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Abstract. The implementation of drilling projects in Antarctica requires comprehensive research and development
work to study the processes of interaction between drilling equipment and ice and test devices designed for ice
drilling. Testing facilities with artificial ice are essential for conducting this type of research. The article presents
an analysis of the existing experimental stand projects, which identified a common drawback — inability to re-
create a structure of atmospheric ice and thermobaric conditions similar to those in boreholes drilled in Antarctica.
The authors propose the conceptual project of a center for testing technologies and technical devices for glacier
drilling. The center is to be located on two sites: the first — on the “Sablino” educational and scientific testing
ground of Saint-Petersburg Mining University in the Leningrad Region (Russia), the second — at the drilling
complex of 5G borehole at Vostok station in Antarctica. The implementation of the project will allow conducting
experimental research and testing, using both shallow artificial ice wells and deep boreholes in the Antarctic
glacier. In addition, it will allow maintaining the drilling complex and 5G borehole in a good technical condition.
Keywords: Antarctica, artificial ice borehole, borehole 5G, drilling process, drilling technologies and equipment,
testing center
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1. Introduction

Since the mid-20th century, the world’s leading countries, including the Russian
Federation, have been engaged in active research in Antarctica. Many of the research
projects involve drilling into glaciers to collect ice cores or access subglacial water bodies
and rocks for geological, paleoclimatic, and biological studies [1]. In the former case,
scientists obtain ice core material, which is a unique source of information about the
climatic processes that have occurred on the sixth continent over the past few million years
[2, 3]. In the latter case, scientists get quick access to subglacial reservoirs and bedrock
to conduct geological, paleo-climatic and biological research [4-6].
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St. Petersburg Mining University, in collaboration with the Arctic and Antarctic
Research Institute (AARI), has been conducting scientific research at Vostok Station for
over five decades. This work involves drilling deep boreholes into glaciers and studying
the resulting cores. In this time, technologies and technical devices have been developed
and applied, which made it possible to set several world records in glacier drilling [7, 8]
and to unseal subglacial Lake Vostok twice [9, 10].

The testing of the technologies and equipment developed was often carried out
directly during the process of deep ice drilling, which led to increased risks of emergency
situations and prolonged project duration. The mechanical and thermal destruction of ice
differs significantly from the processes occurring during the destruction of rocks [11, 12].
This necessitates the adaptation of the existing drilling technologies and the development of
new ones, taking into account the mining, geological, and physic-geographical conditions
of the Antarctic [13]. These activities require comprehensive research and development,
including experimental studies on the interaction of drilling tools with ice and the testing
of the technical devices developed [14, 15].

A solution to these problems can be worked out on experimental stands that use
various methods for modeling ice masses:

— using single ice blocks (artificial or natural);

— using ice towers;

— using ice wells.

Each of the methods listed has its own advantages and disadvantages, which are
discussed below.

Projects using single ice blocks

In the early 1980s, an experimental setup was developed at Leningrad Mining
Institute (now St. Petersburg Mining University) to simulate the operating conditions of
an ice core electromechanical drill (KEMS) attached to a carrying cable using single ice
blocks [16]. The experimental stand was used at Vostok station. This enabled research
on the drilling equipment of the 5G borehole complex with the circulation of the drilling
fluids used. The main disadvantage of the setup was the artificial model of the bottom hole
with limited dimensions, which did not allow for the required run length, as well as the
difference in the physical and mechanical properties between the ice block and the glacier.

In 1988, a team of Japanese researchers conducted a study on ice cutting, collection
and transportation and tested the electronics used in the drilling equipment (Tachikawa,
Tokyo, Japan) [17]. The research was conducted on a 20 m tall derrick with a refrigeration
chamber at the base, which provided circulation of cooled kerosene and housed an ice
block measuring 0.2 x 0.6 x 0.9 m. The chamber had a window for observing the drilling
process. The main disadvantages of the experimental setup include: the cooling system did
not allow the temperature of the ice and kerosene to be lower than —5 °C; the dimensions
of the ice block limit the number of tests (to three).

In 1994, a group of Japanese scientists developed a more advanced experimental
stand for studying the ice cutting process [18], with pressure ranging from 0.1 to 30 MPa
at temperatures of up to —62 °C. The stand’s disadvantage was that its working chamber
was too small to accommodate a drill.

