_

4
D

£
g/
-8669

{\997,

ISSN
)

Safety is our nature

e
s ¥

BRUGG
r.

Tpu noanepxxe




0630p OnNacHbIX NPUPOLHBIX ABJIEHUA 32 YETBEPTbINA
kBaptan 2015 rona

LUAHUHA B.B.
MY nm. M.B. JTomoHocoBa

byaywee knumara: paccTaeT M Be4yHas mep3nora?
Ho6eneBckuit naypeat [JoMmHUK PeiiHO npoyen nekuuto
0 KNWMaTe Hawei NNaHeThbl

CTPVXKOB C.H.
000 Hay4Ho-npon3BoacTBeHHas (hrpma «opLeHTp»

YcnoBus thopmupoBanus cBA3HbIX Ceneil npu cnabbix
ocajkax u pacnpefeneHue gUHaAMUYECKUX
XapakTepuCTUK B CENeBOM NOTOKE

KA3AKOB H.A, TEHCUOPOBCKM H0.B., OKOMHbIN B.U,,
bOBPOBA [1.A., KASAKOBA E.H., PbIbAJIbYEHKO C.B.
®rBYH [lanbHeBOCTOYHbIN reonornyeckiit uHetutyT [1BO PAH

AHTpPONOreHHblE U NPUPOJHO-AHTPONOrEHHbIE JIABUHHDIE
Komnekcbl (Ha npumepe o. Caxanuh)

KA3AKOBA E.H., bO6POBA [1.A.
®IBYH [1ansHeBoCcToYHbIA reonorndeckui nHeTuTyT [IBO PAH

MogTonnenue semeno B Cubupckom peruoHe Poccum
PA3YMOB B.B.

®IrBHY «[Mo4BeHHbIA MHCTUTYT M. B.B. [loky4aeBa»
PA3YMOBA H.B.

AQ «Poccuiickne KOCMUYECKME CUCTEMbI>

MOJTYAHOB 3.H.
®IBHY «[Mo4BeHHbI MHCTUTYT UM. B.B. [loky4aeBa»

3aBUCMMOCTb Pe3yNbTaToB KONMYECTBEHHOI OLEHKM
YCTOHYUBOCTH CKIIOHOB OT BbiGopa Moenu
pacnpefieneHus cBOHCTB rPpyHTOB

BY®EEB ®.K., KYBLUMHHUKOB B.M.
MIPU-PITPY um. C. OpmxoHnknase

®OMEHKO UK.
000 «Hay4Ho-npon3B0OACTBEHHbIN LIEHTP N0 UHXEHEPHbIM
13bICKaHMAM >

MopenupoBaHue CHEXHbIX TaBUH B NpoOrpamme
Ramms B Poccuu

TYPYAHMHOBA A.C., CEJINBEPCTOB HO.I'., TMIASOBCKAA T.I.
MI'Y umenun M.B. JTomoHocoBa

Llikana oLeHKU aKTUBHOCTW TEKTOHMYECKNX Pa3NIOMOB
3EMHOIi KOpbl N0 UHTEHCUBHOCTU PafOHOBbLIAENEHUS U3
Heap Ha nnoLwaakax cTposwuxcs u aencreyrowux A3C

CEQJWH B.J1., BUKYC K.M.

MpUAHENPOBCKas roCyAPCTBEHHAs aKabemMina CTPOUTENbCTBA

1 apXUTEKTYPbI

YIIbSAHOB B.10.

[pUAHENPOBCKIAI HaY4HO-06Pa30BaTeNbHbIN UHCTUTYT UHHOBALIMOHHBIX
TEXHOMOT I B CTPOUTENCTBE

AHTponoreHHble cenu B 6acceiiHe p. M3bIMTbI

KA3AKOB H.A.
[anbHeBoCcTo4HbIA reonoryeckii nHeTuTyT B0 PAH

HAYYHO-PEAAKLIMUOHHbIXA COBET

bOrJAHOB M.U.
[MaBHbIA peaakTop, reHepanbHbIil AMPEKTop
000 «Ur'NINC>, kanAa. reon. — MuHepan. Hayk

AJTIABSIH A.M.
[JloueHT Kadeapbl TMAPONoruI CyLwiIn reorpadomeckoro (hakynsrea
MTY um. M.B. JTomoHOCOBa, KaHz. reorpad). Hayk

3EPKAIJb 0.B.

BeayLmit Hay4HbIA COTPYIHWK, 3aBEAYHOLLMIA Tab0PATOPIE NHXEHEPHO Te0ANHAMIKN
11 000CHOBAHWS MHXXEHEPHOI 3aLLNTbI TEDPUTOPUIA FE0N0rN4YECKOro (hakynbreta MIY
M. M.B. JloMoHOCOBa, KaH[. Te0N. — MUHEpar. Hayk

KA3AKOB H.A.

[TnpexTop Caxanutckoro (unuana [1anbHeBOCTOYHOrO re0Nor4eCKOro UHCTUTYTa
J1BO PAH, 3aBeayroLLit nabopatopueit NaBUHHbIX 1 CENeBbIX NPOLIECCOB,

KaHA. reon. — MuHeparn. Hayk, [OLUEHT No CneLnanbHOCTA <<|/|H>KeHepHaﬂ reonorus,
Mep30TOBEIEHNE 11 FPYHTOBE/IEHIE»

KOCWMHOBA W.I.
3aBeqytoLas kKacheapoil 3KONOrN4ecKoi reonorny BopoHeCKoro rocyapcTBeHHOro
YHWBEPCUTETA, [-p re0N. — MUHEpan. Hayk, npodeccop

MAKCMMOBWM HIT.

3aM. IUPeKTOpa N0 Hay4HoM paboTe ECTECTBEHHOHAYYHOrO MHCTUTYTa M1epMCKOro
rOCY/apCTBEHHOIO HALMOHANILHOTO YHABEPCUTET, KaH. Te0N. — MUHEPal. Hayk,
JOLEHT

PA3YMOB B.B.

Mpodpeccop kacheaps! kapTorpacdiun 11 reonkdopmariikin Ceepo-Kakasckoro
(heniepanbHOro YHNBEPCUTETA, MMaBHbIA Hay4HbIA COTPYIHUK

0AQ «Poccuiickne kocMmrdeckme cuctembl» Pockocmoca, a-p reorpady. Hayk

CBATEHKO W.HO.
MpesceaaTens KOMUCCUM Mo 6e30nacHocTi MoCKOBCKOU FOPOACKON JyMbl,
[I-p TEXH. Hayk

TPO®UMOB B.T.

MpopeKTop, 3aBeayHoLLMiA KaheapOil MHKEHEPHO 1 3KOMOMAYECKON re0norim
reonorn4eckoro chakynerera MI'Y um. M.B. JTomMoHOCOBa, A-p reon. — MiuHepan. Hayk,
npodeccop



Review of Natural Hazard Events for the Fourth Quarter of
2015

SHANINA V.V.
Lomonosov Moscow State University

Future of The Climate: Will The Permafrost Melt?

Nobel laureate Dominique Reynaud delivered a lecture
about the climate of our Planet

STRIZHKOV S.N.
NPF Dorcenter

Conditions of Formation of Cohesive Debris Flows in Low
Precipitation and The Distribution of The Dynamic
Characteristics in Debris-Flow Channel

KAZAKOV N.A., GENSIOROVSKIY Y.V., OKOPNIY V.I, BOBROVA
D.A., KAZAKOVA E. N, RYBALCHENKO S.V.

Far East Geological Institute of the FEB RAS, Sakhalin Department

Anthropogenic and Natural-Anthropogenic Avalanche
Complex (Sakhalin Island)

KAZAKOVA E.N., BOBROVA D.A.
Far East Geological Institute of the FEB RAS, Sakhalin Department

Flooding of Lands in The Siberian Region of Russia

RAZUMOV V.V.
Federal State Budgetary Scientific Institution
«Soil Institute of V.V. Dokuchayev»

RAZUMOVA N.V.
JSC Russian Space Systems

MOLCHANOQV E.N.
Federal State Budgetary Scientific Institution «Soil Institute of V.V.
Dokuchayev»

PEAAKLIUA

AHaHKo BukTop
OTBETCTBEHHbIN PeaaKTop
info@geomark.ru

boikoBckux Makcum
PykoBoaMTENb CEKTOPA MOAMNCKM
11 pacnpocTpaHeHus
bykovskih@geomark.ru

Kptokos MMasen
MeHemkep no pekname
KPP@geomark.ru

000 «TIK Ausaitn»
[lnsaiiH 1 BepcTka
maratg70@mail.ru

The Dependence of The Results of Quantitative
Evaluation of Slope Stability from The Choice of The
Model Distribution of Soil Properties

BUFEEV F.K., KUVSHINNIKOV V.M.
Russian State Geological Prospecting University n. a. Sergo
Ordzhonikidze (MGRI-RSGPU)

FOMENKO LK.
Scientific Production Center for Civil Engineering

Modeling of Snow Avalanches Using Ramms in Russia

TURCHANINOVA A.S., SELIVERSTOV Y.G., GLAZOVSKAYA T.G.
Lomonosov Moscow State University, Research Laboratory of Snow
Avalanches and Debris Flows

Scale assessment of active tectonic faults of the crust on
the intensity of radon exhalation from the depths to the
construction site and the existing energy facilities

ULYANOV V.
Pridneprovsky Research and Educational Institute of innovative
technologies in construction

SEDIN V.L,, BIKUS K.M.
Pridneprovsk State Academy of Civil Engineering and Architecture

Antropogenic Mudflows in the River Mzymta Basin

KAZAKOV N.A.
Far East Geological Institute of Far East Branch of Russian Academy of
Sciences (Sakhalin Department)

107076, Mocksa,

yn. Inektpo3asopckas, aom 60

Ten.: +7 (495) 210-63-90, 210-63-06
e-mail: info@geomark.ru

PenakLs MOXET He pa3aensTh TO4KY 3peHNs aBTopa.
3a cofiepxaHiie PeKNaMHbIX MaTepuanos pefakLus
OTBETCTBEHHOCTY HE HECET.

