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Summary

For the first time, a qualitative and quantitative evaluation of the effectiveness of anti-avalanche measures was carried
out for the territory of the «Krasnaya Polyana» ski resort, located in the Western Caucasus on the Aibga ridge. The fol-
lowing materials were used for this work: the results of field survey in 2019, which made it possible to map the resort's
infrastructure exposed to possible snow avalanches and protected by existing preventive (anti-avalanche) measures,
experience of similar studies from other regions as well as identification of the avalanche release zones by means of
digital elevation model and analysis of remote sensing data, archive data on the snow avalanches regime at the site,
and numerical modeling of the snow avalanches with different starting conditions. Modeling of the avalanches was
performed in the RAMMS program basing on three scenarios: 1) taking account of the successful operation of exist-
ing anti-avalanche measures; 2) with regard for the failures in the work of existing anti-avalanche measures that were
recorded earlier during the operation of the resort; 3) without considering any anti-avalanche measures, which corre-
sponded to the conditions at the stage of the territorial planning of the resort. Differences in the impact of simulated
avalanches on the resort infrastructure were interpreted as «high», «<medium» and «low» effectiveness of existing anti-
avalanche measures. It was found that the dynamical characteristics of the local avalanches (run-out distance, volume,
velocity, and pressure) had different importance for different types of the infrastructure with regard to the effectiveness
of anti-avalanche measures. Under existing conditions of the relief, climate and vegetation of the investigated territory
the artificial triggering (at the ski resort it is mainly made by the Gazex systems) is the most efficient. Snow-retaining
structures often do not perform their functions, while dams and avalanche cutters can be successful only in combina-
tion with the properly functioning artificial triggering. It was found that there are areas where the run-out distance of
artificially controlled avalanches is smaller than that of possible natural avalanches, and these areas can still be danger-
ous for the infrastructure of the resort due to the high values of the avalanche speed and pressure.
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BrnepBble Ha OCHOBE NPeANoXEeHHOrO B paboTe KOMMIEKCHOrO NMOAXOAA BbIMOSIHEHA OLEHKA MHXKEHEPHO-
reorpaduueckoin 3pHeKTVBHOCTA BCEX BUAOB NPOTMBOJMIABMHHbBIX MEPOMNPUATAN, MPUMEHAEMbIX Ha rop-
HOMbKHOM KypopTe «KpacHas [lonsiHay», C UCNob30BaHNEM MeTofa MaTeMaTMyeckoro MoLennpoBa-
HVA naBuH. B ycnosuax penbeda, Knumata 1 pacTUTENbHOCTY UCCIeAyeMON TEPPUTOPUN UCKYCCTBEHHO
perynupyemsbiin cbpoc naBrH (B OCHOBHOM OCyLLIeCTBAsiEMbIV cucTemMamu Gazex®) Hanbornee 3bdeKTnBeH.
CHeroynep»KuBatoLLe COOPY>KEHWUA He BCErAa BbIMOMHAT CBOU GYHKLUW, B TO BPeMA Kak Aambbl 1 naBu-
Hope3bl MOryT 6biTb 3GGEKTVBHBIMY TONIbKO B KOMMEKCE C UCKYCCTBEHHO perynvpyembiMy cobpocamu
naBviH. MpeanoXeHHas aBTOpPaMyi METOAMKA OLeHKM 3GPEKTUBHOCTU METOAOB 3aLUWTbl OT JIABUH MOXET
MCNONb30BaTbCA MPU MAAaHWPOBAHNUY NPOTVBOMABUHHbBIX MEPOMNPUATUN, NO3BOJIAA CHUXATb SKOHOMMUYe-
CKMe 3aTpaTbl Npy opraHn3saumm n GyHKLMOHNPOBaHNM KYPOPTOB.
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BBenenne

ITpoMBbIlIZIEHHOE U peKpeallMOHHOE OCBOCHUE
ropHbIX Tepputopuii Poccuu tpedyeT o60cHOBa-
HUS 11eJ1IeCO00Pa3HOCTU TeX WJIM MHBIX CIIOCOOOB
obecrieueHusl JJaBUHHOI 0€30MacHOCTU 00BbEKTOB
UHGPaCTPYKTYpPhl B cllydae HEBO3MOXHOCTU UX
pacriojioxkeHusl BHE JJaBUHOOMACHBIX 30H. OIHAaKO
YTBEPKIEHHON METOTMKM OLIEHKH 3((HEKTUBHOCTH
NPOTUBOJIABUHHBIX MEPOIIPUITUNA U COOPYKEHUI
KaK B OTEYECTBEHHOU HOPMATUBHOM TOKYMEHTA-
1IUK, TaK U B MUPOBOM IPAKTUKE TTOKa HET.

IIpobneMe orreHke dPOEKTUBHOCTU TIPOTUBO-
JIABUHHBIX MEPOIIPUATUI YIOeIsII0Ch BHUMaHNUE B
pabotax E.C. Tpomkunoit u K.®. BoiiTKOBCKO-
ro [1], A.A. Xuryneckoro [2, 3], C.M. Msarkosa [4],
IJle IPUBOIMINCH IJIABHBIM 00pa30oM KaueCTBEHHEIC
OLICHKM, OCHOBaHHBIE Ha aHa/IM3e CeHn(PUKH Jia-
BMHOOOPa30BaHUSI B OTAEIbHBIX TOPHBIX pailoHaX.
Tak, s nmpeaBapuTeIbHOrO BbIOOpa CIIoco00B 3a-
muTel K.@. BoittkoBcknM 1 E.C. TpomknHoit [5]
ObLIa MpenjiokKeHa METOIMKA ITPOTHO3HOM OLIEHKU
3(pHEKTUBHOCTY TTPOTUBOJABUHHBIX MEPOITPUSITUI
Ha tepputoputo CCCP, ocHOBY KOTOPOI1 COCTaBISLIIN
(boHOBBIE OCPETHEHHbBIE XapAKTEPUCTUKU BIUSTHUS
PErMoHaJIbHBIX OCOOEHHOCTE MPUPOIHBIX YCIOBUIA
M CHEroJIJaBUHHOTO pexkrMa Ha paboTOCIIOCOOHOCTh
OCHOBHBIX BUJIOB 3aIlIUTHBIX MEPOIIPUSITUI U COOPY-
KeHui. DPPEeKTUBHOCTD MPOTUBOJABUHHBIX MEPO-
MPUSITUI OLIEHUBaJaCh KaU€CTBEHHO MO TPEx0aslib-
HOI1 11IKaJjie — BBICOKAsI, CPEIHSIST, HU3Kasl.

Jpyroit noaxona ObLI MPUHST B paMKax MpPOeK-
ta PROTECT B llIBeiinnapnu 1 coceqHNUX CTpaHax,
rae 3pOEeKTUBHOCTD MPOTUBOJIABMHHOTO COOPYKEe-
HUS OIpenesuiach KOITUIECTBEHHO U3MEHEHUEM
IUIOIIAAM JIABUHOOIIACHOM TEPPUTOPUU IIJisl JTABUH
pa3HOI1 MOBTOPSIEMOCTH B pe3yiIbTaTe IIPUMEHEHUS
MPOTUBOJIABUHHBIX Meponpusituii [6, 7], a cTereHb
JIABUHHOM OINACHOCTH — KOJIMYECTBEHHBIMU XapaK-
TepUCTUKAaMU BO3MOXHEIX JIJaBUH. B KauecTBe Me-
Toda OLEHKU 3(P(OEKTUBHOCTU pacCMaTPUBAIUCh U
MpsIMBIE 3aTPaThl HA Pa3IMYHbIe KOMIUIEKCHI IIPOTH-
BOJIABUHHBIX MEPOIIPUSITUIA Ha OTIPEeNeSIEHHOM Tep-
PUTOPUU M COOTBETCTBYIOIINIT UM MHIWBUAYaIbHBII
puck [8]. Kpome Toro, ahHeKTUBHOCTH MPOTUBO-
JIABUHHBIX MEPOIIPUITHI pacCUNTHIBAJIACh U Yepe3
OTHOILIEHUE YMCJIa JIABUH, BbI3BABIINX YIIEpO WU
MPUBEAIIMX K XepTBaM, a Takxke 0e3 Hux [9], uiu
yepe3 KOJMUYECTBEHHBIN pacu€T n0au oObEMa ja-
BUHBI, KOTOPYIO CYIIECTBYIOIIEEe 3alllUTHOE CO-

opyxeHue crmocodHo 3aaepxath [10]. [TpobreMsr
3 HEKTUBHOCTHU 3alIUTHI OT JIaBUH KOMILIEKCHO
paccMoTpeHbl B pabote [11].

A.A. XKurynsckuM [3] TipemtoskeHO oTpeiesieHIe
«(hPEKTUBHOCTH» KaK TTOKAa3aTeNs 11e71ecoo0pa3Ho-
CTHU U Pe3YJIbTaTUBHOCTH IIPUMEHEHUS 3aIIUTHBIX CO-
OpPYKEHUI TP 3aJaHHbBIX IIPUPOIHBIX YCIOBHSIX, Xa-
paKkTepu3yIolIeecs COBOKYITHOCTbIO TAKMX CBOMCTB,
KaK Hal€XXHOCTh, pe3yJbTaTUBHOCTh 1 SKOHOMMY-
HOCTb. B METOIMYECKOM OTHOLIEHUHU OLEHKA 3(-
(peKTUBHOCTH 3aIIUTHBIX MEPOIPUITUIA TECHO CBSI-
3aHa C OLICHKOM MapaMeTPOB JJABUHHOM OITACHOCTU 1
yiiep0a, IIperoTBPaIIaeMOro ¢ ITIOMOIIBIO IIPOTUBO-
JIABUHHBIX MEPOIpUsTHii. BEIOOP MpOTHUBOIaBUHHBIX
MEPONPUITUI U COOPYKECHUMN U COOTBETCTBYIOIIAS
M 3(PPEKTUBHOCTD OTIPEACIIIIOTCS HE TOJBKO (haK-
TOpaMM JJaBUHOOOPA30BaHUS U ITapaMeTpaMiy CaMuX
JIaBMH, HO 1 XapaKTEepPOM IIPOMBIIIJICHHOTO OCBOE-
HUS, TUTTIAMU ¥ 3HAYMMOCTBIO 3aIIUIIAeMbIX O0BEK-
TOB, WX yI3BUMOCTBIO [12]. O4eBUIHO, YTO MHBEC-
THUPOBAaHME CPEICTB B MPOTUBOJABUHHYIO 3aIIUTY
TpedyeT SKOHOMMYECKUX OLIeHOK. Takum oOopa3oMm,
oleHKa 3(P(HEeKTUBHOCTU MPOTUBOJIABUHHBIX MEPO-
NpUATUI BKJII0YAeT B ceOs 1Ba OCHOBHBIX aCIIeKTa:
WHXeHepHO-TeorpauIecKuii 1 9KOHOMUYECKHUii [3].

