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PaccmatpuBaeTca coBpeMeHHOe COCTOSIHWE U aKTyanbHble BONPOChI
NOCTPOEHUA 3HEPreTUYeCKoil MHGPACTPYKTYpbI Poccuitckoil ApKTUKM
¥ ee 3alUTbI B YCIIOBUAX BO3AEIACTBUA IKCTPEMaNbHOro Knumara.
AHanusupyiotca MH(PACTPYKTYPHbIE NPOEKTbI, peann3oBaHHble

B aPKTMYECKNX pernoHax Poccuun B pamKax KOHUENUNN «3HepreTu-
yeckoro nepexoaa». MoayepKuUBaETCA BAXKHOCTb yYeTa KNUMaTHye-
CKUX U 3KONOrMYeckux hakTopoB, peKpeaLMoHHbIi xapaKTep MecTa
1 He06X0AMMOCTb NOUCKA HOBBIX PeLeHui B NPOTUBOAEHCTBUM
COBpPeMEeHHbIM KNUMaTUYeCKUM Bbi30BaM. 06CYKAAIOTCA BO3MOXK-
HOCTU peannsaumm HoBbIX NOAXOA0B B C(hepe NPOEKTUPOBAHUA
06beKTOB KanuTanbHOro CTPOUTENbCTBA, OCHOBAHHbIE HA UHTEJIEK-
TyanbHO-UUGPOBLIX CUCTEMAX CTPOUTENILHOTO U IHEPreTUYeCcKoro
MOAENNUPOBAHMA U UX PONb B NOBbILEHUH YCTONYMBOCTH IHEpreTUYe-
CKOW MH(PACTPYKTYpbI peruoHa.

KnioueBble cnoBa: Poccuiickas ApKTUKa; yCTONYMBOE pasBUTHe;
cpeAa 06UTaHUA; KNUMAT; IKONOTUA; TYPU3M; MH(OPMALMOHHOE
MOAEenMpoBaHue; IHepreTuyeckoe MogenupoBatue. /

The current state and topical issues of building the energy
infrastructure of the Russian Arctic and its protection under the
influence of an extreme climate are considered. Infrastructure
projects implemented in the Arctic regions of Russia within the
framework of the “energy transition” concept are analyzed. The
importance of considering climatic and environmental factors, the
recreational nature of the place and the need to search for new
solutions in countering modern climatic challenges are emphasized.
The authors also discuss the possibilities of implementing new
approaches in the design of capital construction projects based on
intelligent-digital systems of construction and energy modeling,
as well as their role in increasing the sustainability of the energy
infrastructure of the region.

Keywords: Russian Arctic; sustainable development; environment;
climate; ecology; tourism; information modeling; energy modeling.
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1. Mpo6seMbl KNIMMATUYECKNX U3MEHEHUIA
M YCTOMYMBOCTb IHEPreTUYECKOM MH(PaCTPYKTYpPbI
B Poccuiickoin ApKTuke
He cekperT, 4To apKTUYeCKMit per1oH ABNAETCA YHUKANbHbBIM
B MepBYIO 0Yepefb 13-3a TEMNePaTypPHOro PeXnMa 1 Kan-
MaTa, KOTopbI (POPMUPYETCA B YCIOBUAX OFPaHUYEHHOrO
NOCTYNNEHMA CONHEYHOTO Tenaa no CpaBHEHUIO C Henonsap-
HbIMW PpErMoOHaMK 1 BO MHOTOM OMpeAenseTcs KOANYecTBoM
Tenna, NPUHOCUMOro OKeaHCKUMM TeYEHUAMU U BO3AYLIHbI-
MU MOTOKAMM U3 HU3KUX reorpacuyeckux wuport [1; 2].
Takum 06pa3om, B ApkTuKe HhOpPMUPYIOTCA KNMMATUYeCKue
YCNOBUA C IKCTPEMANbHO XONOAHBIMU 3UMaMW Ha ceBepe
Cnbupu 1 bonee MATKMM KIMMATOM Ha CEBepe eBponeii-
cKoit yactn Poccun. OTHOCUTENbHO MATKME KNUMaTUYECKKe
yCNoBusA Ha ceBepe eBponeiickoii yactu Poccun B ApkTuke
onpefennan akTUBHOE NMPOMBbILLIIEHHO-X03AWCTBEHHOTO
0CBOEHME 3TOr0 pernoHa, paspaboTky NoNe3HbIX UCKoNa-
eMblx, hOPMUPOBAHME KPYMHbIX TOPOACKUX arnomepaLuii,
CO3JaHue pa3BUTON IHEPreTMYeckon MHBPACTPYKTYPSI,
obecneynBaioLeil X039UCTBEHHYIO AEATENBHOCTb, 3IEKTPO-
Y TENNOCHABXEHME NPOMbIWNEHHOTO U BLITOBOFO CEKTOPOB.
JHepreTuyeckas MHHPACTPYKTypa NpeAcTaBieHa npemmy-
wecTBeHHO TIL, B HaceneHHbIX MyHKTAX, ra30TypOUHHBIMMU
CTaHUMAMU B MecTax JOObIYM NONE3HbIX UCKONAEMBIX, [1-
3eNb-reHepaTopamu B Hebonblwmnx nocenkax [3; 4]. Cektop
nepefayn 3NeKTPO3IHEPrumu NpakTMYeckn HepasBuUT B CBA3M
C BbICOKOW cTOMMOCTb cTpouTenbcTsa JI3M B aKCTpeManbHbIX
KMMaTUYECKMUX YCNOBUAX HA OTTaMUBAIOLMX B TETHUI nepu-
0fy MHOTONIETHE-Mep3N0THbIX FpyHTax. Ha cywecTByowwnx
J13M Heo6Xx0AMMO KOHTPOMPOBATL COCTOSIHUE C MOMOLYbIO
npu6OpPOB Ha NpefMeT BO3MOXKHOIo 06Mep3aHus NpOBOAOB
¥ NPUHUMATL MEPLI B BUAE YCTAHOBKM BETPAHBIX TYpOUH,
HeilTpanusywwmux obnegeHeHne. 3TOT cnocob 3alWuUThl yxKe
ycnewHo npumenanca Ha Caxanuue. Cneunduka permoHa
TpebyeT onTUMU3aLMM IHEPrOCUCTEMBI C Lienblo obecne-
YeHUs 6e30MaCHOCTU U MUHUMU3ALUM BONbLIMX NOTEPD
13-33 KIMMATUYeCKnX puckos [4—6]. Mpobnema ocobeHHO
aKTyasnbHa B CBA3M C MPOrPaMMOii pa3BUTUA aTOMHOI 3Hep-
retuku B ApkTuke. lnaByyas aToMHas Tenn03aeKTpoOCTaH-
uus «Akagemuk JJoMoHOCOB» 3ameHuna bunubunckyio A3C.
Tenno3nekTpoCTaHyus cOCTOUT U3 Geperosoit MHGpPacTpyK-
Typbl ¥ NNaByyero 3Heprob0Ka, KOTOPbI OCHALLEH ABYMSA

