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Abstract. The process of hydrocarbon production in Russia is characterized
by the deterioration in the quality of natural resources and the growing share of
hard-to-recover oil and gas formations in the overall balance of hydrocarbon
resources. Region is one of the most promising areas for the development of the
mineral resource base where significant volumes of hydrocarbons are located.
Nowadays, the Arctic region includes not only the Arctic itself but also the land
territories, which were included in the Arctic Zone by the Presidential Decree in
May 2014.
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The paper provides actual data on oil and gas resource distribution in Russia
and characterizes the operating oilfields of the Yamal peninsula in particular.
Also, the paper discusses the problems of hydrocarbon production in the Arctic
Zone. Specifically, the Yamal-Nenets Autonomous District is considered. Data
on the climate of the region and other factors that significantly impact the
effectiveness and safety of its development are discussed: floating icebergs and
year-round ice cover, lack of essential infrastructure, low transport accessibility.
Besides, the authors considered the geological and ecological aspects of the
territory development.

The existing solutions that may partially or fully address the issues of
efficient and safe development of the Arctic oil and gas fields are listed.

Furthermore, the authors analyzed existing scientific approaches and
technologies of hard-to-reach territories industrial development. The conclusion
iIs made that to ensure the sustainable development of Arctic oil and gas fields
policymakers and stakeholders should use an integrated approach in the
development, planning, and implementation of measures.

Since today, the processes of clusterization in Russia have already been
launched and proved its effectiveness as a coordination tool for industry,
science, and business, the authors suggest using this approach. Moreover, at the
state level, a decision was made to develop the Arctic Zone by creating support
zones that contain the necessary infrastructure.

To solve the problems of sustainable industrial and infrastructural
development of the mining areas, as well as to provide a solution of safety
problems in the development of oil and gas fields, it is proposed to apply a

Cluster Policy oriented to the region's core areas development.

AnHoTtanus. [Ipoiecc 106b1YM yriIeBOIOPOIOB HA TeppUutopun Poccuiickoit
denepanuu XapakTepU3yeTcsl YXYIIIEHUEM KauecTBa U POCTOM J0JM oObeMa
TPYJAHOMU3BIIEKAEMBbIX 3allacoB B oO0mIeM OanaHce He(TEerazoBbIX pPECypcoB.

OaHUM W3 MEpPCHEeKTUBHBIX palOHOB PA3BUTHS MUHEPAIBHO-CHIPHEBOIO
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KOMILJIEKCA SABJISIETCS APKTHUYECKUMH pPETrMOH, Ha TEPPUTOPHUH KOTOPOTO
JIOKaJIU30BaHbl 3HAYUTEIIbHBIE 00BEMBI YTIIIEBOJIOPOIHOTO ChIPBS.

ApPKTUYECKHI PETHOH Ha CErOJHSIIHUMN JIeHb BKIIOYaeT B ce0s HE TOJIbKO
TEPPUTOPUI0 APKTUKH, HO W HNPUAPKTUUYECKUE TEPPUTOPHUH, ONPEIEICHHBIE
VYkazom Ilpesunenta PO ot 02.05.2014 Ne 296.

B crarbe npuBeneHsl JaHHbIE 00 aAKTyaJlbHOM  paclpeiesiCHUH
He(Tera3oBbIX 3amacoB B Poccuu, M B 4aCTHOCTH CBEJEHUS O JIEHCTBYIOIIHUX
MECTOPOXKICHUAX MOJIyOCTpOoBa Aman.

PaccmoTpensl po0iemMbl, BOZHUKAIOIIUE MPU OCBOCHUH YTJIEBOJOPOJAHOIO
CBIpbsl Ha TEPPUTOPUU APKTHKH, a UMEHHO SIMano-Henenkoro aBTOHOMHOIO
okpyra. [IpuBeneHbl naHHbIE O KIMMAare perHoHa M Mpouux ¢dakTopax,
HEraTUBHO BIIMAIONIMX Ha 3(QQEKTUBHOCTh W OE30MacHOCTh €ro OCBOECHMS, a
UMEHHO: IUIaBy4Me ailcOepru M KpYIJIOrOJUYHOE 3aJIeICHEHUE AaKBaTOPHH,
OTCYTCTBUE  HaJJIeXamed  HUHPPACTPYKTYphl,  HU3Kas  TpaHCHOpTHAas
JOCTYITHOCTh. Takke pacCMOTPEHBbI FE€0JIOTHYECKHE U SKOJOTUYECKUE ACTIEKTHI
IPOMBILUIEHHOT'O OCBOEHMSI.

[lepeuncneHbl CyIIECTBYIOIIUME PEIICHUS, CIHOCOOHBbICE YaCTUYHO WJIU
MOJIHOCTBIO YCTPAaHUTh BO3HUKAIOIIKE TPYAHOCTH 3(PHEKTUBHOTO U MPHU 3TOM
0€3011acHOr0 OCBOCHMSI HE(PTETa30BbIX MECTOPOKACHUM.

[IpoBeneH aHanM3 CYyMIECTBYIOIMIMX M NPUMEHSEMbIX aKTyaJbHBIX HAy4YHBIX
MOAXOJOB M pa3padOTOK, MaTepuajoB H  TEXHOJIOTMH B  obJjactu
IMPOMBIIIUIEHHOTO OCBOEHMSI TPYIHOAOCTYIHBIX TEPPUTOPUN APKTHUECKOM
30HbI. CenaH BBIBOJ O HEOOXOJUMOCTH CHUCTEMHOrO MOJX0Ja B pa3padoTKe,
IUIAHUPOBAaHUM W peajn3alii KOMIUIEKCa MEPONpPUITUNA MO 00eCIeYeHHIO
OCBOEHHMSI APKTHUECKUX He(PTEra30BbIX MECTOPOKICHUH.

B kadecTBe Takoro mnojaxojJa MOXET OBbITh HCIOJb30BaHA KjacTepHas
MOJUTUKA Pa3BUTUSI APKTUYECKOTO PErMoHa, TaK KaK Ha CETOJHSIIIHUN JICHb
npolecchl kiactepusauuu B Poccuu yke 3amyllieHbl M JI0Ka3bIBalOT CBOO
3¢ (HEeKTUBHOCTh KaK MHCTPYMEHT KOOPAWHAIIUYU ACHCTBHIA B MIPOMBIIIJICHHOCTH,

Hayke, oOpazoBaHuu u OusHece. Kpome TOro, Ha rocyJapCTBEHHOM YpOBHE
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C/IeJIaH BBIOOpP B TMOJB3Y Pa3BUTHS APKTUKH MOCPEICTBOM CO3IaHHS OTIOPHBIX
30H Pa3BUTHUS, COACPIKAIINX B ceOe HEOOXOAMMYIO HHPPACTPYKTYPY.

