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Henanocroaerne Baagmvupa Muxainosnua Koriakosa

Nineteenth anniversary of Vladimir Mikhailovich Kotlyakov

Brictynnenue B.M. KotnsikoBa Ha cbe3ne Pycckoro reorpacduueckoro odiiectna B 2014 r.
Speech of V.M. Kotlyakov at the Congress of the Russian Geographical Society, 2014

JIngepy poccuinckon rmAuMonorum 1 rmaBHOMY pefakTopy XypHana «J1ég n CHer» akagemuky
B.M. KoTnAkoBy B 3TOM rofly ucrnonHunocb 90 net. B ctatbe ynomMAHyTbl raBHble BEXW »KW3-
HeHHoro nyTn Bnagummnpa MuxainoBuya, ero nonesble UCCNeAOBaHUA B MOMIAPHbIX PernoHax,
Ha KaBkase u Mamupe. MprBopATCA cnoBa pAga rMALMONOroB o0 BCTpeyax ¢ B.M. KoTnakoBsbim,
COBMECTHOI paboTe C HM U ero BKMage B MALMONIOrio BTOPOW NMosIoBUHbI XX B. 3TN BblCKa-
3bIBaHUA XapaKTepu3yloT ero Kak TaslaHTIMBOro YYEHOro 1 opraHusatopa Hayku. [lonrum nytb
B.M. KoTnskoBa B Hayke BK/toyaeT B cebs 0COGEHHO ApKMe nccrnefoBaHUA AHTapKTUYECKOro
nefHVKOBOTO WuTa B nepuog MexgyHapogHoro reodusmyeckoro roga (1957-1958), scemupHo
N3BECTHOE OypeHue rnyboKol CKBaXKMHbl Ha CTaHLMW BOCTOK 1 BaxkHelwwmne pe3ynbraTbl Ucce-
JOBaHUIM NeJHNKOBOro KepHa. HecmoTpA Ha npeKknoHHbIN Bo3pacT, B.M. KoTnakoB akTnBHO B3a-
MUMOZEeNCTBYeT C MALMONOrMYEeCKUM COOOLLEeCTBOM 1 BeAET BaxKHble paboTbl B KayecTBe MouéT-
Horo lNpe3unpeHTa Pycckoro reorpaduyeckoro obuecTsa.

Academician V.M. Kotlyakov, the leader of Russian glaciology and the editor-in-chief of the journal «Ice
and Snow», turned 90 this year. The article mentions the main milestones of Vladimir Mikhailovich's life
path, his field studies in the polar regions, in the Caucasus and the Pamirs. The words of several glaciolo-
gists about their meetings with V.M. Kotlyakov, their joint work with him and his contribution to glaciol-
ogy of the second half of the twentieth century are given. These statements characterize him as a talented
scientist and organizer of science. V.M. Kotlyakov's long career in science includes particularly striking
studies of the Antarctic Ice Sheet during the International Geophysical Year (1957-1958), the world-
famous drilling of a deep borehole at the Vostok station and the most important results of research of the
ice core. Despite his advanced age, V.M. Kotlyakov actively interacts with the glaciological community
and conducts important work as the Honorary President of the Russian Geographical Society.
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«Ilo cuacmoio, 51 603pacma Kak maxKoeoeo He Ouwyuaro»...
(u3 ctatbu A.I1. CamoitnoBa «CHEXHBIN YEJIOBEK»)

Bnagumup MuxaiinoBuu KomisikoB... COBEeTCKUI U pOCCUMCKUI MISILIMOJIOT 1 Teorpad, akanemuk Poc-
CUIICKOI aKageMUM HayK, OIWH 13 OCHOBOIIOJIOXKHUKOB 1 JIUAEP COBPEMEHHOM IISILIMOJIOrMYEeCKOM Hayd-
Hoit Kol B Poccuu, nupektop MHctutyTa reorpacduu PAH ¢ 1985 no 2015 r., a B gajibHelIeM — Hayd-
HbBII pyKOBOIUTENb 3TOT0 MHCTUTYTA, [Ipe3uneHT MexayHapoaHoil KoMUccHu cHera 1 jibaa B 1987—1991 1.
U BULIe-TIpe3UeHT MeXayHapoIHoro reorpadguieckoro cotoda B 1988—1996 rr., MHOTO/IETHUIA TIpeAceaaTe/ b
POCCUICKMX HALIMOHAIbHBIX KOMUTETOB I10 UCCAeI0BAaHUSIM AHTApKTUKH, M0 MexXayHapoaHol reocdepHo-
ouocdepnoii mporpamme, ¢ 2000 r. — [Mou€THbIii Mpe3uaeHT Pycckoro reorpaguyeckoro obiectsa. B 2007 r.
BMECTE C aBTOPCKUM KOJIJIEKTMBOM CTajl jaypearoM HobeneBckoil mpeMun Mupa «3a u3ydeHue MmocaeacTBuii
IJT0OATbHBIX KJIMMaTUIECKUX U3MEHEHUI, BbI3BAHHbBIX JIESITEJIbHOCTHIO YeJIOBEKa, U BhIPA0OTKE MEp IO UX BO3-
MOXHOMY MpeAoTBpallieHIIo». [lepeuncisiTh ero Ae0BbIe U MOYETHBIE JOKHOCTU MOXKHO O€CKOHEYHO!

Brnagumup Muxaiinosua — 3710 «Hartire Beé», moaToMy Kaskablil TSIIMOJIOT 3HAeT 00 3TOM 100ujee, 3HaeT
€ro 3aCJyTru, IOKHOCTU, Harpaabl M MOYETHBIE 3BaHUsI. Mbl BCe IIEPEUUTHIBAEM €r0 MHTEPECHbIE KHUTH,
KaxXIbli pa3 Haxoas It ce0sl YTO-TO HOBOE M YAUBIISSICh €T0 JIETKOMY SI3BIKY, JOCTYITHOMY CaMbIM HEIIOATO-
TOBJICHHBIM YnTaTesaM. Ho XxodeTcs oHsITh, OTKyna 0epyTcsl B HayKe TaKue HeOpAMHApHBIE, TaIaHTJINBbIC
YU€HBIe-OPraHM3aTOPhI 1 IIPOCTO YUEHBIE, CyMEBIIINE BCIO CBOIO TOJITYIO XK3Hb IIOCBSITUTD TIOOMMOMY IEIy.
YTo crmoco0CTBOBANIO BHIOOPY €ro XKM3HEHHOTO ITyTU M TAKOMY OBICTPOMY POCTY Ha 3TOM ITyTU? Xapakrep,
BpeMsl, JIFOIH, OKpyxKaromias cpena? M 94To mymaioT 00 3TOM €To KOJUIETH?

B.M. KotnsikoB poguiicst 1o, Mocksoii, B mocénke Kpachas ITonsiHa (ceifuac 3TOT NOCEIOK HAXOAUT-
cs B yepte ropoaa JIobH1), poauTean padoTaaiu MacTepaMM Ha TEKCTUIbHOM (habpuke. Yuuicsd B MockBe, B
mkose Ne 7 Ha boJbimoit SIkuMaHKe, Kak OH BCITOMUHAET, B BeCbMa He PsIIOBOI IIIKOJIe, OBIBIICH TMMHA3MN,
B KOTOPOI1 OH €IIE 3acTall «CTaApOPEKNUMHBIX» yunTesiei. OToaBall mpearoyTeHue TYMaHUTapHbIM TIpeaMe-
TaM, PyCCKOMY SI3bIKY U JIMTepaType, MICcajl IydIlre B IIKOJIe COUMHeHMs. EMy XOTelloch CTaTh JIMHIBUCTOM,
o reorpacuu OH elg 1 He AyMaJl. BbUT MOCTOSTHHBIM PeAaKTOPOM IIKOJbHON CTEHTA3eThl, a TT03Xe — YIEHOM
PeaKOJIIErMY CTEHHOM ra3eThl reorpaguueckoro gakyiasteta MI'Y «Haim ropuzoHThl». [To3ke, BCIO XKM3Hb
OH PeIaKTUPOBAJI CTaThH, XKypHaJIbl, KapThl, KHUTHU. MOXHO CKa3aTh, YTO U CBOIO JKM3Hb OH OYEHb YIaYHO 1
IPaMOTHO OTPENaKTUPOBAJ.

Ha reorpaduueckom dakynbrere MI'Y cTymeHTaM IIpUBUBAIN CTPACTh K ITyTELISCTBHUSIM, ITO3TOMY y3Ke
B y4eOHbIE TOJbl OHU O00BbEXaJIM 3HAUUTEIbHYIO YaCTh CTPaHbl. Y HUBEPCUTETCKUM yuuTesieM Bragumupa
MuxaitnoBuua 0611 ipodeccop Hukomnait AuapeeBud ['Bo3aenkuii, moa pyKoBOJACTBOM KOTOPOTO ObLIM Ha-
MUCcaHbI TIEPBbIe HayuyHbIe pabOThI: KypcoBble U nuruioMHas. [locie okoHuanust MI'Y B 1954 r. Bnagumup
MuxaiinoBud 66u1 TpUHAT Ha padoty B MHcTuTyT reorpacdun AH CCCP, B otnen ¢pusndeckoii reorpadum,
KOTOPBIM B TO BpeMs 3aBenoBal rpodeccop I'aBpunn AmutpueBud Puxrep (puc. 1). B Te rogsl oH 3aHuMancs
CHETOM 1 OTHaXIBI cKa3al: «Boonas, a He 3aHATbes n Bam cHEXXHBIM MMOKpOBOM?» A BCKOpe B OTnes K Pux-
Tepy u3 MHCTUTYTa MEP3/I0TOBEASHUS TIPUILIEIT YK€ XOPOLIO U3BECTHBIN misinuoor Iletp AjnekcaHapoBuy
IIyMckuii, 4TOOBI HAWTU JTIOAEH 1151 OJIEBbIX UCCAENOBAHUI apKTUUYECKUX JieAHUKOB. Y Torna Bnagumup
MuxaiiioBU4 Havyall CBOIO CHEXKHO-JIETHUKOBYIO Kapbepy, a TOYHEE — IIISILIMOJIOTMYECKYIO K13Hb.

Korma mrerepoyprekuii xxypHammct A.I1. Camoiinos, 6pasimii mHTepBLIO y Brannvmpa Muxaiinosnua,
YCOMHMJICSI B TOM, BO3MOXKHO JIM TIEPECUnTaTh BCE €ro IOJIeBbIe pabOTHI, TOT YBEPEHHO CKa3all, YTO B €TO I10-
CIIY>KHOM 9KCIEIUIIMOHHOM CITHCKE BCE cocuMTaHO-IIepecunTaHo: «[lociae Moeit epBoil 3MMOBKM C aBrycra
1955-r0 o (peBpaib 1956-ro Ha HoBoit 3eMiie, 1 IpoBes TOAMYHYIO 3UMOBKY (1957—1958 IT.) B cocTaBe IISIMO-
JIOTMIECKOTO OTpsima BTopoii aHTapKTUIeCKOI SKCIeIUIINKI, ObUTH pabOThI C ABYMSI 3MMOBKaMM Ha DIIEOpyce,
Ha ero 10;KHOM cktoHe (1961—1963 rr.), skcnenuuus B 3anauiickuii Anatay (1964 1.), ceMb Ce30HOB Ha ITaMUp-
ckux jgegHukax (1968—1974 rr.)... u 310 He Bcé». OcHOBHAsA cyTh B.M. KoT/sIKkoBa — OH HACTOSIILIMIA YIEHBIIA-
aKcnepuMeHTaTop. M Ha KaXaoM aTare cBOero MmyTH Bceraa 3Hal 1ieJib, K KOTOPOi Halo CTPEMUTBCS. A 1IeIu
CTaBMWJIMCh HeMaJible. Pelatonyto posib 31ech UTpal XapaKTep — TBEPIBIA, peIIUTEIBHBIN 1 JaXe XKECTKUM, He
Bceraa yaoOHbIN, MOXKET ObITh, 1 [IJIsT Hero camoro. Iloxkaiyii, IIaBHBIMM €ro KauecTBaMU MOXHO Ha3BaTh 3a-
MpeaeIbHYI0 pab0TOCIIOCOOHOCTD M YBIICYEHHOCTD ITPEIMETOM, KOTOPBIM OH B JAHHBII MOMEHT 3aHUMAJICSL.
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S TR

Puc. 1. CorpynHuku otaena ¢usudeckoit reorpaduu Mucruryra reorpapuu AH CCCP, cepenuna 1950-x romos.
Bropoii cnipaBa — I'.Jl. Puxtep, ciesa crout B.M. KoTisikoB

Fig. 1. Stuff of the Department of Physical Geography of the Institute of Geography of the USSR Academy of Sci-
ences, mid-1950s. The second from the right is G.D. Richter, the left (standing) V.M. Kotlyakov

Boin e1ié onuH 4enoBeK, ChIrpaBIInil HEMAJIyIO Posib B Ku3HU Bragumupa MwuxaitnoBuua, — ['puro-
puii AntlekcaHIpoBuY ABCIOK. B cBsI31 ¢ ToaroroBkoii K MexayHapogHoMy reopusndeckomy roay B 1957 r.
OH opraHu3oBay B MHcTuTyTE reorpaduu oTaes riasuruonaorui. B ocHOBHOM 3TO ObIJT KOJUIEKTHUB MOJIOIBIX
YUYEHBIX ISl uccaenoBaHuii rmo mporpamme MITT B 1958—1959 rr. B Apktuke u Ha IlonsspHoM Ypaie. B no-
cayxxHoM crniucke B.M. KotnsgkoBa K aToMy BpeMeHHU ObLIN yKe 3MMOBKM Ha HoBoli 3emiie 1 B AHTapKTH-
ne. B 1961 r. oH 3alIyMTIII KAaHIMIATCKYIO JrccepTalnio «CHEXHBIN MTOKPOB AHTaApKTUABI U €r0 POJIb B CO-
BpEeMEHHOM OJIeIeCHEHUN MaTepuKay». DTa padoTa Obljia OIyOJIMKOBaHA B TOM 3Ke TOAy B BUIe MOHOrpaduu,
BCKOPE€ U3MAHHOU 1 HA aHIVIUMCKOM $I3bIKE.

B navane 1960-x rogoB Biragumup MuxaiiaoBuyd poBOAUT TISIUOJOIMYECKHUE PAaOOThI B 3aMINii-
CKOM AJiaTay U Ha Dabp0pyce, Ilie yuacTBYIOT MHOTHE COTPYIHUKAMU OTIesia miguuonoruu. 1961 rox cran
3HAMEHATEJIbHBIM M3-3a IBYX BaXKHEHIINX COOBITUI, OPraHM30BaHHBIX 10 €T0 MHUIIMATUBE: TIEPBbIi Bee-
COIO3HBIN TJSIUOJOIMYCCKUI CUMIIO3UYM, MOJIOKUBIINI HAYaI0 PEryJIipHOMY CO3bIBY CUMIIO3UYMOB
KaXXJIble YeThIpe To/1a, U NepBOe MepUOANIECKOe U3IaHNe B 00JIaCTH IJISIMOIOTHM, MOJyYMBIlIce Ha3Ba-
HUue «MaTepuanbl IISIIUOJIOTUYECKUX MccaenoBaHuit» (puc. 2). CHavana 3TU BBIITYCKU ObUTN TTOCBSILEHbI
ntoram pa6ot o MIT, comepxkanu cTaTbu U MyOJMKOBaIN OOIIMPHBIE TUCKYCCUU, a B HA3BaHUU cOOp-
HUKOB JOJITO COXPAHSJIOCh TaAKOe NOTOJHEHME, KaK «XpOHUKa, oocyxkneHue». [1o3xe 310 n3maHue craio
MeYaTHBIM OPraHOM BCETO TJISIIMOJIOTMYECKOT0 COODIECTBA B CTPAHE U MOJYYUJIO IIMPOKYIO U3BECTHOCTh
BO BCEM MUpe, OHO MpocyiiecTBoBaio nmojseka. A ¢ 2010 1. ero nmpoaoKuI akageMUUeCKUil XKypHal T10
IJISILIMOJIOTUMHU € MEXIYHAapOAHBIM cTaTycoM «JI1én u CHer» ¢ TeM ke HeM3MeHHBIM [ JTaBHBIM peIakKTOpOM —
akageMukoM B.M. KoTingkoBbIM. /1o cerogHsIIIHero fHs 3TO — €Tro JI00UMOoe IeTUIIIE.

B 1967 r. B.M. KoT/IIKOB 3a1lIMTII JOKTOPCKYIO auccepTaunio 1Mo teMe « CHEeXXHbIN ITOKPOB 3eMHOTO
1apa v muTaHKue JICTHUKOB», B KOTOPOii (haKTUYEeCKH BIIEPBHIC IIPOBOIMI UCCICI0BAHUE HA CTHIKE CHETO-
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Puc. 2. [Ipodeccopa, yaactHuku [siiimosiornyeckoro cumiiosuyma B TaiikeHte, 1972 .
Cnesa HanpaBo: M.B. Tponos, I'.K. Tymunckuii, b.I1. Kapoab, A.B. lllnutHukos, W.C. Illykun
Fig. 2. Professors, participants of the glaciological symposium in Tashkent, 1972.

From left to right: M. V. Tronov, G.K. Tushinsky, B.P. Karol, A.V. Shnitnikov, I.S. Shchukin

u negHuKoBeneHust. OHa BbIuia B mevath 1968 r. Knura HasbpiBanach «CHEXHBIN TTOKPOB 3eMJIU U JIe/I-
Huku». Y B ToMm xe 1968 r., I.A. ABcloK, BeIOMpast U3 TpPEX CBOUX JIIoOMMBIX yueHUKOB — C.A. EBTeena,
B.M. KornsakoBa u A.H Kpenke, nepenan pykoBoJACTBO oTaenaoM Branumupy MuxaiinoBudy, KOTOpbIi
MPOCTYKWI Ha 3TOM mocTy 47 neT (puc. 3).

H.M. 3eepxosa (Mncmumym zeozpaduu PAH, Mockea) BcioMunaeT: «OTHeN K 3TOMY BpeMeH) HaCUUTbI-
Baj 60}Iee COTHM 4Y€JIOBEK, I HE BCE C BOCTOPI‘OM HpI/IH}I}II/I 9TO Ha3HAYEHME: IT0CI/IEe ,I[06POI‘O, MATKOTO «JAON
Ipyim» pabotats ¢ B.M. He BceM u He Bcerzia 6b110 1erko. beiBany BpeMeHa, KOTzia OH HaunHan 60pbp0y 3a
OVICUUIIIVHY M, CTOS Y BXO/Ia B HAIll YePEMYIIKMHCKNI TIOJBAJI C YaCaMU B PyKaX, yCTpanBajl Pa3HOC KaxK-
ZOMY OIIO3/aBIlIeMy Ha HECKOJIbKO MUHYT, @ Olla3JbIBajii IpakTudeckyu Bce. Camble cooOpasuTe/ibHbIe
omasabIBaJIM Ha 4yac, Kkorma B.M. mokugan cBoii mOCT.

OrmMmeuy, yTo Bragumup MuxaiinoBuy He TOIbKO COXPAaHWI, HO U IPUYMHOXWII OTAeN — B 1970-x rogax
OTfen HacuuThIBanl yxe 1o 110 yenosek. B.M. KoT/1k0B Ha IpOTsHKEHUN JeCATUIETUI IPOBOAI U IO -
Jep>KMBajl Ha BBICOKOM YPOBHE Hay4YHbII1 CEMIHAP, CO3Jja/l IIEPBBIN U [0 CUX IOP €JUHCTBEHHbIN aKafleMM-
YeCKUI1 )KYPHAI TI0 IJIALOIOTUY 1 MaJIO KTO CMOT Obl IIPOBEPHYTH TaKye S110Xa/IbHbIe IPOEKTHI, KaK I10f-
rotoBKy usganus «Karanora negaukos CCCP» u cozganne «ATaca CHe)XHO-JIEJOBBIX PECYPCOB MUpPa».

B nauane 1962 r. mo nnunuaruse I'.A. ABctoka CeKius ISIuronoruu MexnyBeA0OMCTBEHHOTO Teo(hu-
3MYECKOro KOMUTETA TIpUHSIA PellieHe O KaTaJaorn3aiuu Beex JegHukoB Ha Tepputopun CCCP. B otne-
JIe TJISILMOJIOrMHY ObLIO pa3paboTaHO U M3IaHO PYKOBOMICTBO I10 €r0 COCTaBJIeHUI0. B To BpeMst IJIsI110I0T1 -
yeckoe coobiectBo B CoBeTckoM Coro3e ObIJIO JOCTATOYHO OOJIBIINM, ITO3TOMY B co3naHuu Karamora nmon
9TUI0M OTHEesIa y4aCTBOBAIN COTPYIHUKM MHOTUX YUPEKACHUIN U3 KPYITHBIX TOPOAOB CTPaHbI; KPOME TOTO, B
psiie TOPHBIX paliOHOB IMPOBOAWIM CHelabHbIE TToJIeBbIe UccaenoBaHus. OMHUM U3 HauMEeHee U3yYeHHbBIX
paiioHOB oneaeHeHUs okazaiics [Tamup, 1 B 1968 r. B.M. KoTiakoB opranuszonai «Tamkukcko-ITaMupekyio
BBICOKOTOPHYIO a3pOIISILIMOJIONMYECKYIO DKCIIEIUIINIO». BaxkHoM 3amaueii sKCrieAuLIM ObUTH OOJIETHI JIed -
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Puc. 3. ' A. Asciok 1 B.M. Korisikos, cepeanna 1960-x ronos
Fig. 3. G.A. Avsyuk and V.M. Kotlyakov, mid-1960s

HUKOB C HaOTIONCHUAMMU 34 UX COBPEMEHHBIM COCTOSTHMEM. OCHOBHBIM TPAHCIOPTHBIM CPEICTBOM SKCIIe-
IULIUMA CTaa BepToNE€T Mu-4, 1 MHOTOTHEBHbBIE OOJIETHI JIEATHUKOB OXBaThIBaJl BCE HOBbIE palioHHI (puc. 4).
Bor uTo BcrioMrHanmM y4acTHUKM 3TUX padoT.

O.B. Pomomaesa (Mncmumym zeozpagduu PAH, Mockea): «Ewé Ha aspoapoMe MM B 1arepe B JONN-
He y BepTO/NEéTa CHUMA/IM JJIS HAaC 3a/jHIe CTBOPKM — /I MaKCUMa/lIbHOTO 0630pa. VI B monére Mbl, npu-
BsA3aHHBIE BepEBKaMM, CUMIE/ HaJl 0€3[IHO, KPEIKO Aepxa adpo(OTOCHUMKY, BHIPBIBAIOLINECH U3 PYK
OT IIOTOKA BeTPa, XOTA OHU M ObIIM HAKPEIIKO NPUKOJIOTHI K ioledykaM. HaHOCHIM Ha CHUMKY ITPOIUIBIX
JIeT HOBbIE I'PaHMIIBI JIEHVKOB, a BCe 3aMe4YeHHbIe MI3MEHeHMA Ha HYX 3aIlUChIBamm U poTorpadupoBaim.
A Bnapumup MuxaityioBud, To>Xe Ha BepéBKe, ycIeBas 0eraTb OT HaC K IIM/IOTaM U 0OPaTHO, TOKa3bIBas
UM, I7ie Hy>)KHO Pa3BepPHYTbCA UM IIPOIETETD ellE pas».

I'M. Bapnaxoea (Mncmumym zeozpagpuu PAH, Mockeéa): «Mb1 ¢ OKcaHOJ CHJieu B MEXOBBIX TY/IyIIaX Ha
IOy TIepef; OTKPBITBIM HeOoM, a B.M. cTosi/1 psioM 3a Hami ¢ POTOAIIIAPATOM Vi IIPUBSI3AHHOI JOIIEYKO
C IPUKPEIUIEHHON Tonorpaduyeckoit KapToit. XoTs MPsIMOIi OIIACHOCTY /IS XKU3HM, Ka3aloch Obl, He ObIIO,
HO BC€ e Ob1710 XXyTKOBaTo. [ToKa fipyrue yuacTHUKY 00/1€Ta «00S/IICh Ha TaBOYKe» IIOOIVDKe K MMIOTaM,
B.M. Bcé BpeMs TOPBIBAJICS [ep>KaTb HAC 32 BEPEBKY, YTOOBI MBI He ynertenu BHU3. B.M. Ko1/s1k0B — yeno-
BeK «COy4YaCT/IUBBI». B akcrienuuym oH 6pascs 3a mooyio pabory. V Boobuie Bcerna ObUT B JBVDKEHUN 1
3aHAT. Eciu He 66110 BepTO/IETa, TO OH BOBJIEKA/I HAC B HEOO/IbIIE TIelyie IIOXOAbI B TOPbI VIV CITyIIasl HO-
BOCTM II0 MaJIeHbKOMY IPMEMHMKY, @ IOTOM ITPOBOAVII /IS BCEX «IOMUTUH(POPMALIVION.

Kak moxkazanu 3ateM B MockBe paboThl 110 cocTaBieHuto Karamora negnukos ITamupa, nngopma-
TUBHOCTb Takoi MmeTonuku, «KITO» aTux HabmoneHnii ¢ BO3ayxa, oKa3ajaach IMIPeBOCXOIHON — a Bedb 3TO
koHell 1960-x, a He XXI B. ¢ KOCMMYECKMMMU CHUMKaMu!

Jpyroit BaxkHei1Iel 3agaueit sKcneauuyu OblIO u3ydeHue (pUPHOBBLIX 00JIacTell MaMUPCKUX e -
HUKOB. JlecATOK JIeIHUKOB ObUI 3apaHee BbIOPAH B PAa3HBIX 110 YCIOBUAM JIEAHUKOBBIX OacceifHax BCEro
pernoHa. OTo ObLIM COBEPIIEHHO HOBbIE paOOTHI, BIIEPBbIEC MOKA3aBIIKE, B KAKOM PEXUME XKUBYT JIE-
Huku [Tamupa 1 Kak BEJIMKO KOJIMYECTBO OCAAKOB B BBICOKOIOPHOI 30HE 10 CPABHEHUIO C OKPYXKAIOLLH-
MU MYCTBIHAMMU. [0 3TOro, KaK v mociie, TaKuX UCCIeJOBAHUI 31eCh HUKTO He IPOBOAWII. DTO 3aciyra
B.M. KotnsikoBa u A.b. baxkeBa — pyKoBonuTeneil 1 HeOCPeICTBEHHBIX YYaCTHUKOB PadoT.

O.B. Pomomaesa: «Torna 6bm 3aMedarte/bHble HeOOMbIIE MaHEBPEHHbIe MAIIVHBI Mu-4 un nérynku ay-
IIAaHOMHCKOTO OTPsAJa, TBOPUBIINE YyAeca MOCa/jOK Ha 4,5—-5-ThICAYHbIe BBICOTBL. OOBIYHO C yTpa B HAII
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BBICOKOTOPHBIII /1arepb IpuieTan BepTONET, Mbl
TPY3WIM B HErO BCE CHapsDKEHMe, HaJleBajiu Ha
CBUTEpA IIYXOBKM 1 JIETE/IN B CAMYI0 BEPXHIOIO
4acTb JIefIHNKA. JacTO CHer OKa3bIBaJICA PbIX-
JIBIM, ¥ MAIlMHa, 3aBUCasi, OYKBaJTbHO BbIOPACHI-
Bajla HAaC U TYT >Ke yXofiuia BHU3. B Takue MuHY-
Tbl B.M. He MOT JOXXJjaTbCsA, TIOKa U3 BEPTONETA
BMeCTe C HaMI BbUIETAT BCe LITAHTY U JIONATBHI,
XBaTaJl IePBYI0 U3 HUX U ILIEN OIPeeNATb MECTO
nepsoro urypda (puc. 5, a). Konan cHer psgom
C KpeIKMMU MOJIOJbIMM CTYHZEHTAMMU, KOTOPbIX
MBI OTOMPA/IN B 9KCIIEANLVIO /IS TSDKENBIX paboT
B BbICOKOTOpbe. VIM npuxoannoch TOIbKO paB-
HATBbCS Ha podeccopa. OTpsy u3 4-5 yemoBex
paboTan Bechb ieHb, OGHY TPYAWINCH B ITTy60-
KX 1yp@ax, fpyrue co L[ylnoM XOAWIN Ha CHe-
rOCBEMKY — MapLIPyTaMy IO BCeil 00/1acTy mnTa-
HUA nefHMKa (cM. puc. 5, 6). Ha sakare BepTonér
CIIyCKaJI Hac B jiarepb. VI moka ofjHM TOTOBUIN
YKVH, JpyTHe LUV IOOXOTUTbCSA NOOMN30CTH, Ha
IoJiMe, Ha 3alilieB WM IPOCTO, CTAINB C HOT TH-
JKeJIeHHbIe OOTUKIY C eIé HaMEP3IINM B TPUKOHSIX
CHETOM, BBITATMBANNCH Ha TEN/IBIX KaMyLIKaX,
B.M. mén B cBOIO majaTky, cO6paB y HaC THEB-
HUKM U 3aIlMCH, ¥ aKKYPaTHO BIIMCHIBAJ COTHU
CETOJIHANTHUX M3MePEHNil B crieluanbHyo pas- | Puc. 4. Jlennnk I'anno, o61€Thl MaMUpCKKX JICAHUKOB,
JIMHOBAHHYIO TeTpajb. V He TOIBKO IOTOMY, 4TO 1?69 r. @oto O.B. Pororaesoit ] '
TaK «HAJO», 5Ta paboTa JOCTAB/LIA eMY YIOBOIb- Fig. 4. Gando Glacier, overflights of Pamir glaciers, 1969.
cTBMe. Mbl Beeryia IPeK/IOHAUCD TIepef] ero Hey- Photo by O.V. Rototacva
TOMUMOCTBI0. HU MMHYTBI 6€3 IIO/Ib3bI fery.
Vnorza npuxopuioch NOJHMMATBCA Ha JIeHUKY 1 MEelM XO[0M. B MHOrofHeBHBIX MapIIpyTax IIpK Iepe-
XOfiax ¢ 6OJIBIINM IPY30M Mbl HaBbIOUVBA/IV UILIAKOB, KOTOPBIX HAHVMMAJIM B ay/IaX, M LIUIN J/IVHHOV BepEeH-
neit. Ha mo6s1x Tponax B.M. 06w maraTh Briepey 1 Bcerfa ObICTpee, ero ciep>KIBasl TOIbKO «ero» OC/INK,
y KOTOpOro He Ob1/10 B IJIaHax 0c060 cremnts (puc. 6). Ha Boctournom [Tamupe Mbl HOgHMMAICH BBICOKO Ha
JIETHVUKM Y>Ke 6€3 TaKMX YIIACTBIX IIOMOIHMKOB 11 €3 TPOII, /I MeJICHHO C TsOKENMbIMU proK3akami. Bia-
auMyp MuxaitoBud 06TOHSAI OIHOTO, APYTOro, HAKOHeI] OKa3bIBaJICA BIIEPENN LCTIOUKY VI CIEIIVII [jajlb-
1e. YIa/JMBLINCDh OT HAC IIPYINYHO, COpAchIBaJl PIOK3aK U OT/BIXAJ, HO KaK TO/IBKO BCe IIPUOIVDKAIINCh, YoKe
OIATD IIArajl BBEpPX, yBe4mBas guctannyio. OH MHade He MOT, 3T0 BooOie ero temr! (puc. 7)».

BriBanu u HenpenBuneHHble coobiTHs. Korma B 1969 r. narepb Haxoawics nox JiegHukoM I'apmo, ipu-
LUIOCh BBIPYYaTh TYPUCTCKYIO IPYIIITY, €€ PyKOBOAUTEIb BCTIOMUHAET:
J1.B. [lecunos (Mncmumym zeozpaduu PAH, Mockea): «MHe 1oBeloCh BCTpeTUThCs ¢ Bragumupom Mu-
XajyIoB1YeM He B MOCKOBCKOM oduce, a B ropax Llentpanproro ITamupa. B aBrycre 1969 r. otzen rsumo-
noruu VII' AH CCCP npoBopu 37iech 1oseBble paboTsl 10 cOOPY AAHHBIX I KaTaIOTM3ALY TeHIKOB.
ba3oBblil 1arepp SKCIEANIMY pacIIonaraacs Ha cusaHuy pek [apmo u Kuprus-o6, Hefaneko ot ux ucro-
KOB — nefHMKOB lapmo u laHpo. B atu e guu cioptusHas skcneguiusg MBTY um. H.9. baymana, B xo-
TOPOI1 51 y4acTBOBaJI, BBIXOZIM/IA Y€Pe3 HECKOJIbKO NepeBasoB ¢ jegHuka Cyrpan Ha negHuk l[anpo. Cuy-
4yTach Oefa: OfHa M3 YYaCTHUL CIIOPTYBHBIX COOPOB CKpbLIA OT BCEX CBOX 0O/Ie3Hb 1 Ha yefHuKe [aH0
OKasajlach He CIIOCOOHOIT IBUTAThCs, B 0€CCO3HATE/IBHOM COCTOSIHUM. MBI Ipo0OOBajy HECTH €€ BHM3, HO
IyTb OBUI OYeHb TPYAHBIM, C MHOXKECTBOM TPELINH, 11, HAKOHEL], BHIC/IA/IV IBYX Y€JIOBEK BHNU3, B IO/NIMHY, HA
TOVICK JTI0fel ¥ KaKoJ-mm6o omomy. V HayTpo OHM HalI j1arepb I/Anmonoros. Kak pas B aTu xe MUHy-

s
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Puc. 5. a — B.M. KotisikoB B mypde, neqnuk Minrancannbl, 1968 r.; 6 — cHerochéMka Ha JienHuke KpacHocio-
6oauena, 5000 M Han yp. mopst, 1971 r., 06a poro O.B. Potoraesoit

Fig. 5. a — V.M. Kotlyakov in the snow pit, Ishtansaldy Glacier, 1968; 6 — snow survey, Krasnoslobodtsev Glacier,
5000 m a.s.1., 1971, both photo by O.V. Rototaeva

THI B JIaTepb /151 paboThI IpujieTen BepTonét. B.M. KoT/IsKOB TyT ke ja/1 KOMaH/[y OTMEHUTb PaboTY, CHATh
Halry OOJIbHYIO YYaCTHUILY C JIefHMKA U IepeBe3T e€ B ropof B 6ombHuIly. Tak 4To MOE IepBoe 3HaKOM-
CTBO C B)'IaI[I/IMI/IPOM MuxannoBudyem 6])1}10 HEOXNMIAHHDBbIM M MCKIIOYNUTEIbHO ,T_IO6PI)IM. 3aTeM, B MOCKBC,
B.M. npurnacui MeHs Ha paboTy B VIHCTUTYT, a I03)Ke IPeIOXKIT HOATOTOBUTD Anccepranyoo. OH mpo-
ABIIANT CC6H BCerjga Kak O4Y€Hb BHUMAaTe/IbHBIV HACTAaBHUIK».

O6nérsl TenHUKoB [TamMupa u 0cOOGEHHO pabOThI OTPSAAA B TPYAHOIOCTYITHBIX OOJIACTSX MMUTAHUS JIe -
HUKOB Ha BbicoTax 4000—5200 M Haz yp. MOps TIPEACTABIISIIA B TO BpeMsI Bblaaloleecs: coobiTue. B pe3ynb-
TaTe OBUIM HE TOJBKO MOJIYYEeHbI BasKHbIC CBEICHUS 0 MOP(MOJOTUM U IMHAMUKE KaXKI0TO M3 JICAHUKOB 13-
YUEHHBIX 0aCCETHOB, HO BIIEPBbIC ObUIM U3MEPEHBI BCE DJIEMEHTHI O0ajlaHCca MAacChl B 00JIACTSAX MUTAHUS
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JIEMTHUKOB, pa3pab0TaHBl METOAUKHN M COCTaBIIe-
HO MHOXECTBO KapT, B TOM YHCJIe O pacripene-
JIEHUN OCaIKOB B BepxXHel 30HE TOp, JaHA KOM-
MJIeKCHAs XapaKTepUCTUKa OJIeACHEHUS 3TOM
OTPOMHOM TeppuUTOpUU. ExXeromHbie moJjieBhie
pabOTHI TIPOIOIKAINCH CEMb JIET, M BCE OTH TOIBI
B.M. KoT51K0oB ObLI MX YYaCTHUKOM.

VYxe Bo BpeMms IlamMupckoit saKcIe UM
Bragnvmp MuxaitnoBud BedepaMy paccKas3bIBall
0 CBOEIT HOBOM naee — KapTUPOBAHUM JIETHUKOB
M CHEXXHOT'O TTOKpPOBa Bcero 3eMHOTO Imapa. Bo
BTOpOI monoBuHE 1970-X TOMOB OH HAYaI TIpe-
TBOPSTH CBOIO MUJIEIO B 3KM3HB. I1o ero pykoBoI-
CTBOM B OTJIesie OblIa pa3paboTaHa KOHIICTIIINS
CUCTEMHOTO TIISTIIMOJIOTHYECKOTO KapTorpadu-
pOBaHMS; BMECTE C KOJIeraMy ObUT MpeIIoKeH
P HOBBIX METOINK TTOCTPOEHUS TeMAaTHUECKIX
KapT. Haganochk co3manme «ATiaca CHeXXHO-JIe-
JIOBBIX PeCypcoB Mupa». [1epBblii yMEHbIIEH-
HbI1 MakeT B.M. KoTiIIKOB cresan coOCTBeH-
HOPYYHO, 3aJI0OXKWB B HETO OYIYIIYIO CTPYKTYPY
U OCHOBHOE coaepxaHue Atinaca. JIns coopa
MaTepHaJioB MO 3apyOeKHBIM palioHaM OH IIe-
peTMChIBAJICS C KOJIJIETAMHU, a TaKKe caM IToce-
II1aJI MHOTHE CTPaHBI, TIe 00CYKIall TAKKe U yKe
cocTaBjieHHBIE KapThl (puc. 8). Kpome Toro, B
1970-x rogax Hayaauch HAONIOAEHUS U CHEM-

Puc. 6. Tponwr [Tamupa, B.M. Kotisikos, 1968 r. ®oto
KU 36MHOW MIOBEPXHOCTU C OOPTa OPOUTAIBHBIX (O B. PoroTaeBoii

KocMHUYeCKUX cTaHuuil. B MHcTuTyTe Teorpa-  Fig. 6. On the trails of the Pamirs, V.M. Kotlyakov, 1968.
(un KoTassKOBbIM BMECTE CO CIleMaIMcTaMu 1o~ Photo by O.V. Rototaeva

JUCTaHLIMOHHBIM METOIaM UCCJIeIOBaHUI ObLIa

co3laHa M mepegaBajach KOCMOHABTaM Ha 60pT craHuuy CalltoT-6 IporpaMma HaOJIIOJCHUI 3a CHETOM U

JIBIOM, YTO OYE€Hb IOMOIJIO B COCTABJIEHUU KapT HA MAJIOU3yYE€HHbIE TEPPUTOPUU.
Han HoBoit TeMoli, kKak 1 Haa KaTtajiorom JeqiHUMKOB, pabOTalM MISLMOJOTM MHOTUX YYPEXISHUN
0oJb1I0M cTpaHbl. Bragumup MuxaiiioBU4 Kak HUKTO YMeld 0ObeIUHSITh 00lLeli 3agaueit 00bllIne KO-
JIeKTUBbI. Kaxknplil rog oH codupall CoBelllaHMs Y4aCTHUKOB JJ1s1 OOCYKIEeHUSI KapT 1 0OMeHa onbIToM. Pa-
00Ta penakTOPOB KapT HANIPSIMYIO C UCITOJHUTEISIMA U IPOCTO 3HAKOMCTBO JAJIEKUX KOJUIET MeXIy COO0M
OYEeHb IToMoraiio B padote, 1 KOTJISIKOB 3TO LIEHWJI.
B.U. Kpasuosa (MI'Y umenu M.B. Jlomonocoea) BcrioMmuHaeT: «Bo BpeMsi 0FHOro u3 coOpaHmil y4acT-
HUKOB co3fanusi Atmaca B Mosxuuke Bragumup MuxaitioBud Bupesn ¢ 6aIKoHa CBOEro HOMepa, KaK MBI
¢ Puroit Ornut menany 3apAnKy B IMapke, ¥ IOTOM CKa3ajl HaM, 4TO B 3TOM U COCTOUT CaMoe TJIaBHOE, JIA
94ero CTOM/I0 COOMPATHCSI».
U.B. Cesepcxuii (Mncmumym 2eozpaduu u 600Hoii 6e3onacnocmu Pecny6nuxu Kazaxcman, Aamamon):
«B eHb CTaBHOTO 100M/Ies1 X0UeTCsl 0COOEHHO OTMETUTD TalaHT BraguMupa MuxaiioBnda Kak opraHusa-
Topa Haykn. OH APKO IPOSABUIICS IIPU CO3MJaHNM «AT/Iaca CHEXXHO-JIEIOBBIX PECYPCOB MUPa» C eKETOJHBIM
00CTOATENBbHBIM 00CY>KIeHVEeM KaXKIOTro 3Tama paboT U pe3y/IbTaToB UCC/IeOBAHNUI Ha AMATHBIX 3BEHM-
TOPOAICKMX pabo4MX CeMUHapax, CTABIIVX BeMKOJIEITHO LIIKOJION /i1 BCEX BOB/IEYEHHBIX YYaCTHUKOB.
BHeCTHH_IC BBITIO/IHEHHDbIC pa6OTbI, peaHI/I?)OBaHHbIe B 6€CHpeHeﬂ€HTHOM 110 conepxaHI/{}o u Ka‘IeCTBy n3-
maHuy Attaca, 6bUIM yRocTOeHbl [ocyapcTBeHHOI IpeMuy, a ¢OPMUPOBABIIASCA B 9TOT IIEPUOJ, aTMO-
cdepa IyLIEBHOTO TBOPYECKOTO B3aMMOJIEVICTBIA CPeIM YIACTHIKOB COXPAaHW/IACD U TIOHBIHE. /I3BecTHBII

-331-



Jesarocmonemue Bnadumupa Muxadinosuya Komnskosa

Mepsnorosen H.H. PoMmanoBckuit Ha ojHOM 13
CEMIHApPOB B 3BEHUTOPOJie IpU3HascA: «Mbl 3a-
BUJIyeM BaM 0eJIol 3aBMCTbBIO, BaM YZIa/IOCh CO3-
HaTh TEIIYI0 TBOPYECKYI0 aTMocdepy eauHOIl
6/71aronony4yHol ceMby, B Halei cpene (Meps-
JIOTOBEOB) HUYETO IIOXOXKET0, K COXKaJIeHMUIO,
HeT. [JIaBHBIIT apXUTEKTOP ITON 6/1arONOTy4HON
ceMby — Bragumup Muxaitnosud KoTakos».
O.B. Pomomaesa: «J11s1 pabot no Atnacy Brnann-
Myp MuxainoByud IpuUIIacuiI B OTHEN ITIALMOIO-
TUY HOBBIX COTPYJHMKOB — MOJIO/IbIX BBIITYCKHMII-
KapTorpadoB U OIpefenI KXol 13 HUX pailoH
VICCTIeOBAHMIA, Yallie 3apyOexxHslit. Tpyanics Hap,
AT/1acoM C 9HTY31a3MOM IIOYTU BECb OTAEN IIA-
uyonorun. VI coctaBisAmm KapTel, M pelakTMpoBa-
7V TIPUXOJVBILNE U3 IPYTUX TOPOJIOB MaTepUaJIbl.
B.M. Kot/s1k0B 6bI1 B Kypce BCeX JiefI, pacCTaB-
JIAT BCE IO CBOMIM MeCTaM U OBbUI CTPOIMM PYKO-
BopuTeneM. VHora Mor 1 HaKpUyaTh, HO MBI 9TO
3HA/IM Y BK/TIIOYA/IM CBOJ MMMYHUTET, XOTs KOMY-
TO «Ha HOBEHbKOT'O» IIPUXOAMJIOCH He pa3 U Io-
I1aKaTh. Boobiie s fo/ro ¢ HUM paboTana, MHOTO
7eT ObUIa YYEHBIM CeKpeTapeM OTHeNa I He Iepe-
CTaBasa YAUB/ATHCA €ro 3aMeyaTe/IbHOMY Kade-
CTBY KaK OpraHM3aTopa: KaK OH yMeeT OoIpefie-
JINTb IMEHHO JIJI1 3TOTO Ye/IoBeKa Ty paboTy, 4To
HOAXOANUT IMEHHO eMy U IJie OH caM OyfieT 4yB-
CTBOBATb cebs Ha Hy>KHOM Mecte! V] Bcerga oka-
3bIBaJIOCh, 4TO B.M. He ommbcsa! Tak u B Teme AT-
JIaca OffHA M3 BOKHEIIINX, II0-MOeMY, 3acinyr Bragumup MuxainoBnya Kak pyKOBOIUTENA — TO, YTO 32 TOfbI
TPYZIOB C MaTepuaaaMi U KapTaMM «[JeBOYKI»-KapTorpadbl HAyYMINCh IIALVIONIOTMHN, CTaIN HACTOAIINMMA
YYEHBIMM U 3aLVIIA/IV OfHA 32 JPYTOJ1 I10 CBOMM pailoHaM IIPEKPaCHbIE AVICCEPTALIVII».
JI.B. Cegepckuii oTMeuaeT TO xe: «PaboTbl 110 co3anmio ATiaca MMenu 3aMevaTe/TbHbIil «II0O0YHBII 3¢-
(beKT» — BCIUIeCK MHTepeca MOJIOABIX K HayKe M Cepus 3alUT KaHAUJATCKMUX U JOKTOPCKUX AVCCEePTaLnit
He TO/IbKO B IleHTpe Haelt bonpinoit Crpanel, HO 1 Ha eé Tak HasbiBaeMolt nepudepun — [.E. [nassipus,
M.. Tetkep u B.I. Konosanos (Tamkenr), VI.B. CeBepcknit, B.I1. brarosemenckmit u I1.A. Yepkacos (As-
marsl), A.H. Inkux (bunikex), IT1.A. Oxuies un B.C. Pesikun (Tomck). He monacbliike 3Hao, 4TO ycrexy
Ka)KZIOr0 13 HMX CcIoco6cTBOBaIa HeopManbHasa noajepxkka B.M. Korisakosar.

3a paznen no Taub-1llanto B Atinace orBeuan K.I'. MakapeBud. Bo Bpemst moe3nok B Anma-Aty Brnagumup
MuxaiiioB14 yacTo roceiai AoM MakapeBudeit, 1 Bcsl ceMbsl Oblla TMYHO ¢ HUM 3HaKoMa. Jloub Anrca Obiia
CBUETEJIEM 3TOI TPYAHOI pabOTHI.
A.K. Yeaposa (Kasaxckuii nayuonanvHolii ynueéepcumem um. anv-Papabu, Aamamot): «MHe Kak Kap-
torpady ObUI OYeHb MHTEpeceH AT/IaC CHEKHO-/IEOBBIX PECypCOB MUPA, IPOLECC ero MOfTOTOBKY, pa-
0OTBI HaJ| cepusAMNU KapT PasHbBIX JIEHUKOBBIX PerMOHOB. Moit oTel], Oyayun pegakTopoM pasjesna II0
Tanb-1llanto, pacckasbiBa, Kakas orpoMHas paboTa 6bl1a Ipofe/IaHa, YTOObI 3TOT AT/Iac B KOHIIE KOHIIOB
yBupen cBet. Terepb Ha ero puMepe s paccKasbIBal CTyAEHTaM 00 aT/TaCHOM KapTorpadypOBaHNUM 1 TOP-
JKyCb, YTO MHUIMATUBA II0 €r0 CO3/IaHNUIO0 IIPMHAJJIEXKAa JOPOroMy HaM desioBeKy — B.M. KoTsakoBy».
H.M. 3sepxosa: «Kaprorpaduueckye paboTsl gymmuch mouru 20 1eT, ¥ Bcé 910 BpeMs Bragumup Muxaiinosuy
Y4acTBOBAJI BO BCEX IIPOL[ECCaX: OT BBIOOPA ILIKaJI LA OTAE/IbHBIX KapT KO HAOMIOfeHNA 3a IIPOLIeCCOM KapTIIPo-
M3BOJCTBA Ha (abpuke u nedary Tupaka. Korga 6bIT TOTOB CUTHA/IBHBIN 9K3eMITLIP, Bragyumup Muxariiosna

Puc. 7. Ha npusaie, 1971 r. ®oro O.B. PotoraeBoii
Fig. 7. In arest stop, 1971. Photo by O.V. Rototaeva
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noexan B MMHCK, Ha KapTdabpyKy, IpUHM-
Marb Ariac. TsKénblit ToM B rony6oit 06-
JIO>KKe BBIBE3/I/ Ha TeIeKKe IPSAMO M3 1ieXa,
paboTHVKM (HabpVKM HOTHSIN €r0 U TI0TI0-
KM Ha pyKu Bragumunpy Muxainosuyay
(xax B pongome). ToT mompocus B3BeCUTh
CBOE JeTuIle — 0Ka3aaoch 6,5 KI. ITo ObII
HOC/IEHNII B ICTOPUY COBETCKOTO KapTo-
rpadmpoBanys QyHjaMeHTaTbHBII AT/IaC,
HapUCOBAHHbIVI BPYYHYIO, Halle4YaTaHHbIN
B 24 KpacKy CTapbIM 0(pceTHBIM CIIOCOOOM.
B aT0 BpeMs y>ke pa3BUBaIOCh KOMIIBIOTEP-
HOe KapTorpadupoBaHe».

Artiac BbIlIena B ¢cBeT B 1997 1. u, Kak
yXe oTMevanoch, B 2002 r. ObLT oTMeueH
T'ocymapctBeHHoi nmpemueit Poccuiickoi
@enepauuy B 00J1aCTH HAYKU M TEXHUKMU.
JlaypearamMu npeMuu CTaau COTPYAHUKU , i
otaena — B.M. Kotnskos, A.H. Kpenke u

H.H. Jpefiep. T'opo Bakaxama, cipaBa H.H. JIpeiiep

B‘{VI‘ Kornsikosa Beeriia nxrepecosanm Fig. 8. Traveling to collect materials for the Atlas, Japan. In the
CTUXMITHBIE 1 KATAaCTPODUUECKIE COOBITUS,  center is professor Gorow Wakahama, on the right is N.N. Dreyer
MPOVCXOIUBIIIME B BLICOKOTophe. B mx uncie

ObLIU ITYJIbCUPYIOIINE JISAHUKU, U3yUeHUE

KOTOpPBIX HayaJIoCh B OT/EJIe IISILMOJIOTUMU C TTOABWXKKM JienHruKa Mensexnero Ha LleHTpansHoMm Ilamupe B
1963 1., a oceHblo 1969 r. Ha KaBkase B paiioHe Ka3zdekckoro MaccrBa IMpoM30IILII0 pe3KOe HACTYIIaHUE JIeTHUKA
Konka, yke M3BeCTHOro CBOMMM HACTYMIaHUSIMU B TIPOLLJIOM. 3a TpM Mecsiia (DpOHT JISAHMKA TIPOABUHYJICS Ha
4,8 KM, BpeMeHaMu ¢o cKopocThio bosee 200 M/cyTku. KoT/IsIKOB cpa3y opraHM30Bajl B OTAEE SKCIISAULINIO IS
HCCIIeI0BaHUSI 3TOTO peaKoro sisieHus. [loa ero pykoBoaCTBOM ObLIa cOcTaB/IeHa IporpamMma padoT. OH aepai
CBSI3b CO CIeMaIbHO CO3IaHHOI MpaBUTENbCTBEHHOM Komuccueii CeBepHoii Ocetun. Eii perynspHo nepegana-
JIMCh OMepaTUBHbIE CBOAKHU OT IBYX MOJIEBBIX CTALIMOHAPOB MIHCTUTYTa O COCTOSIHUU JIEAHUKA, TaK KaK CYILIECTBO-
BaJla OMACHOCTD MTPOPbIBA BOII, CKAILIMBAIOIIMXCS B PA3APOOJIEHHOM Macce Jiba; ObLIU BBITIOJIHEHbI TPOTHO3HbIE
pacyéTthl. B TeueHue neBSITH JIeT SKCITeAULINS Besla O0bIIION KOMIUIEKC padOT Ha JIETHUKE.

OpHako TpuALATh JIeT cycTs, B ceHTs10pe 2002 r., Mpour3011lIa HacTosIast KaTacTpoda, BbI3BaHHAsSI TEM Ke
snenHukoM Koska. Ha aToT pa3 npexneBpeMeHHbI CpbIB MyJIbCUPYIOIIETO JIGAHUKA 1 00pa30BaHMe BbICOKO-
CKOPOCTHOTO JIE[IOBO-BOAHO-KAaMEHHOTIO CeJIsl OKa3aJIvCh SIBJICHUSIMU COBEPIIIEHHO 0COOOI0 TUIIA, BHI3BABIIIM-
MM HEObIBaJIbIii MHTEPEC IISIIMOJIONOB BCEro MUpa, TaK KaK OHM He UMEJIM aHAJIOTOB 10 CBOEMY MaciluTaly U
crielMuKe pa3BUTHS TIpoliecca. Macca Jibia 1 KaMHe#, HachIIlleHHasi BOIOM, B TeUeHME HECKOJIbKMX MUHYT
MpOHecIIach Ha 16 KM BHU3 110 TOJIMHE, YHUUTOXKAast BCE Ha CBOEM ITyTH, 1 3aItoJIHWIa KapMaioHCKYI0 KOTIIOBH-
Hy Ha npoTstkeHuu 4 KM (puc. 9). B nonvHe moru6im Bce HaxoAuBIIMecs 3Aech 128 yeoBeK, B TOM Yuciie, Kak
M3BECTHO, rpymia KuHopexuccépa Ceprest boapoBa. A Ha MecTe JIeTHUKA OCTaJICS «ITyCTOM» LIMPK.

B.M. KoTnsikoB OblI KpaifHe 3aMHTEpPEeCcCOBaH 3TUM COOBITMEM, TIpUYMHA KOTOPOro cHavaia Obljia He
00bsicHUMa. B TeyeHue necsiTka JieT B COTPYAHMYECTBE C T€0JI0raMuy U BYJIKaHOJOTaMu €1 cOOp pa3HO-
CTOpPOHHEro Matepuana, U Biagumup MuxaitioBuy ydacTBOBaJl BO BCEX MOCBSILIEHHBIX 3TOMY COOBITHIO
MyoaMKalusIX, B TOM UMciie U3JaHHBIX 3a pyoexxoM. [IpoBoauiaoch exxerogqHoe mojeBoe o0cliefoBaHue 10-
JIMHBI OBIBIIETO JIEMHUKA, I1Ie HaOI0daIu ellé OAHO HeOXKHIaHHOE SIBJICHUE: B 3T10XY OOIIEro MOTerIeHUs
Ha OTKPBITOM JHMIIE LIMpKa Hayaa BO3POXKAAThCS HOBBIM MacCHB Jibjaa, a uepe3 12 JieT 3a CUET JJaBUHHOIO
MUTaHK €ro TUIOLIAIb COCTaBUIA yxke 6osee 1 km2. HayuHble NTOTM BCeX STUX UCCIIENOBAHNIA U aHAJIU3 Be-
POSITHBIX TIPUYMH TaHHOTO COOBITUS MO 3aJaHMI0 Pycckoro reorpaduueckoro oo1iecTBa ObUTN OIyOJIMKO-
BaHbI B KHUTe «KapMmagoHcKas KaTacTpoda: 4To CIyYMIach U 4ero Xaath gaiabiie?» (2014 1.).

Puc. 8. IMoe3nkm o Teme Atnaca, Slmonust. B meHTpe mpodeccop
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Puc. 9. JlemoBo-kKaMeHHBIN 3aBai, 3amoaHuBmunii KapmagoHckyo koTioBuHy. @oto HUJI I'eomoropaspemumnk
22 centsi6ps 2002 r., yepes AeHb MOCE KaTacTpOodbl

CieBa Ha CKJIOHe — 4acTh rmocénka Kapmanon, Bnanu — ceno Hiknaniit Kanu

Fig. 9. Ice-rock blockage that filled the Karmadon basin. Photo by NIL Geologorazvedchik on September 22. 2002,
one day after the catastrophe

Part of the Karmadon settlement is on the left slope, the village of Nizhny Kani is in the distance

Katactpodnl BeI3bIBaU He TOMBKO JlemHuKU. Ha KaBskase 3uma 1986,/87 1. cTaia IMPOKO U3BECTHA OTPOM-
HBIM KOJINYECTBOM HEBUIAHHBIX TTPEXKIIE JIABUH.
A.Jl. Onetinuxos (MI'Y umenu M.B. /lomonocosa): «<B XX B. 9Ta 3uMa OKa3ajach OHONM U3 CAMbBIX CHEYKHBIX
B KaBKasckoM peryoHe. DIUIIEHTPOM CTPAIIHBIX OCTBIIT CTa/IM PaiioHbl TOpHOIL [Py3nu, rjje COLUI COTHN
KaTacTpOPMUIECKIUX JIABVH, YHOCS YeJIOBeYeCKle >KU3HY, IOTHOCTBIO pas3pyllas TOPHbIE Ce/IeHNs, JOPOry,
O710KMpYst >Ku3HeobecredeH e /ISl JeCATKOB ThICSAY CeTbCKUX >KuTerell. Bragumup MuxaiioBud ysxe Bec-
HOIT 1987 I. IpUHSAT y4acTre B paboTe IPaBUTEIbCTBEHHOM KOMMCCHM TI0 TMKBUALVIN TIOC/IEACTBIUI TaBUH
Ha Tepputopuu [pysun. JleToM 1o ero MHMIMATIBE ObUTa OPraHM30BaHa KOMITIEKCHAsI 9KCIIEAUIVIS 110 M3yde-
HMIO [IOCTIEACTBUI CHEXXHOII CTUXWM, I MHE JJOBE/IOCh OBITb OfHVM 13 €€ YIaCTHUKOB. B x0fie mpoBenéHHbIX
HOJTyTOPaMeCSIYHbIX PAaboT ObUIM 00C/IEOBaHbI BCe TlepeBanbHble gopory depes ImaBHbit KaBkasckumit xpe-
0eT ¥ BepXOBbsl Psifia TOPHBIX pek [pysnu, cobpaH yHUKATbHBI MaTepyas ! YAaIoCch BOCCO3ATh PealbHYI0
KapTuHy Maciiraba karacTpod. 3afadn 3TON SKCIEAVIIMY BO MHOTOM OIIPee/IVIN Aa/IbHENIINIT Iy Th M MOUX
HaYYHBIX UCC/IENOBAHMITY.

WMnutepecsl Bnagumupa MuxaitnioBruya MHOTOTpaHHbBI, HO Yepe3 BCIO €ro HayYHYIO XKM3Hb IMPOXOIST IBE
JIIOOMMBbIE TeMbl — TOpHasl MISILUOJOTUSI U AHTapKTUaa. IIpobiemamMu AHTApKTUKY, HAYMHAS C TTEPBbIX
CHEXHBIX KapT B KoHIIe 1950-X Toa0B, OH HUKOTAA He MepecTtaBal 3aHUMaThes. B KoHie 1970-x omHUM
13 YBJIEKIINX €T0 HAIIPaBJICHMUI CTall M30TOIMHEINM cocTaB Jibaa. Bmecte co cBoum acimpanTom @.I. T'op-
NMEHKO OH Hamucall KHUTY «M30TormHas U reoxuMmuueckas riusgauonorus» (1982 r.), rae Ha oOLIMPHOM
Marepuaje ObUIM MOKa3aHbl BO3MOXKXHOCTU JAaHHBIX METOIO0B AJs MaAeOKINMATUYECKUX PEKOHCTPYK-
nuii. @aKTUIEeCKOe BOIIOIMIEHNE 3TUX BO3MOXHOCTE — IpaHAMO3HBINA COBETCKO-(DPaHIIy3CKUI TIPO-
eKT MO U30TOMHO-KUCIOPOAHOMY UCCASAOBAHUIO JIEASTHOTO KepHA U3 MIYOOKOM CKBaXXKMHBI HA CTAaHLIMU
BocTtok. BriepBble B MUpe Ha OCHOBE aHaAM3a TOJIIY KOHTUHEHTAJAbHOTO JIEAHUKOBOTO JbJa ObLIU U3-
y4eHbI KoJiebaHUs KiuMaTa 3eMau Ha npoTskeHuM 6osee 400 ThIC. JIET M JOKa3aH CUHXPOHHBIN X0/ IJ10-
0anbHOI TeMmepaTypbl, KOHLIEHTPALIMM MUKPOYACTHUIl U COAEepXKaHUS MMAapHUKOBBIX Fa30B B aTMocdepe.

-334-



BmecTe co cBouM apyroM, paHIy3cCKUM
yuéHbiM Kiogom Jlopuycom, B.M. Korsi-
KOB CTOSLI Y UICTOKOB 3TUX UCCJICIOBaHUI,
OHUX U3 CaMbIX 3HAYUTEJIbHBIX B HOBEI-
meM n3ydennu 3emin (puc. 10).

B.A. /Tunenxoe (Apxmuueckuii u Anmapx-
muyuecKkuil HAy4HO-UCCIe006amenb-
ckutl uncmumym, Canxm-Ilemepoype):
«B 1980 ropy B Konymbyce (Oraiio) Ha
IleppoM MeXAYHapOLHOM CUMIIO3UY-
M€ II0 aHTaPKTI/[‘IeCKOf;I TIAOMOJIOTUNM CO-
CTOAMACh BCTpedya Bragmmupa Muxaiino-
Brya ¢ Kinogom Jlopuycom, fupeKkTopom
bpaHIY3CKOII IIALONIOTNYeCcKoil 1abo-
paropun B Ipeno6ne. Cpenn MHOXecTBa
IPYTUX BOIIPOCOB OOCYXKAAIOCh POCCHI-
CKO-(paHIIy3CKOe COTPYSHUYECTBO B MC-
C/IeJOBAHNM JIEAAHBIX KEPHOB C POCCHUIA-
CKOJ aHTapKTUYeCKOJ cTaHIMUM BOCTOK.
JloTOBOPEHHOCTU U B3aIMOIIOHVMMAaHNeE,
OOCTUTHYTbIE MEXY ABYMS YYEHBIMU HA
9TOM BCTpeye, Ha JOJTYe TOAbl IPeoIpe-

AETVTI AT HEAIIYIO MEACLYHAP OMH Y0 Fig. 10. Participants of Antarctic studies V.Ya. Lipenkov, V.M. Kot-

cyAbGy mpoexTa FHY6OKOFOU Oypemus Ha lyakov, Claude Lorius, and N.I. Barkov aboard the legendary ice-
CTaHI N BOCTOK, oa 1 B MOEN, TOJIBKO 4YTO breaker «Krasiny. 2015

Ha4MHaBIIIIICS TOI/ja PO eccroHaNbHOM
KU3HI (B TOM TOAY s IEpBBIil pa3 3UMO-
BaJI B Ka4eCTBe IJIAINOIOra Ha BOCTOKe) OHM TOXe ChITpai, KaK II0Ka3aao BpeMs, HeMaJTOBa>KHYIO POJIb.

ITpouuto mHoro net. B fekabpe 1998 roga Mer BMecte ¢ B.M. KoTsikoBbiM 1 AHfpeeM Ca/laMaTUHBIM y4acT-
BOBA/IM B OCEHHell KOH(pepeHIN AMepUKaHCKOrO reo(U3ndecKoro coxwsa, kotopas npoxoauna B CaH-
®panrycko. OTINYNTEIBHOI 0COOEHHOCTBIO TOV KOH(pEPEHIUN CTaIa CIIeliiaIbHast, <BOCTOUHAS» CeCCH, I0-
CBAIEHHAS UTOTaM POCCUIICKO-(PPAaHKO-aMePUKAHCKOTO IIPOEKTa MCC/IEOBAHMS JIEASHBIX KEPHOB CO CTAHIIUN
Bocrok. Bo Bpems KoH(epeHIMM ObII0 MHOTO OOCY>KAEHWIT ¥ APYXKeCKUX Oecell ¢ aMepuKaHCKUMU 1 PpaH-
L[y3CKMMM KOJIJIETaMy, B KOTOPBIX Bragumup MuxaiiioBnd pyHMMAa aKTHBHelIIee ydactie. B xome atoro
O0ILIeHIS TI0 TIPEJIOXKEHNI0 AMEPUKAHCKIX KOJUIET ObIIO pellleHO MOATOTOBUTD CIIeLVa/IbHBII BBITYCK Journal
of Geophysical Research co crarbAMy y4acTHMKOB IIpOeKTa. BBOIHAA CTaThs K 9TOMY BBIITYCKY ObITa HaIlVICaHa
Brapumupom Muxaitnosudem u Knogom JIopuycom. ITomnmo atoro, mpsiMo Bo BpeMs KOH(pepeHIyy Oblia Ha-
Jara MOATOTOBKA OOJIBIION KOJIEKTMBHOI CTaTh/ II0 OCHOBHBIM pe3y/ibTaTaM IpoeKTa I KypHaya Nature.
Crarbs nopi HasBaHueM «VcTopusa kmmara 1 arMocdepbl 3emym 3a ocefHye 420 THICAY /IeT 10 TaHHbIM Jie-
SHOTO KepHa CO CTaHLM BOCTOK» BBILUIa B MIOHBCKOM HOMepe >XypHasa 3a 1999 rop. B Heit BepBble Oblta
IPOJIeMOHCTPMPOBAHA TeCHAS CBSI3b MEXK/y II0OA/IbHBIMI M3MEHEHVsIMY K/IVIMaTa Ha Hallleil IVIaHeTe 1 KOH-
LeHTpalVell IBYOKIICH YITIepOfia I MeTaHa B e€ arMocdepe, IIPOCIeXeHHas 110 KePHOBBIM JAHHBIM Ha IIPOTSKe-
HMY 4eThIPEX 607bImX (100-ThICAYeIeTHIX) KmMaTideckyx 1mkioB. « The Big Paper», kak e€ HasbIBaIOT HaIlM
MHOCTPAHHBIE KOJUIETH, [0 CYX IO SAB/IAETCS PeKOPACMEHOM IO YVC/TY LUTYPOBAHNII B 00/IACTY HAyK O 3eMIe.
[Tpomno emé 12 net. B HOs6pe 2010 roma B AAHIM cocTosiica MexxpyHaponHblil ceMuHap «JIeHUKM u
MOPCKUe€ JIbAbl», IPUYPOYEHHBII K OTKPBITIIO B MHCTUTYTE IIEPBOIl B CTPaHe aHAIUTUYECKOIT Taboparo-
puu, crienuanu3Mpyolleics Ha NUCCIefOBaHNY eI THBIX KEPHOB U ManeoknuMmata. [logroroska ceMmnuapa
IPOXOAM/IA B aBPa/IbHOM peXXVMe: TOTfa 110 yKadaHMio Haluero gupekropa VI.E. ®ponoBa Hy>xHO 6b110 B
IOBYXMECAYHBIN CPOK OPTaHM30BaTh MIPEACTaBUTEIBPHOE MEXK/YHAPOLHOE MEPOIIPUATHE, KOTOPOE [0 3TOr0
He IUVIAaHMPOBAIOCh... Bragumup MuxailoBUd >KMBO OTK/IMKHYJICS Ha HAlly NPOChOY IPUHATD ydacTye

Puc. 10. YyactHuUKM aHTapKTHMUeckux uccienoanuii B.S Jlunen-
koB, B.M. Kotnskos, Knon Jlopuyc u H.H. bapkoB Ha 6opTy Jie-
reHgapHoro jeaokoia «Kpacun», 2015 .
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B 9TOM COOBITUM, IIpUEXasn caM, IPUBE3
¢ co00J1 IpeACTaBUTENbHYIO TPYIIY Y4é-
HbIX VHCTHTYTA reorpadunm PAH, BricTY-
I/ Ha CEMMHApe U CKas3asl BaKHble J/A
HAac CJI0Ba HATyTCTBUA U noafepKu. Tak
COCTOS/IOCH OTKPBITHE Tab0paTOpun, co-
TPYAHMKY KOTOPOJI CYUTAIOT Ce0s1 HacIe-
HUKAaMM U IPOJIOJKATENAMIU OLHOTO 13
CaMbIX JIET€HAPHBIX aHTAPKTUYECKMX Ha-
YYHBIX IPEANIPUATHUIL — IPOEKTa IIyH6oKo-
ro OypeHs IefHMKA Ha POCCUIICKOI BHYT-
PUKOHTMHEHTAIbHON cTaHUuK BocTOK.
OTM TpM MajIeHbKUX SINU307a U3 06mmp-
HOJ1 ¥ MHOTOTPaHHON JesATenbHOCTY Bra-
JuMypa MuxannoBuda — CTpaHuULbI ClIaB-
HOJ «BOCTOYHOW» MCTOPUU, UCTOPUMU,
KOTOpas ellé He 3aKOHYM/IACh U B KOTO-
poit B.M. KotisikoB 6611 11 OCTa€TCs BeRy-
MM JIeJICTBYIOIMM JIMLIOM».

KoHeuHoO, uccaenoBaHue CKBaXKMHbBI
Ha cTaHUMK BOCTOK OTHOCUTCS K BaxKHEM -
Puc. 11. Bpyuenue B.{. Jlunenkosy u B.M. KotnsikoBy opaeHa LIEMY TOCTMXXKEHUIO POCCUIICKOI HayKH B
IMouértHoro siernona mociaomM ®Ppanuuu B Poccum (Cankr- AHTapktuae (puc. 11), Ho unTepecsl Bia-

IletepOypr), 2019 1. JuMupa MuxaitnoBuya B aHTapKTUUECKUX
Fig. 11. Presentation of the Ordre national de la Légion d'honneur  yccnenoBanusix HaMHOTO mupe. OgHUM
to V.Y. Lipenkov and V.M. Kotlyakov by the French Ambassador to
Russia (St. Petersburg), 2019

M3 €T0 BBIBOMOB, CIEJaHHBIX €II¢ B KOHIIE
1950-x romoB, ObLIO 3aKJIOYEHUE O MO0~
KUTeJIbHOM OajlaHce Macchl BocTouHo-
AHTapKTUYECKOTrO JIEAHUKOBOTO ITOKPOBa, KOTOPOE He MPOTUBOPEUYUT U COBPEMEHHBIM B3IJISIIaM Ha COCTO-
sSIHUE JIEAHUKA B 9TOM KpYITHEHIIel yacTh AHTAapKTUYECKOro MaTeprKa B 3MOXY IJI00aIbHOTO MOTEIIEHUS.

OtnuuutenbHOI yepToii Banagumupa MuxaiinoBuua Bcerga Obljia TOMOIIb MOJIOIBIM YYE€HBIM U 3200-
Ta 0 HuX. HecMOTpst Ha MOCTOSIHHYIO CBEPX3aHSITOCTh, OH HaIlIE€JI BpeMsl HallucaTh KypcC JIEKIIMiA IO OCHOB-
HBIM IIpo0sieMaM IISILMoa0TUM 1 ¢ 1972 1. BeIcTynaa ¢ 3TUM KypcoM B TomckoM, TanikeHTCKoM, JIEeHUH-
rpaJckoM yHUBepcuTeTax, a B MI'Y uuran ero B TeueHue naTtu jeT. KpaTkuii BapuaHT 3TOro Kypca ObLT
u3naH B 1986 r. B ero kuure «CHer u €0 B pupoae 3eMan». DTa KHUTa, HapaBHE C CO3JaHHBIM TI0 €ro
MHUIMATUBE, IO/ €ro pelakiiieil U Mpyu HeOCPEeICTBEHHOM aBTOPCTBRE «I JISILIMOI0TMUYECKUM CIOBapEM»
(1984 r.), — NOCTOSIHHOE HACTOJIbHOE YUeOHOE MOCOo0ue JIJIsI MOJIOABIX YUEHBIX (1 HE TOJIBKO!).

B.M. KotnskoB nmoarorosus okosio 30 KaHAWIATOB U HECKOJIbKO JOKTOPOB HAayK, €ro YYEHUKU 3aTeM
BO3MJIABWIM Kadeapbl, MHCTUTYThl B HallMOHAJIbHBIX AKaieMusiXx HayK. MHOTHe U3BECTHbBIE IJISIIMOJIOTU
BcrmoMuHaloT, Kak B.M. KoTISIKOB OTKpBIIT UM ITyTh B HAYKY.

JI.B. Cesepckuii: «IIpakTudecky BCsl MOsi TBOpUecKas 6morpadus mpolia B TeECHOM B3aIMOZIEVICTBUN C
Bragumupom MuxaitnosudeM. B ocHOBHOM, 3TO He 4acThle, HO MaMATHbIE BCTPeYy Ha HAyYHBIX KOH(Qe-
PEeHLAX ¥ LI U3pefKa — HeopMasibHOe 00IeHe B KPYTY CeMb, KO/JIET-eMHOMBILIJIEHHIKOB, B TOM
YHciae n B JaJIbHEM 3apy6e>1<be. Taxmne BCTPC‘II/I BcCerga 6IJUII/I Hpa3,T.IHI/IKOM, a BCIIbIBAIOIINME B ITIAaMATU MO-
MEHTBI 3TUX ITOCUJENIOK BCE elI€ IPEOT JYIIY.

Ha moi1 B317141, I71aBHBIE 113 3aMevaTe/IbHBIX KauecTB xapakTepa B.M. KoT/sikoBa — yBaykuTe/IbHOE OTHOILIEHNe K
Ko/teraM 11 HepopMasibHast HOAIEP)KKa B X YCUIMAX 1O IPEOIOJIEHNI0 HECKOHYAEMbIX IIPOO/IeM HayKIt».