peakTopamu MOLWHOCTbIO 35 MeraBaTT Kaxabin. B 2020 r.
nnaeyyas aToMHas Tennosas anektpoctaHuus (MATIC)
Aana nepBylo 3N€KTPO3IHEPruto B U30ANPOBAHHYIO CETb
YayH-bunubuHckoro y3na YykoTcKoro aBTOHOMHOTO OKpyra
(puc. 1a, 6). Co3paHue HOBOII NAaByyeil TeNNOBON aTOMHOIA
3/1eKTPOCTaHLMK B [eBeKe NO3BONNT OCYLLECTBUTb NEPBbIE
3HaYMUTeNbHbIE Wark Ha NyTU COLUANbHO-3KOHOMUYECKOTO
pa3BuTnA YayHCKOro MyHMLUMNanbHOro paoHa v Bcei Yy-
KOTKU. Kpome TOro, 3Ta CTaHUMA CTaHET OfHUM U3 KNIOYeBbIX
MH(MPACTPYKTYPHBIX KOMMNOHEHTOB NPOrpamMMbl pa3BUTHA
CeBepHOro MOpCKOro NyTv W yCnewHoit opraHu3aLnm Kpy-
rNOroANYHON NefOKONbHOW NPOBOAKM.

AHann3 pucKoB pa3BUTMA IHEpreTMyeckon MHHPaCTpyK-
Typbl B A3P® nokasan, 4To KAUMaTUYeCKUe PUCKN CTOAT
Ha OZLHOM U3 nepBbIX MecT [7; 8]. YuuTbiBas ycnoBus kc-
nayaTauuu, NNaByyas CTaHLUUA CMPOEKTUPOBAHA C 6OJbLWNM
3anacom MpoYyHOCTU.

2. Peanusauua KoHuenunu «3HepreTU4ecKoro
nepexofa» U 3HepreTMyecKoe MoeNMpoBaH1e Kak oTBeT
Ha KNUMaTMyecKne Bbi30BbI

KoHuenums «3HepreTMYeckoro nepexofa» He HoBa u 03-
HayaeT CTPYKTYPHOE U3MEeHEHNe B MUPOBOM JHepreTuye-
CKOM GanaHce ¢ COKpalleHueM 40NN oOnpeaeneHHoro BUaa
Tonnuea Ha 10% 3a 10 net [9]. 3a cBoto UCTOpPUIO YenoBe-
4eCTBO yKe Npowwno Tpu assl TpaHCchopMaLum TONAUB-
HO-3HepreTM4YecKoro Komnnekca. lMepeas — 310 nepexop

0T GuoMacchl K yrito; BTopas — OT YrAs K HedTu 1, HaKoHeL,
TpeTbs — OT HedTu K rasy. Ceiyac Mbl HAXOAUMCA Ha nopore
4eTBEPTOro IHEPreTUHECKOro Nepexoa, rMaBHoi 0cobeH-
HOCTbIO KOTOPOTO ABNAIETCS GoNee WMPOKOE UCNONb30BaHME
HU3KOYrNEPOAHBIX U MONHOCTbIO 6e3yrNepoaHbIX UCTOYHM-
KOB 3HEPTUU U B 0COBEHHOCTU WNPOKOE NPUMEHEHUE BO3-
06HOBAAEMbIX UCTOYHWUKOB 3HEPTUU. OHUM U3 OCHOBHbBIX
(haKTopOB, CMOCOBCTBYIOWMX TAKUM U3MEHEHUAM, ABNAETCA
KeNlaHWe NPOMBIWAEHHO Pa3BUTLIX CTPaH feKapOoHM3Upo-
BaTb MMPOBYIO IKOHOMMUKY W YMEHbIWTH CBOIO 3aBUCUMOCTb
OT NOCTaBOK 3HeproHocuTeneit u3-3a pybexa. Paccmarpusas
BOMPOCHI Pa3BUTUSA 3HEPreTU4ecKoi MHGpacTpyKTypbl A3P®
B KOHTEKCTEe «3HepreTn4yecKoro nepexoaar, Npexpae Bcero
He06X0AMMO YAENATb BHUMAHNE BAUAHNIO IKONOTUYECKNX
thakTopoB.



1. Climate Change Problems and Sustainability of Energy Infrastruc-
ture in the Russian Arctic

It is not a secret for anyone that the Arctic region is unique, first, due to
the temperature regime and climate, which is formed in conditions of a
limited supply of solar heat in comparison with non-polar regions and

is largely determined by the amount of heat brought by ocean currents
and air streams from low geographic latitudes (Tilinina et al., 2018;
Sherstyukov, 2016).

