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BrepBeie Ha OCHOBaHWHM HAJEKHBIX ITOJIEBBIX MATEPHAIOB COCTABIECHBI KapThl CKOPOCTH
HAaKOIUJIEHUSI, U30TOITHOIO COCTaBa U IJIOTHOCTH cHera Juisd MHiookeanckoro cexropa Boctounoit
AHTapKTUIBI 1, OOJIee AeTANbHO, I paliloHa MOAJICTHUKOBOTO 03epa BocTok. AHann3 3THX KapT
MTO3BOJIAIT YCTAHOBUTH PETMOHATBHBIEC 3aKOHOMEPHOCTH POCTPAHCTBEHHON N3MEHYNBOCTHU yKa3aH-
HBIX nTapameTpoB. OOHapyKeH paiioH MUHUMAJIBHBIX 3HAUCHUH M30TOITHOTO COCTaBa M CKOPOCTH
akkymyJsiun cHera. [lokaszano, uto B LleHTpanpHOIT AHTapKTHIE pacTpenesieHIe ISIHO-KINMa-
THYECKHUX XapPaKTEPHUCTHUK C TPYIOM MOJUMHICTCS 3aKOHAM IIUPOTHOW 30HAIBHOCTH U BBICOTHOM
MOSICHOCTH, a Ha MIEPBOE MECTO BBIXOJHT YIAICHHOCTh OT MCTOYHHUKA Biard. [lokasaH CIIOXKHBII
XapakTep B3aMMOCBSI3U MEXY H30TOITHBIM COCTABOM CHETa U TeMIIepaTypoii Bo3ayxa B LleHTpansHOit
AHTapkTuae. Briepepie mpoaeMOHCTPUPOBAHO, YTO MOBEPXHOCTD JISTHUKA HAJ| OIS THIKOBBIMHU
03epaMH SABJISIETCS BO MHOTOM YHHUKAJIEHBIM MECTOMOJIOKEHHEM € 0COOBIMU METEOPOIOTHUECKUMHU
Y TIIAUONIOTHIECKUMHU YCIOBHSIMH.

Kuiouesvie cnosa: Boctounast AHTapKTHIA, TIOUICIHUKOBOE 03ep0 BOCTOK, H30TOIHBII cocTas,
KapTHPOBAaHKE, NPOCTPAHCTBEHHAS! U3MEHYHUBOCTb, CKOPOCTh CHEIOHAKOILICHUS, CHEXHas TOJIIA,
(huzuyeckue cBOWCTBA CHETa.

BBEJEHUE

[IpocTpaHCTBeHHAs N3MEHUYNBOCTH H30TOITHOTO COCTaBa OCAIKOB U CHEKHOM TOJIIIN
TIOJIIPHBIX PAOHOB MO3BOJISIET CYANUTH O Iy TSAX IMMOCTYIUICHUS BIIATH H METEOPOIOTHIECKOM
peXUME H3y9aeMOU TEePPUTOPHH. ITO HE TOIHKO MMEeT (yHIaMEHTaIhbHOE 3HAYCHUE C
TOYKH 3PEHUS ITISAIHO-KINMATOIOTHH, HO W TIOMOTAeT PeliaTh MPAKTUICCKHE 3a7a9i — B
9aCTHOCTH, BEIOMPATh Hanboliee MepCIeKTHBHEIC PAOHbI 71l Oy peHUs TITyOOKUX CKBAYKITH
1 T0OBIYN JIEASHBIX KEPHOB C IETBI0 IETANBHBIX MMAaJCOPEKOHCTPYKIMHA B MacmTade oT
JecAaTuaeThit 7o 1,5 MITH JIeT, 4To SIBJIsIeTCsl OMHOM U3 KIIIoUeBbIX 3ajad npoekra [PICS —
MeXIyHapOgHOTO COTPYIHHYECTBA B 00JACTH HayK O JeasHbIX kepHax (International
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Partnership in Ice Core Sciences; cM. http://www.pages. unibe.ch/science/initiatives/ipics/
index.html). M3y4yeHue coBpeMEHHOTO N30TOITHOTO COCTaBa MOBEPXHOCTHOTO CII0SI CHEXHON
TOJIIIY TIO3BOJISICT OOJIee HaJISKHO HHTEPIIPETHPOBATH IOTydaeMble rajeoreorpaduieckue
JIaHHBIC 00 N3MEHEHNU MECTHBIX TEMIIEPATYPHBIX YCIOBHH HAa OCHOBE COBPEMEHHOM CBSI3H
M30TOITHOTO COCTaBa OCAJIKOB C TEMITEpaTypoH, TTOJIy4aTh HH(GOPMAIHIO O PErHOHATBHBIX
KJIMMaTHYeCKUX N3MEHEHUSIX ¥ N3MEHEHHUSIX B THIpoJIornaeckoM 1ukie (Masson-Delmotte
et al., 2008).

Jlyuniee MOHMMaHKE PacIpeieICHUs] CKOPOCTH CHETOHAKOIUIEHUSI B AHTapKTH/IE
B)XHO C TOYKH 3pEHUs M3y4YeHUs OajlaHCa Macchl 9TOTO MarepHKa, JITHUKOBOTO CTOKa
W BKJIaJa B ypOBeHb MHUPOBOTO OKeaHa Kak 3a CUeT IMOTEpH JICAHUKOBBIX Macc, TaK U 3a
CUET HBCTATHYECKOTO MOJHSATHS M3-3a CHATHS JIAHUKOBOI Harpy3ku (Monaghan et al.,
2006; Krinner et al., 2008). PaccmoTpenue 3akOHOMEPHOCTEH (POPMUPOBAHHS CKOPOCTH
CHETOHAKOIUICHHS B paifoHe MOAJICIHUKOBOTO 03¢pa BOCTOK BaskHO /171st O1leHKH OasiaHca
Macchl JIEJIHUKAa W OLICHKHM BO3pacTa JibJa B acleKTe MOUCKa JPEBHEHINEro Ha IIaHeTe
JIbJ1a, OJIHUM U3 HanboJIee BEPOSITHBIX MECT HaXOX/ICHUSI KOTOPOTO siBisiercs Jlenopaszaen
b, mpumbIkaronuii k paiioHy o3epa.

3aKoHOMEpHOCTH (POPMUPOBAHHST M30TOITHOTO COCTABa CHETa, ET0 CBSI3U C METEOPOJIOTH-
YECKOM peKMMOoM LleHTpanbHO AHTapKTHIIBI, @ TAKoKe IPOCTPAHCTBEHHOM CTPYKTYPBI OIS
CHETOHAKOTUICHHSI SIBIITIOTCS I0CTAaToqHO Xopoto m3ydeHHbMH (Ekaykin, 2003; Exaiikus v ap.,
1998). O mpocTpaHCTBEHHOM pacHpeeIeHIN 3THX XapakTepucTuk B Bocrounoit AntapkTuze
U, B YaCTHOCTH, B VIHIOOKEaHCKOM CEKTOpE N3BECTHBI JINIIB 00IIMe 3akoHOMepHOCTH. Kapra
pacripe/iesieHrs I30TOITHOTO COCTaBa MOBEPXHOCTHOTO CHETra JUISl 3TOW TEPPUTOPUH, OCHOBAH-
Hasl Ha HAJIOKHBIX TI0JIEBBIX JIAaHHBIX, ObLIa MOCTPOEHA CPaBHUTENBLHO HeaBHO (Wang et al.,
2009) B MenkoM MacIiTade, He JalolieM J0CTaTOYHO XOPOIIETO Pa3peIlieHus UIsl H3yUeHUs
MPOCTPAHCTBEHHOW M3MEHYMBOCTH N30TOITHOTO COCTaBa CHETa B MFHTEPECYIOIEM HAaC CEKTOPE.
J17151 CKOPOCTH CHETOHAKOTIIIEHHSI UMEFOTCS KapThl, TOCTPOSHHBIE 110 JIAHHBIM JIMCTAHI[MOHHOTO
3onmpoBanws (Arthern et al., 2006), 06001IeHHE 110 BceM HayYHBIM TpaBepCaM, BHITTOITHEHHBIM
B AHTapKTHJIE, B 33/1a41 KOTOPBIX BXOJMIIa oleHka Oanmanca maccsl (Favier et al., 2013), Ho
€IIMHOM KapThbl, OCHOBAHHOI Ha HaJIe)KHBIX JaHHBIX MOJIEBBIX HAOIIONICHUM, HET.

JlanHoe nccreIoBaHKue HAPaBJICHO Ha MPE/ICTAaBICHUE C TOMOIIBIO KapTorpaduye-
CKHX METOJIOB M MHTEPIPETAIMIO TPOCTPAHCTBEHHOTO PACTIPEAEICHHSI CKOPOCTH HAKOILIe-
HUSI CHETa ¥ M30TOITHOTO COCTaBa MOBEPXHOCTHOTO CJIOS CHEra B MIHI00KeaHCKOM CeKTope
Boctounoit AHTapkTHabI ¢ 60Jee OIPOOHBIM PACCMOTPEHHEM paiioHa MOJUICTHUKOBOTO
o3epa Bocrok.

