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IHopaennukoBoe O3EPO BOCTOK (AHTapKTI/ma)
KAK OOBEKT KOMILIEKCHOI0 OHMOreoXMMHYECKOIro

ucciaenosauuda B [IUIAD PAH

IonyJasipHOe M3J10:KEHNE HACTOAIEr0 IMOJI0KEHMS J1eJl

[lognegHUKOBBIE  AHTAPKTUYECKHME O03€pa B  HACTOAIIEE  BpeEMS
paccMaTpUBAIOTCS B KAUE€CTBE YHUKAIbHBIX 3EMHBIX aHAJIOTOB JIEIOBBIX
YCJIOBUM, CYIIECTBYIOIIMX, HApUMEp, Ha Moyrocax Mapca winu JyHe
FOnutepa EBpomna, u mo3ToMy BO3MOXXHOCTh OOHApYXEHUS B TaKUX
cpeaax MHUKPOOHYIO JKM3Hb MpUBIEKaeT ocoboe BHuUMaHue. [lo
HACTOAIIETO BPEMEHU METOAAMH JUCTAHIIMOHHOIO 30HAWUPOBAHHUS B
AHTapKTHJIE y>Ke BBISIBIICHO OoJiee 145 moaieTHUKOBBIX 03€p M BOJHBIX
pe3epByapoB.

NMeHHO W3ydeHuEe MOJJIEAHUKOBBIX AHTApPKTUYECKUX  03€p
SBJISIETCS OAHOM W3 IATH MPUOPUTETHBIX MporpaMm MeXayHapOIHOTro
[Tomssppuoro Toma (maptr 2007 - wmapt 2009) (MIII") -
ITUPOKOMACIITAOHON ~ MEXIyHApPOJAHOM  MpOrpaMMbl  TOJISIPHBIX
uccienoBanuii. [Iposeaenne MIII™ npuypoueHo k 125-netuto nepBoro
Mexnynapoanoro noJistpHoro roga (1882-1883 rr.), 75-neturo BTOporo
MIII" (1932-1933 rr.) u k 50-neturo Tperbero (1957-1958 rr.),
MOJIYYUBIIETO0 Ha3BaHHEe MeEXIyHapOJHOTO TeOoPU3MUECKOTO Toja
(MIT).

W3 none JHUKOBBIX aHTAPKTUYECKUX 03€p HauboJsiee U3BECTHBIM U
W3YUYCHHBIM SIBIISIETCS KpyIHEIIee 03epo BocTok, pacnonokeHHoe noa
poccuiickon craniuen Boctok. Emie 10 OTKpBITHS 03€pa HA CTaHUUU
Boctok Ob10 Hauato riaybokoe OypeHue I M3YUCHHS MaJeoKIuMaTa
HAa OCHOBe HHGOpMAIUHU, COJEpKalleiicss B APEBHEM JIbly JIEAHUKA:
JAHHbIE TI0 Ta30BOMY M H30TONMHOMY, a TaKXke XUMHYECKOMY (U
YaCTUIIbl TMbBUIM) COCTAaBY MW COAEPNKAHUIO HA MPOTSIKEHHH 4-X
NOCJHEAHUX UUKJIOB OJeAeHus-noTerieHus 3emin. Ilocine OTKpbITUS
o3epa  OCOOBIi  HayyHBIi  HMHTEpPEC  BBI3BAIM  OHOJOTHYECKUE
uccnenoBanus. [lo oleHKaMm CHEUaIucTOB 03€pO HM30JUPOBAHO OT
MOBEPXHOCTHOW OHMOTHI HA MTPOTSIKEHUM MUHUMYM 15 MIH. JIeT, H
IIOATOMY MOMCK MUKPOOHOM JKM3HHU B 03€pe, €€ IBOJIONUS (agarTalys)
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B HEOOBIYHBIX (PKCTPEMANbHBIX JJISl JKM3HHM) YCJIOBHUSAX MPHUBJICKAIOT
MPUCTAIBHOE BHUMAHHUE YYEHBIX U OOIIECTBEHHOCTH. B uumcie mpoumnx
YCIOBUUA OTMETHM IIOJHOE OTCYTCTBHE CBETa, BBICOKOE JaBIICHHUE,
HU3KYIO TeMreparypy (OKOJIO TOYKM 3aMep3aHusd), KpahHE HU3KOE
COJICp’)KaHUE OPraHUYECKUX BEILECTB M BEPOSITHBIM CBEpX H30OBITOK
PacTBOPEHHOTO KUCIOPOIA.

B Teuenune 1990-1998 rr. npoekt «BocTok» ObLT TPEXCTOPOHHUM
npu yyactuu yueHwix CIIA, ®pannuu u Poccun. C 2005 r. riyOokoe
OypeHue Ha cTaHUUMU BOCTOK ABJISIETCS HAIMOHAIBHBIM MPOEKTOM
Poccun, oJlHaKO, MHOTHE UCCIICIOBAHUSI, B TOM YUCIIEC U OUOJIOTUYECKHUE,
UJyT B TECHOM COTPYJIHUUECTBE C PPaHIy3CKUMHU KOJIJICTAMH.

Ceituac riayOMHAa CKBaXXHHBI JOCTUIIA riayouHsl 3663.41 m. OTo
3HAQYUT, UYTO B pyKax HCCIEAOBATENEH HaXOAUTCs Oojee Tpex C
MOJIOBUHOM KWJIOMETPOB JibJa B BUJEC HMWJIMHIApPA (KEpHA) TUAMETPOM
okoio 10 cM. bomapiryto dacte 3TOoro japiaa (o rayowmHsl 3539 )
npejCcTaBisieT aTMOC(epHBI Jiel, T.€. OCaJKM B BHJE CHEra B
[lenTpaneHOot AHTapkTuae 3a mnocieanue 1-2 muH. ner. OmHako C
rryounbl 3539 M jen okazaics OTJIMYHBIM Kak [0 Ta30BOMY U
U30TOMTHOMY COCTaBY, TaK M CTPYKTyp€ KPHCTAIJIOB OT BEPXHETO
atMoc(epHoro Jnpjaa. bbulo MokKa3aHo, YTO 3TO €CTh TaK HA3bIBAEMbIH
03€pHBIN (aKKPEAIMOHHBIN) JIe/, MPEACTABISIONINN cO00l BOAY 03€epa,
HaMEpP3IIYK Ha MOoAOWBY JeaHuka. Cenlyac, KOrjga eme HeT JOCTyIa K
(He3amep3Iei) Boje, ATOT JieJl IPeJCTaBIsIeT CO00Ml €IMHCTBEHHBIN
Marepuan, NO3BOJSIONMKA u3ydaTh 03epo Boctok. [lo Boawsl o3epa
OCTaeTcsl CJIOM JbJla OKoJ0 85 M, W B OJmKaliiue Tojabl Mbl Oyaem
CBHUJECTEIIAIMU MTPOHUKHOBEHUS B 3TOT CAMbIA TAUHCTBEHHBIM BOJOEM HA
HAIlIEW TJIAHETE.

O3epHbIl JIed B CBA3U C €r0 MPOUCXOKICHUEM U COCTABOM JIEJIST
Ha JiBa Tuma. [lepBriil (BEpXHUI) THUII JibJa COAEPKUT BUIUMBIE TIIA30M
BKJIIOUECHUSI MUHEPAIIbHBIX OCAJKOB pa3Mepom 10 1.5 cMm u no pacueram
IJISIIMOJIOTOB 00pa3yeTcs: B IpUOpexXHOM uepTe o3epa. BTopoit Tu Jibaa
(HaunHas ¢ oTMeTku 3609 M u rnyOxke) oOpasyercs Haa TIyOOKOM
4acThl0 03epa M ABISETCA aObCOMIOTHO YUCThIM. Kpome Toro, 3ToT nen
COCTOMT U3 YAMBUTEIIBHO OOJIBIIKNX MO pazMepy kpuctamioB — 20-50 cM,
a mHorma W A0 1 M. I'Wrantckuii pasmep KpHUCTaUIOB OOBSCHSIOT
yCIOBHSAMH  (OPMHPOBAHHS W  «3BOJIONHMHM» 3TOr0 Jbaa. Tak,
3aMep3aHrue BOJbI MPOUCXOJUT MPU OYEHb MaJiol ckopocTtu (MeHee 10
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MM B T'OJI) TIOJT BICOKUM JaBiieHueM (okosio 400 aTt™M.) ¢ mocieayronien
MEPEKPUCTAIIIU3ALUEN JIBA.

Hamra rpynma Obuia mpuBliedeHa K MCCIEAOBaHUAM 03epa BocTok
B 1999 1, m OCHOBHOM 3a/aueil OBLIO OIEHUTH, €CTh JU MHUKPOOBI (M
Kakue) BO JbAYy o3epa, mnorpedeHHoro moa 4-kM BocrouHo-
AHTapKTHYECKUM JIETOBBIM IIUTOM. KOHEUYHOW LENBIO HMCCIEAOBAHMS
ObUI0 OOHApyKEHHE U XapPaKTEPUCTUKA MHUKPOOHOW JKU3HU B
SKCTPEMAIBHBIX MOJIJICTHUKOBBIX YCIOBUSIX CYIIECTBOBAHUS.

