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YBaxaeMble 1py3bsi!

S pan npuBETCTBOBaTh y4acTHH-
KOB U OpraHu3aTopoB MexayHapo-
HOTO HayyHOro cummnosuyma «Du-
3UKa, XUMHSI M MEXaHUKA CHeray!
Jns pa3BUTHS HAy4yHOM MBICIHA H
MPUKJIATHBIX UCCIIEIOBAHUN B cepe
IJISIUOJIOTUU 3TO MEPOIPUSTHE SB-
JSIeTCSl BAXKHBIM COOBITHEM.

B cumnosnyme npuHUMaroT yua-
ctue yu€Hole U3 46 opraHuzauui
Poccuiickoit @enepanuu u u3 10 3apyOexnbix cTpaH. bonee
100 aBTOpOB IpENOCTaBWJIM CBOM Hay4UHbIE MaTEpHaibl, IO-
CBSILLICHHBIE PA3JIMYHBIM ACIIEKTaM MCCIEA0BAaHUS CHEXHOIO
ITOKpOBA.

CaxanuHckas 001acTh 10 CBOUM MPUPOAHO-KIMMATHYECKUM
YCIIOBUSIM TPHpaBHEHA K CyOapKTHUECKUM pailoHaM 3eMIlH,
TEPPUTOPHUS KOTOPOH, OONBIIYI0O YacTh rojla HaXOIUTCS TOJ
[TyOOKHUM CHEXHBIM MOKPOBOM. W ¢ 3TOM TOYKHM 3peHUs, BbI-
60p HOxHo-CaxannHCKa B Ka4eCTBE MECTa MPOBEACHUS CHM-
IM03MyMa COBEPILIEHHO ONPAaB/IaH.

OOunbHbIE CHEromajbl, aKTHBHAs [HMKJIOHUYECKas Jes-
TEJIbHOCTh, PE3KHE MEpPEenaibl TEMIEPATyp — BCE 3TO CO3AAET
OTPOMHBIE PUCKHU Ul XO3SIMICTBEHHOHN AEATEIBHOCTH OCTPO-
BUTSIH, UX 3710pOBbs 1 6e30nacHOCTH. [loaTOMY M3ydeHune aH-
HOM TIpoOeMaTrky, BHIpaOOTKa HAYYHBIX IMPOTHO30B M IMPAaK-
TUYECKUX PEKOMEHJAINI nMeeT oco0oe 3HaYeHHe ISl Hac.

Hanerock, uro CaxanuH JIJIs BaC CTaHET 3HAUMMOM IIJI01Ia -
KOM, T/Ie BB CMOXKeTe 00CYXkIaTh pa3HbIe BOMPOCHI, KOTOPHIE
Bac BOJHYIOT. Takue BCTPEUYH IOJKHBI OBITH PETYISIPHBIMHU U
3TO CTaHET XOpolleW Tpaauuuei. Kenar BaM HHTEPECHBIX
Y MPOIYKTUBHBIX JUCKYCCUM, HOBBIX MPOEKTOB U OTKPBLITHIA!
VYnauu v Bcero Hauyqmiero!

A. XopomaBuH,
I'ydepnarop CaxaauHckoi o6jacTu



Dear friends!

I am glad to welcome participants and organizers of the
International scientific symposium «Physics, chemistry and
mechanics of snow»! For development of scientific thought and
applied researches in glaciology sphere this action is important
event.

Scientists take part in a symposium from 46 organizations
from Russian Federation and 10 foreign countries. More than
100 authors have given the scientific materials devoted to
various aspects of research of a snow cover.

On the environmental and climatic conditions of Sakhalin
region is equal to subarctic areas of the Earth. Its territory is
under a deep snow cover most part of year. And from this point
of view, the select of Yuzhno-Sakhalinsk as a symposium venue
is absolutely justified.

heavy snowfalls, strong cyclonic activity, harshness
temperature difference are creates a huge risks for economic
activities of islanders, their health and safety. Therefore
studying of the given problematics, development of scientific
forecasts and practical recommendations are special value for
us. I hope that Sakhalin Island becomes a significant platform
for you where you can discuss different questions which excite
you. Such meetings should be regular and it becomes good
tradition. I wish you the interesting and productive discussions,
new projects and opening!

Good luck and all the best!

A.V. Khoroshavin,
Governor of the Sakhalin Region



MexayHapoaHbIl Hayy-
HbI cumnosuym «®Dusuka,
XUMUS U MEXaHHMKa CHETa»
MIPOBOJUTCSA II0 HWHULMA-
TUBe  JlaIbHEBOCTOYHOIO
Te0JIOTMYECKOI0 UHCTUTYTA
JABO PAH npu nogaepxke
JlaJIbHEBOCTOYHOTO OT/IEIIe-
HUA POCCUICKOM akaleMUH HayK U IOCBSIIEH PACCMOTPEHUIO
(yHIaMEHTaJIbHBIX ACHEKTOB HCCIICOBAaHHUS CHEXHOTO IO-
KpOBa B €CTECTBEHHOM 3ajieraHui. Llenp cumnosuyma — aarb
OLIEHKY COBPEMEHHOMY YPOBHIO (PyHIaMEHTAJIbHBIX 3HAHWUN
O CHEre U CHEKHOM IIOKPOBE, ONPEIAEIUTh HAIPABICHUE TIEP-
CTHEKTHUBHBIX MCCIIEI0BAaHUM (yHIaMEHTAIbHBIX CBOMCTB CHe-
ra ¥ CHE’KHOIO ITIOKpPOBA U IIYTHU PEILIECHMS IPUKIAJHBIX 3a1ay.

[Ipy ompeneneHur TEMATHKU CUMIIO3MYMa YYUTBIBAJIOCH,
YTO NPOBOAMMBIE B PoccuUM HayyHbIE MEPOIPUATHSA, MOCBS-
IIEHHBIE MCCIIEJIOBAaHUIO CHEra, Mo OonblIei yacTu paccMma-
TPUBAIOT TeorpaduyecKkue U THIpPOMETEOPOIOTHUECKUE CTO-
POHBI U3Y4YEHUsI CHEIKHOI'O IIOKPOBA, a CIIELMAIU3UPOBAHHBIX
HAyYHBIX MEPONPHUATUNA, TOCBAMIEHHBIX UCCIIEAOBAHUIO (PHU3H-
YECKHUX, XUMUYECKUX U MEXaHUYECKUX CBOMCTB CHEXKHOTIO I10-
KpOBa B €r0 €CTECTBEHHOM 3aJICTAHUH HE IIPOBOIUTCS.

B ManbaeBocToyHOM peruonHe PO cumnosuym «dDusuka,
XMMHSI U MEXaHUKA CHEra» — MepBblid HayuHbIH (GOpyM, TOCBSI-
LIEHHBIN UCCIIEJOBAaHUIO CHEIKHOI'O TIOKPOBA.

B Hacrosmiee BpeMs B Hay4HBIX opranusanusax Poccuiickon
aKaJIeMUM HayK, pacroyiokeHHbIX B CaxalumHCKOH obmactu
MIPOBOATCS NMEPCIEKTUBHBIE HAy4YHbIE UCCIIEIOBaHUs B 00Ma-
CTH U3y4eHUs] PU3NUECKUX U XUMUYECKHX CBOWCTB CHEKHOTO
IIOKpOBa U MOJEIMPOBAHUS CHEKHOI'O IIOKPOBA.

[IpencrapnsieTcs BaKHBIM O3HAKOMHTBH 3apyOeKHBIX Yyué-
HBIX C PE3yJAbTaTaMH MCCIIEJOBAHUI CHETA U CHEXHOTO IIOKPO-
Ba, KOTOpPBIE NpoBOIATCA Poccuiickumu U, B TOM 4ucie, [laib-
HEBOCTOYHBIMU HAayYHBIMHU OpraHU3aLUSIMHU.
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51 Hazeroch, YTO CUMIO3UYM OyJIeT CIIoCOOCTBOBAaTh yKpe-
IJICHUIO CBA3CH M PACIIMPEHUIO KOHTAaKTOB Kak Mexnay Poc-
CHIICKMMHU, TaK MEXy 3apyOeKHBIMH HayYHBIMU OpTraHU3aIH-
SIMM M KICCIIEIOBATEIISIMH.

Axkagemuk A.U. XaHuyk,

Ynen npesupuyma PAH,

nepsbiii 3amecturesb Ilpeacenarens {aabHeBOCTOYHOIO
otaesenusi PAH,

aupekTop /dajJbHEeBOCTOYHOIO reoJI0ruH4ecKoro MHCTH-
tyTa IBO PAH

International symposium «Physics, chemistry and mechanics
of snow» is organized at the initiative of the Far East geological
institute under the aegis of the Far Eastern Branch of Russian
Academy of Sciences to consider basic aspects of natural
snow cover research. The main purpose of the symposium is
assessment of current fundamental knowledge of snow and
snow-cover, discussion of perspective studies of fundamental
snow and snow cover characteristics, and application of the
obtained results.

The topic of the symposium accounts the fact that most of
the earlier scientific meetings on snow and snow cover research
in Russia dealt with geographic and hydrometeorological
aspects, and there were no conferences on physical, chemical,
and mechanical properties of the snow.

This symposium is the first scientific event devoted to snow
cover research ever convened in the Russian Far East.

Perspective research of snow cover physical and chemical
characteristics and modeling are carried out by Sakhalin
institutions of Russian Academy of Sciences.

This symposium is a good opportunity to acquaint foreign
colleagues with the results of snow and a snow cover research
obtained by Russian specialists, the Far Eastern inclusive.
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Hope this meeting will contribute to international
cooperation and contacts expansion between both Russian and
foreign scientific institutions and experts.

Academician A.I. Khanchuk,

Member of the presidium of Russian Academy of
Sciences,

first Vice-President of the Far Eastern Branch of Russian
Academy of Sciences,

director of the Far East geological institute of Far Eastern
Branch of Russian Academy of Sciences.

12



Dear Participant

On behalf of the International
Glaciological Society (IGS), I would
like to add my welcome to you, to
the International Symposium on
Physics, Chemistry and Mechanics
of Snow. IGS is delighted to be
involved as a co-sponsor in this
meeting. We believe that this may be
the first of a long series of symposia on thlS topic, and we look forward to being
involved in future meetings, and in future close co-operation with our Russian
colleagues. I would also like to extend an invitation to those of you who are not
already members of the IGS, to join the Society. I am sorry that due to other
commitments, I cannot be there in person. I believe you will have an interesting
and productive experience in Sakhalin.

As you probably know, the IGS publishes the Journal of Glaciology, a
refereed scientific journal that is produced six times a year. /CE, the news bulletin
of the IGS, is published three times a year and contains reports on snow and ice
investigations around the world, news of symposia and meetings, a glaciological
diary, and other news of particular interest to those involved in any aspect of
snow and ice. Annals of Glaciology is our refereed thematic scientific journal on
a wide range of glaciological and related subjects. IGS has decided to publish an
Annals of Glaciology volume on the Physics, Chemistry and Mechanics of
Snow, and we are now call upon you to submit scientific papers for consideration
for this volume.

Already we are in the process of planning future meetings, which will include
several aspects of glaciology. Next year we are running a symposium in Finland
on ‘Seasonal snow and Ice’ and another in Alaska on ‘Glaciers and Ice Sheets in
a Warming Climate’. We are planning more symposia several years into the
future. So there is much to look forward to. Please keep checking our website
(www.igsoc.org) for the latest news.

I hope you enjoy this Symposium, and I look forward to meeting you at
future symposia on this and related topics.

Yours sincerely
Magniis Mar Magniisson,
Secretary General of
International
Glaciological Society
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Joporue YuactHuku!

Ot umenn Mexnynapoanoro Isuonorndyeckoro OOrie-
ctBa (IGS) s mpuBercTByt0 Bac, yuyactHukoB MexayHapon-
Horo Cumno3suyma «Pu3uka, XUMHs U MexaHuka cHera». IGS
paj BBICTYIHTH CO-OPraHU3aTOPOM CUMIIO3MyMa. MbI nosnara-
€M, YTO STOT CUMIIO3UYM MOXKET CTATh MEPBHIM U3 TTMHHOM Ce-
pUU CHUMIIO3UYMOB, MOCBSIEHHBIX 3TOM TemaTuke. Mbl HaJe-
eMcs Ha CBOE ydacTHe B OyAyIIHMX BCTpedax M Ha TECHOE CO-
TPYAHMYECTBO C HammMu Poccuiicknmu kosuteramu. S npurna-
maro Tex u3 Bac, kto emé ne Bctymw B uieHsl IGS, npucoe-
TUHUTHCA K OOIIeCTBY.

S coxanero, 4To U3-3a IPYruX 00S3aTe€IbCTB HE MOTY IMPH-
CYTCTBOBAaTh Ha CUMIIO3UyM€ JIMYHO. Sl mojararo, CUMIO3UYM
Ha CaxayinHe IpoiieT UHTEPECHO U MPOJYKTUBHO.

Kaxk Ber 3naere, IGS u3maer peneHsupyemblii Hay4yHbIN
xkypHan «Journal of Glaciology», KOTOpbIii BBIXOIUT IIECTh
pa3 B roa. «ICE», oromnerens IGS, u3maércs Tpu pasza B roj
Y COJIEPKUT OTUYETHI 00 MCCIEOBAaHUSX CHETa U JIb/Ia BO BCEM
MHpE, HOBOCTSIX O CUMIIO3UYMax M BCTpedax, MaTepuabl Iis-
LMOJIOTUYECKUX HAONIONEHUI, U IPYrMX MHTEPECHBIX HOBO-
cTax 00 uccnenoBaHuy cHera U Jbaa. «Annals of Glaciology» -
HaIll peleH3UPYyEMbI TeMaTUYECKUI HayqHbIN KypHaJI 1o 00-
IIMPHOM TEMATHKE MNIALMOJIOTMH U CBSI3aHHBIX ¢ Hel Hayk. [GS
MIPHUHSLI perienne o0 uznanuu Homepa «Annals of Glaciology»,
MOJIHOCTBIO NMOCBALIEHHOTO CUMIIO3UyMy «PU3MKa, XUMUSA U
MEXaHUKa CHETa», U Mbl IIpU3bIBacM Bac npenocTaBuTh Hay4-
HbIE CTaThH JUIs MMyOJMKALMU B 3TOM HOMEpE >KypHaJa.

Ceituac MbI TUTAHUPYEM OpPTaHU3ANMIO OyIyIIUX CUMITO3HU-
YMOB, MOCBSIIIEHHBIX Pa3HbIM BOIIpOCaM MsALKoIOTuU. B cie-
JYIOILIeM TOAY MbI TpoBoaAuM B OuHIAHIUU cuMmmio3uyM «Ce-
30HHBIN CHET U €M U Ha AJsicke — «JIeTHUKH U IeA0BBIN TO0-
KPOB B TEIIIOM KJIMMaTe». Mbl IIaHupyeM B OrKaiime rosl
YBEIUYUTh KOJIIMYECTBO CUMIO3MYyMOB. Takum oOpazom, Hac
0KU/Ia€T MHOTO MHTEpeCHbIX BcTped. [loxanyiicta, He 3a0bI-
BaiiTeé CMOTPETh HOBOCTH Ha HalleM BeO-caiiTe (Www.igsoc.

org).
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A HaJACIOCh, YTO Bri HacJIaXxXaacTeCh pa60T0171 Ha CuMmo3u-
yme <<CDI/ISI/IKa, XUMHA U MCXAaHUKA CHCra», U HAJACKOCh BCTPC-
TUTh Bac Ha 6YI[}IHII/IX IAOUOJOTUYCCKHUX CUMITIO3UYMax.

Uckpenne Bam
Magnus Mar Magnusson,

I'enepajbHbIil cekpeTapb
Me:xaynaponsoro Iiissnuonornueckoro Odmecrsa
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P33Ile.]'l I. XuMmuueckue cBONCTBa U BCIIICCTBCH-
Hblii COCTAB CHera M CHe;KHOIro IMOKpoBa; ME€TO/AbI
HX HCCJICA0BAHUA

Part 1. Chemical properties and material

composition of snow and snow cover: methods of
investigation
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HNCCIEJOBAHMUE 3AT'PA3HEHUSI CHEZKHOI'O
MOKPOBA YPBAHU3UPOBAHHBIX TEPPUTOPUIA
(HA IPUMEPE PAOHA JIE®OPTOBO I. MOCKBBI)

Tanuyxaa U. B., Pymanuesa H.A.
Yupeosicoenue Poccutickou akademuu nayk Mucmumym 2eodxonocuu
um. E.M.Cepeeesa PAH, . Mockeéa, Poccus

B Hacrosmee Bpems mpoOiieMa 3arps3HEHHs] BO3IYIIHO-
ro OacceiiHa ypOaHU3HPOBAHHBIX TEPPUTOPHUIl MpUOOpeTaeT
Bce Ooublryio ocTpoty. IIpeacraBnensl pe3ylnbTaThl UCCIENO-
BaHUsI XMMUYECKOTO COCTaBa CHEKHOTO IMOKPOBA HA TEPPHUTO-
puu paitona JlepoproBo FOBAO 1. MockBbl. BaxHocTh nosny-
YeHus] MH(OPMALMU O XapaKTepe U YPOBHE 3arpsi3HEHHOCTH
CHEXXHOTO MOKPOBa OIMpeesiiach CIeAYIOUUMHI TPUUYNHAMU:
1) BO-miepBbBIX, CHEKHBIM TTOKPOB - Cpefia, NCMOHUPYIOIIas aT-
MocC(epHbIe BBINAJCHUS, YTO MO3BOJSET U3YyUYUTh TEXHOTCH-
HBIE 3arps3HEHUs], MOCTYMAIONINE U3 aTMOC(HEPHOTO BO3IyXa
3a KpaTKOBPEMEHHBIH MepHO, 2) BO-BTOPBIX, COAEpPIKAIIHUECS B
CHEXKHOM IIOKPOBE 3arpsi3HSIOLIME BEUIECTBA B IEPHOJ CHETO-
TasHUSL MOTYT MOCTYNaTh ¢ HHPUIBTPYIOUIUMHUCS TalIbIMU BO-
JlaMU B TIOA3E€MHBIE BOJIBI U C TIOBEPXHOCTHBIM CTOKOM B BOJIO-
TOKH U BOJOEMBI.

OcHOBHBIE pE3yNbTaThl MPOBEICHHBIX HCCIEIOBAHUI IMO-
3BOJIVJIM BBISICHUTH CIIETyTOIIIEe.

CHeroBbl€ Tajble BOABI HA PACCMATPUBAEMON TEPPUTOPUU
B OCHOBHOM CJIa0OKHCIIbIE, MaJIOMHUHEPAIN30BaHHbIE, TTOBCE-
MECTHO 3arps3HeHHble HedTernpoaykTaMu. BbISBIEHBI KOH-
TPaCTHBIC AHOMAJIMU XJIOPUIOB, HATPHSI, HUTPUTOB, HUTPATOB,
He(PTENPOAYKTOB, 3.4 OEH3NMMpEHa U POAHATU3UPOBAHBI IIPH-
YHHBI UX (OPMUPOBAHHS. YCTAHOBJICHA TUITMYHAS ACCOIHAIINS
WHAUBUAYAIbHBIX HOJUIUKIMYECKHX apOMaTHUYECKUX YIvie-
BooponoB (ITAY) npencraBnenHas anTpareHoM (mpeooiaa-
IOIUI KOMITOHEHT), 3.4 Oen3nupeHoM, 1.12 GeHznepuiieHoM,
11.12 GensdayopaHTEeHOM, NEPUICHOM, XpPU3EHOM, (PEHAHTpE-
HOM, TIUPEHOM.

AHanm3 pacrpenenieHus MeTajuIoB MOKa3all, YTO B KOJH-
YeCcTBaX BBILIE YYBCTBUTEILHOCTH aHAJIM3a B CHETOTAJbIX BO-
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Jlax MPHUCYTCTBYIOT TOJIBKO IIMHK, Meb U KoOanbsT. bonee yem
B 50% mnpo0 LMHK COAEPXKUTCS B KUAKOW (ase, 4yTo CBs3a-
HO C TEM, YTO B TBEPIBIX YAaCTULAX OMNPEAEIIEHHOE KOJnYe-
CTBO LIMHKA HAaXOJUTCS B paCTBOPUMOI popme: B BOJIE XJIOPHU-
JIOB, OPOMHUIOB, CYIb(})ATOB, MOCTYMAIONIUX C TA30BBIOPOCAMH
TpaHcnopTa. Meab IpenMyIIeCTBEHHO COIEPKUTCS B TBEPIOM
¢aze, 1 MOXKET ObITh MTPEJCTABICHA YACTUIIAMU MEIbCOJIePIKa-
IIMX MUHEPAJIOB U copOrpoBanHON Gopmoii. [lepexon nnHka u
MEAM B )KUAKYIO (pa3y OCYLIECTBISETCS B IPOLIECCE OKUCIIEHUS
U BBILIEJIAYMBAHUS MEIU U3 TBEPABIX YaCTHUI, JECOPOIUH HO-
HOB, aJICOPOMPOBAHHBIX HA ITIMHUCTHIX YACTHUIIAX.

OrneHka 3arpsi3HEHUS CHEXHOTO IMOKpPOBa TBEpAO(]a3HbI-
MU BBINAJCHUSIMU MPOBOAMIACH 10 TMOKA3aTENIsIM IbLICBON
Harpys3Kky, KOHLEHTPALUd U MacC XMMHUYECKHX DJIEMEHTOB B
IBUIM. YUUTHIBAJIOCH PAaclpeeieHUE KaK OT/EIbHbIX 3JIEMEH-
TOB, TaK U MX acCOIUaIlii, 00yCIOBIEHHBIX MMOJIUAIEMEHTHBIM
XapaKTepoM 3arps3HEHUs. YCTaHOBJICHO, YTO TEXHOTEHHAs Ha-
rpy3Ka Ha BO3IYIIHYIO CpEly OMpeesaach B OCHOBHOM pa3-
BUTOH CETHIO aBTOOPOT M BO3JEHCTBUEM pa3HONPO(UIBHBIX
HNPEIIPUITUNA. DKOJIOr0-r€OXMMUYECKUE TEXHOI'€HHBIE acco-
LAIUH, 3arPS3HAIOLINE CHEXHBIN IOKPOB Yepe3 MbLIEBYIO CO-
CTaBJISIOIIYI0 aTMOC(EpHOTO BO3AyXa, 00pa30BaIl T€OXUMH-
YeCKHUe Opeoibl Ccrieln(UYHBIX TUIIOB BCJIEICTBUE CMEIICHUS
BBIOPOCOB TMPOMBIIIJICHHBIX MPEANPUATUI U TPAHCHIOPTHBIX
MarucTpayeu.

B cHEXHOM ITOKpPOBE paclpoCTPaHEH TUI TEXHOIEHHOTI'O 3a-
IPS3HEHUS], XapaKTepHU3YIOMIEHCs Cieayromei 0000meHHon
accormanuen eMeHToB (Iu@pbl cripaBa OT HAUMEHOBAHUS
AIIEMEHTa — MaKCUMaJlbHO€ ¥ MUHHMAaJIbHOE 3HAuEHUsl KOd(-
¢unmenrta konneHntpanuu K):

Hg 0. W Mo Cr Ni Co Pb

48.0-2,6 42.4-3.0 20.8-1.0 19.9-0.9 19.1-2.0 14.0-1,6
Cul 7/n

2318 8.4-1.4 7.2-1.2 g7‘2—1‘1 B16,6—0,4 Sn3.2—0.7 Ba2.2—0‘3 N 1.7-0.4

I'112.1—0.7

B niennom cocraB TBepaodazHbIX BRIMAACHUN CHEXHOTO TI0-
KpOBa Ha paccMaTpUBAEMON TEPPUTOPUU XapaKTEPU3yeTCsl MO-
JTUBIIEMEHTHBIM COCTaBOM 3arpsi3HAIOMIUX 31eMeHToB. Hanbo-

Jiee BBICOKOKOHTpACTHbIE opeolibl 3arpsisHenus (K>10) cozna-
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10T PTYTh, BOJIb(PpaM, MOTUOICH, XPOM, HUKEIh, KOOAIIBT, CBH-
Her, menb. Cpeanexkontpactasle anomanuu (10<K<3) o0y-
CJIOBJICHBI HAKOIIJIEHWEM IIMHKA, KaJMHus, cepedpa, BUCMYTa,
0JIOBa, CIIA0OKOHTPACTHBIE — HAKOTUICHWEM Oapusi, HHOOWUS,
JIUTHSL.

OC0OCHHOCTh TOJIMANIEMEHTHOTO 3arpsi3HEHHUsI CHETOBOT'O
MOKPOBa - BBICOKUN ypOBEHb KOHIEHTPALUU PTYTH, MOIUO-
neHa u Boib(ppama. GopMupoBaHUE aHOMAJIBHBIX KOHIICGHTPA-
IUNA pTyTH OOYCJIOBIIEHO MBUIETA30BHIOPOCAMU TEIIOIHEpTe-
TUYECKUX PEINPUATHN, TaTbBAHUUECKUX 11€X0B MPOMBIIIICH-
HBIX IPEIITPUSATHI, BBIOPOCAMU MPH MPOU3BOACTBE CBAPOUHBIX
paboT Ha CTpouTeIbHBIX MuIonIaakax. Ha Tepputopun FOBAO
OBUTH BBISBICHBI BBICOKOTOKCUYHBIE aHOMAIUU PTYTH B TIO-
YBax, TAaK YTO PTYTh MOXKET HAKAILJIUBATHCS B CHEKHOM IOKPO-
BE B pe3ysbTaTe MOCTyIUIeHHs mapoB pTyTtu. DopmupoBanue
YCTOMYMBOTO 3arpsi3HEHUS MOJIMOCHOM U BOJIB(PaMOM CBsI3a-
HO C BRIOpOCAaMHU Pa3IUnYHBIX TPOMBIIIICHHBIX MPEITPUATHI.

N3ydeHne mpoCTPaHCTBEHHOTO pacMpeneieHUs] XUMUYe-
CKHX AJIEMEHTOB M CTPYKTYPbI 3arpsI3HEHUS] CHETOBOT'O MTOKPO-
Ba TEPPUTOPUU MO3BOJIMIIO MPOBECTH PAalOHUPOBAHUE TEPPU-
TOPUU XapaKTEPy U YPOBHIO 3arps3HEHUSI CHETOBOTO MTOKPOBA.

STUDY OF SNOW COVER CONTAMINATION OF URBAM
AREAS (LEFORTOVO DISTRICT, MOSCOW)

LV. Galitskaya, N.A. Rumyantseva
Institute of Environmental Geosciences of Russian Academy of
Science, Moscow, Russia

Currently, the problem of air contamination in urban
territories is becoming increasingly urgent. The results of snow
chemical composition studying in Lefortovo District in Moscow
are considered. Importance of information about the nature
and level of snow contamination was caused by the following
reasons: 1) the snow deposits the atmospheric precipitations,
which allows studying technogenic contamination from the air,
2) during snowmelt the pollutants contained in the snow can
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come with infiltrating melt water into the groundwater and with
surface runoff into streams and ponds.

The main results of the studies shed additional light on the
following.

Snow-melt waters were slightly acidic, low-mineralized,
contaminated with oil products. Contrasting anomalies
of chloride, sodium, nitrites, nitrates, oil products, 3.4
benzpyrene were revealed and causes of their formation were
analyzed. Typical association of individual PAH represented
by anthracene, 3.4 benzpyrene, 1.12 benzperilen, 11.12
benzfluoranten, perylene, hrizen, fenantren, pyrene was
ascertained. The analysis of metal distribution showed that zinc,
copper and cobalt were present in the waters from melted snow
in amounts above sensitivity analysis. The transition of metals
to the liquid phase was carried out by oxidation and leaching
from solid particles, desorption of ions adsorbed formerly.

Assessment of snow contamination by solid-phase
depositions was carried out with the use of indicators of dust
load, concentrations and masses of the chemical elements in
the dust. We took into account the distribution of individual
elements and their associations, due to the nature of multielement
contamination. It was established that the technogenic load
on the air was mainly determined by an extensive network of
roads and the impact of multiprofile plants. Eco-geochemical
technogenic associations, polluting the snow over the dust
component of air, formed the specific types of geochemical
zones due to mixing of emissions from industrial plants and
transport roads.

The common type of industrial contamination, characterized
by the following generalized association of elements was
formed in the snow (figures to the right of element - maximum
and minimum values of concentration factor K):

Hg o W Mo Cr Ni Co Pb

48.0-2,6 42.4-3.0 20.8-1.0 19.9-0.9 19.1-2.0 14.0-1,6
Cu 7/n

L 12.3-1.8 8.4-14 7.2-1.2 g7‘2-1.1 B16.6-0,4 Sl/13,2-0.7 Ba2.2-0,3 1.7-0.4

Li
2.1-0.7
In general, the composition of solid deposition of snow

on the territory under consideration was characterized by
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multielement composition of contaminants. High-contrast
anomalies (K> 10) were created by mercury, tungsten,
molybdenum, chromium, nickel, cobalt, lead, copper. Middle-
contrast anomalies (10 <K <3) were caused by accumulation
of zinc, cadmium, silver, bismuth, tin, low-contrast anomalies
- by accumulation of barium, niobium, lithium.

Polyelement feature of snow contamination was high
concentrations of mercury, molybdenum and tungsten.
Formation of anomalous concentrations of mercury was caused
by dust and gas emissions of heat-and-power engineering plants,
galvanic shops, emissions during welding on construction
sites. Anomalies of mercury were revealed in soils, so mercury
can accumulate in the snow as mercury vapor consequence.
Molybdenum and tungsten pollution was related to emissions
of various industrial enterprises.

Study of the spatial distribution of chemical elements and
structure of snow contamination allowed to zone the area
according to snow nature and level of contamination.
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BEIIECTBEHHBI COCTAB HEPACTBOPUMBIX YACTHI]
B CHE’KHOM IIOKPOBE 0 KHOI'O CAXAJIMHA (IAHHBIE
3JIEKTPOHHOM MUKPOCKOIIUU U UK-CIIEKTPOCKOITUH)

Heanoe B.B., Kazaxoe H.A., Konecosa JLI., Bywrxapesa K.IO.,
Hapuoe I' A.
Yupeosicoenue Poccutickoti  axkademuu nayk Jlanvhesocmoynblil
eeonozuyeckuit uncmumym /[BO PAH, 2. Braousocmox, Poccus

HepacTBoprMble MUHEpalbHblE M WHbIE TBEPHbIE YaCTH-
bl (TH) B MOHOMUHEpaIbHOI TOPHON MOPOJIE «CHEKHBIN T10-
KpPOB» OCTAIOTCs €LI€ HEJOCTaTOYHO OXapaKTEPHU30BAHHBIMU
COBPEMEHHBIMM HMHCTPYMEHTAJIbHBIMU METOJaMH U3yUYEHUs
BELIECTBA.

[TocnoitHOEe onmpoOoBaHME CHEKHOTO MTOKPOBA (BpeMsl CHE-
ronaoB sHBaph-Mapt 2011 1.), ocymectsiaeno B 11°°-113° mu-
HyT 30.03.2011 1. Ha cyOropu3oHTaIBbHON IUIOIIAKe (aOCOoI.
BbicoTa 100 M) B Gepe30BO-0JIbXOBOM JIECY CPEIHEH I'yCTOTHI
B npeamecthe KOxxHo-Caxanuucka, nogHoxue CycyHancKoro
xpeoTa.

Huarnoctuka TY, BbIACICHHBIX U3 OTHUIBTPOBAHHON Ta-
JION BOJBI, NMPOBEACHA C IMOMOIIBIO CBETOBOM M 3IIEKTPOH-
Hoi (COM JSM 6490 c sHeproaucrepCuOHHBIM CIIEKTpOMeE-
tpoM INCA Energy 350) mukpockonuu u UK-cnekrpockonuu
(Dypre-criekrpomerp Nicolet 6700). Cpean HUX yCTaHOBICHO
HECKOJIbKO TUIIOB.

Munepanvnuie (1umozennvie) 4aCTHULBI IPEICTABICHBI KCe-
HOMOp(HBIMU 3epHaMu (101 MM) M peaKo MHKpPOKpHUCTaIa-
MHU.DTO OKCHUJBI (KBapll M WJIBMEHHT) U PEKe CHIIMKAThI (LUp-
KOH (puc. 1), oprokias, aibOUT, TUPOKCEH U OJIHUBUH).

Buozennvie 9acTHIIbI IPEICTABICHBI 300- U (PUTOTEHHBIMHU
gactuuamu pasmepoM 0,5-2 mm, penko a0 10 mm. MHoroumc-
JICHHbIE 300T€HHBbIE KOMIIOHEHTHI (()parMeHThl HACEKOMBIX W
MPOAYKTOB WX kHU3HeAesaTeabHocTH) 3aHuMaroT 40-70 % o0b-
ema TBeproi ¢pakuuu. [logoBruHA U3 HUX - OOJIOMKH KpPBUIBI-
mek pazmepom 0,1-2,6 MM, (pparMeHTbl XUTHMHOBBIX IaHIH-
pell U MIaCTHHOK;, XUTHHOBBIE OO0JIOMOYKH; YEITYHKH, HOKKH
U YCUKH; OOJIOMKH IJ1a3.
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[To pesynapraTaM aHamU30B AHATUTHYECKON SIEKTPOHHOU
MUKPOCKOITUH, YaCTHUIIbI MMAHIIUPEH HACEKOMBIX CIIOKEHBI XH-
TUHOM YIJIEPOJIOM CO CMECHIO «HACEKOMOTO BOCKa». KpbLibli-
Ku copepxut npumech Ca (4,74-5,26 %) u muxpomnpumecs Al
u S, uaorna Mg u P. Kpputbiikn 6abo4uek HECKOIBKO Oorave
yIJIEPOAOM, KalblIMeM, KpeMHUEM U anmtoMuHueM. Kycouku, na-
JIOYKU M KTYTUKU IKCKPEMEHTOB HACEKOMBIX pazmepom 0,02-
10 MM HMeEET CIIOKHBIN COCTaB, BKJIFOUAst MUKPOUACTHUIIBI KBap-
1a, alp0NTa, MarHETUTA M TpaHaTa (MUPOM-aIbMaHITHOBOTO
psna), a TakKe CTEKJIOBAThIC, INMOHUTOBBIC M TITMHUCTHIC MH-
Kpomapuku. OUTOreHHbIe KOMIOHEHTHI MPE/ICTAaBICHbI CeMe-
HaMH pacTeHu#t (10 4 MM), oOpbIBKamMH JUCThEB (10 0,7 MM),
JPEeBECHBIMU IneroukaMu (101 Mm).

20kV X500 50pm 10 59 BEC

Puc. 1. Mukpokpucmann yupkona noo 31eKmpoHHbIM MUKDPO-
cKonom.
Fig. 1. Zircon monocrystal under electron microscope

Aumponocennvie (mexHoceHHvle) YACTUIBI - CAKHUCTHIE
¢azel (10-15 % ot yncna TBepAbIX YACTHIl) HauboOJIee TOHKOU
¢pakuun 0,005-0,5 MM, TOHKHE MIACTUKU M CTpyXkKa (10 1
MM) xpomuctoro xenesa (Cr - 13,34; Cu - 0,94; Mn - 0,87 %),
aJIIOMUHUEBBIE MUKPOTPYOKH ¢ mpumechio Mg (5,11 %) u Ag
(0,18 %), muxkponpyxuHku. Kpome Toro npucyTcTBylOT BOp-
CHHKH, KallpOHOBbIE HUTOYKH, KJIIOYKH IIEPCTH, KyCOUKH IITY-
KaTypKH.

Yacmuysl HesacHou npupoosl (MO-BUIUMOMY, HEKOTOPBIE
U3 HHUX SIBIISIIOTCS KOCMHMYECKHM MaTepualioM) - OeclBeT-
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HBIE TPO3padYHbIE CTEKIOBATHIC, OENbIE CaXapOBHIHBIE, uUep-
HBIC CTEKJIOBATBhIC, PEIKO YEPHBIE C METAJLUTUYECKUM OJie-
CKOM, CTEKJIOBATO-IICIUIOBBIC, TOJICBOIIITATOBBIC, TIIMHUCTHIC,
TJIMHUCTO-KapOOHATHBIE, JIMMOHUTOBBIE U (PasIUTOBBIC MU-
kpocdepynsl (mapuku; pazmepom 0,1-80 Mxm). bensie Henpo-
3paunble mapuku (Si0, - 68,37; Al O, - 19,82; FeO - 5,19;, MgO
-2,25;K,0-1,93; Na O - 1,07; TiO, - 0,81; CaO - 0,55 %) ne-
PEeAKO CUIIBHO MOPUCTHI. [IpuMeyaTesbHO, UTO yIBTPAaTOHKUMU
chepynamMu «yChIaHbD) YaCTHUIbI SKCKPEMEHTOB, XUTHHOBBIX
MJIACTUHOK, KPBUIBIIIEK (puc. 2).

UccnenoBanne TY BakHO AJI1 TMOHUMaHUS (PU3HUECKON
CYUIHOCTH CHEXXHBIX MOKPOBOB. Tak, KpucTauinueckue (hasbl
(Hanmpumep, KBapll) B CHE)KHOM IOKPOBE MOTYT BIUSTh Ha Xa-
pakTep B3aMMOJCHUCTBUS MEXKY JICASHBIMU KPUCTAUIAMH 3a
CUET MbE303JIEKTPUIECKUX CBOCTB. MH(pOpManus 06 n3mene-
HHUH acCOIHAUK BKJIIOYCHHI B CHETE€ B TEUCHHE 3MMHEIO Ce-
30HA MO3BOJISIET KOHKPETU3UPOBATh XaPAKTEPUCTUKH TPOILIEC-
COB TPAHCTPAHUYHOTO NIEPEHOCA MUHEPAJIbHBIX BEIIECTB B aT-
Mocepe. lleneHanpaBieHHOE N3yUYE€HUE TBEPIBIX BKIFOUCHHIA
B CHEXXHBIX MIOKPOBAX BAXKHO U JJIs MOCTPOCHUS aTMOCc(epHO-
KJIIMMAaTUYECKUX M IKOJOTHYECKUX MOENICH HHAYCTPUATIBHO
«TPOOJIEMHBIX)» TEPPUTOPHIA.

x e,
20KVie . X2,200 . 10pm

Puc. 2. Ynompamonxue cgpepynvl Ha no6epXHocmu KpolibluiKa
HACEKOMO20. DN1eKMPOHHO-MUKPOCKONUYECKUI CHUMOK.

Fig. 2. Ultrafine spherules on the surface of the insect wing.
Electron-microscopic photo.
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MATTER COMPOSITION OF INSOLUBLE PARTICLES IN
SNOW COVER OF SOUTH SAKHALIN (DATA OF ELECTRON
MICROSCOPY AND IR-SPECTROSCOPY)

V.V. Ivanov, N.A. Kazakov, L.G. Kolesova, K.Yu. Bushkareva,
G.A. Narnov
Far East Geological Institute of Far East Branch of Russian Academy
of Sciences, Vladivostok, Russia

Insoluble mineral and other solid particles (SP) in the “snow
cover” monomineral rock still remain little investigated by
currently available instrumental methods.

The layer-by-layer sampling of the snow cover (time of
snowfall — January-March, 2011) was performed at 11 to 11.30
o’clock on the 3d of March, 2011, on the subhorizontal field
(absolute height 100 m) in the birch-alder forest of medium
density in South-Sakhalinsk suburb at the Susunaisky Range
foot.

The diagnostics of SP extracted from the filtered-out melt-
water was done using the light and electron (SEM JSM 6490
with energy-dispersion spectrometer INCA Energy 350)
microscopy and IR-spectroscopy (Furye-spectrometer Nicolet
6700). Several types of SP have been recognized.

Mineral (lithogenic) particles are represented by
xenomorphic grains (to 1 mm) and rare microcrystals. These
are oxides (quartz and ilmenite) and more rarely silicates
(zircon — Fig.1, orthoclase, albite, pyroxene, and olivine).

Biogenic particles are represented by zoo- and phytogenic
particles 0.5-2 mm in size, rarely to 10 mm. Abundant zoogenic
components (fragments of insects and products of their vital
activity) constitute 40-70 % of the solid fraction volume.
Half of them are the fragments of wings 0.1 to 2.6 mm in
size, fragments of chitinous carapaces and lamellae, chitinous
fragments, scales, pedicles, and cirri, and fragments of eyes.

The results of the electron microscopy analyses show that
the insect carapace particles are composed of chitin and carbon
mixed with “insect wax”. Wings contain an admixture of Ca
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(4.74-5.26 %) and microadmixture of Al and S, sometimes
Mg and P. The butterfly wings are somewhat richer in carbon,
calcium, silica, and aluminum. Pieces, rods, and flagella of
insect excrements 0.02-10 mm in size have a complicated
composition including the microparticles of quartz, albite,
magnetite, and garnet (pyrope-almandine row) and glassy,
limonite, and clayey microglobules. Phytogenic components
are represented by plant seeds (to 4 mm), scraps of leaves (to
0.7 mm), and wood chips (to 1 mm).

Antropogenic (technogenic) particles are sooty phases (10-
15 % of'the solid particle amount) of the finest fraction of 0.005
to 0.5 mm in size, thin plates and chips (to 1 mm) of chromous
iron (Cr — 13.34 %; Cu — 0.94 %; Mn — 0.87 %), aluminous
micropipes with an admixture of Mg (5.11 %) and Ag (0.18 %)),
and microsprings. Besides, fibers, kapron threads, wool flocks,
and plaster pieces are present.

Particles of unclear nature (some of them are likely cosmic
material) - are colorless transparent glassy, white sugar-like,
black glassy, rare black with metallic luster, glassy-ashy,
feldspar, clayey, clayey-carbonate, limonite, and fayalite
microspherules (globules 0.1-80 mcm in size). There are white
opaque globules (Si0, - 68,37; AL,O, - 19,82; FeO - 5,19; MgO
-2,25;K,0-1,93; Na,O - 1,07; TiO, - 0,81; CaO - 0,55 %) are
heavily porous. It is notable that ultrafine spherules strew the
particles of excrements, chitinous plates, and wings (Fig. 2).

Investigation of SP is important for understanding the
physical essence of snow covers. Crystalline phases (for
example, quartz) in the snow cover can influence the pattern
of interaction of ice crystals due to the piezoelectric properties.
Information about changes of the inclusion associations
in the snow during the winter season makes it possible to
specify the features of the processes of transborder transfer
of mineral matters in the atmosphere. The purposeful study
of solid inclusions in snow covers is important also for the
development of the atmosphere-climatic and ecological models
of the industrially “problematic” territories.
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3ABUCHUMOCTbD COAEPKAHUSA U PACITPEJAEJIEHUSA
METAJIUVIOB B CHE’XKHOM ITOKPOBE IOTA CAXAJIMHA OT
NPUPOAHBIX U AHTPOITIOI'EHHbBIX ®AKTOPOB

Ka3zaxoea E.H., J/lookuna B.A., boopoesa /[.A., Poioansuenxo C.B.
Yupeacoenue Poccuiickoti akademuu nayk Caxanunckuil ¢puauan
lanvnesocmounoeo ceonoeuueckozo uncmumyma /[BO PAH,

2. FOxcno-Caxanunck, Poccus

CHeXHbIHl TIOKPOB COAEPKUT OTPOMHOE KOJIMYECTBO IPHU-
MecCeM, MOCTYMALIUX U3 PA3IMYHBIX IPUPOIHBIX U AHTPOIIO-
TeHHbIX HCTOYHMKOB. [Ipy cHeroTassHUM 3TH MpUMECH Tomnaja-
10T B [1I0YBY, TPYHTOBBIE U TIOBEPXHOCTHBIE BOJIbI, OKa3bIBas Cy-
IIECTBEHHOE BIMSHUE HAa UX COCTAB.

B nacrosimelr pabote paccMarpuBaeTcs COAEpKAHHE Me-
TAJJIOB B CHE)XKHOM MOKpoBe tora CaxanuHa. [IpoOs1 66111 0TO-
Opanbl 1abopaTopueil JTaBUHHBIX M CEJIEBBIX mporeccoB Ca-
xamuckoro ¢ummana JIBI'M JIBO PAH B ¢eBpane — amperne
2011 r. Ananu3 mpo6 ObLT BHITIOIHEH JabopaTopueii aHaATUTH-
yeckoi xumuu JABI'N JIBO PAH.

Cxema pacronokeHus: Touek 0Toopa rmpo0 rmokazaHa Ha puc. 1.

Hecmortpst Ha To, uTo nipoOsI (kpome NeNelO — 13) orbupa-
Juch Ha paccTostHUM MeHee 100 M 0T aBTOAOPOTH, TSXKENbIE Me-
tamel (Cd, Co, Cu, Ni, Pb) oOHapykeHbI B KOHIICHTPAIIH Me-
nee 0,01 mr/n. Uckimrouenuem siBnsieTcst Zn, KOTOPBINA Hal/ICH B
koHueHntpamuu 0,01 mr/n B mpo6ax, 0TOOpaHHBIX HA OKpanHaxX
HaceneHHbIX MyHKTOB (T. FOxxHo-CaxanuHcka, . Kopcakosa, c.
JlecHoro), a Take B palioHe Kapbepa «/13BeCTKOBBII.

W3 menoynsIx MeTamioB B mpodax ooHapyxensl K u Na. Ux
coziep>kaHue BBIIIE B po0ax, OTOOpaHHBIX Ha Oeperax Mops U
B pailoHE CEJIbCKOXO35MCTBEHHBIX TOJIEH, YTO CBA3AHO C a’po-
30JISIMM MOPCKOTO T€He3Hca M C UCMOJIb30BAaHHUEM MHHEpab-
HBIX yI0OpEHUI COOTBETCTBEHHO.

W3 mienouHo3eMeNnbHbIX METAIOB 3HAUNTENIbHBIE KOHIIEH-
tparmu umeroT Ca u Mg. B mpobe Nel o6Hapyxken Sr (0,01
MT/JT), 9TO MOXKET OBITh CBSI3aHO C MCIIOJI30BAaHUEM PaJINOaK-
THUBHBIX yIJIEH Ha KoTenbHOU c. CtapomyOckoe. Ba B koHIIEH-
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Tpanusax 6omnee 0,01 mr/m o6HapyskeH B 3 mpodax.

[ToBriienHOE conepxanne Mg B mpoOax, B3sThIX Ha Oepe-
rax mMops, Kak u cojgepxkanue Na u K, cBsI3aHo ¢ a’po3oisamu
MOPCKOTO FeHe3Hca.

Bricokoe conepxanue Ca (0,54 mr/m) B mpobe Nel2 o0y-
CIIOBJICHO HallM4MeM HM3BECTHAKOBOM MbLIM ¢ Kapbepa «M3-
BECTKOBBIN».

B menom u3 onpeneneHHbIX METAIJIOB HaWOOIBIIYIO KOH-
neHTpanuo umeet Na (10 22 mr/in). OctaabHble METaJUITBI UMe-
10T HE3HAUNUTEIbHYIO KOHIIEHTPAIUIO Ha YPOBHE 0011el MUHe-
panu3aiuy MoBEpXHOCTHBIX U TPYHTOBBIX BOJ tora CaxanuHa.

é

Pucynok 1. Cxema pacnonosicenus mouexk omoopa npoo.
Fig. 1. The layout of sampling points

DEPENDENCE OF THE CONTENT AND DISTRIBUTION
OF METALS IN SNOW COVER ON NATURAL AND
ANTHROPOGENIC FACTORS (SOUTHERN SAKHALIN)

E.N. Kazakova, V.A. Lobkina, D.A. Bobrova, S.V. Rybal'chenko
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Snow cover contains a large amount of impurities from
variety natural and anthropogenic sources.
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These impurities percolate into the soil, groundwater and
surface water during the snowmelt, providing a significant
influence on their composition.

In this paper we consider the metal content in snow cover of
South Sakhalin.

Samples were taken by the Laboratory of Avalanche and
Debris-flow Processes of Sakhalin Department of FEGI FEB
RAS in February - April 2011.

Analysis of samples was performed by Laboratory of
Analytical Chemistry FEGI FEB RAS.

The layout of sampling points is shown in Fig. 1.

Sampling (except NelO - Nel3) were implemented at a
distance from the road less than 100 m, but heavy metals (Cd,
Co, Cu, Ni, Pb) were found in concentrations less than 0.01 mg/1.

There is one exception. Zn is found at a concentration
more than 0.01 mg/l in samples taken from the outskirts of the
settlements (Yuzhno-Sakhalinsk, Korsakov, Lesnoe) and in the
quarry «lzvestkovyj».

The content of K and Na is higher in samples from the
beach and in the area of agricultural fields. It is associated with
aerosols of marine genesis and the use of mineral fertilizers on
the agricultural fields respectively.

The most significant concentrations from alkaline-earth
metals have Ca and Mg.

In the sample number 1 was found Sr (0.01 mg/l), which
may be connected with the use of radioactive coal on the boiler
room of village Starodubsky. Ba in concentrations higher than
0.01 mg/l detected in 3 samples.

There is high concentration of Mg in samples from the
beach, as well as Na and K concentration, which is associated
with aerosols of marine genesis.

High concentration of Ca (0.54 mg/1) in the sample Ne12 due
to the presence of limestone dust from quarry «Izvestkovyj.»

In general, the highest concentration of determinate metals
has Na (22 mg/l). Other metals have low concentrations at the
level of total mineralization of surface and ground waters of
South Sakhalin.
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MUWT PALISI XUMHUYECKHX JIEMEHTOB U3 MOPCKOM
BOJIbI C UX OCJEIYIOMENR AKKYMVYJISAIIUENA
B CHEXXHOM IIOKPOBE (I0T" O. CAXAJINH)

Jlooxkuna B.A., Kazaxoea E.H., Puibanvuenxo C.B., booposa /1. A.
Yupeorcoenue Poccuiickou axademuu nayk Caxanunckuil gunuarn
Jlanvnesocmounoeo eeonoeunecxozo uncmumyma /J{BO PAH,

2. IOxcno-Caxanunck, Poccus

W3ydeHne Murpanum XMMHUYECKUX SIEMEHTOB M3 MOPCKON
BOJIbl M UX aKKyMYJISILIUM B CHEKHOM TOKPOBE IO3BOJIET OT-
CIIEIUTh LUPKYIALUIO aTMOc(epbl B MPUOPEKHBIX paiioHaXx,
CIPOTHO3MPOBATh KOJMUYECTBEHHBIM M Ka4€CTBEHHBIH COCTaB
AIIEMEHTOB, MOCTYTIAIONINX B TIOYBY U3 MOPCKOHM BOJIBI, UTO SIB-
JSIeTCS aKTyallbHOM 3a/aueit Kak Ui U3y4eHHUs] aKKyMYJIsITHB-
HBIX CBOMCTB CHEKHOTO MOKPOBA, TaK U VISl CEIbCKOTO XO3sTH-
CTBa.

Lenbio pa®oTHI ABISETCS ONPEAICICHNUE COACPIKAHUSI XUMHU-
YECKHUX AJIEMEHTOB, BHIHOCHMBIX U3 MOPCKOH BOZBI Ha CyIITy,
U OTIpEJIeIICHUE apealloB UX PACIPOCTPAHEHHS B CHE)KHOM I10-
KpOBE.

J171s BEIIOTTHEHUSI TIOCTABICHHOM eI OBLIO 3aJI0KEHO J1Ba
paspe3a:

Pa3pe3 Ne 1 npoxonun no CycyHailckoii HUBMEHHOCTH OT
. Crapomy0Ockoe (BoctouHoe modepexne 0. CaxamuH, OX0T-
ckoe mope) 1o T. KopcakoB (rokHOE mobepexkbe 0. CaxanuH,
OxoTckoe Mope, AHUBCKUH 3auB). [IpOTsSHKEHHOCTH pas3pesa
cocTasiseT 90 kM.

Pa3zpe3 Ne 2 npoxonui yepe3 CycyHaiickuii xpeber ot 11. Jlec-
Hoe (BocTouHOe modepexne 0. CaxanuH, OXoTckoe Mope) A0 T.
HOxHo0-CaxanuHcka, SBISIOMIKUMCS reorpapuueckuM LEHTPOM
CycyHnaiickoii HU3MeHHOCTH. [IpoTsskeHHOCTh paspesa — 28 kM.

[Ipo6s1 oTOMpanuck B 13 Toukax, CHEr BBIOUpAJICS U3 CIOA,
c(OPMUPOBAHHOTO BO BpeMs MPOXOKACHHUS LUKIOHA 14-
17.01.2011, Bo3pacT cinosi HAa MOMEHT OTOOpa MPoOBI COCTaB-
ns11 25 cytok. [lnomaaku asist ordbopa mpo0 3akiiaibIBaaIuch Ha
OTKPBITOH MECTHOCTH, 32 HCKITIOUEHUEM TPEX TOYEK, PacIioo-
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xeHHbIX B CycyHaiickoMm xpe0Te. Tpu ToUKH pacmonokeHbl Ha
MOPCKOM ITOOEPEXbE.

[Ipeobnanatomee HampaBieHue BeTpa B siHBape 2011
OBLIIO ceBepHOE, T.€. BA0Ih CyCyHalCKONH HU3MEHHOCTH.

DJeMeHTHI, TI0 KOTOPBIM OIpPEAENsIOCh BIUSHUE MOPS —
anuonsl Cl-, SO,* u katnonsl Na*, K*, Ca**, Mg*

Annonsl ClI' pacnpocTpaneHsl 0T mo0epexbst 10 modepe-
Kbsl, MAKCUMAJIbHBIE KOHIIEHTPAIIUYA OTMEUYCHBI HA TOYKAX, pac-
TOJIOKEHHBIX Ha Oepery. AHuoHbl SO,* Tak ke OTMEYEHbI Ha
BCEX TOYKaX, HO MAaKCHMaJIbHbIE KOHIIEHTPAIIUU JI0CTUTAIOTCS
Ha CeJIbCKOXO3SIMCTBEHHBIX Yro/bsiX. Karnonsl Na', kak u aHu-
onbl Cl', MaKCUMaJIbHBIX KOHIIGHTPAIMi JOCTUTaloT Ha Oepe-
roBbIX Toukax. OqHaKo, conepkanue Na* B mpoOe cHera Ha 1o-
Oepexbe B paiione 1. CtapomayOcKoe 3HAUUTEIBHO TPEBHITIACT
conepxkanne Na“ B paiione . Kopcakona u n. JlecHoe. Makcu-
MaJIbHbI€ KOHLIEHTPAlMK KaTHOHOB K OTME4eHBI Ha CEIbCKO-
XO3SIUCTBEHHBIX Yrofbsix; Ha paspe3e Ne 2 koHuentpamusa K*
YMEHBIIIAeTCs TIpU ynaneHuu ot Oepera. Konnenrparmuu Ca**
u Mg* Ha Gepery Oosbiie B paiione 1. JlecHoe u 1. Kopcaxos.
OpHako, MaKCUMaJbHbIE KOHIICHTPAIIMM OTMEUEHBI B pailoHe
Kapbepa U3BECTKOBBIN.

Puc.1. Cooeporrcanue kamuonoe Na* u anuonoe CIl no paspezam
Fig 1. Concentration of Na* and CI
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MIGRATION OF CHEMICAL ELEMENTS FROM SEA WATER
AND THEIR ACCUMULATIONS IN A SNOW COVER

Lobkina V.A., Kazakova E.N., Rybal'chenko S.V., Bobrova D.A.
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Researching of migration of chemical elements from
sea water and their accumulation in a snow cover allows to
trace circulation of an atmosphere in coastal areas to predict
quantitative and qualitative element composition of marine
genesis. That is an actual problem for studying accumulative
properties of a snow cover and for agriculture.

Target - definition of the maintenance of chemical elements
bringing from sea water on a land, and definition of areas of
their distribution in a snow cover.

We choose two profiles to execute target:

Profile Ne 1 is located on Susunaiskay lowland from v.
Starodubskoe (east coast Sakhalin, Okhotskoe sea) up to a c.
Korsakov (southern coast Sakhalin, Okhotskoe sea, Anivskie
gulf). length of a profile is 90 km.

Profile Ne 2 is located in Susunaiskiy ridge from v. Lesnoe
(east coast Sakhalin, Okhotskoe sea) up to a c. Yuzhno-
Sakhalinsk, which is a geographical center of Susunaiskoe
lowland. length of a profile is 28 km.

Samples were selected in 13 points. We define such elements
as CI, SO, Na*, K*, Ca*', Mg*".

CI' spread from coast to coast. maximum concentrations
were found on the coast.

SO,* identified at all points. maximum concentrations were
found on the agricultural grounds.

Maximum concentrations of Na” and Cl- were found on the
coast. But Na" concentration in a sample of snow on the coast
near v. Starodubskoe significantly higher Na" concentration
near c¢. Korsakov and v. Lesnoe.

Maximum K concentrations were found on the agricultural
grounds.

On the coast around c. Korsakov and v. Lesnoe Ca** and
Mg?** concentrations is maximal.