METOJUKA NCCJIETOBAHUI

Cropocmb HaxonneHus crhead

B Hacrosmiei craTbe Moj| CKOpOCTBIO HAKOIUICHHUS (AKKyMYJISILIMK ) CHer'a MbI TIOHUMaeM Oa-
JIAHC MACCHI TOBEPXHOCTH JISJHHUKOBOTO IIOKPOBA, T.€. PA3HOCTh BAJIOBOH aKKyMYJISILIMH (OCAIKH,
KOHJICHCALIHs1 BOJSTHOTO T1apa U OTVIOXKEHHE CHEeTa 32 CYET METEJICBOro IIePeHOCa) U abIIALIH (CTOK
TaJION BOJIBL, ICTIAPEHNE U CyBaHHE CHera BeTpoM) (ABeprsiHOB, 1990; I1Isepnrderep, 1987).

J1st onpenesieHuss CKOPOCTH HAKOIUICHHS CHera B AHTapKTHIE IPUMEHSFOTCS JIBE
OCHOBHBIE METOJIMKH NPSIMBIX HAaOFOACHHI: H3MEPEHHS BBICOTHI HAKOIIMBIIIETOCS CHera 3a
TOYHO M3BECTHBII IIPOMEXYTOK BPEMEHH U CTpaTHrpadUuecKue HCCIeI0BaHMs B LIypdhax
U CKBO)XMHAX, KOTJIA IPOMEKYTOK BPEMEHH ONPEIEISACTCS 110 TEKCTYPHBIM, QU3HYESCKUM
WM XUMHYECKUM 0COOCHHOCTSIM COCEIIHUX FOPH30HTOB CHEXXHO-(QUPHOBOH HIIN JICASTHOM
ToJIH. MI3MepeHus IpupocTa CHEXXHO TOJIIH OCYILECTBIISIOTCS ITyTeM OCIIe0BaTEb-
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HOTO M3MEPEHHS BEICOTHI CHETOMEPHBIX BEX, YCTAHOBJICHHBIX B BHJE MTPOQHICH W T10-
sroHoB. HaOmroneHus B rypdax oCymecTBISIIOTCS ITyTEM CTPpaTUTpadUuecKuX OMCaHUH
1 OIPEAEIICHUs TPAHUI TOJIOBBIX CJIOEB MO0 CE30HHBIM KOJICOAHUSIM M30TOITHOTO H/WIN
XMMUYECKOTO COCTaBOB CHEra, WM €ro eKTponpoBoaHocTU. B llentpansHoil AHTap-
KTHUJE, TA€ CE30HHBII CUTHAJI B CHEKHOM TONIIE OTCYTCTBYET, €€ IaTUPOBKA TPOU3BOJUTCSA
Ha OCHOBAHMHU IOfIcUeTa cTparurpaduueckux cioes. [IpeaBapuTenbHas qaTHPOBKa 3aTeM
KOPPEKTUPYETCs 10 MapKepaM adCOIIFOTHOTO Bo3pacTa (HalpuMep, 10 CIIOSIM C TIOBBIIICH-
HOM JIEKTPONPOBOAHOCTBIO, COAEPIKALIUM MPOAYKTHI U3BEPKEHUS H3BECTHBIX BYJIKAHOB).

H30monnwiii cocmas nogepxHOCmMHO20 Cl0s cHe2a
Iox m3otomubM coctaBoM (8'°0 u 6D) moapasymeBaeTcs pasHOCTh OTHOIICHHI
a0COJTIOTHOIN KOHIICHTPAIMU TSDKENBIX W30TOINOB B 00paslie M CTaHAapTe OTHOCHTEIHHO
9TOTO OTHOLICHHS JUIS CTAaHAAPTa, BbIpaXKeHHas B mpoMuiute. Hanpumep, s 5'%0:

( 18 O) _ ( 18 O)
16 sample 16 standard

80 = -1000 %

180y )
( 16 standard

u aHasorngHo js OD. 3a craHmapT MPUHUMAIOT OKeaHWYecKyro Boxmy Standard Mean
Ocean Water (SMOW), B koTOpO#f KOHIICHTpauy KACIopoaa 18 u neirepus paBHEL, CO-
oTBeTcTBeHHO, 2005 1 156 ppm.

ITockonbKy ncmapeHue ¢ TOBEPXHOCTH OKEeaHa IPOTEKAET B HEPABHOBECHBIX YCIIOBH-
SIX, BO3HUKAIOIINX M3-32 HEIOHACKIIIICHHUS BOJSTHOTO Mapa 1o OTHOIIEHHUIO K OKEaHUIECKOH
BOJIE NIPU JAHHOM TEMIEPATYPE, BO3HUKAET TaK Ha3bIBAEMbI KHHETUUECKUH N30TOIHBIN
a¢dexT. [lokazaTenem ero HHTCHCUBHOCTH CUHUTACTCS IKCIECC ACHTepHsi, KOTOPBIA MpH-
HSITO BhIpaXKath cieayronmm oopasom (Dansgaard, 1964): dxs = 6D — 8 6'%0. Ero Bennuunna
c11a00 MEHSETCS B X0/I€ PABHOBECHOTO MpoIlecca KOHICHCAINH, TAKIM 00pa30M COXpaHss
WHPOPMAIIHIO O TEMITEPaTYPHBIX YCIOBUAX B icTouHnke Biard (Jouzel et al., 1982), xots
B LlenTpansHOl AHTapKTHAC Ha 3HAUYeHHE dXs B ocamkax ropas3io 0Ombliee BIUIHNE OKa-
3BIBAIOT MECTHEIC ycroBuA (Salamatin et al., 2004).

[ToHmxeHne TemrepaTypsl BO3AYIIHONH MAcChl IIPU €€ ABMKEHUH U3 HU3KNX MINPOT
B BBICOKHE MPUBOANT K BBIMBIBAHMIO W3 HEE BIIAr, 4TO, B CBOIO OUEPE/Ib, BENET K M30-
TOTTHOMY (PaKIIHOHUPOBaHUIO. UeM OoIbIle TTOHMKCHHE TeMIIepaTyphl, TeM OOJbIIe
N30TOMHOE MCUYEPIIBIBAHIE M TEM HIKE M30TOMHBIA COCTaB OcaikoB. Takum o0Opasom, B
MIEPBOM MPUOIMKEHUN TIPUHATO CUUTATh, YTO N3MEHEHHE M30TOITHOTO COCTaBa OCA/IKOB
OTpaXxaeT N3MEHEHHE MECTHOM TeMIIEpaTypbl BO3TyXa.

Tonesvie mamepuanvl

Juist mccnenoBanusi MPOCTPAHCTBEHHON M3MEHYMBOCTH M30TOIHOTO COCTaBa,
CKOPOCTH HaKOIUICHHS U MJIOTHOCTH MOBEPXHOCTHOTO CJIOSI CHEra HaMH ObUITH UCTIONb-
30BaHbI CIEAYIOINE MaTepUaIbl: Pe3yIbTaThl HAOIIOIEHU 10 BeXaM, YCTaHOBICHHBIM
Ha Tpaccax Mupuslii—Boctok (1970-1973 rr.) u Ilporpecc—Bocrtok (c ce3ona 53-i
PAD, suBaps 2008 T.), pe3ynbTaThl IISINOJIOTHYECKUX HAOTIONCHNUH, TPOBOJUBITUXCS
B pailoHe MoJJIeTHUKOBOTO 03epa BocTok B xoz1e reoduznueckux (paguoioKalnOHHbBIX
U CeCMHMYECKHUX ) HAyYHBIX MOX0J0B HaunHas ¢ 45-11 PAD (mexabps 1999 1), rsmuorno-
rHYECKUX HAOJIOCHUIT, MPOBOAMBILIUXCS B OKPECTHOCTSAX CTaHIMKU BOCTOK BO BpeMs
Hay4YHBIX TT0X0/I0B Ha 0a3ze cHeroxonoB ski-doo Haumnas ¢ cezona 57-it PAD (sauBapn
2012 1.), sniM30AMYEeCKUX HAONIOACHUN U TIANHOIOTHYCCKHX pabdoT B HCCIETyEeMOM
cexrope HaumHas ¢ 1980-x rr.
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JlaHHBIE IO CKOPOCTU CHETOHAKOIUIEHUS B palioHe MOJJIEAHUKOBOrO o3epa Boctok
BKJIFOYAIOT 7Ba HaOopa. [1epBblif — Hajie)KHbIE 3HAUCHNST CHETOHAKOTUICHHS, [TOTyYCHHBIC
B pe3yJIbTare peeuHbIX CHETOMEPHBIX HAOMIOCHUH 1 TI0 CHEXHBIM 11ypdam, JUIst KOTOPBIX
nMeeTcst abCONIOTHAS TaTHPOBKA CHEXHOM TOJIIIH.

Bropoit Habop TaHHBIX BKIIIOYACT MaTepHaIIbl NISINOIOTHYEeCKUX HaOmoneHui (13-
MepeHHe TNIOTHOCTH CHETa U OTIPEe/IeNICHHE CTpaTurpaduu CHeKHOH Tommw) B 37 mypdax,
BCKPBITBIX BO BpeMs paJAHOJIOKALIMOHHBIX HAy4HBIX ITOXOJ0B B epuos ¢ 47 mo 53-10 PAD,
JUISI KOTOPBIX HET HaJIOKHBIX JATUPOBOK CHEKHOM TONIIH. B 3TOM cityuae Mbl HCIIONTB30BaIIH
OYEBH/IHYIO 3aBUCHMOCTb MEXKTy CPEIHEeH TONINHOMN CTpaTHrpaguIecKoro cios B mypde
U cpe/iHell CKOPOCThI0 CHETOHAKOIICHHSI B JAHHOM TOUKE.