C.P. Bepxynuu (Apxmuueckuii u Anmapkmuueckuii Hay4Ho-uccredoséamenvckuti uncmumym, Cankm-
Ilemep6ype): «<B moeii mpodeccyn 1 B caMOM OTHOLIEHVN K XXK3HYU Bragumuyp Muxaiiiosnd KoT/ikoB, MoXxeT,
He 3Has1 9TOTO, UTPaJI CyAAbOOHOCHYIO POTIb B OJIOXKNTeNbHOM IvtaHe. Crrydait epsbiil. B Kem6pumxe, Ha ofHOM

-336-



13 TIePBBIX COBEIAHMI] T10 OfIIeTHUKOBOMY 03epy BocTok, 51 0Kasasics MonofbIM npencrasurenieM or AAHVIN
BMecto H.JL. BapkoBa (cBet/as eMy mamats!). VInyT coBelanms 1 T.II. ¥ TYT COOOIIAIOT, YTO YYaCTHUKM TOJDK-
HbI BeuepoM cobparbcs B lapsuH Koriemke Ha opuiiabHOM y>KMHe B COOTBETCTBYIOIeM 00mrabe. OOmndbs
Y M€HA HeT, MATY Ty S CMYILLAKCh U B paCTEPAHHOCTY Ha yIuLie CIy4aiflHO BCTpedaro Bragumupa Muxaiino-
By4a. OH MTHOBEHHO BHUKA€T B MOE€ COCTOsIHME, IOCTAET CXeMY TOPOJia 11 Ha IIPUCTYTIKE y KAaKOII-TO Orpajbl,
caM MOJIOHOV M JIETKWIA, TIOYTY HapsAImii, pucyeT MHe 1yTh 1o Japsun Kostemka, roBopurt, 4to Moeit 6enoii B
CUHIOIO TIOJIOCKY PYOAIIKV M YEPHBIX [PKMHCOB IS OO/INYbst XBAaTUT, HO HAJl0 HAWTY rajcTyK. Beé aTo coBep-
IIEHHO He HaBA34MBO. [I0TOM ero oTB/IeKaI0T, HO £ yyKe 3Ha0, YTO TAJICTYK Halimy (1 Hauén) 1 6yay y4acTBOBaTb
B YKMHe, 4€pT Bo3bMu! Hirdero TaM mpo HayKy HOBOTO He IIPOM3HEC/IOCh, HO s HAYYWICA pa3buparbcs C MHOTO-
YYC/IEHHBIMI IPMOOPaMI Ha CTOJIe, a TAKOKe C MEIKVMIY TPYJHOCTSAMM Y CBOVIMY COMHEHMAMM Ha BCIO XKV3Hb.
Cirydait Bropoit. YTpeHHuM noesfoM Bragumup Muxaitnosud npuesxaet us Mockssl B IIntep B AAHVN Ha
KaKoe-TO coBeljanue. B mobumoM otene reorpadmn, KYJja OH 3aL€JT, KaK BCET/a JIETKUIA, IE€TALINIL, B 3TO BPEM
OKa3ajcs s OJVH, MbI IbEM Yali, >KJIEM Havyajia pa60qero TTHS, 6ece11yeM. A y>xe Torga Koe-4TO Hamucas, OT 03epa
BocTok ymié momHoCThIo B 1maieoreorpadiio AHTApKTU/IDL, Vi OH, OKa3bIBAaeTCs, YTO-TO YUTAJI ¥ 3HAET IIPO MO0
HAY4HYIO JIeITeNIbHOCTD. A 5 B 3TO BpeM: HaX0XKYCh Ha HAyYHOM U )KMI3HEHHOM PacCIIyThe, IyMalo O JOKTOPCKOIi
AuccepTaLyy, HO 6e3 BOIUIOLeHNs B peaibHOCTD. V TyT Bragymup MuxaiiioBud 3a iBe MUHYTBI «BepOyeT»
MeH# B OYHYIO JOKTOpaHTypy VHcTnTyTa reorpadum PAH, npakTiyecku popmynmupys Temy gucceprarmy, 6eps
Ha ce6s1 pyKOBOZICTBO. V] 1 HauMHaI0 3TOT Iy Th (IIPMMEPHO, KaK Hayasl IIOUCK Ta/ICTYKa, a IOTOM Ionaj B JJapBuH
Komnemx). VI 51 MeHsI0 K13Hb, 3aKaHUMBAIO JOKTOPAHTYPY, 3aTeM YCIIEIIHO 3allMIIAI0Ch, IOTOMY YTO BHYTPEHHE
51 3HAIO — HeJIb35 9TOTO He CAie/aTh YCIENIHO — 51 >ke Bragyumypy Muxaiviosndy (a oH MHe) goBepuics. M 51 crapa-
I0Cb He TIOfIBOJMTD €T0, YTOOBI 1 B JaIbHerieM Hu Aenast. Cypoe Hasio JOBEPATb U He U3MEHATD».
C.B. Ilonoeé (Ilonapnas mopckas zeonozopa3eéedounas akcneounus, Canxm-Ilemep6ype): Briepssie ¢ Braygu-
M1poM MuxaiiyioBudeM cBea MeHs cyabOa B Hadaze 1990-x. Bpto 310 B Mae, B HEOO/IBLIIOM U YIOTHOM IIOf-
MOCKOBHOM ropojke IIyimmnHo, Kyfia s nmpyexas Ha CBOJ IIEPBbIil HAYYHbIVI CUMIIO3UYM C TOK/IA[JOM O HalllVX
asporeodusmyeckux paborax Ha 3eme Opanua-locnuda. [TomH0, 4TO 310POBO BOITHOBAJICS, KaK-HYUKAK Iep-
Bblil pa3 Ha TakoM MepornpuATyy. OfJH, HUKOTO He 3Ha0, OIIbITa BRICTYIIIEHMII HeT... [IoMHIo, 4To Tepey Haya-
7IoM cumIosuyma Bragumup Muxaii/ioBud MHOTO MeHsI PacCIpallyBajl, >KMBO MHTEPeCcoBaJICs paboToil, C/1o-
BOM, IIPOSABII 3a00TY 1 OKa3aJl MOfeP>KKY, KOTOpas B TOT MOMEHT OblIa MHe OYeHb HY>KHa. MHOro BpeMeHn
HPOILJIO C TeX IIOp, JIeT TPUALIATD, I MHOTO Pa3 MOC/Ie TOr0 HaC CBOAMIIA CYAb0a, HO 3Ty IIepBYIO BCTPedy A XO-
poro 3aroMHI. YacTo IOTOM Ha pa3HbIX HayYHBIX (OpPyMax, KOTOpble OpraHn3oBbiBa Bragymup Muxaitno-
BIY, 11 Ha BcecotosHpIx cummosnymax, u B Count 51 OTMeYasI ero 3a00Ty 0 MOJIOAbIX pebATax, KOTOpble, KaK 1 5
KOT7Ia-TO, HAUMHA/IM CBOIO HAYYHYIO XKM3Hb. DTa OT/INYNTE/IbHAA YepTa OUYeHb CBOVICTBEHHA OO/IBIINM YYEHBIM
CTapoii Hay4YHOII IIKO/IbL JacTo 1 MbI IO HAIIVM aHTApKTUYECKUM JieniaM obparamich k KoT/sKoBy 3a coBe-
TOM, 32 IIOMOIIIBIO 11 BCEIZIa € MOJTyYasiy, XOTs 3HaeM, YTO IOPOI 3TO OBUIO [L HETO HeIIPOCTO».

Taxue BOCTIOMMHAHUS TOBOPSIT M O TOOPBIX AYIIEBHBIX KaueCcTBaX HaIllero JJIo0MMoro oowisipa Branu-
Mmupa MuxaitnoBuya.
A.K. Ysaposa: «[Jpyx6a moux poguteneit ¢ Bragumupom MuxaitmoBudyeM Ipojo/mKaaach BCIO MO0
xu3Hb! Ero nms 3By4ao B Halleil ceMbe MOCTOSTHHO, IO3TOMY 51 OyZITO ObI 3HAIO €r0 CO CBOETO POXK/ECHMAL.
Bcerpna ciblnrana oT Moero oTIia 1 MaMbl 0 OypHoOII fesATenbHocTH KoT/IsKOoBa, ero Hey TOMMMOIL SHEPIUY U
OPraHM3aTOPCKUX CIIOCOOHOCTSAX. Takoit HEIIPOCTOI U B TO Ke BpeMsI IIPOCTOI U TEIIbIA, OYeHb HTeJUIN-
TEHTHBII 1 OO TEIbHBIN YeI0BeK!
Koneuno, Bragumyp Muxaitnosud, noceras Anma-Ary, Bcerga ObIBas y Hac B rocTsx. [1osxe MbI BCTpeya-
JIUCh Ha Pa3HBIX HAYYHBIX MEPOIPUATUAX, U BCEINA, I HEM3MEHHO 3TI BCTPedM ObUIM JIA MEHS OYeHb pa-
JTOCTHBIMU ¥ IPUATHBIMU. YeloBeK He3aypsgHbI, 00be3UBIINII IONIMYUpa MIn O0JIbllle, TOObIBABIINI B
TPYIHOJOCTYIIHBIX MECTAaX 3€MHOTO 1lIapa, U3yYaroIinil IefHUKY Y JIB/bI, C JOK/IalaMy Ha CaMbIX IIpeJicTa-
BUTE/IbHBIX MUPOBBIX CYMIIO3MyMaX B Pa3HBIX CTPAHAX, HA BCEX KOHTMHEHTAX, He MOXKET ObITh HeMHTEPEeCeH.
B ero mome MbI TOXKe OBIBaIN He pas3, Korja npuesxamt B Mocksy. K c1oBy: Most TOATOTOBKA K IIEPBOII ceccru B
MI'Y B 1978 r. npoxopwia B kBapType Bragymupa Muxaitiopnda n BaieHTHBI AJIeKCeeBHBI, KOTOPbIE T00e3-
HO TIPeOCTaBIIN €€ B Hallle paCIOpsDKeHMe C IpJeXaBlIIeil OAIepyKaTb MeHs MaMOiL. ITO OBUIO OYeHb BaXKHO
V1A MeHsA, U A [0 CYX IIOp O/1arofjapHa MM 3a 3TY BO3MOXXHOCTb».
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Cpenu moaeit, mOBIUSIBIINX Ha cynb0y BraguMupa MuxaitioBrda, KOHEUHO, HaIO CKa3aTh 00 OTPOMHOI
poinu ero xeHbl, BanenTuHb! AstlekceeBHBL. IMeHHO O1aromapst eii OH MOT BCEIIeNIO OTIaTh ceOst Hayke. OHa He
TOJIBKO OOeCIIeurBajia HaugKHbIN TOMAITHWI ThIJI, HO U TIOCTOSTHHO 3aHMMAJIach €T0 3I0POBhEM, KOTOPOE He
ObLTO MIeanbHBIM. BaeHTriHA AjlekceeBHa bazaHoBa ObLIa BpauoM U IO BO3MOXKHOCTH JIaBaJia COBETHI TaxKe
HalmM coTpynHukam. E€ 3Haim Bce misituosiory otaena. OHa yacTo ObIBajia Ha HAIlIMX Beuepax, MOYTU BCer-
na corpoBoxaana Bragumupa MuxaiioBrya B moe3nkax Ha CUMITIO3MYMBbI, a paHblile ObIBaja U B 9KCIEIU-
LUsIX, B ToM unciie B 1969 r. B ieHTpe [1amupa, y nemnuka Fapmo. A B 1999 1., Bo BpeMeHa MHOTOJISTHMX Ha0-
JIIofeHu Ha Dasopyce, BareHTnHa AnekceeBHA BMeCTe ¢ COTpyIHUKaMU reorpaduyeckoii craHuuu MI'Y B
Azay momHMMalach Ha JeqHUK [‘apabarm, B JTOMMK — HAyYHBIN cTaioHap MHcTuTyTa reorpadgum Ha BbICOTE
3850 M (puc. 12). CoBceM HemaBHO BaneHTnHa AJleKceeBHa yIIia M3 XXU3HU, M MBI BRIpaykKaeM TIyOouaifiee
coxaJleH’e U caMoe UCKpeHHee COUuyBCcTBUE Bnannmupy MuxaiimoBudy. CBeTiast eif maMsITh!

B 1976 r. B.M. KotisikoB ctan uieHoM-KoppecnoHaeHToMm AH CCCP, a B 1991 r. — akageMuKoM
PAH. C 1980 roma oH — OeccMeHHBII BUlle-Ipe3naeHT Pycckoro reorpaduyueckoro obiectna, a ¢ 2000 T.
u ceituac — Ilouérnelit mpesuaeHT PI'O (puc. 13). B 2011 r. Bmagumupy MuxaitnoBudy Oblila BpydeHa
BbIcIIast Harpaga Mmmeparopckoro Pycckoro reorpacdudeckoro ooirectsa, yupexnéHHas emge B 1846 r.
«3a mosie3HbIe TPYbl MO reorpacduu U BaxHbIe OTKPBITUS», — KOHCTaHTHHOBCKAsI Meaanb. Eit Obuin yno-
cToeHbl, HanipuMep, A. Hopaenmensn, I'. Adux, ®. Hancen, P. AMyHaceH.

B 1989 r. Bnanumup MuxaiinoBud 6611 130paH HapoaHbiM aenytatom CCCP, ctan wienom Komurera
BepxoBHoro Cosera CCCP 1o BormpocaM 3K0JIOTUM U PallMOHAILHOTO UCITOJb30BaHUS IIPUPOIHBIX PECyp-
coB. B teuenune Tpéx net, BIutoTh 0 KoHIIa CoBeTckoro Coro3a, OH BEJI aKTUBHYIO AEITyTaTCKYIO padoTy,

Puc. 12. B nomuke HayuyHoro craunoHapa MHctutyTta reorpaduu PAH Ha nenHuke Dabopyca [apadammu, 3850 m
Han yp. Mopsi. B ientpe B.M. KoTisikoB ¢ cynpyroit BajgenTuHoii AnekceeBHoit, cripaBa H.®. I'mazoBckuii, 1999 .
®oto O.B. Pororaesoii

Fig. 12. In the lodge of the scientific station of the Institute of Gtography, RAS on the Elbrus, Garabashi Glacier,
3850 m a.s.l. In the centre V.M. Kotlyakov with his wife Valentina, in the right site N.F. Glazovsky. Photo by O.V. Rototaeva
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Puc. 13. I1pe3unuym cbe3na Pycckoro reorpacpuyeckoro oouiecrna, 2014 r.

Cnesa HanpaBo: H.C. Kacumos, C.K. Iloiiry, B.B. ITytun, B.M. KotisikoB, A.H. YunuHrapos
Fig. 13. Presidium of the Congress of the Russian Geographical Society, 2014.

From left to right: N.S. Kasimov, S.K. Shoigu, V.V. Putin, V.M. Kotlyakov, A.N. Chilingarov

BXOJISI B IIIMPOKO U3BECTHYIO B TO BpeMsl MexXpernoHalbHYIO ASTYTaTCKYIO TPYITy. MHOIMM maMsITHa €To
peub ¢ TpudyHbI BepxoBHoro CoBeta CCCP, mocBsIIEHHAasI MporpaMMe CoOXpaHeHUsT ApaIbCKOTO MOPSI.

B 2015 r. Branumup MuxaiiaoBud 3aBepInI MOYTH TPUALATUIETHIO paboTy Ha MocTy Aupekropa MH-
cTUTyTa Teorpacyy 1 CTajl HayYHbIM pyKoBoauTeeM 3Toro MHetuTyTa. B Kpyr ero mHTepecoB BOLILIA pabo-
THI 1O 001IIEel reorpaduu, Fe03K0J0TUH, TII00aTLHBIM U3MEHEHUSIM OKpYXKaroliieii cpebl. B 3T0 ke Bpemsi oH
repecTa ObITh 3aBeIYIOIIUM OTACIOM IISIIIMOJIOTUN — 3TY IMO3UIIMIO OH 3aHUMa 6oJee 40 ner. Ho mo Hacto-
siero BpeMeHu Brnagnmup Muxaitnosuy uznaér xxypHai «JIEg u CHer», a ocenbto 2020 r. opranu3zosan 17-it
1o cuéty [MoNMornyecKuii CMMIIO3UyM — 3Ty TPaIULIMIO OH nonaepxkuBaeT ¢ 1961 r. (puc. 14).

B uncne yenemnbix 3agymok B.M. KoTnsikoBa — exxeronHsiit HayuHbIi hopyM «IlonsipHsiit ron B Coun»,
BIIEpPBbIE OPTAHU30BAHHBIN B CBSI3U ¢ MpudImkeHneM MexxnyHaponoro nousipHoro roga 2007—2008. «3nech
XOJIO[, TTOJIIPHOM TeMaTUKU JOTIOJHSJICS CyOTpOnMYecKUM KinMaTtoM Co4Yr — rOBOPUT MOCTOSTHHBINA €ro
yuacTHUK A.Jl. OneitHukoB. — B TBopueckoit atmocdepe Ha 6epery YEpHOro Mopsl IIISILMOJIOT aKTUBHO 00-
CYKIIAJIM TTOJTyYeHHBIC PEe3YJIBTaThl C MEP3JIOTOBEIaMU, 1 3TU OOCYXKICHUS HEM3MEHHO IMPUHOCUIIN CBEXKUE U
MHTEpecHbBIC naeu. Takue coOpaHus MPOXOAWIN 31eCh B TeUeHUE 15 JIeT, U 3TO CIIOCOOCTBOBAJIO POCTY U ITPO-
LIBETAHUIO POCCUICKOTO TIISIIMOJIOTMYECKOTO COOOIIIECTBAY.

B niepBoie nBa necarunerust XXI B. Bnanumup MuxaiinoBud yBiaEKcs CBoeit JaBHE, el IIKOJbHOM Mpu-
BSI3aHHOCTBIO — JIMHITBUCTUKOM. BMecTe ¢ 3aBenyronieit Kadenpoit MTHOCTpaHHBIX SI3bIKOB reorpauieckoro
daxynbrera MI'Y A.M. KoMapoBoit OHU ceMb JIET 3aHUMAJIUCh cocTaBiieHeM «CiioBaps reorpauyeckKux
TEPMUHOB» Ha IISITU SI3bIKAaX — PYCCKOM, aHIJIMIACKOM, (DpaHIy3CKOM, MCITAHCKOM 1 HeMellKoM. B cioBapb
ObLIO BKIIIOYCHO 00JIee CEMU ThICSY TEPMMHOB U ThICSTYA C JTUIITHUM UX CHHOHMMOB, U KaXKIOMY TEPMUHY CO-
MYyTCTBOBaJIO KpaTkoe onpeneneHre. B 2007 r. aToT ciioBapb B TPpeKpacHOM KPaCOYHOM M3JAHUU OBLT OIy0-
nmkoBaH M3natenbctBoM PAH, 1 B 3TOM e Tomy ero aHINIMiICKasl BepCcUsl yBUaeIa CBeT B AMCTepiaMe B
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H3znmarenbcrBe «Elseviers. Ho Ha 3TOM coTpymHI-
yectBo KotmsgkoBa u KomapoBoit He 3aKOHYU-
Jock. Crienyrolne ceMb JIeT OHM 3aHMMAaJIICh CO-
CTaBJICHHEM ITOHOOHOTO MSITUSI3BIYHOTO CJIOBApS,
MOCBSIIEHHOTO TypU3My. OTa KHUATA TI01 Ha3Ba-
HueM «Typusm: mpupoma — KyJIbTypa — MyTellle-
cTBUsI» yBUaeaa cBeT B 2013 1.

B.M. KotmgkoB — aBTop 60mnee 1000 1my6mm-
Kauuii, B ToM uucie 6ojiee 20 HaAydHBIX MOHO-
rpaduiit 1 HayIHO-IIOMYISIPHBIX KHUT, OTBET-
CTBEHHBII PeIaKTop ITOYTU BCEX OTEUSCTBEHHBIX
MOHoOrpaduii Mo TJISIMOJOTUM 3a MOCISIHNE
MOJIBEKa, PeJaKTOp WIN PEeleH3eHT CaMbIX pa3-
HBIX 110 TEeMAaTUKE KHUT, B TOM YHCJIC 1 TaKUX:
B.J. Kpasuosa: «Ha aBanTuTyIe Moeii camoli Kpa-
CUBOI1 U, HAICIOCh, ITO/IE3HONM KHVDKKM JIJIs IeTel U
ux ponureneir «KocMuyeckyie CHUMKM U 9KOJIOTH-
YecKye Ipob/ieMbl Halllell IVIAHEeThI» YKa3aHbl pe-
nenseHThl: akagemMuk PAH B.M. KotnskoB n nét-
4IK-KOCMOHABT, yieH-Kopp. PAH B.II. CaBuHbIx.
MHe 0co6eHHO TOPOTo HAITyTCTBYE TAKOIT 3aMeda-
TEJIbHOII ITapbl MICC/IEOBATEIEN.

[OTOBS IMIECTYI0 KHUTY 6-TOMHOTO COOpaHus
CBOMX COYMHEHNII, Ha3BaHHYI0 «Hayka — aTo
JKM3Hb», B KOTOPOJ1 PaCCKa3bIBaeTCA ¥ O HAIIMX
CTy[IeHYeCKUX TOflaX, Bragumup MuxaiimoBud
IPUXOAWI K HaM, B TaO0OPaTOPMIO a9POKOCMIYe-
CKMX MeTOZIOB Ha 22-it aTaxk MI'Y, k V. A. JIaby-
TUHOI, Y KOTOPOII ObLI MOAXOAAIINI CKaHep, U
CaM CKaHUPOBAJI IOKYMeHTHI 1 (poTorpacuy, IpefHasHa4eHHbIe B Ka4eCTBe WITIOCTPALUIL K 9TOMY TOMY,
obpabareIBas X, yry4iias n3o6paxennue. Ha cTpaHudke ¢ BBIXOAHBIMY JaHHBIMY U3JIaTeIbCTBA B 9TOM U
APYTUX TOMAX eCcTb cTpouka: «Habop u BepcTKa BBIIIOTHEHBI aBTOPOM Ha KOMIIBIOTEPHOI TEXHIKE».

M.I'. KyHaxoBWY Bceria yIMBIISUICS «TOTOBHOCTBIO KOT/ISIKOBa BOCIIpMHMMATh HOBYIO MH()OPMALIMIO, 1 KOM-
MBIOTEPHOMY A€y OH YIMJICSI, YMTAsT KHIDKKH, a He ThIKasl B KJIABUIIM, KaK Ae1aroT MHorre. OH BOOOIIIe 9acTo
JIeJIaeT TaK1e TEXHUIECKHE BEI, KOTOPHIX B €T0 ITOJIOXKESHNH — TUPEKTOpa U aKaIeMUKa — TPYITHO OXUIATh».

Cepust «M30pannble counHeHns» (2000—2004 1T.) cTana eme oqHUM HACTOJIbHBIM «CIIPABOYHUKOM» IS
MOJIOABIX YYEHBIX, IIe MOXKHO y3HATh 000 BceX MpodIeMax IIISIIMOIOIMH, KOTOPbIe ObLIN aKTyaJIbHBI B XX 1
Hauane XXI BB. 1.A. 30TuKOB roBoput: «Henn3s cyauTh 0 XyIoXKHUKE 110 OTHON-IBYM KapTUHAM, HAIo I10-
CMOTPETH ITIEPCOHANIbHYIO BEICTABKY. 1llecTUTOMHUK, KOTOPHIi n3nan Biragumup MuxaiinoBud, — BpomIe TaKoit
BBICTaBKM. MeHSI Bcera mopaxasa ero CrioCOOHOCTb (PMKCHUPOBATh BCE, YTO C HUM B SKM3HU ITPOUCXOIUT».

B stoMm rony y Bnagumupa MuxaiinoBuda ocoO€HHO 3HaMEHATeIbHBIN I00MIei, 1 HaKaHYHE €ro,
28 mexabps 2020 r. Ykasom Ilpesunenta Poccum B.B. Ilytmaa B.M. KoTnskoBy TIpucyXIeHoO 3BaHNE
«3acmyxeHHsli reorpad Poccuiickoii Menepamnum», KOTOpoe IIPUCBaNBAETCS 32 NCKIIOYUTEILHO BaXKHBIS
JIMYHBIE 3aCIIyTH B 00j1acTu reorpadun. Best TBopueckast omorpadust B.M. KoTtisikoBa — rmpumep 0e33aBeT-
HOTO ciIyKeHnsI Hayke 1 OTedecTBy. Beé Hallle MIsimonorniyeckoe Coo0IIeCTBO OT BCE IYIIM KeJlaeT eMy
3I0POBbSI 1 IIPOAOJIKEHHS IIOTOTBOPHOTO TPyda BO CJIaBy OT€UECTBEHHOM M MUPOBOI HayKH!

Ilo3dpasaenue nodeomosaeno Oxcanoii Bacuavesnoii Pomomaeeoii
om umeHu eceil pedxoasezuu xcypuaaa «JIéo u Cnee»

Puc. 14. B.M. KotigkoB Ha [TIIIMOIOTMYECKOM CUMITO3H -
yMe B [TyIIKMHCKMX ropax

Fig. 14. V.M. Kotlyakov at the glaciological symposium in
Pushkinskiye Gory
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Summary

The new Inventory of the Russian glaciers has been created at the Institute of Geography of the Russian Academy
of Sciences mainly on the basis of the Sentinel 2 satellite images for 2016-2019 with the aim of assessing the cur-
rent state of glacier systems and as a basis for monitoring and re-inventorying. Delineation of glacier outlines was
manually made to reduce uncertainties, especially for small glaciers. The database structure is compatible with the
global and national glacier archives and includes the main glacial parameters. Additionally a classification of pos-
sible catastrophic phenomena of glacial genesis was developed: dynamically unstable glaciers, glacier lakes, icebergs,
etc. The data base is available online (www.glacrus.ru). At present, there are 22 glacial systems in Russia with a total
area of 54,518 km?. The largest glacial systems by area are located in the Arctic archipelagos: Novaya Zemlya, Sever-
naya Zemlya, and Franz Josef Land. The glacial systems of the Caucasus, Kamchatka, and Altai are the largest by
area in the continental part of Russia. The main group consists of 13 small glacial systems, the area of which does not
exceed 100 km?. They are located in different glaciological zones: from the De Long Islands in the Arctic to the East-
ern Sayan in southern Siberia. Since the compilation of the USSR glacier Inventory (1965-1982), the area of glaciers
has decreased by 5,594 km?, or 9.3%. The area of polar glaciers has decreased in smaller degree than that of glaciers
in mountainous regions. The results of our research confirm the trend of reducing the area of glaciers throughout the
Russian territory. The magnitude and rate of changes depend on local climatic and orographic features. The excep-
tion is the glaciers of the volcanic regions of Kamchatka, the area of which has increased or remained unchanged.

Citation: Khromova T.Y., Nosenko G.A., Glazovsky A.F, Muraviev A.Y,, Nikitin S.A., Lavrentiev L.I. New Inventory of the Russian glaciers based on satel-
lite data (2016-2019). Led i Sneg. Ice and Snow. 2021. 61 (3): 341-358. [In Russian]. doi: 10.31857/52076673421030093.

Ilocmynuaa 4 anpens 2021 . / [locae dopabomku 16 mas 2021 e. / [Ipunsma k newamu 25 urons 2021 e.
KroueBsie cnoBa: Kamanoz nednuxoe Poccuu, 2017-2019 22., us3meHeHus N1eOHUK08, KocMuYecKue u306paxieHus.

Co3paH Katanor negHukoB Poccum Ha OCHOBe CMYTHUKOBbLIX CHUMKOB Sentinel-2 (2016-2019 rr.) (www.
glacrus.ru). OH cogepXuUT MHGOPMaLMIO O 22-X NeJHNKOBbIX CCTeMax obluel nnowaabto 54 518 km?. Mo
cpaBHeHuto ¢ Katanorom negHukos CCCP (1965-1982 rr.) nnowaab negHUKOB Ha TeppuTtopumn Poccum
yMeHbLmMnach Ha 5594 Km?, nnn Ha 9,3%. BennurHa 1 ckopocTb M3MEHEHWI B Pa3HbIX PaioHaX CUbHO
OT/INYAIOTCA U 3aBUCAT OT MECTHbIX KIIMMaTUYECKNX 1 oporpadpurueckmnx ocobeHHoCTeN.

BBenenne IJISIIHOE CJIEACTBUE KJIIMMaTUYeCKUX pehopMallmii.

OHM Takke UIparoT BaXHYI WHIMKALIMOHHYIO

CocTrosiHME JeJHUKOB OCTAaETCsl HAa MOBeCcTKe pojb. Kak Ha JJIOKaJbHOM, TaK M Ha PeTMOHAIIBHOM
JTHSl HAyYHBIX MCCJIEIOBAaHUI U TIPUBJIEKACT UHTE- YPOBHSIX 3TOT IPOLIECC BEAET K UBMEHEHUIO JIaHI-
pec ob1IeCTBEeHHOCTU. Mi3MeHeHUs JISMTHUKOB — Ha- 11a(TOB U aKTUBU3ALUMKU Pa3pyIIUTEJIbHBIX IIPU-
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

POIHBIX SABJICHUIA, UTO CEPhE3ZHO BIAMSIET HA X035~
CTBEHHYIO IeSITEIbHOCTb W HapyIIaeT IPUBBIYHBIN
YKJIa[l )KM3HU MECTHBIX XuTteneil. Bcé ato hopmMmu-
pYyeT 3aIIpoc Ha aKTyaJbHbIEe JaHHBIE O COCTOSHUU
JIETHUKOBBIX CUCTEM.

OLEeHKY 1 TTPOTHO3bI U3MEHEHMS JICTHUKOB Tpe-
OYIOT MHTETpalliM BCEX TOCTYIHBIX METOIOB MCCIIe-
MOBaHUS: TUCTAHLIMOHHBIX HAOMIOIEHU C UCIIOJIb-
30BaHUEM CITYTHHKOBBIX I a3pOCHUMKOB; IPSIMBIX
HaOJIOOEHUI ¢ TTOMOIIbIO ITOJIEBBIX U3MEPEHUI;
YHMCJICHHOTO MOIEIMPOBaHUs. MOHUTOPUHT U Ka-
TaJIOTM3aIIMsI UTPAIOT BaXKHYIO POJIb B KOMILIEKCHBIX
HUCCIeAOBAaHMSIX JISAHUKOB 1 IIPEACTABIISIIOT CO00i
OBICTPO pa3BUBAIOLINECS HAIIPABICHMS MCCIeI0Ba-
HU1. AKTyaJIbHBIC TPaHUIIBI JIETHUKOB ITO3BOJISIOT
CHU3UTH HEOIPEIeIEHHOCTU B TJISILIMOIOTMIECKIX
U KJIMMaTUYeCKUX pacu€Tax, OLEeHUTh TCHACHIINN
W3MEHEHMI JIETHUKOB U CBSI3b UX C U3MEHEHUSIMU
KJIuMaTa. MexXayHapomTHBIE IIPOSKThI aKKyMYJIH-
PYIOT JaHHBIC O JIeMIHMKAX Ha IJ100aJbHOM yYpOBHE.
B XX B. Takue paboThl ObLJIM UHULIMUPOBAHbI B paM-
Kax ['moponornyeckoro aecsatuieTus. PesyiabraTom
cran Muposoii Katanor tenHukoB (WGI) (https://
nsidc.org/data/glacier inventory/). MexmyHapomn-
Has ciayx0a MoHUTopuHra JenHukKoB (WGMS) co-
OupaeT JaHHBIE O OajaHCe MacChl M U3MEHEHMUSIX
MoJIoxkeHusI (PpOHTa OTHCIbHBIX JegHNKOB (https://
wgms.ch/). MexnyHaponHbIii mpoeKT «3mepeHue
JI00aJIbHOTO Jbaa n3 KocMoca» (GLIMS) (https://
www.glims.org/) cucreMaTU3UpyeT TaHHBIE O JIed-
HUKaXx, IMOJIydeHHbIC IO MaTepuajaM KOCMUIECKIX
cbEMOK. Hapsiay ¢ robajibHbBIMU 06a3aMU TaHHBIX,
aKTHMBHO co3maioTcss HalmmoHanbHBIE KagacTphl
JIETHUKOB, Cpear KOTOphiX — Karamoru aretHMKOB
HIsetiapnu, Asctpun, @panuun [1, 2], Hopse-
rum |3, 4], HoBoit 3emangnu [ 5] u ap.

B Poccun o61npHOE MTOKPOBHOE OJIEAeHEHUE
MIPUCYTCTBYET HA OCTPOBAX M apXuIieaarax ApKTudae-
CKOI1 30HBI I B TOPHBIX palioHaX KOHTUHEHTAJIbHBIX
obmacreii. 1o HaCTOSIIIIEro BpeMeH! MEePBOil U €I1H-
CTBEHHOUW CUCTEMHOM OLIEHKOM OJIEICHEHUS HA 3TOU
teppuropuu 6bu1 Katanor neguukos CCCP (1965—
1982 1T.), Mo TaHHBIM KOTOPOTO B cepenrHe XX B. Ha
Tepputopun Poccun HacuuThIBAIIOCH 8538 aeaHM-
KOB 00611ei rurontanbio 60 099,71 km? [6]. Ve nocie
n3naHus Katanora nenHukoB CCCP B koH1iie 1990-x
B psane paiioHoB Cesepa u CeBepo-Boctoka Poccun
ObLIU MCCIeAOBaHbI M KaTaJOTU3MPOBaHbI paHee He-
M3BECTHBIE JITHUKU — 252 JenHrKa o011e Tiola-
nbio 69,16 km? [7].

B mocnenHee BpeMst mIsT MCCIIeTOBAaHUS JIeH-
HUKOB aKTMBHO MCIIOJB3YIOT TaHHBIC TUCTAHIIN-
OHHOTO 30HIMPOBAHMUS, ITO3BOJISIONINE aHATN3H-
pPOBaTh COCTOSTHIE OOBEKTOB B TPYIHOMOCTYITHBIX
patioHax. K Hacrosmemy BpemeHu teppuropus Poc-
cuu obecrieueHa pe3yabTaTaMi TaKUX MCCIIenoBa-
HUIT HepaBHOMEpHO. [JaHHBIE OTAEIBbHBIX MCCIIe-
IOBaHUI OOCTYIHEI Ha caiiTe MeXIyHapOoIHOTO
npoekTa «I'1obanbHBIe M3MEPEHUST HA36MHOTO JIbIa
n3 kocmoca» (https://www.glims.org/) nu BcemupHo-
ro karasyora JegHnkoB RGI (The Randolph Glacier
Inventory) (https://www.glims.org/RGI/index.html).
B sTix 6a3ax maHHBIX IIPEACTABIICHBI PE3YIbTATHI JIe-
mMUPUPOBAHUS CITYyTHUKOBBIX CHUMKOB, BKJIIOUast
IaTy, BUI 1 pa3pelleHne ChEMKHU, IUIOMIAab, TIepH-
METpP U BBICOTHBIE ITapaMeTPhI JIEATHUKOB.

OnuH n3 caMbIX 00eCIIeYeHHBIX TaKOM MHGOP-
Malueil JeTHUKOBBIX PalilOHOB Ha TEPPUTOPUU
Poccum — KaBkas, miist KOTOpOro IpeacTaBIIeHbI
IaHHbBIC, ITOJIYYECHHBIE POCCUMCKUMU U TPY3UHCKH -
MU HCCIIENOBATEISIMI METOIOM 3KCIIEPTHOTIO Ie-
mmpupoBanmsd mo cHuMKaM ASTER 2001-2004
n Landsat 1985—1987, 2011-2014. Ing psoa mem-
HUKOBBIX paiiloHOB Poccum mpencraBieHbl HaH-
HbIe aMEPUKAHCKUX U KaHAACKMX YUYEHBIX. DTO —
pe3yabTaThl aBTOMAaTUUECKOTO IeIn(ppupOBaHUS
cHUMKOB Landsat, ToIy4eHHBIX B pa3HOe BpeMsI 3a
niepron 2000—2013 rr., KOTOphIe 3aBBLIIIAIOT YHNCIIO
JIETHUKOB U TIJIOIIAAb OJICACHEHUS B pailoHaX IIH-
POKOTO paclpoCTpaHEeHUST KPYITHBIX MHOTOJIETHUX
CHEXXHMKOB M CHEXHUKOB-IIEPEJIECTKOB 1 HEI0-
OILICHMWBAIOT TIJIOIIAAN OJICACHEHMS PaiilOHOB, TIe
Ha JITHMKaX pa3BHUTa ITOBEpXHOCTHAsI MopeHa. Mc-
cliefoBaTeNIM MCIIOJIb30BaIM KOCMUYECKNE CHUM-
KM pa3HOIro pa3pelleHus, MOJyIeHHbIe B pa3HOe
BpeMsi. Pa3HBIMM OBUIM METOIBI M ITOAXOABI K IIPO-
1eccy gemm@pupoBaHusI, a TAKXKe aHaIU3y IOy~
YEHHBIX Pe3yJIbTaTOB, YTO CYIIECTBEHHO 3aTPYIHSIET
CPaBHUTEJIBHYIO OLICHKY COBPEMEHHOTO COCTOS -
HUSI JISTHUKOBBIX paiioHOB. ClIoXMIach CUTyalus,
KOTJa, HECMOTPSI Ha ITOCTOSTHHO YBEIMYMBAIOIINIA-
csl 00bEM MH(pOpMAIIMK M3 KOCMOCA W SKCIIEpU-
MEHTaJIbHbIC MCCIeI0BaHUS B psle JICTHUKOBBIX
palioHOB, MMOJIHOM 1 JOCTOBEPHOMN KapTUHBI COCTOSI -
HUS OJieNIeHeHMsT Ha TeppuTopun Poccuy Ha Havajo
XXI B. 10 HACTOSILIETO MOMEHTA HE ObLIO.

711 oLIeHK COBPEMEHHOT'O COCTOSIHUS JICTHM -
KOBBIX CHCTEM Ha TeppuTopun Poccuu u ux usme-
HeHuil B MHcTuTyTe reorpa¢uu PAH Obl1 co3nan
Katanor nemHMKOB, OCHOBaHHBII Ha €IWHBIX KC-
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XOIHBIX JaHHBIX, ITOAX0JaX U METogax odopaboT-
KU CIIyTHUKOBBIX CHUMKOB, a TaK:Ke OpraHM3alun
JAHHBIX C UCIOJIb30BaHUEM reOMH(GOPMALIMOHHBIX
TexHoJioruii. DtoT KaTamor akkyMyaupyeT pe3yib-
TaThl aHaJIM3a CHUMKOB Sentinel-2, mojlydeHHBIX B
ocHOBHOM B 2016—2019 rr., u nipencrapisieT coboit
MHGOPMALIMOHHYIO OCHOBY JJISL JAJbHEHMIIIETO KUC-
cJeI0BaHus JeIHUKOBBIX paiioHOB Poccun.

JlaHHbI€ M METO/BI

IIpu cozmaHum KaTajgora MCIOIb30BaIUCh JaH-
HbIe TUCTAaHIIMOHHOIO 30HAMPOBAaHUS JICTHUKOB 13
KOCMOCa, KOTOPhIE B HACTOSIIIEE BpeMsI CIIyKaT 3-
(beKTUBHBIM MHCTPYMEHTOM IOJIydeHUs] nH(pOpMAa-
LUK O TOJOXEHWY TPaHUIl JIETHUKOB 1 IPAaHUIIBI
MMUTAHUSI, BBICOTE MOBEPXHOCTU Y HAJTMIUKM MOPEH-
HOTO ITOKPOBA, a TAKKe AMHAMUKE 3THX ITOKa3aTeseit
BO BpeMeHU. OCHOBHBIM MAacCHUBOM JaHHBIX OBbLIN
CHUMKH CO CITyTHHMKa Sentinel-2 ¢ mpocTpaHCTBEH-
HbIM paspernreHueM 10 m 3a 2016—2019 rr., cBo6oI-
HBIE OT 00JIAYHOCTU U TOJIyYeHHBIE B KOHIIE TIEPHO-
na aomsumy. [lorpenrHocTy onpeneeHus IIomanei
JIETHUKOB OLIEHUBAJINChH ITyTEM IOCTPOCHUS BIOJIb
TpaHUIl JICAHUKOB Oy(epHOU 30HHI, IIMPUHON B
pa3Mepe yIBOCHHOTO 3HaUYCHUS IIPOCTPAHCTBEHHO-
ro pa3pelleHUsI CIYTHUKOBBIX CHUMKOB. B citox-
HBIX CIIydJasiX IPUBJICKAINChH JOTIOJHUTEIbHBIC JaH-
HBIe OoJiee BEICOKOTO pazpemeHns (WorldView-2,
GeoEye). I1pu oTcyrcTBNM CHUMKOB Sentinel-2 Haf-
JIeXKaIllero Ka4ecTBa MCIOIb30BAIMCh MHBIE CITYT-
HUKOBBIE CHUMKM 3a TOABI, OJIM3KME K OCHOBHOMY
nepuony ncciaenoBanmii (Landsat, ASTER). I'panu-
LIl JIEMHUKOB I10 CITyTHUKOBBIM CHMMKAaM AeIIng-
PUPOBAIM B PyIHOM 3KCIIEPTHOM pEXMME, TaK KakK
aBTOMaTHYecKoe AemupupoBaHue, 0COOCHHO B
paiioHax pacIpoCTpaHEHMSI MaJIbIX JICTHUKOB, TaéT
PE3YNIBTATHI ¢ OOJIBIION CTETIEHBIO HEOpPeaeaEHHO-
ctu. PaboTa ¢ JaHHBIMU TMCTAaHLIMOHHOTO 30HAMPO-
Banms 3emiu (J133) Bemach B ITporpaMMHBIX TTPOIYK-
tax ESRI ArcGIS n QGIS. Bce manusre /133 B xome
paboThl peructprupoBaauch B mpoekuu UTM coot-
BETCTBYIOLEH 30HbI Ha dsutnnconae WGS 1984.

OpnHa 13 BaxXHBIX MOTUBALIMI IIPOEKTA COCTOUT
B TOM, YTO IIPOMCXOISINNE U3MEHEHUS JIeTHUKOB
AKTUBU3HUPYIOT pa3pyLIUTeIbHbIC IPUPOIHBIC SIB-
neHus. [loaToMy ObLIM BEIIEICHBI IIOTEHIINMATbHBIC
HMCTOYHHUKHU KaTaCTPO(GNIESCKUX SIBJICHUI TSI~
HOTO TeHe3nca, BKIoJas HeCTaOMIbHBIE JIGTHUKH,

aiicbeproodpaszoBaHue, JeAHUKOBbLIE 03¢pa. HecTa-
OUJIBHBIC JIEMHUKY BBIACISIM Ha OCHOBE BH3yaJslb-
HOTO OIpeAe/IeHs] OCHOBHBIX IIPU3HAKOB, BKJTIOUAsI
XapaKTepHYIO CTPYKTYPY MOBEPXHOCTU Y KOH(PUTY-
panuio MoBepXHOCTHBIX MOpeH [8]. OcHOBHOI (ak-
TOp MOTEHLIMAILHOTO alicoeproodpa3oBaHUsl — MO0-
JloxkeHue (ppoHTa JenHuKa B Mope [9]. Haauuue
MPWIETHUKOBOTO 03¢pa YCTaHABIMBAIOCH BU3YaJlb-
HO B Ipoliecce AeinnpupoBaHUsI KOHTYpa JIEIHU-
ka. CreLmaibHble MCCIIETOBAHUS 10 OLIEHKE pa3-
MEPOB 03Ep, MOPPOMETPUUECKUX XapaKTEPUCTUK
IUIOTUH W TOAIIPYH IIPOBEIEHbI IJIST OIIpeIeIeHUS
MOTEHIIUAJIBHOM OIIACHOCTH IIPOPHIBA ITPUJICTHUKO-
BbIX 03¢p /151 KaBkaza n AnTasi ¢ MCIIOJIb30BaHUEM
pa3paboTaHHbIX paHee MeToaoB [10—12].

[TonyyeHHBIe B pe3ysbTaTe AeIN(PPUPOBAHUSI
IPaHMIIBI JIECAHUKOB IIPEACTaBIISIIOT COO0M OCHO-
By (hopMmupyemoit 6a3bl JaHHBIX. B pamkax mnpo-
eKTa Oblia pa3paboTaHa CTPYKTypa 0a3bl JaHHBIX
«Jlegnuku Poccum». JlenHuKaM, cBeeHUST O KOTO-
pbIX BolLiM B MupoBoii KaTajnor degHukoB (WGI),
MIPYCBanBaJICs COOTBETCTBYIOIINIA HOMEP. DKCIEPT
OLIEHWBAJI COOTBETCTBME KOHKPETHOIO JICAHNKA Ha
cHUMKe U1 ero aHajora B WGI. DToT Homep urpaer
BaXKHYIO POJIb IIpU JaJIbHENIIIeM aHaan3e nHhopMa-
LIMU, TaK KaK CIIYXKUT CBSI3YIOLINM 3BEHOM C TaKHU-
MM MEXIyHAPOIHBIMU 0a3aMU JaHHBIX O JIETHUKAX,
kak WGI, 6a3a panHbix npoekta GLIMS (Global
Land Ice Measurements from Space) (https://www.
glims.org/), BcemupHbliii Katanor regHukoB RGI
(The Randolph Glacier Inventory) (https://www.
glims.org/RGI/index.html).

Mopdoaornyeckuii TUII JeTHUKA OIpeaeIsieT-
CsI DKCIIEPTOM IO M300paKeHUIO0 Ha KOCMUYECKOM
CHUMKE C YYETOM pa3pabOTaHHOI paHee Kiaccuhu-
kauuu [13, 14] u ungpopmanuu B Kartanore negHu-
koB CCCP. Pe3ynbTatr 3KCOEPTHOU OLIEHKU — 3TO
Takke MHPOpPMAalLMsI O TOM, SIBJISIETCS JIU JISAHUK
ITyJIbCUPYIOLINM, TA€ JeTHUK 3aKaHUNBACTCSI, UMEET
JIV TIpUJIEAHUKOBBIE U MOAIIPYKeHHBIe 03épa. I1no-
A U IIepUMETP KOHTYPOB OIpenesisyii B aBTOMa-
THUYecKoM pexuMme B cpeae ArcGIS. s BeIsicCHEHUsT
BBICOTHOTI'O IOJIOXKEHUS U DKCIIO3UIIUY JICTHUKOB
HUCIIOJb30BaAIU LUBpoBbIe Moaeau peabeda (LIMP).
[TonoxeHue BBICIINX ¥ HUBIIMX TOYEK JIETHUKOB,
a TakxXe WX CPeAHIon U MeauaHHyo (BoicoTa 50%
pacrnpeneaeHus II0Ianeii) BBICOTY HaXOMUIIN C I0-
MOIIIbI0 MHCTPYMEHTApUS MPOrpaMMHOTO ITaKeTa
QGIS nyTéM aBTOMATU3MPOBAHHOIO aHAJIM3A STUeeK
LIMP B npenenax rpaHull JeAHUKOB. ITonoxeHue
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(upHOBOII MTMHNU HA CHUMKE OIIPEIe/IsSUIM BPyd-
HYI0. DKCIO3UILUIO JIEAHNKOB JUAaTHOCTUPOBAIN C
TIOMOIIIBI0 aBTOMAaTU3UPOBAHHOTO aHAIM3a PacTpo-
BBIX M300paxkeHUI SKCITO3ULNY ITOBEPXHOCTH, CO3-
maaHeix 13 LIMP, B QGIS 1 ArcGIS. IMonygennsie
IaHHbIE 00 AKCITO3UIUH MIPEICTABIISTIOT COO0M Me-
IMaHHOE 3HaUYeHME OpMEHTALMU (a3UMYT B Ipamy-
cax) Bcex stueek LIMP B mpenenax rpaHull JIeTHUKA.
[1omoOHEBII TTOAX0A OTJIMYASTCS CYIIECTBEHHO MEHb-
el CyObeKTUBHOCTBIO 10 CPABHEHMIO C METOIOM
oIIpenesIeHUs] 9KCIIO3ULINH JIETHUKOB, OCHOBAHHBIM
Ha 9KCIIEPTHOM OLICHKE.

Mo3zauka LIMP ArcticDEM Bepcun 3.0 ¢ ipo-
CTpaHCTBEHHBIM pa3perreHreM 2 M (10 M 111 KpyITHBIX
JICTHUKOB apKTUYECKIX apXUIIeIaroB) ObUIAa MCIIOJb-
30BaHa B IIpoliecce 00pabOTKU OOJIbIIEi YacTU pe-
3yJIBTaTOB AeI(PUPOBAHNS TPAHUII JIGTHUKOB. 1St
paiioHOB, HEe BXOMSILMX B 30HY MOKpbITUsI ArcticDEM
v3.0, 1 ygacTKoB B 30He OKpBITHSI ArcticDEM v 3.0 ¢
npobeslaMi B JaHHBIX ncTtonb3oBammch LIMP ASTER
GDEM3, ASTER GDEM?2 u SRTM4.

Pe3yabTaTni

Cmpykmypa u codepicanue 6a3vl 0aHHbIX. DIICK-
TpoHHas basza ganHbex «JlemHukM Poccum» cocTout
13 Habopa MOJIUTOHAJIBHEIX IIeHI-(haiiaoB, comep-
JKaIlluX TaHHBIE O IIPOCTPAHCTBEHHOM ITOJIOXEHUHU
rpaHUIl JETHUKOB M TaOJMIy aTpUOYTUBHBIX JaH-
HEBIX B ¢popmate dBASE. IIpocTpaHcTBeHHBIE TaH-
HBbIE TIPEACTABICHBI B TeorpadpIecKIX KOOPAMHATaX
Ha suuriconne WGS 1984. CeeneHust 0 mpocTpaH-
CTBEHHOM ITIOJIOXKEHWU TPAaHUII JICHHUKOB IOIyde-
HBI B pe3yJbTare AeInMPUPOBAHNUS CIIYTHUKOBBIX
CHMMKOB, BBIITOJITHEHHOTO BPYYHYIO B COOTBETCTBUM
C OCHOBHBIMMU ITOJIOXKEHUSIMUA METOIUKKN MexXmy-
HapomHoro Tmpoekta GLIMS [15]. JlaHHBIE O TTOJIO-
KeHuUu (ppoHTa, JJIMHE, IUIoIAaaun, 00bEMe, IKCIIO0-
3ULINN, MAKCUMaJIbHONM U MUHUMAaJIbHOM BBHICOTE,
MOP(OIOrNIeCKOM THUIIE ¥ OTCHINAIBHBIX PUCKAX
XpaHSTCS B KaUeCTBE aTpUOYTUBHOI MH(MOpMALINU
IUTSI KaXKITOT'O JISMHMKA B COOTBETCTBYIOIICH Oa3e maH-
HbIX. Bcero B arpubyTuBHOM Tabnu1Ie MpeacTaBIeHO
30 mo3unmii. 12 mapaMeTpoB HeCyT MH(POPMALIOH-
HBI XapakTep. Cioga BXogaT U@ poBeie MIeHTU(N-
KaTophl M Ha3BaHUS KaXIIOro JICAHWKA, CBEACHUS O
CHUMKAaX, 110 KOTOPBIM IIPOBOIMIOCH AeIIN(pPUPO-
BaHue, ganHble LIIMP. JIBe mo3unum 3aHATHI 3Ha-
YEeHUSIMU KOOPAWHAT LIEHTPAJIbHOM TOYKH JISTHUKA.

I'eomeTpuueckum (Iioiaab, MIEPUMETP) U BbICOT-
HbIM (MaKCUMaJlbHbIe, CpeAHIEe, MUHUMAJIbHbIC BbI-
COTHI Y T.I.) MapaMeTpaM OTBeAcHO 12 Mo3uLuii.
CooTBeTCTByIOllIEE MECTO B Oa3e JaHHBIX 3aHUMAeT
uHpopmMalLsg o MOpHOJIOTUYECKOM TUIIE JSAHUKA,
AKCMO3ULUHN, MOJ0XKEHUN (PPOHTA, HATMYUU TIPU-
JIETHUKOBBIX 03€p. ITOTHOCTBIO CTPYKTYpa aTpudy-
TUBHOM TabJuMLIbl pa3MelleHa Ha caiiTe Karanora
neanukoB Poccuu (www.glacrus.ru).

Humepnem-pecypc «Kamaaoe aeonuxoe Poc-
cuw». JIng Bu3yanusanuu 0a3bl JaHHbIX U OpraHu-
3alMM JOCTYyIa K MH(GopMalLMu co3aaH caT «Kara-
Jior negHukoB Poccum» (www.glacrus.ru). JlaHHbIe
0 JIeIHUKAaX, MOJYYEeHHbIe B pe3yJibTaTe Jelundpu-
pOBaHUS COYTHUKOBBIX U300paKeHUI, XpaHITCS
B 'MC B Buae BEeKTOpHBIX C0EB. Buszyanuzauus u
JOCTYTI K 0a3e JaHHbIX OPraHU3yeTCsl Ha IaTgopMe
ArcGIS online. Ha rmaBHOIi cTpaHulle JaHO Ha3Ba-
HUe caiiTa, onucaHue pa3aesoB caiiTa, OpraHu30-
BaH JOCTYM K pa3aejaM U cTpaHuliaM caiita. Paszaen
«O ITPOEKTE» coaepXuUT KpaTKyo MHGOpMaLI1IO
0 MpoeKTe, MeToAax 1 MCIOJb3yeMbIX MaTepuaax,
OIucaHue COAEPKaHUS U CTPYKTYPbI 0a3bl JaHHBIX,
MOSICHEHUSI K CTpaHUIIaM JIEIHUKOBBIX PailOHOB.
Pasznen < IEAHUKOBBIE PAMOHDBI» o6ecrieun-
BaeT JOCTYN K CTpaHULAM JeIHUKOBBIX PaliOHOB.
s Kaxaoro JeAHUKOBOTO pailoHa co3gaHa OT-
nenbHas ctpaHuua (puc. 1). ITpu oTKpbITUM cTpa-
Hubl U3 ArcGIS online 3arpyxaeTrcst MUHTEpaKTUB-
Hasl KapTta pailoHa. JlereHaa K KapTe OTKpbIBaeTCs
MpU HaxkaTUX KypCOPOM Ha CTPEJIKU B JIEBOM BEPX-
HeM yri1y KapThl. C10M BKJIOYAIOTCS U BBIKJTIOYAIOT-
Csl HaXkaTMEM Ha KBaapaT CjJeBa OT Ha3BaHUS CJIOsI
U MPeACTaBISIIOT COOON BU3yalIu3aldio COOTBETCT-
BYIOLLIMX TOJIei aTpUOYTUBHON TaOJIMLIbI. Y CIOBHBIE
3HAKU BU3YaJU3UPYIOTCS HaXKaTUEM CTPEJIKU CIipa-
Ba OT Ha3BaHUs cjos. Bo3amozkeH BbIOOP (POHOBOrO
U300pakeHUs1 HaxkaThUeM Ha MKOHKY MO KHOMKaMU
«YBEJIMYUTh/YMEHBIINTL». ATpUOYyTUBHAsI TabIUIIA
JUTSI KaXKI0ro JIEMHUKA OTKPBIBAETCSl BO BCILIbIBAIO-
1IeM OKHEe HaxkaTHeM Kypcopa Ha KOHKPETHbIH Jie/-
HUK Ha KapTe.

OcHoBHbIE KapTorpauueckue cjaou, MpeacTaB-
JICHHbIE Ha caiiTe, — KOHTYPbI JIEAHUKOB MO0 pe3yJib-
TaTaMm Jeluu@pUpoOBaHUs KOCMUUYECKUX CHUMKOB,
MOJIy4EHHBIX B 0CHOBHOM B 2016—2019 rr., Mmopdo-
JIOTUYECKUE TUIBI JIEAHUKOB, TUIOIIAAb JEIHUKOB,
HaJuyue MPUIeIHUKOBBIX U MOAIPYXKEHHBIX 03€ED,
MPUCYTCTBUE HECTAOUIbHBIX (MYJbCUPYIOLINX)
JneaHukoB. ToueuHblii cnoit «Katanor JefHUKOB
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Katanor flegnukos Poccuu

T'napHas CTpaHHLa

* OM » @ :

O mpoekte Vv JleAHHKOBBIE PaHOHBI WV

Jlerenpa
(] nnowaap negHUKoB, KM2

I:I katanor negHukos CCCP

NeAHNKNA >
MOP¢OIOruecKe TUMbl v
NeAHNKOR

Kapoeble Imagery

BUCAYMIA
KapOoBO-J0SNHHbIA
AOTNNHHDBIA
KapoBO-BUCAYNA Topographic
He onpegeneH
MIOCKUX BEPLUMH
NPUCKITIOHOBBINA

CIOXHO-A0NMHHbIA

KOTIOBWHHbIA

(] npuneaHukoBbie 1
MOANPYKeHHbIe 03epa

[ ] npopbiBoonacHble ozepa
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Puc. 1. CtpaHuua JeJHUKOBOTO pailoHa «AnTaii» Ha caiite «Katanora nenHukoB Poccum».

ITokazaHa MHTEPpAaKTUBHas KapTa paﬁOHa OJICACHEHU. CreBa — JIEreéHaa K Kaprte. TajoykaMu oTMEUYeHBI aKTUBHBIE CJIOU. 3eJ1é-
HbIH KOHTYp — IrpaHulbl JIEAHUKOB. doHoM nokazaHbl MOp(I)OJ'IOFI/I‘IeCKI/Ie THUIIbI JIEOAHUKOB. Cr{paBa B I10JIE KapThbl IIpUBEACHA
vHbOopMalMs U3 aTpUOYTUBHOM 0a3bl JAHHBIX JIJIs BBIACJICHHOTO JiefHUKa. B 1IleHTpe moka3aHa BO3MOXKHOCTh BbIOOpa (pOHOBOI

KapThl. www.glacrus.ru

Fig. 1. Page of the glacial region «Altai» on the website of «The Glacier Inventory of Russia».

An interactive map of the glacier area is shown. On the left a legend for the map is shown. Active layers are marked with check-
marks. The green lines show the glaciers outlines. The morphological types of glaciers are shown in color. On the right, in the table
information from the attribute database for the highlighted glacier is shown. The table in the center shows the ability to select a

background map. www.glacrus.ru

CCCP» nipencraBnsieT coboii MH(GOpPMALINIO O Jed-
HHUKaX M0 COCTOSIHUIO Ha BTOPYIO MOJOBUHY XX B.
Ha nomonmHuTe IbHBIX cTpaHULIaX gaéTcs MH(popMa-
1IMs O TIPUPOAHBIX OCOOCHHOCTSIX palioHa U UCTO-
pMu UcClien0BaHUs JIEMIHUKOB. JIeMHUKOBBIE paiio-
HBI TIpUBEAEHBI B ajihaBUTHOM mnopsake. KpaTtkas
uHbopMalMs O JIeAHUKAX, IMOJIyYeHHas B paMKax
MPOEKTa, IaHa O] UHTEPAKTUBHOW KapTOM pailoHa.

JlenuukoBbie cucTeMbl HAa TeppuTopun Poccuun

ITo pe3yabTaTamM NpoOBeAEHHBIX MCCIIEI0Ba-
HUI B HacTosillee BpeMsl Ha Tepputopun Poccuu
HaxoauTcst 22 JeTHUKOBbIE cucTeMbl. OOIIUpHOE
MOKPOBHOE OJIeAeHEHUE TPUCYTCTBYET B APKTU-
YyecKoil 30He Ha apxumneiarax 3emiss @panua-Mo-
cuda (3PU), Hopag 3emnsa u CeBepHast 3emsl.

-345-



-346-

S0L00d
LIGIOT—910T C-1eunuag 0 0 09 ‘rerree-0dogao 000€ | 08¥F | 0SOT | €SEFI'ETS | 886 nellry| 9]
“t01008-0do83)) QUhBOUg-ododex
‘OuhEoMd ‘Qragodey|
a1 — -[PuUnud etee-0daia ‘6LF1C eedge
810C—LI0C ¢-[ounuag 0 €C 0€81 “s101008-0dog3)) €6€€ | 0S9S | 0691 |L'6LF1°L90T1 | 90T | ST
II6I0C—LI0T C-[ounuas 0 0 Ic 3101004 “TeLIeg IS | OITI 091 Y1F0°91 €9 99dOTeH 90MILONAR | ¥]
. » ounus Irerree-0dogod QIIHHHUIOT-0d0de . sqdoreH 2osoEdo
610C—810C ¢-[eunues 0 0 8¢C1 “Trewreg ‘aragodey] S¥8 | 0TrC 061 | S9TFE96C | 068 DL €1
LL610C—910T T-[eunuag 0 0 0 301008 “TeLIRg, 906 | 0¢€81 06 L'0F99 6¢ 9d9doTeH QONONITIOY | T]
. U renee-ododao Aunpoud-ododes o Loy -deLiia -d
810C ¢-[euBuag 0 0 14 “Trewreg ‘olagodey] 8y | 09LC | OEIC | 10IF0€El | 1SC X O AX| 11
. N ﬁom mmrmmmw e 301004 QIHHUIOT O orosodor. d
. 910C Eom,w Jespue] 0 0 0 “o1008-0doga)) | ‘OMhBou ‘dgodey| 80IC | 086C | OvSI L' L¥¥98 881 h dX| 0l
11 Z102—910C "¢-[euBusg
a -[ounuY 301508-0dogo) SITHHHLOL-080d e IF8° Heakdo d
810C ¢-[eUBUag 0 0 0 o) ‘olagodey] 0981 | 090C | 0991 I'I¥86 L 0'dX| 6
MOL004-0d2d2) .
T610C ¢-[PUBULs 0 0 6 “40100g] oragoHoIoud] | <L | OITI 081 P +66C 14 eiHeddiag adog| 8
I 610C—8T0T ¢-[ounuag 0 0 Ll 301508-0dog) 068 | 0OFSI 0ce LIFY1L 1L eHedolA [ oreuyy| £
MOLO049-0101 Jragodext
"1810T T-1Punuag 0 0 8¢ ~101008-0d2d30 ‘omdoHoIdUALL | geg | oppl | 00 | LIFPOL | L6 redg| 9
loroog
” Mww MHMHMMMM ¥ 0 0 — BIFOLIAY QI9EOMMHIRL[ | €G] 0y 0 [°TFTS9 0z BIHOI(-J[7 edod10Q | ¢
- U (N Falel: VDIVHIAL QIIHIOg199 _ Kimoc Kerdads
020C—610T ¢-[eunues 8¢ 1 8¢ SI0L00E-0I01 ‘10 | “BLOLAY QIEONMHI][ 76¢ 0€L 0 S8FCLLIL | 9CC 3 | v
“1020T ¢-[eunueg 14 0 0 - BIOLAN JIEOMUHIAI[ | Gf] 0ce 0 SIFI°€8T 14 BHONEIA 'O | €
. esoU 30I009-0doga0 | IDIMHIAL JIHIOE19E
6107 1ESPUE] w 1T It I0L004-0101 BIFOLIAY QIEOMUHIL | 7HS | (8TI 0 LIVFIYC T | 6TL BI'NOE BBEIOH | ¢
"1610C T-[eUnURS ‘ ‘
MOLO0Y QIIHHULOY]
. JeSpUE HOLOOH-0IO1 1 VDIVHIAL QI9HIIO9199 _ sudoniug o u epud
910¢ 8-espue’] LST 0 0 Ol | corronss QMHONUHTA] 60¢ 79 0 8TEF0ES CI | S€€ ~o-erHedg BLIWOg I
o | TH Jl9H
(o) (01ouh) (owoHth) (40MUHITAL —qIren | -9Iren 4OMUH
VIMHIQI ed2€0 | (4OMUHIAL AOUR -Trado I
VMHIL ALrOWh OII) LML -AONEW | -MHUW | -Irorr BWQLOMD 11/11
MWQDD YOI U MUHILAL) | QUITIOIAE DB 1940 | OL) BUIIUEOLIINE HICIOORAIOIOBAON - GOMMHIAL P KPSONHHTS K
-edgoou 9 -MHIAI | BeImorerergoddy | BAOW "dA TeH W qUeImony | u N
-RLOOH YUToIereIrgoady | ‘GOMMHII AMOO
-dogony -udy
19100199 QUHIad))

JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

9 TXX Arexal o14doid eH oIMHEOLY0 on nndd0J nndoinddal eH IIWILIID JI9FONIHIIS](



T.E. Xpomosa u dp.

o I cEoc 0
-~ o :4 Ex B JE
— =) «Q = £ a3 Zn
S| 8| = |l & |22 <
f\l‘ Il o | = — 1A | oS
| AN o © =) ISyl =
) I I | |
= |2l 9 2 gsz=zded
S| & E|s 5 SQ98z88
Yl s g ElasTE%Z
) b £l . a
2122 5 522858
5 g = S=E28%2 8§
n A mgO —
NA)
= o o |o| © o N
)
o o o |o| o ~ e
(=)}
< o T B 0 S
[3a} — s\ — 0‘\10
X X ¥ :
Bl B8] . g
X o % g% 5|2 <
IR v E
gg/8g/2ilgl 2 2 g
m@mgmgg A 2"
[} Q
8 8 @) O
N >
o 22 =
L ) 2
2 3 |z 2
m ~ m T | =
S |25 § |EIEQ S
:E2: 2|8/2% 2
& i -
253 CEEIER g
= Q: 2| ] X 4
& g gl g g
= 5 g3 &
N
o < o jln| o n
o0 o~ v o~ [sg] v
< o o0 S o g}
— ~ — | Q| =
o = o |o| o =
o ° S |8 = =
= N3 Q=] = n
Q A I RS E RN ~
o o S o] o o
) o S || © K
Z |22 |82 A
— on
o S g 3] =) o
N bt A A
S H |3 IT H + 3
< ) a o] A o Ny
- [\ N RN - ol hg)
~
— o0 N ~
S = o = & Q Ny
= S
& | © S
> g8 19 S
= - 8 | & ]Q
=
< = g | %
< E
@) = E
= =
g 3 % 2| = s
s <
e 2 = = E
E S 5 Q < <
% (H) = E M E
> o s | g &
Z &8 | & |8 R ¥
~ = o o] = IS
— — — N o (o}

JIbaoM NOKpbITHI 0. YiiakoBa u octpoBa Jle-JIoHra. B koH-
TUHEHTaIbHOM YyacTu Poccnu HaxomuTcst 18 ropHO-IenHI-
KOBBIX CHCTeM, 12 13 KOTOPBIX IMUTAIOTCS BIaroil ATJIaHTH-
KU, a LIeCTh — BjIaroi, rnocrynasoliiei ¢ Tuxoro okeaHa [7].
BoceMb TemMHMKOBBIX CUCTEM, pacIooKeHHBIX Ha Kam-
yaTke, KaBkase, Anrtae, Ky3Heukom Anaray, BoctrouHom
Cagne, Komape, baprysmackom n baitkairbckoMm xpebOTax,
JieXXaT B YMEPEHHOM 30HE, a Ipyrue IEBAThH JIEAHUKOBBIX
CHCTEM, pacroJaramliirecs B ropax Ypaina, Ha mwiato Ily-
TopaHa, B ropax brippanra, xpeoTax Opynaraxn u Yepckoro,
ropax CyHrap-Xasrta, KopsskckoMm, Yykorckom n KobiM-
CKOM HAaropbsx, OTHOCSITCSI K Cy0apKTUYecKoi 30He [16].
BrimostHeHHBIE MCClIeNOBaHUS MO3BOJIMIN OLEHUTh OC-
HOBHBIE ITapaMeTPhbl COBPEMEHHBIX JIETHUKOBBIX CUCTEM Ha
tepputopumn Poccuu (Tabnuua).

Ilaowaodv aednuros. 1lo pesynbraTtaMm memudpu-
pOBaHUS KOCMHUUYECKMX CHUMKOB, ITOJYYEHHBIX Ipe-
uMmyiiecTBeHHO B 2016—2019 rr., obas mioiaab oje-
IeHeHMs Ha TeppuTopuu Poccum B HacTosiee BpeMs
coctaBuser 54 518 km? (puc. 2). CoriacHo IMpuHS-
ThIM TOAXOJAaM K Kjaccu(pUKaluuu JeIHUKOB, 3Ty MJO-
manb 3aHumarT 7411 negHukoB. Camas KpyImHas IO
MJIOUIAAN JIEAHUKOBAsI CUCTEMA pacIlojiokeHa Ha ap-
xunenare Hosasg 3emna (22 241 xm?). 3a Heit unyt Ce-
epHad 3emusd (16 775 km?) u 3emns ®panua-Mocu-
da (12 530 km?). Caenyonias Mo pasMepy JeAHUKOBAs
cucTteMa HaxoauTcs B ropax Kaskaza M 3aHMMaeT IJ10-
mwanb 1067,1 km2. B HacTosmieil paboTe Mbl paccMaTpH-
BaeM JISIHUKOBYIO cucteMy KaBkasa Kak eIWHBIN TIpU-
POIHBIN 00BbEKT O3 YUéTa rocy1apCTBEHHBIX TPaHMIL 15
COXpaHEeHUs LEeJJOCTHON KapTUHbI OJieleHEeHUsI, He00X0-
JUMOM B MISIIMOJOTUYECKUX UccliefoBaHusX. B nuana3zon
ot 500 go 1000 kM2 1Mo MUIOIIAAM MONaJN ABA JEIHUKO-
BbIX paifoHa — Kamuarka (682,8 km?) u Anraii (523,1 km?).
ITnowmanpk onenenenust Karynckoro xpedta Ha Asitae, B Ha-
CToslIee BpeMsl pa3aeIEHHOrO rocy1apCTBEHHON I'paHu-
1Iell, TakKe MoJIcuynTaHa JJIsl Bcero xpedra B menom. Ilio-
111a/1b JIEAHUKOB Ha apKTU4YeCKOM 0. Yiuakosa (283,1 km?),
B ropax CyHrap-Xadara (133 km?) u KopsgkckoMm Haropbe
(254,1 xM?) IpUMEPHO OIHOTO MOPAAKA U HAXOLUTCH B
nuanaszone ot 100 1o 300 km?2.

Camast MHOTOUMCJIEHHAs TpyIna — HeOOIbIINE JIeTHM -
KOBBIE CHCTEMBI, IJIOLIAIb KOTOPKIX He mpeBbimaeT 100 km?2.
OHU pacriojioXKeHbl B pa3HbIX IIIMPOTHBIX 30HAX: B apKTH-
yeckoit — octposa [le-Jlonra (65,2 kM?); B cyGapKTHUE-
ckoit — Ypau (10,4 km?), miaro [Myropana (11,4 km?2), ropsl
Brippanra (29,9 km?), xp. Yepckoro (86,4 xm?), Yykor-
ckoe Haropbe (16 kM?2), ceBepo-BocToK Kopskckoro Haro-
pbs (42,2 kM?); B ymepeHHoIi 30He — xp. Konap (16,2 km?),
Bocrounniit Casan (12,9 xm?). OcraBiimecs 4eThipe pailoHa
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T.E. Xpomosa u dp.

XapaKTePU3YIOTCSI CAMbIMU MaJICHBKMMMU IO ILIOIIA-
IU JETHUKOBBIMU CHUCTeMaMu. DTo — xp. OpyiraH
n KomsiMckoe Haropbe Ha CeBepo-BocToke Poc-
crm, KysHenkuit Anmaray Ha fore 3amagaoit Cubupn
u bapry3uHckumii u batikanbckuii xpeotsl B [Tpubaii-
Kajbe. HecMOTpst Ha He3HAUMTENIBPHBIE pa3Mephl, 3TU
JISTHUKOBBIE CUCTEMbI MMEIOT CYIIIECTBEHHOE MHIN-
KalIMOHHOE 3HaYeHME, (PUKCUPYSI 30HY pacIIpocTpa-
HEHUS OJICICHEHMS Ha UCCIeIyeMOM TEPPUTOPHUU.

KapThl pacnipeneneHus JeAHUKOB MO ILJIOIIA-
11, TIpeICTaBIeHHBIe Ha caiiTe «JleqHnuku Poccum»,
MMO3BOJISIIOT OLIEHUTH CTPYKTYPY JIETHUKOBBIX CH-
creM. MI3MeHeHNEe COOTHOIICHUS YMCIa JeIHU-
KOB pa3HO IJIOIIANM OTpaXkaeT U3MEHEeHUe TUIIa
JIEMTHUKOBOU CHCTEMBI OT apKTUISCKUX CUCTEM C
MIPEUMYIIECTBEHHO IMOKPOBHBIM THIIOM OJIeAeHEe-
HUS K TOPHOMY JOJIMHHO-KAapOBOMY M Jajiee K Ka-
pOBO-IOJIMHHOMY U KapoBo-Bucsiuemy [16]. Tak,
IUIOIIANb JIeMHUKOB apxumnenara Hopast 3emirst Ko-
ne6aerca ot 0,01 go 1412 xm2. TTo unciy (416) mipe-
00JIaJal0T JIEMIHUKY, TIJIOIIAAb KOTOPHIX HE IPEBHI-
maet 50 km2. BmecTe ¢ TeM OCHOBHYIO IIOIIAIb
3aHUMAIOT JIEHUKM pa3MepoM Gonee 100 km?%; Tak,
MJI0IAAb OJHOTO U3 HUX npesbimaer 1000 km?2.
Ecnu paccmaTpuBaTth JIeIHUKOBBIE KYIIOJIa U CJIMB-
mmecs JeAHUKUA KaK OJHO JIEMHUKOBOE TEJIO, TO
KapTUHA U3MEHUTCS B OJIb3Y JIETHUKOBBIX 00pa30-
BaHMIT OOJIBIION IUIOIIAAN. DTO OTHOCUTCS U K APY-
MM apKTUYECKUM OCTPOBAM U apXHIIeiaraM.

T'opHBIE JIETHUKOBBIE CUCTEMbl B KOHTUHEH-
TaJlbHOM yacTu Poccum mpencTaBiieHbl IIPEUMY-
IIECTBEHHO HEOOIbIIMMU JegHUKaMu. OCHOBHOE
YMCJI0 JeAHUKOB (744) Ha TEPPUTOPUN POCCUINCKO-
ro Anrasg — gegHuku ruromansio or 0,01 1o 1 km?2.
B nuanazone ot 15 10 21 KM? HaXosITCSI TOJIBKO Yye-
Thipe JenHuka. Ha KaBkase 1829 nennnkoB u3 2046
nMetot mowanb ot 0,01 no 1 km2. ITnowane nen-
HUKOB Ha Ypaie kosebnercs ot 0,01 mo 0,59 km?2.
AHaJIOTMYHas CUTyallusl U B JIEAHUKOBBIX CUCTE-
max xpedbtoB Yepckoro, CyHtap-Xasrta, OpyiraH,
Kopap, Bocrounoro Casina, Kopsikckoro Haropbs,
Konbimckoro Haropnsi, Yykorckoro Haropbs. I1mo-
1IaJb HAaMOOJbIIEro YKcia JEIHUKOB TaM JEXHUT B
auanaszoHe ot 0,01 10 0,5 km?2.