B HacTosiieit pabore Ha OCHOBE COOpaHHBIX
JaHHBIX 110 MCIIOJIb30BAHUIO TIPOTUBOJIAaBUHHBIX
MEPONPUITAN U COOPYKEHUI BBIIOJHEHA OLICH-
Ka UX WHXXeHepHo-reorpadguueckoit apPpeKTus-
HOCTH (majiee Ha3bIBaeMOM «3((OEKTUBHOCTD») Ha
npumMepe TopHosikHOTO KypopTa (I'JIK) «KpacHas
[Monsua» (panee «I'opku I'opon» u «['opHas Kapy-
cenb»), pacIloIOKEHHOTO Ha Xp. Aubra B paiioHe
Kpacnoii IMongnusr (3anagnsiii Kaskas). Tepputo-
pus KypopTa MHTEpecHa TEM, YTO Ha OTHOCHUTEJIb-
HO HeOOJBIION MIOIAAN ¢ O0IMMU (paKTopaMu
JIJaBUHOOOpa3zoBaHM OIS 3alUUThl OObEKTOB MH-
(pacTpyKTyphl OMHOBPEMEHHO IIPUMEHSIETCS ITpaK-
THUYECKH TTOJHBINA CIEKTP CYIIECTBYIOIIUX MIPOTH-
BOJIABUHHBIX MEpONpUSATHH (MpoduIakTUIecKe,
JIAaBUHOIIPEIOTBPAIIAIONINE W JJABUHO3AIIUTHEIE) C
HanOOJIbIIMM PACIIPOCTPAHEHUEM CHUCTEM IIpeay-
npenuTenbHoro criycka gasuH Gazex® [13, 14].

Paiion uccnenoBanus
ITocne XXII Onumnuiickux 3uMHux urp 2014 r.

pation KpacHoit [TonsiHbI cTan KpyImHBIM COBpe-
MEHHBIM LIECHTPOM 3UMHUX BUIIOB crioprta. Teppu-
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A.N. KoposuHa u dp.

TOpHUSI TOPHOJBLKHOTO KypopTa «KpacHas ITossi-
Ha» pacroyioXeHa Ha CeBEpPHOM CKJIOHE Xp. An0ra,
MIPOCTUPAIOIIETOCS C CeBepo-3alaga Ha BOCTOK
napajienbHo I'maBHOMY XpeOTy 3amagHoro Kas-
Ka3a B moiamHe p. M3wsiMTa. Oporpadus uccie-
IyeMOTO palioHa ompenelsieTcsl CpeadHe- U BBICO-
KOTOPHBIM pelibe(OM ¢ IepernamnoM adCOTIOTHBIX
oTMeTOK OT 550 M (B cTaThe Be3je mafoTcs abco-
JIIOTHBIC BHICOTHI) HAa THUINE OOJUHBL p. M3bIM-
Tta 1o 2200—2450 m Ha xp. Aubra. BepxHsag gacTb
XpeOTa ImpeacTaBlieHa CKaIUCTBIMUA I'PEOHSIMU C
KapaMu, IeHYTAallMOHHBIMA BOPOHKAMM, 3PO3H-
OHHBIMHU Bpe3aMHM, 4acTO C OTBECHBIMHU CKJIOHA-
mu. I'mybuHa pacuieHeHUs peibeda IpeBblla-
eT 1900 M. B reoMopdoioTniecKOM OTHOIIEHUN
penbed TepPUTOPUU OTHOCUTCS K aIbIIUIACKOMY.
Ha uccaenyemoii TeppuTOopry 3HAYUTEIbHBIE TLIO-
IIaay IIpeacTaBIeHbI CKIIOHAMHM C yIJIaMHU HAKJIO-
Ha 25—60°, 4TO GJIArONpUITHO IJIs 3apOKIACHUS U
JBUKEHUS JIaBUH [15].

Paiion ncciaenoBaHusI OTHOCUTCSI K CyOTPOITH-
YeCKOM YePHOMOPCKOI 00JacTh ¢ U30BITOUYHBIM
yBJIaxkHeHueM [16], rme nmpeo61agaoT NpoLecChl
3aMagHoOI W I0ro-3amagHoi IUPKYJISIUA B CUCTE-
Max aTJIaHTUYECKUX CPEAU3EMHOMOPCKUX U Yep-
HOMOPCKMX IMKJIOHOB. KonmmyecTBo 0cagKoB BO3-
pacTaeT ¢ ceBepo-3aliaga Ha I0r0-BOCTOK, a TaKXKe
C YBEIMYEHMNEM BBICOTBI. DTO IIO3BOJISIET OTHECTU
paiioH UCCIefoBaHUs K «CyOTPOITMYECKOMY THUITY
JIJaBUHHOTO pexuMa» [17], KOTOpbIii XapakTepusy-
€TCsI pa3BUTHEM IIPOIIECCOB JJaBUHOOOPa30BaHUS B
YCIIOBUSIX TIOJIOXKUTEIBHBIX TEMIIEPATYP XOJIOTHOIO
repruona U MHTEHCUBHBIX IIPOIOJLKUTEIbHBIX CHE-
romnagoB, IPUBOISIINX K 3HAYUTEIPHOMY CHETOHA-
koruteHuto [17]. O6a ¢pakTopa CrtocoOCTBYIOT BEICO-
KOW JJaBUHHOW aKTUBHOCTH.

st BBICOKOTOPBS 3anamHoro Kaskaza (>2000 m)
XapakTepHa (¢parMeHTapHasi HUBaJdbHasl pacTU-
TEJIbHOCTD, aJbIINIICKNE U CyOaJbIINIACKUE JIyTa C
KyCTapHHUKaMH POAOAEHAPOHA, KOTOPHIC HE IIpe-
IISITCTBYIOT 3aPOXKICHUIO JABUH U OIIPEISIISTIOT BBI-
COKYIO CTETICHb JIABUHHOM OMacHOCTHU. B cpenHe- n
Hu3koropse (1000—2000 M) IpeodmagaeT 6epé3oBoe
1 OYKOBOE KPUBOJIEChE, KYCTAPHUKOBBIE 3apOCIU 1
penKue XBOiHbBIC W IIMPOKOJIMCTBEHHEIE jeca. Jlec-
Hasl pacTUTEIbHOCTD IIPEACTaBIeHAa XBOMHBIMHA U
IIMPOKOJIMCTBEHHBIMU IPEBECHBIMU ITOPOIAMU, KO-
TOpBIE, COTJIACHO HEKOTOPBIM MCCIICIOBAaHUSIM, HE
BCeraa IPeIsITCTBYIOT JJaBUHOOOPAa30BaHUIO B pac-
cMaTpuBaeMoM paiioHe [18].

Oco0eHHOCTH JJABHHHOTO PeKNUMAa

CoryiacHO TaHHBIM, COOpPaHHBIM U MPEIOCTaB-
JICHHBIM aBTOpaM CTaTb{ MPOTUBOJABUHHOM CIIyX-
601t kypopta «KpacHag IlongHa», Ha xp. Aubra
CHEXHbII MOKPOB 00pa3yeTcs yxe B OKTIOpe, B 10-
JINHE TIePBBII CHET OTMeYaeTcsl B Havaje aeKaopsi,
a YCTOMYMBBIA CHEXHBIIA MOKPOB (popMuUpyeTcs
yepe3 Mecall. Yncno mHei co CHeXXHBIM ITOKPOBOM
B cpegHeM cocTaBisieT: B roc. KpacHas IlomssHa —
78 mHeli, HA TpeOHSIX U cedJoBUHAX Xp. Aubra —
200—215 aHeii. BpeMs pa3pylieHus: CHEXXHOTO Mo-
KpoBa — Mail—1OHb. TOJIIIIMHA CHEXXHOTO TTOKPOBa
B 30HE OTpbIBA JIaBUH Ha Kypopte «KpacHas IToms-
Ha» MoxeT pocturath 6ojee 300 cM, HO B cpeaHeM
Bapbupyet oT 100 1o 270 cMm. Temnepatypsl Bo3ayxa
C HOSIOpSI—IeKaOpsT UMEIOT OTPUILIATEIbHbIC 3HaUe-
Hus (mo —7,2 °C B ssHBape), MHOTIA HabJI01at0TCs
oTTenenu. B ampene Temneparypa yCTOMYMBO Tiepe-
XOIUT B CTOPOHY ITOJIOXUTEIbHBIX 3HAUCHUIA.