U3 37 yxazaHHBIX 11ypdoB 28 pacronoKeHbI B paiioHaX, HAJICKHO 00CCIICUCHHBIX JIaH-
HBIMH 10 CHETOHAKOTIICHHIO, IOJTyYeHHBIMH B PE3YJIBTaTe PECYHBIX HAOMIOCHUH 1 110 1Ty pdham
¢ a0COJTIOTHOM JaTUPOBKOIT CHEXKHOM TOMIIN. MBI BBISIBIJIN 3HAYMMYI0 Koppersiiuo (1=0,64)
MEX/y 3HaUCHHSMU CPEIHEH TOJIIMHBI CTPATHIPAHIECKHX CIIOEB B TOUKE HAOIIONCHUS U
CKOPOCTBIO CHETOHAKOIUICHHSI B 9TOH K€ TOUKE. JTa 3aBHCHMOCTh ObIIa UCIONIb30BaHa Jis
pacyera CKOpOCTH CHETOHAKOIUICHHS 110 BCeM 37 TOYKaM M3 BTOPOTo Habopa JaHHbIX, KOTO-
pble 3areM ObLIN J00aBICHBI B OOIIYI0 0a3y JaHHBIX CKOPOCTH CHETOHAKOIUICHHS B paiioHe
03epa BocTok 1 ucnons30BaHbl A71sl IOCTPOSHUS! COOTBETCTBYIOIIEH KapThl. Mcnons3oBanue
TOJIIMHBI CTPATUTPAYHIECKHUX CIIOEB KaK BEJIMUMHBI CKOPOCTH CHETOHAKOILICHUST HAITPSIMYTO
HE TIPEJICTaBIISIETCS BO3MOXKHBIM, TTOCKOJIBKY B palilOHaX ¢ MaJIOM CKOPOCTBIO aKKyMYJISILIHN
BEPOSTHOCTB IPOITyCKa TO/IOBBIX ciioeB coctasisieT 15-20 % (Exatikun u ip., 1998).

B Hacrosiniyro paboTy Takke BKJIIOUYEHBI JJaHHBIE 110 CKOPOCTH CHETOHAKOIUICHHS B
WHunookeanckoM ceKTope AHTapKTHbI, COIEPIKAIUECs B OITyOIMKOBAaHHOW 0a3e JaHHBIX
no 6aancy maccel Aatapkrusl (Favier et al., 2013), n naHHBIE TT0 H30TOITHOMY COCTaBy
MOBEPXHOCTHOTO CHETa, TAK)Ke OIyOJIMKOBaHHbIEC B 0a3e JaHHBIX IS BCEro AHTapKTHUe-
ckoro koHTuHeHTa B (Masson-Delmotte et al., 2008; Xiao et al., 2012).

Takum o6pazom, utst lHn00KeaHcKoTO CeKTOpa ObLIa oTyYeHa 6a3a JaHHBIX, COCTO-
siast u3 1286 Toyek JaHHBIX 10 CHETOHAKOIIJIEHUIO U 718 TOoYeK 10 M30TOMHOMY COCTABY
MOBEPXHOCTHOTO CHera. /[y palioHa Mo/UIEAHUKOBOTO 03epa BocTok konmmuecTBO TOuek
HaAOJIOICHUI COCTABIISET, COOTBETCTBEHHO, 226 1 305.

Hszmepenus uzomonnozo cocmasa 8 1abopamopuu

W3mepennst N30TOMHOTO COCTaBa MOBEPXHOCTHOIO CHEra MPOBOAMIIMCH HA JIA3€pHBIX
aHay3aropax m3oronHoro cocrasa Picarro L1102-1 u L2120-1 B JIaGopatopny n3MeHeHHH
KimmMara 1 okpyxaromieit cpenst (JINKOC) Apkrnueckoro u anrapkrudeckoro HUM. B nan-
HOM TNIpUOOpE MPUMEHSIETCS] TEXHOIOTHsI A0COPOIIMOHHON CIIEKTPOCKOIHMH TI0 3aTyXaHHIO
cera (WS-CRDS) (neranmpHOe ormiicaHue TOCTYITHO Ha caiiTe http://www.picarro.com). Bonee
paHHHE M3MepeHnsT 00pa3IoB, MOMYYCHHBIX 0 MOSBICHHS ONMCAHHON TEXHOJIOTUH, OBUTH
MPOBEJIEHBI TP OMOIIH KJIACCUUECKOTO MACC-CIIEKTPOMETPHIECKOTO METOA, OCHOBAHHOTO
Ha ONPEIEIICHNH OTHOIICHUS MACChI K 3apsily HOHOB. Macc-CIeKTPOMETPUUECKUE U3MEPEHHS
61 rIpoBesieHs! B JIaboparopnu Hayk o kiMare 1 okpyxaromeit cpere (JIHKOC), Caxke,
®pannus. Bo Beex ciydasx TOUHOCTb m3Mepenuit Obuta He Xysxe 0,5 1 0,05 %o st neiirepust
u kucnopona 18 cooTBeTcTBEHHO, UTO Ha 1—2 MOpsi/ika MEHbIIIE ECTECTBEHHON H3MEHUMBOCTH.

Iocmpoenue xapm

Wmerommecst y Hac AaHHbIE OBUTH MCITONB30BAHbI ISl TOCTPOCHMST HAbOpa KapT ¢
MOMOIIBIO0 TIporpaMMHOTo obecriedenust Surfer-11: KapThl CKOPOCTH CHETOHAKOTIIICHUS,
M30TOITHOTO COCTaBa MOBEPXHOCTHOTO CHEra JUIsl MIHI00KEaHCKOTO CEKTOpa M JUIs paiioHa

72



MOJJIEIHUKOBOTO 03epa BocTok, a Taxike KapThl 3HAYEHUI MIOTHOCTH MOBEPXHOCTHOTO
CHera M JKcllecca AeHTepus TOJIbKO A paiioHa o3epa Boctok.

Koopaunars! Touek HaOmoneHuit 1 0T0opa 00pasioB ObLIN TPeoOpa30BaHbl U3 Teorpa-
¢ryeckux (IMUpoTa — JOIT0Ta, NN, MM°®) B INTOCKUE MPSIMOYTOIbHBIE (X—Y, M) 10 METO/THKE
b.C. Ky3bmuna, b.A. JlutBunoa (1961), ocHOBaHHOI Ha TPUMEHEHUN YPaBHEHUS CBS3N
reorpauecKUX KOOPIUHAT M MPSIMOYTOJILHBIX JUISl OJTHOM TOYKH K paccMaTpuBacMoMy
Y4YacTKy JUIMIICOHMJIA C BRIOOPOM IEHTPAIBHOTO MEPHUANAHA, TI0 KOTOPOMY TTOJIy4aeTCs
HaNMEHBIIIEe UCKAKEHHUE.

OCO0EHHOCTBIO aHATM3UPYEMBIX MTapAMETPOB SBIISCTCS HAJTHMYUE €CTECTBEHHOTO
IIyMa B psiiax, He O3BOJISIOIIEr0 HHTEPIOIUPOBATh 3HAYEHUSI MEXKTY COCETHUMHU TOUKa-
MU ¥ TpeOyYIOIIEro MpoCTPaHCTBEHHOTO CIIIaKUBaHUs. EcTecTBeHHBIH IIyM 00yCIIOBICH
BIIMSTHUEM (POPM CHEXKHOTO MHUKPO- U Me30peibeda, BOZHUKAIOMINX H3-32 D0JIOBOTO BO3-
JICHCTBHS, @ TAKKe HAIMYNEM MOCTACTIO3UIMOHHBIX (P dexToB. II1si MpoCcTpaHCTBEHHOTO
CIJIQ)KMBAHUS BCEX HAOOPOB JJAHHBIX, KPOME JJAHHBIX TI0 aKKYMYJISIIIMK CHETa HaJl 03€pOM
Bocrok, 0bu1 mprMenen ¢uisrp aybnukaros (duplicate filter), onpenenstomuii cpentee
apu(pMeTHUeCKoe 3HaYCHUE KapTHPYEeMOro rapamerpa B paguyce 5—15 KM Juis KapT 1o
paifony o3epa Bocrok n 20 kM i KapT 1o BceMy ceKTopy. [l JaHHBIX MO CKOPOCTH
CHETOHAKOIUICHHS B paiioHe o3epa BocTok ObII IPMMEHEH METO/] CIIEKTPAIbHOTO aHAIH3a
(singular spectrum analysis — SSA (Broomhead, King, 1986; Fraederich, 1986; Vautard,
Ghil, 1989)) B mporpammuom obecnieuennn AnalySeries 2.0.8 (Paillard, 1996), no3Bo-
JMBIIMH PA3JeINUTh PsJ HA YaCTOTHBIC KOMIIOHEHTHI, Ha OOIIMI HEIWHEWHBIH TPEeH] U
CIy4alHBIN IIyM, HE UMCIOIINH EPHOJUYHOCTH, KOTOPBIH M OBUT yAajeH U3 AaHHBIX MO
npodmitro VFL, npoxosinemy BOJIb JIMHAN TOKA JIEJHUKA B I0JKHOM 4acTH o3epa, U S51
B LICHTPAJILHOW 4aCTH MOUIEAHUKOBOTO 03epa BocTok.