Arcnoszuuusn aednuxoe. Uugukatopom Ha-
MpaBjieHUs IlepeHoca BJlaru, a TOYHee HallpaBjie-
HUSI BETPOB, MPU KOTOPHIX MPOUCXOAUT BhIMAIE-
HUE TBEPIBIX OCATKOB, MOXKET CIYKUTh SKCIO3ULIS
JleqHUKOB. CBefieHUsI O Hel MPUBOISTCS B COOTBET-
CTBYIOILEM T10Jie TaOJauIl Oa3bl JaHHBIX. B KOHTH-

HEHTaJIbHBIX JISAHUKOBBIX CUCTEMaX IPeo0IanaioT
CEeBEepPHBIE U CEBEPO-BOCTOUHBIE SKCIIO3UIINM KaK
M0 IUTIOIIAAY, TaK M MO YKCIY JIeMTHUKOB. BocTou-
Hasl 9KCITO3UIINS JIeTHUKOBBIX cucTeM IlomsipHOro
Vpana, xpeotoB Opynran u Kogapa cBUaeTeIbCTBY-
€T O MUTAaHMU IIPU 3aIlaJHBIX BeTpaX. DKCIO3UIINSI
nenHnKoB XpedToB Yepckoro n CyHTap-Xasta — 0
IOXXHBIX BeTpax ¢ OXOTCKOro Mopsl IIpY BHIMAae-
HuUM ocankoB. OnegeHenne CpeTnHHOTO XpebTa Ha
KamuaTke oTHOCUTEIbHO PAaBHOMEPHO pacrpenesie-
HO MEXIY BOCTOYHBIMM U 3aIlafHBIMU 3KCIIO3UIIH-
sIMHU, YTO MOKa3bIBaeT MIPUMEPHO PaBHOE IIUTAaHUE
¢ Oxotckoro 1 bepuarosa mopeii. Bmecte ¢ Tem Ha
oro-BoctouyHo KamuaTtke npeobyiagaeT mnuTaHue ¢
BocCTOKa. JIeqTHUKOBbIE cucTeMbl AnTtast 1 Boctou-
Horo CasiHa UMEIOT MaKCUMYMBbI pacIpeaeieHus
OJIEICHEHMsI Ha CeBEPO-BOCTOKE, OTpakKasl IMTaHUE
MIpH I0T0-3amagHbIX BeTpax. Oporpaduieckue 0co-
OCHHOCTHU paiioHa TakKxKe BJIMSIIOT Ha pacipenese-
HUeE oJIeAeHEeHM T10 3Kcno3uuusaM. Hanpumep, Ha
HoBoit 3emie npeobnaganme JTETHUKOB CeBepO-3a-
MAaJTHOM UM I0r0-3aMaaHOM SKCIIO3ULIMI ONpenesieT-
cg oporpadueii. Ha 3emne ®@panma-HNocuda ome-
JeHeHMe B 1IeJIOM CMEIIEHO Ha I0TO-BOCTOK, a Ha
HoBoit 3emne — Ha ceBepo-3amnan. Pacnipenenenne
JIEAHMKOB IO 3KCMO3MLMAM JaET ropasno 6oJiee
BEpHOE IIPEICTaBICHNUE O pacIipeAeIeHU! BETPOB 1
MepeHoCce BJIarv, 4YeM HaOJII0IeHUSI Ha METeOCTaH-
LMsIX, TIe TToJIe BETpa UcKaxkaeTcs peibedoM [16].
Mopdghoaoeuueckue munwt aednuxos. Kaptel Mop-
(boornyecKrux TUIOB JICAHUKOB IO3BOJISIIOT OIIe-
HUTH CYIIECTBYIOIIIEE B HACTOSIIEE BPeMsI MX MOP-
domornyeckoe pazHoobpasne. [1o uncieHHOCTH
MPaKTUIECKHU BO BCEX JIEAHUKOBBIX paiioHAaX KOHTH-
HEHTaJIbHO# Poccuy mOMUHUPYIOT KapOBBIE JICTHU-
ku. Tak, Ha KaBKkase 1o YMCAeHHOCTU Npeo01agaT
HeOOoJIbIlINe KapoBble M KAPOBO-BUCSIUME JIETHU-
KM. 3a HUMU UOYT JOJMHHBIE, KAPOBO-IOJMHHBIE
U Bucsuue. Haubonbuive no riomanyd AeIHUKU
Ha KaBka3ze — CIIOXXHO-IOJMHHbBIE U JEAHUKHN KO-
HMYECKHMX BEPIIMH; B Mpeaeaax POCCUNCKON 4acTh
Antas HauboJiee pacIpoCcTpaHeHbl KapoBble 1 BU-
cssune nemHuku. Craeayiomue mo YucJIeHHOCT —
KapoBO-IOJMHHBIE W TOJMUHHBIE, IIPUCYTCTBYET
HeOOJIbIIIOE YHUCIO KAPOBO-BUCIYNX U JIETHUKOB
IUIOCKMX BEPIIMH. PeaKo BCTpeuyaroTcst IPUCKIOHO-
BbI€, KOTJIOBUHHBIE, CI0XHO-IOJMHHBIE JICTHUKM.
Ha Vpane takxxe npeobianaroT KapoBble JSAHUKU.
3a HUMU I10 YMCIEHHOCTH CJICAYIOT IIPUCKIOHOBEIE,
€CTh TaKXKe KapOBO-BUCSIINE 1 KaPOBO-IOJIMHHEIC.
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Ha xaprte MopdoaornueKux TUIIOB JCIHNUKOB
KamyaTky Xopo1io BUIHBI OCOOCHHOCTH OJIeHe-
HEHUs paiioHa, CBSI3aHHBIC C BYJIKAHMYCCKOM Iesi-
TeJIbHOCTHIO. Hapsimy ¢ 4acTo BCTpedaronmMucs TH-
IMaMHu JISTHUKOB — KapOBBIMM, KapOBO-I0JINHHBIMUI
U CKJIOHOBBIMU, TOJMHHBIMUA U BUCSTYMMU, T1OSIB-
JISIIOTCSI JIETHUKY 0appaHKOCOB, IIOMHOXUIA, aTPHO,
aTpUO-IOJMHHBIE, KaJbIePHO-I0JINHHEBIC, KpaTep-
HBIe, KaJbIepHbIe U T.II. B apKTuueckoil 30He Ha
apxuIieyiarax Ipeo0janaioT JeJHUKOBbIE KyIloJja.
Hckmouenue coctapisgeT HoBas 3emurst, Tae Takke
pa3BUTO OJIeAeHEHE TOPHOTO THIIa. TaM CyIecTBY-
€T MHOTO JOJMHHBIX JIemHUKOB. [lo xiraccupuka-
11, OCHOBAaHHOI Ha pacIipeacieHN MOpQoJio-
TMYECKMX TUIIOB MO IUIONIAAM, OJIeAeHEeHNE 3eMIn
®panma-Mocuda n Hosoit 3eMam OTHOCUTCS K TTO-
KpoBHO-ceTyatoMy, CeBepHOI 3eMJIH 1 0. YIIIaKko-
Ba — K IOKPOBHOMY [16].

Hecmabuaonote aednuxu. Kpome oOBIYHBIX JIE-
HUKOB, KOJICOAHUSI KOTOPBIX O0YCIOBIEHBI U3Me-
HEeHMSIMHU KJIMMaTa, B JEAHMKOBBIX CMCTEMax Ha
Tepputopun Poccum cymiecTByIOT HeCTaOMIbHBIC
JIeMHUKU. PexxuM HecTabuIbHBIX JIEAHUKOB (B TOM
YuCIIe MyJAbCUPYIONINX) OIpenesieTcss B IepBYIO
odyepenb TMHAMUYECKO HEYCTOMYMBOCTHIO. BEI-
CTpBIe IIPOABUKEHUSI KOHIIOB HECTaOMIbHBIX JIEI -
HUKOB BJIEKYT 3a CO0O0M Takue KaTacTpo(hUIeCKIe
SIBJICHUSI, KaK CeJIM, IPOPHIBBI MMOAIIPYIHBIX 03ED,
0o0BaJjbl JbAa 1 Ap. BeIsIBIeHWE TaKMX HECTAOWUIIb-
HBIX JIEAHUKOB 1 HAONIOAECHUS 3a UX PEXKUMOM
MMEIOT OOJIbIIOEe HAYYHOE U IIPaKTUIeCKOe 3Haue-
aue [17]. Co3ganHas B paMKax ITpoeKTa reonHpop-
MAallMOHHAsI CUCTEMa MO3BOJISIET BU3YaIN3UPOBaTh
nHGOPMAIINIO O HECTAOMIbHBIX JICTHUKAX 1 aHAJIH-
3MpPOBaTh €€ COBMECTHO C IPYTUMM ITapaMeTpaMu —
IUIOIIANBI0, MOP(OJIOTUICCKIM TUIIOM, IJIMHOM,
AKCITO3NIINEN U T.1. (puc. 3).

Ha Kaskase BbimesieHo 23 JeqHNKA, N3BECTHBIX
CBOMMM ITOIBMKKAMM (B MX YKUCJIE YETBIPE ITYJIb-
cupyromux — Konaka, JleBgopakcKuii, XpyMKoOJ
u Mypkap) [18, 19]. TepMuH «Iryabcauusi» IIpen-
rmoJjiaraeT OIIpeneIEHHYIO IIEPUOINIHOCTh PE3KOil
aKTUBaMU JeTHUKOB. OgHAaKO y OOJBIIMHCTBA
BBISIBJICHHBIX HECTAOMIbHBIX JICAHUKOB HE yCTa-
HOBJICHO IIPU3HAKOB IIOBTOPSIEMOCTH 3TOTO SIBJIE-
HUSI, IO3TOMY TePMUH <«IIOABIDKKA JICTHUKA», TIPU-
MEHSIEMBII1 KaK CUHOHUM JICTHUKOBOI IYyJIbCaIlUH,
OoJiee yHUBepcajieH. B Hacrosiiiee BpeMst Ha KaB-
Ka3e caMblil OOJIBIION IO IUIOIIANYN JeAHUK, IJIS
KOTOpPOTO YCTaHOBJEH (DAaKT MOABMKKU, — JIEH-

HuK Bonbioii Azay (16,42 kM?2), a caMblii MaJIeHb-
kuii (0,14 km?) — nexnuk Ne 267. B quanasone ot
0,14 no 7 xm? Haxonutcs 10 negHukoB. [lnomanb
Tpéx JeqHUKOB mpesbimaer 10 km2. Mopdosoru-
YeCKHe TUIIBl 3TUX JICTHUKOB — IOJMHHBIE, Kapo-
BO-IOJMHHBIC, CIOXHO-IOJMHHBIC, KOHMIECKHX
BepinH. CaMbIif U3BECTHBIN — NOJMHHBIN JIGTHUK
Konka, pacooxkeHHBII Ha ceBepHOM cKi1oHe Kas-
O0ek-/xnmapalickoro Maccuna.

Ha apkruyeckmx ocTpoBax U apxmIlenarax He-
cTaOMJIbHBIC JIETHUKW UASHTU(PUIMPOBAHBI HA
Hosoit 3emie, rome HaOdaODanach IMOABMXKa Ha
neganke CtpoitHOM. Y 15 nemHMKOB oOHapyXe-
HBI IPU3HAKN HECTAOMIBHOCTU, CPeI KOTOPhIX —
KpYIIHbIe HEPAaBHOMEPHOCTH B KOHGUTYpalluu
HaJIOKEHHBIX 1 BIIOKEHHBIX ITIOTOKOB U ITeTIe00pas-
HBI PUCYHOK CPEIMHHBIX M OOKOBBIX MOPEH, YTO
MpeamnojaraeT BIIOJTHE BEPOSITHYIO BO3MOXHOCTD
noABMKKHU. Y 11 TemMHMKOB BUAMMBIE HA CHUMKAaX
MPU3HAKN HECTAaOMILHOCTH BBIpAaXKEHBI MEHEe OJe-
BUIHO, YTO ITO3BOJIMJIO OTHECTH UX K KaTeTOpUH
JICTHUKOB, IIJIsI KOTOPHIX BO3MOXHO BO3HHMKHOBE-
HUE TOABMKKM. B ApKTHKe oTMeuaeTcsl yCuaeHue
IUHAMUYECKON HEYCTOMYMBOCTU OJICACHEHMSI, BBI-
pasuBIIEeCs B MyJabCAlMSIX BbIBOAHBIX JEAHUKOB U
B KPYITHBIX ITOABIKKAX OTIASIbHBIX 0aCCEIHOB JIeI-
HUKOBBIX KymoJioB [20]. BeposgTHo, Takne n3mMeHe-
HUSI CBSI3aHBI C IEPECTPOMKONM BHYTPEHHEIO THUII-
POTEpMUYECKOTO peXMMa JICITHUKOB B pe3yJIbTaTe
00X U3MEHEHUM KJIMMAaTa, a TAaKKe IIPSIMOTO WIIN
KOCBEHHOTI'0 B3ammomeiicTBus ¢ MopeM. [Ipumep
TaKOI HEYCTOMYMBOCTU — Pa3BUTHE KPYHMHOM IO -
BIDKKM B 3alIafHOM CEKTOpE JIEMHUKOBOTO KyII0jia
Basmosa na CeBepnoit 3emire [21].

Em¢ onun paiioH, rae cylecTBYIOT HeCTaOUIb-
Hble JenHuK, — Kamuyarka. 3mech HaxomsaTces Jem-
HUK 00BaJIbHBIX LUPKOB YepeMONIHbI 1 OOUH U3
caMBbIX OOJIBIINX M M3BECTHHIX JICTHUKOB Ha KaM-
YaTKe — KaJIbACPHO-IOJIMHHBIN JIETHNK brbueHOK.
DTO — caMBlIil KPYITHBIN MYJbCUPYIONINH JIETHUK B
ropax Poccum, pacriojioXeHHBIN B CeBepoO-3alai-
HoMl yacTu KiIroueBCcKoOM rpymmbl ByJKaHOB. M3-
BECTHBI JBE €ro MoaBMXKKHU [22]: 1959—1960 rr. u
MEHBIIIas 1o MacITady moaBikka 1982—1984 rr.

Ilpuaeonurosote 03épa. I1popHIBEI IIPUICTHU-
KOBBIX 03€p M IOCIeAyIIIre 00pa30oBaHUs cejie-
BBIX IIOTOKOB OTHOCSITCSI K OITACHBIM SIBJICHUSIM TJISI-
LUaJIbHOIO reHe3nca. Hanuume mpuiaeiHUKOBOTO
03epa B TOPHOM JOJIMHE — BaXXKHBI KPUTEPUIL Ce-
JIEOITACHOCTH 3TOM JOJIMHBI X, HECMOTPSI Ha TO, YTO
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Puc. 3. Ctpanuua negHuKoBOro paitoHa «KaBkasz».

TnapHasi cTpaHHA O mpoekre Vv JIeZIHHKOBbIE PAHOHBI
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KapTa MMYJbCUPYIOHIUX JICAHUKOB Kapka3a: KpaCHBIM IIBETOM ITOKa3aHbl JEAHUKH, HA KOTOPbIX HabJI0AIMCh TTOIBWXKKU; OopaH-
2KEBbIM — JICAHUKU, NJIA KOTOPBIX IMOABUKKHU BITOJIHE BEPOATHDI; KENTHIM — JIEIHUKM 03 TIpU3HaKOB HeCTabUJIbHOCTH

Fig. 3. Page of the glacial region «Caucasus».

Map of the unstable glaciers: glaciers on which surges were observed are shown in red; glaciers with signs of instability are shown in

orange; glaciers with no signs of instability — in yellow

TOUHBIE MTPOTHO3BI MPOPHIBA 03EP EAMHUYHEI [23],
9TO — OoJiee HAAEKHBIN KPUTEPUI YeM HaJIMYue ce-
neBoro ouara. Kpome Toro, ¢pakropamu ycuiaeHus1
CeJIEBOM aKTMBHOCTH TPaIUIIMOHHO CUYMTAIOT HAJIU-
Y1i¢ MaCCUBOB MEPTBBIX JIBAOB C TEPMOKAPCTOBBIMU
MpolieccaMy U CYIIeCTBOBAaHUE BHYTPUJIEITHUKO-
BBIX nojiocTeit [24]. [TpupoaHbie SIBIEHUS CTaHO-
BSITCSI OITACHBIMU, €CJIM OHM BBI3BIBAIOT 9KOHOMU-
YEeCKMI, 9KOJOTUYECKUI U coOLMalbHbIN yiepo.
IIpuneagHMKOBBIE 03€pa CYILIECTBYIOT ITOYTH BO BCEX
JIeAHUKOBBIX paiioHax Poccuu. Camoe Gomblnoe
nx yucnao (1830) unentuduuuponaHo Ha KaBka-
3e, Tae 0oJiee IBYX TpeTel JeJHUKOB UMEIOT 03€pa
Ha cBOéM mpenamnojibe. O3¢pa BCTpevyarTCs U Ha
Antae (640). Y TpeTH JIETHUKOB Ha Ypajie TaKxXKe
eCTb IIpUJIeAHUKOBBIC 03€pa. B naHHOM uccieno-

BaHMU B TPEX KOHTUHEHTAIbHBIX JICAHUKOBBIX CU-
cTeMax MpuJieIHUKOBBIE 03Epa He OOHApPYKEHBI:
xp. OpynraH, xp. Yepckoro u KosbsIMckoe Haropbe.
ITpunennukoBbIe 03€pa pacrpocTpaHeHbl B Kopsik-
ckom Haropbe (158), Ky3neukom Anaray (34), Uy-
KoTckoM Haropbe (21), Ha HoBoit 3emie (41) u Ce-
BepHoit 3emuie (38). JIyulre Bcero oHu U3y4eHBI Ha
KaBkaze u Antae. g atux peruoHoB B Karanore
JaHa 0oJiee ToapoOoHas MH(GOpMAaLIUs O TPUIIeIHN-
KOBBIX U MOAIPYKEHHBIX 03€pax.

Ha ocHoBe Bu3yalbHOTro gemn@pupoBaHus
KOCMUYECKUX CHUMKOB Sentinel-2 MSI BbIsiBIeHO
368 03€p, pacnoyioKeHHBIX Ha BbicoTax ot 1000 no
3300 M Han yp. Mops B ipeaenax Poccuiickoit yactu
Kaskaza: 12 03€p — B Pecniyonuke Anpirest, 71 — B
KpacHonmapckoMm kpae, 194 — B KapauaeBo-Yepkec-
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cun, 60 — B Ocetun, 3 — B Ueune u 5 — B [arecra-
He. 226 03ép u3 368 HaxoAsITCA B IIpedenax 5 KM OT
KpaeBBIX YacTeil IGTHMKOB. BboJIbIIMHCTBO mpuien-
HUKOBBIX 03€p pacIoOJIOKEHO B mpenesiax 3alagHo-
ro u llenTpanpHoro KaBkasa, B BOCTOUHOI 9acTu
Kaskaza Bu3syanpHOe OemmndprupoBaHUe He ITO03BO-
JIJIO UIOeHTU(DUIIUPOBATH IIPUICTHUKOBBIE 03€pa.
Bcero B nipeaenax boabmoro Kaskasa BbISIBIEHO
1830 03ép obweii Iomanso okoo 95,8 km? (pu
MOJCYETE HE YIMTHIBAIMCH 03€pa IUIOLIAIbI0 MEHEe
500 M2, Kpome KapCTOBBIX 001acTei).

Ha Anrtae obHapyxeHo 640 mpuiaeIHUKOBBIX
03€ép. B 0a3ze maHHBIX K KaxXI0My 03epy MpuBsI3aH
JIETHUK, KOTOPBII JICKUT B BEPXOBBSIX, W ITOIIOJI-
HUTEJIbHO yYKa3aH BTOPOIl JIEMHUK, €CIU B IOJIMHE
nx Heckonbko. [loka3aHbl TONIBKO 03€pa, HaXOMmsI-
muecs He ganee 2,5 KM OT JJeIHUKOB M KOTOPHIC
TOYHO MMEIOT JIEMHUKOBOE IMMTAaHUE U IIPOUCXOXK-
neHue. UnentuduuupoBaHo §2 mpopbiBoOMac-
HBIX 03epa obuieii miomanpio 2,7 km2. OHU 6bUTH
UICHTU(PUIIUPOBAHEI 110 CJIEAYIOIINM IpU3HAKAM:
wiomans 6osee 5000 M2; HaIU4Me JEOSTHON CTEH-
KM, T.€. 03ep0O HEIOCPEICTBEHHO KOHTAKTUPYET C
JIeAHUKOM; 00pa30Baioch B T€UECHUE TMOCIEIHUX
20—40 net o cpaBHEeHMIO ¢ TorokapToit 1992 r. u
3HAYUTEIbHO YBEIUUYMIIOCh (6osee yuem Ha 30%) mo
CpaBHEHUIO ¢ TonmokapTtoit 1992 r.

Aiicoepzoobpa3syrowue aednuxu. B Boripoce oleH-
KM OITACHOCTHM JIETHUKOBBIX CUCTEM U MX KOMITO-
HEHTOB 0c000€ BHUMaHUe yAeJseTcs JeAHUKAM,
3aKaHYMBAIOILIMMCS B MOpE, IlIe OHU B pe3ybTaTe
oTéJia cOpachIBaloT aiicoepru. Takue 1eAHUKU, a UX
Ha3bIBaIOT MPUJIMBHBIMU, BEOYT ceOs OYCHBb TUHA-
MUWYHO, IPUHUIMITNAILHO OTIMYAsCh OT JICSAHUKOB,
OKaHUYMBAIOIINXCS Ha cylie. M3MeHeHne X IJIMHBL
4acTO MPOUCXOAUT ACUHXPOHHO € KJIMMaTUYECKUM
BO3IENCTBUEM U, TTO-BUANMOMY, CUJIBHO 3aBUCUT
OT pelibea JIeMHUKOBOTO Jioxa. Takas fuHaMuye-
cKasl HeCTaOMJIbHOCTDh C BHE3AIMHBIMU (pa3aMu YCKO-
PEHHOTO OTCTYITaHUS C YCUJIEHUEM TEMIIOB OTENa
JIEAHUKOB M MOTEPU UX MACCHI OMMacHa He TOJbKO
IUIST CYOOXOMHBIX ITyTel M1 OCBOCHUSI MUHEPaTbHBIX
pecypcoB Ha MOPCKUX Iuejbdax, HO U JAJIs 9KOCU-
cteM (ObOPIAOB U, UTO OYEHb BaXXHO, CIIOCOOCTBYET
YCKOPEHHOMY TTOBBIIIIEHUIO YPOBHS MOPSI.

Ha ocHoBe BbIpaOOTaHHBIX KPUTEPHEB OLIEHEHO
pacrnpocTpaHeHue aiicbeproodpas3yoimmx JeIHUKOB
Ha Tepputopun Poccuu. OHM oTMeuaroTcs B ApK-
TUUYECKOI 30HE Ha apxumeyarax u ocrponax Poc-
cuiickoii Apktuku. Haubonbiiee ux uuciao (275)

oOHapyxeHo Ha apxurnenare 3emist @panna-Mocu-
da. D10 — 45% obGmero uyucna (570) cymmapHoi
ruromansio 9315 km2, wim 74% Beeit miomaay oe-
neHenust apxunenara. Ha CeBepHoil 3eMiie Takux
JIemHUKOB 58, a Ha HoBoil 3emite — 42.

W3meHenns neaHUKOB Ha Tepputopun Poccuu

CdopmupoBaHHBIe 0a3bI TaHHBIX TTO3BOJMIN
OILICHUTHL M3MEHEHUS TUIOIIAAN W YKcIia JISTHUKOB
B JIETHUKOBBIX CHCTeMax Ha Tepputopum Poccnm,
npousoteaiine 3a rnmociaeanue 60 ner. OcHOBHOM
MacCcuB MH(MOPMAIINH I OLIEHKW M3MEeHEeHMI TIpe-
noctabiageT Kartanor nengaukos CCCP. CorinacHo
ero JaHHBIM, B 23 JIEMHUKOBBIX CHUCTeMaxX Ha Tep-
putopun Poccun Bo BTopoif momoBrHe XX B. Ha-
CUUTHIBAJIIOCH 8422 jegHUKa OOIeil IJIOLIAAbIO
60 056 xm2. [To JaHHBIM AeUPPUPOBAHNST KOCMU-
YeCKNX CHUMKOB, MTOJIYYEHHBIX ITPENMYIIIECTBEHHO
BO BTOpoOii nekane XXI B., rutomiags 3TUX JIETHUKOB
cokpaTuiach Ha 5594 km2, wiu Ha 9,3%. [iowmans
JIETHUKOB, KOTOPbIE OBIJIA MCCIIEOBAHBI YKe TTOCITe
BBIXOJIa B CBeT Bcex yactell Karajora JIeTHUKOB
CCCP, cocrasisa 69 km2. [To HalIMM JaHHBIM,
OHa yMeHbIIWIach Ha 9,7 km?2, win Ha 12,3%. Benu-
YHA U3MEHEHUS JIETHUKOB CYIIECTBEHHO OTJIMYa-
eTCs T pa3HbIX palfOHOB.

Apxmuueckas 3ona. I1nomanp MoJsIpHOTO OJee-
HEHUSI COKpaTIIach MeHee 3HAaYUTEBHO IO CpaB-
HEHUIO C TJIOIIAIbIO JIETHUKOB TOPHBIX PaiiOHOB.
3HaveHust Kojeomores ot 5,94% (Hosas 3emiist)
100 19,11% (octpoBa [e-Jlonra.). MeHblile Bcero
(5,94%) 13 NOASIPHBIX PAiOHOB COKPATUIOCH CAMOE
OoJblIOE MO TUIoIaau oneaecHeHue HoBoit 3emmn.
HckmoueHue coctasiusieT o. BpaHresi, rae He ObLUIO
0OHapy:KeHO HM OTHOTO JIEMHNKA U3 MTOMEIIEHHBIX
B Karanor negnukoB CCCP. Yxe Bo BpeMst cocTaB-
nenus Karanora negHukos CCCP oTrMmeualioch,
YTO MaJieHbKME JIETHUKU Ha OCTPOBE CYILIECTBYIOT
B IIpeAeIbHO BO3MOXHBIX YCIOBUSIX U OTHECEHUE
K JIEJHUKaM HeOOJNBIINX CIOXEHHBIX GUPHOM U
JIBIOM 00pa30BaHKil ObLIO CITOPHBIM [6].

HeGonpuive uaMeHeHUs TUIOLIAAU JIEAHUKOB
ApKTUYECKUX apXUITeJIaroB He MCKITI0YaIoT MOTEPH
MaccCHhI JIbJa 3a CYET MMOHVKEeHNS TToBepxHOCcTH. Cyns
0 UMEIOIIMMCS TaHHBIM, TTOTEPU Macchl JibjIa Ha
apxumneiare 3emurst @panna-Mocuda oreHUBarOT-
ca B —3,5+3,2 I't/ron 3a mepuonx 2004—2008 rr. u
—0,8+1,3 I'r/rox 3a 2008—2012 rr. C 2011 1mo 2015 .
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nmoTrepu Maccel JemHuKaMu 3emian ®panna-Mocu-
¢a ymBomnucsk. Ilo cpaBHenmio ¢ 1953 — 2011—
2015 rr. oHm yBenmmumiauch ¢ —2,18+0,72 I't/ron oo
—4,43+0,78 I't/rox (1.e. npumepHoO oT 17,4%6,5 cM
B.3. Broa a0 35,4£6,2 cm B.3. B roxn) [25]. ITo mocnen-
HUM o1ieHKaM, ¢ arpenst 2002 . 1o ceHTsI0pb 2019 T.
6amanc Maccel JegHuKoB 3emnu ®dpanna-Mocuda
coctanistn —20,24+6 I't/ron, mpuyéM MOTEpU YCKO-
pstmcek ¢ TemrioMm —1,2+0,2 I'r/rom, 4To B €10€ BOIBI
coctapisieT —39,2+11,6 cM B.3. B rox [26].

Cybapkmuka. Ilnomanp negHukoB Poccuii-
ckoii CybapKTUKU COKpaTujach 00Jjiee CyIIeCTBeH-
Ho. He ObLIM oOHapyXeHbl MaJleHbKUE JIEAHUKMU,
CyLIEeCTBOBaBIIME paHee B XubuHax. JIemHUKU Ha
Vpajie yMEeHBIIIIA CBOIO TUIOMANb Ha 63%. HemHO-
IO MEHbIIIe COKPATUINCh IUIOMIAAN JIGAHUKOBBIX CH-
cteM xpe6ToB OpyiaraH (46,6%), Yepckoro (44,4%),
rop Cynrap-Xasra (34%). [1ns psina pailOHOB, Ha-
XOISIIIMXCS B CyOApKTUIECKON 30HE, TOIyYeHBI CO-
BCeM HeOOJIbIINe 3HAUCHUST COKpAIleHUs I JaxKe
YBEIMYECHUS IUTOIIAAN. DTO CBSI3aHO B IIEPBYIO OYe-
penb ¢ Tem, uto B Karamor negankoB CCCP u B pe-
3yJIbTATHI MOCEAYIONINX MCCIICIOBAHMI BOLLIN JaH-
HbIe He 000 BCeX JISMHMKAX 3TUX paitoHOB. B pamkax
MpoeKTa ObLI OOHAPYKEHBI HOBBIE JICMHUKI B TOpax
brippanra, KoasiMckoro Haropas, miato IlytopaHa.

Tax, B ropax BeippaHra u3 66 JJeTHUKOB pa3MepoM
6omee 0,1 km? ob1ueit mIomanbso 29,3 kM2, 3aHECEH-
HbIx B Kartanor negnukoB CCCP, Ha KOCMHUYECKUX
CHUMKaXx ObL1 IeirdprpoBaH 61 iemHUK 00IIei TUTO-
waneio 21,57 kM2, T.e. TIOIAAb 3TUX JIEAHUKOB CO-
KpaTuiach Ha 26%. Bbicokoe KauecTBO CITyTHMKOBBIX
CHUMKOB M yIadHas JaTa ChbEMKM (OTCYTCTBHE 00-
JIAYHOCTHU U CHEXXHOTO TTOKPOBA) MO3BOJIMIIM OO~
HUTEIbHO AelrbpupoBaTh U olu@poBaTh eme 147
HeOOJIBIINX JIEIHUKOB, pa3Mephbl KOTOPHIX JIeXKaT B
npenenax ot 0,01 no 0,35 km2. Kpome 30 MaiibIx J1e-
HUKOB, OTMeUeHHBIX B Karasyiore, B 3TO YMCJIO BOLLLIU
JIETHUKU CeBEPO-BOCTOUYHOI YacTu rop brippaHra,
o kotopbix yrnnomuHaet JI.C. T'oBopyxa [27]. Ob11as
riomans 3Tux 147 JeJHUKOB cocTaBisieT 8,22 KMm2.
Takum obpazoM, cymMapHas riolanb Beex 213 ne-
IKUOPUPOBAHHBIX U OLIM(MDPOBAHHBIX JETHUKOB TOp
Brippanra B 2019 r. cocrasuia 29,97 kM2,

IToxoxas cutyauus ¢ JIeAHUKOBOW CUCTEMOI
miarto Ilyropana. B padotre B.A. Capannl pakTu-
YeCcKM peuyb UIET TOJLKO O 61 jneaHuke, 3auKCu-
poBaHHOM B 1999 r. [28]. Ha kocMUYeCKUX CHUM-
Kax obL1 gemngpupoBaH 71 1eIHUKOBBIN TTOJUTOH.
B 510 uncito Bxomout 52 negHuka us 61, moMeréx-

HBIX B TAOJNITYy OOIIMX JAHHBIX 110 JIETHUKAM TIJIaTO
IMyropana. 3a 20 jget ¢ 1999 mo 2018—2019 rr.
IIECTh JISTHWKOB pa3feTuiInCh Ha 1Be yacT. Kpome
TOTO, Ha pacCMaTPUBAEeMON TEPPUTOPUHN OBIIO J0-
MOJHUTEJbHO AeMPpUpoBaHO N OU(PPOBAHO
13 nenankoB. CyauTh O IMHAMHWKE M3MEHEHUS TITO-
IIaau OJISACHEHUS CI0XHO B CBSI3U C pa3HOPOITHO-
CTBIO MCITOJIb30BAaHHBIX MAaTepPHAJIOB HA paccMaTpu-
BaeMbIe cpe3bl BpeMeHU. [1o HeKOTOphIM OIleHKaM,
cymMMapHag ruioianb 16 JIeTHUKOB, IPUCYTCTBYIO-
IIMX BO BCEX TPEX BPEMEHHBIX Cpe3ax, MMeeT TeH-
JEeHIINIO K He3HAaUYnTeIbHOMY yBenudeHmio. [1mo-
manab 71 megHnka, oun@poBaHHBIX IO CHUMKaM
2018—2019 rr., coctaBmia 11,62 km2.

B ouenke onmencHeHuss Kopskckoro Haropbs
TakKe €CTh MHOT'O pa3HOUTeHUi. JlaHHBIE O Jien-
HHUKax Xp. MaJMHOBCKOTO (3amagHoe Mmodepexkbe
OnoTopckoro 3aiuBa bepruHroBa Mopsi) U JeIHU-
Kax, pachojOKeHHbIX BOJM3U nmodepexbs bepuH-
rosa mops ot 60° 1o 62° c.u1., npuBoasaTcd B Kara-
jore [6]. D10 — 1335 eAHMKOB OOIIEN TIIOIIAABIO
259,5 kM2, u3 Hux 715 JNeIHUKOB UMEIOT IUIOLIALb
6osbie 0,1 kM2, a 06LIAs UX IUIOIIALb COCTABIIS-
etT 233,1 km?2. ITo nanHbiM A.T1. BackkoBckoro [29],
Ha TMEePBBIX ABYX ydyacTKax umeercd 461 nemHuK u
CHEeXXHUK ob1eit momanbio 185 kM2 B 2001 r. 6611
onybonukoBaH Karanor nenHukoB P.B. CenoBa Ha
TEPPUTOPUIO CeBEepHOIT yacTu KOpsIKCKOro Haropbst
(MbitHbinbIIbIMHCKUEI Xp.) [30]. JIuwb A1 3TOro
ydacTka TBEpAO onpeaeeHsl uncio (116) nerHuKoB
U ux riomanp (44 xm?).

Ha kocmunueckux cHumkax Sentinel-2 2018 r.
obL10 UaeHTUGULIIMpoBaHo 90 neaHuKoB U3 116, BbI-
apineHHbIX P.B. CenoBbiM. YcTaHOBIEHO, YTO MHO-
rve JeIHUKU, KPOME OTKPBITHIX JIETHUKOBBIX ITO-
BEPXHOCTEI B UX BEPXOBBSIX, UMCIOT SI3bIKOBUIHBIC
WJIN JIOITACTHBIE 0Opa30BaHUsI, BHEITHE TTOXOXKE Ha
KaMeHHBIE TJIETYSPHl MM OpOHUPOBAaHHBIE 00JIO-
MOYHBIM MaTepuasioM JienHuKu. Kpome Toro, mo-
MOJIHUTEJILHO UIeHTU(ULMpoBaHo 17 1eIHUKOB B
Kapax, rae P.B. CenoBbIM ObIJIM OTMEUEHBI CHEXK-
HuKU. B pesynbrate obias niuomwanb 114 negHu-
KOB cocTaBuia 42,19 kM2, T.e. MOKHO CUMTAThb, YTO
MpOLLIeIINe AECATUIETUS cJ1a00 OTpa3WIMCh Ha pa3-
Mepax JIEAHUKOB 3TOr0 paiioHa B pe3yjabTaTe OpOHU-
pOBaHUS UX TTIOBEPXHOCTU OOJJOMOYHBLIM MaTepua-
JioM. CoKpallleHUIO MOTJIM MOIBEPTHYThCS OTKPBIThIC
Y4aCTKM MOBEPXHOCTH JibAa, HO pa3pelleHue Uc-
MOJb30BAaHHBIX KOCMUYECKUX CHUMKOB He M03BO-
JISIET TIOJIYYUTh UH(OPMALIMIO IJIS1 TAKUX OLIEHOK.
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Bcero na KopsikckoMm Haropbe (BKiIro4ass MaitHBI-
MBUTEIMTHCKIN XpebeT) ooHapykeHo 890 J1eTHUKOB
obweii romanpio 296,3 km2. MakcuMalbHbIN pa3-
Mep meganka — 5,1 km2. I1peo6namaror (810) neman-
KM TUToIanpio He 6osee 0,7 kM2, XapaKTepHast 0CO-
OCHHOCTbD JIETHUKOB — HaJIM4YKMe MOPEHHOIO YeXJa,
MOJIHOCTBIO 3aKPBIBAIOIIETO OBEPXHOCTh JIGTHHUKA.
Takux ieMTHUKOB 06HapyXeHO 796. COOTBETCTBEHHO
94 negHUKa MPEUMYILIECTBEHHO KapoBoro tuma (68)
HMMEIOT Y4aCTKU OTKPBITOTO JIBJA.

st uccnemoBaHUS JJeIHUKOB KoIbIMCKOTO 1
YyKOTCKOT0 Haropuii UCIIOIb30BaHbl KOCMUYECKIE
cHuMku Sentinel-2 2016—2019 rr. u ny6aukauuu
P.B. Cenosa [31—33]. Ha KonpIMcKOM Haropbe B
1990 1 1994 r. CenoB ormeTwn 19 1eTHUKOB B Kapax,
a Ha Yykorckom Haropbe B 1982—1989 rr. — 47 nen-
HukoB. Ha cuumkax Sentinel-2 (2016—2019 1r.) HU
B OTHOM 13 KapoB He OBLIO YCTAHOBJICHO OTKPHBITOM
JIEIOBOI ITIOBEPXHOCTU. B HEKOTOPBIX Kapax HAOII0-
IACh XaOTUYeCKNe CHEXHBIC IISITHA, a KOe-TIe B
TBIJIOBBIX YaCTSIX HA X CKJIOHAX — OCTaTKM JIABUH-
HbIX KOHYycOB. B KoJbIMCKOM Haropbe 0OHapyKeHbI
38 KaMeHHO-JIEHOBBIX 00pPa30BaHUIl U TOJBKO OTUH
JISTHUK C YMCTOI JIETOBOM ITOBEPXHOCTHIO B 30HE €0
NMUTaHKA ¢ 00Lei Tuomaneio 6,62 km2. B Yykor-
CKOM Harophbe OTMeuUeHbI 63 JeJHUKA 001l TUIoIa-
nbio 16 kM2, 3 Hux B xp. Mckarenb — 26 (8,8 km?), B
ropHoM Maccuse 6yxTel [TpoBunenns — 34 (6,43 km?)
u B xp. [TakynbHeit — 3 (0,76 km?).

Ymepennvte mupomot. CoxpalieHue riolia-
U JIEAHUKOBBIX CUCTEM YMEPEHHOTIO ITosica HaX0-
auTcs B nuamnasoHe ot 57% (Boctounbiii CastH) 10
13% (Konap). CaMble KpyITHbIE JIETHUKOBBIE CUCTE-
mbl KaBkaza, Kamuatku v Antast yMeHbIIUIU CBOU
IUIOLIaAN COOTBETCTBEHHO Ha 25, 22 u 39%. Ilo
naHHbIM Katasnora negnukos CCCP [6], B 1965—
1975 rr. Ha bonbmioMm KaBka3ze HacUMTHIBAIOCh
2048 nenHukoB ob1eii riomansio 1408,7 kM2, Tlo
cocrostHuto Ha 2000 r. YKuciIo JIETHUKOB HECKOIBKO
BO3pOCJIO 3a CUET OTWICHEHUS IPUTOKOB KPYITHBIX
JIETHUKOB, TOTJa KaK IUIOIIAAb OJIEAEHEHUS] YMEHb-
mmtack 10 1248 xm?. K Poccun OTHOCHTCS Teppu-
topus CeBepHoro Kapka3za, rae B 2000 r. HaxoauI-
ca 1521 nenHuK obLIel TUIOIAALI0 OKOIO 854 KM?2.

ITo pesynbTaTaM 00pabOTKM CIYTHUKO-
BBIX CHUMKOB Sentinel-2, MoJlydeHHBIX B UIOJIe U
centsope 2017 r. u aBrycre u ceHtssope 2018 r., Ha
KaBka3ze oOHapyxeHo 2046 ieIHUKOB OOLIEH TIJ10-
mwazabio 1067 km?2. Ha 97 KpynHbIX JIeTHUKOB (bosee
5 kM?) mpuxoautcs 6onee Tpetu (440 kM?) TToma-

nu oneaeHeHus: Kaskasza. JlegHUKHU, miomaab KOTo-
puIX HaxoauTcs B nuana3one 0,1—0,5 km?, B HacTO-
giee BpeMsi — caMble MHOTOYKCIeHHbIe (674) Ha
Kagkase. bosblie MojJIoBUHBI JEAHUKOB 10 TLUTOLIA-
IIU 1 TI0 YHCIIYy PACIIOIOXEHBI HAa CEBEPHOM MaKpo-
ckioHe bonpmoro Kaska3za. 3a Bpems, mipolreaiiee
nocliie cocrtaBiaeHusa Karanora segnukos CCCP,
oneneHenune Kapkasa cokpatuioch Ha 28,2%. [1pu
3TOM ILIOIIAAb JIEAHUKOB CEBEPHOTO MaKpOCKIOHA
bonbiioro KaBkaza yMmeHbIIMIaCh HEMHOTO 00JIb-
e (—28,5%) 4yem roxHoro ckijioHa (—27,6%). Ilo
nanHbeIM [34], B 2014 1. Ha KaBka3ze onu10o 2020 nen-
HUKOB ob61Ieit turomansio 1193,2 kM2, a onengeHe-
Hue cokpainajioch Ha 0, 44% B rog B 1960—1986 1T.
u Ha 0,69% B rog B 1986—2014 rr. [ToaydeHHBIE
HaMH pe3yJbTaThl ITOKa3bIBAIOT, YTO 3a IIEPUOI
1986—2018 rr. oeaeHeHNE COKPATUIIOCh Ha 415 Km?
co ckopoctbio 0,87% B roa. Takum 006pa3oM, Mbl
BUAVM YCKOpeHHUE TassHMS JenHUKoB KaBkasa.

Ha Kamuartke naeHTuduULIMpoBaHo 732 IeqHN-
Ka ob1ieii momanbio okono 680 kM2, I1o maHHBIM
Karamora nemnnkos CCCP, B cepenuae XX B. Ha
KamuaTtke HacuuTsiBanoch 405 1eIHUKOB OOIICiH
momaneio 874 km2. OTMETUM, YTO JajbHeillne
HCCJIeOBaHUs OJICACHEHUSI JaHHOTO paiioHa I10-
3BOJIMJIA OOHAPYKUTh MHOXECTBO JISAHUKOB, HE 3a-
perucTpupoBaHHBIX B Karayore, mosatoMy mpsimoe
CpaBHEHMUE YMCJIa U TIOLIAIU JIETHUKOB C JaHHBI-
MM COBPEMEHHBIX MCCJICHOBAaHUM 3aTpyaHeHO. W3-
MEHEHUS TUIOIIAAN OJISACHEHMST Pa3IMYHbBIX paiio-
HoB KaMuaTKy co BpeMeHHM KaTajloru3alnmy KpaiiHe
HepaBHOMEpPHBI. DTO CBS3aHO C pa3HOOOpa3zuem
MIPUPOIHBIX YCIOBHI IToJyocTpoBa. Tak, miomagsb
oneneHeHus: KpoHoukoro nmojiyoctpoBa 3a 1957—
2013 rr. cokpartuiachk Ha 27,6% [35]. Onenenenue
BYJIKAHMYECKOTO MaccuBa ATHeli-YaliakoHmKa Imo-
tepsuio 19,5% mnomanu 3a 1950—2010 rr. [Tiowmans
oneneHenus MunHckoro ByiakaHa ¢ 1950 mo 2010—
2014 rr. npakTUYeCcKU HEe U3MEHUJIACh U3-3a MOLII-
HOTO MOPEHHOTI'O ITOKpPOBa, OPOHUPYIOLIETO SI3bIKU
JneqHUKoB. B npenenax KimoueBCcKoii TpyIIIibl BYJI-
KaHOB, HA00OPOT, HAOIOAAETCSI HEOOIbIION POCT
ruowany oneaeHeHus — Ha 4% (8,7 km?) ¢ 1950 o
2010—2015 rr. [22]. Takass HEOOIHOPOAHOCTh B MO-
BEeI€HUHU JIEAIHUKOB B pa3HbIX paiioHax KamyaTtku
0o0ycJIoBJIeHa pa3HOOOpa3ueM coueTaHuii (opM Ma-
KpopeJibeda, KIMMaTUYeCKUX XapaKTePUCTUK U CO-
BPEMEHHOM BYJIKAHUYECKON aKTUBHOCTBIO.

OneneHenue Antas mo naHHbIM Kartasora Jjien-
HukoB CCCP 3anumano 6osee 1500 km?. M3 HUX Ha
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Poccuro nmpuxonmiock okoio 871 km? B ceBepo-BoC-
TOYHOM CEKTOpe TOpHOii cTpaHbl. I1o maHHBIM 00-
paboTkn cHUMKOB Sentinel-2 1. (2018 1.), Ha Tep-
putopuu Antas (pocCHCKas 4acTb) HAXOMUTCS
720 neqHUKOB ob1el ruowmansio 510,1 km?2. 3a 65 et
ncuesno 143 nemnuka, a 108 pazgenmioch Ha 2—5 ga-
creii. [tomank oneaeHeHns coKpatmiaach Ha 39%.

Pesynbrarhl BHITOJHEHHBIX MCCAEA0BAHUM IO -
TBEPKIAIOT TEHACHIIMU COKpallleHUs IJI0IIaman
JIETHUKOB Ha Bcell Tepputopuu Poccum. Mckimo-
YeHHEe COCTABJISIOT JIESAHUKU BYJIKAHUYECKUX paii-
oHoB KamyaTtku. OHU YBEJIMYMIN CBOU pa3Mephl
WIM OCTaJIMCh MpeXXHUMM. TeHIeHUMHU K COKpallle-
HUIO He HAOJII0IaeTCsl, YTO OOYCIOBJICHO HATUUUEM
MOIITHOM TTOBEPXHOCTHOI MOPEHBI 13 BYJIKAHOTCH-
HOro MaTepuaia. Be1rurHa u CKOpoCTb U3MEHEHU I
mapaMeTpoB OJieAeHEeHUs B pa3HbIX paiioHax Poc-
CUM 3aBUCSIT OT JIOKAJIBHBIX KIMMAaTUYECKHX U OPO-
rpapuyeckux oCOOEHHOCTEM, a TakxKe OT HaIU4US
WJIN OTCYTCTBUSI aKTUBHOI'O BYJIKAHU3MA.

3akinioueHne

Cosganne HoBoro Karamora 1mo3Bojniao mojy-
YUTh HOBBIC 3HAHUS O COCTOSTHUU JeOTHUKOB Poc-
CHUM B KOHIIE BTOpOIi nekaabl XX1 B. U OLEHUTh W3-
MEHEHUS, TIPOM30IIeAIINE C JISTHUKAMU C CePEITHBI
XX B. Karanor nenHukoB Poccuu cogepkut uHdop-
MalMIo 0 22-X JIEMHUKOBBIX CUCTeMaX OOIIIel MIo-
mansio 54 518 km?. ITo cpasHenuio ¢ Karanorom
nenHukoB CCCP (1965—1982 rr.) miowanb Jiea-
HUKOB Ha TeppuTopuu Poccuu yMeHbIIMIach Ha
5594 km?2, unn 9,3%. BeamuuHa U CKOPOCTh U3MEHE-
HUiT B pa3HBIX paiifoHaX CUJIBHO pa3INJaloTcd M 3a-
BUCST OT KOMIUIEKCA MECTHBIX IIPUPOIHBIX YCIIOBUIA.

CdhopmMupoBaHHBIE O €IUHON MpoOTpamMMe U
B eIMHOM (popMaTe 06a3bl JaHHBIX, a TaKXe pa3-
paboTaHHBIE aJITOPUTMBI aHAJIM3a MTO3BOJISAT UC-
MOJIb30BaTh MPUEMBI TEOMH(MOPMAIIMOHHOTO MO-
IeIMpOoBaHUS OIS HAaJIbHEMIINX MCCIeTOBaHUM

JIuTeparypa

1. Paul E, Rastner P, Azzoni R.S., Diolaiuti G., Fugaz-
za D., Le Bris R., Nemec J., Rabatel A., Ramusovic M.,
Schwaizer G., Smiraglia C. Glacier shrinkage in the Alps
continues unabated as revealed by a new glacier invento-
ry from Sentinel-2 // Earth Syst. Sci. Data. 2020. V. 12.
P. 1805—1821. doi: org/10.5194 /essd-12-1805-2020.

B3aIMOCBSI3€ii, COCTOSTHUSI U MPOMUCXOMSIINX M3~
MEHEHUN B JIEAHUKOBBIX cucTeMax. IlonxyuyeHHEIe
JIaHHbIE HAaXOJATCS B OTKPHITOM JIOCTYIIe Ha caiiTe
«Karanor nemnukos Poccum» (www.glacrus.ru).
B pamkax MexXayHapoJHOI'O COTPYIHWUYECTBAa WH-
(opmarus repeaaHa B 6a3bl JaHHBIX MexXIyHapo/i-
HOTO TpoeKTa «I'JTo6aabHbIe NU3MEePEeHUSI Ha3eMHOTO
Jbaa u3 kocmoca» (GLIMS) u MupoBoro kataiora
nenHukoB (RGI). Takum obpazom, Karamor nennu-
KoB Poccuu cTan coctaBHOI 4acTbIO MUPOBOM CH-
CTeMbl MOHUTOPMHTIA JIETHUKOB, BKJIaJ0M B pellle-
HUe 3amau (OPMUPOBAHUS U PA3BUTHUSI MaCCUBOB
JaHHBIX 110 BCEM KOMITOHEHTAM KJIMMaTUIECKOU
CHUCTEMBI, UTO MO3BOJIUT JIeJaTh HAyYHO OOOCHOBaH-
HBbIE BBIBOJIBI O COCTOSIHUY ¥ U3MEHEHUSIX KJIMMAaTa
¥ UX BIIMSTHUM HA aKTUBU3ALIMIO OITACHBIX CTUXUIA-
HBIX IIPOIIECCOB.

Co3nmaHHbIil THGOPMALIMOHHBIN pecypc — ocC-
HOBA IS Pa3BUTHUSI CUCTEMBI MOHUTOPHUHTA COCTO-
SIHUSI JIEMHUKOB Ha Tepputopuu Poccuun. K 3agauam
JaTbHEWIINX UCCIeOBAHMI OTHOCSITCS: OTpeesie-
HUE ONTUMAaJIbHBIX CPOKOB ITOBTOPHBIX MHBEHTAPH -
3alMi, KOTOPBIE 3aBUCAT OT CKOPOCTU U3MEHEHUN
JIEAHUKOBBIX ITAPaMETPOB; COBEPIIICHCTBOBAHME ME-
TOIOB AeIIU(PUPOBAHUS CITYTHUKOBBIX CHUMKOB,
BKJII0Yass KOMOMHUPOBaHNE aBTOMATU3MPOBAaHHBIX
M BKCIIEPTHHIX ITOAX0A0B; paciimpeHe nHgopMa-
LUOHHON MH(PPACTPYKTYPHI 0a3bl TaHHBIX, B KOTO-
pyIO IJIAHMPYETCST BKIIIOUATh PE3yIbTaThl IIPSIMBIX
HaOJIIONeHUI U TMCTAaHIIMOHHBIX MCCIeIOBaHUI Ha
OTIEJbHBIX JIETHUKAX U y3/1aX OJISACHEHMSI.
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Summary

For the first time, a qualitative and quantitative evaluation of the effectiveness of anti-avalanche measures was carried
out for the territory of the «Krasnaya Polyana» ski resort, located in the Western Caucasus on the Aibga ridge. The fol-
lowing materials were used for this work: the results of field survey in 2019, which made it possible to map the resort's
infrastructure exposed to possible snow avalanches and protected by existing preventive (anti-avalanche) measures,
experience of similar studies from other regions as well as identification of the avalanche release zones by means of
digital elevation model and analysis of remote sensing data, archive data on the snow avalanches regime at the site,
and numerical modeling of the snow avalanches with different starting conditions. Modeling of the avalanches was
performed in the RAMMS program basing on three scenarios: 1) taking account of the successful operation of exist-
ing anti-avalanche measures; 2) with regard for the failures in the work of existing anti-avalanche measures that were
recorded earlier during the operation of the resort; 3) without considering any anti-avalanche measures, which corre-
sponded to the conditions at the stage of the territorial planning of the resort. Differences in the impact of simulated
avalanches on the resort infrastructure were interpreted as «high», «<medium» and «low» effectiveness of existing anti-
avalanche measures. It was found that the dynamical characteristics of the local avalanches (run-out distance, volume,
velocity, and pressure) had different importance for different types of the infrastructure with regard to the effectiveness
of anti-avalanche measures. Under existing conditions of the relief, climate and vegetation of the investigated territory
the artificial triggering (at the ski resort it is mainly made by the Gazex systems) is the most efficient. Snow-retaining
structures often do not perform their functions, while dams and avalanche cutters can be successful only in combina-
tion with the properly functioning artificial triggering. It was found that there are areas where the run-out distance of
artificially controlled avalanches is smaller than that of possible natural avalanches, and these areas can still be danger-
ous for the infrastructure of the resort due to the high values of the avalanche speed and pressure.

Citation: Korovina D.I., Turchaninova A.S., Sokratov S.A. Performance evaluation of anti-avalanche measures at the «Krasnaya Polyana» ski resort. Led i
Sneg. Ice and Snow. 2021. 61 (3): 359-376. [In Russian]. doi: 10.31857/52076673421030094.
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KnroueBble cioBa: CHeXHAA 1A8UHA, NpomueosaguHHbIe Meponpuamus, 3pgpekmueHocmob, Mamemamuyeckoe ModesUposaHue, npo2pamma
RAMMS, cucmema c6poca nagun Gazex®.

BrnepBble Ha OCHOBE NPeANoXEeHHOrO B paboTe KOMMIEKCHOrO NMOAXOAA BbIMOSIHEHA OLEHKA MHXKEHEPHO-
reorpaduueckoin 3pHeKTVBHOCTA BCEX BUAOB NPOTMBOJMIABMHHbBIX MEPOMNPUATAN, MPUMEHAEMbIX Ha rop-
HOMbKHOM KypopTe «KpacHas [lonsiHay», C UCNob30BaHNEM MeTofa MaTeMaTMyeckoro MoLennpoBa-
HVA naBuH. B ycnosuax penbeda, Knumata 1 pacTUTENbHOCTY UCCIeAyeMON TEPPUTOPUN UCKYCCTBEHHO
perynupyemsbiin cbpoc naBrH (B OCHOBHOM OCyLLIeCTBAsiEMbIV cucTemMamu Gazex®) Hanbornee 3bdeKTnBeH.
CHeroynep»KuBatoLLe COOPY>KEHWUA He BCErAa BbIMOMHAT CBOU GYHKLUW, B TO BPeMA Kak Aambbl 1 naBu-
Hope3bl MOryT 6biTb 3GGEKTVBHBIMY TONIbKO B KOMMEKCE C UCKYCCTBEHHO perynvpyembiMy cobpocamu
naBviH. MpeanoXeHHas aBTOpPaMyi METOAMKA OLeHKM 3GPEKTUBHOCTU METOAOB 3aLUWTbl OT JIABUH MOXET
MCNONb30BaTbCA MPU MAAaHWPOBAHNUY NPOTVBOMABUHHbBIX MEPOMNPUATUN, NO3BOJIAA CHUXATb SKOHOMMUYe-
CKMe 3aTpaTbl Npy opraHn3saumm n GyHKLMOHNPOBaHNM KYPOPTOB.
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CHexHbIl NOKPOB8 U CHeXKHble J1d8UHbI

BBenenne

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

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

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

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

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

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

Paiion uccnenoBanus
ITocne XXII Onumnuiickux 3uMHux urp 2014 r.

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

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

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

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

Oco0eHHOCTH JJABHHHOTO PeKNUMAa

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

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

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

MeToauKa U MATE€PHAJIBI

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

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

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

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

Ha Tepputopnyt TOpHOIBLKHOTO KypopTa IpHu-
MEHSIOT CJeIyIolIe BUAbl MHXEHEPHBIX ITPOTU-
BOJIAaBUHHBIX COOpPYXeHUM (cM. puc. 1 1 TabauILy):
CHeroyaepxuparolue cetu (cM. puc. 1, A—B); naBu-
HOpE3bl; CHETOBBIIYBAIOIINE CTOJIbI; HATIPABJISTFOIIE
namObl. B mepron moJieBbIX MCCIeA0BaHUIA Ha OC-
HOBE KOMIUIEKCA IIPSIMBIX Y KOCBEHHBIX IIPU3HAKOB
OBLIN BBISIBJICHBI 30HbBI 3apOXKICHMS JIaBUH (JTaBUH-
HbIE OYaru), yrpoxarolye 3alliinaeMbiM 00ObeKTaM
1 00pabaThIBacMble CUCTEMAMM MPEIYITPEANTEIbHO-
ro ciycka Gazex®. Jyisi yTouHeHMs] TpaHMLL JIABUH-
HBIX OYaroB B KaMepaJIbHbIX YCIOBUSIX MCITOIb30Ba-
JIM CIeAYIOIIre pe3yJabTaThl: AeiundprupoBanus [23]
KOCMMYECKUX CHUMKOB (CITyTHMKOBOE MOKPHITHE
ESRI); ananuza undponoit Mmonenu penabeda (Ipo-
U3BOJHBIX KapT MOP(GOMETPUUYECKUX XapaKTe-
PUCTHK: YKJIOHA U 9KCHO3ULMN) C YUETOM JTUHUI
toka (ArcGIS Spatial Analyst); pe3ynbTarsl paHee
OITyOJIMKOBaHHBIX paOOT IO OLIEHKE JIaBUHHOI ormac-
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Puc. 1. MudpacTtpykTypa, 1aBUHHBIE O4ard U MPOTUBOJABUHHbIE MEPOMPUSITUS, IPUMEHsIEMble Ha TEPPUTOPUU
TrOpHOJBIKHOTO KypopTa «KpacHas ITonsiHar:

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

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

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

HOCTHU uccienyemoii Tepputopuii [24]. K 3oHaMm 3a- KJIoHa KJIaCCU(PULIMPOBAHBI CIIEAYIOIINM 00pa3oM:
POXIOeHU JIaBUH (JJaBUHHBIM oyaram, cM. puc. 1) ©6omee 60° — CKJIOHBI, HA KOTOPBIX CHET HE YIEPXKM-
OTHECEHbI CKJIOHBI ¢ YKIIOHOM 25—60° [15]. Yribl Ha-  BaeTcst; 25—60° — CKJIOHBI, OJIaronpusTHBIE 1T 00-
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IIporuBoONIaBUHHBIE MEPONIPUATHS, IPUMeHsIeMble Ha TeppuTopuu ropHonspkHoro Kypopra (ITIK) «Kpachas Ionanar, u ux

UHKeHepHo-reorpagmyeckas 9¢peKTMBHOCTD

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

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

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

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

Onopbl KAHATHO-KPECEIbHOI 1I0POTH B LIMP-

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

Hanpagsnstoiiue namost 2050 P ’ P poru,

LIMU KaHATHO-KPECEIBHBIX JOPOT, 3IaHUS 1

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

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

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

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

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

Pacuémmuvie memoowt. 15151 oueHKM 3(PpPeKTUB-
HOCTH cucmem npedynpedumensvrozo cnycka Gazex®
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Puc. 2. CuctemMa UcKyccTBeHHOTo cOopoca naBuH Gazex®, ycTaHOBJIeHHAs HAa TepPUTOPUU TOPHOJBIKHOIO KypopTa

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

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

1 — exploder; 2 — shelter

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

e=(a—b)/a,

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

IMosy4yennbie pe3yabTaThl

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

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

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

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

4 5 6 7 8

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

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

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

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

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

2
3
4

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

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

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

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

Onenka 3¢ GeKTHBHOCTH
Ha ocHOBaHWM BBITIOJTHEHHBIX IOJEBBIX UCCIIE-

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

KU 3(p(HEeKTUBHOCTU Pa3INYHbIX BUIOB IIPOTHUBOJIA-
BUHHBIX MEPOIPUATUIA UCIIONB30BaHA TPEXOAIbHAS
11IKaJia: «BbICOKasl», «CPEIHSISI» U «HU3Kash» CTEIeHb
adpexkTuBHOCTU. Ecnu 1o pesynbTatam mpoBenéH-
HOTO aHajirM3a MPOTUBOJIABUHHOE MEPOIIPUATUAC WIN
COOPYXEHUE HE BBITIOJIHICT CBOMX (DYHKIIUIA, TO eMy
MpYCBanBajIach «<HU3Kasl» CTerNeHb. B ciyyae Makcu-
MAaJILHOTO MCTIOJIb30BaHUST MEPONPUATHS 1 MUHUMATb-
HOTO OTKa3a B 3alllUTe — «BBICOKast». [1pu ycaoBun
OTCYTCTBHUSI YETKOT'O OIPEACICHUsI BIUSIHUS OKa3bIBa-
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€MOI1 3allIUThI JaBanach «CpeaHsist» 3(MEKTUBHOCTD.
PesynbTaThl OLIGHKY [I7IS1 TEPPUTOPUU TOPHOJIBIKHOTO
Kypopta «KpacHas [TonsitHa» pencTaBiieHbl B TAOIULIE.

BriBoabi
HaubGonee Bbicokast 2(p(peKTUBHOCTb HA TEPPU-

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

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

B 1
2
I 3
. 4

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

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

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

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

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

The possibility of using the data of modern ERA-Interim, CFSR and NCEP-NCAR re-analyses to assess an
avalanche danger in the mountains of the North Caucasus is considered. Previously, the mean seasonal values of
the surface air temperature and seasonal precipitation amounts obtained from the reanalysis archives were com-
pared with the data of meteorological stations. The mean temperature of the cold period (November-March) was
best reproduced by the ERA-Interim reanalysis: the correlation coeflicients amounted to 0.8-0.9, and the average
deviation from the station data +1.7 °C. The accuracy of measurements of precipitation is lower, but the magni-
tude of the errors does not exceed the limits of inter-seasonal variability. To estimate the avalanche hazard, a corre-
lation matrix was used based on the relationship of the avalanche hazard indicator with the standard deviations of
seasonal values of temperature and precipitation. The ERA-Interim reanalysis reproduces the avalanche danger in
the North Caucasus most adequately (71% of coincidences with the actually observed events). Synoptic processes
which may promote formation of catastrophic avalanches in the North Caucasus were also determined. The most
typical situation is the position of a high-level cyclone over the Eastern Europe, accompanied by the invasion of
cold air masses from Scandinavia that activates cyclogenesis in the Mediterranean. It was found that the extreme
avalanche hazards occurred at negative anomalies of mean seasonal air temperature near the ground and in the
middle troposphere (about 1.5-2 °C) when the integral water content of the atmosphere was close to the norm.
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naeuHoo6pasosaHu;1.

PaccmoTpeHa BO3MOXHOCTb MCMOMNb30BaHMA OAaHHbIX COBpPeMeHHbix peaHanun3oB ERA-Interim, CFSR u
NCEP-NCAR ana oueHKn naBMHHOM onacHOCTK B ropax CeBepHoro KaBKasa, KOTopble npefBapuTesibHO
CpaBHUBaNM C MaTepuanamm MeTeOPONIOrMYECKNX CTaHUUIN (CpefHue Ce30HHble 3HayeHWA npusem-
HOW TemnepaTypbl 1 0cagkoB). [InAa pacyéTa NaBMHHOW OMAaCHOCTU MCMONb30Banacb KOPPenALuNOHHaA
MaTpuua, OCHOBaHHAA Ha CBA3M MOKa3aTeNna NaBUHHOW OMacHOCTW CO CTaHAAPTHbIMU OTKNOHEHUAMMN
CEe30HHbIX 3HAYEHUI TemnepaTypbl U OCAAKOB. YCTAHOB/EHbI CMHOMTUYECKME MPOLIECChbl, CMNOCOOCTBY-
owne popmmnpoBaHno KatacTpodmueckmx naBuH. MokasaHo, YTO aHOMaNbHO BbICOKadA JlaBMHHaA onac-
HOCTb BO3HMKaeT Mpu OoTpuuaTelbHOM aHOManNMn TemrnepaTypbl BO34yXa Y 3eMv MU Ha BblCOTax npwu
6/1M3KOM K HOPMe MHTErpasbHOM Blarocofep»kaHum atmocdepbi.

Beenenne HBIX TIPUPOIHBIX MPOIIECCOB, HEPEIKO TPOSIBIISTIO-

uxcsl B TOpHBbIX paitoHax [1]. Cpeau HuUX ocoboe

B cBs13u ¢ u3MEHEHUSIMU KJIMMaTa B HACTOSI- MECTO 3aHMMAaeT MACCOBBIM CXOI KPYITHBIX CHEX-
1ee BpeMsl 0co00e BHUMAaHUE YAEISIeTCs IPOTHO3Y HbIX JIaBUH, KOTOPBII B OTACHbHbIE TOAbl MOXKET
KPYITHBIX ¥ JOJTOXMBYIINX aHOMaJIM METeOpoJIo- TpUoOpeTaTh XapaKTep CTUXUMHOTO OelCTBUS U
TMYECKOTO pexKMMa, IIPOBOLMPYIOIIMX CITEKTp OIfac-  JIJIUTeJIbHOE BpeMsT OJJOKMPOBATh KPYITHbIE paiio-
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HbI. IHTepec BBI3bIBAET HEe TOJIBKO aHAIN3 Pean30-
BaBIIMXCSI COOBITHIT, HO ¥ IIPOTHO3 IIOBTOPSIEMOCTH
TUIPOMETEOPOJOTNIECKHNX YCIOBUI, CIIOCOOCTBY-
IOIIMX UX BO3HUKHOBEHUIO B YCIOBUSIX MEHSIOIIE-
rocst kaumarta. [lepBblit aTan peanms3auny TaKoi
3aa49M — OlIeHKa KauyecTBa YMCICHHOIO MOACINPO-
BaHUSI METEOPOJIOTUUECKUX YCIOBUI YK€ CIyUMNB-
IIMXCSI OMACHBIX IPUPOMHBIX SIBJICHUI Ha OCHOBE
CpaBHEHUS C JaHHBIMM HAOIIOOCHMIA.

HecMoTpst Ha 09eBUAHOCTD CBSI3U MEXAY METEO-
POJIOTMYECKUM PEKMMOM U JIABUHHOI OITACHOCTBIO,
¢€ OIleHKa M TeM 0oJiee IMPOTHO3 CTAJIKMUBAIOTCSI CO
3HAYUTEJIbHBIMUA TPYOTHOCTIMHU. UMEHHO MO3TOMY
oIlepaTHBHBIN IIPOTHO3 CXOMa JIaBUH [2], a TakxKe
aHaJIM3 YK€ IIPOIIEAIINX JABUHHBIX COOBITHIA CBO-
ISATCS TMOO K MOIEIbHBIM pacyéTaM Ha KOHKPETHOM
nmaBuHOCOOpE [3], TM6O0 K 0000IMEHHBIM OIleHKaM
METEOPOJIOTMYECKIX YCIOBUIA MOBBIIIIEHHON JIaBUH-
HOI1 OITACHOCTU B COOTBETCTBYIOILIEM TOPHOM PETH-
oHe [4], OCHOBaHHBIM Ha MPOCTBIX PETPECCHOHHBIX
CBSI3SIX C KOJIMYECTBOM OCanKoB. [ JTo0anbHbIC dmic-
JICHHBIE MOJeIN aTMOoCc(ephbl aKTUBHO COBEPIIICH-
CTBYIOTCSI, OOHAKO IT0KAa OHM HE MOTYT BOCIIPOM3Be-
CTU OCHOBHBIE THUAPOMETEOPOJIOTHUUSCKIE BEIMIMHEI
B KOHKPETHOM MECTE B YCJIIOBUSIX CJIOKHOTO PeJIbe-
(a ¢ TOUHOCTHIO, HEOOXOOMMOM AJISI UCITOIH30BaHUS
TIOJTHBIX JIABUHHBIX Mogesield Tuma RAMMS [5].

IToaToMy OoJIee MEPCIIEKTUBHBIN BapraHT — I10-
MBITKA MCIOIb30BAHMS TAKOTO JIABUHOMHINKAIIN-
OHHOTO ITOKa3aTeJIsI, KOTOPBIH JacT (POHOBYIO 11 BMe-
cTe ¢ TeM (PU3UYeCcKr 00O0CHOBAHHYIO0 MH(MOPMALIUIO
0 JJaBUHHO! OIIaCHOCTU, O0OOIIEHHYIO IO BCEMY
TOPHOMY peTHOHY. B KauecTBe TaKoro Imokasartelrst
MpearaeTcs NCII0Ib30BaTh XApaKmepucmuxKy muna
3UM N0 memnepamype 6030yXa U 0caokam 3a XoN00HbLil
nepuod. COOTHOILICHNUE STUX IBYX METEOPOIOTHYIC-
CKHUX BJIEMEHTOB OIIpeAeIsieT Beayluii (hakTop Jia-
BHUHOOOPA30BAHUST — CHENCHOCHIb 3UM, KOTOPBII CO-
IEPXKUT KOCBEHHYIO0 MH(POPMAILINIO O (PU3MISCKUX
Mpolieccax pa3BUTHSI CHEXXHOM TOJIIIH (110 TUITY pa3-
PBIXJICHUS WK yIIoTHeHMs ). OcHOBaHMe IJisI pe-
aJM3alliy TaKOIo IOIX0ma — TeCHasl CBSI3b MEXIY
OIpeaeaEHHBIMU TUIIAMU 3UM U 3KCTpeMaJIbHBIMU
JIABUHHBIMM CUTYallMsIMHU, KOTOpasl yCTAHOBJICHA I10
JTaHHbBIM 41 MeTeoponorndeckoit cranuum (IF'MC)
bonbiioro KaBkasa u MmatepuanamM HaTypHBIX HA0-
JIIOJCHUI 32 CXOIOM CHEXXHBIX JIABUH [6].

B HacTosmieit pabote BhIOIHEHA OlLleHKA BOC-
MIPOU3BOIMMOCTHU 3KCTPEMAaIbHBIX JIABUHHBIX 3UM
Ha KaBkase ¢ 1968 r. 1o HacTosiero BpeMeHU Ha

OCHOBE PE3YJIbTaTOB YWCJIEHHOTO MOJEJIMPOBAHUS
atMocdepnl (peaHanuzoB). [Tpexnae Bcero peub UAET
0 BOCTIPOM3BENEHUU MOJEISIMU CE30HHBIX 3HaUe-
HUU TeMmIiepaTypbl BO3AyXa U OCAJAKOB, OMpPeaesi-
IOLIMX CTeINeHb JAaBUHHOW onmacHOCTU 3uM. Ilo-
JIydeHHBbIe MOJEeJbHbIe TaHHbIE CPABHUBAIOTCS C
pacuéTaMu, BBIIOJHEHHBIMM Ha OCHOBE ITaHHBIX
I'MC. Pe3ynbTaThl CpaBHEHUS MO3BOJSIOT OMpe-
JIeJIUTh IPUMEHUMOCTh MOJIEIbHBIX JAHHBIX IJISI
OLIEHKM JaBUHHOW OMacHOCTU. BhIMosHeH Takxke
aHaau3 UMPKYJISILIMOHHBIX MEXaHU3MOB, CIIOCO0-
CTBYIOIIUX (POPMUPOBAHMIO KPYITHBIX U KATaCTPO-
¢HryecKux JaBUH.

I[aHHLIe U METOJbI

OcHoeHble MemoObl OUEeHKU AAGUHHOI ONACHO-
cmu no kpynHomy 2opuomy pezuony. O0001EHHbIC
JIJAaBUHHBIE XapaKTePUCTUKU 110 OTIAEIBLHO B3SITO-
My TOPHOMY PErMOHY MCIIOIb30BaJINCh BO MHOTHX
OTCUYECTBEHHBIX MCCIeN0OBaHUAX. Takoil moaxom, B
YaCTHOCTHM, MPpUMEHEH B pabote [7], rae Oblia cae-
JIaHAa TIOITBITKA OLIEHUTH JIABUHHYIO OMAaCHOCTh K
cepeauHe XXI B. 115 ropHbIX TeppuTopuit EBpa-
3un. [IpOrHOCTUYECKMMU TaHHBIMU CITYKUJIA pe-
3yAbTaThl PACYETOB IJ100aJbHON KIMMATUUYECKOMI
moaenu GFDL Model, koTopble BbINOJHSIIN B
pamkax npotokoja IPCC [8]. Ha mpumepe MHOTO-
CHEXXHOTO paiioHa KamyaTku rmoka3zaHo yMeHbIIIe-
HU€ JIJABUHHOM aKTMBHOCTH, B TO BpeMs KakK JJis
MaJIOCHEXXHBIX TOPHBIX TeppPUTOPUIA (Ha MpHUMe-
pe Taub-IllaHs1) mporHo3upyeTcs €€ yBeJuYeHUe.
B pa6orte [9] Takue ke TeHAEHUUU A1 MHOTO- U
MaJIOCHEXXHBIX TOPHBIX CUCTEM YCTAHOBJIEHBI JJIsI
BCEX OCHOBHBIX TOPHBIX palfOHOB 36MHOTO II1apa.
Tak, Ha KaBka3e mpoTHO3UPYETCsl YMEHbILIEHUE
TOJIIIMHBI CHEXXKHOT'O IMOKPOBA, MPOAOIKUTEILHO-
CTH JIABUHOOIIACHOTO IIeprOJa W MOBTOPSIEMOCTH
JIJaBUHOOMNACHBIX cutyaluii [10].

3HaYMTEIbHbBIN BKJIa B pa3pabOTKy JaBUHOWH-
JUKALIMOHHBIX IMOoKa3aTejel ObUT cAeaH MPU CO3-
JaHWU KapT st ATiaca CHEXXHO-JIEIOBBIX pecyp-
coB mupa (ACJIPM) [11]. Psan aTux nmokasartenei
HCITOJIb30BAJICS JJISI OLIEHKU JTOJTOCPOYHOIO IIPOr-
HO3a JJaBUHHOUW OMACHOCTU TOPHBIX TEPPUTOPUN
EBpasuu [9]. B kauecTBe MPOTHO3UPYEMBIX OLIEHU -
BaJICh TaKKe TTapaMeTphl, KaK YKMCIIO JJABUHOOTIAC-
HBIX CUTyallMii 3a CE30H, YMCJIO CUTyallMii CO CXO-
JIOM 0c000 KPYITHBIX JIaBUH, IIPOJOJIKUTEIBHOCTh
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JIABUHOOTIACHOTO IIeproaa 1 TEHACHIIUY B M3MEHEe-
HUM JJaBUHHOI aKTUBHOCTH. B MeTommyeckoM Tome
ACJIPM paccMoTpeHa MpUMEeHUMOCTDb COCTABJIEH-
HBIX JAaBUHHBIX KapT, B YaCTHOCTHU, ITOTYEPKUBACT-
CsI, UYTO OHU OTpaxaroT (D)OHOBYIO JIABUHHYIO OIlac-
HOCTb M HE MOTYT IIPUMEHSITHCS K OTHEIHFHO B3SITHIM
JaBuHocOopam [11]. B HacTosieit paboTe ucmnoJib-
3yeTcsl TJABUHOMHINKAIIMOHHBIIM IT0Ka3aTeIb, KOTO-
PBIii TIpegHa3HAYCH JJIST XapaKTepUCTUKU (DOHOBOM
JIABUHHOM OIaCHOCTHM KPYITHOTO TOPHOTO peTHOHAa
VMEHHO B OTIeJIbHbIC 3UMHHE CE30HHI.