Jlnist petieHus 3a/1a4 MOCTOSIHHOTO MPOMBIIIIICHHOTO U HH(PPACTPYKTYpPHOTO
Pa3BUTHS 30HBI JOOBIUHN MOJIE3HBIX HCKOTIAEMBIX, & TAK)KE CUCTEMHOTO PEIICHU S
npo6sieM 0e30MacHOCTH MPH pa3paboTke HEPTEra30BOTO CBHIPhS MpeIaracTcs
NPUMCHCHHE KIIACTEPHON TIOJUTHKH, OPHUEHTHPOBAHHOW Ha KOMILIEKCHOE

pPa3sBUTHUC OMMOPHBIX 30H PErUOHA.

Key words: development of oil and gas fields, Arctic region, Yamal-Nenets

Autonomous Region, cluster, cluster policy, safety, environment.

KuiroueBrbie cjioBa: npo0iemMbl OCBOCHHSI MECTOPOXKACHUH, APKTUYECKHA
peruos, fmano-HeHenkuii aBTOHOMHBIN OKpYT, KJ1acTep, KJacTepHas MOJIUTHKA,

0e301acHOCTh, YKOJIOTHS.

Introduction

Russia's oil and gas industry has strategic importance for the country, so
studying the issues of oil and gas production is topical.

According to the International Energy Agency forecast of the world energy
system (World Energy Outlook — 2017), fossil fuels will remain the primary
source of energy, at least until 2040. Russian Federation has more than two-
thirds of the world's oil and gas resources. At the same time, production at
traditional Russian fields is steadily declining by an average of 2-6 % per year.
For example, oil production in Western Siberia, Russia's traditional oil sector,
has been falling since 2006. Along with this, the share of hard-to-recover
resources is growing, while the resource quality is deteriorates.

Oil and gas production decline in the country's much-developed oil-
producing centers, as well as high estimates of Arctic’s resource potential,

became key factors to the development of the Arctic region.
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About 60 % of oil reserves (about 40 % — on the shelf) and almost all gas
reserves (about 70 % — on the shelf) are located in the regions of the Far North
of Russia. The share of gas production in the Arctic region is more than 81 % of
the total production in Russia; therefore, the Arctic can be considered as a
country's geostrategic region that defines national development priorities [1].

Nearly 150 projects estimated at 5 trillion rubles are planned to be launched
on the Arctic territory soon.

The case of the Yamal Peninsula is of particular interest since almost half of
these projects will be related to the production and processing of hydrocarbons
in the Yamal-Nenets Autonomous District, as well as to the west and east of it
[2]. Meanwhile, the Yamal-Nenets Autonomous District accounts for 85 % of
all natural gas produced in Russia. On its territory, 234 hydrocarbon deposits
were discovered of which 66 are developing now.

At the time being, on the Yamal peninsula and in the nearby water areas 32
deposits have been discovered, the major ones: Nakhodkinskoye, Yuzhno-
Russkoe, Ety-Purovskoye, Zapolyarnoye, Medvezhye, Urengoiskoye,
Yamburgskoe, Bovanenkovskoye, Pyakhinskoye, Novoportovskoye,
Vostochnoye, Zapadno-Messoyakhskoye, Russkoe, Leningradskoe, and
Rusnovskoe deposits.

On this base, major Russian oil and gas companies are developing on the
peninsula five large oil and gas production centers: Bovanenkovo, Tambey,

Novoportovsky, Messoyakhinsky, and Kamennomyssk.

Analysis

Yamal peninsula with its reserves prepared for development is considered to
be one of the most promising areas for oil and gas production. Nevertheless, it is
difficult to develop oil and gas projects in the region due to the number of
factors.

Yamal's climate is subarctic. Warm air masses from the Atlantic Ocean and

cold from the Polar Regions cause strong temperature variability and variety of
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winds. Air masses collision leads to a significant amount of precipitation [3].
Floating icebergs and year-round ice cover of the water areas cause additional
difficulties in the development of its shelf deposits [1]. Ice cover significantly
reduces the time when drilling is possible. Also in such conditions, it becomes
difficult to detect leaks and respond appropriately to such issues.

Undeveloped infrastructure is another major factor that restraints the active
development of Arctic deposits. Due to the lack of the transport infrastructure, it
is difficult to supply materials and equipment to the hydrocarbon production
site.

Safety issues play an essential role in the exploration and production projects
in the Arctic region. These projects require unique high-tech equipment, as well
as its monitoring and maintaining. Breaking the technological chain even by a
single accident can lead to the critical consequences associated with
emergencies at large industrial facilities.

In addition, infrastructure problems complicate the transportation of
produced hydrocarbons. Arctic region has one distinctive feature — short
navigation period, which can make it difficult to transport oil and gas products,
as well as to deliver equipment (including platforms). Thus, one of the
significant risks associated with the Novatek's «Yamal LNG» project is the LNG
transportation via the Northern Sea Route. For example, transportation of LNG
from the Sabetta seaport throughout the year will be possible only in the western
direction, while from July to December — in the eastern direction [4].

There are also geological factors that make challenging to study hydrocarbon
deposits and to develop them in the future. Each oil and gas field has a unique
geological structure, which has a direct impact on its design and development
scheme. Arctic deposits (offshore or land) have the following characteristic
features permafrost, shallow natural deposits of free gas, high reservoir pressure.

The environmental aspects of Arctic development are critical. Even the
preparation of the site for the hydrocarbons development and extraction begins

to affect the nature. During the period of field development and operation, the
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adverse effect only increases. The influence on the environment caused by
mining operations is the object of rigorous control by State bodies and
authorities.