43



CHEKHBIA MOKPOB KAK MHJIUKATOP TEXHOTEHHOI'O
3ATPA3HEHUSA ATMOC®EPHOI'O BO3/1YXA HA T'OPHBIX
OBBEKTAX COJIHEYHOI'O 'OKA

Hoeopoukaa A.I.
Yupeoicoenue Poccutickoti axkademuu Hayk Hucmumym 600HbIX
u sxonoeunecxkux npoorem J{BO PAH,
2. Xabaposck, Poccus

[Ipy nnuTenbHOU KCIUTyaTaluu PYAHBIX MECTOPOKIACHUN
LBETHBIX METAJJIOB 00Pa30BaIOCh OTPOMHOE KOJIMYECTBO OT-
XOJIOB TOPHBIX MOPOJ U «XBOCTOBY» OOOTaIleHUs, COCPEIOTO-
YeHHBIX B OTBajaX M XBocToXpaHwiumax. MccnenoBanue xu-
MHUYeCcKoro cocrtaBa cHexHoro nokposa (CII) mpoBeneHsl B
2005 1. Ha TEPPUTOPUHU XBOCTOXPAHUIIHINA IIEHTPATHHON 000-
rarutenbHoi Gabpuku Conneunoro 'OKa. Iloc. Conneunsiii
(Comueunoro paitona Xa0apoBCKOTO Kpasi) pacioyiokeH B 3,5
KM OT XBOCTOXPAaHWJIMILA - UCTOYHHKA IBUIEBOIO M Ta30BO-
rO 3arps3HEHHs BO3/1yXa. DKOJIOTHUYECKas CUTYalUsl B IOCEJIKE
YXYALIWIACh B CBSA3M C OCyIIeHHeM XBocToxpaHwmiia B 2001 .
[Tnomane ruapoTeXHUYECKOrO 00BeKTa - 42 ra, 00beM Hako-
IUICHHBIX TOKCHYHBIX 0TX0/10B Oosiee 16 mutH. M°. 1enb paboThl
- U3yYEHHUE TIOTOKOB a3POr€HHOI0 BEIIECTBA M0 XUMUYECKOMY
cocraBy CII u nHTerpanbHasi OLleHKa COCTOSIHUS aTMOC(epHl.
B uccnenyemom paiione cranmoHapHbIe HAOTIOICHHS aTMOC-
(bepHOro Bo3/1yXxa OTCyTCTBYIOT.

B xuMuyeckoM cocTaBe OTXOAOB MpeodianaioT O0JI0BO,
MeZlb, [IMHK, CBUHEI, MBIIIbSK, Cepa, KaaMUH, KOOAJIbT, HU-
KeJIb, XPOM H JIp., BBICOKO co/iepKaHue Cylb(uIHoM cepsl (00-
i 00beM B XBOCTOXPAHMIIUIIE - 21 THIC. T, IPU CPETHEM €€
conepxanuu 2,16%). XapakrepHas reoxumuueckas 0COOEH-
HOCTb «XBOCTOB)» - BHICOKHE KOHIIEHTPALIUU B HUX TOKCUYHBIX
aneMeHToB: Menu (4461,8 /1), mbimbsika (2421 1/T), cBUHIIA
(1475,8 v/1) u np.

Coueranue KJINMaTHYECKUX OCOOEHHOCTEH U TOpHO-
JOJIMHHOTO peibeda TEPPUTOPUN CHOCOOCTBYET AKTHBHOMY
3arpsiI3HEHUI0 aTMOC(EpHOro BO3/AyXa U BTOPUYHOMY, 3 CUET
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BBIMBIBAHUSI OCAJKaMU 3arpsi3HSIOLIMX BEIIECTB, TUIPOCETH,
MMOYBEHHO-PACTUTEILHOTO MTOKPOBA.

B Tene xBocToxpaHWIHIIAa MHTEHCUBHO MPOTEKAET IK30TEP-
MUYECKHUH TPOIIECC OKUCICHUS CYyab(HIOB, O YeM CBUETEIh-
ctByet napenue uz-nox CII B paiione npyaka. O0beKT Haxo-
JIUTCS B CTaJMU aKTUBHOTO (POPMHUPOBAHUS U MHTEHCHBHOTO
BO3JICHCTBHSI Ha OKPYKAIOIIYIO CPEAy B pe3yJbTare IMepexo-
Jla TOKCUYHBIX 3JIEMEHTOB B MOJIBUXKHOE COCTOSIHUE U BBIHOC C
JIpEHAKHBIMH BOJAMU B TIPUPOJAHYIO TUIPOCETh.

®opmupoBanue xumuueckoro cocrasa CII paccmarpuBaer-
csl ¢ NaHAMAa(THO-TEOXUMHYECKHUX U KJIMMAaTHYeCKUX 0COOEH-
HOCTEH TeppUTOpHUH.

B pacmnase CII onpenensnuce: BenunuuHa pH, MmuHepau-
3a1us, yJeJabHas 3JIEKTPONPOBOAHOCTh, KOHIIEHTPAIMU TJIaB-
HBIX MOHOB, OMOT€HHBIX, OPTaHUYECKUX M B3BEHICHHBIX Be-
IIECTB, pacTBOpuMas ppakuus Tsokenbix Metayios (TM) (Cu,
Pb, Cd, Mn, Ni, Co, Cr, Sb). [IpemioxxeHbl DISIIMOXUMUYCCKHIE
KPUTEPUU OLICHKH COCTOSIHUS OKPYKAIOIICH CPEIbI.

Pesynbrarel cHerocsemku: Bbicota CII — 2874 (54) cwm,
mwiotHocth — 0,12-0,33 (0,20) r/cm?, Bmarosamac — 24-113
(108) MM (B crkoOKax 37ech U Jajiee MPUBEICHO CPEIHEB3BE-
IIEHHOE 3HAYCHHE).

Bennuunel nnrerpansubix xapakrepuctuk CII: pH — 4,44—
6,96 (5,38); ynenpHas snexkrpornpoBogHocTs — 11,0—41,2 (28,8)
MkCwm/cM; munepanuzanus — 18,2-34,7 (22,9) mr/am?®; coxep-
JKaHHMEe B3BEIICHHBIX BemecTB — 59,3-9582.4 (3240,7) mr/am’.
Cpennee moctyruieHHe KOMIOHEHTOB 3a ce30H B CIT (1/xkm?):
pPacTBOPUMBIX MUHEPAIBHBIX — 2,344, opranndeckux — 0,616,
B3BelIEHHBIX BemecTs — 308,794, SO,> — 0,755, NH* — 0,062,
NO,” — 0,056. MakcumainbHas mel—JieBasi Harpyska — 944251
mr/m?ecyT”!. Cymma Tokcn4HbIx MetamioB B CIT — 0,094 wmr/
am®. Cpennee nocrymieane TM B CIT — 10,17 mr/m?ece3on’!
(Cu - 53%, Mn — 37%, Cd, Co, Sb — o 2%, Pb, Ni, Cr — mo
1%), MmakcumanbHoe — 110 14 Kr.

B CI1 B cpeiHeM HaKOTIIEHO (KT): paCTBOPUMBIX MUHEPATBHBIX
BemiecTB — 984,48, B Tom uncne SO, — 317, NO, — 23,5, NH*—
26; oprannueckux — 259 u B3BeleHHbIX BeniecTB — 129690.
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Bemnuuna pH CII B ocHoBHOM Hmke [T/IK, conepxanue B
CII uonoB ammonus — a0 2 INJAK, meau — 11-189 TIJIK (50),
mapranua — 1-9 IIJIK (4).

Cnexktp TM CII BxXomuT B COCTaB  OJIOBIHHO-
MOJIUMETANIMYECKUX Pyl OOJBIIMHCTBA OCBAaHBAEMbIX Me-
cTopokaeHui. HaiiieHHble KOHLIEHTPALMOHHBIE PSAAbl MaKpO-
koMrioHeHTOB CII cBuIeTENbCTBYIOT O (DOPMUPOBAHUU TIOJH-
koMrioHeHTHOTO cocTtaBa CII (oHOBBIX paiioHOB 3a CUeT pe-
THOHAJIBHOTO TEPEHOCA TUPO30JIeH U TBEPIBIX JTUCIIEPCHBIX
OCAaJIKOB a’pOre€HHOro reHe3nca. KOHUEHTpAILMOHHBIE PSIbI
JUISE MUKPOSJIEMEHTOB (DOHOBBIX PAaiOHOB HAXOJSATCS B COOT-
BETCTBUU C KOHIEMIUEH O Pa3HOYPOBHEBOM OOOTAIIEHUU Me-
TaJJIaMU a’p0o30JieH 0 CPAaBHEHUIO ¢ (POPMUPYIOIIUMHU UX TTO-
YBaMHU.

SNOW COVER AS AN INDICATOR OF TECHNOGENIC
POLLUTION OF ATMOSPHERE AIR AT THE SOLNECHNY
MINING AND PROCESSING COMPLEX

A.G. Novorotskaya
Institute of Water and Ecology Problems of Far East Branch of
Russian Academy of Sciences,
Khabarovsk, Russia

Long-lasting mining of non-ferrous metal ores produces
enormous amounts of mining wastes and mill tailings
concentrated in mine dumps and tailings dams. Studies of
chemical composition of snow cover (SC) were undertaken
in 2005 in the tailing dam area of the Solnechny Mining and
Processing Complex. Solnechny town (Solnechny district of
Khabarovsky Krai) is situated 3.5 km from this tailing dam,
which is a source of air pollution with dust and gas. Ecological
situation in this town has become even worse after the tailing
dam was drained in 2001. Its area is 42 hectares and contains
over 16 million m* of toxic wastes. The goal of the study was
to survey aerogenic substance flows based on SC chemical
composition and to make an integral assessment of atmosphere
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conditions. Permanent air observations are not performed in
this region of study.

Tin, copper, zinc, lead, arsenic, serum, cadmium, cobalt,
nickel, chromium, etc. dominate in the mining wastes. Sulphide
sulfur content is also high there (total amount in the tailing
dam is estimated 21 thousand tons, average concentrations is
2.16%). Tailing geochemical specifics is high concentrations of
such toxic elements as copper (4461.8 g/t), arsenic (2421 g/t),
lead (1475.8 g/t) and others.

Climatic specifics of the region coupled with its mountain-
valley relief character accelerate pollution of atmosphere air
and secondary pollution of water, soil and vegetation cover due
to pollutant washout with rain waters.

The tailing dam undergoes an insensitive exothermal
process of sulfide oxidation, clearly seen with evaporations
through the SC around the dam. Toxic elements are being
actively transformed into their mobile state and washed out
with drainage waters into the natural hydrosystem, thus making
the tailing dam the source of intensive pollution f environment.

The formation of SC chemical composition was studied
based on landscape, geochemical and climatic characteristics
of the region.

The following parameters were studied in melted SC: pH
values, mineralization, electric conductivity, concentrations of
main ions and biogenic, organic and suspended substances, a
soluble fraction of heavy metals (HM) (Cu, Pb, Cd, Mn, Ni,
Co, Cr, Sb). Glacio-chemical criteria for environment condition
assessment were proposed.

Snow cover observation results: SC thickness — 28-74 (54)
cm, density — 0.12-0.33 (0.20) g/cm?®, SC water equivalent —
24-113 (108) mm (here and below weighted average values are
given in brackets).

SC integral characteristics were found to be as follows:
pH — 4.44-6.96 (5.38); electric conductivity — 11.0-41.2
(28.8) mcCm/cm; mineralization — 18.2-34.7 (22.9) mg/dm?;
suspended matter content — 59.3-9582.4 (3240.7) mg/dm’.
Average influx of components in SC per season (t/km?): soluble
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mineral components —2.344; organic matter —0.616; suspended
matter — 308.794; SO,> — 0.755; NH* — 0.062; NO,” — 0.056.
The maximal dust load was 9442.51 mg/m?sday!. The total
sum of toxic metal is SC was 0.094 mg/dm3. Average influx of
HM in SC per season was 10.17 mg/m2eseason” (Cu — 53%,
Mn - 37%, Cd, Co, Sb — about 2%, Pb, Ni, Cr — about 1%),
maximal influx reached 14 kg.

Asaverage SC accumulated (kg): soluble mineral substances
— 984.48, in particular SO,> — 317, NO, — 23.5, NH*— 26;
organic matter — 259 and suspended matter — 129690.

pH values in SC were in general lower the permissible levels
(PL), where as the content of ions of ammonia reached 2 PL,
copper — 11-189 PL (50), manganese — 1-9 PL (4).

The HM spectrum in the studied SC is typical to tin-complex
ores of most deposits under operation. The studied concentration
series of SC macrocomponents prove the formation of poly-
component composition of SC in the background areas
due to regional transfer of hydrosols and solid disperse
substances of aerogenic genesis. The concentration series of
SC microcomponents in the background areas correspond
to concept of mutli-level enrichment of aerosols with metals
compared to the soils, which form them.
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AKKYMWIAOUA CHWIIBHOMATHUTHBIX COEPUYECKHUX
YACTHUL CHEKHBIM IIOKPOBOM 3EMJIN

Ceovmoe H.A., 3anyukuii A.A.
Apocnasckuii  20cy0apcmeeHuslili.  MexXHU4eCcKull  yHugepcument,
Kageopa gusuxu, e. Apocnasns, Poccus

B Hacrosmee BpeMs oOLIenpu3HAHHBIM (DAaKTOM SIBIIsET-
Csl TO, YTO MAarHUTHbIE CBOMCTBA BEPXHUX T'OPU30HTOB IOYB
U PBIXJIBIX TOPHBIX MOPOZ (POPMUPYIOTCS 3a CUET MPUTOKA U3
HIDKHUX CJI0€B aTMOC(epbl CUILHOMArHUTHBIX CHEPUIECKUX
gactull (Puc. 1). [Ipoucxoxaenune yactuil paznuuno. Cpenu
HUX HECOMHEHHO €CTh YaCTULbl KOCMUYECKOM MPUPOAbI (MU-
KPOMETEOPHUTHI), XOTSI OCHOBHOM BKJIaJ BHOCAT c(hepybl ByII-
KaHUYECKOTO ¥ TEXHOT€HHOIo mpoucxoxaenus. Jlomns nocnen-
HUX CHJIBHO BO3pacTaeT BOJIM3M KPYIHBIX IMPOMBIIIJICHHBIX
LIEHTPOB U 00BEKTOB TEIUIOAHEPTETHKH, UCTIONB3YIOIIUX YTOJIb
u T0pd.

Jlis u3ydeHus: CUJIbHOMAarHUTHbIE C(HEPUUECKUE YACTULIBI
7100 BBIIENSAIOTCS U3 IOYB M TOPHBIX ITOPOJ] METOI0M MarHuT-
HOM cenapaiuu, 1100 ¢ MOMOILBI0 (GUIBTPOB PA3IUYHON KOH-
CTPYKIIMU OTOMPAIOTCs U3 MpU3eMHOro cios armochepst. Oba
ATHX crocoba 00aAatoT PSAAOM HerocTaTkoB. [Ipu nmomaganun
B ITOYBY U TOPHBIE TIOPOJBI YACTHUIIBI MEPEMEIINBAIOTCS C Ma-
TEPUHCKOU MOPOJIOH, OJIBEPratOTCs BO3ICUCTBUIO OYBEHHBIX
pacTBOPOB, BOBJIEKAIOTCS B MpOLieCC MOYBOOOPA30BaHMs, U, B
KOHEYHOM HUTOTe, C TEYCHUEM BPEMEHH pa3pyllatoTCs.

OnTuManbHBIM TIpecTaBisgeTcss oTOOp chepuueckux dya-
CTHII C UCIIOJB30BAHUEM CPEJIbl, KOTOPAsi M30JIUPYET MPU3EM-
HBIM ciioil atMocdepsl OT MOBEPXHOCTU 3€MIIH, COXPAHSIET U
AKKyMYJMPYET YacTUIIbl HE pa3pyias ux. Takoil ecTecTBeH-
HOW cpelol B HAIIMX YCJIOBUAX SIBJIAETCS CHETOBOM MOKPOB.
B miane or6opa yacTul OH ujaeaneH, NOCKOJIbKY a0COIIOTHO
HE BIMSAET HU XUMHUYECKH, HU (PU3NYECKH Ha aKKyMYJIHpyeMble
uM ceprueckue yactuibl. Huskas remneparypa Taxke crio-
COOCTBYET X COXPaHHOCTH.

Ha npotsikeHnu psjia et Mbl U3ydaiyu JMHAMUKY IIPUTOKA
cepruyecKMX MarHUTHBIX YaCTHUI] [0 CKOPOCTH UX HAKOILIE-
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HUS B cHere U Jipdy. [1o mojgy4yeHHbIM JaHHBIM ObUIAa paccyu-
TaHa CKOPOCTh aKKpeluH (IpUTOKa) chepruuecKux MarHUTHBIX
YaCTHI] HA TOBEPXHOCTH 3eMJIH ¥ TPOAHATU3UPOBAHO BIIHSTHHE
0CaJIKOB B BHJIE CHETa Ha CKOPOCTh WX HAKOIUICHHUs. Pe3ynbra-
ThI MIPEJICTaBICHbI B Tabnuue. /[ cpaBHEHUS 3/1€Ch ke MpH-
BEJICHBI JAHHBIE O CKOPOCTH aKKPEIMH MAarHUTHON (paKiiuw,
paccuMTaHHbIE [0 €€ COIeP/KaHUI0 Ha MEMOPaHHBIX (QUIBTPaX.

CKOpOCTB aKKpEIUH JIJIsl YACTHI] U3 CBE)KEBBINABIIETO CHETa
Ha MOPSI0K BBIIIE 3HAYCHUH, TOTYICHHBIX MO Pe3yJIbTaTaM H3-
Y4eHUsI MEMOpPaHHBIX (UIBTPOB U CHETOBBIX 0CAKOB, (hOPMHU-
POBABIIKXCS HA MPOTSHKEHUH JJTUTEIBHOTO IPOMEXKYTKa Bpe-
MeHU. VIHTeHCHBHBIE OCaJKU B BHUJIE CHETa U JOXKIS CIOCO0-
CTBYIOT OUHILIEHUIO aTMOC(ephl. BennunHa akkperuu, paBHas
(2-6) 10® T/ron B pacueTe Ha BCIO 3eMJTIO, TTOJTyUEHHAsI 0 JaH-
HBIM CBE)KEBBIMIABIIMX OCAJKOB, MPEACTABISIET MUKOBBIN I10-
TOK MarHUTHBIX YaCTHII U3 aTMOoc(hepsl, KOTOPBIH XapakTepeH
JUIE KOPOTKMX HHTEpBaJoB BpeMeHU. CpeqHerooBasi Beju-
YMHA MOCTYIUICHUS MarHUTHBIX YaCTHI] MEHBIIIE ATOr0 3Ha4e-
HUS. B ycnoBHSX KpYIMHBIX MPOMBIIUIEHHBIX TOPOJOB COCTAB-
aset (1,5-3,5) 107 1/rox Ha Bcro 3emutro. JlaHHOE 3HAYCHHE T10-
JYYEHO IO CPETHETOAOBOMY PACIIPEICIIEHUI0 MATHUTHBIX Ya-
CTHIl Ha MEeMOpaHHBIX (PUIBTPaAx, a TaKKe, MO KOHIICHTPAIUU
MarHMTHOH (ppakiivy BO JIbYy U B CHETOBOM MOKPOBE, KOTOPHIi
(dhopMupoBascs B TEYCHHE BCETO 3MMHETO NEPUO/IA.

Heo6xonumMo 0TMETHUTH, YTO 3TO 3HAYCHHE CKOPOCTH aKKpe-
IIUM TPEBBIIIACT MOYTH Ha JBa MOPSJIKA BETMUUHY €KETOIHO-
ro BeIMajzeHus cepyn, HAJECHHBIX B MEPMCKHUX U CHITypHii-
CKUX COJISTHBIX OTJIOXKEHUSX, JIbJIaX AHTapKTUABI U [ peHan-
muu. (cM. Tabm.)

Haubonee BeposiTHast BeTUYMHA MHTEHCUBHOCTH COBPEMEH-
HOTO BBINIA/ICHUS] MAarHUTHBIX YacTUI] HAa 3e€MJII0 COCTaBJIsIeT
(2-4) 10° T/roa. DTO 3HAYCHHUE TIOJyYCHO HA OCHOBE M3yUYCHHUS
MHOTOJISTHHX CHETOBBIX OTJIOKEHUH M aTMOC(HEPHBIX COOPOB.
CpaBHHBas ATy BETUYMHY C JaHHBIMU JIJISl YACTHIT U3 APEBHUX
COJISTHBIX OTJIOKEHUU, MOKHO HPEANoiokuTh, uTo 90% cde-
PYN U3 BCETO ITOTO MOTOKA SBJSIOTCS TeXHOTeHHBIMU, a 10%
COCTaBJIsIET KOCMUYECKOE BEIIECTBO.
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Ta6muna 1.

Hcrounuk CKOpOCTh aKKpEIHH
MaHUTHBIX YaCTHIL
IIpumeuanue
ctheprueckux
— KI/M? ¢ T/TOx
MemOpaHHBIi 1,510 2,4 107 Pezynbrars
¢unbTp aBTOPOB
Cuer, Koctpomckast 9,6 1013 1,5 107
00nacTp
CBeKEBBITABIINN 3,710 6,0 108
CHET, HA4aJI0 3UMBbI,
SIpocnaBckast 0071aCTh
CBeKeBbINaBIIAN
CHET, CepeIMHA 3UMBI, 1,4 10" 2,2 108
r. SIpocnasib
Jlen, popmupoBas-
MIAACS HA MPOTSDKE- 2,1 101 3,4 107
HUH 3UMBbI
[epmckue comsiHbIC 6,210 1,0 10° Jluteparypubie
OTJIOKEHUSI JIAHHBIE
Cunypuiickue cousi- 1,510 2,510°
HBIE OTIIOKEHUSI
JlensiHoit mokpoB
AHTapKTHIIBI 7,410 1,2 10°
Jlenanoit nokpos
I'peranun 1,510 2,510°

B ycnoBusix ropoJioB ¢ pa3BUTOM MPOMBIIIJICHHOCTHIO OIS
TEXHOT€HHBIX YacTHIl B 001IeM MOTOKe ermie Oonbire. /s ro-
pona Spocnasnis nonydeHa Benuunna (1,5-3,5) 107 1/rox. Do
OoJiee 4eM Ha J[Ba MOPSIIKA IPEBOCXOIUT BEIMIHHY ITOTOKA Ya-
CTHII, XapaKTePHOTO I Te€OJOTHYECKOTO IMPOIUIOTO 3eMITH
(ITepmb u cumyp). Takum 0Opa3oM, ST KPYIMHBIX ITPOMBIIII-
JICHHBIX HEHTPOB J10JIs1 Chepya KOCMUUECKOTO MTPOUCXOKACHUS
cocrasiseT He oomnee 0,5-1,0% oT 0011er0 ITOTOKA YaCTHII, BEI-
NaJaroIIUX Ha TIOBEPXHOCTh 3EMIIH.
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Puc.l. Buewnuii 6uo MazHUMHbBIX ChepuydecKkux yacmuy,.
Fig.1. Original appearance of magnetic spherical particles.

ACCUMULATION OF STRONGLY MAGNETIC
SPHERICAL PARTICLES BY SNOW-COVER OF
EARTH

N.A. Sedmov, A.A.Zalutskiy
Yaroslavl state technical university, department of physics, Yaroslavl,
Russia

Presently that magnetic properties of overhead horizons
of soils and mountain scalls are formed due to an influx from
the understrata of atmosphere of strongly magnetic spherical
particles is a confessedly fact (Fig. 1).

The most credible size of intensity of modern fall of magnetic
particles on Earth is (2-4) 10° tonne/year.

it can be possible that 90% of spherules from all this stream
is technogenic, and 10% makes the space matter.

In the conditions of cities with the developed industry stake
of technogenic particles in a general stream yet more. For the
city of Yaroslavl a size (1,5-3,5) is got 107 tonne/year. This
more than on two orders excels the size of stream of particles,
characteristic for geological the pas of Earth (Permian and
Silurian periods).

This more than on two orders excels the size of stream of
particles, characteristic for geological the past of Earth (Permian
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and Silurian periods). Thus, for large industrial centre the stake
of spherule space origin makes no more than 0,5-1,0% from
the general stream of particles falling out on a ground surface.
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PACCESIHHBIE 3JIEMEHTbBI B CHE’KHOM ITIOKPOBE
FO’KHOM YACTH OCTPOBA CAXAJIMH, IAJTBHUN BOCTOK

Xapumonoea H.A., Yennoxkoe I A., 3apyouna H.B., /lookuna B.A.,
Puioanvuenxo C.B., booposa /I.A., Kazakosa E.H.
Yupeoicoenue Poccuiickoti  akademuu Hayk JlanvHe80CmoyHbll
eeonoeuyeckuii uncmumym /[BO PAH,

2. Bnaousocmox, Poccusa

B 971011 cTaThe MBI IpeIcTaBIsIEM IPEIBAPUTETILHBIC PE3YIThb-
tarbl aHanm3a 10 mpo6 moBepxuocTHOTO (0-10 cM) 1 32 pod
mryounHoro (30-40 cM) cHera OTOOpaHHOTO Ha FOXKHOW OKO-
HeyHocTH octpoBa Caxanus ([lansauii Bocrox Poccun) Brosnb
noporu, cBsi3piBarole nocenok Crapoayodckoe u . Kopcakos.
OOpasupl cHera ObUTM TMPOAHATM3UPOBAHBI Ha CONEp)KaHUE
B HUX 44 snemeHTOB ¢ ucnonbk3oBanueM MertonoB MCII-MC,
NCTI-ADC u ®uaKocTHOW MOHHOU xpomarorpaduu. [IpoOsr
JUTSL aHAJTA3a HAa KaTHOHBI U PACCESTHHBIC IIEMEHTHI (DHIIBTPO-
Banuch yepes 0.45 um punbtp.

[TomydeHHble pe3ynbTaThl CBUAETEILCTBYIOT, YTO OCHOB-
HBIM MOHOM B Mpo0ax sIBISE€TCS XJIOP-UOH, & OCHOBHBIM KaTH-
OoHOM — HaTpuil. CTOJIb BBICOKOE COEpIKaHKE XJIopa B Mpodax
SIBIISIETCS. MHAMKATOPOM OJIM30CTH MOPCKOTO UCTOYHHUKA.

B 1ienoM, KOHIIEHTpAIMH PACCESTHHBIX JIEMEHTOB U Oiaro-
POITHBIX METAJIJIOB BO BCEX 00pa3iiax HeoObIYaliHO HU3KHE, O/1-
HaKo BBIILIE Mpezena ooHapyxkeHus. [IpaBna, B HECKOIBKUX 00-
pasliax BBISIBIIEHO 3HAUUTENbHOE OOOTralleHue AaHHBIMU die-
MeHTamu. [loBeieHHbIe KOHIIEHTpanuu Mn, Al, Ba u Sr 6pu1H
oOHapy»XeHbI B TPoOax cHera 0TOOPaHHOTO B TOPOJIE, BO3JIE aB-
TOMOOWMIIBHBIX JIOPOT, T.€. MCIBITABIIETO aHTPOIIOTCHHYIO Ha-
rpy3ky. Takxe BbICOKUE cofiepkaHusi Mn onpeiesieHbl B Mpo-
0e cHera ¢ YexoBCKOro nepesania, a 00pasibl CHera U3 J0JIU-
Hbl p. Ouenyxa XapaKTepu3yITCsl BBICOKUMHU KOHIICHTpPAIIHsI-
mu B, Ba, Li u Sr. AHanu3 nonydeHHBIX JaHHBIX HE MO3BO-
JIWJT BBISIBUTH YETKOW 3aKOHOMEPHOCTH 3aBUCUMOCTH KOHIICH-
Tpanuil 3eMEeHTOB HU OT MecTa 0TOopa npol (yAaJeHHOCTH
OT 3a7MBa AHUBA), HA OT TIyOMHBI MX 0TOOpa. B memnom, B 00-
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pasliax YHUCTOrO CHEra CpeIHHE KOHIICHTPAIMU PACCESTHHBIX
AIIEMEHTOB BapbHUPYIOT OT 16 ppb 10 80 ppb. OgHako Tpu 06-
pasia, OTOOpaHHBIC BIOJbH JOPOTH, HMEIOT 3HAYUTEIHHO 00-
nee Bbicokue copepxkanus (1.4-1.6 ppm) 3Tux sneMeHToB. Mbl
MpeIoaraeM, YTo CTOJIb BBICOKOE COZIEpKaHHUE JaHHBIX 3Je-
MEHTOB BBI3BaHO 3arpsi3HeHHEM cHera oT jopor. OnHako, B Ha-
CTOSIIIIEE BPEMS YETKOW CBSI3U MEXIYy KOHIICHTPAIUSIMH TsHKe-
JBIX METAJIJIOB M Mn B 00pasiax cHera v ux BIOpOcam U3 MO-
TOpoB aBTOMOOMIEH. Cpenu BceX MpoaHaIM3UPOBAHHBIX dJIe-
MEHTOB HanboJiee oTueTIIMBas KOppemsaius (¢ KodhdurmeHTom
koppensiiuu 1>0.7) nabmonaercs mexay Fe, V, Ni, Ba, u Pb.
BrlmieynoMsiHyThie 31€eMEHTBl 00OBIYHO aCCOIUUPYIOTCS C aH-
TPOTIOT€HHBIM 3arpsiI3HEHUEM, a IO3UTHUBHAS KOPPEIISAIUST MEXK-
JTy HIMU TIO3BOJISIET YTBEPKIATh, YTO OHU UMEIOT OJJUH HCTOY-
HUK. MBI TIpeAronaraeM, 4To pacCestHHbIC JIIEMEHTHI B 00pa3-
[[aX 4UCTOTO CHera, HECOMHEHHO, UMEIOT aTMochepHoe mpo-
UCXOXJICHHUE.

TRACE ELEMENTS IN SNOW DEPOSITED AT THE
SOUTHERN END OF SAKHALIN ISLAND, FAR EAST
OF RUSSIA

N.A. Kharitonova, G.A. Chelnokov, N.V. Zarubina, V.A. Lobkina,
S.V. Rybalchenko, D.A. Bobrova, E.N. Kasakova
Far Eastern Geological Institute of Far East Branch of Russian
Academy of Sciences, Vladivostok, Russia

We present here the preliminary results of the analysis of
10 surface (0-10 cm) and 32 depth (30-40 cm) snow samples
collected at the southern end of Sakhalin Island, Far East of
Russia, along the traverse route Starodubskoe - Korsakov.
These patterns were analyzed for up to 44 elements, using
ICP-MS, ICP-AES and ion chromatography techniques. Prior
to detecting of cations and trace elements all samples were
passed via than 0.45 um filter. Our data indicate that chlorine
is the predominant ion in all analyzed samples and sodium is
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prevailed cation. High CI concentrations are a good indicator
of proximity to a marine source.

In general, dissolved concentrations of all trace elements
and precious metals were unusually low but detectable
concentrations. Only some patterns indicate enrichment of these
elements. Elevated concentration of Mn, Al, Ba and Sr were
determined in snow taken near road of Korsakov town. High
content of manganese were found in the sample collected at the
pass across the Chekhovsky mountain-ridge. Our data indicate
that the snow sample collected in the valley of Otchepukha river
has high content of B, Ba, Li and Sr. Analysis of elemental
concentrations in these samples showed that there are no clear
trends for element variations with distance from Aniva gulf and
depth of taken samples. In general, in clear snow samples the
average concentration of all trace elements range from 16 ppb
to 80 ppb. However three patterns taken from town road have
significantly more high concentrations (1.4-1.6 ppm) of total
trace elements. To explain these patterns we suggest that a direct
contamination of the snow by road activities and substantial
deposition of trace elements near the roadway; no clear link
can be established between motor vehicle emissions and the
concentration of heavy metal and Mn in snow. Among the
suite of trace elements we measured, the best correlations were
between Fe, V, Ni, Ba, and Pb (r>0.7 for all correlations). This
suite of trace metals is commonly associated with anthropogenic
input and the positive correlations are expected because these
species come from the same sources and are likely to travel
together. We suggest that the trace elements in our clear snow
samples were undoubtedly derived from atmospheric input.
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FORMALDEHYDE AND HYDROGEN PEROXIDE
CONCENTRATIONS IN SPRING SNOW COVER
AT MURODODAIRA, MOUNT TATEYAMA, JAPAN

Koichi Watanabe', Daiki Nishimoto', Sachie Ishita', Yoshitoshi
Uehara’, Nagisa Eda’3, Shinji Iwama®?, Kunio Kawada*
"'Toyama Prefectural University, Japan,

? Kasuya Research Forest, Kyushu University, Kasuya, Japan
3 Earth Consultant Co.,Ltd., Japan
* University of Toyama, Japan

Snow cover at high elevations in Japan recorded atmospheric
environmental signals during the winter and spring. Mount
Tateyama is located near the coast of the Japan Sea, where
air pollution and Asian dust particles are actively transported
from the Asian continent. Snow-pit observation and sampling
of snow in the pits at Murododaira (2450 m a.s.l) near the
summit of Mount Tateyama were performed in April 2010 and
2011. Measurements of formaldehyde (HCHO) and hydrogen
peroxide (H,0,) as well as major ions of the snow samples
were conducted. The concentration of H O, was significantly
higher in new snow (precipitation particles) than in compacted
snow (fine grain, rounded grains). H O, might have been
decomposed and degassed in the process of metamorphism
of new snow to compacted snow. The concentration of H,O,
was also high granular snow layers having low concentrations
of nssCa?*. Reconstruction of atmospheric H202 in an alpine
region during cold months from a snow-pit study is difficult.
The concentration of HCHO was well correlated with the
anthropogenic ion components, such as nssSO,>. Not only
acidic species but also HCHO may be transported to high
elevations in Japan from the Asian continent during the cold
months. The results indicate that post depositional modification
of H,O, is more significant than that of HCHO in the snow
cover at Murododaira.
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KOHIEHTPALIY ®OPMAJIBIETMJA W TEPOKCHJIA
BOJIOPOJIA B BECEHHEM CHEKHOM IOKPOBE
HA MYPOJOJIAIPA, TOPA TATESIMA, SITOHUS

Koichi Watanabe', Daiki Nishimoto', Sachie Ishita', Yoshitoshi
Uehara’, Nagisa Eda'?, Shinji Iwama"?, Kunio Kawada*
! Toyama Prefectural University, Japan,
? Kasuya Research Forest, Kyushu University, Japan
3 Earth Consultant Co., Ltd., Japan
* University of Toyama, Japan

CHeXHBIH TOKPOB Ha OOJIBIINX BHICOTAX B SIMOHUU aKKyMY-
JMPYET BEIECTBa, BBINAIAIONINE U3 aTMOC(hEephl 3UMOI U Bec-
Hoil. ['opa Taresma HaxoguTcs y modepexns SInoHcKoro Mopsl,
KyJla aKTUBHO IIPUHOCSTCS 3arps3HSIONIME BEIIECTBA U IIbLIb
¢ Asuarckoro koHTHHeHTa. lllypdoBanue u or6op oOpasuoB
cHera Ha I. Mypogonaiipa (2450 M) mpoBoAUIOCH B arpele
2010 u 2011 romoB. beuin pou3BeAEHBI ONPEACICHUS CONIEP-
xanus popmansaeruaa (HCHO), nepokenna Bomopona (H,0,)
U OCHOBHBIX MOHOB. KoHuUeHTparus HZO2 OKazajach 3Ha4yH-
TEJIbHO BBILIE B CBEKEBBINABILEM CHETe (CHE)KMHKH Pa3IMuHO-
ro THIA), YeM B YIJIOTHEHHOM CHere (MEJIKO3E€pPHHCTBIIN CHET,
OKpyrnénnble 3épHa). Bosmoxno, H O, 6wt paspymen u ne-
ra3upoBaH B Ipolecce MeTaMop(u3Ma CBEKEBBIMABIIETO CHE-
ra. Konnenrpanus H,O, Taxke Obl1a BEICOKA B CIIOSX KPYITHO-
3epPHHUCTOrO CHEra ¢ HU3KOW KoHIleHTparuen nssCa’". Omnpene-
auTh arMocheproe conepkanre H O, o cnexnbM nrypdam B
TOPHBIX palioHax J0cTarodHo ciioxkHO. Konuenrpamus HCHO
XOPOIIO KOPPEINPOBaAJIa ¢ KOMIIOHEHTaMH aHTPOIIOTEHHBIX HO-
HOB, TakuX Kak nssSO,”. He TojbKo KMCI0TOOOpasyromue 31e-
MeHThl, Ho 1 HCHO MoryT nnepeHocuThCs B BBICOKOTOpbhe Smo-
HHUH ¢ A3MaTCKOTO KOHTHHEHTA B XOJIOAHBIN nepuof. Pe3ynbra-
ThI IIOKAa3bIBAIOT, UTO HA T. Mypoanaiipa u3MEHEHHUs B COJIEp-
xannn H,O, B cHere Oosiee 3HAYMTENLHBI, YEM W3MEHEHUS B
conepxxanuun HCHO.
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Paznea II. dusndyeckue M MexaHMUeCKHE CBONCTBA
CHerau CHEe:KHOM TOJIIHU: IKCIIEPUMEHTAJIbHbIE IaHHbIE
U pe3yJbTaThbl MOAEJTUPOBAHMS.

Part II. Physical and mechanical properties of snow

and snow cover: experimental data and results of
modeling.
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HEKOTOPBIE OCOBEHHOCTHU MUIT'PALIMA BOASIHOTI'O
ITAPA B CHETE

Tonyoee B.H.
Hayuno-uccnedosamenvckas nabopamopus CHedCcHvlX 1a6UH U Ce-
neu, Ieoepaguueckuii gpaxyromem MI'Y umenu M.B.Jlomonocosa,

2. Mockea, Poccus

IIpeobpazoBanue (MeTamopdu3anus) OTIOKEHHBIX CHe-
KUHOK B MEJIKO-, CPEJIHE- U KPYITHO3EPHUCTBIN CHET, CIOXKEH-
HBI OrpaHEHHBIMU 3€pHAMH, CBSI3aHO C CyOIMMAaIueu Jipaa,
MHTpaMeN MOJEKYJ BOASHOIO Iapa M UX KOHJACHCALUed Ha
IIOBEPXHOCTH TEX K€ WIN JIPYI'HX 3epeH. DTOT MHOIOCTYIICH-
YaTelii Mpolecc 0OBIYHO PACCMaTPUBACTCS B CBSI3U C BO3HMK-
HOBEHHEM B [TOPOBOM IMPOCTPAHCTBE CHEXXHOTO MOKPOBA I'pa-
JMEHTA KOHLIEHTPALUU BOJSHOIO Iapa, 0O0yCIOBICHHOTO Ha-
JUYMEM TpaJlieHTa TeMIepaTypsl. B ycioBusX KBa3uuzorep-
MUH pa3BUTHE TAKOT'O MPOLIeCcca CBA3AHO € pa3InyleM OBEpX-
HOCTHOM SHEprueil rabuTyCHBIX TPaHEeW KPUCTAIIIOB Jbaa (OT
0,119 JIxx/m? nnst 6asucHoi rpanu 10 0,163 Jx/m? aus nupa-
MuanbHOM rpanu [Tomny6es, 1976]). CoOOTBETCTBEHHO paBHO-
BECHAsl KOHLIEHTpALMsl MOJIEKYJ BOASIHOTO I1apa HaJ KaKIou
U3 IpaHell OTIIMYAETCS OT CPEAHETO 3HAYEHUs, ONPEACIIeMO-
ro ypasHennem Knaneipona-Knaysuca. Ha rpanunax rpaneu
Y Ha KOHTAKTax 3¢peH BO3HUKAIOT BHICOKHE JIOKAJIbHBIE IPAIH-
€HTBI, YTO BMECTE C HAJIOKEHHBIM I'PAJJMEHTOM KOHLEHTpaluu
BOJITHOTO Tapa MpeIoyaraeT OTHOCUTENBHO OBICTpOE MPeod-
pa3zoBaHHUE CTPYKTYpbI CHETA.

3aBHCUMOCTb BeNWYHHBI 3P PeKTHBHOTO Ko3(duimenrta
MaccolepeHoca B TEPMOIPAIUEHTHBIX YCIOBUSIX OT CTPOCHHUS
U IUIOTHOCTH CHEra POAaHaIM3UPOBaHa C UCIIO0JIb30BaHUEM MO-
JIeH perylsspHoi ynakoBku 3épeH (MPVY3) u npencraBiennii
0 Makpo — 1 Mukpoauddysun. Hanbomnee Bbicokne 3HaYeHUs

ko3 uIreHTa MaccorepeHoca CBOMCTBEHHBI CHETY C IUIOT-
HOocThIo 300-400 Kr/™m>.
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SOME PECULIARITIES OF WATER VAPOR MIGRATION
IN SNOW

V.N. Golubev
Laboratory of Snow Avalanches and Mudflows, Faculty of Geography,
Moscow State University, Moscow, Russia

Transformation (recrystallization) of precipitated snowflakes
into faceted grains of small - medium - and coarse-grained
snow is connected with ice sublimation, migration of water
vapor molecules and their condensation at a surface of the same
or other grains. This multistage process is usually considered
in connection with formation of a gradient of water vapor
concentration in pore space of a snow cover due to the presence
of a temperature gradient. The development of such process in
quasiisotermical conditions is connected with surface energy
distinction of ice crystals facets (from 0,119 J/m? for a basic
facets to 0,163 J/m? for a pyramidal facets [Golubev, 1976]).
An equilibrium concentration of the water vapor molecules
over each of the facets differs correspondingly from the average
value defined by the Clapeyron-Clausius equation. High local
gradients of water vapor over facets borders and at grain
contacts together with the imposed gradient of concentration
of water vapor are proposed concerning fast transformation of
snow structure.

Dependence of effective mass-transfer coefficient from a
structure and density of snow at temperature gradient conditions
is analyzed with the use of the model of regular packing grains
(MRPG) and of representations of macro- and micro-diffusion.
The highest values of effective mass-transfer coefficient
correspond to snow with density 300-400 kg/m?.
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MACCOOBMEH B CUCTEME ATMOC®EPA — CHEXKHBI
IOKPOB - NOACTUIAIOIIAS IOBEPXHOCTbD

Tonybes B.H., ®ponos /.M.
Hayuno-uccnedosamenvckas nabopamopus CHedCcHvlX 1a6UH U Ce-
neu, Ieoepaguueckuii gpaxyromem MI'Y umenu M.B.Jlomonocosa,

2. Mockea, Poccus

[IpoBeneHa oreHKa 101U CyOIMMaIiy B 6alaHCe CHEKHOTO
MOKPOBa. DKCIEPUMEHTAIbHO YCTAHOBICHA 3aBHCUMOCThH MH-
TEHCUBHOCTH CYOJUMAIMH OT IJIOTHOCTH U TEIUIOMPOBOIHO-
cti cHera U Jiba (0T 42¢108 kr/m*c as nbaa u 40°10° kr/m2¢
IUT cHera ¢ TIoTHOCTBIO 500 kr/M? 10 321078 kr/M%C u1st cHera
¢ wioTHOCTRIO 160 Kr/m?). PaccMoTpeHO pacmpe/eneHue Bia-
T'Yl B TIOPOBOM IIPOCTPAHCTBE CHEra U TPYHTOB U MOKa3aHa BO3-
MOKHOCTh MUTPAIIMU Mapa U3 CHera B IPYHT (OTHOCHTEIBHOE
COJIEpKaHUE BOJSHOIO Iapa B IOPOBOM IIPOCTPAHCTBE CHETa
Cc/Cu.n. mensiercs ot 1,14 mpu temneparype -20°C mo 1,06
nipu -5°C). IIpuBenensl pe3yabTaThl SKCIEPUMEHTATBHBIX UC-
CJIEIOBAaHUN MacCONEPEHOCa B YCIOBUSAX U30TEPMUH U P Ha-
JTUYHUU TpajueHTa Temrneparypsl. OxapakTepu30BaHbl coueTa-
HUS TEeMIIepaTyphl U TPAIMEHTOB TEMIIEPATyPhl, IPU KOTOPHIX
BO3MOKHA MUTPAIUs BOJSTHOTO Tapa U3 TPYHTa B CHET, TEPMO-
JTUHAMHYECKOS PAaBHOBECHE WJIM MUTPAIUS U3 CHETa B TPYHT.
Tak, 115 KOHTaKTUPYIOLIUX Cpel CHEr/IeCOK MpU TeMmIepa-
Type Ha KOHTaKTHOW MOBEpXHOCTH -13 unum -4°C u HyneBOM
rpaJueHTe TeMIepaTypbl HAOMIONAeTCs TOTOK BOASHOTO Mapa
1-2,5¢10® kr/m’*c u3 cHera B rpyHT. J{Isi KOHTAKTHPYIOIINX
CpeJ CHET/IIeCOK WJIM CHET/CyIIIMHOK IPY TeMIepaTypHOM I'pa-
mente 24-91 K/m u temneparype Ha KOHTaKTHOH MOBEPXHO-
ctH -5 - -8,3°C HabiromaeTcs MOTOK BOASHOTO mapa 8-39,3¢10%
KI/M?C U3 TPyHTa B CHET.
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MASS EXCHANGE IN THE SYSTEM OF ATMOSPHERE -
SNOW COVER - GROUND

V.N. Golubev, D.M. Frolov
Laboratory of Snow Avalanches and Mudflows, Faculty of Geography,
Moscow State University, Moscow, Russia

The input of the sublimation to the snow cover balance was
estimated. The relation of snow and ice sublimation intensity
on snow density and heat conductivity was experimentally
established (from 42¢10® kg/m?’s for ice and 40+10®* kg/m?’s
for snow with density 500 kg/m* to 32¢10°® kg/m?s for snow
with density 160 kg/m?). The moisture distribution in the pore
space of snow and soil and the possibility of vapor migration
from snow to ground was considered (relative concentration
of water vapor in snow pore space C__/C .~ varies from
1,14 at temperature -20°C to 1,06 at -5°C). The experimental
results on mass transfer under isothermal condition and with
the temperature gradient are presented. The combinations of
temperature and temperature gradients, whichallows watervapor
migration from ground to snow, thermo dynamical equilibrium
or migration from snow to ground was characterized. The water
vapor flow from snow to ground had the rate 1-2,5¢10® kg/
m?’s on the contact snow/sand at temperature -13 or -4°C and
zero temperature gradient. The water vapor flow from ground
to snow had the rate 8-39,3°10® kg/ m2s on the contact snow/
sand or snow/clay at temperature -5 - -8,3°C and temperature
gradient 24-91 K/m.
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OU3UKO-MEXAHUYECKHE CBOMCTBA CHEXKHOMN
TOJILIH: METO/bI, AIIITAPATYPA, DKCIIEPUMEHTAJIbHBIE
JTAHHBIE U TEPCIIEKTUBHBIE HAITPABJIEHUSI
UCCJEIOBAHUI

Enuganos B.IL.', Ocoxun H.H.?
I Vupesicoenue Poccuiickoil akademuu nayk Hncmumym npobrem
mexanuxu umenu A.FO. Hwnunckoeo PAH, 2. Mockea, Poccus
2 Vupeoicoenue Poccuiickoil akademuu Hayk
Hucmumym eeoepaguu PAH, 2. Mockea, Poccus

[IpennoxeHbl METOIMKHU U ammaparypa Jjs U3MEpEeHUs aKy-
CTMUYECKUX M MEXAHWYECKUX CBOICTB CHEra B yCIOBHSAX 3aje-
raHus, BKIIIOYas IypQpoBaHue, B YaCTHOCTH, pa3paboTaH moJe-
BOM MeToJ] U3MepeHHs] KpUTHYECKOro kod(duinenta MHTEH-
CUBHOCTH HAaIPSDKEHUM, METOJ MHJEHTUPOBaHUs (Ompenerne-
HUS TUHAMUYECKOH TBEPOCTU CHETa) U METON ie(hopMaIioH-
HOM aKyCTH4E€CKOW SMUCCHH.

C nomomb10 MeTOa HHACHTHPOBAHMS HCCIIC0BaHbI 3a-
BHUCUMOCTH IMHAMMYECKON TBEPJIOCTU CHETa Ha CKJIOHE OT €ro
[TyOMHBI 3ajJieraHusl U TEMIIEPaTyphbl 10 U MOCJIE MPOCAAKH.
W3mepena nedopmariioHHass aHU30TPOIUS TBEPAOCTH CHEra
BJIOJIb U TIONIEPEK CKIIOHA; paCCMOTpPEHa BTOPHYHAs CTpaTudu-
Kallys MO0 TBEPAOCTH; PACCUUTaHbl HAMPSIKEHUS OTphbIBA MPU
IIPOCaKe.

V3MepeHus BBINOIHEHB! ¢ TOMOLIbIO OPUTHHAIBHOTO MpH-
6opa (meHerpoMerpa). B ycroBHsX KBa3UpaBHOBECHS CHEX-
HOT'O IIOKPOBA HAa CKJIOHE IOJIyY€HBI CIEAYIOIINE PE3YIbTAThI:
BbIsiBIeHAa ~ 200% aHu30TponUs AMHAMUYECKOW TBEPAOCTH
YIUIOTHEHHOTO €105, 3((})EKT BTOPUYHOMN CTpaTU(PUKALIUHU 10
tBepAocTH, 500% -HOe paznuuue 3HaYeHUN TBEPIOCTU MEKIY
ciosiMu cHera. C MOMOIIBIO METO/Ja KOHEUHBIX JIEMEHTOB pac-
CUUTAHO KPUTHUYECKOE HAMpPSIKEHUE OTPbIBA B CJIOE MPHU MPO-
CajKe.

C noMombI0 MeTOAA ONpPEAEICHUS BSI3KOCTH pa3pylICHUs
HCCIIEI0OBaHA IIPOYHOCTH OJJHOBO3PACTHBIX CIIOEB CHETa B IIyp-
¢de (apxunenar [nundepren). McnbiTanue cHera Ha BHEIICH-
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TPEHHOE PACTSXKEHUE BBIMOIHSUIMA C MIOMOILBIO CTEHAA JJIsl O-
JICBBIX UCIBITAHUM.

HccnenoBana 3aBUCUMOCTh KPUTHUYECKOro Ko3(dduuueHnra
WHTEHCUBHOCTH HAIIPSKEHUHN OT TEMIIEpaTyphl U €T0 W3MEHe-
HUE I10 BBICOTE CHEXHOTI'O MOKpoBa. PaHee Ha 3TOM k€ TOPHOM
CKJIOHE Obliia MoJyYeHa MOYTH Takas e HEeMOHOTOHHAsI 3aBU-
CUMOCTb JIOKQJIbHOM TBEPJOCTU OT BBICOTHI CHEXHOTO MOKPO-
Ba.

C nomombio Metoaa ae)OPMAIHOHHON AKYCTHYECKOI
IMHCCHHM MCCIIEIOBAaHbl 3aKOHOMEPHOCTH TI'€HEpPALlMHM CUTHa-
JIOB Ha CTAAMSIX IUIACTUYECKON AedopMaliK CHera U Mo MoJy-
YEHHBIM pe3ylibTaraM MpeIokKeH CIOCO0 MPOTHO3UPOBAHUS
JIOKAJIbHBIX CHEXKHBIX 00BAJIOB MO ACHCTBHEM BCETO KOMIICK-
ca CHErOMETEOPOJIOrHYecKnX (aKkTOpoB. BEITIOTHEHHBIE HC-
CJIEIOBAHUS MTOKA3aJIM MEPCIIEKTUBHOCTh MPUMEHEHHBIX METO-
JIOB JIJIsl OmpenieNieHusT PU3NKO-MEXaHMUECKUX XapaKTePUCTUK
Y U3yYEHMS 3aKOHOMEPHOCTEHN CKJIOHOBBIX MPOLECCOB B CHEX-
Hoit Tonme. [TonmydeHHble pe3ynbsTaTbl MOTYT ObITh UCTIOIB30-
BaHbI JIJIs PEIICHMs LIeJIOT0 psjia MPUKIAIHBIX 3a]a4d Mo Mpo-
THO3UPOBAHMIO JIABUHHOM OIIACHOCTH U OLIEHKE HECYIIEH CIIO-
COOHOCTH CHETa MpH JBIKEHUN TPAHCIIOPTA HAa TOPHOM CKJIIO-
He. Caemanbl BBIBOIBI O MPAKTUYECKOM MPUMEHEHHH TTOJTyYeH-
HBIX PE3yJIbTaTOB.
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PHYSICO-MECHANICAL PROPERTIES OF SNOWPACK:
METHODS, EQUIPMENT, EXPERIMENTAL DATA AND
PROMISING RESEARCH DIRECTIONS

V.P. Epifanov’, N.I. Osokin’
Institute of Problems Mechanics of Russian Academy of Sciences,
119526, Moscow, Russia
’Institute of Geography of Russian Academy of Sciences, Moscow,
Russia

The methods and devices for measuring acoustic and
mechanical properties of snow in its natural undisturbed
state and in the pits, in particular, have been proposed. Field
method for measuring the critical stress intensity factor, the
indentation method (determining the dynamic hardness of the
snow), and the method of deformational acoustic emission
have been developed. Using the indentation method the
relationships of dynamic hardness of snow on slope with its
depth and temperature before and after subsidence have been
investigated. Strain anisotropy of hardness of snow along and
across the slope has been measured; a secondary stratification
in terms of hardness has been considered, breaking stresses
at subsidence has been estimated. The measurements have
been made using the original instrument (penetrometer). For
the snow on the slope at quasi-equilibrium state the following
results have been obtained: ~200% anisotropy of the dynamic
hardness of compacted layer has been found, the effect of
secondary stratification with hardness has been revealed, and
500 % difference of hardness values in different snow layers
has been identified. The finite element method has been applied
to calculate the critical braking stress in a layer at subsidence.
Using the method of determining the fracture toughness the
strength of coeval snow strata in the pit (Svalbard) has been
studied. Tests of snow on the eccentric strength were carried
out using the test bench for field trials. The dependence of the
critical stress intensity factor on temperature and its change
with depth in snow cover has been studied. Earlier on the same
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mountain slope the similar non-monotonic dependence of the
local hardness with snow cover depth was obtained.

Using the method of deformational acoustic emission the
regularities of signals generation in snow at stages of plastic
deformation have been found and the results obtained were
applied in a method for predicting local avalanches under the
full set of snow and meteorological factors. Studies have shown
promising techniques employed to determine the physical and
mechanical characteristics and to understand the patterns of
slope processes in the snowpack. The results can be used for a
wide range of applications for forecasting avalanche hazard and
evaluating the carrying capacity of snow at vehicle movement
on the hillside. The conclusions about the practical application
of the results have been drawn.
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SKCHHEPUMEHTAJIBHBIE NCCJIEJOBAHUSA BECA JIEAAHBIX
KPUCTAJUVIOB B CHE’XKHOM ITOKPOBE

Kaszaxoe H. A.
Yupescoenue Poccuiickoti akademuu uayk Caxaiunckuil guiuan
Janvnesocmoynoeo  eeonocuyeckoeo uncmumyma J[BO PAH,
2. IOxcno-Caxanunck, Poccusa

[Ipu onmcaHuu CTPYKTYpHI JEISHBIX KPUCTAJIOB B CHEX-
HOM TIOKPOBE HCIIOJIB3YIOTCS JBa MapaMeTpa — pa3Mep KpH-
crauta u ero opma. OnHAKO HE MEHEee Ba)KHO 3HATH Maccy
KpHUCTaia.

OKCHEepUMEHTAIIbHBIE MCCIIEJOBAHUS 110 MU3MEPEHHIO Beca
JEJIHBIX KPUCTAJIOB BTOPUYHO-UIUOMOPGHHOrO CHera pas-
HBIX KiaccoB ¢opM mposoamwinuck Ha HOxxkHom Caxanuhe 3u-
moii 2011 r. Kpucramisl oTOMpauch U3 CHEXKHBIX CIIOEB pa3-
HOT'0 BO3pacTa

Kpucranibsl ckeneTHOro U CeKTOPHaIbHOTO KJ1accoB (HopM
nuametrpom 3,0 MM 1 GoJiee B3BEIIMBAIUCH OTACIbHO. Cpen-
HUIl BeC KpUCTAJUIbl MOJYCKEJIETHOIO U TI'PAaHHOIO KJIACCOB
¢dopm pazmepoMm MeHee 2,5 MM ompenensics U3 BhIOOpPKH (0T
10 o 100 kpucramnos). Ilpu sTom ompenensics 00bEM Kpu-
crayuioB (0e3 yuéra mojocrteil B kpuctaiuie). Pesynbsrarsl uc-
CJIEJOBAaHU IPUBEJICHBI B TAOIUIIE.
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Crpykrypa cHera. YCIOoBHBIE 0003HAYEHHUSI.

Kiacc popMmbl J€IsIHBIX KPHCTAILIOB Cranus
BTOPUYHO-HMOMOP(HOTO CHera CyOIMMAaIMOHHOTO MeTa-
(o 3.I"Konomsry) MopduzmMa
[ | TpaHHBIN CTOIOYATHII Koncrpykrusnast
d MIOJTYCKENIETHBINA CTON0UATHIM
0 CKEJIETHBIN CTONIOUATHIN
E= . PerpeccuBnas
1 TIOCKUH
=== | CeKTOPHAbHBII

EXPERIMENTAL RESEARCHES OF WEIGHT OF ICE
CRYSTALS IN A SNOW COVER

N.A. Kazakov
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

At description of icy crystals structure on a snow-cover two
parameters are used. It is size of crystal and crystal’s shape.
However to know mass of crystal is less important.

