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HPEAUCJIIOBUE

B 2011 u 2013 roxgax B r. FOxxHo-CaxanuHcke Obut mipoBeieHsl | u 11
MexayHaponHble HayyHble CHMIO3UYMbl «®DuH3uKa, XMUMHS W MEXaHHUKa
cHera». [lo okOHYaHMK MEPBOrO CHUMIIO3UyMa YYaCTHUKAMH OBLJIO MPUHATO
pelmieHue caenarb 3T0 Meponpusthe peryisspHsiM. I MexayHapoaHsii
Hay4YHbIM cuMno3uyM «®Du3uMKa, XUMHS U MEXaHUKa CHEra», KOTOPBIN
npoBoautca 2-6 oktsiops 2017 r. B r. IOxno-CaxanuHcke, MpPOaOIKAET
HAYaTyo TPaJULHIO.

JIoKJ1a7pl CHMITO3UyMa MOCBSILIEHBl PACCMOTPEHHIO (DyHIaMEHTaIbHbBIX
aCIeKTOB HUCCIEA0BaHUS (PU3MUECKUX, XUMUYECKUX U MEXaHUYECKUX CBOMCTB
CHEXHOTO TIOKPOBa, OLIEHKE COBPEMEHHOTO0 YpOBHS (PyHIaMEHTaJIbHBIX
3HAHMM O CHere, CHEXXHOM IIOKpOBE U JIaBUHAX M MEpPCIEeKTUBaM
UCCIeI0BaHUS X (DyHAaMEHTAIbHBIX CBOMCTB.

YacTh TEMaTUKH MOCBSIIEHA PACCMOTPEHUIO PUKJIIAJHBIX BOIPOCOB, a
MMEHHO HCHOJIb30BaHUIO0 3HAHUM O CHEre W JIaBUHAX MPU NPOEKTHPOBAHUU
3JJaHUN U COOPYKEHHM B CHEKHBIX peruoHax. Takoe pacimimpeHue TeMaTHKd
CUMITIO3MyMa ONPABJAHO, IOCKOJIBKY MHOTME MH)XXEHEPHBIE 33J1a4M, CTOSIIUE
nepes 0oO0IIEeCTBOM, MOKHO PEIIUTh TOJBKO C HCIOJIb30BAHUEM HAYYHbIX
3HAHUM, OJYYEHHBIX NPU NPOBEACHUH (PyHAAMEHTAIbHBIX UCCIIEI0BaHUM.

Peoaxyuonnas xonnecus

PREFACE

In 2011 and 2013 the I and II International Scientific Symposium «Physics,
Chemistry and Mechanics of Snow» were conducted in Yuzhno-Sahalinsk
(Russia). At the end of the I Symposium the participants decided that such a
Symposium should be organised regularly every two years. The III
International Scientific Symposium «Physics, Chemistry and Mechanics of
Snowy, carried out between the 2™ to 6™ Oktober, 2017 in Yuzhno-Sahalinsk
continued this tradition.

The papers of the symposium are devoted to fundamental research
aspects on physical, chemical and mechanical properties of snow-cover,
evaluation of state-of-the-art knowledge on snow, snow-cover and avalanches
and research perspectives on their fundamental properties.

Besides considering scientific questions, part of the present symposium
subjects are devoted to applied questions on snow and avalanches such as
application of knowledge on snow and avalanches for planning of buildings
and building in snow regions as well as snow issues in ski resorts.

It seems that the expansion of symposium topics is justified since many
engineering tasks that face society today can only be carried out when based
on scientific knowledge obtained from fundamental research.

Editorial college
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CHEHBIE JJABUHBI HA TATOHAKCKOM HATOPBE
(BATIAJTHBII KABKA3)

Edpemos 10.B.

Ky6anckuii rocygapcTBeHHbli yHUBepcuTeT, Kpacnoaap, Poccus

AnHotanusi. PaccmarpuBatorcst ycioBust U (pakTopbl BOSHUKHOBEHHS M PACHPOCTPAHEHHS CHEXKHBIX
naBuH Ha Jlaronakckom Haropwe. IlomdepkuBaroTcs OCOOSHHOCTH penbeda, Kak TJIaBHOTO YCIIOBHUS
(opMHpoBaHUS CHEXXHOTO JlaBMH. OHHM BO3HMKAlOT Ha KPYTHIX CEBEPHBIX CKJIOHAX XpeOTOB M TOPHBIX
maccuBoB @umt, Omren, [Tmexacy n Haroit Uyk. OT™meuaroTcs kimMaTHdeckue (GakTOphI: TeMIeparypa,
aTMoc(epHBIE OCAJKH U BETEP, KOTOPHIC BIMSIOT HA CHETOHAKONJICHHE U BO3HHNKHOBEHHE CHEXXHBIX JIABHH.
Ocobast poirs B X (POPMHUPOBAHUH MIPUHAIICKHUT CKOPOCTH BETPA, KOTOPHIH CIIOCOOCTBYET BO3HUKHOBEHHUIO
MeTeNell 1 aKKyMYJIALUH CHETa Ha TIOABETPEHHBIX CKIIOHAX.

KiroueBble ci10Ba: CHE)KHBIC JIAaBHHBI, JJABHUHHAA OIIaCHOCTBD, CHE)KHBIHN TIIOKPOB.

SNOW AVALANCHES IN THE LAGONAKY HIGHLANDS
(WESTERN CAUCASUS)

Yu.V. Efremov

Kuban State University, Krasnodar, Russia

Abstract. The conditions and factors controlling the occurrence and distribution of snow avalanches
on the LagoNaky plateau are analysed. Topography is considered as the main parameter triggering snow
avalanches. They occur on the steep Northern slopes of the ridges and mountain ranges of the Fisht, Oshten,
Pshekhasu and Nagoi Chuk. Dominant climatic factors include temperature, precipitation and wind which
affects both the accumulation and occurrence of snow avalanches. Wind speed plays a special role in their
formation since it contributes to the occurrence of blizzards and snow accumulation on the leeward slopes.

Key words: snow avalanches, avalanche security, snow cover.

B mnocnennue ronpl Ha bombmom KaBkaze oOocTpwiiack mnpobiema
YpEe3BbIYANHBIX CUTYyallMid, CBSI3aHHBIX CO CXOJO0M CHEKHBIX JJABUH U CEJIEBBIX
noTokoB. Takue cuTyanuu oOOYCIOBJICHBI TJIOOAJBHBIM MOTEIUICHUEM
KJIMMaTra MW  YCWIMBAKOIIEUCA C  KaXKIbBIM TOJOM  XO3SHMCTBEHHOMU
JESITEIbHOCThIO  (BBIPYOKOH JIeCOB, OCBOCHHEM aJbIIUHCKON 30HBI TOJ
JBIKHBIE TPACCHI, CTPOUTEIHCTBOM JOPOT U T.I1.).

B mpenenmax KpacHOomapckoro kpasi CHEXHbIE JIaBUHBI BO3HUKAIOT
JIOBOJIHO YacTO M CO3/al0T Ype3BblYaiiHbie OOCTAaHOBKM B TOPHOM
TEPPUTOPUH, B TOM YHUCIIe U Ha JIarOHAKCKOM Haropsbe.

CuexHble naBUHBI HA JIarOHaKCKOM Haropbe — SIBJICHHE CPAaBHUTEIBHO
penkoe, U OOJbIIeH Mepe OHM OBIBAIOT HAa TOpHOM MaccuBe PuIT-OMmTEeH U
HAa TPWIETAIONIMX K HEMy TOpHBIX MaccuBax. CnenuaibHbie pPaOOTHI,
MOCBSILLICHHBIE CHEXXHBIM JIABUHAM, [UJI1 PacCMaTpPUBAEMOW TEPPUTOPUHU
OTCYTCTBYIOT.  HekoTOpble  OTpBIBOUHBIE  JaHHBICE  BCTPEYAKOTCA B
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HEMHOTOYMCIIeHHBIX paboTtax [Edpemon, Illynskos, 2015; 3apynnes,
CannarapoB u 1p., 2004]. B nmocinenHee aecATHIETHE 3aMETHO W3MEHMIICS
CHETOJIABMHHBI PEXUM TOpHOW Teppuropun KaBkaza, u B TOM 4ucie
JlaroHaKCKOTO Haropbs, 4TO HAIUIO OTPAKEHHUE B OMYOJMKOBAHHBIX paboTax
[Edbpemos, 3umnuiikuii, 2017].

JlaroHakckoe Haropbe pacroyioKeHO B Mexaypeube benoun m [lmexu u
BXOAUT B TEpPpUTOpUIO BcemMupHOro mnpupogHOro Hacienus: «3araIHblid
KaBkaz». AIMUHUCTPAaTUBHO Haropbe pacnojiaraerca B KpacHogapckoM kpae
(AnmepoHckuii U XOCTUHCKUU pailoHbl KypopTa bonbmioir Coun) u
pecniyonuke Anpirest (Malikorickuit paiton) (puc. 1).

YcaoBus ¢GopMUpOBaHHMS CHEXHBIX JaBuH. OOIIEU3BECTHO, UYTO HA
BCcell ropHOM TeppuTopuu 3anaaHoro KaBkasza, B ToM uuciie U Ha JlaroHaku,
dbopMUpYeTCS  CHEKHBIM IMOKPOB  JIOCTAaTOYHO  OOJIBIIOW  MOIIHOCTH.
CrnenmoBarenbHO, paccMaTpuBaeMas TEPPUTOPHUS B TOM WM MHOM CTENEHU
MOJIBEP>KEHA JIABUHHOW OMACHOCTH, KOTOpasi B OOJBIIEH CTENEeHU 3aBUCUT OT
MOpGOJOTHYECKUX OCOOCHHOCTEN penbeda H DIEMEHTOB KiIMMaTa —
CHEXHOT'O IMOKPOBa M BETPOBOTO PEKUMA.

Hcxons u3 ocobenHnoctel penbeda JlaroHakCKOro Harophbsi, OlleHEHA
CTEIEHb JIJABUHHOW OMACHOCTHU paccMaTpPUBAEMOro pailoHa o KOCMHUYECKUM
CHUMKaM, MaTepHallaM MOJIeBbIX HccienoBanuil [EdpemoB, 3UMHHIIKUIH,
2017] w cormacHoO KpuTepusiM IO OLIEHKE penbeda Kak (dakropa
JaBUHOOOpa3oBaHMs, U3NOKEeHHbIM B  pabore [.K. TymmHCKOro
[ TymmHckui, 1970].

Ha Tepputopun Haropes Jlaronaku HeT METEOCTAHIINM, a OyKanime
W3 HUX HaXOJATCS 3a MpeAenamMu Haropbs, T.e. B I'yzepuruie, /JaxoBckoil u
JlyHoM nossiHe, pacIionoKEHHOU B 3anaHOM 4acTh PUIITUHCKOTO TOPHOIO
MaccuBa. Penpe3eHTaTUBHBIM SBISICA JUlIb MeteonocT dumt — JlyHHas
[Tonsna (1770 M), HO ero ps HAOMIOJEHUM HACUMTHIBACT BCEro JHIIb 11
aet (1992-2002 rr.) u no AeldCTBYIOIMM HOPMAaTUBaM SIBJIIETCSI KOPOTKUM U
HEJIOCTATOYHBIM (MUHUMAJILHBIN PSJI JOJKEH OBITh HE MeHee 15 neT).

Knumatnueckue ¢axkTOphl CX0/Ja CHEXHBIX JaBHH BO MHOTOM
ONPENEIISIIOTCS KOJIMYECTBOM BBINIABUIETO CHEra, TEMIIEpaTypaMHu BO3/1yXa,
BETPOBBIM PEKUMOM U OCOOCHHOCTSIMH METEJIEBOrO IEepEeHOca CHera.

PaccmarpuBaemblii TOPHBIA PErMOH PACIOJIONKEH B 00JIACTH YMEPEHHO-
KOHTHHEHTAJIBHOIO KJIMMAaTra C SPKOW BEPTUKAIbHOM 30HAIBHOCTHIO
METEOPOJIOTHYECKUX JJIEMEHTOB, HWHOTJA HapyllaeMod OCOOEHHOCTIMHU
oporpaduu u mporeccamu anasekiuu [MBanuenko, IlapeBa u mp., 1982].
KopoTko paccMOoTprM OCHOBHBIE METEOPOJIOTMYECKHUE AIEMEHTHI, BIHSIONINE
Ha BO3HUKHOBEHUE CHEXKHBIX JIABUH.

Tepmuueckuii pexxcum. Ha ceBepHOM CKJIOHE B TaHHOM pailOHE CpeHUE
MeCSYHBIE TEMTIEPATYphl BO3/yXa B siHBape-(eBpalie OTpUIlaTeIbHBIE Ha BCEX
BbICOTaX. B MapTe Takue moka3areian BO3MOXKHBI ¢ BBICOTHI 1500 M u Gonee, B
nexkabpe — ¢ 1000 m. Cpennsis mMecsiyHasi TeMIiepaTypa BO3[yXa B SHBape

17



Pasoen VII. Jlasunnvie npoyeccoi: uccredosanue u MooeiuposaHue.
Section VII. Avalanche processes, study and modeling.

paBHa 1,5-2,0° C, na TypbOase «Jlaro-Hakwm», B mpurotax «ApMSHCKUI,
«Dumry, «llune» u «Bomomamucteni» mnoHmkaercs go -4,0 ... -4,5° C.
Hauboiiee Hu3kue cpeiHue MecsyHble TeMIiepaTypsl Bo3ayxa -5,5 ... -6,0° C
HaOmogatorcss Ha Twiato Jlaro-Haku, benopedenckom u  Yepkecckom
nepeBasax.

B otnenpHBIE TOABI CpEeAHUE MECSAYHBIE TEMIEPATyphl BO3AyXa MOTYT
3HAUUTEIBHO OTKJIOHSTHCS OT MPUBENICHHBIX BbIlIe. B siHBape Ha BBICHIMX
Toukax JlaroHakCcKOro Haropbsi B CaMble XOJIOAHBIE 3UMbl CpPEIHSA
TeMrepaTrypa Bo3ayxa nonmwkaercs 1o -10...-12° C, B I'yzepuruie no -9° C;
B TEIUIbIC TOJbI OHAa OBIBACT TOJOXUTEILHON Ha OOJNBIICH YacTh
Jlaronakckoro  Harophs. JlaBUHHas ~ OMacHOCTh  BO3pacTraeT  TpHU
MOJIOKHUTENBHBIX 3HAYEHUSAX TeMIeparypbl Bozayxa. OTremenu, KOTOpbIE
4acTo OBIBAIOT B KOHIIE MapTa — Havyaje amnpers, IBISIOTCS IPUIUHON CX0/a
MOKPBIX CHEXHBIX JIABHH, KOTOPbIE 00Jaat0T OONBIINON pa3pyIIUTEIbHON
CUJIOM.

Ocaoku. KonnuecTBO 0CaJKOB MOJBEPKEHO OOJBIION M3MEHYUBOCTH
BO BPEMEHH — OJIHU TOJIbl OBIBAIOT CYXHMH, IPYTUe CHEXKHbIMU. B Tabmuie
NPUBEJACHBI HAWOOJBIINE W HAUMEHBIINE TOJIOBBIE CYMMBI OCaJIKOB,
BO3MOJKHBIE B pa3Iu4HbIC roAbl (Tad. 1).

Tabiuua 1.
HauOounbiiee 1 HauMeHblIee KOIMYECTBO OCAAKOB 3a ToJl (MM), pa3InyHOM
BEPOSATHOCTH.
IIyakt Cpennee Hawunbonpmee | Hanmenbiiee
KOJI-BO KonmnuecTBo ocaakoB, BO3MOKHOE 1 pa3 B
0CaJIKOB 5 ner 10 ner 20 net 5 et 10 ner 20 ner
1 2 3 4 5 6 7 8
Maiikomn 700 810 890 960 570 510 440
JlaxoBckast 740 860 940 1030 600 540 480
XaMBILIKH 940 1090 1180 1290 780 700 620
I'yzepumin 1130 1210 1400 1540 930 840 750
«ApMsSHCKHI, 1780 2030 2130 2370 1460 1360 1200
HPHUIOT
«Pumt», NpuIOT 2670 2930 3110 3510 2150 2050 1840
Benopeuenc-kuit 2745 3010 3190 3600 2210 2140 1880
nepeBa
Jlaro-Hakw, 1485 1700 1800 1990 1220 1120 990
TypuCTCKas 0a3a
Jlaronakwu, 1955 2260 2380 2650 1630 1530 1360
IJIaTO
«umey, mputoT 1800 2040 2150 2390 1480 1330 1220
«Bomonanu- 2650 2910 3090 3490 2140 2050 1830
CTBII», IPUIOT
Yepxecckuit 2765 3020 3220 3630 2230 2140 1910
nepeBa

Bemposou peocum. B ropax 3amagHoro KaBkaza BeTep — BaXHbIU
dakTop ¢GopMHUpOBaHUSA CHEXHBIX JaBuUH. CpenHsii MecsdHas CKOpPOCTb
BEeTpa B TEUEHHE rojaa koisebiercs B mpenenax 1-4 m/c, a MakcuMaibHas
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CKOpPOCTb MOXET focturath 34 m/c (mopeiBbl 10 40 m/c). CunbHBIN BETEp
HaOmonaeTcst He Oosee S5 JHEH B rojly, OJIHAKO B 3TH PEIKUE THU CKOPOCTh
BeTpa MoxeT nocturath 30-40 m/c. [lake B KOTJIOBHMHAX, TAaKUX Kak
['y3epuriib, BO3BMOXHBI MakCUMalibHbIE cKOpocTu 34 m/c. B 3umHee Bpems
CHJIBHBIC BETPhl MOTYT COIPOBOXKIATHCA METEIIMH U TOHM)KCHHEM
TEeMIIepaTypbl — OJarONpHUATHBIMH YCIOBUSAMH (HOPMHUPOBAHUS CHEXHBIX
JIAaBWH Ha KPYTHIX TOJIBETPEHHBIX CKJIIOHAX XPEOTOB.

Ycnosus cneconaxonnenus. B paccMarpuBaeMOM pPETHOHE B 3MMHEE
BpEMs BBICOTA CHEKHOTO TMOKPOBA 3HAYMTENbHA W KOJIEONETCS HA OAHUX U
TeX K€ yJacTKaxX B Pa3HbIC TOJIbI B IMIUPOKOM JUATIA30HE — OT HECKOJIBKHUX CM
0o 5-6 m (parion mpuiora @wumr). JlocTaTouHO MOAPOOHO YCIOBUS
CHEroHakoruieHus Ha JlaroHakckoMm Haropbe u3niokeHsl B padote [Edpemos,
3umHuikui, 2017].

llepuoo naeunnol onacrocmu ulu KOIUYECMB0 JIABUHOONACHBIX OHell
3aBUCMT OT Hauyaja BbINAJEHUS CHEra MW  €ro  paspyllieHHus.
[Tpo10KUTENHEHOCTD JIABUHOOIIACHOTO MEPUO/Ia ONIPENEISAETCS M0 BHICOTHBIM
30HaM. B Tabmuue 2 mnpuBeneHa MNPOJOIKUTEIBHOCTh JIaBUHOOIACHOIO
MIEPHO/Ia 10 BBICOTHBIM 30HAM JJISI CEBEPHOTO U IOYKHOTO CKJIOHOB boubmoro
Kagskaza, koTopast xapakTepHa U JyIsl pacCMaTpUBAEMOTO PErroHa [3apyaHeB,
Canmarapos u ap., 2004].

Taoauna 2.
[Tpo10HKUTENBHOCTD JJABUHOOMACHOTO TIEPHO/Ia, THHU.

CxJioH BricoTa Ham ypoBHEM MOpsI, M

bonemioro | 600 800 1000 1200 1400 1600 1800 2000 2200
KaBxkaza

Cesepnbiii | 40 55 75 100 120 140 160 180 200

IOHBI 45 60 83 115 135 160 200 230 240

YUpcao JIaBUHOONACHBIX JHEH B 3aBHCHMOCTH OT BBICOTHI MECTHOCTH
Kosie0sercs B upokoM Auanazone — oT 40 10 200 nHeil Ha CeBEpHOM CKIIOHE
u oT 45 1o 240 nHel HA I0)KHOM.

B BepxoBesax pexk benonn u Lluume 4Yacto MOXHO BHAETH CIIEIbI
MMOCTOSIHHOT'O BO3JCHCTBHMHU JIaBUH B BHJIE€ CHEroJioMa Jjieca, a B MIOHE-HIOJIC
BCTPETUTHh Ha TPOMNax KOHyCa TAIOIIEro CHEra — OCTAaTKH CHEXHBIX JIaBHH.
MakcuMyM JIaBUHHOM OIMTACHOCTH TMPHUXOJMUTCS Ha KOHel (eBpayisi — MapT,
Korja B Tropax ObIBa€T MHOTO CHEromajoB M METeJled Mpu OTHOCUTEIHLHO
BBICOKHMX TeMmIiieparypax. [locie 0coOOEHHO MHOTOCHEKHBIX 3UM CXOJl JIABUH
BO3MOXXEH MW B Mae. Takum o0pa3oM, YHCIIO JIAaBUHOOIACHBIX JIHEH B
3aBHUCHMOCTH OT BBICOTHI MECTHOCTH KOJICOJICTCS B IIUPOKOM JIHANa30He — OT
20 mo 250 nnei.

Tunbl 1 yacTora cxoaa cHexHbIX JaBuH. Ha JlaronakckoMm Haropne
Hamu BbIsSBIeHO 40 maBMHOCOOPOB. B  COOTBETCTBMM C  YCIIOBHSIMHU
CHETOHAKOIJICHUSI W TEPMHYECKOTO pEeXHWMa B CHEXHON TONIIM 3]1€Ch
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bopMHpYIOTCS ~ CHEIYIONIME  TUIMBl TE€HETUYECKUX  JIaBuH: 1) u3
CBEXKEBBINABILIEIO CHEra, KOTOpble HaOJIOAAIOTCS B JekaOpe-sHBape Mocie
CUJIBHBIX M TPOJOJDKUTENBHBIX CHETOMAJ0B; 2) WHCOJSIUUOHHBIE U
aZIBEKTUBHbIC, BO3HHUKAIOIINE B BECEHHEE BpeMs W Ipu orreneisix. OHU B
OCHOBHOM CXOJSIT B MapTe-arpere.

Cpenau J1aBUHHBIX 04aroB HauboJiee XapaKTepHbI IUPKHU, Kaphl, CJI0KHbBIE
JIEHYIAIIMOHHBIE BOPOHKU CO CKaJMCTOW MOBEPXHOCTHIO M HAKIOHOM Oosee
35°. BcnenactBue JOCTAaTOYHOW PACUWICHEHHOCTH Haropbsa JlaroHaku 37ech
npeo0Ia1atoT JOTKOBBIEC JJaBUHHBIE ouaru (0kosio 85% Bcex oyaron), BHICOTA
KoTophix coctaBisgeT oT 100 mo 1000 m u Gosee.

Ha 3HaunTenbHOM dYacTM JaBUHOONACHOM TEPPUTOPUM  HAropbs
Jlaronaku (oxosio 40%) rycToTa ceTu JJaBUHHBIX OYAroB COCTABISIET MeHee |
Ha 1 kM. Tepputopuu ¢ ryctoroi cetu 1-5 oyaroB Ha 1 KM 3aHUMAarOT OKOJIO
34% mnomamu. Tepputopuu ¢ rycTtotoi cetu 6osee 5 ouaroB Ha 1 kM gHA
JIOJIMHBI 3aHUMAarOT B OCHOBHOM I1051C BbImie 1500-1700 m.

BonpmnHcTBO N1aBUH cxomuT B jAekaOpe-¢eBpane. Ha mpoTsmkenun
3UMHEr0 Ce30Ha OTMEYAIOTCS JIBa MUKA JIABUHHOW aKTMBHOCTH — B JieKaOpe U
ampesie, OOYCIOBJICHHbIE COOTBETCTBEHHO CHErONaJaMd M BECEHHUM
cHerotasgHreM. OTMeUaauch MEpUOAbl C TAKUM XapaKTepoM aTMoc(epHOU
UUPKYJISLUH, IPA KOTOPOM MUK JJABUHHON aKTUBHOCTH CMEILAJICS C JeKa0ps
Ha  sHBapb-QeBpajgb, IMOATOMY  HAOMIOAAJNCA  OJUH  PACTSIHYTHIN
MO3/IHE3UMHHI-BECEHHUIT MaKCUMyM JlaBUHOooOpaszoBaHus. OOIlee 4Yucio
JIABUH MPU 3TOM OBLIO HECKOJIBKO MEHBIIIHMM.

BriBoabl.

Ha JlaronakckoM Haropbe CyHIECTBYIOT OCOObI€ YCJIOBHS JJif
00pa3oBaHMs CHEKHBIX JJABUH. DTO OIPOMHOE KOJIMYECTBO TBEP/IBIX OCATKOB,
IJIOCKOBEPIIIMHHBIN  penbed OTACNBbHBIX TOPHBIX XpPEOTOB U TOPHBIX
MacCHBOB, CHWJIbHBIE BETPBI, BBI3bIBAIOIIME METEIH, BO MHOTHX CIIy4yasx
SIBJISTFOIITUECS. TTPUYUHON (DOPMHUPOBAHMSI CHEXKHBIX KApHU30B, KOTOpbBIE TPH
0OpyIIIEeHUH BBI3BIBAIOT CXOJ] CHEXKHBIX JIABHH.

Brimagaromuii cHer cayBaeTrcss C IUIOCKOBEPIIMHHBIX XpEOTOB H
OTKJIa/bIBaeTCA BOMU3M WX TpeOHell (Ha OpoBKax KPYTHIX CKJIOHOB) B BHUJE
CHEKHBIX KapHHU30B, a TaKK€ HAa CKJIOHAxX JIOJMH B APO3MOHHBIX Bpe3ax M
JIEHYIAIIMOHHBIX BOPOHKAaX, KOTOpbIE B OOJBIIMHCTBE CIIy4aeB SIBISIOTCS
UCTOYHUKOM (OPMUPOBAHUS CHEXKHBIX JIaBUH. MOIIHOCTH CHEra B
naBuHOCOOpax nocturaet 10-15 m.

[To umeromuMes JaHHBIM, T.€. MPU aHAJIHU3E TOMOTpaGUUECKUX KapT U
KOCMHUYECKHX CHUMKOB, a TaKke HaOJIOJIEHUH aBTOpa, YCTAHOBIEHBI MECTa
CXO0/la CHEXXHBIX JIABMH M PAlOHBI MOBBIIIEHHOW JJABUHHON omacHOCThI0. K
HUM OTHOCATCS TOpHbIH MaccuB Oumr-OmireH, rOro-3amnajaHble CKIOHbI
r. Ty6a, Haroit-Uyk, r. Ilmexa-Cy, ceBepnblii ckionsl Xxp. Haroi-Uyk,
kaHbOHBI pek [uue, Cyxoil 6anku, BOCTOUHbIE CKJIOHBI Xp. KameHHoe Mope
(BeIcoTa cBbImIe 2000 M).
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Pasoen VII. Jlasunnvie npoyeccoi: uccredosanue u MooeiuposaHue.
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YUCJIIEHHASA MOJAEJIb IS OIIMCAHUA IBUXEHUA
CHEKHbBIX JIABUH, YYUTBIBAIOLIIASA HEHBIOTOHOBCKYIO
PEOJIOTUIO CPEJbIL, TYPBYJIEHTHOCTDb 1 BOBJIEYEHUE B
JABU/KEHUE CHET' A CO CKJIOHA

3aiixo }0.C. ', dromut M.D. ?

1
HNU mexanuku MI'Y um. M.B. JlomonocoBa, MockBa, Poccus
2 .
Mexanuko-matematuueckuit paxynprer MI'Y um. M.B. JlomoHocoBa,
MockBa, Poccus

AHHoTanus. [{18 JaMHHAapHOTO NOTOKAa HAa CKJIOHE IMOCTOSHHOTO YKJIOHAa MOCTPO€HAa YHCIEHHAs
MOJIeJIb, TO3BOJISAIONIAsl PACCUUTHIBATH JBMKEHHE IIOTOKA, YUYUTHIBAIOIIAS CJIOXKHYI0 HEHBIOTOHOBCKYIO
pEOJIOTHIO Cpensl M 3aXBaT MaTepualia, JIeXKallero Ha CckiIoHe. [IpoBeneHO ucciIeOBaHWE BIMSHUS
PEOJIOTHYECKOTO COOTHOIICHUS IS IBIDKYINEHCS Cpelbl M MPOIecca BOBJICUECHHUS JOHHOTO MaTepHana Ha
JUHAMHYECKHE TapaMeTpbl MoToka. MccremoBaHa BO3MOXKHOCTh NIpHMeHeHus maketa Flow Vision mms
MIOCTPOEHHST MOJENH, yYHUTBHIBAIOIIEH CIIOXHYIO T'€OMETPHIO CKJIOHA M TypOyJICHTHBIN XapakTep MOTOKA.
[IpoBeneHsl BepuUKANNOHHBIE PACYETHI PACIPOCTPAHCHMS ITOTOKA IO CKIOHY ITOCTOSIHHOTO YKJIOHA C
MOJICTTMPOBAaHNEM HEPETHETO (PPOHTA IOTOKA.

KuroueBble cj10Ba: 4yncIeHHOE MOJACJIMPOBAHUE JITaBUHbI, HCHBIOTOHOBCKAs P€OJIOrUs CHETa.

A NUMERICAL MODEL FOR AVALANCHE MOTION
CONSIDERING NON-NEWTONIAN FLUID RHEOLOGY,
TURBULENCE AND SLOPE MATERIAL ENTRAINMENT

J.S. Zayko ', M.E. Eglit >

nstitute of Mechanics, Lomonosov Moscow State University, Moscow, Russia
*Faculty of Mechanics and Mathematics, Lomonosov Moscow State University,
Moscow, Russia

Abstract. A numerical model of laminar flow on a uniform slope is formulated. The model considers
the non-Newtonian rheology of fluid and entrainment of slope material. Influences of these two factors on
flow dynamic parameters are investigated. The possibility of using Flow Vision software for building an
avalanche model that takes into account turbulence and complex slope geometry is evaluated. Test
calculations of flow propagation with a leading flow edge over uniform slope are conducted.

Key words: numerical modeling of avalanche, non-Newtonian snow rheology.

B nepBoil yactu pabOThl YUCIEHHO pelIaeTcs 3ajadya O JaMUHAPHOM
JBH)KCHUU TIOTOKA CHEra IO CKJIOHY, HAKJIOHEHHOMY K TOPH30HTY Ha
noctossHHbIA yron 6 . B pabore (Kern, 2004) mpuBeneHbl pe3yibTaThl
HKCIIEPUMEHTAIBHBIX HUCCJIEIOBAHUIM TEUYEHUsI MOTOKA CHEra IOCTOSHHON
rIIyOMHBI B 3KCHEPUMEHTAIBHOM JIOTKE, MOJYyYE€HO, YTO TEYEHHE HMEET
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JAMUAHAPHBIA XapakTep, OIMPEAEIEHbl KOHCTAHTBl PEOJIOTUYECKUX MOJEIIEH
Xepuuesst-bankim

i:o npu|t _|<T,,
oz
T.=7, +K% npult,_|>7,,
n=2,p=500"=,K=044-10" = 7, =100017a (1)
M M
u Kpocca
ﬂO + /’llkc @ 2 2
rom 0l oA 97002k —1e,  (2)
Lk vl dz p c p c
‘|0z
npu KOTOPBIX  JIaHHBIC MO/JICITH XOPOIIIO OTIHCHIBAIOT
AKCIepUMeHTaIbHbie Tpoduiin ckopoctu. B (1) u (2) v — ckopocTh MOTOKA,
z — KOOpJWHATa, OTCYUTHIBaeMas 1O HOpPMalIH KO IHY, p — IUIOTHOCTb
Cpelibl, 7,, — CIBHMIOBOE HANPSUKEHHE B MOTOKE, 7, — HPENEN TEKyd4ecTH,

OCTaJIbHbIE BETUYMHBI SABJISIIOTCS ONPEIESIOMMMUA KOHCTAHTAMHM JIJ1s1 JAHHBIX
mozneneii. B pabGore (Kern, 2009) npuBeneHbl pe3yiabTaThl H3MEPEHUS
npo@uiisi CKOPOCTH B €CTECTBEHHO CONIENAIIECH CHEXXHOW JIaBUHE, KOTOpPbIE
MOKAa3bIBAKOT, YTO B LIEHTPAIBHOW, YHAJEHHOW OT TMEPEAHETO U 3aJHETO
(GPOHTOB JIaBUHBI, YACTH TTOTOK JIAMUHAPHBIH.

B nanHo#t paboTe B KayecTBE PEOJOTHUYECKHX MOJENEH ABIXKYILEHCsS
cpenbl Obuti BBIOpaHBl Momenu (1) u (2). ITloMMMO HEHBIOTOHOBCKOM
pEoJIOTuY, MOJAEIHUPYETCS MPOIECC 3axBaTa W BOBJICYEHUS B JIBUKECHUE
MOTOKOM TMOJCTUaromero Marepuana (cHera). Cuurtaercs, 4tro 3axBaT
HAYMHAETCs, KOTJa TPEHUE HAa JHE B MOTOKE PABHO MpPEAETy MPOYHOCTH Ha
casur 7, nouHoro matepuana (Issler, 2011). 7./ p=2.4x/c* (Sovilla, 2007).

Pemarorcsi HeocpenHEHHBIE 1O TNIyOMHE ypaBHEHHs, CUCTEMA COCTOMUT W3
ypaBHEHUS JBHKEHHUS (3) B IPOEKUMHU HA OCh, HAIIPABJICHHYIO BJOJIb CKJIOHA,
Y TPAHWYHBIX YCIIOBHIA:
e Ha BepxHEW CcBOOOAHOW TpaHMIIE TIOTOKA TPEHHE O BO3IYyX
IPEANOIAraeTcsi paBHbIM HYJIO (4),
® Ha JHE CTaBUTCS YCIIOBUE IPUIUIIAHUS — PABEHCTBA HYJIO CKOPOCTH Ha
JTHE B MOTOKeE (5),
® JIONOJIHUTEJIBHOE YCJIOBHME HA JHE CIYKUT JJI ONPEIEIICHUS HaIU4us
3axXBaTa U MOJIOKEHUSI HUKHEW TpaHUIbl HOTOKa — JiHA (6).

—v:gSin9+laT’Cz, 3)
ot p oz

7.=0, 4)
v=0, (5)
Tl =% (0)
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Pucynok 1. Cucrema koopauHar (a); pacnpeaejieHue CKOPOCTH B MOTOKe,
3aXBaThIBAKOIIEM JOHHbII MaTepuaJ, o riyouHe: o - moaeb Xepueasa-baakiu, ¢ -
moaeab Kpocca. 7-5¢,2-10c¢, 3 -20 ¢ co BpeMeHn Hayaj1a 3axBara.

Hcnonp3yemasi rumore3a O MPOLECCE 3axBaTa IO3BOJIMIIA HAXOJUTh
NOJIOXKEHUE Ppa3pYyLIAOIIETOCs JHA, HE HMMes SBHOI'O 3aKOHA JBUKEHUS
JAHHOM TpaHUIbl, HO ONUPASCh TOJBKO HA JWHAMHYECKHE XapaKTEPUCTUKU
NOTOKA U BEJIMYHMHY CONPOTUBIIEHUS HA CABUT MaTepuasa qHa. [lokazaHo, 4to
[0 IPOLIECTBUM HEKOTOPOTO BPEMEHU ¢ MOMEHTA Hadaja 3axBaTa CKOPOCTh
MOTOKA M €ro IrIyOHHa pacTyT cO BpeMEeHeM JIMHeWHo. Paccuntanbl npoduu
CKOpOCTH (pPUCYHOK 1) B MOTOKE, 3aXBaThIBAIOLIEM JOHHBIN MaTepHa, Korjaa
noTok onuckiBaercsa moaensamu (1) u (2) (Eglit, 2014; 3aiiko, 2016). Buano,
YTO B BEPXHEU YaCTU IIOTOKA CYILECTBYET CJIOM, ABMKYLIUKCS KaK TBEPIOE
Teno — TBEpAas kopka. CKOpOCTh 3axBaTa aCUMITOTUYECKH CTPEMHTCS K
MOCTOSIHHOMY 3HAQYE€HHIO, ONpPEAesIeMOMY KOHCTAHTAMM, BXOISAIIMMU B
PEOJIOTUYECKOE COOTHOILEHHWE, YIJIOM HAKJIOHAa CKJIOHA, MPOYHOCTHIO
MOJICTUJIAIOILIETO MaTepuaia U YCKOPEHUEM CBOOOTHOTO NaJCHHUS.

Bo BTOpoil wactu pabGoThl MPOBEJACHBI PACUETHI JIAMHHAPHOTO W
TypOYJIEHTHOTO JABM)KEHHUS MOTOKA C YYETOM PacCIpOCTPAHEHHUS MEPETHErO
dpontra B makere Flow Vision. Ha pucynke 2 mnpejcrtaBieHa 3ajiuMBKa
BEJIMYMHON BEKTOpA CKOPOCTH IUIOCKOCTH IOTOKA. B cilydae JlaMHMHApHOTO
JBUKEHHSI MPOBEJEHO CPABHEHHME C AHAIMTUYECKUM pEeUIeHHEM Hpoduis
CKOPOCTH B LIEHTPaJbHOW 4acTu MoToka. [lomyueHo xopoiiee cOBIageHUE
YHUCJIEHHOTO M aHAJIUTUYECKOIO PEe3yJIbTaTOB (MOIPEUIHOCTH HE IPEBBILIAIOT
4.1%, cM. puc. 3).
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Pucynok 2.

Pucynok 3.
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MAKCHUMAJIBHBIE OB bEMBI JIABUH
B HU3KOI'OPBE o. CAXAJIMH

Ka3zakoB H.A., I'encuoposckuii FO.B.

JlanbHEeBOCTOUYHBIN reosiorndyeckuii UHCTUTYT JIBO PAH,
Caxanmuackuii punuan, FOxuo-Caxanuuck, Poccus

Annotanusi. Cuuraercs, 4ro OOBEMBI JIaBUH B HHM3KOropbe (B wacTtHoctd, Ha o. Caxaiune)
CPaBHUTENHHO HeBennkH. OTHAKO B pe3yJIbTaTe MOJEBBIX HCCICJOBAHUI YCTAHOBICHO, YTO B HU3KOTOPHE O.
Caxammaa QopmupyroTcss JaBUHBI 00bEMoM Oomee 1 000 000 M. MakcHManbHblii 06BEM JTaBHHEL,
ommcanHoit Ha 0. CaxalmHe, coctaBin 1,4 MIH. M° IIpH  JanbHOCTH BBIGpoca 3800 M u Beicote dponTa 100
M. JlaBuna conia 03.01.1991 r. na Yamruackom niepeBasie (Bocrouno-CaxanuHckue Topbl, T. ['paHndHasd,
abc. otmeTka 1511 M). @opMupoBaHHe B HHU3KOTOPhE JIAaBUH OOJBIINX O00HEMOB OOYCIOBIECHO OOJBIION
rryOouHON pacuinenenus pemseda (300-1000 ™M), yKIOHAMH, ONTHMAJIbHBIMH IS HAKOIUICHHS U
NepeKpucTan3atu  cHexxHo  tommu  (30-45°), OonbIIMM  KOJMYECTBOM  TBEPABIX  OCA/IKOB
(3apeructpupoBaHHbIE MaKCUMYMBI 0caikoB Ha YaMmruHckoM nepesaie (Bocrouno-CaxanmnHckue ropsr) 03-
16.01.1991 r. cocraBumu 3a 333 MM cheromax; 127 MM 3a cyTkd U 43 MM 3a 4yac) M CHIJIBHOI
HEepeKpUCTALIN3AIMEH CHEXHOW TONIIM (3HaueHHs Kod(duiuenToB nepekpucramimzanuu — 0,80-0,95,
BTOpuyHOro paccioenus — 0,50-1,0 rekcrypsr — 0,50-0,80).

KuroueBble cjioBa: TaBUHBI 00TBIINX 00BEMOB, HU3KOTOPHE, 0. CaxanuH.

THE MAXIMUM VOLUME OF AVALANCHES IN THE LOW
MOUNTAINS OF SAKHALIN ISLAND

N.A. Kazakov, Yu. V. Gensiorovskiy

Sakhalin Department of Far East Geological Institute FEB RAS,
Yuzhno-Sakhalinsk, Russia

Abstract. It is believed that the volume of avalanches in the low mountains (in particular, on the
Sakhalin Island) are relatively small. However, the field research found that, in low mountains of Sakhalin
Island are formed avalanche with a volume of over 1,000,000 m®. The maximum volume of the avalanche,
described on the Sakhalin Island, amounted to 1.4 million m’, run out distance was 3800 m, a height of
avalanche thickness - 100 m. Avalanche came down 03.01.1991 on Chamginsky Pass (East-Sakhalin
Mountains, Granichnaya Mountane, abs. mark 1511 m).The formation of avalanches of large volume in low
mountains due to the great depth dissection of relief (300-1000 m); slope, that optimal for the accumulation
and recrystallization of snow (30-45°); a large amount of solid precipitation (recorded highs precipitation on
Chamginsky Pass (East-Sakhalin Mountains) 03-16.01.1991 was 333 mm per snowfall; 127 mm per day, and
43 mm per hour) and strong recrystallization of the snow pack (values of coefficients: recrystallization of the
snow pack — 0,80-0,95, secondary bundle of the snow pack — 0,50-1,0 texture of the snow pack — 0,50-0,80).

Key words: avalanches of large volume, low mountains, Sakhalin Island.

BBenenue. [Ipu onieHke BO31€HCTBUS JaBUH Ha OOBEKTHI, COOPY>KEHUS U
OCBOEHHBIE TEPPUTOPUU OUEHb BaKHO MPEJCTABIISTH, JABUHBI KAKOTO 00BEMA
U JaJbHOCTH BhIOpOca (hOpPMHUPYIOTCS B HUCCIeNyeMbIX paiioHax. Cuurtaercs,
9yT0 OOBEMBI JIAaBUH B HHU3KOTOphe (B dYacTHOCTH, Ha o. Caxanune)
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cpaBHUTENIbHO HeBenuku: ot 0,3 — 10 ThIC. M no 100 — 200 TrIc. M.
[TockonbKy abCONMOTHBIE OTMETKHU pesbeda Ha 0. CaxannHe He MPEBBIIAIOT
1600 m (B cpennem, 200-1000 M), TeppuTopus OTHECEHA K HU3KOTOPBIO.
Opnako riaybuHa pacwieHeHusi penbeda mpocturaer 500-1000 M, yTO
MO3BOJISIET  KJacCU(UUUPOBATH  3TOT  HUBKOTOPHBIA  penbed — Kak
anbnMHOTUIIHBINA. [lo3TOMY aBUHHBIE MpoleccoB Ha 0. CaxaluHe HIUPOKO
pacnpocTpaHeHbl W TPUUMHAIOT Oonbiion ymepd Hacenenuto (Kazakosa,
Jlo6kuna, 2007), 00BEMBI U JANBHOCTH BBHIOpOCA JAaBUH (KaK MOKA3bIBAIOT
MICCIIEIOBAHHS) MOTYT IPEBBIMATE | MITH. M.

Metoasbl uccienopanus. OnpenencHue o0bEMa U JaTbHOCTH BBIOpOCA
JIABUH MPOBOJIWIOCH KaK MyTEM MPSMBIX U3MEPEHUH JTABUHHBIX OTJIOKEHUN U
OTOPBABILIETOCS] CHEKHOTO IUIacTa IOCJE CXOJa JIaBUHBI, TaK M MyTEM
U3MEpPEHUs TapaMeTPOB JIABUHHBIX CHEXHUKOB B BECEHHE-JIETHUN IEPHUOI.
Bricota ¢ponTa naBuH OoNBIIMX OOBEMOB oOMpeaeisiach IO CieaaM,
OCTaBJICHHBIM JIABUHAMHU Ha 00pTax JJaBUHOCOOPOB.

MaxkcuMmajbHble 00bEéMBI JaBHH Ha 0. Caxaaumne. [lo maHHBIM
MOJIEBBIX HCCHeNoBaHUM B HuU3Koropbe o. Caxamun (1945 — 2017 r.r.)
yctanoBJieHo (Tabn. 1, puc. 1), yTo MakcuMalibHble OOBEMBI JIABUH 3/1€Ch
npeBbaoT 1,0 MIH. M, JaIbHOCTh BHIOPOCA — HPEBBIAET 3 KM, BBICOTA
dponta — gocturaer 100 M. Tommuua auHUN OoTphIBa JaBuH gocturaet 400
CM, TOJIIIIMHA JIABUHHBIX OTIIOKEHHUHA — 26 M (B TIyOOKHX pacragkax TOJIHHA
JIABUHHBIX OTJI0XeHUU nocturaet 40 m).

Pucynok 1. Paiionbl perucrpanuu JaBuH 00JbIIUX 00bEMOB
B HU3KOropse o. Caxauaus, 1970 -2017 r.r.
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MaxkcuMaibHbIi 00bEM JTaBUHEI, OIMCAaHHOM Ha 0. CaxajuHe, COCTAaBHII
1,4 MH. M° npu  janbHOCTH BEIGpoca 3800 M u Beicote (ponTa 100 M.
Jlabuna conwia 03.01.1991 r. na Yamrunckom mnepeBasie (BocTouHo-
CaxanuHckue ropsl, . ' panuynas, abc. ormetka 1511 m).

3umoii 2006/2007 IT. HECKOIBKO JaBHH 00bEMOM Goee | MiIH. M IpH
BbicoTe ¢ponHta 10 100 M couwm co ckioHoB T. Jlomatnna (Bocrouno-
CaxanmuHckue ropsel, abc. otmetka 1609 M; puc. 2).

Pucynok 2. CHe:kHUMK JIaBUHBI, comenmei 3umoii 2007 r. Boctouno-CaxajmHckne
ropsl, r. Jlonatuna. 06.07.2007 r. ®oto I'. beasikoBa.

dopmupoBanue B HHU3KOropbe 0. CaxamuH JIaBUH OOJNBIINX OOBHEMOB
00YCIIOBJICHO:

e 000N TIIyOuHOM pacwieHeHus penbeda (300-1000 m);

® YKJIOHAMU, ONTUMAJIbHBIMU Il HAKOIUICHUS! M MEPEKPUCTATUIU3AIUU
cHexxHoM Tomu (30-45°);

® QOJIBIIIUM KOJIMYECTBOM TBEPIBIX OCaJIKOB: Harpumep,
3apErUCTPUPOBAHHBIE MAKCHUMYMbl OCaJKOB Ha YaMIruHCKOM TmiepeBalie
(Bocrouno-Caxanunckue rtopbl) 03-16.01.1991r. cocraBunu 3a 333 MM
cueronaj; 127 mm 3a cytku u 43 mm 3a yac (KazakoB u ap., 199);

® CUJIbHAs TEPEKPUCTATUIM3AMS CHEKHOM TOJIM (B sSIHBape — ampelie
3HaYeHuss ko3¢ duimentoB nepekpucramumzanun — 0,80-0,95, BTopuuHOIO
paccnoenus — 0,50-1,0 Tekctypsl — 0,50-0,80).

B oOpazoBanuu 5aBUH OOJBIIUX OOBEMOB NEPEKPUCTAILTU3ALINS
CHE)XHOW TOJIIIIM WTpaeT BEIYyIIYI0 pOJib: B Jekabpe — Mae oOpyIieHue
CHEKHOTO IIJJaCTa MPOUCXOJUT MO CHEKHBIM CJOSIM C BOJIOKHHCTOW WJU
CTOJIOYATOW  TEKCTYypOH, CJOKEHHBIM KPUCTAIAMHA  CKEJIETHOTO U
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MOJIyCKENIETHOTO Ki1accoB ¢opM. [lo MaHHBIM MOJIEBBIX MCCIIEOBAHUN HA O.
Caxamun (1980 — 2017 r.r.), 6onee 90 % 5aBUH CyXOro u MOKpOTO CHera,
06beMoM 6Gostee 10 THIC. M° COCTABIISIOT JIABMHBI SIMTCHETHYECKOTO KJacca,
00pa3oBaHUE KOTOPBIX OOYCIIOBJIEHO CHJIBHOW TMEpeKpucTaIu3auei
CHEKHOM TOJIIIIH.

Ha Cpennem Caxanune naBuHbl o0beMoM 150 - 300 ThIC. M cxomar 1
pa3 B 3-5 1er, o6beMoM | MiH. M° 1 Goiee — He pexke 1 pasa B 5-7 ner. Ha
IOxu0oM CaxanuHae JaBuHBI 00beMoM Gonee 200 ThiC. M cxoaat 1 pa3 B 5-7
JIET.

3akiodyenue. Takum oOpazoMm, 00bEM M JTaIbHOCTh BBIOpOCa JIaBUH B
HU3KOTOPhE MOTYT JIOCTUTaTh TAKUX K€ 3HAYCHUH, KaK U B BBICOKOTOPhE.
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KOMILIEKC JIABUHHOM CUTHAJIN3AITAU
U PE3YJBbTATHI ETO UCTIBITAHUM

Muasraes C.B.', Yepnoyc I1.A.%, ®unatoB M.B.!, Jlapuenxo A.B.',
De10pEHKO IO.B.I, Arees I.B.?

1 A ~
[TonstpHbIil reodusnueckuit UHCTUTYT, Poccust
2 .
NHuBuayanbHBIA NpeAIpUHUMATEND, Poccus
3 .
Ortnen maBunHOM Oe3onacHocTi, AO "Anarut", Poccus

AnHoTanus. [IpuBeneHo omucanue KOMIUIEKCA JJABUHHO-OOBAJILHON CHTHAIM3AIMHA U PE3YIhTaTOB
€ro UCIBbITaHUM.

KiaroueBble ciioBa: J'IaBI/IHOHO,HO6HI)Ie CKJIOHOBBIC IPOLECCHI, CUTHAJIbHAasA CUCTEMA.

