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KOMITJIEKCHOE M3YYEHUE AHTAPKTHUYECKOI'O JEAHNKOBOI'O ITOKPOBA...

KOMINIEKCHOE U3YYEHUE AHTAPKTU4YECKOI'O
JIEAHUKOBOI'O IIOKPOBA B PAMOHE CTAHIINU BOCTOK

CotpyaHuku CaHkT-ITeTepOyprckoro ropHoro yHu-
BEpCUTETa COBMECTHO C KOJIJIeTaMu U3 APKTUYECKOTO
1 aHTapPKTUYECKOTr0 HAyYHO-MCCIEe0BAaTEIbCKOTO NH-
ctutyTa 6ojiee 50 JeT BeayT HaAyYHO-HCCe10BaTe b-
cKue paboThl B LIeHTpaJIbHOM YacTu BocTouHo-AHTap-
KTUYECKOTO JIeMIHUKOBOIO 1IMTa — Ha CTaHUIMU BocTok
(Litvinenko et al., 2020).

Hauunas ¢ ce3ona 68-i1 Poccuiickoit AHTapKTHYe-
ckoit akcneauuu (PAD) corpynHukamu CaHkT-ITerep-
OYyprcKoro TOpHOTO YHUBEPCUTETA TTPOBOISTCS PAOOTHI
10 KOMITJIEKCHOMY MCCJIeIOBaHUIO JIEAHWKA B palioHe
cranumu BocTtok. B ce3one 68-it PAD onpoboBaH MeTO
MaJIOTJTYOMHHBIX CefiCMOpa3BeIOYHBIX NCCIIeIOBAaHMI
CHEXHO-(UPHOBOH TOJIIIU C UCIOJb30BaHUEM OecKa-
OeTbHOI TEEMETPUIECKON CECMO-PETUCTPUPYIOIIEH
cuctembl. [IpoOypeHa Hernybokast ckBaxkuHa VK-23
(36 M) ¢ otbopom KepHOBOro Matepuaia (Bolshunov et
al., 2023).

B ce3one 69-it PAD npoBeneHbI OMbITHO-METOIUYE-
CKUe MaJIOrTyOMHHBIE CEICMUYECKHE U TeopaJapHbie
HCCleIoBaHus CHEXXHO-(UPHOBOM ToJIIIM JenHuka. Ha
repeceyeHuu reopu3nIecKmx rnpodueit mpodypeHa He-
riayookasi ckBaxkuHa VK-24 (50 M) ¢ oT00poM KepHOBOTO
Matepuaia. JIonoJHUTebHO BHIIOJHEHbBI UCCIeI0BaHUS
10 YCTAaHOBJIEHUIO CKOPOCTH PACIIPOCTPAHEHUS YJIbT-
pa3BykoBoii BoJiHbI (Y3B) B cHexXHO-(UPHOBOII TOIIIE
U B TJIyOOKOM aTMOC(HEPHOM U KOHXKEISILIMOHHOM JIbjIe
o3epa BocTok. MI3aMepeHust TpOBOAMINUCH IIPU ITOMOIIM
npubopa «Ilyabcap-2.2» psIMbIM Hepa3pylIaloIIuM
KOHTaKTHBIM METOAOM Ha oOpa3iax KepHoB. KepHbl
CHEXHO-(DMPHOBO TOMIIN ObLI ITOJIYYeHbI U3 CKBAXKMHBI
VK-24, a kepHbl aTMOC(HEPHOT0 U KOHXEJISILIMOHHOTO
JibJla — U3 I1yOOKOM CKBaXXUHBI ST'-5 ¢ nHTepBasioB Oy-
penust 3519—3610 m.

Ha ce3oH 70-it PAD 3armyiaHupoBaHbI Clieaytolye
paboTHI:
— MexaHHMKa pezaHus (hMpHa U Jibla Ha pa3paboTaHHOM
B HayuHoM 1ieHTpe «ApKTUKa» 9KCIepUMeHTaIbHOM
crenae (MruateeB u ap., 2023);

— M3y4eHWe TIPOYHOCTHBIX U MEXaHMIeCKHUX CBOMCTB
(hupHa 1 1A HA TPUOOPE COCPENOTOYEHHOI'O HArPyXKe-
nusa [TCH-0.16.10;

— U3y4YeHne CKOPOCTH pacipocTtpaHeHus Y 3B B ¢pup-
HOBOM U JIEISTHOM KEPHOBOM MaTepualie.

[TonyyeHHbIe TaHHBIE OYAYT UCIIOJIb30BaHbI IS pellie-
HUs pyHIaMEHTaJbHBIX 1 IPUKIaAHbIX 3a1a4. B yacTHO-
CTHU, JIsI TIOCTPOEHUSI Te0JIOr0-reom3nyecKoii MoaeIn
CHCTEMBI «JISAHUK — ITOJIeTHUKOBBI BOTOEM — KOpPEH-
HbI€ TTIOPObI» U IJIs1 PA3pa00TKU TEXHUKU U TEXHOJIOTUU
OypeHUs JJeAHUKOB C YYETOM OCOOEHHOCTEI CTPOESHUSI
JIEISTHOTO MMOKPOBa, CTPYKTYPHI U (PU3MKO-MeXaHUUe-
CKMX CBOMCTB JIbJA.

baaronapnoctu. Mcciaenosanus npoBOOSTCS € MO-
MOIIIbIO CYOCUINK Ha BBIIIOJTHEHNE TOCYIapCTBEHHO-
ro 3ajaHus B cpepe HaydyHOU AesaTeTbHOCTH Ha 2024 T.
Ne FSRW-2024-0003.
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Ha ocHoBe KomIuiekca Mofeseil THAPOMETEOPOTOTMIeCKOro 6JI0Ka BBITTOTHEHA OlIeHKA BEPOSITHBIX M3Me-
HeHuit ctoka p. Tepek B XXI Beke ¢ yuéToM M3MEHEHUU KIMMaTa U ojieaeHeHus1 B 6acceiine. [loka3zaHo,
YTO U3MEHEHME CTOKa cOCTaBUT OT —2 1m0 +5% B cuieHapun RCP2.6 u ot —8 mo +14% B cienapuu RCP8.5.
HanpasieHHOCTh MI3BMEHEHUIi CTOKA B TToadacceiiHax CyIIeCTBEHHO 3aBUCUT OT BBICOTHOTO PACIOJIOXKEHMS

30HBbI CHEIoBOI'o M JICAHUKOBOI'O IMUTAaHMA.
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BBEAEHUE

I'noGanbHbIE U3MEHEHUS KIMMaTa, B TOM YHCJIE T10-
BBILIIEHUE TEMITEPaTyphl BO3AYXa, MPUBOST K CEPbE3HBIM
TpaHchOPMAaIIASIM IIPUPOTHON CPeIbl B TOPHBIX PETMOHAX
(Jones, 2011; Adler et al., 2019). Haubonbimum usmeHe-
HUSIM TIOJIBepKeHbI ropHoe oneneHeHue (Rafq, Mishra,
2016; Kraainjenbrink et al., 2017) 1 cHeXXHBI TTOKPOB
(Marty et al., 2017; Liithi et al., 2019), uro mpuBoAUT
K repecTpoiike BogHOro pexuma pek (Milner et al., 2017).

OxumaeMoe CJIeNCTBUE NeTASIrallii — yBeauJe-
HUE PEUYHOTO CTOKA 3a CYET ycuaeHUs TassHusl. OTHaKo
OTpULATEIbHBIN OajaHC MACChI IETHUKOB MTPUBOIUT
K YMEHbIIEHNIO O0BbEMA U TJIOLIAAN OJIEICHEHUS, UTO
B KOHEUYHOM MTOTE BbI3bIBACT YMEHbILIEHHUE O0I1IETO KO-
JIMYEeCTBa TaJol Boabl. TakuM 06pa3oM, M3MEHEHUE
KJIMMaTta U AeTJIsIrals OKa3bIiBaloT HEOMTHO3HAYHOE
BJIMSTHUE Ha BBICOKOTOPHBIE PeUHbIE OACCEIHBI IO BCEMY
mupy (Bliss et al., 2014), morenieHUe KJIMMaTa MOXET
MNPUBECTU 100 K YBEJIMUYEHUIO, INOO K YMEHBIIIEHUIO
PEYHOTrO CTOKA B 3aBUCUMOCTH OT CTeTICHU OTCTYTaHMSI
neqnukosB (Pellicciotti et al., 2010). [Tomumo o61Iero
MOTEeTUIEHHsI, CBOM BKJIaJ B MU3BMEHEHUS CTOKA BHOCUT
¢oHOBOE M3MEHEHME OCATKOB, UTO TPEOYET AeTaTbHBIX
pervMoHaIbHBIX UCCIIETOBAHNI B OCBOSHHBIX TOPHBIX
pervoHax ¢ MCIOJb30BaHUEM HanboJiee aKTyaIbHOMI

nH@opMauy 00 oJieAeHEHUN 1 IIPOrHO3aX ero u3Me-
HeHUsT Ha (DOHE U3MEHEHUS IPYTUX KIIMMAaTUIECKUX
(akTopoB.

B coBpeMeHHBIX UCCIIeNOBAHMSIX B PAa3IMYHbBIX BHICO-
KOTOPHBIX bacceiiHaX MUpa IUPOKO UCTOJIb3YIOTCS MO-
nenu popmupoBanus ctoka (Hagg et al., 2010; Rahman
etal., 2013; Omani et al., 2017; Singh et al., 2021). Ot
MOJIEJIU TTO3BOJISIIOT OLICHUTh BIAUSHUE KIMMAaTUYECKUX
(bakTOpPOB U COKpallleHUs OJIeIeHeHUSI HA PEYHOI CTOK
(Bliss et al., 2014; Duethmann et al., 2015; Huss, Fischer,
2016). Onnako mist CeBepHoro Kaskasa 1o mmocjieiHero
BpEeMEHH KOMIUIEKCHBIX OIIEHOK BO3MOKHBIX H3MEHEe-
HUIi CTOKA ¢ YYETOM U3MEHEHMUSI OJIeICHEHUSI Ha OCHOBE
METOAO0B MOASIUPOBAHMS He MPOBOIUIN, YTO U 00y~
CJIOBJIMBAET aKTyaJlbHOCTb BbIOOpA TaHHOTO PeruoHa
JIJISI HACTOSIIIIETO UCCIIeIOBAHUS.

[Tnomanp oneneHeHust Kaskasa 8 2000—2020 rr.
yMeHbImiach Ha 23.2 + 3.8% (Tielidze et al., 2022).
ITpu 3TOM CKOPOCTh COKpAIEHUS TLIOIIAAN JIEIHUKOB
Bbonwioro Kaskasza ysenmumiach ¢ 0.44% B ron B 1e-
puog ¢ 1960 mo 1986 r. 10 0.69% B rox B iepuof ¢ 1986
no 2014 r. (Tielidze, Wheate, 2018). ITo pe3ynbTratam
uccnenoBanus (Hocenko u ap., 2013) ¢ 2001 mo 2010 r.
negHuky LlentpansHoro Kapkasza cokpatmivch Ha 4.6%.
HaumenbIme otepu Miolany Mponu30LUIN Y JIEAHUKOB
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Dnpbpyca, e€ cyMMapHOe COKpallleHUE 32 YKa3aHHbIN
BBIIIIE TIeprof cocTaBuio 2.8%. Habmomatonecs ns-
MeHeHus KimMarta B pernoHe (Shahgedanova et al., 2009,
Tashilova et al., 2019) u nerpanaius oneneHeHus: CeBep-
Horo Kaska3za (Kutuzov et al., 2019, Toropov et al., 2019)
MPUBEJIN K 3HAYNUTETbHBIM U3MEHEHMSIM PEYHOTO CTOKA
(Rets et al., 2020). HaunHast ¢ konua 1980-x — Havana
1990-x romoB HaOJIIOHAETCS CHMKEHUE PACXOI0B BOIBI
B MI0JIe 1 aBrycte Ha 2—6% 3a 10 jieT, 1aThl TPOXOXKIEHUS
MaKCUMAaJIbHBIX PACXOIOB BOIBI CMEIIAIOTCS Ha GoJee
paHHUE CPOKU, U YBEJIUUYMBAIOTCSI CPEAHEMECSIUHbIC
pacxonnbl utoHs (Rets et al., 2019). Bce nepeuucieH-
HBIE BBIIIIEC TEHACHIINA — CIIEACTBHE TpaHC(hOpPMaINN
BHYTPUTOIOBOTO pacipeaeeHUsI CTOKA U UICTOUHUKOB
MUTAHUSA B MEHSIOIITNUXCS KIIMMAaTUIECKUX YCITOBUSIX,
YTO MOXET MOBJIUSATH HA BOLOOOECIIEYEHUE PETUOHA.

B xauectBe ki1r04eBOro 6acceiiHa 1ist UCCAeI0BaHMS
BbIOpaH OacceiiH p. Tepek, BKIovaolmnii HaubdoJiee
MOIIIHbIe ouaru ojieaeHeHus LlenTpanbHoro Kaskasa.
Hauwunag ¢ BeicoT 60mee 2500 M, 3HaUYNTEIbHAS YacTh
TEPPUTOPUM OacceliHa 3aHsITa MHOTOJIETHUMMU CHEX-
HUKaMU, GUPHOM U JIpaoM. Tnoians oneaeHeHUs Co-
craBiger okojio 684 km? (RGI 6.0 Consortium, 2017),
13 KOTOPBIX 0K0J10 10% 3aHMMAIOT JIeMHUKU DIpopyca.

Ilenp paboOThI — OLIEHUTH BIMSIHUE UBMEHEHWIN KITH-
MaTa M OJIeAeHEHUsI HA PEYHOM CTOK B BLICOKOTOPHOM
yacTu OacceliHa p. Tepek Ha OCHOBE METOIOB MaTe-
MaTUYeCcKOro MoaeilupoBaHusi. B kauecTBe 6a30BO-
ro MporpaMMHOTO KOMILJIeKca 1JIsi MOJEJIMPOBaHUS
npoiieccoB (hopMUpoBaHUs CTOKa B OacceliHe p. Te-
PEK UCHOJIb30BaICId NUHGOPMALIMOHHO-MOIETUPYIO-
it komrieke (MMK) ECOMAG (ECOlogical Model
for Applied Geophysics) (Motovilov et al., 1999). dnsa
MPOTHOCTUYECKHUX OLIEHOK U3MEHEHUI CTOKa paccma-
TpUBAJIM JaHHBIE KiIMMaTndyeckux ciieHapues RCP2.6
u RCP8.5 no pesynbrataM KIMMaTUYeCKOTO 3KCHEepH-
MEHTa Mo pernoHaabHoMy MoaennpoBaHio CORDEX
(Coordinated Regional Climate Downscaling Experiment)
M OLIEHKU OTCTYIMaHUSI JIEAHUKOB JJIsl aHAJIOTMYHBIX
CclieHapHeB 10 JAHHBIM IVISLIMOJIOTUYECKON MOIEIN
GloGEMFlow-debris.

NCCIHEOYEMAA TEPPUTOPUA

bacceiin p. Tepek pacnosioxeH B 10r0-BOCTOYHOM
yacTtu Tepputopun CeBepHoro Kaska3za. Peka Tepek
OepeT HavyayIo Y HEOOJIbIIOro JIeAHMKA 3UJira Ha BHICOTE
3210 M, HaxoxsIIerocst Ha ceBepHOM ckJloHe FOxkHoro
BoxoBoro xpedTa B paiioHe ropsl 3uira-Xox. [IporekaeT
no tepputopusim I'py3uu, CeBeproit Ocetuun, KaGap-
nuHo-bankapuu, CtaBponoyibckoro Kpasi, Yeunu u [la-
rectaHa. Briagaet B Kacnuiickoe mope, o0pasysi 1e1bTy
wromanbio okosno 5000 km?. Ha 3anane 6acceiit p. Tepek
rpaHu4mT ¢ 6acceitHoM p. KybaHu, Ha BocToke — ¢ 6ac-
ceitHoM p. Cynak, Ha 1ore TpaHuia 6acceiiHa IIPOXOIUT
no I'maBHOMy, BokoBomMy 1 FOxxHOMY BokoBOMY XpeOTam.
BricokoropHas yacth 0acceitHa p. Tepek BK/IoUaeT Takue
KpyMHble MPUTOKHU peku, Kak bakcan, Yerem, Majika,

KOPHWMIJIOBA u np.

Yepek u ApaoH. st yu€Ta BBICOKOTOPHBIX IPUTOKOB
TIpY MOJEIMPOBAHUM ObLT pacCMOTpPeH OacceliH p. Tepek
10 ropoaa Mo3ox ¢ miomansio Bogocoopa 20600 km?,
13 KOTOPBIX 34 % NPUXOANUTCS HAa BEBICOKOTOPHYIO YaCTh
¢ Beicotamu 0osiee 2000 M Ham ypoBHEM MODSI TIPU Cpel-
Heli BeicoTe Oacceitna 1700 m (puc. 1).

st BeIcOKOropuii 30HbI bonbinoro KaBkasza xapak-
TEpPHO MpeobiagaHre KOHTMHEHTAIBHOTO BO3yXa yMe-
PEHHBIX IIUPOT BO Bce ce30HbI rojia. CoryiacHO aHaIu3y
(bakTMYECKMX TaHHBIX, TOAOBOE KOJUUECTBO OCAIKOB
B CpeIHEM IT0 BOIOCOOPY cocTaBisteT 683 MM, cpe-
HeroaoBas TeMieparypa Bozayxa — 6.5 °C. Ci1oxKHbII
penwed CeBepHoro KaBkasa, cocTosiiiuii 3 pa3HOBBI-
COTHBIX XpeOTOB 1 KOTJIOBUH C OOJIBIIIMM IMAaa30HOM
BBICOT, CYLIIECTBEHHO BIIUSCT HA paAMalliOHHbBINA PEKUM
M LHUPKYIISLIVIO BO3MYIIHBIX Macc. Oporpadust oka3biBaeT
BJIMSIHUE Ha paclipele/iecHue TeMIIeEpaTyphbl 1 0CaaKOB
B 3aBUCUMOCTH OT aOCOJIIOTHOI BBICOTHI MECTHOCTH.

B Gacceitne Tepeka B reorpadum pacripocTpaHeHUS
TUIIOB JIaHIIA(TOB U IMTOYBEHHOTO MTOKPOBa HAUOOIb-
1LIYIO POJIb UTPaeT pesibed U BhICOTHAsI MosicHOCTh. Ha
PaBHUHHOM yacTu 6acceiiHa pacnpoCcTpaHeHbI KallTa-
HOBBIE U CBETJIO-KAIITAHOBbIE MTOYBHI, Ha BbicoTax 300—
1200 M pacripocTpaHeHbI YepHO3EMHBIC TTOYBHI, 10 1800—
2000 M — necHble 11ouBHI, Bbie 1800—2000 M — rop-
HO-JIYTOBBIC ¥ TOPHBIE JTYTOBO-CTEITHBIE TIOUBHI O€3/IECHBIX
BBICOKOTOpHiT. OCHOBHEBIE TUITHI PACTUTEIIEHOCTH B TIpe-
Jiejax UccieyeMoi TEppUTOpUM — CTeMHasl, JIECOCTel-
Hasl, JiecHasl, cyOasbnuiicKasi, alblIMiicKasi U HUBaJIbHasl.

Hns p. Tepek xapakTepeH TUTTMYHBINA PeXXUM CTOKa
TOPHOI PEKU C BLICOKUM BECEHHE-JICTHUM TTOJIOBOIbEM,
OCJIOXKHEHHBIM HAKJIaAbIBAIOIIMMUCS TTMKAMU T0X/Ie-
BBIX TTABOJKOB, U HU3KOI OCEHHE-3UMHEN MEXKEHbIO.
PexxuMHBIe HAOTI0ISHMS 3a pacXoJaMU BOAbI HAa TUAPO-
METPUUECKMX ITOCTAaX B BEICOKOTOPHOI YacTH OacceifHa p.
Tepek Havanmuch mpenmylecTBeHHO B 1950—70-x ronmax.
B pabote ncnonb3oBanuch JaHHBIE 10 15 mocTaM, B Ha-
crosiiee BpeMs U3 HUX padotaer 12. OgHaKo, yIUThIBasI
0Cco0eHHOCTH (hPOPMUPOBAHMSI CTOKA B TOpax, OCBEllEHNE
TEPPUTOPUU TUAPOMETPUYECKUMU JAaHHBIMU HEIOCTa-
TOYHO. XapaKTepUCTUKU BOAOCOOPA U CPEIHETOA0BOTO
CTOKa B CTBOPaX JaHHBIX ITOCTOB MPUBEACHHI B Ta0. 1.

J11s1 BRISIBIICHUSI COBPEMEHHBIX BPeMEHHBIX TPEHIOB
OCHOBHBIX T'HAPOJOTUYECKUX U METEOPOJIOTUYECKUX
XapaKTEePUCTUK UCIIOJIb30BaTUCh MOIUGDUIIMPOBAHHBIN
napameTpuyeckuii kpurepuii CtbiogeHTa (Santer et
al., 2000) u Mmogu¢uULIMPOBAHHBII HeIapaMeTpuie-
ckuii kputepuiit Manna — Kenganna (Hamed, Rao,
1998). ITo pe3ynbraTaM aHajiM3a (pakKTUYECKUX TaH-
HbIX METEOCTAaHIIMI B Mpejeaax BbICOKOTOPHOM ya-
ctu O6acceitHa p. Tepek HabOgaeTCs MTOBCEMECTHOE
yBeJMUEHUE CPEeIHETOA0BOI TeMIepaTyphl BO3ayXa CO
cpenHeit uHTeHcuBHOCTHIO 10 0.7 °C/10 et 3a nepuon
1977—2014 rr. I1pu a3TOM TemIiepatypa yBeJIUYMBaCTCSI
IJIaBHBIM 00Pa30M B JIETHHE MECSIIbl ¢ MTHTEHCHBHOCTBIO
0.3—0.7 °C/10 net. CratucTAYECKN 3HAYNMBIX TPEHIOB
W3MEHEHUS TOI0BOI CyMMBI OCAIKOB T10 TAHHBIM ME-
TEOPOJIOTUUECKUX CTAaHLIMI He BbIsiBJIeHO (puc. 2). 1o
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BJIUAHUE UBMEHEHUU KITUMATA U JETPAJIALIMU OJIEAEHEHU A HA BOJHbBIM PEXUWM...

N

e

el

3000 6000 9000 12000 15000 18 00020 000
Inomans Bomocbopa, kM2

0

b

LA

TEIpHbIAY3

KameHHomoeTeKoe

3ai0koBo;

HwkHui Yerem
< 7

IO(I) KM

1 s 4
2 —5
3 6

175

Puc. 1. Bacceiin p. Tepek (no 3aMbIKaroiero ctBopa Mo3nok): I — THAPOJOTUYECKUE TTOCTHI; 2 — TUAPOJOTUICCKIUE TIOCThI U Me-
TEOPOJIOTMYECKME CTAHLIUK; 3 — METEOPOJOTNYeCKre CTaHIUN; 4 — TOpHbIE BEPIIMHBI, 5 — rocyaapcTBeHHas rpaHuia PD; 6 —

nenauky (RGI 6.0)

Fig. 1. The Terek River basin to the Mozdok outlet: / — hydrological gauges; 2 — hydrological gauges and meteorological stations;

3 — meteorological stations; 4 — mountain peaks; 5 — state border of the Russian Federation; 6 — glaciers (RGI 6.0)

45°

B.1.45°

43° 44°  c.ui 44°

43°

440

440

43°

%/10 net
@ 0-5
@ 510

o
o
<+

cee@®

1%/10 ner

-10—5
-5-0
0-5

5%,

Her craTrcTiyeckoit 3HaYMMOCTH

Puc. 2. TpeHIbl U3MEHEHUS CPEIHETOI0OBOI TeMITepaTyphl (@) ¥ TOJ0BOI CYMMBI OCanKOB (6) Mo (haKTUYECKUM JaHHBIM METEOPOJIO-
riudeckux ctaHimii (1977—2014 rT.), CpeTHEromoBoro (6) 1 MAKCUMAIILHOTO (2) TOIOBOTO PACXOIOB BOIBI IO (DaKTUUECKUM TaHHBIM
IMIPOJIOrMYECKUX ITOCTOB B OacceiiHe peku Tepek (1977—2018 rr.)
Fig. 2. Trends in changes in average annual temperature (¢) and annual precipitation (6) according to actual data from meteorological
stations (1977—2014), average annual (¢) and maximum (¢) annual discharges according to actual data from hydrological gauges in

the Terek River basin (1977—2018)
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BJIUAHUE UBMEHEHUU KITUMATA U JETPAJIALIMU OJIEAEHEHU A HA BOJHbBIM PEXUWM...

pe3ybTaTaM OLIEHKU BPEMEHHbBIX TPEHA0B CPEAHETr010-
BBIX 1 MAKCUMAJTBHBIX PACXOIOB BOIBI MO (PaKTHISCKAM
JAHHBIM Ha 15 mocTax 3a nepuon HabmoneHuii ¢ 1970 mo
2018 1. cpenHeronoBbie pacxonbl Boabl 3a 1970—2018 rr.
VBEJTMYMBAIOTCSI C MTHTEHCUBHOCTBIO 2—7%/10 1eT, 910
MOXET OBITh CBSI3aHO C OOILIMM YBEJIUUYEHUEM TOI0BOM
CYMMBbI 0CaJIKOB, HanboJiee SIPKO BbIpa’kEHHBIM B paB-
HUHHOU 1 ipearopHoii ooaactsx CeBepHoro Kaskaza
(Rets, Kireeva, 2010).

MaxkcuMalibHbIe TOJIOBbIE PACXOJibl, HA00OPOT,
B OOJIBIIMHCTBE CTBOPOB CHIKatoTcs Ha 2—10%/10 ner,
0COOEHHO 3TO MPOSIBJISIETCS] Ha TUAPOJOTUIECKUX ITOCTAX
B 3aMbIKAIOIINX BEICOKOTOPHYIO YacTh OacceiiHa (p. bak-
caH — ropon TreipHbIay3, p. Yepek bankapckuii — ceno
baoyrenrt, p. Lles — noc. bypoH). MakcumalibHbIe Ha
LlenTpansHoM KaBkasze pacxombl BOIbl HAOIIOAAIOTCS,
[JIABHBIM 00pa3oM, B pe3yJIbTaTe HaJlOXKeHUs TaBOIKOB
Ha BoJiHy nojoBoabs (KoposuH, I'ankuH, 1979; Rets,
Kireeva, 2010). OnHako caMble MHTEHCUBHbBIE [TaBOJIKHU
OOBIYHO HAOJIOAAIOTCS B 3TOM PErioHe B UI0JIe — aB-
rycte (Toropov et al., 2019). ITockoabKy BKJIaJ1 TaJIbIX
JIETHUKOBBIX BOJI YMEHBIIUJICS, B HACTOSIIIIEE BpeMsi
MaBOAKM HAKJIAIBIBAIOTCS Ha 60Jiee HU3KYIO CE30HHYIO
BOJIHY TTOJIOBOJIbSI, YTO CKAa3bIBA€TCSI HA CHUKEHUU MaK-
CUMaJIbHBIX PACXO/0B.

177

METOAbI U UCXOAHBIE JAHHBIE

Modeav hopmuposanus cmoxa. MateMaTuueCKoOe
MOJIEIMPOBaHME MPOLIECCOB (DOPMUPOBAHUS CTOKA BbI-
MMOJTHEHO Ha OCHOBE MH(MOPMALIMOHHO-MOIEINPYIOIIIE-
ro komruiekca (MMK) ECOMAG (Motovilov, 1999).
ECOMAG — Monenb ¢ pacipee/i€EHHBIMU ITapaMeTpaMu,
IJie MOBEPXHOCTh OacceitHa pa3aensieTcst Ha OTAeIbHbBIC
JNaHamagTHBIE JIEMEHTBI — dJIEMEHTapHbIC BOAOCOOPHI.
Mogenb onuchiBaeT OCHOBHBIE TTPOLIECCHI TUAPOJIOTH -
YeCKOTO IMKJIAa CYIIN: MHOWILTPALINIO, VCIIapeHue,
TepMUYECKUI U BOAHBINA PeXX1M MOYB, (pOpMUPOBAHUE
CHEXXHOTO MOKPOBa U CHerotasinue, (hopMUpOBaHUE
MMOBEPXHOCTHOTO, BHYTPUIIOUYBEHHOTO, TPYHTOBOTO
U PEYHOIO CTOKA.

HcxoaHbIMU METEOPOIOTUYECKMMU TaHHBIMU TSI
pacy€ToB 10 MoneIu (OPMUPOBAHUS CTOKA CIIyKaT Cpel-
HECYTOUHbIE JaHHbIE O TeMIIepaType BO3ayXa, OcagKax
Y TIPU HAJTMYUU — O iepuIMTe BAaXHOCTH Bo3ayxa. st
afganTalvy MOJENIM K OoIpeAeaIeHHOMY OacceliHy Heo0-
XoauMa uHGopmalus o MoACTUIAIOIIEH TOBEPXHOCTH,
BKJItOUasi pejibed, MouBeHHbIE U JaHAIIA(THbBIE KapThl,
osneneHeHue (tadJ. 2).

Kaumamuueckue dannvie. JJannble Me30MacIITad-
HOTO KJIMMAaTU4YEeCKOTO MOACIUPOBAHNS ITOJTyUYECHBI Ha

Tab6muna 2. Ucxonnbie nanHble 1151 moaenn ECOMAG B 6acceiine p. Tepek

Twn naHHBIX Ilepuon/lata my6aukanuu

JaHHbIX

Paspemrenue/
Maciurab

Pecypc

Quszuuecko-eeoepaghuueckue xapaKmepucmuku oaccelina

Hudposas monein 2000 90 M- 90 m Consultative Group for International
penbepa SRTM Agriculture Research Consortium for
Spatial Information (CGIAR-CSI: http://
srtm.csi.cgiar.org/)
JlanomacdtHOE 1990 (pecmryonuka CeBepHas 1:750 000 Atnac KabapnuHo-bankapckoit
paiifoHupoBaHUe Ocerust), 1997 (KabapouHo- peciryonuku u peciryoauku CeBepHast
bankapckas pecryoimnka) OceTus
ITouseHHbIit MokpoB | 1990 (pecnyonrka CeBepHas 1:750 000 Atnac Kabapnuno-bankapckoii
Ocetus), 1997 (KabapauHo- pecnyoauku u pecryonuku CeBepHast
bankapckas pecnybivka) OceTus
[Tnomanp 2001-2003 rr. 10M- 10 ™M RGI 6.0 (RGI Consortium, 2017)
OJIeIEeHEHMST

Tu@pOMemeopO/toeultecxue U eadayuoaocuveckKue danHbvle

(IIpPOrHOCTUYECKUE JaHHbIE
KJIMMaTU4YECKUX CLIEHApUeB
RCP2.6 u RCPS.5)

Pacxonsl Boabl 19772018 1 cytku T'unponornyeckuii exxeronHUK
IMpuzemuasa 1977—-2005 (uctopmaeckue 1 cytku ITpoexr CORDEX (KopHeBa, Prioax,
TeMmIiepaTypa Bo3ayxa, JTaHHBIE) 2020)
CYMMBI OCaIKOB 2006—2099
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ocHoBe naHHbIX mpoekta CORDEX. OcobeHHOCTh NOI-
X0J1a, peaJiM30BaHHasl B IIPOEKTe, 3aKJIIOYAETCS B TOM,
YTO B CBSI3KE pabOTAIOT IrJ100aIbHbIC KIIMMATUUECKIE
MOZEJN, Ha KOTOPBIX PACCUMTHIBAIOTCS TJI0OATbHBIC
KJIMMaTUYEeCKUe MOJIsI C MaJIbIM MPOCTPAHCTBEHHBIM
paspenieHueM (0T 1 10 5° 110 TOpU30HTAIN B 3aBUCUMO-
CTU OT BUJIA U pealiu3allii MOAENIM), KOTOPhIE 3aJal0T
IrpaHUYHbIE YCIIOBUSI pETMOHAILHBIM (ME30MacIITaOHbIM )
KJIMMAaTUYECKUM MOJIENISIM, pabOTaIOIIMM YK€ Ha ropas-
10 Oosiee AeTallbHOM ITPOCTPAHCTBEHHOM pa3pelieHU U
(11—50 xMm). B paboTe ncronb30BaInch pe3yIibTaThl
pacuéroB a1 pernoHa LleHTpanbHON A31UM, KOTOPBI
BKIIOUaeT B ce0s1 KaBka3ckuii pervoH. [1ist Bcex moJjieit
Oblj1a MpoBeieHa KOPPEKIIMS U PETMOHAIM3ALIUS UCXO-
HbIX JaHHBIX MoaenupoBanus CORDEX ¢ momolisio
CTaHLIMOHHBIX METEOPOJOTMYSCKUX TaHHBIX 110 22 Me-
TeopoJoTuueckuM ctaHuusiM st LlentpanbHoro Kas-
Ka3a u COCEHUX TePPUTOPUIA, BKIIIOYAIOIIIUX OacceiiH
peku Tepek, a TakKe OTAeJIbHO AJIsl palioHa Dabbpyca.
Pernonanusaiiys fJaHHbBIX 3aKjI04ajach B UX MepemMac-
IITAaOUPOBAHUU U3 MOACIBHON CETKU pa3pelIeHueM
25 KM B TIPOCTPAHCTBEHHYIO CETKY C pa3pellieHeM OKOJIO
1 KM c UCIoJib30BaHUWEM 3HaYEeHU I BEpTUKAJIbHbIX Tpa-
JUEHTOB TeMIIEpaTyphl BO3/IyXa M KOJIMYECTBA OCAIKOB
(KopneBa, Pribak, 2024).

Taauuoaoeuueckue modeau. Jlanavie 00 U3MEHEHUN
TUTOIIAAM OJIENeHEHUS B TIpenesiax Bonocoopa mojayde-
HbI Ha OCHOBE MOJIM(DUIIMPOBAHHON BEPCUH MOIEITN
GloGEMFlow (Zekollari et al., 2019), monyunsiiei
Onaromapsi BKIIOUEHHIO 0JIoKa JJ1 pacyéTa MOPEHHOTO
nokposa Ha3zBaHue GloGEMflow-debris (Postnikova et
al., 2023). B mogenu ucnoab3yeTcs ypaBHEHIE Hepa3-
PBIBHOCTH /151 MOAETMPOBAHMUS IBVKEHUS Y DBOJTIOIUU
JIEAHUKA BIOJIb OCEBOM JIMHWU, CYIIECTBEHHBIMA KOM-
IMIOHEHTaMU [T YY€Ta 3BOTIOLIMN MOPEHHOTO TTOKPOBa
B MOJIIEJIM SIBJISIIOTCS: TIOCTYIIJIEHE MOPEHHOTO MaTe-
pvaja Ha JISTHUK, TMHAMWYECKOe TiepepacIipeie/icHre

KOPHWMIJIOBA u np.

(TIepeHOC) MOPEHHOTO TTOKPOBA, BHITAUBAHKE B 00JIACTH
a0JISIIINY ¥ BEIHOC B IPH(POHTATBHYIO 30HY.

Cxema yceoenusa modeavto ECOMAG dannbix u3 kau-
mamuueckoll u eaayuoao2uyeckon modeau. bioxk-cxema
YCBOCHMS TaHHBIX KITUMATHIECKOTO U TIISIIIMOJIOTIYE -
CKOTO MOJEMPOBAHUS MOAEIbIO (POPMUPOBAHUS CTOKA
ECOMAG npencrapieHa Ha puc. 3.

CormacHO JaHHOM CXeMe B Ka4eCTBE BXOIHBIX JaHHBIX
B Monean ECOMAG ucnoyib30BaHbl CETOYHBIE JTaH -
HbIE O IPU3EMHOI TeMITepaType U CyMMe aTMOC(hEPHBIX
0CaJIKOB CYTOYHOTO pa3pellieHUs] ¢ TPOCTPAHCTBEHHBIM
paspeleHrueM JaHHbIX 1x1 kM. McTopruueckuii mepuon,
BKJIIOYAET CYyTOUHbIE JaHHbBIE 00 OcagKax U TeMIIepaType
Bo3nyxa 3a 1977—2005 1T., MpOrHOCTUYECKUIA — aHaJI0-
ruyHblie naHHblie 3a 2006—2099 rr.

I1pu moakIIOYEeHNHU JISAHUKOBOTO OJIOKA K MOIEITN
ECOMAG 3agaBajiach 10JIS1 OJIeIeHEHUS KaXKI0To e~
MEHTapHOTO BoA0cOOpa B COOTBETCTBUU C pe3yIbTaTaMu
YHMCIEHHBIX 9KcIepuMeHToB Ha Moaean GloGEMflow-
debris ¢ BpeMeHHBIM 11aroM pa3 B 10 MOIEIbHBIX JIET.

[Ipu MoxemMpoBaHUY C YYETOM OJIEICHEHMSI B MOJICITH
ECOMAG 0bu1 yuTeHBI pa3nnuus KodpOUIreHTOB
TastTHUS JibJa U cHera. Takyke Mo JTaHHBIM TJISILIA0JIO-
TMYeCKOTO MOJSIUPOBAHUS ObUT YITEH KOI(PPUIIUEHT
penykunn TagHud k.4 (Vacco et al., 2010; Verhaegen
et al., 2020; Postnikova et al., 2023) B 3aBUCUMOCTH OT
TOJIILIMHBI MOPEHHOTO YeXJa M4y, i

k _ _hdebris

.. = €X
debris p 115

J1s1 UTOroBOTrO pacuéTa CTerieH! BIMSHUAS MOPEHHOTO
yexJia Ha CKOPOCTh TasTHUSI pacCUUTHIBAJICS KO3 dULI-
€HT PEeAYKLUHU TasTHUS K, .., KOTOPBIN 3aTEM YMHOXa-
JIM Ha KO3(MOUIMEHT TassHUS YUCTOTO JIbJA U Ha CTe-
MeHb MOKPBITOCTU MOPEHO JIeAHUKA B 3JIEMEHTAPHOM

KapTtbl mouB u naHaimadToB
Hudposas monens penbeda
[lnomans oneneHeHUs1

MereonaHHbIe (CpeIHECYTOUHAsI TEMIIepaTypa,
neUIUT BIAKHOCTU 1 CyMMa OCaIKOB)

KiaumaTuueckuit aKCrepuMeHT

Ihaunonorwaeckas Monets TI0 PETMOHATTEHOMY MOJIETUPOBAHUIO
GloGEMFlow-debris CORDEX
Kanu6poska
32 UCTOPUIECKUI
nepuon
V3MeHeHue TI01aau ojieNeHEH U Monenb hopMUpOBaHUS eMIiepaTypa BO3ayXa U 0Caaku
110 KoHIIa 21 Beka croka ECOMAG 1o KoHIa 21 Beka

MonenupoBaHe U3MEHEHMSI CTOKA
1o koH1a 21 Beka

Puc. 3. CxeMa ycBOeHUS JaHHBIX KJIMMAaTUYECKOTO W TIISILIMOJIOrMUecKoro MoaeanpoBanust Moaeibio ECOMAG
Fig. 3. The scheme of assimilation of data from climatic and glaciological modeling by the ECOMAG model
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Bomoc6ope (%). [1oce BEIUMCIISIICS CpeTHEB3BEIIEHHBII
KO3 (ULIMEHT TassHUS (MEXXIY 3aMOPEHEHHBIM 1 YUCThIM
JIBAOM) ¥ BBOIWJICS B MOJIeIb (DOPMUPOBAHUSI CTOKA
Kaxzabie 10 MomenbHBIX JieT. TakuM 00pa3om, YIYUTHI-
BaJIOCh HE TOJILKO YMEHbIIIEHE TUIOMIAIN OJIeACHEHMSI,
HO 1 3¢dGEeKT yMEHbIIEHUST TasTHUS BCJIEICTBUE U30JIM -
pytouiero 3ddekTa MOPEeHHOTo UyexJa.

Taomma 3. Kputepun KayecTBa MOACIUPOBAHUS TIPU
pacyérax 1o JaHHBIM KJIMMAaTUYECKOIO MOICIMPOBAHMS
npoekta CORDEX 3a uctopuueckuii nepuon 1977—2005 rr.

Kputeprn KayecTBa MOAEIMPOBAHKS

I'moponormyecknii CVIKIL Mecst o

IOCT y 1 A

NSE* R BIAS***

p. bakcan — 0.62 0.77 ~13.0
r. TeipHbIay3
p. bakcan — 0.57 0.72 7.8
¢. 3al0KOBO
p. Yerem —
c¢. Huxnuit Yerem 0.35 0.50 10.9
p. Tepex — 0.5 0.76 7.0
cr. KotnsipeBckast
p. Manka — 0.45 0.74 25
c. KameHHoMmocTckoe

[Tpumeuanue.*Kpurtepuit abHEeKTUBHOCTH MOAECIUPOBAHUS
Hbsma — Cartkinda; **koadOULMeHT JeTepMUHAIIAN MEXKIY
akTryecKUMM U CMOIETUPOBAHHBIMU 00BEMAMU CTOKA;
*EcUcTeMaTUdecKas olImoKa oLeHKN 00bEMOB cToKa (%).

Mg xanuOposku u Banunauuu moaean ECOMAG
HCTOJb30BAIUCH CYTOUHbBIE JAHHBIE TUAPOJOTUYECKUX
nocToB: p. bakcan — TripHbBIay3, p. bakcan — 3ai0KoBo,
p. Yerem — Huxnuii Yerem, p. Manka — KameHHo-
MocTckoe, p. Tepek — KoTisipeBckast; KanmbpoBKa ma-
paMeTpoB MoJie i (DOPMUPOBAHUS CTOKA TTPOBOAMIIACH
Mo JaHHBIM 3a nepuon 1995—2005 rr., Banumauus 3a
Bechb uctopuueckuit nepuopa 1977—2005 rr. (tadi. 3).
CTOK YacTu TUAPOJIOTUIECKHX TTOCTOB, PACIIOJIOKEH -
HBIX B IIpeeIax UCCaeayeMoro bacceifHa, 3aperyin-
poBaH, JUOO UX JaHHbIE COEePXKAT CYyIlIeCTBEHHbIE
MPOITYCKH M MIOTPEITHOCTH, CBSI3aHHBIE C XO3SMCTBEH-
HOM AeSTeIbHOCThIO Ha BOAOCOOPE U MOTPEITHOCTSIMU
M3MEpPEHMI, TO3TOMY TH JaHHBIE HE UCITOJIb30Ba-
JINCH TIPH KaTuOpoBKe Moaenn. J1JIst OlleHKM KauyecTBa
MOAENPOBAHUS UCITOTb30BAINCH OOIIECTTPUHSITHIC
B TUAPOJIOTUYECKUX pacuéTax Kpurtepuun (MoTOBU-
noB, I'enbdan, 2018), Takue Kak cucTeMaThuyecKas
ommnbka oleHKM 00bEMOB cToka (BIAS,%), kpute-
puii addpexTuBHOCTU MoaeanupoBaHusg Hama — Car-
tkauda (NSE), koadduiimeHT netepMruHaiuu Mexy
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o0bEMaMu cToka. B mpakTuke MoaeaupoBaHUs TIpU-
HSTO, UTO Pe3yJIbTaThl MOACIUPOBAHUS CUUTAIOTCS

xopomnMu ipu NSE > 0.80, ynoBiieTBOpUTETLHBIMU
npu 0.80 > NSE > 0.36 u HeyIOBJIE€TBOPUTEIbHBIMU
pu NSE < 0.36. OTHOCHTENTbHAS OLINOKA B OLIEHKAX
00BEMOB CTOKA JJISI MHOTOJIETHETO TIEPUOo/Ia He TOJIKHA
npesbimath 10—15% (bopir u np., 2023). Ctout ot-
METHUTh, UTO KIIMMATUIECKIE€ MOAEJIN BOCIIPOU3BOISIT
JINIITB OAHY M3 BO3MOXKHBIX peaan3alinii KInuMara 3a
UCTOPUYECKUT MEPUOJ, & HE XPOHOJIOTUUECKUI XOJT

MeTeopoJiornyeckux xapakrepuctuk (Gelfan et al.,
2015), mostomy oneHku no kputepussMm NSE u R? io-
3BOJISTIOT OLICHUTB JIMIIIH 00IIIee CXOACTBO THAPOrpadoB
3a cpeIHeMHoTroeTHUI iepro. I1o pesynbpraram Baim-
nauun moaenb ECOMAG, cornacHo BhIlIeyKa3aHHBIM

KPUTEPUSM, YIOBIETBOPUTEITHLHO BOCIIPON3BOIUT KaK
rugporpadmbl, Tak 1 roloBble 00bEMBI CTOKA MPU pac-
y&€Tax Mo JaHHbIM KJIMMATUYECKOTO MOIEIUPOBAHMUSI.

PE3YJIBTATBI U OBCYXIEHUE

J71 OIIEHKYW BO3MOXHOTO Arara3oHa N3MeHeHUI
CTOKa BBICOKOTOpHOM yacTu O6acceitHa p. Tepek pac-
CMaTpUBAJIXCh JBa KiiMMaTudeckux cieHapus (RCP):
RCP2.6 («msarkuii») u RCP8.5 («kécTkuii»). s aHanm-
3a BBIYUCIISUIMCHh aHOMAJIUU TUAPOMETEOPOIOTMYECKUX
XapaKTepUCTUK, OCPETHEHHBIX 32 TIPOTHOCTUYECKUE
riepuoasl 2006—2039, 2040—2069, 2070—2099 rr. oTHO-
CUTETbHO aHAJIOTMYHBIX, CMONIEIMPOBAHHBIX 32 6a30BHII
uctopuueckuii nepuon 1977—2005 rr.

Ilpuzemnasa memnepamypa 6030yxa. I1o aHHBIM KJIU-
Matnueckoro Mmoaenupobanss CORDEX oxunaercs, 4To
npu cueHapu RCP8.5 cpeaHeronosbie TeMIiepaTyphl
BO3lIyXa Ha TeppuUTOpUM OacceitHa p. TepeK MOBBICST-
ca Ha 2 °C k cepenune 21 Beka (2040—2069 rr.) 1 Ha
4 °C k xoHuy XXI Beka (2070—2099 rr.). B cueHapuu
RCP2.6 cpennsis TemIiepatypa Bo3Ayxa IMTOBBICUTCS Ha
0.8—1.2 °C B Teuenme 2040—2069 rr. m Ha 1—1.2 °C
B TeueHue 2070—2099 rr. (puc. 4, a). Takxke cTOUT OT-
METHTD, UTO B «MSTKOM» CLIEHAPUH KO BTOPOI TTOJIOBUHE
XXI Beka kiuMaTudeckuit GoH B peruoHe cTabMIn3u-
pYyeTcsI, B OTJIMYHME OT «KECTKOT0» CIIEHAPHSI.

[Tpu aHanM3e BHyTPUTOAOBOIO X014 OCPEAHEHHOI 110
Oacceiiny p. Tepek TemIiepaTypbl BO3AyXa ObLIO BhISIBIIC-
HO, 4yT0 B 2070—2099 IT. B 1eTHNE MECSLIBI YBeJIMICHHIE
TeMITepaTyphl 110 CPAaBHEHUIO C UCTOPUYECKUM IIEPUOIOM
1977—2006 rr. nocturHet 2—3 u 6—7 °C coriacHo clie-
Hapusm RCP2.6 u RCP8.5 coorBercTBeHHO (pHc. 5, a).
[Tpu 5TOM aHOMAaJIUK TEMITEPATypPhl BO3IyXa B 3UMHUE
MeCSIIbI MEHbIIIE U MHOTAA JOCTUTAIOT OTPULIATETHHBIX
sHavyenuii. B cuenapuu RCP2.6 aHoMainy 3MMHIX TEM-
repaTyp Bo3Iyxa CoCTaBIIsIIOT B cpenHeM —1 °C 3a repuof,
2006—2039 rr. m —0.5 °C 32 2040—2069 1 2070—2099 rT.
Opnnako B cueHapunu RCP8.5 nmo cocTostHuIo Ha KOHEl]
CTOJIETUSI aHOMAJIMY TEMIIEPATyPhl BO3yXa 3a 3UMHUE
MeCSILbI OyIYT ITOJOXUTEIbHBIMU U cocTaBdaT 1—2 °C.
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Fig. 4. Predicted changes in the average annual air temperature (a), annual precipitation (6) and glaciation area (g) for river basins
to various outlets in the Terek River basin for two (RCP2.6 and RCP8.5)
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Fig. 5. Predicted anomalies of average monthly air temperatures (a), precipitation (6) and snowmelt (8) in the Terek River basin for
two different scenarios (RCP2.6 and RCP8.5) within the studied catchment area
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Ouaedenenue. CorjiacHO pe3yJibTaTaM TJISIIMOJIOTH -
yeckoro moaeaupoBaHus (Postnikova et al., 2023), no
2040 r. romaak oJeAeHEHUS B IIpeaesiax oacceiiHa p.
Tepek OyneT CHUKATHCSI C OTMHAKOBOM MHTEHCUBHOCTbBIO
B 000MX KIUMATUUECKUX CLIEHAPUSIX U YMEHBIIUTCS
Ha 30% 10 cpaBHEHUIO C OJieIECHEHUEM T10 COCTOSTHUIO
Ha 1990 r. JlaHHbBIE TeMIIbI HECKOJIBbKO HIXE, YEM CKO-
pOCTh JeTrpafaluu ojiefcHeHUs Bcero KaBkasa, Tak
KakK MUMEHHO B TIpe/ieiax paccMaTpuBaeMoro dacceliHa
pacmnojIoXeHbl HauboJjiee BLICOKOTOPHbBIE JIEAHUKU Ha
BepmmHaX — Dap0pyc 1 Kazoek. B cuenapuu RCP2.6
wioiaap oneneHeHusa K 2080 r. yMeHbIIUTCSA Ha 55%
U 1aJiee OCTaHeTCs cTabmibHOI 10 KoHua XXI Bexa. [1pu
aToM B ciieHapuu RCP8.5 mromans oneneHeHust oyner
CHUKATHCS BIUIOTH 0 KOHIIA CTOJIETUSI U YMEHBILIUTCS
cymMMapHo B Gacceifde p. Tepek Ha 90%. OmHaKko JeTHI -
KU B TIpefiesiax UCCIeyeMOoro bacceiiHa UMEIOT pa3Hoe
MOP(hOIOrMIecKoe CTPOEHUE, BBICOTHOE PACTIONOXEHME
M Maccy, ITO3TOMY U UX TpaHC(opMalus B YCIOBUSIX
MEHSIIOIIerocs Kinumara oyaeT HeoguHakoBoi. Tak,
B Iipezieiax Bogocoopa p. Majiku, KoTopast IIUTaeTcs Ipe-
MMYILECTBEHHO CTOKOM C JIETHUKOB, PACIOJIOKEHHBIX
Ha CEBEPHBIX U CEBEPO-BOCTOUHBIX CKJIOHAX DIbopyca,
IUIoIanb oyeaeHeHus B cueHapun RCPS8.5 cokparurcs
K KOHILy cTosieTst Ha 75%, B TO BpeMsI Kak B IIpeesiax
BojocOopa p. Uerem, nuraroieiics Tajaou Boao c Jiem-
HHKOB, paCIIOJIOXKEHHBIX Ha CeBEpPHOM CKIIOHE bosbimoro
KaBka3ckoro xpe0Ta, nioliaab oJieIeHEeHMsI, COTJIacHO
MOJEJIbHBIM OLIEHKAM, MOXKET CHU3UThCI MPAKTUUECKU
Ha 100%. CooTBETCTBEHHO, U3MEHEHUE TUIOLLAIN OJIENE -
HEeHUS OyAET OTJIMYATHCS IJIs1 KOHKPETHBIX BOIOCOOPOB
(cM. puc. 4, 8).

Ocaodxu. B 000oux clieHapUsIX OXKUIaeTCsl yBeIMUEeHHE
TOAOBOI CYMMBI OCagKoB 10 cepeanHbl XXI Beka — 1o
2% 1tst «MSITKOTO» 1 10 1% JU1st «KECTKOTO» CLIEHAPUS.
3areM B cuieHapuyt RCP8.5 oxumaercs He3HAUUTeIbHOE
CHIXKEHUE CyMM 0cankoB (Ha 1% OTHOCHUTENIBHO UCTO-
PUYECKOTO MePHoa), KOTOPOE MPOCIEKUBACTCS BIUIOTh
JI0 KOHIIa cToyieTust (cM. puc. 4, 6). B cuenapuu RCP2.6
OXUIAKOTCS TTOJIOXKUTEIBHBIE AHOMAIUK TOIOBOM CyMMBI
ocankoB 10 KoHua XXI Beka.

OxumaeTcst yBeJIMUeHUe KOJIMYeCTBa 0CaAKOB 3UMOI

C OKTSIOpsI O MapT U, HA00OPOT, 3HAUUTEILHOE YMEHb-
LLIEHUE B OCTaIbHOM nepuo. Hanbobimii pocT ocankoB

oxuaaercs B fekaope — B riepuona 2070—2099 rr. on

coctaBuT 15 1 23% B cueHapussx RCP2.6 1 RCP8.5 co-
OTBETCTBEHHO, UTO Ha (DOHE OTpUIIATEIbHBIX AHOMATUI

TeMIepaTyp B 3MMHUE MeCs1Ibl (CM. pUc. 5, a—0) Coco0-
CTBYET CHUKEHUIO CHEroTastHUs (CM. pucC. 5, 8) U aKKy-
myssiinu cHera. OcoO0eHHO MHTEHCMBHOE HAaKOTUIEHHE

cHera OyneT HaOIoAaThcsl HAa BeicoTax 0ojiee 2000 M.
B sinBape u (beBpasie yBeJrueHNe KOJMUeCTBA OCATKOB

OyIeT He CTOJIb 3HAYUTEIbHBIM U cOCTaBUT 5—10% mis

000ux clieHapueB. B neTHUE MecsIIbl 0XXKUIACTCS CHU -
>KeHME KOJIMUeCTBa OCaaKOB, OCOOEHHO B «KECTKOM»
cueHapuu B 2070—2099 rr., u coctaBuT OT 8% B MIOHE

10 25% B aBrycCre.
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Crnezomasmnue. I1o pe3ynbraTaM MOIEIUPOBAHUS HA
(boHe oTpuLIATEIbHBIX AaHOMAJIUIA TeMIIepaTyp BO3ayxXa
OXUJIAETCST YMEHBIIEHNE CHETOTassHUS B TIEPUOJ, C Jie-
Kabps 1o (eBpanb (cM. puc. 5, 8). CHerorasiHue B Be-
CEHHUI1 TIepro/ yBeIUUNBAETCS U3-3a bojiee paHHEro
HACTYIIICHHS TTOJIOKUTEIBHBIX TeMTIepaTyp BO3MyXa 1 UX
TTOJIOXKUTETHbHBIX aHOMAJINH 110 CPaBHEHHIO C UICTOpUYE-
CKMM TiepuoaoM. B ieTHue mecsiibl (C MIOHS 10 aBrycT)
IIPOTHO3UPYETCI YMEHBIIEHUE CHETOTasTHUS OTHOCH -
TEJIbHO UCTOPUYECKOTO MEPUOA, YTO OOYCIOBIEHO
TasgsHMEM OCHOBHOI MacChl CHEra B BECEHHUI MEPUO/L.
3a cuéT yBeIMueHNs TeEMIIEPaTyphl BO3Myxa B 00jiee paH-
HUE CPOKM HAKOTIMBILMICS 3a 3UMY CHEXXHBIN ITOKPOB
yCIleeT pacTasiTh 10 HACTYIUICHUS JIeTa, 4YTo, KaK OyneT
paccMOTpPEHO HUKE, TIPUBEIET K TTepeCcTPOiiKe TUIpO-
rpadoB. CTOUT OTMETUTh, YTO TIPU peaTi3allin «KECT-
KOTO» CLIEHApHsI BO3MOXHO 3HAYUTEIbHOE YBEIUYCHE
CHETOTassHNs, 0COOeHHO B KoHIIe XXI Beka, 4To CHIb-
HO TIOBJIMSICT Ha BHYTPUTOMOBOM X0 cToKa. B mepmon
2070—2099 rr. cHeroTasiHUe MPU MaKCUMaJIbHOM POCTE
B Mapte o 100 1 200% najee CHU3UTCS B JIETHUE MECSIIBI
Ha 20—30 u 50—60% B cuenapusx RCP2.6 u RCPS8.5
COOTBETCTBEHHO. B oceHHMII mepuoa cHeroTasiHue BO3-
pacraer B CBSI3U C TEM, UTO YBEIMYMBAETCS TIEPUO/I, T10-
JIOXKUTEIBHBIX TEMIIEpaTyp, U CHET TIPOIOJIKAET TasITh
BBILIIE COBPEMEHHOM KIIMMATUIECKOI CHETOBOW IPaHUIIBI,
HaMOOJIbIIINE MOJIOKUTEIbHbIC AaHOMAJIMU TTPEBHIIIAIOT
150% B HOSI6pe B crieHapun RCP8.5 B 2070—2099 rr.

Peunoii cmok, 20006vte 006émbl cmoka. B pe3ynbrare
MOJIeTUpOoBaHusI POPMUPOBAHUS CTOKA C YIETOM U3MeE-
HeHus KJimMara u ojieaeHeHust B XXI B. yCTaHOBJIEHO,
YTO NP COUETAHUM YKa3aHHBIX (DAKTOPOB BO3MOXKHO KakK
CHUXEHUE, TaK U yBeJUYeHUe 00bEMa CTOKA B pa3HbIX
yacTsax OacceitHa p. Tepek B 3aBUCMMOCTHU OT CTEIIEHU
1 TEMIIOB AeTpamallui OJIeIeHEHUS, PACIIOIOXKEHMS
30HBI CHETOBOT'O MTUTAHUS U COYETAHUSI KIMMATUUECKHUX
dakropos (puc. 6, a).

B cuenapun RCP2.6 n3aMeHeHUsT CTOKA HE CTOJIb
3HauUMUTeNIbHBI, Kak B clieHapuu RCP8.5. Bo Bcex cTBO-
pax oxXumaeTcsl yBeJnuyeHue oobEMa CToKa B MEPUOL
2006—2039 rr. Ha 1—4%, 3aTeM CHUKEHME B IIEPUO
2040—2069 rT. 1 ero cTabMIM3aIrs B TIOCIeTHEN TPETH
XXI Beka, 4To KOppeJMpyeT CO cTabuIu3alueii TeMrme-
paTypsl ¥ TI0mmanu oneneHeHns:. CTOUT OTMETUTD, YTO
B 2070—2099 rr. NpoaoJIKUT HE3HAUMUTEIBHO PACTH CTOK
B cTBOpax p. Manku — KamenHomocTckoe u p. Tepek —
KotisipeBckast, KOTOpbIe B TOM YKCIIE TTIUTAIOTCS 32 CYET
TasTHUS JIEAHUKOB M BEYHBIX CHEroB Diib0pyca u Kaszoeka.
B cTBOpe p. bakcaH — 3al0KoBO, B OTJIUUME OT pacIio-
JIOKEHHOTO BBIIIIE TI0 TEUSHUIO CTBOpa Y ThIpHbIay3a,
CTOK HE3HAUMTEIbHO YBETMIUTCS, YTO OOYCITOBIICHO
OoJTbIIEH TOJIEl TOXKIEBOTO MMTAHUS 1, COOTBETCTBEHHO,
OOJIBIINM BIMSHUEM YBEJTMISHUS OCATKOB.

B Gacceitnax p. bakcan u p. Manku, B KOTOPBIX 3Ha-
YUTEJIbHAS YaCTh JIEAHMKOBOTO M CHETOBOTO CTOKA MTOCTY-
MaeT co CKJIOHOB Diibdpyca, B cuieHapuu RCP8.5 n3me-
HeHUsT 00bEMa CTOKa 3HAUMTEILHO OOJIBIIIE, YEM B CIIC-
Hapuu RCP2.6. I3MeHeHMST UMEIOT TTOJI0XKHUTEIBbHYIO
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Puc. 6. AHOManuu romoBoro 00bEMa CToKa OTHOCUTEILHO 0a30BOro uctopuyeckoro nepuona (a: 1 — bakcan — ToipHbIay3; 2 —

bakcan — 3aokoBo; 3 — Yerem — Huxxnuit Yerem; 4 — Manka —

Kamennomocrckoe; 5 — Tepek — KotnsipeBckast), TpaHcopma-

11T BHYTPUTOZIOBOTO pacripenesieHrs CTOKa M ero aHoMaluu B cTBope p. bakcan y TeipHbiaysa (6) u p. Yerem y Hizknero Yerema

(6) B cueHapusix RCP2.6 u RCP8.5

Fig. 6. Anomalies of the average monthly discharges relative to the base historical period (a: 1 — Baksan—Tyrnyauz; 2 — Baksan—
Zayukovo; 3 — Chegem—Nizhny Chegem; 4 — Malka—Kamennomostskoye; 5 — Terek—Kotlyarevskaya), transformation of the
intra—annual flow distribution and its anomalies in the Baksan River — Tyrnyauz (6) and the Chegem River — Nizhny Chegem (8)

in scenarios RCP2.6 and RCP8.5

HarpaBJIeHHOCTb, YTO CBSI3aHO C YBEJIMUYEHUEM BO-
JIOOTAAYM U3 CHEXHOTO MoKpoBa 10 KoH1a XXI Beka.
HawuGonbiee yBesimyeHue ctoka B cueHapun RCP8.5
K KoH1y XXI Beka oxumaeTcs B cTBopax p. Majaku —
y Kamernomoctckoro (14%) u p. bakcan — y TreIpHBIay3a

(13%). N3meHeHue 00bEMaA CTOKA BHU3 IO TCYECHUIO
pexwu OyIeT 3aBUCETh OT JOJIM CHETOBOTO U JIGAHUKOBOTO
MMUTAaHUSI B CyMMapHOM cToke. Tak, Ha pacroyioXKeHHOM
HIDKE o TeueHuIo cTBope p. bakcaH y 3aiokoBa B clie-
Hapuu RCP8.5 oHo coctaBut 5%. B ctBope p. Tepek
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y KoTisipeBckoii, 3aMbIKalolIeM OCETUHCKYIO 4acThb
OacceiiHa p. Tepek, B cueHapuu RCP8.5 Bo3MoxXHO
HEe3HauYUTeJIbHOE CHUXXEHUE 00bEMa CTOKA B TEUECHUE
BCEro MPOTrHO3HOIO Teproaa, KOTOPoe K KOHILY BeKa
He ripeBbicuT 4%.

Ha npumepe p. YUerem BUOHO, YTO HAIIPaBICHHOCTh
M3MEHEHMI CTOKA B KOHKPETHBIX CTBOpAX CYIIECTBEH-
HO 3aBHUCUT OT BEICOTHOTO PacITOJIOKeHUs bacceitHa,
OIPEeIEJISIOIIero MHTEHCUBHOCTD Aerpafaliuy JETHUKOB
U TasiHUsI BEYHBIX CHETOB, a B HanboJiee BhIPaXKEHHOM
ciydae B cueHapuu RCP8.5 ot Toro, coxpanurcs au
oJielecHeHWE WU MOJHOCTbIO Ucue3HeT. Tak, B clie-
Hapuu RCP8.5 066éM cToka p. Yerem OyneT pacTu 10
CepeIMHbI BeKa Ha BeJIMYMHY 10 5%, a najiee HaYMHaeT
3HAYMTEJIbHO CHIKATHCS, a B IociaenHeil Tpetu XXI Beka
cHu3nTcd Ha 8%. YBenmueHne oobEéMa cToka pek Maj-
k1 1 bakcaHa GyzeT mpomokKaThCs BIIOTh 10 KOHIIA
crojietusi. OHAKO yBeJMYeHue 00bEMOB CTOKA OyIeT
IJIaBHBIM 00Pa30M CBSI3aHO C TasiHUEM BEUHBIX CHETOB,
PaCIOJIOXKEHHBIX B Mpeenax Dapopyca, Mpyu 3TOM BKJIal
JIEAHVMKOBOI'O CTOKA OY/I€T YMEHBILIATHCS.

Buympueodosoe pacnpedeaenue cmoka. B ciieHapuu
RCP2.6 Ha Bcex McceyeMbIX CTBOpaX OXMAAETCS TPaHC-
dopmarus ruaporpada co CIBUTOM Hayaa MoJ0BOIbS
Ha 0oJiee paHHUE CPOKU U CHUXKEHUE pacxoa BOAbI
B MIOHE, MI0JI€ U aBI'yCTe, YTO COOTBETCTBYET COBPEMEH-
HBIM TEHICHLIUSAM (CM. puc. 6, 6—¢). 1)1 GOJIBIIMHCTBA
CTBOPOB TaKXKe 0XKUIAETCS CHUXKEHUE MaKCUMaJIbHOTO
cpeaHeMecsiyHoro pacxoaa. MckioueHue cocTaBisieT
cTBOp p. Manku y KaMeHHOMOCTCKOTO, T1Ie OXKUAAETCS
nocjaea0BaTeIbHOE YBeJIMUeHe MAaKCMMyMa pacxoa
BOJBI BIUIOTH 10 nocaeaHeit Tpetu XXI Beka, 4To 00b-
SICHSIETCS PACTIOJIOKEHUEM 30HbI TUTAHWS HA CKJIOHAX
Dap0pyca U MEHBIIEH CTEIEeHbIO NeTpagalliy OJieaeHe -
HUS B IIpeaesiax Bogocoopa. Ha dhoHe yBennmyeHus Ko-
JINYECTBA OCAIKOB B 3MMHUIA TIEPUOJI CHEXKHbBIM MTOKPOB
B Ipejenax Dibdpyca OyneT Takke pacTH, UTO BbI3OBET
YBEJIWYEHUE JOJU CHETOBOTO TTUTAHUSI.

B cuenapun RCP8.5 oxxunatorcst 6osiee BbipaskeHHbIE
U3MEHEHUSI BHYTPUTOJIOBOTO paclpeae/eHus CToKa.
TeHaeHIMS «paruIacThIBaHUS» THAPOrpada MposBIsIeTCs
Oosiee OTYETIINBO, YeM B crieHapuu RCP2.6. K mocinenHeit
TpeTu XXI BeKa 0xXMaaeTcsl CIBUT Havaia IOJOBObS
Ha MapT, CMEIleHUe MaKCUMaJIbHbIX PACXOI0B BOJbI HA
Mali — UIOHb, CHUXXEHME PACXOMIOB B JICTHUM TTIEPUO/L.
Taxcke oxumaeTcst yBeIn4eHre pacxoaa BOIbl B OCEHHMIA
MEPUOI, YTO OOYCJIOBJIEHO TasiHEM CBEXXEBBIIIABIIETO
CHera, MPOJOJIKAIOIIMMCS TasiHUEM BEUHBIX CHETOB
U YBEJIMUYECHUEM KUAKUX OCAIKOB. YBeINUYEHNE 0CaaKOB
B OCEHHUIA TIepUOJI, MPUBEIET K POCTY MaBOAKOBOIO CTOKA.

Haunbosbilre OTHOCUTEIbHbIE U3MEHEHUSI MECSTIHBIX
00BEMOB CTOKA OXXKUAAIOTCS B KOHIIE CTOJIETHS MIPU CLIe-
Hapruu RCPS8.5 B BeceHHIE ¥ B OCEHHUE IEPUOJIBI, YTO
COOTBETCTBYET MAKCUMAJIbHBIM U3MEHEHUSIM KOJTMYeCTBa
0CaJKoB, TeMIIepaTyphl BO3AyXa U 00bEMa CHErOTasiHUS.
Hampumep, yBenmuueHrue cpeTHEMECTYHBIX pacXOI0B
Bombl coctaBuT 80—210% B ampernie — Mae 1 OKTSIOpe —
HostOpe B cTtBOpe p. Bakcan y TeipHbIay3a (cM. puc. 6,
JEJ U CHET Ne 2
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0) 1 90—150% B MapTe — amipejie 1 HOSIOpe B CTBOpE
p. Uerem y Huxxrero Yerema (cm. puc. 6, 6). B To xe
BpeMsI CTOK B JICTHMIA TIEPUO B CPEITHEM YMEHBIIIUTCS Ha
5—15% B BEICOKOTOPHBIX CTBOpax p. bakcan u p. Manku
u 10 40% B ctBopax p. Yerem y Hiskaero Yerema u p.
Tepexk y KoTnsipeBckoii. B 6acceifHax aTUX pek oxXuma-
eTcs1 HauboJIbllIee COKpaIIeHUE TIOIIAIN OJIeICHEH U],
YTO CTAaHET MPUIMHOM HAMOOJBIIINX U3MEHEHU JIETHETO
croka B cueHapuu RCP8.5.

SAKJIIOYEHUE

Hcrnonb3oBaHue Moaean (GOpMUPOBAHUS CTOKA
B KOMILJIEKCE C MISIIIMOJOTMYECKOW MOJIEJIBIO U TTPO-
THOCTUYECKUMMU JAHHBIMU KJIMMATUYECKOTO MOICIN-
pPOBaHUS MO3BOJIMIIO OLIEHUTh BO3MOXKHbBIEC U3MEHEHMUS
XapaKTEePUCTUK PEUHOIO CTOKA M BOJIHOIO pexKUMa Ha
(hoHe MeHsoLIerocs KjimMara 1 ierpajaalyi FrOpHOTo
ojeneHeHusi. PaccMoTpeHHbIe KIMMaTUYeCKUE ClieHa-
pun RCP2.6 («Msarkuii») u 8.5 («KECTKMiT») HE UcYep-
IMBIBAIOT BCE pean3aluy OyaylIero KimMara, OqHaKo
MTO3BOJISTIOT OLIEHUTh BO3MOXHBIN TUAITa30H U3MEHEHMIA
CTOKa M MEXaHU3MBbI €ro peakliMu Ha MEeHSIIOILMeCs KJT1 -
MaTU4eCKue YCIOBUSI.

ITo pe3ynbTaTaM pacy€ToOB YCTAHOBJICHO, UTO MPU
coYeTaHuM psina akTopoB BOZMOXHO KaK CHIXKEHUE,
TaK 1 yBeJIMueHue 00bEMOB cToka p. Tepek. MIaMeHeHMe
00BE€Ma CTOKA B KOHKPETHBIX CTBOPAX OYIeT 3aBUCETh OT
TTOJTM 1 OCOOEHHOCTE 00JTaCTH JISTHUKOBOTO M CHETO-
BOTO MUTAaHUS W COCTaBUT OT —2 10 +5% B clieHapun
RCP2.6 u ot —8 no +14% — B cuenapun RCP8.5. Ha-
MPaBJEHHOCTb U3BMEHEHU I CTOKA B KOHKPETHBIX CTBO-
pax OyIeT CyIIeCTBEHHO 3aBHCETh OT BEICOTHOTO pac-
TTOJIOKEHMS 30HBI CHETOBOTO 1 JIETHUKOBOTO ITUTAHUS,
OTpeEISIIOIIEr0 MHTEHCUBHOCTD UX Jierpanaiuu. Tax,
B ciieHapuu RCP8.5 cTok p. Yerem HaUHET 3HAUUTETHHO
CHUKaThcsl BO BTopoii mojioBuHe XXI Beka. I1pu atom
yBeanyeHue o0bEMOB cToKa pek Manku u bakcaHa, Ko-
TOpPBIE TIPEUMYIIIECTBEHHO MUTAIOTCS TaTbIMU BOIAMU
JIETHUKOB U BEUHBIX CHETOB DIIbOpyca, OyaeT IMpomo-
>KaThCsl BIUIOTH 10 KOHIIA cTOJIeTUsI. OIHAKO 3TO YBEIU-
YyeHue OyleT OnpeaesiThCs IJITaBHBIM 00pa3oM pOCTOM
TIOJIU CHETOBOTO IMUTAHUS B pe3yJbTaTe YBEIUUCHUS
KOJIMYECTBA OCATKOB B 3MMHUI TIEPUOI.

MopenabHble OLIEHKY TTOATBEPXKIAIOT COBPEMEHHbIE
TEHJIEHLUMU B UBMEHEHUSIX BHYTPUTOJOBOIO pacIipe-
JIeJIeHUsI CTOKa — CIBUT HavaJjia MoJIOBOAbs Ha OoJiee
paHHUE CPOKU, YMEHbIIEHNE OOBEMOB CTOKA B JICTHUI
Mepuoa U UX yBeJIMUueHue B oceHHUe Mecsbl. [Togo0-
HbIe U3MEHEHHWSI MOTYT ITIPUBECTU K HEXBATKE BOJHBIX
PECYPCOB B JIETHUE MECSILIBI U K BO3PACTAHUIO ONTACHOCTU
3aTOIJICHUSI TEPPUTOPHUIL B OCEHHUI TIEPUOI, OTHAKO
B LIEJIOM OCTPOTo Ae(ULIUTA BOAHBIX PECYPCOB Ha (hOHE
oXugaeMoro pocra ocagkon B XXI Beke B BHICOKOTOPHOI
yacTu OacceiiHa p. Tepek He oxXumaeTcs.

ITonyyeHHBIE pe3yabTaThl IEMOHCTPUPYIOT BHICO-
Ky10 3(h(eKTUBHOCTD UCTIOB30BAHUS TIPEIIOKEHHOTO
KOMITJIeKca MOJeJIei sk OIIeHKM M3MEHEHUS CTOKa
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BBICOKOTOPHBIX TEPPUTOPHIA, B TajbHEeIIeM pa3pabo-
TAHHBIN ITOIXO MOXET ITPUMEHSITHCS IS IITAHUPOBAHUS
MEPOIPHUSTUIA TI0 YITPABJIEHUIO BOAHBIMU PeCypcamMu Ha
Ceseprom Kaskase.
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In this study, we adapted the ECOMAG model of the runoff formation for analysis of the Terek River
basin using comprehensive hydrometeorological information as well as data on soils, landscape, and
glaciation. To take account of regional characteristics of the glaciation, the additional ice module was
used with the model. This improvement has resulted in a satisfactory agreement between the modeled
runoff hydrographs and the observed ones. In our simulations we used the updated glacier cover
predictions from the- global glaciological model GloGEMflowdebris together with regional climate
projections from the CORDEX experiment to determine possible future changes in the Terek River
flow in the 21st century. The results show that the runoff will change between —2% and +5% according
to the RCP2.6 scenario, and from —8% to +14% in the RCP8.5 scenario. The directedness of the runoff
changes in particular subbasins of the River will essentially depend on the altitude position of the snow
and glacier feeding zones, that is responsible for the intensity of their degradation. Thus, in the RCP8.5
scenario, the flow of the Chegem River will begin to decrease significantly in the second half of the
21st century. In contrast, the predicted increasing of the runoff in Malka and Baksan rivers, which
are primarily fed by meltwater from glaciers and snow on Elbrus and other high-mountain zones, is
expected to be continued until the end of the century. But this increase may be caused only by a growth
of a part of the snowmelt feeding due to greater winter precipitation. The model estimates confirm the
present-day observed trends within the intra-annual runoff distribution, demonstrating the earlier start
of the spring flood, a decrease in summer runoff volumes and then its increase in the autumn months.
The results of the research may be used for more efficient management of water resources in the North
Caucasus in the future, including electricity generation and water supply.

Keywords: mountain hydrology, runoff formation modeling in mountainous regions, North Caucasus, Terek
River, climate change, glacier degradation, CORDEX, GloGEMflow-debris, ECOMAG
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O00011IeHbI M YTOUHEHBI UMEIOIIMEeCS MaTepualibl O 3aBajJlbHOM 03epe Maaiueii B LleHTpanibHOM AJTae U ero
MpOpHIBE HA OCHOBE aHaIM3a JaHHBIX JUCTAHIIMOHHOTO 30HAMPOBAaHUS 3eMJIU U TOJIEBBIX UCCAEAOBAHUIA.
YTouHeHa GaTMMeTprYecKas cxeMa 03epa, U IIPOBeIeHO MaTeMaTHIeckKoe MOIeIMpOBaHNe THApoTpada mpo-
LIEIIETO MPOPHIBHOTO MAaBOIKA HA OCHOBE METOAMKU Pacué€Ta ero XapakTepuCTHK, OMMMCAHHON B HACTOSIIIIEH

CTaTbe.
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MaTeMaTH4YE€CKOC MOACIMPOBAHUE
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BBEAEHHNE

3aBasibHbIE 03€pa, 00pa30BaHHBIE B pe3yJIbTaTe mepe-
KPBITUS pycia peK OMOJI3HSIMU, 00BaJIaMU, KAMEHHbBIMU
rJieT4epaMu, IMPOKO PaCIIPOCTPAHEHBI B TOPHBIX paii-
oHax (DomeHko u np., 2020). [T10TUHBI TAKMX BOIHBIX
00BEKTOB HEOIHOPOIHBI 1 €100 YCTOMYMBBI: OHU CJIO-
JKEHbI PhIXJIOOJIOMOYHBIMY MaTepUaiaMu, He UMEIOT
CJIOUCTOCTH, COPTUPOBKMU, & TAKXKE MOTYT COJIEPXKATh
B ce0e morpeOEHHbIN J1€A. PUCK MX pa3pyllueHus U 1o-
CJIelyIOIIeTO MPOpPbIBA BOAOEMA BO3PACTAET BCIEACTBUE
MOCTYIIJIEHUS 00JIbIIETO 00BhEMA BOJBI B 03€pO, 00y-
CJIOBJIEHHOT'O BbITNIaICHUEM MHTEHCHUBHBIX OCAJIKOB WU
TasiHUEM JIEAHUKA, 3eMJIETPSICEHUEM U IPYTUMU MPU-
yyrHaMmu (Ctpom, 2020). OcobeHHO ornacHbI 3aBajIbHbIC
03€pa B MepUrIsLIMaIbHON 30He, 00pa3oBaHHbIE B pe-
3yJIbTaTe NMEPEKPHITUS KAMEHHBIMU [JIETYEPAMU pycia
TOPHBIX PeK, UMEIOLINX JIEAHUKOBOe nuTtaHue. Hanbo-
Jiee MPOPBLIBOOITACHBI TAKUE BOMIOEMBI B TEIUIBINA TIEPUO/,
KOrja HaOIoaaeTcss MaKCUMallbHast a0 JeIHUKa,
TOBBIIIEHHBII MPUTOK BOJABI K 03€paM, YBEJIMUEHUE UX
pa3MepoB 1, COOTBETCTBEHHO, BO3pacTaHUe JaBJICHUS Ha
3aMnpyaHyIo MIOTUHY, YTO MOXKET IPUBECTU K €€ paspyliie-
HUt0. OOBEMBI TAKMX 3aBAJIbHBIX 03EP MOTYT JOCTUTATh
HECKOJIbKMX MUJTMOHOB KYOUYECKHUX METPOB, U B CTydae
UX ITPOPBIBOB MOTYT (DOPMUPOBATHCSI MOILIHbIC TTABOIKH
U ceJieBble TIOTOKMU, HAHOCSIIME OTPOMHBbIi yi1iepO Tep-
PUTOPUSIM, PACTIONIOKEHHBIM HMXKE 110 TCUEHUIO.