Moanucaro B neyatb 21.12.2015. Tupax 1000 3k3.

CBUIETENLCTBO O PErvCTpaLn CPeaCcTBa MacCoBOI MHAOPMALIAN
M Ne ®C 77-48920 o1 20 mapta 2012 .

LieHa ceoboaHasg. © 000 «[eomapKeTuHr»

o Bonpocam nognucku obpawyainTech B peakLmio.
MopnucHoi uipekc OAQ ArentcTea «Pocnevartb» 71510.
Mopnuchble MHAEKEbI B 06bEANHEHHOM KaTanore

«[lpecca Poccun»; 42192 (nonyropoBoii), 42193 (ropoBoi).

®orto Ha oonoxke: http://jacobsonjames.com/wp-content/uploads/2013/07/Bear-Canal-Slide.jpg



MOAJEINPOBAHMNE CHEKHDBIX JIABUH
B ITIPOTPAMME RAMMS B POCCHUHN

Modeling of Snow Avalanches Using Ramms in Russia

TYPYAHWUHOBA AC.

HayuHblit cOTpyaHWK reorpacpuyeckoro thakynsrera MY umenn M.B. JTomoHocosa,

HIAJT cHexHbIx naBuH 1 ceneit, alla_wave87@mail.ru
CENUBEPCTOB HO.I'.

Hay4Hbiii coTpyaHIK reorpadonseckoro dakynsrera MIY nmvenn M.B. JlomoHocoBa,

HIAJT CHeXHbIX NaBUH 11 ceneit
ITA30BCKASA T.I.

BenyLuwit Hay4HbIit cOTPYAHUK reorpaduyeckoro thakynsreta MY umenn

M.B. JlomoHocoBa, HUJT CHeXHbIX NaBuH 1 ceneit

TURCHANINOVA AS.

Research associate, Faculty of Geography, Lomonosov Moscow State University,

Research Laboratory of Snow Avalanches and Debris Flows, alla_wave87@mail.ru

SELIVERSTOV Y.G.

Research associate, Faculty of Geography, Lomonosov Moscow State University,

Research Laboratory of Snow Avalanches and Debris Flows

GLAZOVSKAYA T.G.

Leading research associate, Faculty of Geography, Lomonosov Moscow State

University, Research Laboratory of Snow Avalanches and Debris Flows

KniouyeBble cnosa: MofenupoBaHMe CHEXHbIX NaBvH, 0anbHOCTb BblﬁpOCa, CKOpPOCTb, cuna yaapa nasuH,

RAMMS, I'C.

AHHOTaumsA: B paboTe BnepBble NoKadaHbl 06006LLEeHHbIe pe3ynbTaThl BepudmrKaLmm LLBeNLapCcKon
nporpamMmbl MOLENUPOBaHUsi CHEXHbIX naBuH RAMMS [19] no AaHHbIM (haKTUHECKUX HAOMIOAEHI,
npefcTaBneHHbIX B BUAe KpynHomaciutabHoi M'MC «CHexHble naBuHbl», B YCNOBUAX FOPHbIX PalioHOB
Poccumn (Xnbuhbl n Mprnanbbpyckbe). YcTaHOBNEHO, YTO N3MEHEHME ucnonb3yemMblx B mogen RAMMS
SMNMPUHECKNX KOIDMDULIMEHTOB TPEHUA, ONPeAeneHHbIX Ana yCrnoBuin Anbn, NO3BONSET NPUMEHATL MOAENb
1 B APYrvX ropHbIX panoHax. [ns MoaenvpoBaHus ABMKEHUS CHEXHbIX NaBUH B XUGMHaX (a6COMOTHbIE
BbICOTbI MeHee 1200 M Haf, ypOBHEM MOpSi) C NPUMEHeHEM AByMepHoi Mogenn RAMMS Heo6xoamMmo
ncrnonb3oBaHne KoaULMEHTOB TpeHus (U (-) u T (m/c2)), cooTBeTcTBYOLMX B LLIBeriuapckmux Anbnax
BbICOTHOMY AmanasoHy Bbilwe 1500 M Hag yposHeM Mops. [ns MOAenMpoBaHnst 0CO60 KPYMHbIX NIaBUH C
npvmerHeHnem RAMMS B Mpuanb6pycbe TpebyeTcst UCNONb30BaHNE TeX Xe KOIMPULMEHTOB TPeHUs (U (-) 1
T (m/c2)), yto u B LLBeruapuu. Mpu Takon Moandukaumm npumerHeHue nporpammvsl RAMMS nossonsieT
PEKOHCTPYMpOBaTh AanbHOCTU BbIGpOCa U ONpeaenuTb AMHAMUYECKNe XapakTepUCTUKN paHee COLLEALLIMX
NaBWH, AaHHble HAOMIOAEHWI 32 KOTOPbIMM OTCYTCTBYIOT. Takum obpasom, mogens RAMMS moxeT
MCMOnb30BaTbCA B KA4YECTBE MHCTPYMEHTA MHXEHEPHbIX CHEronaBMHHbIX U3bICKaHWUIA Ha TeppuTopun Poccuu.

Key words: modeling of snow avalanches, avalanche run out distance, flow velocity and impact pressure,

RAMMS, GIS.

Abstract: the main goal of our investigation was to test the capabilities of Swiss avalanche dynamics
program RAMMS [19] to simulate and back-calculate well-documented avalanches in Russia (according to
the observation field data presented in a way of the large-scale GIS for two mountain regions — Khibini
Mountains and Mt. Elbrus). The friction parameters (i (-) and T values (m/s2)) may be taken from the upper
altitude limit (above 1500 m above sea level (m.a.s.l.)) of the table recommended for Switzerland
(implemented into RAMMS) for simulations in the Khibini Mountains (absolute height less than 1200 m.a.s.l).
RAMMS could be used for simulation of rare extreme avalanche events in the Mt. Elbrus region using friction
parameters values recommended for Switzerland with no change. In such a way a high level of
correspondence of observed and simulated avalanches was found. At such modification RAMMS allows to
reconstruct runout distances and to define the dynamic characteristics of the historical avalanches field
observations for which are absent. Thus, we state that RAMMS should be implemented into Russian
avalanche hazard assessment practice as a powerful tool that can resolve a lot of problems of snow

avalanche engineering in our country.

Beepnenue

Pacmipenne 0CBOEGHUS TOPHBIX paiioHOB
Poccuu u, xak ciefcTBUe, YBEIMYEHUE PUCKA
CHEXXHBIX JIABHH TIPHBOIHUT K HEOOXOAMMOCTH
TOBBIIIIEHNS] TOYHOCTH OTIPE/IENCHNS AUHAMUYE-
CKMX XapaKTepPUCTHK BO3MOXHBIX CHEKHBIX JIa-
BUH ITyTeM BHEJ]PEHHs B IPAKTHKY CHETOJIABUH-
HBIX M3BICKAHUH CIEIUAIBHOTO IIPOTPAMMHOTO
obecreueHnst, B OCHOBE KOTOPOTO JIEKAT IBYMep-
HbIE U TPEXMEPHbIE MOIEIH IBI)KCHHS JIaBHH.

OCHOBHBIMH JIMHAMUYECKUMH XapaKTepU-
CTUKAaMU CHEXXHOH JIABUHBI PHHSTO CYUTATH:
CKOPOCTH TepeHero (hpOHTa; AATBHOCTh BBI-
Opoca; cuily yaapa JaBHHBI O NPENSATCTBUE;
obbeM. Bce mepeuncieHHble XapaKTepUCTHKI

N3MEHSIOTCSl B 3aBUCHMOCTH OT (PU3HKO-TE0-
rpadudeckux ycnosuii [2]. Yame Bcero Ha
npakTuke B Poccuu miis pacyeToB ambHOCTH
BBIOpOCA ¥ CKOPOCTH JIBV)KECHHS JIABHUH IIPHME-
HSIOTCS MPOCTEHIINE OJHOMEPHBIE MOJEIH
nBwkenns (moaenb C.M. Kosuka u Mozenb n3
BCH 02-73) nnu sMnupu4eckue 3aBUCUMOCTH,
KOTOpBIE HE OTPaXKAIOT XapaKTep IepeMeIeHUs
JaBHUHEI 110 CKJIOHY. PacueTHast MakcHMabHast
JaTbHOCTH BRIOPOCA JIABUH U3 OIHOTO JIABHHO-
cOopa, Toay4eHHas 10 Pa3HbIM METOIUKAM,
3HAYUTEIEHO Pa3IMYaeTCss MEXIy Co0O0ii, KaKk
3aHMKasl, TaK ¥ 3HAUYMTENBHO 3aBBIIMIast Jallb-
HOCTBH BBIOpOCA MO OTHOIICHHIO K (haKTHUe-
CKHM 3HAYCHUAM 3a ﬂﬂHTeJ’leblﬁ nepuoa Ha-
omonenmii [ 14]. CymiecTByroT U 00J1ee TOYHbIC