AN EARLY-WARNING AVALANCHE SYSTEM AND ITS FIRST
TEST RESULTS

S.V. Pilgaev 1, P.A. Chernous %, M.V. Filatov 1, A.V. Larchenko ',
Yu.V. Fedorenko ', I.V. Ageev *

' Polar Geophysical Institute, Russia
? Individual Entrepreneur, Russia
3 Department of Avalanche Safety, "Apatit" JSC, Russia

Abstract. A newly designed snow avalanche early warning system and its first test results are
described.

Key words: avalanche-like slope processes, alarm system.

[locnencTBusIMM  TakMX SIBICHUM KakK JIaBUHbI, OIIOJ3HH, CEJH,
KaMHEMa/Ibl, MABOJAKUA U T. II. 3a4aCTYIO SIBJISIFOTCSI YEJIOBEYECKHUE JKEPTBBI U
3HAUUTENbHBIN MaTepuanbHblil yiep06. OcoOeHHO 3TO KacaeTcsi Kacaercs
TPAaHCIIOPTHBIX KOMMYyHUKanuii. OcoOeHHO jkele3HbIX maopor. [IpuumHoii
OONBIIMHCTBA aBapuii HAa HUX U3-3a JIABUH W JAPYTHX JIABUHOIOIOOHBIX
MIPOIIECCOB SIBIISICTCSA HE MOPaKEHHE COCTaBa COOCTBEHHO JIABUHOM, a HAE3[
€ro Ha JIJABUHHBIE OTJIOKEHHUS, HAXOASIIMECS Ha pelbcax. B Takux mecrax 3a
YKEJIE3HOJOPOKHBIM TTOJIOTHOM YCTaHABJIHMBAETCs ocoboe HaOmoaenue. Kak
CJIEICTBHE BO3HMKAET 3ajlada aBTOMATH3alMHM TpoIecca OOHAPYKEHHUS U
CUTHAJIM3AIIMM TIPM  BO3HUKHOBEHWM YPE3BBIYAWHBIX CUTYyallUWd IS
npeaynpexaeHuss o0 omacHocTh. B Hacrosiee Bpems, B Poccuu u 3a
pyOeXoM, HMCHOJIb3YIOTCSI HECKOJBKO BHUJOB JIABUHHOW CcUTHaiu3anuu: 1 -
BBITIOJTHEHHAsI B BUJIE CETKHU C MPOJIOKEHHBIM BIIOJbh HEE KaldeaeM, KOTOphIH
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npu yaape paspbiBaeTcs Ju00 AeQOpMHUpYETCs, IOCIE Yero Ccucrema
CUTHAIM3UpPYET 00 oOBasie; 2 — BBHINIOJHEHHAs B BUJIC HAKIOHSIOIIMXCS
3a00poB,  KOTOpbIE  TpPU  HAKJIOHE WX  JIABUHOM  3aMBIKAIOT
AIIEKTPOMEXAHUYECKUE JaTYMKH, CHUTHAIU3HPYIOUME O COoObITUH; 3 —
CHUCTEMbI, OCHOBaHHbIE Ha MpUMEHEHHH JIONIIEPOBCKUX  pagapoB.
OCHOBHBIMM HEIOCTAaTKAMHM D3THX METOJOB SIBJISCTCS BBICOKAas IIeHA WX
WCITOJIB30BaHUS M CJIOKHOCTh MOHTaXa cucTeM. Kpome Toro, B IepBBIX ABYX
MOJIX0J]aX CYIIECTBYIOT CJIOKHOCTH BOCCTAHOBJICHHS IIOCIE pa3pyLICHHS.
[Ipy wWCIONB30BaHWM H3THX IOJIXOJO0B B JIABUHHO-OIMACHBIX 30HAX €CTh
BEPOSITHOCTh TIOJHOTO 3aHECEHUS OTPaTUTEIBHBIX COOPY)KCHHH CHETOM,
MIOCJIC YETO BO3/IEHCTBUE JTAaBUHBI HA TaTYUK Oy/I€T OTPaHUYEHO.

ABTOpamu ObUIO pa3pabOTaHO HOBOE YCTPOWCTBO — JIABUHHO-
OoOBaJIbHBIN  W3BemiaTesb. JlaHHOEe  YCTpPOMCTBO TMpEIHA3HAYECHO TS
JIETEKTUPOBAHUSL CXOJla JIaBUHBI (Celisd, ONOJI3HS, KaMHenaga W T.OI.) U
HEMEJUICHHOW Tiepenayn HuHpopManuu 00 H3TOM COOBITHH JEKYPHOMY
(mucnieruepy). BHemHui BHU JTaBUHHO-OOBAJIBHOTO M3BEUIATENSI M BUJI €TO
BHYTPEHHETO JICKTPOHHOTO MOJTYJISI IPUBEICHBI Ha puc. | u 2.

Pucynok 1. JIaBuHHO0-00BaJILHBINH H3BelIATENb.
CuieBa - B IITATHOM yCcTaHOBKe, cipaBa - OEM moayJib.

KOHCTpYKTHBHO yCTpPOMCTBO BBINIOJHEHO B BUJAE LIECTAa C TE€PMETUYHO
WHTETPUPOBAHHBIM BHYTPb aBTOHOMHBIM ITPOrPaMMHO-ANMNapaTHbIM MOIYJIEM
c OarapeiiHpIM mnuTaHueM. JlaHHOE€ YCTPOWCTBO SBISETCS DJIEMEHTOM
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LHEHTPAIU30BAHHOM CHUCTEMBbI KOHTpOJsSl cxoaa jdaBuH. CucTeMa MOXET
BKJIIOYaTh B Ce€0S HEOTPAaHMYEHHOE KOJMYECTBO JIABUHHO-OOBAJILHBIX
u3Bemarened. Kaxnapli  u3Bematenb nepechliaeT  MHoOpManuio B
aBTOMaTH3UpoBaHHOE pabouee mecto (APM) aucneruepa nmocpeacrsom SMS
cOOOIIeHUI Yepe3 paJroKaHall (PErucCTpaTop MOXKET ObITh MCIIOJHEH KakK C
GSM mopaynem, Tak u ¢ paauo moxayiem 433 MI'n). APM npencrasisier
co00il TMepCOHaNbHBIM KOMIIBIOTEP C MOAKIIOYEHHBIM K Hemy GSM
TEPMUHAIOM (pHC. 3), KOTOPBIIA:

e [puHMMaeT nocrynaromme SMS 0T wu3Bemarened M pasMeniaeT
NOJy4YeHHYI0 HH(popMaluio B 0a3e JaHHBIX;

® KOHTPOJHPYET  paboOTOCIOCOOHOCTh  HW3BeHaTesei, B  cllydyae
HermoxydeHus: peryiasipuoro SMS unHbopMupyer omeparopa o
HEUCTIPAaBHOCTH;

e faeT MH(OPMALIUIO MO TEKYIIUM JIaHHBIM;

e uHbOPMUPYET ONEPATUBHBIA NEPCOHAN O COOBITHH MOocpeAcTBOM SMS
M 3BYKO-TparuecKoil CUTHAIN3ALINY;

e yOpaBisieT  yAANEHHBIMH  HCI.  YCTPOMCTBAaMU  IMOCPEACTBOM
SMS/CSD/GPRS;

CymiecTByeT BO3MOXHOCTb MHTErPALMM CTOPOHHUX MPOTOKOJOB IS
yIpPaBICHUS HUCHOJHUTEIbHBIMH  YCTPOWCTBAMH, YTO JAeT THUOKOCTh
UCITOJIb30BAaHUSI B COCTABE CHCTEM OINOBELICHHS APYTUX MPOU3BOAUTENIECH.
OrpaHnyeHusi MO KOJHMYECTBY MOJKIOYaeMbIX K APM J1aBUHHO-00BaIbHBIX
W3BELIATENEN OTCYTCTBYIOT.

PaGora  5naBMHHO-OOBaJLHOTO  M3BELIATENS]  OCYUIECTBISETCS B
HECKOJIBKMX PEXHUMAX: PEXKUM MPOrpaMMHPOBAHUSA/YCTAHOBKH, PEXKUM
OKHUJIaHUS U PEXUM CUTHaNMu3auuu. [lepBbie MsATh MUHYT MOCIE BKIIOYEHUS
NUTaHUS MOJYJb HAXOAMUTCS B PEXKUME MPOrpaMMHUPOBAHMS. 3a JIaHHOE
BpeMs MOJIb30BATEIb MOYKET BHECTM M3MEHEHHS B HACTPOMKHU YCTPOMCTBa
700 YCTaHOBUTH MpUOOp B pabouee nojoxkeHue. Hactpoiika mpou3BoauTcs
gyepe3 USB  mopr. Bce mapamerpsl  paboThl  COXpaHSIOTCS B
DHEPrOHE3aBUCUMOM IaMATH ycTpoucrBa. 110 mcredennn 5 MHHYT MOLysb
IPOU3BOJMUT H3MEPEHHE HAYaJIbHOTO yTIJa HAKJIOHA LIECTa OTHOCUTEIBHO
BEPTUKAJIM W IIEpelaeT IUCIETYEPY JaHHBIE O €ro BeJnduHe. B pexume
OKHUJIaHUS COOBITUSI B IIEJISIX KOHTPOJII PaOOTOCIMOCOOHOCTH AHAJIOTHYHOE
cooOmenne mnepenaercs Ha APM ¢ 3aaHHBIM WHTEpBAJIOM BpPEMEHH (I10
yMOJ4YaHuio, pa3 B cyTku). APM nucnerdepa MokeT OBITH COIPSIKEH C
pPa3IMYHBIMK  HUCTIOJHUTENbHBIMUA yCTpOHCTBaMU (cBeTodOp, HUIardaym,
3BYKOBOM CHTHAT W T.A.) B T.4. Y€ HUMEKOIIUMHCSI Ha oObekrax. Takum
o0pa3om, mpu cpabaThbIBaHUM CUTHAJIM3AIMM BO3MOXXHO aBTOMAaTHYECKOE
cpabaTbIBaHUE COOTBETCTBYIOIIMX UCIIOTHUTENBHBIX YCTPOUCTB.
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Pucynok 2. JlaBuHH0-00BaJIbHbIH U3BENIATEb B MeCTe YCTAHOBKH.

N3Bemarens HENPEphIBHO HM3MEPSAET YIroJl OTKJIOHEHUS IIecTa OT
BEPTHUKAJIM U CPABHUBAET TEKYIEE 3HAYEHUE ATOr0 yrija ¢ HayajibHbIM. B
cly4yae OTKJIOHEHHUS IIeCTa Ha 3aJaHHYIO0 BEJIMYMHY HEMEJJIEHHO HAUUHACTCS
nporecc nepeaayu SMS cooOmienust ¢ nHpopmaiueit o coosituu. [Ipu sTom
YCTPOMCTBO MEPEXOJAUT B PEXKUM CHUTHAIM3ALUMU. B  JaHHOM pexume
WHTEpPBAJI OIOBEIICHUSI JUCIIeTYepa COKpailaercss (MHTEepBal 3aJaeTcs
noTpeduTeNeM, MO yMOJTYaHUIO, PABEH OJHOMY 4acy). DTO HEOOXOAUMO st
YBEIIMUYEHUSI BEPOATHOCTH TIpueMa aucnerdyepom SMS B ciyyae, eciu
nepeaaya cooOUIeHUS 3aTPy/IHEHA METE0YCIOBUSAMH.

C nenbio 0OHapyKEHUSI MECTOHAXOK/IEHUSI YCTPOICTBA B Clly4ae 3aBajia
€ro CHEroM W IS MOJJepKaHUs TOYHOTO BPEMEHM JaHHOE YCTPOMCTBO
MOXET ObITh JOMOJHUTENIbHO 000pyaoBaHo GPS/GNSS npuémuukom, 4to, B
CBOIO OUY€pe/ib, MOBLICUT TOYHOCTH OTNPEICTICHUS] BPDEMEHHU CXO0/1a JIABUHBI.

Jns sxoHoMuu 3apsiga 6atapeit GSM MoayJib BKIIIOYAETCS TOJIBKO BO
BpeMs nepenaun SMS cooOuienusi. Beé octanbHoe Bpemsi paboTaeT TOJIbKO
MaJIOTOTPEOSAIOMNUNA MUKPOKOHTPOJJIEp € JaTYUKOM HakjioHa. [lutanue
MOJYJSl OCYIIECTBIISIETCST OT TpEX Oartapeit tmuma AA. Bpemsi aBTOHOMHOM
paboThl YCTPOWCTBA B OCHOBHOM 3aBHUCUT OT 4YacTOThl OTHpaBku SMS B
peXKUME OXHMIAHUS U IpPEBbIIIAET 6 MECSUEB B 3aBUCUMOCTH OT CKOPOCTHU
camopaspsiia Oarapeil W TemrmepaTypbl OKpyxkaromed cpenbl. Pabouuit
nuara3zoH Ttemnepatyp ycrtpoiictBa -40...+80 °C. Bbicokas HaJIeKHOCTb
MOyl OOYCIIOBJIEHA OTCYTCTBHEM B HEM MEXAHMUYECKHUX JI€Taei.
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Pucynok 3. UnTepgeiic noManiHe CTpaHUIbI IPOTPAMMHOI0 KOMILIEKCA IPHeMa
HH(OPMAIUH OT JJABUHHO-00BAJIbLHBIX U3BelATUTEJIEH.

Bec mporpammuo-anmapatHoro moxmysis ¢ Oarapesimu okosio 0,1 kr.
Pasmep monyns ¢ G6arapesmu okosno 15 cm. Ha puc. 1 cneBa mporpammHo-
anIapaTHbId  MOXAYJIb WHTEIPUPOBAH B T'EPMETUYHBIA  YAApPOIPOYHBIN
KOHTEUHED, 3aKpEIUICHHBIM Ha miecTe. JUIMHAa yCcTpOMCTBA, NMPEACTaBIECHHOTO
Ha pucyHke 1,5 M, Bec okono 2 kr. KpemnneHune mporpamMmMHO-anmnapaTHOTO
MOJIYJISl MOKET OCYIIECTBIISITBCS M K IPYTUM KOHCTPYKIIMSIM, B 3aBUCUMOCTH
OT PEruCTPUPYEMOTO SBJICHUS (JJABUHA, CEJb, OMOJI3€Hb, KAMHEMA/, MMaBOIOK
U T.I.) U €r0 XapaKTePUCTUK, a TAKXKE HUCXOMs U3 yA00CTBA SKCIUTyaTallUU.
Jlnst Oosee KaueCTBEHHOW MHIMKALIMK JIaBUH (Cesiel, OMOI3HEeN, KaMHeNa10B
U T.J.) ¥ OTACJICHUS] TIOMEX, BbI3BAHHBIX BO3/IEWCTBHEM YEJIOBEKA, KUBOTHBIX
U JIpYyTUX NPUYUH, PEKOMEHIYETCs pa3MellaTh HE MEHEE ABYX YCTPOMCTB
BJIOJIb JIMHUY JIBU)KEHUS JIaBUHBI. B 3aBUCHUMOCTH OT MOpsiaKa cpadaThIBaHUS
MOJlyJIed M BPEMEHHOTO HMHTEpBalla MEXIy cpabaTbIBaHUEM MOXHO CYIUTh
00 wuX mnpuuynmHax (aHAJIM3 MOMKET  BBIMOJHATHCS  ABTOMATHYECKHU
MPOTrPAMMHBIM CTIOCOOOM).

Becnoii 2016 1. KOMIJIEKC M €r0 COCTAaBIISAIOIIME HCIBITHIBAIUCH B
7abopaToOpHBIX yCIOBUSIX, @ B 3uMy 2016-17 r.r. B MOJEBBIX YCIOBUSIX B
Xubunax. WM3Bemarenu  (BCero  HCHBITHIBAJIOCH 8§  M3BEIIATENICH)
yCTaHaBIMBAJIUCh HA KOHycax BbIHOcCAa JiaBUHOCOOpoB T, FOkcmop,
nepecekaeMbIX JKeJIe3HOM Joporod. 3a Bpemsi pabOThl OIOBELIATeNe C
JeKkaldpsl MO MI0JIb ObLIM 3apErHCTPUPOBAaHbl BCE JAOCTUTIIME WX JIaBUHBIL. B
nonvHe ['akmaHa ObLT 3aperucTpUpOBaH BOJOCHEXKHBIA MOTOK. Mmen Mecto
OJIMH OTKa3 M3BEIATENs U3-3a MPOrPaMMHOM OLIMOKH B IEPBOM €0 BApUAHTE
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Y TIOBPEX/ICHUS JaTurKa OJOKOM MUTaHUs (M3-3a C1ad0ro KperieHus! BHYTPH
KOpIyca, XOTs, KOPIIyC OCTaJICSl HE MOBPEKIEHHBIM) IPH yAape JIABHHOM.
BoisiBnenHble  HemocTaTku ObUIM  yCTpaHeHbl. M3Bemarenw MoKas3aiu
BBICOKYIO HaJIE)KHOCTh U MEPENaBaIl CUTHAJIBI Ja)K€ HAXOIACh 0]l CHETOM U
B Boje. XOTs Ul UCIOIb30BAHUSA PEKOMEHIYETCA UCIIOIb30BaTh JIMTUCBBIE
Oaraped, HO OTKAa30B M3-3a NOTEPH NMTAaHHS HE HAOIIOJANOCh AaXKe IpH
UCIIOJIb30BAaHUU  IENOYHbIX  Oartapeil. IlomMuMO HM3KOH  CTOMMOCTH
(CTOMMOCTh B JIECATKM pPa3 HWXKE BBIIEYNOMSHYTBIX CHUCTEM), MPOCTOTHI
INIPUMEHEHUS M HAJEKHOCTU K JOCTOMHCTBAM CHUCTEMBI MOKHO OTHECTH
BO3MOYHOCTh €€ MPUMEHEHHUS ISl IIMPOKOTo Kpyra sIBJICHUIN (JIaBUHBI, CEJIH,
BOJIOCHE)XHBIE  TOTOKH, OINOJ3HU, KaMHemajbl, naBojaku). Ilomumo
uHbOpMallul O JOCTHKEHUHM JIaBUHOM OIpeNeseHHOIO0 MecTa, OYEHb
MOJIE3HON MOXeT ObITh MH(OpMalMs O MEepPBbIX JaBUHAX B PErHOHE, YTO
MOXET HWHTEPIPETUPOBATHCS, KAK HAdajg0 JIABUHOONACHOIO mnepuona. B
Cly4Yae MHCIOJIb30BAHUSA MPEAYNPEAUTENBHOIO CIIyCKa JIaBUH B YCIOBHAX
IUIOXOM BUJAMMOCTH, C TIOMOUIbIO CHCTEMbl MOXET OBITh TOJy4YeHa
uHpopMalusl O €ro pesyiapraTax. B ToM M Apyrom ciay4yae H3BEILIATEIH
JKeJNaTelIbHO YCTAaHABJIMBATh B 30HE 3apOXKJEHUS JaBUH (Hampumep, MoJ
ycraHoBkaMu GAZEX) wnam Onu3ko Kk Hel. McnblTaHusg moKazainu, 4YTO
IpeajiaraéMplii KOMIJIEKC MOKET HAaWTH IIMPOKOE NMPUMEHEHUE B 00J1acTh
NpeIoTBpalleHus] yiepda OT ONAacCHbIX TI'PaBUTALMOHHBIX CKIOHOBBIX
IIPOLIECCOB.
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PEOJIOTHUYECKHUE CBOMCTBA IBUXXYIIETOCS CHET'A U UX
BJUAHUE HA IUHAMMUKY JIABUHHOTI'O ITIOTOKA

Sraut M.J. !, SIky6enko A.E. %, ipo3nosa FO.A.*

'MI'V um. M.B. JIomoHnocoBa, MockBa, Poccus
ZI/IHCTI/ITyT mexanuku MI'Y um. M.B. JlomonocoBa, MockBa, Poccus
*Poccniickuii rOCyJapCTBEHHBIM YHUBEPCUTET HE(PTH U raza
uM. U.M.I'yObkuna, MockBa, Poccust

AnHoTanusa. PaccmaTpuBaioTcss BO3MOXHBIE BUIBI PEOJIOTHYECKUX COOTHOIIEHUW, TO €CTh CBs3eh
MEXIy HaNpHKCHHWAMH W JedopManusMH, s CHETa B CYXHX M MOKPBIX IUIOTHBIX JaBuHaX. C
WCIIOJIb30BAaHUEM 3TUX CBSI3€H CTPOATCS HOBBIE COBPEMEHHBIE MaTeMaTUYeCKUe M YHUCIEHHBIE MOJEIH
JIABUHHBIX MMOTOKOB, MO3BOJISIONINE PACCUUTHIBATH HE TOJIBKO CPEAHUE MO TOJIIHMHE MOTOKAa CKOPOCTH, HO U
BEJIMUMHBI CKOPOCTEH Ha pa3HbIX PACCTOSHUAX OT AHA. YHUCICHHO HCCIEAYeTCs BIUSHUE Pa3IUYHBIX
PEOJIOTMYECKUX CBOMCTB Ha IMHAMUKY JIABUHHBIX TOTOKOB.

KiroueBble c10Ba: MaTeMaTHYECKOE MOACINPOBAHUEC, PEOJIOTHNYCCKUC CBOﬁCTBa, CHCI)XHBIC JIaBHUHBbI.

RHEOLOGICAL PROPERTIES OF MOVING SNOW AND THEIR
INFLUENCE ON AVALANCHE DYNAMICS

M.E. Eglit ', A.E. Yakubenko >, Ju.A. Drozdova *

"Lomonosov Moscow State University, Moscow, Russia
* Institute of Mechanics Lomonosov Moscow State University,
Moscow, Russia
3Gubkin Russian State University of Oil and Gas, Moscow, Russia

Abstract. Possible types of rheological relationships i.e. between stress and deformation of snow in
dry and wet dense avalanches are considered. Using these relations, new advanced mathematical and
numerical models of avalanche flows are constructed that not only enable the calculation of average flow
velocities but also velocities at different distances from the bottom. The influence of various rheological
properties on the dynamics of avalanche flows is investigated numerically.

Key words: mathematical modeling, rheological properties, avalanches.

PaboTa mocBsiiieHa MaTeMaTUYECKOMY U YUCICHHOMY MOJICIMPOBAHUIO
CHEXXHBIX JIABUH W3 IUIOTHOIO CYXOrO WJIA BJIAXHOrO CHera. B mopensx,
MPUMEHSEMBIX JI0 HACTOSIIETO BPEMEHH, JJaBUHA paccMaTpUBAETCs MO0 Kak
MaTepHaibHas TOYKA, JMOO KaKk TOTOK CIUIONIHOM Cpeabl, HO TPH ITOM
VCIIOJIB3YIOTCSI YPAaBHEHUSI, OCPEIHEHHBIE MO TOJIIMWHE MMOTOKA, AHAJIOTUYHO
MOJAXO0AYy, TPUHATOMY B THUAPABIMKE OTKPBITHIX NOTOKOB [l1]. Mognenu
TUJIPABJIMYECKOTO THUIIA MUCIOJB3YIOTCS ISl OLUEHKU TMOPAAKAa CKOPOCTEH U
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JaBJICHUM, a TaKXKe JaJbHOCTU BbIOpoca JsiaBUH. OJHAKO OHU HE JaroT
BO3MOYKHOCTH pPACCUMATAaTh CKOPOCTHM B JIABUHHOM IIOTOKE Ha pPa3HbIX
paccTosHUSAX OT JIHA, YTO HEOOXOIMMO JUIsl pacdera paclpeiesieHus: CHl,
JNEHCTBYIOIMX Ha OOBEKTHI MPHU yAape JaBuHbl. Kpome Toro, 3T Monenu
coziepkar Kod((UIUEHTHI, XapaKTEPU3YIOIIUE NHTETPAIbHO CONPOTUBIICHUE
JIBIKEHUI0. OTH  KOA((UIMEHTHl MOTYyT OBIThb ONpPENETICHBl  TOJIBKO
KaJIMOPOBKOM MOJENM JUIsl KaXJIOro pEeruoHa, TUIAa CKJIOHA W CHera ¢
NOMOILbIO  OOpaTHBIX  pPacyeTOB  M3MEPEHHBIX  COIICIUIMX  JIABHH.
W3MmepeHusiMu B OKCIIEPUMEHTAIbHBIX JIOTKaX HaWTH KO3 OUIIMEHTHI
TUJIPABIMYECKUX MOJEIIEH HENb3S.

C mnosiBIEHHEM MOUIHBIX JOCTYIHBIX KOMIIBIOTEPOB M Pa3BUTHUEM
BBIUHCIUTENBHBIX METOJOB CTaJl0 BO3MOXKHBIM CTPOUTH OoJiee MOAPOOHBIE
MOJICJI, OIIMCBHIBAIOIINE CTPYKTYpY IIOTOKa HE TOJIBKO B IPOJOJIBHOM
HaIpaBJIEHUU, HO U BJOJb HOPMaJIM K CKJIOHYy. Takoe omucaHue TpeOyer
pacdyeTa IPOLIECCOB, NPOUCXOMAIIMX BHYTPM TMOTOKa. Jlnsg 3rtoro, B
YaCTHOCTH, HEOOXOJMMO 3HAaHUE PEOJOTMYECKUX COOTHOILUEHHH, TO €cTh
yYpaBHEHUH, CBI3bIBAIOIIMX HAIMPSKEHUSI BHYTPU CPEbI C XapaKTEPUCTHUKAMU
ne(opMUpOBaHUS U TEUEHUS.

Peonoruueckne COOTHOILIEHUS ONPEEISIOTCA (U3HMUYECKON MPUPOAOM
matepuana. IlyTb HMX MOCTPOEHHUS COCTOMT B  MPEABAPUTEIHHOM
NOCTYJMPOBAHUM UX BHJIa HA OCHOBE HAOMIOAAaeMBbIX 3(P(EKTOB, BEIUUCICHUN
C MOMOUIBIO BEIOPAHHON MOJEIHN MPOPUIEH CKOPOCTH U APYTHX MapaMeETPOB
JUISl TIOTOKOB B MPOCTBIX JJAMUHAPHBIX TEUYEHHUSIX U CPABHEHHH PE3YJIHTATOB
pacdyeTra C NaHHBIMH M3MEPEHUN B TAKMX TEUYEHUSAX B SKCIEPHUMEHTAIBHBIX
JoTKax [2].

[IpocTrelmuM SABISETCA MNPEANOJIOKEHUE, YTO IUIOTHYK) CHEXHYIO
JaBUHY MOKHO OIMCaTh Kak IOTOK JIMHEWHO-BA3KOW (HBIOTOHOBCKON)
HEC)KMMAEMOM KMJIKOCTU C OOJBIION BEIMUMHOW KO3(DPUIMEHTa BSI3KOCTH
4 . Torma muist mMpocTOro CABUTOBOTO MOTOKAa, B KOTOPOM BCE YAaCTHIIBI
JBUKYTCSl TTApaJJIENIbHO JHY (BOJIb OCH x ), @ BEIUYMHA CKOPOCTU 3aBUCUT
TOJIBKO OT PAcCTOSHUA OT JHA (OT KOOpJAMHATHI z BAOJb HOPMAIU K JIHY),
PEOJIOTUIECKOE COOTHOIICHHEe HMEET BUI T =MUY,Tne 7= 7., - CABATOBOC

v,

(xacaTelbHOE) HAIpsKEHUE, K= - CKOPOCTb CIIBHTA, i - KOIPPHUIHEHT

BaA3kocTu. Takasg Mojens paccMmarpuBaiack, Hampumep B [3, 4, 5]. B
YaCTHOCTH, B paboTe [3] ais CyXuX IUIOTHBIX JIAaBUH B pe3yJbTaTe 00paboTKH
JaHHBIX M3MEPEHHH B JIOTKE OBUIM MPEAJIOKEHBI CIEAYIOIIUE 3HAYCHUS

napaMeTpoB: P = 200kr/M> , U/ p=V =107 m?/c . Opnaxo Gojee TOUHbIE

u3MepeHus: npodumield CKOpOCTH [2] MOKa3bIBAalOT HEOOXOJUMOCTh OoJee
CIIOXKHBIX, HEIMHEWHbIX Moxened. K  Tomy ke  JaBUHBI, B
IPOTUBOIOJIOKHOCTh TOTOKAM BSI3KOM KMJIKOCTH, MOT'YT OCTaHABJIMBAThCS Ha
HAKJIOHHBIX CKJIOHAaX, YTO O3HAYaeT, YTO JIABUHHBIM CHET 00J1a1aeT MPEAEIOM
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TEKy4eCTH: OH TeueT JedOopMUPYSICh, TOJBKO KOI/Ia KacaTelbHbIe
HaIpsDKEHUST TMPEBOCXOAAT HEKOTOpHIM Tmpenen (mpeden TEKydecTd); B
MPOTUBHOM CJIydae OH MOKOWTCS WM JBMOXKETCS 0e3 naedhopMuUpoBaHUs, KaK
TBepaast jocka [6]. B »aToit paGore s 3aaHusl PEOJOTUUECKUX CBOMCTB
JBIDKYIIETOCS MaTepyaiia IPUHUMAETCSl TaK Ha3blBaeMas MOJICNIb XepIiess —
Banknu, kotopas (B uucie Ipyrux) npeajaraiach paHee JJisi OMUMCaHMs Kak
reopuU3nYecKnx, TaK H JPYTrUX TOTOKOB C B3BEHICHHBIMH TBEPIBIMH
YaCTUI[AMH, IIMMPOKO WCIOJIb3YEMbIX B TOPHOIOOBIBAIONMICH U JPYTUX
oTpacisix mnpoMbinieHHOCTH. CoriacHo Mojenu Xepuieias — bankiu B
MPOCTOM CJIBUTOBOM IIOTOKE MpPH JIAMUHAPHOM PEXKHUME BBITIOJTHEHBI
CJEIYIOIINE COOTHOIICHUS, CBSA3BIBAIOIINE CIBUIOBOE HAMPSIHKEHUE 7 CO
CKOPOCTBIO CIBHIa :

Ecmn |7]< 7y, 1o 7=0 ; ecmu |7]|>7,, 10 |t]|=7,+ K7". (1)

3nece 7, - mpenen TeKydecTH (cpena He nedOpMHpPYETCA, €CIn
CIBUTOBOE (KacaTeJlbHOE) HampsbkeHne Mesemre 7, ); K>0,n>0 -
IOCTOsIHHBIE. BenuuuHel 7,,, K, n ONPEAEHAIOTCS DKCIEPUMEHTAIBHO IS
Kaxaon cpenpl. Ilpu 7, =0, n=1 ypaBHeHus (1) COOTBETCTBYIOT JIMHEHHO-
BA3KOH kuakocTH, K - xoddduuuent Bsaskoctu. lIlpu 7, #0,n=1 cpena
Ha3bIBAETCs OMHIaMOBCKOHN JKUAKOCTBIO, Ipu 7,=0,n#1 - crencHHOW. B
pabote [2] ommcaHbl pe3yabTaThl M3MEPEHHM JIAMHUHAPHBIX ITOTOKOB
BJIQYKHOT'O CHEra B DKCIIEPUMEHTAIBHOM JIOTKE. M3Mepsauch cTaliioHapHbIe
npoduIu CKOPOCTH TPHU JABMIXKEHHUH MO JIOTKY C MOCTOSHHBIM YKJIOHOM 0€3
3aXBaTa TMOJCTHJIAIOIIETO CJOos. ABTOPHI 3aKJIIOYAIOT, YTO HM3MEPCHHBIC

npo(UIN CKOPOCTU JTOCTATOYHO XOPOIIO OMUCHIBAIOTCS C MOMOIIBI0 MOJIETH
Xepmenss — bamxim  co  caeayromMMM  3HAYEHUSMU — IIapaMETpOB:

P =400+50kr/M°, 7,=740+100xr/M-c*, n=2, K/p=0.889-10"m* . B
pabore [3] mma cHera C IIOTHOCTBIO ,0=250—300KF/M3 PEIIOKEHO
(1) = 540kr/™ - ¢ , a B [4] nmna Quronan3upoBaHHOTO CHEra C TOW JKe

-2 2
IIOTHOCTBIO 7, =10 "kr/mM-c” . JlaMMHapHble HECTALlMOHAPHBIE CKIOHOBBIE

MOTOKH CpeJl, TOAYMHSIONUXCS MOJIEISAM, KOTOPBIC SIBJISFOTCS YaCTHBIMU
ciyqassMu Mojeneid Xepienst — bankiu, ¢ yaeToMm 3axBaTa MOACTHUIIAIOIETO
MaTepualia paccMaTpUBaIUCh B [5, 7, 8]; TypOyneHTHBIE (0€3 3axBaTa Macchl)
B [9], ¢ yueTom maccoobmena B [8, 10].

JIOTIOTHUTEIBHBIM BaKHBIM (PAKTOPOM, CYIIICCTBEHHO BIIHMSIONIUM Ha
JTUHAMUKY JIaBUHHOTO TIOTOKa, SIBISETCS TO, YTO IOTOK 3aXBaThIBaCT H
BOBJICKACT B JIBDKCHHE CHET, JIGKAITUH Ha CKJIOHE (2 MHOTMA W TpyHT). Jlms
ydgera 9Toro (akropa HeoOxoauMa (GOpMYyIHPOBKA COOTBETCTBYIOIIETO
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(bu3MYeCcKOro 3aKoHa. 3axXxBaT MOXKET MPOUCXOAUTh Ha mepeaHeM (ppoHTe
IIOTOKA, KOTOPBIA CABUTACT JIEKAIIMM BIIEPEAU CHET, NEUCTBYS aHAJOTMYHO
Oynbao3epy. Takoll MexaHU3M MpeanoJiaraics, B 4acTHOCTH, B [1]. Kpome
TOTO, 3aXBaT MOXET IMPOUCXOJUTH W BIOJIb BCEH HWKHEM IOBEPXHOCTH
notoka. B aroil paboTe mcnosp3yeTcs ciaeayrouas runore3a OTHOCUTENIBHO
3axBaTa Marepuayia M3 MOACTHIIAIOMIETrO cos [S]: 3aXBaT MPOUCXOIUT TOT/A,
KOTI'/Ia KacaTeJIbHOE HAIPSKEHUE Ha JIHE NMOTOKA JOCTUTaeT 3HAYEHUS Mpeelia
NPOYHOCTH HA CIBUT CJIOS, MO KOTOPOMY JBHIKETCS MOTOK. Benuunna
CKOPOCTH BOBJICUECHUS NPU HTOM ONPEIEISETCS B PE3yJbTaTe pacuera
KacaTeJIbHOTO HANPsHKEHUS Ha IHE NP PELLCHUH 3a/1auu.

Jlnst ucciienoBaHusl BIMSHUSL PEOJIOTMYECKUX CBOWMCTB Ha JIMHAMMKY
IOTOKa, W, B YAaCTHOCTH, HA HAJIWYUE WIA OTCYTCTBHE BOBJICUEHUS
MOJICTUJIAIOIIETO CJIOSl U Ha CKOPOCTh 3TOTO BOBJIEUEHUS, ObUIU MPOBEICHBI
CEpHUM PacyeTOB JABMKEHUS JIABUHBI BJIOJIb JUIMHHOI'O OJHOPOJHOIO CKJIOHA C
MOCTOSIHHBIM yTJIOM HakJoHAa. BHHMaHue Obu10 C(OKYCHPOBAHO TOJBKO Ha
4acTH JIABUHHOTO II0TOKA, B KOTOPOM TOJIIIMHA II0TOKA B HEKOTOPOM
NPUOJIMKEHUN MOXKET CUUTAThCA OJMHAKOBOW BJOJb Tela MOTOKA, XOTS U
YBEJIMYMBAIOLIEHCS CO BpPEMEHEM 3a CuUeT 3axBaTa MOJCTUJIAOILIErO
Marepurana.

OCHOBHBIE BBIBOABI, CICAYIOIIME M3 aHalu3a pe3yJIbTaTOB PACUETOB
NOTOKOB C PAa3JMYHBIMU PEOJOTMYECKMMU CBOMCTBAMHU Ha JIIMHHBIX
OJTHOPOJIHBIX CKJIOHAX, CIEAYIOIIHE.

1. B moTokax cpen, 06nagaronmx IpeaeioM TeKy4ecTH, BOJIM3U BEpXHE
IIOBEPXHOCTH HMEETCS CJIOM, B KOTOPOM CKOPOCTHM BCEX 4YacTHI[ BO BCEX
TOYKAaX OJMHAKOBBI; TOJIIIMHA 3TOrO CJOS 3aBUCUT OT BEJMYUHBI IpEreIa
TEKY4YECTH, IUIOTHOCTH, yIiIa CKJIOHA. [Ipym NIBM)KEHMM € 3axBaTOM CHera
TOJIIMHA KBa3UTBEPAOrO CJIOSl PACTET, HO MEJJICHHEE, YEM ITI0JIHAs TOJIIMHA
IIOTOKA.

2. 3a cyer 3axBaTa NOJACTHJIAOLIECIO Marepuajga CKOPOCTb W TOJIIHHA
MOTOKA YBEJIMYMBAKOTCS.

3. Ilpy nBWKEHMM IO JIMHHOMY OJHOPOJHOMY CKIIOHY C 3aXBaTOM
Macchl, Mpu OOJIBIIMX BPEMEHAaX OT Hayajla 3axBaTa, HE3aBUCHUMO OT
PEOJIOTHYECKUX CBOMCTB MMOTOKA, CKOPOCTh HA MOBEPXHOCTH MOTOKA, a TAKKE
CpeIHsisi MO CEUEHHUI0 CKOPOCTh M TNIyOMHA IMOTOKAa PacTyT CO BPEMEHEM
JUHENHO, TIOKA MPOJOJKAETCS 3axXBaT, TO €CTh, OKa HE HCYEpHaH BECh
JOCTYITHBIM CJIOM CHEra, MOBEepX KOTOPOTro JIBUXKETCS JIABUHA.

4. Jlnsg BceX MCCIENOBAaHHBIX MOJEIEH CKOPOCTh 3axBaTa JOHHOIO
MaTepyaja €O BpPEMEHEM CTPEMHUTCA IIPU IPOAOJDKAKOLIEMCS 3axBaTe K
KOHCTaHTE, BEJIMYMHA KOTOPOH 3aBUCHUT JIMIIb OT yIJla CKJIOHA U (PU3NYECKUX
CBOMCTB MAaTEpHUaJIOB IIOTOKAa M CKJIOHA, HO HE OT TEKYIIEro 3HAa4eHUs
CpeIHEN CKOPOCTH WM ITyOUHBI.

5. Hamnuume mnpenena TEKydeCTH 3aTSATMBACT HA4YAIO BOBJICYEHMS
NOJICTUJIAIOIIETO CJIOS CHEra, YMEHBIIAET CKOPOCTh IOTOKA M CKOPOCTb
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BOBJICUCHHUA CHETa II0 CpaBHCHHUIO C IIOTOKaMH CpEabl, HE O6JI&,ZI&I-OH1€I>1

npeaciaoM TCKYyUYCCTH.
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HAZARD MAPPING OF SNOW AVALANCHE FLOW WITH
POLYNOMIAL CHAOS QUADRATURE

K. Nishimura 1, K. Tsunematsu 2, K. Mori 3, A. Patra *

'Graduate School of Environmental Science, Nagoya University,
Nagoya, Japan
*Mount Fuji Research Institute, Yamanashi Prefectural Government,
Fuji-Yoshida, Yamanashi, Japan
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Abstract. Snow avalanche simulation with the mass flow model TITAN2D, which is
developed to describe the lava flow and land slide, was carried out and verified it can be a strong tool
to describe the snow avalanche motion as well. Then, we tried to draw the snow avalanche hazard map
with taking into account the uncertainty of the model input parameters with the Polynomial Chaos
Quadrature method (PCQ).

Key words: snow avalanche, hazard map, Titan2D, Polynomial Chaos Quadrature (PCQ)

Mostly half of the area in Japan is covered with snow in winter. In some
of the area, the snow depth amounts more than 4 m. Even in such a heavy
snow area, we do have a national highway. On the other hand, along the Japan
Sea, such as in Hokkaido, we suffer from extremely strong wind in winter due
to the monsoon from the continent. Snow cornices often develop along the
ridge and large amount of snow drift deposits leeside of the mountain. Under
these circumstances, snow avalanche gives substantial effects on the residents
who live in the cold snowy region. It causes numerous casualties and destroys
houses, roads, railway and various structures. Therefore, efficient installation
of the protective structures and accurate evaluation of hazardous area are very
important. However, in Japan, the empirical rule has been still utilized
occasionally to estimate the dangerous area. Quantitative estimates of snow
avalanche flow speed, flow distance and height of debris, based on physics,
have not been carried out and no avalanche hazard map exists. Although,
several snow avalanche dynamics models, such as the mass-point model and
rigid-body model, have been developed so for, they give neither the flow
height nor its spread over the topography.

Based on above background, we have started the snow avalanche
simulation with applying the mass flow model TITAN2D (Patra et al, 2005).
The model is 2D-depth averaged shallow water equation and was originally
developed to describe the lava flow and land slide. We applied the model to
the chute flow experiments with snow and the real snow avalanches in nature,
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and revealed that TITAN2D can be a strong tool to describe the snow
avalanche motion as well.

Then, we tried to draw the snow avalanche hazard map in the study area
with taking into account the uncertainty of the model input parameters:
volume, bed friction angle and the position of the release. We introduced the
Polynomial Chaos Quadrature method (PCQ) and probability of the avalanche
arrival was evaluated. The idea is originated with Wiener in 1938, before
computers are getting popular. ‘Chaos’ simply refers to uncertainty and shows
how uncertainties of a dynamical system’s inputs manifests in its outputs.
‘Polynomial’ refers to wuse of polynomial expansions to propagate
uncertainties. Idea is to exploit orthogonality of the polynomials and has been
attested it is much more efficient than Monte Carlo models (Dalbey et al.,
2008). Figure 1 shows an example of the hazard map which indicates the
probability of the arrival of avalanche flow higher than 0.4 m, when the bed
friction and the release volume are set from 10 deg. to 30 deg. and 10° m’to 2
x 10* m’ respectively.

Figures 1. Snow avalanche hazardmap.
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AVALANCHE FORECASTING SYSTEM DEVELOPED BY
NATIONAL RESEARCH INSITUTE FOR EARTH SCIENCE AND
DISASTER RESILIENCE, JAPAN

S. Yamaguchil, H. Hirashimal, Y. Itol, H. Motoyoshil, M. Nemoto®

'Snow and Ice Research Center (SIRC), National Research Institute for Earth
Science and Disaster Resilience (NIED), Japan
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Abstract. National Research Institute for Earth Science and Disaster Resilience has developed the
Snow Disaster Forecasting System (SDFS) since 2004. In this paper, we mainly introduce the part of
avalanche potential forecasting of the SDFS. The avalanche potential forecasting consists of three parts: First
part is the meteorological nonhydrostatics model to forecast meteorological condition. Second part is the
snow cover model to forecast snow condition. Third part is the avalanche dynamics model to simulate the
behavior of avalanche. We have performed tests to forecast avalanche risk potential throughout the several
winter seasons with many counterparts for improvement of our system.

Key words: avalanche, Japanese snow condition, forecasting system.

1. Background.

Figure 1 shows the snow cover
condition in Japan. Japan has long
areas from 44 to 32 degrees north
latitude, thus we have various snow
conditions. In the northern part of
Japan (Hokkaido Island), the main
grain type of snow cover is
developed depth hoar like Siberia
while the main grain type in the
central part of Japan (Honshu Island)
is wet snow even though in the
Midwinter  because of  warm
condition. As a background of these
complicated snowy conditions, Japan
has various disasters related with
snow and ice as following:

Avalanche: every type of

Figure 1. Snow cover condition in
Japan (Ishizaka, 1995).

avalanches (surface layer avalanches with dry / wet, full depth avalanches,
and also slush avalanches) occurs. Every winter, several people, most of them
were back country skiers, are killed by avalanche accidents. Moreover, a lot
of roads, which are the main road to connect with each town, are stopped due

to avalanche risk potentials.
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Snow accretions: Snow falls in Honshu Island frequently occur around
0 °C, thus power lines have sometimes severe problems due to snow accretion.
In addition, snow fallings from the bridges and traffic signs on the road
sometimes attack cars or human being and cause serious problems.

Blowing snow: Strong blowing and drifting snow cause severe traffic
accidents, and reduce quality of life and human activity (Especially in
Northern Japan, Hokkaido). They induce low visibility due to snowdrift on
roads. Moreover, snow cornices are developed by snowdrift on the leeward of
slopes in the mountain sites and they lead to avalanche release.

Other disasters: Landslides and floods resulting from snow melting are
also severe problems. Snow road accidents are still big problems and recently,
accidents during snow removal are on the increase.

To mitigate these disasters, Snow and Ice Research Center at the
National Research Institute for Earth Science and Disaster Resilience
(SIRC/NIED) has developed the Snow Disaster Forecasting System (SDFS)
since 2004 (Nakai et al., 2012). The SDFS has the capability to predict
avalanche potential, visibility in blowing snow, snow conditions on roads, and
snow accretion potential. In this manuscript, we mainly introduce the part of
avalanche potential forecasting in the SDFS.

2. Avalanche forecasting system in the SDFS

Figure 2 shows the schematic diagram of the snow disaster forecasting
system (SDFS). The avalanche forecasting system in the SDFS consists of
three parts: First part is the meteorological model (JMANHM developed by
Japan Meteorological Agency (Saito et al., 2006)) to forecast meteorological
condition with 28 hours ahead and 1.5 km x 1.5 km spatial resolution. Second
part is the snow cover model (SNOWPACK developed by the WSL Institute
for Snow and Avalanche Research SLF,) to forecast snow condition. As
mentioned above, wet snow condition is dominant in Honshu Island in Japan,
the disasters related to wet snow, such as wet snow avalanche, are serious
problems. Based on this background, we have improved the water
transportation simulation scheme in SNOWPACK to apply Japanese snow
condition (Hirashima et al., 2010). In the snow condition simulation, we can
select the input data whether using data simulated by JMANHM or using
measured data. Third part is the avalanche dynamics model (TITAN 2D
developed by University at Buffalo) to simulate the behavior of avalanche,
such as velocity distribution, its arrival point and so on. In the avalanche
dynamics simulation, the initial volume of the avalanche is estimated using
the simulation results of SNOWPACK and the area information of avalanche
occurrence district.

We have performed tests to forecast avalanche risk potential throughout
the several winter seasons with many counterparts for improvement of our
system. In the test, we selected several slopes, which the counterparts decided
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for simulation of avalanche risk management, and then we simulate the
avalanche risks for each slope.

Figure 2. The schematic diagram of the snow disaster forecasting system.

3. Further studies - Improvement of Avalanche forecasting system -

Recently, a lot of serious avalanche accidents caused by the weak layers
composed of precipitation particles occurred and killed many people in Japan
(e.g. Yamaguchi et al., 2016; Nakamura et al., 2017). These accidents
occurred under the synoptic condition of Low pressure precipitation system.
We consider that introduction of the physical features of no rimed crystal,
which sometimes occurs with the Low pressure system and becomes a weak
layer, to the avalanche forecasting system should be essential for forecasting
the avalanche caused by precipitation particles. From this viewpoint, we have
developed and managed the observation system for detailed falling snow
characteristics (Ishizaka et al., 2012, 2016). We have also analyzed the weak
layers composed of precipitation particles using a micro CT system to obtain
their physical features (Nakamura et al., 2015). In parallel, we have just
started to introduce the characteristics of falling snow, such as crystal types
(snow flake, graupel, riming or not riming, wet or dry ect.) to the snow cover
model.

To improve avalanche dynamics model, we have managed the avalanche
observation site (Hiziori site) in Yamagata Prefecture to obtain the
verification data of the model using a web camera (Fig. 3 a). Using the Hiziori
site, we also have just started connecting between the blowing snow model,
snow cover model and avalanche dynamics model, namely redistribution of
snow including development of cornices is simulated using the blowing snow
model at first, then snow condition is simulated using the snow cover model
with consideration of snow redistribution effect. Finally avalanche behavior is
simulated using the avalanche dynamics model based on the estimation of the
avalanche volume of resulting from the predicted weak layer by the snow
cover model.
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Figure 3. Avalanche observation site at Hiziori (a) and concept of connection with
several models (b).
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YTOYHEHHASI OIIEHKA JIABUHHOM ONTACHOCTH B PAMOHE
CHEI'OJTIABUHHOU CTAHIUHA «IIBIMBYJIAK»

Knanos B.B.

HNuctutyt reorpaduun MOH PK, Anmatsl, Kazaxcran

Annotanusi. OnieHKa JJaBUHHOM OITaCHOCTH B paliOHE TOPHOJBDKHOTO KypopTa «llIpiMOynak» nmeer
OoJIbIIIOE ITPAaKTHYECKOE 3HAYEHUE, TaK KaK 9Ta TEPPUTOPHUS aKTHBHO ITOCEIACTCsl TypUCTaMu. B HacTosmee
BpEMs MCIOJIB3YIOTCSI KAPThI-CXEMBbI, COCTABJICHHbIE HaYaJbHUKOM CHETOJIABUHHOM cirykObl KoHapamoBsiM
N.B., mo Matepuanam HaOmoaeHni 3a iepuo 1966-1991 rr. 3a nociieHue TOIbI MPOU3OIILIN 3HAYUTEIILHBIC
W3MEHEHHs B PEXKUME JIABUH M PACIIOJIOKESHUH TYPUCTHIECKNX 00beKTOB. [lo3TOMY Hazpena HEOOXOAUMOCTh
MPOBECTH HOBYIO OICHKY JaBHHHOW OIACHOCTH TEPPUTOPHUH C HCIOIB30BAaHHEM CBEXHX MaTepHaIOB
HaOmoxeHnit 3a 1966-2016 rr. B paborte coOpaHBl W TpOaHAIM3MPOBAHBI NaHHBIE O CXOZAE JABHH, HX
XapaKTepUCTHKAX, MPOCTPAHCTBEHHONH M BPEMEHHOW M3MEHUYMBOCTH. YTOYHEHHEBIE NaHHBIC HCIIONB3YIOTCS
JUTsL OOHOBJICHHS KapT JIABUHHON OMAaCHOCTH M KaTMOPOBKH MaTEeMaTHUECKUX MOJIEIICH JTaBUH.

KiroueBble ci10Ba: JaBHHHAS OITAaCHOCTH, OIICHKA, KAPTUPOBAHUEC JIAaBUH, KaPTBI-CXEMBI.