Baxwneiimee 3HaueHUE B JaBUHOOOpa30BaHUM
nMmeeT (pakTop aTMOC(hEepHON HUPKYIISIIIUM, OIIpe-
IeJISIOIINNA TeMIIepaTypHO-BIaXXKHOCTHBIN PEXKUM
TOPHOTO peTrMoHa, ITI03TOMY OIMH 13 HauboJIee Ipo-
CTBHIX M JTaBHO HCIIOJIb3YEMBIX IMIOIXOI0B — IIPSIMOE
COTIOCTaBJICHUE JIABUHHBIX COOBITUI C TUITMYHBI-
MU CMHOIITMYECKUMMU TIpolieccamu. B pabote [12] ¢
TIOMOIIIBIO TUITM3AIIMY CUHOIITUIECKUX IIPOIIECCOB,
pa3paborannoii mrg CpenHeit Asum [13], mokasaHo,
YTO Yallle BCETO CXOJ CHEXHBIX JIABUH Ha 3anagHoOM
Tsaub-11laHe cOnpoBOXIAETCS BHIXOIOM IOXKHBIX
LIUKJIOHOB U XOJIOMHBIMM BTOPKCHUSIMMU.

Illupoxoe mpuMeHEHNE TOJYINIIO UCIIOIb30-
BaHue tunuzauuu b.JI. JI3epa3eeBcKoro, coriacHO
KOTOPOI BCE MHOTOOOpa3re CMHONTUYECKUX IIPO-
LIECCOB JCIUTCS Ha 3JeMEHTapHbIC LMUPKYJISIIINOH-
HBle MexaHn3MbI (DLIM) [14]. Bcero HacumnThIBa-
eTcs 19 Takux MeXaHM3MOB, U3 HUX 4eThipe DM
MIPOBOLIMPYIOT OOMJIbHBIE 3UMHUE ocanku Ha Ce-
BepHoM KaBkase: 133, 8e3, 11a, 12a. MexanusMm 133
XapaKTepU3yeTCs CUMOMPCKUM UPEe3BBIYATHO KPYII-
HBIM aHTUIIMKIIOHOM, KOTOPBIi 3aHUMAeT OOJIBIIIYIO
yacTh EBpasun; HUKIoHNIeCKas AeSITeIbHOCTD IIPU
3TOM aKTMBM3UpPYeTCs Hag ApkTukoil u CpenmseM-
HOMOPCKUM pernoHoM. [1pn peanmzanum DM Ses
CHOMPCKMII aHTULIMKIIOH HE pacIpoOCTPaHsET CBOE
BIMsHUE Ha 3amagHyio EBpomy, KoTopas Haxo-
OUTCS B 00JIaCTU MOHMXKEHHOTo maBiaeHus. Ilpu
OUM [1la cnbupcknii 1 a30pCKUit aHTUIINKIOHBI
BBIPAXKEHBI SIpYe OOBIYHOTO U 3aHUMAIOT OOJIBIIYIO
IUIOIIAAb 10 CPAaBHEHUIO CO CpeaHell MHOIOIeT-
Helt, mpu aToM YepHomopcko-Kacnuiickuii peru-
OH OKa3bIBaeTCSI B IIEPEMbIUKE HIU3KOTO NaBJICHMUSI,
KOTOpasi COOTBETCTBYET aKTUBU3ALIMU IMKIOHUYIC-
CKOI IeSITeJIbHOCTU Ha IOJIIpHOM (DpOHTE Hall BOC-
TOuHOI yacTbio CpeanzeMHoro mops. DM 12a B
OOIIMX YepTax OMUCHIBAET BBIXO CPEAN3EeMHOMOP-
cKoro nukjoHa Ha YépHoe Mope U OJIOKMpOBaHUE
€ro aHTULIMKJIOHOM Ha 1ore EBpormneiickoil Teppuro-

pum Poccum, 4TO yBeIMUMBAET ITPOAOKUTEILHOCTD
ocankoB Haja KaBkazowm [15].

Hpyroii moaxom OCHOBAaH Ha aHAJIM3e KOppeis-
LIMOHHBIX CBSI3€i1 JABUHHBIX COOBITHI C IIMPOKO M3-
BECTHBIMU LIMPKYISLIMOHHBIMU UHAeKCaMu — NAQO,
AMO u gp. Hanpumep, B padore [16] ¢ moMoIibio
KOPPEISLIMOHHOTO aHajn3a MpoaHaIUu3UPOBaHbI
CBSI3M HECKOJIbKUX HUPKYISTINOHHBIX WHIESKCOB C
TemrepaTypoit u ocankamu B CeBepo-KaBka3zckom
pervoHe. BhISIBJICHBI 3HAYMMBIE ITOJIOKUTEIbHBIE KO-
3 OULUEHTHI KOPPEJSIIIUU MEXIY ITOKa3aTeIaMU
JIABUHHOI OITACHOCTH W JaBJIEHUEM B 00J1acTU apK-
TUYECKOr0 aHTULIMKIIOHA, TPUIEM B BHICOKOTOPBSIX
9Ta CBSI3b 00JIee 3HAYMMa, a B JOJIMHAX — MEHee 3Ha-
ypma. K OCHOBHBIM HelocTaTKaM IepeYnCIeHHBIX
METOHOB OLIEHK! (POHOBOI JIJaBUHHOI OITAaCHOCTU
110 KPYITHOMY TOPHOMY PErMOHY OTHOCSITCS X Kade-
CTBEHHBbII XapaKkTep U cjlaboe 000CHOBaHUE (pU3UUe-
CKHX MEXaHNU3MOB IOJIyYCHHBIX CBSI3EHA.

B HacTos1eit paboTe MCHoNb3yeTCsT METOAUKA,
MO3BOJISIIONIAs Ha OCHOBE COOTHOLICHMSI CpemaHeit
TeMIIepaTyphl BO3AyXa M CYMMBI OCaJIKOB 3a XOJIOM-
HBI TIepUOa JMAarHOCTUPOBATh JJAaBUHHYIO OITac-
HOCTb [6] U BBISIBISTH CYpOBbIe MHOT'OCHEXHbIE
3UMBI, KOTOPbIE COIMPOBOXKIAIOTCSI MACCOBBIM CXO-
JIOM KaTacTpoduuecKux jaBuH. B ocHOBy Tunm3a-
LMK TIOJIOKEH MPUHIINIT KOPPEISIINOHHOM MaTpH-
LIbI, B KOTOPOIi 3UMMbI pa30MThI Ha YETHIPE TPYIIIIHL:

1) no memnepamype 6030yxa: A — aHOMaabHO TEM-
nble (11); b — ymepeHHo Té€muible (£2); B — ymepeHHO
xoJjioaHsble (£3); I' — aHoMasIbHO XoJIoAHbIE (14);

2) no ocadkam: 1 — aHomanbHo cyxue (x1); 2 —
¢ Je(ULIMTOM OcankoB (x2); 3 — ¢ ocagkaMu BbIllie
HOPMBI (x3); 4 — aHOMaJIbHO YBJIaXKHEHHbIE (X4).

OTKJIOHEHMSI CIMTAIOTCS OTHOCHUTEJIBHO CPEIHE -
rO CE30HHOT'O 3HAYCHUsS TeMIIepaTypbl U CE30HHOM
CYMMBI OCaJKOB; PACCUMTBIBAETCS TaKXKe CpeaHe-
KBaJIpaTU4ecKoe OTKIIOHEHWE 3TUX 3HaueHui. Jla-
BUHHAsI OITACHOCTb 3MM BBIpaXKaeT ONpPeAeIEHHYIO
KOJIMYECTBEHHYIO XapaKTepUCTUKY CXO/a JIABUH:

1) crabas — npeobnagalOT MeJKWe U CpeaHUE T10
pa3Mepy JIaBUHBI, KOTOPbIE OCTAHABIMBAIOTCSI B BEPX-
Heil 4acTy JJaBUHOCOOpa WM B Mpeeiax MUHEpalb-
HOT'0 KOHYCa BEIHOCA M 3aHUMAIOT YaCTh €T0 TUIOIIAIMN;

2) cpeduss — coxpaHsieTCsl BeAayluasl pojib He0O b-
IIKNX U CPEIHUX 10 pa3Mepy JaBUH, OJHAKO MOSIB-
JISIIOTCSI M KAYeCTBEHHO HOBBIE YCJIOBMSI, IIPUBOISI-
1I1e K BOSHUKHOBEHUIO ¢IMHUYHBIX KPYITHBIX JJaBUH
(ITOJTHOCTBIO TTePEeKPHIBAIOT IUIOLIAAL MUHEPAIBHO-
rO KOHYCa BBIHOCA, HO HE BBIXOMST 3a €ro IIPeIeibl);
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Tabnuya 1. Tumbl 3UM IO COOTHOLIEHUIO TeMIIEPAaTypPbl BO3-
AyXa M 0CajJKOB 32 XOTOJHBIIi MePUOJ M XapaKTepUCTUKa UX
JIABMHHO OIMaCHOCTI*

Tabnuya 2. Cegenus o TMC KaBka3ckoro pernona, JanHbie
KOTOPBIX MCIIONB30BAHBI /I XapaKTePUCTUKN TUIIOB 3UM U

OLIEHKI JITABMHHOM OIaCHOCTU

A b B r
X Plt>t+8 |t <t<t +8 |t —8<t<t [t<t — b
x<x—0 Cnabas
_ - Cnabas
2|1 x—0<x<Xx CpenHsist
AHO-
3| ¥x<x<x+0 Cpennsis CunbHasg | MaJbHO
CUJIbHAS
4\x>x+0 CuspHas AHOMaJIbHO CUJIbHasI

*3uMbl: A — aHOMaJIbHO TEIIbIe; b — yMepeHHo Témbie; B —
YMEpPEHHO XoJloHbIe; ' — aHOMaJIbHO XOJI0AHbIE; 1 — aHOMaJTb-
HO cyxue; 2 — ¢ ne(UIUTOM OCalKOB; 3 — C OcaJKaMu BbIIIE
HOpPMBI; 4 — aHOMaJIbHO YBJIaXXHEHHBIE; X — CE30HHAsI CyMMa
OCalIKOB; X~ — CPEIHEMHOTOJIETHSIS CyMMa OCa/IKOB; f — CpeaHe-
Ce30HHas TeMIlepaTypa Bo3ayXa; ! — CPeJHEMHOTOJIETHSS TEM-
nepaTypa BO3IyXa 3a XOJIOMHBIN Meproa; O — cpelHeKBaapaTH-
YecKOe OTKJIOHEHWE BEJIMUMHBL; JIJABUHHAsI ONTACHOCTb 3UM: CJla-
6asg — 1A, 1B, 1B, 1T, 2A, 2b; cpennsas — 3A, 3b, 2B, 2T;
cuibHasa — 4A, 4B, 3B; anomansHo cubHas — 4B, 410, 3TN [6].

3) cunvHas — HAOIIOAAIOTCS ONUH U OoJiee Tepu-
OIOB C MAaCCOBBIM CXOIOM KPYIHBIX JIJABUH U BO3-
HUKAIOT YCJIOBUS [IJISI CXOIa 0CO00 KPYIHBIX JIABUH
06BEMOM cBbile 300 Thic. M3 (MOTYT BBIXOIUTD J1a-
JIEKO 3a IIpeeIbl MUHEPaJIbHOTO KOHYCa BEIHOCA);

4) anomanvHo cuavHas — (PUKCUPYETCS MaCCO-
BBII CXOII 0CO0O0 KPYITHBIX JIaBUH.

CoOTHOIIIEHNE TUAPOTEPMHUICCKUX YCIOBUM B
MaTpule omnpeneseT 16 BO3MOXHBIX TUIIOB 3KM,
KOTOpHIE OTPaXKaroT TeHASHIINIO HapacTaHUS Jia-
BUHHOI OIIACHOCTH OT CJ1a00ii 10 aHOMAJIbHO BBI-
cokoli (Tads. 1). Hacrosmasa MaTpuiia UCTOJIb3yeT-
cs B paboTe IIJIs OLICHKM JIABUHHOI OITACHOCTU 3UM
Ha ceBepHOM MakKpockKiaoHe KaBka3a 1o maHHBIM
17 I'MC, KoTopas B ajibHEHIIeM COMOCTaBIISIETCS C
JaHHBIMU peaHaIn30B.

Jlannvte memeopoaoeuneckux Habaro0enuil u pe-
anaauzog. B paboTe MCIONB30BaHbI TaHHbBIE NETi-
CTBYIOIIMX CTaHIIMI PocruapomMera u psima CTaHLIMI
oniBIIero CCCP Ha ceBepHOM MakpockiaoHe KaBka-
3a (Tabu. 2). Pacu€T 3uMHel TeMIepatypbl Bo3ayxa
M OCaIKOB BHIIIOJIHEH B I'PaHUIIAX KIMMaTUIeCKO-
ro X0JIOMHOro nepuona (nekabpb—mapt). Peanaius
(pPeTPOCIIEKTUBHBIN aHAIN3) — 3TO PE3YJIBTAT YCBO-
eHHUSI I100aJTbHBIX METEOPOJIOTUIECKUX JAaHHBIX C
IIOMOIIIbIO YMCIIEHHOM MOIENIH IIPOTHO3a ITOTOIbBI
C LIeJIbl0 MOJydyeHUsI HauboJjiee MoJHON nHpopma-
LIMA O COCTOSTHUM aTMOC(MEphI U IeSITEILHOIO CIO0S
3a JOCTAaTOYHO IJIUTENbHBIN nepuod (KaK mpaBu-
JI0, HeCKoJIbKO aecatunaetuii) [17]. Cama nmporHo-

[lwpota/ | A6comot- |Ilepron Hao-
MeTteocTaHLIMU Honarora, | Hasi BbICOTa, | JIIOIEHUIA,

rpamychbl M TOMIbI
BranukaBkas 43,03/44,68 702 1966—2017
3eneHuyKcKast 43,87/41,57 928 1966—2017
KucnoBonck 43,9/42,72 943 1966—-2017
}lifﬂy’“’pc“““ MePe~ 143 25/41,83| 2037 1966—2015
Kpacnas IMonsHa 43,68/40,2 564 1966—2017
Coun 43,58/39,77 142 1966—2017
Cynak 42,37/46,25 2927 1966—2015
[IaTxxaTtMa3 43,73/42,67 2070 1966—2017
Tepckon 43,25/42,51 2140 1966—2017
Tarpckuii xpeber 43,21/40,17 1664 1966—1986
T'ynaypu 42,28/44,29 2194 1966—1975
KpectoBblii nepesan |42,30/44,27 2395 1966—1986
IloBu 42,42/43,41 1507 1966—1986
ApXbI3 43,60/41,30 1450 1966—1988
TeGepna 43,50/41,70 1328 1966—1988
Anunbek 42,24/43,56 1745 1966—1986
I'ynu6 42,40/47,00 1551 1966—1986

CTUYECKasi MOMAEb MpPeACTaBIsIeT COO0M CIOXHYIO
BBIYMCJIMTEIbHYIO TEXHOJIOTUIO, OCHOBOU KOTOPOI
CIYXUT cuctemMa nuddepeHInalIbHbIX YpaBHEHUI
HaBbe—CTOKCa, OMMCHIBAIOIINX 3aKOHBI COXpaHe-
HMST SHEPTUU, MACChl X KOJTMYECTBA IBUXKEHUS B BO3-
nyxe. B kauecTBe HaYaJIbHBIX M TPAHUYHBIX YCIOBUI
BBICTYIIAIOT JAHHBIE METEOPOJIOTNUYEeCKNX HaOII0-
NeHUI (HazeMHBbIE, adpOJIOTUYECKUE, CIYTHUKO-
BbI€ U T.1.). PeaHanus cogepXut COTHU TPEXMEPHBIX
noJieii TUAPOMETEOPOTOTMUECKUX BEJIMYUH C Bpe-
MEHHBIM pa3pellleHrueM, KaK IIpaBujIo, He MeHee
6 J4acoB, XapaKTEePU3YIOIIKX BCIO TOJIIY aTMOC(HEPHI,
TMOJCTHUIAIONLYIO TOBEPXHOCTh U IEITETbHBIN CTOM.
IIpu pelieHUM 3312491 110 BOCITPOU3BEIEHUIO 3UM-
Hero kinmaTa KaBKa3ckoro perruoHa MCI0Ib30BaHbl
peaHaNIM3bl pa3HBIX ITOKOMIeHUi (Taoi. 3). st pac-
CMaTPUBAEMOTO acTeKTa JaBUHOOOpa30oBaHUS TaH-
HbI€ peaHAJIU30B MPEICTABISIOT COO0I OOIIMPHBIN
MAaCCHB JOTIOTHUTENIbHOM MH(pOopMauy 00 aTMochep-
HBIX TIpolieccax, KOTOphle HAOIIONaIMCh B IIPOILLJIOM
¥ CTAHOBUJIMCh TPUUUHON MaCIITAOHBIX JIJABUHHBIX
katactpod. ITor MoeTbHbIX PaCUETOB — CETOUHOE
1oJjie, KOTOpoe MOKPHIBAeT BeCh 36MHOI1 111ap, B TOM
YUCJIe TOPHBIE PAiOHBI, HEMOCTATOYHO 00ECIICUCHHBIE
METEOPOJIOTUISCKIMHU HAOTIONCHUSIMI.
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Tabnuya 3. CBegeHNs 0 MACCUBAX TAHHBIX PEAHATN30B

Ilepuon ¢ nanneiMu | Iar ceTku,
Mopnenu Paspaboturk Mmonenun
peaHanun3a, TOJbI rpamychl
ERA-Interim 1979-2018 0,703 x 0.703 EBponeiickuii ieHTp cpenHecpouHbIX MporHo3oB noroasl (ECMWE),
3ananHas EBpona

CFSR 1979-2018 0,5x%0,5 HatmonansHsrit ieHTp 9K0mormdeckoro mporHozuposanust (NCEP), CLLIA

HatmoHanbHbIi IeHTp 3Konoruyeckoro rnporosuposaHust (NCEP) u
- — X
NCEP-NCAR 19482018 2,5%2,5 HatmonanbHbIi ieHTp atMocdepHbIx uccnenoBanuii (NCAR), CILIA

I1o pe3yabraTaM MCceqOBaHUIl B AJIbIIax MO-
Ka3aHO, YTO TOYHOCTh JAHHBIX PeaHaN30B YMEHb-
11aeTcsl OT HU3KO- K BLICOKOTOPHBIM paiioHam [18],
OJIHAKO CpeaHsIsl olnoKa He npeBbiaet 1 °C, u a1
OOJILIIIMHCTBA TOPHBIX TEPPUTOPUIA peaHaIn3 CIIy-
SKUT €IMHCTBEHHBIM CPEICTBOM JIJIsI KITMMaTUYECKUX
onieHoK [1, 19]. Bmecte ¢ TeM B padote [20] moka3za-
HO, YTO TaHHBbIE peaHaIn3a O TEMIIepaType, BIaXKHO-
CTU U CKOPOCTU BeTpa BIIOJIHE KOPPEKTHO UCITOJIb-
30BaTh UMEHHO IS BHICOKOTOPbSI, IIOCKOJIBKY OHU
OTPaXXarOT COCTOSTHUE CpeaHeil Tpomocdeprl, KOTO-
poe BOCIIPOM3BOIUTCSI COBPEMEHHBIMUA MOIECIISIMU
aTMocdepbl TOCTATOYHO XOPOIIO. ABTOPBI HACTOS -
IIei pabOTHI UCTIOJIB3YIOT TaHHBIE TPEX peaHAIN30B:
NCEP-NCAR [21], CFSR [22] 1 ERA-Interim [23]
(cMm. tabn. 3). Peananuz NCEP-NCAR BbiOpaH
U3-3a HauboJiee TJIMHHOIO psiia U3 BCeX UMEIOIIUX-
cs peananu3oB, a CFSR n ERA-Interim oTHocSTCS
K OIHUM M3 JyYIUX peaHaau30B. s cpaBHeHUs
MOJIy4EHHBIX Pe3yJIbTaTOB MO Pa3IUYHBIM MOIEIISIM
BBIOPAHO HECKOJIbKO peaHann3oB. Ce30HHO-OCpen-
HEHHBIC TaHHBIC peaHAIN30B JIMHEWHO MHTEPIIOIH -
poBasin B Touku I'MC 1 cpaBHMBaIM C pe3yJbTara-
MM HaOJTIOAEHUI. YUUTHIBAIN TAKXKe Pa3HULLY MEXKIY
BBICOTOI Hall yPOBHEM MOPS y3JIa MOACIBHOI CETKI
U peanbHoii 'MC: 3HaueHUe NMPUBOAUIOCH T10 Tpa-
IUEHTY cTaHaapTHOo# atMocdepsl (—0,65 °C/100 M)
Ha (pakTueckyto Beicoty 'MC, yTo momycTumMo B
cjlydyae Ce30HHBIX OlIeHOK [24]. Beimu paccunTaHbl
cpeaHMe OIIMOKM Ce30HHBIX 3HAaYeHUI 1 K03 du-
LIMEHTHI KOPPEJSILIMI MEXIY TeMIIepaTypoil BO3ayxa
M CYMMOM OCaIKOB 32 XOJOIHBIN IIEPUO/I.

AHa/IM3 pe3yIbTaTOB

Ouenka 0aHHBIX Peanau308 04s X0400H020 HOAY20-
dua. Ha puc. 1 ipencraBiieHBI cpeaHe OIINOKM ce-
30HHbBIX 3HAYEHUIN U KOIDDULNEHTHI KOPPEISLUU
MEXIy pe3yabTaTaMu (paKTU4YeCKUX HaOIIOAeHUI O
TeMIIepaType BO3ayXa U ocalKax 3a XOJIOAHbBINA nepu-

oIl ¥ MTaHHBIMU peaHau3oB. I1o TemriepaType Bo3myxa
6oupIire moToBMHBI ' MC MMEIOT CTAaTUCTUYECKH 3HA-
YUMBII KO3 duimeHT Koppeistiuu (r = 0,7+0,9),
caMmble HU3KME 3HaueHUs HaOmwgarTcss Ha TMC
Cynak (r = ~0,7). Haubonee ynauHO BpeMEeHHYIO
M3MEHYMBOCTh CE30HHBIX 3HAUCHUI TeMIIEpaTyphbl
Bocnpous3BoauT peaHanus3 ERA-Interim — cpegHsist
ommoka coctasisieT |1,7| °C. HaumeHblIast TO4HOCTD
xapakTtepHa 1 peaHanu3a NCEP-NCAR — cpen-
Hstst om6ka [2,6] °C. DToT pe3ysibTar BIIOJIHE OXU-
nmaeM, Tak Kak peaHanu3 NCEP-NCAR peanuzoBan
¢ MOMOIIbI0O MeHee coBepiieHHo Monenu NCEP
Mo cpaBHEHUIO ¢ Moaeabio EBpomneiickoro 1eHTpa
CpPeIHECPOYHBIX IIPOTHO30B MOTO/IbI M €T0 IIPOCTPaH-
CTBEHHOE pa3pellieHre CYILIECTBEHHO rpyoee.

KoadpunmeHTs Koppeasiuuu s 0caaikoB B
1IeJIOM 3HAUMUTEIbHO HIKE, YeM JUJISI TeMIIepaTyphl.
Tem He MeHee, Ha O6oabiieit yactu 'MC oHu cTa-
TUCTUYECKM 3HAUMMBbI, @ B HEKOTOPBIX IMYHKTaX KO-
adPpuLMeHT Koppensainn gaxe 6ospie 0,8. Ommo-
KM perMOHaIbHO 3aBUCHMBI: Ha 3anagHoM KaBkase
JNaHHBIC BCeX TPEX peaHaIn30B XOPOIIIO COIIacyloT-
ca ¢ nanaeiMu Haomonenuit (F'MC Kpacuag Ilo-
JnsiHa u [loBu). PaccunTaHa TakxKe oLIMOKa CyMMBbI
CE30HHBIX 0CaIKOB OT rogoBoii cymMmMmbl. OHa Ba-
poupyet ot 0,5 10 40%, Ho Ha GoabmuHcTBe TMC
He npesbiaeT 30%, 4To mpUeMIEMO [IJis TOPHOIA
TeppUTOPUH. XYK€ BCETO BOCIIPOM3BOASITCS CYMMEBI
ocankoB Ha 'MC Tebepaa: 6osbline OLIMOKU 3a-
(ukcupoBaHbl BO Bcex Tpéx peaHanuzax. Ha IMC,
Haxonsueiica oauxke K YepHoMoOpcKkoMy Ttodepe-
JKbI0, OTMEUAETCsI CMJIbHOE 3aBBIIICHNE KOJIMYECTBA
ocaakoB mis peaHanu3oB ERA-Interim u NCEP-
NCAR. AHanornuHasli KapTUHa XapakTepHa W JJist
I'MC HentpanbHoro KaBkasa.

JIst Bcex Tpéx peaHaJIM30B OTMETUM OOIIYIO 3a-
KOHOMEPHOCTb IPOCTPAHCTBEHHOI'O pacrpeaese-
HUS OLLIMOKU: 3aBbIIIIEHNE OCaaKoB Ha YepHoMop-
CKOM Mo0epexbe 1 10XKHOM MaKpOCKJIoHe boJibioro
KaBkaza 1 1ux 3aHIKeHHE Ha CEBEPHOM MaKpPOCKJIO-
He. DTO CBS3aHO C OTHOCUTEJIbHO I'PyOBIM OIlMCa-
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Puc. 1. CpaBHenue peaHanuzoB ERA-Interim (a), CFSR (6) u NCEP-NCAR (68) co cTaHUMOHHBIMU JaHHBIMU
(«cTaHIUsI MUHYC peaHaIn3») 10 TeMIlepaType Bo3ayxa Ha 2-X M (JieBasi KOJIOHKA) M CyMMe 0CaaKoB (IIpaBast KOJIOH -

Ka) 3a XOJIOMAHbBIN TePUO].

PaSMCp KpYy>XKa COOTBETCTBYET 3HAYCHU IO KOZ-)(.‘l)(.‘l)I/II.lI/ICHTa KoppeJAuu MEXAY CTAaHIIMOHHBIMU JaHHBIMU U p€aHaJIu30M
Fig. 1. Comparison of reanalyses ERA-Interim (a), CFSR (6) and NCEP-NCAR () with station data («station mi-

nus reanalysis») by air temperature at 2 meters (left column) and precipitation amount (right column) for cold period.
The size of the circle corresponds to the value of the correlation coefficient between the station data and the reanalysis

HUeM penbeda B ri100aabHBIX aTMOC(HEPHBIX MO-
HEJISIX M CJIIOXHOCTBIO MPUBEACHUS MOIEIbHBIX
ocankoB K BeicoTaM ['MC u3-3a OTCYTCTBUSI PErmo-
HaJIbHBIX TUTIOBUOMETPUYECCKUX I'paareHTOB Ha KaB-
kaze. [LimoBroMeTpuiecKuii rpaaueHT OonpeaeisieTcs
coueTaHueM OporpacUYECKU BBIHYKICHHOTO TTOIb-
€Ma BOo3/yxa BIOJIb TOPHOI'O CKJIOHA C YMEHBIICHU-
€M UHTETPaJbHOTO BJIarocoiaepkaHust aTMOChephl
110 Mepe YBEJIMYEHUs BBICOTHI HaJ YPOBHEM MOpS.
B ropHBIX crcTeMaxX yMEPEHHBIX IIIMPOT Ha BHICO-
tax 3000—3500 M Haxm yp. Mopsl, KaK IMpaBuJiO, OT-
MEYAIOTCSA CE30HHBIC U TOJOBbIC MAKCUMYMBI OCaI-
KoB [24]. HecMoTpst Ha TH 0011IMe 3aKOHOMEPHOCTH,
MPUBECTU MOJIEIbHBIE CYMMBI OCAIKOB K TOUKE KOH-
kpetHoit MC KpaitHe TpyaHO M3-3a OTCYTCTBUS Ha-

NEXHBIX U JOJIrONePUOIHBIX U3MEPEHUN TIII0OBUO-
METPUYECKUX rpaanueHTOB Ha KaBkase.

Jaeunnasa onacnocmov no 0aHHBLIM peanaiu3os.
CoryacHO MPOBeIEHHBIM UCCIEAOBAHUSIM 10 0000-
IIEHUIO CBeJeHUI o JlaBuHaxX bonbinoro Kaska-
3a B XX B. U pe3yJbTaTaM PeKOHCTPYKILIUU DKCTpe-
MaJIbHBIX YCJIOBUIA JIABUHOOOPA30BaHUsI HA OCHOBE
METOJa TUMM3ALUKU XOJOAHBIX CE30HOB, 3UMBI C
JIJAaBUHHBIMU KaTacTpodaMu Habmonanuch B Kas-
Ka3zckoMm peruoHe B 1953/54, 1955/56, 1967/68,
1975/76, 1986/87 rr. [25]. B 1990-¢ rombl oTMeUYeHBI
ell€ IBe 3UMBI C MACCOBBIM CXOJOM 0CO00 KPYITHBIX
JIaBUH Ha TeppuTopuu 3anagHoro u LleHTpaabHOTO
Kaskaza — 1992/93 u 1996/97 rr. [25]. Takum 06-
pazom, st BTopoii mooBuHBI XX B. B KaBKkazckoMm
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Puc. 2. XapakrepucTHKa JaBUHHOM OMAaCHOCTU 3UM IO COOTHOLIEHUIO TeMIepaTypbl BO3AyXa U OCaaKOB 3a XOJO/-
HBI TIEpUO/I IO JAHHBIM METEOPOJIOTMUYECKUX CTAHLIMI (OCh aOCLIMCC) M PeaHaIu30B (OCh OpAMHAT):

a — ERA-Interim; 6 — CFSR; 6 — NCEP-NCAR (1948—2018 1r.);

2 — NCEP-NCAR (1980—2018 rr.). 3esi€Hble KpY>KKH — MOJHOE

COOTBETCTBUE MEXIY IaHHBIMU pe€aHain3a 1 Ha6J'[IOI[€HI/II7I, CEPLIE — YAOBJIETBOPUTEIBbHOEC, KPACHBIE — HEYAOBJIIETBOPUTECIIbHOC
Fig. 2. Characteristics of the avalanche danger of winters by the ratio of air temperature and precipitation during the
cold period according to the data of meteorological stations (abscissa) and reanalyses (ordinate):

a — ERA-Interim; 6 — CFSR; 6 — NCEP-NCAR (1948—2018); e — NCEP-NCAR (1980—2018). Green circles — full correspon-
dence between reanalysis and observation data, gray — satisfactory, red — unsatisfactory

pervoHe Mbl ITOJy4yaeM XpOHOJOTMYECKMIA psif Jia-
BUHHBIX KaTacTpod, MpeacTaBIeHHbI CEMbIO 31-
mamu. [IpoaHann3upyeM cTereHb JaBUHHOM orac-
HOCTH IO TaHHBIM peaHalu3oB. OTMETHUM, UYTO B
XXI B. He ObUIO HU OTHOU 3UMBI ¢ MAKCUMAaJIbHOM,
4-i1 cTeneHbIO JIJABUHHOM OMaCHOCTHU KaK 10 METe0-
JaHHbeIM M C u HemmocpeaCTBEHHBIM HaOJIIOACHU -
sIM 3a JJaBUHaMM B PerMOHe, TaK U Ha OCHOBE JdaH-
HbIX peaHalu30B. OlLleHKa JaBUHHON OMaCHOCTU
BhITIoNIHEHa 1o JaHHbIM M C u peananuzoB ERA-
Interim, CFSR u NCEP-NCAR.

PaccMmoTpum nmoapobHee comocTaBlIeHUE MO~
KaszaTeJs JJaBUHOM OMaCHOCTU MO JaHHBIM pe-
aHanu3oB ¢ nanHeiIMU ['MC (puc. 2). lng atoro
OIpenesIM CAeAyIolIe KPUTEPUU TOUHOCTU BOC-
MPOU3BEACHMS JABUHHOI OITACHOCTH 3UM Ha OCHO-
BE peaHaJIn30B: «X0pouio» — MPU COBIAICHUM CTE-
MEeHU JaBUHHON oImacHOCTH 1o maHHbIM 'MC u
peaHanu3a (IIpu 3TOM a0COTIOTHBIE OIITMOKM TeMIIe-
paTyphl 1 0CaaKOB MOTYT BapbUpOBaTh B IIpeaesiax
CpeIHeKBaAPaTUIECKOIO OTKJIIOHEHUSI, Ompeneisie-

MOTO B paMKax METOIUKMU [6]); «ydosaemeopumens-
HO» — IIPU OTKJIOHEHMU Ha OJHY Tpajalulo; «He-
yodosiemeopumenbHo» — TIPpU OTKJIOHCHUM Ha
JIBE-TPU rpafaliu. YCTaHOBJICHO, YTO pPeaHalN3
NCEP-NCAR B 58% ciryuyaeB BOCIIPOM3BOIMUT JIa-
BUHHYIO onacHOCTh Ha LlenTpanbHoM KaBkasze Ha
YPOBHE «XOPOI110», B 33% — «yIOBJICTBOPUTEIBHO»,
B 9% ciy4aeB — «HEYIOBJIETBOPUTEIBHO» (IIPU BbI-
o6opke ¢ 1948 mo 2018 r.) Eciu e nmpuBecTH BbI-
6opky NCEP-NCAR « Tomy Xe BpeMeHHOMY psIy,
yT0 y peaHanu3oB ERA-Interim nu CFSR (1979—
2018 rr.), To COOTHOIIEHUE OYIET CIEAYIOLIUM:
62% — «xopol1o», 26% — «yIOBJIETBOPUTEILHOY,
12% — «HeymoBIETBOPUTEIbHO». Takum oOpa3om,
KapAWHaJIbHOM pa3sHMIIBI MO pe3yjabTaTaM CpaBHE-
HUS 3a pa3Hble BpEMEHHbBIC IMPOMEXKYTKU HE Ha-
omopnaerca. Peananns CFSR B 67% BocriponusBo-
JIAT JIJABUHHYIO ONTACHOCTh Ha «Xopolo», B 30% — Ha
«YIOBJIETBOPUTENIbHO», B 3% — Ha «HEYIOBJIETBOPH -
TeabHO»; peaHann3 ERA-Interim B 71% — Ha «xo-
poio», B 29% — Ha «yIOBJIETBOPUTEILHO». PeaHa-
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mm3 NCEP-NCAR oxka3zancs XyImmM UCTOYHIKOM
MOJIECJIbHBIX JaHHBIX 1JIS1 0O0OIIEHHBIX OLIEHOK Jla-
BUHHOI OMMAaCHOCTHU, IIPUYEM HAUOOJIbIIKE OIIMOKU
HaOMIOOAINCh B ONPENeICHUN 3UM CIa00ii JTaBUH-
HOIT ormacHOCTU. OTMETHUM, YTO pelIeHHe IMpooIIe-
MBI C IUTFOBUOMETPUYCCKUM TPAIMEHTOM, KOTOPBII
OBLI pacCCMOTpPEH paHee, MOXET 3aMETHO YIyYIINTh
OLICHKY IoKa3aTejiell JaBUHHOI OIaCHOCTH IO JaH-
HBIM peaHalIn30B M KIMMaTUIECKUX MOIeleil Bo-
obwe. Mtak, u3 Tp€x UCIOJIb3yEMbIX PeaHATU30B
ayuiminii — ERA-Interim, koropwiit B 71% cnyya-
€B YCIIEIITHO BOCIIPOM3BOIUT JIABUHHYIO OIAaCHOCTh
3MMHHUX CE30HOB U OIIMOKAa KOTOPOIo HU pa3y He
BBIXOIIMJIA 3a TIPEIeIIbl OMHOM Ipagalivii.
Cunonmuueckue yca06us 8bICOKOI U IKCMPeMAat,-
HoIl aasunHoli onacnocmu. PaccMOTpeHbl OCHOBHBIE
XapaKTePUCTUKUA aTMOCHEPHON HMUPKYISILUKI HaL
EBpomnoit u CpennzeMHOMOPBEM IJISI CE30HOB, B Te-
YeH1e KOTOPBIX HAOJII0aaIach CIIbHASL K aHOMAJIb-
HO CUJIbHAS JIJaBUHHAsSI OMacHOCTh. [Jis1 mepromoB
3KCTPEMaIbHOTO JIJABUHOOOPA30BaHMST PACCUUTAHBI
MUPKYISIIMOHHBIE MHIEKCHI, XapaKTepHU3yIOIIe
B3aMMHO€ PacCIOJIOXEHNE U MHTEHCHUBHOCTh OC-
HOBHBIX KPYITHBIX LIEHTPOB ACUCTBHSI aTMOC(]EPHI.
Hcnonp3oBaHbl ciaenytomme nHAEKCH: CeBepo-AT-
maHtndeckoro konebanmsa (NAO); Bocrounasg Ar-
nanTtuka/3amanHas Poccusa (EA/WR); CkannuHa-
Busg (SCAND) [26]. YcTraHOBIEHO, YTO JJABUHHBIE
COOBITHSI IPOMCXOAMIIN KaK IIPH OTPULIATEIbHBIX,
TaK W IIPpY IOJOXUTEIbHBIX BEIMINHAX IIePeUrC-
JICHHBIX MHIEKCOB, T.€. KaKOi-I1100 CBSI3U BBICO-
KOW M 3KCTPEMAJIbHOM JJABUHHOUW OITACHOCTH C Ma-
KpoMaclITaOHbIMU KojJeO0aHUSIMU aTMOC(hepHOH
LUPKYJISIIUKA OOHApYKEeHO He ObL10. [JIs1 Bcex 3UuM-
HHUX CE30HOB C 3KCTpEeMaIbHOM JTJaBUHHOI OMacHO-
CTBIO CpeIHNE 3HAaUueHUS TeMIepaTyphl Ha YPOB-
Hax 850, 700 m 500 rlla mo maHHBIM peaHaNIM3a
NCEP-NCAR oxka3zanuch HIKe HOpMEL. [1pn aTom
MHTEeTpaJbHOE BarocoiepkKaHue cToj0a aTMOC-
(eprl B OONBIIMHCTBE CIyd4aeB TaKKe 0Ka3aloch
HIXKE CPEeIHUX MHOTOJIETHUX 3Ha4eHW (puc. 3).
[lomuepkHEM, UYTO 3MMBI C MACCOBBIM CXOJIOM KaTa-
CTPO(UIECKUX JIABMH MPEXIE BCETO ObLIN CBSI3aHBI
C OTpUIIATEIbHOI aHOMAaJINEl TeMIIepaTyphl B Cpel-
Heli Tportocdepe, a He ¢ TOJIOXUTEIbHBIMA aHOMa-
JINSIMU BJIarocoAepKaHus 1 OOMIbHBIMU OCaIKaMMU.
PaccMmoTpuM cMHONTHYECKHME CUTYalluK, KOTO-
pBIe CIIPOBOLIMPOBAIN CXOI KPYITHBIX 1 KaTacTPO-
(uyeckux JaBUH B 3UMHUE ce30HbBI 1968—2018 rr.
[1o xaxxmoMy 3Mnm304y KPYITHBIX JABUHHBIX COOBITHIA

Ha ocHoBe naHHbIX peaHann3a NCEP-NCAR o6b11u
IMOCTPOEHBI Y TIPOAHAIM3UPOBAHEI KAPTHI TaBJICHUS
Ha YpOBHE MOpsI, TeOITOTEHIIAIa 1 aHOMAJIUU T'eo-
noreHuuana Ha yposHe 500 rlla, aHomanuu Temre-
patypsl Ha 850 rlla u BiarocogepxxaHusl B CTOJ10e
BO3/yXa. YCTaHOBJIEHO HECKOJbKO HUPKYJISIIIMOH-
HBIX MEXaHU3MOB, KOTOPBIE MOXKHO pacCMaTp1BaTh B
Ka4yeCcTBe PerMOHAIbHOM TUITM3AllUM «JIaBUHOOIIAC-
HBIX» CUHOINITUYECKUX TTpoLeccoB (TabJ. 4).

1. 3onanvHutil yuxaonuveckuii oxcuoiii 3L(FO) —
XapakTepusyeTcsl 00Jice I0KHBIM 110 CPaBHEHUIO
CO CpeOHUM KIMMATUYECKUM ITOJIOXEHUEM BHI-
COTHOU miaaHeTapHOI (POHTAJbLHOU 30HBI U OT-
pulaTeJbHOW aHOMaluel reormoTeHLMana Haj
Boctounoii EBponoii. B Takoii cutyauuu Han Cpe-
JU3EMHOMOPCKUM PErMOHOM (hOPMUPYIOTCS 00J1a-
CTU CYIIECTBEHHBIX TEMIIEPATyPHBIX KOHTPACTOB U
AKTUBU3UPYETCSI LIMKJIOTEHE3, IPUUEM CPeaU3eM-
HOMOpPCKME IIUKJIOHBI TIePEeMEIIA0TCs IIPeuMYIe-
CTBEHHO B BOCTOYHOM HarpaBJICHUU.

2. MepuduonanvHblil UWUKAOHUHECKUL FHONCHDBLIL
MII(FO) — pe3yabTaT BTOPXKEHUSI apKTUUYECKOTO
Bo3ayxa co CkananHaBuu B Boctounyio EBpony u
Ha bankanbl. B pesynbrate Hag Cpean3eMHOMO-
pbeM PE3KO aKTUBU3MPYETCS LMUKJIOHWYECKasl Je-
saTeJbHOCTh. [Ipolnecc xapakrepusyercst GopMuU-
pOBaHMEM BBICOTHOTO LIMKJIOHA Hax BocTouHoit
EBpomnoii u rpedbHs1 Hag KacnivueM U 10XKHOM moJjio-
BUHOI Ypaja, B pe3yJibTaTe TPaeKTOPUU CPEeaU3eM-
HOMOPCKHMX LIMKJIOHOB HaIIpaBJIeHbI B CEBEPO-BOC-
TOYHOM HaIIPaBICHUU.

3. 3oHanbHbLI YUKAOHUYECKUI AMAAGHMUYECKUL
31I(A) — xapakTepu3yeTcsl TUTIMYHBIM MepeMelLeHN -
€M aTJIaHTUYECKHMX IIMKJIOHOB C 3arajia Ha BOCTOK, OJl-
HaKO UX TPaeKTOPMU cMelleHbI mpuMepHo Ha 1000 km
K 10Ty (110 CpaBHEHUIO CO CPEAHMMU MHOTOJIETHUMMU),
B uTOre arMocdepHble (PPOHTHI CYIIIECTBEHHO BIMSIIOT
Ha noroay CesepHoro Kaskaza. MHoraa nmpoiecc co-
MPOBOXKIAETCST TOITOJIHUTEIBHBIM BBIXOIOM FOXKHOTO
LIMKJIOHA, KOTOPLIi1, KaK MpaBwiIo, GOpMUPYETCS Ha
XOJIOMHOM (PpOHTE aTJIAHTUYECKOTO.

4. 30HanbHO-MepUOUOHANbHBLLL YUKAOHUYECK ULl am-
AQHMUYecKUll — B CUHOTITUYECKON MPAaKTUKE ITOT
MPOLIECC HA3hIBAIOT «HBIPSIOIINI IIUKIOH»; PeYb
HUIET O CYLIECTBEHHOM OTKJIOHEHUHU TPASKTOPUM aT-
JJAHTUYECKOTO IIMKJIOHA Ha 10ro-BocTok (co CKaHau-
HaBuM B LIeHTp EBporeiickoii teppuropuu Poccuu u
nanee Ha CpeaHioro 1 HukHioro Boary). CeBepHblii
KaBka3 oka3bIiBaeTCs B 30HE aKTMBHBIX XOJOTHBIX
(bpPOHTOB U XOJIOAHOTO BTOPKEHMS B THUTY LIMKJIOHA.
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Puc. 3. AHoManust TeMIepaTypbl OTHOCUTEIbHO cpeaHel kaumaTudyeckoit (1981—2010 r.) Ha uzobapuyeckoi mo-
BepxHocTu 850 rlla (a) u BnarocogepkaHus B cTojioe Bo3ayxa (6) mist tepputopun CeBepHoro KaBkasza no naHHbBIM

peananuza NCEP-NCAR.

CTpCJ’[KaMI/I ITOKa3aHbl 3UMBI C 3KCTpCMaIIbHOI7I JJaBUHHOI OMAaCHOCTBIO
Fig. 3. Anomaly of temperature relative to the average climatic on the isobaric surface of 850 hPa (a) and of moisture
content in the air column (6) for the territory of the North Caucasus according to the NCEP-NCAR reanalysis data.

The arrows indicate winters with extreme avalanche danger

Ecnu onieHuBaTh 0COOEHHOCTH KPYITHOMACILITA0-
HBIX TT0JIel aTMOC(EepHON UUPKYIISILINHT, TO IS BCEX
3HAUMMBIX JIJABUHOOITACHBIX CUTYallUll XapaKTepPHbI
IJIyOOKHEe aHOMaJIuK reoroTeHIana Han BoctouHoit
EBporoit niu Hag ceBepHOIT ToJoBUHOM EBporneii-
ckoli TeppuTopun Poccuu 1 COOTBETCTBYIOIINME UM
OoTpUlIaTeIbHbIe aHOMAJIUX TeMIepaTypbl Ha YpOBHE
850 rlla, kak mpaBujIO, MPEBHILIAIOLINE IO MOIYJITIO
5°C (puc. 4). B utore Bce MHOroo0pa3ue CUHOIITHYE-
CKUX MPOLIECCOB CBOAMUTCS K ABYM CUTYaLIMSIM: a) TITy-
0OK1e BTOPXKEHUST apKTUUYECKOTO X0JI0[Ia CO CTOPOHBI

CKaHAMHABCKOTO ITOJyOCTPOBa, KOTOPhIE ITPOBOLIM-
pyIoT HukIoreHe3 Haa Cpeau3eMHOMOPCKUM PEeruo-
HOM; 0) TOCTIOICTBO apKTUUYECKOI BO3MYIIHON MacChl
HaJl CeBepHOI1 MoJI0BMHOM EBpOITBI B cOUeTaHNM C TTO-
JIOXKUTEIBHON aHOMaMel Temriepatypbl Hag Cpenn-
3€eMHOMOPBEM, B PE3YJIbTaTE KOTOPOTO MPOUCXOAUT
AaKTMBU3Aa1IMsl BEICOTHOMH TJITAaHETAPHOM (DPOHTATTLHOM
30HBI U LIUKJIOTeHe3a (KakK FXKHOT0, TaK M aTJIaHTUYe-
ckoro). B o6eux cutyanusax CeBepHbiii KaBkas oka-
3bIBACTCS B 30HE NEHCTBUSI aKTUBHBIX aTMOC(EPHBIX
(bpoHTOB, ITOATOMY aHOMAJILHO BBICOKME 3HAYEHUSI
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Tabnuya 4. XapakTepiCTHKa CMHONTHYECKNX IIPOLIECCOB, CHPOBOLPOBABIINX BHICOKYIO M 9KCTPEMATbHO BBICOKYIO JTaBUH-
HYIO OIIACHOCTD B 3uMHMeE ce30HbI 1968-2000 r.

Lupkynsiust B cpenHeii Tpormocdepe (AT500), Temriepatypa U BIarocoaep:KaHue Ha 06
Ton v nata ypoBre AT850 1 roJie TaBIeHMST HA YPOBHE MOPSI 11as1 XapaKkTepH-
CTHKa Tporiecca
AT500 AT850 YPOBEHb MOPSI
1968 .
05.01—15.01 . YepenoBaHue TPOIMUYECKOTO Cepust 10KHBIX LIMKIOHOB 30HAJIbHBIN TUKITO-
.01-15. 3aragHbIi i
HepeHoC ¢ Bbl- 1 YMEPEHHO-KOHTUHEHTAJIbHOTO [T ——— HUYECKMI (cpear3eM-
1973 CTDBIMI BOTHAMI BO3J1yXa; BJIarocojiep>kaHue A . ’ HOMOPCKUE LIMKJIIO-
01.12—07.12 p GITH3KO K HOPME B KOHIIE TIepHoa I0XKHAasI TIepy- wer) 3L(1O)
Gbepust aTIaHTUYECKOTO LIMKJIOHA
12—16 stHBaps — 10KHast epude-
1976 Py ATJIAHTUYECKOTO LIMKJIOHA;
12.01=21.01 I'ny6okuit ukioH | Apkrudeckoe BropxkeHue Ha ETP 17=21 ﬂHBapﬂv_ CPEMIBEMHO" MepunuonanbHbiii
y N P P MOPCKHH IIMKIIOH LIMKJIOHUYECKU I
Hana BocrouHoit | co CkaHauMHaBUM; BJlarocoaepka-
1979 . (Ccpean3eMHOMOPCKIE
EBpomnoit HUE OJIM3KO K HOpMe
01.01—04.01 BBIXOI I03KHOTO [IUKJIOHA uukitonsr) MII(TO)
1986 ¢ Bankan
20.01-31.01
3oHanbHBIM Mpo- | YepeaoBaHue BOJH TPOITUUECKOTO 30HaIbHbIN LIUKJIO-
YepenoBaHue aTJaHTUYECKUX .
1987 11ecc Ha ceBepe TEIIa C BTOPKEHUSIMU HUYECKMII (aTJIaHTH-
o W I0KHBIX IIUKJIOHOB
01.01—10.01 | ETP; rmy6okmii YMEPEHHO-KOHTHHEHTAJIbHOTO YeCKUe U FOXKHBIC
M U UX 00BbeNMHEHUE
BBICOTHBII IIUKJIOH U apKTUYECKOTO BO3IyXa nukiIoHbl) 3L1(A)
YepenoBaHue BOJIH Teruia 30HaJIbHO-MEPUIUO-
BricTphie motorue .
1987 BOJIHBL CO C ApKTUYECKUMU BTOPXKEHUSIMU «HpIpsionye» aTJaHTUYECKUE | HAJTbHBIN IUKJIOHWYE-
24.01-03.02 B ThLTY IIUKJIOHOB; BJIarOCOepKa- LIMKJIOHBI CKUi1 («HBIPSIOIINE»
CkaHAMHaBUHU
HUe OJIM3KO K HOpMeE HukIoHb) SMLI(A)
YepenoBaHKe TPOTTUIECKOTO 30HAaTbHbBIN
1993 3 . 1 YMEPEHHO-KOHTUHEHTAIBHOTO Cepust aTTaHTUYECKUX LIMKJIOHUYECKUIA
22.01-29.01 araHbN BO3IyXa; BJIAroCcOIEpXKaHIe LMKJIOHOB (aTIaHTUYECKIE
TEpeHOC ¢ JIM3KO K HOpME unkioHbl) 3L (A)
OBICTPBIMU -
1996 BOJTHAMMU YepenoBaHKe TPOIMIESCKOTO U yMe- 30HAJIbHBIN TIUKJI0-
22.12-30.12 PEHHO-KOHTUHEHTAIEHOTO BO3IyXa; Cepust 103KHBIX IITKJIOHOB HUYECKUN (FOXKHBIC
) ’ BJIAroco/iep>KaHue BbIllIe HOPMbI umkioHb1) 3L(1O)

TEMIIepaTypbl CMEHSTIOTCSI KCTPEMaIbHO HU3KIMU B
COYETAaHUM C MHTEHCUBHBIMU (MJIN IIPOIOJIKUTEIb-
HBIMM) cHeromanzamMu. Ecnu temmniepaTypHbIii (DOH B
TeUeHHUE MINTEIHHOTO IIeproaa, IPeAIIeCTBYIOIIEe-
IO ONMCHIBAEMBIM COOBITHSIM, ObIJT HUKE HOPMBEI, TO
(opMuUpyroTCs OJaronpusTHBIE YCIOBUS IS cXoaa
0C000 KPYITHBIX CHEXKHBIX JTABUH.

AHaIN3 CHHONTUYECKNX ITPOLIECCOB MO3BOJIMII
BBISIBUTH TOMUHUPYIOIIYIO POJIb MOJSIPHO-(QPOHTO-
BOTO LIMKJIOTeHEe3a B (pOpMUPOBAHUU OCOOO omac-
HBIX JIJaBUHHBIX cuTyanuii. [1pu aTom atmanTuye-
CKH€ LIMKJIOHBI TOXE UTPaloOT JOCTATOYHO 3aMETHYIO
poIb (TpM citydast U3 neBITH). JIaBUHHBIE KaTacTpo-
(u1 3uMbl 1986/87 1., MOAPOOHO OMKUCAHHBIE B pa-
6oTe [26], BEepOSITHO, CBSI3aHBI C TAKOM TTOCIIEA0BA-
TEJIbHOCThIO CMHONTUYECKMX IIPOIIECCOB: a) BHIXOI
CPeIM3eMHOMOPCKUX IIMKJIOHOB CHavyaja ¢ 10ro-
3amaja, a 3aTeM — C 3arana; 0) «HbIPSOIIUi» aT-
JJAHTUYECKUU LIUKJIOH, KOTOPBIA, KPOME 3aMETHBIX
0CaJIKOB, IIPUHEC pe3Koe MTOHMXKEHIE TeMIlepaTy-
pbl. CuTyanus ycyryomiach TeM, 4TO 3MMHUM Ce30H

ObLT HECKOJIBKO XOJIOMHEE CPEIHEr0 MHOTOJICTHE -
ro (poHa, 4To 0OYCJIIOBUJIO OJIArOMPUSITHBIE YCII0-
BUS 1711 (POPMUPOBAHUST HEYCTOMYMBOIO CHEXHO-
TO ITOKPOBA CO CIIOSIMHU pa3pbixiieHns. OmHaKo gaxe
Ha BpeMeHHOM MaciTabe, COOTBETCTBYIOIIEM CH-
HoITHUYecKuM Tpolieccam (5—10 cyTok), Biaroco-
nepxanue atMocdepsl Hag CeBepHbiM KaBka3oM B
OOJIBILIMHCTBE Cy4aeB ObLIO OJIM3KUM K HOpME U Ha
(hoHe 103KHBIX LIMKJIOHOB (3a UCKJIIoueHrueM 1996 .).

OO0cyxKaeHue pe3yJabTaToB 1 BHIBOIbI

JeTalbHbBI aHAIU3 METEOPOJIOTMYECKUX YCII0-
BU# GOPMUPOBAHUS CUIBHON M aHOMAJIbHO CUJIb-
HOM CTerneHM JaBUHHOI OMacHOCTM IoKa3all, 4YTo
Ha MaciTabe CMHONTUYECKUX MTPOLeCCOB Hanboee
TUIIMYHASI CUTyallMsi — OTpUIIATeJIbHAsl aHOMaJIUS
reoIoTeHIIaIa B CpeIHeEN Tporocdepe ¢ LIeHTPOM
Haj 3apyOexHbIMU cTpaHamu BoctouyHoii EBpo-
Mbl, KOTOPO COOTBETCTBYET BTOPXKEHME apKTUYe-
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Puc. 4. Mecsiunble aHoManuu teMrepatypsl Bo3myxa Ha 500 rlla (cneBa) u BrarocomepxaHust B CTOJ0e aTMocdepbl
(cipaBa) oTHOCUTENBbHO KiMaTtndecKux HopM (1979—2010 rr.) B 3MMbI 9KCTPEMaTbHOTO JJABUHOOOPA30BaAHUS

Fig. 4. Monthly anomalies of air temperature by 500 hPa (left) and of moisture content in the atmospheric column
(right) relative to climatic norms (1979-2010) in the winters of extreme avalanches
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cKoro Bo3myxa co CKaHIMHABUU B I0XKHBIE PAliOHBI,
MIPOBOLIMPYIOIIee aKTUBU3AIIUIO MOJISIPHOTO (hpOH-
Ta 1 HmuKJoreHe3 Hag CpeanzeMHOMOpbheM. boiee
peIKUii, HO TOXE TOBOJBLHO TMITMYHBIA MPOLEcC —
(bopMupoBaHUE BBICOTHOTO LUKJIOHA HAaJ CEBEPHOM
noJIoBMHOI EBpoOMbI, KOTOPOMY COOTBETCTBYIOT LTy~
OoKMe OTpMLIATEIbHbIE aHOMATMU TeMIOepaTyphl y
MOBEPXHOCTU 3eMJIU. B 3TUX yCI0BUSIX TAaKXKe TTPOUC-
XOISIT aKTMBU3alIMsl BBICOTHOM IJIaHETapHOR (hpOoH-
TaJIbHOM 30HBI HAJ IOXHBIMU paitfoHaMu EBpornbl u
nukinoreHe3 Hag Cpenn3eMHBIM 1 YEPHBIM MOPSIMHU,
HO TPaeKTOPUM I0XKHBIX LIMKJIOHOB B TAaHHOM CJIy4yae
HaITIpaBJICHEI C 3aIlafa Ha BOCTOK. DTOT TUI KPYITHO-
MacIITaOHOM LUPKYJISILMA BKIIOYAET B ¢€0Sl BBIXOM
aTJIAHTUYECKUX LIUKJIOHOB, TPAEKTOPUMN KOTOPBIX
OKa3bIBAIOTCS CYLLIECTBEHHO I0XKHEE CPeIHUX MHOTO-
JleTHUX. Ecn conocTaBiasiTh MOMyYeHHbIE PE3yJibTa-
ThI C TUNIM3ALMEN JI3epa3eeBCKOro, TO OKAXETCs, UYTO
OOJIbIIIAsT YaCTh JIABUHOOITACHBIX CUTYALIMI COOTBET-
ctByeT Tuny Ila (SIpKo BBIpaxkeHHBIN a30pCKUMA 1
CUOUPCKUI aHTULIMKJIOHBI Y aKTUBHBIA LIUKJIOT€HE3
MEXXAy HUMU HaJ 10XHOI rojioBuHoi EBpornbr) [15].
OnmHako maHHAas TUMM3AYs He JAET ITOJIHOIO Mpe-
CTaBJIEHUSI 00 aHOMAJIUSIX OCHOBHBIX METEOPOJIOrH -
YeCKMX XapaKTEepUCTUK B cpeaHel Tporocdepe.
boJblias 4acTb 3MMHUX CE30HOB C BbICOKOU U
AKCTpEeMabHOM JaBUHHOMW OMACHOCTbHIO XapakTe-
pu3yeTcs oTpULaTebHON aHOMalWel TeMmepary-
pol Bo3ayxa. IIpu aToMm BiarocoaepxaHue ctosda
aTMocdepbl, OCPEIHEHHOE IO CE30HY, OKa3bIBaeT-
Csl HUXKE HOPMBI, a 111 CAHONITUYECKUX MPOLIECCOB,
BbI3bIBAIOIIIMX JAaBUHOOIIACHBIE CUTyalluu, OJIN3-
KM K HOpMe. DTO 03Ha4YaeT, YTo B (DOpMUPOBAHNH
AKCTPEMAIbHBIX JIJABUHOOITACHBIX CUTYaLMii TTepPBO-
CTEIIEHHYIO POJib UTPAET CTaOMIbHAS OTPULIATEb-
Hasi aHOMaJIus TeMIlepaTypbl BO3ayxa Ha MPOTSI-
JKEHMU OO0JbIIEH YaCTU 3MUMHETO CE€30Ha, KOTOopasi
BbI3bIBAET AaHOMAJIbHO BbICOKOE CHETOHAKOILJIEHUE
Jaxe MpY CE30HHBIX CyMMax OCaaKOB, OJU3KMUX K
Hopme. UmeHHo nmosTtoMmy B XXI B. He ObLIO OTME-
YEeHO HM OOHOM 3MMBbI, XapaKTepU3yeMO CHIbHOM
WJIN KCTpeMaIbHOM JIJABUHHOM ormacHocThi0. Cpen-

JIutepaTypa

1. Huss M., Bookhagen B., Huggel C., Jacobsen D.,
Bradley R.S., Clague J.J., Vuille M., Buytaert W.,
Cayan D.R., Greenwood G., Mark B.G., Milner A.M.,
Weingartner R., Winder M. Toward mountains without
permanent snow and ice // Earth’s Future. 2017. V. 5.
Ne 5. P. 418—435.

HSIST Ce30HHASI TeMITepaTypa 3MMHHUX CE30HOB B IO-
caemnue 20 et OblIa win OJM3Ka K CpeaHeil MHO-
TOJIETHEH, WJIM CYIIeCTBEHHO IIpeBhIIIaja ¢€, B TO
BpeMsI KaK pexkKiM YBIaXKHEHUS SINU30IMIECKH IIpe-
BHIIIIAJ CPpeTHUIT MHOTOJIETHUN (PoH Bo3MoxXHO,
OoTpHUIaTeIbHAas aHOMAJIMs TeMIepaTyphl BIUSIET
Ha JIABUHHYIO OITACHOCTh IIPEXKIe BCEro KaK ITOKa-
3aTejIb, OMPEIeIISIIONINI CTpaTUrpaduio CHEXKHOTO
TMOKPOBa U CIMOCOOCTBYIOIIUI MOSIBJIEHUIO OC1a0d-
JICHHBIX CJTOEB (CIOEB pa3phIXJICHNUS).

Hoka3zaHo, 4TO gaHHble peaHann3oB ERA-
Interim m CFSR MoryT OBITh UCITOTE30BaHbI B Ka-
YyeCcTBEe MHCTPYMEHTa KaueCTBEHHOM OIeHKU Jia-
BUHHOM OMACHOCTU Ha CE30HHOM MacIluTabe 1o
KpyIIHOMY TOpHOMY peruony. Tak, mo CeBepHOMY
KaBka3y oHM moKa3ajiy BIIOJIHE aAeKBaTHYIO KapTH-
HY TeMIIepaTypHO-BIaXXKHOCTHOTO peXrMa 3UMHUX
CE30HOB: HECMOTPS Ha 3HAYMUTEJbHBIC OIINOKM 110
otneabHBIM 'MC, B 1IeJIOM 110 KPYITHOMY TOPHOMY
peruoHy JaHHbIE MOISIMPOBAHUS MOXHO IIPU3HATD
yIOBIETBOPpUTEAbHBIMU. PDaKT MpHUEeMIEMOTO BOC-
MIPOU3BEACHMST PeaHAIM3aMU METEOPOIOTUIECKOTO
pexXrMa B BEICOKOTOPHBIX paiioHAX MOATBEPKIA-
eTCsl B psiae paboT MO pa3HBIM PeruoHaM 3€MHOTO
mrapa: Ha Kaskase [20], B Augax [27], B BocTouHoit
Adpuxke [19] u apyrux pernonax [28], 4To OTKpbI-
BaeT MEPCIEKTUBDI IS TOJATOCPOIHOTO (DOHOBOTO
MIPOTHO3a JJABUHHOM OITACHOCTU Ha OCHOBE MOZEIIb-
HbIx cueHapues [PCC [29].

baaromapaocTn. AnipoGanust JaHHBIX peaHalIn30B
IUTSL BOCIIPOM3BEICHMS CTEIIEHH JIaBUHHOI OIAaCHO-
CTH 3UM BBIIIOJIHEHA MpY Toaaepkke rpanTa PODU
(mmpoexT Ne 20-05-00280 A); orileHKa CHHOIITHYECKIX
YCJIOBUI, BBI3LIBAIOIIMX 9KCTPEMAabHbBIC OCAOKU U
OJIarOIIPUSITHBIC YCIOBHS JJABUHOOOPA30BAHMS B BbI-
cokoropHsbix paitonax CesepHoro Kapkasa — mpu
nopaepxkke PODU (mpoekt Ne 20-05-00176).
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Summary

Snow stratigraphy can be considered as an integral characteristic of weather conditions of the corresponding
winter season. The stratigraphic approach is convenient for a comparative analysis of the snow stratigraphy at
different spatial-temporal scales, including the variability of the snow cover due to climate change. The snow
stratigraphy can be sufficiently modeled on the basis of three meteorological characteristics: air temperature,
wind speed and precipitation. Consequently, significant differences in the winter meteorological conditions
should produce different stratigraphy.In the Moscow region winter temperatures are almost three degrees
higher in the 21-st century compared to the middle of the 20th century, though precipitation and wind speed
are similar. Thus, changes in the snow stratigraphy can be expected. Comparative analysis of the results of
stratigraphic studies carried out in the mid-1950s to 1960s and 2010s indicates a slight decrease in the pro-
portion of faceted crystal and depth hoar layers and increase in melt-freeze layers during the last decade,
while the proportion of settled layers composed by rounded grains remains relatively invariable. However,
the interannual variability of the winter weather produces higher variability in the snow structure compared
to the expected effect of the long-term climate trends. The spatial distribution of the melt-freeze layers in the
2014-2019 was different compared to 1957/58 and 1961/62 due to the increase in the number and intensity
of thaws in the winter seasons. In the 2010s, the number and thickness of ice crusts and melt-freeze layers
increased in the middle part of the strata, which usually forms in January-February. Such layers composed 5
to 31% (17% in average) in 2014-2019 winters, while in 1957/58 and 1961/62 it was 7 and 10% respectively.
A further increase in winter temperatures can enhance changes in snow stratigraphy and properties. It may
result in thicker melt-freeze layers, weaker kinetic growth and shorter winter seasons.

Citation: Komarov A.Yu. Snow cover stratigraphy in the northeast of Moscow region. Led i Sneg. Ice and Snow. 2021. 61 (3): 391-403. [In Russian].
doi: 10.31857/52076673421030096.

ITlocmynuaa 30 nosops 2020 e. / Ilocae dopabomku 9 anpens 2021 e. / [Ipunsma k neuamu 25 urona 2021 e.
KnroueBbie cioBa: cmpamuzpagus cHexxHoll monwu, Knaccuukayus cHexHoz0 nokposa, vemamopgusm cHezd, Mockosckas o6nacme.

MpenctaBneHbl pe3ynbraTbl UCCIEQOBAHNA CTPOEHMA CHEXKHOWM TONLWM, BbiNOSIHEHHble B 2014-2019 rr.
Ha ceBepo-BOCTOKe MOCKOBCKOW 0611aCcTV Ha OTKPbITOM He3anecéHHOM yyacTKe B Mepuobl Makcumarb-
HbIX CHero3anacos. [lpoBefAeHO CpaBHEeHME MNONYYEHHbIX AaHHbIX C pe3ynbTaTaMy NCCNefoBaHU CHEX-
HOW TOMLLM, BbINOSIHEHHBIMU B TOM Xe panioHe A.H. ®opmoszosbiMm 1 A.l. MaBnosbim B 1950-60-X rogax.
YCTaHOBMIEHO, YTO CTPOEHME CHeXHoW Tonwm B 1957/58 n 1961/62 rr., cuntaowuxca TMNNYHbIMK A
nccnefyemon Tepputopum, OTMYaeTcs oT CTpoeHust B 2014-2019 rr,, 4To MOXeT 6bITb 0OYC/IOBNEHO
yBeNMUYeHeM 3UMHUX TeMnepaTyp BO34yxa, a TakXKe uYucna M UHTEHCMBHOCTW OTTenenen BO BTOPOWN
nonosuHe XX — Havyane XXI B. Mpn 3ToM coxpaHseTcs 6onbllas MeXrofoBas U3MEHUMBOCTb 3VMHUX
MOroAHbIX YCNOBWIA, BINAHNE KOTOPOW Ha CTPOEHWE CHEXHOW TOJILLM OKa3biBaeTcA 60bLINM, YeM BANA-
HVe MHOTOJIeTHUX TPEHIOB.

BBenenue MHTEPEC, TTOCKOJIBKY MOXET paccMaTpUBaThC KakK

MHTETpaibHasl XapaKTePUCTHUKA ITOTOAHBIX YCIOBUIM

Crparurpaduueckue UcCaeI0BaHUs 3aHMMA- COOTBETCTBYIOIIEro 3umMHero cezoHa [1, 2]. Crpa-
0T BaKHOE MECTO B CUCTEME HayK O CHEXXHOM TO- TUTrpadUUeCKUil MOAX0 OTKPhIBAET BO3MOXKHOCTHU
kpoBe. MHpopMalius o BEICOTe, TUMAX M CBOMCTBAX /11 CPAaBHUTEIBHOTO aHaIM3a CTPOCHUS CHEXXHOM
CJIOE€B CHera IpeACcTaBIsIeT co000il 3HAYUTENbHBIA TOJIIM B Pa3HBIX IIPOCTPAHCTBEHHBIX U BPEMEH-
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HBIX MacliTabax, B TOM YHMCJIe Ui aHaan3a U3-
MEHYMBOCTH CHEXXHOTO IIOKPOBAa B YCIOBUSIX M3-
MeHsomerocs kimmara. [Ipu oTcyTcTBUT TIPSIMBIX
METEOPOJIOTUUSCKMX HAOIIOAeHUI aHAIU3 CTpaTh-
rpauYeCKMX KOJIOHOK IO3BOJISIET IMOIydyaTh UH-
(hopmaLmIO 0 MPEnIIeCTBYIONINX 3UMHUX ITOTOTHBIX
YCIIOBMSX, XapaKTepe aKKyMYJISIIUU U MeTaMOp-
(¢u3ma cHexHOTO IMoKpoBa. OOQHAKO CpaBHEHUE
cTpaturpaduueckKux npoduieii, moaIyIeHHBIX B
Pa3IMYHBIX YCIIOBUSX, TPeOyeT COrJIaCOBAHHOCTU B
METOJaX OIMCAHMS U IIPeACTaBIeHUsI PE3yIbTaTOB.
Hcmonp3oBaBiinecs B ONUCAHUIX Kaccuduka-
Y CHEXXHOTO TTOKPOBa [3—5] ObUIM TIpU3BaHBI TT0-
MOYb B OOBEKTUBHOM MHTEPIIPETALINN PE3YIbTAaTOB
aHaIM3a CTpaTUrpaUIecKnX KOJIOHOK, HO ITOIXO-
IIbI, 3aJI0XKEHHBIE B KJIACCU(UKALIMSIX, OTIINIAINCH.
[losTOMY CpaBHEHHE pa3HOBPEMEHHBIX OIMCAHUIA
cTpaTurpaduIecKuX pa3pe30B, BHIIIOJHEHHBIX Ha
1X OCHOBE, BBI3BIBAJIO OMpenea€HHbBIC 3aTpydHE-
Hug. Kak nmokasanu ucciaegoBanuss M. Crypma [6],
CTPOCHNE CHEXHOM TOJIIM B JOCTATOYHOM Mepe
MOXET OBITh CMOAEIUPOBAHO Ha OCHOBE TPEX Me-
TEOPOJIOTUYECKNX XapaKTePUCTUK: TeMIIEPaTypPhI
BO3IyXa, CKOPOCTH BeTpa M aTMOC(EPHBIX OCATKOB.
YBenuueHne 3MMHUX TeMIIepaTyp Bo3myxa B palioHe
HCCIIeNOBAaHMS MO3BOJISIET OXUOATh U3MEHEHU B
CTPOCHMM CHEXKHOM TOJIIN, a 3HAYUT, 1 B €€ TEIUIO-
(pr3MUeCcKMX CBOMCTBAX.

CrpaturpadpuiecKkre NCCaeq0BaHNS CHEXHOTO
IIOKpPOBa Ha CEBEPO-BOCTOKE MOCKOBCKOI1 00acTH
MIPOBOAMJINCH PEIKO, TOJHKO B paMKax CIELMAJIb-
HBIX MccheaoBaHuit [7—9]. Dtu paboTbl — OCHOB-
HOI MCTOYHUK MH(POPMALIMU O CTPOCHUN CHEXHOI
TOJIIN 1 €€ N3MEHUYMBOCTH B TeUEHHE 3UMHETO CE30-
Ha B JaHHOM pernoHe. [IpuMephl oIry0IMKOBaHHBIX
cTpaturpadrIecKrX KOJIOHOK [7, 9] cunTatorcs Th-
MMUYHBIMU IJI UCCIEAyeMOTo palioHa, HECMOTPS Ha
TO, YTO M3MEPEHUsI ObLIM BBITOJIHEHKI 00jee 60 JieT
Hazan. [Tockonbky nepuon ¢ 1950—60-x romos Io
HaCTOsIIIIee BpeMsI XapaKTepH3yeTCsl 3HAUUTEIbHBIM
YBeIMUCHNEM CPEeOHNX 3MMHMX TEMIIepaTyp BO3IyXa,
B CTPOEHMY CHEXXHOM TOJIIIIN UCCIeTyeMOI TepPUTO-
PHH MOTJIM IIPOU30NTH N3MEHEHUSI.

OcHOBHBIC 3a4a49M HACTOSIICH padOTHl — CpaB-
HUTH U3MEPEHMSI, 3HAUNTEILHO OTCTOSIIIME BO Bpe-
MEHU, OLIEHUTh OXMIaeMble N3MECHCHMSI, CBSI3aH-
HBIE C PETUCTPUPYEMBIM YBEeIMYEHUEM 3UMHUX
TeMIIepaTyp BO3Idyxa Ha UCCIeIyeMOl TEpPUTOPUM,
a TaKXXe caMy BO3MOXHOCTh TaKOTO CPpaBHEHUSI.
IIpoBeneHbl cpaBHEHUE U 0000OIIEHUE UCTTOJIb30-

BAaHHBIX B OMUCAHUSIX CTPAaTUIPadUICCKUX Pa3-
pe3oB KinaccuuKaluil CHEXXKHOTO ITOKPOBa, KO-
TOpBIE MO3BOJIMJIM CPAaBHUTH ONYyOJIMKOBAaHHBIE
naHHble 1950—60-X ronoB ¢ coBpeMeHHBIMU. BbI-
MMOJTHEH aHaJIN3 TOJIIWHBI, IJIOTHOCTH, TBEPIOCTH,
(opMBI U pa3Mepa KpUCTAJUIOB CHEXXHOI TOJIIU 1
OTHAEJIbHBIX €€ ca0€B. [IpoaHanu3MpoBaHbl YCIO-
BUSI Pa3BUTUSI CHEXKHOI TOJIIY B IIEPUOIBI C Havya-
JIa 3aJIeTaHKsT YCTOMYMBOTO CHEXXHOTO MOKPOBA JI0
MaKCHUMyMa CHETo3aIiacos.

Paiion uccienosanus

B ycnoBusix yMepeHHO-KOHTUHEHTAIbHOTO
KJIMMaTa LeHTpalbHbIX o0nacTeit EBponelickoii
tepputopuu Poccuu (ETP) B cuny ocobeHHOCTeit
aTMoc(epHO LUPKYASIUNN 3UMHIUE MOTOAHBIE yC-
JIOBUSI XapaKTepHU3YIOTCS HEMaJlbiIM pa3HOOOpa3u-
eM. Habmonarorcsl 3HauuTeNbHbIE KOJACOAHUS 3UM-
HUX TeMmmepaTyp, KOJu4yecTBa U UHTEHCUBHOCTH
ocankoB. CUJIbHbIE CHETOMaAbl YaCTO COMPOBOXKIA-
I0TCSI BETPOM Y MOBBIIIEHUEM TeMIlepaTyphbl BO3-
Jyxa 10 MOJOXUTENIbHbIX 3HaueHuil. Bo BpeMs1 Me-
TeJIeil Ha OTKPBITHIX MPOCTPAHCTBAX (POPMUPYIOTCS
cjion BeTpoBoro ynjaoTHeHus [10]. TTo mepe nipo-
Mep3aHUs CHEXHOM TOJIIM MOocjae 3UMHUX OTTe-
nenei popMUPYIOTCS CIIOU TassHUSI—3aMep3aHus
U IbaucTbie KOpku [11]. Bo BpeMsl CUIbHBIX MO-
PO30B MHTEHCU(PULUPYETCS MPOLIecC TeMIlepaTyp-
HO-TpaAUEHTHOro MeTaMopdu3mMa U pa3BUBAIOTCS
CJIOU ¢ OTrpaHKoOM BILUIOTh A0 TIYOMHHOM U3MOPO-
3u. Ciiou TasiHUsI—3aMep3aHusl, C(HOPMUPOBABILIM-
ecsl B HauaJie 3UMbl, K KOHILY 3UMbI MOTYT MOTEPSITh
CBOM MepBOHAYaIbHbIE CBOMCTBA U OYAYT CIOXEHBI
NPeUuMYIIeCTBEHHO KPYITHBIMU MOJUKpPUCTaJLIa-
MU C OrpaHKoOIi. Pe3ynbTupylolliee CTpOeHUEe CHEX-
HO TOJILIM OTPaXKaeT YCAOBUSI CHETOHAKOIUIEHUS U
MPOLIECCHI, TPOUCXOASIINE B CHEXXHOM TOJIIIE B TE-
yeHue Bceit 3umMbl [12—14].