HecMoTpst HA TO, YTO MPUCYTCTBUE MHUKPOOHBIX KJIETOK BO JIbAY
o3epa BocTok ObLIIO yKe 3asBlIeHO aMepukaHiaMu B 1999 r. (oHHU, KaK U
dbpanIry3sl NOJIYy4YWsIM 110 1/3 03epHOTO JibJa B paMKax TPEXCTOPOHHETO
COTpYAHUYECTBA), OOJbIlIasgs BEPOATHOCTb 3arpsi3HEHHs 00pasIloB
Yy>KEPOJHBIMU OaKTEpUSIMU TPEOYeT 0COOBIX MEp MPEAOCTOPOKHOCTEH
IIPY MPOBEJACHUN AHAIM30B U WHTEPHPETALMU PE3yNbTaTOB. OTMETUM,
9yTO Jea Oypuiica He il OMOJIOTMYECKHUX MCCIIEIOBAHUM, U TIOITOMY
OOJIBIIIYIO M JI0 KOHI[Aa HE PEHICHHYI0 MpoOJeMy MpPEJCTaBISIET €ro
MpaBUJIbHAS JEKOHTAMUWHAIIMA, BKIIIOYAs IOJHOE YJIAJICHUE XKUJIKOCTH
uist OypeHus, COCTOsIIEH U3 cMecu KepocuHa U (peoHa, KoTopas cama
no cebe TMpeACTaBIsIeT MNUTATEIbHYIO Cpely [Jid CYyIIECTBOBAHUS
MHUKpPOOPraHU3MOB.  JleKOHTamuHanusg,  T.€.  yJaJ€HHE  BCEX
IIPUBHECEHHBIX M3BHE opraHu3moB win ux JIHK, aBmsgercs omHou us
KPUTUYECKUX CTaJUW, OT KOTOPOW 3aBUCUT KOHEUHBIM pPE3YJIbTAT
VCCJIEIOBAHUM.

OCHOBHBIMU METOJIAMU HAILIETO MCCIIEIOBAHUS SIBISFOTCS METOBI
MOJIeKYIsIpHOM (hHIIoreHeTHkH, B yactHocTH, JIHK-ananu3 reHoB Manoi
cyobenununbl  pubocomuorr PHK OGakrtepuit u apxebakrepuii ¢
cobrocHuEM TpaBui paboThl ¢ «apeBHei» JIHK, roe Taxxke Benuka
BEPOSITHOCTh 3arpsi3HeHus uyxkepoanon JIHK. Ha mnpaktuke 310
BBITJISIIUT Kak CyJieOHasi MUKPOOHMOJIOTHS, KOorjia Mo «oTtnedarky» JIHK
UACHTUDUIMPYIOT BHUJI MHUKpoOa. CoriacHO AaHHBIM XUMHUYECKOTO
aHallN3a W AaHAJIN3a JbJIa HAa COJIEP)KAHWUE TIbUIA W3BECTHO, YTO
aHTApKTUYECKUH Jiel (0COOEHHO 10 TOSBICHHS TaM YejOoBeKa) OYeHb
YUCTBIA, M €ro oO0paboTka | TMOCICAYIONIME aHaJIu3bl TpeOyeT
coOJIoZIeHUsI onpeAeeHHbIX ycioBuid. K TakuM yCIIOBUSIM OTHOCUTCS
HEOOBIKHOBEHHAsI YUCTOTa BCETO, C YEM COIpHUKAcaeTcs JieJ U Tlie OH
oOpabarpiBaeTcsa. Tak, mporeaypbl 00pabOTKM M aHAJIW3a MPOBOJST B
CIICIIMAJIBHBIX CTPOTO M30JIMPOBAHHBIX HECKOJBbKUMU MITH03aAMU YUCTHIX
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KOMHaTax kinacca kak MUHMUMYM 10000 ¢ yCTaHOBJIIEHHBIMH BHYTPHU
namMuHapHbIiMu kabunetamu kjacca 100. CoBpeMeHHOE aHATUTUYECKOE
XUMUYECKOe 000pYJOBaHME HACTOJBKO YYBCTBUTEIBHO, YTO MPUOOP
«pa3auyaeT» B YEM BBl OJIEThl - B YHUCTYI0 CHEHHAIbHYIO (Y4acTo
Pa30BYI0) OJICKAY WJIM B TOM, B UeM CHIUTE B OhUCE WIU XOJUTE I10
ynuiie. He MeHbllee 3HaueHne UMEET U BOJA, KOTOPOil OOMBIBAIOT JIE/I.
[{UKT OYMCTKHU BOJIbI, MPUTOJHON JJIi paOOTHI CO JIbJIOM, COCTOUT W3
HECKOJIBKO JTanoB. B HWTOTre mONydaroT Takyr YJIbTPAYHUCTYIO BOIY
(cucrema ELGA Maxima), 10O CpaBHEHHUIO C KOTOPOW JBaXKIbI
JTUCTULIMPOBAHHAS BOJIA BBITJISIIUT KaK C1a00 MUHEpAIM30BaHHAs BOJIA.

Uro ke MBI HallUIM B O3€PHOM JIbAY IO Hactosiee Bpemsa?! Bo
JbJly, KOTOPBIM TOKa €I1€ JaJ€K OT BOJABI U MO PACCTOSAHUIO (OKOJO 85
M) W IO Bo3pacTy (MUHMUMYM 15 ThIC. JieT). ['OBOpsl B 1I€JIOM, MBI HE
CMOIJIM TOATBEPJUTh HU TO KOJUYECTBO MHUKPOOPTaHU3MOB, HU T€
BUJIbI, KOTOPBIE 3asIBUJIM aMEPHUKAHIIBl B JIBYX CBOMX NyOJMKalusix B
xypHaiie Science B 1999 r. Ilo mamum nanaeiM Jien LlenTpanbeHOM
AHTapKTUJIbI (KaK O3€pHBIN, TaK U aTMOC(EPHBII) HACTOJIBKO YHCT, YTO
NPaKTUYECKH HE COJCPKUT MHUKPOOHBIX KJIETOK. (OCOOEHHO YHUCT
O3€PHBIN JIEJT BTOPOTO THUMNA. bOJBIMHCTBO HaWaeHHbIX HamMu 1o JJTHK
MUKPOOPTaHU3MOB (M BUABI, UIACHTUPUIIUPOBAHHBIE aMEPUKAHIIAMM)
OTHOCATCSI K KOHTAMUHAHTaM, T.€. TOCTOPOHHENH MUKpOQIIOpe, KOTopas
CIy4yaliHO TomajaeT B oOpas3lbl Ipu HUX oTOOpe, 00paboTKEe WIIH
aHaJn3e.

Crnenyer elie pa3 OTMETHUTh, YTO CBEPXUYHUCThIE 00pasiibl TPEOYIOT
CBEPXUMCTBIX yCJIOBUH s aHanu3a. Tak, mbel padotaem ¢ JIHK, a Bce
pacxoJHble MaTepualibl W U3ACIUS U3 IUIaCTUKA — MPOOUPKH,
HAKOHEYHUKHU ISl MHUIETOK, & TAKXKE PEAKTUBBI I MOJEKYJISPHOU
OMOJIOTUM OOBIYHO HE TMPOBEPSIOTCS W HE CEePTUPUUUPYIOTCS Ha
otcyrcTBue nocropoHHer JHK. JInmpe HemaBHO HEKOTOPHIE KOMITAHUH
CTaly MPOBEPATH CBOM W3AECIUS HA 3arpsA3HEHHE YY>KEPOIHOU
yenoBeueckoit JIHK, uto oco60 akTyanbHO 1iIs cyJeOHOM MeaulIuHbL. B
TO K€ BpeMs 0aKTEpUHU OKPYKAIOT HAC MOBCIOJTY, )KUBYT C HAMU U B Hac,
TaK YTO CO3/1aTh YCJIOBHS M paboTarh Tak, 4YTOOBI IOJTHOCTBIO
UCKJIIOYUTh TOCTOPOHHIOW MuKpoduopy winu ee JHK, mpakrudecku
HEBO3MOXHO. [IyTem moucka Mbl OTOOpaJId CaMble YUCTHIE U HAJCHKHBIC
pPEaKTUBBI, BBIOpAIM TPOU3BOAUTENEH HaubOOJee YUCTOro IUIACTHKA,
KOTOPBI T€M HE MEHEe Mbl CaMM JOMOJHUTEIBHO OOpadaThiBaeM —
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yaansieM MUkpoObsl u paspymaeMm JIHK BeicoknMm go3amu y-paguaiuu
WM O30HMpPOBaHUEM. bblmu pazpaboTaHbl CHEHHATIbHBIE MPOTOKOJBI
00pabOTKHU JIbJla B XOJOJHBIX KamMepax sl MOJHOTO YAAJICHUS TIJICHKU
KepocuHa/PppeoHa, 0coOble TPOTOKOIBI OOpaOOTKH Jibjla B UYHUCTOU
KOMHAT€  HEMOCPEJICTBEHHO  Tepell  IUIABJIICHUEM,  MPOTOKOJIBI
KOHILEHTPUPOBAHUS BOJIHBIX PACTBOPOB M BbLAcHeHUsA reHoMHou JJHK.
[Ipu cobOmtogeHnM Bcex TPEOOBaHMI YKMCTOM paOOTHl MBI MOJy4YaeMm
KOHIICHTpAIlUX KJIETOK BO JIbJly B TBHICAYM pa3 MEHbIIE, YeM ObLIO
3as1BJICHO paHee WM Mbl CaMU MOJyYalld 10 Hadaja 4YUCTOM paboTHI.
OTO W MOATBEPXKAAET BCIO BAXXKHOCTh THIATEIBHOW JEKOHTaAMUHAIUU
00pas3IoB JibJia U YUCTOU pabOTHI C HUM.