OTEYECTBEHHBIE MOAENH [2, 8 U /Ip.], OHAKO UX
IIMPOKOE HCIIOIB30BAHUE 3aTPYAHEHO OTCYT-
CTBHEM MHTYHTHBHO-TIOHSTHOTO BO3MOXKHOMY
KOHEYHOMY ITOJTb30BATEII0 KOMITBIOTEPHOTO HH-
Tepdeiica. 3a pyOe:KoM B MOCIETHUE AECATH-
netus ObUIO pa3padoTaHO CHeHANbHOE, YI00-
HOE B HICIIOJIb30BaHHH IIPOrpaMMHOE oecrede-
urue (AVAL-1D, RAMMS, ELBA, SAMOS),
KaK IPaBUIIO, IMEIOIIEE B CBOCH OCHOBE OJJHO-
U JByMEpHBIE MaTeMaTHUECKUE MOJEIU JBU-
JKEHHUSI JIaBHH, MCIOJB3YIOIIee, TOMUMO IIPOo-
YHX, U POCCHHCKUE HapaOOTKIL.

B Hayuno-uccnenoBarenbckoii 1aboparo-
PHH CHEXXHBIX JIABHH U ceneil reorpaduyecko-
ro (akynsrera MI'Y 10 TaHHBIM HaKTHUECKUX
HaOofieHuii 3a 1aBuHamMu B Poccun rpoBese-
Ha Bepu(UKaIMsi OIBEHIAPCKOW TBYMEpHOU
MOJIENH, TPEACTABIEHHON B BHJE NPOrPaMM-
Horo npoaykra RAMMS.

Mporpamma RAMMS

B ocnose nporpammsl RAMMS (17, 19, 22],
paspaboranHoii B llIBeliiapckoM WHCTUTYTE
CHETOJIABUHHBIX HCCIIeoBaHui [23], nexuT
JIByMEpHast MOJIeJTb, O3BOJIAIOIIAsT MOCIHPO-
BaTh JIBIKEHHE JIABHHHOTO ITOTOKA B YCIIOBUSIX
TPEXMEpHOTO penbeda, CO3TAHHAs Ha OCHOBE
OJTHOMEPHOM ruapaBindeckoi Moaenu Benb-
mu—3anbpmMa [20, 21], mHMPOKO UCIIOIB3yeMOi
JUISL pEeIieHHs] IPAKTUYECKHX 3a/1ad B AJIbIIax.
CHe)XHBIE JTaBUHBI MofieTmpyioTcs B RAMMS
KaK HEC)KMMaeMasi CIUIOIIHAS Cpefa CpenHeit
HIOCTOSHHOM IIIOTHOCTH. Mozienb npeamnonaract
paszziesieHre CyMMapHOIO TPEHUS Ha JIBE COCTAB-
JIIOIIME: HAa HE3aBHCUMOE OT CKOPOCTH CyX0e
(KyJTOHOBCKOE) TpeHHE, MPOMOPIHOHATBLHOE
JIABJICHUIO (KO3 HUIMEHT [ (-)), U 3aBUCHMOE
OT CKOPOCTH Bsi3KO€ (TypOyJICHTHOE) TpeHHE
(koo dpumment & (M/c?)). KammOposka mozenn
BBITOJTHEHA HAa OCHOBE JIETAIBHBIX HAOMIONEHHIT
3a naBuHamu llIBeiinapun. B pabote ucnomns-
30BaHa Bepcyst mporpammsl RAMMS (1.6.20) ¢
MOJIEIIBIO, He YUUTHIBAOIIEH BOBIICUCHIE CHETa
0 XO/y JBIKCHHS JTJaBUHBI U HAIIMYUE IThLIC-
Boro obmnaka. Takast mozens cymectByer [19],
HO B HAacTOsILIee BPeMsl HeJOCTYITHA IS LIHUPO-
KOTO Hcronb3oBanus. ABTopsl RAMMS yre-
JIAI0T OONBIIOE BHUMAaHHE Pa3BUTUIO HOBOI MO-
JIeJIM IPOU3BOJIBbHON KHHETHYECKOW SHEPrUu

(RKE) [18, 19].
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Puc. 1. Mpumep Bu3yanu3awuu reorpatpmyecku npussizaHHon bJl nasux, Bxoasiueii B coctaB M'NC «CHeXHble NaBuHbI». JTaBUHbI, N0
AaHHbIM (haKTUYECKUX HAONHOAEHNA 10 CTPOUTENbCTBA NPOTUBONABUHHLIX famb: a) B XubuHax (22 u 23 naBuHocoopbl);
6) B Mpuanb6pycbe (9 n 10 nasuHoc6opb1). poTHBONABUHHBIE AAaMObl, NOCTPOEHHbIE BNOCNEACTBUN, HA KapTax He NPUBOAATCA

VcxomHbIMK JaHHBIMH [T MOJIGTTHPOBAHUS
B nporpamme RAMMS ciryxar: (1) uudposast
Moziels penbeda; (2) mpenmonaraeMas 30Ha 3a-
POKI€HUS TaBUHBI M TOJIIMHA CHETa B HEM;
(3) ko3 dunmentsr Tpenus (U u &).

RAMMS mupoko ucnons3yercs B LlBeii-
[apHH U IPYTHX 3apyOSKHBIX CTPaHaX JUIS pe-
HIEHNUS 3a/a4: OLEHKH M KapTorpadupoBaHUs
JIABUHHOM OMTACHOCTH; BBIOOPA OE30MACHBIX OT
JIaBHH ILIOMIA/I0K MOl CTPOUTEINILCTBO 3aHUIT
1 COOPYKEHHH; TUTAHUPOBAHUS U TIPOESKTHPO-
BaHHS TPOTHBOIIABHHHBIX HHKEHEPHBIX COOPY-
JKEHHH; MOJICNINPOBAHUS COUICANINX JaBHH;
HCCIIeJOBAHMS TMHAMUKI CHEXKHBIX JIABUH.

B nHacrosimmee Bpemst RAMMS Bxomut B co-
CTaB HOPMATHUBHBIX JOKYMEHTOB, PETTIAMEHTH-
pylolmx KaprorpadupoBaHie JaBUHHOM orac-
Hoctu B lIBeiinapuu. OnHako, Kak U ¢ 60Ib-
MIMHCTBOM JAPYTHX NIPOTPAMMHBIX MPOTYKTOB,
CO3/IaHHBIX Ha OIpEeTeHHOM Habope HSMIH-
PHUYECKHUX TaHHBIX, BOBMO)KHOCTH HCIIOIb30-
BaHust RAMMS B ropusix paitonax Poccuu
TpeOyIOT MPOBEPKH.

PaiioHbl nccnepoBanus

MopenmpoBaHye CHEXXHBIX JIABHH C UCIIONb-
30BaHueM nporpaMMel RAMMS BeImosHeHO
JUIS IBYX TOPHBIX PaiiOHOB Hamleil cTpaHbl —
Xubun n [pmnsdpyces. Beidop paiioHoB nc-
CIIeZIOBaHMS 00YCIIOBIICH HAJNIHEM MHOTOJIET-
HHX HaOJTIOZIeHNIT 3a TaBHHAMM, UX PACTIONOKe-
HHEM B Pa3HbIX (QH3UKO-reorpahuueckux ycio-
BUSIX, OTHOCHTEIILHO JIETKOH JOCTYIHOCTBIO,
HHTEPECOM HX JAIbHEHIIIEro OCBOCHHUSL.

XUOMHCKHE TOPBI PACHONOKEHBI B IIEHTPE
Konbckoro moiyocTposa 3a HOJNSPHBIM KpYy-
rom. Camas BbICIIast To4ka XHOMH — ropa
HOxsraBymuopp (1208 wm). Paiton Ilpnu-
AMBOPYChs PACTIONOKEH HA CEBEPHOM CKIIOHE
LlentpansHoro KaBka3a B yMepeHHOM THosCE.
Camas BblclIasi TOuKa paifoHa — ropa Dib-
opyc (5642 m). Mozenrs RAMMS otkanu6po-
BaHA 10 JTAHHBIM HAOMIOAEHMI 3a TaBHHAMHU
[IBeiiniapuu, pacrolokKEHHOH B YMEPEHHOM
HOsiCe ¥ OTHOCALIENCS K BOCTOUHOHU yacTu 3a-
nmajHeIX ANbI. Beicmas Todka B mpepenax

crpansl — nuk Jodyp (4634 m). Penbed
[Mpransopyces u LBeinapcknx Ansi, cdop-
MUPOBABIIUICS B EPHOJT AJIbITUICKON CKIIa-
Y4aTOCTH, OTIIMYAETCS MpeodIaaHueM O0Jb-
mUX aOCONIOTHBIX BBICOT, INIyOOKHUM pacuJie-
HeHueM, OOoNbIIOW KPYTHU3HOH CKIIOHOB,
3HAYUTETBHYIO TUIOIAIb 3/1eCh MPOOIKALT
3aHMMAaTh COBpeMeHHOe onencHeHue. Ilo
CpaBHEHHUIO ¢ AnbIlaMHu paiioH [puabOpychst
XapakTepusyeTcs Oojiee HUI3KMMH TeMIepaTy-
paMy ¥ MEHBIITNM KOJIMYECTBOM 0CaaKoB. Tem
HE MeHee TITyOOKHe OTTEMeNN CPeAn 3UMBI
CONMKAIOT YePThI KIIMMaTa ABYX paifonos. OT-
JTHYHATETEHOH 0COOEHHOCTBI0 XUOHH SIBIISCT-
CsI: MECTOIIOJIOXKEHNE 33 MOJISIPHBIM KPYTOM,
HeOonpIne abCOMIOTHBIE U OTHOCHTETbHBIE
BBICOTBI, HU3KHE 3HAYEHUS TEMIIEPaTypPbl BO3-
JlyXa U HHTEHCUBHBIIl METEIEBBI MEPEeHOC.