ITo nanHbiM MeTeocTaHuuil ('MC) JIMUTpPOB,
Knun, Anekcanapos u Mocksa (BJIHX) nepu-
ol ¢ cepeauHbl XX B. MO HaAcTosllIee BpeMs Xa-
pakTepu3yeTcsl pOCTOM 3MMHUX TeMIlepaTyp BO3-
ayxa (C HOSIOpsI 1o MapT BKJIOYUTEbHO) ¢ —7 110
—4 °C (puc. 1). B nocneaHue roabl CpeaHsIsl 3SUMHSIS
TeMIliepaTypa Bo3AyXa JOCTUIJA Ha UCCAeayeMOit
TePPUTOPUM TTOJIOXKUTENbHBIX 3HAaUeHU. [To maH-
HeiM TMC Mockaa, ¢ 1965 no 2015 r. cymma 3uM-
HMX O0CaJKOB MPAaKTUYECKU HE M3MEHMUJIACh, XOTS
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Puc. 1. CpenHsist 3uMHsIs (C HOSIOPS IO MapT BKJIIOUUTENIbHO) TeMrepaTypa Bo3ayxa B 3umbl 1900/01—2020/21 rr. o

JTAHHBIM METEOCTAHIIUN:

1 — Mocksa (BAHX); 2 — Amutpos; 3 — Anekcanapos; 4 — KiauH; nanHbie pa6oT [15, 16]
Fig. 1. Average winter (November to March) air temperature for 1900/01—2020/21 winter seasonsmeteorological stations:

1 — at the Moscow (VDNKkH); 2 — Dmitrov; 3 — Alexandrov; 4 —

JOJIST KUJKMX OCAJIKOB YBEJIMUYMIACh, a TBEPABIX —
cokpatuiack. Tak, ¢ 1950 o 1970 r. cymma ocankoB
cocTtaBmia B cpeaHeM 255 mm, a 3a 2000—2015 rr. —
245 MmM; cymMa TBEpABIX ocagkoB — 150 1 110 mmM,
a xxnaknx — 54 u 104 MM cooTBeTCTBEeHHO [15, 16].
Hecmotps Ha pocT TemIiepaTypbl, CpeIHUEe MHOIO-
JIETHUE 3HAYeHUSI MAKCUMAaJIbHOM TOJIIMHBI (OKOJIO
45 c¢cM) ¥ IPONOIKUTEIbHOCTU 3ajieTaHUs CHEXK-
Horo nokpona (130 gHeil) mpakTUYecKu HEeU3MeH-
HbI. boJbI10#1 MeXIrogoBoi U3MEHYMBOCThIO Xa-
PaKTEepU3YIOTCS IaThl YCTaHOBJIEHUSI, MaKCUMyMa
U pa3pylIeHUs CHEXKHOTO MOKPOBA, XOTSI 3HAUUMBbIE
TPEHIBI 11 9TUX TTapaMeTPOB B YKa3aHHBII MepUOI
OTCYTCTBYIOT. IMEHHO TaKasi U3BMEHYMBOCTh METEO-
POJIOTMYECKUX ITapaMeTPOB O0YCIOBIMBACT pa3in-
YUS CTPOEHUS U CBOMCTB CHEXKHOM TOJIIIMN B UCCIIE-
JTyeMbI€ TOJIbI.

KmmmaTtiyeckue KiaccudyKanmuy CHEIKHOTO IOKPOBa

Cy1iecTByolIMe KIMMaTUIecKre Kiaccuduka-
LMY CHEXHOTO MOKPOBa, MUCITOJb3YIOIINE B Kaye-
CTBE OCHOBbI METEOPOJOrMYECKUE TAHHBIE U XapaK-
TEPUCTUKU CHEXXHOTO ITOKPOBA, MO3BOJISIIOT OTHECTH
TEPPUTOPUIO UCCIIEAOBAHUNA K pailoHaM C YMEPEHHO
TEMIOM 3UMON U TIEPUOANYSCKUMU 3UMHUMU OTTE-

Klin; data: [15, 16]

MeJISIMU, a TAKXKe CO CPAaBHUTEJIBHO HEOOIBIIION TOI-
IIMHON U MPOJOIKUTEIbHOCTHIO 3aIeTaHUST CHEX-
Horo nokposa |3, 6]. Ha ocHOBe JaHHBIX O TOJIILIKHE
CHEXXHOTO IOKPOBa, MPOIOJLKUTEIbHOCTH €ro 3aJie-
ranus u ocooeHHocTsx kiumara I'. 1. Puxrep [3] mo-
CTPOMII KapTy pailoHOB cHexxHoro nokpoBa CCCP.
Lentpanbhabie oonactu ETP pacrionoxeHsl B ipee-
JlaX IBYX 30H: LIEHTpaJbHOM Mmosiockl EBpomneiickoit
tepputopun CCCP u CeBepo-EBporneiickoro paii-
oHa (puc. 2). Tepputopus MockBbl 1 MOCKOBCKOI
00JIaCTU HAXOAUTCS Ha TpaHUIIe 3TUX IBYX pallOHOB
U XapaKTepu3yeTcsl CpefHUMU TToKa3aTtessiMu. CeBe-
po-EBpomneiickuii palioH 3aHUMaeT ceBepO-BOCTOU-
Hyto nnosioBuHy ETP 1 otnimyaercs ymepeHHO X001~
HBIMU 1 CHEXXKHBIMU 3UMaMHU.

He MeHee M3BecTHaA U IIMPOKO MCIIOJb3YETCS
KJIMMaTuyecKasl KiaccuuKalusl CHEXHOIO ITOKPO-
Ba, paspaboTtanHast M. CtypmoMm [6]. Kak rmokasanu
€ro MCCJIeI0BaHUs, TPEX CTaHAAPTHBIX METEOPOJIO-
TMYECKUX XapaKTepPUCTUK (TeMIlepaTyphbl BO3ayxa,
CKOPOCTH BeTpa M aTMOC(HEPHBIX 0CATKOB) J0OCTa-
TOYHO, YTOOBI OTHECTU CHEXHBII MTOKPOB TEPPUTO-
pUM K OMTHOMY M3 IIECTU KJIACCOB, OTJIMYAIOIIEMYCS
OT APYTUX OCOOEHHOCTSIMU CTPOSHUSI CHEXKHOTO I10-
KpOBa, a UMEHHO: I0CJIe0BaTEIbHOCTHIO U TOJIIIIM -
HOIi CJI0€B, UX IJIOTHOCTHIO M TUIIOM KPMCTAJIJIOB.
Ha ocHoBe pa3pabGoTaHHOI0 aJrOpUTMa C UCITOIb-
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Puc. 2. KapThl KJ1acCOB CHera, BbIAEIEHHBIX HA OCHOBE KIIMMAaTUYECKUX MTapaMETPOB:

a —no I'.JI. Puxrepy [3]; 6 — mo M. Ctypmy [6] (© M3006pakeHNe UCITONb3YETCS C pa3pelieHnss AMEPUKAHCKOIO METEOPOJIOTH -
YyeCcKoro obectsa); / — rpaHuLIbl KOOpAMHATHOM ceTku oT 50° c.1ur. 10 60° c.ur. u ot 30° B.4. 1o 50° B.1., B Ipeaenax KOTOPhIX Ha-
XOJIMTCS BbIACJEHHbIN pailoH; 2 — rpaHUlIbl KJacca «lieHTpajbHas nojoca Esponeiickoii repputopun CCCP»; 3 — r. Mockaa.
ITo knaccudpukauuy M. CtypMma, Ha UCCIIeIyeMO TEPPUTOPUM pacIipeaeeHUe KIaCCOB MO3aUuUHO, MPeodIaialoT KIacchl «ajlb-
MUICKOT0», «<MOPCKOTO» U «CTEITHOTO» cHera; no kinaccudukanuu I'.JI. Puxtepa, Tepputopust ucciaenoBaHuss OTHOCUTCS K OAHO-
MY KJIaccy LieHTpaJibHOI nonockl EBponelickoit repputopuun CCCP

Fig. 2. Maps of climate snow classes based on:

a — G.D. Richter [3]; 6 — M. Sturm [6] (© American Meteorological Society. Used with permission); / — the border of the coordi-
nate grid from 50° N to 60° N and from 30° E to 50° E; 2 — the boundaries of the central zone of the European territory of the USSR
snow class [3]; 3 — Moscow city. According to M. Sturm's classification the distribution of classes in the study area is mosaic: «al-
pine», «maritime» and «steppe» snow prevail; According to G.D. Richter's classification of the study area belongs to a single «warm»

central zone of the European territory of the USSR

3oBaHueM gaHHbIX [MC mupa 3a 60-JieTHHIA TIepu-
o ObLIa ITOCTPOEHA KapTa pacIpeacaeHns Kiac-
COB CHEXKHOTO ITOKpoBa 11j11 CeBepHOTO IOIyIIapus
(cM. puc. 2). Insa tepputopun Boctounoii EBporibl
U LieHTpabHbIX pailoHoB ETP pacnpeneneHue kiac-
COB MMeeT MO3auuHbIi XapakTep. Habmomaercs ye-
peaoBaHue KJIaCCOB «aJIbIIMIACKOT0», «<MOPCKOI0» U
«CTeIHOTo» cHera. Ha Kaprax, MOCTpOeHHBIX Ha OC-
HoBe knaccudukanuit I'.JI. Puxtepa n M. CrypmMma,
TepPUTOPUS UCCIACAOBAHUS HAXOMUTCS B IIpenesiax
OIHOro cHexHoro paitona no I'.J[. Puxtepy, HO OT-
HOCHUTCS K TpE€M pas3iuuHbIM KjaccaM 1o M. Cryp-
My (CM. puC. 2). DTO HECOOTBETCTBHE CBSI3aHO C OCO-
OCHHOCTSIMU aJITOPUTMOB UX BbIAeJeHUs. TeM He
MeHee, O0lIMe XapaKTepUCTUKHU KJIaCCOB, BbIIEIEH-
Heix I'.J1. Puxtepom 1 M. CtypMoMm 1151 nccaeaye-
MO TeppUTOPUH, He TIPOTHBOpeYar apyr apyry. Kak

u I'.J. Puxtep, M. CTypM ornpeaessieT TEppUTOPUIO
LHeHTpajibHO# nosiockl ETP Kak 30Hy, xapakTepusy-
JOIIYIOCS TIpeodIagaHueM KJIaCCOB «TEIIOTO» allb-
MUIACKOro U MopcKoro cHera. I1pu aTom oba aBTopa
OTMEYaloT, YTO JaXe B Ipejeiax OMHOIo KJIMMaTh-
YECKOro Kjlacca MeXIroaoBasi U3BMEHYMBOCTh CTPOe-
HUS Y CBOMCTB CHEra MOXET ObITh BBICOKOIA.
AHam3 COBpeMEHHBIX METEOPOJIOTMUYCCKIX JaH-
HBIX TTI0Ka3bIBaeT 3HAYNTECIbHBIC U3MEHEHUS TEM-
nepatypbl Bo3ayxa, MPoOU3oIIeALINe 3a MOCIeIHUE
necaTuneTust. [IocKoJIbKY KapThl CHEXKHOTO TTOKPO-
Ba ObLTM TTocTpoeHs! I'.J1. Puxrepom Ha ocHOBe naH-
HbIX 10 1945 1., a M. CTypMOM — Ha OCHOBE JaHHBIX
3a epuon ¢ 1950-x mo 1995 r., nocnenyioniue Bo3-
MOXXHBIE U3MEHEHMSI TPAaHUII paiiloHOB, CBSI3aHHBIE C
HaOJIIOMAOIIMI KIIMMATUICCKUMU U3MECHEHUSIMMA,
Ha HUX He oTpaxkeHbl. CHEXXHBII ITOKPOB M3y4aeMoil
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HaMM TEPPUTOPUM MOT CTaTh Ooyiee «TEIUIBIM», T.€.
comepxXaTh OOJIbIlIee KOIUIECTBO JIHAUCTHIX BKIIIO-
YeHUI 1 KOPOK, CBUIETEILCTBYIOIINX 00 MHTEHCH-
(bkanmy 3MMHUX OTTETICICA.

MN3y4eHHOCTb CTPOEHHUS CHE2KHOTO MOKPOBA
B paiioHe UCCJIEeI0BAHUS

HecMoTpst Ha CpaBHUTEIILHO BBICOKYIO IIJIOT-
HocTh I'MC B mpemenax LIeHTpPaJdbHBIX paiio-
HoB ETP, uzyyeHue mapaMeTpOB CHEXHOTO
IMOKPOBa OBLIO OIrPAaHUYCHO U3MEPEHUEM €TI0 TOJI-
IIWHBI, INIOTHOCTU U MPOMOJIXKUTESIbHOCTH 3a-
neraHusi. I3y4eHWIO CTPOCHUSI CHEXKHOM TOJIIIN
" e€ IMIPOCTPAaHCTBEHHO-BPeMEHHON M3MEHINBO-
CTU YIOEISJIOCh MEHBIIE BHUMAHUS, ITOCKOJIBKY
Takye U3MEpPeHUSI TPEOYIOT OOJIBIINX TPYI03aTpaT
¥ HE BXOIAT B IIPOTPaMMy 00S3aTeIbHBIX M3Mepe-
HUII Ha MeTeoCTaHLMsIX U mocrax. Crpaturpadu-
YeCKHe MCCIeI0BaHMs CHEXXHOTO ITOKpPOBa Ha ce-
BEPO-BOCTOKE MOCKOBCKO# 001aCTH IPOBOIUIN
peaKo, OHU He ObUIM CUCTEMATHIYeCKIMMM 1 OIpaHU-
YUBAJMCh NaHHBIMU, NToaydyeHHbIMU A.B. IlaBno-
BbIM 1 A.H. ®opmo3oBbiM B 1957/58 u 1961/62 rT.
A.H. ®opmo30B [7] n3yyasr cTpoeHNe U CBOMCTBA
cHexxHoro mmokpoBa B CeprueBo-Ilocamckom paiio-
He (cranuuu CodpuHo u 3eeHoTpaacKasi) Ha IIpo-
TsKeHUM 24 et — ¢ 1946 no 1972 r. UccaenoBaHus
npeaycMaTpUBaId U3MEPEHUE TONIINHLI CHEra 1
MIPOBOIWINCH €XXEeHEeACTIbHO, HO MMEJI OHU IIper-
MYIIIECTBEHHO ONMcaTeIbHEIN Xapakrep. HecmoTpst
Ha obuire nHGOPMAIIUU O XapaKTepe aKKyMYJIsI-
LU, 3aJIeTAHUY CHEXXHOI TOJIIY 1 HAJIMIUK B Helt
KOpOK, MOAPOOHOE OIMCAaHNEe CTPOSCHUSI CHEXXHO
TOJIIIY OBUIO BHIITOJTHEHO JIMIIb 3UMoii 1961/62 .

B niepuon ¢ 1957 mo 1959 r. A.B. IlaBnos [§]
npoBén nmox 3aropckoM (ceituac Ceprues Ilocam)
PsII KCIIEPUMEHTOB 110 U3YUYCHUIO TeIUIOhU3NUIe-
CKUX CBOMCTB cHera. [loMrMo mmpodero, OHM BKIIIO-
yanau B ce0s MCCcliefOBaAaHUE CTPOSHMS CHEXHOTO
TOJIIH, €€ IUIOTHOCTA U U3MEHYMBOCTH B TEUCHUE
3MMHETO Ce30Ha Ha OTKPBITOM ydacTke. CorjiacHo
A.H. ITaBnoBy, HeCMOTPSI Ha TTOBBIILIEHHYIO TOJIIM -
Hy cHera 3uMoi 1957/58 1., XxapaKTepUCTUKU CHEX-
HOT'0 ITOKpPOBa OBUIM TUIIMYHBI IJISI NCCIEAYyeMO
Teppuropui |9, c. 22], a METeOpOJIOTIYeCKIE TOKa-
3aTEJIM TOM 3MMBI COOTBETCTBOBAJIM CPEIHUM MHO-
rojieTHUM 3a repuon ¢ 1914 mo 1950 r. (1o maHHBIM
I'MC AMuUTpOB).

IToneBbie nccaenoBanus

WN3ydyeHue COBpEeMEHHOTO CTPOEHUS CHEX-
HOM TOJIIM BBIMOJHSIJIOCH B TEUYEHUE MATU JIET C
2014 mo 2019 r. Ha POBHOM 3aIepPHOBAHHOM y4acT-
K€ M0 aHAJIOTMHU C NPEeIIIeCTBYIOIIUMH HUCCIeI0-
BaHUSIMH. YUaCTOK MCCIEAOBAHUS IIPEACTaBISI-
eT co0O0i1 TOMMEHHYIO MOISIHY pa3zMepoM 35X30 m
(56°14'55" c.m., 37°59'55" B.4.), OKpYXEHHYIO
nBaMu BeicoToi oT 10 o 20 m. C ceBepo-3anaaHoit
CTOPOHBI ITOJISTHA TIEPEXOIUT B CKJIOH HAIIIONMEH-
HoIi Teppachl. C I0ro-BOCTOYHOI CTOPOHEI PacIio-
JoxeHa p. ITaxxa. CHer Ha JaHHOM y4acTKe aKKyMy-
JINPYeTCS B CITOKOMHBIX O€3BETPEHHBIX YCIOBUSIX.
Mukpopelbed MoBepXHOCTU C(HOPMUPOBAH KOUKaA-
MU TpaBbl BbICOTOM OT 5 10 15 cM. CTpoeHue CHEeX-
HOI TOJIIIM M3y4YaJIoCh B IIEPUOIBI MAKCMMYMa CHE-
ro3aracoB B OJHOW M TOM Xe TOYKE B LIEHTPATbHOMN
yacTu MoJjstHbl. [loa nmepronoM MakcuMyma CHEro-
3aracoB B JaHHOI pab0OTe Mbl IOHUMaeM IePUOI
C MaKCHMMaJIbHBIMM 3aIlacaMy BOJbI B TOJIIE, TO-
CKOJIbKY, KaK MTOKa3bIBalOT Pe3yJIbTaThl U3MEPEHUI,
MaKCUMaJIbHbIE CHero3arachl MOTYT Ha0Jl01aThCs
3HAUMTEIBHO IMO3Ke 1aThl MaKCUMaIbHOM TOJIIIIM-
HBI CHEXXHOM TOJIIU. DTO MPOUCXOAUT B Pe3yJib-
TaTte OBICTPOrO OCENAaHUS 1 YIUIOTHEHUSI CHEXHOM
TOJIIY U TIPYU YCJIOBUM IIPOIOJIKAIOIIEICS aKKyMY-
JISILIMY CHETa I10CJIe 3TOM TaThl.

M3mepeHne TOMIMHBL, INIOTHOCTH, Bogo3araca
CHEXXHOI TOJIIM 1 €€ OTHCIbHBIX CIIOEB IIPOBOIU-
M B mypdax mmpuHoit 1—2 M Kaxasie 5—10 gHeit.
TouHOCTB ompeaeaeHUs TOJIIINHBI CJIOEB — OKOJIO
1 cM. 3aTeM MOAPOOHO OMUCHIBATIOCH CTPOEHUE
CHEXXHOM TOJIIIU, MpeaycMaTpuBaloiee, B COOT-
BETCTBUU ¢ MeXXAyHApOOHOU KiaaccuduKkaluei
JUUISI CE30HHO-BBIMNAaaolIero cHera [5], nudopma-
1110 0 popMe U pasmepe 3€peH, TNIOTHOCTU, TBEP-
JIOCTH U XapakTepe 3ajeranust cio€s. I1II0OTHOCTB
CJI0EB U3MEPSIIN MIPU TTOMOIIM PYYHOTO TUIOTHOME-
pa ¢ NpsIMOYroabHBIM ceuyeHrueM. Ocobble CI0XHO-
CTU BO3HUKAJIU MPU U3MEPEHUHU TNIOTHOCTU JIbAM-
CTBIX KOPOK U CJIOEB ITYOUMHHOM M3Mopo3u. Beumy
UX BBICOKOM XPYIIKOCTU TOYHOCTh 3HAYEHUM, TIOJTY-
YEHHBIX [IPU TOMOIIY PYYHOIO IIJIOTHOMEpa, MOXKET
ObITh HEBBICOKOI. POPMBI M pa3sMepbl KPUCTAILJIOB
CHera MCCJIeI0Balu ¢ UCIOJIb30BaHUEM CHEroMep-
HOW MaJeTKM ¢ pa3MepoM ssueiiku 1 u 2 mm. TBEp-
JIOCTb CHETa U3MEPSUIM PYYHBIM METOJIOM, B PE3YJIb-
TaTe KOTOPOTO IOJy4YeHbl Oe3pa3MepHbIe PYYHBIS
WHJEKCHl TBEPAOCTU. TBEPAOCTh CIIOEB CHEra Ha
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Tabnuya 1. Cxema npuBeeHns KnaccuuKaIMit K eIMHBIM MOKa3aTensam™

o Pazme Teépnoctb
[To knaccuduxkanuu | [To MexnyHapogaHoii | OGuiue [L1oTHOCTB, p D L
XapakTepucTrKa KjaccoB 3 KPUCTAJUIOB, | PYYHOU
I'.J1. Puxrepa [3] KJaccudukanmm [5] KJIacChl KT/M
MM WHIEKC
CBeXeBbIMaBIINA
CBexXeBbITIaBIIN T PazpyuieHHbie
CHEKUHKH PI)IXJII)IE/I U CyXOii C{BC)KCBLI—
MaBILINI U OCEBIINI METKO-
& i OkpyrJbie 3¢pHa OceBunit . . 80—300 0—1 1-3
YHHOTH?HHHH Dy P 3epHUCTBII CHET HU3KOM
JIeKaJBI Berposast ynakoska [UIOTHOCTU U TBEPAOCTH
Mosnonoii OKpyTJible YaCTULIBI
GupHU30BaHHBII C TpaHsIMU
Crapblii OrpaHéHHbIE C
(UPHU30BaHHBIN KPUCTAJLIB . p euz[He— 1 Kp ynH(33ep Hi-
C TG C orpaHKoOI| CTBIi CHEr ¢ 4éTKOit orpan- | 160—320 1-5 2-3
HeT TUTBIBYH WHHAs o
erit X . 7 a KO 1 TyOMHHAsT U3MOPO3b
(rryOMHHBIN UHE) U3MOPO3b
Kopku tastHusi— Cwmép3iunecs oJUKPUCTaT- 350700 4
3aMep3aHus Cron JIbI, KOPKY U BKJIIOYESHUS
Kopku orreneneit . TassHUsS— | TUWIa JIUH3 U NaJIblLEB MPO- 2-3
OkpyrnéHHbIe .
3aMep3aHusl | cauMBaHUS BBICOKOM TUIOT- | 200—400 3—4
TIOJMKPHUCTAIIIEL HOCTH U TBEPIOCTH

*[110THOCTB, pa3Mep KPUCTALJIOB M TBEPIOCTh MPUBOIATCS MO TaHHBIM ToJIeBbIX u3MepeHuii 2014—2019 rr.

JAThI UCCIETOBaHUS U3MeHsIach OT 1 (OYeHb phIX-
npiii, 0—50 H mo 3onmy Xedenun) no 4 (TBEpIBIA,
390—-750 H no 3oHay Xedenun) [5]. 3a nepuon
2014—2019 rr. 6bUTO BBIIIOIHEHO 66 cepuil u3Mepe-
HUil. Ha ocHOBe IOJTy4eHHBIX JaHHBIX ITOCTPOEHBI
W IIPOaHAJU3UPOBAHbI CXeMbI CTPOCHUS CHEXXHOI
TOJIIIN B IIEPUOIBI MAKCMMYMa CHET03aI1acoB.

MeTomon0rus cpaBHeHUs
cTpaTurpaduyecKux KOJOHOK

CrpaTturpaduyeckue pa3pe3bl OIUChIBAIM HA OC-
HoBe MexXayHapoaHOM KilacCU(UKALIUU CHEKHOTO
nokpoBa [5]. 3areM 1oJiydeHHbIe JaHHbBIE CPaBHU-
BaJu ¢ pe3yjabTrataMu uccienoBanuii A.B. ITaBnosa
1 A.H. ®opmMo30Ba, KOTOphIE, B CBOIO OYEPE/Ib, BbI-
MOJIHSITUCH Ha ocHOBe Kitaccudukamuu I'.JI. Puxre-
pa [3]. B ocHOBY 3THX KjlaccuUKaLUA TOJIOXEHBI
pa3Hble IPUHLMIILI, OJHAKO CPAaBHEHUE UX BO3-
MoxHO (Ta6m. 1). B knaccudpukannu I'.[l. Puxrtepa
HCITOJIb3YETCSI OTPAHUYCHHOE YMCIIO KJIACCOB, BbI-
JeJCHHBIX HA OCHOBE MH(MOPMALIMK O IUIOTHOCTH,
pa3Mepe 1 MOP(POJIIOrH4ecKUX 0OCOOEHHOCTSIX KPU-
CTaJUIOB cHera. MexmyHapomHas KilacCUu(pUKaIKs
OIlepUPYET 3HAYUTEIBHO OOJIBIINM YKCIOM KJIac-
COB U IIOJKJIACCOB CHEra, BhIIEJEeHHBIX IIPECUMYIIe-
CTBEHHO Ha OCHOBE aHaIM3a MOpGOJI0TUM KPUCTAII-
JIOB U YCJIOBUI UX MeTaMopdu3Ma.

B paboTe ncnonb3oBajoch ABa Moaxona AJs
CpaBHEHUS CTpaTUrpadpuIecKrx pa3pe3oB CHEXKHOMI
TOJIIIM, BHIIOJITHEHHBIX Ha OCHOBE Pa3HbIX KJIacCU-
ukanmii. it onpeneneHus MponopLuil, 3aHU-
MaeMbIX pa3HbIMU KJlacCaMU CHera B pa3Hble TOMbI,
1 OLIEHKU MX U3MEHYMBOCTU MMEIOIIUECS KJIacCh-
(pykau ObLIM MPUBEAEHBI K OOIIMM ITOKa3aTeIsIM
METOJIOM TPYIIUPOBKU BCEX KJIACCOB CHera, Had-
JIIoAaeMbIX B Iypdax, mo TpéM TrpymnmnaM: 1) cBexe-
IO U OCEBIIIEr0 MEJIKO- U CPeIHE3EPHUCTOTO CHETa;
2) cMmépaierocsl KpyrHO3EepHUCTOTO CHETa 1 JIbAu-
CTBIX KOpPOK; 3) CpenHe- U KPYITHO3epHUCTOIO CHera
C OrpaHKOH W IMyOMHHON M3MOpo3u. BuiaeneH-
HbI€ IPYIIITBI MPEICTaBISIOT COOO CUHTE3 KJIacCOoB,
MpeACTaBIeHHBIX B KilacCUUKALIUAX, U OObeaU-
HSI0T MH(POpMaIUIo o0 ¢popMe, pa3Mmepe, TUTIE U Xa-
pakTepe MeTamMopdu3Ma KpuctamioB (cM. Taom. 1).
Hpyroii Moaxo Ijisi OLIEHKM BO3MOXHBIX U3MEHE-
HUI CTPOCHUS CHEXHOM TOJIIM ObLI OCHOBAH Ha
JeTaJlbHOM aHajnu3e MPOCTPaHCTBEHHOTO MOJIOXe-
HUS CJIO€B, UX TOJIIWHBI U MOCJIEI0BATEIbHOCTU
OTJIOXKEHUM. [IJIs1 3TOro Bce UMEIoIMecs: OrMcaHus
ObLIY MPUBEACHBI B COOTBETCTBUE ¢ MexkayHapo/-
HOM1 KJ1accuguKalueir CHeXXHOro rmoxkposa [5].

HMcnonb3yembie MOAXOAbl IPUMEHUMBI IS
OLIEHKUW M3MEHEHUU, MPOUCXOASIIUX B CHEXKHOM
TOJIIIE B TEYEHUE rojia, MEXTOI0BOI U MHOTOJIeT-
HEW M3MEHUYMBOCTU, CBA3AHHON C KIMMATUYECKU-
MM U3MEHEHMSIMU, TTIOCKOJIbKY, KaK ObLIO IMOKa3aHO
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Ta67mu,a 2. 3HayeHUs METEOPOIOTMYECKNX ITapaMEeTPOB 3a IEPNOJ, OT Hava/Ia 3a1eraHnsAa YCTOﬁI‘{I/IBOFO CHEXHOT'O MOKpOBa 10

MaKCMYyMa CHET03a1acoB B TO/IbI Mccnenona}ma”

I 11 111 v \4 VI VII VIII IX X XI XII
1957/58 117 +9 7 4 —753 111 —429 29 0,51 11 32
1961/62 120 +30 18 7 —734 102 —369 24 0,46 12 26
2014/15 77 +26 20 6 —334 57 —150 11 0,71 11 15
2015/16 70 +25 22 8 —386 48 —284 21 0,82 18 21
2016/17 93 +8 8 4 —448 80 —268 17 0,5 20 41
2017/18 68 +1 1 —500 67 —218 17 0,5 14 26
2018/19 92 +15 14 10 —447 79 —137 11 0,54 16 30

*[1ponODKUTEIFHOCTD TIEPUOIa OT Havaja 3ajJeTaHusT YCTOMYMBOTO CHEXXHOTO MOKPOBa 10 MakcuMyMa cHero3amacoB (11, mam);
CcyMMa TIOJIOXKUTEJIBHBIX TeMIIepaTyp Bo3ayxa 3a ykazaHHbIi niepuon (111, °C); yucno gHeit ¢ orrenenamu (IV, mHn); uncio orre-
neneit (V); cymMma oTpuuaTe bHBIX TemmepaTyp Bo3ayxa (VI, °C); uyucio mHeil ¢ oTpullaTeTbHON TeMIepaTypoil BO3My-
xa (VII, nau); cymma temmepatyp Hike —10 °C (VIII, °C); uucno gueii ¢ remneparypoit Hiske —10 °C (IX, °C); cpennue 3Hade-
Hus (X, °C) u cymms (XI, °C) TeMnepaTypHBIX TpaIMeHTOB B CHeXHOIt Toe 6onbiie 0,25 °C/cm; uncno nHeit (XII, mau) ¢ rpa-
nuentamu 6osbie 0,25 °C/cM 3a Ieproa OT Havyasia 3ajeTaHusl yCTOMYMBOTO CHEXXHOTO TTIOKPOBA 10 MAaKCHMyMa CHEeTo3arnacoB B
3uMbl uccienoBanus (I). st pacuéra mapameTrpos I11—XII ncronb3oBaHbI cpeTHECYTOUHBIC 3HAUCHUST TEMIIEpaTyp BO3IyXa.

M. CrypMom [7], yBesimueHHe 3UMHUX TeMITepaTyp
MOXET BJIMSTb Ha COOTHOILIEHUE CIIOEB, MPeACTaB-
JICHHBIX pa3HbIMU TUIIAaMU cHera. Tak, yBeJudyeHue
Yyuciaa, NpoaoJLKUTEIbHOCTA M MHTEHCUBHOCTH OT-
Terejaeil MOXeT MPUBECTU K POCTY UYMcCIa CMEP3-
IIMXCsI CJI0EB M KOpoK. [1py 3TOM 4MCIO U TOJIIIU-
Ha CJIOEB C OTpaHKOI 1 TIIyOMHHOI N3MOPO31 MOTYT
COKpPaTUTHCS BCJIE 32 YMEHbBIIIEHUEM MHTEHCHUBHO-
CTU TeMIIepaTypHO-TpagueHTHOro MeTaMopdu3Ma.
B monrocpouHoii mepcreKTrBe MOBHIICHNE 3UMHIX
TeMIlepaTyp BO3ayXa MOXET BbI3BaTh 3HAUUTEIbHOE
W3MEHEHUE CTPOEHUSI U CBOMCTB CHEXXHOM TOMIIM
HUCCIeYEMO TePPUTOPUM, a TaKXKE CMEHY K-
MaTUYECKOTO KJlacca CHEXXHOTro MOKpoBa OT OoJiee
XOJIOMHOTO K 0oJiee TEMJIOMY: OT «aJIbITUICKOIro»
K «<MOPCKOMY» U «HEYCTOHUYMBOMY», OOJiee XapaK-
TepHOMY JIJIsl 3allaJHbIX PaliOHOB, B YaCTHOCTH, IS
tepputopuu LleHTpanbHoit EBpomnbl.

ITosyyeHnbie pe3yJbTaThl

Iloeoonbie ycaosus u 360410uuUs CHEINCHOU MOAWU 6
20001 uccaedosanus. Pa3mmunsi B CTpOCHUU CHEXHOM
TOJIIIU B pa3HbIE TOAbI 00YCIOBICHBI 3HAYUTEIIHHO
Pa3HBIMU TTOTOTHBIMU YCJIOBUSIMHU 3a TIEPUOJ, OT Ha-
yaJia yCTAaHOBJIEHUST YCTOMYMBOTO CHEXKHOTO MOKPOBA
JI0 MAaKCMMyMa CHET03aI1acoB (KOTOPLIii, KaK IIpaBH-
JI0, HabJoaaeTcss HEMOCPEACTBEHHO Mepel HauaaoM
BeceHHero cHerotassHus ). [1o nanaeiM 'MC Mocksa
(BAHX), B 3umb1 2014—2019 rr. yncio nHeit co cpen-
HECYTOYHOM MOJOXUTEILHOM TEMIIEPATYPOI BO3MyXa
M CyMMa CPeIHECYTOYHBIX MOJIOKUTEIbHBIX TEMIIEPa-

TYp 3a yKa3aHHBII MeprOo/, BO3POCIIM 10 CPABHEHUIO C
3umamu 1957/58 u 1961/62 rr. (taba. 2). Yucno orre-
nesei (paccuuTaHHOE KaK YMCIIO TIEPUOOB CO Cpea-
HECYTOYHOM TEeMIIepaTypoOr BO3ayXa, HE OIyCKaro-
meiics Hike 0 °C) 1 ux cpenHsis MPOaOKUTETLHOCTh
ObLIM OOJIBIIIE B ITocaenHue roasl. B To »ke Bpems aHa-
JIOTUYHAsI CyMMa OTPUIIATEIbHBIX TEMIIEPATYP, YMCIIO
IHEel ¢ oTpUIaTeIbHBIMU TeMIIepaTypaMy U TIPOHOI-
JKATETBHOCTD 3aJIeTaHMsI YCTOMYMBOIO CHEXKHOTO I10-
KpoBa 10 MaKCMMyMa CHEro3aliacoB OKa3ajJlCh 3Ha-
YUTEJIbHO MEHBIIIE.

CpenHue 3HaUYCHUS TEMIIEPaTyPHBIX TPaIUeHTOB
paccunTaHbl KaK pa3HOCTb MEXIY TeMIlepaTypoil Ha
MOBEPXHOCTH I'PYHTA W TEMIIEpaTypoil BO3dyxa, JIe-
JIEHHAs! HA BBICOTY CHEXXHO TOJIIINA B CAHTUMETPAX.
OTnenbHbIe TPOBENEHHBIE U3MEPEHUS TTOKa3aju, YTO
TeMIlepaTypa Ha IIOBEPXHOCTU I'PYHTa IO/ CHETOM,
Kak TMpaBujio, oTpuliaTeabHa, HOo 6im3ka K 0 °C n
TPYHT HAXOAUTCS B MEP3TIOM cocTosTHUN. 00 3TOM XKe
CBUJIETEIBLCTBYIOT JaHHbIE, TToJiyueHHbIe A.I1. T1aB-
JoBEIM 3uMoit 1957/58 1. [8]. IlocKoIbKY TemIie-
paTypa Ha IIOBEPXHOCTH IPYHTa CUCTEMAaTHUYECKU B
pamMKax JaHHOTO MCCJIeIOBaHUST HE U3Mepsiiach, OHA
obu1a npuHsTa 3a 0 °C. AHanM3 ocpeAHEHHBIX 1O BbI-
COTe TPaIMEHTOB TeMIIEPaTyphbl B CHEXKHOM TOJIIIIE
1oKasaj, 4YTo, HECMOTPSI Ha 3HAYUTEIbLHO 0oJiee Cy-
POBbIE U MPOAOJIKUTEIbHbBIE MOPO3bl B 1957/58 u
1961/62 rr., uX 3HaUYE€HUs HE CUJIBHO OTJIMYAJIUCh
OT COBPEMEHHBIX, UYTO, B YACTHOCTH, OOYCJIOBJIEHO
MEHBIIICH BBICOTOI CHEXHOM TOIIIIM B 3UMBI 2014—
2019 rr. [IpuHuMas 3a rpaHUYHBIC 3HAYECHUST Ha-
yajia pa3BUTUSI KPUCTAJUIOB TJTyOMHHOI M3MOPO3U
temriepatypHsbiii rpagueHT 0,25 °C/cMm [17], ycraHOB-
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JIEHO, YTO B COBPEMEHHBII IePUO CYMMBI TPpaarieH-
TOB, IIpeBbImaomux 0,25 °C/cM, 0Ka3bIBAIOTCS JaKe
oospine, yem B 1957/58 m 1961/62 rr. [1paBna, 6onee
YacThIe U IIPOAOJLKUTEIbHBIC OTTETIC/IN HUBEIUPYIOT
BO3MOXKHBII 3(D(EKT MOBBIIICHHOIO Pa3BUTHS CJIOEB
C OrpaHKO U TIIyOMHHON U3MOPO3H.

3umbl 1957/58 1 1961/62 rr. OB TIPOTOTIKM-
TEJIbHBIMM, XOJIOMHBIMU 1 MHOTOCHEXKHBIMU, a OTTE-
TeJIel ITOYTH He HaOII0maioch, IIO3TOMY K IEPUOLY
MaKCUMAaJIbHBIX CHEr03aI1acoB CHEXXKHasl TOJIIa ObLIa
CJI0XXEeHa MPEeNMYIIECTBEHHO CJIOSIMU CHEeTa ¢ OrpaH-
KOI M OCEBIIIETO phIXJIoro cHera. Cou TasHUSI—3a-
Mep3aHusl, C(popMUPOBABIIKECS B Hauajle mepruoaa
3ajieraHusl YCTOMYMBOIO CHEXXHOTO ITIOKpPOBa, IIpe-
TepIIeIN B TeUCHNE 3MMbI 3HAYNTEIbHBIC M3MEHEHUS
BBUAY aKTUBHOTO TeMIIEpaTypHO-TPaIUeHTHOIO Me-
TamMop(du3Ma 1 K Ieproay MaKCMMyMa CHEeTr03aI1acoB
MPEACTABIISIIN COOOM CJI0M TUIOTHOTO KPYITHO3EPHU-
CTOTO CHEra C OIpaHKOI M KpUCTaJZIaMU TIIyOMHHOM
n3Mopo3sn. 3umel 2014—2019 IT. OTIMYATNCh TOBBI-
IIEHHBIMM TeMIlepaTypaMH BO3Iyxa, YMCJIOM U IIPO-
MOJDKUTEIbHOCTBIO oTTeneaeil. CyMMa TeMIieparyp
Bo3myxa Hike —10 °C 1 4ncio JHeil ¢ COOTBETCTBY-
oleit Temrepatypoii B 1957/58 n 1961/62 rr. oka-
3aJIUCh TIOYTH BABOE OOJIbIIIE, YEM B COBPEMEHHBIN
nepuon. B mocienHue roapl 3MMHKE TTOTOTHBIE yC-
JIOBUSI OTJIMYAIMCh OOJIBIIIUM pa3HOOOpa3uem, Mo-
9TOMY CTPOEHUE CHEXHBIX TOJIIIL B 3TU TOAbI CUITb-
HO pa3anyaioch. BoJbIIYIO POJIb UTPATU HE TOJBKO
CpeIHUe 3a UCCeTyeMble MepUObl 3HAYEHUST METEO-
POJIOYECKUX BEJUYUH, HO U MOCIEA0BaTEIbHOCTD
TMOTOJIHBIX YCJIIOBUM: OTTETIENIEN 1 MOPO30B.

HecMmoTpsa Ha moxoxkue 3HAaYEHUS METEOpPO-
JIOTMYECKHMX MapaMeTpoB TEIIbIX 3uM 2014/15 u
2015/16 rr., CTpOEHME CHEXHOM TOJIIIN Ha MEPUOLT
MaKCHUMaJbHBIX CHET03amacoB OTINYaI0Ch. 3UMON
2015/16 r. cuabHAs W MPOIOJIKUTEIbHAST OTTE-
Mnejb, HaOMIoAaBIIascsd B KOHIIE SHBAps — Haya-
Je (peBpand, npuseaa GOpMUPOBAHUIO B BEpXHEN
YacTH TOJIIIM CITOEB TasTHUSI—3aMep3aHus U KOPOK,
a TaKKe K OTUIaBJIEHUIO KPUCTA/UIOB TYOMHHOM U3-
MOPO3U U 3aMEIEHUIO UX MOCIEAYIONIEro pocTa, B
TO BpeMs Kak 3umoii 2014/15 1. pa3BuTHe CI0EB C
OTPaHKOU U TITYOMHHON M3MOPO3U MPOAOJIKAIOCH
BILTOTh A0 Havaysia Mapta. K nmepuomy Mmakcumyma
akkymyasuun 2014/15 r. cioii TasHUSI—3aMep3a-
HUS, cOOPMUPOBABIINICS B IeKaOpe, oKa3ajcs B
3HAYUTEILHOW Mepe pa3pbhIXJI€H B pe3yabTaTe UH-
TEHCUBHOTO TeMIMEPaTypHO-TPATUECHTHOTO MeTa-
Mopdu3Ma B MOCTIEAYIONINE MECSIIHI.

3uma 2016/17 1. 6bLIA XOJIOAHOM 1 CHEXHOIA,
OJIHAKO cepusl OTTernes el B KOHIIE 1eKaOpsl IpuBe-
Jla K GOPMHPOBAHUIO MOIIHOIO CJI0S TasTHUSI—3a-
Mep3aHusl, KOTOPBIM COXpaHsUJICS B TOJIIE BILJIOThH
10 MaKCMMyMa CHero3amacoB, HECMOTpPS Ha 3Ha-
YUTEJbHbIE TEMIIEPATYPHbIE T'PAIUEHTHI B TOJIIE
B nocienayomuii nepuon. Creaymomuin 3MuMHUI
nepuon — 2017/18 r.— cuabHO OTIMYAJICS OT IIpe-
OBIAYIIUX. YCTONUMBBIE MTOJIOXUTEIbHbIE TEMIIe-
paTyphl Bo3ayxa HaOJI0IaIMCh BILIOTh 0 CEpea-
HBbI SSHBAps, IMO3TOMY OKOHYATEIbHBINA CHEXXHBIN
MOKpOB copMUpoBajcs Tojabko 8 sHBaps 2018 r.
C aTOro nepuojaa ycTaHOBWJIACh XOJIOAHAs IToroaa
C YaCThIMU U CWJIbHBIMU CHEromnagaMu, B TO BpeMs
KakK OTTEIeJM MPaKTUIeCKU OTCYTCTBOBAIU BILIOTh
0 MaKCUMyMa cHerosaracoB. B pe3ynbrate chop-
MUpOBaJlach TOJIIA, B HAMOOJbIIENH CTEIIEH! T0X0-
kast Ha onvcaHHbie A.I1. ITaBnoBeiM 1 A.H. ®op-
MO30BbIM. [Ipeobiaganu ciou oceBIIEro cHera u
CJIOM C OTPAHKOI, a CJI0U TassHUsSI—3aMep3aHUs U
KOPKU MPaKTUYECKU TTOJTHOCTbIO OTCYTCTBOBAJIU.

IlepBast monoBuHa 3uMbl 2018/19 r. xapakTe-
pU30Bajach XOJOIHOW MOTOMOM U MOYTHU MOJTHBIM
OTCYTCTBUEM OTTeNeseil. YKe K cepefarHe sTHBaps
B HIDKHEU 4acTy ToaIu c(hopMUPOBATIUCH CIOU C
OTrpaHKoOI U MIyOMHHOM n3Mopo3u. OmHaAKo ¢ KOHIIA
SIHBaps1 MIOBTOPSIEMOCTh OTTEIENei yBeInuuiach U B
BEepXHEM 4acTu TOJIIM C(DOPMUPOBATIUCH CIOU Tas-
HUsI—3aMep3aHus] 1 KOPKU HeOOJIbIIONH MOIITHOCTH.
Cnou ¢ orpaHkoi B HYXKHEH 4acTU TOJIIIM OTUIaBU-
JIUCh, HO COXPaHWIN 36PHUCTYIO CTPYKTYpY.

Takum obpaszom, 3umbl 1957/58, 1961/62 n
2014—2019 rr. 3HaUUTENHHO OTIMYATIUCH IO CBOUM
MOTOJHBIM YCJIOBUSM U 3HAYEHUSIM METEeOPOJIO-
TMYECKUX MmapaMeTpoB (CM. Tabj. 2), YTO MpuUBe-
JIO K cTpatTurpauyeckKuM pa3aiudyusiM CHEXHOM
toamu. Ho maxe B roabl ¢ MOXOXMUMU 3HAYEHUSI -
MU METEOPOJOTUYECKUX MapaMeTpoB (OCpeaHEH-
HBIX 3a IePUOIbl C Hauajla 3ajieraHusl YCTOMYMBOTO
CHEXHOTO MOKPOBa A0 MaKCHMMyMa CHET03aIacoB)
CTPOEHME CHEXHOM TOJIIM CUJIbHO OTJIMYAJIOCh,
4YTO OOYCJIOBJIEHO, B IEPBYIO OUepelb, Pa3andus-
MU B IIOCJI€A0BAaTEIbHOCTH, MHTEHCUBHOCTH U IIPO-
JIOJKUTEIbHOCTU CHETOIIaloB, OTTeNeNell 1 MOpo-
30B. O000IIEHHBIE MTOKA3aTeIN TTOTOAHBIX YCIOBU
(cM. TabJ1. 2) HEOOJHO3HAYHO XapaKTepPU3yIoT CTPYK-
TYpy CHEXHOM TOJIIIM, ITOCKOJBbKY KOPPEKTHO OHa
MOXET OBbITh OIMCaHa JUIIb ¢ IIOMOIIbIO hu3nye-
CKM 000CHOBaHHBIX MOJIeNieli, B KOTOPBIX BXOJHOM
SIBJISIETCSI JeTabHasl MH(pOpMaLIus O TIOTroIe.
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Ta67mu,a. 3. XapaKTepMCTI/IKI/I CHE)XHOTI'O IIOKpOBa B TO/1bl I/ICCTICI[OBaHI/IiI*

I 11 111 v \Y% VI VII | vlIII | IX X XI | XIT | XIII | XIV
1957/58 | 23.11.1957 | 20.03.1958 | 20.04.1958 | 148 | 204* | 72 305 | 220 17 7 10 36 54
1961/62 | 10.11.1961 10.03.1962 | 15.04.1962 | 156 | 251 64 — — 9 3 7 28 65
2014/15 | 04.12.2014 | 19.02.2015 | 08.04.2015 | 125 | 200 48 180 90 13 5 13 42 46
2015/16 | 28.12.2015 | 07.03.2016 | 09.04.2016 | 103 | 289 51 290 | 122 14 5 31 25 43
2016/17 | 27.10.2016 | 28.01.2017 | 07.04.2017 | 162 | 274 53 270 | 143 17 6 19 38 43
2017/18 | 14.11.2017 | 17.03.2018 | 11.04.2018 | 148 | 292 60 195 | 120 10 3 5 55 40
2018/19 | 01.12.2018 | 03.03.2019 | 07.04.2019 | 127 | 212 60 240 | 145 11 3 17 17 67

*J1atbl yctanosneHus (11), makcumyma (I11), cxoma (1V) u npomomkurensHocT 3aneranus (V, IHU) yCTOMYMBOTO CHEXKHOTIO T10-
KpOBa; CyMMa OCaJaKOB 3a 3UMHUI Mepuos (¢ HOAOps Mo MapT, naHa 06e3 y4éTa IMOTPelIHOCTE 0CaIKOMEPHOTO IMpudopa)
(VI, MM); 3HaYeHUs BbICOTHI cHexHoro nokposa (VII, cm), ero muotHoctu (VIII, kr/m3), Bogosanacos (IX, MM), yucia cio-
éB (X), nemsHbix Kopok (XI); nponopunu cioéB TasHus—3amep3anus (X1, %), cinoés oceBiiero cuera (XIII, %), cnoés ¢ orpaH-

Koii 1 r1y6uHHoi#t n3moposu (XIV, %) B ronst uccnenosanuii (1).

Cmpoenue u ceolicmea CHex¥cHOU moawu. 3Ha-
YeHMSI BBICOTHI, INIOTHOCTHU, IPOAOJLKUTEIBHOCTHI
3ajieraHus W APYIUX ITapaMeTpOB CHEXXHOM TOJIIIN
B IOJbl UCCEIOBAaHUN MpeAcTaBleHbl B TabJ. 3.
ITo nannbiM HaGmoaeHuit 2014—2019 rr. Toauu-
Ha CHEXXHOTO MOKpPOBa Ha Mepuoa MaKCUMyMa aK-
KyMyJISILMU cocTaBuia oT 48 1o 60 cM npu cpen-
HeM 3HaueHUU oKojao 55 cM. ITpoao/KuTe1bHOCTh
3ajJleTaHnis CHEXXHOTO MOKPOBa B TOIBI MCCIIEN0-
BaHuil coctasisuia ot 103 go 162 nHeit nipu cpen-
HeM 3HauyeHuHr okoJio 130 gHel, YTO COOTBETCTBYET
CpeIHUM MHOTOJIETHUM 3HAUYEHUSIM JJISI UCCleaye-
Mol Tepputopun. CpenHeB3BellleHHas TIJIOTHOCTD
TOJIIIIY B TIEPUOJ MAaKCHUMyMa CHEro3aracoB MEeHSI-
nack ot 180 no 290 kr/m3 (B cpenHeM 235 kr/m3), 3a-
macoB Bonbl B cHere — oT 90 mo 145 MM (B cpenHeM
125 mMm). JIaThl yCTaHOBIEGHMSI, MAKCUMYMa U pa3-
PYIIEHUS CHEXKHOTO IMMOKPOBa MEHSUIMCH B IIIMPOKMX
npezaenax, Ho, Kak ¥ B 1950—60 ronpl, JaThl ¢ MaK-
CUMAaJIbHBIMU 3aIlacaMy BOJBI B CHEre MPUXOININCH
B CpeIHEeM Ha MepBYIo AeKaay MapTa.

CTtpoeHure CHEXHOM TOJIIN Ha TePPUTOPUN WC-
CJIEIOBAHUS OTIWYAJIOCH OOJNBIINM pa3zHooOpa-
3UeM CJIOEB U UX CBOMCTB. B pa3Hbie 3UMBI OBIIO
BbljesieHO oT 10 1o 17 cino€B, U3 HUX OT TPEX 10
1IeCTU KOpok oTTenesneit. [1pu aToM HauboblIee
YHCJIO CI0EB 1 KOPOK HAOMI0OJAETCS B 3UMbI C MaK-
CUMaJlbHBIMU CYMMaMHU TOJOXUTEIbHBIX TEeM-
nepatyp 3a 3uMy. OcpenHéHnHbie 3a 1957/58 u
1961/62 (2 roma) u 3a 2014—2019 rr. (5 neT) naH-
HBIE TTOKA3bIBAIOT HEKOTOPBIE OTIIMYNS B COOTHOIIIE-
HUM CJIOEB CHEra pa3HOro THUIa Ha MAaKCUMYM CHe-
ro3amnacoB B 1950-e¢ u 2010-e roas! (puc. 3). Ciou
TasgHUS—3aMep3aHusl 3aHUMaJId B CpeHEM 3a JIBe
3uMbl 1957/58 u 1961/62 rr. okosno 8%, ocesiiero

cHera — 0KoJio 32% 1 orpaHEHHBIX KPUCTAIJIOB —
okoJ10 60%. [1pu 3TOM OCpeIHEHHBIE 3a MATUIETHUI
nepuon, ¢ 2014 o 2019 r., cnou, caoxkeHHbIe STUMU
KJIacCaMM CHera, 3aHMMaJii B cpeaHeM 17, 35 u 48%
COOTBETCTBEHHO. Kak mpaBujio, 4YMciao U TOJIIMHA
CJIOEB TasiHUSI—3aMep3aHUsl YBEJIMYMBAIOTCS 32 CUET
COKpallleHH!sI TOJIIMHBI CJIOEB CHEra ¢ OTpaHKoOil, B
TO BpeMsI KaK IIPOIIOPILIMHI CIOEB OCEBIIIETO CHETa CO-
XPaHSUIICh OTHOCUTEJIEHO HEM3MEHHBIMU.
MexxrogoBass U3MEHUYMBOCTb CTPOCHMS CHEX-
HOI TOJIIIN 3a MSATWIETHUI TIepUO COBPEMEHHBIX
HcCcJieJOBaHUI oKa3ajlach o4yeHb Oosbloii. Tak,
CMEp3IIMecs CJI0M TasHUSI—3aMep3aHUus 3aHU-
MaJIi B TOAbI McclenoBaHus ot 5 1o 31% touniu,
cJI0U ¢ orpaHKoi — 43—67%, clIou PBIXJIOrO OCEB-
1Iero cHera 6e3 orpaHku — ot 17 no 55%, 4rto co-
IJIacyeTcsl CO 3HAUEHUSIMHU, ITOJYYEHHBIM B IPYTUX
paitonax ITogmockoBbs P.A. YepHoBbiM B 2001—
2011 rr. [18]. AHanu3 O6ojee AeTaIU3UPOBAHHBIX
CXeM, ITOCTPOEHHBIX B COOTBETCTBUM ¢ MexXayHa-
ponHoit Knaccudukaimeit [5], TO3BOINI OLIEHUTD
M3MEHEHUSI IIPOCTPAHCTBEHHOTO TTOJIOKECHUS CII0EB
pa3HBIX TUMOB B Tojle (puc. 4). HecMoTpst Ha oT-
HOCUTEJIbHO HeOOJIbIINEe U3MEHEHMST IPOIOPLINIA
ci0és cHera B 1950—60-e u 2010-e roasl, UX Mpo-
CTPAHCTBEHHOE ITOJIOXKEHUE B TOJIIIE OTJIMYAETCSI.
IMoronnbie ycnoBus 3um 1958/59 u 1961/62 rr.
ob1TM oxapakTepu3oBaHbl A.B. [1aB1oBBIM Kak TH-
MUYHBIEC IUISI CPSIHEMHOTOJIETHUX YCIOBHUIA MCCIIE-
nyeMmoit Teppuropun |9, c. 22], cTpoeHNe CHEXHOMU
TOJIIIN TaKKe MOXKET CUMTAThCS PeIpe3eHTaTUB-
HBIM JIJISI KIIMMAaTUYECKMUX YCIOBHI TOTO BPEMEHM.
B 311 ronpl cTpoeHMe CHEXKHOM TOJIIIM OTJIMYAIOCh
npeodagaHueM CJI0EB KPYITHO3EPHUCTOIO CHeTa C
OTPaHKO M TIyOMHHOI M3MOPO3U B CpeaHEl YyacTn
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Puc. 3 TIporieHTHOE COOTHOIIIEHUE CIIOEB CHETa C OTPaHKOM U TIIyOMHHOI n3Moposu ( /), oceBiiero cHera (2), TastHUsI—
3aMep3aHusl U JIEASTHBIX KOPOK (3) B CHEXXHOI TOJIIE HAa OTKPBITHIX y4acTKax B MepUOA MaKCUMAaJIbHbIX CHEro3aracos:

a — B 3uMbl 1957/58 1. (1o A.B. TTasnoBy [8]) 1 1961/62 r. (o A.TT. ®opmo3oBy [7]); 6 — B 3umbl 2014—2019 T. 110 TaHHBIM TTO-
JICBBIX U3MEPEHMIT aBTOPA; 6 — OCpeTHEHHBIE 3a 3UMbI 1957/58 1 1961/62 rr. u 3a iepuon ¢ 2014 o 2019 r.

Fig. 3. Proportions of faceted and depth hoar crystals (/), rounded grains (2), melt-freeze layers and ice crust (3) in
snow cover at open meadows during the maximum snow accumulation:

a — winters 1957/58 (A.V. Pavlov [8]) and 1961/62 (A.P. Formozov [7]); 6 — winters 2014—2019 (author’s field measurements); 6 —
1957/58 and 1961/62 averaged, and 2014—2019 averaged
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Puc. 4. CtpoeHue CHEXXHOIo MOKpPOBa Ha OTKPBITBHIX Y4acTKax B MEPUOA MaKCUMaJbHBIX CHEro3aracoB B 3UMbI
1957/58, 1961/62 u 2014—2019 1.

I — cpeanss MIOTHOCTD cHera, Kr/M3; 11 — TBépmocTh cHera (py4HO MHAEKC POYHOCTH 110 [5]).

LIBeToBBIE 0OO3HAUEHUS: | — CBEXXEBBINABIIMI U OCEBIINIT CHEer 0e3 OrpaHKu; 2 — CJIOM C OrpaHKOi; 3 — IIIyOMHHAast U3MOPO3b;
4 — ciiou TassHUsI—3aMep3aHus; 5 — JaeasiHbie KOpKU. CUMBOJIBI M YCJIOBHBIE 0003HAUYEHUSI COOTBETCTBYIOT JAHHBIM PaboThI [ 5]
Fig. 4. Snow structure at open meadows during the maximum snow accumulation in winters 1957/58, 1961/62, 2014—2019.

I — average snow density, kg/m3; I1 — snow hardness (hand hardness index according to [5]).

Color code: 1 — settled snow; 2 — faceted crystals; 3 — depth hoar; 4 — melting—freezing layers; 5 — ice crusts. Symbols correspond to [5]
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TOJIIIY 1 PBIXJIOTO OCEBIIIETO CHEera, IepeMesKalole-
rocsI C KOpOYKaMU BeCEHHUX OTTeIesIeil B BepXHei
yacTd ToAmM. HXKHSS 9acTh TOJIIIM OTIMYAIach
HaJIMIUEeM JOCTATOYHO MOIIHOIO, OT 5 mo 20 cM,
CJI0SI TasTHUSI—3aMep3aHusl, CDOPMUPOBABIIETOCS B
HavaJie 3MMHETO Ce30Ha U IMIPAKTUIECKU MOJHOCTHIO
nepelieAllero B ¢Jioii KpynHOM TJIIyOMHHOM U3MO-
po3u B pe3yJibTaTe MHTEHCUBHOTO TeMIIEpaTypHO-
rpagreHTHOro MeraMopduima. B cpenneit vactu
KOPKU OTTemeNIeil ObUIN peIKUMU M TOHKMMU — HE
6omee 2 cM. HecMoTps Ha pa3nuumsgd B OCpeaHEH-
HBIX 3HAYCHUSIX METEOPOJIOTHISCKIX ITapaMeTPOB B
1958/59 u 1961/62 rT., MoXoXee CTpOeHWE M CBOM -
CTBAa CHEXHOM TOJIIU OBLIX OOYCJIOBJIEHBI IIPO-
MOJKUTEIbHBIMU (00JIee IBYX MECSIIeB) Ieproma-
MU XOJIOMHOM ITOTOAbI O€3 OTTeneNell, C CHUIbHBIMU
CHeTroIlazaMu, KOTOphie HaOIIogaInch B 00a roma.
B mepuon ¢ 2014 mo 2019 r. TOIBKO 3UMOIA
2017/18 1. cHexXHasl ToJIIIa MMesla CTpOeHUe, aHAJIO-
rmyHoe ormcaHHBM A.B. T1aBmoBeiM 1 A.H. ®opmo-
30BbIM TSt 3uM 1958/59 1 1961/62 1r. B ocTanbHbie
3UMBbI 3HAYUTEJILHO OOJIbIlIee Pa3BUTHUE IOIYIU-
JIN CJIOU TasHUSI—3aMep3aHMsI TIOBBIIIICHHOM TBEP-
noctu (3—4) u morHoctu (200—400 xr/m%) B ueH-
TpaJibHOI YacTy TOJIIU, KOTOPblEe MPAKTUYECKU HE
Habmonamch B 1957/58, 1961/62 n 2017/18 rr. Kak
MpaBUIO0, 3T cJI0u (POPMUPOBATUCH B Pe3yJibTaTe
CWIbHBIX OTTeTeIeil B sHBape U heBpajie U AOCTUTaIN
TonuuHbl 5—10 cM. Takum 06pa3om, CTpoeHUe CHEX-
Hoit Tomu B 2017/18 T., COOTBETCTBYIOIIIEE OITKCA-
Huio A.B. TlaBnosa [8, 9], He MOXET B MOJHOI Mepe
XapaKTepU30BaTh CHEXHYIO TOJIILY 3a MOCJIEeTHUE
MSTh JIET, HECMOTPS Ha TO, YTO OCPENHEHHBIE 3a T1e-
PHOM, TIPOITOPLIMM OCHOBHBIX KJIACCOB CHETa B 11€JIOM
coxpaHnsitoTcs. XapakTepHas yepTa /Ul BCeX MoTydeH-
HBIX HAMU CTpaTUrpauIecKux pa3pe3oB — HaJIUUKe
TUIOTHOTO W TBEPJOTO CJIOSI TasTHUsSI—3aMep3aHus B
HWKHE 4acTy TOJIIIM, KOTOPBIM 3aTeM 3HAYUTEIbHO
Pa3phIXJISICH U K MepUoLy MaKCMMaIbHBIX CHET03a-
MacoB MEPEXOIWI B IO ITyOMHHOM U3MOPO3HU.

O0cyxKIeHue pe3yJibTaToB

CpaBHeHME METEOPOJIOTUYECKNX MToKa3aTelei
1950-x 1 2010-x TOog0OB ITOKAa3bIBAET 3HAYUTEIbHBIE
W3MEHEHMsT 3UMHEN TeMITepaTyphl Bo3ayxa. B pesyib-
Tate cTpaTUrpadust CHEXKHOM TOJIIM B pa3HbIE TOIbI
TakKe OblIa pa3Hoii. B niesom, B Tosmie mpeobaana-
JIV CJIOU PBIXJIOTO OCEBIIIETO CHETA, CJIOU C OTPAHKOM 1

IYOMHHOM M3MOPO3U, a TAKXKe CJIOW TassTHUSI—3aMep-
3aHUsI, YTO COIJIaCcyeTcs C pe3yabraTaMu HaOroneHUi
Ha 1ore [ToagmockoBbst 2001—-2010 T. [16].

CpaBHeHMe CTpaTUrpapuIecKrX ONMICcaHnii CHEX-
HOM TOJIIIIY, BBITIOJIHEHHBIX HA OCHOBE 3HAYMTEIbHO
OTJIMYAIOIIMXCS KIacCu(UKaLUi, UCTIOIb3YIOIINX
pa3Hble IPUHIIUIIBL BIACJIEHUST KJIACCOB CHera, OKa-
3aJI0Ch BOBMOXKHBIM, HO HECKOJIBKO CYOBEKTUBHBIM.
ITockonbky knaccudukaimu I'.J1. Puxtepa u Mexmy-
HapoaHasl KjaccuUKalusl OTIMYA0TCs 10 CTEeIeHU
JIETaIM3UPOBAaHHOCTH, MOTYT BOBHMKATh HETOUHOCTH,
CBsI3aHHbBIE C MIEPEXOIOM OT MEeHee TTOAPOOHOI Kiiac-
cudukaunu K 6ojee moagpoodoHoii. Harmpumep, cion
«cTaporo» cHera B kinaccugukanuu I'.J1. Puxrepa co-
JiepKaT KaK CJIOM C OTPaHKOM, IOIBepKEHHbIE TEMIIE-
paTypHO-TpalueHTHOMY MeTaMopdhu3My, TaK U CJIOU
TassHUsI—3aMep3aHusl. AHaIU3 MPOCTPaHCTBEHHOTO
MOJIOXKEHUS CIOEB, BbIIEJIEHHBIX HA OCHOBE MexX-
JIYHapOIHOM Kjlaccu(UKallMK, ITO3BOJISIET IIPOBECTU
0oJiee IeTaJIbHYIO OLIEHKY IO CPaBHEHUIO C KJIacCH-
¢uxkamueii I'JI. Puxtepa 1 TouHee OLIEHUTb U3MEHE-
HUS TIPOCTPAHCTBEHHOTO MOJIOXKEHUS CJIOEB pa3iny-
HBIX KJIACCOB B CHEXKHOM TOJIIIIE.

JlumuTupyonuii (pakTop N1aHHOTO KCCiea0Ba-
HUSI — BECbMa OIpaHUYEHHbI HAa0Op UCTOPUUYECKUX
JNAHHBIX O CTPOEHUU CHEXXHOM TOJIIU MCCIeTyeMO-
ro pailoHa. AHaJIM3 U3MEHUYUBOCTHU BBICOTHI CHEX-
HO TOJMILM B TeUEHME 3MMHUX ITEPUOIOB 1 HAIUYUS B
TOJIIE KOPOK, BBITIOJIHEHHBIH O TaHHBIM MHOT'OJIET-
Hux HaomoneHuii A.H. ®opmo3sosa [7], moka3biBaer,
4TO B OTAE/IbHBIE 3UMbI (1946/47, 1951/52, 1967/68 rr.
U 1p.) GOPMHUPOBATIUCH CIION TasTHUSI—3aMep3aHUsI,
KpynHbIe (10 5—6 ¢M) KOPKU M CEpUM KOPOK, B TOM
yyclie U B cpeaHeil yacTu Toaiu. Takum oopa3oMm,
CTPOECHUE CHEXHOM TOJIIIU B paliOHE UCCIIENOBAHUS
OTVINYAIOCH OOJIBIION MEKTOIOBOM M3MEHUYMBOCTHIO,
YTO HAOIIOAAETCS U B COBPEMEHHBIN Mepuo. DTo co-
OTBETCTBYeT TpeAacTaBieHussM M. CTtypMa o 3Ha4u-
TEJIbHOM U3MEHYMBOCTU CTPOEHUS CHEXKHOM TOJIIIU B
npeaeaax OMHOro KJIMMaTUIeCKOro Kjlacca CHera.

HanbHelillee MOTeIUIEHWE KJIMMaTa MOXET yBe-
JIMYUTH TTOBTOPSIEMOCTD TEILIBIX 3UM C YaCTBIMM OT-
TEeIeJsIMU, COKPaTUTh ITPOIOIKUTEILHOCTD 3ajiera-
HUs YCTOMYMBOIO CHEXXHOTO TTIOKPOBA U YMEHBIINTD
€ro BhICOTY. Bo3MOXXeH pOCT TOJNIIUHBI CJTOEB Tasi-
HUSI—3aMep3aHus U JIbAMCTHIX KOPOK IO OTHOIIIE-
HUIO K CJIOSIM C OIFPaHKOM, TJIyOMHHOM U3MOpPO3U U
OCEBIIIEr0 PHIXJIOTO CYyXOro cHera. Tak:ke BO3MOXKHBI
MOBBIILIEHUE TBEPAOCTU CHEra U CHIDKEHME Terio-
M30JISIIMOHHBIX CBOMCTB. OnHAKO OOJbIlast Mex-
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U BHYTPUTOOOBAsk M3MEHUYMBOCTb OYyAET U Jallb-
IIe UMETh KJII0UEeBOE 3HAYECHUS I CTPOCHUS U
CBOICTB CHEXXHOIO ITOKPOBA MCCIIEAYeMO TeppH-
topur. OTMETUM, YTO IIPOCTPAHCTBEHHASI U3MEH-
YUBOCTb CTPOCHUS CHEXXHOM TOJIIN MOXET UMETh
BaXKHOE 3HAYEeHME IIPU CPaBHEHUU pa3pe3oB, MO-
CKOJIbKY OIMCAHMS, BBITIOJTHEHHBIC B Pa3HBIX TOUYKAX
JaHmmadTa, Jaxe pacloloKeHHBIX HA PACCTOSHUU
IEePBBIX METPOB IPYT OT APYra, MOTYT CUJILHO Baphb-
npoBath. Tak, TOMIIMHA OTAEIbHBIX CIIOEB MOXET OT-
JINYAThCS B HECKOJILKO pa3, a Ha psiie YIaCTKOB He-
KOTOpBIE CJIOM MOTYT M BOBCE OTCYTCTBOBATH [ 19, 20].

BriBoapl

BriepBhIe BBHIIIOJTHEHO CpaBHEHUE CTpaTUTpa-
(prueckmx pa3pe30B CHEXKHOM TOJIIIN UCCAEAYEeMOM
TepPUTOPUH, OIIMCAHHBIX HA OCHOBE pPa3HBIX KJIac-
cuuKaLUNi 1 XapaKTePU3YIOIINX CHEXKHYIO TOJIIITY
B nepuoabl 1950-x u 2010-x rogoB, 3HAYUTEIHLHO
OTJINYAIOIIMXCS II0 CBOMM KJIMMaTUISCKIM IT0Ka3a-
tesssM. CpaBHEHUE OIMMCaHUM 110 MexXImyHapomHOM
KJ1accu@pUKalMy CHeXXHOIO IIOKPOBa U Kiaccudu-
kauuu I'.JI. Puxtepa oka3ajlochb BO3MOXHbBIM, XOTS
U ¢ HEKOTOPBIMM OorpaHnYeHUsIMU. CpaBHUTEIbHBII
aHaJIM3 CTPOCHMS CHEXXHOU TONIIU B 3TU IEPUOIbI
1oKa3ajl, YTO B ITOCJIeTHHME TOObI HaOII0IaeTCsI yBe-
JIMYCHUE TOJIU CI0EB TasTHUSI—3aMeP3aHUsI 110 CpaB-
HEHMIO C U3MEPEHMUSIMU Ha aHAJIOTMYHBIX YIacTKax
B 1957/58 m 1961/62 tr. 10751 CIOEB CHera ¢ orpaH-
KO ¥ IIyOMHHOM M3MOPO3W HECKOJIBKO YMEHbIIIa-
€TCsI, a JOJISI CJIOEB PBIXJIOTO OCEBIIIETO CHEra coxpa-
HSIETCSI OTHOCUTEJIPHO HEM3MEHHOIA.

He napymaeTcst 6opliiiast MexX- 1 BHYyTPUTOIOBasI
M3MEHYMBOCTb 3MMHHUX IOTOIHBIX YCIOBHI1, KOTOpast
OKa3bIBaeT Ha CTPOSHNE CHEXXHOI TOJIIN OOJIbIIee
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BIMSIHUE, YeM MHOTOJIETHUE KIIMMaTUIeCKre TPeH-
nbl. KimioueByro poJib UTpaloT HE TOJIBKO CpeaHUe 3a
HcciaenyeMble IepUOAbl 3HAYESHUsI METeOPOJIOTIe-
CKUX BEJIMYMH, HO U ITOC/ICI0BATEIbHOCTD IIOTOTHBIX
YCJIOBUIA: OTTEIIeNIeil M1 MOpO30B. AHaIM3 OoJee meTa-
JIM3UPOBAHHBIX OIMCAHUIM CTpaTUrpacuIecKrX pa3-
PE30B MO3BOJIMJI CPABHUTD IIPOCTPAHCTBEHHOE TI0JI0-
JKEHME CJIOEB B TOJIIE U YCTAHOBUTD, UTO 32 ITSITh JIET
COBpPEMEHHBIX HaOIIONeHNI CTPOCHIE, aHAJIOTUIHOE
ormicaHHBIM A.B. TlaBnoseiM 1 A.H. @opMO30BEIM,
HaO0II01aJI0Ch JIUIIb OOWH Toa M3 IaTu. B ocTasb-
HbIE TOIbI 3HAYMTEIIHHO OOJIbIIICEe PA3BUTHE ITOTYIMIN
CJIOU TasTHUSI—3aMep3aHus M KOPKU B CpeaHEl YacTh
TONIIH, C(hOPMUPOBABIIIMECST BO BpeMsI OTTETICIC B
siHBape U (eBpasie. Takum o0pa3oM, CTPOEHUE CHEX-
Hoi1 o, ormcanHoe A.B. ITasmoBev 1 A.H. @op-
MO30BBIM 1151 3uM 1957/58 1 1961/62 IT. 1 oxapakTe-
PU30BaHHOE MU KaK TUIIMYHOE 1T KIIMMAaTUIeCKIX
YCJIOBUIA TOTO BpeMEHHU, HE MOXET CUMTAThCS perrpe-
3eHTaTUBHBIM Ut riepuoa ¢ 2014 mo 2019 1.

baaromapHocTu. ABTOp BBEIpaXaeT 0J1arogapHOCTh
C.A. CokpatoBy n FO.I'. CenuBepcTOBY 3a IIeHHBIE
KOHCTPYKTHBHBIE 3aMeUYaHusI, IT03BOJIMBIIIIE CYIIIe-
CTBEHHO YJIyJIIIUTh pyKoImich. PaboTa BeITOIHEHA B
paMKax TOCyIapCTBEHHOTO 3adaHUs reorpadpude-
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o TeMe «OIMacHOCTh M PUCK MPUPOTHBIX IPOIIEC-
COB U SIBJICHUI».
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Summary

In 2016-2019, the structure of the snow thickness in the northern and central parts of the Kola Peninsula (from
the Barents Sea to the Khibiny Mountains) was studied in tundra, forest-tundra, taiga, high-altitude Arctic and
other landscapes during the periods of maximum recrystallization of the snow (February-April) and initial snow
accumulation (October). 37 borings were made in the snow thicknesses. 399 snow layers of different ages and gen-
esis were examined. In the total, 399 measurements of the density, porosity, structure of snow (size and shape of
ice crystals) and texture (orientation of crystals and pores) of snow layers, 413 measurements of temperature at
the contacts between snow layers, 46 measurements of the temporary resistance of the layer to rupture, 27 mea-
surements of the time resistance to compression, 119 measurements of the resistance of the snow layer to horizon-
tal sounding (with a cross-shaped tip that allows taking into account the anisotropy of the snow layer) were per-
formed. The percentage of crystals of different classes of shapes in the layer was determined. It was found that the
Kola Peninsula has a high rate of evolution of the snow thickness. Even in multi-snow winters (including the land-
scapes of high-altitude Arctic deserts in Khibiny and Monche-tundra) in March, up to 90% of the snow thickness
is made up of snow layers with a columnar and fibrous texture, composed of ice crystals of semi-skeletal and skel-
etal classes of shapes with a diameters of up to 4 mm. These patterns of the evolution are typical for the Arctic and
Subarctic (confirmed by studies on the Yamal Peninsula, in the lower reaches of the Northern Dvina River and in
Karelia). Values of the strength characteristics of the snow layer (time resistance to rupture, resistance to compres-
sion, and to horizontal sounding with regard for the anisotropy of the snow layer texture) are the lower, the higher
the content of crystals in the layer of the highest stages of evolution (skeletal) and the more developed the texture of
the layer. The lowest values of strength characteristics were observed in snow layers with a fibrous texture.

