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BbICOTHBI I'PAJINEHT PACITPEJEJEHUS 580 U D B ATMOC®EPHBIX OCA/TKAX

1 B CHE;KHOM IIOKPOBE BBICOKOTOPHBIX PAVIOHOB
I0.K. Bacunbuyk, 10.H. Ynm:xoBa

Mocxosckuii 2ocydapcmsennviii ynusepcumem um. M.B. Jlomonocosa, zeozpapuueckuii u 2eoiozuueckuil ¢p-mol,
119991, Mocxea, Bopotwesot zoput, Poccusi, Vasilch@geol. msu.ru

PaccmaTpuBaeTcst BBICOTHBIN M30TOIHBII IPAJIEHT B CHEXKHOM ITOKPOBE Ha JIEZIHUKAX PA3HbIX TOPHBIX
PETHOHOB M OCHOBHBIE TIPMYMHBI HAPYIIEHHS] BBICOTHON M30TOMHON 30HaIbHOCTH. O6CyKIal0Test Hanbosree
YaCTO BCTPeyaloliecs 3nadeHus rpajnenta. [lokasano, 4To BEICOTHBIH H30TONHbINA ahdeKT BbIpazkeH 0ObIYHO B
3MMHUX OCAJIKaX, JJETOM JKe, KaK MPaBHJIO, 3aBUCHMOCTb N30TOITHOTO COCTaBa IIOBEPXHOCTHOTO CHETA OT BBICOTHI
MeHee BBIPAKEHA UIN OTCYTCTBYET, YTO CBSI3AHO C XaPAKTEPOM BBIIIAIEHNS CHera 13 001aka. 3UMOil CHer 00br-
HO BBITIAJIAET IO Mepe morbeMa 06J1aka BBEPX M0 CKJIOHY, a JIETOM — Jartie u3 obJaka, HaXo/SIIerocst Ha O[HOM
BBICOTHOM YPOBHE NJIH CITyCKAIOIerocs BHU3 O CKIOHY.

Jlednuru, cmabuiviole U30Mmonvl KUCI0poOa u 6000P00A, CEENCEELINAGUIULL CHEZ, CHENICHLL NOKPOB, BbLCOMHDILL
USOMONHBLU 2PAOUCHIN, CE30HHOCTIL

ALTITUDINAL GRADIENT OF §'80 AND 3D IN PRECIPITATION
AND SNOW COVER IN HIGH MOUNTAINS

Yu.K. Vasil’chuk, J.N. Chizhova

Lomonosov Moscow State University, Departments of Geology and Geography,
119991, Moscow, Vorobyovy Gory, Russia, Vasilch@geol.msu.ru

The altitudinal isotope gradient of snow cover of glaciers in different mountain regions is considered together
with the main causes of infringement of altitude-isotope zonality. Generally observed values of gradient are
discussed. It is shown that the altitudinal isotope effect in glaciers is expressed usually in winter snow, in summer
the isotope composition of surface snow is independent of the altitude depending on the character of snow
precipitation. In winter the snow falls as a cloud lifts up along a mountain slope. In summer it may often fall when
a cloud stays at one height level or moves down a slope.
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BBEJAEHHUE

[lenb cTathu — nccye0BaTh BEPTUKAIBHOE Pac-
npezenenue §'80 u 8D B cBesKeBbIIABLIEM CHETE JIe/l-
HUKOBBIX U HEJIE[THUKOBBIX TOPHBIX PAllOHOB, Mpo/ie-
MOHCTPUPOBATh HAJUUME BBICOTHOW M3OTOIMHOM
30HATBHOCTHU (TIOSICHOCTHN), TIOKA3aTh CE30HHOCTH
MPOSIBJIEHUS BBICOTHOU M30TOMHON 30HAJIBHOCTU B
CHEXKHBIX Ocajikax. /[y 9TOTo MOMUMO HaITUX Ha-
GurofieHUi Ha JieHIKaxX KaBkasa ObLIM IPUBJIEYEHBI
HauboJiee TTOTHbIE U30TOMHBIE 3AMUCH JIJIST IPYTUX
ropHBIX paiionos. B pabore [ Bacuivuyx u op., 2005]
MBI CKOHIIEHTPUPOBAJIN BHUMAaHUE HA BBICOTHOM M30-
ToHOM 2 deKTe, HAOMIIAEMOM B CHEKHOM TIOKPOBE
Ha neaauke Fapabamm 10KHOTO ckiIoHa DIbOpyca.
371ech Mbl XOTEH Obl IPUBECTH HOBBIE TTOJYYEHHbIE
HaMU U30TOITHBIE JIAHHBIE TTI0 ATOMY JIeTHUKY, & TAKKe
PaCIIUPUTH COTIOCTABJIEHNE U30TOTHBIX JAHHBIX C
NIPYTUMU JIETHUKOBBIMU 1 HEJIETHITKOBBIMU PaiioHa-
MU MUpA.

B3anmocBA3b U30TOTHOTO cocTaBa aTMocdep-
HBIX OCAJIKOB C BBICOTOI MECTHOCTHU BIIEPBbIE UCCJIe-
nosana B. /larcropom, kotopsiii B 1953 1. yeraHoBmI

© 10.K. Bacumnbuyk, I0.H. YUuzkosa, 2010

Hamuue BbicoTHOro addexTa namenenus 580 B ar-
MochepubIx ocaakax [Dansgaard, 1953].

I. Mosepom u B. Illtuxmnepom |Moser, Stichler,
1970] na cxinoHe Monbana 66110 3aUKCUPOBAHO,
yTto Kak/pie 100 MeTpoB BbicOTHI 3HAYeHU dD B cHe-
re yMeHbIIAIKCh Ha 3—5 %o (puc. 1).

B Yusniickux Aupax ajs cpeiHeMecsIHbIX
0CaJIKOB Ha PETPE3eHTATUBHBIX CTAHITUSX TIOJYyUYEeHO
MHTEpPEeCHOe MPOsIBJIeHNE BBICOTHOTO addeKTa — B
nuanasone BeicoT ot 0 10 1500 M rpagueHT ymMeHbIie-
nus 880 ¢ BuicoToil cocrasaser 0,8 %o0/100 M, a
Boiie (710 BoicoTol 4500 M) 3HaYeHMe rpafueHTa CHH-
xaercs 10 0,2 %o0,/100 M [Schotterer et al., 1996].

Jlns snauennii §180 naubosiee yacTo BeTpeyaer-
¢4 BepTHKaIbHbI rpaguent ot —0,15 10 —0,6 %0,/100 M
[Epstein, 1956; Friedman et al., 1964; Craig, Gordon,
1965; Moser, Stichler, 1970; Vogel et al., 1975;
Siegenthaler, Oeschger, 1980; Holdworth et al., 1991].
PaccmotpuM anHbIe 110 BEPTUKAIBHOMY paciipejie-
JIEHUTO NB0TOMHBIX 3HAYEHUI B TIOBEPXHOCTHOM CHETE
1 aTMOC(EPHBIX OCAIKAX B JIEJIHUKOBBIX M HEJIEHU-
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Puc. 1. 3aBucumocts °H cBeskeBbINaBIIero CHEra oT

BbBICOTBI OTOOPa B ropHOM Maccuse Mono:an [Moser,
Stichler, 1970]:

1, 2 — snauenus §*H nmpumaameskaT ABYyM cepusM oOpasIoB,
0TOOPAHHBIX HA OJHOW U TOM ke BbicoTe Ha pacctosiHun 30 M
JPYT oT ApyTa; 3 — cpeniee snavenne §°H B o6pasiax Ha coot-
BETCTBYIOIEN BbIcOTE 0TOOPA.