Wcnonb3oBaHHbIe MaTepuanbl

I[J'[f[ peuicHus TOCTaBJICHHOMN 3aga4u ObLIH
MIpOaHaJIM3UPOBAHbI JAHHBIE CHETOJIaBUHHBIX

®parmeHT Tabnnubl [17] 3Ha4eHuit Ko3ththuumeHToB TpeHus [ (-) u T (M/c?), npeanoxenHbix ansa LWseiiuapuu 8 RAMMS

Jlauna cpenero oobema (25 000 —60 000 m*)

CxIton

HexananusnpoBaHHbIi

KananuszupoBaHHbIi

Beicora Hag

Ilepunon nmoBropsieMocT

YPOBHEM 300 et 100 ner

MOpsi, M m ¢ " ¢

> 1500 0,195 2500 0,205 2500
1000 -1500 0,21 2100 0,22 2100
<1000 0,23 1750 0,24 1750
> 1500 0,25 1750 0,26 1750
1000 -1500 0,27 1530 0,28 1530
<1000 0,28 1350 0,29 1350

Tabnuya 1

30 get 10 et

u g o g

0,215 2500 0,225 2500
0,23 2100 0,24 2100
0,25 1750 0,26 1750
0,27 1750 0,28 1750
0,285 1530 0,295 1530

0,3 1350 0,31 1350



HaOTIONIeHNH B paifoHax MCCIIeIOBaHMs, KOTO-
pble BKIJIIOYANN B €0 OMMCAHHS CONIEAIINX
JIaBUH, Pe3y/bTaThl CHETOMEPHBIX HaOMIOACHUH
U M3MEpeHHIl NX AMHAMHUYECKHX XapaKTepH-
CTHK; ONHCAHMS ITyp(OB, KpyIMHOMACIITaOHbIS
KapTorpadyecKre MaTepuasl, pa3HOBPEMEH-
ubie J1/133, hoTomarepuasibl, HHGOPMAIIHIO CO
CJIOB OYEBH/ILIEB.

Co0OpaHHBII MaTepuan cTajl OCHOBOH I
I'C «CHexHbIe JaBUHB», OTINYUTEILHON
0COOCHHOCTBIO KOTOPOIi SIBISIETCS KapTorpa-
(hryeckas OCHOBa BBICOKOTO paspemnieHus. Pa-
Hee nipu cocrapnennu ['MC [13, 10, 9, 4], mo-
CBSIIIEHHBIX BOMPOCAM CHEXHBIX JIAaBHH, OC-
HOBHOC BHUMAHHE ylle.l'[ﬂ.]'lOCl) yCJ'lOBI/IﬂM JIaBH-
HoOoOpazoBaHusi. B xozme Hacrosmero
WCCIIC/IOBAHMS BBITIOJIHEH JCTANBHBIN aHAIN3
CHE)KHBIX JTaBHH, COLIEAIINX B MPe/ieax KoH-
KPETHBIX JaBHHOCOOpOB. KOHTYpBI (akTnye-
CKHX JIaBHH oM (POBBIBAIHCE (pHC. 1) ¢ KapT
u cxeM (Macmraba 1:5000), naHHbIE 0 HUX (Me-
CTO, 1aTa ¥ BPEMs CXO/1a; XapaKTEPUCTHKH 30-
HbI 3apOXKACHMS, JTaBUHHBIX OTJIOKEHHH; 00-
mye Mop(hoMeTpUIECKIE XapaKTePUCTHKH JIa-
BUHBI; XapaKTEPUCTHKA MOTOJBI HA MOMEHT
CXO071a; 3aKITI0YEHNE O IPUIMHAX CXOAA; JOTION-
HUTEJbHBIC CBEJICHU U JIp.) 3aHOCHUIINCH B Oa-
3y maHbx (BJ]) TUC. PaccmarpuBanmck na-
BUHBI BCEX 00BEMOB — OT CaMBIX MaJICHBKHX
(o6bemom menee 1000 M) 10 0060 KpyIHBIX
nasun (06bemom Gosee 2 000 000 M3). Psiy Ha-
Ormonenuit jumHOU Oonee 50 sieT crernan Bo3-
MO>KHBIM BEPOSITHOCTHBIN aHaJIN3 TPAHUIL 30H
3apOXKACHUSI U TATBHOCTH BBIOPOCA CHEKHBIX
naBuH. B Hacrositiee Bpemst ' IC Bkiroyaer B
ce0st kapTorpaduueckyro u arpuOyTuBHbie bJ]
Oonee vem mist 20 staBuHOCO0pOB XubHH 1 20
naBuHOcO0poB [Ipudmpopyces. Bl cHexHBIX
naBuH B KpynHoM Mmactarade (1:5000) Bkiro-
JaeT mapaMeTpsl U ycioBus cxona 6onee 200
JIaBUH.

MopenupoBaHnue naBuH ¢
ucnonb3osaHinem RAMMS

Bce HeobxoauMbIe 71 MOAEITMPOBaHHS UC-
XOJIHBIE TTapaMeTphI 3aIaHbI 110 (HaKTHIECKUM
JTAaHHBIM 32 MCKIIOUEHHEM K03()(UIIHEHTOB
tpenns (u (-); { (M/c?)), KOTOpBIE 3aBUCAT OT
LEJIOT0 psifa Mmokasareiel (oO0beMa JIaBHHBL,
HIepro/ia MOBTOPSIEMOCTH, aOCOIIOTHOMN BBICO-
TBI HAJI YPOBHEM MOpsi, MOP(OIOTHH JTABHHO-
cbopa). [ns LBeiinapckux AJbIl 3HAYCHUS
k03¢ uImeHToB TpeHus 3a1arorcs (Tadm. 1) B
3aBHCUMOCTH OT a0CONIOTHON BBICOTHI JJIS
Tpex BBICOTHBIX ypoBHed (Hmxke 1000 M Hazg
y.m.; 1000-1500 m vax y.m.; Boime 1500 M Hax
Y.M.), 9TO 00YyCJIOBIEHO U3MEHEHHEM CBOWCTB
CHera B 3aBHCHMOCTH OT TE€MIIEPaTypPHBIX
YCIIOBHI, M3MEHSIOIINXCS C BEICOTOI, M Xapak-
Tepa MOJCTHIIAIONIEH TOBEPXHOCTH.

B Xubunax, aHamu3upys NpeIoKeHHBIE
st [Beiitiapuu 3HaueHUS KOA)HUIHCHTOB |
u { (Tabm. 1) u BeIOMpas U3 HUX HOAXOASIINE,
BBITIOTHSIIOCH MOZICTIMPOBaHKe (0OpaTHBIE pac-
9eThl JUHAMHYECKUX XapAKTePUCTHUK) JABHH
pazHoro oobema — ot 1000 M3 u 10 120 000 M3,
JlaHHble 0 KOTOpBIX Bouwiu B coctas ['MIC
«CHexHble TaBUHBD. Ha ocHOBe cpaBHEHHS
pE3ynbTaTOB PAcueTOB C JAHHBIMH (haKTHIE-
cKkuX HaOmoneHuit (puc. 2) as 43 naBuH ycra-
HOBJICHO, YTO JUIS MOJIEIUPOBAHMS JABIKESHHUS

VYenoBHbIe 0003HAYCHUS

BeicoTHas mikana, M
900

300

TOPU3OHTAIIN
e JKCJIE3HAS JOPOTA
——— aBTOMOOMIbHAS I0pOTa

[ g | JIaBUHA T10 TaHHbIM
i H N
Semssssed  (HOTOTEO/IONIUTHON CHEMKU

CKOpOCTB JIaBHHBI,
pacuntannas B RAMMS, m

Puc. 2. Mpumep: pe3ynbTaThl MOAENUPOBAHNA NaBUHbI No 2, 3aperucTpupoBaHHoi B
1974 ropy B nasuHoc6ope Ne 22 B Xubunax. MakcumanbHasi CKOPOCTb NaBUHbI:
u3mepeHHass — 36 m/c; pacyetHas — 33 m/c. MogenupoBaHue naBUHbl BbINOJHEHO
6e3 yyeta gambbl, NOCTPOEHHOI BNOCNEACTBUN NS 3ALUTbI OT JTABUH