BoJbIIMHCTBO JaBUH 3apoXaaeTcsl B BHICOT-
HoM auana3oHe 1800—2200 M. 30HBI OTJIOXEHUS
pacrioyioKeHbI ITaBHBIM 00pa3oM Ha BeicoTe 1000—
1500 M, omHaKO JIaBUHBI OOJILIINX OOBEMOB JOCTU -
raoT orMeToK 600 M. BaxHyio posib B popmMupo-
BaHUU JJABUH MCCJIEAYeMOIO PEerMoHa, 10 JaHHBIM
H.A. KazakoBa u ap. [18], urpaet nepekpucTaim-
3alus cHexXXHoi Tommu. [Tox Bo3aeiicTBUEM CUIIb-
HBIX BETPOB M MeTeJieil Ha BepIIMHHOM I'peOHe
Xp. Aubra o6pa3yroTcsi MHOTOMETPOBbLIE KAPHU3HI,
00pyIIeHNEe KOTOPHIX HEPEIKO CTAHOBUTCS IPUIM-
HOI (hopMHUPOBaHMS CHEXXHBIX TaBUH [19]. Ha tep-
PUTOPUM TOPHOJBIXKHOTO KypopTa rpaHuIIa jieca
pacnosoxkeHa Ha BeicoTe oT 1800 mo 2100 m. Hanu-
YMe TYCTOTrO Jieca CHUXKAeT BO3MOXKHOCTh 00pa3oBa-
HUS JJaBUH KPYITHBIX 00BbEMOB, OJHAKO B JieCcy, Ha
CKJIOHAX KpPYTU3HOI 6osiee 35°, He UCKIIIOUEHO (op-
MUpOBaHMEe HEeOOJIBIINX JaBUH, CITOCOOHBIX HaHEe-
CTU ylIepO YeTOBEeKY U HEOOJIbIIUM COOPYKEHUSIM.

AHaJIM3 TaHHBIX IPOTUBOJIABUHHOM CITY>KObI KYy-
popta «KpacHas IlossiHa» mokasaj, 4TO Ha J0JII0
CYXMX JIJaBUH CHEromaaoB U MeTeJell MPpUXOIUT-
cs 6omee 50% (62% — 3umuuii nepuox 2008/09 r.,
73% — sumnuii iepuon 2011/12 r.). OOBIYHO 3TH J1a-
BUHBI CXOJISIT MOCJIE OOMJIbHBIX CHETOITa 0B C IIPHUPO-
CTOM CHera TouHoi 6osee 1 M. Takue cHeromaabl
B palioHe uCCeq0BaHUsI HAOJIIOAAITCS peTyIsip-
HO — HECKOJIbKO pa3 3a XOJIOAHBII nepuomn. JlaBuH-
Hasl OIIaCHOCTh B pacCMaTpPUBaeMOM PaiioHe OIpene-
JISIETCS JJABUHAMU TTPAKTUIECKU BCEX T€HETUICCKUX
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TUTIOB (13 CBEXKEBHITIABIIIETO CHETa, MHCOJISIIIMOHHBIC
¥ aIBeKLMOHHbBIC, IIepeKPUCTAUIN3ALINN, METelIe-
BbIe). JIaBUHBI 13 CBEXKEBBIIIABIIIETO CHETA B MCCIIE-
IyeMOM palioHe MOTYT JOCTUTATh KaTacTPO(UISCKIX
00BEMOB — 110 1 MitH M3 [20]. [Tpu aHaNM3e TaBUHHO-
ro pexxuma teppuropuu Kypoprta «Kpacnas ITonssHa»
HEeoOXOIMMO YUYUTHIBATh IIPOMCXOISIINE B Pe3yIbTa-
Te ero OCBOeHUS pechopMaliy pesibeda U paCTUTEIb-
HOCTH, TIPUBOISIINE K N3MEHCHUIO TUHAMNIECKIX
XapaKTePUCTUK BO3MOXHBIX JJABUH U ITOSIBJICHUIO
HOBBIX JJABUHOOTIACHBIX TeppuTOpuii [21].

MeToauKa U MATE€PHAJIBI

B mpomecce pabOTHI NCIIONIB30BAaHBI CIICAYIONINE
METOMBL: TIOJIEBBIX MCCICIOBAHMIT; MaTeMaTUICCKOM
CTAaTUCTUKM; MAaTEMaTUUECKOTO MOICINPOBAHUS
JIABUH; TeOMH(MOPMAITMOHHOTO KapTorpachpoBaHUSI.
Pacu€rhl mmHaMUYeCKMX XapaKTepUCTUK CHEXKHBIX
JIABUH BBITIOJTHEHBI C YIETOM peKOMCEHOALIMMA OCii-
CTBYIOLLIETO HOpMATUBHOIO JoKyMeHTa [15]. Mone-
JIMpOBaHNE JaBUH IIPOBEACHO C IIPUMCHEHHUEM IIPO-
rpamMmMbel RAMMS [22]. B pe3yabrate mpemioxeH
AJITOPUTM, KOTOPBII MOXKET OBITh ITOJIOXKEH B OCHOBY
oLleHK! 3(P(PEKTUBHOCTH KaK ASUCTBYIOIINX, TaK 1
IUIAHUPYEMBIX TIPOTUBOJIABUHHBIX MEPOIIPUSATUI 1
COOpPY:KEHUI1 B TOpHBIX paitoHax Poccuu. [Ipemio-
JKEHHBIN aJITOPUTM ITO3BOJIMII OLIEHUTh NHXKEHEPHO-
reorpauyeckyo 3(pHEeKTUBHOCTb MPUMEHSIEMbIX
MIPOTUBOJIABUHHBIX MEPOIIPUITHIL Ha TEPPUTOPUN
ropHOJILLKHOTO KypopTa «KpacHas ITonsiHa».

Iloaesoe oocaedosanue. B nernuii mepuon 2019 r.
BBITIOJTHEHO TI0JIEBOE PEKOTHOCIIMPOBOYHOE 00CIIe-
nmoBaHue Tepputopun Kypopta «KpacHas IlonstHa»
¥ YCTAHOBJICHHBIX TaM IPOTUBOJABUHHEIX COOPY-
JKeHUI ¢ IeIbI0 UX KaTaJloru3allii, aHalIn3a COOT-
BETCTBUS YCTAaHOBJICHHBIM B Halllell CTpaHEe HOpMaM
MIPOSKTUPOBAHUS 1 AKCIUTyaTalluK C YIETOM CIICIIH-
(ukm 1aBMHOOOpa30BaHMUS B pacCMaTpUBAacMOM
paitoHe. Ha ocHOBe cOOpaHHBIX B ITOJIEBBIX YCIIO-
BUSIX MAaTE€pUAJIOB COCTaBJICHA KapTa IIPUMEHSIEMBIX
Ha tepputopun I'JIK «KpachHas ITonstHa» mpoTUBO-
JIJABUHHBIX MEPONPUATUIA U coopyXeHu# (puc. 1),
Ha KOTOPOI1 TTOKa3aHbI MECTa PaCIIOI0XKECHHUS: TIPO-
TUBOJIABUHHBIX WHXCHEPHBIX COOPYXKEHUII; CU-
CTeM NpeayNpeanTeIbHOTO crrycka naBuH (Gazex®:
LLIEJITEPOB U IKCIUIOAEPOB); TOPHOJIBIKHBIX TPacc;
KAHATHBIX TOPOT; 30aHUN U COOPYKEHMIA; 30H 3a-
pOXIeHUs JaBUH, YIPOXAWIIUX 3alllUIaeMbIM

00beKTaM. YCTaHOBJIEHO, YTO Ha TEPPUTOPUU TOp-
HOJIBDKHOTO KypopTa IPUMEHSIOTCS IIPaKTUIeCKU
BCE U3BECTHBIC BUIBI IIPOTUBOJIABUHHBIX MEPOIIPH-
AT 1 coopyXeHM (Tadbmuia). KimodeByro poib
B 00OecIieYeHUHU JIJaBUHHOM 0€30MacHOCTU Kypop-
Ta UTpacT JIJAaBUHHAsI CIy:k0a, KOTopasl 3aHMMaeT-
CsI: MOHUTOPMHIOM COCTOSIHUSI CHEXKHOTO IMTOKPOBa
Ha CKJIOHaX — OIpeIeIieHUeM eT0O BBICOTHI, CTPOe-
HUSI M1 MEXaHMYECKNX CBOMCTB; IPOTHO30M JIaBUH-
HOM OTIAaCHOCTH; IIPOBEACHUEM IIPEeAYIPEaAUTEIb-
HBIX CITyCKOB JIABMH; OITOBEILICHUEM.

LlIupokoe pacrpocTpaHeHNE B paiioHe KypOPTOB
«KpacHoii [ToasgHbI» 1 Ha TEPPUTOPUU pacCMaTpu-
BaeMoro KypopTta nosnyuymia cucrema Gazex® [14],
npuUMeHseMast IJIsI IpeayIlpeIuTeIbHOTO (MCKYC-
CTBEHHO-PETYJIUPYEMOTI0) CITyCKa JaBUH HEOOJIb-
X 00BEMOB, KOTOPAst COCTOUT M3 IBYX OCHOBHBIX
0JI0KOB: 3KCILIoAepa (AeToHaTOp) U LieaTepa (pe-
3epByap C B3PHIBYATOM CMECHIO: IIPOIIaH U KUCIIO-
pon) (puc. 2). Ha TeppuUTOpUU TOPHOJBIKHOTO
kypopta «KpacHas IloassHa» ycraHosieHo 11 men-
TepoB 1 38 AKCII0AepOoB (CM. puc. 1), MpUMEHSIEMbIX
JUTST 3aIUTHI BCeit MHPPACTPYKTYPHI (TOPHOIBIKHBIC
TpacChl; KAHAaTHO-KPeCEeIbHbIC JOPOTH; CTAHIINU 1
OITOPHI; 30aHMS U COOpYKeHUs ). Kaxablii akcruioaep
0o0pabaTbIBaeT OAMH WU ABA JaBUHHBIX oyara. Exxe-
TOTHO COTPYIHMKM ITPOTUBOJIABUHHOM CIyXKOBI pac-
CMAaTPUBAaeMOTO TOPHOIBIKHOTO KypOopTa IMPOBOIST
TeXHUYECKUI 0cMOTp Kaxnoii ycraHoBku Gazex® ¢
LIEJIBIO YCTPaHEHUST TEXHUUECKUX HEUCTIPAaBHOCTEM 1
3aMEHBbI Ta30BbIX OAJIOHOB.

