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ITAMATHU J2KOHA IVIEHA (1927-2023)
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J>xoH I'men. John Glen (1927—2023).

15 mrons 2023 r. He cTano [xoHa I1ena — 3ameya-
TEJILHOTO Y4Y€HOTO, Bblmalollerocss (pu3mka MU IJs-
LIoJIoTA.

Ceityac HeT HU OHOTO IIsSILIMoJiora Ha 3eMJie, KO-
TOpHIN ObI He 3Han “3akoHa IleHa” — cTeneHHOro
3aKOHa JeopMalliu JIbaa, KOTOPbIil OH YCTAHOBWIT B
1950-x rogax Ha OCHOBE CBOMX KCIIEPUMEHTOB B XO-
JIODHOI Kamepe ¢ oOpa3liaMu Jibla TIpU pa3HbIX pe-
JKMMax TeMrieparypbl M Harpy3ku (Glen 1952, 1955,
1958a,b). Bt pabotel, ocobenHo Glen (1955), Bo3-
MOXHO, UTUPOBAJIUCH OOJbIIIE, YeM JIt00ast apyrast
paboTa B IJISILIMONIOTMYECKOM TUTepaType, a 3aKOH
TeueHus1 [71eHa, BepOSITHO, SIBISIETCS Hanboyee U3-
BECTHBIM U HanuboJiee pyHIaMeHTaIbHBIM 3aKOHOM B
HaieM coo0O1iiecTBe. B obnactu GU3MKU JibIa COOT-
HouueHwust [T1eHa 111 BTOpUYHBIX CKOPOCTEl TeUeHU ST
U30TPOITHOTO JIbAA UCIOJb30BaAIMCh U VCITOJIb3YIOT-
cd TI0 ceif IeHb B KA4eCTBE CTAHIAPTOB, C KOTOPBIMU
CpaBHUBAIOTCS JaTbHEHUIIINE UCCITETOBAHUS TCUCHUS
NPUPONHBIX JiensasHbIX Ten. Kak ¢usuk npna, IxoH
y4acTBOBaJ B OpraHU3alUMu psifa CUMIIO3UYMOB TIO
9TOi1 TeMe. B yacTHOCTU, OH MHOTO caesia IJist opra-
HU3AIUKA CUMIIO3nuyMa B 1962 T. 1 TIOTOM B TeUeHHE
40 neT BO3IJIABIISII CEPUI0 CUMIIO3UYMOB TI0 “®Pu3u-
K€ U XUMUU Japaa”.

Ero Hay4yHO-0OIlleCTBEHHOE CiykeHue Mexmy-
HApOAHOMY DISIAOJIOTUYECKOMY OOIIECTBY, HECO-
MHEHHO, COOTBETCTBYET, €CI HE IMPEBOCXOIUT, €TO

BBIJAIOIIMECS 3aCJIyTM KaK KpPYITHOTO Y4EHOIO, CO-
30aBIIEr0 OCHOBBI Haieil objactu 3HaHuii. Korma
J>XKOH moay4ns cteneHb noKTopa B Kisp-komiemxke
KeMmOpumxka B 1953 1., OH BoIIea B cOCTaB TaK Ha3bI-
BaeMOro “KOHCYJIbTAaTMUBHOTO coOBeTa” XypHala
“Journal of Glaciology”, KOTopoMy B TO BpeMsl ObLIO
Bcero okoJo 6 jer. C Tex Imop OH caMbIM aKTUBHBIM
00pa3oM y4acTBOBAJI B Pa3BUTUU 3TOrO KypHaja H,
MpeXJe BCero, ObLI ITIaBHBIM peIaKTOPOM XXypHaja B
1961—1984 romax. ITocne yxoma ¢ IocTa NIaBHOTO pe-
JTaKTOpa OH IPOJ0JIKAII 3a00TUTHCS O pelLIeH3UPOBa-
HUM U peIaKTUPOBAHUMU CTaTEi 1 OCTaBaJICs LIEHHBIM
IMOMOIIHUKOM 11 KaXKI0I'0 13 INIaBHBIX PEAaKTOPOB,
KOTOpBIE pabOTaIM Ha 3TOM MOCTY MOCJIE HETO.

KoHKpeTHBIM pe3ylbTaTOM HEIPEPBIBHBIX YCU-
Jmii JIXKoHa B IOMOILY IPYTUM B KauyeCTBE peAaKTopa
CIIy>KUT TOT ¢akT, uto XypHana Journal of Glaciology
CerofHsl — camoe JOJroxuByllee U 3¢ GeKTUBHOE
XpaHWJIMIIE TIISLUOJOTMYECKUX 3HAHUK B MUpE.
Bo3MmoxHO, B paBHOI CTelleHU OJ1arogapsi aBTOpUTE-
Ty ¥ OPECTUKY XypHaja, Hall co3IaHueM KOTOPOIo
JIzxoH I'meH Tak ycepmHo paboTaia, MUPOBOE TIISIIINO-
JIOTUYECKOE COOOIIECTBO TaK YBEIUUWIOCH B pa3Me-
pax 1 BeIpocia ero a(p¢heKTUBHOCTb.

Bxitag JIxxona I1ieHa B 00JIacTh IIIIIINOJIOTHUM U B
JIEeSITEIbHOCTh MeXIyHapOIHOIO IJISIIIOJIOTNYECKO-
ro 00IIeCTBa OBII COBEPIIIEHO BHIAAIOIINMCS U ITOJTY-
yuj BceoOiee npusHaHue. B 1972 1. oH ObLI ya0CTO-
€H BbICIIIeil Harpaabl obliecTBa “Kpucrania 3eaur-
maHa”, a B 2013 r. eMy Oblj1a BpyuyeHa Meaib XUJIbIbl
PuyapncoH.

OH OBIT 3aMedaTeIbHBIM YYHMTENIEM, KaK B IIPO-
deccruoHaIbHOM, TaK U B HedOpMaJIbHOM ILJIaHE,
MHTEPECHBIM 1 IPUBJIEKATEJIbHLIM YEJIOBEKOM, C OT-
JIMYHBIM YMOM 1 YyBCTBOM IOMOpa.

Glen J.W. Experiments on the deformation of ice //
Journ. of Glaciology. 1952. 2 (12): 111-114.
https://doi.org/10.3189/50022143000034067

Glen J.W. The creep of polycrystalline ice // Proc.
of the Royal Society. Ser. A. 1955, 228 (1175): 519—38.
https://doi.org/10.1098 /rspa.1955.0066

Glen J.W. The flow law of ice. 1958a. IAHS Publ.
47: 171—183.

Glen J.W. The mechanical properties of ice I.
The plastic properties of ice. Advances in Physics.
1958b, 7 (26): 254—265.
https://doi.org10.1080/00018735800101257

A.D. Ihaszoeckuii
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JlaHa olleHKa M3MeHeHUsI 00béMa temHrka Kosenbckmii Ha Kamuartke 3a 1977—2022 rr. [momans 1eqHruKa
3a 9TO BpeMsI MPaKTUYECKU He U3MEHWIACh, GPOHT NPOABUHYJICS Biepén moutu Ha 0.7 KM, 00bEM COKpa-

tuicst Ha 34.15  6.74 muta M3

, TIOBEPXHOCTH B CpeTHEM TTOHU3MIIACh Ha 17.3 M, KyMyJISITUBHBIN 6aiaHC Mac-

cbl coctaBui —14.70 = 3.94 M B.3., a ynenbHbIi cpenHerogoBoii —0.33 M B.3./roa. [IponBukeHue TMHUN
¢dponTa B mocnenuue 10 g€t 3aMeqIMIoCh U COCTABIISITIO OKOJIO S5 M/TO/I.

Kmouesblie cioBa: ntenHUK Kosenbckmii, KaMuarka, reoge3nueckuii 6ajaHc MacChl, ByJIKaHbI, UCTOpUYEC-

CKHME NAaHHBIC, CITYTHUKOBBIC ChEMKU

DOI: 10.31857/82076673423030079, EDN: PLDBKZ

BBEAEHWE

CokpallleHue pa3MepoB JIGTHUKOB B HACTosIIIee
BpeMsI HabJTIomaeTcsl TOYTH BO BCeX palfoHaX ojene-
HeHust 3emu. OTHUM W3 HEMHOTOYMCIEHHBIX WC-
KJTIOUEHU I SIBJISTFOTCS] paliOHbI aKTUBHOTO BYJIKAHU3-
ma Kamuarkn, toe ¢ 1950-x mo 2010-e roasl He OBLIO
3a(UKCUPOBAHO COKpAIEHWS TUIOLIAAN JIEIHUKOB
(Khromova et al., 2019). OaguH U3 TakKux paiiloHOB —
pacriojloXXeHHass y FOro-BOCTOYHOTO ITO00EpEXKbs
KamaaTkn ABaumHCKas rpyIna ByJIKaHOB, TUIONIANb
oneneHeHust Kotopoit ¢ 1950 mo 2012—2013 rr. yBenu-
yutach Ha 6.5% wiu 1.3 xm? (Mypasbes, 2017).

ABauyMHCKasl rpyrnia ByJkaHoB (puc. 1, a), Haxo-
nmsmasicst Bosmsm 1. [leTporraBinoBek- KamyaTckuii,
WCTOPUYECKU SIBJISIETCS] HanboJjiee M3y4eHHBIM paiio-
HoM ojeaeHeHus: Kamuarku. OHa oOpa3oBaHa 1ie-
ITbIO BYJIKAHOB, BBITSIHYTOI B HaIlpaBJICHWU C IOTO-
BOCTOKa Ha ceBepo-3amnan: Kozenbckuii (2189 m),
ABaumHckuit (2751 M), Kopskckmit (3456 M), ApUK
(2166 m) u Aar (2310 m). ABaunHckmii 1 Kopsgkckuii
BYJIKAHBI JIEHCTBYIOIINE — MX TTOCIETHUE M3BEpXKe-
Hust matupoBaHbl 1991 u 2008—2009 rr. cooTBET-
crBenHo (http://www.kscnet.ru).

IlepBble cBemeHUST O JeAHUKAX B ABaYMHCKON
rpyMIie ByJIKaHOB BcTpeuatoTes B myonukamuu (Iep-
dunwed, 1912). B Heit aBTop Mucan o HATUUUU Jie[ -
HMKOB Ha ABAaYMHCKOM BYJIKaHe M TIPUBET HECKOJIb-
Ko ¢dororpacduii JeTHUKOBOII MOBEPXHOCTU C Tpe-
muHaMu. bonee mompoGHBIE CBEeASHUS O JIEMHUKAX

ABauYnHCKOTO ByJIKaHa MpUBeAeHbI B padorte (3aBa-
puuikuit, 1935). E€ aBTop 1o pesyjibTaTaMm IOJIeBbIX
pab6ort ierom 1931 r. oTMeTH HaJTMYKE JIETHUKOB, 3a-
HUMAIOIIUX IIPOCTPAHCTBO MEXAY I'peOHEM COMMBI U
JIEMACTBYIOIIMM KOHYCOM M CTEKalOIIWUX, IJIaBHBIM
o0Opa3oM, B CEBEPHOM M CE€BEpO-3allaJHOM HaIllpaB-
neHusix. ABrop pa6otsl (ITuiim, 1946) oTMeTH HaJTH -
yye Ha ABaYMHCKOM BYJIKaHE JIGTHUKOB, CITyCKalo-
IIIMXCs HA CEBEP U 10T ¢ (pUPHOBOIO II0JISI, PACIIOJIO-
KEHHOTO B KOJIbLIEBOM OOJMHE MeXAy TIpeOHeM
COMMEI M JEUCTBYIOIIMM KOHYCOM. B myGiamkammm
(3aBapuiikuii, 1955), npencrapisdionieii pe3yIbTaThbl
aHaJIM3a TaHHBIX 9KCITEAUIIMOHHBIX pa6oT 1946 1. u
JIPYTUX BYJKAHOJIOTMYECKUX MCCICOOBAHMI, OTMe-
YeHO HaJIn4ue JIETHUKOB Ha BCeX ByJIKaHaxX ABauyMH-
CKOI rpynmnbl.

IMonHast WMHBeHTapu3anus JeAHUKOB ABadyWH-
CKOI1 TpyIIIbl BYJIKAHOB OBLIA IIpoAeiaHa B paMKax
pabot mo cocrasieHnto Karamora gmemaukos CCCP
(Bunorpanos, 1968). Karayor cogep>XuT cBeIeH!s O
MOPQOJIOTrNYeCKNX TUIIaX, pa3Mepax, BBICOTHOM ITO-
JIOXEHUN U IKCIO3ULIMKU 24 JTEeTHUKOB OOIIei Iio-
manpo 16.3 kM2, IOJly4eHHBIE TI0 JAHHBIM a3podo-
TochEMKM 1950 1., MOTIOTHEHHBIX JaHHBIMU TTOJIEBBIX
pa6ort cepenunbl 1960-x romoB. OOHOBIEHHAS NHBEH-
Tapu3alys JJeAHUKOB palioHa ObLIa OITyOJIMKOBaHA B
paodote (BuHorpanoB, MypaBbeB, 1992). OHa BKJTI0Ya-
JIa B cebsl aKTyalu3UpOBaHHbIE CBeIeHUs O 26 Jien-
HMKax obuieil romanbio 21.3 km?. JlaHHBIE O pazMe-
pax HEKOTOPBIX JICTHUKOB B Heli ObLIN CKOPPEKTUPO-
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Puc. 1. ABaunHckas rpynra Byi1KaHoB (a) u iegHuk Koszenbckuii 19.08.2022 (dboto A.5l. MypaBbeBa) (6): 1 — MECTOIOJIOXe-
HUe ABaUMHCKOM TPYMITbl BYJIKAHOB; 2 — MECTOIOJIOXKeHNe MeTeocTaHiMu [leTporaBnoBck-Kamuarckuit; 3 — geqHuku; 4 —

BYJIKaHbI

Fig. 1. Avachinsky group of volcanoes (a) and Kozelsky Glacier 19.08.2022 (photo by A.Ya. Muraviev) (6): I — location of the
Avachinsky group of volcanoes; 2 — location of the weather station Petropavlovsk-Kamchatsky; 3 — glaciers; 4 — volcanoes

BaHbl OTHOCUTENIBHO NaHHbIX Karasora jeqHUKOB
CCCP.

B nocnenytoiem 6ojiee moTHast ”HBEHTAPU3ALUS
JIETHUKOB ABaYMHCKOM TPYIIIbI BYJIKAHOB OBIJIa BbI-
nonHeHa yxe B 2010-x romax. Tak, pa6ora (Mypa-
BbeB, 2017) comepXuT cBeAeHUs 0 27 JeMHUKaxX TaH-
HoTrO paitfoHa o6uieit romanpsio 22.43 + 1.42 kM2 no
coctosHuio Ha 2012—2013 rr. Karajsor jgeqHUKOB
Randolph Glacier Inventory (RGI) Bepcum 6.0
(RGI..., 2017) conepXuT TaHHbIE O JIEAHUKAX pailoHa
no cocrostHuio Ha 2013 r. Uudopmanust o mpocTpaH-
CTBEHHOM MOJIOXXEHUN TPaHUI JICTHUKOB ABAaYMH-
CKOM TPYIITHI BYJIKAHOB B HEM OBIJIa TTOJIydeHa MMyTEM
aBTOMATU3UPOBAHHOTO AelMGpUPOBAaHUS CHUMKA
Landsat ot 09.09.2013 1o rpaHuIe OTKPBITOTO JIbAA.
IMockonbKy Ha JIeTHWKaX palfioHa pa3BUTa TTOBEPX-
HOCTHasI MOPEHa, 3TO MPUBEJIO K HEBEPHOMY OIIpe-

JIeJICHUIO TPaHUI] JISTHUKOB M CYIIIECTBEHHOI1 (boJjiee
yeM B IBa pa3a) HeJ0OIleHKE UX ruiomraaeii. Cymmap-
Hag TUToLIaAb JeTHUKOB paiioHa B Katayore RGI 6.0
cocrasuna 10.25 km2.

B ABaumHCKOI Tpymnrie BYJIKAHOB pPacCIOJIOXKEH
nepeMETHO-TOJIMHHBII JIemHUK Ko3elbckuii — Hau-
OoJiee M3y4yeHHBIN IemTHUK KaMyaTky 1 oguH 13 ca-
MBIX M3y4EHHBIX JIETHUKOB, PACITOJIOXKEHHBIX Ha aK-
TUBHBIX ByJKaHax (cM. puc. 1, 6). OH cniyckaeTcs B
FOKHOM HAMpaBJIEHUHM C CEIIOBUHBI MEXKIY ByJIKaHA-
Mu ABaumHckuii U Kosenbckuii. JlenHUK BXOIUT B
crrcoK BceMupHO# Cmy>kKObl MOHUTOPUHTA JICAHU-
koB (WGMS).

IlepBas undpopmanus o jdengHuke Kosembckuit
BcTpevaeTcsd B myOaukauuu (3aBapuukuit, 1935).
Ha npencraBiieHHO# B 3Toii paboTe KapTe BblAejeH
“IOxnbrit Kozenmbcknii JIeMHUK”, TTOJIOXKEHUE KOTO-

JEO U CHET Ne 3
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BAJIAHC MACCHI JIEAHUKA KO3EJIbCKHWI HA KAMYATKE

pOTO COOTBETCTBYET MOJOXEHUIO JieqHMKa Ko3selb-
CKUIA B O0Jiee TTO3THUX ITyOJIMKAIINSIX.

B HayuHOI1 TuUTEepaType AOCTYITHBI JAHHbBIE TIPSI-
MBbIX HaOJIIOACHUI 3a MMHAMMKOM JiemHuKa Kozemnb-
ckuii ¢ 1945 r. B dpeBpane 1945 r. B xoae u3BepKeHUS
ByJIKaHa ABaUMHCKUIA BeCh JIEAHUK OBIJT OKPHIT YeX-
JIOM MUPOKIACTUISCKOTO MaTepraia MOIIHOCThIO 10
2 M (BuHorpanoB, MypaBbeB, 1992). B nanbHelinem
00J1aCTh MUTAHMS JEIHUKA CTaja BOCCTAaHABIINBATh-
cd TIoBepx uexyia mupokiacTuku. K 1967 r. e€ mio-
manb coctasmwia 0.7 km?. B mepuon 1968—1976 rr.
Onaronapsi 0JaronpUsiITHBIM KIMMaTUYECKUM YCIIO-
BUSIM 00JIACTh ITMTaHUS JIETHUKA ITOJTHOCTHIO BOCCTa-
HOBUJIACh, a (PPOHT JieMHMKa ommycTriics ¢ 960 no 890 M
HaJ yp. MOps.

OcobeHHO MHOTOCHEXHBIE 3UMBI 1971—1974 1T.,
COBMABILIME C MPOXJAIHBIMU TIEpUOAaMU a0V,
MpUBEIX K aKTUBM3aLUU JjenHuka (BuHorpamos,
MypasbeB, 1992). 1o 1974 r. dpoHT nemHUKa IIPO-
nBuHyscsa Ha 100—110 M, a 3a 1975—1976 rr. — emg Ha
220—230 M. B urore, K 1976 1. GpOHT JeTHUKA CYyM-
MapHO NPOIBUHYJICSI npuMepHO Ha 330 M, a miomanb
nenHuka yseanumiack Ha 0.09 km2. B 1978—1981 rr.
HaOmonagachk cTadmIM3anus (poHTa JISTHUKA U €ro
KpaTKOBPEMEHHOE OTCTYINaHUE.

ITocne 1981 1. ppoHT JTenHUKA HACTYIIaT IIPaKTU-
yecku HenpepbiBHO. o 2007 r. oH OpOIBUHYJCS
npuMepHo Ha 540 M, u emé Ha 130—140 m 3a 2007—
2015 M (KotmsikoB m mp., 2017). B memom 3a 1967—
2015 rr. ppoHT AenHuKa npoasuHysics Ha 1010 = 15 M,
a IIoLIadb €ro SI3bIKOBOM YacTW YBEJIMYMIACH IIPH-
MepHO Ha 0.35 km?.

ITo nanHbIM paboThl (MypaBbeB, 2017) mioiagb
nenauka Kosemsckuit Ha 28.09.2013 cocrasisiia
1.77 £ 0.09 xm?. [Tonesbie HaOmoneHus 2019, 2021 u
2022 1T. MOKa3aian, 4To SI3BIK JIEMHWKA ITPOIOJLKAeT
Hactynartk. B aBrycre 2022 r. oH OKaHYMBAJICS HA BBI-
cote okoj10 790 M Hax yp. Mopsl.

Jlemnuk Ko3eabCKuit OTHOCUTCS K TETVIOMY TUITY
(BuHorpanos u np., 1976). Temreparypa CHeXHO-
¢dupHOBOI TOMIIM B TEIUIBINA nepuon 6iu3ka K 0°C.
MonIHOCTb CHEXXKHO-(PUPHOBOM TOJIIIMN B LIEHTPaJIb-
HOI1 yacTu 001aCTH aKKyMYyJIsiLiuy cocTanisieT 30—40 M.
Temnerit Iepmon mymmTcs 4—5 Mecs11eB y HIDKHeE rpa-
HULIBI JIMHUKA U 2—3 Mecslia B 00JIaCTU ITMTaHUS
(BunorpanoB, MypaBbeB, 1992). Hons mMeTreieBoro
CHera B CTPYKTYpe aKKyMYJISIIUM OLIeHUBAETCs B 35—
40%, naBuHHoro muranusd — 1—5%. IloBepxHocTHas
MOpeHa Ha CEIJIOBUMHE MEXIy ByJIKaHaMU ABayMH-
ckuii 1 Kozenbckuii (061acTh Jiegopasaeia JIeTHU-
k0B Ko3zenbckuili U 3aBapuLIKOrO) €XerogHo OCBO-
0OXIaeTcsl OT CHEXHOro MOKpOBa. DTO CJENCTBUE
TOro, 4TO OOJbIIAS YAaCTh BBIMNAAAIOIINX TBEPIBIX
0CaIKOB MepepacnpeaessieTcsl BETPOM BHU3 T10 JIeI-
HUKy Kozenbckuii.

IIpssmble HaOMIOAEHUST 3a COCTABISIONIMMU Oa-
JlaHca Macchl JienHuKa Ko3eabckuil mpoBOAUINUCH B
1972—1981 u 1987—1988 rr. (BuHorpanos, Mypa-
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BbeB, 1992). CpenHuii 0anaHC MacChI JISTHUKA B 3TOT
nepuon coctaBisul —411 MM B.3. (3BUMHMIA OajlaHC B
cpenHeM 3411 MM B.3., 1eTHU —3822 MM B.3.). BbI-
coTa TpaHUIbI IIMTAaHUS B 3TU TOAbI U3MEHSJIaCh OT
1160 M B 1973/74 1. mo 1360 m B 1980/81 1. YcToitun-
BOM CBSI3W MEXKIY BBICOTOM I'paHUIIbI MUTAHUS JISH-
HMKa 1 ero 6aJaHcoM MaccChl He oOHapyxeHo. [locne
1988 1. mpsimble MaccOalaHCOBBIE HAOJIOACHMS Ha
nenHuke Kosenbckuit He mpoBoauanchk. OqHaKo Obl-
Jla TIpemIoXeHa MeToAuKa pacyéra OajaHca MacChl
JIeMHMKA Ha OCHOBE MaTepMaioB HaOJIOAEHMI Ha
MeTeocTaHumu [lerponasnoBck-KamyaTckuii ¢ omo-
poii Ha SMITMpUYECKNe NJaHHBIC U3MEPEHUI B Tede-
Hue 10 ner (BunorpamoB, MypaBbeB, 1992; I'na3bi-
pvH U 1p., 1999).

Lens paboTHl — OlleHKA OajlaHCca MacCHhl JIEMHUKa
Kosenbckuii B mocieaHue AeCATUIETUS B YCIOBUSIX
CYIIIECTBEHHOTO POCTa JIETHUX TeMIIepaTyp BO3IoyXa.
IMTocKonbKy TIpsIMbIe U3MEPEHUST COCTABISIONINX Oa-
JIaHCa MAaccChl JIEIHUKA He IIPOBOISITCS yXe OoJiee
30 neT, mIS JOCTUKEHUS 1IN MPEAroaraeTcs uc-
MOJIb30BaTh T€OAC3UYECKUIT METON U Pa3HOBPEMEH-
Hble MaTepuaibl AUCTAHIIMOHHOTO 30HIMPOBAHUS
Semum (33).

JAHHBIE U METO/1bI

B paboTte ncrmoap30BaHbl JaHHBIC: CITyTHUKOBBIIA
cunMok WorldView-2 or 31.08.2016 ¢ mpocrtpaH-
CTBEHHBIM pa3pelieHUEM B MYJbTUCHEKTPATLHOM
pexume 1.84 M (manxpomMatudyeckuii KaHai 0.46 m);
opTodoTOIIaH, ITOKPhIBAIOLINiT I0XXHYIO YacTh (32%
riomaan) JegHuka Koszeabckuii, ¢ MpoCTpaHCTBEH-
HBIM paspelleHrneM OKoJIo 15 cM, CO3maHHBI TT0 Ma-
tepuaiam cbéMKu ¢ BITJIA 05.09.2022; oTnenbHbIie
¢dparmeHTHl “strip” 1UdpoBoit Momenu pebeda
(IMP) ArcticDEM v3.0 (Porter et al., 2018) u Arctic-
DEM v4.1 (Porter et al., 2022) ¢ npocTpaHCTBEHHBIM
paspemenreM 2 M oT 18.09.2015, 08.10.2016,
06.10.2021 wu 09.10.2021 (ta6bm. 1); LIMP ot
05.09.2022, oxBaTrpiBawollast oxHylo dYacth (31%
riomaan) JegHuka Koszeabckuii, ¢ MpoCTpaHCTBEH-
HBIM pa3spelieHueM oxkoJjio 0.15 m; LIMP 1977 r., co-
3maHHas Mo MarepuajiaM aspodorocheMKu (ADC)
ot 05.08.1977; naHHbBIE O CpenHEeMEeCSIYHOI TeMIiepa-
Type Bo3nyxa (byaeirmHa u np., 2023) 1 MecSIYHBIX
CyMMax OCaIKOB C YyCTpaHEHWeM IIOTpelrHoCcTei
ocagkoMepHbix mpubopos (https://meteo.ru...) Ha
rugpomereoctaHunu (I'MC) IlerponasnoBck-Kam-
yaTcKUii (pacrojioxeHa IMMpUMEpHO B 28 KM K IOTy-
[oro-3amnajiy oT JieTHUKa Ha BbicoTe 32 M Hal yp. MO-
pst) u3 apxusa BHUMUTMU-MIIJ 3a 1950—2021 rr.;
IaHHBIe peaHanmm3a MeTeornapamerpoB ECMWEF
ERAS 3a 1950—2022 rr. ¢ pa3pemeHuem 0.5° x (.5°
(https://www.ecmwf.int), moaydeHHBIE C pecypca
(Monthly.., 2023); ucxonHsie naHHbIe padoThl (My-
paBbeB, 2017) o TpocTpaHCTBEHHOM MOJIOXEHUHU Tpa-
Hull JegHuka Kosenbckuii B 1967, 2007 u 2012 .



320

MYPABLEB u ap.

Taomua 1. Mcnonb3oBaHHbIe B padote 1ndpoBbie Moaenu peiabeda (LIMP)

LIMP JaTta chEéMKU Hnentundukarop
18.09.2015 |SETSM_WVO01_20150918 1020010045D91900 1020010042
42A100_segl 2m_v3.0
o MP “strip” 08.10.2016 SETSM_WV03 20161008 1040010022570B00 1040010022
aesbrbie IMP “strip 929800 segl 2m_v3.0
u3 Kojutekuuu ArcticDEM
Bepeuii 3.0 1 4.1 06.10.2021 SETSM_s2s041_WV01_20211006_10200100B8274C00_102
' ' 00100B93AF000_2m_Isf segl
09.10.2021 SETSM_s2s041_WV03_20211009_104001006D3C4100_10
40010070C74C00_2m_Isf segl
LIMP, co3naHHas 1o MaTepuajiaM 05.09.2022
cbeMku ¢ BITJIA He HAaXOOMUTCS B OTKPBITOM JOCTYIIEe
LIMP, cozmannast no A®C 1977 1. 05.08.1977

Wcnonp3oBaHHBIE B pab0Te CIIyTHUKOBBIE CHIM-
Ku, opTopororuiad u LIMP Ob11u 3apeructpupoBa-
Hbel B mipoekiiu UTM (3oHa 57) Ha siaauricouse
WGS 1984. Nx obpaboTka IMpoM3BOAMIACH B IIPO-
rpamMMHbIx poaykTax ESRI ArcGIS u QGIS.

Optodororutan u LIMP ot 05.09.2022 co3maHbl
o pes3yiabTaTaM 00pabOTKM B MPOTPAMMHBIX TIPO-
nykrax Agisoft Metashape Pro u Pix4 Denterprise ¢po-
TOCHUMKOB, TIOJTy4eHHBIX C 0€CITMIOTHOTO JieTaTelb-
Horo ammapata (BITJIA) DJI Phantom 4 Pro V2.0
1oxkHOM vactu (32% rmuromanu) yenHuka Koazenb-
ckuit. Paspemienue cbrémku coctapuio 0.14 mM/muk-
cenb. Ha BITJIA 6b11 ycranosieH nmpuéMHuk DGPS
L1/L2 Topodrone PPK (BTOpoit npuémunk DGPS —
Ha TOYKe C M3BECTHBIMU KOoOpAnHaTaMm). PacuéTHas
MIPOTPAaMMHBLIM 00eCTIeYeHNEM TTOTPEITHOCTD OITpe-
JIeaeHus KoopauHat B TutaHe coctaBuia 0.10 m, Bep-
TUKaJIbHasI morpeirHocTs — 0.05 M.

I'paHuIbl JIeTHMKA HA CITyTHUKOBBIX CHUMKaXx W
opTodoToruTaHe AemupPUPOBAINCH BpydHyIo. Bce
HCIIOIb30BaHHBIE B PabOTe CIIYyTHUKOBBIE CHUMKH
JIaTUPOBaHbl KOHIIOM aBrycTa — HadyajJoM CEHTSIOPS
(KoHe1I ITeproaa adisILuy Ha JeqHuKe Ko3embckmin).
DTO MO3BOJINI0 MUHUMU3UPOBATh BIMSHHUE Ha pe-
3y/JIbTaT OCTAaTKOB CE30HHOTO CHEXHOTO MOKpOBa U
CHEXXHHKOB.

Jlemnuk Kozenbckuii mMeeT NpOTSKEHHBIN (0KO-
o 0.6 xM) jemopaszien ¢ JeIHWKOM 3aBapUIIKOTO,
CIyCKAIOIIErocsl ¢ MOJIOTOM CeIJIOBUHBI MEXIY BYJI-
KaHamMu ABaunmHcKuii U Ko3senbckuii Ha ceBepo-BO-
cTokK. I'paHuia Mexxay 3TUMHU JIeTHUKaMH ObIa Mpo-
BeleHa C MCMOJb30BaHWEM CITyTHMKOBOTIO CHUMKa
WorldView-2 ot 31.08.2016, Ha KOTOPOM XOPOIIIO
BUJHBI TPEIIMHBI U 9PO3UOHHBIE BPE3bl HA YEXJIe TTO-
BEPXHOCTHOM MOpPEHBI, U LIU(PPOBOIT MOJAETU HAKITO-
Ha MOBEPXHOCTH, TIOCTPOEHHON C UCMOJIb30BaHVEM
LIMP ArcticDEM v3.0.

CpaBHeHHE ¢ UCXOOHBIMM MaTepragaMu padoOThI
(MypasbeB, 2017) nmokaszajio, YTO MPOCTPAHCTBEHHOE
TTOJTOKEHYE TPAHUIIBI JISTHUKA B 00J1aCTH aKKyMYJISI-

LIY UMEET HU3KYIO U3MeHYUBOCTD (¢ 2012 1mo 2016 1.
MpakTU4eCKN 0e3 n3MeHeHui1). OCHOBHBIE U3MEHE-
HUS TIPOMICXONST B HIKHEIl, 3aMOpEeHEeHHOI 4acTu
neqgHuka. IlosToMy OBIIO crelaHO AOMYyIIEHUE O
TOM, 4YTO TpaHULIA JISTHUKA B 00JIACTU aKKyMYJISILIIUA
¢ 31.08.2016 mo 05.09.2022 He U3MEHUIIACK.

IMorpenrHocTs onpeaeeHUs TpOCTPaHCTBEHHOTO
MOJIOXKEHUSI COBPEMEHHBIX IPAaHUIL JIEAHUKA TIPUHSI-
Ta paBHOM 2 M, UCXO/ISl U3 pa3pelleHUs CTyTHUKOBO-
ro cuumka WorldView-2 B MyJbTHUCHEKTPaAILHOM
muamazoHe (1.84 ). IlorpemHocTh oIpencaeHUs
nomany Jeganka B 2022 1. IpuHSITAa paBHOM IIPON3-
BEACHUIO MPOTSKEHHOCTU TIepUMETpa JieMHUKa Ha
MOTPEIIHOCTh OMNpeAeeHNs TPOCTPAHCTBEHHOTO
nojoxeHus ero rpanuil (2 m). IlorpenrHocts onpe-
JIeJIeHUsI TIPOCTPAHCTBEHHOIO TIOJOXEHUSI TPaHUIL
JnengHuka B 1977 r. (mo opTroTpaHcOpMUPOBaHHBIM
A®DC), yauTsIBast pa3BUTYIO TIOBEPXHOCTHYIO MOpE-
HY Y CJIOXHBII pesibed, MpUHSITA paBHOI 5 M.

CornacHo gokymeHTanmu K IITMP ArcticDEM
(https://www.pgc.umn.edu/), €€ TOYHOCTb (BEepTH-
KaJlbHas U B IUIaHe) 0e3 MCIIOJIb30BaHUSI HA3EMHBIX
KOHTPOJILHBIX TOYEK HAaXOIUTCH B IIpeneiiax 4 M. Bee
HIMP u3 xkonmnexkuuii ArcticDEM Bepcuii 3.0 u 4.1,
HMCIOJIb30BaHHBIE B paboTe, IIPOILIM BEPTUKATIBHYIO
KoperucTpauuio. B kadecrse ormopHoit LIMP nig xo-
peructpauuu Oblla ucnojb3oBaHa ILIMP ot
05.09.2022, co3zmaHHasi Ha OCHOBE HAaHHBEIX (POTO-
creéMKu ¢ BITJTA.

Kopeructpanus LIMP npoBoauiace 1o ctabuib-
HbBIM TIOBEpXHOCTSIM B 30He oxBata I[IMP ot
05.09.2022, nnsg yero B 3TO# obOjacTu ObIIa co3gaHa
peryisipHasi ceTka Touek ¢ marom 10 m. Jlanee, onu-
pasicb Ha BU3yajJbHble JaHHbIE OpTOGOTOMIaHa OT
05.09.2022 u cryrHukoBoro cHumka WorldView-2 ot
31.08.2016, ObLTM ymaJieHBI TOTEHIMAJIbHO HecTa-
OWIbHbIE TOYKU, PACMOJOXEHHbIE: Ha JIETHUKE,
CHEXXHHKAaX, B 9PO3UOHHBIX Bpe3axX U pyciax pyybes,
KPYThIX OCBIITHBIX CKJIOHAX, HAa KyCTapHUKOBOM pac-
TUTEJILHOCTU (OJIbXOBBII cTIaHUK). Kpome Toro, ObI-
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JIV ynajeHbl TOYKH, PACIIONOKEHHbIE Ha MTOBEPXHO-
CTIX ¢ HakjJIoHOM Ooinee 25°. [MonyunBiieMycst Mac-
CUBY TOYEK OBbLIU MPUCBOEHBI 3HAUEHUST BBICOT BCEX
HCITOJIb30BaHHbBIX B padotre LIMP. [Insg muHumusza-
LAY BJIWUSTHUS Ha pe3yJbTaT MeJlKux nedexkroB LIMP
n3 komwiekuuu ArcticDEM, m3 mcnoiab3yeMoii mis
KOpEerucTpaiuu BbIOOPKHU yIISIJIUCh TOYKU, BBICOTA
KOTOPBIX OTJIWYajach oOT 3HadeHns Ha [LIMP
05.09.2022 6onee yem Ha 4 M. a8 MUHUMU3ALUN
BIUSIHUS MUKpopeibeda mosepxHoctu L[IMP ot
05.09.2022 (pa3penieHue OKojJo 15 ¢cM) Ha KOperu-
ctpauuto apyrux IIMP oHa GbUta mpenBapuUTEIbHO
repecuyuTaHa B pa3pelieHue 2 M 1o rpaHuliaM sueek
LIMP ot 09.10.2021 u3 xonmnekuun ArcticDEM v3.0.

Hanee, 110 MOJIy4eHHOMY MacCCHUBY PACITOJIOXKEH-
HBIX Ha CTAOMJIBHBIX TTOBEPXHOCTSIX TOUEK TTPOU3BO-
IVJlach cUcTeMaThdeckass Koppekiusi BeicoT [IMP
Ha BEJIMYMHY MEIUAHHOTO OTKJIOHEHUS WX BBICOTHI
or BeicOTBl ILIMP 05.09.2022. Tak, IMP or
18.09.2015 Op11a cucTreMaTAYeCKU NoBbilieHa Ha 1.11 M
(MenguaHHOE OTKJIOHeHue no 1758 Toukam), LIMP ot
08.10.2016 — moHmkeHa Ha 1.59 M (110 1616 TOUKaM),
LIMP or 06.10.2021 — nossimeHa Ha 0.52 M (o 1608
toukam), IIMP ot 09.10.2021 — monmkeHa Ha 0.21 M
(mo 1809 Ttoukam). 3a BEepTUKAIbHYIO MOTPEITHOCTD
LIMP nipyuHuManoch cpenHeKBaApaTUIHOE OTKIOHE-
HUe UX BBICOTHI OT BBICOTHI LIMP 05.09.2022 nmo Mmac-
CUBY TOYEK, PACITOJIOKEHHBIX HAa CTAOWIBHBIX IO-
BepxHOCcTsix. OHa cocraBuia 1.12 M mng LIMP or
18.09.2015, 1.60 m — mus 08.10.2016, 1.06 M — nmias
06.10.2021 1 1.08 M — my1s1 09.10.2021.

Tak kak IIMP ot 05.09.2022 mmokpbIBaeT JUIIb
HVKHIOI0 YacTh (31% rmromann) nenHuka Kosemsb-
CKUit, M1 ToydyeHusi coppemeHHoit [IMP noBepx-
HOCTU JIMHMKA OHAa ObLIa OOMNOJHEHA IaHHBIMU
cKoppeKkTupoBaHHOI 110 BeicoTe LIMP ot 09.10.2021
n3 koyutekiuu ArcticDEM v4.1. IIpu aTom mist He-
6ompioro (0.13 kM%) ydacTka B CeBEpO-3alagHOM
OKOHEYHOCTH JIeAHWKA, HE MOKPBHITOIO HTaHHBIMU
LIMP ot 09.10.2021, 6pu1a ucnojgs3oBaHa [IMP ot
06.10.2021. Yyacrok ruromansio meHee 0.01 kM2 B ce-
BEPHOM YacTH JIeHHUKA He TMOKPHIT JaHHbIMu LIMP
2021—2022 rT., YTO HE MOXET CYIIECTBEHHO ITOBJIM-
SITh Ha Pe3YJIbTaThl UCCJICIOBAHUSI, yUUTHIBAsI €0 Ma-
Jiyto TUiomanb. s mnpuBeneHUsT UCIOJIb3yeMOro
ygactka [IMP 2021 r. k 2022 r. oHa ObLIa JOTOJIHU-
TEJIbHO CKOPPEeKTHpPOBaHa: K 3HAYEHUSIM BBICOT €€
syeek Obuta MpubapiieHa 1/6 pasHUIBI U3MEHEHUSI
BBICOTHI ¢ 2015 mo 2021 1.

LIMP ot 18.09.2015 mokpeiBaeT 93% muioimanu
nengHuka B 2022 1. 7% (0.12 kM2) miomagu moBepx-
HOCTH JICTHUKA 3aHATHI y9aCTKaMU, He TOKPBITHIMU
maaHBIME 3ToM LIMP. D11 ygacTku OpUIM 3armonHe-
Hbl JaHHBIMU LIMP ot 08.10.2016. YuuTsiBas Majblii
pa3Mep TaKMX y4acTKOB, MOXHO CIeJIaTh JOITyLIeHE
o ToM, 4uto utorosasi LIMP otpaxkaer cocTosiHuEe I10-
BEPXHOCTH JIeIHMKA Ha KOHEII ce30Ha absaum 2015 1.
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LIMP 1977 r. co3naHa B mporpaMMHOM TPOAYKTe
Agisoft Metashape Pro Ha 6a3e marepuasio ADC
05.08.1977. TIpocTpaHCTBEHHOE pa3pellleHue TaH-
HBIX ADC cocrasisteT okoio 0.3 M. Koperucrpamus
nmanHoit LIMP Oblna mpoBeneHa aHaIOTMIHO KOPETH-
ctpauuu LIMP u3 komnekuun ArcticDEM. B pesyib-
TaTe CpemHeKBaApaTUUYHOE OTKJIOHEHHE KOpeTH-
crpupoBaHHoii IIMP 05.08.1977 ot LIMP 05.09.2022
o 1111 Toukam coctaBuiio 1.80 M.

[TorpetHOCTh ompenesieHUsT BBICOThI MOBEPXHO-
ctu Mmexny LIMP 1977, 2015 u 2021—2022 1T. onipene-
JIslach KakK CpemHEKBaApaTUYHOE 3Ha4YeHUe I0-
rpelrHoCcTel Kaxaou u3 ciaratommx ux LIMP B 30He
nepekpblTus. Tak, pacy€THasl MOTPEeIIHOCTh B 30HE
nepekpbiTus IIMP o1 05.09.2022 1 18.09.2015 cocTa-
uima 1.12 M, 09.10.2021 u 18.09.2015 — 1.56 M,
09.10.2021 m 08.10.2016 — 1.93 M, 06.10.2021 m
18.09.2015 — 1.54 M, 05.09.2022 1 05.08.1977 — 1.80 m,
05.08.1977 mn 09.10.2021 — 2.10 M, 05.08.1977 u
06.10.2021 — 2.09 M, 05.08.1977 1 08.10.2016 — 2.41 M,
05.08.1977 u 18.09.2015 — 2.12 m.

PE3YJIBTATbBI 1 ObCYKAEHHWE

Hactynanue ¢dponTta nenqHuka Kozenbckuii B
1967—2022 rr. ToKa3aHo Ha puc. 2. O6Iee TpoaBH-
KeHue ppoHTa 3a 3ToT nepuon cocraBmwio 1030 £ 15 m,
52 M 13 KoTophix npunniock Ha 2012—2022 rr. Cpen-
HsISI CKOPOCTh HACTyIaHusI (ppoHTa JIEHHUKA B ITO-
ciennue 10 et cocrasisiia okojo 5.2 M B roa. Ilmo-
Iaab JeTHUKa B KOHIE ce3oHa abmsumu 2022 1. co-
crapnsuia 1.72 £ 0.02 kM2, pauHa — okosto 5030 M,
BBICOTA BBICIIEN TOYKU — 1955 M, BbicoTa HU3ILIEH
Touku — 790 M, BepTUKajbHasI IPOTSKEHHOCTh —
1165 M, cpenHsist B3BellleHHas 110 IUIOLIAAN BICOTa —
okojio 1420 M. HecMoTpss Ha mpakTUYeCKU Hempe-
PBIBHOE HACTyIlaHUEe (DpOHTA JIEMHUKA €r0 IJIONIalb
3a 2012—2022 1T. He yBeIMYMUJIACh, a COKpaTUIach Ha
0.05 kM2. DTO MPOU3OLLIO B PE3YJIbTATE PA3PYLLIECHUS
HeOOJILIINX KPaeBhIX YYaCTKOB HUXKHEM YaCTU I3bIKa
JIEMHUKA TEPMO3PO3HUEIA.

[Mnomank TemHUKA IO BBICOTE pacnpeaeiieHa He-
paBHoMepHO. B 2022 r. Hrxe 1000 M pacnonarajioch
19.3% nnoianu tenHuka, B uHtepsaie 1000—1200 m —
16.4%, B uurepsaie 1200—1400 M — 12.9%, B uHTepBaie
1400—1600 m — 10.2%, B uHTepBane 1600—1800 M —
17.7%, Beime 1800 M — 23.5%. Ha BBICOTHBIN MHTEp-
Baix 1400—1600 M mpuxomguTcs camas y3Kasl 4acThb
JIeMHWKa, OoJiblllasi 4acThb KOTOPOWM 3aHsTa 30HOI
TPEIIMHOOOpa30BaHUS.

3adUKCUPOBAHO YMEHBINEHNE CKOPOCTH HACTY-
maHus JeqHuka Kosenbckuii B mociieqHee necsaTuie-
tue. B 1977—2007 rr. ppoHT JegHUKA TTPOABUHYJICS
Ha 537 £ 15 M (yuuThiBas crabmim3anuio (ppoHTa B
1978—1981 rr., cpenHsia CKOPOCTb HAaCTyHaHUs CO-
craBuT okojio 20.7 M/rom), B 2007—2012 rr. — Ha
100 £ 15 M co cpenHeii ckopocThio okouo 20.0 M/Tox,
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Puc. 2. [ponBrxenue dbpoHTa tenHrka Kosenbekuit B 1967—2022 1.
TpaHuIIBI JTeTHUKA OIpeNe/IeHBI B pe3yabTaTe aHAIN3a ClieAyomux TaHHbx: 1967 . — ADC or 26.08.1967; 1977 r. — ADC or
05.08.1977; 2007 r. — crnytHukoBbiii cHUMOK ASTER ot 16.07.2007; 2012 r. — crnyTHUKOBbI cHUMOK WorldView-2 ot

18.09.2012; 2022 . — opTtooToruiad ot 05.09.2022

1 — oceBasi TMHMS JISAHUKA, BIOJIb KOTOPOI MPOBOIUINCH U3MEPEHMUSI.

Fig. 2. Advancement of the Kozelsky Glacier front in 1967—2022.

The boundaries of the glacier are determined as a result of the analysis of the following data: 1967 — aerial photograph 26.08.1967;
1977 — aerial photograph 05.08.1977; 2007 — ASTER satellite image 16.07.2007; 2012 — WorldView-2 satellite image 18.09.2012;

2022 — orthophotoplan 05.09.2022

1 — center line of the glacier along which the measurements were made.

B 2012—2022 rr. — Ha 52 £ 5 M co cpenHel CKOPOCThIO
OKOJIO 5.2 M/TOmI.

[Mnowmans nenHuka Kozenbckuit B 1977 r. coctas-
nsma 1.77 £0.06 km? (T.e. TIPAKTUYECKU COOTBET-
cTBOBana ero 1wromanu B 2012 r.), BeICOTa BBICIIEH
TOYKM — okKojio 2000 M, BbIcOTa HU3IIEH TOYKU —
okoJio 910 M, BepTuKaiibHasi MpOTSKEHHOCTh — 1090 M,

CpemHsIsI B3BEIIeHHAasl IO TIJIONIAAN BhICOTa — OKOJIO
1510 M. C Tex mop IuIoIanab JeAHUKA MPaKTUIeCKU
He u3MeHwIach. OJHAKO MPOU30IILIO €€ mepepac-
npeaejaeHue — sI3bIK JIEAHUKA CTajl CYIIECTBEHHO
mmHHee (mpuMepHo Ha 0.7 kM) u yKe. [IpupameHnue
TUTOIIAMA HWXKHE JacTH s3bIKa JIeqHWKa 3a 1977—
2022 rr. coctaBmio okouio 0.21 km2. C 1977 o 2022 1.
GPpOHT IemHUKA TTPOABUHYJCS Ha 692 £ 5 M.
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CpenHee Mo TUiolIaAyd M3MEHEHUE BBICOTHI TO-
BepxHOCTH JienHuKa ¢ 1977 o 2022 r. (puc. 3) cocra-
Buio —17.30 M (—0.38 m/ron). O6BEM JNenHUKa 3a
3TOT MEpUOA, cokpaTwicd Ha 34.15 + 6.74 MaH M3,
st mepecuéra pesyibraTa reoae3ndeckux usmMepe-
HUIi B pa3MEpPHOCTb DIISILMOJOTMYECKOTo OanaHca
Macchl (M B.3.) OblJIa MCITOJIb30BaHa TIOTHOCTD JIbAa
850 + 60 kr/M?3, kak B pa6orax (Huss, 2013; Hugonnet
et al., 2021a). Ilpu Takoii MJIOTHOCTH JibIa KyMYJIsI-
TUBHBII GajaHC Macchl JemHuka Kosenbckuit 3a
1977—2022 rr. coctaBun —14.70 + 3.94 m B.3. Cpen-
Hee 3HaueHUe OajaHca Macchl JieMHUKA B JaHHbBIA
nepuon coctanisio —0.33 M B.3./ron. DTo comocTa-
BHUMO C OajlaHCOM Macchl JefHUKOB HexmaHHbIi 1
Cocennuii (ropa Jlensinasg Ha KopsskcKoM Haropbe) B
nepuon 1961—2016 TIT., cOCTaBISIBIINM, MO JAHHBIM
pa6otsl (Hocenko u ap., 2022), —0.362 M B.3./TOm.
bnuskue 3HaueHUs 6ajlaHca MacChl HAOIIOIAIMCh Ha
neqnuke UTAH (ITonstpHblil Ypan) B nepruon 1963—
2008 rr. (—0.317 M B.3./rom) u 2008—2018 rr.
(—0.336 m B.3./rom) (Hocenko u ap., 2020). Hau-
GoJblliee MOHMKEHNE BBICOTHI TIOBEPXHOCTH JIETHU-
Ka 3a 1977—2022 rr. npuypo4YeHO K BHICOTHOMY WMH-
tepBany 1200—1400 m. Ha BTOpOoM MecTe 1o 3TOMY
IMOKAa3aTeJI0 HaXOOUTCS BBICOTHBIN mHTepBas 1400—
1600 M, B KOTOpOM HaOJIIOJAETCI CYKEHUE JIETHUKO-
BOTO SI3bIKa U HAUOOJIbIIIEe KOJIMYECTBO TPEIINH, UTO
CBUIETENILCTBYET O CAMBIX OOJBINUX IS JESTHUKA
CKOPOCTSIX IBVKECHUS JIbAA.

CpenHee Mo mjomiaay M3MEHEHHE BBICOTHI MO-
BepxHocTU JienHuka Kozenbckuit ¢ 1977 mo 2015 .
cocraBmio —17.84 M. OOBEM JIETHUKA B 3TOT IIEPUOI,
cokpatwicd Ha 35.21 £ 7.20 miH M3, a KyMyJIATUB-
HBIII GajmaHc Macchl coctaBuwi —15.16 + 4.17 M B.5.
CpenHee 3HaYeHUe OajlaHca Macchl JieqHuKka B 1977—
2015 cocraBiasino —0.40 M B.3./rom. DTa BeJIWYMHA
OJM3Ka K JAaHHBIM TIPSIMBIX HaOmomeHnid 3a 1972—
1981 u 1987—1988 rr. (B cpenHem —0.411 M B.3.),
onyoJIMKOBaHHLIM B pabore (BuHorpamoB, Mypa-
BbEB, 1992).

CpenHee Mo Tuiolaayd M3MEHEHUE BBICOTHI TO-
BepxHocTU JeaHukKa Kozenbckuii ¢ 2015 mo 2022 r.
(puc. 4) coctaBuiio 0.59 + 1.55 M. OObEM JenHuKa B
JaHHBIA nepuon yBeauumica Ha 1.01 £ 2.65 muH m3,
KymynsaruBHEbI OamaHc Macchl jJegHuKa Koszenb-
ckuit 3a 2015—2022 rr. cocraBui 0.50 = 1.35 M B.3.
(0.07 m B.3./rom). M3 3TOrO ClIEAyET, YTO CPEIHETO-
JIOBOIT GajlaHC MaccChl JIEMHWKA B JaHHBIA Tepuo
OBLI OJIM30K K HYJIIO. YUYAaCTKHU C YBEJTMYESHUEM BBICO-
ThI TOBEPXHOCTU ITPUYPOUYEHBI, BOCHOBHOM, K TIOHU-
KEHUSIM TTOBEPXHOCTU BEPXHEN MOJIOBUHBI JIETHUKA,
B KOTOpPBIX CKaIUIMBAETCS II€PEHOCUMBINA BETPOM
cHer. B HUXXHel, 3aMOpeHeHHOI YacTy JIeMHWKa Ta-
KM€ YYaCTKM — CJICICTBHUE IIEpeMEeIIeHMs BBIITYKIIbIX
GOpM JIETHUKOBOTO peibeda 3a CeMb JIET IPOABIKE-
HUS JIeMHUKa BHU3 11O JOJUHE.

Jisi MOHMMAaHUSI COMIACOBAHHOCTH 3apUKCUPO-
BaHHOU B 1977—2022 IT. IMHAMUKU JIETHUKA C KJIU-
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MaTUYECKUMU U3MEHEHUSIMU ObLIN IIPOAaHAIM3UPO-
BaHbl U3MEHEHMs CpemHeil JeTHell (MIOHb—aBIyCT)
TeMIIepaTyphbl IPU3EMHOTO CJI0s1 Bo3ayxa (puc. 5, a) u
CYMM OCaJKOB C OKTSIOpsI 110 Maii (puc. 5, 6) (rmepuomn
akkymyssauuu JegHuka Kosenbckuit). CpegHue 3Ha-
YeHUs JIeTHe il TeMItepatypsl Bo3ayxa B 2016—2021 rr.
cocraBmm 12.5°C, 1o maHHBIM HaOJIIONEHWN Ha
I'MC IlerponaBioBck-Kamuarckuit (byneiruHa u
np., 2023), uro Ha 0.7°C BbIllIe KIUMATUIECKON HOP-
Mol 1981—2010 rr. [lanHble peaHanu3za ERAS (Month-
ly.., 2023) neMOHCTPUPYIOT TAKYIO e TEHISHIIMIO K
YBEJIMYEHUIO, XOTSI U C HECKOJIbKO MEHBIIIMMM 3Haue-
HUsIMU TeMmeparyp (pasHuna cocrasisier 1—1.5°C).
I'paduk anomanuii JeTHEN TeMIepaTyphbl BO3IyXa OT-
HocUuTeslbHO 0a3zoBoro rmepuoga 1981—2010 rr. (cMm.
puc. 5, 8) CBUIETEIBCTBYET O TOM, YTO Ha IPOTSIKE-
HUU ABYX NOCJIEAHUX NECITUIETUI ITpeodaagaiu mo-
JIOKUTENbHBIE 3HaUeHUsT aHoMasuit. B 2002—2022 rr.
nx BeanunHa nocturana 2.0°C. DTo o3HaydaeT, 4To
ce30H abysmmy Ha negHuke ¢ 2010-X rogoB cTani cy-
1ecTBeHHO Teruiee, yeM B 1980—2000-x romax.