CHEXXHBIX JJABHH 33JlaHHOH TTOBTOPSIEMOCTH B
Xwubunax (abcomoTHbIe BBICOTHI MeHee 1200 m
HaJl ypOBHEM MOpsi) C IPIMEHEHUEM JByMep-
"o Mogenm RAMMS HeoOX0aMMO UCIIONIB30-
BaHue kodpdunuentoB tpenus (p (-) u ¢
(M/c?)), coorserctByrommx B IlIBeiinapckux
Aubriax BBICOTHOMY JiMana3oHy Balmie 1500 m
HaJ ypoBHeM Mops (cM. Tabmuiy). B Takom
CIlyJae pe3ylbTaThl MOJIETINPOBAHHS KOHTYPOB
JIABUHHBIX OTHOH(SHHﬁ, a TAKXE MaKCHuMallb-
HOH CKOPOCTH JIaBHH (pHC. 2) TTOKa3aIH YI0B-
JIETBOPUTETEHOE COOTBETCTBHE JTaHHBIM (hak-
THueckux HabmogeHni. OQHAKO JaTbHOCTH
BBIOpOCA JIaBHH HEOONBIINX 00beMOB (MeHee
5 ThIC. M) OKA3aJIUCH 3aBBIIIEHbL, YTO MOXKHO
OOBSICHATD TEM, 4TO KaJIHMOPOBKA MOJIETH OC-
HOBaHA Ha pPe3yJbTaTax OOpaTHBIX PacyeToB
JIaBUH ¢ 00beMaMH, TIPEACTABIIOIIMMHE OITac-
HOCTB JUISl XO3MCTBEHHBIX 00bekTOB IlIBEii-
napun. Takne JTaBUHBI, KaK IPABHUIO, HUMEIOT
00beMbI Gosiee 5 Thic. M3

CpaBHHTEIIbHBII aHanu3 (GaKkTopoB JaBuU-
HOOOpa30BaHMUs 1OKa3al, 4TO, HECMOTPS Ha
HeOompIIre abCONIOTHBIE BEICOTH XHUOWUH
(menee 1200 m), cpexHss Temmeparypa BO3-
JlyXa caMoro X0J0IHOTO Mecsia Ha abCOII0T-
HOMH BBICOTE PACIIOIOKEHNUS JIABUHHBIX 04aroB
B IIBeitmapckux Ambmax (cranmus «FOHT)-
payitox», 3580 m) u Xubunax (cTaHums
«entpansHas», 1090 M) Onuska (0KoI0 —
13 °C). B paccmarpuBaembIx paifoHax mpe-

Puc. 3. laBuHoc6opbl Ne 9 u Ne 10 (go
CTPONTENbCTBA NPOTUBONIABUHHOM
Aam6bl), pacnosioXKeHHbIe Ha CEBEPHOM
cknoHe r. Yeret B [puanbopycbe.

00J1a1aloT JIaBUHBI M3 CHEXHBIX H0cok. [To-
CKOJIbKY B (DOPMHMPOBaHHH TaKHX JIaBHH pe-
IIAIOIIYI0 POJIb UTPAIOT PBIXJIBIC MPOCIOHKH
[Bonos, 1980], B naBuHOOOpa30BaHUH, KaK
NPaBUIIO, Y4acTBYeT BepXHHUH cioi (1o 150—
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Puc. 4. PesynbTaTbl MOAENMPOBaHNA 0c060 KPYNHOM NaBuHbI, 3aperucTpuposanHoi B 1973 roay B nasuHoc6opax Ne 9 u Ne 10 B
Mpuanbbpycbe: a) MakcuManbHas BbiCOTa NOTOKa (M); 6) MakcumanbHas cKopocTb (M/c), npeacTaBiieHHas Ha 3-D Bu3yanu3sauuu
nasuHoc6opoB (Kkocmu4eckuit cHumok Cartosat-1, 2007 r.)

Puc. 5. JlaBunoc6op, u3 Kkotoporo
cxogut «KoryTaickas» naBuHa,
yrpoxarowyas Yeretckoii nonsse

200 cM) He3aBUCHMO OT OOIICH TOJINIMHBI
CHEYKHOTO TIOKPOBA, YTO CONMIKACT YCIIOBHUSI 3a-
POXKICHHS U JIBHIKCHUSI JIABMH B IBYX paioHax
B TOJJOOHBIX 110 MOP(OIOTHU JTABUHOCOOPAX.
CKa3aHHOE BBIIIE MOXKET CIIY’KHTh TEOpEeTHYC-
CKHM 000CHOBaHHUEM JIJIs IPEUIOKEHHOTO CMe-
IIEHHs BBICOTHBIX WHTEPBAJIOB, PEKOMEH/I0-
BaHHbIX U1 [[IBeitnapun, npu BeIOOpe 3Hade-
HUH K03)OUINEHTOB TpeHust B XHOUHAX.

B IIpusnsbpycse mporpamma RAMMS
MIPUMEHSIIACh ISl MOJICTMPOBAHMS M PEKOH-
CTPYKLIMH JMHAMHYECKHX XapaKTEPUCTHK 0CO-
00 KpPYIHBIX JIaBHH, KOTOPbIC MPEICTABISIIOT
OOJIBIIYIO OMACHOCTB JUIS JKUTENEi U pekpe-
QHTOB Ha JIHE JONUHBIL. [ paHuIBE 0000 KpyTI-
HbIX JIABUH OBUIH TTOJYYCHBI [0 JaHHBIM (ak-
THYECKUX HaOJIOACHHUIl, a TaKkkKe pasHOBpe-
MEHHBIM a3p0(OTO- U KOCMHYECKUM CHUMKaM.

E.A. 3onorapessim [ 7] ObLta mposeseHa ¢ho-
TOTEOOJIUTHAs CheMKa OJHON M3 CaMbIX KpPYII-
HBIX U3 3aperUCTPUPOBAHHBIX B [IpuanbOpyche
JaBuH, comesumei 5.12.1973 r. B pacnonoxeH-
HBIX Ha CEBEPHOM CKJIOHE T. YereT J1aBHHOCO0-
pax Ne 9 i Ne 10 (puc. 3). O6bem 00pymmmBIIE-
TOCS M3 30HBI 3aPOXKJICHUS CHETa COCTaBHI 2,1
MiaH M3, 3oHa 3apoxkaenus gaBunsl (70 ra) u
CpeHsIs TOJIIMHA cHera B Heil (3 M) Obum 3a-

naael B RAMMS 110 taHHBIM (haKTHYECKHX Ha-
Omromenuid. [lepnoa MOBTOPSEMOCTH JTaBHHBI
1973 r. 3agan B RAMMS, kak omun pa3 B 300
neT. J11st MozIenMpoBaHYIsl HCTIONb30BaHbI 3HAYe-
HUs K03 dureHToB Tperust ([ 1 ), peKoMeH-
nosansble 114 1IBeinapuu 1715 aHaa0rMYHOTO
JiMariasoHa BbICOT U U3MEHAIOUIMECS 110 XO4y
JIBVDKEHHS B 3aBUCHMOCTH OT XapaKTepa IOJCTH-
naroreii moBepxxocty. [Ipn MonenmmpoBanym 1a-
BHHBI YUTEHA JIECHAsl PACTUTEIBHOCTD Ha JHE JI0-
JIMHBI, TPaHUIIA KOTOPO#T 3a/1aHa MO KOCMUYECKO-
My cHuMKy (Cartosat-1 (IRS-P5), 2007 r). B pe-
3yJbTaTe B MPOrpaMMe yAalnoch BOCCO3]aTh
JTaTbHOCTB BBIOpOca TaBuHbI 1973 roa, HO KOH-
TYp JIaBUHHBIX OTJIOXKEHUI ObLIT BOCCO3JaH HE
MOJTHOCTBIO (puc. 4). MakcuMabHbIC TUHAMHE-
YECKHe XapaKTEePHCTHKH I10 JTaHHBIM PAacueToB
B RAMMS cocraBunm: ckopocTs — 84 M/c; BBI-
COTa JIABUHHOTO ITO0TOKa — 41 M; cuita yrapa —
2826 klla. Ha ocHOBe pe3ynbsraTtoB MOJEIUPO-
BaHMs JaBuHbI 1973 rona, NpuBeIEHHON B Ka-
YECTBE STAJIOHA, YCTAHOBJIEHO, YTO JUISI MOJie-
JIMPOBAHMS 0COOO KPYIHBIX JIABUH C IPUMEHE-
HreM RAMMS B [Ipuaib0pyche BO3MOXKHO UC-
nosp30BaHKe KodpdummeHToB tperus (U (-) u
{ (m/c?)), npeniokennnix ans Llseiinapun, 6e3
W3MEHEHHI.

Jls mpoBepKH MOJyYEHHOTO BHIBOJA B
RAMMS BBINIOIHEHO MOJETHPOBAHUE 0CO00
KPYITHBIX JIABHH, yTPOKAIOIIHX MoIsHaM YereT
(«Koryraiickas» nasuHa) u Tepckon («llan-
xalickas) JTaBHHA).

Yererckas monsHa (pHC. 5), BO3HUKIIAS B
CBSI3M C YHHUYTO)KEHHEM COCHOBBIX JIECOB Ha
KoryraiickoM CKjIOHE U Ha JHE JOIUHBI MOJ]
MHOTOKPATHBIM BO3/ICHCTBUEM CHEXKHBIX U JIe-
JIOBBIX JIaBHH [1], Xopomo BeIieIseTcs Ha
aspodoTocHNMKax (koHIa 1940-x — Havana
1950-x rr,; 1957 r.), cnenaHHbIX 10 HaYana ee
aKTHBHOTO OcBoeHHs (ceperauHa 1960-x TT.).
JlaBurOCOOD (CM. pHC. 5), M3 KOTOPOTO CXOAUT
«KoryTaiickas» naBuHa, UMEET CI0XKHOE JIBYX-
KaMEpHOE CTPOCHHE.