Takum 00pa3om, B pe3yabTaTe MPOBEJACHHBIX HAMU MCCJIEI0BaHUMN
OBLIO BBISBJICHO JIMIIL HECKOJIBKO BUJIOB OaKTEpHUid, KOTOPhIC BCE OBLIM
oOHapyXeHbl TOJIBLKO B oOOpa3lax o3epHOoro Jjapga Ttuma 1 (¢
MUHEpAIbHBIMU BKJIIOUeHUsIMU). Hambonee riry0okue M npeBHEHIIHE
ciom  arMocdepHoro gpaa  (Bo3pacToM  JI0 2 MIH.  JIET),
pacrojiaraloniecs MOpsMO  HaJ  O03€pOM, HE JaJId  HUKAKOTO
JIOCTOBEPHOTO CUTHajia. JTO O3HAYAET, YTO APEBHUN aTMOC(hEpHBIN e
CIY>KUT CBOEOOpa3HbIM OaphepoM MEXJIy OKOCHCTEMOW oO3epa H
MOBEPXHOCTHOW OMOTON Ha MPOTSHKEHUU IO MEHbIIe mepe 15 MuH.
JIET.

Cpenn HaxoJIOK B O3€pPHOM JbJly €IMHCTBEHHOM JOCTOBEPHOU
HaxOAKOW (HE BbBI3BIBAIONIAS HUKAKMX COMHEHHW B TOM, 4YTO HE
KOHTAaMHWHAHT) OKa3zajgach TepMopuIbHAsS W  XE€MOaBTOTpodHas
Oaktepusi. BriepBrie 3Ta OakTepusi Oblla HAMH OOHapykKeHa B 0Opaslie
apja ¢ riayouHsl 3607 M, HO B IOCTEayoIeM ObliIa MOATBEPKICHA B
apyroMm oOpasiie 3Toro ke gpaa (3561 m). MIHTEpecHO, UTO JMaHHBIC
TOPU3OHTHI pa3jiejieHbl MEXIy COO0OH CiioeM JibAa TOJIIUHON 47 M H
BO3PAcTOM OKOJIO 5 ThIC. JIET.

Koneuno ke, 3Tu TepMouiabHbIe 0aKTepruu, HE MOTYT OOWTaTh B
caMoii Bojme osepa (cpeguss temmeparypa -2.65°C).  Bbuio
IPEIIOI0KEHO, YTO OHH MOTI'YT KHTh B OTHOCHTENLHO Temibix (40°C -
60°C) aHa’pOOHBIX 0CAJO0YHBIX TOPOAAaX OOraThIX AMOKCHIOM YIiepoja
U BOJOPOJIOM B IiIyOOKuX (Ha riyOuHe 2-3 KM) pazjomax Ha JHE WIH
OKPECTHOCTSIX 03€pa W BBIOPACHIBATHCS B MEJIKOBOJHBIN 3alUB 03epa
(rme oOpa3yercs O3epHBIM Jen 1-ro  Tuma) B pe3yibTare
CEMCMOTEKTOHUYECKON AKTUBHOCTH, TMEPUOAUYECKHA MPOUCXOIAIIECH B
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paiione o3epa Bocrok. CylecTByeT HECKOJIbKO T€O0JOTHYECKHX U
reo(pU3nYECKUX MOATBEPKICHUIN TaKOro CleHapusi. XO4EeTCs OTMETUTH,
YTO HAXOJKa TePMODUIbHBIX OAKTEPUN B 03EPHOM JIbIY J1ajla UMITYJIbC
JUIsL TIEpecMOTpa 1EJIOro psija TeOJIOTHYECKUX U TIeoU3UYECKUX
napaMeTpoB o3epa BocTok, 4YTO caenaio ero HauOoJiee MOJHO
VU3YYEHHBIM U3 BCEX NMOJIEJHUKOBBIX 03€pP AHTAPKTHUIBI U, TEM CaAMbIM,
HanOoJsIee KEeJTAaHHOW MUIIEHbBIO JIJIsi MPOHUKHOBEHUsA. Bompoc o Ku3HU
B 03epe Bocrtok ocraercs no cux nop otkpeiteiM (ITIPMJIOKEHUE 1).

Ha ocHOBaHMM y€ MOJIy4YEHHBIX PE3YJbTATOB MOXKHO CHENATh
MPEINOJIOKEHHEe, 4TO 03ep0 BOCTOK MOXeT ObITh €JIMHCTBEHHOW B
CBOEM DPOJE CBEPXUMUCTOW (€CIM JIeJ aJCKBAaTHO MPEICTABISIET BOMY)
TMTaHTCKOM BOJHOM CHCTEMOM Ha HAIlleH IaHeTe 3eMisd U, TEM CaMBbIM,
CIIY>KUTh YHUKAQJIbHBIM TIOJIMTOHOM [IJII OTPaOOTKA METOJIOB IOUCKA
KA3HM Ha JIEJOBBIX IUIAHETaX W JyHaX. Eciu Tam CylmecTBYIOT
MOJ/JIETHUKOBBIE BOJOEMBI, TO OHU JIOJDKHBI OBITH CXOIHBI C 03€pOM
BocTok mo kpaliHeil Mepe Mo psijly CBOMCTB: HAXOAUTCS TITyOOKO MO0
JbJIOM, OBITh TOJIBEP)KEHHBIMU BBICOKOMY JAaBJICHUI0 U OJIM3KUM K
TOYKE TUIaBJCHUS (MPUTOAHBIM [JIsl JKU3HU) TeMIlepaTypaMm, OBbITh
JUIUTEILHO U30JMPOBAHHBIMM OT TMOBEPXHOCTHOM Cpejbl, OBIThH
OJIUTOTPOGHBIMU TI0 OPTraHUYECKOMY YTJIEPOJYy U COJAEpkKaTh OYECHb
HU3KYIO OMomaccy.

JlanpHeWe TMOUCKU KU3HU B 03epe BoCTOoK mnpenmnosaratror
UCCIICJIOBAHUE HOBBIX OOpa3IOB O3€pPHOIO JbjJa, 0o0Jiee MOJIOJOTO U
HaxosIerocss OJuXe K BOJE 03€pa, Jajee, Mpu MNPOHUKHOBEHUU B
03€p0 — U3YYECHUE PA3JIUYHBIX TOPU30HTOB BOJHOW KOJOHKH, U B
3aKJIFOYEHUE — U3YUYEHUE OCAJOYHBIX MOPOJ 03€pa, KOTOPHIE B OTIUYHE
OTO JIbJIa U BOJIBI HAMOOJIeEe BEPOSITHO COACPKAaT MUKPOOHYIO KU3Hb.
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CTporoe mM3JI0KeHHE HACTOSANIECT0 IMOJIOXKEHHUS JAeJ €¢ CChLIKAMM
KJIO4YEeBbIe ONVOJIHKOBAHHBIE PA00THI

a

[lonnegHUKOBBIE AHTAPKTUYECKUE O3€pa B HACTOSIIEE BpEMS
paccMaTpUBAIOTCS B KAUECTBE YHUKAIBHBIX 3€MHBIX aHAJIOTOB JIEJIOBBIX
YCIIOBU, BEPOSITHO CYIIECTBYIOIIMX Ha modwocax Mapca wim
cnytHukax FOnurepa (EBpona) mim CatypHa (DHIENAIyC), U TOATOMY
BO3MOXHOCTh TaKHUX CpE€Jl COJIEp’KaTh MUKPOOHYIO KU3Hb MPUBJICKACT
oco0oe BHUMaHUE. IMEHHO M3ydyeHne AHTAPKTHUYECKUX TMOJIeTHUKOBBIX
03¢p ABISETCS OJAHOM W3 TMSTA  NPUOPUTETHBIX  IPOTPaMM
MexnyHapogHOTro noJisIpHOTO rojga. HecMoTps Ha TO, 4TO IPUCYTCTBUE
MUKPOOHBIX KJIETOK B o3epe Boctok, Bocrounas AHTapkTHaa, ObBLIO
YK€ 3asBIICHO B PE3yJbTATE M3YUYCHUS O3€PHOTO JIbJa, T.€. 3aMEpP3IICH
BOJbI o3epa [1, 2], Ooubliasi BEPOATHOCTh «IIPSIMOTO» 3arpsi3HEHUS
00pasIioB qy’KepOTHOU MUKPOGhIOPO TpeOyeT 0COOBIX
MPEIOCTOPOKHOCTEN IPU UHTEPIPETALUN TTOJTYYEHHBIX PE3YJIBTATOB [3,
4].

3agadyelt HamIero HCCIACAOBAaHMS OBUIO OICHUTH MHUKPOOHOE
colepKaHUEe B O3E€pHOM by o3epa BocTok, morpedeHHoMm mond 4-
KWJIOMETPOBBIM BOCTOYHO-aHTaPKTUYECKOM JIEJIOBBIM MAHIUpPEM [J].
KoHeuHoW  1enpi0  HMCCIAETOBAaHHUS  SBIACTCS  OOHApY)KEHHE W
XapaKTEepPUCTUKA MHUKPOOHOMN >KM3HU B 3TUX IKCTPEMATbHBIX JIEIOBBIX
YCJIOBHSIX, KOTOPBIC XapaKTEPU3YIOTCS H3OJALUEH OT MOBEPXHOCTHOMU
OKpYyXarollel cpeapl B TEYEHHE KAaK MHUHUMYM 15 MIH. Jer,
OTCYTCTBHUEM CBETa, BBICOKMM JaBiieHHEeM (okoi0 400 atm.), HU3KOU
Temreparypod  (OKOJO TOYKM  3aMep3aHus), KpahHE  HU3KHAM
COJIEpKAaHUEM OPTaHUYECKHX BEIIECTB U BEPOATHBIM CBEPX H30BITKOM
PacCTBOPEHHOTO KHACIOPO/IA.