KOBBIX TOPHBIX paitoHax: B [Ipuanbbpycoe, B IITy-
Gatickux Anbrax (negank MepHardeprep, ABCTpus),
Ha rope JTHA, B aTMOC(EPHBIX 0caikax DKBA0pa, HA
BOCTOYHOM cKJIoHe AHZI (ApreHTHHA), B Topax AJisic-
ku (ropser Jloran, Mak-Kunimn), Ha negHuke Pobepr-
con B Ckanuctpix ropax Kanasnbl, Ha segnuke bau-
mwyu (Tuberckoe naaro, Kurail), B mpearopbsax
lTmmanaes (paiton Tomep, Yrrapaxann, Muaus), B An-
TapkTuie u Ipennanann.

BbICOTHBIN U30TOIIHBII IPAJIUEHT
B PA3HDBIX JEJHUKOBBIX PATOHAX MUPA

Hamu ObLM BBIIOJIHEHBI K30TOIHBIE UCCEA0Ba-
nus caera 3uMoit 2001 . Ha pasHBIX BBICOTAX Ha Jie-
Huke Tapabaliy, pacrooKeHHOM Ha I0KHOM CKJIOHE
Aabbpyca. B pacipenesieHnn U30TOIIHOTO COCTaBa B
MOBEPXHOCTHOM cHere Ha BbicoTax oT 3100 o 3900 m,
OTHOCSTIEMCST K OJTHOMY cHeromnaay 8 ¢eBpasis
2001 r., yeTKO BUJHA BBICOTHAsI 3aBUCUMOCTDH —
yMmenbuienne snadenuii §180 u 8D ¢ ysenuyenuem
BoicoThI (puc. 2). B o6pasiie Ha Boicote 3100 M 3HaUe-
nue 8'80 cocrasuno —17,81 %o (8D = —128,1 %o), a B
obpasie, otoOpannoM Ha Bbicote 3900 M, §180 =
=-28,24 %o (8D = —217,1 %o0), Takum 00pa3oM, Bbi-
cotublit adpdexr cocrasui —1,3 %o 110 5180 1 —11,1 %o
o 8D ma 100 M BBICOTHI.

Cynsa no pacupenenenuto 8'80 u 8§D B ansap-
ckoM cBeskeBbinaBnieMm caere (2001 r.) Ha jgeanuke
Tapabariy 1 npujeraonieM ckaone (¢M. puc. 2), rpa-
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Puc. 2. BoicoTHbIit ©130TONHBIN 3 deKT B cBeKe-

BbIaBLIEM cHere Ha Jeanuke lapaGamu (cHeromaz
8 deppansa 2001 r.):

1-3180;2-38D.

anentsl AS'80 /Bbicota n ASD /BbIcOTa HEOAMHAKOBDI
Ha pa3HbBIX BbIcOTax. B mHTepBase BoicoT 3100—
3400 M oHu ABHO GoJIblILE, COCTABIAL —2,4 %0/100 M
mo A§'80 u —20 %o mo ASD mo cpaBHEHUIO C
—0,6 %0,/100 M 110 AS80 1 —6 %o 110 ASD Ha BbIcOTax
3400-3900 m.

[paznent A3'80 B 30He akKyMy AN JeAHIKA
Tapabamu oueHb 630K K HarboJee 4acTo OTMe-
4aeMOMY B OOJIBIIMHCTBE TOPHBIX PETHOHOB, TJE
3TOT rpagueHT o6bId4HO Bapbupyer ot —0,3 10
~0,8 %0/100 M. 3nauenus xke AS'80 B 3one abasarun
JIETHUKA U [IPUJIETAIOIIEM CKJIOHE AHOMAJIBHO BEJIMKI
U, BEPOATHO, CBS3aHBI C UHTEHCUBHON Pa3rpy3Kou
BOB/YTITHBIX MACC Ha 3TUX BBICOTAX MPU TOACTYNAaX K
JIEJTHUKY.

Hamwu 3ahukcpoBaHo OTCYTCTBUE BBIPAsKEHHO-
T'O BBICOTHOTO U30TOMTHOTO 9(hheKTa B TTOBEPXHOCT-
HOM cHere Ha JiefiHke [apabariv B TIeTHHE CE30HbBI: B
oBepXHOCTHOM cHere 1998 T. BBICOTHBII M30TOTTHBIN
addext orcyrcrBoBaj, a B 2008 r. BhpaxkeH obpar-
Hbiit 9 ekt (puc. 3).
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Puc. 3. OTcyTcTBHE BHICOTHOTO H30TOMHOTO 3¢ (peKTa B MOBEPXHOCTHOM cHere Ha Jeanuke lapabaimu seTom

1998 r. (a) u nerom 2008 1. (6).

OrnpeziesieHIst BBITIOJHEHBI B U30TOIHOIT taboparopu reorpadudeckoro daxynsrera MI'Y Ha macc-criekrpomerpe Delta V.

B IIry6aiickux Asnbrax Ha gegHuke Depua-
rdepuep B nexabpe 2005 I. B IOBEPXHOCTHOM CHEre
Ha Bbicotax oT 500 10 3000 M HaMU He OTMEUEHO TIPO-
SIBJIEHUST BBICOTHOTO U30TONHOTO addekra (puc. 4).

BbICOTHBII M30TOIHBII 5(HEKT ObLI yCTaHOBJIEH
st armocdepubix ocanakoB IIBelinapckux AJibIl.
B xoze uccienoBanus u3oromHoro coctasa ¢ 1994 mo
2001 r. Ha IATHU CTAHITUSX, PACIIOTIOKEHHBIX B AUaTa-
3oHe BbicOoT OT 379 M (ct. Jlokapuo) xo 1950 M
(ct. I'puMcenp) OBLIO IMOIYYEHO CPeAHee 3HAYECHUE
BBICOTHOTO TpaaueHTa oKoao —0,2 %o0/100 M mpm
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Puc. 4. OrcyTcTBHE BBICOTHOTO H30TOMHOTO 3 peK-
Ta B oBepxHoctHoM cHere B IlITyGaiickux Asbrnax
(nrexunk Mepuardepuep, ABcTpust).

Ot60p 11po6 Boimosnua . Iasrosa sumoii 2005 r.

yMeHbleHny cpeaanx snauenuii 3180 ot —9,69 %o B
Bepue (Bbicota 541 M) 10 —13,25 %0 Ha ct. Tpumces
(puc. 5). IIpu aTom 3aKoHOMEpPHOE 00JIErYeHue U30-
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Puc. 5. BeicoTnblii u3oTonusiii apdexr B aTtmMo-
cdepHbIx ocaakax Aubn s nepuoaa 1994—-2001 rr.
[Schiirch et al., 2003]:

1- CpeaHrE 9KCTPEMAJIbHO HU3KNE 3HAYCHU 2 - CpeaHue 3Ha-
YEeHUA; 3 - cpe/inre 9KCTPpEMaJIbHO BbICOKME 3HAYEHU .
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TOITHOTO COCTaBa OCAIKOB C BBICOTOH GBIJIO MOJIYIEHO
He TOJILKO JIJIS CPEHIX MHOTOJICTHUX 3HAYEHUI, HO
IS 9KCTPEMAJTBHO HUBKUX U 9KCTPEMATBHO BBICOKITX
1S 5TOTO paitona snavenuit §180 u 8D [Schiirch et
al., 2003].