Cpenu HanboJiee U3BECTHBIX 3aBAJIbHBIX 03€P CleayeT

Ha3Batb Capesckoe o3epo (Pecnyonuka TamkukuctaH),
KOTOpOe 00pa3oBajioCh MPU MEPEeKPbITUN pyciia PeKU

bapranr B 1911 r. (Hazpuioes u np., 2010), u 03. ATra-
oan (IMTakucran), cdhopMupoBaBleecs IPU CXOAE OITOI3-
Hsl, epekpbiBiIero p. XyHsa B 2010 r. (Sokefeld, 2012).
Ha tepputopuu Poccun Kk Hanbosiee M3BECTHBIM TaKUM
03€épam otHocuTcsl Bepxnee [ronbThryalickoe 03epo (Xp.
Cananar, Pecrtyonuka [larectan), oOpa3oBaHHOE B pe-
3yJIbTaTe CMEILEHUS OTIOJI3HEBOrO TeJia, 3alpyIUBIIETO
nmonuny p. Hionbreryaii B 2019 1. (Ataes, 2020). ITpomod-
>Karolasicst Aerpanaiius oJieAeHeHUsT B U3MEHSIOLLIMXCS
KJIMMaTUYECKUX YCIOBUSIX MPUBOAUT K UHTEHCUBHOM
AKKYMYJISILIMY OOJIBILIOIO 0ObEMa TaJIbIX BOJ B 3aBaJIbHBIX
BOIOEMAX, UTO YBEJIMUMBAET BEPOSITHOCTH (POPMUPOBAHUS
MOAO0OHBIX OMACHBIX siBJIeHMi. [TprMep npopbiBa 3aBajib-
HOTO 03epa, HaXOISIIIErocsl B 30HE paclpoCTpaHEeHUS
TOPHOTO OJIeJIEHEHUSI 1 TTOAYIPYKEHHOTO KAMEHHbBIM
rJIeTyepoM, MokKasbiBaeT 03. Maailieii, pacrojioxkeHHOe
Ha Tepputopun CeBepo-Yyiickoro xpeoTa (LleHTpanbHbIi
Adnraii, Poccus). [TpopwiB mpounsomén 15 uronst 2012 .
W TIPYBEN K pa3pyllIeHUIO MOANPYIHOM MepeMbIUKHU, YTO
chopMHpPOBaIo MPOPHIBHOM MaBOAOK U COMPSIKEHHBIM
C HUM CeJIeBOI MOTOK, YHUUTOXMBILIUI 1Ba MOCTa (depe3
peku Maarueii u Yyst). Ha mpumMepe 3Toro npopbiBa Mbl
MperoiaraeM yCTaHOBUTD (DAKTOPbI, KOTOPbIE TTPUBOISIT
K TTPOPbIBaM 3aBaJIbHbIX BOJOEMOB, a TAKXKE BbIIBUHYTh
TUITOTE3Y O HanboJiee BEPOSITHOM MEXaHU3Me MX TTPOPBIBOB.

Lleab paGoOTH — HAa OCHOBE aHAIN3a JAHHBIX IHC-
TaHIIMOHHOTO 30HINPOBAHUS 3eMJIH, ITOJIEBBIX UCCTIE-
JOBaHUI ¥ METOIOB MaTEMAaTHUECKOTO MOJIETMPOBAHUS
BBISIBUTH (PaKTOPBI, KOTOPBIE TTPUBEITH K (POPMUPOBAHHIO
MpopsIBa 03. Maarteii.
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Puc. 1. Cxema BBITIOTHEHUS TIOJIEBBIX pabOT: | — IMTYHKTHI 0TOOpA
po0 BOAbI HA U30TOMHbBIN aHAINU3; 2 — TEPPUTOPHSI, OXBAYEH-
Hasl TaXeOMeTPHUYECKO ChéMKOI. Ha 3amHeM T1aHe CIryTHUKO-
BbIit cHUMOK World-view 2 Ha 5.09.2021 (mTomtoxka mporpaMMbl
ArcMap 10.4.1 (ESRI Inc., USA)

Fig. 1. Scheme of field work: / — water sampling points for isotope
analysis; 2 — territory covered by tacheometric survey. In the back-
ground is a satellite image of World-view 2 on September 5, 2021
(underlay of the ArcMap 10.4.1 programme (ESRI Inc., USA)

OBBEKT UCCIIEJOBAHHWA

O3epo Maaiieii pacrnosiarajgoch B BEpXOBbsix p. Ma-
ameit (ieBblit nputok p. Yyn) Ha Tepputopuu CeBe-
po-Yyiickoro xpe6Ta, Ha BeicoTe 1984 M Hanm yp. Mopsl.
OHo 00pa3oBajI0Ch IpU NEPEKPHITUM CTOKA p. Maalieit

Taomua. XapakTepUCTUKN CIIYTHUKOBBIX CHUMKOB

PACITYTHUHA u ap.

KaMEHHBIM IVIETYEPOM C 3aMaaHoi YacTy JOJUHBI
(puc. 1) 1 00BaIOM PHIXJIOO0IOMOYHOTO MaTepHaa ¢ eé
BOCTOYHOI yacTu. [ToaTomy moamnpykuBaroiias 03epo
TUTOTMHA MMeJIa CJIOXKHYIO HEOTHOPOIHYIO CTPYKTYPY
W COCTOSIJIa U3 KOHEYHOU MOpeHBI JieaHnKa bosbinoi
Maaieii, KoHyca BBIHOCA C BOCTOYHOTIO OopTa J0JIU-
HbI 1 KAMEHHOTO TJieTyepa ¢ 3anagHoro 6opra (bbikos,
2013). CyiiecTByeT MHOI'O MCCJIEIOBAaHUI, OCBSIIIEH-
HbIX ITeprojy odpasoBaHMsl o3epa: coriaacHo M. B. Tpo-
HoBy (TpoHos, 1949) B koH1e XIX B. 03epa He ObLIO;
H. H. Muxaiinos (1994) nuuier, 4To BOOOEMY OKOJIO
100 net, a 1o pe3yabraTaM MCCIeIOBaHUIA MTPOLIECCOB
ocagkoHakoruieHus B pabote (boponasko, 1998) ycra-
HOBJICHO, 4TO Bo3pacT o3epa okoJo 200 jet. Hanboiee
TIOCTOBEPHBI PE3YIbTATHI ACHAPOXPOHOIOTUUECKUX UC-
cliefoBaHUi 00pa3loB MOTUOIIUX AEPEBbEB, CTOSIINX
B BOJIE, COTJIACHO KOTOPBHIM 03€p0 C(HOPMHUPOBATOCH
B niepBoii nojoBruHe XVIII B. (boikos, 2013). TTno1manb
BogocOopa o3epa B uiosie 2022 r. cocrapisiaa 96.1 kM2,
Ha Bomoc6ope 03. Maarreii pacroiioxkeHo 27 IeTHUKOB
CyMMapHO#i ruromaapio 27 km? (0J1eeHEHHOCTb COCTaB-
nget 28%) B nuamnasoHe BbicoT oT 4100 mo 2280 M Han

yp. MOpsl.

MATEPUAJIBI 1 METOABI

Jucmanuuonnvie memooot. 1751 OLIECHKU M3MeEHE-
HUA TUTomaau o3. Maartueii 3a rocienaue 60 jget ObuTa
JnemuprupoBaHbl Pa3HOBPEMEHHbBIE CHUMKMU: KOC-
MocHUMOK Corona 1 CIIyTHUKOBBEIe CHUMKM Landsat
(tabnuua, https://earthexplorer.usgs.gov/), a Takxke
HCTIONIb30BAIUCh JaHHBIC, TTOJyYeHHBIE B XOIe IKCITe-
IWLIMOHHBIX padoT B ceHTs10pe 2022 . [Tnomans o3epa
onpenesiack B mporpamme ArcMap 10.4.1 (ESRI Inc.,
USA) nytém Bu3yajibHOTO Py4HOTO Aeln(pUpOBaHUs.
g nemmngpupoBaHUsT UCTIOJB30BaIM KOMOMHAIIUIO
KaHaJlOB «ECTECTBEHHbIE LIBeTa» (IJIs1 BCEX CITyTHU-
KOBBIX CHUMKOB). IIpocTpaHCTBEHHOE pa3pellieHne
CNYTHUKOBBIX CHUMKOB Landsat-7 yiaydiianoch npu
UX 0ObEAMHEHUH C TAHXPOMATUYECKUMU CHUMKAMMU.
CucremMaTiyecKas OIMOKa OTpeaeIeHHS TIIoIaaeit

Hara CnyTHUK ITpocTpaHcTBEHHOE 1D cHumka
paspenieHre CHUMKa, M

28.06.1962 Corona 1.8 DS009038052DF039

08.08.1980 Landsat 3 30 LMO03_LI1TP_155025_19800808_20200905_02_T2
17.08.1989 Landsat 5 30 LMO5_L1TP_144025_19890817_20200829_02_T2
12.08.1993 Landsat 5 30 LTO05_L2SP_144025_19930812_20200913_02_T1
22.07.2000 Landsat 7 15 EPP144R025_7F20000722

18.08.2004 Landsat 7 15 LEO7_LITP_144025_20040818_20170119_01_T1
13.08.2011 Landsat 7 15 LEO7_L1TP_145025_20110813_20200909_02_T1
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[TPOPBIB 3ABAJIBHOI'O O3EPA MAAILIEN (CEBEPO-UYWUCKUM XPEBET)...

coctaBisia =1 nmukcenb. OUIMOKA BBIYUCISIACH 1O
dopmyie

Ay =100% (nm) / Ajgges (1)
rae A, — owmnbKa,%; n — 4uciIo MUKCeNeil Mo me-
pUMETpY 03epa; m — MPOCTPAHCTBEHHOE pa3spelle-
HUEe CHUMKA, BbIpaXXeHHOE B BUJE TJIOLIAAN MTHUKCEeIs,
M?; A, — TUIOIAIs o3epa, M2, Ilo pesynbratam pac-
yéroB ommnbKa g Landsat-7 cocrasuia 14%, a mis
Landsat-3 1 5—29% cooTBeTCTBEHHO.

Iloaesvte uccaedosanusn. B pamkax KOMIIEKCHOM
sxkcnenuuyu CaHkT-IleTepOyprckoro rocyaapcTBEHHOTO
yHUBepcuTeTa B ceHTs10pe 2022 T. 1151 BOCCTaHOBJIEHMS
TUAPOMOPGHOMETPUIECKIX XapaKTEePUCTUK BOJOEMA,
MPeaIECTBOBABIINX MPOPBIBY (YPOBEHb BOAbI, O0BEM
BOJIHOI MacChl M TJIyOUHBI), ObLTa BBITTOJHEHA TaXeo-
MeTpuyecKasi CbéMKa KOTJIOBUHBI 03. Maailieii ¢ uc-
rmorp3oBaHueM TaxeomeTpa Trimble M3 DR5” (Trimble
Navigation Ltd., USA). TaxeomeTpuueckasi cbéMKa pe-
Jibea BbIMOJHSIACH O TPAHULIBI YPOBHSI BBICOKUX BOJI,
KOTOPBIN MpealecTBOBA MPOPLIBY (pUC. 2).

ITosryyeHHBIE TaHHbIE 00padaTHIBAIMCh C UCTIOJIb-
30BaHMEM CIELHUATBHOTO IMTPOrPaMMHOTIO 00eCIIeYeHUST
(ITonos, bopoHuHa, 2019). barumeTpuueckas cxema
03epa MocTpoeHa B KapTorpaduueckoit nmporpamme Surfer
23.3.202 (Golden Software Inc., USA) nytém dopmu-
poBaHus Tpuaa, MeTonom uHreprnoasiunu Kriging, Tak
KaK 3TOT METOJ JaBajl HAMMEHBIIYIO HEBSI3KY MEXIY
ToukaMu. OOBEMBI BOABI pACCUMTHIBAJIMCH I10 MOTYIeH-
HOMY pacripeie/IeHU0 TITyOuH.

B cenTs6pe 2022 1. Bo BpeMsi 1oJieBbIX paboT B paiioHe
ObIBLIEr0 03. Maaliieit ObLIM OTOOpaHbI YeThIpe MPOObI
BOJIbI U3 p. Maalleii ¢ 1eJblo onpeaeaeH s 101 TalbIX
JIEAHUKOBBIX BOJ B MUTAHUU PEKU TSI UCCIIeAyeMOii Ja-
ctu 6acceiiHa. ITpoObl peyHOI BOabl OTOMpPAId B MECTE
MpophIBa 03. Maarireit, Tak Kak Ha 9TOM yJacTKe peka
He pa3zessiiach Ha pyKaBa, U y Kpas JenHuka Maaiuei.

" = B— - - ',
_mh.j

Puc. 2. YpoBHU BBICOKUX BOJI 03€pa: OTCYTCTBUE PACTUTEILHOCTH (a) ¥ okpacka BasyHOB (6). Doto B. A. PacmytuHoit, ceHTs6pb 2022 T.
Fig. 2. High-water elevation of Lake Maashei: lack of vegetation (@) and color of boulders (6). Photos by Rasputina V. A., September 2022
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BxJan KOMITIOHEHTOB B CTOK OILICHUBAJICS C IIOMOIIbIO
ypaBHEHUS U30TOITHOTO OajlaHca, KOTOpoe B 001IeM
BUIIE UMEET BUI:

18 18 18
R70O /i + R°0O,f, = R°0, 2)
rae R'® 0, — M30TOMHBIN COCTAB MEPBOTO KOMITOHEH-
Ta; f; — JI0JIS IEPBOro KOMIOHeHTa; R'¥0, — uzoron-
HBIIf COCTaB BTOPOTO KOMITOHEHTA; f, — IOJIsI BTOPOTO
KOMIIOHEHTa; R/*0 — pe3ynbTUpYIOIMIA N30TOIHBIIA
coctaB (Yuxosa u ap., 2016).

7151 BbIIEICHUS TOJIU JISTHUKOBOM COCTaBISIONIEH
B cTOKe p. Maanieii, nomumo 3HadeHus 8'80 Tanbix
JeMHUKOBBIX BOJ (—17.29%0), He0OX0MMMO 3HATh Be-
muuuny 8'%0 HenenHMKOBBIX Box. M3-3a HemocTaTKa
JMAHHBIX 00 M30TOITHOM COCTaBe IPYHTOBBIX BOM B JTaHHOM
palioHe ObLIO UCIOJIb30BAHO MOMYIIEHUE, YTO U30TOM-
HBII COCTaB MOJA3¢MHBIX BOJ B Tiepuoj 24—25 CeHTSI-
Opst NpuOJM3UTEIbHO PaBeH CPEeAHEMY U30TOITHOMY
COCTaBY aTMOC(EPHBIX OCAIKOB 3a CEHTSIOph, CpeaHee
3HayeHue 8'8 0 KOTOPLIX ONpenessii ¢ MOMOLIBLIO OH-
naitH-kanbKyasitopa OIPC, cBsi3aHHOTO ¢ MopTajioM
IsoMAP — Isoscapes Modeling, Analysis and Prediction
(https://wateriso.utah.edu/waterisotopes/index.html)
1 TIO3BOJISTIONIETO C IIOMOIIBIO BBOJA TeOTpaMIecKuX
KOOPAWHAT PacCYMTHIBATh CpeaHNE 3HAYSCHMS N30TOII-
HOTO COCTaBa OCaIKOB ITO0 MeCSIaM TS Pa3IUIHBIX
TEPPUTOPUIL, TaK KaK B MEPUOMA MPOBEICHUSI MOJIEBbIX
HCCeNOBaHMI OCanK/ HE BbITIaAau.

Mamemamuueckoe modeauposanue. Ha ocHoBe 1ie-
TaJILHBIX TTOJIEBBIX MCCIEIOBAaHWI ObIa BEIABUHYTA
TUIIOTE3a O TOM, YTO IIPOPHIB 03. Maaliei mporu30LIe
MpU pa3MbiBe (GUIBTPALIMOHHOTO KaHajia — Belb (pop-
MUpoBaHue QUILTPALIMOHHOTO KaHala B Tejie MOAMpY-
>KUBAIOLLEH BOAOEM TUIOTUHBI YACTO CITYKUT TPUITEPHBIM
MEeXaHU3MOM IpopbiBa MOpeHHBIX 1amM0 (Chang, Zhang,
2010; Westoby et al., 2014; Chen et al., 2019; Neupane
et al., 2019). BozaeiicTBre BHELIHETO TPUTTEPA B BUJIE
MIPOIOJKUTEIFHBIX MTHTEHCUBHBIX OCAIKOB B TCUCHNE
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TPEX CYTOK MPUBEJIO K MOIbEMY YPOBHSI BOABI B 03epe
1 0OBOIHEHUIO MOAMNPYKMBAIOLIEH MePeMbBIYKU, €€ OC-
JTabJIeHHIO, pa3MBIBY U ITOCIIEAYIOIIEMY ITPOPHIBY 03epa.
MbI IpeanoNoXuIn, 4TO IPOPHIB ObLI MHULIMUPOBAH
WHTEHCUBHBIM OTTOKOM BOZHI Yepe3 (prIbTpalluoH-
HBI KaHaJl C OC/IEIYIOIIUM OOpYIIEeHUEM IPyHTa Ha,
KaHaJIOM — TIpY JOCTUXKEHUH AuaMeTpa KpUTHIECKOMN
BEJIMYMHBI paBHOU 1/5 ot Hamopa Boasl (ITIpoTonbsiko-
HOB, 1931), npocenanueM, IepeIruBOM Yepe3 IpedeHb
U MOJIHBIM pa3pylLIeHeM JaMOBI.

[Ipupamenune nuamerpa PUIBTPALIMOHHOIO KaHaja
paccuutbiBaetcs 1o popmyde (3) (Westoby et al., 2014;
Okeke et al., 2016; Chen et al., 2019; Zhang at al., 2021):

3)

roe Al(f) — nmpupalieHue KaHaja, COOTBETCTBYIO-
mee ckopoctu 3po3un E(f); K — xoadduimeHTt spo-
31M, OIpeNnessieTcsl COOTHOIIEHUEM, TTPUBEIEHHBIM
B (Temple, Hanson, 1994); t(f) — HanpsixkeHue caBura,
WHULIMAPYEMOE BOJHBIM MOTOKOM; T, — KPUTUUYECKOE
CIIBUTOBOE HAIPsDKeHWE, KOTOPOE PACCUMTHIBACTCS TTO
dopmynam, npuBeaéHHbM B (Temple, Hanson, 1994).
CaBuroBoe HanpstKeHue t(f) 3aBUCUT OT CKOPOCTHU T10-
TOKA BOJbI U OTpEAesIIeTCs KakK:

©(1) =7, R(1)S (1), “)

1€ Y, — YAETbHBIN BeC BOAbI; R — IUaApaBIMUYeCKMii
paauyc; S(f) — sHepreTUYeCcKUil yKJOH, BbIpaxe-
HUE JUI KOTOPOTO MMeeT clenyloumii sux S(r) =

= 12n2[R(t)]74/3, 30€Ch V — CPEIHSs CKOPOCTh IO~

TOKa BOIIbI, PACCUNTHIBAIOIIAsiCs 110 hopmysie v 1 (¢) =
2g(zw (’) - Zpip)

Al(t) = E(t) = K[x(t) - 7],

, TIe g — YCKOpeHne CBOOOTHOTO

hy (1
MajieHus; z,, t) — OTMETKA MOBEPXHOCTU BOMABI ITOTO-
Ka; 7,;, — OTMETKa leHTpa KaHana; /i, (1) — notepu
Haropa Io JUIMHE U IPUMEHSIIOIIAsICS B pacu€Tax CKO-
poctu notoka B KaHajie (Westoby et al., 2014; Chen et
al., 2019); n — xoappunment Ctukiepa, 3aBUCSIIUN
OT KPYITHOCTU YacTUIl TPYHTa, XapaKTepU3yeTcs 3Ha-
yeHussMu B uHTepsaje ot 0.01 mo 0.05 u onpenenser-

0.15
Ve

Hnst onpeaeaeHUs] KPUTUYECKOTO CIBUTOBOIO Ha-
MPSIKEHNS BOCITONB3YeMCsT (DOPMYJTON, TIPEITOXKEHHOMN
B (Chang, Zhang, 2010):

CSI COOTHOIIIEHUEM H = [ k6 (k — KpyImHOCTb

YaCTUIL TPYHTA).

T = 6.8(&)1'68 N 1737097, (5)
& — MHIEKC TUITACTUYIHOCTHU TPYHTa, % (XapakTepucTh-
Ka, oTpaxalolas CII0oCOOHOCTb IPYHTa yIAEPXKUBATh
BOLY, IJISL CyTeceil u3MeHseTcs B mpenenax 1 —7%, mns
CcyrmMHKOB 7—17%, nnst rivn Gounbiae 17%), n3 Koto-
POro CJIOXEHa TUIOTHHA, G —TOPUCTOCTh TPYHTA.

PACITYTHUHA u np.

Pacxon Bonpl yepe3 (puabTpallMOHHBINA KaHa pac-
CUYUTHIBAETCH 10 COOTHOILIEHUIO:

O (1) =0y (1)vs(t), (6)

rae oy (f) — mwiomansk (pUIBTPALIMOHHOIO KaHala,
ompenensieMasl Kak TUIOMIaah Kpyra, TakK KakK KaHal
UMeeT KpyTiyio (opmy.

TTocie oOpylIeHUs TpyHTa Hall PUILTPALIMOHHBIM
KaHaJIOM MOTOK BOJIbl KOHILIEHTPUPYETCS B MeCTe (hOpMU-
poBaHuUsI ITpopaHa. PaspyiiieHue nepeMbluKU U pa3BUTHE
MpopaHa MPOUCXOSIT CBEPXY BHU3 HEPABHOMEPHO 13-3a
HEepaBHOMEPHOTO pacipee/ieHUsI CKOPOCTei IMOTOKa Mo
nyouHe. [TpupaliieHre TMHEMHBIX pa3MepoB IIpopaHa 3a-
BHCHUT OT CKOPOCTH 3PO3UU U PaCCUUTHIBAETCS IO (hopmyJie
(3). ITockombKy B TypOy/IGHTHOM ITOTOKE HanboJIee 3HAYM -
TEJIbHBIN IPAAMEHT CKOPOCTU UMEET MECTO B IMPUJIOHHOM
cioe (boikoB, BacuibeB, 1977), cKOpoCTh 9p0O31UM paccuu-
ThIBaeM 111 cpeaHeit (7) 1 moHHOI (8) cKopocTeli ToToKa.

v =\2¢[2, (1) = 25 (1)} ™

rae z,(f) — GyHKUMA, ONMUCHIBAIOLIAd 3aBUCUMOCTb
OTMETKM BOIBI BOLOEMa OT ero oobeéMa F(W(7)), z5(f)—
OTMETKa JHA MpopaHa;

—v|i— %[0.57 + %]

B KOTOPOM Z — IJTyOMHa morpyxeHust Touku; C(f) — Ko-
adduument lesu; R(f) — ruapaBIMyecKuil paauyc mo-
toka (beikoB, Bacuibes, 1977). [pupaliieHrie TMHEHHbBIX
pa3MepoB MPOpaHa, KOTOPbIE BbI3BAHbI JOHHOM 3po3ueit
Alg(f), MeHBILIE, YEM Y €70 OOKOBBIX YacTeil A/(7), Tak Kak
TIPUIOHHAS CKOPOCTh HIKE CPEIHETO 3HAYeHUST CKOPO-
CTU, KOTOPOE UCIIOb3yeTcs s pacuéta Al(f). IloaTomy
(opma rpopaHa anrpoKCUMUpyeTcsl Tpareuyei.

Pacuér pacxona Bombl uepes npopan Q, py NiepesiuBe
BBITIOJTHSIETCSI TI0 YpaBHEHUIO BOIOCIMBA C IMTMPOKUM TTO-
poroMm (9), Tak Kak TeueHue BOJbl Uepe3 MpopaH 0JIM3KO
K TEUECHHIO BOJIBI Yepe3 BOMOCIIHB C IMUPOKUM ITOPOTOM.
[TomoGHEI TTOAXO ITMPOKO UCTIONB3YeTCs TIPH pacuéTax
PACXOI0B BOBI IIPU IIPOPBIBE IPYHTOBBIX IIOTUH (Osti,
Egashira, 2009; Chang, Zhang, 2010; Zhong et al., 2018):

05 = wol)\2sfes () -0, ©)

rae o(f) — miomaab MonepevyHoro ceueHus IpopaHa,
onpezesnsieTcst Kak (1) = w[zw (1) = 25 (1))
B ypaBHeHMU AJ1 pacyéTa IUIOIAaY IMOMNepeYyHOro ceve-
HM4 nipopaHa: D, (f) — mMprHa BEpXHER 4acTu IIpopa-
Ha; 75(f) — IIMPUHA TPOPaHa 1o AHY; U — KO3PHULMEHT
pacxona. [Togpo6HOe MaTeMaTUUECKOEe ONUCaHUEe pacye-
Ta XapaKTePUCTUK MPOPLIBHOTO MaBOJKA MU TiepesiviBe
Bojbl TpuBeneHo B (PacnytuHa u ap., 2021).

Pacuém muoeoaemnezo uzmenenus eeautunvl abaauuu.
J11s1 OLIEHKM MHOT'OJIETHETO M3MEHEHM a0 Ha SI3bIKE

®)

Vp
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[TPOPBIB 3ABAJIBHOI'O O3EPA MAAILIEN (CEBEPO-UYWUCKUM XPEBET)...

nenHuka bonbiioit Maaiiieii, KOTOpbIii MbI UCITOJIb3YeEM
KaK KOCBEHHBIH MToKa3aTesb U3BMEHEHUS TIPUTOKA TaJTbIX
BOI K 03epy Maateii, HeoOXOIMMO BBIYUCIUTD CPEIHIOI0
JIETHIOIO TEMITEPATYPY 7, Ha COOTBETCTBYIOLLEN BBICOTE Z;
C IIOMOIIIbIO BEPTUKAIBHOIO TEMIIEPATypPHOIO IpaareHTa
G,, BBICOTBI PacIioyIoKeHUsI METEOCTaHLIUU Z,,, CPENHEN
netHeil Temneparypel Ha TMC 7,

J1s1 pacy€TOB UCITONIL30BANIMCH TAHHBIE TI0 METEOCTAH-
iy Kapa-Tropek (Bysbiriza u np., 2014), pacionoxkeHHO
TNPUOJIN3UTETLHO B 82 KM K 3aray OT JISTHUKA Ha BBICOTE
2600 M. BeruncieHre BEpTUKAILHOIO TEMITEPATYPHOIO
rpaieHTa MPOBOAMJIOCH IO TTape METEOCTAHIINI AKKEeM —
Kapa-Tropek, paccTosiHre MeXKITy KOTOPbIMU COCTABJISIET
npuMepHO 14 kM. B kauecTBe BEICOTHI pacyéTa MCIIOJIh30Ba-
JIaCh BbICOTA HIKHE TOUKM JIEIHMKA C YYETOM €€ CMEILIEHMS
1o BbIcoTe ¢ rogamu corsiacHo (Ganyushkin et al., 2023).

[Tpu nepexose Ha JIeAHUK CIeyeT yYUThIBATh TEMIIe-
patypHblii ckayok At. CornacHo (Kotnsikos, 1977) mist
JIEMHUKOB B MHTEpBaJIe ruiomanei ot 4 1o 10 km? temre-
patypHbIii ckauok coctasisieT —1.5 °C. B utore nojyyaem:

i =t, — G (2 — 2,)— AL (10)

INocne BermcneHns ¢, onpenensercs admauus. s atoro
ObLIa UCITO/Ib30BaHa (hopMyJIa pacuéTa aOIsIKUK IO YTOU-
HeéHHoii hopmyiie A. H. Kpenke u B.T'. Xonakopa (bap6ati
u 1p., 1982), nonosHeHHas! perMOHATbHBIM SKCIIO3UIIM-
oHHbIM KoaddutireHtom K (I"'anaxoB, Myxameros, 1999):

P, (11)

JI1 neIHUKOB CeBEPHOM 3KCITO3ULINHU 3TOT KO3 (-
¢duumeHT paBeH 0.82.

Ab = K1,33(1; +9.66

PE3VIJIBTATBI MCCIIEJOBAHUA

Tudpoaoeuneckuii pexcum 03. Maaweii. JIeTanbHBIN
aHaJIN3 CITyTHUKOBBLIX CHUMKOB Landsat-3, 5, 7 mo3Bo-
JIWJI BBISIBUTh BHYTPUTOJOBYIO I MEXTOIOBYIO U3MEHY M-
BOCTb BeJIMYMHBI TJIOLIANN 3ePKajia 03epa, YTO KOCBEHHO
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CBUJICTEILCTBOBAIO 00 UBMEHEHUY TTPUTOKA BOABI K BO-
JI0EMY, a cjieloBaTe/IbHO, U O €Tr0 YPOBEHHOM peKUMe.
B kauecTBe nmpuMepa BHYTPUTOIOBOM U3MEHYUBOCTU

MpUBEIEM BOCCTAaHOBJICHHBII BHYTPUTOA0BOM IIMKJII 13-
MeHeHUs T1omanaun o3epa 3a 2011 rog mo HECKOJIBKUM

BPEMEHHBIM Cpe3aM, KOTOPHIi TToKa3aJ, 4To 3MMOii 03epo

CITyCKAJIOCh TTOJTHOCTBIO, @ HAUMHAsI C UIOHSI CHOBA IPO-
HUCXOJINIIO 3aOJIHEHUE 03€PHOM KOTIOBUHBI: B HAUaJIe

utoHs (3.06.2011) monians o3epa cocrasisiia 63 ThiC. M2,
B asrycte (13.08.2011) mocTuraia MakCMMaabHOTO 3HaYe-
Hus 255 teic. M2, B cenTsaope (14.09.2011) o3epo Hauano

COKpAILATHCS, VIO COCTAaBMIIA 238 ThIC. M%, TOCTUTHYB

B KOHLIe ceHTa0pd (30.09.2011) 191 ThIC. M%. B OKTA6pPE

03ep0 0Ka3aJ0Ch MOJHOCTBIO CITYIIEHHBIM. Takoli pexxum

YPOBHSI BOJIBI ObLT MTOATBEPKAEH JIMTEPATYPHBIMU JTAHHBIMA

(brikos, 2013; Borodavko, Litvinov, 2013). CyiiectBoBa-
HME 03epa TOJBKO B TEILIbIN MEPUO TOJla CBUICTEIbCTBO-
BaJIO O TOM, 4TO IJIaBHBIM MCTOUHUKOM IMTUTAHKSI BOTOEMA

ObLIU TaJIble JIEMIHUKOBBIEC BOMBI, a IMIOJTHBII CITYCK 03epa

B OCEHHE-3MMHUI1 IepUOJ YKa3bIBaJl HA HAJIMYNE B Teje

TMONTPYKMBAIOLIEH TUIOTUHBI (PMIIBTPALIMOHHBIX KAHAJIOB,
10 KOTOPBIM ITpoucxoau cTok. [TporyckHast cnocoOHOCTb

(pMIBTpalIMOHHBIX KAHAJIOB ObLIA OLIEHEHA JUTS ITeproa

COKpallleHMs IUIoIany U 00bEéMa o3epa B OCEHHUI ITeproz

C MICIIOJIb30BaHMeM OaTurpaduyeckoil 1 00bLEMHOI KpH-
BBbIX 03€pa, MOJYYeHHBIX 10 pe3yJibTaTaM BbITIOJHEHHOM!

TaXeOMETPUUECKOM ChEMKU, Y BEJIMIMHBI OCPETHEHHOTO

U3MEPEHHOTO MPU TIPOBEICHUM TTOJIEBBIX PA0OT pacxona

BOIBI . Maarneii, koropslit coctasu 1.3 M3/c. Pacxon

OTTOKA 03€PHBIX BOJ MO (DUIIBTPALIMOHHBIM KaHajIaM 13-
MeHsIcs oT 1.4 10 1.6 M3/c. OTMeTHM, YTO BeIMYMHA BKJIA-
J1a JIEIHUKOBBIX BOJI B IUTaHUe p. Maallieii HA MOMEHT

MPOBEIECHUSI TIOJIEBBIX pabOT COCTABJISLIA TIO YPABHEHUIO

n3oTornHoro 6ananca 80%, 4To TaksKe MTOATBEPKIAET Mpe-
HMMYILIECTBEHHO JICTHUKOBOE IMMUTAHKE 03epa.

B MHorosIeTHEM paspese MiIolanb o3epa yBeJudrBa-
JIach K KOHILY TIeprojia abIsiuy Kaxaoro roga (puc. 3),
YTO 00YCJIOBJIEHO OOJIBIINM ITPUTOKOM BOJbI B PE3YJib-
TaTe MOBBILLIEHHOTO TASTHUS JIEAHUKA B YCIIOBUSIX HECTa-
LIMOHAPHOU KJIMMaTUYECKOU cUTyaliuu (HECMOTPS Ha
TO, YTO BOJOEM CITyCKaJICsl B OCEHHE-3UMHMUI TTepUuo,
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Puc. 3. U3amenenue utomanu o3epa Maarieit Bo BpeMeHN
Fig. 3. Change in the area of Lake Maashei over time
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Puc. 4. Xon cpenHeronoBoii TeMmneparypbl Bo3ayxa Mo faHHbIM MeTeocTaHnu Kapa-Tiopek (a); M3BMeHeHUe BeIMYMHbBI CpeIHe
absisuuu Ha JiegHuke bosbiiioit Maariieit 3a ieTHUi ce30H (0): [ — X0l cpeHeroqoBoi Temmneparypbl Bozayxa 1o 1980 r.; 2 — xon
Temreparypsl Bo3myxa rocie 1980 1.; 3 — TpeHIbl TeMIepaTyphbl Bo3nyxa; 4 — BeJTuurHa abnisaiuuy Ha nennuke bombinoit Maareit

B2012T.

Fig. 4. Course of average annual air temperature at the Kara-Turek weather station (a); change in the average ablation value on the
Bolshoi Maashei glacier during the summer season (b): I — course of average annual air temperature before 1980; 2— course of average
annual air temperature after 1980; 3 — air temperature trends; 4 — the ablation value on the Bolshoi Maashei glacier in 2012

Ha cJIeIyIOIIUi rof B TeUeHHUE TEIJI0ro Mepruoaa 3aHOBO
TIPOVCXOIMIIO 3aTIOTHEHNE 03€PHOM KOTIIOBUHBI TATTBIMU
JIEOAHUKOBBIMU BOJaMM, IIPUUEM OOBEM 03epa C Teue-
HUEeM BpeMeHU cTaHOoBuUJICs Ooiblie). ITocienHee moma-
TBEPKIAETCS BBISIBIEHHBIMU CTATUCTUUECKH 3HAYMMbBIMU
TOJIOXKUTETLHBIMY TPEHIAMU CPEeTHETOM0BOM (puc. 4,
a) U cpeHEMECSTIHOM TeMIIepaTyphl BO3AyXa B IIEPUOI
abssiuuu (MoHb — aBrycr) nocie 1980 r. (PacnytuHa u p.,
2022) mo manHbIM MeTeoctaniu Kapa-Tropek, kotopast
OJTIKe BCETO pacroioXkeHa K NCCIeIyeMOi TepPUTOPHH.

HauboJsee ”THTEHCUBHO pa3Mephl 03epa BO3pacTaln
¢ koHua 1980-x no Hauana 2000-x ronoB u B Havase 2010-
x ronoB. UMeHHO B 3T0T ntepuoz (B KoH1e 1980-x ronos)
YBEJIMYWIMCH TEMITbI OTCTYIaHMs JeqHrKa bosbioit Maa-
meit: ¢ 3.2 + 1 m/ron (¢ 1962 mo 1989 .) mo 7.1 £ 2.0 M/ron
(c 1989 110 2010 1.); HaumHas ¢ 2010 r. TeMITbI OTCTYIIAHUS
Bo3pocau Basoe 10 14.0 + 2.0 m/rox (Ganyushkin et al.,
2023). YckopeHue OTCTyIaHus JIEAHUKA — 3TO CJISACTBHE
B TIEPBYIO OUYepelb YCKOPEHUS €T0 TastHUS B CE30HbI a0J1s1-
uu. IMocenHee NOATBEPXKIAETCS HALLIMMU pacuyéTaMu
(puc. 4, 6), corimacHo KOTOPhIM ¢ cepeanHbl 1980-x ronos
MIMEJT MECTO OTYETIIMBBIN TPEH/ K POCTY BEJIMUMHBI Tasi-
Hug. 2012 rox, Korna Ipor301LLIET IPOPLIB 03epa, BXOAUT
B TPOVKY JIET C CAMBIM OOJIbIIIMM TasTHUEM 32 BECh MIEPUOT
¢ Havaya 1960-x ronoB 1o HacTostiee BpeMst. CortacHO
HaIMM pacyEéTaM, BeJIMYMHA TasTHUS 32 JICTHUI Ce30H
B 2012 . coctaBmia 4317 MM B BOTHOM 9KBUBAJICHTE.

I'pacduk Ha puc. 4, 6 oTpaxkaeT yCKOpeHue TasiHUs
JIETHUKA, YTO, B CBOIO OYepeb, IIPUBEJIO K OoJiee MH-
TEHCUBHOMY POCTY TUIOLIAN 03epa U, COOTBETCTBEHHO,
YBEJMYEHUIO €r0 BOAHOM MACCHI.

Mopgomempuueckue xapaxmepucmuru 03épHoli
komaogunst. Ha 0cCHOBE BBHIIIOJTHEHHOM TaXeOMETPU -
YeCcKOU ChEMKHM OblJIa BOCCTAHOBJIEHA OaTUMETpUYe-
cKas cxema 03. Maaiiieii 10 MpopbIBa U MOJyYeHbI €T0

87°34'30" B.11.

50°920” c.u.

50°9"

50°8'40"
TnyouHa, M

Puc. 5. batumeTtpuyeckasi cxeMa o3epa Maaitieit 10 ero mpopbli-
Ba, BBIMTOJIHEHHAsI 110 pe3yJibTaTaM TaXeOMETPUUYECKOM ChEMKU
KOTJIOBUHBI 03epa, KoTopasi TpoBoawiach 23—25 ceHts0pst 2022 T.
M3obarsbl mpoBeaeHbl yepes 1 M

Fig. 5. Bathymetric map of Lake Maashei before its outburst made
based on the results of a tacheometric survey of the lake basin,
which was carried out on 23—25 September 2022. Water depth
contours have an interval of 1 m

JIEA U CHET ToM 64  Ne2 2024



[TPOPBIB 3ABAJIBHOI'O O3EPA MAAILIEN (CEBEPO-UYWUCKUM XPEBET)...

Mop(hOMeTpUUYECKUE XapaKTepUCTUKHU (puc. 5). OTMETUM,
YTO TOPU30HT BBICOKMX BOJ ObUT OTUETIUBO BUIECH Ha
OopTax KOTJIOBUHBI: 110 OTCYTCTBUIO PACTUTEIbHOCTU
(puc. 2, a) 1 oKkpacke KaMHeit (puc. 2, 6) B MecTax, Ko-
TOpbI€ paHee ObLIM I10J BOAOI.

JnuHa u mupuHa o3epa coctaisuiv 1480 u 423 M co-
OTBETCTBEHHO, MaKCUMaJIbHasl IJIyOrHa IO pe3yJibTaTaM
ChEMKHM OKa3ayiach paBHOM 7.5 M, a cpenHsist — 4.7 M, UTO
Ha 1.2 M 6oJbIIIe, YeM 10 OITyOJIMKOBAHHBIM JaHHBIM
(Mctopus o3ép..., 1995; boponasko, 1998). ITnoians 03.
Maaneii 10 ero karacTpo(uUUIecKoro crycka cocTapisi-
71a 259 ThIC. M? IIPU COOTBETCTBYIOIIEM 0OBEME BOIHOIA
Maccel 1.21 mutH M3, TTOCKOJIBKY 03€pO IPU IIPOPLIBE
CITyCTUJIOCH TTOJTHOCTBIO, BECh 00BEM BOABI ChopMU-
poBaJI TPOPHLIBHOI MaBOJOK U COMPSIKEHHBINA C HUM
CEJIEBBIN MOTOK.

BrinonHeHHast TaxeoMeTpruyecKast ChéMKa Mo3BOJIMIA
TaKkKe YyCTaHOBUTH (POPMY 1 OLIEHUTH MOPGOMETPH -
YecKMe XapaKTepUCTUKN 00pa3oBaBIIerocs mpopaHa
B TeJie MOMPYKUBAIOIIEH 03€pO IMJIOTUHbBI B pe3yjibTaTe
MpopkiBa: BeicoTa — 10 M, IIMprHA IO THY U TpeOHI0 — 7
1 69 M cooTBeTCTBEeHHO. [L1o111a1h TTpOpaHa 0Ka3ajioch
pasHoIi 415 M2,

Modeauposanue cudpozpacgha npopotéa 03. Maawei.
B kauecTBe HauaIbHBIX YCAOBUIA JIsI MOJIEIMPOBAHMS 3a-
JaBaJICh: 00BEM BOTOEMA, TIPEAILIECTBYIOLINI TPOPBIBY —
1.21 Myt M? (TIOJTy4€H TIPY BBITIOTHEHUY TIOJIEBLIX PAOOT
aBTOpaMU B KOHIIE ceHTsI0ps1 2022 T.), yAeabHbBIN BeC
rpyHTa — 2740 Kr/M>, 10514 conepKaHus IMHbL B TPYH-
Te — 15%, nHAIeKC mIacTHIHOCTH — 13. XapaKTepruCcTUKT
Marepuaa IJOTUHbI COOTBETCTBYIOT CPEAHNUM 3HAYEHU-
SIM Y/IeJIbHOTO Beca, MPOLIEHTHOTO COAEePXKaHUSI TIIMHbI
U UHJEKCY MJACTUYHOCTH JIJII MOPEHHBIX MAaTEPUAIOB
cornacHo (Westoby et al., 2014, 2015; Zheng et al., 2021)
U JUISI MOPEHHBIX MaTEpUaoB, OTOOpaHHbBIX aBTOpaMU
Ha IpyTuX TOpHBIX MaccuBax Aitasd. Pacu€THBIN 1ar
o BpeMeHHU ObLI paBeH 1 cekyHae. CMoneIMpoBaHHbII
ruaporpad MpopbIBHOTO aBOAKA IIPUBEIEH Ha puC. 6.
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CoriacHo IMoJyYeHHbIM pe3ybTaTaM pacuéra coOpoc
BOJIbI Yepe3 (UIbTPALIMOHHbIN KaHa IIPOUCXOIMUI OKOJIO
3 yacos, mocJjie Yero HavaJics TepejanB U cpopMUpo-
BaJlach BOJIHA IIPOPHIBHOTO MTaBOJAKA, MAaKCUMAJIbHBIM
pacxoq BoJbl KOTOpoii coctaBui 694 M3 /c. Cpennue
CKOPOCTH T€YEHUS BOIBI PU MMPOPHIBE N3MEHSIINCH
ot 0.2 M/c B Hauajie pophiBa U focTuraim 5—7 M/c Ha
MTMKe TIPOPBIBHOTO MaBoaKa. [1pomomKuTe IbHOCTD TTPO-
PBIBHOTO TTaBOIKA TI0 pe3yJibTaTaM pacyéTa COCTaBHIIa
0ko0J10 5.5 yacoB. [Ipopan oOpa3oBasicst Ha BCIO BBICOTY
mrotuHEI (10 M). Ero paccuntandble MOpHOMETpHIECKIIE
XapaKTePUCTUKU TaKOBBI: CPEeIHSS IUprHa — 47.5 M
(110 U3MEPEHHBIM JaHHBIM — 41.5 M), mowmans — 476 m?
(1Mo M3MepeHHBIM JaHHBIM — 415 M?). PacxoxaeHue Mex-
Iy CMOJEJIMPOBAaHHBIMU U UBMEPEHHBIMU 3HAYCHUSIMU
IMAPUHBI U TUTOLLIA TIOTIEPEYHOro CeYeHMS TTpopaHa
COCTaBIIIO OKOJIO 15%.

OBCYXIAEHUE

IepeuncauMm GpakToOpsl, KOTOPBIE IIPUBEIHN K IIPOPHI-
BY 03. Maarreii: B pe3ysibTaTe MOBBIIIICHHOTO IIPUTOKA
BOJIbI K 03€pY, O0YCJIOBJIEHHOTO 00Jie€ MUHTEHCUBHBIM
TasiHUEM JIeIHUKA B pe3yjbTaTe MOTeIJIeHUs KJumaTa,
B MHOTOJIETHEM pa3pe3e BOAOEM yBEIUUUBAJICS B pa3-
Mepax, YTO MOTIJIO OCJa0UTh 3aMPYAHYIO IUIOTUHY; 10-
MOJTHUTEIbHOE BO3ACHCTBIE BHEIIHETO TPUITEpa B BUAC
MPOAOJIKUTEbHBIX OCaIKOB MPUBEIO0 K 0OBOIHEHUIO
MOATPYKUBAIOIIEH TTepeMbIUKH, €€ pa3MbIBY U MO-
cienyoiiemMy mpopsiBy. [1o TaHHBIM MeTEOCTaHIIUU
Kapa-Tiopexk, KoTopast HaXOAUTCS B 82 KM K 3amaay oT
00BEKTa UCCIIEIOBAHUS, CYTOUYHOE KOJUYECTBO OCall -
KOB B IIepUO/I IIpOPbIBA 03epa ObLJIO TaKUM: 13 nionst —
19.8 MM, 14 utosst — 13.6 mm, 15 uronst — 34 mm (Bynbiru-
Ha u ap., 2014). IIpu aToM B mocaenHuii aeHs (15 urons
2012 r.) 34 MM OCaIKOB BBHITIAJIO B TeUeHUE 12 4acoB, 4TO
OTHOCHUTCS K KATETOPUHU OMAaCHBIX METEOPOJIOrMYECKUX
SIBJICHUI 1J1s1 CeJIe0MacHbIX TOPHBIX PAIOHOB, COTJIACHO
MEepPevHIo onacHbIX siBJeHUi 3anagHo-CuoupcKoro

Tlepenus

005 10

15 20 25 30 35 40 45 50 55

Bpewms, u

Puc. 6. CmonenupoBaHHbBIN Tunporpad MpopsIBHOTO MTaBOIKa, 00pa30BaBILErocs B pe3yIbTaTe MpophiBa o3epa Maarmeii. [TyHkTup-
Hasl JIMHUS pa3esisieT OTTOK BOJbI MO (DUIBTPALIMOHHOMY KaHaJly U TIePEJIMB BOJIbI TIOC/IE OOPYILIEHMUSI TPYHTA Hall KAHAJIOM

Fig. 6. Simulated hydrograph of the outburst flood resulting from Lake Maashei outburst. The dotted line separates the water outflow
through the filtration channel and the overflow of water after the collapse of the soil above the channel
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YI'MC (http://www.meteo-nso.ru/pages/115). N3-3a
TOPHOTO penbeda 1 yIaneHHOCTH METEOCTAHIIMH OT KOT-
JIOBMHBI 03. Maanieif HeBO3MOXXHO TOYHO OMPENEINUTh,
KakKoe KOJIMYECTBO OCAJKOB BHINAJIO B paccMaTpuBae-
MO JOJIMHE PEKU, OJHAKO aBTOPHI MPEI0IaraioT, YTo
CyMMa BBITTaBIINX OCaIKOB ObLTa OJIM3Ka 10 BEJINYNHE
K KaTeropriy OMacHOTO METEOPOJIOTUYECKOTO SIBJICHHUS.

B pamkax o6CcyXIeHUsI OTMETUM, UYTO COTTIACHO OIYy-
oirkoBaHHBIM paboTam (Borodavko et al., 2013) mocie
npopbiBa 03. Maallreil ObIJ10 BBHITTOJJHEHO MaTeMaThye -
CKOE MOJIIEJTMPOBAaHE IBVKEHUST BOJHBI IIPOPBIBHOTO
naBoJKa 1o JoJWHe p. Maallleii ¢ UCITOIb30BaHUEM
nporpammHoro komruiekca HEC-RAS. HauanbHblit
runporpad mpopsiBa B 3TOM Cydae pacCUYUThIBAICS
o amrmpudeckum dopmynam (Costa, 1988; Cenderelli,
2000), coracHO KOTOPBIM MaKCUMAaJIbHbBII PacXO/l BOIbI
MPOPBLIBHOTO TTaBOJIKA B CTBOPE IIOTUHBI COCTaBUII
800 M3/c. B ciydae Takoro noaxona cxeMaTU3alus M-
aporpada He coBceM KOPPeKTHA, MOCKOJbKY HE YUUThI-
BalOTCS MOPHOMETPUUIECKHE XapaKTepUCTUKHN BOJOEMA
1 XapaKTepUCTUKHU TPYHTA, U3 KOTOPOTO ObLIa CJIOKEHa
MOANPYKUBAIOLIAS TEPEeMbIUKa, OT KOTOPBIX 3aBUCUT
BEJIMYMHA MAaKCUMAJIbHOTO pacXxoia BOJbI IPOPLIBHOTO
MaBoOAKa U eTo MPOAOJIKUTEIbHOCTD. I1pu nucnonab3o-
BaHUU SMITMPUIECKUX (DOPMYIT HEe TIPOBOIUIICS TaKKe
pacuéT pa3BUTHSI TIpOpaHa, XOTs pa3Mepbl 00pa30oBaBIIe-
rocs rpopaHa — 3a4acTylo eIMHCTBEHHAs IIPOBEPOUHAs
nHbOopMaLus IJis OLeHKU KauecTBa MOJAETUPOBAHUS,
MOCKOJIbKY OTCYTCTBYET BO3MOXKHOCTb CPABHEHMUSI CMO-
JeMPOBAHHBIX MAKCUMAJIbHBIX PACXOIOB C HAOTIOAEH-
HBIMU 3HAYCHUSIMH.

KauecTBo MoaenmpoBaHUsT XapaKTepUCTUK MPOPBIB-
HOTI0 MAaBOJKa I10 NPEIIOXKEHHON! B CTaThe METOIUKE
OLIEHUBAJIOCH T10 pe3yJibTaTaM CpaBHEHMUSI pacCUUTaH-
HBIX 110 METOJIMKE U U3MEPEHHBIX pa3MepoOB MpOpaHa,
MOCKOJIbKY 3TU JaHHBIE CIIYKAT eIUMHCTBEHHOM TIPO-
BepouHoii nH(popmMalueil. CpaBHeHHE MOKa3aja0, YTO
pPacXoXIeHUE PACUETHBIX U U3MEPEHHBIX Pa3MEPOB He
npesbiaet 15%. ITockoabKy MOpGhOMETPUUYECKHE Xa-
PaKTEPUCTUKY IIpopaHa ObUIM MoydeHbl ciycTts 10 et
TOCJIe MPOPBIBA 03epa, TO, YYUTHIBAS TOT (haKT, YTO OOpPTa
popaHa CI0XEHbI PhIXJIOO0JIOMOUYHBIM MaTEpUAIOM,
pa3Mepsl ITpopaHa 3a MPOLISAIINI TTepUo] BpeMEeH!
MOTJIA UBMEHUTHCS, U 5TO MOXKET CIIYKUTh OOBSICHEHUEM
pacxoxKAeHUsT MeXAy HaOM0AEHHOM 1 pacCUYUTaHHOMI
IIMpUHOM npopaHa. [TosTomy, TT0 HallleMy MHEHMUIO,
¢ YY4ETOM BO3MOXKHOTO U3MEHEHMUSI pa3MePOB MpopaHa
pe3yIbTaT MOAEIMPOBAHUS KaXKETCS YIOBICTBOPUTETb-
HBIM, a paCCUMTaHHbIE BEJIMUMHBI CKOPOCTEI ITOTOKA
MPEICTABIISIIOTCS TTPaBAOIIOA00HBIMU.

SAKIIIOYEHME

BpewMms cymectBoBaHus 03. Maauieii oT ero o0-
pa3oBaHUS BCIEICTBUE MEPEKPLITUS CTOKa p. Maa-
IIeil KaMeHHBIM TJIETYEPOM IO KaTacTpO(PUUIECKOT o
CITyCcKa OLIEHMBAETCs 10 pa3HbIM HJaHHBIM B 200—
300 net. Ha ocHOBe aHanM3a JaHHBIX TMCTAHIIIOHHOIO

PACITYTHUHA u ap.

30HAMPOBaHUS 3eMJIU, TTOJEeBbBIX MaTEPUAIOB U Ma-
TEMaTUUYECKOTO MOJIEIMPOBAHUSI ObLIN paccMOTpe-
HBI (paKTOPHI, KOTOPBIE TIPUBEJIN K IIPOPHIBY 03epa.
TIpuunHoOi pa3pylieHUs 3alIPyIHON TIOTUHBI CTAJIO
e€ ociabjieHne BCIEACTBUE pocTa 00bEMa 03epa BBUIY
TTOBBIIIICHHOTO TIPUTOKA TaJIbIX BOI K BOTOEMY (B TOI,
Korjaa IpoM301IET IIPOPHIB 03epa, BeIMUMHA a0IsI1IUN
JenHuka bonbiioit Maareit 6b11a OMHOM U3 caMbIX
MaKCUMaJTbHBIX 3a mepro ¢ Hayaja 1960-x rogos 1o
HacToglee BpeMsi). BoznelicTBrue BHEIIHETO TpUITEpa
B BUJI€ MHTEHCUBHBIX U TTPOAOXKUTEIbHBIX TOXISH
(cyMMa ocangkoB coctaBuia 67.4 MM) TIpUBEJIO K CHUJTb-
HOMY OOBOIHEHMWIO TUIOTUHBI, €€ Pa3MBIBY U TIPOPHIBY,
BCJIENCTBUE Yero c(hpopMupoBajcs MPOPLIBHOM MaBoO-
nok. Ha ocHoBe mpoBeaeHusI MOJeBbIX MCCIeI0BaHUI
ObLTa BRIABMHYTA TUIIOTE3a O TOM, YTO MEXaHU3MOM
MpophIBa 03epa CTajno oOpa3zoBaHUE (PUILTPALIMOH-
HOTO KaHaJla B TeJie 3alpyaHOM MIOTUHBL. [l 3TOrO0
CclieHapusl pa3BUTUS COOBITUI BBITTIOJTHEHO MaTeMa-
TUYEeCKOE MOJIEIUPOBaHNE MPOPBIBA 03epa: OIeHEe-
Hbl MAaKCUMaJIbHBIN pacXol MPOPLIBHOTO MaBOAKa,
CKOPOCTU MOTOKA Y MPOJOKUTEIbHOCTh MPOPhIBa
(MakcuMabHBIi pacxon coctasui 694 m3/c, ckopo-
CTH MOTOKA U3MeHsuch ot 0.2 1o 5—7 M/c, nepuon
MPOXO0XAEHUS TPOPHIBHOTO MaBOJAKA COCTABUI OKOJIO
5.5 yacoB). KauecTBo MoaennpoBaHus OLIEHUBAIOCh
10 pe3yJbTaTaM CPaBHEHUS paCCUMTAHHBIX U U3Me-
pPeHHBIX pa3MepoB nmpopaHa. CpaBHEHUE MOKA3aIo0,
YTO pacXoxXIeHUe He TIpeBhIImaeT 15%.

B HacTosII11e€ BpemsI 3anpyaHON MIIOTUHBI, KOTOpast
MorJjia Obl IEPEKPHITh CTOK p. Maallieit, He CyIlecTBYeT.
OnHako 60pTa 10JIMHBI pEKX B MeCTe 00pa30BaBILIErOCs
TIpY TIPOPHIBE TIPOPaHa CIIOKEHBI PHIXJIBIM MEJIKOOOI0-
MOYHBIM MaTepuanioM. He MCKIIIOYEHO, YTO MOXKET IMPOU-
30MTH OOBaJI TPYHTA, KOTOPBIi MEPEKPOET PEUHOM MOTOK
1 chOpMUPYET YCITOBUS IIJIST TIOBTOPHOTO 3aITOJTHEHUS
KOTJIOBUHBI 03epa. BepoaTHOCTH HOBOTO MEPEKPHITUS
pycia B pe3yJbTaTe IBUXKEHUS CAMOTO JIeAHUKA U 00-
pa3oBaHUs 3aMpyAHON TUIOTUHBI TaKXKe BECbMa BbICOKA.
B o0oux ciydasix Heab3si UICKIII0YaTh BEPOSITHOCTD pUCKa
MOBTOPHOTIO MpopbiBa Bogoéma. Kpome Toro, B HacTo-
siiee BpeMs B 14 KM K 10Ty OT KOTJIOBUHBI 03. Maarei
B monmHe p. [1paBerit Kaparem pacmosioskeHo 3aBaTbHOE
03epo, MOATPYKeHHOe KaMeHHBIM TiieTyepoM. Ceituac
U3 3TOro 03epa HabI01aeTCsl TTOBEPXHOCTHBIN CTOK,
OJIHAKO MpU IBUXEHUU KaMEHHOIO IJIeTYepa MOXKeT
IIPOU30MTU MIEPEKPHITHE PyCJia PyUbsl, UTO YBEJIUIUT
PUCK MPOphIBa 03epa.

J171s1 3aBaIbHBIX 03EP, TTEPEKPHITHIX BEICOKUMU CJia-
0OyCTOMYMBBIMU MJIOTUHAMM WJIM KAMEHHBIMU TJICT-
yepaMu, rpeOeHb KOTOPBIX BbIIIE, YeM ITOBEPXHOCTb
3epKajia BogoéMa, HanboJiee BEPOSITHBIM ClIeHapUEM
MIPOPHIBA CIYKUT pa3BUTUEC (PUIBTPALIMOHHOIO Ka-
HaJjia B HauOoJiee c1aboM MecTe MOoAIpyKMBaloIIei
IJIOTUHBI. Pe3ynbTaThl HACTOSIIETO NCCIIEAOBaHMS
BHOCSIT TEOPETUUECKHUI BKJIAJl B TOHUMAHUE TIPOLIEC-
ca ¢popMHUpPOBaHUS TIpoliecca MPOPLIBOB 03EP, MO -
NpY>XeHHBIX KAMEHHBIMHU TJICTUEpAMU, a TAKKe MMe-
0T PAKTUYECKYIO 3HAYUMOCTD MPU OLIEHKE OMACHBIX
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TMIPOJIOTMYECKUX SIBJICHUI: BO3MOXKHO UCIOJb30BaHKE
pu3mIecK 000CHOBAHHOI MaTeMaTUIECKOI MOIIENH,
ONMCAaHHOI B HACTOSIIIEM MCCIICIOBAaHUM, TSI OLICHKU
XapaKTEePUCTUK BO3MOXXHBIX IIPOPBIBOB 3aBaJIbHBIX 03€P.
PacuéTHplii rugporpad MpOpPLIBHOTO MTABOAKA MOXKET
OBITH MCITOJIb30BAaH B KaUeCTBE HAYaJIbHBIX YCIOBUIA
B MOJIEJISIX pacyéTa IBUKEHUS KaK BOJIHBI TTPOPHIBA,
TaK M CeJIEBOTO ITOTOKa.

baarogaproctu. ABTopsl 61aronapst E. C. lepkau
u }0.A. 'opOyHOBY 3a ITOMOIlIb B IIPOBEIECHUU T10JIE-
BBIX pa0boT. PaboTa BhIMoIHEHA NPU MOAIeP>KKe TpaHTa
PH® No 22-67-00020 «M3MeHeHMs K1uMaTa, JeaHU -
KOB M JaHAa(TOB AlTas B IIPOIILJIOM, HACTOSIIIIEM
1 OyoylieM Kak OCHOBA MOZEJIM aJalTallii HaCceIeHUs
BHYTPUKOHTUHEHTAJIbHBIX TOPHBIX palioHOB EBpasunu
K KJIMMaTOOOYCIOBIEHHBIM U3MEHEHUSIM CPEIbl».
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The dammed lakes are widespread in mountainous areas and usually occur when river flow is blocked by
landslides, rock glaciers, etc. Among such lakes, the most dangerous are those located in the periglacial
zone and blocked by rock glaciers. Continued deglaciation of mountainous areas under changing climate
conditions contributes to accumulation of large volumes of melt water in lakes, which may increase
pressure on the dam, cause its failure and subsequent outburst flood. In this article we describe the
development of such a lake before its outburst and the process of its outburst. The object of study was
Maashei Lake (North Chuya Ridge, Central Altai) located in the zone of mountain glaciation and
dammed by a rock glacier, where the lake outburst occurred in July 2012. The lake area before the
outburst was 259 x 10°> m? and water volume 1.21 x 10° m3. As a result of the outburst, the lake was
completely drained. We analyzed the published works on Lake Maashei, materials of our own field
studies in the lake basin combined with remote sensing data. We hypothesized that the mechanism of
the outburst occurred in 2012 was caused by the water erosion of the filtration channel in the dam body.
The mechanism of this outburst was numerically simulated using the method presented in this article.
The modeling allowed to reproduce the outburst flood hydrograph, to estimate such characteristics as
maximum water discharge, volume of the outburst flood, water flow velocities and the size of the formed
breach. Estimated maximum discharge was 694 m3s~!, flow velocities varied from 0.2 to 5-7 m s}, and
the outburst flood period was about 5.5 hours. The breach was formed to the full height of the dam (10
m). Its calculated morphometric characteristics were as follows: average width 47.5 m (measured 41.5
m), ckoss-section area 476 m? (measured 415 m?). The discrepancy between the modeled and measured
values was about 15%.

Keywords: landslide lakes, outbursts of landslide lakes, dangerous hydrological phenomena, the Altai Moun-
tains, mathematical modelling
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BBEAEHMUE

O06pa3zymoliuecs: Ipyu OTCTyNaHUU JIETHUKOB 03€pa
ILIMPOKO PaCIIPOCTPaHEHBI B TOPHBIX 00J1acTsIX. 3apUKCH -
POBaHHOE B MOC/IeAHEE AECATUIETIE YCKOPEHME Mpoliecca
cokpatieHus oneneHeHust Buyrpenneii Asum (Ganyushkin
et al., 2023) mpuBeJio K 3HAUUTEJBHOMY YBEIUUCHUIO
KOJIMYeCTBa NpUIeTHUKOBBIX 03€p (Shugar et al., 2020),
B TOM UHCJIE C BBICOKOI BEPOSITHOCTBIO MMPOPBIBA U CITyCcKa
BOOHOM Macchl. BaxkHOM 3amaveit, CBSI3aHHOI ¢ ucce-
JIOBaHUEM TTPOPHIBOOIIACHBIX 03ED, SIBJSIETCS] U3yYEHUE
npoiiecca ux (GOpMUPOBAHUSI, IBOTIOLIMU U OMMCAaHUE
cTamuii pa3BUTUSI 03€p. B HacTosIee BpeMsl 5TOit Te-
MaTHKe YIesieTcst KpailHe Majio BHUMAHMUS, VI HAyYHbIE
paboTHhI, MOCBIIEHHBIC PA3BUTUIO0 MOPEHHBIX U ITPUJIC]I-
HUKOBBIX BOTOEMOB, HEMHOTOUMCIEHHBI (3MMHUILIKUIA,
2005; Yepnomopeu u ap., 2007; Toproes u ap., 2013;
JHokykuH, XatkyTtoB, 2016; AneitHukosa, AHaikas, 2019;
IMpsixuna u ap., 2021; Pacriyruna u ap., 2022). OtmMeTum
paboty (3umHuLKuii, 2005), B KOTOPOil aBTOp OIKUCHIBAET
azbl pa3BUTUS IPUIETHUKOBBIX 03€p: TPAHCTPECCUBHYIO
u perpeccuBHylo. B ctatbe (Ilpsixuna u ap., 2021) pac-
CMOTpeHO (popMUpoBaHye U (a3bl pa3BUTHUS IPUJICIHN-
koBoro o3epa Hypran (Cesepo-3ananHass MoHroust):
TpaHCTPeCCUBHAs (POCT 03epa, YBeJIMUYECHME €T IJIOLIAAN
1 00bEMa), perpeccuBHast (MpOpPbIB 03epa) U MOCTperpec-
cHBHasl (CylleCTBOBaHUE 03epa IMocie MpopbiBa) (a3bl.

I'iaponormueckmii peskiiM BOMOEMOB BEICOKOTOPHBIX
TepPUTOPHUIA AJITasl, TTO CPAaBHEHUIO C aHAJIOTUYHBIMU

00BEKTaMU IPYTUX TOPHBIX CTPaH, UCCIIEMOBAH HEMOCTATOY-
Ho (bbikoB, 2013; JlokykuH, 2014; IpsxunHa u ap., 2021).
B T0 %€ Bpemst ”HTeHCHUBHOE Pa3BUTHE B PETHOHE XO3SICTBA,
TypU3Ma, TJOTUCTUIECKMX IMyTEH IEJIAt0T 33149y BbISIBIIEHS
MOTEHIIMAIbLHO OIACHBIX BOAHBIX 00BEKTOB KpaliHe aKkTy-
abHOI. B X01e MHOTOJIETHMX KOMIUIEKCHBIX 9KCIICAUIINIA
Hucturyra Hayk o 3emie CaHkT-ITeTepOyprckoro rocynap-
CTBEHHOI'O YHUBEPCUTETA HA POCCUIMCKOIM 1 MOHTOJILCKOM
YacTsIX TEPPUTOPUHU ropHOro Aitast (MaccuB MoHryH-Taii-
ra, FOxxno-Yyiickuii xpeoet, maccuBbl TaBaH-borno-Ona
u [HambarapaB) ObuI TTOJTy4eH OOIIMPHBIN HATYPHbINM Ma-
Tepua O TMAPOJOTUYECKUX U MOP(POMETPUUESCKUX Xa-
PaKTEpPUCTUKAX BEICOKOIOPHBIX BOIOEMOB 1 X BOIOCOO-
POB B paiioHax Aerpafaliiy ojieicHeHus1. TakuM o0pa3om,
1IeJTbIO TAHHOM paOOThI CTAJIO BBISIBIIEHNE OCOOCHHOCTEM
TUIPOIOTMYECKOTO PEXXIMA IMPUJICTHUKOBBIX 1 MOPEHHBIX
BOJIOEMOB, HAXOMISIIMXCSI HA Pa3HBIX CTAAMSIX PA3BUTHSI, HA
OCHOBE aHa/I13a JAHHBIX MHOTOJIETHUX SKCIIEIULIMOHHbIX
WCCIeA0BaHUI U IUCTAHLIMOHHOTO 30HIUPOBaHUSI 3eMJIH.

MATEPHAJIBI 1 METO/bI

Marepuanamu Uil BbISIBEHUSI 0COOEHHOCTEN Tuapo-
JIOTMYECKOTO PeXrMa BbICOKOTOPHBIX 03EP MOCTYXKUIN
JaHHbIe HAOJIIOIEHUI 3a JIETHUI1 ce30H Ha 10 Bogoémax,
PacIIOIOXEHHBIX B KpaeBbIX YACTSIX JIETHUKOB JIM0O0
Ha MOpeHax (COBPeMEHHBIX WJIM MaJIoTo JIETHUKOBOTO
rneprojaa), UMeIolIX B TOM WJIM MHOM CTeNeHU JIed -
HUKOBoe nuTaHue (Tadsa. 1). B cocraB mosieBbix padbor,
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204 MMPAXNHA u np.

noapo6Ho onucaHHbIX B (IIpsixuna u np., 2021; Pac-
nytuHa u ap., 2021, 2022), Bouutu ruaporpadpudecKue
ONMCaHUS BOIHBIX 00BEKTOB, HAOIIOAEHUS 32 YPOBHAMU
BOJIbI B BOLOEMAX, U3MEPEHUS PACXOI0B BOILI COMpPsI-
>KEHHBIX C HUIMU PyYbEB, HAOIIOACHMS 32 TeMIIepaTypoit
BO3MyXa M OCaZKaMU, 00CIIeIOBaHNS ITOATIPYKMBAIOLINX
MOPEHHBIX TTepEeMbIUEK, TAXEOMETPUUECKUE U GaTuMe-
TpUYECKUE ChEMKU 03EPHBIX KOTIOBUH.

AHaJIn3 CYyTOYHbBIX KOJIEOAHUIT YPOBHS BOIBI IIPOBO-
JIUAJICST TIO TaHHBIM HETTOCPEACTBEHHBIX MOJIEBBIX HAOTIO-
Jgenuit. C yuéToM CIIOXKHOCTH OPTaHU3aLMU CTallMOHAp-
HBIX THAPOJIOTUUECKUX HAOTIONEHUI B TPYTHOZOCTYITHBIX
paiioHaxX 0COOEHHOCTU MHOTOJIETHEN N3MEHUMBOCTH
peX1Ma BEICOKOTOPHbBIX BOJOEMOB OBIIIA BBISIBICHBI
C MCITOJIb30BAaHUEM JAaHHBIX TUCTAHIIMOHHOIO 30HIN-

BpemeHHast UBMEHYMBOCTH
MOP(HOMETPUYECKUX XapaKTEPUCTUK
ITocTeneHHoOe yBeJIMYEHME TUTOIIAIN

M TIyOMHBI 03epa Ha KOHELl ce30Ha
abISILUMY KaxXI0TO CJIEIYIONIETo rofaa
[TocrerneHHOE yMEHbIIEHKE IUIOIIAaN
U [JIyOMHBI 03epa Ha KOHEL[ CE30Ha
a0JISILIMN KaXI0TO CIIELYIOIIETO
roja, MHOIIA pe3K0oe COKpalleHue
BOJOEMA B pe3ysibTaTe MPOphIBa
MOANPYKUBAIOLIEN TTEPEMBIYKI
MN3meneHus paaMepoB BogoEMa
B MHOTOJIETHEM pa3pe3e BbIpaXKeHbl
cnabo

poBanus (caumku Landsat 5, 7, 8 u 9 u Sentinel 2 L2A)

3a niepuof ¢ 1989 o 2022 r., yTo MO3BOJINIO PACHIUPUTH = o g 2
MepeyeHb UCCIeTyeMbIX BOTHBIX 00beKTOB. KOCBEeHHY10 = E% = 2 %{3 E o % =
OLICHKY CE30HHOM Y MEXTOA0BOM U3MEHUMBOCTH YPOBHS v = -3«§ QE) = % g &E g = 9 §
BOJIBI MMOJIyYa/lii Ha OCHOBE CPABHUTEILHOTO aHAIN3a = ZEE e & ES s g ; § = o
IUIolanei 3epkaji BonoéMos. Iioianb 03€p omnpenae- 2 LA = < g 5 5 5 g SmzT &
Jsutack B iporpamme ArcMap 10.4.1 (ESRI Inc., USA) s SE o So5zE8|5uw32
MyTéM pyYHOTro AetdprpoBaHUs C UCTIOIb30BAHUEM g é’ 3 § =5 ag = B 5 QE -
KOMOMWHAIIMKU KAHAJIOB «€CTECTBEHHBIE LIBETa» (J1J1s1 BCEX § = S e ; 2 = E S0 E 2= E E
CITYTHUKOBBIX CHUMKOB). [IpocTpaHCTBEHHOE pa3pelie- = =g = 5252 § g ® ; S8 g
HUe CITYTHUKOBBLIX CHUMKOB Landsat 7, 8 1 9 yiydiianoch 5 3; ,; 5 = &z ; S5 E 2 228
MyTEM OOBbEAVMHEHUS C TTAHXPOMATHYECKIUMK CHUMKAMK 3 = z o = ez21 55 2¢ 3
(paspeiieHue 15 m), a cHumku Sentinel ¢ pazpeleHueM 2 z 5 = 28 5 = = s e 2
10 M pemmpupoBanuch O3 yIydIIeHs. § 2 E % - §* § gz § o E E =
XapakTepuCTHKY YPOBEHHOTO PexKnMa 038P MOTydan g g2 = = ;‘ S S 5 > E=F E
JUTSL CTAIUid MX pa3BUTHS, IPEIUTOKEHHBIX B KIacCudu- = Q=9 2 o = = §§ § ;% 9
kaumu (3umannkuii, 2005) u gornonaeHHo# B (IpsixuHa ~ = & = = = % gEge
u ap., 2021): mpaucepeccusnas cragust XapaKTepu3yeTcsI Og- = _g E18#Q %
3aITOJTHEHUEM O3EPHOM Yallll ITPUJIEAHUKOBOTO 03epa ° 3~

TaJILIMKA BOAAMMU C TIOBBILLIEHUEM YPOBHS BOABI, YBEIM-
YeHMEM IJIOIIAAN U [IIyOMH 03epa; peepeccuéHas CTaaus

pa3BUTHUSI BOOOEMA XapaKTEePU3YETCS YMEHbIIIEHUEM

IUIOIIAIN 03epa U €TO BOIHOMN MACCHI; HOCMPe2PecCUsHAs

CTaIusI XapaKTepPU3yeTCsl KBa3UCTaOMIbHBIM COCTOSTHU -
€M BOIOEMa.

O1ieHKa MHOTOJIETHEM JMHAMUKY KOJIMYECTBA 03P
B IIEPUTJISIIIUAIBHOM 30HE TOPHOTO AJITast BBITOJTHEHA Ha
OCHOBe AeIM(PUPOBAHUS PA3HOBPEMEHHBIX CHUMKOB
M MCII0JIb30BaHUs LMGpoBoil Moaeau peabeda SRTM.
OCHOBHBIM KpUTEpHEM OTHECEHUS BOJOEMA K OTIpe-
JeNEHHOM CTaauM Pa3BUTHUSI TTOCTYKUIU BBISIBJICHHbBIC
MHOTOJIETHUE TCHACHLIMY U3MEHEHUS TUToLIAaAeii 03€p.

HaJIM4ue IIpopaHa B MOANPYKUBAOIIER
JaM0Oe; HaJu4yle BBITEKAIOIIETO PYUbsT

Mopddonornueckue xapaKTepUuCTUKU
Bpewms obpazoBanus He 6oiee 20 et
Hazaz; HeGosbLIre pasmepsl (10 6000 M?);
PaCIIONIOKEHME B HEMOCPEACTBEHHOMU
OJIM30CTH OT JIEMHUKA
YacTUyHO OCylIeHHas1 KOTJIOBUHA,
MHOT/IA IIPUCYTCTBHE 03EPHBIX TEPPAC;
YacTiyHO OocylIeHHast KOTJIOBMHA,
MHOTIIa MTPUCYTCTBUE 03EPHBIX TEPpac;
HaJIM4ue IpopaHa B MOANPYKUBAOIIEH
JaM0e; HaJlM4yue BLITEKAIOLIETO PYyUbsl

PE3VYJIBTATHI 1 ObCYXIEHUE

O6o0061eHre ruaporpahIecKux OMMCaHnit, TaHHBIX

=N

TMOJIeBBIX HAOMIOACHUI U Pe3yJIbTaTOB ACIIN(PPUPOBAHUS g § = £
CITYyTHUKOBBIX CHUMKOB TTO3BOJIMJIO 1€TATU3UPOBATh Xa- S| £ % %
PAKTEPUCTUKU 03EP, HAXOASIIMUXCS HA Pa3HbBIX CTAIUSIX 25| 3 5 3
pa3Butus (Tabm. 2). f; % % 3 %
TIpancepeccusnas cmaodus pazsumus o3ép. Ipunegnn- E{ M CE; % =
KOBBI€ 03€pa, o0pa3oBasIlMecs 3a mocaeaHue 15—20 ier S & A lc:%

Taoauua 2. O600MEHHBIE XapaKTEPUCTUKM 03€p Ha pa3HbBIX CTAIUSIX Pa3BUTHS

B pE3YJIbTATC COKpAIICHUA OJICACHCHM A HAa TCPPUTOPUUN
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OCOBEHHOCTHU 'MAPOJIOTMYECKOI'O PEXKUMA IMPUJIEAHUKOBbBIX MOPEHHBIX O3EP...

TOpHOTo AJTasl, HAaXOJSITCSl HA CaMOM PaHHEM 3Tarie
pa3BUTHUS (TpaHCcrpeccuBHasI cTanust). Takue 03épa Kak
«Marnoe» (ropHblit MaccuB MoHryH-Taiira), «Hummn»,
«HB» (FOxHo-Yyiickuii xpeder), «I'aun-Kosb» (ropHbIit
maccuB TaBaH-borno-0ia) uMeroT HeboMbLIME pa3Mephbl
(m0 6000 M?), pacrioaoKeHbl B HEITOCPEACTBEHHO 01N -
30CTH OT JIAHUKOB, B X KPaeBbIX YACTSIX U YACTUYHO
OKPYXEHBI COBpeMEHHOI MOpeHOI. OCHOBHBIM UCTOY-
HUKOM MUTAHUSI TPUJIETHUKOBBIX BOJOEMOB CIIyKaT
Tajible JIeAHUKOBbIe Bonbl (PacrytrHa u np., 2021).