OCHOBHBIM METOJaMHU VCCIICJOBAHUS ObLIH METOIbI
MOJIEKYJIIpHOW (PUIIOTEHETHKH, B 4YacTHOCTH cekBeHupoBanue (JIHK-
aHajau3) TEHOB Majoil cyOowbeauuuilsl pudbocomuoit PHK OGakrtepuit u
apxe0akTepuil ¢ cCOOJIOIEHUEM KPUTEPUEB M3YUYEHUS U YCTAHOBJICHUS
noJaMHHOCTH «apeBHel» JIHK [6]. OneHky konauyecTBa KIETOK
OCYILIECTBIISIIA MPOTOYHOUN ITUTODIYOPOMETPHUEH.

O3epHbIi Jiell, MOJYYEHHBIN MpU rIyOOKOM OypeHHH BO JbAYy Ha
cranuuu  Bocroxk [7], Ha CErogHAIIHUM J€Hb MPEICTABIISCT
€IMHCTBCHHYIO 1 YHHUKAJIBHYIO B CBOEM POJI€ BO3MOKHOCTb ISl TOMCKA
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KW3HU B IOJJIETHUKOBBIX 03epax AHTapKTUKU. BmecTe ¢ TeM, OTMETHM,
4YTO 3TOT Jie Oypuics HE JJjisi OMOJIOTMU, U MO3TOMY OOJBIIYIO U J0
KOHIIa HE PEIICHHYI0 MpoOJieMy TMpEeJCTaBIseT €ro MpaBHIbHAs
OnoJieKoHTaMuHaLUs [4], BKIIIOYas TMOJIHOE YAQJICHHUE >KUAKOCTH JIs
OypeHusi, KOTopasi caMa 1Mo cede MPEeJCTABISECT CPpely, MPUTOTHYIO IS
CYILIECTBOBAHUS MUKPOOPTraHU3MOB [8].

Bo3pact o3epHOro npnia orneHuBaercss Makcumym B 20 ThIC. JieT [9].
OTOT Jed COCTOUT M3 JBYX CJIOEB. BepXHuUM CIlioi, TaKk Ha3bIBaeMbIi |-
bl THUI JIbJIA, COACPKUT MEJKUE (MUKPOHHOTO pa3Mepa) BKIKOUCHUS
TJIMHUCTO-CIIOMISIHBIX  OCaJKOB M, KakK I[OJlaraloT, oOpasyeTcs Haj
MEJIKOBOJIHBIM 3aJIMBOM, PACHOJIOKEHHBIM IO JIMHUHA TOKA JbJa MO
HampaBjJeHUO K cT. Bocrok. HuxHuM, 2-0M TUN JibJa, HE COHEPIKUT
HUKaKUX 4YacTHIl (0O4eHb YMCTBHIN) W oOpa3zyeTcs Hajd TJIyOOKOBOJHOM
yacThio o3epa. OOa Tuma JibJa MPAKTUYECKH HE COJEpKaT BO3ayXa
(ra3oBoe cojiep)KaHWe Ha 2-3 MOpsAKa MEHbIIE, 4YeM B aTMoc(hepHOM
JbIYy - JEJTHUKE), B HEM HE OOHApY’>KEHO KUCIIOPOJa, a TaKXKE METaHa U
cyibdusia BOJIOPOAA, XOTS OTMEUEHO HE3HAYUTEJIbHOE OOOoralieHue
JTMOKCUJIOM YTJIEpOJa, YTO SIBHO YKa3bIBA€T HAa aHa’pOOHBIE YCIOBHSI.
st 3TOrO0  JpIa  XapakTEpHO  KpPAMHE  HU3KOE  COACpKAHUE
pactBopeHHoro yriepoja (mMeree 10 ppbC), uro roBoput o0 yibTpa-
oJMroTpoHbIX ycioBusiX. OKHUCICHHbIE COCIUHEHHS a30Ta (HUTPATHI,
HUTPUTHI) HE BBISABICHBI, @& BOCCTAHOBJICHHBIC (aMMOHMH), €CIU U
BBISBJISIFOTCS, TO MPEICTABISIOT UCTOUHUK 3arpsisHeHusl. OCOOEHHOCTHIO
apaa l-ro Tuma ABASETCS MPUCYTCTBHE B HEM KAaK OKHUCJIEHHBIX (B
OCHOBHOM), TaK M BOCCTAHOBJICHHBIX (B BHAE METaJlI-CYJb(HUJIOB)
COCAMHEHMI Cephbl, a TakkKe OOOrameHHue MarHueM U KaJbIUeM.
[IpucyTcTBHE «BE3ECYIIETO» BOJIOPOJA IMOKA TOJBKO MPEACKA3aHO U
OyJleT KOJIMYECTBEHHO M3MEpPEHO B Onmxkaiiiee Bpems. TemmepaTypa
BCEr0 CJIOS O3E€PHOrO Ibaa He npesbimaer -7°C, 4TO HaXOAUTCA B
npefenaax TaKk Has3biBaeMOW (U3MOJOTHYECKOW TEMIIepaTyphl, MpH
KOTOPOM  JKCIEpUMEHTAJbHO  TOKa3aH (akT  MeTaboIMYECKOU
akTUBHOCTH Oaktepuii [8]. TakuM 0Opa3oM, BO3MOXKHBIE PEIOKC-TIApPHI,
KOTOPbIE MOTYT MOJJIEPKUBATH XEMOJIUTOABTOTPOPHYIO KU3Hb (a MHAS
HEBO3MOXHA IPHU JAHHBIX YCJIOBHUSX), OTPAHUYEHBI BOJOPOJIOM, KakK
€UHCTBEHHO BO3MOXHBIM BOCCTAHOBUTEIIEM, U C JPYTOW CTOPOHBI -
cyibdaTtaMyu U JUOKCHUJIOM YTIEpo/ia Kak aKIENnTOpamMu 3JIEKTPOHOB U
VMCTOYHUKOM YyTIIEPOAA.



Takue 3HaHUSA 00 03€pHOM JIbJE M BO3MOKHBIC MPEJCKa3aHUsl JJIs
BOJIBI 03€pa (IIpU YCIOBHM, YTO O3CPHBIA JI€I JIEWUCTBUTEIBHO
OpPEACTaBISIET BOJMY 0O3€pa) IMO3BOJIWIM  CHENaTh  CIEAYIOIIHE
MPEANOIOKEHUS O BO3MOXKHBIX (popMax MHUKPOOHOM >KU3HU B O3epe.
Tak, He3aBUCHMMO OT TOro, TJ€ MOTYT <«XKHUTb» OaKTepuu -
HEMOCPEJICTBEHHO BO JibAYy (M, HMMEHHO, BO JibAy l-ro Tuma c
MUHEPAIbHBIMU BKJIIOYEHUSIMUA) WJIM BOJIE O3€pa, CIEAYyeT OXKUJATh
BCTPETUTh XEMOABTOTPO(PHBIC Mbe30puIbHbIE NMCUXpOoPuiabl. OTinune
JpJa OT BOABI B IUUIAHE YCJOBUM, BAXKHBIX MUIS JKU3HH, 3aKJIHOYACTCS
TOJIBKO B COJIEp’KaHUU KHUCJIOpoJa. B o3epHOM by OaKTEpUM JTOTAKHBI
OBITh aHA’POOHBIMU, TOT/IAa KaK B BOJIE 03€pa - «OKCUT€HO(PUIbHBIMU
(Hayke TIOKa HEW3BECTHBI) WM a’poOHBIMH (3aBHCHUT OT TIOKa
HEU3YUYEHHOTO THUAPOJOTHYECKOro pexuMa o3epa BocTok, koTopoe
MOXET OBITh CBSI3aHO C JAPYTMMH O3€paMH B €IUHYI0 CETh C
nepuoguyeckuMu copocamu Boawl [10]). Omgnako B obOoux ciaydasix
MUKpPOOPIraHU3Mbl JOJDKHBI OBITh XEMOABTOTpOodaMHU IO CIOCO0Y
MOJIYYCHUSI SHEPTrUU U TCUXPOPUIBHBIMU U MbE30PUIBHBIMUA TIO
(bU3HUOTOTHH.

[IpoBeneHHbIE UCCIEOBAHUS 00PA3IOB 03€PHOTO JibJa METOJAMHU
JIHK ananu3a 1okasaim, 4YTO OJTOT JEJ B I[EJIOM  SABJIICTCS
UCKIIIOUUTENIbHO YMCTBHIM, HE COJEpKalluM HH OaKTepuaabHYIO, HHU
apxebakrepanbHyto JIHK. Jlo HacTosiero BpeMeHHU JIMIbL HECKOJIBKO
OakTepUaIbHBIX (PUIOTUIIOB OBUIM BCKPBITHI B 00pa3iiax 03epHOrO Jib/ia
I-ro Tuma, copep>Kamlero TIIMHUCTO-CIIOASHBIE BKJIIOYEHHUS. B TO ke
BpeMsl TIHIATEJbHBIH CO BCEMH MPEIOCTOPOKHOCTSIMH B  IUIAHE
KOHTAMUHAIIMK aHaidu3 OoJjiee TJIYyOOKOTO, MOJIOJJOTO U YHUCTOTO
O3€pHOI0 JIbJIa 2-TO THIMA HE JOAJ HHUKAKUX JOCTOBEPHBIX HAXOJOK.
Crnenyer TakKe OTMETUTb, UTO B HauboJiee TIIyOOKUX W APEBHEUIINX
ropu3oHTax arMochepHoro Jpjaa (BO3pacToM JO 2 MIH. JIEeT),
pacroJiararoierocsi nNpsMo HaJl MOBEPXHOCTHIO 03€pa, Takke He Oblia
obnapyxena wmukpooHas JIHK [3]. Takum oOpa3zom, riayOOKuil u
JTpeBHUI aTMOC(EPHBIN Je CIYXHT CBOCOOpa3HbIM OaphbepoM MEXIY
PKOCHCTEMOM O3€pa M TOBEPXHOCTHOMW OHOTOM HA MPOTSHKEHUU TIO
MEHbIIIEH Mepe 15 MITH. JeT.

