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Summary

Results of investigation of glacio-nival systems made in the Tabyn-Bogdo-Ola mountains (Western Mongolia) are pre-
sented in the paper. Average content of §'0 in the Tsagan-Us river water amounts to 17.44%o that is almost equal to the iso-
tope content in the clear glacier runoff near the edge of the Kozlov Glacier (—17.43%o). It means that the isotope content in
water doesn’t significantly change over a distance of 30 km along the Tsagan-Us river. Hence, it appears that for this distance
the river has no additional non-glacial feed. The magnitude 17.4+0.1%o can be considered as the average content of isotopes
in the glacio-nival system in the Tabyn-Bogdo-Ola mountain massif. This value can also be the precipitation-weighted aver-
age isotope content in the solid precipitations which are accumulated in glaciers of this massif. Seasonal isotope fluctuations
are partly preserved in the snow-firn mass in the accumulation area of the Kozlov Glacier. A rate of annual accumulation was
estimated by multiplying the apparent thickness (160 cm) of an annual layer into the snow density. According to our observa-
tions, it is equal to 800 mm w.e./year during 2013-2014. Accumulation is increased due to the wind and avalanche transpor-
tation of snow. During the ablation season, summer and spring snowfalls over the Kozlov Glacier area melt. Thus, it is pos-
sible to suppose that the autumn snowfalls play the important role in the accumulation. We may also suppose that the main

source of the moisture for the Tabyn-Bogdo-Ola massif is located somewhere in the Inner Asia.

Cmamos npunama k neuamu 31 dexabps 2015 e.

KnroueBbie cioBa: U30MmonHo-2eoxuMuyeckue Uccedo8anus, nedHuKoebll cmok, maccue Ta6oiH-boz0o-0na, oyeHKa akKymynayuu.

Mo pe3synbtatam nonesbix paboT 2013 n 2014 r. BbINOSIHEH aHanM3 U30TOMHbIX XapakTepuctuk obpas-
LIOB peyHOoW BOAbl, CHera n ocagkoB. OLeHeHa cTeneHb COXPaHHOCTU Ce30HHOMO U30TOMHOro CUrHana B
CHEXXHO-GUPHOBOW TOJLLE, A TaKXKe NMOoKa3aHa BO3MOXHOCTb MCMOJIb30BaAHWA N30TOMHO-TEOXUMUYECKOTO
MEeTOAa B MMAPOSIOrMYeCcKUX ncciefoBaHnsax. B obnactn nutaHus negHuka Kosnosa nonydeHbl OLeHKN
rofoBoi akkymynauuu B 800 mm. B.3. [loKa3aHO, YTO OCHOBHOW UCTOYHMK OCAAKOB, MUTAIOLMX MACCUB, —

BHyTpeHHAA A3ns.

Bsenenne

MN30TONHO-TeOXUMUUECKNE MCCIeI0BaHUS
npounsBoamiuck B 2013 u 2014 r. Ha TeppUTOpUN
maccuBa Ta6biH-borno-Ona (ceBepo-3anan MoH-
rojun) skcneanuusgamu Cankt-IleTepOyprckoro
rocynapcrBeHHoro yHuBepcutera (CII6I'Y). Ha-
3BaHHBII MAacCHB pacIiOJIOXeH Ha CTBIKaX XpeOTOB
Pycckoro u MoHroyibckoro AiaTtast U npeacTaBJis-
eT CO00Ii KPYITHBII LIEHTP COBPEMEHHOTI'O OJIeIeHe-
HUSI, KOTOpbIi usydaercs reorpadamu CII6TY Ha
MPOTSLKEHUM Mocheanux 16 nert [4, 6, 8, 11]. Jlen-
HUKM MacCHBa UTPaloT 3HAYUTEIbHYIO POJIb B IIH-

TaHUM peK ceBepo-3anaga MoHroauu. OCHOBHEIE
HCCIIeIOBaHMS TTPOBOAWIN B norHax pek LlaraH-
V¢ u laran-T'on Ha Tepputopum Monroauu. Oco-
00e BHUMaHME YACIAIOCh KPYITHOMY M HEI0CTa-
TOYHO U3yYeHHOMY JemnHuKy Ko3ioBa, muraiomeMy
p. Haraun-Yc (puc. 1).

Llens uccnenoBaHusl — AaTh OLIEHKY TMHAMUKU
HUBAJIbHO-TJISLIMATbHBIX CUCTEM, UCIIONb3YS U30-
TONHBINA MeTon. MI30TOMHBIN cocTaB aTMOC(EPHBIX
0CaIKOB U MPUPOIHBIX BOJI MPEACTABIACT COOOM
OIHY M3 BaXXHBIX KOMILJIEKCHBIX XapaKTEepUCTUK
aTMo- u ruapocdepbl. OH MO3BOJSIET U3y4YaTh UX
COBPEMEHHOE COCTOSTHUE W DBOJIIOLIUIO, BHITOJHHUTh
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Xp. Cannwrem

1. MomakuHa

Puc. 1. Kapra-cxema paiioHa vccie1oBaHusI:

1 — Touku orbopa 006pa3LoB; 2 — JIEAHUKU; 3 — TOPHbIE XpeO-
Thl; 4 — peKu

Fig. 1. Map of the research area:

1 — points of sampling; 2 — glaciers; 3 — ridges; 4 — rivers

MPOTrHO3bI, POBOAUTL Macc-0aJlaHCOBBIC UCCICIO0-
BaHUS 00BEKTOB IMApOchEphl, OLICHUBATh BOIHBIC
3arachl, B TOM YKCJIE HA TEPPUTOPUSIX, IPOOIEeM-
HBIX C 9TOM TouKHU 3peHus. KOro-BocTouHblit AnTait
HEIOCTATOYHO ITOJIHO MCCJIEIOBAaH B 9TOM ILJIaHE.
Bonee Toro, onmkaiiime MeTeoCTaHIIUM, TIe opra-
HU30BaH cOOp 0CAIKOB IS aHAIM3a UX U30TOITHOTO
coctaBa (HoBocubupck, OMcK, YpymMun), HaXoAsIT-
cs Ha paccTosgHUM G6osee 600 KM oT paifoHa paboT.
OCHOBHBIE O0BEKTHI U30TOIMHBIX UCCAEIOBAHUN —
ocalKu, pedHasi BoIa U CHEXHO-(HPHOBasl TOJILA B
00J1acTN aKKyMyJsauuu JegHruka Kosnonsa.