A REVISED ASESSMENT OF SNOW AVALANCHE RISK IN THE
REGION OF THE SKI RESORT "SHYMBULAK"

V.V. Zhdanov

Institute of Geography, Almaty, Kazakhstan

Abstract. The assessment of avalanche risk in the region of the ski resort "Shymbulak" is of great
practical importance, since this area is frequented by tourists. Currently, schematic maps are used that have
been complied by the chief of the snow avalanche service Kondrashov IV based on observations for the
period 1966-1991. In recent years there have been significant changes in the avalanche regime and the
location of tourist infrastructure. Therefore, there is a need to conduct a new assessment of avalanche risk
areas using updated observational data for the period from 1966-2016. New data on avalanches, including
their characteristics and spatial and temporal variability were collected and analyzed. The revised data are
used to update avalanche hazard maps and to calibrate mathematical models of avalanches.

Key words: avalanche risk, estimate, avalanche mapping, maps.

HcTopus cCHEroJIaBUHHOM CJIY:KObI M CHEr0JIABUHHBIX MCCJIeI0BAHUI
B Ka3zaxcrane.

[Tocne sKkcTpemManbHO CHEKHOW M JTaBUHOOMACHOU 3UMbI 1965-1966 rT.
ObLJI0O TPHUHATO peuieHue 00 OpraHu3alMM CHErOJAaBUHHBIX pPaboT mpu
ynpasiaeHun rugapometcinyk0bel KazCCP. C a3toro BpemMeHH Hayajauch
peryisipHble HaOMIOACHUS 32 CHEXHBIMU JIJABUHAMM Ha JBYX CHETOJJABUHHBIX
crannusax (CJIC) B okpecTHOCTsIX Topoaa Anmatel (Anma-ATta). UyTh mo3xe
ObLJI HayaT BBINYCK €XEJIHEBHBIX CHETOJABUHHBIX IIPOrHO30B B 30HAX
orBeTcTBeHHOCTH CJIC. 3arem ObUIM OTKPBITHI CHETOJIaBUHHBIE HAOIIOECHUS
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B JIpyTUX TOpHBbIX pailoHax — B XKerbicyckom (J[xyHrapckom) AnaTtay U Ha
Aurae.

3a roael paboThl cHerojaBUHHOM ciy)0bl B KazCCP Obln mpoBenceH
aHaJIM3 W OLEHKA JIABUHHOM OMACHOCTH, COOpaH CTATUCTUYECKHUI MaTepHall.
Ota uH(oOpMaIus TMOCIYyXWJa OCHOBOM Uil CO3JaHUS KapT JIaBUHHOU
onacHoctu (CeBepckuii, 1978; CeBepckuii, brnarosemenckuii, 1983). dns
Oacceiina pexku Kumm Anmatet B Wne Amnaray nauyansHukom CJIC
«IIemmbymnax» W.B. KonnpamoBsiM Obli1a cOCTaBIeHa KapTa-cXeMa JIABUHHOU
omacHoct M 1:50 000 (pucynok 1). IlomoOHBIE KapThl COCTaBIEHBI st
JIABUHOOIIACHBIX YYAaCTKOB B pailoHax ropojoB Tekenu, Pumnep, CepeOpsiHck
U 3BIPSIHOBCK.

Pucynok 1. Kapra-cxema aBunHoii onacHoct B paitone CJIC «llIbiMOynak»,
10 cocTOsIHNIO Ha 1991 1.
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CoBpeMeHHBbIE Pa0OTHI M0 OLEHKE M KAPTHUPOBAHUIO JIABHMH.

C pacnagom CCCP ¥ 5KOHOMHMYECKHMM KpPHU3UCOM CHETOJIaBUHHAS
coyxk0a B Kazaxcrane Oblna ympasgHeHa, peryisipHbie HaOMIOJACHUS HE
npoBoaAMINCh. OHAKO C Pa3BUTHEM TYPUCTCKOTO M T'OPHOJBDKHOIO OM3HEca
BO3HUKJIa HEOOXOAUMOCTh BO3POXKJICHUSI CHETOJIABUHHBIX PaboT. OCHOBHBIM
NOoTpeOUTEIeM CHETOJIaBUHHON WHGOpMAIMK cTano MUHHUCTEPCTBO (HBIHE
Komurer) mo  UpessbmwaiineiM  CuryanusMm.  Komwurer — sBisercs
KOOPJIMHATOPOM IITOPMOBOM HH(POPMAIIMK O CXOJE JIaBUH, 3aHUMAETCS
ONOBELICHUEM  HAaCeJI€HUs U  3aMHTEPECOBAHHBIX  OpPraHu3alvil U
MPEBEHTUBHBIMU MepamMu OOPHOBI C JTaBUHAMU.

Cnennanuctsl o jJaBuHaM u3 Kasrugpomera u MHctutyTa reorpaduu
MOJIEPHU3ZUPOBAIA KapThl JIABUHHOM omacHOCTH. llepBbiii »Tam paboTHI,
npoBeneHHbId B Hawyane 2000 romoB, 3akiroyalicss B TMEPEBOAE KapT C
OYMa)XHBIX Ha SJIEKTPOHHBIC HOCHUTEIH. ODTO cienano paboTy ¢ KapTamu
0osnee y100HOM, TO3BOJIMIIO ONIEPATUBHO PACEYaThIBaTh KAPThl U OTIPABIAThH
NOTPEOUTENSM.

JJIeKTPOHHAasA 0a3a JaHHBIX.

B TeueHue mocieaHUX JET B J1a0OpaTOpUU MPUPOJHBIX OMACHOCTEH
WNuctutyTra reorpaduu mpoBeneHa Oombinas pabora mo cOOpy apXuUBHOMN
uHOpMAIUU U3 TEXHUYECKUX OTUETOB CHETOJIABMHHBIX CTaHIMK. JlaHHBIE
HaOJIOICHU 32 JIaBUHAMH, CHEXHBIM TTOKPOBOM M TIOT0JI0N B OacceiiHe pexu
Kumu Anmater 3a nepuojs 1966-2016 rr. cobpaHbl B BUJE DJIEKTPOHHBIX
tabnuy Excel.

DNeKTpOHHBIE TAOJMIBI JTaBUH CHOPMATHPOBAHBI MO 00pa3y CBOIAHOMN
BEJIOMOCTH JIaBMH, NPUBOJUMBIX B TexHUueckux oruerax CJIC. [lanHbIE O
JaBUHAX JIOMOJIHEHBI CBEACHUSMH O COCTOSIHUM CHEXHOIO I[IOKpoBa U
norojibl. Takxke coOpana 0aza NaHHBIX KIMMAaTH4YeCKOW WH(OpManuu, rie
CyMMapHbI€ €KEroJHble O0BEMbI JJABUH COMOCTABJIEHBI C KJIMMATHYECKUMU
JAHHBIMH METEOPOJIOTUYECKUX CTAHIMH U CHErOMEPHBIX MapUIPYTOB. ITO
MO3BOJIIET Oo0Jiee NIETANIbHO COMOCTaBJIATh M aHAJM3UPOBATH YCIOBUSA CXOJA
JaBUH. OTa 0a3a JaHHBIX YK€ Oblla HCIIOJIb30BaHA IPU BBINOJIHEHHUH
HECKOJBKHX HAYYHBIX TEM.

YcraHoBieHa 3aBUCMMOCTD JIABUHHOW aKTMBHOCTU C OCAJKaMU Camoro
JaBUHOOMACHOTO Mecsilla — MapTa. TakkKe CYHIECTBYET IUKINYHOCTD
MHOTOCHEXHBIX 3UM — pa3 B 10-15 sieT u s3kcTpeManbHO CHEXHBIX — pa3 B 50-
60 ner. Ha pucynke 2 mnpuBeieHa BpeMEHHas M3MEHUYMBOCTH CYMMapHOTO
o0beMa JIaBUH M KOJIMYECTBO MapTOBCKHMX OCAJKOB 3a mepuoa 1965-2016 rr.
Ha CJIC «emmOynak». Jlanueie cymmapHoro oobwema jaBuH 3a 1996-1998
IT., KOTJa HaOMIONEHUS HE TMPOBOAWINCH, OBUIM PEKOHCTPYHPOBAHBI
(Knanog, Jlonrux, 2013).
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Pucynok 2. MHOro/1eTHSIS ©3MEHYUBOCTDH JIABUHHOW AKTUBHOCTH U OCaJKOB.

JlanHble M3 3JEKTPOHHBIX TAOJUI, MO3BOJSIIOT OBICTPO M Kau€CTBEHHO
paccuuTaTh OCHOBHBIE XapaKTEPUCTUKU JIABUH — OOBEMBI, TIOBTOPSIEMOCTh U
T.A. Jns o00paboTku yHOOHBI CTAaTUCTHUYECKHE TMPOrpaMMbl, HampUMep
Statistica ot xomnanum StatSoft. /lmarpamma pacnpeneneHus KOJIUYECTBa
JABUH TI0 JJaBUHOCOOpaM 3a 48 jeT HalJoIeHUl NMpUBeAcHAa Ha PUCYHKE 3.
OTU JlaHHbIE Ba)XHbI JIJIs BBIJCJICHHSI CAMBIX OMNACHBIX, HambOJee 4YacTo
cpabaThIBalOIIMX JaBUHOCOOpPOB. M3 auarpaMmbl BHUJIHO, YTO HauOOJIbIIAs
MOBTOPAEMOCTb CX0/1a JJaBUH OTMeYaeTcs B JaBUHOcOopax 26 u 32.

Pucynok 3. [loBTopsiemocTh €X0/1a JIABHH B JIJABUHOCOOpax.

OTH JaHHBIC TO3BOJIIOT YTOYHUTH peXuM JiaBuH B pairione CJIC
«IIpiMOymak» W BHECTH HEOOXOIMMBIC WCIPABJICHHUS B KapThI-CXeMbl. B
OTJINYUE OT TPEIBIAYIINX BEPCUN HA OOHOBIICHHBIX KapTax HCIOJIb3YEeTCS
uHdopmarusi 3a OoJiee IMTENBbHBIA mepuoa Habmonenuil. JoOaBieHbI
nmansbie 3a 90-e u 2000-e ToaHbI.
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ILiiansl HA Oyayuree.

Cnegyromum 3TanoM OOHOBJIEHUS KapT JIaBUHHOM OINACHOCTH U
YTOUHEHUS PEKMMA JIABUH JIOJHKHO CTaTh MATEMATUYECKOE MOJICIIMPOBAHUE C
MCIOJIb30BaHMEM IIBeUIapckoro mnporpamMmmHoro mnakera RAMMS. Ceituac
IPOBOJUTCS KaauOpOBKAa MAaTeMAaTHUYECKUX MOJENEH C HCIOJIb30BaHUEM
CBEJCHUM O peanbHbIX JaBUHAX. B panmpHeieM OTKaIMOpPOBAaHHBIE
kodhummentsr B Mozaensix RAMMS mo3BoisT MoaenupoBaTh JaBUHBI U
YTOUYHHUTH KapThl JJABUHHOW OMACHOCTH.

Bbaarogapuoctu. Xouy mnoOnarogaputh — KOJUIET,  COTPYIHUKOB
cHeronaBuHHoW cranmuu  «IllpiMOymak» W oOTAena CHETOJaBUHHBIX
HaOmoaeHuit u mporuo3oB PI'TI «Kasrunpomety.

PaGora BbImosiHeHa mnpu ¢uHaHCcOBOM moaaep:xkke Kommurera Haykum
Munucrepcrsa o0pazoBanusi 1 Hayku PecnyOsmmkn Kazaxcran. I'pant 2306/T'®4.
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JABUHHBIE PUCKHU JJIS1 TPAHCIIOPTHBIX MATUCTPAJIEN
B CAXAJIMHCKOM OBJIACTH

Ka3zakoB H.A., I'encuoposckuii FO.B.

JlanbHEeBOCTOUYHBIN reosiorndyeckuii UHCTUTYT JIBO PAH,
Caxanmuackuii punuan, FOxuo-Caxanuuck, Poccus

Annoranus. B CaxanuHckod oOnact JaBUHOOMACHBI Oosiee 500 KM KENe3HBIX M aBTOMOOMIBHBIX
JIOpOT, JIMHWAH CBSI3U ¥ 3JIEKTPOIIEpeadn, MarkucTpaibHble HedTera3onpoBoasl. OOBEMBI TaBHH, CXOISAIIINX
Ha TPAHCIIOPTHBIC MarkcTpamy, gocturaior 1400000 m°. B 1946 - 2017 r.r. naBHHAME GBUIO pa3pyiueHo 19
oTIop JIMHUH ¢Bs3H, 12 omop JIDII, 3acemano 67 enuHUI] aBTOMOOMILHOTO U 25 eIMHMII JKEJIe3HOI0POKHOTO
TpaHcnopTa. Ha aBTOMOOMIIBHBIX U JK€JI€3HBIX JOpOrax B JaBMHAX moruoio 6omee 100 genosek. ITockompky
yAazeumocms OOBEKT 3aBUCHT KaK OT MapaMeTPOB JABHWH, TaK W OT XapaKTEPHUCTHK CAMOTO OOBEKTa, MpH
pacuéTe JaBMHHBIX PHCKOB HEOOXOJWMO YYHTBHIBATH KJIACC TPAHCIOPTHON MAarmcTpaim: MOI3eMHON
MPOKJIAJKK, HA3EMHOM MPOKIAJIKU, HaI3EMHOU MPOKIaaKku. Pacyér pUCKOB M MOCTPOCHUE KapT JaBHHHBIX
PHUCKOB JIOJDKHBI BBITIOJHATHCS OTICIBHO IS KQXKOT0 THITA MarucTpaei.

KiaroueBble cJ10Ba: JIaBUHHBIE pOoLECChI, IABUHHBIC PUCKHU.

AVALANCHE RISK FOR TRANSPORTING SYSTEMS
IN THE SAKHALIN REGION

N.A. Kazakov, Yu.V. Gensiorovskiy

Sakhalin Department of Far East Geological Institute FEB RAS,
Yuzhno-Sakhalinsk, Russia

Abstract. In the Sakhalin Region of the avalanche more than 500 km of Railways and roads,
communication lines and transmission main pipelines. The volume of avalanches on highways, reach
1400000 m’. In 1946 - 2017 avalanche destroyed 19 supports of communication lines, 12 transmission
towers, covered car 67 units and 25 units of railway transport. On roads and railroads in avalanches killing
more than 100 people. As the sensitivity of the object depends on the parameters of avalanches and
characteristics of the object, the calculation of avalanche risk, you must consider the grade highways: direct
burial, surface installation, ground installation. Risk estimation and mapping of avalanche risk must be run
separately for each type of roads.

Key words: avalanche process, avalanche risks.

Benenne. Tepputopuss  CaxanmuHckod — obmactu  Poccuiickoit
denepanuy XapakTepU3yeTCsl BBICOKOW aKTHUBHOCTBIO JIABUHHBIX IPOLIECCOB,
KOTOpbIE BO3JEHCTBYIOT HAa TPAHCIIOPTHBIE MArucCTpajiu: aBTOMOOWIIbHBIE U
JKEJIE3HbIE JIOPOTW, JMHUUA CBSI3M M DIIEKTPONEPENAuYd, MATrUCTPaJIbHbBIC
TpyOONPOBOIbI, KaHATHBIE Joporu U T.1. [lo Mepe pa3BUTHSA TpaHCIOPTHOU
UHPPACTPYKTYPHI HA TEPPUTOPUH 00JACTH PUCKH OT BO3ACHCTBUS JTaBUHHBIX
IIPOLIECCOB Ha TPAHCIOPTHBIE MArUCTpajK Bc€ Oojee Bo3pacTaroT: JIaBuHHbIE
nporecchl B CaxalmHCKOM 00JacTH pa3BUBAIOTCS W HAa PABHUHHOM
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TEPPUTOPHUH: HA CKIIOHAX PEUYHBIX TEPPAC, OBPAroB, UICKYCCTBEHHBIX HACHIIEH
u T.1. (Kazakos, ['encuopoBckuii, Kazakora, 2008).

ITocTanoBka 3a7aun U myTH pemieHus. OnpeaenuM JaBUHHBIA puck R
KaK BEJIMYMHY BEPOSTHBIX MOTEPh (COLMATBbHBIX, MAaTEPUAIbHBIX U JIp.) OT
HaHeCeHUs 00BEKTY yiiepOa OT BO3JACHCTBUS HA HETO JIABUHHBIX MTPOLIECCOB:

R=0*U=I*N*U (1),

rae O = NI — naBuHHAs OMACHOCTH: TMOKA3aTelb aKTUBHOCTH JTABUHHBIX
MPOIIECCOB, MPOTEKAIONIUX Ha JIaHHOW TEPPUTOPUH OOBEKTUBHO: BHE
3aBUCUMOCTH OT CTEIEHU €€ OCBOEHHOCTH; /N — IIOBTOPSIEMOCTH JIABUH
3a1aHHOM MHTEHCHUBHOCTH; I — HWHTEHCHUBHOCTH IIPOLECCOB: IAPAMETP
JIABUHHOTO TPOIIECcca, OMPELISIIONTNI CTEMEeHb €T0 BO3ICUCTBHS Ha 0OBEKTHI
U COOpPYKEHUSI U, COOTBETCTBEHHO, BIUAIOUIMNA Ha MX YSA3BUMOCTh; U —
ySI3BUMOCTh 00bEKTa KaK BO3MOKHBIN yIIepO, KOTOPHIN JIABUHHBIE MPOIECCHI
IaHHOU nosmopsaemocmu N U unmerncusnocmu I moryt emy npuduHuTh. U,
3aBUCSIIAs OT BbIOOpa mapameTpa I, SBISIETCS BaKHEUIIMM MapamMeTpoM MpHU
OLICHKE JIABUHHOTO pucka. OJHAKO, XapakTep BO3JECUCTBHUS JIABUHHBIX
MPOLIECCOB HA TPAHCHOPTHBIE MArUCTPAIM 3aBUCUT HE TOJBKO OT
XapaKTEPUCTUK JIABUHHBIX MPOIECCOB, HO M OT THUIIA CaMOW MAarucTpalu,
MIOCKOJIBKY Ha pa3Hble THIBI TPAHCIOPTHBIX MAarucTpajicid HEraTUBHOE
BO3JCHUCTBUE OKa3bIBAIOT pA3HbIE IMapaMeTpbl JIABUHHOI'O IpOILiecca.
CootBercTBeHHO, U 3aBUCUT OT KIAcCOB W THUIIOB TPaHCIOPTHBIX
maructpaneit. [losTomy mnpu OIeHKE JIaBUHHBIX PUCKOB W pa3pabOTKe
IIPOEKTHBIX PELICHUWH MO 3alluTe MarucTpajiei oOT JIABUH IIOMHUMO
WHTEHCUBHOCTU MCIOJIb30BAaHUSI M CTOMMOCTH OO0BEKTa HE0OX0AUMO
YUYHUTHIBATh KJIACC TPAHCIIOPTHOM MAarucTpalu: MNOJA3EMHOM MPOKIAAKH,
HA3€MHOM NPOKJIAJKH, HAA3EMHOM MPOKJIAJIKU. PacuéT puCKOB U MOCTPOCHUE
KapT JJABUHHBIX PUCKOB JIOJKHBI BBITIOJHSITHCS OTACIBHO JJI KaXXJA0ro THUMa
MarucTpaien.

[Tpu ouenke N HEOOXOAMMO pa3JeibHO YUUTHIBATH KaK MOBTOPSIEMOCTD
JaBUH Ppa3HbIX TEHETUYECKUX KIacCOB (TIOCKOJIBKY WX JUHAMUYECKUE
XapaKTepUCTUKN CWJIBHO pa3JIMYalOTCsA, CTEINEeHb WX BO3JICHUCTBUSA Ha
COOPY)KEHHUsI pa3juyHa), TaK W TUANBl MarucTpaiei: MOCKOJIbKY
YCTOMYMBOCTH OOBEKTOB U COOPYKEHUI Pa3HBIX THIOB K BO3JECHCTBUIO JTAaBUH
Pa3HbIX TUIIOB — pa3Has.

B kadectBe mnapaMeTpoB JIABMHHBIX MPOLECCOB, BbIpaxkarommx 1,
HEOOXOJMMO BBIOMpPATh TE, KOTOPHIE OTOOpAXKarOT DSHEPIUI0 JIABUHBI H
MO3BOJISIOT  OTPENEINTh CTETEeHh BO3JACHCTBUS JIABUHBI HA OOBEKT.
[Tockonmbky U 3aBUCHT OT TOrO MapameTrpa JIABUHHOIO MpoLecca, KOTOPhIM
OKa3bIBaeT Ha OOBEKT JAHHOTO THUIMAa MaKCUMalibHOe Bo3jercTue (Taoum. 1),
Kputepuil I 111 KOHKPETHOro OOBEKTa JIOJKEH BHIOMPAThCS B 3aBUCHUMOCTHU
oT Tuna camoro oonekra (Kazakos, 2015).
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Jliia pacy€ra S5KOHOMHUYECKHX PUCKOB B 0a30ByI0 Gopmyiy (1) BBeném
CTOUMOCTb TOTEPb OT BO3JEUCTBUS JIABMHHBIX MPOIIECCOB HA OOBEKT
(coopyxeHue):

R=0*U=(I*N*U)*D (2),

rae D — GamaHcoBasi CTOUMOCTh 00bEKTa (AKOHOMHUYECKHE MTOKa3aTelH).

[Tonnas ¢popmyna pacuéra R BkiIo4aeT nNpsiMoi puck R, — MokaszaTelnb
pHUCKa MOBPEXACHUS WJIM YHUUYTOXKEHUS OOBEKTa, U KOCBEHHBIH pHUCK R, —
CyMMapHbI MOKa3arejib CTOMMOCTH IOTEPb, BBI3BAHHBIX IPEKpPALEHUEM
au00 W3MEHEHUEM pexXuMa paboThl OOBEKTa, 3aTpaTaMHd Ha PaCYUCTKY
JIABUHHBIX 3aBAJIOB U JIMKBUJAIUIO MHBIX MOCJEICTBUM BO3JEHCTBUS JIaBHH.
Croma e OTHOCSITCS 3aTpaThl Ha PEaOUIUTAIIUMIO U JICYCHUE MOCTPAIaBIINAX
paboTHuKoB. [lonHBI pUCK OT BO3ACHCTBUS JaBUHHOIO MpPOIECCa MOKHO
paccuuTaTh Kak:

Tadauua 1.

BosneiicTBue naBUHHBIX TPOLECCOB HA TPAHCTIOPTHBIE MATUCTPAIIH.

Kuacce Tun Yiep6 ot Bo3aeiicTBUs OmnpenensieMblii
TPAHCIOPTHOI TPAHCHOPTHOI JIABUHBI: YSA3BUMOCTH napaMeTp JABHHBI
MAaTrHCTPAJIH MAaTrHCTPAJIH o0beKTa (MHTEHCHBHOCTD)
MarucTpanpHbli Pazpymenue;
TpyOOIIpOBOA MTOBPEXKICHUE;
Jlunns cBs3U 3aTpyIHEHHE TOCTyIa
[laBiieHue Ha IPENATCTBHE;
Jlunns JKCIUTYaTallMOHHBIX .
TOJIIIMHA OTJIOKEHUH;
JJIeKTponepeaay Opuran
BbICOTa (ppoHTa;
. ABTOMOOMITEHAS Paspymenue;
Hamzemuoit BUOpanyy Ha pE30HAHCHBIX
Jopora MIOBPEXICHUE; o
MPOKJIAJKH 9acToTaX KOHCTPYKIUH
YHUYTOKEHHE
JXKenesnas nopora | TpaHCIOPTHBIX CPENCTB;
rubenb aroaei
Pazpymenue; Bricota ¢ponTa; BUOpauu
KanaTnas mopora | moBpexaeHue; Ha PE30HAHCHBIX YaCTOTaxX
rudens JIroaei KOHCTPYKIIMH
Pazpymenue;
N MTOBPEKACHUE;
MarucTpanbHbIi s P nHIéHMe l’IOCT a
TpyOonpoBox by yn
AKCILTYyaTAUOHHBIX JlaBiieHre Ha TIPETIATCTBUCE;
Hazemuoit Opuraj TOJIIIMHA OTIOXKECHUH;
MPOKJIAJKH ABTOMOOUITEHAS Pazpymenue; BUOpAIMU HA PE30HAHCHBIX
Jopora MIOBPEXICHUE; 9acToTaxX KOHCTPYKIUI
YHUYTOKEHHE
XKenesnast jopora | TPaHCIIOPTHBIX CPENCTB;
rubeIb Troei
Pazpymenue;
MOBPEXKICHUE;
PO ’ I'mybuna spozuu;
3aTpyAHEHUE A0CTyIa
BHUOpAIlMU Ha Pe30HAHCHBIX
. . 9KCIUTyaTallHOHHBIX .
[Tonzemuoit MarucTpanbHbIi GDHIAI: pa3BHTHE YacTOTax KOHCTPYKIUH;
MPOKJIAIKU TpyOOIIpOBOA p P . MPOAOKUTENILHOCTh
TUKCOTPOIIHBIX SIBJICHUH B w
FOVHTAX: HebevEnmKHeme | SICTAH 1 00BEM
PYHTaX; IEPEYBIe JIABUHHBIX CHEKHUKOB
TPYHTOB 00paTHOU
3aCHINKU
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R=R,+Y R, 3),

rae ) R, — cyMMa KOCBEHHBIX PHCKOB.

Hamnpumep, 17151 OLIEHKH YSI3BUMOCTH aBTOMOOMIIBHOM JOPOTH € TBEPIBIM
MOKPBITUEM U KeJIe3HOU Hoporu Kputepuit I — 00bEM JJaBUHBI, TTO3BOJISTFOLTUN
paccuuTaTh 00BEM 3aBajia JOPOMKHOTO MOJIOTHA, BpEeMs MPOCTOSI JOPOTU U
3aTpatbl Ha €€ pacyucTtky. JUIsI JMHEMHOTrO COOPYXKEHUS HAJI3€MHOU
NPOKJIAJKK (JJMHUU CBSI3M, OJJIEKTpolepeAadyd, KaHATHOM JOpOTH) WU
MOCTOBOTO COOPY>KE€HHSI TpPEANOYTHTENIbHEe BBIOpAaTh BBICOTY (pOHTA
naBuHbL. s TpyOOMpOBOAOB MOA3EMHOM MPOKIAIKHU CIEIYyeT YUUTHIBAThH
BO3/ICIICTBHE HA TPYOOMPOBOJ HU3KOYACTOTHBIX BHOpalnii, BOSHUKAIOIIUX B
TpyHTaxX MpU TMPOXOXKIECHUH JaBUHBI HAJ TPyOONpPOBOIOM, BEPOSTHOCTD
dopMupoBaHus sSM BbIOMBaHUA, TAYOWHY JaBUHHOW HpPO3UU TPYHTOB H
IPOAOKUTEIHLHOCTh CYIECTBOBAHUS M O0BEM JTABUHHBIX CHEKHUKOB, MPH
TassHUU KOTOPBIX MPOUCXOIUT MEPEYyBIAXKHEHHE IPYHTOB OOpAaTHON 3aChINKU
U BO3HHUKAET BEPOATHOCTh BO3HHWKHOBEHHS THKCOTPONHBIX SBJIICHW. B
3aBUCMMOCTH OT THIAa W KJacca TPAHCIOPTHOW Marucrpaivd HeoOXOAUMO
YUYUTBIBATh MOBTOPSIEMOCTh JIABUH Pa3HbIX F'€HETUYECKUX TUNOB. Tak, Npu
OIICHKE PUCKOB ISl COOPYXKEHUN MHPPACTPYKTYpPhl HEOOXOUMO YUUTHIBAThH
napaMeTpbl MPEXKJIE BCETO HNUTCHETUYECKUX JIABUH, CBA3aHHBIX C
NepeKpUCTAILTU3AIMEN CHEKHOM TONIIU U JJABUH MOKPOTO CHera — HauboJiee
pa3pyLIUTEIbHBIX.

JIaBMHHAs1 OIACHOCTH TPAHCIOPTHBIX Marucrpajeid B CaxaJquHCKOH
obJactu. JlapuHoomnacHsl 6osiee 500 KM jKeNIe3HBIX U aBTOMOOUIIBLHBIX JTIOPOT
(Kazakos, 2000; XXupyeB u ap., 2010). OO0bEMBI JaBUH, CXOAAIIUX HA
TPaHCIOPTHbIE MATUCTPAIIH, TOCTUrAIOT Ha mobepexbsax 30000 M°, a B ropax
— 1400000 M. Ha o-ax Ilapamymmp, Urypyn, Kymammp u Illukoran
JaBUHBI CXOAAT Ha aBToMOOMIbHBIE noporu (Kupyes u ap., 2010). O6bEMbI
nmaBuH nocturarot 5000 M.

Ha OosblioM MOpOTSDKEHWM — JIaBUHOOINACHBI  JIMHUM  CBSI3U U
anekTporiepenaud v Oomee 21 KM Tpacchl  MarMcTpajbHBIX
HedTerazonpoBooB «CaxaiMH-2»: 00bEMBI JaBUH 37ech AocturaroT 300000
M>, BBICOTa (pOHTa — 50 M, TOJIIMHA JABUHHBIX OTIOXKeHHH — 10 M (zo/mHa
p. Ilyneka; xpeber JKmanko). OkugaeMble PUCKHM — TOBPEXKICHHE
TpyOONPOBOJOB TMOJA3€MHOM MPOKIAIKH BCIEACTBUE (OPMHUPOBAHUS M
BbIOMBaHUS, BO30YXXIEHUS B TPYHTaX HHU3KOYACTOTHBIX KOJeOaHUM,
PE30HAHCHBIX COOCTBEHHBIM KOJEOaHUSM TPYOONPOBOJAOB U Pa3KUKEHUE
TPYHTOB OOpaTHOM 3acChIKK TMOJ JIABUHHBIMH OTJIOXEHHUSAMH. bosbiias
TOJIIIMHA JIAaBUHHBIX OTJIOXEHHUM 3aTpynHsAeT AOCTYNl K TpyOompoBojam
aBapUMHBIX U SKCIUTyaTallMOHHBIX OpHUra.
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Yuiep0bl 0T JJaBHH Ha TPAHCHOPTHBIX MarucTpaasax CaxajauHCKOM
o0sacTu. OCHOBHBIE yIIEpObl OT JAaBUH Ha TPAHCIOPTHBIX MarucTpajisix B
CaxanuHCKOM 00J1acTh — Kak KOCBEHHbIE SKOHOMUYECKHE YIIEpObl OT
IPOCTOSI ABTOMOOMJIBHBIX U KEJE3HBIX JOPOT U 3aTpaT HA UX PACUUCTKY, TaK
U mnpsiMbie (B T.4., 4YeJIOBEYECKUE >KepTBbI). Hepenku moBpexaeHus JTUHUN
CBSI3U U TPAHCIOPTHBIX CpPEeACTB. Tak, BO BpeMsi MacCOBOr0 CXOJa JIAaBUH
31.01.— 01.02.1970 r. Ha xene3HyI0 Aopory couuia 61 naBuHa; OAHON U3 HUX
o6bemMoM 1800 M> 6bin COMT ¢ perbcoB TermaoBos. 31.03.1982 r. maBuHa
MOKpOro cHera o06béMoM 600 M, coOmIeAmas C OCOBHOIO CKJIOHA,
3aCTPOEHHOTO CHETOYACPKHUBAIOUIUMH 3a00pamMH Ha IKEJIE3HYI0 JOpOry
FOxHo0-Caxanuack — X0JIMCK, COpoCcHIia C pelbCcoB 2 MAaCCaXUPCKUX BaroHa.

[Topoit k aBapusiM MPUBOASAT MOMBITKU MPEOIOJCHUS JTABUHHBIX 3aBAJIOB
TpancnopTHeIMU cpeacTBamu: 31.01.2005 r. B n. bailikoBo TEIJI0BO3, MBITASICh
NpOOUTh KOHYC BBIHOCA JIABUHBI Ha KEJIE3HOJIOPOKHOM TMOJOTHE (00bEeM —
500 M3, IUIOTHOCTL JIABUHHBIX OTJIOkeHuM — 400-450 KF/M3), comén ¢
PEBbCOB.

YacTto mronu moru0arOT B JaBUHAX NPHU PACUUCTKE aBTOMOOWIBHBIX U
JKEJIe3HbIX JOpor BO Bpems cxonaa JiaBuH. 16.01.1958 r. mpu pacuucrtke
KENE3HONOPOKHbIX myTer (k. 1. FOxHo-CaxammHck — XOJMCK) B JIaBUHE
noru6so 11 yenosek. 31.12.2009 r. mpu pacuucTKe JTaBUHBI, 3aChIABIICH
CHEroouucTuTeNnb W TemioBo3d (K. nA. HOxuo-Caxamunck — Hornmku)
MOBTOPHOW JIaBUHOW OBUIM 3achlllaHbl MOABEMHBIN KpaH, Oynbao3ep,
Tema0B03 U 10 4eIoBeK; ABOC U3 HUX MOTHOJIH.

[To menomubm cBenmenusM B 1946 — 2017 r.r. B CaxaluHCKOW 00JacTH
JaBUHAMU ObLTO pazpyiieHo19 onop aunuii cBszu u 12 onop JIDII, 3ackimano
67 enquHUIl aBTOMOOMJIBHOTO M 25 €IUHUI KeIe3HOA0OPOKHOIO TPAHCIOPTA.
B naBuHax Ha aBTOMOOWIIBHBIX M JKEJIE3HBIX Joporax mnorubio 6omee 100
yenoBek (KupyeB u ap., 2010; Kazakos, 2000; Kazakosa, Jlobkuna, 2007;
Podolskiy & all, 2014).

NukeHepHble M3BICKAHUSA JJIs1 CTPOUTENbCTBA. 3a/iayeil JIABUHHBIX
U3BICKAHUM SIBJISIETCSl OMNpPECNICHUE XapaKTEPUCTHK JIABUHHBIX IPOLIECCOB
(Tabn. 1), HeoOXOaUMBIX ISl BHIOOpA MPOTHUBOJIABUHHBIX MEPONPUITUN U
pacuéta JaBUHHBIX PHUCKOB. B palioHax ¢ pa3BUTBIM PaCTUTEIbHBIM
MTOKPOBOM OOJIBIITYIO YaCTh ATUX XapaKTEPUCTHK MOXKHO OMPEACIUTh UCXOIS
U3 XapakTepa BO3JEHUCTBUS JaBUHHBIX MPOIIECCOB HA PACTUTEIbHBIN MOKPOB.
BaxHo onieHHMBaTh BEPOSITHOCTh YBEJIWYEHUE JTABUHHBIX PUCKOB BCIIEICTBUE
HEMPOAYMaHHBIX HH)KEHEPHBIX PEIICHUH.

3akiouenue. [Ipu olleHKE JTaBUHHBIX PHUCKOB JUIsi  TPAHCHOPTHBIX
MarucTpaiend u pa3paboTKe MPOEKTHBIX PEIIEHUH MO MX 3allUTe OT JaBUH
HEOOXOJMMO YYUTHIBATh KJIACC TPAHCIOPTHOM MAarucTpaiv: MOJ3eMHOU
MPOKJIAJIKK, HA3eMHOW MPOKIAIKU, HaA3eMHOUN mpoknaaku. s pasHbIX
KJIACCOB TPAHCIOPTHBIX MAarucTpajieil cocTaB HU3bICKAHUN MOXKET ObITh
pa3HbiM. CTOMMOCTh  MEPONPUATANA MO  MNPOTUBOJABUHHOM  3alUTe
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TPAHCIIOPTHBIX MAarucTpajieldl MOXXET OBbITh CHIDKCHAa Ha pPaHHHX CTaIusIX
IPOEKTHO-U3BICKATENbCKUX padoT. Kak moka3piBaeT NpakTHKa, HMMEHHO Ha
ITUX CTAJUSAX BCIEICTBHE HEAOYYETA CTEIICHH JIABUHHBIX PUCKOB BO3HUKAIOT
CHCTEMHbIC OUIMOKM IPH TPACCUPOBKE MAarucTpayei, BIEKyIIue 3a coOOoi
100 HEOOXOTUMOCTh MPHUMEHEHUS JOPOTOCTOSIIMX METOJ0B WH)KEHEPHON
3alIUThI,  JIMOO  TEPeTPACCUPOBKY:  BCIEICTBHE  HEBO3MOXKHOCTH
IKCIUTyaTalli 00bEKTa.
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METOJOJIOTUYECKHUE OCHOBBI OIIEHKH BJIMAHUA
CHEKHbBIX JIABUH HA I'OPHBIE JIAHAINA®THI

Kroan E.B.

denepanabHOE rOCYJaPCTBEHHOE OIOKETHOE HAYYHOE YUPEKICHUE
«DenepanbHblii HayuHbIN 1IeHTp «KabapauHo-bankapckuii HayYHbBIN IEHTP
PAH», LlenTp reorpaduueckux nccneaopanuii, Hanpuuk, KbP, Poccus

AHHoTauusi. B JOKJIIaa€ pPacCMOTPEHBI OCHOBHBLIC IIOJIOKCHUA METOMOJIOTHH OUCHKH BIUAHUA
OINaCHBIX MPOLECCOB Ha T'OpPHLIC J'IaH)_IIIIa(l)TI)I. HpI/I 9TOM aBTOPOM pa3pa60TaHa CHUCTEMA TMPUHIHUIIOB JIA
peuicHus HpO6J’IeMLI I/ICCHGL[OBaHI/Iﬁ. Ha ocHoBe JIAaHHON CHUCTEMBI NpeAJIoKECHa IMoJ3TanHas OLCHKa C
Ha60p0M OCHOBHBIX 3a/1a4 IO KaKJI0OMY 3TaIly.

KiaroueBble ciioBa: J'IaH}_'LHIa(i)T, CHCXKHBIC JIaBHUHbBI, JIJABUHHOCTL TCPPUTOPUH, JIABUHHASA ONACHOCTH
noTeHUHaJIbHasa 1 (baKTI/ILIeCKaﬂ, JIaBHHHAs1 0€30IaCHOCTb.

A METHODOLOGY FOR THE ASSESSMENT OF IMPACTS OF
SNOW AVALANCHES IN MOUNTAIN LANDSCAPES

E.V. Kyul

Federal State Budgetary Scientific Institution
"Federal Scientific Center" Kabardino-Balkar Scientific Center of the RAS",
Center of Geographical Studies, Nalchik, KBR, Russia

Abstract. The paper discusses the main methodology necessary for assessing the impacts of snow
avalanches in mountain landscapes. The author developed a system of basic principles for solving the
research question. On the basis of the system proposed, a set of basic tasks are evaluated for each stage.

Key words: landscape, snow avalanches, avalanche areas, avalanche hazard potential, actual
avalanche safety.

Bsenenmne.

HccnenoBanusi MOCBAILIEHBI PEIICHUIO OCHOBHBIX METOAOJOTHYECKHX
BOIPOCOB T'€O03KOJIOTHYECKOW OIICHKH BIMSHHUS ONACHBIX MPUPOTHBIX
npoueccoB (OIIIl), B T.4. CHEXHBIX JaBHH, Ha JaHAAPTBl TOPHBIX
tepputopuii. Ob0wvexkmom uccnedoganuti TPU STOM SIBISETCS TOPHBIM
nanamadrt. Ilpeomem uccredosanuti: TUHAMHUKA W3MEHEHUs JaHAIIadTOB
MOJT BO3ACHCTBHEM KaK TPUPOIHBIX, TaK W aHTPOTOTEHHBIX (PAKTOPOB.
OcHoenble memoObl.: kapTorpadupoBanue u parionupoanue OIIIL.

MeToaos10rnyeckue 0OCHOBbBI OLIEHKH.

JlaHHas OLIEHKA MOAPa3yMEBAET, B MEPBYIO OUEPEIb, T€OIKOJIOTUUECKUAN
MOJIX0J] K M3YYCHHIO MPOOJIEMBI UCCIEIOBAHUM, KOTOPHIN OTIMYAETCS TEM,
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YTO 3/IeCh OILICHUBAETCS BO B3aMMOCBSI3U KakK reorpaduyeckas COCTaBIIsSIOIIas
r€OCUCTEMBI, TaK W JKojoruueckas. ['eorpaduueckas cocrapisiomas 3TO
OIAaCHBIE TPUPOJHBIE MPOIECCH, B T.4. CHEXHBIC JIABUHBI, C KOMILJIEKCOM
ycinoBui U (akTOpoB 00pa3zoBaHUs. DKOJOTHUECKAs K€ COCTABJISAIONIAS 3TO
OCBOEHHOCTb TEPPUTOPHH, B TIEPBYIO OUEpeb, THIl 3EMJICIOIH30BAHMUS,
MJIOTHOCTh HACEJICHUS W HapOJHO-XO03AWCTBeHHBIX 00BekTOoB (HXO) Ha
uccieayemMon Tepputopui. JJaHHble UCCIIEIOBAHUS SIBIISIIOTCS POIOJKEHUEM
HAay4YHOW PaOOThI, OCHOBHBIE ACIMEKTHl KOTOPOH OTpakeHbI B KAHJIUATCKOU
nucceptarnuu (Kroinp,2004), a 3aTeM JOMOTHEHBI B Psie TOCISAYIOMNX padoT
aBtopa (Krons u ap, 2013,2014, Kroins, 2014, 2015, 2016).

1. Ilpunyuner u 3ad0auu. Ha pucynke | mnpencraBieHa cucmema
NPUHYUNOS JJIA PELICHUS MPOOJIeMbl UCCIIET0BAHMM.

Pucynok 1. CucremMa NpyMHIIUIOB MO MpodJIeMe HccaeJ0BAHMIA.

Ha ocHoBe BBIIETIEHHBIX CIIEUATBLHBIX MPUHITUIIOB CHOPMHUPOBAH OJIOK
nepgoouepeonsix 3aoay (puc. 2).
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Pucynok 2. [lepBoouepeanbie 3a1a4M 1Mo npoodJjaemMe uccjie10BaHU.

[IpenBapuTenbHbId  3Tall  ONPENENIET  COBPEMEHHOE  COCTOSHHUE
mpoOJIeMbl  HCCIIeIOBAaHUN (M3YYEHHOCTh M OCBOCHHOCTH TeppUTOpHuu). 4
JTama OLEHKH cooTBercTByloT cragusm OIIL: 1) dopmupoBanue
OJIarONPUSATHBIX TPUPOTHO-KIUMATHUECKUX ycioBuil; 2) cxox OIIII; 3)
nocieAcTBus cxona; 4) dopmupoBanue Cucrembl Mep IO MPOPHUIAKTHKE,
KOHTPOJIIO U 3auute Tepputopun ot OIIIL.

2.Bvioenenue smanoeé oyenku (na ocnose cmaouit OIIII). 1lpoBoautcs
(puc.3) ¢ yu€rom podopmupoBaHUs TepMHHOJOrH4Yeckoro 3amaca (Kromb,
2004): I oman. lloTeHIMaNbHBII TPUPOAHBIA MpolLEecC. Y CIOBUS
obpazoBanmsi OIIIl. TlogBepkennocts Tepputopun OIIIl (Hanpumep,
JaBUHHOCTh Teppuropuu). 2 sman. Daktopbl oOpa3oBaHus (CTEICHb
nposienienust ycioBuit). Ilopaxénnocts Tepputopun OIIL. [Ipupognas
aktuBHOoCTh OIIIl. 3 oman. TlocneactBus cxoma OIIIl (mpuponnas
OTIACHOCTh, TOTEHIMANBbHAS, YIrpo3a MPUPOIHON cpene, u (akTuyeckas,
yrpo3a HXO). CouuaibHO-9)KOHOMUYECKUE MTOKA3aTeNU: MPUPOIHbIE PUCK U
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yiep6. 4 aman. Mepbl 110 IPOPUITAKTUKE, KOHTPOJIIO U 3AIIUTE TEPPUTOPUH
ot OIIII. [TorennmansHas 6e3omacHoCcTh Tepputopuu oT OIITI.

Pucynok 3. Boigesenne 3tanos oueHku (mo craauam OIIII).
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BbIBOABI.

MeTtomoJiorus Teod’Koaorndecko oreHku aesatreapHoctu OIIIl, B T.4.
CHEXXHBIX JIaBUH, MPU TMOMOIIU KapTorpaupoBaHUs U pPaOHUPOBAHUS, C
OJHOM CTOpPOHBI, BBISABIAECT creneHb Bo3aeicTBus OIIIl Ha npupoaHyro
cpeny, ¢ IOpYyrou, OmpenessieT ONTUMAJIbHBIE MYTH YIPABJICHUS OMACHBIM
nporieccoB. Ha ocHoBe 4-X HJTanmHONW OLEHKM MOXHO IPOBECTHU
pamdcuposanue u 6OHUMU3aYyU MEPPUTOPUH TI0 CTEIICHU IPUTOTHOCTH K €€
MOTSHIIMAIBHO 0€30MaCHOMY OCBOCHHMIO 110 KOHEYHOMY IIOKa3aTeiio -
CTCIICHU TpaHchopMau naHamagdToB MIPUPOTHO-XO3SIMCTBEHHOU
JIEATEIIbHOCTBIO.
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IF'EO3KOJIOI'MYECKASA OHEHKA HOABEPKEHHOCTH
I'OPHOU TEPPUTOPUU CHEI'OJTABUHHBIM ITPOLECCAM

Krouan E.B.

denepanabHOE rOCYJaPCTBEHHOE OIOKETHOE HAYYHOE YUPEKICHUE
«DenepanbHblii HayuHbIN 1IeHTp «KabdapauHo-bankapckuii HAy4YHbBIN IEHTP
PAH», LlenTp reorpaduueckux nccneaopanuii, Hanpuuk, KbP, Poccus

AHHoTaumMsa. B  1okmage  paccMOTpeHbl  OCHOBHBIE — TIOJIOKEHHSI  aBTOPCKOM — METOJIUKH
TE0IKOJIOTHIECKON OIEHKH MOIBEPKEHHOCTH TEPPUTOPUH OMACHBIM, B T.4. CHETOJaBHHHBIM mporeccaM. Ha
ocHOBe KapThl-cxemMbl M 1: 1500000 mpoBeaeHO pallOHUpOBAaHWE TEPPUTOPUH W  BBIABICH PSJI
3aKOHOMEPHOCTEH B pacIpOCTpaHEHHH CHETOJIABMHHBIX IIPOIIECCOB.

KioueBble  c10Ba:  TOABEPKEHHOCTh  TEPPUTOPHM  CHETOJIABMHHBIM  IIpoLeccaM,  THI
3eMJICIIONIE30BAHUS, JIABUHHBIN JTaHIA(T WM IPUPOIHBII JTABUHHBIA KOMILUIEKC.

GEOECOLOGICAL ASSESSMENT OF THE SUSCEPTIBILITY OF
MOUNTAIN REGIONS TO SNOW AVALANCHES PROCESSES

E.V. Kyul

Federal State Budgetary Scientific Institution
"Federal Scientific Center "Kabardino-Balkar Scientific Center of the RAS",
Center of Geographical Studies, Nalchik, KBR, Russia

Abstract. The paper discusses the author’s contribution to the geo-ecological assessment of exposure
to natural hazards, in particular snow avalanche processes. Based on maps with a scale of 1:1,500,000
avalanche zoning was carried out and patterns in the distribution of snow avalanche processes were
identified.

Key words: site susceptibility of snow avalanche processes, land-use type, landscape, natural
avalanche complex.

Beenenmne.

["'opHbIE TEPPUTOPUU XAPAKTEPUIYIOTCS IIUPOKUM PA3BUTUEM OMACHBIX
npupoansix mpoueccoB (OIIII), B T.4. cHexHbIX naBuH. [logBEpKEHHOCTB,
T.€. «...CO3JaHUE OJIATOMPUSTHBIX MPUPOTHO-KIUMATHUECCKUX YCIOBHUH IS
CX0Jla CHEXXHBIX JIaBHH...» (aBTOp. pel.), MPUBOJAUT K (POPMUPOBAHMIO T.H.
«JIJABUHHBIX JIaHAWA(PTOB» WM IPUPOJHBIX JIABUHHBIX KOMILJIEKCOB)»
(Kronb, 2004).

B cBi3M ¢ TeM, UYTO CHErojaBUHHBIE UCCIEIOBAHUS HOCAT
SMU30IMYECKUN U JIOKAJIbHBIN XapakTep Ha Tepputopuu bonsmoro Kaskasa,
OTCJIC)KMBAHUE AUHAMUKHU CXOJa CHEKHBIX JIABUH W WX BJIMSHUS HA TOPHBIN
JaHAmadT ABIACTCA AKmMYaIbHOU U NepeoouepeodHol 3a1aueil NCCIeTOBaHMM.
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Paszoen VIII. Oyenka 1asunnoil onacHocmu u 3aujuma om J1asuH.
Section VIII. Avalanche danger rating; avalanche protection.

Pezuon uccneoosanuii: bonbmonn KaBka3 (ceBepHBIM CKJIOH, TOpHas 4acTh,
rpa"una — ropuzoHTaib 800 M.). OcHosHas yenb: TEOIKOJOTHUECKAsT OLICHKA
pacrpeiefieHdss CHEXXHBIX JIaBUH TIO TeppuTopuu. Ilpeomem ucciedo8anuii:
POCTPAHCTBEHHbIE 3aKOHOMEPHOCTU B PACHPOCTPAHEHUM CHEKHBIX JIABUH
10 TEPPUTOPHH.

MarepuaJjibl M METOABI MCCJIEAOBAHUI.

UccnenoBanusi mpoBOAUINCh HA OCHOBE aHAIM3a HAYYHOU JUTEpaTyphl
(Bunorpanos,1993, PasymoB u ap, 2001a, 20016, OmnacHble mpUpOHBIE
nporecchl..,, 2013) TomokapT u memupUPOBaHHUS KOCMOCHHMKOB 32
nociaenuue 25 ner a takxke noieBod GPS- créMmkn. OCHOBHBIE METOIBI —
KapTorpadupoBaHue U palloOHMpOBaHWE JaHAMA(TOB MO MOABEPKEHHOCTH
tepputopun OIIII, B T.4u. cHerosaBuHHbIX npouecco (CJIIT).