Ha Tepputopnyt TOpHOIBLKHOTO KypopTa IpHu-
MEHSIOT CJeIyIolIe BUAbl MHXEHEPHBIX ITPOTU-
BOJIAaBUHHBIX COOpPYXeHUM (cM. puc. 1 1 TabauILy):
CHeroyaepxuparolue cetu (cM. puc. 1, A—B); naBu-
HOpE3bl; CHETOBBIIYBAIOIINE CTOJIbI; HATIPABJISTFOIIE
namObl. B mepron moJieBbIX MCCIeA0BaHUIA Ha OC-
HOBE KOMIUIEKCA IIPSIMBIX Y KOCBEHHBIX IIPU3HAKOB
OBLIN BBISIBJICHBI 30HbBI 3apOXKICHMS JIaBUH (JTaBUH-
HbIE OYaru), yrpoxarolye 3alliinaeMbiM 00ObeKTaM
1 00pabaThIBacMble CUCTEMAMM MPEIYITPEANTEIbHO-
ro ciycka Gazex®. Jyisi yTouHeHMs] TpaHMLL JIABUH-
HBIX OYaroB B KaMepaJIbHbIX YCIOBUSIX MCITOIb30Ba-
JIM CIeAYIOIIre pe3yJabTaThl: AeiundprupoBanus [23]
KOCMMYECKUX CHUMKOB (CITyTHMKOBOE MOKPHITHE
ESRI); ananuza undponoit Mmonenu penabeda (Ipo-
U3BOJHBIX KapT MOP(GOMETPUUYECKUX XapaKTe-
PUCTHK: YKJIOHA U 9KCHO3ULMN) C YUETOM JTUHUI
toka (ArcGIS Spatial Analyst); pe3ynbTarsl paHee
OITyOJIMKOBaHHBIX paOOT IO OLIEHKE JIaBUHHOI ormac-
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A.N. KoposuHa u dp.

Puc. 1. MudpacTtpykTypa, 1aBUHHBIE O4ard U MPOTUBOJABUHHbIE MEPOMPUSITUS, IPUMEHsIEMble Ha TEPPUTOPUU
TrOpHOJBIKHOTO KypopTa «KpacHas ITonsiHar:

I — wenrepsr (1—11 Ha kapre); 11 — skcrunonepsr; 111 — cHeroynepxusaroue cetu (A, b, B Ha kapte); IV — cHeroBblayBatolue
croibl; V — naBuHope3ssl; VI — Hanpaisitoiue namosl; VII — ropHonbsrkabie Tpacesl; VIII — kaHaTHO-KpecelbHbIe noporu; IX —
3MAHUSI U COOPYKeHUsT; X — JJaBUHHBIC 09aru

Fig. 1. Infrastructure, avalanche release zones and avalanche protection used at the territory of the «Krasnaya Polya-

na» ski resort:
I — shelter (1—11 on the map); II — exploder; I1I — snow supporting nets (A, b, B on the map); IV — wind baffles; V — avalanche
breakers; VI — deflecting dams; VII — ski pistes; VIII — ski lifts; IX — buildings and structures; X — avalanche release zones

HOCTHU uccienyemoii Tepputopuii [24]. K 3oHaMm 3a- KJIoHa KJIaCCU(PULIMPOBAHBI CIIEAYIOIINM 00pa3oM:
POXIOeHU JIaBUH (JJaBUHHBIM oyaram, cM. puc. 1) ©6omee 60° — CKJIOHBI, HA KOTOPBIX CHET HE YIEPXKM-
OTHECEHbI CKJIOHBI ¢ YKIIOHOM 25—60° [15]. Yribl Ha-  BaeTcst; 25—60° — CKJIOHBI, OJIaronpusTHBIE 1T 00-
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CHexHbIl NOKPOB8 U CHeXKHble J1d8UHbI

IIporuBoONIaBUHHBIE MEPONIPUATHS, IPUMeHsIeMble Ha TeppuTopuu ropHonspkHoro Kypopra (ITIK) «Kpachas Ionanar, u ux

UHKeHepHo-reorpagmyeckas 9¢peKTMBHOCTD

Bricorta pacrniosioxeHust WHxeHepHO-TEO-
HasHaueHwne u Tim 3aIIUTHBIX COOPYKECHUI, Twmn 3amuIaeMoro oobeKTa rpaduyeckast
M 3hHEeKTUBHOCTD
Ilpogpuraxmuueckue meponpusmus
OpraHuzanusi Cyx0bl HabJI01e- Becb nuanas3oH BbICOT
HUSs1, MPOrHO3a U OTOBEILEHUS Kypoprta
: - Bces undpacrpykrypa INTIK Bricokast
HckyccTBeHHO-peryaupyeMblit
® 2050—2400
copoc (cucrema Gazex™)
HUnonrceneprvie meponpusmus
1 — TaBUHOMPEIOTBPAIIAOIIIE

CHeroynepXXuBarolie ceTu 1500 l'opHOJIBIKHBIE TPAcChl, CTAaHIIMM KaHATHO- Huskas

KPECEJIbHBIX JIOPOT, 3MaHNS M COOPYKEHUS,
CHEroBBIIYBAIOIIKME CTOJIBI 2200—-2400 ApEeHaXHast CUCTeMa, SKCIUIOAEPhI (OTHOCSI - Cpennsist

muecs K mentepam 7—9 Ha puc. 1)
2 — JTaBUHO3aIIUTHBIE

Onopbl KAHATHO-KPECEIbHOI 1I0POTH B LIMP-

JlaBuHOpE3BI 2000—-2300 P P p P
ke-1 u uupke-2 (cm. puc. 1)
O0BbeKThl UHDPACTPYKTYPHI (TOPHOJIBIKHbBIE Cpensis
Tpacchl, KAHATHO-KpeceTbHbIe TOPOTH, CTaH-

Hanpagsnstoiiue namost 2050 P ’ P poru,

LIMU KaHATHO-KPECEIBHBIX JOPOT, 3IaHUS 1

COOpY:XKeHMsT) B IIMpKe-1 (cM. puc. 1)

pa3oBaHUs JJaBUH; MeHee 25° — CKIIOHBI, Ha KOTOPBIX
BEPOSITHOCTh OOpa30BaHUsI JaBMH KpaliHe mana [15].

Bo BpeMms moJieBBIX MCClIeIOBaHUI YCTaHOBIIE-
HbI HETOUETHl B MPOEKTUPOBAHUU Psiia MPOTUBO-
JJABUHHBIX COOPYKEHUI, CBSI3aHHBIE C HEAOOLIEH-
KOl (pu3nko-reorpapmueCcKNX YCIOBUM paccMa-
TpUBaeMOTO palioHa, 0COOEHHOCTEel JJaBUHOOOpa-
30BaHUS M TMHAMUKHM BO3MOXHBIX JJaBUH. K HUM
MOXHO OTHECTHU: a) HE COOTBETCTBYIOIIIEE TPeOO-
BanusaMm CIT 116.13330.2012 [25] pacrmioyioxeHue
CHETOYAEPXKMBAIOIINX COOPYKEHUI Ha CKJIOHAX;
0) BBICOTY CHETOYAEPKMBAIOIINX COOPYKEHUI, HE
OTBEYAIOIIYI0 BO3MOXKHOM TOJIIMHE CHEXHOTO I10-
KpoBa B palioHe ucciaegoBaHus. Tak, psim cHero-
yIepXUBaIOIMNX ceTel (cM. puc. 1, A2) Ha BBICOTe
1500 M, MOCTPOEHHBIX JJIsI 3alIUThl TOPHOJIBIKHBIX
Tpacc U APEeHAXKHOI CUCTEMbI, PACIIONIOXEH B 30HE
NEUCTBUS JJAaBUH U3 PACITOJIOXEHHbBIX BBIIIEC JIABUH-
HbIX ouaroB (Ha BbicoTe 2000—2200 M), 4YTO B 3UM-
Huit nepuon 2018/19 r. mpuBeso K UX 4aCTUYHO-
MY pa3pylIeHHIo JaBuHOM (puc. 3, a). Kpome Toro,
CHeroyaepxupatomue cetu (cMm. puc. 1, B) nmeror
BBIpaKeHHBII HAKJIOH B CTOPOHY CKJIOHA, YTO HE
COOTBETCTBYET HOpPMaM MX MPOeKTUpoBaHuUs [25],
COTJIACHO KOTOPBIM MX CJIEIyeT pacliojaraTh Iep-
MEeHAUKYJISIPHO HAIPaBJICHUIO CIIOJI3aHUS CHEXHO-
ro rmoxkposa. [1o HEeKOTOPbIM JaHHBIM, 3TU CETH MPU

MPOEKTUPOBAHNM M HE pacCMaTPUBAJIMCh KaK CHETO-
yaepxxuparoiime (mo yctonomy coodiieHuio H.A. Bo-
JoauueBoit). Psa ceteit (cm. puc. 1, b) umeer Hemo-
CTaTOYHYIO BBICOTY, YTO MOXET MPUBOAUTH K HX 3a-
MOJIHEHUIO CHETOM U MEPEIOJHEHUIO, KaK 3TO yXKe
(uKkcupoBaioch paHee (CM. TaKKe puc. 6, a).

Hab6nroganoch Takske NOBpeXIeHUE CHETOBbIAY-
BaIOIINX KOHCTPYKINI, YCTAHOBJIEHHBIX HA TPeOHE
xp. Aubra (cm. puc. 3, ) Ha BeicoTe 2200—2400 M aist
MpeaoTBpaIleHNs] 00pa30BaHMSI CHEXXHBIX KapHU30B
U 3aLIUThl YCTAaHOBJIEHHBIX HUXe cucteM Gazex®.
[ToBpexneHue npousoiuio 3umoit 2018/19 r. us-3a
CMEHBI ITpeodIafaoInX BETpoB (OBIJIN BETPHI Ce-
BEpPHOI 3Kcmo3ulinn). HeBrImoIHEHEe CHETOBBI-
IyBAIOIIMM COOPYKEHHEM CBOMX (DYHKIIWIA ITpUBe-
JIO K TIOBBIIIEHHOMY CHETOHAKOIUICHUIO HUXKE IT10
CKJIOHY, B MECTe PacIojOXeHUsT IKCIIOAEPOB (OT-
HOCSIIIUXCS K 1enrepaM 7—9, cM. puc. 1) cucteMsl
Gazex®, onopa 0IHOrO U3 KOTOPBIX B pe3yJbTaTe HE
BbIZIEPKajia CHETOBOI HAarpy3Ku U ObLIa BhIBEAECHA U3
ctposi. CoOpaHHBIE B T0JI€ U ITPOaHAIN3UPOBaHHbIE
MaTepHallbl MCITOIb30BaHbI IS OLIeHKHN 3 (GEeKTUB-
HOCTH IIPUMEHSIEMBIX Ha TEPPUTOPUU TOPHOJIBLKHO-
ro kypopra «KpacHast [lonstHa» TIpOTUBOJIABUHHBIX
MEPOIPUATAN U COOPYKEHUIA.