JInHus TpeHa Ha rpaduKe CyMM TBEPIBIX OCATKOB
(cM. puc. 5, 6) CBUIETEIILCTBYET O TOM, UTO, HECMOTPSI
Ha 3HAYUTEIBbHYIO MEXTOIOBYIO U3MEHUYMBOCTD B II€-
pyoa ccllefoBaHM MX BeJIMUMHA B HACTOSIIIIEE BpeMs
MaJjio OTJIMYaeTCs OT KJIIMMaTU4eCKOoil HOpMbI 1981—
2010 rr. CpenHue 3HaYEHUS CYMM OCaIKOB C OKTSIOPSI
o Maii B 2016—2021 rr., Mo JaHHBIM HAOJTIOAEHUI Ha
I'MC [IlerponaBnoBck-Kamuarckmii (https://me-
teo.ru...), coctapisuii 815.6 MM, uyto Ha 53 MM (6.5%)
MeHble, yeM B nepuona 1981—2010 rr. JaHHBIE pe-
aHanmm3a ERAS nmoka3bsIBaloT pOCT KOJIUYECTBA OCAI-
koB ¢ 917.0 mm B nmepmon 1981—2010 rr. mo 940.2 MM
(2.5%) B 2016—2022 rr. MOXHO MPEAITOIO0KUTE, YTO
KOJIMYECTBO TBEPIBIX OCAAKOB B TOpaxX MpakKTUIECKU
HE U3MEHMJIOCh.

W3 npuBea@HHBIX BIIIE JAHHBIX MOXHO CeiaTh
BBIBOZI O TOM, YTO COBpEMEHHbIE U3MEHEHUST KJIMMa-
TUYECKUX YCIIOBUI NOJIKHBI CITOCOOCTBOBATh COKpa-
LIEHWIO TUIoIIAAu JienHukKa Kosenbckuit u moHmxke-
HUIO ero moBepxHocTU. OgHAaKO, KaK IMOKa3aHO BHIIIIE,
MOHVKEHYE TIOBEPXHOCTU JIETHUKA HAOTI0JaeTCs IPU
MPAKTUYECKU HEU3MEHHOM IUIOIaau, a ero (ppoHT
MPOABUTAECTCS BHU3 T10 NOJUHE. DTO O3HAYaeT, YTO
IeiicTBrEe HeGMaroMpUsITHBIX KIMMAaTUYECKUX U3Me-
HEHWII Ha AWHAMUKY JIeAHUKA KOMIIEHCHPYETCS
WHBIMU TTPUPOIHBIMU (PaKTOpPaMMU.

Kak 6110 oTMeueHo paHee (MypaBbeB, 2017), Ko-
JIebaHUsT pasMepoB JICMHUKOB, PaCHOJIOKEHHBIX
BOJIN3M aKTUBHBIX BYJIKAHOB, OTIPEIEIISTIOTCS TIPEXKIe
BCEro BYJIKAHWYECKOU NesITeIbHOCThIO, KOTOpas 1o
CHJIe BO3OEUCTBUS Ha PEXUM U TUHAMHUKY JICTHUKOB
4acTo MPEeBOCXOAUT BIUSHUE KIMMAaTUYECKUX U3Me-
HeHuil. OCHOBHBIMUY MeXaHW3MaMU BJIMSTHUSI ByJIKa-
HU3Ma Ha OJICIeHEeHUe CIyKaT OpOHMPYIOIIas pojib
yexJia MOPEHHOTO MaTepuaja ByJKaHOTeHHOTO TIpo-
HUCXOXIEHUS] U ceficMuueckoe BO3IeiCTBUE ByJIKa-
HOB Ha JegHukKu (MypasbeB, 2020). DT BUIBI BIUSI-



324 MYPABBEB u np.

53°14' c.i.

53°13'

53°12'

158°52' B.II.

N3menenue
BBICOTBI
TIOBEPXHOCTHU, M

| =N
B 03
] -30-—0
[ ] -20--10
[ ]-10-0
[ Jo-w
[ Jw-2
P 20-30
B 20 -0
B

-_—

Puc. 3. I3MeHeHue BbICOTHI TOBEPXHOCTHU B rpaHuLax JeaHuKa Kosenbckuit ¢ 1977 o 2022 r., M.: / — rpaHuiia JeqHuka B 2022 r.;
2 — rpaHuua JeqHuka B 1977 r.; 3 — y4acTok, He MOKPBITHII JaHHBIMU COBpeMeHHoi# LIMP.

Fig. 3. Change in surface height within the boundaries of the Kozelsky Glacier from 1977 to 2022, m.: 7 — glacier boundaries in 2022;
2 — glacier boundaries in 1977; 3 — areas not covered by the current DEM data.

HUS BYJIKAHOB Ha JISAHUKMN XapaKTECPU3YIOTCS HaM-
0o0JblIIE 00JIACThIO U IUTUTETBHOCTBIO BO3IENCTBU.

Jlemauk Kozenbckuit pacmonoxeH BOMM3U ABa-
YHHCKOTO BYJIKaHa M HAaXOMHUTCS TIOJ €TO HEeIToCpem-
CTBEHHBIM BHUsIHUEeM. [loBepXHOCTHasi MopeHa,
CJIOXKEeHHasT MaTepUajioM BYJKAHOTCHHOTO ITPOMC-
xoxaeHwust, B 2016 . mokpbiBaja moutu 72% ruroma-
o neqHuka (1.25 + 0.03 u3 1.74 £+ 0.02 xm?). MopeH-

HBIM 4YEXJIOM 3a0pOHMPOBaH SI3BIK JICHHUKA HILKE
1280 M, BBIMOJIOXKEHHAs TTIOBEPXHOCTh B paiioHe Jie-
nopasneia Beire 1810 M u mIMpoKast Imojoca BIOJIb
MpaBOTO Kpasl JIeAHWKAa, Ha KOTOPLIMA ITOCTYIaeT
0O0JIBIIIOE KOJIUYECTBO BYJIKAHMYECKOIO IJIaKa U 00-
JIOMOYHOTO MaTepuasia ¢ OCHITIEel ITpaBoro 0opTa go-
JuHbl (cM. puc. 3). YuacTku HauOoJbllIeld yObLIU
abaa 3a 1977—2022 rr. Ha puc. 3 (=30 M 1 HIXe) co-
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Puc. 4. I3MeHeHMe BBICOTHI TTOBEPXHOCTH B TpaHUIIax JienHruKa Kosembckuit ¢ 2015 o 2022 1., M.: 1 — rpaHuiia jegHuka B 2022 T.;

2 — y4acCTOK, He MOKPBIThII JaHHBIMU cOBpeMeHHoM LIMP.

Fig. 4. Change in surface height within the boundaries of the Kozelsky Glacier from 2015 to 2022, m.: / — glacier boundaries in

2022; 2 — areas not covered by the current DEM data.

OTBETCTBYIOT O0JIaCTH OTKPHITOTO JibIa. YOBUIb JbIa
Ha yJacTKe B 00JIacTH Jemopasiena ¢ JJSTHUKOM 3a-
BapUIIKOTO (CeBEPO-BOCTOYHBIE OKPAWHBI JICTHUKA
Ha puc. 3), BEpOsITHO, OOyCJIOBJIEHA HE CTOJBKO TO-
BEPXHOCTHOM abJISIIIMEil, CKOJTBKO METEJIEBBIM TTepe-
HOCOM 3MMHUX OCaIKOB Ha 060Jjiee HU3KHME YPOBHU U
pacTekaHueM Jib[a ¢ nepeBajia. BepositHO, moHMXKe-
HUE TIOBEPXHOCTU HWXHE! JacTu sI3bIKa JICTHWKA
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BBIIIE ero rpaHulibl 1977 T. Takke 0OyCIOBJICHO He
TOJBKO TEPMOBRPO3UEH, KOTOpass Haubojiee MHTEH-
CWBHA Ha HU3KWX BBICOTHBIX YPOBHSIX, HO U TIepeMe-
LIIEHUEM JIba BHU3 MO IOJIMHE.

B HacTosiiiee BpeMsI JIETHUK pAacIiojlaraeTcsl B
3HAYUTEILHOM BBICOTHOM Auana3oHe ot 790 mo 1955 m,
o0ecrneunBamOIIM TeMIIepaTypHbIA peXXuM, HE00-
XOIWMBII JJIs1 HAKOIIJIEHUSI M COXPAHEHUS TBEPIBIX
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Puc. 5. smeHeHwus:

a — CpeIHUX JIETHUX TeMIIepaTyp Bo3ayxa (MIOHb—aBryCT) Mo naHHbIM HaOmoaeHuit Ha TMC IletponaBnoBck-KamuaTckuii
(1) (2 — nuuaus tpenna) u peaHanmmza ECMWF ERAS (Monthly.., 2022) (3) (4 — nuHus TpeHaa);
0 — CyMM OCAaJIKOB C OKTSOps Mo Mait 1o naHHbIM HaGmoneHuit Ha TMC TlerponasnoBck-Kamuarckuit (5) u peananusa

ECMWEF ERAS5 (Monthly.., 2022) (6) (7 — nuHMsI TpeHOa);

6 — aHOMAJTNU JIETHUX TeMIiepatyp Bosmyxa (&) (6azoserii mepuon 1981—2010 rr.) B paitoHe ucciaenoBanuii B 1950—2022 rr. mo

naHHbIM peaHanm3a ECMWF ERAS (Monthly.., 2022).
Fig. 5. Changes:

a — of average summer air temperatures (June—August) according to observational data at the Petropavlovsk- Kamchatsky mete-
orological station (/) (2 — trend line) and ECMWEF ERAS reanalysis (Monthly.., 2022) (3) (4 — trend line);

6 — amount of precipitation from October to May according to observational data at the Petropavlovsk- Kamchatsky meteorolog-
ical station (5) and ECMWF ERAS reanalysis (Monthly.., 2022) (6) (7 — trend line);

6 — summer air temperature anomalies (&) (base period 1981—2010) in the study area in 1951—2022 according to ECMWF ERAS

reanalysis (Monthly.., 2022).

ocaakoB. OQHaKO oTpenesieHUE TTOJOXEHUS TpaHu-
bl 00J1aCTH MUTAHKA 3aTPYAHSAIOT METENIEBLIN Mepe-
HOC U JJTaBUHHOE MuTaHue. B rombl mojieBbIx OagaH-
COBBIX HAOTIOAEHMI €€ BEICOTa U3MeHsIach oT 1160 M
B 1973/74 1. no 1360 M B 1980/81 1. (BuHorpanos, My-
paBbeB, 1992). B HacTtosiiiee BpeMsl YCIOBHO MOXHO
BBIIEINTHh 00JIaCTh MMUTAHUS BBIIIE YpOoBHsT 1600 M,

IIe COXpPaHsIeTCsl CE30HHbIN CHEXHbBIN IMTOKPOB U Cy-
IIECTBYIOT YYaCTKM MHOTOJIETHUX (PUPHOB pa3HOIO
reHe3uca. YBEJIMUEHUE BBICOTHI €€ ITTOJIOXKEHUS He
MPOTUBOPEYUT HAOTIOJAEMOMY POCTY JIETHUX TEMIIC-
paTyp Bosayxa 3a Tpoiueniuii nepuon. CooTBer-
CTBEHHO, 00JIaCTh Pacxo/a pacIiojaraeTcst HIKe 3TO-
ro ypOBHS, IIe CBOOOMHASI OT CHEra MHOBEPXHOCTh
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JIBIA MIOCTEIIEHHO MCYe3aeT MO CIUIOITHBIM MOKPO-
BOM MHMPOKJIACTHYECKOTO MaTepuaga U 00JIOMKaMM
ropHbix mopon. Ilnomage obiactu abasiiMy COCTaB-
JseT okojio 60% oT IUTomany JIeTHWKAa WU UMEHHO
3nech B mHTepBaJie BeIcOT 1200—1400 M HabmomaeTcs
HauOoJblllee TIOHWKEHUE ITOBEepXHOCTU 3a 1977—
2022 rr. (cM. puc. 3). Ha BTopoM MecTe BBEICOTHBINA
nurarazoH 1400—1600 M.

Kaxk nokazaHo Bblllie, 0COOEHHOCTb TAaHHOTO JIe/l-
HUKa 3aKJIl0YaeTcsl B COYETAHWU OTPULIATENTBLHOTO
bajlaHca ¢ MpakKTUYeCKU HEINPEPbIBHBIM MPOJIBUKE-
HUeM JIMHUU (bpOHTa BHMU3 MO AojguHe. [IpuunHoit
TaKOTO JWHAMMYECKOIO peXuMa JIEAHUKA MOXET
OBITH MOBBIILIEHHAS] CEICMUYHOCTh, CBSI3aHHAs C TTO-
JIOXKEHUEM B CeMCMUUYECKU aKTUBHOI 30HE U O6JM30-
CThIO aKTMBHOTO BYJIKaHa, 1 OCOOEHHOCTHU peibeda
Jioxa. ITocjie M3BECTHOTO 3KCIIJIO3MBHOTO U3BEPKe-
Hug B 1945 1. 66114 3abUKCUPOBAHBI U APYTUE MIPO-
SIBJIEHUS] aKTUBHOCTW 3TOTO BYJIKaHA: M3BEPKEHUS
1991 u 2001 rr., moBBIIIEeHHAsI ceiicMUIHOCTL B 2005
u 2019 rr., IpeacTaBlieHHasI MOCJIET0BATEIbHOCTHIO
POEBBIX 3€MJIETPSICEHUII C MaKCUMAaJIbHBIM 3HEpre-
TUYeCKUM KitaccoM K, = 6.6 (PupctoB u ap., 2021).
Kpome Takux, pa3HeCEHHBIX IO BPEMEHU COOBITUIA,
CYIIECTBYET €LIE U MMKPOCEHCMUYHOCTb, KOTOpas
MpencTaBieHa 3eMJIETPSICEHUSIMUA 3HEPreTUUEeCKOTO
knacca 2 < K, <4 u dukcupyercst B GOHOBOM pexrme
B KonmuecTBe 10 30—50 cobpituii B cyTku (CeHIOKOB
u ap., 2006).

JlaHHBIE 11 OLIEHKW COBPEMEHHOIO COCTOSTHMS
OaylaHca Macchl JiemHuka Ko3enbckuit MOXKHO HallTh
B pe3yibTaTax MCCIeIOBaHUI, HEJAaBHO OITyOJIMKO-
BaHHBIX B pabote (Hugonnet et al., 2021a) 1 Haxoms1-
LIUXCSI B OTKPBITOM AocTyTie. OHU MPEACTaBIISIIOT CO-
0011 Ha0Op JaHHBIX ITTO0ATBHOIO OXBaTa (BKIIIOYAIO-
M1 BCE JIEOHUKOBBIE palOHbI ILJIAHETHI, B TOM
yucie u Kamuarky), cogepxkamuii nHGopmalumo oo
M3MEHEHUU BBICOTHI TOBEPXHOCTU JICAHUKOB B IIePH-
og ¢ 01.01.2000 mo 01.01.2020 (Hugonnet et al.,
20216). DTa 6a3a ;aHHBIX CO3[IaHa B pe3yJibTaTe CpaB-
HEHMs pPa3HOBPEMEHHBIX LIM(PPOBBIX MOIEICH ITO-
BEPXHOCTH, OJTYYEHHBIX C UCIIOJIb30BAaHUEM CTEPEO-
nap cimyTHUKOBbIX CHUMKOB ASTER. B 3T0i1 paborte
IIPU BBHIIOJTHEHUY PACUYETOB MCIIOJIL30BaHbI JaHHEIC
0 IIPOCTPAHCTBEHHOM MOJIOXKEHUU I'PAHUII ISTHUKOB
Kamuarku n3 RGI 6.0. PaspeiieHue cBeneHuii o6 us-
MEHEHMHU BBICOTHI ITOBEPXHOCTHU JICHHUKOB B 3TOM
Habope maHHBIX coctaBasger 100 X 100 m. CpegHss
CKOPOCTb U3MEHEHMUSI BHICOTHI TIOBEPXHOCTH JIGTHU-
ka Koszenbckuii B mepuon 01.01.2015—01.01.2020 (1an-
0oJee OMM3KMIA K TIEPUOMY HAIIIErO UCCISIOBAHUS) O
9TUM MatepmajiaM coctasiasia —0.51 = 0.63 wm/rom.
CyMMapHOe U3MEHEHUE BBICOTHI IIOBEPXHOCTHU JIEI-
HMKa 3a 3TOT nepuon coctasuio —2.55 + 3.15 m.

Opnnako Matepuansl RGI 6.0 Ha paiioH vcciaenoBa-
HUI1, KaK ObIJIO OTMEUEHO BBbIIIIE, CYILIECTBEHHO 3aHM-
2KaloT IUTOLIAIN JICTHUKOB, ITHOPUPYS 3aMOPECHEHHEIS
yuyacTku. Tak, momanb negHuka Kosenbckwuii, 1Mo
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naHHbIM RGI 6.0, B 2013 1. coctaBisuia 0.88 km? —
BIBOE MEHBIIe muiomanu jJeqHuka B 2012 r. (1.77 +
+ 0.09 xm?) o naHHBIM paboTsl (Mypasbes, 2017) u
B 2022 1. (1.72 £+ 0.02 kM?) 110 JAHHBLIM HAIIEro UC-
clienoBaHUS. 3aMOpeHEHHAsI YacTh sI3bIKa JISTHUKA 1
nepeBana MeXny BynkaHamMu ABaunHcKUiA 1 Ko3zensb-
ckuii B nanHble RGI 6.0 He BKITIOYEHA U TO3TOMY He
HMCIOJIb30BaHa B pacy€TaXx M3MEHEHMs BBICOTHI ITO-
BEPXHOCTHM JIEAHUKA, PE3YyJbTaTbl KOTOPBIX IIPEI-
CTaBJIEeHbl B TaOJMlIaX MCXOOHbIX MaTepuasoB (Hu-
gonnet et al., 20216). Takke ciaeayeT OTMETUTh, YTO
BpeMEHHBIE MHTEepBaJjbl B Habope nanHbIX (Hugonnet
et al., 20216) HauMHAIOTCS U 3aKaHYMBAIOTCS 1 THBa-
PSI pa3HbBIX JIET, TO €CTh B pa3rap Iepruoaa aKKyMyJsi-
UM Ha JIEMHUKaX ABAaYMHCKON TpyNMbl BYJIKAaHOB.
VY4uuThiBast BHICOKYIO CHEXXKHOCTh 3UM paiioHa Mcclie-
JIOBAaHUI U UHTEHCUBHBI METEJIEBBIN MEPEHOC B ITO-
pax, MOXHO IIPEAIIOJOXUTh HAIU4YMe HEYYTEHHBIX
MOTpeITHOCTe i u3MepeHunit, 00yCTOBIEHHBIX pa3HU-
el CHeTOHAKOIUIEHUSI B pa3Hble roabl. M3moxXeH-
HBbI€ BbIllIe (haKThI IIO3BOJISIIOT HaM I10J1araTh, 4TO pe-
3yJAbTaThl HAIlETO HCCeNoBaHUs OajaHca MaccChl
nemHuka Kozenbckuii — 60j1ee TOYHBIE U JOCTOBEP-
Hble, yeM pmaHHble (Hugonnet et al., 20210).

Cpenu mojay4eHHBIX pe3yJbTaTOB MOXHO BblJe-
JINTh IBA MOMEHTA, BBISICHEHME TPUYMH BOSHUKHO-
BEHHUSI KOTOPBIX BBI3BIBAET IOIIOJHUTEIBHBIE BO-
npockhl. [1epBrhlii CBSI3aH C UBMEHEHUEM BEJIMYNHBI 1
3HaKa OajlaHca MaccChl JIeMHUKA 3a MOCJIeIHUE CEMb
net (¢ 2015 mo 2022 r.). U3 obitacTu oTpUliaTeIbHBIX
3HadyeHuii (—0.40 M B.3./TOa) OH mepeléa B 1010~
KUTEJbHYIO, XOTSI U OJU3KYI0 K HYII0, BEJIMYMHY
(0.07 m B.3./rom). C omHOIi CTOPOHBI, MbI MOTLJIM OBbI 1
He y3HaTh 00 3TOM, €CJIM OB He MMEJIM BO3MOKHOCTD
OLICHUTh OajlaHC MAacChl Ha KOPOTKOM BpPEeMEHHOM
MHTepBaie. bajaHc MacChl KOHKPETHOTO T'OJa 3aBU-
CUT OT KOMOMHAIIMM METEOPOJIOrNIeCcKrX (haKTOpOB
(KoIM4yecTBO OCaJKOB M UX paclipeiesieHue o Bpe-
MEHH, BpeMs Hayajia ¥ KOHIIa Ilepro/a abJIsIinu, Xa-
pakTep 00JIJAYHOCTH M T.I1.), ¥ MOXKHO JOITYCTUTh, YTO
P BBICOKO#1 UyBCTBUTEILHOCTHU JIEMHUKA TaKUE CU-
TyallMy y>Ke BO3HMKAJIU B IIPOIILIOM, HO IIPU OCpPe-
HeHUM 3a 45 net octaimch He3aMeueHHBIMH. C npy-
roii CTOPOHBI, MO JOCTYIMHBIM JJIs HAaC JaHHBIM O
TeMIlepaType 1 ocagkax (CM. pHUC. 5) MOXXKHO YBUIETb,
4YTO CpemHue JeTHUE TeMIlepaTyphl Bo3ayxa B 2016—
2022 rr. opumn Ha 0.2°C HMXe, 4YeM B MIpeabIayliye
aTh et (2010—2015 1T.), a CyMMBI OCaIKOB XOJIOJI-
HOro Tmepuoja MNpakTUYeCKM He U3MEHWINUCh
(—4.2%). Takumu, HE OYEHD CYLLIECTBEHHBIMU OTJIM -
YMSIMHA METEOPOJIOTMYECKHNX IIapaMeTpOB, TPYTHO
OOBICHUTH OKOJOHYIEBOM OajlaHC MacCHl JISTHUKA B
2015—2022 rr., Mo CpaBHEHUIO CO 3HaAYeHUsIMU 1977 —
2015 rr. Jag sToro HeobOXogmWMa IOITOJTHUTEIbHAas
nHPOpMALIS.

BTopoit MOMEHT CBsI3aH C YMEHBILIEHUEM CKOPO-
CTU IepeMelleHUS IMHUU (PPOHTA JISTHUKA 10 TOIU-
He ¢ 20 1o 5 m/roxn. IToka MOXHO TOJIBKO KOHCTaTH-
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poBaThb 3TOT (PaKT, HO I OOCYKAECHUS BO3MOXKHBIX
MPUYWH Y MPOTHO3a JATbHEHUIIEr0 pa3BUTUSI CUTYa-
LM HeOOXOAUMBI JONOJIHUTEIbHBIE UCCIEAOBAHMSI.

SAKJIIOYEHUE

IIpoBenéHHoe wucciaemOBaHUE TTO3BOJMIO OIle-
HUTh U3MEHEHWE TpaHMI], BBICOTHI MOBEPXHOCTHU U
oonéMa naemHuka Koszenbckuit Ha Kamuarke 3a
45-netHuit nepuon 1977—2022 rr., a TakKe ABa 6oJiee
KopoTKux nepuoaa — 1977—2015 u 2015—-2022 rr.
YcraHoBIEHO, YTO 3a Ipolieninue 45 JeT mIomaib
JIEMHUKA MpakKTUYeCKW He M3MeHMIach (Cokpalile-
Hue ¢ 1.77 £0.06 no 1.72 £+ 0.02 xm?). ITpu 5TOM 1711 -
Ha JIeMHWKa yBeJauduiach nmpuMepHo Ha 0.7 km, a
IMMPUHA YMEHBIIIACH MOYTH Ha BCEM MPOTSIKE-
HuM. BpIcoTa ero mOBEepXHOCTM IIOHU3WJIACh B
cpenHeM Ha 17.3 M. KyMynsTuBHBI# 6ajlaHC MacChl
negauka Kosenbckuii B 1977—2022 rr. ObLI OTpU-
HaTeJdbHbIM U coctaBull —14.70 = 3.94 M B.3. (B
cpeaHem —0.33 M B.3./Ton).

B mnociennue 45 ner Ha nenHuke Kosenbckuii
Mpourcxoaunsa yoblb Jbla U €T0 TiepepacripeiesieHue
Ha 0oJiee HU3KHME TUIICOMETpPUYECKUE YPOBHM, He
KOMITeHcupymoleecst absitimeit. B mocienHee necsi-
TWIETUE HaOMIogaeTcsl 3aMeJIeHrMe HacTylaHus
dpoHTa degHuka. CpeaHsiss CKOPOCTh HaCTYIIaHUS
¢ponTta negauka B 2012—2022 IT. cocTaBiIslyIa OKOJIO
5.2 m/ron npu 17.9 m/ron B 1977-2007 rr. n
20.0 m/ron B 2007—2012 rr.

M3meHeHMs BBICOTHI MOBEPXHOCTH JiegHUKa Ko-
3eJIbCKUI 1 ero 00beéma B 1977—2022 1. mpouncxonm-
a1 HepaBHoMepHo. Tak, 3a mepuon 1977—2015 rr.
CcpeoHee TOHMKEHHE TOBEPXHOCTU COCTABUIIO
17.84 M, 00BEM cokpaTwics Ha 35.21 + 7.20 muH M3, Ky-
MYJISITUBHBIN OajaHC Macchbl coctaBull —15.16 =+
+4.17 M B.3. (B cpeaHeM —0.40 M B.3./rom). B 2015—
2022 rr. cutyanus oblja MPUHIMIUATILHO UHOI — 3a
6 J1eT MOBEPXHOCTh B CpeHEM MOBBICHIIAch Ha 0.59
+ 1.55 M, 06BEM yBesmuwics Ha 1.01 + 2.65 mtH M3, Ky-
MYJISITUBHBIN 6anaHc Macchl coctaBmi 0.50 + 1.35 M B.3.
(0.07 M B.3./TOm). BO3MOXHO, 4TO 3Ta CUTyallsI UMe-
€T BpeMEeHHBII XapaKTep 1 OblIa 00yCIIOBJIeHa 6J1aro-
NPUSITHONM KOMOMHAIIEN METEOPOJIOTUUECKNX (pak-
TOPOB, COXpaHSIBIIECS Ha TMPOTSKEHUU HECKOJIb-
Kux JeT. g oTBeTa Ha BOIIPOC O MPUYMHAX
NPOU3OLIEAIINX UBMEHEHU U YCTOMYUBOCTH TAKOTO
COCTOSIHUSI JIEAHWKAa HEOOXOIMMO TIPOBECTH Ooiee
JIeTallbHble WCCIIENOBAHWUSI UYYBCTBUTEJBHOCTH CO-
CTaBJISIONINX OajlaHCa MAacChl K U3BMEHEHUSIM CUHOIT-
TUYECKUX MOKa3aTeseii B TeueHue 6aJIaHCOBOTO Tojia.

CoBpeMeHHbIE KITMMAaTUYECKIE YCIOBUS B PETHO-
He He OJaronpusaTHbBI IJis pPasBUTUSA JIeAHUKA.
B 1977—2022 rr. HaGmomancs TpeH I Ha ITOBBIIICHHUE
JIETHUX TEMIIepaTyp BO3AyXa IIPU OTHOCUTEIBHO CTa-
OMJILHOM KOJIMYECTBE aTMOC(MEepHBIX 0CAaIKOB, BhITIA-
JTalOIINX B XOJOOHKIN mepuoa. Habaonaemyio nuHa-
MUKY JIeIHNKA, TIPAaKTUIECKHA HETIPEPLIBHOE (KpoMe

1978—1981 rr.) HactynaHue ero poHTa B 1977—2022 IT.
MOXKHO OOBSICHUTH TOJIBKO BO3MECTBUEM BYJIKAHU-
yeckoro ¢daktopa. MoliHasi TToBEpXHOCTHasi MOpe-
Ha, IIOKpHIBaomias Gojiee 2/3 IUlomamy JemHUKA,
MIPETISITCTBYET MOBEPXHOCTHOI abssimuy. CBsI3aHHast
C aKTUBHBIM BYJIKAaHU3MOM IIOBBILLIEHHAS] CeCMUY-
HOCTB CITOCOOCTBYET ABIKCHUIO JIBIA.

baarogapnoctu. PaGora BhIMOJIHEHA TIpU IOM-
nepxke rpanTta PI'O Ne 38/2022-1.
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The change in the volume of the Kozelsky Glacier in Kamchatka for the period 1977—2022 (1977—2015 and
2015—2022) was estimated using historical data and modern DEM. During this period, the area of the glacier
did not change much. At the same time, its length increased by about 0.7 km, while the width decreased over
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its almost whole extent. The volume of the glacier decreased by 34.15 + 6.74 million m>, and its surface be-
came lower by 17.30 m, on the average. The cumulative mass balance amounted 14.70 = 3.94 m w.e., and the
mean annual value —0.33 mw.e. yr~ . In the last 45 years, the ice loss and redistribution to lower hypsometric
levels took place on the Kozelsky Glacier. In 1977—2015, the average area change in the altitude of the glacier
surface was equal to —17.84 m, the volume decreased by 35.21 # 7.20 million m?, the cumulative mass balance
amounted —15.16 £ 4.17 m w.e., and the mean annual balance —0.40 m w.e. yr—'. In the period 2015—2022,
an elevation of the glacier surface was recorded by 0.59 £+ 1.55 m on the average, the volume increased by
1.01 £ 2.65 million m?3, the cumulative mass balance amounted to 0.50 + 1.35 m w.e., and the mean annual
balance — to 0.07 m w.e. yr_'. During the last decade, a slowdown in the movement of the glacier front down
the valley was recorded. In 2012—2022, the glacier front advanced with a velocity of about 5.2 m/year, while
it was 17.9 m/year in 1977—2007, and 20.0 m/year in 2007—2012. The current climatic conditions are not fa-
vorable for development of glaciers. In 1977—2022, a trend of the summer air temperature rise was observed
with a relatively stable amount of precipitation falling during the cold period. The almost continuous (except
1978—1981) advance of the glacier in 1977—2022 can be explained by the influence of the volcanic factor. A
thick surface moraine covers more than 2/3 of the glacier area and, thus, prevents the surface ablation. In-
creased seismic activity associated with active volcanism promotes the ice movement.

Keywords: Kozelsky Glacier, Kamchatka, geodetic mass balance, volcanoes, historical data, satellite imagery
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[To nToram sKCrenUIIMOHHBIX UCCIEA0BAHU CHEXXHUKOB U JIETHUKOB JlaMckux rop Ha ruiato [lytopaHa B
2002—2004 1 2019 rr. 0151 cy>kaeHuit 00 UX COBPEMEHHOM COCTOSTHUY TTOJTyY€Hbl HOBbIE CBEIEHUS O PEXKU-
M€ Y 3BOJIOLUU MaTbIX POpM oJieficHeHUsI Ha (hoHe KITMMAaTUIECKUX TeHISHIINI TocaenHux jeT. B ycio-
BUSIX HEOJAroNmpUsSITHBIX KIMMATUYECKUX MepeMeH MaJible JISTHUKU Tiato [lyTopaHa NeMOHCTPUPYIOT
OOJIBIIYIO YCTOWYUBOCTD 110 CPABHEHUIO C KPYITHBIMU JIEMHUKAMU U MaJIbiIMU (hopMaMu OJIeAeHEHUsI, Cy-
1LIECTBYIOLIMMMU B TEIIOM (PUPHOBOIA 30HE JIbAOOOPA30BaAHUSI.
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BBEAEHUE

CoBpeMeHHbIe UCCIeA0BaHUS MaJIBIX (hOpM OJie-
JIIEHEeHWsI, pacIpOCTPaHEHHBIX B pa3HbIX paiioHaX Ha-
L€l CTpaHbI, He aJIeKBAaTHBI YPOBHIO IJISIIIUOJIOTYE-
CKOM M3Y4EHHOCTHU KPYITHBIX JIeMHUKOB. Takue 00b-
eKThl 3a4acTyl0 BBIMNAAAIOT U3 cdepbl BHUMaAHUS
IJISIIMOJIOTOB. XOTsI IMpeo0biamaioniasi 4acTh BOITHO-
JIEIOBBIX PECYpPCOB 3eMJIU 3aKIII0YeHA B JICTHUKOBBIX
MOKPOBaxX apKTUYECKUX M aHTApKTUYECKUX 00Jja-
CTeli, poJib TOPHOTO OJIENCHEHUSI BeCbMa 3HAa4YnuMa B
¢dbopMUPOBAHUH CTOKOOOPA3YIOIIE YaCTU IS0~
chepnl (Meier, 1984; Dyurgerov, Meier, 1997). Paiio-
HBI pacIIPOCTPaHECHMsI MaJIbIX (OpPM OJIeIeHEHUS
apKTUYECKUX pernoHoB M KaBkasza ObUIH TTOOPOOHO
HCCJIeTOBaHbl 1 KaTtajaoru3upoBaHbl B 1970-x romax.
OnHako comepKalrecs B KaTajorax CBecHUSI ObLIN
MOJyYeHbl MPEUMYIIECTBEHHO OMCTAHIIMOHHBIMU
MeTodaMu (B pe3yJibTaTe JenpupoBaHus a3podo-
TOCHUMKOB), YTO IIPUBEIO K TUCKYCCHUSIM OTHOCH-
TeJIbHO MPABOMEPHOCTU OTHECEHUS TeX WU WHBIX
OOBEKTOB K JICMHUKAM Y MOJHOTEe WHTEPIpPETAIuN
JTaHHBIX.

Llenp mcciaemoBaHUs — BBIIBUTH COBPEMEHHbIC
OCODEHHOCTU peXuMa W AUHAMHUKU MaJbIX (GHopM
OJICACHEHUS U U3YYUTh UX U3MEHEHUSI B peaIusiX CO-
BpEeMEHHBIX U3BMEHEHUI KiIMMaTa. PaccMOTpeHBI pe-
3Y/IbTAThI SKCITEAUIIMOHHBIX U3BICKAHUWI, TIPOBEIEH-
HBIX Ha JegHuKax Jlamckux rop rurato Ilyropana B
aBrycte 2002—2004 u 2019 rr. McxomHble n1aHHBIE O
rmapameTpax oJIeIeHEeHUST NUCCIeayeMOro paifoHa 3a-
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nmctBoBaHbl U3 Kartanora neqgHnmukoB CCCP. Yuursr-
BaJINCh PE3YJbTAThl PETYJISIPHBIX HaOMIOACHWIA Ha
OJKANIIX METEOCTAHIIMSX.

PAMOH UCCJIEAOBAHUM

[TmaTo ITyTopaHa mpencrasisieT co0oii 6a3aIbTo-
Bblii TOPHBIIA MaCcCUB, PaCOJOXEHHBIM Ha CEBEepO-
3anmagHoil okpanHe CpeaHecuOMPCKOro IIOCKOIo-
pbsi. Topwl tiato I[lyTopaHa BO3BBIIIAIOTCS B Cpe-
HeM 1o 900—1200 M, a HauBbIcuIasg Touka (1701 m)
HaxXoAWTCS B UX LIEHTpajbHOIi yacTu. Ha 3amane, ce-
BEpe U BOCTOKE 0a3aJIbTOBOE ILJIATO OOPBIBAETCS PE3-
knMu yetynamu 10 300—500 M BBICOTBI COOTBETCTBEH-
Ho K 3amamHo-Cutbupckoit u CeBepo-Cubupckoii
HU3MEHHOCTSIM U K M3BEeCTHsIKOBoMYy KoTtyiickomy
riato. K rory miaTo rjiaBHO MOHUXKaETCs, TIOCTENeH-
HO TIepeXxos K 00I1eMy YPOBHIO TNIOCKOTOPbSI C BbI-
coramu 500—700 .

CyliecTBOBaHME COBPEMEHHBIX (OPM OJIeIeHEe-
Hus Ha T1aTo [TyropaHa ripegornpeneaeHo crnenndu-
YeCKMM coueTaHueM MOP(OJIOrMIeCKIX U KIIMMAaTH -
yeckux (pakTopoB. KimMar mcciaenyeMoil TeEppUTo-
pUM XapaKTEPU3YETCSI HEYCTOMYMBOCTBIO ITOTOJIBI,
PE3KUM YBEINYEHNEM KOHTUHEHTAIHHOCTH KJIMMaTa
BocTOUHee 94° B.1I., BO3IEeCTBUEM aTJIaHTUIECKUX U
ApKTUYECKUX LUKJIOHOB B 3allagHbIX, CEBEPHBIX U
LIEHTPAJIBHBIX YacTIX, IIpeodIagaHeM BETPOB I0XK-
HBIX pyMOOB B BOCTOYHOI ITOJIOBUHE 00IaCTU U IOr0-
3alagHbIX — B 3aMagHOI.
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CpenHsis TogoBast TeMIIepaTypa Bo3myxa B Ipelie-
JIax WCCIIemyeMOoro paiioHa OTpMIIaTeIbHa BOCEMb
MecsieB B rony. CpeaHsisi TeMIiepaTypa repruoja ak-
KyMmyassuun Ha M/c Hopunbek gocturaer —18°C, a
MuHUManbHast —55.5°C  (http://www.pogodaikli-
mat.ru/history/23078.htm).

MaxkcuMmanbHble TeMmiepatypbl (10—15°C) Ha-
omopaloTcss B WIOJe, MUHUMAaJbHBIE — B SHBape
(—25...—30°C). AbcomoTHas1 aMIUIUTy1a KoJeOaHWit
TeMItepaTypbl Bo3nyxa mist Hopuibcka paBHa 82°C.
IMepexon Temmeparypnl 4yepe3 0°C mpoucxoguT BO
BTOPOIi leKaje Mast U B HauaJjie CeHTsI0psi. B ropHoit
30HE TIOCIIEOHSIS YIIOMSHYyTas IaTa cMellaeTcs Ha
KOHeII aBrycTa. SIpko BeIpakeHbl KIIMMaTHIecKas 30-
HaJIbHOCTh M BBICOTHAas TosicHOCTh (http://www.po-
godaiklimat.ru/history/23078.htm).

3anamHasg moyioBuHa 1rato Ilyropana otiangaer-
Csl OT BOCTOYHOI1 OoJiee CUJIbHBIMU BETpaMu, Cylle-
CTBEHHO OOJIBIIIMM KOJIMYECTBOM aTMOC(EPHBIX OCa-
koB (700—1000 mmM/ron B omimuue ot 320 MMm/Tom Ha
BOCTOKE) M 0oJiee MOIIHBIM CHEXHBIM MOKPOBOM
(80 cm Ha 3amane u 40—60 cM Ha BocToke). CpemHss
MPOAOJKUTEbHOCTD 3ajleTaHusl CHEXHOTO MOKPOBa
B TOpHOI MecTHOcTU mocturaetr 250—280 mHeii, B
pPaBHUHHOM YacTH yMeHbIaercst no 226 nueit (Capa-
Ha, 2005).

Jlennuku nnato IlyropaHa 3ajieratoT 3HaYUTENb-
HO HWXe KIMMaTU4YeCKOW CHEroBoil JIWHUU: TIO
ouenkam I.K. TymmHckoro (1962 r.) monoxeHue
CHEroBoOi1 IUHMU B JaHHOM paiioHe ObLJIO TpUypoUe-
HO K oTMeTKaM 1600—1900 M Hax yp. MOpsI. YUUTHI-
Basl KJIMMaTU4YeCKUe TeHAEHIIMA BTOPOU MOJOBUHBI
XX — navana XXI B. Teky1ee €€ MojIoXKeHNEe MOTJIO
CMECTUTHCS Ha ellé 6ojiee BBICOKUE YPOBHU. JlenHu-
KM B OCHOBHOM COCPEIOTOYEHBI B 3alaHON 4YacTu
IIaTO, Iie Pa3BUTHI LIIMPOKUE MIaTO00pa3Hble BOJIO-
paznefibHble TTOBEPXHOCTU CO CTYNMEHYAThIMU CKJIO-
Hamu, JiexanuMu Ha BeicoTax ot 800 go 1500 m. Jlen-
HUKU MPEeUMYIIECTBEHHO MPUYPOYEHBI K CKJIOHAM
(TMTPUCKIJIOHOBBIE, JIETHWKHW YCTYMOB U JIOIIMHHbBIE) U
KapaM (KapoBbl€, KapOBO-IPHUCKJIOHOBbIE, KADOBO-
BUCSIUUE, JSMHUKU KYyJIyapOB).

O06acTi aKKyMYJISILIMU U aGIsIuy Ha JIETHUKaX
y€TKO He pasrpaHuyeHbl. IlomoxeHune GUPHOBOM
JIMHUU 1 TTo1aay (PMpHOBBIX 0aCCEMHOB ITIepeMeH -
YUBbI. 30HbBI TASTHUST HA KAPOBBIX JIEAHUKAX IIPUYPO-
yeHbl K $I3bIKaM, IJe yrojl HakjJoHa MeHee 15°.
Ha ckx10HOBBIX JIETHMKAX U JISHHUKAX, JeXKallnux B
Kapax, 00JIacTh abJILIMY Jallle BCEro pacrnojaraeTcs
10 UX MEPUMETPY U HEOOJBIIMMU TISITHAMU 110 BCeit
TUTOIIAIH.

O coBpeMeHHOI aerpagalliy JISAHWUKOB IJIaTO
IlyropaHa cBUOETEABCTBYIOT OTYETINBO BBIpAXKEH-
HEBIe B penbede GOopMBI JISTHUKOBOTO penbeda —
JIpeBHUE, HbIHE ITYyCTYIOIIME, Kapbl, JOCTUTAIOIINE
500 m Oonee MeTpOB B IIMPUHY. B TTOHMXEHUSIX
BIIOJIb 3aJJHUX CTEHOK KapOB HEpPeAKO (pOpMUPYIOTCS
CHEXXHUKU. VX TTOBEpXHOCTH CUIILHO 3aCOpeHa 00J10-
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MOYHBIM MaTepUaIoOM, KOHTYpbl HeuéTkue. [TutaHue
CHEXHUKOB ITPOUCXOJIUT 3a CYET JABUHHOTO U METE-
JieBOro cHera. B MHOTOCHEXXHBbIE 3MMbI CHETOHAKOTT-
JIEHUE BEJIMKO, B pe3yJibTaTe Yero MoryT oopa3oBbl-
BaTbCsl MHOTOJIETHUE CHEXHUKHU. CyllecTByIOT
CJIOXKHOCTU B pa3iejeHU! MPU UCMOJIb30BAHUU AU-
CTAaHIIMOHHBIX METOJIOB JAHHBIX MHOTOJIETHUX CHEX-
HUKOB M KapOBO-NPUCKIOHOBBIX JenHUKOB (KoBa-
JeHko, 2011).

OcoObIii MHTEpeC BHI3BIBAECT CYIIECTBOBAaHME Ha
miato IlyropaHa ManbIx JIETHUKOB Ha HU3KUX YPOB-
Hsax — 1000—1600 M Hax yp. MOpsI, TAE CPEIHSIS JIET-
Hsag Temmneparypa gocturaet 10°C. CyimiecTByIOT
MPEAIOoa0KEeHUS 00 oIlepeXXaloInX TeMIIax Aerpaaa-
Uy ojeaeHeHus miato IlyropaHa 1o cpaBHEHUIO C
MIpOYMMU JIETHUKOBBEIMU TmpoBuHLsIMH (Capana,
2005). OmHako MBI HAOMOOAIM AL HE3HAYUTEIb-
HbIE MEXTOIOBbIe M3MEHEHUS JIeMHUKOB. B pamkax
HACTOSIIIIETO CCIeIOBAHMS N3yYeHbI TPU HUBAJIbHO-
NISIIUAJIBHBIX 00pa30BaHUSI Ha CEBEPHOM YCTYIIE
JlaMckux rop, KpyTo oOphIBalOIIeMCsI K aKBaTOPUHU
03. Jlama: nmemamkm Ne 30 m Ne 31 mo karanory
B.A. Capansr (2005), HazBanHbie Hamu [lpuBec u
Mans60po, M MHOTOJIETHU CHEXXHUK CTpyaoMc, 3a-
JIETaloIINii B IITyOOKOM Kape.

Jlemankn IpuBec m Manprb0opo — TUITMIHEBIC Ka-
POBO-TIPUCKIOHOBBIE JISTHUKU (MX pa3Mephl He TIpe-
BoeimaoT 150 % 250 M), 3ajeraroiire HEIIMPOKUMU
MOJIOCAMU BIOJIb ITOABETPEHHBIX CKIIOHOB B BEpXHEM
oporpaduyeckoM mnosice rato. OHU XapaKTepusy-
IOTCS 3HAYUTEIBLHOM KPYTU3HOM ITOBEPXHOCTU
(B cpemHeM 26°), IpUypOUYEHHOCTBIO K CKJIOHAM Ce-
BEPHOI1 9KCITO3ULINHU, 151 KOTOPBIX XapaKTepHBI OJ1a-
TOIIPUSITHASI OPUEHTUPOBKA OTHOCUTEJILHO CEBEpO-
3aMagHoOro IpeobIamaloliero HarpaBlIeHUs BIIaro-
HECYIIMX BO3AYIIHBIX TTOTOKOB 1 JIyYIlIie MHCOJISILIM -
OHHEBIE ycnoBUs. I[1oBEpXHOCTh JISTHUKOB OCJIOXKHE-
Ha NPOJOJBLHLIMU OOpO3JaMU TassHUS, KOTOpPbIe 6O~
Jiee 4ETKO BBIpaKeHBI 10 MEpe YBEIMUYCHUST YKIOHA
MOBEPXHOCTU. M3-mod IeTHUKOB BHITEKAeT MHOXKE-
CTBO PYYbEB.

MATEPUAJIBI 1 METO/1bI

DxkcreguoHHble uccaenoBadug 2002—2004 rr.
Ha ceBepHOM ycTyre JlaMCKUX Top, KOTOpBIe ObLIN
OTHECEHBI K KaTeropuu JIEIHUKOB, MOJYYUIU CBOE
MIpoOoKeHWe B KoHIe Itepuoma aoismum 2019 r.
BrImoaHeHO cHeroMepHoe NpoMUINPOBaHNE; U3ME-
PEeHBI TUIOTHOCTH B IIypdax rmiorHoMepoM BC—43;
IJIAHOBOE U BHICOTHOE ITOJIOXKEHNE IPaHUI] KaXXI0Io
00BbeKTa MO AAHHBIM IeIIU(MPUPOBAHUS KOCMUUE-
CKMX CHUMKOB M Ha3eMHOI1 Tonmorpadu4ecKoi CheM-
KU; BBIYMCIIEHBI HEKOTOPhIE Macc-0ajJaHCOBBLIE ITO-
KasaTenau JIeqHUKoB [lpuBec 1 Mann6opo: Bogo3a-
rac HecTasBIIETro OCTaTKa CHera B 00JIaCTU MUTAaHMSI;
MaKCUMaJibHasl CE30HHAasl aKKyMYJISILUSI; BHYTPEH-
Hee TIMTaHWe U TIp.
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Ilo marepuayiiaMm TIOJieBbIX HCCIEAOBAaHUM ycTa-
HOBJIEHBI OCHOBHbIE XapaKTepPUCTUKMU OajaHca Ma-
JbeIX jemHukoB IlpuBec m Manbbopo B TI€pUOIBI
2001—-2002, 2002—2003 u 2018—2019 rr. UsmeneHus
nomany JegHukoB I1pnBec m Manpbopo oneHBa-
JUch TIyTEM JOemudpupoBaHUsS KOCMOCHHUMKOB
Landsat 1 TM (aBryct 1973 r.), Landsat 7 ETM (aB-
ryct 2003 1.) ¢ mpoCcTpaHCTBEHHBIM pa3pelleHuem 15
M (¢ morpemHocThio +£0.016—0.018 xM?) u Sentinel-2,
OTCHSITBIX B KOHIIe nieproaa absuuu (aBryct) 2016 u
2019 rr. ¢ mpocTpaHCTBEHHBIM pa3peleHueM 10 m (c
norpemHocThio £0.008—0.009 xm?). KoopauHatsl 1
BBICOTHBIE OTMETKM XapaKTEPHBIX TOYEK TPAaHUI Ma-
JIBIX JIEMHUKOB OTpeNe/ieHbl C MPUMEHEHUEM CITyT-
HUKOBOM Teofe3uuecKoil amrmapaTypbl B peXume
“ObIcTpasi cTaTUKa” JIy4eBHIM METOIOM B COOTBET-
cTBUU ¢ “HMHCTpyKuMei 1o pa3BUTUIO ChEMOYHOIO
000CHOBaHMS 1 ChEMKE CUTYyalIMU U pesbeda ¢ mpu-
MEHEHUEM IJI00aJIbHbIX HABUTAIIMOHHBIX CITyTHUKO-
BbIX cucteM ITTOHACC n GPS”. [l mpou3BoncTBa
reofe3nuecKrX U3MEePEHU UCMOIb30BaH KOMITJIEKT
obopynoBanuss EFT M1 GNSS. Ilo pesyabratram
ypaBHUBaHUS TIpelieSibHas TTOTPEIIHOCTDb OIpeesie-
HUsI KOOpAWHAT TOoYeK B IiaHe coctaBuia 0.006 M,
o BeicoTe 0.025 M.

Hacrosmmiee umccienoBaHue OpomOJDKAeT CEPUIO
nmyonuKalii KoJJIeKTHUBa aBTOPOB C pe3yJibTaTaMu
MPSIMBIX Macc-0aJ1aHCOBBIX HAOIIONEHWIT 1 KOHTPO-
JIEM TUIOLIAAHBIX MI3MEHEHUI MaJIbIX (DOPM OJieAcHe-
Hus Ha 11ato Iyropana B moneBsie ce3oHbI 2002, 2003,
2004 u 2019 rr. (KoBanenko, ITomoBHuH, 2005;
KoBanenko u ap., 2021). B mpoiiecce nmpsIMBIX Ha-
3eMHBIX U3MEpPEeHUIl coOpaHbl AJaHHbIE IO 3Haye-
HHUSIM CHEro3amnacoB B CJIO€ CE30HHON aKKyMYyJs-
oy (cHer U (UPHOBBIA ocTaTok). CHEroMepHEIe
CHEMKU BBITTOJTHEHBI B CEPEIMHE U KOHIIE aOJIsSIIIOH-
Horo uukia. OmGHOBpEeMEHHO B Iypdax H3Mepsuid
IUIOTHOCTD CHEXXHO-(UpHOBOI Tomu. M3-3a Hemo-
CSIraeMOCTU Ha0I101aeMbIX OOBEKTOB B TIEPUOJ MaK-
CUMAJIbHOIM aKKyMYJISILIMY 3HAYeHUSI MAaKCUMAaJIbHO-
ro CHero3arraca K KOHILY 3MMHET0 Ce30Ha PEKOHCTPY-
WpOBaHbl MO JaHAa¢THBIM MapKepaM — 30HaM
Mpou3pacTaHus YEPHLIX JulnaitHukoB Umbilicaria,
OKAMJISIIOIIMX BepXHHUE M OOKOBBIE T'PAHUIIBI JIEHI-
HMKa Ha paBHOMEPHOM yIajeHum okono 10—15 M,
HEMoCPeACTBEHHO HIKe (DPOHTOB JIGTHUKOB PacCTO-
STHUE 10 TAaHHBIX PACTUTEIBHBIX COOOIIECTB YBEIIM-
yeHo. Takast kapTWHa OOyCJIOBJIEeHAa HEBO3MOXKHO-
CTBIO Pa3BUTHUS YCTOMYMUBBIX KOJTOHUI JaHHOTO BUIA
B IIpeleiax oOO0JacTeil, HaXOMSIIIUXCS II0H CHEroM
OOJIBIITYIO YaCcTh roja. B cocToaTeIbHOCTY TPEAIION0-
XKEHUsST O BO3MOXKXHOCTH MCIIOJIb30BAaHUSI KOHTYPOB
apeajioB JIMIIATHUKOB IUISI KOCBEHHOIO pacuéra MaK-
CUMAaJIbHOI BBICOTHI CE30HHOIO CHEXHOTO MOKpPOBa
yoexmaer Ouosormyeckuit skcrnepuMmeHT (Benedict,
1990), mpoBen€HHbINF B HUBaJIbHOM Tosice Ckanu-
cThiX Top. OH JHoKa3aa HEBO3MOXHOCTh KOJIOHU3a-
UM JIUTOTEHHBIX (pOpMalIii HEKOTOPBIMU OBICTPO-
pacTyIIMM Pa3HOBUIHOCTSIMU JIMIIAWHUKOB U3 PO-

KOBAJIEHKO u np.

noB  Umbilicaria wu  Rhizocarpon  TaMm, 1Ie
MPOIO/LKUTEIFHOCTD 3aJIeTaHUSI CHEXKHOTO IIOKPOBa
MpeBbIIIAeT NepBble OSCATKU HelIesb 3a ron. Torma
IIPaBOMEPHO IIPEAIOIOXEHNE O COOTBETCTBUM HILK-
Hell TpaHUWIIBl OOJIACTH, JIMIIEHHOU JIMINAHUKOB,
MaKCUMaJIbHBIM YPOBHSIM 3aJIeTaHUSI CE30HHOIO
cHera. Ha BepxHeit OpoBKe IJIaTO Hal UCCICAYeMbI-
MM OOBEKTAaMU YCTOMYMBBIN CHEXHBIN TTOKPOB HE
dopMuUpyeTCsl BCIEACTBUE aKTUBHOTO Ne(IISIIMOH-
HOrO BBIHOCA OTCIOJa HAa MOBEPXHOCTh JIGTHUKOB
(4eM 1 OOBSICHSIETCS UX CYIIECTBOBAHME HIDKE KIIM-
MaTUUYECKOM CHEeroBOM rpaHulbl). [TpuHSIB gonyiie-
HIUE 0 KBa3UIlapa/UIeJIbHOCTU THEBHOIT IIOBEPXHOCTU
JIEMHUKA BECHOI U JIETOM II0 IIPUYMHE MTPOCTOTHI UX
MOP(OJIOTUYECKOTO CTPOEHUSI M YCTAaHOBJIEHHOM B
XOJIe MOHUTOPHUHTA CIa00ii NI3MEHYMBOCTH ITOJIS aK-
KyMYJISILIMM, CTAHOBUTCSI BO3MOXKHBIM OLIEHUTDH TOJI-
IIMHY CHETa B ITIepHOJ MAaKCUMAaJIbHOT'O HAKOIIJICHUS.

[110THOCTh CHEXHOIO TMOKPOBA OIPEAC/IsIM B
ONOPHBIX 1Iypdax, B KOTOPHIX U3MEPEHUS IJIOTHO-
CTU TIPOBOIVIIN MOCTOMHO ¢ MOMOIIBIO TNTOTHOMEPA
BC—43. Bcero Ha nemnukax Manpbopo u IlpuBec
MJOTHOCTh ObLIa U3MepeHa B AByX Lnypdax. C yué-
TOM TOJIIMHBI CHEXHOIO ITOKPOBa B IIPOMEPHBIX
TOYKAX U IUIOTHOCTU CHETa B IMPUBSI3aHHBIX K HUM
mypdax paccuMTaHbl 3HAYCHUSI CHETOHAKOIUIEHUS
3a TepUod aKKyMYJISLIN.