BrisiBiieHHBIE CyTOYHBIE KOJIeOaHMsI YpOBHE 00Y-
CJIOBJICHBI UBMEHEHUEM BEJIMUMHBI a0ISILIMY JIESTHUKOB:
B IHEBHbIE YaChl yPOBEHb BOJIbI B BOJOEMAX MOBBIIIAETCS,
a HOUYbIO PE3KO MOHUXKAETCSI, BILUIOTh 0 MOJHOTO OITy-
croueHus o3epa. Tak, MpujaeAHUKOBOE 03epo «Ymnm»
€XeIHEeBHO MOJIHOCTBIO CITYCKAJIOCh, MPEANOI0XUTETbHO
yepes IpoT, pacroJIOKEHHBIN Y si3bIKa JieqHuKa (puc. 1,
a). J[Ipyrue o3€pa CITycKaarch YaCTUYHO ITyTEM TIepeiiBa

205

03EPHBIX BOJ Yepe3 rpedeHb MOANPYKUBaKOLIEH BOTOEM
MopeHbI (03. «HB») (cMm. puc. 1, 6) 1160 110 BpeMeHHbBIM
BOIOTOKaM, (hOPMUPYIOLIMMCS B 9PO3MOHHBIX Bpe3ax Ha
BHeIlIHEl cTopoHe nepeMbluku (03. «['aun-Komb») (cM.
puc. 1, ), a Takke IyTeéM (QUIbTPALIMU YEPE3 MOPEHY
(cMm. puc. 1, e).

YCTaHOBJIEHO, UTO YPOBEHHBIN pexXUM MPUIEIHUKO-
BbIX BOJOEMOB XapaKTepU3yeTCsl BIpaXXE€HHOW BHYTPU-
CYTOYHOU TMHAMUKON M C HEKOTOPBIM 3alla3IbIBaHUEM
MOBTOPSIET CYTOYHBIH X0/ TeMIIepaTyphl Bo3ayxa (puc. 2,
a). AMIUIUTYna KojiebaHUil ypoBHS BOABI B IEPUO.L Ha-
osntoneHuit cocrapisiaa 6omee 150 cm.

IIpurenHUKOBEIE 03€pa MMEIOT CIIOKHBIN PEesKIM
YPOBHEH HE TOJIbKO B CYTOYHOM, HO U B TOJIOBOM XOJIE.
Taxk, aHanu3 uameHeHus mioiaau o3epa «I'aun-Kosb»
(maccuB TaBaH-borno-0a), pacrofiokXeHHOTo B Kpa-
eBoii yactu genHuka Ne 12 (Karanor nennuko CCCP,
1977; Ganyushkin et al., 2022), mokasai, 4To 03epo

Puc. 1. CiocoGbl criycka BoJbl U3 TPUJIETHUKOBBIX 03EP: @ — OTTOK BOAbI Uepe3 rpoT B JeaHuke (03. «Uusi»); 6 — rnepeaus BOIbI
yepe3 rpebeHb MOpeHHO TUIOTUHHI (03. «HB»); ¢ — BpeMeHHbIi1 BonoToK Yepe3 mioTuHy (03. ['aun-Koinb); e — dunbrpamus (03.

«Yuwr»). ®oro B. A. Pactiyrunoii, uionb — aBryct 2021/22 1.

Fig. 1. Modes of water outflow from periglacial lakes: @ — outflow of water through the grotto in the glacier (Lake «Chill»); 6 — water
overflow over the crest of the moraine dam (Lake «HB»); 6 — temporary watercourse through the dam (Lake «Gachi-Kol»); ¢ — filtra-
tion (Lake «Chill»). Photos by V. A. Rasputina in July — August 2021/22
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Puc. 2. IaMeHeHMe ypOBHS BOIBI TPMIIEIHUKOBOTO 03¢epa «Yniun» (a) 1 ruiomany 3epKaja npuiaeHuKoBoro o3epa «laun-Konb» (6)

BO BpEMEHM Ha TPAHCTPECCUBHON CTaAUM pa3BUTHS: | — XOI YPOBHS BOIBI Ha BOMOMEPHOM IOCTY Ha 03epe «Hm»; 2 — Xom TemIie-
paTyphbl BO3yXa Ha METEOCTaHIIMU, pacToioXXeHHOo! Ha JiegHuKe Hekpacosa Ha BeicoTe 3000 M Ham yp. Mopst

Fig. 2. Changes in the water level of the periglacial lake «Chill» (@) and the area of the periglacial lake «Gachi-Kol» (6) over time during

the transgressive stage of evolution: 7 — course of the water level at the water gauge station on Lake «Chill»; 2— course air temperature

at the weather station located on the Nekrasova Glacier, located at an altitude of 3000 m a.s.1.

CYIIECTBOBAJIO TOJLKO B TIEpHO a0 JIeTHUKA: IIpencTaBiasTioT UHTEpeC «IIATAIIAeCsS» 03€épa, KO-
B CepeIMHE WIOHSI KOTJIOBMHA BOJOEMA HAMOJHsJIach, TOPBIE, COXpaHss CBA3b C OTCTYNAIOLIMM JICAHNKOM,
a B KOHIIE CEHTSOPSI ITPOMCXOIMII ITOJIHBIN CITyCK Bogpl ~ MEHAIOT CBOIO KoHburypauuio. B kauectse npuMepa
1o GpuIbTpauMOHHBIM KaHanam. [1pu sTom Ha konen, — TPATALICIOCS> 03Epa MOKHO ITPUBECTH NPUICTHUKOBBIN
TEIIOro MepHoa KaXI0ro CICAYIONIEro Toa 0GHEM BOIOEM, PACIIONIOKEHHBII B 0acceiiHe p. XOBI Ha TEPPU-
U TUIOIIANb 3€pKaja o3epa CTAaHOBUIUCH OOJIbIIIE (CM. TOpHH rOpHOTO MaccnBa Xapxupaa (Cenepo-anainas

. Momunronust) (puc. 3). [Ipu BUu3yaabHOM COKpallleHUn
puc. 2, 0). Cxoxast TEHIEHLMA N3MEHEHNSA MIOWANCH  1yo1iany 06BEM 03epa MOXKET YBETMMBATBCA: BEPO-
3epKaJla OTMeYeHa JUst 03epa «Masoe», IPUMBIKAIOLIETO  gryee Beero, 0CBOGOKIAMOIIASCS OTO JIbIa TEPPUTOPHUS
K ienHuky Ne 24 (maccuB Monryn-Taiira): miowmans  pmeer Gonee ry60KUii Bpe3, U 03EpHBIE BOIBI «IIepe-
Bomoéma yBemmamiach ¢ 2016 o 2022 r. Ha 74%. TeKaloT» OJIMKe K JIeHHUKY. HecMoTpst Ha oTCyTCTBUE

Puc. 3. UsmeHeHMne KOHGUTYpaluu «IITsIIerocs» o3epa X24 B 6acceiiHe p. XoBn (ropHbIii MaccuB Xapxupaa, CeBepo-3ananHas
Mounronust) B iepuof ¢ 2000 o 2022 r.: a — utoHb 2000 r.; 6 — aBryct 2012 r.; ¢ — aBryct 2022 r. (Ha3BaHMe JaHO IO (hOpMUpYIOIIIE-
Mycs KaTajory 03¢p). CIyTHUKOBBIE CHUMKH: https://sentinel-hub.com/

Fig. 3. Change in the area of Lake X24 in the Khovd river catchment (Kharhiraa mountain range, Northwestern Mongolia) from 2000
to 2022: a — June 2000, 6 — August 2012, ¢ — August 2022 (the name is given according to the developing catalog of lakes). Satellite
images from the site: https://www.sentinel-hub.com/
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OCOBEHHOCTHU 'MAPOJIOTMYECKOI'O PEXKUMA IMPUJIEAHUKOBbBIX MOPEHHBIX O3EP...

YBCJIMYCHUA IJIOIIaaN 3€pKaia BOJOEMa B MHOTOJIETHEM
ACIICKTEC, «IIATAIINCCI» osépa, NMEIOIIME MPAMYIO CBA3b
C JICAHUKOM, I10 HAIIEMY MHEHMUIO, CJIEAYET OTHOCUTDH
K TpaHCFpeCCI/IBHOfI CTaauu pa3BUTHS.

Peepeccuenasn cmaoua pazeumus o3ép. Coxpaiie-
HUE pa3MEPOB 03€pa U €ro BOJHOU Macchl HA KOHEI]
nepuoaa abJasguKu B MHOTOJIETHEM aclieKTe HacTyIa-
€T B cilyyae HapylIeHUsl CBSI3U BOJOEMA C JIEAHUKOM,
T. €. 1P OCTENEHHOM YMEHbIIEHUU JEIHUKOBOTO
nutaHusi. HampuMmep, MOPEHHO-TIOATIPYAHOE 03€PO
XoliHyp (ropHbIii MaccuB MoHryH-Taiira), miomanb
MOBEPXHOCTU KOTOPOTO TPU MOTEPe MPSIMOI CBSI3U
¢ orctynamimum gegHukom Ne 24 (PacniytuHa u ap.,
2021) navana cokpamarbcs ¢ 2012 r. 1 yMeHbILIWIaCh
MpakTUYECKU B Ba pa3a, Ha CErOAHSIIHUI 1eHb cTa-
OMJBbHOTO (MOCTPErpecCUBHAs CTaAusI) COCTOSIHUS He
Jocturio (puc. 4, a).

OTMeueHo, YTO pa3pylleHe MOPEeHOM 1aMObl WiIn

CIYCK O3EPHBIX BOJ 1O (PHIbTPALIMOHHBIM KaHaIam
BHYTPU MOPEHHOM MEePEMBIYKN MOXET ITPOTEKAaTh
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JIOCTaTOYHO OBICTPO (OT HECKOJIbKUX YaCOB 10 HECKOJIb-
KHX MECSIIeB), YTO MOXET IMIPUBECTHU JINOO K TIOJTHOMY
MCUYE3HOBEHMIO 03€epa, JIM0O K Mepexony BoJgoéMa Ha
JII00Y10 cTanuio pa3BuTus. Tak, Ipu BU3yajibHOM 00-
cienoBaHum o3zepa «bapcoBo» (ropHbiii MaccuB Ta-
BaH-borno-Ona) B 2021 1. ObL1 BBISIBJIEH OBEPXHOCT-
HBII OTTOK, KOTOPBIH TIPU MOHKEHUHW YPOBHS BOIbI
B BOJIOEME MEePEXON U3 TTOBEPXHOCTHOTO B MOA3EMHBbII
1 GUKCUPOBAJICS Ha BHEIITHEH CTOPOHE MOAIIPYKUBa-
I011Ieli MOPEHBI B BUIIe BbICAUMBAHUsI. DTO MO3BOJIMIO
BBIABUHYTH IMPEIITOIOXEHNE O BEICOKOM BEPOSITHOCTH
cnycka o3epa (Pacnyruna u ap., 2022). B KoH1LIe M10HS
2022 r., corjaacHo aHajau3y CIIyTHUKOBBIX CHUMKOB,
HayaJjcs Mpouecc UCTEYEeHUs BOABI, U K 3 CEHTIOPS
BOJOEM OBIJI MOJIHOCTBIO ocylIieH (CM. puc. 4, 6—0).
Ha ocHose BrinmoHeHHBIX B 2021 1. 6aTUMeTprUUeCcKOoit
U TaXEOMETPUUECKON ChEMOK ObLIN pacCUMTaHbl BEJIU-
YUHBI 00BEMOB BOJIBI B 03€pe B IEPUOI, €r0 CITycKa (CM.
puc. 4, 6). Tak KaK OT BbICOTHI MOJIOXKEHUS U IUaMETpa
(GpUABTPALIMOHHBIX KAHAJIOB 3aBUCUT O0OBEM U MAKCH-
MaJIbHBII pacxoa MPOPBIBHOTO MaBOAKa, TOCTATOYHO
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Puc. 4. IaMeHeHMe IUI0IIAAM 3epKaia U 00bEMa BOLHOM MACChI 03D, HAXOISIIKMXCS B PETPECCUBHOM CTAIUK PA3BUTHUS: d — CO-
KpallleHue rromaan o3epa «XonHyp»; 6 — cokpalleHre o0béMa o3epa «bapcoBo» mpu ero merpamanuu B 2022 1. (¢ —15.06.2022;
2—06.08.2022; 0 — 29.08.2022). CriyTHMKOBBIE CHUMKM: https://sentinel-hub.com/

Fig. 4. Changes in the area and volume of the water mass of lakes that are in a regressive stage of evolution: a — reduction in the area
of Lake «Khoynur»; 6 — reduction in the volume of Lake «Barsovo» during its degradation in 2022 (¢ —15.06.2022; ¢ — 06.08.2022;
0—29.08.2022). Satellite images from the site: https://www.sentinel-hub.com/
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paBHOMEPHBII cryck o3epa «bapcoBo» ocyllecTBIIsLICS
10 KaHaJIaM C TIOCTOSTHHBIMM pa3MepaMU, PACIIOIOXEH -
HBIMU B HVKHEN YaCTH 03€PHOM KOTIIOBUHBI. OTMETHM,
YTO JUIS MPUJIEIHUKOBBIX BOTOEMOB CHUKEHHE YPOBHSI
BOJIBI B TIEPUOLI, a0JISILIUN MOXET OBITh TPU3HAKOM BBICO-
KO} MPOPBIBOOITACHOCTH 03epa 1 TpeOyeT MPOBEACHUS
MOHUTOPUHTOBBIX HAOIIOJEHUIA.

Ilocmpezpeccusnas cmaous pazsumus. Ha cyTouHbIi
peXUM ypOBHEI BOIOEMOB, HAXOASIINXCS B IIOCTPE-
IPECCUBHOM CTaINN, 3HAUNTEIbHOE BIUSIHUE OKAa3bIBAET
CTOK XKMAKHUX OCAJKOB C YaCTU BoJocOopa, He 3aHsI-
TOM JIeMTHUKOM. B Tiepron moxmeit pocT v craja ypoBHS
pacCTATUBAETCSI HA HECKOJIBKO CYTOK, a TIPU OTCYTCTBUU
0CaJKOB — UMeEET BhIPaXKEHHBIN BHYTPUCYTOUYHBII XOI,
TMOBTOPSIONINI X0 TeMITepaTyphl BO3IyXa C YYETOM
BpeMeHU goberanus (B HameM npuMepe 8—10 gacoB)
(puc. 5, a).

O BHYTPUTOIOBOI W MHOTOJIECTHE M3MEHUNBOCTH
YPOBHEI KOCBEHHO MOXHO CYIUTD IT0 M3MEHEHUIO TITO-
mwaneii Bonoéma. Hanpumep, ozepo «TamoxkeHHOe», pac-
nojoxeHHoe B 900 M oT ienHMKa HekpacoBa B BEpXOBbe
nonunbl p. Tanaypsl (FOxHo-Yyiickuii xpeber), nepeiuio
B ITOCTPETPECCUBHYIO CTAINIO, O YEM CBUICTEIHCTBYET
npekpatuBiieecd ¢ 2014 r. MHOroJieTHee coKpalleHue
ero miomanu (cM. puc. 5, 6). Takke KBa3ucTabUIbHOE
COCTOSIHUE XapaKTEPHO ISl KapoBoro o3epa «JlarepHoe»,
MOATPYKEHHOTO CKAJIbHBIM PUTEJIEM, TIJIOIIAIb 3epKaia
kotoporo ¢ 1987 r. Ha KoHell ieproaa abasauu 3HaAUYU -
TEJIbHO HEe MEHSUIACK.

B GonbiinHCTBE cllyyaeB 03€pa B CBOEM pa3BUTUM
MOCJIEeA0BATEIbHO MIPOXOIIT CTAIUU TPAHCTPECCUH,
perpeccuu 1 mocTperpeccuu. B oTaenbHbIX ciydasx

IMPAXWUHA u np.

TeHIEHIIUS Pa3BUTUS 03EP MOXET U3MEHUThCs. Ha-
mpumMep, o3epo HypraH, pacmoioxeHHOe Ha TeppU-
Topuu ropHoro maccuBa IlambarapaB (MoHronus),
TMPOIILJIO OCHOBHYIO (ha3y perpecCUBHOI CTaauu, 0 YEM
CBUIETEITBCTBYIOT COXpaHUBIIMECS B peTbede CIemabl
M3MeHeHUI 00bEMa 1 HaIlpaBJIeHUs cToKa o3epa. Paz-
pyllleHe MOPEHHOTO Bajia B MPOMEXYTKe Mexny 1948
1 1968 rr. (Ipsxuna u mp., 2021) BBI3BaI0 YaCTUIHBIHN
CITYCK 03epa, a yTpaTa MpsMOit CBI3M C OTCTYMAIOIINM
JIeTHUKOM DperTuiiH mpuseia K rnepexoay BogoéMa
13 IPUJIETHUKOBOTO B MOPEHHO-TIOATIPYIHBIN. Pa3-
Mepbl 03epa cTabuau3upoBainuchk. Bo Bpems noine-
BbIX paboT 2019 1. B ceBepo-BOCTOYHOI YaCTU CKJIOHA
ucclienyeMoi 03¢pHoi KOTJIOBUHBI ObLT 0OHapyXeH
YYaCTOK C aKTMBHBIM BBITAMBAaHUEM U OOpYyIICHUEM
rpyHTa. MakcumaabHOe cMellleHue KPOMKUA MOPEHBI
OTHOCUTEJBHO perepHBIX TOUEK 3a HeIeIbHBIN ITepu-
on HabmogeHnit coctamio 0.65 m (IMpsxuna u ap.,
2021). B ¢BsI3u ¢ akTMBU3alMeil TEPMOIPO3UU B T10-
cnennaue roabl B ropax Anrast (Chistyakov, Ganiushkin,
2015) HabaromeHus 3a IMPOLECCOM ObLIN IMTPOIOJKEHbI
C MCIOJIb30BaHKEM CITYTHUKOBBIX CHUMKOB Sentinel.
BEBISIBIIEHO, YTO TEPMO3PO3MOHHOE OChITIAHNE TTOI-
MIPY>XUBAOIICH TIJIOTUHBI TIPUBEIO K CMEIEHUIO0 KOH-
Typa 03epa B CEBEPO-BOCTOUHOI YaCTU 3a TTOCTIEAHUE
2 roga mpuMmepHo Ha 10—15 M. ITpu aTOM 32 UueThipe
rona TjoIaab BoOmoéMa MpakKTUIeCKN He MEHSIIACh:
62.1 teic. M2 B 2019 r. (IOJIYYEHO IO MOJIEBBLIM JaH-
HBIM); 62.2 161.9 Teic. M? B 2020 1 2022 IT. COOTBET-
cTBeHHO (o maHHbIM [133). YBenuueHue miomagu
o3epa Hypran Ha koHell nepuona adagouu 2023 1.
Ha 5.5% 1o cpaBHeHUIO ¢ 2022 T'., BO3BMOXHO, CBU-
JIETEJIbCTBYET O Havajie OYepeaHOM TPAaHCTPECCUBHOM
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Puc. 5. I3MeHeHUe BO BpeMEHU TUIPOJIOr0O-MOPHOMETPUIECKUX XapaKTEPUCTUK: YPOBHSI BOJbI B 3aBUCHMOCTH OT METEOPOJIOTHYe-
CKUX XapaKTepUCTHUK (a) U TUTOIIAIN 3epKaja (6) MOpeHHOTO 03epa « TaMokeHHOe» B TTepHOJI ITOCTPETPECCUBHON CTaINN Pa3BUTHSI:
1 — X011 YpOBHSI BOJIbI HAa BOOMEPHOM ITOCTY Ha 03epe «TaMOoKeHHOe»; 2 — X0 TeMIIepaTypbl Bo3ayxa; 3 — X0l 0CaKOB Ha METEO-
CTaHLIMU, PACIIOJIOKEHHOM B MPUOPEXHOI 30He 03epa Ha BbicoTe 2770 M Haj yp. MOpst

Fig. 5. Changes over time in hydrological and morphometric characteristics: relation of the water level on meteorological characteris-
tics (a) and surface area (6) of the moraine lake «Tamozhenoe» during the postregressive stage of evolution: 7 — course of water level
at the water gauge on Lake «Tamozhenoye»; 2— course of air temperature; 3 — course of precipitation at a weather station located in

the coastal zone of the lake 2770 m a.s.l.
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cranuu. [1pogosxarorieecss OTCTynaHue Kpas MOPeH-
HO TTIepeMBbIYKHN MOXKET TIPUBECTH K €€ pa3pyIIeHUIO
1 BO3MOXHOMY IMPOPBIBY BOJOEMA U TIEPEXOAy B pe-
TPECCUBHYIO CTaIMIO.

B cBS131 ¢ HEBO3MOXHOCTbIO MOJIYUYEeHUsI TaHHBIX
HENOCPEACTBEHHBIX HAOMIONEHN I 32 YPOBHEM BOJIbI
MPUIEIHUKOBBIX U MOPEHHBIX 03€p Ha OOJIBIINX UJIU
TPYAHOIOCTYITHBIX TEPPUTOPUSX IJISI BBISIBJICHUS OCO-
OCHHOCTE! TUIPOJOrMYECKOro pexKuMa U KOHKPETHOMI
CTaJINy pa3BUTHS ObLIM MCMOIb30BaHbI KpuTepuu «Bpe-
MEHHas U3MEHYUBOCTb MOP(HOMETPUUECKUX XapaK-
TepPUCTUK» U «Mopdosiornyeckue XxapakTepucTUK»
(cM. Tabm. 2).

AHaIN3 CIIyTHUKOBBIX CHUMKOB BHICOKOTOPHBIX TEP-
puTopuii AnTasi mokKasaj, uyTo 3a nocjeaHue 22 roaa
KOJIMYECTBO 03€P 3HAUUTEIBHO YBEIMUUIOCH: Ha TEPPU-
topun CeBepo-Yyiickoro xpedTa — ¢ 28 1o 60 03€p, Ha
IOxHo-Yyiickom xpedre — ¢ 39 1o 73 03€p, Ha KaTyH-
ckoM xpedte — ¢ 57 10 89 03€p, Ha TEPPUTOPUM MACCHBA
TaBan-bormo-Ona — ¢ 11 mo 19 03€ép, Ha TeppUTOPUN
maccuBa MonryH-Taiira — ¢ 8 1o 11 03€p. OT™MeTuM,
4yTO Ha TeppuTopuu xpedra ILlambarapaB (MoHroms)
YHCJIO BOTOEMOB, MO JAHHBIM CITYTHUKOBBIX CHUMKOB,
MpaKTUYeCKU He U3MEHWIOCH: ¢ 7 10 8 03€p. B pesynbra-
Te UCITOJIb30BaHUs LM poBoii Moneau peabeda SRTM
U CBeeHUI 00 0000IEHHBIX XapaKTePUCTHUKAX 03€p (CM.
TabJ1. 2) MOJIy4eHO pacripeaesieHUe TT0 BRICOTaM 036D,
HaXOMSIINXCS Ha pa3HBIX CTAIMSIX Pa3BUTHS UTS Tep-
purtopuu Antast (Katynckuit, Cesepo-Yyiickuii u FOx-
Ho-Yyiickuii XpeOThl, ropHbIe MaccuBbl TaBaH-bor-
no-Ouna, MouryH-Taiira u llambarapan). B kauecTtse

KaryHckuit xpeber
>3000 [
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<2300 S
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209

rpruMepa Ha puc. 6 MPUBEISHO pacIipeie/IeHIe 1O Bbl-
COTaM KOJIMYeCTBa BOTOEMOB, PACIIOJIOKEHHBIX Ha TPEX
xpeobTax LleHTpanbHoro Anras.

o 2000 r. Ha Tepputopun Ceepo-Yyiickoro u KOx-
Ho-YyiicKkoro Xxpe6TOB OCHOBHASI YaCTh 03€p HAXOAMIACh
B uHTepBaiie 2700—2800 M, Ha Tepputopun KatyHckoro
xpedta — B uHTepBasie 2300—2400 M. Haubosnbliee ko-
JMaecTBO 03€p Ha 2022 T. HAXOAUTCS B KPaeBBIX YaCTSIX
COBPEMEHHBIX JIEIHUKOB: B MHTepBaje BbicoT 2900—
3000 m Hax yp. mopst misg CeBepo-Yyiickoro xpebTa,
B uHTepBaje 2800—2900 m Hax yp. Mopst — st FOx-
Ho-Yyiickoro xpeota u 2500—2600 M Haz yp. MOpsT — ISt
KartyHckoro xpe0dTta. B cOOTBETCTBUM C 9TUM pacrpee-
JIeHEM OTMEUeHO, YTO BepXHsIsI IpaHMIla MHTepBaja,
B KOTOPOM pacIiojiarajJoch MaKCMMaTbHOE KOJTMYECTBO
MPUJIETHUKOBBIX U MOPEHHBIX 03€p, 10 2000 r. ObL1a 1Mo
BoIcoTe Hke Ha 100—200 M, 4TO CBSI3aHO C TIPOMCXOIsI-
LIMM OTCTYIIaHUEM Kpa€B JIeAHUKOB. [l Bcex XpeOToB
XapaKTepHO, UTO OCHOBHAs YacThb BOIOEMOB B TpPaHC-
TPECCUBHOM CTaIUM PACITOJIOKEHA B CAMBIX BBICOTHBIX
HMHTEpBajiaX, B TO BpeMsI KaK 03¢pa B IIOCTPErPeCCUBHOM
CTaJuu B MOJABISIIOIIEM KOJUUECTBE HAXOASTCS B UH-
TepBajax BBICOT, PACITOJIOKEHHBIX HIDKE, TIe ObICTpee
BCETO YTPauMBAETCs CBS3b C JIETHUKAMMU.

SAKJIIOYEHUE

[TpennoxxeHHble aBTOpaMU AeTallbHbIE TTPU3HAKU
(KpuTepun) OTAEIbHBIX CTAINI Pa3BUTHUS BOJOEMOB
MO3BOJISIIOT HA KAYECTBEHHOM YPOBHE OLIEHUTb Jajlb-
Helilee pa3BUTHE BOAHOTO 00bEKTa, UYTO MPeaCTaBsieT

IOxxHo-Yyiickuii xpedeT

10 15

200 5 10 15 20 25

KonuuectBo 03€p, 1iT.

Puc. 6. MismMeHeHue KonnuecTBa 03¢p Ha Tepputopun LlentpanbHoro Antas ¢ 2000 o 2022 1. ¢ rpagalMsiMU COTJIACHO CTaavsIM
pa3Butus: I — koaudectBo 03¢p Ha 2000 r.; 2 — TpaHCTPeCCUBHASI CTaaus; 3 — perpecCUBHAs CTaNs; 4 — MOCTPETPECCUBHAS CTAIUS
Fig. 6. Change in the number of lakes in the Central Altai territory from 2000 to 2022 with gradations according to stages of evolution:
I —number of lakes in 2000; 2 — transgressive stage; 3 — regressive stage; 4 — postregressive stage
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co0oli KaK (yHAaMEeHTaIbHYIO 3a7a4y, HalpaBIeHHYIO
Ha U3y4YeHMe XXM3HEHHOTO 1IMKJIa MPUIEIHUKOBBIX U MO-
PEHHBIX 03€p, TaK ¥ MIPUKJIATHYIO, CBI3aHHYIO C TIPOTHO-
3UPOBAHMEM BO3MOXKHBIX OITACHBIX TUAPOJIOTHUECKHUX
SIBJIEHMI (TIPOPBIBHI 03EP) B YCIOBUSIX HECTAIIMOHAPHOM
KIIMMAaTUIECKOM CUTYall1, KOTOpast yCKOPHJIA IIPOLIECCHI
nepeopMUPOBaHUS INISILIMOHUBAIBHBIX JaHIIIA(TOB.
B yacTHOCTH, 32 MOCAeAHME 1BA ACCATUIICTUS YBEIUYM -
JIOCh KOJIMYECTBO BOJOEMOB B 30HE HauboJee aKTUBHOTO
OTCTYMaHMUS JIETHUKOB, B CBSI3U C Y€M TMOSIBUJIACh YHU -
KaJbHasi BO3MOXXHOCTb ITPOCAEANTH CMEHY Pa3IuIHbIX
CTamWii pa3BUTHUSI BHICOKOTOPHBIX 03¢P B OTHOCUTEIHHO
KopoTkue cpoku. OCHOBHasI 4acTh C(DOPMUPOBAHHBIX
MMPEVMYIIECTBEHHO Ha COBPEMEHHBIX MOPEHAX BOTHBIX
00BEKTOB HAXOMUTCS Ha TPAHCTPECCUBHOM CTaINN pa3-
BUTHUs. HecTaOMIbHBINM peXXM YpOBHEN HEOOIbIINX
OPUIEIHUKOBBIX BOJTOEMOB TOJHOCTbIO 3aBUCUT OT
pexxuma MoCTYIICHUS TaJol BOJAbI U UHTEHCUBHOCTHU
(ubTpany yepe3 MOpeHHbIe MePeMbIYKHU, CIOKEHHbIE
CYTJIMHKOM, TPaBMEM U BaJlyHaMU Pa3HbIX pa3MEPOB.
XapaKTepHOIi 0COOEHHOCThIO TPAHCIPECCUBHON CTaauK
SIBJISIFOTCSI CYIIIECTBEHHBIE KOJIeOaHMSI pa3MepOB BOIOE-
Ma 1 eTo YPOBHS B TeUeHUE CYTOK KaK B CE30HHOM, TaK
1 TOIOBOM pa3pe3ax.

ITpu ocnabaeHuu CBSI3U € IEMHUKOM 03Epa MepexosT
B PErPECCUBHYIO CTaJIMI0, XapaKTePU3YIOIYIOCS COKpa-
LLIEHVEM TUIOIIAA1 BOJOEMOB B MHOTOJIETHEM acIleKTe.
Wx nerpamauusi MpOUCXOAUT MIPU CITyCKe BOJIHOI Mac-
ChI 110 (pUJBTPALIMOHHBIM KaHajaM MO0 B pe3yjbTaTe
npopbiBa MOpPEHHOM naMOkbI. [Tocie yacTUYHOTrO Cco-
KpalleHus o0bEMa U MJIOLIAAM 3epKajia BOTOEM MOXKET
nepeiTy B KBa3uCTaOMIbHYIO CTaaMIO (ITOCTperpec-
CUBHYIO), OTJIMYUTEIbHON OCOOEHHOCThIO KOTOPOI
SIBJISIETCS TIpeo0iaiaHue B TUTAaHUU BOJHOTO OOBbEKTa
MOBEPXHOCTHOT'O CTOKA C HE 3aHSITOM JIEIHUKOM YacTu
BOJIOCOOpA, a TAKXKE OTCYTCTBUE TEHICHLIMIA K U3MEHe-
HUI0 MOP(OMETPUUECKUX XapaKTEPUCTUK B MHOTOJIET-
HeM paspese. JanbpHelilee pa3BUTUE TaKMX BOJTOEMOB
3aBUCUT OT peXrMMa HAITOJTHEHUS 03€PHOI KOTJIOBUHBI
B IIEPUOJL, HAMOOJIbILIEH A0ISILMUA, UHTEHCUBHOCTH aKKY-
MYJISILIMY TBEPIOTO MaTepurasa, a TakXKe yCTOMUUBOCTH
NOANpYXUBaOLIEH MIOTUHBIL. Tak, B ciiyyae akTUBHU-
3allM TEPMOIPO3UOHHBIX MPOILIECCOB, MPOTEKAIOIINX
B TeJie 1aMObl, BOTOEM MOXET MepelT B PErPECCUBHYIO
CTaauIo 3a CUET yCUJIeHUsI (DUIIbTPALIUH.

OTMedeHo, YTO BpeMsI CYILIECTBOBAHMS BHOBb 00pa30-
BaHHBIX BOJIOEMOB 3aBHMCHT OT JAJIbHENIIIETO N3MEHEHUS
KJIMMAaTUYECKOM CUTYaLIK, CEHCMUYECKOI aKTUBHOCTH
paccMaTpMBaeEMOro pailoHa ¥ TpeOyeT TajbHENIIEro
KCCITeOBaHUS.

baaromapHocTu. PaGoTa BbIOJHEHA ITPY MTOAIEPXKKE
rpanta PH® 23-27-00171 «MoxaenupoBaHue IPOPHIBOB
BOIOEMOB, MOAMNPYXEHHBIX TaMOaMI €CTeCTBEHHOI'O
TPOUCXOXKICHUST».
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In the last decade glaciers of Inner Asia have been shrinking with acceleration, and the number of glacial
lakes has been growing significantly, including those with a high probability of outburst and high-water
discharge. The hydrological regime of lakes in the Altai is understudied in comparison with lakes in
other high mountain countries. The article is based on our extensive field material on hydrological
and morphometric characteristics of moraine lakes collected in the Russian and Mongolian parts of
the Altai Mountains and combined with the Earth remote sensing data. We have proposed detailed
indicators (criteria) of transgressive, regressive and post-regressive stages of lake development. It allows
allow to determine at a qualitative level at what stage a lake is at and to assess its further development.
The characteristics of hydrological regime of Altai lakes at different stages of development are described
for the first time. Based on the criteria proposed, the classification of glacial and moraine lakes in the
Altai high mountains was carried out. It shows that at present most of the lakes are in the transgressive
stage. Over the last 22 years, the number of lakes has increased significantly: on the territory of the North
Chuya Ridge — from 28 to 60, on the South Chuya Ridge — from 39 to 73, on the Katun Ridge — from
57 to 89, on the territory of the Tavan-Bogdo-Ola massif — from 11 to 19, and on the territory of the
Mongun-Taiga massif — from 8 to 11 lakes.

Keywords: water level regime, stages of lakes development, transgressive stage, regressive stage, post-regressive

stage
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BBEAEHUNE

M3MeHeHne KimMaTa TIPUBOIUT K YCKOPEHUIO JeTpa-
JALAW JIETHUKOB ¥ K U3BMEHEHUIO UX COCTOSTHUS U IHA-
MuKH. C 3TUM CBsI3aHa aKTUBU3ALIMSI IIIMPOKOTO CITIEKTpa
00BaJIbHBIX U APYTUX OMACHBIX IIPOIIECCOB, KOTOPhIE
ObLIY BBISIBJIEHBI Ha Pa3HbIX y4acTKax CKJIOHOB ['1aB-
Horo KaBka3ckoro xpedTa 1 ero OTpOroB B pe3yjIbTaTe
aHaJiM3a pa3HOBPEMEHHBIX KOCMOCHUMKOB (JIOKYyKMH
u np., 2020a). BozneiicTBue TajibiX J€AHUKOBBIX BOJI
U IPYTUX aTMOC(EPHBIX IBJICHUI TIPUBOAUT K U3MEHE-
HUIO JUHAMUKH JIETHUKOB W BCJIEICTBHE 3TOTO K MHO-
TOYMCJICHHBIM 00BajiaM JibJa Ha pa3INYHbIX YIaCTKaAX
(cKaJbHO-JIEIOBBIE CTEHBI, YCTYIbI KOPEHHOTO JIOXA)
(Joxykun u ap., 20200). BecneacTBue oTrauBaHus MHO-
TOJIETHEMEP3JIBIX CKaJIbHBIX MACCUBOB, OOPaMIISIOIIMX
JIETHUKY, Jallle CXOIST JIeIOBO-KaMeHHBIE 1 KAMEHHBIE
JIaBUHBI HA y4acTKax, TIe OHU paHblle He (PUKCUPOBa-
ek (Leinss et al., 2021; Shugar et al., 2021; JokykuH
u 11p., 2022). C y4acTKOB CKaJIbHBIX 1 MOPEHHBIX CKJIOHOB
C Pa3IMYHBIMU YIJIaMU HAaKJIOHA BIUIOTH 10 8—9° 00py-
LIMBAIOTCST MACCHI JIbAa 00beMaMu 10 100 MuiH M 1 Gostee
(Leinss et al., 2021; Kaab et al., 2021; bexkueB u ap.,
2022; Bondesan et al., 2023). B HeKOTOpPHBIX CiTy4asix nmepen
00BaJIOM WJIM CXOJIOM JIeTHMKA HAOII01al0TCs U3MEHEHNS
Ha CKJIOHAX U JIEMIHUKaX, BUIUMbIe HA KOCMOCHUMEKAaX
(HoxyxkuH u ap., 2019; bekkues u ap., 2021; Shugar et
al., 2021). Ix MOXHO CUMTATh MPU3HAKAMU MMOJATOTOB-
KW OMACHBIX TIPUPOIHBIX MPOLECCOB U B TaJIbHENIIIEM

YUYUTBIBATD B XOI€ MOHUTOPUHIA BHICOKOTOPHOM 30HbI
C LIEJIbIO MPEAYNPEXKICHUS O TPO3SIIIEH OITACHOCTH.

B pesynbrare aHanu3a nmposiBieHUi 00BaJIbHBIX MPO-
1IECCOB M CXOMIOB JIEMHUKOB B Pa3HBIX paliloHaX MHUpa ObLT
ClieJIaH BbIBOJI O TOM, YTO B OJIMKAMIIIME TOIbl BO3MOXKHA
AKTWBM3AIINS JICTOBBIX U CKAIbHO-JIETOBBIX 0OBAJIOB
(JlenstHbIX, JIETOBO-KaMEeHHbIX JIaBUH) (JIOKYKUH U 1p.,
2022). OnuH Takoii o6BaJ ¢ TMOeIbIO YeJI0OBeKa IMPOU-
3ommén 12.08.2023 B yuienabe p. MUXKUPIU C CEBEPHOTO
ckioHa ropsl Jpixtay (ITornckoBo-crnacareabHbIE pa-
60ThbI, 2023).

C 11e7B10 OIIEHKY TMHAMWKH ¥ COBPEMEHHOTO COCTO-
STHUSI BUCSIIMX JIEAHUKOB Ha CKAJIbHO-JIETOBBIX CTEHAX
¢ Boeicotamu 10 5000 M 1 GoJiee, a TakKe BBISIBJICHUS
AKTUBHOCTU JICTOBO-KaMEeHHBIX OOBAJIOB M X TTOTEH-
LIMAJIBHOM YIpO3bl MPOBEAEH aHAIN3 PAa3HOBPEMEHHBIX
KOCMOCHUMKOB Ha y4yacTke obBasia 12.08.2023 Ha rope
Hwpixtay (5204.7 m) n yuactke be3eHIruiickoii CTeHbI Ha
ckJioHe ropel xxanruray 3anamgHas (5059 m).

MATEPHAJIBI 1 METO/bI

B pabore ncmnonb3o0BaHbI KOCMOCHUMKHU Sentinel-2
paspemienneM 10 M u1 KocMocHnMKM Landsat-7 ETM+
paspelieHreM 15 M ¢ caiita https://apps.sentinel-hub.
com/eo-browser/. B mporpamme QGIS mocnegoBarenbHO
MTPOCMATPUBATUCH Pa3HOBPEMEHHBIE KOCMOCHUMKM C 11e-
JIbIO BBISIBJICHUSI UBMEHEHUI U CTPOUJIUCH CJIOW TPaHMUI]
30HBI MOPAXKEHUST 0OBAILHBIM IIPOLIECCOM M KOHTYpa
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BEKKHWEB u np.

Puc. 1. 3oHa nopaxeHust ooBaibHbIM TTpoueccoM 12.08.2023 (rmokazaHa KpaCHbIM KOHTYPOM) € CEBEPHOT0 CKJI0HA Tophl JIbIXxTay Ha
kocMocHnMKax: a — 07.08.2023 Sentinel-2; 6 — 13.08.2023 Landsat-7 ETM+; ¢ — 17.08.2023 Sentinel-2

Fig. 1. The area affected by the collapse on 12.08.2023 (shown in red outline) from the northern slope of Mount Dykhtau on satellite
images; a — 07.08.2023 Sentinel-2; 6 — 13.08.2023 Landsat-7 ETM+; ¢ — 17.08.2023 Sentinel-2

oOBaIMBLIETOCS OJIOKA JUIS OTIpeieSIeHUsI TUIOIAA1 30H
MOpaXeHUS U OTJIOXEHUI, TaJIbHOCTU BEIOpOCA U ITPU-
OoM3uTeNIbHOTO 00BEMA (puc. 1). [TorpeirHocTs onpeae-
JIEHMSI TTOIIAM HaXOAWIN TTOCPENCTBOM ITPOU3BEACHUS
nepumeTpa KoHTypa Ha 0.5 pa3zmepa nukcess (5 M s
KOCMOCHUMKOB Sentinel-2 1 7.5 M [IJis] KOCMOCHUMKA
Landsat-7 ETM+). [17151 olieHKM BBICOTHBIX ITapaMeTpOB
ucroJjib3oBannch KapTel OpenStreetMap. Kpome 3toro,
HCIIO0JIb30BaHbl (hoTorpaduu ¢ BEPTOJETHOIO 00IETA
19.09.2023.

PE3VJIbTATbBI MCCIIEAOBAHUA

Jlunamura eucayeco n1edHuKa Ha ce6epHOM CKAOHE 20pbl
Jloixmay (5204.7 m) 6 2015—2023 22. u o66aa 12.08.2023.
ITo nanaeiM MY C Poccun no KabapauHo-bankapckoi
Pecnyonnke (ITouckoBo-crnacareiabHble paboThl, 2023)
12.08.2023 B 6 yacoB MOCTYITIIIAa MTH(MOPMAIIHS O TOM,

yto B UepekckoM paiioHe, HelaaeKo OT ajibliiarepsi
«besenru» (Cynelickre HOUEBKU B yIlieabe MIUKUPTH),
IpyIIa TYPUCTOB MoIajia Mo KaMHemnan. B nanbHelinmem
BBISICHUJIOCH, UTO OOWH U3 TYPUCTOB, KOTOPHIIA HOYEBAJ
B maJjiaTke, moruo.

B pesynbraTe aHanm3a KOCMOCHUMKOB J0 U TIOCJIE
oOBasia ObUI BBISIBJIEH YY4aCTOK OTpbIBa OJI0Ka JICTHU-
Ka, 1 ompeaescHa 30Ha MOpaKeHUs 00BaJIbHBIM TIPO-
neccoM (puc. 2). OTpbIB 0;10Ka JibAa BUCSYETO JIeIHUKA
IIPOM3OIIE] Ha CEBEPHOM CKJIOHE rophl JbixTay (5204.7
M) Ha BbIcoTe 0KOJ10 4370 M, a HU3KHSISI TpaHU1IA OTJI0-
>KeHUI 3apuKcupoBaHa Ha BbicoTe 2960 M. JJaibHOCTD
BBIOpOCa 00BaJIbHBIX Macc cOCcTaBuJa B IUIaHe 2.33 KM,
a ¢ y4€TOM cpeaHero yria HakioHa 31.2° — okono 2.7 KM.
I'paHULIBI 30HBI OTIIOXEHUI OMPEIESICHBI C UCTIOIb30-
BaHMeM KocMocHMMKa Landsat-7 ETM+ ot 13.08.2023
U B pe3y/ibTaTe CpaBHEHUsI KOCMOCHMMKOB Sentinel-2 ot
7 u 17 aBrycta. Ha xocMmocaumMke 17.08.2023 Sentinel-2
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O JIEJOBO-KAMEHHOM OBBAJIE C CEBEPHOI'O CKJIOHA I'OPbI IBIXTAY 12.08.2023...

YacTb OTJIOKEHHOI MaccChl JIbJa yXKe pacTasiia, U BbISIB-
JIEH Y4aCTOK Macchl 00JIOMOYHOTro MaTepuaja (CM. puc. 1,
6 CIIpaBa), KOTOPOU He ObLIO BUIHO Ha CHUMKE 10 00-
BaJia. DTO MOATBEPAMIIO, UTO OOBaJI ObLI JIEIOBO-KAMEH -
HbIM. OO011Iad TUIOLIAAb OTJIOXKEHMI 0OBajia cocTaBIIa
0.45 + 0.02 xm?. BeiieacTBre TOro, 4To OTCYTCTBOBAIN
TOYHBIE HM(POBBIE MOJEN pesibeda 1 KOCMOCHUMKN
JIeTaJIbHOTO pa3pelleHUs] Ha IEPUO/I 10 U Mocjie oOBa-
J1a, 00BEM OOBaIMBIIIETOCS OJIOKA OIIPEACINTD OBLIO 3a-
TPYIHUTEIBHO, Y TI0 TIPUOIN3UTEIIbHBIM OLIECHKAM OH
MoOT cOCTaBIATh 0K0s10 0.9—1.0 Mt M3 (3TOMY 00BEMY
COOTBETCTBYIOT MMPUOIU3UTEIbLHAS CPEIHSIST TOJIIIMHA
BUCSIYETO JieIHMKA 0K0J10 30—35 M 1 cpeHsIsl TOMIIMHA
OTJIOXKEHMI oKoJio 2 M). B nanbHeliiem npu rnoay4eHun
HOBBIX TOUHbIX JAHHBIX BEJIMUMHA 3TOTO TTapaMeTpa MO-
KT U3MEHUTHCSI.

Ha puc. 1 mokazaHo MecTO OTpbiBa 00OBaJjia Mo Co-
CTOSIHUIO Ha pa3Hble roabl. Ha ¢parmMeHTax d u e uso-
OpakEH yJacTOK BUCSYETO JIeAHUKA 0 U ITOCcyIe 00Baa
12.08.2023. IIIupuHa oOBaNMBIIETOCs 0JIOKA COCTaBUJIA
230 M, a ruowanb — 20.0 £ 2.8 Teic. M2 [1peBblleHME
JIMHUY OTPBIBA HaJl KOHIIOM JIETHUKA COCTaBIISLIO OKOJIO
100 M, yros HakJioHa — okoJio 40°. CieayeT OTMETUTD,
YTO 3TOT 00BaJ OBLT HE TIEPBBIM Ha paccMaTpUBacMOM
yuacTke. B pe3yibTare aHanmm3a KOCMOCHUMKOB BEISIB-
J1eHO, 4yTO B 2015—2016 rr. Ha MecTe 0OBATMBILIETOCS
B 2023 r. 6;10Ka JieAHMKA HAXOIUJICSI MAaCCUB Jibja He-
MHOTO MEHBIIIMX pa3MepoB 1 00bEMa, YTO 1 10 0OBaIa
2023 1. (cM. puc. 2, a). B untepnane 3 ceHTA0psi — 12 HO-
sa0pst 2015 1. oOpa3oBaiach TpelIMHA IPUMEPHO B TOM K€
MecTe, rie Obuta TuHMS oTphiBa B 2023 1., HO OHA ObLIa
JIIMHOi 6oee 350 M 1 3aXBaThIBajia IPUJIETAIOIINIA Mac-
cuB 3amnanHee. TpelyHa CyllecTBoBajIa U yBeJIMUMBAIaCh
o umpuHe ¢ Hostopst 2015 1. o suBapb 2016 1. 3aTem
B iepuon ¢ 10 despas o 10 anpenst 2016 r. mpouso-
11IJTO HECKOJIbKO 00BasioB. ITocieqHuit KpYITHBIA MacCUB
JIbJa JleAHUKa (IpUMEPHO MOJ0BMHA BCcero oobeéma 00-
BaJIMBILMXCSI Macc) obpyiuics B iepuon ¢ 10 anpesnst
o 19 urons 2016 T.

Ha dparmente 6 (cMm. puc. 2) B ceHtsiope 2016 . ot-
CYTCTBYET OOBaJIMBIIIMIICSI MACCUB JIbAa, BUIHA TPEIIMHA
(6poBKa) OTpbIBa U HEOOJIbILIME BBICTYTIbI KOPEHHbBIX
nopon Huxe He€. Jlasee HeCKOIbKO JIET MPOUCXOIUIIO
BOCCTAHOBJICHME MacCHBa BUCSIYETO JIEMHUKA HAa 3TOM
ke mecte. Ha c¢hparmMeHTe 6 (cM. puc. 2) moka3aHo COCTO-
sHue JeagHuka 17 aBrycta 2022 r., ei€ He TOCTUTLIETO
HaubOoJbiIero pasMmepa. K anpesto 2023 r. mpousonuiu
HEKOTOpbIe M3MEHEHMS B peibede yuacTKa JISTHUKA (CM.
puc. 2, 2). 3a 5 CyTOK 10 OOpYIlIeHHUsI SIBHBIX TPEILUH Ha
MacCHBe He HabIoaanoch (CM. puc. 2, d).

Junamuka 1e0HuK06 Ha CKAOHE U Y NOOHONCUSA 20Dbl
JIcaneumay 3anaonasn (5059 m) 6 2015—2023 ee. u no-
menuuaibHasn yeposa odeasa. Ilocne coobITUI Ha Tope
JbixTay ObLI0 OOpallleHO BHUMaHue Ha MaccuB be3eH-
TMIICKO CTEHBI ¢ M300MIIEM BUCSYNX JIeTHUKOB. PaHee
ObLi1a OLIEHEHA aKTUBHOCTD JIEASIHBIX JJaBUH (JIOKYKUH
u 1p., 20200) — 1eToM, BKJII0Uast CEHTIOpb, 10 20—30
JIeASTHBIX JITAaBUH exXeroqHo. Ha puc. 3 moka3aH ygacTok
JEJ U CHET Ne 2

TOM 64 2024

215

BeseHruiickoii creHbl, Ha KOTOpoM B 2023 T. BBISIBICHO
(opMupoBaHKe 3HAYUTETLHOM TPEILIMHBI Ha BUCSTYEM
JIeTHUKE.

B xone BepTonérHoro oosnéra 19.09.2023 6611 choTo-
rpacdupoBaH CKJIOH Tophl [xkaHnruray (4actb beseHruii-
CKOI1 cTeHBI) (CM. puc. 3, a, obo3HayeHue 1), Ha KOTO-
POM TOSIBUJIACh TPEIIMHA IMTUPUHOM 10 40 M 3a TIepro
¢ Mas o ceHTs10pb 2023 1. Ha puc. 3, 0 mokaszaH y4acTok
JIEMTHUKA C TIePBBIM MPU3HAKOM ITPOSIBJICHUS TPEIINHEI.
Hanee B TeueHUE YETHIPEX MECAIIEB ITPOUCXOINI POCT
ITUPUHBI TPEIIWMHEI M €€ JUTMHBI BIOJIb CKJIOHA. JITrHa
TpeluHbI B Buae oBana gocturia 400 m. OHa oTnennia
010K JlegHMKa mupuHoM 540 M ¢ 00pa30BaBIICICS BbI-
IMyKJIOCTBIO cjieBa (cM. puc. 3, e cipaBa). C y4€Tom TOro,
YTO paHee MPH aHaJIN3¢e YCIOBUIA CX0Ia JIeHOBO-KaMeH-
Hoii 1aBUHBI B 2021 1. ¢ ropsl Pontu (I'mmanan, Muaus)
OBLIO0 BBISIBJICHO (hOPMUPOBAHME TPEIIUHBI 3a10JIT0 10
oopymenus (bekkues u ap., 2021; Shugar et al., 2021),
OBLIIO CIEIaHO MPeayIPeXIeHNEe PETMOHATBHBIM Opra-
HaM UCIIOJTHUTeJIbHOI BiacTu KabapauHo-bankapckoit
pecnyOJMKY 0 MOTEHLIMAJIbHOI yrpo3e o0Baa.

JlanbHEHRIINI peTPOCTIEKTUBHBIN aHATN3 KOCMOCHUM-
KOB TtoKa3zai, yto B riepuoj 03.09.2015—14.02.2017 nipo-
ncxoanno GopMUpoOBaHUE U pa3BUTHUE CUCTEMBI Tpe-
IIIMH Ha 3TOM K€ MacCUBe BUCSYETO JeAHUKA CHavajia
B BEpXHEI M 3aTeM B HIDKHEN JacTsax (cM. puc. 3, 6—e),
HO oOpyIIeHMs JIEIHUKA B TO BpeMsl He TIPOU30IIUIO.

B cenTtsi6pe — nekadpe 2023 r. najbHe11ero pa3BuThs
CHUCTEMBI TPEILIMH Ha BUCSYEM JIEIHUKE HE TIPOMCXOANIO,
HO B BTOT [ePHO/I BbIsIBIEHa aHOMaJTbHAsI TTOJIBUKKA JIe/I-
HMKa y TIOMHOXMSI CKJI0HA rophbl JIxkanruray (cm. puc. 3,
a, 00o3HaueHue 2, ac, 3, u). C cepearHbI CEHTSIOPSI ITO KOHEL]
nekaops (3.5 Mecsilia) IpoaBIKeHIE XapaKTePHOM TOYKM
Ha JienHuKe (CM. puc. 3, u, 0003HaUYeHMe 3) COCTaBUIO
110 m. TTpu 5TOM HacTynarooMUM JeTHUKOM ObLT MEPEKPHIT
JIEASTHOM JIJaBUHHBIN KOHYC (CM. puc. 3, xc, u IpaBee 000-
3HAYCHMS), ¥ JIGTHUK HATOJI3 Ha TIOBEPXHOCTD JICTHNKA
besenru ¢ odpazoBaHreM (PpPOHTATILHOIO AYTO00Pa3HOTO
Basia. Takoro noseaeHus jJenHrka B 2015—2023 rr. He ObLIO.

OBCYXIEHMWE PE3YJIbTATOB

Pesynbrarhl aHalIM3a KOCMOCHMMKOB Ha y4acTKax
BBICOKMX CKaJIbHO-JIEIOBBIX CT€H B yllejbe Yepek-bes-
eHIMiACKUIi (ceBepHasl cTeHa rophl JIbIxTay, cTeHa ropbl
JI>xaHrutay maccruBa be3eHruiickoii cTeHbl) IToKa3aliu,
YTO B MOCJEAHUE TOIbI ObLIM aHOMAaJIbHBIE MPOSIBIC-
HUSI AMHAMUKY BUCSIUMX JIEAHUKOB Ha BbicoTax 4370
1 4650 M B Buie 00pa30BaHUST HOBBIX CHCTEM TPEIINH
B 2015—2017 rr. Ha ckioHax rop JpixTay u JI>kaHruray
1 B 2023 r. Ha cKJIOHE rophl JIXKaHrUTay, a TAKKe B BUIE
00BaJIOB 3HAYMTEJILHOM YaCcTH BUCsAYero JeaHuka B 2016
u 2023 rr. (ropa JIpixTay).

AOCOJTIOTHBIE BBICOTHI 30H OTPbIBA U HOBBIX TPEILIMH
B MMEPEUYMCIIEHHBIX BbILIE CyJasix MPaKTUUECKU MPEBbILIa-
0T BBICOTHI paHee 3a(PMKCUPOBAHHBIX KPYITHBIX OOBAJIOB,
3a UCKJIIoUeHreM ooBaa ¢ ropsl Kazoek B 2014 r. ¢ BbI-
coroii orpbiBa 4500 M (JlokykuH u np., 2020a). MoxHoO
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Puc. 2. Yuactok oTpbiBa 00BaJIOB JIeAHUKA Ha CEBEPHOM CKJIOHE TOpHI JIbIXTay B pa3Hble TOIbl HA KOCMOCHUMKaxX Sentinel-2: a —
03.09.2015; 6 —07.09.2016; 6 — 17.08.2022; 2 — 04.04.2023; 0 — 07.08.2023; e — 17.08.2023. KpacHbIit KOHTYp Ha BceX (pparMeHTax —
rpaHUIIB 0OBaMBIIETOCS MaccuBa Jibaa 12.08.2023

Fig. 2. The section of icefall detachments on the northern slope of Dykhtau Mountain in different years on Sentinel-2 satellite images:
a—03.09.2015; 6 — 07.09.2016; 6 — 17.08.2022; ¢ — 04.04.2023; 0 — 07.08.2023; e — 17.08.2023. The red outline on all fragments is the
boundaries of the collapsed ice mass on 12.08.2023

TIPEITONIOKUTD, YTO HA TAKMX BHICOTHBIX YPOBHSIX 00BAJIbl  OJIOKMPOBATHCS TOUTEMHBIE THAPOIOTTIECKIE CUCTEMBI
BUCSYMX JIEHUKOB OYyyT IPOMCXOAMTD B OYyAYILLEM Yallle, U BO3HUKATb IIPOPBIBHBIE 00BATbHO-CEIEBbIE ITPOLIECCHI,
4YTO TpeOyeT OLIEHKU HOBBIX YIpo3. Bmecte ¢ TeM Ipu  Kak 3TO HaOI0JaI0Ch NpU KatacTpode B nonuHe p. by-
B3aMMOJEICTBUH C JIETHUKAMU 00JIOMOYHBIX Macc MoryT — Oucuxanu (I'py3us) 03.08.2023. Takum 00pa3oM, 30HbI
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Puc. 3. YuacTKu aHOMaIbHOM IMHAMUKM JIETHUKOB Ha CKJIOHE ropbl JxkaHruTay 3anamHast: ¢ — OOLIui BUI CKJIOHA rOpbI JIxKaHruTay
19.09.2023 (BepTonétHoe dhoto M. 1. JlokykrHa; I — y4acTOK BUCSIYETO JIEAHMKA, TTPEICTaBICHHbII Ha (hparMeHTaX KOCMOCHUMKOB
Sentinel-2, 6—0 1 BepTONETHOTO CHUMKA e, 2 — JIEMHUK Ha YJ9acTKe TIOTHOXMS Topbl JIkKaHTUTay, TIpeACcTaBIeHHbIN Ha (hparMeHTax
KOCMOCHMMEKOB Sentinel-2 o, 3, u); 6 —03.09.2015; ¢ — 07.09.2016; e — 14.02.2017; 0 — 09.05.2023; e — 19.09.2023; oc — 16.09.2023;
3—21.10.2023; u — 30.12.2023 (3 — xapaKTepHble TOYKU ISl OLIEHKU MOJIBMXKH JIEAHUKA Y TTOJTHOXKMS TOPbI)

Fig. 3. Areas of anomalous dynamics of glaciers on the slope of Mount Dzhangitau Zapadnaya: a — general view of the slope of Mount
Dzhangitau 19.09.2023 (helicopter photo by M. D. Dokukin; 7 — a section of a hanging glacier represented on fragments of Sentinel-2
satellite images 6—0d and helicopter image e, 2 — a glacier at the foot of Mount Dzhangitau, presented on fragments of Sentinel-2 sat-
ellite images arc, 3, u); 6 —03.09.2015; ¢ — 07.09.2016; 2 — 14.02.2017; 0 — 09.05.2023; e — 19.09.2023; oc — 16.09.2023; 3 — 21.10.2023;
u — 30.12.2023 (3 — typical points for assessing the movement of the glacier at the foot of the mountain)

MOpaXeH!Us1 0OBAIIBHO-CEJIEBBIMU MpOolLieccaMu OyayT
3aXBaThIBaTh MPOTSLKEHHBIC YIACTKM PEUHBIX JOJIHH.

[Tpumep dopMUpoBaHUs CUCTEMBI TPEIIIMH HA BU-
cstaeM stegHuke B 2016—2017 rr. Ha rope JxkaHTHTay, He
pean30BaBIIEICS B JIEIOBBIN WU JI€I10BO-KaAMEHHBIN
o0BaJj1, 03HavaeT, YTO He 00sg3aTeIbHO 00BaJl ITPOU -
30MIET B OmKkarimem oynyuieM. [TogBuzkka nemgHuKa
JNEO U CHET Ne 2
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Y MOAHOXUS CTEHBI TOpHhI JI>KaHTUTay, CKOpee BCETO,
TMIPOCTPAHCTBEHHO CBSI3aHA C PA3BUTUEM CUCTEMBI TpE-
LIIVH Ha BUCSYEM JIEAHUKE B BEPXHEHN YACTU 3TOM CTEHBI.
Bo3MoOXXHO, 3TO CBUIETENBCTBYET O Pa3BUTUU HECTa-
OMJIBHOCTHU BCEro 3TOro yyactka be3eHruiickoii cre-
HBbI, KOTOpasi MOXKET Mpeodpa3oBaThCs B AajbHEUIIIEM

B KPYITHBIH JIeTOBO-KaMeHHbI 00BaJl.
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JlenoBo-KaMeHHBII 00BaJl Ha CKJIOHE ropbl bIxTay
12.08.2023, a Takke (paKThl 0OBAJIOB U JIEJ0BO-KaMEHHBIX
naBuH B 2022 1 2023 rT. Ha CeBepPHBIX U I0KHBIX CKJIIOHAX
I'maBHoro Kaskasckoro xpeoTa (B 1ojinHe p. AKcayT
01.01.2022 B KapauaeBo-Yepkecckoii pecniyonuke (Jo-
KYKUH U Ap., 2022), B nonuHe p. ['edunoH B uoHe 2023 1.
B Pecniyonuke CeBepnast Ocetust — Ananust, 03.08.2023
B nosvHe p. byouctikanu B I'py3un) 10MONHSIIOT KAPTUHY
00111elt aKTUBU3a1LIMY 00BAJIbHBIX MporieccoB B XXI Beke
Ha KaBka3e, oxapakTepru3oBaHHYI0 B paboTe (JIoKykuH
u ap., 2020a).

AHanmu3 pa3HOBPEMEHHBIX KOCMOCHUMKOB MO3BOJISIET
CBOEBPEMEHHO BBISIBJISITh TPU3HAKU PA3BUTUSI KATACTPO-
(ryecknx 06BaTBLHBIX TTPOIIECCOB M MPEAYIPEKIaTh 00
OITACHOCTH C LEbIO MPUHSITUS HEOOXOIUMBIX MEP TTO
CHUKEHUIO PUCKOB CTUXUIMHBIX O€ICTBUIA.

SAKITIOYEHUE

ITpoBen€HHBIC HA OCHOBE UCIOJIb30BAHUS Pa3HO-
BPEMEHHbBIX KOCMOCHUMKOB UCCIIEAOBAHMS TTO3BOJIAIIN
ONpeNeINTh MECTO OTphIBa 0OBajia Ha rope bIxTay
12.08.2023 1 oeHUTH MacIITad 0OBaJILHOTO Mpoliecca,
a TaKXKe BBISIBUTH ITPOSIBJICHUSI 0OBAJIOB Ha 3TOM YJacTKe
B 2016 r., 4TO MOATBEPKIAET BO3POCIIYIO AKTUBHOCTh
00OBaJIBHBIX ITPOIIECCOB B BEICOKOTOPHOI 30He KaBkaza
W pe3Kue UBMEHEHUST B COCTOSTHUU BUCSIUUX JICAHU-
KOB Ha BBICOKHUX CKaJIbHO-JICAOBBIX CTEHAX B IIEPUO/I
MOTETUICHUST KIUMaTa. DTU MPOLEeCChl OXBAThIBAIOT
TUIICOMETPUYECKM CaMble BEICOKME Y9acTKM I 1aBHOTO
1 bokoBoro KaBka3zckux xpeoToB (be3eHruiickas cteHa
M CTeHa MaccuBa Topbl JIbIXTay ¢ HaJIUUYMEM BEpILIUH,
BbICOTa KOTOpbIX MpeBbiaet 5000 m). C yuéTom TOrO,
YTO OTHOCUTEJIbHbIE BBICOTHI KAMEHHO-JIEIOBBIX CTEH
pocturatotT 1.5—2.0 KM, 1aabHOCTb BRIOpOCa JIeTOBO-Ka-
MEHHBIX MacC B OyayIleM MOXKET ObITh 3HAUUTEIbHOM.
BuisiBIeHHBIC TPOSIBIICHUSI aHOMAaJIbHOW TUHAMUKU
JIEIHWKOB Ha CKJIOHE Tophl [IxkaHnrurtay 3amnamgHas 1aioT
OCHOBaHMe MpeaIojaraTb BEPOSITHOCTD JIEAOBO-Ka-
MEHHOTro o0BaJjia 3HaUUTEJIbHOTO MacliTaba Ha 3TOM
y4yacTKe.

B cBs13u ¢ BbIIIEU3T0XKEHHBIM BO3pacTaeT 3HaUeHHe
MOHUTOPUHTA OOBAJIBHBIX TTPOLIECCOB 1 aHOMATbHOM
JMHAMUKY JIETHUKOB B BHICOKOTOPHOI 30HE Ha OCHOBE
HEMPEePbIBHOTO CPABHUTEIBLHOTO aHaIM3a pa3HOBPE-
MEHHBIX KOCMOCHUMKOB B COYETAHUH C BEPTOJETHBIMI
o0n€TaMu 1 a3poOTOCHEMKAMU.

baarogapnoctu. Pabora BbINOJIHEHA B paMKax roc-
61omxeTHOM TemMbl 122031600407-4 «Pa3paboTtka u co-
BEPIICHCTBOBAHWE METO0B MOHUTOPUHIA CEJIEii 1 TOP-
HBIX JIEAHUKOB B MPEATOPHOIM U BBICOKOTOPHOI 30HAX».
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About the ice-rock collapse from the northern slope of Mt. Dykhtau on August 12,
2023 and the potential threat of collapse from the slope of Mt. Dzhangitau
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The causes and consequences of the ice-rock fall that occurred in 2023 on the Mount Dykhtau (Side
ridge of the Greater Caucasus) are analyzed. This happened in the early morning of August 12, 2023 on
the northern slope of Mt. Dykhtau (5.204.7 m a.s.l.) in the upper reaches of the Mizhirgi River valley
of the Cherek Bezengiysky River basin at the altitude of about 4.400 m. The analysis of Sentinel-2 and
Landsat-7 ETM+ satellite images of different times made possible to reveal the place where a block of
ice had fallen from the hanging glacier, and to determine the area affected by this ice-rock block which
volume was estimated as close to 0.9-1.0 million m? and a distance of the runout about 2.3 km. As a
result of the collapse, a group of tourists were injured, one of whom died. Investigation of the dynamics
of the collapse site for the period 2015—2023 showed that earlier in the period September 3 — November
12, 2015 a crack formed on the same hanging glacier massif, which continued to grow until January
2016. This was followed by several ice-rock falls, the largest of which happened in the period April 10 —
June 19, 2016. In total, all collapses of 2016 were comparable in volume to the collapse of 2023. By this
time, the hanging glacier had been fully restored and occupied the same position it had in 2015. We next
investigated a part of the slope of the Dzhangitau Zapadnaya mountain (5059 m a.s.l.) on the Bezengi
Wall massif, on the hanging glacier of which the formation of a crack with a length of about 400 m was
revealed in the summer of 2023. By September, the crack width had increased to 40 m. Leyer on, the
crack became stable. But in the period of September — December a certain surge of the glacier at the foot
of Dzhangitau Zapadnaya mountain was revealed at a speed of about 1 m per day with the formation of
a prominent frontal bank overlying the Bezengi Glacier. This research confirmed the activation of the
landslide processes in the high-altitude zone and showed the need for continuous monitoring based on
the analysis of satellite images for the timely revealing areas with a potential threat of any ice-rock falls
and warning about the danger.

Keywords: glacier, crack, collapse, impact zone, runout range
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[TOCTAHOBKA ITPOBJIEMbI
N NCXOOHBIE JAHHBIE

B ropHbIx cTpaHax CyllecTBYIOT paiiOHbI, KOTOPbIE
MOXKHO OTHECTH K «3MHULIEHTPaM» JIJABUHHOU AesITeIbHO-
CTH, I1I€ BO BPEMS MACILITA0OHBIX TUAPOMETEOPOIOTHYE-
CKHX aHOMAJIUI, COMTPOBOXKIAIOIIMXCSI UHTEHCUBHBIMU
CHerorazamMmu, CXOAUT HauboJblee KOJUIeCTBO 0C000
KPYITHBIX JIaBUH. Takue paiioHbI BBIIEISIOTCS IO CUIIE
pa3pyLIMTEIbHOTO BO3AEMCTBUSI CHEXXHBIX JIABUH Ha
COILIMAJIbHO-2KOHOMUYECKYI0O MH(DPACTPYKTYpPy U TOp-
Hble JaHAmadThl. BoisiBieHue reorpacdyecKux rpaHull
MOJOOHBIX TEPPUTOPHUI CTAHOBUTCS BCE DOJIee BOCTpe-
OOBaHHBIM B XOJ1€ TPOMBIILIIEHHOTO U PeKpPealliOHHOTO
OCBOEHUS TOPHBIX palioHOB. I1pobiema paccMaTpuBaeTcs
Ha nnpumMepe bosbiioro KaBkaza — ogHoro u3 HaudoJee
M3yYEHHBIX B JABUHHOM OTHOILIeHUHU paitoHoB Poccuu.
E€ nmocraHoBKa cTasia BO3MOXHa 6J1arogapst MHOTOJIET-
HUM HaOJIIOIeHUSIM 32 CHEXHBIMU JIaBUHAMU, KOTOPbIE
MO3BOJIMJIM BOCCTAHOBUTb XPOHOJIOTUIO JTABUHHBIX Ka-
TacTpod. 3a mepuoa CHEroJaBUHHbBIX HAOMIONEHUI Ha
Kaskaze B XX—XXI BB. ObLJIO OTMEUYEHO 1BE HAaM0O-
Jlee KpYITHBIX JIABUHHBIX KaTacTPOdbI B 3UMBI 1975/76
u 1986,/87 rr. B paGoTe mpeanpuHsiTa IOMbITKa OTBETUTh
Ha BOIPOC — MOYEMY B YCJIOBUSIX MACIITAOHbBIX THIPOME-
TEOPOJOTUYECKUX AHOMAIMIA OCHOBHOM yiap CHEXHOM
CTUXUU TIOBTOPUWJICS B reorpaduueckrx rpaHuax OMHUX
U TeX Xe TEPPUTOPUIA.

Ddu3nyeckoe MOHITUE «<MHTEHCUBHOCTb» — MEpa
KOJIMYECTBA SHEPIUU — IIMPOKO MCIIOJIL3YETCA B pa3-
JIMYHBIX HAYYHbBIX TUCLHUITJIMHAX. HaHpI/IMCp, B re-
OJIOTUUN — IIPU XapaKTEPUCTUKE SeMHCTpHCCHHﬁ,
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B TJISILIMOJIOTUM — MPU XapaKTepPUCTUKE OJICICHEHMUSI.
B naBuHOBeneHUM «MHTEHCUBHOCTh» — CHUJIA pa3py-
IIUTEIHFHOTO BO3IECTBUST CHEXXHBIX JJaBUH Ha X031 -
CTBEHHBIE W TPUPOIHBIE 00BEKThI. OlIeHKAa MHTEHCUB-
HOCTH MOXET OBITb BBIITOJIHEHA IO KOJIMYECTBY 0CO00
KpynHbix JJaBuH (najgee — OKJI), K KOTOpbIM OTHECEHBI
naBuHbI 00bEMOM Gostee 300 Thic. M>. TTOCKOJIBKY TTpH
maccoBoM cxone OKJI ux npssMoii y4€T Ha OOIIMpHOM
TOPHOI TeppUTOpUM HPU3NIECKN HEBO3MOXKEH, TO TaKas
OLIEHKA MOKET OBITh BBITIOJIHEHA KOCBEHHO IT10 (DaKTopaM
JIaBUHOOOPA30BaHMsI, ONPEAEISIONIMM SHEPreTUUECKYIO
COCTAaBJISIIOLIYIO JIJABUHHOTO Tpoliecca.

s 060cHOBaHUS paccCMaTPpUBAEMOTO MOJOXEHUS
HCIIOJIb30BaHbl: METEOPOJIOTUYECKUE JaHHbIE CpeIHE-
TOPHBIX Y BEICOKOTOPHBIX cTaHIMI bosbiioro KaBkaza —
I'MC P® (1950—2016), TMC I'pysuu (1936—1988); ma-
Tepuabl IKCIIEANIIMOHHBIX MCCENOBaHUI Pa3HbIX JIET;
CBEJICHUSI O MaCCOBBIX JIABUHHBIX KaTtacTpodax B KaBkas-
ckoM perrone (1950—2022); naHHble 54-1eTHero psiaa
HaOJIIOIeHUI 32 CHEXHbBIMU JaBuHaMu (1968—2022)
Ha cTaumoHape reorpaduyeckoro gakyiapreta MI'Y
B [Ipuanbopyche (LlenTpanbHbiii KaBkas); nurepartyp-
Hbl€ UCTOYHUKMU.

PE3VJIbTATHI UCCJTEJOBAHUN

I1pu BeISIBIeHUM (PAKTOPOB, OMPEALIISIONINX SHEP-
TeTUYECKYIO CTOPOHY Mpollecca JaBUHOOOpa3oBaHMsI,
MCII0JIb30BaHa 3aBUCUMOCTb Pa3pyIIUTEIbHOM CUIIbI Ja-
BUH OT €€ CKOPOCTH M MacChl BOBJIEYEHHOTO B IBUXKEHUE
CHera, rJe CKOpOCTb JJaBUHbI — (PYHKIIUSI OTHOCUTEIbHOM
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BBICOTHI pesibe(ha, KpYTU3HBI CKJIOHA, a TAKKE TUIIA CHeTa,
dopmupytomero JaBuHy. Macca JIaBUHBI OIpeIesisieTCst

TOJIIIIMHOW U TJIOTHOCTBIO CHETa B JJaBUHOCOOpE, €ro

IJIOLIANBIO Y CHEXHO-aKKYMYJIUPYIOIIE CTIOCOOHOCThIO.
Psin rTepednciieHHBIX TapaMeTPOB HAXOISATCS B IIPSIMOI

3aBHCHMOCTH OT XapaKTepa peibeda CKJI0OHOB. B 1aBruHO-
BeJEHUU, COTJIaCHO MOP(MOIOrMUecKoi Kiaaccubukalmu,
BBIICJISIIOT TPU TUIIA JIABUHOCOOPOB: M3 3PO3UOHHBIX

BPE30B, IeHYIAIIMOHHBIX BOPOHOK U IPeBHEICTHIKOBBIX

kapoB (TymmHcekmii, 1963). [TaBHOE pa3nnuue MexXIy

HUMHM COCTOUT B pa3Mepax CHErocOOpHO BOPOHKU WU

ouara 3apoJeHMUsI TaBUHBIL. [11011a1b 30HbBI 3apOKIEHUSI

JIaBUH B JISAHUKOBBIX Kapax MOXET BO MHOTO pa3 Ipe-
BOCXOIUTH aHAJIOTUIHYIO TUTOIIAIb IBYX ITEPBBIX MOP-
donornuecknx TMNOB. UMeHHO U3 JIeIHUKOBBIX KapoB

C TIOJIyBOTHYTBIMU THUIIIAMH 00Pa3yrOTCsI THTAHTCKHE

JIaBUHbI 00BEMOM B HECKOJIBKO MUJJIMOHOB KyOUUYECKUX

meTpoB. Hanuuue takux popm pesnbeda Ha uccienye-
MO TEPPUTOPHUH SIBJISICTCSI OMHUM U3 TIOKa3aTeseii eé

MOTEHLIMATbLHO BEICOKOI JIABUHHOM OIMMACHOCTH.

HauaBureecs ¢ cepeaunnl XIX B. cokpallieHUe rop-
HOTO OJIEIEHEHUS BBISIBUJIO €111€ OTHY OCOOEHHOCTb Ka-
poBbIX (hopM pesbedba, KoTopasi OTpa3uiach Ha 00bEMax
GOopMUPYIOIINXCS B HUX JIaBUH. Jlerpagauus KapoBbIX
JIETHUKOB MpHUBeJia K 3aMETHOMY U3MEHEHHI0 Mopdome-
TPUU CKJIIOHOB, B pe3yJIbTaTe uyero 3agHue CTEHKU KapoB
cTayiv 6oJiee KpyTbIMU, a UX THUIIA O0Jiee MOJIOTUMU.
Pe3ynbTaThl U3MEpPEHUN B IpEeBHEJEIHUKOBBIX Kapax
Ha IlentpansHoMm Kaskase (B [Ipuaab0pyche) mokasanu,
YTO KPYTM3HA MX 33 JHUX CTEHOK B CPEIHEM BO3pOCIia Ha
10° (¢ 30 no 40°), a ux gHUIIA cTaau O0Jiee MOJOTUMMU
Ha 7° (c 30 no 23°) (OnetiHukos, 2011). YBenuueHue
KPECTOBUIHOCTH CKJIOHOB MPUBEJIO K YBEJIMUEHUIO UX
CHEXXHO-aKKyMYyJIUpYIollei cnocooHocTu. B ocBobonuB-
LIKUXCS OTO JIbJIa KAPOBBIX HUIIAX CTAJIM HAKATUIMBAThCS
JIOTIOJTHUTEJIbHbIE MACChl CHEra, KOTOpble 3HAUUTENbHO
YBEJIMYMIIM OOBEMBI CXOSIIIUX JaBUH. BpeMsi, KoTopoe
NOTPeOOBAIOCH JIs1 UCYE3HOBEHUSI MHOTUX KapOBBIX
JienHUKOB B KaBKa3cKOM pervoHe u MpeBpaiieHus ux

OJIEMHUKOB

B aKKYMYJISITOPBI JOTIOJTHUTEIBHBIX MACC CHETa, COCTaBU -
J10 0koJ10 150 et (¢ cepenunbl XIX B.). Ha coBpeMeHHOM
aTare MHOTHE IPEeBHEICIHUKOBBIC Kaphbl CTaJIU Mpe-
CTaBJISITh elIE OObIIYIO JABUHHYIO YIPO3Y 151 AHUIIE
ropHbix gonuH. ITo ganaeim Karanora negauko CCCP
(Karaor..., 1975), 78% >Tux HanboJiee OMacHbIX I
JIaBUHOOOpa3oBaHusI (POPM pelibeda COCPeaOTOYECHO
Ha I0XXHOM MaKpockjioHe 3anaaHoro u LleHTpaabHOro
Kagka3a B 6acceiinax pek Murypu u Kogopu, uto Bbiae-
JISIET 3TY TEPPUTOPUIO Cpeau Npyrux paiioHoB KaBkasza
(Tabm. 1).