I'padrueckoe oToOpaskeHNE MOTYUEHHBIX TTAPAMETPOB OBUIO OCYIIECTBICHO IyTEM
TPUAUPOBAHMUS, T.€. CO3AAHUS LEIOCTHON MaTeMaTHUECKON MOZIETH MCCIEAyeMOro napa-
MeTpa (Tpuja) ¢ MOCTOSHCTBOM IIIara Mo OCsIM TNIOCKUX IPSIMOYTOJIBHBIX KoopauHar. Js
OTIpe/IeICHUsI BETMUMHEI 11ara (pazmepa sieKH rpuia) CyIecTByIOT HECKOIBKO METOINK
B 3aBHCHMOCTH OT MCXOJHBIX JaHHBIX M KapTorpadupyemoro napamerpa (Hengl, 2006).
Hamwu ObL1 prMEHEH crioco0 orpeIesieHns], OCHOBaHHBIH Ha BEIMYMHE KapTorpadupyemMon
IUTIOIIAAH, KOJTMUECTBE TOUEK JAHHBIX M BEPOATHOCTU BCTPEUM Map CIIydallHO pacrpese-
JICHHBIX TOYEK Ha ONPEJeNIEHHOM PacCTOSIHUU. Bee KapThl, mpeicTaBIeHHbIE B HACTOSIIEH
CTaTbe, IOCTPOCHBI C MPEBBIIIEHUEM TOYHOCTH I'pyuia (YMEHBIIEHUEM pa3Mepa MUKCeNs),
PEKOMEHIyeMOro JUIsl CIIy4aifHO PacHpeAeIeHHBIX TOUEK JaHHBIX, AKTUBHBIX OCJE CIJIa-
skuBaHus, Ha 5—10 kM i cextopa u 0,2-3,5 kM [uts paiiona o3epa Bocrok (cm. Tadm. 1).

[TocTpoenne kapT OBIIIO OCYIIECTBIEHO I'€OCTaTHYECKUM METOAOM Kpurunra. [Ipn
MHTEPIIOISLNY 3HAYCHUI MEX/Ty y3JIaMU TP METOJOM KPUTHHTA 3HAYCHUIO B KaXK10U
peaJIbHOM TOUKE JaHHBIX MPUIKCHIBAETCS ONPE/IEIIEHHBIN BeC, 3aBUCAIINNA OT PacCCTOSHUS
0T y371a A0 TOYKH, JTOCTOBEPHOCTU JAHHBIX, HAPABJIEHUs] €CTECTBEHHON MU3MEHUYHBOCTH
Kaprorpadupyemoro napamerpa. AHH30TPOITHOCTH JaHHBIX ¥ €CTECTBEHHBIN TPEH]] YUH-
TBIBAIOTCS Uepe3 Baprorpammy. Baprorpamma npescrasisier co00il Mepy H3MEHUHMBOCTH
N3y4aeMoro rnapamerpa 1 siisiercs QyHKIMel AByX TepeMEHHBIX — JUCTAaHIIUH MEXKITY
JIByMsl TOYKaMH HAOIIONCHUI M HampaBlicHUs W3MeHUHBOCTH MaHHBIX (Cressie, 1991).
BapuorpamMmHoe MozjeaMpoBaHHE OCYIIECTBISICTCS MMOJ0OPOM MOAETBHON (PyHKINHU K
Ha0Opy TOUEK peanbHON BapHOTpaMMHOM GyHKIMH. B KauecTBe Moziesel, OMMChIBAIOIINX
BapuOTrpaMMBI, OBUTH UCTIONB30BAHbI JIMHEWHAS, pallMOHANIbHAS KBaJpaTHUeCcKasl U MeHTa-
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chepuyeckas (GYHKIIUU KaK HAMITYYIIUM 00pa3oM OMHCHIBAIOIINE PeabHBIC pacIpeeiic-
HUS TOYCK HA BapHOTpaMMHOM rpaduke. BaprorpaMmMHOe MOJCTUPOBAHUE UCIIONB3YCTCS
JUISL KOJIMYECTBEHHOM OLEHKM MPOCTPAaHCTBEHHON HEMPEPBHIBHOCTH AaHHBIX. Ha ocHOBe
BapHOTPAMMHOW MOJICITH, MTOCTPOCHHOW OTACIBHO IS KaXKJ0ro Habopa MaHHBIX, OBLIO
MIPOU3BEACHO MHTEPIIOJUPOBAHNE 3HAUYCHUHN HCCIEIyeMOro napaMerpa Mexay y3iaMu
IpUjia METOIOM KPUTHHTA.

Mepoii TouHOCTH KapThl siBisiercst omroka rpua (Iomos u ap., 2007), onpenensemas
KaK CTaHJIapPTHOE OTKIIOHEHUE PA3HOCTH N peabHbIX U3MEPEHUH Z OT rpujia Z;:

1 N .
O, =,|—— Z -7
G N—lzi:l( i 1)

Ownbky Tpu0B NpuBeaeHbl B Tabmuie 1. OTrMmeruM, 4to HabmogaeMas omuoka
rpujia B GOJIbIIEH CTeMeHH CBsI3aHa C €CTECTBEHHON M3MEHUHUBOCTHIO JaHHBIX, & HE C T10-
IPENIHOCTHIO KapTUPOBaHUsl. VIHBIMU CIIOBAMH, MOJYYEHHOE CTAHAAPTHOE OTKIOHEHHE
peabHBIX JAaHHBIX U MOJCIBHBIX BO BCEX CIIydasx MEHbIIE CTAHAAPTHOIO OTKIOHEHHS
HCXOHBIX JIAHHBIX, YTO CBSI3aHO C OOJIBIIION J0JIEH 1IyMa B psiax (CM. BBIIIE).

[IpoBepka rpu0B U TOYHOCTH OMHCAHUS UMH TEHICHIUN B PEabHBIX JAaHHBIX
OCYIIECTBIISUIACh Yepe3 MePeKPECTHYIO OleHKY (cross validation), korma u3 Habopa pe-
AJIbHBIX JIAHHBIX [TOCJIE0BATEILHO UCKIIIOUAETCS [0 OJIHOMY 3HAUEHHUIO, PACCUMTHIBACTCS
HHTEPIIOJIMPOBAHHOE 110 YKA3aHHOW BAPHOTPAMMHOM MOJIEIN U CPABHUBAETCS C pealib-
HBIM 3HAYEHUEM B 3TOM Touke. [Tokazarenem sBiseTcst KO3QOUIUEHT KOPPETSALINA MEKTY
pacyeTHBIMU JJAHHBIMHU U pealibHbIMU. Kpome TOro, B pacueT NpUHUMAIOCh M3MEHEHUE
JIACTIEPCUH JTAHHBIX, KOTOPasl JOJDKHA ObLIa CHHXKATHCS, T.K. €CTECTBEHHBIE PSIbI, KaK
OBLIO YKA3aHO BhIIIE, 00JIIAI0T €CTECTBEHHBIM IIIYMOM, a IeJIbI0 ObLIO BBIIEIUTH 001I1e
MPOCTPAHCTBEHHbIE TEHACHIIMU B PsiIax.

PE3YJIBTATBI 1 OBCYXXJIEHUE

H30monmwiti cocmag nosepxHoCcmHozo cios cHe2a 8 Mlnoookeanckom cexkmope

B npocTpanCcTBeHHOM paciipeieIeHIH H30TOITHOTO COCTaBa IIOBEPXHOCTHOTO CJIOSI CHEra
B MH/0OKEeaHCKOM ceKTope AHTAPKTHIBI JOMUHUPYIOIINM SBIISICTCS 3aKOH BBICOTHOM ITOSIC-
HOCTH: YeM BBIIIIE, TEM HIDKE TEMIEepaTypa BO3IyXa, TEM HIDKE H30TOIHBINA COCTaB OCAIIKOB,
0 YeM TOBOPSIT M30JMHUH H30TOITHOTO COCTaBa CHETa, BOCIPON3BOISAIINE N30TUMHIH BEICOTHI
noBepxHocTH (puc. 1 nB. Bkieiiku). Ha puc. 2a mokazaHa 3aBUCHMOCTH 0D OT BBICOTHI ISt
npodwneid Mupubiii—Boctok, [Tporpecc—Boctok, FOxwbIi momoc—Boctok u XKonr-Ilan—
Kynon A. Hike ypoBHSI KOHACHCAIIMU BIard, T.e. 10 BbICOTHI 1500-2000 M Hag ypoBHEM
MOpsI U30TOITHBIM COCTaB CHera MeHsieTcst Majio, HaarHast ¢ 2000 m 10 3400 M KOHIIEHTpaIus
TSDKEJBIX M30TOIIOB PE3KO YMEHbINaeTcs ¢ BeIcoToi. Brimre 3400 M abcosmoTHas BICOTA HO-
BEPXHOCTH MepecTaeT ObITh JOMUHHPYIOITM (haKTOPOM B OTIPEICIICHUN H30TOITHOTO COCTaBa
MTOBEPXHOCTHOTO cHera. Tak, Ha mpoduie MupHbiii —BocTok mocie cranmmu KomcoMombekast
BBICOTA MOBEPXHOCTH M3MEHSAETCS MaJIO, @ I30TOITHBIHM COCTAB MPOJIOIKACT YMEHBINIATHCS, UTO
CBSI3aHO CO CHIDKEHHEM TEMITePaTyphl M yBEIWICHHEM pacCTOsTHUSA oT b6epera. Ha mpoduie
XKonr-1lan — Kymon A 3aBHCHMOCTB OT BBICOTBI COXPaHSETCs, HO Aaxke Ha BeicoTe 4093 M
n3otonHbIi coctas (51°0), paBHbIil —54,4 %o, He TIPEBBIIIACT TaKOBOM Ha BocToke (—56,5...
—57,2 %o, 3488 M). Ha mpodmne [Iporpecc — BocTok H30TOMHBI COCTaB MOHOTOHHO PACTET
¢ Beicotoit 0 Kymona b, 3atem nenaet nermio. Ha atom mpodune mexay Kymonom b 1 Boc-
TOKOM OOHapy»XeHa I10 KpaifHeil Mepe ofHa TOYKa, B KOTOPOI BRICOTA MTOBEPXHOCTH BHIIIIE,
a M30TOMHBIN COCTaB HIDKE, ueM Ha BocToke.
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Puc. 2. 3aBUCHMOCTH U30TOITHOTO COCTaBa IIOBEPXHOCTHOI'O CHEra OT a0COJIFOTHBIN BBICOTHI TOBEPX-

HOCTH JISITHHKA (), TIPU3EMHON TeMIIepaTypsl (6) U pacipe/ielieHne yKa3aHHBIX TapaMeTpOB BIOJIb
npoduist Mupusii — Komcomonbckas — Boctok — HOxHBIH nomoc (8).