Mertoauka uccjie10BaHusA

N3otonHble xapakTepuctuku (dD u §'30) onpe-
JIEJISUTMCh B Pa3IMYHBIX 3JIeMEeHTaX HUBAJIbHO-TJIsI-
LIMaTbHBIX CUCTEM. 3a IBa roga oToOpaHo Oojee
150 mpo6 Boabl. MakcuMaIbHOE YUCIO MPOO B3SITO
U3 CHEXKHO-(UPHOBBIX ITYyp(OB, MPOHIECHHBIX B 00-
Jnactu akkymyasiuu negHuka Koszmosa. O6pa3ubl
TaJIbIX BOJ OTOMpPAIUCh HEMOCPEICTBEHHO y Kpasi
JIefHUKA 1 1o TedeHnIo peku. [1pobwr atmMmocdep-
HBIX OCAJIKOB Opaii MPaKTUYECKH Cpa3y IOCIe MX
BhITTafgeHUs1. Bcero orobpano: 104 mpoOBI cHera n
¢upHa, 16 ipob nbaa, 14 nmpob ocagkos, 23 MpoObI
n3 BomoéMoB. OOpa3bl OTOMPANTNUCh B TIPOOUPKU
émkocThio 50 Mi1. Bee TIpoOBI XpaHUINCH U TpaHC-
IMOPTUPOBAIKCH B pacIIaBJICHHOM Buue. M30ToIr-
HBII COCTaB aHANMM3UpoBaiu B Jlaboparopum n3Me-
HeHMs KJIMMaTa M okpyxarouei cpenbi AAHUN
Ha ra3zoBoM aHanuszatope Picarro L2120i. Yepes
KaxJple MSITh 00pa3loB U3MEPSJIU pabouyuii cTaH-
IapT, KOTOPHBIM MpeACcTaBIsI COO0 TUCTUIIIINPO-
BaHHYI0 BomonpoBoaHyto Bogy CaHkT-IlerepOypra
CO CJIEAYIOIIMMU XapaKTepucTukamu: —9,79%o 1o
880 u —75,47%0 o dD OTHOCHUTENBLHO CTaHAAp-
Ta MATATD «V-SMOW2». B pe3ynbpTaTe anaimsa
JIIJIST KasKIOro obOpaslia, 3a UCKITI0YeHEM HEeCKOJIBKIX
MMOTePSIHHBIX B IIPOIIeCCe TPAHCIIOPTUPOBKU, ObLIA
oIpele/ieHbl MapHble U30TOITHBIE XapaKTePUCTUKH
530 n 6D. Bocrnpon3BoauMoCTh U3MEPEHUIA COCTA-
sua 0,05%o 115 880 1 0,5%0 st D, uto ynoBieT-
BOPUTEILHO JUIS 1IeJIeil HACTOSIIIETO UCCIeIOBAHMSI.

HccnenoBanus TAJbIX JIeTHUKOBBIX BOJ,

OnHa u3 3a1a4 ucciieoBaHUs — U3yUYeHUE 13-
MEHEHHS U30TOITHOTO COCTaBa BOABI B JIETHUKOBOM
pexe I0 Mepe yIaJleHUsI OT UCTOYHUKA ITUTaHUS.
JleqHUK CITOXKEH JIbIOM, CHErOM M (pUpHOM aTMOC-
(hepHOrO MPOUCXOXKACHMS, TIOBTOMY CPEIHUI U30-
TOITHBII COCTaB JIEAHUKA COOTBETCTBYET CPeIHEMY
B3BEIIICHHOMY M30TOITHOMY COCTaBYy OcaakoB. Tak
KakK Tajble BOIbI (POPMUPYIOTCS ITYTEM TassHUS JIeI-
HUKOBOTO JibJa, ¢UpHA U CHEra Ha MOBEPXHOCTU
JIEIHUKA, N30TOIHBINA COCTaB TaJlIbIX JEIHUKOBBIX
BOJ COIIOCTABUM C M30TOITHBIM COCTABOM 3THUX CO-
CTaBJISIOLIUX JICTHNKA, OCPEAHEHHBIM 33 BpeMsI €ro
KWM3HH, a TaKXe (IIPU YCIOBUY HEU3MEHHOCTU KJTH-
MaTa) OH HMPUOIIKEH K U30TOITHOMY COCTaBY JICHI -
HUKOBOTO Jbaa. [1o Mepe yoajaeHUs OT JeAHUKA U
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B IIPOCTPAHCTBE, M BO BPEMEHH M30TOIHBII COCTaB
PEYHO BOIBI HAUMHACT N3MEHSITHCS IO BIUSHUEM
Ipyrux (paKTopoB, Cpear KOTOPBIX — OCAIKM, TPYH-
TOBBIE BOIHI M UCITAPEHHE.

PacuéThl monm TanbIX JIEMTHUKOBBIX BOI B ped-
HOM CTOKE C IIOMOIIbI0 M30TOIIHOTO METOIa OC-
HOBBIBAIOTCS Ha Pa3IMYMSIX B U30TOITHOM COCTaBe
BOJBI M3 Pa3HbIX UCTOYHUKOB (TaJIbIC JICTHUKOBBIC
BOJIbI, IOA3EMHbBIE BOJbI, Ocaaku). TakuM oOpa3oM,
3HAasI M30TOIHBII COCTAaB TAJIBIX BOA U €r0 U3MEHe-
HHE 10 Mepe TeUeHUsI BOTOTOKA, MOXHO pacCUMTaTh
BKJIaJ JIEIHUKOBBIX BOI B IMMTaHue peku. OTMe-
THM, 9TO IIepBOHAYAIBHOM 3amadeil McCaeq0BaHUS
TaJIbIX JJEAHUKOBKIX Boa HA MaccuBe TadbiH-bormo-
Ona OBLT He TOYHBIN pacyéT JIGTHMKOBOTIO CTOKA, a
anpoOMpOBaHNE MCIOIb30BaHNS U30TOITHOTO Me-
TOdAa IpU U3YYCHUHN BOTOTOKOB apUIHBIX BBICOKO-
ropuii LleHTpanbHoil A3un.