The industrial and environmental safety requirements in the development of
Arctic deposits are only increasing, which creates an additional financial burden
on the projects. At present, companies have relatively little experience in
eliminating the consequences of oil spills and other accidents affecting the
environment in the Arctic region, which creates additional difficulties. The main
environmental problems arising from the development of hydrocarbons in the
Arctic are pollution of soils and groundwater, oil spills, and impact of methane
emissions on climate change.

In most cases, there is no existing technology for eliminating the
consequences of accidents in the Arctic, or they are ineffective. The lack of
experience in the clean-up of oil spills at ice conditions can have a very negative
impact on both the ecological system of the Arctic and the planet since oil can
spread to large areas, fall into other regions and continents through water and air

flows. Even one major accident will cause all mining projects to stop.

Existing and proposed solutions

To overcome the negative impact of climatic conditions in the development
of Arctic fields, one should use specialized modern technologies that allow
efficient extraction of hydrocarbons at low temperatures.

It should be noted that low average annual temperatures could be both a
disadvantage and an advantage. For example, the operating costs of a gas
liquefaction plant, as well as energy consumption for liquefaction itself, can be
reduced [3].

To address another one issue — the floating icebergs, one can use ice-
resistant platforms and mobile systems, which make it possible to suspend

production and temporarily leave the accident site.
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At this time, no technological methods of hydrocarbon production have been
developed for the year-round icing of the water area [1], so it would be useful to
carry out continuous monitoring, analysis, and forecasting of the ice conditions;
to create a system of multi-level protection and a special alert system [5].

To protect the sea communications from the stamukha (separate blocks of
ice, standing on the rocks), engineers use deepening of the pipelines and their
protection with concrete blocks.

New types of concretes are being developed for use in the Arctic zone,
too [6].

Construction of oil and gas pipelines, road transport networks, seaports and
other communication elements can solve the transport infrastructure problems.
For example, due to the lack of transport infrastructure oilfield operator
postponed the development of the West Messoyakha and East Messoyakha until
2020. Development of these fields became possible only after the beginning of
Zapolyarye-Purpe pipeline system construction, which connects the Northern
fields of the Tyumen region and the Eastern Siberia-Pacific Ocean pipeline [7].

Environmental safety monitoring via unmanned aerial vehicles is very
relevant and is considered as a promising solution, too [8].

As a significant length characterizes the modern network of oil and gas
pipelines, new methods to improve safety during pipeline repair work are also
being developed [9].

The use of specialized technologies and methods helps to overcome the
sophisticated engineering and geological challenges arising in the Arctic
exploration and production projects. For example, the company
«Messoyakhaneftegaz» (a joint project of PJSC «Gazprom Neft» and
«Rosneft») in the development of the northernmost continental deposit of Russia
— Eastern-Messoyakhskoye used the latest technologies of drilling, including the
construction of horizontal wells with multiple branches using the "fishbone"
technology. This field has one distinctive feature — high-viscosity, heavy, and

resinous oil. For this type of oil production, the use of horizontal wells with
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lateral open wellbores allows increasing the coverage ratio and develop more
complex overlying formations [7].

To improve environmental safety in the Arctic oil and gas fields, one should
pay attention to the development of a special of measures to eliminate accidents
at the facilities. In such cases, time plays a vital role (i.e., to eliminate the effects
of the oil spill), in this regard; it makes sense to create quick reaction and
response centers located in the areas of production [10].

To prevent emergencies, one can apply a unified system for collecting
operational information on accidents and injuries. This system functions by
transmitting a signal about the accident through the control room to the
information center, and then to the company managers via corporate
communicators and simultaneously to the regulatory authorities using images
from IP cameras aimed at the scene. Companies and state bodies can use this
system in such areas as labor protection, industrial, fire, and environmental
safety [11].

All of the above focuses on the necessity for appropriate technological
solutions that will contribute to the development of the Arctic region. The focus
should be to create technologies that will overcome the complex climatic and
engineering-geological conditions of the Arctic and, at the same time, will meet
environmental standards.

The Government of the Russian Federation plans to adopt a new version of
the Social and Economic Development Program of the Arctic Zone with a
period of validity up to 2025. The Program will aim at the creation of economic
growth point or support zones in the Arctic region, the further development of
the Northern Sea Route and its infrastructure, the development of Russia's
continental shelf using modern technology [12].

We need to recognize that, at the moment, the technological level of Russia
is not high enough for the effective development of the Arctic. Nevertheless,
Russia is developing the solutions as mentioned earlier, but not so actively,

which is caused by a number of issues. The technologies for use in the Arctic are
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usually unique and therefore require large investments. So, when developing
domestic equipment, particular attention should be paid to reducing the mining
costs, as well as to reducing the project risks.

One possible solution to this problem could be cooperation with foreign
companies, share of knowledge and establish joint venture companies.

Therefore, to improve the efficiency of field development in the Arctic
region a structured and integrated approach of coordinating all activities shall be
adopted. In fact, the most rational way to develop E&P projects and the region's
infrastructure will be to develop them simultaneously. The solution to the
problem could be the creation of Mineral Resource Centers (support zones) and
their further development using Cluster policy.

The main objectives of the Cluster Policy are to increase the cooperation
within an industry, which, of course, will have a positive impact on the Mineral
Resource Center development. The Oil and Gas Cluster is an infrastructure
system that successfully integrates not only the production and industrial sector
but also a business, science, and education.

In some cases, universities may become the core of the Cluster, able to
cooperate with oil and gas companies in developing a basic understanding of
Arctic region E&P issues and bring together science and business to find

solutions of these problems [13].

Conclusions

At this stage of Arctic region development, there are still many tasks that
still need to be solved.

Nevertheless, the Arctic remains a strategically important country’s area,
where large volumes of hydrocarbon reserves are localized, and it plays a crucial
role.

The global dynamics of the oil and gas sector has shown that more and more
hard-to-recover reserves will go into play, and Russia, in turn, should wisely

direct its efforts as a country with a resource-oriented economy.
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BBenenue

Hedrerazopsiit komruiekc Poccum sBisieTcss CTpaTermuecKd Ba)XKHBIM IS
CTpaHbl, TOTOMY BOMPOC M3y4YeHHs M0ObIYM HE(TH U Tra3a Ha OTEYECTBEHHBIX
TEPPUTOPUSIX 00J1aJ1aeT 0CO00M aKTyalIbHOCTHIO.