B 11e151X mogoOHBIX peKOHCTPYKIINIT U3MEPESHHbIIA
B CepelMHE Ce30Ha BOAO3aIiac CJIosk CHera, KOTOPBIiA
B XOJIe CHETOMEPHBIX pabOT OIpeAeIsIv 10 HOPMAaJIH
K (pr3MUeCKOil MOBEPXHOCTU (B COOTBETCTBUU C ME-
TOOMKOI Macc-6aJJaHCOBBIX PACUETOB IJIsSI BCETO JIe -
HUKa IIepecYETOM uepe3 €ro UCTUHHYIO KPUBOJIM-
HEMHYIO IJIolanab), ObUI yBEJIMYEH Ha 3HaYeHUE
MPENIISCTBYIOIIETO CE30HHOTO CTAUBAHMSI:

AE = pLsin(a — B),

rae p — rwiotHocTh cHera (0.61 r/cM® B cpenHeM 1o
BceMy paspesy B 1ypdax); o 1 3 — yrJibl HaKJIOHa He-
JIETHMKOBOTO OOpaMJIEHUSI U TTIOBEPXHOCTHU JIEMHUKA,
COOTBETCTBEHHO (XapaKTepHble 3HaYeHUs: o = 27°,
B =18°); L — paccTostHue OT HUXKHEI TPaHUIIBI ape-
ajia JIMIAHUKOB 0 THIJIOBO# YacTu JiegHuKa. Po-
HoBas Bean4urHa L = 12.6 M coBITaJia 1o CBoeil Ben-
YMHE Ha MOMEHTHI POBENEHMsI CHETOMEPHBIX paboT
B 2002 m 2003 1T., 9TO O3HAYAET IIPUOIUIUTEITHHO
paBHOE cTauBaHUE Ha HayaJbHBIX OTpe3KaX CE30HOB
abnsiuuu. Takasi mapameTpu3alivsi TO3BOJSIET Bbl-
yuciuth AE = 1070 MM (B.3.) ¢ Y4ETOM IPUHSITOTO
15%-0r0 YILUTOTHEHMSI CHEXHOM TOJIIM B TEYEHUE
TEMJIOTO Meproaa, KOTOpoe OTMeYaeTCsl Ha MOCTOSIH-
HO HaOJI0IaeMbIX PEINPEe3eHTATUBHBIX JIEAHUKAX
JIPYrUX TOpHBIX cTpaH (Manblii AKTpy Ha Auitae,
Jxankyat Ha KaBka3se u ap.) (KoBanenko, 2011).

HocTtarouHass TycToTa TIPOMEPHBIX IYHKTOB
(puc. 1—3) 1pu mpoBeNeHUM CHETOMEPHBIX paboT B
KOHIIE Ce30Ha abJsIIuu U IMMpUMEeHEHUEe ONMMCAaHHOMN
BBIIIIE PACUETHOM CXeMBbl TTO3BOJIMJIN KapTorpahupo-
BaThb MPEICTaBICHHBIC HITKE MOJIST BOMHOTO 9KBUBAa-
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Puc. 1. OcHOBHBIE METEOPOJIOTUYECKIUE TTApAMETPhI palioHa WCCIENOBAHUIA TSI CE30HA aKKyMYJISIIIUM (CeHTI0pb—Maii) (a);
IUIS1 ce30Ha absIMu (MIOHb—aBrycCT) (0); cpeaHee 3HaYeHUe 3a Mepuoj abJIsILIMK adPO30JIbHOM ONMTUYECKOM TONIIMHBI aTMO-
chepnl o nanHbIM MODIS st Beeii Tepputopuu ruiato [TyropaHa (g): 1 — cymma ocankoB ERAS, mM/Mec; 2 — cymma oca-
koB M/c Hopuibck; 3 — temniepatypa ERAS,°C; 4 — remnepatypa M/c Hopuibck, °C; 5 — cpenHee 3HaYeHUe 3a TieproI aGisi-
LIMY 23PO30JIbHOI ONTUYECKO TOMIIMHBI aTMOC(hEPHI.

Fig. 1. Main meteorological parameters of the research area for accumulation season (September—May) (a); for ablation season
(June—August) (6); aerosol optical thickness of the atmosphere averaged over the ablation season, according to MODIS data for
the entire territory of the Putorana Plateau (6): 1 — precipitation amount ERA 5, mm/month; 2 — precipitation amount, Norilsk
weather station, mm/month; 3 — temperature ERA 5, °C; 4 — temperature, Norilsk weather station, °C; 5 — aerosol optical thick-
ness of the atmosphere averaged over the ablation season.
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Puc. 2. MakcumanbHast akkymyJisinusi B ce30HbI 2001/02 u 2002/03 1T. U1 y4acTKOB BbIlIe (PMPHOBOM TMHUU — JienHUK [1pu-
Bec 2001—2002 rr. (@) u 2002—2003 rr. (6), neqauk Mans6opo 2001—2002 rr. (6) 1 2002—2003 rT. (2): / — TOYKM CHETOMEPHBIX
paboT; 2 — 3HaYeHUe KOCBEHHO BOCCTAHOBJIEHHOM CE30HHOI aKKyMYJISIMU B TOUKe E—AE (MM BOI. 9KB.); 3 — U30JIMHUU aK-
KyMyJassiuu (MM BOI. 3KB.); 4 — rpaHMLIA JIEAHUKA JAHHOTO roaa; 5 — upHOBast JIMHUSI.

Fig. 2. Maximum snow accumulation in 2001/02 and 2002/03 balance years for areas above firn line positions — Prives Glacier
2001—-2002 (a) and 2002—2003 (6), Marlborough Glacier 2001—2022 (¢) and 2002—2003 (2): I — snow depth measurements
points; 2 — values of indirectly reconstructed seasonal accumulation in point E—AE (mm w. e.); 3 — accumulation isolines; 4 —
the boundary of the glacier of correspondent year; 5 — firn line position.

JICHTa B HECTasIBIIIEM OCTaTKe CE30HHOTO CHera (Io-
JIST 9UCTOM aKKyMYJISIUM OOJlacTel MUTAHWS), IS
Yero MCIOJb30BaJINCh CTAHIAPTHBIC WHTEPITOJISIIIA-
OHHBIE MPUEMBI MEXXIY 6aJTaHCOBEIMU 3HAYCHUSIMU B
TOYKAX, a TaKxKe OTYACTU CBOMCTBA IMOA00OUS MoOeii
TSI TIOCJIEIYIOIIUX CE30HOB.

Oo01mue TeHASHUUM M3MEHEHUsI Macc-0ajaHCo-
BBIX MOKa3aTeJieil M IUIOLIAAHBIX IapaMeTpOB pac-
cMaTpUBaeMbIX MaJibIX (DOPM OJIeI€HEHUS MTPEaCTaB-
JIEHbl B TPEIIISCTBYIONIUX ITyOIUKAIIUSIX aBTOPOB
(KoBanenko, IlonmoBHuH, 2005; KoBajgeHKko u ap.,
2021). B HacTos1eil paboTe IpearpuHsITa IMOIIbITKA
MIPOAHAIU3UPOBATh KOPPEISIIUI0O 0003HAYECHHBIX
BBILIIE TCHACHIINN ¢ HAOII0AaBIIMMUCSI N3MEHEHUSI-
MU pSIia METEOPOJIOTUISCKUX XapaKTEePUCTHK.

g aHanm3a MeXTOTOBOM N3MEHINBOCTH OCHOB-
HBIX METEOPOJIOTUUYECKUX BEJIUUMH B MIEPUOI UCCIIC-
MIOBaHUI MCITOJIb30BaHbBI: MPU3EMHAasl TeMIiepaTypa
Bo3ayxa, MecsauHasi cymMma ocankoB (http://www.po-
godaiklimat.ru/history/23078.htm) u TaHHBIE METEO-
pojormyeckoro peaHanusa EBpomeiickoro IiieHTpa
cpemHecpodHBIX mporHo3oB moroasl ERAS (Hers-
bach et al., 2020), KOTOpBIii SIBJISIETCSI CUHTE30M
YCBOGHHMSI MaTeMaTUYEeCKO MOJIEIbl0 CTaHIIMOH-
HBIX, adpPOJOTHMYECKUX, CITYTHUKOBBIX HAaHHBIX Ha-
OIOOCHWIA M YMCIICHHOTO MPOTHO3a COCTOSTHUS aT-
Mocdepsl. JlaHHbIEe peaHaTu3a MPeACTaBIIsIIOT COO0I
3HAYCHMS B peryaspHoii ceTke ¢ maroMm 0.25 rpamyca
T10 IITUPOTaM M ToATOTaM. JIJIsT XapaKTepUCTUKH pac-
CcMaTpMBaeMoOro paiioHa TMPOBEIEHO OCpeIHEHUE
JNAHHBIX Ij1s1 o61acTu ot 68 mo 70° c.ur. u ot 88 mo
92° B.m. [1o MaHHBIM U3 3TUX UCTOYHUKOB paccUnTa-
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Puc. 3. Bonozamnac ¢upHoBoro ocratka 2001/02 u 2002/03 rr. — senHuk [Mpusec 2001—2002 rr. (@) u 2002—2003 rr. (6), nen-
HUK Mans6opo 2001—2002 rr. (8) 1 2002—2003 1T. (e): / — TOUKM CHETOMEPHBIX paboT; 2 — 3HaUYeHUE Bojo3arnaca B GupHOBOM
ocratke E-A0; 3 — u3osmHuUM Bofo3arnaca; 4 — rpaHuiia JJeAHUKA TaHHOTO roja; 5 — ¢oupHOBasi IMHUS; 6— rpaHULIA TUTAHUS.
Fig. 3. Water equivalent of firn residue in 2001/02 and 2002/03 — Prives Glacier 20012002 (a) and 2002—2003 (6), Marlborough
Glacier 2001—-2022 (g) and 2002—2003 (e): / — snow depth measurements points; 2 — values of water equivalent of firn res-
idue E-AG; 3 — water equivalent isolines; 4 — glacier border of correspondent year; 5 — firn line position; 6 — equilibrium line.

HBI CpelHMe 3HAYeHUSI METEOPOJOrMYeCcKUX Iapa-
METPOB JJIsI TIeproia aKKYMYJISILIMU (CEHTSIOpb—Mait) u
aomstuuy (vroHb—asrycT) ¢ 2000 mo 2020 1. (puc. 4, a—06).

PaccMmoTpena Takke MI3MEHUYMBOCTD Ta TEPPUTO-
pUU BBITIOJTHSIEMBIX PabOT TAaKOTO IMapaMerpa, Kak
a’po30JsibHasl ONTUYECKasl TOJIIIMHA aTMOchephI (1a-
Jnee — AOT), nockonbKy B 2019 1. oTMeuanoch 3HaUM -
TEJIbHOE KOJIMYECTBO JIECHBIX ITOXAapOB B CEBEPHOI
yacTu KpacHosIpcKoro Kpast U CUJILHOE 3aJbIMJICHUE.

M3-3a oTCcyTCTBUS JAaHHBIX U3BMEPEHUI colepxka-
HUS 2a9p030Jis1 B BO3AYXE ISl aHAJIM3a B3SThI PE3yJib-
TaThl CMYTHUKOBOTO MOHUTOpHHTA Mpubopa MODIS
(Justice et al., 2002), ycTaHOBJIIEHHOTO Ha CITyTHUKE
TERRA/AQUA (cM. puc. 4, 8). DTOT IIpubOP MO3BO-
JIIeT BOCCTaHaBJIMBaThb IJIs1 OOJIbIIONW TepPPUTOPUU
KOMIIJIEKCHYIO XapaKTEpUCTUKY CTENeHU 3arpsi3He-
Husg Bo3ayxa — AOT, mokasbsIBaIoONIyIo OcJiabjieHue
COJIHEUHOW pagualiiv BO BCEM CTOJI0€ aTMOCHhEPHI.
IMpomykT ropeHus jieca — caxa Ui YEPHbBIN yriepoa —
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CWJIBHO ITOTJIoNIalolIee BemecTBo. CinenayeT Ipearo-
JIOKUTB, YTO Ha ¢poHe BhicOKMX 3HaueHU AOT mo-
XKET yMEHbBIIAThCS IIPUTOK COJHEYHOM pamgualuu
W/WIN YMEHBIIAThCS IIPpU3eMHasl TeMIleparypa Bo3-
nyxa. ITomoOHbIe 3(PEKTH JOCTATOYHO U3yUYEeHBI 1
OBLIM OLICHEHHI IS TT0XapoB B BocTouHoit Cubupu
B 2019 1. (Kirsanov et al., 2020).

PE3VJIBTATBI

CseneHus 00 yCIOBUSX BHEITHETO MaccooOMeHa
JIEMHUKOB ITOJIyYeHBI B pe3y/JbTaTe aHaJIn3a JaHHbBIX
MOJIEBBIX MCCIEOOBAHUMI, BBIITOJTHEHHBIX B JIETHUM
ce3oH 2002, 2003, 2019 rr. Ha MaJbIX JIEAHUKAX IJ1aTO
IIyropana. I1pu 3TOM B mocjieqHeM U3 3TUX CE30HOB
BO3MOXHOCTH ITIPUMEHEHMUsI KOCBEHHOTO pacyéra
ObLIH OOJIee OrpaHUYEHBI ITO CPABHEHUIO C TIPEIbIIY -
IMMUM. Pe3ysIbTaThl BHIIIOJHEHHBIX MCCIEIOBaHUIA
OBLTM YaCTUYHO PACCMOTPEHBI B MPEAIIECTBYIOIINX
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Puc. 4. Bonozanac ¢pupHoBoro ocratka Ha jenHukax [Ipusec u Manbs6opo B 2018/19 r.— nequuk INpusec 2018—2019 rr. (a),
snenHuk Manb6opo 2018—2019 rr. (6): 1 — TOUKM CHETOMEPHBIX padoT; 2 — dupHOBasi JIMHUS; 3 — rpaHULIA JIEAHUKA TaHHOTO

rofa; 4 — u30JUHUU (hUPHOBOTO OCTATKA I'/CM”.

Fig. 4. Water equivalent of 2018/19 firn residue on Prives and Marlborough Glaciers — Prives Glacier (a), Marlborough Gla-
cier (6): 1 — snow depth measurements points; 2 — firn line position; 3 — glacier border of this year; 4 — firn residue isolines, g/cm~.

IMyOJIMKAIIUSIX aBTOPOB, TITOCBSIIEHHBIX TaHHOMY
paiiony (KoBasieHko u ap., 2021).

Hust 2001/02 1 2002/03 TT. cocTaBISHBI KapTOCXe-
Mbl BOCCTAHOBJIEHHOTO MaKCUMaJIbHOTO CHero3ara-
ca B CE30HHOM CJIO€ aKKyMYJISILuK (CM. puc. 1, a—e)
U KapThl Bogo3anaca (OMpHOBOTO OcTaTKa (CM. puc. 3,
a—e). B Tabm. 1 mpuBeneHbl UTOTM pacuy€Ta Macc-0a-
JIAHCOBBIX XapaKTepUCTUK, B TOM yucie: £ — TeKy-
LU BOJO3anac CE30HHOTO CHEXHOTo MOKpOBa Ha
JlaTy MpoBeaeHUs] CHEroMepHbIX chEMOK (18.08.2002
n 14.08.2003); £+ AF — KOCBEHHO BOCCTAaHOBJICHHOE
3Ha4YeHUE CE30HHOTO MaKCUMyMa aKKyMyJasauuu; A —
abJIsIIMs 3a Mepuoj Mocje CHETOChEMKU 0 OKOHYA-
HUS ce30Ha abJsIIMK JaHHOTO OajlaHCOBOTO Toja (3a
18—23.08.2002 u 14—25.08.2003); E—A — WUTOroBbIi
BoAo3arac B GUpHOBOM OCTaTKe (yIeJIbHBIN OadaHC
Macchl). CTporo roBopsi, IociaenHss rpaga B Tadm. 1
OTJIMYaEeTCd OT UCTUHHOTO 3HAY€HWSI UTOTOBOTO 3a
ron OajiaHca Macchl (GUPHOBOTO OacceiiHa Ha BeIu-
YMHY HEYYTEHHOIO B MPUMEHEHHOM pacuyE€THOM cxe-
M€ BOMHOIO 3KBMBAJIEHTa MOBTOPHOIO 3aMep3aHus
TaJIbIX BOJ HUXE CJIOSl TEKyIIero HakoruieHust F
(BHYTpPEHHETO MUTaHUSsI, U JeKpeMeHTa abJIsIlun).
JlokasibHBIE TTapaMeTpPhl 3TOU BEJTUUYUHBI B YCIOBUSIX
iato IlyropaHa HyXAalOTCSd B YTOUHEHMU, OCHO-
BaHHOM Ha M3MEPEHUSX Bojo3arnaca B HECKOJIbKUX
MOCJe10BaTeIbHBIX TOMOBbIX TeHepalusix GupHa B
BEPXHEM YacTu TOJIIIIM JienHrKa. [TomoOHbIe u3Mepe-
HUS B ycJaoBUsIX rocrnoactBytoniero B CpenHeit Cu-
OUPU XOJIOJHOTO pexXrMa OJIeIEHEH NS, IEPEXOTHOTO
OT XOJIOMHOTO (PUPHOBOTO K MH(UIBTPALIMOHHOMY,
paHee He MPOBOIUIKCD.

[Mpubu3nUTENHHO OLEHUTH BEIUYUHY F MOXHO
Jamab it 2001 /02 1., Ucxost 3 KOCBEHHBIX COO0pa-
KEHUN U JOMYILIEHUS O MPUMEHUMOCTU METOIUKU
pacuéra F st GupHOBBIX 30H, TipeaaoxeHHoit [ H.
Tomy6esbiM (1976). Heob6xommMBble TSI BEIYUCITICHUMN

3HaYCHUA Bprﬁ)KCHHOﬁ B CaHTUMETpax CHEra TOJI-
IUUHBI 3UMHEH AKKYMYJIALMUUN TEKYLICTO U IOCJIIEAY-

IONIEero TONOB (/4 M A COOTBETCTBEHHO) MOJIydyaeM,
repeBes B CJIOi CHera BOIHbIN 9KBUBAJIEHT MaKCH-
MaibHOM akkymynsiuuu E + AE depe3 IIOTHOCTH
BeceHHero cHera p, = 0.52 r/cM?, KoTopast B CBOIO
ouepelb BOCCTAHABIMBACTCS MYTEM YMEHbILEHUS Ha
15% nnoTHOCTH CHEXHOTO MTOKPOBAa B KOHIIE TIEPUO-
Ja abJIsILMK 1O pe3yJibTaTaM BhIIOJTHEHHOTO ypdo-
BaHUsI, KOTOpOe B OOOMX roax 0Ka3ajloCh PaBHBIM
p = 0.61 r/cm?. Tak, Ha tennuke [MpuBec:

ho=(E+ AE)001/020/Po = 370 cm,
' = (E+ AE)02/03/Po = 503 c™.

st nemHuka Maib00opo aHAJIOTUYHBIE PACUETHI
NPUBOAIT K 3HaueHUsIM A, = 349 cm, A = 520 cm.

CaeneHus e I onpeneseHus: napamerpa /4. (ToJ-
II1MHA (PUPHOBOIO OCTaTKa) TAK>KE BHIBOMSITCS U3 Ma-
TepuaJioB MPSIMbIX MOJEBBIX UBMEPEHUIA:

hi = (E — A)01/02/P-

HMcxomas BemunMHa Toraa coctasisieT 99 cMm mist
nengauka Ilpusec n 80 cMm g nemauka Mams0opo.
HNtoroBoe BhruMciieHUEe F 10 YUCIEHHOMY PaBEHCTBY
(Tony6eB, 1976)

F =0.06(1000 — A)) + 0.3(1000 — A, — A")

MIPUBOAUT K 3HAUYEHUIO 157 MM BOTHOTO 5KBUBAJICHTA
o naHHbIM ¢ [IpuBeca u 159 MM 1o naHHBIM ¢ Majib-
o6opo. C yuéToM 0e3yCIIOBHO MMEIONIEiT MECTO ITO-
IPEIIHOCTU KOCBEHHOTO pacuéra 06a BapraHTa Clie-
JIyeT TIPU3HATh UAeHTUIHBIMUA. OCpemHEHHYIO BEJIU-
yuHy F ¢ okpymieHueM 10 10 MM MOXHO IIPUHSITh
paBHOI1 160 MM.
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Taomuna 1. CpenHue 3HaYyeHUsT Macc-0aaHCOBBIX MapaMeTpoB JenHuKoB [IpuBec 1 Manb6opo (MM. BOJI. 3KB.)

KocBenno
BOCCTaHOBJIEHHBIN AGJs1IMS 3a TIEPUOL,
Bonosamnac cHexXHOTO . . | Bomozamac ¢pupHOBOTO
BECEHHUM MAKCUMYM | IIOJICBBIX HAOIIOMEHMIA “
JlenHuk MOKpPOBa HA MOMEHT ocraTka (“uucrast
CHETOCHEMOK (E) BOI03araca CE30HHOTO IOCJIe MPOBEACHMS AKKyMy SIS ™) (E—A)
CHEXXHOTO IIOKpOBa CHETOCHEMOK (A)
(E+ AE)
2001/02
ITpusec 854 1924 251 603
Mans6opo 744 1814 256 488
2002/03
IMpuBec 1546 2606 797 749
Mans6opo 1628 2698 690 1185
2018/19
I1pusec 1379 2829 198 1181
Mans6opo 1040 2490 211 829

M3BecTHO, 4TO ¢ yCMIEHUEM KOHTUHEHTAJIbHOCTH
KJIMMaTa BO3pacTaeT poJib BHYTPEHHEro IUTaHUS,
CKayKOoO0Opa3HO Magalolero 10 HyJIs IIpU IIepexone K
VMHQPWIBTPpalOHHO-KOHXEISIIIMOHHON 30HE JIbIO-
oOpa3oBaHUs, TIe IPOCAYNMBAHUIO TAJIBIX BOI HIKE
OCHOBaHUS CE30HHOTO CJIOSI IIPEIISITCTBYET €XKETOTHO
oOpa3syronuiicss Ha HXKHEM KOHTaKTe TMIPOTre HHbIM
HaJIOXKEHHBIH J1én. BriBeneHHas BemunHa F= 160 MM
HAaXOIUTCS B IIOJITHOM COITIACOBAaHUM C 3TOM 3aKOHO-
MEPHOCTHIO: Ha JIETHUKAX, PACIIOJI0KEHHBIX B ropa3-
J10 60J1e€ MSTKMX KJIIMMAaTUIeCKUX YCIIOBUSIX YMEPEH-
HBIX IIUPOT (AKTpY, JXaHKyaT), BHyTpeHHee MuTa-
Hue He nipeBbinaet 140 mm (JlemHuku Akrtpy, 1987;
Popovnin, Naruse, 2005). Takum o6pa3oM, cireayer
KOHCTaTHPOBAaTh IOBOJILHO 3HAYMMYIO POJIb IIPOIIEC-
ca IIOBTOPHOTO 3aMep3aHMs XUIKOMH BOIBI B TOJIIE
MMyTOPaHCKUX JeMHUKOB. Hemb3s yTBepXaaTh, 4YTO
BOIHBIN 3KBUBAJICHT 3TOTO0 IIpollecca KOJINYESCTBEH-
HO COM3MEPUM C aKKYMYJISILME 1 abasueil Ha 1mo-
BEPXHOCTH, HO B OTJIMYME OT JICHTHUKOB CyIry0o0 OKea-
HUYECKOTO MOPCKOIO THUIIA, €r0 IPOLIEHTHOE COOT-
HOIIIEHWE C OCHOBHBIMU KOMIIOHEHTaMM OajlaHca
cocraBigteT He 5—10% (I'onyGes, 1976), a 3amMeTHO
BoIlIe — 10 15%. W3-3a sToro Heyuér F B Macc-06a-
JIJAaHCOBBIX pacy€Tax JIOObIX CHOMPCKUX JIETHUKOB
MPEACTAB/ISIETCS JIMIIEHHBIM CMBICIIA 10 IIPUYMHE
OTHIONb HE TIPEHEOPEKMMO MaJIBIX OoIMMOOK. B Ha-
IIEM Xe CIydyae TOYHOE BbIBEJCHUE OajlaHCa MacChl
JUIST BCETO JIEMHWKA HU JJISI OMHOTO U3 OOBEKTOB He-
BO3MOXHO M3-3a OTCYTCTBUSI MHGPOPMALIMU O TOI0-
BOM CTaWlBaHUM JIbJa HIKE TpaHULIbI IIMTAHUS, OJI-
HaKo mis1 pUrypupylommx B Tada. 1 obaacreit pup-
HOBBIX 0acceiiHOB ITapaMeTpu3alus yAeJIbHOIO
OajlaHca Macchl BCE-TakKM BO3MOKHa. s saTux 1e-
Jieii HeoOXOAMMO YBEJIWYUTh 3HAUYEHUE Bojo3ariaca
dupHOBOTO octaTka £F—A U3 KpaliHe ITpaBoii KOJIOH-
KM Ha 0003HAYEHHYIO BEIUYMHY B 160 MM, TOTOMY
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YTO BHYTPEHHEE ITMTAaHWE B CBOEM (PU3NIESCKOM
CMBICJIE WUTpaeT poyib AckpeMeHTa aousuuu. Ilo-
CKOJIbKY Ha OOJIBIIMHCTBE OOBEKTOB IJISIIIUOJIOTYE-
CKOTO0 MOHMTOPMHTA IToKa3aTejab F o4eBUIHO He 3a-
BUCUT OT BpEMEHHU Ha JaHHOM CTaguU pa3BUTHSI OJIe-
neHeHus (B yactHoctu — Jlemnuk [xkankyat, 1978;
Jlemnukn Axtpy, 1987), To BIoiHe OOOCHOBAHHO
pacIpoCcTpaHUTh TE3UC O HEM3MEHHOCTU BEJIMYMHBI
BHYTPEHHETO IIMTAHUS OT To/ia K TOAy M Ha OJieficHe-
Hue JIaMcKux rop.

banancossie niepuons 2001—2022 u 2002—2003 rT.
TSI ICCIIEAYEMBIX OOBEKTOB SIBHO OTIMYAIOTCS Iapa-
MeTpaMmu Oromxkera (cM. puc. 1—2; Tabm. 1). Ilpen-
CTaBJICHHBIE 3HAYEHUS YUCTOI aKKYMYJISILIMU, OTHE-
CEHHOI KO Bceil 00JIacTH IMTaHUSI, CBUIETEIbCTBY -
oT o ToM, uYto mepuon 2002—2003 rr. OBIT
3HAYUTEJIbHO OoJjiee OJIArOINPUITEH IJIST MCCIEdye-
MBIX JIemHUKOB, yeM 2001—2022 rr., a MeHHO: Ha
JnenHuke IlpuBec YMCTHIN MpUxo/ BelllecTBa (C yué-
TOoM 160 MM-0Ji TTONTPaBKU Ha BHYTPEHHEE MUTAHUE)
coctaBuwi B 2001—2022 rr. 763 MM B CJIO€ BOIbBI, a
2002—2003 rr. — 909 MM, T.e. HaOmogaercst 20%-ii
MIPUPOCT TaHHOTO MapaMeTpa; IJIst IeAHuKa Manb00-
PO TaHHBIN IIPUPOCT ObLI €1I€ 00JIee 3HAYUTEIILHBIM
(6onee yeMm ABYKpaTHBIM): 647 MM B 2001—2022 rT.
npotuB 1298 mm B 2002—2003 rr. binaromnpusitHas 6a-
JIaHCOBasl 0OCTAaHOBKA JIEAHUKOB OOBSICHSIIETCS OCO-
OEHHOCTSIMU HUPKYJISIIUOHHOTO pexuma 2002—
2003 1., KOTOpBIE CMOINIM KA4ECTBEHHO NOMEHSTh
B3aMMHOE COOTHOIIIEHIE MEXIY BEIlleCTBEHHBIM 0a-
JIJAaHCOM 00OMX CpaBHUBAEMBIX JISTHUKOB B IIpeaesiax
ogHoro roaa. Jlenauk IIpusec B 2001—2022 1T. ocTa-
Bajicsl B 0ojiee BHITOIHOM OaJIlaHCOBOM COCTOSIHUM,
omHako B 2002—2003 rr. OoJiee OysaronpusiTHbIe
YCJIOBUSI CIIOXKWIIMCH Ha JIemHUKe Maimb00po.
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CyxnaeHue o 0ojiee OJaroIpUSTHBIX YCIOBUSIX B
2002—2003 rr. g negaukoB To1ato ITyropana o6oc-
HOBaHO COITOCTaBJICHUEM 3HAYEHUM MOJIM 00JacTu
nutanust AAR (accumulation area ratio) mo romam.
Ha puc. 2 oT9€TIMBO IpociiexknBaeTcsI TOT PaKT, UTO
JUJISI BCEX UCCIIEAyeMbIX OOBEKTOB B 3TOT MEPUO, MO-
BEPXHOCTH, JiexKalllre HiKe (pUpPHOBOM JIWMHUM, 3a-
HUMAIOT 3HAYUTEIbHO MeHbINe Iiomani. OaHako
CTOUT YUYUTHIBATh, YTO (PUPHOBAS TMHUSI HE SIBJISIETCS
TOYHBIM MapKEpOM, Pa3IelISIIONIUM O0JacCTU aKKYy-
MYJISIIAY 1 a0JS1IMK, TIOCKOJIBKY MOA HEM pacmojio-
KEH apeasl paclpocTpaHeHUsI HAJIOKEHHOTO JIbja,
HIDKHUIL yYpPOBEHb PACIIPOCTPAHEHUST KOTOPOTO
npeiaraeTcs CAMTaTh MICTUHHOM TpaHuIleil o0nacTtn
nutaHus. [loatomy crporoe omnpeneneHnue AAR mno
MOJI0XEHUIO (GUPHOBOI IMHUK HA PUC. 3 HEBO3MOX-
HO. 3aTO Ha OCHOBAHMHU PUC. 2 YETKO AN PUPYyET-
csl Ta 4acTh JIMHMKA, Ile COoXpaHsieTcs (UPHOBBII
octatok. I1o ananoruu ¢ AAR BBedEM pOICTBEHHBII
U ceMaHTu4ecku om3kuit emy cumBoa FBR (firn ba-
sin ratio), o603HayvaroMii 10JI10 GUPHOBOIO Oaccei-
Ha. Jlydmne pacmno3HaBaeMmblii Ha ¢dororpadpusax u
KapTorpadupyeMblil IIpU UCCISIOBAHMMY HA MECTHO-
ctu (Hampumep, npu GPS-meTpuu), 3TOoT mokasa-
TelIb CIIyXUT TaKUM K€ WHANKATOPOM COCTOSIHUS
nenHuka, kak 1 AAR. B 2001/02 u 2002/03 rr. BbI-
yucieHsl 3HaueHust FBR: nis nennuka IMpusec — 70
1 93%; mira nepaka Mans6opo — 75 1 91% coorser-
ctBeHHO. EcrecTBeHHO, n3oxpoHHbIe 3HaYeHnsI AAR B
KaXKJIOM CJTy4yae JOJIKHbBI TTPEBBIIIATh 3TU MTPOLICHTHI.

IlpencraBnsieTcss MHTEPECHBIM, YTO IS OOJb-
IIMHCTBA perpe3eHTaTUBHBIX JIEMHUKOB 3eMJIM, Ha
KOTOPBIX BeAETCS CUCTeMaTUIECKMIT Macc-0alaHCco-
BBIIf MOHUTOPUHT, TToKa3aTeab AAR penko rioe nmeer
3HaA4YeHMs BbIlIe, yeM mokas3atenu FBR mis manbix
MIPUCKJIOHOBBIX JISMTHMKOB IutaTo IlyTopaHa B Te ke
roasl (Glacier mass..., 2005). IIpuuuHoit mpeacTaB-
JISIETCS. COCPENOTOYEHUE PETYJISIPHBIX HAOIOOCHUM
MIPEUMYIIECTBEHHO Ha JIEMHWKAX TOJMHHOTO THUIIA,
IUIOIIAAb KOTOPBIX 3HAYUTEJIbHA M COCTaBJISIET He-
CKOJILKO KBaJIpaTHBIX KMJIOMETPOB.

OTBeuaroniasi CTalluOHAPHOMY COCTOSTHUIO BeJIM-
yuHa AAR; (Glacier mass..., 2005) mist JaHHBIX
OMNOPHBIX JISAHNKOB B CPAaBHEHMH C IIPUCKIOHOBBIMU
3aKOHOMEPHO OTJMYAeTCs B MEHBIIYI0 CTOPOHY.
MuHUMAILHOM JaHHAs BeJIMYMHA TEOPEeTUYECKU
JIOJDKHA ObLIa OBl OBITH B ClIydae ¢ KJIAaCCUYECKUMU
KapOBBIMU JIEMIHUKAMM, Tl€ KOHIIEHTpAIUs Belle-
CTBa yYallle BCETO COCPEIOTOYCHA B Y3KOM IOJI0CE B
TBUIOBBIX YaCTSX ITOI CTEHKOIT KapoB, TaM, IJIe CHET
CHOCHUTCS JJaBUHAMU U TIepepacIipeacssieTcss MeTesie-
BBIM NEpEHOCOM. TaM 3aKOHOMEPHO COXPaHSIOTCS
YYaCTKU C II€PEeJIETOBBIBAIOIINM €KEeTOmHO (DUPHO-
BBIM ocTaTKOM. OOYyCJIOBJIEHHOCTh & 3HaYeHUM
AAR MopdosornyeckuM TUIIOM JeAHUKA 3aJI0XKeHa
B [siiinoniornuyeckoM cinoBape (1984) mpu nipeacras-
JIECHUU POJICTBEHHOIO IOHATHUS — JIEMHUKOBOIO KO-
a¢dunmeHTa. M3 BBIOOPKU JEOHMKOB I100ATbHOMI
0a3bl JAHHBIX MOXHO BBIWICHUTH BCETO HECKOJIBKO

OOBEKTOB PETYISIPHOTO MOHUTOPUHTA, KOTOPhIE HE
SBJISIFOTCS JOJWHHBIMU, a OTHOCSITCSI K KaTeropuu
KapOBBIX, — TaK1e Kak JeqHuK [TeHIeHTe B UTaJIbsIH-
ckux Aunbiiax, Manageta B ucnanckux IlupeHesx.
DT JeTHUKU, B COOTBETCTBUH ¢ Tabnuiiamu broie-
TeHst 3a 2002—2003 rr., cOOTHOCATCS €O CHOPMYJIH-
POBaHHOM 3aKOHOMEPHOCTBIO 1 OTIMYAIOTCS ITOHHU-
KeHHbIMU 3HaueHusIsMu AAR < 0.4. B Takom ciyuae
IIPUCKIIOHOBBIC JICAHUKUM IIPpEACTABJIAIOT ITPOTUBO-
MOJIOXXHYIO KpalfHOCTb.

Maccoo6MeH Ha JtemHuKax riaro Ilyropana 3Ha-
YUTEJIbHO HMXXE IT0 MHTEHCUBHOCTH, 4YeM, HampH-
Mep, Ha KaBkaze. CTteneHb MHTEHCUBHOCTH MAacCO-
oOMeHa XapaKTepu3yeT CyMMa MOMIYJIeil KOMITOHEH-
TOB ypaBHEHHsl OajlaHca Macchl (IIOJHBIM OOMEH
nemHuka). s obmacty mutanus AegHuKa JI>KaHKy-
aT JaHHas BeJIWYMHA COCTaBJIsSIeT B CPEIHEM MHOTO-
JeTHeM ucumuciaeHuu 5895 MM B.3., Tornga Kak Ha e~
Hukax Ipusec 1 Manbs6opo — 3797 u 3470 MM B.5.
COOTBETCTBEHHO, YTO OoJiee YeM Ha TPETh MEHBIIIE,
yeM Ha KaBkase.

HMHuTepecHo, UTO 3a rofibl HAIIMX U3bICKAHUI Oa-
JIaHC MaccChl o0acTeil muTaHus (“9rucTast akKKyMyJIsi-
Us1”) UCCIEeAYyEeMBIX MYyTOPAHCKUX JIEAHUKOB JaKe
MPU MaJIbIX 3HAYEHUSIX MTPUXOIa—pacxojia OKa3blBa-
€TC$ BIIOJIHE COTOCTABUM C PENPE3€HTATUBHBIM KaB-
Ka3CKUM JITHUKOM [I>KaHKyaT, akKKyMyJIsSILiisl 1 ab-
JIIMS HA KOTOPOM 3HAuuTeIbHO Bbille. JlaHHBINI
(aKT MOXET CBUAETENBCTBOBATH O TOM, UTO OJIeJIeHEe-
Hue 1uiato [TyTopaHa mpeGbIBaeT B 3HAYUTEIBHO 0O-
Jiee BBITOJHOI 0ajlaHCOBOW CUTYyallMM, OXHAKO IS
9TOTO HEOOXOIMMO HAWTU ONMPOBEPKEHUSI KOHTpap-
TYMEHTY, YTO TaKO€ MOXKET OBbITh JIUIIb CJIeACTBUEM
MOJOXUTENIbHOI O6amaHcoBoit aHoManuu 2001/02 u
2002/03 rr.

Jist JaHHBIX LeJieil B HACTOSIIEM MCCAeIOBaHUN
MBI oapoOHO paccmarpuBaeM 2018/19 6amaHCOBBII
rof, KOTOPBI oKa3aJjics ropas3no 0oJiee BEIpakeHHOM
aHomasuei. [Jist 3Toro ce3oHa ObLIM TaKXKe pacCurTa-
HBI ¥ KapTorpadrpoBaHbl 3HAUEHUsT Bogo3anaca hup-
HOBOTO OocTaTka (CM. puC. 3, a—0), a OIIMCAaHHbBIM BbIIIIE
(GUTOMHINKALIMOHHBIM METOAOM BOCCTAaHOBJIEHA MaK-
CUMaJTbHasi CE30HHAS aKKYMYJISIIMs — 2829 MM B.3. ISt
nenHuka Ilpusec u 2490 mm w1t Mans6opo. Takum
obpazom (cM. Tabj. 1-2), 2018/19 rox mpeB30LIEN 11O
MHOTOCHEXHOCTH TpeAblAylIne TOObBl HaGIIoaeHUI
Ha JienHuke [lpuBec (Ha 47 u 9%), HO Ha JieNHUKE
Manbb0po 3KCTpeMyM BCE K€ CO3MaH HE ObLI: XOTS
o cpaBHeHMIO ¢ 2001/02 r. IIpUX0OmI BEIIeCTBA 3IeCh
0BT TakoKe 6onbliie Ha 37%, 1 OH, XOTSI U HEHAMHOTO —
Ha 8%, maxe ycryrmmua 2002/03 r. Bmecte ¢ TeM 1o
nroraMm Bcero 2018/19 GamaHCOBOro roga COCTOSTHUE
o0oux JENHUKOB CJeAyeT OMHO3HAYHO IIPU3HATh
HaujaydilyuM 3a TPU TOJa HATYPHBIX HAOIIOIEHUIA.
DTO MPOSIBUIIOCH XOTSI OBbI B TOM, UTO B CEpeAUHE aB-
rycTa ITOYTH BCSI MX MOBEPXHOCTh BCE elllé OblIa Io-
KpbITa CE30HHBIM CHETOM. JIEA B HUSKHUX YaCTSIX 000-
WX JIETHUKOB CTajl TOJBKO-TOJBKO OOHAXXAThbCSI U3-
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Ta6mnua 2. Vi3MeHeHue 1wiomaneii (KM2, B OPTOTOHAb-
HO ITPOEKIIMN) MaJIbIX JIEAHUKOB 11ato Ilyropana

Tonsr Jlennuxk I1puBec Jlemnuk Manbpbopo
1973 0.160 0.150
2003  |0.148 0.136
2016  |0.083 0.082
2019  |0.100 0.089
1973-2019 —0.060 (—37%) —0.061 (—41%)
2016—2019 +0.013 (+20%) +0.007 (+9%)

nomn Hero. [Toka3arenu FBR 1o coctosgnuio Ha 12 aB-
rycra coctaBistiii 93% y nemnuka IlpuBec u 97% y
nenHuka Manpbopo. MCKIIIOUNTEIBbHOCTD CUTYallHU
0COOEHHO HAIISIIHO WJLTIOCTPUPYETCS COIIOCTaBIIe-
HUeM ¢doTtorpaduii JIETHUKOB U CHEXHUKA, CAeTaH-
HEBIX IIPMMEPHO B OOHU U T€ Xe KaJleHAapHbIe CPOKU
2002 u 2019 rr. (puc. 5). O4eBUAHO, YTO HEMAJYIO
poJib B TTIOJOOHOM aHOMAaJIUM ChIrpajia M MOBBIIIEH-
Hasl CHEXXHOCTb IIPeAIIeCTBYIONIei 3UMEI, 11 Oecrpe-
LeAeHTHO Hu3Kas absaius getoM 2019 1. (cm. puc. 4;
Tabi. 1).

CoBpeMeHHbIE  DBOJIIOILIMOHHBIE  TEHACHIIUU
JIOJIKHBI TPOSIBUTBCSI U B pa3Mepax JISTHUKOBBIX Tel.
Henb3s KoHCTaTMPOBATh, YTO Majiblie (POPMBI OJIeIE-
HEHUS Ha TIJ1aTo OBICTPO COKpPAIAIOTCS MO TUTOLIAAN
(KoBanenko u ap., 2021). Ecau 651 310 OBLIO TaK, TO
3a MHOTOJIETHUI OTPe30K BPEMEHU CUTYyallus Oblia
Obl cxoxa ¢ JegHukKoM MI'Y Ha Vpaje, KoTopbiid
nosiHocThio ucueld K 2019 r. (Hocenko u ap., 2020).
31ech ke KOHTYPbI MajiblX (hOPM rofl OT rojga MOTyT TO
HECKOJIBKO CXKAaThCSI, TO HECKOJIBKO PaCIIUPUTHCS B
OTAENBHBIX CBOMX CEKTOPax, HO y 000UX U3y4aeMbIX
JIEMHUKOB moTtepu Iwromanu ¢ 1973 mo 2019 1. (cm.
TabJ1. 2) IpUMEPHO oauHAKOBEI (110 0.060 kM?), XoTd
B IPOLIEHTHOM OTHOIIEHWUM YObUIb MJIOIIAIN JIEAHU-
Ka Manb60po HeCcKOJIBKO BhIlle — 41 mpotuB 37%.
HMubiMu cnoBamu, JieqHUK IlpuBec, u3Ha4YajIbHO
MPEBOCXOJAIINI MO pa3MepaM CBOEro cocena, co-
Kpaiaercsi 6ojee MeIJIeHHbIMU TeMIIaMU.

B manHOM Mccaeq0BaHUY MBI TAKXKE ITPOaHAT3Y -
poBal W3MEHEeHUsI KOH(UTypaluu W pa3sMepoB
MHOTroJIeTHeTo cCHexKHMKa CTpynoMc (CM. puc. 5, d—aic),
B pe3yJIbTaTe YeTO BBISICHUIM YTO €r0 KOHTYPhI OKa-
3aJIMCh TOpa3Io MeHee CTaOUIIbHBI IO CPaBHEHUIO C
nengHukamMu. bamancoBas crienmgukKa Kaxkaoro roga
IIPUBOIUT K KapAWHAJIbLHBIM IIEpeMeHaM B €ro KOH-
Type, OUepTaHUS CHEXHUKA MOJTHOCTBIO TEPSIOT CBOU
CBOMCTBa MOn00Ms B IIJIaHe, a €ro IJIoLIaAb BApbUpyeT
KpaTHO. bojiee Toro, He BhIIEPXXKUBAETCS U camMa I'eo-
MeTpudecKasl 1IeJOCTHOCTh HUBAJBHOTO 00pa3oBa-
HUS: B OTAEbHbIE HEGIArONPUSTHBIE TOIbI CHEXKHUK
BOOOIIIE paciiagaeTcsl Ha He KOHTaKTUPYIOILINE MeX-
Iy coboit parMeHTBI. BeposTHO, B CIIOCOGHOCTU
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HUBAJIbHO-NISSIUATBHOIO TeJIa COXPAaHSITh OTHOCHU -
TeJIbHOE ITog0o0ue cBOeil KOHGpUTYpallunu He3aBU-
CHUMO OT 0aJJaHCOBOIO COCTOSIHMSI B KaXKJIOM KOH-
KPETHOM IOy MOXHO YCMOTPETb OOUH 13 KPUTEPU-
€B pa3rpaHUYCHUST TaKMX MaJIbIX CHEXHO-JICOOBBIX
0o0pa3oBaHMIl HAa KaTerOpUM CHEXXHUKOB WM JISTHU-
KOB. JIMHaAMUYHOI TeoMeTpuuyecKoii TpaHchopma-
UM JISTHUKOB MeIIaeT Hajaudue 0ojiee MOIIHOIO U
MOHOJIUTHOTO JIEISTHOTO SApa HECMOTPS Ha TO, YTO B
yeaoBusix CpenHeii Cuoupu ocHOBaHME JaxKe mepe-
JIETOBBIBAIOIIX CHEXHHUKOB CJIOXEHO JIBIOM. XO-
JIOMHBII PEXMM MECTHOTO HUBAJIBHO-IJISIINATIEHOTO
nosica oOycjaoBIMBaeT (pOpMUPOBAHME CJI0sI, HAJIO-
JKEHHOTO Ha TIPOMEp3IiIee JIOXKE CHEXHMKA TMIpO-
TEHHOTO JIbJIa, BHIXOM KOTOPOI'O Ha JTHEBHYIO TOBEPX-
HOCTb 3a9aCTYyIO MPOCIEKUBACTCS BIOJIb HIDKHEN 1
OOKOBOIf KPOMOK IT0 IIEPUMETPY CHEXKHUKA, OTCTYyIIa-
IOILLIMX IO MEPE MPOrPEeCCUPYIOIIETO JIETHETO TasTHUSI.
Bripouem, 3TOT ci10ii BeCbMa MajoMOIIeH (TIepBbIE JIe-
MMETPBI) U HE B COCTOSIHMM CO3[aTh TOTO 3altaca
YCTOMYMBOCTU K METEOPOJIOTUYECKUM BO3MYILICHUSIM,
KOTOPBII B KAKOII-TO CTENEHM MOMOTraeT JIeIHUKaM
MOMIE PXXKUBATh CBOM KOHTYPBI B OTHOCUTEIBHOI CTa-
OMJILHOCTHU.

Onykryanmy rpaHuil ieqHukoB [IpuBec 1 Maib-
6opo (puc. 6; cM. Taba. 2) TEM HE MEHEE BBISIBISIOT
KapTUHY XOTh U MEMJICHHOM, HO BCE K& rOCMO/ICTBY-
foueit nernsumnanuu. [IpaBna, oHU MOTYT ObITb Bbl-
3BaHbl HE TOJBKO KOJIEOAHUSIMU KJIMMATUYECKUX
YCJIOBUM TOJ OT rofia, HO Y MOTPEeIITHOCTSIMMU et -
pupoBaHusi. B 1iesoM xe, HeCMOTpsSl HA OUEBUIIHOE
yMeHbIlIeHe JIEAHUKOB B pa3Mmepax ¢ 1973 r., ux
ouepTaHus 3a rocjienHue 17 1eT n3MeHUJIMCh He3Ha-
gurenabHO (cM. puc. 6) (Koanenko u ap., 2021).
OcoGeHHO OJaronpusiTHBIM JJI1 HUX OoKazajcs 3a-
KJTIOUUTEIbHBIN 0Tpe3oK BpeMeHu ¢ 2016 1o 2019 r.
3a 3TOT mepuoa oba JemHuKa Jaxe CTajlu KpyITHee
mpuoIM3nTeTbHO Ha 10%.

BriepBbie 1poaHanM3npoBaB TCHACHIMY U3MEHE-
HUI KJIMMaTU4YeCKMX IMapaMeTpOB B JaHHOM HCCJIe-
JIOBaHUM, MBIl MOXXEM KOHCTaTUPOBATh, YTO TpahuKu
TeMIlepaTypbl U CYMMbI OCAJIKOB, IOJIy4YeHHBIE I10
manHeiM ERA-5 n M/c Hopuibck, 061agaior nogo-
ouem (cM. puc. 4). Ha rpapuke cymMMbl ocagkoB ISt
Ce30Ha aKKyMYJISILIMU HAOII01aeTCs JOKaIbHBIN MUK
3HAYEHU JTaHHOU BeIMYUHBI 115 ce30Ha 2019 1., 9To
MOBJIMSIJIO HA POCT MOJOXKMUTEIBHON COCTaBIISIONIEH
OaylaHca Macchl UCCIIEAYEeMBIX JIETHUKOB. TeM He Me-
Hee B ce30H 2002/03 1. MakcuMMasibHasi Ce30HHasl aK-
KyMyJsus Ha JegHukax [Ipusec u Manbs0opo Ob11a
conoctaBuMa co 3HaueHussMu 2018/19 6anaHcoBoro
romga, HECMOTPSI Ha MEHbBIIME I10Ka3aTen CYyMMBbI
OCaJKOB 3a CE€30H aKKyMyisuuu. IloBbIlIeHHbIA
npuxon BemecTBa B ce30H 2002/03 1. mporcxoana Ha
¢oHE OTHOCHTEIBHO OoOJiee HU3KHMX TeMIlepaTryp B
OpJMHAPHBIX YCIOBUSIX MOCTYIJIEHUS OCAJIKOB U, BE-
pOSITHO, OJIarONpPUSATHBLIX HaIlpaBJICHUSIX BETPOB,
CIIOCOOCTBYIOIINX METEJICBOMY IIEPEHOCY.
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Puc. 5. Uamenenue nenHuka [Mpusec (Ne 30): a — 2002 r.; 6 — 2019 r. M3meHeHue segHuka Manbs6opo (Ne 31): ¢ — 2002 r.;
2 — 2019 r. UameHeHune mHorosieTHero cHexxHnKa Ctpymomc: d — 2002 1.; e — 2003 1.; oc — 2019 1.

Fig. 5. Prives Glacier (No. 30) change: a — in 2002; 6 — in 2019. Marlborough Glacier (No. 31) change: ¢ — in 2002; ¢ — in 2019.
Strudoms perennial snow patch change: 0 — in 2002; e — in 2003; ¢ — in 2019.

HMHTepeceH Takke TOT (DaKT, ITO YITOMSHYTasI BbI-
1€ MoJoXuTeNbHas OamaHcoBas aHoManus 2019 r.
Ob11a chopMupoBaHa Ha (hOHE OTMEUABIIIMXCSI CPEll-
HEMECSYHBIX TEMITepaTyp KaK ce30Ha aKKyMYJISTITAH,
TaK M ce30Ha abJsaiuu, OJU3KUX K MAaKCUMaJTbHBIM
3HAYEHUSIM 3a IBaALATUIIETHUN TTIepUO.

PaszpacTtaHue 1eTHUKOB B 3TOM 0aJlaHCOBOM TOY,
comacymwleecs: ¢ NpOBeAEHHBIMU CHETOMEPHBIMU
CbEMKaMU U C BU3YaJIbHO (UKCUpYyeMbIM KpailiHe
HU3KUM TOJIOXKEHUEM CHETOBOM IPaHULIBI Ha 3aKJTIO-
YUTEIBLHOI (haze Mepuoa TassHUSI, MPOU3OIILIO BO
MHOTOM BCJIEAICTBUE OYeHb HU3KOM abasiiiuu Ha ¢o-
HEe 3UMHEN aKKyMYJSIIMU, He CUJIBHO IIPEBBIIIAIO-

e cpeTHeMHOTOIETHHE HOPMBI CYMMBI OCaIKOB
o gaHHbIM M/c Hopuibck (cMm. puc. 4, a—6). I'mas-
HOI MPUYMHOI Pe3Koro yMeHblieHus aossiuu 2019 T.
BUIUTCS BBICOKAsl CTETIEHb 3aIbIMIEHHOCTH aTMO-
chepsl Ha ceBepe KpacHosipckoro Kpasi u3-3a Jjiec-
HBIX IMOXApOB OKPECTHBIX TAa&XKHBIX MAacCCUBOB (CM.
puc. 4, ¢). CteneHb ociaabaeHUsT MMPO3PaYHOCTH aT-
Moc(pepbl OblIa CTOJIb BBICOKOI, UYTO CMOTPETh Ha
COJIHEYHBIN JUCK HEBOOPYKEHHBIM IJIa30M HeJb3sl
OBUTO JINTITH B TeUeHUe 1—2 mHEl 3a BeCh 9KCITeIUIT-
OHHBIN ce30H. DTOT (heHOMEH HAIVIIIHO BUICH U Ha
dororpadusx 2019 r. (cMm. puc. 5, a—6). UMeHHO
YCUJIMBAIOIIASACS B TIOCICTHNE TOIbI MHTEHCUBHOCTD
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Puc. 6. CMellieHre TpaHULl MaJIbIX JICTHUKOB (TToioxkka — cHUMOK Sentinel-2 ot 21.08.2019) — nennuk INpusec (a), neqHuk

Mai60po (6): 1 — 1973 1.; 2— 2003 1.; 3 — 2016 T.; 4 — 2019 1.

Fig. 6. Contour displacement of reference small glaciers (Sentinel 2 satellite image of 21.08.2019 as a background) — Prives Gla-
cier (a), Marlborough Glacier (6): 1 — 1973; 2—2003; 3 — 2016; 4 — 2019.

JIECHBIX TTOKapoB Ha ceBepe CHOMpPHM M coIpeneiab-
HBIX TEPPUTOPUSIX, a TAKXKE OTKPOBEHHAasI KyJIbMUHA-
U 9TUX HEeOJIaronpuATHLIX sBjaeHuit B 2019 r., ot-
MEUYaICh B MHOTOYMCJICHHBIX HAYYHBIX COOOIIIEHM -
sax nociaeaHux jget (bounyp u np., 2020; BopoHoBa u
ap., 2020). ITo crryTHUKOBBIM JaHHBIM M JAHHBIM pe-
aHaJiM3a ToKa3zaHa 3HAYUMOCTh IJIOIIAafAei prupo-
HBIX MoXapoB B Cubupu ¢ IepecTpoiiKkaMn peruo-
HaJIbHOM aTMOC(hepHO-LIUPKYISIIIUOHHON CUCTEMBI.
JlormyHa 1 BBISIBJIEHHASI 3HAYMMAs CBSI3b IUIOLIAACH
TOpPeHUsI C UHTEHCUBHOCTbBIO SMUCCHUU B BO3AYIITHYIO
cpeny IPOAYKTOB CropaHus OMOMACCHI, KJIIOYEBOI
BKJIaJ B KOTOPYIO IPUHAIJICXKUT yIJIepomcoaepKa-
UM Tra3oBbiM KomMnoHeHTaM tuna CO u CO,. Cy-
IIECTBEHHOE OCIabjieHre IMOTOKa MPSMOI COTHEY-
HOW pagualiy MOYTU MOCTOSIHHO BUCSILEN TIMKOM
OOBSICHSIET OcCIabJeHHEe PaCcXOOHOTO KOMIIOHEHTA
OaylaHca MaccChl 1, CIe0BaTeIbHO, HEKOTOPOE yIy4-
meHne 0aJaHCOBBIX YCIOBUIT ojleneHeHus1 Ilyropa-
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HbI B 2019 1. PazymeeTcs, u3BECTHYIO yCYTyOISIONIYIO
pOJIb CHITpajl U OTMEYEHHBIN BBIIIE TMOBBIIIEHHBIN
BKJIaJ B akKymyJrsiimio 2018/19 r. 3uMHMX 0CagKoB, B
TOM YHCJIE U 32 CYET OONBIIETO NEPIISIIMOHHOTO TIe-
peHoca cHera B Kapbl U Ha TMOABETPEHHBIE CKJIOHBI
HIXe OPOBOK CTPYKTYPHBIX YCTYITOB.

SAKJIIOYEHUE

Mamnble nempuky iato IlyropaHa oOHapyXuBa-
IOT OTHOCUTEJIBHYIO YCTOMUYMBOCTDh HA COBPEMEHHOM
aTamne, HeCMOTpPSI Ha SIBHBIM POCT CPEOHEromgoBOI
TeMIIEpATypPhl U YMEHbIIIEHHUE CPETHETOOBOTO KOJIH -
yecTBa OCAAKOB B HAHHOM peErvoHe: Tropasio
OOJIBIITYIO 3HAYMMOCTh IPUOOPETAIOT CE30HHbBIE TEH-
IEeHIIUN MeTeodeTepMUHAHTOB. B mepuon ucciaeno-
BaHUil 3a(pUKCUPOBAH POCT KOJIUYECTBA 3UMHUX
OCaJIKOB U OTNpeaesiEHHOe MCCYyIIeHUe JIETOM Ipu
TOM, UTO JIETHHE CE30HBI B 1LIEJIOM CTAHOBITCS IIPO-
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xJ1afgHee. B CBSI3U ¢ 3TUM JIEAHUKU MOJIY4YalOT OOJIbIIE
MUTAHUSI U TePSIIOT MEHBIIIE MAcChl B IIepuo abJisi-
uuu. Kpome TOro, COXpaHHOCTH JIETHUKOB 0Jaro-
MPUSATCTBYET X HAJTMYME MHOTOJIETHEMEP3JILIX ITOPOI
Ha JIOXe.