PaccMoTprM 3aBUCMMOCTB M30TOITHOTO COCTaBa CHEra OT TeMIIepaTyphl st poduiiei
MupHusiii—Komcomornbckast, FOxubiii monmtoc—Bocrok u XKonr-1llan—Kymon A (puc. 26).
Ot noGepexbst 10 paiionoB LleHTpanbHOM AHTAPKTUIBI (10 CpPEAHEH rOMOBON TeMIepa-
Typbl okosio —54 °C) coxpaHsieTcs cTporas JHHEHHas 3aBUCUMOCTb C KO QUIHEHTOM
6,5-6,8 %0/°C (st 0D). B LleHTpasibHOM AHTapKTH I MEKIY CTaHIIUsIME KoMCOMOIbCKast
u Boctok 3ot koadduipeHT nprlIu3uTeNnsHO B 2,5 pa3a 00JIblie P TOM, YTO Paciosio-
JKEHBI CTAHIIMHU Ha OJIHOM BBICOTE, HO Pa3HHIIA CPEAHUX FOIOBBIX TEMIIEPATyp COCTABIISET
2,9 °C. Mexny Boctokom u Kymosnom b nzoronHo-remmneparypHbiii KO3QQHUIIUEHT, HAIIPO-
TUB, HyNeBoi: Kynon b nMeer npubnu3uTebHO TaKyro K€ TeMIeparypy, kak Boctok, a
M30TOIHBINM COCTAB TaM BBILLIE.
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[Ipu oTHOCHTENBEHO HEOOMBIINX PA3TMYMSIX B CPEIHEH FOJJOBOI TeMIlepaType Bo3tyxa
Ha 9THX CTaHIMSIX Ha IIEPBbIH TUIaH C TOYKH 3pEeHUsI (YOPMUPOBAHUS H30TOITHOTO COCTaBa
BBIXOJIT cienytomue (aktopsl: 1) addexTuBHas Temreparypa KOHJCHCAINU: OOibIIas
4acTh 0caakoB B LleHTpanbHoi AHTapkTHAE (GOPMUPYETCS 32 CUET «OCAIKOB M3 SICHOTO
Heba» (Ekaykin, 2003), oOpasyronmuxcst Bo BCel Toime ciios HHBepcuu. DhheKTHBHAS
TeMIIeparypa KOHJICHCAIIMH CHIDKAETCs IO Mepe yAajleHus oT Oepera 3a cyer Gopmupo-
BaHMs OCAJIKOB B 00JIee HU3KHMX YacCTSX CJIOSi HHBEPCHHU Ja)Ke MPU COXPAHEHUH OJTHOTO 1
TOTO K€ BEPTHKAIBHOTO TPO(WIIS TEMIIEpaTyphl; 2) yBEINYEHHE OIM MECTHOU BIIaru B
00111eM KOJTMUECTBE 0CAJIKOB 10 Mepe YIaJICHUs OT OKeaHa, YTO MPUBOJMT K CHIDKCHUIO UX
CpPE/IHEB3BEIICHHOTO H30TOITHOTO COCTABA. 3) COOTHOLICHUE KOJMYECTBA 0CAIKOB Pa3HOTO
TUNa; 4) ”THTEHCUBHOCTH IOCT/IETIO3UIIMOHHBIX MPOIIECCOB, T.€. H30TOIHOT0 OOMEHa OTII0-
JKEHHOTO CHETa C BOSIHBIM MapoM B palloHax ¢ Majoil akkymyssiiueit cHera (Waddington
et al., 2002; Town et al., 2008).

CornacHo pe3yabraraM M30TOITHOTO MozaenupoBanus (Salamatin et al., 2004), nzo-
TOIHBIA COCTaB OCAJIKOB HAXOAUTCS TAKXKE MOJ| BIUSHUEM YCIOBUI B UCTOUHUKE BIIArH:
YeM HIDKE TeMIlepaTrypa B MecTe ()OpMHPOBAHHS BO3IYIIIHONW MaccChl, TEM BBIIIE H30TOM-
HBIA cocTaB ocajkoB. Tax, FOxHbIN nomoc, Haxomsamuiics B TUXOOKEaHCKOM CEKTOpe
AHTapKTHKH, TTOITyYaeT BIary u3 0osee HU3KHX IUPOT, a paifoH crannui KomMcomonbckast
(MnmookeaHnckuii ceKTop) — 13 00JIee BHICOKUX ITHUPOT.

Ha puc. 26 npenicraBieHo pacnpeieieHHe BBICOTHI IOBEPXHOCTH, TEMIEPATYPhI U U30-
TOIHOTO COCTaBa CHera BIoJIb podmirst FOxxHsIi nomoc—Bocrok—Komcomornbekas—MupHbIH.
Temneparypa JeHCTBUTEILHO YOBIBAET C BBICOTON ITOBCEMECTHO, KPOME MHTEpBaJa MEXKITY
cranimsamu Boctok n Komcomonbckas. Hanbospimas BbICOTa MOBEPXHOCTH OTMEYACTCS
MEXIY TUMU CTAHIUSMU, HO HAaMEHBIIINE 3HAYE€HHS TEMIIEPATyPhl U H30TOITHOTO COCTaBa
pacnionararoTcst BOJM3M (4yTh F0KHee) cTaHiuu Boctok. Bo3MoxHO, B MHTEpBae MEXIy
BocroxoM n KomcoMomnbckoit €CTh 30Ha €llle MEHBIINX 3HAY€HUH TeMIIepaTypsl, HO, K CO-
YKaJIEHMIO, Y HaC HeT AaHHBIX JyIst 3Toro nHTepBana. Jhx. Tépuep ¢ coasropamu (Turner et al.,
2009) nonaratoT, YTO MUHUMaJbHbIE TEMIIEpaTypbl Ha BOCTOKe B CpaBHEHUU CO CTaHIUAMY,
PacroIOKeHHBIMH BBIIIE, MOTYT OBITH OOBSICHEHBI CYIIIECTBOBAHHEM OYCHB IIIIOCKOM MaJIo-
LIEpOXOBATON MOBEPXHOCTH JISTHUKA HaJ| MOATIEIHUKOBBIM 03epoM BocTok, uro nopasnser
TYpOYJICHTHOCTB M CIIOCOOCTBYET Pa3BUTHIO HHBEPCHOHHOTO cJ1051. B 3TOM cityuae B ceBepHOM
YacTH 03epa JIOJDKHBI HAOMIOaThCs elle Ooliee HU3KKME IPU3EMHBIE TEMIIEPaTyphl BO3AYyXa.

IToBepXHOCTHBII CHET B paiioHEe CTaHIIUU BOCTOK, BEpOSTHO, XapaKTEPU3YETCs CAMBIM
HU3KHM N30TOITHBIM COCTaBOM BO Bceil AHTapkTue. [1o-BHIMMOMY, KITIOUEBBIM (PaKTOPOM
B JaHHOM CJy4Yae sIBJISIETCS PACCTOSIHUE OT UCTOYHUKA BiIaru. J[eliCTBUTENbHO, yaaleHHe
Bocroka or nobepexns MHnookeanckoro cexkropa HOkHOro okeaHa COCTaBISIET OKOJIO
1400 kM, Torga xax s mynkros Kynon A, Kynon b, Kynon ®@ymxu u Komcomonbsckas ata
BEJIMYHMHA COCTABIISICT, COOTBETCTBeHHO, 1180, 1020, 1000 1 860 kM. UTOOBI MPOBEPUTH 3TO
IIPE/IIONIOKEHUE, HEOOXOTMMO HCCIIEI0BaTh N30TOMHBIH COCTaB CHEKHOM TOJIIIH B paiioHe
IMontoca HegoctynHocTu. PaccrosHue or BocToka 10 BTOPOro BO3MOXKHOTO UCTOUHHKA
BJaru — paiiona Mopst Pocca — cocrasnser nopsiaka 1300 kM, HO U3-3a HaNUYMsL OpOrpa-
(bruecKoro NperaTCTBHS Ha ITyTH JBM)KEHHS Bo3ayIIHON Macchl (TpaHcaHTapKTHUECKUX
rop) MlHgookeanckast BO3AyIIHAs Macca, BEPOsITHO, ITpeodiIalacT B HCCIIEAyeMOM paiioHe.