CornacHo nporHo3y mupoBoii suepretuku (WEO-2017), nmpeacraBieHHOMY
MexayHapoIHBIM  SHEPreTUYECKHUM  areHTCTBOM, HCKOMAeMOE€  TOILIMBO
OCTaHETCS OCHOBHBIM HMCTOYHMKOM DSHEPrMM Ha MHPOBOM YPOBHE, Kak
MHUHUMYM, 10 2040 rona.

Ha tepputopuu Poccuiickoii denepanuu Haxonutcs 0osee 4eM JBE TPETH
oOILIeMUPOBBIX pa3zpabaThiBa€MbIX 3amacoB HepTH U Taza. B To xe Bpems
n00bIYa Ha TPATUIIMOHHBIX MECTOPOXkACHUSIX Poccun HEYKIIOHHO CHMIKAETCS B
cpenHeM Ha 2-6 % B rox. Hampumep, no6wsua Hedtu B 3amagnoit Cubupu —
TpaJAULIMIOHHOM He(QTsAHOM cekTtope Poccum mnamaer, HaumnHas c¢ 2006 rona.
Hapsny ¢ 3TuM pacTeT [0ds TPYAHOM3BIEKAEMBIX 3allaCcOB U YXYALIAKOTCA
KAueCTBEHHbIE XapaKTEePUCTUKU pecypcoB. [lageHune noObYM B 3HAYUTETHHO
BBIpA0OTaHHBIX HEDTETOOBIBAIOIINX LIEHTPAX CTPAHbI, a TAK)KE BHICOKAs OLICHKA
pPECYPCHOr0 MOTEHUHAIa APKTUKH IMO3BOJIIOT paccMaTpUBaTh APKTUKY Kak
NEPCHEKTUBHBIA PETHOH, CIIOCOOHBI KOMIIEHCUPOBATh MaJieHue 00bIYM HePTH
U rasa.

B paiionax Kpaitnero Cesepa Poccuun Haxogutces okono 60 % 3anacoB Bceit
poccutickoit HepTu (okoi0 40 % HaxoauTCs Ha MeNb(de) U MOUTH BCE 3aIachl
rasa (okojo 70 % — Ha menbde).

VYaeneHbIN Bec OOBIUM Ta3a B APKTHYECKOM PETMOHE COCTaBJIsieT OoJjiee
yem 81 % or cymmapHoil n00buM 1o Poccuu, modToMy ApKTHKA MOXKET
paccMaTpUBaThCS KAaK TeOCTPATErMYECKHl palioH CTpaHbl MPU ONPEICIICHUU
MIPUOPUTETOB HALIMOHAJILHOTO pa3BuThs Pocculickoit ®enepaumu [1].

Ha Tteppuropun 3anomnsipbst B Ompkaiiiiee Bpems TIAHUPYETCS 3ayCTUTh

ok0J10 150 nmpoeKToB, OLIEHUBAEMBIX B 5 TPJIH pyoO.
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[TockonpKy TpaKTUYECKH TOJOBUHA JAaHHBIX MPOEKTOB OYyNET CBs3aHA C
no0bueld M mepepabOTKOW TMOJE3HBIX HCKomaeMblx B Smano-HeHenkom
aBTOHOMHOM OKpYTe€, a TaKK€ K 3arajay U BOCTOKY OT HEro, TO PacCMOTPEHUE
MOJIyOCTpOBa fIMaJl peACTaBISIET OTAEIbHBIA HHTEPEC [2].

Ha SImano-Henenxwii aBTOHOMHBIM OKpyr mnpuxogutca 85 % Bcero
nobObiBaemMoro B Poccuu mpuponHoro raza. Ha Tepputropuu JaHHOTO OKpyra
OBLTO OTKPHITO 234 MECTOPOKACHUS YIIEBOJOPOJOB, 66 M3 HUX B HACTOSIIUN
MOMEHT HaXOJSITCSl B TPOMBIIIUIEHHON pa3paboTKe.

Ha mnonyoctpoBe SfIlmMan u B ONU3IEKAIIMX aKBATOPUSAX B HACTOSIIUN
MOMEHT OTKPBITO 32 MECTOPOKICHUS, KIIOUEBBIMU W3 KOTOPBIX SABJISIOTCS:
Haxonkunckoe, HOxHo-Pycckoe, Etbi-IlypoBckoe, 3amnomnspHoe, MeaBexbe,
VYpenroiickoe, SAmOyprckoe, boBanenkoBckoe, Ilsxunckoe, HoBomopToBckoe,
BoctouHo- u 3anmagHo-MeccosaXCKoe MeCTOpOokIeH s, Pycckoe, JIeHMHTpaickoe
u PycnoBckoe. Kpome Toro, Ha mnosyocTpoBe BeaeTcs pa3padoTKa ST
KpYIHBIX LEHTpoB HedrerazonoObrun: boBaneHkoBckoro, TamOelickoro,

HoBonoprosckoro, Meccosixuackoro 1 KaMmeHHOMBICCKOTO.

AHaJIn3

[TonyoctpoB SIManm cuurtaercs OAHMM U3 Hambojee IMEePCICKTUBHBIX
He(Tera3oHOCHBIX PalilOHOB C MOATOTOBIICHHBIMHM K pa3paboTKe 3amacamu. Tem
HE MeHee, psii GaKTOPOB 3aTPYAHSIOT OCBOSHHE MOTYyOCTPOBA C MEIBI0 JOOBIYH
yTIIEBOJOPOJIOB.

Kmumar permona — cyOapkrudeckuid. CHabHBIC pa3Opochl TeMmIepaTyp |
MHOTO00pa3re BETPOB SBISIOTCS CJICACTBHEM TEIUIBIX BO3AYIIHBIX Macc,
MOCTYTANMINX U3 ATIAHTUYECKOTO OKEaHa, M XOJIOAHBIX, UIYIIUX C MOJISIPHBIX
perrnoHoB. CTOJIKHOBEHHE BO3AYIITHBIX MACC MPUBOIMT K BHITAJCHHUIO OOJIBIIIOTO
KOJIMYECTBA 0CaJKOB [3].