[1epBonauanbHO B iporpamme RAMMS mo-
JIeNIUPOBAJIOCh JIBMKeHHe JTaBuHbl 1987 rona,
U KOTOPOH OBUTH JOCTYNHBI (haKTHYECKHE
nanHble [5]. Ocobo kpymnHas naBuHa 1987 rona
conura 9 ssHBaps U3 JEBOH «KaMepbl» 30HBI 3a-

poskeHnst maBuHOCOOpa, mepexpsuta Yerer-
CKYIO MOJISTHY ¥ JOCTHIIIA TOCTHHUYHOTO KOMII-
nekca. [Tocie cxozia aBUHbI ObLIa BBIMOIHEHA
(oTOTEOIOINTHASI ChEMKA BCETO JIABUHOCOO0PA.
CpeHsist TONIIMHA CHEeTa Ha JINHUH OTPhIBA CO-
craBuna 2,9 M, a TIOMAIb 30HBI 3aPOXKICHHS
naBuHbl 0ko10 400 Thic. M2, O6beM CHera, CO-
IIE/IIIETO M3 30HBI 3apOXKACHUS (C yUETOM pe-
THOHATBHOTO KO(Q(HUINEHTA JIABHHHOTO YIUIOT-
nenwmst 1,7) 6bu1 onpenesen kak 1,15 min M3, a
Ha KOHYCE BBIHOCA OH cocTaBui 680 Thic. M.
Jns monenupoBanus naBuubl 1987 roga B
RAMMS wucnonb30BaHbl 3HAYEHHS TIIOMIALN
30HBI 3apOXKICHHS 1 00beMa u3 pabotsl [5]. Tle-
puon moBTOpsieMOCTH J1aBUHbI 1987 rona 3anan
B RAMMS, xax ogun pa3 B 30 siet. OcHoBaHH-
€M IS 3TOTO MOCIYXKHIN (DaKTHIECKHe aH-
uble: «Koryraiickas» aBHHA HEOTHOKPATHO
CXOJIMyia Ha JHO JOJIMHBI U JOCTUTajla TUTaHT-
cKkux paszmepos [S]. [Ipu pacuerax yureHa sec-
Hasl paCTUTENBHOCTh Ha JHE JOJIUHBL.
CmonemmpoBanHas B RAMMS naBuHa, Kak 1
(hakTHYeCKasi, TOCTUTACT TOCTHHUYHOTO KOMITTCK-
ca (puc. 6), pacTekasich Ha KOHYCE BBIHOCA IITH-
pe 1o cpaBHeHHIO ¢ 1aBuHOM 1987 roxa. Kon-
Typ TPaHHUIIBI PACTIPOCTPAHEHNUS TABHHHBIX OT-
noxkeHnit 1987 roga Boccosnath He yaanock,
9TO B MEPBYIO OYEpPe/b CBS3aHO C aKTyalb-
HOCTBIO ¥ TOYHOCTBIO HCIIOIB3YEMOro KapTo-
rpaduyeckoro Marepuana. MHTepecHo oTme-
THUTD, YTO IIPU BBIXOJEC JIABUHBI B 30HY TpaH3U-
Ta B mporpamme RAMMS monenupyercs 3a-
IUIECK JIABHHHOTO TOTOKA (B Oporpaduyeckn
JIeBOIl ero yacTu) yepe3 OOKOBOW IpeOeHb H
BBIXO/l €T0 Ha JHO JonuHbI p. JoHry3-OpyH-
OakcaH. [cTopudecknx cBeieHHMI, MOATBEP-
XKJIAIOIHX TaKoH eHOMEeH, HalTH B paboTe He
yaanocs. Bo3HHKIIO mpeanonoxeHue, 4To mo-
SIBJICHHE 3aIUIECKa BBI3BAHO HETOYHOCTBIO HC-
XOJTHOTO KapTorpauieckoro Marepruana. Tem
He MeHee OBUTH TPOaHaTH3HPOBAHBI TOCTYII-
HBIE KapThl U pasHoBpeMenHsle J1/(33, doto-
Matepuaisl. B 30He BbIKaTa 3ariecka Ha JTHO
JIOJIMHBI YeTKO AemH(pupyeTcs JTaBUHHBIN
npodec. B xozme sKcmepuMeHTa yCTaHOBIICHO,
410 mpu MoxenupoBanun B RAMMS naBuHBI
MEHBIIEro 00beMa U3 pPaccMaTpUBAEMOro Jia-
BHHHOTO O4Yara — 3aIuieck He HaOIIoaaeTcsl.



MaxkcnuManbHbIe XapaKTepPUCTHKA JIaBUHE
1987 roma mo manHbeIM pacyeToB B RAMMS
COCTaBHJIM: CKOPOCTh — 67 M/C; BbICOTA Jia-
BHUHHOTO 1otoka — 32 M; cuna yaapa — 1357
kl[1a. [Tpn MosemMpOBaHNH JTaBUHHBIX OTIIOMKE-
uuid 1987 roma B RAMMS nonyden ynosine-
TBOPUTENbHBIN pe3ynbrar. [lonyuenHsle pe-
3yJIBTaThl, YUYUTHIBAsE 0CO00 KPYNHBIH 00beM
naBuHbI 1987 rona, moATBEPAUIIN paHee MoITy-
YEHHBIH BBIBOJ, O BO3MOXHOCTU HCIIONB30Ba-
HUS 3HAYCHUH KOI(PYUIIMESHTOB TPEHHUS, PeKO-
MeH/10BaHHBIX Juis [1IBelinapuu, mis onpene-
JIeHUsI TadbHOCTH BBIOpOCca 0c000 KPYITHBIX
nasuH B [Ipmansopycee. [Ipu nHTEppeTannm
PE3yJIBTaTOB MOJICITUPOBAHUSI B pacCMaTpUBae-
MOM paifoHe TpaHHIa PacCIPOCTPAHEHUS Ja-
BUHHBIX OTJIOXEHHUH JOJKHA MOABEPraThCs
KPUTHUECKOMY SKCTIEPTHOMY aHAIIH3Y.

B cBsI3U ¢ TeM 4TO AaNBHOCTH BBIOpOCa Jla-
BUHBI 1987 rona HEOTHOKpATHO ObLIA MPEBEI-
nreHa (k mpumepy, B 1932 u 1954 rr.), B mpo-
rpamme RAMMS npennpuHsTa NOMbITKa MO-
JACIUPOBaHUs JIAaBUHBI C l'lpelleJ'[])HOI‘/’I Jajib-
HOCTBIO BBIOpOCa. B pabote [5] ycraHOBICHO,
YTO TaKas JaBHMHA MOXKET HaOIIOmaThes: MpU
CHHXPOHHOM CXOJI¢ JIBYX «KaMep» 30HBI 3a-
poxeHus (3-if BApHaHT); MPU MOCIIEI0BATENb-
HOM BO BPEMEHH CXOJI€ JIEBOM, 3aTeM IpaBon
«xamep» (4-ii BapmanT). B mporpamme
RAMMS BBINOTHEHO MOETUPOBaHUE 3-TO Ba-
puanta. MoaenupoBanue 4-ro BapuaHra 3a-
TPYIHEHO CIIOKHOCTBIO (pOpMan3aIuy Xapak-
Tepa JIABUHHBIX OTIIOKEHHH JTABHHBI U3 JIEBOM
«KaMepbD», SBIAIONINXCS TTOACTUIAIOMIEH T10-
BEPXHOCTBIO JIJIs1 ABMKEHUs TaBUHBI U3 ITPaBOi
«KaMepBbI».