Pacuér psima Macc-6a1aHCOBBIX TTapaMeTPOB Ma-
neix jgepgHukoB Ilyropansr 3a 2001/02, 2002/03 u
2018/19 rr. moka3zaj, 4To Ha (hoHe 00llIeit TeHOASHILIUU
K Jerpaganuu JIGAHUKOB BO3MOXHbI 3HAUUTEIbHbIE
MOJIOXKUTEIbHBIE OTKIIOHEHHS OT C(hOpMUPOBAaHHOM
JIMHUU TpeHaa. Heckoabko HeoXUIaHHO OJ1arornpu-
STHOe uUX cocTossHue B 2019 r., mposBisionieecss B
IIPUPOCTE MX IJIOIIANEeH, TOIH IUIOIAar (PUPHOBOTO
OacceliHa M yBEeIMYEHHOTO Bojo3arnaca (GpUpPHOBOTO
ocTaTKa, JVCCOHUPYET C BbIABUTABIIIEMCS paHee 3a-
KJIIOYEHNEM O CTOMKMX TeHASHIMX K IeTJISIINaN
nnato Ilyropana. He nckimoueHo, 4To BRITOgHAasI Oa-
JIAHCOBasl CUTYyaIlUsl CBSI3aHa C yMeHbIlleHueM abJisi-
1, BBI3BAHHBIM CHIDKEHHEM MHTEHCHUBHOCTH WH-
COJISIHMOHHOIO TMOTOKa paaualuy BCIENCTBUE PEI-
KMX TIO0 CBO€ii MacIITaOHOCTHU JIECHBIX TOXapoB B
Cubupmu.

CBoeobOpa3ue peakliiyd Ha IJ1o0ajibHOE U3MEHEe-
HUE Tssauocdepbl UMEHHO B paiioHaX Majioro oJjie-
JIIeHeHUs, TomoOHbIXx Iuiato IlyropaHa, BbIOABUTAET
PEKOMEHAAINHU K YUPEXKICHUIO PETyISIPHOIO BOTHO-
M TEIUI00aJJaHCOBOIO MOHMTOPMHTIA XOTsI OBl Ha OfI-
HOM MECTHOM perpe3eHTaTUBHOM o0beKkTe. JlymaeT-
CsI, YTO KOMIUIEKC HATYPHBIX M TUCTAaHIIMOHHBIX Ha-
OJIroACHUIA 32 BOIOLMEH JIEOOBBIX PECYPCOB ILIATO
Ilyropana mpeacTaBUT HE TOJBKO CyTI'yOO HaydHO-
TEOPETUUECKUI MHTEPEC, HO M OKAXET IOJIb3y KO-
JIormyecKoMy MoHuTopuHry Hopuibckoro 1po-
MBILLJIEHHOTO palioHa.
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The characteristic feature of the Putorana Plateau is that the glaciological objects here are mostly represented
by small glaciers and perennial snow patches. Their regime and morphology have so much common features
that separation of these two categories of nival glacial formations from one another is extremely difficult prob-
lem. The distinctions between results of earlier studies carried out in the 1970s (the USSR Glacier Inventory
estimated local resources at 22 glaciers with a total area of 2.5 km?) and at the beginning of the current cen-
tury (in 2005, V.A. Sarana identified 61 glaciers with a total area of 7 km?) are too large to make any reliable
conclusions about the current trends of the Putoran glaciation. In such conditions, the materials of rare field
monitoring work performed on individual nival-glacial bodies become very valuable. Three expedition sea-
sons of 2002—2004 included thorough geodetic and mass-balance measurements on 3 reference objects on
the northern ledge of Lama Mts. — Prives (No. 30) Glacier, Marlborough (No. 31) Glacier and Strudoms
snow patch. Similar field monitoring was repeated in summer’2019. The change in their configuration ac-
cording to digital photography data, including the results of the analysis of satellite images, make possible to
reveal that interannual fluctuations in the area of each glacier occur due to different vector displacements of
its different sections along their entire perimeters. In 2019, the somewhat unexpected good budget state of all
3 monitored objects was detected. It manifested itself in growth of their areas and increased fraction of firn
basin as well as in larger water equivalent of the firn residue as this followed from results of snow surveys. This
fact contradicts the previous conclusion about the steady trend of deglaciation on the Putorana Plateau. The
favourable condition for small glaciers occurred here in 2019 was mainly caused by reduced ablation owing to
the weakened insolation that resulted from tremendous forest fires in Siberia, remarkable by their abnormal
intensity in this year.

Keywords: glacier, snow patch, Putorana Plateau, fluctuations, monitoring, ablation, accumulation, mass
balance
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BBEAEHWE

AnTaifi MMeeT JOCTaTOYHO OOIMMpPHOE OJieaeHEe-
Hue. Ilo pmanHeiM Karamora aegHukoB Poccum
(https://www.glacru.ru/) Ha Tepputopumn AJTas Ha-
cuuThiBaeTcs 988 JeMHUKOB, OOIIEK ILIOIIAIBIO
523.14 xm?. CaMBIMH MOCEIIAEMBIMA Y M3y4a€MBIMU
SIBJISIIOTCS TIpeumMyllecTBeHHO KpynHble (bon. Tamn-
IYPUHCKM, AKKeMcKuii, Maaieickuii u ap.), jer-
KonocTtynHble gemHuku (AkTpy, Coduiickmii, xe-
JIO U Ip.) U JIGATHUKW C MHOTOJIETHE McTopueil uc-
cienoBanus (Akrpy, Tommu, Kymon, gegHuUKu
MmaccuBa MonryH-Taiira u ap.). Ilpu aToM mocrarod-
HO MHOTO JIETHUKOB OCTalOTCsl 6€3 BHUMaHMUS CO CTO-
POHBEI HICCIeIoBaTe e 1 MOYTH He M3ydeHbl. OTHUM
M3 TaKMX MECT SIBIISIETCS BepXoBbe p. Typoii Ha FOx-
Ho-YyliickoM xpeoTe B LlenTpanbsHoM AnTae (puc. 1).

B 1897 r. B.B. CanoxHukosB (1949) BriepBbie OT-
KpbUI 1 OIKCAJI ISAHUKHU B BEpX0Bbe p. Typoii, omHa-
KO OH MX BHAEI TOJBKO M3majeKa, ¢ Bomopasiesia
Mexxny pekamu Enmanram u Typa-Orok. ITpu omnuca-
HUU JICHHUKOB OH OIMpajCs Ha TO, YTO YBUIEI IIO
XOIIy MapIlIpyTa 1 Ha YCTHYIO MH(OPMAIINIO OT MECT-
HBIX TIpoBOOHUKOB. B 1925 1. B.B. Tponos (1925) B
IIEpBOM KaTaJjiore JIEMTHUKOB Pycckoro Anrast mo go-
JmmHe p. Typoii IpUBOIUT CBEIEHMUS TOJIBKO O JISTHU-
ke MpOucry (moauHHBINA, BbICOTA KOHIIA JEeAHMKA
2800 M, ;utnHa 4 KM, TIomans 4 KM2), a TaKKe YKasbl -
BaeT ero B Tadiuile “InaBHeinne neqHUKUA Aras”
nom HoMepoM 31 u3 npuBeAEHHBIX 43 1eqHUKOB. Of-

Hako B onucanuu b.B. TpoHOB onupaercs Ha ony0-
JMKoBaHHbIe AaHHbIe B.B. CamoxnukoBa (1949) u
COCTaBJICHHYIO UM cxeMy ojieneHeHus1 FOxxHo-Yyii-
CKOro xpe0Ta, JOTOJHSS JaHHYI0 MH(hOPMAIIUIO CBO-
VMU TIOJIEBBIMM BU3YaJIbHEIMUA HAOJIOACHUSIMU B
paiioHe ropsl Upoucty (1925), KOoTOopble OH TaKXe
npousBoaui ynanéHHo. B 1948 r. M.B. TpoHOB co-
o0O1maeT, 4yTo “KapTtuHa ojieneHeHUs1 FOxHo-Yyiicko-
ro XxpebTa 10 CHUX IOp He Be3de sicCHa, OCOOCHHO Ha
KpallHeM 3alajie U BOCTOKE XpeOTa”, HEKOTOphIE
JIEMHUKM HE UCCJICAOBAHBI, a JIMIIIb TOJIBKO OCMOTpPE-
HBI. B Teueane MI'T B cocTaBe reoMmopdoiornaecko-
ro OTpsa aaTalCKOM JIeAHUKOBOI 3KCIeAULIMU, Op-
raHn3oBaHHO TOMCKUM TOCYyIapCTBEHHBIM YHU-
BepcutetoM, JI.H. WBanoBckuii (1964) oGcaemyer
IOxn0-Yylicknit XxpedeT, yTOUHSISTI HEKOTOphIE JIeTa-
JIu ojiefieHeHUsT XpedTa. B yacTHOCTM, OH MPUBOIUT
“CxeMy oJIeicHEHUSI B BEPXOBbsIX peku Mpoucty n
CMEXHBIX TOJWHAX”, THe HaéTcd IepBoe MOApOOHOEe
onucaHue JEeTHUKOB J0JUHBI p. Typoii (5 1eqHUKOB
U ell¢ OOMH JeAHUK “He HaOJIoOJAaJICSI, HO O HEM CO-
o6man M.B. TpoHOB, KOTOPHIii €ro BUIEI ).

CrnenoMm B.C. Pesakun (1966, 1967) maét undop-
Malrio 00 3TUX JIETHUKAX Ha OCHOBE aHaJIu3a adpo-
GOTOCHEMKH, C YKa3aHUEM JJIVUHBI, TUTOIIAaN, SKC-
MO3ULIMKU, MOPGOJOTUYECKUX TUIIOB JIEAHUKOB U
MPOYMX UX XapaKTEPUCTUK, U TIPUBOAUT MTOAPOOHYIO
cxemy ofieneHeHUs1 Bcero KOxHo-Yyilickoro xpeoTa.
B BepxoBbe pexu MpbucTty UM OTMEUEHO MSTh JeH-

347



348 OCTAHMH nu np.

86°30’ 87°
| !

87°30' 88°

88°30" B.1.

50° c.urA

1
Mo, \~
i ¥

49030_!! Kaszaxcran 2}

2.
%

2 0 [0S &0

& >
2
ol
8 NN 5
S ,w-'-q'ﬂ b .\..

Puc. 1. Mecrononoxenue aequuka Ne 31 (JIewiit Mpoucty) B LleHTpanbHOM AlTae.

Fig. 1. Location of glacier No. 31 (Left Irbistu) in Central Altai.

HUKOB 00LIei rutomanpto 6.8 kM2, DTU U MTOCIeyIo-
L€ UCCIeq0oBaHus JIETHUKOB B 1963—1969 rT., BBI-
MOJIHIEeMbIe COTpPYIHMKaMU TOMCKOTO Tocymap-
CTBEHHOTO YyHMBEPCUTETAa, JIOXKATCA B OCHOBY
cocrasieHus Karamora neqgnukoB CCCP B 6acceiine
p. Yysa (1974). B xonue 1990-x ronoB C.A. Hukutun
(2000) mpoBOmMJ PaIMO30HAMPOBAHUE JIETHUKOB
ILlentpanbHoro Anrtas. B nonmune p. Typoii um ObuTH
obcnegoBaHbl aBa JegHuka: Ne 30 u Ne 31 (Homepa
ykazanbsl o gaHHbIM Katanora nemaukoB CCCP,
1978). bruia omnpeneneHa Ux CpeaHsIsi U MaKCUMaJlb-
Hasl TOJIIIIMHA.

B xonue 1990-x — navane 2000-X romnoB A1 UC-
cllefOBaHUS JICTHUKOB CTajli aKTUBHO MCHOJb30-
BaTbCsl JTaHHBIC JIMCTAHIIMOHHOTO 30HAMPOBAHUS
3emir, MO3BOJSIONIME aHATU3UPOBATh UX COCTOSI-
HHME Ha OOJBIIMX NMPOCTPAHCTBAX, B YIAJEHHBIX U
TPYIHOIOCTYIMHBIX paitoHax. Hauuxas ¢ 2000 r. B pam-
Kax MexxayHapomHoro IpoekTa “Global Land Ice Mea-
surements from Space” — GLIMS (www.glims.org)
MPOBOJIUINCH PaOOTHI 10 eI PUPOBAHUIO JIETHU -
KOB Ha KOCMUYECKIX CHUMKax (XpomoBa, 2021). AB
Hayvase 2020-x ronoB OblJ1 MOATOTOBJIEH HOBBI DK~
TpoHHbI Karanor nemHukoB Poccum (www.glac-
ru.ru) Mo CNyTHUKOBBIM TaHHBIM, OJIYYeHHBIM B OC-
HoBHOM B 2016—2019 rr. (Xpomosa, 2021). ITo uro-
raM BBITIOJJHEHUSI B3TUX pabor wuHboOpMalLUs O
JIETHUKAaX B BepXoBbe p. Typoii Oblila BHECEHA B pas-
JIMYHBIE BJICKTPOHHBIE 0a3bl JAHHBIX, TOCTYIT K KOTO-
pBIM OpraHu3oBaH 4epe3 BeO-caiiTel (Karamor nen-
HukoB Poccum; GLIMS).

O1IeHKI COBPEMEHHOTO CTOSTHUSI JIETHUKOB 1 BBI-
SIBJIEHUE UX U3MEHEHUM TPeOyIoT OObeIMHEeHMS T10-
CTYITHBIX METOAOB MCCJIEAOBAHUS: TUCTAHLIMOHHBIX
HAOJIIONEHUI C MCIIOJIb30BAHUEM KOCMMYECKUX U
a’pOCHUMKOB, a TakKXe IPSIMBIX HAOIIOAEHUN C IO-
MOIIbIO MOJIeBbIX u3dMepeHuit. Hacrosias pabota
MOCBSIIEHA pe3yJibTaTaM MCCIASAOBaHUM JIEMHUKA
Ne 31 kak omHOTO U3 JOCTYITHBIX JIJIST U3y4YeHUs B 6ac-
ceitHe p. EmaHraii, BHOCSIIIIUX CBOM BKJIAI B TpEI-
CTaBJICHHUE O COBPEMEHHOM COCTOSIHUHU OJIEICHEHUS
Antas. Hamra 3amaya 3akiarodanach B OLIEHKE COBpe-
MEHHOIO COCTOSIHMS JegHuka Noe 31 M BBISIBIIEHUU
ero uaMmeHeHus B Hadajie XXI B. (2000—2022 1T.) myTéM
Jnem@pupoBaHuUs rPaHULL JIEAHMKA HA PAa3HOBPEMEH-
HBIX KOCMUYECKMX CHUMKAX U UCTIOJIb30BaHUSI paario-
JIOKAIIMOHHOTO 30HIMPOBaHUS U 3P0 OTOCHEMKU
¢ BITJIA B moneBwIx ycinoBusx. B paccmarpuBae-
MBI TIEpUOA BpeMEHU MPOCTPAHCTBEHHOE pa3pe-
meHue maHHBIX /133 1 yacToTa MX MOJIYdeHHUs I10-
CTOSIHHO BO3pacTaloT, YTO OA€T BO3MOXHOCTbH C
OOJIbIIIEH OeTalbHOCTBIO U OINMEPATUBHOCTBIO BHISIB-
JISITh MOpP(pOMETpUIECKIIE U3MEHEHUS JISTHUKOB.

OBBEKT MCCIEJOBAHWA

Jlemnukm B BepxoBbe p. Typoii mojiroe BpeMst ObI-
JIX B CTOPOHE OT II0JIEBBIX HccaemoBanuii. HecMoTps
Ha HeOOJNBIION pa3Mep, MOTEeHIIUATLHO OHU MOTYT
MPENCTABIATh eI OAWH TTOJUTOH JJIs1 TJISILIUOJOT Y-
YeCKOro MoHMUTOprHIa. OHM OTIMYAIOTCS CBOUM I10-
JIOXKEHHEM: C OMHOM CTOPOHBI, B HETTOCPEACTBEHHOIM
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Taomna 1. Cenenus o nenHuke Ne 31 U3 pa3HbIX UICTOYHUKOB

JlaTta n Bricora BricoTta
Jioniann ~ .
WUcTounuk MCXOTHBIX Ha3zBanwue nemHuka JHa, KM ) HU3IIeH GupHOBOI1
MaTepualioB JIeiHNKa, KM TOYKHU, M JIMHUM, M
Karamor 1964; 1966 Ne 31 1.5 1.6 2910 3150
JIEAHUKOB
CCCP (1974)
Huxkutun C.A. — 15.1.6.31 (10) — 1.35 2910 —
(2000)
GLIMS, 2015 2011 SU5A15106031 1.95 0.77 0.84 3025
(G088079E49776N)
2011 SU5A15106031 - 0.07* 3219*
(G088072E49773N)*
HoBbgli1 KaTajior 2017 SU5A15106031 1.99 0.9 3020 3200
JIETHUKOB
Poccuu

*BboKoBOI1 IIOTOK, BBIICJICH KakK CaMOCTOSITEIbHBIM.

OJIM30CTH OT caMOM KPYITHOM Ha ATae BHICOKOTOP-
HOIt KOTJIOBUHBI — UylicKoli cTenu, a ¢ APYyroii cTo-
POHBI HeTaJeKO OT OMHOTO M3 CaMbIX KPYIHBIX JIeH -
HUKOBBIX IIEHTPOB AJITasi, B COCTaBe KOTOPOTO TaKue
nenHuku Kak Codwulickuii u bonbimoil TangypuH-
ckuit (cM. puc. 1). CorpymHuku Kadenpsl dusmde-
CKoM reorpadmm M reoMH@OPMAIIMOHHBIX CHUCTEM
MucTtutyta reorpacdum AJNTaiiCKOro rocyaapcTBEH-
HOTO YHUBEPCHUTETA PEryJIsIpHO OBIBAIOT B JIOJIMHE
p. Emanram u B BepxoBbe p. Typoit, B paMKax IpoBe-
JIEHUST JIETHUX YY4eOHBIX TIPAKTUK. DTO U OMPEaeIUIO
BEIOOD JTemHrKa Ne 31 B KauecTBe 00BEKTa UCCIEI0-
BaHMSI.

Honuna p. Typoil pacnojiaraeTcsl B BOCTOYHOM
yactu FOxHo-Yyiickoro xpeora LlenTpanbHoro A-
tag. OHa mpoTgaruBaeTcd Ha 15 KM, BBICOTA YCThS HO-
JuHBL 2450 M. DTO onuH U3 NpuUTOKOB p. Enmanrari,
Bragarouieii B p. Yysda. B BepxoBbe noJMHLI p. Typoit
pacnionmaraercsd BbIcImag Todka FOzkHO-Yyiickoro
xpebta — ropa Upoucty (Mpbuc-ty, Mpouc-Tyy unu
Bapc-ropa, 3967 m). Bta BepiimHa — caMBIif BOCTOY-
HbIA ouar coBpeMeHHoro osieaeHeHus LleHTpanbHO-
ro Anrasi. B monuHe HacUUTBIBAeTCS TISITh JISTHUKOB
o061Leii romansio 4.21 KM2: TpU U3 HUX — B BEPXOBbE
JIOJIMHBI Ha CKJIOHAX CeBEPO-BOCTOYHOI, CEBEPHOM U
ceBepo-3arragHoi dKcno3uunu — Ne 29 (IUTo1aabio
0.15 km?), Ne 30 (Up6ucry; 2.48 km?) 1 Ne 31 (0.9 km?)
U IBa — B HUXKHEH YacTy IOJMHbBI, B Kapax Ha CKJIOHE
CeBEPO-BOCTOYHOM sKkcnosuumm — Ne 32 (0.27 xm?),
Ne 33 (0.41 xm?) (Karanor negaukos Poccun).

Jlennuk Ne 31 (mo manHbIM Kartayiora JIeTHUKOB
CCCP, 1978), Ne SUS5A15106031 (mmo maHHBIM
GLIMS u Karanora nenaukoB Poccun) winu JleBblit
Npbucty (HazBaHMe OBIJIO JaHO B XO/Ie HAIIMX padoT
B 2022 r.) OTHOCHUTCA K KapOBO-IOJWHHOMY TUITY
neagHukoB. ITo nanHbiM KaTanora neqgHukoB Poccun

JIEA U CHET Ne 3
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(www.glacru.ru), B 2017 r. teqHuK umMen 1uHy 1.99 km,
momanb 0.9 KM?, ero HUXKHAS OTMETKA pacIiojara-
nachk Ha ypoBHe 3020 M, BepxHsisa — 3850 m; pupHO-
Bas rpanuna — 320 m (tab6n. 1). MHCTpyMeHTalIbHEIS
CBbEMKU, YCTAHOBKY pEIepOB, U3MEPEHUS ITOJIOXE-
HUS sI3bIKa JISMHUKA MpeAIecTBYIOIINe UCCaeaoBa-
TeJI He MPOBOAVIIN; YKa3aHHbIE B KaTaJlore 3Hade-
HUS TIOJIy9eHbI TUCTAHLIMOHHBIMU METOJAMU.

JAHHBIE U METO/1bI

OCHOBHBIMU NaHHBLIMU IS BBISIBJICHMS TLIAHO-
BBIX M3MeHeHUi neganKa Jleswrit Uponcty B Hauane
XXI B. ObIM pa3HOBPEMEHHBIE KOCMHUUYECKUE CHUM-
ku Landsat-7, 8, 9, Sentinel-2 (taba. 2) B mepuon
MaKCUMaJIbHOM a0sumu (C cepearHbl MIOJISL 10 Hada-
J1a ceHTs10ps1), 3a riepuox ¢ 2000 mo 2022 r. — 6a3oBas
kapta World Imagery komnanuu Maxar, OCTyITHasi B
ITO ESRI. JIng axHanm3a oTOMpanich KOCMHUYECKIE
CHHUMKMU C TE€OMETpMYECKOl U paaruoMETPUUECKOM
KOppEKIIEN 1 CBOOOMHBIE OT 00JTagyHOCTU. Bee koc-
MUYECKME CHUMKU OBLIM 3apETrUCTPUPOBAHBI B IIPO-
ek UTM 3one 45 N, Ha smnuncoune WGS 84.
VY canmkoB Landsat-7, 8, 9 ncrmons3oBaics 8-if Ka-
HaJI ¢ IIPOCTPAHCTBEHHBIM pa3penieHueM 14 M/TKc;
Sentinel-2 — 2, 3, 4, 8 KaHaJbI C IIPOCTPAHCTBEHHBIM
paspemienueM 10 m/mkc. basoBass kapra World
Imagery (1o coctossauio Ha 2017 1.) Komnanuu Max-
ar, ucrionb3yemasi B I1O ESRI, mpenacraBiena mo3an-
KOl CHUMKOB C IIPOCTPAaHCTBEHHBIM pa3pellieHUuEM
1.0—0.3 Mm/mnKc, monydeHHo# ¢ ammapartoB Digital-
Globe. B xauecTBe DOMOJHUTEIBHBIX JAHHBIX, (pop-
MUPYIOILIMX IPEACTaBIeHE O COBPEMEHHOM COCTOSI-
HUW JeQHUKA, HWCIOJIb30BAIMCHh NTAaHHBIE ITOJIEBBIX
ucciaenoBaHuii 2022 T.

I'paHWIIBl JTeMHVKA OeIN(MPUPOBATNCH IO CHUM-
KaM BHM3yaJIbHO B py9HOM 3KCITEpTHOM pexxmme. Pa-
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Taomna 2. Jlemnuk Ne 31 Jlesbrit Upoucty* u ero nuameHenus 3a 2000—2022 rr. mo JaHHBIM AeTUOPUPOBAHUST KOCMU-
YeCKNX CHUMKOB

]/I3MeHeHI/Ie JJIUMHBI M3MCHCHI/I€
[Tnomans HcTtouynuk
Ton JnnHa, KM JTETHUKA, KM Ilepuon cpenuee, nIoman AHHBIX
) 3a IEPUOI, M M/ron 32 TIepHox, KM2
2000 | 2.099 + 0.007 | 0.912 + 0.004 Landsat-7
2002 | 2.081 +0.007 | 0.898 + 0.004 | 2000—2002 18 9 0.014
2005 | 2.058 +0.007 | 0.881 +0.004 | 2002—2005 23 7.7 0.017
2006 | 2.044 +0.007 | 0.873 + 0.004 | 2005—2006 14 14 0.008
2011 | 2.026 + 0.007 | 0.848 + 0.004 | 2006—2011 18 36 0.026
2016 |2.004 +0.007 | 0.837 +0.004 | 2011—2016 22 4.4 0.011 Landsat-7, 8
2018 | 1.993 +0.005 | 0.834 +0.003 | 2016—2018 11 55 0.003 Landsat-8,
2019 | 1.983 +0.005 | 0.830 = 0.004 | 2018—2019 10 10 0.004 Santinel-2
2020 | 1.972 +0.005 | 0.828 + 0.004 | 2019—2020 1 1 0.002 Santinel-2
2021 | 1.962 +0.005 | 0.827 +0.004 | 2020—2021 10 10 0.002
2022 | 1.955 +0.005 | 0.823 +0.004 | 2021—2022 7 7 0.003 Landsat-9,
Santinel-2
2000—2022 144 6.5 0.089 Landsat-7, 8,9,
Santinel-2

*JIJIMHA JIeMHKA YKa3bIBaeTCsl KaK [UTMHA OCHOBHOTO (IIpaBOro) MOTOKA, a IJIONIA b JIEIHUKA — KaK CyMMa TUIOIIANE ITOTOKOB: OC-

HOBHOTO (ITPaBOI0) W OTAEJMBILIETOCS OT HEero JIEBOTIO.

oota BeinosHsack B ITO ESRI — ArcGIS. Oto6paHo
56 KOCMUYECKNX CHUMKOB, OXBaThIBAIOIINX 23 roja.
Takoe KOIM4eCTBO CHMMKOB, BKIIOYasi HECKOJBKO
CHUMKOB 32 OIMH TIeprof a0siiuu (C OJIM3KUMU Ja-
TaMH, HO C Pa3HOM CTEIEHbIO OCBEIIEHHOCTH, C pa3-
HBbIMM yIJlaMU HaKJIOHa U MPOCTPAHCTBEHHBIM pa3-
pellIeHrEeM), TI03BOJIMIIO C OOIBIICH BEPOSTHOCTHIO
OINpeIeUTh TPAHUIIBI JIETHUKA Ha TOT WJIM MHOM o/,
YUYUTBIBAS B X TJIOLIAIU, IMOO UCKITIOYAst M3 UX TLIO-
1aneit 3aMopeHeHHbIe MOBEPXHOCTU U MHOTOJIETHUE
cHexXHUKU. [1pu onpeneneHU MOp(OMETPUIECKIX
1 MOP(OJIOTUIECKUX XapaKTePUCTUK JIETHNKA PYKO-
BOICTBOBAMCH padboTtaMu “PyKoBOACTBO IT0 COCTaB-
Jnenuto karayiora jegHukos CCCP” (1966), “Kara-
Jior nemHUKOB Poccum” (www.glacru.ru), Xpomona T.E.
u ap. (2021). TounocTs gemmndprupoBaHUS TPAHULIBI
JIeMHWKA ObLJIa IPUHSTA PaBHOM MMPOCTPAHCTBEHHO-
My pas3pelleHUIO UCTIOIb3YeMbIX CHUMKOB. B pe3yib-
TaTe 1Mo CHUMKaM (PUKCHUPOBATOCHh UBMEHEHMUE MOJIO-
KeHUs (ppoHTa JIeMHUKA paBHOE WIU IIPEBHIIIAOIIee
MIPOCTPAHCTBEHHOE pa3pelleHrue CHUMKOB. DTO Ha-
1IJI0 OTPpaXKEHUE B KOJIMYECTBE U MPOJOKUTSIIbLHOCTH
BPEMEHHBIX MEPUOIOB, TTO KOTOPHIM YAAIOCH BbISIBUTD
n3MeHeHue ¢GpoHra JenHuka. KpaeBoe mosoxkeHue
rpaHULBI JIEOTHMKA B pa3HbIe Tolbl (PUKCUPOBAIOCH
MyTEM TI0CIEN0BATEILHOTO MMOCTPOSHUST BIOJIb Ipa-
HULI JeAHUKOB JIMHUM (puc. 2). ITocne okoHTypuBa-
HUSI IIepuMeTpa JISAHUKA BeJIMYMHA IUIOIIAIN JICI-
HUKa OIIpeAesisijlaCh B aBTOMAaTUYECKOM pPEXUME B

cpene ArcGIS. HrtoroBasi morpemHoCTb OLEHKU
IJIoIanaeil JeMHUKOB coctaBuiia 2—3%. BbIcOTHBIE
3HAYCHUS OIIpeaesInch mo 0a3oBoii kKapre World
Imagery, 3D-Busyamm3annm B I[1O ArcGIS Earth, mo-
MOJTHUTEIBLHO YTOUHsIINCh o maHHbIM ALOS Global
Digital Surface Model (AW3D30) 1 HalIuM JaHHBIM
MOJIEBBIX UCCIIETOBAHUA.

B xome nmoneBbix paboT Ha JegHuKe B utone 2022 T.
BbIMOTHEHa aspodoTockéMka ¢ BITJIIA kBagpoko-
nrepoM DJI Phantom 4. JIpoH BBIIOJIHSIT TOJIET Ha
BBICOTE 55 M OT TOUKM B3j€Ta (abc. BhICOTA ITOJIETA
3115 M, B cucteme WGS 84), B mpeneiax IoJiMroHa
pasmepom 300 X 450 m. IToanroH CHEMKHU pacIrona-
rajicsl HIDKe TI0 CKJIOHY OT TOYKM B3ji€Ta. ChéMKOit
OblJ1a OXBaueHa TeppUuTopus pasmepom 380 X 660 M u
o6ueit riomanso 0.25 KM2, BKIIIOYaBIlask HUXKHIOK
yacTh $3bIKa JIGAHWKA W TpUJeraloime K HeMmy
YJacTKH. BBIMOJHUTH ChEMKY BCETO JIGTHUKA TT0 Me-
TEOPOJIOTUIECKIM YCIIOBUSIM OBUIO HEBO3MOXKHO.
Hcnonb3yemsbrii Tun cbéMk — Double Grid (Haki1oH
KaMmepsl 70°, ¢ IPOTONBLHBIM U ITOTIEPEIHBIM TTepe-
KpbiTeM 36—40%) B manbHeWIIeM ITO3BOJWI IT0-
ctpouth 3D-Mopenb, UM@PPOBYIO MoAeIb peabeda
(IIMP), a Ttakxke oprodotoruiad. Ha moBepxHocTn
CHHUMAaeMOU TEPPUTOPUM YCTAHOBJIEHBI OITO3HaBa-
TeJbHBbIC MapKepHbIE TOUYKM, HAa KOTOPBIX TeoIe3nde-
ckuM GNSS npuémuankom (Leica GS08) ompeneaeHbI
X KOOpIWHATBEI U BBICOTEL. KaMepanbpHast 06paboTKa
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Puc. 2. Jlenhuk Ne 31 (JleBwiit UpOucty) no crostHuio Ha 2022 1. paHuUIIbI JIeNHUKA (@) U ero MpUTOKa (6) B pa3HbIe Ie-
puonsl. U3ommanu mposenens! o naHHBIM ALOS Global Digital Surface Model (AW3D30): I — neqHuK; 2 — ofeieHeIbIe
CKJIOHBI; 3 — CHEXXHUKU; 4 — MOPEHHBII MaTepurasl Ha MTOBEPXHOCTHU JIEAHUKA; 5 — IMOCTOSTHHbIE BOIOTOKU; 6 — BPEMEH-
HbIE BOIOTOKM; 7 — IMMOCTOSTHHbBIE 03&pa; & — nepechixalolne 03€pa.

Fig. 2. Glacier No. 31 (Left Irbistu) as of 2022. Borders of glacier (a) and its tributary (6) in different periods. The contour
lines are drawn according to the ALOS Global Digital Surface Model (AW3D30): / — glacier; 2 — glaciated slopes; 3 —
snowfields; 4 — moraine material on the glacier surface; 5 — permanent streams; 6 — temporary streams; 7 — permanent lakes;
& — drying lakes.
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Ta6auna 3. XapakTeprUCTUKU Tpoduieil pagroaoKallMOHHOTO 30HANPOBAHMSI

Cpetsis BhcoTa. M TonmuHbl Ha Tpoduiie, M Yacrora
Ne nmpocuns (pU%fM JWGS 8 4’) JnuHa, M 30HIUPYIOIIETO
cpenHue MaKCUMAaJIbHBIE curHana, Ml
1 3055 218 30 51 100
2 3069 250 53 66 50/100

JaHHBIX a3pPO(POTOCHEMKIN BBIMOIHSIIACH C TTOMOIIBIO
I1O Agisoft Photoscan. brut moctpoeH oprodoToruiaH
sI3bIKa JISMHUKA, ¢ pa3pemeHueM 3.92 cm/nkc; LIIMP ¢
paspemieHueM 15.7 cM/TIKC 1 00bEMHAsI Moaeb. [1o-
JIydeHHBIE B pe3yJibTaTe JaHHbIE MOTYT ObITh UCTIONb-
30BaHbBI UISI aHAIM3a MOP(POMETPUIECKUX XapaKTe-
PUCTHUK UCCIEAYeMOI TepPUTOPUM Ha 1aTy ChEMKM.

7151 BBISIBJICHUS TOIIWHBI JISTHUKA B XOJIE TI0JIe-
BBIX PabOT BBHIMTOJHEHO PAJAUOJOKAIIMOHHOE 30HAM-
poBanue (PJI3) s3pikoBoOif yacTm nemHMKa JIeBBIN
Upbucry, reopamapom Python-3. Ha paccrosaun
265 M OT sI3bIKa JIEMTHUKA 3aJI0KEeHO JIBa MOIePEeYHBIX
npodwisa PJI13, mapauieTbHBIX APYT OPYTY, B MHTEP-
Bajie BhICOT OT 3048 mo 3073 M (B cucteme WGS 84),
nnuHoit 218 u 250 M. PaccTosiHue mexay npoduisiMu
B cpeaHeM cocTapisieT 60—70 M (tabn. 3). [Ipodunb
Ne 1 3amoxxeH Ha BeicoTax 3048—3061 M 1 mepecekaer
JIETHUK TOJIHOCTBIO, OT MpPaBoOro A0 JIEBOTO Kpasi.
IMpoduns Ne 2 HaxomuTes Ha BbicoTax 3064—3073 M
U 3JI0KEH OT OPOBKM KPYTOTO YCTyIla y TIPaBOTO
OopTa JiemHUKa U 40 JeBOTO Kpas JiemHuKa (puc. 3).

Ha Bcex npoduisgx mpoBoauiach ChéMKa aHTEH-
HBIM 0;10KOM Ha yactoTe 100 MI11 1 HOTTOJITHUTEITBLHO
Ha BTOpoM I1podmiie — Ha yactote 50 MIt1. Ucmons-
30BaJIMCh CJIeIYIOIIe HACTPOMKU U3MEPEHUI: cpena
30HOUPOBAHMS — JIEN; TUIJIEKTPUIECKas MpOHUIIae-
MOCTBh cpeabl — 3.2 (cM. Tabu. 3). [IpuBs3ky npodu-
neii PJI3 Ha MeCTHOCTU BBIMOJHSIM II€PEHOCHBIM
GNSS npuémuukom (Leica GS08). 'eopagap — KoH-
CTPYKLIMS TIPUHUAMAIOIIEN-Nepeaalolieil aHTEHHbBI B
BUJIEe JTBDKHOI nocku. Ero mepeMelany mo JMHUSM
npoduiist BoaokoM. I obecriedeHUsT HAMIIYYIIIETO
KayecTBa ChbEMKHM U JIy4uIlleil yCTOMYMBOCTHY reopama-
pa Ha IIOBEPXHOCTHM WCHONB30BaJIM ABa peXuMa
ChEMKH: HETIPEpPBLIBHBINM M TromraroBblii. I[lepBuIit
MPUMEHSUIM Ha OTHOCUTEJIBHO POBHBIX Y4YacTKax, a
BTOPOil — Ha y4acTKaxX CO CJIOXHOI MOBEPXHOCTHIO
(OyrpuCTOIi, CO 3HAUYNTEIIBHBIM YKJIOHOM, C IIPOMOM-
HaMH BOJOTOKOB, 3aMOpEeHEeHHOM U 11p.). ITporpam-
MHUPOBaHME pagapa noa KOHKPETHbIE YCIIOBUSI pabo-
ThI, KOHTPOJIb CbEMKH U1 3aIIMCh JAaHHBIX pajgapa BbI-
MOJHSJIM Ha HOYTOyKe, ¢ romMolnbio I1O “Prizm2”.
HoyTt0yk coeguHsicst ¢ pamapoM mocpenctsoM WI-
FI cBs13u m mmepeHOCHIICS OIepaTOPOM B HEIIOCPEI-
CTBeHHOIT 0;im3oct oT Hero. Ilocienmyrornryio oopa-
OOTKY JaHHBIX BEJIM B KaMepaJIbHbIX YCIOBUSIX C MC-
nonb3oBanueM I10 “Prizm2”. I1pu o6padboTke mpo-

¢unp PJI3 KoppekTupoBaiu mo MIMHE (Ha OCHOBE
naHHBIX GNSS-cbEMKIN) U U3MEHSIJIM €ro C YYETOM
torntorpaduu MmectHocTu. [locne kamepaibHOI 00pa-
ooTtku matepuanoB PJ13, B mporpamme Surfer BeITToN-
HeHa IUIoIIagHasl SKCTPAIIoISIIUs JaHHBIX METOIOM
CnaiiH ¥ mocTpoeHa KapTa TOIIIMHEL JISMHUKA BO-
Kpyr npoduieii (cM. puc. 3).

OBCYXIAEHUE PE3VYIIbTATOB

B 2022 r. nenauxk Ne 31 (JIeBbiit UpbOucty) umen
wHy 1.955 kM, tromans 0.823 KM2, COCTOSII U3 ABYX
OTIEJIMBIIUXCS APYT OT Apyra IMOTOKOB (CM. puc. 2).
JiiHa nemHuKa yKa3biBaeTcs Kak JJIMHA OCHOBHOTO
MOTOKA, a IUIoIIagh — KaK CyMMa IUIOIIameil 3THX
JIBYX TTOTOKOB. MopdoJiornyeckuii TUII JIETHUKA Ka-
poBO-n0auHHEBINA. [IpaBblif, OCHOBHOII MOTOK JIETHM -
Ka cocTaBisieT 94% OT TJI0LIaau BCero JIEAHUKA, 6e-
pET HayaJIo Ha KPYThIX BLICOKUX CTEHKaX Kapa, CITyC-
KasiCh 3aHMMAET BCIO €T0 Yallly U Jajiee CTeKaeT BHU3
o HeOoJblIoi monuHe. B mraHe cama monwHa 10-
BOJIbHO y3Kasi, umeeT C-00pa3Hblii U3rubd B ceBepo-
BOCTOYHOM HampaBjieHUU. JIeBbIii MOTOK JeMHUKA —
HeOOJIBIIO, coCTaBISIET TUIIB 6% OT ero IUIoIaa U
pacrnoJiaraeTcsl Ha KpyTOM CKJIOHE JOJMHBL. B Heko-
TOpPBIE TOABI €r0 (PPOHT U MPOCTPAHCTBO 10 OCHOBHO-
IO MOTOKa MOXET JIOJITOE€ BPEeMSI OCTaBaThCs 3aKPhI-
THIM CHEXXKHUKOM. Ha mpenbinyinmx cxemax ojie/ieHe-
Husts Anras (Karamor nemnukoB CCCP, 1978;
Karanor nmenankoB Poccun) nmemauk Ne 31 m3o0pa-
XaeTcs Kak onuH, a mo manHeiM GLIMS, B 2015 1.
JIETHUK OO0O3HAYeH COCTOSIIIMM U3 JIBYX ITOTOKOB
(cm. Ta6. 1). I1o maHHBIM KOCMHYECKOM ChEMKI MBI
ycraHoBuaH, 4yTto B 2000 T. JJEIHUK yKE COCTOSII U3
JIBYX CAMOCTOSITEIbHBIX IIOTOKOB.

B 2000 r. negnuk Ne 31 (JIebiit UpbOucty) umen
wiHy 2.099 kM ¥ 3aHuman miomanb 0.912 km2,
C 2000 o 2022 r. OCHOBHOI1 IIpaBhIii MOTOK JIEAHUKA
COKpaTuJics B JUIMHY Ha 144 m (motepsiB 6.8%), a 1o
TUTOIIANY Bech JIenHUK rotepsit 0.089 km?, mmm 9.7%.
CKopocCTb OTCTyIaHusI GPOHTA OCHOBHOIO ITPaBOIo
MOTOKa JIEAHWKA BapbUupoBaja oT 3.6 no 14 m/rox, B
cpemHeM — 6.5 M/Toq, a Mo TUIOIIAAN BeCh JISTHUK B
cpenHeM cokpamancs Ha 0.004 km?/rox (cM. TabI. 2).
OCHOBHBIE U3MEHEHUS JIEBOTO U MPABOTrO MOTOKOB
JISAHUKA IIPOUCXOANIN B KpAaeBhIX YaCTSIX UX SI3bI-
KOB — OHU OTTauBaJii ¢ OOKOBBIX YacTeil GpOHTOB U
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Puc. 3. f3pik teqauka Ne 31 (JIesorit MUpoucTy) ¢ ykazaHueM pactooXeHus Tpoduiieit paqroioKallmOHHOTO 30HINPOBAHUS
¥ TTOJTyYeHHBIE TOJIIIWHBI JIbAa. V30 IMHUM TIpOBEICHBI MO pe3ysibTaTaM a3podoTochEMKH B utosie 2022 1.: / — ripodwim pa-
JNIMO30HIMPOBaHUsI; 2 — MOPEHHBII MaTepHrall Ha TOBEPXHOCTHU JISTHUKA; 3 — U30JUHUU penbeda; 4 — U30JIMHUM Ha TTOBEPX-
HOCTH JISIHHMKA; 5 — BOIOTOKHM; 6 — TiepechIxXalole 03épa; 7 — MOCTOSTHHbIE 03€pa.

Fig. 3. Tongue of glacier No. 31 (Left Irbistu), indicating the location of radar sounding profiles and the obtained ice thicknesses.
The contour lines are drawn based on the results of aerial photography in July 2022: 7 — radio sounding profiles; 2 — moraine
material on the surface of the glacier; 3 — isolines of the relief; 4 — isolines on the surface of the glacier; 5 — watercourses; 6 —

drying lakes; 7 — permanent lakes.

MpUoOpeTaIn B TJIaHEe KIIMHOBUIHYIO, 3a0CTPEHHYIO
dopmy. IIprHUMast BO BHUMAaHME NOTPEITHOCTHU ITPU
Iel(pPUPOBAHNY, BBISIBIEHHbIE HAMM WU3MEHEHUS
nennuka 3a nepuon ¢ 2000 mo 2022 1. B 1IeJIOM COOTBET-
CTBYIOT 3HAYEHUSIM, YKa3aHHBIM B Pa3HbIX UICTOYHU-
Kax (GLIMS; Hosslit karanor JiemHUKOB Poccum).
Uckmouenue cocrasiasier padbora C.A. HukutunHa
(2000), ckopee Bcero aBTop MCIIOJIL30BaJI B MyOIKa-
UM IJIOIIAIb JIETHUKA, TTOJTydeHHYIo B Havaie 1990-
X TOJIOB.

AspodoTtochéMKa mMo3BoMMIAa 3aUKCUPOBATH
TTOJIOKEHUE SI3BIKOBOIMI YacTW OCHOBHOIO ITOTOKa
JIeAHUKA, TIONYyYUTh OPTODOTOIUIAH BBICOKOIO pas-
pemenust, IIMP 1 00bEMHYI0O MOAEIb ITOBEPXHOCTU
s3bIKa JIeMHUKA W Tpuieramolneil Tepputopuu. Ilo-
JIydeHHbIe JaHHbIe ObLIM MCIOJb30BaHbI ISl TO-
CTPOEHUsI KPYMHOMACINTaOHOI TomorpadudecKoit

JEO U CHET  Tom 63 Ne3 2023

KapTel (cM. puc. 3). [ToBepxHOCTh SI3BIKA JEAHMKA
nMeeT HeOOJIbIIO paBHOMEPHBIN YKIOH B CTOPOHY
KpaeBoOil 4acTW JIEAHUKOBOTO (pOHTa, B CpeaHEM
10—12°, B HEKOTOpBIX MeCTaX Ha HEOOJIbIINX yJacT-
Kax o 20—25°. ITo ganuaeiM LIMP, HIDKHSS oTMETKA
¢ poHTa IeqHMKA pacIiojlaraeTcs Ha BeicoTe 2993 M (B
cucteMe WGS 84), a camast BbIcoKasi HA CHUMaeMOM
yuactke — Ha 3081 M.

IToBepXxHOCTH JIeMHUKA CI1a00, HO OTHOCUTEIEHO
PaBHOMEPHO ITOKPhITA MOPEHHBIM MaTEPUATIOM, KO-
TOPBII MpPEACTABISIET COO0M OTHACIbHBIC INILIOLI HE-
OoJTBIIOrO pa3Mmepa, MOorpykKeHHbIC B €. B HIKHE
MpaBOil YacTU SI3bIKA Ha MOBEPXHOCTU BbIIEISIETCS
CKOIUZIEHE MOPEHHOrO MaTepuajla B BHIE TPSIIBI
MIPOTSKEHHOCTEIO 65 M, IMMPUHON 6—25 M, BBICOTOI
3.0—3.5 M, 3a KOTOpPOIf BHU3 K KPalo JeAHNKA TSIHET-
cg 1UIeiid MoBepXHOCTHOM MOpPEHBEI. B HeKOTOphIX
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Puc. 4. utepriperanus panuoiokKaimoHHbIX poduieit Ne 1 (@) u Ne 2 (6) Ha nenauke Ne 31 (Jleswiit ip6ucty): 1 — neaHuK;
2 — Joxe JnenHuKa; 3 — mpezrnosiaracMoe pacIookKeHHe JIoXa JeqHUKa; 4 — MOPEHHBIN MaTepual ¥ BbIXOAbl KOPEHHBIX TT0-

pon.

Fig. 4. Interpretation of radar profiles along lines No. 1 (a) and No. 2 (6) on glacier No. 31 (Left Irbistu): / — glacier; 2 — glacier
bed; 3 — the proposed location of the glacier bed; 4 — moraine material and bedrock outcrops.

MecTax (hpoHTa OTMeYaeTcsl JIOKaJIbHOE CKOILICHUE
MOPEHHOI0o MaTtepuaja HeOOoJbIIMMU TToiocaMu. Pe-
Jibe MOBEPXHOCTH JIEAHMKA HEpAaBHOMEPHBIN, C ye-
peloBaHUEM BBIMTYKJIbIX U BOTHYTBIX y4acCTKOB, 00y-
CJIOBJICHHBIN KaK (POpMOIi JIETHUKOBOTIO JIOXKA, TaK U
u3rubom camoii noarHbl. Ha moBepxHOCTH JenHUKa
MMEIOTCSI MHOTOUMCIIEHHbIE pyciia BogoTokoB. He-
KOTOpbI€ U3 HUX B HUXKHEH yacTu si3bika (B 200 M oT
Kpasi) CoOOMparoTCcs B OMHO 00jiee KPYITHOE PYCJIO Ty -
OUMHOI OKOJIO MeTpa, KOTOPOE BBIXOAUT K (DPOHTY
JieqHUKa. Mukpopesbed MOBEpXHOCTH SI3bIKA JISTHU -
Ka TIpeIcTaBieH a0oaamuoOHHbBIMU ¢opMamMu. Ocobo
BBIJEJISTIOTCSI OCTPOKOHEUHbIE JieJsTHbIe 0Opa30BaHUsI,
pasmepom 110 20—30 cM, HaKJIOHEHHBbIE HABCTpeuy JTy-
yaMm nojyaeHHoro comHna (“katomiuecs”). Ilo cBoeit
CTPYKTYp€ OHM JOBOJIbHO PbIXJIbl€, MPOHU3aHHbIE
MHOTOYMCJIEHHBIMU TTOPaMM, TTPU HACTYMIAaHUU Ha HUX
OHMU JIETKO paspyiiaioTcs. Bo BpeMst Henoroasl, Korna
TeMmrepaTypa Bo3ayxa moHusuiack 1o 0—(—5)°C, ycu-
JIUJICS BETep U MPOAOJIKUTEIbHOE BpeMs IIET CHET, a
TaKXe Ha CJIeIyIolI1e CYTKU, UX IPOYHOCTb UBMEHMU-
JIJaCh — OHU CTaJIM OYEHb KECTKUMU, UTO CO3IaBAJIO

TPYAHOCTH MPU XOAKOE TI0 JIEMHUKY. B MecTax ckomn-
JIEHUsI Ha TOBEPXHOCTHU JIETHUKA MOPEHHOTO MaTe-
puana 3TU OCTPOKOHEUHBIE JIeAsSHbie 0Opa30BaHUS
UMeEIOT 4yTh Oosbluii pa3mep — 10 0.5 m. Ilepen ne-
pemHUM 1 OOKOBBIM (DPOHTOM JIEMHMKA B TEILIYIO
COJTHEYHYIO TTOTOIy 00pa3yeTcs HECKOJIBbKO 03Ep He-
60b1I0TO pa3Mepa (B auHy oT 20 10 65 M), OHU pa3-
IeJISIIOTCS TPSIIaMU MOPEeHHBIX BaJioB. Bo Bpems He-
MOTObI, C YMEHBIIIEHEM KOJINYEeCTBa BOJOTOKOB Ha
JIEMHUKE, 3TU 03epa ucuye3aliiu.

Hcronb3oBaHue reopanapa ¢ pa3HbIMM aHTEHHBIMU
ookamu (pabotaromumu Ha gactore S0 u 100 MIir)
TTO3BOJIMIIO 3a(PUKCUPOBaTh TIIyONHY 3aJeTaHUs JIO-
»Ka JIemHUKa MoJ eTo sI3bIKoM (puc. 4). AHanu3 gaH-
Hbeix PJI3 Ha mpodwune Ne 1 (cHATOM Ha 4yacToTe
100 MI1r) moka3zaj, 4TO IOro-BOCTOYHBIN (IIpaBblit)
OOpT JemMHWKA pacrojiaraercsl Ha TIPUITOTHSTOM
y4JacTKe JIoXa U K Kpalo JIeMHUKa TOJIIIMHA JIbIa CXO-
JIUT Ha HET; CeBepO-3amaaHbIii (JIEBbII) OOPT JICTHI-
Ka B 10 M OT Kpast UMeeT TOJIIINHY 34 M, a K LIEHTPY
JIOJIMHBI TOJIIMHA JocTturaetr 52 M (cM. puc. 4, a).
B mipenenax sToro mpoduist MeXmy MEHTPOM TOJIH-

JEO U CHET Ne 3

TOM 63 2023



JUCTAHIMOHHOE U PAANOJIIOKALIMOHHOE MCCIIEAOBAHUE JIEAHUKA

HEBI 1 I0TO-BOCTOYHBIM HPUITOTHSITHIM Y4aCTKOM €TI0
OopTa OBLIO BBHISIBJICHO ITOBBIIICHME JIOXKA JIETHUKA,
MHTEpHpEeTUPYEeMOe KaK BBIXOJ KOPEHHEBIX ITOPO.,
HaJ KOTOPEIM TOJIIIMHA JISTHUKA YMeHbIIaeTcs 10 11 M.
Ha nipocuire Ne 2 (casitom Ha yactore 50 MI1r) Tom-
I[MHA JIEMIHUKA y I0T0-BOCTOYHOIO (IIpaBoro) 6opra
JIOJIMHBI, Ha OpOBKE KPYTOTO YCTYyIa, COCTAaBIISIET
23 M, a'y ceBepo-3anagHoro (J1eBoro) 6opra, Ha pac-
CTOSIHUM 3 M OT Kpasl JieqHUKa, — 43 M; B LIEHTpE 10-
JIMHBI, Ha npoTsKeHun 6osee 100 M, ToIIIMHA JIe-
HUKa Ha ucciaeayeMbix BeicoTax (3064—3067 M) npe-
BeIIIaeT 60 M (MakcuMajbHast 3aUKCUPOBaHHAs
TOJIIIIMHA cocTaBlIgeT 66 M) (cM. puc. 4, 6). [1penbimy-
mee PJI3, mpoBenénnoe Ha nenanke Ne 31 C.A. Hu-
KuTUHBIM (2000) B 1990-Xx rogax, rmokasajo, 4To I10
OCEBOIi IMHUM OT KOHIIA JISAHUKA O BEpPXHEHN 4YacTu
o0jacTh MATAHWS TOJMIIWHA Jibaa JocturaeT 130 M, a
B cpenHeM paBHa 51.9 M. ConnocTaBUTh 3TU JaHHBIE C
manabiMu C.A. HUKUTHHA HEBO3MOXHO 13-3a pas3-
HOTIO IIOAX0/a K ChéMKE JIETHUKA M HEOTMHAKOBOIO
MPOCTPAHCTBEHHOIO OXBAaTa.

SAKJIIOUEHHME

I[To xocmuueckum cHmMKam (Landsat-7, 8, 9,
Sentinel-2 u np.), UMeEOIINMCS B CBOOOTHOM TOCTY-
e, MOXHO (PUKCUPOBATh €XEroiHble W3MEHEHUS
JIETHUKOB ANTasi, HO JJisl MaJIbIX JIETHUKOB (TITOIIA-
Iblo 1—2 KM? ¥ MeHee) TaKue CHUMKU He OYeHb IIpY-
TOIHBI 13-32 HEBBICOKOTO IIPOCTPAHCTBEHHOTO pa3-
pelIeHusI caMUX CHUMKOB M HEOOJbIIMX BEJIUYUH
M3MEHEHUSI caMoro JieqHUKa. B TakoM ciydae 1iese-
CO00pa3HoO NCITONIL30BaTh JaHHbIe 133 ¢ BpeMeHHBI-
MU UHTEpBAJIaMU MEXITY CbEMKaMU B 2—5 JIET.

Jlennuk Ne 31 (JIesniit Mpbucty) B 2022 1. cocTo-
ST Y3 IBYX CAMOCTOSITEJIBHBIX TTOTOKOB OOIIEeH TI10-
mansio 0.823 kM? U MakCUMaIbHON WIMHOM 1.955 KM.
3a 2000—2022 rr. oO1ast IUIOIIAAb BCETO JIETHUKA
cokparunach Ha 0.089 km? (9.7%), a IJIMHA OCHOBHO-
ro MNoToKa yMeHbIIuaach Ha 144 m (Ha 6.8%).

Aspodorocnrémkoii ¢ BITJIA Gb11a oxBaueHa Tep-
putopus Iomanso 0.25 KM?, BKIIOYAKOIIAs HUX-
HIOIO YacTh SI3bIKa JIEAHUKA U MPUJIeralline K HEMY
y4yacTKU. Pe3ynbTaThl 3TOW ChEMKU TIPU MOCJIEIYIO-
IIUX WCCIETOBAHUSIX MOTYT CIY>KMThb OCHOBOW ISt
OTCJIEXKMBAHUS M3MEHEHUM MOBEPXHOCTU JIEAHUKA,
ero IUIOIAaM, BEJUMYMHBI OTCTyIaHusl (poHTa, a
TaK>Xe €r0 00bEMOB.