JIOTIOJIHUTENBHBIC CIIOKHOCTH MPHU OCBOCHHUH IMIEIH(OBBIX MECTOPOKICHUM
MOJIyOCTPOBA BBI3BIBAIOT IUIABYYHE alCOEPrd M KPYTJIOTOAMYHOE 3aJICACHCHHE

akBaTtopuu [1]. Jleq 3HAUMTENHHO COKpAllaeT BpPEMs, KOTOPOE OTMYIIEHO Ha
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Oypenne. Takke B TaKUX YCJIOBUAX CTAaHOBHUTCA MpOOJIEMATHUYHBIM
OoOHapy>XKeHHE MPOTEUYECK U UX CBOCBPEMEHHOE YCTPaHEHUE.

Eme oanum QaxTtopoM, HEraTuBHO BIMSIONUM Ha 3((PEeKTUBHYIO
pa3pabOTKy  apKTHYECKHX  MECTOPOXKACHHUU,  SBISIETCS  HEpa3BUTas
uHdpacTpykrypa. M3-3a oTCyTCTBUS, MO0 HEIOCTATKAa CUCTEM KOMMYHUKAIIMI
3aTpy/IHEHa TIOCTaBKa MAaTEepUajoB U 0O0OpYyIOBaHUA K MeCTy JOObIYH
YTJIEBOJIOPOJIOB.

[Ipu peanuzanuu MpoeKTOB B APKTHUECKOM PETMOHE HEMAJIOBAXKHYIO POJIb
UTPAIOT BOMNPOCHI 0e30macHOCTU. [IpoekThl pa3pabOoTKM MECTOPOXKACHUHN (TeM
Oonee B ApKTHYECKOM peruoHe) TpeOyIoT YHUKQJIBHOTO
BBICOKOTEXHOJIOIMUECKOTO0  O00Opy/AOBaHUs, a TaKXe €ero IOCTOSHHOTO
MOHUTOpUHTa U o0ciykuBaHus. HapylieHre TeXHOJIOTHYECKON IIENOYKH, Jaxe
€AVHUYHOM aBapHel, MOKET IPHUBECTH K IIOCJIEICTBUSM, CBS3aHHBIM C
npobyieMaMul JIOKaIU3alui U JIMKBUJIALMU aBApUHHBIX CUTyallMd Ha KPYMHbIX
IPOMBIIUICHHBIX 00beKkTax. OTCyTCTBHE HaJjIexamed HHOPaCTPYKTYyphI
3aTPYJHSET U MPOLIECC TPAHCIIOPTUPOBKH JOOBIBAEMBIX YIJIEBOJAOPOIOB.

OTnuuuTENbHON  OCOOCHHOCTBIO ~ APKTHYECKOTO  pEruoHa  SIBISETCA
HEBBICOKAsl MNPOAOJDKUTEIBHOCTh HABUTAIMOHHOIO NEPHOAA, KOTOpPas MOXKET
3aTPYJHATh Kak NEpeBO3KY He(Tera3onpoaykToB, Tak M 00OpYyJOBaHMS
(Bkmrouass matgopmbl). Tak, OAHMM M3 PHUCKOB, CBSI3aHHBIX C MPOEKTOM
komnanun «Hoarak» «SIman CIII'», sBusgercs Tpancnoptupoka CIIIT mo
Ceepnomy mopckomy mytu. [lepeBosuts CIII' u3 mopra CabeTTa B TeueHuUe
BCEr0 rojia MOXKHO OyJAeT JIMIIb B 3alaJHOM HaIlpaBJIE€HUH, @ B BOCTOUHOM — C
HIOJIS TIO JIeKaoph [4].

CyliecTBYIOT TakKe U reosiorudyeckue (hakTopbl, 3aTPyIHSIONINE U3yUYEHUE
3aJieed  YyrIIeBOJOPOJAOB W HMX  Mmocieayromyio  nooeay.  Kaxkmoe
MECTOPOXKIACHHE O0JNaJaeT YHHUKAIbHBIM T'€O0JOTHYECKHUM CTPOCHHEM, YTO
HaMpsMYI0 BJIMSET Ha CXeMy ero pa3padorku. [[ns apkruyeckux (1menbhoBbIX

WIH CYXOMYTHBIX) MECTOPOKICHUIN XapaKTePHBIMH OCOOCHHOCTSIMH SIBIISIFOTCSI:
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IPUCYTCTBHE MHOTOJETHEMEP3IBbIX MOPOJ, HETTyOOKHE MPUPOIHBIC 3aJICHKH
CBOOOJIHOTO Ia3a, BEICOKOE IUIACTOBOE JaBJICHHUE.

OKOJIOTMYECKHE  aCIEKThl OCBOCHHUS  APKTHYECKMX  MECTOPOXKICHUU
3aHUMAIOT LEHTpalibHOEe MecTo. J[oObua He(Tera3oBbIX MPOIYKTOB HAUYWHAET
OKa3blBaThb BJIMSHUE HA NPUPOIHBIA KOMIUIEKC YK€ Ha DJTalle BBIACICHUA U
HOJIFOTOBKY Y4acTKa K pa3paboTKe U 100bIY€e MOJIe3HbIX UcKonaeMbIX. Ha stane
pa3pabOTK MECTOPOXKACHUA W Ha MPOTSLKEHWH TMEpHUoAa €ro JKCIUTyaTalluu
HEraTUBHOE BO3JEHCTBUE JIUIIb YBEIMYUBACTCS.

Bnusgnaue, oxa3piBaeMoe JOOBIYHBIMU padOTaMM Ha BHEIIHIOW Cpeny,
KOHTPOJIMPYETCA FOCYJapCTBEHHBIMU CITy>KOaMH.

B nacrosimiee BpeMs TpeOOBaHUS, MPENbSABISEMbIE K MPOMBIIUICHHOW WU
HKOJIOTUYECKON O€30MacHOCTH MpHU pa3paboOTKEe MECTOPOXKIECHUA ApKTHKH,
Y)KECTOUAIOTCSA, 4YTO CO3JaeT JOMOJIHUTEIbHYIO (DMHAHCOBYIO HAarpy3Ky Ha
IIPOEKT.

JlonoIHUTENbHBIE TPYTHOCTH CO3JAET €LIE U TOT (PAKT, YTO Y COBPEMEHHBIX
KOMIIAaHUM CPAaBHUTEIBHO MAaJI0 OIbITA JIMKBUAALMU IIOCIEACTBUN PpPa3vBa
He(TU 1 MHBIX aBapUi, 3aTParuBaIOLIUX SKOJIOTHIO, B APKTUYECKOM PETHOHE.