Experimental research by measurement weight of icy
crystals of different classes of crystal’s forms of secondary
- idiomorphic snow is carrying out South Sakhalin (2011).
Crystals were taken away from the snows layers of different
age.

The crystals of skeletal and sectorial classes of shape by
a diameter 3,0 mm and more weighed separately. A middle-
weight crystals of semiskeletal and faceted classes of shape
measuring less than 2,5 mm concerned from a selection (from
10 to 100 crystals). The volume of crystals concerned thus
(without taking into account cavities in a crystal). The results
of researches are resulted in a table.
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Structure of snow. Legend.

Class of the ice crystals shape of a secondary
idiomorphic snow ( Depth Hoar) (by

A snow sublimation
metamorphism stage

E.G.Kolomytz)
[ | Faceted columnar crystals Constructive
ﬂ Semi-sceletal columnar crystals
[0 =9 | Sceletal columnar and flat crystals
e Sectorial crystals Regressive
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IKCHHEPUMEHTAJIBHBIE NCCJIEJJOBAHUS
JNIEKTPUYECKHUX XAPAKTEPUCTUK CHE’KHOT'O IIOKPOBA

Ka3zaxoe H. A.
Yupeoicoenue Poccuiickoii akademuu nayx Caxanunckuil gpuauan
Jlanvrnesocmounoeo eeonoeunecxozo uncmumyma J{BO PAH,
2. IOxcno-Caxanunck, Poccus

ONEKTpUYECKHE SBJICHUS B CHEKHOM IIOKPOBE 4YacTO Ha-
OnronaroTes BusyasnabHO. JIEN, kpucTanaaMu KOTOPOTO BBIMOJ-
HEHA CHEXKHasl TOJIIA — MOJISIPHBIN JUDIEKTPHK, 00JIaJaroIIHii
CBOMCTBAMHU IbE303JIEKTPUKA, CETHETONIEKTPUKA, MUPOIJIEK-
TPUKa U IPOTOHHOTO MOJIYNpOoBOAHMUKA. CHEXHBIH MOKPOB B
€CTECTBEHHOM 3aJICTAHUU MOJKET OIMCBIBATHCS KaK IUIOCKUMN
JUBIIEKTPUYECKHUI BOJIHOBOJ, B JIEKTPUYECKOM I10JIE CUCTEMBI
arMocdepa — tutochepa.

Onpenensst npupoay CUIl CBA3U MEXY JIEIIHBIMU KPUCTAJI-
JIAMH KaK SJIEKTPUYECKYIO, MBI ITOJTy4aeM BO3MOKHOCTb 0OBsIC-
HUTH (DEHOMEH CaMOOPTaHU3AINHU YIOPSAOUEHHON CTPYKTYPHI
CHEXHOTO ¢JI0s1 (0TOOpakaeMoi B €ro TEKCTYpe) CIIEACTBUEM
U3MEHEHHUS €T0 MEKTPUUECKUX XapaKTePUCTUK, a GPU3NUECKHE
CHJIBI, 00eCIIeYnBAOIUE CBSA3b MEXKLy JISASHBIMU KpUCTaJlIa-
MU B CHEXHOM TOJIIIE OOBACHUTD KaK IIEKTPUUYECKUE.

B 2004 — 2010 r. Ha FOxxrnom CaxanuHe HaMu MPOBOIUIIUCH
AKCIEPUMEHTAJIbHbIE UCCIEA0BAHUS SIEKTPUUECKUX XapaKTe-
PHUCTHK CHEKHOTO ITOKPOBA B €CTECTBEHHOM 3aJICTaHUM.

1. JIna ompeneneHust EMKOCTH M PA3HOCTH MOTEHIMAJIOB
CHEXHBIX CIIOEB C Pa3HOM CTPYKTypOH U TEKCTYpPOH B CHEX-
HBIE CJIOU NAapaJlIENbHO IOBEPXHOCTH ITOMEIAINCH 2 MIIOCKUX
MEJIHBIX AJIEKTpoIa IIoMIa b0 mo 110 cm?. s KaXKa0ro THa
cHera Ob110 BbINoHEHO oT 10 1o 30 cepuit u3MepeHU.

Yepes nomydeHHbIe 3HaYCHUSI EMKOCTH U Pa3HOCTHU IOTCH-
L[1AJIOB PACCUMTHIBAJICS YICJIBHBIN 3apsi clios 1o (hopmyIie:

E=U/L (1),

rae E — Hanpsok€HHOCTh MIEKTPUUECKOro Mo B cioe, L —
TOJIIIIMHA CJIOSI MEXKIY OOKIIaKaMH KOH/IeHcaTopa (3IeKTpoaa-
Mu), U — pa3HOCTh IOTEHIIAJIOB.
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OnHOBpEeMEHHO ompenensiach CTpaTu(UKaus CHEXKHOU
TOJIIIIH, CTPYKTYpa, TEKCTYpa, TEMIIEPATYpa, INIOTHOCTh CHEX-
HBIX CJIOEB.

2. Jlnsg wuccnenoBaHUs SJICKTPU3ALMU JIEASHBIX KpPUCTAII-
JIOB B MUCKYCCTBEHHOM 3JiekTpuueckom mone (2010 — 2011 r.
r., FOxup1ii CaxanuH), U3 ClIOEB CHEra B €CTECTBEHHOM 3alie-
TaHWU OTOMPATUCH MPOOBI CBEKEBBINABIIETO U NMEPEKPUCTAI-
JIM30BaHHOIO (TPaHHOI0, MOIYCKEJIETHOIO U CKEJIETHOTO KJlac-
coB (hopM) CHera, KOTOpbI€ MOMEIIATUCh MEXAY JIByMs pac-
MOJIOKEHHBIMU  TTapaJlIeIbHO MEIHBIMU 3JEKTPOIaMH, KOTO-
pbl€ EKTPU30BBIBAIMCH C MOMOLIBIO 3JIEKTPOPOPHOI Malu-
Hbl. PaccTosiHue MeXay 3IeKTpoJaMH M3MEHSIOCh OT 2 10 6
cM. PazHocTs noteHnuanos mexay miactuHamu — 10000 B.

Pesyabrarsl.

1. DnekTpuuecKuit 3apsij JIEATHOTO KPUCTAIa 3aBUCUT OT
ero pasmepa u Gopmsl (T.€., OT CTaJAUU €ro MeTamMopdusma), a
3apsi/i CHEXXHOTO CJI0S1 3aBUCHUT OT €r0 CTPYKTYPhl U TEKCTYPHI.
B xone Metamopdu3ma JIeASIHBIX KPUCTAIJIOB B CHEKHOM CJI0€
yBEJIUUEHHUE 3apsijia JIASHOTO KpHCTala U 3apsjia CHEXHOTO
CJIOSI IPOMCXOUT KaK M0 MEpe yBEIMYEHHUS pazmepa JIeIsiHO-
r0 KpUCTaJJIa, TaK ¥ 110 MEPE COBEPIICHCTBOBAHUS CTPYKTYPHI
U TEKCTYpbl CHEXXHOTO cJios. VI3MeHeHue 3apsiia npu u3MeHe-
HUM IUIOTHOCTH CHEra B cJI0€ He ycTaHoBIeHO. bosee ycToii-
YMBbIC 3HAUEHUS HIIEKTPUUYECKUX 3apsAJ0B CHEXKHOI'O CJIOs Ha-
OrofaroTcs y BTOPUUHO-UAMOMOP(HOTO CHEra, MeHee yCTOM-
YHBBIE — Y MEPBUYHO-UINOMOP(HHOTO U M30MOP(PHOTO CHEra.
Bornee ycToitunBbie 3HaUEHUS 3apsiga CHEKHOTO CIIOS HAOMIO-
JAOTCs IPU OTCYTCTBUM 0OJaYHOCTH.
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CpeI[HI/IC SHAUCHUS DJICKTPUYICCKUX 3apA10B CJI0A

Turm cuera O01a4HOCTH O01aYHOCTE
U Kiacc popm 0 6aoB 10 GayutoB
JIEISTHBIX i el o3 i . 3
KPHCTAIIOB (IO MKO/CTB R ap;IIE[H Q, MKO/CTB N ap;;(n Q,
3.I". Konmowmsiiry) BIM H BM HE
CBe)XeBbITABIINN - - 0,01 - 0,06 | 0,001 —0,07
Obaomounbili - - 0,03 — 0,04 0,001
(y1exanblit)
Cy6muma-
LIMOHHO-TIOJIHD- 0,04 0,014 0,05-0,12 0,002
JPUYECKUI
Pexens-
nuonHo-monmd- | 0,03 -0,08 | 0,03 -0,0810,02-0,10] 0,01 -0,13
JIPUYECKUI
I'panmbIii 0,05-0,07 | 0,04-0,05 | 0,30-0,39 0,12-0,15
Hony- 0,17-0,19 | 0,07-0,14 | 0,05-0,09 | 0,02-0,09
CKEJIETHBII
CKeJleTHBIN 0,17-0,25 0,10-0,14 | 0,05-0,12 0,01-0,10
Cexropuansnsiit | 0,01 - 0,15 | 0,02-0,09 | 0,01 -0,03 | 0,14-0,17

2. JlensHble KpUCTAIIbl, HOMEIIEHHBIE MEKIY ABYMs 3J1€K-
TpoAaMH, IMPH IO/la4€ HA HUX IEKTPUUYECKOTO HAINPSKEHUS
BBICTPAUBAKOTCA B BCPTUKAJIBHBIC KJIACTCPHI, HO,ZIO6HBIG TEM,
KOTOpBIE HAOIIOJAIOTCS B CHEXKHOM CJIOE€ C BOJIOKHHCTOM TEK-
CTYpO#. DTO CBHJIETEIBCTBYET O TOM, YTO HA KpUCTaJIax Mpo-
HCXO/IUT pa3/ieJieHre TOBEPXHOCTHBIX 3apsJI0B, a caM JIeTHOU
KPHUCTAJUI IPU 3TOM JOJIKEH ONUCHIBATHCS KaK JTUIOJIb.

3. CHEeXHBII NOKPOB B €CTECTBEHHOM 3aJIETAHUU MOMKET

OIMUCBIBATHCA KaK SJICKTPOAUMHAMUNYCCKAd CUCTCMaA.
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EXPERIMENTAL RESEARCHES OF ELECTRIC
CHARACTERISTICS OF A SNOW COVER

N.A. Kazakov
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

The electric phenomena in a snow cover are often observed
visually. A snow cover is built by the crystals of ice. But ice is
a polar dielectric and possessing properties of a piezoelectric
material, a ferroelectric material, pyroelectric and the proton
semiconductor. The snow cover can be described as a flat
dielectric inwardly electric field of system atmosphere — a
lithosphere.

If we describe the nature of forces of communication
between ice crystals as electric, we have an opportunity:

* to explain a phenomenon of self-organizing of the ordered
structure of a snow layer (displayed in its texture) a consequence
of change of its electric characteristics;

* to define the physical strengths providing communication
between ice crystals in snow thickness as electric.

we spent experimental researches of electric characteristics
of a snow cover on Southern Sakhalin in 2004 —2010.

1. For definition of capacity and a potential difference of
snow layers with different structure and a structure in snow
layers in parallel surfaces were located 2 flat copper electrodes
with the area on 110 sm?. For each type of snow it has been
executed from 10 to 30 series of measurements.

Through the received values of capacity and a potential
difference the specific charge of a layer under the formula paid
off:

E=U/L (1),

where E — intensity of electric field in a snow layer, L — a
thickness of a layer between condenser facings (electrodes),
U — a potential difference.

Stratification of snow thickness, structure, texture;

temperature, density of snow layers was simultaneously
defined.
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2. For research of electrization of icy crystals in the artificial
electric field (2010 - 2011, Southern Sakhalin), from the
layers of snow cover the tests of precipitation particles and
recrystallize snow (faceted crystals, semiskeletal and skeletal
classes of crystals forms). That crystals were placed between
two located parallell by copper electrodes. Electric tension
moved on electrodes with the help by an influence machine.
Distance between electrodes changed from 2 to 6 sm. Difference
of potentials between plates - 10000 Volt.

1. The electric charge of an ice crystal depends on its size
and the shape (from a stage of its metamorphism). The electric
charge of a snow layer depends on its structure and a texture.
During to a metamorphism of ice crystals in a snow layer the
increase in a electric charge of an ice crystal and a electric
charge of a snow layer occurs both in process of increase in the
size of an ice crystal, and in process of perfection of structure
and a texture of a snow layer.

The electric charge change at change of density of snow in
a layer isn't established.

Steadier values of electric charges of a snow layer are
observed at primary-idiomorphic snow less steady — at
secondary-idiomorphic and isomorphic snow. Steadier values
of a electric charge of a snow layer are observed in the absence
of clouds.
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Average values of electric charges of a snow layer

Type of snow and | Overcast of 0 grade Overcast of 10 grade
class of shape of | Electric Electric Electric Electric
icy crystals capacity F, | charge Q, | capacity F, | charge Q,
(by E. Kolomitz) V/m nK V/m nK
Precipitation - : 0,01 - 0,06 | 0,001 —0,07
particles
Decomposing
and frégmepted i i 0.03 0,04 0,001
precipitation
particles
Very fine 0,04 0,014 |005-0,12| 0,002
rounded grains
Regelation | ) 02 608 10,03 0,08 | 0.02—0.10 | 0.01-0.13
crystals
Faceted crystals | 0,05-0,07 | 0,04-0,05 | 0,30-0,39 0,12-0,15
Semiskeletal | 15 619 | 0.07-014 | 0.05-0.09 | 0.02-0,09
crystals
Skeletal crystals | 0,17-0,25 | 0,10-0,14 | 0,05-0,12 0,01-0,10
Sectorial crystals | 0,01 — 0,15 | 0,02-0,09 | 0,01 — 0,03 0,14-0,17

2. Icy crystals placed between two electrodes, at the serve
on them of electric tension line up in vertical clusters, similar to
those which are observed in a snow layer with fibrous texture.
It goes to show that there is the division of superficial electric
charges on icy crystals. An icy crystal here must be described
as a dipole.

3. A snow-cover in the natural bedding can be described as
electrodynamic system.
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IKCHHEPUMEHTAJIBHBIE AKYCTUYECKHE
HNCCIEJOBAHMUSI CHET'A B ECTECTBEHHOM 3AJIETAHUN

Kazaxoe H.A.', Kononos H.A.', I'encuoposckuii FO.B.",
Manawenxo A.E.%, Kapauyn JI1.3.%, [lomanog A.A.”
I Vupescoenue Poccutickoti akademuu nayx Caxanunckuil (puiuan
Jlanvrnesocmounoeo eeonoeunecxozo uncmumyma J{BO PAH,
2. fOocno-Caxanunck, Poccus

2 Vupescoenue Poccuiickoii akademuu Hayk CneyuanvHoe
KOHCMPYKMOPCKOe OI0po cpedCcms asmomMamu3ayu MOPCKUX

uccnedosanuii J{BO PAH, 2. IOxcno-Caxanunck, Poccus

Jliia petieHust 60JBIIOTO Kpyra 3ajad CHETOBEJCHUS U Ja-
BHUHOBe/IeHUs TpeOyeTcs pa3padoTka METOJ0B TUCTAHIIHOHHO-
ro u3MepeHus: PU3NUEeCKUX U MEXaHUYECKUX XapaKTEPUCTHUK
CHEXHOTO MOKPOBAa B €CTECTBEHHOM 3aJleTaHUU U OIpeselie-
HUS CTPYKTYpPBl M TEKCTYpbl CHEXHbIX cl0€B. Hanbonee nep-
CHEKTUBHBIM MPEICTABISAETCS 30HIUPOBAHUE CHEKHOM TOIIN
C MIOMOIIBIO AIEKTPOMArHUTHBIX U aKyCTHYECKUX UMITYJIbCOB.

B 2009-2011 r. Hamu TPOBOAMIIUCH SKCTIEPUMEHTHI 10 OLICH-
K€ 3aBUCUMOCTH aKyCTUYECKUX CBOMCTB CHEKHOTO TTIOKPOBA OT
CTPYKTYPbI U TEKCTYPbI CHEXKHOTO CJIOSL.

B nponecce skcnepuMeHTa 30HAUPYIONIUE 3BYKOBBIE HM-
ITyJIbCHI TOCBIIAINCH YEPE3 CHEXKHBIE CIIOU C PA3IIUYHON CTPYK-
Typoil U Tekctypoil. [IpuéMHUK M mepenaTyuk ycTaHaBIMBa-
JIUCh B OJTHOM CHEKHOM clloe Ha pacctosHuu 1 M, 3atem — 0,5
M. 3ByK IIPOITyCKaJICA CEPUSAMU MO 9-12 UMITyIbCOB B KaXK 0.
Bcero 6bu10 monmydeHo 15 mpUrogHsIx JUisl aHAIKU3a 3BYKOBBIX
cepuii: o aBe cepuu 12, 18 u 25 mapra 2010 . (ogHa cepus
Ha CHEXHBIN CJI0M) ¢ yacToTod ummynbcoB 1391,6 I'm; 9 ce-
puii 25.03.2011 1. guist Tp€X pa3aUUHBIX CIOEB CHEKHOM TOJIIIN
Ha yacrotax 170,9 I'u, 1000,98 I't u 9997,56 I'l. U3mepsiniach
IUIOTHOCTH CHEra U TeMIepaTypa Ha KOHTakTax cloéB (Tal. 1).
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AHanu3 pe3yinbTaToB HKCIIEPUMEHTA MPOU3BOAMIICA 0 W3-
MEHEHHMSIM aMIUTUTYAHBIX U YACTOTHBIX XapaKTEPUCTUK IPUHSI-
TOTO CUTHAJIA.

DKCTMEPUMEHT IMOKa3ajl, YTO MaKCUMaTbHBIMH 3BYKOIOTJIO-
HIAIOIIMMU CBOMCTBaMM 00J1a/1al0T CHEXXHBIE CIIOM IJIOTHO-
cteio Oonee 0,30 r/cM3, clOXKEHHBIE KPUCTAIAMU TPAHHOTO
00 CEeKTOPHATLHOTO KJIaccOB ()OpM HA 4aCTOTE CHTHAIA OKO-
10 10000I'q. Ha HU3KKX YacTOTax TOT K€ CHET MPOSBIISET ca-
Mbl€ MUHUMAaJIbHbIE 3BYKOIOIVIONIAOIINE CBOMCTBA. B cHex-
HBIX CJIOSIX TWIOTHOCTRIO OT 0,25 mo 0,30 r/cm3 u ¢ mpumep-
HO OJIMHAKOBBIM COOTHOIIIEHHEM KPUCTAJJIOB Pa3HBIX KJIACCOB
dopm (Tab. 1, 25.03.2011, cnoii 4) curHanbl pa3IMYHOMN YaCTO-
ThI 0c1a0eBal0T MPUMEPHO OJUHAKOBO.

AHau3 U3MEHEHUN YaCTOTHBIX XapaKTEPUCTUK 3BYKOBBIX
CUTHAJIOB MPOBOJIUJICS TI0 TpaduKaM CIEKTPOB, TOCTPOCHHBIM
JUIST KQXKI0TO OTAEITBHOTO UMITYJIhCA.

CpaBHEHHE CHIEKTPOB MOCJIAHHBIX W MPUHATHIX CHUTHAJIOB
MOKa3ajo, 4To JJIsl HU3KOYACTOTHBIX UMITyabcoB (1700') HU-
KAaKUX YaCTOTHBIX M3MEHEHUN HE MPOUCXOAUT. s ummymb-
coB BbICOKOH yacToThl (10000I'11) OBLIIO OTMEYEHO HEKOTOPOE
yBenudenue (ot 1 go 12I'u) ocHoBHoro Tona. Haunbonee un-
TepeCcHasi KapTHHA HAOIOMAETCs B CIIEKTPE CUTHAIOB YacTO-
torr 1000I'n m 14001, st yacTOTHl MOCAAHHOTO CHTHAja B
1000ru OCHOBHOM TOH MPUHSATOIO CHUTHAaja OKa3ajicsi MEHb-
e JiJIsl BCeX TUIOB cHera. PasHuIia BapbupoBaiach B Mpome-
KyTke oT 12 no 33I'm. [l yacTOThl MOCIAHHOIO CUTHAJIA B
1400t OCHOBHOM TOH MPHUHSIITOTO OKa3ajcs OOJBIIE I BCEX
TANOB CcHera. PazHuma BapsupoBamack ot 12 no 24I'm. Ilpu
ATOM OTMEUAEeTCsl 3aBUCHMOCTH CTEIEHU OTKJIOHEHHUS 4acTo-
Thl OT CTPYKTyphl cHera. JlJis OTHOCUTENBHO IJIOTHOTO CHe-
ra, CJI0)KEHHOTO KPUCTaJIaMH CKEJIETHOTO U CEKTOPUAIbHOTO
KJ1accoB (hOpM OTKIIOHEHHE HanOombIiee. [ peskensiuonHO-
MTOJIMAIPUYECKOTO CHETa, a TAKXKE JJIA CHEera ¢ MPUMEPHO OfIH-
HAKOBBIM COOTHOIIIEHWEM KPHUCTAJIJIOB Pa3HBIX KIAcCOB (opM
OTKJIOHEHHE HauMEHbIIIEE.

Taxum 06pazom, MOKHO YTBEPKIaTh, UYTO CJIOU CHETA C pa3-
HOU CTPYKTYpOH U TEKCTYpOi 00NaAar0T pa3InuHbIMH aKyCTH-

81



YEeCKUMH CBOWCTBaMH. XapakTep OCIabieHHs 3ByKOBOTO CHT-
Haja, NPOIYLUICHHOIO YE€pPe3 CHEXHYIO TOJNIY, a TAKXKE €ro
CHEKTpaJibHasl KAPTUHA MOTYT ObITh HCIIOJB30BaHbl B KAUECTBE
CUTHATyp ISl THaTHOCTUKH CTPYKTYPHO-TEKCTYPHBIX Xapak-
TEPUCTUK CHEXXHOU TOJIILIH.

EXPERIMENTAL RESEARCH OF SNOW ACOUSTIC
PROPERTIES IN NATURAL OCCURRENCE

N.A. Kazakov', I.A. Kononov', Y.V, Gensiorovsky',

A.E. Malashenko?, L.E. Karachun’, A.A. Potapov’
! Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia
2Special Design Office of the Automation Devices for Marine
Research of Far East Branch of Russian Academy of Science

(SDO ADMR FEB RAS , Yuzhno-Sakhalinsk, Russia

To solve a wide scope of tasks in snow and avalanche studies
it is necessary to develop methods of remote measurements
of physical and mechanical characteristics of snow cover in
natural occurence and to determine snow layers structure and
texture. The most promising is the snow mass probing using
electromagnetic and acoustic pulses.

In 2009-2011 we conducted the experiments to define
the dependence of the acoustic properties of snow cover on
structure and texture of a snow layer.

During the experiment, probing sound pulses were passed
through the snow layers with different structure and texture.
The transmitter and receiver were installed in a single snow
layer at a distance of 1 meter, then - 0,5 m. Sound was passed
in series of pulses by 9-12 at a time. A total number of the
suitable audio series for analysis was 15: two series on 12, 18
and 25 March 2010, (one series per a snow layer) with a pulse
frequency 1391.6 Hz, 9 series were on 25 March 2011, for three
different layers of snow mass on the frequencies 170.9 Hz,
1000.98 Hz and 9997.56 Hz. Snow density and temperature
was measured at the layers contact (Table 1).
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Analysis of the experiment results was carried out
by considering the changes of amplitude and frequency
characteristics of the received signal.

The experiment showed that the maximum sound-absorbing
properties belonged to snow layers with density exceeding
0.30 g/cm3, formed with crystals of faceted or sectorial
shape classes at the signal frequency of about 10,000 Hz. At
low frequencies, the same snow revealed the minimal sound-
absorbing properties. In the snow layers with density from 0.25
to 0.30 g/cm3, and with roughly the same ratio of crystals of
different shape classes (Table 1, 25.03.2011, layer 4) signals of
different frequency reduced much the same.

Analysis of changes in the frequency characteristics of
audio signals was performed following the graphics spectrum
constructed for each individual pulse.

Comparison of the spectra of the sent and received signals
showed that there were no frequency changes for the low-
frequency pulses (170 Hz). For pulses of high frequency
(10,000 Hz) there was a slight increase of the main tone (from
1 to 12 Hz). The most interesting situation was observed in
the spectrum of the signal frequency of 1000Hz and 1400 Hz.
For a signal of frequency of 1000 Hz the fundamental tone
of the received signal was lower for all types of snow. The
difference varied in the range from 12 to 33 Hz. By the way the
dependence of degree of frequency deviation on the structure
of snow was noted. For relatively dense snow of skeletal and
sectorial crystal shape classes the deviation was maximal. For
regelation-polyhedral snow as well as snow with roughly the
same ratio of crystals of different form classes the deviation
was minimal.

Thus, it is fair to say that the snow layers with different
structure and texture have different acoustic properties. Nature
of signal depression, as well as its spectral pattern can be
used as signatures for the diagnosis of structural and textural
characteristics of the snow mass.
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METOJIUKA SKCHEPUMEHTAJIbHBIX UCCJEJTOBAHU
AKYCTHUYECKHNX CBOMCTB CHEKHOI'O IIOKPOBA B
YCJI0OBUAX ECTECTBEHHOTI'O 3AJIETAHUA

Kapauyn JI1.3.', [lomanos A.A", Hpscenuyes H.H.',
Kononos H.A.?

! Vupeacoenue Poccutickoil akademuu nayk Cneyuanvhoe
KOHCTPYKMOpPCKoe 0I0po cpedcms asmomMamu3ayuis MOpCKUX
uccnedosanuii J{BO PAH, 2. IOxcno-Caxanunck, Poccus
2 Vupeowcoenue Poccuiickoti akademuu nayx Caxanunckuil punuan
Janvnesocmounozo eeonozuyeckozo uncmumyma /[BO PAH,

2. FOuxcno-Caxanunck, Poccus

B mpouiecce skcnepuMeHTa 30HAMPYIOMIUE 3BYKOBBIE HMM-
MyJIHCHI TOCHUTAJIMCH Y€pe3 TOJMIILY CHEKHOTO TIOKPOBA Ha OTpe-
JIENIEHHOE PacCTOSIHKE U IPUHUMAIIUCH Ha JIPYTOi CTOPOHE.
B cocTaB uznyuaromieil cCTeMbl BXOAST: AJIEKTPOJUHAMHU-
YECKHI U3JIy4yaTeslb U NMEePCOHANbHBIA KOMIBIOTEP, T€HEPUPY-
IOILUNA CUTHAJIBI YePe3 3BYKOBYIO KapTy.
B coctaB mpuéMHON CHCTEMBI BXOIAT: 3JIEKTPOIUHAMM-
4eCKUid MEKPO(GOH U MOAYIL cOOpa NaHHBIX, COCTOSIINN U3
anasoro-iudpoBoro npeodpazosarens (ALIl) u mepconanb-
HOTO KOMIIBIOTEpa co cniennainbHbiM 110 mist npuéma curHanos
Y 3aIIMCU UX Ha KECTKUU JTUCK.
ATIIIT NI USB-6259 xomnanuu National Instruments numeer
32 ognonomsipusIx (SE) unu 16 nuddepenumansupix (DI) ana-
JIOTOBBIX KaHajia C YaCTOTOM JAUCKpeTH3anuu 1,25 MHUJITHOHOB
BBIOOPOK B CEKYH]Ty Ha BCE KaHaJIbl U 7 AMANa30HOB BXOJHOTO
HarpsbkeHus ot +/- 100 MB 1o +/- 10 B.
JlanHbIE BBOAMJINCH Ha 2 KaHalla ¢ 4YacTOTOM AMCKpeTH3a-
uuu 50000 'y mo kakioMy KaHauy:
* Ha |-bIil KaHaJT OJJaBAJICS B KAYECTBE OMOPHOTO CUTHAT
C BBIXOJIa YCHJIUTEISI, YMEHBIIICHHBIN C TIOMOIIBIO JEJH-
TeJsl HanpspKeHUs B 35 pa3 (UToObl HE 3ape3alcs mpu
BBOZIe). [Ipm 0OpaboTKe BOCCTAaHABIWBAJICS €0 HMCXO-
JHBII YPOBEHB;

* Ha 2-0l KaHaJ NOJABaJICsl CUTHAJ, IPUHATHIN U3 CpeJibl
(BO3AyX WJIM CHEXKHBIN CJION).
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[Iepen BbIYMCIEHUEM BPEMEHHBIX 3aJE€PKEK U IOTEPH IIPU
pacrpocTpaHeHUH B cpelie JaHHbIe C 000MX KaHAJIOB MPOITY-
CKaJIUCh Yepe3 HEPEKYPCUBHBIN QUIIBTP C MOJIOCOM C IIEHTPOM
Fc — actoToi 3anoiaHeHusT UMITyJIbCa.

| |5

rares > TP T

Puc. 1. Cxema 3xcnepumenma

W3nyyarens n NpUEMHUK paCIIOIarajJuch MOOYEPETHO MO
00euM CTOpOHAM KaXKJOro CIIof, a 3aTeM I10/1aBaJIuCh TPH Ce-
pUHU 30HIMPYIOIIMX UMITYJIBCOB C Pa3HOM 4acTOTOM 3amojHe-
aug 1 umuteabHocThio: 170 I'm m 50 mc; 1000 I'm m 10 Mc; m
10000 I'm u 5 mc. Ilepuon ciemoBaHUsT UMITYJIBCOB OBUT BBI-
OpaH paBHbBIM 2 C.

TECHNIQUE OF EXPERIMENTAL RESEARCH OF
ACOUSTIC PROPERTIES OF SNOW COVER IN
CONDITIONS OF NATURAL OCCURENCE

L.E. Karachyun', A.A. Potapov', N.I. Pryazhentsev’,
I A. Kononov’

ISpecial Design Office of the Automation Devices for Marine
Research of the Far East Branch of Russian Academy of Science
(SDO ADMR FEB RAS, Yuzhno-Sakhalinsk, Russia
’Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

In the course of experiment probe acoustic pulses were
transmitted through snow cover to chosen distances and
received at its opposite side.
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Signal transmission system includes: electrodynamic
loudspeaker and personal computer generating signals through
a sound card.

Signal reception system includes: electrodynamic
microphone and data acquisition module consisting of
analogue-digital converter (ADC) and personal computer with
special software to receive signals and store them to hard drive.

National Instruments ADC device NI USB-6259 has 32
unipolar (SE) or 16 differential (DI) analogue input channels
with sampling frequency of 1.25 million samples per second
on all channels, and ranges of input voltage from +/-100 mV
to +/-10 V.

Air
Triter <<z

Layer 3

Fig. 1. Experiment scheme.

Data were acquired on 2 channels with sampling frequency

of 50000 Hz on each channel:

« signal from the output of amplifier reduced by means of
potential divider with factor of 35 (so that it was not cut
by amplitude) was sent to the 1st channel, and is used as
pilot signal. During data processing its initial amplitude
was restored;

» signal received from the environment (air or a snow
layer) was sent to the 2nd channel.

Before calculation of time delays and propagation losses in

media data from both channels were passed through bandpass
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FIR filter with frequency band centered at Fc, which is carrier
frequency of a pulse.

Transmitter and receiver were settled down serially on both
ends of each layer, and then three series of probing pulses with
different carrier frequency and duration were sent: 170 Hz and
50 ms; 1000 Hz and 10 ms; and 10000 Hz and 5 ms. The period
of following of pulses has been chosen equal to 2s.

88



IMPOCTPAHCTBEHHO-BPEMEHHASA U3MEHUYNBOCTb
TEPMHUYECKOI'O COITPOTUBJIEHHNSA CHEXXHOI'O ITIOKPOBA

Ocoxkun H.HU., Cocnoeckuii A.B.
Yupeacoenue Poccuiickoii akademuu HayK
Huemumym eeoepagpuu PAH, 2. Mocksa, Poccus

CHexHbII OKPOB, Oiaroapsi CBOMM TEILUIOM30JIUPYIOIIUM
CBOWCTBAM BJMsET Ha INpoMmep3aHue rpyHTa. KomruiekcHon
BEIIMYMHOM, XapaKTepU3YIOLIEH TEIUIO3AIIUTHBIE CBOWCTBA
CHEXKHOT'O TIOKpPOBA, SIBJIETCA €r0 TEPMUUYECKOE CONPOTHUBIIE-
HHUe — R (OTHOLIEHHE TOJIIMHBI CHEXKHOTO MOKpoBa — h K
K09((PHIMEHTY TEIIIONPOBOAHOCTH CHETA —A, ), KOTOPOE pac-
cuMThIBaeTCA 10 popmyne R =h /) . PacueTsl mokasanu, 4to
IIPpY OMHAKOBOM M3MEHEHUHU TeMIIepaTyphl BO3AyXa U TEpPMHU-
YECKOI'0 COIIPOTHUBIIEHUSI CHEIKHOI'O IIOKPOBA BIUSHUE HA IIIy-
OuHy TpoMep3aHus TpyHTa cpaBHUMO. [losTOMy, M3MEeHEeHHE
YCIIOBUHM M BETMYHUHBI CHETOHAKOIUIEHHUSI MOYKET J1aTh TAaKOU ke
3¢ (}EKT Kak KIMMaTUIeCKue N3MECHECHHSI.

Jl7is OLlEHKH MPOCTPAHCTBEHHON M3MEHYMBOCTH TepMUYE-
CKOTO CONPOTHBIIEHUSI CHEXHOTO IOKpPOBA U €r0 BHYTPHIO-
JIOBOW JUHAMMKY OIPENEIEHBl TapaMeTpbl CHEXHOIO IOKPO-
Ba JUIsl CETH METEOCTAaHIMI KprouTo30Hbl Poccuu. IIpu sTom
paccMoTpeHbl HauboJ1ee X0IOIHbIE PalloHbl, B KOTOPBIX TEILIO-
M30JIMPYIOLIAs POJIb CHEXKHOTO MOKPOBA MOXKET ObITh HAUOOIb-
miei.

OnnuMm n3 Hanbosee BaKHBIX MAapaMeTPOB CHEXHOIO MO-
KpOBa SIBJISIETCSI €TI0 IUIOTHOCTh, ONPEAEIIAIONIAsl B 3HAUNTENb-
HOW Mepe KOA(PQHUIMEHT TerIonpoBOJHOCTH cHera. Ilo man-
HBIM CHETOCHEMOK IUIOTHOCTh CHEXKHOT'O TIOKPOBA B CEBEPHBIX
paiionax EBpomnerickoii yactu Poccun, pacronoKeHHbIX Ha MO-
Oepexnbe, 6osee yeM Ha 30% MpeBbIIIAET e 3HAUCHUS BO BHY-
TPU MaTEPUKOBBIX paiioHax. OTMETUM TaKXke, YTO MIOTHOCTh
CHEra B JIeCy Ha METEOCTaHIUSAX Ha moOepexbe, MpUOIn3u-
TEJIbHO paBHA C IUIOTHOCTH CHETa B IOJIE BHYTPU MarepHKa.
DTO TOBOPUT O BIUSHUU Ha IUIOTHOCTb CHEra BETPOBOIO pe-
KHUMa, CKOPOCTb KOTOPOTO Ha MoOepeskbe, Kak MPaBuilo, BhILIE.
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[Ipuyem, eciivu BHyTpH MaTepuKa pa3HULA MEXKAY TUIOTHOCTHIO
cHera B Jjiecy W B mojie coctaBisier 10-20 kr/m?, To ast me-
TEOCTAHIIUN Ha MOOEPEeXbe ITA PA3HOCTh YBEIUUUBACTCS 0
80 kr/m?. Ilpu TommuHe cHEKHOTO MOKpoBa 0,3 M MIIOTHOCTH
CHEra B pailoHe METeOCTaHIIUN Ha modepeskbe, cocTaniseT 300
— 330 kr/M?, TOrga Kak JJisi METCOCTAHIIUN, PACIOI0KEHHBIX
BO BHYTPEHHUX paiionax, 190-220 kr/m*. Tepmudeckoe corpo-
THUBJICHUE CHEXHOTO MOKPOBA, R HA METECOCTAHIMAX, PACIIO-
JIO)KEHHBIX Ha modepexnbe, B 1,5-3,0 pa3a Huxke, 4eM Ha MeTe-
OCTAHIIMAX BHYTPH MaTepHUKa.

JluHaMyKa TEpPMUYECKOTO COINPOTHUBIIEHUS] CHEKHOIO IIO-
KpoOBa JUIsl METEOCTAaHLMN, PacloiOKEHHbIX Ha ceBepe Kpac-
HOSIPCKOTO Kpas MpeACcTaBiIeHa Ha pUC.

TepMHUYecKoe CONPoTUBIEeHHe,
mZrpag/Br

0 50 100 150 200
CyTKH

Puc 1. Tepmuuecxkoe conpomugiieHue CHEICHO20 NOKPOGA 6
paiione memeocmanyuil Kpacnoapckozo Kpas; memeocmanyuu:
1 — Bonouanka; 2 — /[younka; 3 — Hopunoc; 4 — Ecceii; 6 — Typa;
7 — baiikum; 10 — Taumoa; 11 — Yemoanvck; nomepa memeocman-
UUIL COOMEEMCHEYION HOMEPAM 8 HAYUHO- NPUKIAAOHOM CRpA-
GOYHUKE N0 KAUMAny

3HaYeHHEe TEPMUYECKOTO COMTPOTUBIICHUS CHEXKHOTO MTOKPO-
Ba /Ui MeTeocTaHMi KpacHosipckoro kpasi, Homepa KOTOpPbIX
10 KJIMMaTH4YeCKOMY CIIPABOYHMKY paBHBI 5, 8, 9 u 12 Haxo-
JATCS B AMAINIa30HE U3MEHEHUS] TEPMUUECKOTO COITPOTUBIICHHUS
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Meteoctannuii ¢ Homepamu 10 u 11 (puc. 1). Pesynbrars! mpo-
BEJICHHBIX MCCIIEIOBAHUI MOKA3BIBAIOT, YTO JJIsI OOJBIIMHCTBA
paiioHoB KpacHosipckoro kpast u SIkyTun quana3zoH U3MEHEHUs
TEPMHUYECKOTO CONPOTHUBIIEHUSI COMOCTaBUM. DTO 00ycJoBIe-
HO TeM, 4TO Oojiee HU3KHUE 3HAYEHUS TOJIIUHBI CHEKHOTO TO-
KpoBa B SIKyTHH KOMIIEHCUPYIOTCS HEOOIbIINMH 3HAYCHUSIMHU
€ro IIOTHOCTH.

TepMuueckoe CONMpPOTUBICHUE CHEXHOIO IMOKPOBa, OO0JIb-
IIYI0 YacTh XOJIOHOTO BPEMEHH T0Jla MEHSIETCSl He3HAYUTE b~
HO, TaK KaK POCT TOJIITUHBI CHEKHOTO MTOKPOBA KOMIICHCUPYET-
Csl POCTOM €T0 TUIOTHOCTU U KO3(pPUIMEeHTa TeIONpPOBOIHO-
ctu (puc. 1). [TorTomy HeOonbine KojaeOaHUs CHEKHOCTH B
MEHbILIEH CTENEHU BIMUSIOT HA TEPMUYECKOE COMPOTHUBIICHHE
CHEXKHOTO TOKpoBa. TakuM 00pazom, TEPMHUUECKOE COMPOTUB-
JIEHUE CHEKHOTO TTOKPOBA ABJISIETCS I0CTaTOYHO KOHCEPBATHUB-
HOW KOMIUJIEKCHOW BEJIMYMHOM, XapAKTEPUBYIOIIEH TEII0N30-
JSIUUOHHBIE CBOMCTBA CHEXHOTO TIOKPOBA B JaHHOU reorpadu-
YECKOU TOUKE.

SPATIO-TEMPORAL CHANGEABILITY OF THERMAL
RESISTANCE OF SNOW-COVER

N.I Osokin., A.V. Sosnovskiy
Institute of geography of Russian Academy of Sciences,
Moscow, Russia

Snow-cover, due to the heat-insulating properties influences
on the frozen solid of soil.

For estimation of spatial changeability of thermal resistance
of snow-cover and his within-year variability of dynamics
the parameters of snow-cover are certain for the network of
weather-stations of cryolite zony of Russia. The most cold
districts in which the heat-insulating role of snow-cover can be
most are thus considered.

One of the most essential parameters of snow-cover is his
closeness determining to a great extent coefficient of heat
conductivity of snow. From data of snow course closeness
of snow-cover in the northlands of European part of Russia,
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located on a coast, more than on 30% exceeds its values in
inwardly mainlands districts.

Thermal resistance of snow-cover, greater part of cold time
of year changes insignificantly, because growth of thickness
of snow-cover is compensated by growth of his closeness
and coefficient of heat conductivity (fig. 1). Therefore small
vibrations of snow in less degree influence on thermal
resistance of snow-cover. Thus, thermal resistance of snow-
cover is sufficiently a conservative complex size characterizing
heat-insulation properties of snow-cover in this geographical
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INFLUENCE OF DIFFUSION OF AQUATIC STEAM ON
COEFFICIENT OF EFFECTIVE HEAT CONDUCTIVITY OF
SNOW-COVER

N.I Osokin., A.V. Sosnovskiy, R.A. Chernov
Institute of geography of of Russian Academy of Sciences,
Moscow, Russia

BJIUAHUE JTUD®PDPY3ZUU BOAAHOI'O ITAPA
HA KOD®OUIUEHT 3@ PEKTUBHOM
TEIIJIOITPOBOAHOCTHU CHEXHOI'O IIOKPOBA

Ocoxun H.U., Cocnosckuii A.B., Yepnoe P.A.
Yupeoicoenue Poccuiickou akademuu HayKk
Unemumym 2eoepaguu PAH, 2. Mockea, Poccus

CHOXXHOCTH MPOLECCOB TEIUIO- U MacCONepeHOca B CHEX-
HOM TIOKPOBE MPHBOIUT K HEOOXOJMMOCTH HCIIOIB30BAHUS
TepMuHa «3(h(HEeKTHUBHAS TEIUIONPOBOAHOCTh CHEeray. Dddek-
THUBHAs TEIJIONPOBOAHOCTh CHEra OIpeNesieTcs] BeTMYUHOM
KOHJ[yKTUBHOM ¥ KOHBEKTMBHOW COCTaBJsIOMMX. Bennyu-
Ha KOHJYKTMBHOW COCTAaBIISIIOLIEH TEIJIONPOBOJHOCTH 3aBU-
CHT B OCHOBHOM OT IIJIOTHOCTH CHera. [Ipu 3ToM CTpyKTypHBIE
0COOEHHOCTH CHETa, Kak MPaBHJIO, HE yYUTHIBAIOTCS. OCHOB-
HOM BKJIaJ] B KOHBEKTUBHYIO COCTABJISIONIYI0 BHOCUT Tuddy-
3ust BoJsiHOTO map. Ero BennunHa omnpenensiercst Kak MiaoTHO-
CTBIO CHEra, Tak TeMIepaTypod U TeMIIepaTypHbIM TpaJHeH-
TOM B CHEXKHOM ITOKPOBE.

Jlnst onieHKH BiMsAHUS TU(Qy3Un BOASHOTO Tapa Ha Mac-
COIIEPEHOC B CHEKHOW TOJNIIE U M3MEHYHBOCTH () (HEKTUBHO-
ro ko3(duimenTa TEIIONPOBOHOCTH CHETa MPOBEICHO Ma-
TeMaTHYeCKOe MOJACIUPOBAHUE TEINIO-MacCOOOMEHA U BBITION-
HEHBI YHCIIEHHBIE YKCTIepUMEeHTHL. [Ipu 3TOM mpeamnonaranocs,
YTO OCHOBHBIM MEXaHM3MOM MacCOOOMEHa B CHE)KHOM IOKPO-
BE MIPU OTCYTCTBHUHU TasTHUS CIYXUT auy3us BoAsTHOTO mapa
TI0/] BIIMSTHUEM TEMITEPaTypPHOTO TPaJHEHTA.
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B pesynbrare paccMOTpeHuUs: COBMECTHOM MOAEIH TEIIO- U
MaccollepeHoca MOJyuYeHO ypaBHEHUE JIJISl ONIPEEIICHUs] TEM-
nepaTypbl B CHEXKHOM TTOKPOBE ¢ ydeToM auddy3un u KoH1eH-
canuu—CcyOnMManuy BOJSHOTO Mapa:

oT 7 , oT
CH __ ’ —_
Afza = F g Clew L (z.1)
or o= e
rae kodddurmeHt
Je
A= L, ¢

YUUTBIBAET BIMUSHUE CYOIMMAlMU-KOHICHCAITH TTapa Ha TeM-
nieparypy cHera [Kpacce, Mepamukus, 1990], a koadduimeHt

A=A +L.D-2¢
oT

CH
CH

npezacTasisier coboit apdexkTuBHbIN K03 DULIHEHT Teruio-
IIPOBOJHOCTU KaK CYMMY KOHJIYKTUBHOW U KOHBEKTHBHOM,
3a cuer auddys3un BomsHOTO Mapa, cocravisomux [Ilasmos,
1962].

[Ipunsateie 06o3nauenus: I, — temmeparypa cHera; °K; z
— KOOp/IMHATA MO [IyOMHE CHEXHON TOJIUM; T — BPEMS; p_ —
IUIOTHOCTh CHETa; C, — Y/eJbHas TEMIOEMKOCTh; A — KOHJIyK-
TUBHasI cocTaBistomas 3pdexruBaoro ko3ddunuenrta remio-
TIPOBOIHOCTH CHETa A _; L — yJelmbHAs TEIIOTa MCHApEHHs;
D — xoaddunment nuddysun BoASHOrO mnapa B CHEXKHOM I10-
KpOBE; € — INIOTHOCTb HACBIIIEHHOT'O BOASIHOIO Hapa.

Bemnmumna k  =A_/A , mokasbiBaeT BiusHUE AU Py3un BO-
JISTHOTO Tapa Ha TEIJIONEePeHOC B CHEXXHOM Nokpoae. C pocToM
BEJIMYMHBL K yBenmuuuBaeTcs BiIusHue 1udQy3uu BOASHOTO
napa Ha TETUIONIEPEHOC B CHEXKHOM MTOKPOBE.

Pesynbrarel pacueToB BenMuuHbI K NpHBENEHBI Ha puc. B
paborte [I1aBnos, 1979] snayenne k  momyueHo B Buae

k =1+ 1,18exp(0,15tcH) (1)

CH

94



3nayenne k_, paccynTaHHble 10 MOCIEAHEN (popmyie, co-
OTBETCTBYIOT pacyeTaM Ipu MIoTHOCTH cHera 250 — 300 kr/m?

(puc).

cH

BenvuvHa k

0 -10 -20 -30 -40

Temnepatypa cHera, °C

Puc. Beauuuna ken ona cneza naomnocmeuio: 1 — 150 ka/m’;
2 - 200 k/m’; 3 — 250 ke/m’; 4 — 300 Kk2/m3; 5 — no popmyne (1)

Pesynbrarsl MpoBeaeHHBIX HCCIIEIOBAHUI MOKA3BIBAIOT, YTO
Ha KOHBEKTHUBHYIO COCTAaBIIIONIYIO 3(PPEKTUBHOTO KOd(pdH-
[IUEHTA TETJIONMPOBOAHOCTH BIHSIET KaK TEMIIEpaTypa, TaK U
TUIOTHOCTH CHera. [Ipruem ¢ MoHMKEeHHEeM TeMITepaTyphl U po-
CTOM ILIOTHOCTH CHera 3HaueHue k_ nonwmxaercs. Tak, usme-
PCHHUS TEMIIEPaTypHOTO PEKUMA CHEKHOTO ITOKPOBa B PaliOHE
aHTapKTHYECKON CTaHIMu BocToK nmokasanu, 4to Benmuunna k
cocraBisieT 2%.

IIpu nnotnoctu cuera 150 (300) xr/m* 3nauenue k_— co-
crasnser 2,2(1,26) u 1,5(1,06) npu remneparype cHera — “10°C

n —20°C, coorBeTcTBeHHO. Takum oOpazom, auddy3us Bo-
JITHOTO Tapa CyHICCTBCHHBIM 00pa30M BIUSCT HA BEIUYUHY
3¢ dekTBHOTO KOA(DGUIIMEHTA TETIONPOBOAHOCTH U TEILIO-
MaccooOMEeH B CHEKHOM TTOKPOBE.
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M3MEHEHME IIVIOTHOCTHU CHEKHBIX CJIOEB B TEYHEHHUE
3UMHET'O CE30HA

Puioanvuenxo C.B.
Yupeoicoenue Poccutickoti akademuu nayx Caxanuncxkuti puiuan
lanvnesocmounoeo ceonoeuueckozo uncmumyma /[BO PAH,
2. IOxcno-Caxanunck, Poccusa

[110THOCTH CHera sIBIsETCS OHUM U3 PU3NYECKUX Mapame-
TPOB CHEKHOTO MOKPOBA, C KOTOPBIM CBSI3aHBI MHOTHE €r0 Me-
XaHUYECKHUE XapaKTePUCTUKU, U 3aBUCUT OT YCJIOBUN (OpMHU-
POBaHHS CHEXHOTO IMOKPOBA U €ro MeTamMop(u3Ma B TCUCHHE
3WMHETO TIEPHO/IA.

HaGmronenus npoBOoauINCh Ha CTAaHAAPTHON CHETOMEPHOMN
IUIOLIA/IKE, PACTIONOKEHHOM Ha BOCTOYHOM okpanHe I. KOxHo-
CaxanuHcka y nogHoxust CycyHaiickoro xpe0Ta B 3UMHHE Ce-
30HbI 2005-2006, 2007-2008, 2009-2010 r.r.

[IpoBoaMIOCH MOCIOMHOE HM3MEPEHHS] IUIOTHOCTH CJIOEB
CHEXKHOU TOJIIIH, TEMIIEPATyphl Ha TPAHUIIAX CIIOEB, OIMMCAHNE
CTPYKTYPBI U TEKCTYPbI CHEKHOM TOJIIIH.

Pe3ynbprarhl MOKa3bIBAIOT, YTO CPEAHSSI INIOTHOCTh CHEXKHO-
ro TOKPOBa B II€JIOM YBEJIMYUBAETCS B XOJI€ PA3BUTHUS CHEX-
HOM Tonmu, B Tedenue 3umsbl (ot 0,10 go 0,42 r/cm?). Maxkcu-
MaJIbHBIX 3HAYEHUH MIOTHOCTH CHEKHOTO TMTOKPOBA JIOCTUTACT
B Mapre (0,30-0,40 r/cm?).

AHanau3 U3MEHEHUS TUIOTHOCTU CHEXKHOTO CJIOSI Ha Pa3HbIX
cTaausx Meramopdus3ma Mokaszaj: Ha CTaJuH JAeCTPYKTHBHO-
ro MeramopdusMa MIOTHOCTh CHETa PE3KO YBEITUYMBAETCS 32
kopotkuii nepuon (7-14 nueit) ot 0,08 1o 0,20 r/cm*. Ha kon-
CTPYKTUBHOM CTaInu CyOIMMAIMOHHOTO MeTaMop(hu3Ma mpo-
HCXOJAT KosieOaHust TWIOTHOCTH B Tipenenax 0, 15 — 0,35 r/em?,
Ha PErpecCUBHON CTaJAWH CyOIMMAIMOHHOTO MeTaMopdu3Ma
MIPOUCXOTUT PE3KOE YBETUYEHUE MIOTHOCTH cHera o 0,35 -
0,42 r/cMm>.

B BeprukanbHOM paspese, IUNIOTHOCTh CHETa MMEeT Mak-
CUMYM B cpeaHeit yactu cHexxkHoi tommm (0,37-0,42 1/cm?).
HwxHme ciion, cocTosime U3 JeIHbIX KPUCTAUIOB HAN0O0b-
iero auamerpa, 0ojiee pa3pbIXjeHbl U MeHee IUIOTHHI. Bepx-
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HUE CJIOM, HECMOTPS Ha TO, YTO YaCTO MOJBEP>KEHBI BETPOBO-
MY YIUIOTHEHUIO, HCIIBITHIBAIOT BO3/ICHCTBUE COTHEUHOM pajIu-
alMy, TEeMIIepaTypPHBIX KOJeOaHUil MpU M3MEHEHUH TeMIlepa-
TYpbl BO31lyXa, HEKEJIM HUKEJIeXkKalllue CJIOU, BCe 3TO MPUBO-
JUT K HEKOTOPOMY Pa3pbIXJICHUIO BEPXHUX CIIOEB.

Hapsny ¢ MexaHu4ecKUM yIJIOTHEHHEM B CHEXKHOM IMTOKPO-
BE MIPOUCXO/IAT UHTEHCHUBHBIE MPOLIECCHl U3MEHEHUS CTPYKTY-
PBI M TEKCTYPBI BCIIEACTBHE MPOLIECCOB CYOIMMAIIMOHHOTO Me-
Tamopdusma.

He3aBucumo OT MOJOXKEHHUS CHEXHOTO CJIOS B CHEXHOMU
TOJIILE M €r0 TOJIIMHBI, CHEKHBIN CIIOM MPOXOAUT OAHU U T€
K€ CTa/Iuu pOCTa KPUCTAIIIOB.

Bo Bropoii nepuos 3uMbl (SSHBaph - MapT) MPAKTUYECKHU BCS
CHEYKHAsl TOJIA BBIIOJHEHA KPUCTAJIAMH CTaIMU KOHCTPYK-
TUBHOTO MeTaMopdusma (KpUCTa/sIaMU IOIYCKEJIETHOIO U
CKEJIETHOTO KJIaccoB (GopM). MaKkcUMaNbHBIA AUAMETD JICIs-
HBIX KPHCTAJUIOB HAOIIOJaeTCsd B MapTe W MOXKET JOCTHraTh
8,0-10,0 MmmM.

Takum 00pa3oM, U3MEHEHUE CTPYKTYpPbl U TEKCTYpbI IpPO-
MCXO/IUT HE3aBHCHUMO OT 00beMa BEIIECTBA, IPOUCXOANT Tepe-
pacnpeziesieHue Marepuana ¢ COXpaHEHUEM TeX JK€ CaMbIX MH-
JTMBHJIOB.

CHANGING OF DENSITY OF SNOW LAYERS DURING
THE WINTER SEASON

S.V. Rybal’chenko
Sakhalin Department of Far East geological institute of the Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

The density of snow is one of the physical parameters of the
snow cover, which is associated with many of its mechanical
characteristics, and depends on the conditions for the formation
of snow cover and its metamorphism during the winter period.

Observations were spent on standard snow to a platform,
located on the eastern outskirts of g. Yuzhno-Sakhalinsk at the
foot of Susunayskogo ridge in the winter seasons 2005-2006,
2007-2008, and 2009-2010.
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Was carried out level-by-level measurement of density
of layers of snow thickness, temperature boundary layers,
description of the structure and texture of the snow.

The results show that the average density of the snow cover
increases in the course of development of snow thickness,
during the winter (from 0.10 to 0.42 g/sm?). Maximum values
of the density of the snow cover reaches in march (0.30 and
0.40 g/sm?).

Analysis of changes in the density of the snow layer at
different stages of metamorphism shown: at the stage of
destructive metamorphism of snow density increases sharply
in a short period (7-14 days) from 0,08 to 0,20 g/sm?. At a
constructive stage sublimation a metamorphism occur density
fluctuations within the range of 0, 15—0,35 g/sm?, ataregressive
stage sublimation a metamorphism increase in density of snow
to 0,35 - 0,42 g/sm>.

In a vertical cut, the snow density has a maximum in an
average part of snow thickness (0,37-0,42 g/sm?). The bottom
layers consisting of ice crystals of the greatest diameter, are
more loosened and are less dense. The upper layers, in spite of
the fact that often exposed to the wind compression, experience
the impact of solar radiation, temperature fluctuations in the
temperature of the air, all of this leads to some loosening the
upper layers.

Along with mechanical consolidation in a snow cover there
are intensive processes of change of structure and a structure
owing to processes sublimation a metamorphism.

Irrespective of position of a snow layer in snow thickness
and its thickness, the snow layer passes the same stages of
growth of crystals

During the second period of winter (january - march)
practically all snow thickness is executed by crystals of a stage
constructive metamopdusma (crystals semiskeletal and skeletal
classes of shapes). The maximum diameter of ice crystals is
observed in march and can reach 8,0-10,0 mm.