Cpenn HaxogoK B O3€pHOM Jibly 1-ro TUna OTMETUM
CIMHCTBEHHBI OPTraHW3M, HaJeXHO uiaeHTHUuIupoBanHbii mo JIHK-
CUTHAJTy, KOTOpPbIM  OKa3zajicsi  WUCTUHHOW  TepMOWIbHOM U
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xeMoaBToTpoHO#t Oakrepueit  Hydrogenophilus thermoluteolus [3].
BnepBbie 3Ta 6akTepus Oblia oOHapykeHa B 0oOpaslie Jibjia C TIIyOUHBI
3607 m [3], HO B mocieaymwleM Oblla MOATBEPXKIACHA B JIPYyTrOM
ropuzoHTe Jbaa l-ro tuma (3561 m) [11]. UHTEepecHO, 4TO IaHHBIC
TOPU3OHTHI pa3jiejieHbl MEXIy COO0OM CioeM JibAa TOJIIUHON 47 M H
BO3PaCTOM OKOJIO 5 ThIC. JIET.

TepMmodunbabie OakTepun, oOHapykeHHbie 110 JIHK-otneuaTtkam B
03€pHOM JibJly 1-ro THma, Mo BCE€Ml BUIMMOCTH, OOMTAIOT HE B CaMOMU
BoJie o3epa (temmeparypa -2°C - -3°C), a B ero ocHoBauuu [3]. Beuio
IPEIIONI0KEHO, YTO OHU MOI'YT KHUTh B OTHOCHUTENLHO Tembix (40°C -
60°C Ha rnyOune 2-3 KM) aHadpPOOHBLIX OCAJOYHBIX IOPOAAX OOraTbIX
JTUOKCHUIOM YTJIEpOJia M BOJOPOJOM B ITyOOKHX pasjioMax Ha JHE WU
OKPECTHOCTSIX 03€pa U BBIOPACHIBATHCSA/BHIHOCUTHCS B MEIKOBOJHBIN
3aIuB o3epa (rae odpasyercsi O3epHBIM Jien 1-ro Tuma) B pe3ynbTare
CEUCMOTEKTOHUYECKOW AKTUBHOCTH, MEPUOJUYECKHA MPOUCXOSIIEN B
paiione o3epa Boctok [12]. CyliecTByeT HECKOIBKO T'€OJOTHMYECKUX U
reopU3NUECKUX MNOATBEPKJAEHUM Takoro cueHapus [3, 9]. Cnenyer
MOAYEPKHYTh, UTO HaXOJIKa TEPMOQPHUIBLHBIX OaKTEPUN B 03EPHOM JIbIy
Jaja HWMIYJIbC JUIA TEPECMOTpa LEJIOr0 psifa TEOJOTHYECKUX U
reopU3NUECKUX NapaMeTpoB o3epa BocTok, 4uTo crenano ero Haubosee
MOJIHO M3YYEHHBIM M3 BCEX MOJJICAHUKOBBIX 03€p AHTApKTUABLI U, TEM
caMbIM, Han0O0JIe€ JKEJIIAHHON MUIIICHBIO JIJI1 MPOHUKHOBEHUSI.

NmMess B BHUIY OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIE PEAKIINH,
BO3MOXHBIE B O3€pHOM JbAy 1-To Tuma, OBLIO MPEANPUHSIITO
CHeHUAIbHOE UCCeIOBaHuE C 1ieNbio oOoHapyxeHus JIHK-ormneuatkos
JIBYX JpYyruxX TPyl  XeMOaBTOTPOPOB, KOTOpbIE MOTJIU  ObI
CYyIIECTBOBATh B JAHHBIX YCJIOBUSX, @& HMEHHO METaHOICHHBIX
apxebakTepuil U cylnbdaT-peaynupyronmx oakrepuit. Ognaxko, Hu TP
C mpaiiMepamu, CIeHu(PUIHBIMM JJIs apxeOaKTepuil, HU TINATEIbHBIN
ananu3 pJIHK xkimoHOBBIX OMONMMOTEK Ha NPUCYTCTBUE Cyib(dat-
penyuupyIommux OakTepuil, He Janu pe3yiabTatoB. OTMETUM, YTO 3TO
MOJTHOCTBIO COTJIACYeTCsl C JAHHBIMHU II0 Ta30BOMY COJECPKAaHUIO B
03€pHOM JIbJy 1-r0 THIIA — OTCYTCTBHIO METaHa M CyJb(HuIa BOIOPOIA.
Takum oOpa3zom, Bompoc 0 xKU3HU B 03epe BocTok ocTaercs 70 cUX MOp
OTKPBITHIM.

PesynpraTel JIHK ananu3a o3epHOTO Jbj1a OBLIM TMOJITBEPKICHBI
OpsSIMBIMM  METOJIaMU  (PIIyOpPECLIEHTHONM U Jia3epHOM KOH(POKAIbHOU
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MHUKPOCKOIIUM,  CKaHUPYIOIIEW  DJICKTPOHHOW  MHUKPOCKONUUA U
npoTouHout iryopomeTpuun. Bece MeTOIbl MUKPOCKONIMU HE TTO3BOJIMIIH
OOHapyXUTh MUKPOOHBIE KJIETKH B THIATEIBHO JEKOHTAMUHUPOBAHHOM
03€pHOM JIby. JIumb MeTOI MPOTOYHOM HUTOMITYOPOMETPUHU TTO3BOIIUII
ONPEICIUTh KOHIIEHTPALUM KJIETOK B KOHIIEHTPUPOBAHHBIX OOpasiax
BOAbI B mipeaenax (0.6-9 kjeTok Ha MJI BOJBI ISl 03€PHOTO JibJa 000UX
TUNOB. [loydeHHBIA pe3ynbTaT, KOTOPBIM OKa3ajics Ha 2-3 mOpsaKa
HUKE, YeM paHee omyOJIMKOBaHHBIE JaHHbIC [1, 2], CBUAETEILCTBYET O
KpaiilHe HM3KOM OuomMacce BO JibJly, 0Opa30oBaHHOM M3 BOJBI 03€pa
BocTtok, W mNOMYEpKHBAET BAXHOCTh CTPOrOM JEKOHTAMUHAIUH
00pa3noB Jbaa [3].

[lonBoast WTOTW, OTMETHM, YTO O3€pHBIM Jea l-ro Tuna
XapakTEPU3yeTCs OYEeHb MAaJOh U HEPABHOMEPHO pPacCHpeIeIICHHON
Onomaccoi, KoTopas MOXKET U HE UMETh MPSIMOTO OTHOIIECHHS K BOJIE
o3epa. DTO KOCBEHHO CBUJIETEILCTBYET O TOM, YTO U BOJHBIN CTOJNO (110
KpallHEeW Mepe, €ro MOBEPXHOCTHBIA CIOM) JOMKEH XapaKTEPU30BATHCA
O4YeHb O€JHOW MHUKPOOHOW JKH3HBIO, €CJIM TaKOBas TaM BOOOIIE
CYILIECTBYET, UOO U3 UICHTU(UIIUPOBAHHBIX HAXOJIOK AyTEHTUUHOU (1151
JbJla) TOKa OCTaeTCsl OJlHA — XEMOJIMUTOABTOTpPO(Hasi TepMouiIbHAS
OakTepus.

Takum oOpazom, eme pa3 TMOJYEPKHEM, UYTO BOIPOC O
CYIIECTBOBAHUU XW3HU B 03€pe BOCTOK ocTaercss Mmoka OTKPBITHIM
(ITPJIOKEHME 1). Ha ocHOBaHMU yX€ IOJYYEHHBIX PE3YJIbTATOB
MOXHO cJiefaTh NPEANOJoKEeHHE, 4YTO 03ep0 BOCTOK MOXET OBITh
€IUHCTBEHHOM B CBOEM pOJIE CBEPXYHUCTOM (IIOYTH CTEPUIBHOW)
TUTAHTCKOM  BOJHOM CUCTEMOM Ha  HalleW IUIaHeTe  3eMJId
(OakTepualbHOW IIJTAHETE) W, TEM CaMbIM, CIYXHTb YHUKaJIbHOU
HKCIEPUMEHTAIBHON TUIOMAAKONW [JIi OTPaOOTKM METOJOB IIOUCKA
XKA3HU 3a TpelesiaMd 3€MJIM Ha JIEJOBBIX IUIAHETaX W JIyHax.
JlanpHeWee u3ydeHue 3TOro BOIpoca (O CYIIECTBOBAHWM >KWU3HU B
o3epe BocTok) mpeamnonaraet uccieqoBaHUe HOBBIX 00pa3I0B 03€PHOIO
JbJa, HAXOISIIErocsi HAMHOTO OJiMKe K OTKPBITOM BOJie 03epa, Jalee,
IpyU NPOHMKHOBEHWH B O03€p0 — H3YUYEHUE PA3JIUYHBIX TOPU30OHTOB
BOJTHOT'O CTOJ10a, U B 3aKJIIOUYECHHUE — U3YUEHUE OCAJOUYHbBIX MOPOJ] 03€pa,
KOTOPbIE B OTJIMYKE OTO JibJa M BOJbI HamOoJiee BEPOSITHO COJEpkKaT
MHUKPOOHYIO KH3Hb.
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HOBBIN MPOEKT — ®u3sukoxuMus ¥ GHOJIOTHs 03epa Bocfok

Ha3zpanue npoekra

KommiekcHoe [(Ppusuko-Ouoreoxmmuyeckoe] ucciaeroBaHue
nopaeaHuKkoBoro O3EPA BOCTOK (Boabl MU 0CaJOYHBIX
MOpPoJa) B AHTAPKTH/IE KAK €IMHCTBEHHOT0 3¢MHOI'0 aHAJIOTa
BHE3eMHBIX JIeOBBIX Cpe/l

Yero Mb1 XOTUM?