OCHOBHBIMHU HKOJIOTUYECKUMHU MPOOJIEMaMH, BO3HUKAIOIIMMU B pPe3yJbTaTe
Ipolecca OCBOEHUS YIVIEBOJOPOJOB APKTUYECKOTO PETHOHA, SBISIOTCA
3arpsi3HEHHE MOYB M TPYHTOBBIX BOJ, pa3jiuBbl HE(PTH, a TaKKe BIHUSHUE
BbIOPOCOB MeTaHa Ha U3MEHEHUE KIMMara.

B OonblIMHCTBE ClyyaeB TEXHOJIOTMM YCTpaHEHHs MOCIEACTBUI aBapHil Ha
He(TEera3oBbIX MECTOPOXKICHUSIX ApKTHUKA HE CYUIECTBYET, JIMOO OHH
Ma03(pPeKTUBHBI.

OTcyTcTBHE OIBITA JIUKBUAAIMU HEPTSIHBIX PA3IUBOB B JIEIOBBIX YCIOBUSIX
KpaliHe HETaTUBHO CKa3bIBAETCS KaK Ha DKOJIOTMYECKON cucTeMe APKTHYECKOTO
pervoHa, Tak ¥ BCEH IMJIaHEThl, IOCKOJIbKY HE(Th MOXKET PacHpOCTPaHATHCS Ha
3HAUUTENbHBIE TEPPUTOPHUM, IIONANATh B JPYTHE PETUOHBI W Ha JpYyrue

MAaTCpUuKu IMOCPCIACTBOM BOSHeﬁCTBHH BOJAHBIX W BO3AYHIHBIX ITOTOKOB. I[axce
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OJIHa KpyMHAas aBapwisl MOCTYKHUT IMOBOJAOM K OCTAHOBKE BCEX JTOOBIBAIOIIUX

IIPOEKTOB.

CyuecTByomue 4 npejajaraemMblie penieHus

JIns mpeosioneHusT HETaTUBHOTO BIUSIHUSI KIMMATUUYECKUX YCIOBUM MpHU
pa3paboTKe  apKTUYECKUX  MECTOPOXACHUM  ClelyeT  HUCIOJIb30BaTh
CIEUHUAIM3UPOBAHHBIE COBPEMEHHBIE TEXHOJOTHH, KOTOPHIE TMO3BOJSIOT
3¢ (EeKTUBHO T0OBIBATH YTIJICBOJOPOJBI TPH HU3KUX TeMIlepaTypax. TeM He
MEHE€E, OTPULIATENbHBIE CPEAHETO/IOBBIE TEMIIEPATYPbl PETUOHA MOTYT SABJISITHCS
MPEUMYIIIECTBOM, HampuMmep, i (PYHKIMOHUPOBAHMS 3aBOJA IO CXKUKECHUIO
MPUPOJIHOTO Ta3a: CHUIXKAIOTCS KCILTyaTallMOHHBIE 3aTPaThl Ha CTPOUTEIIHCTBO
YCTAHOBKHM M0 CKIKEHHUIO Ia3a, a TAKKE COKPAIIAETCS Pacxo]l dHEpruyd Ha
CxKMKeHue [3].

Jist GopbOBI ¢ MIaByYMMHU aiicOepramMu TMPUMEHSIOTCS JIEOCTOMKHE
m1aThopMbl W MOOWIBHBIE KOMIUIEKCHI, KOTOpPBIE JIETAl0T BO3MOXHBIM
MPUOCTAHOBUTH JI00BIUY U CBOEBPEMEHHO MTOKUHYTh MECTO JT0OBIUH.

TeXHOTOTUYECKUX METOJI0B JI0OBIYU YTIIEBOJOPOAOB MPH KPYTJIOTOJUIHOM
3aJIeICHEHUU aKBAaTOPUM TOKa He pazpadoraHo [1], moTomy 1enecooOpa3HbIM
ABJISIETCSA MPOBEJAEHUE HEMPEPHIBHOIO KOHTPOJIS,, aHAJIN3a U MPOTHO3UPOBAHUE
JIeIOBOM OOCTaHOBKH; CO3/IaHUE CUCTEMbl MHOTOYPOBHEBOM 3aIIUTHI U CUCTEMBI
OTOBEIIEHHUs 00 OMACHBIX JIEJOBBIX YCIOBUSX [5].

C 1enpro 3anuThl MOPCKUX KOMMYHUKAIIMA OT CTaMyX (OTAENbHBIE TIIBIObI
JbAa, CTOSIIME Ha MEJIM) NPUMEHSIOT 3ariyOjieHHe TpyOOIpOBOIOB M MX
3aUTy OeTOHHBIMU OjokaMu. Pa3pabaThiBalOTCSi HOBBIC BHJIBI OCTOHOB IS
MPUMEHEHUSI B ApKTUYECKOM 30HE [6].

Henocrarok TpaHcnmopTHON UWH(PPACTPYKTYphl MOXKET OBITh yCTpaHEH
MOCPEJICTBOM  CTPOUTENILCTBA MATrUCTPAIBbHBIX HedTe- W Tra30mpoBOJIOB,
JIOPOKHO-TPAHCIIOPTHBIX CeTeu, MOPCKHX MOPTOB u MPOYHX
KOMMYHHUKAIIMOHHBIX 3JIeMEHTOB. K nmpumepy, u3-3a OTCYTCTBUSL TPAHCIIOPTHOM

uHPPACTPYKTYpsl ~ ocBoeHHe  3amagHo-Meccosixckoro u  BocTtouHo-
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Meccosxckoro mectopoxaeHuil otnoxuian 10 2020 roga. Pa3paboTka qaHHBIX
MECTOPOXKJICHUM CcTaja BO3MOXKHA JIMIIb TIOCJIE Haydalla CTPOUTEILCTBA
He(dTenpoBoHOM cucTembl 3anosisipee-Ilyprie, KoTopasi COeMHSAET CEBEpHBIE
MECTOpOXKAeHHsI TIOMEHCKOM o01acTd M He(TENpOBOJHYIO MarucTpaib
Bocrounas Cubups — Tuxwuii okean [7].