Thus, climatic conditions are formed in the Arctic with extremely
cold winters in the north of Siberia, and a milder climate in the north of
the European part of Russia. The relatively mild climatic conditions in
the north of the European part of Russia in the Arctic determined the
active industrial and economic development of this region, the devel-
opment of minerals, the formation of large urban agglomerations, the
creation of a developed energy infrastructure that provides economic
activity, electricity and heat supply to the industrial and domestic sec-
tors. The energy infrastructure is represented mainly by thermal power
plants in settlements, gas turbine stations in places of mining, diesel
generators in small villages (Morgunova et al., 2019; 2020). The power
transmission sector is practically undeveloped due to the high cost
of building power lines in extreme climatic conditions on permafrost

OuyeBMAHO, LEHHOCTb APKTUYECKOTO PeruoHa onpepens-
€TCS YHUKANbHbIMU IKOCUCTEMAMMU U UX BECOMBIM BKNALOM
B 06ecneyeHne 6anaHca U cTabUAbHOCTM KIMMaTa NNaHeThbl.
Mo nocnefHUM faHHbIM, KBKNAA POCCMIICKON APKTUKM B NOA-
LepXaHue rnobanbHoro 3KoCMCTeMHOro 6anaHca oLeHWBa-
ercs B 12% 0T rno6anbHOro v NpeBbIWAET CyMMapHbIi BKNAL,
BCEX ApYrux CTpaH apkTuyeckoro pernoHa. Okono 80%
BCEro BMA0BOro 6MopasHoo6pasns ceBepHoii NpuNoaspHoi
yactu 3emnun npeactasneHo B Poccuiickoit Apktukes [10].
BaXKHbIM CTaHOBUTCA BONPOC He TO/IbKO NOAAEPKaHNUA
Guonoruyeckoro 6anaHca Ha NnaHeTe, HO U COXpPaHEeHUS
TPAAMLMOHHO CUCTEMbI YIPaBAEHUA OKPYKaloLeil cpefoit
KopeHHbIx HapogoB CeBepa.

Mpwu 3TOM 3KOCKUCTEMBI APKTUKW 3@BUCUMbI OT U3MEHEH WA
KNMMATUYECKOI CUCTEMBI NNAHETHI, MO3TOMY COCTOSHNE
OKpY)XaloLen cpefibl BO BCEM MaKpOpernoHe TaKxe ABAsA-
€TCs YeTKUM UHAMKATOPOM rnobanbHbIX U3MeHeHnA. O0gHUM
13 BaXHbIX UHAUKATOPOB U3MEHEHUI KnumaTta ApKTUKM
asnaetca Kapckoe mope HeMOCpPeACTBEHHO B NepUOA ero
0CBOBOXAEHMSA OT 3UMHETO NIE[OBOr0 KNAHLMPSY, YTO NPUH-
LMNNANbHO BaXKHO ANA NOHUMAHUA U3MEHEHWI, NPOUCXO-

soils thawing in summer. On existing power lines, it is necessary to
monitor the condition with the help of instruments for the tendency of
possible freezing of wires and take measures in the form of installing
wind turbines that neutralize icing. This method of protection has
already been successfully used on Sakhalin. The specificity of the region
requires development to optimize the power system to ensure safety
and minimize large losses due to climatic risks (Morgunova et al., 2020;
Perfilyev, 2016; Morgunova, 2021). The problem is especially relevant

in connection with the program for the development of nuclear energy
in the Arctic. The floating nuclear thermal power plant “Akademik Lo-
monosov” replaced the Bilibino nuclear power plant. The thermal power
plant consists of an onshore infrastructure and a floating power unit,
which is equipped with two reactors with a capacity of 35 megawatts
each. In 2020, the floating nuclear thermal power plant (FNPP) provided
the first electricity to the isolated network of the Chaun-Bilibino node
of the Chukotka Autonomous Okrug (Fig. 1a, b). The creation of a new
floating thermal nuclear power plant in Pevek will make it possible to
take the first significant steps towards the socio-economic development
of the Chaunsky municipal district and the whole of Chukotka. In addi-
tion, this station will become one of the key infrastructure components
of the program for the development of the Northern Sea Route and the

AAWMX B aPKTUYECKUX IKOCUCTEMAX NOJ BAUAHUEM TEKYILNX
KIMMaTM4eckux npoueccos (puc. 23, 6).

BbICOKMIt reOKPUONOrMYECKUI PUCK B PErMOHe, 0COOEHHO
B NPUOPEKHBIX PaOHAX, ABNAETCA OAHUM U3 ONpeaenfiolLnx
(haKTOpOB NpU COCTaBAEHUM NPOTHO30B (JOPOXHOMN KapThl)
JHEpPreTUYECKOro KOMNIEKca B apKTU4eckolii 3oHe Poccum
(A3P®). Mpouecchl TasHUA MHOTONETHEI Mep3N0Thl TPebyoT
rny6oKOro OCMbICTEHUS U U3YYEHUS UX BO3MOXKHOTO BAMUSA-
HUA Ha AeiCTBYIOWME 0OBEKTHI IHEPreTUYECKOro KOMMIEKCa
B A3P® 1 Ha popmupoBaHue BYAyLLEel 3HEPreTUYECKOMN UH-
hpacTpykTypbl. Kpnonutonornyeckue nccnefoBaxus, npo-
BEAEHHbIE B OTAEJIbHBIX POCCUNCKUX aPKTUYECKUX rOPOAaX,
BbIABUNM MHOTOYMCIIEHHbIE MPUMEPLI NOBPEXAEHUA 3[AHMN
1 COOPYXEHWI Ha rpyHTaX, NOABEPXKEHHbIX BO3AENCTBUIO
HebnaronpuATHLIX YCNOBUI BeYHOI Mep3noThl. Tak, 3a no-
cnepHee gecaTunetve B Hopunbcke 4ncno noBpexaeHuit,
CBA3aHHbIX C TaiHUEM BEYHOW MEP3/0ThI, ObIN0 3HAYNUTENBHO
BbllLe, YeM 3a npeawectsyowme 50 net [11]. Mpu TafgHUM
BEYHOI! MEp3/10Thl OHa NPeBPaLaeTCsA B MATKUA U1, KOTOPLIN
MOJeT NOAHUMATLCA U ONYCKATbCA, YTO NPUBOAMT K Pas-
PYLIEHNIO BO3BEJEHHbIX HA Hell 34aHNI 1 COOPYKEHUN
(puc. 33, 6).

v Puc. 1a. Bupg c HabepexHoit
ropopa lesek. [lenaprameHt
kommyHukaumin AO «KoHuepH
«PocaHeproatom». — URL:
https://www.atomic-energy.
ru/news/2019/12/19/100193
/ Fig. 1a. View from

the embankment of the

town of Pevek. Source:
Communications Department
of Rosenergoatom Concern
JsC

v Puc. 16. NATIC «Akagemuk
JlomoHoCOBY. [lenaptameHT
kommyHukaumit AO «KoHuepH
«PocaHeproatom». — URL:
https://www.atomic-energy.
ru/news/2019/12/19/100193
/ Fig. 1b. FNPP “Akademik
Lomonosov”. Source:
Communications Department
of Rosenergoatom Concern
Jsc
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> Puc. 2a. I'paHuua ce3oH-
Horo nbaa B Kapckom mope.
M0 PAH. — URL: https://
ocean.ru/index.php/vse-
novosti/item/2148-83-j-
rejs-nis-akademik-mstislav-
keldysh https://ocean.ru /
Fig. 2a. Boundary of
seasonalice in the Kara
Sea. Source: I0 RAS
(https://ocean.ru)

> Puc. 26. O6utare-

I 1el0BOr0 MaccvBa
ApkTuku (Kapckoe mope).
M0 PAH. — URL: https://
ocean.ru/images/
news/2021/31_08_21/005.
irg/

Fig. 2b. Inhabitants of the

Arctic ice massif (Kara Sea).

