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Creaxcuna 5T, npodypennas na poccuiickoit anmapkmuueckoii cmanyuu Bocmok, sensemcen 6 nacmosujee epems
camoii 2iyooKol u3z nPOOYPEHHBIX K020a-1udo 6 1e0HuKoeblx nokposax I'pennanouu u Anmapkmuowvl. Imom npoexm
Oypenusa nooapun Mupy OanHvle, Onpedenuguine HanpasiIeHus Uccie008anuil na decamuiemusn enepeo. Ilpooonicenue
uccneo06anuil, 0Acm HOBvle C6e0CHUA 00 0UePMAHUAX U 2NYOUHAX 03epa, 0 MOWHOCIU U CIPOCHUU €20 0OHHbIX
0CaoK08, a maKsice NO360AUM RPOGECHU OONOTHUMENbHbIE MOOEbHbLE ROCHIPOEHU, KACAIOUWUECH MEPMOOUHAMUYECKUX
0Co0eHHOCmell COCMOAHUA CUCIEMbL (J1IEOHUK — NOO0TIeOHO0e 03ep0oy. 3a0aua noayyeHus npod 600bl 03epa AeasAemcs
00HOTL U3 KII0UEBbIX 8 0Decneuenuu npozpecca  uzyueHuu nPUPoOsl IM020 yRUKanbHo2o oovekma. Pewwenue ymoii 3a0auu
ABNACMCA NEPEOOUEPEOHONl Uelblo danbHelluezo ucnonvioeanusn ckeaxcunvt 5I. Kpamkospemennoe eckpvimue ozepa
Bocmok u omoop npoé 600t u3 €20 RPUNOEEPXHOCMNO20 C10A NO380JIAEM ROJIYYUMb NEPEUUHYIO UHPOpMayuIo 00 e2o
cospemennom cocmoanuu. B oannoit cmamse npugooamcs pe3yiomamsl pacienos epeMenu 3amep3anus NoOHAGUIeNcs
6 CKBAIICUHY 03E€PHOIL 600bl C «NOSIONHCUMENLHOIL) MEMREPAMYPOIl, ROC/IE 8CKPbIMUA NOOICOHUKOBO20 03€PA, BbINOIHEHHbIE
no ne3asucumblm memooukam. Paccmompenst 60npocet memnepamypHozo peicuma CKeaydcunvl 60au3u 2panuybl
«CK8ANCUHA — NOOJICOHUKOBOE 03€PO).
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Estimation of the freezing process for lake water
in the near-contact section of the 5G borehole
with subglacial lake Vostok (Antarctica)

Ph.D A.N. DMITRIEV!, Ph.D A. V. BOLSHUNOV?, D. V. SERBIN?
Saint-Petersburg state mining University

5G borehole drilled at Vostok Russian Research Station in Antarctica is currently the deepest ice hole ever drilled in the
ice shields of Greenland and the Antarctic continent. This drilling project produced data that predetermined research
trends for decades to come. Further surveys will provide new information on the lake configuration and depths as well as
the thickness and structure of its bottom sediments. This will help to carry out additional simulations of thermodynamic
properties of the glacier-subglacial lake system. Sampling of the lake water is a key task to secure significant progress in
the research of this unique natural object. Solution of this problem is a primary objective for further investigations in 5G
Borehole. Unsealing Lake Vostok for a short time and collecting water samples from its surface helps to obtain source
information about its current condition. This paper presents results of freezing time calculations for the lake water with
‘positive’ temperature that entered the borehole once the subglacial lake was unsealed. These calculations were made using
independent techniques. The paper studies temperature conditions in the borehole at the interface with the subglacial lake.
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braronapst yHUKaIbHBIM TEXHOJIOTHSM, pa3paboTaHHBIM
B Cankr-IletepOyprckom ['opHOM yHEBEpCcuTeTE, 5 heBpans
2012 r. B AHTapKTHAE POCCUICKMMHU CHIEUATUCTAMH, C I10-
MOIIBIO HJIEKTPOMEXAHHUYECKOT0 Oy POBOIO KOMIUIEKCA Ha OC-
HOBe OypoBoro cHapsima KOMC-132, BEIITOTHEHO BCKPHITHE
KPYIHEHIIIEro B MUpe MOIIEIHIKOBOro 03epa BocTok Ha riry-
omne 3769,3 MeTpa, 9TO BBI3BAIIO OOJBIION HHTEPEC MUPO-
BOTO Hay9HOTO coobmectBa (puc. 1) [1].