Thus, change of structure and texture occurs regardless of
the amount of substance, there is a redistribution of material
with preservation of the same individuals.
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KOMITIOHEHTBI TEIIVIONEPEHOCA B CHET'E

Coxkpamos C.A.
Hayuno-uccnedosamenvcrkasn 1a00pamopusi CHEIHCHbIX JIA6UH U Ce-
netl, I'eoepaguueckuii paxynomem MI'Y umenu M.B. Jlomonocosa,
2. Mockea, Poccus

3HAYUTENbHBIN Pa30poC B OIYOIMKOBAHHBIX JAaHHBIX 1O KO-
s dunreHTam Terao- U Macco-MepeHoca B CHETe TPATUITNOH-
HO OOBSICHSIETCS CIIOKHBIM B3aMMOJICHCTBHEM MEXy KOHIYK-
TUBHBIM TEIUIONIEPEHOCOM B JIEASHOM MaTpulle, KOHAYKTHB-
HBIM ¥ KOHBEKTHBHBIM TEIIJIONIEPEHOCOM B IOPOBOM IIPOCTPaH-
CTBE U BIMSHHEM Ha 3Ty KOMOMHAIHIO (Da30BBIX MEPEXOI0B HA
rpanuie pasznena aByx (as. CymiecTByeT 3HAYMTEIBHOE YUC-
JI0 MaTeMaTHYECKUX MOCTPOCHUM Pa3IN4YHON CTETNEHH CIOXK-
HOCTH, HalIPaBJIEHHBIX Ha NpeJickazaHue 3pPEeKTUBHOMN TEIUIo-
MPOBOIHOCTH WM 3G (deKTUBHOTO Kodpduirenta auddy3uu
MHOTO(a3HBIX cpeJl pa3IMyHONW BHYTpEeHHEH reomerpuu. Ma-
TEMaTHYECKH OOOCHOBBIBAIOTCS U AMIIMPUYECKU NOBEPSIOTCSA
MHOTOUHNCIIEHHBIE KO3()(DUITUEHTHI, YIUTHIBAIOIINE TUIOTHOCTb,
pasMep U (Hopmy BKITIOUCHHH, Mpeodagaroniee HarpaBiIeHHe
BKJTFOUCHHMI HENpaBUILHON (GopMbl 1 3 deKT Ga3oBbIX mepe-
x0710B. Bce oHM mpencTaBiisioTes Kak paboTarolye B onpese-
JEHHOM AMAIa30He 3TUX apaMeTPOB U IIPAKTUYECKH HU OJTHO
U3 3TUX MOCTPOEHUIN HE COOTBETCTBYET YCIOBHSM, Halona-
€MBIM B €CTECTBEHHOM CHere. [ J1aBHOM mpoOiieMoid sSBisieTcs
HeomnpeneNEéHHOCTh B OTHECEHNUHU CHEra K Marepualy omnpese-
JNEHHOTO THMA (TMOPUCTAsi WM 3€PHUCTAs Cpela BOJIOKHUCTON
WIN TUTACTMHYATON cTpyKTyphl). [Ipennoxkennas Monenb Mu-
KPOCTPYKTYPBI IO3BOJISIET OOBEAMHUTH BOEIUHO KIacCHYe-
cKkue (hU3MYECKUe MOCTPOCHUS ISl MaTepuajoB 3TUX THIIOB
4yepe3 HaXOXK/IeHUE KOHKPETHOTO MOJIOKEHUSI KOHKPETHOM MU-
KPOCTPYKTYPBI CHEra B MCKYCCTBEHHOM CHCTEME KOOpPJMHAT.
ITpu 3TOM MOSIBIAETCS BO3MOXKHOCTh HE TOJBKO PACCUUTATh
3 PEeKTUBHYIO TEIUIONPOBOAHOCTh CHETa, HO U OLEHUTh BKJIaJ
Ka)XZI0r0 U3 KOMIIOHEHTOB Teruio-nepeHoca. [Ipeacrasistores
pe3ynbTaThl TAKOW OLIEHKH.
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THE COMPONENTS OF THE HEAT TRANSFER IN SNOW

S.A. Sokratov
Laboratory of snow avalanches and debris flows, Faculty of
Geography M.V. Lomonosov Moscow State University,
Moskow, Russia

Considerable wvariation in the published data on the
coefficients of heat- and mass-transfer in snow is traditionally
explained by complex interrelation between the conductive
transfer in the ice matrix, conductive and convective transfer
in the pore space and the effect of the phase transition at the
boundary between the ice and pore air on this combination. Great
number of mathematical constructions of different complexity
exists, each aimed to predict the effective thermal conductivity
or effective diffusion coefficient of a multiphase media of
different internal geometry. Numerous coefficients accounting
density, size and shape of inclusions, prevailing direction of the
inclusions of irregular shape and the effects of phase transition
for are mathematically reasoned and empirically validated. All
of them are stated to work in certain range of such parameters
and practically none of the construction corresponds to the
conditions observed in natural snow. The main problem is
uncertainty in relation of snow to material of certain type (porous
or granular material with fibrous or tabular structure). The
proposed Model of microstructure allows combining in one set
the classical physical constructions for materials of such types
through certain positioning of certain snow microstructure in
artificial coordinate system. This provides the opportunity for
not only calculating of the effective heat conductivity of snow,
but also to estimate the weight of each of the components of
the heat-transfer. The results of such estimation are presented.
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SKCHHEPUMEHTAJIBHOE OIIPEJAEJIEHUE 2®PEKTHUBHOI'O
KO23®P®PUIMEHTA TEIIVIOITPOBOJHOCTH CHETA
ITPHA PAJIMYHBIX TEMIIEPATYPHBIX YCJIOBHUAX

Yepnos P.A.
Yupeocoenue Poccutickoil akademuu nayk HMuncmumym eeocpaguu
PAH, 2. Mockea, Poccus

CyrouHble KonebOaHMs TEeMIIEpaTypbl BO3/1yXa BIMSIOT Ha
TEMIIEPATYPHBIA PEXUM CHEXXHOI'O IIOKPOBA, IPUBOJAT K U3MeE-
HEHHIO €r0 TeII0(U3NYECKUX MapaMeTpoB, B TOM 4YHUCIE (-
¢exruBHOrO KO3(UIMEnTa TennonposoaHoct cHera (K ).
B GonbmmucTBe Ciydaes 3Hauenue K . npuHATO cumMTarh 3a-
BUCSIIMM JIMIIb OT IJIOTHOCTHU cHera. B naHHO# paborte Obuia
oIpejesieHa N3MEHUYUBOCTh APPEKTUBHOTO KO3 (PUIEeHTa Te-
IUIOIIPOBOIHOCTH CHEra B 3aBHUCHUMOCTH OT TEMIIEPATYpPHOIO
peXHMMa CHEXXHOI'O TIOKPOBa.

3nauenue K . ObuTM MOJNTYYEHBI, KAK YaCTHOE SKCIIEPUMEH-
TaJIbHO U3MEPEHHBIX BEJIINYMH - TEIUIOBOIO ITOTOKA U IPAIUECH-
Ta TeMIepaTypsl. B pe3ynbsrare sKciepuMeHTOB ObLIH OIpe/e-
JIeHbl 3HaueHUs 3((PEKTUBHON TEIUIONPOBOIHOCTH CHETa pas-
JUYHOHN CTPYKTYPBI U INIOTHOCTH.

B moposuibHy0 ycTaHoBKY o0beMoM 80 JIMTPOB TOMe-
11aJICsl KOHTEWHEpP ¢ HEHApPYIIEHHBIM CHEroM. bOKOBBIE CTEH-
KU SIIUKA ObUIH TOTIOJIHUTEIBHO TEIUIOM30IMPOBaHbl, BEPXHSSA
IUIOCKOCTh, Yepe3 KOTOpYIo momelnasics oOpasel, ocTaBajach
JOCTYITHOW. B HMKHEN 4acTu sIIMKa pacrojaraics IUIOCKUN
KOHTEMHEP C BOJON €eMKOCTBIO OKOJIO 2-X JINTPOB JIJIsl CO3/IaHUs
TemreparypHoro rpaguenta. O0pasibl €CTECTBEHHOTO CHEra
UMEJH OTHOPOJIHYIO CTPYKTYpY U IJIOTHOCTb, pazMep oOpas-
na coctapisia 30 x 30 x 15 cm. IIpu orGope oOpasmnos ormpe-
JIeJsUIach MJIOTHOCTh CHETa, CPEIHUM pa3Mep M XapaKTepHas
¢dopma kpuctanios cHera. OxynaxaeHue odpasia Npoucxoau-
JIO ¢ BEpXHEH OTKPHITOM MOBEPXHOCTH KOHTEHHepa ais ole-
CIIEYEHUS YCJIOBUS OJHOMEPHOCTU BEPTUKAIBHOIO TEMJIOBOIO
notoka. Teron3onsauus CTEHOK SIMKa U CaMOU3OJIALNS 00-
pasna miocko (popMel HCKIHOYaIa BO3SMOXKHOCTh 3HAYMMOTO
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TEIJIOBOTO MOTOKA B TOPU30HTAILHOM HarpasieHuH. V3meHe-
HUSl TeMIIepaTypbl B MOPO3WIBHUKE MPOBOJMINCH CTyIICHYA-
TO ¢ marom okoio 3-4°C. s 30 06pa31oB cHera pa3InyHON
IUIOTHOCTH M CTPYKTYpPhI ObLIM ONpeenensl 3Hadenus K . mpu
pa3IMYHbIX TEMIIEPATYPHbIX pexumax. [paaueHT temnepary-
psl B cHery usMensiics ot 0 1o 90 °C /m.

BrrsBiiena 3aBUcUMOCTb 3¢ GeKTUBHOTO K03 duimenra te-
TUTONPOBOAHOCTH OT IPAJMEHTa TEMIIEpaTyphl JIsl CHEeTa IJI0T-
HocThio 110 0.35 r/cm?. Haubonee oueBUIHO AaHHBIN P PeKT
MpOsIBUJICS B 00pa31ax CBEKEBBINABIIETO U MEPEKPUCTAIIIN30-
BaHHOTO cHera. B nuamazone temmneparyp ot —5°C go —24 °C
(Hanbornee xapaKTepHBIX JJIs1 CHEIKHOTO MoKpoBa Pycckoii PaB-
HuHbl) yBenunuenue K . pocrurano 30 %. s cHera mioTHo-
cteio Bhime 0.35 r/cm” cpennee 3Hauenue K octaBanock mo-
CTOSTHHBIM.

EXPERIMENTAL DEFINITION OF EFFECTIVE THERMAL
CONDUCTIVITY OF SNOW UNDER VARIOUS TEMPERATURE
CONDITIONS

R. A. Chernov
Institute of geography of Russian Academy of Sciences, Moscow,
Russia

Daily fluctuations of air temperature  influence on
temperature mode of snow cover, which in its turn lead to the
change of thermal parameters, including effective thermal
conductivity of snow (K ). In most cases value of Keff is
considered to be depending only from snow density. In this work
there was defined a variability of K . of snow in dependence
on temperature mode of snow cover. K . was calculate using
experimental measured data - thermal flow and temperature
gradient. The effective thermal conductivities of snow with
various structures and densities were defined.

The container with unstrained snow was laid in a freezer
volume of 80 liters. Lateral walls of a box were isolated in
addition. The upper plane, through which the sample was
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put, remained accessible. The plane container with water in
capacity about 2 liters for making of temperature gradient was
settled down in the bottom part of the box. Samples of natural
snow had homogeneous structures and densities, the size of
the samples was 30 x 30 x 15 sm. During sampling there were
defined the snow density, the average size and the characteristic
form of snow crystals. Cooling of the sample occurred from
the upper open surface for providing of condition of one-
dimensionality of vertical thermal flow. The thermal isolation
of the box walls and self-isolation of the samples eliminated a
possibility of significant thermal flow in a horizontal direction.
Changes of temperature in the freezer were made in steps
with step near 3-4 °C. For 30 snow samples of various density
and structure there were defined the values of K  at various
temperature modes. The temperature gradient in snow samples
were changed from 0 to 90 °C/m.

Dependence of K . on temperature gradient was found out
only for snow with density till 0.35/sm?. This effect was most
evident in samples of loose and the floating snow. K . increased
to 30 % than temperature gradient grown to maximum.
Experiments were carried out in a range of air temperature
from 5 °C to 24 °C (the most typical for snow cover of Russian
Plain). The mean K_ was constant for snow with density more
than 0.35 g/sm?.
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HUHTEPIIPETAIIMSA PAMOYHBIX CIBUT'OBBIX TECTOB JJI51
OINPEJIEJIEHAA YCTOMYAUBOCTH CHETA HA CKJIOHE

Yepnoyc I1.A. %, Bapawes H.B.’
HJenmp nasunnoii 6ezonacnocmu OAO «Anamumpy,
2. Kupoeck, Poccus
Mypmanckuil 20Cy0apCcmeennbill MexHU4ecKutl yhusepcument,
2. Mypmanck, Poccus

Pesynbrarel uU3MEpeHUN IPENEIBHOIO  COIPOTUBIICHUS
CABHUIY CHETa C MOMOIIBI0 PaMKHU M JIMHAMOMETpA SIBIISIOTCS
OJTHUM M3 BU/IOB JAHHBIX HEOOXOJUMBIX JIJIsl OLEHKH yCTONYHU-
BOCTH CHEra Ha CKJIOHE. /[ mpoBeneHust 3TUX TECTOB CylIe-
CTBYIOT HECKOJIBKO METOJUK, KOTOPBIE Pa3InyaroTCs HE OUYEHb
3HaYUTENbHO. McciienoBanns NOKa3pIBAaIOT, 4TO IPENEIBHOE
COIIPOTUBJIEHUE CABUTY 3aBUCUT OT CKOPOCTH IPUIIOKEHUS Ha-
rpy3ku. [Ipuuem, kak mokasaau Hallu 3KCIIEPUMEHTHI (puc. 1),
JUISL HEKOTOPBIX TUIIOB CHETa PAa3IMYUe MEXKIY CONPOTHUBICHU-
€M «OBICTPOMY» M «MEUICHHOMY» CIBUTY COCTaBJISUIO OJIWH
MOPSII0K BEJIMYUHBI.

OTu pa3nuuus HE YYWUTBHIBACTCS IPU HMHTEPIPETALUHN pe-
3yJbTaTOB TECTOB JJIs OLICHKU YCTOMUMBOCTH CHera. Pexomen-
JIaliY IPOBOJUTH BO BPEMS HCIIBITAHUH «OBICTPBII» CABHT Je-
JaloT ux OoJsiee MPOCTHIMU U YMEHBIIAIOT Pa3dopoc MOTyyeH-
HBIX 3Ha4eHH. Mcronb30BaHue ITUX 3HAYEHUH MOXKET ObITh
TIOJIE3HBIM ISl OLIEHKH YCTOWYMBOCTU CHETa I0J BO3/1EUCTBU-
eM OBICTpPBIX Harpy3ok. Hampumep, BbI3BaHHBIX JIBDKHUKAMU,
B3pbIBaMU U T.1. Ho ecnu peanbHas Harpyska Ha CHET BO3pac-
TaeT MEJUIEHHO (CHEromnasj, OTJIOKEHUE CHEra B pe3yJbTare Me-
TEJIEBOTO MEePEeHO0Cca), IPUMEHEHUE «OBICTPBIX» TECTOB MOXKET
CYIIECTBEHHO 3aHU3UTh YCTOMYMBOCTh CHEra Ha CKJIOHE. B pa-
00Te MpeaCTaBICHbI Pe3yNbTaThl SKCIIEPUMEHTOB IO OIpesie-
JIEHUIO MPEJEIbHOIO COMPOTUBIIEHUS CABUTY CHEra IpHU pas-
JUYHBIX CKOPOCTAX CABUTAromIel Harpysku. [Ipennoxena de-
HOMEHOJIOTMYECKAasl MOZIEIb ONPEEIICHNs] YCTOWUYUBOCTH CHE-
ra Ha CKJIOHE, YYMThIBAIOIasi CKOPOCTh U3MEHEHUS CABUTAIO-
IEH Harpy3KHu.
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CKOpPOCTE M3Me HEHMA HanpAXeHWUA caeura (Malcek)

Puc. 1. 3agucumocmp npeoderbHo20 CONPOMUBIEHUSA COBUZY OM
CKOpOCMU RPUIONCEHHOU HAZPY3KU ONA CHe2a NA0OMHOCHbIo 360
Kk2/m3, memnepamypoii -8° C

INTERPRETATION OF SHEAR FRAME TESTS FOR SNOW
STABILITY ASSESSMENT

PA. Chernous™?, N.V. Barashey’
!Center for avalanche safety, “Apatit” JSC, Kirovsk, Russia
Murmansk state technical university, Murmansk, Russia

Results of shear frame tests are one of types of data required
for assessment of snow stability on a mountain slope. There
are a few methods to carry out these tests. Their differences are
not significant. Studies show that shear strength is dependable
of shear stress rate. Our experiments (fig. 1) have shown that
for some snow types the difference between “fast” and “slow”
shear may has an order of value.

These differences do not take into account at the results
of the tests interpretation for snow stability assessment.
Recommendations to carry out “fast” shear tests make them
simpler and reduce obtained results variance. Using of these
results can be useful for assessment of snow stability under
“fast” shear loading. For example caused by skiers, explosions
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etc. Butifareal loading growth “slowly” (snowfall, drifted snow
deposition), an application of the “fast” tests can significantly
understate snow stability on mountain slope. The results of
shear tests under different shear stress rates are presented in the
paper. A phenomenological model, taking into account shear
loading rate, is suggested for assessment of snow stability on
mountain slope.

12006
10000
80004
6000
4000
20001 = 8

- * . *
0 T

0 500 1000 1500 2000 2500 3000
Shear stress rate (Pass)

= _3390Ln{x) + 27484

Shear strength (Pa)

Fig. 1. Shear strength versus shear rate for snow with density
360 kg/m’ and temperature -8° C.

106



LABORATORY STUDY OF ENTROPY PRODUCTION DURING
TEMPERATURE GRADIENT METAMORPHISM

E.E. Adams, PJ. Staron, D.A. Miller
Department of Civil Engineering, Montana State University,
Bozeman, USA

Snow cover subjected to a large temperature gradient will
metamorphose toward a faceted microstructure with a distinct
structural orientation that is associated with the gradient. The
resulting configuration significantly influences the strength and
heat transfer properties. Entropy production plays a critical
role in thermodynamics and has been used for decades to study
irreversible processes in biology, chemistry, and physics. At
this time, entropy production has received some, although
limited, consideration in snow metamorphism modeling. In this
study, we subjected snow samples to a temperature gradient to
examine the changes in microstructure, the changes in thermal
conductivity, and entropy production. Samples (40 cm x 40
cm plan area, 12 cm deep), which were placed in a sealed box
thermally insulated on the vertical sides, were equilibrated
to the cold laboratory temperature prior to being placed on a
warmer thermally controlled base plate. The temperature profile
within the snow along with heat flux to and from the snow
was monitored and used to calculate thermal conductivity and
entropy production. Once the heat fluxes in and out of the sample
equilibrate, the evolution of thermal conductivity and entropy
production was examined. Since the snow microstructure is
evolving due to vapor-solid phase change, the temperatures
measured are a consequence of the thermal energy transfer
due to mass flux as well as heat flow. Therefore, the thermal
conductivity, based on Fourier’s Law, is an “effective thermal
conductivity”. The average effective thermal conductivity in
the direction of the temperature gradient increased through
time, but at a decreasing rate toward a steady value. Similarly,
the microstructure arrangement seems to change towards a,
perhaps stationary, morphology that optimizes the heat transfer
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along the temperature gradient. The total entropy production of
the sample also increased with time similar to the conductivity.
Similar trends were apparent for discrete layers within the
snow sample. Changes in conductivity were greatest in the
lower warmer regions and decreased with decreasing sample
temperature. Examination of the microstructure indicated that
the greatest extent of metamorphism occurred near the bottom
as evidenced by the most pronounced vertical chaining of
grains. Calculation of the entropy production within the snow
layers yielded values that were smallest in the lower warmer
zones and larger in the upper cooler layers. Since the heat
energy passing through the lower warmer regions is of a higher
quality, it has a greater potential to organize the microstructure
through metamorphism and increase the conductivity. These
irreversible processes of heat and mass transfer produce entropy
and lower the quality of the energy. As this energy flows to
the next cooler layer, the resulting metamorphism and changes
in conductivity are slower due to the lower temperature and
reduced quality of the energy. The zones of most developed
metamorphism were observed in the areas with the smallest
entropy production.

JIABOPATOPHOE UCCJIEJJOBAHHME IMTPOU3BOACTBA
9HTPOIINH B NTIPOLUECCE T'PAJMEHTHOI'O
METAMOP®U3MA

E.E. Adams, PJ. Staron, D.A. Miller
Department of Civil Engineering, Montana State University,
Bozeman, USA

CHeXHbII TOKPOB MO BO3IEUCTBUEM 3HAYUTENIBHOTO I'pa-
JMEHTA TeMIIEpaTypbl IEPEKPUCTAIIN30BBIBACTCS B HANIPaABJIE-
HUU OTPAHEHUS U TIOSBIICHUS OPUEHTALIMH MUKPOCTPYKTYPHI (8
PYCCKOA3ZBIYHOU IUmepamype «MUKpoCmpyKmypa» 4acmo pas-
oensaemcs Ha MepMUHbl «CMPYKMypa» U « meKcmypa» — npum.
peoakyuu), onpeaensieMon TeMIeparypHbIM IpagueHToM. Bos-
HUKaroUasi CTPyKTypa B 3HAYUTENbHOW CTENEHU BIMUSET HA
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MPOYHOCTB U TEIJIONPOBOAHOCTH cHera. [Ipon3BoaCTBO SHTPO-
UK UTPAET BEAYLIYIO POJb B TEPMOJMHAMUKE U HA MPOTSKE-
HUH JIECATUIETHH HMCIIOIb30BAJIOCh B MCCIEOBAaHUN HEOOpa-
TUMBIX TIPOIECCOB B OMONOTHH, XUMHH U u3uke. K HacTos-
IIEMy BPEMEHU SHTPOIUIHbBIE NTPOLECCHI, XOTSI U OrpaHUYEH-
HO, IPUMEHSIIOTCS B MOACTIMPOBAHUU MeTaMoppu3Ma CHEXXHO-
ro MoKpoBa. B Hamiem nccinegoBaHUU MBI CO37aBalid B 00-
pasmax cHera rpaJueHT TeMIEepaTypbl C LEIbI0 ONpesere-
HUS PE3yIbTHPYIONINX U3MEHEHHI B MUKPOCTPYKTYypeE, Te-
TJIONIPOBOTHOCTH U MPOHU3BOACTBE dHTponuu. OOpa3isl (ce-
yenreM 40x 40 cm u TommuHoK 12 cM), TOMENIEHHBIC B 3ara-
SIHHBI KOHTEHHep, TeMJION30JIMPOBaHHbIM ¢ OOKOBBIX CTOPOH,
ObUIM CHauasa MpUBE/IEHBI B TEIUIOBOE PABHOBECHE C YCIOBUS-
MU XOJIOIHOM KOMHATHI, a 3aTe€M MOMEIeHbI Ha Ooee TEMIyIo
IJIACTUHY C PETYIUpPYEeMOM TemIiieparypoil. M3mepsnocs pac-
npeeNieHre TeMIIePaTyphl B CHETE M0 HAPABJICHUIO TETIIIOBO-
ro IIOTOKAa BXOJAIIEr0 B 00pa3el] ¥ BhIXOJAIIEro u3 cHera. Pe-
3yJbTaThl UCTOJIB30BAINCH Ul pacuéTa TeIIONPOBOJHOCTH U
Npou3BOACTBa SHTponuH. C MOMEHTa JAOCTH)KEHHsSI PaBHOBE-
CHSI MEX/y TETIJIOBBIMHM TIOTOKAaMHU BXOJSIIETO M BBIXOJSIIETO
n3 o0pasna OnpeAesuioch U3MEHEHHE TETJIONPOBOJHOCTH U
MIPOM3BOJICTBA SHTPONHH. Tak Kak MEKPOCTPYKTYpa CHETa 9BO-
JIOLMOHUPYET B pe3yabrare (pa3oBoro mepexoaa <«iéa-mapy,
u3MepseMble TEMIIEPaTypbl SBISIOTCS PE3YJIbTaTOM IEPEHO-
ca TEPMHUYECKON PHEPruM Kak MOTOKOM MAaccChl, TaK U TEIJIOo-
BBIM ITOTOKOM. TakuM 00pa3om, TEeIIONPOBOAHOCTh, OCHOBAH-
Has Ha 3akoHe Dypee, sABIsIETCA «IPPEKTUBHON TETUIONPOBO-
nHOCThIOY. Cpenuss 3¢ (eKTUBHAs TEMJIONPOBOAHOCTD 110 Ha-
IIPaBJICHUIO I'PaJMEHTa TEMIEpaTypbl BO3pacTaja cO Bpeme-
HEM, OJTHAKO C YMEHbIIAIOLIEeHCs CKOPOCThIO B HAIIPABICHUH K
MOCTOSIHHOMY 3Ha4eHHI0. AHAJIOTUYHO, MUKPOCTPYKTYypa TaK-
JKe BBIIVIAJIEINA KaK U3MEHSIOMIAsACS B HAPABJICHUH BOSHUKHO-
BEHUS CTAllMOHAPHOM (hOPMBI, ONITUMU3UPYIOLLEH TeIlIonepe-
HOC B HampaBlIeHUU TpajueHTa Temmeparypsl. Ooiee mpous-
BOJICTBO SHTPOIHUU B 00pa3le TaKke BO3pacTaio Mog00HO Te-
II0NPoBOAHOCTHU. ITox0XkKe TpeH bl MPUCYTCTBOBAIHN BO BCEX
OT/IETIbHBIX CIIOSIX CHera B oOpasue. Vi3aMeHeHUs TerIonpoBo-
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JTHOCTH ObUTH HAMOOBIIMMHY B HIKHEH (TETUI0N) YacTu 00pas-
11a U YMEHBUIAJINCh 110 MEpE MOHMKEHUs TeMieparypsl. Mc-
CJIEJJOBAHUS MUKPOCTPYKTYpPBI 0OKa3aJl0, YTO CKOPOCTh METa-
Mop(du3Ma BbIlIE Yy OCHOBaHUs 00paslia, rjae Haubosee 3aMeT-
HbI BEpPTHKaJIbHbIEC LIENOYKU 3€peH. PacuéT npousBoacTBa 3H-
TPONUHU BHYTPU CHEXKHOTO CJIOs MOKa3aJl HauMEHbIIIee 3Haye-
HUe B HIDKHEH (TEMIoi) yacTu U Haubombliee B BepXHeH (Xo-
JIOJTHOM) YacTu ciost. Tak Kak TeroBasi SHEPTus, MPOXOAIIAs
4yepe3 HWKHIOK TEIUIyI0 4acTh oOpasia, uMeeT Ooliee BBICO-
KO€ «Ka4eCTBO», TO U MOTEHIIHAJ JIsl peOpraHu3allid MUKPO-
CTPYKTYpHI IyTEM MeTamopdusMa, U yBeIUYEHHE TEIJIONpo-
BOJIHOCTH OKa3bIBA€TCs BhIIIE. DTH HEOOpATUMBbIE MPOIECCHI
TEIUIO- U MAacCOINIEPEHOCa MPOU3BOIAT SHTPOIMIO U TMOHMXKa-
10T «Ka4ecTBO» 3Hepruu. [lo mocTymieHun Toro e noroka B
CIIeAYIOMIMI Oosiee XOJMOAHBIN ClIol, MeTaMOp(U3M U U3MEHE-
HUE TEIUIONPOBOAHOCTH B 00paslie 3aMeIAIOTCs: Kak H3-3a
0oJiee HU3KOM TeMIepaTyphbl, TaK U U3-32 TOHWKEHHOTO «Kade-
CTBa» SHepruu. 30HbI ¢ HanOoIee BHICOKMMH CTaIUSIMU METa-
Mop¢u3Ma HaOIIONATUCh B CIIOSX ¢ HAMMEHBIIUM MPOU3BO/I-
CTBOM SHTPOIIHUH.
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REFINEMENT OF MPS METHOD FOR PRACTICAL
APPLICATION ON SNOW AVALANCHES

Hirotaka Kato', Ichiro Kimura', Masaya Otsuki’, Yoshihiko Saito’,
Yasuyuki Shimizu', Evgeny Isenko’
'Hydraulic Research Lab., Hokkaido University, Japan.
?Yukiken Snow-Eaters Co. Ltd., Japan.

This study presents some considerations on the possibility
of commercial viability of MPS method to avalanches from
practical point of view. The MPS method is a powerful tool
to reproduce flow phenomenon with large scale surface
deformation. In order to apply this method to snow avalanches,
we modified the original model to introduce a constitutive
equations of Bingham fluid, Dilatant fluid, and erosion-
deposition process.

The modified model was applied to some cases and evaluated
through comparison with experimental results and observed
data.

Moving Particle Semi-implicit method (MPS method) is a
particle method for fluids formulated in terms of Lagrangian
and meshless simulation. It is based on the continuous equation
(1) and the Navier—Stokes equation (2) from fluid dynamics.

Dp _
Dt
(1)
&=—lVP+VV2u+g
bt p @)

MPS method does not perform calculations on every distinct
particle of a particle body. Instead, it discretizes the differential
equations describing the behavior of continuous body, using
the model of interaction between particles.

Bingham fluid model describes materials that behave as a
rigid body at low stresses but flows as a viscous fluid at high
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stress. It was first applied for describing avalanches by Otsuka
et al. (2009).

In this study we proposed that the system behaves as
Bingham fluid only when the shear rates are lower than some
limit value. At shear rates higher than it switches to Dilatant
fluid behavior that describes fluids with increasing viscosity.

r=ky' 7<%,

The switch value of the shear rate was determined
empirically.

The particle pressure p is considered as an external force
that may erode the surface depending on its value.

P~>T,

P=7T
0 , v<0.5 m/s : deposition

To exclude the influence of the low speed particles, the
velocity parameter was also taken into consideration.

The observation data of two avalanches near Niigata were
used for modeling in this study. The first data set represents a
relatively large avalanche in steady state after fall. Numerical
simulations yielded the position of the avalanche debris
corresponding with the observations. The second avalanche
was observed for 20 sec during falling and photographed with
1 sec interval. The most representative parameters — falling
speed and path — were in good agreement with the results of
the numerical simulations.

In addition, an avalanche fall experiment was conducted
on a 5.4 m length artificial slope (see picture below). The
experiment conditions were also successfully reproduced by
numerical simulations confirming the validity of this model.

Good reproducibility and agreement between avalanche

: erosion
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observations and numerical calculations was confirmed proving
that MPS method can be widely applicable.

YCOBEPHIEHCTBOBAHUWE METOIA MPS JIJISI

MNPAKTHUYECKOI'O TIPUMEHEHHWS CO CHE)KHBIMHU
JABUHAMMU

Hirotaka Kato', Ichiro Kimura', Masaya Otsuki’, Yoshihiko Saito’,
Yasuyuki Shimizu', Evgeny Isenko’
!Hydraulic Research Lab., Hokkaido University, Japan.
?Yukiken Snow-Eaters Co. Ltd., Japan.

JlanHO€ WccnenoBaHue AaeT HEKOTOPHIC MPEICTABICHUS O
KOMMEpPYECKOM TpuMeHeHnn Mmetrona MPS B oOmactu saBu-
HoBenleHusi. Meton MPS sBisieTcs MOIIHBIM UHCTPYMEHTOM
JUISL BOCTIPOM3BEICHHSI OCOOCHHOCTEH JIBMIKEHUST ITOTOKA TP
3HAYUTENBHO-e(OPMUPOBAHHON MOBEpXHOCTH. [l mpume-
HEHHUS PTOTO METOAA K CHEKHBIM JIABUHAM MBI M3MEHWIN U3-
HauyaJIbHYI0 MOJENb JJIsi BKJIIOUEHHS B HEE OMNpEeAeIIsIONINX
YPAaBHEHUI BS3KO IUIACTUYHOM M JUIATAHTHOM JKUIKOCTH U
MIPOLIECCa APO3UH U OTIIOKEHHSI HAHOCOB.
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MoaudunrpoBaHHast MOAETs TPUMEHSIACH K HECKOJIBKUM
CJIy4asiM U OlIEHEHA Yepe3 CPAaBHEHUE C IKCIIEPUMEHTAIbHBIMU
IaHHBIMUA U JAHHBIMU HAOIIOEHUN

Merton nonysBHOTO ABWXKeHUs yacTui] (Meton MPS) — ato
METOJl JIBMDKCHMSI YaCTHI] KaK KUAKOCTEH, CHOpMyIUpOBaH-
HBIM B TepMUHONOTUH GYHKIMK JlarpaHka v HECETEBBIX Me-
TOJIOB MozenpoBaHus. OH OCHOBaH Ha ypaBHEHUHU HENPEPHIB-
Hoctu (1) u Ha ypaBHeHun Hasbe-Crokca (2) u3 AMHAMUKU
JKUJKOCTH:

o
g (1)

Du _ —lVP+VV2u+g

Dt Yo,

(2)

Metonom MPS He npou3BoasTCst pacu€Thl AJIsl KaKIOW Ya-
CTHUIIbl CJIAaraeMoro yactuiamu tena. Bmecro atoro, auckpe-
TU3UpYIOTCs AuddepeHITnanbHbIe YPaBHEHHUS, ONMUCHIBAIOIINE
MOBEJICHUE CIUIONIHOTO TeJa, UCIOJIb3Yysl MOJICNIb B3aUMOJEH-
CTBHSI MEXK]ly YaCTUIIAMH.

Mopnenb BSI3KO MJIACTUYHOM >KUIKOCTH OMHUCHIBAECT CPEbl,
Beylue cedsi Kak TBEPAOE TENO MPH HU3KOM JaBIEHUU, HO
KakK IMOTOK BSI3KOW JKMJIKOCTH IIPU BBICOKOM JaBJ€HUH. Briep-
BbIe OHa ObLTa TpuMeHeHa i JaBuH Otsuka u np. (2009).

B nanHOM mccnenoBaHUHM MBI TIPEATOIOXKUIHN, YTO CHCTE-
Ma BeIET ce0s Kak BSI3KO-ILUIACTUYHAS KUIKOCTh TOJIBKO TOIUIA,
KOTIJIa CKOPOCTh CABUTa HUYKE HEKOTOPOTO MPEAEIbHOIO 3HaYe-
nus .Ilpu ckopoctu caBura O60blie, 4eM , TPOUCXOIUT Mepe-
XOJ1 K PEXKUMY JUIIATAHTHON KUAKOCTH. OMUIIEM KUIKOCTD C

HOBBIIIAIONIENCS BA3KOCTRIO:
o ®

2 [ J
r=ky' 7<%,
3)
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[lepekitoyaroiiee pexXxUMbl MOBEJICHUS CUCTEMbl 3HAUYEHUE
CKOpPOCTH CABHUTA ObLIO MOJIYYEHO SMIIUPUUYECKH.

JlaBieHue 4acTHUIIbI P pacCMaTPUBAIOCh KaK BHEITHSS CHIIA,
KOTOpasi MOTJIa APOAUPOBATH TTOBEPXHOCTh B 3aBUCHMOCTU OT
CBOEH BEJIMYMHBI:

P~>T,
P=T7,

JInisi MCKITIOYEHUS] BIUSTHHSI YacTUI[ C MaJOll CKOPOCTBIO
YUUTBIBAJICS TAKXKE MapaMeTp CKOPOCTH.

JIJiss MOAETMpPOBaHUsT HMCIIOJIB30BAIIUCH JaHHBIC HAOIO7IC-
HUS 3a JAByMs JJaBUHaMu Okousio T. Humrara. IlepBeie maHHbIE
OIMCHIBAIM OOJIBIIYIO JIABHHY TOCIIE €€ OCTaHOBKU. UHCIIeH-
HbIE Pacu€Thl COOTBETCTBOBAIM TOJIOKEHHIO JIABHHHBIX OT-
JIOKeHu# 1o HaOmoneHusM. Bropas naBuHa HaOromasachk Ha
npotsbkeHun 20 ¢ Bo BpeMsi JBMKEHUS 1 GoTorpadupoBaiach
c uatepBasioM B 1 c. Haubonee penpe3eHTaTuBHbIE XapaKTepu-
CTHKH — CKOPOCTb JIBHYKCHHUS M Iy Th — OBLIN ITOJTyY€HBI B COOT-
BETCTBHH C PE3yJIbTaTAMHU YHCICHHBIX PACYETOB.

B nononHenue, ObUT MPOU3BEAEH IKCIIEPUMEHT 10 OTPBIBY
JaBUHBI HA UCKYCCTBEHHOM CKJIOHE JUIMHOH 5,4 M (cM. (hoTO).
YcnoBust Takke ObUTH BOCITPOU3BEICHBI YHCIICHHBIM MOICITH-
pOBaHHEM, TIOATBEPKTAOIIUM 000CHOBAHHOCTH MOJICIIH.

[TonTBepkIaeTCs XOpoIiee BOCIPOU3BEIACHHE W COTIIACO-
BAaHHOCTh MEX/y HAOJIOJICHUSMU M YHCICHHBIMU PacuETaMH.
Metonq MPS MOXXHO IIUPOKO MPUMEHSTh B PAa3JIUYHBIX UCCIIC-
JIOBaHUSIX.

: 9po3us

, v<0.5m/s : oTioXeHue.
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HYSTERESIS IN THE WATER RETENTION CURVE OF SNOW
MEASURED USING A MRI.MAGNETIC RESONANCE IMAGING

Satoru Adachi', Satoru Yamaguchi?, Toshihiro Ozeki,
Katsumi Kose'

Institute of Applied physics, University of Tsukuba, Japan
2Snow and Ice Research Center, National Research Institute for
Earth Science and Disaster Prevention, Japan
‘Hokkaido University of Education, Japan

Magnetic resonance imaging (MRI) is an advanced
tomographic technique used in medical imaging. Recently, a
compact MRI system was developed for use in a cold room and
used to analyze the three-dimensional structure of snowpack.
Because the nuclear magnetic resonance signal of ice is very
weak, MRI analysis of snow requires a special liquid (aniline
or dodecane) to fill the air space in the snow. A new method of
determining the distribution of water in snow is based on the
contrast between the MRI image of snow and that of water.
Using this new method, water retention curves (WRCs) of
snow were measured.

A WRC is a fundamental hydraulic property and can be
classified as either a “primary wetting curve” (PWC) or a
“primary drying curve” (PDC). In this study both types of WRC
were directly measured in the same natural snow sample at 0°C
in a cold-room laboratory. The snow sample (6 cm in diameter
and 20 cm high) was placed in a sample case (15 cm in diameter
and 20 cm high) and water at 0°C was slowly added to the
sample case until the lowest few centimeters of the sample were
submerged. Water penetrated the snow gradually by capillary
rise. When the water movement in the sample appeared to
have reached a steady state, the distribution of volumetric
water content (0) was measured with 1-cm resolution. The
resulting distribution was considered to represent a PWC. After
measurement of the PWC, the same sample was fully submerged
in water at 0°C in the sample case. After 30 minutes, water was
drained from the sample case until a defined water table level
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was reached, and the sample was then maintained at 0°C until it
reached a steady state. The distribution of 6 was then measured,
and the result was considered to represent a PDC. Although the
PWC and PDC were obtained for the same snow sample, the
shapes of these two curves are strikingly different. This result
suggests the existence of hysteresis in the WRC of snow, which
will be helpful in understanding the processes by which water
moves in snow.

TUCTEPE3UC B KPUBOM YIEP)KUBAHUS BOJbI CHET'OM,
W3MEPEHHBIA METOIOM BU3YAJIMN3AIIMU MATHUTHBIM
PE3OHAHCOM (BMP)

Satoru Adachi', Satoru Yamaguchi?, Toshihiro Ozeki,
Katsumi Kose'

!Institute of Applied physics, University of Tsukuba, Japan
’Snow and Ice Research Center, National Research Institute for
Earth Science and Disaster Prevention, Japan
‘Hokkaido University of Education, Japan

Busyanuszanus ¢ nomMouipo MaraHuTHoro pesonanca (BMP)
SBJISIETCS Pa3BUTON TOMOrpadUyecKoi TEXHOJIOTUEHN, NCIIOIb-
3yemoii B MenuimHe. HegaBHo Oblia pa3paboTaHa KOMITaKTHAs
cuctemMa BMP nist paboTel B X010HOM 1a00paTOPUH, KOTOpast
UCIIOJIb30BaNIACh ISl aHAJIN3a 3X MEPHOU CTPYKTYyphI cHera. B
CBSI3U C TE€M, YTO MarHUTO-PE30HAHCHBIN CUTHAJ JIbJla OYEHb
cnab, ananu3z BMP TpebOyer crenuanbHON KUIKOCTH (aHH-
JIMH WIN JT0JIeKaH) Ui 3alOJHEHHs MOPOBOTr0 MPOCTpPaHCTBA
B cHery. HoBbIif MeTO/T IO ONPENEIeHUIO PACTIPEAECICHHS BObI
B CHEre OCHOBAaH Ha KOHTPACTe MEXAY BH3yallM3allMeil cHera
u Bozbl. [Io aTOMy MeTOy U3MEPSUTNCH KPUBBIE YIEP)KUBAHUS
Boibl (KYB) cuerom.

KVYB siBnsiercst pyHmaMeHTaTbHBIM THAPABIMYECKUAM CBOM-
CTBOM U MOXET KjlaccupuuupoBaTbcst 1u6o kak «llepBuunas
kpuBas yBnaxHeHus» ([IKY) nmubo «IlepBuunas kpuas ocy-
menusk» (IIKO). B mpeacrasnsemom uccienoBanuu oda TUra
KVB usmepsinnch HanpsMyIo B OTHOM U TOM k€ 00paslie CHe-
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ra npu temneparype 0°C B xonoaHoit nadoparopun. O6pasern
cHera (nuameTpom 6 cM U BbicOTON 20 CM) MOMEIaJcs B KOH-
TeiiHep (auameTrpoMm 15 cm u BbicoToit 20 cM). Bona ¢ Temmne-
patypoit 0°C memieHHO 100aBIsuIach B KOHTEHHED, MTOKa HUX-
HUE HECKOJIbKO CAaHTUMETPOB CHEra He OKa3bIBAINUCH IOJ BO-
noii. Boga mocteneHHO MpOHHUKANa B CHET 3a CYET KaUILIsp-
Horo nogbeéma. Korna quxkeHne BObl B CHETE IOCTUTAJIO PaB-
HOBECHOTO COCTOSTHUSI, pacrpeseieHne 00bEMHOTO conepiKa-
Hus BoAbl (0) u3mepsiiocs ¢ paspenienueM B 1 cM. Mbl paccma-
TpuBanu noiaydaeMmoe pacnpeznenenue kak [IKY. [Tocne nsme-
penus 1KY oGpa3zelr mogHOCTBIO TOKPBIBAJICS BOJIOH C TEM-
neparypoit 0°C. Yepes 30 MUH BOzAE MO3BOJISIOCH BBITEUb U3
KOHTEIHepa 70 YCTaHOBJIEHHOTO paHee YpOBHSA, M oOpaser
octasisiicst npu temneparype 0°C 1o 1OCTHKEHUsI paBHOBE-
cusi. Pactipenenenue 0 n3mepsnoch BHOBb, M pacCMaTPUBAJIOCh
kak [1IKO. He cmotps Ha To, uto IIKY 1 I1KO nonyyanuce asis
OJTHOTO U TOTO k€ 00pa3ia — GopMbl KPUBBIX MOPA3UTEIHHO
OTIMYAIHCh. Pe3ynbpTaThl MOKa3bIBalOT HAIMYNE THCTEPE3NCA B
KVB cHerom, 4T0 Hy’»KHO YYUTBIBaTh IPU OIMCAHUU IIPOLIEC-
COB JIBUYKEHUS BOZbI B CHEXKHOM TOJILIE.
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THE DYNAMICS OF MELTING ICE AVALANCHES:
LABORATORY EXPERIMENT

B. Turnbull
Division of Process & Environmental Engineering, University of
Nottingham, United Kingdom

Descriptions of the dynamics of dry granular flows are now
well advanced (Forterre & Pouliquen 2008). However the
presence of very small amounts of moisture within a flowing
granular material (of the order 0.001% liquid volume) can
have a profound effect on its dynamics (Tegzes et al 2002).
Ice avalanches are granular flows formed by collapsing glacier
séracs or permafrost affected rock-faces, and they often exhibit
surprising mobility (Huggel et al 2008). Thus, it is postulated
that there are key processes determining their mobility that are
not accounted for in present descriptions of ice avalanches.
Here, we consider the influence of moisture in ice avalanches,
arising through localised melting. This melting can occur at
temperatures well below freezing, through interfacial pre-
melting mechanisms and through frictional granular collisions.

To study these processes, a laboratory experiment has
been designed. Firstly, ice spheres of diameter 4-5 mm were
formed by slowly dripping water into a liquid Nitrogen bath.
These spheres were placed into a Perspex drum (diameter
350 mm, inner cavity thickness 20 mm) that could be rotated
about a horizontal axis at rates between 2 and 10 seconds per
revolution. The apparatus were situated in a temperature-
controlled laboratory that allowed the close regulation of heat-
fluxes to and from the drum and thus the melting rate of the
ice spheres. This rotating drum configuration is ideal for this
type of experiment, since continuous avalanches are generated
where properties can be slowly varied over long periods of time.
The drum configuration also models the interaction between
the avalanching shear layer and the quasi-solid region over
which it rides that is crucial to the development of geophysical
avalanches.
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The temporal evolution of ice particle trajectories was
captured through bursts of high-speed video recordings,
typically 250 frames at 500 fps, over the course of the
experiment (circa 1 hour). Pattern matching Particle Image
Velocimetry techniques were employed to determine velocities
and vorticity within the avalanche from the video sequences.
Thus the evolution of the ice avalanche dynamics could be
characterised and related to the changes in ambient conditions.

Results suggest that strong capillary forces arising from
surface melting, even at ambient temperatures below freezing,
lead to particle clumping and enhanced bed entrainment. The
velocity profile through the avalanching layer alters as melting
progresses, until the particles are heavily wetted and the flow
enters a viscoplastic regime.

JUHAMMUKA JJABUH C TAIOIIUM JIBJIOM: JIABOPATOPHBIE
SKCHEPUMEHTBI

B. Turnbull
Division of Process & Environmental Engineering, University of
Nottingham, United Kingdom

Onwucanue TMHAMUKY TEYCHUS CYXHX CHIITy4YnX MaTepHUaIoB
nocraroyHo xopoio ocsemeHo (Forterre&Pouliquen 2008).
OnHako, MPHUCYTCTBUE JIa)Ke OYE€Hb HEOOJBIIOrO KOJIUYECTBA
BJIard B TEKyllleM cbillydyeM Marepuaine (nopsaka 0.001% B
KHUIKOU (DOpME) MOXKET OKa3bIBaTh CHIIBHOE BIIMSHHUE HA -
Hamuky noroka (Tegzes et al 2002). JleastHble 1aBUHBI — IO-
TOKH CBIITy4ero Marepuasia, 00pa3oBaHHbIC 00BAJIIOM JICTHHKO-
BBIX CEPAaKOB WJIM MHOTOJIETHE MEP3JIbIX TPYHTOB, 4acTo 00-
peTaroT HeoObuaiiHO BRICOKYIO ckopocTh (Huggel et al 2008).
[TosToMy mpenmnonaraercs, 4YTo CyIIECTBYIOT KIIOYEBBIE MPO-
LIECCHI, OTPENENSIONINE TaKyI0 CKOPOCTh, KOTOPbIE HE YUUTHI-
BAIOTCS B CYIIECTBYIOIIUX OIMCAHMSX JIENSHBIX JaBUH. B pa-
00Te MBI paccMaTpuBacM BIUSHHE BJIard, MOSIBIISIONICHCS B
pe3yibTare JOKAJIbHOTO TasHUs, Ha JICASHbIC JIABUHBL. Takoe
TasHUE MOXXET UMETh MECTO IPHU TeMIIEpaTypax 3HAYUTEIILHO
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HIDKE TeMIepaTyphl TassHUS — 32 CUET MEXaHU3MOB Mex(pazo-
BBIX M1E€PEXO0JI0B, TUIABJICHUS U TPEHHS IPU CTOJKHOBEHUH Ya-
CTHII B JIABUHE.

JIyist u3ydeHust 3TUX MPOIECCOB OBLT MPOBEAEH Taboparop-
HBII 3kcniepuMeHT. CHauana JieqisiHpie cepbl JuaMeTpom 4-5
MM OBUTH CJeNIaHbl MyTEM 3aMOpaXKMBaHUS MEAJIEHHO Mpoca-
YHMBAIOLIEHCA BOMBI, KaMarolield B KOHTEHHep € KHUJIKUM a30-
ToM. OTH cepbl MOMENIATUCh B IJICKCUITIACOBBIA OapabaH
(nnametp — 350 MM, ToNIIMHA BHYTpEHHEN EMKOCTH — 20 MM),
KOTOPBIA MOT BPAaIlaThCsl BOKPYT CBOEH TOPU30HTAIBHOU OCH
co ckopocThio 1 o6opot 3a 2 — 10 cekyHna. YcraHoBka ObLia
MOMeEIIeHa B JTA0OPaTOPHIO C KOHTPOIUPYEMOI TeMIIEpaTypoid,
KOTOpasi TMO3BOJIsJIa JIOCTAaTOYHO TOYHO KOHTPOJIUPOBATH Te-
IUIOBBIE TIOTOKU Ha BXOze B OapabaH M BBIXOZE M3 HEro, U Ta-
KUM 00pa3oM, ONpeneNsiTh CKOPOCTh TasHUS JIENSHBIX cdep.
YcTpolicTBO B BHIEe Bpamaromnierocs 6apadana Hanbosee moJ-
XOJIUT IS TAKUX IKCIIEPUMEHTOB, TaK KaK MMO3BOJIIET CO3/aTh
YCIIOBUS, TOJJOOHBIE TEM, KOTOPbIE BOZHUKAIOT B TABUHE, U ME/I-
JICHHO U3MEHSTh 3TH YCJIOBUS B T€UEHHUE JA0JITOT0 BpeMeHH. Ta-
KO€ YCTPOMCTBO TaKXke MO3BOJISICT MOACITUPOBATH B3aMMOICH-
CTBUE MEX/1y TEUEHUEM CJI05 (JJTaBUHBI) U KBA3U-TBEPI0M 00a-
CTBIO, ITO KOTOPOH MPOUCXOANT TEUSHHE JIABUHBI, a TO Ba)KHO
JUTSL OMUCAHUS Te0O(PU3NYECKUX JIABUH.

W3MeHeHne BO BpeMEHU TPAEKTOPUN YaCTHI] 3aMHCHIBATIOCH
ITyTEM BBICOKOCKOPOCTHOM BUIEOCHEMKH (250 cepuii co cko-
pocthio 500 KaapoB B CEKyHAY) Ha MPOTSHKEHUH BCETO DKCIIE-
puMenTa (okoio 1 waca). [{is onpeneneHus CKOpOCTH U TypOy-
JICHTHOCTH BHYTPH JIABUHBI TIO pe3yJbTaTaM BUACONAHHBIX UC-
MOJIb30BAJIMCh TEXHOJIOTUU CPABHUTEIBHOTO M3MEPEHUS CKO-
poctu yacTuil. Takum 0Opa3oM MOSIBIIIACH BO3MOXKHOCTH OIH-
caTh 3BOJIFOLIMIO IMHAMUKH JIETHON JIABUHBI 110 MEpe U3MEHE-
HUS BHELTHUX YCJIOBUIA.

Pesynbrarhl MOKa3bIBAIOT, YTO KAIMJUISPHBIE CHIIBI, BO3HU-
KaloIIHe B Pe3YJIbTaTe MOBEPXHOCTHOTO TASTHUS 1aXKe TIPH TEM-
neparypax HHKe TeMIIepaTypbl TassHUs, IPUBOJIAT K arperaiuu
YaCTHUIl ¥ YBEIMYCHHUIO KOTMUECTBA JICTHBIX YACTHII, 3aXBaThI-
BAEMBIX C MMOJICTHIIAIOIIEH TOBEPXHOCTH. DIOpa CKOPOCTH Jia-
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BHUHBI U3MEHAETCS 110 MEpe TasiHUs JIEAAHBIX YaCTUL] — 0 TeX
T10P, IIOKA ITOTOK HE HACBITUTCS TSXKEIBIMA MOKPBIMH YaCTHLA-
MH U HE NEPEUAET B BAZKOIIACTUYHBIN PEXKUM.
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DETERMINATION OF REGIONAL EVAPORATION OVER THE
TIBETAN PLATEAU BY USING SATELLITE DATA AND THE
TIBETAN OBSERVATION AND RESEARCH PLATFORM (TORP)

Yaoming Ma, Lei Zhong, Weiqiang Ma
Institute of Tibetan Plateau Research, Chinese Academy of Sciences,
China.

The Tibetan Plateau is located in central and eastern parts
of the Eurasian continent and contains the world’s highest
elevation (average elevation about 4000 m) relief features,
some reaching into the mid-troposphere. It represents an
extensive mass extending from subtropical to middle latitudes
and is spanning over 25 degrees of longitude. Because of its
topographic character, the plateau surface absorbs a large
amount of solar radiation energy, and undergoes dramatic
seasonal changes of surface heat and water fluxes. In this
study, a parameterization methodology based on Moderate
Resolution Imaging Spectroradiometer (MODIS) and in-
situ data is described and tested for deriving the regional
evaporation over heterogeneous landscape. As a case study, the
methodology was applied to the whole Tibetan Plateau area.
Four scenes of MODIS data (30 January 2007, 15 April 2007,
1 August 2007 and 25 October 2007) were used in this study
for the comparison among four seasons. The derived results
were also validated by using the “ground truth” measured in
the stations of the Tibetan Observation and Research Platform
(TORP). It was shown that reasonable distribution of regional
evaporation over heterogeneous landscape of the Tibetan
Plateau can be obtained reasonably by using this methodology.
The shortage and further improvement of the methodology was
also discussed.
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OIPEAEJIEHUE PETHOHAJIBHOI'O NUCITAPEHUSA
HA TUBETCKOM ILJTIATO C HCIIOJIb30BAHUEM
CITYTHUKOBBIX JIAHHBIX I TABETCKOMN
HABJIIOJATEJIBHOM Y UCCJIEJIOBATEJIBKOM
IIVIAT®OPMBI (THHIT)

Yaoming Ma, Lei Zhong, Weigiang Ma
Institute of Tibetan Plateau Research, Chinese Academy of Sciences,
China.