ITocTanoBKka 3agauu.

J1J1s1 BBINIOJIHEHUS TOCTABJICHHOW 3aJla4u PEIIEH DALl meopemudeckux
eéonpocos. Knaccudukarus OIIl gana mno OOmedt reHeTHYeCKoOn
knaccupukanuu  OITI AWM. Ilexo (Ilpupoansie omacHocTH.., 2002).
Beinenensl xpumepuu evibopa OIIll. «....Benymum OIIIl Ha naHHBIN
MOMEHT OyJeT SBJIATHCS TOT, KOTOPBI OKa3bIBa€T HauOoOJIblliee BO3ICHCTBUE
Ha Ja"amadT» (aBTOp. pem.).

Tepputopusi mpoaHanu3upoBaHa Mo psAxy ycioBuil odpazoBanus OIIII:
1) reorpaduueckass COCTaBISAIONIAs - MO THUICOMETPUYECKUAM, TE€OJIOTO-
reoMopdororuueckum  (MOpPOMETpHUUECKUM), THAporpapuueckum; 2)
JKOJIOTHYECKass — 10  aJMUHUCTPATUBHOMY  JIJICHUIO W THUILY
3emuienionb3oBanus nauamadra (Mapuenko, 2013, Kromnb u ap, 2014, Kromnb,
2014). Ha [ smane Ha OCHOBE W3yYEHHOCTH TEPPUTOPHUU IO BEAYIIEMY
TUITY BBIICIAIOTCA pailoHbl 3emiienofib3oBanus. Ha 2 omane Ha ocHOBe
OCBOCHHOCTH JaHAIAPTOB MO THUNY 3€MJENOJIb30BaHUS MPOBOJAUTCS
olleHKa mojaBep>keHHocTH Tepputopun OIIIl, B T.4. CHeErojlaBUHHBIM
nporeccaM. PaccuuteiBaercs unoexc noosepocennocmu, U, (6 bannax):
kaxoMy OIIII (cHexHbIe TaBUHBI U COMYTCTBYIOIIME MPOIIECCHI) HA OCHOBE
aHanuza OjaronpuaTHbeIX ycioBui ( 20) mpucBauBaercs 6amwi(or 1 mo 5).
I'paoayuu crerneHn MOABEPKEHHOCTH cienyromue (B 0amnax): a) 1-2-o4eHnb
cnabas; 0)3-5- cnmabas; B) 6-8-cpemnas; 1) 9-11- cunbHas; 1) 12-14-odeHn
cunpHas; €)l5-upe3BbiuaitHo cuibHas. [lmomianHas oleHka MPOU3BOIUTCS
no Kkoagpuyuenmy noosepocennocmu, K,. («...OTHOIICHWE TUIOIIA/IH,
3aHATOU ycloBUsSMH, OnaronpustHeiMU 111 cxona OIII k o6rmmieit momaany
(aBTop. pen). I'pagaumu noasepkeHHOCTH 110 K,.: 1) norenunansHasd, < 0.01;
2) ouenb cnabas, 0.011 —0.049; 3) cnabas, 0.05 — 0.249; 4) cpennss, 0.25 —
0.495; 5) cunbhas, 0.50- 0.749; 6) ouyensb cunbHas, > 0.75.Ilo0 KoauyecTBY
Beaymux OIIIl oneHuBaercs creneHb clnoxHOCTh pacnpenenenus OIIII mo
miomanu. ['paganuu creneHu ciokHocTH (1Mo koiudectBy Bemymux OITIT)
cneayromue): a) 1 OIIII - mpocTas; 6) 2 — cpenuss; B) 3-4- ciaoxHas; T) 6osee
4- cnoxxHas.
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PesyabTaThl Hccae10BaAHMM.

B mpenenax ropHoit uactu (reomopdosiorudyeckue MpOBHHIUU,
ropuszoHTandb 800M., 1 2 moANpoBUHIINH, Topu3oHTadb 2000 M.) ceBepHBIT
ckioH (¢ 3 Ha B) mnoapasnensercs Ha 3anaaHeii (3 cyObekTa),
Hentpansubliii (2) uw Bocrounsii (3) Kapkasz. B ruaporpaduueckom
OTHONICHUU BBIJCISAIOTCS 2 TJIABHBIX PEUHBIX OacceiiHa - OaccedHbI P.p.
Kybanu, 3anagueii KaBka3, m Tepeka (LlenTpanpHbiii u BocTtouHbld
KaBka3). PaiiloHupoBaHue TEppUTOPUU MO CTENEHU MOABEPKEHHOCTU
CHETOJIaBUHHBIM IIpOLIECCaM MTPOBOJUTCS HA OCHOBE aHAJIU3a KAPMbl-CXeMbl
NO0BEPAHCEHHOCU Meppumopuu  ceeeprno2o ckiona bonvuwozo Kaexaza
onachHvim npupoonvim npoyeccam M 1: 1500000. OcuHoBout s €
COCTaBJICHHSI CIY)KUT KapTa-CXeMa THUIIOB 3EMJICNIOIb30BaHUSI CEBEPHOTO
ckioHa bonbmoro Kaskaza. B mpeaenax BbIIEICHHBIX paHee YCIOBHBIMU
3HaKaMU TPaHUIl OCHOBHBIX TAKCOHOB (reoMOP(OJIOrHuecKoi MPOBUHIUU U
Jp.) LIBETOM HAHOCUTCS CIelMalIbHAsl Harpy3Ka-CTENeHb MOJBEPKEHHOCTH
tepputropun  OIIIl (mo aBTopckoil rpaganuu). Kaxaomy BbleIEHHOMY
paiiony npucBauBaroTcs uHAekc (tun OIIIl w miomans, ¢ yCIOBUSMH,
OylaronpusiTHBIMU i1 ero cxojna, Hampumep: CJI 30, CHEXHBbIC JIABUHBI,
wiomaas mnoaBepkeHHocTH — 30%, U KO3(pUIMEHT TOABEPKEHHOCTH.
JlomomHUTENBPHO NBETHBIM KpamoMm oOo3Haudaetcs Bemymmii tum OIIIL: a)
rojryOoi - CHE)XXHbBIC JJaBUHBI; 0) KOPUYHEBBIN - CEJIU; B) YEPHBIM - OMOJI3HH,
oOBaJIbl U OCBINH; T') KpacHbIil — Bce Tumnbl O B kommiekce.

Kapra — cxema sBnsieTcsi UTOTOBBIM OTOOpa)KEHHEM MEPBOrO 3Tara
reodkosiornueckor onenkn BawstHUS OIIIl ma nmangmadTel, a WMEHHO:
KoMmIuiekca yciaoBuii oOpaszoBanus OIIIl. JlanHas kapTa-cxema IO3BOJISET
MOJIYYUTh HEKOTOpOE IIPEACTABIICHHE 0 IIPOCTPAHCTBEHHBIX
3aKOHOMEpHOCTIX pacnpoctpaneHus TtunoB OIIl mo Ttepputopuu. Ho
MOJIyYCHHBIE PE3yibTaTbl H3-3a KpaWHE HEPABHOMEPHOM CTENEHU €€
W3YYEHHOCTH HE MOTYT JlaTh IIOJHOTO TIPEACTaBICHUs O TIpeaMeTe
uccinenoBanuii.  Jlins  moJydeHUsT  KOPPEKTHBIX  YHCJICHHBIX  OLICHOK
MOABEPKEHHOCTH HEOOXOJAMMO TPOBEACHUE IETaTbHBIX MOHUTOPUHTOBBIX
pabot B perumoHe (B wactHocTH, /s KpacHomapckoro kpas u PecryOnuku
Anpires).

IIpocmpancmeennvie 3aKOHOMEPHOCMU PACHPEOeNeHUs CHENCHBIX TAGUH
JaHbl 110 aIMUHUCTPATUBHBIM CyOBbeKkTaMm (Tabmuia, 2 ctonoen). Illupomnasn
(c O3 na CB) u copuzonmanvnasn (oacceiinosasn) ougpgpepenyuayuu CJAII
(¢ 3 na B). bacceiin p. Kybaus. 3anaonvii Kasxaz. VI3 Tabnuipl BUAHO, 9TO
HauOonee noasepxkeHa CJIIT CB yacte 3anagnoro KaBkasza- BRICOKOTOpPHBIE
tepputopun KaBka3ckoro 3anoBenHuka B npeaenax KpacHomapckoro kpas ¢
BEIyLIIUM MPOCTBIM TNPUPOAOOXPAHHBIM THUIIOM 3€MIIETIONB30BAaHUS U
TebGepauHckoro 3amoBenHuKa B Tmpeaenax KapawaeBo- Uepkecckoit
PecnyOnmukun (3 Oaima) €O CIOXKHBIM —~ THIIOM  3€MJICTIOJIb30BAaHMS
(TpupoI00XpaHHBIN, PEKpeallMOHHBINA U Jip.). Haubosiee ciiabo moaBep KeHBI
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CJIIT cpenneropHas yacth 3amagHoro Kapkaza (1 Oaiut), oueHb ciabas u
cnabasi CTeMeHW TOJBEPKEHHOCTH, B YacCTHOCTH, U3-3a XOpOIIEH
3asiecéHHoCcTH Tepputopuu. Ilpu stom KpacHomapckuii kpaii u Pecnybiuka
AJpITes TPaKkTUYECKH HE M3Y4YEHbl B CHErOJaBUHHOM OTHOIIEHWH. baccetin
p- Tepex. llenmpanvuviu Kasxkas. B otnnune ot 3anagHoro KaBkasza pernoH
XOpOILIO OCBOEH (3a uCKiIo4YeHueM cpeaneropbsi PCO - Amanuu) co
CJIO)XHBIMH U OYCHb CJIIOKHBIMH THUIIAMH 3€MJICTIONH30BaHUS (B OTIUYHE OT
3anagHoro KaBkaza ¢ TpaJullMOHHBIM CEIbCKOXO3SMCTBEHHBIM THUIIOM
3eMJIETI0JIb30BAHMUS 3/1€Ch PA3BUBAIOTCSI HOBBIE TUIIBI TAKUE, KAK UHKEHEPHO -
KOMMYHHKAIIUOHHBIN, TUIPOIHEPrETUYECKUN 151 ap.). Crenenb
noasepxkennoctu CJIIT ot cmaboit B cpemueropre (2 0Oamima) 10 OuYeHb
CWJIBHOW B BBICOKOIOpbe (MakcuMym- 5 OamioB). W cBd3aHO 3TO ¢
COBPEMEHHBIM  OJICJICHEHHUEM U BBICOTHBIMU  YCJIOBUAMH (Hambosee
MIPUTIOAHSATAS YaCTh TEPPUTOPUH ).

Taoauna 1.
Xapaxkrepuctuka bosbioro KaBpkasa 1o nHIeKCy noJiBEp>KEHHOCTH.
PaiioH MOBEpKEHHOCTH HNupexc noasepxxennoctu, Uy
OIIII Twumer OIIII Bceero
Cl1 | C | Op, Oc, Og

I'maBHbI Oaccelin - p. KyOanb, 3anmannsiii KaBkas
Kpacnonapckuii kpait 1 1 1 3
3 1 1 5
1 1 1 2
PecryOnmka Anpires 3 ) 1 5
KapauaeBo-YUepkecus ! ! 2 4
3 2 2 6

I'maBHEI peunoit 6acceiin, p. Tepek
[enTpanbHbiii KaBkas

Kabapauno-bankapus i : g 1 i

2 4 4 10

PCO-Ananus 5 5 5 15
Bocrounsiii KaBkas

Pecny6nuka Uuarymerus rll ; f i

Yeuenckas PeciyOnuka rll ; ; g

Pecny6nuka Jlarecran é 3 g g

[Ipumeuanus: n-noTeHIMaNbHAs MNOABEpPKeHHOCTh; CJI-cHeronmaBuHHBIE npoueccel; C- celieBble
npouecchl; Omn-onons3HeBble mpouecchl; Oc-ocwimHble mponeccs; O06-00BanbHBIE Mporecchl. JKUPHBIM
mprQTOM BBIAENEH BEAYIIHUI IpoLecc.
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bacceiin p. Tepex. Bocmounwiii Kaéxas. Pernon uzydeH u 3acesnéH oosee
HepaBHOMEpHO, 4eM lleHtpanenbiii  KaBka3z: or mpocroro  Ttuna
3eMJICTIONB30BaHUS (TPAIUIIMOHHOTO CEIbCKOX03SIICTBEHHOr0) B HrymeTun
no cpenHero B Jlarectane  (3mech  TMOSBIAIOTCS ~ HOBBIE  THIIBI
3eMJICTIONB30BaHUS, THUJIPOIHEpreTHUecKui, Hamnpumep). Teppuropus O.
Yeueno-Unrymickoit Pecriyonuku (KO3 u uentpanpHas yacth Bocrounoro
KaBka3a) B CHEroJlaBHHHOM OTHOIIICHUM NMPAaKTUYECKU He n3ydeHa. CTeneHb
noasepkeHHoctu CJIIT ouenp cnmabas (mo 1 Oanna), B 4aCTHOCTH, H3-3a
HU3KHUX BBICOTHBIX OTMETOK W 3ajiecéHHOCTU. Teppuropus Jlarecrana B 3ToM
OTHOLLIEHUHU U3yY€HA Takke HenoctatoyHo. Crenenb noasep:kenHoctu CJIIT
B Jlarectane cnabas (2 Oamia) Kak B CpeIHErophe, TaK U B BBICOKOTOPHE.
Tenaenuus yBenuuenuss nokazarenss ¢ KO3 na CB Bbi3BaHa Oosbliei
NPUTIOAHATOCTHIO TEPPUTOPUU M TMPAKTUUECKH TIOJHBIM OTCYTCTBUEM
pactutenbHOCcTH. IIpmuém B ornmume ot llenTpaneHoro Kaskaza, rae
Pa3BUTHI JIOTKOBBIE JIABHHBI, 37€Ch IIMPOKO PA3BUTHI CKJIOHOBBIE JIABUHBI-
OTOJI3HHU.

BoiBoablI.

B permone kak W y TUIOB 3€MJICTIONB30BAaHUS MpPU JAHIIIAPTHOM
aHanu3e Takke HaOmogaetcs mmpoTHas ( ¢ KO3 na CB ) u ropusoHTanpHas
(OacceiinoBas) ¢ 3 Ha B muddepeHnmanum creneHd MOABEPKEHHOCTH
tepputopun CJIII. IIpu 3TOM M1 oGoux mokaszarened xapakTep M3MEHCHUs
COBIIAJIAE€T: XOPOUIO OCBOEHHAs LIEHTpaJibHas 4dacTh KaBka3za MMeeT O4eHb
cwibHyr0 creneHb noasepxkeHHoctr CJIIT B Bbicokoropse. CBsi3aHO 3TO €
Pa3BUTHEM  COBPEMEHHOTO  OJICICHEHHS  (TEPPUTOPUS  3HAYUTEIHHO
npunoguara, 3000- 5000 m u Oonee). Menee ocBoeHHsie OB wyacth
KpacHomapckoro kpasi, Axeires n WHrymeTds HWMEIOT OYEHb clladble U
cnabble CTEIIEHU IIOJABEPKEHHOCTH CJIIL [Tpruém XOPOLLIO
npocMmarpuBatroTcs 3aBucuMoctd creneHu CJIII or pspa ycnoBuil ux
oOpazoBaHus: 3alleCEHHOCTH (oOpaTHas), OJICACHEHUS, CEUCMUYHOCTH
TEKTOHUKH W BBICOTHI (mpsamasi). [lpuyéM H3y4eHHOCTh CHETOJIABUHHOMU
00CTaHOBKM B PETMOHE KpailHE HEpPAaBHOMEPHA: OT OUYEHb XOPOIIO U3y4YEHHOU
(na IlentpansHoM KaBka3ze) 10 oueHb HU3KOM — Ha 3amagHoOM (HMCKIHOYas
tepputopuro  KUP) um Boctounom KaBkaze. M3-3a panHO# mpoOieMbl
MOJIyYeHHbIC TAHHBIEC HYXJAIOTCS B YTOUHEHUH U JIOMOJHEHUU: HEOOX0IUMO
POBEICHUE MOHUTOPUHIOBBIX TMOJEBBIX pabOT JUisi MHBEHTapU3allUU U
nacrnoptusanuu OIIII, B T.4. CHEKHBIX JIaBUH.

Jlureparypa
1. Kione E.B. T'eoskonmoruueckue mOCIEACTBUS CXOJa CHEXHBIX JIaBUH Ha
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METOAUYECKHUE OCHOBbI CO3JAHUA ATJIACA JABUHHOU
AEATEJBHOCTHU KABAPIUHO - BAJIKAPCKOHU PECITYBJIMKH

Krwouas E.B.

denepanbHOE TOCYIAPCTBEHHOE OIOKETHOE HAYUYHOE YUPEIKICHUE
«DenepanpHbiii HayIHBIN 1IeHTP «Kabapauno-bankapckuii HaydHbBIN TIEHTP
PAH», llenTp reorpaduueckux uccienopanuii, Hampunk, KbP, Poccus

AHHOTauMsA. B nmoxiane mpemiokeHa KOHIICTIIHS CO3JIaHUS ATIAcOB NMPHUPOAHBIX OMACHOCTEH Ha
nprMepe JaBHHHOW NesTeNbHOCTH. [IpemmoskeHHBIN ATiIac MMEeT CTPYKTYPY, COCTOSIIyI0 U3 4 OJOKOB.
Kaxxgprif 6710k COOTBETCTBYET ATAIly OLEHKH JABHHHOW NEATEIHHOCTH M MPEACTaBISIET U3 Ce0S KOMIUIEKT
KapT, OIMMCHIBAIOMINAN Ty WM HHYIO CTaNIO0 JIABUHHOTO TIPOIIecca.

KiioueBble cj1oBa: oIacHbie MPUPOAHBIC MPOLECCHI, JIJaBUHHASA ACATCIbHOCTb, CHCKHBLIC JIAaBUHBI,
JJaBUHHAas aKTHBHOCTD, HOpa)KéHHOCTL TCPPUTOPHHN JIaBUHAMU, TNIOTCHUHAJIbHAA U q)aKTI/I‘IeCKaH JJaBUHHas1
OIIaCHOCTD.

A METHODOLOGY FOR THE CREATION OF AN ATLAS OF
AVALANCHE ACTIVITY IN THE KABARDINO - BALKARIAN
REPUBLIC

E.V. Kyul

Federal State Budgetary Scientific Institution
"Federal Scientific Center "Kabardino-Balkar Scientific Center of the RAS",
Center of Geographical Studies, Nalchik, KBR, Russia

Abstract. The paper proposes a methodology for creating an atlas of natural hazards focusing on
avalanches. The proposed atlas is structured into 4 parts. Each part corresponds to the evaluation stage of
avalanche activity and represents a set of maps describing a particular stage of the avalanche process.

Key words: natural hazards, avalanche activity, avalanches, potential and actual avalanche danger.

BBenenne. Kaprorpaduueckuii meton oToOpaxeHUs WHGOpMALUU
aBigercss HaubOosnee yIAOOHBIM U MeHee 3arTpaTHbIM B (PUHAHCOBOM
otHomieHuu. C nosineHueM pasznuyHbix [MIC ymMeHbIIMINCH U BPEMEHHbIE
3aTpathl Ha cocTaBieHue KapT. KapTel mo3BoisioT oToOpaxaTs HHDOpMAIUIO
C PpAa3NMYHOM CTENEeHbIO JETANbHOCTU. MOXKHO BBIAECTUTH ATHACHL.. IO
o0beKTaM M 3aayam uccienoBanuid. [Ipu Gosbiom konnyecTse ATIAcOB...
no OIIII (Kromns u ap. , 2001, Kronb, 2012) HET 10CTaTOYHOM SICHOCTU HU B
MPEACTABIIEMOM KOMIUIEKTE KapT, HU B MX cojepkanuu. Co3aHue Takoro
ATnaca... OY€Hb aKmyabHO, TaK KaK OHO OCHOBAHO Ha TMOCJECIHHUX JTaHHBIX
mouuTopunra OIIIT (3a mepuoxa ¢ 2000 o 2016 rr.). KapTsl cocTaBieHbI 110
aBTOPCKOM METOJMKE, anpoOMpPOBAHHON NPH MPOBEAECHUU JaHAIMA(THO-

73



Paszoen VIII. Oyenka 1asunnoil onacHocmu u 3aujuma om i1asuH.
Section VIII. Avalanche danger rating; avalanche protection.

reoMop¢oJIOrHUYEeCKOr0 paliOHUPOBAHUSI JIABUHHOM OMACHOCTH TEPPUTOPUU
KBP (Krwone ,2004). 3amaya CTaHOBUTCS NPUOPUTETHOM, €CJIM YUUTHIBATh
OypHOE€  pa3BUTHE  PEKPEALMOHHON  COCTaBIAIOMIEH  (TOPHOJIBIKHBIX
KypOpTOB), YTO MPOBOLMPYET MAAJbHEUINYI0 AaKTUBU3ALMUIO JIABUHHOU
nesTeabHOoCTH B peruoHe. CoyuanbHas 3HAYUMOCHb TaKKe BBICOKA, TaK Kak
JAHHBIM ATlIac TO3BOJSIET B JOCTATOYHO MPOCTOW W JOCTYImHOUM ¢opme
OIIEHUTh COCTOSIHME MPUPOJHON cpeanl pernoHa ¢ yuétom OIIIl moBonbHO
IIUPOKOMY Kpyry pecmnoHaeHTOB. [Ipumuem oroOpaxenue wuHboOpMaImu B
kaprorpaduueckor 1uppoBoit GopMe HAaET BO3MONKHOCTH TOCTOSIHHO
OOHOBIISATH W JIOMOJHATH €€, pemas TMpud OTOM IIUPOKUNA  KPYT
MEePBOOYEPEIHBIX 33J1a4 M0 pa3BUTHIO perrnona 6e3 aktuBuzaruu OIIII. []ers
uccnedosanuil: co3nath Atiac jaBuHHOU nestenbHocTH KBP miisa pazpaborku
[IporpamMmMbl  JTaBUHOOE30MACHOTO  OCBOEHHMS ~ KOHKPETHOM  TOpHOMU
tepputopur. OcHoBHbIe 3agaum: 1.0030p U aHanmu3 KapTorpaduyeckon
uH(popMaIMu MO0 pailoHy HCCIeAOBaHWM 3a JJIMTEIbHBIA MEPHOJ] BPEMEHHU.
2. JlemmdpupoBanre ¢(OTO- MU KOCMOCHMMKOB PAa3JMYHBIX JIET 3ai€Ta Ha
tepputoputo KbP  (ropnas  wacte B mpedenax — MPOBHHIUU
naBuHOOOpa3zoBaHusi). 3.PazpaboTka jereHag K KapTaM W COCTaBJIEHUE
npeaBapuTeIbHON KapTorpaguiyeckol OCHOBBHI. 4.YTOUHEHHE IaHHBIX I10
OTHEJIbHBIM Yy4YacTKaM B XOJIE T0JIEBOrO MOHHUTOpUHra. S5.CocTaBiieHHE.
KOMITJIEKTa KapT (BCIOMOTaTEeNbHBIX M CIEHUaNbHBIX). 6.DopMUpOBaHUE
Maketa Atnaca... 7.1M3nanue Atnaca (B nmedatHom Bune). Hayynas nosuzna u
NpaKmuyeckas 3HaAYuUMOCms TIOSIBICHHS Takoro ArTiaca... JOCTaTOYHO
BellMKa. B Hacrosiee BpeMsl B psAli€ PETMOHOB CTENEHb MOABEPKEHHOCTU
TEPPUTOPUHN CHETOJABMHHBIM IPOILIECCAM HM3MEHHJIACh 3a CUET H3MEHEHHUS
MOJIX0/1A K BBIICJICHUIO JABUHOONACHBIX TEPPUTOPHIA.

Martepuagbl U Metoabl uccjaegoBanmii. [lpu cozmanum Artnaca...
aBTOPOM HCIIOJIb30BAIMCh METOJUYECKHE pa3padOTKH, MOJyYEHHbIE MPHU
coctaBneHnn Atnaca nupuponHbiX omnacHoctedt Kabapauno-bankapckoit
PecyOnmku, a Takke mTpoBeAeHWH JTaHAMA(THO-TEOMOP(OIOTHIESCKOTO
paiionnpoBanus teppuropun KbP B 2004 rogy (Kroms u ap., 2001, Krons,
2004). CtpykTypa U cocTaB ATjaca... CKOMIIOHOBAaHbI IO pe3yjbTaTam
pa3zpaboTku METOI0JIOTUU KOMIUIEKCHOM r€03KO0JIOTMYECKOU
MHOTOYPOBHEBOBOM TmodTanmHoi oreHkd BiusHug OIIIl Ha pangmadThl
(Kronp,2015). Ilpu stom kaxknaeiii astan (4) coorBercTByeT crtamuu OIIIT
(ycnoBus u (hakTopbl 00pa30BaHUs - COOCTBEHHO CXOJI - MOCIEACTBUS CX0/1a -
MEpPOTPUATUS 110 TPOYUIAKTUKE U 3aLTUTE).

Pesyabtarel uccaegoBanuil. CrpykTypa Artiaca... JaHa HIDKE
(KypCHBOM BBIJIEIEHBI OCHOBHBIE KapThl).

Conep:xkanue Atiaca no 6J1okam
Bbaok 1.11oasepxennocts Teppuropun OIIII (em. Tabamny 1).
1. Kapma noosepoicennocmu meppumopuu KBP chezonasunnvim npoyeccam
M 1: 200000 ¢ Kaoacmpom (4 ecnomozcamenvublx Kapmul-cXxemol)
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Bbaok 2. JIaBuHHAas1 aKTUBHOCTh TEPPUTOPHH.

1.Kapra-cxema mopdoctpykryp KBP.

2.Kapra nopaxénnoctu teppuropun KbP napunamu M 1:200000.
3.Kapra-cxema cuexxnoctu teppuropurt KbP M 1:200000.

4 Kapra nosropsiemoct JiaBuH Ha Tepputopun KbP M 1: 200000.

5. Kapma nasunnou akmugnocmu meppumopuu Kb6P M 1: 200000.

baok 3. IlocaencTBus cxoa CHe:KHbIX JIABHH.

Mook 3-1.

1.Kapra naBunHOW  omacHoctu  Tepputopun KBP  (Ha  ocHoBe
MopdocTpykTypHoro ananuza) M 1: 200000.

2.Kapra-cxema nanamadroB KbP M 1:200000.

3.Kapra-cxema tunos naBuHoomnacHsix Tepputopuid KbP M 1:200000.

3. Kapma naeunnoii  onacnocmu  meppumopuu KBP (na  ocHose
nanowagpmuoeco ananuza) M 1: 200000.

4 Kapta-cxema paccenenus HacesneHus no reppuropur KbP M 1:200000.
5.Kapra-cxema THIIOB 3€MJIENI0JIb30BAHMS TEPPUTOPUH KbP
M 1:200000.

6. Kapra-cxema nnotnoctu Hacenenuss KbP M 1:200000.

7.Kapra-cxema  MJIOTHOCTM  HApOAHO-XO3SHUCTBEHHBIX  OOBEKTOB  Ha
tepputopun KbP M 1:200000.

8.Kapma oceoennocmu meppumopuu KbP M 1:200000.

9. Kapma @gaxmuueckou npupoonoii onacuocmu meppumopuu KbP
M 1:200000.

IMox610K 3-2.

1-4. KapTtel omeHku penbeda MO yrjiaM HAKJIOHA, OKCIO3UIUU H
KOX(POUIIMEHTY paculeHeHHs Ha TeppuTopuio BepxoBuii p.bakcan M 1:
200000.

5-6.KapTbI-cxeMbl reoMOpPOIOTHIECKOM u reo00TaHNIECKOM
TpaHcopMau JaBUHAMU TEPPUTOPUHM  YIIeNnbs AJBIPCY M ydacTKa
asrogoporu Asay-Tepckon M 1:25000.

7-8.Kaptel Tpancopmanuu ganamadTos OIIII ymensst Anpipcy U ydacTka
aBTogoporu Azay-Tepckoa M 1:50000.

9.Kapma ycmotiuusocmu naunowagpmos x eruaunuro Ol na meppumopuio
eepxosutl p. baxcan M 1: 100000.

10-11.KapTbI-cxeMbl reomMopdoiorudeckon u reo00TaHUYECKOM
TpaHchopMal TeppUTOpUU TI. ThIpHbIAy3a MU OKPECTHOCTEH JaBUHAMH C
conyrcrBytomumu OIIIT M 1: 25000.

12. Kapma mpancgopmayuu nanowagpmos meppumopuu 2.Tvipnviayza u
okpecmuocmeti M 1: 50000.

13-14.ITaciopra GacceliHOB JIaBUHOOOPa30BaHMUSL.

15-16.3D-kapTsl 6acceiinoB aBunooOpazoBanust M 1:1000-10000.
17.Kapma-cxema monumopunzosou cemu ¢ Kadacmpom ob6vekmos
MOHUmMopuHaa no oaurwvim nacnopmuszayuu M 1:200 000.
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baok 4. OueHka NoTeHUMAJbLHOMN JJABUHHOM 0€30MACHOCTH TEPPUTOPUHA
1.Kapra noOTeHIMaJIbHONW JIABUHHOM  OE€30MAaCHOCTH  TEPPUTOPUU  OT
BO3JICMCTBUS JJaBUH Ha MPHUMEPE STAJOHHOTO yYacTKa aBTONOporu Aszay-
Tepckon M 1:50000.

2. Kapma KomniexkcHolti 6e3onacHocmu Om  8030elUCmBUs JIABUH C
conymemesytowumu Ol meppumopuu 2. Teipuviayza M 1:50000.
3.Kapma-cxema oyenxu enuanus nasun na oceoenue meppumopuu KBP M
1:200000.

4. Kapma-cxema oyenxu enusanus oceoennocmu meppumopuu KBP na
axmusuzayuio aasun M 1:200000.

Hpuiaoxenus:

1.ba3a naHHBIX JTaBUHHOU JiesITENbHOCTH Ha Tepputopun KBP.
2-3.Ilporpamma W pEKOMEHJAMM MO YCTOMYMBOMY U 0€30IaCHOMY
Pa3BUTHIO.

4.CipaBOYHUK - CJIOBAPH MO JIABUHOBEJACHHUIO.

BoiBoabl. Kak ocHoBHOM wuTor, coctaBieHue Atiaca mo OIIIl ¢
Kamactpom u ba3oil ganneix u pa3pabotka IlporpaMmbl Ha OCHOBE
NpoBEeNEHHON OLIeHKU. JlaHHbI ATiac... MOXET OBbITh pacnpoCTpaHEH B
HAy4YHbIX OMONHMOTEKaX; HKCIOJb30BaH B KAauyeCTBE HAY4YHOrO MOCOOUS Ha
POPHIBHBIX kadenpax y4eOHBIX 3aBEJICHUI npu YTEHUU
CHEIUATN3UPOBAHHBIX KYPCOB; pa3MENIEH B BEJIOMCTBEHHBIX MPO(UIBHBIX
MUHHCTEPCTBAX, AIMUHHCTPALMSAX PAHOHOB U HCIOJIB30BAaH B KadyeCTBE
METOJMYECKOTO0 PYKOBOACTBA MPH BBHIOOPE pEHICHUH IO CTPOUTEIBCTBY
Pa3NIMHBIX HAPOJHO-XO3SIICTBEHHBIX OOBEKTOB B JIABUHOOMACHBIX 30HAX.
aK)Ke OH MOJKET OBITh TOJIC3EH MPH MPOBEACHUHN PA3THMYHBIX YKOJIOTHUECKAX
AKCHEPTU3 HA MPEANPOCKTHON CTAIUH.
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CO3JAHHUE CITPABOYHUKA I10 IABUHHBIM ®OPMAM
PEJIBE®A

Krwoan E.B.

denepaibHOE TOCYAAPCTBEHHOE OI0/PKETHOE HAYYHOE YUPEKICHHE
«DenepanpHbIi Hay4YHbIN 1IeHTp «Kabapauno-bankapckuii HayqHBIN IEHTP
PAH», llenTp reorpaduueckux nccnenopanuii, Hampuuk, KbP, Poccus

AnHoTtanusi. B moknaze paccMoTpeHbl Bompochl coszganusi CrpaBOYHHUKA-CIOBApsS MO JIABUHHBIM
dbopmam penbeda. CormacHO aBTOPCKOM CHCTEMAaTH3allUd JABMHHOTO pellbeda CTPYKTypa CIpaBOYHHKA
coctouT u3 3 OJOKOB, a UMEHHO, (opMHI penbeda: 1) obpasyronrie JaBUHEL, 2) 0oOpa3yeMble TaBUHAMU; 3)
HpeyNpexIatoNe U KOHTPOJIUPYIOIIHE JIABHHBI, & TAKIKE 3alIMIIAIOIINE OT JIABHH.

KiaroueBble cJ10Ba: JIaBUHHBIE (bOpMI)I pem,e(ba, CHCI)KHBIC JIABUHBI, TPOTUBOJIABUHHBIC COOPYKCHUA.

CREATING A DICTIONARY OF AVALANCHE LANDFORMS
E.V. Kyul

Federal State Budgetary Scientific Institution
"Federal Scientific Center "Kabardino-Balkar Scientific Center of the RAS",
Center of Geographical Studies, Nalchik, KBR, Russia

Abstract. The paper examines the creation of a dictionary of avalanche topography. According to the author's
systematic analysis of avalanche terrain, the structure of the dictionary consists of 3 blocks, namely landforms 1) forming
avalanches 2) formed by the avalanches; 3) early warning and control of avalanches, as well as avalanche protection.

Key words: avalanche landforms, avalanches, avalanche structures.

BBenenue. Besi cucteMa 1o U3y4eHHUIO OMACHBIX MPUPOIHBIX MPOLIECCOB
(OIIIT) 3a cy€T pa3BUTHSI PA3TUYHBIX BEOMCTBEHHBIX MM HAYYHBIX IIKOJ HE
uMeeT OOLIETPUHATHIX MOHITHI U METOAO0B MCCIEAOBAHUM, YTO MPUBOAMT, K
HEYMNOPSAJOYCHHOCTH TEPMHUHOJOTMM M JIeJlaeT JaHHYl  1Ipodsemy
akmyanvrHou u npuopumemnuotl. Llenv ucciredosanuii: pazpadoTaTh HOBYIO
dbopMy MmojaYM TEPMUHOJIOTHH JUIsl JABUHOBEACHUS. 3adauu JadbHEHIIETro
pa3BUTHUSA JAaBUHOBEICHUS (BeneHue JABUHHOTO Kazacrpa,
KapTorpaupoBaHue JIaBUH) TpeOYyIOT TOIMOJHEHUsI CJIOBAapHOTO 3amaca
JaBUHHOW TEPMHUHOJIOTUH Ha 0a3e CyIIECTBYIOIIMNX PYCCKON U aHTJIOSA3BIYHOMN
TepMuHOJIOTHYecKUX cructeM (Kroib,2000).

Crpykrypa cnpaBouyHHKa—caoBapsi. CIpaBOYHHK-CIOBAph PA3ACIEH
Ha 3 OCHOBHBIX 0JIOKa Ha OCHOBE pa3paboTaHHOU aBTOpoM Kitaccudukanuu
naBuHHBIX (GopM penbeda (Kronb, 2003, 2004a). Kaxaprii 6J10k COCTOUT M3:
1 )uactu oOmei knaccudukanuu (Hanpumep, kiaccudukamus Gopm penbeda,
oOpa3zyronux JiaBuHb); 2) TepMUHOB (31ech ux S). Kaxnpii TepmuH
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npeactaBieH  (OTOCHUMKOM U ONUCaHueM K Hemy. TepmuH paércs B
UCTOPUYECKOM pa3BUTUU. [IpuUBOASTCS NpU HAIMYUM CHHOHMMBI JTAHHOTO
tepmuHa. Kpome TOro marorcs HMEIOUMecs KIACCU(PUKALMU KaXAoro
TepMUHA (Hampumep, KiaccuuKkaius JaBUHHBIX 04aroB).

Bbaok 1. @opmbl penbeda npupoaHbie, 00pasyoime JaBuHbl (puc.l).

[Ipumedanue: *- MOMOTHUTEIHHO PHUBOIUTCS KIACCUPHUKAIAI TEPMHUHA.

Pucynok 1. ®opmbl peabeda npupoaHbie, 00pasymoiiye JaBUHbI.

B Onoke 1 mpuBeneHbl TEPMUHBI, XapaKTEPU3YIOIIHUE AJIEMEHTAPHBIE
CAVHMIIBI JIABUHHOTO penbeda - JIABUHOCOOPHI CKJIOHOBBIX M JIOTKOBBIX
JIABUH.

OcHoeHble mepMunbl: JTABUHOCOOD, JIABUHHBIN OoYar, JaBUHHOE PYyCJIo,
KOHYC BBIHOCA JIaBUHBI. JIOMOJHUTENBLHO TIPUBOJATCS KJacCU(pUKAIIUU
JAaBUHOCOOPOB CKJIOHOBBIX JIaBUH U JIABUHOCOOPOB JIOTKOBBIX JIABHH,
CJIO’KHBIX U TIPOCTHIX, a TAKXKE JJABUHHBIX 0aCCEMHOB.

Ilpumep pacuugpoexku mepmuna. Tepmun «1a6unHbLL 04aA).

Hcmopuueckaa cnpaska. TepMuH «naBUHHBIA ouar» BBegeH C.M.
MSrKOBBIM KM O3HAadaJl «y4aCTOK CKJIOHA W €ro MHOJHOXMWS;, B Ipeaeax
KOTOPOTO  JIaBUHBI  BO3HUKAKOT, JBWXKYTCSI W  OCTAHABJIMBAIOTCS»
(Kr015,20046). ¥V B.II. bnarosemeHckoro oH BKIFOYaeT B €0 TOJIBKO 30HY
nBUKeHUs naBuHbl. M.Y. 3anuxaHoB B IaHHOM clly4ae NMPUMEHSET TEPMUH
«JIaBUHHBIN armapatr». Jnsg crermuduyueckux JaBUHHBIX (popMm penbeda,
['.K. TymuHckuM BBeIeH TEPMHH «JIABUHOCOOP», KOTOPBINA 03HA4al (hOPMBI
penbeda, Tae 3apoxaaeTcsa JaBuHa. [Ipu cocraBieHuu [ ISIiuoa0rn4eckoro
CII0OBaps B COOTBETCTBHU C MEXKIYHAPOJAHOW TEPMHUHOJIOTHEN YIOPAIOUYEHO
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NpUMEHEHHEe MaHHBIX TEPMHUHOB. JIaBHHHBI o4Yar 00O3HAaYaeT BEPXHIOKO
4acTh JIJABUHOCOOpA, a TaBUHOCOOp BECh MYTh JABUHBI OT 00pa3oBaHUs 0
octaHoBKkH. [Ipuuem naBUHOCOOp XapakTepusyeT o0bIdHO (popmy penbeda,
1€ CXOJIST JIOTKOBBIE JIABUHBI.

Ilepsonauanvuas mpakmoska mepMuHa: «ydacTOK CKIOHa U €ro
MOJAHOXMS, B TMpeaeliax KOTOPOTrO JIABUHBI BO3HUKAIOT, NBUXKYTCS U
OCTaHAaBJIMBAIOTCS

CuHOHUMbI: TABUHHBIN arnapar

OxoHuamenvHas mpakmoeKka mepmuna. «y4acToOK CKJIOHA, B IIpeaenax
KOTOPOTO JIaBUHBI BO3HUKAIOT....». COOTBETCTBYET NEPBOHAYAIBLHOMY
3HAYCHUIO TEPMHUHA «JTABUHOCOOPY.

Tepmunvl «1aBUHHDBLU 04a2 =—2 «1ABUHOCOOP»(U3MEHEHHE TTIOHSITUI )

TepMUH «JTaBUHHBINA 0Yar» 3aMEHEH HA TEPMHH «JIAaBUHOCOODY.

Tepmun «nasunoc6op» - OCHOBHOW TepMHH [JIsi 0O0O3HAYEHUS
DJIEMEHTAPHOU €MHUIIBI penibeda TaBHHOOOpa30BaHMUs.

B Tabnuie maHel 5 TEPMUHOJOTHYECKUX CHUCTEM I 00O3HAYEHUS
COCTaBHBIX dYacTedl IJlaBHHOCOOpa: dYeThIpe - PYCCKOS3bIYHBIC, OJIHA -
WHOS3bIYHAS (TI0 OTHOIICHHUIO K CHOCUMOMY CHETY).

Taoaumna 1.
TepMuHOTOTHYECKHE CUCTEMBI, XapaKTePU3YIOIINE JaBUHOCOOP.

PyCCKOHSBI‘-IHLIC TCPMHUHBI Hnos3p19HBIC
TEPMUHBI

No OO6pazHble ca0Ba OO0weynoTpeOHuTeNbHbIE CIIOBA

Ilo pacnomnoxe- T
0 OTHOILEHHIO K
HMIO Ha CKJIOHE | ITo hopmam penbeda I1o OTHOIIEHUIO K CHOCUMOMY CHETY
CXOJly JIABUH

30Ha oOpa3oBaHUs

. 30Ha HAKOILJICHHS
JlaBUHHBIN ouar (cMHOHUM 3apOXK-

Bepxusis yactb

JnaBUHOCOOpa JIABUHHOT'O CHETa
JICHUS) JTABUHBI
> CpenHsis 4acTh JIaBHMHHBIN TOTOK 3oHa aBMWKeHHUSl | 30Ha mepeHoca | 30Ha TpaH3UTa
’ JaBuHOCOOpA (CMHOHUM pYCIIO) JIAaBUHBI JTABUHHOTO CHETa [TaBUHHOTO CHETa|
30Ha aKKyMYy-
Hwxusis qactsb Konyc* BerHOCA 30Ha OCTAaHOBKH | 30HA OTJIOKECHUS yMy
3. JISIIAA JIABUH-
JaBUHOCOOpA JIABUHBI JIABHHBI JIABUHHOTO CHETra

HOro CHEra

JlaBuHHBIE HOPMBI

KirtoueBoii | JlaBuHOAKTUBHBIH | penbeda: 1,2 — naBu-
TEPMUH CKIIOH HOOOpazytomue; 3 -

JTaBUHOOOpa3yeMbie

JlaBuHa JIaBMHHBIN CHET

[Ipumeuanus: * BBeJCHBI IOMOJHUTEIbHBIE TEPMHUHBI (JITABUHOAKTHBHBIN CKJIOH, JJABUHOOOpa3yIoIine
(dopmsl penbeda, 1aBUHOOOpasyemble GOpMbI pesibeda, TaBUHHBIN CHET).
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Baok 2. @opmbl pesabeda npupoaHbie, 00padyeMble JJaBUHAMHU (PHUC. 2).

B 610ke 2 mpuBeneHBl TEPMUHBI, XapakTepusyromue GopMbl penbeda,
BO3HUKAIOIIKE MOCII€ CXO/Ia JIABUH: a) IOCTOSIHHBIE U3 JJABUHHOTO Mycopa; 0)
BPEMEHHBIE U3 JAaBUHHOTO CHETa.

®Dopmel perbeda MpUPOIHEIE, 00pa3yeMble TaBUHAMU

MMOCTOSTHHBIC U3 BPEMCHHEIC U3 JIABHHHOTO CHETa,
JIABHHHOTO Mycopa 00pa3yroIue CHeXHBIC CEITU U
MaBOJIKH
JlaBuHHBIC Tla e Ba 6 *
MBI BBIOU- BUHHBIC BAJIBI, OYTPBL, JlaBUHHEIC CHe)KHHKH:‘<
ars 000613}{516 IPAIBI,ICEBIO- MOCTHI, 3ATYIB,
OKgBLIe MOPEHBI, IO THHBL
nuiei bl OchInaHus
v v
HuBanbno-
OpO3UOHHO- AKKyMYJISATUBHEBIE
AKKyMYJISITHBHBIC
HHUBAJIbHbBIE JIAaBHHHBIC (POPMBI
JIAaBHHHBIC (POPMBI
JIaBUHHBIE penbeda
(dopmsI

HpI/IMe‘laHI/IeZ *. JAONOJIHUTCIIbHO IMTPUBOJAUTCA KHaCCI/I(IJI/IKaHI/IH TCPMHUHA.

Pucynok 2. ®opmbl pesabeda npupoaHbie, 00pasyeMblie JAaBUHAMM.

OcHogenvle mepmunbl:

-nocmosinHvle (JABUHHBIE SMbl BBIOMBAHMS, BaJibl, OYIpbl, OCOBHBIE
Ipsi/Ibl, TICEBI000KOBBIE MOPEHBI );

-8pemenHble (TaBUHHbIE CHEKHUKH, MOCTBHI, 3aPy/bl, INIOTUHBI).
baok 3. DopMbI peabeda, NPUPOJTHO-AHTPONOreHHEIE,
npeaynpexaamlimmue W KOHTPOJUPYIIHE JIABHHbI, a  TaKKe
3alMINAK0LINE OT JIABUH (puc.3).

HpI/IMe‘IaHI/IeZ * JAOTIOJIHUTCIIBHO MPUBOAUTCA KﬂaCCI/I(I)I/IKaHI/IH TCPMHUHA.

Pucynok 3. ®opmsl pesibeda, NpHpPoOIHO-aHTPONOTeHHbIE, PeayNpe:KIaomme 1
KOHTPOJIMPYIOLIME JIaBHHBI, 4 TAK/KE 3AIIHIIAOIIME OT JIaBHH.
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B Onoxke 3 mpuBeneHbl TEPMHUHBI,  XapakTepu3ylolue:  a)
TpaHcpopMaIMIO TPUPOTHON Ccpeabl TOoj BIUSHUEM JiaBuH; 0) (opMbl
penbeda,  BO3HUKAIOUIME  NpPU  MPOBEACHUM  NMPOPUIAKTUYECKHUX,
KOHTPOJIMPYIOIIMUX U 3aLIUTHBIX MEPONPUATHUSIX.

OcHogHble mepmunbl:

- npupoonas cpeoa, usMeHEéHHas JnasuHamu (JaBUHHBIE JaHmmAdT,
PaCTUTENBHOCTD, TTOYBBI, TPUPOIHBINA JTABUHHBINH KOMILIEKC);

- HXO 6 30ne Oeticmesus nagun (JIMHEWHBIE U MIIOMIATHBIE);

- 3awuwarowue om aasun (MHXKEHEPHBIC, TPOTUBOJABUHHBIE COOPYKECHHS,
IIUTHI, KOJbTKAaenu, CTeHBbI, OaMOBbI, JaBUHOPE3bl H T.J., a TaKXKe
JIECOMEIIMOPATUBHBIE, MPOTHUBOJIABUHHBIE 3aIUTHBIC TIOJIOCHI,
KOHTPOJUPYIOIINE JTABUHBI;

- KOHmpoaupyiowue u pezyiupyrowue Jnagunvl (TpaHchopMalus WIH
HapyIIEHHOCTH peibeda).

BbiBoabl. B psme orpacieil TEpPMUHOJIOTMYECKUN 3amac MPAKTUYECKU
chopMHUpPOBaH, YTO HEJb3sl CKa3aTh O JaBUHOBeAeHUU. B Hacrosiiee Bpems
JABUHOBEJEHUE, KaK COCTaBHas YacTh TIJISIUOJIOTHH, HAXOAMUTCS Ha
NepexXoqHOM JTare, IMpeBpallasch M3 OmHcaTelIbHOM HAayku B TouHyro. Ha
ATOM 3Tare TEPMHUHOJOTHS OTINYACTCS HEKOTOPOW HEYCTOWYMBOCTBIO, UTO
MopoXkAaeT psia mpoodsem. Jis nHbOpMATMOHHO-TIOUCKOBBIX cucTeM B XXI
BEKE HYXKHBI CJIOBapy HETPATUIMOHHOTO THWIIA, T/I€ TIOHSITHS HAXOMISTCS B
3aJlaHHBIX, YETKO CTPYKTYPUPOBAHHBIX OTHOIIEHUSX. B 3TOM Ha3pena
HEO0OXOMMOCTh, TaK KaK B ATOW OTPACIX HAKOIUJICH OOMIMPHBINA M TIOBOJHHO
Pa3HOIUIAHOBBIM HAyYHBIM MaTepUall, HYKJAOUIUMKACSI B CUCTEMAaTU3alHUU U
yHUDUKAIIH.
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JJABUHOOITACHOCTHh MATUCTPAJIBHBIX TPACC
BOCTOYHOM CUBUPU

Jlanepaun B.K.

Nucturyt 3emuoit kopel CO PAH, UpkyTtck, Poccust

AnHoranusa. B JAoKJIaae MpeACTaBJICHBI OCHOBOIIOJAraromiue (baKTOpI)I (bOpMIdeBaHI/ISI n cxoga
JIaBUH, XapaKTCPHbIX JJIs Bocrounoii CI/I6I/IpI/I, B MECTax pacroJIOKCHUA MaruCTpajbHbIX TPACC - JKEJIC3HasA U
mocceitnas JA0poTH, He(l)Te - W ra301IpOBOJbI, JIMHUU JJICKTPOIICPEAaYn U CBA3U, Tpe6y}0111ne MPpUMCHCHUA
MepOHpPIS[TP[fI, HallpaBJICHHbIX Ha KOHTpOJ'II/IpyeMHﬁ CITYCK JIaBUH HUJIX BO3BCACHUA 3allIUTHBIX coopymeHnﬁ.

KiroueBble c10Ba: CHEXKHEIE JIaBUHBbI, CCJIU, OTACHOCTb, PUCK.

AVALANCHE RISK OF INFRASTRUCTURES IN EASTERN
SIBERIA

V.K. Laperdin

Institute of the Earth’s Crust Siberian Branch RAS, Irkutsk, Russia

Abstract. The paper presents basic factors related to the development and descent of avalanches
characteristic for Eastern Siberia near important infrastructures such as railroads, highways, oil and gas
pipelines and power and communications lines as well as measures aimed at artificially triggering avalanches
or protecting against avalanches .

Key words: avalanches, mudflows, danger, risk.

BBeaenue.