[NonnenankoBoOE 03¢po BOCTOK pacnosokeHo Mo MoI-
HBIM (3750—4200 M) JeTHUKOBBIM TOKPOBOM AHTapKTHUIIBI
Ha 3HaguTeNbHOM (6oee 1000 kM) ymaneHun ot ee modepe-
Kbsl B BocTOuHON AHTapKTHIE, 1 HAXOAUTCS B TIO3/IHE-PaH-
HEMEe30301CKOl pu(TOBOH cHcTEeMe, KOTOpast IPOTITHBACT-
cst oT mobepesxbs Mopst CoppyskecTBa BAOIB JIoxka rop ['am-
OypieBa B BBICOKOIINPOTHYIO obsacTh LlenTpansHoit AH-
TApKTH/IBL.

BckpbITHIO 03epa IpeIecTBOBAIN HAyYHbIE HCCIIE0-
BAHMSI 110 OTPAOOTKE TEXHOIOTHH OYpPEHUS CKBaKUH BO JIbILY
IIpU TeMIeparype O0an3Kkoil k Touke (a3zoBOro mepexona
[2-5].

3aKJIIOYUTEIEHBIM TANOM PadOT, TPOBONMBIX B CKBa-
»uHe SI” mocie BCKPBITHS €10 MOIETHUKOBOTO 03epa Boc-
TOK, SIBJISIETCS] 3aMEp3aHNe MOIHSBIICHCS B CKBAXHHY 03€p-
HOI BOZIBI Ha OITPEJICTICHHYIO BBICOTY, UTO TTOJIpa3yMeBacTCs
TEXHOJOTHel OypOBBIX padoT.

Jlist ycrenrHoro mpuMeHeHus pa3paboTaHHONW TEXHO-
JIOTMM BCKPBITHS TTOJIEAHIKOBOTO 03epa BocTok, Heob6xo-
JIMMO TTPOTHO3UPOBAThH JUHAMHUKY BPEMCHH 3aMEpP3aHUs
03EpHOM BO/IBI B CKBAKMHE. YUHUTHIBASI CIIOKHOCTD SKCIIEPH-
MEHTAJIBHOTO U3yUCHN S IOCTABICHHON 3a/1a9H, MOKHO ITpO-
BECTH TEOPETHYECKOE HCCIIEA0BaHNE ITPOIecca 3aMep3aHus
BOZIbI B IPUKOHTAKTHOM Y4acTKE CTBOJIA CKBAYKHHBI C 03€POM
[6, 7].

[Ipn paccMOTpeHNH CTAIIMOHAPHOTO TIpoIecca TeIIo-
nepesadn OT 03epHOM BOJBI, MOJHSBIICHCS B CKBAKHHY,
K XOJIOZIHOW IVUIMHPUYECKON CTEHKE MacCchBa JIba, OKPY-
JKAIOIIETO CKBaYKMHY, COBMECTHO PEIICHBI yPaBHEHHSI TEILIO-
nepeiavuy ¥ TETUIOBOTO Oaanca M mosydeHa Gopmyna 1
BPEMEHHU 3aMep3aHUsl BCEH 03epHOIl BOJbI B CKBaKHUHE [7]:

SR M

8\, —1,)

rie A — k03 PUIHUSHT TEeIONPOBOIHOCTH b2, BT/ (M-°C);

7 — paanyc H30TePMUICCKON IUITNHIPHICCKON TTOBEPXHO-

CTH CKBaKHHbI, M; p, — IIIOTHOCTH BOJIBI, KI/M’; ¢, — YJI€JIb-

Has TEIUIOTa IUIaBJIeHUs Ibaa, 3,34:10° JIx/Kr; D — nuna-

METpP CKBAXKHMHBI, M; ¢ — TEMIIEpaTypa 03epHOH BOabI, °C;
¢t — Temmeparypa Jbaa, °C.