Pacuémmuvie memoowt. 15151 oueHKM 3(PpPeKTUB-
HOCTH cucmem npedynpedumensvrozo cnycka Gazex®
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A.N. KoposuHa u dp.

Puc. 2. CuctemMa UcKyccTBeHHOTo cOopoca naBuH Gazex®, ycTaHOBJIeHHAs HAa TepPUTOPUU TOPHOJBIKHOIO KypopTa

«Kpachas IMoasgna» (¢porto .M. KopoBruHOIii):
1 — skcruonep; 2 — 1enrep

Fig. 2. Remote avalanche control system Gazex® at the territory of «Krasnaya Polyana» ski resort (photo D.I. Korovina):

1 — exploder; 2 — shelter

MPUHSATO CIICAYIOLIEe COASPXKaHNE OTHOCUTEIBHOTO
ToKasartesi MHXeHepHOo-Teorpaduueckoin apdex-
TUBHOCTH €, OCHOBaHHOe Ha nmpuHuumne |3, 10]:

e=(a—b)/a,

IIe a — 3HaYeHMe IoKa3aTesis JJaBUHHON aKTMBHO-
CTH, KOTOpasi He OKa3bIBaeT BO3ICUCTBUS Ha 3allli-
IIaeMbIii O0BEKT (HallpuMep, 3aperyJIrMpoBaHHbBIN
00BEM JIaBUHBI, cryLeHHol cuctemoit Gazex®); b —
3HAYEHME TTOKA3aTeIIsl JABUHHOM aKTUBHOCTH, BBIXO-
nsIee 3a IMpeaebl «0e30MacHOM JJI1sl BO3JIECTBUS
30HbI» (Hanmpumep, o0bEM CHEXKHOM MaccChl, KOTO-
PBII BBIIIIEIT 32 TIPeIesIbl IPEAIIoIaracMoro CIrycka).

B kauecTBe nokaszatesieil JaBUHHON aKTUBHOCTHU
MOTYT OBITh KCITOJIb30BaHbI TaKMe XapaKTePUCTUKI
JIaBUH, KaK JaJbHOCTb BbIOpOCA U O0BEM, a TaKXKe
CKOpPOCTb M JaBJieHUe JaBUHBI IIpu yaape. I[Tokaza-
TeJNIU NaTbHOCTU BBIOpOca U 00bEMa OyIyT B 00JIb-
1€l Mepe OoIpenessiTh BO3MOXKHOCTh BbIXO/1a JIABUH
B 30HbI PaCHOJIOXEHMS 3allIMIIAaeMbIX 00bEKTOB, a
CKOpPOCTb U JaBJIeHUE JJaBUHBI IIPU yIape — UX pa3-
PYHUTENLHBIN 3 GEKT, KOTOPHBIN OB MapaMeTpu-
30BaH B paborax |26, 27].

s otteHKM 3 (HEKTUBHOCTH 110 TTPUBEAEHHOM
(opmyne B KauecTBe IOKa3aTeIsl TJABUHHOM aKTUB-
HOCTHU BbIOpaH 00bEéM. PaccMOTpeHbl pa3audyHbIe
BO3MOXKHBIE CLIeHapUM 00pa30BaHUsI JIABMH C pa3HO

TOJILIMHOM ¢J10s1 OTphiBa. [lapaMeTphl @ u b paccuu-
TaHbBI B mporpamMme RAMMS [22]. B mporpamme 3a-
JABaJICh BBIIEJICHHBIC 30HbI 3aPOKICHUS JIABUH (13
KOTOpbIX 46 — o6pabaTeiBaeMble cucTeMoit Gazex®)
U TIpe/IioiaraeMasi B paMKax Kaxkaoro paccMaTpuBa-
€MOTO CIICHApHSI BbICOTA OTOPBABLIETOCS B HUX CJIOS,
a Takke oonacTb BerunciaeHuii (Calculation Domain)
10 TpaHUIIaM O0BEKTOB MH(PACTPYKTYPHI (OXBAThI-
BaloIlas TOJHKO YIACTKM CKJIOHOB 0e3 KaKoi-JIu-
00 nHdpacTpykrypsl). Takum obpazom, mapamerp b
paccUMTHIBAJICS KaK 4acTb 00bEMa JIAaBUHBI, KOTOpast
MOKMHYJa 3aJaHHyI0 B mporpamme RAMMS 3o0ny
BeruncieHuit (Calculation Domain). [TapameTp a
paccumnThIBAJICS KaK pa3HOCTb 00IIIero oobeMa Ja-
BUHBI U 3HaYeHUS mapameTpa b. MoaeaupoBaHue
CHEXXHBIX JIJAaBUH BBITIOJIHEHO ¢ KO3(hPUIIMEHTAMU
TPEHUs, 3aJI0)KEHHBIMU B TIPOrpaMMy 10 yMOJ4a-
Huo [28]. I1pu MoaepoBaHUY YIUTHIBAIM JIECHYIO
PaCTUTEIHLHOCTh HA MYTU ABVKCHMS JTAaBUH, TPaHU-
11y KOTOpO#1 3aJaBaji Ha OCHOBE ACIIU(PUPOBAHUS
KOCMUYECKUX CHUMKOB C YYETOM JAHHBIX ITOJIEBBIX
HabmoneHuit. KpoMme 3HaueHuii mapaMeTpoB a u b,
CMOJIEJIMPOBAHBI (PACCMOTPEHBI pa3IMYHbIC CLIEHA-
puH) TaNbHOCTH BHIOpOCA JIABUH, BBICOTA JJABUHHOTO
MOTOKA, CKOPOCTh U IaBJICHUE JIABUH.

Jnsg oneHkn >3(PpGEeKTUBHOCTU KaXKIOTro IIes-
Tepa Tepputopus Kypopra «Kpacuasa I[MTonsgna»
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CHeXxHbil NOKPOB8 U CHeXKHble J1d8UHbI

Puc. 3. INoBpexnaéHHble MHXEHEPHBIE MTPOTUBOJABUHHBIE COOPYKEHUSI Ha TEPPUTOPUU TOPHOIBIKHOTO KypopTa
«Kpachnas IMonsHa»:

a — CHeroyaep:xuBatolye cetu (cM. puc. 1, A2), pa3pyllieHHble JaBuHO B 3uMHuUi nepuon 2018/19 r. (doro .M. KopoBuHoii);
0 — He COOTBETCTBYMOIIAsl TpeOOBaHUSAM [25] ycTaHOBKA CHeroynepxXuparolux cereii (cMm. puc. 1, B) (doto C.A. KonecHukosa);
6 — TIOBpPEXIEHHAsI CHErOBbIAYBato1ast KOHCTpYKIus (cM. puc. 1, IV) (doto .M. KopoBuHoit)

Fig. 3. Damaged avalanche protection structures at the territory of the «Krasnaya Polyana» ski resort:

a — snow supporting nets (see Fig. 1, A2), destroyed by avalanche in winter 2018/19 (photo D.I. Korovina); 6 — nonnormative [25] instal-
lation of a snow supporting nets (see Fig. 1, B) (photo S.A. Kolesnikov); ¢ — destroyed wind baffle (photo D.I. Korovina) (see Fig 1, IV)
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A.N. KoposuHa u dp.

Obljla YCJIOBHO pasielieHa Ha 11 yyacTKoB, COOT-
BETCTBYIOIIMX HyMepalluu 30H ACHUCTBUS IIEII-
TepoB (cM. puc. 1) — B cymme 46 30H 3apOXKIeHUS
naBuH. [To mpuBen€HHOI 3nech opmylie ObLI pac-
CUMTaH OTHOCUTEIbHBIN MoKa3aTeslb 3P (PeKTUBHO-
ctu & i Beex cucteM Gazex® npu IByX cLieHapHsX:

1) BeIcOTa oTOpBaBIIeToCs €051 20 CM C IIeprUoIoM
MOBTOPsIEMOCTH onMH pa3 B 10 JieT (MUHMMAIIBHO BO3-
MOXHBII B porpaMmMme). Beicora 3agaHa 13 ycoBusl,
4TO Mcnonb3oBaHKe cucteMbl Gazex® Ha TeppuTOpUN
KypopTa 110 YMOJTYaHUIO ITPOMCXOOUT IIPU PETUCTPH-
PYEMOM IIPHUPOCTE CHEXKHOTO IMOKpoBa Ha 20 cM;

2) BbIcOTa oTOpBaBLIerocs ciaost 70 cM ¢ repuo-
JIOM MOBTOpsSieMOCTU oAuH pa3 B 10 neT. B naHHOM
cllydae MOJACIUPYETCS CUTyallusl, KOraa HeT BO3-
MOXHOCTH IIPOBEACHUS MPOPUIAKTUIECKOTO CITy-
CKa JIaBUH B CpoK. Takue cutyanum (puKCUpOBaINCh
paHee B cJlyyae BbIX01a U3 cTposi ycraHoBku Gazex®
W TIPUBOIUIIA K 00pa30BaHUIO 00J1ee KPYITHBIX JTaBUH.