Tuberckoe Haroppe pacmojOKeHO B IEHTPAIBHONH U BOC-
TOYHOM 4yacTu EBpazMiiCKOro KOHTMHEHTA, IJI€ PaCIOIOKEHbI
caMbI€ BBICOKHE B MUpE TUTaTo (cpemnsst Bbicota okoiio 4000 m),
C OTHENbHBIMU BEpIIMHAMHU, TOCTUTAIOIIUMU elle Ooiblien
BbICOTHI. [lnato mpencraBiseTr co0oil oOmHMpHOE MPOCTpaH-
CTBO, NPOCTUPAIOLIEECS OT CYOTPOIUKOB 0 YMEPEHHBIX IIH-
pPOT B MPOMEKYTKE IMUPUHON OoJiee 25 TpaaycoB JOITOTEHL.
W3-3a cBoeTO penbeda moBEpXHOCTH IUTATO aKKYMYJIUPYET 3Ha-
YUTEJIbHOE KOJMYECTBO COJHEUHON pajualuy, U MOJABEPKEHO
OYEeHb OOJBIINM CE30HHBIM M3MEHEHUSIM MMOBEPXHOCTHBIX TO-
TOKOB TeIlla U BIaru. B maHHOM McclenoBaHUM OMHCHIBACT-
Csl ¥ IPOBEPSETCSI METOIMKA ITapaMeTpHU3aliy, OCHOBaHHAs Ha
Moderate Resolution Imaging Spectroradiometer (MODIS) u
HA3eMHBIX MCCIIEIOBAaHUAX JUIsl ONpPEAETCHUs] PETHOHAILHOTO
UCIapeHus B TeTepOoreHHbIX Janamadrax. B kayecTBe Tema-
TUYECKOTO HCCIIETOBAHMS METOAOJIOTHsI ObLIa PUMEHEHa IS
Bcero Tuberckoro Haropwsi. Uerslpe cepun cbéMkun MODIS
(30 snBaps 2007, 15 anpens 2007, 1 aBrycta 2007 u 25 okts-
Opst 2007) OBLIM WCIIONB30BAHBI JIJISI CPABHEHHSI YETBIPEX Ce-
30HOB. [lony4yeHHbIe pe3ynbTaThl ObUIN TaKXKe MOBEPEHBI C UC-
IOJIb30BaHMEM HA3E€MHBIX JAaHHBIX CO CTaHIUI THOeTCKONM Ha-
OmrofarenbHOM W ucchenaoBareabckoi miaatdopmber (THUIT).
Bbru10 mokazaHo, 4To moydaeMoe JaHHON METO0IOTHel pac-
npezefieHHe PEerHoOHAJIbHOTO HMCIAPEHUsl HaJl reTepOreHHBbIM
naramadrom THOETCKOTO HArOphsi BIOJHE JOMYyCTHMO. B pa-
00Te 00CYX/I€Hbl HEJOCTATKU U JaJIbHEHIIIEe COBEPILIEHCTBO-
BaHUE METOJI0JIOTUH.
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CHANGE OF SNOW STRENGTH CAUSED BY RAIN

Yoichi Ito', Hiroki Matsusita?, Hiroyuki Hirashima®, Yasuhiko Ito’,
Tomoyuki Noro'
ISnow Avalanche and Landslide Research Center, Public Works
Research Institute, Japan
’Civil Engineering Research Institute for Cold Region, Japan
3Snow and Ice Research Center, National Research Institute for
Earth Science and Disaster Prevention, Japan

Rain on snow events can sometimes be cause of wet snow
avalanche. However, the condition for wet avalanche release
is not clear since the amount of decrease in snow strength
due to the rain is not well measured. In this study, laboratory
experiments were carried out in order to investigate the change
of snow strength with increasing water content by rainwater
percolation. In the experiment, snowpack was artificially
prepared that consists of insulation, compacted natural snow
(10 cm thick), thin ice layer formed by water spray below
freezing point and artificial snow (0.025 mm diameter and 30
cm thick) from bottom to top. Subsequently, rainfall (2 mm/h)
was artificially brought after 22-25.5 h and 49-52 h from the
snowpack formation. Snow hardness was measured by push
pull force gauge as an indication of the snow strength before
and after the each rainfall events. In addition, snow temperature,
density and weight water content were measured. Microscopic
photographs of the snow particles were constantly taken to
observe wet snow metamorphism. During the experiments,
room temperature was set to -5°C at the snowpack formation,
3°C at the rainfall and 0°C after the rainfall. After the first
rainfall, upper half of the snowpack became moist and rapid
decrease was observed in the snow hardness according to
empirical relationship between the hardness and water content.
The rainwater further penetrated up to the ice layer after the
second rainfall; high water content ( & 23%) was observed
above the ice layer, however, the hardness was relatively larger
than that expected from its high water content. This is possibly
due to the delay of grain coarsening by the rainwater.
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HU3MEHEHHUE ITIPOYHOCTHU CHETA, BHI3BIBAEMOE
JOXKIEM

Yoichi Ito', Hiroki Matsusita’, Hiroyuki Hirashima®, Yasuhiko Ito’,
Tomoyuki Noro'
ISnow Avalanche and Landslide Research Center, Public Works
Research Institute, Japan
Civil Engineering Research Institute for Cold Region, Japan
3Snow and Ice Research Center, National Research Institute for
Earth Science and Disaster Prevention, Japan

Brinanenue ok asi Ha CHEKHBIN TOKPOB MOXKET CTAHOBUTh-
Csl IPUYMHOM cX0/la MOKpBIX JIaBUH. OHAKO, YCIOBUS CXO/1a
TaKMX JIaBUH HE SICHBI, TaK KaK MOHW)KEHUE MPOYHOCTU CHEra,
BBI3BAHHOE JOKIEM, HEJOCTATOYHO XOPOIIO U3MEPSAETCS KOTU-
4eCTBEHHO. B HameM uccienoBaHiH Mbl IPOBEH J1a00paTop-
HBIE SKCIIEPUMEHTHI 110 U3MEHEHHIO MPOYHOCTHU CHETa MpH Io-
BBIIIICHUU COJICPKAHUS BOJIBI 32 CUET MPOCAYNBAHUS JIOXKICBOM
BOJbl. VICKyCCTBEHHBIN CHEXKHBIM MOKPOB, MUCIIOJIb30BABIINI-
Csl B OKCIIEPUMEHTAaX, MPEICTaBIsLT COOOW, CHU3Y BBEpPX: Te-
TUIOU30JSLMIO; YIUIOTHEHHBIM €CTECTBEHHBIN CHET TOJIIUHON
10 cm; TOHKHH co#l nbaa, cPOPMUPOBAHHBIN PAaCHPBICKUBA-
HUEM BOJIbI MIPU TEMIIEPATYpPE HUKE 3aMep3aHusl; HCKYCCTBEH-
HBIM cHeroM ToimuHon 30 cM u quamerpom 3€pen 0,025 mm.
HckyccTBeHHBINH 0K Ab (2 MM/4ac) pactbuisuics yepes3 22-25.5
yacoB U 49-52 yaca mociie co3gaHus MCKYCCTBEHHOTO CHEX-
HOTO MoKpoBa. [IpoyHOCTh CHera u3Mepsaach TMHAMOMETPOM
JI0 U MOCJIE KaKJIO0T0 UCKYCCTBEHHOTO A0XKs. JlonmomHuTe b-
HO U3MEPSUTUCH TEMIIEpaTypa, IJIOTHOCTh, U BECOBOE CO/IEpXKa-
HUE BOABL. J[JIs OlleHKH pa3BUTHUS MeTaMOpQu3Ma CHera mpo-
BOAMIIOCH MakpodoTorpadupoBaHue CHEXHBIX 3épeH. Bo Bpe-
Ms SKCIIEPUMEHTOB TeMIlepaTypa B J1a0opaTOpUM COCTaBIIsIa
-5°C — BO BpeMs CO3/1aHUsI CHEXHOTO MOKpoBa, 3°C — BO Bpe-
M 1ok 1 0°C — nocie noxas. [locne noxas BepXHsisi 4acThb
CHEXHOTO pa3pe3a CTAHOBUJIACH BIAXKHOM, U IPOYHOCTH CHETa
OBICTPO MOHUKAIACH B COOTBETCTBUH C rpa)KOM SMITUPHUYIE-
CKOM 3aBUCUMOCTH MEX]1y IPOYHOCTBIO U BIarocoAepKaHUEM.
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JoxneBas Boja mpocaduBaliach 0 €04 JbAa MOCie BTOPOro
JOXK]Is1, HaJ HUM HaOIro1anoch Beicokoe (R 23%) coneprkaHue
Bo/bI. OIHAKO MPOYHOCTH CHETa ObLIA BHINIE, YeM Tperoia-
raemMasi 1o SMIUPUYECKON 3aBUCUMOCTHU. BO3MOXKHO, 3TO CBSI-
3aHO C BPEMEHHOM 3aJIePKKOM B M3MEHEHUHU (POpPMBI 3EPEH J10-
SKIIEBOM BOIOH.
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Paspea III. CTpykrypa, Tekcrypa, crparuduka-
HHSl CHEKHOM TOJIIIM; NPUOOpPbI, 000pyr0BaHUE U
METOAUKHHCCIICAOBAHNS.

Part II1. Structure, texture, stratification of snow
cover: instruments and methods of investigation.
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XAPAKTEPUCTUKHA CHEKHOM TOJIIIA B YCJOBUAX
AHTPONIOI'EHHO U3BMEHEHHOI'O JIAHJAIIA®TA

boopoea /[.A., Kononos H. A., Peioanvuenko C.B., Kazaxosa E.H.
Yupeoicoenue Poccutickoti akademuu nayx Caxanuncxkuti puiuan
lanvnesocmounoeo ceonoeuueckozo uncmumyma /[BO PAH,

2. IOxcno-Caxanunck, Poccusa

BapuaHTel MeTaMOp(u3Ma CHEKXHOM TOJIIN 3aal0TCS H3-
HAYaJIbHO BHEIIHUMH YCJIOBUSIMH, KOTOPBIE TPEIOTPEACIISFOT
C pa3HOM J10JIeil BEPOSITHOCTH Bce Oyaylliee COCTOSHUE CHEX-
HOTO TOJIIIH.

CpaBHHTENBHBIN aHAJIN3 XapaKTEPUCTUK CHEKHOMN TOJIIN B
npejaenax ogHoro jaxamadTa (OJHOTUITHBINA cTparurpadude-
CKUI KOMIUIEKC CHEXHOTO TIOKPOBa) IMO3BOJISIET OOHAPYKHThH
(akTophl, OKa3bIBAIOIINE JIOKAJHLHOE BO3/CHCTBHE Ha pa3BU-
THE CHEXXHBIX CIIOEB.

Jnist BeIsIBIIEHUS (DaKTOPOB, OKA3bIBAIONINX BIUSHHUE HA M3-
MEHEHHE CHEKHOM TOJIIIH, a TAK)KE N3YyUSHHSI CTETICHH BO3/ICH-
CTBUA ITUX (AKTOPOB, OBLJIO BEIOPAHO JBE TUIOIIAIKH, PACIIO-
JIO)KEHHBIC B TIpe/iesiaX OJHOTO aHTPOIOIeHHO HW3MEHEHHOTO
nanamadra B 250 MeTpax apyr OT apyra, Ha KOTOPBIX B Teue-
HHUE 3UMHET0 CE30Ha MPOBOJWINCH HAONIIONEHUS 32 CHEXKHOU
tonmei. JlanmmadTHas darus npeacTaBiseT coOoi momue, Ju-
[IEHHOE PAaCTUTENHFHOCTH, UCIOIB3YEMOE ISl BBIPALIMBAHUS
CEeJIbCKOX03SMCTBEHHBIX KyAbTYp. [1nomaaku s HabnroneHuia
BBIOMPAIMCH TAKUM 00pa3oM, YTOOBI BIUsHHUE (PaKkTOpoB (TI0/1-
CTHJIAIOIIAs TIOBEPXHOCTh, ONMU30CTh JOPOTH, OJIM30CTH BOJO-
TOKOB, PAaCTUTEJILHOCTb) Ha CHEXKHYIO TOJIIY Ha 00eHX IUIO-
aIkax ObUIO MPUMEPHO OMHAKOBBIM. O/IHA IIIoMaaKa ObLIa
BbIOpaHa nox JIDII ¢ nenbio npocneauTs BO3SMOXKHOE BIMSIHUE
AIIEKTPOMATHUTHBIX ITOJICH Ha XapaKTep M CKOPOCTh METaMOp-
(du3ma CHEXHOU TOJIIIH.

Ha nmnomaakax nmpoBOAWINCE U3MEPEHUS TIOTHOCTH CIIO-
€B CHE)KHOM TOJIIIH, TEMIIepaTypbl Ha TPAHUIAX CIOEB, OMKCA-
HHUE TEKCTYPBI U CTPYKTYPBI CHe:KHOU Tonmu. Habmronenus 3a
CHE)KHOU TOJIIEH Ha IJIONIAIKaX MPOBOIIUCH MMapauIeIbHO.

Habnronenus mokasaim, 4TO MHTEHCUBHOCTh NIEPEKPHUCTAII-
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JU3alMM CHEKHOM TOJILIM Ha JIBYX BBIOpAHHBIX ILJIOIIAKaX
pa3iauyHa.

B Hauane QeBpans Ha IJIOMIAIKE, PACTIONIOKEHHON TOA
JIDII ObuH 0OHAPYKEHBI KPUCTAIUIBI CEKTOPHAIBHOTO U TIIa-
CTHHYATOr0 KJaccoB OpM, B TO BpeMs KaK Ha COCEIHEH IJI0-
IIaJIKe B 3TOM € CJI0€ HAaOIIONAINCh TOJIbKO KPUCTAILIBI CKe-
JIETHBIX U MOJyCKEJIETHBIX KJIacCOB (hopM.

[Tpu manpHEWIIMX HAOMIONEHUSAX TaKXe ObLIO OTMEUEHO
OIIEpPEKEHUE B PA3BUTUN CTPYKTYPhI IPU3EMHBIX CJIOEB CHEX-
HOM Tonum Ha miomaake noa JIDII. Kak BugHo, pu onpese-
JICHHBIX IPUMEPHO OJAMHAKOBBIX YCIOBUSX Pa3BUTHS CHEXKHOU
TOJIIIM KPUCTAJJIBI IPOXOJAT CTaUN CBOETO Pa3BUTHUS C HEO-
JIMHAKOBOM CKOPOCTBIO.

[1noTHOCTH CHETa B OIHOBO3PACTHBIX CIIOSIX HA 00EUX IUIO-
IagKax oTanyaeTcs He3HauuTenbHo. Ha miomanke, pacmnosno-
xeHHoM B 250 metpax ot JIDII 3HaueHus naoTHOCTH OoJIbIIE.
Pa3Huua B caMbIX IUIOTHBIX CJIOSIX TOJIIM COCTaBIISIET OKOJIO
0,1r/c™m>.

Pacnipenenenue temmneparyp BHYTPH CHEKHOM TOJNIIM Ha
o0enx IIIonakax MpUMEpPHO OIMHAKOBO, Ha 00EMX TUIOMIA/I-
Kax HaOJIoaeTcsi MOHMKEHUE TeMIepaTypbl OT MPU3EMHBIX
CJI0eB K cepenune cHexHOoU oy (mpumepHo 0,1 °C/cm), rae,
JOCTUTHYB MMHUMYMa, TeMIlepaTypa HauuHAET MOBBIIIATHCS K
BEPXHHUM CJIOSIM CHEXHOH Toimu. Ha rtomaske, pacronoxeH-
Hoii nox JIDII B cpeanemM nokasaresy TeMIEpaTypsl Ha TpaHy-
11ax OJIHOBO3PACTHBIX CJIOEB MeHblIe npuMepHo Ha 0,2-1,4°C.
Taxum o0Opa3oM, pa3inyue B CKOPOCTU NEPEKPUCTATUIN3ALMU
CHEYKHOH TOJIIIIM B TIpeesiaX aHTPOIIOTEHHOTO JIaHAmaTa MO-
XKET OBITh 0OYCJIOBIICEHO PA3HUIICH TeMIepaTyp BHYTPH TOJIIIH.

ITpoBeneHHbIe HAOMIOAEHNS TOKA3aJIU, YTO Ha IIOYBE B YCIIO-
BUSIX @aHTPOIIOT€HHOI'O BIMSHUS MHTEHCUBHOCTb IIEpEeKpHCTaI-
JU3alMU CHEKHOW TOJIIM MPAKTUYECKU HE OTIIMYaeTcs OT UH-
TEHCUBHOCTH M XapaKTepa MepeKpUCTAIIM3ALUN TOPU30HTOB
CHETa B YCJIOBHSIX €CTECTBEHHBIX JaHIIa(TOB.

Taxkum oOpa3zom, st GOopMUPOBAHHS BEKTOPOB MPU3HAKOB
IIPU KOMIBIOTEPHOM KilacCU(UKALUU AOCTaTOYHO HCIOIb30-
BaTh CTaTHCTUYECKUE AECKPHUNTOPHI T'PAHUI], a TAKXKe CIIEK-
TpaJIbHbIE M CTATUCTUYECKHUE JI€CKPUMITOPHI 00IacTei.
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CHARACTERISTICS OF SNOW COVER IN THE CONDITIONS
OF ANTHROPOGENICALLY MODIFIED LANDSCAPES

D.A. Bobrova, 1. A. Kononov, S.V. Rybal'chenko, E.N. Kazakova.
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Options metamorphism of snow cover are determined by
the external conditions of the environment, which determines
the state of the snow cover in the future.

A contrastive analysis of the characteristics of snow cover
in the limits of one landscape (of the single-type stratigraphic
complex of snow cover) allows to detect the factors that have a
local impact on the development of the snow layers.

To identify factors that impact on the changes in snow cover,
as well as the study of the impact of these factors was selected
two sites located within one of antropogenous landscape in 250
meters from each other, on which during the winter season the
observations were performed for the thick layer of snow. So us
to identify factors that have an impact on the changes in snow
cover, we have prepared two sites for observation. These sites
are located in one anthropogenic landscape. The site is located
in 250 meters from each other. During the winter season at the
sites did snow pit and observed of the changes in snow cover.

Landscape is a field in which there is no vegetation. In
this field grow crops. We have chosen such sites, in which
the influence of the factors (underlying surface, damping of
soil, proximity to roads, proximity to watercourses) was the
same at both sites was approximately the same. One area was
chosen under the power transmission lines. We wanted to track
possible effects of electromagnetic fields on the nature and
speed of metamorphism of the snow cover.

At the sites we observed the temperature, the density of the
snow layers in the snow cover. We have made the description
of the structure and texture of the snow cover.

Observations revealed that the intensity of recrystallization
of snow at the two sites is different.
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In the beginning of February at the site, which is located
under the power transmission lines we found crystals of sector
forms and laminar forms. On another site, we found only
crystals skeletal shapes and half- skeletal shapes.

After following observation we noted advancing in the
development of the structure of surface layers of snow thickness
on the area under the power transmission lines.

The density of snow at both sites differs slightly. At the site,
which is located under the power transmission lines density is
less than. The difference in the dense layers of the stratum is
equal to about 0.10 g/cm?.

The temperature inside the column at both sites is divided
approximately equally. The temperature goes down from
surface layers to the middle of the column, then to the upper
layers of the temperature increases. On the area under the
power transmission lines temperature is less than the 0.2-1.4
degrees. Thus, the difference in speed recrystallization can be
caused by temperature differences.

Ourobservations have shown, that on the soil in the conditions
of anthropogenic landscape intensity recrystallization of
snow cover practically does not differ from the intensity of
recrystallization of snow in the conditions of natural landscapes.
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BJIUSIHUE MUKPOPEJIBE®A HA CTPYKTYPY
U TEKCTYPY CHEKHOM TOJIIIA B OTHOTHITHOM
CTPATUTPAONYECKOM KOMIIJIEKCE

TI'encuopoeckuii 1O.B., Kazaxoe H.A., /lookuna B.A., Kononos U.A.
Yupeacoenue Poccuiickoti akademuu nayk Caxanunckuil ¢puauan
lanvnesocmounoeo ceonoeuueckozo uncmumyma /[BO PAH,

2. FOxcno-Caxanunck, Poccus

Ha npoueccel, mpoucxosiue B CE30HHOM CHEXHOM I10-
KpPOBE, OKa3bIBAIOT BIMSHUE MHOXKECTBO BHEIIHUX U BHYTpPEH-
HUX (HaKTOPOB, OAHUM U3 CYIIECTBEHHBIX (DAKTOPOB SIBIISIOT-
Csl 0COOCHHOCTH MHUKpopesibeda TeppuTopuu (HOPMHUPOBAHUS
CHEXXHOH Tonmu. B mpenenax ogHoOro Buaa crpaTurpaduye-
CKOTO KOMILIEKCA CYyIIECTBYeT OOINBIIOE KOIMYECTBO (HhopM
MUKpOpembeda MpeCTaBIeHHbIX HEOONbUIMMU 3alaJnHAMMU,
SPO3MOHHBIMU OOpO3/1aMu, TPOMOUHAMHU, U ap. Bee atu men-
Kre (OpPMBI B CBOIO OYepe/Ib BIUSIOT Ha YCIIOBHS YBIaKHEHHO-
CTH MOYBOTPYHTOB, ITYOHHY MX IPOMEp3aHUsl, XapaKTep pac-
TUTEJIBHOCTH.

JInst OLieHKH BEJIMYMHBI BIUSIHUSL MUKpOpebeda Ha CTPYKTY-
Py ¥ TEKCTYpY CHEXHOM Tomiu B 3uMHeM ce3oHe 2010-2011 rr,
ObUIN POBEJICHBI HAOIIOICHNS B MIPeJIesiaX OJJHOTO CTPATUTPa-
(udecKoro KOMIUIEKca CHEXHOTO MOKpPOBA. BBIT BBITIOIHEHA
MPOXo/Ka 5-TH IIyphOB B CHEXKHOM MOKpoBe. Takum oOpazom,
ObLT MOJIY4YEeH OJIHOMOMEHTHBI BPEMEHHON pa3pe3 CEe30HHOU
CHEXKHOU TOJIIIY Ha CePEIMHY 3UMHETO CE30Ha.

Pazpe3 3anoxen B npenropesix CycyHaiickoro xpe0Ta, Ha
CKJIOHE 3amajHOi SKCHO3MIMU C OOLIMM YKJIOHOM K 3ara-
ny 1-30. TloBepXHOCTh CKJIOHA paccedeHa pyciamMu HeOOJb-
IIMX BPEMEHHBIX BOJOTOKOB, MECTaMH 3a00JI04YeHa, B 3amaj-
HOM YacTu ydacTka paboT uMeeTcs cTapas IpeHa)KHasi KaHaBa
JUISL OTBOJIAa TOBEPXHOCTHBIX BOA. J{peBecHasi pacTUTEIbHOCTh
IpeCTaBIeHa BTOPUYHBIM Oepe30B0-01bX0BbIM JecoM. lyp-
(b1 ObLTH pacTioNoKeHbl Ha paccTosHuU 10 M IpyT OT apyra B
HarpaBiieHun ceBep-tor. [Ipu 3axmaake mryppoB yUuTHIBAIHCH
0COOEHHOCTH MUKpPOpETbedha MECTHOCTH.
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boimu nonyueHsl cienyronie pe3ynbrarbl. CHEXHasi TOJ-
112 Ha MOMEHT IPOM3BOJICTBA PAOOT 1O BCEH CBOEH MOITHOCTH
CHWIBHO TIEPEKPUCTAUIN30BaHa, KOIPPHUIUEHT MEPEeKpPUCTa-
mu3anuu (KI1) 0,85 — 0,96. Onnako 0coOOEHHOCTH MUKpPOpETTBE-
(da ckazaymMch Ha CKOPOCTH MeTaMOp(u3Ma U 0COOCHHOCTSIX
pocta kpuctaioB. Hanbomnee kpynHbie KpUCTAIIIBI CKEIETHOTO
kJacca (opM OTMEUEHBI B MPU3EMHOM CJIO€ CHEKHOM TOJIIU Ha
I0KHOM Kpae pazpesa: mrypd NoS5 (cpemHuit tuamerp Kpucrauia
1,5 MM, HanOonpmmii 2,5 MM). Takoe akTUBHOE pa3BUTHE 00-
YCIIOBJIEHO MECTOpACIOIOKEeHHeM Iypda B 3amajuHe C 3a-
0OJIOYEHHON TTOBEPXHOCTHIO W TaJlol MOYBON. VIHTEHCHUBHBIN
MPOLIECC BOTOHKH BOJISIHOTO Tapa, MPUBEN K AKTUBHOMY POCTY
KPUCTAJIJIOB B MPUNIOYBEHHOM ciioe. Ho Beillle 1o pa3pesy B
JTAaHHOM ITypde CKOPOCTh MeTaMOppu3Ma 3aMETHO HIDKE, YeM
B OCTJIbHBIX IIypdax, o yem ropoput u 3Hauenue KII -0,85.
B Toxxe Bpems B mrypdax pacnosioK€HHbIX Ha MUKPOCKIIOHAX
CTapo JpPEHaKHOW CUCTEMBbI, PA3BUTUE CHEKHOM TOJIIM HE-
CKOJIBKO 3aMeJIJIeHHOE: Tak B 1rypde Ne2 HIDKHsISI yacTh TOJMIIN
BBITNOJIHEHA TaK K€ CKEJIETHBIMHU U TOJyCKEIETHBIMU KpUCTAJI-
JIaMH, OJTHAKO CKEJIETHBIC (JOPMBI KPUCTAIOB UMEIOT CPEIHUIA
nmuametp 1,0-1,2 MM, mpu makcumanbaoM 2,0 mm. Ho B 1ie1om 1o
urypdy cHexXHasi TojIa UMeeT OOJbLIYIO MEPEKPUCTAILTU3ALMIO,
0 YeM TOBOPUT U KoddurmeHT nepexkpucrammmsarmu 0,96.

O06001mKB TOTyYeHHBIC JaHHBIE MOXKHO CIENaTh BBIBOJI O
TOM, YTO MHUKpOpenbe(d OKa3bIBaeT BIMSHHE Ha Tepepacipe-
JIeJICHUE CHEera Mo TeppuTOopuu (OTIOKEHHE CHEra Ha IOJBe-
TPEHHBIX MUKPOCKJIOHAX M TIOHWKCHHSX), YTO CIIOCOOCTBYET
€ro YIUIOTHEHHIO (TUIOTHOCTh CHEXHOM TOJIIIM B 3TOW 30HE B
oTaenbHbIX crosx coctaniseT 0,30 r/cm?). Oka3bIBaeT BO3/ICH-
CTBUE Ha CKOPOCTH MEPEKPUCTAIIN3AIUN U CTETICHU YBJIaXK-
HEHHOCTH TOYBOTPYHTOB (OCOOEHHO Ha POCT KPUCTAIIOB B
MIPHUITIOYBEHHBIX ciosix). Ho, B 1iesiom, cHexxHas Tounma, chop-
MHUpPOBaHHasl B IpeJeiax OIHOTO BHJA CTparurpaduyeckoro
KOMIUIEKCA IMEET XapaKTePHbIE CTPYKTYPHO-TEKCTYPHBIE 0CO-
OEHHOCTH MO3BOJISIOLIUE PACCMAaTPHUBATh €€ KaK €MHOE LIEJI0E.
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EFFECT OF MICRORELIEF ON THE STRUCTURE
AND TEXTURE IN SNOW COVER IN ANALOGOUS
STRATIGRAPHICAL COMPLEXES

Y.V, Gensiorovskiy, N.A. Kazakov, V.A. Lobkina, 1.A. Kononov
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Significant factor in the determining the processes in the
snow pack is microrelief. Within the territory of the location of
the stratigraphically complex snow pack is a large number of
forms of microrelief . They are represented a lowering relief,
erosion furrows, gully , etc. All of these small forms, in turn,
affect the conditions of soil moisture, depth of frost penetration,
the nature of the vegetation.

To estimate the effect of microrelief on the structure and
texture of snow pack in winter season 2010-2011, observations
were made in one the stratigraphic complex snow cover.
Excavation was carried out 5- pits in the snow pack. Thus, was
obtained by a one-time temporary seasonal snow cover incision
in the middle of the winter season.

Incision laid in the foothills Susunayskiy Rudge on the slope
of the western exposure. Woody vegetation is represented by
birch and alder. Pits were located at a distance of 10 m from
each other in the north-south direction. The laying of pits
reflects the specificity of micro-relief areas.

Following results were obtained. Snow pack at the time
of production work strongly in the metamorphosed of all of
its power, the coefficient of recrystallization 0,85 - 0,96.
The features of the microrelief a the determine the rate of
metamorphism and the features of crystal growth.

This crystals of the skeleton shape (depth hoar) are marked
in layer of snow cover of the close to the ground on the southern
edge of the cut: hole number 5 (the average crystal diameter of
1,5 mm, the max. 2.5 mm).

Such an active metamorphism development due to the
location on the thawed soil. Intensive process of sublimation
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of water vapor, led to active growth of crystals in layer close
to the soil.

The snow pack in the pit speed is much lower than in the other
pits, as indicated by the value of coefficient of recrystallization
-0.85.

At the same time in the pits located on slight slope old
drainage system, the development of a snow pack somewhat
slow: so in the hole number 2 of the lower strata is made as
skeleton shape crystals (depth hoar), but the skeletal shape of the
crystals have an average diameter of 1,0-1,2 mm , at maximum
2,0 mm. But in general, pit snow pack is greater metamorphism,
as evidenced by the coefficient of recrystallization 0,96.

In summary we can conclude that the microrelief has an
impact on the redistribution of snow on the territory of the
(deposit of snow on the leeward slight slope and lows), which
contributes to its compaction (density of snow depth in this
area in the individual layers is 0.30 g/cm?).

Impact on the rate of crystallization and degree of soil
moisture (especially on the growth of crystals in layer close
to the soil). But, overall, snow cover, formed within a single
species of stratigraphic complex is characteristic of structural -
textural features which allow to consider it as a whole.
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NJIEHTUOUKALUSA 'OJOBbIX CJIOEB
B ®UPHOBOM TOJIIIE TOPHBIX JIEJJHAKOB

T'nhazvipun I E.
Hayuonanouwiii Yuueepcumem Yzbexucmanua,
2. Tawuxenm, Yzbexucman

Tomnma neAHUKOB JAaBHO CIIY>KUT MUCTOYHUKOM IEHHEHIen
uHpopMauu 00 MCTOpUM KJIMMaTa, 3arpsi3HEHUH aTMocde-
PBI ¥ psifie IPYTUX BaKHBIX MPUPOAHBIX siBIeHHA. OHAKO 3a-
METHBIE YCTIIEXH TOCTUTHYTHI Ha MOJIIPHBIX JIETHUKAX U, OTYa-
CTH, B BBICOKO PACIOJIOKEHHBIX (PUPHOBBIX OOJIACTSIX TOPHBIX
JIEIHUKOB, IJI€ CE30HHOE TAasiHUE CHEra WU OTCYTCTBYET, WU
O4YeHb MaJio. B pUpHOBBIX k€ 30HaX OrPOMHOTI0 YHCJIa TOPHBIX
JIETHUKOB YMEPEHHBIX IIUPOT, BO-TIEPBBHIX, CpPa3y HECKOIBKO
TOJIOBBIX CJIOEB MOTYT pacTasTh B MaJOCHEXKHbIC, HO TEIIbIe
TOJIbI, BO-BTOPBIX, CTOK TaJIbIX BOJ 4epe3 (pUpHOBO-JIEATHYIO
TOJILY OBICTPO CIVIAKMBAET PA3IMYUs B MOCIOMHOM pacrpe-
JeNeHUH aTMOC(EpHBIX pUMeEceid, 0COOEHHO PacTBOPUMBIX.
DTO CyIIECTBEHHO 3aTPYyAHSET ONpeesieHue BpeMeHU 00pa3o-
BaHUS TOJIOBBIX CJIOEB.

Onnako (upHOBas TOJILA JICTHUKOB SIBISICTCS YyTh JH HE
€IMHCTBEHHBIM MCTOYHHKOM CBEJCHHI O MHOTOJIETHEM XOJIe
3arpsi3HEHUs] aTMOC(Epbl, YTO JeNIaeT aKTyaJbHOU pa3padoT-
Ky METOAMKH BBIJECJIECHUS TOIOBBIX CJIOEB Ha TEIUIBIX TOPHBIX
JIEIHUKAX C MCIIOJIb30BAHUEM BCEW JOCTYMHOW MH(MOpMAIUH.
[Ipennaraercs BO3MOXHBIA METOA pelieHus 3Tor 3agadu. OH
OCHOBaH Ha COBMECTHOM HCIIOJIb30BaHMM MaTepuajoB CTaH-
JTApTHBIX HAONMIONEHHUH Ha ONMMKAMIINX METEOPOIOTHYECKUX
CTaHIUSAX ¥ HEKOTOPBIX MUHUMAJIbHBIX JTAHHBIX, ITOTYYSHHBIX
110 BEPXHEH YacTH KepHA WM JI0CTaTOYHO MTyOOKOTO mrypda.

OcHoBHasl uiest MeTo/la COCTOUT B crieAyronieM. [Tycts Mbl
MO>KEM MPUMEPHO PACCUUTATh TOJI0OBBIE OATaHCHI MACChI B TOU-
Ke, I7le TOJYy4eH pa3pes3, SIKCTPANoNUpys JaHHBIE O TeMIepa-
Type ¥ arMOC(EpHBIX OCaJKax ¢ 0a30BBIX METEOPOJOrHYe-
ckux craniuii. C qpyroi CTOPOHBI, MMyCTh H3BECTHBI CHET03a-
1ac, TOJIIIMHA U rojl 00pa30BaHMs HECKOJIBKUX I'O/I0BBIX CIOEB
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WIN UX Ta4eK 3a psiJl JeT. DTO MOTYT ObITh CIIOU, OTHOCSIIUE-
Csl K U3BECTHBIM roJIaM C OOJIBIINM KOJTMYECTBOM OCAIKOB MU
UMEIOINe KaKue-Tu00 MapKepbl, HAIPUMep, COXPaHUBIINECS
CJIe/Ibl PaIMOAKTUBHBIX BBITIAJICHUH B TOJIBI, KOT/Ia TIPOU3BOIH-
JIMCh HAa3E€MHbIE HCIBITAHNUS aTOMHOTO OPY)KHsl, WJIN TOPU30H-
THI IIETIJIa B paiiOHaX aKTUBHOTO ByNKaHU3Ma. Torna, cKoppek-
TUPOBAB MapaMeTphbl SKCTPAMOIUPYIOMUX (QYHKIMH, MOKHO
paccuuTaTh ToJI0BbIe OaJaHChl MAcChl 32 BECh MEPUOJ PabOTHI
OITOPHBIX METEOPOJIOTMYECKUX CTAHIUN M 10 HUM BOCCTAHO-
BUTH TaTHPOBKY BCEX CIIOEB TOJIIIN, HAKOTJICHHBIX 32 3TOT Tie-
puon. Ilpu 3TOM ODKHBI YUUTHIBATHCS YIUIOTHEHHE HUKEIIe-
KaIlMX CJIOEB O] JaBJICHUEM BBILICIEKAIIHNX, a TAK)KE B pe-
3yJbTaTe BTOPUYHOTO 3aMep3aHusl TaJol BOIBI.

Merton Ob11 BepudumpoBaH Ha MaTepranax mypda ryou-
HOW 26 M, BBIKOTIAHHOTO B (DMPHOBOM 30HE JienHuKa AOpaMo-
Ba. Meteoponoruueckas ctanuus «Jlenauk demaenkoy, pado-
TaBlIas B Te4eHUE OoJjee IIEeCTUAECATH JIeT, Obula BhIOpaHa B
kadecTBe 0a3oBoif. Kak mokaszanu pacyersl, mpoiiieHHAs TOJI-
1m1a Obl1a copMHpOBaHa B TEUEHUE, 10 MEHbILEH Mepe, 35 J1eT.
VYnanocs BOCCTaHOBUTH, BO-TIEPBBIX, TOIOBBIE OaJTaHChl MACCHI
B JJAHHOM TOYKE JIEJIHWKA, BO-BTOPHIX, MHOTOJICTHHE W3MEHE-
HUS BBITIAJICHUS TTBUTH HA JICTHHK 32 BECh ATOT MEPUO].

IDENTIFICATION OF ANNUAL LAYERS IN FIRN AND ICE
PACK OF MOUNTAINOUS GLACIERS

G.E. Glazirin
National University of Uzbekistan, Tashkent, Uzbekistan

Strata of glaciers were used for long time as a source of
the most valuable information on climate history, atmosphere
pollution, and some other important natural phenomena.
However, evident successes were achieved on polar glaciers
and, somewhat, at high located firn areas of mountainous
glaciers, where seasonal melting of snow and ice is ether absent
or negligible. In this case annual layers of snow and firn are
saved and can be identified rather easy. Other situation takes
place at firn areas of multiple mountain glacier in temperate
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zone. First, several annual layers can be melted during warm
season. Second, melt water seepage through snow and firn layers
can quickly smooth the difference in atmospheric admixtures,
particularly dissolved, in the layers. It greatly embarrasses
determination of time of annual layers formation.However the
firn strata of mountainous glaciers are almost unique source of
data on long time atmosphere pollution. It makes development
of methods of the annual layers intemperate mountain glaciers
very important. The whole available information should be
used. The possible way of the problem solution is offered. It
is based on joint use of standard data from nearest weather
stations and some minimum information from upper part of a
core or a deep enough snow pit.

The basic idea of the method consists in following. Let
we can approximately calculate annual mass balances at the
point where cross-section is received, extrapolating data on
air temperature and precipitation from the basic base weather
stations. On the other hand, let thickness, water equivalent, and
year of formation of several annual layers or their packs are
known. They can be the layers referring to the known years with
much precipitation or having some markers. For instance, they
can be traces of nuclear fallouts at years when nuclear weapon
test takes place, or ash layers at region with active volcano.
Then it is possible to calculate annual mass balances for the
whole time of the supporting weather stations functioning,
adjusting parameters of extrapolating functions. Surely the mass
balances can be both positive and negative. Thus dates of all
layers formation can be calculated. Compaction of underlying
layers by pressure of superjacent pack, as well as secondary
freezing of melted water should be taken into account.

The method was verified using data from 26 meters deep
snow pit in firm zone of the temperate Abramov Glacier. The
weather station «Fedchenko Glacier», worked for more than
sixty years, was chosen as basic one. It was shown that cross-
section was formed during at least 35 years. Annual mass
balances at the point were calculated. Besides long time change
of dust fallout during the whole period was evaluated too.
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CTPYKTYPA CHEI'A HA INITMUOBEPTEHE B TEHEHHUE
BECEHHEI'O CE30HA 2008 -2011

Topwnosa H.B.
Yupeosicoenue Poccuiickoii akademuu nayk Uncmumym
Oxeanonozuu um. I1.11. [llupwosa PAH, Mockea, Poccus

COMPOSITION OF SNOW IN THE ISFJORDEN AREA,
SVALBARD, IN THE SPRING SEASON DURING 2008-2011.

N.V. Goryunova
Shirshov Institute of Oceanology of Russian Academy of Sciences,
Moscow, Russia

Particulate matter (PM) was studied in melted samples
of fresh snow and snow from snow pits, collected during
Norwegian-Russian collaboration in the frame of NorthPOP
and SvalPOP projects expeditions (2008-2011) in the vicinity
of living centers on Svalbard. Snow was melted and filtrated
using pre-weighted nuclear-pore lavsan (polyester) filters (47
mm in diameter, 0.45 pm pore size). In more than 100 samples
concentration of PM and its elemental composition (using
scanning electron microscopy) was studied, also chemical
analyses were done and enrichment factors were calculated.

All samples were separated into groups: in the vicinity of
Barentsburgand Longyearbyen, Grumantbyen, Gronfjordbreane
area, Adventdalen area and vicinity of Norwegian mine.

Concentration of PM in the samples from the vicinities of
Grumantbyen and Longyearbyen, also Gronfjordbreane and
Adventdalen areas is on the background level (from 0.9 to 4.2
mg/l), comparable to the Arctic region with concentrations in
average from 0.36 to 5.8 mg/I.

Concentration of PM and vertical fluxes of matter from the
atmosphere, calculated using concentration of PM in snow pits,
are much higher in the vicinity of working mines and vary from
16.9 to 25.9 mg/l and vertical fluxes of PM are very high — from
33.7 to 61 mg/m-2 per day in Longyearbyen and Barentsburg
that can be typical for industrial cities in the North.
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Snow in the background area (Grumantbyen, Longyearbyen,
Gronfjordbreane and Adventdalen areas) is more polluted by
Mn, Cu, Zn and Ni as areas in the vicinity of mines. This is
caused by snowscooter activity in this area.

Author is thankful to NorthPOP and SvalPOP projects,
Roland Kallenborn, Vladimir Nikiforov, Stephan Weinbruch,
Natalia Marchenko, Vladimir Shevchenko and academician of
Russian Academy of Sciences A.P. Lisitsin.
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CTPOEHUE U PACIIPEJEJEHUE CHEXXHOM TOJIIA
B PAMOHE YHCKOMH I'YBbI BEJIOT'O MOPS

Heanosa-Egpumosa E. H.
Mocrosckuii ['ocyoapcmeennulil Ynusepcumem, 2eoepaghuueckutl
Gaxynemem, xaghedpa ensyuonocuy u KpUOIUMOLOSUU,
2. Mockea, Poccus

VHckas ryba pacnomaraercst Ha JlerHem Oepery bemnoro
Mopsi, oKoJto 11. [lepToMHHCK.

CHeromMepHasi CbeMKa MPOBOAMIIACH 110 CTAaHAAPTHOM METO-
nuke (PykoBoactBo, 1965), Beimonaeno 31 onucanwue B (heBpa-
ne 2011 rona.

Ha Touke nmpoBOAMINCH CIEAYIOIINE H3MEPEHUs] — KOOPAHU-
HaThl, BEICOTA (pUC.1) U TUIOTHOCTH CHEKHOTO MOKPOBa, (HK-
CHpOBAJIUCh PACTUTENIBHOCTb, pelibed, XapakTep 3ajeraHus
CHera, pesbed ero HoBepXHOCTH.

BusyanpHOoe omucaHue CHEXHOM TOJIIM MO TOPU30HTAM B
mypgax mpoBoauioch yepes3 kaxasle 100 m (ompenensiach
MOIIHOCTh TOPHU30HTA, CTPYKTYpa, HAINYME BKIIOYCHUH (3a-
IPSA3HEHUS ), BIAXHOCTb, IUNIOTHOCTH (IO T'PaJalisiM PHIXJIBIHA
— MJIOTHBIN), 0COOEHHOCTH (HaJIM4Ke KOPOK pa3IMyHOro Mpo-
UCXOKJEHHS, (hopMa KPUCTAIIIOB U IP.)).
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Puc. 1. IIpoghuns pacnpedenenun mowynocmu CHeNHCHO20 NO-
kpoea. (L[eemom nokazanst pazusie yuacmiu npoguis)
CpenHsist MOIITHOCTH cHera — 47 cM, HO KoJebmeTcs oT 19 1o

84 cm. BricoTa CHE)KHOTO TOKPOBA 3aBUCUT OT CTEIIEHH OTKPHI-
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janac Biaru, MM

TOCTH MECTHOCTHU. Ha OTKPBITHIX yyacTkax (MOpckoe mobepe-
b€ U 00JI0Ta) MOIIHOCTH cocTaBiiieT MeHee 40 cM, Tak Kak
TaM OHa B HAMOOJIBIIICH CTEIICHU ITOIBEP)KCHA METEIICBOMY TIc-
pepacupeiesIeHUI0 U BETPOBOMY YIUIOTHEHHIO. Takxe BCTpe-
YalOTCS 3arpsi3HEHHBIC TOPU30HTHI B 0COOCHHOCTH HA MOPCKOM
moOepekKbe, MOITHOCTBIO OKOJIO 2 CM, OOBIYHO CPEIHE3EPHU-
CTOM CTPYKTYpBI, pacIoyIaratoTcsi BHyTPU CHEKHOM TOJIIIH.

WNuTerpanpHasl TWIOTHOCTH cHera (puc. 2) Konebiercs: oT
0,11 mo 0,25 r/cm?, pu cpearem 3uadenuu B 0, 18 r/cm?®. Uem
OOJIBIIIE BBICOTA CHEXHOTO TIOKPOBA, TEM MEHBIIE €€ IUIOT-
HOCTBb. DTO CBSI3aHO ¢ 00Jiee MOIIHBIM, IO CPAaBHEHUIO C He-
DIyOOKHMH IIyp(amu, clioeM TITyOMHHON M3MOpPO3U U MEHb-
IIUM BETPOBBIM YIUIOTHEHHEM, TAKMM 00pa3oM, B TOJIIE CO-
XpaHseTCsl OOJbIIIe BO3IyXa, CHE)KMHKH HE JIOMAIOTCS TIPU OT-
JIO)KEHUH, a 3HAUYUT UX yMaKOBKa HE Takas IUIOTHAs, KaK y UX
00JIOMKOB.
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PAccTOAHHE, M
IAOTHOCT CHErA YacTh npoduis A-b

JANAC BIATH YacTH npodian A-B

TIOTHOC T CHETa YacTi mpoduas B-17

. JANGC BTN YacTi npoduus B-1
TIIOTHOCTH CHETE *WeTH npodian b-B

FANAC BIArK SacTn npoduas b-B

Puc.2. Pacnpedenenue unmezpaiabHoi NIOMHOCMU U 81420-
3anaca no npoghunio, yeemom u OyKeamMu ommeuensvl paznuiHble
yuacmku npoguna

Bnarozanac cHera 3aBHCHT OT BBICOTHI CHEXHOTO MTOKPOBA
U TUIOTHOCTHU CHera, KO3(pPUIMEHT KOPPEesui MeXAy HUMH
cocranger 0,8.

MaxkcumMmansHBIN 3amac Boasl cocTaBisgeT 132 mm. banskue
3HAYEHUs TPUYPOUCHBI K JIECHBIM MEKBAJIOBBIM TIOHKCHUSIM.
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MunumanbHbIi 3amac — 33-34 MM, HaXOOHMTCS Ha CKIIOHE
OeperoBoro Baja, CBA3aH B OCHOBHOM CO CAyBaHHEM CHeTa,
TaK KaK 3TO OTKPBITast TEPPUTOPHSI.

Cpennuii Biaro3amnac coCTaBsieT — 85 MM, YTO MO3BOJISIET
TOBOPHUTH O TOM, YTO TEPPUTOPHUS HE UCIIBITHIBAET HEAOCTATKA
BO BJIare.

CTpoeHHe CHEXXHOM TOJIIM Pa3IMYHO B 3aBHCHUMOCTHU OT
psna GakTopoB, OTHAKO MOXKHO PA3JEIUTh €ro CTPOCHUE Ha 2
TUIA: TPOQUIIb TOJIIN HA OE3JIECHBIX U 3aJIECEHHBIX yUaCTKaX.
Ho nasxe u1st HUX MOXHO BBIJICITUTH CXOXKHE YEPTHI.

Haubonee pacripocTpaHeHHBIM SIBISETCS CIEAYIOLIEee CTPO-
€HME TOJIIHU (CHU3Y BBEpX, LUGPbI IPUBEIECHBI OCPEAHEHHbIE
[0 HECKOJIbKMM NpPOQUIISAM, IPU CPeAHEH BBICOTE CHEXHOTO
nokposa B 47 cm) (puc. 3):

a. 0-13 cnoit myOMHHON HM3MOpPO3HU, OOKATOBHIHBIE KPH-
CTaJUIbI, JTUAMETPOM A0 5 MM, PBIXJIbII TOPU30HT

b. 13-20 kpynmHO3EpHUCTBIA CHET, chepruvecKor (GopMBlI,
MECTaMH OTpaHEHHbIE.

c. 20-27 nepexoAHbI TOPU3OHT, CPEAHE3EPHUCTBIM CHET,
KPHUCTAJUIbI HEPaBUWIIbHOW (POPMBI, MECTAMHU CITUTIILIUECS JPYT
C IpyromMm

d. 27-47 MenKO3epHUCTBIN CHET, IPEUMYIIIECTBEHHO 00JI0M-
KU KPUCTAJUIOB

Pacnpenenenne MOLIHOCTH, IJIOTHOCTH M Biarosanaca
CHEYKHOT'O TIOKPOBA 3aBUCUT INIABHBIM 00pa30M OT CTEIIEHH OT-
KPBITOCTH IPOCTPAHCTBA.

Puc. 3. Pazpe3 cuexcHoil monwiu, mu-
RUYHBLIL 0151 3AKPBINOZ0 YHACMKA

Fig. 3. The cut of the snow thickness
typical for the closed site
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THE STRUCTURE AND DISTRIBUTION OF SNOW THICKNESS
AROUND THE UNSKY GULF OF THE WHITE SEA

E.N. Ivanova-Efimova
Lomonosov Moscow State University, Faculty of Geography,
The Department of Cryolithology and Glaciology, Moscow, Russia

The Unsky gulf settles down on Summer coast of the White
sea, near the village Pertominsk.

Snow measure shooting was carried out by a standard method
(the Management, 1965), it was executed 31 descriptions in
February 2011. On a point the following measurements were
made — coordinates, height (fig. 1). Density of a snow cover,
the flora, relief, snow’s rest mode, a relief of its surface were
fixed. The visual description of snow thickness on horizons
in dug holes was kept through each 100 m (depth of horizon,
structure, presence of inclusions (pollution), humidity, density
(on gradation friable — dense was defined), features (presence
of crusts of a various origin, the form of crystals, etc.)).
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Fig 1. Profile of distribution of the depth of snow cover.
(Different sites of a profile are shown by the different colours).

The average depth of snow is 47 sm, but it fluctuates from
19 to 84. The Height of a snow cover depends on level of the
openness of district. On the open sites (sea coasts and bogs)
capacity is less than 40 sm because it is suffered from snow
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storm's redistribution and wind consolidation. Also there are
polluted horizons in particular at sea coast, which capacity is
about 2 sm. They are usually of medium-grained structure, and
settle down in snow thickness.

The integrated density of snow (fig. 2) fluctuates from 0,11
to 0,25 g/sm3, the average value is 0, 18/sm3. The more height
of a snow cover, the less its density. It is connected with the
thicker layer of depth hoar (in comparison with superficial
dug hole) and smaller wind consolidation, and the air is kept
in thickness , snowflakes don't break at adjournment, so their
packing not such dense, as their fragments have.
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snow's liquid-water content of profile part A-B

o I snow's Tiquid-water content of profile part C-D
integrated density of profile part B-C

snow’s liquid-water content of profilB-Cart B-C

Fig. 2. Distribution of integrated density and snow's liquid-
water content, various profile parts are marked by color and letters

Snow's liquid-water content depends on the height of a
snow cover and snow density, the correlation factor between
them is 0,8. The maximum water-supply is 132 mm. Close
values are connected with forest intertotal falls. The minimum
stock is over 33-34 mm, it occurs on a slope of a coastal shaft,
and connected mainly with snow overblowing because it is the
open territory. Average snow’s liquid-water content is 85 mm
that shows that the territory doesn't lack moisture.

Structure of snow thickness depends on a number of factors,
however it is possible to divide its structure into 2 types: a open
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part of profile on bare and forested territories. But even for
them it is possible to allocate similar lines.

The most widespread is the following structure of thickness
(from below upwards, figures are average for several profiles,
the average height of a snow cover is 47 sm) (fig. 3):

a. 0-13 layer of deep hoar, cup-shaped crystals, diameter to
5 mm, friable horizon

b. 13-20 large-rounded crystals, the spherical form, places
the faceted.

c. 20-27 transitive horizons, medium-grained snow, crystals
of the wrong form, places bound together with each other

d. 27-47 - small-rounded crystals, mainly fragments of
crystals

Distribution of capacity, density and snow's liquid-water
content depends mainly on degree of an openness of the space.
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METOJIMKA CTPATUT PAOMYECKUX HABJIIOJIEHUI B
CHEJKHOM TOJIIIE: TIPUKJIAJTHAS KJIACCUPUKAIIASA
CTPYKTYPbBI U TEKCTYPbBI CHEKHOI'O IOKPOBA

Kazaxoe H. A., I'encuoposckuii FO.B.
Yupesicoenue Poccuiickoti akademuu nayx Caxanunckuii gpuiuan
Jlanvrnesocmounoeo eeonoeunecxozo uncmumyma J{BO PAH,

2. fOocno-Caxanunck, Poccus

Crpykrypa (popma u pazmep JIeASHBIX KPUCTAIJIOB) TEK-
CTypa (B3aUMHOE€ pacCIOJIOXKEHHE U OPUEHTUPOBKA ONTHYE-
CKHX OCEH KPUCTAIIJIOB) CHEIKHOTO CJIOSI SIBJISIFOTCSI OCHOBHBIMU
YOPAaBISIOUUME [1apaMeTpaMu B CUCTEME «CHEXKHAsl TOJIILAy,
a HX M3MEHEHHue B mpollecce Meramopdu3mMa CHEKHOTO TO-
KpOBa MPUBOJAUT K M3MEHEHHIO (PU3NYECKUX XaPAKTEPUCTHUK
CHEXXHOU TOJILLN.

[Tpu crparurpaduuecknx HaOMIONEHHUSIX B CHEXXHOM TOJIIIE
OIHCaHNE €€ CTPYKTYPBI U TEKCTYPhI TPOBOIUTCS BU3YAIBHO U
IpeJCTaBiIsieT cO00M 3KCIIEPTHOE 3aKIIIOUCHHUE.

J1711 IOBBIIIEHNS OObEKTUBHOCTH MAaTEPHUAIOB HAOMIONEHUI
3a CTPYKTYPOU CHEKHOM TOJIIU MpHU cTpaTUrpapuueckux Ha-
OJNIOZICHUAX HAMHM HCHOJIb3yeTcs MakpodoTorpapupoBaHue
JEeNSHBIX KPUCTAJJIOB U3 Ka)J0I0 CHEXHOTIO CIIOosl. 3aTeM, B
KaMepaJIbHbIX YCIIOBHUSX, POU3BOAUTCS 00paboTka ¢ororpa-
¢buil, M0 KOTOPBIM BBIJIEISIIOTCS KJIacChl (POPM KPUCTAIIOB U
OTIpeNeNAI0TCs Mpeobianaronuil kinace GopMbl JEASTHOTO KpU-
crajuia o Mopo-renernueckoit knaccuduranuu 3.1 Komo-
MbIla (puc. 1), X IPOLIEHTHOE COOTHOILIEHHE B cioe (conep-
KaHUE), CPETHUN U MaKCUMaJIbHBIN pa3Mepbl KpucTasia.

OTu napameTpsl ONpenesstoTCcs M0 BbIOOpKE U3 HE MEHee
20 xpuctamioB (puc. 2). [Ipunaraemelie k crpaturpaduaeckoi
KOJIOHKE (poTorpadpuul JTeASHBIX KPUCTATUIOB U3 KaXKI0T0 CHEX-
HOTO CJIOS MTO3BOJISIFOT UCHOIb30BaTh MaTepHalibl HAOIIOeHUN
U IPYTUM HCCIIEA0BATEIISIM.

OcCHOBHBIE OIIPEJENSIEMbIE U PACCUMTHIBAEMbIE TTapaMETPhI
CHEKHOM TOJIIIY MIPEICTABIICHBI B CTpaTurpaduyecKkoil KOJoH-
ke (puc. 3).
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[To Mepe HEOOXOAMMOCTH B KOJIIOHKY JOOABISIOTCS TaKue
MapaMeTpsl, KaK TBEPIOCTh CHEra, CONPOTUBIICHUE Pa3pbIBY U
CKaTHIO U JIp.

Meronuka nCIoNb3yeTcst sl HayYHO-HUCCIIEA0BATEIbCKUX
U JJIs1 IPUKIIaTHBIX padoT.

Hcnons3oBanue Mopdo-reHeTH4ecKor KiaccupuKaium
3.I'. KonoMeliia mo3BosIsieT Ha OCHOBE TEOPHUH SBOJTIOLIMH CHEX-
HOW TOJIILM ¥ 3aKOHOMEPHOCTEN €€ pa3BUTHS ITPOTHO3ZUPOBATH
KPaTKOCPOYHOE U JOJITOCPOYHOE UBMEHEHUE CTPYKTYPbI U TEK-
CTYpbI CHEKHOM TOJIIIH.

B cBo10 ouepenp 3TOT NPOTrHO3 MO3BOJISAET MPOTHO3UPOBATH
W3MEHEHUE NPOYHOCTHBIX XAPAKTEPUCTUK CHEXKHOW TOJIIIH,
MOSIBJICHUE JIABUHOOIMACHBIX CIOEB U COCTABIATH KPATKOCPOU-
HBII U JTOJITOCPOYHBIM MPOTHO3 Pa3BUTHS JIABUHHBIX IIPOLIEC-
COB, ONPENIETATH ONTUMATBHOE BPEMS aKTUBHOTO BO3/ICHCTBHUS
Ha JJABUHHBIE MTPOLECCHI.
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IIpumeuanmue. | * o «The International Classification for Seasonal Snow on the Ground»

Puc. 1. Knaccugpuxayusn cueza.
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METHOD OF STRATUM SUPERVISIONS IN A SNOW-COVER:
APPLIED CLASSIFICATION OF A SNOW COVER STRUCTURE
AND TEXTURE

N.A. Kazakov, Y.V. Gensiorovskiy
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia

Structure (shape and the size of ice crystals), a texture (the
relative positioning of crystals and orientation of it’s optical
axes) a snow layer are the basic operating parameters in system
«snow thicknessy». Its change during process of a snow cover
metamorphism leads to change of physical characteristics of
snow thickness.

At stratigraphic study of snow thickness the description of
its structure and a texture is spent visually and represents the
expert's report.

For increase of objectivity of data of study of snow thickness
structure at stratigraphic study we use macrophotographing of
ice crystals shape each snow layer. Then, on office conditions,
processing of photos on which of classes ice crystals shape
are allocated, is made and are defined a prevailing class of
the classes crystals shape by E. Kolomytz’s morfo-genetic
classification (fig. 1). Also are ascertaining parity of crystals
shapes in a layer (content) and the average and maximum sizes
of a crystal.

Its parameters are defined on sample of not less than 20
crystals (fig. 2). Applied to stratigraphic column (pit) of a
photo of ice crystals shape each snow layer allow to use data of
supervision and to other researchers.

The basic defined and counted parameters of snow thickness
are presented in stratigraphic column (fig. 3). As required
in a column such parameters, as hardness of snow, stress of
compressive, shear, tensile, etc.

The method is used for research and for applied works.

Use of morfo-genetic classification by E. Kolomytz allows
on the basis of the theory of evolution of snow thickness and
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laws of its development to predict short-term and long-term
change of structure and a structure of snow thickness.