In 2015, Chinese scientists conducted research to determine the relationships between
the geometric parameters of ice cuttings and the drilling parameters of an electromechanical
auger drill [19]. A special experimental setup was made, including a mechanical part
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and an ice block measuring 0.7x0.6x0.5 m, prepared from lake ice at a temperature of
no more than —5 °C. The mechanical part of the setup contained a 2 m high mast with
a drill suspended on it. The drill was equipped with a single-cutter bit. The parameters
of the drilling modes and the temperature of the ice were recorded by sensors. The main
disadvantages of the experimental stand include the lack of an anti-torque system, which
causes significant vibration during projectile operation and distortion of the results obtained;
and the characteristics of the lake ice not corresponding to those of the atmospheric ice
in Antarctica.

Projects using ice towers

The arrangement of ice blocks in the form of towers provides an increased depth
for experimental drilling and testing of full-scale drilling equipment.

The first experimental complex for studying the ice drilling process was built during
the times of the Russian Empire at the Tomsk Technological Institute in the winter of 1909
[20].The author of the project was Boris Petrovich Weinberg, a famous Russian physicist
and glaciologist, who proposed the theory of ice movement along an inclined channel,
and studied the movement of Arctic ice and its physical and mechanical properties. The
complex consisted of a tower 10 m high, where ice was frozen naturally by gradually
moving a box of steel sheets and adding water. This complex was used to test the first
thermal drill designed for drilling boreholes in ice.

One of the most significant international ice tower projects was the research
conducted by Japanese scientists between 1992 and 1993. This research aimed to test
drilling systems with fluid in polar conditions. In Rikubetsu city, which is located in the
coldest region of Japan, a 30-meter-high testing facility was built, with a 15-meter-tall
ice tower made of 1 x 1 m ice blocks. Before beginning the experiments, pilot holes with
a depth of 8 m were drilled in the ice tower and filled with drilling fluid to a height of
7 m. The tower’s cross-sectional area was sufficient to drill nine holes, with a total drilling
depth of 63 m. However, despite the low air temperatures in winter (down to —25 °C), the
experimental conditions were insufficiently similar to those in which drilling was carried
out in Dome F, Antarctica.

An example of modern experimental research experience using an ice tower is the
testing of the RECAS (RECoverable Autonomous Sonde) thermal probe [Pavel Talalay,
personal communication]. In the winter of 2021, a 15 m high tower made of lake ice blocks
was constructed on Hongqi Lake in Changchun, China. The lake’s depth of 3 m made it
possible to conduct successful experiments on collecting water samples from a reservoir
using a probe. However, during the equipment testing, meltwater leaked between the ice
blocks, leading to overheating of the probe’s elements.

Ice wells projects

Another glacier modeling method is to use ice wells. This method was first used in
1964 in Hanover (USA) to test drilling tools developed by the Cold Regions Research
and Engineering Laboratory (CRELL). The ice was formed in a special structure with
a diameter of 1.22 m and a depth of 63 m. The structure consisted of pipe sections
and an internal coolant circulation system. However, during the research, the well was
depressurized, and the drilling fluid polluted the environment [21].

Another example of an artificial ice well where equipment was tested is the
Laboratory of Glaciology and Geophysics of Environment in Grenoble (France). To test
drilling technologies, researchers created an 8 m deep pit, in which ice was frozen. The
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shallow depth of this structure made it impossible to test a full-size drill, so the final
stages of equipment testing were carried out in Antarctica [22].

A distinctive feature of the ice well created in 2015 at the University of Minnesota
(USA) was the principle of ice freezing due to the circulation of a coolant in the annular
channel between the casing and a pipe simulating a well. The working depth of the well
was 152 m with a diameter of 124.2 mm. Liquid coolant CO, circulated through the
annular space of the well, providing an ice temperature in the range from —25 to —40°C.
However, the small diameter of the well caused frequent contact between the drilling tool
and the wall of the pipe, resulting in damage. During the tests, difficulties were observed
in supplying the coolant to the annular space, leading to difficulties in the process of ice
freezing. A lack of refrigerant flow in the well prevented its use as a permanent testing
facility. After the completion of the testing program for a mechanical drilling rig, the
facility was decommissioned [23].