[MoTtenunanbHas 30Ha 3apoxaenus «Kory-
TalCKOW» JTaBUHBI IPU CUHXPOHHOM CXO[I€
JBYyX «KaMep» M CpeJHss TOJNIHHA CHEera B
Hel (2,5 M) Obutn 3amanel B RAMMS o ma-
TepuanaM cTateu [5]. [lnomans 30HbI 3apoxk-
JIEHHs JIaBHHBI COCTAaBHIIA 0K0JI0 790 ThIC. M?
(neBoit yacTu — okos0 400 ThIC. M?; TIPaBOii
yacTu — okoso 390 Teic. M? (aBTOpamu
crarbu [5] mpuBoguTcs 3HadeHue 450 Thic.
m?2)). [lepros1 TOBTOPSAEMOCTH MOJIENBHOM J1a-
BUHBI 33/1aH B RAMMS, kak onun pa3 B 300
ner. [Ipu MonenmupoBaHuyu yuTeHa JiecHas pac-
TUTENBHOCTH Ha JHE JOJIMHBI, TPAHMIIA KOTO-
poii 3agana mo kocMu4eckomy cHUMKY (Car-
tosat-1 (IRS-P5), 2007 r). O6bem cHera, pac-
CUHTAHHBIN ¢ Ucmoiab30BanueM RAMMS, co-
MIEJIIETO U3 30HBI 3aPOXKACHUS, COCTABHII
2,37 mun M*. Cmozenuposannas B RAMMS na-
BHHA (pHC. 6) IOIHOCTHIO IEPEKPHIBACT MOJISHY
Yeret. MakcuMasbHBIE XapaKTePUCTHKH JIaBH-
HBI COCTABUIIH: CKOpOCTh — 70 M/c; BBICOTA JTa-
BUHHOTO MOTOKa — 57 M; cuia ygapa —
1469 «Ila. [Togo6Has 1aBuHa Moriia 00pa3o-
BaTh JIECHOHM IpoYec, 3aMeTHBIH Ha aspodo-
TocHUMKaX (koHma 1940-x — Havama 1950-x

rr.; 1957 r.). Tem He MeHee HET OCHOBaHMIA
YTBEPKIaTh, 4TO AAIBHOCTH BBIOpOCa MO-
JIeTIbHOM JTaBUHBI He OyleT MpeBbIIIeHa MPU
0CJIEZI0BATEILHOM BO BPEMEHH CXOJIE JIEBOH,
3aTeM MPaBoi «KaMep» 30HbI 3apOXKIeHUS (4-
i BapuaHT U3 cTartbu [5]). B cBsA3u ¢ aTuM
MOJYEPKHEM, YTO IPAHUIA PEACTHLHON Jaib-
HOCTH BBIOpOCA, TIOKa3aHHAas Ha pHC. 6, HE SB-
NseTCS MaKCHUMAIbHOM.

OnucaHne UCXOMHBIX JaHHBIX U PE3yJIbTa-
ToB MojenupoBanus B RAMMS «lllanxaii-
CKOI» J1aBUHBI ITpuBeieHbl B ctathe [11]. C uc-
MOJTE30BaHHEM PEKOMEHI0BaHHbIX 1t [1IBeii-
LapuH 3HaUYCHUH K03()PUIUESHTOB TPEHNUS ObI-
J1a PEKOHCTPYUPOBaHa JIaBUHA, KOTOpast MOIJIa
00pa3oBark JIECHOI Tpouec, 3aMETHBII Ha (o-
TOoCHUMKE KoHIa 1940-x — navama 1950-x rr.

B Poccun MonenmpoBaHue CHEKHBIX JTAaBHH
B porpammMe RAMMS BBINONHEHO BIIEpBBIE.
Ha ocHOBe cpaBHEHHUS Pe3y/bTaTOB PacyeToB
C JAaHHBIMH (paKTHYECKHX HaOIoneHHH (Kak
MIPaBUJIO, TPAHUIIEH JIABUHHBIX OTJIOKEHHS)
YCTaHOBIIEHO, 4TO:

— JUTSl MOJICTIMPOBAHUS IBHIKEHUST CHEMX-
HBIX JIaBUH B XuOHHaX (aOCONMIOTHBIE
BBEICOTHI MeHee 1200 M HaJl ypoBHEM MO-
psI) ¢ MpIMEHEHHEeM JByMEPHOH MoJenn
RAMMS Heo0XomuMO HCHONB30BaHHE
kodpunuentoB tpenus (L (-) u {
(m/c?)), cootsercTByrommx B LlBeiinap-
CKUX AIlbIax BBICOTHOMY JHAna3zoHy
Beire 1500 M HaJl ypoBHEM MODS;

— JUISl MOZIGJTHPOBAHUS JAJTHOCTH BBIOPO-
ca 0c000 KPYITHBIX JIABHH C IPHIMEHEHH-
eMm RAMMS B [Ipuans6pycee, 06pazyio-
IIUXCSI B PA3IMYHBIX AUAIa30HaX BBICOT,
BO3MOKHO MCIIOJIb30BAHME 3HAYCHUI
kodpounmentoB tpeHus (p (-) u §
(m/c2)), ncrionp3yemsix B LlIBefimapckux
AIbax Juisi JaBUH B aHAJIOTUYHBIX JIHa-
a30Hax;

— HaWIy4IIHe Pe3yNIbTaThl MOJIETNPOBAHHS
KOHTYPOB (paKTUUECKNX JIABUHHBIX OT-
JIO)KEHUH TOJIyYeHbI NMPH UCIOJIB30Ba-
Huu [IMP, co3nanHoii o Tomorpaduue-
ckoMy Muiany Macmraba 1:5000 (Xubu-
Hbl, «Illanxaiickas» JaBUHA U JaBUHA C
r. Yerer 5.12.1973 r). [Ipu ucnons3osa-
Huu [[IMP ¢ Gonee HU3KHM pa3pelieHieM
(«KoryTaiickasy naBHHA) KOHTYp BOC-
TPOHM3BOUTCS HEYAOBIETBOPHTEIBHO.

AHanu3 pe3ysibTaToB MOJAEIUPOBAHHA 0CO-

00 KpynHbIX JaBuH B [Ipmans0pycke mokasai,
4YTO HCHONb30BaHME MporpaMmMel RAMMS
TO3BONISAET PEKOHCTPYNPOBATh PAHEE COIIEH-
IIME JIaBUHbI ¥ OTIPEJIeINTh UX ANHAMUYECKUE
XapaKTepUCTUKH, HHPOPMAIUS O KOTOPBIX OT-
CYTCTBYET.

YernoBHbIe 0603HAYCHHS

nasuna 1997 roga
110 IaHHbIM

- (boroTeononuTHOl
CbEMKH

BeIcoTa TaBUHHOIO TOTOKA

1987 muagpacqm'amlaﬂ

B RAMMS, m

- 32

- 0

JIABHHA C TPELIEIBHON
=== JTBHOCTBIO BBIOPOCA
—— (Bapuaur 3),
CMOJICTTHPOBAHHAS
B RAMI\ES

Macmira6
0 100 400 600 m

Puc. 6. PesynbTaTbl MOAenupoBaHus B
RAMMS: BbicOTbI NOTOKa (M) 0c060
KPYNHOW J1aBWHbI, 3aperucTPUpoBaHHON
B 1987 roay B «KoryTaiickom»
nasuHoc60pe; NaBuHbI ¢ NPeaenbHoi
AanbHOCTLHO BblGpoca (BapuaHT 3 u3
cTatbu [5])

Jlnst obecriedeHnst 6€30MacHOCTH MECTHBIX
JKuUTeNe u pekpeanTtoB B [Ipuans0Opychke He-
00X0IIMO CPOTHO IPOBECTH JJOTIOTHUTENIBHBIC
CHETOJIaBHHHBIE M3BICKAHUS C IENbI0 00ec-
MEYeHHUs] KOMIIEKCAa OpraHU3alOHHO-X035i-
CTBEHHBIX, MPOQMIAKTHIECKUX U WHKEHEp-
HBIX NIPOTHBOJIABUHHBIX MEPOIPHATHUH.

C y4eToM MpUHATHIX B HACTOSMIEH pabore
yTo4yHeHuii nmporpaMmmMa RAMMS MoxeT ObITh
PEKOMEH I0BaHa JIJIsl KCTIONb30BAHMS Ha IIPAKTH-
Ke TIPY IPOBEACHHUH HHXKEHEPHBIX THAPOMETEO-
POJOTHYECKIX U3bICKAHUH: TIPH OIEHKE JIABHH-
HO aKTUBHOCTH, OMACHOCTH M PHCKa, a TaKkKe
HPOEKTHPOBAHUH MPOTHBOJIABUHHBIX HHKEHEP-
HEIX coopy»keHHit B Poccuy. Pesynsrarst paboTst
MOTYT OBITh YUTEHBI PH YCOBEPIICHCTBOBAHIHI
HOPMaTHBHBIX JTOKYMEHTOB, PEIIaMeHTHpPYIO-
IIUX HOPSIIOK MPOBEICHHS HHXKEHEPHBIX THIPO-
METEeOpPOJIOTUIECKIX N3bICKAHHH, HaIIPaBICHHBIX
Ha peleHne mpodieM JTaBUHHOH OTMaCHOCTHL.

Asmopbl cmamuvu evipadicaiom onazo0ap-
Hocmb 11. bapmenmy, M. Kpucmeny, O. Bycepy,
I1.A. Yepnoycy, C.A. Coxpamosy, E.C. Kuu-
menxo, C.X. Cozaesy, E.A. 3onomapegy, A.A.
Anetinuxogy 3a yuacmue u n000EpICKY 8 X00e
BbINOTHEHUS OAHHOU PAOOMUbL.
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Abstract: in this article the influence of soil properties distribution models on the quantitative assessment results of slope stability is considered. Three models of soil
properties possible distribution in the landslide/potentially landslide hazardous slopes are considered: the way used in domestic engineering geological practice — soil
properties parameter values are set within outlined geological items; the abroad practice way — soil properties normative values are set within selected lithological
types; way, using the field of soil properties distribution in massive.