Ha megauke Ne 1 Bantryn, B ropax XenarayaH B
Kurae (10:xH0€e okoHYanue TuGETCKOoro miaTo), ObL1o
3aOUKCUPOBAHO TIPOSIBIIEHNE “HOPMAIBHOTO” BBICOT-
HOTO M30TOTTHOTO 3(h(deKTa B TOBEPXHOCTHOM CJIOE
3UMHETO CHETa W CBEKEBBITIABIIIEM JIETHEM CHETe, TIPH
3TOM B JI€’KAJIOM CHE’KHOM MOKPOBE B JIETHUIT CE30H
orMedeHa “obOpaTHas” BBICOTHast M30TOIHAS 30HAJIb-
HOoCTh, OOPasIbl CHera 3MMHETO Ce30HA OTOUPATIICH B
nos6pe 2002 r., erHero — B uioje 2000 r. B summmii
ce30H Ha TpaHcekTe oT BhicOoThl 3200 mo 4900 m B
CBeXKeBbINaBIIEM cHere cpejanee 3Havenue 880 =
=-10,56 %o, a rpaguent 8'80/BbicoTa cocTaBuUn
-0,22 %0 /100 M (puc. 6). Jlerom 110 3HaueHuAM 5180
B JIEJKQJIOM MTOBEPXHOCTHOM CHETe BBIIIEe CHETOBO
auaun (4800-5050 M) ObLa BBIABIEH 0OpaTHBIN
BBICOTHBIN addekT (cM. puc. 6) — npu cpegHeM
sHaueHun 880 = —6,57 % rpajueHT COCTaBUII
1,37 %0/100 ™ [Pang et al., 2006]. IIpu aTOM B JI€T-
HEM CHeTOTajie HuKe cHeroBoit mann (4420—4750 m)
“HOPMAaJIbHBII" BBICOTHBIN U30TOITHBIN 3((EKT SIPKO
BbIpaskeH u coctaBui —1,3 %0/100 M ipu cpegHuX
snauenuax 8'80 cuera, pasubix —9,48 %o0. ABTOpPBI
YKa3bIBAIOT HA BOSMOKHYIO TPUUMHY TAKOTO GOJIBINO-
TO 3HAUYEHUS U30TOTHOTO IPAUEHTA: HECMOTPS Ha TO
YTO JIETHUI CBEKEBBINABIINI cHer ObLI 0TOOPaH Bee-
TO JIUIIb Yepe3 JeHb MOocJe BBIaeHNUsI, OH MOT MO/ -
BEPTHYTHCS UCIIAPEHHIO U TASTHUIO, KOTOPOe YCUJINBA-
€TCS C MOHMKEHUEM BBICOTBI, U TIOATOMY Ha MEHBIITUX
BBICOTAX CHET MOKET M30TOMMUECKH 060TaIaThCs 10
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Puc. 6. lIposiBienne “HopMaIbHOTO” BBICOTHOTO
U30TONHOro 3P deKTa B CBEKEBbINABIIEM 3UMHEM
M JIETHEM CHEre U “00paTHOr0” BHICOTHOTO M30TOII-
HOrOo 3(peKTa B Je:KaIOM JeTHEM MOBEPXHOCTHOM
cHere Ha jgeanuke Ne 1 baumyu (Kuraii) [Pang et
al., 20006].
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Boicornbiii rpaauent 580 aus cemu cneronanos
Ha jeanuke PoGeprcon (Cranucrtsie ropoi, Kanama)

[Moran et al., 2007]
Ig;ggl_) Jlara BolnaieHust [lata or6opa Ipaauent,
cHera 06pasIos %0/100 M
naja
1 10-11.02.2002 15.02.2002 0,5
2 15-16.03.2002 17.03.2002 -0,3
3 28-30.10.2003 07.11.2003 1,6
4 10-11.11.2003 14.11.2003 0,7
5 01-03.01.2004 07.01.2004 1,8
6 23-31.01.2004 17.02.2004 0,3
7 27.02-07.03.2004 07.03.2004 -0,02

CPaBHEHUIO CO CHETOM Ha OOJIBIIINX BBICOTAX, UTO yBe-
JIMYUBAET 3HaueHue rpaarerTa. Ham 510 oObsicHeHe
He TIPEICTABJSETC TAKIM YK OU€BUIHBIM, TTOCKOJIb-
Ky 32 CyTKU Ha BBICOTAX BbIIIe 4 KM MeTaMOpP(hu3M
CHeTa BPSIJI JIU MOKET OBITh CTOJIb 3HAUUTENbHDIM,
cKopee, TPUINHON SBJSETCS MePBUYHAS BHICOTHAS
nuddepenuanusg 3180 B cBekeBbITIABIIEM CHETE.
B aToMm uccreioBanuy OTYETIUBO BbIPAKEHA CE30H-
HOCTb BBICOTHOTO M30TOITHOTO PaCIpe/ie/IeHns U Tpa-
JTUEHTA.

BwicoTnslit nzoronusiii adext nayvancs Ha
genuuke Pobeprcon B CranucTbix ropax Kanazbr, —
OBLIIO UCCIIEIOBAHO U3MEHEHVE H30TOTTHOTO COCTAaBa
CBEKEBBITIABIIIETO CHETA CEMU 3MMHUX CHETOMA/IOB B
manasote Boicot 1800—3000 M (Tabir. 1).

B cueromanax Ne 7 u 2 T.A. Mopau ¢ coast. [Mo-
ran et al., 2007] 3adurcupoBasn OTPHUIATETIHHYIO
BEJIWYMHY TpaameHTa, coctapisionyio —0,02 n
—0,3 %0,/100 M COOTBETCTBEHHO, B OCTAIHHBIX CIIyUYa-
SIX BBITIA/IEHUST OCAIKOB BBICOTHBII M30TOIHBIN Ipa-
JUEHT OBLI MOJIOKUTENbHBIM (puc. 7). [l Kaxaoro
CHETOIaJIa N3yJasiach CHHONITUIECKAS CUTYaIHsL. ITO
n3ydeHue 1mokasamuo, uto cHeromaabl Ne 2 u 7 (cpen-
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Puc. 7. Pacnpenenenue 3HayeHmit 3180 B cBeskeBbI-
nmaBlIEM CHere IO BbICOTE Ha JeAHuke PobGeprcon
(Cxanucrbie ropol, Kanaga) [Moran et al., 2007]:

1—-7— HOMEpa CHEromna/0B.
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nue 3navenus 880 g kotopbix coctaBun —26,5
n —23,0 %o COOTBETCTBEHHO), IPOIIEAIINE B MapTe,
COTIPOBOKJIAJUCH TTOAHATUEM BO3/YIIHBIX MACC 110
CKJIOHY, cHeromaabl Ne 1, 4, 6 (peBpasib, HOIODB, (eB-
paJib), B KOTOPBIX TPAJUEHT OBLI MOJIOKUTETHHBIM, HO
He mipeBbiman 1 %o/100 M Ipu cpeHUX 3HAYCHUSIX
8180 = -22,6, -27,7, —22,0 %o COOTBETCTBEHHO, OBLIN
Pe3yJIBTaTOM 3aIaJIHOTO TIEPeHoca, a CHeromaabl Ne 3
u 5 (HOs16pb, SIHBAPh), B KOTOPHIX TPAUEHTHI M0JIO-
JKUTETHHBI M BeChbMa 3HAUNTETbHBI TIPU CPEIHUX 3Ha-
yenusx 880 = —30,0, —29,5 %o, — pe3y/IbTaTOM ceBe-
pO-3amaiHoOTO IepeHoca BO3AYNIHbIX Mace [ Moran et
al., 2007].