AHanu3 pamaporpaMMBbl IT0Ka3aja, 4To OOJbImast
TOJIIIIMHA JIEMHWKA Ha MCCIEAyeMOM YyJacTKe Ipo-
CJIEXXUBAETCS BIIOJIb JIEBOI CTOPOHHI SI3bIKA JICTHUKA,
MaKcuManbHasl 3aUKCUpoBaHHasg — 66 M. Mexnay
LEHTPOM M IIPaBOM CTOPOHOIM HMXKHEro Mpoduis
OBLIIO BEISIBJIEHO ITOBBIIICHUE JIOXKA JISAHUKA, MHTEP-
MIpeTUpyeMoe KaK BbIXOI KOPEHHBIX OO, Hal HUM
TONIIMHA JIEATHUKA YMEHbIIMIIach 1o 11 M, a HIke 1o
TEYEHUIO JIbJA HaJl BLIXOAOM KOPEHHEIX IOPOJ, OTME -
YaeTcsl CKOIUIEHHE MOPEHHOTO Marepuaja B BUIE
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IPSIABI TPOTSKEHHOCTHIO 65 M. B manmbHeiinem mia-
HUPYIOTCS pabOTHI HA BCEM JISAHUKE.

Baaronapuoctu. McciegoBaHue BBINTOJIHEHO B
pamkax peanm3arnu [IporpaMMbl OmAE P>KKA Hayd-
HO-TIearornyeckmux paboTHUKOB AJITaiiCKOTO rocy-
JIapCTBEHHOI'O YHUBepcUTeTa, NMpoekT “MccienoBa-
HUE COBPEMEHHBIX W3MEHECHUM MaJIBIX JIETHUKOB
LlenTpanbHoro Anrtas”.
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To determine changes of glacier No. 31 (SU5A15106031), happened in the beginning of the XXI century, sat-
ellite images, obtained from the Landsat-7, 8, 9 and Sentinel-2 satellites in different years, were analyzed.
As a result, data on the glacier changes were obtained for the period from 2000 to 2022. During this time, the
length of the main stream of the glacier decreased by 144 m (6.8%), and the total area of the entire glacier —
by 0.089 km? (9.7%). The rate of retreat of the glacier front varied from 2 to 15 m/year, on average —
6.5 m/year, and the glacier area decreased by on average of 0.004 km?2/year. In 2022, the glacier consisted of
two separate ice streams, with a total area of 0.823 km? and a maximum length of 1.955 km. Aerial photogra-
phy was carried out using a DJI Phantom 4 quadcopter. A high-resolution orthophotoplan (£5 cm), a digital
terrain model, a three-dimensional model of the surface of the glacier tongue and adjacent territories, with a
total area of 0.25 km?, were made. Radar sounding was performed by the Python-3 georadar in two configu-
rations: at frequencies 50 and 100 MHz. Two cross-sections of the glacier were constructed from the radar
data: one was taken at a frequency of 100 MHz, and the second at both — 50 MHz and 100 MHz. The analysis
of the radiogram of these profiles made possible to reveal that the larger thickness of the glacier in the study
area was measured along the left side of the glacier tongue, the maximum recorded thickness was equal to

66 m.

Keywords: glaciers of Altai, glacier change, monitoring, GPR-sounding, aerial photography
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BBEAEHUE

BricoTa CHEXXHOTro MOKPOBa — BaXKHEUIITNNA THI-
pOJIOTMYECKMIT MOKa3aTesib. B yMepeHHBIX U BBICO-
KMX IIMPOTAxX 3Ta BEJIMYMHA, HAPSIAY C INIOTHOCTBIO
CHera, OIIpedesisieT BbICOTY MOJOBOIbS, BIUSIET Ha
JIWHAMUKY IIpOMEP3aHMs U IpOTauBaHUs TPyHTa, pe-
TyJIMPYET TEIJIOBOM OajlaHC 3eMHOM ITOBEPXHOCTH 3a
cu€T n3MeHeHus e€ anbbdeno. ExxerogHeie uaMepeHUs
BBICOTBHI CHEXXHOTO ITOKPOBA BaXXKHBI TaKXKE€ C TOUKU
3pEHNSI MOHUTOPHMHTA KIMMAaTUISCKUX U3MEHEHUIA.
Taxk, nst Bcero paiioHa bapeHnieBa Mops U IJIsT apXu-
nenara InmuoGepreH B 4aCTHOCTH, II0Ka3aHO, YTO
TPEHABI HNOTEIJICHWs BO3ayxa ropas3no 0oJiee BhIpa-
JKEHBI U1 3MMHEro Mepuoaa, HexeJu IJIsl JIETHETO.
DTO IPUBOIUT K COKpPAIEHHUIO KOJIMYECTBa IHEI C
OTpUIIATEJILHOM TEMIIEPATypOii 3a CE30H U K yJallle-
HUIO 3UMHUX OTTEIeJIei, YTO HEraTUBHO CKa3bIBAeT-
cst Ha cHeroHakoruieHuu (Isaksen et al., 2022).

BricoTa CHEXHOro MHOKpoBa ILIOXO MHOAHAETCS
IUIOIIAAHOM SKCTPANOJISIIIM U MOIACIMPOBAaHUIO HA
OCHOBE MaHHBIX HAaTypHbIX U3MepeHuii. IlokasaHo,
YTO U3MEHEHME BEJIUUMHBI TBEPABIX OCATKOB B IIPO-
CTPaHCTBE MPOMCXOAUT HEJIMHEWHO: HAIIpUMep, KO-
a¢ddunmeHTH Koppeasuuu I[InpcoHa Mexmy cHero-
HakoIieHueM Ha jegHukax IllmunbepreHa u psoa-
MU OMMDKaWIIMX METEeOCTaHLM, KaK IIpaBUJIO,
HeBbicoku (Hagen et al., 1990; Terekhov et al., 2022).
Kpome Toro, mpu maMepeHUN KOJIMYECTBA TBEPIBIX
0CaJKOB Ha METECOCTAHIIMSIX CYIIECTBYIOT TEXHUYE-
CKHe€ CJIOXKHOCTU: U3BECTHO, YTO OCAAKOMEPHI CUCTE-
MaTUUYECKU Xy>Ke “JIOBSIT” TBEPIbIE OCAAKU, UTO MO-
XKET MCKaxaTh pPealibHyI0 KapTHUHY IIpU U3MEHEHUU

COOTHOIIEHUS NOJU KUAKUX U TBEPIBIX OCAAKOB
(Forland, 2000). Takxe BbI3bIBA€T COMHEHUS OTHO-
POIHOCTh PSAOB, TOJYYeHHBIX HA METECOCTAHIIMSIX,
IJIe UMEJI MECTO TIEPEHOC U3MEPUTEIbHBIX IJIOIIAT0K
WA cMeHa ocamkomepHoro Ipubopa (Urazgildeeva
et al., 2017; Hanssen-Bauer et al., 2019).

B pesyabrare, TpaaullMOHHBIE CHETOMEPHBIE
ChEMKH, MPOBOAMMEBIE HEMIOCPEICTBEHHO B Oacceii-
Hax ucclielyeMbIX BOJIOTOKOB W Ha JIeMHUKAaX, TO-
MPEXHEMY OCTAIOTCS aKTyaJlbHBIM METOOM U3MEpPE-
Huii. HecMoTpsi Ha CyIlleCTBEHHBIII Mporpecc Io-
ClIeIHUX NECATUNICTUIl B JUCTAHLIMOHHBIX METOJaXx,
NO3BOJIMBIIMIA HMCHOJAB30BaTh O pPeaTUCTUYIHOMN
OLIEHKM OTIpeAeSIEHUs] BBICOTHI CHEXHOTO ITOKPOBa
He TonbKo reopanapkbl (JlaBpeHtweB u np., 2018; Ba-
cunesnd, YepHosn, 2018; Nowak et al., 2021), HO u
MacCUBHbIE PaAMOMETPbl MUKPOBOJIHOBOTO aMarna-
30Ha Pa3JIMYHbIX BUIOB 0a3UpOBaHUS: HA3€MHOTO
(Dai et al., 2022), BozmymrHoro (Brucker, Markus,
2013), u cnyrtHukoBoro (Kelly, 2009), Hemocpen-
CTBEHHbIE U3MEPEHUS BBICOTHI U TUIOTHOCTU CHEX-
HOTO MOKPOBa MO-MPEKHEMY UTPAIOT OOJIbIIIYIO POJIb
MpY U3y4eHU U reorpaduyeckoii CuCTEMbI U UCTIOIb-
3YIOTCS B KQUeCTBE 3TaJlOHa JJIsl BAIMAALIMM TUCTaH-
LIMOHHBIX METOJIOB.

C mpakTudeckoif Touku 3peHus Ha Lnmumbepre-
He HauOOJIBIIINI UHTEPEC TPEACTABIISIET CPETHSIS IO
BOIOCOOPY WITH JIETHUKY BBICOTAa CHESKHOTO TTOKPOBA.
M3-3a KMMaTUIeCKUX OCOOEHHOCTEHM apxuiesara
OCHOBHas JIOJIST OCAIKOB BHITIATAeT B 3MMHMIA CE30H,
IMO3TOMY MMEHHO CHero3arachl Ha Bomocbope CITy-
JKaT TIaBHBIM 3JIEMEHTOM TIPUXOMHOM YaCTH BOTHOTO
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OaylaHca peK, oIpeAesis X rogoBoii cTok (Pomariro-
Ba u ap., 2019; Nowak et al., 2020). Kpome Toro,
CpeIHUN MO JEAHWKAM 3arac BOAbl B CHEre Ipel-
CTaBJIsIeT co0Oll BaKHEMINMNII KOMIIOHEHT OajaHca
MAacCCHhl, TOXIECTBEHHBIN ITOKa3aTelo 3MMHEro 0a-
JaHca. BclenctBue 3TOro BaXHO MMETh METOOUKY
JUISI OLIGHKHW IIOTPEIIHOCTH CpedHeil mo Bomocbopy
BBICOTBI CHEXXHOTO TTOKpPOBa.

ITon BIusiHMEM METEOPOJOruYeCcKrX (hakKTOpoB U
penabeda MECTHOCTU CHEXXHEBII ITIOKPOB pacIipeacs-
€TCsI TI0 TI0OBEPXHOCTU HepaBHOMepHO. [loaToMy KO-
JIMYECTBO M pPACHOJIOXKEHHE TOYEK CHEroMepHOI
CBhEMKM Ha HCCIEeIyeMOM TEpPUTOPUM BIUSIIOT Ha
TOYHOCTH UTOTOBBIX CPEIHNX 3HAUEHUIA BEICOTHI CHE -
ra (Galos et al., 2017). ABTOpbI IpeANTPUHUMAIOT O~
MBITKY BBIBECTA SMIUPUYECKUE 3aKOHOMEPHOCTH,
TMTO3BOJISTIONINE KOTNYECTBEHHO OLIEHUTD, KAKM 00-
pa3oM cxeMa MpOBeASHHUSI CHEroOMepHO ChEMKU
BJIMSIET HA IIOTPELIHOCTh OMpPEIeICHUSI CPEIHETO 110
JIEMTHUKY 3HAaYeHUS BBICOTHI CHEXKHOTO TTOKpOBa. BhI-
SIBJICHHBIE 3aKOHOMEPHOCTHU, BO-TIEPBBIX, MO3BOJISIT
ONTUMU3UPOBATb OOBEMBI U CXeMYy OYOYIIMX IOJIe-
BBIX pa0boT, T.€. CHETOMEPHYIO ChEMKY, 11, BO-BTOPBIX,
JagyT BO3MOXHOCTb PETPOCHEKTUBHO OLIEHUTh MO-
TPELIHOCTb 3HAYECHUIA B YK€ UMEIOIINXCSI MHOTOJIeT-
HUX MOHUTOPWHTOBEIX PsIax.

HMcxomHas rurores3a ucciaeqoBaHUs 3aKITI0UaeTCs
B CJIEYIOIIEM: TTOTPELIHOCTb CPEAHETO MO JETHUKY
3HAYCHUSI BBICOTHI CHera OymeT 3aBHCEeTh KaK OT
TUIOTHOCTU TIOKPBITUSI TEPPUTOPUM U3MEPEHUSIMU,
TaK W OT ToKazaTejsi HEOMHOPOAHOCTHU CHEXHOIO
MMOKpoBa. B KauecTBe KOJIMIECTBEHHOI OIleHKN He-
OIIHOPOIHOCTH TIpeIaraeTcs NCIoIb30BaTh U3BECT-
HbI MMoKazaTelb — KO3(M@UIMEHT BapUallui CHEX-
Horo nokposa (C,). Oxunaercsi, 4To B pe3yabTaTe
MIPOBEPKHU TUITOTE3 OyIeT HaiimeHO ONTUMAaIBHOE KO-
JIMYECTBO TOYEK M3MEPEHUIA, BBIIIE KOTOPOTO IO-
IPELIHOCTh MCKOMOM BEJMYMHBI He OymeT cyle-
CTBEHHO CHIWKAThCSI, W, CIIEHOBATEbHO, MalbHEM-
11ee yBeJIMUYCeHNE ITPOrpaMMbl CHETOMEPHOM ChEMKH
HelleJecoo0pa3Ho.

MATEPHAJIBI 1 METO/ bl

Obsexm u3yuenus u Mamepuaibl CHe20MEPHbLIX Coe-
mok. Anbaeronga (77.97° c.ur., 14.10° B.i.) — ropHO-
JOJIMHHBIN JIEAHUK, PACITOJIOKEHHBIA Ha OCTpOBE
Sanaguerii mumnodepren mpuMepHo B 10 KM K 10T0-
3aramy OT HaceJlEHHOro MyHKTa bapeHuoypr (puc. 1).
Ilo cocrosHmio Ha KoHell 2019 T. JIeTHUK 3aHUMAa
nuana3oH BbICOT OT 140 mo 650 M Hanm yp. Mops U
VMeJ Twiomanb okoo 5.3 km? (bopucuk u ap., 2021).

Ha nmoBepxHOCTH JIeMHUKA U Ha eT0 MOPEHe exXe-
TOTHO MPOBOISITCS MOHUTOPUHIOBBIE CHETOMEPHEIE
CBhEMKM IS OMNpeAeeHUs Bllaro3arnaca CHEXHOTO
nokpoBa. PaGoThl BBITTOJTHSIOTCS B TIEPUOJ MaKCH-
MaJIbHOTO CHETOHAKOIUIEHUSI, TO €CTh B CEpelIruHe—
KOHIIe anpefiss. MeTonuKa CHerOMepHBIX ChEMOK OC-

HOBBIBaeTCsI Ha MPUHATHIX B Pocruapomere pyKoBo-
mamux gokymeHrax (Hacrasnenwme..., 1985; Pyko-
BOJICTBO..., 1991) 1 npencrasiisieT COOOI IIOLIATHYIO
CHETOMEpHYIO ChEMKY C KBa3UPETYJISIPHON CEThIO
(puc. 2). Touku n3MepeHus: BHICOTHI CHEXXHOTO MO-
KpOBa pacnoJjaraloTcsi B BUIE IIECTU MapasiieabHbIX
muHni Kaxnaeie 400—500 M meprneHauKyISIPHO OC-
HOBHOMY HallpaBJICHUIO TOJWHBI JIEAHUKA, CpETHEE
paccTosiHUEe MeXIy TOYKaMU B JIMHUU COCTaBJISICT
300 M. ITpu TexHMYECKOM BO3MOXHOCTH, U3MEPECHUSI
BBICOTBI CHEXHOTO TMOKPOBA TakXK€ BBIMOJHSIUCH
BHE JISAHMKA Ha ero MOpeHe, 4TOObl n30eKaTh IKC-
TParoJiSIliMM  pe3yJibTaToB. [IJOTHOCTH CHEXHOIO
MOKpOBa u3MepsieTcs B mypdax, pacroyioXXeHHbIX B
BEpXHEU, CpelHEN M HUKHEN YacTIx JIEMHUKa, pac-
npeaea€HHbIX paBHOMEPHO Mo ero muprHe. Bmecre
C U3MEpPEHNEM TUIOTHOCTU MPOU3BOJUTCS ONUCAHUE
cTpatuduKallMi CHEXXHOTO MOKpoBa. BricoTa cHeX-
HOTO MOKPOBa B KaXOil TOUKe U3MepsieTCsl JTaBUH-
HBIM IIy[IOM ¥ COOTBETCTBYET CpEIHEMY apu(PMeTH-
YeCKOMY U3 TPEX U3MEPEHUit, MPOU3BOAUMBIX B pa-
IMyce OmHOro werpa. M3MmepeHMe TJIOTHOCTU
MPOU3BOAUTCS UHTETPAIBHO MPU MOMOIIM CHETOME-
pa BC-43.

HMcxonHble gaHHBIE CHETOMEPHBIX ChEMOK, IS
KOTOPBIX COXPaHWJIVCh TOYHBIE KOOPIWHATHI BCEX
W3MepEeHMIi, HEOOXOIUMBIE I TaTbHEUIITNX pacué-
TOB, TOCTYITHBI aBTOpaM 3a I1eCTh 0aJIAHCOBBIX JIET, C
2015 1o 2021 1. Cezon 2020 1. MCK/IIOYEH U3 pacyé-
TOB, TTOCKOJIBKY B 3TOT TOIl IIPOTpaMMa TOJIEBBIX pa-
00T ObLIa CYLIECTBEHHO COKpallleHa U3-3a MaHAeMUUu
COVID-19.

IMockonbKy u3MepeHusi CTaHIAPTHBIX CHErOMep-
HBIX ChEMOK JIOCTATOYHO pa3peKeHbl, IJIs1 0oJjiee 1o~
JIPOOHOTO M3YyYEeHUSI UBMEHYMBOCTU CHEXHOIO TMO-
KpOBa Ha MEJIKKX MacluTadbax, mopsiaKa AecsaTi MeT-
pOB, aBTOpaMU TaKXe MCHOJb30BaHbl MNpoduIn
BBICOTHI CHera, MoJiydeHHbIe Ha JeMHUKE AJIbIEeTOH-
nma B 2021 r. ¢ momomibio reopanapa Iluxkop-Jlem (ITu-
Kop-2) ¢ HeHTpaibHO#t yacTtoToit 1700 MI11 u 3asB-
JIEHHOM TOYHOCThIO M3MepeHuil 1—2 cm. Koopnu-
HaTHYI0 TIpUBSI3KY BO BpeMs TOJEBbIX padoT
BBITIOJIHSUIM C TloMmollblo BbiHOocHOro USB GPS-
Glonass mpuéMHuKa.

Ouenka nozcpewnocmu memodom Gymcmpin. byt-
CTp3IT — METOJ HemapaMeTpUYEeCKOM CTAaTUCTHKU,
MMPUMEHSIEMbIii, KOIJa reHepajbHasi COBOKYMHOCTD
HCCJIEAYyeMOI BeJIMYMHBI U (popMa e€ pacpeae/IcHUS
HeusBecTHbI (Efron, 1979). [IpumeHuTenbHO K 3a1a-
ye NTaHHOTrO MCCJIeNOBaHUS MOJ00OHON HEU3BECTHOM
TeHEepaJIbHOI COBOKYITHOCTBIO CIY:KUT peaibHOE
pachpeneaeHue BEICOThI CHEXKHOTO MOKPOBA IO TeP-
PUTOPUH, BO BCEM CBOEH JeTaIbHOCTU. [loCTymHBIC
IS aHaJIM3a TOYEYHBIC M3MEPEHMs BBICOTHI CHeETa,
MOJTyJdaeMble B XOIe CHETOMEPHBIX ChEMOK, TIPEICTAB-
JISIFOT COOOM JTUIb btb0pKku. MeTon OyTCTpaIl 3aKTI0-
YaeTcsi BO MHOTOKpPaTHOIM TIeHepaluy CIIydaifHbIX
TICEBOOBBIOOPOK U3 MMEIOIINXCST JAHHBIX U3MepPEeHUIA
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Puc. 1. PacrionoxeHue JieTHUKOB AJibaeronaa u 3ananueiii [péndpopn Ha Tepputopun LnundepreHa.
Fig. 1. Location of the Aldegondabreen and the Vestre Gronfjordbreen glaciers on Svalbard.

¥ UCCIIETOBAHNH XapaKTePUCTHK MOJTyYeHHOTO SMITH-
PHUYECKOTO pacrpenesieHus BMeCTO HEIOCTYITHOM Te-
HepanabHoOU coBokymnHocTu (IlIutukoB, PozeHobepr,
2013). TakuM 0Opa3oM Ha MHOXECTBE ICEBIOBHIOO-
POK MOXHO OLIEHUTb pa3Hble CTATUCTUKU UCCIIEeTye-
MOl BEJIMYMHBI: TOBEPUTEIbHbIE MHTEPBAIbI, AUC-
MEePCUTo, KBAHTWIN U T.II.
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B nanHOIT paboTe aaropuTM Ha OCHOBE MeTOAa
OyTCTpaII OBLT peaju3OBaH CJIEAYIOIIMM OO0pa3oM:
MpoBeeHa WHTEePMNOJSILUUS U3MEPEHHBIX 3HAaYeHUM
BBICOTHI CHEXKHOTO TTOKPOBA, B pe3yJibTaTe Yero Obuin
MOJyYEeHBI pacTphbl, KOTOpbIe Jajiee ObUIMA IIPUHSITHI
3a UCTUHHOE pacrpelecHUe BeJIMYUHBI; CMOICIN-
pOBaHO MPOBEIEHNE CHETOMEPHOMN ChEMKHU MO KBa-
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Puc. 2. CxemMa BeCeHHUX CHETOMEPHbBIX ChEMOK Ha JiemHUKe Anbaeronna B 2015—2021 rr.: / — TOYKu U3MepeHUsI BBICOTHI CHEra;

2— KOHTYPbI JICAHWKA Ha COOTBGTCTByIOHII/Iﬁ rom.

Fig. 2. Layout of snow depth measurements on Aldegondabreen in 2015—2021: 7 — snow depth measurement points; 2 — glacier

outline.

3UPETYISIPHOM CEeTKe, C arpodanmeil IMoaydeHHBIX
pacTpoB HEOOXOAUMBIM KOJTMYECTBOM TOUEK “U3MeE-
penmit”. Ilpoiiecc OBIT TTOBTOPEH THICAYY pa3, Ha
KaXXJI0i UTepallui TOYKU CIABUTAINCHh HA HEKOTOPOE
cllydaiiHOe 3HayeHMe, MOCJIE YeT0 PacCYUTHIBAIIOCH
CcpemHee Mo TOYKaM 3HaY€HME BICOThI CHEXKHOTO TT0-
KpoOBa; IO 3aBEpPIICHUIO MTEpaTUBHOTO IIpoIecca
onpoOOBaHUsI, paCCUUTHIBATIACh CPEAHSIST KBaapaTH-
yeckas ommnboka (nmanee — CKO) u3 TeicTIr IpUEMOB
OTHOCUTEIBHO CBOEro “MCTUHHOTO”, MOJYy4EeHHOTO
10 pacTpy 3HaAYEHMsI. DTO 3HAYCHNE 1 IPUHUMAJIOCh
WTOTOBOM Cy4yaiiHO MOTPEUIHOCThIO IS JAHHOTO
quciia TOYeK CHETOMEPHOI ChEMKM; Jajee, BCS Ipo-
Leaypa TMOBTOPSIACH JJIST Pa3HOTO Yrcjia U3MEePEHU N
M IUIST KaXKIOTo To/Ia, 3a KOTOPhIii MMEIOTCS IIOJIEBhIC
JIaHHBIE.

Ilowaczoeas peaauzauus arcopumma. 1. B xauectBe
IIEPBOro IIara HeEOOXOMMMO HMHTEPIIOJIMPOBATh pe-
aJibHble U3BMEPEHUSI BBICOThI CHEra B pacTpbl, KOTO-
peie majee OyayT NpMHUMATHCS 32 MCTUHHBIE pac-
npenejieHus: Ha KOHKpEeTHBIN roa. Beidbop pasmMepa
MUKCEIS IJI1 MHTEPIIOSIIUN pacTpa — IUCKYCCUOH-
HBIIA BONpPOC, MOCKOJBbKY peajibHbIii MaciiTad mpo-
CTPaHCTBEHHOI M3MEHYMBOCTU BBICOTHI CHETa MOXET

ObITh Hen3BecTeH. [TockobKy HanboIee moagpoOHbIS
NaHHBbIE O MEJIKOMACIUTAOHON M3MEHYMBOCTU ITOM
BEJIMYMHBI, UMEIOIINECS Y aBTOPOB, MMEIOT IIPO-
CTPAHCTBEHHYIO TUCKpPETHOCTH 10 M, TO UIMEHHO 3TO
YMCJIO U OBIJIO BLIOPAHO B KAYECTBE pa3Mepa IMKCeJIsl.

2. YTo0OBI CMOIETMPOBATH CHETOMEPHYIO ChEMKY C
n TOYEK Ha BoJocOOpe WIM JISHHUKE ITUIOIIAAbio A,
HEOOXOOUMO pacIpefeauTh TOUKU TAKUM 00pa3oM,
4TOOBI HA KaXAYIO IIPUXOAMIIOCH B CpenHeM A/n enn-
HUILI TUIoIIAnu. [11st Toro, 4ToObl pacrnpeneieHue Obl-
JIO paBHOMEPHBIM, TEPPUTOPUIO HEOOXOOUMO pasfe-

JINTh Ha KBAJIPaTHl C pa3MepPOM CTOPOHBI v/ A/n, 1 TI0-
MECTUTh TOYKH U3MEPEHNUIA B LIEHTPHI TUX KBAIPATOB,
IMOJIyYMB CTPOTO PETYJISIPHYIO CeTKY. B peaqbHOCTH Ta-
KYIO CXeMy OTOOpa BbIIEepKAaTh €IBa JIU BO3MOXKHO, 1
M3MEPEHUS BBIMOJHSINCh C HEKOTOPBIM CIBUTOM
OTHOCUTEIbHO MIEaTbHOMN CXEMBL.
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3. Jlanee, TOYKM “M3MEpEeHMUI” MpHU KaXKION UTe-
palyu COBUTAIOTCS CIIyYailHBIM 0Opa3oM OTHOCH-
TeJIbHO CBOUX LIEHTpaJbHBIX TTo3uLiMii. [1pu 3TOM He-
006XOIMMO TIPOKOHTPOJMPOBATh, YTOOBI TOYKHU Ta-
PaHTHUPOBAHHO TIOIAAJIM BHYTPh “CBOMX” sUeek,
TeM CaMbIM He Hapylllasi peTyJIsIpHOCTU CXeMbI OTOO-
pa. OmHUM U3 BO3MOXHBIX IMyTeil 06eCIeYUTh 3TO
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SIBJISIETCS TeHepalvs BETMYMHBI CIBMTa IO HOPMaJlb-
HOMY paclpeAeeH1I0, IPUHUMAas ero CTaHAapTHOe
OTKJIOHEHUEe paBHBIM 1/5 oT “pamuyca” siueiiku, TO

€CTb OT «/A/n/2. Onepauust paCCTAaHOBKU TOYEK MO
JIEAHUKY TTIOBTOPSIETCS THICSUY pa3s.

4. Ha xaxmom 11are, BO BpeMsI OIIPOOOBaHUS
pacTpoB CIy4yaiftHBIMM TOYKaMU, MOAECIUPYETCST BIU-
SIHUE MEeJIKOMACIITA0HOI M3MEHYMBOCTU CHEXXHOTO
IMOKPOBa, IIOJIyYeHHOE SMIUPUIECKU IO TaHHBIM I'e-
opagapHOI CbEMKM CHEXXHOTO ITOKpoBa. st aToro B
MPOLECC COMIUIMHTA BHOCITCSI HE3HAYUTEIbHbBIE OT-
KJIOHEHUSI OT 3HAaUYCHMH B sTYeiiKaxX pacTpa, CreHepu-
pOBaHHBIE B COOTBETCTBMM C HOPMaJIbHBIM pacIipe-
JIeJIEeHUEM CO CTaHIAPTHBIM OTKJIOHEHUEM, TIOJTyYeH-
HBIM HEIIOCPEICTBEHHO M3 JaHHBIX HAOIIONECHUI 1
PaBHBIM 8 CM. DTOT IIIar HEOOXOTUM, ITOCKOJIBLKY pac-
TphI, UCMOJIb3yeMble B KauyeCcTBe “MCTUHHBIX’ pac-
MpeaeeHUi BEICOTHL CHeTa, ObUIN ITOJIyYeHBI Ha OC-
HOBE pa3pekeHHBIX TAHHBIX 1 OTPaXaroT PeaabHYIO
KapTUHY B CIVIaXKEHHOM BUJIE.

5. Ha kaxmoit u3 ThICSYM UTEpALIAil pAaCCUNTHIBA-
eTCsl CpeaHsIsl TONIIMHA CHeTa IO TOYKaM, KaK eClIu
OBl 3TO OBUIM PE3YJIbTAThl peajlbHOIl CHETOMEpPHOI
cbEéMKU. [lanee cliemyeT olleHKa TOro, HACKOJIBKO pe-
3yJIbTAT OTJIMYACTCS OT “MCTUHHOIrO” 3HAYEeHUS —
CpPEIHETO MO pacTpy.

6. ITyHKTHI 1—5 MOBTOPSIIOTCS TSI IPYTOTO KOJIH-
YecTBa TOYEK CHEroMepHoOM ChEMKU. I Kaxkmaoro
KoanuyecTBa ToueK paccuntbiBaeTcst CKO u3 Thicssumn
CMOIETUPOBAHHBIX 3HAYCHUIN OTHOCHUTEIHFHO PacT-
pa. DTo 3HaUYeHME U TPUHUMAETCS 3a CIyJaliHYIO 10~
IPELIHOCTD JJIsl JAaHHOTO YKCjia TOUeK U3MEPEHUIA.

PE3VJIBTATHI 1 ObCYXIEHUWE

Hzmenuueocmo évicomot cheza 6 MuKpomacumadoe.
OOHUM M3 OCHOBHBIX HEOOCTATKOB TPU MpPUMEHE-
HUM TIPEIJIOKEHHOTO TMOAX0Ja OLEHKU MOrPEIIHO-
CTU CpeIHEN BBICOThI CHEra JJIsl JISAHUKA AJIbIETOH-
Jla IBIISIETCSI TOT (PAKT, YTO pacTphl “UCTUHHOTO pac-
npeneyeHnus1” CHEXXHOTO TTOKPOBA 10 JISTHUKY OBbIITN
MOJyYeHbl Ha OCHOBE CHMJIBHO pa3pesKeHHBIX TOYEK
CHETOMEPHOI ChEMKU, PACCTOSTHUE MEXIY KOTOPbI-
mu coctasisgeT 300—500 M. DTo 03HAYaeT, YTO MPO-
MHTEPHOJNPOBAaHHbIE aBTOPaMU PAcCTphbl MpeAcTaB-
JISIIOT JIMIIB CITIAKEHHYI0 KapTUHY UCTUHHOTO pac-
MpeaeacHusI, 1 He MOTYT OTpaXkaTh U3MEHYMBOCTH
BBICOTHI CHETa Ha MEJIKMX MacllTabax, HopsiaKa MeT-
poB. B To Xe BpeMsi, BO BpeMsl UTepaTUBHOTO CIBUTA
TOYEK MOJIEJTUPYEMBIX “CHETOMEPHBIX ChEMOK ™ BazK-
HO 3TY U3BMEHUYUBOCTD YUECTh.

[Iar Mexay TouKaMy TeopagapHOTo MpoduiIs Ha
nenHuke Anpaeronaa coctaBui B 2021 1. okoso 10 M,
YTO ropasuo JeTajbHee CTaHZAPTHBIX CHETOMEPHBIX
CBbEMOK, OJHAKO 3HAUUTENIbHOE PACCTOSTHUE MEXKAY
cocenHuMU TpoduasaMu (okoso 300 M) He MO3BOJISI-
€T IIPOMHTEPIIOIUPOBATh PE3YJIbTaThl ChEMKU JISI
MOJIy4YeHUSI MOAPOOHBIX PACTPOB U UCHOIb30BAaHUS
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Puc. 3. U3MeHYMBOCTh BBICOTHI CHEXHOIO ITOKpOBa Ha
macmTabe B 10 M Ha negHuKe AnbaeroHma B 2021 r. (1o
reopagapHbIM TaHHBIM): / — anIIpOKCUMAIINST HOPMaJlb-
HBIM pacIipeaejecHueM, 2 — TMCTorpaMma peajbHOIo pac-
MpeaeIeHUs.

Fig. 3. Snow depth variation on the ten-meter distance at
the Aldegondabreen in 2021 (radar measurements): / —
approximation by the normal distribution; 2 — histogram
of the in situ data.

WX B KauyecTBe “WCTUHHBIX pacripeneieHuil. TeM He
MeHee, reopanapHasi chéMKa I03BOJIMJIa KOCBEHHO
y4eCcTh MEJIKOMACIITAOHYI0 M3MEHUMBOCTh BBICOTHI
CHera: NpoaHaJIu3MpoOBaB, HACKOJIbKO M3MEHSIETCS
BBICOTA CHEra OT OIHOTO M3MEpeHUs B Ipoduie K
ciaenywolieMy (T.e. B mpeneiax IecITUMETPOBOTO
paccTOsIHUS), aBTOPBI TTOJYUUIN TUCTOTPAMMY 3TOM
n3MeH4YuBOCTH (puc. 3). BugHo, 4T0 MU3MEHEHMUS BbI-
COTBI CHEra Ipu IBUKEHUHU MO TIPOMUII0 MOTYT Mpe-
BeIIIIATh 50 CM MO MOIYJIIO; OJHAKO BBISIBJICHHAS JIe-
CSTUMETPOBasi UBMEHUYMBOCTh MOXKET OBITh alpOK-
CHUMMPOBaHa HOPMAJIBHBIM pacrpeneneHueM ¢ L =0cm
u 6 = 8 cM. UMeHHO 3T0 pacnipeneaeHue U MpUMEHSI-
€TCsI B IPEIJIOKEHHOM aJITOPUTME TIPY CIABUTE TOYEK
MOIEIUPYEMBIX “CHErOMepHBIX ChEMOK” IO pac-
TpaM, pa3zMep sUueeK KOTOPBIX CIeJIaH TakKKe paBHBIM
mecaTd MeTtpaM. TakmM o06pa3oM, K CITIaXKeHHBIM
pacTpaM NpPUMEHSETCS IIIyM, MOASIUPYIONIUNA pe-
aJIbHYI0 MEJKOMACIITa0OHYI0 M3MEHYMBOCTh CHEX-
HOTO ITOKpPOBA.

Imnupuueckue xpuevte nozpemnocmu. Pacnipene-
JIEHUE BBICOTbI CHEXXHOI'O ITOKPOBA M0 MOBEPXHOCTU
nemHuka AnpaeroHaa B 2015—2021 rr., mmomxyyeHHOE
Ha OCHOBE CHETOMEPHbBIX ChbEMOK U UCITOJIb30BaHHOE
JIJTSI OLIEHKM CITyJaifHOM MOTPEIIHOCTH, TIOKA3aHO Ha
puc. 4. OCHOBHBIM Pe3yJIbTaTOM IMIPUMEHEHUS METO-
Ja OyTCTpern K JaHHBIM MOHUTOPHMHIOBBIX U3Mepe-
Huit Ha IlInunGepreHe sIBIsIETCI HAOOP SMITUPUYEC-
CKUMX KPUBBIX ITOTPEIIHOCTE CHETrOMEPHOI ChEMKMU,
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Puc. 4. BbicoTa CHEXXKHOTO ITOKPOBa Ha JISAHUKE AJIbACTOH/IA 10 JaHHBIM CHETOMEPHBIX ChéMOK 2015—2021 rr.
Fig. 4. Snow depth distribution on Aldegondabreen obtained by the snow surveys of 2015—2021.

MoKa3aHHBIM Ha puc. 5. BumHo, 4To 00€ MCXOMHBIE
TUITOTE3bI UCCIIEAOBAaHUS MOATBEPKIAIOTCS Ha MpaK-
THUKE.

Bo-nepBbIX, HOrpEeIHOCTD OIpeIesIeHUs CpeaHei
BBICOTBHI CHETa JEHCTBUTEIILHO IMPOSBISET 3aBUCHU-
MOCTh OT IUIOTHOCTU CETKM M3MepeHwmii. Ha puc. 5
BUIHO, YTO KOJIMYECTBO U3MepeHUil MeHee 2—3 To-
YyeK Ha KM’ IIPUBOIUT K PE3KOMY POCTY HEOIpee-
JIEHHOCTU cpeaHero 3HaueHus. Cienyronuii 3aMeT-
HBIi1 Iepernd KpUBBIX PACHOI0XKEH B palioHe 7—8 To-
YeK Ha KM?2, [TOCJIE Yero IMOrPeLIHOCTb YMEHBIIAETCS
COBCEM HE3HAYUTENIbHO. V3 3TOro MOXHO 3aKIIIO-
YUTh, YTO ONTUMAIBbHOE 3HAUYEHUE TNIOTHOCTU TIPO-
MEPOB BO BpeMsI CHETOMEPHOI ChEMKM JIEXKUT B paii-
oHe 7—8 ToueK Ha KM?, a JaJlbHeilllee yBeJlnueHre
5TOTO YMCJIa IPUBOIUT JINIIB K POCTY TPYAOEMKOCTHU
MOJIEBBIX PaboT, 0€3 CYILIECTBEHHOTO CHIXKEHUS UTO-
TOBOI MOTPEITHOCTU.

Bo-BTopbIx, 4yeM BhIIIe KO3POUIINESHT BapyUalluu,
OIMOCPEYIOLINM HEOTHOPOIHOCTb CHEXXHOTO MTOKPO-
Ba, TEM BBIIIE OKA3bIBAETCI COOTBETCTBYIOIIAS KPH-
BasI TOTPEITHOCTH (CM. puc. 5 u tabdua. 1). OTmMeueHo,
YTO TaKOM pe3ysIbTaT MOXKET OBITh MOJYyYEeH TOJBHKO
OpU  VICITOJB30BAHUU OMHOCUMEAbHbIX 3HAYCHUIA

ommbOku. Ha rpadumke MOXHO 3aMeTUTb, YTO 3TO
MpaBUJIo paboTaeT He BCerma: Hampumep, KpuBast
2018 r. oka3piBaeTcs Bbille KpuBoii 2016 I., HECMOTPS
Ha 4yTb MeHblIUi Ko3dduunent Bapuauuu (C, =
= 0.30 opotuB C, = 0.31), uTo Ha OEPBbII B3LJISIA
MIPOTUBOPEYUT MCXOMHON runore3e. OgHaKo 3HayYe-
HUS KO3(DOUIIUEHTOB BapUalluy ObIIM pacCUMTAHBI
Ha OCHOBE (paKTUUECKUX U3MEPEHUI, TO €CTh 8b100-
POK, Y Pa3yMHO MPEATNOJI0XKUTD, YTO OHU TaKKe UME-
IOT HEKOTOPYIO TOTpeltHOCTh. [1oaToMYy 6btb60pouHbLil
K02 UIIMEHT Bapualiy MOXeT KaK HECKOJIbKO He-
JIOOLIEHUBAaTh, TaK U MepeolieHNBaTh peaJbHyIO He-
OITHOPOJHOCTh CHEXHOTO IMOKPOBa B KOHKPETHBIN
TOJI, YTO U OOBSICHIET MEPECTAHOBKY KPUBBIX MECTA-
MU. B KOHTeKCTe TIpeaiaraeMoro MeToaa OLeHKHU o~
IPELIHOCTHU peaTuCTUUHAS OlleHKA HEOMHOPOTHOCTHU
CHEXHOTO TTIOKPOBa HAa OCHOBE MMeIOIIEiicsT BIOOP-
KW MOXKET SIBJISIThCS OMHUM U3 TIPETISITCTBUI IJISI BbI-
Oopa noaxoasuieit SMIMUPUISCKON KPUBOIi, OCOOEH-
HO ITPU MaJIOM KOJIMYECTBE U3MEPEHUIA.

B ToM Buae, B KOTOpOM 3MIUpPUUYECKUE KPUBBIS
MpencTaBJeHbl HA PUC. 5, UCIOJAb30BaTh UX ISl pe-
IICHUST TTPAKTUIEeCKUX 3amad cioxHo. [lomesHo He
TOJBKO M300pa3suTh KPUBBIE B rpadudecKoM BUIE,
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Puc. 5. DMnupuueckre KpuBble MOTPEIIHOCTEN OINpeaeeHUsI CpelHei BhICOThI CHEXKHOTO MOKPOBa Ha JIGAHUKE AJIbIeTOHAa

B 3aBUCUMOCTHU OT INIOTHOCTU CCTKU I/ISMCpCHHﬁ.

Fig. 5. The empirical curves showing relationship between uncertainty of the mean snow depth on Aldegondabreen and measure-

ment spatial density.

HO Y anrnpoOKCUMUPOBATh UX ypaBHEHUEM, KOTOpOE
MO3BOJIMT PaCCYUTATh MOTPEITHOCTh CPEMHEN BhICO-
Thl CHera JJisl JI000T0 MPOU3BOJBHOTO KOJUYECTBA
TOYEK U3MepEeHNI 1 JIo0oro KoaddunneHTa Baprua-
1uu. Ilo dopme mosydeHHBIX SMIUPUIYECKUX KPHU-
BBIX BUAHO (CM. pHC. 5), YTO HAWIYYIIUM OOpa3zoM
JUTSL MIX alllIpOKCUMALIMU TOAUTCS APOOHO-JIMHEHAs
dyHkiMsg. B kadecTBe Takol (yHKUMM aBTOpaMu
MpenjiaraeTcsl UCNOIb30BaTh ClIeylolllee ypaBHEeHUE:

30xCv +5Cv,

X

IJie X — IUIOTHOCTb IPOMEPOB BBICOTHI CHETa B TOUKAX
Ha KM?, 3Ha4eHUsI KO3(PPULIMEHTOB MOI00paHbI Me-
TOJOM HaWMEHbBIIIUX KBaAPaTOB MO SMIIUPUYECKUM
KPUBBIM (CM. pHC. 5), a U'TOTOBOE 3HAYCHME ITOTPEIII-
HOCTHU OYAET BhIpaxkeHO B MPOILIEHTAaX OTHOCUTEIbHO
cpenHeill BeauuuHbl. [IpuMep criakeHHBbIX KPUBBIX
MOTPENIHOCTU, PACCUMTAHHBIX Ha OCHOBE ypaBHE-
HU, TOKa3aH Ha puc. 6.

Hcmounuxu noepewnocmeii npu CHe20MepPHbIX
ceémrax. Panee 1151 OlIeHK TOYHOCTU ONpeaeeHUsT
CpemHei BBICOTHI CHEKHOTO TTOKPOBA MPemiaraioch
HECKOJIPKO Pa3IMYHbIX MTONXOI0B, HAUMHAasI OT Hau-
0oJiee MPUMMUTUBHBIX, KOTAa 3a MOTPELIHOCTb MPHU-
HUMaeTCsI cpeaHee KBaapaTUIecKoe OTKIOHEHUE B
BeIOOpKe (Belart et al., 2017). IIpoBonunucs u 6osee
CJIOXXHBIE BKCIIEPUMEHTHI C TOJIEBBIMU paboTaMmu,
KOTOpBIE BKJTIOUAJIM CpaBHEHME MAHHBIX, MOIYICH-
HBIX 10 pa3HBIM MaplipyTaM CHETOMEPHOI ChEMKH,
a TaK>Ke pa3HbIMM UCTIOJTHUTEIISIMU HAa OMTHOM Maplii-
pyte (Pulwicki et al., 2018). Kpome ToT0, B IJISI1IMOJIO-
TUU TIPUMEHSICS W caM MeTofd OYyTCTpaM, HO ISt
ornpeaeaeHrs] ONTUMAJIbHOTO KOJIMYeCTBa U pacro-
JIOKeHUS abJIIIIMOHHBIX pPeeK, YCTaHABIMBAaeMbIX Ha
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JIEMHUKAX C HeJIbIo n3MepeHuii ux tasaus (Fountain,
Vecchia, 1999; Galos et al., 2017).

Paznble MeTOmbI OLIEHKM ITIOTPENIHOCTU BBICOTHI
CHEXHOTO MOKPOBA YYUTHIBAIOT Pa3HbIC UX UCTOYHU-
ku. Haunbosiee o4YeBUIHBINI WCTOYHUK OINUOKU —
cllydaiiHasi MOTPeIIHOCTh €AMHUYHOTO M3MEpPEHUS
BBICOTHI CHeTa, BO3HUKAIOIIasl B pe3y/IbTaTe HaKJIOHa
WX 13rnb6a naBUHHOTO 1ryna. ITockonbKy npu cHe-
TOMEPHBIX paboTax M3MEPEHUsT B OMHOM M TOI XKe
TOUYKE OOBIYHO TIPOBOASATCS B HECKOJIBKO MPUEMOB,
3Ta COCTABIISIONIAS] UTOTOBOM IOIPEITHOCTH MOXKET
OBITH TOBOJILHO IIPOCTa OIleHEeHAa Ha OCHOBE HATyp-
HbIX maHHBIX. O030p MOKa3bIBaeT, YTO BEJMYMHA
3TOI OIINOKM cOoCTaBIIsIeT He 6ojiee 2—3 cM (Zemp et
al., 2013). DTo ropaszno MeHbIIIe, YeM ITOTPEITHOCTD,
BO3HUKAOIIAs M3-3a HEOMHOPOMHOTO pacripenesie-
HUSI CHEXXHOI'O MOKPOBa II0 3¢MHOI ITOBEPXHOCTU U
3aBHUCSINAsT OT KOJIUYECTBA M PACIIOJOXEHUS TOYEK
n3MepeHuii. Tak, mo maHHbIM (Andreassen et al.,
2016), 3Ta NOrPEUIHOCTh MOXET COCTaBIAThL 2—3 Je-

Taomuna 1. OCHOBHBIE TTapaMeTPbl CHEXKHOT'O ITOKPOBa Ha
JIEMTHUKE AJIBIETOHJA 1O JAaHHBIM CHETOMEPHBIX ChEMOK
2015—-2021 1.

Ton CpenHsist BbIcOTa KoadduiimeHT
cHera, cM Bapualuuu
2015 182 0.15
2016 120 0.31
2017 290 0.21
2018 105 0.30
2019 283 0.21
2021 161 0.27
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Puc. 6. [Ipumep pacuyéra nmorpeirHocTeit onpeaeeHus CpeaHeil BICOTI CHEXXHOTO IMOKPOBA 10 MPEIOKEHHOMY 9MITUpUYe-

CKOMY YpaBHEHUIO.

Fig. 6. The example of uncertainties of the mean snow depth computed from the proposed equation.

LIMMETPA, YTO Ha MOPSIAOK BHIIIE OLIMOKHA TOYSIYHOTO
U3MepeHUs. DTO TOATBEPXKAAECTCSI W pe3yIbTaTaMu
HAIIIETO UCCIEIOBaHMSI.

OTMeTUM, YTO B JTaHHOM HCCJIeIOBAHNY HUKAK He
YIUTBHIBACTCS BO3MOXHAS cucmemMamu4eckasi COCTaB-
Jsiomas  morpeimHocT. MCTOYHUKOB  TMOJOOHBIX
OIMOOK MOXKET OBbITh HECKOJBKO. IIpexne Bcero, K
HUM MOXHO OTHECTH OCOOEHHOCTH pacHpeIeIecHUS
CHera Ha TIOBEPXHOCTSIX C OOJIBIIUM YKIIOHOM, TJe
MPOBECTU HATypHbIE U3MEPEHUSI 3a4acTylO CIOXHO
VI BOBCE HEBO3MOXHO 13-3a TPYIHOCTEN IIepeIBU-
XeHus. OMHOBPEMEHHO C 3TUM 13-3a 3(P(PEKTOB BET-
pPOBOTO WY JIJABUHHOTO TiepepacIipeieJIeHUsI BbICOTa
CHera Ha 3THUX YaCTSIX BOJOCOOPOB MOXET 3HAYM-
TEJbHO OTJIMYATBLCSA OT CBOE CpenHell BEJIMUYMHBI,
OCTaBasIiCh ITpU 3TOM HeollpoboBaHHOU. Kpome Toro,
MIpU HAJIMYUU JeASHBIX KOPOK BHYTPHY CHEXKHOM TOJI-
I, OHU MOTYT OBITh OIIIMOOYHO MPUHSATHI UCTIOTHU -
TeJeM 3a IIOBEPXHOCTb 3€MJIM, CUCTEMaTUYECKU
yMEHbIIIasi U3MEPEHHYIO BHICOTY CHEXKHOT'O MOKPOBa
(Zemp et al., 2013). Ilypdbl ITO3BOJISIOT U3YIUTH
cTpaturpaduio CHEXHOIO ITIOKpPOBa M YMEHBIIUTh
BO3MOKHOCTb BO3HUKHOBEHMUS MOJOOHBIX OIIIMOOK,
HO MOJHOCTBIO MX HUCKIIOYUTh, OYECBUIHO, HEIb3S.
HeBo3MOXHOCTD y4€CTh CUCTEMAaTUYECKYIO COCTaB-
JISTIONIYI0 OLIMOKM SIBJISIETCS TIPUHIIUIIMAIBLHBIM
orpaHMYeHUEM IIPUMEHSIEMOro HaMM CTaTUCTUYE-
CKOTO Me€Toda, 4YTO HEOOXOOMMO YYWUTHIBAaTh IIPU
OIIEHKE MTOTOBOI ITOTPEIIHOCTA Ha OCHOBE €T0 pe-
3ynbTaTtoB. bojee Toro, HECMOTpsl Ha TO, YTO TIJIOT-
HOCTb TIPOMEPOB Ha €IVUHUILY TUTOMIAaN, HEOOXOAU-
Masi 111 pacY€TOB IMOTPEITHOCTH 10 YPAaBHEHUIO, MO-
XKeT OBITh pacCuMTaHa IPHU JOOO0M PAaCITOJOXESHUN
TOYEK U3MEPEHUI Ha BoJocOope, HEOOXOAMMO MTOM-
HUTbH, YTO SMIIMPUUYECKHAEC KPUBBIC ObUIN ITOJIyYEHBI

IIJIST KBa3UPETYISIPHON CETKU M BPSIZL JIM MOTYT OBITh
IPUMEHUMBI 71T MAPIIPYTHBIX ChEMOK.

IIpumep npumenenusn. B KauecTBe npruMepa npak-
TUYECKOr0 MPUMEHEHUSI Pe3yJIbTaTOB HAHHOIO HC-
cJIeOBaHUS, OLIEHMM IIOTPEIIHOCTh CPETHE BBICO-
ThI CHEXXHOTO TTOKPOBA Ha JIeMHUKe 3anaaHbiil [peéH-
GbopH, KOTOPBI PacIIONOXeH MPUMEPHO B 5 KM K
IOTYy OT JIEMHUKA AJIbAETOHIA, — 3I€Ch TAKXKE BBITTOJI-
HsIeTCSI Macc-0ajlaHCOBBIM MOHUTOpPMHI. PaHee, B
cratbe (Terekhov et al., 2021) mist 3T0¥ 11e11 OBLT MC-
MOJIb30BaH HanboJiee IMPUMUTUBHBINA MOAXOM, KOIraa
3a MOrPEIIHOCTh IIPUHUMAETCS CpeaHee KBaapaTu-
YeCKO€e OTKJIOHEHUE BBICOTHI CHEXKHOTO ITOKPOBA I10
BEIOOpKe. B Tabi. 2 mpuBeneHO cpaBHEHUE TaKOTO
MOJX0Ja C OLIEHKOM MOrpelrHOCT Ha OCHOBE SMITU -
puYecKoro ypaBHeHusl. BumHo, 4To, ¢ OgHOM CTOpPO-
HBI, TIPENbIIYIINI HUCIIOJIb30BAHHBIA METON 3HAYM-
TeJIbHO TIepEOLIeHUBAET MOTPEIIHOCTh CPEAHETO 3HA-
YeHUS BBICOTBI CHEra, a C Jpyroil, B TOm C
HaWMEHBIIIUM KOJIM4YeCcTBOM u3dMepeHuit (2019/20 r.)
OH JA€T 3HAYUTEIbHO OOJiee HU3KYIO OLIEHKY, YeM
IS OCTAJILHBIX JIET C OOJIBIINM KOJIMYESCTBOM MU3Me-
peHUIi, B TO BpeMs KaK pe3yabTaThl, II0JIydeHHbIC Ha
OCHOBE YpaBHEHMS, 00jIee JJOTUYHBI, TOCKOJILKY ITO-
TPEIIHOCTD pe3ysibTaTa PacTEéT C YMEHbIIEHNEM KO-
JINYECTBa TOYEK.

Penpezenmamugenocmsy noay4eHHbIX pe3yibmamos.
ABTOpPBI MOJIATAIOT, YTO MOJIydeHHAas] METOJIOM OyT-
CTpan sMOupudeckast PopMysia MOXET ObITh IIpHIMe-
HUMa 1151 TIoObIX JegHukoB LInunGeprena. OcHOB-
HBIM JOBOJIOM CJIYKUT TOT (haKT, UTO UCITOJIb3YyEMbIit
B ¢popMyie KO3(PPUILIMEHT Bapralliid CHEXXHOTO IT0-
KpOBa KOCBEHHO OTpaXkaeT BIMSIHME Ha IIPOLIECC
CHETOHAKOILJICHUST KaK METEOPOJIOTUUYECKUX (PAaKTO-
POB B KOHKPETHEI TOMl, TAK 1 OCOOCHHOCTEM peibe-
¢da Ha KOHKpeTHOM BomocGope. OmHAKO MpOBepKa
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Taomua 2. [TpyMep OLIeHKM MOTPEITHOCTU CPENHE BBICOTHI CHEXXHOTO MOKPOBa HA OCHOBE MPEIIOXKEHHON SMITUpUYe-
cKoit popmynsl mist aemHuka 3anagabii [péadropn (LLnuidbepreH) 1 BBIOOPKYU CpeqHEKBAAPAaTUIYHOIO OTKJIOHEHUS

% [TorpemrHocTb [TorpenrHocTb
OJINYECTBO
. . CpenHsist mo CpenHero, Cpe/Hero,
banaHcoBbli U3MEPEHUIA, TOUEK - v
C JIEMTHUKY BbICOTA onpeaenaéHHast onpeaenaéHHast
TOm (TJTOTHOCTB MPOMEPOB, v
5 cHera, cM kak CKO BBIGOpKH, o ypaBHeHuto (1),
YHCIIO TOYEK KM °)
cM (%) cM (%)
2013/14 124 (7.6) 0.18 182 52 (29) 3(Q2)
2014/15 89 (5.4) 0.28 181 50 (28) 503)
2015/16 89 (5.4) 0.42 113 47 (42) 5(4)
2016/17 88 (5.4) 0.29 160 46 (29) 5@3)
2017/18 89 (5.4) 0.34 113 38 (34) 4(4)
2018/19 58 (3.5) 0.52 138 72 (52) 10 (7)
2019/20 23(1.4) 0.26 137 36 (26) 9(7)

3TOTO MPENITOI0KEHNS TPeOYeT JTaMbHEHIIINX UCCIIe-
OOBaHUM.