OTaenbHO OBLI PACCMOTPEH «KPUTUUYECKUI»
CLIEHApUi MPU OTCYTCTBUU MPOTUBOJABUHHBIX M-
ponpusaTUit ¢ onpeaeaeHUeM CTaHAAPTHBIX 1T MH-
JKEHEePHBIX U3bICKAHUI MTapaMeTpOB MaKCUMallb-
HBIX 3a TOJ JJaBUH C MEePUOJOM MOBTOPSIEMOCTH
oauH pa3 B 100 JieT B COOTBETCTBUU C TpeOOBaHMU -
SIMU, TIPEABIBISIEMBIMU IJIsI COOPYKEHUI TTOBBI-
ILIEHHOTO YPOBHS OTBETCTBEHHOCTU (0bOecrieyeH-
HocTh 1%) [25, 29]. AnroputMm, mpeajgaracMblii
B pabortax [15, 30], nonyckaeT HaKOIJIEHWE CHera
B paiioHe ucciegoBaHus 6ojiee 2—2,5 M Ha BbICO-
Tax 6osbiie 2000 M, NpUBOAS K PaCUETHOM TOMIIU-
He oTpbiBa 1%-ii o6ecnieueHHOCTH B 160 cMm. [l
OLIEHKU pa3pyLIUTEbHOU CITOCOOHOCTU JJaBUH WU
BO3MOXKHOTO yllep0da Nnpu KaxXaoM CLieHapuu uc-
MoJb30BaHa rpajalus oobéMa U AaBJIEHUS B COOT-
BETCTBUU C KiaccuduKaluei TaBUHHON OMacHOCTH
no A.H. boxunckomy u K.C. JloceBy [27].

st ouenxu s¢hghexmusrnocmu nagurnonpedomepa-
Warnuwux coopyiceHuil, paCCMOTPEHHbBIX B TaOIM-
1€, 1 BO3MOXHOCTU pa3pylleHus] UHPPaACTPYKTy-
PBbI KypopTa, pacnoja0XeHHOTO Mo 3aCTPOSHHBIMU
CHEroyaepXXUBaWIIUMU COOPYXKEHUSIMU, JJABUH-
HBIMM OYaraMu BbIMTOJIHEHO MOJECIMPOBAHUE CHEX-
HBIX JJaBUH U3 3TUX o4yaros B mporpamme RAMMS.
B xauecTBe OCHOBHOTO TTapaMmeTpa, ONpeaesIone-
ro pa3pylIUTeJabHYIO CIIOCOOHOCTD JIJaBUH, BbIOpa-
HO MX MaKCUMaJIbHOE TaBJICHUE MPU yIape B MECTaX
B3aMMOJENCTBUS C CYLIECTBYIOIIMMU 00bEeKTaMU
nH@pacTpyKTypbl. C yUETOM CBUAETENBCTB O BO3-
MOXHOCTH TIePETOJHEHNS UMEIOLIUXCS CHETOyIep-

JKUBAIOIIUX ceTeid (CM. puc. 6, a) ¥ cIydaeB «HEKOH-
TPOJMPYEMOT0» OTPbIBA JABUH IO/ SKCILIOAEpaMU
cucreMbl Gazex® B KayecTBe KPUTUUECKUX 3HAYE-
HUI ObUTH BBIOPAHBI TAKXKe BBICOTHI OTPHIBA CHEX-
Horo 1mokpoBa 20 1 70 cM, M0 KOTOPBIM MOIEITUPO-
BaJICSI CLIEHApMIi CXO/da JJABMH MOBEPX CETCH.

Hnst ouenku 3gppekmueHocmu HANPAaABALHOULUX
dam6, 3aIIUIIAIONINX KaHATHO-KPECEIbHYIO T0PO-
Ty ¥ 3m1aHus, B mporpaMme RAMMS cmopenmpoBa-
HBI JJABUHBI M3 30H 3apOXICHUS, PACIIOIOXEHHBIX
HaIl HUMU, I10 cuieHapusiM 1 u 2 (cM. paHee). B kade-
CTBE OCHOBHOTO napameTrpa 3(p@PEeKTUBHOCTU AaMO
BBIOpAHEI: a) YVKJIOH B MECTE YCTAHOBKM 3allIUTHBIX
COOPYKEHM, COCTABIABIINIA OT 12 1o 22°, 9T0 Cco-
OTBETCTBOBAJIO TPEOOBAHUSIM HOPMAaTUBHBIX JOKY-
MeHTOB (MeHee 23° [25]); 6) BeIcoTa (ppOHTA JIABUHEL,
KOTopasl He JOJIKHA MPeBbILIaTh BHICOTY AaM0 (0T 5
mo 7 M) [25]. B ipoTUBHOM ciydae TeOpeTUIeCKU
BO3MOXKEH IIepeXO/I CHEXKHOI JIABUHEI Yepe3 JJaBUHO-
3aIIMTHOE COOPYKEHNE, KOTOPOE B TAKOM ClIydyae He
MOXKET OBITh TTPU3HAHO 3(P(OEKTUBHBIM.

IMosy4yennbie pe3yabTaThl

Ilpopuaaxmuueckue meponpuamusa (cucme-
ma Gazex®). Pe3ynbTaThl OLLlEHKU OTHOCHUTEb-
HOU 2(p(eKTUBHOCTHU IJIsI KaXXAOTO ILIeJTepa Cu-
ctembl Gazex® 1o yMeHbLIEHUIO 00bEMA JIaBUH
MyTEM NPOPUIAKTUISCKUX CITYCKOB IPEICTaBICHBI
Ha puc. 4, rae 3HayeHue € = 1 COOTBETCTBYET MaK-
CHUMaJIbHO BO3MOXHOM 3(P(PEeKTUBHOCTHU 1LIEJITEpA.
PacuéTthl yKa3bIBalOT Ha CHUXKeHUE (PHEKTUBHO-
CTH MTPO(PHMIAKTUUECKUX MEPOIIPUITUI TIPpU yBe-
JIMYEHUM TOJIIMHBI (POPMUPYIOLIUX JIABUHY CJIOEB,
T.€. IPU NPEBBILLIEHUU PEKOMEHAYEMOTOo IJisl TIpo-
BeIEHMSI aKTUBHOT'O BO3I€CTBUS PUPOCTA TOMIIM-
HBI CHEXHOTO MokpoBa (oTpbiBa B 20 cMm). 3Haue-
Hue 3PPeKTUBHOCTU, paBHOE | MpU CIycKe JaBUH
¢ ToJmurHou oTpeiBa 20 u 70 cM 1wentepamu 2, 8
n 9 (cMm. puc. 1), cBSI3aHO ¢ TEM, UYTO Ha JAHHBIX
yJyacTKax 3alllulaeMble 00bEeKTbl UH(PPACTPYKTY-
Pbl HAXOASTCS B 3HAYUTEIbHON YIAAEHHOCTH OT Jia-
BUHHBIX 04aroB, 4TO, OJIHAKO, HE rapaHTUpPYeT 3a-
LLIUTY 0OBEKTOB ITPU BO3MOKHOI TMTOJIOMKE CUCTEMBbI
Gazex® mim 5KcTpeMaibHbIX TIOTOIHBIX YCIOBUSX.

HocTtaTouyHo BhIcOKast 3P(HEKTUBHOCTL HAOJIO-
JaeTcs ISl YCTAaHOBOK aKTUBHOIO BO3AEUCTBUS 3,
7, 10, (cMm. puc. 1), roe 3HaYeHUST HAXOISTCS B TIpe-
ngenax ot 0,80 mo 1,00 mpu crycke JaBUH C TOMIIM-
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Puc. 4. Pe3ynbTaThl olieHKU 23¢-
(GeKTUBHOCTU I LIEJITEPOB CH-
creM Gazex® Ha Tepputopun rop-
HOJIbIXXHOTO KypopTa «KpacHas
TMonsgHa» (cm. puc. 1) ajs1 AByX BO3-
MOXKHBIX BBICOT OTOPBaBIIErOCS
cJI0s1 CHera

Fig. 4. Results of the estimation of
the effectiveness of Gazex® shelters
at the territory of «Krasnaya Polya-
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HOM oTpbIBa cHexkHoro ruacta 20—70 cm. Cambie
HU3KME MoKa3zaTeanu 3¢p(PEeKTUBHOCTU YCTaHOBJIE-
HbI 11 weaTepos 1, 4—6, 11 (cm. puc. 1). Obnactb
BO3JIEMCTBMS JAHHBIX YCTAHOBOK HAXOIUTCSI BOJIM3U
TOPHOJIBIKHBIX TPACcC, MO3TOMY UCKYCCTBEHHO CITy-
ILIEHHbBIC JIJABUHBI MOTYT ITOIAAaTh Ha y4aCTKU TPacc,
OJIHAKO IPU MPOBEACHUM PabOT MO PeryJaupyeMoMy
CITyCKY HaXOXJIeHME TTOCETUTEIC Ha TOPHOIbIKHOM
KYpOpTe 3aIlpellieHO 1 OMACHOCTH JJIsT XKM3HM JIIOei
5TU JIABUHBI MIPEICTABIATh He HOJLKHBI. [1pu pac-
CMOTPEHUU MOJYUYEHHBIX 3HAUeHUMN 3(PpPEeKTUBHO-
CTU JJIS1 JJaBUH C BBICOTOM OoTOpBaBiierocs cios 20
n 70 cm (cM. puc. 4) OTMETUM, YTO MPHU 3aKPBITUUN
Tpacc Ha BpeMs1 00pabOTKU CKJIOHOB CUCTeMa YI0B-
JIETBOPSIET TpeOyeMylo 0€30MacHOCTb TEPPUTOPUM.
bonee Toro, monyyeHHble 3HaueHUST 2POEKTUBHO-
ctu s cucteMbl Gazex® npy BbICOTax OTOPBABILIE-
rocst cinost 20 1 70 ¢cM 0IU3KM.