HawuboJiee MHTEPECHBIM B 9TOM UCCJIET0BAHUU
SIBJISIETCST TO, YTO MOJOKUTETLHBII TPAUEHT, T. €. 00-
paTHBII BBICOTHBIN N30TOMHBIN 3(heKT, OTMeUeH B
CBEJKEBBITIABIIEM CHETe KOHKPETHOTO CHEromnajia B
3uMHUI ce30H. Kak mpaBuio, oOpaTHbII BBICOTHBII
MU30TOTHBIN A(DDEKT TPOSBISIETCS, KOT/Ia AHATUUPY -
10TCS1 06PA3IBI VIUTENBHOTO HAKOTIJICH VST (MECSYHBIE,
CE30HHbBIE WJIN TOJIOBBIE CJIO ), KOTOPbIE TIPEICTABIIS-
10T Pa3INYHble BPEMEHHBIE CEPUU OTJIOKEHUS CHEeTa
Ha Pa3HbIX BBICOTAX.

BoicoTHbiit nzoTomnHeiil ahdexT ndydasucs B ro-
pax Amsicku. MccmenoBaanuch CHEXHBIE OCANKUA 1
CHE)KHBIN TOKPOB B PA3JIMYHBIX MECTOIOJIOKEHISX
(ot mobepesxbs 1o eanuka Jloran (ropa Jloran)) Ha
pasuabix BbicoTax (ot 4000 1o 6000 m). Ha puc. 8
npejcrabiennl cpepnue snadenus 880 na 19 cran-
[UAX OT mobepeskbs 0 JefHIKa. BuaHo, uTo Ha pas-
HBIX BbICOTaX 3HaueHus rpaauenta 8'80 /Bpicora cy-
mecTBeHHO naMensores: oT 0 o 2000 M rpaguenT
coctaBui okono —0,65 %o/100 M, a Ha BhICOTAX
2000-6000 m 3Hauenue rpaguenta —0,3 %o/100 M
[Fisher et al., 2004].

WccnenoBanus BBICOTHOTO U30TOMHOTO 3 her-
ta Ha gegHuke /lenanu (ropa Mak-Kuumu, Anscka)
[ Vachon, 2003] nokasanu cyiuiecTBOBaHHE OYEHD
GOBIIMX BapWaluil BeJUYNHDI TPAJMEHTA Ha Pa3-
HbIX BBICOTAX: B CBE)KEBBINIABIIEM CHETe Ha BBICO-
tax ot 2200 1o 3000 M rpaguent 880 cocrasu
—0,3 %0/100 M (cMm. [ Bacunvuyx u op., 2005, puc. 3]),
a #a Boicotax ot 4000 1o 5200 M B TOM e CBeKeBbI-
nasieM cHere rpaguent coctaBua —0,9 %o0/100 M.
B nuamasone Boicotr 5600—-6100 M 110 M30TOMHBIM
3HAYEHUSIM CHeTa B IIypdax IMoIyyeHa aHOMaIbHas
BesmumHa rpaanerTa —1,58 %0,/100 m. [lepecuet uso-
TOTHBIX 3HAUYEHWH B TPAAMEHT MOHWKEHUS TeMIle-
paTypul ¢ BBICOTOU TTOKA3aJI, UTO TaKOW 3HAUUTEJIh-
wbiii TpaguenT (10-20 u gaxe no 40 °C/xm), oTme-
yeHHbII Ha epnuke denanu [ Vachon, 2003], ne ouennb
peaTMCTHY€eH HU JIJISl CYXUX, HU JIJIST BJIasKHBIX ajifa-
Garnueckux (T. €. B BO3/LyXe, HACHIIIEHHOM BOJSTHBIM
mapom) ycJaoBuii. Bo3MOKHO, 00GHBIE TPAEHTHI
U3MeHEHUSsT TEMIIEPATYPBI C BBICOTOI MOTYT CYIIIECT-
BOBATh TOJHKO B YCJIOBUSX, KOT/IA YACTh TEIJIOTO
BO3/IyXa [BUIKETCS] BBEPX 110 CKJIOHY CKBO3b OKPY’Ka-
TOIUI XOJIOZIHBINA BO3/IYX /10 TeX Mop, TToKa TemIepa-

6ﬁ
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Puc. 8. BoicoTHblii u3oTonHbiii 3pPexkt B cHere
Aunsicku [Fisher et al., 2004]:

1 — cpemHerofioBble 3HAYCHUS 8180; 2 — momenn; 3 — obaacTb
MO/IEJTUPOBAHUSI.

Typa MOJHUMAIOIIETr0Cst BO3Ayxa OyAeT BbIIe OKPY-
JKaroliel X0JM0HON BO3AYITHONW Macchl. VIMeHHO 3TO
OBLIO OTMEUYEeHO Ha JiefHuKe JleHanu Ha AJiscke, Tie
Ha BbicoTax Bbiiite 5500 M TeMIepaTypHblil rpaiueHT
nocturan 20—-23 °C/xm. IIpoucxoamnmo ato Beaen-
CTBUE BTOPKEHUS TEILIBIX IIUKJIOHOB B CyXOU XOJIO]I-
HBIH TportochepHbIil BO3ayX. CuuTaercst, YTo KOHTAKT
MEJK/y TETJIBIM U XOJIOJHBIM BO3/LyXOM MOJKET IPHU-
BOJIUTD K 04€Hb OBICTPOMY YMEHBIIEHUIO TEMIIEPATY-
PBI C BBICOTOIA, T. €. 6OJIBIIOMY 3HAYEHUIO TeMIIepPa-
TypHoro rpaauenta | Vachon, 2003].

3asucumocts snavenuii 8'80 u 8D oT BbICOTHI
MIPOCTIEKUBAETCS M B TIOBEPXHOCTHBIX CIOSX CHEKHO-
ro mokpoBa AHTapkTuabel 1 [pennanann. OxHAKO BEI-
COTHAs U30TOIHAS 30HAJIBHOCTb B AHTAPKTUJIE UMEET
cBom ocobernHocTH. Tak, 3Hauerns 8180 u 8D B cHere
u ¢upHe, orobpaHHOM B KpaeBoii 30He BocTouHoii
AnTapxruael HUKe 1000 M Haz ypoBHEM MOPS, TOUTH
He 3aBUCST OT BBICOTBL. ITO 00bSICHSIETCS XapaKTEPOM
perbeda aToit yacT AHTapKTHU/IB, T/le HA PAcCTOs -
Huu Beero 40—50 kM 0T o6epesKkbs BbICOTA IIOBEPX-
Hoctu pocturaet 1000 M. Boicora 1000 M mpumepHO
COOTBETCTBYET HUKHEMY YPOBHIO BbITIAZIEHUS OCAJI-
KOB, U TEMIIEPATYPBI Y MTOBEPXHOCTHU JIEITHUKOBOTO
MTOKPOBA HE OTPa’KAIOT MEePBOHAYATBHBIX YCIOBUM
KoHleHcanuu armocdepnoii Binaru. [loutu nocrosin-
HBIIl UBOTOIHBII COCTAaB cHera B 6eperoBoil moJjoce
MOKeT ObITh 00YCI0BIEH BETPOBBIM IIEPEpacIIpee-
snenneM [Bacunvuyx, Komasxos, 2000].