IMockonbKy ¢hopmysia He TTO3BOJISIET OLIEHUTb CU-
CTEeMaTUYECKYIO COCTABJISIIONILYIO TTIOTPENIHOCTH, €€ C
OCTOPOXXHOCTBIO CJIelyeT IPUMEHSTh, HAalIpuMep, Ha
JIEMHUKAX, PACTIOJIOXKEHHBIX BBIIIIE CHETOBOU JIMHUMY,
7€ MOXET BO3HUKHYTb OLIMOKA B OTIpeeIeHUU T10-
BEPXHOCTHU TIpeapiayiiero jgera. Kpome toro, orme-
TUM, 4TO (popMysia Obljia MoJdydeHa JJIs1 HA0UAOHbIX
CHETOMEPHBIX ChbEMOK, MPOBOIUMbBIX MO KBa3UpPEry-
JIAPHOU CeTKe, U He MPUMEHUMA IS MApPILIPYTHBIX
U3MEPEHUIA.

BBIBO/IbI

Ha ocHoBe cTaTucTU4ecKOoro MeTona OyTCTpaMd 1
JTAaHHBIX HATYPHBIX U3MEPEHUI B OKPECTHOCTSIX Ha-
cenéHHoro mmyHkTa bapenuoypr (IImunoeprex) aB-
TOpaMu OB MOJy4YeH Habop SMIUPUUYECKUX KPHU-
BBIX, TTO3BOJISTIOIIMX OLIEHUTD MOTPEITHOCTb CpeaHEe i
MO JIETHUKY AJbACTOHIA BEJIUYMHBI BBICOTHI CHETa.
ITokazaHo, uTo ciy4yaifHast OIIMOKa CpemHero 3Have-
HUsI OyIdeT 3aBHUCETh OT IUIOTHOCTM M3MEPEHUI Ha
eIVHUILY TUTOIIAAN U OT Ko3(dUIIMeHTa Bapuaiuun
CHEXHOTO MOKPOBa. MMHUMAaILHOE TTOPOTOBOE KO-
JIMYECTBO W3MEPEHUI, HUXE KOTOPOTro Heolpenae-
JIEHHOCTD CPEIHETO IToKa3aTelisl BBIPACTACT CTPEMMU -
TEJIBHO, COCTABJIAET 2—3 TOYKM Ha KM?, a TIPY TUIOT-
HOCTH CETKM IIPOMEPOB Oosiee 7—8 TOYEK Ha KM’
MOTPEITHOCTh MPpaKTUYeCcKN He cHXKaeTcsd. C mpak-
TUYECKOM TOYKU 3PEHHUS] 3TO O3HAYAET, YTO TLIOT-
HOCTb CETKU B 7—8 ToueK Ha 1 KM? onTUMallbHA [pU
MIPOBEIEHNU CHETOMEPHBIX ChEMOK Ha JIEMHUKAaX B
paiioHe bapeHnoypra.

YT10OBI Ha OCHOBE TOJYYEHHBIX KPUBBIX OBLIO
BO3MOXHO PaCCYMUTHIBATD IIOTPEUTHOCTD JJIsI JIIOOOTO
MIPOU3BOJILHOTO KOJHMYECTBA TOYEK CHETOMEPHOIt
CBhEMKU 1 Kod(ddUIIMeHTa Bapualiii, OHU ObLIN ar-
MIPOKCUMMPOBaAHKI ypaBHeHEM. OIHAKO HACKOJIBKO
XOPOIIO MOJTYyYeHHbIE KPUBBIE OMMCHIBAIOT ITOTPeIll-
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HOCTb BBICOTBI CHEXXHOTO TTOKPOBA IJIsI IPYTUX JEN-
HUKOB, OTIMYAIOLINXCS OT AJIBAECTOHIBI TTO pa3Mepy
u Mopdoaorum, TpedyeT AajbHEHIIeil MpPOBEpPKMU.
I[MpuHUIMNIMATIbHBIE OTPaHUYEHUS TIPEIJIOKEHHOTo
METOJa TaKOBBI: OTCYTCTBUE yqéTa CUCTEMATUYECKUX
OIMOOK, CBSI3aHHBIX C HEJOCTATOUYHBIM OIPOOOBA-
HHEM TeX YacTeil BomocOopa, rie BO3MOXHO 3HAYM-
TEJIbHOE OTKJIOHEHME BBICOTBI CHETAa OT CPEIHE Be-
JIMYUHBI, METOHA TOAUTCS TOJILKO IS TUIOIIATHBIX
CbEMOK, a MPU MPAKTUUYECKOM €ro NIPUMEHEHUHU LIS
MaJIoro KOJu4ecTBa U3MEPEHU, TIPOOJIEMOi MOXKET
CTaTh peaTMCTUYHBIN pacuET KoadduireHTa Bapua-
UAU.

BaaronapHocTn. ABTOpBI BbIpaxkaroT Osiarojgap-
HOCTh yyacTHUMKaM Poccuiickoit apKTnyeckoi sKc-
neauiu Ha apxurienare LlnuuoepreH (AAHWUI) 3a
MpenocTaBlIeHHOe 000pyI0OBaHKe, MOMOIb B opra-
HU3allMU U TPOBENEHUU T10JIEBbIX PAbOT.
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This study introduces an empirical equation allowing to estimate an uncertainty of area-averaged snow depth
on the Aldegondabreen Glacier, computed from standard snow surveys and made by an avalanche probe or
by similar equipment. The two-decade history of the ongoing mass-balance monitoring program on this gla-
cier shows that the methodology of field work on snow-measuring survey varies somewhat from year to year:
the number and location of measurement points change. To identify and quantify long-term trends and vari-
ations in snow cover, it is crucial to assess the inter-comparability of the data in the obtained measurement
series. The proposed equation was intended to solve this task basing on the collected data only, allowing to
estimate the uncertainty even retrospectively. To build this equation, we applied a bootstrap statistical ap-
proach to the results of snow surveys carried out in Svalbard in 2015—2021. After interpolating the field mea-
surements, obtained rasters were sampled sequentially with different numbers of points, simulating the real
snow survey. The points were initially located in a form of a quasiregular grid and then randomly shifted be-
tween the iterations. After a thousand simulations for each number of points, the standard deviations were
calculated relative to the “true” values, derived from corresponding rasters. These standard deviations, which
we admit to be a random error of the areca-averaged snow depth value, expectedly decrease with the number
of sampling points and increase with the coefficient of variation (C,). The well-known C, index indirectly
characterizes the irregularity of snow cover. After approximating the bootstrap results, the authors derived an
equation that yields a relative error. The equation includes only two predictors which are the probing density
per area unit and the C,, which potentially allows using it for the other glaciers. However, the universality of
the empirically obtained coefficients is debatable, since they may vary due toa glacier size, its morphology

and other parameters.

Keywords: snow survey, uncertainty estimation, bootstrap, snow depth, Svalbard, Arctic
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ITpoBeneHo MccaenoBaHUE XapaKTEPUCTUK CHEXKHOTO MOKPOBa Ha TOPHOJIBIKHBIX KypoOpTaxX Mo JaHHBIM
peanamm3a ERAS-Land. BeimmomHeHO cpaBHeHUE XapaKTe pUCTUK CHEXKHOTO IIOKPOBAa, OCAIKOB U TEMITepa-
TYpbI 110 JAaHHBIM peaHaar3a U MeTeoceTU. B yCloBusIX COBpeMEHHOTO KJIMMaTa CpenHsIs U MaKCUMaJIbHast
BBICOTA CHEXKHOTO TTOKPOBA Ha BCeX KypopTax JOCTATOYHA JJIsT MX (DYHKIIMOHUPOBAHUS, HO Ha GOJIBIITH-
CTBe KypOpTOB HaOII0AaeTCsl YMEHbIIIEHNE BHICOTHI CHEXKHOTO TTOKPOBA.
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BBEAEHUWE

Topet mokpEIBatoT okoj10 30% cymm Ha 3emiie (He
cunTast AHTAapKTUIBI) U SBJISTIOTCS OMHOM 13 BaXKHBIX
chep nesarenbHocTu uyenoBedectBa (IPCC, 2019).
HM3MeHeHMe KIIMMara B Topax ObLIO pacCMOTPEHO B
SROCC (Special Report on the Ocean and Cryo-
sphere in a Changing Climate), rie nmokasaHo oOiiiee
YMEHBIIIEHNe CHEXHOTO ITOKpOBa Ha MaJIBIX BBICO-
Tax, JISTHUKAX 1 BeYHOU MepanoTe. [1pomomkuTenb-
HOCTh 3aJIeTaHUsI CHEXXHOTO MOKPOBa COKpaTWJIach
TTOYTH BO BCEX PETMOHAX, B CpeIHEeM Ha 5 mHeit 3a me-
caTuieTre. Beicota u mIomangs CHEXXHOTO ITOKpOBa
Ha MaJIbIX BBICOTaX TaKXKe YMEHBIIWIUCH, XOTSI MEX-
TOIOBBIC KoeOaHusT BeTuKU. [1o TporHo3am, cHeX-
HBII TTOKPOB W JISTHUKW TPOIOJIKAT COKpAIIaThCs
MOYTH BO BceX pernoHax B XXI Beke He3aBUCUMO OT
cueHapueB n3MeHenust knumara (IPCC, 2019).

Pa3zButne ropHoabprkHOro TypusMa B Poccum
MOMJIEPXKMBAETCsI Ha TOCYJapCTBEHHOM YPOBHE, HO B
MUPOBOM 00BEME MHIYCTPUU TOPHOJBIKHOIO CITOP-
Ta noirt Poccum cocraBisieT TOABKO 2%, XOTs €€ T10-
TEHLIMAJI OLIECHUBAETCS JOCTATOUHO BBICOKO (TpeTmii
OLIEHOYHBIN..., 2022). KnuMaTtudyeckme M3MeHEHUS
HEe MOTYT He 3aTparuBaTh pa3BUTHUE 3UMHETO TOPHO-
JIBDKHOTO TypM3Ma M Pe3UJIMEHTHOCTh TOPHOJIBIK-
HBIX KYPOPTOB K KIMMATUYECKUM W3MEHEHUSIM.
TepmuH “pe3nINEHTHOCTH” B KOHTEKCTE KIUMAaTH-
YeCKMX UCCIICAOBAHUI ITOHUMAETCS KaK pe3WIMEHT -
HOCTh K U3MEHEHUsIM KinMara. [lon onpeneneHueM

PE3UIUEHTHOCTH TOHUMAIOTCS  MONJIOIIAIOIas,
amanTyUBHAs M TpaHCchOpMUpyOIIas CIIOCOOHOCTU
CHUCTEMBI, KaXKaasd N3 KOTOPbIX BHOCUT CBOM BKJIad B
PE3UIUEHTHOCTh K KIIMMATUYECKUM WU3MEHEHMUSIM.
ITockonbKy Ha pa3BUTHE TOPHOJBIKHBIX KYpOPTOB
BJIUAIOT KaK KIMMAaTHUYECKUE, TaK U COLIMAJIbHbIC
¢dakTOpHI, OLIEHKA UX PE3UMIIMEHTHOCTA MOXET YUU-
TBHIBAaTh ITOJIOKUTEIbHBIE TIOCIEACTBUS M3MEHEHUI
KauMaTa (Halpumep, YMEHbIIeHUE KOJIMYeCcTBa
JIHEM ¢ CUJIBHBIM MOPO30M), a TAaKKe pacCMaTpPUBAaTh
KJIMMaTU4ecKrue pPUCKU (HAIpUMep, YMEHBIIeHUE
BBICOTBI CHEXXHOTO TTOKPOBAa), 4TO IMpeaycMaTpuBaeT
MOHUTOPUHT KJIIMMAaTHIECKUX U3MEHEHUI U TTpoLeC-
COB ajanTally K HUM (HampuMep, UCIIOJIb30BaHUE
NCKYCCTBEHHOIO OCHC)KCHI/IH).

B ropHbIx paitoHax 10:KHOTro MakpockiaoHa boib-
moro KaBkaza B Gamkaillme IecITUICTUS pacdyeT-
HOE€ KOJIMYECTBO TBEPABLIX OCAIKOB MOXET YMEHb-
UThes Ha 25—30%, MakcuMalibHasI JeKaaHast BEICO-
Ta CHEKHOTO TToKpoBa K 2041—2050 rT. yMeHBIITUTCS
Ha 29—35%, a KOIMYeCTBO AHEM CO CHETOM — Ha 35—
40% (CokpatoB u Ap., 2014). DTH U3MEHEHUS OKAa3bI-
BaIOT CYylIECTBEHHOE BIMSTHUE Ha (hYyHKIIMOHUPOBA-
HY€ TOPHOJBIKHBIX KYpOPTOB, OCOOEHHO €CJIM OHM
pACIONIOXEHBI B paifoOHAX ¢ OTHOCUTEILHO BHICOKH-
MU TeMIepaTypaMH BO3IyXa B 3SUMHMIA TIEpUOI VTN B
peruoHax ¢ HeOOIBIIMM KOJIMYEeCTBOM CHera.

Kak 6bu10 mokazaHo B (TurkoBa, BuHorpanosa,
2017; TutkoBa u gp., 2017), CpoKM yCTAaHOBJICHUS U
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CX0Jla CHEXXHOI'0 MOKPOBa, MPOIOJLKUTEILHOCTD €TI0
3aJIeraHus, a TAKKe TPEHIbI U3MEHEHMST 9TUX XapaK-
TePUCTUK UMEIOT 3HAYUTEIbHbIE peTMOHATbHBIE 0CO-
oeHnHocTu. Hanuuure 1 mpogomKuTeIbHOCTD 3ajlera-
HUSI CHEXXHOT'O IOKPOBa — oIpeaesioline ¢hakTopbl
CYIIECTBOBAaHUSI U Pa3BUTUSI TOPHOJBIKHBIX KypOp-
TOB. I1o3TOMY IJIST OLIEHKM CEKTOpa TOPHOJILIKHOTIO
Typu3Ma HCIIOJIBL3YIOTCS pasjIMuHble MOKa3aTelln U
WHIEKChI, TECHO CBSI3aHHBIE C XapaKTepPUCTUKAMMU
CHEXXHOTO IToKpoBa. OMHUM U3 HUX SIBJSIETCS IIPaBU-
710 100 gueit (Witmer, 1986) Han€XHOCTH eCTECTBEH-
Horo cHera (Abegg, 1996). D10 MpaBMIO TOBOPUT O
TOM, YTO KJIMMaTU4ecKasl IIPUTOTHOCTh (M 9KOHOMU-
yeckas 1ej1ecoo0pa3HOCTh, KOTOpasi TakKKe 3aBUCUT
OT HaJIU4Msl U CTOUMOCTH MHMPACTPYKTYPbl, TPAHC-
MOPTHOM NOCTYIHOCTH, BCECE30HHOCTU U IIp.) IJIS
TOPHOJIBIKHBIX 30H WJIU KYpOPTOB BO3MOXHa TOJIBKO
py HaauIuu MUHUMYM 100 1Hei 3a Ce30H ¢ TOJIIIM-
HOM CHeXXHOTO ImoKpoBa He MeHee 30 cMm. Takske mc-
MoJb3yeTcsd enle oguH BapuaHT npabwiaa 100 mHeir:
“TOpHOMBIKHBINT KypOpPT MOXHO CUMTaTh CHEXHO-
HaJIEXHBIM, ecJTU B TeueHne 7 n3 10 3uM mMeeTcd 1o-
CTATOYHBI CHEXHBII MMOKPOB TOAILIUHOW HE MeHee
30—50 cM 15t KaTaHUSI HA JIBDKaX B TeUeHHE HE MEHee
100 mueii ¢ 1 mexadpst mo 15 ampenst” (Abegg et al.,
2021). Paznuunble BapuaHThl paBuwia 100 nHeit uc-
TMTOJIB3YIOTCS [IJISI TOPHOJIBIKHBIX KYPOPTOB BCETO MU -
pa: Ha (paHIy3CKUX TOPHOJBLDKHBIX KypopTax Ojs
obecrieyeHUsT TIPUOBIITFPHOCTA MHBECTUIINIT HEOOX0-
numbl 120 cHexxHbix nHeii (Barbier, 1978), B IlIBeii-
mapun — 100 gHEl 3a Ce30H CO CHEXXHBIM ITOKPOBOM
nJoctaTouHoit TommuHbl (Witmer, 1986), B ABcTpa-
qu — muHuMyM 60—70 gueit (Galloway, 1988), a B
CesepHoii AMepuke — He mMeHee 100 (Ha Bocrtoke)
nnm 120 nHeit (Ha 3amane) (Mieczkowski, 1990).

I[TomMmuMo mokazareneil DIyOMHBI M IIPOIOJIKM-
TEJILHOCTU 3aJIeTaHusl CHEXHOIO ITOKPOBa, IPYyrue
KJIUMaTU4YecKrue TepeMeHHbIE WrparT JOIOJHU-
TEJILHYIO POJIb B OLIEHKE YCJIOBHUI KaTaHUS Ha JIbDKaX.
Berghammer u Schmude (2014), HanpuMep, Ha3BaJlIu
“onTUMaJIbHBIM JILIKHBIM mHEM” (Optimal Ski Day,
OSD) neHb 6e3 0cagKoOB C TEeMIIEpaTypOil BO3IyXa OT
—5 1o +5°C, ¢ boJiee yeM 5 yacaMu COJTHEYHOTO CBe-
Ta U CKOpOCThIO BeTpa MeHee 10 M/c, B TOTIOJTHEHUE
K MUHHMMAaJbHOI BhIcoTe cHera 30 cM Ha CKJIOHAX U
OeTOCHEKHBIM TIeii3akKaM B OKpeCTHOCTIX. [1y1s1 Toro,
YTOOBI JIBDKHBIN AeHb ObLI KJIacCU(UIIMPOBAH KakK
OSD, Bce 3T mecTh KIMMATUYECKUX YCJIOBUIA
JIOJDKHBI COOIIONAThCS OMHOBPEMEHHO MJIST BCeil 30-
HbI KaTaHWUSI.

Knumatrnyeckure MHAEKCHI TaKKe MOKHO MCTIONb-
30BaTh 151 XapaKTePUCTUKU TOPHOIBIXKHBIX KypOp-
TOB, MOCKOJIBKY OHM CYMMMPYIOT METeOpOIOoThIe-
CKMe TIepeMeHHbIe, TaK1e KaK TeMIiepaTypa, OCaaKH,
BJIAXKHOCTb, JaBJICHUE U BeTep, B KiIaCCUPULIMPO-
BaHHBIE ITPOCTPAHCTBEHHO-BPEMEHHBIC 3HAYCHMUS,
KOTOPBIE BaXKHBI TSI pa3TMYHBIX QU3NUECKIX XapaK-
TepuctTuk u 4enoBeka (Demiroglu et al., 2021).
B wactHOCTH, OBIT mpemioxeH MomuduIMpoBaH-

BUHOTPAJOBA, TUTKOBA

HBIN KanMaTndeckuii nanekce typusma (MCIT) (Yu
et al., 2009a, 2009b) s rOpHOJBDKHOTO KypopTa
AJICKM, KOTOPBIH IMTpeACcTaBIIsIET COO0M KOMOWHALIAIO
YeTBhIPEX MOABIHACKCOB: BOCIIPMHUMAEMOI TeMITepa-
Typbl (MI3MEPEHHOI B COOTBETCTBUU C OXJIAXKICHUEM
BETPOM), CKOPOCTH BE€Tpa, BUIMMOCTU 1 TEKYIIEH IT0-
ronsl (1o xomy BcemMupHOT MeTeopOoIOrnieckon op-
raHuszanuun). B padore (Demiroglu et al., 2021) npen-
noxeH Ski Climate Index (SCI), koTopblii orpenessi-
eTcsl HaAeXHOCThlo cHera (SR) m HecHeXHbIMU
KOMIIOHEHTaMM, CBSI3aHHBIMU C 3CTETHUKON M KOM-
doptoMm (AC), TaKUMU KaK COJTHEUHBIN CBET, BETEP,
TeMIlepaTypa 1 BIIAXKHOCTb.

B paGore (Abegg et al., 2021) pa3paboraH u
anpoOUpOBaH Ha AJILIUMCKUX TOPHOJBIXKHBIX KY-
popTax TepedyeHb IokKa3aTeaeil I UCIOJb30Ba-
HUS B TOPHOJBIKHOM TypuU3Me: CHEXHbIe THU
(4yuciao gHel ¢ BBICOTOM cCHeTa MUHMMYM X CM); Ha-
Yyajo CHEXXHOTO ce30Ha (TepBas Jata camoro Mpo-
JIOJIXXKUTEJIbHOTO HETIPEPBIBHOTO MEpUoia C BbICO-
TOW CHETa MUHUMYM X CM); KOHEI[ CHEXXKHOTO CE30Ha
(TocyenHsisi gaTa camMoOro MPOAOJKUTEIbHOIO He-
MPEPBIBHOTO TIeprojia C BHICOTOI CHeTa MUHUMYM X
CM); KJIIOUeBOI Tepuo (KOJMYECTBO JAHEl ¢ BbICO-
TOU CHEra MUHUMYM X CM B T€UEHUE Y9KOHOMUYECKU
KPUTHUUYECKOTO KJTIOUEBOTO TEepro/a); BO3MOXHOCTHU
OCHEXeHMUs (KOJMYECTBO YacoB C TeMIMepaTypoii 1o
BJIaKHOMY TepMoMeTpy Hke X°C).

B Hacrosiiiee Bpemsi Bc€ OoJiblliee KOJIUYECTBO
TOPHOJBLKHBIX 30H 00OpYIOBAaHO CHEXHBIMU ITYIII-
KaMM, a UICKYCCTBEHHOE€ OCHEXXEHME SIBISIETCSI BaXK-
HOI 4aCThIO 3KCILTyaTalliu TOPHOJIBIXKHOTO KypopTa,
OIHAKO pacxobl Ha 0OOpyIOBaHME M aJaNTallMOH-
Hble Mepbl MOTYT YBEJUYUTh LIEHY MPeObIBaHUS TY-
pUCTOB Ha TOPHOJILIKHOM Kypoprte. B (Berard-Chenu
et al., 2021) craTUCTMYECKHU MTOKAa3aHO, YTO OCHEXE-
HME CTaJIo BTOPOI CTaTbE€M MHBECTULIUIA OISl TOPHO-
JIBDKHBIX KypOPTOB, HE3aBUCUMO OT UX BBICOTHI WJIU
pa3mepos. B padote (Falk, Lin, 2021) noguépkuBaeTt-
Cs, 9TO B MOCJIEAHEEe BpeMS CTEeHb 3aBUCHUMOCTU
MEXIY BBICOTOM CHEXXHOTO MOKPOBA U KOJIMYECTBOM
HOYEBOK CO BpeMEHEM YMEHBIIIAETCS B CBSI3U C MC-
MOJIb30BaHMEM MCKYCCTBEHHOTO CHera. B pesysibrarte
CHEXHBbIE THU, TIPOJOJKUTEIbHOCTh CE30Ha, TIPaBUIIO
100 mHeit crajmo MOXHO pacCUMTaTh KaK IJIST ecTe-
CTBEHHOTO, TaK U JIJII UICKYCCTBEHHOTO CHera. OaHaKo
MCKYCCTBEHHOE OCHEXCHUeE JenaeT 0oJyiee BaKHBIMU
TeXHUYEeCKue, MHGPACTPYKTYpPHbIE U 3KCIUTyaTallu-
oHHBIe actiekThl. B pabote (Rixen et al., 2011) konu-
YeCTBO JHEM C MOTeHIMAJILHBIM OCHEXEeHHEeM pac-
CUMTBIBAETCS KaK UMCJIO AHEH C TeMIIepaTypoil TOUKU
pocel <—4°C. I1pu atoM (Demiroglu et al., 2021) ot-
MeEUaloT, 94TO B paiioHaX ¢ 0o0Jiee BBICOKOI OTHOCH-
TEJIbHOM BJIAKHOCTBIO TpPeOyIOTCSI 0Oojiee HU3KUE
TeMIIepaTyphbl ¥ UCIIOJB3YIOT B KAYECTBE IIOPOTOBOTO
3HAYEHUSI TeMIlepaTypy IO BJIAXXHOMY TEPMOMETPY
(WBT) —7°C s npaBUIBHOI OLIEHKN OCHEXXEHMUSI.
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N3MEHEHHUA KINMATA U CHEXHOTI'O ITOKPOBA
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Puc. 1. Jlokanu3sauust ¥ XapaKTepUCTUKU CHEXXHOTO IMTOKPOBa 1 ux uameHenune Mmexmy 2011—2020 u 2000—2010 rr. (B cKo6-
Kax) Ha FOPHOJIBLKHBIX KypopTax Poccuu Ha Kapre penbeda Poccun: H,,, — MaKCUMaJIbHas BbICOTAa CHEXXHOTO IIOKPOBa

(em); He,,

— CpemHssI BBICOTa CHEXHOTO MoKpoBa (cM); H > 30 cM — yucio mHei ¢ BeicoToii cHera 6osbiie 30 cm; OSD — ormr-

TUMAaJIbHBIN JIBDKHBIN IEHb C BLICOTOM CHera He MeHee 30 cM, 6e3 ocalKoB, C TeMIepaTypoii Bozmyxa oT —5 10 +5°C, npu cKo-
poctu BeTpa MeHblie 10 M/C 1 HYXKHel 006J1a4HOCTU MEeHbIIIEe 5 6a/UIOB.

Fig. 1. Localization and characteristics of snow cover and their change between 2011—2020 and 2001—2010 (in parentheses) in
ski resorts of Russia on a relief map of Russia: H,, is the maximum height of snow cover (cm); H,, is an average snow depth
(cm); H > 30 cm is the number of days with snow depth more than 30 cm; OSD is an optimal ski day with snow depth no less than
30 cm, no precipitation, air temperature from —5 to +5°C, wind speed below 10 m/s and cloud cover below 5/10 points at lower

cloud layer.

IIpu onleHKe TMAPOMETEOPOJIOTUYECKUX MTOKa3a-
TeJei TOPHOJBLIKHBIX KYpOPTOB MCIIOJIb30BaJINUCh
maaHble peaHaym3a ERAS-Land, koropele Ha maH-
HBI1 MOMEHT SIBJISIOTCS OMHUMM U3 JIYYIIUX U IITUPO-
KO IIPUMEHSIOTCS B COBPEMEHHBIX UCCIICIOBAHMSIX, B
TOM YMCJIE IUISI TOPHBIX TEPPUTOPUI U, B YACTHOCTH,
JUISI OLIEHKU BBICOTHI CHEXXHOTro rnmokposa (Wegmann
et al., 2017; Orsolini et al., 2019; Bian et al., 2020;
Nouri, Homaee, 2021). Ogaako mpu uccieaoBaHUIX
B KOHKPETHOM paiiloHe BCEraa ecTh IpodaeMa anek-
BaTHOCTU HAHHBIX peaHajin3a, KOTOPBLI HE MOXET
Y4eCcTb BC€ OCOOCHHOCTU TEPPUTOPHHU, TaKHWe Kak
BBICOTHBIE XapaKTePUCTUKU, OCOOEHHOCTH peiibeda,
OPUMEHTALINIO CKJIOHOB, BETPOBOM PeXUM U T.II., ITO-
STOMY IJIs1 OLICHKM afleKBaTHOCTHU JaHHbBIX peaHalIn3a
ObBUIM MCIOJb30BaHbl JTOMOJHUTEIbHBIE JTaHHBIE
OMVDKAMIIMX METEeOCTAaHLU, CaliThl TOPHOJBIKHBIX

KypOPTOB.

OCHOBHOM 1eNIbI0 JaHHOM paOOTHl SIBJISIETCS
OlleHKa KJIMMAaTu4eCKuX (pakTopoB (PyHKIIMOHHPO-
BaHMsI TOPHOIBIKHBIX KypopToB Poccun B yciioBmsIx
COBpEMEHHOIo KJIMMaTa II0 JaHHBIM peaHalu3a
ERAS-Land 1 maHHBIM MeTeOoCceT! Ha OCHOBE MCCJIE-
JIOBaHUS CHEXXHOTO MOKPOBA, KOMILIEKCHBIX KJIMMa-
TUYECKUX TTOoKa3aTejei, TaKuX KakK “ONTUMabHBIC
nepkHBIe 1HU” (OSD) 1 IHU, TOAXOSMINUE TSI UC-
KYCCTBEHHOTO OCHEXKEHMSI.

JEO U CHET  Tom 63 Ne3 2023

PAMOHBI UCCJIEJJOBAHUH,
MATEPHUAJIBI U METO/1bI

Paiionst uccaeoosanuii. B xauectse permoHoB ¥C-
cllieIoBaHUsT KIIMMaTUYeCKUX YCIOBUI U COCTOSIHUS
CHEXXHOTO TOKpOBa [Jisi TOPHOJBIKHOIO TYpHU3Ma
BBEIOpaHBI HanmOoJiee M3BECTHBIE TOPHONBLKHBIC KY-
POPTHI, PACIIOJIOXKEHHBIE B pa3HBIX PEervMoHax cTpa-
HElL. D10 KaBkas, Ypan, Xubunsl, Cubupp u Jlaab-
Huii Bocrok (puc. 1). KpaTkas xapakrepucTuka Ky-
pOPTOB TMpUBeAcHA HUXKE, a OCHOBHBIE ITapaMeTphl U
oInyvcaHue MHPPACTPYKTYPHI 3TUX KYPOPTOB MpUBE-
neHbl B Taba. 1 (https://www.ski.ru/ u caiiTbl TOpHO-
JIBDKHBIX KYpOPTOB).

BonbIIMHCTBO KypOPTOB, 32 UCKIIOUEHUEM YacTU
KaBKa3CKMUX, HaXOMSTCI Ha CpegHMX BBICOTaX
(500—1000 m Ham yp. mops). Ha atux Kypoprax He-
OoJiblIasi MPOTSLKEHHOCTh TPacC, a YUCIO TMOIbEM-
HUKOB B OCHOBHOM He TipeBhbIaeT 10.

TopHonbKHBIN KypopT KHMpoBcka pacmnoiaoxkeH
Ha I0KHOM M CEBEPHOM CKJIOHAaX TOPHI AifKyaliBeH-
yopp TopHoro maccuBa KykmcBymuyopp. Bricimas
Touyka — 1143 M Hax yp. Mopsi. CKIIOHBI TOp KPYyThIE,
TTOKPBITHl JIECOTYHIPOBON PacTUTEIIBHOCTHIO; BEp-
IIWHBI TUIOCKWE, KaMeHucThle. Ilepeman BBICOT Ha
TOPHOJIBDKHOM KYpOpTe cocTaBiisseT 665 M. Kimnmar
KypopTa yMepeHHO TEIUIBIA C M30BITOYHBIM YBIIaXK-
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HEHMEM U OTHOCUTCSI K YMEpEHHOMY KITMMATHIeCKO-
My TIOSICY C BIMSTHUEM aTIAHTMYECKUX W apKThIe-
CKUX Bo3aylIHbIX Macc (HammuoHanpHbIHA. .., 2007).

Tpacchl TOpHOJIBLKHOTO KypopTa AG3aKOBO HaXO-
nsarTcd B 1ecHoM MaccuBe FOxHoro Ypama. Makcu-
MaJibHas BeICOTa KypopTa 819 M onpenessieTcst Kpaii-
Hell ceBepHOI BepmnHoi xpedta KprikTeiTay FOXK-
Horo ¥Ypama, meperag BeicoT mo 320 m. Kimmar
KypopTa KOHTMHEHTAJIbHBIN, YMEPEHHO-TEIIbINA C
aTJIAHTUYECKUM BJIUSTHUEM U TOCTAaTOYHBIM YBJIAXK-
HeHueM (HaumonanbHbIi..., 2007).

3oHa KataHuss CoOoyiMHasi pacIiojoXeHa Ha I0XK-
HOM Oepery o3epa baiikan, Ha ceBepHOM CKIIOHE
xpebTa Xamap-J/labaH, rieperas BHICOT 3I€Ch COCTaB-
qsieT 475 M. TeppuTopust 3Toit 30HBI KaTaHUST NIPEI-
CTaBJIcHA TOPHO-Ta&XHbIMU JaHAadgTamu. Kimumar
KypopTa YMEpEeHHBIN, Pe3KOKOHTUHECHTAILHBINA, HO
oTeruisionlee BausiHUe baiikana co3naét ocooeHHbIe
YCIOBUS ¢ 0oJjiee TEMIOM 3MMOM, TOCTATOYHBIM KO-
JINYECTBOM CHeTa U NOJTUM CHEXXHBIM CE30HOM.

TopHOBEKHBINA KypopT “I'opHBII BO3myx” Haxo-
nuTcs Ha ckJioHax CycyHalicKoro xpeOTa Ha OKparHe
ropona IOxno-CaxanmHck. MakcuMalibHasl BBICOTa
601 M Hanm yp. Mopg. Ha cknonax CycyHaiickoro
XpebTa pacrnpocTpaHeHa TaéXHasi paCTUTEIbHOCTb.
Knumat yMepeHHbIit, MyCCOHHOTO TUIA, YMEPEHHO-
TETUILINA U BaxHbIi (HaumonanbHbIA. .., 2007).

BonbIIMHCTBO KaBKa3CKUX KYpOPTOB MOXHO OT-
HECTU K BBICOKOTOPHBIM, PACIOJIOXKEHHBIM BbIIIIE
1500 m Hazx yp. Mopst (cM. puc. 1). KypopTbl HaxoasiT-
csl Ha 3amajHOM U LieHTpajibHOM KaBkase, u Ha ce-
BepHOM MakpockiioHe [ 1aBHoro KaBkasckoro xpe6-
Ta (Kpome Kpachoii ITonsiHbr). Kypoptel KpacHoii
IMonstHBI pacmoioxkeHbI Ha BeIcoTax oT 650 1o 2509 M
Hanm yp. mops B 15 kM ot I'maBHoro Kaska3sckoro
xpebta. KypopT oKpyX€H BBICOKUMU TOPHBIMU XpeO-
TaMM ¥ 3aHUMAaeT OOIIUPHYIO TEpPACY, OKPYKEHHYIO
necamu. [TopHoOJIBIKHasS 30HAa ApXbI3 HAXOOUTCS B
npenropbsix ImaBHoro Kapkasckoro xpeo6ta. CKJo-
HbI OKPY>KalOIIUX XPEeOTOB B OOJBIIMHCTBE CIyyaeB
OYEHb KPYThl, U3PE3aHbI TONEPEUHBIMU CKATUCTBIMU
yIIEeIbsIMU, OaiKaMu U Bogomnagamu. PaiioHn Jlombast
OTJINYaeTCsd TUIMYHBIM aJIbIIMUCKUM peibedoM c
0OJIBIIMM JAMana3oHOM BbICOT. OCHOBHbBIE THUIIbI
JJaHAIIAa(PTOB — TOPHOJECHBIE, TOPHO-JIYTOBBIE U HU-
BasnbHbIE. KypopThl IIpuaab0Opychs pacIiogo>KeHbI
Ha oTporax ImaBHoro KaBka3ckoro xpedTa M CKIIO-
Hax Onpopyca. Penbed OTHOCUTCS K ajlbIIUACKOMY
TUITY, OTJIMYAIOLIEMYCSI U3PE3aHHOCThIO, OOIbIIMMU
rnepenajgaMu BbICOT U MOUIHBIM COBPEMEHHBIM OJie-
JIeHEHWeM. YciaoBus ropHoro knumata Kaskasza xa-
DPaKTEPU3YIOTCS TIOHUXKEHNEM TeMIepaTypbl C BbICO-
TOU U YMEHBIIIEHUEM KOJIMYECTBA OCAIKOB MPU yaa-
JeHun oT YeEpHoro wmops. Iad 3TUX KypoOpTOB
XapakTepHa HauOoJibllasi MPOTSIXKEHHOCTb Tpacc U
00JIbIIIOE KOJIMYECTBO MOIBbEMHUKOB (CM. TabJI. 1).

Mamepuaawsi. ccienoBaHue TMHAMUKU CHEXXHO -
ro MOKpoOBa, “OINTUMAJILHBIX JBKHBIX gHeW” (OSD)

JEO U CHET  Tom 63 Ne3 2023

W YCJIOBUI UISI UICKYCCTBEHHOTO OCHEXEHUST Ha TOp-
HOJIBDKHBIX KypOpTaXxX IIPOU3BOAMIOCH HA OCHOBAaHUU
JMIaHHBIX peaHalu3a. BbbUIM MCMONb30BaHbI TaHHBIC
Hau0boJiee COBpEMEHHOI'O peaHaIn3a C BLICOKUM pa3-
pemenueM ERAS5-Land (Copernicus...), a Takxe
JIaHHbIE METeopoJIoTuYecKoi ceTn n3 apxusa BHM-
UIMHU-MUA (http://www.meteo.ru) U apxuBa
NOAA (ftp://ftp.ncdc.noaa.gov/pub/data/gsod). Pe-
aHanu3 ERAS5-Land — nsitoe mmokoJjieHUe peaHanus3a
IIO0AJBHBIX aTMOC(MEpPHBIX HAOMIOASHUN U IPEIo-
CTaBJISIET HENPEPBIBHBIE PSAbl TAaHHBIX C BBICOKUM
MPOCTPaHCTBEHHBIM pa3pereHueM 0.1° X 0.1°. JlaH-
HBIE peaHan3a IpU OLICHKE CHEXHOIO IIOKPOBa MC-
MOJb3YIOTCSI BO MHOTHX paboTax 1, B YaCTHOCTHU, IS
ropHbix perunoHoB (Orsolini et al., 2019; Bian et al.,
2020; Nouri, Homaee, 2021). 3T maHHbIC IIPUBO-
IISITCSI HA BBICOT€ MECTHOCTHM C IIIaroM HpHOIU3M-
TeAbHO 9 X 9 KM, MO3TOMY HE BC€ MUKPOKJIMMAaTUYE-
CK1€ OCOOCHHOCTU MOTYT OBITb YUYTEHEI IIPU TaKOM
pa3pemeHnn gaHHbIX. Ho, K coxkaneHuio, boyiee Ha-
NEXHBIX JaHHBIX peaHaIn3a C BBICOKUM pa3pelleHM -
€M HeT.

U1 KOMITJIEKCHOM OLIEHKM TOPHOJIBDKHBIX K-
POPTOB UCMOJIb30BATUCH CJICAYIOLINE XapaKTePUCTH -
ku n3 apxuBa ERAS-Land: TemnepaTypa Bo3ayxa Ha
BBICOTE 2 M, U-COCTaBJIsIIO1ast TOPU3OHTATIbHOI CKO-
pocTtu BeTpa Ha BbicoTe 10 M, TeMmIiepaTypa TOYKH po-
Chl Ha 2 M, TTyOMHA CHera B M, 0aJUT HIDKHe 00Jrad-
HOCTH.

Memodu:. TIpoBeneHoO cpaBHeHME JaHHBIX peaHa-
nmu3a ERAS-Land v cTaHIMOHHBIX JAHHBIX OJISI CPEll-
HEeMECSIYHOI TeMIlepaTyphl BO3OAyXa Ha BBICOTE 2 M
U BBICOTHI CHeXHoro mokposa 3a 2000—2021 rr. B
paiioHax pacCMaTpUBAaeMbIX TOPHOJBIKHBIX KypOp-
ToB. CpaBHEHNE ITapaMeTPOB MPOBOAMIOCH IS y3J1a
peananu3a (0.1° X 0.1°), 6iuxaiiniero K MeTeoCTaH-
uu (Tabiu. 2, puc. 2). Bepudukaius 1aHHbIX 3HAYM-
TEJILHO 3aTpydHEeHa B TOpHOII MecTHOoCcTU. Heobxo-
JIMMO YYUTBIBAaTh, YTO METEOCTAHILIMS U y3eJl peaHa-
JIM3a MHOINA HaXOMOITCS Ha pa3HOM BBICOTE, 4YTO
MOXKET YBEJIMYMBATh OIIMOKY IIPY CpPaBHEHMM, a TaK-
K€ TO, YTO B ClIyyae peaHajin3a IMPUBOIUTCS €INHOE
3HAYCeHME IJIST BCETO y3J1a CETKU, YTO HE ITO3BOJISIET
YYUTBIBAaTh OCOOCHHOCTHA MUKpOpeibeda.

PaccuuthiBasach  KOppeadiusi CTaHLMOHHBIX
IaHHBLIX C JAaHHBIMU peaHanm3a 3a Iepuon 2000—
2021 rr. mIa cpegHEMECSYHBIX M CPETHETOHOBBIX
3HayeHui. OlLleHUBaJIaCh MOTPEIIHOCThL peaHaIn3a B
MpPOLEHTaX, BhIpaKeHHAsI OTHOIICHUEM OILIMOKI 13-
MepeHUs K JeiICTBUTEILHOMY 3HAYEHUIO M3Mepsie-
MO BeJIMYMHBI. Pacyét ommoOKM B MpOILeHTaX Mpo-
M3BOOMJIICS IO (popMmyIie:

&= (X, - X.)/X.x100%,

rne X, — 3HaueHue peaHanu3a ERAS5-Land; X, — 3Ha-
YEHME N0 CTAHLIMOHHBIM JaHHbBIM.

PaccMoTtpena ommbKa TMHEHHBIX TPEHIOB Mapa-
MeTpoB. JIJIsT 3TOTO TOMECSTYHO OBITA pacCYMTAHBI



374

BUHOTPAJOBA, TUTKOBA

Taomna 2. KoopanHaThl MeTeOCTaHUIMIA U TOYEK peaHaanu3a, UCTIOIb3YEMbIX [IJ1s1 BepUPUKALIMY JaHHBIX

Cranmus Hupota Iupota Jlonrora. JlonroTa, Bricora, Bricora.
M/c ERAS5-Land M/c ERA5-Land M/C. M ERAS5-Land, m
MoHnueropck 67.93 67.9 329 32.9 128 293
KpacHas mosstHa 43.68 43.7 40.20 40.2 566 1073
Yeret 43.23 43.2 42.51 42.5 3040 4018
Tepckon 43.25 43.3 42.50 42.5 2144 3298
BepxHeypalibcK 53.88 53.9 59.2 59.2 403 415
Xamap-/laban 51.5 51.5 103.6 103.6 1442 1302
Baiikanbck 51.51 51.5 104.15 104.2 460 578
HOxxHOo-CaxalmHCK 46.95 46.9 142.72 142.7 24 380

Ta6imma 3. [onoBbIe 3HaUSHMS KOPPEJAIINM, OIIIMOKY 3HaUYEHU M U TpeHIOB TemIiepatypsl (7) 1 MAKCUMaTbHOM BBICOTBI

cHera (H,,,,) B % peanaimsa ERAS-Land oTHocuTenbHO TaHHBIX HabmoaeHuit 3a 2000—2021 rr.

MoHyeropck Il%poe;c:;: Yerer Tepckon 5;2;( I:cel_( Xamap-/laban| baiikaabck C;g:;}lfll(:l_CK
Koppensiuust, T/ H .y
0.96/0.77 \ 0.96/0.61 \ 0.98/0.64 \ 0.84/0.7 \ 0.98,/0.94 | 0.93/0.93 \ 0.95/— \ 0.80/0.68
Omnbka 3Hayenuii, 7/H, .,
—8/21 \ —20/33 \ —17/11 \ —13/35 11/-32 | 8/18 \ -19/— \ 13/-10
Omnbka tpeHaa, 7/ H .
-5/-8 | =515 | -1/13 | —13/=7 14/-8 | -14/-6 | -9/ | -1/-10

TPEHIBl TeMIepaTypbl U MAaKCUMAaJIbHOW BBICOTHI
CHEXXHOTO IToKpoBa 3a riepuoa 2000—2021 rr. mo naH-
HBIM HaOmogeHuit n peanaimm3a ERAS-Land B pac-
cMaTpuBaeMbIX Toukax. I[TocTpoeHbl 3aBUCUMOCTH
BBICOTBI CHEXKHOTO IMOKPOBa MO CTAHIIMOHHBIM TaH-
HBIM 1 JaHHBIM peaHaian3a ERAS-Land u perpeccu-
OHHBbIE TIPSIMbIE B palioHaX TOPHOJIBIXKHBIX KypOPTOB
Poccuu 3a mepuon 2000—2021 rr. (cM. puc. 2).

Ilo maHHBIM peaHanM3a MPOBEAEHA OLIEHKA CO-
CTOSTHUSI CHEXKHOTO TTOKpPOBa (BBICOTHI, UMCJIa THEH ¢
BbIcOTOI1 cHera OoJjiee 30 ¢cM, JaT yCTAaHOBJICHUS U
pa3pylieHus1) B paiioHaX TOPHOJBIKHBIX KYpOPTOB.
PaccmarpuBanach cpemHsIsI M cpedHsii U3 MaKCHU-
MaJIbHOM BBICOTHI CHEXKHOTO TTOKPOBa 3a 3MMHUI T1e-
puon. Takxke ST KaXIOTO KypopTa OLEHUBAIOCH
KOJIMYECTBO “ONTUMAJIbHBIX JIKHBIX mHeit” (OSD)
U THEH, TTOOXOOSIINX IJI1 UICKYCCTBEHHOTO OCHEXe-
HUS. ONTUMATBHBIM JIBDKHBIM JHEM CUUTAICS IEHb C
BBICOTOI cHera He MeHee 30 cM, IJIST KOTOPOro CO-
OoJauCh CeayolIne YCIOBUS: 1eHb 0e3 0CaJIKoB
C TeMImepaTypoil Bo3ayxa oT —5 go +5°C, mpu aTtoM
CKOpPOCTb BeTpa JOJDKHa ObITh MeHble 10 M/c, a
HIDKHSIST 00J1aUHOCTh MeHbIIIe 5 0astoB. JIHEM, TToa-
XOISIIUM IUISI UCKYCCTBEHHOTO OCHEXEHMS, CYUTAI -
cd JIeHb C TEMIIEpaTypoil TOUKMU pockl HuxKe —5°C.
DT TTapaMeTphl OLIEHNBAJIMCH TSI iepronoB 2000—
2021, 2000—2010 m 2011—2021 rT. Takke paccMaTpu-
Baymmch ux TpeHabl 3a 2000—2021 rr. 3HaYMMOCTD JIY-

HEMHBIX TPEHIOB OLIEHUBAJIACH MO YPABHEHUIO pe-
IPECCUM C OLEHKON CTATUCTUYECKON 3HAYMMOCTU
95% 1o xputepuo CThIOACHTA.

PE3VJIBTATDBI U OBCYXIEHUA

Cpaenenue dannvix peanaauza ERA5- Land u cman-
UUOHHBIX OaHHBIX 6 20pHbix pationax. llpoBeneHa
OlIEHKAa Koppeasuuu 3HadyeHuit peaHanu3za ERAS-
Land 1 maHHBIX MeTeOCETHU B paiiloHaX TOPHOJIBLKHBIX
KypopTtoB Poccumu. st Bcex paccMaTprMBaeMbIX 30H
karaHusi naHHbie ERAS-Land maist Temriepatypsl U
BBICOTBI CHEXHOTO ITOKPOBA XOPOIIO CHUHXPOHU3U-
pOBaHBI C TaHHBIMU HaOmMoneHuii. Beicokast koppe-
JISIUST OTMEeYaeTcsl ISl TeMrepaTypbl Bo3ayxa. Bo
BCeX peruoHax oHa okoJjio 0.9 BHe 3aBUCHMOCTHU OT
Mecsna. st BBICOTbI CHEXXHOTO MOKPOBa KOPPEJIsI-
uus 3HaumMma u coctapisier 0.6—0.9 (ta6a. 3). Ilo-
CTPOEHHBIE 3aBUCUMOCTH BbICOTBI CHEXKHOTO ITOKPO-
Ba 110 CTAHIIMOHHBIM JaHHBIM U JaHHBIM peaHan3a
TakXe TOKa3bIBalOT XOpOIllee CXOACTBO 3HAYCHMIA
JIByX MACCHBOB U MO3BOJISIOT OLICHUTh CUCTEMaTUde-
CKYIO OIIMOKY (CM. puc. 2).

O1leHKa OIIMOKM rOAOBBLIX 3HAYCHUII peaHaun3a
ERAS5-Land noka3ssIBaeT, YTO peaHalin3 JOCTaTOYHO
XOPOILIO BOCIIPOM3BOAMUT TeMIlepaTypy BO3IyxXa B
ropHbIX paiioHax. OmMOKa 3HAYCHUI IJIsl TEMIIepa-
Typbl BO3OyXa II0 MOAyJIO He TpeBblmaer 20%.

JEOQ U CHET Ne 3

TOM 63 2023
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Puc. 2. 3aBUCUMOCTb CpeHEi BBICOTBI CHEXKHOTO IMTOKPOBA MO CTAHIIMOHHBIM JTaHHBIM (110 TopuzoHTanin) 1 ERAS-Land (o
BepTUKAIN) B paifOHaX rOPHOJBIKHBIX KypopToB Poccuu 3a nepuon 2000—2021 rr.: (@) Monueropck (Xubunsi); (6) Yeret
(KaBka3); (6) BepxHeypaibck (A63akoBo, FHOxHbiil Ypan); (¢) Xamap-aban (Cobonunast, FOxublii Baiikan); (d) T'opHbIit

Bo3nyx (FOxHo-CaxalInHCK).

Fig. 2. Mean snow cover height according to station data (horizontally) and ERAS5-Land (vertically) in the areas of Russian ski
resorts for the period of 2000—2021: (a) Monchegorsk (the Khibiny); (6) Cheget (the Caucasus); (¢) Verkhneuralsk (Abzakovo,
the Southern Urals); (¢) Khamar-Daban (Sobolinaya, the Southern Baikal); (d) Mountain air (Yuzhno-Sakhalinsk).

Oumubka 3HAaYEeHUII MaKCUMAaIbHOM BBICOTHI CHEX-
HOT'O MOKpPOBAa B palioHe METEOCTAHLIUI U3MEHSIETCS
ot 10 1o 35% Kak B ITOJIOXUTENbHYIO, TaK U B OTPU-
LIaTeIbHYIO CTOPOHY. B paboTe aHanu3upyloTCcst TEH-
JIEeHIIY U U3MEHEHUSI BCeX pacCMaTpUBaeMbIX Tapa-
METPOB, UTO MO3BOJISIET MUHUMU3UPOBATh OLIUOKY
WCXOMHBIX NAHHBIX W MOJYYUTb JOCTOBEPHBIE pe-
3yJIbTaTBl C MUHUMAJIbHOM oyieit ommoku. Ommnoka
TPEHAOB TeMIIepaTypbl BO3lIyXa W MaKCHUMaJIbHOM
BBICOTHI CHEXXHOTO MOKPOBA HEBEJIUKA U MO MOIYITIO
He TipeBbIaeT 19%.

Takum o6pa3om, UCTTOJIL30BaHNE 3HAYSHUI TEM-
repaTyphl Bo3ayxa I10 JaHHBIM peaHajn3a B ITOJTHOM
Mepe nonycTumo. Mcnonb3oBaHme BBICOTHI CHEXKHO-
ro mokpoBa ERAS5-Land tpebyeT HeKOTOpOIT OCTO-
POXXHOCTU M3-3a JOBOJILHO BBICOKOI1 OIIIMOKU, CBSI-
3aHHOM C IIIaTOM peaHann3a, KOTOPbIil He MO3BOJISIET

JIEA U CHET Ne 3

TOM 63 2023

MOJIHOCTBIO YYECTh OCOOEHHOCTH peJibeda B TopHO
MecTHOcTU. OlleHKa TPEHIOB TeMIIEpaTyphbl BO3yXa
M BBICOTHI CHEXHOIo IToKpoBa peaHanu3a ERAS-
Land nokaspiBaeT yaoBJIETBOPUTEIBHOE COOTBET-
CTBUE C OJMKAWIIMMKA METEOCTaHUMSIMU (CM.
puc. 2), 1 UX OlleHKa Mo peaHaJn3y BO3MOXHa C He-
KOTOpPO1 noJieit HeonpeaeaAEHHOCTH, B 3aBUCUMOCTH
OT paiioHa UcCCieJOBaHUS.

CHexcHblil NOKPO8 8 PaiioHax 20PHOABINHCHBIX Kypop-
moe. BricoTa CHEXHOTO TOKPOBa U MPOAOIKUTEIb-
HOCTB €TO0 3ajleTaHus — MIaBHBINA (pakTop PYHKIINO-
HUPOBaHUsSI TOPHOJILIKHBIX KypopToB. Ha Bcex rop-
HOJIBIXKHBIX KypopTaxX CpedHsIsI BBICOTA CHEXHOTO
MMOKPOBa YBEIMUUBAETCSI OT 60Jiee HU3KUX YIACTKOB
CKJIOHOB K 0oJiee BbICOKMM (puc. 3). [y1s1 KypopTOB,
pacrnoyiokeHHBIX Ha HeOOIbIIMX BbicoTax (10 1200 M),
CpemHsisI BbICOTA CHeETa IO JAaHHBIM peaHajiu3a He
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Puc. 3. Cpennss 3a nepuozn 2000—2021 rr. BbICOTa CHEXXHOTO TOKPOBA Ha TOPHOJIBIKHBIX KypopTax Poccuu: (a) Kuposck
(Xubunsr); (6) A63akoBo (KOxHblit Ypan); (¢) CobonmnHast (Mpkyrckas o6iacTs); (¢) TopHbiit Bo3nyx (FOxnHo-CaxaanHCK);
(0) KpacHast nosisiHa, Apxbi3, Jlom6aii, I[1pusnbopycehe (KaBka3s). M3oauHUsIMU ToOKa3aHa BHICOTAa MECTHOCTHM Hall yp. MOPSI.
1 — noKanM3aiys TOpHOJIBKHOTO KypopTa; 2 — METEOCTAHITHS.

Fig. 3. Average height of snow cover for the period of 2000—2021 at mountain ski resorts of Russia: (a) Kirovsk (the Khibiny);
(6) Abzakovo (the Southern Ural); (¢) Sobolinaya (Irkutsk Region); (¢) Mountain air (Yuzhno-Sakhalinsk); (d) Krasnaya Poly-
ana, Arkhyz, Dombai, Elbrus region (the Caucasus). Contours show terrain elevation above sea level. / — localization of ski re-
sorts; 2 — meteorological station.
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npeBbiaetr 90 cM. MuHUMalIbHbIE 3HaYeHUSI (OKOJIO
37 cm) ormevalorcs Ha HOxHoMm Ypane (A6G3aKoBO),
YTO HEMHOTO TIPEBHIIIAeT MUHUMAJIBHYIO TITyOWHY
CHeTa, HeOOXOMUMYIO IJIsT (GYHKIITMOHUPOBAHMS TOP-
HOJIBDKHOTO KypopTa. MakcuMaiabHble 3HaYeHUs
(oxoio 80 cm) xapakTepHbl Wit Kuposcka (tadi. 4,
cM. puc. 3). CpengHssi MaKCUMaIbHask BBICOTA CHEX-
Horo nokpoBa Ha CaxanuHe (KypopT “I'opHbIif BO3-
nyx”) u B8 Kupocke — okojio 100 cM. DT onieHKH
MOTYT OBITH HECKOJIBKO 3aHWKEHBI, BCICACTBUE CH-
cTeMaTU4eCKOi oImMOKM peaHanm3a (CM. TaOa. 3 u
puc. 2).

BonbIMHCTBO TOPHOJBIKHEIX KypopToB CeBep-
Horo KaBka3za pacIiojloxkeHO B BBICOKOTOpbE, TIe
CpEeIHSISI BLICOTA CHEXXHOTO MOKpoBa MpeBbIiiaet 100
CM, YBEJIUUMBAsICh C BEICOTOM B 30HAX KaTaHUS (CM.
puc. 3). Ilo peananm3y MakcuMMajbHbIe 3HAYECHUS
130—150 cm or™meuaroTcs B [1puannopyche 1 Jlombae.
CpenHsist MaKCUMAaJIbHasI BBICOTa CHEXKHOTO ITOKPOBa
Ha 3THUX KypopTax MoxeT npeBbrmaTth 200 cMm, 3a mnc-
kmouyeHueM Kpacnoit IlonstHel, rme oHa gocTuraia
180 cM (cm. Tadi. 4). I1pu 5TOM HalO yUUTHIBATh, UTO
JaHHBIC peaHajn3a MOTYT 3aHMXAThb BBICOTY CHEX-
HOTO TTOKPOBA, B YACTHOCTH M3-3a 111ara OCpeaIHEHUS
M HEJOY4YETa MUKPOKIIMMATHYECKINX OCOOCHHOCTE.

