equally impor-
tant, or differentiated based on expert ranking. In the sci-
entific study, equal weights of blocks (¢, =a,=a,=a,=
= 0.25) are taken in the basic version. After assigning
scores to all factors and calculating the average values
for each block, the integral index of suitability of the ter-
ritory /  is calculated — a generalized criterion reflect-
ing the degree of acceptability of the site for construc-
tion. The index is formed as a weighted sum (or average)
of scores for the main risk blocks, taking into account
their weights:

L= Z,-:1 a;R;,
where m = 4 is the number of blocks; Rj is the com-
bined risk for the j-th block (0 — absent, 1 — most
critical). In the simplest case (when equal a,are used),
I, is the arithmetic mean of the four combined assess-
ments. In this work, the suitability index is understood
as the share of the risk component: 0 means completely
suitable (risk-free area), 1 means completely unsuitable,
without emergency measures. Thus, the higher the suit-
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ability index, the more serious the total territorial risk
and the less attractive the site for construction.

A categorization scale has been developed to inter-
pret the integral index. Based on the approach described
in scientific studies [16] proposed for oil and gas facili-
ties in the Arctic, we will establish seven risk gradations
according to the value of r =1

* safe territory: » < 0.2. Practically no threat to
construction, standard conditions;

¢ slightly dangerous: 0.2 < r < 0.3. Minor risks,
easily controlled by standard solutions;

» moderately dangerous: 0.3 < r < 0.45. Average
level of risk, special measures required in the project;

* dangerous: 0.45 <r < 0.6. High risk, significant
impact on the project, serious engineering solutions
required;

* significantly dangerous: 0.6 < r < 0.8. Very
high risk, without adaptation measures, project imple-
mentation becomes extremely complicated,

+ extremely dangerous: 0.8 < r < 0.9. Extremely
high risk, construction on such a site is almost always
economically unfeasible or technically difficult;

* catastrophically dangerous: » > 0.9. The risk is
unacceptably high, the territory is practically unsuitable
for development under current conditions.

These categories bring the assessment to an un-
derstandable level so that the decisions made are jus-
tified, correct and convenient. It is worth noting that
the threshold values are selected based on an analysis
of scientific literature and can be varied according to
the specific requirements of the project. The proposed
scale takes into account Russian experience in risk as-
sessment for Arctic territories [17].

Data and tools. For the practical implementation
of this approach, a GIS platform will be used to collect
and analyze spatial data and risks. As part of the study,
a set of conditional data was compiled for a demonstra-
tion example: climatic parameters (air temperature,
etc.); geocryological characteristics — summarized re-
sults of permafrost monitoring conducted by the Arctic
Research Centre [18]; infrastructure data — satellite
images, open maps of roads and settlements. Integrat-
ing the data set into a GIS allows key risk factors to be
clearly identified on a map and information on different
areas to be compared. For example, using Arctic Risk
Map or a similar application, it is possible to visually
assess whether the area in question is located in a zone
of frequent storms, in an animal migration zone or near
specially protected areas. In this work, for simplicity,
all assessments were carried out analytically, but in
the future, it is proposed to develop a digital tool —
a GIS-oriented decision support system, where models
for calculating the suitability index will be integrated
and prescribed. This tool will be able to automatically
assign scores for factors based on uploaded layers (per-
mafrost map, climate maps, transport scheme) and then
provide an integrated assessment and recommendation
for the risk category.

RESEARCH RESULTS

General characteristics of the system. As a result
of the research, a comprehensive system for classify-
ing and assessing territorial risks has been developed,
designed for preliminary analysis of territories for
construction in the Arctic. The system includes: a de-
scriptive risk structure; a method for scoring factors
and calculating an integral suitability index; scaling
of the index by risk category with interpretation; recom-
mendations — typical proposals for measures for each
risk category.

Descriptive risk structure. A tree diagram of the risks
of the construction project in the Arctic has been drawn
up (see Fig.). At the top is the territorial risk of the proj-
ect, followed by a branching into six first-level categories:
engineering and geological; cryogenic; climatic; logistical;
infrastructural; and environmental. Each category, in turn,
is broken down into 45 specific indicators. Such a de-
tailed description makes it possible to concentrate on col-
lecting data for each item.