Jpyroii IpUYMHOI CIyKUT abJIAIMsl, 3aTparuBa-
FOTI[ast TJIABHBIM 00Pa30M JIETHUE OCAKU U YMEHbIIIa-
011asiCs BBEPX 110 CKJIOHY. OTCYTCTBUE CBA3U MEXKTY
MTOBEPXHOCTHBIMU TEMIIEPATYPAMU 1 TEMIIEPATYPaMK
KOHZEHCAIMK OCAIKOB, BEPOSITHO, OOBACHSIET U Pe-
3yJIBTaThl N30TOIHBIX NCCIe/I0BaHNH Ha KynioJie Jloy,
rae abcosoTHag BbicoTa uaMensiercs or 300 mo
1400 m na nporsixkennu 100 kM. BoicoTnblii u3oTot-
HBII 9ppeKT oKazazcs 3xech HIKe okugaemMoro. Of-
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HAKO 10 JaHHBbIM 23 cTaHInii AHTaPKTUYECKOTO TI0-
JgyoctpoBa (cormacuo coobuieHnto B. [lancropa),
snauenus 880 (ot —12,6 10 —27,9 %o0) B MHTErpasb-
HBIX TIPO6axX, OTOUPABHINXCS U3 CKBAKUH HA TIPOTS-
xenuu 15 JieT, XOpoIo KOPPeaupyioT ¢ TeMIepary-
poii Ha raybute 10 M, a 3aBUCMOCTH M30TOTTHOTO
COCTaBa OCAKOB OT TEMITEPATYPHI YIOBIETBOPUTEb-
HO OIHUCBIBAETCSI TPOCTOI PeIeeBCKOI MOJIEJIBIO.

B orsiuurie ot IpuOPEKHBIX CTAHIIUN BCe BHYT-
PUKOHTUHEHTAJIbHbBIE TPEHJIAHICKIE U AaHTAPKTHYEC-
Kue craHimu, Haxomsiuecs Boinie 1400 M u gajee
100 kM oT moGepeKbs, MOKA3HIBAIOT OOBIYHBIN U30-
TonHbIi 5hdeKT, T. e. yMmenbluenue snadenuii 380 n
3D ¢ yBemueHHEeM abCOFOTHON BBICOTBI MECTHOCTH.
B 1esom 1 B cpaBHUTETBbHO TTPOCTOM pesibedhe AH-
TapkTUAB! U [peranmu, u B 60J1ee CI0KHOM TOPHOM
penbede ymenbuenue 8'80 ma 100 M BBICOTBI HaXO-
murest B ipenenax (—0,5 £ 0,35) %o [ Bacurvuyx, Kom-
askos, 20001].

BBICOTHBI U30TOMHBIN T'PAIAEHT
B HEJIEJTHUKOBBIX TOPHBIX PAMOHAX

B HeseTHUKOBBIX TOPHBIX pafloHAX JIsT BEJTUYH-
HBI BBICOTHOTO N30TOITHOTO I'PA/INEHTA TaKKe OTMeya-
eTcst BapruabeqbHOCTh B 3aBUCUMOCTH OT BBICOTHI U
Ce30Ha BbIMAJIEHUST OCAKOB. YMEHbIIIEHNE BEJTUIIHDI
BBICOTHOTO M30TOITHOTO IPaJieHTa MOKHO HAOIIOIaTh
B U30TOITHOM COCTaBe aTMOC(EPHBIX 0CAKOB HA BOC-
TOYHOM CKJIOHe AHJl B APTeHTHHE, TJie OH COCTABUT
—0,6 %0,/100 M Ha BbIcoTax 10 2000 M 1 —0,2 %0/100 M
Ha BbIcoTax Oosree 2000 M [ Vogel et al., 1975].

HabuoaeMblii BBICOTHBIN U30TOMHBII a(herT
10 8'80 cocrasnsger ot —0,1 10 —0,6 %0,/100 M, 06bIY-
HO yMeHbInasich ¢ Boicotoil [ Vogel et al., 1975]. s
npubpeskHbix paitonos CIITA BbicOTHBIN 9 dEKT 0
8D cocraBun —4 %0/100 ™ [Friedman et al., 1964],
X. Mosep coobuaer a1 [epManny BeIUYUHY U30-
TOTIHOTO TPafrieHTa Mo BOAOPOAY —2,5 %o0/100 M, a

1500 1
0,55 %0/100 m 3,8 %0/100 M
1250 . B
‘B @ -
s R B -
Eﬁ = P
8 1000 + ill... B = B
r i | ’
m | . i -
! ‘m | @-.m
750 ' - B ;
500 = ‘I T T T T wl T T T T
-10 -9 -8 -72 -68 -64 -60-56 -52

5180, %o 5D, %o

Puc. 9. IIposiBiieHne H30TOMHOTO BbICOTHOTO 3hpeK-
Ta B I0’KIE€BBIX OCaJIKaX HU3Korophs [umaaes.

ITyHKTHPHAA JIMHKI — U30TOIHBIN COCTAB BOADI pyubs [Shivan-
na et al., 2008].

18

g Y rpaanedT usmMenerus 8D ¢ BBICOTOMH cocTa-
B OT —1 710 —4 %0/100 M.

N3meHenme xapakTepa BBICOTHOTO U30TOTTHOTO
rpanuenta 3aUKCUPOBAHO TAKIKe [IJIsT TOKIS Ha TOpe
Irna [D’Alessandro et al., 2004]. Har. 9THa B TeueHue
Tpex Jet (¢ okTa6psa 1997 no okrsa6ps 2000 1.) usme-
PSLJICST MI30TOITHO-KUCTOPOIHBIN COCTAB IOK/IsT HA Pa3-
HBIX BBICOTHBIX YPOBHAX (0T ypoBHs Mop4 710 2900 m)
U TIOJIyYEHBI /[BA 3HAYEHUS BLICOTHOTO M30TOTTHOTO
rpaguenta, paBubie —0,27 %o0/100 M 17151 BBICOT 110
1000 m u —0,06 %0,/100 m a1 1000—-2900 M. B rmk-
Hell BBICOTHOH 30He MOJIYYeHHBIN TPaineHT KOPpein-
PYET CO CpeIHNM 3HAUEHWEM JIJIST HU3KOTOPHUI, KOTO-
poe cocrasisiet —0,28 %o0,/100 M [ Poage, Chamberlain,
2001], 3a uCKIIOYEHUEM BICOKOITUPOTHBIX PETHOHOB.
B Bepxmeit BICOTHOI 30HE 3HAUEHNE TPATUEHTA CUJTH-
HO MaJ[aeT, IPU 3TOM HEKOTOPBIE aBTOPbI, HA0OOPOT,
OTMEYaroT TeHIEHIUIO BO3PACTAHUS IPAJUEHTA C BbI-
cotoii [Scholl et al., 1996]. 3nech HabOKAETCS TA JKE
0COOGEHHOCTD, YTO U YCTAHOBJIEHHAS HAMHU HA 10)KHOM
ckytoHe DIbOpyca, KoT/ia Ha HeOOMBIITIX BHICOTAX TPa-
JUeHT GoJiee BBIPAKEH, a ¢ BBICOTOH PE3KO yYMEHb-
maeTcst, XoTst abCOMOTHBIE 3HAYEHUS TPAIUEHTOB Ha
DubOpyce U T. DTHA 3AMETHO PA3IHUYAIOTCSL.

Ha ceBepo-3amnaje Kanapi, rjie ObLJI0 yCTAaHOB-
JIEHO MHTEPECHOe pacripe/iesieHIe N30TOITHBIX 3HAUe-
HUil Ha BBicoTax Oosee 1750 m [Holdsworth et al.,
1991], obHapysKeHBI [iBe “HOPMasIbHBIE” TPaIHEHTHDIE
30HbI (nHTEpBaJIb! BBIcOT 1750-3350 11 5300—-5930 M),
pasieicHHbIe 30HON Ge3TPaJIMEHTHBIX M30TOMHBIX
suavenuii (ot 3350 10 5300 M). ABTOPBI 0OBSICHSAIOT
9TO CYIIECTBOBAHUEM JIBYX BEPTHKAJIBHBIX 30H, JIJISI
KOTOPBIX UCTOYHWKHU BIATH HAXOAATCS B PA3HBIX TPO-
nocepHbIX 30HAX, PAa3/IeJ€HHBIX CJTO0EM CMeIleHUsT
Bo3aymHbix Mace |Holdsworth et al., 1991; D’Ales-
sandro et al., 2004].