IIpakTryecku Ha BceX pacCMaTpUBaeMBbIX TOPHO-
JIBDKHBIX KypopTax HaOJIIoJacTcsl YMEHbBIICHNE KakK
MaKCHUMAaJIbHOM, TaK U CpEeAHEN BBICOTbI CHEXXHOIO
MMOKPOBa. 3HAYMMBbIC OTpPULIATEIbHBIC TPEHIbBI OTME-
YyaloTCcsl Ha BceX KypopTax (IIpU HEKOTOPOM 3aHIXKe-
HUU OLIEHOK peaHajiu3a), 3a UcKiIodeHueM Kupos-
CKa, Irie HaOJIIomaTcsl 3HaYUMMbIEe MOJOXUTEIbHBIE
TpeHabl cpeaneil (8 cM/10 Jet) u cpemHeit Makcu-
MabHOI (11 cM/10 J1eT) BBICOTBI CHESKHOTO TTOKPOBA,
CBSI3aHHBIC C YBEJIMUEHUEM I'OJOBBIX U 3UMHUX OCall-
KOB B 3TOM paitoHe (Hokuan..., 2022). Haubosnbluue
3HAYMMbIEe OTPUIATEIbHBIC TPEHABI BBICOTHI CHEX-
HOro Nokposa HabmonawTcsa Ha KaBka3e, 0COOEHHO
B paiioHe KpacHoii mosisiHbl. C yBeJIMYE€HNUEM BBICO-
ThI TOPHOJIBKHOTO KypOpTa OTPUILATEIbHEIC TPEHIbI
BBICOTBHI CHEXXHOTO ITOKpPOBa IO MOMIYJIIO YMEHbIIIA-
1oTcs (cM. TabJI. 4).

Cautaercsd, 4TO KIMMaTU4YeCcKas IIPUTOIHOCTH
TOPHOJIBIXHBIX KYPOPTOB BO3MOXKHA TOJIBKO TP Ha-
Juynu MuHuMyM 100 mHe# 3a ce30H ¢ TOJIIMHON
CHexXXHoro nmokpoBa He MeHee 30 cm (Witmer, 1986).
IMosToMy ObLIa TIpOBeleHA OIEHKAa TOPHOJBIKHBIX
KypOPTOB C TOYKHU 3PEHUSI BHIITOJTHEHUS 3TOTO Ipa-
BUJIa. MOXXHO TOBOPHUTB O TOM, UTO IIJIsI BCEX KypOp-
TOB, PACITOJIOXEHHBIX B pa3HBIX pernoHax Poccum,
npaswio 100 mHeii BemmonHseTcss. Ho ¢akTuyeckoe
KOJIMYECTBO IHEN ¢ BBICOTOM cHera 0oJsiee 30 cM MO-
JKeT OBITh BBIIIIEC M3-3a 3aHMKEHUS BEICOTHI CHEXKHO-
ro TIOKpOBa peaHaM3oM. Yucao mHell ¢ TONIMHOMN
CHexXXHoro TmokpoBa 30 cM u 6oJiee 3HAYUTETBHO TIpe-
Boeimraet 100 mHeii, 3a uCKIIOYeHEM KypopTa Ab3a-
KOBO, TJi¢ 3Ta BeJIMYMHa cocTaBiisieT okoio 100 mHeit

1 YMEHBIaeTcss. 3HAYMMBIM OTPUIIATEIbHBIN TPEH.T
cocrasiser 7 nHeii/ 10 nert.

OcTaibHbI€ TOPHOJIBIXKHBIE KYPOPTHI MOXKHO pa3-
JIeJIUTH Ha IBe KaTeropuu. Ha BEICOKOTOPHBIX KypOp-
tax CeBepHoro KaBkaza 4MciIo OHE C TOJIIIMHONK
cHexxHoro nmokposa 30 cM coctasisger 160—175 qHeii,
T.e. Oosiee 5 MecsueB. Haubosblme 3HaueHus1 — 60-
nee 175 mHei (T.e. mOYTU 6 MecsIIeB) — HAOTIOAAIOTCS
B I1puanp0pyche, M YMCI0 TaKUX JHEU ITPOIOJLKAET
YBEJIUYUBATHCS, 3HAYMMBIil TPEHI COCTaBJISIET OKOJIO
3 ngueii/10 mer. Ha mpyrmx KaBKasCKMX KypopTax
TPEHAbl OTPULIATEIbHBIC, 1 MX aOCOJIOTHBIE 3HAYe-
HUSI YBEJIMYMBAIOTCS C YMEHBIIIEHUEM BBICOTHI Ky-
popra. CpaBHUMBbIE 3HAYECHUS IIPOAOKUTEIBHOCTH
Ce30Ha C BBICOTOM CHEXHOIO IOKpOBa HE MEHee
30 cM — 160 mHeit 1 6oee — oTMevaroTess B Krpos-
cke. Tam 4mcio Takux nHeil HEeMHOTO YBEJIMYMBAET-
cs. B aTuX cpaBHUTEIBbHO HU3KO PaCIIOJIOXEHHBIX
30HAaX KaTaHUS 3HAYUTEIbHASI IIPOAOIKUTEIBHOCTh
JIBDKHOTO C€30Ha JOCTUTAETCs 3a CYET uX reorpadu-
YEeCKOIo IIOJIOXKEHMSI, 00eCIIeYBaIOIIETO TINTEIIb-
HbIA XOJIOMHBIN Ce30H U OOJIbILIOE KOJMUYECTBO 3UM-
Hux ocankoB. Ha kypoptax “I'opHslit Bo3nyx” (Caxa-
muH), Cobonunas (Mpkyrckast o6i1acts) u KpacHas
ITonsHa HaGmomaeTcsa nopsiaka 130 mHel ¢ Tomu-
HOM cHexkHoro mokpoBa 30 cM (cM. Tabi. 4).

CpenHeMHOroJIeTHUE HaThl YCTAaHOBIIEHUS 1 pa3-
PYLIEHUSI CHEXHOTI'O TIOKPOBa TakKKe SIBJISIFOTCST BaxXK-
HOIl XapaKTEepUCTUKON TOPHOJBIKHBIX KYpOPTOB.
OceHplo (popMHUpPOBaHME CHEXHOIO ITOKPOBA HAYM-
HaeTcsl Ha caMbIX BBICOKOTOPHBIX KypopTax KaBkaza
(ITpusnbbpyche), TOe CHEr BhINTaAaeT B CEHTSOpe.
B KoHIIEe CeHTSIOPST CHET MOSIBISETCS Ha TOPHOIBLK-
HBIX KypopTax MpkyTckoii, MypMaHCKOil oOyacTeit
(Cob6onuHast, Kuposck). Bo BTopoii gekane oKTsopsi
CHET BHINIagaeT Ha IoXHOM Ypaine (A0O3aKoBO), B
Jdombae n Apxnize. M3-3a GoJjiee HU3KOTO pacIioao-
XKeHUus1 Ha KypopTax KpacHoit TToasiHbl CHEXHBbIi
IIOKPOB HaUMHAaeT (pOpMHUPOBATHCS B TPEThell IeKae
OKTsIOps1, a Ha KypopTe “T'opHbiii Bo3myx” (CaxaluH) —
B MepBoii nekane Hos10psi. Ho mpakTuyecku Ha Bcex
Kypoprax B Hauasie XXI Beka oTMe4yaeTcs CIBUT JAThI
YCTaHOBJIEHUSI CHEXKHOTO IOKpOBa Ha 0oJjiee IO3-
HUE CpOKU (TpeHObl 3HaYMMBbI). VICKITIOUEeHUE CcO-
CTaBJISIIOT 30HA KaTtaHusl B MIpKyTckoit o0jlactu, HO
3[€Ch TPEHIIbl HE 3HAaUYMMbl. MaKcuMaJibHbIE MOJIO0-
KUTEeJbHBIC TpeHAbl HabmonaoTcs B [Ipuanbopychbe
u Kuposcke — 14—20 mueii/10 get (cM. Tabmd. 4).

Haubonee paHHee paspyllleHHE CHEXHOTO I10-
KpOBa IMPOMCXOIUT B AG3aKOBO — B KOHIIE aIlpes.
Ha GonbiHCcTBEe paccMaTpuBaeMbIX KYpOPTOB pas-
pYIIeHNe CHEXHOTO ITOKPOBa MIPOUCXOIUT B TEUCHNUE
Masi, a Ha BBICOKOTOPHBIX KypopTax KaBkaza — B ce-
penuHe uioHs (cM. Taba. 4). JlaTel paspylueHuUst
CHEXHOTO TIOKpOBa CIBUTAIOTCSI Ha Oojiee paHHHE
CPOKM, TPEHIbl 3HAYUMBI U OTpHUIlIaTesIbHBI. McKiio-
yeHue cocTabsitoT KupoBck, rae pa3pyllieHre CHeX-
HOTO ITOKPOBA CIBUTAETCSA Ha 00jiee TTO3THUE CPOKHU
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¥ TpeH cocTtasisier 21 menn/10 e, a Takke Cobo-
JIMHAas1, e HeOOIbIIME MOJOXUTEIbHbIE TPEHIBI HE
3HAaYUMBI. TakKuM 00pa3oM, MOKHO TOBOPUTL, YTO HA
GOJIBIIMHCTBE TOPHOJBIKHBIX KYPOPTOB, 32 UCKITIO-
yenneM KupoBcka, 41ciI0 JHEN CO CHEXHBIM OKPO-
BOM COKpalllaeTcsl.

Bo3zmooscnocmv  uckyccmeennozo - ochedrcenus.
VYMeHblIlIeHHUe BBICOTHI CHEXHOTO TTOKPOBa U CIBUT
JIaThl €r0 YCTAaHOBJIEHMS Ha 0ojiee MO3MHIEe CPOKH Ha
HEBBICOKO PAaCHOJIOXKEHHBIX TOPHOJBIKHBIX KYpOp-
TaX TPUBOAUT K HEOOXOAUMOCTU HCITOJIb30BaHUS
CHEXHBIX MYyIIeK IS YBEJIMYSHUS IIPOHOIKUTEIb-
HOCTHU F'OPHOJIBIXHOTO C€30Ha 1 MOBBIIIIEHUST peHTa-
oenbHOCTU KypopToB. Kak nmokazaHo B (Abegg et al.,
2021) ucronb30BaHNe NUCKYCCTBEHHOIO CHETa IIOMO-
raeT CIIPaBUThCI C TaKUM “HEKOHTPOJUPYEMBIM”
¢dakTOpOM, KaK ecTeCTBeHHbII cHeromnaa. B HacTosi-
el paboTe B Ka4eCTBE YCIIOBUIA, HEOOXOMMBIX IS
WCKYCCTBEHHOI'O OCHEXKEHUS, Mbl HCITOIb3yeM TeM-
neparypy Touku pocbl <—5°C. Ha G0NbIIMHCTBE KY-
popToB, kpoMe KaBkaza, yncno mHeil ¢ TeMmepary-
poii Touku pockl Huxe —5°C coctaBisger 140—150
JHEH, 4To co3AaéT OJIaronpusiTHBIE YCIOBUS OISl UC-
MMOIb30BAHUSI CHEXHBIX IIyIIEK IIPU HEOOCTaTKe
ecTtecTBeHHOro cHera. Ho Ha OOJIBIIMHCTBE 3TUX KY-
popTtoB, KpoMe KupoBcka, oTMe4aloTcsi 3HaUYUMBble
oTpuLaTeJIbHbIe TPEeHObl TaKUX OHeil (cMm. Tadi. 4).
BcnencrBue caMoro 10:KHOTO pacIioIOXEHUST Ha KaB-
Ka3CKHUX TOPHOJIBIKHBIX KypOpTax Yucio JHek, 6a-
TOIPUSTHBIX JJISI MCKYCCTBEHHOIO OCHEXCHUS
MEHBbIIIe, a IIPU COBPEMEHHOM MOTEIUICHUM YMCJIO
TaKUX JHEH Be3ae YMEeHbIAeTCs], TPEHIbl 3HAYUMBbI U
OTpMILATEJIbHEL. DTO yXyAIIaeT YCIOBUS KaTaHWS,
OCOOEHHO IJisi JOBOJBHO HHU3KO PaCIIOJIOXEHHOIO
kypopta KpacHas IlonsiHa, rme Takke oTMedaroTcs
OTpuIATeJIbHbBIE TPEHIBI BLICOTHI CHEXXKHOTO IIOKPOBa
U 4MCJia JHeu ¢ BbeicoTol cHera Ooisiee 30 cm. Ho Ha
9TUX KypOpTaxX HOUHbIE 3HAUCHMSI TEMITepaTyphbl TOU-
KI POCBI MOTYT OBITb HIKE CPETHECYTOUHBIX, KOTO-
pbI€ MCHOJIb30BAINCH B 3TOM MCCJIIEIOBAaHUU, U 3TO
VIJIMHSIET TIepUod BO3MOXKHOIO HCKYCCTBEHHOTIO
OCHEXXEHUSI.

“Onmumaanvusie avixcuvte onu” (OSD). [i1st oLicH-
KM YCJIOBUI KaTaHUS HA JIBIKAX ITOMUMO CHEXHOTO
IMOKPOBa MCIOJIb3YeTCsI KOMIUICSKCHBINM KJIMMaTU4e-
CKMIi TIOKa3aTejb, Ha3bIBAEMbI “ONTUMAJIbHBIM
mekHBIM 1HEM” (Optimal Ski Day, OSD) (Bergham-
mer, Schmude, 2014). Ha GoJpIIMHCTBE KypOpPTOB
YHCJIO “ONTUMAJIBHBIX JBIKHBIX JHEM” He MpeBhIla-
eT 10. Bo3MOXHO, 3TO CBSI3aHO C HU3KUMU 3UMHUMU
TeMIlepaTypaMu Ha CUOMPCKUX U BEICOKOTOPHBIX KY-
popTax U OOJIAYHOCTBIO U OCaJKaMM Ha KypopTax,
PaCHONIOXEHHBIX HEITAIEKO OT MOPCKOTO IMTOOEPEKbSI.
Hau6onrbiiee konuyectBo OSD ormeuaercs B Ku-
poscke (okouo 30 gHelt), 9TO CKOpee BCETO CBI3aHO C
BECEHHUM KaTaHUEeM IIPU OOJIBIIIOM KOJIMYECTBE CHE-
ra U He O4eHb HU3KUX TeMItepaTypax. Ho B ycioBusx
COBPEMEHHOTO MOTEIUIEHUSI Ha OOJIbIIMHCTBE KY-
pOPTOB, 3a UCKIIOUeHUEM AG3aKOBO, OTMEUalOTCS
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3HAYMMBIE MOJIOXKUTEIbHbIE TpeHAs OSD, T.e. yuc-
J10 “ONTUMAaTIBbHBIX JILIKHBIX THEN” yBEIMYNBACTCS
(cMm. Taba. 4). Kak nmokaszano Halle HcclieJOBaHUE,
OOJIBIIMHCTBO TOPHOJBLDKHBIX KypopToB Poccuu
HEJIb351 CYUTATh OJIarONPUSITHBIMU 110 3TOMY ITOKa3a-
Teiro. CKopee BCero 3TO CBSI3aHO C TEM, UTO JIJIsSl pOC-
CUICKMX TOPHOIBLKHBIX KYpOPTOB HEOOXOIMMa KOp-
pekTrupoBKa nmokasatenss OSD, moydeHHOro IS eB-
POIIEMCKMX KypOpPTOB, OOJILIIMHCTBO M3 KOTOPBIX
pAacIIOJIOXKEHO IOXKHEe, TIe B CpeaAHEM HaOJII0aaIoTCs
OoJyiee BBICOKME TeMIIepaTyphbl BO3AyXa W OOJIbIIE
COJIHEUHBIX AHEH. BO3MOXHO, IJIs1 pOCCUMCKUX KY-
POPTOB HAIO MOHU3UTh TeMIEPaTyPHEIN MOPOT, YTO
MOXKET OBITHb IIPEAMETOM IAIBHEMIINX HCCAea0Ba-
HUIA.

SAKJIIOYEHUE

AHanu3s 1mokasaj, 4To JaHHble peaHann3a ERAS-
Land o1 TemriepaTypbl U BBICOTBI CHEXKHOTO TTOKPO-
Ba IOCTATOYHO XOPOIIIO CUHXPOHU3UPOBAHBI C TaH-
HBIMU METEOPOJOTrMYeCcKUX HaOmoaeHui. Maccus
nmaHHbIX peaHanu3a ERAS-Land xopolo Bocipouns-
BOIUT TEMIlepaTypy BO3dyxa B TOPHBIX palioHax, a
OlIMOKa BOCIIPOU3BEACHUSI MAaKCUMAaIbHOM BBICOTHI
CHEXXHOTO TTOKpOBa MOXeT HocTurath 35%. Makcu-
MaJIbHbIE OIIMOKM BBICOTHI CHEXHOTO MOKpPOBa OT-
MeyJaloTcs Ha TOpHOJBIKHBIX KypopTax KpacHas ITo-
nsHa, Tepckon (KaBka3z) u A63akoBo (FHOXHEBIM
Vpan), a HauMeHbIIMe oMOKU — Ha Kypopte “Iop-
HbIl Bo3nyx” (FOxHo-CaxanuHck). [Toatomy Hamo
YUUTBHIBaTh, YTO JAHHbIE peaHaar3a MOTYT OTOOpa-
XKaTh (PaKTUUECKYIO BBICOTY CHEXHOIO IMOKpOBa C
ommnbkoii. Ilo manHeIM peaHanu3a ERAS-Land,
OLIEHKY TPEHIOB TEMITepaTyphbl BO3AyXa MOKa3bIBAIOT
XOpollIee COOTBETCTBUE pE3YJIbTATOB, a BbICOTHI
CHEXHOTO IMOKPOBa — yIOBJIeTBOpUTeIbHOE. [103TO-
MY OLIEHKa TPEeHJ0B CHEXHOTO MOKpOBa B pailoHaXx
TOPHOJIBDKHBIX KypopToB Poccum mno peaHaiusy
ERA5-Land Bo3MOXHa ¢ YYETOM BBISIBJIEHHON He-
onpeaea€HHOCTH.

B ycioBusIX COBpeMEHHOIO KjaMMaTa BBICOTA
CHEXXHOTO MOKPOBa AJOCTAaTOYHA Il (PYyHKIIMOHUPO-
BaHMs TOPHOJIBDKHBIX KypopToB Poccuu, BBIIOMHS-
ercg nipaBuiio 100 mHei, T.e. 3a ce30H HaOJIomaeTcs
MuHUMYM 100 THEH ¢ TOMIMHOI CHESKHOTO ITOKPOBa
He MeHee 30 cM. Ho B 2000—2021 rT. Ha OOJIBIINHCTBE
KypOpTOB OTMEYaJloCh YMEHbIIeHUe KaK MaKCHU-
MaJIbHOI, TaK U CpeaHeil BBICOTHI CHEXXHOI'O IIOKPO-
Ba. 3HaUYMMBbIe OTpULIATEIbHbIE TPEHIBI XapaKTePHBI
IS BCeX KYpOpTOB, 3a MCKIouyeHueM Kuposcka.
Ha 6oibIImHCTBE KypOpPTOB OTMEYAETCsI CABUT IaThl
YCTAHOBIIEHUsSI CHEXXHOTO IMOKpOBa Ha Goyee IO3-
HIUE CPOKH, a ero pa3pylieHuss — Ha OoJiee paHHHUE.
YMeHbllIeHIE BBICOTBI CHEXHOTO ITOKPOBAa U CIBUT
JIaTbl €r0 YCTAHOBIIEHUsSI Ha OoJjiee TO3THUE CPOKU
MPUBOIAT K HEOOXOIMMOCTH UCITOIb30BaHUS UCKYC-
CTBEHHOTO OCHEXECHUS IJIsl YBEIUYCHUS TIPOSOJIKI -
TEJIBHOCTU TOPHOJIBDKHOTO CE30HAa YW TMOBBIIICHUS
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peHTa0eNbHOCTU KypopToB. Ha OonbIIMHCTBE Ky-
popTtoB, kpome KaBka3za, yuciio gHel, MOAXOASIINX
JUTST UICTIOIb30BAHMST CHEXKHBIX TTYIIIEK, JOBOJIBHO Be-
JIUKO, HO OTMeYaeTcsl TEHASHIIMST YMEHbIIEHUST YUC-
Jia TAKUX JTHEWN.

KoanyecTBo “OnTUMalbHBIX JBDKHBIX THEU” Ha
OOJIBIIMHCTBE TOPHOJIBLKHEBIX KypopToB Poccum He-
Besimko. HanboJpIliee Y1 CI0 TaKUX JHE OTMeJaeTCs
B KupoBcke. Ho B yciioBUsSIX COBpEMEHHOTIO MOTETI-
JICHUSI TIOBBIIICHUE PE3MIMEHTHOCTU OOJIBIIMHCTBA
KYypPOPTOB BO3MOXKHO 3a CUET pOCTa KOJIMYECTBA “OIT-
TUMaJbHBIX JBDKHBIX THei”. Bo3MoxHo, st poc-
CUICKMX TOPHOIBIKHBIX KypOPTOB HEOOX0I1Ma KOp-
PEKTHUpPOBKA II0Ka3aTesIs “ONTHUMAalIbHBINA JIBDKHBINA
JIeHb”, TMOJYYEHHOTO IJIsI €BPOIEMCKUX KypOpTOB,
Mn3-3a 00J1ee XOJIOIHBIX KIUMAaTUIECKIX YCIOBUIA.

I[IpoBen€HHOE MccaemOBaHME MTOKA3bIBAET, YTO C
TOYKU 3PEHUS CHEXHOM 1 TMTOrogHOM CUTyallMu Hau-
OoJiee OJIarOIIPUSITHBIE YCJIOBUSI CKJIAObIBAIOTCS Ha
TOPHOJBLKHBIX KypopTax KupoBcka M Ha BBICOKO-
ropHbix KypopTtax CeBepHoro Kaska3sa. 3mech BBICO-
Ta CHEXXHOTO ITOKPOBA, IIMTEILHOCTD €TI0 3aJICTaHUS
¥ HaJIMYMe 3HAYMTEIILHOIO KOJIMYECTBA “ONTHUMAallb-
HBIX JIBDKHBIX JHE” TTOBBIIIAIOT YCTOMYMBOCTD 3TUX
TOPHOJIBLKHBIX KYPOPTOB U CO3AIOT YCIIOBHUS JIJIST MX
nanbHelmero pa3puTtus. Hanbosee ciaoXHBIE yCI0-
BUSI C TOYKM 3PEHUST CHEXXHOCTU TP COBPEMEHHOM
MOTEIJICHUN CKJIAAbIBAIOTCS Ha KypopTax AG3aKoBO
u Kpacnas IlonstHa, HO TToKa emig cymecTBYeT BO3-
MOXHOCTb MOBBIIIEHUSI PE3UTUEHTHOCTU 3TUX KY-
POPTOB 3a CYET NUCKYCCTBEHHOI'O OCHEXKECHUSI.

Baaromapuoctu. CtaThsl TOATOTOBJIEHA B paMKax
rpaHTa, MpeaoCcTaBIeHHOro MUHNUCTEPCTBOM HayKHu
U BeIclIeTo obpaszoBaHust Poccuiickoit ®enepaiuun
(Ne cornameHus o npenocTtapjieHuu rpanTta: 075-15-
2022-325).
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The development of winter ski tourism and characteristics of ski resorts in various regions of Russia are closely
related to climatic conditions, the most important of which are the presence and duration of snow cover. For
the period 2000—2021, a study of snow cover, availability of “optimal ski days” and climatic indicators nec-
essary for artificial snowmaking at ski resorts located in different regions of Russia was performed, using data
of the reanalysis ERA5-Land. The characteristics of snow cover and temperature from the reanalysis data
were compared with data of the meteorological network. The ERA5-Land data for temperature, precipita-
tion, and snow cover thickness are well synchronized with the observational data, and estimates of the error
of trends in air temperature and snow cover depth according to the reanalysis data relative to the station data
give satisfactory results. In the conditions of the current climate, the average and maximum thickness of snow
cover in all resorts is sufficient for their functioning, but in 2000—2021, a decrease in both the maximum and
average values of snow cover is noted in most resorts. The study shows that in terms of snow and weather con-
ditions, the highest mountain resorts of the North Caucasus and Kirovsk (Murmansk region) are the most
prosperous, where thickness of the snow cover and duration of its occurrence as well as a significant number
of “optimal ski days” sustains stability of the resorts and creates favorable conditions for their further devel-

opment.

Keywords: snow cover, climatic parameters, reanalysis, ski tourism, 100-day rule, Optimal Ski Day
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peananu3e ERA 5-Land, nanabeiM HaGmonaTenbHOM cetu Ilepmckoro kpas. [lokazano, uto ERA 5-Land
3aBbIlIaeT (pakTuyecKre 3HaYeHUs 3TOTo rapaMmeTpa. B ce30HHOM BhIpakeHUM MaKCUMYMbI CHETOHAKOTT-
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11eJIOM COOTBETCTBYET (haKTUUECKON U3MEHYNBOCTH BBICOTHI CHETA.

Kimouessle ciioBa: peanann3 ERA 5-Land, xapakTeprcTrKy CHESKHOTO ITOKPOBA, IMOIpa3acaeHUS TUAPOMe-
TEOPOJIOTMYECKOTO MOHUTOpUHTa, [lepMckmii Kpait
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BBEAEHWE

CHEXHBII TTOKPOB — BaXKHBII KJIMMaTOOOpa3yro-
muii pakTop. M3ydyeHre xapakKTepUCTUK CHEXHOCTU
OCHOBBIBaeTCsI Ha MH(MOPMAIUU CETU TUIAPOMETEO-
pOJIOTMYECKOTO MOHUTOPHMHTA. Pe3ynbraThl mcciie-
JIOBaHUI B3aMMHOTO BJIUSIHUSI CHEXXHOTO ITOKPOBa U
OKpYKalollleil cpelbl A1 pa3HbIx paiioHoB Poccuu u
MHUpa npuBeneHbl, HanpuMep, B Tpyaax (Kunkel u
np., 2016; EsceeBa u np., 2017, Korosa, 2019, Kop-
myHoBa u ap., 2021). CootBercTByioliasi padoTa
MIPOBOIMUTCS B YCIOBUSX Ne(pUIIMTa CBEASHMU O ma-
paMeTpax CHera, 4To o0yCJIOBJIEHO HU3KOM ITJIOTHO-
CTBIO CETH CTAaHIMN M UX HEpaBHOMEPHBIM pacrpe-
IeaeHneM. DTo cepbe3Hast pobeMa I MHOTHX pe-
TMOHOB, B TOM umciie IlepMckoro kpasi, IIo3TomMy B
mocjieqHee BpeMsl BCE dallle MCIOJb3YIOT HaHHEIC
crryTHUKOBBIX m3MepeHuit (ITomoBa u mp., 2015;
ActadypoB u np., 2018), mogenupoBaHus (TypkoB
u 1p., 2017; Kypakuna, Muxaiinona, 2020; Kaauauna
u ap., 2022), pasnaugyHbIX peaHanu3oB (XaH U mp.,
2007; Typkos u np., 2016) mim KOMOMHUPOBAHHBIX
nonxonoB. K mociemHuM oTHOCUTCS pa3paboTaHHAas
B ImmpomerneHnTtpe Poccnm TexHomorms pacdéra
cHeroHakoruieHusT SnoWE, ncnonb3yemast st Bceit
tepputopun Poccuu (KazakoBa, 2015; YyptonuH u
ap., 2018).

Hcrnonp3oBaHme CITyTHUKOBOM MH(MOpMaIUU IIpU
0OJIBIIIOM TPOCTPAHCTBEHHOM OXBaTe MUMEET OTPaHU-
YeHUs TIPY HAJIMYUU 00JIaYHOCTU (B BUAVMMOM JIMa-
Ma30He) WIN B CUJTy HECOBEPIICHCTBA BOCCTAHOBIIE-
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HUSI XapaKTepUCTUK CHera (B MUKPOBOJHOBOM JMa-
Ma3oHe) W3-3a HEONHOPOJHOCTU PACTUTEIHLHOTO
MOKpPOBa WJIW TIPUCYTCTBUS JIEASHBIX MPOCIOEK B
cHexkHoit Tome (YypronuH um gp., 2018; Kwurtaen
u 1p., 2020). B MmoaenbHBIX pacyéTax B KauecTBe Mpe-
JNIMKTOPOB U BEPUDUKATOPOB MPUMEHSIIOTCS UHTEP-
MOJIMPOBAHHBIE B Y3JIbl PETYJSIPHON CETKU JaHHBIE
HaOII0IeHU I METEeOPOJIOTMYECKUX CTAHIIMI, UTO BHE
3aBUCHMOCTU OT METOAOB WHTEPIOJSALAU CIIYXKUT
MCTOYHUKOM HOIOJIHUTEIbHBIX ITOTPEIIHOCTEl, a
TakXe TpeOyeT BhICOKOKAUeCTBEHHBIX BXOMHBIX Ila-
paMeTpoB.

IIpeumyiecTBo MpUMeHeHUsT MHGOPMALIU, CO-
JepKalleics B peaHaIn3ax, 3aKJII0UaeTCs B €€ coria-
COBAHHOCTH B MPOCTPAHCTBE U BPEMEHU, OXBaThIBa-
IOIIEe JOCTAaTOYHO OOJILIION II0 IIWUTEILHOCTHU IIe-
pYOI B NIOOAITEHOM MJIM PETMOHAJIbHOM MacIuTabdax,
a Takke 0ecrIaTHOM CBOOOTHOM JHOCTYIIE K TOTOBBIM
K MCIIOJIb30BaHUIO B CTaHAAPTHBIX (popMaTax maH-
HBIM ITOCPEICTBOM CIIELIMAIM3UPOBAHHBIX BEO-IJIaT-
dopwm (Sheffiel u ap., 2006). B To ke BpeMs, Kak U B
cliydae CO BCEeMM YMCJICHHBEIMUA METEOPOJOTUISCKI -
MU TIPOAYKTaMM, JaHHBIC peaHaln3a IOJLKHBI ObITh
BepUGUIIUPOBAHBI ITyTEM CpaBHEHUS C (haKTUIECKU-
MU HAOIIOIEHUSIMU.

HMccnenoBaHust XxapakTepUCTUK CHEXHOIO IO-
KpOBa C MCMOJb30BaHMEM pEeaHaIM30B MPOBOASATCS
MPEUMYIIECTBEHHO Ha OCHOBE IIPOIYKTOB CEpPUU
ERA EBpormeiickoro meHTpa CpeagHEeCPOUYHBIX MpPO-
raHo3oB noroasl (ELICIIIT) (MapteiHoBa u np., 2021,
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IHIuxoB u ap., 2022). Hanpumep, B momenu SPON-
SOR HHucturyra reorpacduu PAH (TypkoB m mp.,
2016, 2017; KutaeB u ap., 2020) B KauecTBe BXOAHOMN
uHOpPMaIMM MPUMEHSIOTCS JaHHbIE peaHaju3a
ERA-Interim. Kak mokazaHo B paborax (XaH u 1p.,
2007; TypkoB u ap., 2016; Pelosi u nop., 2020) BEIGOp
o0ycyioBJieH HauboJjiee afeKBaTHLIM BOCIIPOU3BEIe-
HHEM TIOTrOIHBIX MapaMeTPOB, B TOM YUCJIE CHETa, TT0
CPaBHEHUIO C IPYITMMU PEAHAIN3AMU.

Lens paboThl — U3y4eHUE CE30HHOM U MEXTOHd0-
BOM M3MEHYMBOCTH BBICOTHI CHEXXHOIO ITOKPOBa B
ITepMckoM Kpae 110 JaHHBIM CETU THIPOMETEOPOJI0-
rmyeckoro MoHuTopuHra u peaHanusa EILICIIIT
ERA 5-Land. IIpogomkeHo uccieqoBaHue COOTBET-
CTBUSI MTH( OpMAIIMU O BBICOTE CHEra, KoTopasl Coaep-
KUTCSI B apXUBe IMpeaCcTaBIEHHOTO peaHaau3a, JaH-
HBIM HaOJIIOJATeNbHBIX IIompa3AcieHuil (majee —
HIT) Pocruapomera B Ilepmckom kpae (Kprodkos,
2021, Kproukos, Kanunun, 2021, Cugopos, 2022),
MyTEM YBEJIWYEHUSI KOJMYECTBA COMNOCTABISIEMBIX
IIYHKTOB 3a CYET IIPUBJICUYCHUS MaTEpHaIOB HAOIIO-
JEHU TUAPOJTIOTUYECKUX ITOCTOB.

METOANKA NCCIEJOBAHUA

WcxonHoii nHdopMaueii mocayXujiu CpeaHeMe-
CSIYHBIE JaHHBIE O BBICOTE CHEXHOTO TTOKPOBa U3 pe-
anaimm3a ERA 5-Land (Era 5-Land..., 2023) u pe-
3yJabTaThl MHOToAeTHUX (1990—2020 rr.) Habmome-
HUII 3a BBICOTOML CHEXHOTO IIOKpOBa Ha
25 METEOPONTOTUIECKNX CTAHIIMIX M 31 TMaposorm-
yeckoM Ttocty Ilepmckoro kpast (MeTteopoJiorude-
CKUi1 exkeMeCSYHUK..., 1990—2020).

Heo6xomuMocThb ITpuBICYESHUS TOTTOJTHUTEIBHOI
nH(OopMaIIMK omnpeneaeHa HeAOCTaTOYHOM IJIOTHO-
CTBbIO CTAaHILIMOHHBIX HAOJIOAEHUI 3a XapaKTepUCTU-
KaMM CHeTa 13-3a 0cOOeHHOCTe pu3nko-reorpadu-
yeckoro nojoxeHus Ilepmckoro kpast (MHOrooopa-
3ue (popM peabeda, 00yCIOBIEHHOE MEePEeXOa0oM OT
Bocrouno-EBporneiickoii paBHMHBI Ha 3amaie K
VpanbcKuM ropaM Ha BOCTOKE 1 pa3BUTOM T'MApOTpa-
GUUIECKON ceThio, HEpaBHOMEPHO pacIipeieaeHHast
pPacTUTEILHOCTD). AHAIN3 TOCTATOYHOCTH MaTepua-
JIOB, KOTOpBIE CcOmepKaT AaHHBIE O IlapaMeTpax
CHEXXHOCTH, C YIETOM YCIOBHO HEOOXOOMMOTO yaa-
JIGHUsI OT TIyHKTa HabmoaeHuii He 6osiee yem Ha 50 KM
(MUHUMAJIbHOE PACCTOSIHUE MEXIY IBYMsI CTAaHIIMSI-
mu B IlepMckoM Kpae), TTokasaji, 4To JIeMCTBYIOIast
CeTh METEOPOJIOTMYECKMX CTaHIMK oOeceuyrBaeT
MMOKPBITHE TEPPUTOPUU PETrMOHA, COOTBETCTBYIOIIEE
0003HaYeHHOMY orpaHudyeHuio Ha 44% (Cumopos,
2021). Ecnu Ha ceBepe pernoHa (B npeaeiaax BepxHe-
Kamckoii, Kamcko-KenbrMuHckoit u S3bBUHCKO-
Buiiepckoit HU3MEHHOCTE) pacripenejieHle CHera
OTHOCUTEILHO PaBHOMEPHO, TO ILIeHTpajibHasl, I0ro-
BOCTOYHAsI 1 BOCTOYHAsI yacTu IlepMckoro kpas oT-
JIMYaroTCs pa3HooOpasueM ¢opM pesibeda U pacTr-
TEJIbHOCTH, YTO IIPUBOIUT K 3HAYNTEIbHBIM HEOTHO-
POIHOCTSM 3ajleTaHusl CHEXHOTO ITOKPOBa, IS

KPIOYKOB wu np.

OLIEHKM KOTOPBIX JAHHBIX TOJIBKO CTAHIIMOHHBIX Ha-
omoneHuii HemoctaToyHo. C yuétoM pamuyca 50 Km
HUCMOJIb30BaHUE WHMOPMalMU TUAPOIIOCTOB HAET
BO3MOXHOCTb YBEJIMYUTH OOIIYI0 00ECIe4eHHOCTh
TEPPUTOPUN Kpasi MaHHBIMHM O XapaKTepPUCTHUKax
CHEXHOTO TTOKpOBa 110 76%.

CpenHee 3a Mecsil] 3HaUeHNE BbICOTbI CHEXHOTO
MOKpOBa Ha HaOJIIOIATENIbHBIX IMYHKTax IOJy4YeHO
HyTéM OCJIICHUA CYMMbI HAaHHBIX €XKC€CYTOUYHBIX Ha-
OJIIOIEHUI MO CTAallMOHAPHBIM CHETOMEPHBIM peii-
KaM 3a Mecsill Ha yuciio fHel co cHeroM. MHbopma-
s no nmyHkrtam I[lepmckoro Kkpast 1 MeToaMKa pac-
yéTa XapaKTepUCTUK CHera MpeacTaBieHbl B
MaTepuanax Ypajbckoro YIMC (MerteopoJiornye-
CKM1 exeMecsuyHUK..., 1990—2020 rr.). MHoroset-
HUE pSabl TapaMeTpPOB CHEXHOCTU, OMYyOJMKOBaH-
Hble B YyKa3aHHOM MCTOYHMKE, OTBEYAIOT KPUTEPUIM
OTHOPOIHOCTH.

B pamMkax aHanm3a IIpOBOAWIOCH COITOCTABICHME
pEe3yJIbTaTOB PacYETOB CpPeAHEMECSUYHBIX 3HAUYCHMIA
BBICOTHI CHeTa (B CAHTUMETPax) ¢ MACCHBOM JTIaHHBIX
ERA 5-Land. OgHoit 13 3amad Oblj1a IIpoBepKa HaJIN -
4Msl WA OTCYTCTBUSI CBEIEHUI O CHEXKHOM ITOKPOBE
B HauaJjie (OKTSI0pb) 1 KoHIIe (Mait) ero 3ajgeraHus 1o
JIIaHHBIM peaHaju3a, €CJIM COOTBETCTBYIOIAsl WH-
dopmalnsa oTpaxkeHa B MaTepuasax HaOJIomaTesIb-
HBIX TYHKTOB. [1pu BIYMCIEHNY NCIOIb30BAHbI Ma-
TepHuajbl ¢ BEICOTOI cHera He MeHee 0.5 cM.

B nanbHelinieM ObUI IPOU3BEAEH PacyET pa3HO-
CTU CpaBHMBAacMbIX BEJIMYMH, KOTOpas IIpUHSTA 3a
BEJIMUYMHY OLIMOKM. MeToauka pacyéToB OoIlMcaHa B
(KproukoB, 2021). PesynbTatbl pacuy€ToB, paBHBIC
5CcM U MeHee, CUMTAIMCh HEe3HAYMTEILHOM OIINO-
KO, T.€. peaHaIn3 JOCTaTOYHO TOYHO BOCIIPOU3BO-
JINT peajbHble 3HAYCHMS BBICOTHI CHera, oT 5 1o 10 cm —
MaJIO3HAaYMMOM, KOrla peaHaan3 MOXHO MCIOJIb30-
BaTh C YYETOM JOITOJIHUTEIHLHOM KOoppeKuuu, ot 10
1o 15 cM — 3HaunTeNNbHOI 1 6oJiee 15 cM — HeynoBJIe-
TBOPUTEJILHOM, KOTOa peaHalu3 B CHIYy KaKUX-TO
IPUYMH He OTpakaeT peaJibHYIO KapTUHY.

IIpu dpopmupoBaHUU KapTorpaUIECKUX HU300-
paXkeHU i TpOCTPaHCTBEHHOTO pacIipeIeJIeHUSI OIIN-
OOK 1151 yIy4yllIeHUs1 BOCIIPOU3BENEHUS PE3yIbTaTOB
WHTEPIOJSILMU Ha rpaHuliax Ilepmckoro kpas Jno-
MOJIHUTENLHO ObUIM TPUBJIEYEHBbl TaHHbIE MHOTO-
JIETHUX HaOJIONEeHUI 3a XapaKTepuCTUKAMU CHEX-
HOTro TOKpoBa HauboJiee 6J11M3KO pacHoJIOXEHHBIX K
HCCICAYeMOMY PETMOHY CTaHLMK  pecrnyOnK
Vamyptusga (3), bamkoprocran (2), Komu (3), XaH-
TI-MaHCUICKOTO aBTOHOMHOIO oOkpyra (I) u
CaepayioBcKoii odmactu (3) u3 apxuBoB Bceepoccuii-
CKOTo Hay4YHO-UCCIeA0BATEILCKOTO MHCTUTYTA TUJI-
poMeTeoposiorndyeckoit mHpopmanuu — MupoBoro
neHtpa maHHeix (BHUUTMU-MIIA) (Bbynbiruna
u ap., 2014).
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PE3YJILTATbBI 1 OBCYXKIAEHHWE

Ouenka adekeamHuocmu 60Cnpou36e0eHus peanaiu-
30m ERA 5-Land ceéedenuii 0 naaunuu cneza. Ysenmue-
HUE IETAIVN3alUU CBEACHUN O HAJINYUU CHEXHOIO
MOKpOBa 3a CUET NMPUBJIEYESHUS JaHHBIX TUIPOJIOTH-
YEeCKMX MOCTOB MPUBEIO K CHIIKCHUIO KOJIWYECTBA
COBITaJIEHU MeXay (haKTUUeCKUMU HAOMIOAeHUSIMU
U peaHaJIM30M KakK JJIsl OKTSIOPsI, TaK W IJII Mas 110 OT-
HOIIIEHUIO K CJIy4alo, KOIla MCHOJIb3yeTcss MHpopMa-
LM TOJAbKO cTaHLMii. Kak M3BeCcTHO, peaHa3 — 3TO
pe3yJIbTaT MOJEJIMPOBAHUSI TUIPOMETEOPOIOrnye-
CKUX IIPOLIECCOB Ha OCHOBE AJOCTYITHOM (DaKTUYECKOM
nHdopmaumu. CrenoBarejibHO, OOHOM M3 NPUYUH
pacxoxXIeHUT MOXKHO Ha3BaTh MOKa ellé HeAOCTATOY -
HOE KaueCTBO MOACIMPOBaHUS (POPMUPOBAHUS U TIe-
pepacnpenencHns cHexkHoro mokposa B ERA 5-Land.

B oxTsa6pe coorBercTBHME MHGOpPMAUM B ABYX
MaccuBax oTMmedaercsd B 73% ciydaeB, uTo Ha 14%
MeHblIe, yeM B (KproukoB, Kanunun, 2021). Munu-
MaJIbHOE YHCJIO COBIIABIIMX JAHHBIX 3a()MKCUPOBa-
Ho Ha rmocty Tpouna (puc. 1, a), KOTOpBIiA OTHOCUTCS
Kk KamckoMmy BOAOXpaHWIMILY, MaKCUMaJIbHO BO3-
MoxXHoe¢ — B HOBOBMIBBEHCKOM, B JOJIMHE PEKH,
PacrnoaoXeHHO! B TOPUCTOM MECTHOCTH, TTOKPBITOMI
XBOMHBIM jJiecoM. OTMETUM, YTO MO JaHHBIM CTaH-
L1 TIOJIHOTO COBIIAJICHUSI CBEASHMIA 32 paccMaTpur-
BaeMbIii IEPUOI HU 110 OTHOMY ITOIpa3ACICHUIO HET.
C npyroit CTOpOHBI, BCE 30HBI C COMIACOBAaHHOCTBIO
JaHHBIX B 50% 1 MeHee CBSI3aHbI C TTOKA3aTeISIMU MO0~
ctoB. OCOOEHHOCTH PACITOJIOXKEHMS TTOCTOB IIPUBO-
JISIT K TOMY, UTO TUIpOMeTeopoiornyeckass uHdop-
MaIusi, KoTopasi IOCTyHaeT 13 Nog0OHbIX HAOr0aa-
TEJIbHBIX NYHKTOB, XapaKTepHa UISI HeOOIbIIOi
Mpujeraloleii TeppuTOpUM U, B CUITy MacilTaba, uc-
IIOIB3yEMOTO B peaHalln3e, MOXKET He OTOOpaKaThCs
B HEM. HeTouHocTM TIpM cpaBHEHMU peaHaan3a M
dakTUYEeCKUX HAOTIOASHUI TIpU TaKOM Moaxoe Oy-
JIYT COXPAHSTHCS OO0 TeX MOp, I0Ka MAacCIITad CEeTKH
OymeT He MeHee IUIOLIAA TEPPUTOPUH, IIpUjIeTaro-
1Iei K HabIoaaTeJIbHOMY MYyHKTY, Ha KOTOPOii Mpo-
W3BOMATCS HAOMIONEHUS 3a CHEXHBIM ITOKPOBOM.
Kpowme Toro, kauecTBO HaOIIOACHWIT Ha ITOCTAX YaCTO
OBIBAET HUXKE, YEM Ha CTAHLMSX, YTO TaKKE MOXKET
CKa3bIBAaTbCS Ha pe3ylabTaTaX COIIOCTABJICHUS IaH-
HBIX.

Hamnb6Goinee 0im3kue 3HaueHNUST (paKTUIECKOM WH-
dopMam 0 HATMYUU CHEXKHOTO MTOKPOBA U JaHHBIX
peaHanm3a HaOMIOMaIoTCs IIPEUMYILIECTBEHHO B 3a-
MagHbIX PABHUHHBLIX M BOCTOYHBLIX IIPEATOPHBIX W
ropHbix paitfoHax. Ha o01iemM ¢poHe Boiaensiores 1992
n 2014 IT. ¢ paBEeHCTBOM II0 BCeM HaOII0aTeIbHBIM
MyHKTaM, KakK IT0 CTaHUMSIM, TaK U moctaM. LleH-
TpaJibHasi TEPPUTOPUS XapaKTepu3yeTcs mepecedEt-
HBIM pesibepoM U BimssHueM KaMckoro BomoxpaHu-
JIVIIA ¥ CBSI3aHHOI pEeYHOl CEeTU, YTO CKa3bIBAETCS
Ha ¢GOpPMUPOBAHUU U pacHpeleieHUN CHEXHOCTMU.
3epKajio BOOOXPaHWINIIA MPOTSKEHHOCTBIO OKOJIO
250 kM n mmpuHOM MectamMu 10 30 KM popMmupyer
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OTKPBITOE POBHOE MPOCTPAHCTBO, KOTOPOE YCUJIMBA-
€T MeTeJIeBbIi mepeHoc. MHOTOUMCIEHHbIE MPUTOKU
WMEIOT XOPOIIO BbIpaXXEHHBIE TOJWUHBI, B YCTHEBBIX
yJyacTKax o0pa3yloT 3aJMBbl U MJIEChl. M3BUIMCTHIE
CKJIOHBI OeperoB, B OCOOEHHOCTHU, PACIOJIOXKECHHBIC
o 60JIbIINM YIJIOM K TpeobJiafaloluM Harpasiie-
HUSIM BETpa, CIyXaT €CTeCTBEHHBIMU TIPETISITCTBUSI-
MU, UTO B CBOIO OUYEPEIb CIIOCOOCTBYET CHETOHAKOII-
JICHUIO.

B mae maHHBIe pacIIMPEHHOI CETU MOHUTOPUHTA
1 peaHam3a coBOamaior B 53% ciydaes (cM. puc. 1, 6),
yto Ha 20% MeHbIIe, 9YeM B clydae WCITOTb30BaHUS
TOJILKO CTAaHIIMOHHBIX MatepuaioB. 3a 30-1eTHUIA
nepuon He 3aUKCUPOBAHO HU OTHOTO COBITAICHUS
OOHOBPEMEHHO BO BCEX CPaBHMUBAEMBIX ITYHKTaX.
HaubGonblliee 4ucio HECOOTBETCTBUIT OTMEYEHO B
mae 2014 1. (14 ctanouii u 28 mocToB). OCOGEeHHOCTU
atMoc(epHoii nupKyasauun B amnpeiie 2014 r. (cme-
LIIeHUE Ha 3amaji a30pCKOro aHTULIMKJIOHA Y HEOObIU-
Hasi MHTEHCUBHOCTh ILIEHTPOB HCIAHACKOTO MWHU-
MyMa) BBbI3BAJIU pe3KHue KoJaeOaHMs IMTOTOAHBIX YCIO-
BUii Ha Ypasie. B pesyabrare HabaogaaIuch paHHUMN
CXOIIl CHEeTra B cepelIrHe Mecsilia 1 00pa3oBaHUE Bpe-
MEHHOI'O CHEXXHOTO MMOKPOBa B TpeThell mekane. Ko-
Hell amnpesisi M Havalo Masl XapaKTepu3oBaluCh UH-
TEHCUBHBIMM BOJIHAMM TeIlLIa, KOTOPbIC IIPUBEIHN K
OKOHYATEJIbHOMY IIOBCEMECTHOMY CXOAYy CHera.
ITo nanHbiM ERA 5-Land cHeXHbIN ITOKpOB coxpa-
Hwicga. CrnenoBaTenbHO, aHOMAJIbHEIE ITIOTOOHEIC
YCJIOBHUS B TEKYIIEM BapuaHTe peaHajiu3a, KaK U B
npenbiaymux Bepcusix (Kproukos, 2021), otodpaxka-
IOTCS ITO-TIPEXXHEMY He BIIOJIHE aJicKBaTHO.

AHanms pacxoxXIeHUi MOKa3hIBaeT, YTO B MaCCH-
Be ERA 5-Land kxak B oKT40pe, Tak U B Mae B 98%
cllydyaeB OTMEUaeTCsl HAUTMYKME CHera B 30HaxX pacro-
JIOXEHUST TUAPOJIOTUYECKNX MTOCTOB, B TO BpeMsl Kak
HaOmogaTeIsIMM OH He OblT 3adukcupoBaH. C yué-
TOM HEUCIOJIb3YEMBIX ITPU pacu€Tax 3HaAUYCHUI Cpe-
HEMECSYHOII BBICOTHI CHEXHOIO IIOKpOBa MEHee
0.5 cMm, KoTOpBIE TPUBEIECHEI B peaHalin3e, aOCOJIIOT-
Hoe oTcyTcTBUE JaHHBIX B ERA 5-Land nipu ux Hanu-
YWY Ha TTocTax HabmomaeTcs Beero 4 pasza (0.2%) 3a
30 mer. Ha craHImMsx MOYTHM MOJIOBMHA CIydyacB B
OCEHHUI Mecsl] cBsI3aHa ¢ (haKTUYECKUM HaJIMYueM
CHEXXHOTO ITOKpPOBa TaM, TIe €ro He OIIpeAesIsieT pe-
aHau3, B BeceHHUil — 20%.

C onHOIT CTOPOHBI, OTCYTCTBHE TAHHBIX O CHETE B
TOM WJIM MHOM HaOJII0gaTeIbHOM ITYHKTE IIPU €ro Ha-
amuuu B MaccuBe ERA 5-Land MoxeT OBITh CBSI3aHO
C TeM, YTO M3MEpPEeHMS Ha METEOIUIONaaKax NMEIOT
TOYeYHKIN xapakTep. CiemoBaTeIbHO, BO3MOXKEH Ba-
pUMaHT, KOIa Ha IUIOIIaAKe CHEXXHBII ITOKPOB HE Ha-
OJrroajicsl, HO 3ajierajl B OKPEeCTHOCTSIX CTAaHLIUU UJTU
nocra. B Takoii cutyaumu MoxeT NoMOo4Yb MH(OopMa-
U O CTENEeHM MOKPBITUSI CHETOM OKpPECTHOCTEM
NyHKTa HaOIIOACHWIT, OMHAKO B METEOPOJIOTUYECKIX
eXEeMECSIYHUKAX TaKue CBEIEHUS HE MyOJUKYIOTCS.
CHeroMepHBIE MapLIPYTHl, MTHQOpMALIUS II0 KOTO-
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Puc. 1. CootBerctBHe (%) NaHHBIX O HAIMYUKU MH(POPMALIUU O BHICOTE CHEXXHOTO MTOKPOBa Ha MoApa3aeIeHUsIX THAPOMETEO-
posornyeckoro MoHuTopuHra [lepmckoro kpast u B peaHanusde ERA 5-Land 3a nepuon 1990—2020 rr.: @ — OKTSIOpB; 6 — Maif;

1 — craHumMK; 2 — MOCTHI.

Fig. 1. Coincidence (%) of data on the availability of information about snow depth at hydrometeorological monitoring points in
the Perm Region and in the ERA 5-Land reanalysis for the period 1990—2020: a — October; 6 — May; I — stations; 2 — posts.

PBIM MIPUBOAUTCS B €XEMECSYHUKaAX, TaKKe CIyxKaT
MCTOYHUKOM JAHHBIX O XapaKTepMCTHUKaxX CHera 3a
rnpeaegaMy MIOIIAAKU, B TO K€ BpeMsl B CUJTy OCO-
OeHHOCTeil opraHu3alMU ITTOAOOHBIX HAOIIOASHUIM
MaplIPYThI CYILLIECTBYIOT HE BO BCeX MyHKTaX HAOJII0-
JIEHUI1, 4aCTO MEePEHOCSTCS, UYTO HapylIaeT OMHOPOI-
HOCTh nH(MOopManyu. Merolmecs: cBeIeHUS, TAaKUM
o0pa3oM, HEOOXOAUMO COIOCTAaBJISITh C JaHHBIMU
CTallMOHAPHBIX HAOIIONCHUI, YTO SIBISETCS TEMOM
OTIETBHOTO UCCIIEIOBAHUSI.

C npyroil CTOpOHbBI, HAJIMYKE CHEera Ha CTaHIIUSIX,
KOTJla OHO He OTMEUEeHO B peaHalu3e, MOXET ObITh
CBSI3aHO C TIPUXOJOM TIEPBBIX OCEHHUX WM BO3Bpa-
TOM BECEHHUX XOJIOA0B, KOTOPbIE COMPOBOXIAIOTCS
BbIMTaJIeHUEM TBEPIBIX OCAIKOB BILUIOTh JO YCTAaHOB-
JIEHUsI BDEMEHHOT'O CHEXKHOTO TToKpoBa. KocBeHHbIM
MOATBEPKIEHUEM CITY>KUT HAJIMJIUe CHETa B OTHCITb-
HBIe JeKaabl UCCIIeTyeMOoTo Mecsiia. Takast cuTyarust
He Bcerma oToOpaXkaeTcsT B MOACTbHBIX JTaHHBIX TJIO-
0aJIbHOTO YPOBHS

Boicoma cnexcnozo noxposa. ctionbzoBaHue pac-
IIMPEHHOM MHMOPMALIMKA O BBICOTE CHETa MOATBEP-
KIaeT MOJyYeHHbI paHee BIBO/ O TOM, YTO CpeaHe-
MECSIYHBIE 3HAYEHUST BHICOTHI CHEXHOTO ITOKPOBA,
KOTOphIe coaepxaTcsd B peaHamu3e ERA 5-Land, B
1IeJIOM TIPEBBIIIAIOT JaHHbIE TUAPOMETEOPOJIOTHYC-
CKOro0 MOHUTOPHWHTA, KaK Mo MHGOPMALUU CTAHIUAI
(Kproukos, 2021, Kpioukos, Kannaun, 2021), Tak u
o 1octaMm (Tad. 1). DTo mpeBbIIeHNE, OCPETHEH-
HOE 3a OKTSIOpb—Maii, XapaKTepHO JIs1 52 HabJoaa-
TEJTbHBIX ITYHKTOB 13 56 (93%), cocTaBIIsIsI B CpeTHEM
7 cm. CoBIiaieHHEe UCCIIeNyEeMbIX XapaKTEePUCTUK OT-
MevaeTcd Ha craHumu KymeiMkap u mocty Illyune
O3sepo (puc. 2, a). 3aHMXKEHUEe peaHaIM30M TToKa3a-
Telleil, Kak OBIJIO paHee OTMEYEHO, 3a(pUKCUPOBAHO
ToJIbKO Ha ctaHuusx Oca 1 HoxoBka.