Ha xaprax puc. 5 mokaszaHbl pacCUMTaHHBIE Xa-
PAKTEPUCTUKY CHEXHBIX JJAaBUH (I'PaHUILIBI 30H BO3-
JOEUCTBUSI U JaBJICHUE JIAaBUH HA TIPEIISITCTBUS) ISt
KaXXJ0ro U3 paCCMOTPEHHBIX CLICHapUEeB MPU HC-
nosnb3oBaHuu cucteM Gazex®. CpaBHeHUe 3Ha-
YeHUH Mpu BBICOTE OTOpBaBlIerocs cios 20 u
70 cM (cM. puc. 5, a, 6) yKa3bIBaeT Ha 00lliee YBeIu-
YeHME 3HAYCHUST TaBJICHUS JaBUH; HAMHOIO 00JIb-
1Iee pacipoCTpaHEHUE UMEIOT YYaCTKU TEPPUTO-
puu ¢ gaBiaeHueM, npepbimapmum 100 kIla (cm.
puc. 5, 6), UTO MOXET TIPUBOIUTH K pa3pyLICHUIO
Bcell MHPPACTPYKTYPHI, BIUIOTh 1O METaJLIN4e-
CKUX KOHCTPYKIIU [27], B cllyyae HaXOXIEHUST WU
pacrioNioKeHus1 TaM TakKux o0beKToB. Emié 60b-
mue (MpakTUYeCKH BeCh y4acTOK) TIOIIAAN ¢ TaKU-

4 5 6 7 8

na» ski resort (see Fig. 1) for two
possible depths of snow release

MM YCJIOBUSMU MOXHO OXWIAATh IIPU BHICOTE OTOP-
BaBLIerocs cjiost 160 cm (cM. puc. 5, 6).

Jlagunonpedomepawarowue coopyxcenus (cMm.
Tabnuiy) Pe3yabTaThl MOJEIMPOBAHUS MMOKa3a-
JIU, 9TO TIpU HaKorieHuu 70 cM cHera moBepx Iie-
PETOJHEHHBIX CHErOYAepXKUBAOIIUX ceTell (CM.
puc. 1, A u b), pacrionoxeHHbIx Ha BeicoTe 1500 M
(puc. 6, a), co3maioTcs YCa0oBus 111 00pa3oBaHus
JIaBUH CO 3HAYEeHUSMU AaBieHus1 oonee 75 klla (cm.
puc. 6, 6) B MecTax CTOJJKHOBEHMSI C OObEKTAMM MH-
(bpacTpyKTyphl, YTO MOXKET BHI3BAaTh pa3pyllicHUE
METaJITMUYEeCKUX KOHCTPYKLIMiA [27]. JJanbHOCTb BbI-
6poca (cM. puc. 6, 6) 3TUX JIaBUH NTPU CHETOHAKO-
niaeHun 6onee 70 ¢cM MOBEPX COOPYKEHUI MOXET
JOCTUTaTh CUCTEM ApeHaxka KypopTa «KpacHas Ilo-
JIsTHAa», pa3pyllieHUue KOTOPhIX MOXKET IPUBECTU K
MPOPBIBY MPYAOB 7151 UCKYCCTBEHHOI'O OCHEXEHMS
M TOCJEIYIOIIUM OTacHBIM IiporeccaM. JIaBUHBI
TaKXXe MOTYT JOCTUTATh 3JaHUU U COOPYXEHUH,
pacriojioxkeHHBIX Ha BbicoTe 1500 M 1og HUMU, YTO
HEIOIMYCTUMO C IO3UILIMI 00eCIIeYeHUST UX JIaBUH-
HOIt 6€30IMaCHOCTH.

Hns psna cHeroyaep:KMUBalOIINX ceTelt (cM.
puc. 1, A, B) Ha BeicoTe 1500 M, yCTaHOBJIEHHBIX
Ha MYTU ABVDKEHUS JIABUH M3 30H 3apOKIACHMST Ha
BbicoTe 2000—2200 M, pe3ynbTaThl MOAEIMPOBA-
HUS TTOKAa3bIBAIOT, YTO BHICOTA OTOPBABILIETOCS CJIOST
B 70 cM B 3TUX 30HaX 3apOKIECHUS, COIIACHO pac-
y€TaM, IPUBOIUT K Pas3pylICeHUIO CAMUX CETeil,
4yTO yke Habaomanoch B ce30H 2018/19 r. (cm.
puc. 3, a).

Jlasunosauunste coopyycenusa (cMm. Tadbnuiy). Ha
OCHOBE pe3yJIbTaTOB MOJCIMPOBAHUS B IIpOorpaMMme
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OasneHue, kMa
1

2
3
4

Puc. 5 (c. 49—51). I'paHullbl 30H BO3AEHCTBUS U AaBlI€HUE MOACIMPYEMbIX JJaBUH, KI1a:
1—<1,2—-1-10,3—10—-100, 4 — > 100 ipu BbicoTe ci0s1 oTpbiBa cHera 20 cM (a), 70 cM (6) 1 160 cm (6) (cM. puc. 1)
Fig. 5 (p 49—51). Run-out zones and the modelled avalanches’ pressure, kPa:

1—<1,2-1-10, 3—10—100, 4 — > 100, snow release depth 20 cm (a),70 cm (6), and 160 cm () (see Fig. 1)

RAMMS ycTaHoBI€HO, YTO pacyéTHasi CKOPOCTb Jia-
BUHHOTO ITOTOKA B ME€CTE B3aUMOJEHCTBUS C HaIlpaB-
JISTIONIe 1aMOOi TIpU CITyCKe JaBUH C TOJIIMHOMN
otpbiBa 20 u 70 cM He mpeBbIiaet 25 m/c (bonee
KECTKOTO KpUTEPUs, TIPEIbSIBASIEMOro K TOpMO-

3gmuM namo6am [25]). JlaBuHa ¢ BBICOTOI OTpHIBA
160 cM OyzmeT MMETh JaBJIcHHUE, KOTOPOE MOXKET ITPH-
BECTH K pa3pyILIeHUIO JII000M MH(PPACTPYKTyphl Ha €&
nyTtu. TakuM 00pa3oM, UCHOJIb30BaHUE 1aMO Ha UC-
clieayeMoi TeppUTOPUN MOKET ObITh 3(P(PEKTUBHO,
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HO TOJIBKO TIPY CBOEBPEMEHHOM M 3(P(HEKTUBHOM HC-
KYCCTBEHHO pPEryJMpyeMoM cOpoce JIaBUH (Hampu-
Mep, cucteMamu Gazex®).

Onenka 3¢ GeKTHBHOCTH
Ha ocHOBaHWM BBITIOJTHEHHBIX IOJEBBIX UCCIIE-

JIOBAaHWI U TIPOAHAIM3UPOBAHHBIX ITyOIMKAIUIA, TI0
aHaJIOrMu ¢ paboToM [5], IJisI KaueCcTBeHHOM OLIeH-

KU 3(p(HEeKTUBHOCTU Pa3INYHbIX BUIOB IIPOTHUBOJIA-
BUHHBIX MEPOIPUATUIA UCIIONB30BaHA TPEXOAIbHAS
11IKaJia: «BbICOKasl», «CPEIHSISI» U «HU3Kash» CTEIeHb
adpexkTuBHOCTU. Ecnu 1o pesynbTatam mpoBenéH-
HOTO aHajirM3a MPOTUBOJIABUHHOE MEPOIIPUATUAC WIN
COOPYXEHUE HE BBITIOJIHICT CBOMX (DYHKIIUIA, TO eMy
MpYCBanBajIach «<HU3Kasl» CTerNeHb. B ciyyae Makcu-
MAaJILHOTO MCTIOJIb30BaHUST MEPONPUATHS 1 MUHUMATb-
HOTO OTKa3a B 3alllUTe — «BBICOKast». [1pu ycaoBun
OTCYTCTBHUSI YETKOT'O OIPEACICHUsI BIUSIHUS OKa3bIBa-

-370 -



A.N. KoposuHa u dp.

€MOI1 3allIUThI JaBanach «CpeaHsist» 3(MEKTUBHOCTD.
PesynbTaThl OLIGHKY [I7IS1 TEPPUTOPUU TOPHOJIBIKHOTO
Kypopta «KpacHas [TonsitHa» pencTaBiieHbl B TAOIULIE.

BriBoabi
HaubGonee Bbicokast 2(p(peKTUBHOCTb HA TEPPU-

TOPUU TOPHOJILIKHOTO KypopTa «KpacHas ITosiHa»
YCTAHOBJICHA [UISI PETYJISIPHBIX TTPO(MUIAKTHUECKUX

MPOTUBOJABUHHBIX MEPONPUITUIL (MCKYCCTBEHHO
peryiupyeMbix crycko cuctemoii Gazex®), B Tom
YuCJIe IPU COBMECTHOM UX MCIOJIb30BAHUYN C MHXKE-
HEPHBIMU COOPYKEHUSIMU (HarpaBIstolieii 1aM0oii).
IMoHmxenue a¢ddextuBHocTH cucteM Gazex® Moxer
HaOJIIoIaThCs B CIIyYae MPEBIICHUH PEKOMEHTyeMOI
JUTSI THULIMALIMY MCKYCCTBEHHO PETYJIMPYeMOro CITy-
CKa BBbICOThI OTOPBABIIIETOCS CJIOST, YTO, COTJIACHO pac-
yéraM, pacIIvpsieT rPaHUIIbl JJABUHOOMACHOI 30HbI U
YBEJIMUMBACT IaBJICHUE JJABUHHOTO TTIOTOKA Ha 00BEK-
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HOaBneHue, kMa

B 1
2
I 3
. 4

Puc. 6. CHeroynep:xuBaloime
CETU, PACIIOJIOXKEHHBIE HA BbI-
cote 1500 M Ha TOPHOJILIKHOM
kypopte «KpacHas ITonstHar:
a — TIepeTIoJIHEHHbIE CHETOM (CM.
puc. 1, b) (doto C.A. Konec-
HUKOBa); 6 — TPaHULIbl BO3/CHi-
& CTBUSI U IaBJIEHUE CMOJIETMPOBaH-
g HbIX JaBuH (kI1a), comenmx mo-
L - BEPX CHErOyIep>KMBAIOIIUX CeTeit
MPU BBICOTE CJIOSI OTPbIBA CHera
70 cM (cM. puc. 1); yci1. obo3Haue-
Hus [—4 cM. puc. 5
2 Fig. 6. Snow supporting nets
% 2 at the absolute altitude 1500 m
,/;:‘?/’;« at the «Krasnaya Polyana» ski
;?v resort:
o a — overfilled by snow (see
Fig. 1, B) (photo S.A. Kolesnikov);
6 — Run-out zones and avalanche
pressure (kPa) of the modelled
avalanches released above the
snow supporting nets with the re-
lease snow depth 70 cm (see
Fig. 1); legend I—4see at Fig. 5
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TBI UH(PPACTPYKTYPHI, PACIIONIOKEHHBIE B 30HAX ACii-
CTBUSI YCTAHOBOK aKTUBHOI'O BO3MIEHCTBYSI.