® Munumym Ilporpammy PAH - wmexay @Ousndeckum U
buonorndyeckum oTeneHUAMU

o Maxcumym CoBmectHyrwo unporpammy PAH u Pocrugpomera
(PenepanbHoil  cayxkObl Poccum 1mo ruapoMeTeoposiorMH M
MOHHMTOPHUHIY OKPYXKAKOIIEH cpeabl)

CTpykTypa-y4acTHUKHA
e PAH
o TIUAD - Ilerepoyprckuii Mucturyt Anepunoit @usuku um. b.I1.
KoncrantuHoBa (®usuueckoe otaeineHue PAH) — romxoBHas
OpTraHu3aIUs
o HHCcTUTYTBI-cOUCTIONHUTENIM buonorunyeckoro otaenenus PAH
(cexus (pU3UKO-XUMHYECKON OHMOJIOTHN):
» Ha-T1 Mukpobuonorun uM. BUHOTPaJACKOTO — HHPEKTOP
yi1.-kopp. B.D. 'anbuenko
» Wn-T Menuko-buonoruueckux IIpobiaemM — aupexTop
akan. A.W. I'puropses
= 9777 (B cTaguu 0OCYXKJICHUS)
e Pocruapomer
o AAHUN (T'Y "Apkruueckuii u Amntapktuueckuii Hayuno-
Uccnenoarensckuit  Muctutyt") — naumpekrop a.r.H. H.E.
®posoB
o PAD (Poccuiickas AHTapkTHUeCKasg DKCOEIUIMS) - HAYAIbHUK
B.B. Jlykun, 3amecturens qupexkropa AAHUU
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Yro B mporpamme?

e KoMIUIEKCHOE (pu3MKO-OMOTeOXMMUYECKOE) HU3yUCHHUE
IOJUIEIHUKOBOTO 03¢pa BocCTOK (BOAHOM KOJIOHKM M OCAJ0YHBIX
nopoji) MeTojaMu OUOPU3UKH U MOJEKYJSIPHOM OHOJIOTHU W
(UITOTECHETUKHM.

e [;1aBHas 11e7b - OOHAPYKEHHE M (PUIIOTeHETHYeCKasi XapaKTepPUCTUKA
dhopM XKU3HH, €CII OHA CYIIECTBYET B 03€pe.

o ComyTcTByromas Iiedb — pa3paboTKa HHCTPYMEHTApus U

MOAXOJIOB JJIsi TOMCKa H Bepudukanuu ¢GopM BHE3EMHOU
YKW3HU Ha JICJIOBBIX IIJIAHETAX U JTyHaX.

® Pa3paboTka U U3roToBieHUE (010)(HU3NUECKOT0 UHCTPYMEHTAPUS

o YcrpoiicTBa IJs OMOAEKOHTAMMHAIUHU (C HCIOJIb30BAaHUEM

kak B [IMAD PAH, Tak 1 Ha cTanmuu BocTok)
" ramma-oOJiyyaTenu (Co®) — B ToM uncCIe MPOTOYHBIE (AJIs1
YKUJIKOCTH JIJIS1 OypeHUsI)
" 030HATOpPbl (KOPOHHBIM pa3psAla) - JACKOHTAMUAHALMSA
30H]10B, MPOOOOTOOPHUKOB U TIP.
o JlaTyuku-ceHCOpPbI (CKOIBKO M KaKHE - B CTaAUU O0CYKICHHS)
" QOU3UKO-XUMHUYECKHE APAMETPhI CPEIBI
» buomapkepsl (OMOMHAMKAIIAS — €CTh JIU CJICAbl )KU3HU H,
€CJI €CTh, TO KaKue)

Hanpumep, mnpoekT mnpeaycmMaTpuBaeT CO3JaHHE  MHOTOKAaHAJIbHOIO
diyopumerpa Ui in-Sifu  UCCIAENOBAaHUS, CIIOCOOHOTO  PErHCTPUPOBATH
dayopecreHuio B auanazone JiuH BoH oT 330 mo 550 HM mpu BO30YKIEHUH,
KaKk B ynbTpaduoJIETOBOM, TaK M B BHIMMOM JAMana3oHe. MeTon oTiauvaercs
BBICOKOM 4YYBCTBUTCIBHOCTBIO, IIPOCTOTOM MW HAACKHOCTBIO W  IIO3BOJIACT
PETUCTPHUPOBATE HAJIW4YHUC B TOJIIIC JIbAAd TpI/IHTO(baHOBBIX H THUPO3HHOBLIX
AMHUHOKHCJIIOTHBIX OCTATKOB - COCTABJIAIOIINX 6CJ'IKOB, a TaKXeE NADH,
MOJIMITUKIIMYECKUX apOMaTHYECKUX YIIIeBOAOB, KodhepmeHTa F420 (xapakTepHOro
JUIS. METAaHOTCHHBIX apXxeO0aKTepuil) U APYTUX COCAMHEHUM, MPHUCYTCTBYIOUIUX B
JKUBBIX OpraHu3Max. B YCIOBHUAX KpaﬁHC HHN3KOI0 q)OHOBOFO OCBCIICHUA U
OTCYTCTBHSI MUKPO (YacTHI]) BYJIKAHUYECKUX W OCATOYHBIX TOPOJ, TOIOOHBIN
NOJXOJ TMO3BOJHUT TMOJYYUTh HWH(MOPMALMIO O HAIMYUU (DIyOpEeCHEHTHBIX
OMOMapKepoB JaXe €CIM OHHM MPUCYTCTBYIOT B KpallHEe HHU3KOW KOHIICHTPAIIWU.
Tak, COBpEMEHHBIM YypOBEHb pAa3BUTUS TEXHHUKMA IO3BOJSIET PETUCTPALMIO
aBTOMIIyOPECICHIHH GaKTepHil B KOHIEHTPALHH 10 | KICTKH HA CM”.

o 30HA (rugpodoT) C COOTBETCTBYIOILIUM HabopoMm
WHCTPYMEHTOB/IATYMKOB  JUIsl  UCCIEOBAaHUS  BOJBI U

CeIMMEHTOB o3epa. IIpubop nomkeH OBITH BBEJICH B 03€pO
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AW
yepe3 CKBaXWHY g Oypenus. B kadecTBe mpototumna OyaeT
HCIIOJIb30BaHa COOTBETCTByIOMas pazpadbotka NASA (USA)
71 u3ydeHusa nojyieqHuukoBoro o3zepa Ellsworth (cM. cxemy
Antarctica Probe)

¢ MerareHoMuKa (MOJEKYJsIpHas OWOJIOTHSA-(PUIOTEHETHKA) KU3HU B

BOJIE U CEJIUMEHTAX 03€epa
o YcrporicTBa 111 OM0AEKOHTaAMUHAIIUN
" ramMma-oOJydaTenu (C060)
" 030HATOPHI (KOPOHHBIN pa3psiI)

o Xonomusle (-15°C) uncteie (eBpomneiickuii kmace 1000-10000)
KOMHATBI JUIs1 pabOThI CO JIbJIOM

o Ywucteie komHaThl (ks1acc 1000-10000) ams paboThI ¢ BOO#M

o Jlamunaps! u [P 6okcel kiacca 10-100 qyst paboThI ¢ BOJIOM U
JIHK, cOOTBETCTBEHHO

o YcTaHOBKa /ISl MPOU3BOJICTBA HA MECTE YJBTPAYHCTON BOJBI
71 J1aOOpaTOPHOTO HCIOJIb30BaHUS ((PUILTpOBaHHE Yepe3
5000 Da; coaepxkanue oprannueckoro yriaepoaa Mmexee 2 ppbC)
C MCIOJIb30BAHUEM MEHEE YMCTOW BOJBI (IBE€ MOCIEA0BATEIHHO
CBSI3aHHBIC CUCTEMBI)

o CnenuanbHbli  OWOJIOTMYECKHM WHCTpyMEHTapuil  (CHUHTE3
npaiiMmepoB, cekBeHupoBanue JIHK, mmmyHOdmayopecneHTHas
TBepaAo(azHasi HUTOMETPUS, CIEKTPODITyOPOMETPHSI)

o Cnenuanshbie HaOopbl mis padbotel ¢ JIHK mobsix dopm
Opranu3MoB (Hampumep, TexHosoruss WGA) u  npyrumu
OmoMoJjieKyaaMH (AMUHOKHUCIIOTHI, JIMITK/IbI, XOTIaHbI U TIP.)