Source: I0 RAS (https://
ocean.ru)

successful organization of year-round icebreaker support.

Analysis of the types of risks for the development of energy infra-
structure in the Russian Arctic showed that climatic risks are in one of
the first places (Otsenochnyi doklad Rosgidrometa o klimaticheskikh
riskakh na territorii Rossiiskoi Federatsii, 2017; Nefedova & Solovyev,
2019). In this regard, considering the operating conditions, the floating
station was designed with a large margin of safety.

2. Implementation of the concept of “energy transition” and energy
modeling as a response to climate challenges

The concept of “energy transition” is not new and means a structural
change in the world energy balance with a reduction in the share of a
certain type of fuel by 10% over 10 years (Batenin et al., 2017). During
its history, mankind has already gone through three phases of transfor-
mation of the fuel and energy complex: the first is the transition from
biomass to coal, the second is from coal to oil, and, finally, the third is
from oil to gas. We are now on the verge of a fourth energy transition,
the main feature of which is the increased use of low-carbon and
completely carbon-free energy sources, and in particular the widespread
use of renewable energy sources. One of the main factors contributing
to such changes is the desire of industrialized countries to decarbonize
the world economy and reduce their dependence on energy supplies

K 2050 r. oT TassHMA BEYHON MepP3N0Tbl, BbI3BAHHOTO
M3MEHEeHMEM KNKMMaTa, MOXKeT nocTpagatb Ao 70% uHdpa-
CTPYKTYpbl — AOMA, LOPOTY ¥ Tpy6ONPOBOAbI — M YACTUY-

HO NOBPEAUTb YCTOABLIMIACA BbIT M XU3HU 3,6 MUANNOHA
yenosek. Kak yTBepxaaeT KONNeKTUB yyeHbix u3 Poccuu,
CWA, Hopserun n ®unnsHanu, jaxe ecnu 4enoBeyecTso
CMOXET yfiepxatb rnobanbHoe notenneHne Ha yposHe 2° C,
paspyleHuit He U36exaTb: MOXHO UL b CHU3UTb MACILTA0
rpo3swmux Ham bepcTemii [12; 13].

Bbicokue reokpuonoruyeckue pucku 8 A3P® nmeior
B KayecTBe CNeACTBUA 3HAUUTENbHOE YCI0XKHEHWE Npo-
Liecca CTpOUTENbCTBA 3HEProOOBEKTOB, HE TOJIbKO NPUBOSAA
K YAOPOXaHMI0 KOHCTPYKLMIA DyHAAMEHTOB M OCHOBAHMUNA,
HO NOPOM U K NOSHOMY Pa3pyLLUEHNI0 IHEPTOOGBEKTOB.
TasiHWe MHOTONeTHe-Mep3N0THbIX FPYHTOB YCNOXHAET TPaHC-
NOPTUPOBKY NP CTPOMTENLCTBE IHEProobbekToB. MoTenne-
HWe KnuMaTa BeAeT K COKPALLEHMIO CPOKOB BO3MOXKHOCTH
[OCTaBKM YacTen arperatoB N0 3MMHWUM CHEXHbIM fLOpOram
B paloHax, rae B NeTHUA Nepuof NofbesaHble NyTu npak-
TUYECKM OTCYTCTBYIOT. [laHHble NPUPOLJHO 00YCNOBNEHHbIE
PUCKM MOTYT B HECKOJIbKO pa3 NOBbILWATL CTOMMOCTH CTpa-
XOBaHUs 0ObEKTOB IHEPreTUYecKoi MHApacTpyKTypsl [15].
YKe cerofHs CTaHOBATCA OYEBUAHbLIMU NOCNEACTBUA Habto-
AaeMoro notenneHns B ApkTuke.

OcBoeHMe pecypcoB Wenbda apKTUYECKUX MOpPEN TaKxKe
CUNbHO 33BUCUT OT KNUMATUYeCKUX ycnoBuin. [ipendyiowmi

from abroad. Considering the development of the energy infrastructure
of the Russian Arctic in the context of the “energy transition”, first, it is
necessary to pay attention to the influence of environmental factors.

It is obvious that the value of the Arctic region is determined by
unique ecosystems and their significant contribution to ensuring the
balance and stability of the planet’s climate. According to the latest
data, “the contribution of the Russian Arctic to maintaining the global
ecosystem balance is estimated at 12% of the global and exceeds the
total contribution of all other countries in the Arctic region. About 80%
of the total species biodiversity of the northern circumpolar part of the
Earth is represented in the Russian Arctic” (Pavlenko, 2013). It becomes
important not only to maintain the biological balance on the planet, but
also to preserve the traditional system of environmental management of
the indigenous peoples of the north.