JIJisi MOHUTOpPUHTA 3KOJIOTMYECKOW O€30MacHOCTH aKTyalbHBbIM SIBIISETCS
npuMeHEeHne  OCCMIJIOTHBIX  JieTarenbHbIX  ammapatoB  [8].  Taxoke
pa3pabaThIBalOTCA HOBBIE METOJbI, MOBBIIAIONIME O€30MaCHOCTh  IpHU
MPOBEJCHUU PEMOHTHBIX pabOT Ha YydacTKax TpyOONpoOBOAOB, TaK Kak
COBPEMEHHAsI CETh MArUCTPAJIbHBIX Ta30HE(PTEIPOBOJIOB XapaKTEPU3YETCs
3HAYUTEJIBHOM MPOTSKEHHOCTHIO [9].

[Ipeonoiers CJIOKHBIE WHKEHEPHO-TEOJIOTHYECKHE poOJeMBI,
BO3ZHMKAIOIIME TpPH JOOBIYE TMOJIE3HBIX HCKOIMAEMbIX B ApPKTHUKE, MOMOTAeT
UCIIOJIb30BaHUE CIEHHUAIN3UPOBAHHBIX TEXHOJOTUW W MeroaoB. Hampuwmep,
komnaHuen «Meccosixanedreraz» (coBmectHbii TpoekT I[IAO «['a3mpom
Heptey u I[MAO «HK «PocHedTh») mpu pa3zpaboTke caMOro CEBEPHOTO
KOHTHHEHTAJILHOTO MecTopoxaeHus Poccuu, BocTtouno-Meccosixckoro, ObuiH
NpPUMEHEHBl HOBEHIIME MEeTOAbl OypeHHs, B TOM YHCIE CTPOUTEIbCTBO
TOPU30OHTANIBHBIX  CKBOXHH C  MHOYKECTBEHHBIMH  OTBETBICHHUSIMU  C
MCIIOJIb30BaHUEM TEXHOJIOTHH «PbIOHASI KOCTH». OAHOM U3 0COOEHHOCTEHN ITOro
MECTOPOXKICHUS SIBJIIETCS] TIOBBIIIEHHOE COJIEPKAHUE BBICOKOBSI3KOM, TSAKEIIOM,
cmonucTor HedTu. Mcrnonap30BaHME TOPU3OHTAIBHBIX CKBAXXUH C OOKOBBIMU
OTKPBITBIMHM CTBOJIAMH JIJIs1 JJOOBIYM HE(TU MO3BOJISIET MOBBICUTH KOADPUIIUEHT
OXBara IMpu pa3paboTKe 0oJiee CIOKHBIX BBIIEIEKAITUX TIACTOB [7].

C uenpl0 TOBBIIMICHUS HKOJOTUYECKOM O€30MacHOCTH TP  OCBOCHHUU
APKTUYECKUX MECTOPOXKICHUN CIeyeT OOpaTHTh BHUMAaHUE Ha pa3pabOTKy U
BHEJIpEHUE KOHICTIIUN JIMKBUJAIIMU aBapuii Ha pa3pabaThbIBaeMbIX OOBEKTAaX.
KpomMe Toro, mpu ycTpaHEHMHM TMOCJEICTBUN pPa3IMBOB HEPTH BAXKHYIO POJIb

UTpaeT BpEMEHHON (aKTOp, B CBSI3U C YEM HMMEET CMBICI CO3/IaHUE €IUHBIX
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IIEHTPOB — CIY>KO OBICTPOTO pearupoBaHUS U CBOEBPEMEHHOMW JMKBUIAINH
pa3IuBOB, Pa3MELIEHHBIX B pailoHax q00kuu [10].

C unenbio MpeAyNnpexJACHHUs YPE3BbIYANHBIX CUTyallMii MOXET ObITh
NPUMEHEH MEXaHW3M CO3JaHus EeIWHON CHCTEeMBI cOOpa ONEpPaTHBHOM
uH(pOpMAIUU 10 aBapUMHOCTU U TpaBMaTu3My. DYHKIIMOHUPOBAHUE CUCTEMBI
OCYILECTBIISIETCS MMOCPEACTBOM MEPEIAYN CUTHAJIA O HECUACTHOM CIIy4ae 4epe3
JTUCTIETYCPCKYI0 B HWH(DOPMAIMOHHBIA IIEHTP, a Jajee — PYKOBOIUTEISIM
NPEANPUATUS Yepe3 KOPHOPATHUBHBIE KOMMYHHMKATOPbl U OJHOBPEMEHHO B
KOHTPOJIMPYIOIIUE OPTraHbl ¢ MMOMOIIBI0 KOH(EPEHIICBA3U U C UCIOJIb30BaHUEM
M300paKeHUsl C 1p-BUJCOKAMEpP, HANpPaBICHHBIX HA MECTO MPOUCHIECCTBHUS.
JlanHasi cucteMa MOKET MPUMEHSITHCS B TAKUX (DYHKIIMOHAJBHBIX 00JIacTAX, KaK
oXpaHa TpyJAa, MPOMBINUICHHAs U MOXapHas O0e30MacHOCTh, IKOJOTUYECKas
6e3omacHocTh [11].

Bce BhbimenepeuyucieHHble  MpoOOJEMbl  AKIEHTHUPYIOT BHUMaHUE Ha
HEOOXOJMMOCTH COOTBETCTBYIOIIUX TEXHOJOTUUECKUX PEIICHUM, KOTOpPHIC
OyIyT ciocOOCTBOBATh Pa3BUTHIO OCBOCHUSI ApKTUUECKOro peruona. OCHOBHOE
BHUMaHWE  CJEAyeT  CKOHIIEHTPUPOBaTh Ha  CO3JaHUM  TEXHOJOTUH,
MO3BOJIAIOLIUX MPEOAOJIETh CIIOXKHBIE MPUPOIHO-KIUMATUYECKUE U UHKEHEPHO-
r€0JIOTUYECKHE YCIIOBHS ApPKTMKM M, TpPU OTOM, COOTBETCTBYIOIINX
HKOJIOTUYECKUM CTaH/IapTaM.