Tpedbyemoe hrHaHCUpPOBAHUE
B craguu obcyxnenus

KoHTakTsi:

B.M. CamcoHoB C.A. Byaar

H.b.-M.H., podeccop K.0.H., cT.H.C.

Hupexrop [IUAD PAH Otnen MosekynsipHo u PaguanimonHon
Tel.: +7-813 71-36037, -46017 buoduzuku,

Fax: +7-813 71-36025 [INAD PAH

E-mail: samsonov@pnpi.spb.ru Tel.: +7-813 71-46625
Fax: +7-813 71-32303
E-mail: bulat@omrb.pnpi.spb.ru

16




Development of an In-situ Capability for an
Astrobiology Investigation of Antarctica’s Lake Ellsworth

— A Truly Hostile, Extreme Environment
Principal Investigator: Dr. Arthur Lonne Lane, S. 3226
Co-Is: A.Behar (347), R.Bhartia (322), P.Conrad (322), C.Mogensen (384),
F.Carsey (384,Ret.), M.Pelletier (384, now Pfizer), L.French (322-1EP)

Poster No. 06 - 089
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INPUJIOXKEHMUE 1

CoBpeMeHHOE
HUCCJICJOBAHUN M0 MATEPUAJIAM HAYYHOU Mevyatw - 7 HI0JIs

COCTOSHHC

HeJl B

TAaHHOU

2007 r., xypHuaa Science, 2007, 317, ¢. 35-36

CREDIT: ZINA DERETSKY/NSF

MICROBIAL ECOLOGY

The Dark and Mushy Side of
A Frozen Continent

Researchers are uncovering a wetter world under the Antarctic ice than they ever
imagined. But it's far from clear which life ferms call this extreme envirenment home

BIG SKY, MONTANA—Wetlands might seem
incongruous in Antarctica’s frozen wastes.
Butrecent expeditions have uncovered a hid-
den landseape of lakes, marshes, and appar-
ent rivers sandwiched between ice and rock.
These vast wetlands, imprisoned under the
ice, may even be teeming with life.

“There’s water everywhere under there,”
says John Priscu, a microbiologist at Montana
State University in Bozeman. At a meeting®
here last month, Priscu and other experts
compared notes on the latest tantalizing chies
to what this unparalleled and
largely unplumbed world
might be like—and laid plans
for exploring it.

The first big plunge is
likely to oceur in Lake Vostol,
the largest of Antarctica’s
150-and-counting hidden
lakes. A Russian-led team 1s
preparing to penetrate and
sample Vostok in 2009. The
operation may help settle a
point of sharp scientifie dis-
pute: whether the Connecti-
cut-sized lake, overlain by
more than 3.5 kilometers of
ice, harbors mierobial life.
“We never thought life could
exist down there,” Priscu
says. Now he’s a believer. Other researchers
are skeptics.

But experts coneur that there’s far more to
Antarctica than meets the eve. “We're seeing
a wide range of subglacial environments,
from Lake Vostok to shallow, swampy envi-
ronments,” says Peter Doran, an earth scien-
tist at the University of Illinois at Chicago.
For now, the startling wetlands are terra
incognita. Robin Bell, a geophysicist at
Columbia University, says, “we’ve gota long
way to go” before comprehending what’s
going on under the ice.

Continent with

Peeking under the cover

The revelations about Antarctica’s soggy,
pitch-black underbelly have come mainly
from drilling campaigns and radar mapping

* Subgladial Antarctic Lake Environments, 6—8 June.

over the past decade. Drills that have bot-
tomed out below the ice sheet have often hit
water or warm, soft ice.

The ice blanketing the continent traps heat
radiating up from Earth’s core. That warmth,
combined with intense pressure from the ice
bearing down, allows water pockets under the
sheet to keep their liquid form at normally
freezing temperatures. All told, Antarctica’s
subglacial lakes contain around 10,000 cubic
kilometers of water—about 10% of the fresh
water in all the lakes elsewhere on Earth.

Ice covering
Antarctica

subglacial lakes, river:

=) L

Water, water everywhere. An arfist's rendition of aguatic Antarctica.

Antarctica’s frigid water world is more
dynamic than expected. Two recent stmdies
found that some smaller subglacial lakes can
roam around—they burst their banks and fill
lower-elevation depressions. These findings
hint at the existence of transient rivers, some
as large, perhaps, as England’s Thames—and
raise the stakes on attempts to tap into the
lakes. “We have to take a watershed
approach,” Doran says. If pollntants infiltrate
awatershed, he says, “we may be contaminat-
ing things all the way downstream.”

Although no subglacial lake has yet been
pricked, researchers have drilled to within
about 90 meters of Vostok’s surface. Ice from
this nether region is illuminating. When
drilled down into from about 240 meters
above the lake, the core changes from placial
ice, composed of compacted snow, to accre-
tion ice, formed when Vostok water freezes to

NEWSFOCUS I

the ice sheet. Researchers have reported that
accretion ice contains microbes that could be
revived in the lab. Many scientists infer that
these microbes were Vostok denizens, and
other studies have shown that the microbes
are close relatives of those found from Green-
land to the Himalayas.

There are other signs of vitality as well.
The sole sediment core under the ice sheet
tested so far for microbes is brimming with
life. In 2004, Brian Lanoil of the University
of California, Riverside, and colleagues
found that sodden soil under the Kamb Ice
Stream in West Antarctica contained 10 mil-
lion cells per gram—comparable to that of
lake sediments found in temperate regions,
and similarto sediments found under glaciers
in New Zealand and Norway.

Glacial ice from the Vostok core is stud-
ded with modest numbers of microbes,
around 100 cells per milliliter, according to
studies led by Priscu and Brent Christner, a
microbiologist at Lonisiana
State University in Baton
Rouge. At the glacial-accretion
ice transition, they reported
last year in Limnology and
Oceanography, the number
rises to around 400 cells per
milliliter. Aceretion ice is also
rich in organic carbon, Christ-
ner says. “This suggests that
the lake is a source of both
cells and organic carbon.”

Other researchers think
that the ice—and perhaps
Vostok's waters—is largely
sterile. Sergey Bulat, a
molecular biologist at the
Petersburg Nuclear Physics
Institute (PNPI) in Russia,
and his colleagues have also been probing
the Vostok core for microbes and DNA. At
the meeting, Bulat reported that his team
often finds no cells in samples from both
glacial and aceretion ice, and never more
than 20 eells per milliliter. (Bulat does put
stock in one sign of life: His group has found
that accretion ice contains DINA of bacteria
similar to thermophilic species in vents on
the ocean floor. Such microbes, he says,
could be clinging to rocks around Vostok
Lake and in lake sediments.)

The discrepancy between the Russian and
U.S. cell counts could be due to different sam-
pling techniques, says microbial ecologist
Warwick Vincent of Laval University in Quebeg,
Canada. Whereas Bulat’s team uses flow
cytometry, Priscu and Christner count cells
under a light microscope or scaming electron
microscope. Or, says Vincent, “it could be that
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there’s a lot of heterogeneity in the ice core”
Others argue that Priseu and colleagues have
been led astray by anartifact. Tokeep the Vostok
borehole from freezing shut, it’s filled with
drilling flnid. The hydrocarbons are a feast for
bacteria. Says Christner: “We can think of the
borehole as a 65-ton enrichment culture”

Irina Alekhina and her colleagues at the
PNPI found that some microbes in the
drilling fluid match species that Christner
and others have found inside cores from
Vostok and from the Taylor Glacier in
Antarctica—microbes that they argued were
native to the ice. The primary bacteria in the
drilling flnid were Sphingomonas species,
known contaminants of jet fuel—like the
drilling fluid mostly kerosene. “There is no
indication for indigenous microbes,”
Alekhina concludes.

Priscu rebuts this by pointing to a study in

Antarctica’s Melurdo Dry Valleys in which
his group found hydrocarbon-eating
microbes. “The organisms are there in
nature,” Priscu says. “Just because we see it in
the drilling flnid doesn’t mean it’s not native.”

That debate notwithstanding, it’s a mys-
tery how microbes can survive deep in the
Vostok core, which near the bottom could
be 1 million to 2 million vears old. If the
cells had remained frozen all that time,
“their genomes would accumulate enough
damage that they would effectively be
dead,” Christner says. One microbial
refuge might be the water channels
between the ice crystals, says Buford
Price, a physicist at the University of Cali-
fornia, Berkeley. Christner and biophysi-
cist James Raymond of the University of
Newvada, Las Vegas, are testing whether the
microbes are specially adapted to the cold

life. Raymond found that one Chrysevbac-
terizm species from the Vostok core pro-
duces a protein that, in the lab, blocks ice-
crystal growth. This suggests the bacteria
are reshaping the ice around them to mini-
mize damage, says Christner. The protein
might work as antifreeze or as a seed for
crystal formation to form an ice cocoon
around the bacteria.

“This debate will not be resolved until
Lake Vostok is sampled directly,” says
Vincent. When Russia breaks through, it will
be like exploring a different planet. The
drilling that has preceded this adventure has
been “like putting pinheles in the continent,”
Priscu says. “We don’t know what’s on the
bottom of that ice sheet” Well, we do know
one thing: It’s wet. -MASON INMAN

flason Inman is a freelance journalist in Cambridge,
flassachusetts.