HccnenoBanust cTaOMIBHBIX M30TOIOB IIPU 13-
YISHUHU TUAPOJIOTUYECKHUX IIMKIIOB B HACTOSIIEe
BpeMs IIMPOKO pacipocTpaHeHbl. Hampumep, 1mo-
IOOHBIC MCCIIEA0BAHUS BHIIIOIHSIMCH B [ mManasix,
B OacceiiHe p. JIanrranr. PazHuiia B U30TOITHOM CO-
CTaBe TaJIOM ¥ TPYHTOBOI BOIBI OlIcHEHA 00JjIee YeM
B 2,5%o0. B pe3ynbrare Obl1a clienaHa OL¢HKA BIIHSI-
HUSI TPYHTOBBIX BOJ, Ha OOILMI CTOK peku [15].

I uccnemoBaHus U3MEHEHMS N30TOITHOTO CO-
CTaBa TaJIbIX JICTHMKOBBIX BOJ Ha MaccuBe TaObIH-
bormo-Oma oTo6paHO IecsaTh 00pa3moB peUHOMN
Boabl u3 p. IlaraH-Yc, kotopast 0epET cBoe HaYaIO0
OT KOHIIAa KPYITHOTO ITOJMHHOTO JemHnKa Ko3smosa.
JimmAaa nccmemyeMoro npoduias coctaBuiaa 31 KM,
OTCYET BeJIX OT KOHIIa jJemHuka Kosmosa (puc. 2).
OO6pa3upl OTOMpaIn B TSUYCHUE ABYX CYTOK II0 Mepe
IBYKEHMS T10 TOJIMHE PeKM K KOHITY JemHuKa. M30-
TOITHEIM COCTaB PEYHOU BOIEI ITO Mepe yIaJIeHUS Ha
30 KM OT OCHOBHOT'O MCTOYHMKA ITUTaHUS HE Mpe-
TepreBaeT GOJbIINX U3MEHEHUI: 3HaYeHus 6180
BapbupyloT ot —17,8 mo —17,1%o. CpenHee 3Haude-
Hue 8'80 o6paszuos npoduia pasHo —17,4%o. Be-
anurHa 8'80 yucToli e IHUKOBOM BOIBI, OTOOPAH-
HoI1 y caMoro Kpas nenHuka Kosnosa, paBHa —17,4
u —17,5%o (noBTopHas rpoba). CpenHee 3HAYCHUE
8'80 tanbIx neqHUKOBLIX Boa JeqHuka Kosnosa B
ce30H absanuu cocrasisier —17,45%eo.

st 6oJ1ee TOYHOTO ONpeAeIeHUsT CPeaHEro U30-
TOITHOTO COCTaBa TaJIbIX BOA OB OTOOPAHbI ITPOOHI
BOIbI Y KPa€B APYIUX JIEAHUKOB MacCHBa, KaK KpyIl-
HBIX TOJMHHBIX, TaK U HEOOJbIINX KapoBbIX. ITory-
YEHHBIN CPENHUN COCTAB TAJIbIX JIEAHUKOBBIX BOJI

0 5 10 15 20 25 30
PaccrosiHne, km

Puc. 2. I3amMeHeHUs U30TOITHOTO COCTaBa BOIbI BIOJb Te-
yeHwust p. Llaran-Yc.
Fig. 2. Isotope fluctuations of water in the Tsagan-Us river

paBeH —17,36%o 1o 8'%0 1 mpubaM3KUTENBHO PaBEH
cpeaHeMy cocTaBy Bombl p. LlaraH-Yc u M30TOITHO-
MY COCTaBy Tajioi Boabl U3 JienHuKa Koznosa. Eciu
paccuuTath cpegHee 880 ms Becex 06pa3LioB U3 BO-
noToKoB (20 Mpo0®) MOHTOJIBCKOM YacTh MacCHUBa
Tab6wsiH-borno-Omna, To oHo coctasusieT —17,4%o,
YTO TaKKe OJIM3KO K MPUBEAEHHBIM 3I€Ch CPEIHUM
3HaYCHUSIM M30TOITHOTO COCTaBa BOAHI B p. LlaraH-
V¢ 1 TaJbIX YUCTO JIEAHUKOBEIX BOI.

HccaenoBanns cHe:KHO-(GUPHOBO# TOIIU

OcHoBHas 3afa4a UCCISIOBAaHUN CHEXXHO-(PUp-
HOBOM TOJIIINA — OLICHKA CTEIIEHU COXPAaHHOCTH Ce-
30HHOT'O M30TOIHOTO CUTHAJIA B YCIIOBUSIX TasTHUS
KaK B CE30H abigIIUM, TaK U B CE30H aKKyMYJISI-
nun. U3MeHeHNsT M30TOITHBIX XapaKTepUCTUK 00-
pa3LoB cHera U (upHa, OTOOpPaHHLIX B 1Iypde, Mo-
3BOJISTIOT TIOJIYIUTh MHOOPMAIINIO 00 aKKyMYJISIIIAN
U IPOMCXOXICHUM OCATKOB, MUTAIOIINX JCIHUK.
HccaenoBannst NpoOBOAMINCH Ha JOJTUHHOM JIe-
Huke Kosnosa. AOCOIOTHAS BHICOTa KOHLIA JIEAHU-
Ka cocTaniseT 2640 M, rpaHUIIa TUTAHUS B aBIyCTe
2013 r. Haxoaunack Ha Beicote 3200 M. ITnomanb
naHHoro jeaHuka B 2013 r. oueHena B 8,8 km?2 [7].