At the same time, the ecosystems of the Arctic are dependent on
changes in the climate system of the planet, therefore, the state of the
environment in the entire macroregion is also a clear indicator of global
changes. One of the important indicators of climate change in the Arc-
tic is the Kara Sea immediately during the period of its release from the
winter ice “shell”, which is fundamentally important for understanding
the changes occurring in the Arctic ecosystems under the influence of

Nef, MAYWHKIA C MopS, aiicbepry, NopbIBUCTbIE BETPbI U BONHbI
MOryT NpefCcTaBAATb ONACHOCTb A1 TOPHOLOObIBAOLMX
NpeanpusTUiA U TPAHCMOPTHBIX cpefcTs. MporHosmpyemoe
M3MeHEeHWe KNMMaTa B apKTUYECKOM pPermoHe He CHU3NT
4acToTy NOABNEHUSA ONACHBIX TMAPOMETEOPOOTNYECKUX BO3-
AeWCTBWUIA, a TONbKO NepepacnpeaenuT cTeneHb 0NacHoOCTy
OT pa3nnyHbix GakTopoB. CnepoBaTeNbHO, C YyMEHbLIEHUEM
BEPOATHOCTU NOSBNEHUSA NABAIOLLEr0 ibfja YBENNYUBAETCA
BEPOATHOCTb YBENNYEHUSA BbICOTHl BETPOBOrO BOJIHEHUSA

¥ nosBieHNs hparMeHToB aiicbepros OT ferpagnpyoLLnx
NefHUKOB Ha apKTM4eCcKux ocTposax. Ha puc. 4 npeacrasne-
Ha MOpCKasa nefoCcTonKas ctaunoHapHas nnatpopma «Mpu-
pasnomHasy. OHa pa3paboTaHa ans paboThl B 3KCTpeManb-
HbIX MOFOJHbIX YCIIOBUAX, 0TBEYAET NOCNeAHUM TpeboBaHUAM
6€e30MacHOCTH 1 CNOCOOHA BbIAEPKUBATL MAKCUMaNbHble
NlefoBble Harpy3Ku.

Cnepyet 0TMETUTb, YTO B MHOTOI€THEW U3MEHYUBOCTH Bbl-
COTbl BETPOBOr0 BOJIHEHMA B bapeHL.eBOM MOpe, MOHUTOPUHT
KoTopon Bepetca ¢ 1958 r., BbICOTa BOJIH yBeNMYMBALTCA
B 3UMHUI nepuop Ha 1,61 m B fekabpe u Ha 0,71 M B sHBape.
Ecnu TeHpeHUMA yBENMYEHUSA BbICOTHI BOJIH COXPAHUTCA,

T0 B GYAyLIEM YBENMYEHWNE MAKCUMANbHbIX BENYMH BOJH Be-
POATHO NpeBbICUT 2,0 M, YTO NpeBbIlLAET CPefjHee 3HaYeHNe
Ha 1,2 M, B TO BpeMs KaK Npu NpOEKTUPOBaHUU 06LEKTOB
GeperoBoit U BOAHON UHPACTPYKTYPbLI 3aN0KeHa Npeaesb-
Has BbicoTa BOSIH 2,3 M [17].



current climatic processes (Fig. 2a, b).

The high geocryological risk in the region, especially in the coastal
areas, is one of the determining factors in the preparation of forecasts
(roadmap) of the energy complex in the Arctic zone of Russia. The
melting processes of permafrost require deep understanding and study
of their possible impact on the existing facilities of the energy complex
in the Russian Arctic and on the formation of the future energy infra-
structure. Cryolithological studies carried out in selected Russian Arctic
cities have revealed numerous examples of damage to buildings and
structures on soils exposed to unfavorable permafrost conditions. So,
over the past decade in Norilsk the number of damages associated with
the melting of permafrost was significantly higher than in the previous
50 years (Grebenets et al., 2017). When permafrost melts, it turns into
soft silt, which can rise and fall, which leads to the destruction of build-
ings and structures erected on it (Fig. 3, a, b).

By 2050, melting permafrost caused by climate change could affect
up to 70% of infrastructure — houses, roads and pipelines — and partially
damage the well-established way of life and the lives of 3.6 million
people. And, according to a team of scientists from Russia, the USA,
Norway and Finland, even if humanity can keep global warming at 2° C,
destruction cannot be avoided — we can only reduce the scale of the

v Puc. 3a. TasHue Be4Hoit Mep3noThl B61M3M noc. Yepckuit (kytus).
CeBepo-BocTouHas HayuHas ctaHumus PAH [14]. — URL: https://avatars.
mds.yandex.net/get-zen_doc/2355127/pub_5f406662c74ced1782f50fc
3_5f406821e69d47622e9784b2/scale_1200 /

Fig. 3a. Thawing of permafrost near the village Chersky (Yakutia).
Source: (Shcherbina, 2018), North-Eastern Scientific Station of the
Russian Academy of Sciences

Bo MHOrMx NpubpexHbIX peruoHax, B KOTOpbIX paHee
OblN OTHOCMTENBHO CTAbUNbHbIE YCNOBUSA, MOPCKOIA Neq,
BEPOSATHO, CTAHET 60/1ee AUHAMUYHBIM C UCTOHYEHUEM
1 YMEHbLIEHWEM KOHLEHTPALMK, YTO TaKKe Heobxo[uMo
Y4UTLIBATb B 3KOHOMUYECKOW AeATenbHocTu. Mnanupya fo-
Obluy None3HbIX MCKONAeMbIx B APKTUKE, ClefyeT yUYuTbiBaTh,
4TO NefAHOI NOKPOB MOXET YBENNUYMBATLCA B HEKOTOPBIX
palioHax CeBepHoro JlefoButoro okeaHa. o psapy umeto-
WUXCA oLeHOK, B 2020-2030-X rr. 0OXXuUAAETCA yBeNnYeHune
Nef0BON NOBEPXHOCTM B 3anafAHblx bapeHuesom un Kap-
cKoM Mopsx [17]. B To e BpeMsi UMeHHO B 3TUX MOPAX
1 B 3TOT }Ke NepPUOJ OXMAAETCA 3HAYNTENbHAA MHTEHCH-
thuKaLumMs X03ACTBEHHOI feATeNbHOCTH, KOTOpas byaeT
onpeaensTbCc POoCTOM 06bEMOB A06bLIYM U TPAHCMOPTUPOBKY
yrneBoA0pOA0B.

MepeyncneHHble KTMMATUYECKUE BbI30BbI, GE3YCNO0BHO,
noTpebyloT peanusaLnm HOBbIX N0AX0A0B B Chepe Npoek-
TUpOBaHUs 06beKTOB KanuTansHoro ctpoutenscrea (OKC),
OCHOBaHHblE Ha UHTENNEKTYaNbHO-LUGDPOBbLIX CUCTEMAX
CTPOUTENBHOrO M 3HepreTMYecKoro Mogenuposanus. B ycno-
BUAX COBPEMEHHBIX KNMMATUYECKUX U3MEHEHWNIA ANs No-
BbILWEHUA CTAOUIBHOCTU U HAAEXKHOCTU 3HEPreTUYECKON
MHpacTpyKTyphbl B Poccuiickoit ApKTUKe BCe Wupe npu-
MEHAITCA TEXHONOTUN MHDOPMALLMOHHO-3HEPreTUYeCKoro

disasters that threaten us (Slepchenko et al., 2019; Aalto et al., 2018).