K xnmumaTnyeckum pakropam, orpeaesisiioinum cTe-
MeHb JIJABUHHOI OMACHOCTU TOPHOU TEPPUTOPUM, OTHO-
CSITCSl XapaKTepUCTUKaA €€ CHeXKHOCTU U TeMIlepaTypa
Bozayxa. Temmepatypa XoJ0QHOTo Neproaa B COUeTaHUU
C TOJIIIMHOM CHEXHOTO TTOKPOBA SBJSETCS OOHUM U3
OCHOBHBIX (PaKTOPOB B (POPMUPOBAHUN PASTUIHBIX TH-
noB cHera. OHa orpeiessieT UHTEHCMBHOCTD MTPOLIECCOB
MepeKprcTaIn3alMyi CHEXKHOM TOJIIIU, €€ CTPYKTYPHO
cTpaturpaduieckre ocoOeHHOCTU, (DOpMUpOBaHUE
ocJ1abJIeHHBIX TOPU30HTOB Pa3pbIXJICHUSI, COCTOSIHUE
YBJIaXXHEHHOCTH, T. €. BCIO COBOKYITHOCTb (haKTOPOB,
BJIMSIIOIIMX HA IPOYHOCTHBIE CBOMCTBA CHETA U €ro
YCTOMYMBOCTb Ha CKJIOHE.

IlepBbie 00OOIIAIOIINE UCCTIETOBAHMS TTO OLICHKE
CHEXHOCTH TOPHBIX TEPPUTOPUI OBUIH TTOTYIESHBI TIPU
cocraBiiennu Kaprtel 1aBuHoomnacHbix paiitonHoB CCCP
(JTaBunoomnacHsle..., 1970). Ha KaBkase ObL10 BblneaeHO
MNSTh TPYMI palilOHOB, Pa3IUYAIOIIUXCS 1O TOJIIMHE
CHEXHOTO MOKPOBA — OT «OECCHEXHBIX» C TOJTIIUHOMK
cHexHoro nokpona oT 0 1o 30 cM, B KOTOpBIX 00pa3o-
BaHUeE JJABUH CUUTAIOCh HEBO3MOXHBIM; 10 MCKITIO-
YUTEJIbHO CHEXKHBIX — C TOJIIIMHON cHera 6ojiee 1 M,
B KOTOPBIX KPYITHBIE JIABUHBI MOTYT CXOIUThH HEOTHO-
KpaTHO. B mmocnemytorme Toabl OBUTA COCTaBICHBI OoJiee
JieTajbHbIe KapThl, XapaKTepU3YIOILKe pacrnpeaeieHue
HaUOOJNBbIINX CPETHUX AEKATHBIX TOJIIMH CHEXHOIO
MOKPOBA, KOTOPBIE CyXKaT MH(MOPMATUBHBIM IOKa3aTe-
JieM JIaBUHHOM onlacHocTH (3ainxaHoB, 1981). Ha aTux

Tab6mmma 1. PacripeneneHue JIeTHUKOB Pa3IMIHBIX MOP(OIOTUYECKUX TUIIOB Ha I0KHOM MaKpOCKJIoHe BobIioro

Kagkaza (Katanor negaukos CCCP, 1975)

Bacceiin pexu Tum JeNHUKOB JleAHUKM BCEX TUIIOB, %
Kaposble, % KapoBO-IOJIMHHbIE, %
B3b10b 11 6.5 - 13 3
Kemacypu 3 1.7 - 3 0.7
Konopu 97 58 3 3.9 120 29
Wurypu 41 24 58 76.3 196 48
Xobu - 1 1.3 2 0.1
Puonn 16 9.5 14 18.4 75 18
HUroro 168 76 409
JEO W CHET ToM 64 Ne2 2024



PAVIOHBI MAKCUMAJIbHOW MHTEHCUBHOCTU JIABUHOOBPA3OBAHUA...

KapTax CBEICHUs O TOJIIMHE CHEra MpeacTaBIeHbI ke
B OoJiee 1mMpokKoM auarna3oHe — ot 0.3 (B HU3KOTOpHO
30HE) 10 2 M (B BLICOKOTOPHOI 30H€). 3HAYUTEIbHBIN
BKJIaJl B OLIEHKY CHEXXHOCTH TOPHBIX TEPPUTOPHUIA ObLI
c/eJiaH MPU COCTaBJICHUU KapT JUIsl ATjiaca CHEXHO-Jie-
IOBEIX pecypcoB mupa (manee — ACJIPM) (Atnac...,
1997). Metoauueckue noaxobl, pa3padoTaHHbIE IS
ACJIPM, Hauum mupokoe MpuMeHeHUe JJ1sl pele-
HUS LIMPOKOTO Kpyra IISILMOJOTnYecKux 3anad. Taxk,
METO[I IISLUOKINMaThuYecKo nuankauun (Kpenke,
1973) mo3BOJIUI OLIEHUTh BEJIMUMHBI TBEPABIX OCAI-
KOB Ha BBICOTE TpaHULIbl TUTAHUS JISATHUKOB U ObLI
TTOJIOXEH B OCHOBY TTOCTPOEHMS KapThl pacIIpeiesie -
HUS moJas TBEpIbIX ocankoB Ha boabsimom Kaska3ze
(puc. 1) (Tapeesa, 1981). /lnst 6osee HArISIAHOM Kap-
THHBI TEPPUTOPUATHLHOTO pacTipeieIeHNs] CHeTo3ara-
COB M30JIMHUU OBLIN TIEPEeHECeHBl HA KOCMUYECKU I
CHMMOK. Pacyérhl mokasaau, 4TO B BHICOKOTOPHOI
30He KaBkasa Ha BbICOTE TpaHUIIbl TUTAHUS JICTHU-
KOB CHEro3amnachl U3MeHSIOTCs B nuara3oHe ot 1200
(Bocrounniii KaBka3) no 3200 mm (3anagubiit KaBkas)
¢ makcumymom 3400 mm B paitoHe CBaHEeTCKOTo Xpe0OTa
(Tapeesa, 1981). B BapuaHTe KapThl, IOATOTOBJICH -
Hoit nyist ACJIPM, reorpaguyeckue rpaHULIBI 30HbBI
MaKCHUMaJbHOTO CHETOHAKOIIJIEHUS ObLIM YTOUHEHHBI.
ITo yrouHEHHBIM JAaHHBIM, 3Ta 30Ha pacIOJIOKEHA
B MCTOKaX pek YpymreH, Manas Jlaba u bonbias Jlada
(3anmagnbiii KaBkas), rioe MakcuMaabHbIe CHEro3amnachl
pocturanu 4500 mm (Atnac..., 1997). Ilpu cpenHeit
TUTOTHOCTHU CHeTa B TIepUOJ MaKCMMyMa CHETOHAaKO-
rieHus, pasHoit 400 kr/m? (3anuxanos, 1981), caenyer,
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YTO CPEAHEMHOTOJICTHSISI TOJIIMHA CHEKHOTO ITOKPOBa
Ha BBICOTE TPaHUIIbI MATAHUS JIEAHUKOB U3MEHSIIACh
oT 3 1o 8 M. B aHOMaIbHO CHEXKHBIE 3MMbI OHA MOXKET
npesbimath 10 M. Tak, B [IpusnbpOpyche yke B Hadaje
3umMbl 1973/74 r. (nekabpb) TONIIMHA CHEra Ha JIMHUU
OTpbIBA JIABUHBI B OTHOM M3 JIEAHUKOBBIX KAPOB CO-
craBmia 7.6 M (3omotapes, 1980). Kapra momst TBEp-
IbIx ocankoB B ACJIPM mo3Bomia ojyduTh TaHHBIS
0 CHEXXHOCTH BBICOKOTOPHOI1 30HbI KaBKasa, KoTopble
OTpakajv 3aKOHOMEPHOCTU CHETOHAKOIJIEHUS U B OvUa-
rax 3apoXIeHUsI JaBUH.

Ha kapre-cxeme (cM. puc. 1) oOpaiaet Ha ce0st BHU-
MaHHe 30Ha MOBBIIIEHHONW CHEXXHOCTH B bacceitHe p.
WHrypu, Kotopasi umeeT (hopMy «IeTJu» U BbIABUHYTA
HaBCTpevy BJaroHeCylIUM IMOTOKaM cO CTOpOHbI Yép-
Horo Mopsi. [TonoOHbBIN pUCYHOK M30XMOH HabJoAa-
€TCsl TOJIBKO B 3TOM paiioHe bosbioro Kaskasa, uto
00YCJIOBJIEHO BIMSIHUEM OPOKJIMMATUUeCKOro adexTa
U OOBSICHSIET IIPUPOAY BOSHMKHOBEHMS OOJIBIIIOTO KO-
JINYECTBA KAPOBbIX (POPM OJieIEHEHUSI B XO/I€ BOJIIOLIMU
TOPHOM CHUCTEMBI.

Hpyroii KimMaTu4ecKuii hpakTop, BIUSIONINI Ha CO-
CTOSTHHME CHEXXHOTO TTOKPOBa U MPOLIECChl JIaBUHOOOpa-
30BaHUs,— TemIiepaTypa Bo3ayxa. Ha boibsiom Kaskasze
ocjiabjieHre KOHTUHEHTaIbHOCTH KJIMMaTa ¢ BOCTOKA
Ha 3ara/ji COIpPOBOXIAETCS yBEJIMUEHUEM YBIaXXKHEH-
HOCTH ¥ POCTOM TeMIlepaTypbl Bo3ayxa. Ha 3anagHom
Kaska3ze npu 60oJiee BHICOKUX CPeIHE3UMHUX TeMIIepa-
Typax BO3/yXa CHEXHasl TOJIIA MOJIBep>KeHA aKTUBHBIM
npolieccaM oceJaHUsl U YIIJIOTHEHUS, YTO MPUBOAUT
K (hopMHUpOBaHUIO 0OJIee YCTOMYMBOIO TUIIA CHEra Ha

42’ 43° B.]1.

Els /

Puc. 1. PacnipenesieHne TBEpabIX 0CaIKOB Ha JIeIHUKAX I0KHOTO cKJIoHa 3aragHoro u LlentpanbHoro Kaskasa B 1970-¢ roasl 1Mo
nanabiM (Tapeesa, 1981). Busyanuzanus na kocmuueckom cHumke MODIS/TERRA (29.07.2018): 1 — uzonuuuu ocankos (MM);

2 — JIMHUU OCHOBHBIX XpeOTOB; 3 — peKu

Fig. 1. Distribution of solid precipitation on glaciers on the southern slope of the Western and Central Caucasus in the 1970s accord-
ing to data from (Tareeva, 1981). Visualization on the MODIS/TERRA satellite image (29.07.2018): 1 — precipitation isolines (mm);

2 — lines of the main ridges; 3 — rivers

JEO W CHET  Tom 64 Ne2 2024



224

TOPHBIX CKJIOHAX. Pa3iuunst B MpOYHOCTHBIX CBOMCTBAX
CHera MeXIy JOJTOTHBIMU ceKTopamMu KaBkasza Moryt
OBITH OXapaKTepPU30BaHbI 1O TAHHBIM O KPUTUIECKOM
BEJIMYMHE OCAIKOB, IPU JOCTKEHUHU KOTOPOI TTPOUC-
XOIUT OOpyIIeHNe 0CO00 KPYITHBIX JIaBUH.

M3BecTHO, 4TO JJaBUHBI OOBEMOM B COTHU THICSTY
Ky0. METpPOB, KaK MPpaBUJI0, OTHOCITCS K JJaBUHAM U3
CBEXXEBBITABIIEro CHera U HaOII0Aal0TCsl BO BpeMsl MH-
TeHCUBHBIX cHeromnanoB. 1o pe3yiabTatam uccienona-
HU#t BeicoKOTOpHOTO reo(u3nyeckoro MHCTUTYTa Ha
LlentpansHoMm KaBkaze (ITpuanbOpychbe) yCTaHOBIIEHO,
YTO MECSIYHOE KOJMYECTBO 0CATKOB, HEOOXOIUMOE IS
00pyIlIeHUs TAKUX JJaBUH, cOCTaBisieT 135 MM, U3 KOTO-
pbix 90 MM TOJIKHBI IPUXOIUTHCS Ha OO OOUIbHBIX
cHerornanoB (Kysaesa, 1979). B abcooTHOM BbIpaxe-
HUU 3Ta BeJIMYMHA B pa3HbIXx palioHax KaBka3za OymeT
MMETb COOCTBEHHBIC 3HaYeHUs. [{J1s1 XxapaKTepuCTUKMN
cXoJla JJaBUH MOJ0OHOIr0 TUIa HaMU ObLI MPEAIOXKEH
OTHOCHUTEJIbHBIN MoKa3aTelb, Ha3BaHHbBIU MECSUHbBIM
K03(GULIMeHTOM aHOMAaJINU 0CaIKOB, KOTOPHI pac-
CUUTBIBAETCS IO TOCTYITHBIM MECSIYHBIM JaHHbIM (Bo-
noanuena, OneitHukoB, 1989):

KM = ZXZ Xi 5
cp.xon.nep.

rjie Yx; — CyMMa OCajikoB i-ro Mecsaua; YX ., 0. e —
cpeJHee MHOTOJIETHEeE KOJIMYECTBO OCAJAKOB XOJOIHO-
ro nepuona (corsiacHo pekomeHnauusim BMO Hopma
ocankoB paccumTaHa 3a 30-yjeTHuii nepuom 1961 —
1990 rr.). Haomonenus Ha 3anagHoM u LleHTpaib-
Hom Kaska3ze (B Apxbize u [1pusnb0dpyche) rokasanu,
YTO KO3 (PUILUEHT, COOTBETCTBYIOIINNI ABYKpPaTHOM
MeCSYHOI HOpMe 0cankoB, B 80% cilyyaeB peaausyer-
Csl B CXOJI 0CO00 KPYMHBIX JIABUH, YTO JAa€T OCHOBaHUE
paccMaTpuBaTh JAHHBINM IMOKa3aTeslb B KAYeCTBE MHIM -
KaTopa OOpyIIeHNUs JJaBH 3TOTO THTIA!

K ) Zch.xO/z.nep.
M.Kp. — N ’
rae K, ,, — Kputndeckuii KoabUIMEeHT aHOMaTK
ocankos; Y X — cpeaHee MHOTOJIETHee KOJIu4ue-

cp.xon.nep.
CTBO OCAaaKOB XOJIOAHOTO II€proaa, N — gyucno mecs-

1IeB B X0JI0mOHOM Itepuome. B I1puann0pyche mmpu HOP-
M€ 0canKoB 282 MM U IIPOAOJLKUTEILHOCTU XOJIOIHOTO
nepuoga okoso 5 mecsaues K, . paseH 112 mwm, 4to
corjacyeTcsd ¢ JaHHbIMH ['. M. IéyBaeBof/’I (135 MM 3a
mecsi v 90 MM 3a onuH cHeronan). [puanmas K,
B KauectBe uHaukaropa cxona OKJI B KaBkasckom pe-
TMOHE, ero BeJWUMHa OblIa paccudTaHa IJIs CpeaHe-
TOPHBIX M BBICOKOTOPHBIX METEOPOJIOTUIECKUX CTAH-
uuii 3anagHoro u LentpanpbHoro KaBkasza (Tada. 2).

M3 1ab. 2 cienyeT, 4To B TEIUIBIX U BJIAXKHBIX YCJIOBU-
ax 3armagHoro Kaskasa BennunHa K, Haxoaurtcd B 1u-
arrazose ot 300 1o 662 MM (Auumixo, ﬁpaCHaH INonsgna,
I'arpckmii xpe6er); Ha LlenTpaasHoM KaBkaze — ot 112
1o 223 mMm (Tepckon, Kazberu B/r, Annbek, DpmMaHu,
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IoBu, Xepra, KpecroBslit iepeBait). Takum odpazom,
KpUTHUUYECKas BeJIMUYMHA OCAIKOB U, COOTBETCTBEHHO,
BHEIIIHEI HAarpy3Ku, HEOOXOAMMOM 1151 OOpYILIeHUS
KaTtacTpoduueckux JaBuH Ha 3anagHoM KaBkase, oka-
3bIBAETCS B 2—3 pa3a BhIIIIE IT0 CPABHEHMIO ¢ 00JIee KOH-
TUHEHTaJIbHBIMU yclioBusiMU LleHTpanbHoro Kapkasa.
IIpuuuHa 3TOTO SIBJIeHMUS O0YCIOBICHA Pa3IndUIMU
B TUIAX CHEra MEeXIY TOJITOTHBIMU CEKTOpAMU PeTHOHa.

[TpuMeHUTENBHO K pelliaeMoi 3aaue Moj1 TUTIOM CHe-
ra MOHUMAeTCs! COBOKYITHOCTb CTPYKTYPHO-TEKCTYPHbBIX
U TTPOYHOCTHBIX CBOMCTB CHETa, KOTOpbie (hOPMUPYIOTCS
o1 BAUSIHUEM (PUBUKO-TeorpachuIecKuX YCIOBUI MeCT-
HocTu. B ouarax 3apoxxieHusi JJaBUH BCIO TOJIILY CHera
BO BpeMsI CHerorasja ycJIoBHO MOXKHO pa3/ieJIuTh Ha 1Ba
TUIA — HOBBIM CBEXXEBbINIABLIWMI U CTaApPblii 3€pHUCTbIN
CHET; 110 TIPOYHOCTHBIM U CTPYKTYPHO-TEKCTYPHBIM
CBOMCTBaM — OJIATONIPUSITHBINA M HEOJIATOTTPUSITHBIN TSI
MaccoBOI'0 OOpYIIeHUST 0cO00 KPYNHBIX JJaBUH. B yc-
JioBusix KaBkasa TUIbI CHera Ha Ka4eCTBEHHOM YPOBHE
MOTYT OBITh OXapaKTepU30BaHbI CAEAYIOIIUM 00pa3oM:
CBEXXEBbIMABIINIA OJIarONMPUSATHBIN 1151 HOPMUPOBAHUS
OKIJI nmpeacrasiieH ¢dauusiMu Cyxoro pbIXJIOTO CHera
He60IbIIOo TIoTHOCTH (10 100 Kr/m?) 160 MeTee-
BBIM YIUIOTHEHHBIM cHeroM (200—250 kr/M3); cTapblit
OJIarOMPUSTHBIN TUIT CHETa — CJIOKHO CTpaTUMUILINPO-
BaHHBII C MPOCIOSIMU Pa3pbIXJIEHUSI B BEPTUKAJTIbHOM
paspese, MOABEPXKEHHBIN XPYITKOMY pa3pylIeHWIO MO/
BO3/JeMiCTBHMEM BHelIHel Harpy3ku. CBeXXeBbIMaBIIUA
HeOJaronpusTHBIN TUI cHera (hOpMUPYETCS IIPU OT-
HOCHUTEJIbHO BBICOKUX TEMITepaTypax Bo3ayxa, UMeeT
0oJiee BBICOKYIO TUIOTHOCTb U MOABEPKEH AKTUBHOMY
Ooce/laHuIO B MEPUOJ CHEronaaa; HedaaronpusTHbIN
CcTapblil TUIT CHEra MpeAcTaBJIeH OJTHOPOAHON ¢c1abo
CcTpaTU(PULIMPOBAHHON CHEXXHOM TOJIIEH MIOTHOCTHIO
400 kr/m> 1 BbILIE, YCTONYMBO 3aJ1€TaIONIeH Ha CKIIOHE.

[IpoBenEHHbBI aHaIU3 (aKTOPOB JIaBUHOOOPA30-
BaHMSI IOKA3bIBAET, YTO, pacCMaTpUBas poJjib pelibeda
U KJINMaTa U30JIMPOBAHHO IPYT OT APYTa, MbI HE MOXEM
MOJIyYUTh OTHO3HAYHOTO OTBETA Ha BOMPOC O pailoHax
HauOoJIbILIEel THTEHCUBHOCTY JIJaBUHOIIposiBIeHUs. [1pu
pasaebHOM PacCMOTPEHMH (PAKTOPOB K TAKUM PalioHaM
(c mo3ummii penbeda) JOJKHBI ObITh OTHECEHBI Oacceii-
Hbl pek Murypu u Konopu, rae cocpegorodeno no 80%
JIETHUKOBBIX KAPOB F0XKHOTO MaKPOCKJIOHA; C TTIO3ULIUI
KJIMMaTa — pailoHbl HanboJ1ee BLICOKOM 3aCHEKEHHOCTH —
9TO UCTOKM peK YpyiureH, Manas Jlaba, bonbias J1aba
(3anamublii KaBka3), rae ToIIIMHA CHEXKHOTO ITOKpOBa
MoKeT TipeBbimaTth 10 M. PelnreHue nmocraBiaeHHOM 3a-
Ja4u HeOOXOMMO PacCMaTPUBAaTh BO B3aMMOICHCTBUN
3TUX ABYX (DAKTOPOB Ha MPUMEpPe KOHKPETHBIX 3UM,
B IAHHOM CJTy4ae 3UM 3KCTpeMaJibHO# cHexXHOoCcTU. Ha
3ananHoM u LenTpanbHoMm KaBkaze K HUM OTHOCSTCS
3uMbI 1975/76 1 1986/87 IT., KOTOpBIE CUUTAOTCSI CAMBI-
MU CHEXXHBIMM U JIJABUHHBIMU 32 BECh IIEPUOJ METEOPO-
JIoru4yecKux HaomoaeHuii. Huke mpuBoauTcs KpaTkoe
OIMMCaHMe CHETOJIABUHHON 00CTaHOBKM, CJIOKUBIIICHCS
Ha KaBkase B 3uMy 1986/87 T.
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ITo uccnengoBanusaMm (Ceanunnse, AOLyIIETAILIBUIN
u 1p., 1989) B 1986/87 r. 06MIbHBIE CHETOMaIbl HAOJTIO-
JATCh Ha OOJIBINIE YaCTH TepPUTOPUH ropHoii ['py3un,
Ile HA MHOTUX MET€OPOJIOTUYECKUX CTAHIIUSX STHBap-
CKMe HOPMBI 0CaIKOB ObLTH TIpeBhIIeHbBI Ha 300—650%.
B ceBepHoit yactu ['py3un TOMIIMHA CHEXXHOTO TTOKPOBA
Ha THUIIAX TOPHBIX TOJWH TOCTUTATA 5 M ITPY CYyTOUHBIX
npupocTax a0 1.2 M. B 3T0OT ke nepuoa Ha ceBepHOM Ma-
KpockiioHe 3ananHoro u LlenTpanbHoro KaBkasza rakcke
ObLIM 3a(pMKCUPOBAHBI PEKOPAHBIC BEJIMYNHBI CHETO-
HakorieHus1. Ha meteoctaniusix KpecToBblit riepeBat,
Tepckon, Apxei3, Tebepna, Kiryxopckuii iepeBait 3MMHSIST
aHOMaJTHSI CHEXXHOCTH, TT0 HAIlIUM OIleHKaM, TOCTHUTIIA
s3HayeHuii 114, 102, 212, 186 u 102% coOTBETCTBEHHO.
B ycoBUSIX 3KCTpeMalIbHOTO CHETOHAKOIIJIEHUST HavaJICcs
MACCOBBII CXOJI KaTacTpO(UIeCKIX JIABUH, OXBATHBIIIHIA
o01mpHbIe TeppuTopun 3anagHoro u LleHTpanbHOro
KaBkasza. bosbliie Bcero ot jaBUH MocTpanaiy ropHbie
paiionsl ['py3un, rae cneumanuctamu 3ak HUT'MU 66110
3apeructpupoBaHo 6osee 700 ciryuaeB cxona taBuH. Pe-
30HAHCHBIM COOBITHEM 3UMBI 1986/87 r. okazaJcst CphIB
CPOKOB TT0 3armycky TpaHCKaBKa3CKOW MarucTpaiu yepes
Poxkckuii mepeBart, 3aturaHUPOBAaHHBIN Ha KOHEIT AeKa-
6pst 1986 . Ero npuumHoli cTaj cXol KPYIIHBIX JJaBUH 110
00€ CTOPOHBI TOHHEJIS, KOTOPBIi MPUBEN K Pa3pylLIeHUIO
HECKOJIbKUX TTPOTUBOJIABUHHBIX Tajlepeid.

OO01as KapTiHa 3UMMHUX coObITUIA 1986/87 1. ObL1a
JIIOTOJIHEHA MaTepuajaMy JIeTHe# skcneauuu 1987 1.,
opranu3oBaHHoii Mucturyrom reorpacduu AH CCCP
u MHctutyTom reorpapuun KazCCP, onHuUM U3 ydacT-
HUKOB KOTOPOU OBbLIT aBTOp cTaThu. B xone skcrnenu-
LIMY Y1JIOCh TTOCETUTh MHOTHE PailOHbI, HEOCTYITHBIE
B 3UMHUI MEPUO, U MOJYUYUTh HOBbIE TaHHbIE O Ka-
TacTpo(UUECKUX JIJAaBUHAX perMoHa. 3a BpeMs dKCIIe-
JUIUU ObLIM 00CIeI0BaHbl YYaCTKU YeThIPEX mepe-
BaJIbHBIX JopoT yepe3 ['maBubiil KaBka3ckuii XxpeoOeT:
Boenno-I'py3unckoii (KpectoBriii nepeBai); BoeH-
Ho-OceTuHCcKO# (MaMucoHckuii nepesan); BoeH-
Ho-Cyxymckoit (Kinyxopckuii nepeBan); TpaHcKaB-
ka3ckoii maructpaiu (Pokckuii nepeBan). B 3anagHoit
I'py3uu 06111 00CIenoBaHbl OacCEMHBI KPYITHBIX PeK
C UX IpuTOKaMu — p. Puonu, p. Murypu (peku HeHckpa,
Haxkpa, lonpa, Mectuauana, Mynxypa), p. M3siMTa, p.
b3bi0b (p. ABanxapa), p. Komopu (pexu I'Banapa, Kibiy,
Kinyxop); B BoctouHoii I'py3un — BepxoBbs1 Ajla3aHCKON
JIOJIMHBI C €€ OOKOBBIMU MTpUTOKaMHU p. Jlamazypu u p.
Xopomxoc-Ixanu (OneitnukoB, Bononuuena, 2020).
O06061meHne MaTepranoB 3uMHuUX (1986/87 r.) u jet-
HuX HaOmoaeHuii (1987 r.) mokas3ajo, 4To 30HOM cx01a
HauOOJbIIIEro Yucia oco00 KPYMHBIX JJaBUH Ha JBYX
MakpockiaoHax 3anagHoro u IleHTpansHoro Kaskasa
ctanu 6acceitH p. UHrypu u BepxoBbs p. Kogopu, rae
B paiioHe Haxapckoro nepesajia jaBuHaMu ObLIO pa3-
PYIIEHO 00JIbIIOe KOIMYeCTBO onop Tpacchl JIDII-500,
MMEBIIeH BaXKHOE 3HaUeHHUE B 9HEPTrOCHAOXKEHU U 10X~
HBIX PECITYOJIUK.

OauvH 13 BO3MOXXHbBIX OTBETOB Ha BOIIPOC — MOYEMY
OCHOBHOW yaap CHEXXHOM CTUXUM MPUILENCS HA OMHY U TY
e TeppuTtopuio B 1975/76 u 1986/87 rr.— cienyet u3
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KOMILJIEKCHOTO aHa/In3a (haKTOPOB JTaBUHOOOPA30BAHUSI.
AHaJIu3 MmokKaszaJl, UTo camasl BbICOKasi MUHTEHCUBHOCTb
JIAaBUHHOM JesITeIbHOCTH OblJTa OTMEUeHa B paifoHax,
rIe OMHOBPEMEHHO HabJIIoganach peaaus3anms TPEX
(haxkTOpOB TaBUHOOOPA30BaHUSI: HAJTUUYME OOJIBIIOTO
KOJIMYECTBA KPYITHBIX JABUHOCOOPOB; BBICOKAS CHEXK-
HOCTb; OJaronpusTHbii 17151 popmupoBanus OKJI tun
cHera. OTu TpM (haKTopa OJHOBPEMEHHO PeaIN3yIOTCS
Ha 10kHOM MakpockiioHe KaBka3za B 6acceitHe p. Hrypu
U BepxoBbsix p. Kogopu, rae cocpenotroueHo HauboJb-
11ee KOJUYECTBO KPYIHBIX JaBUHOCOOPOB; MPUPOCTHI
CHera B oyarax 3apoKJeHMsI JaBUH 3a CHEeroraja MOTryT
JIIOCTUTATh 5 M 1 00Jiee; TUIIBI CHETa B CepeIHe 3UMBI,
Ha KOTOPYIO PUXOJUTCS HAUOOJIbIIEE YUCIIO CIyYaeB
9KCTPEeMalIbHOIO JJaBUHOOOPpa30BaHUsl, (POPMUPYIOTCS
npu Temrieparypax ot —5 1o —10 °C (Knumartuueckuii
atiiac CCCP, 1960). B aToMm TeMIiepaTypHOM a1aIa3o-
HE BbIMAAaeT CyXOl PhIXJIbIi CHET HU3KOM MIOTHOCTU
(mo 100 kr/m?), a mpu MeTesaxX GOPMUPYIOTCH JTABUHEI
W3 «CHEXHBIX JOCOK».

Ha 3anagHom KaBkase U3 Tpéx Ha3BaHHBIX (haKTO-
POB peaJIM3yIOTCS TOJIBKO JIBa — 00JIbIIIOE KOJUUECTBO
KPYITHBIX JJABUHOCOOPOB U BBICOKAsI CHEXXHOCTb. DTOT
cexTop KaBka3za ornnyaercss MHOroodpasmeM KapoBbIX
(bopMm penbeda, KOTopbie TTO-pa3HOMY TTPOSIBISIOT ce0sl
B JlaBuHOOOpa3oBaHuu. [Ilupokoe pacnpocTpaHeHUe
371€Ch MOJYUYUIN KapOBbI€ JIECTHULIBI, Kapbl C MIEpey-
TIyOJIEHHBIM JTHUIIEM Y JIETHUKOBBIMY O3EpaMU Ha
JIHEe, a TAaKXKe OTHOCUTEIbHO MOJIoJible (hOPMbI KapOB
¢ mosyBorHyThiMu gHuaMu (LykuH, 1960). Penbed
MEePBBIX IBYX TUIIOB KAPOB UMEET YETKO BbIPAXKEHHBIN
CTyMEeHYaThIi XapaKTep, YTO IPUBOJIUT K OCTA0JICHUIO
JIABUHHOM JesITeJIbHOCTU. TOJIbKO B TPEThEM TUIIE KAPOB
dopMUPYIOTCS 0CO00 KPYIHBIE JIaBUHBI, TIPEACTaBIIS -
IolIKe YIpo3y ISl AHUIIA 10JuH. ClieayeT OTMETUTD,
4TO (haKTOP BHICOKOI CHEXXHOCTHU, CBOMCTBEHHBIN 3a-
nagHoMy KaBka3y, BO MHOroM HUBeIUpyeTcs (POHOM
MOBBILIEHHBIX 3UMHUX TeMIIEpaTyp, KOTOpbie B 2—2.5
pasa BblIlIe 1o cpaBHeHUIO ¢ LleHTpanbHbiM KaBkazom
U coctaBisoT oT —2 10 —4 °C (Kiimmatuueckuit aTiac
CCCP, 1960). B aTux TemrepaTypHbIX YCIOBHUSIX CHEX-
Hasl ToJIla pa3BUBAETCS T10 TUITY YIIJIOTHEHUS C TTU-
KOM JJABUHHOW aKTUBHOCTU B 3UMHE-BECEHHU I MepUOI.
OOBEMBI CXOISIIINX B 3TO BpeMs JIaBUH U3 BJIAXKHOTO
CHera Takke MOTYT JOCTUTaTh COTEH ThICSIY U MJTH KYO.
M, OJIHAKO UX Mopaxawuuit 3¢p@eKkT B 3HaYUTEIbHOI
CTEeTIEHU YCTYMNAaeT JJABUHAM U3 CYXOT'O CBEXKEBBITABILETO
CHera, KOTOpble UMEIOT OOJIbIIINE CKOPOCTh, CUTY yaapa
U 1aJIbHOCTh BbIOpoca. UMeHHO cXxo HaubobIlIero yrc-
11a OKJI u3 cyxoro cHera OyaeT SIBJISITbCSI MHAMKATOPOM
SIULIEHTPA JIJABUHHOW AEATEbHOCTH.

Ha Bocrounom KaBkase, Kak 1 Ha 3amagHoM, TaKKe
peanu3yroTcs aBa mokKasartelisi, HO B MHOM COOTHOIIIe-
HUM — 3TO 00JIbIIOE KOJUYECTBO KPYIHBIX JJAaBUHOCOO-
POB U OJ1aroNpPUSATHBIN 1J1s1 (POPMUPOBAHUSI TABUH TUIT
cHera. Cpenu ¢hopM JIaBUHOCOOPOB 31eCh IPeodIagaoT
KpYMHbBIE IeHYIAlIMOHHBIE BODOHKM, KOTOPBIE YCTY-
MaroT Mo rmiaomaan aepopMupoBaHHbBIM KapaMm. OTiu-
yuTeabHOI yepToil BoctouHoro KaBkasa ciy>XuT ero
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Majiasl CHeXKHOCTh. Ha MeTeoposiornueckKnx CTaHIUSIX
Xynsax (1685 m), Kymyx (1552 m), I'yuu6 (1551 m),
Ypkapx (1548 m) 3a mepros MacCOBBIX METEOPOJIOTH -
yeckux HaOmoaeHuit (1936—1988 rr.) MmakcumasbHast
JleKaaHasl TOJIIMHA CHEXKHOIO MOKPOBA HE BHIXOIM -
na 3a nnpeneiiel 0.24—0.33 M u cocTaBnsna 0.24; 0.27;
0.33 1 0.3 M COOTBETCTBEHHO. B yCII0BMSIX KOHTMHEH-
TajgpHOTO KiimMara BoctouHoro KaBkasa cHer Takoi
MOIITHOCTH OBICTPO IMpeoOpa3yeTcs B ChIMYUYIO PHIXJIYIO
Maccy, 6J1aronpusaTHYIO JJIsT TABUHOOOPa30BaHUS, HO
€ro KOJIMYECTBa SIBHO HEAOCTATOYHO /1Jisl 00pa3oBaHMSI
0c000 KpPYIHBIX JJaBUH.

Bricokas MHTEHCUBHOCTE JIABUHHOM AEATEIbHOCTA
TakxKe HabOogaeTcst B oceBoii 30He I'maBHoro Kaskas-
CKOro xpebTa, KOTopasl Ha KapTe JIJAaBUHOOITACHBIX paii-
oHoB CCCP oTHeceHa K pailoHaM BbICOKOI JIJaBUHHOM
ornacHoctu (JlaBuHoomnacHele..., 1970).

OBCYXIEHMUE PE3VJIbTATOB

CHeXHbIe JJaBUHBI OTHOCSITCSI K TMCKPETHBIM MPU-
POIHBIM SIBIICHUSIM, UTO ITO3BOJISIET IIPOMJLTIOCTPUPOBATh
paccMaTpurBaeMylo IpobeMy Ha MpUuMepe apTUILIepUii -
cKoro ooctpena TeppuTopun. THTEHCUBHOCTh apTUJI-
JIEpUIICKOro o0cTpesa OyaeT TeM BhIle, YeM KpyITHee
KamOp opyausi, U3 KOTOPOTO MPOMU3BOAUTCST OOCTpPEN,
YyeM OOJIBIIIE U3 HETO BBIMYILIEHO CHAPSIOB U YeM OOJIbIIe
B3pbIBHAsI MOILIIHOCTb 3TUX CHapsiIoB. B naHHOM cpaB-
HEHUU KaJauOpy opyausi OyneT COOTBETCTBOBATh pa3Mep
JIAaBUHOCOOPOB (3p03MOHHEIE BPe3bl, JeHYIallMOHHBIE
BOPOHKMU, IPEBHEICTHUKOBbBIE Kaphbl); KOJIUYECTBY CHa-
PSIIOB — YMCIIO COIIEAIINX JIABUH; B3PBIBHOI MOITHOCTU
CHapsIIOB — TUIT CHETa M ero KOJIMYeCTBO B JIJABUHOC-
oope. I[TocnegHuii MyHKT O B3pHIBHOI MOIIIHOCTU CHa-
psSIIOB TpeOyeT mosicHeHUs1. B coBpeMEeHHBIX MOIEIISIX
JBWKEHUS JIABUH TUTIBI CHETa SIBJISIFOTCS ITapaMeTpPOM,
KOTOPBII OKa3bIBAET BIUSIHUE HA UX CKOPOCTh U CUITY
yrapa. [TocKobKy faHHBIN TapaMeTp TPYIHO MOITAETCS
¢opmanu3zaluu, TO €ro BAUsSHUE YUUThIBA€TCS KOCBEHHO
MPY MOMOILIY SMITUPUUECKUX KOIPDOULIMEHTOB TPEHUS
(boxunckuii, JloceB, 1987; bnarosemeHckuii, 1991).
IToaTomy B paitoHax, rae HabaomgalTCsa 0oJiee O1aro-
MIpUSTHBIC 1711 (POPMUPOBAHMS JIABUH TUTILI CHETa, U~
HaMUYECKHEe XapaKTepUCTUKU JJaBUH OyIyT UMETh OoJiee
BBICOKME 3HAaYeHMsI. B paMkax paccmaTpuBaeMoii aHaio-
MU HauOOJIbLIEH MHTEHCUBHOCTHU JJABUHHOTO «O0CTpeia»
OyzeT noaBepKeHa Ta TEPPUTOPUSI, TIE COCPEIOTOUCHO
HaunOoJIbIlIee KOJTUYECTBO KPYITHBIX JABUHOCOOPOB (Ka-
JIMOp opyaus); rae HabJIIoAAeTCsl BbICOKasi CHEXXHOCTb,
BBITIOJTHSTIOLLAST POJIh TIOCTABILMKA «JIABUHHBIX CHAPSIIOB»,
u tae onaronpusitibie TC COBMECTHO C €ro KOJIMYECTBOM
B JJaBUHOCOOPE MPEICTABIISIOT aHAJIOT B3PhIBHOM MOIII-
HocTHU cHapsinoB. Kak mokasaj mpoBe€HHbIN aHaIN3,
STUM KPUTEPUSIM COOTBETCTBYET TEPPUTOPUSI B OacceliHe
p. MHrypn, BepxoBbsix p. Komopu n BomopasaeiabHas
30Ha I'1aBHOro Kakasckoro xpeora.

OTMETUM TaKXe, UTO B paMKaX pacCMaTpUBaeMOro
BOIpoOca 00 «3MULICHTPE» JABUHHOM NeITeIbHOCTU
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TMPUPOION IBaXIbI OB MOCTABJIEH «3KCIIEPUMEHT» Ha
MpUMepE 3UM aHOMAaJIbHO BBICOKOI CHeXXHOCTH 1975/76
u 1986/87 rr. B 060ux citydasix BbICOKast CHEKHOCTh CTa-
JIa CJI€ACTBUEM OOIIIMPHOU TUIPOMETEOPOIOTUYECKOMN
aHOMaJIMU, UTOTOM KOTOPO ObLIT MaCCOBBII CX0J1 0CO00
KPYITHBIX JJABUH B CPEIHETOPHOM U BBICOKOTOPHOM 30HAX
Kaska3za. CorocTaBiieHue KapTUHbBI CHETOJIaBUHHBIX
COOBITUI IBYX 3UM TOKa3bIBaeT, YTO HanboJiee BbICO-
Kasi UHTEHCUBHOCTb JJABUHHOM 1€ TeIbHOCTU Obllla
OTMEYEeHa B rpaHUlIaX MPUOJUZUTEIbHO OJTHUX U TE€X
XKe TEPPUTOPUI.

Henb3s 060t BHUMaHUEM 1 TOT ¢akT, uTto B XXI B.
Ha bosbiom KaBkase He ObLIO OTMEYEHO HU OJTHOTO
CJIyJast MACCOBBIX JIJABUHHBIX KaTacTpod, KOTOPhIE ObI
OIIHOBPEMEHHO Ha0IIONAIMCh Ha ABYX €70 MaKPOCKIIO-
Hax U 0XBaThIBaJIM HE MEHEe ABYX JOJTOTHBIX CEKTOPOB.
[To HaIMM olleHKaM, OIHOM M3 MTPUYMH YMEHbIIEHUSI
ITOBTOPSIEMOCTH JJABUHHBIX SKCTPEMYMOB CTaJIO 00-
11ee MoTeruieHUe, COMPOBOXKAAIONICECsS U3BMEHEHUEM
B peXXUMe BbITaJIeHUsI ”THTEHCUBHBIX ocankoB. Cornac-
HO JIaBUHHOI cTatncTKe, 80% KPyITHBIX JIABUHHBIX
KaTtacTpod CBsI3aHO C MHTEHCUBHBIMU 3aTSKHBIMU
cHeromnajaaMu, IPUXOASIIIUMUCS HA CEPEIUHY 3UMBI
(suBapb) (OneitHukoB, Bonoauuesa, 2019). UmeHHO
STHBapb KaK CaMbIil XOJOIHBIN MeCS1] MPEeACTaBISIET
HauOOJIBIIYIO MOTEHUIUATBHYIO YTPO3y MPU 00pYIIeHUN
0c000 KPYMHBIX JIJABUH, YTO OOYCJIOBJIEHO 3HAUUTEb-
HBIMU TIPUPOCTAMU CBEXKEBBITIABIIIETO CHETa B oyarax
3apoxkaeHus (4 M u 6ojee) n oOpa3zoBaHUEM Ha CKJIO-
Hax 0co0Oro TUIa CHera B BUJIe «CHEXHBIX 10coK». Ha
pyoexe XX—XXI BB. oOMJIbHBIE SHBAPCKME CHErOIa-
IIBI CTAJIM peaKuM siBJieHueM. Tak, Ha LleHTpasbHOM
KaBkase no gaHHbIM MeTeocTaHIIUM Tepckon (2141 m)
IMOBTOPSIEMOCTh MOJOOHBIX cHeronanos B 1955—1992 rr.
cocranisiia 15%, Ha coBpeMeHHOM atarne 1993—2016 rr.
oHa yMmeHbImvIach 10 4%. Ha 3amagnom KaBkase, 1o
JaHHbIM MeTeocTaHMu Kityxopckuii mepesai (2037 m),
B T€ € BpeMEHHbIe MHTepBabl OHa coctaBuia 11 1 0%
COOTBETCTBEHHO. AHAJIOrMYHasl TeHASHIIMS HabIto1a-
€TCsl U Ha IPYTUX METEOCTaHILIUsIX peruoHa. CMmelleHue
MMMKa 3UMHUX 0CATKOB Ha 3UMHE-BECEHHUI TIEPUO OT-
pa3slIOCh Ha PeXMME CXO/a JaBUH — UX TeHETUYECKUX
TUIIAX, pa3Mepax, MoBTopsieMocTu. Eciiu B XO10IHBIX
YCIIOBUSIX STHBapsI TaKMe CHETOMAaIbl COTTPOBOXIAINCH
CXOJIOM I'MTaHTCKUX JJaBUH OOJIbIION pa3pyLINTEeIbHOMI
CUJIbI U JAJILHOCTU BBIOpOCa, TO B 00siee TETIBIX YCII0-
BUSIX MapTa — arfpeJist X pa3pyIIATeTbHBIN TOTEHITNAI
CYIIIECTBEHHO CHUBMIICS.

SAKITIOYEHUE

IToctaHOBKa Bompoca 00 «3MULIEHTPE» JIABUHHOI Jie-
areabHOCTH Ha bonbimom KaBkase akTyanbHa IS TIepH-
OIIOB Pa3BUTUSI MACIITAOHBIX TUAPOMETEOPOJIOTUUECKUX
aHOMaJIMii, KOorja ocoOeHHO 3aMETHBI PErMOHaTbHbIE
pa3IMInsg B MHTEHCUBHOCTH JIABUHOMPOSIBIEHUsI. B 3THX
YCJIOBUSIX HAaMOOJIbIIEE YMCIIO 0COO0 KPYIHBIX JIJABUH
HabJoaeTcsl B palloHax ¢ ONTUMAaIbHBIM COYETaHUEM
(akTopoB TaBUHOOOPa30BaHMsI: O0JbIINM KOJIUUECTBOM
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JIaBUHOCOOPOB B BUJIE JICTHUKOBBIX KAPOB, KOTOPhIE
OCBOOOJIMIIMCH OTO JibJa U TIPEBPATUIUCh B TUTAHTCKUE
ovary 3apoxXIeHus JaBUH; BICOKOI CHEXXHOCTbIO; OJia-
TOTNPUSITHBIMU TUTIAMU CHETa JJIsl 0OpYILIeHUsI 0CO00
KPYMHBIX JaBUH. OTMEeUeHHbIEe B paboTe 0COOEHHOCTHU
B (hOPMUPOBAHUM JIABUHHBIX IKCTPEMYMOB MPOEILIUPYIOT-
51 KaK Ha COBpEMEHHBbII TIepUOJ1, TaK U Ha MPEACTOSIIIINE
necstunetus. C no3uuuit pesibeda MpoaosKaroasics
Jerpajaliusi ojieleHeHUs Ben€T K AajbHelIIel TpaHe-
¢opMalu KapoB U SBJISIETCS OJaronpusiTHbIM (hakTo-
POM TS YBEJTMICHUS YMCIIa KaTacCTPOPUISCKIX JTaBUH.

C no3unuii KimMaTa HabJIrogaeTCs IIPOTUBOIIOIOX-
Has teHaeHuus. ITorerienue Ha boabiom KaBkaze
MPUBEJIO K 3aMETHBIM U3MEHEHUSIM B PEKMME BBITIale-
HUSI UHTEHCUBHBIX OCAIKOB Y CMEIIIEHUSI X CE30HHOIO
MUKa C CEPEeAVHBI 3MMbI Ha 3MMHE-BECEHHM ITEPUOI, UYTO
KapAWHaJIbHO OTPA3WJIOCh HAa XapaKTepe CHEroHaKoILIe-
HYSI 1 JIABUHHOM IeSTeIbHOCTU. B mepBbie necaTuieTus
XXI B. He OBIJIO OTMEUYEHO HU OJHOTO CJIydasi MaCCOBOTO
CX0Ja KPYITHBIX JIJABUH, KOTOPbIE ObI OITHOBPEMEHHO
Habroganuch B AByX cekTopax Kaskaza. Bmecte ¢ TeMm,
COBpEeMeHHOe MOoTeMJIeHre, CONTPOBOXKIaK0IIeecs Po-
CTOM KJIMMATUYECKOM M3MEHUYMBOCTH, HE NCKJIIOUYAET
TTOSIBJICHUST B OyIyIIeM OTAETbHBIX 3UM IT0 TUTTY 1975/76
u 1986/87 rr.

baaromaprocTu. PaboTa BhImosiHEHA TIpU TTOAIEPKKE
PODU 1o mpoexrty Ne 20-05-00280a.
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The purpose of this paper is to substantiate the geographical boundaries of areas which are distinguished
in the Greater Caucasus by the intensity of avalanche formation at the large-scale hydrometeorological
anomalies and can be classified as “epicentres” of the avalanche activity. For the period of snow avalanche
observations in the Caucasus in the 20th century, the Nature did twice demonstrate “experiments” in
the winters of 1975/76 and 1986/87, during which especially intensive releases of avalanches occurred
in the same areas of the southern macro-slope of the Central Caucasus. This work is an effort to answer
the question — why the main impacts of the snow disasters occurred within the boundaries of the same
territories. The results of the analysis show that the highest intensity of avalanche activity is observed
in those areas where three factors of avalanche formation are simultaneously realized: a big number of
large avalanche catchments, including ancient glacial cirque zones (corries); high snowiness; types of
snow favourable for the mass releases of especially strong avalanches. In the Caucasus, these criteria are
met by the usually identified watershed zone of the Main Caucasus Range and, as the analysis showed,
the territory of mountainous Georgia in the Inguri River basin (with tributaries of the Nenskra, Nakra,
Mestia-Chala, Dolra, Mulkhura rivers), as well as the upper reaches of the river Kodori (Abkhazia).
According to the USSR Glacier Inventory (1986), up to 80% of the corrie relief forms of the southern
macro-slope of the Caucasus are concentrated in the basins of the Inguri and Kodori rivers, many of
which are centres of origin of especially strong avalanches. The high snowiness of this territory, as
compared to neighbouring areas, is conditioned by the influence of the orography and the climate effect,
that is seen on the map of the solid precipitation distribution in the Atlas of Snow and Ice Resources
of the World (1997). Only in this sector of the Greater Caucasus is there a kind of “peninsula” of high
snowfall extending for tens of kilometers towards the moisture-bearing airflows from the Black Sea.
Temperature conditions in the zone of increased snow accumulation are the factor contributing to the
avalanche formation, which is manifested in its structural, textural and strength properties.

Keywords: the Greater Caucasus, hydrometeorological anomalies, particularly great avalanches, intensity of
avalanche activity, glacial kars, snowyness, types of snow
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BBEAEHUE

B npukonTakTHOM ciioe cHera (0—5 cM) oOMeHHbIe
MpolIecCHl TTpoTeKaloT Hanbosee akTuBHO. Ha ocHoBa-
HUU pe3yJIbTaTOB KOMIUIEKCHBIX HcclienoBanuit (Demo-
ceena, 2003) MOXHO OBIJIO OOBSICHUTH MOSIBJICHUE TaK
Ha3bIBAEMOT'0 «BECEHHET0» MaKCUMyMa MUHEPaIU3aliiiu,
Ha0J1I01aeMOT0 €XXeroIHO, YBeJTUUYEHUEM KOJTUYEeCTBa
cpeabl MUTPALIMM 3a CYET U3MEHEHUSI MUKpopeibeda
MMOBEPXHOCTHU YaCTHUII CHera U (pOpMUPOBAHMST KBa3U-
KUIKWX TUIEHOK HepaBHOBECHOM TOMIMHEL. Ha ocHo-
BaHWM JINTepaTypHBIX JaHHBIX TToKa3aHo (Pemoceena,
2003), uTo npu TeMMepaTypax, HabIAaEMbIX B TOJIILIE
CHera B 3TOT MePUOI, B YCIIOBUSIX TEPMOAMHAMUYECKOTO
paBHOBECHSI TOJIIIMHA KBA3WXKUIKOM TJIEHKU COCTABIISIET
HECKOJIbKO HAHOMETPOB, YTO HE MOKET CIIOCOOCTBOBATh
3aMeTHOU murpaiuu Beiiects. Ob6pa3oBaHKe MIEHOK
HEePaBHOBECHOM TOJIIIWHBI TOJKHO OBITH CIEICTBUEM
JBUXEHMSI U CBEPXY, U CHU3Y TTOTOKOB Tapa, KOTOPbIi
KOHJICHCUPYETCS Ha MOBEPXHOCTU KPUCTAJJIOB CHera.
B yciioBusix o6111€r0 MpOrpeBaHusi CUCTEMBI TOJIIIMHA
MX MOXET TOJIbKO Bo3pacTaTh. B onpeneéHHbI MOMEHT
TIPY HEYKJIOHHOM TIPOTpeBaHNN MUHEPAIU3ALIMS B CIIOE
CHeTra, TOCTUTHYB MaKCMMyMa, HaUMHaeT CHIKAThCS,
Mo-BUANMOMY, U3-3a 00pa30BaHUsI Ha TOBEPXHOCTHU
KPUCTAJIJIOB CJIOEB TIEPEOXJIAXKIEHHOW BOIbI CIIMIITKOM
00J1b11011 ToNIIKUHBEL. [To 3TOI MpUYKMHE BO3HUKAIOT yC-
JIOBUSI IJ11 TPAaBUTALIMOHHOTO «BBIMBIBAHUSI» BEILIECTB.
HMMeHHO B 3TOT MEepUOa B €CTECTBEHHBIX YCIOBMSX
TIpH eI€ OTPHUIIATEIBHBIX TeMITepaTypax HaunmHaeTCs
TePUOJI yCaIKU CHEXKHOTO TTOKPOBa, 00YCIOBICHHOM

«CJAMMAaHUEM» YaCTULl U3-3a BO3PACTAHMUSI TOJLIMHbI
KBa3VKUAKOM TMIIEHKW M, COOTBETCTBEHHO, YBEJTMYEHME
IJIOTHOCTH cHera. [1ociienHee BbISIBIISIETCS IIPU aHAIM3e
CTIPaBOYHBIX JTaHHBIX ['ocKOMTHIpOMETa, KaK, HaIIpuMep,
IUTSI OOCYXKIaeMOro HIDKe Mpollecca MUTPpalliK 30J10Ta
(Merteoponornyeckuii...,1987).

DuU3NKO-XUMUUIECKHE MTPOLIECCH — OCHOBHI SIBJIE-
HMIi, HaOII0JaeMbIX B OKpyXKaroleii cpene. B cucreme,
BKJIIOYAIOIIEH CHEXHYIO TOJILY MU KOHTaKTUPYIOLIM I
¢ Helt MaTepuan cyocTpara, OHM 00YCIOBIMBAIOT BO3-
MOXKHOCTb MNPaKTUYECKOTO MPUMEHEHUST TEOXUMUYE-
CKOTO OIpOOOBaHMS CHEXXHOTO ITOKPOBa MpPU IMoncKax
MECTOPOXKICHUI MOJIE3HBIX NCKOTIAEMBIX U TSI OLICHKH
9KOJIOTMYECKUX TTOCJIEICTBUIA 3aTpsSI3HEHUSI OKPYXKalo-
1Ieii cpenbl TeMU MU MHBIMU BellecTtBamu (JIykaieB
u ap., 1987; Maxkapos, 1998).

CyTb MPOUCXOSIIETO 3aKI0YaeTCsl B TOM, YTO XU-
MUUYECKHE BellleCTBa MUTPUPYIOT U3 cyOcTparta (IouyBa
WJIK JIE) B IPUKOHTAKTHBIN €101 CHera Mo BIUSIHUEM
rpagyMeHTa KOHIIEHTPalMU. DTO MPOUCXOAUT Oaroaa-
psl HAIWYMIO B CyOCTpaTe He3aMeP3IINX IUIEHOK BOIBI
U KBa3WXXUIKOM MJEHKU Ha MOBEPXHOCTU KPUCTAJIOB
cHera. OHM MOTYT 00pa30BaThCsl Ha KpUCTaJJIax cHera
B HavaJie XOJIOMHOTO TIePHOAa B pe3yIbTaTe MMITYJILCHOTO
MOJITOKA MapoB BOAbI U3 cyOCTpaTa Mpu Pe3KOM MOHU-
SKEHMH TeMIIEpaTyphl BO3yXa, ECJIM CHET TOJIbKO Havyal
oTJIarathbcs Ha ellg «Teryto» nouBy (Denoceera, 2003),
wiu 6Jarogapsi MOTOKY Mapa B epuo MporpeBaHus
CHEXKHOI TOJIIIIN B KOHIIE XOJIOAHOTO, TaK HAa3bIBAEMOTO
«BECEHHETO» MEPUOJIA.
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Bo3MOXHO, 4TO /15 TTONTy4eHUsT 3P HEKTUBHOIO pe-
3yJIbTaTa TeOXUMUYECKOTO OIIPOOOBAaHMS BpeMsi 0TO0pa
po6 cHera (KOHeII XOJIOIHOTO Ieproia) ObLIO BhISIBIIE -
HO BMITMPUYECKU C OTIOPOI Ha IIEPUOI MAKCUMAIbHOIO
Biiaro3anaca (BacuneHnko u ap., 1985). [To-Bunumomy,
B 3TOT MEPUOJL B CHEXHOI TOJIIIE CO3AAI0TCS OJaronpu-
SITHBIE TEMIIEPATYPHO-BJIaXKHOCTHBIEC YCIIOBHSI, OIIpee-
JISTIONINE 3aMETHYI0 MUTPAITNIO BEIIECTB U3 cyOcTparta
B CHer. MexaHu3M 3TOro Ipoliecca IoKa He SICeH, HO
MUTPAIS MOKET ITPOUCXOANTH TOJIBKO P HATUIUU
SKUIKOM (KBa3MKUIKOM) (ha3bl, BOSMOXKHOCTh HAJTMIMSI,
CBOICTB 1 pOJIM KOTOPOI1 clienyeT olleHUTh. B padore
MPOBEIEH aHAJIN3 JaHHBIX 110 TMHAMUKE TeMIIepaTyphl,
00yC/I0BIMBAIOLIEl HAIIpABJICHUE 1 BEIMUMHY IpaiueHTa
IJIOTHOCTH TTapa B MPUKOHTAKTHOM CJIO€ CHETA, C IIeJTbI0
MOJIYYMTh KOJIMYECTBEHHBIC 3aKOHOMEPHOCTH, XapaK-
TEPU3YIOILIKNE MUTPALIAIO PACTBOPUMBIX COSAMHEHUI 13
cyOCTpaTta B CHEXXHBIN ITOKPOB.

METOAWKA UCCIEJOBAHUN

Ha ocHoBaHMM HEKOTOPOTO OIbITa 1a00PaTOPHOTO
uccienoBaHus PU3NKO-XUMUUECKUX CBOMCTB MOBEPX-
HOCTU IUCTIEPCHOTO JibJla aBTOPAMU B Te€YEHNE HECKOJIb-
KMX JIET Ha cTallMOHapHOM rutoianke B LleHTpanbHO
SAxytum Ha 6aze MHcTuTyTa MepanoroseaecHust CO PAH
MPOBOJIUIICS KOMILJIEKC HATYPHBIX UCCJIEIOBAHUI 110
BBISIBJIEHUIO OCHOBHBIX (DaKTOPOB, KOTOPbIE CIIOCOOCTBY-
IOT MUTpALIMK BEIlIeCTB 13 cyOcTpaTa (o4YBa Wid JIEM)
B CHEXXHBI TOKpoB (MaxkapoB u jp., 1990; democeena,
2003). C uenbio OoJiee TECHOrO KOHTAaKTa CHera ¢ Io4BOit
repe HauaJloM OTJIOXKEHMS CHera C TOBEPXHOCTHY MOYBBI
yaaJis1ach PaCTUTENIBHOCTh. bblla mpoBeieHa Ka4yeCTBEH-
Hasi MUHTepIpeTalus pe3yJbTaToB UCCIeI0BAHUM C Ha-
JEXHBIM 000CHOBaHHWEM BBIBOJIOB O TOM, UTO MUTpaLIUsl
BEIIECTB 13 cyOCcTpaTa B IPMKOHTAKTHBIN CJION CHera
MPOUCXOIUT IO KBA3UXUIKUM TIJIEHKAM, BO3MOXHO,
HEPaBHOBECHOM TOJIIIUHBI.

11 mosmyyeHust 6oJ1ee BhIpa3UTEIbHBIX PE3yJIbTaTOB
MPOBEICHBI SKCIIEPUMEHTHI, KOTa B KaUeCTBE CyOCTpa-
Ta UCITO0Jb30BATUCh 3aMOPOXKEHHBIE OJI0KU PaCTBOPOB,
comepxKalimx Kak Makpo-, TaK I MUKPOKOMITOHEHTBI
(Fedoseeva, 2002). st mpoBeaeHMs MCKYCCTBEHHOTO
AKCIIepUMEHTA B KaUeCTBE CyOCTpaTa MCIOJb30BAIU
3aMOpPOXEHHBIE OJIOKU PacCTBOPOB, HATIOJTHEHHBIE TIE-
CKOM (TIpY UCCIeNOBAaHUM MUTPALIMU TUOCYIb(hATHBIX
KOMIUIEKCHBIX MOHOB 30JI0Ta) WIX HOJIUCTUPOIOM (IIpH
W3YYeHUW MUTPALIMUA MOJINOIAT-aHUOHOB, KATHOHOB
MeIU U UM COMYTCTBYIOIIMX MOHOB). CocTaB UCHOJIb-
30BaHHBIX PACTBOPOB ObUI ciieayomuM: 10~ Mob/1
Au(S,0,),* + 1072 monb/n NaCl; 10~ mosib/1 MoO >~ +
10-2 monb/n KC1 + 10! monb/n NaCl; 102 mosnb/i CuCl,
+ 1072 mosb/n HCI + 1072 moab/n KC1 + 107! monb/n
NaCl. IIpucyrcTBre TOMTOJHUTEIBHBIX MOHOB M MX KOH-
IIEHTpAI OBUTH 00YCIIOBIEHBI HEOOXOMUMOCTBIO CTa-
OMIM3ALIMY XUMHUYECKUX (DOPM HAOTIOTaEMBIX NOHOB.

3aMopoXXeHHbIe 0JI0KU YCTaHaBJIMBAJIUCh 3a0j1aro-
BPEMEHHO B TTOJOIITBE CHEXXHOTO TTOKpoBa. TemrmepaTypy

OEJOCEEBA

U3MEPSJIM HECKOJIBKO pa3 B CYTKM C TOMOIIbIO Tep-
MOpPE3HUCTOPOB, YCTAaHOBIIEHHBIX HA YPOBHE KOHTAKTa
CHera ¢ cyOCTpaToOM U Ha BBICOTE 5 CM B TEUEHHUE BCETO
aKcriepuMeHnTa. M3 mpukoHTakTHOTO c1os (0—5 cM)
CHera oTOMpasu MpoObl 17151 ONpeneeHUs KOHILIeHTpa-
IIMY MOHOB C TIPUMEHEHNEM Pa3HBIX METOIOB. 30JI0TO
OIpeaessyii aTOMHO-a0COPOIIMOHHBIM METOIOM Ha
criektpodoromerpe AA-6200, MOTUOIEH 1 Mellb — CIIeK-
TpajabHBIM MeTO0M Ha npudope JIPC-8, HaTpuii 1 Ka-
TN aHATU3UPOBAJIA METOIOM (hOTOMETPUH TNTAMEHU
Ha npubope Mnado-4, MOHBI BOLOPOIA ONPEIE/ISUIN
MOTEHIIMOMETPUYECKIM MeTOIOoM Ha moHomepe M-120.2,
XJIOpUI-aHUOHBI aHAIM3UPOBAJIU C TIOMOILBIO 00BEMHOTO
MEPKYpPUMETPUIECKOTO METOA.

AHaIN3 pe3yJIbTaTOB UCKYCCTBEHHBIX SKCIIEPUMEHTOB
B KOHIIE XOJIOMHOTO IepHO/Ia C aKLIEHTOM Ha BO3MOXKHOE
BBISIBJIEHUE KOJMUECTBEHHOM B3aMMOCBSI3U TMHAMUKU
MUTPALIMM MOHOB C TEMIIEPATYPHO-BIAXKHOCTHBIMU YCJIO-
BUSIMM Ha TpaHULIE TOJIIM CHera U MaTepuasa cyoctpara
paHee caenaH He ObL1. MaccuB JaHHBIX IO TEMIIEpaType
MPpU CUCTEMATUYECKOM €€ U3MEPEHUU B TPUKOHTAKTHOM
cjioe cHera Ha ypoBHsIX 0 1 5 ¢M B TpEX BKCIIepUMEHTaX
JIOCTaTOYHO OOJIBILION, TO3TOMY B KQUueCTBe MpUMepa Ha
rpaduke (puc. 1) nmpeacraBiaeHbl TEMIIEPaTypPhl B IIPU-
KOHTaKTHOM cJioe cHera (Ha BbicoTe 0 U 5 M OT IoBepX-
HOCTHU CyOCTpara) B MHTepBaJie BpeMEHU, COBIAAIOIIEM
C MePUOAOM aKTUBHOM MUTPALIU TUOCY/Ib(haTHBIX MIOHOB
30JI0Ta U3 cyOcTpaTa B IpUIeTalolInii cjoii cHera — ¢ 4
o 25 anpesist 1987 r. B cooTBETCTBUM CO CITPaBOUHBIMU
JaHHbIMU (CripaBOYHMKMU...) ONpeaesIsuiach INIOTHOCTh

L ‘
[\S) oo
1 [

Temmneparypa, °C

L
‘P

-20

2200 2400 2600 2800

Bpewms, u

Puc. 1. iamMeHeHue Temriepatypbl B IPUKOHTAKTHOM CJIOE€ CHE-
ra B niepuof ¢ 4 o 25 anpens 1987 r., cBsI3aHHBINM C aKTUBHOM
murpanmeii noHos Au(S,0,),>” u3 cyberpara B CHer B KOHIIE XO-
JIOIHOTO IEPHO/IA IIPU IIPOrPeBaHUU TOJIIIM B «BECEHHEE» BPEMSI.
Temmepatypa cHera: / — Ha ypoBHe KOHTAaKTa CHeTa ¢ CyOCTpaToM,
0 cM; 2—Ha Boicote 5 cM. Otcuér Bpemenu ot 01 stuapst 1987 1.
Fig. 1. Changes in temperature in the contact layer of snow in the
period from April 4 to April 25, 1987, associated with the active mi-
gration of Au(S,0,),*" ions from the substrate into the snow at the
end of the cold period when the layer warms up in the “spring” time.
Snow temperature: / — at the level of contact of snow with the
substrate, 0 cm; 2 — at a height of 5 cm. The time countdown is
shown from January 1, 1987
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MEXAHW3M MUTPALIMU MOHOB U3 MATEPUAJIA CYBCTPATA B CHEKHbIM [TOKPOB...
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Puc. 2. I'pagveHT IUIOTHOCTUA BOASIHOTO Iapa: / — B IPUKOH-
TakTHOM cijioe cHera (0—5 cM); 2 — tpeHa. OTCUYET BpeMEHU OT
1 auBaps 1987 r.

Fig. 2. Water vapor density gradient: / — in the near-contact layer
of snow (0—5 cm); 2— trend. Countdown from January 1, 1987

MapoB BOJIbI HA 3TUX YPOBHSIX C MOCESAYIOLIMM PaCUETOM

3HAYEHU U TpaIMeHTA MJIOTHOCTH, U3MEHEHNE KOTOPOTO BO

BpeMEeHH MOoKa3aHo Ha puc. 2. Takoii ke Moaxo/ K aHaIu3y

TEMIEPATYPHO-BIKHOCTHBIX YCJIOBUM UCITOIB30BAJICS

B IBYX APYIUX dKcIlepuMeHTax. Bce rpaduku B padote

BBIITOJTHEHBI ¢ TTOMOIIIBI0 porpaMmbl Origin (McakoBa

u 1ip., 2009). ConepxxaHue aHATM3UPYyEMbIX MUKPO- U Ma-
KPOKOMITOHEHTOB B IPMKOHTAKTHOM cJioe cHera (0—35 cm)

B [I€PUOJT HAOTIOAEHWI COMOCTABJISIM C BETMYMHOM Tpa-
JIMEeHTA TJIOTHOCTH T1apa B HEM. 3HAYeHMSI TTOCIIEHErO

Ha MOMEHT 0TOOpa MpoO CHera OTCYUTHIBAIM 11O KPUBBIM

(TpeHmam), armpOKCUMUPYIOIIUM 3aBUCMOCTH TPaeHTa

IUTOTHOCTH Mapa OT BpeMEHM HAOII0AeHUS (CM. puC. 2).

PE3VIJIBTATHI 1 UX OBCYXKAEHUE

Ha rpanutie cios cHera (0—5 cM) ¢ ToACTUIAIOIIUM
cyOocTpaToM OOMEHHBIE ITPOLIECCHI JOJDKHbBI IIPOTEKATh
HauOosiee akTHBHO. Kak ObI0 cKa3aHO BHIIIE, HA OCHO-
BaHMU Pe3yIbTaTOB KOMIUIEKCHBIX nccienoBannii (De-
noceeBa, 2003) MOXXHO ObUIO OOBSICHUTD ITOSIBJICHUE TaK
Ha3bIBAEMOT'0 «BECEHHEr0» MAaKCMMyMa MUHEPAIU3aLIiH,
Ha0JII0JaeMOT0 €XXETOAHO, YBEJIMUCHNEM KOJIMYECTBA
cpebl MUTpalliy 3a CYET 00pa30BaHUsI MUKpopesbeda Ha
ITOBEPXHOCTHU YACTULI CHEeTa U (hOPMUPOBAHUSI KBAVIKUI-
KWX IDIEHOK HEPaBHOBECHOM TOMIIMHEIL. Ha 310 yKa3bBaim
BBISIBJICHHOE YBEIMUCHUE YIICTIbHOM ITOBEPXHOCTY YaCTHULI
CHera 1, COOCTBEHHO, caM (DaKT MOBBILIEHNSI MUHEPA-
JIN3alIMU B CJIOE CHera, BO3MOXHOT'O TOJIbKO BCJICICTBUE
MUTpAIU BEIIECTB U3 CyOCTpaTa IMOCPeICTBOM KBa3IKI/I-
KUX TUIEHOK C TOJIIIMHOM, TIPEBbIILIAOIIeH PABHOBECHOE
(HECKOJIbKO HAaHOMETPOB) 3HAYEHMUE TIPU JOCTATOYHO
HU3KUX OTpULIATeJIbHBIX TeMIiepaTypax (cm. puc. 1). Bcé
310 (hopMUpYyeTCs B pe3ysIbTaTe ABMKEHUS IIOTOKOB ITapa
B YCJIOBHUSIX OOILIETO TIPOrpeBaHMsI TOJIIIN CHETa P 13-
MEHEHUU HaMpaBJICHUSI ¥ BEJIMUMHBI TEMIIEPATYPHOTO
JEJ U CHET Ne 2
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rpagueHTa U, COOTBETCTBEHHO, I'PaJueHTa MJIOTHOCTU
mapa B CJIO€ CHera B Te4eHME CYTOK (CcM. puc. 1—2).

B orpenenéHHbINM MOMEHT MpY HEYKJIOHHOM MpOrpeBa-
HUU CUCTEMbI MUHEPAIA3aLIMs B CJIOE, JOCTUTHYB MaKCH-
MAaJIbHOTO 3HaYeHMsI, HAUMHAET CHUKAThCS, TT0-BUIMMOMY,
M13-3a 00pa30BaHMsI Ha IOBEPXHOCTU KPUCTAJIIIOB CIIOEB
BOJIbI CIMIITKOM OOJIbII0M ToNuHBL. 1o 3Toit npuunHe
BO3HUKAIOT YCIIOBUSI JIJISI TPABUTALIMOHHOTO «BLIMBIBAHUSI»
BelecTB. UIMEHHO B 3TOT MepUo/, KaK YKa3aHO BhIIIIE,
¥ HAYMHAETCS 0cafKa CHEXKHOTo TTOKpoBa. B cooTBeTcTBUM
C 5TUM BCE BHUMaHMe TTPU TTPOBEACHUU U 00pabOTKe IKC-
MePUMEHTAIIbHBIX JAHHBIX OBUIO COCPEIOTOYEHO HA TIepU-
oJie, PEAIIEeCTBYIOIIEM OBICTPOTEYHBIM MpoLieccaM MPU
HEYKJIOHHOM TTOBBIIIICHUU TEMITePATyphl B IPUKOHTAKT-
HOM CJI0€ CHera, TeM 0oJiee MpU MPUOIMKEHNY e€ K HYJTIO.

OcHOBHOI1 (paKTOp, ONpPEACISIOIINI MUTPALINIO Be-
IIECTB,— 3TO I'PAJMEHT KOHIIEHTpalMu. FIx moctyruieHue
M3 cyOCTpara B MPUKOHTAKTHBIN CJIOM MOXET BO3HUKATD
TOJILKO TTIOCPEICTBOM KBa3WKUAKUX INIEHOK B CyOCTpaTe
1 Ha MOBEPXHOCTHU YACTUIL CHEra, PUYEM TOJIIIMHA TIe-
HOK C POCTOM TeMIIEpaTyphbl B LIEJIOM JOJDKHA BO3pacTaTh.

AHalM3 U3MEHEHUS TeMIIepaTyphl B CHETe U, COOT-
BETCTBEHHO, Pa3HOCTU TIJIOTHOCTHU Mapa B €ro BO3ayll-
HOM ITPOCTPAHCTBE Ha BHICOTE 5 CM M Ha YPOBHE €TI0
KOHTaKTa C CyOCTpaToM BO BCeX TPEX IKCIEpUMEHTaX
TIPUBEJT K BBIBOLY, YTO B «BECEHHUIT» TIEPUOI TMHAMM-
Ka coJiep>KaHUsI MIOHOB B MPUKOHTAKTHOM CJIO€ CHera
KOppeJupyeT ¢ U3MEeHeHUeM rpaaueHTa INIOTHOCTH
MapoB BOJIbI B BO3AYIIIHOM ITPOCTPAHCTBE MPUKOHTAKT-
Horo cyos cHera (puc. 3—5). Hago no6aButh, 4To pas-
HOCTb TIJIOTHOCTH, a TaKXKe YIPYTOCTU BOASTHOTO Mapa
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Puc. 3. 3aBUCUMOCTH KOHIIEHTPAIINU TUOCYIb(MaTHBIX NOHOB
3os10ta Au(S,05),*” OT rpagueHTa MIOTHOCTH BOSIHOTO Mapa
B cjioe cHera 0—5 cM Ha BOCXOZSIILEN BETBU «BECEHHETO» MaK-
CUMyMa MUHEepaJIN3alun

Fig. 3. Dependence of the concentration of gold thiosulfate ions
Au(S,0,),’ on the water vapor density gradient in a 0—5 cm lay-
er of snow on the ascending branch of the “spring” maximum
mineralization
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Puc. 4. 3aBUCUMOCTbh KOHLEHTpauu noHoB Meau Cu’* (1)
u Bomopona H™ (2) or rpaaveHTa MIOTHOCTU BOASTHOTO Iapa
B cyioe cHera 0—5 ¢cM Ha BOCXOMSIIEN BETBU «BECEHHEr0» MaK-
crMyMa MUHepaau3aluu

Fig. 4. Dependence of the concentration of copper ions Cu®* (1)
and hydrogen H* (2) on the water vapor density gradient in a
0—5 cm layer of snow on the ascending branch of the “spring”
maximum of mineralization

OLIEHMBAJIX 110 CIIPaBOYHBIM AaHHBIM (CIIPpaBOYHUKM... ),
KOTOPBIE XapaKTePHU3YIOT CUCTEMY B YCIIOBUSX TEPMOIM -
HaMHU4YecKoro paBHoBecust. OHAKO B ITOpax CHera Jaxe
B M30TEPMUYECKUX YCIOBUSIX YIIPYTOCTh ITApa MOXKET
MPEeBHIIIATh 3Ty BeauanHy Ha 3—8% (I'omy6eB, @postos,
2015). CMmeméHHOe Mo KaKoi-11u00 MpUUMHE PAaBHOBE-
CHe YCTaHABIMBAETCS B 3aBUCUMOCTH OT TEMITEPATYPhI
B TeueHue 60—80 yacos.

Takum 006pa3oM, B €CTECTBEHHBIX YCIIOBUSIX TIPU 13-
MEHSIIOIIeMCsI B TeYEHUE CYTOK M BCErO paccMaTpuBae-
MOTO TIeproIa TeMIlepaTypHOM peXnuMe paBHOBECHE T10
TUIOTHOCTH Tapa B CUCTEME HEe TOCTUTAETCs, TIPY TOM
YTO BO3MIYX B IOpPax CHeTa OBIBAeT TEePECHIIICH BIaroi
(Fomyoes, ®poios, 2015). OTMeyeHO, 4TO KO3 DU~
uuenT nuddysun napa B cuere (0.54 cm?/c) HaMHOTO
npeBbllaeT KoadduuneHT 1uddy3un mapa B BO3Ayxe
(0.22 ¢cM?/c) Kak pa3 BCIEACTBUE TOTO, YTO K €I0 MUTpa-
MU B BO3AYIITHOM TTPOCTPAHCTBE TOJIIM T0OABIISICTCS
Mpoliecc KOHAeHcalluy fapa Ha 00pallléHHOM K IMOTOKY
4acTU MOBEPXHOCTU KPUCTAJIOB CHEra ¢ Mmocjeayto-
111eii ero BO3TOHKOM ¢ MPOTUBOII0JIO0XHOM yacTu (I1aB-
J0B, 1979). Takum o6pa3oMm, TIpu MUTPALIAU T1apa IO,
BJIMSIHMEM TpaiMeHTa TIJIOTHOCTH T1apa, Mo-BUIMMOMY,
ornpenesIEHHOM BEJIMYUHBI U €T0 KOHJIeHCAllMY Ha T0-
BEPXHOCTHU YaCTUIL CHETa MOXET 00pa30oBaThCs MIEHKA
HEepaBHOBECHO OOJIBINIEH TOIIIMHBI, HE TOCTUTAIOIICH
PaBHOBECHOT'O 3HAUEHMSI U3-32 MEHSIIOIIETOCsl B TeUeHUE
CYTOK TeMIlepaTypHO-BJIaXKHOCTHOTO pexuma. B pe-
3yJIbTaTe CKJIaAbIBAIOTCS YCIOBUSI, O1aronpusITHbIE IS
MUTPAI MIOHOB U3 CYyOCTpaTa MpU HAJIMIWU IpanTieHTa
KOHIICHTPAIINN.
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Puc. 5. 3aBUCHMOCTH KOHIIEHTpAIlM WOHOB Hatpust Na* (1),
xsiopa Cl™ (2) oT rpagueHTa TJIOTHOCTH BOASIHOTO Tapa B clioe
cHera 0—5 cM Ha BOCXOISIIIIEH BETBU «BECEHHETO» MaKCUMyMa
MUHepaTnu3ainu

Fig. 5. Dependence of the concentration of sodium ions Na* (1),
chloride Cl™ (2) on the density gradient of water vapor in a layer
of snow 0—5 cm on the ascending branch of the “spring” maxi-
mum of mineralization

OO61ee 1151 BceX MPOLIeCCOB 3aKI0YaeTCsl B TOM, YTO
MUTpaIns HaYMHAEeTCs, KOTIa TPy HabJII0IaeMOM TIPO-
IpeBaHUU CUCTEMBbI TEMIIepaTypa Ha rpaHuIIe CHera
u cyocTpara npubmkaercs K —13 + —12 °C. Murpanus
BEIIIECTB 10 KBAa3WKUIKIM TUIEHKAM TP TaKUX TeMTIepa-
Typax B paBHOBECHBIX YCIOBUSIX B IPUHIIMIIE HEBO3MOX-
Ha 13-3a MaJioii TONIIMHLI INIEHOK (Penoceena, 2003).
OmHako TIpY 3TUX TeMIlepaTypax yIpyrocThb Iapa Haj
MepeoxIakIEHHON BOIOH BbIIIE, YeM HaJl TOBEPXHOCThIO
nena (barran, 1965), 1. e. cylecTBOBaHME IIEHOK TaKOM
BOJIBI B 3TUX TEMIIEPATYPHBIX YCIOBUSIX BO3MOXKHO. Ha-
4yajio 3aMETHON MUTPALIMK MOXET CJIY>KUTh KOCBEHHBIM
MOATBEepKIACHUEM Havama (G OpMUPOBAHUS, Pa3BUTHS
¥ cOXpaHEHMUS IJIEHOK TMepeoxJIaskIEHHON BOIKI B HE-
PaBHOBECHBIX YCJIOBUSIX MOJI, BIMSIHUEM TTOTOKOB Tapa.
KBaswmxkuakas rui€HKa Ha KpUcTajulax JIbaa ncue3aer,
BO3MOXHO, IPU AOCTAaTOYHO HU3KUX TEMITepaTypax,
00 3TOM M3BECTHO JaBHO. B pabote (Penoceena, 2003)
B X0j1e JIaOOpaTOPHBIX COPOLIMOHHBIX 9KCIIEPUMEHTOB
YCTaHOBJIEHO, YTO 3Ta (hopMa BOABI MOJHOCTBIO HCUe-
3a€T TOJILKO TOCJIe JUIUTEIbHOTO (00Jee IByX MecsI1eB)
BBIIEPKMBAHUS 00PA3IIOB CHeTa MpY TeMIIepaType HIKe

—40 °C.