P. Tonduantunu ¢ coasropamu [ Gonfiantini et
al., 2001] uccenoBaau MPOSIBJIEHHE BBICOTHOTO M30-
torrHOTo 3(hhexTa B ocagkax Ha r. Kamepyn B Adpuke
U BJIOJIb IBYX TPAHCEKTOB OT P. AMa30HKHU JI0 BBICO-
koropHoro miato Aisrutiiano B bonusun. B Bosu-
BMHM OTMedeHbl Hu3kue 3navenust 8180 u §D B seTHux
JIOKJISTX M BBICOKME B 3UMHUX ocazikax. [Ipu aTom co-
otnomenne 8D u 880 nuneitno n umeer koaduim-
eHT 7,5. BbICOTHBIN M30TOMHBIN TPAJMEHT JIJIsI IBYX
TpaHcekToB bommBum B muamazone BeicoT 0—-6000 M
cocraBus —0,24 %o0,/100 M. Ha rope Kamepyn BoicoT-
HBIH M30TOMHBIN rpagreHT cocTaBua —0,15 %o0/100 M
B auanasone Boicor 0-4000 m [ Gonfiantini et al.,
2001].

BoicoTHbIi 130TOMHBIH 2h(heKT BEIPAKEH B TOK-
JIeBBIX ocaZikax npenropbd [umanaen. B patione [o-
mwep, Yrrapaxaug (Mumusa) oréupanuch o6pasiisl
JIOKJIEBBIX BOJI B TeueHue CeHTAOPst 1 ekabpst 2004 T,
BBICOTHBIH rpajineHT Ha Bbicotax 750—1200 m cocra-
Bus —0,55 1 —3,8 %0,/100 m 151 §'80 1 8D coorserct-
BeHHO (puc. 9). VI30ToIHbII cocTaB BOJBI Pyubst OJiu-
30K K COCTaBy HOXKAeBoil Boubl [Shivanna et al.,

2008).



BbICOTHBIN I'PAJIUEHT PACIIPE/IEJIEHUA §'80 U 8D B ATMOC®EPHDBIX OCAJIKAX

B atMocdepHBIX 0ocakax IKBAIOPA, IO MHOTO-
JIETHUM Ha0IIOAEeHUIM, BEICOTHBII N30TOMHBIN (-
ekt mo 8D cocrasua He 60see —1,65 %o/100 M, uTo
coorsercTByeT npumepto —0,16 %o0/100 M no §'80.
ITH TaHHBIE TOTYYEHBI IT0 CPETHETOOBBIM 3HAUCHM-
aum 8D na 12 crannmsax cetu MATAT 3, pacmonosken-
HBIX B iana3one BeIcoT 0 3150 M 0T ypOBHS MOpsI

[Hobson et al., 2003].

CE3OHHOCTD
BbICOTHOTI'O N30TOITHOI'O PACIIPEAEJEHUA

Kak n3BecTHO, HaTIYMe BBICOTHOTO U30TOITHOTO
addekTa cBSI3aHO ¢ 3aKOHOMEPHBIM TIaZIcHUEM TeMIIe-
paTypbl U IaBIEHUS BOJSTHOTO TTapa ¢ BHICOTOH. Y. 3u-
renrasiep u X. durrep | Siegenthaler, Oeschger, 1980]
paccunuTaN OTHOCUTEIBHOE YMEHBIIEHUE CO/lePKa-
HUs 11apa ¢ BbIcOTOM, paBuoe —3,6 % /100 M (4To BbI-
3BaHo najgenueM Temmeparypsl Ha —0,53 °C/100 m).
Paccuntannblit nMu n30TOMHBIH 3 HEKT coCTaBUI
—0,2 %0/100 m 110 880 1 —1,5 %0,/100 M 110 8D.

Hamwu ycTanoBiieHo, 4TO BepTUKATBHOE pacipe-
nenenue 880 u §D HenocpeaCTBEHHO CBS3AHO C ce-
30HOM HabmoaeHuil. OOBIYHO B 3UMHHUX 0CaKaX
“HOPMaJIbHBIN” BEPTUKAIbHBIN U30TOMHBIN IPAJIEHT
(bukcupyercst HoYTH Beeraa, a B JIETHUX — JIUIIb U3-
pelKa.

OHUM U3 TJIABHBIX U30TOMHBIX 3(PDeKTOB, OT-
MEYEHHBIX TPV BHITIAJICHIN CHeTa Ha jefnuke Tapaba-
1T, SIBJISIETCS] CE30HHOCTH B TTPOSIBJIEHUH BBICOTHOM
M30TOTTHOI 30HAILHOCTH. BepTrKasbHast M30TOMHAS
30HAJILHOCTD 3HAUNTETHHO SpUe BhIPAKeHA B 3MMHUX
ocajKax u cjaabo MPOSBISIETCST UK OTCYTCTBYET B
0CaJIKAX, BBITIA/AIONIUX C aTPeJis TI0 OKTAOpD. JleTHune
oca/IKu yatie o6pasyioTcs TPU KOHICHCAIIUH Tapa B
obyiakax, mepeBaIMBAIONIUX Yepe3 JTUHUO [JTaBHOTO
Kaskasckoro xpe6ra, 1 06pyIuBaroTces anbo euHo-
BPEMEHHO, JINGO MMOCIeI0BATEBHO 13 00JIaKOB, HaX0-
NSATIAXCS TPUMEPHO Ha OJTHOM BBICOTE B TeUEHUE BCe-
IO BPEMEHHU BBITIAJIEHUST OCAIKOB. DTO MPUBOJUT K
BBITIAZICHUIO U30TOMUYCCKU OJHOPOIHOTO CHETA Kak
Ha BePIINHAX, TAK U Ha CKJIOHAX U Ta’Ke B IOJUHAX.
3uUMHUE BO3/YIIHbBIE MACCHI, KAK ITPABIIIO, XOJIOIHbIE
" OTHOCHUTEJbHO cyxue. Jlocturas dabbpyca, OHHI
0OBIYHO MPOJBUTAIOTCST CHU3Y M3 JOJUH BBEPX TI0
CKJIOHY, IIOCTETIEHHO TePSISt BJIAry B Pe3yJIbTaTe CHETO-
MaJI0B, YTO, BEPOSTHO, U SBJSETCS TTaBHBIM (haKTO-
pom hopMUpOBaHUSI HOPMATLHOM BHICOTHON U30TOTI-
HOM 30HAJLHOCTH B 3UMHEM CBEKEBBITIABIIEM CHETE.