High permafrost risks in the Russian Arctic result in a significant
complication of the construction process of power facilities, not only
leading to an increase in the cost of foundations and foundations, but
also sometimes to the complete destruction of power facilities. Melting
of permafrost soils complicates transportation during the construction
of power facilities. Climate warming leads to a reduction in the time
it takes to deliver parts of the units along snowy winter roads in areas
where there are practically no access roads in the summer. These natural
risks can increase the cost of insuring energy infrastructure facilities by
several times (Nefedova, 2015).

The consequences of the observed warming in the Arctic are already
becoming evident.

The development of resources on the shelf of the Arctic seas is also
highly dependent on climatic conditions. Drifting sea ice, icebergs,
gusty winds and waves can pose a hazard to mining operations and
vehicles. The predicted climate change in the Arctic region will not
reduce the frequency of occurrence of hazardous hydrometeorological
impacts, but will only redistribute the degree of danger from various
factors. Consequently, with a decrease in the likelihood of floating ice,
the likelihood of an increase in the height of wind waves and the ap-

MOJENMPOBaHUA B CTPOUTENLCTBE 3AAHUIA, [OPOT U 0OBLEKTOB
3HepreTuku [18-22].

NHdpopmaLnoHHOe MOfeNMPOBaHNE «3eN1eHOro» CTPou-
TenbcTBa (Green BIM) — 310 npumeHeHne BIM fns oueHku
3HeproapdeKTUBHOCTH N OLEHKN NPOEKTOB C TOYKM 3PeHNS
UX COOTBETCTBUA KPUTEPUAM 3KONIOTUYHOCTH, Be3onacHo-
CTV n ycToiyneoro passutusa. Green BIM Takxe Bkiovaet
B ce6A NPMMEHeHNe IHEPreTUYECKOro MOAENMPOBAHUS
3AaHUI 1 3aHMMaeTCA ONTUMU3aLMeit SHepronoTpebieHus
AN NOBbIWEHNA 3Hepro3HeKTUBHOCTY 3[aHUA HapaaY
C 3KONOTMYECKN OTBETCTBEHHbBIMU METOAAMU NPOEKTUPOBA-
HUSA W CTPOUTENbCTBA B TEYEHUE €0 KU3HEHHOTO Uuukna. UH-
thopMmaLMoHHOEe MofeNIMpOBaHUE 3[aHNA npesnonaraet coop
W KOMMNJIEKCHYI0 06paboTKy B NpoLecce NPoeKTUPOBAHMUA
BCEN apXMTEKTYPHO-KOHCTPYKTOPCKOM, TEXHONOMNYECKOIA,
(hMHaAHCOBOW M UHOI MHOpMaLMK 06 06beKTe CO BCEMM ee
B3aMMOCBA3AMMU M 3aBUCMMOCTAMYU [23]. ITa TexHONOrMA
NO3BONAET NOJHOCTbIO OXBAThIBATh BCE 3Tambl XU3HEHHOTO
LMKNA COOPYKEeHMA — OT NNaHUPOBAHUA, COCTaBNEHUS Tex-
HMYeCKOro 3afaHns, NPOEKTUPOBAHNA N aHaAN3a 1 [0 BbINy-
CKa paboyei [OKYMEHTALMN, CTPOUTENLCTBA, IKCINYaTaLUY,
peMoHTa 1 fileMoHTaxa. Micnonb3oBaHue «3eNeHblix» TeXHO-
NOrui MHHOPMALMOHHOTO MOAENNPOBAHUA B POCCUIACKOI
ApkTuke [24] no3BonuT obecneynTsb 3hheKTUBHOE ynpaB-
NeHue faHHbIMK N0 NNAHUPYEMbIM K Peann3aLmnn npoeKTam,

A Puc. 36. CrpoeHue,
NofABepKeHHoe pas-
pyLEHNIO BCIEACTBUE
TastHUA BEYHOM Mep3noThl.
CeBepo-BocToyHas Hay4Has
craHuus PAH [14]. - URL:
https://phototass2.
cdnvideo.ru/width/1020_
b9261fal/tass/m2/

Fig. 3b. A structure subject
to destruction due to
thawing of permafrost.
Source: (Shcherbina, 2018),
North-Eastern Scientific
Station of the Russian
Academy of Sciences
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v Puc.4. Mnatcdopma
«[MpupasnomHas» B
YCNOBUAX IKCTPEMANbHOM
nepoBoit Harpysku [16].
- URL: https://cont.ws/
uploads/pic/2018/3/
maxresdefault%20
%28100%29.jpg /

Fig. 4. Prirazlomnaya
platform under extreme ice
load conditions. Source:
(Kachurak, 2018)

pearance of fragments of icebergs from degrading glaciers on the Arctic
islands increases. Fig. 4 shows the Prirazlomnaya offshore ice-resistant
stationary platform. It is designed to work in extreme weather condi-
tions, meets the latest safety requirements and is able to withstand
maximum ice loads.

It should be noted that in the long-term variability of the wind wave
height in the Barents Sea, which has been monitored since 1958, the
wave height increases in winter from December to January (by 1.61 m
in December and by 0.71 m in January). If the trend of increasing wave
heights continues, in the future, the increase in maximum wave values
will probably exceed 2.0 m, which exceeds the average value by 1.2 m
(while the design of coastal and water infrastructure facilities set the
maximum wave height of 2.3 m) (Solovyev, 2018).

In many coastal regions that previously had relatively stable
conditions, sea ice is likely to become more dynamic with thinning and
decreasing concentration, which also needs to be taken into account
in economic activity. When planning mining in the Arctic, it should
be borne in mind that the ice cover may increase in some areas of the
Arctic Ocean. According to a number of available estimates in the 2020-
2030s. an increase in the ice surface is expected in the western seas
— the Barents and Kara Seas (Solovyev, 2018). At the same time, it is in

these seas and in the same period that a significant intensification of
economic activity is expected, which will be determined by an increase
in the volume of production and transportation of hydrocarbons.