OTMeYeHO, YTO YCTAaHOBJICHNE KaKO-IM00 3aKOHO-
MEPHOI1 B3aMMOCBSI31 KOJIMYECTBA MUKPOKOMITOHEHTOB
B IMPUKOHTAKTHOM CJIO€ CHera U TpajiMeHTa IMJI0THOCTU
rapa B CTOJIb I[MHAMUYHOM IIPOLIECCE MACCOOOMEHa OymeT
KOPPEKTHBIM, €CJIM pacCMaTpUBATh 3HAYSHUS BEJTUUMH,
KOTOpBIE OTHOCATCS K TIEPUOIY TOCTUKEHHSI MaKCUMyMa
conepkaHusi HOHOB, T. €. MOHOTOHHOMY BO3pacTaHUIO
MUHEepaIn3aluy B IPUKOHTAKTHOM CJIO€ CHera. (CM.
puc. 3—35; tTabauna). TemnepaTypbl B TPUKOHTAKTHOM
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cJioe CHera B 3TOT MEePUOJ OCTAIOTCS ellE JOCTATOYHO
HU3KUMH (CM. puc. 1), 1 OCHOBHBIM THIIOM TIepeHoca
BIIaru OyJeT rnepeHoc B Buue napa. [1pu rocneayroiieM
MOBBILIEHUU TeMIIepaTyphbl B LIEJIOM MTPOLIECCHI YCIOX-
HSIOTCS, TaK KaK MOSBISICTCS BO3MOXHOCTh MUTPAITUI
TUIEHOYHOM BJIArU MPY PE3KUX HOUHBIX ITOHUKEHUSIX
TemnepaTypsl Bo3ayxa (JlebenmeHnko, 1989), cienona-
TeJIbHO, M B CHEXXHOM TOJIIIIE, a TAKXKEe 00pa30BaHMUS
00BEMHOI (ha3bl BOIBI, UTO CIIOCOOCTBYET «CTEKAHUIO»
TIEHOYHBIX PACTBOPOB.

W3 puc. 3—5 BUIHO, YTO COOTBETCTBHME COIEPKa-
HUS MOHOB B IIPUKOHTAKTHOM CJIO€ CHEXKHOTO TTOKPOBA
U rpaJieHTa IUIOTHOCTU Tapa OMUCHIBAETCS JIMHEHBI-
MU 3aBUCUMOCTSIMU: JUISI TUOCYIb(HATHOTO KOMILIEK -
ca 3omota: [Au(S,0,),>"] = 0.26:-Ae — 2.23-10~°, re
Ae — rpagueHT moTHOoCcTH napa (ITaBmos, 1979), ¢ Be-
JIMYUHON TOCTOBEPHOCTH anmpokcuMauuu 0.98; mis
noHoB Menu: [Cu®™] = 0.65-Ae + 2:10~° ¢ BenMuMHOM
JocToBepHOCTH anrpokcuMauyu 0.52; 1j1st MOHOB BO-
nopona: [HY] = 1.30-Ae + 1:1077 ¢ BetmumHOM 1OCTO-
BepHOCTU annpokcuManuu 0.88; 111 MOHOB HATPUSI:
[Na*] = 114.4-Ae + 3-107° ¢ BeIMUMHOI JOCTOBEP-
HocTu annpokcumanuu 0.69; 1y XJI0pUa-aHUOHOB:
[Cl7] = 998.6:Ae + 1-10~° ¢ BeIMUMHOI1 JOCTOBEPHOCTI
anmnpokcumanuu 0.89.

M3 nipuBen€HHBIX TaHHBIX BUIHO, UTO MOJIEJIb JIU-
HEeWHOW B3aMMOCBSI3U KOHIIEHTPALMU MUTPUPYIOIIUX
MOHOB B MPUKOHTAKTHOM CJIO€ CHEra ¢ TpaJilueHTOM
MJIOTHOCTHU Mapa B HEM BIIOJIHe npaBomepHa. [1pen-
MOJIOXKEHO, YTO pa3niue BEIUUYNHbBI JOCTOBEPHOCTHU
armmpokcuMannu (3ametHoi: 0.52 1 0.69, Beicokoit: (.88
u 0.89 n BecbMa Bbicokoil — 0.98) 1151 pa3HbIX MOHOB
B KaKoOi-To Mepe 00YCJIOBJICHO UX aJCOPOLIMOHHBIM
B3aMMOJIEVICTBUEM Pa3HOI CTETNIEHU C MaTepUaioM Ha-
nojHuTess B cyoctpaTe. Camasi BICOKasl JOCTOBEPHOCTh
JIMHEIHOM anmpoKCUMalu HabIronaeTcs AJIsT OTpulia-
TEJILHO 3aPSI)KEHHBIX TUOCYIb(hAaTHBIX KOMIUIEKCHBIX
WOHOB 30J10Ta, MO-BUAMMOMY, OTTOTO, YTO OHU CJ1a00
COPOUPYIOTCSI TOBEPXHOCTHIO YACTUIL HATIOJTHUTES
(peuHoro Mecka), KoTopasi UMeeT, KakK U3BECTHO, TOXe
OTpULIATEIbHbBIN 3apsi.

B OKCIIEPUMEHTE IO U3YYCHUNIO MUTpall MO-
JII/I6,Z[aT—aHI/IOHOB Ha BOCXOSIIIEN BETBU BECEHHETO MaK-
CUMyMa MUHEpaIM3aliu OKa3aJuCh TOJIbKO ABC TOYKHU,
IIO3TOMY PE€3YJIbTAThI ITPEACTABJICHBI B BUIIC TaOIULIBI.

Ta6muna. Konuenrpanus Moiubaar-aHnoHos [MoO,*"|
n roHoB Kanus [K*] mpu pasHoii BennyuHe rpagreHTa
TJTOTHOCTH BOJISTHOTO Tapa (Ae) B MPUKOHTAKTHOM CJIOE
CHera Ha BOCXO/ISIILIEH BETBU «BECEHHEr0» MaKCUMyMa

Ae
8 (1 /eengd [MoO,*1, [K™T,
Aara 10 (Crl\{l M)/ 10~ Mosb/n | 107 Mosb/1
31.03.1991 0.8 0.5 0.12
08.04.1991 3.6 1.85 0.70
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235

3AKITIOYEHUE

HeTtanbHblil aHATU3 TEMIIEPATYPHO-BIAXKHOCTHOIO
pexxuMa B IPUKOHTAKTHOM CJIO€ CHEXKHOTO TTOKPOBa
B BECEHHEE BpeMs MPUBEN K BbIBOMY, YTO aKTHBHAs
MUTpalvs MUKPOIJIEMEHTOB U3 CyOCTpaTa B CHEr Ha-
YUHAETCH MO TOCTUKEHUN TEMIIEPATYyPhbl HA TPAHULIE
KoHTakTa —12 -+ —13 °C u pa3BuBaeTcsl MpU YMEPEHHOM
nporpeBaHuu 6jiarogapsi 00pa3oBaHUIO KBa3VKUIKOMN
IUIEHKUW Ha KpUCTaJJlaX CHera ¢ TOJIIUHOM, MPeBbI-
1Iaroleit paBHOBECHOE 3HaUeHUe (HECKOJIbKO HaHO-
METPOB) JIJIsl HAOJII0JaeMbIX TEMITePATYPHbIX YCJIOBUIA.
CBeneHUs 0 TOM, UTO YIIPYTrOCTh IapOB HaJ Mepeox-
JIaXXAEHHOM BOAOI MPU 3TUX TeMIlepaTypax 3aMeTHO
BBIIIE, YeM HaJ TTOBEPXHOCTHIO Jbla, U caM (pakT MU-
rpalyMy MOHOB MpPeAIoJiaratoT MosiBJaeHue TaKuX Me-
HOK B cucTeMe. A ABMXKYIIUM (paKTOpoM Jisl Havaia
MUTpalLMU TTPU OTHOCUTEIBHO HUZKUX TeMIlepaTypax
0€3yCIIOBHO SBJISIETCS TPAAUEHT KOHIIEHTPAllUM MOHOB
MUKpPO3JeMEHTa B He3aMEP3IIKX IJIEHKax cyocTpaTa
1 B KBa3MXKUIKUX IUIEHKAX MOBEPXHOCTU KPUCTAJIIIOB
cHera. @opMrpoOBaHUe TUIEHOK CBSI3aHO C MUTpaIIuei
MmapoB Bojabl. YeM MHTEHCUBHEE MOTOK Mapa, TeM OOJIbliIe
TOJIIMHA HEPABHOBECHBIX MJIEHOK MEePEOXJIaKAEHHOM
BOJIbI. DTO CITOCOOCTBYET MUTPALIMM MOHOB U3 CyOCTpaTa
B IPUKOHTAKTHBIN CJIO¥ CHEra, 03TOMY 3aKOHOMEPHO
MoJIydeHa JIMHEWHAast 3aBUCUMOCTb COAEPKaHUS B HEM
MUTPUPYIOLINX UOHOB OT IpaiMeHTa YIIPYrocTH Tapa.

I1pu aKTUBHOM ITOBBIILIEHUU TEMIIEPATYPhl OKPY-
JKalolei cpeabl BO3MOXHO ()OpMUPOBAHNUE B CUCTEME
TUIEHOK TEPeOoXJIaXkIEHHOI BOIBI TAKOH TOMIIMHBI, KOTO-
pble, IM0-BUAMMOMY, BMECTE C MEHSIOIIMCSI B TeUCHUE
CYTOK TeMIlepaTypHBIM PEKMMOM MOTYT CITIOCOOCTBO-
BaTh U KOHBEKTUBHOMY ME€PEHOCY XMUAKOM (ha3nl U3
cyOcTpaTa B IpUMKOHTAKTHbIM cioi cHera. Ilpu nanb-
HeW1IEeM HEYKJIOHHOM MPOTPEBAHUM CHEXXHOW TOJIIIU
MOSIB/ISIETCS TTOABMXKHAsSI 00bEMHAas (ha3a BOAbI, KOTOpasi
rpaBUTAllMOHHO MOCTYIIA€T B CyOCTpAT, ITOMYTHO «BbI-
MbIBas» 3aMETHYIO YaCTh MOHOB MUKPO3JIEMEHTOB U3
MPUKOHTAKTHOTO CJI0SI CHEeTa. DTO 00CTOSATEILCTBO MO-
JKeT CHMKATh KOHTPACTHOCTh FTEOXUMUUECKUX OPEOJIOB
B CHEXXHOM ITOKPOBE 1, COOTBETCTBEHHO, 3(D(EeKTUBHOCTD
MOMCKOB MECTOPOXKICHUIA TTOJIE3HBIX MCKOITAEMbIX 110
CHETY, IMPOBOAMMBIX B 3TOT IIEpUOJ BPEMEHU.

Taxum oOpa3oM, pe3yJIbTaT AeTAIbHOTO aHAIM3a TEM-
MepaTypHOTro pexxruma B IPUKOHTAKTHOM CJIOE CHEera 1 CBsI-
3aHHOTO C HUM BJI&XXHOCTHOTO, a TAKXe XxapakTepa Mac-
CcoOoOMeHa Ha TpaHM1Ie CHEXXKHOIO IIOKPOBa ¢ CyOCTpaToM
B BeceHHee BpeMsI 1aéT 000cHOBaHUE 3(PHEKTUBHOCTHU
TeOXHUMHUYECKOT0 OITPOOOBAHKS CHEXXHOTO MOKPOBA NP
MOMCKaX MECTOPOXKIEHWI TOJIE3HBIX UCKOMAEMBbIX, €CJIN
OHO OTPaHMYMBAETCS CJIOEM CHETa B MOJIOIIBE CHEXXHOTO
MOKPOBA TONIIMHON 5 ¢cM Wiu Oosibliie (B 3aBUCUMOCTH
OT PErMOHAILHBIX 0COOeHHOCTEM KitmMara). CpoKu Ipo-
Be/ICHUSI OTTPOOOBAHUS TOJIKHBI OBITh TECHO COMPSIKEHbI
C MOMEHTOM HauaJla pe3Koro BO3pacTaHusl IJIOTHOCTU
CHEXXHOTO TTOKPOBa B KOHIIE XOJIOJHOTO TIepro/ia, UTo
MOXKeT ObITh YCTAHOBJIEHO T10 €XeroAHbIM JaHHbIM ['0-
CKOMTUIIPOMETA JIJIs1 KaXI0TO PETMOHa.
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Earlier, it was established that maximum mineralization of the contact layer of snow occurs in spring at
the interface with substrates (soil or ice). This study analyzes the temperature and moisture conditions
during this period at the interface of the contact layer of snow with substrates by examining frozen
sand blocks saturated with a solution containing complex gold ions, or blocks filled with polystyrene
containing ions of molybdenum, copper, etc. It is assumed that the migration of ions from the underlying
substrate into the contact layer of snow cover in spring occurs along quasi-liquid films on the surface of
snow crystals, the thickness of which exceeds the equilibrium one. Migration becomes noticeable when
the temperature at the snow—substrate contact reaches —13 °C and above. The appearance of quasi-liquid
films on the surface of snow particles under variable temperature and moisture conditions is possible due
to the condensation of water vapor, which during the day, with general heating of the system, can enter
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the contact layer of snow both from above and below. With an increase in snow density in the spring, the
mineralization of the near-contact layer of snow cover increases. At the same time, linear relationships
were revealed between the content of substrate components migrating into the near-contact layer of snow
and the gradient of water vapor density in it. The reliability of the approximation of these dependencies
for the gold thiosulfate complex is 0.98; for copper ions — 0.52; for hydrogen ions — 0.88; for sodium
ions — 0.69, for chloride anions — 0.89. The results of the study substantiate the increased efficiency of
geochemical prospecting for mineral deposits using snow cover in the spring.

Keywords: ion migration, snow cover, geochemical searches, quasi-liquid films
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BBEAEHHME

CHEeXHBIH TTOKPOB — BaXKHBIN 3JIEMEHT KpUochephl.
OH oKa3bIBaeT OrPOMHOE BIMSHUE Ha KJIMMAT, TUIPO-
TepMUYECKUI PEXKUM IT0YB ¥ TPYHTOB, TUAPOJIOTHUIO PeK
1 03€p, ONaCHbIE CTUXUIHBIE SIBJICHUSI, KU3Hb PaCTeHUIA
Y XXUBOTHBIX 1 MHOTHE APYrUe MPOLIECChI U SIBJICHUS
(Snow and Climate, 2008; Kotaskos, 2010). Onnum
U3 BaXXHBIX MTApaMeTPOB CHEXKHOTO TTOKPOBA SIBISIETCS
€ro BLICOTa, KOTOpasl BIMSET Ha aJIb0eq0 MTOBEPXHOCTH,
MPOXOAUMOCTb CHEXXHOM LIETMHBI TPAHCIIOPTOM U XK1~
BOTHBIMHM, (PYHKIIMOHUPOBAHUE PACTEHUI 1 XKUBOTHBIX,
TeIUIO3alUTHBIE CBOMCTBA CHEXHOTO TTOKPOBA.

BaxxHoe CBOMCTBO CHEXXHOTO MOKPOBa — €r0 HU3KOE
TepMuyecKoe conpoTupieHne (OCcokuH u ap., 2016),
3aBHCSIIEE OT BEICOTHI CHETa M €TO TeTUTO(PU3NICCKUX
xapakTepucTuk. OHO BIUSET HA TEPMUUYECKUI PeKUM
MOYBOTPYHTOB Y MHOTOJIETHEMEP3JIBIX TTOPOJI, YCIOBUS
ux (hopMupoBaHus U GYHKIMOHUPOBAHUS (AHUCUMOB
u ap., 2000, 2006; ITasnos, 2008). Tak, B pabote (Ckau-
KoB, 2008) ormeuaeTcs, 4TO Ha ore JIKyTun coxpaHu-
Jlach BBICOKAS TepMUYECKast yCTOMYMBOCTb MHOTOJIET-
HEMEP3JIbIX TOPOJI, HECMOTPS Ha CUJIbHOE MOTETUIEHUE
KJuMaTa. DTo 00bsICHSIETCS OOJIbILION NU3MEHUYNBOCTHIO
TOJILIMHBI CHETa M €ro JOMUHUPYIOIIEe poibio B (hop-
MHMPOBAHUU CPETHETOMOBBIX TEMIIEPATyp TPYHTOB. BbI-
SICHEHO, 4To ecau Ha BocTouHo-EBporneiickoit paBHUHE
npeobaaaloliee BIUsIHUE Ha TeMITepaTypy IPYHTOB
OKa3bIBaeT TeMIlepaTypa Bo3ayxa, To B Cubupu — BricoTa
cHexxHoro nmokposa (Iepctiokos, 2008).

B pa6ote (BapiamoB u ap., 2023) nmokasaHo, 4YTO
OCHOBHBIM PETyJIUPYIONIUM (HPaKTOPOM TEPMUYECKO-
IO COCTOSIHUSI BEPXHUX TOPU3OHTOB KPUOJIUTO3OHBI
LlenTpanbHoii SIKyTuM SIBISIOTCS KOPOTKOIIEPUOIHBIE
KoJIeOaHMsT peXXnMa CHeroHaKoIieHus. [1oBbImeHme
TeMIiepaTypbl BO3AyXa He BCeraa MpUBOIUT K POCTY
TeMIepaTyphl TPYHTa, TaK KaK 4acTO KOMITIEHCUPYETCS
CHXXKEHUEM TePMUUYECKOTO COMTPOTUBJICHUST CHEXKHOTO
nokposa (Ocokun, CocHoBckuii, 2016). TepMmuueckoe
COTIPOTUBIICHUE CHEXKHOTO TTOKPOBA 3aBUCHT OT €TI0 BBI-
COTHI M TDIOTHOCTHU. Ml eclii BhICOTa CHEXKHOTO TIOKPOBa
OT rojia K ToJly MOXET UBMEHSIThCS B 3HAUUTEIbHBIX
npeaesax B OAHOM U TOM Xe peruoHe, TO IJIOTHOCTD
cHera — 0oJjiee KOHCepBaTUBHBINM mapaMeTp. E€ nzme-
HEeHUE 00YCJIOBJICHO B OCHOBHOM MEXXPEeTHOHATbHBIMU
(busuko-reorpapuIeCKUMHU YCIOBUSIMU.

Ha termogusnueckoe cocTosiHME TPYHTA BIUSIET HE
TOJTbKO TEPMUYECKOE COMTPOTUBICHNE CHEXKHOTO TIOKPO-
Ba, HO M IMHAMMKA €ro BbICOTHI. Tak, CpaBHUTEIbLHO TOH-
KU1 CHEXHBIN MOKPOB M HU3KKUE TEMIIEpaTyphl BO3ayXa
B HayaJie 3MMbI CITIOCOOCTBYIOT OBICTPOMY ITPOMEP3aHUIO
rpyHta (ITaBnos, 2008). B padore (OcokuH, COCHOBCKMIA,
2015) Ha OCHOBE MOJIEJILHBIX PACUETOB ITI0KA3aHO, YTO
TIpY pa3HOl JTMHAMUKE CHETOHAKOIIECHUS W TeMIIepa-
TYpbl BO3/1yXa pa3inure B [IyOMHe MPpOMeEP3aHUST MOXKET
mpeBbICUTH 50%. [103TOMY CKOPOCTB ITpOMEP3aHUST TPYH-
Ta CYIIECTBEHHO 3aBUCUT OT BHYTPUTOJOBOM TUHAMUKHU
MeTeoImapaMeTpOB, B YaCTHOCTHU, CHETOHAKOTLJICHUS
B TIEPBOI1 TTOJIOBUHE XOJI0MHOTO nepuona. [Toatomy
BaXKHOM XapaKTepUCTUKON CIY>KUT BbICOTA CHEXXHOTO
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TOKPOBA B NIEPBOI MOJOBUHE XOJOJHOTO NEPUOJIA, KOTAa
B OCHOBHOM IPOUCXOJUT MPOMEP3aHUE CE30HHO-TATIOTO
CJ105, a TAKXKe €€ COOTHOIIEHUE C MAKCUMaJIbHOU BbI-
COTOI CHEXXHOTO IMOKPOBA.

CoBpeMeHHbIe KIMMAaTUYECKNEe NU3MEHEHHSI OKa3bl-
BalOT 3HAYUTEJILHOE BIMSHIE Ha TTapaMeTPhl CHEXKHOTO
TOKPOBA 1, CIIeAOBaTEeIbHO, HAa YKa3aHHBIC ITPOLIECCHI
u sBneHus (OcokuH u ap., 2006; Byneiruaa u ap., 2011;
Irannezhad et al., 2022). B pacore (IToroBa u np., 2018)
OTMEUAaEeTCs, YTO B CBSI3U C TJIOOAJTBHBIM MTOTETIIEHUEM
KJuMara npuoausutesbHo ¢ 2000 1. IpouCcXoauT 3amas-
IbIBAHUE CPOKOB YCTAaHOBJIEHUSI CHEXXHOTO MTOKPOBA,
a CPOKH €ro pa3pylleHUs epexoasT Ha 0oJiee paHHUE
B CEpeIMHE BECHBI B COOTBETCTBUU C OOIIEH TeHIEH-
LIMe TTOTeTUIEHNSI 3TOTO ce30Ha ¢ Havaja 1950-x romos.

Hauvaio coBpeMeHHOTO MOTEIIEHUS K CeBepy OT
60° c. ur. mpuxomutcs Ha 1990-¢ roabl (Jloknan, 2023).
3umoii, mocie makcumyma 2016—2018 rr. HaMeTHUI0Ch
MOHIKEHNE TeMITepaTyphl, a JIETOM — OCTaHOBKA e€
pocta. B ApkTuke npusemMHas TeMIiepaTypa BO31y-
Xa MOBBIIAaCh KAK MUHUMYM BIBOE ObICTpee, ueM
npoucxoaut miobdanabHoe norerieHune (Bekryaev et al.,
2010). B Poccuiickoit ApKTUKe U3-3a r100aJbHOTO T0-
TETJICHUSI TTIPOUCXOIUT TasTHUE BEUHOU MEP3JIOThI, UTO
NPUBOIUT K pa3pylLIeHUIO 00BEKTOB KUJIOTO (poHIa,
XO3SIMCTBEHHO# MH(MPACTPYKTYPhI, MAarUCTPATbHBIX
TpyOOIIPOBOMIOB M B IIEJIOM K OTPHUIIATEIILHBIM 3KOJIO-
ruyeckum nocieactsusim (Karmos, ITophupnes, 2012;
Anucumos, Ctpeneukuii, 2015). Takum o6pa3zom, OTHUM
U3 BaXKHBIX (DAKTOPOB, BIAUSIIOIIMM Ha TEPMUYECKUI
PEXUM U YCTOMUMBOCTb MHOTOJIETHEMEP3IBIX MOPO/I
(MMII), cnyxut cHexHbI TOKpoB (OcokuH, COCHOB-
ckuii, 2016). PaccMoTpuM M3MeHEeHNE MAaKCUMAaIbHOM
BBICOTBI CHEXXHOTO ITOKPOBA M TMHAMUKN CHETOHAKO-
IUIEHUSI Ha MaTepUKOBOI yacTu Poccuiickoit ApKTUKM
TIPY COBPEMEHHOM KJITMMArTe.

ApKTHKa — 3T0 00JIaCTbh, Jiexallas K ceBepy oT CeBep-
HOTO MOoJIsIpHOro Kpyra (66°33'44" ¢. 11.). OgHaKo B LEJISIX
obOecrieuyeHus HallMOHAJIbHBIX MHTepecoB Poccuiickoi
®eneparin ykasoM [pesumenta Poccmiickoit Demeparivin
«O CyXOMYTHBIX TEPPUTOPUSIX APKTHUIECKOI 30HBI Poc-
cuiickoii penepaumu» ot 02.05.2014 Ne 29 (http://www.
kremlin, 2023) onpenesieHbl CYXONyTHBIE TEPPUTOPUN
ApkTtuueckoii 30Hbl Poccuiickoii @enepanum (naigee —
A3P®), Kyia BOLUIM OTIEIbHBIC PAOHBI, PACTIONIOKECH-
Hble 103kHee CeBepHOTOo MOoJIIpHOTO KpyTa. [ToaTomy,
YTOOBI OXBATUTH OCHOBHBIE PAiiOHbI, OTHECEHHBIE K A3PD,
paccMOTPUM METEOCTAaHIIMU CO CHETOMEPHBIMU ChEMKaMU
ceBepHee 64° c. III. 32 pa3HbIe TTePUOILI BPeMEHM.

B ximmMaTonorum ncmnosb3yior 6azoBbie 30-JeTHHUE
CpeIHMe 3HaYeHHSI TeMITepaTyphl, CYMMBI OCAIKOB U JIpY-
rux rokasareseii. Ot 30-JeTHrUEe UCTOPUYECKUE YCpe -
HEHHBIE 3HAYCHUS — «KJIMMaTUYECKUEe HOPMbI», OHU
MOTYT OBITh IOACYUTAHBI HA MECTHOM, HAITMOHATTLHOM
WJIM MUPOBOM YPOBHSIX. YTOOBI yU€CTh OBICTPbIE TEMITBI
M3MEHEHUS KJIMMaTa, a TakeKe TTPaKTUIECKUe TTOTPeOHO-
CTH B aKTyaJIbHOU MH(popMaIim o KimMate BcemmpHast
Meteoponoruueckass Opranuzanus (1anee — BMO)
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MPENIOXUIA OOHOBISITH KIMMATOJIOTHYeCKUe Oa30BbIe
HOPMBI JUTSI OTIepaTUBHBIX LieJiel Kaxablie 10 J1eT, u nepu-
on 1991—2020 rr. cTajg HOBBIM TEKYLIUM (COBPEMEHHbIM)
6a3zoBbIM TeprofoM. Tem He MeHee rrepron 1961—1990 1.
OyIeT coxpaH€H KaK MCTOPUYECKUI 0a30BbIi IS IO -
JepsKaHUsI TOJITOCPOYHOM OLIEHKN M3MEHEeHUS KiTMMaTa
(PykoBopstimue..., 2017). JIas aHanu3a BAUSIHUST KJTU -
MaTUYECKUX U3MEHEHUI HA CHEXHBIN TTOKPOB BMECTO
neproma 1961—1990 rr. B3aT meprox 1966—1990 1r., 3a
KOTOPBII €CTh JaHHBIE IO CHEXKHOMY MTOKPOBY.

B nocinenHue roasl onyoJMKOBaH psil padoT, B KO-
TOPBIX JaH aHAJIN3 U3MEHEHUSI CHEXKHOTO ITOKPOBA Ce-
Bepa EBpasuu. Tak, B padore (Paguonos u np., 2013)
OTMEUaeTCsl, UTO TEHACHIIUS YBEJMUYEHMST KOJIMUECTBa
TBEPIBIX OCAJAKOB Ha (poHE pocTa TeMIepaTyphl IIpuBeJia
JIATTH K HE3HAYUTETbHOMY YBEJTMUEHUIO TOJIIIIMHBI CHETa
B apKTHUYECKOM 30He K ceBepy oT 70° ¢. m1. B nokmazne 06
0COOEHHOCTSIX KJIMMaTa Ha TeppuTtopuun Poccuiickoit
Ddenepaunu 3a 2022 r. (Joxitam, 2023) mokaszaHo, 4TO
3a riepuon 1976—2022 rr. HabGI0maeTCs yBeIMUCHIE
MaKCHUMaJIbHOM 32 3MMY BBICOTHI CHEXKHOTO MTOKPOBa
B CeBEpHBIX paiioHax 3anamHoi Cubupu, Torma Kak
YMEHbIIIEHHEe MAaKCUMAaIbHOI 32 3MMY BBICOTBI CHEXKHO-
IO TIOKPOBA MPUXOIUTCS HA CEBEPO-3arajl v OTAEIbHBIC
cranuuu Ha ceBepe ETP u ceBepo-3amane Skytun.

PernonanbHbIe 0COGEHHOCTH M3MEHEHUS 3UMHE
aKKyMYJISILIMM CHera Ha ceBepe EBpasuu mo gaHHBIM
HaOJIIONEHUI, peaHaln3a U CIIyTHUKOBBIX U3MEPEHUI
paccmotpeHsl B padote (ITormoBa u mp., 2015). I1pu aTom
OCHOBHOE BHUMaHUe yeJeHO KOoJeOaHUIO CPOKOB yCTa-
HOBJICHUST CHEXKHOTO TTIOKpOBa Ha Tepputopun Poccun
B 1950—2008 TT. 11 UX CBI3M C UBMEHEHWEM MPU3EMHOM
TeMITepaTypbl BO3AyXa U IMPKYISIIUOHHBIMU WHAEKCAMU
Scand, EA—WR, WP u NAO. B pa6ore (ITonoBa u ap.,
2018) ormeuaeTcs, 4TO B LeJIoM 110 ceBepy EBpazuu
(ceBepHee 55° c. 111.) U3BMEHEHUSI CHETOHAKOIIJICHUS
B 1971-2013 rr. (o cpaBHeHuto ¢ 1951—1970 rr.) BbI-
pakaroTCs yBEIMYCHUEM CPEIHE BEICOTHI CHEXKHOTO
mokposa (manee — BCIT) B kontre 3umbl Ha 17% (7 cMm).
Hawn6omnbime nameHeHust — okosio 26% (11 cm) npo-
ucxoaunu B Cubupu u Ha ceBepo-Boctoke ETP. Ha
ceBepo-3anane ETP u na JlanbHeM BocTtoke oHn MeHee
3ameTHbl — 10% (5 cm) u 7% (3 cM). DTU perMoHaIbHbIE
pa3IM4Ms aBTOPHI CBA3BIBAIOT C 0OCOOEHHOCTSIMU KPYITHO-
MaclITabHoi aTMOchepHOU IMPKYJISIIMU, B YaCTHOCTH,
C YCUJIEHUEM 30HAIbHOW UUPKYJISILUU, OTIChIBAEMbIM
uHaeKkcaMu ApKTudeckoro konebanus u CeBepoaTiaH-
tudeckoro koyiedbanusi (NAO). C nosoxuTeabHo has3oit
NAO cBs13bIBaeTCs Meproa MHTEHCUBHOTO MOTETIICHUS
1971—1995 1T., BBI3BAHHOT'O YCUJIEHUEM LIMKJIOHUYHOCTH
Ha ceBepo-3ananae EBporbl 1 B CubUpu ¥ IIPOHUKHO-
BEHMEM aTJaHTUYECKOro BO3/1yXa Ha BOCTOK BILTOTb J0
Enwuces. Takum o00pa3oM, KIMMaTHUECKHE UBMEHEHUS
BIMSIOT Ha TTapaMeTPhl CHEXKHOTO TTOKPOBA.

Lleab paGoOTH — OLIEHUTH TEHACHIINY N3MEHECHHS
cpeJHelt MHOTOJIETHEl MaKCUMAaJIbHOI BBICOTBI CHEX-
HOTO IMOKpPOBa M €€ TMHAMUKN Ha MaTePUKOBOM YacTu
Poccwuiickoit ApKTUKHY TIPU COBPEMEHHOM KITMMarTe.
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BCII usMepsiercs Ha cetu MeTeocTaHuuii Pocru-
npometa. Tak, HapsiLy ¢ eXXeAHEBHBIM U3MepPEeHUEM
BCII Ha MmeTeocTaHIIMSIX B CTAalIMOHAPHOM TOUKE, Ha
517 meteoctanusax PocruapomMeTa IIpoBOASITCS U3ME-
PEHUS BBICOTHI CHESKHOTO TTIOKPOBA B XOJIE MaPIIPYTHBIX
cHeroMepHbIX cheéMOK. HanHbie uzmepenuii BCII mo
CTallMOHApPHOM peiike U CHErochEMKaM MOTYT 3HAUM -
TenbHO oTiandaThes (CocHoBckuii u ap., 2018a). Tak,
11 MeTeocTaHuuu MypmaHck (mHaekec BMO 22113)
otHouieHue BCIT «peiika/cHerochbéMKa» coCTaBs-
et 0.54, a ns mereoctanmu Kanna Hoc (22165) ato
oTHolleHue paBHo 2.11. [Tpuyém B paiioHax 3amaaHee
Enuces, 3a uckmodenneM 6acceiina p. [leqopsr, BeIcoTa
CHEXXHOTO ITOKpoBa 110 peiike Ha 10—30% 6ooblie, yeM
MO0 JaHHBIM MapIIPYTHBIX CHETOChEMOK. BocTouHee p.
Enuceit, 3a nCKII0YeHNEM OTIEIBHBIX I0KHBIX paiio-
HoB CubMpH, BBICOTA CHEXXHOTO IMOKPOBA 0 peiike Ha
10—20% Huxe, yeM 1o cHerochéMKe. [ToaToMy 1s aHa-
nm3a BCII 6bu1n BeIOpaHbl JAaHHbBIE 110 CHEFOChEMKAM.
KonuuecTBo cTaHLIMI, Tae MPOBOASITCS MaplIPyTHHIE
CHETOCBHEMKU, B apKTUUECKO# 30He Poccnn 3HaunTE THHO
MEHbIIIe, YeM METEOCTAHIIUI C U3BMEPEHUSIMU Ha CTallu -
oHapHBIX TouKkax. CeBepHee 66° C. III. pacToNOXKEHbBI 28
METEeOCTaHIIN co cHerochéMKamu, 10 MeTeocTaHINH
HaxomaTcs MexXay 65 1 66° ¢. 1. u 17 MeTeocTaHIIMI —
Mexmy 64 1 65° ¢. 1. M3 yka3aHHBIX 55 MeTeoCTaHIInI,
MPUHATHIX U aHaIKM3a, 31 MeTeocTaHIIMsI pacIiooxKeHa
Ha eBpomnelickoii Tepputopuu Poccuu (ETP).

JlaHHBIE 10 CHErOChEMKaM, KOOPAUHAThI M HA3BaHUS
METEOPOJIOrnuecKux cranuuii Poccuu ¢ 1966 r. no Ha-
cTosiiee BpeMs TpUBEICHBI Ha caiite Becepoccuiickoro
MHCTUTYTA TUIPOMETEOPOJIOTUYECKO MH(MOpMALINT
BHUUTMU-MIJ (http://meteo, 2023). D10 00y-
CJIOBJIEHO Te€M, 4TO Iociie 1965 r. He ObLI0 HAPYILLIEHMIA
OHOPOIHOCTHU, BEI3BAHHBIX U3BMEHEHUEM MPOLICAYPbI
HaOmoneHuii. HabmoneHus 3a CHeXKHBIM ITOKPOBOM
M0 perjaMeHTy MapLIPYTHBIX CHErOChEMOK BBITIOIHSI -
foTcs Kaxable 10 qHeli B TedeHre X0JIOIHOIo Ieproaa
U KaxXJble 5 THE B epuo] MHTEHCUBHOTO CHETOTASTHYS.
W3mepenus mpoBoasiTCs 3MMOii TpU pasa B Mecsiil: 10-ro,
20-ro 1 B MOCJIEIHUI AeHb Kaxa0ro Mecsia. B oceH-
HMU TIepuoa 1jid YaCTU METEOCTAaHLIMM MEHBIIIE BCErO

COCHOBCKUM,

OCOKHWH

MIPONYCKOB M3MEPEHMI BHICOTHI CHEXKHOTO ITOKpOBa
P CHETOChEMKAX ITPUXOAUTCS Ha 20-¢ YHCIIO KaXKI0To
mecsua. [ToaToMy MpUHUMAaIUCh JaHHBIE U3MEPEHUIA
BBICOTBI CHEXKHOT'O OKpoBa Ha 20-e 4yucio.

[Mpu ananmm3e MaKCMMaJIbHOM BBICOTHI CHEXKHOTO
nokpoBa (gajee — MBCII) Mbl IpyuHUMAaIK €€ MaK-
CUMaJIbHOE 3HaUeHUe 13 3aMEePOB B X0JIe CHETOCHEMOK
BJIecy U B ioie. [1pu aToM Hamo UMeTh B BULY, YTO B CO-
BPEMEHHBIN KIMMaTUUYECKUI ITepro pa3iudue MexIy
s3HaueHusimu MBCII B jiecy u B mosie cokpalnaercsi, 4to,
BO3MOXHO, 00YCJIOBJICHO CMEHOI BETPOBOTO PEXMMa
(CocHogckuii u ap. 2018; Kypasnes u ap., 2019; loknan,
2023). Tak, Ha ceBepe ETP BbicoTa CHEXXHOTO MOKpOBa
B Jiecy Ha 5—15% 6o:biiie, yeM B 11osie (COCHOBCKUIA,
OcokuH, 2023a).

AHanM3 JaHHBIX 110 METEOCTAaHIIUSIM CO CHETOChEMKa-
MM T10Ka3aJjl, YTO U3 paCCMOTPEHHBIX 55 MeTeoCTaH LI
Ha 30 13 HUX MapIIPYTHI IIPOJIOXKEHBI TOJIBKO B JIECY, Ha
18 cTaHLIMSAX U3MEPEHUST BBITIOJIHSIIOTCS TOJIBKO B T10JIE
U TOJIbKO Ha 7 CTaHIUSIX U3MEPEHMS TIPOBOISITCS KaK
B Jecy, Tak U noJjie. KoopanHaThl MeTeoCTaHLIMI C JaH-
HBIMHU 110 CHETOChEMKaAM B I10J1e TIPUBEICHBI B Ta0I. 1.

KonanaecTBO MeTeOCTaHIINIA CO CHETOChEMKAMM
B JIECY BO3pPACTaET MMPHU ABVKEHNM Ha 1oT. Tak, B rosice
66—72° c. 111. pacIoyIoxKeHbI 12 METEOCTAHIIUIA CO CHETO-
ChEMKaMM B Jiecy, 13 — B 1osie 1 3 MeTeoCTaHIIMU CO CHe-
roChEMKaMU Kak B JIECY, TaK U B T1ojie; Ha 65—66° ¢. 1. — 5
CTaHIIMI CO CHETOChEMKAMU B JieCy, 3 — B IoJie U 2 —
B JIECY U B I0JIe; Ha 1mpoTte 64—65° ¢. 1. — Ha 13 cTaH-
LIMSIX B JIECY, HA IBYX — B T10JI€, HA IIBYX — B JIECY U B TIOJIE.

B pesynbrate 06padoTku naHHbix o BCIT 3a nepuon
¢ 1966 1o 2020 r. 1151 KaskI0i METEOCTAHLIMU MOJTyYeHbI
cpenHue MmHorojieTHue 3HadueHus1 BCII 3a 25-neTHuit
(1966—1990 rr.) m 30-1eTHME TIepuoanl 1981—2010
n 1991—2020 rr., a TakKe 3a 1Ba gecaTunetus XXI Beka:
2001—2010 1 2011—2020 rT. ¥ MOCTPOEHBI KapThl pac-
npenenenust BCII 3a atu nepuonsl. I1pu aToM Hago
MMETh B BUILY, UTO KapThl XapaKTePU3YIOT paclipeneicHue
BCII u ux uaMeHeHue B paiioHe pacroyIOKEeHUS METeO-
ctaHLMi. Ha 3HaYMTEeIbHOM yIajJeHUM OT METeOCTaHLIMKI
1 TeM 0oJiee B TOPHBIX paliloHaX KapTUHA paclpeaeIeHUs
BCII MoxeT ObITh COBEPILLIEHHO JIPYTOIA.

Ta6mna 1. KOOp,Z[I/IHaTLI METEeOCTaHLIMI C JaHHBIMU CO CHETOChEMKAMU B IOJIe

KoopauHarsl ctaHIuu
WNnnexc Bricora
HanmeHoBaHMe cTaHINT
BMO MpoTa J0JIroTa METEOTUIOAAKH, M
23078 Hopunbck (Taiimbipckuii LI'MC) 69°20’ 88°18' 60
22165 Kanun Hoc 68°39' 43°18' 48
22271 [oitHa 67°53' 44°08'
22282 Mpbic MUKYJIKUH 67°48' 46°40' 6
22292 Wunura 67°41' 48°41'
JEJ U CHET ToM 64 Ne2 2024
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KoopnuHatsl cTaHIIUN
H;ﬁegc HaumenoBaHnue ctaHumu Beicora
IMpoTa IOJIroTa METCOILTOIIANKM, M
23226 Bopkyra, AMCTI' 67°29' 63°58' 165
23256 TazoBck 67°28' 78°44' 26
23219 Xocena-Xapn 67°05' 59023’ 82
23207 KotkuHo 67°02' 51°08' 17
22383 Hwxnsist [Tema 66°45’ 47°46° 12
23330 Canexapn 66°32' 66°41' 15
22365 AOpaMOBCKUIi Masik 66°23" 43°13" 20
23324 IleTpyHb 66°26' 60°46' 61
23412 Yerp-Yea 65°58' 56°55' 77
22471 Me3seHb 65°52' 44°13' 14
22438 KvkruH 65°12' 36°49' 26
25563 AHambIpb 64°47' 177°34' 64
22559 XOJIMOTOPEI 64°13' 41°40' 10

PE3VIJIBTATBI 1 UX OBCYXIEHUNE

Maxkcumanvhas evicoma cnexcroz2o noxkposa. Ha puc. 1,
a mpuBeneHa MBCII Ha tepputopun A3P® 3a nepron
2011-2020 rr. Inama3zoH u3MeHeH!1 LIBETOBOI IITKAJIbI
(MUHMMaNbHBIE 1 MaKcuManbHble 3HaueHnst MBCIT)
cocraBidaeT 26—127 ¢cM ¥ B 1I€JIOM COBIIAAET C IUa-
nazoHoM 27—128 cm 3a nnepuoa 1991—-2020 rr., npen-
craBlieHHbIM B pabote (CocHoBckuii, OcokuH, 2023).
Cpennue 3HaueHuss MBCII 3a atu nepuoabl cocTaBIsI-
10T 0KoJ10 64 cM (oTinune Ha 0.1 cm). Pacnipenenenne
MBCII 3a nepuon 2011—2020 rr. B 11eJIOM COBITagaeT
¢ nepuonom 1991—-2020 rr. Bosblliee oTanune uMeeT
anomasinst MBCII (otHocutenbHo 1966—1990 rr.) 3a
nepuon 2011—-2020 rr. (cm. puc. 1, 6), 171 KOTOPOTO
JIYarna3oH U3MEHEHUS LIBETOBOM IIKaIbl U3MEHSIETCS
oT —13 10 24 cM, 1 1991—-2020 rT. ¢ IMarra3oHoM oT —13
1o 13 cm (cm. puc. 1, 8). CpenHue 3HaUeHUST aHOMaIUK
MBCII 3a 3T1 IepUOabI OTIMYAIOTCS HE3HAYUTEIBHO
u coctaBisitoT —0.44 u —0.57 cm.

3a nepuon 2011—2020 rr. HauOoMbIIAs CPETHSIST MHO-
TOJIETHSISI MaKCHUMaJIbHas BBICOTA CHEXKHOTO TTOKpOBa
1o 120 cM oTMeuyeHa B HUKHEM TeueHuu p. EHuceilt,
HauMmeHblast — 30 cM B Mexaypeube pek JleHsl u MH-
nurupku. B eBponeiickoil yactu Poccuiickoit ApKTUKM
MBCII cocrasisieT B cpeagHem 50—85 cm (cM. puc. 1,
a). CpaBHeHue ¢ iepuoaoM 1966—1990 rr. mokasbiBa-
eT, uto Hanbobwmii poct MBCII 1o 24 cM (1. e. 40%)
MIPUXOIUTCS Ha ceBepHBIE paitoHbl SIMano-HeHerkoro
aBTOHOMHOTO OKpyra (cM. puc. 1, 6).
JEJ U CHET Ne 2
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Namenenne MBCII Ha £4% [uis pa3HbIX METEOCTaH-
it 3a nepuozn 1991—2020 rr. no cpaBHEHUIO € MEPUOIOM
1966—1990 rr. OTMEYEHO B CEBEPHBIX paiioHax SJKyTuun
1 B YyKOTCKOM aBTOHOMHOM OKpyre. B ApkTuueckoit
yactu ETP nsmenenne MBCII cocraBisieT ajist pa3HbIX
MeTeoCTaHIMI B ocHOBHOM £5—10%. HanGonblee us-
menenue MBCII ot 39 cMm 3a mepuon 1966—1990 rr. o
82 cM 3a 61u3Kkuit K coBpeMeHHoMy Tniepuof 1990—2020 rr.
MpOuU301ILI0 Ha MeTeocTaHIuu BopkyTa (mHnekc BMO
craHuu 23226). Dra cTaHLMS Ha KapTe He TpUBeIeHa
u3-3a 6osbLioro 3HaueHust MBCII, koTopoe moBiuseT
Ha BOCIIPUSITUE KAPTHI B LIEJIOM, O0YCIOBJIEHHOTO CIJla-
KMBaHUEM LIBETOBOI raMMbl. JInHaMuKa BbICOTHI CHEX -
HOTO MOKpPOBa ISl MeTeocTaHMU Bopkyra paccmMoTpeHa
otnenbHO. [To cpaBHeHMIO ¢ TIeprogoM 1966—1990 rr.
orMeueH poct MBCIT Ha 10—15 ¢cM B apKTUUECKOI YacTu
3amagHoii Cubupu, HeOOoIbIIOE CHIKEHME Ha 5—7 ¢M
MPOM30IILIO B apKTUUecKoii yacTu BocTtouHoit Cubu-
pY U BocTouHee p. MHOIUTUPKY, a TaKKe B OTIEIbHBIX
paiioHax ceBepHoii yactu ETP. [IpuunHoii aToro ciy-
SKUT POCT TBEPIBIX OCANKOB Ha 15% B paitone Kapckoro
Mops 3a riepuon 1981—2010 rr., mpaKTUYeCcKy HyJIEBOI
pocT B paiioHe Mops JIanTeBBIX M OTPULIATETLHBIN TPEHT
B paiioHe Yykorckoro mops (PaguoHos u ap., 2013).
Kpowme Toro, TeHIeHIINS U3MEHEHUS peXkKMa 0CaIKoB
3a nepuon 1976—2022 rr. (Joxnan, 2023) nokasana,
YTO 3UMOI MTPOMCXOIUT POCT OCAJKOB B OCHOBHOM Ha
ceBepe ETP, ceBepe Cpenneii Cubupu, 1 Ha00O0OpOT,
OCaJKy YMEHBIIAIOTCI 3UMOI Ha BocToKe SAkytuu. Ha
BBICOTY CHEXKHOTO MOKPOBA BIIUSIET M U3MEHEHUE TUIOT-
HocTU cHera. Hanboblliee CHUKEHME TUIOTHOCTU CHeTa
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Puc. 1. MakcumanbHast BEICOTa CHEXXHOTO ToKpoBa 3a nepuon 2011—-2020 rr. (a) u e€ anoManus 3a niepuoasl 2011—-2020 rr. (6)

u 1991-2020 rr. () otHOcuTenbHO 1966—1990 rT.

Fig. 1. The maximum of snow depth for 2011—-2020: (@) and its anomaly for 2011—2020 (6) and 1991—-2020 (¢) to 1966—1990

OTMeYeHO Ha ceBepe AKyTuu (4To YaCTUMYHO KOMITEH-
CUPYET CHUKEHUE 0CaJKOB), TOTAA KaK Ha OCTaJIbHOM
TepPUTOPUU APKTUKHU B LIEJIOM ITPOM30IIET HEOOIbIION
POCT TUIOTHOCTH CHera — 110 6—8% Ha ceBepe 3anagHoi
Cubupu u B oTnebHbIX paiioHax ceBepa ETP u YykoTtku
(CocHoBckuii, OcokuH, 2023).

Ha ceBepo-3anane ETP k aTomy npubasisieTcst BIu-
siHMe oTTelteneil. Tak, Ha caMoil CeBepHOII METeOCTaH-
1 Poccuu, pacnosoxkeHHOM B rmoc. bapeHLOypr Ha
3anagHoMm Imunoeprene (78°04'00" ¢. mr., 14°13'00"
B. [I.), POCT YKCJIa OTTeTe e 1 MX IIPOIOKUTEILHOCTH
YBEJIMYMBACT IVIOTHOCTh CHETa. DTO CIIYXKUT OTHOU U3
NPUYNH YMEHBIIEHWSI MAKCUMAaIbHOM BBICOTHI CHEXK-
Horo TokpoBa Ha 7.7% B 2011—2020 TT. 110 cpaBHEHUTO
¢ 2001—-2010 rr.

CpaBaum MBCII 3a nBa nepBbix necsatuietus XXI B.
(2001—2010 1 2011—-2020 1T.), KOTOPBIE B 3HAUUTEIILHOMI
creneHu onpenendat pacnpeaenenue MBCII B cienyro-
it 30-neTHuii Kiiumatudeckuii nepuon 2001—2030 rr.
B 2011-2020 rr. mpousomeén poct MBCII nHa 10—20 cm
otHocuTebHO 2001—2010 IT. B cCeBEpO-BOCTOUHBIX paii-
oHax ETP, B apkTuueckux pernonax 3arnaaHoit Cubupu
u JansHero Boctoka. Hanbonbimmuii poct MBCII mpo-
MU30IIEN Ha MeTeocTaHIMM Bopkyta — ¢ 79 cm B 2001—
2010 rr. no 98 cm B 2011—-2020 rr. CHuxkenue MBCIT
Ha 4—8 cM OTMEYEHO B OTACIbHBIX palioHaX APKTUKH,
Ha 3amnage ETP u B Boctounoit Cubupu.

Paccmotpum teneps MBCII 3a pa3Hbie BpeMeHHbBIE
nepuonbl 1isl peruoHoB Poccuiickoii ApKTUKU. 3a 1e-
puon 2011—-2020 rr. Ha ETP npowu3oiiuio HeGobIoe
cHkenne MBCII no cpaBHeHUIO ¢ IpYTUMU IIEpUOIAMU
M oTMedeH 3HaunTenbHbIi pocT MBCII B apKkTuueckoi

yactu 3anagHoii Cubupu (CocHoBckuit, OcokuH, 2023).
Heo6onpmue nuamenenuss MBCII orMedyeHbl B apKTH-
yeckoit yactu Boctounoit Cubupu. OTpuuaTenbHbIe
anomannu MBCII na JansHeM BocToke HaG omanich
B iepuoa 2001—2010 rr. B ceBepo-3anaaHbIX U ceBe-
po-BocTOUHBIX pailoHax ETP TeHaeHUMS n3MeHeHUsI
MBCII npotuBomnonoxHa. Tak, nusmenenuss MBCII
B ceBepo-BocTouHOM yactu ETP Oau3ku K TeHaeHuuu
pocta MBCII B apkTrueckoii yactu 3amagHoi Cudupu —
nopstaka 15—25%, a Ha GOJILITMHCTBE METEOCTAHIINIA
ApPKTUKHU B LIeHTpaIbHOM YacTu Ha 3anaae ETP npowuso-
uuto cHkeHne MBCII. ITpu aToM 4ncI0 apKTUYECKUX
METEOCTaHIIMI B 3alIaAHbIX U LIEHTpaIbHbIX pailoHax ETP
3HAYUTENIBHO OOJTBIIIE, YeM B BOCTOUHBIX, UTO BIMSIET Ha
cpenHee 3HauyeHue MBCII Ha apkTuueckoii yactu ETP.
AHAJIOTUYHO B apKTUUecKoi yactu Boctounoit Cudupu —
ceBepo-3anagHblii palioH HaMHOTro 0oJjiee MHOTOCHEXK -
Hblii (¢ MmeteoctansiMu Mrapka u Typyxanck ¢ MBCIT
115—125 cM), yeM LIeHTpaJIbHBI 1 CEBEPO-BOCTOUHBI
(meTteoctanuuu Hopunbck 1 Typa ¢ MBCIT 60—65 cMm).

Lndpsl, npuBenéuurie B padore (Hdoxnan, 2023),
MOKa3bIBaOT CHUXEHUE KOG GUIMEHTOB JIMHEHHOTO
tpernga MBCII 3a nepuon 1976—2022 rr. Ha 3amazne
U B LIeHTpe apkTtuueckoii 30HbI ETP, ceBepe BocTouHoit
Cubupu u Yykotke (McKiI04as €€ TUXOOKEaHCKOe ITo0e-
pexbe) Ha 1.5—2.0 cM/1051eT 1 pocT TMHEHHOTO TpeHaa
MBCIT Ha 1.5—2.0 cm/105et Ha KoJIbcKOM TOJTyOCTpO-
Be, ceBepo-BocToke ETP u ceBepe 3anmanHoit Cudbupu.

Hns psana meteoctanumiit A3P® Ha Boctoke ETP,
ceBepe 3anagHoli 1 Boctounoit Cubupu, pacnoaokKeH-
HBIX CEBEPHEE 651 IMPOTHI, TTOJIOKUTEBHBIE TPEH/IBI
MaKCUMaJIbHO# 3a MapT TOJIIIUHBI CHEXKHOTO TTOKPOBa
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3a epuod 1979—1995 rr., npeacTaBieHHbIe Ha KapTax
(ITomoBa u ap., 2018), cMeHUIUCH HA OTpULIATEIbHbIC
3HayeHus 3a nepuon 1996—2013 rr. J1nsa ceBepo-3amana
ETP u paiionoB JlaabHero BocToka nuaMeHeHuUst MeHee
CyIIeCTBEHHBI. B KaKoii-TO cTeNeH 3TO MOATBEPXKIA-
IOT OLIEHKM COBPEMEHHBIX U3MEHEHU CHEro3aracon
B Gacceiite CeBepHoii JIBuHbI 3a mepuon 1980—2016 rr.,
npencrabieHHbIe B padbote (ITomosa u ap., 2021). B Heit
orMeydaeTcs, uTo 7o 2005 r. 1 taHHbIEe HAOIIOAECHWIA,
1 MOJIeJTbHBIE PacYEThI YKa3bIBAIOT Ha POCT CHET03aITacoB
B Oacceiine CeBepHoii IBunEbI, a ¢ 2005 1. Bce paccMo-
TpeHHBbIC UICTOYHUKH JaHHBIX YKa3bIBAIOT Ha TIPOHOJI-
SKUTEJTBHBIN TIepro neduimTa cHerozamnacos — 15—20%,
C KOTOPBIM CBSI3aH HUCXOMASIIMIA TPEHI CHEro3anacon
B OacceiitHe CeBepHoli [IBUHBI 32 paccMaTpUBaeMBbli T1e-
puoz B uejaoM. OLeHKH ITapaMeTpOB TPEHIa HAXOASITCS
B ILIMPOKOM AMana3oHe B 3aBUCUMOCTU OT UCTOUHMKA
JaHHBIX — B CpEeIHEM IT0 6acceifHy CKOPOCTh YMEHb-
IIEHWST CHEro3aracoB MOXKET COCTaBISITh OT 4 MM 10
JAHHBIM CTAHITMOHHBIX M3MepeHuii 1o 10 MM 3a 10 et
10 JAHHBIM pacyE€ToB Ha Moaeu. [1pu MIOTHOCTY CHera
250 kxr/m? (CocHoBckuii, OcokuH, 2023) 3T0 COOTBET-
ctByet cHkeHnto BCIT na 1.6—4 cm 3a 10 Jer.
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Haii nanHbIe MOKa3bIBAIOT, YTO /IS METEOCTaH LM
B ceBepHoOil yactu 6acceitHa CeBepHoii JIBUHBI 3a ne-
puon 2011—2020 rr. mpomomxaercs cHmkenrne MBCIT
no cpaBHeHMIo ¢ 2001—2010 rr. Hampumep, 1o 1aHHBIM
mereoctaniuu [Tunera (nagexkc BMO 22563) BoicoTa
cHera cHu3miach Ha 3.3 cMm B 2011—2020 rr. oTHOCH-
teabHo 2001-2010 rr.

B Ta6n. 2 npuBeneHa aHoManus CpeaHeil MHOTOJIET-
Hel MAaKCUMAaJIbHOM BBICOTHI CHEXXHOTO ITOKPOBA B ApKTH -
yecKMx pernoHax Poccuu otHocutenbHo 1966—1990 rr.
BunHo, uyto B apkTuyeckoii yactu ETP npoucxoaut
camxenne MBCII ocobenno 3a nepuon 2011—2020 rr.
¥ 3HAYUTETbHBINA POCT B apKTUUYECKOI YacTy 3amagHom
Cubupu. He6onpimue nzmenenuss MBCII ormeueHbr
B apkTU4eckoit yactu BoctouHnoit Cubupu, u oTpuua-
TeJIbHbIE aHOMaJIMY Habonanuch Ha JJanbHem BocToke.

B ta6n. 3 npuBenensl aHoMmanbHbIe 3HaueHUss MBCII
3a mepron 1991-2020 rr. otHocUTeIBHO TIeproaa 1966—
1990 rr. 17151 OTEJIbHBIX METEOCTAaHIIMIA PA3HBIX PETUO-
HOB a3uaTckoii yactu Poccuiickoit @enepanyn. M3 Heé
BUJIHO, YTO TOJIOKUTEIbHBIE AHOMAJIUK JOCTUTAIOT 13 cM,
a oTpuLaTeJbHbIe — 14 ¢M; MPUUYEM MOJOXUTEIbLHBIE
¥ OTpULIATEJIbHBIE aHOMAJIMU €CTh B KaXKIOM PEeroHeE.

Tadauna 2. AHOMaJIMY CpeHel MHOTOJIETHE MaKCUMaJbHOU BBICOTHI CHEXXHOTO TTOKPOBa (CM) B apKTUYECKUX

pervoHax Poccum otHocutebHo 1966—1990 IT. 3a pa3Hble MEPUOIBI
Ilepuon
Pervon
19812010 1991-2020 2001-2010 2011-2020

ETP 0.30 —0.72 —1.53 -2.51

3anagHasa Cubupb 1.77 4.31 2.84 10.41
Bocrounas Cubupb 0.41 0,43 0,97 0.61
JlaJIbHUIT BOCTOK —2.75 —2.04 —4.90 —0.36

Taﬁnnua 3. MakcumalibHbie 1 MUHUMaJIbHbIE aHOMaJIUM MaKCUMaJIbHO BBICOTHI CHEXKHOTO ITOKpOBa 3a IMepuog

1991—-2020 rr. orHOCUTEABHO 1966—1990 1.

Heneke HaunMeHoBaHMe cTaHIINN KoopuHarst cranmii Bricora AHOMAAH
BMO 1 METEOTUIONIANKMI, M MBCII, cm
IAPOTA JIOJITOTa
ETP
22113 MypMaHCK 68°58' 30°3' 57 101
22365 AOGpaMOBCKMIT Masik 66°23' 43°13' 20 —10.6
3amamHas Cuoupb
23330 Canexapn, 66°32' 66°41' 15 13.3
23552 Tapko-Caire 64°55' 77°49' 26 —13.5
Bocrounas Cubupsb
Hopuibck oy o1Q!
23078 (Taiimpipekuii LITMC) 69°20 88°18 60 11.5
JNEO U CHET TOM 64 Ne 2 2024
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Okonuarnue mabn. 3

Mnnexe HanmeHnoBaHue ctaHLIUK oopumarst cratin Bricora AHomamn
BMO = METEOINIOIIAAKA, M MBCII, cm
LIMpoTa JOJITOTa
24507 Typa 64°16' 100°14' 188 —8.8
Hanbanii BocTok
24343 Kuranck 66°46' 123°24' 88 4.0
25325 Yerb-Onoit 66°33' 159°25' 125 -70

Jlunamura cnexcrozo nokposa na memeocmanuuu Bop- otxkiioHeHue coctaBisieT 22 cM. TpeHa BHICOTHI CHEX-
Kyma. [JiHaMuKa CHEXHOIO IIOKPOBA HA METEOCTAHLIUM  HOTO TTOKpoBa 3a nieproxa 1970—2020 rr. cocTaBisieT y =
Bopkyra 3a nepuon ¢ 1970 o 2020 r. npencrasneHa Ha = 1.5633x — 3054.4; rae KoodOULMEHT JOCTOBEPHOCTH
puc. 2. CpeaHss MakCUMallbHast BbICOTA CHEXHOIO TIOKPO-  R? = ().6469. CraTucTuyecKas 3Ha9MMOCTh KOG ULM-
Ba 3a nepuozbl 1970—1990 1 19912020 rr. cocrapisna 39 eHTOB 3THUX TPEHIOB MOATBEPXKAACTCS PACUETOM /-KpUTE-
1 82 cM. [11st omipesiesieHust CTaTUCTHYECKOM 3HAYMMOCTH  prst CThlofieHTa IpH ypoBHe 3HaunMocTy 0.05. TpeHx 3a
pasIMuMii CPEIHMUX BENMYMH 32 3TU NIEPUO/IBI UCTIONB3YEM  rrepron 1991—2020 rT. mpakTUYeCKH COBIATAET C TPEH-
t-xpurepuii CTbiONCHTA, PACCYUTAHHbII IO GOPMYJIE:  nowm 3a 1970—2020 rr. Tperx 3a mepuox 1970—1990 rr.

CTaTUCTUYECKU HE3HAUUM.
mean, — mean,

= > — Boicoma cnexcnozo nokposa 3a omoeavhbie mecaybt
\/std2 / n, + std; /nl u e€ usmenqueocms. Kmmatnueckre U3BMEHEHUs IIpU-
BOOAT He ToJbKo K n3MmeHeHuto MBCII, no u BCII 3a

e mean — CpeHUE 3HAYCHUSI;, n — AJIMHA psina; std — OTaeabHble Mecausl. Ha puc. 3 npencrasaena BCII 3a
CTaHIAPTHOE OTKJIOHEHUE; MHAEKC — HOMED psiza. nepuon 1991—-2020 rr. u €€ U3MEHYUBOCTh IO OTHO-
PacuéTsl mokasanu, uro ¢t = 8.27. CteneHb cBobonpr  LEHHUIO K TIEPUOLY 1966—1990 rr. B okTs16pe, HOSIOPE,
cocrapisier df = n, + n,—2 = 21+30—2 = 49, s Ko- AHBAPE, MapTe U Mae (otHoienue BCII 3a oTnenbHbIe
TOpOii Npy 3HaueHnH p-ypoBHsi 0.001 ronyurm kpuru- Mecsibl 1991—-2020 rr. K COOTBETCTBYIOLINM 3HAYCHUSIM
yeckoe 3HaueHue -kpurepus CteionenTa 3.50. Takum 34 1966—1990 rr.).
00pa3oM, ITOATBEPXKIACTCS 3HAYMMOCTD PA3IMUMIT MEXKITY B oxTs10pe cpennsist muoroJietHsst BCIT B 1991—
CPEIHMMMU BEIMYMHAMU BBICOTHI CHEXXHOIO IMTOKPOBa 3a 2020 IT. cocTaBmIa 2—8 CM Ha 3amajie U LeHTPe apKTh-

OTU IEPUOAHLI.

yeckoit yact ETP, 10—16 cM B apKTHYeCKOI 9aCcTH BOC-

Ipu cpenHeM 3HaYEHUN BBICOTHI CHEXHOTO okposa Toka ETP u ceBepo-3amana 3ananHoii Cubupu, 15—25 cm
82 cm 3a mepuon 1991—2020 rr. cpenHee KBaapatuueckoe Ha ceBepe AkyTtuu (cMm. puc. 3, a). CpaBHeHnue BCII
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Puc. 2. JluHaMuKa BBICOTBI CHEXXHOIO ITIOKPOBA Ha MeTeocTaHInKM Bopkyra
Fig. 2. Dynamics of snow depth at the Vorkuta weather station
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3a epuon 1991—-2020 rr. ¢ mepuomom 1966—1990 rr.
M0Ka3aJjio, 4TO B OKTSIOpe B pe3yabTaTe MOTeIIeHUS
KJIMMaTa 1 60Jjiee MO3IHEr0 YCTAHOBIEHUST CHEXHOTO
nokposa (ITornosa u ap., 2018) B apkTUUECKOI YacTu
€BpOIIeiicKoii TeppuToprun Poccuu BeIcOTa CHEra yMeHb-
IIMIach B cpenHeM Ha 22%, a B psizie paifloHOB CHIKEHUE
nocturiio 70%. B 6acceitHe HIDKHETo TedeHUs p. JIeHBI
poct BCII cocrasun 20—40% (cMm. puc. 3, 6).

B Hos16pe 1991—2020 rr. BCIT coctaBuia 10—20 cM
Ha ceBepo-3amnaje u leHTpe apkTudeckoid yactu ETP,
25—35 cM Ha ceBepo-BocToke ETP, 1o 50 cM B HM30Bbe
p. Enuceit, 20—40 cMm Ha ceBepe SkyTuu (cM. puc. 3, 6).
Cpasnenunie BCIT 3a mepuomsr 1991—2020 u 1966—1990 rr.
110Ka3aJjio, YTo B pe3yJibrare noteruieHus Kimmara BCIT
ymenbinmiach Ha ETP B HosOpe B cpenHem Ha 8%, Ha
psine meteocTanuuii ceBepa ETP cHixeHue coctaBuiio
20%, na ceBepe 3amagHoit CuOHMPH MTPOU3OIIET POCT
BCII B cpennem Ha 11% (B psine Mect 10 40%), Ha ceBepe
Sxyruu poct BCII cocraBu B cpenHem 3%, B HU30Bbe
p. Jlenbl — 1o 15% (cMm. puc. 3, 2). [locinenHee oObSICHS -
€TCST POCTOM OCEHHUX 0CaaKOB Ha 5% HopMeI 3a 10 jeT
(3a 1976—2022 1T.) Ha ceBepo-BocTOKe 3amnanHoiit Cubu-
pu 1 Ha 10% — Ha ceBepe Bocrounoii Cubupu u SIkytun
(Joxman, 2023).

B snBape 19912020 rr. BCII cocraBuia 40—60 cm
B apkTudeckoii yactu ETP, 3anmamHoii u BoctouHoit
Cubupn (B Hu3oBbe p. Enuceit go 90 cm), 25—45 cm
Ha ceBepe Axkytuu (cM. puc. 3, d). CpaBueHue BCII 3a
nepuoabl 1991-2020 u 1966—1990 rr. mokasano, 4To
BCII ymeHblIMIaCh B SIHBape Ha apKTUYECKOI YacTu
ETP B cpentem Ha 4%, Ha apKTUYECKOIi YacTH 3aniaaHon
Cubupu npousoién poct BCII B cpennem Ha 20%. Ha
ceBepe SAkytun uzmenenus: BCII coctaBuim Uit pa3HbIX
MeTeocTaHLMi 5%, Ha YyKOTKe OTMEYaeTCsl CHIKE-
aue BCIT Ha 5—10% (cMm. puc. 3, ). DTU pe3ynbTaThl
BBI3BaHBI POCTOM 3MMHHUX OCAJIKOB Ha ceBepe 3aragHou
Cubupu u ux cHxeHueMm Ha Yykotke (Joknan, 2023).

B mapte 1991—2020 rr. BCII B apkTuueckoii ya-
ctu ETP, 3anagHoit 1 Boctounoit Cudbupu cocrtaBuiia
55—80 cm (B Hu30Bbe p. Exnceii go 110 cm), 25—55 cm
Ha ceBepe Axyrnu (cMm. puc. 3, uc). CpaBaenue BCII
3a mepuonsl 1991-2020 u 1966—1990 rr. moka3zao, 4To
B pe3yJsibTaTe MOTeIJICHUS KIMMaTa B apKTUUECKOM YacTu
3anagHoit Cudoupu rmpousouen poct BCII B cpenHem
Ha 23%. DTo 00YCIOBIEHO 3HAYUTEIBHBIM POCTOM Be-
ceHHMx ocankos (Mectamu 6osee 10% Hopwmbr 3a 10 j1eT)
B 3anagHoii Cubupu (Jdoknan, 2023), B apKTUYECKOI
yactu Ha ETP u ceBepe Axyruu nsmenenust BCIT nns
pa3HBIX METEOCTAHIINI cocTaBUIIM B cpenHeM +10%
(cM. puc. 3, 3).

CHeroHakoruieHue B Mae (Ha 20-e yucio) B pse
PETMOHOB CMEHSIeTCS TaTHUEM CHeTa, W BBICOTA CHEX-
HOTO IMOKpoBa cHIKaeTcs otHocureabHo MBCII. B mae
1991—2020 rr. BCII coctaBuia 10—20 cM Ha 3amane ap-
krrueckoit yact ETP u ceBepe Sxytuu, 30—60 cm B ap-
KTHU4YecKoil yactu 3ananHoii 1 Boctounoit Cubupu (cMm.
puc. 3, u). OtHomenue BCII 3a nepuox 1991—-2020 rr.
K e€ 3HaueHusM 3a 1966—1990 rr. mokasajo, 4To B Mae Ha
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ceBepo-3anage ETP ato orHomenue cocrasuio 0.5—1.1
(cMm. puc. 3, k), 0.8—1.6 — Ha BOCTOKE apKTUUYECKOI YacTu
ETP u 3anannoit Cubupu.

Junamuka 6vicomut cHeHCHO20 NOKPO6A 3a 0MOeab-
Hbte mecaubt. BaXXHbIM TapaMeTpOM CHEXXHOT'O TTIOKpOBa
CIIY>KHT He TOJIBKO €T0 BBICOTa, HO M € TMHaM1Ka — OT-
HOIIIEHKE BBICOTHI CHEXKHOTO TTOKPOBA 32 OTHAEIbHbII
MECSIIL K €€ MAaKCUMaJIbHOMY 3HAUYEHUIO — BEJIMYMHA F),.
Ha puc. 4 npencrasieHa fMHAMMKa CHETOHAKOIUICHUS
BCII 3a nepuon 1991—-2020 rr. 1 €€ U3MEHYMBOCTb MO
oTHoIIeHUIO K 1966—1990 TT. B OKTSAOpE, HOSAOPE, STH-
Bape, MapTe U Mae.

Bennuuna r, B okTa6pe 1991—2020 rr. cocraBuia
5—15% Ha ceBepo-3arazie ¥ B LIECHTpe apKTUYECKOM Ya-
ctu ETP, 15—20% na BocToKe apkTudeckoit yactu ETP
U apKTU4eckoi yactu 3anagHoi Cubupu, 25—35% Ha
ceBepe Axyrum (cm. puc. 4, a). Knumatndyeckue mu3-
MEHEHMST TPUBOIIT K U3MEHEHUIO TMHAMUKU CHETO-
HaxkoruieHus. B oxta0pe 1991-2020 rr. BemuuHa 7,
YMEHBIIWIIACH B psific pailOHOB B apKTUYECKOI YacTH
ETP u 3anmangxoit Cubupu 1o cpaBHEHMIO C IEPUOIOM
1966—1990 rr. Ha 20—60%, Ha ceBepe Akyruu Ha £10%
(cMm. puc. 4, 0).

B Hog0pe 1991—-2020 rr. BemunHa r;, cocTaBuia 22—
30% wa ceBepo-3ariaje U LEHTPE apKTUIECKOIM YacTh
ETP, 45—55% Ha BocTOKe apkTiueckoii yactu ETP,
apkTuyeckoii yactu 3anagHoil Cubupu u Ha ceBepe
Axyrun (cM. puc. 4, ). B 1991-2020 rr. BennuuHa r,
yMmeHblnuiaack Ha 15—30% B apkruueckoii yactu ETP
n 3anagHoit Cubupu u yBeamdmiaach Ha 5—10% Ha ce-
Bepe SKyTuu 1o cpaBHeHUIO ¢ iepuonom 1966—1990 rr.
(cM. puc. 4, 2). IlocaenHee BbI3BAHO POCTOM OCEHHUX
ocankoB Ha ceBepe SAxyrun (Joximam, 2023).

JAuHaMuKa CHEroHakoIUIeHUs B sHBape 1991—
2020 rr.— BeanuuHa r, coctaBuia 60—65% Ha 3anaze
apktmyeckoit yact ETP, 70—80% nHa ocTambHOI 9acTh
ApkTuku (cM. puc. 4, d). B 19912020 rr. BenuuuHa 7,
yMeHbIuIach Ha 5S—10% B OTHeIbHBIX pailoHaX ceBe-
po-3amaga ETP u Beipocia 10 10% Ha ocTaibHOI YacTu
ApDKTHKU 110 cpaBHEeHUIO ¢ 1966—1990 rr. (cM. puc. 4, e).

Bennunna r;, B mapte 1991-2020 rr. coctaBuia B cpel-
HeM 90—95% Ha Bcelt TeppUTOpUU APKTUKH, 33 UCKITIO-
yeHueM apkTuueckoii yactu 3anana ETP u JlanbHero
Bocroka, rae r, = 85—90% (cM. puc. 4, o). I3meHeHue
BEJIMYMHBI 7, 10 cpaBHeHMIO ¢ 1966—1990 rr. coctaBmiio
0.85—1.10 (cm. puc. 4, 3), IpuU4EM HaMMEHbIIINE 3HAYE-
HUSI OTMEUEHBI B OacceliHe p. [Teyophl.

JvHaMuKa CHETOHAKOIJeHUs (TassHUS) B Mae
(Ha 20-e yncno) 1991-2020 rr.— Beam4MHa 7, COCTaBU-
Ja B cpenHeM 15—30% Ha 3anane apKTUIECKOM YacTh
ETP (u3-3a TasiHus cHera), B apKTUUeCKOI yacTu 3a-
nanHoii 1 Bocrounoit Cubupu r, = 55—70% (cMm. puc. 4,
u). Ilpu aToMm B psie paiioHoB ceBepo-3anaga ETP cHer
MOJHOCTHIO pacTasii. KimumaTuueckue u3MeHeHUsI TIpu -
BOIAT K M3MEHEHUIO TMHAMUKN CHETOHAKOTUICHHSI B Mae
(B OCHOBHOM M3MEHEHUE B AUHAMMKE TasiHus). B mae
1991-2020 rr. uaMeHeHKe BEJIMYMHBI 7, TI0 OTHOILIEHUIO
K mepuomy 1966—1990 rr. coctaBmio B ocHoBHOM +30%
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(cMm. puc. 4, k). B cpenHeM Ha Bcell TeppuUTOpUU APKTUKA
BEJIMYMHA 7, YMEHbLUWJIACh 10 CPABHEHUIO C IEPUOLOM
1966—1990 rr. B oKTSI0pE / HOs10pe Ha 13/4%, B ssHBape /
Mapte Ha 3/1%.

SAKJIIOYEHUE

B xome viccinenoBaHmMii BeISICHEHA TEHACHIINS W3-
MEHEHMST MAaKCUMaTbHOI BBICOTHI CHEXXHOTO TTOKPOBa
U BBICOTBI CHEXKHOTO MTOKPOBA 32 OTAEJIbHBIE MECSIIbI
JUTST pa3HBIX CE30HOB Ha MATEPUKOBOM YaCTH APKTUKU
3a COBpeMEeHHBII KimMatndeckuii mepuom 1991—2020 rr.
CpaBHeHME C UCTOPUYECKUM neproaoM 1966—1990 rr.
MoKa3ajo, YTO Ha apKTUYECKOI YaCcTU €BPOIIEHCKON
Tepputopuun Poccun naMeHeHUsT BBICOTHI CHEXKHOTO
IMOKPOBAa HE3HAYMMBI — CHIKEHME nopsinka 1%, B ap-
KTU4eckoit yactu 3amagHoil Cubupu oTMeYeH poCT
BBICOTHI CHeTa Ha 16%. B To ke BpeMsI pOCT BBICOTBI
cHera 3a 2011—-2020 rr. orHOcuTesbHO 1966—1990 rT.
coctaBmi 32%, a orHocuteabHO 2001—-2010 rr.— 15%.
B apxruyeckoii yactu JdanbHero BocToka rpousoniio
CHIDKEHME BBICOTHI CHeTa 3a COBPEMEHHBIN KITMMaTHJe-
CKUI1 IeprO OTHOCUTEIHFHO UCTOPUUECKOTO TIeproaa
Ha 4%. I1pu HeGOMBIION BapyUally MIJIOTHOCTU CHE -
ra 9T U3BMEHEHUs BbI3BaHbl B OCHOBHOM TMHAMUKOM
TBEPIBIX OCaaKoB. [Ipu 3TOM BIMSIHUE KIMMATUYECKUX
W3MEHEHMI Ha TMHAMUKY TBEPIBIX OCATKOB U BHICOTY
CHEXXHOTO MOKPOBA B KaXKIOM pPeTHOHE TPeOYeT Majb-
HEHIIeTo N3y4eHHS.