B 2014 r. nist udydyeHus: pacnpeaeaecHUsT KOH-
LIEHTPALIMi CTaOMJILHBIX M30TOMOB B 00JaCTH aK-
Kymynsauuu tegHuka Kosnosa Ha Beicote 3400 M Ha
paccrosgHuu 0koj10 300 M apyr OT Apyra ObLIO NPOM-
JIEHO JBa CHEXKHO-(UPHOBHIX 11ypda riryouHoit 2,6
u 1,6 M, B KOTOPBIX Uyepe3 KaxIble 5 cM OTOMpa-
JMch 00pasibl. MecTo oTbopa MpeacTaBiIsijio COOO0
0010 IMPK, B KOTOPOM UHTEHCUBHO aKKyMy-
nupylorcs atMochepHbie ocagku. lypdsl ObLIN
3aJI0KE€HBI B KOHIIE ce30Ha abasuuu. CiaeaoB ja-
BUHHOU aKKyMYJISILIMM B MECTax UX 3aJIOXKEHUS He
o0HapyXeHo. B naHHOM MecTe nmepruoanyecKu Ha-
OroaloTCs MOJIOXKUTEIbHBIE TEMIIEPATYPhI U ITPO-
HWCXOMUT TasiHUEe cHera U ¢upHa. [IpakTruyecku mo
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Puc. 3. Pacripenenenue 3Hauenumii 8'80 u skcuecca neii-
Tepus (dexs) B obnacTu akKyMysiLiu tenHuka Kosmosa
(ypd Ne 1):

1 — dupH; 2 — GUPH ¢ TOPU3OHTATILHBIMU U BEPTUKAJIbHBIMU
MPOCJIOKAMU «CePOTro» MHOUIBTPALIMOHHOTO Jbaa; 3 — bUupH
CO CJIOSIMM «CEPOT0o» MH(MWILTPALIMOHHOTO JibAa; 4 — CJION «ce-
poro» MHGWIBTPALMOHHOTO JIbAA; 5 — CJIOM «rojlyboro» pexe-
JISILIMOHHOTO JIbJIA

Fig. 3. Distribution of 880 values and deuterium excess
(dexs) values in the accumulation area of Kozlov Glacier
(snow-pit Ne 1):

1 — firn; 2 — firn with horizontal and vertical lenticles of grey in-
filtration ice; 3 — firn with layers of grey ice; 4 — layer of grey in-
filtration ice; 5 — layer of blue regelation ice

Bceil ryorHe mypda Ne 1 mpociiexxuBaroTcst U ro-
PU3OHTAJIbHBIE, U BEPTUKAJIbHBIE TTPOCIONKH cepo-
ro UHOWIBTPALIMOHHOTO JIbAA, YTO CBUAETEILCTBYET
00 MHPUABTPALIMN TaJIBIX BOJI B CHEXXHO-(PUPHO-
By1o Touy (puc. 3) [lomoGHBIe yciIOoBUS HebIaro-
MIPUSITHBI 71T U30TOTTHO-TEOXUMUYECKUX UCCIe-
JIOBaHU, TaK KaK M3-3a MepUOJNYECKOTO TassHUS

MOXET IPOUCXOAUTh TOMOTEHU3ASI N30TOITHOTO
CcOCTaBa, CTUpalolast Ce30HHbBIN curHai [2]. B yc-
JIOBUSIX TTOJIOXKUTEIBHBIX TEMIIEPATYP IPOUCXOASIT
TakKe M3MEHEHMST M30TOITHOTO COCTaBa B Pe3yJib-
TaTe MOCTACIO3UIIMOHHBIX U3MEHEHUM IIPH KOH-
TakTe aTMOC(epsl ¢ BOOIHBIM TTapoM [5]. OmHaxko,
KaK BUIHO M3 Pe3yJbTaTOB JIAOOPATOPHBIX U3MeE-
peHuit (cM. puc. 3), Bapualy M30TOITHOTO COCTa-
Ba BO MHOTOM COXPaHSIIOTCSI, YTO CBUIETEIbCTBYET
0 YaCTUYHOM COXPAaHEHHUHU CE30HHOTO M30TOITHOTO
CHTHaja, HECMOTPS Ha HEOIATrOIpUSITHHIE YCIOBUS.
KoadpdunueHT Koppeassnum MeXny 3HAaYeHUSIMH
880 ¢upHa o ry6uHe B ABYX 1Iypdax 10BOILHO
BBICOK M paBHsieTcs 0,77. BTo moKa3bIBaeT, 4TO Ba-
pUay U30TOITHOTO COCTaBa CHEXHO-(UPHOBOM
TOJIIIY HE CIyJalHbI U XapaKTePHBI IJIST YIIOMSI-
HyTOI o0nacT akKyMyasinuu. CpenHee 3HaUYeHHE
880 no mypdam cocrasisier —15,8%o0 mast mypda
Ne 1 u—16,7%o nns mrypda Ne 2.

Ha puc. 4 nokaszansl 3aBucumoctu Mexay 8'80
u 0D ang pasHbIX IpyImn odpa3uoB. JJlaHHBIX 00
M30TOITHOM COCTaBe aTMOC(EpHBIX 0CATKOB I
9TOro paifioHa HET, M B HACTOSIIMI MOMEHT He-
BO3MOXHO HaJaJAUTh IIOCTOSTHHEIM OTOOP OCamgKoB
Ha M30TOITHBLIM aHaIM3 Ha MeTeocTaHIUsIX. Kak
yXKe 0TMeUaioch, OJIMKaiinme AeUCTBYIOIINE Me-
TEOCTAaHIIMM HAXOMSITCS Ha OOJIBIIOM YIAJeHUU OT
palioHa HUCCIeIOBaHUS, UTO OCJIOXHSIET IIpOoBeIe-
HHUE U30TOITHBIX HccienoBanmnii. Hekoropass nH-
¢opmanusa o0 U30TOITHOM COCTaBE OCAAKOB MOJY-
YyeHa MyTéM HeNOoCpeICTBEHHOro 0TOopa 00pas3LoB
B KOPOTKUI1 Mepuo 3KCIIeINIINOHHEBIX padoTt. OT-
METHM, YTO M30TOMHBIC UCCIECIOBAHMS JICISTHOTO
KepHa B ropHoM MmaccuBe IlambGarapaB (120 kM K
JOTO-BOCTOKY OT MaccuBa TadbiH-bormo-0Oma) mo-
Kazanu, uyto misa nocaegHux 200 et xapakTepHbI
OTHOCUTEJIbHO BlIaXHbIE yciioBus [12].