Takum 00pa3oM, HapyIIleHUE TPOSIBJIEHUST 9TOTO
adderTa MOKeT ObITh OOBICHEHO HECKOTLKUMMU MTPHU-
yrrHaMu. Bo-niepBbIX, 9TO KPYTJIOrOAMYHOE CHETOHA-
KOTIJICHHE B TOpax, 61arofiapst 4eMy BBITIE CHETOBOI
JIMTHUY HaKaIlJIMBAETCs BECh TOJIOBOY CHET — U 3UM-
HUHT N30TOMMYECCKY JIETKUH, U JIETHUH M30TONMMYECKA
Tskespri. [Ipn aTOM HIMKe CHeroBoil JIMHNK OCTafo-
MUICA CHEKHBIN TOKPOB HE UMeeT BECEHHETO U JIeT-
HETO CHera, KOTOPBI €CJIU U BBIMAAAET, TO OBICTPO

CTAMBAET, OCTABJISISI HA TIOBEPXHOCTH CHEXKHOTO I10-
KpOBa M30TOTMYECKH JEeTKUI 3UMHNN cHer. Takas
CUTYaIUsA MOXKET IPUBECTH K (DOPMUPOBaHIIO 00pat-
HOTO BBICOTHOTO M30TOIHOTO 3h(deKTa B HOBEPXHOC-
THOM CHere, 4To Mbl HabJogann Ha gegnuke [apaba-
i sietoM 1998 u retom 2008 T

Bo-BTopbIX, 3a4acTyto Ha TOPHBIX CKJIOHAX BBITIA-
JIcHIe CHera MPOMCXOANT Ha OJHOM YPOBHE KOHIEH-
canuu, Korga 0oJibioe 00J1aKO PacpoCTPAHAETCS
HaJl CKJIOHOM B 3HAYUTEJHbHOM JAUATIA30HE BBHICOT U
BBITTA/IAIONIMIT U3 HETO CHET UMeET OHOPOIHBIN U30-
TonHbIi cocTas (puc. 10).

Hapymienust BbicoTHOTO M30TOMHOTO 3hheKTa
WU TIposBeHus 06paTHOro sdderra Obuin 3apuK-
CHUPOBAHbI B Pa3HBIX TOPHBIX CUCTEMaXx, HATIPUMED B
Creppa Hesana, B ropax csaroro dimaca (Kanana)
[Holdsworth et al., 1991], B Tunnyxyiie (Adranucran)
[ Niewodniczan’ski et al., 1981], Ha 6oapmmx BHICOTAX
Ha Moub6aane (Opannus) [Moser, Stichler, 1975].
B aTHX cirydasix OCHOBHBIMU IIPUYMHAME HApYIIIEHUI
SIBJISTIOTCSI TIPE0OPA3OBAHUS CHESKHOU TOJIIIU TOCTIE
OTJIOXKEHUST CHETa, yYaCTHE [PYTOr0 HCTOUHIKA BJIATH
nian TypOyJIeHTHOE TepeMelInBaHie BO3IYIIHbBIX
Macc n3-3a oporpaduueckux 6apbepon. Hamomunm,

a

* X
5180 = —28 %o

Puc. 10. @opmupoBaHue BHICOTHOTO H30TOMHOTO
addekTa Npu NPOABUKEHNU BO3AYIIHON MaccChl
B/IOJIb TOPHOTO CKJIOHA CHU3Y BBEPX (@) U OTCYTCTBHE
BBICOTHOTO U30TOIMHOTO 3(ppeKTa npu BhINATEHUH
CHera U3 O/IHOM BO3/yIHOI MAacChl, pacTSIHyBIIeHCs
HaJ BceM CKJIoHOM (6).
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4yT0 B crarbe [Bacumvuyx u op., 2005, puc. 4] Taxxe
OTIMCAHO OTCYTCTBHE BEICOTHOTO U30TOTHOTO A(hhek-
Ta B cHere Ha Jennukax Yanrme-Kxanrmy u /lacyorry
B [mMmanasx u Ha nennuke Jlesuc B Adpuke.

Emte ogHO# npuynHON HapylIeHUsT BBICOTHOTO
U30TOTHOTO 3(heKrTa MOKET OBITH GOIBIIOE PACCTO-
STHUE OT MECTHOTO UCTOYHUKA BJIATH. Takasi CUTyarust
oTMedaeTcs BOIN3M MOPCKOTO MOOEPEKbs U Ha OCT-
poBax, HanpuMep, B Kanasckom ApKTHYECKOM apXu-
nesare, rae badGuHOB 3aMB BHOCUT CyIIeCTBEHHBIIH
BKJIaJl B o6pasoBanue 3amacos Baaru (6osree 20 %) Ha
o0pallleHHbIX K HEMY CKJIOHAX OCTPOBOB. MI30TOIIHbIE
JTAHHBIE TOBOPAT O COUYCTAHUM 3/IcCh IBYX (DaKTOPOB B
mporiecce KoHeHcanuu atmochepHoit Biaaru. Ilep-
BbIii hakTOp — Oporpaduyeckuii, 6aarogapst KOTOPo-
MY IIPOUCXOAUT afnadaTHIecKoe OXJIaKAeHue BO3-
JYIIHBIX MaCC Ha CKJIOHAX, oOpamnieHHbIx K Badduno-
By 3asuBY. BTOpOIii (hakTop — ABMKEHNE MacC BO3/yXa
B CEBEPO-3aMaJ[HOM HaIPaBJeHUU HAJ BOCTOUHOM
4acThio 0-BOB KoposieBbl Esi3aBeTs, Ipu KOTOPOM
IIPOUCXOAUT 00bIYHOE M300apuyeckoe (T. €. IPOUCXO0-
Jisg1Iee Tpu TOCTOSTHHOM JIaBJIEHUN) OXJIasK/IeHUE.
ITH BO3/YIIHBIE MACCHI TPUHOCST OCATKH C OJHOTO
YPOBHST KOHAEHCAIH U HEIIPEPHIBHO 0OEIHAIOT BJIa-
ry uzoronom 80, He uckm04eHo Takske, 4To 1001~
HUTEJBHBIM UCTOYHUKOM BJIATH CIYKUT CeBepHBIi
JlemoBUTHINT OKeaH, OJTHAKO €ro BKJAJ B CHEXHBIN
MOKPOB 0-BOB KaHa/ickoro ApKTHYECKOTO apXuriesa-
ra Menblie Bkiaja baddunona 3anusa.

MosKHO paccMOTpeTH elrie OuH (HakTop, MEHSIO-
U UB0TOIHBII COCTaB. DTO M30TOIHOE 0OOTAIIEHIEe
180 u 2H kanenb 0%/ OpU UX NafeHUN, KOTOPOE
BEJIMKO Ha HeOOJIbIINX BbICOTAX, I/le YPOBEHb 00J1a-
KOB 00OBIUHO BBICOK OTHOCHUTEJIBHO TTOBEPXHOCTH 3€M-
su. AtoT addeKT ObLI Has3BaH “IICEBIOBBICOTHBIM”
[Moser, Stichler, 1970, 1975] n nabmonaicss B MeK-
ropHbIX fojuHax. OboraileHre Magaonx Kameab
MIPU UCTIAPEHUU TTPUBOIUT K 3aMETHOMY yMEHbIIIe-
HUIO BEJTUYUHBI IEHTEPUEBOTO KCIlECCa, U, TAKUM
o0pasoM, JeiTepueBbIil 9KCIeCC MAPKUPYET 9TOT
nporiecc ucnapenus Baaru. OHAKO ST CHEKHDBIX
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Puc. 11. OGaeruenrie U30TOMHO-KUCIOPOIHOTO CO-
cTaBa U H3MeHeHHe BeJIMYHHBI JeiTePHEBOro IKCIecC-
ca B NPOIIECCE BbINAJIEHUS TPOIMYECKOTO JUBHEBOTO
noxas B Caxene [Risi et al., 2009].
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0CaZIKOB 9TOT 3D PEKT MaTO3HAYNM, TaK KaK IIpu CyO-
JIUMAIUY CHEKMHOK (hPAKIIMOHUPOBAHIE HUYTOKHO
MaJio.