[TpoBen€HHBIN aHATN3 TTOKA3aJT, YTO IS PsIIa METe-
OCTaHIUI OJTHOTO PETUOHA IMHAMUKA MaKCUMaJIbHOM
BBICOTBI CHEXXHOTO TOKPOBA MOXET ObITh pa3HOHAIPaB-
neHa. [TprumHbBI TaKMX U3MEHEHUI TPeOYyIOT JabHEN-
XX UCCIIeA0BAaHMIT. DTO MOTYT OBITH Oporpaduyeckue
u naHnmadTHbIe yeioBus. Tak, qaxe mpoliecc HaKoruie-
HUSI CHera B Jiecy — CJIOXKHas1 (PYHKIMSI MHOTUX (haKToO-
OB, MPEX/E BCETO €r0 TAKCAIIMOHHbBIX XapaKTEPUCTUK
U OCOOEHHOCTEN BETPOBOTO peXuMa.

CpaBHeHUE BBICOTHI CHEXKHOI'O ITIOKPOBA B OKTSIOpe
3a mepuoanl 1991—2020 u 1966—1990 rr. mokaszao, 4to
B pe3yJIbTaTte TTOTETICHMST KITMMaTta 1 6oJjiee TTO3IHEeTO
YCTAHOBJIEHUSI CHEXKHOT'O MTOKPOBA B apKTUYECKOI Ya-
CTHU eBporeiicKoil Tepputopuu Poccuu BeicoTa cHera
B CpellHeM CHU3MIach Ha 22%, a B psijie pailoOHOB CHU-
skeHue nocturio 70%. PocT TBEpABIX OCAIKOB B OKTSIOpE
B OacceliHe HIDKHETro TeueHus p. JIEHBI IpUBET K POCTY
BBICOTHI cHera Ha 20—40%.

JvHaMMKa BBEICOTHI CHEXKHOTO ITOKpOBa (OTHOIIICHME
TEKYIIel BBICOTHI CHEXXHOTO TTOKPOBa K €€ MaKCUMaJTb-
HOMY 3HAUE€HUIO) Ha 3allajiec U B LIEHTPe eBPOIeCKOM
yacTh APKTHKU B TIEPBOI TTOJIOBUHE XOJIOAHOTO TIepUoIa
3HAYUTEILHO OTJIMYAETCS OT TEPPUTOPUU BOCTOUHEE
55—60° B. 1. K KOHITy OCEHU BBICOTAa CHEKHOTO ITOKPOBa
B apkTnyeckoii yactu ETP nocturaer npumepno 25—30%
OT MaKCUMaJIbHOTO 3HAaYEHUSI, TOTAA KaK B apKTUYe-
ckoit yact CuGMpHU B OCHOBHOM IIpeBhIIIaeT 50%. Dt1o
CBSI3aHO C PETMOHAJIBHBIMU KJIMMATUIECKUMU OCOOEH-
HOCTSIMU 3TUX Tepputopuii. [TojrydeHHbIE pe3yIbTaThl

COCHOBCKMM, OCOKHH

MOKa3bIBAIOT TEHACHUUY U3MEHEHMS BICOThI CHEXXHOTO
MOKPOBa 1 e€ IMHAMUKH B Pa3HBIX PETHUOHAX B YCIOBMSIX
COBpPEMEHHOTO KJINMaTa, OHU HanboJjiee 3aMEeTHHI B Ha-
YaJIbHBIN MEPUOI CHETOHAKOTIJICHMSI.
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Based on the data of route snow surveys for the period 1966—2020, the comparison of the average long-
term maximum depths of snow cover, the depths of snow cover for individual months and the dynamics
of snow accumulation (the ratio of the depths of snow cover to the maximum value) on the continental
part of the Russian Arctic for two representative periods (1966—1990 and 1991-2020) was made. Maps
of snow cover depths and snow accumulation dynamics have been constructed for both periods. These
maps made possible to analyze influence of the climatic changes on the depths of snow cover and the
dynamics of snow accumulation.

A comparison of these values for the first (1991—-2020) period with the same of the second one showed that in
October—November in the European part of the Russian Arctic, the snow depths decreased by an average
of 22% (first period) and 8% (second period), and in some areas the decrease reached 70 and 20%. In the
Arctic part of Western Siberia, these characteristics of snow cover increased. Growth of snow cover depths
in November/January/March averaged as 11/20/23%, and in some areas it exceeded 40%. The dynamics of
snow accumulation in the Arctic for the whole period 1991—2020 averages 18/37%, in October/November,
and 71/91% in January/March. In the European part of the Arctic, these values are smaller: 13/29% and
68/90%, respectively. The dynamics of snow accumulation in the west and in the center of the European
Arctic territory by the end of the autumn period does not reach 30%, while in the Arctic part of Siberia this
mainly exceeds 50%. In October/November 1991—2020, the dynamics of snow accumulation decreased in
several regions of the European Arctic and the Arctic part of Western Siberia as compared to 1966—1990. On
average over the entire territory of the Arctic, the decrease in the dynamics of snow accumulation compared
to 1966—1990 amounted to 13/4% in October/November, and 3/1% in January/March.

Keywords: Arctic, snow depths, snow accumulation dynamics, climatic periods
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BBEAEHME

CHer eXXeromHo OKa3bIBaeT 3HAYMTEILHOE BIMSHIE Ha
(YHKIIMOHUPOBaHUE ypOAHU3UPOBAHHBIX TEPPUTOPUIA.
OCHOBHBIE HETaTUBHbIE TTOC/IEACTBUS BbITIaACHUS TBEP-
JIbIX OCAJIKOB JIJI51 COLIMAIbHO-9KOHOMUYECKOM chepbl —
9TO 3aTPYIHEHUS B ABMKEHUU TPAHCIIOPTA U CBSI3AHHBIE
C 9TUM U3AEPXKKHU, 3aTPaThl HA PACUMCTKY OT CHera, Moji-
TOTUIEHME TEPPUTOPUIT U3-3a CHETOTasTHUSI, CXO/ JTJaBUH
C IPUPOAHBIX M UCKYCCTBEHHBIX CKJIOHOB. Kpome Toro,
CYIIIECTBOBaHUE U XapaKTePUCTUKN CHEXXHOTO TTOKPOBa
OKa3bIBAIOT BIMSHUE HA CEJTbCKOE XO3SMCTBO U TYPUCTH-
YeCcKyIo MHAyCcTpuio. I TIpoTHO3a 03KUIAEMOTO YPOBHS
BO3IEUCTBUS CHETa IMTPOBOIAT OIIEHKY CHEXKHOCTH 31M.

CHEXXHOCTD — 3TO XapaKTepHUCTHKa ITPUPOTHBIX yC-
JIOBUIA TEPPUTOPUH, CBSI3aHHBIX C HATMINEM CHEXHOTO
nokposa (I'ssunosornyeckuii cioBapb, 1984). Dto mno-
HSATHE BKITIOYAET B ceOSI YCIIOBUS BBITIANEHUS 1 OTIIOXE-
HUS TBEPIBIX OCaIKOB, BOSHUKHOBEHUSI, CYIIECTBOBA -
HUS ¥ CXOJla CHEXKHOTO TTIOKPOBA, JaHHBIE O KOJIMUYECTBE
BBITIAAIOIIETO M3 aTMOC(hEepHI JIbIa 1 MAaKCHMAaTbHBIX
cHerozanacax (I nsuuonoruueckuii ciosapb, 1984).
OOBIYHO NP OLIEHKE CHEXKHOCTHU 3UM BBIACISIOT TPU
THUIIA: MAJIOCHEXHBIE, CPETHECHEKHBIE 1 MHOTOCHEXHBIE
3UMBI. 1151 OLIEHKY MTPUMEHSIIOT pa3Hble XapaKTepUCTUKU
(MakcuMaJIbHBIN CHerosamnac, CyMMY TBEPIBIX OCaIKOB,
CPEIHIOI0 IEKATHYIO TOJIIIMHY CHEXXHOTO ITOKPOBA U T. 11.)
WA X KOMOWHAIIAH.

B pabGote npoBeneHa olleHKa CHEXXHOCTH 3UM I10
pa3HBIM MapaMeTpaM Ha IMIPUMeEpPe TOPOICKOTO OKPY-
ra «[opon KOxHo-CaxaauHCK» C LEIbIO OMpeaeIeHUS
Haunbosiee pernpe3eHTaTUBHbBIX METOIUK.

[NOCTAHOBKA ITPOBJIEMbI

ITpobGaeMa OLIEeHKM CHEXKHOCTU TEPPUTOPUU pac-
CcMaTpUBajach MHOTUMU yU4€HbIMU elié ¢ 1960-X rogos.
PaszHbie aBTOpHI B CBOMX paboTax UCMOJIb3YIOT pa3HbIe
XapaKTEPUCTUKMU JIJIsI OLIEHKU CHEXKHOCTU 3UM: CHETO-
3anac K Havasy cHerotastHus (AimuHa, 1978), cpeaHion
JIEeKAIHYIO TONIIUHY U JMHAMUKY CHEXKHOTO ITOKPOBa
(F'anmaxos, 1961), MaKCUMAaJTBHYIO TOJIINHY CHEXHOTO
nokposa (TpomxkuHa u np., 2005), cpenHe3MMHIOIO TOI-
LIMHY CHeXXHOro mokposa (OneiiHuKoB, 1982), cymmy
0CaJIKOB, BBHINIABIINX NpHU TeMIiepaType Huxke +1 °C
(IImakwuH, 2010) u 1. 1. K Mano- 1 MHOTOCHEXXHBIM
OOBIYHO OTHOCST 3UMbI, B KOTOpPBIE UCCIEAYEeMBbIIA Ma-
paMeTp OTJAMYAETCSI OT CPEIHEMHOIOJIETHUX 3HaUe-
HUit Ha 25—30% B MEHBIITYIO WM OOJIBIITYIO CTOPOHBI
COOTBETCTBEHHO.

H. H. N'anaxoB BblaeaseT TUIBI 3UM IO TOJLIVHE
Y TMHAMUKE CHEXXHOTO ITOKPOBA: 3MMa CYNTACTCS MHO-
T'O- WJIM MaJIOCHEKHOM, €CITM cpemHeneKanHast TOIIHA
CHEXXHOTO MOKpOBa oTIMJaiach Ha +25% u 6ojiee OT
CpeIHEMHOroJeTHUX B TeueHue 2/3 3umbl. Eciu B Te-
YeHHe 3UMbI TOJIINHA CHEXHOTO TTOKPOBA OTKJIOHS -
JIach OT CpeIHeli MeHee YeM Ha 25%, TO 3uMa CuUnuTaeTcst
CpPEeIHECHEKHO; a eClTi U3MEHSJIach B 06€ CTOPOHBI —
HeycToiunBocHexxHo (["amaxos, 1961).

HekoTropblie aBTOpbI UCTTOJB3YIOT KOG GULIMEHTHI,
paccyuThIBaeMble Ha OCHOBE HECKOJIbKMX MTapaMeTpoB,
HaIpuMep, TIPOIOKUTEIEHOCTH TIEpUOa C YCTONUNBBIM
CHEXHBIM ITOKPOBOM M CpeIHEH TOJIIMHBI CHEXXHOTO
IMOKpOBa 3a ToT Xe nepuo (OcokuH, 1967), cyMMBbI
3UMHMX OCaJKOB (HOSIOpb — MapT) U TOJIIIUHBI CHEX-
Horo nokposa (Medeu and others, 2022) 1160 uyuciia
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JHEH cO CHEXKHBIM MTOKPOBOM TOJIIIMHOM Oosbiie 1 cMm,
4yuclia THER CO CHEXXHbIM MOKPOBOM TOJIIIMHOM O0JIblIIe
20 cM U CyMMBI TOJILIMHBI CHeXXHoro nokposa (Urban
and others, 2018). I'. T1. MenBeneBa ucronab3yeT KO3d-
¢unment B. I1. [lyaba: CHeXXKHOCTb 3UM pacCUUThIBA-
€TCSI Ha OCHOBE IaHHBIX O MAKCUMAaJIbHOM CHero3arace
U CpeHEKBaApaTUUHOro oTKJIoHeHus1 (MenBenesa, 1970).

B HeKOTOpBIX caydyasix aBTOPbI UCIOJb3YIOT JJIsI
OLIEHKU CHEXXHOCTU 3UM CYMMBI OCaJKOB, BbIMABIINX
MIPY HU3KUX TeMIIepaTypax Wid B 3MMHUI TTIeprof 6e3
npuBs3ku K temmepatype (Ilmakun, 2010; Medeu and
others, 2022), 4T0, 04eBUIHO, HE COOTBETCTBYET KO-
JIMYECTBY OCAJIKOB B BUJI€ CHEra U CHUKAET Ka4eCTBO
ouleHKU. OJHAKO 5TO BBIHYXXIEHHAs Mepa, BbI3BaHHAs
OTCYTCTBUEM HEOOXOIMMBIX TaHHBIX B METEOapXUBax
¥ HEOOXOIUMOCTBIO HANTY albTePHATUBY.

OlieHKa CHEXXHOCTH 3UM B OOJIBILIMHCTBE PETMOHOB
Poccuu Bo MHOTOM ocJioskHEeHa, BO-TIEPBBIX, U3-3a HEO-
CTaTOYHOI0 KOJIMYECTBA TOUeK HaboaeHU (0COOEHHO
C JJIMHHBIMU HENPEPBIBHBIMU PsiaMU JaHHBIX), BO-BTO-
DbIX, BCJEICTBUE BBICOKOI CTENEHU MPOCTPAHCTBEH -
HOI HEOJHOPOJHOCTU CHEXHOTro rnokposa (YepHoyc,
2019). Tak, cpenHe3UMHSISI BBICOTa CHEXKHOTO MOKPOBa
Mo AaHHbIM MeTeocTaHUMU «HOxHO-CaxanuHCK» U 110
CHETroChEMKE OTJINYAETCSl OUEeHb CUIILHO (B HEKOTOPbIE
roasl Ha 50—60%).

B 1iestoM, HeCMOTpST Ha TOCTATOYHO OOJIBIIOE YMCIIO
paboT, MOCBALIEHHBIX OLIECHKE CHEXKHOCTH 3UM, €IU1-
HOTIO TTOJX0/Ja K 3TOM MpobjieMe Ha JaHHBIA MOMEHT
He CYIIEeCTBYET.

MATEPUAJIBI U METO/Z bl

[1pu ananM3e CHEKHOCTU 3UM B TOPOACKOM OKpY-
re «I'opon FOxHo-CaxaanHCK» ObUIN MCITOJIb30BaHbI
TMaHHbIC U3MEPEHMH, TPOBOIMBIIMXCS Ha METEOCTaH-
mun «kOxHo-CaxanuHck» (abc. BeIcoTa 22 M Hafd yp.
Mopsi), orryoarkoBaHHbIe Ha caiite BHUMT MU -MILJ
(http://meteo.ru). JoCTyIHbI TaHHBIE 3a Tiepuon ¢ 1947
o 2022 r.

B pabote ncnonb30BaHbI €xKeTHEBHbIE JAHHBIE O TOJI-
LIMHE CHEXXHOTO MOKPOBAa Ha METEOCTAHIIMU, a TAKXKE
JaHHBIE O CHerosaracax (3arace BOAbl B CHEre) v ToJI-
LIMHE CHEXXHOTO TMTOKPOBa MO JaHHBIM CHETOChEMKM.
K coxaneHuto, MeTeopoornieckue JaHHbIe OTIMYAIOTCS
PSI0M HETOYHOCTEN M HEOAHOPOIHOCThIO. Tak, ecTh
psia ripo6esioB B 1970-e u 1980-e rogpl. CHErochb&MKI
B 1970/71 1 1975/76 TT. MpOBOAWINCH TOJIHKO B TIOJIE,
a B OCTaJIbHbIE 3UMHUE CE30HBI — B JIECY, UTO JEIaeT
HEBO3MOXXHBIM CpaBHEHME JAaHHBIX O CHETO3aIace B 3TH
TObI C OCHOBHBIM PSIIOM TaHHBIX. KpoMe Toro, Kak y:xke
OBLTO CKa3aHO BhIIIE, CHEXHBIN ITOKPOB XapaKTePU3YeTCsT
BBICOKOW CTETEHBIO TPOCTPAHCTBEHHOIM HEOTHOPOIHO-
CTH, B CBSI3U C UEM JIaHHBIE O €ro TOJIIIMHE U CHEro3a-
race MOTYT OTJIMYAThCs OYEHb CUJIBHO JaXKe IJIsl TOUEK,
PACTIOIOXEHHBIX HA HEOOIBIIOM PACCTOSTHUM IPYT OT
apyra. TeM He MeHee, TTOCKOJIbKY B OLIEHKY CHEKHOCTH
31M 3aJI0KEHO OTKJIOHEHUE CPEeIHE3UMHUX 3HAUCHUIA
JNEO U CHET Ne 2
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OT CPCAHEMHOI'OJIETHUX, @ HC KOHKPETHbLIC BEJIMYUHDI,
B 1LI€JIOM TJaHHbIC HAOIIOACHMS 32 CHETOM Ha MECTCOPOJIO-
TNYCCKUX CTAaHIMAX 1 MaTCPpUaJIbl CHETOChEMOK IT03BO-
JISIFOT OLEHUTh CHEXKHOCTD 3UM B JOCTaTOYHOM CTEIIEHU.

B cBsI311 ¢ HEOTHOPOIHOCTHIO METEOTAHHBIX 10 1986 T.
OIIeHKA CHEXKHOCTH 3UM JUTSI TOPOICKOTO OKpyTa «I'opos
IOxHo-CaxanuHcK» ObliIa BBIIIOJHEHA IS IIepuoaa
1986—2022 1.

OBBEKT MCCIIEJOBAHUA

TI'oponckoii okpyr «I'opon FOxnHo-CaxanmHck» pac-
MOJIOXKEH B 102kHOM yacTu 0. CaxanuH, B CycyHaiicKoi
Hu3MeHHOCTU Mexkay CycyHaliCKMM U MUILyIbCKUM
XpeObTaMu. AGCOJTIOTHBIE BBICOTHI COCTaBISIOT OT 10 M
B HU3MeHHOoI yacTu 10 100 M B mpenropHoii. B rpaHuiis
TOPOJICKOI0 OKpPYyra BXOISIT U CKIIOHBI CyCyHaCKOro
xpebTa (camasi BbicoKasi Touka — ropa IlymkuHckas,
1047 M), y MOTHOXHUST KOTOPOTO PaCIOJIOXKEH Fropo
IOxHo-CaxanuHck.

B ropoackom okpyre 1 OKpeCTHOCTSIX B HACTOSIIIEE
BpeMst TipoxxuBaeT 6oJiee 45% HaceneHus CaxalMHCKOM
obmactu (0omee 200 ThIC. Uell. 110 cocTossHuio Ha 2021 1.,
o JaHHBIM caiiTa sakhalin.gov.ru), pacrojioxeH aaMu-
HUCTPaTUBHBIN LIeHTp CaxaJlMHCKOM 00J1acTH, a TaKXKe
TOPHOJIBIKHBIN KypopT «I opHBIii BO3myx» (puc. 1).

Teppurtopust otHocuTcs K KOxxH0-CaxaInmHCKOM K-
Marunyeckoi odsactu. OcoOeHHOCTH 3/I€IIHEro KJuMaTa
00YyCJIOBJICHBI IEICTBMEM MYCCOHA YMEPEHHDIX IIUPOT.
3umMHue atMochepHbie npouecchl B FOxxHo-CaxaanHcke
XapaKTepHBI JUTS TIeproa ¢ Hossops 1o MapT. CaMblid
XOJIOIHBIN MeCSIl — STHBaph (CpeaHsIst MecsTYHasT TeM-
nepatypa Bo3nyxa —13.5 °C), nepuon ¢ TeMIiiepaTypoi
Bozayxa Huke —10 °C piutcest okoso 70 aHeit (1o f[aHHBIM
caiita sakhmeteo.ru). /i1 3MMHero repuoa xapakrepHa
aKTHBHAasl IMKJIOHWYECKasl IeITeIbHOCTh, O0YCIOBIIM -
Barolas yactble cHeronaabl U Metesu (I'enecuna, 1975).

OnmHa 13 BaXKHEUIINX XapaKTePUCTUK CHEXKHOCTU
31M — 3TO JaThl (GOPMUPOBAHUS U Pa3PYIICHUST CHEX-
HOTO ITOKPOBA, a TAKXKE €ro YCTOMYMBOCTb. Y CTOMYMBBIM
CYMTAETCS CHEXHBII ITOKPOB, 3aJIeraBLIMI HEIMPEPHIBHO
He MeHee TPEX AeKa MOoApPsI C TiepepbiBaMU He OoJiee
3 nHeit Ha Kaxabie 30 mHEi, a yCTOMYMBOCTh CHEXKHOTO
IMOKPOBA — 3TO OTHOILLIEHUE YUCIa IHEH ¢ (PaKTUIECKUM
CHEXXHBIM ITOKPOBOM K OOIIIEMY YHUCTY THEH OT IepBOro
JIO TIOCJIETHETO JTHSI CO CHEXXHBIM MoKpoBoM (I isiiimo-
JIOTUYECKUIA cloBaphb, 1984).

B xone aHanuza TaHHBIX O CHEre Mo MeTeOoCTaH-
i «kOxHo-CaxanmuHcK» 3a meprof ¢ 1986 o 2022 1.
OTIpenesIcHBI CIICAYIONINE TTapaMeTPhl CHEXXHOCTH 31M.
CHEXXHBII TTOKPOB OOBIYHO TTOSIBISIETCS B IIEPBOI IeKajie
HOs10ps1. CpeaHsis naTa MosiBJIeHUsI CHEXKHOTO MOKPO-
Ba — 4 HOsIOpS1, caMast paHHsIst — 3 okTs10pst (2012 1.),
camasi no3aHsist — 23 Hosiops (1989 r.). CpenHee unciio
JIHEM CO CHEXXHBIM ITOKPOBOM — 146, MUHUMAaJIBHOE —
117 nueii (1989/90 r.), makcuManbHoe — 167 (1992/93
1 2016/17 1T.). YCTOMYMBBIN CHEXHBIN ITOKPOB 00pa3yeT-
csl B TPETheil AeKane Hosa0psl, cpeaHsis ngata — 23 HOSI0ps,
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Puc. 1. Cxema uccinenyemoit reppuropun: I — meteoctaHuus «KOxHo-CaxalumHcK»; 2 — rpaHulia ropoackoro okpyra «l'opon

FOxxHO-CaxalnHCK»

Fig. 1. Scheme of the study area: / — weather station “Yuzhno-Sakhalinsk”; 2 — the boundary of the Yuzhno-Sakhalinsk urban district

a pa3pyliaeTcs B epBOil neKane anpeis (CpexHsst

nmata — 8 anpensg). Camas paHHSISI JaTa YCTaHOBJICHUS

cHexxHoro mokposa — 30 okTs16pst (2016 1.), camas o3.-
Hssg — 20 gexaops (2003 r.). Camas paHHsIS gaTa pas-
PYILIEHUS YCTONYMBOIO CHEXXHOTO TTOKpoBa — 18 mapTa
(1990 1.), camas mo3mHssT — 4 Mast (2006 r.). Yncno oHeit

C YCTOMYMBBIM CHEXXHBIM ITOKPOBOM Kosebiercs ot 104

(1989/90 1 1990/91 rr.) mo 167 (2005/06 r.) 1 cocTaBisieT

B cpenHeM 138 gHeil. YCToMYMBOCTD CHEXXHOTO ITOKPOBa

KoJieGieTcs B pa3Hble 3UMBbI OT 68 10 99% 1 B cpeaHeM

cocranisieT 83%. CpenHsis gata cxoaa CHEXKHOTO TTOKPO-
Ba — 24 anpenst, caMasi paHHsisg — 24 mapTta (1989/90 r.),
camas mo3mHsst — 26 mast (1992/93 1.).

B paitone IOxno-CaxannHcka (He cunTasi TOpHOt

YaCTH TEPPUTOPUHN) TIEPUOT MaKCUMATIbHBIX CHETO-
3aracoB MPUXOJUTCSI B OCHOBHOM Ha TPEThIO AeKaIy

MapTa — MepByIo IeKaay arpeJs, mpuuem B 44% 3um — Ha
TPEThIO IeKaay MapTa, B 31% — Ha nepBylo AeKay arnpe-
Jisi. CpeTHEMHOTOJIETHUIM MaKCUMaJIbHbBIM CHero3arnac,
110 TaHHBIM CHETOChEMOK, cocTaBisieT 258 MM. MuHU-
MaJIbHBII 13 HAOTIONEHHBIX — 56 MM (3uma 2018/19 1.),
MakcUMabHbI — 449 MM (3uma 1993/94 1.).

CpeaHe3MMHSIS TOJIIIMHA CHEXXHOTO TTOKPOBA 10
JaHHBIM METEOIIIOIIAIKNA U CHETOChEMKE OTIIMYACTCSI
O4YeHb CWJIBHO, B HEKOTOpPHKIE roabl Ha 50—60%. D10 cBsI-
3aHO C BBICOKOW MPOCTPAHCTBEHHOM HEOTHOPOIHOCTBIO
CHEXXHOTO TTOKPOBa, 00YCIOBJIEHHOI BETPOBBIM ITepe-
pacripeieIeHueM CHeTa, pa3InuyieM B paCTUTETEHOCTU
1 MUKpopeibede 1 T. 1. HecMoTpst Ha To, 4TO B LIeJIOM
KoJIe0aHKs CpeIHE3NMHEN TOMIIMHBI CHEXXHOTO TTOKPOBa
WIYT OPAKTUUECKU CUHXPOHHO (pHUC. 2), B OTIAEIbHBIE
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Puc. 2. CpenHe3nMHSsIsI TOJIIIMHA CHEXXHOTO MOKpoBa B KOxHo-CaxannHceke 10 TaHHBIM MeTeoCcTaHIUM (/) U CHeTOChEMKH (2)
Fig. 2. Average winter snow thickness in Yuzhno-Sakhalinsk according to weather station data (/) and snow survey (2)

TOJIbl OHU CUJIBHO pa3inyaloTcsl (HampuMep, 3UMMoi
2003/04 r.).

OCHOBHBIE TTapaMeTpPhbl, UCTIOJIb30BaHHbIE JIS OTIpe-
JIeJISHUSI CHEXXKHOCTU 3MM: MaKCUMAaJIbHbBII CHerosariac,
CyMMa TBEPIBIX OCAIKOB, CyMMa OCaJIKOB, BbIMaBIIINX
npu Temnepatype Huxe +1 °C, cpenHsiss HauboJblias
JeKaaHasl TOJIIMHA CHEXXHOTro MOKPOBa, CPEAHE3UM-
HSIST TOJIIIMHA CHEXKHOTO MOKpoBa (1o MeTeOCTaHLIM U
U TIO CHETOCHEMKE), MAaKCUMAaJIbHAas TOIIMHA CHEXXHOTO
MOKpoBa (M0 METeOCTaHIIMU U MO cHerochbémke). Mx
CTAaTUCTUYECKME XapaKTepUCTUKY MIPUBEIEHBI B Ta0I. 1.

PE3VIJIBTATHI MCCIIEAOBAHUWA

Turbl CHEXKHOCTU 3UM ObLIN OTIpeNe/IeHbI 3 MOCe -
Hue 36 et (1986—2022 1T.), TOCKOIBbKY B MPEAbIAYILINE
TONIbI B IAHHBIX CIMIITKOM MHOTO TIpo6esioB. Jj1st o1leHKu
ObLIM UCTIOJIB30BAHbI 9 METOAOB: IO MAKCUMAJIbHOMY 32
3uMy cHero3anacy (AiuHa, 1978), mo cymMme TBEPIbIX
0CaJIKOB, IO CPEIHE3UMHEN TOJIIMHE CHEXHOTO TT0-
KpOBa Mo JaHHBIM METEOCTAHLIMU U IO CHETOChEMKE
(OneitHukoB, 1982), mo cpeaHeit HanOoJIbLIEH AeKaATHOM
TOJIIIIMHE CHEXXHOTO ITOKPOBA, TI0 CYMME OCaIKOB B BUIIE
cuera (IIImakun, 2010), mo meTonuke H. H. 'anaxoBa
(Tamaxos, 1961), mo koaddunuenty llynbna (Men-
Beaena, 1970), no MakcuMaibHOM 3a 3UMY TOJILIMHE
cHexxHoro rmokposa (Tpomkuna u np., 2005). Pesynabratst
MpUBEACHBI B Ta0J. 2.

Tosibko B 17% 3uM TUIIBI CHEXKHOCTHU, OIpeIe/IEHHbIE
Ha OCHOBE Pa3HbIX XapaKTEPUCTUK, COBITAIN; B 61% 31M
THUIIBI CHESKHOCTH COBITau 1o 2/3 mokasateneit. Otme-
THUM, 9TO daXKe TIPY OIIEHKE CHESKHOCTH 3UM TI0 OJTHOMY
TmoKasaTteJio (110 CpeTHe3UMHEN TOJIITNHE CHEXKHOTO TI0-
KpOBa) Ha OCHOBE JaHHBIX METCOCTAHIINH I CHETOCHEM -
KU, TUTTBI COBIAJIA TOJIBKO B 81% 31M, 94TO 0OYCITIOBIIEHO
OUYeHb BBICOKOI TTPOCTPAHCTBEHHOM HEOTHOPOTHOCTHIO
CHEXXHOTO TTOKPOBA.
JEJ U CHET Ne 2
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Turbl CHEXXHOCTH, ONPEACIEHHBIE 10 CPETHE3NMHEN
M TI0 cpefHel HanOobIlIel JeKaTHOM TOJIIIUHE CHEXHO-
ro MOKPOBa, coBnanaiotT B 89% ciyuaeB; pa3indne eCTh
TOJBKO B 4eThIpEX 3uMax (2001/02, 2004/05, 2006/07
1 2007/08 1T.), KOTOpBIE ONpeaeIeHbl KaK Majo- WIN
CpeIHECHEXHbIe B 3aBUCUMOCTU OT UCTIOJIb3yeMOTO
napaMeTpa. OgHAKO B 3TU 3UMBbI TOJIIIMHA CHEXXHOTO
MOKpOBa oT/InYajach OT cpegHeMHoroJieTHe# Ha 0.1—
5.2% v HaxooMJIach MPaKTUYECKHU Ha TPaHUIIe THITOB
cHexXHOCTU. [ToCKOIBbKY pe3y/bTaThl OLIEHKN CHEXHOCTHU
31M MO CPEIHE3UMHEM 1 TT0 CpeAHEe U3 HanOOJIbIIIUX
JeKaaHbIX TOJIINH CHEXHOTO IIOKpOBa TaK OJIM3KH,
JIOTUYHO ciegoBaTh pekoMeHaauuu A. . OneiiHuKo-
Ba U UCIMOJIb30BaTh MEPBbI MapamMeTp, MOCKOJIbKY 3TO
paciIrpsieT BO3MOXHOCTH CTaTUCTUIECKO 00pabOTKM
MHMOPMALIMK 1 YIIPOIAET MPOLIECC IMTOATOTOBKU JaHHBIX
(OneitHukos, 2010).

Ouenka no koapbuumenty B. I1. Iynbla, roe cHeX-
HOCTb 3UM PaCCUMTBLIBAETCS Ha OCHOBE JAHHBIX O MaK-
CUMaJIbHOM CHero3ariace U CpeJHeKBaIpaTUIHOTIO OT-
knoHeHust (Mensenesa, 1970) nnsa FOxno-CaxanmHcka
OCJIOKHEHA TeM, YTO OHa IIpUMEHSIEeTCsI, Korma Koad-
(pyLIMeHT BapUalluy CHETO3aIlacoB MEHSIETCSI B MaJIbIX
npenenaax u kojaeodnetcst okoso 0.30, a 31ech OH paBeH
0.40. IToaTOMy B 1aHHOM CJIy4ae JIOTMYHEEe UCII0Ib30BaTh
MeTo[, MpeaioxkeHHbIi B (AumHa, 1978) u ocHOBaHHBIN
Ha OTKJIOHEHUM CHeTo3amnaca K Hadyajay CHeTOTastHUS
OT cpefaHeMHOTroJieTHero Ha 25%. THUITbl CHEKHOCTH,
onpezeIEHHbIE IT0 3TUM METOAaM, COBIAIU B 78% 31M.

Bri0op MeTOn0B, OCHOBAaHHBIX Ha TaKMX IMapaMeTpax,
KaK cyMMa TBEPIBIX OCAIKOB UJIM CyMMa OCalKOB, Bbl-
MNaBIIMX Ipu TemIrepatype Hike +1 °C, ueaecoodpaseH
TOJIBKO B T€X CJIy4asix, KOrja HeBO3MOXHO MOJYyUYUTh
JlaHHbBIE O TOJILIMHE CHEXXHOTO ITOKPOBa WJIM CHET03arace.
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OBCYXIAEHWE PE3YJIbTATOB

HecMmoTpst Ha TO, YTO CHEXXHOCTh 3UM — KOMILJIEKC-
HOe TMOHSITUE, BKItOYalolllee B cebsi psia mapamMeTpos,
OGOJTBIIMHCTBO aBTOPOB TP OIleHKE CHEXHOCTH MC-
MOJIb3YIOT 3HAYEHUSI TOJbKO OTHOTO, MAKCUMYM ABYX U3
Hux. Kak cienctsue, olieHKa MoJIy4yaeTcst AOCTaTOUHO
YIIPOIIEHHOM 1 0MHOO0KOI. TeM He MeHee IPU OLICHKE
CHEXXHOCTH 3UM JUISI pEIIeHUS MPaKTUYECKUX 3a1a4 He
BCeT/Ia HY>KHO YYUTBIBATh BCE BO3MOXKHBIE TTapaMeTPhI
OIIHOBPEMEHHO.

[1pu o1teHKe CHEXXHOCTH 3UM 10 CPEAHE3UMHUM
XapaKTepUCTUKAaM He YIMTBIBAeTCs pacIipeneaeHe Ko-
JINYeCTBa BBINAAAIOIIMX OCAJKOB BO BDEMEHU B TEUEHUE
3UMHETO Ce30Ha, YTO BaXKHO TIPU OTIpeAeICHUN CHEX-
HOCTHU 3UM, HAIIpUMeED, TSI OLIEHKH MPEAIoaracMoro
BO3MIEICTBYS CHeTa Ha ypOAHU3MPOBAHHEBIE TEPPUTOPUH.
Kpome Toro, He yIUTBIBaeTCS M TTPOIOIKUTETLHOCTh
YCTOMYMBOTO 3ajIeTaHUsT CHEXKHOTO TTIOKPOBa: HaprMep,
B FOxHno-Caxanuucke 3umbl 2013/14 1 2017/18 tr. 0THO-
CSITCSI K MHOTOCHEKHBIM TT0 CpeTHEN TONIITMHE CHEKHOTO
MOKPOBA, CPEMHSIS 32 3MMY TOJIIIIMHA CHEXKHOTO TTOKPOBa
npuMepHo oarnHakoBa (59.5 u 58.9 cM cooTBeTCTBEHHO),
OJTHAKO YCTOMYMBBII CHEXXHBII MOKPOB 3uMoit 2017/18 1.
coxpaHsiicst Ha 21 aeHb goJiblie, yeM 3umoii 2013/14 r.
Meromuka H. H. I'anmaxosa (I'amaxos, 1961), KoTopsrit
BBIACJISIET TUIIBI 3UM T10 OTKJIOHEHUIO CpeaHeaeKaTHON
TOJIIIWHBI CHEKHOTO TTOKPOBA OT CPeTHEMHOTOJIETHUX
3HAaYEHUI Ha MPOTSKEHUHU 2/3 3UMBI, yIauHa TeM, UTO
YUMTBHIBAET BpeMEHHOI acreKT, OMHAKO TOXE UMEeT
HemocTaTki. Harmpumep, Tipn olleHKe CHeXXHOCTH B FOX-
Ho-CaxaJIMHCKe IT0 3TOi MeTOIUKE 61% 31M OTHOCHUTCS
K HEYCTOMYMBOCHEXKHBIM, a 9TO MaJIOUH(DOPMATHBHO.

CJIOXHBIM BOIIPOCOM OCTAETCS OLIEHKA CHEXKHOCTU
3UM B MaJIOM3YUYEHHbBIX TOPHBIX paiioHaX, TIe HET IPOIOJI-
SKUTEJIbHBIX PSIIOB HAOMIONEHUI 32 XapaKTepUCTUKAMU
CHEXXHOTO MOKPOBA, a MPOCTPaHCTBEHHAS HEOTHOPOI-
HOCTb CHEXKHOTO TTOKPOBa e111€ BhIllie, YeM Ha paBHUH-
HBIX yyacTKax. Tem He MeHee, TTOCKOJIbKY B OLIEHKY
CHEXHOCTHU 3UM MO OOJILITMHCTBY METOAUK 3aJI0KEHbI
He a0COJIIOTHBIE 3HAYEHMUSI, 2 OTKIIOHEHUS OT CPEIHUX,
MPU OTCYTCTBUM HAOJIOAECHUI MOTYT OBITh KCITOIh30Ba-
HBbI JaHHBIE OJIM3JIEKAIIUX PABHUHHBIX METCOCTAHIINIA.

Ha B3ruisin aBTopa, Mpu OLEeHKe CHEXXHOCTU 3UM JIJIs1
KOHKPETHBIX 1IeJIei MOXET OBITh MCITOIb30BaH OIMH T1a-
pameTp, HaudoJiee TOUHO XapaKTePU3YIOLINM 3Ty 1eb
(HampuMmep, ISl OLIEHKM CTOKA BECEHHETO MOJIOBOIbS
11eJ1eCO00pa3HO MCIOJIb30BaTh MAaKCUMAaJIbHBIN CHETO-
3arnac, a B JJABUHOBEJCHUM — MAKCHMAJIbHYIO IEKaTHYIO
TOJIUHY CHeXXHOTo MmokpoBa (TpoukuHa u np., 2009).
JI1s1 o1lleHKU 0011ei CHEXXHOCTHU 3UM 1IeJIECO00pa3HOo
HCIOJIb30BaTh KOMILJIEKCHBIH IMOKa3aTeb, BKJIOYAIOIINA
B ceOsI psii TapaMeTpoB (HarpruMep, IPOAOLKUTEILHOCTD
3aJIeTaHus CHEXXKHOTO TTOKPOBAa U €ro CpeIHEe3UMHIOI0
ToauuHy). [Tpu aTom /Uist mpeaoTBpalleHusl HeAONMOHU -
MaHUS BaXKHO, YTOOBI B pabOTaXx, MOCBSIIIEHHBIX CHEX-
HOCTHU 3UM, Oblj1a MpUBeAcHAa KOHKPETHAasi METOIMKA,
HCIIOJIb30BaHHAsI aBTOPOM.

MpH TEMIIe-
kuH, 2010)

paTtype HUXe
+1 °C (IlIma-

10 CyMME | 10 CYMME OCajl-
TBEPIBIX | KOB, BBIIABIIMX

MTH)

HOU 3a 3UMY TOJI-
IIMHE CHE>KHOTO | OCaaKOB

nokposa (Tporii-
KnHa u ap., 2005

110 MaKCuMaJib-

HEH Hau-
NeKaTHOU
TOJIIIINHE
CHEXHOTO
MOKpOBa

10 cpef-
OOJIBLIIEN

10 CpemHel
NIEKaTHOU
BBICOTE U I~
HaMMKe CHEX-
HOTO TTOKPO-
Ba (TI'aaxos,
1961)

Tun caexxHOCTH

10 CpeIHE3UM-
HEli TOJIIIMHE
CHEKHOTO I10-
KkpoBa (Oreii-
HUKOB, 1982)

(110 CHETOChEMKE)

10 CpeaHE3NM-
HEl TOJIILIMHE
CHEXXHOT'O ITOKPO-
Ba (OJIeitTHUKOB,
1982) (110 MeTeo-
CTaHIINN)

10 MaKCH-
MaJIbHOMY
(ko3 dunm-
enty lynbua
(MenBenesa,
1970))

CHEro-
TassHUS
(AmmHa,
1978)

10 CHe-
rosaracy
3MMHMI | K HayaJly | cHerosaracy

CE30H
an/IMe‘{aHI/IC. ]_[I/ICI)paMI/I 0003HaYeHbI TUITBI CHEXHOCTH: () — HCOIIPEOCICHHO CHEXKHAA, 1— MaJIOCHE2KHas, 2— CPCOHECHEXKHA, 3 — MHOTOCHEXXHasI.

Oxonuarnue maba. 2
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YTo KacaeTcsl OLIEHKN CHEXHOCTU 3UM C TOUYKU 3pe-
HMSI BO3IEHCTBUS CHETa Ha MH(PACTPYKTYpY HAaCeAEHHBIX
TEPPUTOPUIL, TO BaKHA HE TOJIBKO TOJIILIMHA CHEXXHOTO
MOKPOBa, HO U XapaKTep BhINIaAcHMS CHera (Harpumep,
MHTEHCUBHOCTb cHeronanoB). Eciu paccmaTtpuBaTh
BO3JIeliICTBUE CHera Ha MH(PACTPYKTYpPY, BaXKHO Olle-
HUTb TIPOAOJIKUTEIIBHOCTh MHOTOCHEXKHOTO TIeproaa
B T€UCHUE 3MMHETO CE€30HA, a HE TOJIbKO MAaKCUMAJIbHYIO
TOJIIMHY CHera 3a 3uMy (Harmpumep, 00JbllIoe KoJuue-
CTBO CHEra MOXeT BbINACTh OJMH pa3 3a 3UMMY B KOHIIE
ce30Ha, IPUUNHUB TOpa3i0 MeHbIlle HEYT0OCTB 1 KO-
HOMUWYECKUX 3aTPaT, YeM eCJIM TO K€ KOJMIECTBO CHeTra
BBINTAAET B HayaJie ce30Ha). B aTom ciydyae 1Jist oLieH-
KU CHEXXHOCTH 3UM MOXHO MCMOJIb30BaTh YUCJIO THEN
C TOJILIMHOM CHEXXHOI'O ITOKpOBa 0oJjiee KaKo-1100
KOHKPETHOU BeJIMYUHBI, OITpeAeISIeMON MHANBUIYAJTb-
HO JIJISl KaXKJI0TO PErMoHa B 3aBUCUMOCTH OT CpeaHei
TOJIIIMHBI CHEXXHOTO MOKPOBA.

B 11e710M ol1eHKa CHEXXHOCTH 3UM TTO3BOJISIET TTOJTY-
YUTh OOIIIME MTPEICTABICHUS O TTapaMeTpax 3UM B PeTU-
OHe, O MOPSIIKE BEJTUYMH TOJIIMHBI CHEXXHOTO MOKPOBa
U T. II., TOCKOJIBKY M3-332 HU3KOTO YPOBHSI IOCTOBEPHOCTU
IPU OLICHKE TPEHIOB IaTh aleKBAaTHBII IIPOTHO3 CHEX-
HOCTH 3UM HeBO3MOXXHO. [IpoaHann3nupoBaTh MoBTOPSI-
€MOCTbh 3UM C Pa3HBIMU TUITAMM CHEXKHOCTHU CJIOXKHO,
MOCKOJIbKY THUIIbI, OTIpEIEIEHHBIE TI0 Pa3HBIM ITapame-
TpaM, COBITAJAI0T TOJbKO B HEOOIBIIIOM YHCJIE CITyYaeB.

BbIBObI

O1eHKa CHEXKHOCTH 3UM CUJIBHO 3aTpyaHeHa 13-3a
HETOYHOCTE! B apX1MBaxX MET€OHAOII0NCHUI 1 ITOTPellI-
HOCTEI METEOPOJIOTMUECKUX UBMEPEHUI, PEIKOU CETU
METEeOCTaHLIMI, BHICOKOI CTeNeHU MPOCTPAHCTBEHHOM
HEOTHOPOTHOCTH CHEXXHOTI'O IIOKPOBA, a TAKXKE B CBSI3U
C pa3au4UeM IMapaMeTpPOB, XapaKTePU3YIOIINX CHEX-
HOCTb 3UM. TUIBI CHEXXHOCTU 3UM, OTIpeaeIEHHBIE 10
pPa3HbIM METOIMKAM, AAOT MPOTUBOPEUYNBBIE 3HAYSHUSI:
MIpH OLIEHKE I10 AeBITU MeToaukaMm s T. FOxHo-Caxa-
JIMHCKA TUIIbI CHEXKHOCTU COBITAJIM MOJIHOCTBIO TOJIBKO
B 17% 3uM, a B 58% 31M THUITBI CHEXXHOCTH COBITAJIN 110
2/3 mokaszaTesieii.

Ha B3rsag aBropa, pa3padboraTh €eAMHBII MOIXO/I
K OLIEHKE CHEXXHOCTHU 3UM HEBO3MOXKHO, MTOCKOJIbKY
rnapaMeTphl, BBIOMpaeMble JJIsl 3TOr0, pa3juyHbI B 3a-
BUCHMOCTH OT 1eJieit aToit orleHKH. LlenecoobpasHee
BCETO MOA0HUPATh METONMKY OLIEHKN CHEXKHOCTHU 3UM
B 3aBUCUMOCTH OT MOCTABJECHHBIX 32124 U OT HAJTUYMS
JIOCTOBEPHBIX UCXOAHBIX METEOPOJOTUUECKUX JaHHBIX
TUTST aHAJTU3A.

baaroaapuoctu. I1pencraBieHHbIE pe3yIbTaThl MOJTY-
YeHbI IpY (PUHAHCOBOI MOMIEPKKE TOCYIapCTBEHHOTO
saganusa FWWW-2022-0001.
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The problem of estimating a snowiness (a snow coverage) of a territory is considered by many authors,
but still nowadays no common approach to its solution is reached. Different authors use different
characteristics in their works for estimating the winter snowiness. In this work the snowiness of winters
was estimated using different parameters to determine the most representative one. The area 1a study is
the Yuzhno-Sakhalinsk urban district. The data for the past 36 years (1986—2022) were used to determine
the types of the winter snowiness in this district. The following nine methods have been applied: the
maximum winter snow reserve; by the amount of solid precipitation; by the average winter thickness
of snow cover from the weather station and by snow survey; by the average greatest ten-day thickness
of snow cover; by the amount of precipitation in the form of snow; the method of N.N. Galakhov;
the Schultz coefficient; and the maximum winter snow cover thickness. The results obtained are very
contradictory. Thus, the types of snowiness completely coincided in only 17% of winters; while in 58%
of winters the types of snowiness coincided by 2/3 of the above indicators. Estimation of snowiness using
various parameters gives closer results when using data on snow reserve at the beginning of snowmelt
and the average winter thickness of snow cover (coincidence in 78% of cases). The reason is that a major
part of the above methods uses the values of only one parameter. But given that snowiness is a complex
indicator, it would be reasonable to consider all possible parameters at the same time. It is impossible
to develop a unified approach to estimating winter snowiness, since the parameters chosen for this
problem depend on the goal of the determination. It would also be worthwhile to select a methodology
for estimating winter snowiness depending on the tasks set, and on the availability and reliability of the
initial meteorological data for the analysis. Such work is also complicated by the insufficient volume of
meteorological data, as well as due to gaps in them.

Keywords: snowiness, snow, snow cover, Sakhalin Island
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BBEAEHUNE

CeBepHas A3us — KpyIHENIINH MaKpOpPEeruoH Ha
cesepe EBpazuu (8.8% ot o01iieit uomanm cyim 3eMiin)
(Bridges, 1990) c 6oabmnM pa3HooOpa3uemM oporpa-
(UUeCKNX CTPYKTYP, KOTOPbIE OKA3bIBAIOT BMSIHUE Ha
MECTHbIE KJINMaTUYEeCKHUE YCIOBUS U, CIeIOBATEIbHO,
Ha (popMUpOBaHME CHEXXHOTO TTOKpoBa. B 3aBucumMo-
CTH OT NIPUHAIIEXKHOCTH BOTOCOOPHBIX OaCCEITHOB peK
Kk CesepHomy JlenoBuromy uinm TuxoMy okeaHaM BCIO €€
TEPPUTOPUIO MOKHO paslieuTh Ha aBe yacTu — Cubupb
u JlansHuii Boctok Poccuu coorBeTCTBEHHO.

Penbed Cubupu — orpoMHbIi amduTeaTp, OTKPHITHIA
Kk CeBepHoMy JlenoBuToMy okeaHy 1 pa3neia¢HHbI Cpen-
HECHMOMPCKUM ILJIOCKOTOpheM 1 BepXostHCKO# TOpHOI
CTpaHOI Ha BO3AYIIHbIE «<KapMaHbl» — 3anagHo-Cubup-
ckyto 1 LlenTpanbHo-AKyTcKy0 paBHUHBI, KonbIMCKY1O
HU3MEHHOCTb U Apyrue. [opHoe oOpamjieHre 3TOro
aMm@ureaTpa cocTOUT U3 YpalbcKoit, Anrae-CassHCKOM
n balikanbckoil ropHBIX cTpaH, CTaHOBOTO HAarophbs,
xpeoToB JIxxyrmkyp n Cynrap-Xasrta, a Takke KoabiM-
ckoro 1 Yykotckoro Haropuii. OKpannHHOE pa3MelleHUe
TOPHBIX MACCUBOB Ha 3aIiaje, 1ore u Bocroke Cubupu,
a TaKKe €€ OTKPBITOCTh C ceBepa 00eceuYnBaIoT 00JIb-
oe BaussHue CeBepHoro JIenoBUTOro okeaHa v oT4ya-
CTU ATJIAHTUYECKOTO, a TaAKXKe OTpaHUYMBaeT BIUSIHUE
Tuxoro okeana u LlentpanbHoit A3un. CHeroHakoruie-
HUe Ha Bcell Tepputopun CUOMpU IPOUCXOOUT B T€UEC-
Hue 150—270 gueit. B pe3ynbraTe MOIIHOCTH CHESKHOTO

MOKpPOBa B JIECHOI 30He 3arnagHo-CuOupcKoii paBHU-
HbI TipeBbIaeT 50—60 cM, B TYHIPOBOI CHIKAETCS 10
40—50 cMm, a B ctennHOI — 10 25—30 cm. B mpearopbsix
1 HU3KOTropbsix Antae-CassHCKOM TOPHOM CTpaHbl ero
MOIITHOCTH MoxKeT gocturath 200—300 cm (Apxurion
u 1p., 1970; Tpocdumos, 1975; Tanacuenko, YymbaeB,
2008). HecMmoTpst Ha IIMTEIbHbBIC 3UMbI, a TAKXKe Ha
MPaKTUYECKU TIOJTHOE OTCYTCTBUE OTTETElIeid, MOIIHOCTh
CHEXXHOTO MokpoBa Ha LleHTpanbHO-AKyTCKOI paBHUHE
U B TIpearopbsix CasiH B KOHLIE 3MMbI COCTABJIIET MEHee
30 cM, Ha KpaitHem CeBepe B CBSI3U C yBeJIMYCHUEM
LIMKJIOHWYECKOI NesATeIbHOCTU OHA Bo3pacTtaeT 10 40—
50 cM, a oike K gonvHe p. EHuMceli ctaHoBUTCS OoJiee
80 cM. BricoTa cHEXXHOT0 IMMOKpOoBa Ha MO0epeKbe MOPsI
JlanTeBbIX cocTaBisieT 0kos10 30 ¢cM, K BOCTOKY U 10Ty OHa
yBeamuuBaeTcs 10 60—70 cM, a Ha ceBepHBIX XpedTax
Konbsmckoro n Yykorckoro Haropuii — 1o 100—150 cm
(Kononosa, 2012; MakcioroBa, 2012; Tpodpumona, ba-
nbi6ouHa, 2012; MaxkcioroBa, 2013).

B otimume ot Cubupu, Jlansauit Boctok Poccun
MpeaCTaBIsIeT CO00 MPUOPEXKHYIO M0JI0CY, OMbIBAEMYIO
MopsiMu THUXOT0 OKeaHa ¢ OJHOI CTOPOHBI U TpuJiera-
IOLIMMMU K Heli ckiioHaMu CTtaHoBoOro xpebta, Konbim-
ckoro 1 YyKoTckoro Haropuit, a Takxxe xpeoToB JIXKyrm-
XKyp u CyHrap-Xasra — ¢ npyroii. Tem He MeHee, Kak
u B Cubupu, 31eCh UMEIOTCSI BO3AYIIHbIE «<KApMaHbI» —
AHagbpIpcKasi HI3MEHHOCTb, JOJIMHA P. AMYp U Apyrue
6osee meakue. DopMuUpoBaHUE MOIIHOTO CHEXXHOTO
rmokpoBa (6osiee 60 cM) Ha TeppUTOPUN AHATBIPCKOMN
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MOHHbBIM COCTAB CHEXHOI'O TOKPOBA HA TEPPUTOPUU CUBUPHU...

HU3MEHHOCTHU 1 OCOOEHHO Ha CKJIoHax XxpebToB Ko-
PSIKCKOTO HATOPbs CBS3aHO C BIMSHUEM LIMKJIOHOB Ce-
BepHoii yacTu Tuxoro okeaHa u ero Mopeii. B nonuxe p.
AMyp, HA00OPOT, 3MMa OTJIMYAETCSI MAJIOCHEXKHOCTbBIO

(MOIIIHOCTb CHEXKHOT'O ITOKpoBa He npeBbiiiaeT 20—40 cM)

3a CYET XOJOIHBIX CYXMX BO3AYIITHBIX Macc U3 CpemHeit

Cubupu, 111 KOTOPBIX CpeHeropHbIe XpeOThl CTaHo-
BOI'0 Harophbsl He SABJIsIoTCs npernsatcTBueM (KopiiryHosa

u ap., 2021).

CHeXHbI1 TOKPOB — OCHOBHOE 3BEHO B MUTpaLlUU
MHOT'MX MOHOB Ha 3emJie. B TeueHue Bcero repuoaa
CHETOHAKOIUIEHUSI OH aKKyMYJIUPYET UX U3 BO3IyXa, a BO
BpeMsI TastHUSI POUCXOAUT UHTEHCUBHOE MOCTYILJIEHUE
HaKOTUIEHHBIX MOHOB B IpyTue 00beKThl OMOreoleHO3a
(IMoyBy, ITOBEPXHOCTHBIE BOJbI, pacTeHuUs U ap.). U3-
y4eHHe 3TOro Mpoliecca UMEEeT BaXKHOE 3HAUCHUE ISt
IJ100aJIbHOTO KOHTPOJISI U MPOTHO3UPOBAHUSI 3arpsi3He-
HUSI, 0COOEHHO B CEBEPHBIX U BLICOKOTOPHBIX PETHOHAX
(I'azoBckmit u ap., 1983; Bacunenko u np., 1985; Jloce
u ap., 1993; Kaasik et al., 2000; BoiitoB u ap., 2000;
TenTtiokos, 2007; I'oproHoBa u nip., 2007; Maxkapos, 2007;
Bacunesuu u ap., 2011; Anexcees, 2013).

K Haubonee pacnipocTpaHEHHBIM NOHAM B CHEX-
HOM rokpoBe otHocsiTest Ca*t, Mg?*, NH,*, HCO;™,
Cl-, SO,*~, NO;~ u NO,™ (IToranosa, Makapos, 2017,
HMrnarenko, Ps6os, 2021). [IpucyrcTBue B HEM MOHOB
Ca?* u Mg?* B 6oubLueil cTereH! 00yCIOBIEHO CEI-
MEHTaLlME TBEPABIX YACTULL B pe3yJIbTaTe BETPOBOI
5pO3WH W JATBHEUIITNM MX pacTBopeHrneM (BacwreBuy
u ap., 2011), oGbIYHO UMeeT JTOKaJbHBII XapakTep pac-
npoctpaHeHud. Konnuectso nonos HCO;™ B CHEXXHOM
MOKPOBe omnpenessiercst KoHueHTpauueit CO, B aTMoc-
depe (Crymuukona, Canuxosa, 2016). Mon Cl~ B He-
3arpsI3HEHHBIX aTMOC(EPHBIX OcaJKaX, B OCHOBHOM,
Mopckoro reHesuca (AnekuH, 1953; Mopaps, 2003).
Wonnsl SO,’~ HAKATIIMBAIOTCS B CHETE 3a CYET OCAKICHUS
adpOo30Jieii IUOKCUIA Cephl U3 BO3yXa BMECTE C TbLIbIO
MOJ, JIeiICTBUEM CUJI TPABUTALIMN, a TAKXKE B Pe3yJIbTaTe
BBIBETPUBAHMSI 3aCOJICHHBIX TOYB HA MOPCKOM Mobepe-
Kbe (Mopapsb, Yeptuiena, 2007; Kapamsbiiiena, 2017).
Honst NH, ", NO;~ 1 NO,™ IOCTOSIHHO BBIIEISIIOTCS
B He3aMep3alolINX IMPUO3EPHBIX 1 3a00JI0U€HHBIX OUOTe-
oneHo3ax. OObIYHO HUTPUT-UOHOB B CHESKHOM TTOKPOBE
OO0Hapy>XMBaeTCs OYeHb MaJIO, TaK KaK B 3MMHEe Bpe-
MSI IPOUCXOJUT 3aTyXaHUe Ipoliecca HUTpUUKauuu
(Mopaps, 2003).

HccnenoBaHusi MOHHOTO COCTaBa CHEXKHOTO MOKPOBA
MPOBOJSATCSI, B OCHOBHOM, BOKPYT TOPOIOB U ITPOMBIIII -
JIEHHBIX LIEHTPOB, UTO €CTECTBEHHO, TaK KaK UMEHHO
3/1eCh MPOUCXOAUT UHTEHCUBHOE 3arpsiI3HEHUE aTMOC-
depbl (MukyiuH u ap., 2006; Achangusposa u 1p.,
2013; EpemuH u ap., 2015; CrynHukoBa, Canuxosa,
2016; Urnarenko, Ps6os, 2021). MOHUTOPHHT (POHOBBIX
KOHLIEHTPALIMif MIOHOB B CHEXKHOM TTOKPOBE Ha TEPPUTO-
pun PO ocymectsisier PocrumpomeT, KOTOPBIif UMeeT
00JIbIIIOE KOJMYECTBO METEOCTaHIMIt Kak B Cubupu, Tak
n Ha [laneHeM BocToke. TeM He MeHee Bce OHM TaK WU
WHaYe TPUYypPOYeHBI K HACEIEHHBIM ITYHKTaM, a 3HAYMT
JEJ U CHET Ne 2
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HE OXBATbIBAIOT TPYAHOMOCTYITHbIE TEPPUTOPUH, T IO
MHOTUM ITPUYMHAM HEBO3MOXHO OPraHM30BaTh IIOCTO-
SIHHOE Ha0JTI0IeHNE.

OBBEKTbBI U METOIbI MCCIIEJOBAHUA

s vccienoBaHust MOHHOTO COCTaBa CHEXKHOTO MO~
KpOBa B TPYIHOAOCTYITHBIX TJaHamadtax CeBepHOI A3un
ObUIM BbIOpaHBI 11 MOHUTOPUHIOBBIX PETMOHOB (PUCY-
HOK). Bce oHM pacriofioxkeHbl B TpaHUIIaX OXOTHUYbUX
YIoJuii ¥ 3aNIOBEIHUKOB BIAJIU OT HACEJIEHHBIX ITyHKTOB
U IIPOMBIIIJIEHHBIX O0BEKTOB, C HUMU HET IOCTOSIHHOTO
aBTOTPAaHCHOPTHOTO coodiieHus (Tad. 1). OcHoBHOE
BJIMSIHUE HA COCTOSIHUE JTAaHAIIA(DTOB 3THUX TEPPUTOPUIA
OKa3bIBaeT aTMOC(hEPHBI IEPEHOC 3arpsI3HSIIOIINX MPHU-
Meceil, BO3IeiCTBIEe KOTOPBIX OTPaXKaeTcsl B MOHHOM
COCTaBe CHEXHOTO MOKPOBA.

B kaxX10M MOHUTOPUHTOBOM PETMOHE C YUYETOM BEpO-
SITHOTO PacIIpOCTPAHEHUs 3arpsI3HUTENICH OKPYKaIOLIei
cpellbl, METeOPOJIOTUUECKUX YCIOBUI, peiabeda MecCT-
HOCTH, TPAHCIIOPTHOM TOCTYITHOCTU (BO3MOXHOCTEM
IIJISE TIOCAIKY BEPTOJIETA) U TaHAIIA(PTHO-TEOXUMIYIE-
CKHX OCOOEHHOCTE! TepPUTOPUHU OBLIN BHIOPAHBI I10
3—15 MOHUTOPUHTIOBBIX IMJIOLIAA0K, B KOTOPHIX B CBOIO
oyepeab OTOMPAIIH TI0 TSITh 00Pa31oB CHera B IMepuo
MaKCHUMaJIbHOTO CHErOHAKOTIJIEHUST Ha BCIO INIYOUHY
CHEXXHOro nokpona (MeToanyeckne peKoOMeHIaluu

..., 1990). Mix momenanu B IJIaCTUKOBbIC KyOOTeTHEPHI

C TUIOTHO MpUJIETAIOLIMMU KPbILIKAMU JJIs1 JOCTaBKU
B XUMHYECKYIO JTabOpaTOPHIO C TIOMOIIIBIO aBra- MU
aBTOTpaHCIOpTa (B 3aBUCMMOCTHU OT YAAJEHHOCTU Me-
cta otrbopa mpod).

JlocTaBiaeHHBIE B XUMUYIECKYIO Ta0OpaTOpUIO 00pa3-
1IbI CHETa pacTaIUIMBAJIU B 3aKPHITHIX KyOOTeiTHEpax Mpu
KOMHATHO TeMnepaType U OTMUIBTPOBBIBAIU Yepe3
MeMOpaHHbIN GUIbTp ¢ mopamu nuamerpom 0.45 MKM.

Puc. MecrornojioxkeH1ue MOHUTOPUHIOBBIX PETMOHOB
Fig. Location of the monitoring regions
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Taommuoa 1. OmicaHrne MOHUTOPUHTOBEIX PETHOHOB

CAJITBIKOB u ap.

udp KomnuuecTtBo
HaszBanue pernona Ormmcanue
permoHa TUTOIIAI0K
. PaBHuHHBIe 00710THO-JIecHbIe JaHmmadThl Kercko-Tohim-
Kercko-TriMcKuii MP-01 . . 5
ckoit Hu3MeHHocTH. bacceitn p. Keru.

. BricokoropHsie anbnmiickue JaHamadTsel TUTHPEeIKoro
Turupeuxui MP-02 DHBI Hawad pen 3
xpebTa. bacceiin p. Yapspi.

. BricokoropHble anbrnuiickue JanmmadTel CyMyIbTHH-
Honro-CymynbTUHCKU MP-03 p A ib yMY. 7
ckoro xpedta u xpedbta Monro. bacceitH p. buu.
BricokoropHsble anbnuiickue gaHamadTbel AGaKaHCKOTO
Abakano-Illanmansckuit | MP-04 |u [llammanbckoro xpedta. bacceitH pp. AbakaH, XeMUMK 13
u YyaplMaH.
. PaBHUHHEBIE 00JI0THO-JIecHBIE TaHmIIadTh! LleHTpasb-
LenTpanbHo-AKyTCKMIt MP-05 . Al ot Lentp 8
Ho-SIkyTcKoO#t HU3MeHHocTu. bacceitH p. TroHT.
. HuskoropHsbie necHble JaHAadThl AJITAHCKOTO HArophbsl.
AJTaHCKUIA MP-06 rop Awad o P 15
Bacceiin pp. Amra, Angan u Tyos6a.
BepxHeseiicko-CraHo- MP-07 HuskoropHble lecHble U TIoMiMeHHBIe TaHamadTe CTa- 10
BOIt HoBoro xpe6Ta. bacceiiH p. 3eu.
CpenHeropHBIe JJECHBIC U BBICOKOTOPHBIC CYOaTbITUIICKIE
Typana-bypennckuit MP-08 |manmmadtel bBypenrckoro xpeota n xpebta Typana. bac- 8
ceitH p. bypen.
. CpeInHeTopHBIC U BBICOKOTOPHBIEC JOJMHHEIC JIAaHAIIA(THI
VYncko-CraHoBoit MP-09 el P rop A Awad 12
CranoBoro xpe0ta. bacceitH p. Yabl.
CpenHeropHbIe JeCHbIC U BBICOKOTOPHBIC aJIbIIUCKIE
CyHTap-XasiTaHCKUiA MP-10 |nmangmacdtsl xpedra CyHTap-XasTa. bacceitH pp. flHa 10
1 Xyp3H.
. HuskoropHsle JecHbIe U ToiiMeHHbIe JaHamadgTe Cu-
Cuxotra-ANMHCKUR MP-11 p . . Awad 7
xoT3-AnuHs. bacceiin p. Sii.

B ordunbsTpoBaHHBIX 00pa3liax CHErOBOM TaJoi BOIbI
OITPENEIISIIA KUCIIOTHOCTh, MIHEPaIN3aInio, KOHIICH-
Tpauuio ocHoBHbIX (Ca’t, Mg**, HCO;~, CI-, SO,>)
n azorconepxammx (NH, ", NO,” u NO,~) MOHOB ¢ uc-
MMOJTb30BaHMEM OOLIETTPUHSITBIX CTAHIAPTHBIX METOINK
(ITyzanoB u ap., 2022).

PE3VJIbTATBI UCCIEJOBAHUA

Kucaomnocmo u munepaauzauus. 3a Bechb epuos Ha-
omonenus (¢ 2007 o 2022 r.) KMCIOTHOCTb CHEXXHOTO
MOKPOBa B MOHUTOPMHTOBBIX peTMOHAX U3MEHSIaCh
HecyllecTBeHHO (Tabu1. 2). Hanbonee Hu3kue 3Have-
Hus pH odHapyxeHbI B oOpa3uax u3 Typana-bypenH-
ckoro (2014 r. — 4.34), Cuxora-AnuHckoro (2014 r. —
4.68) u Kercko-Trmckoro (2009 . — 4.98) pernoHoOB,
a HauboJiee BbicoKue — u3 AbakaHo-[Ilanansckoro
(2008 r. — 6.60) 1 Uonro-CymyastuHckoro (2015 . —
6.74) permoHoB. HecMoOTpst Ha He3HAYNTEIBHBIE KOJIE-
OaHMs 3TOTO TTOKa3aTeNIsT MOXKXHO 3aMETHUTh, UTO OoJiee

BBICOKHME BeTMYMHBI pH omnpeneneHbl B mpodax 13 Bbl-
COKOTOPHBIX MOHUTOPUHTOBBIX PETUOHOB, a OoJjiee HU3-
KH€e — U3 PaBHUHHBIX.

MuHepanu3zalus CHEXKHOTO MOKPOBa BO MHOTHX MO-
HUTOPWHTOBBIX PETMOHAX 3a BeCh TIEPHO HAOTIOMEHIS
ocTaBajiach IpUOJIM3UTENILHO HAa OMHOM ypoBHe (0T 10
1o 35 mr/n). Uckaouenue cpenu Hux — Monro-Cy-
MYJIBTUHCKUI 1 AGakaHo-1lanimanbcKuii paiioHbl, Tae
B niepuon ¢ 2009 o 2011 r. B mpo6ax oOHapyKeHbl CaMble
BBICOKME 3HAYEHUsI 3TOro nmokasaress (61 u 42 mr/n
COOTBETCTBEHHO). Takum o0pa3oM, ITOBLILIEHHOU MU~
HepaJIM3alueil OTIMYarTCs 00pa3iibl U3 TOPHBIX (0CO-
OEHHO BHICOKOTOPHbBIX) MOHUTOPUHIOBBIX PETUOHOB, T/Ie
B 3UMHEE BPeMsT 4aCTO BCTPEUYAIOTCST OTOJIEHHBIE YIaCTKH
KOPEHHBIX TTIOPOJI, CITOCOOCTBYIONINE YBEIMUESHUIO TTHI -
JIEBOM HAarpy3Ku Ha CHEXHbII ITOKPOB.

ITo pe3ynbraTaM aHajiM3a KUCJIOTHOCTU U MUHE-
panu3anuy 0TOOpaHHBIX 0OPa310B CHEIOBLIC TaJlble
BOAbl MOHUTOPUHTOBBIX PETMOHOB OTHOCSITCS K YJIb-
TparpecHbIM KHUCJIbIM, CTA00OKUCIBIM U HEUTPaIbHbIM

JEJ U CHET Ne 2
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Tabomua 2. KrcioTHOCTh M MUHEPAIM3aIvsi CHETOBBIX TaJIBIX BOJ MOHUTOPUHTOBBIX PETUOHOB

Hludp

perioHa Kucnoraocts (pH) MuHepanu3amusi, Mr/J1

MP-01 4.98 (2009 r.) —5.54 (2013 r.)* 9.7(2014r.) —21.3 (2010 1.)
B 5.28 £ 0.15%* 16.7 £ 3.0

MP-02 5.80 (2009 r.) — 6.51 (2008 r.) 12.4 (2018 1.) — 35.6 (2010 1.)
B 6.15+0.18 18.8 +4.6

MP-03 5.29 (2019 1.) — 6.74 (2015 1.) 12.0 (2019 r.) —61.5 (2010 1.)
) 5.99 +£0.26 22.8 +10.4

MP-04 5.75 (2012 1.) — 6.60 (2008 1.) 10.1 (2019 r.) —41.3 (2011 r.)
B 6.04 £0.20 20.1 £ 10,3

MP-05 5.54 (2017 1.) — 6.05 (2018 1.) 10.8 (2017 1) —11.2 (2018 1.)
B 5.80 £ 0.25 11.0 £0,2

5.77 (2014 1.) — 6.05 (2017 1.)

MP-06 5.91 + 0,09 11.4 (2018 1.)

MP-07 5.47 (2019 r.) —5.88 (2014 r.) 13.8 (2018 1.) —20.4 (2014 1.)
i 5.68 £0.12 171 £ 1.9

MP-08 4.34 (2014 1.) He onpenensim

MP-09 5.38 (2014 1.) 17.3 (2014 1.)

MP-10 5.42 (2014 r.) —5.80 (2013 1.) 23.4(20141.) —29.0 (2013 1.)
B 5.61 £0.19 26.2 £2.8

MP-11 4.68 (2014 1.) He onpenensin

[Tpumeuanue. *B yncnuTene npeacTaBieHbl MUHUMAJIbHOE M MaKCMMAaJIbHOE 3HAUEHUS TToKa3artesis; **B 3HaMeHaTelle — CpeHee

apudmMeTnyeckoe 3HaUYeHKUE 1 ero OloKa.

(I'yceBa m np., 2000). [ToaTOMY MOKHO IIPEAIIOI0XKHUTD,
YTO B CHEXXHOM ITOKPOBE B 9TUX PErMOHAX ColepKaHue
HCCIIelyeMbIX MOHOB 0YeHb HU3KOE, C ITpeodIaTaHueM
B ux cocrase aHroHoB (HCO,;~, ClI~ u SO,>).

OcHosnble uonst. Bo Bcex 0ToOpaHHbBIX 0Opa3iax cHera
MOJIIpHasi KOHLIeHTpauus KatuoHos Ca’* u Mg?* okaza-
Jach Huke 0.1 Mouib/11 (Tipesiest oOOHapyXeHUsT UCTIONIb30-
BaHHOTO TUTPUMETPUUYECKOIO METOa aHaIu3a). MoJisip-
Has KoHUueHTpauus annoHoB HCO,~ B aHaIM3MpyeMBbIX
oOpasuax cHera u3 Kercko-TreiMmckoro, Turupeuxoro,
Honro-Cymynbrurckoro u Abakano-Ilammmansckoro
MOHMTOPUHIOBBIX PETMOHOB 3HAUUTEIHLHO BaphbUPOBaJa,
MPU 3TOM MOKHO OTUYETJMBO BbIIEIUTD ABa BPEMEHHbIX
otrpeska: 10 2012 r. u mocJe (tada. 3). Mo 2012 r. B aTuX
pervuoHax HabJoJaIuCh 0oJiee BHICOKME KOHILEHTpAllUU
paccMmaTpuBaeMoro annoHa. Haunnas ¢ 2012 r. monsip-
Hasl KoHUeHTpauusg aHnoHoB HCO;~ B cHeXXHOM ITOKpPO-
BE MEPEUYMCIIEHHBIX BBIIIE PETMOHOB PE3KO CHU3WIACH
¢ 0.26 10 0.06, ¢ 0.28 10 0.08, ¢ 0.35 10 0.06 1 ¢ 0.39 1o
0.05 MOJIb/JT COOTBETCTBEHHO.

AHaJIOTUYHAas CUTyallusl B CHEXXHOM MOKPOBE MO-
HUTOPUHTOBBIX PETMOHOB HAOI0AaNaCh IJISI CYJib-
¢daT-MOHOB, MOJISIpHASI KOHLIEHTPALIUsI KOTOPKIX Oblia
JEJ U CHET Ne 2
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TakxKe 6oJiee Bbicokoit 1o 2012 r. [ToznHee ux Mosip-
Hasi KOHLIeHTpalus cHu3unack: B Kercko-ThIMCKOM
MP —c 0.14 no 0.09 moab/n, B Turuperikom —c 0.18
10 0.07 monb/n, B Monro-CymynbTuHcKoM — ¢ 0.27
10 0.07 Mmosib/n1 u B AbakaHo-IlanmanbckoM — ¢ 0.28
10 0.06 MoJb/1.

B MeHbIIIeit cternmeHn onmrcaHHasl BRI CUTYAIIUsI
XapakTepHa ISl XJIOPUA-HOHOB, MOJIIpHAs KOHILIEHTpa-
U KOTOPBIX ToTbKO B 2010 1. mocturia 0.26 Moib/1
(Monro-CyMynbTUHCKUM peroH). B ocTanbHbIe roabl
e€ 3HaueHus1 usmeHsuuch ot 0.01 (Abakano-1lananb-
ckuii 1 BepxHeseiicko-CraHoBoil pernoHsl B 2019 r.)
1o 0.17 (BepxHeseiicko-CraHoBoli peruoH B 2014 1.)
MOJIb/II.

[NoBbllIeHHAS MOJISIpHAS KOHLICHTPAIUSI AHHOHOB
HCO,;™ 1 SO,*~ B CHEXHOM MTOKPOBE MOHUTOPUHTOBBIX
PETMOHOB CBSI3aHA B OOJIBIIIEH CTETIEHU C MHOTOUUCIICH-
HBIMU TTOXapaMu JIecoB U TOphssHUKOB B CUOUpU U Ha
Hanpraem Boctoke Poccun (Kynenorwmii u ap., 2012),
UMEIONIMMU 3[1eCh rnodaibHble MaciuTaobl (CyXUHUH,
2010; ITonomapes, 2014; ®dypsieB u ap., 2018; Bopo-
HoBa u 1p., 2020; MockoBueHKoO u ap., 2020; JlaTbime-
Ba u ap., 2021; MBanosa, MBanos, 2023), a BO3MOXHO
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CAJITBIKOB u ap.

Taénnua 3. MOI[SIpHaH KOHIECHTpalMrsad OCHOBHBIX MOHOB B CHETOBLIX TaJIbIX BOAAX MOHUTOPMHIOBBIX PEITMOHOB,

MOJIb/T

Iudp HCO,- SO, cr

pervona

P01 | 006 (2014 ) — 0.26 (2010 r.)* | 0.074 (2009 r.) — 0.135 (2010) | 0.022 (2014 1.) — 0.070 (2012 1.)
0.14 + 0.06%* 0,111 % 0.021 0.061 = 0.013

M0y | 0:08(2021 1) — 028 20101 | 0.070 (20221) — 0,178 2009.) | 0.028 (2021 1) — 0.127 20101r)
0.14 + 0.05 0.103 + 0.024 0.069 = 0.023

Mp-03 | 0:06(20191) —0352010r) | 0.069 (2021 1.) —0.271.2010r) | 0.039 (2018 1.) — 0.265 20101r)
0.14 + 0.07 0.120 £ 0.046 0.080 = 0.043

P04 | 0:05(20151) —0392009r) | 0.052 (20121.) —0.280 2009r) | 0.014 (2019 1.) —0.210 2009 1)
0.17 0.1 0.095 £ 0.041 0.075 £ 0.040

Mp-0s | 0:08(20171) —0.09 20181) | 0.065 (2018 1.) —0.066 2017 ) | 0.045 (2017 r.) —0.051 (2018 1)
0.08 £ 0.01 0.066 = 0.001 0.048 £ 0.003

P06 | 0:09 (2018 1) —0.112017r) | 0.034 (2014 1) —0.0772017x) | 0.042 (2017 1) —0.072 2014 1)
0.10 + 0.01 0.057 + 0.014 0.057 % 0.010

Mp.07 | 0-10(20151) —0.20 20191) | 0.054 (2014 1) — 0,086 2018 ) | 0.010 2019 r.) — 0.168 (014 1.)
0.12 + 0.02 0.072 £ 0,010 0.083 = 0.043

MP-08 0.10 (2014 1.) 0.040 (2014 1.) 0,020 (2014 1.)

MP-09 0.10 (2014 1.) 0.127 2014 1.) 0.053 (2014 1.)

1o | 010(20141) —0.18 Q013 | 0.121 (2014 1) — 0174 2013 1) | 0.020 (2014 1) —0.029 2013 1)
0,14 + 0.04 0.148 £ 0.027 0.025 £ 0.005

MP-11 0.10 (2014 1.) 0.040 (2014 1.) 0.020 (2014 1)

HpI/IMC‘IaHI/IC. *B uncnurene npeacraBJi€Hbl MUHUMAJIbHOEC U MAKCUMAaJIbHOE 3HAYCHMA I10Ka3aTeJisd; **B 3HAMeHaTes e — CpeIHEe

apI/I(I)MeTI/I‘IECKOQ 3HAUYEeHME U ero olmnoKa.

U B eBporieiickoit yactu Poccuu (ocobeHHo B 2010 T.)
(McakoB u ap., 2011). BnusiHre noxapoB Ha CHEXXHBII
MOKPOB CBSI3aHO HE TOJILKO C AMUCCHEN Ira30B B aTMOC-
depy, KoTopble BITOCAEACTBUM MOTYT A0JTO (10 HECKOJIb-
KHUX JIET) B HEWl HAXOAUTHLCSI, HO U C paCIIpOCTpaHEHUEM
30J1bI OT OOTOPEBILNX CTBOJIOB IEPEBbEB U KYCTAPHUKOB
B 3UMHUM TIEPUO/I.