Ha xapre, cocrapnenHoii . Baurom ¢ coaropamu (Wang et al., 2009) mms Beeit
AmnTapkTuas! B THI00KEaHCKOM CEKTOpEe M30TOMHBIN COCTAaB TAKKe MOJUUHSACTCS 3aKOHY
BBICOTHOM MOSICHOCTH M TaKkXe 0OHapy>KUBaeT HapyuieHust B LlenTpanbpHoil AHTapKTHIE.
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OTMedaroTcsl PacXoXkAECHUS peanbHbIX 3HAUEHUH M30TOIMHOIO COCTAaBa MOBEPXHOCTHOIO
CHEra C PacCYMTaHHBIM I10 a0COIIOTHON BBICOTE M reorpaMuecKoi MIMPOTe MECTHOCTH,
KOTOPBIE CBSI3BIBAIOTCSI C MECTHBIMHM TEMIEPAaTYPHBIMU YCIOBHSIMH, PA3IMYHBIMU yC-
JIOBUSIMM B UCTOYHHUKE BJIAarM W IPOLECCAMH KOHJICHCAIWU TIPH JBIKCHUH BO3TyLTHOH
Macchl (Masson-Delmotte et al., 2008), mocTACTO3UIIMOHHBIMHE TTPOIIECCAMHU, METEIICBBIM
MIepeHoCcoM, CIOKHOH MecTHOH Tororpadueit (Ekaykin et al., 2002; Frezzotti et al., 2004;
Neumann, Waddington, 2004). Mozens 00paTHO¥ TpackTOpu# Bo3IyIHON Macchl (Reijmer
et al., 2002) Taxxe yka3piBaeT Ha MHIOOKeaHCKHi cekTop HOXKHOTO OKeaHa KaK TIIaBHBIH
WCTOYHUK BIIary Juis paiiona ct. Boctok. Cornacuo (Morgan et al., 1997) napymenus na
Jejopasaenax MoryT HaOJIoIaThCsl N3-3a BIMSTHUSL OpOTrpaUuecKoil TEHN Ha BO3/TyIIHbIC
Macchl, NepeceKarolye JIeAopasel, HO B HallleM cilydae ckopee ckioH Jlenopasnena b
3a/IepKUBAET MPUXO/AIINE BO3AYIIHBIE MACCHI, BCIEICTBUE UETro Ha y4acTKe Tpacchl Kom-
comoutbckast — [Iporpecc HabOmonaercst M3ru0 B N30IMHUSX H30TOITHOTO COCTaBA.

Cxopocmb cnezonaxonaenus 8 MHO00OKeaHCKOM cekmope

Ha puc. 3 uBer. BKIIeiKH NoKa3aHa KapTa CKOPOCTH CHErOHaKoMIeHus Juist MHaooke-
QHCKOT0 CeKTOpa AHTapKTUABL Kak 1 M30TONHBIN COCTAB, CKOPOCTh HAKOILIEHHS CHETA MOI-
YUHSIETCS 3aKOHY BBICOTHOW NosicHOCTH. Hapyienus 3Toil 3aKOHOMEPHOCTH OTMEUAIOTCs
B llenTpanbHol AHTapKTHIE: MUHUMYM HaKOIUIEHHsSI TATOTEET K MUHUMYMY U30TOITHOTO
COCTaBa, MOCKONbKY, 10-BUUMOMY, Ha HUX BIUSIET OJHA U Ta ’Ke MPUUNHA — yNaJeHHOCTb
OT UCTOYHUKA BIary. Takxke HaOIOJar0TCsl aHOMAJIMH B KPAEBbIX YaCTAX JISJHHUKA, CBS3aH-
HBIE C YaCTOTOW MPOXOXKICHNUS IMKIOHOB M/ C MHTEHCHBHOCTBIO METEJIEBOTO BBIHOCA
cHera. [Ipupoza coxpaHsIOmuXCs IPH Pa3IUUHBIX THIIAX BAPUOrPAMMHOIO MOJETUPOBAHHUS
M3rnOOB N30JMHUH B I0XKHBIX YacTsx npogueit [Iporpecc — Bocrok u XKonr-Ilan —
Kynon A nmoka ocraercst He0ObSICHEHHOH.

WHTepecHo, UTO MoTydyeHHas HAMH CPENHAsS CKOPOCTbh HAKOIUIEHUsS cHera B MH-
JookeaHckoM cektope (140 MM B.3./To) cOBIAnaeT cO 3HAUCHHUSMH, ONPEICICHHBIMH
P. Apreprom ¢ coaBropamu (Arthern et al., 2006) u [Ix. Yépuem ¢ coaBropamu (Church
etal., 2001) mmst Bcelt AnTaptuabt: 143+4 MM B.3./rog 1 149 MM B.3./TOJl COOTBETCTBEHHO.
CocraBiieHHas paHee KapTa CKOPOCTH CHETOHAKOIUICHUS Juisl Becel AHTapKTuab! (Arthern
et al., 2006) mpenmomnaraer pe3koe yObIBAHNE CKOPOCTH CHETOHAKOTIIICHHUS B ITPUOPEIKHBIX
paiioHax, 6OIbIINE 3HAYSHUS CKOPOCTH aKKyMYJISLINH CHETa Ha MaTepPHKOBOM CKJIOHE, IPH-
MBIKaIoIIeM K mesnbhoomy sienHuky Lleknrona (250450 MM B.3./T01), IO CPaBHEHHIO CO
CKJIOHOM, pUMBIKaronuM k 3anuBy [Ipronc (350200 mm B.3./roz1), M IPOCTPAHCTBEHHYIO
TOMOTEHHOCTb ITOJIsI CKOPOCTH CHETOHAKOIUICHMsI Ha Oosblreit Tepputopun MHmookean-
CKOTO CEKTOpa C CKOPOCTBIO aKKyMyisiiuu mopsiika 20-200 MM B.3./TOfI, 94TO COBHAIacT
C TIOJyYeHHBIMH HaMH TeHaeHIMsAMHI. OTMedeHo Taoke (Arthern et al., 2006), uto nome
CHETOHAKOIUIEHHs CHJIBHO CINIaXKE€HO, T.K. B AEHCTBUTEIBHOCTU CYIIECTBYET CHIIbHBIC
JIOKAJIbHBIE HEOTHOPOIHOCTH, CBSI3aHHBIEC C BIMSHUEM METEOPOJIOTHUECKUX (DAKTOPOB,
KOTOpPBIE MPUCYTCTBOBAJIU U B HAIIIUX PsAJaX.

H3z0monnuiii cocmas nogepxHocmnozo cheea 6 patione nooieOHUKo8020 ozepa Bocmox
Pacnipezenenie H30TOMHOTO COCTaBa CHETA B PaiioHe TTOIEIHUKOBOTO 03epa BocTok B
TIEPBOM MPHOTMKEHUH TTOIYUHSETCS 3aKOHY IIMPOTHON 30HATBHOCTH: B FOXKHOM M CEBEPHON
YacTAX 03epa N30JIMHHUHN MTPOCTUPAIOTCS CYOIIMPOTHO, TIPUYEM KOHIIEHTPAIHS TSHKEIBIX H30-
TOTIOB YBEJIMYMBAETCA C fora Ha cesep (puc. 4). Hapymienne 3oHanmbsHOCTH HaOmMomaeTcst B
HEHTPAIBLHON YacTH 03€pa, TJIC PacCTOSHUE MEXIY M30JIMHUSMHI YBEIMYMUBACTCS, TPAJTUEHT
CTAQHOBHUTCSI MEHEE PE3KUM M TIPOCTHPAETCS B CyOMEPHIHOHATLHOM HaIPABICHHH.
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Puc. 4. Pacripenienienne u3otonHoro cocrasa (%0, %o) MOBEPXHOCTHOTO CHEra B paifOHe MOJUIC -
HUKOBOT0 03epa Bocrok.

IpencraienHast 31ech KapTa XOPOILIO COBIIAIACT C IPEABIAYIICH BepCHel, OIyOTMKOBaH-
Hoii B (Exaiikus u ip., 2011), HO BKITIOYAeT 3HAYUTENBHO OOJIBIINI 00beM TaHHBIX. CyIecTByeT
OJTHO CYIIIECTBEHHOE OTIMYME MEXIY ABYMS BEPCHAMH KapThl M30TOITHOTO COCTaBa MOBEPX-
HOCTHOTO cHera: B kapTe 2011 . 0cb MUHUMATBbHBIX 3HAYEHHH U30TOITHOTO COCTaBa MPOXOUT
4epe3 CTaHIMI0 BOCTOK, POCTHPAsCh B 3aIia/JHO-CEBEPO-3allaIHOM HANPABICHUH. DTO ObUIO
HMHTEPIPETHPOBAHO KAK PACTIONOKEHHE B JTAHHOM paiioHe MPaHHIIbI pa3/ielia BO3MYIIHBIX Macc,
npuxofsiux u3 Mupuiickoro 1 Tuxoro okeanoB. B HbIHElITHEH BepcHu KapThl OJiaroapst HOBbIM
JTAaHHBIM BH/IHO, YTO MUHUMYM H30TOITHOTO COCTaBa PACHOJIOKEH K FOr0-3ara fy OT CTaHIHH 3
TIpeiesIaMi KapThl, 9TO TAKXKe MOYKET OBITh OTMEUEHO 110 KapTe H30TOITHOTO COCTaBa CHETa I
Nunooxeanckoro cexropa (puc. 1). Takum o0pa3om, Bech UcClieyeMblid palilOH HAXOIUTCS B
30He BiMsHUA MHauiickoro okeasa. Ilo-Bugumomy, BiausHue THXoro okeaHa orpaHM4YeHO Ha-
muueM 6apbepa (TpaHcaHTapKTHYECKUX TOp), BCIECTBUE YETO BO3LYIITHBIE MacChl U3 THXOro
OKeaHa IOCTYIaoT B 00xo1, uepes FOxHbIit nosttoc.