MaxkcuMaibHbII 1uana3od 3HayeHuit 830 xa-
pakTepeH ISl 00pa3lioB aTMOC(EpHBIX OCANKOB,
HECMOTPS Ha UX HEOOJIBIIOE YUCIO U OTOOP TOJb-
KO B JIeTHUE Mecsibl. I10CKOoJIbKY ocaniku oToupa-
JIUCh B TEIUIBIN Mepuo, rpeodiiagaiu oopasibl ¢
TSKEBIM M30TOMHBIM cocTaBoM. JuanaszoHn 880
u 8D B (pupHe MeHbIlIe, yeM B ocagkKax, oopas3iibl
KOTOPBIX OTOMpPaIM Cpa3y IMOCJe UX BbINaleHus,
YTO 00YCJIOBJIEHO OCPEIHEHMEM U30TOITHOTO COCTa-
Ba B pe3yJbTaTe pa3jIMyHbIX POLECCOB B CHEXHO-
¢upHOBOI TONMIIE. HanMeHbllIMe Bapualuy 3Haue-
HUI U30TOMTHOIO COCTaBa HAOJIIOAAOTCS B 00pa3iiax
pEYHOU BOABI. DTO OOBSICHSIETCS T€M, UTO M30-
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Puc. 4. 3aBucumocts Mexay 830 u 8D 1o rpymnmnam o6pa3LoB:
1— ocanxu; 2 — dupH; 3 — peuHas Boja; 4 — IMHeiHas 3aBUCUMOCTb ISl 06pa3LoB ocaakos (dD = 7,18'80 — 5); 5 — nuHeiinas
3aBUCUMOCTD AJ151 06pa3loB ¢upHa (D = 8,48'80 + 20,6); 6 — nuHeiiHasd 3aBUCUMOCTD A1 06Pa3L OB PEYHOI BOABI

(8D =17,58'30 + 6,8)

Fig. 4. Relations between 820 and 8D for the groups of the samples:
1 — precipitation; 2 — firn; 3 — river water; 4 — linear dependence for the samples of precipitation (8D = 7.18'80 — 5); 5 — linear de-
pendence for the samples of firn (8D = 8.48'30 + 20.6); 6 — linear dependence for the samples of river water (8D = 7.56'80 + 6.8)

TOITHBIMA COCTaB JIEAHUKOBBIX BOII TAKXE OTpaxa-
€T CPEIHMI U30TOMHBIA COCTaBa OCalKOB, HaKall-
JIMBAIOIIMXCS B JICTHUKAX.

Juckyccus

HenocpencTBeHHBIE TT0eBbIe HAOIIONEHUS U
aHaJIN3 KOCMUYECKNX CHUMKOB MOATBEPAVIN HaJTH-
yyie 3HAYUTETLHOTO YKCia HeOOIbIINX JIETHUKOB U
CHEXXHUMKOB Ha cKJIoHax nojuHbl Ilaran-¥Yc. Oomas
IUIolagb BOgoCcOOpPHOro OacceitHa McClIeayeMOoro
yyactka p. llaran-Yc ouenena B 370 kM2, a 1uio-
1Iaab JIeTHUKOB B nouHe Llaran-Yc — B 53 km? [7].
ITo manHbBIM ONMMKaiIIelt MeTeoCTaHLIUM B T. XOBJ

(abcomotHas Beicota 1500 M), BO BHYTpUTOJOBOM
pacmpeaeeHUM peobIanaoT JeTHUE OCaaKU, UX
o cocrasisger 80% [14].

HM3oTomnHbIN cocTaB peuyHoi Boabl p. Llaran-
Yc¢ npakTU4ecKd He U3MEHSETCSI Ha MPOTSKEHUU
30 xMm ot negHuka Ko3noBa, HecMOTps Ha GOJIb-
1II0€ YMCJIO TIPUTOKOB U OTOOpP TIPOO B CE30H MaK-
cumyMa atMocdepHbIx ocagkoB. Mcxons n3 aHa-
JIM3a U30TOITHOI'O COCTaBa PEYHON BOABLI M TaJIbIX
BOJI, OYEBUIHO, YTO Ha MPOTSKEHUU TepBbIX 30 KM
OT JIeAHUKA MOCTYILUICHUI BOIBI M3 HEJICIHUKO-
BBIX UCTOYHMKOB HEIOCTATOUYHO MIJISI U3MEHEHUS
001IIeTO M30TOIMTHOTO COCTaBa, a CJAeI0BaTeIbHO,
UX BIMSHUE HEBEJIUKO. DTO CBA3aHO C TEM, UTO
OOJILIIMHCTBO NMPUTOKOB TakKXe MPEeACTaBISIOT
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c000Ji MOTOKM M30TOMHO JIETKOW TaIOM JeIHUKO-
BOI1 BOMIBI, YTO ITOATBEPXKIACHO MOIMOJTHUTEIHHBIMUI
M30TOIMHBIMY aHAIN3aMMU.

M 30TOMNHBII COCTaB BOABI U3 TPUTOKOB 110 880
n3MeHsieTcss B guanasoHe ot —17,4 no —17,9%eo.
ITockonbKy negHUKN 00pa3yloTcs IIyTEM HaKOILIe-
HUS aTMOC(hEPHBIX 0CaIKOB, a M30TOIHBINA COCTaB
TaJIOi BOIBI MOJOOCH M30TOIMHOMY COCTaBY JIbIA,
TO CPEOHUI COCTaB JISTHMKOBBIX BOJ C OIIpeaeIEH-
HOI JOJIel YCIIOBHOCTH IIPUHUMACTCS 3a CPEeIHUNA
B3BCIIECHHBIA M30TOITHBINA COCTAB OCAIKOB B panio-
He uccaenosanud. CiaenoBaTtebHo, 3HadeHus 180
B muamnaszoHe ot —17,3 no —17,5%o0 cOOTBETCTBYIOT
cpenHeMy M30TOIMHOMY COCTaBy HUBaJIbHO-TJISILIV-
aJIbHOM CUCTeMBI MacCCHUBA U CPEIHEMY U30TOITHOMY
COCTaBY HaKaIlJIMBAIOLIUXCS OCAIKOB.