CoortHowenue HCO;/Cl™ B CHEXXHOM ITOKpPOBE
M0Ka3ajo, 4YTO BO BCEX MOHUTOPUHTOBBIX peTMOHAX
aHnoHsl HCO;™ npeo6nanatot Hax Cl- (ot 1.1 10 20.0
pa3) gaxke BOJIM3U MOPCKOTO modepexbs aibHero
Boctoka. MckitoueHreM ObUIM eAMHUYHBIE TO/IbI, KOTaa
MX COOTHOLIeHUe cHIKanoch 10 0.5 (2015 r., B AbGaka-
Ho-Ianmansckom MP) u 0.6 (2014 r., B BepxHeseii-
cko-CranoBoM MP) cootBeTcTBeHHO. Takum obpaszom,
BJIMSTHUE TTMPOTEHHBIX UCTOYHUKOB Ha CHEXHBIH T10-
KpoB B Yincko-CranoBoMm, CyHTap-XasataHckoMm u Cu-
XOT3-AJTMHCKOM MOHUTOPUHTOBBIX PETMOHAX TOPA3I0
3HAUMTEJIbHEE, YeM MOPCKUX BO3AYIIHBIX Macc. MOXHO
BBIACIUTD TPY NTPOCTPAHCTBEHHO-BPEMEHHbIE 00JIaCTH,
rae npesbimienne HCO;™ ocobenHo omytMo — ¢ 2008
no 2013 r. (Kercko-Teimckuit, Turupenkuii u Ada-
KaHo-IIlanmanbCKMii MOHUTOPUHTOBBIE PETUOHDI)
ot 3.7 10 6.3, ¢ 2013 mo 2014 r. (Typana-bypenHckuii,

CyHrap-XasitaHcKuil 1 CUXOT3-AJMHCKUI MOHUTO-
puHTOBBIE pernoHbI) OT 5.0 10 6.0 1 ¢ 2017 mo 2019 1.
(Turupeukuii, Adakano-Illanmansckuit 1 BepxHe-
3e1icko-CTaHOBOII MOHUTOPUHIOBLIE PETMOHEI) OT 4.0
1o 20.0.

MHoroneTHsag amHamuka cootHoieHusa HCO,~
¢ SO,* Gonee crabuibHa, yem ¢ Cl~, Tak Kak 9TH aHK-
OHBbI UMEIOT O0IIMe I100aJbHble UCTOYHUKU ITOCTY-
IUIEHUST B aTMOC(epy — MMPOreHHEIE BEIOPOCHL. TeM He
MEHee MOXHO BBIIEJIUTh 00JIee BHICOKKME 3HAYCHUSI 9TOTO
noka3zareis B AbakaHo-ammransckom (2008, 2010
n2012rr. —3.4,2.9 1 2.5 COOTBETCTBEHHO), AITIAHCKOM
(2014 1 2015 rr. — 3.0 1 2.3 cooTBeTCTBEeHHO), BepxHe-
3eiicko-CraHoBoM (2019 1. — 2.6), Typana-BbyperHcKoM
(2014 r. — 2.5) u Cuxora-AnuHckom (2014 1. — 2.5) Mmo-
HUTOPUHTOBBIX pernoHax. [1pu 3ToM HU OOHO U3 HUX
He JOCTUTAaeT MAaKCUMAaJIbHBIX BEJIMIMH, XapaKTePHBIX
st HCO,=/Cl.

AHUOHBI SO42* n Cl™ Takke UMEIOT 00LI1E UCTOY-
HUKMU TTOCTYIIJIEHUS B aTMOocdepy — CBOOOAHBIE OT
CHEXXHOTO MTOKPOBa MOOEpeXbs MOPEN M 3aCOJIEH-
HBIX 03€P, HO MOCKOJbKY 3MUCCHUS MEPBOTO B 00JIb-
LI CTENEeHU CBsI3aHa C TIMPOTEHHBIMU SIBJICHUSIMU,

JNEO U CHET Ne 2
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Ta6auma 4. MosipHash KOHIIEHTPAIASI a30TCOMEPKAIINX NOHOB B CHETOBBIX TAJIBIX BOZAX MOHUTOPUHTOBBIX
PETHOHOB

Iudp NH,* NO;~ NO,~

perroHa

MP-01 | 0.0028 (2014 r.) — 0.0033 (2013 r.)*| 0.0013 (2014 r.) — 0.0056 (2013 1.) | 0.0002 (2014 r.) — 0.0004 (2009 1.)
0.0031 £ 0.0002** 0,0039 + 0.0015 0.0003 £ 0.0001

MP-02 | 0.0028 (2007 r.) — 0.0188 (2011 r.) | 0.0012 (2013 r.) — 0.0046 (2009 r.) | 0.0002 (2019 r.) — 0,0025 (2013 1.)
0.0075 £0.0046 0.0025 £ 0.0006 0.0011 £ 0.0006

MP-03 | 0.0028 (20191.) — 0.0187 (2018 r.) | 0.0013 (2013 1.) —0.0277 (2021 1.) | 0.0002 (2013 1.) — 0.0005 (2018 T.)
0.0086 £ 0.0044 0.0072 £ 0.0060 0.0003 £ 0.0001

MP-04 | 0.0032 (2012 r.) — 0.0104 (2019 1.) | 0.0013 (2012 1.) — 0.0065 (2008 r.) | 0.0002 (2012 1.) — 0.0016 (2009 1.)
0.0061 £ 0.0024 0.0022 £ 0.0011 0.0004 £ 0.0003

MP-05 He onpenensiu 0.0018 (2017 r.) — 0.097 (2018 r.) 0.0002 (2018 1.)

0.0057 £ 0.0039
MP-06 He onpenensiu 0.0021 (2017 r.) — 0.0112 (2014 r.) | 0.0002 (2018 r.) — 0.0009 (2014 r.)
0.0069 £ 0.0029 0.0005 £ 0.0003

MP-07 | 0.0063 (2012 r.) — 0.0286 (2014 r.) | 0.0080 (2012 r.) — 0.0218 (2018 1.) | 0.0002 (2018 r.) — 0.0007 (2014 1.)
0.0174 £0.0074 0.0150 £0.042 0.0004 £ 0.0002

MP-08 0.0046 (2014 1.) 0.0245 (2014 1.) 0.0002 (2014 1.)

MP-09 0.0030 (2014 1.) 0.0116 (2014 1.) 0.0002 (2014 1.)

MP-10 | 0.0026 (2014 r.) — 0.0028 (2013 1.) | 0.0003 (2014 r.) — 0.0015 (2013 1.) 0.0002 (2013 1.)
0.0027 £ 0.0001 0.0009 £ 0.0006

MP-11 0.0040 (2014 1.) 0.0063 (2014 1.) 0.0002 (2014 1.)

HpI/IMC‘{aHI/Ie. *B yucnutene npeacTaBJI€Hbl MUHUMAJIbHOC 1 MAKCUMAJIbHOC 3HAYCHMUA I10Ka3aTeIAd, **B 3HAaMeHaTese — CpeIHEe
apI/I(I)MeTI/I‘{eCKOC 3HAUE€HUE U ero omunodKa.

MHTEHCUBHOCTb KOTOPBIX OTJIMYAETCS BHICOKOU Au- pernoHoB BapbupyeT oT 0.0003 1o 0.0277 monb/n. Hau-
HaMMKOI 1Mo rogam, Besnunna SO,?~/Cl- gocTa- Goee BBICOKME 3HAYESHNUS STOTO TOKA3ATeNIs1 OOHAPYKe-
TOYHO cuiIbHO Bapbupyet (ot 0.5 no 7.7). Haubonee g TOPHBIX MOHUTOPUHTOBBIX pafioHax: Mosro-Cy-
BBICOKMMH 3HAYCHUSAMMU ITOTO MOKA3ATENA BHIACIA-  \rynprynckom B 2021 1. (0.0277 mob/n), BepxHeseii-

or1cs Kercko-Toimckuit (2014 1. — 4.0), Turuper- _
kuit (2009 r. — 4.4), Abakano-anwanbsckuit (2012 (;Kzoo IC“TI%H(()()BETIIBZ%\%;LF/'H(;) 0218 mome/m) 1 Annanckom

n 2019 rr. — 2.6 1 5.4 cooTBeTCTBEHHO), BepxHeseii-

cko-CranoBoii (2019 r. — 7.7) u CyHrap-XasgtaHCKui B otinyue oT ocTaNbHBIX a30TCOAEPXKALIUX MOHOB,
(2013 1 2014 rr. — 6.0 u 6.1 coorBeTcTBEHHO) MOHK- 11 NO,™ XapakTepHa OYeHb HU3Kasl MOJIIpHAs KOH-
TOPUHTOBBIE PETUOHHI. LIEHTpALUS B CHEXKHOM ITOKPOBE BCEX MOHUTOPUHIOBBIX

Aszomcodepucawgue uonst. Bo MHOTMX MOHUTOPUH- PETMOHOB, KoTopas He mpesbiiana 0.0010 mons/n. Uc-
TOBbIX pErMOHAaX MOJISIpHAs KOHILEHTpALlUd UOHOB  KJIIOYEHUE cOCTaBUIM 00pasiipl u3 Turuperkoro (¢ 2007
NH," B cHexxHoM mokpoBe BapbupoBana oT 0.003 10 2014 r., kpome 2009 r.) u AGakano-llammansckoro
(Cynrap-Xasitanckuit B 2014 r.) 1o 0.010 (A6aka- (2009 u 2010 rr.) MOHUTOPHHIOBBIX PETHOHOB, B KOTO-
Ho- llanmanbekuii B 2019 T.) MOJb/J1. ICKIMOYEHU - 111y 5101 MOKa3aTe b JOCTUTAT MAKCUMATBHBIX 3HAUE-
CM OKasaNCh rOPHBIC MOHUTOPUHIOBBIC PETMOHBL () 0025 11 0.0016 Most/1 cooTBeTCTBeHHO. Takum
(tabn. 4): Turupeukuit, Monro-CyMyJIbTUHCKU

00pa3oM, HarboJiee BEICOKME MOJISIPHbIE KOHIIEHTPALIMH

u Bepxneselicko-CTaHOBOIi, B KOTOPbIX €€ MaKCH- 6 2015
MaJlbHAasl BEJIMUKMHA B OTHEIbHbIE TOIbI ocTurana 0,019 ~PAcCMaTpuBacMoro aHuOHa HabJTIOIATUCH 10 T

(2011 1.), 0.019 (2018 r.) m 0.029 (2014 r.) MmOB/N Bo Bcex MOHUTOPUHTOBBIX PETUOHAX B CHEXHOM
COOTBETCTBEHHO. MTOKPOBE CPeu a30TCONePKAIIUX MOHOB Mpeodiananu

MHoroseTHss AMHAMKKA MOJIsipHO#t KoHllenTparuy  NH,". JIulib B e1MHNYHBIE TOABI X MOJISIPHAS KOH-
noHoB NO;~ B CHEXXHOM MOKPOBE MOHUTOPMHTIOBBIX  LIEHTPALMs CTAHOBUJIACh HIKe, yeM y NO;™.

JEO W CHET  Tom 64 Ne2 2024
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BbIBO/Ibl

CHeTroBBIe TaJIble BOIBI, 00pa3yroIIecs Py TasTHUU
CHEXXHOTO TMTOKPOBAa B TPYIHOIOCTYITHBIX JaHAIIapTax
CeBepHOIT A3un, OTHOCSTCS K YABTPANPeCHBIM KHC-
JIBIM, CJTA0OKMCJIBIM 1 HelTpasibHbIM. [Tpu aTOM GoJtee
HU3KKe 3HaUYeHUsT pH 1 MuHepanmu3any 00HapyKeHbI
B PaBHUHHBIX O0JIOTHO-JIECHBIX OMOTeolIeH03ax, a boJiee
BBICOKWE — B TOPHBIX AJIBITUACKUX U CYOATBITUIACKIX.

B pesyabTate yacTbiX MacIITAOHBIX MUPOTEHHBIX
BbIOPOCOB B MOHHOM COCTaBe CHeXXHoro rmokpona Ce-
BEpPHOI A31M B TEUEHUE BCETO MEPUOAA HAOTIOIEHUA
npeobmanan nonsl HCO,~, naxe BOJIM3U MOPCKUX TMO-
Oepexxuit, Tae MPOUCXOAUT UHTEHCHBHOE MOCTYTUICHUE
B armocdepy annoHos SO,*~ u Cl~. [Tpu aTom 10 2012 1.
MOJISIpHAs KOHLIEHTpALUSI BCeX UCCAeAyeMbIX OCHOB-
HBIX MIOHOB OTJIMYAJIach 00Jiee BBICOKMMU 3HAYEHUSIMU,
KOTOpbIE B MOCJIEAYIOIINE TOIbl CHUXKAIUChH, OCOOEHHO
3TO 3aMETHO JIJIs TUAPOKApOOHAT-UOHOB U B MEHBIIEH
CTEINEeHU — ISl XJIOPUI-UOHOB.

[TocKonbKYy MOSIBJIEHNE a30TCOAEPKAILLIUX NOHOB
B CHEXXHOM TTOKPOBE CBSI3aHO ¢ OMOXUMMYECKUMM IPO-
1ieccaMu, UHTEHCUBHOCTb KOTOPBIX B TIEPUOJ CHETOHAKO-
TJIEHUSI CHUXKAETCs, B CHETOBBIX TaJIbIX Bogax CeBepHOIi
A3uu UX MOJISIpHasi KOHIIEHTPALIMs TAaKXKe HaXOIUTCS Ha
HU3KoM ypoBHe. [IpeobnanaroimM HOHOM 3a BCE BpeMs
Habo1eHU i ObLT aMMOHMI (0OCOOEHHO B BHICOKOTOPHBIX
JlaHamadTax) U JIMIIb B OTAEIbHbIEC TOIbl — HUTPAT-UOH.
Camoii HU3K0M MOJIIPHOM KOHLIEHTpALIME OTIUYaINCh
nonsl NO,™, TeM He MeHee B €€ MHOTOJIETHEN IMHAMU -
K€ MOKHO YJIOBUTb 00Jie€ BBICOKME 3HAYEHUsI B IIEPUOJ,
HabmogeHus go 2015 r.
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Long-term (from 2007 to 2022) observations of the dynamics of acidity, mineralization and ionic
composition of snow cover in remote mountainous and lowland landscapes of Northern Asia were
carried out. As a result, spatiotemporal changes in the molar concentration of basic (Ca2+, Mg2+,
HCO3-, CI- and SO42-) and nitrogen-containing (NH4+, NO3- and NO2-) ions were analyzed. It
turned out that during the entire observation period, bicarbonate ions prevailed in all monitoring
regions, even near the sea coasts, where there is an intensive intake of sulfate and chloride ions into
the atmosphere. Until 2012, the molar concentration of these three anions was characterized by higher
values, which decreased 3—8 times in subsequent years, this is especially noticeable for bicarbonate
ions and to a lesser extent for chloride ions. The molar concentration of nitrogen-containing ions in
the snow cover of Northern Asia was at a low level (especially nitrite ions). Ammonium ions were
predominant throughout the observation period (especially in mountainous landscapes) and only in
some years — nitrate ions.

Keywords: ions, global background concentrations, snow cover, high mountains, swamps, taiga, Siberia, Rus-

sian Far East
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BBEAEHHME

M3yueHne MeXxaHMYEeCKHNX XapaKTePUCTUK CHEXHOTO
ITOKPOBa CBSI3aHO C MTUPOKUM CITIEKTPOM 3a7ad TIISIIIHO-
JIOTWH, JIABUHOBEICHUSI, MEJTMOPALINY Y CTPOUTEIHCTBA.
HccnenoBaHust CBOMCTB CHEXXHOTO IMMOKPOBA OCTAIOTCS
aKTyaJIbHbIMM, YYUTBIBAS IPOJAOKUTEIbHOCTh 3MUMHETO
rnepruoaa BO MHOTMX PErMOHAX Hallleil CTpaHbl U BIIUS-
HUE CHera Ha IIPUPOIHBIE IMPOLIECCHI U XO3SHCTBEHHYIO
nesTeTbHOCTh. OCHOBOM T pellIeHus psiga MpaKTuJe-
CKUX 3aJ1a4, CBSI3aHHBIX C YIUIOTHEHUEM CHera, 10 CUX
TOP CAYXUT SMIIMPUUECKUN MaTepual, TOJydeHHbII BO
Bropoii mosoBuHe XX B. (Mocuna, 1966; Mellor, 1977).
BaxxHbie cBeleHUSI 0 MEXaHMYECKUX XapaKTepUCTUKAX
cHera ObUTM 0000I11IeHBI B OTEYECTBEHHO MOHOTpad
«MexaHnnueckue cBolicTBa cHera» (BoittkoBckuii, 1977).
B pabote nmokasaHa s3KcrepuMeHTalbHasl 3aBUCUMOCTb
K02 ULIMEHTa BI3KOCTU CHEra OT ero MIOTHOCTU MO
MarepuaiaM 3apyoexxHbIX uccienonareseit (Mellor, 1977;
Kominami, 1998). OtmedeHo, 4TO 1Mana3oH U3MEHYM -
BOCTU KO3((PULIMEHTA BI3KOCTHU CHETA YPE3BLIYAITHO
mupok — ot 10° mo 10'? I1a-c, 4yTo ompeneneHO TakxKe
BIMSTHUEM TeMIIepaTyphl M pa3MepaMy KPUCTaJIJIOB
CHera. YCTaHOBJIEHO, YTO YILUIOTHEHUE BJIAXKHOIO CHe-
ra rnpu temmneparype 0 °C u reM 60Jjiee MOKpPOro cHera
MPOUCXOIUT OUYeHb MHTEHCUBHO, HO JINIIb B ClIydae,
KOTJIa CHET MEeJIKO3EePHUCTHIN U KOTIa CpeIHue pas-
MepBl KpUCTAJUIOB He mpeBbImraior 0.5 MM. Bsa3kocTh
KPYITHO3EPHUCTOTO CHEra B COTHU pa3 0oJIbIlIe KaK Mpu
HYJIEBBIX, TAK U MMPU OTPULIATEIbHBIX TEMIIepaTypax
(Kojima, 1967). ABTOpy HEU3BECTHBI OTEYSCTBEHHBIC
paboThI, CBSI3aHHBIC C onpeacaeHrueM KoadduimreHTa
BSI3KOCTU CHeEra, IIpU 3TOM UMEETCSI MHOXECTBO padoT,

MOCBSIIEHHBIX MEXaHUYECKOMY pa3pyllIeHUIO CHera
(Camoiinos, Yiakos, 1983). Otu cBeneHus He narot
HeoOXxoanMoit MHGOPMAIIUK IJTs OIIEHKH BSI3KOTLIA-
CTUYECKOrO YIJIOTHEHUSI CHEXXHOTO MOKPOBa B eCcTe-
CTBEHHBIX YCJIOBUSIX.

B dusuko-maTemMaTueCKOM MOAECIMPOBAHUH 3BO-
JIIOLIMM CHEXXHOTO MOKPOBa BA3KOCTb CHera, Kak Ipa-
BUJIO, HE UCTIONIb3YeTCsl U3-3a 3HAYUTEILHOM HeoIpe-
JeJEHHOCTU KoadbduimeHTa BI3KoCcTU. JIJist onucaHus
MPOLIECCOB YIUIOTHEHUSI CHEXKHOTO MOKPOBa BO BpeMe-
HU OOBIYHO TPUMEHSIOTCS CTETIEHHbIE 3aBUCUMOCTH
(IImaxun, 2009), KOTOpbIE OTpaxKaroT JUIb TEHAEH-
LIMU, HO HE MOTYT y4eCTh COCTOSTHUE OTIEIbHBIX CJIOEB
U CKOPOCTb UX yIuioTHeHus. Kpome Toro, nmpobiiema
TaKOTO MOAX0/a 3aKJII0UaeTcsl B perTMOHaJIbHOM Xa-
paKkTepe 3aBUCUMOCTEH, a UX HIUPOKOE MPUMEHEHUE
B 3HAUMTEIBHON CTeTIeHM yCIoBHO. Kak mpaBuio, aToT
Moaxoa AaéT pe3yIbTaThl, KOTOPbIE PEIKO COBMAAAIOT
C HATYPHBIMU HAOMIOAEHUSIMU YTUIOTHEHMS OTAETbHBIX
CJIOEB CHEXXHOM TOJIIIN W JTUIITh 0003HAYAIOT TPEHI
OCelaHusI CHEXKHOTO MTOKPOBa.

Ha ocHoBe Teopuu BSI3KOIrO CXKaTUs pe3yabTaThbl
VIUTOTHEHUS CBEXKEBBITIABIIIETO U METEJIEBOTO CHera
BO BPEMEHHM XOPOIIIO COBIMANAIOT C HATYPHBIMH Ha-
omonenusimu (Bader, 1966; Kominami et al., 1998).
ITogpoOHEBIE cBeaeHMST TAKXKE OBbLIM MOJIYYeHBI IIPU
WCCIIeTOBAaHUN YIDIOTHEHHST aHTAPKTUUECKOTO CHeTa
(Bader, 1966; Kotnsikos, 2000). [Iinst 3MMHUX yCIOBUIA
Poccuu 3naveHnsa KoadduiimeHTa BI3KOCTH CHera He
OBLIH OTIpeIesIeHbl, HO MpUMeHeHe KoahGUIIneHTa
BSI3KOCTHM B MOJEMPOBAHUY CHEXXHOTO ITOKPOBA PaBHUH
MOXKET YIIYYITUTh Ka4eCTBO KIMMATHIECKIX MOETICH,
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He onMpasich Ha “pernoHajibHble” dMIUPUYECKHE 3a-
BUCUMOCTU. MeTKO3epHUCTHIN CHET TIPeACTaBISICT
HaMOOJBIIMI MHTEpEC IJIST ONMCAaHUS YIUIOTHEHUS
CHEXHOTO IMOKpoBa paBHUH. Llenb paboThl 3aKiTI04aeTCs
B oIpeaesieHn Koa¢hUIreHTa BI3KOCTA MEJIKO3ep-
HUCTOTrO CHera B Inaria3oHe IMJIOTHOCTEN U TeMIlepa-
TYp, XapaKTepHBIX JJI YCIOBUI 3UM CpeIHe TTOJIOCHI
Poccun.

XAPAKTEPUCTUKA CHEXXHOTO ITOKPOBA
B PAVMOHE UCCJIEJOBAHUUN

Pexxum cHeronakoruieHus B FOxxHom IToamockoBbe
u Kanyxckoit 06J1acTu OTJIMYaeTcsl YaCThIMU CHerorma-
JaMM ¢ HEOOBIIUM KOJMYECTBOM OCAIKOB B TEUCHUE
Bcero 3uMHero ce3oHa. OOMIbHbIE CHETOMNaAbl ciyJa-
totcst 1—2 pasa B Mecsill ¢ MHTEeHCUBHOCTBIO 10 8 MM/CYT
(DIIeKTpOHHBIN pecypc), NpUOJNU3UTEIBHO C TOM Ke
YacTOTOM HACTYIAIOT U KPaTKOBPEMEHHbBIE OTTEIIEIIN.
ITo na6aoneHussm apropa B 2000—2013 rr. B pervo-
He OTMEeYeHa 3HAaYUTeJbHasl U3BMEHUUBOCTh YCIOBUI
cHeroHakormeHust (YepHos, 2013). B nocnenytoiiee
JIecaTUIeThe 3Ta TEHISHIIMS COXpaHUJIaCh, HECMOTPSI
Ha 4acTyIo CMEHY TIepHOI0B TTOXOJIOTAHMS 1 TTOTETIIe -
HUS, a TaKXKe pa3anyusl B KOTUYECTBE 3UMHUX Ocall -
KOB. B HOpMasbHBIE 3UMBI 10 Havyajla CHETOTasIHUS
(B MepBOIi MOJOBUHE MapTa) CHEXHBI MOKPOB TOCTU-
raeT MakKCMMaJbHOM BBICOTHI — 45—50 cM IIpu cpenHeit
IUTIOTHOCTU cHera oKoJjio 0.25 r/cM?. B xononHbie 3UMbI
(2020/21 n 2021/22 rT.) ¢ MaAbIM KOJIMYECTBOM OTTE-
neJied CHEXXHBIN MOKPOB OCTAETCSI PHIXJIBIM M CJIa00
yiuiotHsercs. B mapte 2021 u 2022 rr. ero ToaiuHa
nmocturana 60 cM, a Ha OTAEIbHBIX y4acTKaX CpeIHsIsT
TOJIIIMHA CHera npesbiiiaia 80 ¢cM IIpu CpeaHei MIoT-
HOCTH CHEXXHOTO MoKpoBa okoJio 0.22 r/cm?®. 3umoit
2022/23 r. TonmuHa cHera Obljla HUXKe HOPMbI — OKO-
J10 40 cM Tipu cpenHeit oTHOCTU okoJjo 0,25 r/em3.
Bono3armac cHera B MHOTOCHEXHY0 3umy 2023/24 1.
MOYTU BJIBOE MPEBBICUI CPEIHEMHOTOJIETHUE 3HAUEHUSI,
a TOJIIIIMHA cHera mocturia 65—70 ¢cM IIpu cpenHei
mwioTHoCcTH oKoJjio 0.30 r/cm3.

B oTyimynie oT apKTHYECKMX PETMOHOB B pacCMaTpy-
BaecMOM paiiOHEe CJION CBEXEBHITIABIIET0 CHETA UMEIOT
HeOOJIBIIYIO TNIOTHOCTD, KOTOPast JISXKUT B JMara30He
0.06—0.12 r/cm®. BetpoBoe Bo3aeiicTBre Ha GOpPMUPO-
BaHMeE CJIOS CHera MUHMMaIbHO. B repBble JHY Iocie
CHerorajaa YIUIOTHEHUE CHeTa UAET OCOOEHHO MHTEH-
CHBHO, YeMY CITOCOOCTBYET ITPOLIECC CYOIMMAIlMIOHHOTO
OKpyTJieHUsI KpucTaiioB. [Tpu ncue3HOBeHUM IIepBUY-
HBIX (POPM KPUCTAJJIOB CHEra ero IVIOTHOCTh YBEINYMBa-
ercst 10 0.10—0.12 r/cm?® (UepHos, 2016). Huxenexamiue
CJIOM MEJIKO3EPHUCTOIO CHeTa P HeOOJIbIION BECOBOM
Harpyske rmocrerneHHo yrutoTHsores 10 0.16—0.18 r/cm?.
B nanpHeiieM npyu ”THTEHCUBHOM POCTE KPUCTAJIJIOB
13 HUX QOPMUPYETCS TOPU3OHT IITYOMHHONM M3MOPO3H
(manee — '), n ocenanue cHera 3amemisieTcs (Komo-
mbil, 2013; YepHos, 2013). K KoHILy 3UMBI CJIOU CHera
HUMeIOT cpeiHIo TIOTHOCTD 0.22—0.24 r/cM?, HO B 3UMBI

YEPHOB

C MPOJOKUTEIbHBIMU OTTENEISIMU UX CPEIHSIS TIOT-
HOCTb MOXeT yBenuuThest 10 0.30—0.35 r/cm3. Takum
00pa3oM, pazHOOOpa3ue 3MMHUX MOTOIHBIX YCIOBUIA
MPUBOIUT K OOBIION N3MEHUYMBOCTH TUIOTHOCTH CJIOEB
CHEXHOTO ITOKPOBa.

METOABI NCCIEJOBAHUA

OnurcaHus CTPYKTYPHl U U3MEPEHUS TUIOTHOCTU
CHEXXHOTO TTOKPOBa BBHITTOJHSUINCH B IITypdax B Xomae
€XeroJHBbIX CHETOMEePHBIX U3MepeHMii. [110THOCTh cCHera
OIPEIEISIA C MOMOIIBIO HMJIMHAPUUIECKOTO TPOO0OT-
OOpHMKA U DJIEKTPOHHbBIX BECOB ¢ TOUHOCTHIO 0.01 T/CM3,
Pasmepsl 1 ¢popma 3€peH onpeaeIsiuch B COOTBETCTBUMN
C METOIMKOM TOJIEBHIX UccenoBaHmii (MekmyHapomHast
knaccudukaius..., 2012).

Bsaskocth cHera uaMepsuiu B 3umbl 2022/23 n 2023/
24 rr. Ha tore Kanyxckoit oonactu. O6a 3MMHUX TIEPUO-
JIa OTJINYAINCh MHTEHCUBHBIMU CHETOIagaMu B ieKadpe
u ¢eppaiie. ChopMupoBaHHbBIE CJIOU CHETa TOJIIUHOM
6osiee 10 cM cirykuim 00beKTOM 0TOOpa 0opa3ios. O0-
pasLbl CHera pa3IMYHON MJIOTHOCTU (POPMUPOBATINCH
U3 OJHOPOIAHOTO CJI0SI MyTEM €T0 TepechIITaHUs B EM-
KOCTh 00béMOM 12 nuTpoB. YcinoBust GopMUpOBaHUS
CHEXHOro okpoBa B Kajykckoii 06J1aCTH ITO3BOJISIIOT
oTOUpaTh 00pa31bl CYyXOro MEJIKO3EPHUCTOTO CHEra
B JOCTAaTOYHO Y3KOM Auarna3oHe IioTHoctu oT 0.10
10 0.18 r/cm®. [TnotHOCTh cHera B nipeaenax 0.24 r/cm?
JIOCTUTAJIach JIETKMM BCTpSIXMBaHUEM €MKOCTH. JIJis
MOJTOTOBKM CHeTa MJI0THOCTHIO cBbilIe 0.28 r/cM? Tpe-
OoBaJjioch OoJiee MHTEHCUBHOE BCTPSIXMBAHUE CHETa
C pe3KUMU yIapaMu B ocHoBaHUe. TeKyIyio MI0THOCTh
CHera u3Mepsuid myTéM B3BelnBaHus. [1o nocTrxKeHun
HY>KHOH IJIOTHOCTU O0BEM yCTaHABJIMBAJICS HA TOPU-
30HTAJILHOE OCHOBAHME U BBIACPKMUBAJICS HE MEHEe
yaca B HETMOJABUXKHOM COCTOSIHUM. DTOT MHTEPBaJ 10-
CTAaTOUECH JIUISI CMep3aHus 3€peH cHera U yIpoYHeHUsI
X JensiHbIX cBsi3eil. U3 oO0bEMa cHera BbIpe3aiu na-
pajuiesienuIes, pa3Mepbl U YIJIbl COMPSIKEHUST CTOPOH
KOHTPOJIMPOBAJIUCH PYJIETKON U TUIOTHULIKUM yTOJI-
KOM. B 3aBUCUMMOCTH OT IJIOTHOCTU 0Opa3lia BEpXHSIs
rpaHb Iapajuie/ieNInIieIa Mella KBagpaTHOe CeUYeHUE
¢ pazMepoM cTopoHbI oT 120 mo 160 mMm. BeicoTa na-
payieseniunena cocTasisia okojio 250 MM, TOUHOCTh
nsMepeHuii cocrasiusia 0.5 mm. Beicoty oopasna us-
MEPSJIU IITAHTEHIMPKYJIEM C TOMOILbIO TPUCTABHOM
JIepeBSIHHOM IJIaHKU IIMHOU 250 MM.

BepxHioto rpaHb o6pasua nuiMdoBaiu HOXOM, €€
TOPU30HTAJILHOCTh MPOBEPSUIM 110 YPOBHIO. 1151 paBHO-
MEpHOTO pacIipeie/IeHUs Harpy3Ky Ha BEPXHIOO TPaHb
00pa3ia yKJIaablBaIi KBaAPaTHYIO TUIACTUHY U3 (DaHEPhI.
Bec Harpy3ku nmondupanm HaboOpoM TMpb C TOYHOCTHIO
10 r. Harpyska J1s1 00pa31oB pbIXJ0ro cHera HeOoJIb-
IIOM TIJIOTHOCTU HE MpeBbIliana 1 Kr, IJs IJIOTHOTO
cHera gocturaia 4 xr. TemIiepaTypy cHera, BeC Harpy3Ku,
Bec M pa3Mepbl o0paslia, a TakxKe BpeMsl Hauajla ofbITa
(bukcupoBanu B XXypHalie u3MepeHuil. BeicoTy o6pasua
B KOHIIE OTbITa MOBTOPHO U3MEPsUIN IITAHTEHLIIUPKYJIEM
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(puc. 1). i3amepeHust TeMrnepaTypbl CHera BbIMOJHSUIIU
aneKTpoHHBIM TepMomeTpoM (GTH 175/Pt) ¢ TouHOCTBIO
0.1 °C. CrabwibHbIi TeMIepaTypHbIii hOH ITpeanoiaral
MpOBeeHNe UCITBITAHNI JTUO0 B HOUHOE BpeMsI, 1160
B MOPO3WJIbHUKE IJISI UCCETOBAaHUS OCenaHus Mpu
TemnepaTtypax Huxe —14 °C.

UcneiTanue obpasia A1ua0ch oT 6 10 12 yacos,

B 3aBHCMMOCTH OT HaYaJIbHOM IUIOTHOCTH CHeTa. Yem
BbIIIIE TUIOTHOCTb CHETa, TeM J0JIbIlIe BpeMsl Harpyxke-
Hus o6pasua. [TockosbKy oceraHue CHera MpouCXoauT
MEIJIEHHO, J1s1 TOYHOCTHY M3MEPEHUI He0OX0IMMO 00e-
CMEYUTh BEJIMUUHY €r0 CXKaTusl MOoJ HAarpy3Koil 0KoJIo
5—10% ero HauabHOI BeICOTH. HavanbHOE M3MepeHue
BBICOTHI 0Opa3iia BBIMOJHSIIN Yepes rojdaca rnocie
YCTaHOBKM Harpy3ku. B psiie ciiyyaeB Harpyska Oblia
HeloCTaTOYHOM, 00pa3ell He YIUIOTHSIJICS, a ITPU CUII -
KOM 0OJIbIIION Harpy3ke oopasell pa3pyliajics B Teue-
HUEe HeCKOJIbKMX MUHYT. Takue ciayyau He YYUThIBaJIU.
OMBITHBIM MYTEM YCTAaHOBJIEHO, UTO MIJISI MEJTKO3ePHU -
CTOTO CHera Mpu OTpULIATeJIbHbIX TEMIEpaTypax HUXe
—2 °C onTuMaibHbBIN BeC Harpy3Ku I0OJKeH ObITh B 2—3
pasa OoJblie Beca odpasiia. Pazmepsl 3€peH cHera olle-
HUBAJIY C TIOMOIIBIO JIyIEI co mKanoi 0.1 MM (cm. puc. 1,
0). B oOpasiax cHera npeo6iaaaiu KprucTawibl opM
RGsr, RGxf — Menkue oKpyrible 4aCTULIbI 1 OKPYIJIbIE
YaCTHUIIbI C TPAHSIMU COOTBETCTBEHHO (MexXayHapomHast
Kiaccudukauus..., 2012). JlanpHelyio cTaTUCTUIe-
CKYI0 00pabOTKY JaHHBIX BEJIM B peJaKTOpe JIEKTPOH-

HbIX Ta0un Microsoft Excel.

“Ah

my

ik

Puc. 1. UcnbiTaHue obpa3iia MEJIKO3ePHUCTOIO CHera JJist
U3MEPEeHUsT KOMITPECCUOHHOM BSI3KOCTH: @ — (POTO MCTIBITa-
HUST o0Opasiia cHera; 6 — MaKpochEMKa KPUCTAJIIIOB; 8 — CXe-
Ma aKcrnepuMeHTa; I — obpa3sel; 2 — Harpy3ka; 3 — MepHast
TUTaHKa

Fig. 1. Testing a sample of fine-grained snow to measure com-
pression viscosity: a — tests of a snow sample; 6 — macro photog-
raphy of crystals; ¢ — experimental design; / — sample; 2 — load;
3 — measuring bar
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PE3VJIbTATBI MCCIIEAOBAHUA

JlaHHble cTpaTUurpaduuIecKmux UccaeaoBaHUMI
CHEXXHOT'0 MOKPOBa, BHIMOJHEHHbIE aBTOpOoM B 2010—
2023 rT., BBISBISIOT 0COOCHHOCTHU YIUIOTHEHUS U Me-
TamMopdu3Ma CHEXXHOW TOJIIU B CpeaHel moJjioce
Poccuu. Ha puc. 2 mpoBeneHO cpaBHEHNUE 3HAYCHU A
MJIOTHOCTHU CHETa p U CpeIHEeTO pa3Mepa KpUcTal-
JIOB d B CJIOSIX CHEXKHOTO IMOKPOBA B ITepUOJ MaKCH-
MaJibHOTO CHeroHakoruieHus: B FOxHowm I[Tonmocko-
Bbe. [IBa MaccuBa ToOYeK rpaHUYAT IIPU 3HAUYCHUU
CpeIHero paamMepa 3epHa 0OKoJo 1 MM, MPU KOTOPOM
3epHUCTAsA CTPYKTypa CHera CMEHsIeTCsI CTPYKTYpOId
orpaHeHHBIX (opM KpucTtautoB (MexmyHaponHast
Kinaccudpukauus..., 2012). usg 3€peH meHee 1 MM
XapaKTepeH IUPOKUI JUaNa30H U3MEHEHUS TUJIOT-
HocTH. Hao6opoT, cion mepeKprucTaaan30BaHHOTO
CHera B paccMaTpuBaeMOM permoHe opMUupyIoTCs
B Y3KOM auana3oHe rmiaoTHocTu oT 0.17 mo 0.31 r/cMm?
IIpH OOJIBIION M3MEHYNBOCTH Pa3MepOB KPUCTAJIJIOB
(cM. puc. 2). MuHMMaIbHbIE 3HAYEHUS TUIOTHOCTHU
' oTMeueHbI IUIIb B XOJIOAHbIE 3UMBI, a 00Jiee BbI-
COKHME 3HAYCHUS XapaKTePHBI IS 3UM C OTTETICIISIMU.
CTpyKTypHasi 0COOEHHOCTh MEPEKPUCTATIM30BAHHOIO
cHera MposIBJISIETCS B XapaKTepe YIJIOTHEHUS — Tie-
PEeKpUCTAINTM30BAHHBINA CHET 3aMETHO YILUIOTHSIETCS
MPU HYJEBBIX TEMIIEpaTypax.

HaoGopor, ciou MeIKO3epHUCTOTO CHEra B €cTe-
CTBEHHBIX YCIOBUAX 2 GEKTUBHO YIIOTHSIOTCS TIPU
OTpUIIATEIbHBIX TEMIEpaTypax. YIUIOTHEHUE CJIOS
CHera UJIET 3a CUET BSI3KO-TJIACTUUECKUX TechopMalinii
CBsI3eil 1o Bo3aelicTBUEeM BeCOBOI Harpy3ku. Konu-
YECTBEHHO ATOT IMPOLIECC XapaKTepusyeT Koadduiiu-
eHT B3KOCTHU 1. Ero akcriepuMeHTaIbHBIE 3HAYCHUS

4+ A A JANN A
Y/AY/AN LA A
31 LA A
1 A A A AA A
\A
21 AAAA A AA
A A

A
AA M A A AAA

CpenHuii pa3Mep KpucTajia, MM

300

T
200
[110THOCTB CHeTa, KI/M>

Puc. 2. CpenHuii pazMep KpUCTAIOB B CJIOSIX CHEXXKHOTO I10-
KpOBa OT €T0 IJIOTHOCTHU. [ — TIIyOMHHAs U3MOpPO3b, 2 — 3ep-
HUCTBII CHer

Fig. 2. The average size of crystals in snow layers depends on its
density. 7 — deep hoar, 2— granular snow
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Puc. 3. DkcneprMeHTaIbHbIE 3HaYeHUS KOI(DDUIIMEHTA BI3KOCTH MEJIKO3EPHUCTOTO CHEra B 3aBUCUMOCTH OT IUIOTHOCTU U TEM-
nepatypsbl: [ —ot —1 10 —4 °C; 2— o1 —4 no —8 °C; 3— ot —8 1o —18 °C; 4 — popmyna (3)

Fig. 3. Experimental values of the compression viscosity of fine-grained snow depending on the density and temperature of the snow:
1—from —1to —4 °C; 2—from —4 to —8 °C; 3 — from —8 to —18 °C; 4 — formula (3)

mokKasaHbl Ha puc. 3. Tpu MmaccuBa TOYeK YKa3bIBAIOT
Ha TpU TeMIepaTypHBIX AMara3oHa, Mpu KOTOPBIX
MPOXOIUJIN UCTIBITAHUS.

Bcero 0bu10 M3MepeHo 72 obpa3slia cHera pa3Hoit
IJIOTHOCTH, M3 HUX TIATh OBITM 0TOpaKoBaHEI. B mcITbITa-
HMSIX 00pa3IioB CHeTa AMAara3oH MPUMeHsIeMbIX Harpy30K
coctaBui oT 0.1 mo 3.8 kIla, aTo 6o1ee yem B 100 pa3
MEHbIIIe MMPeaeIbHOr0 3HaYeHUSI Harpy3KH, BhIIIE KO-
TOpOro AeopMalv CTAHOBSATCSI HEMPOITOPIIMOHATbHbI
Harpyske (BoiitkoBckuii, 1977). PaccMaTpuBaembie nua-
TTa30HBI ITTOTHOCTU U TEMITEPATyPhl CHETa COOTBETCTBYIOT
3UMHUM yca0BUsIM I1oaMOCKOBBSI M COCeTHUX 001acTeil.
ITosryyeHHbIe 3HaUeHUSI KOA(PuLIMeHTa BI3KOCTU CHera
HaXOoISITCsl B CPAaBHUTEIbHO Y3KOM Auana3zoHe ot 9-107
1o 10! [Ta-c. Bo Bcex Tpéx nuamnazoHax TeMIiepaTyp
KO02(hGUILMEHT BSI3ZKOCTU 3aBUCUT OT IUIOTHOCTU CHETa.
HexoTtopsrit pa3dpoc moayIeHHbIX 3HAYeHU I BA3KOCTH
B COCEIHMX AMAIta30HaX TeMIIepaTyp OTpeaesieTcs
PasIMYUSIMU TeMITepaTypbl 00pasiia B X01e UCTIBITAHUS
1 BO3MOXKHO CBSI3aH C OTJIMYUSIMU B CTPYKTYpE CHera.
Tem He MeHee 1S BceX “XOJ0AHBIX 00pa3lioB 3HAUEHUST
BSI3KOCTH OOJIBIIE, YeM JUTS “TETIbIx”.

PacuéT koadpummenTa BI3KOCTH 1) OCHOBAH Ha IIPO-
MOPLIMOHATBHOCTU CKOPOCTU BEPTUKAIBHOM edop-
Maluu oopasiia € TpU OHOOCHOM CXaTHUU Harpyske
e P
— = —. BoIpa3umM ckopocTh AedopMaiiny Kak BepTHU-

o m 10h P

KaJIbHOC OCCOaHMEC CHETa 110/ Harpy3K0171:

“hor  m’
HaBneHue Ha oOpa3sell cHera (Harpyska) oInpeuessi-
eTCsl BECOM Ipy3a, BecoM oOpaslia U TIOIIAIbIo TOPU-

30HTAJIbHOI'O CECYCHMUA:

P=g-(m,+0.5 m)/s,

1)

rae m, — Macca rpysa; m, — Macca odpasla cHera; S —
iomanb ceyeHust oopasua. Ilpu nepexone ot audde-
PEHIIMATBHOTO K KOHEYHO-PAa3HOCTHOMY BBIPaXKEHUIO
opmyna mst pacuéra Koa(uIIMeHTa BI3KOCTHA CHEra
MMeeT BUIIL:

g-(m, +0.5-my)-h-At

S AR ; @)

T‘l:

rae h — HavajlbHas BbIcOTa obpasua (M); Ak — us-
MEHEHHE BBICOTHI oOpasua (M); Af — MHTepBaa Bpe-
MEHU JeNCTBUSI HATpy3Ku (C); & — YCKOPEHUE CUJIbI

JEJ U CHET Ne 2
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BOKCHEPUMEHTAJIbHOE OIMTPEAEJIEHUE KOO®®ULIMEHTA BA3KOCTHU CYXOI'O CHETA

TskecTu (M/c?). CxemMa MCHOBITAaHUS TOKa3aHa Ha
puc. 1, 6. B mpoliecce UCIIbITAHUST ONpPENEIsIeTCI 13-
MEHEHMe BBICOTHI oOpasiua. [ToBTopHbIe U3MepeHUs
BBICOTHI O0Opa3slia yepe3 MHTepBaa Af (INIMTEIbHOCTh
SKCIIepUMEHTA) MIPOBOASTCS B TOM Ke TOUKe, Iie OblTa
n3MepeHa HavajbHas BHICOTA.

MuHuManbHbIe 3HaYeHUST KO3(PUILIMEHTA BI3KOCTH
(cMm. puc. 3) oTHOCITCS K 00pa3aM HeOOJIbIIOH TIJI0T-
HOCTHM LISl TeMIlepaTypHoro pexuma ot —1 no —4 °C.
OO6pa3s1bl IIJIOTHOTO CHEra UMEIOT BEJIMUMHY BSI3KOCTHU
B 10—100 pa3 6oJiblie B 3aBUCMMOCTHU OT TeMIIepaTy-
pbl. Hanbosblyio BI3KOCTh UMEIOT 00pa3iibl TNIOTHO-
ro cHera, UCIbITAHHBIE B TIEPUOJIbI TTOXOJIOAAHUS TIPU
Temmneparypax oT —8 10 —18 °C u B MOpO3MIIbHUKE TP

—14°C. B xone skcnepuMeHTa MoIy4eHbl MAKCUMaJIbHbIE
3HAUCHUS BI3KOCTU MEJIKO3EPHUCTOTO CHETa, paBHbIE
10 ITa-c. DTa BeIM4YMHA yKa3bIBaeT HA OYSHDb MEIJICH-
HBII TIpolLiecC YIUIOTHEHUSI cHera. B ecTecTBEHHBIX yC-
JIOBUSIX YIUIOTHEHME COCTABIISIET OK0JI0 1—2% B MecsI1l.
3aMeTHOe yIJIOTHEHUE MOXET 00eCeYnTh 1aBieH1e
BBbILIEJIEKAIIMX CJIOEB TOJIIMHON 6oJiee 1 M, YTO Hexa-
PaKTepHO MIJIsl paccMaTpUBaeMOTro pervoHa.

PacripeneiieHre sKCriepuMEHTATbHBIX TOYEK Ha Tpa-
¢UKe 1 aHaIU3 JIMHUI COOTBETCTBYIOLIMX MY TPEHIOB
yKa3bIBaIOT Ha CTeTNEeHHYI0 hyHKIMIO Buga n = C - p".
Ilo ananorum ¢ BeIpaxkeHueM M. Moaninopa u I'. XeH-
npukcoHa (Mellor, 1977) npencraBum K03 UILIUEHT
BSI3KOCTH OT ITIJIOTHOCTU CHETa 3aBUCUMOCTBIO:

(a—bT)

=10". A3)

pi —p

B dbopmyne (3) pazmMepHbIii MHOXUTEIb, paBHbIi 101°
(ITa-c), maét MmakcuMaabHOE 3HaYeHUe KO3 GULIMeHTa
Bsa3kocTu. IlokaszaTens crenenu Buna (a—b7T) mogoOpaH
IJIs1 mraria3oHa temiiepaTtyphl oT —1 mo —18 °C u u3me-
HseTcs ot 2.7 1o 0.3 coorBeTcTBeHHO. TakuM odOpa3zom,
YUTEHO BJIUSIHWE TeMIiepaTypbl Ha KO3 GULMEHT BsI3-
Koctu, rae a = 2.84, 6 = 0.143; T— remnepaTypa cHera,
p; — ILIOTHOCTb IIPECHOTO JIbJa, paBHast 917 xr/M?, p —
IJIOTHOCTh cHeTa B o0pasiie (Kr/mM?). Cepust KpUBBIX,
MOCTPOEHHBIX 10 (popmyJie (3), IToKa3bIiBaeT pacYETHbHIE
3HauYeHUS KO3 (PUIIMeHTa BI3KOCTH MPU Pa3HBIX TEM-
nepatypax. PacuéTHbie KpuBbie o ¢popmyJe (3) ais
temmnepatyp —1, —4, —8, —12, —16, —18 °C wmocTtpupy-
0T U3MEeHEeHUS K03 PUIIMEeHTa BA3KOCTH B CpPaBHEHUHU
C MacCUBOM 2KCTIEPMMEHTAIbHBIX TOUYEK (CM. puc. 3).

ITpu Temmepatype cHera, paBHoit —1 °C, (popmyna (3)
CTPOMT KPUBYIO, KOTOpast OTpaHNINBAET SKCIIEpUMEH-
TaJIbHbIE 3HAUCHUsI JJIsl TETJIOTO Auara3oHa. B odnactu
HUBKUX TeMIiepaTyp ¢opmyia (3) BelpaxkaeT ciadyro
3aBUCUMOCTh KO3((GUILIMEHTA BI3KOCTU OT TJIOTHOCTU
CHera, 4To TakxKe HaOrogaeTcs B akcnepumenTe. I1pu
temneparype cHera —19.8 °C nmokasaTesb CTeIIeHU pa-
BEH HYJIO, M BA3KOCTh CTAHOBUTCS KOHCTaHTOM, paB-
Hoit 10 ITa-c. [IpemnoxeHHslit B (3) TeMIlepaTypHBIIA
IVAara3oH HeIO0CTaTOUYCH TSI CEBEPHBIX PETMOHOB, T
TeMIlepaTypa CHeTa HepeaKo OIyCKaeTcsl HIKe 3TOTO
JEJ U CHET Ne 2
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3HaYeHUS. YIIJIOTHEHUE CYXOTo CHera Mpy TeMreparypax
Huxke —20 °C TpedyeT JOMOJTHUTENbHBIX UCCIIEAOBAHUIM.
[Mo-BummMoMmy, TIpy HU3KUX TeMTIEpaTypax HeOOX0IUMO
VIUTBHIBATh CTPYKTYPHBIE XapaKTePUCTUKN cHeTa — (hopMy
KPUCTALJIOB U XapaKTep UX CBsI3eH.

OBCYXIEHMUE PE3VJIbTATOB

IMonyuyenHsle 3HaueHUS KO3 PumeHTa BI3KO-
CTH HaxoJsTcsl B 00J1aCTU 3HAUYEHU I, peICcTaBIEH-
HbIX B pabote (Mellor, 1977) nist cyxoro cHera. s
MPaKTUYECKOTO MTPUMEHEHUSI TMarna3oH OKa3bIBaeTCsI
CJIMILIKOM IIMPOK, TaK KaK BHYTPU HETO KOIDDULIUEHT
U3MEHSeTCs Ha 1Ba mopsiaka. MUuHUMaIbHbIE 3HaUe-
HUS BI3KOCTU cHera okosio 10°—107 ITa-c oTHOCATCS
K CBEXEeBbIMaBIIEMY CHEry Mpu TeMIiepaTypax 0KoJo
0 °C (Kojima, 1967; Kominami, 1998). MbI He paccMa-
TPUBAJIU YIIJIOTHEHUE CBEXEBBITNABILIErO CHera, Tak Kak
B paiioHe UCCIeq0BaHMIA 3TU CJIOUM UMEIOT HEOOJIBIITYIO
TOJIIIMHY, UX TIPEOOPa30BaHNE B MEJIKO3EPHUCTBIN
CHET MPOUCXOAUT JOCTATOYHO OBICTPO — OT HECKOJIb-
KHX 4aCOB IO HECKOJIbKUX CYTOK. Takke U3BECTHO, UTO
3HAYEHUS BA3KOCTU KPYMTHO3EPHUCTOTO CMEP3IIETocs
cHera npesbimalor 10'° ITa'c u yBeTM4MBaIOTCS C I10-
HUXEHUEM TeMIlepaTyphl. B ycioBusix AHTapKTUIbI
oceJlaHue TJIOTHOTO CHeTa MpU HU3KUX TeMIepaTypax
unet kpaiiHe memieHHo (KoTiasakos, 2000), yTo coot-
BETCTBYET BeJIMUMHE KO3 ULIMEeHTa BSI3ZKOCTH OoJiee
10! [Ta-c (Mellor, 1977). Haiu skcrnepuMeHTalbHbIC
JlaHHbIe U MpemsiokeHHast popmyna (3) pacuéra Koad-
(puiMeHTa BA3KOCTU MO3BOJISIET MOJIYYUTh YUCICHHBIE
3HAYEHUA BA3KOCTU CHETa I KOHKPETHBIX 3HAYeHU I
TUIOTHOCTHU U TeMITepaTypbl METKO3EPHUCTOTO CHeTa.
BHyTpu nuanazoHa Mmojy4yeHHbIX 3HaUEeHU I BI3KO-
ctu ot 0.9-108 1o 10" ITa:c orMevaeM, 4TO MpU paBHOM
IUIOTHOCTU CHeTa KO3(P(UIIMEHT BI3KOCTU YBEJINYM-
Basicst B 10—15 pa3 mpu MOHUKEHUU TeMIIepaTyphl OT

—1 no —18 °C. UsmeHeHune Koa(ppuimeHTa BI3KOCTU OT
IUIOTHOCTU mocTturaeT 30-KpaTHBIX 3HaYeHUIA. Takum
00pa3oM, B paccMaTpUBAEMOM Auana3oHe TeMIeparTyp,
XapaKTEePHbIX U1 3UMHUX YCJI0BUI PyccKoil paBHUHBI,
U3MeHeHUs KO3 PULIMEHTa BI3KOCTU MEIKO3EPHUCTOTO
CHera OT IUIOTHOCTU U TEMIEPATYPbl COMTOCTaBUMBbI 10
Macitady. Mel mpenmnoiaraeM, 4YTo MMEHHO MEJIKO3ep-
HUCTBI CHET SBJISIETCS [JIABHBIM ar€HTOM YIIJIOTHEHUS
CHEXXHOTO MTOKPOBA MPpY OTPULIATEIbHBIX TEMIIEpaTypax.

HecMmotpst Ha TpUMUTUBHOCTH OOOPYIOBAHUS IIPU
HUCIIBITAHUY 00pa31l0B, OTHOCUTEJIbHAS MTOTPEIIHOCTD
M3MepeHuit He MpeBbiiana 5%. PasMepbl ToOYeK Ha rpa-
(bvke MpuOAM3UTEILHO XapaKTepU3YIOT BEJIMYUHY T10-
rpemHocTy Ko3gduiuneHTa Bi3koctu. McTouHnKOM
MOrPELIHOCTH SIBJISTIOTCS U3MEPEHUSI TeOMeTpUHr o0pasLia
U MIOTPELIHOCTh U3MEPEHUS TNIOTHOCTU cHera. Bpems
WUCTIBITAHUI ONPEaessyioch C TOUHOCTBIO 10 1| MUHYTHI,
TTO3TOMY TSI THTEPBAJIOB [UIMTETLHOCTHIO OoJtee 6 ya-
COB IIOTPEIIHOCTD JUIMTEIbHOCTU OTIbITa OKAa3bIBACTCS
HUYTOXHOM. OCHOBHOI BKJIaJ B IIOrPEIIHOCTD 1a€T
TOYHOCTbh U3MEPEHMUSI BBICOTHI 00pa3iia cHera. Mcroiib-
30BaHME IITAHTEHLIMPKYJIS U IePEeBSIHHON TUIAHKM, Ha
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KOTOpOIT OTMEYaeTCsl HauaJlbHOE M KOHEUHOEe 3HAUEHUS
BBICOTBI, 1a€T MOTPELIHOCTD, paBHYIO 0.5 MM, YTO SIBJISI-
eTcst 6ojiee TOYHBIM CIIOCOOOM M3MEPEHUIt, YeM pyJIeT-
Koii. [1pu xapakTepHbIX BEJIMYMHAX C3KATHUSI 00pa31ioB
oT 10 1o 25 MM MakcuMaJibHasl TOTPELTHOCTb METO/Ia HE
npeBbItaeT 5%. Hekotopoe yMeHBIIIEHHE TOTPEITHOCTI
METO/Ia BO3MOXKHO 3a CUET YAJIMHEHUSI 00pa3loB CHera
1 YMEHBIIEHUSI TJIOLIAAN UX MONEePEeYHOTO CEUeHUSI.
OaHaKo B 3TOM cJlyyae CTaHOBSITCS 3aMEeTHbI OOKOBbBIE
nedopmalim 00pa3oB, U HApYILIAETCs MPSIMOYTOJIbHAs
reoMmeTpusi. Micnojib3oBaHNE BEPTUKATBHOTO KOpooOa
peliaet npodjemMy U3rndaHusi oopasia cHera noj Ha-
IPY3KOIi, HO CO3IAET JOMOITHUTEILHOE TPEHUE Ha CTEH-
Kax Kopoba 13-3a mpuMep3aHus cHera. [Ipumep3anue
K CTEHKaM Kopoba MpernsiTCTBYET ero oceAaHuIo Mpu
HeOOoJIbIINX HAarpy3Kax, YTO OCOOEHHO XapaKTEPHO 151
PBIXJIOTO CHera HeOOJIbIIION MIOTHOCTH.

B HallieM cityyae npu UCIbITAHUSIX OOPa3LIOB HE YUU-
TBIBAJIOCh OOKOBOE pacIIMpeHre 00pa3IioB TP OTHO-
ocHoM cxkaTtui. [1o JTaHHBIM U3MEPEHUI MTOJI3YUECTU
cHera (BoritkoBckuii, 1977) koadduiimeHT 60KOBOTo
paciiMpeHusi AJisl CHera miaoTHocThio MeHee 300 Kr/m?3
npeHeopexxuMo Mai, aechopMalus o0pasia MpOUCXOaUT
BCJIEAICTBME BEPTUKAIBHOTO OCeIaHusl cCHera. MiamepeHust
TreoOMeTpUU 00Pa31I0B MOCIe UCTbITAHUI TTOKa3aau, YTO
yTOJIIIeHNe 00pa3iia MPONCXOINUT B €T0 HIKHEeH JacTH,
Kak MpaBujIo, y ocHoBaHMs. MI3MeHeHusT pa3MepoB He
MpeBHIIaloT 1—2 MM, T. €. oKoJio 1%, 1 con3MepuMBbI
C TIOTPEITHOCTHIO M3MEpEeHMIT pa3MepoB CTOPoH. [1o-
CKOJIbKY M3MEPEHUS TTPOBOIMINCH TTPEUMYIIIECTBEHHO
B HOYHOE BpeMsI ITPU CTaOMILHOM TeMIlepaTypHOM (hoHe,
MbI HE YUMTBhIBaeM IMPOLECChl UCTIApEHUSI CHera U ero
MeTaMOp(dU3M B XOIIe UCITHITAHUIA.

Jast ganbHeHIIUX UCCAeIOBAaHUN BSI3KOCTU CIOEB
CHEXXHOTO MTOKPOBa HEOOXOAMMO YUUTHIBATh SBOJIIOLINIO
KPUCTAJIJIOB CHEra B €CTECTBEHHBIX YCIOBUSIX 3aJIeTaHus.
ITpouecchl cybIMMallMOHHOM TTepEKPUCTAIU3AIIUN
B CHere MpUBOAST K YKPYITHEHUIO KPUCTAJIJIOB, U3Me-
HEHMIO UX (DOPMbI M YMEHbBIIEHUIO KOJIMUECTBA CBSI3ei
(Konowmpiir, 2013). ITo onieHKaM psijaa uccieqoBaHUM,
BSI3KOCTh c10€B 'Y, mpencTaBieHHON KpUCTa/UIaMU
MOJIYCKEJIETHBIX U CKEJIETHBIX (hOPM, 3HAUUTEJIbHO BbILIIE
BSI3KOCTM MEJIKO3EPHUCTOIO U METEJIEBOTO CHera nmpu
paBHOM MIIOTHOCTU. Pa3HOOOpa3rve BTOpUYHO-UINO-
MopdHbIX (popm kpuctaaioB ' (MexnyHaponHas
kinaccupukanys..., 2012; Koxomsrir, 2013) npenmnosna-
raeT pa3jimyre ux BI3KOCTU, HO TaKME€ UCCIIEN0BAHMUS
paHee He MTPOBOAWIKUCH. MBI TIpeAroaaraeM, 4To cjiou
I' urpatot 3aMeTHYIO pOJib, MPEMSITCTBYS YIIJIOTHEHUIO
CHEXXHOTO MOKPOBa MPY OTPULIATEbHBIX TEMIIEPATYpaX.
Nx obpa3zoBaHMe B X0/1€ IBOJIOLIUU CHEXHON TOJIIIM HE-
00X0AMMO YUuTbIBaTh. ExXXeroaHble ctpaturpacuyeckue
HCClIe0BaHUS CHEXHOTO nmokpoBa B [TonMockoBbe yKa-
3bIBAIOT, YTO Yepe3 3—4 Heaeau rmocie GopMUpoBaHuUs
HOBOTO CJIOSI CHera B HEM (pOpMUPYIOTCSI KpUCTAJLIbI
I'N (Yepnos, 2013; Komapos, 2021). B HopMmanbHbIe
U TeM 00Jiee XOJOIHbIE 3UMbI TOJIIMHA TOPU30OHTA
' nocturaetr 20—50 cM. K KOHIy 3UMHETO IIepro-
na ciiou I'M nmpeo6iamaloT 1o TOJIIMHE, YTO HAPSIoy

YEPHOB

C BA3KO-IIJIACTUYHBIM YIINIOTHECHUEM MEJIKO3CPHUCTOIO
cHera HeoOXOaNuMO YUYUTBIBATh IpU MOIOCJINPOBAHUN
CHE2XKHOTO ITOKpOBa.

SAKIIIOYEHUNE

Ha ocHoBe Teopuu BSI3KOTO YIIJIOTHEHUSI CHeTa Mpe-
CTaBJIeHa METOAMKAa onpenesieHus Ko uimeHTa BI3K0o-
CTHU CHera Mpu OIHOOCHOM cxkaTuu. OnpeaeeHbl ONTH-
MaJIbHBIE pa3Mephbl 00pa3LioB CHETA ¥ COOTBETCTBYIOIINE
UM Harpy3ku. Bo usbexxaHue pe3kux mpocaaok U BhI-
MOJHEHUU YCJIOBUSI BI3KOTO YIJIOTHEHUS ONTUMAJIbHO
noadMpaTh BeC Harpy3Ku B 2—3 pa3a OOJIbIIE Beca CaMOro
oOpaszua. OnpenenaeHbl 3HaUeHUST KO3 duimeHTa Bsi3-
KOCTH cHera B auarna3oHe riotHocty ot 0.1 10 0.3 r/cm?
M TIpY U3MEHEHUM TeMIiepaTypsl oT —1 1o —18 °C, Ko-
Topbie uaMeHsitores ot 0.9-10% no 0.8-10%° ITa-c. CpenHee
3HaueHue Koa(huIIMeHTa BI3KOCTU MEJKO3epPHUCTOTO
cHera B McTibITaHUSIX cocTaBmio 8.5-108 IMa-c. JlanHas
BeJMYMHA YIOBJETBOPUTEIHLHO OMMCHIBACT €CTECTBEH-
HOe oceJaHle CHera B BEpXHEM FOPU30HTE CHEXKHOTO
MOKpPOBA, CJIOXKEHHOI'O 3¢pHUCTBIM CHeroM. 1151 6oee
TOYHBIX OLICHOK MpeajIoXKeHa aMIupuieckas (opmyna
3aBUCUMOCTU KO3 GULIMEHTA BI3KOCTU MEJIKO3EPHU-
CTOTO CHEeTa OT IJIOTHOCTU U TEMIIEPATYPhI.

B xone nccinemoBaHms OTMEYEHO, UYTO BIMSTHUE TUTOT-
HOCTH M TeMIIepaTypbl Ha U3MeHeHUsT KOd(hGULIMEHTA
BSI3KOCTH CHETa COMOCTABMMBI 110 BeJIMYMHe. Pe3ynbTar
MOXET OBITh MCTTOJBb30BaH B MOICTUPOBAHUY ITPOLIECCOB
VILUIOTHEHUSI CJIOEB CHEXKHOI'O MIOKPOBA JIJIs1 IIIMPOKOI0
CITeKTpa 3a1ad.
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Snow compaction is a natural process in the evolution of any snow cover, and this obviously changes the
physical and mechanical properties of a snow thickness. The quantitative estimate of this process is a
coefficient of the snow viscosity, which is linearly related to the rate of the snow cover deformation The
technique for preparation and testing of samples with the fine-grain snow under condition of uniaxial
compression at negative temperatures is described. It was determined that values of the snow viscosity
coefficient fall within the range from 0.10 to 0.30 g/cm? for three temperature intervals. The viscosity
coefficient of the fine-grain snow varies from 103 mo 10'° ITa. The data obtained made possible to find the
limits of variability of this coefficient for winter conditions on the Russian plain. A dependence of the
viscosity coefficient on the snow density and temperature is proposed, and it describes the series of the
above shown experimental data. It is shown that influence of changes in the viscosity coefficient of fine-
grain snow on the snow properties depending on its density are comparable in scale to the influence of the
temperature. The result may be useful for modeling the evolution of snow cover.

Keywords: Fine-grained snow, viscosity, density, compression, deep hoar
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BBEAEHUE

3UMHUI pexXuM peK — HeoThbeMyieMas pa3a ruapo-
JIOTMYECKOTO PeXXKUMa BOAOTOKOB; OHA IPeICTaBIIsSIET
0COOBI MHTEpEC [JIs1 pa3IMUHbIX OTpacjeil HApOJAHOTO
xo3giicTBa. CBegeHusI O Ipoleccax POpMUPOBAHUS
U pa3pylIeHUs JeASTHOTO MOKPOBa Ha BOJOTOKAX, UX
MPOTHO3MPOBAHME CIY:KAT OCHOBO JIJIS TAKUX BUIOB
TeITeIbHOCTH KaK CYI0XOICTBO, PHIOHBIN ITPOMBICET,
opraHu3sauus JeJ0oBbIX Tepernpan U Ap., a TAKXKe UC-
MOJIb3YIOTCS B TUAPOIIPOTHO3UPOBAHUHM B LIEJISX MPEIy-
MPEXICHNUS U MIPeIOTBPalleHIs BOSHUKHOBEHUS Upe3-
BbIUaiiHbIX cuTyauui (nanee — YC), HaHOCAIIMX yilepo
OKpyXamlleil cpeae, 00beKTaM XK1U3Heo0eCIeUeH s
u HaceneHuto. Takue YC MoryT uMeTh MECTO BCIISICTBUE
OITACHBIX TUIPOJIOTNYECKUX SIBJICHUI, BOBHUKAIOIIINX
MpU NOABEME YPOBHS BOIBI B peKe B pe3y/IbTaTe 3aK0p-
HO-3aTOPHBIX SIBJICHUI 1 paHHETO JIeA000pa30BaHMs
(banmukosa, Cymauesa, 2021).

ITockonbKy OLIMOKY MPU MPOTHO3UPOBAHUU TIPO-
CTPaHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHUK JICTOBBIX SIB-
JICHUI Ha peKax MOTYT IIPUBECTU K HETATUBHBIM TTOCIE-
CTBUSIM TSI IPOMBIIIIEHHOCTH ¥ HAPOIHOTO XO3STiCTBA
(yiep6aM oT HAaBOAHEHM, MPOPHIBA 1aMO, pa3pylLIeHUsT
TUAPOTEXHUYECKUX COOPYKEHUI U AP.), U3ydeHUe CPo-
KOB U (ha3 JIeAOBOTO pexkrMa peK MpeCcTaBlIsIeT BeCbhMa
BaXXHYIO 1 aKTyaJIbHYIO HAyYHO-TIPAaKTUIECKYIO 3a1aydy.
OcHoBHBIE (haKTOPBI, OKa3bIBAIOIINE BIMSHME Ha (DOp-
MUPOBaHME JIEIOBOTO peXnMa peK,— KIMMaTu4eCKue
yCIoBUs (TeMIIepaTypHBIA PEKUM, CKOPOCTh, HAaIlpaB-
JIEHUE BeTpa M IIp.), a TaKKe BOZHOCTb PEKM, BhICOTA
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CTOSTHMSI YPOBHS TPYHTOBBIX BOJI (TPYHTOBOE TTUTAHME),
CKOPOCTH TEUEHMSI U IPYTHUE TPUPOIHO-KINMATUUECKUE
(bakTophIl, YTO B 11€JI0M 3aBUCUT OT PETMOHAILHBIX OCO-
OeHHOCTe! U reorpapuyeckKoro MeCTOPaCIoI0XKEHUS
BomoTokoB (Pecypchr..., 1972; AracdoHosa u ap., 2016).
OpnHako B HaUOOJIbIIICH CTeNeHU MPoLiecChl ienoodpa-
30BaHUS Ha PeKax 3aBUCST OT CKJIaIbIBAIOIINXCS METe-
OpOJIOTUYECKHUX YCIIOBUI (TEMIIEpaTypHOIO pexXuMa),
TIPEANIECTBYIOIINX HAaualy Pa3BUTHS JISITOBBIX ITPOIIECCOB,
U c(hopMUPOBABIIETOCS TUAPOJOTUYECKOTO pexknuMa
(deboabckuii u ap., 2008).

HccnenoBaHus 1e10BBIX SIBJICHUI Ha peKax apKTH-
yeckoit 30HbI Poccun oTeuecTBeHHBIMM THAPOTIOTaMM
66U HavaThl B XX B. Pe3ynbrarsl HccaenoBaHW Ha
OCHOBE COOpPaHHBIX MHOTOJIETHUX TaHHBIX 0000IIEHbI
B BUJIE CTATUCTUYECKUX XapaKTEPUCTUK U TUTTM3UPOBAH-
HBIX KapT JenoBoro pexxuma pek CCCP, a Takke npen-
CTaBJIeHBI PsIIOM DyHIaMeHTaIbHbIX padoT (I'MH30ypr,
1973; loHueHko u ap., 1987). MHorue ucciienoBaHust
MOCBSIICHBI U3YUYEHUIO BIMSHUSI U3MEHEHU I KITMMaTH -
YECKUX YCIIOBHMI Ha (OPMUPOBAHKE JIETOBOTO peXKMa
pek apktudeckoro Cepepa Poccun. Tak, nmo pe3sysnbra-
TaM OLICHKU JISAOBOIO PeXKMa B YCThEBBIX 00J1aCTIX
pex poccuiickoit 3amanHoil Apktuku (CesepHast I Bu-
Ha, Me3seHb, [Tedopa, O0b) yCTAaHOBJICHO YBEIMUYECHUE
pa3Tuursg MeXIy Harbollee paHHE ! 1 TTO3MHEe TaTaMu
HACTYIUJIEHUS] OCEHHUX JISAOBBIX SIBJICHUI 32 IEPUO/IbI
1930—1960 u 1961—2000 rr., Haripumep, 11 p. CeBepHOI
JBUHBI yBeIMueHUe cocTaBiisgeT 14 gHeit ([edoabckuii
u ap., 2008).
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HMccaenoBaHusi TMAPOMETEOPOIOTUYECKUX YCIIO-
Buii B 6acceiide p. Maioit CeBepHoli JIBUHBI ITOKa3a-
JI YMEHBIIIeHe MaKCUMAaJTbHOM TOJIIIWHBI JTbIa U CO-
KpallleHWe MPOI0IKUTEILHOCTH JIEIOCTaBa Ha peKax
OacceliHa, a TakXkKe YMEHbBIIICHNE MaKCUMaIbHBIX CHE-
ro3arnacoB U COKpaIleH!e MPOIOJLKUTEIbHOCTH 3aJIe -
TaHMSI CHEXXHOTO MOKPOBa Ha TaHHOI TEpPUTOPHUU 3a
1988—2017 rr. OTHOCUTEIBHO MPENIIEeCTBYIOIINUX TECs -
tuietuii (1958—1987 rr.) (I'eopruesckuii u ap., 2021).
CornacHO pe3yJibTaTaM CPaBHUTEJILHOTO aHaJIM3a 10
JaHHBIM BOJIOMEPHBIX TIOCTOB, PACTIONIOXEHHBIX B PA3HBIX
yactax no giauHe p. [lewopsr, 3a mepronsr 1950—1980
un 1981—-2018 rr. Ha (hoHE KIMMATUYECKUX U3MEHEHUI
BBISIBJIEHO CMEIIEHNE CPETHUX CPOKOB MOSIBJICHUS JIbAA
Ha 3—8 gHelt B cTopoHy Oojiee mo3mHux aaT (Cymaues,
banmukosa, 2021). B nepuon 1981—2018 rr. 3a cuér
CMEIIEHUSI CPOKOB BCKPBITUSI B CTOPOHY PaHHUX AT
OTMEYEHO COKpallleH!e Ha 6 JHE MPOIOKUTEIbHO-
CTH JiegocTaBa OTHOCHUTEIbHO nepuoga 1950—1980 rr.
Ha pekax Konbckoro nonyoctpona (baHmukosa, Cy-
mayeBa, 2021).

CoBpeMeHHBIE HayIHO-MCCIIe0OBaTeIbCKIE pabo-
Thl, BKJIIOUAKOLINE U3yYeHUe JIEAOBbIX sIBJIEHUI Ha pe-
Kax apKThueckoii 30Hbl Poccuu, BechMa akTyaabHbI
1 HEOOXOMUMBI C TOUKH 3peHUS pa3pabOTKHU TTOIX0I0B
U1 METOJIOJIOTUH JIsl TIPOTHO3UPOBAHUS U MIPEeIOTBpallie-
HUS yIIepOOB OT OMACHBIX TUAPOJIOTMYECKUX SIBICHUI,
CBSI3aHHBIX C JJemoo0pa3oBaHueM (AragoHoBa u Ip.,
2016) B yCIIOBUSIX TNI06ATBHOTO M3MEHEHMST KJIMMAaTa
(TToTeruIeHNsT) U aHTPOMOTeHHOTO Bo3aelicTBus (Jxa-
maioB u 1p., 2015; Aracdonona, 2019; Kamunun, 2020).

Borpoc B OTHOIIIEHUY JIEAOBOTO peXXrUMa peK — Ipu-
TOKOB 3arajaHoro nobdepexns beiaoro mopsi, pacrnoJio-
JKEHHBIX B nipeneiax repputopuu Pecrryonuku Kapenun,
W BIIUSTHUS HA HETO MPOUCXOISIINX KIIMMATUIECKUX
M3MEHEHUI U3y4YeH HEeI0CTaTOUHO — UCCeOBaHUM,
MPOBOAMMBIX B 3TOI yacTu O6accelriHa bemoro Mopsi, He
Tak yxX 1 MHOTO. [IpMepoM TaK1X UCCIIeqOBaHUIA CITy-
KUT pabota (Pposos u ap., 2018), roe aBTopamu ycra-
HOBJIEHO, YTO CPEIHSISI TPOJOIKUTEIbHOCTD TIeproaa
¢ JIEMOBBIMU SIBJIeHUSIMHU 1151 peK Pecriyonuku Kape-
mmu (OacceiiHa benoro Mopst) cocTaBisieT B CpeIHEM
180 nHeii. B paboTte Tak:ke NpencTaBiIeHbl pe3yJIbTaThl
CPaBHUTEJILHOTO aHAIN3a CPEIHUX CPOKOB HACTYILJIe-
HUS XapaKTEePHBIX JIEIOBBIX SIBJICHUI Ha peKaxX JaHHOM
tepputopuu 3a iepron 1960—1990 rr. 1 B COBpeMEHHBIX
yenoBusix (1991—2014 rr.). BeisiBieHo, 4To 3a nocjiaeaHue
rozabl (1991—2014 rr.) cpoku NOSIBJIEHUS JibJia U yCTaHOB-
JIGHUS JienocTaBa Ha 5—8 MHel CMECTUIIUCH B CTOPOHY
0oJiee MO3IHUX JAT OTHOCUTEIBHO MPEAIISCTBYIOLIETO
Meproaa, a BCKPLITUE Y OYUILEHNUE OTO JIbIA — Ha 060Jiee
paHHUe naThl HAa 3—7 gHe, oO1as XKe MPOaOJLKUTETb-
HOCTb IepUOJA C JIETOBBIMU SIBJICHUSIMU YMEHbBIINIIACH
Ha 11—12 nHeii o cpaBHeHUIO ¢ iepuoaoM 1960—1990 rr.

B uesiom, aHanu3 psina cyiiecTBYOIIMX UCCIeI0BaHUIMA
MoKasaJjl 3aMeTHOE BIMSIHUE TPOUCXOISIIMX B TTOCIEI-
HUM PAIJIET KIMMATUYECKUX U3MEHEHU I Ha ITPOLIECCHI
¢opmurpoBaHus JeISTHOro IMOKpoBa pek EBpomneiickoro

BAKJIATUH, MAXAJIbCKAA

Cesepa Poccun, B ¢BsI3M ¢ 4eM TpeOYIOTCS YTOUHEHUS
1 10paboTKa METOAUK B TMAPOIIPOrHO3UPOBAHUM, KO-
TOpBIC HBIHE B 3HAYNTEIHLHON CTEIIeHN 0a3UpYIOTCS Ha
yCTapeBIINX TaHHBIX.

Lleab paGoThl — KOMIUIEKCHOE MCCIIETOBAHNE MHO-
roJieTHe MU3MEeHYMBOCTU OCHOBHBIX 3JIEMEHTOB JIe[0-
BOTO peXXMMa Ha YCThEBBIX yUaCTKAX peK — IIPUTOKOB
3arajaHoro nooepexnst benoro mops (Pecnybnanka Ka-
penus u ApXaHTeJbcKasl 00J1acTh) C YYETOM BIUSTHUS
TeMIiepaTypHoro ()oHa B JAaHHOM PErMOHE 3a TIEPUOI
1956—2020 rr.