One of the significant projects currently using ice wells is the ice drilling test facility
at the Polar Research Center of Jilin University in China [21]. In this project, artificial
ice is frozen in a pipe with an internal diameter of 1 m and a wall thickness of 10 mm,
which is installed in a shaft at a depth of 12.5 m. The shaft has a diameter of 2.6 m and
is covered by a waterproof casing. The annular space between the ice well and the walls
of the shaft contains evaporator coils and thermal insulation, which also serves as a space
for equipment maintenance and repairs. The ice well can be used to test technical devices
for glacier drilling and its main advantages include:

— the ability to simulate various environments and geological conditions;

— the ability to regulate the temperature of ice over a wide range;

— high technological efficiency of the design allowing one to perform a series of
tests under identical conditions.

Some disadvantages of this structure include the complexity of installation works,
high requirements for the quality of the underground part, and the complexity of maintaining
cryogenic equipment [24]. Of all the methods of glacier modeling, the most universal is
the creation of artificial ice wells. These models are part of testing facilities that allow
year-round testing of drilling techniques and equipment. However, like other methods,
this method of modeling ice mass cannot recreate the structure of atmospheric ice or the
thermobaric conditions at boreholes in Antarctica, which directly affects the design features
of drilling tools and the drilling process.

2. Glacier drilling technology and equipment testing center

The Center for testing technologies and technical devices for glacier drilling is to
be located on two sites:

1) on the “Sablino” educational and scientific testing ground of Empress Catherine
IT Saint-Petersburg Mining University in the Leningrad region (Russia);

2) at the drilling complex at Vostok station in Antarctica, where a 5G deep borehole
has been drilled.

At the first site, drilling equipment will be tested in an artificial ice well. At the
second location, the tests will be conducted in conditions of a deep borehole in the glacier.

The possibility of constructing a complex with two ice wells, similar to the design of
the Jilin University Polar Research Center, is being investigated on the “Sablino” testing
ground. The complex will be housed in a building measuring 18 m long, 15 m width, and
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Fig. 1. Complex with two ice wells: @ — main hall; » — climate equipment (/ — drilling mast;
2 — tested drilling tools; 3 — hydraulic manipulator; 4 — collar of ice well; 5 — refrigeration and
compressor equipment; 6 — hydro-heat-insulated pit; 7 — climate chambers; § — evaporators;
9 — ice well)

Puc. 1. Komrutekc ¢ AByMsi JIeTOBBIMH CKBOKHHAMU: ¢ — OCHOBHOM 3aJT; 6 — KIIMMaTH4eckoe 000-
pynoBanue (I — OypoBas MauTa; 2 — HCHBITEIBAEMBbIE OypOBbIE CHAPAIbBI; 3 — THAPABINYCCKUI
MaHHIYJIATOP; 4 — YCThsI JICISHBIX CKBAKHH; 5 — XOJOJHIBHO-KOMIIPECCOPHOE 000pYI0BaHHE;
6 — TUAPO-TEIUION30JINPOBAHHBIN KOTJIOBAH; 7 — KIMMAaTHYeCKHUE KaMephl; § — HCIapuTens; 9 —
TeNsTHasE CKBaKUHA)

13 m tall (Fig. 1). Below the building’s zero level a 6 m deep hydro- and heat-insulated
pit will be located. The building will include engineering and technical systems such as:

— power supply: power consumption up to 250 kW;

— water supply: centralized cold and hot water supply, with a flow rate of 5 to
10 m*/h, through individual treatment facilities;

— ventilation system: supply and exhaust ventilation system, with heating of the air
supplied in cold seasons;

— heating system: central heating system with a possibility to install heaters in lifting
gates, entrance vestibules and mechanical workshops.

The complex is to be equipped with the following main equipment: ice wells,
mounted in climate chambers installed in a hydro- and heat-insulated pit; refrigeration
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and compressor equipment; a drilling rig on a mobile platform; a hydraulic manipulator
on a movable platform; process fluid tanks, and pumping equipment.

One climate chamber is designed to be able to maintain a constant operating
temperature throughout the entire volume in the range from -2 °C to —70 °C, the second —
with the ability to change the temperature in gradient in the heat-insulated sections of the
chamber, allowing temperature control from +5 °C to —70 °C.