Thus, the listed climatic challenges will undoubtedly require the
implementation of new approaches in the design of capital construction
facilities (ACS) based on intelligent digital systems of construction and
energy modeling. In the context of modern climatic changes to increase
the stability and reliability of the energy infrastructure in the Russian
Arctic, information and energy modeling technologies are increasingly
used in the construction of buildings, roads and energy facilities (Shilov
etal., 2021; Vignali et al., 2021; Chen, 2018; Bonenberg & Wei, 2015;
Ebrahim & Wayal, 2019).

Green Building Information Modeling (Green BIM) is the application
of BIM to assess energy efficiency and evaluate projects in terms of
their compliance with environmental, safety and sustainable develop-
ment criteria. Green BIM also includes energy modeling applications
for buildings and focuses on energy optimization to improve the energy
efficiency of a building along with sustainable design and construction
practices throughout its life cycle. Building information modeling
involves the collection and integrated processing in the design process
of all architectural, engineering, technological, financial and other in-



formation about an object with all its interconnections and dependen-
cies (Ginzburg et al, 2016). This technology allows you to fully cover all
stages of the structure's life cycle: from planning, drawing up technical
specifications, design and analysis, and to the release of working
documentation, construction, operation, repair and dismantling. The
use of “green” information modeling technologies in the Russian Arctic
(Younis et al., 2020) will ensure effective data management on projects
planned for implementation, and their undoubted advantage is the abil-
ity to check and evaluate various design solutions of an object before
the start of construction work, which can significantly reduce possible
financial and time losses (Fig. 5a, b).

With the help of special software, the use of these technologies also
makes it possible to evaluate the energy efficiency of the construction
site of the object to create a three-dimensional energy model, including
modeling. To model the energy consumption and energy efficiency of a
building, a mathematical model is used, which should contain an archi-
tectural model associated with the engineering systems of the building.
This relationship is embedded in the algorithm for calculating special-
ized software (Fig. 5 b, c). The use of 3D Green BIM modeling technolo-
gies is necessary, since in the Arctic climate, wind speed and direction
are the main factors affecting permafrost melting due to the transfer

a Ux 6e3yCNOBHbIM NPEUMYLLECTBOM ABSETCS BO3MOXHOCTb
NPOBEPKU U OLLEHKN Pa3NNYHbIX KOHCTPYKTUBHBIX PeLleHUi
o6beKTa 0 Hayana CTpoUTeNbHbIX paboT, 4To NO3BONAET
3HAYMUTENbHO COKPATUTb BO3MOXHbIE (DMHAHCOBbLIE U Bpe-
MeHHble noTepu (puc. 5a).

B yacTHOCTW, C NOMOLWBIO CeLnanbHOro NporpamMmmHo-
ro obecneyeHus UCMoab30BaAHNE ITUX TEXHONOTUI TaKKe
M03BONSET OLEeHMBATb IHePro3PeKTUBHOCTb CTPOUTENbHOIA
nnowanku obbeKTa Ans Co3[aHUA TPEXMEPHON IHEPreTUYe-
CKOM Mofenu, BKNoyas mogennpoanue. ina mogennposa-
HUS 3HepronoTpebneHns 1 3HeproahHeKTUBHOCTU 34aHNA
MCMONb3yeTCs MaTeMaTMyeckas MofeNb, KOTopas AOJXHa
COfiepKaTb apXMTEKTYPHYIO MOAeNb, CBA3AHHYIO C MHKeHep-
HbIMU cMCTeMaMm 3naHus. Takas B3aMMOCBA3b 3aN0XeHA
B aJIrOpUTMe pacyeTa cneLnanm3MpoBaHHOro NPorpamMMHoro
ob6ecneyeHus (puc. 56, B). MpumeHeHue TexHonoruii 3D
Green BIM mopenupoBaHus Heo6X0ANMO, TaK KaK B apKTU-
YECKWUM KiuMMaTe CKOPOCTb M HanpaBneHus BeTpa ABNAIOTCA
rnaBHbIM (haKTOPOM, BAMAIOWMM Ha TasHME BEYHON Mep3N10-
Thl 3@ CYET Nepefjayn Tenna u3 BHYTPEHHUX YacTeli 3aaHuN
K 3eMne. BblcoTa 3gaHus Hag 3emMneil Takke CyLLeCTBEHHO
BAWAIET HA TEMIOOTAAYY K CNOI0 BEYHON Mep3noThl [24]. Uc-

A Puc. 5a. Mpumep 3D-nHbopMaLMOHHON MOLEAN TUMOBOTO 3TaXa 0OGbEKTa KanuTaNbHOro CTPOUTENLCTBA.

[laHHble aBTOpOB /

Fig. 5a. An example of a 3D information model of a typical floor of a capital construction object. Source:

Authors’ data

nonb3oBaHue MeTodoB 3D-uHbOpMaLUOHHOTO U 3HepreTH-
4ecKoro MoAenupoBaHus obecneynBaeT nydliee NOHMMaHUE
B3aUMOCBA3N MEXAY 3[aHNeM U BEYHON Mep3N0TON, a Takxe
npeanaraert cTpaTerny afantaLun K yHUKanbHOMY apKTuUye-
CKOMY KnuMary.

BoiBOAbI

Poccuinckas yacTe ApKTUKM XapaKTepu3yeTcs BbICOKON
CTENEHbIO COXPAHHOCTM M YNCTOTOW NPUPOAHON Cpefbl, 04~
HAKO Y)Xe CEeroAHA HafJo NPUHMMATL Mepbl MO OrpaHNUYEHMIO
BO3[ENCTBUA Pa3NMYHbIX BUAOB X03ANCTBEHHOW AeATeNb-
HOCTW Ha NPUPOLY aPKTUHECKUX IKOCUCTEM, XUBOTHbIN MUD
u dnopy.