Tak xak B TIporecce TeII000MeHa TeMIepaTypa Ku/I-
KOCTH MEHSETCS, TO OYAYT MEHATHCS U €€ PU3MUCCKUE CBO-
ctBa [8]. CiienoBaTenbHO, BaXKHO YCIOBUTBCS O HEKOTOPOU
SIMHOMH, OTpeIeN oIS TeMIreparype, Mo KOTOPO MOYKHO

nr,

Ob1710 OBl PaCCUNTHIBATH HEOOXOAMMBbIE BETHUNHBI. CpemHss
TI0 JUTHHE TPYOBI (CKBa)KMHBI) TEMIIEpaTypa KUIKOCTH OIIpe-
JIETISIeTCS 1O ceayomen popmyie:

t =t At

TJle £, — TeMIIepaTypa CTEHKH B pACCMATPHBAEMOM CEUEHHIH,
°C; At — cpeaHee 3HaUeHUE TeMIepaTypHoro Hamopa, °C.
3HaK “+”’ Gepercs Mpu OXJIakKACHUHU KAIKOCTH, 3HAK “—
MIpU HarpeBaHuu. Pa3HOCTH TeMrepaTyp MEKIy CTEHKOM
1 COTIPUKACAIOUICHCS ¢ HEHl )KMJIKOCTBIO (TeMIepaTy pHbIH
HAIIop):

At = I —L.

OTCIO,Z[a B HAIlICM CJIy4Yac:
At=t,—1,=-2,87—(-1,8)=—1,07 °C;

t =t —At=-2,87+(-1,07)=-3,94 °C.

3amenum ¢, B opmyie (1) Ha f , TOr1a CyMMapHOE Bpe-
Ms1 OXJIXKJICHUS BOJIBI JI0 €€ MOJIHOTO 3aMep3aHusl Onpesie-
JseTCs B BUJIE:

0 B 3% (2)

Pacuernrie napamMeTpbl, COOTBETCTBYIOMINC OXJIAKAC-
HHUIO U 3aMCP3aHUT0 BOABI B CKBAXKWHEC, CBCJICHLI B Ta6n1/1uy:

PacueTHbIe mapamMeTpbl, COOTBETCTBYIOIIIUE
OXJIAXKACHUIO U 3aMEP3aHUI0 BOIbI B CKBAKHUHE

CKB, MM 140
. 1,6
Ly o 10,3
Ty opr 11,9

OrneHnM BpeMst 3aMep3aHus JOIyCKaeMO 0N BOABI,
MIPH KOTOPOH HANpPSKEHUS B JICASHONW CTEHKE CTAHOBSITCS
PaBHBIMM JIONYCKAaEMOMY HaNpPsKEHUIO BO JbpAy [9]. Ompe-
JICTUM HaNpPsOKEeHUE B CTEHKE CKBa)KWHBI IIPU 3aMep3aHuH
B HEM BCET0 00bEMa BOJIBL.

O0BeM Beeil 3aMep3iieii BOAB B CKBaXXHHE C YUIETOM
Kod(QPHUIIHEHTa 00BEMHOTO PaCcCIInPEHUs TPH U3MEHECHUHT
arperaTHOTrO COCTOSIHMS ITPEBPAICHUS BOIBI B e 3 cocTas-
nsiet [10—12]

.D?
Vo= (=L 3

OTHOCHTEIBHOE YATMHEHNE IEPIMETPa yJacTKa CKBa-
KMHBI TIPH 3aMEP3aHNH BCEH BOJBI COCTABUT OTHOCHTEIbHAS
nedopmanus. [pupamenne o0beMa 3aMep3IIeii BOIBL:

2 2
AV, =%L —LD““B L

HJIA C YYCTOM MPCABIAYIICTO BBIPAKCHUSA:
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A0 BOBHUKHOBCHHS B CKBAXKUHE JOITYCKACMbIX HAITPSKCHUH.