MaructpanbHble Tpacchl, IEPECEKass TOpPHBbIE palloHbl BocTouHOM
Cubupu, mnpoXOoAST B OTHOCUTENBHO CIOXHBIX KIMMAaTUYECKUX U
MOP(}OIOrHUECKUX YCIOBHSIX, ONMPEAEISIONNX (PopMUpOBaHUE PA3TUUHBIX IO
cocTaBy U o00BeMy CHEXHBIX JaBUH. Bo wu3bexanue aedopmaiuu
MarucTpajieidl W COMYTCTBYIOIUX MM OOBEKTOB HEOOXoAmMma pa3padoTKa U
MPUMEHEHUE 3aIIUTHBIX MEPOTIPUSITUH.

Ha Teppuropun Boctounoit Cubupwu, 1mno cocraBy KOHYCHI JIJABUH MOTYT
ObITh CHEXXHBIMHU, CHEra - TPYHTOBBIMU, CHETa - JPEBECHBIMH M CHETra —
TPYHTOBO-JIpEBECHBIMU (PUCYHOK 1, a, 0). CocTaB JIaBUH 3aBUCUT OT YaCTOTHI
cxo/a naBuH. Kpymnbie mo oGbemy nasunbl (500 Thic. M’ 1 Gojiee) CO3Iai0T
yciioBusl i (hOPMUPOBAHMS CEJe 3a CUET MPOpPbIBA CHEXKHBIX, CHera-
JPEBECHBIX, CHETra-KaMEHHBIX WJIM CHEra-IpeBeCHO-KaMEHHbIX IUIOTHH
(AnekceeB u ap., 1971; Jlanepaun, Tpxuunckuii, 1977, Jlanepaun, Kauypa,
20010).

83



Paszoen VIII. Oyenka 1asunnoil onacHocmu u 3aujuma om iasuH.
Section VIII. Avalanche danger rating; avalanche protection.

A b

PucyHok 1. A - ocTaTKn KOHyca BBIHOCA CHErO—TPYHTOBOM JIABUHBI, XP. BocTo4HbIe
Casnbl, 1975 1.5 b - ocTaTKkn KOHYca BBIHOCA CHEr0—IpeBeCHOM JJaBUHbI, Xp. XamMap-
Hab6an, 2016 r.

JlaBunbl o BAMy npeacTaBisitoT yrpo3y B JI0JMHAaX pek Xanu, Yapsl,
Cronw0ana, Anrapakana, ['oymkekuta, Kynepmel. Ha TpanccuOe saBuHBI
UMEIOT MeCTO Ha Xp. Xamap-/labaH, mpeacTaBisisi Yrpo3y TypHUCTaM.
Hanpumep, npu BOCXOXJI€HUM Ha MUK YepcKoro, Ha y3KOM IIepelIeiKe, C
KO3BIPbKOM CHEra copBajach JAEBYIIKA, TEJIO0 KOTOPOM HALUIM CIYCTS ABE
HeJenu (PUCYHOK 2).

PucyHnok 2. A - nuk Yepckoro u Kap - MeCTo Ha4yaJjia cxoj4a JaBHHbI. b — CHe:KHbIe
KapHU3bl, KO3bIPbKHU - IPU3HAK PUCKA CX0/]1a JaBUH, a UX 001JIMe U 00beMbl —
MOKAa3aTeJib OlleHKH YPOBHS 0NacHOCTH (D010 A. ApXaHreJbCKOro, Xp. Xamap-
Ha6an, 2015).

OcHoBomnoJsarapuue (paxkropsl (pOPMHUPOBAHUA M CXO01A JABHH.

Penved. Toppr Boctounoit Cubupum UMEIOT BBICOKYIO CTENEHb
PaCUYJICHEHHOCTH penbeda; KpYTU3HY CKJIOHOB; 3HAYUTENIbHBIC
oTHOocuTeNbHbIEe mpeBbimieHUs. [lo MHenuto Tymmnckoro [LK. [1964]
nepemnaj BeIcOT B npenenax 500 M moctarodeH uisi pOPMUPOBAHUSA U CXOJa
JABUH DPa3pyLUUTEIILHON CUibl. BelnunHa OTHOCHUTENIBHOIO IIPEBBILICHUS B
JJABUHOOIIACHBIX JOJIMHAX pek cocTtasisieT: Kynepma — 565 M, ['oymxekur —
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507 m (baitkanbckuii xp.), AHrapakan — 530 M (CeBepo-Myiickuii xp.), pydeit
Hamua — 500 m (FOxxHO-Myitickuii xp.), Hamunra — 560 M (xp. YaokaHn),
Cmroasiaka — okoiio 500 m (xp. Xamap-/laban). Jlis cpaBHeHust - B XuOWHAX -
427 m, na KaBkaze — 600 M, B cpenneit Azuu — 6onee 600 M, Ha AnTae u B
Boctounpix CasHax — 550 M, ma Caxamune B - 500 M. [lns Caxanuna
XapaKTepHbl CHEXHbIE OMNOJ3HU-OCOBBI, OOpa3ylolIecss Ha CKJIOHax C
neperagaMu BHICOT 5-50 M, 06EMOM OT MepBBIX JecATKOB 10 1000 M.

Cunontuueckue ycinoBus. B ropax Bocrounoit Cubupu BbIagaer ot
300 go 700 MM cHera, 4TO COOTBETCTBYET 45—65 % T0oq0BOro KOJIMYECTBA
ocankoB. CHeromaabl C CyTOYHOW cymMMo# ocamkoB 10 MM u Oonee, B
YCIOBUSIX CHUJIBHBIX BETPOB B JIAaBUHOCOOpAaxX 3a KOPOTKUA TEpPUOJ
KOHLEHTPUPYIOT JOCTATOYHO CHEra JiJis cXxoja JiaBUH. B nmaBuHOCOOpax, B
nuanasone BbicoT 1700-2300 M, MOLTHOCTH CHera KoJiebsercs B npeaenax 1-2
M. OgHaKo, UMEIOTCA TEPPUTOPHUH, IJI€ MOIIHOCTh CHEra J0CTUraer 6 M, a B
OTHENbHbIE TOABl - 7 M W Oojee, Hampumep, Ha JlaBaHCKOM mepeBajie
baitkanbckoro xpe0rta. bnaromapsi cxony ynaBun nmo bBAMy pycia nmpuTOKOB
pek Anrapakan, Cronb0an, ['oymxexkur, Kynepma n XaHu nepekpbIBalOTCS
CHEra-JIpeBeCHO-KaMEHHbIMH, a TMOpOM  JIeI0BO-IPEBECHO-KAMEHHBIMU
IJIOTUHAMH, BBIIIE KOTOPHIX BECHOW (hOPMHUPYIOTCS TOANPYAHBIE BPEMEHHBIC
03€pa, IPOPHIBbI KOTOPHIX COMPOBOKIAAIOTCS 00pa30BaHUEM CEJIEH.

OHJOTeHHbIE  NpeAnoChUIKM.  CEeMCMOTEKTOHMYECKHE  HapyLICHUs
CO3JAI0T YCJIOBUS JJIA Pa3BUTHS 3PO3UOHHO-KOPPA3UOHHBIX PYyCEIl - 04aroB
dbopmupoBanus naBuH (puc. 3).

Pucynok 3. JlaBunocoop, chopMUPOBAHHBIN MO CEHCMOTEKTOHUYECKOMY
HapymeHuio. Ha nepeanem miaHe KOHYC BHIHOCA CHEra - KAMEHHBIX JIABHH U
BpPeMEHHOr0 Bo0TOKA, (CeBepo-Myiickuii xpedet, 2005).

3emieTpsicenusi, cuiaoi 5 6amioB u Beiie (1o mkaie MSK-64), B oqHux
CIIydasix SIBIISIFOTCS MPUYMHOM CXO0J/1a JIaBWH, a B IPYTHUX - 3apoxacHus. [Ipu
o0cCJeOBaHUN  ANUIICHTPATBHONH  30HBI ~ YOSHCKOTO  CEeMHOATbHOTO
semierpscenust (02.11.1976 r) ormedeHo, 4TO H3-3a Majoro KOJIMYECTBa
CHeTa B DOIHUIEHTPE HE HaOMIOJanNcs CXOJl CHEXHBIX JaBuH. Ho, B
JaBUHOCOOPHI ObLT cOpolieH OOJOMOYHBIM Marepuain, otdero 30—40-
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CAaHTUMETPOBAs CHEXKHAsl TOJIA OKa3ajlaCh «HAIIMMIOBaHa» OO0JIOMKaMu
nopoAd. 3UMOM 3TO MPUBENIO K «HEOOBIYHOW» MEPEKPUCTATUIN3AIMU CHETa, a
BECHOM DPBIXJI000JOMOYHBIM MaTepuaj CTajl JIOMOJIHUTEILHON HAarpy3kou u
okazai 3¢ (dEeKT HepaBHOMEPHOTO cHeroTasHus. B pesynbrarte, BecHoit 1977 r.
MIPU a’POBU3YATbHBIX HAOJIOACHUSX OTMEYEHO, YTO SMUIICHTpalIbHAs 4acTh
3emiieTpsiceHus B paanyce 40 KM BbIJIETSAIACh MOBBIIIEHHONW KOHIIEHTpauen
KOHYCOB JIaBUH M HX TEMHO-CephiM IBeToM u3-3a 20 % (B cpegHem)
pUMecel phIXJIO00JIOMOYHOTO MaTepHalia B CHEXKHOM Macce.

[TonbITKa yCTAaHOBUTH 3aBUCHMOCTH CXOJa JIABUH OT 3€MJICTPSCEHUI
MpoOBEJICHAa HaMM Ha OIBITHOM IuIomanake, Ha Bbicore 1600 M CeBepo-
Myiickoro xpe6ta. HccienoBanust mpoBOAMIIUCH cO 2 anpenis o 15 mast 1977
I B COOTBETCTBUM C «PyKOBOJACTBOM MO CHEroJIJABUHHBIM paboTam», MpHU
HaJU4YuU TPUOOPOB sl cOOpa CUHONTUYECKUX U CEUCMUYECKUX JaHHBIX. 3a
BpeMsi HaOJIOJCHUN 00BhEeM camMoOil KPYIHOW JIOTKOBOM JIaBUHBI W3 CIAOBIX
CHEXHBIX JOCOK, cocTaBmia 15000 m°. JIaBuHa coupta 22 ampeis Ha JIEBOM
CEBEPO-BOCTOYHOM OOPTY JOJIUHBI p. AHrapakaH, B BOPOHKE, IJIOMIAIbI0 7 Ta.
CpenHss KpyTU3Ha CKJIOHA odYara JaBMHBI 31°, mmpuna notka 50 M, JumHa
MyTH cXoj1a JJaBuHbI 450 M, aOCoJIFOTHAs BhICOTA MecTa OTpbiBa cHera 1710 m,
CpeAHsis TOJIIIA COILIEIIIEro CHeKHOro ciost 70 cM, MmakcuMmanbHas — 150 cm.
C 1 mo 15 mas mpou3oIesn MacCoOBbIM CXO/ aBEKIITMOHHBIX JIABUH, 00bEMOM
(80130 ™). 3a mepmon HaGmONeHMIT 3apUKCHPOBAHO 32 Ccllyuas JABHH,
KOTOpBIE Yallle cXoauiau Mexnay 12 u 15 yacamu, Tak Kak K 3TOMYy BPEMEHH
OTTaMBAET CMEP3IIMICA 32 HOUb BEPXHUU CJIOM cHera. B mrore, cBA3aTh €X01
JABUH C 3€MIIETPSICEHUSAMM HE yAanoch. Tak Kak 3a Nepuoj] HaOIOACHUN
TOJIYKH JI0 IBYX OQJIJIOB, CXO/a JJABUH HE BBI3BAJIH.

Hauunas c¢ 1725 r. (mocme 10-12- 6amnbHoro Bemukoro BocTtouHo-
Cubupckoro 3emiieTpsiceHusi) s 30HbI balikanbckoro pudrta umMeercs
Katajior  CcuwibHbIX  3emierpsicenuit  (Cosionenko, 1981). W3 82
3a()UKCUPOBAHHBIX B KaTaJloTe€ CIIy4yaeB 3eMJICTPSICEHUM 53 mpuxomarcs Ha
JJABUHOONIACHBIM  mepuon. Hampumep, B  palioHE  MECTOPOXKICHUSA
Momnogexunoro B OacceitHe pyubs [amun (FOxno-Myiickuii xp.) oObeMbl
naBuH coctaBisma 120 — 120000 m° (Kupuuenko u ap. 1978). 3mech BO
BpEMsI CHJIBHOTO 3EMJIETPSICEHUS] BO3MOXKEH CXOJ B mpenenax 50 naBuH,
CIOCOOHBIX MOPa3uTh 0koJI0 60 % momanu 6acceitna (Jlanepaun, 1984).

3aBUCUMOCTh cxola U 00BEMOB JIaBUH OT BpeMeHU roja. Cxoj JlaBUH
MPOUCXOJIUT B Mpeiesiax BOCbMHU MECAIIEB, C HAPACTAHUEM C OCEHHU K BECHE B
obbeMax u konudecTBe ciydaeB. OnHako, ObLT 3a)UKCUPOBAH CXOJ] MOKPOTO
cHera 7—8 centsiops 1979 r, oobemom 10 30 000 M’ Ha Komapckom xpe6re; B
nentpanbHoi yactu Boctounbix Casn 1617 centsabps 1982 r. Ilo mepe
JNBH)KCHUS JIABUHBI M3 CHEra — KaMEHHOM MaccChl, IPEBPATHINCH B
BOJOKaMEHHbIE CeNM, O0O0JIaJarolue >3pOAUPYIONIEH CIIOCOOHOCThIO Ha
MOPSAOK BBIIIE JIABUH, CXOISIIIMX 3UMOW M paHHEN BECHOW. Takue JaBUHBI
OTYACTH MOXKHO CpaBHUTH C OTpbIBOM 20 ceHtsiops 2002 r npaa JieaHHUKA
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Konka na KaBkaze, KOTOpbId IO Mepe ABWXKEHUS MO ['eHalJoHCKOMY
yILIENbI0, 000TaTUBIIUCH OTIOKEHUSIMU p. ['eHanaoH, chopMupoBa Jieg0Bo-
BOJIHO-KaMeHHBIH cenb (Uepnomopertr, 2005).

Hanbonee nmaBuHOOMmacHsIM mepuogoM Ha xpeOrax Komap, Ceepo- u
IOxxHo-Myiickoro, Yaokan, Xamap-llaban, Boctounble CasiHbl sBIsICTCS
KOHEI[ MapTa — IepBasi MOJIOBUHA UIOHS, XOTS HE HCKIIOYEHA BEPOSITHOCTH
cxoja JaBuH Tmo3ke. CXom KpYMHBIX MO 00BeMy JIaBUH (UKCHPYETCS
KOJIMYECTBOM OOJIOMOYHOTO MaTepuaia M JpeBecHbIX 0010MKOB. OmHON U3
pa3pymuTenbHbIX JaBuH g Bocrounoit Cubupwm, crana jiaBuHa, 00bEeMOM
500 TeIc. M°,comesmas B 1985 . ¢ Gopra mommusl p. Kysepms! (Baiikansckuii
xpebeT), TOBPEIUB JKEIE3HOJOPOKHBIM IyTh, JHHHUIO DJEKTPOIEpEIadH,
aBTOMOOUIIbHYIO Jopory. CoriiacHO BO3pacTy JIEPEBbEB, CXO/ JIABUH 37I€Ch HE
Ha0monanca O6onee 400 mer. IlomoOHBIE, MO BO3pacTy JEpPEBHEB, JaBUHBI
otmeueHsl [Ipeodpaxenckum B.C. (1960), B Komapckom xpebte, a B 1966 T.
A.A. Kynpuuukuii HaOmogan B xpedte AkuTkaH, B Boctounsix CasHax
BO3PACT CHECEHHBIX CTBOJIOB cocTaBuia 350 er.

OuyeBuHA HEOOXOJAMMOCTh MPOBOJUTH HAONIOACHUS 3a PEKUMOM
HAKOTUICHUS CHEra U OCYIECTBICHUS MPOPUIAKTUIECKUX CITYCKOB JIABHH.

3akioueHue.

[IpencraBieHHBIN aHan3 OCHOBOIIOJIAraroumx ¢dhakTOpOB
dbopMupoBaHUs JIABUH MOXET OBITh 0a30i IS JajdbHEHIEro H3y4YeHHS
Pa3IMYHBIX 10 COJIEPKAHUIO CMeIarmuxca Mace cHera. [Ipu aTom octaercs
Majl0 H3yYCHHOM, HO HEOOXOJWMOW /IS IIPOTrHO3a JIaBUH, JUHAMHKA
MEePEKPUCTALTN3AIMU CHETA.

- 3MMOM W paHHEW BECHOM OOJIBLIIMHCTBO JIaBUH (OPMUPYETCS U3 CHETa,
0e3 o0coObIX mpuMeced, YTO OOYCIOBIEHO XapakTEpPOM MOJCTUIIAOLIEH
MOBEPXHOCTH, COCTOSIIIIEH U3 CTApOTO MJIOTHO CJICKABIIETOCS CHETA;

- B KOHIIE amnpelisi — Mae CO3Jal0TCs YCIOBUS JJIsl CXO0Jla MOKPOTO CHeEra,
KOTOPBIM 1O Mepe JABMIXKEHHUS, HACBHIIAsCh JAUCHEPCHBIM TPYHTOM U
o0JIoMKaMu  JIp€BECHHBI,  MpeBpaliaeTcs B ceau,  00Jajaronme
Pa3pyLINUTEIBHONU CHIION;

- B HosOpe—MapTe oOpasyeTcsi psii TMepEeKPUCTAUIM30BAHHBIX CIIOEB,
YBEJIMYMUBAIONIUX JIABUHHYIO OIMACHOCTh, a TOJYKOM K€ JUIsl CXOja JIaBUH
ciyKaT OOpYIIeHUS CHEXHBIX KAapHU30B M KO3BIPHKOB, a WX OOWUIUE U
00BEMBI TOJATBEPKAAIOT 3HAYUTEIBHYIO pOJb MeTesed B (OopMUpPOBaAHUU
JIaBUH;

- JIaBUHBI, TOBTOPAEMOCTHIO pa3 B 50 JeT u pexe UMEIT OoJbllne
00BEMBI U Pa3PYIIUTEIBHYIO CHJIY, a BpeMsl WX CXO0/la HEmpeacKazyemMo Hu
TOJIBKO OJlaromapsi JEHAPOXPOHOJIOTHH M OYPEHUI0 MOYKHO OIPEIEIUTh HX
MOBTOPSIEMOCTb.

Nzyuenune yciosuit popmupoBanus naBuH B Boctounoit Cubupu u Ha
Jansaem BocToke myTem cpaBHEHUS MO3BOJIAET OLEHUTh YPOBEHB JIABUHHOM
OMAaCHOCTH Ha JAaHHBIX TEPPUTOPUSIX.
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OPT'AHU3ALIUA TPOTUBOJIABUHHOM 3AIIUTHI _
HA CAXAJIMHCKOM PEI'MOHE JJAJIBHEBOCTOYHOHU
KEJIE3BHOU 1OPOI'N

Yeoorapés C.U., [TapmykoBa O.B., Aaryxos A.B.,
by A.b., Jloxkomoes B.B.

®umuan OAO «Poccuiickue xene3nbie 1oporu», LlenTpanbHas Aupexuus
uHMpacTpyKTypsl, JlanpbHEeBOCTOUHAS JUPEKIU HHPPACTPYKTYPHI,
[leHTp TMarHOCTHKY U MOHUTOPUHTA YCTPOUCTB HHPPACTPYKTYPHI,
IOxno-Caxanunck, Poccust

AnHotanusi. Paborta mocBsmieHa 0030py IIPOTHUBOJABUHHBIX MEPONPHUATHH, NPUMEHSEMBIX Ha
xKeJe3Hor nopore o. CaxanuH. [IprBeneHb! JaHHbBIE O JJABUHAX, IPUYMHUBINUX yIIepO, B TOM YHCIIE 00bEMbI
3aBaJIOB JKEJIE3HOJIOPOKHOTO TIOJNIOTHA, O MPUMEHIEMBIX Ha 00BEKTax MH(PPACTPYKTYPHI JKEIEe3HOH Aoporu
NPOPUIAKTHUECKUX W HHXCHEPHO-TEXHWYECKUX TPOTHBOJABHHHBIX MEPOIPHUATHIX, CTAaTHUCTHKA 00
WH)KEHEPHOU 3aIINTE JKEJIE3HOTOPOKHOTO Ty TH.

KiwueBble ciioBa: JlaBHHA, [POTHUBOJABHHHBIC COOPYKCHHUs, CHETOJaBUHHAS  CTaHIUS,
CHEroy/Iep>KUBAIOIIHNE COOPYKeHMUs1, 0cTpOoB CaxainH.

AVALANCHE PROTECTION OF THE FAR EASTERN RAILWAY
IN THE SAKHALIN REGION

S.I. Chebotaryov, O.V. Parshukova, A.V. Altukhov,
A.B. Bu, V.V. Lozhkomoev

Branch of Open Joint Stone Company «Russian Railwaysy, Central
Directorate of Infrastructure, Far Eastern Directorate of Infrastructure,
Center of Diagnostics and Monitoring of Infrastructure Devices,
Yuzhno-Sakhalinsk, Russia

Abstract. The paper is dedicated to the review of anti-avalanche measures used for the railway system
on Sakhalin island. Data is provided on destructive avalanches including the volume of damaged railway
track, control and preventive engineering measures for railway infrastructure and statistics about engineering
protection of the railway track.

Key words: avalanche, avalanche protection, avalanche research station, snow-retaining structures,
Sakhalin Island.

Pe3ko pacuneHEHHBIH TOpHBIM penbed, HeOosbImas 3aleCEHHOCTD
CKJIOHOB, XOpOIIO 3aJICPHOBAaHHBIX TPABSIHUCTOM M KYCTapHHKOBOU
PaCTUTENIBHOCTBIO, MHOTOCHEKHAsi 3MMa C HHTEHCUBHBIMM OCAJKaAMU H
AKTUBHBIM METEJIEBBIM CHETOMEPEHOCOM, OTTENENISIMA TPU MPOXOKIACHUU
IIUKJIOHOB, JJINTEIFHOE 3ajieTaHhe CHEXHOTO TIOKpoBa OOYCIIaBIUBAIOT
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3HAQUUTENbHYIO JIABUHHYKO ONACHOCTh HA BOCTOYHOM M 3amajHOM
nobepexpsax octpoBa CaxalliH B MECTaxX MPOXOXKJEHHUS KEIE3HOJAOPOKHBIX
maructpanei. (Mcaenko u n1p.1971, XKupyes u ap. 2010).

[TpoTsKEHHOCTH JTABUHOOMACHBIX Y4acTKOB Ha CaxXalMHCKOM pPErHOHE
JanpHEBOCTOYHOM KENEZHOW JOPOTU COCTABISAET 35,2 KM.

JlaBuHBI, CXOASIIME€ Ha TIOJOTHO JKEJE3HBIX JIOPOT, E€XKEroHO
NPUYHUHSIOT MaTepUaIbHBIA  yIIepO, OOYCIOBICHHBIM HEOOXOIUMOCTHIO
PACUHCTKH KEJIE3HOIOPOKHOTO TOJIOTHA, & TAKXKE MTPOCTOEM TPAHCTIOPTA.

Hampuwmep, 31 nexabpst 2009 rona va 219 km IIK 2 nunun KopcakoB —
Hornuku mnpu pacyucTke >KENe3HOJOPOKHOTO MYTH OT CHEra BO BpeMs
METEJM W3-3a MOMNaJaHusl B JJABUHHBIE OTJIOKEHUS MPOU3OIIET CXOJ C MyTU
CHETOOYMCTHTEIIS M TeIUI0Bo3a. [Ipu mpoBeieHn BOCCTAaHOBUTEIIBHBIX PaboT
connay eni€ aBe JaBuHbL. CyMMapHBIA 00BEM BEIHECEHHOTO JaBUHHOTO CHETa
coctaBuil 6osiee 19 thIic. M3 (puc. 1). M3-3a cI0XHOW METEOPOJOTHUUECKOM
00OCTaHOBKHM, CBSI3AHHOW C  MPOXOXKJACHHEM  TIyOOKOro  IMKJIOHA,
BOCCTAHOBUTEIbHBIE pabOTHI TPOIOKAIHUCH OoJiee 90 yacos.

Pucynok 1. Cxox 10KOMOTHBA M CHETOOYUCTHUTEJISI C Iy TH.

3a mepuox 2011 - 2017 roast 3adukcupoano 304 JaBUHBI CyMMapHbIM
06bEM JIABHHHBIX OTJIOXKeHmit 74025 ™, B TOM ducie 3aBai

YKEJIC3HOJOPOKHOTO MYTH CHEroM coctaBmi 9415 M mporsmkenuem 3147 M.
(Tabu. Nel).
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AHanu3 AaHHBIX 0 comenmux 3a nepuona 2012 - 2017 roaos JiaBuHax
MO3BOJISIET CHENaTh BBIBOJ, YTO Ha TEPPUTOPUU PErHOHA (HOPMHUPYIOTCA
JIaBUHBI BCEX M'€HETUYECKUX THUIIOB, COTJIACHO Kiaccudukauu Jlaboparopuu
JaBUHHBIX U ceneBbix mporeccoB JIBI'U JIBO PAH (Kazakos u nip., 2011):

- JIaBHUHBI HOBOI'0 CHera (CBe)KeBBLINABIIEr0 W METEJIeBOI0),
coctaBisitoT 44% OT 00IIero KOJMYecTBa COIIEAIIMX JIABUH, Yallle APYTUX
JIOCTUTAIOT JKEJIE3HOJAOPOKHOTO MyTH (55% OT KOJIMUECTBA JIaBUH C BBIXOJIOM
Ha 1yTh). OHM HMEIT MAaKCUMAJIbHbIE XapaKTEpUCTHKUA  3aBaja
KEJIE3HOAOPOKHOTO MyTH (59% OT 00bhEMa JTaBUHHBIX OTJIOKEHHUM Ha MyTH H
75% OT HPOTIKEHHOCTH 3aBalla IKEJIE3HOAOPOKHOTO MmyTHu). Moryt
BO3HMKATh B TEUYCHHE Bcero ce3oHa (aekalOpb-ampens). IlpuHocsT
HauOOIBIINHN yIIepO KeIE3HOIOPOKHONU HHPPACTPYKTYPE;

- JIaBHHBI CMENIAHHOTO cHera (NMepPpeKpUCTAIM3ANUN CHEKHOMN
TOJIIM), COCTaBIAOT 37% OT 0OIero KOJMYEeCTBAa COIISANINX JIABHH,
XapaKTepU3yrTCs CIEAYIOMUMH nokazaTessiMu: 24% OT JIaBUH C BBIXOJIOM
Ha TyTh, 15,6% OT 00OBEMa JIaBUHHBIX OTJIOXKEHUN Ha nyTd U 13% ot
NPOTSHKEHHOCTU  3aBaJla  JKEJIE3HONOPOKHOTO IMyTH. MOryT BO3HMKATh B
TE€YEHUE BCEro Ce30Ha (SIHBapb-MapT);

- JIaBHHbI BECEHHEr0 CHerorasitHusi (MHCOJISIMUOHHBIE W
aJIBEKIHOHHBIE), cocTaBsItOT 19% oT 00mero KojuyecTBa COIIEIIINX
JIABUH, XapaKTEpU3YyIOTCAd CIEAYIOIMMH Moka3aremsiMu: 21% oT naBuH C
BBIXOJIOM Ha MyTh, 25,4% OT 00bEMa JaBUHHBIX OTJIOKEHUHN Ha myTu U 12%
OT MPOTSKEHHOCTU 3aBaja YKEJIE3HOJOPOXKHOrO IyTH. MOTyT BO3HHMKATh B
TEYEHHUE BCEro Ce30Ha (SHBApb-MapT).

3ammura WHPPACTPYKTYPHI KEJIE3HOHW TOPOTH OT CHEXHBIX JaBUH Ha
octpoBe CaxalmmH 00ECIeYMBAETCS  KOMIUIGKCOM  TPOTHUBOJABUHHBIX
MEpPONPUSITUNA, KOTOpPhIE MOAPA3ACISIIOTCS Ha NOpoPUIaKTUUEeCKue U
umxeHepHo-texuuyeckue (Kazakos, 2011; Bacunbses u np.,1975).

Kommiekc mpoduiaakTHYecKux MEpONpHSTHI BKIOYaeT B ceOs
HaAOJTFOICHNS, OPTAaHU3AIIMIO MPOTHO3a M OTIOBEIICHHUS, @ TAK)KE MEPOIIPUSITHUS
110 UICKYCCTBEHHOMY PETYyIMPYEeMOMY COPOCY CHEXKHBIX MacC.

HaGntonenuss BBIMOMHSIOT paOOTHUKM AUCTAHIIMM HH(PPACTPYKTYpHI
exxenHeBHO. OHM MPOBOAST BU3YaJbHBI OCMOTP CKJIOHOB Ha IEJIOCTHOCTh
CHEXHOTO TMOKPOBA, HAJIMYME CXOJIOB JIABWH, CHUMAIOT JAHHBIE TOJIIMHBI
CHEXHOTO TOKpOBa IO CHETOMEPHBIM peiiKaM, KOTOpbIe TMepeaaroT
CIeIMAaJIMCTaM CHETOJIaBUHHOM cTaHiuu. [Ipm MpoXoKIeHUU LHMKIOHOB
YCTaHABJIMBAETCA KPYIVIOCYTOYHOE HaOJIOeHHEe 32 JIAaBUHOOMACHBIMU
y4acTKaMH.

CnenuanucTel CHEroJlaBUHHOM CTaHUMM C MOMEHTAa HACTYIUICHUSA
NOTEHIUAIIbBHOW  JIABUHHOW  OMAacHOCTHM  OCYIIECTBISIIOT  TOJIEBBIC
AKCTICTUIIMOHHBIE 00CIIeIOBAHUS JTABUHOOIACHBIX YYaCTKOB, BKIIIOUAIOIINE B
ce0si HATYpHBIM OCMOTp, HAOJIOJCHUS 3a BBICOTOM CHEXHOTO TIOKPOBA,
cTparurpadudeckre paboThl MO MCCICAOBAHUIO CBOWCTB CHEXXHOTO MOKPOBA
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Ha CKJOHE, TECTbl Ha YCTOWYMBOCTb CHEXHOIO IIOKpOBa, aHaIU3
METEOPOJIOTUYECKON U CHErOJJaBUHHOW MH(POPMALUHU C YUYETOM MMEIOIIETOCs
METEOIPOrHO3a U (POPMHUPYIOT TP pa3a B HEJEINIO 3aKIHOUYEHUS O JIABUHHOM
OMACHOCTH € PEKOMEHAALMSIMU JUIsl JUCTAaHLUU UHPPACTPYKTYpPbI, KOTOPBIE
3aKperuieHbl B TEeXHOJIOTMYEeCKOM perjiamMeHTe JAeMCTBUS pPabOTHUKOB
xenezHo — goporn  CaxaJIMHCKOTO — PErMOHa  NPU  HACTYIUICHUH
JABUHOOIIACHOTO Iepuoaa. IIpm IMTOPMOBBIX MNpenynpexACHUAX IpU
HEOOX0AUMOCTH  (YXYAILIECHUE-yTyUYIlIeHHe MOTOAHBIX YCIIOBUM) BBIIACTCS
YTOUHSIOIIEE 3aKII0YEHUE. 3aKIIOUEHUsl MPEIOCTaBISAIOTCS PYKOBOJCTBY H
HOJIpa3esIeHUsIM PETHOHA, CIIY>KObI ITyTH.

HckycctBeHHOEe ~ OOpyIIEHHME  CHEXHBIX ~ MacC  CO  CKJIOHOB
OCYIIECTBIISIETCA METOJOM 3aKJIaJAKH 3apsAOB B3pPbIBUATBIX BEUIECTB, IIPU
oMOIIM MOOUJIbHOM ycTaHOBKH «Daisy Bell» (puc. 2), moape3koi KapHU30B
C IOMOIIBIO TPOCHUKA.

PucyHok 2. AkTHBHBIE Bo3/ieiicTBHs ycTaHOBKOM «Daisy Bell».

st MakcuManbHO A()PEKTUBHOrO pelIeHHs 3a7ad Mo NpouiIaKTHUKe
JaBUHHOM Oe3omacHocTH B CaxallMHCKOM 00JacTH co3jaHa €uHasi cucTeMa
KOOpJIMHALIUKA JEUCTBUA M COBMECTHOE HCIIOJIb30BAaHUE CWJI U CPEACTB
OpraHu3alyii,  3aHUMAIOMIMXCA  NPOTUBOJABUHHOM  0OE€30MAaCHOCTHIO.
AJNTOPUTM COBMECTHOM pabOThl MPHUYACTHBIX OpraHu3alUuil yTBEpP>KIEH 6
nekabpst 2013 roaa pacnopspkenueM KUC u OIlb Caxanunckoit o6mactu Ne
188. B 3umuem cezone 2014-2015 rogoB 3ta cxema onpoOoBaHa Ha 00BEKTaX
UHOPACTPYKTYPHI JKEJE3HOW JOPOTHM M MYHHIIMIAIBHBIX 00pa30BaHMIX
XosmMckoro u HeBenbckoro okpyros.

Komrieke MHXEHEPHO-TEXHUUECKUX MEpPONPUSITHI BKIIOYAeT B ceOs
BO3BE/JICHUE HA JIABUHOOIMACHBIX CKJIOHAX MPOTUBOJIABUHHBIX COOPYKEHUHU.
JIst 3aImMThl  KENE3HOJOPOKHOM WHEMPACTPYKTYphl OT CXOJla JIaBUH B
JTUPEKIIMU  BBITIOJIHSIOTCS  MH)XXCHEPHO-TEXHUYECKHWE  IPOTHUBOJIABUHHBIC
MEPOTPUSATHS TI0 BO3BEJCHUIO KaUTAIbHBIX U BPEMEHHBIX JIABUHO3AIIUTHBIX
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coopykeHuu. IIpOoTKEHHOCTh WHXKEHEPHOM 3amuThl 1o CaxaauHCKOMY
pPETUOHY Ha CETONHAIIHUN JIeHb cocTaBisieT 6619 M, B ToM uncie 5486 M
CHETOYJIep)KHBAIOIIUX 3a00pOB, 78 M CHETOBBIAyBAaWOIIMX MaHene, 530 m
rajgeper, 525 M JaBUHOYJIABIMBAIOIIMX TpaHIIed. Bcero BhIlIeyKa3aHHBIMU
COOPYKEHHUSIMU 3alllMIIEHO OT cxoAa JiaBuH 3477 M KeJIe3HOIOPOKHOTO
MyTH.

Pucynok 3. CHeroyaep:xkuBaruue 3a00pbl Ha 219 km ITK2
JuHuu Kopcakos-Horauku.

[Ipumenenne  NPOPUIAKTUYECKUX W HWHKEHEPHO-TEXHUYCCKUX
MPOTUBOJIABUHHBIX MEPOINPHUATHI TMO3BOJUIO HAa Yy4YacTKaX C WHYKEHEPHOU
NPOTUBOJIABUHHOW 3alUTOM MCKIIOYUTh CXOJ JIABHMH, HA OCTAJIbHBIX
ydacTKax JIaBHHHBIC TIPOIIECCHI JEPKATh MO KOHTPOJIEM, 00ECIIeUYNBAIOIINM
oecniepeboiftHOe U Oe30IacHOe ABMKEHHE M0e3/10B. PaboTa 1o HapamuBaHUIO
00bEMOB MHXKEHEPHOM 3aIllUTHl TMPOJOJDKACTCS B paMKax MOJICpHU3AIUNN
YKEJIE3HOJIOPO’KHOTO IMYyTH IO MpOrpamMme MepeBoja Ha OOIIEPOCCHUCKYIO
KOJICIO.
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GLOBAL WARMING REDUCES THE CONSEQUENCES OF
SLUSHFLOWS

E. Hestnes, S. Bakkehgi, C. Jaedicke

Norwegian Geotechnical Institute, Oslo, Norway

Abstract. Most recentpublicationson natural hazards, if they mention slushflows at all, state that their
impact onmankind will increase. However, milder weather, shorter winters, less snow and rise of the
snowline will mainly shift the potential problemof slushflows (as well as avalanches)away from populated
areas.As the frequency and intensity of debris flows and other types of rapid massmovement in steep terrain
will increase, there will hardly be any migration into their hazard zones. Consequently, global warming
reduces the impactof slushflows and avalanches.

Key words: Global warming, slushflows, consequences, mankind, demography.

Introduction.

Changein global weather patterns causes a shift in the potential of most
natural hazards around the world. Most likely, the frequency and intensity of
natural hazards will increase in some regions and decrease in others. From a
human perspective, the consequences of some hazards will increase, and that
of others will decrease.

When reading reports dealing with consequences of global warming, one
might get the impression that all problems related to rapid mass movement in
steep terrain will increase [1, 2]. However, it is highly debatable whether
increasedcycling between rain and snow, shorter winters and a general rise of
the snowline will increase the impact of avalanches and slushflows on
mankind [3].

Most of the Arctic and parts of the cold continental regions are obviously
subject to more snow and rain in winter, and consequently to a higher
potential of large avalan-ches and more frequent slushflows [4-6].The
frequencyand amount of precipitation may also increase in some mountainous
regions throughout the world. It is, however, unlikely that these changes in
remote areas will exceed the reduction in consequences in more densely
populated areas, even if one takes future migration into account.

Slushflow occurrence.

Slushflows — rapid mass movement of water-saturated snow
—arenormally releasedwhere a critical water pressure is attained in the
snowpack due to rain and/or snowmelt[7-8]. They occur in all countries and
regions with permanent or seasonal snow cover [9].

Slushflows are often is classified as avalanches or debris flows, despite
their obvious differences in release mechanism and flow dynamics. Their
genesis and behaviour is, however, to some extent comparable to that of
debris flows.
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Regions exposed to cyclonic activity during autumn and winter are
particularly prone to slushflows. They are often disregarded in hazard
evaluation with dire conse-quences for both people and infrastructure.

Slushflow releases during spring and summer break-up are especially
frequent in Arctic, cold continental and mountainous regions throughout the
world and some canbecomevery large. Reported consequences of slushflows
from these sparsely popu-lated regions are few, but probably underreported.

The sparsity ofinformation on slushflow occurrences is partly because
the pheno-menon does not have aunique term in national languages [7, 9]. In
the media and the literature, slushflows are oftenmisclassified as wet snow
avalanches, floods, debris flows etc., or described by other names often only
known to the local population.

Slushflows often entrain varying quantities of mineralogical material,
topsoil and trees. The deposits in those casesmay lookdark gray or black in
melting periods. Such eventsare oftenmisclassified as debris flows or earth
slides(fig. 1).Occasionally, events of rapid massmovement involving snow
might even be difficult to classify into a single category at all, when the
flowpattern and the dominant character of the masschanges along the path(fig.
2).

Figure 1. Left: Dirty deposit of slush has reached a housing area far below the
snowline. Right: The vertical cut in the flank of a deposit on a road shows that the
masses consists of wet snow (Photos A. Taurisano, NVE and S H Frakaland, SVV).

Changing consequences to humanity.

Slushflow occurrence and frequency varies widely throughout the world
and changes are already being feltin regions affected by global warming. The
question is how such changes may affect the consequences of slushflows for
humanity. The factors controlling slushflow release, frequency, size and
runout, as well as land-use and migration, are keys to the future
consequences. Experiences from mainland Norway and Norway's Arctic
territories are the basis of our reflections (fig.3).
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Slushflows are always depending on a complex interaction between
geomorphic factors, snowpack properties and the rate and duration of water
supply. Slushflows released due to high cyclonic activity during autumn and
winter, and intense snowmelt during spring break-up, occur seemingly at
random, sometimes concentrated in regions of limited size.

Figure2. Classification of rapid mass movement.

Widespread occurrences of slushflows with extensive impact on human
activity and infrastructure are rare. In southern and northern Norway, such
episodes have occurred only four and three times, respectively,during the last
one hundred years. Only one of these situations occurred due to intense
snowmelt in spring. The otherextraordinary situations occurred when extreme
rainfall in  mid-winter fell on a homo-geneous coarse-grained
snowpackdevelopedover a long period with cold weather and persistent snow
down to sea level [10].

Meteorological statistics from regions affected by cyclonic
activityalready showsa tendency towards more frequent cycling between rain
and snow during the winter season. These oscillations causes more frequent
slushflows of small volumes and limited consequences early in the winter
season, but generally strengthen the winter snowpacks with hard crusts and
icy layers, thereby reducing the number of larger slushflows. The statistics
also indicate that extreme rainfall on homogeneous coarse-grained snowpacks
will become rarer andthereby theirconsequenceswill decrease.

In large parts of the cold continentaland mountainous regions of the
world,the snowline will progressively move to higher elevationdue to rising
temperature, the length of normal winter seasonswill beshorter, and large
parts of these regions will most likely get less snow.Thetree line will creep
uphill and reduce the potential size of starting zones and trackswhere soil
condition is favourable and pasturing negligible. Thegeneral rising of the
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snowline will also reduce the potential runout of slushflows,even though the
starting zones remain the same.

The massive impact of global warming in parts of the Arctic and in some
continental regions have resulted in more snow by now, as well as slushflows
in mid-winter due to heavy rain and snowmelt. This dramatic shift in weather
patterns is expected to continue and to harmhuman activity in these
regions.Fortunately, most of these regions are sparsely populated. However,

the settlement of Longyearbyen in the Norwegian Arctic will be seriously
exposed [4, 6].

Figure 3. Warming of the Arctic is changing continuously.
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Summary.

For the Globe as a whole, there is a clear warming trend, but there
are striking regional variations, with a few areas even showing a slight
cooling, as well as unexpected changes ofthe global weather systems. In
most places, winter temperatures are rising more rapidly than summer
temperatures.

The occurrence of heavy rain-on-snow events during winter will
dramatically increase the potential of slushflows in parts of the Arctic and
cold continental regions, while more snow and strong winds will increase
the size and frequency of avalanches.

Outside these regions shorter winters with less snow and rising
snowlines willreduce the potential consequences of both slushflows and
avalanches.

Thepotential hazardofslushflows and avalanches will shift away from
populated regions.It is unlikely that expansion of settlements and/or
human activity into areas with decreasing hazard will outweigh the hazard
reduction because other types of rapid massmovements will increasein the
same areas. Consequently, global warming altogether reduces the impact
of slushflows and avalanches on humans.
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Paznen IX.

IIpoekTHpOBaHNE U CTPOUTEIHBCTBO B CHEKHBIX
peruoHax. IIpo0sieMbI TOPHOJIBIAKHBIX KYPOPTOB.

Section IX.

Design and construction in snowy regions,
including ski resorts.
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CHET KAK ®AKTOP, OBYCJIABJIMBAIOLIUA
BO3HUKHOBEHUE OMACHBIX ITPUPOJIHBIX MPOLIECCOB,
BJIMSIIOIINX HA ®YHKIIMOHUPOBAHUE TOPHOJIBLIKHBIX
KYPOPTOB, U PUCKH JUISI TEPPUTOPU1 HACEJEHHBIX
MYHKTOB, HAXO/ISIIIMXCS B HEMMOCPE/ICTBEHHO
BJM30CTH OT KYPOPTOB (HA IPUMEPE CTPOUTEJILCTBA
CTK «TOPHBII BO3YX», 0. CAXAJINH)

I'encuoposckuii FO.B., Kazakos H.A.

JlanbHEeBOCTOUHBIN Teosornueckuii tHCTUTYT J[BO PAH,
Caxanmuackuii punman, FOxuo-Caxanuuck, Poccus

AHHoTauus. Pa3BuTHe TOPHOJBDKHBIX KYpPOPTOB B HEMOCPEACTBEHHOW ONM30CTH OT HACEJCHHBIX
MyHKTOB, HECET B ce0e He TOJIBKO JOCTYITHOCTD JUIS TYPHCTOB 3THX KOMIUIEKCOB, HO M CEphE3HBIE PUCKU JJIS
PAacCIIOJIOKEHHBIX B HETIOCPEACTBEHHOM ONM30CTH OT TAKMX KypOPTOB TOPOJIOB W TOCENKOB. PHCKH CBSI3aHBI
CO CHErOM, BBHIMAJAIOIINM Ha TEPPUTOPHUH KypopTa W OOYCIIOBIIEHHBIE WM, THAPOMETEOPOJOTHYECKHE H
9K30T€HHbIE T€0JIOTMUECKHE MPOLIECCHI, BIUSIIONINE HA TOPOJCKUE TEPPUTOPHH.

KiaoueBble cioBa: CHCI', TOJIOJICAHO-U3MOPO3CBLIC SABJICHHA, CHCIOBLIC HArpy3Kd, I10JOBOJLE,
OIIOJI3HH, 5PO3Hs, CCJICBbIC TOTOKU.

SNOW AS A FACTOR CAUSING THE OCCURRENCE OF
DANGEROUS NATURAL PROCESSES AFFECT THE
FUNCTIONING OF SKI RESORTS AND RISKS FOR TERRITORIES
POPULATED CHECKPOINTS LOCATED IN THE IMMEDIATE
VICINITY OF THE RESORTS FOR EXAMPLE, CONSTRUCTION
STK GORNY VOZDUH (MOUNTAIN AIR), SAKHALIN ISLAND

Yu. V. Gensiorovskiy, N.A. Kazakov

Sakhalin Department of Far East Geological Institute FEB RAS,
Yuzhno-Sakhalinsk, Russia

Abstract. The development of ski resorts in the vicinity of settlements, entails not only the
accessibility for tourists to these systems, but also serious risks for those located in the immediate vicinity of
such resorts towns and villages. Risks associated with snow falling on the resort and due to them,
hydrometeorological and exogenous geological processes affecting urban areas.

Key words: snow, ice-forming, snow loads, flooding, landslides, erosion, debris flows.
Coopykaemble TIPU CTPOUTEIBCTBE TOPHOJIBIKHBIX KYPOPTOB OOBEKTHI
UHPpACTPYKTypa paclojiaraloTcsi B pa3iMyHbIX YacTAX TOPHBIX PaliOHOB: B

MPEArophsX, B JTHUIIAX MEKTOPHBIX BIIAJINH, B Y3KUX CJIOHOBBIX JIOJMHAX, HA
CKJIOHaX M TPeOHEBBIX 30HAaX XpeOTOB. OCBEIEHHOCTh METEOPOTOTUICCKUMU

102



T'encuoposckuii 1O.B., Kaszaxoe H.A.
Gensiorovskiy Yu. V., Kazakov N.A.

JAHHBIMM W KJIMMaTHYeCcKas M3yYeHHOCTb MECT HX CTPOMUTENIbCTBA B
npejesnax 1a’ke 0JJHOr0 TOPHOTO MAaCCHMBA MOXKET CYIIECTBEHHO U3MEHSTCS.

@DakTUYECKU HE HMEETCSd METEOPOJIOTUYECKUX MJaHHBIX, 3a PEAKUM
UCKIIFOUEHHEM, OTHOCSIIMXCA K CKIOHaM M TpeOHSIM TOpPHBIX XpeOTOB.
JlaHHBIE OYeHb MPUOJIMKEHHBIE U MOTYT JaTh TOJBKO MpeACcTaBieHue o (hoHe
BO3MOXHBIX MAaKCHMAJIbHBIX CKOPOCTEW BETpa M TOJOJEIHBIX OTIOKEHUU,
0CaJKOB, CHE)KHOTO TIOKPOBA.

[Ipy >TOM  NPOEKTUPOBIIMKH, 3a4acTyl0 HE  paccMaTpUBaIOT
NPUJICKANIYIO K YUACTKY pa3MEIleHHs] KypopTa TEPPUTOPHUIO U €€ BIUSIHUE Ha
He€ OOBEKTOB M HHQPPACTPYKTYpPHI, TOPHOJBDKHOTO KOMIUIeKca. Tam, Te
Npuieraromas TEepPUTOPUST MaJI0 3acelieHa W HEraTUBHBIE MPOLIECCHI,
HEU30€KHO CBSI3aHHBIE CO CTPOUTEIBCTBOM, MaJO 3aTParuBalOT CEJIUTCOHYIO
TEPPUTOPUIO, PUCKHU JJIsI MPOKUBAIOIIETO HAceleHUs He Beauku. OHaKo
€ClIM  TIpeanojiaraéMblii K  CTPOUTENIBCTBY  WJIM  PACIIMPSIOIIUACS
TOPHOJIBIKHBIM KYpPOPT BBIXOJAUT Ha XOPOIIO OCBOCHHYIO TEPPUTOPUIO B
paiioHe  pacCIOJOXKEHHUS  KPYIHBIX  HACEJICHHBIX  IMYHKTOB,  PHUCKH
BO3HUKHOBEHHUS YPE3BBIYANHBIX, & MHOTJA W KaTaCTPOPUUECKHUX SIBJICHUH,
CBSI3aHHBIX CO CTPOUTEILCTBOM FOPHOJBIKHBIX KOMIIJIEKCOB, JIJIi TEPPUTOPUHU
TOPOACKHX U CEJIbCKUX MOCEJCHUIN 3HAUUTEIBHO YBEIIMUUBAIOTCS.

Crposiuiics B mpeaenax teppuropuu r. KOxHo-CaxalnHCK, CHOPTUBHO
typuctuyeckuii koMiuiekc (CTK) «I'opHbIil BO31yX», SBISIETCS HATJSIHBIM
MPUMEPOM, BOSHUKHOBEHUS TAKUX PUCKOB.

[Ipy pa3BUTHM TOPHOJBDKHOTO KoMmIUiekca «l'OpHBI  BO3LyX»
MPEANoJaraeTcsi  akKTUBHOE  CTPOMTENBCTBO — OOJIBIIOTO  KOJIMYECTBA
CIIOPTUBHBIX OOBEKTOB W COMYTCTBYIOIMICH WM HWH(PPACTPYKTYpHl B
Cycynaiickom xpebte B OacceiiHax p.p. Emanpka, Poratka, YroHOBKa,
XoMyTOBKa M Ha Bojopazaeine B wmaccuBax T.r. Kpachas, Octpas,
Poccuiickas, nuk Uexona.