The chambers will be equipped with service hatches, ladders and local lighting
for servicing the climate control equipment. The cooling system is individual for each
chamber and built by using ozone-safe freons R404A and R23. Innovative technology
for regulating the performance of refrigeration-compressor equipment enables smooth
temperature regulation over a wide range.

Each climate chamber has its own autonomous power supply and control system,
complete with an individual touch panel. The software allows saving test programs on a PC
and uploading them to a controller, as well as using convenient functions for displaying
information on the screen and printing. Remote access to the climate chambers is available,
enabling real-time control of their settings from any user device.

The climate chambers’ design and technical specifications were developed in
collaboration with specialists at NPF REOM LLC in St. Petersburg. The drilling rig will
be mounted on a platform with the possibility of longitudinal and transverse movement,
making efficient use of the entire cross-sectional area of the ice well. The design of the
drilling rig allows the use of two types of technologies: with cable-suspended drilling,
and rotary drilling, depending on the research objectives.

The ice well complex fulfills the following tasks:

— study of ice destruction processes using mechanical and thermal drilling methods;

— conducting tests of technologies and technical devices for drilling glaciers and subglacial
bedrock, as well as unsealing subglacial reservoirs and sampling water and sediments;

— testing geophysical equipment for ice boreholes;

— approbation of control systems for ice drilling;

— training of specialists for scientific research in Antarctica.

It should be noted that the establishment of a test center will address scientific and
practical issues not only in Antarctica, but also in the Arctic region, allowing one to:

— investigate the processes related to permafrost thawing to ensure the stability of
civil and industrial infrastructure foundations [25, 26];

— test permafrost drilling equipment to obtain undisturbed samples;

— conduct tests on mobile drilling equipment to sample core material from Arctic
glaciers, icebergs and shelf ice to assess the safety of Northern Sea Route navigation and
drilling platform operation [27, 28].

At the drilling complex of 5G borehole at Vostok station, modernization is planned,
which involves replacing the main and auxiliary equipment.

The drilling complex was constructed during the 27" Soviet Antarctic Expedition on
May 29, 1983 to drill borehole 4G, and later relocated to the site of borehole 5G. Since
the start of its operation, the complex has undergone numerous modifications and now
includes the following main components (Fig. 2):

— a drilling building, which consists of two mobile wagon-type units, installed on
sleds and covered with heat-protective panels;

— a welded 12 m high drilling mast made of metal pipes, equipped with a system
of blocks for tripping and drilling operations on a carrying cable;
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Dimensions of the drilling complex:
Shelter

- Width 4.2 m

- Height 3.4 m

-Length 19 m

Height of drilling mast 16m

U278
- ]l

Fig. 2. Drilling complex of well 5G: / — drilling building; 2 — drilling mast; 3 — drilling winch
with control panel; 4 — carrying cable; 5 — deflection roller; 6 — crown block roller; 7 —
electromechanical drill KEMS-135; 8 — casing column; 9 — rewinder

Puc. 2. BypoBoii komIuiekc ckBaxxunbl SI': 1 — OypoBoe 3aanue; 2 — OypoBasi MauTa; 3 — OypoBast
nebeKa C MyJIBTOM yNpaBieHus; 4 — Trpy30HeCyIInil kabenb;, 5 — OTKJIOHSIONHMN POJIHK; 6 —
KPOHOJIOUHBIH POJINK; 7 — 3JIEKTPOMEXaHUUECKUI KoJOHKOBbIN cHapsiy KOMC-135; 8§ — obcannas
KOJIOHHA; 9 — MepeMOTOYHOE yCTPOUCTBO

— a drilling winch with an 18,2 kW DC electric drive. On the winch drum a seven-
core armored carrying cable is wound up, 4,100 m long and 17.5 mm in diameter. For
equable laying of the cable on the winch drum, a cable layer on an endless screw is used
with the possibility of manual adjustment;

— power supply system for working and auxiliary equipment;

— a control and monitoring system for tripping and drilling operations, including
the main control panel (manufactured by Leningrad Mining Institute, 1984) and a special
data collection module MSD-A (manufactured by AMT CJSC, St. Petersburg, Russia).