Citation: Kazakov N.A., Kazakova E.N., Volkov A.V. The structure of the snow thickness on the Kola Peninsula. Led I Sneg. Ice and Snow. 2021. 61 (3):
404-419. [InRussian]. doi: 10.31857/52076673421030097.

Tlocmynuaa 27 nosiopa 2020 e. / [locae dopabomku 6 mapma 2021 e. / [Ipunama k newamu 19 mapma 2021 .

KitoueBbie cioBa: CmpyKmypa cHexHoli mosuju, mexcmypa cHexXHo20 CJ108, IUMo020-cmpamuzpagduyeckuli KOMNIeKC CHeXH020 NOKpoed,
Konockuii nonyocmpos.

B 2016-2019 rr. uccnepgoBanacb CTPyKTypa, TEKCTypa 1 ¢puU3nyeckne CBONCTBA CHEXHOW TONLLM B CEBEP-
HOW 1 LieHTpanbHOM YacTAx KonbCKOro nonyoCcTpoBa B TYHAPOBbLIX, IECOTYHAPOBbIX, TaéXHbIX, BbICOKO-
FOPHbIX aPKTUYECKMX 1 APYTUX NaHAwadTax B Neproabl HavarbHOrO CHErOHaKoMIeHns (OKTAGPb) 1 MaK-
CUMasbHOW NepeKpucTanIM3aunm cHexxHon Tonwm (bespanb—-anpens). B 37 wypdax 66110 nccnegoaHo
399 CHeXHbIX C/I0EB pa3HOro BO3pacTa. YCTaHOBNEHO, YTO K MapTy A0 90% CHEXKHOWM TOMLWM COCTOUT 13
CHEXHbIX CNOEB CO CTONOYATON M BOJIOKHUCTON TEKCTYPOMN, CNOMKEHHbIX NIeAAHbIMI KpUcTaniamm nony-
CKeJIeTHOro 1 CKeNIeTHOrO K/1acCoB ANAaMeTPOM A0 4 MM.

BgBenenue ro MOKpPOBa, KOTOPbIE 3aBUCST OT €Tro cTpaTuduKa-

LIUU, CTPYKTYPbI U TEKCTYPbI, ONPEACIISIIOT YCIOBUS

CHexHbIl TOKpoB Ha KoJIbcKOM TOJIyOCTPO-  IPOXOAUMOCTHU TEPPUTOPUM TPAHCIIOPTHBIMU CPEl-

B€ — TMOCTOSIHHO AeicTBYOUiA (PakToOp, CUIb- CTBAMU B 3UMHEE BpPeMs, XapaKTePUCTUKU I10JI0-
HO BIUSIOIIMI HA COLMAIbHbIE U SKOHOMUYECKNE BOJbs U YCJIOBUS BOBHMKHOBEHUS HauboJiee pa3py-
npouecchl. Duznyeckue XapakKTepUCTUKUA CHEXHO-  IIIUTEIbHBIX JIABUH. 3HAHUS O CTPOCHMU CHEXKHOM
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TOJIIMA HEOOXOAUMBI AJISI PELIeHUS LEeJ0TO psaa
3a7a4, B YKUCJIE KOTOPbIX:

1) mporHo3 JIaBUH — OIIpeAe/IieHe BpeMEHU I10-
SIBJICHUSI Y1 MOLIHOCTU JIJABUHOOIMACHBIX CHEXHBIX
CJIOEB;

2) pacuéT ImapaMeTpOB ITOJIOBOIBS 1 €ro IIPOT-
HO3 — CKOPOCTb TassHUS CUJIbHO MEPEeKPUCTAIIIN30-
BaHHOM U CUJILHO Pa3pbIXJIEHHOM CHEXHOI TOJILLIU
ropasao BbIlIE, YEM YIUIOTHEHHON CHEXXHOM TOJIIH,
YTO NPUBOAUT K OBICTPOMY CHETOTasiHUIO U CTpe-
MUTEJIbHOMY TTOABEMY YPOBHS BOJIbI, BbI3bIBAST Bbl-
COKUI1, HO OBICTPO MPOXOISIINNI MaBoaoK. JJaHHBIMI
(hakTOp HE YUMTHIBACTCS MPU MPOTHO3€E MOJOBOIbS,
MOATOMY CKOPOCTb MOABEMA YPOBHS BOIbI B I1OJIO-
BOIbE CUJIBHO 3aHIKACTCS WK 3aBhimIaeTcs. OTMme-
TUM, YTO JIJI KQYECTBEHHOIO MPOrHO3a MOJ0BOIbS
3HaHME TOJbKO BOJO3aMaca B CHEXHOM ITOKpPOBe
HEAO0CTaTOYHO;

3) ompenenaeHue YMCIa CHETOIagoB U CYMM
TBEPIBIX OCAAKOB 3a CHEroIlaa B TeX palioHax, Tae
HET METEOPOJOTNYECKUX HAOIIONEHUI, T10 YUCTY
CHEXHBIX CJIO€B B CHEXXHOI TOJIIIE ¥ UX BOTHOMY
SKBUBAJICHTY;

4) IIpOXOAMMOCTD CHEXKHOM LIeIMHBI TPAHCITOPT-
HBIMM CPEACTBAMM, KOTOpPAsi 3aBUCUT HE TOJbKO OT
TOJILLIMHBI CHEXHOTO ITOKPOBA, HO M OT CTEIIEHU €T0
NepeKpUCTAIIN3ALMA: IPU CUJIbHOM MepeKpucTa-
JIM3aLMK CHEXXKHOM TOJIIIM JaXKe JETKMe CHETOXO bl
MPOBAJIMBAIOTCSI B CHET U TEPSIIOT BO3MOXKHOCTb I1e-
penBuratbesi. OMHAKO CTPYKTypa, TEKCTypa U CTpa-
TUUKaALUsI CHEXHOU ToJy Ha KojibckoM T-oBe
MPaKTUIECKN He MCCIea0BaIach (3a UCKIIOUeHUEM
XubuH), 30eCh HUKOTrAA He CO3MaBalllCh M KapThl
CTPOCHUST CHEXKHOM TOJIIIMU.

TTocTaHnoBKa 3a7a4M McCJIeI0BAHUIA

Ha KomnbsckoMm m-oBe cTpaturpadpmdeckue Hao-
JIIONEHUSI B CHEXKHOM TOJIIIE IIPOBOIMIIN C CEPEIM-
HHEI 1930-x romoB B XubuHax llexom mpoTuBoa-
BuHHOM 3amnTH [10 «Anmatut» (OTHen 1aBUHHON
6e3omacHoctT AO «AnaTtut») [1] 1 reorpadude-
ckuM (pakynsreToM MI'Y mmenn M.B. JlomoHOCO-
Ba [2, 3]. OmHako McciaemoBaHNe CTPOCHUS CHEX-
HOM TOJIIIM HAa OCTAJILHOI 9acTH IIOJyOCTpPOBa 10
2016 r. He Benu. OTCyTCTBME TaHHBIX O CTpaTUdU-
KalluM, CTPYKTYpe U TEKCType CHEXHOTO ITOKPO-
Ba HE IT03BOJISIET IPEACTABUTh CTPOSHUE CHEXXHOM
TOJIIIN, OLICHUTDH 3HAYCHMS e€ (PU3NISCKNX XapaK-

TEPUCTUK B pa3Hble MEPUOIbl 3SMMHEro Ce30Ha 1 Mo-
CTPOUTH KapThl CHEXXHOTO MoKpoBa Ha Koabckom
M-oBe. 3aJa4yy HACTOSIILEro UCCaeA0BaHMsl BKITIO-
qyaloT B cebs: 1) moayyeHue JaHHBIX O CTPOEHUM
CHEXXHOM ToALIM (CTPYKTYpPhI, TEKCTYPbI, CTpaTU-
¢ukaluu) B ueHTpaabHOI yacTu KonbcKoro n-osa;
2) BbISICHEHME 3aBUCUMOCTU CTPOCHUSI CHEXHOM
TOJILLIM OT TUMa JaHAwadTa, a Tak:Ke 3aBUCUMOCTH
MPOYHOCTHBIX XapaKTePUCTUK CHEXXHOM TOJIIU OT
€€ CTPYKTYPhI U TEKCTYpHhI; 3) U3ydyeHUe JaHHBIX O
CKOPOCTH TMepeKpUCTaAIM3aLMU CHEXXKHOM TOMIIHU.

ITpu orpaHuyeHHOM 00BEME TMOJIEBBIX HAOIIO-
JIEHU CTPOEHUE CHEXXHOM TOJIIIU HAa HEU3YYEHHOM
UIn c1abon3ydyeHHON TEPPUTOPUU MOXKHO OTIpe-
JeIUTh Ha OCHOBE MpeaCcTaBlIeHUll 00 3BOTIOLUU
CHEXXHOTO MOKpoBa [4—6] u auTojoro-crpaTurpa-
(ruecknx KOMITIEKCAX CHEXHOI Tou [6, 7]. Uc-
caenoBanus [6—10] mokasanu, 4To B 3MUMHUE CE30-
HbI CHEXHas ToJla B OAHOTUIHBIX JaHaIapTax
(maxe pacriooXXeHHBIX B pa3HbIX peruoHax) co
CXOXHUMU TUAPOMETEOPOTOTMYECKUMU YCIOBUS -
MU UMeEeT CXOIHOe CTpOeHUE. DTO MOKa3bIBAET, YTO
Mpouecchl, GOPMUPYIOLIE CHEXKHYIO TOJIIILY, OTpe-
JeJISIIOTCS XapaKTepUCTUKaMU BMELLAIOLIEro JaH -
madra. B pesyabrare rnosiBisieTcs BO3MOXKHOCTb CH-
CTeMaTU3UPOBATh TUIII CTPOEHMST CHEXHOM TOIIIMN
TaK e, KaK CUCTeMaTU3UPOBAHbI KOMIIJIEKChI TOp-
HBIX MOPOJ: MO UAEHTUYHOCTU TUAPOMETEOPOIO-
TUYECKUX, TeO(PU3NUECKUX U IPYTUX YCIOBUN UX
ceIMMEHTAllMM U AuareHe3a, a He 1o reorpaguye-
CKOMY TOJIOXXKEHUIO O0BEKTA.

CHEXXHYIO TOJIILY MOXHO OIUcaTh KaK 0caaou-
HYI0 MOHOMUWHEpPAJIbHYIO TOpHYIO nopoay [3, 6, 11—
13] (rmaxkeT CHeXXHbBIX CJIOEB pa3HOro BO3pacTa ¢ pas-
HbIMU (PU3UUECKUMU XapaKTEPUCTUKAMU ), B KOTOPOM
JIEA — OCHOBHOM Mopoaoodpasytoiuii MuHepan. Ot-
METHUM, YTO IMOHSTHUE «CHET — MOHOMUHEpaJIbHASI TOp-
Hasi Topoja» Obl1o npeaioxeHo I'.JI. Puxtepom [11].
Taxoii moaxoa K oMMCcaHWIO CHEXXHOM TOJILLM TTO3BO-
JISIeT WCIIOJIb30BaTh JJIS1 €€ UCCACAOBAHUSI METOMIBI,
pa3paboTaHHbIE B F€OJIOTUM ISl OMMCAHUS U KJTACCU-
¢ukaimu ropHbix nopox, [ 14].

CHeXHBbIi c1oi, c(hOpMUPOBABILUIACS BO BpeMst
CHeromnaja v 3BOJIOLMOHUPYIOIIUN B 00HOMUNHbIX
JaHamadgTax Npyu CXOAHBIX Fe0(U3UIYECKUX U Me-
TEOPOJOTMYECKUX YCIOBUSIX, TTPABOMEPHO OIMUCHI-
BaTh KakK gayuro, a reHeTUYECKYI0 COBOKYITHOCTb
CHEXXHBIX CJI0EB (CHEXHYIO TOJIY) B 00HOMUN-
Hom naHaIadTe — KakK reoJIOTUYECKYIO gopmayuro.
Torma cHexHas ToullIa, 3ajeramias B OMHOTUITHBIX
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CHexHbIl NOKPOB8 U CHeXKHble J1d8UHbI

nmanmmadTax, IPOXOmsIast CeAMMEHTAIIUIO W JUa-
reHe3 (CMH- U BIIMTE€HE3) B CXOOHBIX TMAPOMETEO-
POJIOTUYECKUX M Te0(PU3NISCKIX YCIIOBUSIX, MOXKET
OBITH OIMCaHa KaK AUMO01020-CMPamuepaguuecKuil
xomnaexc (JICK) [6, 7]. Bo3nmeiicTBUe Ha CHEXHYIO
TOJIIILY TUAPOMETEOPOIOTUIECKUX U TeO(PU3NISCKIX
(hakTOpOB, OJIM3KUX IO CBOMM I1apaMeTpaM, IIPUBO-
IUT K (OPMUPOBAHUIO B OTHOTUITHBIX JIAaHAIIA(Tax
B OMHOTHITHBIE 3UMBI CIIEKTPOB CTpaTUTpaUIeCKIX
KOJIOHOK C OJIM3KMMU CTPYKTYPOIi, TEKCTypOIA, CTpa-
THUKALINEH (YUCIO0 U TONIIMHA CHEXXHBIX CJIOEB) 1
(pm3mIeCcKMU XapaKTepUCTUKAMMA.

YyeHue 06 3BOJIIOIINH CHEXKHOTO TTOKpoBa [4, 5]
MMO3BOJISIET TTIOCTPOUTH IIPOTHO3 U3MEHEHUS CTPYK-
TYpHl ¥ TeKCTYPhI CHEXKHOI TOJIIM B Ipoliecce e
3BOJIIOLMHU. B HameM IpencTaBieHUM, SBOJIIOLNS
CHEXXHOTO ITOKPOBa — IEeTePMHHUPOBAHHBII IIPO-
1IeCC, BhI3bIBAIOIIMIA 00pa30oBaHUE, HAKOIUICHUE U
MeTaMOop(dU3M CHEXHOM TOIIIU B Pe3y/IbTaTe COBO-
KyITHOTO BO3IEHCTBUS TUAPOMETEOPOIOTNISCKUX 1
reodusnyeckux pakropos [6, 7]. Ha pa3Hbix aTanax
aBomonuy (OPMUPYETCSI CHEXHAsI TOJIIIA C OIIpe-
JIeIEHHOMN CTPYKTYpOI, TEKCTYpOoli U cTpaTuduKa-
e, KOTOpbIe ONpeneisioT puzndeckue (B TOM
YuCIIe TMIPOYHOCTHBIE) XapaKTepUCTUKNA CHEXXKHO-
ro nmokposa. JIutojgoro-crpaTurpau4ecKuii KOM-
IJIeKC CHEXXHOTO ITOKPOBa 3BOJIIOLMOHUPYET B
KOHKPETHOM JIaHOImadTe moa BO3AeCTBUEM BCeil
COBOKYITHOCTH MPOTEKAIOIIMX B HEM (DU3UUECKUX,
TEOJIOTMYECKNX U TeorpaMIeCKUX IIPOILECCOB.

B odnomunneix manmmadrax [15], pacmomno-
JKeHHBIX B Pa3HBIX perroHax, (popMUPYIOTCS OIm3-
ke 1o ceouM mapamerpam JICK. B neodnomun-
HbIX JaHAAadTaX JIUTOJOTO-CTpaTUrpadpUIeCKU
KOMIUIEKC JaXe B OMHOTHUITHBIC 3MMbI UMEET pa3-
HYIO CTpaTU(UKAIIAIO, CTPYKTYPY U TEKCTYpPYy CHEX-
Hoii Tonmu. DBomouus JICK merepmuHupoBaHa:
CTPYKTYPHO-TEKCTYPHBIC M DU3MUYECKIE XapaKTe-
PUCTUKY CHEXXHON TOJIIN 3amaI0TCSI TUAPOMETEO-
POJIOTUYECKUMHU U TeO0(PU3NICCKUMHU YCIOBUSIMU
BMeEIIAOIIETo JaHamadTa 1 MOTYT OBITh paccyu-
TaHbl. Torma, 3Hast CTpOeHME CHEXKHOM TOJIIIN Ha
M3YYEeHHOI TepPUTOPUU, IJIsI OMHOTUITHBIX JIAHI -
1mrahTOB MOXKHO: a) OIIPeAe/INTh €€ CTpOeHME Ha He-
M3YYCHHBIX TEPPUTOPUSIX; 0) KOJTMIECTBEHHO OIIH-
cath e€ CTPOEHME B JII000I ITeproI 3MMHETr0 Ce30Ha
Ha 110001 TepPUTOPUHN TSI Pa3HBIX TUIIOB 3UM. DTHU
MIpeICTaBICHNS MIO3BOJISIIOT HA OCHOBE JAHHBIX I10-
JIEBBIX MCCIICAOBAHUII CHEXHOI TOJIIIN B IIypdax,
pacIoJIOXKEHHBIX B OIpeNea€HHBIX JIaHmImadTax,

IMOCTPOUTH KapTy cTpoeHus cHexxHol Tommu (JICK
CHEXXHOTO ITOKPOBA) JIJIs OMHOTUITHBIX JIAHAIIA(PTOB
10 BCEIl TEPpUTOPUU MCCIICTOBAHUIA.

OCHOBHBIE YITpaBJISIIONIINE TTapaMeTPhl B GU3U-
YeCKOil CUCTeMe «CHeXHasl ToJIa» — CTPYKTypa
((popMa u pasmep JeATHbIX KPUCTAIOB) U TEKCTY-
pa (B3aIMHOE PACIIOJIOXKEHNE KPUCTANIOB B CHEX-
HOM CJIO€ ¥ OpUEHTALIMS ITOp U IEHAPUTOB JICASTHBIX
KPHCTAJIJIOB BHYTPU CHEXXHOTO CJIOSI, OTpaKaroliast
AHU3O0TPOITNIO CHEXXHOTO CJI0s, 00YCIIOBJIEHHYIO
OpUEHTalLKel Iop U AEHAPUTOB JICASTHBIX KPUCTAII-
JioB). I1pu snureHese CHEXXHOM TOJIILM UX OPUEH-
TalMs U3 XaOTHYECKON (MOHOJIMTHAS TEKCTypa —
U3OTPOIHBIN CI0I) CTAHOBUTCS BEPTUKAJIbHOM
(cTonbuyaTast U BOJOKHUCTAsI TEKCTYPbl — aHU30-
TPOITHBIE CJION), B pE3yJIbTaTe Yero NpOYHOCTHHIC
XapaKTePUCTUKU CHEXHOTO ¢j10sl (TBEPAOCTD, CO-
MPOTUBJIEHNE CKATUIO U JIP.) CTAHOBSITCSI 3aBUCUMBbI
OT HaITpaBJIeHMS MPUIOKEHUS BO3IEHCTBUSI: Ma-
paJiIeIbHO MPOCTUPAHUIO CJI0SI UJIM BEPTUKAIIBHO.
ITo >TOii MpUYMHE CTPYKTYpa M TEKCTypa CHEXKHOI
TOJIIIY BEIOPAaHBI B KAUYECTBE ITapaMeTPOB TSI KOJIH -
YECTBEHHOTO OITMCAHUSI CTPOCHMS CHEXKHOM TOJIIIIH.

Metoauka uccjie10BaHuit

WccnegoBaHus nMpoBOAWUIN B CEBEPHOI U LICH-
TpaJbHOI yacTax Koabckoro m-osa: oT noboepe-
Kb bapeHiieBa Mopst 10 XUOMH B MeproJ MaKCU-
MaJIbHO# MepeKpucTaIM3alud CHEXHOM TOJIIMU
(Mmapt) (puc. 1). B mypdax B cCHexXHOIi TOJ1Ie MOo-
CJIOMHO ompeneisiiu MAOTHOCTh U MOPUCTOCTh
cHera (paccuuThiBajgach 4epe3 ero MmiOTHOCTD),
CTPYKTYpPY CHeEra, TEKCTYyPY CHEXHBbIX CJIOEB; U3Me-
psUTY TeMITepaTypy B CHEXKHOM TOJIIIE Ha KOHTaK-
Tax MEXAY CHEXHbIMU CJIOSIMU, a TAK>Ke BpeMEeHHOE
COTIPOTUBJIEHUE CHEXXHOTO CJI0S1 Pa3phbiBy U CXKa-
TUIO TIPU BEPTUKAJTBHOM TIPWIJIOKEHUU HATPy3KU
U COINPOTUBJECHUE CHEXHOTO CJI0S1 30HANPOBAHUIO
¢ YUETOM aHU30TPOMNUU €Tro TeKCTYyphl. B mocnen-
HEeM cJlyyae MCMHOJb30Balu 30H C HAKOHEYHUKOM
KpecToobpas3Hoii ¢GopMbl [ 16], MO3BOJSIOIUM YUK -
ThIBaTb aHU30TPOIMUIO TEKCTYPbI CHEXXHOTO CJIOS.

Crpaturpaduueckyto KOJOHKY OMUCHIBAIU MO
K1accuUKaLuy OTIOXeHHOro cHera [6, 9]. Kiac-
cbl OpM JIEASTHBIX KPUCTAJIJIOB BTOPUYHO-UINO-
MOpP(MHOro cHera omnpeaensivu B COOTBETCTBUU C
JaHHBIMU padoT [3, 17, 18]. OnHOBpeMEHHO BBINOJI-
HSITA MJIOLIAAHYI0 CHETOChEMKY Ha CHETOMEPHBIX
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IUIOIIAKAX B pa3HbIX JaHAIIadTaxX, 110 pe3yabTaTaM
KOTOPOH OIpeIeisId CPESAHIOI U MaKCUMAJIbHYIO
TOJIIIMHY CHEXXHOTO ITOKPOBAa M €r0 BOIHBIN SKBH-
BaJIeHT (Bomo3arac). Bo Bpemst crpaTurpaduaeckux
WCCIEI0BAHUN CHEXXHOM TOJIIM MPU MOMOIIHX MO-
JIEBOU METEOPOJIOTUYECKON CTAHIIMM BEJIM METEO-
poJiormdecKyie HaOMIOMCHNSI, B IIPOIIECCE KOTOPHIX
U3MEPSUIN TEMIIEPATypPy U BIAXKHOCTb BO3IyXa, CKO-
pOCTh 1 HampaBJieHHe BeTpa, aTMOCc(epHOe IaBiie-
HHUE, 00JIAYHOCTD, (PUKCUPOBAIN METEOPOJIOTHYIEC-
ckue ssBineHus. [1pu nccaenoBaHuy CHEXKHO TOMIINT
B 11ypdax BEITOIHSUIN MaKpO(POTOCHEMKY JISASTHBIX
KPHCTAJUIOB U3 KaXKIOT0 CHEXXHOTO CJI0s1. 3aTeM Ipu
KaMepalbHOI 00paboTke (pororpacduii BEIACIIIN
KJ1acCchl (pOpPM JIEASTHBIX KPUCTAIIOB (VIS TIepBUY-
Ho-uauomopdHoro cHera — 1o [17], miIss Bropud-
HO-MANOMOPGHOTO CHEra — o MopdoreHeTnde-
ckoit kinaccupukanuu D.I°. Komomema [5, 18, 19]),
ONPEAESIIN UX CPEIHUU U MAKCUMAJIBHBIN pa3Mephl
¥ PaCCUMTHIBAIM IIPOLIEHTHOE COAEPXKAHNE B CHEX-
HOM CJIO€ KPUCTAJUIOB Pa3HbBIX KJIacCOB (DOpM. DT
mapaMeTphl YCTAHABIMBAJIU II0 CTATUCTUIECKOI BBI-
o6opke n3 20—100 KpucTa/UIOB KaXKIOTO CHEXHOTO
CJI0SI C MCITOJIb30BAHUEM IPOTPAMMHOIO KOMILIEK-
ca IIJIT aBTOMATU3aluK CTpaTUrpapuIeCKMX UCCIe-
TIOBaHUI1 CHEXKHOM TOJIIM B CHEXXHBIX mrypdax [20].
[IponieHTHOE comepKaHHE B CHEXXHOM CJIO€ KpU-
CTaJUIOB pa3HBIX KIaccoB (hOPM M BO3PACT CHEXXKHO-
0 ci1os (Tabir. 1) HeoOXOAMMO TUATHOCTUPOBATD IUTS
YCTAaHOBJICHUS CTaINU 3BOJIIOINM CHEXXKHOM TOJIIIN
U TIPOTHO3a €€ TIpeodpa3oBaHUsI.

Texcmypy cHedxcHo20 €105 NCCICIOBAIN BU3Yallb-
HO. 71 OLIEHKM CTEIIEHM YIIOPSIOYeHHOCTH OpHU-
eHTALMU ICHAPUTOB JIASTHBIX KPUCTAJUIOB U IIOp B
CHEXXHOM CJIO€ BBIIEJISIOT TPU THUIIA TEKCTYPHI: MO-
HOJIUTHYIO, CTOJI0YATYIO0 ¥ BOJIOKHUCTYIO [6, 9, 18].
B xone sBomonmy CHEXXHOM TOMIIY TEKCTypa U3Me-
HSETCS OT MOHOJIUTHOM O BOJIOKHUCTOMW.

Omnpenenasid YMCJIO CHEXHBIX CIOEB, UX TOJI-
IIWHY, TNIOTHOCTh, TBEPAOCTb U UX BO3pacT (OT
MOMeHTa (OPMUPOBAHUS CJIOST BO BpeMs CHETo-
maga ¥ T.I1.) — BaXXHEHIINIA ITapamMeTp, IT03BOJISIIO-
IIWIA PAaCCYUTBIBATH CKOPOCTDH 3BOJIIOLIMU CTPYKTY-
PBI CHEXXHOTO ciosl. B KauecTBe KOIMYEeCTBEHHBIX
KPUTEPHEB, XapaKTEPU3YIOIINX CTPOSHUE CHEXXHO
TOJIIIM Ha Pa3HBIX CTAOUSIX €€ 3BOJIOLUU U CIIy-
JKAIIMX OCHOBAHUEM IJISI BBIACJICHUS OOHOTHUII-
HEBIX JINTOJIOTO-CTpaTUTrpapuIeCKNX KOMIUIEKCOB
CHEXKHOTO TTOKPOBA, BEIOPAHBI KOA(MPUIINEHTHI TTe-
pexkpuctamnusaunu Ky [5, 19], BropuuHoro pac-

Tepubepka

)

y

" MypMaHek S

Puc. 1. PaitoHbl ucciienoBaHus CHexXXHO oy B 2016—
2019 rr.
Fig. 1. Areas of study of snowpack in 2016—2019.

CJIoeHMsI CHeXHOM Tomim Kgp 1 TEKCTYpBI CHEKHO-
ro ciost K [6, 9]:

K = H,/H, (1,
Kgp=XN,/XH; (2,
K;= Hyp/H, 3),

rae H — TonuimHa cHexXHoro nokposa; H, — cym-
MapHas TOJIIIIMHA CHEXXHbBIX CJIOEB BTOPUYHO-UINO-
MopdHoro cHera; Hg — cymMMapHasi TOJILIMHA CHEX-
HBIX CJIO€B C BOJOKHUCTOM TEKCTYpOil; Y N, — cyM-
MapHOE CoAepKaHMe B CHEXHOI TOJIIE KPUCTAUIOB
CKEJIETHOI0, CEKTOPUAJIbHOTO M ILIACTUMHYATOTO
kyaccoB dopM, %; Y N, — cyMMapHoe colepxkaHue
B CHEXHOI TOJIIIE KPUCTAII0B BTOPUUHO-UINO-
MopdHoro cHera, %.

CoueTtaHue 3TUX KO3(PGULIMEHTOB MO3BOJISIET
KOJIMYECTBEHHO OINMCATh CTPOEHUE U CTEICHb IIpe-
00pa3oBaHUs CHEXHOM Toau (Tabi. 2) B 11000i
Mepuoa 3MMHETO ce30Ha Ha JTI000i TeppUTOPUH IS
YETBIPEX TUIIOB 3UM: Majlo-, CPEIHE-, MHOTOCHEX -
HBIX 1 3MMBbI ¢ YaCTHIMU OTTEIEIAMU (B TAKHUE 3UMbI
B CHEXHOM ToJIIe (POPMUPYIOTCS MHOTOUYMCIICH-
HbIC PEXEISALIMOHHbBIC U JeIsSHble KOpKM). OT TUIIa
3UMBI 3aBUCSIT YCJIIOBUSI CEIMMEHTALIMU U JUareHe3a
CHEXXHOU Tomuu U e€ crpaTudukanus, T.c. Xapak-
TEp U CKOPOCTH €€ DBOJIIOLIUU.

Tun 3uMBI yCTaHABIMBAJICSI Ha OCHOBE CpeIHe-
MHOTOJICTHUX JaHHbBIX HAOJIONCHUI 32 0cagKaMu U
CHEXHBIM ITOKPOBOM Ha PacCIIOJIOKEHHBIX B paiio-
HE UCCJICIOBAHUM THAPOMETEOPOJIOTMUYECKUX CTaH-
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Tabnuya 2. CreneHb IPpeo6pa3oBaHysA CTPYKTYPBI M TEKCTYPbI CHEKHOI TOMIIN

Koadduunent sropuunoro | CreneHn npeodpazoBaHus cTpykTypsl | KoadduiimeHt Tekctypsl | CTeneHb MpeoOpa3oBaHUs

pacciioeHusT CHEXHOU TOJIIN CHEXXHOM TOJIIIN CHE3XHO TOJIIIN TEKCTYPBI CHEXKHOU TOJIIN
>0,5 CUJIBHO MepeKpUCTaUIM30BaHHasK >0,3 CuUJIBHO pa3pbIXJ€HHas
>0,3-<0,5 CpenHe nepekpuCTaIn30BaHHAs >0,2-<0,3 CpenHe pa3pbIxXJIEHHAS
>0,1-<0,3 YMepeHHO nepeKprucTaiin30BaHHas >0,1 —<0,2 YMepeHHO pa3pbIxJIEHHAas
<0,1 Cnabo nepekpucTalsIn30BaHHast <0,1 Cnabo pa3pbIxJIiEHHasI

T(l6flub§tl 3. 3aBUCUMOCTD IIPOYHOCTHBIX XaPAKTEPUCTUK CHEIKHOTO C/10A OT COTEpPKaHUA NEAAHDIX KPUCTAT/IOB pa3HbIX K/Iac-

coB ¢popm (Konbckumit m-oB, 2016-2019 rr.)

Knace dopmet ConepxxaHue B cjoe JIeAdHbIX | BpeMeHHOe COMpOTHBIEHNE CHEXKHOTO ¢osl, | COnpOTUBJIEHNE FOPU30H-
P KPHCTAJUIOB Pa3HbIX KJIACCOB KI/M? TaJIbHOMY 30HIMPOBAHUIO,
KpuCTajlia
dbopm, % pa3pbIBy CXKATHIO KIC
I'paHHbIi1 30—80 200—320 60—100 0,50—-0,65
[MosycKeneTHbII 15-63 120—180 40-70 0,35-0,55
CreneTHbi 6—18 43—120 18-25 0,30—-0,45
40-70 33-35 16—18 0,22—-0,25

uusix Mypmanckoro YI'MC [21, 22] — Vpa-T'y0a,
Tepubepka, Mypmanck, Kona, Mypmaiuu, [Tagyn
(BepxHetynomckuit), HuBankionp, Ilynosepo,
MoHuyeropck, AnaTuThbl, a TakK:Ke Ha TOPHO-JIaBUH-
HbIx yyacTtkax [10 «Anatur» (OAO «Anmatut») [1] —
Kuposck, LenrpansHas, FOxcnop, Y10-1. B nie-
PUMOJ, HALLIMX MCCIEIOBAHUN TUIT 3UMBbI OTIpEIeIsUIn
MO TOJILIMHE CHEXXHOTO MOKPOBAa U CYMME TBEPABIX
0CAaJIKOB IO CPAaBHEHUIO CO CPEAHEMHOTOJIETHUMU
MX 3HAUEHUSIMU B palioHe pacnoaoXeHus mypda.

Jns pellieHUsT MOCTaBAeHHOM 3amauyun, OJHAKO,
npaBUIbHEE OPUEHTUPOBATHCSI UMEHHO Ha TOJIILIM-
HY CHEXHOTO MOKpPOBa, MOCKOJbKY CKOPOCTb €ro
nepekpucTai3auuu (T.e. CKOPOCTb U3MEHEHMUSI
CTPYKTYPBI U TEKCTYPbl CHEXKHBIX CJIOEB) B MEPBYIO
oyepeb 3aBUCUT OT TONIIMHBI CHEXKHOTO MOKPOBA,
a He OT CyMMBbI TBEPABIX ocaakoB. B manamadrax
TYHAPHI, JTECOTYHAPHI, TOPHBIX TYHAP U ApKTUYe-
CKOW TIYCTBIHU CUJIbHBINA METEIEBbIN MEPEHOC CHETA
BbI3bIBA€T YMEHbILIEHUE TOJIIMHBI CHEera Ha HaBeT-
PEHHBIX CKJIOHAX, pPAaBHUHAX U BoAopasziesax, uTo B
CBOIO OYEpPE/Ib OTIPENEISIET BHICOKYIO CKOPOCTD Ie-
PEKPUCTAJIJIN3ALMU CHEXHOM TOIIM U (POPMUPO-
BaHME CUJIBHO Pa3pbIXJIEHHON TOJIIMU ¢ HUBKUMU
3HAYEHUSIMU TTPOYHOCTHBIX XapaKTepucTUK. BMecTe
C TEM B MOHMXEHUSIX pesibeda U Ha TTOJBETPEHHbBIX
CKJIOHax obpa3yeTcsl CHeXKHasl TOoJIIA 3HAUYUTEeNb-
HOM TIyOMHBI U BBICOKOW MJIOTHOCTHU, B KOTOPOM
CUJIBHO 3aMEJISIIOTCS TPOLIECCHI MEPEKPUCTAIIN3A -
LMY CHEra, 4To NMPUBOAUT K (POPMUPOBAHUIO C1a00
Pa3pBIXJIEHHON CHEXHOM TOJIIIM C BBICOKMMU 3HA-
YEHUSIMU MPOYHOCTHBIX XapaKTePUCTUK.

TakcoHoMUUecKas IIKaaa JUTOJOTO-CTpaTu-
rpauyecKuX KOMILIEKCOB CHEXXHOTO ITOKpoBa [0,
7], 6a3upyroliasicss Ha OpUHLMIIAX TOCTPOSHUS
JaHAMAa@THRIX KiIacCU(PUKALINil, 1 KOJTMISCTBEH-
Hasl OIleHKa CTeIleHU Ipeodpa3oBaHMs CHEXHON
Tou (Tabi1. 3) MO3BOJISIIOT OIPEALISITh CTPOCHME
CHEXXHOM TOJIIIN IJISI 3MM pa3HBIX TUIIOB HA OCHO-
BaHUHU psia METOMOJOTrMYeCKUX IIPUHIIUIIOB. Pac-
CMOTPHM HX.

Jlanowapmuo-uHouKayuoHHble CEOIICMBA CHelC-
H020 NOKpo6a NAI0T BO3MOXHOCTh BOCCTAaHABINBATD
KapTUHY eTr0 3BOJIONINY B HEM3YYEHHBIX pailoHax
Ha OCHOBE JIAHAIIA(PTHOTO ¥ KJIMMATUIECKOTO OITH-
canmsa. CekTp TUIIOB cTpaTUTpadUIeCKUX KOJIO-
HOK CHEXXHOTO ITOKpOBa 00YCJIOBIEH MOIUMOpPd-
HOM CTpYyKTypoil manmmadrta [5, 8, 9], cTeneHbIO
ero ruapomopdHocTH |6, 10] 1 crieKTpoM TuapoMe-
TEOPOJIOTUYECKHUX YCIOBUM 3UMBI B UCCIIEIYEMOM
paiioHe, 4TO MO3BOJISIET PACCUYUTATh XapaKTePUCTH -
KM CHEXXHOI TOJIIIM IIPY HEITOCTATKE ITOJIEBBIX JaH-
HbIX. [Ipedcmaesaenue 00 360410UUU CHENCHO20 NOKPO-
64 KaK 0 JIeTepMUHMPOBAHHOM ITPOIIECCE ITO3BOISIET
B MaJIOM3YYEHHBIX pailoHaX BBIIEIUTDH TUIIBI JIUTO-
JIOTO-CTpaTUTpaPUUIECKIX KOMIUIEKCOB CHEXXHOTO
MMOKPOBa M TaKCOHBI, CXOOHBIEC 110 JIaHAIIA(PTHHIM
YCIOBHUSAM CeAUMEHTALIUM U OMareHe3a CHEeXHOM
TOJIIIN C TAKMMMU XK€ TAKCOHAMM B U3YUEHHBIX paiio-
Hax, 1 Ha OCHOBE XapaKTePUCTUK CHEXKHOTO ITIOKPO-
Ba B U3yUYCHHBIX paliloHAX pacCUMUTATh 3HAUCHMUS €€
XapaKTepPUCTUK B HEM3YYECHHBIX palioHaX.

C noMombo pa3pabOTaHHOM METOMOJIOTUN Ha
OCHOBE T€OPUH 3BOJIIOINY CHEXKHO TOJIIN MOXHO
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Tabnuya 4. 3aBUCUMOCTD HecyLleli IPOYHOCTI CHEKHOTO C/I0sI OT ero TeKcTypsl (Kombckumii n-o8, 2016-2019 rr.)

Knacc dopmbt [TnotHOCTS, | [IameTp KpucTasia, S;);[He;)(ia}me penoe b b Temneparypa, Bpewmenroe
KpUCTAJIa; TEKCTypa e CPEH. /MAKC., MM pasHbIX Ki1accoB ¢opM, % C COMPOTHUB, ﬂem,lze
CHEXHOTO CJI0A il | = =1 CXKaTHIo, KI/M
s 0,21 0,8/1,2 100,0 =33 0,79
s 0,24 1,0/1,5 100,0 -1,9 0,45
i 0,15 0,64/1,09 77,10 22,9 —-10,0 43,74
RS 0,17 2,5/4,0 100,0 —-2,4 22,62
s 0,18 0,8/1,2 -5,8 53,28
IS 0,19 0,8/1,2 100,0 -5,8 53,28
RS 0,19 2,5/4,0 100,0 —1,4 0,06
s 0,20 1,0/1,5 100,0 -3,6 17,05
[I'E 0,20 0,67/0,99 92,86 7,14 —6,5 42,62
1] s 0,20 0,62/1,0 70,00 30,0 -8,0 43,84
IS 0,21 0,5/— 100,0 -3,6 73,54
s 0,24 1,0/1,5 100,0 -3,6 17,05
s 0,24 1,18/1,71 61,43 38,57 —4,0 16,11
s 0,28 2,5/4,0 100,0 —-2,4 22,62
17 ESS 0,30 1,20/1,84 61,43 38,57 -3,0 18,72
1 0,32 0,45/0,57 100,0 —10,0 101,97
1SS 0,32 1,33/2,12 60,00 40,0 -3,5 18,03
'K 0,40 1,16/1,8 40,00 60,0 -3,0 41,40
Cmpyxkmypa cneea (kaacc gpopmol aedsaH020 Kpucmaaiia) Texcmypa cnesxncrnoeo caosn
| I'paHHBII cTONOYATBIN -~~~ MoHonuTHas
u ITonyckeneTHbIN cTOI0YATHIN § CronGuaras
[ CkenerHbiit cronGuarsrit §§ Bonokuucras

OIMCaTh HEeIPEPBIBHBIN psil Mpeodpa3zoBaHUil €€
CTPYKTYPHI 1 TEKCTYPHI (T.€. ONPEaeIUTb CTPYKTYp-
HO-CTpaTurpaguueckme oCoO0eHHOCTU CTPOECHMUS
CHEXXHOI TOJIIN B pa3HBIX palioHAX, a TaKXKe CKO-
POCTh U HampaBjieHNe €€ IBOJIIOIIMN), YTO MTO3BOJISI -
€T TUCTAaHIIMOHHO OIIPeNeIsATh CTPOCHUE CHEXHOM
TOJIIIN U XapaKTEPUCTUKHU JIUTOJIOTO-CTpaTUTpadu-
YeCKHX KOMIUIEKCOB CHEXKHOT'O TTIOKPOBa C OLIEHKOM
3HAYECHUI NPOYHOCTHBIX XapaKTEPUCTUK CHEXHOM
TOJIIIM JIJIS1 YeTHIPEX TUIIOB 3UM (Majo-, CpeaHe-,
MHOTOCHEXHasI ¥ 3Ma C 9aCThIMU 1 TIIyOOKMMU OT-
TeIesIMU) Ha JII000i ITepuo 3UMEI [6, 7].
BrineneHne muTooro-crpaTurpaduIecKmx KoM-
TJIEKCOB CHEXHOTO MTOKPOBa MPOBOAMIA Ha OCHOBE
nanmmadTHbIX KapT Kosbcekoro m-osa [23—25]. [pu
OLIEHKE TPOXOJIMMOCTHU CHEXHOM 1IeJIMHBI TpaHC-
MOPTHBIMU CPENCTBAMU IIPUHUMAIM BO BHUMaHUE

TOJIIMHY CHEXKHOTO TTIOKPOBA U CTETIEHb €r0 Pa3phIX-
JICHUS, T.e. CYMMapHYIO TOJIINHY CHEXHBIX CIIOEB
C BOJIOKHUCTOM TEKCTYpOi1, MMEIOIINX HU3KIE 3Ha-
YeHUS ITPOYHOCTHBIX XapaKTepUCTHK (CM. Taoi. 3, a
Takke Tabj. 4 u 5). Hecyiast mpoYHOCTb CHEXKHOM
TOJIIIY MpUHUMAaIach KaK HauMeHbIllee 3HaYeHUE
BPEMEHHOI0 COMPOTUBIIEHUST CHEXKHOI'O CJIOS CXa-
TUIO TIPU BEPTUKATBLHOM MPUIOXEHUN HATPY3KU.

B xonme cTpaturpauyeckux MccaeIOBaHUN
CHEXXHOI ToimM ObUTO onrcaHo 37 mypdoB B ce-
BEepHOW M HeHTpabHOI JacTsax Kosbckoro m-osa
(ot 6epera bapeHueBa Mopst 10 XMOMH) B TaHAIIad-
Tax 12 TUTIOB, MccliefoBaHo 399 CHEXHBIX CIIOEB
pa3HOro Bo3pacTa U reHe3uca, BbIIMOJIHEHO 399 n3-
MEpEeHUH TIJIOTHOCTU, TTOPUCTOCTU CHETa, CTPYKTY-
pBI CHETa, OoNpeAeIeHNIN TEKCTYPhl CHEXKHBIX CITOEB,
413 n3MepeHnl TeMITepaTypbl B CHEXXHOM TOJIIIE,
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46 u3MepeHUil BpeMeHHOrO CONPOTUBIICHUSI CHEX-
HOTO CJIOSI pa3phiBY, 27 U3MepeHUIl BpeMEeHHOTo
COITPOTUBJICHMST CHEXKHOTO CJI0S cxkaTuio 1 119 m3-
MEPEHUN COIPOTUBICHUS 30HANPOBAHUIO (TBEP-
IOCTb) C YYETOM aHU30TPOIIMU TEKCTYPhl CHEXXHOTO
cios1. MccnenoBaHust Besd B IIepHOIbI HAMOOJIbIICH
MepeKpUCcTaUIM3allui CHEeXXHOM Tou (peBpaab—
mapt). Kpome Toro, B 1aHmmacgTax BEICOKOTOPHOI
ApkTtndeckoit mycTeiHu (XuOMHEI, BeIicoTa 1075 M)
HCCIIENOBaHMS IIPOBOAMIIM B II€PUOI HAYaJIbHOTO
CHETOHAKOILICHHS ¥ HaYaJIbHbBIX CTAIWI1 SBOIIOLIUN
CHEXHOM TOIIIN (OKTSIOPH).

[Ipu ncciaenoBaHNU CTPOSHUSI CHEXHOM TOJIIIN
HCITOJIb30BaHbI MaTepUaJIbl HaOM0aAeHU B 92 mryp-
(hax B XubuHax B BeICOTHOI 30He 370—1075 M (B
TOM 4mciie: 35 — B 30HaX 3apOXIeHMs JTaBUH Ha
BOCTOUYHBIX CKJIOHAX Xp. IloauBymM4yopp 1 Ha 3amam-
HOM ckJjIoHe Xp. KykucBymyopp; 6 — Ha IMHUSIX OT-
pbiBa collleAlux JaBuH), BeinodHeHHbIX H.A. Ka-
3aKOBBIM B 1985—1988 rr. [26] u A.B. BoikoBbIM
B 2016—2018 rr. CpeaHioo 1 MakKCUMaJIbHYIO TOJI-
IIMHY CHEXXHOI'0 MOKPOBa M €ro0 BOMHBIN 3KBUBa-
JIeHT (Bomo3amac) B pa3HbIX JaHAAMTHBIX 30HAX
n3MepsIi Ha 37 CHeTOMEpHBIX ITomankax. Ha
37 MeTeOopOJIOTUYECKNX ITyHKTaX ObLIM M3MEPEHBI
TeMIlepaTypa 1 BIaXKHOCTh BO3IyXa, CKOPOCTh 1 Ha-
MpaBJeHNE BeTpa, aTMoc(depHOe JaBlIeHue, 001ad-
HOCTb, 3a()MKCUPOBAHBI METEOPOJIOTNIECKIE SIB-
JIEHUsI, YTO ITO3BOJIMIIO CBSI3aTh TeKYIIMe 3HAYCHMUS
XapaKTepPUCTUK CHEXHOM TOIIIIN C METEOPOJIOIIe-
CKMMU YCJIOBUSIMU.

Pe3yabTaTni

B deBpane—mapre 2016 r., B MapTe 1 OKTIOpE
2017 r. m B Mapte—amnpene 2019 r. Hamu OBLIN BBI-
MOJIHEHBI TI0JIEBBIC MCCIIeIOBAHUS CTPYKTYPHI, TEK-
CTYpBI, cTpaTu(PUKAINU 1 PU3NKO-MEXaHUIECKHIX
XapaKTEePUCTUK CHEXHOI'O MOKPOBa B Pa3HBIX JaHI-
magTax Kojbckoro m-oBa: KycTapHUIKOBas TYHIIPa;
JINIIAHHUKOBO-E€PHUKOBAsI M €pHUKOBO-JINIIANHN -
KOBasI TYHIpPHI; TPABSIHUCTBIC, TPABSIHO-MOXOBBIC 1
KOYKOBaTO-MOYaXXKMHHBIE 00JI0Ta; JIECOTYHIPOBBIC
OepEé30BbIe PEOKOJIeChs M KPUBOJIEChS; CEBEpOTa-
€>XXHbIe COCHOBO-0epE30BbIE Jieca; CEBEPOTAEXKHbBIC
eJIOBO-0epE30BbIe Jieca; ceBepOTaExXHbIe eJI0BO-0¢e-
PE30BHBIE JIeca BHYTPUTOPHBIX KOTJIOBUH; TOPHEBIE JIe-
COTYHAPOBBIE OEPE30BBIC PEIKOJIEChS] M KPUBOJIECHS,
JINIIIATHIKOBO-KYCTaPHUYKOBBIE U KYCTaPHIIKOBO-

JINIIATHUKOBBIE TOPHBIE TYHIPBI, TOPHBIC TYHIPHI B
YPOUHIIAX TOPHBIX CKJIOHOB, BELICOKOTOPHBIE APKTH-
yeckMe MycThIHU (cM. puc. 1 u tabn. 5). B pesynbra-
Te nojeBbIX uccienoBanuii 2019 r. u aHanau3a gaH-
HBIX MosIEBBIX uccaenoBanuii 2016—2017 rr. 6bUIn
YTOYHEHBI ¥ JOTIOJIHEHBI TJAHHBIC O CTPOSHUM CHEX-
HO TOJIIIM M UCCIIENOBaH XapakKTep €€ 3BOIIOLUN
B MHOTOCHEXHBIE 3UMBI ¥ 3UMBI ¢ oTTenensamu. I1o
pe3ysbTaTaM MCCIIeAOBaHUI MOCTPOSHBI CTPAaTUTPa-
(pryeckure KOJJOHKM CHEXXHOM TONIIM B JaHamadTax
pa3HbIX TUMOB (puc. 2, 3).

MaccoBble 3MepPEeHUsI TPOYHOCTHBIX XapaKTe-
PUCTUK CHEXXHOTO CJI0s1 (BpeMEeHHOE COIIPOTUBIIE-
HUE pa3phbiBY U CXKAaTUIO; COIPOTUBJICHUE 30HI1-
POBAaHMIO MapaieJIbHO MPOCTUPAHUIO CHEXHOTO
CJIOST ¢ YYETOM aHU3OTPOIIUU TEKCTYPhl CHEXKHO-
TO CJIOSI — JNOTOJHUTENBHBIN MapaMeTp IJisl orpe-
NeJIEHUST HeCyIIel MPOYHOCTU CHEXHOU TOJIIM)
MOKa3aIi 3aBUCUMOCTb ITPOYHOCTHBIX XapaKTepu-
CTHK CHEXHOTO cJIOS (OIpenelIsIIolnX IPOYHOCTh
CHEXXHOTO CJI0SI IIPY BHEIIIHEM BO3IEMICTBMU) OT €T0
CTPYKTYpPHI (COAepKaHMSI B CJIO€ KPUCTAJIJIOB pas3-
HBIX KJ1acCOB (DOPM) U TEKCTYpHI (CM. TadI. 3).

Ha ocHoBe aHanM3a pe3yabTaTOB IOJIEBBIX UC-
clleloBaHUI CHEXXHOM Tou Ha KoabcKkoM m-oBe
YCTaHOBJIEHO, YTO COJIep>KaHUE JEISTHBIX KpH-
CTaJJIOB TPaHHOTI'O KJjlacca POpM B CHEXXHOM CJIOE
Bo3pacToM 7—12 cyt. MoxeT cocTaBiaath 100%, a
B cioe Bo3pactoM 20—50 cyr.— 30—40%. B cioe
Bo3pacTtoMm 15—30 cyT. coaepKkaHue KPpUCTAJJIOB
cKeJeTHOro kiaacca ¢opm — 6—18%, B ciioe BO3-
pactoM 20—50 cyt.— 30—40%, B ciioe Bo3pacTom
55—65 cyt.— 50—60%. B cinoe Bo3pactom 50—60 cyT.
colepXaHUe JIeASHBIX KPUCTAJIOB I'PaHHOTO
kiacca ¢popm — 10—20%, moaycKeJIeTHOro Kijac-
ca popm — 20—50%, ckeneTHoTO KJlacca popM —
40—70%, cexropuanbHoro kiacca ¢gopm — 2—40%.
BrisiBIIcHa BBICOKAsI CKOPOCTh 3BOJIIOIUM CHEXXHOM
tou. [Jaxke B MHOTOCHEXXHBIE 3UMbI B IIEPBOIA 110~
noBuHe Mapta 60—100% cHexXHOI TOMIIU Mpe-
CTaBJICHO CHEXXHBIMM CJIOSIMU CO CTOJIOUATOM U BO-
JIOKHUCTOM TEKCTYPOI1, CII0XKEHHBIMU KPUCTAJUIAMU
MOJIYCKEJIETHOTO W CKEJIETHOTO Kj1accoB (DOpM pa3-
mepom 2,0—5,0 mm.

B cHexxHOM 1TTOKpoOBe B JIaHIImadTaxX BICOKO-
TOPHBIX APKTUYECKUX MTYCThIHb B XMOMHAX (BbICOTA
6osee 1000 M) bopmupyloTcst ocnabieHHbIe CHEX-
HBIE CJIOM M3 3€pHUCTOM U3MOPO3U, ITOTPEeOEHHOM
B CHEXXHOI TOJIILE MOJ CJI0EM CBEXEBbINaBIIEro u
MeTesieBoro cHera (cm. tabu. 1 u puc. 2, 3). Eé ne-
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CHexHbIl NOKPOB8 U CHeXKHble J1d8UHbI

PeKpUCTAIUIM3AIINS IPUBOIUT K BOSHUKHOBEHUIO B
CHEXKHOI TOJIIIE CHEXKHBIX CJIOEB ¢ HU3KMMU 3HaYe-
HUSIMHU TIPOYHOCTHBIX XapaKTepPUCTUK (BpeMeHHOe
COIIPOTHUBJIEHUE Pa3pbIBY U CXKATUIO) — JJaBUHO-
OITaCHBIX CJI0EB. Ha ocHOBE mJaHHBIX MOJEBBIX MC-
CJICIOBAaHUI OIpeAeIeHBI KOJIMIECTBEHHBIC XapaK-
TEePUCTUKHU CTPOSHMS CHEXHOM TOMIIU (CTEIICHD
npeoOpa3oBaHUsI €€ CTPYKTYPhl U TEKCTYpPhI) U €€
TUM (CM. TaOJ. 5) 1 BBINOJHEHA OLIEHKA MPOXOAU-
MOCTH CHEXHOH LIEJIMHBI TPAHCIIOPTHBIMH Cpell-
CTBAMHU B MHOI'O- U CPEIHECHEXHYIO 3UMBI (CM.
Tabj1. 5) B MapTe — Iepruoa HauOOIbIIEH ITIepeKpr-
CTAJUIM3ALIMY CHEXHOM TOJIIU U €€ HauMEHbIIIei
HECyIIeil IpOYHOCTH.

O0cyxkneHue pe3yJbTaToB

AHanu3s pe3yabTaToB cTpaturpaduieckux Hao-
JIIOJCHUI B CHEXHOI TOJIIIE TTOKa3al, 4TO B LICH-
TpanbHOI yactTn Koabckoro m-osa yepe3 12—20 cyT.
nocie GopMUPOBaHUS CHEXXHOTO CJIOSI B HEM I10-
SIBJISIFOTCSI JIEASIHBIC KPUCTAJIBI CKEJIETHOIO KJlac-
ca ¢opm pasmepom 1,3—2.2 mm. Uepes 50—80 cyr.
(B 3aBUCHMOCTH OT METEOPOJIOTUISCKUX YCIOBUIA
Mpen3uMbsI U HadyaJbHOIO MEepuoIa CHETOHAKO-
IUIEHNST) BO3HUKAIOT OCJIa0JIeHHBIC CHEXHBIE CIOU
C BOJIOKHUCTOM TEKCTYPOIi, BHIITOJHEHHBIC JICIs-
HBIMM KPUCTAJUIAMU ITOJTyCKEIETHOIO U CKEJIETHO-
ro KiaccoB popMm muamerpom 2,0—5,0 mm. laxe B
MHOTOCHEXXHBIC 3UMBI B IIEPBOi1 IIOJIOBUHE MapTa
60—80% CHEXHOI TOJIIN BBIIOJIHEHO JICASHBIMU
KpHUCTaJJIAMU TTOJTYCKEJIETHOTO 1 CKEJIESTHOTO KJIac-
coB ¢opMm pasmepoMm 2,0—5,0 mm co (cm. Tab6m. 1
u puc. 2, 3). JlensiHble KPUCTAIUIBI CEKTOPUAIBHO-
ro ¥ IJIACTMHYATOTO KJIAacCOB (hOPM ITOSIBIISIIOTCS B
cHexxHoli Tome yepe3 85—100 cyT. mocie hopMu-
POBaHMS CHEXXHOI'O CJIOS. YKe B STHBape B IIOI0-
IIIBE CHEXKHOI TOJIIIINA BO3HUKAIOT CJIOM KPUCTAJLIIOB
CKeJIETHOIO Kj1acca (popM C BOJIOKHHUCTOM TEKCTY-
poit otHocThio 0,22—0,30 r/cMm3. B amnpesie cHex-
Hasl TOJIIIIa BCTYIIAeT B IEPUOJ PETPECCUBHOIO Me-
TaMopdu3Ma 1 €€ CTpoeHHue yIIpolllaeTcs, a cama
TOJIIIa CTAHOBUTCS TTPOYHEE.

B MHorocHexxHbie 3uMbl B Mapte 10 100% cHex-
HOI TOJIIIM MOXET OBbITh BHIIIOJTHEHO TaKXKe CHEX-
HBIMU CJIOSIMM CO CTOJI0YATON M BOJIOKHUCTOI TeK-
CTYpO#, CIOXEHHBIMU JEASIHBIMU KpUCTadIaMU
MOJIyCKEJIETHOTO U CKEJIETHOIO KjlaccoB (popM, a B
JaHamadTax BbICOKOTOPHBIX APKTUYECKUX ITyCThIHb

B XubmHax 1 MoH4Ye-TyHIpax (B KOTOPBIX (popMU-
pyeTcs TOJIa METEJIEBOTO CHera IJIOTHOCTBIO 10
0,55 r/cm?) x Havany mapra 10 90—100% cHexHOIA
TOJIIIA MOXKET OBITH CJIOKEHO MepeKPUCTA/UIM30BaH-
HBIMHU JICISTHBIMUA KPUCTAJZIAMU MOJIYCKEIETHOIO 1
CKeJIETHOIO KJaccoB (hopM pa3MepoM 10 3,95 MM.
B MHOrOCHEXHEBIE 3UMBI C OTTEHEISIMUA B CHEX-
HOM MOKpPOBe (POPMUPYIOTCSI MHOTOUKCIICHHBIE JIe-
ISTHBIC U PeXeJISIIMOHHBIE KOPKU (CM. puc. 2, 0, 6;
puc. 3, b—I'), cribHO 3aMemIIONINE CKOPOCTD TIepe-
KPUCTAJUIM3ALNN W pa3pbIXJICHUS CHEXHOM TOIIIIN
(cM. Ta6a. 5). CKeneTHBIE KPUCTAJUIbI ITOSIBIISIIOT-
cs B OTOI 30HE OYEHB PaHO: YKe B ITOCJIeIHEN IeKa-
Iie OKTSIOpSI Ha TUIaTo AMKyaliBEHYOPp MBI OTMEYa-
JIM KPUCTAJUIBI CKEeJIETHOTO Kiacca ¢opM pa3MepoM
1o 2,5 mm. ConepkaHre TaKMX KPUCTAJIIOB B IIPHA3EM-
HOM cJioe (IIpY TOJIIMHE CHEXKHOTO ITOKpoBa 36 cM)
nocturaio 20%. DTo NoATBepXaaeTCcsa U pe3yibraTa-
MU HaOJIIOIEHU Ipyrux uccienonareneii [1].

Bricokass CKOpoCTh 3BOIIOLMN CHEXKHOM TOJIIIH
XapakKTepHa UISI MHOTHX pailoHoB ApKTUKH 1 Cy0-
APKTHUKM, YTO ITOATBEPKIASTCS pe3yIbTaTaMK HAIIINX
MOJICBBIX MCCJICIOBAHUI Ha IT-0Be SIMall, B HU30BbSIX
p. Cesepnas JIpuna [6, 7] u B Kapenuu. B atux paii-
OHaX B CepeIrHE 3UMBI B IIOIOIIBE CHEXHOI TOJIIIN
(bopMupPYIOTCS CI0M KPUCTAUIOB CKEJIETHOTO Kilacca
(opM ¢ BOJIOKHUCTOM TEKCTYpOil TNIOTHOCTHIO 0,22—
0,30 r/cm3. Ciiou orpeGEHHOI 36 pPHUCTOI U3MOPO-
31 — XapaKTepHasi 0COOEHHOCTb CTPOEHMST CHEXXHOM
TOJIIM B XMOUHAX (U, BEPOSITHO, B JaHAIIA(MTaX BbI-
COKOTOPHBIX APKTUYECKHX ITyCTBIHb BO BCEX TOPHBIX
maccuBax Kojbckoro m-oBa (puc. 4). 3epHuUcTas us-
MOpPO3b 00pa3yeTcsl B BbICOTHOI 30He 500—1100 m
Ha MOBEPXHOCTU CHEXHOTO MOKpoBa (CM. puc. 4, a)
B TYMaHHYIO ¥ BETPEHYIO IOTOAY TP TeMIlepaType
Bosayxa —2 °C u Huxe. Ha mato JloBuopp (BbIcO-
ta 1101 M Hag yp. Mops1) 3a 3UMY B BUJE 3€pHUCTOMN
M3MOPO3U BbINAmaeT 10 56 MM ocankoB (10 6% Bcex
0CaJKoB, BbIMAJAIOIIMUX 3a 3UMHUI niepuon) [1, 27].
OTU CJIOU CYIIECTBEHHO YMEHBINAIOT HECYIIYIO
MPOYHOCTh CHEXXHOI TOJIIM U, €CTECTBEHHO, MPO-
XOIUMOCTb TPAHCIIOPTHBIMHU CPEACTBAMM CHEKHOM
LIEJUHBI C BBICOKOM (B 1LIEJIOM) HECYIIE MPOYHO-
CTBIO B JaHIIIA(TaX BHICOKOTOPHBIX APKTUUYECKHIX
nycThiHb. KpoMme Toro, 1aBuHOOMNacHbIE CIoH, hop-
MUPYIOLIHUECS] U3 MOTPEeOEHHON 36pHUCTON N3MOPO-
31, UTPAIOT BaXKHYIO POJIb B 00pa30BaHUU SITU- U 1O~
JINTEHETUYECKUX JIABUH.

Kak mokazan aHaim3 MoJieBbIX U3MEPEHUI MTPOY-
HOCTHBIX XapaKTepUCTUK CHEXKHOTO CJ10sI (BpeMeHHOe
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Puc. 4. 3epHucras usmopo3sb (Xubunsl, aato Paceymuopp):

a — OTJIOKE€HHAas Ha INTOBEPXHOCTU CHEXKHOI'O ITOKPOBA, 06— HOI’pC6éHHaH B CHEXXHOM TOJILIEC
Fig. 4. Hard rime (The Khibiny mountain, the Rasvumchorr plateau):

a — deposited on the surface of the snow cover; 6 — buried in the snow pack

COIPOTUBJICHUE Pa3phiBy U CXKATUIO, COITPOTUBIIC-
HME TOPU30HTAILHOMY 30HIMPOBAHUIO C YYETOM aHU -
30TPONUHU TEKCTYPhl CHEXXHOTO CJIOS), UX 3HAYCHUS
TeM HWXE, YeM BBIILIE CONEPKAHUE B CJI0€ KPUCTAJI-
JIOB BBICIIMX CTAJAWI SBOTIOLUU (CKEJETHBIX) U YeM
0oJice pa3BUTA TEKCTypa CJI0S: HAMMEHBIINE 3Ha4Ye-
HMSI TIPOYHOCTHBIX XapaKTEPUCTUK OTMEUCHBI B CHEX-
HBIX CJIOSIX C BOJIOKHUCTOM TEKCTYPOI, CIOXKEHHBIX
JISASHBIMU KPUCTAJJIAMU CKEJIETHOTO Kjacca hopMm
(cM. Tabxa. 3, 4). OTMETHUM, YTO TIPSIMOI 3aBUCHUMO-
CTU BPEMEHHOTO COIPOTUBIICHUS CXKATUIO U pa3phbl-
BY Y COIPOTUBJICHUS] TOPU3OHTAILHOMY 30HAMPOBA-
HMIO OT TEMITEPATYphl ¥ INIOTHOCTH CHEXKHOTO CJI0ST He
HabmonaeTcs. BbIcokast CKOpOCTb 3BOJIIOIIMU CHEX-
Hoit Toimy Ha KoJbcKOM MOJyOCTpOBE M BhICOKAsI
CTeNeHb e€ MePEeKPUCTAIIM3AIUN U Pa3pbIXJICHUS
(B pe3yJsibTaTe Yero aaxke B JIaHIIIA(GTaX BbICOKOTOP-
HbIX APKTUYECKUX ITyCThIHb (POPMUPYETCS CHEXKHASI
TOJIIIA C HU3KUMM 3HAYCHUSIMUA TIPOYHOCTHBIX XapaK-
TEPUCTUK) UTPACT BAXKHYIO POJIb B (DOPMUPOBAHMS B
CHEXXHOI TOJIIIIE JJABMHOOIACHBIX CJIOEB.

3akinoyeHmne

1. B xone aBONIOIMY CHEXHOM TOJIIU B 1LIeH-
TpanbHOI yacTu Koabckoro m-osa yepe3 12—20 cyT.
nocjie GOPMUPOBAHUS CHEXKHOTO CJIOS MOSIBJISIOT-
csl JIensiHble KPUCTAJLIbI CKEJIETHOTO Kjacca GhopM;
yepe3 85—100 cyT.— KpuCTa/UIbl CEKTOPUATIBHOTO U
TuTacTUHYATOTrO KiaaccoB ¢opM. 3a 70—80 cyT. maxke

B TOJIIIIE TUIOTHOTO METEIEBOTO cHera (hOpMUPYIOT-
cs1 ociabJeHHbIE CHEXXHbBIE CJI0M C BOJIOKHUCTOM
TEKCTYpOI, CIOXEeHHbIe KpUCTaalaMU TOJIyCcKe-
JIETHOTO M CKEJIETHOIro KiaaccoB ¢GopM (JJaBUHO-
ornacHble cjou). B MHOrocHeXXHbIe 3UMBbI B MapTe
10 100% cHeXXHOW TOIIINA MOXET COCTOSITh U3 CIIOEB
CO CTOJIOYATOM U BOJTOKHUCTOM TEKCTYPOl, CTOXKEH-
HBIX KpUCTaJIaMU MOJIYCKEJIETHOTO U CKEJIETHOTO
KJsaccoB ¢opM pazmepoM 2,0—5,0 Mm.

2. 3HaYeHMST TPOYHOCTHBIX XapaKTePHUCTUK CHEXK-
HOTO cJios (BpeMeHHOe COMPOTUBJICHNE Pa3phIBY U
CKaTUIO, COMTPOTUBIIEHNE TOPU3OHTAILHOMY 30HAM-
POBAaHUIO C YYETOM aHU3OTPOITUU TEKCTYpPhI CHEX-
HOTO CJIOST) TEM HIKE, YeM BBIIIIE COepKaHUE B CJIOE
KPHWICTAJUIOB BBICIIIMX CTAAWI BOMIOLNY (CKEJIETHBIX)
¥ yeM 0OoJjiee pa3BUTa TEKCTypa CJI0s; HaMMEHBIINE
3HAYEHUST IPOYHOCTHBIX XapaKTEPUCTUK OTMEUEHBI B
CHEXKHBIX CJIOSIX C BOJIOKHUCTOM TEKCTYPOIA.

3. OnpeneneHbl KOMUYECTBEHHBIE XapaKTepH-
CTUKU CTPOEHUSI CHEXKHOM TOJIIIM B pa3HBIX JIMTO-
JIOTO-CTpaTurpauueckKmux KoOMIJIeKcax CHEXXHOTO
MOKpoBa LeHTpanbHOU yacTu Konbckoro m-osa u
BBITIOJTHEHA OLIEHKA TTPOXOAMMOCTU CHEXXHOM LN~
HBI TPAHCIIOPTHBIMU CPEACTBAMU B MHOTO- U CpeJl-
HECHEXXHYIO 3UMYy B (heBpasie—mapTe (B Iepruod Hau-
OoJbIIIEH TTIepeKPUCTAIIN3AIUY CHEKHOM TOJIILIN).

4. Ha KobCcKOM IT-0BE BBICOKAsI CKOPOCTh 3BO-
JIIOIIMY CHEXXKHOM TOJIIIM U BBICOKASI CTEIIECHD €€ IIe-
peKpUCTAIU3AlIMU 1 PAa3PBIXJICHUS TTOBCEMECTHO
CO3/1AI0T YCJIOBUS IJIsT 00pa30BaHUS MM~ U TTOJIUTEe-
HETUYECKUX JIaBUH.
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Summary

For the first time, the geochemistry of snow cover on the territory of the city of Yakutsk, the largest city located in
the permafrost zone, is considered on the basis of recent methods of analysis. To study the chemical composition
of the snow cover and estimate the ecological state of the city in March 2020, 80 snow samples were collected on
its territory and analyzed for a wide range of chemical elements. It was found that the background chemical com-
position of the soluble phase of the snow cover in the Yakutsk region is typical for the middle taiga landscapes of
Yakutia: chloride-hydrocarbonate, predominantly calcium, with an acidic reaction and very low mineralization.
On the basis of the present-day technique of analysis, the features of the transformation of the chemical compo-
sition of the soluble phase of snow cover in the urbanized area were evaluated. In the zone of technogenic action,
the mineralization of snow water increases following the increase in the concentration of sulfates, calcium and
ammonium; the reaction becomes alkaline. The technogenic load on the snow cover in Yakutsk and the main
factors of its formation had been determined. The contribution of pollutants in the gas-aerosol phase is approxi-
mately 0.2% of the volume of winter dust fallout. In winter, the main source of pollution of the atmosphere here
is the motor transport, and to a smaller degree - energy facilities and industrial enterprises. The features of the
macro- and microelement composition of the soluble phase of snow were established as well. Macropollutants
and nitrogen compounds account for 90-95% of the total atmospheric precipitation, the major quantity of which
is carbon. The most contrasting technogenic transformation of microelements is characteristic of Cu, Fe, Cd, Sn,
Zn, and Al. The value and parameters of the winter atmospheric load on the snow cover had been determined.
The characteristics of the ionic composition of the soluble phase of snow in Yakutsk and the parameters of their
changes had been revealed. Almost throughout the whole city, the level of contamination with toxic elements is
estimated as low and moderately dangerous. Heavy metal pollution of the snow cover here is noticeably lower
than this takes place in the cities of Eastern Siberia (Blagoveshchensk, Bratsk, Irkutsk, Chita).
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AHanu3upyTca pesynbTaTbl FrEOXMMUYECKOTO U3YUYEHUs CHEXHOro MOKPOBa Ha Tepputopuu ropopa
fIKyTCKa. YcTaHOBNEHO, YTO B 3UMHel atMochepe ropoaa GopmMumpyroTca NoAN31eMEHTHbIE TEXHOTeHHble
asporeoxMmmyecKme aHOMasmn TAXKENbIX METaNIOB, PefKMX, PaCCeAHHbIX U PafMOaKTUBHbIX S11EMEHTOB.
Haunbonee KOHTpacTHas TexHOreHHas TpaHchopmauusa (NpeBblleHrie Hag GoHoM) HabnogaeTca ans Cu,
Fe, Cd, Sn, Zn n Al. BennunHa ra3oB0-a3p030J1bHO HArpy3KM XMMNYECKKX JTIEMEHTOB M3MeHsIeTCA B Npe-
[enax cemm nopsaakos: oT 10n mr/(m2-cyT.) ana makpokomnoHeHTos Ca 1 C 10 MUHUMASIbHbIX 3HaUYEHWIA
[N PeLIKNX 1 pacceaHHbIX 3rieMeHToB (Be, Ag, Tl, Th, Pt, Au) - 0,00000n mr/(m2-cyT.). MpakTMUYecKkm Ha Bcel
TEeppUTOPUN ropofa YPOBEHb 3arpA3HEHUA CHEXHOMO NMOKPOBa TOKCMYHBIMU 3fIeMeHTaMU OLeHUBaeTCA
KaK HU3KUIN 1 yMEePEHHO OMacHbIN.

BgBenenue atMocdepHoro Bo3ayxa. C ITOMOILBIO pe3yJIbTaTOB

HCCJIEIOBAaHUS COCTaBa PacCTBOPUMOI (pa3bl cHera

CHeXHBIN MTOKPOB — JCTIOHUPYIOIIAs cpefa Al MOXKHO TaKxKe IoJydaTh MHMOPMALIO 00 OCHOBHBIX
aTMochepHbIX TojuTIoTaHOB. OH XapakTepu3yeTcsl TeHIEHLMSIX pacIpeaeIeHIUs 3arpsa3HsIOIINX BeIeCTB
PSIIOM CBOMCTB, KOTOpPbIE TTO3BOJISIIOT UCIOIb30BaTh B atMocdepe. MccnenoBanusasmu UMIPD [1] akc-
€ro B Ka4eCTBe YIOOHOTO MHAMKATOpA 3arpsi3HEHUS]  MEePUMEHTAIbHO J0Ka3aHa BO3MOXHOCTb MCIIOJIb30-
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BaTb CHEXXHBIN ITOKPOB KaK MHIUKATOP 3arPsI3HEHMS
aTMOoc(depHOro Bo3ayxa B ypOaHM3UPOBAHHBIX YCIIO-
BUsIX. PaboTHI O M3y4eHNIO XMMHUYECKOTO COCTaBa
CHEXKHOTO ITOKPOBa IIPOBEIEHBI B PETMOHAX 1 TOPOIaX
Bocrounoit Cnbupu: B brmarosemencke [2], MpkyT-
ckoit oomactut [3], Yure [4]. ABTOpBI HACcTOSIIIEH CTa-
TBU M3Y4alOT XMMIYECKMI1 COCTAB CHEXKHOTO IIOKPOBa
Ha TeppuTtopun SKkytnu ¢ 1984 1.

Llenp ucciaemoBaHUS — BBISICHEHHE 3KOJIO-
ro-reoOXuMHNYEeCKOll 0OCTAaHOBKM Ha TEPPUTOPUU
I. SIKyTCK Ha OCHOBE M3YYEHUSI MaKpO- U MUKPO-
3JIEMEHTHOI'O COCTaBa pacTBOPUMOI (pa3bl cHera
C IpUMEHEHNEM COBPEMEHHBIX METOIOB aHaJIM3a.
OcHOBY paOOThI COCTaBIISIIOT pe3yabTaThl HAOJIIO-
IeHWI aBTOPOB Ha TeppUTOpUM SIKyTCKa B MapTe
2020 r. 1 TaHHBIE MHOTOJICTHETO MOHUTOPUHTIA X1-
MHIYECKOI0 cocTaBa aTMOC(EpPHBIX OCAIKOB Ha CTa-
nuoHape «Tyiimaama» MHCTUTYTa Mep30TOBEIe-
Huss CO PAH (MM3 CO PAH).