HHurepecHo, 4T0 B paiioHe 03epa BocTok Hapylaercs 3aKOH BBICOTHOM MOSICHOCTH,
TaK SIPKO IMPOSIBJISIIOUIMICSH B AHTapKTH/E B KOHTHHEHTAJIBHOM MaciuTalbe (CM. BBIIIE).
JleficTBUTENBHO, TP ABMKEHUH HA CEBEP BBICOTA JIEHUKA YBEITHUNBACTCS, U OJHOBpE-
MEHHO PacTeT KOHIIEHTPAIHA TSHKENIBIX H30TONoB. OueBUIHO, B JAHHOM CITy4ae IIUPOTHBIH
3¢ GeKT U pacCTosIHUE OT Oepera MepeBeIInBaOT BHICOTHBIH S HEKT.
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Buauenust 80 u3MeHsIOTCs 0T —53,5 %0 Ha ceBepe 03epa 10 —57,2 %o Ha ero KpaitHeM
fore. Takoe M3MEHEHNE N30TOMHOTO COCTaBa COOTBETCTBYET U3MEHEHHIO PH3EMHOM TeMITe-
parypsl, paBHOMY 4,6 °C, COIIaCHO H30TOIHO-TEMITEPaTypPHOMY I'PaIUCHTY, YCTAaHOBICHHOMY
JUTST ICCTIEIyEeMOT0 CeKTopa (pHC. 2), MITH )K€ U3MEHEHHIO TEMITEPATyPbl KOHJICHCAIINH, PABHOMY
3,0 °C, comtacHo H30TOITHOMY MoJienMpoBanuio (Salamatin et al., 2004). OueHb MaIo BEpOSITHO,
YTO KJIMMAaT MEHSETCS TaK CHJIBHO B IIpeJieiaX 9TOr0 OTHOCHTEIHHO HEOONBIIOr0 pernoHa.
BepositHO, Ha MpoCTPaHCTBEHHYIO H3MEHYMBOCTH H30TOITHOTO COCTaBa CHEra B paifoHe Moj-
JIEITHUKOBOT'O 03epa BoCTOK Tarske 0Ka3bIBalOT BIMSTHUE M3MEHEHHE Y()(EKTHBHOM TeMIIEpaTypbl
KOHJICHCAIIMH 1 YBEJIMYEHHNE JIONM MECTHOH BIIaru B 00ILIEM KOJIMIECTBE OCa IKOB.

Dkcyecc detimepus 8 06pa3yaAx NOBEPXHOCMHO20 CHe2d
6 patione nood1edHuUK08020 ozepa Bocmok

Pacnpenenenue sxcriecca Jeiitepust B n3ydaeMoM paiioHe (pHC. 5) TI0UTH MPSIMO TIPOTHBO-
TIOJIO’KHO pactipe/ielieHnio kuciaopona 18 (puc. 4), 9To XapaKkTepHO /I mporecca (Gpaxmumo-
HHMPOBaHUsS M30TOIIOB TIpH 00pa30BaHMK TBEP/IBIX OCA/IKOB B JISASHBIX oOakax (Salamatin et
al., 2004). EmrHCTBEHHOE OTKJIOHEHHE OT STOW 3aBUCUMOCTH HAOTIONACTCS B CEBEPHOM YacTH
o03epa: MUHUMYM KHciopoza 18 cMeleH Ha ceBepo-3arajl, a MakcuMyM dxs — Ha ceBepo-
BOCTOK 03€pa, OJTHAKO 3TO MOXET OBITh 00yCIIOBIICHO HEZIOCTATKOM JIAaHHBIX B 3TOM paiioHe.

Iogepxnocmuas niomnocme cheea 6 patione noOIeOHUK08020 o3epa Bocmox

B ommiame ot mpenpIIyix XapakTepHCTHK, TIIOTHOCTD MTOBEPXHOCTHOTO CIIOSI CHETa
(puc. 6) XapakTepH3yeTcs sIPKO BBIpayKEHHBIM a30HAIBHBIM pacrperieieHueM. [ itoTHocTs cHera
HIDKE HaJT 3epkajiom o3epa (< 0,335 r/em?®), uem 3a ero npenenamu (> 0,335 r/cm?®). ComacHo
(JTumenkoB u fp., 1998), MIOTHOCTH CHETa 3aBHCHT B MEPBYIO OYEpEIh OT KIMMATHYCCKUX
(hakTOPOB — CKOPOCTH BETpa M TEMIIEPATYpPhI BO3Myxa. Ho Knmmarndeckuii pexkuM B paiioHe
o3epa Bocrok Ha momaam 15,7 Teic. KM? HE MOXKET CYIIECTBEHHO pa3inyarbcsi. Mbl mpef-
T0JIaraeM, 4To TaKoe PacHpeseNieHHe IUIOTHOCTH CHEra CBA3aHO C HAKJIOHOM ITOBEPXHOCTH
nenHuKa, coctaisrommmM 0-0,5 M/KM Hajl akBaTOpHel 03epa, 9TO TOpa3/0 MEHbIIE HAKIIOHA
3a ero npenenamu (> 1,5 M/km). 310, BEpOSITHO, TIPUBONT K I3MEHEHHMIO ITOJTS KaTabaTHIeCKuX
(cBSI3aHHBIX C CHIJIOH TSHKECTH, a He ¢ OapHIECKNM TI0JIeM) BETPOB: HaJl INIOCKOH, TOYTH TOpH-
30HTAJILHOM, TIOBEPXHOCTHIO 03€pa OHM 3aTyXafoT, YTO YMEHBIIAET IUIOTHOCT CHETa.

Ckopocmb cHezonakonienus 6 patione nooiedHuKo68020 ozepa Bocmoxk

Ha puc. 7 npencrasiena kapra CKOpPOCTH HaKOIUIEHUS CHEra B paiioHe o3epa Boctok.
Pacnpenenenue 3Toro mapameTpa xapakTepH3yeTCst COueTaHHEM 30HATbHOCTH M a30HAIBHOCTH,
YTO MOJKET OBITh CBSI3aHO KaK C KJIMMATHYECKUMH MPUYMHAMH, TaK M C HEJOCTaTKOM H He-
PaBHOMEPHBIM PACIIPECIICHIEM TOUEK HAOMIONEHNSI. I3MepeHIe CKOpOCTH CHETOHAKOTUICHUS
MPEATIoNaraeT TM00 MHHUMYM JBYKPaTHOE MOCEIICHUE ITyHKTAa TSl yCTAHOBKH U TIOBTOPHOTO
M3MEPEHHS BBICOTBI CHETOMEPHOM BEXH, JINOO MPOBEJACHNUE TPYAOEMKHX PadOT IO OTKOIKE
CHEKHBIX 1Iyp(hoB 1 OypeHnto CKkBaXiH. Kpome Toro, 1o cBoei MpHpozie CKOPOCTh CHETOHA-
KOIITEHHsI 00J1a/1aeT JOBOJIBHO OOJIBINOI MPOCTPAHCTBEHHONW H3MEHUHBOCTBIO, CYIIIECTBEHHO
BO3PACTAIOIIEH B MECTAX C OOIBIIIMM MPOCTPAHCTBEHHBIM IPaJUeHTOM HaKJIOHA TOBEPXHOCTH
(Ekaykin et al., 2012), Hanprvep, BOII3H OeperoBoii 4epTsl 03epa BocTok.