[IpaBurensctBOM Poccuiickonn denepanuy IIAHUPYETCS MPUHITUE HOBOU
penakiuu  ['ocymapcTBEHHOW  MPOrpaMMbl  COIMATBHO-?KOHOMHYECKOTO
pa3BUTUA APKTUYECKOW 30HBI C TIPOJIEHUEM CpoKa ee AeicTBuga 10 2025 ropa.
OcHOBHBIMH  HampaBieHussMu [Iporpammer  ctanyT: (opMuUpOBaHHE B
ApPKTHYECKOM pPEruoHe TOUYEK JKOHOMHUYECKOTO pOCTa WM OMOPHBIX 30H,
nanpHeiee pasButue CeBEpHOTO MOPCKOTO MYTH M €ro HMH(PPaCTPyKTYpHI,
OCBOCHHE KOHTHHEHTAJIHHOTO MIeNib(a ¢ MOMOIIBI0 COBPEMEHHOW TEXHUKH U
TexHoioruu [12].

Crnenyer npusHaTh, 4TO HA JAHHBIA MOMEHT TEXHOJOTHYECKUU MOTEHIMAI

Poccun HenocTaTtouHO BBICOK Uit A((HEKTUBHOTO OocBoeHUs ApkTuku. Tem He
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MeHee, pa3pabdoTKa pEeUIeHH MO OCBOCHMIO MOJIE3HBIX HMCKOIMAEeMbIX BEIETCH,
XOT M HE CTOJb AaKTHBHO, YTO BBI3BAHO PSJAOM CHCTEMHBIX MpOOeM.
TexHonornyeckue pemeHuss ApKTUYECKOTO PETHOHA, KaK MPAaBWIO, SBISIOTCS
YHUKAJIBHBIMU M, COOTBETCTBEHHO, TPEOYIOT OOJBIIMX HMHBECTULMH. 3HAYMT,
npu pa3zpaboTKe OTEYECTBEHHOIO OOOpYyNOBaHUS 0CO0OE€ BHUMAHUE CTOUT
YIEIUTh CHIPKEHUIO CTOUMOCTH TEXHOJIOTMYECKOI0 KOMILJIEKCa, CE0ECTOMMOCTH
NO0OBIBaEMBIX TIOJIE3HBIX HMCKONAEMbIX, CHIKEHHUIO PHUCKOBOW Harpy3sku Ha
IIPOEKTBI.

OnHuM U3 BapHaHTOB PELIEHUH JAHHOW MpOOJIEMbl MOXKET CTaTh Pa3BUTHE
COTPYIHMYECTBA C 3apyOeKHbIMH KOMIIAHUSMH, OOMEH KOMIIETCHLHUSIMH U
BEJICHUE COBMECTHOM JAEATENBHOCTU. JUIsI TOBBIIEHUS PE3YJIBTATHBHOCTH
NEATEIbHOCTH 10 pPa3pabdOTKe MECTOPOXKIECHUNH B APKTHUYECKOM pETHOHE
TpeOyeTcss CHUCTEMHBIM MOAXOJ, HAIPAaBJICHHBI HAa KOOPIMHAIUMIO BCEX
IIPOBOJMMBIX MeponpusThuil. Kpome Toro, pa3BuUTHE BCETO KOMILIEKCA
NPEANPUATANA U UHPPACTPYKTYPhI JOJKHO OCYIIECTBISATHCS OJHOBPEMEHHO, B
COOTBETCTBHM C HamboJjee pallMoHalbHOM cTpareruei. Takol IMOIX0Jl MOXKET
ObITh OOECIEYEeH C MOMOIIBIO CO3/IaHHUSI MHUHEPATbHO-CHIPHEBBIX LEHTPOB
(OMOPHBIX 30H) U UX MOCIEAYIOLIEro Pa3BUTHUS C UCIIOJIb30BAHUEM KIIACTEPHOM
HOJIATUKH.

KrnacrepHass moyiMTHKa akUEHTUPYET BHUMAHUE HA CMEXHBIX OTpaCisX,
HaXOJSIIMXCS B TECHOW CBSI3U MEXIy COOOH, a ee Lenbio OyAeT SBISAThCS
yBelIM4eHHEe HPGEKTUBHOCTH TaKOTO B3aUMOJECUCTBHUS, 4YTO, €CTECTBEHHO,
OKa)KeT MOJIOKUTEIbHOE BIMSIHUE Ha Pa3BUTUE MUHEPAIBHO-CHIPHEBOTO IIEHTPA.

HedrerazoBeiii  kiactep — HHPPACTPYKTypHas CHCTEMa, YCIICUIHO
OoOBeAUHSIONIAasE HE TOJBKO MPOW3BOJICTBEHHO-NIPOMBILIUICHHBIA CEKTOp, HO U
OusHec, HayKy U oOpa3zoBaHuE. B HEKOTOpBHIX Cilydyasix UMEHHO YHUBEPCHUTETHI
CTaHOBATCA SIIPOM KjacTepa, CIHOCOOHBIM B KOOMEpalMU C HePTera3oBbIMU
KOMITAHUSIMU  BBIpA0OTAaTh €IWHOE TMOHHMAaHHE MpoOJeM MPOU3BOACTBA H

OOBEIUHUTD YCUJIHS HAYKU U Ou3Heca Ui ux pemenus [13].
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BriBOa

Ha nanHom 3tane ocBoeHUs APKTUYECKOTO pernoHa Poccun mo-npexHemy
OCTaeTCs MHOXKECTBO CJIOXHEHIIMX 3aj1ad, TpeOyrolux peuieHus. Tem He
MeHee, ApKTHKa OCTAaeTCs CTPATErMYeCKH BaXKHOM JIJIsl CTpaHbl TEPPUTOPHE, HA
KOTOPOM JIOKaJIM30BaHbl O0JbIINE 00BEMBI 3al1aCOB YIIIEBOJOPOIOB. /IuHamuka
MUPOBOI JOOBIUM MOJE3HBIX UCKOMAEMBIX C KaXKIbIM I010M OyzeT Bce OoJiblIe
OpUEHTHpOBaHa Ha JO0OBIYY TPYIHOHM3BIEKAEMBIX 3amacoB U Poccus, B CBOIO
ouepellb, KaKk CTpaHa ¢ SKOHOMMKOM MUHEPAIbHO-CHIPLEBON HAIIPABICHHOCTH,
JOJKHA COCPENOTOYNTh COOTBETCTBYIOIIME YCHINS HA MOAJIECPKAHUE PA3BUTHS

JAaHHOI'O HAITpaBJICHM:.
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