B n3otonHoM cocTaBe cHera u ¢upHa Mmpociie-
JKUBAIOTCS CE30HHbIE KoJjiebaHus. Ha puc. 3 BUgHO,
YTO B BEpPXHEW 4yacTH mypda MpUCYTCTBYET U30-
TOIIHO TSIKEJIbIN CHET JieTHUuX cHeromnanos 2014 1., a
HYKE — M30TOIMHO JETKUI CHET MPearnoaoKUTeIb-
HO 3uMbl—BecHBbI 2014 r. Cneayouuii cioi n3o-
TOITHO TSDXKEJIOro ¢hvpHa HaOMoAaeTCs JUIb Ha TITy-
ouHe 155—175 cMm. Hanee B cTpaTurpaduu mypda
MpOCJEeXUBAETCS MPOCIOiiKa ceporo NHPUIbTpa-
LIMOHHOTO JbAa TOJIIMHON OT 5 1o 9 cM. Bo3aMox-
HO, JaHHBIA JIEM cDOPMUPOBAIICS B CE30H aOJISLIUU
2013 r. 1 nipeacTaBiasgeT coOO0 CMeCh OCaaKOB pa3-
HBIX CE30HOB, MTOCKOJIBKY OH nMeeT 8'80 paBHoe
—17,05%o0, uTo 6au3KO K cpefHeil BenuunHe &80
HakKaIJIMBaeMBbIX OCaAKOB, OIpeAeIEHHON NMyTEM
aHaJji3a U30TOITHOI'O COCTaBa TaJIbIX BO,.

M3mepeHus1 MI0THOCTU MTPOBOIMIUCH B BEPX-
Helt yactu mypda. CpeaHsas MIOTHOCTb B BEpX-
Hux 50 cM cocrasisia 0,5 r/cm3. B HUXHeit yactu
mypda MI0OTHOCTb SIBHO yBeJIWYMBaIacCh, HO UH-
CTPYMEHTAJIbHBIX 3aMepOB He OblIo. Takum 00-
pa3oM, rogoBoe HaKOIUJIEHWE B JaHHOW 4acTu
obnactu akkymyasuuu 3a 2013—2014 rr. npudau-
3UTEeJbHO paBHseTcst 160 cM dupHa, 4TO B Iepe-
cu€Te Ha BOJIHBIN SKBUBAJEHT MpPU HAOII0IaEeMOM
B IIypdax MIOTHOCTU (pUpHA COCTABISIET OKOJIO
800 mM. ITonydyeHHbIE JaHHbIE 00 aKKYMYJISILIUU
COOTBETCTBYIOT CpeIHEMY TONOBOMY KOJUUYECTBY
0CaJIKOB Ha IpaHUlIe MUTAHUS, OLEHEHHOMY I10
pacuéTtaM C HCIIOJIb30BaHUEM KoadhduimeHTa
KoHueHTpauuu 1,4 B 785 mm [7]. I1o apyrum naH-
HBIM, TJIe B OCHOBY OLIEHKH B3SIThI pacu€Thl Cpell-
HEero KOJIMUYEeCTBA 0CaAKOB Ha (PUMPHOBOU JUHUU
Ha OCHOBE ITOJIYYEeHHOTIO IO JaHHBIM METEOCTaH-

uuii (baga-Onrnii, beprek, [dXa3zaTop) MecTHO-
0 BBICOTHOTO ILUTIOBUOMETPUYECKOIO rpagiueHTa,
IIJIsI BOCTOUHOT'O MMOABETPEHHOIO CKJIOHA MacCHUBa
TaBan-borno-Oia rogoBoe KOJIMYECTBO OCAaKOB
Ha ypoBHe (PMPHOBOI JUHUHU COCTABISET OKOJIO
400 mM u He 60mee 800 MM — B IpenBepIIMHHOMN
yacTtu [3]. B aToMm ciyyae moiaydyeHHbIE HAMM 3HA-
YeHUST aKKYMYJISLIUKU COOTBETCTBYIOT KO3 UL~
€HTY KOHIIEHTpalluM 0KoJjio 1,5—2, 4yto, ¢ yu€ToM
IMOJIBETPEHHOTO IIOJOXEHMUS JIETHUKOB BOCTOYHO-
ro CKJIOHA MacCuBa U PacHoJIOXeHHs 00J1aCTH aK-
KyMYJISILIUK B IIUPKE, BEPOSITHO, O0YCIOBJIEHO I10-
BBIIIICHHON KOHIIEHTpAllMe CHEra B pe3yabTaTe
METEJIEBOIO U JIABUHHOIO MEPEHOCa U BIOJIHE CO-
OTBETCTBYET 3HAYECHMSIM, ITOJIyYeHHBIM IS TOJIMH-
HBIX JIEAHUKOB TOpHOTO MaccuBa MoHryH-Taiira
Ha OCHOBE pacy€ToB 110 MeToauke ['maspipuHa [3].