In turn this forecast allows to predict change strength
property of snow thickness, occurrence of avalanching layers
and to make the short-term and long-term forecast about
development of avalanche processes, to define optimum time
of active influence for avalanche processes.
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Legend

§ X . o Te o 2. Texture of a
1.Structure of snow.Type of snow. Class of the ice crystals shape (by E.G.Kolomytz) snow layer
Class of the Mcta;gg} hism
ice crystals Type of snow metamorphism = Monolithic
shape
stage
1.1. Primary-idiomorphic ; Columnar
new snow (precipitation particles)** si Fibrous
(2') wind packed 3. Liquid water content *
g decomposed precipitation particles Destructive Dry
a & regelation polyhedral Regelation I Moist
sublimation polyhedral .
- | (small rounde particles) Rounding I I Wet
o Sublimation
1.2. Bropu4aHO-1anoMophHbIH metamorphism | | | Very wet
[ ] faceted flat 4. Hardness of snow*, kr/m2
. faceted columnar Very soft
| semi-skeletal flat Constructive / Soft
I] semi-skeletal columnar >< Medium
= skeletal flat // Hard
|:| skeletal columnar Sg Very hard
A v sectorial | | Ice
Regressive
— plate 6 . Bed surface
1.3. Crust and formations s o Mountain pine;
-—rT T sun crust & bush
— ice layer
g Kuril bamboo
fro==Y ice formations
oM regelated R Grass
Degree of transformation snow covers structure and texture.
K =H/H Coefficient of snow cover recrystallization
K=H/H, Coefficient of snow cover secondary stratification
K=H/H Coefficient of snow cover texture

H - total thickness of a snow cove

H, - total thickness of layers of secondary-idiomorphic snow

H, - total thickness of the layers of crystals of a skeletal class of forms

H, - total thickness of layers of a fibrous texture

Ipumeuanue. | * o «The International Classification for Seasonal Snow on the Ground»

Fig. 1. Snow classification.
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CTPATUT' PAGPUYECKHUE KOMIIJIEKCBI CHE?KHOI'O IIOKPOBA

Kaszaxoe H. A., I'encuoposckuii I0.B., Kupyee C.I1.
Yupeacoenue Poccuiickou akademuu nayk Caxanunckuil punuan
Jlanvnesocmounoeo eeonoeunecxozo uncmumyma /{BO PAH,

2. IOxcno-Caxanunck, Poccus

CHeXHYIO TOJIIY MOKHO ONMHCATh KAK MOHOMUHEPAJIBLHYIO
TOPHYIO MTOPOY, B KOTOPOM JIEA — OCHOBHOW MOPOI000pa3yto-
LUKA MUHEpAJ.

[TockoabKy IPOCTPaHCTBEHHOE PACHPECIIEHUE U XapaKTe-
PUCTHKU CHEXXHOTO TOKpPOBAa OIpPEENSIIOTCS JaHAA(THRIM
CTPOEHUEM TEPPUTOPHH, CHEKHBIM MOKPOB MOXKHO OIHCATh
KaK JIUTOJIOTHYECKHUI KOMILIIEKC.

JluTonoruueckue KOMIUIEKChI CHEKHOTO MOKPOBA B Pa3HBIX
nanamadTax OTIUYAIOTCS CTpaTH(UKALUeH, CTPYKTypoH H
TEKCTYpPOU CHEXHOW TOJIIIH.

Crparurpaduyeckuii komruieke cHexHoro mokposa (CK) —
JUTOJIOTUYECKUN KOMIUIEKC, (hOPMHUPYIOUTUICS B ONpEIeIEH-
HOM JIaHmadTe, MPOXOAAIIUN CTauN CEAUMEHTAIUN U -
reHes3a B CXOJHBIX YCIOBUSX U (DOPMUPYIOLIUI B OJHOTUITHBIE
3UMBI CXOJHBIE (OHOTHUITHBIE) CHEKTPHI CTPATHTPAPUICCKUX
KOJIOHOK, 00JIaa01ie CXOAHBIMH CTpaTH(UKanue, CTpyKTy-
PO, TEKCTYpO# U OJIM3KUMU (DU3UKO-XUMUYECKUMH H MEXaHH-
YEeCKUMU XapaKTEePUCTUKAMHU.

[Tponiecc dopmupoBanuss u pazsutus CK nmerepmunupo-
BaH: B pe3yNbTare CeIMMEHTAIlMN U AUareHe3a CHEeKHOTO TO-
KpoBa (popMupyeTcs CHEXHAs TOJIIA, o0Nafaonas 3aJ1aHHbl-
MU CTPYKTYPHBIMH ¥ (PU3UKO-MEXaHUUECKUMH XapaKTEPUCTH-
KaMH.

B onHotunHbIX nanamadTax, pacnolOKEeHHBIX B pa3HBIX
peruonax, ¢popmupytorcs oqHotunabie CK.

AHanu3 pe3ynbTaToB cTparurpauueckux HaOMIONEHUN B
cHexxHolt Tone (1979 — 2011 rr; o. Caxanun, Kypunsckue
ocTpoBa, 3abaiikanse, Xubunsl, [lonmockoBbe, SAman, 3anan-
ubiii KaBkas, CeBepnbiit KaBkaz — r. Dinp0pyc, BBICOTHAs 30HA
5000 - 5200 m) mokasay, YTO B CXOIHBIX reoMoposoruye-
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CKHUX, T€000TaHNUYECKUX, T€OJIOTHUECKUX, THIAPOMETEOPOIIOTH-
YECKUX YCIOBHIX (DOPMHUPYIOTCS OTHOTHIIHBIE cTparurpadu-
YECKUE KOJIOHKH.

Hanpumep, cxonHble XapakT€pUCTUKH HMMEIOT CHEKTPbI
cTpaTurpau4eckux KOJIOHOK CHEXHOTO MOKpoBa B XHOMHax
(BricoTHas 30Ha 600 — 700 M) u B roabioBoi 30He CpenHero
(Bocrouno-Caxanunckue ropsl, adc. ormetku 1400-1500 m) u
HOxnoro Caxanuna (CycyHaiickuii xpeoet, abc. ormeTkH 950-
1000 m).

KonuuecTBeHHO omucaTh CTENEHb BOBJICUEHHOCTH CHEX-
HOW TOJIIIM B Ipoliecc MpeoOpa3oBaHUil CTPYKTYpPbI U TEKCTY-
PBI O3BOJIAIOT KO3 GUIMEHTh! nepekpuctamnuzanuu KII:

K, =H/H (1),
BTOpHUYHOTO paccioeHus KBP:

K,=H/H, (2),
Tekctypsl KT:

K,=H/H (3),

rae: H — cymMMapHas TOJIIMHA CHEXHOrO Mmokposa;, H, —
CyMMapHasi TOJIMHA CIOEB BTOPUYHO-UAMOMOP(HOTO CHera;
H, — cymmapHas TOJIIIHMHA CIIOEB, BHINOJHEHHBIX KPHCTAIA-
MH CKEJIETHOrO Knacca ¢popm; H, — cyMmapHas TOJIIMHA CJIO-
€B C BOJIOKHUCTOW TEKCTYPOH.

Jlanamradg THO-UHIMKAIIMOHHBIE CBOMCTBA CHEXKHOTO TTOKPO-
Ba IO3BOJIAIOT MOCTPOUTh YHU(DUIIMPOBAHHYIO TAKCOHOMMYE-
ckyto mkany kinaccuduxaruu CK.

Kak moncucremHas enuHuna jgaHamadTHO-30HAIBHON CH-
crembl, CK MoXeT ObITh ONMMCaH B COOTBETCTBUU C OOLIMMHU
MIPUHLMIIAMU ONIMCAHUS CIOXKHBIX CUCTEM.

Hepapxusi TaKCOHOMHUYECKHX YpPOBHEW cTpaTurpaduue-
CKHX KOMIUIEKCOB CHEKHOT'O IIOKPOBa

Knacc. Pernonanbnbie (hakTopbl ONMPEeNstoT MPUHAIEK-
HOCTb TEPPUTOPUU K OHOM (Pu3uKo-reorpaduyeckoi cTpaHe
U OIHOMY KJIMMaTudeckomy mosicy. CoBOKyIHOCTb (DakTopoB
oTpesieNisieT yCIoBUsl (OPMUPOBAHUS U PEKUM CHEKHOTO TIO-
KpOBa U TMO3BOJISET BBIACIUTD THUIIBI PETHOHAIBHBIX OCa04HO-
MeTtamopduueckux Gpopmaruii CHeXXKHOTO MMOKPOBA.
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Tabmuua 1. Coueranue k03 (HUIIMEHTOB XapaKTepu3yeT
COCTOSTHHE CHEXXHOM TOJIIHU. Xapakrepuctuka B CK.

K,, CrerieHb mpe- K, CrerieHb peoo-
00pa3oBaHUS pa3oBaHU TEK-
CTPYKTYPBI CTYpBI
>0.5 CunbHO nepe- >03 CunbHo pas-
KPHCTaJUIN30- PBIXJICHHAs
BaHHas

>03-<05 Ymepennone- | >0.2-<0.3 | YMmepenno paz-

pEeKpHCTaIIHN- PBIXJIEHHAS

30BaHHasA

>0.1-<03 Cpenne niepe- | >0.1-<0.2 | Cpeane pa3pbix-

KPHUCTAJLIN30- JICHHasI
BaHHas
<0.1 Cnabo nepe- <0.1 Cnabo pa3psIx-
KPHUCTAJUIH30- JICHHAsI

BaHHas1

[Toaxmacc. Meteoposiornueckue (pakTopsl U psiJi BBICOTHOM
MOSICHOCTH - TIO3BOJISIIOT BBIZICTUTH B OJTHOM KIMMAaTH4€CKOM
Nosice KJIIMMAaTU4YecKue paioHbI ¢ OJIM3KMMHU XapaKTepPUCTHKA-
MU TeMIIepaTyphbl, OCAJIKOB M BETPOBOT'O PEXHMMa, CO3JAI0IINE
CXOJIHBIE YCJIOBUSI CEJUMEHTAIMH U JUarceHe3a CHEKHOM ToJI-
1.
Tun. T'eomopdonoruueckue u reojoruyeckue (Gpakropsl —
Makpopesbed, SKCIO3UIUS, YKIOH MMOBEPXHOCTH U Ap. [1o3Bo-
JSIFOT B OJJTHOM KJIMMAaTUYECKOM paiioHe BBIIEIUTH TEPPUTOPHH
C pa3HbIM XapaKTEePOM 3aJIeraHusl CHEKHOMN TOJIIIH.

[Togrumn. I'eoborannveckue (GakTopbl — ApeBECHass U Ky-
CTapHHUKOBAsl PACTUTEIBHOCTh OMPEACISIOT AUHAMHUKY BBICO-
TBl M PACHpPEACICHHUS CHEXHOTO MOKPOBA M JIOKAJIbHBIE 0CO-
OeHHOCTH ero MeTaMopdu3ma.

Bun. JlangmadgTHbie GakTopbl — MUKpOpenbed, Xapakrep
MOACTUJIAIOIIEH OBEPXHOCTHU, TPABIHOM U MOXOBOW MOKPOB,
YBIIQKHEHHOCTD U JP. BIMSIOT Ha MPOIIECChI CyOIMMAallMOHHOM
NEPEeKPUCTAIUIN3ALUN CHEKHOTO MTOKPOBA, B Pe3yJIbTaTe KOTO-
pBIX (hOpMHUpYETCSl CHEXHas TONIIA C ONpPEACICHHBIMH KpH-
CTAJUIOMOP(OIOTUIECKUMH XapaKTEPUCTUKAMHU.
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STRATIGRAFIC COMPLEXES OF A SNOW COVER

N.A. Kazakov, Y.V. Gensiorovskiy, S.P. Zhiruev
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences,
Yuzhno-Sakhalinsk, Russia

Snow cover can be described as a monomineral rock where
ice is the basic a mineral.

As spatial distribution and characteristics of a snow cover
are defined by a landscape structure of territory, a snow cover it
is possible to describe as a lithologic complex.

Lithologic complexes of a snow cover in different landscapes
have different stratification, structure and a texture of snow
thickness.

Stratigraphic complex of a snow cover (SC) is a lithologic
complex, that formed in a certain landscape, passing stages of
sedimentation and diagenesis on similar conditions and forming
in the same winters similar a same spectrum of stratigraphic
columns, possessing similar stratification, structure, texture and
both close physical, chemical and mechanical characteristics.

Process of formation and development SC is determined:
as a result of a snow cover sedimentation and diagenesis, the
snow thickness possessing set structural and physical and
mechanical characteristics is formed.

In the same landscapes located in different regions, are
formed same CK.

The analysis of results stratigraphic supervision in snow cover
(1979 — 2011; Island Sakhalin, Kuriles, Transbaikalia, Hibiny,
Moscow suburbs, Yamal, the Western Caucasus, the North
Caucasus — Elbrus, a high-rise zone 5000 - 5200) has shown
that in similar geomorphological, geobotanical, geological,
hydroweather conditions are formed same stratigraphic columns.

For example, similar characteristics have a stratigraphic
columns spectrum of a snow cover in Khibini Mountains
(altitude 600 — 700) and on middle Sakhalin (the East Sakhalin
mountains, altitude 1400-1500) and Southern Sakhalin
(Susunajsky ridge, altitude 950-1000).
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Quantitatively to describe degree of an involvement of
snow thickness in process of transformations of structure and a
structure coefficient of snow cover recrystallization KII allow:

K,=H/H D,
coefficient of snow cover secondary stratification K :
K,=H/H, ),
coefficient of snow cover texture KT:

K~=H/H (3),

where: H — a total thickness of a snow cover; H, — a total
thickness of layers of secondary-idiomorphic snow; H, —a total
thickness of the layers of crystals of a skeletal class of forms;
H , — a total thickness of layers of a fibrous texture.

The combination of coefficients are characterizes a condition

of snow thickness on SC.

Table 1. Degree of transformation snow covers structure
and texture. Characteristic of SC.

K, Degree of K, Degree of
transformation transformation
of structure of texture
>0.5 Strongly >0.3 Strongly
recrystallized loosened
>03-<05 Moderately >02-<03 Moderately
recrystallized loosened
>0.1-<0.3 Mean >0.1-<0.2 [Mean loosened
recrystallized
<0.1 Weakly <0.1 Weakly
recrystallized loosened

Landscape-indicative properties of a snow cover allow to
construct of unified a taxonomic scale of SC classification.

As subsystem unit of landscape-zone system, SC can be
described according to the general principles of the description
of difficult systems.

Hierarchy of taxonomic levels of a snow cover stratigraphic
complex.
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Class. Regional factors define a territory accessory to one
physiographic region and one climatic belt. Set of factors
defines conditions of formation and a mode of a snow cover and
allows to allocate types of regional sedimentary- metamorphic
formation of a snow cover.

Subclass. Meteorological factors and a number of altitudinal
zone of vegetation allow to allocate the climatic areas within
the one climatic zone. The climatic areas have identical
characteristics of temperature, deposits and the wind mode,
creating similar conditions of sedimentation and diagenesis of
SNOW coVer.

Type. Geomorphological and geological factors (macrorelief,
exposition, a surface declivity, etc.) allow in one climatic area
to allocate territories with different character of a snow cover
bedding.

Subtype. Geobotanical factors (wood and shrubby
vegetation) are defined dynamics of height and distribution of
a snow cover and local features of its metamorphism.

Kind. Landscape factors (microrelief, character ofaspreading
surface, a grassy and moss cover, moisture, etc.) influence
processes of a snow cover sublimation recrystallization.
As result snow cover with defined crystal’s morphologic
characteristics is formed.
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IBOJIIONMOHHAS KOHIEINIIHUA B CTPYKTYPHOM
CHEI'OBEJIEHHUHN

Konomwviy 3.1
Yupeocoenue Poccuiickou akademuu nayk Mncmumym sxonoeuu
Bonowcckozo bacceiina PAH, 2. Tonvammu, Poccus

B cHeroBeneHnuu 10 cuX Mop MpUMEHSIETCs TIIaBHBIM 00pa-
30M TEKCTYPHO-JIMTOJIOTUYECKUI MOAXON, C PacCMOTPEHHEM
CHEYKHOTO MOKPOBA KaK TPEXKOMIIOHEHTHOTO MOPHCTOrO Ma-
Tepuana, CIocOOHOTr0 K HEOOPAaTUMBIM BSI3KUM Ae(opMariu-
M. MeToJIbl e «MUKPOCTPYKTYPHOTO» aHall3a CHera 0ObId-
HO CBOJATCS K I'PaHYJIOMETPHH, a 0 (OpMax KpUCTAJUIOB Kak
OCHOBHOM CTPYKTYPHOM KauecTBE CHera BOOOIIE HET U PEYH.
Anpuopu NpUHUMAETCS, TAKXKE, YTO CHEXKHBIN MMOKPOB HAIpsi-
MYI0 OTOOpa)kaeT B CBOUX CTPYKTYpPHO-CTpaTHrpaduyecKux
XapaKTePUCTUKAX CBOWCTBA OKpPY’KaIOIIeH cpeabl (B MEPBYIO
ouepenb 3MMHUX MeTeoycoBuit). HecmoTpst Ha yacTo ynorpe-
OJsIeMbI TEPMUH «3BOJIFOLIUS CHEXHOI'O ITOKPOBa», caM IOJ-
XOJ] K U3yUEHHIO 9TOH BOJIIOLMH HE BBIXOAUT 3a MeTaduznye-
CKHE paMKH, a MOP(OJIOTHS U CUCTEMATHKa CHEXXHBIX CTPYK-
TYp OCTAIOTCSI IPAKTUYECKH HA TOM K€ YPOBHE, KAKUM OH ObLI
enie B 30—40-x rogax npoImioro CToJIeTUs, B IEPUOJ 3apOxKIe-
HUS CTPYKTYPHOTO CHETOBEJCHHS Kak HayKu. HarnmsgHoe cBU-
JIETEIbCTBO TOMY — HOBelIIas « MexkayHapogHast Kinaccupuka-
s caeray (2009).

Ilenp nokyaga — OEMOHCTpalMs MPUHIMIINAIBHO HOBO-
ro Mojaxofia K M3yYeHHIO CHCTEeMHOH OpraHM3alud U Pa3BH-
THUSI CHEX)KHOTO TTOKPOBA HA OCHOBE €r0 KPUCTAJUIOMO(DOJIOTHH
1 pyHIaMEHTAIBHBIX 3aKOHOB MPUPOIHON cuMMeTpuu. CHEX-
HBII MTOKPOB MPEJCTABIEH KaK MPUPOTHOE cO00IIEecTBO hopM
pacTylux KpUCTaIJIOB, B3aUMOJEHCTBYIOLIMX APYT € APYIOM
U UCIIBITHIBAIOLINX BO3/eicTBUE BHEUIHEN cpenbl. [IpoBenen-
HbIE aBTOPOM KPUCTAIIIOMOP(OIOrMYECKUN U CUMMETPUHHBIN
MCCIICIOBAHUS CHEXXHBIX TOJIII B PA3TUYHBIX 3UMHHUX YCIIOBH-
axX (0T cyOOKeaHMYECKUX /10 PE3KO KOHTUHEHTAJIbHBIX, C PhIX-
JBbIM U IUIOTHBIM METEJIEBBIM CHETOM) IO3BOJIMIM BHUKHYTH
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B CyTh MEXaHU3MOB CyOJIMMAIMOHHOTO MeTaMop(usMa, ore-
HUTH POJIb BHYTPEHHUX M BHEIIHUX (PAKTOPOB MEPEKpPHCTAI-
JU3alliy CHEra, HAaKOHEL, YMOPSJA0YNUTh MpPEJCTaBICHUS 00
OCHOBHBIX dTanax 3ToH NepeKpUuCTaNIU3aALNH.

W3naraercs KOHLENTyallbHas MOJENb, ONUCBHIBAIOIAs HE-
3aMKHYTBII CyOIMMaIMOHHO-METaMOP(UUYECKHI  3BOJIOIU-
OHHBII LIMKJI CE30HHOTO CHEXKHOT'O ITOKPOBA U PErMOHAJIbHBIE
BapHUaHTHI ATOTO IMKJIA KaK €ro NOIMMOp(dHBIE MOTUPHUKAIINN
(puc. 1 u 2).

OTa MOAENb CIYKUT «KPaeyroJibHbIM KaMHEM» 3BOJIIOLIU-
OHHOM KoHLIeNIUU. TpaeKTopus IUKIIA HOCUT JIOTUCTUYECKHUI
XapakTep U COCTOUT U3 TpeX NEepuofoB MeTaMmop¢usMma: Je-
CTPYKTHUBHOTO (TIOATOTOBUTEIHHOI0), KOHCTPYKTUBHOTO (BOC-
XOJISLIET0, SKCIIOHEHIIMAJIBHOTO) U PErPECCUBHOIO (HUCXOAS-
IeTO, aCUMIITOTHYecKoro). Bece MHOrooOpasHbie coueTaHus
(hopM BTOPUYHBIX KPUCTAIIOB B Ka)KJIOM F'€HETUYECKOM T'OpHU-
30HTE U CaMHMX T'OPU30HTOB B CHEIKHOM TOJIILE MPEACTABIISAIOT
[0 CYILECTBY I'€HETUUECKH CBS3aHHBIE MEXAy COOOW mepuo-
16l U cTaguu ((haszbl) OJHOHANPABIEHHOTO METaMOp(hUIECKo-
IO IIUKJIA, KOTOPBIM CTPEMATCS IPONTHU B TEUEHUE 3UMBI PACTY-
mue GOpPMBI KPUCTAIUIOB M BCE KPUCTAJUTMYECKOE COOOIIECTBO
B K&)KZIOM TOPU3OHTE.

OCHOBHOU JIBHKYIIEH CHIJIOW MPOIECCOB, JAIOIIUX IBOJIO-
LIMOHHBIN PsiJl KPUCTAILIOB, SIBJISIOTCS HE CIIydaliHble U3MEHE-
HUS B OKpY’Karollel cpeze (Mpu3eMHOM ClI0e BO3/1yXa WIIH T10-
YBE), a BHYTPEHHUE B3aMMOJEHUCTBUS B CaMOIl TOJILE CHera,
oOajarouie OnpeeIeHHON aBTOHOMHOCTBIO, IO3TOMY (ak-
TOp BpeMEHHU (BO3pacTa FeHeTUYECKOr0 TOPU30HTA) UTPAET pe-
HIAIOLIYI0 pojib B cyOIMMalMoHHOM Mertamopdusme. Vctoku
MEXaHN3MOB HallpaBJICHHOHN 3BOJIIOLIMYA CHEKHBIX TOPU30HTOB
COCpPEIOTOYEHbl B cUCTEME KpucTaui—cpena (map). Craamii-
HOCTb ()OPM POCTa M Pa3pyLICHUSI KPUCTAIIIOB — 3TO PE3yJbTaT
MIOCJIEJIOBATENBHOIO MPOIEcca CYNEPIO3ULIUN UX KPUCTAILIO-
XUMHUYECKON CUMMETPUN U TUCCUMMETPHUH CPEJIbl — B COOTBET-
ctBuM ¢ npuHuunom Ilepa Kropu, KoTopslii sBIIsIETCA, KaK U3-
BECTHO, CHMMETPUHHOM HHTEPIIPETALIIEN BTOPOTO 3aKOHA Tep-
MOJIMHAMUKH.
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VIMeHHO BO3pacT rOpU30HTA U €r0 BBICOTHOE IOJIOXKEHHE
B BEPTUKAJIbHOM CHEKHOM pa3pe3e NpPeJOoNpeaessioT TUapo-
TEPMHUUYECKHE YCIIOBHUS MEPEKPUCTAIUIM3ALUN CHera (B pam-
Kax JaHHOW pEervoHalbHOM W/WIM JIOKAJBbHOM CHCTEMBI IO-
YBa—CHEr—BO3yX) M COOTBETCTBEHHO €ro MeTamop(u30oBaH-
HYIO KPUCTANIMUECKYI0 CTPYKTYpY Ha JIF0OOM BpEMEHHOM cpe-
3€ 3MMHET0 Ce30Ha, B TOM YMCJie U KOHeUHoe (pa3oBoe coCTosI-
HHUE TOr0 TOPU30HTA. ITO HEOOXOJUMO YUHUTHIBATH KaK OJTHO
U3 BaXHEUIIUX YCIOBUI NMPU MMUTAMOHHOM MOJEIMPOBa-
HUU CE30HHOIN JUHAMHKHU CTPYKTYpBI Pa3iIMYHbIX TOPU3OHTOB
CHEXHOM ToIHM (Harpumep, B Mozessix Tuma «SNOWPACKy)
10 MaTepualaM Ha3eMHOW WU CIIyTHUKOBOM METEOpOJIOrnye-
CKOl MH(opMaIHH.

DBOJIIOLMSI CHEYKHOTO ITOKPOBA UMEET HE TOJIBKO OJIHO3HAU-
HO JIETEPMUHUPOBAHHBIE, HO U BEPOSITHOCTHBIE 3aKOHOMEPHO-
CTH, YTO BBIPAKEHO HAJIMYMEM B HEM IPOLIECCOB aBTOPEryisi-
1 Meramop¢usma. CTOXaCTUYHOCTH IPOLIECCOB BhIPaKEHA
B JIByX OCHOBHBIX THMIIaX PETYJIMPOBAaHUS IWHAMHUKH CHEXHbIX
TOPU30HTOB: C OJHOW CTOPOHBI, B UX CAMOPETYJSLUU («JIBHU-
JKEHUI» 110 OIHOM M3 HAyaJIbHO «3aJIlaHHBIX» METE0YCIOBUSIMU
3MMBI IPOTPaMM Pa3BUTHS U NOCJIEAYIONIEM BO3PACTHOM «Hapa-
IIMBAaHUW» UX CTPYKTYpbI), & C APYTOil, — B PErYIUPOBAHUU UX
W3BHE 10J1 BIUSIHUEM aTMOC(EpHBIX BO3MYILEHUH (IOTEIUIEHHUH
WJIY TTOXOJIO/IAHHM, CHETOMa/10B, METENIEBBIX SBICHUN U JP.).

KoneGarenbHble MpoLecchl, MPOUCXOIAIINE B CHEXXHBIX TO-
PHU30HTAX, 10 CBOCH BHEIIHEH (hopMe HAITOMHHAIOT U3BECTHBIC
B DBOJIOIMOHHON OMOJOrMH TOIMYJISIMOHHBIE BOJHBL Boi-
HbI CAaMOPETYJISLUU — 3TO ABJIEHUE CTAOMIU3UPYIOLIEro 0T00-
pa, cnocoOCTBYIOILET0 MPOUIEHHUIO IEPUOa KOHCTPYKTUBHOTO
MeTamMop(u3Ma B CHEKHOM FOPU30HTE ITyTEM NEPHOINIECKOTO
BO3pPAacTHOTO HapalllUBaHUA €r0 CTPYKTypbl. BHewmHss ke pe-
TYISIUS OCYIIECTBISICT aAanTUBHBIN 0T00p. C BHYTpEHHUMHU
Y BHEIIHUMH BOJIHAMH aBTOPETYJISIIIMK MeTaMmop(du3Ma Hews-
0€KHO CBs3aHbl NEPUOINYECKUE TIEPEXOJIbI TOPU3OHTOB B CO-
CTOSIHUE «3peloi» ITyOMHHOW M3MOpPO3U (MaccoBOIO pa3BH-
TUSI CKENEeTHBIX (hOpM), T.€. B MOTEHLHUAIBHO JJABUHOOMACHOE
COCTOSIHHE.
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Puc. 1. Ilpunyunuansnas cxema cmaouiinozo pocma Kpucmai-
7108 8 cyxom cHexcnom nokpoge. Iloxkazanvl 06e éemeu, unu «npo-
2PaAMMBLY, CYOTUMAUUOHHO-MEMAMOPPUUECKO20 YUKNA: 66EPX) NJI0-
cKas (InuzeHemuyecKkds) u 6HU3y CIoaduamasn (CuHzeHemuuecKa).

Fig. 1. The basic elements of the phase growth of crystals in dry
snow cover. Shown are the two principal variants of the sublimation-
metamorphic cycle of snow: planar (above) and columnar (below)
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Puc. 2. Cyonumanyuonno-memamoppuyueckuii YUK OmaorHceHHo-
20 cHeza.

1 — nepexoovt ocrhosnoil (31emenmapHoil) yenu npeoopazosa-
HUIl hopMm KpUCMANI08 U CHENHCHBIX 20PUOHMO6; 2 — nepexoobl
803PACMHO20 YCIONHCHEHUA CIPYKIYPbL 20PU3OHIOE U CMEU|EHUA
UX ¢ 00H020 6emeu (NPOZPAMMBbL) Memamoppuma na opyzyio.

Fig. 2. The sublimation-metamorphic cycle of deposited snow

1 — transitions of the basic (elemental) chain of transformations of
crystal forms and snow layers; 2 — transitions of growth complexity in
the structure of layers and their shift from one variant (program) of
metamorphism to another

168



EVOLUTIONARY CONCEPTION IN SNOW STRUCTURE
STUDIES

E.G. Kolomyts
Institute of Ecology of the Volga River Basin of Russian Academy of
Sciences, Togliatti, Russia

Hitherto, researchers in snow studies use mainly the
texture-lithological approach, with snow cover considered
as a three-component porous material capable of irreversible
viscous deformations. At the same time, the methods of snow
microstructure analysis are usually reduced to granulometry,
while crystal forms as the principal structural characteristic of
snow are not taken into consideration at all. It is also a priori
accepted that the structural and stratigraphic characteristics of
snow cover directly reflect environmental properties (first of
all, winter meteorological conditions). In spite of the frequently
used term of “snow cover evolution”, the per se approach to the
study of this evolution is not beyond the scope of metaphysics,
while the morphology and systematics of snow structure
remain practically at the same level as in the 30-40s of the last
century, in the period of origination of snow structure studies
as a science. Clear evidence of this fact is the most recent “The
International Classification for Seasonal Snow on the Ground”
(2009).

The goal of this presentation is to demonstrate a
fundamentally novel approach to the study of systems
organization and development of snow cover based on its
crystal morphology and the fundamental laws of natural
symmetry. Snow cover is represented as a natural community
of the forms of growing crystals interacting with each other
and exposed to environmental influences. The crystal-
morphological and symmetry studies of snow packs performed
by the author in different winter conditions (from suboceanic
to strongly continental, with loose and dense drifted snow)
made it possible to go deep into the essence of mechanisms
of sublimation metamorphism, to estimate the role of internal
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and external factors of snow recrystallization and, finally, to
arrange the conceptions of milestones of this recrystallization.

The presented conceptual model describes the unclosed
sublimation-metamorphic evolution cycle of seasonal snow
cover and the regional variants of this cycle as its polymorphic
modifications (Fig. 1 and 2).

This model serves as a cornerstone of evolutionary concept.
The cycle trajectory is of logistic character and consists of
three periods of metamorphism: destructive (preparative),
constructive  (ascending, exponential), and regressive
(descending, asymptotic). All diverse combinations of the forms
of secondary crystals in each genetic horizon and of horizons in
a snow pack are, in essence, genetically interrelated periods and
stages (phases) of unidirectional metamorphic cycle, which the
growing forms of crystals and the entire crystal community in
each horizon tend to pass through during the winter.

The main driving force of processes yielding an evolutionary
row of crystals is not random variations of the environment (the
near-ground air layer or soil) but internal interactions within
a snow pack, which are characterized by certain autonomy;
hence, the factor of time (the age of genetic horizon) plays a
crucial role in sublimation metamorphism. The mechanisms
of directional evolution of snow horizons originate in the
crystal-environment (vapor) system. Stadiality of the forms of
crystal growth and destruction is a result of consistent process
of superposition of their crystallochemical symmetry and
asymmetry of the environment — in accordance with the Pierre
Curie principle, which is known to be symmetric interpretation
of the second law of thermodynamics.

It is just the age of horizon and its altitudinal position in the
snow profile that predetermine the hydrothermal conditions of
snow recrystallization (in the framework of a given regional
and/or local soil-—snow—air system) and, correspondingly,
its metamorphized crystal structure at any time sample of the
winter season, including the final phase state of this horizon.
It is necessary to be taken into consideration as one of the
most important conditions during simulation modeling of the
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seasonal dynamics of structure of different snow pack horizons
(e.g., in SNOWPACK-type models) based on the surface or
satellite meteorological information.

Snow cover evolution has not only unambiguously
determined but also probabilistic regularities, manifesting
themselves in the processes of autoregulation of metamorphism.
Stochasticity of the processes is expressed in the two basic
types of regulation of the dynamics of snow horizons: their
autoregulation (“advance” by one of the development programs
initially “preset” by the meteorological conditions of winter,
followed by age-specific “build-up” of their structure), on the
one hand, and their regulation from outside under the influence
of atmospheric perturbations (warm spells or cold snaps,
snowfalls, drifting snow events, etc.), on the other hand.

Fluctuating processes occurring in snow horizons externally
resemble the population waves known from the evolutionary
biology. The waves of autoregulation are the phenomenon of
stabilizing selection, which contributes to elongation of the
period of constructive metamorphism in snow horizon by way
of periodical age-specific build-up of its structure. External
regulation is responsible for adaptive selection. Internal and
external waves of the autoregulation of metamorphism are
inevitably associated with periodical transitions of horizons
into the state of “mature” deep hoarfrost (mass development of
skeletal forms), i.e., into potentially avalanche-hazardous state.
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BBIJIEJIEHUE HAUMBOJIEE HHOOPMATUBHBIX
MPU3HAKOB JIJIS1 OIIPEJIEJIEHUSI CTPYKTYPBI CHEXKHOI'O
IHOKPOBA 110 ®OTOI'PAOUSIM JIEISIHBIX KPUCTAJLIJIOB
C IOMOIIBIO HEMPOHHBIX CETEN

Kononoe H.A.
Yupeoicoenue Poccutickoti akademuu nayx Caxanuncxkuti puiuan
lanvnesocmounoeo ceonoeuuecxkozo uncmumyma /[BO PAH,
2. IOxcno-Caxanunck, Poccusa

B nacrosiiiee Bpems orpeneieHHe CTPYKTYpbl CHEKHOTO
MOKpoBa (pa3mepa u Kiaacca (GopMbI KPUCTAILIOB JIbJa) — pe-
3yJAbTaT SKCIEPTHOW OLIEHKM crenuanucra. J{ius Bbixona 3a
PaMK{ SKCIEPTHOTO 3aKJIIOUEHUS HEOOXOIMMO HCIOIb30BaTh
CpEJCTBA MALIMHHOTO PACIIO3HABAHUS OOBEKTOB.

3a1aua KOMIBIOTEPHOTO ONpeAeeHus Kiacca popMbl KpU-
CTaJIJIOB JIbJIa 110 (oTOrpadusM JIEKUT Ha CTHIKE JBYX JAUCIIU-
IJTMH: Teopuu 1U(poBOi 00pabOTKHU M300paKEHUH U TEOPUH
pacro3HaBaHus 00pa3oB.

Mertononorust Teopun mUPPOBOKH 00pabOTKH H300paxke-
HUH B 3aJjayaX KOMIIbIOTEPHOI'O paclo3HaBaHUs MPUMEHSETCS
B IIEPBYIO OUepe/Ib JIIsl CETMEHTALUU U300paKeHU I Ha OT/IENb-
HbIE 00BEKTHI (WK Ha 00IacTH) U i cOopa Kiaccudukaiu-
OHHBIX MPU3HAKOB (JECKPUNITOPOB) OOBEKTOB JIJISI KX TIOCIICTY-
IOLLETr0 paclo3HaBaHMUsL.

B pabore npoBoauTcst 0030p METOI0B ONUCAHMS U300paxKe-
HHUM KPUCTAIUIOB JIbJIA.

[Ipeanonaraercs, uto (ororpadus KpUCTAIIOB YXKe IMPO-
1IJ1a CTAJIMI0 CETMEHTAlUU, U Mbl IMEEM JIeJI0 ¢ HabOpoM OT-
JIEJIbHBIX KPUCTAJUIOB, JJISi Ka)XJ0ro M3 KOTOPBIX H3BECTEH
kiacc gopmel (o D.I Komowmsiiy), macmrad ¥ KOHTYp JIBY-
MEPHOH MPOEKIUU Ha MIIOCKOCTb MOIOKKH.

OcHoBHasl 3a/1aua — BBISIBUTH CTENEHb MH(GOPMATUBHOCTU
TeX WM WHBIX MPU3HAKOB JJIs KJIacCU(UKALUU JISASIHBIX KPH-
CTaJLJIOB.

B kauecTBe kiaccugukaTopa UCH0Ib30BaIaCh UCKYCCTBEH-
Has HelipoHHas cetb Bopaa. Cets Bopaa cuntaercs nanbosee
3¢ deKkTUBHON B 3a7ja4ax pacro3HaBaHus 00pa3oB.
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OOyuaromue 1 TecToBble BEIOOPKH (hopmupoBanucs u3 500
¢dororpaduii IeASHBIX KPUCTAIUIOB PAa3IMUHBIX KJI1acCOB (popMm
Ha KOHCTPYKTHUBHOM U PErpecCUBHOMN CTaIHUIX CyOIMMAaIMOH-
HOTO MeTaMop(u3Ma.

CpaBHeHHE pe3ynbTaToB KJIACCHU(PUKALMU IS PA3IUUYHBIX
HaOOpPOB JECKPUIITOPOB MO3BOJWIO BBISIBUTH Hanbosee Bax-
HBIC U3 HUX.

BekTop Npu3HAKOB COCTOSAN U3 JABYX TIPYIIl IPU3HAKOB:
ONMCBIBAOIINX KOHTYD IPOCKLUUU KPUCTAUIA U OIHUCHIBAIO-
MIMUX 00aCTh, OTPAaHUYEHHYIO 3TUM KOHTYPOM.

Jlist onvcaHust KOHTYpa MIPUMEHSIUCH TaKUE JECKPUIITOPbI
IPaHMLI, KaK LEeNHbIe KOIbl, Pypbe-AeCKPUNIITOPBI U CTaTUCTH-
YECKHUE XapaKTEPUCTUKUA IPAHULIBL.

JUist mosmydeHus IeCKpUITOPOB 001acTeil CIOIb30BaINCh
TOTOJIOTMYECKHE METO/IbI (OCHOBAaHHBIE HA BBIJCICHUU U MOJ-
cuéTre rpaHei, orBepcTuil, pédep), CTPYKTypHble (OCHOBaH-
HBIC Ha U3YYEHHUH B3aUMHOI'O PACIIOIOKEHUS IIPOCTEHIINX CO-
CTaBISIOIIUX HM300pa)KeHUs), CTATUCTHUYECKUE (MCIIOIb30Ba-
HUE CTaTUCTUYECKUX XapPaKTEPUCTHUK, ONPENEISIEMBIX IO I'-
CTOTpaMMe SIPKOCTH H300pa’keHMs), CIEKTPaJbHbIE METOJbI
(ocHOBaHHBIE Ha cBolicTBaX Dypbe-CHEKTPA).

TectupoBaHue pa3IMYHBIX KOMOMHAIMN TPU3HAKOB Ha CETH
Bopaa nano cienyromuye pe3ysbTarsl.

[Ipu onnMHAKOBBIX JECKpUIITOpax oO1acTeil HMCIoyib30Ba-
HUE Pa3lIMYHBIX JECKPUIITOPOB I'PaHULl Jaj0 IIPUMEPHO OIU-
HAKOBOE KayeCTBO PACMO3HABaHHs. DTO OTpakaeT TO 00CTO-
ATENbCTBO, YTO (hopMa MPOEKIMU KpUCTAJIa Ha IJIOCKOCTb
MOJIOKKU TPU ONpeAeNeHUH Kiacca (OpMBl KpHUCTaLIa
BTOPUYHO-UIMOMOP(HHOTO CHera — HauMeHee HH(POPMaTHB-
HBII pu3HaK. TakuM 00pa3oMm, B KauecTBE JECKPUIITOPOB I'pa-
HUILl MOJKHO UCIIOJIB30BATh CTATUCTUYECKUE IECKPUIITOPHI, I10-
CKOJIBKY BEKTOp IIPU3HAKOB B 3TOM CJIy4ac UMEET MHUHUMAJIb-
HYIO JUIVHY.

[Ipy ogMHAKOBBIX NECKPUNITOpPAX IPaHUL], HAWIIy4IlIee pac-
M03HaBaHUE OBLIO JOCTUTHYTO C MCHOJb30BAHUEM JECCKPHII-
TOPOB, MOJIYYEHHBIX C IPUMEHEHNEM CTATUCTUYECKUX U CIIEK-
TpaJIbHBIX METOJIOB.
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D¢ heKTUBHOCTH UCTIONB30BaHUS CTATUCTHUECKUX METOI0B
MOXHO OOBSCHUTH TE€M, YTO OHM YHMCJICHHO BBIPAXKAIOT COOT-
HOIICHHE MEXIYy TEMHBIMH M CBETJIIBIMH OOJIACTAMHU HM300pa-
KEHUS KprcTasua. T.e. BBISBISIOT MIAJAKOCTh TPaHEeH U Makpo-
CTYIEHYaTOCTh Ha rpaHAx. CreKTpaabHbIE METO/IbI ITO3BOJISIOT
BBISIBUTH IEPUOJJUUHOCTb TEKCTYPHON COCTABIISIONIEH.

s pororpaduii KpUCTAIIIOB JIbJJa 3TO, OYEBUIHO, IIEPUO-
JMYECKU TIOBTOPSIFOIIMECS CTYTIEHU POCTA.

Takum oOpazom, 1t GopMUpOBaHUS BEKTOPOB MPU3HAKOB
pH KOMIBIOTEPHON KITACCU(PUKAIMUA JTOCTATOYHO HCIIONB30-
BaTh CTATUCTUYECKHUE JECKPUIITOPBI I'PAHMII, a TAKXKE CIIEK-
TpaJIbHbIE U CTATUCTHUUYECKUE JECKPHUIITOPBI OOIACTEH.

IDENTIFYING THE MOST INFORMATIVE FEATURES FOR
DETERMINING THE STRUCTURE OF SNOW COVER FROM
THE PHOTO-GRAPHS OF ICE CRYSTALS BY USING NEURAL
NETWORKS

1.A. Kononov
Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences,
Yuzhno-Sakhalinsk, Russia

Currently, determining the structure of snow cover (size and
shape of ice crystals) - the result of expert evaluators. To go
beyond the expert conclusion it is necessary to use means of
computer recognition of objects.

The task of computing the class definition shape of ice
crystals from the photos is at the crossroads of two disciplines:
the theory of digital image processing and pattern recognition
theory. The methodology of the theory of digital image
processing for problems of pattern recognition theory used
primarily for image segmentation and for the collection
of classification features (descriptors), facilities for their
subsequent recognition.

The paper provides an overview of methods for describing
the images of ice crystals. It is assumed that the photographs
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of the crystals has already passed the stage of segmentation.
We have a set of individual crystals, each of which is known
to shape class (E.G. Kolomyts), the scale and the contour of a
two-dimensional projection on the plane of the substrate.

The main task - to identify the degree of informativeness of
individual features for the classification of ice crystals.

As classifier we used artificial neural network Ward. This
network is considered to be most effective in pattern recognition
problems.

Learning and test samples were formed from 500
photographs of ice crystals some classes of shapes (constructive
and regressive stages of sublimation metamorphism).

Comparison of classification results for different sets of
descriptors provided an opportunity to identify the most
important of them.

Attribute vector consisted of two groups of attributes:
describing the contour of the projection of the crystal and
describing the area bounded by this contour.

To describe the contour used chain codes, Fourier descriptors
and statistical characteristics of the boundary.

To get regional descriptors used topological methods,
structural methods, statistical methods and spectral methods.

Testing different combinations of features on the network
Ward gave the following results.

All boundary descriptors were equally effective. This is
because the shape of the projection of the snow crystals to
the plane of the substrate for recognition of class form of the
repeated-idiomorphic snow - the least informative feature.
Thus, as boundary descriptors can use statistical descriptors as
a feature vector in this case has minimum length.

Boundary Descriptors best results showed statistical
descriptors, and spectral descriptors. The effectiveness of the
use of statistical methods can be explained by the fact that they
are numerically express the relation between light and dark
areas of an image of the crystal. Ie reveal smooth edges and
steps on facet. Spectral methods can detect the periodicity of
the texture component. For photos of ice crystals is obviously
recurrent steps of growth.
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Thus, for the formation of attribute vectors in the computer
classification is sufficient to use statistical descriptors of the
borders, and spectral and statistical boundary descriptors.
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HAITPABJIEHUSA NUCCJIEJOBAHUSA CHEKHOI'O IOKPOBA

Kysneuoea 3.A.
Huoicnesapmosckuii eocyoapcmeeniviil 2yMaHumaphslil
YHUBepcumem
2. Huorcnesapmosck, Poccus

Hanpapnenust uccienoBaHus CHEXHOTO IMOKPOBa paccma-
TPUBAINCh B paMKax pa3HbIX MOAX0/0B. ['eonpocTpaHcTBeH-
HBIM IOJIXOJl MO3BOJISIET HMCCIIEAO0BaTh CHEXKHBIM IMOKPOB HE
TOJILKO B CUCTEME «IIPOCTPAHCTBO-BPEMs», HO U C TO3HUIIHMU
noTpeOHOCTeN 001IecTBa. ITO TpeOyeT N3yUeHHS TapaMeTPOB
CHEKHOTO MOKPOBA B TEUEHHUE €ro KU3HEHHOTO IIMKJIa U B 3a-
BHCHMOCTH OT Teorpaduaeckux GhakTopoB.

K Hacrosiiemy BpeMeHU MOXHO BbIIECIUTh HECKOJIBKO Ha-
MpaBJICHUI U3y4YEeHHsI CHE)KHOTO TTOKpoBa (Tadm. 1).

Jlanowagpmno-npupooosedueckoe HalpaBlICHUE H3yda-
€T POJIb CHEKHOTO MOKPOBa B JIaHAmadTax 3eMiu, ero B3au-
MOCBsI3U ¢ Jtoceport, rugpocdepoii, atmochepoit u Ouo-
chepoil. B 3ToM HampaBiieHUH CyIIECTBYET JOCTATOYHO MHO-
ro pa6ort (ae Kepren, 1966; Jlronun, 1983; JImutpuera, 1950;
Konowmsbin, 1960, 1966, 1976; Komakos, 1961, 1994; Kysae-
Ba, 1967; Hedenpera E. A., 1985; Ocokun, 2001; Puxtep I'J1.;
Pyrtkosckas H. B., 1956; CasenbeB, 1967; ®opmoszoB A. H.,
1990; ymckuit, 1955, 1956; Anmuna A. B., 1960)

DKono20-coyuanbHo-sKoHoMuyeckoe HAMpaBICHHE CcOoCpe-
JIOTOYEHO HAa M3YyYEHUH TAKUX MapaMeTPOB CHEXKHOTO TOKPO-
Ba, KOTOpBIE OTPAXKAIOT 3arpsi3HEHUS] OKpY’Kalollel Cpe.bl,
OKa3bIBAIOT BIIMSHUE HA KaY€CTBO YKU3HU YEJIOBEKa, €ro 370-
POBBE, HA OTPACTH SKOHOMHUKHU W BO3HUKAIOIIUH ITPU 3TOM KO-
HOMHUYECKUH dPPeKT - MO0 MOT0KUTETBHBIN, THO0 OTpHIla-
TEJbHBIN.

JlaHHOE HaIpaBJICHWE aKTHBHO Pa3BUBACTCS B HACTOSIIEE
BpeMms (BanernunoB A. P., 2007; Hopoxykosa, C.JI., 2004;
Enpunnes C. A., 2006; Kutaes JI. M., 2001; JleryBHuHKac A.
., 2002; Mockosuenko /I.B., 1996, 2010)

Hnowcenepno-mexnuyeckoe HalpaBICHHUE H3y4yaeT pacuer-
HBIE TTAPAMETPBI CHEXKHOTO TIOKPOBA, 3HAYMMBIE B XO3SIICTBEH-
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HOU mesrenbHOCcTH uenoBeka (bopmyk, 1967; Kosnos, 2004;
Kyspemun, 1957; Ilasnos, 1999; Pynenko, 1972; CynakBenu-
3e [ K, 1955).

Ha npakTuke 3TH HanpaBlIeHUs B3aUMOCBSI3aHbI U 4aCTO JI0-
MIOJTHSIFOT APYT JIpyTa.

Ta6J11/111a 1. HaHpaBHCHI/IH HCCJICAOBAHNA CHCI)KHOI'O ITOKPOBa

NoNe Hanpasnenue [TapameTtp cHEKHOTO OKpOBa
1. JlarmmadTHO- CHerorasiHue, yCTaHOBJIEHUE CHEKHO-
MIPUPOAOBENUECKOE r0O MOKPOBA, CXOJ] CHEXKHOT'O MOKPOBA,

CHErOEMKOCTh TePPUTOPUH, YCTOHYH-
BOCTB CHEKHOT'O TIOKPOBA, CJIOUCTOCTb,
3€pPHUCTOCTD, CTPYKTYPa CHEXKHO-

TO MOKPOBa, MeTaMopdu3m, pa3pbIx-
Jenue, tnadropes, ANareHes, ymior-
HEHHE CHEXXHOTO MTOKPOBA, OCE/IaHUE
CHEXHOH TOJIIIH, CHEYKHOCTb, BJIAaro3a-
ac, IIOTHOCTb, BIaKHOCTb, TONIINHA
CHEKHOT'0 TIOKPOBa

2. Oxosoro-conuanabHo- | IIpoBOIMMOCTS, 3arpsi3HEHNE CHEXKHO-
HKOHOMHUYECKOE 'O NMOKPOBa (XUMHUYECKOE, paIUallioH-
HOE U JIp.), WHJIEKC 3arpsI3HEHUSI CHEX-
HOTO ITOKPOBA, Macca CHEKHOTO TO-
KpOBa Ha TEPPUTOPHH 3a OIIPEIECIICH-
HBII MEPUOJ, KOHIICHTPALUSI TSKEITBIX
METaJIOB B CHETOBOM BOJE

3. WNuxenepHo- CHeroBas Harpy3ka, ynpodyHeHHe, BO-
TEXHUIECKOE JIOYJeP>KUBAOIIAst CTIOCOOHOCTh CHEX-
HOTO ITOKPOBA, TBEP/IOCTB, CIIETIIe-
HUE, TEeIIONPOBOJHOCTD, CONPOTHUBIIE-
HHUE CJIBUTY, CONIPOTHUBIICHHUE CXKATHIO,
COIPOTHBJICHUE PACTSKEHUIO, IPOY-
HOCTB, IIOPUCTOCTH, BA3KOCTh
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RESEARCH DIRECTIONS OF SNOW COVER

E.A. Kuznetsova
Nizhnevartovsk state university of humanities, Nizhnevartovsk city,
Russia

Research guidelines of snow cover were considered within
different methods. The geospatial approach allowed to research
a snow cover not only in «Space - Time» system but from a
position of society needs. This requires a parameter analysis
of the snow cover during its life cycle and depending on
geographical factors.

Some directions in snow cover research can be found to date
(Table 1).

Land and natural direction studies a role of the snow
cover in landscapes of the Earth, its interconnection with the
lithosphere, hydrosphere, atmosphere and biosphere. There
are quite many works in this direction (de Quervain, 1966;
Dyunin, 1983; Dmitrieva, 1950; Kolomyts, 1960, 1966, 1976;
Kotlyakov, 1961, 1994; Kuvaeva, 1967; Nefedyeva E.A.,
1985; Osokin, 2001; Richter G.D.; Rutkovskaya N.V., 1956;
Savelyev, 1967; Formozov A.N., 1990; Shumskiy, 1955, 1956;
Yanshina A.V., 1960)

Eco-socio-economic direction is concentrated on studying
such parameters of the snow cover which mirror environmental
pollution, exert influence on a human quality of life, his/ her
health, branches of the economy and economic effect arising
hereof, positive or negative. Currently this direction is actively
developed (Valetdinov A.R., 2007; Dorozhukova S.L., 2004;
Yeprintsev S.A., 2006; Kitaev L.M., 2001; Letuvnikas A.IL,
2002; Moskovchenko D.B., 1996, 2010).

Engineering and technical direction studies design
parameters of the snow cover significant for human's economic
activity (Bortshuk, 1967; Kozlov, 2004; Kuzmin, 1957; Pavlov,
1999; Rudenko, 1972; Sulakvelidze G.K, 1955).

In practice these directions are interconnected and often
supplement each other.
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Table 1. Research directions of snow cover

Direction

Parameter of the snow cover

Land and natural

Snowmelting, snow covering, a
descent of snow cover, a snow
capacity of the territory, a hardness

of the snow cover, a snow layering,

a granularity, a structure of the

snow cover, a metamorphism, a
loosening, a diapthoresis, a diagenesis,
consolidation of the snow cover, a
snow cover subsidence, a snowiness, a
moisture reserve, a density, a humidity,
a thickness of the snow cover

Eco-socio-economic

A conductivity, a snow cover pollution
(chemical, radiation etc.), a snow
cover pollution index, a snow cover
mass on the territory per the term,
heavy metals concentration in a snow
water

Engineering and
technical

A snow load, hardening, water-holding
capacity of the snow cover, a hardness,
bonding, a thermal conductivity, a
shear strength, a compression strength,
a tensile strength, a strength, a
porosity, a viscosity
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PROPERTIES OF NON PERSISTENT WEAK LAYERS
OBSERVED IN JAPAN

Shinji Ikeda, Tomoyuki Noro
Snow Avalanche and Landslide Research Center, Public Works
Research Institute, Meko, Japan

In order to gain more insight into the properties of non
persistent weak layers consisted of precipitation particles,
fourteen measurement data sets were analyzed. All of data sets
were collected from avalanche fracture lines or flat sites near
avalanche starting zones when notable avalanche activities
related to such weak layers were observed in Japan. Large size
(diameter 1.5 to 3.0 mm) stellar or dendrite planar crystals are
found all of cases. Weak layers were found various depths (11
to 117cm) and had 1 to 5 cm thickness. The range of density of
observed layers was 63 to 250 kgm. The relationship between
density and shear frame index was similar to persistent weak
layers rather than non persistent weak layers reported by
Jamieson and Johnston (2001). And it was very weaker than
reported by Yamanoi and Endo (2002) and Perla et al. (1982)
with same density. Additional studies involving the analysis of
larger data sets collected from various snow climate regions
are necessary. However our results suggest importance of
identification of types of precipitation particles in current
snowpack for the researches concerned with snow stability
evaluation and avalanche forecast related to non persistent
weak layers.

CBOMCTBA BPEMEHHBIX CJIOEB PA3PBIXJIEHUS,
HABJIIOJAEMBIX B AITIOHUU

Shinji Ikeda, Tomoyuki Noro
Snow Avalanche and Landslide Research Center, Public Works
Research Institute, Meko, Japan

Jlig uccnenoBaHusl CBOMCTB HEYCTOMYMBBIX OCIIa0JIEHHBIX
CIIOEB B CBEXKEBBINIABLIEM CHEr'y HaMU ObUIM MPOAHATU3UPO-
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BaHbI PE3yJIbTaThl YETHIPHAIIATH CepHii HaOMoneHuil. Bee Ha-
OMIoNIeHs IPOBOIMIIHCH B SIMOHUY.

UccnenoBanuch TUHUM OTPBIBA JIABUH WJIM OCJIa0JICHHBIC
CJIOM CHETa B CHE)KHOM ITOKPOBE Ha IJIOCKUX ITOBEPXHOCTSIX,
PaCHOI0KEHHBIX PSIIOM C 30HAMU 3apOXKICHUS JIaBHH (B Mepu-
OJTbI CXO/Ia JIABHH).

Bo Bcex crmyuasix mprUunHOM cX0/1a JTaBUH MOCITY XU OCa-
OJICHHBIE CJIOU, CTIOKCHHBIE 3BE3TYATHIMH UJTH TIOCKUMU JICH-
JPUTHBIMH KPHUCTAJUIAMH OOJIBIIIOTO pa3Mepa (IuaMeTpoM OT
1,5 no 3,0 mm). OcnaGiieHHBIE CJIOM 3aJIeTajid Ha Pa3HOM TTy-
oune (ot 11 mo 117 cm) u umenu TonmmAy OT 1 10 5 cm. Pas-
Opoc B 3HAYEHUSAX IUIOTHOCTH CHEra cocTaBisut oT 63 mo 250
Kr/M™.

CooTHoIlIeHHE MEXIy TIOTHOCTBIO M TOKAa3aTelsIMU CO-
MIPOTUBJICHUS CABUTY OBLIO OJIFKE K XapaKTEPUCTUKAM yCTOM-
YUBBIX OCIAOJCHHBIX CIIOEB, YeM K XapaKTePUCTHKAM HEYy-
CTOMYMBBIX YCTOWUYMBBIX OcCiabaeHHBIX clio€B (Jamieson and
Johnston, 2001).

CoOTHOIIEHNE MEX/TY IJIOTHOCTHIO ¥ COMPOTUBIICHUEM C/IBH-
ry ObUIO 3HAYMTEIHHO MEHBIIMM, YeM MOKa3aHHOE Yamanoi u
Endo (2002) u Perla u np. (1982) npu TO#1 e TIIOTHOCTH.

s monmydeHusi OoJjiee TIOJMHBIX PE3yJIbTaTOB Tpelyercs
MPOBECTU aHaAIMU3 OOJIBIIOTO KOJMYECTBA JAHHBIX O CHEKHOM
MTOKPOBE B Pa3HBIX KIMMATUYECKUX OOIACTSIX.

TeMm He MeHee, MOTyYeHHbIE HAMU PE3YJIbTaThl TOKA3hIBAIOT
BaXHOCTh OMPE/ECICHUS TUIIOB BBIMABIINX CHEKWHOK, Cliara-
FOIUX CHEXHYIO TOJIILY, JJIsT OLICHKH YCTOHYMBOCTH CHEKHOTO
MTOKPOBA M TIPOTHO32 JIABHH, CBSI3aHHBIX ¢ (POPMHUpPOBAHHEM HE-
YCTONYMBBIX 0CIa0JIEHHBIX CIOEB.
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Paszpnesn IV. Meramopdusm cHexxHOro nokposa; ¢u-
3MYecKoe H MaTeMAaTH4YeCcKoe MOJAeTHPOBaHue IIPO-
1eCCOB, POUCXOSIIINX B CHE;KHOM ToJIIIe.