The borehole 5G consists of five branches (Fig. 3). Branch 5G-5 intersects several
of the glacier layers studied, which differ in their structural and physical-mechanical
characteristics:

— snow-firn layer (up to 100 m), represented by permeable layers of compacted
snow turning into ice [29];

—meteoric ice (100 — 3539 m), the crystal size of which increases with depth [9]. This
layer includes brittle ice (250 — 600 m), consisting of fragmented crystals [30], and ancient
ice (3310 — 3539 m), the structure of which has been disrupted by ice flow anomalies;

— accreted (lake) ice with mineral inclusions (3539 — 3769.3 m) [31].The borehole is
filled with a non-freezing drilling fluid — a mixture of Jet-1 aviation kerosene and F-141b
freon, which has a density that compensates for the glacier pressure. The temperature and
pressure of the drilling fluid change with the borehole depth [32]. According to caliper
measurements of branch 5G-5, performed during the 69th Russian Antarctic Expedition
(RAE), it was found that equipment with a diameter of 135 mm can be tested along the
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Fig. 3. Schematic representation of 5G multibranch borehole configuration. The shaded branches are
filled with frozen lake Vostok water. The names of lost drills are shown by red inscriptions (adapted
from [33])

Puc. 3. Cxemaruueckoe IpeCTaBICHUE KOHCTPYKIIMY MHOTOCTBOJIBHON CKBaKuHbI SI. 3amTpuxo-
BaHHBIC YYACTKH 3aIlOJHEHEI 3aMep3IIeil Bojoi n3 o3epa Bocrok. KpacHsle Haamicn 0603HadaoT
HaMMEHOBAHHUS CHAPSIOB, OCTABICHHBIX B CKBa)KMHE (aKTyalIn3upoBaHo u3 [33])

entire depth of the branch. Access to the other branches can only be gained by using
a drilling tool with a controlled deviation in zenith and azimuth angles.

The deep drilling project at the 5G-5 branch was completed during the 69th RAE
season, reaching a depth of 3610 m. Consequently, the borehole can be used to test
technologies and technical devices for drilling glaciers in unique thermobaric conditions.
However, the drilling complex main and auxiliary equipment is significantly worn out,
necessitating modernization. This is the goal of the project “Comprehensive studies of
subglacial Lake Vostok and paleoclimate around the area of Russian Antarctic station
Vostok™.

The modernization includes the replacement of:

— drilling winch and control system,;

— carrying cable;

— deflection and crown block rollers of the drilling mast;

— rewinding the cable device;

— auxiliary equipment;
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— inspection and repair of electrical supply systems.

The updated drilling winch with a capacity of 4000m for a 17.5 mm carrying cable
differs from the installed one in: a greater traction force (at least 80 kN); an improved
electromechanical drive with a frequency control (40 kW power); automated control
and monitoring systems for tripping operations and cable laying. For transpooling the
carrying cable, a productive rewinder (winding speed 2 km/h) with a maximum pull
force of 20 kN is to be used. The design and technical specifications of the winch and
rewinder were provided by experts from of the Oktyabrsky Plant of Logging Equipment
“VNIIGIS” LLC.

The new carrying cable for downhole equipment is KG (4 x 0.75 + 3 x 2 x 0.20) —
90 — 17, with a significant breaking force (at least 90 kN). It consists of four cores with
a cross-section of 0.75 mm? and three twisted pairs with a cross-section of 0.20 mm?. The
carrying element of the cable is an UHMPE (ultra-high modulus polyethylene) thread,
which is more resistant to mechanical impacts at low temperatures and in aggressive
environments, has a higher strength and a lower specific gravity than cables wrapped
in steel. The design and technical parameters of the carrying cable were provided by
specialists from SKT Group LLC.

The proposed modernization will allow testing in the borehole:

— mechanical and thermal drills on a load-carrying cable at any depth interval,
including equipment with a directional drilling control system;

— mechanical and thermal borehole reamers;

—technical devices for unsealing subglacial lakes from a borehole filled with a non-
freezing fluid;

— drilling fluids;

— geophysical equipment for ice boreholes exploration;

— equipment for determining the physical and mechanical properties of ice;

— equipment for drilling new boreholes;

— delivery modules for research equipment of subglacial reservoirs;

— equipment for cleaning boreholes from mechanical impurities;

— equipment for eliminating accidents in boreholes;

— telemetry systems, sensors, etc.