MeTtoauka uccjieI0BaHuit

Hust monydeHuss nHGOPMALIMKA O KOJIUIECTBE,
MIPOUCXOXKICHUN 1 XMMUYECKOM COCTaBEe CHEXHOTO
nokpoBa aBTopamu 18—22 mapra 2020 1. Ha TeppUTO-
puu ropona 66110 oToopaHo 80 mpob cHera (puc. 1).
MDoHOBEIN YYacTOK HAOTIONEHNIT HAXOOWIICS B paii-
oHe 03. YabpIma B 25 KM K I0To-3amaay oT ropoja 3a
IpeneiaMyd 30HBI TEXHOTEHHOTO BO3IECTBUS (CM.
puc. 1). OT6op 1TpoO TTPOBOAMIN B ONTTUMAILHBIN TIe-
puom I M3y4eHUsI CHera, HeTIOCPEICTBEHHO IIepe
HayajioM cHeroTassHMs1. I1poObl cHera Ha TOuke Hab-
moaeHni otonpanm Ha maomanke 30 X 30 cM (0e3
cHsTus 1,5 cM cHera y mouBbl). MuUHMMAabHAs yaa-
JIEHHOCTD OT ITPOE3Keii YaCTU COCTABIIsUIa HE MEHEe
30 ™M, B 6oBpIIMHCTBE ciTydaeB — 6oee 200 M. B kaxk-
JIOM ITYHKTE BBITOJHSIN 5—6 M3MEPEHUIA TOJIIIM -
HBI CHEXXHOTO ITOKpPOBa IIPU IIOMOIIM CKJIAaTHON
BEIIKM C CAHTUMETPOBOM pa3MeTKoi. 1 orbopa
IpoOBI UCITOb30BAIM MapKUPOBaHHEIM 110 0,5 cM
CTEKJITHHBIN IWJIMHAP CO CTAJIbHBIM OKaliMJICHHUEM
IraMeTpoM 82 MM, KOTOPBII OITyCKaJi C ITOBEpX-
HOCTH CHEXXHOTO ITOKPOBA Ha IJIOCKYIO IIPSIMOYTOJIb-
HYIO CTaJIbHYIO JIOITATKY Ha BHICOTE 1,5 CM OT ITOYBHI
JINOO y TIOBEPXHOCTU Jibla. Jlajee mpo0y romelanm
B IUTACTHKOBBII TTAKET 1 ITOMEIIAIN Ha 3JIeKTPOHHBIE
BECHI IIJII pacu€Ta MacChl CHEra U OIPeneIeHHS €ro
IUIOTHOCTHU. JIOMOHUTENBHO 3aMepsUIN TeMIIepaTy-
py Bo3dyxa M cHera (Ha IIOBEpXHOCTH M Ha IOYBE)

MpU MOMOLLIU MepeHOCHOI Tepmornaphbl. ITpoObl exe-
JHEBHO TocTynaiu B 1adoparopuiro M3 CO PAH,
e HEeMOCPEACTBEHHO Tepe aHAIM30M MPU KOMHAT-
Hoit TeMnepaType ux riaBuiu. Ilocie moaHoro tas-
HUs PoOY pa3aessyii Ha TBEPAYIO U XUAKYIO (pa3bl
nyTéM (pUIBTPOBAHUS Yepe3 OyMaxkHble (UIBTPHI
«CHUHSIS JIEHTa» ¢ IMaMeTpoM Top 1 MKM.

AHaTUTUUECKYIO 00pabOTKY T€OXUMUYECKUX
npod MPOBOAUIIM B 1a0OPATOPUHN TOA3EMHBIX BOI U
reoxumuu KproanutozoHsl UM3 CO PAH (ananutu-
ku JI.YO. boiiuoga, E.C. ITerposa, O.B. Illenenena) u
B AHAJIMTUYECKOM CePTU(GUKALIMOHHOM UCITBITATE b~
HOM LieHTpe MHCcTuTyTa NpodaeM TEXHOJOTMU MU-
KPO3JIEKTPOHUKHM U 0CO00 YMCThIX Matepuaios PAH
(UITTM PAH), r. YepHoronoBka, MockoBcKasi 00J1.
Bce npoObl cHera aHaIU3MPOBAIM IO aTTECTOBAH-
HBIM METOAMKAM C UCIOJb30BAaHMEM CTaHAAPTHBIX
00pa3LoB CpaBHEHUS B aKKPEIUTOBAHHBIX J1abopa-
TOPUSIX; IPOBEICHBI TAKIKE TTPOLIETYPhl BHYTPEHHETO
M BHELIHEro aHAJIMTUYeCKOro KoHTposis. Kamepanb-
HbIe PabOTHI MpeaycMaTpUBaid CTaTUCTUYECKYIO U
rpacuryeckyo 00paboTKy pe3yabTaToB JaOOPaTOPHBIX
paboT, a TakxKe aHaJKu3 MOJyYeHHbIX MaTEepPUaJIOB.
7151 OLIEHKM CTETeHU 3arpsI3HEHHOCTU CHEXHOTO M0~
KpOBa MCIOIb30BAIM CIIEAYIOIINE 9KOJIOTO-TEOXUMU-
yeckue KO3 ULMEHTHL: Pn Mr/(M%-cyT.) — BeJIM4YnHA
o011Ielt HArpy3KU, CO31aBaeMOM MOCTYIIJIEHUEM KaX-
JIOr0 XUMUYECKOTO 2JIeMEeHTa Ha CHEXHBIN MOKPOB,
KOTOpAasl YIMTBIBAET HArPy3KYy U KOHIEHTPALINIO X1~
mudeckoro snemMeHTa C (Mr/i1) B pacTBOpUMOI dasze
cHera; KK — ko3¢ GULIMEHT KOHLIEHTpaUuu — MoKa-
3aTelb YPOBHSI aHOMAJIbHOCTHU COAEP>KaHUM XUMUYe-
CKMX 2JIEMEHTOB; Z, — CyMMapHBbIii MoKa3aresb 3a-
IPSIBHEHUSI CHEXKHOTO TTOKPOBAa, XapaKTepU3YIOLINii
s deKT Bo3neicTBUS rpynibl ajeMeHToB. Mx onuca-
HUe, pacu€THbIE (hOPMYJILI U MOPSIIOK paCUETOB MPH-
BefieHbI B padore [1]. [TocTpoeHue KapT MpOBOAMIOCH
o nporpamme SASPlanet Ha ocHOBe 6a3bl KapTo-
rpauyeckux MaTepuaaoB; 32 OCHOBY ObLIU B3SThI
KapThl SAHaekc.py. B Surfer Merogamu TpuaHryasimn
Y KPUTUHTA CTPOUJIUCH KapThI-CXeMHl |3, 6].

Onucanue paiioHa

lNopon AKyTcK pacriosiokeH B CpelHEM Teue-
Huu p. JIeHa, B mmpokoii noauHe TylimMaana, u nmpo-
TSTUBAETCS BAOJb JIeBOro Oepera peku Ha 20 KM.
AKYTCK — KpyNmHeHIuid U ctapeiinuii ropoa B
MUPE, PACIIOJIOXEHHBIN B CIJIOIIHOU KPUOJIU-

-421-



CHeXxHbil NOKPOB8 U CHeXKHble J1d8UHbI

03.4Yabbi0a

Puc. 1. Kapra pakTueckoro marepuaa:

1 — nyHKTHI 0TO0Pa Mpob; 2 — cranmoHap «TyitMaanar; 3 — cenuTeOHast 30Ha; 4 — MPOMBIIIIEHHAs 30Ha; 5 — peKa, 03€pa; 6 — jeca, Jiyra

Fig. 1. Map of the actual material:

1 — sampling points; 2 — Tuymaada station; 3 — residential area; 4 — industrial zone; 5 — river, lakes; 6 — forests, meadows

To30He. [1o BenmunHe 3TO TpeTuii ropona B Jlaib-
HEBOCTOUHOM (eaeparibHOM OKpyre mocie Bia-
IMUBOCTOKa M XabapoBcka. OTMeTuM, 4TO 3a
nocienHue 20 JIeT YMCICHHOCTh HACEJICHUS BbI-
pocina co 195 teic. B 2000 r. 1o 323 Thic. B 2020 1.
ITnanupoBoYHasI CTPYKTypa ropojaa — paauaibHO-
KoJbleBas. Yacras cerka yaui obpa3yeT 3HAYM-
TEJIbHOE YMCJIO HEOOIBIIMX T10 IUIOLIAAN KBapTaIoB
(ot 2 no 8 ra). Ilpoe3xas yacThb yJIull B OCHOBHOM

MPUITOAHSATA. XapaKTep 3aCTPOMKU HEPOBHBIN: Ha
OKpauHax ropojaa — MNpeUMyIIeCTBEHHO OIHO- U
JIBYX3TaXXKHBIC CTPOCHMS, B LICHTPAJbHOM 4aCcTH TO-
pona — KamuTajbHasl 3aCTpoiiKa KAMEHHBIMU 37a-
HUsIMH (0T 4—5 10 9—16 3Taxkeit).

Ilo xaaccugpurxayuu kaumamos A.A. I'puropbeBa
n M.N. Byasiko [7], SIKyTcK HaxoauTCs B 30HE Jeii-
CTBUS KJIMMaTa HEAOCTATOYHO BJIAXKHOTO (MHIEKC
cyxocTu oT 1 1o 2), yMepeHHO TETIOro (B TEMIbINA
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TIEpUOI), C CYpOBOI MaJIOCHEXKHOM 3uMoit. OCHOB-
HOe BIMSHHE Ha KJIMMAaT paiioHa 3MMOI OKa3bIBaeT
OTPOT a3MAaTCKOT0 aHTUIIMKIIOHA, CBSI3aHHBII C BTOP-
KeHHEeM 13 APKTUKM XOJOTHBIX BO3MYIITHBIX Macc.
®dopMupoBaHUe BRICOKOTO OaBICHUS HAUYMHACTCS
yXe ¢ CEeHTSIOpSI M COIIPOBOXKIAETCSI PE3KUM IT0XO-
JjogaHueM. B 3THuX yClIoBUSIX 3MMa XapaKTepHU3yeT-
cs mpeobIagaHueM IITUJIe, MaJioil 00JaYHOCTHIO
¥ CWJIbHBIMHM YCTOMYMBBIMU MOpo3aMu. Jletom ycu-
JINBAETCS MUKJIOHWYECKAS AeSITeIbHOCTD. LInKimo-
HBI IIPUXOMST C 3arana, CeBepo-3arana Wik I0ro-3a-
naga. KOHTMHEHTaIbHOCTD KJIMMaTa 00yCI0OBIeHA
yIaJIEHHOCTBIO paitoHa JKyTcKa OT ATJIaHTUYECKOTO
OKeaHa 1 3allIMIIEHHOCThIO TOPHBIMU MACCUBAMHU OT
Tuxoro okeana. Haubonee OTKPHIT 3TOT paiioH ISl
ApKTUYECKOTO BO3MIyXa, II0O3TOMY B OCHOBHBIE CE€30-
HbI B AAKyTCKe 1Ipeob1anaroT KOHTUHEHTAIbHBIN BO3-
IyX YMEPEHHBIX IINPOT U apKTUIECKUN BO3AYX. DTO
1 00YCJIOBIMBAET 3KCTPAKOHTUHEHTAIBHBIN KIMMAT
SAKyTcka, He MMEIOIINIA aHAJIOTOB Ha BCeil paBHUH-
Hoit vactu CeBepHOTO MomyIapus [8].

Bempoesoii pexcum B 3HAUUTEITHHON CTETICHU CBSI-
3aH C MECTOMOJIOXEeHUEM Topoma. Tak Kak JoJIrHa
peKu B paifoHe TOpoIa HallpaBjieHa ¢ oTa Ha ceBep,
mpeo0J1agaloT BETPHl CEBEPHOI YeTBEPTH TOPU30H-
Ta, B OCHOBHOM CEBEPHOI0O M CeBEepPO-3alamTHOTO
HanpasieHus. OTIMYNTEIbHAS. YepTa BETPOBOTO
pexuma SKyTcka — 0oJIblasi ITOBTOPSIEMOCTD IITH-
Jieit. Hae Bcero 6e3BeTpeHHas roroaa Habo1aeT-
cs B nekabpe—depaite. CpemgHsiss CKOPOCTh BeTpa B
atoT nepuoxd — 0,8 m/c. CpeaHsist romoBast CKOPOCTb
BeTpa B ropone — 2,4 m/c. Cpedueeodosasi memne-
pamypa 6030yxa 3a IIepUOI HEIIPEPHIBHBIX METEO-
Habmoaennii (1883—2019 rr.) Bapbupyet ot —7,2 10
—12,1 °C, cpemHerogoBoe KOJMYECTBO OCATKOB —
235 mMm. Ilo ganaeM }0.b. Ckaukosa [8], TeH-
OEeHIINS IMOBBIIIEHUST CPETHETOTOBOM TeMIIepaTy-
PBI BO3IyXa 3HAYMUTEJIbHA, OTMEYaeTCsI CTa0MIIbHBIIN
POCT, 4TO BBI3BaHO, TJIABHBIM 00pa3oM, ITOBHIIIE-
HUEM TeMIIepaTyphl 3MMOM (C OKTSOpsI I10 aIlpeib).
Cymma ocadkoé o MecsliaM M II0 TogaM OJim3Ka
K HopMe. XapaKTepUCTUKM CHEXXHOTO ITIOKpPOBa B
Axyrtcke B mocaenHue 50 JIeT ocTaBaIUCh HA YPOBHE
MHOTOJIETHUX CPEIHUX ITOKa3aTeseil, OMHAKO MeX-
rogoBast U3MEHUYMBOCTh OTIAEIbHBIX XapaKTePUCTUK
CHEeXHOTO MmokpoBa ycrmiack. B 2003 u 2010 rr.
B JKyTcKe oTMedaanch aOCONIOTHBIE MUHUMYMEI
MaKCHMAaJIbHOM CpeaHeIeKaTHOM TOMIIMHBI CHEeX-
HOTO MMOKpoBa, paBHBIe 20 ¢M, a 2005 1. — abcomioT-
HBIT MaKCUMYM, cocTtaBuBmuii 50 cMm. B 3uMHMit

nepuon 2019—2020 rr. HaGaoganoch 196 qHeli ¢
YCTOMYMBBIM CHEXXHBIM ITOKPOBOM.

Ha Tepputopuu ropona HaCUMTHIBAETCSI OKOJIO
160 KpYITHBIX TIPEANPUATUIT, UMEIOIIMX CTalIMOHAP-
HbIe UICTOYHUKHU BHEIOPOCOB B aTMOC(deEpy 3arps3Hs-
JOIIMX BEIIECTB, KOJMYSCTBO KOTOPBIX JOCTUTAET
11700 1 [9]. K cTalimoHapHBIM UCTOYHMKAM BBIOPO-
COB OTHOCSITCS OOBEKThI TEIUIOOHEPIETUKM: KPYII-
Hble 2JeKTpocTaHMU (razotypouHHsie ATPOC,
ATPOC-1 u teroas ATOIL) u MHOroYuCIEHHBIE
KoTeabHble. B AKyTcKe u ero mpuropojaax paboTaroT
145 nmpoMBbILIJIEHHBIX KOTeabHbIX, 60see 400 mano-
MOIITHBIX aBTOHOMHBIX KOTEJIbHBIX, UCITOJIb3YIOIINX
ra3oBoe TOIUIMBO, a TAK:Ke HEOOJIbIIIME TU3eIbHbIC 1
yroJjibHble KoTeabHble. [To panHbiM TUBI AkyT-
cka, B 2018 r. B cTOIMIIE Y TPUTOPOJAX 3apEeTrUCTPU-
poBaHo nopsaka 119 Teic. eaMHULL aBTOTpaHCHOpPTa,
BbIOpACHIBAIOLLIMX B aTMOC(epy 0KoJio 34 ThIC. T 3a-
rps;3HuTeNel. B 3uMHee BpeMsl KOJIMYeCTBO aBTO-
TPaHCIIOPTa CHUXKAETCS IIPUMEPHO Ha 1/3 B OCHOB-
HOM 3a CYET JIETKOBBIX aBTOMOOUJICIHA.

YpoBeHb 3arpsi3HEHUs aTMOC(HEPHOro BO3IyXa
SIKyTCKa OLIeHMBAETCS KaK IMOBBIIIEHHbIN. 3arpsi3-
HeHUe aTMOC(EpPHOro Bo3Iyxa Ha TEPPUTOPUU FOPO-
Jla HepaBHOMEPHO. bosbllie Bcero 3arpsi3HEH BO3IyX
B LICHTPAJbHOI YaCTU TOpoja, Te MOBTOPSIEMOCTh
KOHIIEHTpaLMii B3BEeIIEHHBIX BellecTB BB, mipeBbI-
warormx K, nocruraer 43% [9]. B 2014—2018 rr.
MPOCIIeKMBaJIaCh TEHACHIINS CHIDKEHMS CPEIHETOI0-
BBIX KOHIIEHTpALIMIA JUOKCHIA a30Ta, OKCHUIIA a30Ta,
cepoBoaopoaa, eHoa0B U amMmuaka. Habmonancs
POCT CpPEeIHErofOBbIX KOHIICHTPALMIA B3BEIIICHHBIX
BelIEeCTB, (hopMaibaeruaa, oeHs(a)mupeHa u HeGoJb-
1II0e MOBBIIIEHNE OKcHaa yriepona. KoHmeHTpauust
razoB NO, u CO, npuopUTeTHBIX 110 00BEMAM BbI-
OpocoB B aTMocepy ropona, u B JeTHee, U B 3UMHee
BpeMs1 nmpuMepHo oauHakoBas (ITIK 3uma/nero):
NO, — 0,480/0,482; CO — 0,369/0,331. 3umoii oc-
HOBHOI 00bEM BBEIOPOCOB CBSI3aH C aBTOTPAHCIIOPTOM
1 OTOIUIEHUEM ropoja, JETOM — C aBTOTPaHCIIOPTOM
Y TIOCTYTUIEHUEM C TIOBEPXHOCTH 3EMJIH.

PesynbTaTel 1 00CyXKIeHHEe

OcHOBHBbBIE IIyTHU 1noragaHuA 3arpA3HAI0IIX BE-
mEeCTB B 3MMHIOIO aTMOC(i)epy ropoja — TEXHOI'CH-
HBbIC BI)I6pOCI:I, BbIITaICHUEC aTMOC¢)CpHLIX OoCaJIKoB
u, B HEeOOJIbIION CTCIICHU, ITOCTYIIJICHUE IbIJICBLIX
qyacTul C ITIOBEPXHOCTU 3EMJINA. ypOBeHL HaKoIlJIC-
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Tabnuya 1. CpeRHss KOHIEHTPALMA XMMUYECKIX KOMIIOHEH-
TOB (MI//T) B CHE)KHOM IIOKpOBe (POHOBOTO yYacTKa I. SIKyTCK
(mapT 2020 1.)

KommonenTsr | O3. Yabbina KomMnoHeHTbl 03. Yabpima
pH 5,13 NO," 0,050
Eh, MB 544 NO;y 0,657
Ca?t 0,710 F* 0,018
Mg2* 0,312 Li* 0,005
Na* 0,600 Sr2* 0,280
K* 0,350 BaZ" 0,005
NH,* 0,200 HPO,* (P) 0,036
HCO;5 4,330 MuHepanu3anus 6,447
Cl 1,054 B3geneHHbIe
SO,* 0,387 BeleCTBa” 0.007
XUMHNYECKHii COCTaB C57Cl132S7NO0Os4
(bopmyna Kypiosa) Ca32Na25Mg22NH,12K9

*CoaepxaHue 1aHO B I/J1.

HUST XUMUYECKUX 3JIEMEHTOB B CHEXHOM ITOKPO-
BE CBSI3aH C MX KOHIICHTpAIMeil B BHIMAACHUSIX U C
00BEMOM BHITAICHUI B TCUSHNE 3MMHETO BpEMEHH.
HaOmroneHus 3a XUuMHUYECKHAM COCTaBOM CHEXHO-
T0 TIOKPOBa IIPOBOISITCS B IIPOLIECCE MHOTOJIETHETO
MOHUTOPMHTA HA TEPPUTOPUH TOPOJa U Ha CTAllMO-
Hape «Tyitmaana» M3 CO PAH. Pe3yabraThl MO-
HUTOPUHTOBBIX HAOIIONEHWI TO3BOJIMIIN 1aTh Kadye-
CTBEHHYIO U KOJIMYECTBEHHYIO OLICHKY BHITTaJeHUI1
aTMOC(EPHBIX 0CAIKOB: U3MEHEHUE COACPKAHUSI
XUMUYECKMX KOMIIOHEHTOB 1 IJIOTHOCTH, a TaKKe
00BbEMA BBIMAIEHUIA.

XUMHUYECKU TUI CHErOBBIX BOI B paiio-
He 03. Yabbiga — XJOpUAHO-TUAPOKAPOOHATHBIN,
CMEIlIaHHBIA M0 COCTaBYy KaTUOHOB C Ipeodiana-
HUEM KaJIbliUsl, C OUeHb HU3KOM MUHEpaau3alii-
el — okos10 6 Mr/n (tabis. 1) U KUCiIoi peakuuei
(pH = 5,13). On xapakTepeH IJisI cpeIHeTaéKHbBIX
nmangmadToB Axyrtuu [10]. TexHoreHHOEe BO3meli-
CTBHE FOPOJICKOI0 XO3SCTBAa BHI3bIBAECT MOBBIIIIE-
HHUe KOHIIEHTPallMd B CHEXHOM ITOKPOBE OOJIb-
IIMHCTBAa XUMHUYECKMX KOMIIOHEeHTOB: Ca, Mg u
Na, aMMoHUs, cyab(aToB, KapOOHATOB, XJIOPHU-
IO0B. XMMHMYECKUI COCTaB TOPOICKUX CHETOBBIX BOII
0CTa€TCs XJIOPUIHO-TUAPOKAPOOHATHBIM C PE3KO
BO3pacTalleil pojbio KaJblMs U OTHOCUTEILHO
MOBBIIIEHHON IO CPaBHEHUIO ¢ (POHOM IIETOTHO-
cThio. PacnpeneneHne XuMnIecKX KOMIIOHEHTOB
B CHEXKHOM MOKpoBe SAKyTcKa rnpuBeneHo B TadJ. 2.

YcraHoBIIeHbI 001IMEe 3aKOHOMEPHOCTU TeX-
HOTC€HHOTO BO3IEHCTBUS: peaKls CHETOBBIX BOJ
roponxa IEpeXOAUT B HEWTpaJIbHBIII WHTEepBaj

(pH = 7,30), BenuunHa MUHEpATU3ALIMUA U TPATUEHT
KOHIIEHTpaLMii OOJIBIIIMHCTBA KOMIIOHEHTOB B 1IEH-
TpaJbHOM YaCTU TOPOJIa MOBBIIIAIOTCSI. DKOJIOrMYe-
CKO€ He0JIaronoyydue B LIEeHTpaJIbHOI YacTU ropojaa
00YCJIOBJICHO KIMMaTHYECKUMHM, TeoMOPhOIoTrye-
CKMMM U TeXHOT€HHBIMU (pakTopamu. SIKyTCK Ha-
XOIUTCS B HIDKHEH 4acTH peYHOM JOJMHBI M OKAa3bI-
BaeTCs B 30HE 3UMHEI MHBEPCUH, Tae (PUKCHPYETCS
10 56 TyMaHHBIX JHEW B roay. PesyiabraT ciiaboro
MIPOBETPUBAHUS — BBICOKOE 3arpsi3HEHME BO3IayXa.
B mmocnegHue rombl 3aCcTpoiika ITOMMEI el CUIbHEe
YXYAIINJIa YCIOBUS IPOBETPUBAHMS JaHHOM TeppH-
topuu. KpomMe Toro, ceBepHoe U ceBepo-3amnaaHoe
HaIIpaBJIeHUE TTPeo0JIafaloIX BETPOB CIIOCOOCTBY-
€T IIEPEHOCY 3arpSI3HUTEIICH U3 CEBEPHOU TPOMBIILI-
JICHHOM 30HbI TOpOZa B CEIMTEOHYIO.

Ilo cTeneHu MOBBHINIEHUS BEJIUYNHBI Ta30BO-
a3PO30JIbHOI HATrpy3KM MAaKpOKOMIIOHEHTHI U CO-
eMHEeHUs a30Ta pacTBOPUMOM (ha3bl cHera odpa-
3yI0T Psill, KIapK KOHILIEHTpallui KOMIIOHEHTOB B
KOTOpoM Bo3pacTtaet g0 1,3 nng kanus go 12—14
JJ1s1 cyab(haToB U KaJbIUS:

K* <NO;~ < CI” < Mg?*, Na* < Ca?* NH,* <NO, ",
HCO, < SO}

Ha monro MakpomoIloTaHTOB U COCTUHEHUIA
azota mpuxoautcs 90—95% ob1ero oobEMa ra3oBo-
a3PO30JIbHBIX IPOIYKTOB BhIageHuil. CoOTHOIIIe-
HIE€ MaKpPOIIOJUTIOTAHTOB I10 BEJIMYMHE TUIOTHOCTHU
BbINaaeHM B mepecuére Ha aneMeHT C>N>S nmoka-
3bIBAET MpeobiajgaHue yriaepoaa, Ha J0I10 KOTOpO-
ro MPUXOAUTCS OKOJI0 72% 00111eT0 00bEMA 3UMHUX
BeITTameHuii. [1o cpeaHell KOHLIEHTpallM U TUIOT-
HOCTU aTMOC(hEpHBIX BEITTAIEHU T. SIKyTCK MOXHO
Ha3BaTh «YIJIEPOIHBIM» TOPOIOM.

l'azoBo-aspo3oabHasg Harpy3ka B XOJIOJHOE
BpeMs rojaa (IOCTyIJIEeHUE 3arpsi3HUTeNei B pacT-
BOpUMOI (ha3e CHEXKHOIO MOKPOBa 13 aTMOC(HEPHI)
HEpaBHOMEPHO pacHpeneseTcs Ha TePPUTOPUM
ropoaa. AHOMaJIbHOE I10JI€ 3JEeKTPOMNPOBOIHO-
CTHU CHEXHOTO MOKpPOBa (CHEroBO¥ BOJBI) BHILIE
70—80 MCM/cM MpaKTUYECKU JTOKAJTU3YETCs B Tpe-
nenax ropoaa. K 3amamy oT ropoackoil TEppuTo-
pun popmupyeTcs ciiabasi JoKaabHasi aHOMAaIUS
3JIEKTPOIIPOBOMHOCTH, O0YCIOBIEHHAsI SHEPIeTH -
YECKMM M TPAHCIIOPTHBIM BO3IEUCTBUEM: BEIOpOCa-
mu 'POC-2 u aBTroTpaHcniopra. Benmunna razoBoit
M a3P030JIbHOI HaIrpy3KHU B paiiloHE ropoja I1o JaH-
HBIM JIECSITUJIETHETO MOHUTOPUHTIA CHEXXHOTIO I10-
KpoBa Ha ctaumoHape «Tylimaana» UMeeT yCTOMYM-
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Ta67mu,a 2. CO,I]CP)K&HI/IC MaKpOKOMIIOHEHTOB (MF/H) COCIU/IHCHI/Iﬁ a30Ta B CHE)KHOM IIOKPOBE M BEINMYVMHA Ia30B0O-a3p030/1b-

HOJI Harpy3ku Pn Ha Tepputopuu I. SIkyTck (3uma 2020 1.)*

CrannapTHOCe Pn, mr/(m*cyT.)
KOMITOHEHTEI Cuun. Cuaxe. S— Creom. OTKHOHGEHG +0 | cpennsn ‘ MAKCHMATBHAS

pH 6,77 7,70 7,30 7,29 0,2
Eh, MB 441 553 494 493 26,7 —
EC, MCMm/cMm 9 96 60 43 78,1
Ca?t 1,40 17,71 8,53 7,62 3.8 10,1 20,9
MgZ* 0,40 24,89 1,87 1,42 2,9 2,2 29,4
Na* 0,01 110,0 3,06 1,41 12,2 3,6 129,7
K* 0,10 2,10 0,47 0,41 0,3 0,5 2,5
NH,* 0,60 12,0 1,85 1,50 1,7 2,2 14,2
HCO;y 10,72 87,4 31,17 28,80 12,6 36,8 103,1
SO,> 0,70 104,0 3,17 1,80 11,5 3,7 122,6
Cl- 1,11 133,9 5,28 3,42 14,7 6,2 157,9
NO, 0,01 1,00 0,38 0,28 0,2 0,4 1,2
NO; 0,86 2,50 1,43 1,40 0,3 1,7 2,9
MuHepaTu3auns 14,68 74,41 41,61 35,77 45,6 35,3 63,1
XUMUUYeCKUil cocTaB C67Cl20S9NO;3NO, 1
(popmyna Kypriosa) Ca52Mgl9Nal6 NH, 12K 1

— muHUManbHoe; C, .

*Conepxanue: Cy,,
METPUYECKOE.

BBII TpeH[ MoBbIIeHUs (puc. 2). MuHepanuzaumn
pacTBOpUMOi1 (a3l CHEXKHOTO ITOKPOBA YBEIUYM-
nack ¢ 12—16 mr/m B 2008—2010 1. mo 20—24 mr/n
B 2015—2019 rr. B OCHOBHOM 3a CUY€T ruApoKapOo-
HaToB. [Ipn OTHOCUTENBHO MTOCTOSHHOM OO0OBEME
BBIOPOCOB B aTMOC(epy CTallMOHAPHBIMUA MCTOY-
HukamMu B Axkytcke B 2008—2019 rr. moBbilIeHUE
KOHIEHTPALIMU TMIPOKAPOOHATOB CBSI3aHO C PETHO-
HaJIbHBIM TIepeHOCOM yTJIeKHcoro ra3a [11] u, kak
CJIEICTBHUE, C OTHOCUTEILHBIM POCTOM KHUCJIIOTHOCTH
CHEXHOro Mmokposa (puc. 3).

O0BEMBI BEIOPOCOB MUKPOTIOJUIIOTAHTOB 3HA-
YUTEJIbHO HUXE, YeM MaKpPOKOMIIOHEHTOB, HO
CYILIECTBEHHO BBIIIC IT0 TOKCUIHOCTU U YPOBHIO
koHueHTpupoBaHus (KK = 10+100) B cHexkHOM
nokpose. PacnpeneneHre XMuMUYECKUX 3JI€MEHTOB
(Makpo- 1 MUKPOBJIEMEHTOB, PEAKUX, PACCESIHHBIX
W pagOaKTUBHBIX) B paCTBOPUMOI paze CHEXKHOTO
MOKpOBa 1 BeJIMUMHA ra30BO-a3p030JIbHOM HArpy3-
KW TIpUBeAcHBI B Ta0a. 3. BenrnumHa razoBo-aspo-
30JIbHOI HArpy3K1 MaKpO3JeMEHTOB PaCTBOPUMOIL
(¢as3nl cHera konaebaercs ot 0,n (Mg, S, K, Si, Al)
no n (Cl, N, Na) u 10n mr/(m?-cyt.) g C n Ca —
OCHOBHBIX KOMIIOHEHTOB 3UMHUX aTMOC(HEPHBIX
BbinageHuit. Bennurna Pn (KOJIMUYECTBO BhINaae-
HUH 32 eMUMHUIY BpEMEHU Ha eIUHUILY TIOIIAI1)

— MakcumaibHoe; C,

— cpenHee apudmerndeckoe ; C,

TEOM.

apudm. — CpEOHEE Ico-

301
S
—
= o5 y =0,5157x - 1020,7
® R*=0,4 o
=
3 )
g 20 [o]
= 6] 5 [6)
Q15+ ©
2 0 o)
=
= 10 T T T T T 1
2008 2010 2012 2014 2016 2018 2020
loabl

Puc. 2. lnHamuka MUHepaanu3aluu pacTBOPUMOI (ha3bl
CHEXHOTro MoKpoBa Ha ctauuoHape «Tyitmaaga» (2008—
2019 rr.)

Fig. 2. Dynamics of salinity of the soluble phase of the
snow cover on the of «Tuymaada» station (2008—2019)

MukpoajgeMeHTOB u3MeHsierca ot 0,0n (F, Ba, P,
Mn, Fe, Cu, Zn, Sr) 10 MUHUMAaJbHBIX 3HAYECHU A
0,000007 (Be, Ag, TI, Th, Pt, Au) mr/(m%cyr.) (cM.
ta6a. 3). [lo nTaHHBLIM aBTOPOB, TA30BO-a3P0O30b-
Hasl Harpy3Ka pacTBOPUMOI (ha3bl CHEra COCTABIIS -
eT npuMmepHo 0,2% ot BeinaacHUi B TBEPIOU (hase
CHEXXHOTO TTIOKPOBA.

DKojoruueckas olleHKa adpO30JbHOI Ha-
IPY3KM Ha TEPPUTOPUIO TOPOJA B XOJOTHOE BpeMs
roja BBIIOJHEHA MMYTEM CpaBHEHUS KOHIIEHTpa-
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= 257 Tabnuya 3. CopeprkaHye XMMIYECKNX KOMIIOHEHTOB B CHEX-
= o HOM HOKPOBC " BeIMYMHA I‘aSOBO-a3p030HBHO]7[ HaI‘py3KI/I
Ea y=0,5941x - 1178,9 o Pn na Teppuropuio r. IKyTck (3uma 2020 r.)*
o) 207 R=05 ° Pn, mMr/(m%-cyt.)
% OnemeHTbl | Cyppy. Cuaxe. Capuq)MA MUHU- MaKCH-
+ MaJIbHas MaJiIbHas
s 7 B 09 | 338 | 54 | 00046 | 0,029
Q, Al 15 448 95 0,11 0,53
T 10T : : . : : . si 30 | 580 | 164 | 0,19 0,68
" P 20 151 22 0,019 0,13
S 207 30117 1096 1,29 35,52
° Ti 0,4 11,3 2,2 0,003 0,013
6,8+ \% 0,1 1,0 0,4 0,0004 0,003
Cr 0,4 2,0 0,4 0,0004 0,003
6.6 Mn 13,3 53,7 30,6 0,036 0,063
Fe 3,5 409.4 73,0 0,086 0,483
T 44 Co 0,1 0,8 0,2 0,00018 0,00095
a = Ni 0,1 1,6 0,2 0,00018 0,00095
Cu 13,1 172,2 23,1 0,027 0,203
6,2 Zn 4.4 132,0 11,4 0,013 0,156
° Ga 0,0 7,5 0,1 0,0001 0,0005
o )= 0.0338 - 74,58 Ge 00 | 7,5 | 0,1 | 00001 | 0,0005
R?*=02 o As 0,0 7,5 0,7 0,0008 0,0088
0 | | ’I | | | Se 0,2 0,2 0,2 0,00018 0,00095
2008 2010 2012 2014 2016 2018 2020 Br 35 | 27,2 | 54 | 0,0064 | 0,032
[oabl Sr 9 74 32 0,038 0,087
Ba 3 44 13 0,016 0,051
Puc. 3. lnnamuka koHueHrtpauuu nosos H,CO; + HCOz u Pb 0.3 12,5 14 00016 00147
pH B pacTtBOpuMOil ¢daze cCHEXHOro MOKpoBa Ha Li 127.8 | 6702.1 | 472,6 | 0.0004 0,0057
C’l:aI.II/IOHape «TyﬁM&t&ﬂ&l» (2008—2019 rr.). Be 3.0 232 46 0,000004 | 0,000027
Elg. 3 Dynamics of H,CO; + HCO3 and pH concentra- Rb 170.3 | 1464.7 | 492.2 | 0,00041 0,0012
tion in the .soluble phase of the snow cover on the of Tuy- % 8.1 669.0 | 66.4 | 0,000056 | 0,00057
maada station (2008—2019) Zr 12,0 | 363,1 | 76,6 | 0,000065 | 0,00031
Nb 1,5 20,5 4,6 0,000004 | 0,000017
MU DJIEMEHTOB B CHEXKHOM TIOKPOBE C PHIGOXO3s1iA - Mo 78,9 | 691,3 | 217,6 | 0,00018 | 0,00057
CTBEHHBIMU CAHUTAPHBIMU HOPMaMM MPUPOITHBIX Ag 2,3 29,6 2,9 10,0000025 | 0,000025
Box [12]. ITo crenenun yObIBaHUSI KOHTPACTHOCTU Cd 12,2 | 1412 | 31,4 | 0,000027 | 0,00012
5KOJIOTUYECKOM HATPY3KU XMMUUYECKHUE DIECMEH- Sn 9.2 | 18459 | 67,5 | 0,000057 | 0,00156
. . Sb 48,8 | 5114,0 | 406,6 | 0,00034 0,0043
TBI 3KUJIKOM (ha3bl CHETa 00pa3yIoT CIACAYIOLIMIA P Cs 35 624 | 134 | 0,000011 | 0,000053
(Cepenn/ Cmax/THAK): Cu (23/170) > Fe (1,5/80) > w 4,1 | 4454 | 982 | 0,000083 | 0,00038
Cd (5/28) > Sn, Zn, Al (2/12) > Sn (0,3/16) > Pt 03 | 03 | 03 0,0000003
Mn (0,3/5) > B, Pb, Mo (0,3/2). Au 1,1 1,1 1,1 0,0000009
Tokcuunble MUKpoaeMeHTsl — Fe (puc. 4), Cu, Tl 0,9 6,6 2,8 10,0000024 | 0,0000056
Zn, U — (popMuUpyloT 0OLIMPHBIE OPEOJIbI B LIeH- Bi 3,4 56,9 | 14,9 | 0,000013 | 0,000048
TpaJIbHOIt YaCTH ropoa WK JIOKAIbHbIE TOUEUHBIE Th 09 | 250 | 7.6 ]0,0000064  0,000021
aHoManuu Cd, As, Th Ha ero Teppuropuu. OneHKa U 8,6 | 8445 | 67,8 | 0,00057 | 0,00072
3arpsA3HEHNS CHEra TOKCUMYHBIMU DJIEMEHTaAMU 110 *COI/lepmH”e Cum> Cuaxe. ¥ € apugy, BaHO B MKr/1, Li — U —
B HT'/JI.

CYyMMapHOMY M0KAa3aTeJI0 3arps3HeHUST CHEXXHOTO
MOKpoBa Z, (Tad1. 4), oTpaxarolemy ux pacrpeiese-
HHeE B BO3IYIITHOM OacceitHe SIKyTcka, mpoBeneHa 1mo
M3BECTHOI OlieHOYHOI mKaine [1]. YpoBeHb 3arpsi3-
HEHUS CHEXXHOTO IMOKPOBa [0 CyMMAapHOMY ITOKa3a-
TEJIIO 3arpsI3HEHUST CHEXXHOTO TTOKPOBA IMPaKTUYECKU

Ha BCEW TEPPUTOPUHU TOpoAa OLIEHUBAETCS KaK HU3-
KMt 1 yMepeHHO onacHbIi (puc. 5). JlokaibHas KOH-
TpacTHasl aHOMalus Z, B I0ro-3anaiaHoil 4acTu ro-
pona pacriojioXeHa B paliloHe CTPOUTEIbCTBA HOBBIX
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Puc. 4. Konuenrpauuu Fe B pactBopuMoii ha3e cHera Ha TeppUTOPUHM T. SIyTCK, MKT/I:

1—10-30; 2 — 30-50; 3 — 50—100; 4 — 100—-200; 5 — > 200

Fig. 4. Concentrations of Fe in the soluble phase of snow on the territory of Yakutsk, ug/I:

1—10-30; 2 —30-50; 3 — 50—100; 4 — 100—-200; 5 — > 200

SKUJIBIX KBApTAJIOB U TIEpPeCceYeHUS YIIUL] C UHTCHCUB-
HBIMU TPaHCIOPTHBIMU MoToKaMu. KoagpduimeHT
Z,, PACCUNTAHHBIN 17151 Pa3IUYHbIX (YHKIIMOHAb-
HBIX 30H ropoja, mokasaj, 4To HauboJjee 3arpss3HeHa
TPaHCIIOPTHAs 30Ha, OCHOBHOM BKJIAJI B 3arpsi3HEHUE
kortopoii BHocaT Cu, Al, Mn u Fe. O npeobnanaio-
LIei poJIM aBTOTPAHCIIOPTA B 3aTPSI3BHEHUU TOPO/I-
CKOIi TEpPUTOPUU CBUIETEILCTBYIOT 1 TTOKA3aTeIu
HapylIeHUsI CTAOMILHOCTU Pa3BUTUS PACTCHUIN U
MyTareHHO#W aKTUBHOCTH IMouB [13]. MuHMMAanbHbIE
3HayeHUs Z, OTMEYaIN B apKOBO-peKpeallMOHHON

30HE TOpPO/ia, OCHOBHOM 3arpsI3HUTEb KOTOPO —
Zn, BOBMOXHO, 32 CYET BHIOPOCOB PEMOHTHBIX Ma-
CTePCKUX, PACIIOJIOXKEHHBIX B I03KHOI YaCTH IapKa.
ITo cpaBHEHUIO CO CPEAHUM COAEPXKAHUEM TsI-
KETBIX METAJIJIOB B pacTBOpPUMOI1 a3e (B 3UMHeEH
atMocdepe) CHeXXHOTo TTOKpoBa psiga ropoaos Boc-
TouHoit Cubupu (bnarosemeHck, bparck, Mpkyrck,
Ywura) SIKyTCcK MeHee 3arpsi3HEH paccMaTpUBaeMbIMU
MUKpoaJieMeHTaMu (Tabia. 5). Bo Bcex mepeuncieH-
HBIX HaCEeJIEHHBIX ITYHKTaX, KpoMe SKyTcka, pacrio-
JIOXKEHBI KPYITHBIC ITPOMBIIIJICHHBIC TIPEATIPUITHS,
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Tabnuya 5. CpemHee cofepKaHMe TDKEMBIX METAaIOB B pac-

Tabnuya 4. YpoBeHDb 3arpsA3HEHNA CHEKHOIO IOKPOBa Ha
TBOpUMOI1 (pase CHEXXHOTO MOKpOBa B ropogax Bocrounoit

teppuropun I. Ikyrck (3uma 2020 r.)

Cubupn

CyMMapHBIii moKa3areb Teppuropus .

YpoBeHb 3arpsA3HEHUsA CHEXXKHOIO ropora, % ConepxaHue TSIKETbIX
. i HOszB;lZZc [1 I Topona METaJLIOB, MKI/J1 Hcroynnk
CjBKH“u Zn | Cd | Pb | Cu

eIHUIA, YMEPEHHO
oo T 32-64 50 slkyrex (n = 80) 11,4[0,031] 1,4 |23,1| Asrops
Bricokuit, onacHblit 64—128 1 Yura (n = 68) 257 | 2,2 169,3|37,6 [4]
OueHb BLICOKI/IfI, 128-256 1 Bnarosemenck (n =10) | 9,8 10,020/0,34 | 4,7 [2]
OYCHb OMACHBIN
- Wpkytcek (n = 22) 40 | 0,10 | 0,5 | 70

MaKCUMaIBbHBIIL, Ypes3- S 256 B [3]
BBIYAIHO OMACHbII bparck (n =22) 10,1] 31,3 10,64 1,55

Puc. 5. CymmapHblil oka3aTesb 3arps3HeHHs CHEXKHOIO TOKPOBa Ha TEPPUTOPUM TI. AAKYTCK Z,:
1—<3;2—30-40; 3—40-50; 4 — 50—60; 5 — 60—70; 6 — 70—80; 7— 80—90; § — 90—100; 9 — > 100

Fig. 5. Total Snow Cover Pollution Index on the territory of Yakutsk Z.:
1—<30; 2—30—-40; 3 —40-50; 4 — 50—60; 5 — 60—70; 6 — 70—80; 7— 80—90; & — 90—100; 9 — > 100
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IMO3TOMY 3THU TOpOJa XapaKTepU3YIOTCs BBICOKUM 1
OYeHb BBICOKMM YPOBHEM 3arpsi3HeHUsT aTMochep-
Horo Bo3ayxa [14]. HecMoTpst Ha HeOaromnorydHbie
MPUPOIHBIC (PAKTOPHI, CPeAr KOTOPHIX TeoMOpPdo-
JIoOrm4YecKue (pacIojoXeHne Topoaa B KOTIIOBUHE)
U KIuMaTudeckue (ceBepo-3allagHble HampaBjie-
HUSI BETPOB), a TAaKXKe TeMIlepaTypHasl MHBEPCUS U
IJIATENIbHBIC IITUIA B 3UMHUMIA epuo, aTMoche-
pa fkyTcka MeHee HachIIIeHa TSDKEIBIMUA MeTajula-
mu. TexHoreHHast Harpy3ka oOyCJIOBIeHA B OCHOB-
HOM aBTOTPaAHCIIOPTOM; KpOME TOTO, B OTJIMIHME OT
OOJIBIIIMHCTBA MIEPEUYNCICHHBIX TOPOIOB SHEPTeTH-
yeckue 00beKThl B SAKyTCKe paboTaloT Ha raze. Ypo-
BEHb 3arpsI3HEHMST TSLKEIBIMU MeTalJIAMM CHEXHOTO
nokpoBa fAxkyrcka 0JM30K K Mmoka3zartesisiMm biarose-
IIEHCKA — TOpoja ¢ Pa3BUTON ITPOMBIILICHHOCTHIO
n paboratonieit Ha yriue TOL. OtmMeTm 1 perno-
HaJIbHBIE OCOOCHHOCTH 3arpsI3HEHUS: IPOIOJIKI -
TEJIbHOCTh 3UMHETO Tieproa B SIKyTcKe OoJIblie, yeM
B brmarosenieHcke; IIMTeIbHBIE TN 3aTPYTHSIIOT
paccenBaHME TOKCMIHOTO CMOTa; BBICOKAsT KOHIIEH-
Tpalys OCHOBHOI'O MCTOYHMKA a3PO30JIbHBIX BbI-
OpOCOB — aBTOTpPAHCIIOPTa — OTMEYAeTCsI Ha OTPaHU-
YEeHHOI TeppUTOPHUH; CyOCTpaT HoauHBI « TyliMaama»
oborauiéH XajabKo(MUIbHBIMU 3JIEMEHTAMU.

3aKioueHne

DoHOBBIT XUMUUYECKUIT COCTAB pacTBOPUMOM
(hazbl CHEXXKHOTO MTOKPOBa B palioHe AKyTcKa TUITU-
YeH JJIS1 CpeAHeTaéXHbIX JaHaIuadToB AKyTUu: Xio-
PUIHO-TUAPOKAPOOHATHBIN, CMEILIAaHHBIIA O COCTa-
BY KAaTUOHOB C TpeodagaHeM KaJlbLKsl, ¢ KUCIOU
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peakumeit (pH = 5,13) u oueHb HU3KOI MUHEpa-
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BO3IEHCTBUS ITOPOJCKOrO XO34MCTBA XUMNWYECKUM
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MOHMSI; peaKIINsI CHETOBBIX BOM TOpoAa MePEeXOaUT
B HEUTpaJbHbBII MHTEpPBaJl. DKOJOIrMIecKoe Hebra-
TOTIOIy4Yre B IIEHTPAJIbHOI YacTH ropoaa o0ycIoB-
JIECHO TeXHOTEHHBIMHU, KJIMMAaTUICCKIMU 1 TEOMOP-
domornmuecknumu akTopamu. BenmunHa razoBoit
M a3pO30JIbHOI HArpy3KH B pailoHe ropofa I1o JaH-
HBIM JUJINTEILHOTO MOHUTOPHMHTA CHEXKHOTO TTIOKPOBa
MMEET YCTOMYMBEIN TPEH]I TTOBBIIIEHNS B OCHOBHOM
3a CUET MOCTYIUICHUST TUAPOKAPOOHATOB IIPU PETHO-
HaJIbHOM TI€PeHOCE YIJIEKMCIIOTO Ta3a.

B 3umMmHelt atmocdepe ropoga GopMUPYIOTCS
TEXHOT€HHBIC TEOXMMHNIECKIEe aHOMATUM TSIKETBIX
METaJIJIOB, PEAKNX M PaaIlOaKTUBHBIX 2JIEMEHTOB.
HanbGonee KoHTpacTHas TeXHOTeHHAasT TpaHCHOP-
Malus B mpeaesiax ropoma Haomomaercs mist Cu,
Fe, Cd, Sn, Zn n Al. TokcuuyHBIE MUKPO3JIEMEH-
Tl POPMUPYIOT OOIIMPHEIE OPEOJIBI B LIEHTPAIb-
Holt vacti ropona (Cu, Fe, Zn, U) unm nokaabHEIE
toueuHble aHoMannu (Cd, As, Th) Ha ero Teppu-
TOPUM. YPOBEHbD 3arpsi3HEHUS 3UMHEN aTMOC(hephl
MPaKTUIECKN Ha BCEU TEPPUTOPUU TOPOIA IO CYM-
MapHOMY MOKa3aTeNio 3arpsI3HEHUST CHEXXHOTO I10-
KpOBa OLIEHUBAETCS KaK HU3KWI 1 YMEpEHHO OITac-
HBII B 30HAX MHTEHCUBHOT'O IBMKEHUS TPAHCIIOPTa
U BOJM3U 00BEKTOB 3HepreTuku. I1o cpaBHEHUIO ¢
PSAIOM CUOMPCKUX TOPOIOB CHEXKHBIN MOKPOB (3UM-
Hs1st aTMOoc(depa) Ha TeppuTopuu JIKyTcKa MeHee 3a-
IPSI3HEH TSKEIBIMU METallIaMU.
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Summary

The interannual changes in ice coverage in the Greenland Sea for the winter (December-April), spring (May-
June), summer (July-September), and autumn (October-November) seasons for the period 1950-2018 are
considered. The presence of negative linear trends and the polycyclic oscillations of the ice coverage variabil-
ity for all seasons has been confirmed. Using spectral analysis, the dominant fluctuations from 5 to 22 years
were identified. The cross-correlation method allowed us to determine the significant relationship of the
Greenland Sea ice coverage with hydrometeorological and astrogeophysical factors. The statistically signifi-
cant relationship of the ice coverage for a concrete year with similar characteristics for a previous period per-
sisting up to three years had been noted. The highest cross-correlation coeflicients were noted in the winter
and spring seasons. The ice coverage of the autumn season demonstrates the persistence of the inertia of ice
conditions for up to two years. The analysis of correlations with astrogeophysical parameters revealed the
closest relationship between the ice coverage and the longitude coordinate of the Earth's pole position, the
nutation parameters of the Earth's axis, and the distance between the Earth and the Sun. When construct-
ing the multi-regression equations, we investigated the informativeness of various hydrometeorological and
astrogeophysical factors in the models of the ice coverage variability for each season. The following esti-
mates of quality of the models were obtained: correlation coeflicients (up to 0.89), determination coefficients
(to up 0.80), and a model reliability which depends on the admissible forecast error and includes the mean
square deviation of the investigated value) — up to 99%). The informativeness of various factors was estimated
and the contribution to the total variance was revealed: hydrometeorological factors - up to 70%; astrogeo-
physical factors — up to 50%. The obtained statistical equations can be used for the diagnosis and for develop-
ment of methods for the very-long-term forecast of the Greenland Sea ice coverage.

Citation: Viazigina N.A., Timokhov L.A., Egorova E.S., Yulin A.V. Informativeness (information-bearing) of hydrometeorological and astrogeophysical
factors in the problem of describing interannual fluctuations of the Greenland Sea ice coverage. Led i Sneg. Ice and Snow. 2021. 61 (3): 431-444.
[In Russian]. doi: 10.31857/52076673421030099.

[Tlocmynuaa 1 cenmsbps 2020 e. / [locae dopabomxu 30 mapma 2021 e. / Ilpunama k newamu 25 urons 2021 e.

Knrouesbie cnosa: [peHnandckoe mope, 2udpomemeoponozuyeckue u acmpozeogpusuydeckue 8030elicmeus, 1ed06UmMocms, Mex20008as
U3MeHYUBOCMb, MHOMeCMEeHHAs pezpeccus, MOpcKoli néd, cmamucmuyeckue ypagHeHus O dUazHOCMUKU.

MopTBep)KaeHbl OTpuUaTeNbHble JNIMHENHble TPeHAbl U MOAUUMKIMYHOCTL NefoBuTocTn lpeHnaHa-
CKOro mops. YcTaHOBNEeHa TecHaa CBA3b M3MEHEeHUA NeOBUTOCTU C TeMNepaTypon BO3fyxa U WHAEK-
caMmn aTMochepHON UMPKYNALMK, a TakXKe C JONTOTHOW KOOPAMHATOWM MONOXEHUA Mosca 3emnu,
napameTpamm HyTauum ocu 3emnm u pacctoaHnem mexagy 3emnent u ConHuem. MNMonyyeHsl Gpr3mKo-cTa-
TUCTUYECKME YPABHEHNA N3MEHEHUS IeQOBUTOCTU [if1Al BCEX CE30HOB C YYETOM BNUSAHUSA Pa3fIMUHbIX Gak-
TOPOB 1 OLeHeHa ux MHGOPMaTMBHOCTb MO BKNady Kakporo daktopa B obuyto aucnepcuto. Ha gonto
rMaPOMETEOPOSIONMUECKUX MHAEKCOB NpuxoamTca fo 70%, actporeodursnyeckmx — o 50%.
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Mopckue, peuHble u 03épHble 1b0bl

BBenenne

Cesepo-EBporneiickuii 6acceiiH — cBoero poaa
«KYXHsI ioroabl» Bceil EBpomnbl M MeeT Kak Hayy-
HO€, TaK 1 IPaKTUYECKOe 3HAYECHUE MIST pa3IMUYHbIX
ucciaeaoBaHuii. B aToM pernoHe B3anMoaeicTBYIOT
OCHOBHBIE LIEHTPHI NeHCTBUSI aTMOC(Eephl, 3apOXK-
NaI0TCs U MPOXOAST IYTU CeBepoaTIaHTUIECKUX
LIUKJIOHOB 1 (DYHKIIMOHUPYET CJAOXHAas CUCTeMa
OKEaHUYECKUX TeUCeHU, a ISl JISASTHOTO ITOKpOBa
XapaKTepHBbl 3HAUMTEJIbHbBIE CE30HHBIC U MEXKTOI0-
BbI€ U3MEHEHUSI.

I'pennannckoe Mmope — yacth CeBepo-EBpo-
neiickoro 6acceitna. OHoO TpencTaBiIsgeT co0Oit
00J1acTh BBIHOCA JIBAOB U ONPECHEHHBIX BOO M3
ApkTuueckoro 6acceifHa. B To ke Bpems 3aman-
Ho-IllnmunbepreHckoe TeueHME, MPOXOIsIIIee Y
3anmaaHbIX OeperoB apxumnenara HInuudepreH,
HeCcET B ApKTUUECKUI 6acceiiH TEMble U COJEHbIe
Boabl CeBepHoil AtnanTuku [1]. IlepBble npen-
CTaBlieHUs 00 U3MEHYMBOCTHU miomanu jgpaa Ce-
Bepo-EBporneiickoro 6acceiiHa ObLIM MOJYyYeHBI
emé B.JO. Buse [2]. B nmepuon ¢ 1950 mo 1987 .
B.A. bepeskun, A.M. Kapakau, I'.K. 3yb6akuH,
A.A. Jlebenen, H.C. Ypanos u np. [3—7] BHecau
3HAUYUTEJbHBINA BKJald B U3YYEeHHUE MEXaHU3MOB
(opMupoBaHNUSI U3MEHUYUBOCTU JIEIOBUTOCTH, a
TakXe B METOJIbI €€ TOJITOCPOYHOIO IMPOTrHO3MpPOBa-
Hus. B 2004 r. E.Y. MupoHoBs [8] 0600111171 nMero-
LIMeCs JaHHbIE TTI0 OCHOBHBIM 3JIEMEHTaM JIEI0BOTO
pexuma I'peHIaHICKOro Mopsi, a TaKxKe Ipenio-
>KMJI HOBBIE METOJbI IIPOTHO3a U3MEHEHUS JIeI0-
BOTO pexXrmMa 3a0JIarOBpeMEHHOCTHIO OT OHOIO 110
mectr MecsaueB. OH BBIICINI Cleayoline (akTo-
pBI, BIMSIONIME Ha JIEAOBUTOCTh I peHIaHACKOTO
MODSI: TeMIIEPaTypy BO3ayxa, aTMOC(HEPHYIO LIUp-
KYJISLIHMIO, TeMIIepaTypy BOABI U TEUEHUS, T.€. Te
OCHOBHBIC ITapaMeTPhl, B U3MEHUNBOCTU KOTOPHIX
BBIIEJISTIOTCS KBa3UIIUKINIecKue (hIyKTyaluy pas-
Horo maciutaba. B padore [9] Bbicka3zaHO 000CHO-
BaHHOE TIPEAIOJOXEHUE, YTO BBICOKOYACTOTHAS
4acTb B UBMEHEHUSIX JeJOBUTOCTU (hopMUpyeTcs
NPEeUMYILIECTBEHHO B pe3yjbTaTe BO3AEUCTBUS U
B3aMMOIEHCTBUS JIEASTHOTO MOKPOBA C TUIPOMETEO-
POJOTUYECKMMMU TTPOLIECCaAMU.

Emeé B xonue XVIII B. A.. BoelikoB yTBepXK-
JaJl, YTO Ha KJIMMAaT U ero U3BMEHYMBOCTh B OCHOB-
HOM BJIMSIET NEepeMelleHre BO3AYIIHBIX MacC B
pe3ynbtate BausgHus Connua [10]. UMeHHO BBISIB-
JICHUIO J0Ka3aTeJbCTB HEMOCPEICTBEHHOTO BJIMS -

HUSI COJTHEYHOM aKTUBHOCTY Ha aTMOC(MEPHYIO LIMpP-
KyJS11I0 0co00e BHUMaHUE YIEISIJIOCh YYEHBIMU B
1960-x romax. Tak, M.B. Makcumosn, M.C. DiireH-
coH, b.M. PybameB n ap. [11—13] moka3anu, 9to Ha
IOJTONEePUOIHBIE (PIYKTYalluy JIEAOBUTOCTHU, IIPe-
K€ BCEro B HU3KOYaCTOTHOM YacTU KOJIeOaHU,
MOTYT BIUSTh U acTporeodusnueckre pakKTopPHI,
Cpeay KOTOPBIX: ACKJIMHALMOHHBIA U IIOJIOCHBIN
npunus [14], ckopocTth BpaleHust 3emun [15, 16]
¥ COJIHeYHas aKTUBHOCTH [17—19]. M.U. Tlynos-
kuH [20] mokasai, 94To n3MeHeHMe TTOTOKA ITOCTyIIa-
IOIIEN COJTHEYHOW HEPTUU BbIZBIBAET U3MEHEHUE
TeMIIepaTyphl BO3IyXa W BBICOTHI N300apUIECKUX
MOBEPXHOCTEI B Tpornocdepe, 00yCI0OBIMBAs 3TUM
3aMEeTHBIC U3MEHEHUsI CKOPOCTH KPYITHOMACIITa0-
HOM LUPKYIIUMUA aTMochepbl. AHAJIM3 COJTHEUHO
00YCJIOBJICHHBIX U3MEHEHU MPU3EMHOTIO 1 BHICOT-
Horo maBieHusd no3soaus A.I. Eroposy [21, 22]
YCTAaHOBUTH UX CBSA3b C MHOTOJIETHUMM OCOOCHHO-
CTSIMU pacIrpeneeHus JTbI0B B apKTUIECKIX MOPSIX
B JICTHUM IIEPUO/I.

CormacHo B.M. ®enoposy [19], B pe3ynbTare
MaJioli U3MEHUYMBOCTA CyMMapHOI'O COJTHEYHOTO
WU3JIy4eHMS TJIaBHBI MEeXaHU3M U3MEHEHMST MHCO-
JISIIUK 3eMJIM CBsI3aH ¢ HEOECHO-MeXaHNYeCKUMU
MpolieccaMy, KOTOPbIe BBI3BIBAIOT U3MEHEHNE pac-
ctogHUS Mexay 3eMieéit 1 CorHIeM, a TaKKe 3eM-
HOI OpOUTHI M HAaKJOHA OCU BpallleHUs 3EMJIU.
B pa6ote [23] mokazaHo, 4TO Hanboee 3HAUNMBI
(axTop, ompenenOIInil Bapualud MaKCUMalb-
HBIX 1 MUHUMAJIbHBIX 3HAUCHM TIJIOIIAIN MOPCKUX
JIbIOB B MHOTOJIETHEM PEXUME, — U3MEHUYMBOCTh
MPUXOISIIeil Ha BEPXHIOI T'PaHUILY aTMOCGhEPHI
COJIHEUYHOM pagualyu.

Ha kpynmHoMacumTaOHYI0 CTPYKTYpPY YPOBHS
OoKeaHa U UUpKyJasuuio Bofd, no M.B. Makcumo-
By [11], BIUSIIOT rpaBUTALIMOHHbIE CUIbl JIYHBI 1
ConHiia 1 KoJiebaHus CKOPOCTHU BpallleHUs 3eMIIH.
DTa moATpyIIIa IIepeMeHHBIX AeHCTBYET yepes Iap-
MaJbHOE M3MEHEHME I'PaBUTAIIMOHHOTO TIOJIS,
(opmupylolee 10JIroBpeMEHHYIO BHIHYKISHHYIO
BOJIHY IIPUJIMBHOTO TUIA X1 BOSHMKHOBEHHUE Tap-
LIAIbHOTO Te0CTPOoGUIECKOro TeueHus. BoaHoii
«MOJIOCHOTO MpuanBa» Ax. JapBuH Ha3BaJ BbI-
HYXJIEHHYIO BOJIHY, BO3HUKAIIYyI0 B MupoBoM
OKEaHe 1 CBSI3aHHYIO C KOJIeOaHUSIMU MTHOBEHHOM
ocu BpameHusd 3emuu [14]. LlenTpoOexxHas cuia
3eMIu U3MEHSETCd B pe3yJibTaTe CBOOOIHBIX 14-Me-
CIYHBIX Kosiebanmii (YaHamepoBckoe KonebaHne) n
12-MecSYHBIX BEIHYKICHHBIX KOJeOaHWIT OCH Bpa-
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IIeHUS 3eMJIN WM IBUKEHUI MTHOBEHHOT'O ITOJII0-
ca 3emiuu [24]. HanoxeHne 3Tnx ABYyX KoJaeOaHMA
co3MaET 6—7-LMKINYECKOe OUeHUeE.

B paborax [25, 26] ucciaegoBaHa pojb IMAPO-
METEOPOJIOTUYECKNX (DAKTOPOB U COTHEUHOI aK-
TUBHOCTU B MEXTOIOBBIX U3MEHEHUSIX JICIOBUTO-
CTH OTIEJIbHBIX apKTUUeCKuX Mopeit. 1o Hamemy
MHEHMWIO, CICAYIONINI IIar B pa3BUTUU OIMCAHUSI
OOJITOTIEPUOMHBIX KOJICOAHUSIX JIETOBUTOCTU —
BKJIIOUEHHE B aHAJIU3 OTAEJIbHO HE TOJIBKO TMAPO-
METEOPOJIOTNISCKNX MHIEKCOB, HO M acTporeodu-
3n4eckKux (akToOpoB, a TaKxKe 00beIMHEHNE UX B
eIMHOM CTaTUCTUYECKON Momenu. KMcciaemoBaHue
MEXaHM3MOB IOJITONIEPUOTHON N3MEHUMBOCTH TLIO-
many apaa I'peHraHacKoro Mopsl Kak OQHOIO U3
WHINKATOPOB M3MEHEHUN KIMMaTa CTAaHOBUTCS C
KaXXIBIM romoM akTyajpHee. OCOOEHHO 3TO OTHO-
CHUTCSI K pa3pabOTKe METOAMK CBEPXIOJITOCPOUYHBIX
IIPOTHO30B C 3a0J1arOBpeMEeHHOCTBIO 00Jjiee IIeCTH
MecsiieB. OgHaKo Bopoc o hakTopax, hopMUpPYIO-
IIMX MEXTOIOBBIC 1 KIIMMAaTUIECKIE KOJIeOaHMsI Jie-
JOBUTOCTH, IO CUX IIOP OCTAETCS TUCKYCCHOHHBIM.

K 3amauam Hacroseir pabOThl OTHOCSTCSI:

1) olleHKA CTATUCTUYECKMX CBSI3ei MEXIY MEX-
TO0BOI M3MEHUYMBOCTHIO ILIOIIAAM JIBIOB C TUIPO-
JIOTUYECKUMU, METEOPOIOTMISCKUMH 1 aCTPOIe0-
pusnueckuMu pakKTOpaMu;

2) pa3paboTKa CTaTUCTUIECKUX MOJIEIEH T0JITro-
MePUOTHBIX KOJIeOaHUI JIEHIOBUTOCTH 3MUMHETO, Be-
CEHHETO, JIETHEeTO M OCEHHETO CE30HOB C IIOMOIIIbIO
MYJIBTHPETPECCHOHHOIO aHajlMn3a MyTeéM mepedopa
TUAPOMETEOPOIOTHIECKIX U aCTPOreodu3NIeCKIX
MIPEeIUKTOPOB;

3) nccienoBaHne MHGOPMATUBHOCTH pa3Ind-
HBIX TUIPOMETEOPOJIOTUIECKIX U aCTPOreopu3n-
YeCKMX (DaKTOPOB MPU OMUCAHUU TOJTOIEPUOTHBIX
M3MEHEHUI JICHOBUTOCTH I peHIIaHICKOTO MODSI.

Mcxonnbie cBeieHUs] M METOIbl AHAJIM3A

JaHHBIE IO cpedHeMeCAYHbIM 3HaAUeHUAM 1e00-
eumocmu I'peHranackoro Mops [27] monydeHBl Ha
OCHOBE aBMAIlMOHHBIX JIEAOBHIX pa3Benok (¢ 1950
oo 1986 r.) ¥ CIyTHUKOBBLIX JaHHBIX MYTEM JIe-
M pUPOBaHUS CITyTHUKOBBIX CHUMKOB B LleHTpe
«CeBep» THII AAHHMU (c 1986 r. mo Hacrosiee
Bpems) [8, 28]. Ilog TepMUHOM «JIETOBUTOCTb» IO-
HUMAaeTCsl O0JIs IJIOMIAanH, 3aHsITasl JIbIOM 0001
CIUIOYEHHOCTH, IT0 OTHOILIEHUIO K OOIIEe TUIoIanmu

MOPS$ UJIY JIIOOOTO IPYyroro 0OJbIIOro reorpaduye-
CKOro pailoHa. DTOT paliloH MOXET ObITh I100aIb-
HbIM, BKJTIOYAIOIIMM B ce0s TUIOIaab MOpPE 1IeJI0TO
MOJIyIIapysl, WY JIOKAJIbHBIM, IPEACTaBIIsAsI CO00i
TOJILKO 4YacTb okeaHa miu Mops [29]. Kpome Toro,
IUTST XapaKTepUCTUKU JIEJOBUTOCTU MUCIOJb3YIOT
TaK:Ke BEJIMUMHY TUTIOLIAIA MOPSI, 3aHSITYIO JIbIaMH.

B xauecTBe XapaKTepuCTUK ammoc@hepHbixX npo-
yeccoe Mbl BBIOpaI CpeTHETOI0BhIEC 1 CpelHece-
30HHbIE UHAEKChI KpyMTHOMACIITaOHOI aTMocdep-
Hoii nupkyassuun: AO (ApkTHuyeckoe KoJiebaHue,
Arctic Oscillation), AD (ApkTuueckuii TUNOJb,
Arctic Dipole), Pacific North American oscillation
(TuxookeaHcko-CeBepoaMepuKaHCKUI UHAEKC,
PNA), North Atlantic Oscillation (CeBepo-AtnaH-
Tuyeckoe kKojedbanue, NAQO) u TemmnepaTypy Bo3-
nyxa T,. DTy nmepeMeHHble UCIIOIb30BATUCH IS
OIMMCAaHUS JOJTOIIEPUOIHBIX KOJIeOaHUN JIeHOBU-
TOCTU B apKTU4YeCKUX Mopsx [8, 25, 26] u moka-
3aJIM CBOIO IIPOAYKTUBHOCTh. BpeMeHHEbIe cepuu
nHaekcos AO, AD, PNA no6e3H0 npeaocTaBul
M.A. Janout [30]. OHu npeacTaBasIIOT COOO0M Tep-
BbIe TPM MOZBI Pa3jIOXEHUS IMPU3EMHOTO aTMO-
cepHoro gasiaeHus ot 60° ¢.11. 10 MOII0ca IO dM-
MUPUIECKUM OPTOTOHAIBHBIM QYHKIMSIM (DOD).
Muaexc AO BOCOPOU3BOAUT CUTYallMM TOBBILIE-
HUSI/TIOHMXEHUS aTMOC(EepHOTO IaBJIeHUS Hal
ApPKTUKOI1, oTOOpakast MUHTEHCU(PUKALIAIO IIIUPOT-
Horo ooMeHa. Muaekc AD oTobGpaxaeT MUHTEHCHU-
(puKannio MepUINOHAIBHOTO OOMEHA; TPEThsI MOAa
EOF3 npeacrasasier codoii UMOIb C OChIO, Mep-
neHaukyaspHoit ocu AD. JlanHble nHaekca NAO,
MpeacTaBASONIero co00il pa3HUIY BBICOTHI I10-
BepxHocTu 500 rlTa Mmexny nyHktamu B Mcnanauu
(64° c.m., 24° 3.1.) v BOIM3U A30PCKUX OCTPOBOB
(39° c.m1., 24° 3.1.), B3ITHI Ha caiiTe https://www.
cpc.ncep.noaa.gov/products/precip/CWlink/. Ile-
peunclieHHbIe MHIEKCHl OTpaXKaloT XapaKTep BO3-
IYIITHBIX TIEPEHOCOB, KOTOPbIe MHAYLIMPYIOT BETPO-
BOI1 Ipelid IbI0B, a TAKXKe N3MEHSIOT TOITOrpaduio
MOBEPXHOCTU MOpS, OCOOEHHO BOJM3U Oeperon
(CTOHHO-HArOHHEIE SIBJICHUS), U Yepe3 TpagueHT
YPOBHSI BJIUSIIOT Ha Apeiid JIeasTHOTO ITOKPOBa.

B 6a3y eudpomemeoponoeuueckux ¢pakmopoe
TaK:Ke BOILIM ATIAHTHUYECKOE MYJIBTHICKAaTHOE KO-
nebaHue (Atlantic Multidecadel Oscillation, AMO;
http://www.esrl.noaa.gov/psd/data/timeseries/AMO/)
1 TeMIiepaTtypa Bosayxa 7,. 9T npeauKTOpbl OTHO-
CSITCSL K TEPMOIMHAMUUYECKUM XapaKTepuCTUKaM,
OIpEeAEISIIOIIMM UHTEHCUBHOCTD (ha30BbIX ITePEXo-
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IIOB: TastHUE JIbIA BECHOM 1 JIETOM U €r0 HapacTaHUe
OCEHBIO Y 3UMOM.

Acmpoeeoghusuueckue ¢axmops: COCTABUIN IBE
MO PYIIITHL.

1. JlonronepromgHble TPAaBUTALIMOHHBIE CHJIBI

Jlyasl n CoJtHIIa ¥ KOJIe0aHMSI CKOPOCTH BpallleHUS
3eMJIM YIUTHIBAIMCHh BapUaUsIMU CPEIHETOIOBBIX
koopauHat X, Y mmomoca 3emiu (ftp://hpiers.obspm.
fr/iers/series/opa/eopc04) u cpegHETOOOBHIX I1apa-
METpOB HyTanuu ocu 3eMiu — dEps u dPsi (https://
datacenter.iers.org/eop/-/somos/5Rgv/latest/38).
B kxauecTBe MHOEKCAa CKOPOCTH BpalleHUST 3eMJIN
HUCIIOJb30BaHa CpeIHeromoBasl BeJInunHa (Ppiayk-
Tyalluu TPpOmoIKuTeIbHOCTY nHA lod (length of
day; https://astro.ukho.gov.uk/nao/lvm/#tabs-d3).
Takum o6pazom, pJIyKTyalliu CKOPOCTU BpallleHUsI
3eMJIM U3MEHSIIOT POTAlIMOHHYIO YacTh T'paBUTALI-
OHHOTO ITI0JIsI, CO3IaBasi, II0 0OpPa3HOMY OIIpeaeie-
auio b.A. Cnennosa-llleBneBuua [18], «poratm-
OHHBII IIPWJIMB», a BapUallMy TOJOXEHUS ITOII0ca
3emu GOPMUPYIOT TaK HA3BIBAEMbII «ITOTIOCHBII
npunmB» [14].

2. Bo BTOpYyIO0 mOATPYNNy BKIIOYECHBI BEIU-
YMHA COJIHEYHOI aKTUBHOCTU V (CpeaHEeromoBoe
yucino Bonabda) (https://solarscience.msfc.nasa.
gov/greenwch/SN_m_tot V2.0.txt), a Takxxe cpen-
Hee 3a IIeCTb MecsIeB paccTossHue oT CojiHIIa 10
3emun B jeTHee (anpeab—CceHTI0pb) Cg M 3UMHee
(oxtsa6pb—Mapt) Cj, nonyroaus (https://soft-ok.
net/226-astroprocessor-zet-9-lite.html). I1penmno-
JlaraeTcsi, 4YTo 3T (paKTOPbl 0KAa3bIBAIOT KaK MpsSIMOe
TepMUUYECKOE BO3/IeiicTBIE (M3MEHEHME COJTHEUHOM
panuanuu B pesyabTare KojebaHuii yrucen Bonbgda
U 3a CUET UBMEHEHUSI PaCCTOSTHUS MeXIy 3eMieid U
ConHuewm [20]), Tak onocpeaoBaHHOE, Yepe3 aTMO-
cepHyIo HUPKYJISIUIO.

HcxonHble cpemHeMecsiuHbIe 3HAYEHHYS JIeTOBU -
TOCTU OCPETHSIIUCH 10 CE30HaM rojia B COOTBETCTBUU
CO CIEOyIOIMMU IpagalusaMu [8]: 3uMe COOTBET-
CTBYIOT MECSIIbI C IeKaOpsI T10 arpelib, BECHE — ¢ Mast
110 MIOHbD, JIETY — C WIOJIS TI0 CEHTSIOPh U OCEHU — C
OKTSIOPSI 1TO HOSIOPb. 3HAYEHUST UCCIIeAYEMbIX MHICK-
COB OCPEIHSUTUCH TaKXKe MO ce30HaM, MOJYrOausIM
U 3a ron. O6paboTKa BpeMEeHHBIX PSIJI0B BKIIOYa-
Jla B ce0s1 CITEKTpaJIbHBIN, KPOCC-KOPPEISIIIMOHHBII
U MYJIbTUPETPECCUOHHBIM aHaIn3, BHIMOJHEHHBIN
C TIOMOIIBIO TTaKeTa aHain3a rporpammbl «CtaTh-
ctuka» [31]. OnrcaHue UCITONIb3yEMbIX CTaTUCTUYE-
CKUX METOJIOB IIPUBENIEHO B MPUJIOXEHUU MPOrpaMM
«CraTtucTuKa», a TaKXe B padote [32].