Part IV. Snow metamorphism: physical and

mathematical modeling of the processes taking
place in snow cover.
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CAMOOPIAHM3ALUA YIIOPAJOYEHHBIX CTPYKTYP
B CHE’KHOM IIOKPOBE

Kaszaxoe H. A.
Yupeoscoenue Poccuiickoti akademuu nayk Caxanunckuil ¢puauan
Janvnesocmoynoeo eeonoeuveckozo uncmumyma /[BO PAH,
2. IOxcno-Caxanunck, Poccusa

CHexHbBIHl TOKPOB — OTKpBITasi TUCCUMATHBHASA CHCTEMA,
HaxOJSIIAsICs B COCTOSHUM TEPMOAMHAMUYECKOTO U MEXaHU-
YECKOI0 HEPABHOBECHUS — YJOBJIETBOPSET YCIOBUSM CaMOOp-
TaHU3aLUN NPOCMPAHCINEEHHO — YNOPSAOOYEHHbIX OUCCUNA-
MUBHBIX CIPYKMYP.

CamMoopranuzanusi ynopsiJO4YeHHOH CTPYKTYpbl CHEX-
HOM TOJNIIN MEPEBOIUT CUCTEMY U3 XaOTHUYECKOTO COCTOSHUS
B YNOPSAJOYEHHOE U MPUBOAUT K U3MEHEHUIO €€ (hPU3NYECKUX
xapakrtepucTuk. DUHAIBHOE COCTOSHHE 3BOJIIOLUOHUPYIO-
mei ¢uzndeckoir cucteMbl «CHEXHasl TONIA» — MpeKparie-
HUE BOJIIOIHH [TPU MIEPEXO/I€ B CTAaTUYECKYIO a3y, JocTurae-
Moe 1100 uepe3 MPOXOKICHHE CUCTEMbI Yepe3 COCTOSHUE H-
HaMHUYECKOTo Xaoca (0ToOpaxaemMoe B CHEXXHOH JIaBUHE) TN00
BCJIEJICTBHE PErPECCUBHOIO MeTaMopdu3ma.

[ToneBble nccnenoBaHMsI CHEXHOTO MOKPOBA MOKA3bIBAIOT,
YTO B IPOLECCE ero MeTaMoppu3Ma MPOUCXOAUT KAK YCIOXK-
HEHUE CTPYKTYPbI CHEXXHBIX CJIOEB, TaK U YIOPSA0UUBAHUE €TO
TEKCTYPBI: XaOTUYHOE PACTIONIOKEHUE JICASHBIX KPUCTAIJIOB B
CHEXXHOM CII0€ CMEHSIETCS YHOPSIOYCHHBIM; OPUEHTHUPOBKA
ONTUYECKUX OCEH KPUCTAJUIOB CTAHOBUTCS IPEUMYILECTBEH-
HO BEPTUKAJIbHOM.

VYnopsiioueHHast npocmpancmeeHHo-HeoOHOPOOHAs CIMPYK-
mypa (W. Ebeling) cHexxHoro ciost (otrobpaxaemasi B €ro TeK-
CType), BO3HUKAET Ha CTa/IMU KOHCTPYKTUBHOTO MeTaMopu3-
Ma JIeJITHbIX KPUCTAJIOB U 00pa3oBaHa BEPTUKAIBHBIMH dJie-
MeHTamu TekcTypsl (BOT) — knactepamu jeIsHbIX KpucTai-
JIOB U CUCTEMOMH T0P.

CreneHp ynopsiJO4eHHOCTU CHEKHOTO CJIOSI OIMILEM, HC-
MOJIBb3YSI CUHEPIeTUYECKUN MOJIX0]T K OMUCAHUIO CJIOKHBIX CH-
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creM. Kpurepuem creneHu ynopsiio4€HHOCTH CUCTEMBI MOXKET
CITy’KUTh TIOHSITHE cuHepreTudeckoil madopmarun (H. Haken).
Ora yacTh HH(GOPMAMU OTHOCUTCS K IapaMeTpaM HopsiaKa u
oroOpakaeT KOJUIEKTHBHBIE CBOIcTBa cucTeMbl. [IpocTpaHn-
CTBEHHAsI OpraHU3aIMs CHEIKHOTO CJ10s (TEKCTypa) 00yCiIaBiu-
BaeT elMHOE UH(OPMALIMOHHOE MOJIE BHYTPU CHEKHOTO CJIOSI.

Knaccuueckoe onpenenenne nnpopmarmu (C. Shannon) He
CBSI3aHO CO CMBICJIOM ITOCTYIIAIOIIEr0 CUTHAJIA, BCIIEACTBUE YETO
MOXET OBITh WCIIOJIb30BAHO JIMII MPU OMHCAHUN 3aMKHYTHIX
cucteM. [Ipu onmucaHuM OTKPBITBIX CAMOOPTAHU3YIOIIUXCS CH-
CTeM HEOOXOIMMO YUUTHIBATh (PIYKTYHUPYIOIINE CUIIbI, UCTIONb-
3ys IOHATHE camozapodicoenue cmuicria (B.B. Hanmumos).

KonuuectBo mHbopMaiinu, HEOOXOAUMON U JOCTAaTOYHON
JUIL CAaMOOPTraHU3ALMKU YIIOPSIOYEHHON CTPYKTYPhl CHEKHOU
TOJILIH, paccuuTaeM 3 Mmoaudukamnuu teopemsl T. baiieca:
P(,u/Y) o kP(Y//l)P(,u)

(D),

rJe w - u3MepsieMas BeIMYNHa; K - KOHCTaHTa, MmoydyaeMast

U3 YCJIOBUM HOPMHUPOBKH; Y - YHUCIO U3MEPEHUN; MTapaMeTpsl

BEPOSITHOCTH BEPTUKAJIBLHON OPUEHTHUPOBKHU KJIACTEPOB JIEHs-

HBIX KPHCTAJIIOB B CHEXHOM croe: P, - anocTepruopHast Be-

pOSITHOCTD, P | - anpropHas BEpOATHOCTS, P(y/u - 3a/1aHHas
BEPOSTHOCTb.

[Tonesie HaOmroneHus (XuOuubl, CaxanuH, 3abalkabe,
3anaausii KaBkaz; 1979 — 2011 rr) mokas3biBaioT: B CIIOSIX,
BBITIIOJTHEHHBIX KPHUCTAJUIAMU TOJIYCKEJIETHOTO M CKEJIETHOTO
KJ1accoB (popM (BOJIOKHHUCTAsI TEKCTYpPa) P(u = 0.7...09, 1T =
0.67...0.76; B cosix KpUCTAJIOB rpaHHOTO Kjacca hopm (Mo-
HOJIUTHAs TEKCTypa) P(u ” <0,65, mpu I1 < 0,65.

ITopoBO€ MPOCTPAaHCTBO CHEKHOTO CJIOS1 — BTOPOM KOJINYe-
CTBEHHBIN TapaMeTp YIOPsIOUCHHOCTH TEKCTYPhI CIIOS:

H=1-[(V,:V V] ),

rne V, = 0917(N+...+N ) — cymmapHblii 00beM JIEISTHO-
ro cKenera, V — obummit 00beM cnost, V, — 00beM 1osocTel B
KpHUCTaJJIaX CKEJIETHOTO U MOTYCKEJIETHOro kiaccoB gopm, N
— YHCII0 KPUCTAJIIOB h Kilacca GopM B CIIOE.

) )
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Onuiem npocmpaHcmeeHHO-HeOOHOPOOHYIO  CMPYKMYPY
CHEXKHOTO CJI0SI KOJIMYECTBEHHO:

Y=F(P(u/p) IT) (3),

B peasibHOM CHEXHOM MMOKPOBE HJI€aTbHBIN IIUKII METaMOP-
(buyeckux mpeodpa3oBaHUil CTPYKTYPHI JEASHBIX KPUCTAIOB
Y TEKCTYPHI CJIOS OTIMYAETCS TOCTATOUHOM BapraOeIbHOCTHIO:
BCJIEJICTBHE CTOXaCTUYHOCTH BHEIIHUX (hakTopoB. OHAKO, CO-
BOKYITHOCTb BEPOSITHBIX COCTOSTHHM CHEXHOTO clios (a3oBas
TPAEKTOPHS CUCTEMBI) B I0CTATOYHOM CTENEHU JETEPMUHUPO-
BaHA U MOXKET PaCCMaTPHUBATHCS KaK aTTPaKTOpP.

JleTepMUHUPOBAHHOCTh BEPOATHBIX COCTOSSHUM CHEXHOTO
CJ10s1 IO3BOJIIET MAaTEMAaTUYECKU OMUCATh TEKCTYPY CHEXHOTO
CIIOSL — NPOCMPAHCIEEHHO-HEOOHOPOOHYIO CIMPYKMYpPY — HC-
MOJIB3Ysl TOHATHE (PaKTaIbHON pazMepHOoCcTH D MHOXecTBa
KJIACTEPOB JIEASHBIX KPUCTAJIJIOB B CHEXKHOM CJIO€:

. Inn(e)
D =lim————=
¢ Ing
4,
rae n(€) - pa3MepHOCTb KJIacTePa JIEASIHBIX KPUCTAIIIOB O~
HOTO KJ1acca )OpM B CHEXKHOM CJIOE;

& -MUHUMAJIbHOE YUCJIO KJIACTEPOB, BHIMOIHSAIOLINX CHEX-
HBIH CIION.

JlenstHple KpUCTAJUIBI B KJIACTepax COETUHSIOTCS BEepIINHA-
MU U pedpamu (TEpMOJMHAMUYECKH HEY CTOWYHMBBIE 30HBI, B KO-
TOPBIX MAaKCHUMaJIbHBI HAPSHKEHUE DJICKTPUIECKOTO OIS KPH-
CTaJljla U KOHLIEHTpAaI¥s BOASHOIO rapa), o0pas3ysl MpoCTpaH-
CTBEHHYIO PEIIETKY — YHOPAOOUEHHYIO CHPYKMYpPY CHEKHOTO
CJ1051, KOTOpasi MOJKET ObITh ONKCAaHA KaK 1€TePMUHUPOBAHHBIN
¢pakran — ryoka CepnuHCKOro — ¢ (pakTaibHOM pazMepHO-
ctei0 D=In3/In2=1,5850.

dopmupoBaHre U METaMOpP(GU3M CHEKHOU TOJIIU MOMXKHO
MPEICTaBUTh KaK CTAJMN HETIPEPBIBHOTO IIMKJIA PA3BUTHS TUC-
CHUIIAaTUBHOM CHUCTEMBI, HA OJJHOM M3 TAIIOB KOTOPOT'O POUCXO-
JUT CaMOOpPraHu3alys yHopsI0YeHHON CTPYKTYpbl U YMEHb-
LIIEHUE SHTPOIUH CUCTEMBI.
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SELF-ORGANIZING OF THE ORDERED STRUCTURES
IN A SNOW COVER

N.A. Kazakov
Sakhalin Department of Far East geological institute of Far East

branch of Russian Academy of Sciences,
Yuzhno-Sakhalinsk, Russia

Asnow-cover is the open non-equilibrium dissipative system.
That is non-equilibrium as thermodynamics and mechanical. A
snow-cover meets conditions of self-organizing a spatially -
ordered structures.

Self-organisation of a spatially inhomogeneous structure
of snow layer is directed on transition of the system from
the chaotic state to ordered and causes change of its physical
descriptions. The final state of the evolving physical system
«Snow layer» is stopping of evolution in transition in a static
phase, arrived at or through passing of the system through the
state of dynamic chaos (represented in a avalanche) or because
of regressive metamorphism.

The fields researches of snow-cover show, that in the
process of snow metamorphism there is so complication of a
snows layer structure as ordering of it’s texture. The chaotic
location of icy crystals in a snow layer is replaced to ordered.
Orientation of optical axes of crystals in a snow layer becomes
mainly vertical.

The ordered a spatially inhomogeneous structure (by W. Ebeling)
of snow layer (mapping as snow texture), is formed up on the
stage of structural metamorphism of icy crystals. It’s formed
by a vertical element of texture (VET) - clusters of icy crystals
and system of pores.

We will describe the degree of snow layer orderliness,
using synergetics approach to description of difficult systems.
As criterion of degree of orderliness of system the concept a
synergetics information can serve the information (H. Haken).
This part of the information concerns parameters of an order
and displays collective properties of system. The spatial
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organization of a snow layer (texture) causes a uniform
information field into a snow layer.

Classic determination of information (by C. Shannon)
is unconnected with sense of acting signal, because of what
it can be used only for description of the closed systems. At
description of the open self-organizing systems it is necessary,
because to take into account fluctuating forces, using a concept
self-generation of sense (V.V. Nalimov).

Quantity of the information necessary and sufficient for
self-organizing of ordered structure of snow thickness, we will
calculate from updating of the theorem of T. Bayes:

= kP,

(,u/Y) (Y/u) (u)
(1),
where u - measured size; k - a constant got from the terms
of the rate fixing; y - number of measurements; parameters of
probability of vertical orientation of clusters of icy crystals in
a snow layer: P ., - a posteriori probability, P, - a priori
probability, P o), spe01ﬁed probability.

Field supervision (Hibiny, Sakhalin, TransBaikal, the
Western Caucasus; 1979 — 2011) show: in the layers executed
by crystals of semiskeletal and skeletal classes of shape
(a fibrous texture) P( w= 0.7 ... 0.9, 1T = 0.67 ... 0.76; in
layers of crystals facet ed a class of shape (monohthlc texture)

P ,,<0,05, at I1<0,65.

P0r0s1ty of a snow layer is second quantitative parameter of
orderliness of a structure of a layer:

=1V -V )/V] ),

where V= 0917(N+...+N ) — total volume of an ice
skeleton, V' — layer total amount, V, — volume of cavities in
crystals of skeletal and semiskeletal classes of shape, N —
number of crystals of n a class of forms in a layer.

We will describe in number texture of snow layer as a
spatially inhomogeneous structure:

Y=f(P(u/y) 1) 3),

In the real snow-cover the ideal cycle of metamorphic
transformations of structure and texture of icy crystals differs

(n)
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sufficient variability (because of stochasticity of external
factors). However, the aggregate of the probable states of snow
layer (phase trajectory of the system) in a sufficient degree is
determined and can be examined as attraktor.

Determinancy of probable conditions of a snow layer
allows to describe mathematically a structure of a snow layer
— spatially-non-uniform structure — using concept fractal
dimension D of set clusters of ice crystals in a snow layer:

D =lim —1“1”(‘9)
o Ing
4),
where n( &) —dimension of cluster’s of a ice crystals of one
class of shape in a snow layer;
& - the minimum number of cluster, that carrying out a snow
layer.

Icy crystals in clusters unite by tops and ribs (thermodynamics
unsteady areas tension of the electric field of crystal and
concentration of aquatic steam is maximal in which), forming
a spatially - ordered structure of snow layer, which can be
described as the determined fractal is Sierpinski sponge - with
a fractal dimension D=In3/In2=1,5850.

Forming and metamorfyzm of snow layer can be represented
as stages of continuous cycle of development of the dissipative
system, on one of stages of which there is self-organisation of
ordered structure and diminishing of entropy of the system.
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MOJEJINPOBAHUE CHEKHOI'O IIOKPOBA HA
HEHTPAJIBHOM KABKA3E C TOMOIIbIO OTHOMEPHOI
MOJEJIX SNOWPACK

Knumenxo E.C.
Mocrosckuii ocyoapcmeennviil Yuugepcumem
um. M.B. Jlomonocosa, I'eoepaghuueckutl paxyniomem,
2. Mockea, Poccus

B cBsi3u ¢ mupokoMacmTabHbBIM OCBOCHHEM TOPHBIX TEPPH-
TOPHH, YACTO XapaKTEPU3YOLIUXCS BBICOKOW CTENEHbBIO JIABUH-
HOM OMACHOCTH, CETOAHS OYEHb OCTPO CTOUT BOIPOC 00 oOe-
crieueHUM Oe30IacHOCTH HacelleHUs M CO3JaHMM KaueCTBEH-
HBIX METOJIMK IO MPOTHO3Y CXOJ1a CHEXHBIX JaBUH.

[Tocnennue qOCTHKEHUS B UCCIEIOBAHUIX (PUBUKH U MEXa-
HUKH CHETA, a Takke OypHOE pa3BUTHE KOMIIBIOTEPHBIX TEXHO-
JIOTUM TIPUBEJIH K TIOSBJIICHUIO BHICOKOTOYHBIX MOJIEICH CHEX-
HOTO TOKPOBAa, BOCIIPOU3BOSIINX €r0 3BOJIOLUI0 HA OCHOBE
JTAHHBIX U3MEPEHMI TEKYIIMX MOTOAHBIX YCIOBHI. DTU MOJiEe-
JIY IIUPOKO MPUMEHSIOT B 3apy0eKHON MpaKkTHKe MPOTrHO3a Jia-
BHH U B HACTOSIIIIEE BPEMs aKTUBHO MCTIONB3YIOTCS AJIsl HAOMIO-
JICHUS 32 TEKYIUM COCTOSHMEM CHEXHOM TOJIIHU, 0COOEHHO B
TPYAHOAOCTYITHBIX MECTaX.

B uwactHoctn, B IlIBeiinapckom MucTuTyTe CHEronaBuH-
Hbix MccnenoBanuii (SLF) Oblna co3mana ogHOMepHas BBICO-
KoTO4YHas mMojienb cHexkHoro nokpoa SNOWPACK. Dta Mo-
JIeJIb BOCCO3/1a€T MPOLECChI, MPOUCXOSAIINE BHYTPHU CHETA U,
TaKUM 00pa30M, MO3BOJISET MPOCICAUTh JMHAMUKY U3MECHECHHUS
ero (PM3NYECKUX U MEXaHUYECKHUX CBOMCTB. X0/ 3TUX MpoIiec-
COB OIpENeNsAeTCS TEKYIIUMHU YCIOBUSIMU y BEPXHEH T'paHH-
L[kl CHEKHOT'O MOKpPOBA, TO €CTh aTMOC(EPHBIMHU IapaMeTpa-
MuU. [Ipruem kauecTBO BBIXOAHOW MOJENIN CHEXKHOIO MOKPOBA
BO MHOTOM 3aBUCHUT OT TOYHOCTH U JIOCTYIHOCTH 3aHOCHUMBIX
naHHbIX. B nmpuponsbix ycnosusx IlBeiinapckux Amnbsn pe-
3yJbTaThl MOAEIUPOBAHUS XOPOIIO KOPPEIUPYIOT C JEHCTBU-
TEJIBHOCTBIO, KOTZIa KaK Ui MOCTPOEHUS T0CTOBEPHOM Mojie-
JIM CHEXXKHOTO TIOKpoBa B Apyrux paiionax SNOWPACK nHeo6-
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XOUMO Bepu(UIUpoBaTh. ITO, TIIABHBIM 00pa3oM, 00yCIIOB-
JICHO HAJMYUEeM 3[eCh psAAa AMIHMPHUYECKUX 3aBUCUMOCTEH,
OCHOBaHHBIX Ha HaOMIOACHUAX 3a cHeroM B JlaBoce, I1IBeiima-
pusi. Monens npoxoauna ucnsitanus B Anonuun, CIIA, Oun-
nsuauu, ['pennanauu. Lens Hacrosiero uccieaoBaHus - 3a-
MycK ¥ anpoOarusi Mmoaenu B ycnoBusx LlenrpansHoro Kapka-
3a (IIpuaas0pyche).

B cepeaune 3umbr 2010-2011 Ha cknone r. Yerer Obuia
YCTaHOBIICHA METEOCTAHIIMS M TEMIIEPaTypHBIN JIOTTEp, KOTO-
pble (PUKCUPOBAITN TEKYIIHE 3HAYCHHUS TapaMEeTPOB, HEOOXO M-
Mble JJIs 3allycKa MOJIEJIM B TeUeHue 3 Henenb. T.K. MOJelb
3aIycKanaach B CEPeIUHE 3UMBI, TO €CTh B YCJIOBUSAX HaTUYUS
y’e C(OPMHUPOBABLIETOCS CHEXHOTO MOKPOBA, TO HAa CKIIOHE
ropbl ObIT BBIKOMAH Psii UIyp(oOB, IPU ITOM (PUKCHPOBAIHCH
TeMIeparypa, II0THOCTh, pa3Mep U THIT CHEKHBIX 3€PEH Kax-
Joro ciiost. MozieTmpoBaHue CHEXHOTO TTOKPOBA IPOBOAMIIOCH
JUTSL IByX TOYEK C pa3HbIMH YCJIOBUSMU CHEroHakoruieHus. B
MEepBOM MPOUCXOAUIIO CTyBaHHUE CHEra, B TO BpeMs KaK BO BTO-
pOIi 3a cYEeT BETPOBOIO MEPEHOCA CHET HAKAIUINBAJICA.

B urore pe3ynbTarbl MOEIMPOBAHUS TaKKe CPABHUBAJIHCH
¢ pe3ynbpratamu mrypdosanus. s onpeneneHus kauecTsa mo-
CTPOCHHBIX MOJIEJICH HaMH MCIIOJIb30BAIIUCH JIBA METO/IA: CPaB-
HUTEIBHBIN aHanu3 npoduiei, paspadoranabii M. JIeHUHBIM
(M. Lehning et al.), u cTarucTu4ecKuil aHaan3, MPeII0KeH-
uerii K. Jlaunu (C. Lundy et al.). O6a mMeTona moka3aiu Xo-
POLIYIO KOPPEIALHUIO MEXKIY CMOICTUPOBAHHBIM M HAOIIO/ICH-
HBIM CHE)KHBIM TIOKPOBOM. TeM He MeHee, MEX, Ty HUMH CyIIe-
CTBOBaJIM U HeKoTophle pacxoxkaeHus. Tak, SNOWPACK cmo-
JenupoBasl 00pa3oBaHUE ABYX T'OPU30HTOB TOBEPXHOCTHOM
M3MOPO3HU, KOTOPBIE B peaibHOCTH He Habmonanuck. KauectBo
MOJIETUPOBAHUS MOXET OBITh YIYUIIEHO IyTeM BBEJCHUS B
SNOWPACK HOBBIX YUCIIEHHBIX BbIPAXKEHUH.
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SNOWPACK MODEL SIMULATIONS FOR SNOW COVER
IN THE CENTRAL CAUCASUS

E.S. Klimenko
Lomonosov Moscow State University, Moscow, Russia

Intensive development of mountain regions which are often
damaged by snow avalanches forces to create the qualitative
methods for running avalanche forecast and population
protection.

Recent attainments in snow physics and mechanics
researches as well as rapid advances of computer technologies
have led to the high-precision snow cover models development
that are able to simulate snowpack evolution considering the
data of current weather conditions. These models are widely
used in the foreign practice of avalanche formation prediction
especially for snow monitoring in the regions difficult for
access. For instance, the one-dimensional high-precision model
SNOWPACK was created in the Swiss Institute for Snow and
Avalanche Research (SLF). It reconstructs the processes that
take place within snowpack and, therefore, allows to retrace
the changes of its mechanical and physical properties. These
processes are entirely determined by current conditions at snow
cover surface, i.e. meteorological parameters. The quality of
output snow model is highly dependable on accuracy and
availability of input data.

In the Swiss Alps SNOWPACK implementation showed
reliable results characterized by a high correlation level
between simulated and observed snow cover while it should
be accurately verified for launching in other regions. Such a
necessity is substantially caused by a large amount of empirical
equations based on the data of snow observations carried out in
Davos, Switzerland. The model was tested in the USA, Japan,
Finland and Greenland. The objective of a given research is the
model effectiveness evaluation in the Central Caucasus climate
conditions (Elbrus Mount vicinity). In mid-winter 2010-2011
a weather station was constructed and a temperature logger
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was set on the slope of Cheget Mount that were registering
the current values of parameters requisite for model running
during 3 weeks. In addition the snow pit observations were
required regarding the fact of a presence of existing snow
cover on the slope. Temperature, density, grain size and grain
type (according to the International Classification for Seasonal
Snow on the Ground) of every layer of snow profile were fixed.
Snowpack modeling was carried out for two points located at
sites with different snow accumulation conditions. The first one
could be described by the intensive snow blow-off while at the
second site snow was accumulating due to the wind drift.

The modeling results were compared with the observational
data of snow profiles. In order to assess the simulation accuracy
we used two methods: an objective snow profile comparison
method introduced by M. Lehning et al. and statistical analysis
proposed by C. Lundy et al. Both methods showed the significant
correlation level between modeled and observed snow cover.
However there were some discrepancies. For instance,
SNOWPACK overpredicted the surface hoar appearance and
modeled two layers which had not been observed. The model
accuracy could be enhanced by introduction of new calculative
equations.
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METAMOP®HU3M CHEKHOM TOJIIIHA YYACTKOB
C PA3JIMYHOM CTENEHBIO YBJIA’JKHEHUS
(HA MIPUMEPE OJHOTHUITHOT'O CTPATUT'PAOUYECKOI'O
KOMIIVIEKCA IOTA CAXAJIMHA)

Jlookuna B.A.
Yupeorcoenue Poccuiickou akademuu nayk Caxanrunckuil gunuan
Hanvnesocmounoeo ceonoeuveckozo uncmumyma /[BO PAH,
2. IOxcno-Caxanunck, Poccus

Ha meramopdu3m cHEXHOTro MOKpOBa 3HAYUTENHLHOE BIIHSI-
HHE€ OKa3bIBAIOT BHEMIHUE (HaKTOphl. MeTamopu3M CHEXHOM
TOJIIIIM BKJIIOYAeT B ce€0sl MOBEPXHOCTHBIE U3MEHEHUS! (hOPMBI
U pa3Mepa KpUCTAJJIOB, UX BHYTpPEHHHUE aedopMaiuu U B3a-
MMHO€ CMEIIEHUE KPUCTAIUIOB WIN MX YacTel ¢ HapylLIeHUEM
CBA3EH MEXIy HUMHU. TeMmmeparypHbI peXUM SIBISECTCS O-
HUM U3 OCHOBHBIX (JaKTOPOB Cpe/ibl, KOTOPBIN ONpeaenseT Ha-
MpaBJIEHUE U UHTEHCUBHOCTH BO3TOHKH BOJSTHOTO Mapa, KOTO-
PBIii B CBOIO OYepe/Ib SBISETCS yNPaBISIOUINM (HaKTOpOM Me-
TaMop(H3Ma CHE)KHOU TOJIIH.

OnHako, CKOpOCTh MeTaMopu3Ma CHEXHOH Tonmu Oyaer
OIIPE/IEATHCS HE TOJIBKO HAIpPaBICHUEM U MHTEHCUBHOCTBIO
BO3TOHKM BOJSIHOTO Tapa, HO U 00bEMOM BOJISIHOTO Mapa co-
JieprKaIlerocsi B MOPOBOM NMPOCTPAHCTBE U B MOACTUJIAIONICH
MOBEPXHOCTH, a TaKKe OIM30CThI0 UCTOYHUKOB BOJIOHACHIIIIE-
HUSL.

B TeueHune 4-X 3MMHUX CE30HOB HaMH IPOU3BOAMINCH Ha-
TYpHBIE HaOIIOACHHUS 32 CKOPOCTHIO MeTaMoppu3Ma CHEKHOU
TOJIIM HA 2-X KOHTPOJBbHBIX YYaCTKaX pa3InyarolIuXcsl cTe-
MeHbI0 TUapoMOpHOCTH NaHamadTHON (aruu. (s yuact-
ka Nel xapakrepeH yMepeHHO ruapoMopdHBIN THI (aryid, AJIs
ydacTka Ne 2 cHIIbHO TUAPOMOPQHBIN THIT (aIIHid.

B kauecTBe napaMeTpoB KOJIMYECTBEHHOM OLIEHKU CKOPO-
cTH MeTaMop(u3Ma CHEKHOM TOJIIIM HAMU PACCUUTHIBAJICS KO-
ahPuUIMEHT MepeKpUCcTaUTA3aIMN CHEXHOU TOJIH, KO3 du-
IIUEHT BTOPUYHOTO PACCIOCHUSI CHEXHOM TOJIITH, KOdduiu-
€HT TEKCTYPBHI.
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Omnpenensanace CKOPOCTb pOCTa JHaMeTpa KpUCTaLUIOB B
¢ukcupoBanHoM cioe. [lomydeHHbIe JaHHBIE O CKOPOCTH PO-
CTa MaMeTpa KpUCTAJUIOB MTO3BOJIIOT CYAUTh O CKOPOCTHU Me-
TaMop(du3Ma OTIEIBHO B3SITOTO CIIOSL.

[Ipou3BoanIOCH U3MEPEHNE MIIOTHOCTU KaXKJI0TO CJIOs, 3a-
Mepsilach TeMIeparypa Ha KOHTaKTaX CHEXXHBIX CIIOEB, OIpe-
JIEJSUIach CPEHSS BbICOTA CHEXXHOW TOJIIIIH.

B nabmonaembIx ce30HaX HauOOJbIINE 3HAUYCHHS KO HH-
LMEHT TEKCTYphbl MPUHUMAI B sIHBape Ha 00OMX ydacTKax, a
HauMeHbIMe B (eBpane, nmpuyem Ha Yuactke Ne 1 3HaueHus
k03 dUIIMEeHTa TEKCTYphl OoJbIle, yeM Ha YdacTtke Ne 2, 9To
MOKHO TTPOKOMMEHTHUPOBATh €ro 0ojee 3alUIIeHHbBIM MECTO-
nojoxeHueM. B mapre k03(UIMEHT TEKCTYpbI MOBBILIAETCS
110 CPaBHEHUIO ¢ (eBpajieM, HO 3HAYCHUH STHBAps HE TOCTHUTa-
eT.

MaxkcumanbHble 3HaueHus! K03((OULHEHT BTOPUYHOTO pac-
CIIOEHUS B 3UMHHX CE30HaxX MpPUHUMAET B (heBpase, a MUHHU-
MaJibHBIE B siHBape. Taxoke HaOmoaaeM, uto Ha YyacTtke Ne2 ko-
3G PHUIHUEHT BTOPUYHOTO PACCIOEHHs OOJbIIe YeM, Ha Y4acT-
ke Nel, uTo 0OBsicHSAETCS OONbIIeH YBIa)KHEHHOCTHIO YYacTKa
No2 1 cOOTBETCTBEHHO OOJBIITUM KOJIMUECTBOM BOJISTHOTO Tapa.

3HadeHus KOd(pPUIMEHTA NEePEeKPUCTATUIN3ALUN Ha 000UX
ydacTKax MPUMEPHO OJMHAKOBBI. MUHUMAaIbHbIE 3HAYCHHUS KO-
G GHUIHMEHT MPUHUMAET B eBpaje Ha 000MX ydacTKax B He3a-
BUCUMOCTH OT C€30Ha, YTO MOXKHO OOBSICHUTH HAYaJIOM CE€30-
Ha MeTelsiel. 3HaueHus GeBpasisi, MapTa HaXoJsATCs B IpeaeIax
ot >0,8 mo 1.

CKOpOCTh pOCTa KPUCTAJUIOB B OTAEIBHO B3SITOM CIIO€ Ha
VYuactke No 2 B 2 pa3za Bbllie, uem Ha Yuactke Ne 1, yTo cBuje-
TEJIBbCTBYET O O0Jiee MHTEHCUBHOM MacCOIIEpPEHOCE.

[Ipyu 3HAUUTENBHOM YIUIOTHEHHH KaKOTrO-JIMOO CJI0s CHEX-
HOM TOJIIM OTHOCUTEIBHO COCEIHHUX CII0EB, HAOI01aeTcs 3a-
MEJIEHUE CKOPOCTH pPOCTa JIEASHBIX KPUCTAIOB B JIaHHOM
cioe. B Toxxe BpeMs B HMXKENIEXKAILEM CJIO€ CKOPOCTh POCTa
JeJITHBIX KPUCTAJUIOB YBEITMYUBACTCS.

MuHMMaNbHAs CKOPOCTh POCTa JIENSHBIX KPUCTAIIOB, 32
UCCIIelyeMbIi TepHos, HaOMoAaeTcss B yINIOTHEHHOM CJIO€ U
cocrasiugeT 0,3 mm 3a 10 nHEH.
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MaxkcuManbHBI POCT JICASHBIX KPUCTAJIOB HaOIIOmacs
MOJT KOPKaMU Pa3INYHOTO MPOWCXOXKIECHUS U COCTaBiser 1,5
MM 3a 10 quen.

METAMORPHISM OF SNOW COVER ON AREAS WITH
DIFFERENT DEGREE OF HYDROMORPHIC FACIES
(SAKHALIN)

V.A. Lobkina
Sakhalin Department of Far East geological institute of Far East

branch of Russian Academy of Sciences,
Yuzhno-Sakhalinsk, Russia

The external factors have a substantial influence on the
metamorphism of the snow cover. Metamorphism of snow
depth includes surface changes of the crystal shapes and
sizes, their internal deformations and mutual displacement of
crystals or their parts with the violation of the links between
them. The temperature regime is one of the main factors of the
environment, which determines the direction and intensity of
the sublimation of water vapor, which is in turn a controlling
factor of metamorphism of snow depth.

However, the speed of metamorphism of the snow cover
will be determined not only by the direction and intensity of
water vapor sublimation, but also the volume of water vapour
contained in the vapour space and the underlying surface, as
well as the proximity of sources of water saturation.

During the four winter seasons the full-sized observations
for the speed of metamorphism of snow depth on the two
control areas with different degree of hydromorphic landscape
facies was conducted by us. The plot Ne 1 is characterized by
moderate hydromorphic type of facies, but the Plot Ne 2 is
characterized by heavy hydromorphic facies type.

The coefficients of recrystallization and secondary
stratification of snow depth, and coefficient textures were
calculated by us, as the parameters to quantify the speed of
snow metamorphism.
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The speed of crystals growth in the preserved layer was
determined. The obtained data about the growth rate of the
crystals diameter allow us to judge the speed of metamorphism
of a single layer.

In the observed seasons the coefficient textures took the
highest values in January at both sites, and the smallest in
February, and on the Plot Ne 1 the values of texture is higher,
than at the Plot Ne2, which is commented on it more sheltered
position. In march the texture is improved in comparison with
February, but the values of January is does not reach.

Maximum values of the coefficient of secondary stratification
in the winter seasons takes in February, and minimum in January.
We can also observe that at the Plot Ne2 the coefficient of the
secondary stratification more than at the Plot Nel, which can be
explained by greater moisture of Plot Ne2 and accordingly by a
large number of water vapor.

The value of the recrystallization at both Plots is
approximately the same. The minimum coefficient is taken
in February at both Plots in independence of a season, which
can be explained by the start of the season blizzards. Values of
February and March are in the range of >0.8 to 1.

The speed of crystals growth in a single layer on the Plot No
2 is in 2 times above, than on the Plot Ne 1, which can be the
evidence of intensive mass transfer.

The minimum speed of the growth of ice crystals, during the
analyzed period, is observed in compacted layer and is 0.3 mm
for 10 days.

The maximum growth of ice crystals is observed under the
crusts of different origin and is 1.5 mm for 10 days.
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CIIOCOB ITPEOBPA3OBAHUSA U3MEPSIEMBIX
XAPAKTEPUCTHK MUKPOCTPYKTYPbI CHETA
B UCTTIOJIB3YEMBIE B ®U3UYECKUX IOCTPOEHUAX
TEOMETPUYECKUE MTAPAMETPbBI (1JI1 PACCMOTPEHUA
TEILJIO- U MACCOIIEPEHOCA)

Cokpamos C.A.
Hayuno-uccnedosamenvcras 1a00pamopust CHEINCHIX I1AGUH
u cenet, I'eoepaghuuecxuii paxyromem MI'Y um. M.B. Jlomornocosa,
2. Mockea, Poccus

W3mepsieMble  pa3auMUHBIMU  CIOCOOAMM  XapaKTEpPUCTH-
KM MUKPOCTPYKTYpPBI cHera (yzieiabHasi TOBEPXHOCTb, KPUBU3-
Ha MMOBEPXHOCTH, pa3Mepbl KOMIIOHEHTOB JIEISIHONW MaTPUIbI U
MIOPOBOTO MPOCTPAHCTBA, Mpeoliafarolee HalpaBIeHUE dTUX
KOMIIOHEHTOB, U T.II.) MPEJICTABIISAIOT cO00 MmapameTpsl, UMe-
IOLLUE CTPOrO€ FTEOMETPUUECKOE U MaTeMaTHueCcKoe 000CHOBa-
HUE, CO3/aHHbIE U1 BO3MOXHOCTHU CPAaBHEHHUS MHKPOCTPYK-
Typ Mexay coboi. OcTaBisisi B CTOPOHE MHOTOYHCICHHOCTD
MaTeMaTH4YEeCKUX METOJIOB MIPEACTABICHHS T€OMETPUU MUKPO-
CTPYKTYpBbI, B OOJIBIIIMHCTBE CIIy4aeB MPEJOCTABIISIONIUNX BO3-
MOKHOCTb IIepecu€Ta U3 OJJHUX PE3YJIbTAaTOB B JPYTHUE U OlIpe-
JensieMble TEXHUYECKUM CIIOCOOOM TONTyYeHHsI JaHHBIX IO
MUKPOCTPYKTYpe U crenupuKol u3ydyaeMoil cpenbl, MmpsmMoe
MPUMEHEHHE ATHX MapaMeTpoB B MOJAEIUPOBAHUU (u3nye-
CKHX IPOLIECCOB, 3aBUCUMBIX OT MUKPOCTPYKTYPbI, BO3MOXXHO
JIaJIEKO He Bcerna. beps, kak mpumMep, Mpouecchl TEIo- U Mac-
coliepeHoca B CHEre, M3BeCTHbIe (pu3ndeckue (HopMyIupOBKU
TpeOyIOT Ipyrux K03()PHUIIMEHTOB — CTEIIEHN aHU30TPOIHH H
M3BWINCTOCTH MOPOBOT0O MPOCTPAHCTBA U JIEISHON MaTpuUIlbl
B OIIPE/IEIEHHOM HalPABIEHUH, CBSI3aHHOCTD OT/IEJIBbHBIX KOM-
ITOHEHTOB JIEASTHOM MaTpUIbl U IOPOBOTO MPOCTPAHCTBA, U T.A.
KonnuecTBo GopMyTUpOBOK Il TAKMX KOAPPHUIUEHTOB TaK-
K€ 3HAYUTEJIbHO, HO BO MHOT'MX CIIy4asiX U UX BO3MOXKHO Iepe-
CUMTBIBATh U3 OJHOIO IpeacTaBiIeHus B Apyroe. OnHako, ais
MIPUMEHEHHUS PE3yJbTaTOB COBPEMEHHBIX METOOB 3 MEpPHOIO
MIPEJICTAaBICHUSI MUKPOCTPYKTYpBI CHEra (K MpUMepy — KOM-
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IbIOTEpHONH MHUKpoTOoMorpaduu) B (opMmynupoBke (uznye-
CKHUX MPOLIECCOB, MPOTEKAIOIINX B CHEXXHOM TOIIE, HEOOXOaH-
MO CBSI3aTh MEXIy cO00M M3MepsieMble TEOMETPUUYECKUE Ta-
pameTpbl 1 He0OXouMbIe 111 GU3NYECKUX pacyE€ToB (uznye-
ckue ko3¢ unuentsl. [Ipepmaraercs MaTemMaTHIeCKU Crioco0
Takoi yBsaA3ku (Mozienb MUKPOCTPYKTYPBI).

THE METHOD OF TRANSFORMATION OF THE MEASURED
CHARACTERISTICS OF THE SNOW MICROSTRUCTURE
INTO GEOMETRIC PARAMETERS ACCEPTED IN PHYSICAL
CONSTRUCTIONS (FOR HEAT AND MASS TRANSFER
CONSIDERATION)

S.A. Sokratov
Laboratory of snow avalanches and debris flows,
Faculty of Geography M.V. Lomonosov Moscow State University,
Moskow, Russia

The measured by various methods characteristics of snow
microstructure (specific surface area, surface curvature,
dimensions of the components of the ice matrix and of the
pore space, the prevailing direction of these components,
etc.) represent the parameters with rigorous substantiation
in geometry and mathematics. They are developed for
the possibility to compare microstructures between each
other. Leaving aside the multiplicity of the mathematical
methods of the presentation of the microstructural geometry,
determined by the technique of measurements and specific
of a studies material, in most cases they leave a possibility to
recalculate one result into another. However, direct use of such
results in modeling of physical processes dependent on the
microstructure is not always possible. Taking the processes of
heat- and mass-transfer in snow as an example, the accepted
physical formulations require other coefficients — the degree
of anisotropy and tortuosity of the pore space and of ice matrix
in certain direction, connectivity of separate components of
the ice matrix and of the pore space, etc. The quantity of such
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formulation is also large, but in many cases it is still possible
to recalculate from one representation to another. However,
use of the results of the modern techniques of the 3 D snow
microstructure imaging (computed microtomography, for
instance) in formulation of physical processes taking place
in snow requires construction of a link between the measured
geometrical parameters and the coefficients involved into
physical constructions. A mathematical method of their relation
(Model of microstructure) is presented.
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IPOBJIEMBI YU CJIEHHOT'O MOJAEJIMPOBAHUSA IBNKEHUA
CHEXHBIX JIABUH

Yemovipooukuii A.H.
Yupeoicoenue Poccutickoti akademuu Hayx
Jlanvnesocmounwiii ceonocuveckuit uncmumym /[BO PAH,
2. Bnaousocmoxk, Poccusa

BaxHbpIM 00CTOSATENHCTBOM pa3pabOTKH paccMaTpuBaeMOm
37€Ch TEMBI SIBIISIETCSI CO3/IaHUE HOBBIX KOMILUIEKCHBIX CHCTEM
MOHUTOpPUHIA OMACHBIX MPHUPOAHBIX SIBICHUH U MOCTPOCHHE
Ha €r0 OCHOBAHHH COOTBETCTBYIOIIMX HAYYHO-000CHOBAHHBIX
MIPOTHO3UPYEMBIX TTOCJIEICTBHA.

AHaIM3 COBPEMEHHBIX TEMATUYECKUX MOJENIe JaHHOIO
HaIpaBJICHUSI MOKA3bIBACT Pa3/ICICHUE MUX COBOKYITHOCTH, IO
KpaliHel Mepe, Ha TpH Kiacca.

[IpencraBnenue o 1aBUHE NOCPEACTBOM HEAEITUMON U KOM-
MaKTHOM CHEXHOW Macce COCTaB/ISICT OCHOBHOE ITOJIOXKCHHUE
Mojenel mepBoro kiacca. B aToit cutyarusi o01masi 3anuch
YpaBHEHUS ABWKEHHS JIABUHBI JUIsl T€HEPATU30BAHHOIO IIPO-
(bums CKIIOHA TPUHUMAET BU]T

d(mu)/dt = mg(sina —k_ cos &) — fu’

TJIe 7 Macca JIAaBUHBI U U CKOPOCTh €€ JIBWKEHUS; ¢ yroil
HAKJIOHA CKJIOHA K TOPH30HTY (KpyTH3HA CKIIOHA); ¢ k03 du-
LUEHT TPEHUs CKOJIBKEHHUS; f 3aBUCUMBII B O0OIIEM cllydae OT
KOMOUWHAIIMH CUJT CIIUPAHUSI U COTPOTUBTIEHUS KOADDUITUESHT.

[IpeacraBuTenn BTOPOro Kiacca CIEAYIOT MOJ0KEHUSIM Te-
OpHUHU YEJIMHEHHBIX BOJIH (COJMTOHOB), COTIACHO KOTOPHIM JIBH-
KEHUE JIABUHBI COOTBETCTBYET PACHpPOCTPAHSIONICICS B Cpe-
ne 0e3 qucrnepcuu BIOJIb Y3KOIO MEJIKOTO KaHajla OJMHOYHOM
BOJTHE.

s popmanuzanuu ABUKEHUS UCIIONB3YeTCs, KaK MpaBH-
1o, ypaBauenue Kopresera-ne-Bpuza. Heobxonumo 3aMeTuTh,
YTO MPHU BBIBOAEC ATUX YPABHEHHMM MOJaraeTcsi MOTeHI[UAb-
HOCTb JIBUKCHHS, €r0 OJHOMEPHOCTh M 0COOOro pojaa Hesu-
HEHWHOCTb.
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[IpakTdeckue HaOMIOACHUS TOKA3bIBAIOT 3HAYUTEIIHHBIC
OTKJIOHEHHUSI PEAIILHOTO ABUYKECHHS JIABUH OT IMPUHSATHIX MOJIO-
eHul. [Ipumenenue 3Toro ammapara no3BoJIsIET KAY€CTBEHHO
OTPa3UTh CYIIHOCTh CXO/Ia JIaBUH, HO KOJIMYECTBEHHAs CTOPO-
Ha SIBJICHUS OCTAETCS 33 €r0 PAMKaMHU.

CymHOCTh OCHOBHOT'O TIOJIOKEHUSI MOJIENIEN TPETHETO Kilac-
Ca COCTOUT B NPUHATUM AOMYIIEHUS O TOM, YTO JBHUKECHHE
JIAaBUHBI COOTBETCTBYET TEUEHUIO HECKUMAEMOU M HEBSI3KOU
JKUJIKOCTH. BriepBble TaKyr0 aHaJOTHIO MEXy MOTOKOM B OT-
KPBITOM pPYyCJI€ W JIABUHOW B BHJI€ KUJKOCTH MPEIIOKMI A.
Benbmu.

B pamkax 3Toi aHanoruu ABMKEHUE JTABUHBI OOBIYHO 3aITH-
CBIBA€TCS MOCPEICTBOM OJJTHOMEPHOTO YPABHEHUS TEOPUH MEIT-
KoM BOJbI. [Ipy 3TOM HE yUMTBHIBAOTCS MPOLIECCHI BHYTPEHHE-
ro TpeHHs (BA3KOCTh CHEra) M BaKHbIC A(()EKTHl HA BHEITHUX
rpaHulax JaBUHBI.

Mexly TeM, UIMEHHO BSI3KOCTh CHera 00yCJIOBIMBAET TPEX-
MEpPHOCTh JIBH)KCHMS JIaBUHBL. lIpencraBnsieTcs BaKHbIM €€
BKJIFOYEHUE B YPABHEHUS MOJENIU. B 3TOM cUTyallMu UHTETpU-
pOBaHME YPABHEHHI ABUYKEHHUS 110 BEPTUKAIBHON KOOPJMHATE
MPUBOJUT K CUCTEME

h, +(hit), =0

" +u"u, = g(sina™ —k, cosa®)—k,w|w| p,/ p, + W u"

4, +ai, +[ho’ @)], = glsina —k, cosa) kgl + 0'2(1‘)]+%[V2(hﬁ)—¢]
@=2A@® -, + @ —uPW +uPb +ub |- -uP WV b-uPVh

rJie HI)KHHUE WHJEKChI YKa3bIBAIOT Ha AU(depeHnpoBaHme
M0 COOTBETCTBYIOIIEH MPOCTPAHCTBEHHOMN MIEPEMEHHOI;

h=h(x,y,t)

- TOJIIIMHA JIaBUHBI,

- CpenHsAs MO BEPTUKATBHOW KOOp-
JUHATE CKOPOCTh JABMXKCHUS 1

ﬁ:%judz
b
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o’ (u) :% ]:(u—ﬁ)zdz

JMCIIEPCUsl CKOPOCTH;

u™ CKOpPOCTh IBUIKEHUS BEPXHEIO CJI0s JIaBUHBL, u®- cKo-
pPOCTh JIBHKCHHUSI MPUMBIKAIOIIETO K CKJIOHY HUKHETO e
HIDKHETO cliosi; w ckopocTh Be- Pgs s Tpa; IIOTHOCTH
Bo3ayxa u cHe- k _k _ ra; - HeoTpuLaresbHbIE IMIHMpPUYE-

a’’’c
ckue  kodhdu- LIUEHTHI;

b — b('x’ Y ) - nudpoBast Mmoaens penbeda CKIOHA;
V> =0"/ox*+0* /oy’

Jlarmmtaca.

- JIBYMEPHBIH OIIEeparop

B 3Tux ypaBHEHHUSIX OTCYTCTBYET BbIpaxkeHue Juist u” |, 4ro
MO3BOJISIET MOIU(HUIMPOBATH MpPEAIaraéMyr0 MOJENb K HMe-
IOIIMM MECTO peaslbHbIM cUTyalusM. Hampumep, oHa MOXeT
UMEeTh JorapupMuUUecKuil mpopuib cpeaHei ckopoctu. Bos-
MOXHBI U IPyrU€ BApUAHTHL.

PROBLEMS OF NUMERICAL SIMULATION
TRAFFIC AVALANCHES

A.N. Chetyrbotsky
Far East geological institute of Far East branch of Russian Academy
of Sciences, Vladivostok, Russia

An important factor of development considered here,
the theme is the creation of new integrated systems for
monitoring natural hazards and construction on its basis of
relevant scientific and reasonably foreseeable consequences.
Analysis of contemporary patterns of thematic areas shows the
separation of their set, at least, into three classes. The notion
of an avalanche by a compact and indivisible mass of snow is
the main position of the first class of models. In this situation
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the overall record of the equation of motion for the generalized
profile of the avalanche slope becomes

d(mu)/dt = mg(sina —k_ cos @) — fu’

where m is the mass of an avalanche, and u its velocity; a
angle of the slope to the horizon (the steepness of the slope)
coefficient of friction; B-dependent, in general, the combination
of strength and stripping resistance coefficient.

Representatives of the second class, follow the provisions
of the theory of solitary waves (solitons), according to which
movement corresponds to an avalanche propagating in a
medium without dispersion along a narrow channel of small
solitary wave. To formalize the motion is generally used,
the Korteweg-de Vries equation. It must be noted that in the
derivation of these equations relies potential movement, its
one-dimensionality and a special kind of nonlinearity. Practical
observations show significant deviations of the real motion of
avalanches from the provisions adopted. The application of this
device allows a qualitatively reflect the nature of avalanches,
but the quantitative aspect of the phenomenon remains outside
of it.

The essence of the guideline models of the third class
consists in making assumptions that the movement of an
avalanche corresponds to the flow of an incompressible and
inviscid fluid. For the first time such an analogy between the
flow in open channel and an avalanche in liquid form was
proposed by Velma. In this analogy, the movement of the
avalanche is usually written by the one-dimensional shallow
water equations. It does not take into account the processes of
internal friction (viscosity of snow), and important effects on the
external borders of the avalanche. However, it is the viscosity
of snow makes three-dimensional motion of an avalanche. It
was important to its inclusion in the model equations. In this
situation, integration of the equations of motion along the
vertical coordinate leads to a system
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h, +(hit), =0
" +uu, = g(sina™ —k, cosa™)—k,w|w| o,/ p, +Wu"

#, +ui, +[ho’ (@)], = glsin e —k, cosa) — k[’ +Uz(u)]+%[V2(hﬁ)—¢]
@= 2[(u§n —ui‘”)bI + (u;n —uf’)bj +u£nbI +ufjby]—(ﬂm Wb -u'"Vh

where the subscripts indicate differentiation with respect to
the corresponding spatial variable,

h - h('x > Vs ! ) the thickness of an avalanche;
b+h

_ 1
u=— j udz
h - the average over the vertical
b . 3

coordinate velocity and

o’ (u) =% ]‘(u—ﬁ)zdz

velocity dispersion;
u@ the velocity of the upper layer of the avalanche; u® - the
velocity of the slope adjacent to the bottom of the lower layer,
w wind speed; O,, 0, air density, and snow; k_,k, -
empirical coefficients are nonnegative;

b — b('x’ y ) - digital elevation model of the slope;

V?=0%/x*+0* /ayz - a two-dimensional
Laplacian.

In these equations, there is no expression for u®, that allows
you to modify the proposed model to real situations taking
place. For example, it can have a logarithmic mean velocity
profile. There are other options.

205



YACJEHHOE MOJEJTUPOBAHUE CE30HHOM 3BOJIIOIIUU
CHEKHOM TOJIIIH B PA3JTMYHBIX
MMPUPOJHBIX YCJOBUAX

HImaxkun A.b., Cokpamoe B.C.
Yupeosrcoenue Poccutickou axkademuu nayk Hucmumym eeoepaghuu
PAH, 2. Mockea, Poccus

Pa3paboranHasi paHee YHCIEHHas MOJENb CHEKHOTO IO-
KpOBa, M03BOJISAIONIAsl BOCIIPOM3BOIUTL CE30HHYIO ABOJIIOLIUIO
U MeTaMop(u3M CIOMCTON CTPYKTYphI CHEra, pealn30BaHa
JUTSL pa3JIMYHBIX TIPUPOAHBIX YCIOBUHM, B TOM YHCIIE C YUYETOM
MEKIOZI0BOW N3MEHYUBOCTH.

Mozenb oCHOBaHAa Ha WCIOJIB30BaHUU (U3UYECKHUX 3aKO-
HOB (hOPMUPOBAHUS CHEKHOTO TTOKPOBA U MpeoOpa3oBaHUsI TH-
[IOB CHEXHBIX KPUCTAJUIOB, KOTOPbIE OMKUCAHbI B HEW C MOMO-
b0 (PEHOMEHOJIOTUYECKIX COOTHOIIEHUH B 3aBUCUMOCTH OT
TIOTO/THBIX YCJIOBHI M MEPEMEHHBIX COCTOSIHUSI CHE)KHOU TOJI-
. Takoil moaxo/1 MO3BOJISIET y4eCTh OCHOBHBIE (hU3HUYECKHE
MIPOLIECCHI B CHEXHBIX CIIOSIX U UX TPaHCHOPMAIIHIO, BKITIOUAs
KpUCTANTUYeCKUi MeTamopdusM, u3beras TOHKOTO MOJIEIH-
pOBaHUs HAa MOJIEKYJISIPHO-KPUCTAJUIMUYECKOM ypoBHE. Mojenb
WHTEPAKTHBHO TOJKIIOYEHA K MOJEIH TEIUIOBIarooOMeHa Ha
cyme SPONSOR.

Jliis pa®oThl Mozienu TpedyeTcsl HaTMYKue JaHHBIX METE0opO-
JIOTUYECKUX M3MEPEHHI ¢ I1aroM HecKoJIbKo yacoB. Pa3zpabo-
TaHHBIM KOMIUIEKC MOJENel MoKa3al COCOOHOCTh YCIEUTHO
BOCITPOM3BOANTH CE30HHYIO 3BOJIIOLIMIO BOJHOTO SKBUBAJIEHTA
U TOJIIMHBI CHEKHOTO TMOKpPOBa B LIMPOKOM JHAara3oHe MpH-
POIHBIX ycioBHi. Moaens TecTupoBaiiack Ha noauronax Ky-
nos1 Yropasiauca (3emutst @panna-Mocuda) co 3HAYUTETHHBIM
CHErOHAKOIUIEHHEM U OY€Hb CUJIbHBIMU BeTpamu, Mappe-Caie
(m-oB SIman) ¢ HeOOJBIION CHEXXKHOM akKymyIsiuuei, Bannai
C JUIMHHBIM CHEXHBIM CE30HOM U 3HAYUTEIBHOM MEKCYTOU-
HOW M MEKI0JIOBOM U3MEHUYMBOCTHIO METEOYCI0BUI, MOCKOB-
cKkasi 00J1acTh CO 3HAYUTEIBbHOM MPOCTPAHCTBEHHO-BPEMEHHOM
M3MEHYHMBOCTBIO ycioBul, Jlykant (3anagueiii Tsab-11lanp) ¢
MATKMM 1 MHOTOCHEXHBIM KJIMMaTOM.
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Mozens yCIemHo BEIYUCIIAET CBOMCTBA CHEXHOIO IIOKPOBa
IIPY 3HAYNUTEIBHON MEKI010BOM M3MEHUYUBOCTH 1Orojibl. B 60-
Jlee MHOTOCHE)KHBIX YCJIOBHMSIX YyBCTBUTEJIBHOCTh K Ilapame-
TpaMm IMOBBIIIEHA, U MPH JIFOOBIX YCIOBUIX OHA MaKCHMaJjbHa B
CEpEIUHE 3UMBI, CYLIECTBEHHO CHUXKAsICh B IIEPUOJ CHETOTasI-
Hus. Ha Tepputopun MockoBcKoit 0051acTH, PH UCIIOJIb30Ba-
HUM JIaHHBIX 15 MereocTaHUu#, HaOIIOAaeTCsl BBICOKAs Mpo-
CTPAHCTBEHHAsl KOPPEJIALMS B MEKIOIOBBIX BApHUALIUAX OCHOB-
HBIX XapaKTEPHUCTHKaxX CHEKHOW Tonuu. I[lokazaHa BO3MOX-
HOCTb KAPTUPOBAHMSI CE30HHOM 3BOJIIOLMH CHEKHOTO TTIOKPOBA
B PErMOHAJILHOM MaclITa0e Mpy BBIYMCICHUAX 110 JAHHBIM He-
CKOJIBKUX METEOCTaHIIHA.