3. Conclusions

Drilling operations on Antarctic glaciers necessitate extensive research and
development aimed at understanding the processes of interaction between a drill and
a glacier and testing the technical devices developed for drilling glaciers. For this purpose,
teams of researchers from different countries create experimental stands with artificial ice.
The primary distinction between these designs is the method used to model the glacier.
Each method has advantages and disadvantages, but they all share one limitation: it is
impossible to recreate the structure of atmospheric ice and thermobaric conditions in
Antarctic boreholes.

The authors propose the conceptual project of a center for testing technologies and
technical devices for glacier drilling. The Center will be located on two sites: on the
educational and scientific testing ground “Sablino” of Saint-Petersburg Mining University
in the Leningrad Region (Russia) and at the drilling complex 5G borehole at Vostok
station in Antarctica. The realization of this project will allow conducting experimental
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research and testing, using both shallow artificial ice wells and deep borehole 5G in the
Antarctic glacier.

The first stage of testing drilling equipment and technologies will be validating
the proposed solutions on experimental stands that simulate future operating conditions
under certain assumptions. The location of the stands at “Sablino” will allow conducting
research all-year-round, as well as rapid adjustments to the designs of the devices and
methods developed for conducting experiments.

In the second stage of the tests, the drilling equipment and technologies will be
tested in a deep 5G borehole. This will enable testing the equipment’s operability under
thermobaric conditions and the specific ice structure of the Antarctic glacier.

The proposed approach to the realization of the project “A Center for testing
technologies and technical devices for glacier drilling” will enable the most efficient and
safe implementation of drilling operations in Antarctica.
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Kongaukr naTepecoB. ABTOPHI CTaTbi HE UMEIOT KOH(UIMKTa HHTEPECOB.

®unancupoBaHue. lccienoBanue BHIMOIHEHO ¢ MTOMOMIBIO CyOCHINN HA BBINTOJ-
Henne [ocynapcTBeHHOTO 3ajaHus B cepe HaydHOH nestenpbHocTH Ha 2024 . Ne FSRW-
2024-0003.

BaaromapnocTn. ABTOpHI BBIP@XKAlOT CBOIO 0OJaroJapHOCTh CIICHHAIUCTaM
000 «HII® “PEOM”» (Cankt-IletepbOypr, Poccust), OOO OxTsa0pbCcKuii 3aBoA Kapo-
taxxaoro obopynoBanus «BHUUTMCy (r. Oktsa6psek, Poccns) 1 OO0 «CKT I'pymm» 3a
COTPYAHMYECTBO IIPH MMOATOTOBKE MaTEpPHAIIOB CTAThH.
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Pacmiupennbliii pedepar
Peanuzarus OypoBbIX NPOEKTOB B AHTapKTHAE TpeOyeT MpOoBEACHNs KOMIUICKCHBIX HayYHO-HCCIE0-
BATEJIbCKUX Pa0OT, HAPABJIECHHBIX HA H3YYEHHE IPOLECCOB, MPOTEKAIOMIKX IPU OypeHNH JTeIHUKOB. BakHyio
POJIb B JAHHBIX UCCIIEA0BAHUAX UTPAIOT SKCIIEPUMEHTAIBHBIC CTEH/BI C UCKYCCTBEHHBIM JIEJOBHIM MACCUBOM.
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B pesynbrare mpoeieHHOr0 0030pa ObII0 YCTAaHOBICHO, 4TO B OONBIIIHCTBE CIIy4aeB IKCIICPHMECHTAIb-
HBIE CTEH/IBI M COOPYKEHHUs HMEIOT OTPaHHYCHUS B TadapuTax 1 (hyHKIMOHATBHBIX BOBMOKHOCTSX H HE MOTYT
BOCTIPOM3BECTH PEATbHBIX YCIOBHH IKCILTyaTalny (HI3KHE TEMIIEPATyphI, BRICOKOE AaBICHNE, (PU3HKO-MEXaHH-
YeCKIE CBOHCTBA aTMOC(EPHOT0 JIb/1a) pa3pabaThIBAEMOT0 YHHKaIBHOTO 000pynoBanus. Hataro sxcimyarammn
obopyroBanus 6€3 POBEICHNS UCTIBITAHAN B PEATbHBIX CKBAKHHHBIX yCIOBHAX MOBBIIIACT PHCKH BO3HHKHO-
BEHHS OCTIOKHEHNHI 1 aBapHil B mporecce padoT, BEI3BAHHBIX HEIOCTATKAMH B KOHCTPYKIHH 000PYIOBAHHL.
JlaHHBIE HETOCTATKH MOTYT OBITH OOHAPYKEHBI TOJIBKO MPH TPOBEICHNUH OYPOBBIX PabOT HEOCPEACTBEHHO B
AHTapKTHIE, UTO MOXKET OTPUIIATEIBHO CKAa3aThCs Ha CPOKAX PEATH3aIHH HayTHO-HCCIIEI0BATEIBCKIX IPOCKTOB.