B nepBom npuOnmkeHIN CKOPOCTh HAKOTUICHHS CHETa MOTYNHSACTCS 3aKOHY MIMPOTHON
30HATBHOCTH: C IOTO-IOr0-3a1a/ja Ha CEBEPO-CEBEPO-BOCTOK CKOPOCTh CHETOHAKOTLICHHS
YBENMYHUBACTCS MPHONM3UTENBHO B 1,5 pasa, ¢ 23 MM B.3./Tof B paiioHe cTaHIul BocTok
110 34 MM B.3./TOZT HAa CEBEPHOW OKOHEYHOCTH 03epa. B OTimume OT M30TOIMHOTO COCTaBa,
MHHUMYM HaKOIIJICHUS CHETa K I0r0-3alagy OT CTaHIMH BBIPAXKEH HEUETKO BCIICIICTBHE
OOMBIION MPOCTPAHCTBEHHON W3MEHYHUBOCTH BIONb Tpoduist SW (B 1oro-3amagHoM Ha-
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npasiieHnu oT cT. BocTtok). [IpocTpancTBeHHBII TpaJeHT CKOPOCTH HAKOIUICHHSI OYCHBb
HEepaBHOMEPHBIH: BO BCEH FOXKHOM MOJIOBUHE 03€pa CKOPOCTH HAKOTUICHHUS IIPHOIM3UTEIBHO
ozrHaKoBast (23—26 MM B.3./Tox), 3aTe€M Ha PacCTOSHUM BCETO JIUIIB B 60 KM CKOPOCTH CHETo-
HakoruieHust yBemransaetcst Ha 30 % 1o 34 MM B.3./ro. [Ipeanonaraercs, 4To Takoi CUITBHBINA
HPOCTPAHCTBEHHBIN TPAIHEHT CBA3aH HE C I3MEHEHHEM KOITMYECTBA 0CAIKOB, & C THTEHCUBHOCTBIO
METEJIeBOTO IIEPEHOCa, TO €CTh NISIMOIOr MYeCKHe (DaKTOphI TPEoOIaJaroT Ha T KITMMaTHYECKUMU.
Ha puc. 8 nperncrasieH ciryTHUKOBBIH CHUMOK paiioHa o3epa Boctok (RADARSAT, 1998),
Ha KOTOPOM SIPKO BBIPayKEHBI CJIEIBI METEJIEBOTO MIEPEHOCa CHEra, 0COOCHHO MHTCHCUBHBIC B
cperHel yacTh o3epa BOJM3M TOTO MECTa, Iyie HaOJFofaeTcsl CHIIbHBIA POCTPAHCTBEHHbIN
TpajMieHT CKOPOCTH HaKoIUIeHHs cHera (puc. 7). [Ipu 9ToM B F0)KHO#M 4acTH 03epa TaKHX CIIEI0B
He HaOmrozaeTcst. B TakoM citydae MoBBIIEHHOE HAKOTUICHHE B CEBEPHON YacTH 03epa MOKET
OOBSICHATHCS. BRIHOCOM CHETa € 3aliaJIHoro 0opTa o3epa. JTO MOATBEPIKAACTCS TeM (aKToM,
yto Ha 6ombiIei yactr mpoduist NVFL (mpoxozsiiero ot ceBepHO-3amaIHoro oepera o3epa 1o
Kymona B) ckopocTb Hakorenust paBHa 29 MM B.3./TOJ1, 1 JIMIIB BO3Jie Oepera 03epa OHa Pe3ko
yBenmuuBaercst 1o 34-37 mu B.3./ron (Ekaykin et al., 2012). ITo-Buaumomy, CKOPOCTh HAKO-
TwieHust 29 MM B.3./TOJI— «HOpMaJIbHOE» (00YCIIOBIICHHOE KOJIMYECTBOM OCAJIKOB) 3HAUYCHUE, a
JIOTIOTHUTENBHBIC 5 MM B.3./TOJI TPUOABIISIOTCS 38 CYET METENEBOTO MepeHoca. B takom cirydae
Y N3MEHEHHUE HaIPaBJICHNS 30JIMHUN N30TOMHOTO cocTasa (puc. 4, 5) B IEHTPaJIbHOM YacTh
03epa MOXeT ObITh 00BSICHEHO TIPUCYTCTBHEM ITPUBHECEHHOTO 13 paifona Kynona b chera.
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Puc. 7. CkopocTh CHeroOHaKoIICHUs (MM B.3./TO/T) B pailoHe OIS THUKOBOTO 03¢pa BocTok.
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Puc. 8. CriyTHHUKOBBII CHUMOK ITOBEPXHOCTH JISJHHKA palioHa IOUIEAHUKOBOTO o3epa Boctox
(RADARSAT, 1998).

3AK/IIOYEHUE

BrnepBbie Ha OCHOBaHUM Ha/I€KHBIX MOJIEBBIX JAHHBIX, 10JIy4aeMbIX HAYMHasI ¢ 25-1
CAD (1970 1.), n pe3ynbTaToB J1a0OPATOPHBIX aHAIM30B OBUIM ITOCTPOEHBI KapThl M30-
TOIHOI'O COCTaBa, CKOPOCTU HAKOIUIEHUS U IJIOTHOCTHU cHera B IH0OKEaHCKOM CEKTOpe
Bocrounoii AnTapKkTHabl U, Oonee AeTalbHO, B palfoHe MOUIEAHUKOBOTO 03epa BocTok.
AHanu3 3TUX KapT MO3BOJIMJI YCTAHOBUTH PsiJ 3aKOHOMEPHOCTEN MPOCTPAHCTBEHHON H3-
MEHYMBOCTH yKa3aHHBIX [IapaMeTPOB.

ITokazaH cnoXHBIA XapakTep B3aUMOCBSI3H MEKIY U30TOIHBIM COCTaBOM CHEra u
Temrieparypoii Bo3nyxa B LleHTpanbHOi AHTapkTHAe (001aCTH C TEeMIepaTypaMy HIKe
oxko1to 54 °C), rae pacnpenescHre IISIIHO-KIMMATHIECKAX XapaKTEPUCTHK C TPYIOM ITOJI-
YUHSETCS 3aKOHAM ILHPOTHOM 30HAJILHOCTH M BBICOTHOM IMOSICHOCTH, & Ha [IEPBOE MECTO
BBIXOJIUT YJIaJIEHHOCTh pailoHa OT UCTOYHHUKA BJary.

OO0HapyXeHO, 4TO 001aCTh MUHIMYMa H30TOITHOTO COCTaBa M CKOPOCTH HAKOTUICHUS
CHETa HAaXOUTCS HE B OMIKAWIIIX OKPECTHOCTSIX CTAaHIIMU BOCTOK, Kak CYATANIOCH paHee,
a B IOTO-FOr0-3aImafHOM ceKTope oT BocToka Ha ynameHnn He MeHee 40 kM. PaifoH moa-
JIEZIHUKOBOIO 03epa BocTok HaxoauTces nperMy1ecTBEHHO 1Mo/l BausiHueM HA00KeaHC KoM
BO3JYLIHOW Macchl, a rpaHula pasgena TuxookeaHckod M MHI0OOKEaHCKOM BO3IYIIHBIX
Macc MPOXOAUT He HaJl aKkBaTopuei o3epa Bocrok, a Ommxe k FOxxHOMY TIONTFOCY.

[TomyueHHBIE pe3yIbTaThl YKa3bIBAIOT Ha HEOOXOAUMOCTE 00JIee TIOIPOOHOTO H3yde-
HUs pailoHa Mexay ctaHuusiMu Boctok u KoMcomonbekas B acrekre npocTpaHCTBEHHON
HM3MEHYUBOCTH U30TOIHOIO COCTaBa MOBEPXHOCTHOIO CHETa U €ro CBS3U ¢ TeMIIepaTypoi
BO3[lyXa U BBICOTOM MOBEPXHOCTH, IPUHUMAs BO BHHUMAaHHE HapylIEHHUE 37E€Ch 3aKOHA
BBICOTHOM 30HanbHOCTU. KpoMe Toro, 1i1st NpOBEpKU NPEUMYILIECTBEHHOTO BIUSHUS pac-
CTOSTHHS OT UCTOYHHKA BJIaTH HEOOXOIMMO yTOYHEHUE H30TOITHOTO COCTaBa CHETa B paiioHe
[Tonroca HETOCTYITHOCTH KaK HanOoIee ynajIeHHOTo OT Oepera ImyHKTa B BocTounoit AH-
tapkruae. Hanbornee BaxxHOM 3a1a4ei TIOCISAYIOIINX UCCIICIOBAHHHN SBISICTCS O0ObSICHCHUE
3aKOHOMEPHOCTEH (POPMUPOBAHHS H30TOITHOTO COCTAaBA M CKOPOCTH HAKOIUICHHSI CHETa BO
BHYTPUMATEPUKOBOH yacTu MHI00KEaHCKOrO cekTopa BocTouHOl AHTapKTUABL.

Paboma evinonrnena npu gunancosoii noodepixcke PODPHU, epanm 13-05-00607. Asmopul
onazooapam yuyacmuuxog Poccutickotl anmapkmuueckoii sxkcneouyuu u IlonapHoi mopckoii eeo-
J1020pA38€00UHOI IKCNeOUYUU 34 NOMOUb 8 NOJLE8bIX PAOOMAx.
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D.O. VLADIMIROVA, A.A. EKAYKIN, V.YA. LIPENKOV, S.V. POPOV, YU.A. SHIBAEV

SPATIAL VARIABILITY OF THE ACCUMULATION RATE
AND ISOTOPIC COMPOSITION OF THE SNOW IN INDIAN OCEAN SECTOR
OF EAST ANTARCTICA INCLUDING THE VICINITY
OF SUBGLACIAL LAKE VOSTOK

For the first time on the base of reliable field data the maps of accumulation rate, isotopic
composition and density of the snow were built for Indian ocean sector of East Antarctica and
particularly for the vicinity of subglacial lake Vostok. Interpretation of these maps allowed us to
assume regional regularities of the variability of defined parameters. The area of minimum values
of the isotopic composition and accumulation of the snow was found. It was also shown that in
Central Antarctica the distribution of glaciological and climatic characteristics does not obey well
the rules of latitudinal and altitudinal zonality and is predominantly controlled by distance to the
moisture source. The complicated interconnection between snow isotopic composition and surface
air temperature in Central Antarctica was depicted. It was demonstrated for the first time that the
surface of the glacier above subglacial lakes presents a unique locality with special meteorological
and glaciological conditions.

Keywords: East Antarctica, subglacial Lake Vostok, isotopic composition, mapping, spatial
variability, accumulation rate, snow thickness, physical properties of snow.
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