O PeKTUBHOCTD JTIABUHO3AIIUTHBIX MEPOIIPH-
STUH (DamM0 1 JTaBUHOPE30B) B OOJIBIICH CTEIICHU
oIIpenelIsieTCs BEBIOOPOM MECTOITOJIOKEHMSI, BBICO-
THI KOHCTPYKIIMY 1 KayecTBa MaTepuaa. BeIsgBieH-
Hasa 3¢ (GEeKTUBHOCTb YCTAHOBICHHBIX TOPMO3SIIITIX
1 OCTaHABJIMBAIOIINX COOPYKEHUI HAa TOPHOJBIK-
HOM KYPOPTE B CBSI3U C BBHIIIOJJHEHMEM MMM CBOUX
(byHKIIMIT onIpenessieTcsl MX KOMIIEKCHBIM MCITOJIb-
30BaHMEM C NPOPMIAKTUIYCCKIMH MEPOIIPUSITHUSI-
mu. Taxk, Hampasisomas 1amMo6a ISt UMEIOIINXCS
yCI0BHI BBICOKO3((GEKTUBHA TOJIHKO B KOMILICK-
ce ¢ cucremoii Gazex®, 1 TOJIBKO MPU COOTIONEHUN
CIIyCKa JIaBUH JOMYCTUMBIX 00béMOB. be3 yuéra
3TOTO CTPOUTEIBCTBO AAaMObI B MECTHBIX YCIOBUSIX
BPSII JIM LIeJIeCO00pa3HO, KPOME TOTO, €€ CTOUMOCTD
MOXeT TnpeBblaTh [30] cTOUMOCTh IPUMEHEHUS
cuctembl Gazex®. JIaBuHOpE3bl Ha TEPPUTOPUU KY-
popTa UMEIOT CpeIHI0 3(PPEKTUBHOCTD B CBSI3U CO
3HAUYUTEJbHBIM CHeroHakorieHueM. Ha BbicoTax
2000—2300 M naBMHOpE3bl MPAKTUUYECKHU TTOJHO-
CThIO 3aHOCSTCS CHETOM, TTO3TOMY TIPU OTCYTCTBUU
JOJKHOTO Ha30pa U CBOEBPEMEHHOI OYMCTKU OHU
HE MOTYT BbIMOJIHSATh CBOU (DYHKIIUU.

OTMETUM, UYTO TMIPU CPeAHEr OTHOCUTEILHO APY-
TUX 1eaTepoB 3GOEKTUBHOCTU MO0 YMEHbIIEHUIO
00bEMA JTaBUH TMYyTEM MPOGUIAKTUYECKUX CITYCKOB
wenatepamu 10 u 11 (cM. puc. 4) pacuéTHoe gaBjIeHUE
JIJABUHHOTO TMOTOKA Ha 3allMIIaeMyl0 UMW KaHATHO-
KpecenbHy1o onopy aocturaeT 100 xIla npu BbicoTe
otpbiBa 70 CM, UTO HAXOAUTCS HA TPaHU BO3MOXHO-
CTell yCTaHOBJIEHHBIX JABUHOPE30B, T.€. B 3aBUCUMO-
CTU OT TUIIA 3alMAIIAeMOI0 00BbeKTa olieHKa 3(PdeK-
TUBHOCTHM 1O KaKON-T1OO OJTHOMN XapaKTEepUCTUKE
MOXET ObITb HeJocTaTouHa. B HacTosee Bpems
9TOT Y4acTOK KypopTa BbIBEAEH W3 CTPOS B CBSI3U C
MOBpEeXAeHUEM KaHATHO-KPECeJIbHOU JOPOTH.

Hecmotpst Ha apdekTuBHYIO paboTy JaBUHHOM
CTy>KOBI, a TAaKXKe HaJlM4yue BCeX BUAOB MPOTUBOJIA-
BUHHOM 3alllUThI, HA TEPPUTOPUU KypOpTa MPOBO-
JUTCS P MPOTUBOJABUHHBIX MEPONPUSITUI U €CTh
COOPYKEHMUSI, KOTOpPbI€ HE BBIMOJHSIOT Mpeanoa-
raemble (PyHKIIMU U OTHOCATCS K HEd(MDMOEKTUBHBI-
mu. Tak, HU3KO3(p(peKTUBHBIE MPOTUBOJABUHHBIE
MEPOIIPUITHSI Ha TEPPUTOPUM KypopTa «KpacHas
ITonsina» — naBuHONpeaOTBpallalIue. XoTs AJs
«CyOTPOIUYECKOr0 TUIIA JABUHHOIO PEXMMa», K KO-
TOPOMY OTHOCHUTCS TEPPUTOPUSI KypopTa, P OLICH-
K€ TTPOrHO3HOM 3(h(eKTUBHOCTU TAKUX COOPYKEHUI

ObLIa TaHa OlLlIeHKa «CcpeaHei» addekTuBHOCTH [5],
OJIHAKO, COIIACHO BBHITIOJIHEHHOMY UCCJIEIOBAaHUIO B
3TOM paifoHe U, MO-BUIUMOMY, B IPYTUX paitoHax cO
CHETrOHaKOIJIeHHEeM, TIpeBbIlaioleM 2—2,5 M, ycTa-
HOBKA CHETOYIEePKMBAIOLINX ceTel MasloadPeKTUB-
Ha 1 MOXET JaXKe IIPUBOIMUTH K CO3IAHUIO JJABUHO-
OIMaCHBIX CUTyalluii. Pe3yibTaTel MOAEIMPOBAHUS
MOoKa3aJiv, YTO YaCTh CHETOYIePKMBAIOIINX CETe Ha
TEPPUTOPUU JAHHOT'O TOPHOJIBIKHOTO KypopTa ycTa-
HOBJIEHA B 30HE TpaH3UTa U aKKYMYJSIIUM JIaBUH,
YTO YK€ TPUBOIMIIO U MOXKET CHOBA MPUBECTU K UX
pa3pylIeHUIO U MOCIEeNYIOIUM TPYAOBBIM U MaTe-
puanbHbIM 3aTtpataM. [Ipu nmoseBoM oOcaenoBaHUU
YCTAHOBJIEHA TaKXe TeXHUYeCKasi HeMCIPaBHOCTD
psifia 3alIUTHBIX COOPYKEHUI TaHHOTO BUIIA.
3aluTa OT CHeXXHbBIX KApHU30B — OJIHA U3 IJ1aB-
HBIX TIpO0JeM Ha TeppuTopuu Kypoprta. CHero-
BBIIYBAIOIIME CTOJIbI TOMOTAIOT YaCTUYHO YMEHb-
IIUTh MOIIHOCTh CHEXXHBIX KAPHU30B U 3alIUTUTh
ycTaHOBJIEHHBIE HUXe cucteMbl Gazex®, HO Hanu-
YK CUJIBHBIX BETPOB B TaHHOUM MECTHOCTU MOXET
MPUBOAUTH K X Pa3pyIICHUIO, YTO TEOPETUICCKHU
MOXHO MPEIOTBPATUTh 3a CYET YKPEIUICHUS 3THX
KOHCTPYKIIMii. [19Th TaBUHHBIX 09aroB Ha TEPPUTO-
pUM paccMaTPUBaeMOTI0 KypopTa pacIiooKeHbI BHE
30HBI feiicTBus cucteM Gazex® n Kakux-im6o Apy-
TUX TIPOTUBOJIABUHHBIX MEPOIpUSITUil. Mopenupo-
BaHue JaBuH B mporpamme RAMMS nokasaino, 4to
MpU CXOJe JJABMH U3 3TUX JIJABUHHBIX OYaroB Kallk-
TaJIbHbIe OOBEKTHI HE MOMNAaAaloT B 30HBI UX BO3ICI-
CTBUSI, HO JIABUHBI OITACHBI JIJIS JIIOJICH B 30HaX BHE-
TPAcCOBOI'0 KaTaHMSI M Ha TOPHOJBIKHBIX Tpaccax,
PACIOJIOKEHHBIX IO 3TUMM OYaraMu.
CylecTByIOIIME OTEYeCTBEHHbIE HOPMATUBHBIE
JMIOKYMEHTBI 10 PacyETy XapaKTepUCTUK JIaBUH Ha-
MpaBJieHbl Ha OLIEHKY MaKCHUMaJIbHBIX BO3MOXKHBIX
JIaBUH ONpeAcaeHHO 00ecne4YeHHOCTH, TOraa Kak
IUIST aHAJIA3a 110 TIPEAJIOKEHHOMY aJrOPUTMY 0OJIb-
1Ie TTOAXOOUT MOAEIUPOBAHME JIABUH C UCIIOIb30-
BaHMEM ABYX- U TPEXMEPHBIX MOJEIeI, BO3MOXHOE
1ocJie uxX BepuuKalnm B peTHOHE UCCIICIOBAHNS.

BaarogapHocTi. ABTOpPBI BhIpaXkatoT 0J1arogapHOCTb
C.A. KonecHukoBy (pykoBoauTesb CinyKObl TPOTH-
BOJIABUHHOM 3alllMTHI) ¥ coTpyaHuKaMm OTrena jia-
BUHHOI 0€30I11aCHOCTH TOPHOJIBIXKHOTO KypopTa
«Kpacnag IlonsgHa» 3a npenocTaBlieHHEe MaTepya-
J10B. MccitienoBaHe BBIIIOJIHEHO B paMKax rocyiap-
CTBEHHOTO 3afaHusl reorpaguyeckoro gaxkynabreTa
MT'Y umenu M.B. JlomoHocoBa 1o TeMaM «DBOJTIO-
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st Kppocdepsl IIpU U3MEHEHNY KJIMMaTa 1 aHTPO-
IIOTEHHOM BO3IeiicTBUN» U «OIMacHOCTH U PUCKU
MIPUPOIHBIX IIPOIIECCOB U SIBICHUIN».
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