Tepputopusi HaXOJIUTCSI B 30HE WHTEHCUBHOIO MPOSBICHUS OMACHBIX
TUJPOMETEOPOJIOTUUECKUX  TPOILIECCOB: HU3KUX TeMIepaTyp BO3AyXa,
CUJIBHBIX BETPOB, CHIIBHBIX OCAJKOB, CHETOBBIX HArpy3oK, ToJIoNEna
(KazakoB, I'encuopoBckmii, 2007, TI'encuopoBckuii, 2011),. n
OOYCJIOBJIEHHBIX UMH U T€OJIOTUYECKUM CTPOCHUEM TEPPUTOPHH, IK30TCHHBIX
re0JIOTMYECKUX MPOIECCOB: OIMOJI3HEH, celiel, JaBUH, MIIOCKOCTHOW APO3UH U
cypdo3un, KoTOphIE WHTEHCUBHO Ppa3BUBAIOTCS HA  TEPPUTOPUH
MPEANoIaraéMon K CTpOUTENbCTRY.

CHexnblii mokpoB. Ha mereomnomanke ['MC «tOxnH0-CaxanmuHck»
CpeIHsisi BBICOTA CHEXHOIO MOKpoBa cocTaBiseT 46 cm. MakcumanbHas
BBICOTA CHEXHOTO MTOKPOBA HA METEOIIONIAIKE 32 BECh NIEPHO]] HAOTIOCHUS
coctaBusia 135 cMm (oTkpbiToe MecTo). [0 JaHHBIM CHEroCheMOK B JHUIIE
CycyHnaiickoit monuHbel  HauOosbmias BbicoTa — 220 cm (Kazakos,
["'encuoposckuid, 2007).
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MakcumanbHasi BBICOTa CHEKHOIO IIOKpOBa B 3aBUCHUMOCTH  OT
a0COJIFOTHOM BBICOTHI MecTHOCTH yBenuuuBaercss oT 100 mo 400 cm. Tak,
MaKcUMalibHasi HaOJIOJ€HHAsl TOJIIMHA CHEXHOro MnokpoBa B CycyHalicKoM
xpeoTe B Mapte 1970 . coctaBuia 350 cM, a BeicoTHO# 30HEe 400-900 M — 400
CM.

CpenneronoBasi BbICOTa CHEKHOTO TMOKpoBa Ha T. KpacHasi mpeBBICUT
BbICOTY cHEXHOro nokposa Ha 'MC «tOxHo-Caxanuack» - Ha 200 - 300 cm.

MakcumanbHble 3HAYEHWsS CHETOBBIX HArpy30K Ha OOBEKTHI H
COOpY’)KEHHUs, BO3BENEHHBIX Ha Bojopasnene CycyHaiickoro xpebrta (T.
Kpacnast u 1p.), npeBbicst 1500 kre/m” (MaKCHMaIbHbIE 3HAUYCHHS CHETOBBIX
Harpysok B r. FOsxno-Caxanumcke - 600 xre/m”) (JIoOkuna, 2013).

Iososenno-uzmopo3eBnie siiaenusi. CHull 2.01.07-85* "Harpy3ku u
BoznericTBus" 1t CyCyHalCKOM JOJIMHBI yCTaHABIMBAET TOJIIMHY CTEHKU
rosiosiena 20 mMm. K coxanenuto, 3T0 KpallHE 3aHMKEHHOE 3HAYCHUE, JaXe
s qauma CycyHackod onuHbl. JlaHHBIE O KaTacTpo(UUECKUuX Ciydasx
(bopMHpOBaHUS OTJIOKEHUNH MOKPOTO CHETa, 1al0T COBCEM JPYrue 3HAYCHUSI.
Tak ¢ 1947 r., B 10HBIX pailoHax 0. CaxajuH ObLIO OTMEUYEHO YEThIpE Cayyas
dbopmMupoBaHUs KaTacTpopuIeCcKux rOJIOJIEAHBIX OTJIOXKEHUI:
1949,1957,1972,1988 r.r. B Topax ke paccMaTpuBaeMoro paiioHa B HOSIOpe
1972 T u HOsOpe 1988 T, TONIMMHA OTIIOKEHHH MOKPOTO CHEra JIoCTHraja
200-300 mm.

HauGomnbiass TONMMHA TOJOJIETHO-U3MOPO3EBBIX OTJIOKEHUW Ha
Bogopasnene Cycynaiickoro xpedrta (r. KpacHas u ap.) MOXKET MPEBHICUTH
400 mMM.

IlnockocTHAs 3po3usi. AKTUBHU3AIMS [UIOCKOCTHOW 3PO3UHU  CBS3aHA C
IJIAHUPOBKOM  CKJIOHOB IS  TOPHOJBDKHBIX ~ TpacC U OOBEKTOB
uHpactpyktypel. Ilpu  TasHMUM  CHEXHOTO  TIOKpOBA  IPOUCXOIUT
WHTCHCUBHBIA BBIHOC MeJKO3eMa C TajdbiMu Bojgamu. KoHieHTpauu
B3BEIIICHHBIX BEIICCTB B TAI0i Boze mpeBbimaot 10 000 mr/am.

Pucynok 1. Ipo3uonHblie npoueccsl Ha Tpacce «FOr», BbI3BaHHbIE TAsTHHEM CHera.
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CopepskaHre B3BEIIEHHBIX BEIIECTB B BOjE BOJOTOKOB CycCyHailcKOTO
xpeOTa Mpu MOJOBOJIbE, B UX €CTECTBEHHOM COCTOSIHUM He mpeBbimaer 100
mr/om’ (puc. 1).

Peynoit cTok. MexXEHHBIE TIEPUOABI HA 3THUX PEKAX XaPaAKTEPUZYIOTCS
MajblM CTOKOM, 4YTO B MaJOBOJHBIE TOABI CO34aET MpPOOJIEMBI C
obecnieuenneM 1. HOxxnHo-Caxanmucka BOJONM At XO3SHCTBEHHO-ITUTHEBOTO
BOJIOCHAOKEHUS: HallpuMep, B 3uMHUE MexxeHu 1996, 1998 u B nauane 2000-
X TOJIOB.

CTpoHTENbCTBO TOPHOJIBIKHBIX TPACC, KAHATHBIX U MOABE3AHBIX JOPOT,
YHUYTOXXEHUE  JIPEBECHOM  pACTUTEIBHOCTH,  yJaJ€HUE  IOYBEHHO-
pactutenbHOro ciosi B BbICOTHOM 30He 200 — 1000 M, mepemeleHue u
CKJIAQJUPOBAHUE Ha CKIOHAX OOJbIIUX OOBEMOB CpPE3aEMbIX TPYHTOB,
HEN30€KHO MPUBEAET K NEePEPACTPEETCHUIO TOBEPXHOCTHOTO U MOA3EMHOTO
croka (C. de Jong, 2013).

Pucku s 00bexToB M uHGpacTtpykrypbl CTK «I'opHbIi BO3XYyX».
["ononeqHo-U3MOpO3€eBbIE€ SIBICHUSI U MHTEHCHUBHBIE CHETONAbl: BEPOSITHOE
oOpylleHre KpoBeJb 3AaHUi U COOpPYKEHHH, MOCTpoeHHbIX B CyCyHailcKOM
xpeOTe 0e3 yuera BEpPTUKAIBHOTO TpagueHTa OCaaKOB, OOpBIB Kabenei
AJIEKTPOCHAOKEHHS, TPOCOB KaHATHBIX JOPOT. AKTHBM3AIMs OIOI3HEBBIX,
CEJIEBBIX, OPO3HMOHHBIX U  Cy(h(O3MOHHBIX TMPOLIECCOB:  pa3pylIcHUE
TOPHOJIBDKHBIX TPacc, MOABE3AHBIX JOpOr, OOpYIIEHHE OMNOp KaHATHBIX

JIOpOT, TIOBPEXKICHNE 3JJTaHUI B COOPY)KEHUH, HAXOISAIITNXCS B OTIACHBIX 30HAX
(puc. 2, 3).

Pucynok 2. 3arpsasHenue p. ElaHbKa B3BellIeHHBIMH BelleCTBAMH, NOCTYNAIOIIMMH C
TaJbIM CTOKOM C TOPHOJIBI’KHBIX TPacc.
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Pucynok 3. TpelmuHbI 0TCeIAHUSI AHTPONOTEHHOTO OMOJI3HEBOT0 H MOTEHIINATBLHOTO
ceJieBOro MaccuBa Ha Tpacce «CeBep».

Puckn npiasi o0bexToB M MHGpacTpyKTyphl I. IOxkHo-CaxaanHcka:
YBennueHue CKOpocTr cTeKaHus Tanbix CTOKOB ¢ Tepputopun CTK «I"opHbIii
BO3/1YyX», 3HAUUTEIBHOE YBEIWYEHHE DPACXOJ0B BECEHHETO IOJIOBOAbS, Ha
KOTOpbIE HE paccuuTaHa MPOIYCKHas CIIOCOOHOCTh MOCTOB, KOJUIEKTOPOB
JIMBHEBOW KaHAJW3allMd B TIpeleiax TOpPOJCKOW 3aCTPOMKH, 3aTOILUICHUE
yactu Tepputopun ropoaa HOxxHo-CaxalMHCK W BBIXOJ W3 CTPOSI CHUCTEM
JIMBHEBOM KaHaJIW3aIlUH.

BbiHOC 00BIIOr0 KOJMYECTBA B3BEUIEHHBIX BEIIECTB BMECTE C TaJIbIMU
BOJAMH,  3aMBIBAHUE  BOJONPHUEMHBIX  YCTPOMCTB  IOBEPXHOCTHBIX
X035CTBEHHO-TTUTHEBBIX BO/103a00poB Ha p.p. Poratka u Enanbka.

Kak mnokaspiBaeT mpakTuka, J1I000€ CTPOUTENBCTBO M OSKCILTyaTalus
OOBEKTOB HA TEPPUTOPHUSAX, TMOABEPKEHHBIX BO3JACHCTBUIO  OMAaCHbBIX
IIPUPOJHBIX IIPOLIECCOB JOJDKHBI MPEABAPATHCA KOMIUIEKCOM HHYKEHEPHO-
IeOJIOTUYECKUX WU HMHKEHEPHO-TUAPOMETEOPOJIOTUUECKUX W3BICKAHUM A
BbIOOpa HamOoisiee O€30MACHBIX MECT pa3MelleHUus OOBEKTOB, BBIOOPOM
MEpONPUATANA 1O WHKEHEPHOU 3aIlUTE MPEANOJIAraéMbIlX K CTPOUTEIBLCTBY
00BEKTOB U OINpPEACIIEHUEM CTOMMOCTHA MEPOIPUSATUH MO 3aUUTE 0OBEKTOB U
coopyxeHuid. [1o 310l npuunHe, pa3BUTHUE TOPHOJIBDKHBIX KypOPTOB IIPH HX
pPAaCIIONOKEHUN B TIPEAENaX TOPOJICKUX M CEIbCKUX TEPPUTOPUH, JTOJHKHO
peann30BBIBATECS B pPaMKax €IMHOW KOHUENIMH C KOHLENIUEH 3alluThl
TEPPUTOPHUH HACEIEHHBIX ITYHKTOB OT OITACHBIX ITPOIIECCOB.
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CHEI'OOITACHOCTD o. CAXAJIUH
Ka3zakosa E.H., JIookuna B.A.

JanbHeBOCTOUHBIN reosorndyeckuit uHCTUTYT JIBO PAH,
Caxamuuckuii prmman, KOxuo-Caxanunck, Poccust

AnHoTtanusi. B pabore npuBOAATCS CBEINCHUS O INpOLECCax M SIBICHHSX, CBA3AHHBIX CO CHETOM,
BBI3BIBAIOIINX HanOosiee HeOIaronpusTHbIE Il HACEJIEHUS W XO3iHCTBAa OCTPOBA IMOCIEACTBHS: CHIBHBIX
CHEromnajax M MEeTellsiX, CHE)XHBIX MOJIMTOHaX, CHErOBBIX HAarpy3Kax M CHEXHBIX jaBuHax. [Ipeanaraercs
METOJIMKA OLIEHKH CHETOONACHOCTH, OCHOBAaHHAs Ha KAaue€CTBEHHOM OLIEHKE MOCIIEACTBHIA MPOSBICHUS dTHX
npoueccoB Ha ypOaHu3upoBaHHOH Tepputopuu. CocTaBieHa KapTa-cxema cHeroomacHoctd o. CaxaiwuH.
YcraHOBIIEHO, 4TO HauboIee BEICOKYIO CTEIICHb CHErOONacHOCTH uMetoT I. Oxa, r. lllaxrepcek, . Yriaeropck,
r. Makapos, r. XonmmMmck, T. FOxH0-Caxanuack, T. KopcakoB. OHE pacnoiokeHH (3a uckioderneM r. Oxa u
r. FOxH0-CaxanuHck) Ha MOPCKHX Oeperax I0>KHOW 9acTH OCTPOBA, TAE BHICOKAS CTENCHh CHETOONMACHOCTU
o0ecreunBaeTcsi COYeTaHUEeM THIPOMETEOPOIOTHYESCKIX U FeOMOP(OIOrHYSCKUX YCIOBHH.

KiroueBble ciioBa: CHETOOITIaCHOCTB, CHCT, CaxanuH.

SNOW HAZARDS ON SAKHALIN ISLAND
E.N. Kazakova, V.A. Lobkina

Sakhalin Department of Far East Geological Institute FEB RAS,
Yuzhno-Sakhalinsk, Russia

Abstract. The paper presents information on snow hazards on Sakhalin Island. The most adverse
impacts on the population and economy of Sakhalin Island are caused by heavy snowfall, snow storms, snow
loads and avalanches. The paper presents a method for snow hazard assessment based on qualitative
assessment of these processes according to specific characteristics. Also, the paper presents a schematic map
of snow hazards on Sakhalin Island. The cities of Okha, Shakhtersk, Uglegorsk, Makarov, Kholmsk,
Yuzhno-Sakhalinsk and Korsakov are exposed to the highest degree of snow risk on Sakhalin Island.

Key words: snow hazard, snow, Sakhalin Island.

BBenenue. COBOKYIMHOCTh HEOIATOMPUSTHBIX MMOCICACTBUH, CBSI3aHHBIX
C BBIMAJCHUEM CHEra, MOXHO OOBEAVMHUTH MOHITHEM 'CHETOOIACHOCTH
tepputopun”. CHEroONMacHOCTh — 3TO KOMIUIEKC HEOJAronpusiTHBIX WIH
KaTacTpOpUUYECKUX TMPOIIECCOB U SIBIICHWH, BO3HUKAIOIIMX B PE3yJbTaTe
BBINIQJICHUS TBEPJbIX aTMOC(EpHBIX OCAaJIKOB, dbopmupoBaHus,
MEePEKPUCTAILTU3ANMK M Pa3pyLICHUsS CHEKHOTO IOKPOBAa B ECTCCTBEHHBIX
WU aHTpoIoreHHbIX ycioBusix (CHeroomacHOCTb..., 2005). B 3apyOexxHoi
MPaKTUKE MCIOIb3yeTCsl aHaJoTMuHbli TepmMuH '"snow hazard" (Rooney,
1967).

KowMriekcHasi omeHKa BIIMSIHHS TPOIIECCOB M SIBICHUM, CBSI3aHHBIX CO
CHETOM, MO3BOJIUT 000CHOBATh SKOHOMUYECKUE 3aTPaThl Ha 0OPHOY C HUMH U
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cenatb TeppuTOpuio Oolsiee Oe3onacHom g Hacenenusa. Hamu paccMoTpeHbl
IPOLIECChl U SIBJICHUS, UMEIOLUE Hanlosee HeOIaronpusTHbIe MOCIEACTBUSA
Uil SKOHOMHUKU 0. CaxaluH: CHEromajbl U METeNId, CHETOBBbIE Harpys3KH,
CHEXHbIE JJABUHBI, U, KPOME TOT0, TAKUE OOBEKTHI, KAK CHEIKHBIE TTOJIUTOHBI.
MeToauka  oumeHKHM  CHeroomacHoctu. Jlmg  kaxmoro w3
paccMaTpUBAEMBIX MPOIECCOB OBLIO BHIACICHO 4 KATETOPHH CHETOOMACHOCTH
(Tabm. 1), mapamMeTpbl BBIIEICHUS KOTOPHIX OCHOBBIBAIOTCSI HA KAYECTBEHHOM
OIICHKE TIOCITEACTBUN WX TposiBieHus. [lo kaxmomy W3 paccMaTpUBaEMBIX
MPOIIECCOB W SIBJIICHWU OBbLT BHIOpaH CBOW TMapameTp, HauboJiee IMOJHO
OTPAXKAIOIINN €r0 XapaKTEPUCTHKY.
Taouauna 1.
[TapameTphl BbIJICTICHUSI KATETOPU CHETOOMACHOCTH.

Karteropusi cHeroonacHocTu
®
g
P = ~ = = s ~
Iponeccb E 5 == | s2| 3 &
ITapamerp u eAuHMLA U3MepeHus | £ 5 Z = 2= 2 =
U SIBJICHUSI 83 SO S = R
= — a@ E O 2 O
=T g | ke | BT
5
=)
CHJIbHbBIE MaKCHMalbHOE KOJIHYECTBO
<10 10-20 | 20-30 | >30
CHEromnajabl | TBEPABIX OCAAKOB 3a 12 yacoB, MM
CUJIbHBIE MaKCUMalbHas <200 200- 400- ~600
METENN IPOJOJKUTEIBLHOCTD 33 3UMY, Yac 400 600
07151 20p0008 - 00BEM
CHEXKHBIC P 200- | 400-
CKJIAJMPOBAHHOTO CHETa Ha MOMEHT | <200 >600
IOJIUTOHEBI 3 400 600
3aKpPBITHS MOJIUTOHA, THIC. M
CHEFOBBIE MaKCHMaJbHOE 3HAUCHUE BECca
CHErOBOTO MOKpoBa Ha 1 m? <2 2-3 3-5 >5
Harpy3Ku
noepxHoct, klla
07151 20p0008 - IO THAS
P HHaAHat <10 |10-20|20-40| >40
HNOPAXEHHOCTh TEPPUTOPHH, Yo
CHE)KHBIE 07151 meppumopuu 0cmposa -
JaBUHBl | CpeHEE KOJIMYECTBO JIABUHOCOOPOB
pet . POBI 1-5 | 510 | >10
Ha MIOTOHHBIN KUJIOMETP AOJIUHBI
wiu bepera, IIT.

B cBA3M ¢ HEXBATKOW CPEIHEMHOIOJETHUX AAHHBIX O MaKCUMaJlbHOM
KOJIMYECTBE TBEPABIX OCAJAKOB 3a 12 4 1 OUEHKH OIACHOCTU CHJIBHBIX
CHETOIaI0B OBLIIN MCIIOIB30BaHbI JaHHbIe 3a iepuos 2005-2016 rr. K Gonee
BBICOKMM KaTETOPHUsSM ONACHOCTH HAMH OTHECEHBI CHErONaJbl, OTHOCAIIUECS
no tepmuHonorun Pocruapomera k oueHb cuibHbIM (P 52.88.699-2008),
T.€. C KOJIMYECTBOM ocajikoB 20 MM u 6osee 3a 12 u u menee. [Ipu cpenneit
IJIOTHOCTH  CBeXeBbImaBiero cHera 100-120 kr/m®* 20 MM ocaakoB
coorBeTcTByeT cnorwo cHera 15-20 cm. Ilpm Takux cHeromamax
PUOCTAHABIIMBAIOT JBWKEHUWE TpaHCIOpPTa 3a NpeleiaMd HaceJeHHBIX
nyHKTOB. K "OueHb BBICOKOWI" KaTEropuM HAMHU OTHECEHBI CHETONAabl C
KoJInuecTBOM ocajikoB Oosee 30 MM 3a 12 vyacoB u meHee. Hampumep, Takoe
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KOJIMYECTBO OCAJKOB MPUHOCUT 25-30 cM CBEXKEBBbINABIIETo cHera (mpu
cpeanedt miotHocTH 100-120 kr/M3), 4TO COCTaBISET IJii TEPPUTOPUM T.
HOxHo-Caxanuuck noutu 50 mutH. M? cHera (Tutoimaab ropoja 164 km?).

Kpurepuem oIeHKM CTENeHH BO3JEUCTBHS CUJIBHBIX MeTenel Obuia
BbIOpaHa MaKcUMajbHasi MPOJOJDKUTEIBHOCTh MeTele 3a 3uMy. Takue
napameTpbl, KAk UHTEHCUBHOCTh WJIH OOBEM METEJIEBOrO TMEPEeHOca, Ha HaIll
B3IJISI/I, MEHEE pENpe3eHTATUBHbI B CBS3UM C KpallHE HE3HAYUTEIbHBIM
00beMOM (haKTHUECKUX JaHHBIX 00 ATUX MapaMeTpax sl TEPPUTOPUU O.
CaxanuH, a Take ¢ HECOBEPIIEHCTBOM METOJMK pacueTa MHTEHCUBHOCTH U
o0beMa cHeronepeHoca. B cBs3u ¢ OTCYyTCTBHEM HAOIIOACHUHN 32 METEIISIMU B
HACTOSIIIee BpeMsl HCTob30Banbl gJaHHbIe (CrnpaBounuk no kiaumaty CCCP,
1985).

OnpenensomuM napaMeTpoM JJII CHETOBBIX HArpy30K SIBISIETCS UX
MakcuMalibHOe 3HaueHue. Hamu ObLIM BBIICJICHBI TOJIBKO BBICOKAsh M OYEHb
BBICOKAsl KATETOPUM OMACHOCTU, YTO CBSI3aHO C OOJBIIMMH 3HAYEHUSMH STOU
BenuuuHbI (0onee 3,2 klla), xapakTepHbiMu i1t TeppuTopuu 0. Caxanus (A
cpaBHenusi, cornacHo (CIT 20.13330.2011, 2011), ans Oonplueit yactu
TeppuTopun Poccun CHEroBble Harpy3ku NpuHHMaroTcs paBHbiMH (,8-3,2
klla).

CHEeXHbIE TOJUTOHBI OIIEHEHBI MO 00BEMY CKJIAJAHUPOBAHHOTO B HHUX
CHEra Ha MOMEHT 3aKpBITHS, TaK KaK JaHHas XapaKTepUCTUKa OYIET BIUSTH
Ha BEPOSITHOCTh PA3BUTHS OIMACHBIX 3K30TE€HHBIX I€OJIOTMYECKHUX IMPOILIECCOB
Ha IPUJIETAIOIEH TEPPUTOPHH, & TAKXKE HA MACIITAObI €€ 3arpsiI3HEeHUS.

/N OUEHKM JIaBUHHOM ONACHOCTU OIPEIEICHHOW TEPPUTOPUU
[[eJecCO00pa3HO  MCIONB30BaTh  TAaKOW  MapaMmerp, Kak  IJIOMIaJHas
MOPaXXEHHOCTh JIABUHHBIMU ~ TIpolieccaMu  (3TO  OTHOIIEHUE TUIOIIA[IH,
NOJIBEP’)KEHHON BO3JEHCTBUIO JIaBUH K OOIIEH TIUIOIIAAM OINpPEAeICHHON
TEPPUTOPHH, HATIPUMEP, HACEICHHOTO MyHKTA). Vcmonp30oBaHue MaHHBIX 00
00beMe 1 TIOBTOPSIEMOCTH JIaBUH JIsl OTICHKW JJABUHHOW OTIACHOCTH OOJIBIION
TEPPUTOPUH 3aTPYTHUTEIIHHO: CIIOKHO CPABHUTH JIABUHHYIO OMACHOCTH JIBYX
YYaCTKOB, Ha OJTHOM M3 KOTOPBIX 2-3 pa3a 3a 3UMHHUU CE30H CXOJAT JIABUHBI
o6bemMoM 1 Thic. M?, Ha ApyroM - 1 pa3 B 20-25 j1eT CXOIT JaBUHBI 00BEMOM
B 100 Teic. M’. OpHako, pacdeT IUIOMATHOW IMOPAKECHHOCTH JIABUHHBIMU
npolueccaMu s Bce TeppuTopun 0. CaxanuH - O4YeHb OObeMHas u
JIOCTAaTOYHO CJIO’KHAs TEXHUYECKU paboTa, MO3TOMY MpPH OLIEHKE JIABUHHOU
OMacHOCTA TEPPUTOPUU OCTPOBA (32 UCKIIOUYEHHEM TOPOJOB) HaMHU
UCIIOJIb30BAaH TaKOM MapameTp, Kak CpelHee KOJMYECTBO JIABUHOCOOPOB Ha
MOTOHHBIN KM PEYHOM JOJIUHBI UM MOPCKOTO Oepera.

B cBs3u ¢ orcyrctBueM ruzppomereoposiorndeckux craniui (I'MC) B
TOPHBIX paliOHax OIEHKA OIMAaCHOCTH CWJIbHBIX CHEromaJoB W MeETeJeH, a
TaKkK€ KOMIUIEKCHAsI OIIEHKA CHEroOMacHOCTH 0. CaxajanH BBIIIOJIHEHA TOJIbKO
JUISl pAaBHUHHBIX TEPPUTOPUU. JlJIsI OLIEHKU CTEMEHH OMAaCHOCTU PAaBHUHHBIX
TEPPUTOPUM OT CHJIBHBIX CHEromaJioB M CHUJIbHBIX MmeTresied aaHHbie ['MC
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ObUIM HMHTEPIOJIUPOBAHBI C YYETOM KJIMMATHYECKOTO palOHUPOBAHUS U
penbeda ocTposa.

Kaxxoli kateropu CHEroomacHOCTH MpUCBanBajioch OT 1 10 4 OassoB
(cm. Ta6n. 1). I[lo uroraMm OIEHKH CHETOOMACHOCTH TEPPUTOPHUHM OalIbl IO
KOKJIOMY MapaMeTpy CYMMHPOBAIIUCH, U, TAKUM 00pa3oM, CTalI0 BO3MOKHBIM
BBIIBUTH TOpOJIa WM palOHBI OCTpPOBa, I KOTOPBIX XapaKTepHa
HauOoOJIbIIIasl CyMMapHas Harpy3ka OT BO3JEHCTBUS paccMaTPUBAEMBIX
IIPOLIECCOB.

Pesynbrarbl W ux oOcy:kaeHue. Tor KOMIUIEKCHOW OIEHKHU
CHETrOOMacCHOCTU - KapTa-CXeMa, OTpa)arollasi CyMMAapHOE KOJIUYECTBO
oamnoB (puc. 1). Kak BugHo mo puc. 1, HamboJsiee BBICOKas CymMapHas
CTENEHb CHErOOMACHOCTU 110 YEThIPEM pPacCMAaTPUBAEMBIM MpoLEccaM
(cunbHBIE CHEromajbl, CUJIbHBICE METEJIM, CHETOBbIC HArpy3Ku, CHEXHBIE
JABUHBI) XapakTepHa i MPUOPEXKHBIX PAaiOHOB OCTPOBA: HA BOCTOYHOM
nooepexne n-oBa Teprienus (IToponaiickuii paifoH), Ha 3amagHOM MOOEPEKbLE
ceBepHee Mbica JlamaHoH (YTIJeropckuii pailoH) U MEXIy MBbICOM
CnenukoBckoro u MbicoM Jlomatuna (XonMckuid u HeBenbckuil pailoHbl).
D10 00YCIOBJIEHO, IIaBHBIM 00pa30M, COYETAaHHEM OOJIBIIOTO KOJIMYECTBA
JJABUHOCOOPOB HA TOT. KM B OEPETOBBIX JIABUHHBIX KOMIUIEKCAX U BBICOKOM
IPOAOKUTEIBLHOCTBIO METENEH Ha Oeperax ocTpoBa.

Haubonee BBICOKYIO CTENEHb CHErOONacHOCTH HMerT T. Oxa, T.
[ITaxtepck, r. Yraeropck, r. Makapos, r. XonMmck, . Hesenbck, r. KOxHO-
CaxanuHck, 1. Kopcakos, 1. JlonmuHck. OHU pacmooKeHbl (32 UCKIIOYECHUEM
r. Oxa, 1. HOxkno-Caxamuuck u 1. JlonmHCK) Ha Mopckux Oeperax
LIEHTPAJbHOM W FOKHOM 4YacTed OCTpOBa, TJ€ BBICOKas CTENEHb
CHEr0O0MacHOCTH oOecrnieunBaeTcs HEOIaronpusI THHIM coYeTaHUEM
THAPOMETEOPOJIOTHUECKUX U TreoMopdororudecknx ycmoBuid. Okono 50%
HaceneHnus: CaxalmHCKON 005acTH MpoKuMBaeT B Tpex ropopax (r. FOxHO-
CaxanuHuck, r. XoaMck U T. HeBenbCk), TJie CHEroonacHoCTh cocTaBiisieT 13 -
16 6amnoB (MakcUMalIbHBIC 3HAYCHHUS).

3akaouenne. Jlng o. Caxaimd HauOoliee BBICOKAs CTEICHB
CHErOOMACHOCTH XapaKTepHa HJisi BJAOJLOEPErOBBIX TEPPUTOPHI, UTO
00yCJIOBJIEHO OJIArONPHUATHBIM COYETAHUEM THAPOMETEOPOJIOTHYECKUX U
reoMopOIOrHIeCKuX YCIIOBUM, B TOM quclie, 00JIb1I0M
MPOJOJKUTEILHOCTBIO METENEH, BBHICOKOM MHTEHCHUBHOCTBHIO CHETOMNaioB U
OOJIBIINM KOJIMYECTBOM JIAaBUHOCOOPOB Ha IOT. KM Oepera.

B peruvonax ¢ anuTenbHBIM NEPUOJOM 3alleTaHUsl CHEXKHOIO TMOKPOBa
npobjieMa  CHEroOMacHOCTH  YpOAHM3HPOBAHHBIX  TEPPUTOPUN  CTOUT
JO0CTaTOYHO ocTpo. B Hactosimee Bpemss Ha o. CaxaJluH pemuTh 3Ty
npo0ieMy TPAKTUYECKH HEBO3MOXKHO, MOXKHO TOJBKO  YMEHBIITUTH
MOCJHEACTBUS OT MHOTOCHEXHBIX 3MM 3a CUYET TEPPUTOPHUATBHOTO
IJIAHUPOBAHUSI ~ HACEJICHHBIX  IYHKTOB,  HWHXEHEPHOM  3alIUThl U
OpraHu3aluOHHBIX MEP.
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Pucynok 1. Kapra-cxema cHeroonacHoctu 0. CaxajauH.
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CHET'OOUHNCTKA KAK D®PEKTUBHBINA CIIOCOB
COXPAHEHMSI BEUHOM MEP3J10ThI BOCHOBAHUM
JUHEWHBIX COOPYXEHHMI B KPHOJIUTO30HE

Konapartbesn B.I'.

3abalikaJIbCKU TOCyIapCTBEHHBIN yHUBEpcuTeT, Yuta, Poccus

AHHOTAIIHS. AHaHI/ISI/Ipy}OTCﬂ NpUYHHBL JJIUTCIIbHBIX aeq)opMaunﬁ JKEJIE3HBIX M aBTOMOOMIBHBIX
JA0pOoTr B KPHUOJIUTO30HE, ACJIACTCA BbIBOJ O TOM, YTO B OCHOBHOM OHU CBSA3aHBI C aerpanauneﬁ JIbAUCTBIX
MHOT'OJICTHEMEP3JIbIX T'PYHTOB, HOpEAJIaratorcda MCEponpuATUs IO  AOMNOJHUTCIBHOMY  OXJIAXKIACHUIO
MHOTOJICTHEMEP3JIbIX 'PYHTOB B OCHOBAaHUU AOPOT € MOMOLIBIO PETYIUPOBAHNA TCIIJIOIIOTOKOB B JIETHUR U
3UMHUI nepuoabl, B TOM YHUCJIC OCBCTJICHUEM MOBEPXHOCTU MACCUBOB TPYHTOB, HCAONYHICHHUCM
NMPOHUKHOBCHUEM B HHUX MJOXKIACBBIX W MNOA3CMHBIX BOJ, IMPCAOTBPAIICHUEM HAKAIJIMBAHUA CHCXKHOI'O
TIOKpOBa. OCBCH.[aCTCﬂ OIIBIT MPUMEHEHUS JI 3TOTO 3allaTCHTOBAHHBIX crmoco0oB CTa6I/IHI/ISaHI/II/I 3EMIIAHOTO
TI0JIOTHA HA JIBAUCTBIX MHOT'OJIETHEMEPIJIBIX TPYHTAX C IMTOMOIIBIO CHETOOYHCTKH, HpOTHBOCI)PIJILTpaHPIOHHOﬁ
TUICHKH, CBETOOTPaXXaromnx HOKpBITI/Iﬁ U COJHICOCAAKO3AIINTHBIX HaBCCOB. HpI/IBOIUITCﬂ CBCICHHUA O
TIEPBOM MOJIOKUTEIBHOM ONBITE PEIICHUS aHAJOTUYHBIX 3a1a49 Ha 00BeKTax MarvucCTpaJbHOIO HCq)TeHPOBOI[a
BCTO-1.

KiroueBrble ciioBa: KPHUOJIMTO30HA, CHETOOYUCTKA, HABCCHI.

SNOW CLEARANCE AS AN EFFECTIVE WAY TO PRESERVE
PERMAFROST-BASED LINEAR INFRASTRUCTURES IN THE
CRYOLITHOZONE

V.G. Kondratiev

Transbaikal State University, Chita, Russia

Abstract. The causes of long-term deformations of railways and roads in the permafrost zone
(cryolithozone) are analysed and it is concluded that they are mainly associated with the degradation of
permafrost. The following measures are proposed to assure additional cooling of permafrost at the base of
roads through the regulation of heat flows in summer and winter periods: brightening soil surfaces,
preventing infiltration of rain and groundwater into the soil and preventing the accumulation of snow cover.
Experiences with proven methods for stabilizing the road substrate on permafrost soils with the help of snow
removal, anti-infiltration films, reflective coatings and sun-protection coatings are described. The first
positive experiences addressing similar challenges for the ESPO-1 oil pipeline are presented.

Key words: cryolithozone, snow clearance, protection.

B paiioHax ¢ BeYHOI MEP310TOI TOPHBIX MOPOA, 3aHUMAIOIIHUX OKOJIO 65
% tepputopun Poccun, skcrutyaranus Kene3HblXx 1 aBTOMOOUIIBHBIX 10POT, a
TaK)K€ MaruCTPaJbHBIX TPYOOMPOBOJIOB COMPSIKEHA CO 3HAUMUTEIbHBIMU, BCE
BO3pPACTAlOIIMMHA M YacTO HENPOU3BOJUTEIbHBIMU MAaTE€pUAIbHBIMU U
TPYJOBBIMU 3aTpaTaMH, B YAaCTHOCTH, Ha MX TEKYIIEE COJIEpPKAHUE H
pPEMOHTBI. B OCHOBHOM, 3TO CBSI3aHO C OTTaMBAaHUEM JIBAUCTBIX TPYHTOB B
OCHOBaHHUH COOpYkeHuit (puc. 1-3).
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[IpoGnema  crabwnM3anuu  3€eMJISIHOTO — TOJIOTHA  JOPOr  Ha
CUJIBHOJIBIUCTBIX ~BE€YHOMEP3JIBIX TIPYHTaX HA MPOTSIKEHUH MHOTHX
NECATWICTHM SIBJISIETCS aKTyalbHOM He ToJibko B Poccuu (EneneBckuit u
HuzoBkuH, 1936; Konnpatees, 2011), Ho Takke B CIIIA u Kanane (Roads ...,
1996), B Kutae (Niu & Shen, 2006).

Pucynok 1. ledpopmanuu nytu 3adaiKkajabCKOM XK.1., 6278 kM, mapt 2013 1.

Pucynok 2. lepopmanuu aprogoporn «KAmyp» Yura — Xadaposck, 247 kM,
mapt 2015 r.

Jledopmarin 1OpOT HAa BEYHON MEP3JIOTE OOBIYHO MMEIOT JTUTEIHHBIN
XapakTep W CBS3aHbl C Jerpajalueld BEYHOM MEP3J0Thl B OCHOBAHUU
36MJITHOTO  IIOJIOTHA  TOJA ~ BO3JACHCTBUEM  YBEIMYEHHS  KOJIMYECTBA
MOTJIONIEHHOM 3EMJISIHBIM MOJIOTHOM COJHEYHOW paJHaliuy MO CPaBHEHUIO C
€CTECTBEHHON MOBEPXHOCTHIO, MHPWIBTPALUU JIETHUX OCAJKOB Yepe3 TeJo
HACBINM, YBEIIMYECHHUS TOIIIMHBI CHEXHOTO MOKPOBA Y OCHOBAHUS HACHINIA U
Ha TnpuJjeraroei repputopun (puc. 3).

Ha KOCOropHBIX ydacTKax 3TOMY TakXe CIOCOOCTBYET (HUIbTpaIUs
MMOBEPXHOCTHBIX U MOA3EMHBIX BOJl B T€JIO U OCHOBAaHHUE 3€MJISTHOT'O TIOJIOTHA.

B oaTOl CBSI3M BO3HHMKAET HEOOXOAMMOCTh COXPaHEHUS TPYHTOB
OCHOBaHUs 3€MJITHOIO IIOJOTHA B MHOTOJIETHEMEP3JIOM COCTOSIHUM ITIPU
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CTPOUTENBCTBE M HKCIUTyaTallMM JOpPOT WIIM, €CJIM MPOLECC Jerpajgaluu
BEYHOU MEP3J0ThI O] 36MJISIHBIM MOJOTHOM YK€ MPOUCXOUT, MPEKpallleHHe
3TOrO mporecca. Bee 310 TpeOyeT NMOMOJHUTENBHOTO OXJIAXKICHHUSI TPYHTOB
OCHOBaHMSl 3E€MJIIHOIO TIIOJOTHA C T[OMOIIbIO €CTECTBEHHOIO  WJIU
MCKYCCTBEHHOI'O X0JIO/A.

Hamu mnpemmoxensl crmocoObl yKPETUIGHWs] OCHOBAaHUS 3EMIISTHOTO
MOJIOTHA A0POT Ha BeuHoMep3ibix rpyHTax (Konaparses, 2011), ocHoBaHHBIE
Ha MOHWKEHHH CPEIHETOJO0BOM TeMmIepaTypbl TPYHTOB U COXPAHEHUU UX B
MHOTOJIETHEMEP3JIOM COCTOSIHUM TIyTEM PEryJUpPOBAaHHUS COOTHOILICHUS
OPUPOAHBIX OXJAKJAMIMINX U OTEIUIIONMX (PAKTOPOB TaKUM 00pazoM,
YTOOBI B 3€MJISTHOM TOJIOTHE M Ha MPWIETAIONIEH TEPPUTOPUM YMEHBIIAJICS
MPUXO/]T TEIJIa U YBEJIUYUBAJICS €T0 PACXO/I.

Pucynok 3. OcHoBHbIe oTemsomMe (paKTOPhI, NPUBOASIIIME K OTTAUBAHUIO
MHOT0JIETHEH Mep3JI0Thl B OCHOBAHMH HACBINU: a) — JeTHHe: 1 — CoJIHeUHasn
paauaunms, 2 — atMoc¢epHbIe 0CAAKH, 3 — NOBEPXHOCTHbIE U MO3eMHbIE BOIbI;
0) — 3uMHHeE: 4 — CHEe:KHbII MOKPOB.

YuuTeIBasi, 4TO CHEr OYEHb CUJIBHO BIIMSIET HA TEMIIEPATYPHBIA PEKUM
no4yB u rpyHToB (BoeiikoB, 1889; JlocroBanioB u Kynpssues, 1967) Obuin
NPEMJIOKEHbl  CIOCOOBI  YKPEIJIEHUS OCHOBAHHUS JIOPOr C  MOMOUIBIO
MPEAOTBPALIECHUS CHETOHAKOIUUIEHUS HA OTKOCAX 3€MJISTHOTO IOJIOTHA JOPOT U
[pujieralouied  teppuropur. IMX  1Ba:  CHEroOYMCTKa U OKpAacka;
COJIHLIEOCAAKO3AlIUTHBIN HABEC.

[TepBsIil cmocod mpeaycMaTpuBaeT CUCTEMATUUECKOE yalieHue CHEera ¢
OTKOCOB 3€MJISTHOTO MOJIOTHA M YacTH NPHIETAONIE TEPPUTOPUU 3UMON U
OKpacKy WX B Oenblii I[BeT BECHOW. B cOOTBeTCTBMM ¢ MAaTEHTOM Ha
nzooperenue Ne 1764371 (KonaparbeB u ap., 197106) crmocob 3akirovacTcs B
CJIEIYIOLLEM.

Ha yyacTkax JIbIUCTBIX MHOTOJICTHEMEP3JIBIX TPYHTOB BO3BOISIT HACHIIb
M0 TEXHOJIOTHH, TpeaycMaTpUBAIOIIEH COXpaHEHHWE TPYHTOB OCHOBAaHUS B
MHOT'0JIETHEMEP3JIOM COCTOSIHUM: MIPOCEKU MPOopyOaroT 3uMoi 0€3 KOpUYEBKHU
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NHEH U C COXpAaHEHHE MOXOBO-PACTUTEIBHOTO MOKPOBa; MEPBBIM CION
HACBIMM OTCHIMAIOT METOAOM ''C TOJIOBBI", HE JIOMyCKas JBMKEHUSI MAIMH T10
€CTECTBEHHOMY OCHOBAHUIO; MPOU3BOJISAT MOCIONHOE YIIJIOTHEHUE HACHIIIH.

B mepBoii mosioBUHE 3UMBI (C MOMEHTa YCTAHOBJICHHUS YCTOWYHBOTO
CHEXHOr0 TMOKpOBa M JI0 MOMEHTAa MHBEPCUHU 3HAKa TEIJIONOTOKA) MpPOU3-
BOJAT CHCTEMATHYECKOE YJAJIE€HUE CHEra C MPOE3XkKeil 4acTH IyTH, OTKOCOB
HAChIlId M 4YacTU NpWIETraroued TeppuTopuu. MOMEHT HMHBEPCUU 3HaKa
TEIJIOTIOTOKA OMPEEISAETCS MO JAaHHBIM OJIMDKAWIel METeOCTaHIINH, KOTraa
CpedHEeCyTOYHasi TeMmIepaTypa BO3/yXa CTAaHOBUTCA YCTOWYMBO BBIIIE
AHAJIOTUYHOM TEMIIEPATYpbl NOBEpXHOCTU NO4YBHL. [lluprunHa oummaemont ot
CHera MoJIOChl BO3JIE HACKIMH JIOJDKHA, KaK MPaBUiIO, OBITh OOJIbIIE ITUPHHBI
OOKOBOW TMOBEPXHOCTH HACHIIM, HO MEHbBIIE MOLIHOCTH CJIOS TOJOBBIX
KoJeOaHuil  TeMrepaTypbl TPYHTOB Ui  OFOJICHHOM  IMOBEPXHOCTH.
CHErooyncTka MOMKET OCYHIECTBISATHCSA JIOOBIM CIOCOOOM: MEXaHUYECKUM,
ra3oJAMHaMUYECKUM, C TIOMOIIbIO0 aBUAIMOHHOTO JBUTATENs, YCTAHOBJIEHHOIO
Ha T1aTGopMe WK IPE3UHE U Jp.

BecHoil mocne cxoma cHera INpPOU3BOASAT OKPACKy OTKOCOB HAChIIHU
F0’KHOM, BOCTOYHOM M 3allaHOM DKCHO3ULHN, a TAKKE BEPXHETO CTPOCHUS
nyTH B Oesblid IBET. DKCIO3UIUS OTKOCOB HACKHIMM OMPEEISIETCs M0 TUIaHy
Tpacchl WJIM Ha MECTE B 3aBUCHUMOCTH OT OPUEHTALMHU IO CTpaHaM CBETA.
Kpacka wmoxer ObITh J11000H, HO 00S3aTENIBHO SKOJIOTMYECKH YHCTOM.
[Tokpacky MyTH MOKHO MNPOU3BOAUTH KPACKOIYJIbTOM, YCTAHOBJICHHBIM Ha
mwiatdopme (Ape3uHe) wid nepeHocHbIM. OKpacka MyTH JIOJDKHA XOPOIIO
OTpaXKaTh COJIHEUHYIO paJHallMI0 B BECEHHE-JIETHUN MEpPUOJ, MOITOMY IpHU
CYIIECTBEHHOM 3arpssHeHuu (mopsiaka 60%) 3ammuimaeMoil MOBEPXHOCTU
OKpAacCKy CJIeTyeT OOHOBIISITh.

[MomoxxutenpHBIA  dPQPEKT AOCTHraeTcss TeM, 4YTO YCTPaHEHHUE
TEIJIOU30JIUPYIOIIEr0 BJMSHUS CHEra B IEPBOW IOJIOBUHE 3HMBI PE3KO
YCWJIMBAET TEIJIOBOM IOTOK M3 TPYHTOB Tella M OCHOBAaHUSA HACBIIM B
atMocepy — MPOUCXOIUT WX HMHTEHCHBHOE oxJjaxjeHue. CylliecTBeHHOE
YBEIMYCHHUE albOe0 TMOBEPXHOCTU (), MOKPHITOW HOBOU (0=75%) wnm
crapoir (=55%) Oenoli Kpackoi, IO CPaBHEHHUIO C ECTECTBEHHOM
MOBEPXHOCTHIO Mapu (=25%) 1 B 0OCOOEHHOCTH C 3a4YEPHEHHOW Ma3yToOM U
YIOJbHOM MBUIBIO IMOBEPXHOCTBbIO MYyTH (=6%) yMEHBIIAET MOIJIOLICHHUE
COJIHEYHOM pajualiuu U COKpalaeT MPOTPEB 3€MIISIHOTO MOJIOTHA. Y CHIIEHUE
3UMHET0 OXJIAKJIEHHUSI 3EMJISTHOTO IMOJOTHA M YMEHBIIEHHE €ro JIETHEro
IporpeBa COXPAHSAIOT OCHOBAHHME JIOPOTM B  MEP3JIOM  COCTOSIHHH.
[IpenoTBpanieHue Jaerpajgald  MEpP3JIOThl  IMOJ 3€MJISIHBIM  MOJOTHOM
o0ecrneuynBaeT ero CTabuIbHOCTb.

BwmecTto okpamBaHus MOXHO MCIOJIb30BaTh 11€0€Hb OENI0ro 1BETa.

Btopoit crmoco0 ykperuieHWsi OCHOBaHHUS 3E€MIISTHOTO TIOJIOTHA Ha
MHOTOJICTHEMEP3JIBIX TPYHTAaX B COOTBETCTBHH C MAaTEHTOM Ha M300peTEeHUE
No 1740555 (KongpateeB u np., 1971a) 3akmouaercss B ciaepyromieM. [ms
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NPEAOTBPALICHUS OTEIUISIFOLIETO BIHUSHUSA MNPSIMOM COJHEYHOM pajualuy U
JIETHUX OCAJIKOB, @ TAKXKE PE3KOT0 CHUKEHUS TEIUIOM30JUPYIOLIETO BIUSHUS
CHEYKHOT'0 TIOKPOBA U COOTBETCTBYIOILIETO YBEINYEHUS PACX0/a TEILIA 3UMOU,
HaJl 36MJISIHBIM TIOJIOTHOM COOPYKA€TCsl COJHIIE0CAIKO3AIUTHBIN HAaBEC.

Konctpykiusi HaBeca ormpezensercss reorpaduyeckod IMUPOTOH H
KJIIMMAaTUYECKUMH YCIOBUSMH MECTHOCTH, SKCIO3UIMENR OTKOCOB M BBICOTOM
Haceli. HaBec MOXET coopyXaTbCsi TakK€ Ha HYJEBBIX MeEcTax
MPOJOJIbHOTO Tpowiis M B BbleMKax. [IpuueM B BBIEMKaX MOXET OBITh
JOCTUTHYT HAuOOJBIIUNA TEXHUYECKMH M  SKOHOMHYECKHH 3(dexT,
CYILIECTBEHHO COKpAICHbI 36MJISIHbIE PAOOTHI.

[TomoxutenpHbId AHEKT MPUMEHEHHS HaBeCa JOCTUTACTCS TEM, YTO
O/ HUM He oOpa3yeTcsi CHEXHBIM MOKPOB — MPOUCXOAUT WHTEHCUBHOE
3UMHEE OXJIAXKJCHUS 3EMJISTHOIO IOJIOTHA M €r0 OCHOBAHUS, UCKIIOYAIOTCS
UHQUIbTpaAIMsl JIETHUX OCAQJAKOB M TMpsAMas COJHEYHas pajauanus,
SBJIAIONINECS OOBIYHO OCHOBHBIMU MPUYMHAMHU JErpajjalldd MEp3JIOThl U
OCaJKH 3€MJISTHOTO IOJIOTHA HA OTHOCUTEIBHO POBHBIX YY4aCTKaX MECTHOCTH.
[Ipn coxpaHEHUMH BBICOKUX MPOYHOCTHBIX CBOMCTB MEP3JIBIX TPYHTOB
OCHOBaHMWS JIOPOTM  OTMHAAAaeT HEOOXOAUMOCTb B  JIONMOJHUTEIbHBIX
MPOTUBOJC(HOPMAITUOHHBIX ~ MEPOIPHUSATUSAX,  YIPOIIAETCS  KOHCTPYKITUS
HACBITH, BO3PACTAIOT TPOMYCKHAs CHOCOOHOCTh JIMHUM W CPOKU CIIYKObI
AJIEMEHTOB ITyTH.

[Io HamemMy OpeMIOKEHUID  COJIHLEOCAIKO3AIIUTHBIE  HABECHI
coopyxkeHbl B Kutae Ha *ejae3HbIX U aBTOMOOMIBHBIX Joporax B Tubere. I1o
naHabIM (Niu & Shen, 2006) HaBeChl MOTYT ITOHMKATh TEMIIEPATYPY TPYHTOB
Ha 3-5°C wu ofecneunBaTh CTAOWIIBHOCTH 3E€MIITHOTO IIOJIOTHA Ha
BEUHOMEP3JIBIX TPYHTaX.