MATEPUAJIBI U METO/bI

[MoguepkHEM, YTO CyIIECTBEHHBIM (DAKTOPOM Hapsi-
Iy C TeMIIepaTypoil BO3ayxa, BIUSIIOIIMM Ha MPOLIECChI
(opMHUpoOBaHUS JIETOBOTO PeXXMMa PeK, IBIISICTCS UX
BogHOCTh. OHAKO B JaHHOI paboTe 0co00e BHUMaHUE
yIeJIeHO TTOBBIIIIEHUIO TEMIIepaTypHOro hoHa BO3Iyxa,
TTPOMCXOMIAIIIETO B TIOCIICIHME NeCATUICTUS Ha BOTOEMAX
apKTUUYECKO 30HbI (IJ100aqbHOE MOTEIJIEHUE), U €T0
BJIMSTHUIO Ha TIpo1iecCchl (hOPMUPOBAHUS JIblIa Ha peKax,
B CBSI3U C YEM OCHOBHOM ucclieayeMblii (haKTop — 3TO
TeMIepaTypa Bo3ayxa. B kauecTBe uCXomHOI MHGOpP-
Malliu B paboTe MCITOIb30BaHbI TaHHBIE O CPEIHECY-
TOYHOI TeMIiepaType Bo3ayxa 3a nepuoa 1955—2020 rr.
110 TaHHBIM MOPCKUX TUIPOMETEOPOIOTUIECKIX Oepe-
roBbix ctaHuuii (MC) I'pununo, Kemb u OHera rocy-
IapcTBEHHOM HabmogaTebHOl cetn Pocrugpomera,
pacToIoKeHHBIX Ha 3aITaTHOM 1obepexbe bemoro Mopst
B npenenax repputopuun Pecryonuku Kapennu u ApxaH-
reabcKoil obyactu (puc. 1). DTu JaHHBIE MOIYYEHBI Ha
noptaiie Bcepoccuiickoro HaydHO-UCCIIeA0BATENbCKOTO
WHCTUTYTa TUAPOMETEOPOJIOrMUecKoi MHMOpMaIum —
Muposoro ueHTpa nanHeix (BHUNUTMU-MIIJT), Ha-
XOJISIIMXCS B OTKPBITOM aoctyne (Bcepoccuiickuii. ..,
2024). ITockonbKy Ha paccMaTpUBaeMOIl TEpPUTOPUN
(opMupoBaHue JIeASTHOTO MOKPOBA Ha peKax MPOUCXOINT,
Kak MpaBUJI0, C KOHIIA OKTSIOPS MO MEepBYIO AeKamy Masl,
HCCIIeIOBAHUIO TTOJIEXKAIO COMTOCTaBICHIE OCHOBHBIX
XapaKTepUCTHUK JIEAOBOTO U TEMITEPATypPHOTO PEKMMOB
B XOJIOMHBIN CE30H — C OKTSIOPSI TT0 Maid.

CaeneHuss 00 OCHOBHBIX XapaKTePUCTUKAX JIEAOBOIO
pexrmMa (0 CpoKax HaCTYIUICHUSI XapaKTEePHBIX IaT JIeA0-
BBIX SIBJICHUI1, VX TIPOJOJIKUATEILHOCTH ) IIPUTOKOB 3aIlaf-
Horo rmo6epexkbst beoro mops 3a mepuoxa 1956—2020 rr.
MpeacTaBiIeHbl JaHHBIMU JEBSITU TUAPOJIOTMYECKUX T10-
croB (nanee — I'TT), TeppuTopraibHO PACTIONOXKEHHBIX
B Pecniyonuke Kapenuu n ApxaHrejlbcKoit 001acTy Ha
YCTbeBBIX yyacTKax pek ['punuHa, Kysema, [Tonbroma,
Kewmpn, llys, Huzxunit Beir, Cyma, Hioxua u Manomnryiika
(cM. puc. 1). st hopMupoBaHUS HEPEPHIBHBIX PSIIOB
OCHOBHBIX XapaKTEePUCTHUK JIEAOBOI0 peK1Ma MePeUnC-
JICHHBIX BBIIIE PEK W UX JaJbHEHUIIEro NCCAea0BaHMUS
MCIIOJIb30BaHbI MaTepuaibl I'ocynapcTBEHHOIO BOTHO-
ro kagactpa P® (cnpaBounuku Pocruapomera — 'BK
EAC, T. 1, Beimn. 7, 4. 1) 3a 1956—2007 rr., umeroninecs
B 6ubsmoreke Kapenbckoro HayuHoro 1ieHTpa (KapHILI
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Puc. 1. PacnionoxeHne MeTeOpOIOTMUECKUX CTAHLIMIA U TUAPO-
JIOTUYECKMX TTOCTOB Ha 3araaHoM noodepexne benoro mops (Pe-
cnyonuka Kapenust u ApxaHrenbckast 00J1acThb): / — MeTeoCTaH-
uust; 2 — rugposaorudeckuii noct; 3 —I'DC

Fig. 1. Location of meteorological stations and hydrological
posts on the western coast of the White Sea (Republic of Karelia
and Arkhangelsk region): / — weather station; 2 — hydrological
station; 3 — hydroelectric power station

PAH) u E®J1 HTB ®I'BY “I'ocymapcTBeHHBIM THIPO-
nornueckuit uHCTUTYT” (OI'BY “I'TU”) (T'ocymapcTBeH-
HBIH..., 2024). Jlanusie 3a 2008—2020 rr. mosy4eHbl Ha
BeO-cepBuce “ABTOMATU3MpPOBaHHASI MHMOOPMALIMOH-
Hasl CHCTeMa TOCyIapCTBEHHOTO MOHMTOPMHTA BOITHBIX
00bekToB” (AMMC I'MBO), HaxopsiieMcsl B OTKPBITOM
noctyrne (ABToMaTU3UpOBaHHas..., 2024).

B paborte B KauecTBe OCHOBHBIX XapaKTEPUCTUK JIEHO-
BOTO peXXrMa peK paCCMOTPEHBI CPOKY HACTYIUICHUS Xa-
PaKTepHBIX JIEOBBIX SIBJICHUIA: 1aTa MOSIBJIEHUS] OCEHHUX
JIEJIOBBIX SIBJICHUI (MTPpUHSITA AaTa Hauajaa oopa3oBaHUs
YCTOMYMBBIX 3a0€PETOB, JIEN0X0a, ITyroXo/a, JeaocTaBa
U Jp.); 1aTa Hauyaja jeaocTaBa (MPUHSITA 1aTa MepBOro
IATebHOTO0, He MeHee 20 mHeil, legocTaBa); naTa Ha-
yajia BECeHHUX JIEIOBbIX SIBJICHUH (pa3pylleHus JIbaa) —
MepBbI ACHb JIEA0X0/1a, B €r0 OTCYTCTBUE — IPOMOUH,
3aKpauH, pa3BoAUii, BOJABI Ha JbIY, TOJBVXKU JIbIA;
JlaTa OKOHYAHUS JISAOBBIX SIBJICHUI (MPUHST MTOCIESAHUIA
JIeHb C JIEAOBBIMU SIBICHUSMM ); ITPOIOJIKUTEIBHOCTD
JIeAOoCTaBa U Iieproia Co BCEMU JICAOBLIMU SIBICHUSIMU
(pa3HOCTh MEXIY JaTaMU MX HACTYIICHUS 1 OKOHYAHUS).

BnusHue TemMIiepaTypHOTro pexXuMa Ha ImpoIeCCh
hopMHUPOBaHUS JIEATHOTO TTOKPOBA TS KaXKIOM MCCIIe-
IyeMOI PeKH OLIEHUBAJIOCh ITYTEM OIIpeIeICHUS CYMM
HaKOTUICHMS OTPUIIATEIBHBIX (ITOJIOKUTETHHBIX) TEMTTE-
paTyp BO3IyXa OT IaThl TTIepexoaa CPeTHECYTOTHOM TeM-
repatypbl Bo3myxa yepe3 0 °C B CTOpOHY OTpUIIATeTbHBIX
JEJ U CHET Ne 2
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(MOMOXUTEBbHBIX) 3HAUEHWI 10 1aThl HACTYIIJICHUSI UC-
KOMOI XapaKTepUCTUKM JeaoBoro pexuma. [Toxg ycroii-
YUBBIM MEPEX0IoM TeMmepaTyphl Bo3ayxa yepes3 0 °C
K OTpMLIATEJIbHBIM 3HAYEHUSIM OCCHBIO TIPUHUMAJICS
MEepBBI JeHb TTIeproaa, KOraa CyMMa OTPULIATEIbHBIX
CpeIHECYTOUHBIX 3HAYEHUI TeMIIepaTyphl JTI000ro 13
MOCJIEIYIOIINX TIEPUOIOB MPEBHIIIAIA CYMMY TTOJIOXKU-
TeJIbHBIX TEMIIEPATYpP, U C TOUHOCTBIO HA000POT IS
BECHBI, IJIe OTIpeeIsiICS YCTOMYMBBIN Tepexo cpe-
HECYTOYHOI TemIiepatypbl Bo3ayxa yepes 0 °C K moJio-
SKUTEJIbHBIM 3HAUEHMUSIM.

[TocKOIbKY MYHKTHI METEO- U TUAPOJIOTUYECKUX Ha-
OJIIOICHUI pacoJIOKEHBI Ha Pa3HOM YIAJIEHHOCTH IPYT
oT apyra (cM. puc. 1), mokasartesu TeMIepaTypHOTo pe-
>KrMa (3HaYeHMsI CPEIHECYTOUHbBIX TEMITEPATyp BO3AYXa),
BJIUSIIONIME HA YCIIOBUST (hOPMUPOBAHUS JIbAa Ha KaxK a0
13 UCCIIEMYeMbIX PEK, OTIPEenesIMCh MHTEPIOJINPOBA-
HHUEM, ¢ TPUMEHEHNEeM METOIa OOPATHBIX B3BEIIEHHBIX
pacctosiHuii (nanee — OBP). 107151 oka3pIBa€MOTO BIIMSI-
HUSI METEOMaHHBIX 110 Oyn3fiexaieit n ynanéHnoir MC
Ha pacy€T MCKOMOTO 3HAYeHUS TeMIlepaTyphl BO3myxa
BbIpaxkaeTcsl B BUJie BeCOBOTO KoadduumeHTa . Be-
COBBIE KOI(DGHULMEHTDI 0 /¢, - i A151 Kaxxnoii i-oit MC
BBIUMCJISTIOTCSI 0OpaTHO MPOIMOPLIMOHAIBLHO T€OMETPU -
YeCKOMY PacCTOSTHUIO OT paccMaTpuBaemoro j-oro I'TI,
BO3BEAEHHOIO B CTEIEHb p (B paboTe NCMOJb30BATOCh

p=2):

Omc,—rm;, =
"mc,—rm,
TOE Fuc, - 7, — TEOMETPUYECKOE PACCTOSTHUE MEXIY
i-oit MC u j-bim I'TI.

Takum o6pa3om, CpeTHECYTOUHbIE 3HAYEHUST TEMIIE-
patypsl Bozayxa T Bj-oM I'TI Beraucisiores 1o popmyie:

Y T
Z,-Zl Omc,—rm; * 1 mc,
N b
Zi:l(DMCf*mf

rae Ty, — CPENHECYTOUHOE 3HAYEHUE TEMITEPATYPHI
Bozayxa B i-oit MC; N — konnuectso MC.

3HAUYUMOCTb BHIYMCICHHBIX XapaKTePUCTUK JIMHEH-
HOI perpeccuy OLleHUBAJIOCh IO KpuTepuio Puirepa
p-value. IlonydyeHHbIe 3HaYeHUS p-value CpaBHUBAINCH
C TIPUHSTBIM YPOBHEM 3HAYMMOCTH B TaHHOM UCCJIEIOBA-
auw (0.05), Ha OCHOBAaHMUM YETO IPUHUMAJIOCH pEIlIeHUE
0 3HAYMMOCTH TpeHa. Pacuér 3HaueHuit ToBepUTEIbHbBIX
WHTEPBAJIOB A BBITIOJIHEH, UCXO/sT U3 MPEATION0XKEHUS
0 HOPMAJIbHOCTH pacripeesieHus1 OIIMOOK Perpeccumu.

Jl1st cpaBHUTENILHOTO aHaJIn3a pa3HOPOIHBIX Bpe-
MEHHBIX PSIIOB JTaHHBIX CIIOJIb30BaH METO, HOPMUPO-
BaHUS Pa3HOCTHBIX MHTETPAJIBHBIX KPUBBIX MOLYJIBHBIX
K023(hGULMEHTOB, KOTOPBIE BBIYMCIISIOTCS [JISI BCETO
psina corytlacHo opmyiie:

T, =

X;

i

ki = -,
X
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II€ X; — 3Ha4E€HUE TMIPOMETEOPOIIOrMYECKON XapaKTe-
PUCTHKU B i-OM TOJlY; X — CPEIHEE 3HAUYCHUE TUAPOME-
TEOPOJIOTMYECKON XapaKTEPUCTUKU 32 MHOTOJICTHUM
MepUo.

ITocTpoeHre pa3HOCTHO-UHTETPAIbHON KPUBOU
NPOU3BOAUTCS MyTEM MOCJIEI0BATEJILHOIO CYMMUPO-
BaHUS OTKJIOHEHU I MOIYJIbHBIX KO3 (PUIMEHTOB OT
cepenunsl (k — 1):

F(0) =320k =1),

TAe 7 — KOJIUYECTBO 3HAYCHUIA BPEMCHHOI'O psdaa.

Taxkum 00pa3oM, pa3HOCTHAsI MHTErpajibHasl KpUBasi
MpeACTaBISIET COO0M HapacTalOIIyI0 CyMMY OTKJIOHEHU
MOJYJIbHBIX KO((PULIMEHTOB OT CPEAHETO MHOTOJICTHETO
3HAUEHUS Psiia X Ha KOHEIT KaXI0ro i-0T0 TO/a.

PE3VJIBTATbBI 1 UX OBCYXKIAEHUNA

B pe3ynbrarte 00paboTKM psimoB JaHHBIX Ha YCThEBBIX
yuactkax pek I'punnna, Kyszema, [Tonsroma, Ilys, Cyma,
Hioxya u Majoiiyiika rojy4eHbl OCpeAHEHHBIE XapaKTe-
PUCTUKM JIEIOBOTO peKUMa PeK — IMIPUTOKOB 3aIaHOTO
nobepexbst benoro mops (Pecniybonvka Kapenust u Ap-
XaHTIeJIbCKast 00J1acThb) 3a mepuoa 1956—2020 rr. (puc. 2;
Tab. 1). O0001IEHHBIE paCYETHI IS pacCMaTpUBAEMOit

BAKJIATUH, MAXAJIbCKAA

TEPPUTOPUU MPUBEIACHbBI O3 yU&Ta TaHHbBIX O JIETOBBIX

SIBJIGHUSIX HAa YCTheBbIX yuyacTKax peK HuxkHuii Beir

1 KeMb, MOCKOJIBKY 3TH PEKU 3apeTyIMPOBaHbl pacIoio-
JKEHHBIMU Ha HUX TMIPOTEXHUYECKUMU COOPYKEHUSIMU

(xackagamu 'DC) u u3-3a ux pabOTHI MOSIBJIEHUE OCEH-
HUX JICIOBbIX SIBJICHUI Y YCTAHOBJIEHUE JISAOCTaBa, KaK

MPaBUJIO, MMPOMCXOAUT 3HAUUTENILHO MO33Ke (10 TOJIyTOpa

MecsI1IeB) OTHOCUTEIbHO BOJOTOKOB C TUAPOJOTUYe-
CKUMM PEXKUMOM, (POPMUPYIOILIUMCST B €CTECTBEHHBIX

ycaoBusx (cM. Tabu. 1). Hanmpumep, Ha ycTheBOM ydacT-
ke p. Hixnuii Beir y ropona beromopcka B mociaeaHue

roael (2013, 2016—2020 rr.) MOJTHOTO CMep3aHUs JIbIa
(ycTaHOBJIEHHUE JIeIOCTaBa) He HAOII0IAI0Ch.

[Tepuon 3amMep3aHust Ha peKax 3amagHoOro MooepexXbsi
benoro mops (Tepputopust Kapenuu u ApxaHreJbCKoi
00J1aCTH) MPOUCXOAUT, MPEUMYIIECTBEHHO, C TPEThel
JieKaJbl OKTSIOPSI IO TPEThIo AeKany Hos1Ops. [1pu paH-
HEeM TTOXOJIOMaHUM B OTAeNIbHBIe Toabl (1961, 1974 1T.)
repBble JeAsiHbIe 00pa30BaHUsI Ha pacCMaTPUBAEMBbIX
peKax HaOIoAaloTCs B KOHIIE IEPBOI — Havasie BTOPOi
JeKaabl OKTAOpPs, B TEIUIbIe 3uMbI (1968, 1997, 2006 rr.) —
B MOCJIEAHMX YrcIax Hos1opsi. CHavasia JieisTHOi MOKPOB
00pa3zyeTcsl Ha BOIOTOKAX CEBEPHOI YacTU MOOepexkKbs,
Ha HeJeJio To3aHee — Ha Oosiee 10KHbIX pekax (Hrooxua,
Maromyiika) (cM. Tad. 1). DTo 0OBSICHSETCS MPEXKe
BCETo TeM, UTO JISAOBBII PEeKUM PEK paccMaTpuBaecMOi

DN

)]

7
.

N

-
_

V22222222
v

1964 1968 1972 1976 '1980 1984 1988 1992 1996 2000 2004 2008 2012° 2016 2020

T'onpr

Puc. 2. Cpoku HacTymieHUs (a3 JIeqoBOTO pexkuMa pek 3amamsHoro modepexnst bemoro mopst (Pecrry6oimka Kapenust, ApxaHresb-
ckast 06s1acTh): 3amep3anue (7), nenocras (2), BckpbiTre (3) 3a 1956—2020 rr.

Fig. 2. Timing of the onset of phases of the ice regime of rivers on the western coast of the White Sea (Republic of Karelia, Arkhan-
gelsk region): freezing (1), freeze-up (2), break-up (3) for 1956—2020
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TeppUTOPUU (POPMUPYETCS B YCIOBUSIX MEPEXOTHON
30HBI MEXIY 3aITaTHOEBPOTIeiICKIUM MOPCKUM U €B-
pO-a3MaTCKUM KOHTUHEHTAJbHBIM KJIMMaToM. Mop-
CKMe€ BO3IYIIHbIE MACCHI, ITOCTYITAMOIIMe ¢ ATITaHTHYE-
CKOT'0 OKeaHa, 0Ka3bIBalOT 3HAYNTEIbHOE BIUSHUE Ha
(bopMmpoBaHUE IEATHOTO TTOKPOBA, €T0 YCTOMYNBOCTD
W TIPOIOJIKUTETbHOCTD.

CymMa oTpuIIaTeIbHBIX CPEAHECYTOUHBIX TEMIIepa-
TYp BO3Iyxa, He0OXOMMMasl IJIsT TIOSIBJICHUST TICPBUYHBIX
JIEIOBBIX SIBJICHUI, cocTaBiisieT 4—6 °C (Impu ycToi -
yuBoM nepexoje yepes 0 °C). Apy>KHOCTb MOSIBJICHUS
JIbIa Ha peKax pacCMaTpuBaeMOi TEPPUTOPUU MEHSIETCS
B mpenesax ot ogHoro (1964 r.) mo 37 mueii (1978 1.),
B cpenHeM — 12 nHeil. [Tox npy>KHOCTBIO NOSIBJIIEHUS
Jbaa (JegocTaBa) IOHMMAETCSl Pa3HOCTh B JHIX MEXIY
TMEePBBIM 1 TTOCIIETHUM CPOKaMHU TTOSIBJIICHUS JIbaa (Jie-
JlocTaBa) 1o Bcelt paccMmaTpuBaeMoii Tepputopun (Pe-
CYpCBhL..., 1972). JIUTeIbHOCTD NEPEXOAHOTO MEprUoia OT
Havaya IepBUIHBIX JIGAOBBIX IBJICHUI 10 00pa30BaHUS
YCTOMYMBOTO JIEAOCTaBa COCTABIISIET B CpeiHEM 15 nHei,
HauMeHbIas — 3 gHs (1965, 1988, 2017 rr.), HanbOJb-
mas — 46 gaeit (1983 1.). s pexk Kapeauu xapakrepHo
OTCYTCTBME OCEHHETO JIeA0X0/1a.

Ha paccmaTpuBaemMoil TeppUTOpHU TTOJTHOE 3aMep-
3aHMe MPOMCXOIUT CHavaja (TepBas — BToOpast NeKambl
HOSIOpsT) Ha TIJIECOBBIX, OoJiee ClTOKOMHbBIX pekax (Kyse-
ma, [Tonbroma, Illyst, Cyma), rmosmgHee JiemoctaB ycTa-
HaBJIMBACTCS Ha MEPEKATUCTBIX U MIOPOXKUCTHIX peKax,
3aperyaupoBaHHbIX KacKagamu ['DC (pexu HioxHmii
Boir, KeMb) — B sitHBape, (peBpajie. DT0 0OBSICHSIETCS TEM,
YTO JIEJOCTAB B 3HAUYUTEILHOM CTETIEHU OTIPEaeISIeTCs
HE TOJIBKO TTOTOTHBIMU YCIIOBUSIMH, HO 1 TeOMOP(OJIO-
ruaecKuMu. MHOTIA GJIM3KOPACTIONOXEHHBIE Y4aCTKU
OIIHO peKU 3aMep3atoT B pa3HbIe CPOKU, YTO 3aBUCUT
oT MopdoMeTpr, 0COOEHHOCTEN MPOITOTBHOTO IIPO-
nIs m IpyTrxX XapakTepuCcTUK pycia. [1pu paHHeM
U YCTOMUYUBOM MOXOJOJAHWUU TTOJHBIN JIeI0CTaB Ha pe-
Kax obpasyercs B IepBoi Aekane Hosops (1957, 1961,
1969, 1971, 1974, 1981, 1993, 2000, 2017 rr.), B TETUIBIE
sumsl (1978, 1983, 1987, 1992, 1997, 2006, 2007, 2009,
2018 rr.) — B nexkabpe. Pannue cpoku (21 okTsi0ps1) 00-
pa3oBaHUs JiefocTaBa OTJanvalTcs OT cpenHux (17 Ho-
s0ps1) Ha 27 gHeit, mo3aHue (12 nexabpsi) — Ha 25 nHeil.
CymMMa cpeTHeCYTOUHBIX OTPUIIATEeIbHBIX TEMITEpaTyp,
HEOOXOIUMBIX 1T 00pa30BaHUS JeA0CTaBa, COCTaB-
qsier 32—45 °C. ApyXHOCTb JieIOCTaBa U3MEHSIETCS OT
3 (1960 r.) no 83 mueii (2007 r.), cpenusiss — 27 IHEH.
CpenHss MpoaOKUTEIBHOCTD JIEIOCTaBa KOJIeOIeTCsT
ot 131 o 192 nueii (156 nHeit).

Pazpy1ieHue neasiHoro mokpoBa BECHOM MPOUCXOINT,
Kak TIpaBUJI0, BO BTOPOIt TTOJIOBUHE aIIpesisi, CPETHSS
Jata BCKpbITUS — 22 anipesist (cMm. Tadj. 1). HauGonee
paHHUE CPOKU Hayasa pa3pyllieHusl Jibla OTINYAlOTCs OT
cpenHux Ha 14 nHeit, Hanbosee mo3aHue — Ha 16 qHeid.
CyMMa MOJIOXKUTETLHBIX CPETHECYTOUHBIX TEMITepaTyp
BO31yXa, HEOOXOAUMBIX JIJISI BCKPBITUSI, COCTaBseT 12—
19 °C. CpenHss 1py>KHOCTb BCKpbITUS — 11 nHel, npu
3aTSDKHBIX TTepeOOMHBIX BECHAX MTPOIOKUTEITLHOCTh

JIETOBBIX
SIBIICHUI
185
188
188
170
179
175
178
176
182
182

Cpenssia
IIPOAOJEKUTEIbHOCTD, ITHU

JienocTaBa
158
161
163
109
164
108
156
138
157
156

JIENIOBBIX SIBICHUI | JIEMOBBIX SIBICHUI
03.05
05.05

02.05
01.05
01.05
30.04
01.05

OKOHYaHHUS
04.05
06.05
02.05

22.04
24.04
25.04
20.04
22.04
18.04
24.04
18.04
18.04
22.04

CpenHue gaThl

JIe0CTaBa
16.11
15.11
14.11
01.01
09.11
01.01
19.11
01.12
13.11
17.11

JIENIOBBIX SIBJICHU
31.10

TMOSIBJIEHUS] OCEHHUX | YCTAHOBJIEHUS | Hayasla pa3pyLleHus
29.10
29.10
13.11
04.11
12.11
05.11
05.11
01.11
02.11

LIyiiKa

TEPPUTOPUS
p. Kemb —r. Kemb

p. Kysema — ct1. Kyzema
p. Hioxua — c. Hioxua

p. lysa — c. llyepeikoe

I'uapooruyeckuii mocr,
p. H. Boeir — r. bentomopck

p. 'pununa — c. I'puauHo
p. Cyma — c. Cymckuii ITocan

p. [Tonbroma — c. I'lonbroma

p. Manomyiika — ct. Mano

3anamHoe modepexbe beroro Mmops

(Pecniyonuka Kapenus u ApxaHrejibckast 00JacTh) 3a nepuon 1956—2020 rr.
(Pecnyonuka Kapenusi, ApxaHreabckast 00J1.)

Taoamna 1. CpCHHCCTaTI/ICTI/I‘{CCKI/IC oKa3aTeJIM OCHOBHBIX XapaKTEPUCTUK JICAOBOTIO pEXMMa Ha peKax — IPMUTOKaX 3aragHOro HO6CpC)KbH benoro Mops
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pacnpocTpaHeHus pa3pylleHus Jba cocTapisier 31 neHb
(2000 1.), B mpyskHBIe BecHBI — 2 mHS (1968, 1979 1T.).
Becennuii nenoxon Ha pekax Kapenauu pa3But ciaabo, Ha
BCEM TMPOTSKEHUM PEKU BCKPBITUE MTPOUCXOAMUT HE OHO-
BpeMeHHO. CHavaJla 0To Jibla OCBOOOXKIAIOTCS y4aCTKU
0J113 UCTOKOB U3 03€P U IIOPOXKMUCThIE 00JIACTU, 3aTEM
TJIECOBBIE U 03€POBUAHBIC paciiupeHus. B mocienHue
ro/ibl pa3pyllieHue JieAsTHOTo TOKpoBa Ha pekax ['puanHa,
Kewmnb, Cyma, Huzxunit Beir mpoucxonuio 6e3 aemnoxona.

[TonHOe ounllieHUE PeK OTO Jbaa (OKOHYaHUE JIeJ0-
BBIX SIBJICHUWI1), KaK MPAaBUJIO, IPUXOIUTCS HAa HAYAJIO
mag. HanbGonee paHHMEe CPOKM OUUIIIEHUS OT CPEIHUX
oTinyaroTcd Ha 13 mHeit, Hanboee mo3gHue — Ha 15
naHe. CyMMa TOJIOKUTETBHBIX CPEAHECYTOUYHBIX TEM-
reparyp Bo31yxa, HeOOXOIUMBIX JIJIsI TTOJTHOTO pa3pylie-
HU abaa, coctaBisgeT 38—47 °C. CpeaHsist APYKHOCTh
TTOJTHOTO OYMIIEHHUS OTO Jibaa — 11 THel, TIpy 3aTSKHBIX
nepeOOMHbBIX BECHAX MPOJOKUTEIbHOCTD PACIIpPOCTpa-
HEHUS pa3pylIeHUs Ibaa JocTuraeT 26 mHeit (1958 1.),
B ApY>XXHBIE BeCHbI — 2 qHd (1977 1.).

B pesynbraTe cTaTUCTUYECKOTO aHAIM3a BPEMEHHBIX
PSLIOB CPETHMX 32 XOJIOIHBIN CE30H TeMIIEPaTyp BO3ayXa
(T _ ) Ha 3armagHOM Nodepexbe bemoro Mmops u nmpo-
JTOJKUTEIbHOCTU MEPUOIOB C JISAOBLIMU SIBACHUSIMU
(D;) Ha paccMaTpUBaeMBIX peKax MOJTyYeHbl Pa3HOCTHBIE
MHTEerpajbHble KpuBbIe (pUC. 3). AHANIN3 pa3HOCTHO-MH-
TerpajbHbIX KPUBBIX ITOKa3aJj, 4To ¢ KoHLa 1980-x ronos
TeMIlepaTypHbIil (hOH Ha 3amagHoM Modepexbe benoro
MODSI 3aMETHO BO3POC, a TIPOIOKUTETLHOCTD TIeproaa
C JIEIOBBIMU SIBJICHUSIMU COKPATUJIACh, YTO CBUIAETEIb-
CTBYET O HapylIeHUU CTallMOHAPHOCTU U OJTHOPOIHO-
CTHU PSIIOB HAOTIOAEHUI (KaK TeMIlepaTyp Bo3myxa 3a
XOJIOAHBIN Ce30H, TaK U MPOIOJIKUTEILHOCTH ITeproia
C JIETOBBIMU SIBJICHUSIMU ) C TIEPEJIOMHOI TOUKO# B 1988 T.
OnHaKo C 1eJTbI0 MPUJIOKEHUS pe3yJIbTaTOB pabOTHI
K OOILIIMM THAPOMETEOPOJIOrMYECKUM UCCAEIOBAHUSIM
paszaeneHne BpeMeHHOTO psiia BeIoHeHO 110 1990-my

BAKJIATUH, MAXAJIbCKAA

TOIy JUIST XapaKTePUCTUKU CTATUCTUK OTHOCUTETBLHO
nepuoga BMO 1991—-2020 rr.

CTaTUCTUYECKUIA aHAJIN3 MHOTOJIETHUX KOJIeOaHMit
CpeImHei TeMITepaTyphl BO3[yXa 3a XOJIOIHBIN Ce30H
(Ty_,) (puc. 4) moxasai, 4YTo TeMnepaTypHbIii HOH
nocaeaHux JieT (1991—2020 rr.) cylecTBeHHO BhILIE
(1a 1.4 °C), yeM B npenmrecTByomuit ps et (1956—
1990 rr.) (Tab6a. 2). Pe3ynbTaThl pacy€ToB JIMHEMHBIX
TPEHIOB CPeIHEN 3a XOJOAHBIN Ce30H TeMIIePaTypPhI
Bosnyxa (1) nokazanu, yto 3a 1956—2020 rr. u 1991—
2020 rr. "MeIoTCsI CTATUCTUYECKU 3HAYMMBIE TTOJIOXKM-
TeJbHbIC TUHEHHbIC TPEHIBI (0), BEIMINHBI KOTOPBIX
cooTBeTCTBeHHO cocTapisior 0.042 £ 0.018 °C/ron
n 0.079 = 0.050 °C/rox. 3a 1956—1990 rT. cTaTucTHYE-
CKM 3HAYMMOTO JIMHeitHoro TpeHaa (p-value > 0.05) He
BBISIBJIEHO (cM. TaoJ1. 2). B 11e710M, coryiacHo pe3yibTaTam
perpecCUOHHOrO aHaJIi3a, 3a pacCMaTPUBAEMBI PsIIT
net (1956—2020 rT.) cpenHee 3HAYEHHE TeMITepaTyphl
BO3/yXa 3a XOJOoAHbIH ce30H (7y_ ;) Beipocio Ha 2.7 °C
(cM. puc. 4).

Ta6mmna 2. [TapaMeTpbl perpecCMOHHOTO aHaIU3a Cpell-
Heli TeMriepatypbl Bosnyxa (Iy_ ) 32 XOJIOAHBII CE30H Ha
3anagHoM nobepexbe benoro Mmops (Pecny6oinuka Kape-
JIUsT 1 ApXaHTeabcKasi 00J1.) 32 pa3INuHble BpeMEHHbIE
TepUOIbI

Hepuon | Iy_,, | = A, °C/ron | R2 p- | 3Hauu-
°C value | MOCTb
1956—1990 | —4.2 - 0.02 | 0.457 —
1991-2020 | —2.8 | 0.079 £ 0.050 | 0.27 | 0.003 +
1956—2020 | —3.6 | 0.042 £0.018 | 0.27 | 0.000 +

[Ipumeyanue. oo — 3HaAYeHUE TpeHIa; A — TOBEPUTEIbHbBIIA MH-
TepBai; R? — Ko3(PULNEHT IeTepPMUHALNY; p-Value — OLleHKa
kpurtepust @uiiepa.
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Puc. 3. PasHocTHO-MHTerpajibHbIe KPYBBIE CPEAHEN 3a XOJOAHBIN CE30H TeMIlepaTyphl Bo3ayxa (a) U MPOAOIKUTEIbHOCTH JIeI0-
BBIX SIBJICHMIA Ha pekax (6) 3amagHoro mobepexknbs beixoro mops (Pecrybiika Kapenusi, ApxaHreiabckast 06macth) 3a 1956—2020 rr.
Fig. 3. Difference-integral curves of average air temperature for the cold season (a) and the duration of ice phenomena on rivers (6)
on the western coast of the White Sea (Republic of Karelia, Arkhangelsk region) for 1956—2020
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Puc. 4. MHorosieTHUe KoJieOaHUs CpeaHEN TeMIIepaTyphl BO3/1yXa 3a XOJOAHBII CE30H Ha 3armaaHoM rooepexbe beiaoro mops (1)
U e€ JIMHEeIHbIe TPEeHIbI 32 BpeMeHHbIe neproabl 1956—2020 rr. (2), 1956—1990 rr. u 1991—2020 rr. (3)

Fig. 4. Long-term fluctuations of average air temperature during the cold season on the western coast of the White Sea (/) and its
linear trends for the time periods 1956—2020 (2), 1956—1990 and 1991—2020 (3)

Ta6mma 3. MizMeHeHMe cpefHEMECSUYHBIX TEMITEpaTyp BO3/IyXa XOJOIHOTO Ce30Ha Ha 3amagHoM rmobepexne beroro
mops (Peciyommka Kapenusa n ApxaHrenbckast 00i1.) B mepuon 1991—2020 rr. 1o OTHOIIEHHIO K IIPEIIIeCTBYIOMIEMY

nepuoay 1956—1990 rr.

Mecsiibt
PacueTHblii iepuon XOJOMHBIN CE30H
10 11 12 1 2 3 4 5
1956—1990 rr. 2.3 -34 —8.7 —11.9 | —10.9 —6.2 —0.8 5.4 —4.3
1991-2020 rr. 3.0 -2.8 —6.3 -94 -9.2 -5.0 0.5 6.2 -2.9
AT, °C 0.7 0.6 2.5 2.5 1.6 1.2 1.2 0.8 1.4

Haubonbiiee yBenmueHue TeMIiepaTyphbl BO3AyXa B XO-
JIOOHBIN Ce30H 3a nocueaHuii psaa jet (1991—-2020 rr.)
10 CPAaBHEHMIO C TIPEAIIECTBYIONIUM ITeproaoM (1956—
1990 rr.) oTMeueHo B nekadpe — amnpee (1.5-2.5 °C), 6e3
3HAYUTETHHBIX U3MEHEHW TeMIIepaTypHbIi (hOH OBbLIT
B OCEHHME Mecslbl U B Mae (TabJ1. 3).

PerpeccroHHbBIl aHATU3 BpeMEHHOTO psiia MpoaoJi-
KUTEJILHOCTEN MTeproja C JICAOBbIMU SIBJICHUSIMU 32
1956—2020 rr. mokasaj HaJJu4Kre CTaTUCTUYECKU 3HA-
YUMOTO OTpHULIATEIbHOTO TpeHaa (o), KOTOPbIi COCTaB-
qsiet — 3.3 nHs/10 net (Ta6a. 4). B uenom 3a nepuon
1956—2020 rr. 1o pe3ysbTataM perpecCMOHHOIO aHaln3a
MPOAOKUTENIBHOCTD ITEPUO/IA C JIETOBBIMHU SIBJICHUSIMU
JNEO U CHET Ne 2
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yMeHbImaachk Ha 21 neHs (puc. 5). Kpome toro, ot-
MeydaeTcsl, 4To B rocnenHuii psa et (1991—2020 rr.)
cpenHee 3HaUeHME 3TOM XapaKTEPUCTUKU Ha peKax pac-
CMaTpUBaEMOI TEPPUTOPUU COKPATUIIOCH TTO CPABHEHUIO
¢ nepuonoM 1956—1990 rr. mpakTHUeCKu 0 ABYX HeJelb
(Ha 11 gHeit) (Tadm. 5).

AHaM3 MHOTOJIETHE N3MEHYMBOCTU XapaKTePUCTUK
JIEAOBOTO pexkrMa 1MoKa3aj, YTO B TIOCIEeTHUN PSI JIeT
(1991—2020 rr.) Ha yCThEBBIX yYaCTKaxX PeK 3amagHOro
nobepexnst bemoro Mopsi cpeaHue CpoKu 00pa30BaHUST
YCTOMYMBBIX JIEAOBBIX SIBJICHUI CMECTUIINCH Ha HEIeITIo
(6 1Heit) B cTOpOHY 60Jiee MO3IHUX JAT M0 CPAaBHEHUIO
C TIpeAmecTBYIONMM repromoM (1956—1990 rr.), paHHss
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BAKJIATUH, MAXAJIbCKAA

Tab6mmna 4. [TapaMeTpsl perpecCHOHHOTIO aHaJIM3a OCHOBHBIX 3JIEMEHTOB JIEIOBOIO PeXXKMMa Ha peKax 3aragHoTo
nobepexbst bemoro mops (Pecriydonmnka Kapenus u ApxaHrenbcKasi 00J1.) 3a pa3IMUYHbIe BpeMEHHBIE TTIEPUOIbI

Ocnosrbie Z@?;:;H JCAOBOTO H?ey;oz[, 3?—1131?{?:42 o, THU,/TO[T R? | p-value | 3HaunMOCTb
nosiBeHnst | 1956—1990 30.10 - 0.01| 0.535 -
OCEHHMX [ 19912020 05.11 - 0.02| 0.443 -
JICJOBBIX
aenermi | 1956—2020 02.11 0.160 + 0.147 | 0.07 | 0.033 +
1956—1990 16.11 - 0.00 | 0.927 -
YCTAHOBICHWA 1991 _ 2020 18.11 - 0.11] 0.080 -
JiegocraBa
1956—2020 17.11 - 0.02| 0.235 -
Hatet Hasama | 1956—1990 24.04 - 0.01| 0615 _
PaspyweHust | 19912020 19.04 —0.300 + 0.272 [ 0.15| 0.032 +
JIEJOBBIX
apmenmii | 1956—2020 22.04 —0.166 + 0.095 [ 0.16 | 0.001 +
oxonarms | 1956—1990 04.05 - 0.03| 0.311 -
nenoBbix | 19912020 29.04 —0.244 +0.237 | 0.14 | 0.044 +
SBICHUI | 1956—2020 02.05 —0.176 +0.090 | 0.19 | 0.000 +
1956—1990 160 - 0.00 | 0.733 -
nenocraBa | 1991—2020 153 —0.765 +0.518 [ 0.25| 0.005 +
TTpONOIDKUTEIEHOCTS, 1956—2020 157 —0.265+0.184 [ 0.12| 0.006 +
HY nepuoga | 19561990 187 - 0.04| 0.272 -
¢ menoBeiMu | 1991—2020 176 - 0.10| 0.095 -
SIBICHUSIMA | 19562020 182 —0.330 £ 0.162 | 0.21| 0.000 +

[puMevaHye. 0. — 3HAYEHKE TPEHIA; A — JOBEPUTENbHEINA HHTEpBa; R2 — K03(D(DULMEHT AeTepPMUHALIUY; P-value — OlLleHKa KpU-

Tepus Puiepa.
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Puc. 5. XpoHosiornueckuii rpaduk MpoaoKUTEIbHOCTH MEPUo/a ¢ JISIOBbIMU SIBJICHUSIMUA Ha peKax 3arajaHoro nooepexns be-

Jioro Mopst (1) 1 e€ IMHeHbIe TPeH bl 32 BpeMeHHbIe Tiepruobl 1956—2020 rr. (2), 1956—1990 u 1991—2020 rr. (3)

Fig. 5. Chronological graph of the duration of the period with ice phenomena on the rivers of the western coast of the White Sea (/)
and its linear trends for the time periods 1956—2020 (2), 1956—1990 and 1991-2020 (3)
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Tab6mma 5. CtaTucTrdeckKue XapaKTepUCTUKA OCHOBHBIX 3JIEMEHTOB JICIIOBOTO PEXXMMa PeK 3aIlaTHOTO ITO0EPEKbs
Benoro mops (Pecryonuka Kapenust u ApxaHrenabckast 0071.) 3a pa3IM4Hble BpeMEeHHBIE ITePUOIbI

ITepuon
CTaTUCTUYECKHE XapAKTEPUCTUKY OCHOBHBIX Chemonme
3JIEMEHTOB JIEOBOTO peXuma 1956—1990 rr. | 1991-2020 1. T ’| 1950—2020 rr.
Hayaja Cpennsas 30.10 05.11 02.11
OCCHHUX Paunss 11.10 14.10 3 11.10
JIeTOBBIX
SABIICHMI IMozaHss 21.11 02.12 11 02.12
Cpennss 16.11 18.11 2 17.11
YCTAHOBICHIA | gy 22.10 21.10 —1 21.10
JiemocTaBa
Tatsr [Mo3nnss 06.12 12.12 6 12.12
Hauaga CpenHsist 24.04 19.04 -5 22.04
paspylieHus Pannssa 09.04 08.04 —1 08.04
JIpIa IMosaussa 08.05 02.05 —6 08.05
OKOHYAHMS Cpenusst 04.05 29.04 -5 02.05
JIETOBBIX Panuss 19.04 20.04 1 19.04
ABJCHUI o3 mHsist 17.05 13.05 —4 17.05
CpenHsist 160 152 -8 156
JIeaocTaBa Haumenpirast 131 132 1 131
npOI[OIDKI/ITCJ'ILHOCTI), HaubGonbias 192 181 —11 192
ITHI CpenHsist 187 176 —11 182
oo | Hanvenbias 156 156 0 156
HauGonbmas 217 201 —16 217
JlaTa He IpeTepresia OCOObIX M3MeHeHul, Ha 11 qHei 3AKJIIIOYEHUE

B CTOPOHY 3UMHMX MECSIIIEB CMECTHIIACh TIO3MHSIS daTa
JnenoobpazoBanusi. CpeaHre U paHHUE CPOKU YCTAHOB-
JIEHUsI JIE0CTaBa OCTAIMCH MPEXHUMHU, TTO3MHSIS J1aTa
Ha 6 THei CABUHYJIACh B CTOPOHY 3MMHUX MecsieB. 1o
Heaeau (5 nHeil) B CTOPOHY paHHUX AT CIBUHYJINCH
CpeIHUE CPOKU BCKPBITHS U OUMIIIEHUST OTO JibJia, pAaHHUE
JATBI BCKPBITUS M OYUIIIEHUS OTO JIbIa He N3MEHIINCD,
a [O3IHKE CABUHYIMCH Ha 4—6 IHE! B CTOPOHY 3UMHMX
MecseB (cM. Taoi. 5). CMmelleHre cpeIHUX CPOKOB Ha-
yajia OCEHHUX M BECEHHUX JICTOBBIX SIBJICHUI, a TAKKe
OKOHYaHMUS Meproa C JIEAOBBIMU SIBCHUSIMU Ha peKax
3araaHoro nooepexnst benoro mops (Pecnyonnka Ka-
penusi, ApxaHrejabckasi 00J1acTb) B CpaBHEHUH MEPUO-
0B 1956—1990 1 1991—-2020 rr. XOpOIIIO COTIACYIOTCST
(pasHumna cocrapisieT 1—3 mHS) ¢ pe3yabTaTaMu paOOThI
(®posoB u ap., 2018), Tae pacCMOTPEHBI CXOXKHUE Bpe-
MeHHbIe uHTepBajbl (1960—1990 1 1991—-2014 rr.).

CpeaHsist TpOAOKUTEIbHOCTD JIEA0CTaBa U JIEIOBBIX
SIBJICHUI Ha peKax 3arnagHoro rmodepexns beaoro Mopst
(Pecnybnuka Kapenusi, ApxaHrejabckasi 00J1.) cokpa-
TUJIaCh COOTBETCTBEHHO Ha 8 1 11 mHell, HanOoabIIas
MPOJOJKUTEIBHOCTD TIEPUOIA C JICAOBbIMU SIBICHUS -
MU — Ha 16 gHeii. [1py 5TOM B BBILIEYITOMSIHYTO paboTe
(®posos u ap., 2018) Takke oTMeUaeTCss COKpalleHUe
MPOIOIKUTEIBHOCTU MEPUO/IA C JISTOBBIMU SIBJICHUSI -
mu Ha 12—13 gHeii, onHaKo 3aUKCUPOBaHO OOJIbllIce
COKpallleHHe JiefocTaBa (Ha 5—6 IHei) TTo CpaBHEHUTO
C pe3yJIbTaTaMH, TIOJYIeHHBIMH B TaHHOI paboTe.

JEJ U CHET Ne 2

TOM 64 2024

Pe3ynbTaThl aHaaM3a MHOTOJIETHUX KOJeOaHU
TeMIIepaTypHOTro pexkrMa BO3ayxa 3a XOJOAHBIN Ce30H
Ha 3anajgHoM nobepexne benoro mops (Pecnyonuka
Kapenus u ApxaHrejibckast 061acTh) MoKa3aau, YTO
3a nocaegHuit psn et (1991—2020 rr.) cpenHsist TeM-
rnepaTypa Bo3ayxa Mo HaOJAeHUsIM Ha METeOCTaH-
LIMSIX cylIecTBeHHO Bbripocia (Ha 1.4 °C) mo cpaBHe-
HUIO C IpeallecTBYOMUM nepruogoM (1956—1990 rr.)
U uMeeT TeHaeH1uIo K pocty 0.42 °C/10 net. DTOoT
(baxT COOTBETCTBYeT TEHACHIIMSIM TJI0O0ATBHOTO TTO-
TeTUICHUsI, KOTOPBIE OTMEUYAIOTCS MCCIeT0BATEISIMU
IUTST BOMOEMOB M pEK apKTUUECKOM 30HBI B IIOCIECTHHE
necatuietus. Takyue 3HaUMMble KITMMaTUIeCKIE M3Me-
HEHUs HE OCTaBUJIM O€3 TTOCASACTBUI U TPOTEKaHE
JIEIOBBIX TIPOIIECCOB Ha peKax ucciaeayeMoil Teppu-
TOPUHU, HA KOTOPBIX TPOUCXOAUT COKpAIIEeHUE MPO-
JMOJIKUTEJIbHOCTU MIEPUOIa C JICAOBBIMU SIBICHUSIMU
Ha 3.3 n1Hs/10 JeT, 4YTO COOTBETCTBYET YMEHBIIESHUIO
9TOro nepuona Mo4YTu Ha Tpu Heaeau (21 geHnb) 3a
paccmaTtpuBaemblii iepuon (1956—2020 rr.). DTor
(¢axT 00yCI0BJICH B paBHOM CTEMEHU KaK CMEIIeHUEM
CPOKOB Hauasia popMUPOBAHUS YCTOMUYUBBIX JIETOBBIX
o0pa3oBaHUil B CTOPOHY OoJjiee Mo3aHuX aaT (Ha 1.6
nHs1/10 jeT), Tak U cMeIIeHUeM CPOKOB OKOHYaHMUSI
JIEAOBBIX SIBJIEHUI B CTOPOHBI paHHUX AaT (Ha —1.7
nHeii/10 net). [TonydyeHHbIe B pabOTe pe3yabTaThl MO-
TYT ObITh BOCTPEOOBaHbI /111 yTOUHEHUST 000OIIEHHbBIX
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CIIpaBOYHBIX JaHHBIX POCFI/IZ[pOMeTa, a TaKXe IIpH
paspa60TKe METOOUK, MIPUMEHAECMbBIX B TUAPOIIPOTHO-
3UpOBaHNN, C y‘-IéTOM IIPOU3OIICAIINX KINMAaTUYCCKUX
U3MEHEHUM B IOCIEIHUE NECATUIECTUS.
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The paper presents results of the comprehensive study of the long-term variability of the main elements
of the ice regime for the period 1955—2020 in mouth areas of the rivers Gridina, Kuzema, Pongoma,
Kem, Shuya, Nizhny Vyg, Suma, Nyukhcha and Maloshuika flowing into the White Sea on its western
coast (Republic of Karelia, Arkhangelsk region). The average daily air temperaturesl in sites of the State
observation network of Roshydromet — marine hydrometeorological coastal stations Gridino, Kem and
Onega - were used as initial information for this work. Information about the main characteristics of
the ice regime (times of coming of characteristic dates of ice phenomena) of the rivers was presented
by data from nine hydrological posts. The mean values of characteristics of the ice regime (average
statistical dates and durations of the ice regime phases) of the rivers under consideration (except those
regulated by the cascade of hydroelectric power stations). were calculated. Statistical analysis of time
series of the mean air temperatures obtained for the cold season on the western coast of the White Sea
and the duration of periods with ice phenomena on the above rivers made possible to reveal two quasi-
homogeneous periods with a turning point in 1990. This analysis shows that the temperature background
in years 1991-2020 is significantly higher (by 1.4 °C) than the similar one in 1956—1990, and at the
same time the average duration of ice phenomena decreased to almost two weeks (shorter by 11 days).
The regression analysis allowed finding the presence of a statistically significant negative trend in the
duration of ice phenomena for the whole period (1956—2020), which is —3.3 days/10 years. At the same
time, the shortening of the duration of the periods with ice phenomena is due equally to both a shift in
the time of the beginning of the stable ice formations towards later dates (1.6 days/10 years), and the
earlier dates of the ice phenomena end (—1.7 days/10 years).

Keywords: rivers, ice regime, characteristics dates, freeze-up, period with ice phenomena, climate change, cold
season, White Sea
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HOCTH T€0JIOTMYECKOTO Pa3BUTUSI pErMOHA 3a Mepuol MUJIJIMapaa JieT Ha3al.
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[TpsiMmoe n3ydyeHre noajIeTHUKOBOM CpeIbl — OIHA U3
HauboJiee BaxKHBIX 3a7a4 HACTOSIIIIMX 1 OYyIYIIUX UCCIIe-
IIOBaHWI AHTApKTUABI. AHTApKTUYECKUI MaTepuK Ha
99,8% 3aKpBIT JILIOM, ¥ BCE HEMTOCPEACTBEHHbIE 3HAHUS
0 €ro re0JIOTMYECKOM CTPOCHUM OCHOBAHbI Ha U3YYEHUH
HeOOJBIINX TOPHBIX BHIXOJ0B, OOHAXKAIOIIMXCS U3-TT0/10
JIbJa TIPEeMMYIIECTBEHHO B IIPUOpEeXXHBIX paiioHax. I'e-
odusnueckre MeToabl (B IEPBYIO OUEpeb pe3yIbTaThl
a3pPOMAaTrHUTHBIX ChEMOK) JAaI0T KOCBEHHYIO MH(pOpMa-
LIMIO O CTPOCHMHU 3€MHOI KOPbI AHTApKTUIBI U TpeOy-
IOT MOATBEPXKACHUS METOJAMU IIPSIMOTO OIIPOOOBAHUSI.
Takum MmeTomoOM sIBIsIETCS OypeHue JIbaa ¢ 0TOOpOM
KEpPHOB KOPEHHOro jJ0xa. B HacTosIee BpeMs cyiie-
CTBYET HECKOJIbKO aMOMIIMO3HBIX IIPOEKTOB ITOA00HOIO
pona (Hampumep, aMepuKaHCKui poekT «Rapid Access
Ice Drilling» — RAID, npoekT KuTaiickoii akcneauuumu
OypeHus B ropax 'amOyplieBa), HO 10 CUX ITOP HU OAWH
13 HUX HE peajn30BaH, U ell€ HU pa3y B AHTapKTHUIE
He yaJIoCh BBIMOJIHUTD 11eJI€BOI Ire0JIOTUYECKU OT-
0Op KEpHOB KOPEHHOTO JIOXKa, HE CUUTasi OIPOOOBaAHMUS
MOJIOABIX 0CAIKOB B ITOIJIEAHMKOBBIX 03€pax 3amagHoi

AHTapKTUIBI M1 TECTOBOI'O OYpeHUs BOIM3M HAYYHBIX
crannuii (Talalay et al., 2021).

B nexa6pe 2023 r. — peBpane 2024 r. B ceBepo-3a-
nagHoii yactu 3emiu [TpuHieccsl EnnzaBeTsl B pamkax
COBMECTHOTO POCCUIMCKO-KUTAMCKOTO MPOoeKTa ObLIO
MPOBEJAECHO KEPHOBOE OYpeHHUeE, LIeJIbI0 KOTOPOTO ObLI
OTOOpP KEPHOB JIbJJA U KOPEHHOTO JioXka. PaGoThI BbIMOJI-
HSITACH B cocTaBe 69-i1 Poccuiickoit aHTapKTHUYECKOM
akcnenuuuu (PAD) u 40-it Kuralickoil aHTapKTUYECKOM
Hay4YHO-MCCJIe0BaTENbCKOU aKceauuu. bypeHue
OCYLIECTBJISIIOCHh MPU MOMOII MOOWJILHOH OYypOBOI
YCTaHOBKM, pa3paboTaHHOU B L[3ninMHCKOM yHUBEP-
cutete (Kuraii) u mpeaHa3HauYeHHON 151 TTIPOXOAKU
CKBaXXMH KOJIOHKOBBIM CITOCOOOM BO JIbAY ITYOMHOM 10
1400 M ¢ TPOHMKHOBEHUEM B ITOIJIEIHUKOBBIE TTOPOIbI
Ha rimyouny oo 1—-2 m (Talalay et al., 2021).

BypoBoii KOMIUIEKC COCTOSIT U3 ABYX MEPEaBUXHBIX
MOJyJieii: COOCTBEHHO OYpOBO OOIIIMM BECOM OKO-
J10 25 TOHH ¥ BCIIOMOTaTEJIBbHOTO OOKCa OOIIIMM BECOM
okoi10 20 1. IIpoxonka cKBaXXMHBI BKJIto4aia B ceOs:
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CyX0€ KOJIOHKOBOE OypeHUe BEPXHET0 MOPUCTOTO CHEX-
HO-(UPHOBOTO CJIOS IIIHEKOBBIM KOJIOHKOBBIM Ha0O0-
POM; 3aJIUBKY ITPOMBIBOYHOM XXUAKOCTH (aBUAIIMOHHOTO
KepoCuHa) Ha BLICOTY OypOBOI'O CHapsiia; KOJIOHKOBOE
OypeHUe aTMOC(EPHOTro Jibaa ¢ MPU3abOoHOM LIUPKY-
JISIIME MPOMBIBOYHOM XXUIKOCTBIO pe310BOI OypOBOI
KOPOHKOI CO CPEAHECYTOUHOM MPOU3BOAUTETBHOCTBIO
20—25 m/cyrt. Jlnst 6ypeHust 6a3alIbHOTO JIbAa C MUHE-
pajbHbIMU BKJIIOUEHUSIMU UCIIOJIb3YETCsI OypoBast KO-
ponka, apmupoBaHHasi PDC pesuamu, a niist OypeHust
KOPEHHBIX TTOPOJ — 3yOuaTast UMIIPeTHUPOBaHHAas al-
Ma3Hasi KOpOHKa.

PaGoTbl obecnieunBanuch npu noaaepxke Poccuii-
CKOM AHTapKTUYECKOU IKCIIEAULINNA APKTUUECKOTO
u antapktuueckoro HUN (AAHUN).

MecTo OypeHust BIOMPAJIM UCXOIsI, B IEPBYIO OYe-
pemnb, U3 TeOJOTMIECKO 11eJIeCO00pa3HOCTH, T. €. He-
00XOAMMOCTH TTOJTYYEHUSI LIEHHOTO Te0JIOTUYEeCKOTO
maTepuaia, Ho TPy 3TOM YYUTHIBAJIUCH pesibed KOpeH-
HOTO JIOXa U TOJIIWHA Jibjla, a TAKXKe BO3MOXHOCTU
OpraHu3alliy U IpoBeAeHUsI OYpOBBIX pabOT B KOPOT-
KWii IeTHUi epuoa. Hanbosee onTuManbHBIM CO BCeX
TOYEK 3pEHUsI OKa3aJICsl y4aCTOK, PACTIOJOXKEHHbIIA Ha
30-M KuJI0MeTpe TpacChl CAHHO-TYCEHUYHbBIX MTOXOI0B
(CI'IT) ITporpecc — Bocrok (puc. 1).

Panee 3nech Obl1a oOHapy»XeHa JUHeliHast BBICO-
KOAMIJINTYAHAsI MAarHUTHASI aHOMAJIUsI, TIPOTSHYB-
mrasics B LIMPOTHOM HallpaBJIeHUU OoJiee YeM Ha
500 xM; oHa nepecekaeT pudTOBYIO 30HY JISIHUKA

69°35'20” 69°35'10" c. 1.

69°35'30”

JJEMYEHKOB u 1p.

JlamGepra — Diimepu ¢ ero ianramu (Golynsky et al.,
2018). McTOUHUK 3TOI aHOMAJIMU OCTAETCSI HEU3BECT-
HBIM, TaK KaK BIOJIb He€ HET BBIXOJAOB TOPHBIX TTOPO/I.
IIpenromaraercst, YTo aHOMAJINUS MaPKUPYET KIIOUe-
BYIO CTPYKTYPY Ha rpaHUIIe TEKTOHUYECKUX MPOBUH-
LW ¥, BOBMOXHO, CBSI3aHA C TEKTOHUYECKUM IIIBOM,
c(OpMUPOBABIINMCS BO BPEMSI CTAHOBJICHUSI IPEBHETO
cyrnepkKoHTHHeHTa Ponmuaus npu cpamuBanuu MH-
nuu u BoctouHoit AHTapkTuabl okoiao 900—800 miH
Jet Hazan. [ToneBoii narepb, T BHITTOJIHSIIN JIEIOBOE
OypeHue, OIy4Yua Ha3BaHue «AHoManus». B nare-
pe pa3Mmelanach OypoBas yCTaHOBKA M MacTepcKas,
TIISIIIMOJIOTIYecKasl JTabopaTopus, KEpHOXpaHUJIUIIIE,
JKWJTbIE TTIOMEIIEHUSI U KaloT-KoMIaHus (cM. puc. 1).

B ce3on 2022/23 1. (68 PAD) B ceBepo-3aramgHoi
vactu 3emau ITpuHneccsl ExnzaBeTsl Oblia BBITOJ-
HeHa neTajdbHas MaTHUTHAs U pagloIOKaIlMOHHAas
cbémka Macitaba 1:100 000, Ha ocCHOBaHUU KOTOPOIt
YTOUHSIJIOCH MOJIOKEHNE CKBaXKUHbI. BoiOpaHHOE Me-
CTO PacmoJ0KeHO B LIECHTPE MAarHUTHOM aHOMAaJIUH,
Ha BepIIMHE JOKAIHHOTO TTOTHITUS KOPEHHOTO JIOXKa
B TOUKe ¢ KoopauHaTtaMu 69°35.563 1o. m1.; 76°23.278
B. [I. Ha BeicoTe 680 M Han yp. Mops. Pannonokauuon-
HbIe TaHHBIE TTOKA3aJIk, YTO TOJIIIMHA JIbAa 31eCh He
npesbimaer 560 M (puc. 2).

AKTYyaJbHOCTb M3yU4eHUsI KepHa aTMOC(EPHOro JIbaa
CBsI3aHa C HEOOXOAMMOCTbHIO PEKOHCTPYKLIMU KJIMMa-
TUYECKUX YCAOBUH (B MEPBYIO 0Yepeab TeMIIepaTyphbl
BO3IyXa M CKOPOCTH CHETOHAKOIIJIEHUs) B AHTapKTHKE

Puc. 1. [Tonoxenune 6ypoBoil CKBaXWHBI Ha JIEAHUKE B ceBepo-3amnanaHoil yactu 3emmnu [Ipunueccs EnnzaBets (a): 1 — Tpacca
CITI, 2 — ckBaxxuHa; 3B€3MaMu MMOKa3aHbl HaAyYHbIE CTAHIIMM; MOJIEBOI Jarepb «AHOMaIusI», PaclojiokeHHbII Ha Tpacce [1po-
rpecc — BocTox (Tpacca BumHa B TIpaBOM BepxHeM yriry dororpadun) (6)

Fig. 1. Position of ice drilling site in the north-western Princess Elizabeth Land (a): 1 — Progress — Vostok route; 2 — the well; the
stars show scientific stations; field camp “Anomaly” located near the Progress — Vostok logistic route seen in the upper-right corner

of the image (6)

JEOUW CHET TtomM64 Ne2 2024



BYPEHUWE JIbJJA HA 3EMJIE ITPUHIECCHI EJJU3ABETHI (BOCTOYHAA AHTAPKTHUIA)...

76°24' B. 1.

69°35' ¢. 1.

Puc. 2. Cxema npoduiieii paaroIOKallMOHHOTO 30HIMPOBa-
HUS U TIOJIOXKEHKWE CHErOMEPHOTO MOJIMTOHA B pailoHe OypOoBOit
CKBaXXMHBI Ha «AHOMaJIMu»: I — CHEroMepHbIe Bexu; 2 — Oypo-
Basl; 3 — KepHOXpaHWIUIIIE; 4 — MpoMUIN paauoJoKallMOHHOTO
30HIUPOBAHUST

Fig. 2. The scheme of radar profiles in the vicinity of the drill
site “Anomaly”: I — snow stakes; 2 — drill site; 3 — ice core stor-
age; 4 — radar profiles

B TeueHue nocienHux 2000 jieT u B 0oJjiee oTAaIEHHBIE
anoxu. B HegaBHee BpeMs 6aiaHC MacChl AHTapKTUIbI
JIOBOJIbHO PEe3KO M3MEHMUJICS B CTOPOHY OTpUIIATEJb-
HBIX 3HaUeHU, 1 3a tociaeauue 20 JeT 3TOT MaTepuK
noTepsisl NopsiAka TPEX TPUIIUOHOB TOHH Jiblla, YTO
9KBUBAJIEHTHO MTOAHITUIO MUPOBOro okeaHa Ha 8,5 MM
(Meredith et al., 2019). I1pu aToM, 1O JaHHBIM Ha-
omroneHunit 3a mocaegHue 50 JeT, HaOIOIaeTCS CUITh-
Hasl perMOHaJIbHasi UBMEHUYUBOCTb KJIMMaTUYECKUX
BapualUiii: CYIIECTBEHHOE ITOTEIUICHNEe B 3anaaHoKi
AHTapKTHUAE COMPOBOXAAETCS OoJiee CTAaOUIbHBIMU
yciaoBusMu B Boctounoii (Steig et al., 2009; Jones et
al., 2016). beuto MpeanoIokeHO, YTO OTCYTCTBHUE TTO-
TeTuIeHUs (VTN Jaxke He3HAUYNTeTbHOE TTOXOJIOTaHIe)
B BocTouHoIi AHTapKTHAE OOBSICHSIETCS MEHEe YacThIMU
BTOPXKEHUSIMU TETUIOTO BJIaXKHOTO BO3/1yXa B LIEHTPab-
HbIE YaCTH BOCTOYHO-aHTapKTUuyeckoro 1miaTo (Nicolas,
Bromwich, 2014). [ToHuMaHue KIMMaTUYECKUX U3ME-
HeHuii B BoctouHoli AHTapKTHAEe, 6a3upylolieecs Ha
JAHHBIX MTHCTPYMEHTAJIbHBIX HAOI0ACHUH 32 TTOCAeIHIE
50 seT, 0COOEHHO 3aTPYyAHEHO BIMSIHUEM IOJISIPHOTO
BUXPS, MOBEJEHNE KOTOPOTO CUJILHO MEHSIJIOCH 3a MO~
caegnue 60 JeT BCIEeACTBUE pa3pyLIEHUsI 030HOBOTO
cJ10s1 ¥ cTpatocdepHo-TponocdepHoro oomeHa (Fourre
etal., 2018). B cBs131 ¢ 3TUM HEBO3MOXKHO ITOHITH HU
€CTeCTBEHHYIO U3MEHUMBOCTb KJIMMaTa AHTapKTUIbI,
HHU €€ peaKIMIo Ha pacTyIyl0 KOHIEHTPALUIO Map-
HUKOBBIX ra30B B aTMoc(epe, OCHOBBIBASICh JIMIIb Ha
JTOCTYITHBIX MHCTPYMEHTAJIbHBIX TaHHBIX. CyIllecTByeT
Ne2 2024
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HEOO0XOIMMOCTb MPOMIUTh KIUMAaTUYeCKUEe PSIAbl Ha
JTOMHCTPYMEHTaJIbHBIN nepuon. Ha pemeHue atoii 3a-
Jlauy OBbLIY HAIlpaBJICHbI OTPOMHBIE MEXIYHAPOIHbIE
YCUIIHS TI0 OYPEHUIO JIbJA U U3BJICUECHUIO JISASTHBIX Kep-
HOB B pa3JIMYHBIX palioHax AHTapKTuabl. M3MmepeHue
M30TOITHOTO COCTaBa 3TUX KEPHOB C BRICOKUM pa3pe-
IIEHUEM BITOJTHE BO3MOKHO, 3TO HAIEXKHBII METOI TSI
PEKOHCTPYKIIUH MPOILIBIX U3MEHEHUH TeMITepaTyphl
B IOJIIpHBIX paitoHax (Jouzel et al., 2003).

BocTounass AHtapkTuaa B 30He AeiicTBust Poccuii-
CKOI1 aHTapKTUYeCKOI KCcrneauuu odbecrieyeHa rnajeo-
KJIMMAaTUYECKMMU JaHHBIMU OTHOCUTEIBHO I1710X0. JIuIib
YyeThIpe JISASTHBIX KepHa 0XBaThIBaIOT Bech 2000-1eTHUIA
nepuoa. HeMHorue nocTymHble NajgeoKIMMaTUIECKIe
3aMMCH TTO3BOJISIOT PEKOHCTPYUPOBATH KITMMATHUECKIE
U3MEHEeHUs ¢ paspellieHrueM He jyuiie 20 jeT, 4To CBsI-
3aHO C OOJIBIIIMM KOJTMYECTBOM «CTpaTUTrpadmiecko-
ro» IIyMa B KJIIMMATUYECKOM JIETOIMUCH, 3aTTMCAHHOMN
B KepHaXx.

HMccmemoBanus HOBOTO JICASHOTO KepHa, IOy~
YEHHOI'0 B paMKaxX HACTOSILIETo MPOeKTa Ha CKJIOHE
BocTouHO-AHTapKTHUUECKOTO JIEAHUKOBOTO IIUTA
B ITYHKTE C MOBBINIEHHON aKKyMYyJIsILMel CHera, BHe-
CYT CYIIEeCTBEHHBIN BKJIaA B pellIeHUe MepeunciIeH-
HBIX BBIIIIE TTpo0eM. Bricokas HayaHast 3HAYUMOCTD
1 aKTyaJIbHOCTb JAHHOTO IMTPOEKTAa MOATBEPKIACTCS
TeM, YTO U3y4yeHHUe KIInMaTa AHTApKTUIBI B TOJIOIIEHE
BXOIMT B YMCJIO HanOoJee MPHOPUTETHBIX HAaITpaBie-
HUIi ncciienoBaHnsg AHTapKTUKHY 1 FOKHOTO OKeaHa
Ha niepuon 10 2035 1., KoTopbie ObLJIM OIIpeaeeHbI
C UCIOJb30BAHUEM METOAUKU «CKAHUPOBAHUS I'O-
pusoHTOB» (Horison Scan) HayyHbIM KOMUTETOM
no ucciaenoBaHuo AHTapkTuku (SCAR) B 2014 1.
(Kennicutt et al., 2015).

Ha nepBoMm aTare COBMECTHOIO pOCCUICKO-KUTaM-
CKOTro mpoeKTa OypeHMs: ObLIT BBHIIOJIHEH OTOOP KepHa
CHEXXHO-(HUPHOBOIO CJIOSI M1 aTMOC(EPHOTO JIbaa, U3y-
YyeHa IJIOTHOCTb CHEXKHO-(UPHOBOTO CJIOSI, MOIITHOCTD
KOTOPOTO COCTaBMJIa OKOJI0 60 M; IyTEéM M3MepeHUIA
KOOpAMHAT (PMKCUPOBAHHOI TOUKHU B TEUEHHUE T0JIe-
BOTO CE€30Ha YCTAHOBJIEHA CKOPOCTb TEYEHMS JIbA HA
noBepxHocTn — 50—60 M/Tox. Kpome Toro, B paiioHe
OypoBoro jarepsi 0bu1 pa30UT CHETOMEPHBIIA MOJIUTOH,
cocrogimuii u3 20 Bex (cM. puc. 2). IToBropHOe usmepe-
HME MX BbICOTHI B CJIEAYIOLIMIA CE30H MO3BOJUT HAEXKHO
OIpeIeIUTh COBPEMEHHYIO CKOPOCTb CHETOHAKOTUIEHUS
B 9TOM parioHe.

B niepuon nipoBeneHust 0ypoBEIX pabOT B palioHe
OJIEBOTO Jlarepsi ObUIU TaKKe MPOBENEeHbI IeTaIbHbIE
panroIoKalMOHHbIE UCCENOBAHUS C LIEJIbIO0 YTOUHEHUS
TOJILIMHBI JIbJIa U YCJIOBUI Ha MooIIBe JeaHuka. M3-
MepeHMs MMPOBOIWINCH € TTOMOIIIbIO reopagapa BUPJI-7
¢ LeHTpanbHoit yactoToii 20 MTI'1x (Vasilenko et al., 2011).
KomroHeHTHI pagapa (MIpuE€MHUK, TiepeaaTInK, 0JIOK
perucTpaluu, UICTOUYHUKY MUTaHUsI, aHTeHHBI 1 GPS)
OBbLTM pa3MeIleHbl Ha IBYX CaHSIX-BOJIOKYIIIaX 1 Tepe-
MeIIaINCh OTHUM OIIePaTOPOM IO HECKOJIBKIM TTPOGhH-
JISIM BOKpYT OypoBoii Ha pacctosiHun 25—200 M (puc. 3).
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Puc. 3. Cxema pacripeesieHys TOJIIWHEI JIbaa (a) U peibeda MomIEaHoro Jioxka (6) B paiioHe CKBaXXMHBI: [ — MOJIOKEHUE CKBa-

2KNHBI; 2— HpO(I)I/U[I/I PagnoOJIOKAIMOHHOI'0 30HAUPOBAHUA

Fig. 3. The scheme ice thickness distribution (a) and the subglacial topography (6) in the vicinity of the borehole: 7 — drill site; 2 —

radar profiles

B o0111ei1 ciioxXHOCTU JaHHBIE O XapakTepe pelibeda

MOACTUJIAIOIIETO JIOXKa U TOJIIIMHE JIbAa ObUIM TTOJyYeHbI

BIOJIb 2.5 kKM mpoguteit. Ha pagaporpamMmmax 4€TKO BU-
JIeH OTPaXEHHBIN OT JI0Ka CUTHAJT, & TAKXKE CJIOMCTOCTh

B BEpPXHEl 4acTH pa3pe3a, COOTBETCTBYIOIIAS TOPU3OHTAM

oTpaxkeHus B pUpHOBOI Toje. /s nmpeodpa3oBaHMs

BpEMEHH 3aITa3abIBaHUsT CUTHAJIOB B 3HAUSHUST TOJIIIHEI

HCTIONTB30BAJIaCh CPETHSSI CKOPOCTh PACIIPOCTPAHEHUS

2JIEKTPOMATHUTHBIX BOJIH JJIs1 BCeil ToIu baa — 174

M/MKC, YCTAHOBJICHHAsI C Y46TOM TaHHBIX OypeHust. Dop-
Ma JI0XKa — BBITMYKJIasl B LIEHTPE, KaK 1 MPeanoJiaraioch

paHee, CKBaXKMHA HAXOIUTCS B 001aCTH HAMMEHBIIINX

3HAYCHU I TOJNIIWHBI JIbIA ¥ HAWOOJBIITNX a0COOTHBIX

OTMETOK BBICOTHI KOPEHHOTO Jioxka — 132 M Han yp. Mopsl.
B cpennem nén B paiiloHe «AHOMaJIUM» UMEET TOJLINHY

559 M (ot 541 10 579 m), a BeIcOTa MOAJIEAHUKOBOTO pe-
nbeda BapbupyeT oT 93 1o 136 M, B cpeTHEM COCTaBIISIST

120 M Ham yp. Mopsl.

B cnenyroem noneBom ce3one (70 PAD) nnanu-
pyeTcs IPOAOJIKUTE OYpOBBIE PAGOTHI M BHITTOJTHUTD
CKBaXXUHHBIE Teo(U3MIeCKIe U3MEPEHUS: TEPMOME-
TPUIO, KaBePHOMETPHUIO M MHKIMHOMETpHIO. M3MepeHue
TeMIIepaTyphbl B CKBaXKMHE YPE3BbIYATHO BaXKHO IS
ornpeneseHusI IMHAMUYECKUX OCOOCHHOCTE TeUeHMsI
JIbJIa ¥ OLIEHKU JIOKAJIbHOTO T€0TePMaJIbHOTO TTOTOKA.
Taxcke TipearioraraeTcst CTyCTUTh M paCIIMPUTh CETh
PanroOKALMOHHBIX IpodIei B pailoHe CKBaXKMHBI
U COCTaBUTH O0JIee NeTaTbHYIO CXeMY pacIipeie/ieHus
TOJILIMHBI JIbJA TSI MOIEIMPOBAHUS CKOPOCTU TEUCHUSI,
pactpeneieHus TeMIiepaTyphl M BO3pacTa Jibaa BO Beelt
TOJIIIIE JIETHHUKA.

JlenHukoBbIii KepH B ce30H 70-it PAD Oyner TpaHc-
MOPTUPOBAH Ha cTaHIIMIO BocToK, rae B rIsiiuooru-
yecKoit 1abopaTopun 0ypoBoro komriekca SI' Oyner
BBIITOJIHEHA €T0 IepBUYHAas 00paboTKa — M3MepeHue
BJIEKTPONPOBOIHOCTH U OTOOP MPOO HA U3OTOIHBIN
U XUMUYECKUT aHanu3. U3amepeHust U30TOMMHOrO COo-
crasa ('*0, 8D 1, B HEKOTOPBIX yuacTKax KepHa, 8'70)
OymyT rpoBeneHsl B JlJabopatopuu U3MeHEHU KiIuMarTa
u okpyxatomieit cpeasl AAHWUW. Onpenenexnue conep-
>KaHUsI HEpaCTBOPUMBIX YACTHUIL U MOHOB XUMUYECKUX
coeAMHEeHU OyAeT BHIMOJHEHO B MexXnyHapoaHOM
naboparopuu [1aeo3Kom0TUUYECKUX PEKOHCTPYKIIMIA
WNucTturyra reorpadum PAH. AHanus aneKTponpo-
BOJHOCTHU 1 U30TOITHOTO COCTaBa MO3BOJIUT BBISIBUTD
rpaHUIbI TOAOBBIX CJIOEB 1, TAKUM 00pa3oM, MOCTPO-
UTb HaIEXKHYIO XPOHOCTpAaTUTpa(pUUECKYIO 1Ky IS
Bcell Tosu Jpaa. [To fTaHHBIM XUMHUUECKOTO cocTaBa
1 TI0 COIep>KaHUI0 HEPAaCTBOPUMBIX YACTUII BO3MOXHO
PEKOHCTPYUPOBATh MOCTYILIEHNE B aTMOC(epy MbUIH,
MOPCKO¥ COJIY, BYJIKAHUYECKOTO MaTepraia u Ipyrux
adpO30JIEH.

Baarogapuoctu. ABTopsl 6aronapsit Poccuiickyto
n Kuraiickyto aHTapKTUYECKUe IKCIISAULINH, a TAaKKe
PYKOBOJCTBO cTaH1uii [1porpecc n 3oHrcaH 3a Jioru-
cTuueckoe obecrieueHue oypeHusi. bypeHue BbInos-
HaI0Ch B pamKax DenepanbHoro mpoekra «['eogorus.
BospoxxneHue ereHnbl» 1 TOCyTapcTBEHHOTO 3aTaHUs
ArentctBa «PocHenpa». PagnonokalimoHHoe 30HIMpOBa-
HMe JIeTHUKA POBOAMIOCH B paMKax ['ocynapcTBeHHOTO
3ananust Muctutyta reorpacduu PAH No FMGE-2019-
0004. N3yueHue cHexXXHO-(DUPHOBOH TOJIIIU U OTOOP
Ne2 2024
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BYPEHUWE JIbJJA HA 3EMJIE ITPUHIECCHI EJJU3ABETHI (BOCTOYHAA AHTAPKTHUIA)...

00pa3LoB I TeOXUMUUYECKUX UCCAeJO0BaHUI TPOBO-
munichk M. A. BopoObEBbIM B TOM umciie B paMKax Co-
rnamedns Ne 075-15-2021-599 ot 08.06.2021.
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Ice drilling on Princess Elizabeth Land (East Antarctica) aimed to study bedrock
and Late Quaternary paleoclimate
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Targeted bedrock sampling was carried out on Princess Elizabeth Land (30 km south of the coast, at
69.585591° S; 76.385165° E) by drilling through 545 m thick ice. The borehole was drilled using a new,
modified version of the cable-suspended Ice and Bedrock Electromechanical Drill (IBED) designed
by the Jilin University (China) and under a joint scientific project between VNIIOkeangeologia, Jilin
University and China University of Geosciences (Beijing). The drill site is located on the axis of a high-
amplitude linear magnetic anomaly that runs parallel to the coast for more than 500 km from Princess
Elizabeth Land to Mac. Robertson Land. In the next Antarctic season, borehole geophysical logging
will be conducted including temperature measurements for geothermal heat flux calculations.

Keywords: East Antarctica, ice drilling, bedrock, snow-firn layer, radio-echo sounding
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