B nocienHue roabl ronoBoe HaKOILJICHUE OCall-
KOB OLIEHMBAJIOCh B 00JIaCTU aKKyMYJISIIIUU IPYTOTO
KPYITHOI'O B MaccuBe JienHuka IloraHnHa — B paM-
KaxX COBMECTHBIX SIITOHCKO-MOHTOJBCKUX UCCIEN0-
BaHMI C UCITOJIb30BaHUEM MaJIMHOJIOTNYECKOTO Me-
tona. Ilo maHHBIM 3THUX HMCCIeOOBaHMIA, TOA0Bas
aKKyMYJISILIMS B 00JIaCTU MUTaHUs BapbupyeT oT 610
no 1380 MM B 3aBUCHMMOCTH OT roia U MecTa 3ajIo-
xeHus mypda. U3 uccnenyeMsix myp@oB oTompa-
JICh ITPOOLI Ha M30TOMHBIA aHaau3 (8'30). ABTOpEI
TaKXe OTMEYaloT COXpaHEeHUEe Ce30HHOr0 U30TOIl-
HOIO CUTHaJIa B HEKOTOpPbIX HIypdax [13].

B mypde Ne 2, 3a103)keHHOM HaMM Ha HeIEJo
mo3xe mypda Ne 1, «TsK€aoro» cHera TEIJIOTo ce-
30Ha B BepxHel yacTu 1mypda yxe He 0Ka3aiaoch.
B BepxHeii yactu mypda 3aneraet M30TOITHO JIET-
KW CHET XOJIOJHOTO ce30Ha. BO3MOXHO, 4TO B AaH-
HOI1 9acTu 00JIACTY MUTAHUS JIETHUE CHETONaabl He
Y4acTBYIOT B (POPMUPOBAHUM U30TOIMHOI'O COCTa-
Ba CHEXXHO-(UPHOBON TOJIIM, TaK KaK 3a MEPUOJ
abJISILMK 3TU OCaKU YCIIeBalOT MOJHOCTBIO CTasATh
WIA UCNapuThesl. MU30TOMHO TSKENBIN (DUPH, CKO-
pee Bcero, o0pa3oBasicsl U3 OCAIKOB paHHEW OCEHM.
BBuny menblneit rmyounsl nrypgd Ne 2 He 3aTparuBa-
€T BeCb rofIoBOM CJIOM, HO B HMXKHEN YyacTu 1ypda
MPOCIEXKNBACTCS YTSKEJIEHUE N30TOIMMTHOIO COCTaRBa.

IMomumo 880, B usyyeHnn cHexxHO-DUPHO-
BBIX TOJII TOPHBIX JIEAHUKOB 0OJIbIIIOE 3HAUEHUE
UMEIOT BapualliM 3Kcliecca IeUTepusi, KOTOPbI
yKa3bIBae€T Ha UCTOUYHUK MPOUCXOXKIAESHUS Ocal-
KOB. DKcliecc aeiitepusi, uin dexs, pacCUMTHIBaeT-
Cs1 UCXO/ISl U3 TTaPHBIX MU30TOMHBIX XapaKTePUCTUK
(8D u 8'%0) mna xaxnoro obpasua mno gpopmyie
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dexs = 8D — 88!30 [2]. [Tono6HbIE UcCIEenOBaHUS
sKcllecca OedTepusl CHEXXHO-(PUPHOBOM TOJIIHN
npoBoauiuck B. AfizeHoM Ha 1u1aTo ropsl benyxa
(Topnuwrit Anraii, Katynckmii xpebet) [10]. ABTO-
PBI HCCIIEMOBAaHMS OIIPEIe M OCOOEHHOCTH Ce-
30HHOH Bapuanuu dexs B ocagkax, aKKyMYJIHpY-
IOIINXCS Ha JIEMHUKAX B TaHHOM paiioHe. OOmras
0COOEHHOCTh U3MeHEeHMs dexs 0CanKoB B TEUCHHE
rojia — yMEHBIIIEHNE B JICTHUI CE30H U YBEIMICHIE
3umoii. McciaemoBanus cCHeXKHO-(GUPHOBOM TOJIIIN,
HakonuBIIeiicsa Ha mato bemyxu 3a 2001—-2002 .,
noaTBepaAvIn 3Ty TeHaeHIuro [10]. O6paTHas Kap-
THHA HaOJIomaeTcsI B 001aCTH aKKyMYJISIIIAM JIelI-
Huka ®emuenko (Ilamup), roe n3-3a ocodeHHOCTE
HUPKYJISIIINI 3KCIECC AeiTeprsl BO3pacTaeT JIETOM
1 YMEHBIIIAeTCsI 3MMOI1, YTO CBSI3aHO C Mpeobirama-
HHEM TaM B 3UMHee BpeMsI 0CaaKOB, IIPUHECEHHBIX
3aITamHBIMU TUKIOHAMU ¢ ATinaHTuku [9]. Cornac-
Ho B. Aiizeny, o6pa3subl ¢ dexs Boiie 12%o0 OTHO-
CATCS K BHYTPpUA3UaTCKUM ocaakaM, a ¢ dexs oT 6
10 12%o0 — K ocagkaM 3amamHoro rnepeHoca. [1po6bl
¢ dexs MeHblIe 6%0 CBA3aHBI C OCaIKaMU U3 BO3-
ITYITHBIX MAcC, IIPUHECEHHBIX apKTUIECKIMU BTOP-
XKeHUSIMHU 1 MyccoHamu [10].