CrocoObl yKperuieHHsi OCHOBAaHUS JIOPOT C MOMOUIBIO MPEAOTBpAILEHUS
CHETOHAKOIUICHHS] Ha OTKOCAX 3€MJIIHOTO MOJIOTHA JOPOT M IPUJIETAIOLIEN
TEPPUTOPHUH MPOILIN ONPEACIECHHYIO anpoOalfio MmyTeM MyOIruKaluu cTaTeu
W JIOKJIQJIOB B OTEYECTBEHHBIX W 3apyOCKHBIX H3JIaHUSIX, CIEHHATbHBIX
moHorpaduit (Konmpatee, 2011), a Takke HCHOJBb30BaHUS B OIMBITHO-
HSKCHEPUMEHTANIbHBIX ~ MpPOeKTaX  AMypo-SAKyTCKONl  KE€JIE3HOIOPOKHOU
MarucTpaid U MOABE3AHOTO K.J MyTH YIJaKk — Onbra, OpU TEXHUKO-
HDKOHOMHYECKOM OOOCHOBAHMHM CTA0MIM3AlMOHHBIX MEPONPHUATANA IS
3abaifkanbCKOM K., TPH pa3palOTKe TEXHUYECKUX TNPEIJIOKECHUN 110
CTaOMIM3AIMU 3EMJITHOTO TIOJIOTHA HAa HEKOTOPBIX ydacTkax BoctouHo-
Cubupckoit x.a1., a Takke aBTomoporu «Amyp» Ywura-XabapoBcCK.
Hekoropble TeXHUYECKUE PEIICHMS, B YACTHOCTH, COJHIIEOCAIKO3AIIUTHBIN
HaBec, peanbHO npuMeHeHbl B Kutae npu crpoutenscrse L{unxait-Tuberckoi
x.1. (Niu & Shen, 2006) u pexonctpykuuu [{unxaii-Tubderckoro mocce u B
Poccun Ha Bocrouno-Cubupckoit x.1. (KongpatseB u Bamues, 2016) u Ha
maructpaibHoM HedrenpoBoae BCTO-1 (Konapatee u np., 2016). Besne
OHU TTOKa3aJ1 BICOKYIO 3P(HEKTUBHOCTD.
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HUCCJEJOBAHUE CHEI'OBOM HATPY3KH HA KPOBJIA
JlooknHa B.A. 1, KononoB H.A. 1, Ioranos A.A. >

: HanbHeBocTOUHBIN reosornyeckuii UHCTUTYT JIBO PAH,
Caxamuackuii punmman, FOxuo-Caxanuuck, Poccus
* CrenuasibHOE KOHCTPYKTOPCKOE OIOPO CPEJICTB aBTOMATHU3AIMH MOPCKHUX
uccaegopannii [[BO PAH, IOxn0-Caxamuack, Poccus

AnHoTanus. Pa3zpaborana cuctemMa JUCTAHIIMOHHOTO MOHWTOPHHTA U3MEHEHUS] CHETOBON HArpy3KH
Ha TOPHM3OHTANBHYI0O TOBepXHOCTh. CHcTeMa (YHKIIMOHHPYET B pPEXHME pPEaJbHOTO BpPEMEHH U
MPECTaBIsIET COOOH BECOBYIO IIaT(GOpMy, OCHAMIEHHYIO TEH30JaTYNKAaMH, MOIKIIOYEHHYIO K MOJICHCTEME
aHaAJIOTO-ITUPPOBOTO TPeoOpa3oBaHUs MAHHBIX, C 3aJaHHOW JWCKPETHOCTBHIO COXPAaHSIONMEH 3HAYCHHE
texymeil Harpy3ku Ha [IK. C moMoImpi0 CHCTEMBI TIONYYEHBI JaHHBIE O AWHAMHUKE M3MEHEHUS CHETOBOU
Harpy3kd Ha KPOBJIIO 3[IaHUSI BOBPEMsl CHETOMAaJIOB, MpouleAmux Ha Tepputopuu r. KOxxno-CaxanuHcka B
3uMHeM ce30He 2014-15 rr. AHanu3 Noay4yeHHBIX JaHHBIX MOKa3ajl, YTO MUKOBAas Harpy3Ka Ha MOBEPXHOCTh
KPOBJIM BO BpeMsI CHEromaia MOXKET CYIIECTBCHHO TPEBBINIATh CPSTHIOK HATPY3KY OT CHera, (PUKCHPYEMYIO
M0 OKOHYAHWUIO CHETOMAaJlla, 4TO JOJDKHO YYHUTHIBATHCS MPHU MPOCKTUPOBAHUU 3[JaHUN M COOPYKEHUU B
perruoHax ¢ yCTOHYHMBBIM CHEXXHBIM TTOKPOBOM.

KiueBble €J10Ba: CHEroBas Harpy3ka, CHETOHAKOIUICHHE, MOHHUTOPUHT, TOJIIMHA CHErOBOTO
MOKpPOBA.

STUDY OF SNOW LOADING ON ROOF
V.A. Lobkina', I.A. Kononov', A.A. Potapov’

! Sakhalin Department of Far East Geological Institute FEB RAS,
Yuzhno-Sakhalinsk, Russia
* Special Research Bureau for Automation of Marine Researches,
Far Eastern Branch RAS, Yuzhno-Sakhalinsk, Russia

Abstract. Obtaining real-time data on changes in snow loading during snowfall is an important task
which has not yet been given sufficient attention.

The purpose of the research is to obtain data on the changing dynamics of snow loading during
snowfall. A remote monitoring system for snow loading was developed for this purpose. The system
developed provides continuous collection and transmission of data on variations in snow loading over a unit
area. This information allows monitoring of the amount of snow loading and the dynamics of the snow
accumulation during snowfall.

Data are obtained at 1-minute intervals with a 50 gr sensitivity to changes in loading. The platform is
designed to load a maximum of 100 kg. After a snowfall event, the platform needs to be cleared. In 2015 the
system was started in test mode. It is planned that the system will work without clearing during the entire
period of snow cover loading.

The system represents a square platform of 1 m’ equipped with 4 TOKVES BBA strain gauges at the
corners.

Data from the system were obtained over a two-month period from the end of January to the middle of
March. For this period 9 snowfall events were monitored. The incremental amounts of snow loading recorded
by the system during snowfalls in the winter season of 2014-15 varied between 10-100 kg/m’.

The analysis of the data obtained shows that the maximum snow loading on a roof is related to peak
snowfall, and then starts to decrease under the influence of the external factors.
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Three major factors influencing the development of snow loading on a flat roof are revealed and
analyzed: the quantity of the fallout of solid precipitation, snow melt and snow redistribution by wind.

The application of the developed system allows the reception of real-time values of snow loading on
roof buildings instead of a calculated value from the snow weight on the ground. This information can be
used for correcting snow loading standards.

Key words: snow load, snow accumulation, monitoring, depth of snow cover.

BBenenue. AHanu3upys ciayyau OOpyILIEHUS KPOBEJb, MPOU3OIIEIIINX
Ha Tepputopuu PO [1, 2], MOKHO clienaTh BBIBOJ, YTO OCHOBHOE KOJIMYECTBO
oOpyILIeHUI MPOM30IUI0O HE M3-3a IMOCTEIIEHHOTO HArpyKeHHs KpOBEJb B
TEYEHUE 3WMMBI, a 10 MPUYUHE PE3KOr0 YBEJIMYEHUS CHErOBOW HArpy3Ku 3a
KOPOTKUH TPOMEXYTOK BpeMEeHHM — cHeromaja. [Ipum KpaTKOBpEeMEHHBIX
CHETOBBIX HAarpy3Kax MpPOUCXOAUT PE3KOE YBEJIMYEHHE MAacCChl CHEra Ha
KpOBJIE 32 KOPOTKUM MPOMEXKYTOK BpeMeHU. CHer He yCreBaeT PaBHOMEPHO
pacmpeienuTbea MO0 BCEH IUIOUIAAM, YTO BeAET K OOpPYIICHUIO KPOBIH
BCJIEZICTBUE KPUTUUYECKOTO YBEJIMUEHUSI HATPY3KU Ha €€ OT/IeNbHbIE YYaCTKHU.

OneHka mpupocTa BEJIMYMHBI CHETOBOM HAarpy3Kd Ha KPOBJIIO B TEUCHUE
CHEromaja MOXET CYIIECTBEHHO IMOBJIMATh Ha OO0IlIee paccMOTpEeHHe
npo0JieMbl CHETOHAKOIJICHUS Ha KpOBJIE€ UM HAa HOPMHUPOBAHUE CHETOBOM
Harpy3ku. OJHAKO JaHHOMY BOIIPOCY OOBIYHO HE YJEISIeTCs JOJKHOTO
BHUMAaHHSI.

[lenb paboThl — MOJYYUTH AAHHBIE O JMHAMUKE W3MEHEHHUS CHETOBOM
Harpy3ku 3a cHeromaj. Jlns oasroro Obuta  pa3paboTaHa  cucrema
JTMCTAHIIMOHHOTO MOHUTOPHHTA CHETOBOWM HArpy3k (llajiee — CHUCTEMA).
Pa3pabGortannas cucrema oOecrneuynMBaeT HENPEPBIBHBIM cOOp W mepenavy
JAHHBIX 00 U3MEHEHUHU CHETOBOW HArpy3KH ¢ eAMHUIIBI Iomanu. [lonydyenue
3TOM MH(pOpPMalUU MO3BOJSET CYJIUTh O BEJIMYMHE CHErOBOW HArpy3Kud U O
JMHAMUKE CHETOHAKOIUUIEHHUS! B TEUEHHE CHEronajia.

Jlannas uHpopmanus SBIIAETCS OCHOBOU TS HAy4HO-
UCCIIEIOBATENbCKUX U IMPOEKTHO-U3bICKATENbCKUX pabOT B peruoHax, rie
BJIMSIHUE CHEKHOI'O MOKPOBA HA HACEJIEHUE U XO3MCTBEHHO-9KOHOMUYECKYIO
JESTEIbHOCTh UMEET OO0JIbIIIOE 3HAUECHHUE.

Onucanme cucrembl. Cucrema mnpeacTaBisieT coOOM KBaJpaTHYIO
nnatdopmy miomansio 1 M, 06OpyNOBaHHYIO YeTHIPhMs TEH301aTUMKAMHU
«TOKBEC» BBA no yrinam. Tenzogatunk « TOKBEC» BBA npencrasisier
coboif Oanky, KOTopas OJHMM KOHIIOM HEMOJBUXKHO (UKCHUpYETCs, a Ha
JIPYrol KOHEIl MpPUKIAIbIBaeTCA cuia. UyBCTBUTEIBHBIM SJEMEHT 3aKpBIT
3aIMTHBIM KOKYXOM B BHJI€ CUJIb(oHA. J[aTUMKK UMEIOT BBICOKYIO TOYHOCTb,
Y BBICOKHUH KJIACC 3alUTHI OT BJIArU.

TeH3zogaTuMKU MOAKIIOYEHBI K CYMMUPYIOIIEH KOpOOKe, B KOTOpPOW Ha
OCHOBE 3HAUEHUW HArpy3KH, MOJYYEHHBIX C JATYMKOB, PACCUUTHIBAETCS
dakTuyeckass wmacca cHera. Cymmupymomas KopoOka TMOAKIOYEHA K
BecoBomy nHaukaropy « TOKBEC» SH-50, uepe3 KOTOpbIl OCyLIECTBIISIETCS
npeaBapuTeNibHas HACTpolika u KanumOpoBka BecoB. I[locie HacTpoiiku
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3HAQUYEHHE TEKYLIEH Macchl C CYMMHUPYIOIIEH KOpPOOKM NPUXOAMUT Ha
WHIUKATOp W OTOOpa)kaeTcsi Ha AJIEKTPOHHOM Tabjo. BecoBoi uHAUKATOP
ocHamigéH, Takxe, narepdeiicom RS485, mo3BossONMM MepeiaBaTh JTaHHBIC
Ha Jpyrue YCTpPOMCTBa, B TOM YKCJI€ U Ha MEPCOHAIbHBIA KOMIBIOTEP, MO
npotokosty Modbus. B Hamem cnydae, ObUl0O HEOOXOIWMO 3alMCHIBATH
JTaHHBIC Ha AJICKTPOHHBIA HOCUTENh B PEKUME peaabHOTo BpeMeHu. [loaTomy
BECOBOW MHAMKATOP OBUT MOJKIIOYEH K MEPCOHATBHOMY KOMIbIOTEpY. [lms
CBSI3U C KOMIIBIOTEPOM B OINKCHIBAEMON CHCTEME MCIOJIb3YETCS KOHBEpPTEP
«Bolid» USB-RS485. Takxe aBTOopamu Oblia pa3zpaboTaHa mporpamMma Ha
s3pike  C#, npunumaromas aanHeie ¢ USBnopra, noakio4€éHHOTO K
WHJUKATOPY, W COXpaHAIIas MX B yAOOHOM i JajbHEHIneil padoTh
dbopmarte (B popmare «.xls»).

JlaHHbIE ~ MPUHUMAIOTCS C  JHCKPETHOCThIO B 1 MHHYTY,
YYBCTBUTEIBHOCTh K HM3MEHEHUI0 Harpy3ku cocrtasisier 50 rp. Ilnarpopma
paccunTaHa Ha HArpysKy, He mpesbimaromyio 100 kre/m’. Tlocie cHeromazga
wiatgopma Hyxaaetcs B pacurctke. B 2015 roay cuctema Oblia 3amyiieHa B
TECTOBOM pEXHME, B JalbHEWIIEM IUIaHUpyeTca padoTa cucTteMbl 0e3
PaCUYMCTKU B TE€UEHHE BCEro MEPHOJIa 3aJeraHusi CHEXKHOTO MOKPOBA, B CBSI3U
C YeM IUIAHUPYETCS HCIOIh30BaTh JATYMKU, PACCUMTAHHBIC Ha OOJIBIIYIO
HarpysKy.

PesyabraTrsl HaGmoaeHuil. B suBape 2015 roga ObLI0 mpoBeaEHO
TEeCTUpOBaHUE cucTeMbl Ha Tepputopuu T. HOxuo-Caxamuncka. [TnaTdopma
OblJla yCTaHOBJIEHA HA IUIOCKOW KpBIIe TPEXITaKHOTO 3xaHus. [lnomans
kpoBmu 3570 ™°, opumentanms kpeimm C-FO, mon rocmojcTByromiee
HaIpaBJeHUE BETPOB BO BpeMsi MmeTeneil. BecoBoil mHaukarop M cucrema
npuemMa W OOpabOTKM JAaHHBIX OBbUIM YCTAHOBJEHBI B TIOMEIICHHH.
[IpoBepsiiach BO3MOXHOCTb TMOJYYEHHUS! JTAHHBIX 00 M3MEHEHUM BEITUYUHBI
IPUPOCTa CHETOBOM HArpy3KH BO BPEMsI CHETOMaa.

[To MEeTEeopOJIOTHYECKUM YCIOBUSIM 3UMHUN ce€30H 2014-15 rr. MOXKHO
OXapaKTepU30BaTh KaKk HETUNMUYHBINA 1715 T. FOxkHO- Caxanuncka. B Teuenue
nepuojaa HaOIIOICHUN ObUIM OTTETNENH, TOXKIU, a TaK YK€ CMEIICHHBIC BHUJIbI
0CaJIKOB, K BO3JIEHCTBUIO KOTOPBIX cUCTeMa He Obuta moarotorieHa. Cymma
CpeIHEMECSIUHbIX TemnepaTyp 3a xoJoaHwlii nepuojy no I'MC «FOxHo-
CaxamuHck» B cpegnHeM coctasisieT -34°C, a B 3umHeM ce3one 2014-15 rr.
coctaBuia -24°C.

3a nepuon pabotsl cucteMbl 1o 'MC «FOxH0-CaxanuHCcK» Boinasio 64,7
MM OCaJIKOB, IIpu cpeaHedl Temmeparype -3,9°C. CHeromajpl 4aiie BCETrO
OTMEYaJINCh TIPU CEBEPHBIX BeTpax (75%) u cpeanei ckopoctu BeTpa 4-5 m/c.

Hamu HaOmofeHWss MNOpUILIMCh Ha BTOPYKO YacTh MEpHoja C
YCTOMYMBBIMU MOPO3aMH, YTO CBS3aHO CO BPEMEHEM TOTOBHOCTH CUCTEMBI K
pabote. Ilepuon paboThl cuCTEMbl — JBa Mecsia (C KOHIA SHBaps IO
cepeauHy MapTa). 3a JaHHbIM Nepruo ObLIIN OTCIICKEHBI 9 CHEronaoB.
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Pucynok 1. I'padpuxu npupocra cHera 3a 3aperucTpMpoBaHHbIe CHCTEMOM
CHEromasisnl.

[To gaHHBIM, MOTYyYaEMbIM OT CUCTEMBI, CTPOUIUCH IPaPUKU U3MEHEHUS
Harpy3ku 3a cHeromaa. Ha puc. 1 moka3aHbl JaHHble 3a 6 CHEromajios,
IPUPOCT HATPY3KH 110 JAaHHBIM CHeromagaM u3mMensiercst ot 10 xo 100 kre/m’.
MakcumalbHbI TPUPOCT CHErOBOM HArpy3k Moka3zaH Ha puc. 1, 6 (Tpu
apienust). IlepBoe sBnenue 3a mepuon ¢ 27.02 mo 28.02 ¢ mpupocTom
Harpy3ku 10 42 kr, sropoe — ¢ 01.03 o 02.03 ¢ npupocTom 110 53 Kr, TpEThE
— 03.03 ¢ mpupocrom 37 kr. CHeromaasl CileIOBadu IpPYyr 3a APYIOM C
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HeOOoJMbIIMMU TiepepbiBaMu  (OKkoJI0 8-12 4.), BO BpeMsl KOTOPBIX YacCThb
HAKOIJIECHHOTO CHera CcHocuio ¢ 1atgopmbl. OOmas MakcuMaabHas
Harpy3ka 3a BCE TpH SIBJICHUS, C YYETOM YMEHBILIEHHUS Harpy3Kd BO BpeMs
epepsIBOB, cocTaBma Gomee 100 kre/m”.

Bce 3adukcupoBaHHBIE CHETromajbl MMEIOT HHTEHCUBHOCTb HIKE
CpeIHe WHTEHCUBHOCTH CHETOMAOB, KOTOpasi MO0 MHOTOJICTHUM JaHHBIM B
IOxH0-Caxanuacke coctaBiageT 0,98 cm/u. HambOonblllags WHTEHCHBHOCTH
cHeromnasja, 3apeructpupoBanHas B FOxHo-Caxanuncke, coctaBuia 9,0 cM/u.

3aknaodenue. Pa3paborana cuctema JUCTAaHIIMOHHOTO MOHHUTOPHHIA
CHETOBOW HArpy3Kd, IIO3BOJISIONIASI TIONYyYWUTh JIaHHBIE O JIHHAMHUKU
CHETOHAKOIUIEHWS BO BpeMs CHEromaja, a TaK K€ IOKa3bIBaIoIIas
(aKkTUYECKyI0 BEJTMYMHY CHErOBOM HAarpy3KH OT CHETra, HaKOIUICHHOTO Ha |
M° KpOBIH 37aHus. JlaHHAs CHCTEMa pACHIMPSET CIHCOK IPHOOpOB,
MPUMEHSEMBIX JIJIS1 UCCIIEIOBAHUS CHEXKHOTO ITOKPOBA.

B xome wuccnenoBaHus BHEpPBbIE IOJYyYEHbl JaHHBIE O MPUPOCTE
BEJIMYMHBI CHETOBOM HAarpy3Kd BO BpeMsl CHEromajioB. 3adUKCUPOBAHHbBIC
CHUCTEMOMW TPUPOCTHI BEJIMYUHBI CHETOBOM HArpy3KH 3a sBIICHUE, B 3UMHEM
ce3one 2014-15 rr. uamenstored B nipeaenax ot 10 mo 100 KTC/M.

AHanu3 MOTy4YeHHBIX JJAHHBIX MMOKA3bIBAET, YTO MAKCUMAaJIbHAS CHETOBAsI
Harpy3ka, OKa3blBaeMasi Ha KpOBIIIO, MPUXOAUTCA Ha MUK CHeromaja. Jlanee
Harpy3Ka CHI)KAaeTcs o] BO3JICHCTBIEM BHEIIHUX (PAKTOPOB.

BrisiBiensl Tpu OCHOBHBIX (pakTopa, BIMSIONUMX Ha (HOPMUPOBAHHE
CHErOBOW HArpy3KH Ha IUIOCKON KPOBJIE: KOJMYECTBO BBIMAIAIONINX TBEPIBIX
0CaJIKOB, TastHUE CHETra, NepepacnpeieieHie CHETa BETPOM.

[Ipumenenne  pa3paOOTAaHHOW  CHUCTEMBI  TO3BOJSET  TMOJYYUTh
dakTHyecKkoe 3HAYCHHE CHETOBOW HAarpy3Kd Ha KpOBIE 3JaHUN, a He
pacdeTHOe W3 Beca cHera Ha rpyHTe. [lomyueHHoe QakTudeckoe 3HaueHHE
BITOCJICZICTBUM MOXET OBITh MCIIOJIB30BAHO /IS KOPPEKTUPOBKH HOPMATHBOB
10 CHETOBBIM Harpy3Kam.
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OLHEHKA OITACHOCTHU CUIBHbBIX CHETI'OITAJOB 1
CHEI'OBBIX HAT'PY30K B I'OPAX KA3AXCTAHA

IIunmankuna H.B.

TOO «HUuctutyt reorpadum» MOH PK, Anmarsl, Kazaxcran

AnHoTanusi. PaccMarpuBatoTcsi HEKOTOpPBIE OCOOEHHOCTH COBPEMEHHOI'O KJIMMaTa TOPHBIX paiioHOB
KasaxcTtana. BeinonHeH aHamu3 U COCTABICHBI KapThl PAacIpe]eNieHHs] CUIbHBIX CHeromaaoB (> 20 MM B
CYyTKHM) WM CHETOBBIX Harpy3ok B ropax macmraba 1:500 000. Amamu3 UC, cBsA3aHHBIX CO CHEIOM B
KazaxcTane, mOKa3pIBaeT IIOTCHIMAIBFHO BBICOKHH yIIepd OT CTUXHHHBIX SBIEHHH HE3aBHCHMO OT
noteruieHust kinMara. OTacHOCTh XapaKTepHa Uil TEPPUTOPHH C pasHOM IUIOTHOCTBIO HACEICHUS U
00BEMOM BaJIOBOTO MPOIYKTA.

KiroueBble c10Ba: cHETOnabl, HArPY3KH, KapTHL.

ASSESSMENT OF HAZARDOUS SNOWFALLS AND SNOWLOADS
IN THE MOUNTAINS OF KAZAKHSTAN

N.V. Pimankina

LLC “Institute of Geography” MES RK, Almaty, Kazakhstan

Abstract. The characteristics of present-day climatic conditions of the mountains of Kazakhstan are
presented. Heavy snowfalls and snow loads in mountains are assessed. Schematic maps of the distribution of
heavy snowfalls (> 20 mm per day) and snow loads in mountains are compiled at a scale of 1: 500 000. An
analysis of risk areas shows a potentially high level of damage from snow-related natural hazards in
Kazakhstan irrespective of climate warming. Natural hazards cover areas with varying population densities
and gross product.

Key words: snowfalls, snowloads, maps.

['opHoe oGpamiienne ro-soctouHoro KazaxcraHa cocTtaBisitoT XpeOThl
CeepHoro Tsnp-llans, a Takxke xyHrapckuii Anaray u Cayp-Tapbararaii,
uMerImue cyomupoTHoe nojoxkenue. B 3amamnom Tsanp-1llane maxomutcs
Yramckuil xpebeT, mpoCTUPAIOIIMICS ¢ I0ro-3amajia Ha ceBepo-BocTok. Ha
BOCTOKE TEPPUTOPUU PACIIOTIOKEHBI OKpaHHBIE XpeOThl AJNTaliCKON TOpHOMU
cucteMbl (puc. 1). T'opsl 1Oro-BOCTOKa M BOCTOKA SBJISIOTCS palOHAMH
pPacIpOCTPAHEHUSI COBPEMEHHOTO OJIEICHEHUS.

B xome pabor mo co3maHuio «ATiiaca MPUPOIHBIX U TEXHOTEHHBIX
OMACHOCTEN M PHUCKOB 4Upe3BblYalHbIX cuTyauuid B PecnyOnuke Kaszaxcrany»
BBITIOJIHEH AHAJIM3 BPEMEHHBIX PSIOB TEMIIEpaTypbl BO3/1yXa, OCAAKOB WU
XapakTepucTuK cHexHoro mokpoBa (Atmac, 2010). CoctaBiaeHbl KapTbl
(macmrad 1:10 MIIH) ONMACHOCTH CHUJIBHBIX CHETOIaJ 0B U CHETOBBIX HArPYy30K
Ha TeppuTopun Ka3zaxcrana.
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Pucynok 1. Cxema pacnoJioxeHHs1 TOPHBIX CHCTEM BOCTOKA H IOI0-BOCTOKA
Ka3axcrana. 1-Auaraii; 2-Tap6araraii; 3-/[xynrapckuii Asnaray; 4-Kermenn; 5-
Tepckeit Anaray; 6-3anamiicknii Anaray; 7-Keipreisckuii Anaray; 8-Kaparay; 9-
Yramckuii xp.

J171st TOpHBIX pailoHOB pacCMOTPEHBI JJaHHbIE HA0JIIOIEeHH Ha OoJiee yem
300 METEOpOJOTMYECKUX CTAHLMUAX U BPEMEHHBIX MocTax, 450 CHEroMepHbIX
momankax Kasrugpomera,  pacmoJIOKEHHBIX B TOPHBIX JOJIMHAX B
nuamna3one BeicoT 600-3000 m (Marepuainsl, 1954-2014). IloaroroBiieHHbIE
MaTeprajibl TO3BOJIMJIA BIIEPBBIE IIPOU3BECTH PAHOHUPOBAHHUE TOPHOM
tepputopu. CoOCTaBIE€HBbl KapThl OMNACHOCTU CHJIbHBIX CHETONajoB H
CHETOBBIX HArpy30K JUIsi TOPHBIX pallOHOB CTpaHbl B MacuTade 1: 750 Thic.u
1:500 ThIC., TIe TOKa3aHO paclpeaeieHue CPpeHEN U3 MaKCUMaIbHBIX BBICOT
CHEXHOTO TMOKPOBAa M IPUPOCT BBICOTHI CHEra 3a OTAEJbHBIA CHEroma.
[ToHATHE «OMAaCHOCTW» HAMHM pPacCMaTPUBAJIOCh KAaK CUTyallus, B KOTOpPOH
MPOUCXOJAT B JIAaHHBI MOMEHT WJIM MOTYT HPOHUCXOJUTh HEKEJaTelbHbIC
COOBITHS, BBI3BIBAIOIIME OTKJIOHEHHS B  COCTOSIHUM  3[0pOBbS U
KU3HEIEATEIIbHOCTH YEJIOBEKA U COCTOSSHUM OKPYKAIOIIEH Cpelbl. Y TOUHUM,
YTO OMACHOCTH SIBJIEHUSI Mbl PACCMAaTPUBAEM C TOUKH 3PEHUS MOTEHIUAIBHOM
yIpo3bl KU3HU M 3J0POBBIO JIIOJICH, HEraTUBHOMY BIMSHUIO Ha >KUJIBIC,
MPOMBIIUICHHBIE, TPAHCTIOPTHBIE OOBEKTHI KaK B YK€ OCBOCHHBIX MECTHOCTSIX
C NEUCTBYIOITUMHU COOPYKEHUSAMH, TaK U B HEOOKHUTHIX, TPYTHOJOCTYIHBIX B
HACTOSIIUA MOMEHT TOPHBIX TEPPUTOPUSIX.

OueHka W3MEHEHUM KIMMAaTHYECKMX Xapakrepuctuk rop Kazaxcrana
MoKa3ajga, 4To CpEefHss TeMmIepaTypa BO3AyXa B pa3jIMYHbIE CE30HBI roja
yBeJIM4uBaeTcs (puc. 2).
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Pucynok 2. OTk/10HeHHe cpeAHel Io10BOii TeMIepaTyphbl BO3ayXa oT HopMbI (1961-
1990 rr.), ocpennenHoe 1o 3 MeTeocTaHIUAM 3anjauniickoro Asnaray (Aamartsl, FTMO;
BAO; Mbinxkuiaku). llepuon nadawaenunii — 1937 -2014 rr. ’Kupuast imuns — 10-
JIETHSISl CKOJIB3SI1Ias CPeIHsIs.

['paduk mpencraBisieT XoJ CpeaHEH TOJOBOM TeMIepaTypbl BO3AyXa,
OCPEIHEHHON [JIsl pa3HbIX BBICOTHBIX 30H XpeOTa 3awnuickuil Anaray
(mnanazon BeicoT 800-3000 M), mpeACTaBIEHHON B OTKJIOHEHUSIX OT HOPMBHI (B
naHHoM ciydae 310 1961-1990 rr.). Ilepuoxn nabmrogennii 1937-2014 rr. 13
rpaguka BUAHO, YTO B OMmKalmmx K T. AJMarel ropax HaOIroAaiach
MPOJOJKUTENbHAS TOJOKUTEIbHAS aHOMaNUS - 14 Jer moapsiy cpemHss
roJIoBasi TEMIIEpaTypa Bo3ayxa npesbimana Hopmy Ha 0,2-1,5 rpan. C. 3to He
MOTJIO HE OTPA3UThHCS HA CTENEHU MPOMEP3aHUs TPYHTOB, TaATHUU JIETHUKOB,
CpOKax 3aJieraHusi CHEKHOTO MOKPOBA.

OpHako yBeIMYEHHE TEMIEPaTyphbl BO3AyXa HE SIBISIETCS MOKa3aTelieM
YMEHBUIECHUSI CHEXHOCTH TeppUTOpUH. 3a mocieanue 10 yner Habmoganuch
aHOMaJbHbIE CHErOmajbl ¥  TOBBIIICHHBIE CHETOBbIE HArpy3ku |
caeroomnoxenusi. CooOmienusi, nyonukyempie B CMWM u Ha caiite
Ka3zaBTomopa, CBUAETENBCTBYIOT O €KETOAHO BO3ZHUKAIOIIUX YPE3BBIUYANHBIX
CUTyallMsIX, CBSI3aHHBIX co cHeroMm. Tak, B ¢eBpane 2005 r. B XKamObLicKO#
obacTu M3-3a OOWJIBHBIX CHEromajoB oOmui ymepd coctaBui Oosiee 4
musuapoB TeHre ([Ipoucmectsus, 2005 u ap.). 11 despans 2012 r. B cenax
[Takmak, Xanaraman u becrorait baitnnbexckoro paitona 53 goma ObLIH
3aHECEHbl CHETOM, TOJIIMHA KOToporo aocturana 5 m. 8-9 mapra 2010 r.
OCTAHOBJIEHO JBI)KEHHE 9 moe3noB B HampaieHuu Ha Ypymuu (KHP),
KOJIMYECTBO MaccaxxupoB — 2436 wyen. 3umoit 2016/2017 rr. OTMEUYEHBI
oOpyIIeHUsl KpBIlll MaBUILOHOB B AcraHe u AmnMartbl. HeonHokpatHO B
teuenue 3uMbl Komurter mo UHC MB/] PK 3akpeiBaeT yuacTku aBTOA0pOT U3-
3a METENIM U CHEXHbIX 3aHOocoB (MwunTpanckom, 2012, 2016, 2017 u ap.,
[TpoucmectBus, 2010 u np.).

Pacnpenenenne unciia caydyaeB CUIbHBIX CHETOIA/I0B HEOJMHAKOBO KaK
no MecsillaM, Tak M MO rojaaMm. BrimaneHue HauOOJBIIETO KOJIMYECTBA
TBEPJIbIX 0CcaKOB B ropax Kazaxcrana ormedeno B 1966 r. (tabu. 1).
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Ha ocnoBanum pnanubix HaOmonenuit Kasruapomera u HuctutyTa
reorpapuun MOH PK Hag CHEXHbIM IOKPOBOM OBUIM MOJYy4YeHBI 23
SMIIMPUYECKNE 3aBUCUMOCTH CPEJHUX M MAKCHUMAaJbHBIX CHET03alacoB OT
BBICOTBI MECTHOCTH, KOTOpbIE 3aTe€M ObLIM MCHOJB30BAHbI I pacyuera
CHETOBBIX HArpy30K B TOPHBIX padoHax. KapTel oTpaxarT yCcpeaHEHHOE
pacnpeneneHrue TOJIIMHBI M BECa CHEXKHOTO TOKpoBa, 0e3 yuera penbeda
CKJIOHA W CllyBa W HaJyBa CHera. AHallu3 apXUBHBIX MATEPHAIIOB MO3BOJIMII
JaTh TOAPOOHOE OMHCAHWE OTAEIBHBIX COOBITHH, KOTOPHIE MPUBOIWIHN K
OOJBIIINM TIOTEPSIM.

Ta6auna 1.
Ouensb cuibHbIe cHeronazas! (>50 MM/cyT) B ropax Kazaxcrana B 1936-1996 rr.

KosanuectBo
Cranuus, moct 0CaJKOB, JlaTa
MM/CYT.
Cepxuxa (AnTaif) 68,7 27/X11-1966
Kapakosxa (xp. YOouHckwuii, Anraii) 72,2 1/X1-1966
Keneumxynae3 (xp. Tapbararaii) 89,1 22/X1-1966
BykTeipma (AnTaii) 51,0 27/11-1966
Jlencunck (xp. JxyHrapckuii Anaray) 51,7 2/111-1968
Typren (xp. 3aunuiickuii Anatay) 59,6 15/111-1966
Bepxuuii ['openbHuk (Xxp. 3annuiickuii Anaray) 59,7 15/111-1966
Acmnapa (xp. Keipreisckuii Anaray) 70,2 22/1-1969
Amipicaii (xp. Kaparay) 133,6 5/X11-1986
Tonbkebac (Yramckuit xp.) 51,2 16/11-1943
[MMaknak (xp. bapanmait) 77,1 21/TY-1986

bonbmias 4vacth cpeaHe- W BBICOKOTOPHOWM 30HBI XpeOTOB, YK€
OCBOCHHOW WM  MEPCHEKTHUBHOM JUIsl  PEKPEAlMOHHOTO  OCBOEHUS,
CTPOUTENHCTBA U AKCIUTyaTallUu KWIbIX 3JaHUN U COOPYKEHHM, MONagacT B
rpajallid 3HAYUTEIbHOM W CHJIBHOM CTEMEHHM OMACHOCTU OOMIIbHBIX
CHETOMNAJIOB MW CHETOBBIX HArpy3oKk. B TOpHOM 30HE€ 4YHCIO JHEU CO
CHEroIajJaMy JTOCTUraeT makcumyMma: B xp. Kaparay (Ampicail — 52 cimydad
3a paccMOTpeHHbIN nepuon), Yramckom xp. (Llyyngak — 105), 3aunuiickom
Anaray (Bepxumit T'openbnuk — 54), TapOararae (AnexceeBka—39),
Jlxxynrapckom Anaray (Apantobe — 46), na Antae (Kaparyxuxa — 69).

MakcuMallbHBIM OPUPOCT CHEKHOIO MOKPOBA 3a CYTKH COCTaBisieT 54
cM (Amreicait), 37 cm (IIpiMkeHT). CBOCOOPa3HBIM «ITOTIOCOM CHEKHOCTHY
Kazaxcrana sBustorcs xpeOTbl  YOWHCKUN, YIbOMHCKUH, XOJ3YH,
Turupeukuit, Jlucresira na Anrae. B noc. Manasa Yine6a B 1981 r. ormeuen
21 nenb ¢ cunbHBIMH cHeronagamu [9]. IIpupocT cHera 3a CyTKU COCTaBIISIET
39 cMm (3wipsiHOBCK), 35 cm (Punaep (JIenunoropck).
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CHeroBble Harpy3Ku B TE€UEHHUE 3UMbI BCJIE/ 32 YBEJIMYEHUEM BBICOTHI U
IJIOTHOCTH CHETa YBEJIUYMBAIOTCS MHOTOKPATHO, JOCTUras MakCHUMyMa, Kak
npaBuiio, BeCHOM. B ropHbix paitonax Kazaxcrana HaOmromgaeTcss HauOobIIas
W3MEHUYMBOCTh BEJIMYMH CHETOBBIX Harpy3ok. B pgomune p. I'pomoryxa
(mputok p. Yib0bl) B 3KCTpEMalbHbIE IO CHEKHOCTH ToJibl Ha BbicoTe 1400 M
BEC CHEXHOro mokpoBa pgocturaetr 18 klla 3a cuer wmereneBbIXx U
CHEromnajgHbIXx omioxkeHud. Ha puc. 3 B KadecTBe mpumMepa IpencTaBIICHA
KapTa OMacHOCTH CHETOBBIX HArpy30K B XpeOTax Ka3aXCTaHCKOTo AJTas.

4 OMAGHOGTI CHETBX HATFY30K
\ © XPEGTAX ANTAR
A Lz o =Ry N\ T7socma

Pucynok 3. Kapra onmacHOCTH CHeroBbIX HArpy30K B XxpeOTax AJjras.

VYyeT MakCUMalbHBIX CHETOBBIX HArpy30K MpHU MPOEKTUPOBAHUU 3AAHUM
U COOPY>KEHUU B ropax /0 CUX MOP HE MOJTYYaeT AOKHOTO BHUMAHUSL.
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Pasoen IX. Ilpoexmuposanue u cmpoumenbCcmeo 6 CHENCHbIX pecuoHax. IIpobaemvl 20PHONBIJCHBIX KYPOPMOS.
Section IX. Design and construction in snowy regions, including ski resorts.

AHAJIN3 MPOTUBOJIABUHHBIX MEPOIIPUATHI 1J151 OIEHKA
JABUHHOI'O PUCKA HA KPACHOM NOJISTHE

Poaunonona I1.M., Komapos A.1O., Typuannnosa A.C.,
Ceausepcros 10.T.

['eorpaduueckuii pakynsrer MI'Y um. M.B. JlomonocoBa, MockBa, Poccus

AnHoTanusi. B pa0oTe BbINONHEH aHaNM3 NPOTUBOJIABUHHBIX MEPOIPUSTHH, NPUMEHSIEMBIX Ha
TOPHONBDKHBIX KypopTax «Po3a-Xyrtop» u «lazmpom». Hecmotps Ha T0, uto Kpachnas IlonsHa sBnsercs
CPaBHUTEIBHO MOJIOABIM KypOPTOM, 3[€Ch YHAENseTcs 3HAYUTEIbHOE BHUMAaHHE BOIPOCAM JIABUHHOMN
6e30macHOCTH, O 4YEeM CBHJCTENbCTBYET IPUMEHEHHE TaM IIMPOKOTO CIEKTpa HPOTHUBOIABUHHBIX
MepornpusaTuil. TeM He MeHee, cuUCTeMa NPOTUBOJABUHHOW 3amuTel B pailoHe KpacHoil IlonsiHel
HECOBEPILICHHA, BBIIBICH PsI HEJOCTATKOB B IIPOBOJMMBIX TaM HPOTHUBOIABHHHBIX MEPONPHUSITHSIX.
PesynbraThl, moNMydeHHBIE B HacToslleld pabore, OyayT MCIIOIB30BAHBI IS OLCHKH JIABUHHOTO PHCKAa HA
TOPHOJIBDKHBIX KypopTax KpacHoi I1osiHbL, ¢ y4€TOM MIPOBOAMMBIX TaM IMPOTHUBOJABUHHBIX MEPOIPUITHH.

KiroueBble ¢JI0BA: CHEXKHEIC JIaBUHBI, IPOTUBOJIABUHHBIC MCPOTIPUATHU, JIaBUHHBIHN PHUCK.

ANALYSIS OF AVALANCHE MITIGATION MEASURES FOR
AVALANCHE RISK ASSESSMENT IN KRASNAYA POLIANA

P.M. Rodionova, A.Yu. Komarov, A.S. Turchaninova,
Yu.G. Seliverstov

Faculty of Geography, Lomonosov Moscow State University,
Moscow, Russia

Abstract. An analysis of avalanche protection measures in «Rosa Khutor» and «Gazprom» ski resorts
is performed. Despite the fact that Krasnaya Poliana is still a relatively young ski resort, considerable
attention is paid to avalanche safety in the region as demonstrated the wide range of anti-avalanche measures
put into practice. Nevertheless, the avalanche protection system in Krasnaya Polyana is far from perfect.
Numerous shortcomings in avalanche protection measures have been identified in the region. The results
obtained will be used for avalanche risk assessment in Krasnaya Poliana ski resorts taking into account the
recent application of avalanche protection measures.

Key words: snow avalanches, protection measures, avalanche risk.

BBeaenue.

[Tocne mnposeaenuss 3umuux Omnumnuiickux WUrp 2014 roma paiion
Kpacnoit [losnsiHbl, cTayi KpyIHBIM COBPEMEHHBIM IIEHTPOM 3UMHHUX BHUIOB
criopta. [ns oOecrnieyeHuss JTaBUHHOM OE30MACHOCTH Ha TOPHOJBDKHBIX
kypoprax  KpacHou  IlomgaHbl  OPUMEHSIFOTCA  pa3iUYHbBIE  TUIIbI
MPOTUBOJIABUHHBIX MEpPONPHUATHI, Ha HEKOTOPBIX KypopTax CO3/1aHbl
JIAaBUHHBIE CITY>KOBI. B CBSI3M ¢ 3TUM, TIPU OIIEHKE JIABUHHOTO PUCKa B pailoHe
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UCCJEOBaHMUSI ~ HEOOXOJIMMO  YYMTHIBaTh  TEKyIllee  COCTOSIHUE U
3G (HEKTUBHOCTh TPUMEHSIEMBIX TaM TPOTUBOJABUHHBIX MEPOIIPUSITHI.

[lenapto paboTHl SIBISETCS HM3Yy4YEHUE OIbITa O0ECIEeUeHUs JIaBUHHOU
0€30MacHOCTH, aHAJIU3 COCTOSIHUS M oleHKa 23h(PEeKTUBHOCTH psiaa
PUMEHSEMBIX MPOTUBOJIABUHHBIX MEPOTIPUATHIH HA TOPHOIBIKHBIX KypOpTax
«Poza-Xyrop» u  «la3mpom»,  KOTOpble  TOJB3YIOTCA  OOJBIION
HOIYJISIPHOCTBIO CPeNr JIFOOUTENeH TOPHOJIBDKHOIO CIIOpPTa U CHOYOOPAMHTa.
D(heKTUBHOCTP —  BaXHEHWINMA  IMOKa3aTellb  IEeJIeCOOO0pa3HOCTH |
pe3yabTaTUBHOCTH TMPUMEHEHHUS 3alllUTHBIX COOPY>KEHUH B 3aJaHHBIX
IPUPOJIHBIX YCIOBHSX, XapaKTEPU3YIOIIUICSI COBOKYITHOCTBIO TAKUX CBOMCTB,
KaK HaJIe)KHOCTh, PpE3yJbTaTUBHOCTb, SKOHOMHMYHOCTb. B Meronnyeckom
OTHOUIEHUU OIlIeHKa 3(PPEKTUBHOCTHU 3AIIUTHBIX MEPOIPUATUN TECHO CBSI3aHa
C OIICHKOM TMapaMeTpoB JIaBUH U ymiepOa, MpeAoTBpalaeMoOro Hux
ocymectienueM (OKurynbckuii, 1989). DxoHomuyeckas 3¢()EKTUBHOCTH
OCTaeTcs 3a paMKaMM MCCIIEJOBaHUS Ha TaHHOM dTane. OaHaKo, MoJy4YeHHbIE
JAaHHbIE MOTYT OBITh HMCIOJIb30BaHbl JI OLEHKH JAHHOTO IOKa3aTessl B
JAJbHEUILIEM.

MeTtonuka ucCcClIeIOBaHMS BKIIOYAET TMOJEBbIE HMCCIENOBAaHUS W
KOMILJIEKC ~KaMepalbHBIX MeETOAOB. Jlns aHanmm3a MpOTHUBOJIABUHHBIX
MEpOTIPUATUNA  UCIOJIb30BaHbL: IUdpoBas Mojaens penbeda paiioHa
UCCIIEIOBaHMsI;  METOAbl  TI'€OMH(POPMAIMOHHOTO  KapTorpadupoBaHUs;
MaTEeMaTHYECKOI0 MOJEIMPOBAaHUS (OLEHKAa JUHAMUYECKUX XapaKTEPUCTUK
CHEXXHBIX JIaBUH); a TaKXKe TOJIOKEHUS JCHCTBYIOIMIMX HOPMATHUBHBIX
NOKYMEHTOB P® B 001acTd HHXEHEPHBIX THAPOMETEOPOIOTHUECKUX
M3BICKAHUM.

Ha ropuonspkHOM Kypopre «Po3a XyTop» COCpPEAOTOYEHO caMoe
0OJbIIOE  KOJMUYECTBO  OOBEKTOB  TYPUCTUYECKOW  HMH(PACTPYKTYypHI.
[Tponoxeno 45 Tpacc it 3MMHHUX BUJIOB CIIOpTa 00 MPOTSHKEHHOCTHIO 94
KM, 26 KaHATHBIX JOPOT OOIIEH NPOTSKEHHOCTHIO OKOJO 26 KM, MOCTPOEHO
MHO>KECTBO OTEJIEM M anapTaMeHTOB, PECTOPAHOB. 32 TOPHOJIBDKHBIA CE30H
2016 roga yuciao OTABIXAIOIIMX HA KypOpPTE COCTABUJIO 745 ThICAY YEIIOBEK
(www.rosaski.com). T'opHOJIBDKHBIH KypopT «l'a3mpom» MEHBIIE TIO
wiomaa. TeM He MeHee, Ha HEeM TaKKe pacloyOKEHbl MHOTOYHUCIICHHbIC
00BEKTHI TYPUCTHUECKOU MH(PPACTPYKTYPHI, BBI3BIBAIOIINE CKOIICHUE JIFOJIeH
B JIJABUHOOITACHBIX 30HAX.

AHaJIM3 NPOTUBOJIABUHHBIX MEPONPUATHH.

B mepuox c 25.01.2017 mno 5.02.2017 B cocTaBe 3KCIEIUIINU
reorpaduyeckoro (dakymprera MIY wum. M.B. JlomonocoBa ObuIH
BBITIOJTHEHBI PEKOTHOCHIIMPOBOYHBIE obOcneoBaHus WH>KEHEPHBIX
NPOTUBOJIABUHHBIX  COOPYKEHUM, YCTAHOBJIEHHBIX Ha TOPHOJIBDKHBIX
Kypoprax «l'azmpom» u «Po3a-XyTop», Ha MpeaIMET HX COOTBETCTBUS
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YCTaHOBJICHHBIM B Halllel cTpaHe HOpMaM MPOEKTUPOBAHUS U SKCIUTyaTalluu
B paccMaTpHUBaEMbIX (DU3UKO-TEOrpaPUUECKUX YCIOBUSIX.

Ha ocHoBe coOpaHHBIX B pe3ysbTaTe MOJEBbIX HAOIIOJEHUH MaTEPUAJIOB
COCTaBJICHbl KapThl MPUMEHSEMBbIX MPOTUBOJABUHHBIX MEPONPUITHI Ha
kypoptax «Po3za-Xytop» (puc.l) u «l'azmpom» (puc.2), WUIIOCTPUPYIOIIUE
MECTa pACIMOJIOXKEHHUS: TMPOTUBOJABUHHBIX WHXKEHEPHBIX COOPYKEHU;
CIIEIUATBHBIX CPEJCTB AaKTUBHOTO BO3JCHCTBUS HAa CHEXHBIA IOKPOB;
TOPHOJIBIKHBIX TPACC; KaHATHBIX JIOPOT; 30H 3apOKJICHUS JIABHH HAa KypOpTe
«l"azmpom».

AHanmu3 KapThl TPOTHUBOJABHHHBIX MEPOMNPUSTHI HAa TOPHOJBIKHOM
kypopte «Po3a XyTtop» mokasai, 4To ISl 3aIUThl PEKPEAHTOB U OOBHEKTOB
UHOPACTPYKTYpPhl HA KypOpPTe BO3BEICHBI BCE BHJBI IPOTHBOJABHHHBIX
COOPYKEHHUI; IPUMEHSIOT Pa3IMYHbIE CPEJCTBA aKTUBHOTO BO3JEHCTBUS Ha
CHSXHBIM TIOKPOB. B pe3ynpraTe aHaimm3a KapThl MPOTHBOJIABHHHBIX
MEPOTIPUATHIA Ha TOPHOJBIKHOM KypopTe «I'a3mpom» yCTaHOBIIEHO, YTO IS
3allATBl  PEKPEaHTOB W  OOBEKTOB  WHEOPACTPYKTYPHI  BO3BEACHBI
JABUHOTIPEIOTBPAIIAIOIINE COOpYXKeHHS. [Ipu STOM OHU YCTAHOBJICHBI
JIaJIEKO HE BO BCEX JIABUHOOIACHBIX 30HaX.

Pucynok 1. Kapta npumeHsieMbIX IPOTHBOJIABMHHBIX MEPONPUATHII HA
TOPHOJILIZKHOM KypopTte «Po3a XyTtop».
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Pucynok 2. Kapra npuMeHsieMbIX IPOTHBOJABUHHBIX MEPONIPUATHIA HA
TOPHOJIBZKHOM KypopTe «['a3mpom».

Bo Bpemsi moneBbIX HCClIENOBAaHUNA ObUIM BBISIBICHBI HEJOYETHI B
IPOEKTUPOBAHUM PsiIa TPOTUBOJABUHHBIX COOPYKEHUHM, CBS3aHHBIE C
HEJOCTATOYHOM  HM3YUYEHHOCTBbIO  (PU3UKO-TeorpaduuyecKux  yCIOBHIA
paccMaTpuBaeMOTo  pailioHa, OCOOEHHOCTEW  JTaBUHOOOpa3oBaHUA W
HEJIOyYEeTOM JHUHAMUYECKUX XapaKTePUCTUK BO3MOXKHBIX JaBuH. K
HEJ04YETaM B IPOEKTUPOBAHUU PSIIa COOPYKEHUN MOKHO OTHECTH: 1) BBICOTY
CHErOyAEpKUBAIOIINX COOPYKEHHUW, HE COOTBETCTBYIOLIYI0 BO3MOXKHOU
BBICOTE CHEKHOIO IIOKpOBa B pallOHE MCCJIEAOBAHMS, 2) HEBEPHOE
pacnoJIOKEHUE COOPYXKEHUH Ha CKIOHAaX; 3) HEBEpPHOE B3aUMHOE
PacCION0KEHUE COOPYKEHNN HA CKIIOHE.