Cas13b Jie1I0BUTOCTH ['peHSIaHICKOTO MOPS
C rMJIpOoJIOrTH4YeCKUMHU, METEOPOJIOrHYeCKUMH
U acTporeousnyeckumu pakropamu

MexXTromoBble U3MEHEHUS JIeTOBUTOCTH ['peH-
JIJAHJACKOTO MOpSI B 3UMHUWI, BECEHHU, JIECTHUIA U
OCEHHUI ce30HbI MpuBeaeHbI Ha puc. 1. Bo Bcex ce-
30Hax 3a nepuod 1950—2018 rr. BbIAEASIOTCS -
HEWHBIE TPEHIbI, IEMOHCTPUPYIOIIE YMEHBIICHUE
rioiaay JpnoB B I'peHnanackom mope. Ha one -
HEWHBIX TPEHIOB HAOIIOAAIOTCST KOJIeOaHusI, pa3mMax
KOTOPBIX /ISl 3MMHEr0 U BECEHHEIo Ce30HOB (CTaH-
JNapTHOE OTKJIOHEHME JJIsI 9TUX MEPUOIOB COCTaB-
ager 15-10% u 12-10* kM? cOOTBETCTBEHHO) GOJIbLIE,
YyeM JUIS JIETHETO M OCEHHETO Ce30HOB (CTaHAApTHOE
OTKJIOHEHHME JUTsl HUX paBHO 9-10% 1 8-10* xm? coor-
BETCTBEHHO). J1J151 omnpeaeaeHust CTPyKTypPhl TOMU-
HUpPYIOMUX (IYKTYaluii B MEXKTOIOBBIX KOJIeOaHM-
SIX TUTOIIAIX JIBAOB BBITIOJIHEH CIIEKTPaIbHBIN aHAIN3
BPEMEHHBIX PSIIOB JIEIOBUTOCTHU MIJISI KAaXKIOIO CE30-
Ha, pe3yJIbTaThl KOTOPOTIo MpUBeIeHbI Ha puc. 2. [1pu
KUCCIIeIOBAHUM IJISI JAHHOM IJIMHBI psIaoB (69 yer)
CTATUCTUYECKU TOCTOBEPHBI (PACUYETHI IO IIPOrpaM-
Me «CraTuctuka») epuonsl He oonee 22-x yet. Kak
BUIHO 13 TparKOB (YHKIIUM CIIEKTPAIIBHOI IIOT-
HOCTHU, OCHOBHEIE MEXKTOJ0BbIC KOJIEOAHMST Ce30H-
HOM JIEIOBUTOCTH COCPENOTOYEHBI B HU3KOUYACTOTHOM
YyacTH CIeKTpa ¢ MepruojaMu ot 5 10 22-X JieT.

DyHKIMK CIEKTPAIbHOM TNIOTHOCTH 3UMHETO 1
BECEHHET0 CE30HOB OYE€Hb CXOXKU: B 3TUX CIIEKTpax
BBIIC/ISIFOTCST LIMKJIMYECKKE KOJIeOaHUsI C IIEPUOIOM
22 u 16—17 ner. B cnekTpe BeceHHUX KoJieOaHUit
JIEMOBUTOCTU 3HAUYUTEIbHAsI J0Js1 CIIeKTpaJbHOM
TJIOTHOCTU MPUXOAUTCS Ha IUKJIMYHOCTD C TIEPUO-
oM 9 JIeT 1 MeHblask — ISl BapUallMy ¢ TIEpUOIOM
5 neT. B BBICOKOYACTOTHOM YaCTU CIIEKTpa 3UMHUX
KoJie0aHU IeAOBUTOCTU OTMEUYAIOTCsl HeOOJIbIIe
MUK C TIEPUOAAMU OT ABYX 10 YeThIpEX jeT. CIIeKTp
MEXTOIOBBIX KOJIEOAHUN JIE€AOBUTOCTU B JIETHUMN U
OCEHHMI Ce30HBI J10BOJAbHO OJIM3KU APYT K IPYTY,
HO OTJIMYAIOTCS OT LUKJINYHOCTUA 3MMHE-BECEHHE-
To Iepuroa 3a UCKII0YSHUEM IIPUCYTCTBUS Koieba-
HUsI ¢ TiepronoM 23 rona. B meTHe-oceHHUI ITepuo,
00HApYKMBACTCS JOBOJIHHO 3HAYNTEIbHAS IIKIIAY -
HOCTb — 13 JIeT, a TakKe HeOOoNIbIINE HUKIUYHOCTH
¢ neproaoM 6—7 jaeT. AMIUIUTYIbI KOJIeOAHUIA B BBI-
COKOYACTOTHOM 4acTu crhekTpa B 2—3 pa3a MeHbllie
aMILIUTYH KojiebaHuii ¢ mepuoaom 13 u 22 rona.

BrInotHeHHBIN aHATU3 BpeMEHHBIX PSIIOB IOI-
TBEPKIAET TE3UC O MOJMLUMKINIYHOCTH U3MEHEHUI
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Puc. 1. MexronoBble U3BMEHEHMS JICTOBUTOCTU [PEeHIAHICKOTO MOPS B CE30HbI:

1 — 3uMHMIA; 2 — BeceHHMIt; 3 — ieTHUI; 4 — oceHHME 3a ieprof 1950—2018 rr. 1 ux TMHEIHbIE TPEHIbI
Fig. 1. The interannual variability of the Greenland sea ice cover during the:

1 — winter; 2 — spring; 3 — summer; 4 — autumn seasons from 1950 to 2018 and linear trends
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Puc. 2. CniekTpajbHbIe TIJIOTHOCTU MEXTOIOBBIX KOJIeOaHU T IeIOBUTOCTU [ pEHIaHACKOTO MOPS B CE30HbI:

1 — 3UMHMIT; 2 — BeCeHHMIA; 3 — JIETHMIT; 4 — OCEHHUIA; Ha MUKaMU (DYHKIMIA CIIEKTPaJIbHOM TUIOTHOCTU YKa3aHbI ITEPUO/IbI B rogax
Fig. 2. The spectral densities of the Greenland Sea ice cover interannual fluctuations during the seasons:

1 — winter; 2 — spring; 3 — summer; 4 — autumn; the periods (in years) of the spectral density function peaks are highlighted in the figure
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Tabnuya 1. ITapHble 3HaYMMBbIe K03 GUIMEHTDI KPOCC-KOPPE/LALMI Ce30HHBIX aHOMAINI TeR0BUTOCTH [peHnaHacKoro Mops
¢ ruapoMeTeoponornieckumu pakropamu: 3uMa (gekabpb-arnpens), 1eTo (MOIb-CeHTAOPD), 0CceHb (OKTAOPH-HOAOPS),

BecHa (Maii-MI0Hb)*

IIpedvicmopus aedogumocmu

Ce3oH 3, I, B, (O 3, I, B, 0, 35 ) B; 0
3uma 0,59 0,57 0,63 0,58 0,44 0,55 0,49 0,37 0,30 0,29 0,35 —
Jleto 0,41 0,54 0,34 0,39 0,39 0,37 0,39 0,26 0,36 0,33 0,39 —
BecHa 0,36 0,53 0,49 0,49 0,35 0,38 0,35 0,27 0,24 — 0,36 -
OceHb 0,54 0,50 0,56 0,45 0,34 0,26 0,34 0,24 0,33 — 0,38 —

Tudpomemeoponoeuueckue ghakmopul

Ceson AOgp., Taw Tysi NAOy,, NAOg Toans-1 Tanw-1
3uma —0,34 —0,52 —0,47 — —0,49 —0,72
Jleto —0,43 —0,41 —0,54 —0,29 —0,68 —0,54
OceHb —0,31 —0,49 —0,35 — —0,34 —0,46
Becna -0,39 —0,41 —0,43 — —0,45 —0,56

Ilapamempoi céa3u ¢ Amaanmuueckum oKeaHom

Ceson AMO,, AMO; AMO 4 By Bysp. Bys.y Byaur
3uma —0,35 —0,43 —0,50 — —0,39 —0,29 —0,28
Jleto —0,44 —0,60 —0,46 —0,27 —0,52 —0,43 —0,32
OceHb - —0,29 — —0,27 —0,45 —0,32 —
Becna — —0,34 —0,32 —0,25 —0,33 —0,34 —0,24

*JlenoButocTb: 3 — 3umbl; JI — sieta; O — ocenu; B — BecHbl; 7, — Temneparypa atmocdepsl B ['peHnannckom mope; 7,y — TeM-
nepatypa atmocdepsl B Hopsexckom Mope; By — TeruioBoii 6ananc B HopsexckoM mope; B unaexkce —1, —2, —3 —4 — onepexe-
Hue napameTrpa Ha 1, 2, 3 1 4 rona cooTBeTcTBeHHO; uHAeKC: AO — Apktuueckoro Kojebanusi; NAO — CeBepo-ATIaHTUYECKOTO
Kojebanusi; AMO — ATIaHTUYECKOrO MYJIbTUAEKAIHOIO KosebaHusl; JaTUHCKUMU OYKBaMU 0003HAYalOTCsl CE30HBI: JIeTo — S

ocenb — AUT, 3uma — W; BecHa — SP.

JIeTOBUTOCTU, c(hOPMYJIMPOBAHHBIN paHee B pabo-
Te [9] IpUMEHUTEIBHO K JIEAOBUTOCTH apPKTUIECKUX
mopeit. TpeHabl U CIIEKTPbI KOJIeOaHMI COCTaBIISIIOT
OCHOBHYIO YaCTh M3MEHUYMBOCTHU IIOIIAAN JIbIOB
BCEeX YETHIPEX Ce30HOB I peHIIaHaCKOTO MOpsI, T10-
3TOMY IIPY YCTAHOBJICHUN MPUINH MEXKTOIOBOI 13-
MEHYMBOCTH JICHOBUTOCTH MOPSI COIPSZKEHHOCTD €€
CO CIIEKTpaMU BHEIITHUX (haKTOPOB MOXKET CITYKUTh
onpeaesIEHHbIM MoKa3aTesleM, 1o KOTOpoMy ¢ak-
TOP MOXHO MCIOJb30BaTh B KAUeCTBE MPEAUKTO-
pa st pU3MKO-CcTaTUCTUUEeCKUX Mojeneid. OgHako
OTMETHUM €llI¢ OAHY T'MIOTETUUECKYIO TPUINHY, CO-
IJIaCHO KOTOPOI (paKTOp HE MOXKET ObITh BLIOpAH 1O
MPU3HAKY CIIEKTpa: Koraa hakKTop JUMHEWHO BO3Iel-
CTBYET Ha JIEIOBUTOCTb, 3TO, ECTECTBEHHO, HE OTpa-
’KaeTcs B CMeKTpax MpeauKTopa U MpeauKTaHTa.
Br160opy npeAMKTOpPOB TOMOTaeT KOPPEISIIMOHHbBIN
aHaJMu3 CBSI3M CE30HHOM JIEMOBUTOCTHU C IJ100aIb-
HBIMM MHAEKCaMU pa3Hoi Mpupoabl. I1s1 olleHKHU
CTEIEeHU CBSI3U IIPOLIECCOB U3MEHUMBOCTHU JIEIOBU-
Toctu ['peHIaHICKOro MODS C eudpomemeoposoeuye-
CKUMU W acmpozeogusuyeckumy lapaMeTpaMu ObUIH
paccuuTaHbl K03ghguyuenmol Kpocc-Koppeasyuy nis

ypoBHS 3HaunMocTu o = 0,05. Pe3ynbraThl pacuéra
npejcTaBieHbl B Ta0JI. 1.

IIpexnae Bcero obpalaeT Ha ce0s1 BHUMaHUE
MHEPLIHUOHHOCTh M3MEHYMBOCTHU TUIOIIAIN JICASTHOTO
nokpoBa. B ta6i. 1 B 6iioke «/Ipedvicmopus nedogu-
mocmu» yKa3aHbl KOA(POUIIMEHTHI KOPPEJISILIUK JIeI0-
BUTOCTU KaXJIOTO C€30HA C JIEAOBUTOCTHIO B MPEJIbI-
IyIIKe Toabl (C OTpUIATEIBHBIM BPEMEHHBIM JIaTOM
—1, =2 u —3 rona). JIemoBUTOCTb 3UMHETO CE30Ha Xa-
paKTepr3yeTcss MAKCUMMAIbHBIMU BeJIMYMHAMM KO3(P-
(PULIMEHTOB CBSI3U C COCTOSTHUEM JICASTHOTO ITOKPOBa
B npenblayiiue roasl U coctasisgeT ot 0,30 mo 0,59,
T.€. UHEPLIMOHHOCTh 3UMHMX JIEIOBBIX MPOLIECCOB J0-
CTaTOYHO BEJIMKA U COXpaHsETCs 10 TpEX JieT. MHep-
LIMOHHOCTb XOPOIIIO MPOSIBISIETCS U B 3UMHUM, U B
BECEHHUI Ce30HBI, TOrma Kak JJIsi OCEHHEro ce30Ha
KO3((UIIMEHTHI C OTpUIIATEILHBIM JIATOM B TPU T'ola
0Ka3aJIuCh He3HaUUMMbl. BhIsiBIeHHAsT MHEPLIMOH-
HOCTb JIEIOBUTOCTU MOKA3bIBAET, YTO MPEIIIECTBYIO-
11Ie€ COCTOSIHUE JISASTHOTO TTIOKPOBa 1 €ro IUIoLIANb —
HauboJjiee BaxKHbIe MPEeAUKTOPbl MPU pa3padboTKe
ypaBHEHUI KaK IJIsT IMarHo3a, TaK M I IIPOTHO3a,
YTO paHee OBUIO TTOKa3aHo B pse padorT [8, 25].
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Tabnuya 2. ITapHble 3HaYMMBbIe K03 GUIEHTDI KPOCC-KOPPE/LALMI Ce30HHBIX aHOMAINI TeRoBUTOCTH [peHnaHacKoro Mops

¢ acTporeopusnuecKuMy napamMmeTpamm*

Cesort Actporeodusnyeckiie mapaMeTpb
X Y dPsi dPsi_; dEps lod Cy Cy V.,
3uma —0,41 —0,49 0,55 0,54 0,62 0,32 0,32 —0,33 —0,28
Jleto —0,48 —0,51 0,54 0,53 0,55 0,54 0,38 —-0,42 -
Ocenp -0,29 —0,56 0,49 0,46 0,57 0,25 0,33 —0,46 -
BecHa —0,30 —0,58 0,57 0,54 0,63 — 0,37 —0,32 -

*Xu Y — 1mpoTHasd 1 JOIroTHas KOOPIMHATHI MOI0XeHus nomoca 3emnn; dPsi, dEps — mapamerpbl Hytauuu ocu 3emin; Cg 1
Cy, — paccrosgHue ot 3emau 10 CosHLA B JIESTHUI M 3UMHUI TIEPUO/BI COOTBETCTBEHHO; /od — cKOpOCTh BpaleHus 3emin; V —

yucia Bonbda.

Craenyomuii aTan UcciaeloBaHUS — aHaIU3
CBSI3U JIEIOBUTOCTU MOPS C pa3IUYHBIMU TUAPO-
METEOPOJIOTUYECKUMU XapaKTepUCTUKAMU; aTMOC-
(bepHBIM HaBIeHHEM, TEMIIEPATypPOii, a TaKXKe pa3-
HBIMU OOBEKTUBHBIMU TUIPOMETEOPOIOTMIECKUMU
u acTporeodusnyeckumu nHaekcamu. [1pu oneHke
CBSI3M JIEIOBUTOCTH M APKTHUYECKON OCLIMJIISLIUNA
3HaYUMbIe KO3(MPUIMEHTHI KOPPEISLIN IIPUXOIST-
Csl Ha BECEHHUI Ce30H MpeAbIAyIIero roaa. 3aech
HaOromaeTcsT ooOpaTHasI CBSI3b C MAKCUMAJIBHOM Be-
mmanHoit 0,43 (10 MOmyJ0) C JICTHEH JIETOBUTO-
cThio (cM. Tabx. 1, 610K «/udpomemeoposoeuueckue
¢akmopbi»). DTO 03HAYAET, YTO MPU OCTA0IEHUMN
AHTULMKIOHA Had ApPKTUKOUN ATJaHTUYECKasl BO3-
JIylIHas Macca BTopraercsi B EBpory u ycuiuBaeT
MOTOK TEIIBIX U CONEHBIX BoJ CeBepHOI ATIaHTU-
ku B CeBepo-EBponeiickuit 6acceitH, 4To NMpuUBO-
JUT K YMEHBILIECHUIO JIEAOBUTOCTU ['peHIaHaCKO-
ro Mopsi. MHTepeceH ToT (akT, YTO BTOpas Mojla
pa3ioxXeHUus MPU3eMHOTO aTMOC(hepHOTo aaBiie-
Husa EOF,, wim ungexc AD, He uMeeT 3Ha4MMBbIX
MapHbIX KOAPOUILIMEHTOB KOPPEIILUUN (IaHHbIE HE
MPUBOASTCS), HO XOPOIO MPOSIBISETCS BO MHOXE-
CTBEHHOW JIMHEWHOUW pErpecCur B COBOKYITHOCTU
¢ Ipyrumu npeaukropamu. OdpaTHas CBSI3b JeA0-
BUTOCTU C MPUIMOBEPXHOCTHOI TemmepaTypoit aT-
Mocdepbl MOATBEPKAACTCS BHICOKMMU 3HAYMMbIMU
OTpULIATEIbHBIMU KO3 DUIIMEHTaMU KOPPEISLIUU
NIl TeMIlepaTyphl Bo3ayxa Kak B I'peHIaHACKOM,
TaKk 1 B HopBexkCKOM MOpsiX, KOTOPbIE COXPaHSIOT-
cs Oosee rona.

CBsI3b JIEIOBUTOCTU C XapaKTepUCTUKAMU BOI
CeBepHOIl ATJIaHTUKM, BBIpAaXXEHHBIMU WHIEK-
COM MYJIBTUAEKAIHON aTJIaHTUYECKOM OCIMIUISLIM -
et AMO 1 MOBEepXHOCTHBIM TETUIOBBIM OaJlaHCOM B
Hopsexckom Mope By, Takxke JOBOJIHO TECHAs (CM.
Tabm. 1, 610K «[lapamemput céa3u ¢ Amaanmuueckum
oxearom»). Hanbosee 3Ha4MMO 3Ta CBSI3b MPOSIBIISI-

€TCsI /IS JIETHETO M 3UMHETO CE30HOB roja ¢ Koad-
dunmenToM Koppensaunu oonee 0,60 1o MoayIIIO.

Cpenu acmpoeeousuueckux ¢pakxmopos Havi-
0oJjiee TecHasl CBSI3b JIEMOBUTOCTHU IIPOSBIISIETCS C
JOJITOTHOM KOOPAMHATOW ITOJIOXKEHUS II0JI0Ca
3eman Y, mapaMeTpaM¥ HyTalluu ocu 3emin dPsi,
dEps ¢ xoadpuueHTaMU KOPPEASIIUKU OOJIbIIE
0,50 (Tabm. 2). CtaTuctuueckas CBSI3b JISHOBUTOCTH
CO CKOPOCTBIO BpalleHus 3eMIn [od Iydiile BCETo
MIPOSIBIISIETCS [JIST JIETHETO ce30Ha ¢ KO3 GUIINEH-
ToM Koppensauuu 0,54, a ¢ UBMEHEHUSIMU PacCTosI-
Hug ot 3emun 10 ConHua Cgu Cp,K09(pdULMeHTh
Koppeassuuu onpeaensiiores Ha yposHe 0,32—0,46.
Cambiii Hu3Kui K03hOUIUEeHT KOPPEIIIny Hao0-
JIIOJAeTCs IS MHIOEeKCa COJTHEYHON aKTMBHOCTU
(uncnamu Bonbda) ¢ BpeMeHHbIM J1aroM —1 rog V..

IIpoBenéHHBII aHAINU3 TTOKA3bIBAET, YTO MEXK-
TOAOBBIE U3MEHEHUS JICTOBUTOCTUA BCEX YETBHIPEX
CE30HOB Tola CTATUCTUYECKU CBSI3aHBI HE TOJIBKO C
TUIPOMETEOPOJIOTMUECKUMHM, HO U € acTporeodusu-
YeCKUMM MapaMeTpaMu.

Hccaenosanue uHGopMaTUBHOCTH
THIPOMETEOPOIOTHYECKHX H ACTPOreou3nyecKux
(hakTOpOB B MO/IEISAX M3MEHYMBOCTH JIEAOBUTOCTH

WccnenoBanne MHMOPMATUBHOCTU Pa3JIMYHBIX
(bakTOpOB TIPY ONMUCAHUM UBMEHYMBOCTH JICISTHOTO
MOKPOBA BBIMTOJIHEHO MYyTEM YMCJIEHHBIX 9KCIIePH-
MEHTOB Ha CTaTUCTUYECKUX MOJCISIX CE30HHOMM Jie-
JOBUTOCTU. MOIEIN CTPOWIIM C IIOMOILBIO MYAbMU-
peepeccuoHH020 aHAAU3a C UCIIOIb30BaHUEM ITaKeTa
nporpamm «Cratuctuka» [31] [TogroroBneHHbIe
PSABI TUAPOMETEOPOJOTMUCCKUX XapaKTePUCTUK
Y MUHACKCOB, a TAKXKEe PSAIbl aCTPOreo@u3nuecKux
napamMeTpoB (cM. pasnen «CBs3b JT€JOBUTOCTH
I'peHIaHACKOrO MOPS ¢ TUAPOJOTMUYECKUMU, Me-
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TEOPOJIOTUUECCKUMHU U aCTPOreopru3ndecKuMu dak-
TOopaMu») oOpa3oBaiv 0a3y UCHBITATEIbHBIX IPEIN-
KTOpoB. OTMETUM, YTO B paHee OIyO0IMKOBaHHBIX
padoTax JOJTONEPUOTHbIC U3MEHEHUS JIETOBUTO-
CTU MCCIIEIOBANINCH TOJIBKO B paMKaX THIPOMETEO-
POJIOTHYECKOTO BO3aeicTBUS [8, 9] MM TOIBKO ¢
HCIIOJIb30BaHMEM B KaueCTBE IIPEAUKTOPOB acTPO-
reodusmaeckux napametpon [11, 18, 20 u np.].
B Hacrtosmieit paboTe mMcciaenoBaHUEe IIPOBOTUTCS
KOMIUIEKCHO C BKJIIOUEHHEM B aHAJIM3 HE TOJBKO
TUAPOMETECOPOIOTUYECKMX, HO 1 acTporeodusnde-
CKHX XapaKTEePUCTHUK, TaK KaK TOJIbKO COBMECTHBII
aHaJIN3 MO3BOJISIET OLIEHUTH BKJIAA KaXXIOTO Ipe-
IUKTOpa IIPU OMHOBPEMEHHOM BKJIIOUEHUU IPYTUX
MIPEeIUKTOPOB Pa3HOM MPUPOIBL.

[Ipouenypa moirydeHUsI CTAaTUCTUYECKOIO YpaB-
HEHUSI CBSI3M JIEHOBUTOCTHU C IIPEIUKTOPAMU BBITTION-
HSIIach IMyTEM UX mepedopa 1 HaXOXICHMST ypaBHe-
HUS ¢ HanboJsiee BBICOKAM OOIITNM KO3(MPUITMEHTOM
KOPPEIISIIAN, C IOCTaTOYHOI CTaTUCTUIECKOI 3HAUM -
MOCTBIO TIEPEMEHHBIX, BXOISIINX B CTATUCTUYECKYIO
Moznelb. CTaTUCTUIECKUI TTOAXOM IJI MOTYISHUS
YpaBHEHMI, ONKICHIBAIOIINX U3MECHEHMS JICIOBUTO-
CTHU B aBrycre Wi [ peHmaHacKoro Mopsi, paHee ObLT
IpUMEHEH B padoTe [25], Koraa Impy aHaJ3e NCTTONb-
30Bajlach TPEXJICTHSISI CKOJIb3SIIAsl BEJIMIMHA JISH0-
BUTOCTH, a B KaYeCTBE IIPEAUKTOPOB — TPEXIJICTHHUE
CKOJIB3SIIIIMe TUAPOMETEOPOIOTNIECKIE XapaKTepH-
cTuKu. B HacTosIIIe# paboTe UCCIeMyOTCS MEXIOI0-
BbIE CE30HHBIC M3MEHEeHUs JienoBuTOCTU. 110 Mcxom-
HBIM TaHHBIM JICTOBUTOCTH YETHIPEX CE30HOB (3MMa,
BECHA, JIETO M OCEHb) M MPEIUKTOPOB BHIYMCIICHBI
AHOMAJIMU OT CPEOHUX 3a MCCIIeMyeMbIii IIepro, KO-
TOpBIe OBUIM HOPMUPOBAHBI 110 CTAHAAPTHOMY OT-
KJIOHEHHIO. DTO MO3BOJIJIO IIPOBOMUTD aHAJIN3 C JaH-
HBIMM OTHOI pa3sMEpPHOCTH, YTO MOBBIIIACT KAYECTBO
ypaBHEHUI, 00JIeT9aeT padoTy U YBEIMUMUBACT IIPOU3-
BOIUTEJILHOCTb MPOrpaMMbl «CTaTUCTUKA».

YpaBHEHMST MEXTOIOBBIX M3MEHEHUH IIIOIIAIN
JpI0B I'peHIaHACKOTO MOpPS IJISI KaXKI0ro ce30Ha
HaXOIWJINCh METOIOM MYAbMUPE2PeCCUOHHO20 AHA-
Au3a MyTEM IIepedopa pa3HBIX IPEIUKTOPOB: THI-
POJIOTUYECKUX, METEOPOJIOTUIYECKIX U aCTPOTeO-
(pu3MUecKMX mapaMeTpoOB U MHIEKCOB. 71 oLleHKM
KauecTBa IIOCTPOCHHBIX MOJENIel MCII0Ib30BaINCh
CIeayIoIIKe mapaMeTphl: Ko3¢hGUIINEeHT KOppes-
unu R, KosbduuneHT gerepmuHanuu R? u obe-
CIEYEeHHOCTh MoJean P Ipu yCTaHOBJIEHHOM 10-
MYyCTUMOU OIIMOKE CTaHIAPTHOIO OTKJIOHEHUS O
(0 — momycTuMasi MOrPEIIHOCTD 11 CBEPXI0JITOC-

POYHBIX JIEIOBBIX IIPOTHO30B, 0,80 — IJIsI MOITO-
CPOYHBIX JIeAOBBIX, 0,670 — IJ11 KpaTKOCPOUYHBIX
MIPOTHO30B WJIU IJIsI OLIEHKM TOYHOCTU JUATHOCTH-
yeCcKuX ypaBHeHuit) [26]. Jng Bcex Koadpduum-
€HTOB Koppeasuuu R kputepuii CTblomneHTa ObLIT
paseH +0,21 ipu ypoBHe 3HaunMocTH o = 0,05.

Cmamucmuueckue modeau aemueeo cezona. B net-
HUI Ce30H (MIOJIb—CEeHTSIOPh) Bedylasi poib B op-
MUPOBAHMUU JIENOBBIX YCIOBUI IIPUHAIJIEKUT TIpe-
IBICTOPUU JE€IOBUTOCTH (BECEHHUI IEPUOI) U
TIOBEPXHOCTHOM TeMIiepaType Bo3ayxa (Tadi. 3, ypas-
Henus 1.1—1.3), 9To paHee oTMedanioch B padorte [8].
HeticTBUTEIbHO, B ypasHenuu 1.1 Ha DONIO BIUSI-
HUS yKa3aHHBIX NPEIUKTOPOB IIpUXOoAUTCs 28 u
26% obleit gucrepcun CooTBeTCTBEHHO. He MeHee
BaKHBI — TIPUTOK TETUTBIX ATiiaHTdecKux Bog (AMO)
n atMocdepHast nupKyrsanusa (mHaekcsl AO, AD u
NAO), Ha noiio Kkotopsix puxoaurcst 18 u 20% co-
oTBeTCTBeHHO. 1lInMpoTHast KoopauHaTA TTOJI0XKEHUS
nosroca 3emui X BHOCUT BKJIaJl, OLIEHUBAeMbIi B 9%.
Hcnonp3oBaHre KakK MPEAIIeCTBYIOIINX JIETOBBIX 1
TUIPOMETEOPOIOITMUECKIX YCIOBUI, TaK M aCTpOreo-
(pm3MIecKrX mapaMeTpoB IO3BOJIMIO TOOUTHCS 00ec-
MEeYESHHOCTU MOCTPOCHHBIX YpaBHEHMI 10 99%, 4TO
OTBEYaET BHICOKOMY ITOKA3aTeIII0 Ka4eCTBA MO,

B xonme cnemyiomero 3KCIepuMeHTOB U3 Mpe-
IUKTOPOB OBIJIO MCKIHYEHO IIPEIIIeCTBYIOIICE
3HaueHue jJenoBuToctu (ypasuenue 1.2). Koad-
(pULIMEeHT KOppesliui B 3TOM CJIydyae CHUXKAeTCS
¢ 0,87 no 0,85, a obecniedeHHOCTL — € 99 1O 94%
(cm. Tabn. 3, ypasnenue 1.2), 0oMHAKO OCTaBILIMI-
csl Ha0OP MPEAUKTOPOB TAKXKE MMEET TOCTATOYHO
BBICOKYIO MH(pOopMaTuBHOCTD. [locie nckimoueHus
MpPeIIeCTBYIONIEH JeJOBUTOCTA M MHIAEKCOB aT-
MocdepHON UMPKYISLUA ITOJIYyIeHO ypagHeHue 1.3,
Ka4eCTBEHHBIE MOKa3aTeJI KOTOPOTO YMEHBIII-
JINCh, HO HE3HAUYUTEIbHO. DKCIIEPUMEHT MOKa3al,
YTO C IIOMOIIIBIO BCETO TPEX MPEAUKTOPOB B (pr3U-
KO-CTaTUCTUYECKUX MOMIEISIX MOXHO TOCTAaTOUHO
MH(GOPMATUBHO OIMCHIBATH ITOJTOIEPUOIHYIO M3-
MEHYUBOCTb JICTOBUTOCTH.

Cmamucmuveckue moodeau ocennezo cesona. J1ist
OCeHHero rnepuojaa (OKTsIOpb—HOSIOPb) ObLIU MOJY-
4yeHBI ypasHernus 2.1 n 2.2 (cM. Tabm. 3). JJomuHMpy-
fo1uii (pakTop B ypasHeHuu 2.1 — IpeaecTByomast
JIETHSIS JIEAOBUTOCTD L ¢ ¢ BKJIAIOM B OOLIYIO J1CTIEp-
cuto 48%, Torna Kak Ha JIOJII0 OCTAJIbHBIX MPEINKTO-
POB — MOBEPXHOCTHOI TeMIlepaTyphl Bo3ayxa, 10J-
TOTHOM KOOPIMHATHI MOJ0XEHUS mojoca 3eMin Y
¥ MHIeKca aTMocdepHoit uupkynsaiuu PNA — nipu-
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Ta6ﬂmga 3. ®u3uKo-CTaTUIECKNe YpaBHEHUA CBA3N T€TOBUTOCTU rpeHTIaHI[CKOI‘O MOpA € TUAPOMETEOPOTOTNYECKMI U

actporeo¢usmdeckumu paxropamm*

P, %
YpaBHEHME U ETO HOMED R | R
o 0,800,670
1. Jlemnue (uronb—cenmsaops) anomanruu
11 Lg=-0,32T, s+ 0,33Lgp_0,26AMO_; — 0,18X; — 0,I8NAO, | + 0,16ADg | — 0,14A0, 0,87 10,75 99 | 97 | 94

1.2. Lg=—0,48T, 5— 0,24AMO 5 — 0,28X , — 0,20NAOg,+ 0,16AD,,, — 0,19PNA ,

0,8510,72| 94 | 90 | 90

1.3. Ly=—0,42T, s— 0,31AMO ; + 0,23dEps

0,79 | 0,63 | 91 84 | 80

CEHTSIOPb).

*L ¢ — IENOBUTOCTb 3a JIETHUI NTepro, (MI0Ib—CeHTAOPD); T, ¢— MOBEPXHOCTHAs TEMIIEpPATypa BO3/IyXa 3a JIETHUI ITepruo (MI01b—

2. Ocennue (okmsabpb—HOA0pL) anomaruu

2.1 Lyyr=0,41Lg—0,24T, 4y7—0,24ADg—0,26Y 0,81 0,65 90 | 88 | 87
2.2 Lyyr=0,46L5—0,26T, 4yr— 0,59Y — 0,43dPsi 5 0,791 0,62 | 88 | 86 | 8l
23 Lyyr=—0,47T, 4yr—0,41Y —0,23AD; — 0,18NAO; | 0,77 0,59 | 87 | 84 | 81

(OKTSAIOpb—HOSI0pb); AD — MHIEKC APKTUYECKOTO AUTIOJIS.

*L 47 — JISLOBUTOCTD 33 OCEHHUI nepron (OKTA0pb—HOSIOPB); T, 47 — MOBEPXHOCTHAS TEMIIEPATYpa BO3/yXa 38 OCCHHMIA IepUOL

3. Sumnue (dekabpv—anpensv) anomaruu

3.1 Ly=—0,49T, j+0,31L 57, —0,23AMO_, — 0,16NAO,., 0,89 0,80 | 94 | 94 | 94
3.2 Ly=—0,49T, yy+ 0,33L 7, — 0,234AMO_,— 0,13V, 0,89 (0,80 | 97 | 96 | 94
3.3 Ly=—0,35T, ., + 0,39dEps — 0,25AMO_, — 0,15V, 0,831069| 9 | 93 | 83

*Ly, — MENOBUTOCTH 32 3UMHUI Nepyrop (nekabpb—aripenb); T, — TOBEPXHOCTHASI TEMIIEPATYPa BO3/yXa 32 3UMHMUIA IIEPUO], (Jie-
Kabpp—arnpeinb); T,y — NOBEPXHOCTHAs TeMIlepaTypa Bo3/lyXa 3a 3MMHUI repuoz (1ekabpb—arpesb) B Hopeexckom Mope.

4. Becennue (mail—utoHb) aHoMaiuu
4.1. Lgp=0,68Ly, — 0,41Y—0,17A0y,— 0,17V + 0,17ADy;.; —0,15PNAg,

0,89 10,79 | 99 | 9%4 93

4.2 Lgp=—0,41T, 3,—0,39Y — 0,17V — 0,15A0,,

0,82 10,67 | 90 | 88 88

4.3 Lgp=—0,52T, y+0,31dPsi |, — 0,17V

0,79 | 0,62 | 81 71 65

Kabpb—aripenb).

*Lgp — NENOBUTOCTD 32 BECEHHUI NEPUOI (Maii—uIOHb); T, , — MOBEPXHOCTHAS TEMIIEPATYPA BO3IyXa 3a 3UMHUIA IIepuo (zie-

*J1OTIOTHUTETLHO CM. YCJI. 0003HAaYeHUS K Ta0d. 1 1 2.

XOIATCS MPaKTUYECKU paBHbIe yacTh: o 17—19%.
O6mmii Ko3hPUIIMEHT KOPPEIISILUNA YpaBHEHUST He-
CKOJIbKO MEHbIIIe, YeM B YPaBHEHUSX ISl JIETHETO
ce30Ha, 1 BapbupyeT B penenax 0,77—0,81. Obdecre-
YEHHOCTH ITOJIyYeHHBIX YpPaBHEHHUI 0Ka3a/Iach T0CTa-
TOYHO BbICOKOI1 U cocTtaBuiia 87—90% (cM. Tao. 3).
AHaJIN3 YCTAHOBJIEHHBIX CBSI3¢ii TTO3BOJISIET BbI-
cKa3aTh HECKOJbKO MPEANOI0XKEeHUA O POJIU Bbl-
OpaHHBIX IPEIUKTOPOB B (hDOPMUPOBAHUN OCECHHEH
nenoButocTu. IlonoxurenbHas aHOMaIUs JIeTHEH
JISAOBUTOCTH CIIOCOOCTBYET (DOPMHUPOBAHUIO ITOBBI-
IIEHHOH JIEMOBUTOCTH B OCEHHUI Mepuoa U Hao0o-
pot. OrpuniateabHasg aHoMaaust AD cOOTBETCTByeT
MMOJIOXKUTEIbHOI aHOManuu gaBiaeHus Hax Cuou-
PBIO 1 OTPUIIATESIEHONM aHOMAIUI IIPU3EMHOTO aTMO-
cepHoro gasineHus Hag KaHagckum 6acceiiHOM.
DTO CITOCOOCTBYET YCUIEHUIO BO3MYIIHBIX TIEPEeHO-
COB, YBEJIMUMBAIOIINX Apelid IpI0B B [ peHIaHIckoe
MOpE, UTO, B CBOIO OUepe/ib, MPUBOIUT K TMOBbIIIE-
HUIO JIEAOBUTOCTU B OCEHHUI TIepuo. I1oaoxuTenb-

Hag aHoMmanust NAQO, cOOTBETCTBYIOIIAsI aHTUIINK-
JIoHm4YeckoMy pexumy Han CeBepHBIM JIeTOBUTHIM
OKEaHOM U CeBEPHBIM BeTpaM ITOBBIIIEHHON MHTCH-
CUBHOCTHY Haj I'peHIaHACKUM MOpeM, COIpsDKeHa C
YMEHBIIIEHUEM JIETOBUTOCTU B OCEHHUI ITepUO.

B skcnmepuMeHTaxX Mo MCKIIIOUEHUIO U3 IIpe-
IUKTOPOB MPEIIISCTBYIONMICH JeTHEM JTeJOBUTO-
CTU Lg MOJIy4eHO CTaTUCTUYECKOE ypasHeHue 2.3
(cM. Tabi. 3), B KOTOpOe B KaUeCTBE MPEAUKTOPOB
BOLLIM UHAEKCHI aTMOochepHoi nupkynsauuun ADg
1 NAOyg_;, a TakXe TOBEPXHOCTHAs TeMIlepaTypa
Bo3ayxa 1, 47V mapaMeTp HyTalluy OCU BPALLEHUS
3emau dEps. Y xoTs obumit Ko3hdULUeHT Koppe-
JISIIMK OBLT MEHBIIIE, YeM IIJIs IIPEAbIIYIINX YpaBHEe -
HUI, ypOBEHb 00€CTICYeHHOCTH OKAa3aJICsI BBICOKHM.

Cmamucmuueckue mooeau 3umnezo ce3ona. J1s
3MMHETro nepuoa (Iekadpb—anpesib) BO BCEX ypas-
HeHuax 3.1—3.3 B TabJ. 3 B KauecTBE MPEIUKTOPOB
KCITOJIb30BAJIUCh. TPUTOK TEIUIBIX ATIAHTUYCCKUX
BoI (nHaekc AMO); mpunoBepXHOCTHAs TeMIlepa-
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Typa Bo3ayxa (I'pennanackoro 7, u Hopsexckoro
Mopeit T, yy), a 11 ypasnenuii 3.2 1 3.3 — COJTHEU-
Has aKTMBHOCTb Ipeabinyero roga V.. YkasaH-
HbIE TIPEIUKTOPHI BXOASAT B YpaBHEHHE CO 3HAKOM
MUHYC, T.€. IIOJIOXUTEJIbHBIC aHOMAJIUM 3TUX IIpe-
IUKTOPOB BBI3BIBAIOT YMEHBIIICHUE JIEIOBUTOCTH.
JlemoBUTOCTHh OCeHHEro mnepuona (IpeablCTOPHSI
L 4y7.1) BXOOUT B ypasnenusa 3.1 u 3.2 O 3HAKOM
ILUTIOC. DTO O3HAYaeT, YTO OOJIbIIAS JIEIOBUTOCTD
OCEHBIO TIPEIBIAYIIETO ToAa IPUBOINUT K ITOBBIIICH-
HOM JIEJOBUTOCTU B IMOCJICAYIOIMINN 3UMHUN IIe-
puon. Ilo moaydeHHBIM ypaBHEHUSIM OBLT OlleHEH
BKJIaJ KaxXnoro npeaukropa. s ypasuenus 3.1 oc-
HOBHOU BKJan 59 u 23% B 001LYI0 AUCIIEPCUIO PSaa
MIPUXOANTCSI Ha TIOBEPXHOCTHYIO 3MMHIOIO TeMIIepa-
Typy Bo3ayxa I'pennannckoro mopst T, ,, ¥ coCTOSI-
HUe OCeHHell JIENOBUTOCTHU B ITPEILLECTBYIOLINIA IO/
L 4¢/7.1 cOOTBETCTBEHHO. BKian BIusHUS aTjJaHTU-
yeckux BoJ (AMO) ¢ BpeMeHHbIM JlaroM —4 rojaa u
uHaekcoM atMochepHoii uupkyasuuu NAO ¢ Bpe-
MEHHBIM J1aroM —1 rof ouieHuBaeTcs B 19%.

B xome mampHEMIIMX 3KCIIEPUMEHTOB U3 psima
MPEeIUKTOPOB ObLIa MCKIIIOUeHA aTMOC(epHast LIp-
KYJISILMS, UTO TTO3BOJIMJIO TIOJIYUUTh ypasueHue 3.2.
Kaxk BumgHO 13 IpuBeaEHHBIX PE3yIbTaTOB, MHAECKC
aTMocepHoii LMPKyIsKU CeBepo-ATIaHTUUECKO-
ro koneb6anusi NAO ycrielHo 3aMeHsIeTCsl COJTHEeU -
HOI aKTUBHOCTBIO B Buje uucesl Boabgda ¢ 3amas-
IbIBAaHUEM B ofduH rofd. Ilpu 3ToM obecrneyeHHOCTh
ypaBHeHHUs TTOBbIIaeTcs ¢ 94 mo 97% (cm. Tabi. 3).
B caenyromieM 3KCIIepMMEHTE MOCJIE UCKITIOYeHUS
JIETOBUTOCTHU MPEAIISCTBYIOLIETO0 OCEHHEro ce30Ha
ObUIO TOy4YeHOo ypasuerue 3.3. Hanbonbluunii BKIag
B OOIIYIO JUCIIEPCUM JICAOBUTOCTU MPUXOIUTCS Ha
napamMeTp HyTauuu ocu 3emiu dEps, KOTOpBIi co-
ctaBui 42%. Bkiiaabl TemIiepatypbl Bo3myxa Mpe/ibl-
nyuiero roga B Hopsexckom mope T,y 1, UHIEK-
ca AMO c BpeMeHHBIM JlJaroM —4 rojia U COJIHEYHOM
aKTMBHOCTHM Ipenbiayiero roga V., cocrabunu 34,
18 1 6% cootBeTcTBeHHO. KauecTBeHHBIE MMOKa3aTe-
JIM YpaBHEHMSI HE3HAUUTEJIbHO CHUXAIUCh (KO-
(unmeHTt Koppessiuuu ymeHbiics ¢ 0,89 no 0,83;
obecrieueHHOCTb — ¢ 97 10 96%; cM. Tab1. 3). B To ke
BpeMsl YCTaHOBJIEHHBII HaOOp MPeaUKTOPOB MTO3BO-
JISIET UCIIOJIb30BaTh ypasHerue 3.3 ISl YBEJIMYECHUS
3a0J71arOBpeMEHHOCTH MPEABBIYUCIECHUS TII0LIAIN
JIEJITHOTO TTIOKPOBa, TaK KaK MPeIUuKTOPbI BXOIST C
BpPEeMEHHBIM JlaroM —1 1 —4 rofia, a JoJIroTHast KOop-
JHATa MOJIOXKEHUS MoJItoca 3eMJIM pacCUYMTHIBAETCS
Ha HECKOJIbKO JIET BIEPE.

Cmamucmuueckue mooeau eeceHnez2o cezona. Jist
BECEHHeTO Tieproaa (Mali—WIOHb) TaKXKe TTOJTyYeHBI
TPU BapUaHTA CTATUCTUYECKOM MOJIEIN MEXTOI0BOM
M3MEHYMBOCTH JIETOBUTOCTH (CM. Ta0:1. 3). B kauecTse
MPEIUKTOPOB B ypasHerue 4.1 BOLLIN: PEIIIEeCTBY-
IolIee 3MMHEE 3HAYEHUE JIEAOBUTOCTU Ly, ¢ BKJIAIOM
B 0011yI0 qucrnepcuio 63% 1 JoJroTHast KOOpaMHa-
Ta MoJjioxkeHus nomoca 3emau Y ¢ Bkiagom 22%.
Bxkiag octanbHBIX IIPEAUKTOPOB, MPEICTaBICHHBIX
uHaekcamu atMocdepHoi uupkyasiuun AO, AD u
PNA, cocrtabnsier 10%. [Ipu orpuLiaTenbHbIX (a3ax
AD u PNA nasneHue Han Kapckum MopeM 1 MOpeM
JlanTeBbix NmoBbilIaeTcs, a Hag KaHanckum ApKTu-
YeCKHUM apXUIleJIaroM IMOHMXKAETCsI, YCUINBACTCS
TaKxXKe 30HaJIbHAsl COCTABJIAIONIASI M OCJIA0EBAIOT Me-
PUOMOHATIBHBIN IMEPEHOC ¥ aHTULIMKIIOHWYECKAsT Je-
SITEJIBHOCTD. YBEIMUCHHUE TTPOIOJLKATEIbHOCTH 3THUX
MPOLIECCOB IIPUBOIUT K 3HAUUTEILHOMY U IJINTE/Ib-
HOMY TOBBIIICHUIO JIeNOBUTOCTH. [1pu momoxuresnb-
HbIX ¢azax AD u PNA HaGnogaercst odpaTtHasi CUTY-
aumst. OTMETHM, UTO B KaXKIOM U3 IIPEICTaBICHHBIX
YPaBHEHUI B YMCJIO TIPEIUKTOPOB BXOIUT COJTHEYHAST
aKTUBHOCTb, IIpeacTaBlIeHHas ynciaMu Bonbda, ¢
BKJIAZIOM B 0011yI0 aucnepcuio psiaa B 4, 6 u 8% co-
oTBeTcTBeHHO. Ilocie nckimoyeHnsT u3 IpeauKTOpOB
MpeAIIeCTBYIONIEH 3UMHE JISHOBUTOCTH B XOJIE YMC-
JICHHBIX 9KCIICPUMEHTOB YCTAaHOBJICHO, UTO BJIMSIHUE
acTporeo(pr3NIeCcKMX MPOLIECCOB B YpaBHEHUHU BO3-
pactaeT u cocTaBisieT 10 38% BKiama B OOILYIO quC-
nepcuto JeaoBUToCTH (ypasuenue 4.2). Ha npuzem-
HYIO TeMIIepaTypy BO3Iyxa U IapaMeTp HyTaluu OCU
3emnu nipuxoautest mo 20%. Ipu UCKIIOUeHUU UH-
JIEKCOB aTMOC(EPHOM LUPKY/ISILIMK B YMCIIO IIEpeMEH-
HBIX B ypasHeruu 4.3 BOIIET ITapaMeTp HyTaluy 3eMIu
dPsi_; 1 COMHEeYHOM akTUBHOCTU (4ncna Bonbda V).

ITo pe3ynbraTam MpOBENEHHBIX YMCIEHHBIX IKC-
MEPUMEHTOB MOXHO C/eNaTh BaXKHbIN BBIBOI: B Be-
ceHHuI (cM. Tabu. 3, ypasnenus 4.1—4.3) u oceHHUt
(cM. Tabn. 3, ypasnenus 3.1—3.3) ce30HBI roaa BIU-
sSIHUE TPUTOKA TETUILIX U CONEHBIX Bol CeBepHOt
ATJIaHTUKU 3HAYUTEJIbHO OCJlabeBaeT U OCHOBHOM
BKJIaJ1 B IOJITONEPUOAHYIO U3MEHUYMBOCTD JIETOBUTO-
CTHU TIPUXOAMUTCS Ha aTMOC(hepHbIE TTPOLIECCHI.

ITpomyKTUBHOCTB MOJYYEHHBIX MOJEJIC MEXKIO-
JIOBOI MI3MEHUYUBOCTU JIEAOBUTOCTH YETBIPEX CE30-
HOB MPOJAEMOHCTPUPYEM, CPABHUB AUArHOCTUUECKUE
pacyéTsl 1o ypasHernusm 1.1—4.3 ¢ (pakTUIECKUMU
JNaHHBIMU JeA0BUTOCTHU. ['pacuku pakTUUECKUX U
pacu€THbBIX 3HaYeHUI JenoBUTOCTH ['peHIaHICcKO-
ro mops 3a nepuon 1950—2018 rr. mpuBeneHsl Ha
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AHOManuWuM NeaoBUTOCTU,HOPMUPOBaHHbLIE MO BenuymMHe CKO, ycn.ea.

. T T T T
1950 1960 1970 1980 1990

T T 1 -3 T
2000 2010 2020 1950 1960
loabl

T T T T T 1
1970 1980 1990 2000 2010 2020

1

2 3 4

Puc. 3. ConocraBieHue (I)aKTI/I‘IeCKI/IX 1 BOCCTAaHOBJICHHBIX IO YPAaBHCHUAM 3HAYEHUN aHOMAJIUIA JIEJOBUTOCTHU

I'pennanackoro Mops 3a nepuon 1950—2018 rr.:

1 — nenoBUTOCTD; 2 — ypaBHeHMs1 1; 3 — ypaBHeHUsI 2; 4 — ypaBHEHUS 4; CE30HbBI: @ — 3UMHMIA; 6 — JIETHUIA; 6 — OCEHHUIA; ¢ — Be-
CEHHMI1; BepTUKAJIbHOI YepToii 0003HaYeHO pa3aesieHre psiia Ha 3aBUCHMYIO (ClieBa) M He3aBUCUMYIO (CIIpaBa) BHIOOPKU
Fig. 3. Comparison of the actual and equations-reconstructed values of the Greenland Sea ice cover anomalies during

the 1950-2018:

1 — ice cover; 2 — equations /; 3 — equations 2; 4 — equations 4; a — winter; 6 — summer; ¢ — autumn; ¢ — spring seasons; the time
series separation into dependent (left-hand side of the figure) and independent (right-hand side) samples is shown by the vertical line

puc. 3. BeiOpanHbIe MPEAUKTOPHI U TTOCTPOSHHBIE
(pusuko-craTuctTuyeckue ypasuenus I1.1—4.3 nocra-
TOYHO MH(GOPMATUBHBI U XOPOIIO OMMUCHIBAIOT U3-
MEHYMBOCTD JeA0BUTOCTU. OOeCcIeueHHOCTh pac-
YETHBIX YpaBHEHUI HA 3aBUCUMBIX PSIIaX COCTABIISICT
10 99% 1ipu IOITyCTUMOi oIIMOKe 0 U1 10 94% nipu
nponyctuMoit ommbke 0,670. JIOMOJHUTENIBHO BbI-
MOJIHEHA MPOBEPKA YpaBHEHUI HAa HE3aBUCUMOM
BeIOOpke (2017—2018 rr.), KoTOpas mokasana, 4To
OHU IOCTATOYHO XOPOILLIO OMMCHIBAIOT AOJTONEPUOI-
HbIE UI3MEHEHMUS TToIaau apaa (cM. puc. 3). Obec-
MEeYeHHOCTh pacuéTa Mo He3aBUCUMO BBIOOPKE CO-
cTaBWJIa T JIETHETO 1 3UMHero ce3oHoB 100%, misa
BeceHHero — 83%, a HauboJiee HEBLICOKME MOKa3aTe-
JIA IPUIIUIKCH HAa OCEHHUI ce30H — 53%. Ucxons u3
MpencTaBIeHHBIX pe3yIbTaToB (CM. Tab. 3 1 puc. 3),
JYYIKe pe3yIbTaThl JAal0T YPAaBHEHUS, B KOTOPBIX

MPEANKTOPHI B COBOKYITHOCTH MPEACTABICHbI TUAPO-
JIOTUIECKUMU, METEOPOJIOTUIECKIMU U acTporeodu-
3UYEeCKUMU (DAKTOpaMHU, a TAKXKE YUTEHA MPEIBICTO-
P COCTOAHUS JIEASHOTO TTOKPOBA.

J1J1st IpOBEPKM YCTOMYMBOCTH MOJYUYEHHBIX CTa-
TUCTUYECKUX YPABHECHUM BBIMIOJHEH CJICAYIOIIUIA
SKCMEepUMEHT. BpeMeHHO! psia MpeIuKTOpOB ObLT
pa3nenéH Ha aBe yactu: 1950—2000 u 2001—2018 rr.
ITo nanHbpiM 1950—2000 rT. MoayYeHBI CTATUCTU-
YecKue ypaBHEHUS CBSI3U JIEAOBUTOCTU C TUAPO-
METEOPOJOTUYECKUMU U acTPOTeoDU3NIECKUMU
XapaKTepUCTUKaMu. B ypaBHeHYs BOIILIU Te e Mpe-
JUKTOPHI, UTO U B ypasHeHus I.1—4.3, HO BeTUUNHBI
KO23(PULIMEHTOB MPONOPIIMOHATBHOCTU HECKOIBKO
pasnuyanuchk, Koadduimentsl Koppensauun (0,70—
0,84) n nerepmuHaunu (0,48—0,70) yMEHBIININUC,
HO TaKKe OCTAJIMCh CTATUCTUYCCKU 3HAUMMBI. [lajee
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BBITIOJIHEHBI PACUETHI JISHOBUTOCTH TI0 HE3aBUCUMO-
My psay 2001—2018 rr. ObecrnieyeHHOCTb YpaBHEHU,
MOJIyYEHHBIX 110 00Jiee KOPOTKOMY PSIIy, COCTaBU-
7a 67—97%. DPphHeKTUBHOCTL ITPOBEPOUYHOI BHIOOP-
K1 — 2—6%. DTO — BBICOKMII MOKAa3aTelb. YKa3aH-
HbIe 3HAYEHMS ITapaMeTPOB MEHbIIE ITapaMeTpoB
ypaBHEeHMI, MOaydyeHHBIX 118 psiga 1950—2018 r., Ho
OHMU TaKXe yIOBJIeTBOpUTEIbHbIC. [1oMydeHHbIl pe-
3yJIBTAT ITOKA3bIBACT YCTOMIMBOCTD ITOTyUYEHHBIX CTa-
TUCTUYECKUX ypasnenuil 1.1—4.3, o KpaliHeit Mepe,
1 natepsana 18 mer. Hebombioe cHmkeHUe 3¢-
dexTuBHOCTHN ypaBHeHU# I pssma 1950—2000 rr.
CBSI3aHO, Ha Halll B3TJISAM, C YMEHBIICHNEM JIMHBI
psina, Tak Kak 3TOT Psi He OXBaTWJI aHOMAJIbHO TEII-
Jible roanl — 2007 1 2012.

3akinoyeHmne

JJ1s1 MEXTOIOBBIX UBMEHEHUI TUIOLIAAN JIbIOB
I'peHnaHacKkoro Mops B 3MMHMIA, BECEHHUIA, IETHUI
U OCEHHUM CE30HbI MOATBEPXKICHBI HAUIMYME OTPU-
LATEJIbHOTO JIMHEMHOTO TPeHAa U MOJULIUKIMYHOCTD
KoJiebaHuii, paHee yCTaHOBJICHHbIE 151 JI€A0OBUTO-
cTu apKTudyeckux Mopeii [9]. IlosydyeHbl cTaTUCTHU-
YeCKUE CBSI3U MEXTOA0BOM M3MEHYMBOCTH TLJIOLIAAN
JIBAOB He TOJILKO C TMIPOMETEOPOJIOTHYECKIMU (PaK-
TOpaMM, HO U C acTpOoreodr3nIecKuMu ImapaMeT-
pamu. Beicokue 3HaunMMble KOA(MDOULIMEHTHI Kpocc-
KOpPEJSIUU JIETOBUTOCTA U aCTPOreodu3nIecKux
napaMeTpoB AAlOT OCHOBAaHUE IoJaraTb UX B3aMMO-
CBS13b U HEOOXOAMMOCTb BKJIIOUEHUS UX B UMCIIO TIpe-
JTUKTOPOB IPU pa3padoTKe (PU3UKO-CTaTUCTUUECKUX
YpaBHEHMIA 17151 ONTMCAHUsI MHOTOJIETHUX U3MEHEHUIA
ce30HHoI JenoButoctu I'peHnaHackoro Mopsi. Pas-
paboTaHbl CTATUCTUUYECKUE MOJEIU TOJTONEPUO -
HBIX KOJIeOAHUN JIGAOBUTOCTHU JIS1 3MMHET0, BECEH-
HEro, JIETHEro U OCEHHEero Ce30HOB roja, KOTOphie
YUYMTBIBAIOT HE TOJIBKO TMAPOMETEOPOJIOTUYECKHUE,
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1. Hukugopos E.I., Illnaiixep A.O. 3aKOHOMEPHOCTH
(opMupoBaHus KpylHOMACIITAOHBIX KOJIeOaHM
ruaposiornyeckoro pexuma CeBepHoro JlemoBUTOro
okeana. JI.: T'mapomereounsnat, 1980. 269 c.

2. Buze B.IO. Knumart Mopeit coBeTckoit ApkTuku. JI.—
M.: Uzn-Bo I'maBceBmopnytu, 1940. 124 c.

3. bepeskun B.A. Tpynbl mepBoii BBICOKOIIUPOTHOM 3KC-
nenuuuy Ha «Canko» B 1935 1. T. 1. Boim. 1. I'peH-

HO M acTtporeodusnyeckue npeaukropsl. Hanbob-
it Bkiaaz (ot 23 1o 63%) B 00111y10 TUCTIEPCUIO Jie-
TOBUTOCTY BHOCUT JIETOBUTOCTD IIPEAIIECTBYIOIIETO
ce3oHa. B Monensx, rae ObUlT UCKIIOYEH MPEIUKTOP
«JIeIOBUTOCTDH TPENIIECTBYIOIIETr0 Ce30Ha», BKIAI B
O0IIYIO TUCTICPCUIO TUIPOMETEOPOIOTNIECKIX (haK-
TopoB coctaBwi 10 70%, a BKjang acTporeopusnde-
ckux (pakropoB — 10 50%. [1pu 3TOM BKIIAABI ITapa-
MeTpa HyTalllu OCH 3eMJIH, JOJTOTHOM 1 ITUPOTHOM
KOOpPAMHAT IMOJOXEeHUS Mojca 3eMJIU U Yyucia
Bonbda MOTyT 1OCTUTATh COOTBETCTBEHHO 42, 43 1
6osee 8% cooTBeTCTBEHHO. Bollleaiye B ypaBHEHUST
MPeIUKTOPhl UMEIOT TOCTaTOUHO BBICOKYIO MH(OP-
MaTUBHOCTD, a IIOCTPOCHHBIE (PU3UKO-CTATUCTUIC-
CKI€ MOJIEJIV XOPOIIO OITICHIBAIOT AOJTOBPEMEHHYIO
M3MEHYUBOCTD JIeAOBUTOCTU. [1pemiaraembie HaMu
CTATUCTUICCKIE MOJIEIN MOTYT OBITh UCITOJIb30BaHbI
KakK JIJIst AMarHo3a, Tak ¥ B KAYeCTBE OCHOBBI JUTS pa3-
pabOTKM METOIOB TTPOTHO3a C OOJIBIION 3a01aroBpe-
MEHHOCTBIO Ha HECKOJILKO JIET BITEPE.

BaaromaprnocTu. PaboTta BhImoHeHA TIpU MOAAEPK-
ke HUPT Pocrunpomera 5.1 «PazButue moaenei,
METO/IOB U TEXHOJIOTMIA MOHUTOPHUHTA U TIPOTHO3M -
pPOBaHUS COCTOSIHUS aTMOC(EpPhI, OKeaHa, MOPCKO-
0 JICISTHOTO MMOKPOBA, JISTHMKOB 1 BEYHOM Mep3J10-
ThI (Kprochephl), TPOLIECCOB B3aUMOIECCTBUS Jiba
C TIPUPOIHBIMU OOBEKTAMU Y MHXXEHEPHBIMH COO-
PYXEHUSIMU TSI APKTUKI W TEXHOJIOTUIA TUIPOME-
TEOPOJIOTUYECKOTO 00ECIIeUeHs TOTpeOUTENei».
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Summary

The features of ice cover formation within the macro-tidal estuaries of the Mezen River and the Kuloy River are
considered. The investigated rivers flow into the Mezen Bay of the White Sea. The main sources of information
for the ice monitoring were the high spatial resolution images from the satellites Landsat 5-8 and Sentinel 1.2 with
addition of medium spatial resolution images of MODIS/Terra and VIIRS/SuomiNPP. Every year, zones of contin-
uous hummocks and ice dams are formed in the estuaries, which exert influence upon characteristics of the tidal
waves. The fast ice and drifting ice areas are observed below the ice dam. Above the dam, amplitude the tidal fluc-
tuations in the water level is reduced by 3-4 times. According to the data for the period 2017-2020, the area of rela-
tively smooth ice cover is located at the distance of 48-49 km above the mouth of the Mezen River and 40-42 km
above the same of the Kuloy River. Advancing of the ice edge to the mouth is accompanied by the formation of
hummocky ice bridges, the position of which is confined to the narrowing and sharp turns of the channel. Accord-
ing to satellite images, it is established that the ice dam changes its position from year to year. In the period from
1983 to 2020, on the Mezen River, the ice dam was located at a distance of 21.0 to 30.5 km from the mouth, and
on the Kuloy - from 13.7 to 27.5 km above the mouth. The position of the ice dam is weather dependent. In severe
winters, the dam is located closer to the mouth gauge line. Snow, falling in November and December on areas of
open water, delays advancing of the ice edge to the mouth. For Mezen, the relation between the position of the ice
dam and three following predictors had been obtained: the sum of precipitation for November and December at
the air temperature below -5 °C, the sum of air temperatures below -5 °C for January and March, and the sum of
positive air temperatures for February. The proposed dependence made it possible to restore the positions of the ice
dam for the years which were not provided with satellite data. These are 1994 and 1999.
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KnroueBbie crioBa: J1edAHOl NoKpos, MakponpusugHelie ycmoA, Kocmuyeckue cHumku, pexu Mesero u Kynodi.

Ha ocHOBe faHHbIX KOCMUYECKNX CHUMKOB OMNTUYECKOro U PagnofioKaLMOHHOMO AMana3oHOB pPacCMOT-
peHbl 0cobeHHOCTN GOPMUPOBaHMA NeAAHOMO NMOKPOBa B Npefesiax MakponpuIMBHbIX YCTbeBbIX yyacT-
KoB pek Me3seHb 1 Kynoi. ExxerogHo B nccnefiyembix 3cTyapuax 06pasyoTca 30Ha CrIOLWHbIX TOPOCOB
W nefaHas NNoOTUHA, BAMAIOWME HA XapaKTepUCTnKn npunmeHon BosnHbl. C 1983 no 2020 r. ctBop nepsa-
HOW NNOTMHbI Ha Me3eHu pacnonaranca Ha pacctoaHun ot 21,0 go 30,5 Km oT ycTbs, Ha Kynoe - o1 13,7
[0 27,5 Km oT ycTbA. DopmMmrpoBaHme negaHon NIOTUHDI 1 €€ pa3pyLUeHre NPONCXOAAT C OCTaHOBKaMi B
CTBOpPAX, NMPUYPOUYEHHBIX K CYXKEHMAM 1 KPYTbiM MOBOPOTaM pycsia. MoKa3aHo, UTo B HOsIOpe 1 fekabpe
TBEPAble OCAAKM 3HAUMMO 3a[ePKMNBAIOT NPOABUXKEHME KPOMKM NbAa.

BBenenne

BrIcokast mpocTpaHCTBEeHHAsT HEOMHOPOIHOCTh
JIEJITHOTO MOKPOBA CEBEPHBIX PEK 00YCIOBIMBACT
MOMCK JIOMOJHUTEIbHBIX UCTOYHUKOB MH(MOpMaIUU
0 €r0 COCTOSITHMM, ITIOMUMO HAOJII0OACHWI HA TUAPO-
norndeckux noctax (I'TI). B mocnegnne necarmnerns

TaKMMM MCTOYHMKAMU CTajd KOCMUYECKUE CHUM-
KU pa3HOro CIIEKTPaJIbHOTO IMara3oHa U IIPoCTpaH-
cTBeHHOTro paspemieHus [1]. CHUMKM ONTUYECKOTO
Jara3oHa BHICOKOTO M CBEPXBBICOKOIO IIPOCTpaH-
CTBEHHOTO pa3pelleHus MO3BOJISIIOT OTCIEKUBAaTh
KPOMKY JIeASHOTO ITOKPOBa, HAJIMYKE TOJBIHEN U
nosiBaeHue TpellrH. B ycioBusix 60ab110ro ymcia
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Puc. 1. Uccnenyemast Tepputopusi:

1 — paccTosiHU€e OT yCThs, KM; 2 — HaceJE€HHbIe
ITYHKTBI

Fig. 1. Study area:

1 — distance from the mouth, km; 2 — settlement

00JIAaUHBIX THEH Y IJIUTEJIbHOM TTOJIIPHONM HOUM OCO-
Oy10 aKTyaJJbHOCTb IIPUOOpPETaeT BO3MOXHOCTD MC-
MOJIb30BaHMSI PaIOIOKAIIMOHHBIX N300paskeHUA.
YeTba pexk Mesenb u Kynoit ob6pasyioT enu-
HYIO YCTbE€BYIO CUCTEMY, IMOABEPKEHHYIO CUJIbHO-
MY BO3/IEMCTBUIO MIPUIMBOB. 3a TPAaHUILY YCTbEBOTO
B3MODPbsI IPUMHUMAIOT JIMHUIO MbIC AOPaMOBCKUIA —
ycThe p. Mrya (puc. 1), B KauecTBe YCTbeBBIX CTBO-
poB s p. Kynoit — mbeic Xapun Hoc — mbic Kap-
TOBCKUIA, 171 p. Me3eHb — MbIc MacisIHBIN — MBIC
Pa6unoB. Ing Me3eHcKOro 3ajuBa XapakTepeH
MOYUTH MPaBUJIbHBINA MOIYCYTOUHBIA npuiauB. [1pu-
JIUB B ycThe Me3eHu cocTtasisieT oT 5,0 M B KBazpa-

TYypy o 7,6 M B cu3uruio, B ycrbe p. Kysoit — or
5,8 10 7,9 M cootBeTcTBeHHO. B acTyapuu MezeHun
CKOPOCTH MIPUIMBHO-OTIMBHBIX TCUCHUIA MOTYT J10-
crturath 2,0—2,5 M/c. BenuunHa npuianBa Bo3pac-
TaeT 10 ycThs p. CEMKa, OMHAKO BHIIIE 10 TCUCHUIO
oHa ObICTpO yMeHblIaeTcs [2]. Hanbonee cunbHas
TpaHcdopMalus TPUIMBHON BOJHBI HAOIIOJAeTCS
B paiioHe MbIc ToncTtuk — ycrbe p. [1bIs, Toe nore-
peYHOe ceueHue pyciia pe3Ko cyxKaeTcs. DCTyapuid
p. Kynoii, kak u actyapuii p. Me3eHb, UMEeT BO-
poHKooOpa3Hyio ¢opmy. B 20 KM OT ycThs OH pac-
LIKUPSETCS, U 3[eCh 3a CYET NepeMelleHUs HaHO-
COB M3 MOPUCTOI YacTu chopMHUpoBajIach OOJbIIas
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rpsAmoBasi OTMeJIb, BhI3BaBIlas MHTEHCUBHYIO 00-
KOBYIO 3po3uio. JI11Ha ycTheBOro yJacTka p. Me-
3eHb — 90 kM, p. Kymoit — 100 xm [3].

JI€én B IpUIIMBHEIX YCTHSIX BIMSIET HA XapaKTepH-
CTUKY IPWIMBHOM BOJIHBI, YCJIOBHS IIPOHUKHOBEHUS
COJIEHBIX BOJ, PEXKUM TPaHCIIOPTa HAHOCOB U PYCIIO-
BBIX AehopMalnii, a TAKKE YCIIOBHST (DOPMHUPOBAHUS
3aTOPOB U 3aTOIUICHUSI TeppUTOpHUU. JIemoBeIe ycio-
BUSI B YCThSIX OIPENCISIOT CPOKU 3MMHEI HaBUTa-
LMY, SKCIUTyaTalllIo JIEIOBBIX IIePEIIpaB 1 JIEAOBbIC
Harpy3kKy Ha TMAPOTEXHUUYECKUE COOpYXKeHUs [4].
dopmMupoBaHNEe JIEOSIHOTO ITOKPOBA B IIPYINBHBIX
YCThSIX 3aBHUCUT HE TOJIBKO OT METEOPOJIOTHYECKIX
(bakTOpOB U pexkrMa pedHOIO CTOKa, HO M OT BIIM-
STHUSI TIPYJIMBHO-OT/IMBHBIX TEUCHUI U CTOHHO-HA-
TOHHBIX SIBICHU. JIMHaAMIYecKoe BO3IeiCTBHIE KO-
Jie0aHUi YPOBHS BOAbI IIPUBOINUT K B3JIaMBIBAaHUIO
BHOBB 00pa30BaBIIETOCS JICASIHOTO IIOKPOBAa U €T0
TOpoLIeHMIO. ToNIIMHA 3aTOPOIIEHHOTO JIEASIHOTO
IIOKPOBa B IIPWJINBHBIX YCThSIX COOTBETCTBYET BEJIH-
YUHE IPWINBA, T.€. I[P PAaBHBIX KIMMaTHIECKUX yC-
JIOBUSIX OHA OyIET TeM BBIIIIE, YeM OOJIbIIIEe aMILUIUTY-
J1a KoJiebaHuii ypoBHsI Boabl [5]. JIEM HA MPUIUBHBIX
OTMEJISIX TIOABYDKEH. b3 ycTheBOro cTBOpa maxe B
YCIIOBHSIX HU3KUX OTpULIATEJIBHBIX TeMIIEpaTyp BO3-
JIyXa MOTYT OCTaBaTbCsI Y4ACTKU OTKPBITOI BOIBI, T
OTMEYAIOTCs CHEXypa U IIyra. B MakpoIprIMBHBIX
YCTBSIX MHOTOCJIOMHEIE JICASTHBIE 00pa30BaHUS 110
OeperaM (hOPMUPYIOT BepTUKAIbHBIE CTEHKH, KOTO-
Ppble 3HAYMTEJIEHO CYXKAIOT IIMPUHY Pyciia, MEHSISI yC-
JIOBUSI TpaHcOpMaLIMU ITPUIMBHOM BOJIHEI [6].

MHoTOKpaTHOE B3JIaMbIBaHIE€ KPOMKU JIbIa B
MIPWINBHBIX YCTHSIX CXOXe ¢ Impoleccamu (popMupo-
BaHUS W pa3pylIeHUs JIEOSIHOTO IIOKPOBa IIpU KO-
JIe6aHMIX YpOBHS BOIB B HIKHUX Obedax I'DC.
CormnacHo pabote [7], 3MeHeHne YPOBHS BOIBI, CO-
MIOCTaBUMOE C TOJIIIMHON JIbIa, IIPUBOIUT K ITOSIB-
JICHUIO BOOJBOEPEroBeIX TpelmuH. I1pu manpHeii-
IIIEM POCTEe YPOBHSI JICHSIHOM ITOKPOB OTPBHIBACTCS OT
OeperoB M pasjaMbIBaeTCs Ha JeasHble 1o, [loxg
BIMSTHAEM CKOPOCTEI TeUeHHUsI ¥ BeTpa HauYMHAIOT-
CsI TIOIBIKKHY, TOPOIIIEHNE U TIOTHBIPMBAHNUE JIbIMH.
®opcupoBaHUe TTOMYCKOB BOIBI U POCT CKOPOCTEA
TeUEeHUSI BBI3BIBAIOT YIUIOTHEHNE U TMHAMUYECKOE
yBeJIMYeHNE TOJIIMHBI CKOIUICHUI JTIba. 3aTyXaoo-
1K€ BBEPX IO TEUSHMIO OT YCThEBOI'O CTBOpa KoJreba-
HUST YPOBHS BOIBI ONPEACIITIOT Pa3IniKsI B YCIOBHSIX
(bopMmMpoBaHNS JIEASTHOTO IMIOKPOBA 110 IIMHE YCThe-
Boro yyactka. B pabote [5] Ha ocHOBe JaHHBIX HA0-
JIIOICHUI 32 JISHOBBIMU YCJIOBUSIMU B 3aiiBe DaHmu

(CeBepHast AMeplKa) aBTOPBI BbIICIISIIOT IUISI MAKpPO-
MPUJINBHBIX 3CTyapueB (YCTheBBIX YUaCTKOB) MSATh
30H: 1) 30HY C POBHBIM JIeISTHBIM OKPOBOM U O€pero-
BBIMU TPEIIMHAMU; 2) 30HY HaKOTUIEHMS JIbIa 1 00pa-
30BaHMSI BEPTUKAJILHBIX JICISTHBIX CTEHOK Y OEpEroB;
3) 30Hy npelidyrouero Jbaa; 4) 30Hy HEMPEPbIBHOTO
Jie1000pa3oBaHusl U 5) 30HY, CBOOOIHYIO OTO JibJA.
B pa6ore [8] nnst yctbs p. Ilenskuna (Kamuatka), pac-
TMOJIOKEHHO B 00Jiee CYypOBbIX KIMMAaTUYECKUX YC-
JIOBMSIX, YeM peKu 3ajuBa MaHau, BBIIEICHO YEThI-
pe 30HbBI (OT YCThEBOTO CTBOPA BBEPX IO TEUEHUIO):
1) HEYCTOMYMBOTO JIEA0CTaBa; 2) CILIOIIHBIX TOPOCOB;
3) poBHOTO JibAa Ha (papBaTepax U TOPOCOB HA MEJIKO-
BOJIbSIX; 4) TIPEUMYILIECTBEHHO POBHOTO JIbIA.

ITocTanoBka npoodJieMbl

B benoMm Mope MHTeHCUBHOE Jienoo0pa3oBa-
HUEe HauMHaeTCs B JeKabpe M paclpoCTpaHsIeTCs
OT BEPIIMH 3aJIMBOB K LIEHTpYy. M3-3a BEeTpOB IIpe-
MMYIIECTBEHHO 0T0-3allalTHOTO HallpaBJIeHUS
JIbIbl HAKAIUIMBAIOTCS Y BOCTOYHBIX OeperoB 3a-
JIMBOB. MoJionble JIbAbl BHITAMBAIOT CO BTOPOIL Jie-
KaJpl afnpesis, a MOoJHOEe OYMILEeHNEe MOPS IPUXO-
JUTCS Ha TMepBylo aekany uioHs [9]. B MeseHckoM
3aJIMBE MpUIaii 3MMOl MHOTOKPAaTHO B3JIaMBIBaeT-
csl, TIPOMCXOISIT CXKATHe, TOPOIIeHUe U apeiid ou-
toro yibaa. CpeaHsisg BbICOTa TOPOCOB Ha IIJIaBy4