OnHUM U3 BaXKHBIX (DAaKTOPOB, BJAUSIONMNX Ha
[POSIBJIEHUST BLICOTHOT'O U30TOIHOTO A(hdexTa, sBJisi-
eTCsl TaK HAa3bIBAEMBI KOJMYECTBEHHBIN 3 deKT,
CBSI3aHHBIN CO CTajMell BBIMAeHNUST aTMOC(EPHBIX
ocaZkoB (cHera Wan 10X/ ). Tak, B Hadaje BbITaze-
HUSI JIMBHST WJIW MHTEHCUBHOTO CHETOTA 1A U30TOITHBII
COCTaB HECKOJIBKO TSKEJIee, UeM B TTOCTEAYIONHX (a-
3ax. JTO MOJATBEPKAEHO KaK MOJEJbHBIMH, TaK M Ha-
TypHbIMU Hab ogeHusamu (puc. 11).

VHTepecHO OTMETHUTH, UTO BHICOTHAST U30TOITHAS
30HATBHOCTb aTMOC(HEPHBIX O0CAAKOB YUUTHIBAETCS
JIasKe MPY PEIIeHNH Te0JIOTHYECKUX 3a/1a4, HalpUMep
P UCCJIEIOBAHIY UCTOPUU OPOTEHE3a U e IIHa-
MUKHU KPYITHBIX F€0JIOTUYECKUX CTPYKTYp. Tak, mo
HU30TOMHOMY €cOCTaBy KapboHaTtoB BosmBHIICKOTO
Ansruniano (1eHTpasbHOoe AHICKOE TLIATO ), IaTUPO-
BaHHBIX [AJIECOMATHUTHBIM CII0COO0M, OBLIO YCTAHOB-
JIEHO, UTO MOJHSITHE TIOBEPXHOCTH C BBICOTHI 1,5 110
3,5 kM mpousornnio Mexkay 10,3 u 6,8 MutH et Hazar,
KOra AJIBTUILIAHO MO/HJIOCH HA COBPEMEHHYIO BbI-
cory | Garzione et al., 2006]. Jlist aTOTO OBLT U3YUYEH
COBPEMEHHBIN BbICOTHBII U30TOMHBIN 3(PDeKT B ocaj-
kax BonmBuiickux Az, KoTopblii coctasu 1o 880
—0,2 %o #a 100 M, a 3aTEM € TIOMOIIBIO TTOJYIEHHON
sapucumoctu (8'80 /BricoTa) onpenesanach najeo-
BbICOTa 00pa30BaHUs KAPOOHATOB.

Ananus BepTukanbHOro pacupegenenus 880 u
8D ¥ BBICOTHOTO M30TOTTHOTO TPaIueHTA TIPU TISATINO-
JIOTUYECKUX MCCIEIOBAHUSX TI03BOJISIET U3YYaTh Xa-
pakTep BBITIa/IeHNsT aTMOC(hEPHBIX 0CAJKOB (JIMBHE-
BBIM MW PAaBHOMEPHBIN ), TPAEKTOPUN BO3MYTTHBIX
Macc, Ce30H NMPENMYIIEeCTBEHHOTO CHETOHAKOTIIEHUS
s JIETHUKOBOTO [TUTAHIIS.

BbIBO/1bI

1. “HopmanbHbIi” BBICOTHBIN M30TOTTHBINA TPA/IN-
€HT B aTMOC(EePHbIX OCa/IKaX 1 CBEKEBLIIIaBIIEM CHe-
re BbIpaskaeTcs B yMeHblneHnu snavyenuii 880 na
0,1-0,6 %o 1 8D Ha 1-5 %o ¢ yBeTMYEHUEM BBICOTHI
Ha 100 m.

2. BesmunHa BBICOTHOTO M30TOIHOTO IPaJiieHTa
He Bcer/ia MocTOSIHHA BBEPX 110 TOPHOMY CKJIOHY. BbI-
COTHBIN TpagueHT 8180 u 8D B HUKHUX YACTSX
CKJIOHOB B OCHOBHOM cocTaBisgeT okoso —0,6...
.—0,3 %0/100 M 110 8'80 11 —5...-2 %0/100 M 110 8D, a
B BepxHUX yacTsax ckaouoB —0,3...—0,1 %o0/100 M 1o
8180 m —2...—1 %0/100 m no 8D. Takoe pacnpesese-
HUe XapaKTepHO [ CJIy4yaeB, KOrjla BHU3Y CKJIOHA
IIPOMCXO/IUT OCHOBHAS Pa3rpy3Ka BO3ILYIIHON MacCHhl,
a B BEPXHUX YaCTSAX CKJIOHOB OCAJKU YyKe MeHee
OOWMJILHBI U UCTOTEHBI TSKETBIMU U30TOTIAMH.

3. “HopmaJibHblii” BBICOTHbBIN M30TOIHbBIN TPAJIN-
€HT OOBIYHO OTMEYAETCSI B CBEKEBBITIABIIEM CHETE
WUV HAa TTIOBEPXHOCTU CHEKHOTO MOKPOBAa 3UMOI.
B netHux ocajikax, Kak B CHeTe, TaK U B IOK/IE, BBICOT-



BbICOTHbBIH I'PAJIUEHT PACIIPE/IEJIEHUA §'80 U 8D B ATMOC®EPHDBIX OCAJIKAX

HBIH U30TOIMHBIN TPAMEHT OOBIYHO BhIPAKEH OUE€Hb
cabo nar BOOGIIE OTCYTCTBYET.

4. OcHOBHAs IPUYMHA CE30HHOCTU ITPOSABJICHUS
BBICOTHOTO U30TOITHOTO 3(heKTa — pa3HbIil XapakTep
BBITIA/IEHUS CHETa B BBICOKOTOPHBIX palfoHaX 3UMOH 1
JIeTOM. 3UMOIi BBITIa/IEHNE CHETa Jallle MPOUCXOIUT
Mo Mepe MofibeMa 00J1aka BBEPX 10 CKIOHY, IETOM —
U3 eIMHOTO 06J1aKa Ha OJIHOM YPOBHE KOHIECHCAIIMH.
EnuHOBpEMEHHOE BBITTaJIEHIE OCAIKOB U3 OHOTO 00-
Jlaka 3UMOM TakK:Ke MTPUBOAUT K HAPYIIEHWIO “HOP-
MaJIbHOTO” BepTUKAJIbHOTrO pacnpepenenus 880 u
4D B cHexkHOM TTOKPOBE.

5. AHOMaIN¥ B BEPTUKAJIBHOM paCIpe/eenuu
8180 u 8D o6wrano HabmogaoTes MO0 B 30HE CMe-
MIEHUsT TETITBIX U XOJIOMHBIX BO3/YIITHBIX Macc, 60
IIPU PE3KUX BTOPKEHUSX TEIIIBIX BO3YITHBIX MACC B
XOJIOJTHBIE CJION BO3/[yXa B BBICOKOTOPHBIX PaiiOHaX.

6. B cHexxHOM MOKPOBE aHOMAJINU B BHICOTHOM
pacnpenenennu 8'80 u 8D cBaszanb ¢ HEOTHOPOAHOI
abJistiineii, Ce30HHBIM CMETIIEHNEM CHErOBOI JIMHUU 1
BETPOBBIM ITEPEBEUBAHNEM CHETA.

Asropsr 6taropapst H.A. Byaantiesy u C.M. Do-
THEBA 32 110JIe3HYI0 AUCKYCCHIO.

Pabota BbITIOTHEHA [TPU YaCTUIHOM (DUHAHCHPO-
Banuu POOU (mpoext Ne 08-05-01068) u Deme-
pPaJTbHOTO areHTCTBA MO HayKe U WHHOBAIUAM (TOC-
koHTpaKT 02.740.11.0337).
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