K mnpumepy, HECKOJbKO JABUHOPE30B, YCTAHOBJIEHHBIX [JISl 3alUTHhI
onop kaHatHou noporu «Kpokyc» Ha kypopre «Posza Xyrtop», BO Bpewms
noJyieBoro oOcneAoBaHUsl ObUIM MOJHOCTBIO 3achilaHbl CHEroM. B ciyuae
00pa3oBaHMs JaBUHBI, OHHM Obl HE CMOIJIM OTBECTH €€ OT OMOp KaHATHBIX
nopor. CHEroynepKuBarIIUe [UThHl, YCTAHOBJICHHBIE B 30HE 3apPOXKICHHS
JIAaBUHBI BOJIU3M KaHATHOM Noporu « TyHIpay, TOXKe MOYTH MOJTHOCTHhIO ObUIH
3aHECEHbl CHETOM, YTO HE MO3BOJIMJIO Obl MM TNpPEAOTBPATUTh 0Opa3OBaHUE
JIAaBUHBI IPU HEYCTOWYNBOM COCTOSIHMM CHEKHOT'O ITOKPOBA.

Ha «kypopre «l'asmpom» miig 3amurbl  KaHaTHOW Joporu  «By»
YCTaHOBJIEHBI CHETOyiepKUBarolne MUThL. [I[uThl ycTaHOBIEHBI HA MOJIOrOM
yyacTKe CKjIOHa (KpyTu3Ha MeHee 15°), rae HeT HeoOXOIUMOCTH B
yaep:xkanuu cHexxnoro nmokpona (CIT 116.13330.2012).
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Bo Bpems mosieBbIx HAOMIOJEHUN, KOTOPbIE MPAKTUYECKH IMOJIHOCTHIO
OXBAaTWJIM JOCTYIHBIE Il TOPHOJBDKHOTO KaTaHHWs 30HBI JIBYX KYpOpPTOB,
HaOMIOAQIMCh TOJIBKO 2 IJIaKkara, MpPeaynpekJaloluXx O JIABUHHOU
OMacHOCTH, B MECTaX BbIXOJa JILLDKHUKOB 3a MpeJeibl 000pyJ0BaHHBIX Tpacc
B 30HBI BHETPACCOBOTO KaTaHWsA. B TO e BpeMsS Ha TEPPUTOPHH KypOPTOB
HAOMIOMAIOCH  OOJIBIIIOE  KOJWUYECTBO  PACKATAaHHBIX  JIBDKHHUKAMU
JJABUHOOTACHBIX CKJIIOHOB YW MHOTOYHWCJICHHBIE YYaCTKH BBIXOJAa Ha TaKHe
CKJIOHBI, HUKaK HE 00O3HAYEHHBIX B OTHOIIECHUU JIABUHHOW omacHocTH. Ha
CXeMax TOPHOJIBDKHBIX TpacC JIAaBUHOOIMACHBIE YYaCTKH TakKe He
0003HAYCHBI.

[ToMmuMo BU3yabHOTO OOCIEIOBAHUS WHXKEHEPHBIX MPOTHUBOJIABUHHBIX
COOPY)KEHHI OBLJIO BBHITIOJIHEHO MOJICIMPOBAHUE JIABUHBI B IIpOrpamMme
RAMMS 1.6.20 (Christen et., al. 2010; TypuanunoBa u mp., 2013), kotopas
CXOIUT B HAIPaBJICHUH OTOOWHON MaMOBI, MpeTHA3HAUYCHHON IS 3aIllUThI
EMKOCTH ISl OCHEXKEHUS Tpacc Kypopra «Po3a Xyrop». B Hacrosiee Bpems
oA namOoi paboraet kade. MoaenupoBaHue JIaBUHBI BBIMIOIHEHO JJIS TOTO,
yTOOBl YCTAHOBUTH, MOXKET JIM JIaBUHA mMeperTu uepe3 namOy. TommuHa
OTpBhIBAa CHEKHOTO TOKPOBA B 30HE 3apOXKICHUS, C yIeTOM KO3(PPHUIINESHTOB
CHOCa CHera II0 TOJIIIMHE, OblIa 3agaHa, kak 2,1 M. O0beM BO3MOKHOI
naBUHEI cocTaBun 508576 m”. Tlepnos MOBTOPAEMOCTH JIABUHEI 33/aH, Kak |
pa3 B 100 met. YcTaHOBIEHO, YTO BBICOTA JaMOBI HEJOCTATOYHA JIJISI TIOJTHOM
OCTAaHOBKM JIaBMHBI C 3aJaHHBIMH B paboTe Ha4YalbHBIMH YCJIOBHUSMU
o0OpazoBaHus.

3akioueHue.

Hecmotpss Ha TO, uto Kpacnas IlonsiHa sBisSIEeTCS CpPaBHUTEIBHO
MOJIOIBIM TOPHOJBIKHBIM KYpOPTOM, BOIIPOCAaM JIABUHHOW 0€30MacCHOCTH TaM
YAEISIETCA 3HAUYUTEIIBHOE BHUMAHHUE, O YEM CBHUJIETEIIbCTBYET NPUMEHEHUE
TaM BCEX BHUJOB NPOTHUBOJIABMHHBIX MeponpusTtuid. TemM He MeHee,
YCTAaHOBJIEHO, YTO CUCTE€Ma IPOTHBOJIABUHHOM 3alluThl B paiioHe KpacHoi
[lonsiHpI HECOBEpUIEHHA, BBISABICH PsAJ HEJOCTATKOB B MPOBOJIMMBIX TaM
OPOTUBOJIABUHHBIX ~ MepornpusaTusax. g obecneueHuss 06e30MacHOCTH
PEKpPEaHTOB HEOOXOJUMO TPOBEACHUE JOMOJHUTEIbHBIX CHETOJABUHHBIX
U3bICKAaHUN C Lenblo  oOecreueHuss KOMIUIEKCa  OpraHU3alMOHHO-
XO3SMCTBEHHBIX, MPOPUIAKTUYECKUX ¢ WHKEHEPHBIX MPOTHUBOJIABUHHBIX
MeponpusaTud. Upe3BblYalHO Ba)XXHO BBEICHHUE HOBBIX MEPOIPUATUH 10
NPEAYNPEKICHUIO JIIOAEH O JaBUHHOW ONACHOCTU M YCOBEPLIECHCTBOBAHUE
ctapblX. O4YeHb aKTyaJIbHO pa3MELIEHUE MPEAYyNPEXIAIUX O BO3MOKHOM
CXO/JI€ JIABUH IUIAKATOB PSAOM C KaKJbIM JIJABUHOOIIACHBIM CKJIOHOM, & TaKkKe
pa3MmelnieHue uHGOpPMAIMU O TMOJOKEHWU 30H JIABUHHOM OIACHOCTH B
OTKpBITOM nocTyme. LlenecooOpa3sHo co3faHue MHTEPAKTUBHOW KapThl s
TYpPUCTOB, WJUTFOCTPUPYIOLIEH JaBUHOCOOPHI M JIABUHOOINACHBIE YYaCTKH
TpacC M 30H BHETPACCOBOTO KAaTaHHUsS B PEXUME PEAIBHOTO BPEMEHH U
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pasMernieHre e€ Ha caiTax KypopToB. AKTyaJbHO pa3MEIIeHHWE Ha cailTax
KypOpTOB MOJpoOHONW HH(OpMauu o Tpu3Hakax u ¢akTopax JIAaBUHHOU
OMACHOCTH, a TakKke€ O HEOOXOAMMBIX [IEHCTBUSAX B CiIy4ae IMOMAJaHUS B
JaBUHY.

Pe3ynbTaThl, MoMydeHHBIC B HACTOAMIEH paboTe, OyayT MCIOJIb30BAHBI
JUIsL OIICHKW JIaBUHHOTO pHCKAa Ha TOPHOJBDKHBIX KypopTax KpacHoit
[TonstHBI, C y4€TOM MPOBOAMMBIX TaM MPOTHUBOJIABUHHBIX MEPOTIPUSTHA.

Pabora Bhinosinena B pamkax HUP «KaprorpadpupoBanune, MmonenpoBanue
OLlECHKA PHCKAa omacHbIX mnpupoaHbix mnpoueccoB (I'3)» Nel.7, AAAA-A16-
116032810093-2 u rpanta PH® Ne16-17-00104 «JIaBuHHBIH M celeBOil pHCK Ha
Teppuropuu Poccun: onenka, Npor1o3 ¥ Mepbl 110 €ro CHHKEHHUIO».
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THUIIBI TIPOSABJIEHUS DKCTPEMAJIBHBIX CHEI'OITAIOB
denorToBa /I.A.

MI'Y um. M.B. JlomonocoBa, MockBa, Poccus

AnHotanusi. CyIlecTByeT O4YeHb MAJI0 OJHOPOJHBIX 3alHCEeil NAHHBIX KAacaeMO CHEromajoB, YTO
CBSI3aHO CO CIIOXHOCTSIMH B M3YYSHHH XapaKTEPUCTUK CHETONaJoB, YTOOBI CYIUTh 00 ITHX M3MEHECHUSX.
DKCTpeMasbHblE CHErOMajbl, KaK SBJICHHE, WUMEET BBICOKHI TMOTEHIMAT Pa3BUTHSA. ODKCTPEMAlIbHbIE
CHETOMaJIbl TOPOXKIAIOT CHEXKHbBIE 3aHOCHI, U30JIUPYIOIINE JIOMA U MepeKphiBarolue 1oporu. CripaBeinBo
BBIJIETISITh 3KCTPEMAJIbHBIE CHETrOMabl M0 TreorpaduueckoMy paclpOCTPaHEHHUIO, MPOJODKHUTEILHOCTH H
WHTEHCUBHOCTHU, BPEMEHH TPOSIBIICHHUSL.

UccnenoBaHue CHErONa 0B MO3BOJMIO CUCTEMATU3UPOBATh UMEIOIINECS JAHHBIE U3 Pa3pO3HEHHBIX
HUCTOYHHMKOB 00 3KCTPEMAJIBHBIX CITydasiX CHEroMnaia MPEeUMYIIECTBEHHO M0 reorpadHuecKoMy MOJOKEHHUIO.

KiaroueBble ciioBa: OKCTpEMaJIbHbIC CHErONaAbl, aHOMAJINH.

TYPES OF EXTREME SNOWFALL MANIFESTATION
D.A. Fedotova

Lomonosov Moscow State University, Moscow, Russia

Abstract. There are few homogeneous snowfall data records to draw a conclusion about their
changes. This happens because of difficulties in studying snowfall data characteristics. Extreme snowfalls, as
a phenomenon, have a high development potential. Extreme snowfalls create snowdrifts, isolated houses and
blocked roads. Rightly to split extreme snowfalls in terms of geographical distribution, duration and intensity
and manifestation time. The analysis of snowfalls have already given an opportunity to organize data from
different sources of extreme snowfall in terms of geographical location.

Key words: extreme snowfall, extreme precipitation.

Cornacho I'manuonorudaeckomy cioBapio (1984) cHeronaj — BbITIaJIcHUE
cHera u3 00J1akoB. VIX MpUHATO pa3ivyaTrh MO HECKOJBKUM MapaMeTpaM: 1o
CHHONTUYECKON CUTyallMH; MO COCTOSHUIO Heba; Mo BEIMYMHE; 00bEeMHOMU
MJIOTHOCTH; CKOPOCTH MaJieHus; PopMe M BIAKHOCTH BBINMAIAOITUX YaCTHII.
AHanM3upys 3TH TapamMeTpbl B COBOKYIMHOCTH C JaHHBIMH O CHErorajaax,
CTaJjIo SICHO, YTO CHETOMaJ] MOXKET CTaTh SKCTPEMaIbHBIM HE3aBUCUMO OT 3TUX
napaMeTpoB.

DKCTpeMasbHbIE CHETOMa/ibl, KaK SBJICHUE, UMEET BBICOKUI MOTEHIINA
pa3BUTHS. OKCTPEMaJIbHbIE CHEromnajabl IOPOXKIAIOT CHEXKHbIE 3aHOCHI,
M30JIUPYIOLIME JIOMa W MepekpbiBaromue aoporu. CrpaBeqiIuBO BbIIECIATH
AKCTpEMaJIbHBIE CHETOMaabl MO TeorpauueckoMy pacrnpoCTpaHEHUIO,
MPOJIOJIKUTEILHOCTA U UHTEHCUBHOCTU, BPEMEHU TTPOSIBIICHUS.

['oBopst 00 »SKCTpeMajbHBIX CHEroMajax Mo reorpapuueckomMy
pacnpoctpanenuto, corsiacHo C.I1. XpomoBy u M.A. Ilerpocsanity (2006) B
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OTJEJIbHBIC IHU CHET MOKET BBINAJATh U B OU€Hb HU3KUX IIKUpoTax 10 20-25°
C.II. HA CyUIE, HO OH TYT k€ TaeT. JTO JEUCTBUTEIBHO TaK, OJTHAKO W3BECTHBI
Clly4yau, KOrjJa CHEr, BblaJas Ha HU3KUX IIMPOTaX HAHOCHUT yIIepd u
3HAQYUTEIBHO OCJOXKHSIET TMPUBBIUHYIO KU3Hb (Tabin. 1), Tak Kak OH
MOSIBJISICTCS HEOXKUJAHHO JJISl JIIOJICH, KOTOphIE HE MMEIOT MPE/ICTaBICHUH,
KaK OOpOTHCSI C TAKUM SIBIICHUEM.

[Ipu coBmasieHUM HECKOJIBKUX METEOPOJIOTHUYECKUX MapaMeTpoB TaKUE
CHETOMaJ(bl CTAHOBATCA TYOUTEIHHBIMH JUISI HACENEHUs, B CBSI3U C TEM, YTO
KUJUIIA B TPONMYECKHX PEruoHaX HE pacCuhTaHbl HAa XO0J0Ja, a
KOHCTPYKIIMU BBITIOJIHEHBI W3 MaTepHaJIOB, HE CIHOCOOHBIX BBIJEPKAThH
cHeroBble Harpy3ku. IloceleHHsi MOryT CTaThb H30JMPOBAHHBIMU IIOCIIE
skcTpeManibHbIX cHeronanoB (Encyclopedia of Snow, Ice and Glaciers, 2011,
p. 1211). Cuer B ropoje pacrpezaensercs B 3aBUCUMOCTH OT yCIIOBUW BETpa,
YTO YYUTHIBACTCS MIPU CTPOUTEIILCTRE.

CTaHOBSITCS JOCTATOYHO YACTHIMU CJIy4au CUJIbHBIX 3aHOCOB B CBSI3U C
CUJILHBIMU CHETOINAJIaMi B Pa3IMYHBIX paiiOHAaxX, JUIIb OTIAEIbHBIE CIydau
OMHMCaHbl B JMUTEpaType, UTO O3HAYAE€T OTCYTCTBUE PETUCTPALUU TAKUX
Clly4yaeB B MajioHacelI€HHbIX pervoHax. CymiecTByeT 03a004Y€HHOCTh, YTO
(UKCUPYIOT TOJBKO T€ IMPOUCHIECTBHUS, KOTOPHIE OKA3bIBAIOT BIMSHUE Ha
XO3SIUCTBEHHYIO  JIEATENBHOCTh  JIIOACH, a He olm@as  KapTUHA.
COOTBETCTBEHHO, C XO34MCTBEHHBIM OCBOCHUEM TEPPUTOPHIl UEIOBEUECTBO
CTAJIKUBAETCA CO CTUXUMHBIMU OCACTBUSIMU U JJOJIKHO C HUMH OOPOTHCHA.

Hpyroii  TMO  OPOSBICHHS  SKCTPEMAJIbHBIX  CHETONMagoB  —
NPOAOJ/LKUTEIbHOCT M MHTEHCUBHOCTb. V3BeCTHBI cilyyall - CHEXHas
Oyps B Uukaro B 1967 rony, korja B Te4eHUE ABYX CYTOK, CHEromaj JJIUICS
35 yacoB, Hacelmasm 58 CM CJIOEM CHEra, Mapajin30Bajl NMPAKTHUYECKH BECh
ropojJi ¢ HacejleHueM OKojo 7 MiH. 4YenoBek. llorubmo 45 denosek, a
MaTepUalIbHbINA yIIepO OLIEHUBAJICS COTHSIMU MUJUIMOHOB J0JIIApOB. [lecsTku
TBICSY JTFOAICH OKa3aJnCh 3a0JIOKMPOBAHHBIMU B Oducax, IMIKOJAX, U JaXe B
OOIIIECTBEHHOM TpPAHCIIOPTE, Ha JOpPOTax OCTAlOCh OKojo S50 ThicAY
OpOIICHHBIX aBTOMOOUJICH.

ComnpoBokaasicb CUJIBHOM  METENbI0, JKCTPEMAJIbHBIE CHETONAbI
HAHOCAT OTPOMHBIN YyIIEepO XO3SMCTBEHHOM mesTenbHOCTH Jroaed. Ocobo
BBIJIAOIIMECS] CHETOMa bl B Halllel ctpane onucan [.B. bamooxeckuii (1969).
WHTeHcHBHBIE CHEromaJbl MOTYT HAaHECTH CHIIbHBIM yIIepO, HE MO3BOJIsA
CIIPABUTCS C KOJMYECTBOM BBIIAIAFOIIETO CHETA.

Tpetuil THN HSKCTPEMAJIBHBIX CHETOINAJOB BBISBIACTCS MO BPEeMEHH
nposijeHusa. Ilpu pe3koM U3MEHEHMM KJIMMATHYECKOW  CHUTyaluu
CHETOMaJsl MOTYT TyOWTEThHO CKa3aThCid HA JKW3HU JKUBOTHBIX. 3UMOU
2013—2014 rr. wu3-3a AaHOMAaJbHBIX CHEromaJoB W HEAOCTATOYHOIO
KOJIMYecTBa Kopma Ha ocTpoBe KonryeB mnpou3omen MaccoOBBIM Maaéx
onenelt. [Toronosne cokparusiocs ¢ 12 000 mo 200-400 (nvinder.ru).
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Hccaenosanue

OKCTpEMAJIbHBIX

CHETOIIaaoB ITO3BOJINJIO

CUCTCMATU3HNPOBATH UMCIOIIUCCS JaAHHBIC U3 Pa3pO3HCHHBIX NCTOYHHUKOB (CM.

TalJI.

1) o0 aHOManbHBIX Cly4asX CHEromnajga MPEeUMYIIECTBEHHO II0

reorpaguyeckoMy ToJIokKeHUI0. JlaHHas Talnuia oTpa)kaeT JMIIb YacTb

CIIy4aes.

Taoauna 1.

CBCI[CHH?I O HCKOTOPbLIX CIIydasaX SKCTPCMAJIbHBIX CHCTOIIAIO0B.

aarTa paiioH MOCJIeACTBUSA
1 2 3
22.07.1918 | Bysnoc-Aiipec, ApreHTuHa
18.02.1979 | r. Aiin-Cedpa, Amxup, mexny | B reuenue 30 MUHYT mapaian3oBai B
ropamu ATiac U CeBEpHBIM KpaeM | AJDKHpe JBHKEHHE aBTOTpaHCIopTa
nycteiHu Caxapa
11.09.1981 | Moxauuec6ypr, KOAP
16.06.2006 | I'opsl KOAP Jlensubie OCalIKu BEI3BAIN
poOIeMbI Ha Joporax
Y MHOTOYHCJICHHbIE aBapUU
3.08.2006 | Moxannec6ypr, FOAP
birymdonteiin, FOAP (13 cm)
28.11.2006 |TI'. Illakpa, TaGyk, Tabapmxan,
CaynoBckas ApaBust
10.07.2007 | byanoc-Alipec, ApereHTuHa [lepexpbuin joporu
01.2008 Kwuraii, npumopckue npoBuHimu | CKOHYAJIOCHh 129 YEJIOBEK.
Pazpymieno 485 ThICSAY  KUIIBIX
nomoB (1,66 MWUIMOHA YETOBEK
NOTEPSUIN JKUIHILE)
01.2012 Mapoxkko, AKup
04.2013 Ucnanus
13.06.2013 | Keiinrayn, FOAP B npuropogax Keitnrayna
paspymero Oomee 500 xwiuii, Ha
yIULE OKa3ajJochb HE MEHEe [BYX
TBHICSIY YEJIOBEK
26.07.2013 | Can-Ilayny, bpazunus [Toru6 1 YEJIOBEK, 1 1TBIC.
9BAaKyHUPOBaHBI
26.07.2013 | Puo-I'pangu-ny-Cyn, bpazunus [Toru6mo 2 yenoBeka
26.07.2013 | IlaparBaii, YpyrBai [Toru6mo 3 yenoBeka
12.2013 Kaunp, Eruner
12.2013 BrerHam
09.2014 Cupnneid, ABcTpanus
12.2014 Cesep Unnun B kpanax 3amep3sna Boga
1.01.2015 Kamudonus, CHIA IToru6 1 genoBek
3.01.2015 Hero-/lenu, Unaus 3aTpyIHEHUs Ha J0porax, TOJIIMHA

no 15 cm
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IIpooonsicenue mabauywi 1.

1 2 3
30.12.2015 | Umyaya, Mekcuka [IpuocranosneHo JIBH)KEHUE
TpaHCHopTA. B pe3yJibTare
HEIMPaBUIBHOTO WCIIOJIb30BAHUS

OTOIMMUTENIBHBIX MPUOOPOB OKosO 29
yejoBek rmorubiio, u eme 200
OKa3aJIMCh B OOJBLHMIIAX C 0)KOraMH
Y OTPaBJICHHUSIMH.

24.01.2016 | Ocuma, SInonus IToru6io 9 wuenosek, Oomee 200
nonanu B 6onpHUIy. 1o Beeit cTpane
MapagTu30BaHO TPAHCTIOPTHOE
COOOIIIeHHE. OTMEHEHEBI 500
BHYTPCHHUX aBUAPECOB

CorHH JIOIENH OCTadnch O€3 cBera.
ObopBanuch JTUHUH
AJIEKTPOIICPEIauH. Ob6ecToueHbI
MIOJITOPHI THICSIYU JJOMOB.

28.01.2016 | Cesep, Ceepo-Boctok Taunanga | [lo manaeim PUA HOBOCTH OBLIO
HaWJIEHO HECKOJIBKO MOTHOIINX.

24.11.2016 | Tokwmo, SmoHus Brimagenue cHera BrepBbie 3a 54
roja
4.12.2016 I"aBaiin, 0Cc0OEHHO BOKpyr | Tommuna CHEXHOT'O IIOKpOBa
ByJkaHOB MayHna-Ken u Mayna- | nocturaer 90 cm
Jloa.

19.12.2016 |r. Aiun-Cedpa, Amkup, MEKIY
21.12.2016 | ropamu ATiac U CEBEPHBIM KpaeMm
nycteinu Caxapa

3.02.2017 Pac-a1p-Xaiima, Caynosckas | B Jlybae, AOy-Habu u napyrux
ApaBust ropogax OAD wu3-3a HENOTOJbI
3aKpBITHl APKH, TPOTYIOYHBIE 30HBI
M pa3BleKaTeJbHBIE MecTa Ha
OTKPBITOM BO3yX€

11.03.2017 | Kammup, Uaaus

B xonme wuccnenoBaHus BBISBICHO, YTO JKCTPEMAJIbHBIE CHEromaibl
MPOUCXOWIIM TOCTOSTHHO M HAHOCWIM HE MEHbIIUWA yuiepOd, yeM napyrue
ctuxuitapie OeacTBus. CHeromaabl MHOTAA 3aKaHUMBAIOTCS KaTtacTpodoii, u
JaXe B HACTOsIIEe BpeMs TaKHE CIIydyad HE E€IUHUYHBI, YTO €LIE pa3
NOATBEPKIAET HEJOCTATOUHYIO U3YUYEHHOCTh CHEXKHOTO ITOKPOBA.

CobOpanHble HaMH JaHHblE HAHECEHbl HAa KapTy pPaclpOCTpaHEHUs
CHEXHO-JIEZIOBBIX SIBJIEHUI Ha 3emMJiie U3 ATiiaca CHEXKHO-JIEIOBBIX PECYpPCOB
mupa (puc. 1). Ciaydan 3KCTpeMaJIbHBIX CHETOIAJIOB Pa3/IeNIEHbl COTJIACHO
KpUTEpUSAM — OKCTpEMyMaM IO TreorpaguueckoMy TMOJOKEHHUI0, IO
WHTEHCUBHOCTU U NPOJOJDKUTENBHOCTH U 11O BpeMEHHU IposiBineHus. Ha puc.
| HarisiAHO BUIHO, HACKOJBKO IOYKHEE MOTYT HaOJI0JaThCA CHEromnajbl U
HEYCTOMYMBBIN CHEKHBIN ITOKPOB.

139



Pasoen IX. Ilpoexmuposanue u cmpoumenbcmeo 6 CHeHCHbIX pecuoHax. IIpobaemvl 20PHOIBIHCHBIX KYPOPMOB.
Section IX. Design and construction in snowy regions, including ski resorts.

PucyHnok 1. JkcTpemasbHble CHeronajabl Ha gparMeHTe KapThl
pacnpocTpaHeHusi NPUPOAHBIX JbA0B Ha 3emiie: (ACJIPM, 1997; ¢ nonoTHeHUSIMU
J.A. ®enoToBoii).

Ce30HHBI CHEXHBIA IOKPOB IOKa3aH JABYMs OTTEHKAMH pPO30BOIO
I[BETA: TEMHEE — YCTOMYMBBIN, CBETIIEE — HEYCTOWUYMBBIN, a TaK € IOKa3aHa
TPaHUIA CE30HHOIO CHEKHOT'O MOKPOBA: CIUIOIIHOM JIMHUEW — YCTOWYHMBOTO,
IIPEPBIBUCTON JIMHHEW — HEyCcTOM4YMBOro. Ha kapTy KpyXKaMH HaHECEHBI
HaubOosiee  MOKas3aTeNbHBIE  Cllydad Treorpa@uuecku  3KCTpEeMalbHbIX
cHeronagioB u3 Tabn. 1. IlpsamoyrombHMKamMu OTMEuYEHBl HaumbOoJjee
3HAUYUTEJIBHBIE W M3BECTHBIE CIIy4aW MPOJOJDKATEIbHBIX HWHTEHCUBHBIX
CHEromnajioB, ATy TPyNIly CHETrONaJoB CJIO0KHO PA3LEIUTh, OHU Yalle BCETO
BCTPEYAIOTCS B CUMOMO3€. 3BE3JOYKAMM I10KAa3aHbl OCHOBHBIE paHOHbI
pacrpoCTpaHEHUsl AKCTPEMAJbHBIX CHErONAaJOB, BBINAJAOMIUX CHIIBHO
paHblue/mo3xe cpokoB. I[lpu cocTaBieHUHM KapThl Mbl CTOJKHYJIHCh C
NPAKTUYECKU TIOJIHBIM  OTCYTCTBHEM CBEACHHMH 00 SKCTpEMallbHBIX
CHEromajgax B HAy4HbIX HCTOYHHMKAX. JlaHHBIE NPHUCYTCTBYIOT OYEHb
OTPHIBOYHO M HE OTPaKAIOT MacmTad COOBITUHA. JTO CBSI3aHO C TEM, YTO
U3MEpPEHHE CHEKHOTO MOKPOBa M (PMKCALlMsl CHETONaJoB HAa METEOCTAHIUAX
3HAYUTEIIBHO OTJIMYAETCS OT HX PEAJbHOTO MPOSBICHHUS B TOPOJICKOU
3aCTPOMKE WJIM KOHKPETHBIX MECTaX, KOTOpPbIE YAAJEHBl OT IIyHKTOB
HAOJIOIEHUST THJIPOMETCEeTH. B CBsA3M C 3TUM HCHOJB30BaHbl JIaHHBIE B
OCHOBHOM W3 HOBOCTHBIX HHTE€PHET-UCTOYHUKOB.

B cBsA3M C HENOCTAaTOYHOM W3YYEHHOCTBIO CHEXXHOTO IIOKpOBA H
HECOIIACOBAHHOCTU METOOJIOTUM M3YYEHUs CHEKHOTO IOKPOBA MOSBUIIACH
HEOOXOAMMOCTh  pa3padoTaTb  METOAbl  yYMEHBUIEHUS  ypoHa  OT
JKCTpeMalbHbIX cHeronaaoB. Cilydau SKCTpEMalbHBIX CHETOINANOB, KaK W
a000€e Apyroe CTUXHHOE O€ICTBHE, TPYAHO NpPEnyrajaarb M paccUUTaTh
SKOHOMHUYECKYIO BBITOJly TOIO HWJM HMHOIO CHoco0a OLEHKH W H3yYEHHUS
(GU3MKN TPOIECCOB, BBHI3BIBAIONINX CUJIBHYIO aHOMainHio. HeycToWduBOCTH
aTMoc(epsl B MOCIEAHUE TOJlbl BCE Yallle JaeT O cede 3HaTh MOCIEICTBUN U
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npenoTBpanieHus: karactpod. CHeroBble Harpy3ku OOpyIIAIOT 37aHUs, HE
paccuuTaHHble Ha HuX. JKuBOTHble THUOHYT OT Trojoma. B roponax,
CIIPOEKTHUPOBAHHBIX C YYETOM 3allaJHOTO IEPEHOCA, CHCTEMA 3alUTHI OT
CHEXHBIX 3aHOCOB B BHUJE 3/laHUWA, HAo0OOpPOT, CTAHOBUTCA HX
akkymyJssitopoM. Heo0xonumo amanTupoBaTh X03IUCTBEHHYIO JI€SITEILHOCTh
JIOJIE B HOBBIX YCIIOBHSIX BO3HMKHOBEHHUSI SKCTPEMalbHBIX CHErOIAaJoOB.
Crtpouth Cc 0OoJjiee COBEPIICHHHIMH TEXHOJIOTHSIMU JJISl 3alllUTHI OT CHETa,
pacCUMTHIBaTh HEOOXOJWMBIE 3amachl KOpMa JUIsl CKOTa B TEPEXOHBIC
MEPUOJIBI.

Jumepamypa
1. bsinoGxeckuii I'. B. Jlopora u rpo3ssie sBienus npupozasl. M.: M3a-so Tpaucmopr,
1969. 94 c.
2. I'msuuonoruueckuii ciosaps. JI.: 'mapomereounsnar, 1984. 527 c.
3. Xpomor C.II., Ilerpocsauny M.A. Mereoponorus u kiumaronoruss — M.: U3-Bo

Mock. yu-Ta: Hayka, 2006. - 582 c.
4. Encyclopedia of Snow, Ice and Glaciers / Eds. Singh V.P., Singh P., Haritashya
U.K. — Springer, 2011. 1253 p.
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ENVIRONMENTAL IMPACTS OF ARTIFICIAL SNOW AND SNOW
GROOMING ON SKI RUNS IN THE ALPS AND BLACK FOREST

C. de Jong ', D. Pinto *

"LIVE (Institute of Imagery, City and Environment),
Faculty of Geography and Spatial Planning, University of Strasbourg, France
?Faculty of Geography and Spatial Planning,
University of Strasbourg, France

Abstract. This is a comparative study of the impacts of artificial snow and snow grooming on the soil
hydrology and compaction of ski runs in the French Alps and Black Forest, Germany. With increasing
average daily winter temperatures and strongly decreasing snow depths, the investigated ski runs are entirely
covered by intensely groomed artificial snow during the whole winter. An experimental approach in the field
with penetrometer and infiltrometer measurements is applied. Highly significant differences in soil
compaction and infiltration between ski runs and adjacent natural slopes are identified.

Key words: soil compaction, snow grooms, artificial snow, hydrology.

Introduction. Ski resorts in the European Alps and Medium Mountain
Ranges are now mostly between 50 - 150 years old but their technological
intensification is driving them towards a critical threshold in terms of
environmental impacts. This paper explores the impacts of artificial snow
production, ski grooming and skiers on the permeability and hydrology of ski
runs in Les Menuires, French Alps and Seibelseckle, Black Forest, Germany.
Ski runs in these resorts have become increasingly subject to artificial snow
production and snow grooming since 20 years in Les Menuires and 12 years
in Seibelseckle due to a significant decrease in natural snow height and
duration. This recent development has significant new impacts on soil
hydrology, permeability, ecology as well as water quality and quantity of ski
runs.

Few interdisciplinary publications on the environmental impacts of
winter sport resorts exist due to a generally reductionist view of the
environment and extent of a ski resort (de Jong 2017). Most literature is
dedicated to the impacts of ski runs on flora but very little is available on
fauna, soils, geomorphology, hydrology and natural hazards. Regular,
nocturnal but often also diurnal compaction of snow and soil by ski grooms
across entire ski runs strongly modifies the structural and hydraulic properties
of snow and soils. According to Fauve, Rhyner & Schneebeli (2002) and
Rixen (2002), the differences in the physical and chemical properties of
artificial snow compared to natural snow leads to both denser, heavier and
deeper snow cover on ski runs. Larger amounts of snow cause more water to
be released during snowmelt in spring and postponed snowmelt shortens the
plant-growing season by up to 4 weeks (Rixen 2002).
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Combined with the load of artificial snow, snow grooming renders soils
either strongly or completely impermeable, depriving the soil of oxygen and
organic matter and encouraging surface runoff, deep gully erosion and in
some cases even landslides (de Jong et al 2014a and b). Whilst a medium-
sized snow groom exerts a ground pressure on the snow of approximately
1700 kg/m’, a skier exerts approximately 400 kg/m’. In contrast to skiers, the
ski groom systematically compacts snow and soil over the entire surface of a
ski run. Roux-Fouillet et al (2011) found that soil density increased by more
than 55% on snow-groomed ski runs accompanied by an increased pH and
ON ratio and decreased total nitrogen concentration. Monitoring the same ski
runs § years later revealed a general deterioration in vegetation, with no signs
of recovery. Delgado et al (2007) also found that soil porosity decreased by
more than 30% on ski runs.

Other issues include burst pipelines transporting water to snow canons.
These have caused disastrous landslides on ski runs, e.g. Cianross, Dolomiti,
Italy in April 2006 destroying the new lift (de Jong et al 2014 b) and
Rifenalbahn, Zams, Tyrol, Austria in January 2013 damaging the power line
and trapping passengers in the halted lift.

Ski runs, especially those in large ski resorts are constantly “remodelled”
and “modernised” to satisfy the needs of mass skiing (comfort, security and
transit capacity) i.e. widened, smoothened, levelled and standardized by
removing rocks, irregular ground, vegetation and forest. In some cases, slopes
are artificially steepened by adding soil, in order to increase skier speed or to
avoid excessive melt of expensive artificial snow by reducing insolation.
These measures expose the steeper parts of ski slopes to various degrees of
erosion during snowmelt in spring and during intense summer precipitation
events. Sediments released normally accumulate in lower angle areas,
frequently at the foot of the slope. Ski runs often have to be “reworked” by
adding sediment during the summer in order to combat excessive soil loss by
erosion. This is particularly severe on higher altitude slopes and in scree
areas. For example, on the 26™ of July 2016, heavy rain caused excessive
erosion on Chamrousse ski runs during maintenance works, contaminating
drinking water for 4 days in 6 communes near to Grenoble, France (de Jong
2017). The constant peeling of the shallow soil layer typical of alpine sites
eventually leads to a grey, compact, cement-like, oxygen and humus-deficient
substrate. Often this layer is only 20cm thick above the stony and bedrock
layer.

Study Sites. Les Menuires is a large ski resort in Trois Vallées, Savoie,
French Alps with about 30,000 skiers annually. Its ski slopes are situated in
carbonic limestone and schist of the Brianconnaise zone. Les Menuires has a
semi-humid climate with approx. 1000 mm of rainfall and 400 mm of snow
water equivalent (SWE) annually. Although 50% of the ski slopes are covered
by artificial snow, the ski run studied is a Slalom run covered by 100%
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artificial snow. Its natural vegetation is shrub and grass but intense ski run
preparation has already lead to multiple landslides. The top, middle and
bottom sections of the ski run were sampled at 2160, 2050 and 1860 m with
an average slope gradient of 22 — 55%.

Seibelseckle is a very small ski resort with only one ski run in the Black
Forest near the Hornigsrinde with approximately 5000 skiers annually. Its ski
slope lies in stony sandstone of the Upper Buntsandstein. Seibelseckle has an
annual precipitation of approx. 1930 mm, of which approx. 300 mm falls as
snow. Its ski run is covered by 100% artificial snow. The natural vegetation is
spruce forest. The entire length of the ski run was sampled from 1050 - 960 m
in altitude. Average slope gradient is 3,5-27%.

Methodology. Soil infiltration measurements were carried out with an
infiltrometer with a single ring infiltrometer. The cylinder has a diameter of
28 cm and a height of 16,5 cm. For each measurement 4-5 litres of water were
used. The disadvantage of this method is that it cannot be applied on steep
slopes, and therefore very few suitable sites are available on ski runs. Soil
permeability measurements were carried out with a penetrometer that
measures the amount of energy required to penetrate different soil layers. This
method has the advantage of being applicable virtually everywhere on the ski
slope if not too rocky. In Seibelseckle both the ski run and ski lift tracks were
sampled.

Results and Discussion. Both Les Menuires and Seibelseckle are losing
substantial amounts of snow in the winter season due to increasing
temperatures and decreasing winter precipitation. The Seibesleckle data,
derived from a correlation from the Feldberg data over the past 65 years (Fig.
1), show that medium mountain ranges are most severely affected. Three of
the driest years since the beginning of the measurement series fell within the
last 15 years. As a result, artificial snow production and grooming started and
were intensified over the whole ski run and entire ski season since 2005.

Snow depth (cm)

Season

Figure 1. Average daily snow depth for the ski season (from 15™ Nov. to 15™
April) extrapolated from Feldberg to Seibelseckle ski area. Blue line shows begin of
snowmaking.
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In both sites, penetrometer results showed substantial differences in soil
compaction between the ski run and surrounding natural sites, including
shrubland and grassland for Les Menuires and forest for Seibelseckle (Fig.2).
Whereas soil depths of 50 cm could be reached both on ski runs and natural
forest sites in Seibelseckle (Pinto 2017), only 20 cm were reached for ski runs
as opposed to 40 cm in shrub/grassland sites in Les Menuires (de Jong et al
2014 a). Given the difference in altitude, geology, dimensions and skier
density of the two ski runs, it is surprising that the differences between ski run
and natural sites were comparable in both cases. In Les Menuires, the same
amount of energy as that for Seibelseckle was required to penetrate the same
soil depth. However, at 20 cm depth when compared to the natural site, 6
times more energy was necessary to penetrate the ski slopes in Seibelseckle as
compared to 3 times more in Les Menuires. In general, impacts of snow
groom can be detected at depths of 10-20 cm.

Penetrometer
— ki run
IS
)
e
=
()
o)
a) Total energy (Joules) b)

Figure 2. Soil compaction comparison measured by penetrometer on a) the ski run
and natural forest site at Seibelseckle and b) the ski run and natural grass/shrubland
in Les Menuires.

At Seibelseckle, penetrometer experiments were also carried out below
the drag lift and compared to the ski run and forest site (Fig. 3). Soil
compaction was even higher below the drag lift than the ski runs down to a
depth of 30 cm. The effects of the skiers on the drag lift could be detected at
depths of 5-10 cm.

a)
—_ forest
g
= drag lift
g .
a ski run

Total
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b)
ski run

forest

Depth (cm)

Time

Figure 3. Comparison of a) soil compaction on the ski run, below the drag lift and on
adjacent natural forest site and b) infiltration rates at Seibelseckle.

The infiltration experiments indicate similar differences between ski run
and forest (Fig. 3b) at Seibelseckle. These differences corroborate results
obtained from Les Menuires (de Jong et al 2014 a).

Conclusion.

Ski runs subject to more than 10 years of compaction by artificial snow
and snow grooming indicate major degradation. Substantially higher soil
compaction and loss in permeability than for natural sites can be shown
independently of their altitude, geology and size. Soils below drag lifts have
comparatively high or even higher soil compaction than ski runs. The highly
impermeable surfaces associated with ski runs and lifts increase erosion and
gullying and can even contaminate drinking water. In future, new ski
infrastructural developments and snow grooming as well as artificial snow
production should be avoided. Stricter controls with regular monitoring of soil
as well as water quantity and quality should be introduced and snow-
independent touristic activities developed.
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DRIFTING SNOW DISASTER IN HOKKAIDO, JAPAN
S. Takahashi

Okhotsk Sea Ice Museum of Hokkaido,
Mombetsu, Hokkaido, Japan

Abstract. As an example of drifting snow disaster, we explain the snowstorm disaster occurred at
Hokkaido in 2013. Meteorological conditions and snow-fence problems are discussed for the disaster. As a
way of prevention for this kind of snowstorm disaster, we propose to introduce a snowstorm rank system in
weather forecast, by which people can know the dangerous degree of snowstorm.

Key words: snow disaster, snow drift, snow fence, snowstorm rank, Hokkaido.

1. Introduction

Recently, the disasters by extreme weather, as very strong hurricane or
typhoon, tornado and strong snowstorm, occur frequently everywhere in the
word, the reason of which is said due to global warming. In Japan, almost
every year flood disaster is caused by the heavy rain due to strong typhoon in
summer, and strong snowstorms cause snow disaster of traffic closing and
others in winter (2005, Takahashi and others). As to snowstorm, we explain
an example of snowstorm disaster at Hokkaido in 2013, and discuss about its
reason and how to prevent it (2014, Takahashi and others).

2. Drifting snow disaster in 2013

When a low pressure had rapidly developed at Okhotsk Sea side of
Hokkaido on 2 and 3 March in 2013, lots of roads were closed by heavy snow
storm, especially in eastern area of Hokkaido. As show in Figure 1, 7 persons
are in dead at 4 places. 4 persons were dead by carbon monoxide poisoning in
a car buried with snow drift, and others were frozen to death who could not
walk in drifting snow. Whereas lots of cars could not move in this snowstorm,
some cars waited for help and other cars had evacuated to Road Service
Stations or some small shops.

Figure 1. Distribution of maximum
wind speed in March 1-3, 2013, in
Hokkaido*.

* Strong wind areas are colored dark. Each
cape areas and the area between Abashiri
and Nakashibetsu were more than 15 m/s.
The numbers in ( ) at four fatal accidents
areas are the number of deaths.
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2. Explosively developed Low-Pressure

In the beginning of March in 2013, the low-pressure developed rapidly.
As shown in Figure 4 (al), there were two low-pressures in both sides of
Hokkaido (Japan Sea and Pacific Ocean sides) at 03 h on March 2. This case
is so called “Two-Eyes’ Pattern, which is known as the case that the low-
pressures will develop strongly after they become together. After 6 hours,
they were combined together on 09 h (a2), and in next 6 hours, they became
strong rapidly and the center pressure was down to 974 hPa.

Meteorological conditions in this period is shown in Figure 4 (bl)
(Abashiri) and (b2) (Kamishibetsu). At Abashiri, wind speed was lower than
5 m/s before noon, but it became more than 10 m/s at 12 h and about 25 m/s
at 18 h. This variation was almost same at Kamishibetsu; wind speed became
over 10 m/s at 17 h and over 20 m/s at 19 h. This low-pressure brought lots of
precipitation and Hokkaido was in strong snow storm.

(al) 03h on March 2,2013:  (a2) 09h: The two were (a3)15h: Rapidly developed
Two low-pressures combined into one. down to 974 hPa in 6 hours
(b1) Abashiri (Katayama) (by Hokkaido) (b2) Kamishibetsu
‘.“A! a i T e T & T 2| N _“u‘ I T 1 L Il N
o e Winddirection(teths) - [Y [ e
Rt Y W W :
i SO AU SO TR, AU s W OUOR- OV SOPPU UROON: SO N N

- Wlnd spee

5 B Y
0
5 5 . "

e N A0

Mar. 1 Mar. 2 Mar. 3 Mar. 4 Mar. 1 Mar. 2 Mar. 3 Mar. 4

Figure 2. Low-pressure variations on March 2 ((al), (a2) and (a3)) on March 2
and Meteorological conditions at Abashiri (b1)
and Kamishibetsu (near Nakashibetsu) (b2) on March 1-4 in Hokkaido.
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3. Problems of snow fences

Schemes about the accident places by snow disaster are shown in Figure
3. At Yubetsu town, a car was stacked by snow drift and dropped from a road.
From the car a father and daughter went out and walked to ask help in
snowstorm, but they could not move soon by strong drifting snow. When they
were found near a storage house, father covered his daughter. He was frozen
to dead but his daughter was survived.

According to an investigation around the accident place (Figure 4 (a), (b)
and 8c)), the angle of wind direction to a snow fence was about 20° to 30° by
wind trace on the snow surface (Figure 4 (c)), which was near parallel to the
fence. In this condition, a snow fence does not work well. We should need to
made some countermeasures for the condition of wind direction almost
parallel to a road.

At Nakashibetsu, a car went up to higher flat place after passing a bridge,
but they were trapped by much snow drift on a slope. The car was almost
entirely buried with snow drift, and 4 people in a car were dead by carbon
monoxide poisoning because the exhausted gas could not go out by snow drift
and entered into a car through the car bottom. This place was at the end of a
snow fence and drifting snow convergently came to a road between forest and
the snow fence end.

(b)

(a) at Yubetsu

Wind direction
in the snowstorm
on March 2, 2017

(c)

Snow drift
around a car

(d)

Figure 3. Conceptual scheme of snow disaster on March 2-3, 2017*.
* (a): Wind direction at the accident place in Yubetsu. (b): Snow fence at the accident place. (¢): Snow
surface at windward of the snow fence. Trace of wind showed that the wind direction was near parallel to a
snow fence. (d): Snow drift movement at Nakashibetsu.
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4. Proposal of snowstorm rank system in weather forecast

To prevent snow disasters, people should be aware of a snowstorm is
dangerous by the weather forecast. If they know dangerous degree, they
would not go out or evacuate earlier to safety facilities. However, if weather
forecast said that very strong low pressure would come, most people could
not feel so seriously.

For the earthquake, people can know the danger degree by earthquake
intensity. Like the earthquake intensity, we need a system to know how a
snowstorm dangerous by ranks of snowstorm. At Syowa Station in Antarctica,
they have blizzard rank by wind speed intensity and its duration, which is
used to for regulation of outdoor activities, as Table 1. In this standard, wind-
speed requirement for rank B is 15 m/s and 25 m/s for rank A. Since they
jump too much. we insert another criterion of 20 m/s between them. Hence,
we would propose a new standard of snowstorm for domestic weather
condition, as in Table 2.

As shown in Table 3, we judged snowstorm rank at the places near
accident places for the snowstorm on March 2013. The snowstorm rank of
Yubetsu was B by new standard and C by Antarctic standard, and also the
rank of Abashiri (Katayama) was A and B.

Table 1.

Standard of snowstorm (Blizzard) rank at Syowa Station in Antarctica.

Rank Wind speed [WS] | Duration [t4] Visibility [Vis]

A WS>25 m/s tq >6 hours Vis<100 m
B WS>15 m/s ty >12 hours Vis<l km
C WS>10 m/s tq >6 hours Vis<l km

Table 2.

Newly proposed standard of snowstorm rank for domestic in Japan.

Rank Wind speed [WS] | Duration [tp] Visibility
S WS>25 m/s ty >6 hours Vis<100 m
A WS>20 m/s tq >6 hours Vis<200 m
B WS>15 m/s tqy >6 hours Vis<300 m
C WS>10 m/s tq >6 hours Vis<l km
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Table 3.
Judgment of snowstorm rank for each place in Hokkaido by the two standards
Duration (hours) for each rank requirement
(Each rank needs 6 hours or more) Rank | Rank by Maximum
by new |Antarctic| .
c B A 5 standard | Standard wind speed
Place WS=10m/s | =15m/s | =20m/s | =25m/s
1) Yubetsu 16h 7h 0 0 B C 19.8
2) Abashiri 17h 6h 0 0 B C 17.6
3) Abasiri (Katayama) 18h 12h 12h 4h A B(A-) 26.2
4) Shari 26h 13h 4h 0 B B 21.2
5) Kamishibetsu 10h 3h 1h 0 C C 22.2
6) Nemuro-nakashibetsu 8h 1h 0 0 C C 15
7) Nemuro 27h 13h 7h 0 A B 23.1

5. Concluding remarks

The facilities for snow disaster has some problems about snow fence
direction, snow fence arrangement and so on. However, more than the
improvement of facilities, it is important that people recognize the risk of the
snowstorm disaster by themselves.

In this snowstorm on March 2013, the meteorological observatory
alarmed for a very strong snowstorm coming from two or three days before.
Unfortunately, March 2 was Sunday and it was clear and calm in the morning,
people goes to shopping, meeting and so on. After that, some of people were
trapped by snowdrift due to suddenly developed snowstorm in the afternoon.

National Road Office closed most of national roads in early stage and no
fatal accidents happened, but for the local roads they have not a system of
road closing and people went out freely and met with snow accidents. They
should know the risk of the snowstorm, and we proposed a new standard of
snowstorm rank. For the snowstorm rank, we have better to make some
regulation as below, which should be discussed more.

Rank A:

Evacuate:

Immediately evacuate to a safe facility. Don’t move from schools or offices.
Rank B:

Very Danger:

Don’t go out from house. Come back to home soon if it is short distance.
Rank C:

Danger:

Be careful to snowstorm. Come back to home earlier.

Adding to it, people should know the danger of carbon monoxide
poisoning, when a car was buried with snowdrift. To prevent the poisoning,
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we should make a space around an exhaust pipe, stop an engine and
sometimes work it, open a wind slightly sometimes for fresh air and wait with
warm clothes or a sleeping bag. For the preparation, we should have a shovel,
snow boots, gloves, sleeping bags in car always in winter. Also, we should
carefully hear the weather alarm from the meteorological observatory.
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