Calculation example for a hypothetical site
in the Yamalo-Nenets Autonomous District

To demonstrate how the system works, let’s con-
sider a hypothetical example. Suppose that a residential
neighbourhood is planned to be built in the Yamalo-
Nenets Autonomous District, 30 km northeast of Novy
Urengoy. The terrain is a plateau with elevations of
approximately 60 m above sea level, covered with
forest-tundra. Initial data (hypothetical, but close to
the average values for this location): average annual
temperature —8 °C, estimated minimum —50 °C; win-
ter duration ~ 8 months; wind rose — frequent strong
winds in winter; snowfall up to 2 m per winter. Soils —
permafrost with a temperature at the foundation depth
of ~ =3 °C, seasonal thaw layer thickness 1.5-2 m;
the relief is relatively flat, but a river flows nearby
(potential flooding during high water is excluded, as
the site is on high ground). The seismicity of the area is
low (no more than 6 points). Infrastructure: the nearest
asphalt road is 25 km away; there are no electrical net-
works, but the construction of a power line is planned
for the future; the railway is ~ 40 km away; cargo de-
livery is possible in winter directly from Urengoy. To
sum up: the site has a high engineering and geocryo-
logical risk (warm permafrost with ice), a moderately
high climatic risk (extreme cold and winds), an average
infrastructure risk (relative proximity to the city, but
no engineering communications at the location), and
a moderate socio-economic risk (uninhabited area). We
will conduct a quantitative assessment using the follow-
ing methodology:

» engineering and geocryological block: R ie™
~0.65;

* climatic block R, ~0.7;

* infrastructure block R . 0.55;

» socio-economic block R ~0.5.

soc-econ
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Territorial risk map for construction projects in the Arctic

Next, we sum up the resulting weights: 7 , =
=0.25(0.65 + 0.7 + 0.55 + 0.5) = 0.6. This value falls
within the range of 0.6-0.8 — the “significantly dan-
gerous” risk category. Such a site may still be suitable
for the task at hand, but requires serious measures: in
this case, it is necessary to provide for expensive foun-
dations on piles with thermosiphons for cooling the soil
(to prevent it from thawing), etc. This example illus-
trates the practical value of the methodology: even at
the planning stage, investors and designers can create
a “portrait” of the territory.

CONCLUSION AND DISCUSSION

Construction in the Arctic involves a unique com-
bination of natural and man-made risks that require
special attention during the planning, design and opera-
tion stages of facilities. The development of a system
for classifying and assessing territorial risks allows for
a structured approach to this task. Classifying risks by
category (climatic, environmental, socio-economic, etc.)
makes it possible to cover all aspects of the threats asso-
ciated with the construction site. Quantitative risk asses-
sment and modelling, in turn, provide tools for forecast-
ing and comparing options, which is the basis for mak-
ing informed management decisions.

Applying the described system in practice means
that before construction begins, the most dangerous
factors for a specific site can be identified (whether
it is probable thawing of permafrost, a zone of pos-
sible flooding, or the absence of backup supply routes)
and their critical impact can be assessed. This allows
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the necessary protective measures to be incorporated
into the project: reinforced structures, additional re-
sources, emergency plans. During the implementation
of the project, continuous monitoring and review of risk
assessments ensure that the measures taken remain rel-
evant throughout the entire life cycle of the facility.

It is important to emphasize that in the context
of accelerated climate change and increased economic
development in the Arctic, the risk management sys-
tem is not static. It evolves based on research data and
technological innovations. For example, the identifica-
tion of new hazardous geological processes associated
with permafrost degradation leads to a revision of risk
classifications and assessment methods; the emergence
of more accurate climate models improves the predic-
tion of extreme loads, etc. Thus, the risk classification
and assessment system must be flexible and adaptive,
regularly updated through the joint efforts of scientists,
engineers and managers.

The introduction of a systematic approach to as-
sessing territorial risks in construction in the Arctic will
significantly improve the safety and efficiency of proj-
ects. Risk classification provides a comprehensive view
of the problems, assessment provides a quantitative un-
derstanding of the probabilities and consequences, and
subsequent risk management reduces these probabilities
and consequences to an acceptable level. All this serves
as a guarantee of sustainable development in the Arctic
regions, the preservation of human life and health, and
the protection of the unique nature of the North while
exploiting its riches.
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