Pemennem 0603Ha4eHHON TPOOIEMBI ABIIAETCS BBICTPANBAHIE HOBOI II0CIIE[0BATEIEHOCTH HCIIBITAHHI
paboTOCTIOCOOHOCTH CKBOXKHHHOTO 000PYIOBaHNS U YCIOBHH AHTApKTH/IBI:

1) AnpoGarust KOHIENTYaTbHEIX PEMICHHH IS TeXHOIOTHIT M TEXHUYECKUX CPEACTB B PAMKaX MAJIbIX
9KCTIEPHMEHTAIBHBIX CTEH/IOB C HCTIONb30BAHIEM JIEASHBIX OJIOKOB.

2) UcnibITanye IOTHOPa3MEepHBIX padodiX MPOTOTHIIOB B YCIOBHSX JICAHBIX CKBAKHH, Ha 0a3e yaeOHO-
HaygHoro nomurona «Cabmuuoy» Cankr-IlerepOyprckoro roproro yHusepcutera (JleHHHrpazckas o0macTs,
Poccnst). KoHcTpykimst CKBaKHH M HX TEXHOJIOTHUECKIE BO3MOKHOCTH Pa3pabOTaHbI ¢ YUETOM JTOCTOMHCTB
1 HeZOCTATKOB MPEAIIECTBYIOMHX NPOeKTOB. KimMarndyeckne kaMephl, B KOTOPBIX PACTIONOKCHBI CKBAXKHHBI,
paccuMTaHbl Ha PETYINPOBAHKE TEMIIEPaTyp B ckBaxuHe B quarnasone ot —2 °C no —70 °C. IIpennoxennoe B
paboTe SKCIePHMEHTATBHOE COOPYKEHHE O3BOIUT HPOBOAUTE MIMPOKHIA KOMILIEKC HCIIBITAHHIT 000pyI0BaHAS
IS TIOTISIPHBIX yCTIOBHIA.

3) IIpenBapuTenbHbIe HCIBITAHUS 000PYIOBAHNS B CKBRKHHHBIX YCIOBHSX Ha 0a3e MOJICPHI3HPOBAHHOTO
OypoBoro komiuiekca uM. b.b. Kynpsmosa Ha cranuum Boctok, AHtapktuna. Vcnsiranue pa3paboTaHHOTO
000py0BaHNS B YCIOBHSX CKBXKHHBI 51" O3BOJIMT OLCHUTH PadoTy YCTPOICTB B PEaNbHBIX YCIOBHSAX MEpe]
UX BHEIPEHHEM B Pab0UYI0 IKCILTyaTaIHIo.

JlaHHBII KOMIUTEKC CPEJICTB 110 HCTIBITAHMIO 000pYI0BaHHS OyeT CIOCOOCTBOBAT PEIIEHHIO MHOKECTBA
HAyYHBIX U MPAKTHYECKUX 3371ad, CBI3AHHBIX HE TOIBKO C HCCICTOBAHUAMY B AHTApKTHJE, HO U IPOSKTaMH,
pea3yeMbIMH B apKTHIECKUX PETHOHAX.

Karouessle ciioBa: Antapkruia, OypeHue JeTHIKOB, OypOBbIe TEXHOIOTHH U 000pyI0BaHNUE, JEASHbIE CKBa-
JKUHBI, CKBaKUHA 51, SKCIIEPUMEHTANBHBIN CTEH]]
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