NUMERICAL MODELING OF SNOWPACK SEASONAL
EVOLUTION IN VARIOUS NATURAL CONDITIONS

A.B. Shmakin, V.S. Sokratov
Institute of Geography of Russian Academy of Sciences, Moscow,
Russia

A numerical model of snow cover, developed earlier for
evaluation of seasonal evolution of snow characteristics and
its layered metamorphism, is tested against various natural
conditions, including interannual variability. The model is
based on physical laws of the snow cover evolution and
snow crystals’ transformation, the latter being described
with phenomenological relationships depending on weather
conditions and the snowpack characteristics. Such an approach
allows one to take into account main physical processes in
the snow layers and their transformation, including crystallic
metamorphism, avoiding precise modeling at molecular-
crystallic level.

The snow model is interactively coupled with the land
surface heat/water exchange model SPONSOR. For the
model realization, one needs meteorological input parameters
with a time step of several hours. The model complex has
demonstrated its ability to successfully reproduce seasonal
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evolution of snow water equivalent and snow depth in a wide
range of natural conditions. The model was tested against data
obtained at polygons Churlyanis Dome (Franz-Josef Land)
with significant snow accumulation and very strong winds,
Marre-Salle (Yamal peninsula) with low snow accumulation,
Valdai with long snow season and significant daily and
interannual variability of meteorological conditions, Moscow
region with significant spatial-temporal variability of natural
conditions, Dukant (Western Tien Shan mountains) with mild
winter and heavy snowfalls. The model successfully evaluates
the snow cover characteristics under significant interannual
weather variability. During the winters with heavier snowfalls,
the model sensitivity to various parameters is increased, and it
is maximal in the middle of winter season, being significantly
reduced during the snowmelt season.

In Moscow region, using the data of 15 meteorological
stations, high spatial correlation is observed in interannual
variations of the main characteristics of the snowpack. A
possibility of mapping of the seasonal evolution of the snow
cover on regional scale is demonstrated when using the model
with the data of several meteorological stations.
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SNOW TEMPERATURE DEPENDENCY OF SHEAR
STRENGTH INCREASE FOR FACETED CRYSTALS DURING
EQUI-TEMPERATURE METAMORPHISM

Hiroyuki Hirashima', Osamu Abé?, and Atsushi Sato’
ISnow and Ice Research Center, National Research Institute for
Earth Science and Disaster Prevention, Japan
’Shinjo Branch of Snow and Ice Research Center, National Research
Institute for Earth Science and Disaster Prevention, Japan

The rupture of the layers of faceted crystals or depth hoar
that have low shear strength is one of the causes of a dry slab
avalanche release. Thus, determining the shear strength of
faceted crystals is important for estimating the corresponding
slope instability. Although an estimation of the increase in
the shear strength of faceted crystals during equi-temperature
conditions is important for estimating slope stability after the
faceted crystals have been buried under fresh snowfall, this
variable remains poorly parameterized.

In this study, changes in the shear strengths of faceted
crystals under four equi-temperature conditions were measured
in a laboratory experiment and then parameterized. The air
temperature and the bottom temperature of the snow cover
were controlled to create a large temperature gradient for 9
days. Faceted crystals grew well under the large temperature
gradient condition. Next, the temperature gradient was removed
and equi-temperature conditions (-2, -5, -10 and -15 °C) were
implemented for 55 days.

During the experiments, snow densities and shear strengths
were measured six times. The measured shear strength was
compared with two empirical relationships based on density.
One of these relationships corresponded to the shear strength
of rounded grains, whereas the other corresponded to faceted
crystals.

The measured shear strength approached the calculated
value for faceted crystals when the temperature gradient
was large, whereas it approached that for rounded grains
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after the temperature gradient was removed. The dry snow
metamorphism factor (DSM factor), which indicates the
developmental stage of faceted crystals, was used to model the
shear strength increase under equi-temperature conditions. The
DSM factor indicates the shear strength through an empirical
equation for rounded grains or faceted crystals.

The DSM factor is approximately 0 for rounded grains
and 1 for faceted crystals. The increase rate of shear strength
(decrease rate of the DSM factor) during equi-temperature
metamorphism showed a positive correlation with the snow
temperature. A new parameterization for the decrease in the
DSM factor during equi-temperature metamorphism was
developed and implemented in the numerical snowpack model
SNOWPACK.

3ABUCUMOCTD YBEJINYEHUSA TPEJAEJIA ITPOYHOCTHU AJI51
I'PAHHBIX KPUCTAJUVIOB TP N3OTEPMHUYECKOM
METAMOP®U3ME OT TEMITEPATYPbI CHETA

Hiroyuki Hirashima', Osamu Abé’, and Atsushi Sato’
ISnow and Ice Research Center, National Research Institute for
Earth Science and Disaster Prevention, Japan
2Shinjo Branch of Snow and Ice Research Center, National Research
Institute for Earth Science and Disaster Prevention, Japan

Pa3pbiB ClIOEB TPaHHBIX KPUCTAIJIOB, MM TIIyOWHHOU W3-
MOpPO3H, C HU3KMM IPEIEIOM IPOYHOCTH, SIBISAETCS OAHOU
13 MPUYHMH CXO/la CyXHX IUIaCTOBBIX JIaBUH. TakuM oOpazom,
OIIpeNIeIICHUE IPE/IEIIa IPOYHOCTH CJIOEB IPAHHBIX KPUCTAJIOB
BaYKHO JIJIS1 ONIPEJEIICHUS] YCTOWYMBOCTH CHEKHOTO ITIOKPOBA Ha
CKJIOHaX. XOTs ONPENCIICHUE YBEINYECHUS IIPeieria IIPOYHOCTH
CHera IpH U30TEPMUYECKOM MeTaMop(du3Me He MEHEe BayKHO
JUISL OTIPEJEIIEHUS] YCTOMYMBOCTH CHEKHOTO ITIOKPOBA Ha CKJIO-
HE I10CJIe TOro, KaK CJIOM IpaHHBIX KPUCTAJIOB OyleT morpe-
OEH IOJ] CJI0EM CBEXKEBBIMABILIETO CHEra, KOJIMYECTBEHHBIE Xa-
PaKTEPUCTUKH 3TUX M3MEHEHUH 10 CUX IOp MapaMeTpU3Upo-
BaHbI B CJ1a00H CTENEeHH.
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B npexacraBneHoM HccieOBaHUM H3MEHEHHE Tpejierna
MPOYHOCTU TPAHHBIX KPHCTAJUIOB TOJ BIMSHUEM H30TEPMHU-
YeCKOro Metamopdusma Onpenessiiocs B Ja0OpaTOPHBIX HC-
CIIEJIOBAHUAX U 3aTeM MapaMeTpU3NpoBalioCch. Temmeparypa
BO3/yXa U TeMIlepaTrypa B IMOJOIIBE CHEXHOW TOJIIU MOAOH-
panach Tak, 4ToObl Ha 9-THEBHBIN MEPHOA CO3AaTh OONBIION
rpagueHT temmneparypsl. [Ipu GompIux TeMnepaTypHBIX rpa-
JUEHTaX XOPOIIO PACTYT rPaHHBIC KPUCTAIIBL. 3aTeM BMECTO
TEMIIEpaTypHOTO IpaueHTa Ha IEpUO 55 THEH yCTaHaB/IMBa-
JUCh U30TepMHUueckue ycioBus (-2, -5, -10 u -15 °C). Bo Bpe-
Msl KCTIIEpUMEHTA IJIOTHOCTh U MPEesl MPOUYHOCTH CHEra u3-
MEpSUIUCH I1IecTh pa3. M3MepeHHbIN mpeaen MpoYyHOCTH CPaB-
HUBAJICS C ABYMS SMIUPUYECKUMHU 3aBUCUMOCTSIMH, OCHOBAH-
HBbIMM Ha TUIOTHOCTU. O1HA U3 3aBUCUMOCTEN COOTBETCTBOBA-
Ja Tpesiey MPOYHOCTH OKPYIIIBIX 3EpEeH, Apyras — IpaHHBIX
KpuctamuioB. 3MepeHHbIN Tpesies1 IpOYHOCTH JOCTHUTrajl pac-
YETHBIX 3HAYEHUH AJI TPAHHBIX KPUCTAJUIOB IMPH OOJBIIOM
rpaJueHTe TeMIIepaTyphl, TOTAA KaK Ui OKPYIIBIX 3€pEH OH
HAYMHAJ COOTBETCTBOBATH PACUETHBIM 3HAYEHUSM I10CIIE TOTO,
KaK TeMIIePaTypHbIA TpajneHT ucyesat. st MogenupoBaHus
pocTa mnpenesna NPOYHOCTH CHEra MpU U30TEPMUUECKUX YCIIO-
BUSX HCIIOJIb30BAJICS ITOKa3aTesb MeTaMop(du3ma cyxoro cHera
(mokazarenr DSM), moka3bIBalOMIUN CTAIUI0 PA3BUTHS TPaH-
HBIX KpUCTaIOB. JTOT mokasarens (DSM) ompenenser mpe-
JIe]l IPOYHOCTU CHETa 4Yepe3 SMIHMPUYECKOe YpaBHEHHUE IS
OKpYIJIBIX WJIM TpaHHbIX KpucrasmioB. [lokazarens DSM npu-
MepHO paBeH 0 ayst OKpyIIIBIX 3€peH U | — Ui TpaHHBIX KPH-
craiioB. CKOpPOCTh YBEJIMUYEHHUsS Ipejena MPOYHOCTU (CKO-
POCTh yMeHbIIIeHUs Mokazaresss DSM) nipu u30TepMuyecKoM
MeTaMmop(hu3Me MOTOKUTEIBHO KOPPEIUpoBaliach C TeMIlepa-
Typoii caera. HoBas mapameTpusanusi yMEHbIICHUS ITOKa3aTe-
1t DSM nipu u3otepMudeckoM MetamopdusMe Obuia peannso-
BaHa B YMCJIEHHOUN Mozenu cHexkHoro mokpoBa SNOWPACK.
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SNOW METAMORPHISM REVISITED: OBSERVATIONS AND
THEORY

M. Schneebeli, H. Lowe
WSL-Institute for Snow and Avalanche Research SLF, Davos Dorf,
Switzerland

Snow metamorphism is the overarching process changing
the physical properties of snow. Recent observations using
micro-tomography give new insight how recrystallization
changes the microstructure. Based on these direct observations
of snow metamorphism we observed features that seem to
contradict the current theories. The temperature gradient in
the experiments was changed in magnitude, frequency and
direction. All these factors were found to be important for the
resulting shape. Two points seem to us most important. The first
point is the formation of rounded snow grains. The formation of
rounded grains is commonly attributed to isothermal conditions
and caused by differences in curvature. We could show that
a similar shape can also be created by sinusoidal temperature
gradients. The second point is the formation of facets. The
formation of facets is hitherto considered to occur only above
a threshold of more than 5-10 K m!, depending on the author.
However, our experiments show that facets occur even under
isothermal conditions, as expected theoretically. Secondly
facets do not appear at high temperature gradients if the local
vapor diffusion field is changing sufficiently. Based on these
observations, the physical processes in a snowpack have to be
interpreted with caution. We discuss the consequences for the
interpretation of snowpacks.
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HNEPECMOTP METAMOP®U3MA CHEI'A: TEOPUS
N NCCIEJOBAHMUS

M. Schneebeli, Lowe
WSL-Institute for Snow and Avalanche Research SLF, Davos Dorf,
Switzerland

Metamop¢usMm cHera sBISETCS MPOLECCOM, 00yciaBIuBa-
IOUIMM M3MEHEeHHe (QU3MUecKUX CBOWCTB cHera. [locienHue
HCCJIEOBAHUS C HCIIOJIBb30BAHUEM KOMIBIOTEPHOM MUKpPO-
TOMOTpaduu MO3BOJISAIOT IO HOBOMY B3IVISIHYTh Ha IIPOIIECC U3-
MEHEHUS! MUKPOCTPYKTYPbI CHETa (8 PYCCKOA3bIYHOU Aumepa-
mype pazoensaemcs Ha MepMUHbl «CMPYKMypay» u «mexkcmypay
— npum. peoakyuu) TIpyu €ro nepekpucramumsanuu. Ha ocHo-
B€ NpPSAMBIX HAOMIOEHHUH 3a MeTaMOp(pHU3MOM CHEera Mbl 00-
HApY>KWIN psAZl 0COOCHHOCTEH, KOTOpPbIE BBIMISAST HPOTHUBO-
peyvanyMM CyLIECTBYIOIUM TeopusiM. TemmeparypHele Tpa-
JUEHTBHl B SKCHEPUMEHTAaX MEHSUIUCh IO BEJIMYMHE, 4acTo-
T€ U HarpasieHHI0. Bce GakTopel oka3aiu CUIbHOE BIUSHHE
Ha (OpMBI pacTylMX CHEXHBIX Kpuctaniaos. Hanbonee Bax-
HBIMH INIPEACTABIAIOTCA [Ba NojoxeHus. [lepBoe nonoxenue
—(hopMUpOBaHUE OKPYINIBIX CHEXHBIX 3&€peH. OOBIYHO 00BsiC-
HSIOT, 4TO (POPMHUPOBAHUE OKPYTIBIX CHEKHBIX 3EpPEH CBsI3a-
HO C M30TEPMUYECKHMHU YCIOBUSMHU M OOYCIOBJICHO pa3HOU
KPUBHU3HOHN MOBEPXHOCTH. MBI MOXEM I10Ka3aTh, YTO IMOI00-
Hasi (opMa CHEXHBIX 3EpeH 00pazyercs MPU MPUIIOKEHUHU CH-
HYCOUJAJIBHOTO I'PalueHTa TeMIieparypsl. Bropoe nonoxenue
— 910 (hOPMHUPOBAHUE I'PAHHBIX MOBEpXHOCTEH. B pa3HbIX pa-
00Tax MPUHATO CUUTATh, YTO TPAHU 00PA3YIOTCS TPHU TPATUCH-
tax Oompimx 5 — 10 K M. OfHako Hamm 3KCIepUMEHTHI 0~
Ka3aJM: KaK Y [IpeJCcKa3blBaeTCs TeOpUeil, rpaHu pOpMUPYIOT-
Csl M IIPU U30TEPMUUYECKUX ycioBusX. [Ipu aToM rpanu He mo-
ABJIIIOTCS NIPU BBICOKUX TPAJIMEHTaX TEMIIEpaTyphbl, €CIU JIO-
KajbHOE nosie 1upy3un BOJSTHOTO Mapa U3MEHsEeTCs B 10CTa-
TOYHOM creneHu. Micxoas U3 pe3ynbsTaToB HallluX HaOIoaeHu,
K MHTepHnpeTauuu GU3NYeCKUX MPOIECCOB, MPOUCXOIAIINX B
CHEKHOW TOJIIIE, HAJO MOAXOAUTh C OCTOPOKHOCTBIO. B pa-
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00Te MPUBOIUTCS OOCYKICHHE PE3yIbTaTOB HAIIMX HCCIEN0-
BaHI/Iﬁ JUIA O6’bSICHeHI/I$I Hpoueccms, HpOI/ICXOI[SIH_[I/IX B CHCXK-
HOMU TOJIIIIE.
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Pa3znea V. Pa3Hble BOIPOCHI CHErOBeACHUS.

Part V. Different aspects of snow studies.

215



BJIMSIHUE CHEKHOI'O IIOKPOBA
HA MOP®OJINTOJUHAMHNYECKHAE CBOMCTBA
HNECYAHBIX IJIS)KEA CYBAPKTUYECKHAX MOPEM

Agpanacves B.B.', JKupyes C.IL°, Oxonnuvtit B.U.’
I Vupeacoenue Poccutickotl akademuu HayKk
HUnemumym mopcrou eeonocuu u eeousuxu J{BO PAH,
2. IOxcno-Caxanunck, Poccusa
2 Vupeoswcdenue Poccuiickoil akademuu nayk Caxanunckutl ¢hunuan
Lanvnesocmounoeo 2eonocuueckozo uncmumyma /[BO PAH,
2. FOosucno-Caxanunck, Poccus

BnusiHue cHeXXHOro MoOKpoBa Ha IMpoMep3aHue—OTTauBa-
HUE MEeCYaHbIX M MEeCUAHO-TAJICYHBIX IUISKEBBIX OTIIOXKEHHM
B YCJIOBHAX BO3ICHCTBUM OTKPBITOTO MOPSI UCCIIENOBAIOCH B
CBSI3U C IMPOOIEeMOI M3MEHEHHs BOJHOTACALIMX CBOMCTB IUIS-
’Ka MPpU NEPEX0/ie K OTPULIATENIbHBIM CPEAHECYTOYHBIM TEMIIE-
parypam Bo3ayxa. Hamu Ob110 OTMEUEHO, YTO B YCIOBUAX OJI-
HOPOJIHOTO OEperoBoro ycTyma, pu CpaBHUMBIX MapaMmeTpax
ska (OCHOBHOM BOJTHOTACAIIEH CTPYKTYpPbI) U THIPOIUHA-
MHUYECKOTO BO3AECHUCTBUS (IPWINBBI, HArOHBI, AJUHHbBIE U Be-
TPOBBIE BOJIHBI) Han0oOJIee MHTEHCUBHBIN pPa3MbIB IPOUCXOIUT
B HOsAOpe - stHBape. B 3TOT mepuoa Ha BEpXHHUX YPOBHsX Oe-
peroBoro npouisi, KOTOPbIE SBISIOTCS BOTHOTACSITUMHE IS
LITOPMOBBIX YCIOBHM NMPU MAKCUMAaJIbHBIX MPUIUBaX, IPOMC-
XOJIUT TPOMEp3aHHUE IUISHKEBBIX OTIOKEHMH M O0OyCJIOBJIECH-
HOE 3THUM YyXYALICHHE MX BOJHOTracALIMX CBOMCTB. Bwimase-
HHUE 1 METeJIeBOe MepepacipeiesieHne CHera o mpoguio cy-
IIECTBEHHO MOJAETUPYET MOP(OINTOANHAMUYECKHUE CBOMCTBA
IUISDKA B 9TOT MEPUO/L.

Habnronenus npoBogwinch Ha ABYX MOP(OIUTOIUHAMMU-
YeCKHUX CTBOpax Ha nobepexbe 3anuBa Tepnenus o. Caxa-
nuH. [lepuon nabmonenuit cocrasun 3.5 mec., ¢ 14.11.2010 mo
29.03.2011. HccnenoBanuch CTPYKTypa CHEXHOIO IOKpOBA,
TEMIEPATYPHBIA PEXKUM, TEIUIONPOBOIHOCTD, U €0 paclpese-
JICHUE TI0 TPOQIITIO TUIsKA. MOIIHOCTh CHEKHOTO TTOKPOBA Ha
npodwsix uzmensuach ot 0,4 1o 1,5 M, IIOTHOCTH 1O pa3Ho-
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Bo3pacTHbIM citosiM 0T 300 no 440 kr/m?. OTIOKEHUS TUISHKA B
HOsI0pe ObUIM HCCIeI0BaHbl METOJOM IUISDKEBBIX pa3pe3oB, B
nepuo/ HaOMIOICHU U3MEPSITUCH MOIIIHOCTh IIPOMEP3aI0IIETO
CJIOSl M TeMIIEpaTypa OTIIOKEHUH 1o pa3pesy.

K cepenune nexaOpsi TONIIMHA MEP3JBIX TIUISHKEBBIX IIe-
CKOB Ha BEpXHHUX 3JieMeHTax npoduis gocturana 0.15-0.20 m.
BrimaBmmii B mocnenHei nekaae nexkadps cHer ObUT mepepac-
npeesieH METENbI0 K TIOAHOXKHUIO OEperoBoro ycryra, rie ero
MOILHOCTh K CE€pelMHe SHBaps JocTuraiga ogHoro merpa. Ha
OCHOBHOI 4acTH IJIsKa CHEXKHOTO MTOKPOBA B 3TOT MEPUOJ] HE
Habmonanock. [Ipomep3anue msHKeBbIX OTIOKEHUN Y 6epero-
Boro ycryna coctasisiio 0.03 M, B cpeaneii yactu (6e3 CHEX-
Horo nokpoBa) 10 0.40 M, y ype3a OTJI0XKeHus IUishKa He Tpo-
Mep3aiau. B yciioBusX OTKpBITOrO MOpsi, B 30HE 3aIlJIECKa Ha-
omonanock popMupoBaHKUE HaJIEIU MOITHOCTHIO 10 0.50 M.

Cuexuas Tomma Ha 03.02.2011 cocrosuia U3 6 OCHOBHBIX
ci0eB, C(HOPMUPOBAHHBIX BO BpEMSl CHEromajioB, COMPOBO-
KIaBIINXCA METESIMU, B ieKaObpe-sHBape. TonHa CHeKHO-
o NOKpOBa B cpeAHel yactu misxka cocrasisuia 0.40-0.50 m, y
OeperoBoro ycrymna 1.5 M. MOIIHOCTE MPOMEP3IIETO CIOS TSI~
KEBBIX OTJIIOKEHUH 3a SIHBaph Mecsll He u3MeHunach. Halumo-
JeHus nocuennero nepuoaa (29.03.2011) napsay ¢ usmepeHu-
SIMU TTapaMETPOB CHEKHOTO MOKPOBA U TUISKEBBIX OTI0KEHHM
BKJIIOYAIIA OTpEAENICHUE XapaKTePUCTHK 3allIECKOBBIX Haje-
JIeH.

Takum oOpa3oM, Termao(pu3nIecKrue CBOMCTBAa CHEra urpa-
IOT CYIIECTBEHHYIO POJIb B CE30HHBIX U3MEHEHUSAX MOP(OIH-
TOJUHAMHYECKUX CBOMCTB IJISKEBBIX OTJIOKEHHI.

CHEXHBIH TTIOKPOB BBICOTOM 00JIee OTHOTO METpa B BETPO-
BOIl TeHU OEpPEeroBOro ycTymna HU3KUX MOPCKHX TOJIOIIEHOBBIX
Teppac MaJjio TOro, YTO UCKIIIOYAET IPOMEP3aHUE, KaK OTIIOKE-
HUH THUJIOBOM 3aKpauHbI IUISHKA, TAK M COOCTBEHHO OEPEroBOro
yCTyIa, HO U OKa3bIBa€T HA HUX PACTEIUISIOIIEE BO3ACHCTBHE.
CHexHbI TOKPOB BeICOTOM O0see 0.40 M HCKITIOYAET TaIbHEH-
11ee MpoMep3aHue MISHKEBBIX OTIIOKEHUH.
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THE SNOW MANTLE INFLUENCE ON MORPHODYNAMIC
PROPERTIES OF THE SAND BEACHES OF THE SUB-ARCTIC
SEAS

V.V. Afanasiev', S.P. Zhiruev’, V.I. Okopnii’
IInstitute of Marine Gelogy and Geophysics of Far East branch of
Russian Academy of Sciences,
Yuzhno-Saknalinsk, Russia
? Sakhalin Department of Far East geological institute of Far East
branch of Russian Academy of Sciences,
Yuzhno-Sakhalinsk, Russia

The snow mantle influence on the straight-freezing and
defrostation of the sandy and sandy-alluvium beachfront’s
formations which were under the influence of the high seas
was investigated because of the problem of changing the
wave’s stifled properties of the beach when temperatures led
below-freezing daily average mark. We found out that under
the conditions of isotropic beach scarp if we have comparable
parameters of the beach (the main wave’s stifled structure) and
hydrodynamic influence (floodings, pileups, long waves and
wind-generated waves) the most intense washaway takes place
in the period from November till January. During that period
at the upper levels of coastal profile which are wave’s stifled
for storm conditions when there are maximum floodings, takes
place the straight-freezing of sediment beach formations and
due to that factor the wave’s stifled properties become worse.
Snowfall and redistribution of snow along profile due to the
snowstorms substantially simulate morphodynamic properties
of the beach during that period.

Observations were made on two morphodynamic gauges on
the gulf of Terpeniya Sakhalin island. Observation period was
3.5 months. from 14.11.2010 to 29.03.2011. We investigated
the structure of snow cover, temperature, thermal conductivity,
the distribution profile of the beach. Snow cover on the profiles
varied from 0,4 to 1,5 m, the density of different age strata from
300 to 440 kg/m>. The deposits of the beach in November, were
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investigated by sections of the beach, during the observation
period were measured power freezing layer of sediment and
temperature in the section.

By mid-december, the thickness of the frozen sands on the
top element of the profile reached 0.15-0.20 m. Precipitate
in the last week of December the snow was blowing snow is
redistributed to the foot of the coastal scarp, where his power by
mid-january as high as one meter. The main part of the beach of
snow during this period was not observed. Freezing deposits at
the foot of the marine terrace cliff is 0.03 m in the middle part
(without snow) to 0.40 m in the shoreline sediments beach does
not freeze. In the open sea, in the splash zone was observed the
formation of ice up to 0.50 m.

Snow thickness on 03.02.2011 consisted of 6 main layers
formed within snowfall accompanied by a snowstorm in
december-january. Snow cover, which appeared in the middle
of the beach was 0.40-0.50 m and near 1.5 m at the foot of the
marine terrace cliff. Capacity of the frozen layer of sediment
for the month of january has not changed. Observations the last
period (29.03.2011), along with measurements of snow cover
and sediment beach formations, include characterization ice
slush berms.

Thus, the thermophysical properties of snow, play a
significant role in seasonal changes morolitodinamicheskih
properties plyazhevyh deposits.

Snow cover height of one meter in the wind shadow of
the beach scarp low Holocene marine terraces is not enough
that excludes freezing, as the rear rim deposits of beach
and waterfront property of the bank, but also renders them
rasteplyayuschee impact. Snow cover is higher than 0.40 m
preclude further freezing beach deposits.

219



OIPEAEJEHUE KOOOPUIUEHTOB CTANBAHUSA
CHEKHOTI'O IIOKPOBA HA PABHUHAX U B T'OPAX
KA3AXCTAHA

bnazosewenckuit B.I1.', Kayazoe A. M.%, Cesepckuii U. B."
!Hnemumym eeoepaghuu, 2. Anmamet, Kazaxcman
Unemumym kocmudeckux ucciedosanui, e. Aimamol, Kasaxcman

PaccMoTpeH onbIT onpezneneHuss MaKCUMaJIbHOTO CHErOHa-
korieHust (W, MM) B yCJIOBUSIX PaBHUHHOTO M TOPHOTO peJibe-
(a Ha OCHOBE METO/1a TEIJIOBOT'O MPOSIBICHUS CHETO3aIIacoB U
JAHHBIX TUCTAHIIMOHHOT'O 30HIUPOBAaHUS 3€MJIU U3 KOCMOCA.

KittoueBbIM 351eMEHTOM METO/a TEIJIOBOTO MPOSBICHHUS SB-
nseTcs ko3 puuurent crauBanus cHera K — BOIHBIH KBUBa-
JIEHT CJI0sI CTAsIBILIETO CHera, nmpuxoasmuiics Ha 1 °C nonoxu-
TEJIbHON TeMIIepaTypbl BO31yXa.

Jnst pacueta k03¢ GUIMEHTA CTAUBaHUS B YCIIOBHUIX PaBHU-
HBbI NCIIOJIb30BaHbI JAHHBIE O TEMIIEpAType Bo3yXa B 15 yacos
MECTHOro BpeMeHH 1o 16 mereocranuusam CeepHoro Kazax-
craHa 3a nepuon ¢ 2001 mo 2009 r.

JlaTbl Ha4ajla CHETOTAssHUSI U pa3pyLIEHHs] CHEXKHOIO IIO-
KpOBa OIpPEIEsUINCh 110 KOCMHUYECKUM CHUMKAaM CO CITyTHH-
k0B NOAA u MODIS 1 Ha ocHOBe aHaJIn3a XpOHOJIOTHYECKUX
rpauKOB BBICOTHI CHEKHOTO MOKPOBA, TEMIIEpaTyphl BO3IyXa
U CyTOYHBIX CYMM OCAJKOB IO JIaHHBIM Ka)/J0H MeTeoCTaH-
117078

JInst AMCTaHIMOHHOW OLIEHKH TEMIIepaTypPHBIX XapaKTEpH-
CTHK Pa3IMYHbIX OOBEKTOB HA MOBEPXHOCTU 3e€MJIM OOBIYHO
ucnonb3ytorcs kananet 4 (10,3-11,3 mxm) u 5 (11,5-12,5 Mxm)
panuomerpa NOAA/AVHRR. Pacyetsl o TaHHBIM yIIOMSIHY-
Thix MeTeocTanuii CesepHoro Kazaxcrana 3a 2007 roxg mo-
Ka3aJld, 4TO TasHUE CHEXHOTO MOKPOBA OTMEYAETCS NP 3Ha-
YCHUU PAJIUOSPKOCTHOM TeMrieparypsl T B 4€TBEPTOM KaHase
AVHRR or 269 u Bbite. 3Ha4enus T NOACTHIIAOIIEH TOBEPX-
HOCTH XOPOLIO COMIACY€eTCsl ¢ TEMIIEpaTypoi BO31yXa.

Koapunuent koppensinun Mex1y TeMIeparypoi Bo3ayxa
Y TeMIEpaTypoi MOJACTHIIAIOIICH MOBEPXHOCTH (CHET, TI04YBa),
paccuntanHslil 17151 Becex MC, coctaBui 0,91.
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[Tomy4ennpiii mopor T, ObLT BepUOULIMPOBAH MO JaHHBIM
2009 roga. ConocraBieHue JaHHBIX MOKa3aj0, YTO MOIpel-
HOCTb B OIIPE/ICTICHUH AAThl Hayajla CHETOTasHUs HE IIPEBbIIIa-
eT 3-X JHEMN.

Bcero B ycnoBusix CeepHoro Kaszaxcrana nomyueno 124
3HaueHus ko3 dunueHToB crauBanus. CoriacHO pe3ynbTaraM
ucclieIoBaHUN, KO3((UIMEHT CTauBaHMUsA XapaKTepU3yercs
3HAYUTENHHOU M3MEHYMBOCTHIO: OT 0,77 mo 4,88 mm/oC, npu
cpennem snadenun K = 1,99 mm/oC.

B kadyecTBe MOAeNpHOTO ydacTka B TOPHOM pailoHe OBbLIH
B3sThI Oaccelinbl pek Manas u bosnbiiast AnMaTuHKY Ha ceBep-
HOM ckJIoHe 3aunuiickoro Anaray. Ha 3Ttom yuyacTtke neicTBy-
I0T 5 METEOPOJIOTMYECKUX CTaHIMM, PaclolOKEHHbIX Ha BbI-
corax oT 1350 10 3440 M H.y.M 1 14 IyHKTOB CHETOMEPHBIX Ha-
omonenuit Kasrugpomera B nuanazone BoicoT ot 1300 mo 3500
M. MccnenoBanus nposoaunucs B nepuon ¢ 2005 mo 2010 . mo
TOH 7K€ METOJIUKE.

Koa¢¢punmentsl ctauBaHus CHEXXHOTO MOKPOBA HA METEO-
CTaHLUAX PACCUMTHIBAIUCH MO (PAKTHUECKUM JaHHBIM O Cpej-
HUX CyTOYHBIX (71100 B cpok 12 yac.) Temmneparypax Bo3ayxa,
OCaJIKax U CHerosamacax.

B nepuon TasiHUsSI CHEXKHOTO MOKPOBA JUIsl KaXKIA0r0 UHTEP-
Bajia MEXJ1y M3MEpPEHUSIMU CHEro3anacoB ONpEAeIsINCh TPU
XapaKTEePUCTUKHU: Pa3HOCTb CHErosamaca, CyMMa TBEpAbIX
0CaJIKOB M CyMMa IOJIOKUTENbHBIX TEMIIEPATYP BO3AyXa.

PacueT k03¢ GUIMEHTOB CTauBaHUs Ha CHETOMYHKTaxX Mpo-
BOJIMJICS 32 TIEPUOJL C AAThl OCIEAHEN CHETOCHEMKH JI0 ATl
CXOZla CHEKHOTO IOKPOBA, ONPEAEIEHHOW MO KOCMHUYECKUM
CHMMKaM.

TeMnepaTypbl BO3yXa U OCaJKHU 3a IEPUOJ CXOJa CHEXHO-
r'0 MOKPOBA PACCUUTHIBAIMCH 33 KAXKAbIE CYyTKH MHTEPIIOJISALH-
€H 110 BBICOTE I10 IaHHBIM METEOCTaHIIUMH.

Koaddunmentsl cranBanus Ha 1 °C CyMMBI MOJOXHUTEb-
HBIX CpPEAHECYTOUHBIX TEMIEpaTyp BO3AyXa HaXOIWIHCh B
npenaenax ot 2,7 no 6,4 mm/°C. Cpeanee 3Hauenue — 4,1 mm/°C.

[Ipu pacuere ¢ MCNONB30BAHUEM CYMMBbI Temreparyp B 12
yacoB qHs KcT Haxoauics B mpenenax ot 1,2 mo 3,2 mm/°C ipu
cpenHem 3HaueHuu 2,2 Mm/°C.
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Ha ocHoBe cpennero 3HaueHus Benu4uHbl K W J1aHHBIX
AUCTAHIIUOHHOI'O 30HJAUPOBAHUA BO3MOKCH PaCdCT MaKCHU-
MaJIbHBIX CHEro3armacoB JIsI HAUMCHCEC H3YUCHHOI'0 BBICOKO-
TOPHOTO TOsICa CO CPpeaHEN OTPEITHOCTHIO 24%.

CALCULATION OF THE COEFFICIENTS OF SNOW MELTING
IN THE PLAINS AND MOUNTAINS OF KAZAKHSTAN

V.P. Blagoveschenskiy', A.M. Kauazov’, L.V. Severskiy'
!Institute of geography, Almaty, Kazakhstan
’Remote sensing research Institute, Almaty, Kazakhstan

The experience of calculation of the maximum snow
accumulation (W, mm) in the plains and rugged mountainous
regions on the basis of the method of thermal manifestation of
snow-reserves, using remote sensing data, is considered. A key
element of this method is the coefficient of snow melting Cm,
or the water equivalent of the layer of snow melted at 1°C of
positive temperature.

For the calculation of the coefficient of melting in smooth
terrain the data on air temperature measured at 15 o'clock of the
local time at 16 meteorological stations in Northern Kazakhstan
for the period from 2001 to 2009 were used. The dates of the
beginning of snow melting and complete decay of the snow
cover were determined using NOAA and MODIS satellite
data, and also from the observation data on the snow depth,
air temperature and daily precipitation at each weather station.

For the remote evaluation of temperature characteristics
of different objects on the Earth's surface the bands 4 (10,3-
11,3 um) and 5 (11,5-12,5 pm) of the radiometer NOAA /
AVHRR are usually used. Calculations based at the records of
the mentioned wether stations of northern Kazakhstan in 2007
showed that the melting of snow cover can be observed at the
value of radio-brightness temperature Tb in the AVHRR band
4 from 269 and greater. The values Tb of underlying surface
is in good agreement with the air temperature. The coefficient
of correlation between air temperature and land surface (snow,
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soil) temperature, calculated for all whether stations, makes
0.91.

The resulting threshold Tb was verified according to the
data of 2009. Comparison of the data showed that the error
in determining the date of beginning of snow melt does not
exceed 3 days.

Totally in northern Kazakhstan there were calculated 124
melting coefficients. In studies, the values of the coefficient of
melting vary considerably: from 0.77 to 4.88 mm / °C, while
the average Cmis 1.99 mm/° C.

As a test site the basins of the Little and Big Almatinka
Rivers, flowing from the northern slope of the Zailiyskiy Alatau,
were taken. In this area 5 meteorological stations are located at
the altitudes ranging from 1350 to 3440 m a.s.l., and 14 sites
of snow surveys carried out by the KAZHYDROMET at the
altitudes from 1300 to 3500 m a.s.l. The study was conducted
in the period from 2005 to 2010 using the same methodology.

The coefficients of snow melting at the meteorological
stations were calculated using data of regular records of
the mean daily air temperature (or measured at 12 o’clock),
precipitation, and snow cover. During the period of melting of
snow cover three characteristics: the decrease of snow-water
equivalent, sum of solid precipitation and sum of positive air
temperatures for each interval between measurements of snow
cover were determined. Calculations of the coefficients of
melting at the sites of snow surveys were made for the period
from the date of the last snow surveys to the date of the decay
of snow cover derived from satellite images. The daily air
temperature and precipitation for the period of decay of snow
cover were calculated for different elevations by interpolation
using readings of the weather stations.

The coefficients of melting of snow per 1°C of the sum
of positive daily average air temperatures vary from 2,7 to
6,4 mm /°C, while the average value is 4,1 mm /°C. If in the
calculations the sum of temperatures at 12 o'clock was used,
Cm varies from 1,2 to 3,2 mm /°C, and the average value is 2.2
mm /°C. As it was found, the use of the average values of Cm
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in combination with remote sensing data makes it possible to
calculate the maximum snow accumulation in the insufficiently
studied alpine zone at the average error 24%.
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PACITIPEJEJEHUE CHEKHOT'O TIOKPOBA HA JIEJHUKAX
AJBJIETOHJIA M 3ATIATHBIN T'PEH®LOP] (IIMTUIIBEPTEH)

Conoswvanosa U.I0., Casamiwozun JI.M.
Tocyoapcmeennoe yupesicoenue
«Apxmuueckutl U AaHMAPKMULECKUL HAYYHO-UCCTIe008AMENbCKULL
uncmumymy, 2. Cankm-Ilemepoype, Poccust

[IpencraBieHsl pe3ynbTaThl HUCCIENOBAHUNA TUHAMUKHU
OCHOBHBIX XapaKTEPUCTUK CHEXKHOTO MOKPOBA HA JEIHHUKAX B
OKPECTHOCTSIX Mmoceika bapeHnOypr, paccMOTpeHbI POCTPaH-
CTBEHHBIE 3aKOHOMEPHOCTH PACTIPEICICHHUS XapaKTePUCTHUK
CHEKHOTO MokpoBa 3a nepuog 2003-2009.

[To MHOrONMETHUM HAOMIONEHUSIM Ha apXuIenare BbIMaja-
et oxono 480 MM TBepabix ocankoB B roa (80% ot romoBoi
cymMmbl). CpeiHMEe 1aThl CTAHOBJIEHUSI CHEXXHOTO MOKpoBa — 15
CEHTSIOps, TIOJNHBIA CXOJ] CHEXHOTO IOKpOBa OTMedaercs 22
utoHs. [IpogomKUTENbHOCTD 3a7eTannsi CHEXKHOTO TTOKPOBa —
280 nueut. CpenHsisi BBICOTA CE30HHON CHErOBOM JIMHHUM 32 UC-
cieayemslil mepuos paBHa 500 m.

BricoTa CHEXHOTO MOKpPOBa Ha MOBEPXHOCTSIX JIGTHUKOB
Anpneronna u 3amagasiii [péudbopn ummeer OumomanbHOE
pacnpezeneHue, nepBblil NUK, paBHbI 170 cM, onuckIBaeT co-
CTOSIHME CHEKHOTO TTOKPOBA Ha CyOrOPU30HTAIBHBIX ydacTKax
JIEIHUKOB, BTOPOU MUK MPUYPOUYEH K CKIIOHOBBIM YaCTSIM BOJIO-
cOopa, rae HabIoaaeTCsl YBEIMUCHHUE BBICOTHI CHera Ha 20—65
CM OT CpPEIHEro mo JIeAHUKY 3HaueHHs. CTaTUCTUYECKH 3Ha-
9rMasi 3aBUCUMOCTh BBICOTBI CHEIKHOTO TMOKPOBA OT a0COIOT-
HOW BBICOTBHI BOOCOOpA, XapakTepusyercs: Kod(h(hUIeHTOM
nerepmuHaiuu 0,76. UHTeHCUBHBIE TPOIIECCHI CHETOTIEPEHO-
ca CrocoOCTBYIOT U3MEHEHHIO BBICOTHI CHEKHOTO ITOKPOBA Ha
JIeIHUKAX B HEOONBUINX MpeesiaX B 3aBUCUMOCTU OT JIOKaJIb-
HbIX ycioBuil. CpelHue 3HaY€HUsl BBICOTHI OTMEUYAOTCS HA OT-
HOCHUTEJIBHO MOJOTUX POBHBIX CKJIIOHAX, MUHUMAaJIbHbIE HA BbI-
MYKJIBIX Y9acTKaX JIGTHUKOBBIX CKJIOHOB. HanOombImast Mori-
HOCTh CHEXXHOTO TMOKpOBa HAONIIONAeTCs B IIMPKAX U B TPH-
CKJIOHOBBIX YaCTSX JIEJIHUKOBBIX ITOBEPXHOCTEH.
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OTMe4eHO yBEJIMYEHUE TUIOTHOCTH CHEXKHOTO IMOKpOBa K
BepxoBbsiM JieqHuKoB 0T 0,29 1/cm® no 0,46 r/cm’. Beicokue
3HAYEHUs TUIOTHOCTHU CHETa, MPEeXe Bcero, o0ycIOBICHBI Ha-
JUYUEM B CHEXXHOU TOJIIE OOJIBIIOTO YHCJIA JIEJSTHBIX KOPOK
Y TIPOCIIOEB METaMOP(U30BAHHOTO CHETa Pa3IMYHON MOIIHO-
ctu. KonmnuecTBo neasHbIX TPOCIOEB B CHETOMEPHBIX IIypdax
coctaBisieT 810, a ux MomIHOCTHL U3MeHseTcs ot 0,5 10 5 ¢,
YTO CBHJIETEIBCTBYET O HECTAOMJIBHBIX MOTOJHBIX YCIOBHSIX
MepuoJia CHETOHAKOIIJICHHUS, YaCTOTE OTTEIeNeH U UX MHTECH-
CHBHOCTH.

MaxkcuMalibHbI€ 3aMachl BOJIbI B CHETE COJIEPIKATCS B ThLIO-
BBIX YaCTSAX TOPHOTO OOpaMJICHHS JICTHHKOBBIX BOIOCOOPOB,
MOJIyYaroluX JOMOJIHUTENbHOE MUTAHUE 3a CUeT cXofa Ja-
BHH C MIPWIETAIOIINUX CKJIOHOB. MccnenoBanus pacipeeneHus
CHEXKHOTO IMOKpoBa Ha Jieaaunkax [Inundeprena BeISIBUIIA 9€T-
KYI0 3aBUCUMOCTBH YBEIWYECHHUSI BEJIMYMH CHET03aracoB C po-
CTOM a0COJIFOTHOM BBICOTHI MECTHOCTH, MHOT/IA HAPYIIAEMYIO
Ha y4dacTKax JieJ0pa3aenoB. BeICOTHBIN rpaueHT cHero3amna-
COB TI0 HAIIMM JAaHHBIM B cpeqHeM paBeH 240 mm/100 M, amns
JICTHUKOB PACIIOJIOKEHHBIX Ha 3alagHOM IMOOepexbe 3emMin
Hopnenmenbaa, 4To XOpoUIo COmiacyeTcsl ¢ JaHHBIMU TOJTY-
YEeHHBIMU HOPBEXXCKMMH yueHbIMH 237 MM/100 M, B cpeaHem
JUTSL apxXuIienara rpagueHT cHerosamnacos paseH 104 mm/100 m.

MesxronoBasi U3MEHYHMBOCTh CHEKHOTO MOKPOBA Ha JICTHU-
Kax apxumnesnara cyuniectBeHHa. OJIHaKko, aHaJIN3 MHOTOJIETHUX
JTAaHHBIX CHETOMEPHBIX HAONIOACHUI Ha JICITHUKAX AJIbJETOH-
na, 3anaaseiii [pEadropa mokaszan HaTHIue TOJI0KUTESITLHOTO
TpPEHJa B 3HAUCHUSX CPETHUX BBICOT CHE)KHOTO IMMOKPOBA 32 UC-
CJIEAYEMbI MEPHUO/I.
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SNOW DISTIBUTION ON ALDEGONDA AND WEST
GRONFJORD GLACIERS (SPITSBERGEN)

1. Solovyanova, L. Savatyugin
Arctic and Antarctic Research Institute, St. Petersburg, Russia

The results of studies the dynamics of snow cover basic
characteristics on glaciers around Barentsburg was examined
spatial patterns of distribution of the characteristics of snow
cover over the period of 2003-2009.

According to long-term observation on the archipelago is
about 480 mm of solid precipitation in a year, their share is
about 80% of the annual amount. The average date of the snow
cover formation is about 15th of September, a full descent of
the snow cover observed about June 28. The duration of snow
cover about 280 days. The average height of the seasonal snow
line for this period is 500 m.

The snow cover on the glacier surfaces of Aldegonda
(Aldegondabreen) and West Gronfjord (Vestre Gronfjordbreen)
glaciers has a bimodal distribution, the first peak is equal to 170
cm, it is describe the state of snow cover on the subhorizontal
sections of glaciers, the second peak is confined to the
sloping parts of the catchment, where there is an increase in
the snow heights of about 20-65 cm of the average glacier
value. Statistically significant dependence of snow cover
on the absolute height of the catchment is characterized by
a coefficient of determination 0.76. Intensive processes of
snowdrift help change the height of snow cover on glaciers
within a small range depending on local conditions. Average
heights are observed on relatively flat smooth slopes, the
minimum on convex parts of glacial slopes. Maximum power
of the snow cover is observed in circuses and near mountain
ridges and slopes on the glacier surfaces.

It was marked the increase in the density of the snow cover
to the headwaters of the glaciers from 0.29 g/cm® to 0.46 g/
cm®. The observed high values of snow density, primarily due
to the presence in the snow large number of ice layers and icy
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crust, and metamorphosed snow streaks of various thickness.
Number of ice layers in snow pits is about 8-10, and their
thickness varies from 0,5 to 5 cm each, indicating unstable
weather conditions, snow accumulation period, the frequency
of warm periods and their intensity.

Maximal water reserves in snow contained in the rear parts
of mountain frame glacial watersheds receiving additional feed
by the avalanches from the surrounding slopes. Investigating
the distribution of snow on the glaciers of Spitsbergen showed a
clear dependence of the quantities of snow cover increase with
increasing altitude areas, is sometimes violated at sites of ice
divides. The snow gradient according our data, in the average
is about 240 mm/100 m for glaciers on the west coast of the
Nordenskjold Land, which agrees well with data obtained by
Norwegian scientists 237 mm/100 m, with an average gradient
of snow cover for the archipelago is about 104 mm/100 m.

Inter annual variability of snow cover on the glaciers of the
archipelago is essential. However, the analysis of multiyear
data of snow observations on Aldegonda and West Gronfjord
glaciers showed the presence of a positive trend on the average
snow heights over the study period.

228



BO3MOZKHBIE TIPUYNHBI 'MBEJIN XBOU Y HEKOTOPBIX
PACTEHHW ITPA UX 3UMOBKE B TOJIIIE CHETA

Illeuko B.B., Yaoanenxo C.U.
Yupescoenue Poccuiickoti akademuu nayk Caxarunckuil guiuan
bomanuueckoco caoa-uncmumyma /{BO PAH,
2. IOxcno-Caxanunck, Poccus

B CaxanuHckoM GOTaHMYECKOM Cagy y HEKOTOPBIX XBOMi-
HBIX B IIOCJICAHUEC I'ObI 6BIJII/I OTMCUYCHBI HGO6LI‘IHLI€ TIOBPCIK-
JICHUA. OTHGJIBHBIG Y4aCTKU KPOHBbI BBIXOAWJIN BECHOU n3-110/1
CHEera ¢ oTMepIIend xBoeu. [ BBIICHEHUs NMPUYMHBI MUHYB-
el 3uMoit ObUTO TIPOBEJICHO MCCIICAOBAaHNE U3MEHEHUN TEM-
reparypsl B TOJIIE CHera. BeiieacTBrue HecoBepIIeHCTBA METO-
JIMKH TIOJyYEHHBIE PE3YJAbTaThl MOKHO CUMTATh JIUIIb [IPE/Ba-
putenbHbIMU. [louTn BCIO 3UMy TeMIlepaTypa CHera Ha pa3HbIX
r1yOuHax BapbHupoBajia oT —2° g0 —16°, BronHe obecrneunBas
XBOMHBIM PAaCTEHMSIM YCJIOBUS JJIsl YCIEIIHOM 3uMOBKU. Ho 24
(deBpais, Korja BeicoTa cHera cocTtanisiia ot 45 1o 80 cm, mpo-
et cadblil JOXK/b, JUTMBIIHUICS MOYTH CYTKH. J[0 HElaBHETO
BPEMEHH JIOKIU B MEPUOJ KaJEHAAPHOM 3UMBbl ObLIM Ha rore
Caxanuna peakocThio. K KOHIly 0151 BCSL TOJIIA CHEra Mpo-
rpenack 10 —0,5°. Bechb cnenyromnuii 1eHb Takas TeMneparypa
cHera coxpassiack. Ha colHeUHBIX MecTax, a TakKe B IIPUIIO-
YBEHHBIX CJIOSIX OHA MOBBICHIIACH ITOUTH 10 0°, XOTS BO3AYX BO
BTOPOM MOJIOBUHE AHS oxJiaauiics 10 —4,5°. B teuenue 4 nuei
TEeMIIepaTypa CHera BepHyJack B HOpMy. Bo3ayx k aTomy Bpe-
MEHM OXJaxaajics mo Hoyam g0 —21°. IloBepxHOCTHBIE cllOU
cHera npu Temreparype Bozayxa—11° ocryxanucek 10 —9°. On-
HAKO I10/1 ICKYCCTBEHHO CO3JaHHBIM CHEKHBIM OTBaJIOM BBICO-
toit 120 cM Ha mryOune Huxe 70 cM 710 KOHITA 3UMBI COXPaHSLI-
Csl O4ar Teria, pe3Ko OTIIMYAIOIIMIICS OT BBILIEJIEKAIUX CIIO0-
eB. Crycts 23 AHS mOCIe JOXK/IS ATOT CHET OXJIAIAJICS JIUIIb J10
—3°, a 3aTeM OMSATh NPOU30ILIO HOBOE MOBBIIIEHUE TEMITEPATY-
pb1. OHO OBLTO CBSI3aHO ¢ mporieamuM 19 mapTa HEPOIOIKH-
TEJIbHBIM MOPOCAIINAM JOKIEM.
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IIpoBenenHoe B nanbHeleM 00cIe0BaHIE MTOBPEXKICHHUHA
XBOM Y Pa3HbIX pacTEHUH MOKa3ajao, YTO MUMEIUCh JBE 30HBI
nopaxeHnus. IlepBas — y BeTBel, KOTOpbIE B MECTAaX CHEKHBIX
OTBAJIOB OBUIM MPUXKATHI K TIOBEPXHOCTH TOYBBI, TEMIeparypa
KOTOPOH B KOHIIE 3UMbI HUTJIE HE omycKanack Huxke —0,2°. Bro-
poii ouar MOBPEKICHUM HAXOIUJICS Ha TOM YPOBHE, KOTOPBIH
BO BpeMs 00oux A0kIel pacnonaraics Ha royoune 10-20 cm
OT MOBEPXHOCTH cHera. dakropaMu, yCHIIMBAIOIIMMU ITOBPEX-
JICHUSI B 3TOM spyce, ObUIN I0ro-3araHast SKCIO3UIMs U MpH-
YPOUEHHOCTb K HCKYCCTBEHHO CO3/IaHHBIM CHEKHBIM OTBaJIaM.
To ecTb 3TO OBUIM YHACTKM CHEXKHOM TOJIIIIH, ITOTyYaroIIne J10-
MOJTHUTENIBHOE TEIUIO JTUOO OT COJHIIA, JINOO OT paHee Mporpe-
TBIX JTOXKJIEM INTyOMHHBIX CIIOEB.

N3yueHne BUAOBOIO COCTaBa MOBPEXKIEHHBIX PACTEHUH 110-
Ka3aJl0, 4YTO HEKPO3bl XBOM HAOIIONAIOTCS TOJIBKO y TPEX BU-
JIOB: €]1b KOJIIouasi, €lb KaHaJCKas W eib [JeHa. DTu BHUJbI
MOXHO OOBEAMHUTH B OJIHY IKOJIOT0-(hPU3HOJIOTHUECKYIO TPyII-
ny. Bo-nepBbIX, eb — caMblil KpUODWIBHBIA POJI BEUHO3EIe-
HBIX COCYIMCTBIX pacTeHHil. Enm MakcuMmanbHO aganThpoBa-
Hbl K 3MMHEMY HCCYIIEHHIO, KOTOPOE SBJISETCS INIaBHOM Mpo-
O1emoii mepe3uMoBKH. Bo-BTOpBIX, BCE TpU BUJIa UMEIOT YEThI-
PEXTPaHHYIO XBOIO, KOTOpasi 00€CIeYnBAET JTOMOJIHUTEIbHYIO
3alIUTy OT 3MMHEro uccymeHus. M, B-TpeTbuX, XBOS THIIO-
BBIX Pa3HOBUJIHOCTEHN BCEX TPEX BUI0B UMEET CU3bII OTTEHOK,
9TO 00YCJIOBJICHO BOCKOBBIM HAJIETOM, KOTOPBIA TaKXe HECeT
(YHKLHMIO 3aIIUTHI OT 3MMHET0 UcCyIIeHus. To eCTh MOBPEX-
JEHUSIM [TOJIBEPrajIicCh BUbI, ABISIOLIMECS BEPLUIMHON aanTa-
LMY TOMOMOTUIPUHBIX BEUHO3EJIECHBIX PACTEHUN K 3UMHEMY
HCCYIIEHUI0. MOXHO IPEANON0KHUTh, 4YTO U30BITOK BIIArU MpU
MIOBBIIIEHUH TEMIIEPATypbl B MOKPOM CHETY IIPOBOLIUPYET BbI-
XOJl XBOU 3THUX BHUJIOB U3 COCTOSIHUS 3UMHETO MOKos. [Ipu 3ToM
YCIIOBHS CpEbl B TONIIE CHETa MCKIIOYAIOT YCHEIHbIN (oTo-
cunTte3. Cienyer OTMETUTh, YTO MOJIOJbIE AK3EMILIISIPBI TEX K€
BUJIOB JTAHHOMY SIBJICHHIO MOJIBEp>keHbI He Oblu. Kak mpasu-
JI0, Y MOJIOJIbIX PACTEHUI MEXaHMU3MBbI aJanTalul K HeJ0CTaT-
Ky BJIaTdl Pa3BUTHI XyKe.
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POSSIBLE CAUSES FOR THE WITHERING AWAY OF THE
NEEDLES OF SOME PLANTS DURING THEIR WINTER IN THE
THICKNESS OF THE SNOW

V.V. Sheiko, S.1. Chabanenko
Sakhalin branch of Botanical garden-institute of Far East Branch of

Russian Academy of Science,
Yuzhno-Sakhalinsk, Russia

In Sakhalin Botanical Garden in some conifers in recent
years were marked by an unusual pathology. Individual portions
of the crown were thawed in the spring from under the snow
with a dead needles. Last winter to determine the cause of a
research of temperature changes in the thickness of the snow
was organized. Results can be considered only preliminary
because of imperfect technique. Almost all the winter snow
temperature at different depths ranged from -2° to -16°. This
ensured conifers conditions for successful wintering. But on
Feb. 24 was light rain, which lasted almost a day. More recently,
the winter rains have occurred in the south of Sakhalin, is
extremely rare. Snow depth at this time was from 45 to 80 cm.
By the end of the rain the entire thickness of the snow warmed
up to -0,5°. The next day, the temperature of snow remained.
In full sun and in the layers near the soil it increased to almost
0 °. But the air in the afternoon cooled down to -4,5°. Within
4 days of snow temperature returned to normal. The air at this
time are sometimes cooled at night to -21°. Superficial layers
of snow at an air temperature -11 ° are cooled to -9°. However,
the heat center was maintained until the end of winter under
the artificially created snow pile. The pile height was 120 cm
and the temperature at a depth below 70 cm differed sharply
from the overlying layers. 23 days later after the rain has
cooled the snow just to -3°. Then again, there was a new rise in
temperature. It was past due on March 19 brief drizzle.

Following examination of needle pathology in different
plants showed that there were two zones of destruction. The
first zone was at branches, which in places the snow piles were
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pressed to the soil surface. Soil temperatures in late winter is
nowhere fall below -0,2°. The second area of damage was at a
level that during both the rainy located at a depth of 10-20 cm
from the surface of the snow. These lesions were stronger in the
south-west side and in snow piles created artificially. That is,
they were the parts of the snow thickness, which got extra heat
either from the sun or the rain from the previously heated the
deep layers of snow.

Research species composition of the damaged plants
produced the following results. Necrotic needles were observed
only in three species: Picea pungens, P. glauca and P. glehnii.
These species can be combined into a single eco-physiological
groups. First, the Picea - the most cryophilic genus of evergreen
vascular plants. Picea are the most adapted to winter desiccation,
which is the main problem overwintering. Second, all three
species have a tetrahedral needles, which provides additional
safety from winter desiccation. Third, the needles are typical
varieties of all three species has a bluish tint. This is due to the
presence of a waxy layer. And it also has a function of protection
from winter desiccation. This means that the damage were
those species that are the pinnacle of adaptation gomoyogidrid
evergreens for winter desiccation. It can be assumed that the
excess moisture with increasing temperature in the wet snow
activates needles of these species from winter anabiosis. In
this case, the environmental conditions in the thickness of the
snow prevent a successful photosynthesis. It should be clear
that young specimens of the same species of this phenomenon
is not affected. As a rule, in young plants the mechanisms of
adaptation to lack of moisture are less developed than in adult
plants.
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