BaxHOe MecTo cpefiu 3TUX Mep 3aHUMAET TaKkKe Heob-
XOAMMOCTb BbiNosHeHUs Poccuitickoit Pepepauuneit ceoux
MEXAYHAPOAHbIX 0643aTeNbCTB N0 OXPaHe OKpYXKalolei
NpUPOLHON cpeabl B ApKTUKe. [nf 3aWuThl NPUPOLHbIX
KOMNNeKCoB APKTUKM NNaHUPYeTCs YCOBEpPLIEHCTBOBATh de-
JepanbHoe U permoHanbHoe NpUPOA0OXPaHHOE 3aKOHO A~
TeNbCTBO, pa3paboTaTh 1 BBECTU B ieICTBME IKONOTMYECKMue
HOPMbI U CTAaHLAPTHI KAYECTBA OKPYKAKOLWEN NPUPOAHON
cpegbl, 06ecneynTb KOHTPONb 3a UX COOMIOAEHNEM, BBECTH
MOHUTOPUHT @aHTPONOrEHHOr0 U TEXHOTEHHOT0 BO34eCTBUSA

v Puc. 56. Mpumep
3D-3HepreTnyeckon Moaenu
TUNOBOTO 3TaXa 06beKTa
KanuTanbHOro CTpouTeNb-
cTBa. [laHHble aBTOpOB /
Fig. 5b. An example of

3D energy model of a
typical floor of a capital
construction object.
Source: Authors’ data

v Puc. 58. MNpumep otaens-
HbIX 3N1eMeHTOB (3Hep-
reTuyeckas 3D-mopens,
BIM-mopenb, ynpolieHHas
mopaens) cosaanus 3D Green
BIM nHdopmaumnoHHoi mo-
AeNn 00bEKTA KanuUTanbHOro
CTPOUTENbCTBA, PACMONO-
XEHHOro B APKTMYECKOM
nocenke. [laHHble aBTOpOB /
Fig. 5¢c. An example of
individual elements
(energy 3D model, BIM
model, simplified model)

of creating a 3D Green

BIM information model

of a capital construction
object located in the Arctic
village. Source: Authors’
data
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of heat from the interior of buildings to the ground. The height of the
building above the ground also significantly affects the heat transfer
to the permafrost layer (Younis et al., 2020). The use of 3D information
and energy modeling techniques provides a better understanding of the
relationship between building and permafrost, and suggests adaptation
strategies to the unique Arctic climate.

Conclusions

The Russian part of the Arctic is characterized by a high degree of safety
and cleanliness of the natural environment, but today it is necessary to
take measures to limit the impact of various types of economic activi-
ties on the nature of the Arctic ecosystems, fauna, flora.

An important place among these measures is also taken by the need
for the Russian Federation to fulfill its international obligations to
protect the natural environment in the Arctic. To protect the natural
complexes of the Arctic, it is planned to improve federal and regional
environmental legislation, develop and introduce environmental norms
and standards for the quality of the natural environment, ensure control
over their observance, and introduce monitoring of anthropogenic
and technogenic impact on the environment. To preserve the natural
environment of the Arctic regions, it is necessary to work out the issues
of the possibility of introducing a special regime for the use of natural

Ha OKpyXatolwyto cpepy. [lns coxpaHeHWs NpUPOLHOI cpeabl
apKTUYECKUX PerMoHOB TpebyeTcs npopaboTtaTb BONPOCH

0 BO3MOXHOCTU BBEleH!A 0CO60ro pexuma npupoAomnoNb-
30BaHMA N KECTKOW CUCTEMbI IKONOTUYECKUX OrpaHUYeHnit,
HOpM 1 npasun [10; 25]. O4eBUAHO, YTO AaHHbIE MepPbI OYAYT
Croco6CcTBOBATL CO3AAHNIO B PETMOHE IHEPrOYCTAHOBOK

Ha BO30OHOBNAIEMbIX UCTOYHWUKAX IHEPrUM ANs fielieHTpa-
NIM30BAHHOrO 3HEPTroCHAOXeHNS, ra30TypPOUHHBIX CTaHLKi

1 aTOMHbBIX CTAHLMI MAanoil MOLWHOCTU B OMOPHBIX 30HaX

Kak 60nee 3KONOrNYECKU «YUCTLIX», YAOPOXAA UAN UCKIIO-
Yas Npu 3TOM COOPYXKEHME IHEPTrO0OBLEKTOB Ha YrieBo-
LOPOJHOM TONNNBE, 0COOGEHHO Ha yrne, U UCNONb30BaHUE
AM3enb-reHepaTopoB Ha OXPaHAEMbIX MPUPOAHbLIX TEpPUTO-
pusax. BaXHo TaKkxe 0TMeTUTb, YTO BHepAeMble COBPEMEH-
Hble MeToAbl NH(OPMALMOHHO-3HEPreTUYeCKoro MoLennpo-
BaHus (MIM) OKC sBnsieTcs nepcnekTMBHOMN TexXHONOruel,
KOTOpas no3sonseT paspaboTaTb KOMMIEKC MEPONPUATUI
ONS NOBbIWEHMA 3Hepro3PeKTUBHOCTU 3AaHNIA U Npeo-
LONEHUS KNMMATUYECKUX 6apbepoB B CYpPOBbIX YCIOBUAX
ApKTUKMW. TexHoNornm MHPOpMaLMOHHOrO MOAENNPOBAHNSA
NO3BONAIOT CO3[1aBaTb KOHCTPYKTUBHbLIE MOAENN ANA NpOBe-
LEeHUs pacyeTa 3HepronoTpebneHns 0ObEKTOB KaNUTaNbHOTO
CTPOMTENbCTBA PA3IMYHOTO HAa3HAYEeHUsA, CHUXAsA Harpys-

Ky Ha 3HepreTUyecKne CMCTeMbl aPKTUYECKMX PErMOHOB.
Peanusauma komnnekca mep, HanpaBieHHbIX HA MOBbILEHWE
YCTOMYMBOCTM IHEPreTMyecKon MHMPaCTPyKTypbl APKTUKK

K KNTMMaTU4YeCKUM BbI30BaM B NMepByio 04epefb OyaeT cno-
co6cTBoBaTh GOpPMMPOBAHUIO arnoMepaLyMoHHo-KoMdopT-
HOW CpeAbl ANA NOCTOAHHOTO NPOXMBAHUA NOfE U Pa3Bu-
TWUA 3KONOrNYECKOro Typu3ma.
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