The model analysis of slope stability general assessment using different principles of soil properties distribution shows that they have influence on the sliding surface position and the
coefficient of slope stability value, thus slope stability problem correct solution can't be found without the substantiation of soil properties distribution model in the slope massive.
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Abstract: the main goal of our investigation was to test the capabilities of Swiss avalanche dynamics program RAMMS [19] to simulate and back-calculate well-
documented avalanches in Russia (according to the observation field data presented in a way of the large-scale GIS for two mountain regions — Khibini Mountains and
Mt. Elbrus). The friction parameters (u (-) and T values (m/s?)) may be taken from the upper altitude limit (above 1500 m above sea level (m.a.s.l.)) of the table
recommended for Switzerland (implemented into RAMMS) for simulations in the Khibini Mountains (absolute height less than 1200 m.a.s.l). RAMMS could be used for
simulation of rare extreme avalanche events in the Mt. Elbrus region using friction parameters values recommended for Switzerland with no change. In such a way a
high level of correspondence of observed and simulated avalanches was found. At such modification RAMMS allows to reconstruct runout distances and to define the
dynamic characteristics of the historical avalanches field observations for which are absent. Thus, we state that RAMMS should be implemented into Russian
avalanche hazard assessment practice as a powerful tool that can resolve a lot of problems of snow avalanche engineering in our country.

Summary and back-calculate well-documented avalanches  ins and Mt. Elbrus). It is established that the
(with volumes from 2 000 up to 2 100 000 m*)  change of the friction coefficients used in the

The main goal of our investigation was to  in Russia (according to the observation field =~ RAMMS model (defined for the Alps) allows
test the capabilities of Swiss avalanche dyna-  data presented in a way of the large-scale GIS  applying the model in other mountain regions.
mics program RAMMS [17, 19, 22] to simulate ~ for two mountain regions — Khibini Mounta-  The friction parameters (p (-) and { values




(m/s?)) may be taken from the upper altitude
limit (above 1500 m above sea level (m.a.s.1.))
of the table recommended for Switzerland (im-
plemented into RAMMS) for simulations in
the Khibini Mountains (absolute height less
than 1200 m.a.s.I). RAMMS could be used for
simulation of rare extreme avalanche events in
the Mt. Elbrus region using friction parameters
values recommended for Switzerland with no
change. In such a way a high level of corres-
pondence of observed and simulated avalanc-
hes was found. At such modification RAMMS
allows to reconstruct runout distances and to
define the dynamic characteristics of the histo-
rical avalanches field observations for which
are absent. According to the obtained results in
both regions we state that RAMMS should be
implemented into Russian avalanche hazard as-
sessment practice as a powerful tool that can
resolve a lot of problems of snow avalanche
engineering.

The avalanche dynamics program
RAMMS, developed in Switzerland by the SLF
[23] using the VS model was verified by the
data from the Khibini Mountains and the Cau-
casus. The 5 m resolution input DEM was used
in both regions. The calculation (output) reso-
lution was specified as 5 m and 10 m in some
cases. Release zones and fracture snow heights
were specified from the digital large-scale ava-
lanche database. We used the possibility to pre-
scribe the friction parameters manually as well
as the option to use the automatic procedure
given by the program. The values for the para-
meters chosen are based on terrain features
such as open slope/flat terrain/channeled/gully
or forested/non-forested according to the fric-
tion parameter table given for Switzerland. The
friction parameters could be variable when they
are modified by the automatic procedure or co-
uld be chosen constant over the avalanche path.
In this paper snow entrainment as well as tem-
perature effects are not considered.

Khibini Mountains. We applied RAMMS to
simulate more than 50 well-documented avalanc-
he events recorded in 7 avalanche test sites in
the Khibini Mountains with volume from 2 000
up to 120 000 m3. We started to simulate all ava-
lanche events from the digital large-scale ava-

lanche database using the VS model with refe-
rence to the friction parameter table given for
Switzerland in order to back-calculate them. Ac-
cording to this table, friction parameters p and
depend on the altitude (m.a.s.l.) and are usually
specified corresponding to the altitude limits as,
above 1500/1000—below 1500/1000 m.a.s.1. The
highest point of the Khibini Mountains is 1208
m. All considered avalanche paths are located on
the altitude below 1000 m. The comparative ana-
lysis of regional characteristics of the Khibini
Mountains and the Swiss Alps showed us that
the mean annual temperature of the coldest
month at an altitude of the most common ava-
lanche release zone is almost similar in both re-
gions. While the altitude of the Khibini Mounta-
ins is relatively low, the release zones are steep
enough (35400 on average). Slab avalanches are
dominating in both regions. Due to these facts,
indicating that avalanches hardly depend directly
on the altitude, but rather on climatic conditions,
we used for the Khibini Mountains (polar region)
the p and £ values «above 1500 m.a.s.l» given by
the table recommended for Switzerland. As a re-
sult we were able to back-calculate shapes of most
observed avalanches (mainly medium avalanches
with volumes 25-60 000 m?). Concerning maxi-
mum avalanche speeds they correspond in gene-
ral to the values measured in this region. Accor-
ding to the results obtained by the simulations we
argue that our assumption works satisfactory and
could be recommended (until we know better)
for the future RAMMS application by practitio-
ners for the avalanche hazard assessment in the
Khibini Mountains.

Caucasus. Extreme rare catastrophic ava-
lanches are a threat to villages, roads as well
as recreation areas in the Mt. Elbrus region.
The goal of our investigation was to test the
capabilities of RAMMS to model the flowing
behavior of such avalanches, as well as to com-
pare the observed runout distances. The detai-
led description of the largest observed extreme
avalanche (volume 2 100 000 m?) recorded in
1973 by Zolotarev [7] was used in this study.
This avalanche released on the north face slope
of the Mt. Cheget (upper part of the Baksan
valley). The simultaneous release covered an
area of almost 70 hectares. Two avalanche re-

lease zones are acting on this area as usual. The
return period of the avalanche is 300 years ac-
cording to the vegetation analysis. As input we
specified the observed release zone. The spe-
cified fracture height corresponded to the mean
observed value of 3 m. The forest was consi-
dered during the simulation and specified ac-
cording to the remote sensing data. We simu-
lated this avalanche and other extreme rare ava-
lanches with the VS model with a 300 year re-
turn period using variable friction parameters
obtained from the automatic procedure imple-
mented into RAMMS (values recommended
for Switzerland). As a result RAMMS almost
reproduced the observed starting and transit zo-
ne behavior and reconstructed the outline of
the observed avalanche in the runout zone. Ac-
cording to the obtained results (taking into the
account the tremendous volume of an avalanc-
he) we argue that RAMMS could be used for
simulation of rare extreme avalanches in the
Mt. Elbrus region using the values of the fric-
tion parameters recommended for Switzerland.
For the avalanche safety of locals and tourists
in the Mt. Elbrus region it is necessary to carry
out urgently additional researches for the pur-
pose of providing a complex of the avalanche
protection measures.

The avalanche dynamics program RAMMS
was tested in the Khibini Mountains and in the
Caucasus (Mt. Elbrus region), Russia for the
first time. According to the obtained results in
both regions we state that RAMMS should be
implemented into Russian avalanche hazard as-
sessment practice as a powerful tool that can
resolve a lot of problems. The friction parame-
ters (1 and { values) may be taken from the up-
per altitude limit (above 1500 m.a.s.l.) of the
table recommended for Switzerland (imple-
mented into RAMMS) for simulations in the
Khibini Mountains. In such a way a high level
of correspondence of observed and simulated
avalanches was found. RAMMS could be used
for simulation of rare extreme avalanche events
in the Mt. Elbrus region using friction parame-
ters values recommended for Switzerland. We
hope that our results can be helpful for the fu-
ture development of avalanche hazard zoning
it in Russia.
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Abstract: the paper proposes a numerical scale depending on the degree of activity of tectonic faults of the crust on the intensity of the subsoilradon emission. The
presence of this scale will allow to reassess the seismotectonic conditions of construction sites, including both existing and under construction nuclear power plants.

SUMMARY

In this article, first proposed the united uni-
versal scale of the dependence of tectonic crust
fractures activity from the emission rate of ra-
don from the soil and radon from groundwater.

This scale allows to re-evaluate in new way
the seismotectonic conditions of the sites of ope-
rating nuclear power plants and nuclear power
plants under construction. Scale range of radon
volumetric activity in groundwater is optimal for
tasks of geotechtonics and seismic prediction.

Practical application of the proposed single
universal scale can be done at the sites of nuc-
lear power plants in seismically active regions,
and in a seismically inactive region of the glo-
be. It is allowed to specify the scale of the pro-
posed boundary options that may be slightly

different for the seismically active and seismi-
cally inactive area.

For a wide scale use more researches are
needed concerning the quality of express defi-
nition of volumetric activity of radon in soil
and radon in groundwater. It is necessary to de-
velop and adopt a common methodology for
sampling water from wells.

Radioactive minerals in rocks can distort
the measurement results. It is important to ma-
ke research to clarify the effects of these radio-
active minerals on the parameters of the scale.

It is necessary to provide further study of
dependence between the obtained values of ra-
don volumetric activity and the hydrodynamic
conditions of sampling points of water. Very
important are characteristics of used boreholes:
self-emission, drainage, thermal, carbonated.

An important factor is the location of testing
boreholes in relation to the elements of fault
zones. The wells should be placed on profiles
across the fault zone. The number of wells sho-
uld be no less than three. The central well must
necessarily be in the fault zone.

From the experience of radonometry at po-
wer stations it can be concluded that such re-
searches required a completely new specially
designed drill holes. It should be equipped with
a faucet ("bell") in the bottom of the barrel that
has permeable bottom on the powerful drainage
basis.

If old existing wells of different construc-
tion (hydrogeological, geotechnical, search,
technology, geophysical) will be in use, the
result of the research will often be unsatis-
factory.