(11

pelieHne KOTOporo, COBMECTHO C ypaBHEHHEM (4), IPUBOAUT

K BUITY

(12)
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BPEMCEHHU 3aMEP3aHUs €€ JOIMYCTUMON JIOIH, P KOTOPOH
HaNpSKEHUS B CTEHKE CKBAKMHBI CTAHOBSITCSI PABHBIMU JI0-
ITycKaeMoMy HarnpspkeHuro. Jlen, oOpa3syromuiics Ha CTEHKE

0, =a
P9,

Ha epy3onecyujem kabene

Puc. 1. Cxema cxeadicunvt 51-1 na cmanyuu Bocmox
Tl’l

6 Aumapkmuode: a — npo@uib CK8AANCUHBL C YKAZAHUEM 2TYOUH

u 803pacma 160a; 6 — KOHCMPYKYUsL CKBANCUHBL C YKAZAHUEM
MUNO8 UCNONB30BAHHBIX KOTOHKOBLIX OYPOBLIX CHAPSAOO0E

YMEHBIIIACT HATIPSIKCHUS B CTEHKE M YBEIUUYNBACT BPEMsI

[Tomy4yeHHBIC TaHHBIC, BEIIOTHEHHEIC IBYMs HE3aBU-
cuMbIMU MeTofamu (2) u (12) ©MeroT OTM3K0e KOJTUIEeCTBEH-
HOe coBmageHne. OHO MOXKET OKa3aThCs eIme OJIKe
TIPH MCHBIINX 3HAYCHUSIX TIeperaa TeMIIepaTypbl, KOTOPHIC
Ha CaMOM JIeJIe MOTYT OKa3aThCs eIle HIKE, UCII0Ih30BaH-

Aemopuwl Orazooapam Poccutickyio anmapkmuueckyro
IKCNeOUYUIo 3a To2Ucmuyeckoe obecneuerie OauHbix pabom,
KOmopule 8bIN0IHAIUCS npu noddepaicke Poccutickozo ghon-
0a ¢pynoamenmanvuulx ucciedosanuil, npoekm Ne HK
14-05-93107/14 u Ne 15-05-05413.

CKBa>XHWHBI, 6y,Z[€T BblAAaBJIMBATh HEC3aMCP3IIYIO BOAY, YTO
HBIX IIPH pacyeTax.

©)
(10)

3aMmep3uieii BoJbl B CKBa-
, IpeBpaIaeMoii B Jies1, Ha-

II0JIy4a€M BBIPaKEHUE IS JOITYCKaeMON OTHOCUTEILHON
0,36.

2
LL.
=of.
[oxcTaBnss B 3akoH ['yka (5) omycTUMBIE HATIPSKESHHS

3200
9000
Torna nomyckaemast 10515 3aMep3IIeH B CKBaKMHE BOIBI,

(1+ap) ™

e2+¢)
[o]
E

HUTHU OO0JII0 O 3aMEP3IICHU B CKBAXKUHE

BOJbI, IPpU KOTOPOU HANIPSAKCHUSA HAYNHAIOT IMPCBLINIATH

JIONyCKAEMBIE.

v,

CcT

[IpY KOTOPOU HAIIPSIKEHUSI B CTCHKE CTAHOBSTCS PaBHBIMU

JO0MYCTUMBIM HANIPAKCHUAM, OMPCACIACTCA BhIpaKCHUCM

(c yuetom ypaBueHnus (9)):
YpaBHEHHE TEIIIOBOTO OajlaHca AJIs IO [0 3aMep3Ineit

Torma ypaBHeHHe (6), TOCIIEC aHATOTUYHBIX JJIs HETO
BOJIBI B CKBa)KITHE 3aITHINETCS B BUJIC YPABHCHUS

BBIBOJIa MAaTEMATHUYCCKUX BBIKJIA10K, HpI/IO6p€TaCT BU]

To ects y:xe nipu 7,7 % Boabl
MPSKCHHS B CTEHKE CKBAYKUHBI CTAHOBSITCSI PABHBIM JI0TTY-

Vpasuenue (3) as nonu [o]
CTUMOMY HalpsiKEHUIO [G].

Heob6xonumo Ha
JKHWHEC 3aIlIUIICTCA B BUIC

nedopmarnuu [9, 13, 14]:

[o]
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