PROFILE: ESKE WILLERSLEV

~Ancient DNA's
Intrepid Explorer

After fending off bears, surviving frostbite,
and trapping furs in Siberia, Eske Willerslev
turned to genetics and is now pushing the

boundaries of ancient DNA research

COPENHAGEN, DENMARK—In the basement of
the Niels Bohr Institute in Copenhagen,
Jorgen Peder Steffensen pulls a puffy pale
blue parka over his t-shirt and shorts and steps
inside a storage locker cooled to a constant
—26°C. After digging throngh one of the hun-
dreds of cardboard boxes stacked inside, the
bearded climatologist lifts out a dirty, plastic-
wrapped cylinder of ice about 55 em long.
The frozen chunk was cut from the bottom
of an ice core drilled through Greenland’s ice
cap in 1981 as part of'a project to look at past
climate. But this core bottom was considered
too disturbed by the glacier above and too con-
taminated with silt and dirt from below to
vield much information, says Steffensen.
“I’ve taken care of this dirty, insignificant
piece of ice for 26 years,” he yells as refriger-

r pause. Armed aga]nﬁ pqlari:e
kaWillersley takes a break during an
expedition lastyear in Greenlang:

ation units thunder overhead. “It was only
during discussions with Eske that we homed
in on ause for it.”

Eske Willerslev, the director of the Centre
for Ancient Genetics at the University of
Copenhagen, has spent the past 8 years teas-
ing information about the distant past from
discarded ice and even less likely places.
Since first extracting DNA from glacial ice in
1999, the 36-year-old biologist has pioneered
what he calls “dirt DNA"—the extraction and
cloning of plant and animal DNA from just a
few grams of soil and ice. In 2003, he rede-
fined ancient DNA research when he
extracted the 300,000- to 400,000-year-old
DNA of mammoths, bison, mosses, and much
more from small samples of soil he collected
from the Siberian permafrost (Scierce,

18 April 2003, p.407). It was the oldest DNA
ever discovered by more than 200,000 years.

Not long after that, Willerslev began to
wonder about the ignored ice core bottoms in
the building his lab shared with Steffensen’s
climate research group. “T did the permafrost
stuff, and then suddenly it hit me: Silty ice is
icy permafrost, right?” Judiciously cutting
and melting the core bottoms, Willerslev and
his colleagues analyzed the resulting water for
signs of DNA. What Willerslev found, and
reports on page 111, broke his own record for
the oldest DNA ever recovered, and promises
to rewrite the history of Greenland’s climate.
His team identified and dated genetic
sequences from coniferous trees, butterflies,
beetles, and a variety of other boreal forest
plants—iraces of ancient forests that Willerslev
says covered southern Greenland perhaps as
far back as 800,000 years ago.

The results have impressed his colleagues
in the close-knit, highly competitive ancient
DNA research community. *To go from dirty
water to a forest filll of insects is pretty amaz-
img,” says Matthew Collins of the University
of York in the UK. “It’s spectacular how farhe
appears to have gone back this time.”

From fur-trapping to genetics

Willerslev and his identical twin Rane grew
up reading about Danish legends such as Arc-
tic explorer Knud Rasmussen and devouring
Buddy Longway, a popular Belgian comic
book that chronicled the adventures of a fur-
clad American mountain man. “I always
thought I was born 200 years too late,” Eske
says. “Exploring America in the beginning
would have fit me perfectly”
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HPUJIOKEHUE 2

JIleMOHCTpAUMOHHBIN MaTepuaJ K IMOJOKEHUI0 e B
00/12CTH KOMILIEKCHOT0 OMOTre0XUMHUYECKOr0 UCCJIC0BAHMS
NoAJIeNHUKOBOro o3epa Bocrok (AnTapktuaa) B IIUAD
PAH (marepuaasni C.A. Byaara)

Poccuiickue ctaninuu B AHTapkTuae — cranius BOCTOK
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MU T / !,: / . Vostok on the East Antarctic

Ice Sheet (from Siegert 1999).

OTtkpeiTHE 03epa BocTok.
OO0 oTkpsITUH 03€pa BHEpBhIe ObLI0 co00IIeHo Ha 23-if ceccuu CKAP B
Pume B 1994 r. ['eodusznyeckue JaHHbIE ObLIN OMyOJIMKOBAHBI TOJIBKO B
1996 r. B xxypHane Nature (Kapitsa et al., 1996)

HaHHble
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[TonneagaukoBeIi penbed (Oeperoas yepta) o3epa BocTok o qaHHBIM
[TonmsapHoit MOpcKoOM reonoropaspeounon skcreauuuu 2007 r.
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Siegert, M.J., Le Brocq, A.
and Payne A.J., 2006
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ITonnennukoBbie 03epa B AHTapkTue (0osee 145 o3ep 1 BOJAHBIX
pEe3€pBYapoOB) U MPEAIIOIArAEMBIE TTOIJICAHUKOBBIE PEKU (BOIHBIE ITYTH),
KOTOpbIE 00BEAMHSIOT UX B eIUHYIO ceTh. O3epo BocTok moka
€IMHCTBEHHOE HanboJiee KPYMHOE.

A Subglacial lake
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Glacier
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—70°% N
Glacier

180°

Cesep i IOr
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PaccTonnue, KM

[TpononbHBIN pa3pe3 o3epa BocTok u cxema rirybokoro OypeHus Bo
ap1y. B HacTosiiee Bpemsi CKBaKMHA HAXOJAUTCSA B O3€PHOM JIbIlY
(3amep3iiel Bobl 03epa) Ha riyoune 3663.41 M (2 urosst 2007 1.). o
TpaHUIIBI JIE-BOAA O3€pa OCTaIOCh He OoJiee 85 M.
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Tun nepa 1 Tun nega 2
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Laminar flow hood

NamuHapebl knacca 100 B 4Ynctomn KomHate Knacca 10,000
JlaGopatopHbie yCI0BUs, HEOOXOUMBbIE ISl IPOBEACHUS HAJEHKHOTO
MOJICKYJIIPHO-OMOJOTHYECKOTO aHaIn3a JIbJa Ha OMOJIOTHIECKOE

CoJIepIKaHHe
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+ TWUraHTckKoe 03epo
— 275 x 65 km - pasmep; 15900 km? - nnowage; 4600 km? Bogbl
— [Ba KoTnoBaHa (HKHBIA rnybokniA, ceBepHBIA MeNKoOBOAHEIA)

— CpegHaa rnybuna - 300 m; makcumaneHada rnybuHa — ~1650 m (HOoXKHBIA KOTNoBaH — B
paioHe cTaHUuuMKU BocTok)

— O6HoeneHWe Boabl — kaxkasle 80-100 Teic. neT
* Norpe6Geno nog 4200-3750 m nefoBbIM LWKMTOM (3.5 Km Hag ypOBHEM
MOPA)
— BospacT negHuvka Ha nogowse oT 0.8 go 2.0 MnH. neT
+ HM30nupoBaHO OT NOBEPXHOCTHOM BMOTLI HA NPOTAMEHMM KAK MUHUMYM
15 MNH. neT
— CyuwecTBoBano Jo onejeHeHns AHTapKTUAbI
+ BbicoKoe faBneHue
— 337-377 atm.
+ CpeaHAa TeMnepaTypa BOAbl
- =2.65°C
+ PacTBOpeHHbIH OpraHM4ecKkuin yrnepoa
— (<10 ppbC)
+ Her cBeTa
+ [NepeHacbIWEHO KUCIIOPOAOM
— 700-1200 mrin
— CHWNbHO OKWCNEHHaA cpela (HeT BOZMOXHOCTY ANA PefoKe peakynii?)
+ [MpecHoBOogHOE
— Conun mexee 0.10 %o

CBolicTBa BOJIBI MJTH CAMOTO 03€pa, UMEIOIIHE OTHOIIIEHNE K €T
OMOJIOTMYECKOMY MOTECHITUATY

«JTrobawme kucnopon»
[a9pOOHbLIE]
XeMOoaBTOTPO(dHbLIE
Nbe3oPunbHbIe
ncuxpodpunsol

Oxunaembie GopMbl MUKPOOHOM KM3HU B BOJIE 03epa. «JIroosiue
KHUCJIOPOJ» NPOKAPUOTHI HAYKE HE U3BECTHBI.
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Oopazubl (M) HeHaeskHbIe! POICTBEHHHK
i A3pobHbIR AHa2pobHBIR
Tun 1 ABTOTDODHLIN
3551 0 Ncuxpodun
3561 (2 X) 1# Carnobacterium sp* 50 - 52°C
3393 0
3607 (3 %) |+ 1%+ 1% Hydrogenophilus thermoluteolus

‘“\“‘x‘OPH Candidate division*
'Rhodocycius spp. group*

Tun 2
3612
3619 (3x)
3623

0
0

0
L3p00HBLIE

Buasl OakTepuii, 0OHapyKEHHbIE B 03€pHOM Jiblly 03epa Boctok. Hu
OJIMH U3 BUJO0B [0 CBOMM CBOMCTBAaM IOJHOCTHIO HE YJOBJICTBOPSET
OKUJIAaHUSIM (CM. MPEABITYIIAN PUCYHOK).

\ Osepo BocToK

+- I'nyGoko nofo nbaom
'« BbIcOKO® AaBneHme
?ﬂ‘l'd?rgaﬂﬂbm’%xono,q

v %ﬂépenacumeno KUCNOPOAOM
+ CUNbHO OKUCNEHHas cpega

«.. ¥nbTpa-onurotpodHoe

. ﬂnuﬁnbﬂgmnsenuposaﬂo

+ Ynbpa-uuaxan Guomacca

RADARSAT, CSA

[TonnmenHukoBoe 03epo BOCTOK Kak yHUKAIbHBIN 3€eMHOM aHAJIOT
JICISIHBIX TUIAHET U JIYH
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