W3 puc. 2 u 3 BugHO, 4TO AJIST 000MX IITyp-
(0B xapakTepHHI OYC€Hb BHICOKNE 3HAUCHUS dexs.
bonpmuHCcTBO ITPpOo6 MMeeT 3TOT IT0Ka3aTelb
Boilie 12%o. [Ipu 3TOM MakcuUMallbHBIE 3HA4e-
HHUS 3KcIlecca melTepus HaOII0mMalTCsI B CIOSIX
M30TOITHO TSDKEIOTO CHera, a MUHMMaJIbHEIE, Ha-
000pPOT, COOTBETCTBYIOT B OCHOBHOM M3O0TOITHO
JE€TKuM citosiM. Mcxomst U3 3Toro, MOXKHO IIPeaIo-
JIOXXWTb, YTO OCHOBHBIM MCTOYHMUKOM OCAIKOB IJIST
MMUTaHWS JIeTHUKOB MaccuBa TabOwsH-Bormo-Ona
CITy>KaT MEeCTHBIE BO3OYIIIHBIE MacCHl 13 LleHTpab-
HOM A3uM, 3HaYeHNE KOTOPHIX HECKOJIBKO MEHb-
IIIe JIETOM, KOTJla PETMOH OKa3bIBAeTCsI HAa TPaHUIIC
B3aMMOIECTBUS OCIa0JIeHHBIX 3alalHbIX, MyC-
COHHBIX 1 apKTUIECKHUX aTMOCHEPHBIX ITIOTOKOB.
Taxkue ke BBIBOABI CAEIaHBI II0 Pe3yIbTaTaM M30-
TOITHBIX MCCJICIOBAaHMUMN JICASIHOTO KEpHA C TOPHI
Iact (120 XM K 10T0-BOCTOKY OT TaowiH-bormo-
Oma) [14]. B otniuuue ot mrato benyxm, neTHHIe
0CaJIKM UT'PAIOT TOPa3a0 MEHBIIIYIO POJIb B aKKyMYy-
JIsuy Ha JegHuke Ko3noBa, MOCKOJIBKY, KakK yxKe
OTMEYaJIOCh, MX OTHOCUTEIbHO HEMHOIO U 3a JIETO
OHU YCIIEBAIOT CTasITh WIM ucnapuTbes. CpenHuit
BKCIIeCC OerTepus cpear OTOOpaHHBIX JETOM 00-
pa3LoB aTMOCGhEPHBIX 0CAAKOB cocTaBiseT 4,5%o,
a 3HaYEeHMS eTo I10 ImrypdaM ropas3mo BHIIIIE.

3aKkimouyeHue

B pesyabpraTte OBYXIETHUX 3KCIIETUIIMOHHBIX
paboT IoIy4eHbI JaHHBIE O BapHUALUSIX U30TOITHOTO
COCTaBa B pa3IMIHbBIX 00BEKTAaX HUBAJILHO-IJISIINAb-
HbIX cucteM. [IpoaHaan3MpoBaHbl U3MEHEHMST U30-
TOITHOTO cocTaBa Bof, p. LlaraH-Yc¢ o mepe ynanenust
OT OCHOBHOTI'O MCTOYHMKa muTaHus. IlokasaHo, 4To
Ha oTpe3ke IepBbix 30 kM p. Llaran-Yc¢ ot ucroka y
negauka KosiaoBa mpeobiagacT Boga ¢ M30TOIHBIM
COCTaBOM, PaBHBIM M30TOITHOMY COCTaBY TaJIbIX JIe/I-
HUKOBBIX BOM. DTO ITOKAa3bIBaeT OOJIBIIIOE BIUSHUE
B JIETHEE BpeMs TaJIbIX JEMHUKOBBIX BOI Ha OOIIWIA
CTOK pPeKHM Ha JaHHOM e€ yJacTke. B cHexHo-(pup-
HOBOI TOJIIE B 00JIACTH aKKYMYJISIIIMM M30TOITHBII
CHUTHAJI B OCHOBHOM COXPaHSIET CE30HHbIC BapyalliH,
HECMOTPS Ha IIPENSITCTBYIONIE 3TOMY YCIOBUS — IO-
JIOXKUTEJIbHbIE TeMIIEpaTyphl U, KaK CJIeICTBUE, Ya-
CTUYHOE ITPOTaBaHUE CHEXXHO-(MUPHOBOI TOJIIIM.

Ilo pacmpeneneHn0 TSXKEIBIX U30TOIOB BHI-
IMOJTHEHA OLIEHKA TOI0BOM aKKYMYJISILIMM OCaaKOB B
HIDKHEM 9acTu 001acTy muTaHus jeqHuka Kosnosa,
cocTtaBuBIlas 0Kojio 800 MM BOTHOrO SKBMBAJIEHTA.
YCTaHOBIEHO, YTO JIETHUE OCAIKU UIPAlOT HE3HAUM-
TEJbHYIO POJIb B TUTaHUM JiegHuka Kosmosa. M30-
TOIMHBIM COCTaB CHera U UpHa (IKCLecc AerHTepus)
MoKa3bIBaeT, 4To B MaccuBe TabbiH-borno-Omna uc-
TOYHUKOM BJIary [UIs1 TIONOJTHEHUSI MacChl JIEAHUKOB
cJIyXaT BO3aylIHbIe Macchl U3 LleHTpaibHOI A3MM.

BecbMma BaxXHO IPOOOKUTH UCCIAEIOBAHUS
TOPHBIX PEK U aKKYMYJISIHUY U30TOITHBIMU METO-
JTaMM Ha BRICOKOTOPHEIX MaccuBax lOro-BocTtou-
Horo Antas. s nojayyeHus: 6oJjiee 00bEKTUBHBIX
pe3yJbTaTOB CJEAYET YCUIUTh UCCIeI0BaHUs U30-
TOITHOT'O COCTaBa aTMOC(EPHBIX 0CATKOB, KOTOPHIE
3[Iech paHee MPaKTUIeCKU He ITpoBoamiInch. Iloka B
KcciaenoBaHusax Beicokoropuii TadeiH-borno-Ona
IMOYTH HE 3aTPOHYTA TaKasl 00JIacTh IPUMEHEHUS
M30TOIMHO-T€OXMMUYECKOT0 METO/Ia, KaK UCCIEA0-
BaHUE MOTPEOEHHBIX JbIOB U KaMEHHO-JIEASHBIX
oOpa3zoBaHuii. Bo3aMOXXHOCTb MPpUMEHEHUST JaHHO-
ro MeTo/a B IMOJOOHBIX MCCICAOBAaHUSIX OIMCaHa
IO.K. Bacunbuykowm [1]. MccneqoBaHust U3OTOMHO-
IO COCTaBa KAMEHHO-JIEISTHBIX 00pa30BaHUIf MOXKET
IaTh MH(MOpPMALIMI0 00 UX TeHe31Ce U KJIUMaThuye-
CKMX YCJIOBUSIX IIPOIILIOTO.

BaaromapHocTu. ABTOPHI BhIpaxkaroT 6J1aroqapHOCTb
3a IToMollb B coope obpa3uoB ApuHe HukonaeBHe
Bepec.
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