HesnaunrenbHas onmmmboKa peaHalln3a CBOMCTBEH-

Ha TIPEVMMYIIECTBEHHO MYHKTaM, PacIiOJI0XEHHBIM
Ha 3arrame IlepMckoro Kpasi, o CMeIlleHreM 30HbBI B
FOXXHOM YaCTU perMoHa Ha BOCTOK (cM. puc. 2, a). Ot-
JEO U CHET Ne 3
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Taomuua 1. Cpennue 3HaueHUs abCoMOTHOM oMok peaHam3a ERA 5-Land mo oTHomeHnIo K JaHHBIM HAOTIONEHWIA B
MoApa3AeeHUSIX TUAPOMETEOPOIOrMUYECKOro MOHUTOpHHTA Ha Tepputopuu [lepmckoro kpas 3a nepuon 1990—2020 rr., cm
Table 1. Average absolute error values of the ERA 5-Land reanalysis in relation to the observation data at hydrometeoro-
logical monitoring points of the Perm Region for the period 1990—2020, cm

Mecsn
Iloct cpemHee
OKTSIOph | HOSIOPDL | nekaOpb | ssHBaphb | eBpaib | MapT anpesnb mai
Kepoc 0 2 6 3 —1 —6 6 2 1
OHbLI 0 3 6 6 3 -3 4 0 2
CepreeBckuii -1 4 7 6 5 —1 9 1 4
BoHmtor 0 6 11 16 15 11 21 3 10
Bynabipbst 9 16 19 14 22 7 12
MuTtpakoBa 0 9 15 16 11 5 17 3 9
PaOMHUHO -1 6 9 11 6 0 14 2 6
Hwxnss SA3bBa 0 6 13 16 14 10 18 3 10
KepueBckuii 1 5 9 11 10 6 11 1 7
KyBa —1 4 8 8 7 2 9 1 5
Omm6 1 5 10 12 10 6 10 1 7
Cnynka -1 4 10 11 12 7 9 1 7
Maiikop 1 6 10 13 11 9 15 2 8
Yerb-TloxBa 1 4 10 11 10 7 15 2 7
Nnbunckuit 0 8 15 20 20 21 25 2 14
Kaparait 0 3 6 6 5 1 2 0 3
Yere-Urym 1 7 12 12 10 5 14 1 8
Kusen 1 9 12 14 9 6 24 9 10
ITepeMckoe 0 6 14 16 16 15 20 2 11
YcbBa 1 5 10 7 3 2 25 6 7
HoBoBuiibBeHCKUIA 0 7 12 12 8 0 11 5 7
B.-Y. l'oponku —1 5 10 12 10 7 14 1 7
Tpowuta 1 8 15 16 17 18 21 3 12
KaszsiMoBO —1 5 16 21 20 21 9 0 11
KanuHuHo -1 2 9 9 7 3 0 —1 3
Enoso 1 3 13 19 24 32 24 1 15
Bapma 0 5 13 14 12 11 8 0 8
Cyna 0 3 9 11 9 6 —4 0 4
bab6ka 0 5 13 15 14 14 12 0 9
Bonbmoit [lonasip —1 4 14 20 21 18 3 0 10
Ilyuybe O3epo 0 3 7 3 -3 -9 -2 -1 0
cpenHee 0 5 11 13 11 8 12 2 8

MEYAETCSI HEKOTOPBIA POCT BEJIMYMHBI OTKIOHEHMIA
MIpU TIepeMEIeHNN K CeBEepPO-BOCTOKY, YTO MOXKET
OBITb CBSI3aHO C TTOCTENIEHHBIM YCUJIEHUEM BIUSTHUS
YpanbCcKuX Top, a TaKKe YINIOTHEHUEM U U3MEHEeHU-
€M XapaKTepa pacTUTENIbHOro MoKpoBa. M3MeH4yn-
BOCTb OIIIMOOK XapaKTepU3yeTcsl YBeIUYECHUEM 3Ha-
YeHMI ¢ FOro-3araja Ha CeBepO-BOCTOK, Ha0I01aeT-
€SI CXOICTBO C MPOCTPAHCTBEHHBIM paclpeneacHueM
BBICOTBI CHEXXHOI'O IIOKPOBA HAa TEPPUTOPUU PETMOHA
(UctomuHa, 2019; Kproukos, 2021). B To xe Bpems
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BBIOCTIAIOTCA OTACJIbHBIC 30HBbI BOSMYH_IGHI/Iﬁ , BbI-
3BaHHBIC JIOKAJBbHBIMA OCOOCHHOCTSIMHM B MECTax
PacCITIOJIOKECHU A HabJIIoIaTeIbHBIX ITYHKTOB.

BenuuumHbI pacxoxXaeHWi Ha I0ro-3amnaje oTanda-
JOTCSI 3HAYUTEJILbHBIMU KOHTPAcTaMM, 4YTO CBSI3aHO C
MpOSIBJICHUEM BIUSHUS BOTKMHCKOTrO BOmoXpaHU-
nauma. Tak, ctanuus HoxxoBka u moct EnoBo Haxo-
ISITCS Ha MTPOTUBOIMOJIOXKHBIX Oeperax p. Kamel. Jlo-
KaJIbHBIE OCOOEHHOCTU PAaCIIOJIOXEHUSI ITyHKTOB
IPUBOMAT K TOMY, YTO IIPM OTHOCHUTEILHO MaJIoM
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Puc. 2. PazHulia Mexay HabJIOAEHUSIMU 32 BBICOTOM CHEXXHOTO MOKPOBA B MOAPa3AeIeHUSIX THIPOMETEOPOIOTMYECKOTO MO-
HutopuHra [lepmckoro kpast u nanaeiMu peaHanusa ERA 5-Land 3a nepuon 1990—2020 rr.: @ — cpenHsisi aOCOMOTHAS OO~
Ka, CM; 6 — CpeIHsisi OTHOCUTEIbHAST OInoKa, %; 1 — cTaHUUM; 2 — TTOCTHI.

Fig. 2. The difference between observations for snow depth at hydrometeorological monitoring points in the Perm Region and
the ERA 5-Land reanalysis data for the period 1990—2020: a — average absolute error, cm; 6 — average relative error, %; 1 — sta-

tions; 2 — posts.

pPacCCTOSTHUM MEXIYy HUMU CPEHsIsSl pa3HULIA JaHHBIX
0 BbICOTE cHera cocTasisieT 6osee 15 cm (Cugopos,
2021). Kpome Toro, B uccineayeMoii Bepcuu peaHaan-
3a pacy€T XapaKTePUCTUK CHEKHOCTH MPOU3BOINUTCS
B 3aBMCHUMOCTU OT THMIIa MOBEPXHOCTHU. fAueiika pe-
aHanu3a, B KoTopylo nomnaaaeT HoxoBka, coOOTBeT-
CTBYET 3epKajy BOIOXpaHWIWIIA, a EToBo — 3eMHOiT
nmoBepxHocTu. CoueTaHue YKa3aHHBIX (HAKTOPOB
NPUBOAUT K HEYIOBJIETBOPUTEIbHBIM pPa3IUUUSIM
MEXIy UCCIenyeMBIMI MaccuBaMu naHHBIX (107% B
OTHOCUTEIbHOM BBIPAXKEHUM).

Ha ceBepo-BocToke IlepMmckoro Kpast Habmona-
TeJIbHBIX MYHKTOB HeMHoro. CraHuus Bas, mist Ko-
Topoii abcoyitoTHasi olIMOKa peaHaau3a cocTaBuja
18 cM, HaxOOWUTCSI B KPYITHOXOJMUCTON MECTHOCTU
CO 3HAYUTEIHLHOM 3aJIeCEHHOCThIO. bian3koe mojo-
KeHUe K YpaJIbCKUM TopaM MPUBOIUT K U3MEHUMBO-
CTH BBICOT OKpyKarolero peiabeda ot 70 mo 600 M.
HNamepeHUsT XapaKTepUCTHMK CHEXHOTO ITOKpOBa

MPOU3BOASITCS B PEYHOM NOJMHE M COOTBETCTBYIOT
TOJIBKO €ii, II03TOMY B TOPHOI MECTHOCTH OHU MOTYT
oTimyarbes. B To Xe BpeMs KBagpaT CETKM peaHaIn-
3a, KOTOPbIA COOTHOCUTCS CO CTaHLIMEN, U3-3a MPO-
CTPaHCTBEHHOIO pa3pellieHUsI OXBaThIBaeT KaK ped-
HYIO JTOJIMHY, TaK 1 OKpPYKAIOIIylo TeppuTopuio. Ta-
KM 00pa3oM, B pealbHOCTH BEJIMUMHA OIMMOOK Ha
CEBEPO-BOCTOKE PErMoHa MOXET CYIIECTBEHHO OT-
JIMYATHCS OT IMOTYyYeHHBIX 3HAUYeHUI KaK B OOJIBIIIYIO,
TaK U B MEHBIIIYIO CTOPOHEIL.

Hzmenuueocmo 6vicomut cHexcnozo noxpoea. Pac-
IUpeHNe UccaeayeMoit mHpopMalir 3a CUET IIPU-
BJICUEHUS] AAHHBIX TUIPOJOTUYECKUX TIOCTOB He
MPUBEJIO K KaUeCTBEHHBIM U3MEHEHUSIM HU B CE30H-
HOM (puc. 3), HU B MeXTOOOBOM (pHucC. 4) X01e BBICO-
THI CHESKHOTO TOKpoBa. Kak 1 B cirydae ncmonb3oBa-
HUSI TOJIBKO CTAHIIMOHHBIX MaTepUaIOB, OTMEUYaeTCs
npeBbiiieHue naHHbIX ERA 5-Land Han dakTuue-
cknMH HabmomeHUIME. O 3aBBITIIEHUH TEKYIIINM pe-
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Puc. 3. CpeqHue MHOTOJIETHHE MECSIYHbIE 3HAYSHUST BBICOTHI CHEXXHOTO MOKPOBa Ha Tepputopuu [TepMCcKOro Kpasi 1o JaHHBIM
rojapasiesieHnit ruIpoMeTeoposIornueckoro MoHuropurra u peatanusa ERA 5-Land 3a nepuon 1990—2020 rr.: 7 — Habmo-

NeHus ; 2 — peaHaIn3; 3 —I0BepUTEIbHBIN HHTepBat (95%).

Fig. 3. Average long-term monthly values of snow depth on the territory of the Perm Region according to the data of hydromete-
orological monitoring points and reanalysis of ERA 5-Land for the period 1990—2020: 7 — observations; 2 — reanalysis; 3 — con-

fidence interval (95%).
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Puc. 4. CpenHsist BbIcOTa CHEXHOTO IMOKpoBa Ha Tepputopuu [TepMcKoro Kpast 1o JaHHBIM MToipa3ieeHUil FT1IpOMEeTe0poJIo-
ruyeckoro MoHutTopuHra u peaHanusa ERA 5-Land 3a nepuoa 1990—2020 rr.: / — HabmoneHust; 2 — peaHanus; 3 — 1OBEpU-

TeabHbIN nHTEepBa (95%).

Fig. 4. Mean snow depth on the territory of the Perm Region according to the data of hydrometeorological monitoring points and
reanalysis of ERA 5-Land over the 1990—2020 period: 7 — observations; 2 — reanalysis; 3 — confidence interval (95%).

aHaJIM30M XapaKTEPUCTUK CHEXHOTO MTOKpoBa B bac-
ceitiHe p. CeneHru coob6iaercst B padote (IuxoB u
nap., 2022), a niusg CeBepHOro moJIylIapusi B 1I€JIOM,
OCOOEHHO B TOPHBIX pailoHaX, YTO aKTyaJbHO IS
Ilepmckoro kpasi, — B ucciaenoBanuu (Kouki u np.,
2023).

C oKTs10ps 110 (peBpaJib B IBYX UCCIEAYEMbIX Mac-
cuBax HaOJOJAeTCsd AaKTUBHBIA NPUPOCT BHICOTHI
cHera (cMm. puc. 3). B MmapTe dpakTrueckue 3HaYeHUS
MIPOJOJIKAIOT BO3paCTaTh, XOTS I C MEHBIIIE MHTEH-
CUBHOCTBIO, B TO BpeMsI KaK B peaHain3e 3aUKCcU-
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poBaHa TeHACHIMNS K CHIKeHMIO. B 00oux cirygasx
cHer Ha Tepputopuu IlepMcKoro Kpasi MOJHOCTBIO
cxonuT B Mae. MccienoBaHue CpoKOB HACTYIUJICHUS
MaKCUMaJIbHBIX 3HAYEHWI BBICOTHI CHEXHOIO TO-
kpoBa B Ilepmckom Kkpae (Kproukos, 2021) mokasbi-
BaeT, YTO B TOCJIeHUE ISCATUIETUS B LIEJIOM MO pe-
TMOHY MPOUCXOAUT CMEIlIEHUE HACTYTLJIEHUSI MaKCU-
MYMOB C TIEPBOI Ha BTOPYIO U JaXXe TPEThIO AeKamdy
MaprTa.

B KoinyecTBEHHOM BBIpaXXEHUU BO BCE MECSILIbI
BEJIMYMHA PACXOXICHWI MEXIYy peaHaIN30M 1 dak-
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TUYECKUMU 3HAYCHUSIMU TIPU MCIIOJIb30BaHUU Pac-
IIMPEHHOIO MacCHUBa JaHHBIX YBEJIMYEHA I10 OTHO-
IIEHUIO K OTpPaHWUYEHHOMY apxuBy. B okTsi6pe—map-
Te IIPUPOCT cocTabiisgeT oT 1 1o 3%, B anpene — 8%, a
B Mae — 32%. 3HaueHUsT cpedHeil BBICOTHI CHera 110
ITepMckoMy Kpato, MOJydeHHbIE 110 JaHHBIM CTaH-
UOHHBLIX HaOJIIOACHUII, HEe MpeTeprHeBaloT Cylle-
CTBEHHBIX U3MEHEHUI MPU MCITOJIb30BAHUM TOIIOJI-
HUTEJIbHON MHGOPMALIMU, ITOCTYIIMBIIIEH C TUIPOJIO-
rudgeckux ImoctoB. CremoBaTelbHO, YBEIIMYCHUE
Pa3HOCTHU MPOMCXOMUT 32 CYET MOBBILICHUS BEJINYM -
HbI CHEXXHOCTH B paciinpeHHoM apxuBe ERA 5-Land.

HMcnonb3oBaHue MHTEPBAJIBHON OLIEHKU pacmipe-
JeJIEeHUsI CpeIHENM BBICOTHI CHEra o MecsiaM IoKa-
3bIBaeT COBIaJeHNe MH(MOPMALIUU B ABYX UCCIEAye-
MBIX MaCCHBAax B IIpejiesiaX JOBepUTEIbHBIX MHTEPBa-
JIOB B OKTsIOpe, Mae M Mapre. Takum oOpasom,
BOCHPOU3BEICHUE peaHAIU30M CpEIHEeil BBICOTHI
CHEXHOTO MOKPOBa B 3TU MECSIIIbI MOXKHO CUMTATh B
LIEJIOM YIOBIIETBOPUTETBLHBIM.

AHaM3 Ce30HHOTO XOAa MCClenyeMoil XapakTe-
PUCTUKHU B IBYX MacCHUBaxX JAHHbBIX OTACIbHO I10 Ha-
OI0JaTeNIbHBIM MYHKTAM MOKAa3bIBAET, UTO B MapTe
BBICOTA CHeEra, COmTacHO (DAaKTUYECKUM U3MEpPEHU-
sIM, TOCTUTAeT MaKCUMAaJIbHBIX 3HAUYeHUH B 45 ITyHK-
tax (80% ot ob1ero uuciaa). B 5 ciayyaax (9%) nHau-
GoJblIMe 3HaUYeHMsT HAOII0JA0TCs KaK B MapTe, TaK
u despaie, emé B 6 nynkrax (11%) MakcuMyMbl Ha-
omonarotces B peBpaiie. [1o jaHHBIM peaHainu3a MaK-
cuMaJibHasl BLICOTA CHera B heBpasie XxapaKTepHa JJIst
41 nmonpasnenenust (73%), B MapTe — IJiI OTHOTO,
emé B 14 cnyyasix HanOoabIlIMe 3HAaY€HUSI OTMEYaloT -
cg B 06oux Mecaiax. [1otHOe coBnageHe CE30HHO-
ro xoga 3aUKCHUPOBAHO TOJBKO B TpEX HaOJIoma-
TeJIbHBIX ITyHKTaX. CTOUT OTMETUTh, YTO COITIACHO
CTAaHLIMOHHBIM AeKaaHbIM faHHBIM (Kproukos, 2021)
B nepuond 10 1990 r. MakcumalibHble 3HAYEHUS Tpe-
MMYILECTBEHHO OTMEYaIiCh B (peBpajie, HO B MOCJIe-
IYIOIIEM MTPOU3OIIIO0 CMEIeHNEe HACTYIUIEHUS MaK-
CUMYMOB Ha TEpPBYIO U Aaxe BTOPYIO IeKaay MapTa
(1J1s1 TIOCTOB TIOJOOHOE MCCAeN0BaHMEe HEe MPOBOIU-
nock). Ormpenen€HHYI0 POJb B TaKOM CMEILIEHUU
MOTJIa ChITPaTh CMEHA HUPKY/ISIIMOHHBIX YCIIOBUI B
atMocdepe Ha TeppuTtopum Kpas B KoHile 1980-x ro-
OB (YMEHbIIEHHE MOBTOPSIEMOCTH BOCTOYHOM WU
yBeJIMYeHUe 3armagHoit ¢hopM HUPKYISILIUHY 110 KJ1ac-
cudukauuu 4. Banrenreiima — A.A. Tupca).

CortacHO aHaJM3y TeCHOTHI CBsi3eit, Mpeodana-
fo11ei yactu noapasaeneHuit [lepmckoro Kkpas ¢ ok-
TAOpsST IO Maii CBOMCTBEHHa IIpsIMasl 3aBUCHUMOCTD
MexXny akTUYeCKUMU HaOII0IeHUSIMU 3a BbICOTOM
cHera u peanaanzoM ERAS5-Land. TecHoTa cBs3u
MpU BTOM XapaKTepu3yeTcsl 3HAYMTEJbHOU Bapua-
O6enbHOCTBIO (MH(p OopMalIMs Mo TTIocTaM MpUBeIeHAa B
taba. 2). Hampumep, koadduieHT KOppensiuy B
CPEIHEM M MO CTaHLUAM, U No noctaM [lepMckoro
Kpasi uMeeT HauboJIblliee 3HaUeHUE B iIcKadpe, u3Me-
Hs1sich oT 0.49 B BepeliaruHo, KOTOpoe HaXOoUTCs B

LeHTpaibHOM YacTu 3amagHoro Ilpenypanbs Ha mpa-
BoM Oepery p. Kamsr, 1o 0.93 B Illyuse O3epo. Mak-
cruMajbHasi U3MEHYUBOCTb KO3 GULIMEHTOB HA0II0-
JTaeTcs B Mae, KOrjma OTMEYeHO 0OJIBIIIOe KOJIMYECTBO
BEJIMYUH, IIPU3HAHHBIX HE3HAYMMBIMHU. B TO ke Bpe-
MsI HEOOXOIMMO YYUTBIBATh, YTO CHEXKHBIN ITOKPOB B
IIEPUOIEI €0 MOSIBJICHUS U UICYEC3HOBEHUSI UMEET He-
YCTOMYMBBINA XapakTep, MO3TOMY K TaHHBIM Pe3YJib-
TaTaM HEOOXOAMMO OTHOCHUTBCS C OCTOPOKHOCTHIO.

AHaJIU3 MEXrogoBOM U3MEHUYMBOCTUA BBICOTHI
CHEXXHOTO MOKpoBa B [TepMCcKOM Kpae Ha OCHOBE MH-
CTPYMEHTAILHBIX M3MepeHnii 1 gaHHbIX ERA 5-Land
(cMm. puc. 4) mokasbpIBaeT, YTO peaHaju3 B 1lIEJIOM
aJleKBaTHO BOCHPOM3BOIUT XOI pacCMaTpUBacMOit
XapaKTepPUCTUKH, XOTSI B OTAENIbHbIC XOJOMHbBIC TIe-
pUoAbl MOXHO BHUIETh PACXOXIEHUE TEHICHIIUIA.
I[MpuMeHeHNe TOBEpPUTEIBHBIX NHTEPBAIOB (MaKCH-
MalbHOE 3HAaUeHUe cocTaBlisgeT 9% OT cpemHel Bea-
YUHBI) TIPU UCCICAOBAHUHU TTO3BOJISIET CACAATh BHIBOI
0 ToM, 4TO B 13 ciygasx u3 30 peaHanu3 Ha yIOBJIe-
TBOPUTEIILHOM YPOBHE BOCHPOM3BEN 3HAYCHUS BbI-
COTHI CHera.

IIpu mogpoOGHOM M3YYEHUU MEXTOIOBBIX M3Me-
HEHMI BBICOTHI CHEXHOIO ITOKPOBa B OTIEJIbHBIX
Moapas3ae/IeHUSIX BBISIBJIEHO, YTO BEJIMYMHA PACXOXK-
IeHUi Ha npoTskeHur 30 JeT mMeeT TeHASHIUIO K
cHIKeHMIO B 34 myHkTax. HanGomnbiiee yMeHbIIIeHIE
OTMEYeHO Ha cTaHUMSIX KbIH (3amamHble IIpearopbs
Cpennero Ypana, 14 cm) u Oca (3amagHble CKJIOHBI
TynBUHCKOI BO3BBIIIIEHHOCTH, 11 cM). 1711 OCTATBHBIX
TOYEK XapaKTEpEeH POCT, HAI[puMep, IIOCT YchbBa (ce-
BepHbIe Tpearopbs CpemHero Ypana) moxkasaj yBe-
JuyeHue ook peaHanusa Ha 10 cM. [1o oTHo11Ie-
HUI0O K IIAPOTE PaCHOJIOXEHHUS HaOII0daTeIbHBIX
IMYHKTOB yBeJIMYE€HME B OOJIbIIIECIH CTENEHU ITpeBan-
pYET B IOKHOI 4acTH Kpasi, yMEHbIIICHUE — B ILICH-
TpaJbHOM M CEBEPHOI YacTsIX pernoHa. B mepuano-
HaJIbHOM BbIpaXkeHUU MOBTOPSIEMOCTb YBEJIMUNBaAIO-
IIMXCSI OIIMOOK peaHain3a pacTET B HAIIpaBJICHUU OT
LEHTPAJIbHBIX TEPPUTOPUM K 3aIlamy M BOCTOKY C
npeobyagaHUEM B BOCTOUHBIX palioHaX, a yMEHbIIe-
HUE B OOJIbIIEH CTENEHMW XapaKTepHO IS LIEHTpa U
3amana Ilepmckoro kpas. OT9acTyi 3TO MOXHO O0B-
SICHUTh YMEHbIIIEHEM MPOIOKUTEILHOCTU 3ajiera-
HUSI YCTOMYMBOTO CHEXHOTO IIOKPOBa Ha TEPPUTO-
pun Ilepmckoro kpas (B cpemHeM Ha 5 OgHei 3a
30 j1eT) ¥ COOTBETCTBYIOIIUM M3MEHEHUEM YCIOBUMA
JIJISI BOBHUKHOBEHUSI BDEMEHHOI'O CHEXHOTI'O ITOKPO-
Ba, KOTOPHBII B CBOIO OYepeIb CJIa00 BOCIIPOU3BOINUT -
Ccsl MOJENblo peaHaau3a. BoO3MOXHO, MOCYyTOYHOE
CpaBHCHUE JAHHBIX MO3BOJIUT IIPOSICHUTH HEKOTO-
pBI€ BOIIPOCHI, KOTOPBIE HEBO3MOXKHO PEIIUTh IIPU
TeKyILIeH UCXOMHOM MHMOpMALIUH.

SAKJIIOYEHUME U BBIBOJ bl

WUcnonp3oBaHue paciIMpeHHON MHGOpPMaAIUKU O
XapaKTEepPUCTUKAX CHeTa C yY€TOM JaHHEBIX, ITOJIyYCH-
HBIX Ha TUAPOJIOTUYECKUX MocTax [lepMckoro Kpasi,
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Tao6amna 2. KoabduimeHThl KOppesilii MeXAY TaHHBIMU O BICOTE CHEXXHOTO ITOKPOBa B MOApa3aeeHUSIX THAPOME-
TeopoJiorndeckoro Mouutopunra Ilepmckoro kpas u B peaHanuze ERA 5-Land
Table 2. Correlation coefficients between data on snow depth by hydrometeorological monitoring points in the Perm Re-

gion and by the ERA 5-Land reanalysis

Mecsu
IMocr

OKTSI0pb HOSIOPb nekadpb SIHBaph deBpanb MapT anpeib Mai
Kepoc 0.27 0.89 0.93 0.90 0.85 0.77 0.74 0.63
OHBbLI 0.40 0.90 0.90 0.88 0.81 0.80 0.72 0.26
CepreeBcKuii 0.55 0.81 0.88 0.86 0.74 0.75 0.77 0.27
BoHmior 0.68 0.75 0.81 0.71 0.66 0.64 0.74 0.71
Bynabipbst 0.62 0.62 0.58 0.63 0.62 0.53 0.76 0.82
MuTtpakoBa 0.80 0.72 0.69 0.75 0.76 0.70 0.80 0.69
PaOMHUHO 0.75 0.74 0.74 0.65 0.55 0.35 0.60 0.49
Hwxnss SA3bBa 0.68 0.71 0.83 0.82 0.66 0.62 0.81 0.68
KepueBckuii 0.64 0.63 0.83 0.80 0.75 0.69 0.71 0.45
KyBa 0.77 0.77 0.79 0.82 0.73 0.61 0.77 0.69
Omm6 0.83 0.68 0.83 0.78 0.76 0.58 0.54 —
Cirynka 0.66 0.54 0.84 0.80 0.78 0.73 0.73 0.06
Maiikop 0.62 0.68 0.79 0.80 0.79 0.75 0.76 —
Yerp-TloxBa 0.89 0.48 0.84 0.88 0.76 0.76 0.64 0.38
NnbuHckumit 0.88 0.39 0.79 0.72 0.75 0.59 0.62 0.19
Kaparait 0.91 0.78 0.88 0.80 0.78 0.71 0.75 0.25
Yerp-Urym 0.69 0.51 0.84 0.82 0.75 0.74 0.73 0.74
Kusen 0.51 0.52 0.68 0.79 0.75 0.78 0.64 0.47
ITepeMmckoe 0.64 0.63 0.82 0.80 0.78 0.77 0.70 0.04
YcbBa 0.55 0.51 0.70 0.72 0.80 0.77 0.60 0.40
HoBoBmibBeHCKMI 0.76 0.88 0.80 0.90 0.88 0.86 0.86 0.78
B.-Y. T'oponku 0.84 0.68 0.91 0.91 0.85 0.76 0.67 0.22
Tpowuta 0.65 0.61 0.77 0.67 0.51 0.52 0.62 —
KassimMoBO 0.91 0.69 0.86 0.77 0.83 0.59 0.83 —
KanuHuHo 0.91 0.65 0.90 0.90 0.86 0.75 0.76 0.43
Enoso 0.72 0.47 0.61 0.34 0.34 0.27 0.50 —
Bapma 0.89 0.71 0.87 0.84 0.83 0.78 0.78 —0.03
Cyna 0.74 0.79 0.83 0.57 0.53 0.49 0.59 0.81
Bbab6ka 0.73 0.75 0.85 0.78 0.82 0.70 0.80 0.04
Bonwioit F'oHabip 0.79 0.78 0.88 0.86 0.86 0.72 0.81 —0.09
Iyube O3epo 0.54 0.60 0.93 0.92 0.94 0.92 0.77 —-0.02
cpenHee 0.70 0.67 0.81 0.78 0.75 0.68 0.71 0.40

[lpumeuanue: XKUPHBIM IIPUGHTOM BbIIEICHBI 3HAYCHUST KO (hOUITMEHTOB KOPPEISILIMKI, TPU3HAHHBIC HE3HAYNMBIMU.

B KOJIMYECTBEHHOM BBIpaxkeHHU Gojiee yeM Ha 70%
MTOBBIIIAET 00ECITIEYeHHOCTD UCCIeTyeMBIMU TaHHBI-
M Tepputopuu IlepMckoro kpas 1Mo CpaBHEHUIO
TOJIBKO CO CTAaHIIMOHHBIMU MaTepHaiaMH. B To ke
BpeMs CJieAyeT MOHMMATh, YTO UIST Ka4eCTBEHHOTO
W3yYeHUs] XapaKTePUCTHK CHEXHOTO IIOKpOBa B
VCIIOBUSIX pa3HooOpasust opM penbeda WU pacTH-
TETbHOCTH TaKOTO KOJMYECTBa HaOIIOAATEIHHBIX
IYHKTOB BCE paBHO HEMOCTATOYHO. Takoil neduImT
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nHOpMallM OCOOEHHO CKa3bIBaeTcsl B 30HE Hau-
GOJIBIIIETO CHETOHAKOIIEHUsI B TOPHOM MECTHOCTH
Ha CeBEPO-BOCTOKE M OTYACTH BOCTOKE peTrOHa, TO-
5TOMY HEOOXOIMMO MCTIOIb30BaHNE AJTbTEPHATUBHBIX
MCTOYHUKOB TMIPOMETECOPOIOTUUECKUX JaHHBIX (MH-
dbopMalMM AUCTAHLIMOHHOTO 30HIMPOBAHMS 3eMIIU
13 KOCMOca, Pe3yIbTaTOB THAPOIMHAMUYECKOTO MO-
e TNPOBAHMS VTN PeaHaTn30B).
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Peanannz ERA 5-Land Ha xopomieM ypoBHE (B
73% cnydaeB) BOCIIPOU3BOAUT HaJIUUMeE/OTCYTCTBUE
CHera B TIepuoJ MOSIBJIEHUSI Y Ha YIOBJIETBOPUTEIb-
HoM (53%) — B Tiepuon cxoma. [Ipy pacXoXmeHUsIX
peaHaIrM3 NPeuMylIECTBEHHO MOKa3blBaeT HaTIU4ue
CHera B TOYKax, Iie ero He (pMKCUpPYIOT HabJoma-
TeJIbHbIE TIYHKTBI, YTO MOXET ObITh CBSI3aHO C OoJiee
paHHMM CXOJIOM CHeTra Ha METeOIIOIIaAKe 10 CpaB-
HEHUIO C OKpyXaroleid MecTHOCThI0. Cilydau, Koraa
CHEXXHBII MOKpoB ObLT oTMedeH, a B ERA 5-Land He
OTOOpaxKE€H, ompencieHbl TOJABKO IJIST CTaHIIWA.
B naHHOi1 cuTyaliun MOXeT CKa3bIBaThCsI HACTYILJIE-
HME YCJIOBUII B palioHe NYHKTOB HAOJIIOACHUII B
OCEeHHee 1 BeCeHHee BpeMs JJIs1 BhITTaleHUsI TBEPABIX
OCaJKOB U YCTAHOBJIEHUSI BPEMEHHOTO CHEXHOTIO
MOKpPOBa, YTO He BCeraa OToOpaxkaeTcs B peaHaln3e.
JI1g M3y4eHUsT 3TOro aclieKTa HeoOXOIMMO TIPUBJIS-
KaThb ITOCYTOUHYIO MH(hOpMAILIUIO.

HexoTopbsie 0COOEHHOCTH, BBISIBJICHHBIE B CCIIe-
nmoBaHusax (Kproukos, 2021; KpioukoB, KanmHuH,
2021; Cunopos, 2022), ToaTBepKAaI0TCS TP aHAI-
3€ paclIMPEeHHbIX MAaCCUBOB NaHHLIX. B yacTHOCTH, B
HCIOJIb3YEMOM peaHain3e 3HAYCHUST BHICOThI CHEX-
HOTO MOKPOBA 3aBBIIIEHBI IO OTHOIIIEHUIO K MHCTPY-
MEHTaJILHBIM U3MEPEHUSIM 111 OOJIbIIe YacTyu Ha-
OmonatenbHbIX TYHKTOB [lepMckoro kpasi. BeposiT-
HO, CYIIECTBYET B3aMMOCBSI3b C OIIEHKOM OCaIKOB
Bepcueii peaHanu3a ERA 5 (I'puropbes u ap., 2022),
IJIe TaKKe OTMEYaeTCsI MPEBBIIICHUE €0 JaHHbBIX HAI,
akTHIeCKUMM HaOTIOACHUSIMMU.

MakcuManbHOE pacXoXIeHHe TOJydeHOo IJISI ce-
BEPO-BOCTOYHOI YaCTHU pPEruoHa, 4To, MO-BUIUMO-
MY, CBSI3aHO C CWJIBHOIM M3MEHYMBOCTBIO peibeda
3T0it MecTHOCTU. Bojblire omMOKM Ha I0ro-3amnajue
U B LIEHTPE Kpasl, BEPOSITHO, CBSI3aHBI C OJIM3KUM pac-
MOJIOXKEHUEM BOAOXPAHWIMIL U, CJeA0BATEIbHO,
pasIuYUSIMUA BOCITPOU3BEICHUS XapaKTEPUCTUK CHE -
ra B ERA 5-Land mist BogHOIT 1 36 MHOM TTOBEPXHO-
creit. OnuH U3 npumMepoB 1151 Kamckoro BomoxpaHu-
mmma o061 paccmorpeH B (Kpioukos, 2021; Kprou-
koB, Kanumnun, 2021). He BbIIBIEHO OTKJIIOHEHUMA
TOJIBKO B ABYX HAOMIOOATEbHBIX ITYHKTAaX C MaJIbIMU
rnepenagaMy BLICOT B paiioHaX UX PaCIIONIOXEHMSI.

B mpocTpaHCTBEHHOM OTHOIICHUM TEPPUTOPHUS
INepmckoro Kpast XapaKTepru3yeTcsl POCTOM OTKITOHE-
HUIf TaHHBIX peaHainu3a OT (paKTUUEeCKUX HaboIe-
HUI IpU TIepeMeIIeHUH C I0TO-3aITagHOMi TepPUTOPHHI
Ha CeBEpO-BOCTOK pernoHa. MCKITIoueHne COCTaBIsIeT
LHOEHTpaJIbHasA 4aCTb PEruoHa, rac nposaBIsAC€TCsa BJIUAI-
Hue Kamckoro Bomoxpanwimina. OcTaJbHBIE CITydan
HapyIIeHUs 3aBUCUMOCTH CBSI3aHBI C JIOKAJIbBHBIMH
OCOOEHHOCTSIMU TEPPUTOPHUIL, OKPYXKAIOIIUX MyHK-
THI HAGTIOACHUIA: XOJIMUCTBIN peibed, pedHast JOJIH-
Ha, paCTUTEITEHOCTD, OJIM30CTh K KIJIOH 3acTpoiike, —
KOTOpBIE B CMJIy CBOETO MacilTaba He 0ToOpakatoTcst
B peaHajuns3e.

Takum o6paszoMm, peaHanu3 ERA 5-Land musa
omnpeeeHUs IIapaMeTPOB CHEXXHOTO ITOKPOBa 1eJIe-

KPIOYKOB wu np.

cooOpasHeit NCITOIb30BaTh ISl pABHUHHOM 1 ¢J1abo-
XOJIMUCTOM MECTHOCTH. B ropHsIx paiioHax 1 paiio-
Hax ¢ TepeceY€HHBIM pesibehoM, a TaKKe Ha rpaHulLle
3eMHas/BogHAsI MOBEPXHOCTh 3(M(MOEKTUBHOCTb pe-
aHaJIM3a CHIKaeTCs.

IMonTBepxmaeTcs U paHee CAeAaHHBII BEIBOM, YTO
MEXTOA0Basi U3MEHUYMBOCTh CPEIHE BBICOTHI CHETa
B 11es10M 110 TlepMckoMy Kparo aieKBaTHO BOCIIPOU3-
Boautcs peaHam3oM ERA 5-Land. Benuuuna
OIIMOKY peaHan3a yMeHbIIIach B TeueHue 30 et
o 61% wHabmomaTeIbHBIX MYHKTOB. YMEHBIIEHUE
BEJIMYMHBI OIINOKY YaCTUYHO MOXHO CBSI3aTh C PO-
CTOM KOJIMYECTBa ITOCTYIIaIoNIeil MCXoqHOM MHGOp-
MalluM, KoTopasl ycBamBaeTcs peaHamu3oM. OmHo
W3 OPUYUH YBEJIMYCHUS OIIMOOK OIS OTIEIbHBIX
noapasaejieHuil aBisieTcs (pakTuyeckass mH@opma-
1T HU3KOTO KayecTBa, YTO CBSI3aHO C OIIMOKaMM
VI IIPOITyCKaMU HaOII0ACHUIA.

HccnenoBaHue Ce30HHOUW U3MEHYUBOCTHU C Y4é-
TOM MCHOJIb30BaHUS JaHHBIX TUAPOIOTMYECKUX I10-
CcTOB noka3zajio, yTo B ERA 5-Land MakcMyMBbI BbI-
COTbI CHEXXHOIO MOKPOBa CMeEILEHBI B CTOPOHY 0oJjiee
paHHEro HACTYIUIEHUS 110 OTHOIIEHUIO K (aKTh4de-
CKMM 3HAUYEHUSM, KaK U B Cllyyae aHaJu3a TOJIBKO
CTAaHLIMOHHBIX MaTepuaaoB. Bompoc o ToM, cBI3aHO
JIM TIOHO0OHOE pacXoXJeHUE C ITOCTENEHHBIM CABU-
roM (OPMUPOBAHUS MAKCUMAJTBHBIX CHEr03aIiacoB B
ITepMckoM Kpae B UCCJIeAyeMbIl epuod Ha MapT, B
TO BpeMs KaK B peaHalu3€e JaHHbIE U3MEHEHUS He
BOCHPOU3BEIINCH, B TOM YKCJIE IO ITIPUYMNHE HECOBEP-
LIIEHCTBA UCIOJIb3YEMbBIX MOJIEJIEN DBOJIIOLIMUA CHEX-
HOTO ITOKPOBa, Ha TEKyIIUH MOMEHT OCTaéTcsl OT-
KPBITBIM. BO3MOXXHO, TIpOIOKEHUE KMCCACIOBAHUS
¢ yuéToM MmatepranoB 1o 1990 r. mo3BoAUT JaTh Ha
Hero oTBeT. BesmunHa cpeqHeMeCIYHBIX pacxoxKiae-
HUIl MeXIy OaHHBIMKM peaHaau3a U WHGopMamueit
IIOCTOB B 1I€JIOM OOJIblIIE, YEM aHAJIOTMYHAS XapaKTe-
PUCTHKA JJIsI CTAaHLMI, YTO OCOOEHHO IPOSIBIISIETCS B
amnpeJjie ¥ Mae.

HamnbGoiee ycroitunBast pa3HUIa MEXKIY TaHHBIMUA
JIByX MacCUBOB OTMEYaeTCsI B 3UMHME MECSILIbI, YTO
HEOOXOIMMO YUYUTHIBATh MPU paboTe ¢ peaHaIUu30M
ERA 5-Land.
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Agreement between values of the mean monthly snow depth provided by the ERA 5-Land reanalysis and sim-
ilar characteristics of snow cover calculated on the basis of the extended hydrometeorological monitoring per-
formed in the Perm Region for 1990—2020 is analyzed. It was found that ERA 5-Land in 73% of cases repro-
duces the presence/absence of snow during the onset period, and in 53% — during the period of snow loss.
The conclusions made in the authors' previous studies based on more limited material were generally con-
firmed. It is shown that the reanalysis values of the snow depth are overestimated in relation to instrumental
measurements for most of the hydrometeorological stations of the Perm Region. In space, the magnitude of
the reanalysis error increases from the southwest to the northeast of the region, with the exception of its cen-
tral part, where the influence of the Kama water reservoir is perceptible. But the interannual variability of the
average snow depth in the Perm Region was reproduced by the ERA 5-Land reanalysis adequately. For
30 years, the magnitude of the reanalysis error decreased as it was compared with 61% observation points. The
analysis of seasonal variability showed that in ERA 5-Land time of the maximum snow depth was shifted to
earlier onset. The complete coincidence of the seasonal course was recorded only in 5% of hydrometeorolog-
ical monitoring sites. The value of the average monthly discrepancies between the data of the reanalysis and
the information of the posts as a whole exceeds the similar characteristic for the stations, which is especially

evident during the period of active snowmelt.

Keywords: ERA 5-Land reanalysis, snow cover characteristics, hydrometeorological monitoring points, Perm

Region
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BBIABICHBI pa3TUuMs COmepKaHUs MUKPO3JIEMEHTOB CHETOBOM MbUTK B roponax TromeHb 1 To60JbCK ¢
MPpUMEHEHUEM UepapXUYeCcKOoro KjlacTepHoro aHanuaa. Jlist Kjactepusaluy UCITOb30BaHbl CTAHAAPTU30-
BaHHBIC B3BEIIEHHBIE 3HaUCHUsI. BbIneneHo BoceMb KJIAaCTepOB, pa3ieIEHHBIX Ha TPYITIbLI U TTOATPYIIITHL.
O06ocHOBaHa HEOIHOPOIHOCTh COCTaBa MUKpPO3JieMeHTOB. IlokazaHo, 4yTo B ToGoIbCcKe cogepkaHue 2Jie-
MEHTOB BHIIIIe, YeM B TIOMEHM M COOTBETCTBEHHO 3KOJIOTUYECKAasi OMAaCHOCTh TeppuTopuii To60IbCKa BbI-

e, yeMm TioMeHHU.

KmoueBbie cioBa:
Mann—Whitney, Tromenb, To6ombck
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BBEJEHUWE

HeonHopomHOCTh MPpUPOAHBIX OOBEKTOB — (DYH-
JITaMeHTaJIbHasl IpobiaeMa B reoxuMun (JLoOpoBoiab-
ckuit, 1983). AKTyalbHOCTb OOYyC/IOBJIEHA ITOMCKOM
HOBBIX METOOUYECKMX MOAXOAOB M METOIUK IS
OLIEHKM a’3pO30JIbHOM MMIpalry BEIIEeCTB B aTMO-
chepe 1M XapaKTepUCTUKU 3arpsSI3HEHUS CHEXHOIO
nokpoBa (KoHapatbeeB, 2008; Amodio et al., 2014).
YacTo aHTpOIIOTeHHEBIIT (haKTOp IMpHUOOpeTaeT pema-
foliee 3HaueHue B GOPMUPOBAHUU COCTaBa TBEPIOTO
arMocepHoro asposons (Kacumos u gp., 2012;
MockoBueHko, baoymkuH, 2012; TanoBckag m ap.
2014). TexHoreHHbIe a3PO30JU, COSTUHSISICh C €CTe-
CTBEHHBIMM 4YacTULIaMHM, (DOPMUPYIOT JIOKaIbHEIC
00JIaCTH MOBHIIIIEHHOIO U JaXKe aHOMAaJIbHOIO COIep-
JKaHUS 3arPSI3HSIONIMX BEIIECTB B CHEXKHOM TTOKPO-
Be. PaccMoTpeHa rmpob6iemMa HeomHOPOTHOCTH (POHO-
BBIX TOYEK, YOAJEHHBIX Ha 3HAYMTEJILHOE PaCCTOSI-
HUE OT MCTOYHUKOB 3arpsi3HeHHUs aTMoC(hepHOro
BO3IyXa.

B coBpeMeHHOI1 tUTepaType IIMPOKO UCIIONb3Y-
eTCsI MepapXUIeCKnil KJIacTepHbIil aHaIu3 (Ianee —
NKA) 1151 reoXuMHUYecKoi KiiaccuuKaimm MUKpPO-
2JIEMEHTOB, X MPOMCXOXICHUS U paiiOHUPOBAHUS
(Omar et al., 2005; Templ et al., 2008; Shevchenko
et al., 2017; Zhang et al., 2017). Paciiuputb BO3MOX-
HOCTHU METOJa MOXXHO, €CJIM IIPOBECTU CTaHAApTU3a-
LIAIO MCXOMHBIX TaHHBIX UX COAepKaHUS B CHETOBOM
MbLIN, TIepeias OT aOCOMIOTHBIX K OTHOCUTEIbHBIM
gHaueHusM (Twszos, 2015). Toraa KaxXablit MUKPO-
9JIEMEHT OTpaXkaeT CBOM BKJIaJ B I€OXMMMYECKUIA

WepapxXudyecKuii KJIacTepHbIM aHalIu3,

MUKPOJJIEMECHTBI, IIblJIb B CHEry, TECT

CHEeKTp TOYKU HabJomeHus, ¢hopMa KOTOPOro YHU-
KaJIbHa U SBJISETCS IIPOU3BOAHOM OT UCTOYHMKA €T0
MOCTYIUICHUSI B aTMOcdepy.

[IpenBapuTenbHO KJIaCTEpHBIA aHaIW3 JaHHBIX
BBIMIOJIHEH pa3feiabHO g roponoB TiomeHb u To-
OOJIBCK, a 3aTeM pe3yJIbTaThbl CpaBHUBAIUCH (3axap-
4yeHKo u ap., 2023). Mnes 3Toii cTaThy 3aKII09aeTCs
B CPaBHUTEJILHOM aHAaJIM3€ T€OXUMUYECKHUX CIEK-
TPOB COJEpXaHUsT MUKPOIJIEMEHTOB B TOYKaX Ha-
GII0IeHNS YKa3aHHBIX TopoaoB. Mcnonb3oBaHa equ-
Hag 0a3a JaHHBIX C IPUMEHEHUEM Pa3JIMYHbBIX CTaTH-
CTUYeCKUX MeTomoB aHanuza. IlosiBieHue oOIIMX
KJIACTEPOB MEXIY STUMU ropogaMu MOXHO MHTEp-
IPEeTUPOBATh, C OMHON CTOPOHbBI, KaK CXOXHUE YCIIO0-
BUSI (pOPMUPOBAHUS MUMKPODJIEMEHTHOIO COCTaBa
MbUTY B CHESKHOM MOKPOBE, a C IPYroil CTOPOHEI, eC-
JIA TEOXUMWYECKHUM CIIEKTP OTpaxKkaeT CIie U (pUIHBIIA
WCTOYHMK 3arpsi3HEHUS, TO KaK MEePEHOC MEXIY TO-
poIamMu. DKOJIOTUYECKYIO OLEHKY MOXHO JaTh MpU
ocpedHEHUN aOCOJIIOTHBIX 3HAYEHMI conepKaHUS
MHUKPO3JIEMEHTOB CHETOBOIl MBUIM B KJlacTepax IIO
TOYKAaM, KOTOPEIE€ B HUX BXOMSIT.

Llenas paGOTHI — BBISIBUTH CXOACTBO WJIA Pa3INYUS
ycinoBuii  (bOpMUPOBAHUS MUKPOIJIEMEHTHOTO CO-
CTaBa CHETOBOI MbLIM MEXIy OJIM3KO PACIOJIOXKEH-
HBIMU TopomaMu TroMeHbIo U ToOOIbCKOM, TOe MC-
TOYHUKHU 3arpsisHeHUsl atMocdepbl pasaIndaroTcs.
Kitactepuszaius reOXMHUYECKUX CITEKTPOB MO3BOJIS -
€T OTJINYaTh €CTECTBEHHbIE (DOHOBBIE TOUKU HAGIIO-
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JIeHUsT OT (POHOBBIX, HO MOABEPKEHHBIX TEXHOTEHHO -
MY BO3IEHCTBUIO, a 3TO TAET BO3MOXKHOCTb N30eXKaTh
OIIMOKM BTOPOrO poOjJa M IPUHSTH 3KOJOTMYECKU
OIacHBIE TEPPUTOPUHU 3a Oe30MaCHBIE.

OBBEKTbBI 1 METO/ bl

TobGonbcK pacmoiaraeTcsl B 10XKHO-Ta&XXHOM IO/ -
30He ¢ reorpaduyecKMMM KoopauHatamu 58°12°
c.ul., 68°16” B.1. OCHOBY €0 IIPOMBIIIIEHHOIO KOM-
IUIEKCA COCTABJISIIOT MPEANPUATUS XUMUYECKOU Te-
pepaboTKu HeTU U SHEPTETUKU, YTO MOXKET BIUSITH
Ha TIOBBIIEHHOE COAEpXKaHUE YIIIEBOJOPOIOB,
OKHCJIOB a30Ta, (peHoja M NbUIM B aTMOochepHOM
Bo3ayxe (MockoBueHKo, 2021). ToHKue a’po30u
abCcopOUPYIOT Ha ITOBEPXHOCTU TSIKENIbIE METaJlIbI,
€CJI OHU €CTh B BLIOpOCAX MPEaIIPUSITHIA.

TioMeHb HaXOOUTCS B IIOA30HE ITOATANTH, MMEET
reorpadudeckue KoopauHartel 57°15" c.m., 65°54°
B.I. B ropone nnpeo06iagaroT npeanpusiTus, Ipou3Bo-
nsmrue HedrerazoBoe obopymoBanue (MocKoBYEH-
Ko, 2012; Moskovchenko et al, 2021). K cnenuanuzu-
POBaHHBIM MPOU3BOACTBAM MOXHO OTHECTH TOJILKO
aKKyMYJISITOPHBINM 3aBOJ, KOTOPBIil HE IIPEACTaBIISICT
OMAaCHOCTU MO OTHOIIEHMIO K 3arpsiI3HEHUIO aTMO-
chepnHoro Bosnyxa (KpectesitHHUKOBa u ap., 2015).
K Hecnenuann3npoBaHHBIM NCTOYHUKAM OTHOCSITCSI
nse TOL. IIpu reorpauyeckoM ciBure Mexmay ro-
ponaMu Ha 1° IMPOTHI OT I03KHOI TaliTy 0 ITOATalT1
XUMHWYECKUI COCTaB €CTECTBEHHBIX TBEPIBIX A3P030-
Jieii aTMocdepbl MOXET CYIIECTBEHHO W3MEHUThCS
10 CBOEMY Fr€OXMMMNYECKOMY CIEKTPY, MPEANoa0XK -
TEJIbHO, B CTOPOHY CHM:KEHMSI COAepKaHUSI MUKPO-
2JIEMEHTOB.

OT60p TIpo6 cHeTa MPOBEIEH CTAHTAPTHBIM CHE-
TOMEpPOM Ha BCIO TIyOuHY ciiosi cHera (MocKoBUeH-
ko, babymkuH, 2012). 1715 oLieHKY cofep>KaHus TIbl-
JIX COCTaBJISLIA COOpHYIO IIpo0y u3 3—5 o0paslioB B
3aBMCHMMOCTU OT TOJIIUHBI cJiosl cHera. Bce mpoObl
cHera oTobpanbl B 2020 1.: B Tromenu 61 ipo6a, B To-
o6onbcke — 31. Otmenenue TBEpHOIA hpaKIIMU IPOBO-
IWJIOCH (pUJIbTpaLeit yepe3 0€330JbHbBIC HUTPOIISII-
JIros103Hble GuabTphl “Millipore” ¢ nuameTpom Top
0.45 MxM. [ TTOTydeHUs ITOCTaTOYHOTO KOJMYe-
CcTBa TBEpHOTO ocagka puiabTpoBain 1.5—2 1 Tamoi
Boxkbl. [Tocne BeicymmBaHus GUABTPOB npu ¢ = 95°C
WX B3BEIIWBAIU IS OTPEIeICHUST MAacChl IBIIA C
pacyéToM e€ colepKaHusl B IMTPE TAJION BOAHI (T/J1).

DJIeMEeHTHBI XUMUYECKMIA cocTaB TBEpAODa3-
HbIX BBIMAJICHUN OIpenensyici B aHaJTUTUYECKOM
cepTU(PUKAITMOHHOM UCTIbITaTeTbHOM 1eHTpe UII-
TM PAH (r. YepHoromnoBka, MocKkoBcKast 00JIaCTh),
C JNAJIbHEHIIIMM PAacy€TOM COAEPXaHUS MUKPOSJIe-
MEHTOB B CHEroBoil Nbliu (MI/Kr) (MOCKOBYEHKO,
babymkunx, 2012). Y OTOeabHBIX XMMUYECKUX 3JIe-
MEHTOB B HEKOTOPHIX IIpodax MX colep:KaHue ObLIO
HIUXe mopora onpeneiaeHus. Te aJ1eMeHThl, B KOTO-
PBIX 3TO MOBTOPSJIOCH YAaCTO, ObUIM UCKIIIOYEHBI U3

CTaTUCTUYECKOTO aHa/In3a, a UCIOJIb30BaHO 24 MUK-
poanemenrta: Li, Sc, V, Cr, Co, Ni, Cu, Zn, Ga, As,
Rb, St, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, Cs, Ba, W, Pb.

KoppekTHOoe cpaBHEHUE T€OXUMHUYECKHMX CIEK-
TPOB MUKPOBJIEMEHTOB MEXIy TOUYKaMU HaOJome-
HUSI BO3MOXKHO, €CJIY IIEPEUTH OT aOCOJIOTHBIX 3Ha-
YeHUI CoAepKaHUSI K OTHOCUTEIbHBIM (CTaHAAPTH-
3anust). IlepeiTM K OTHOCHUTEILHBLIM €IVHUIIAM
MOXXHO Yepe3 HOPMUPOBAHUE OTKJIIOHEHU OT MUHU -

MyMa x; — min (x;) Ha BECh pa3Max IIKaJIbl CONePKa-
HUSI MUKpO3JieMeHTa max (x; ) — min (x; ). s Kax-

JIOM TOYKU HAOJIOACHUS CTAHIaPTU30BaHHBIC 3HAYC-
HUs onpeaesyiuck no popmyne (I'mnszos, 2015):

x; —min (x;)

(1

" max(x;) - min (x;)’

raoe xij COOCpXKaHUEC XHUMHUYECCKOTO OJIEMEHTA,

min (x;) — MUHUMabHOE; max (X;) — MaKCHMalb-
HOE 3HA4YeHUs; q; — Ge3pasMepHasi BeIMUMHA, OTPa-
Kaolas CTaHIAPTU30BAaHHOE 3HAueHUE Comepxka-

HUS BJIEMEHTA, KOTOPOE U3MEHSIETCS OT HYJISI 10 1 B
pSAy TOYEK HAOIOACHUS.

B sTOM cityyae m3yqarorcs He pa3jmdus abCoIoT-
HBIX 3HAYEHUWI comepxXaHUs dJIeMeHTa, a (opma
KPUBOI, OTpaxalomasi pas3Indusi OTHOCHTEITBbHBIX
3HayeHui (a;) (1) comepkaHUsI XUMUYECKUX i€~
MEHTOB MEXIYy TOYKaMW HaOJIOmeHUs, Tae i — I10-
PSIIKOBBIMT HOMEP TOUKM OTOOpa IMPOOKI, j — HOPSIA-
KOBBIIf HOMEP XUMUYECKOTO 3JIeMEHTa B CITMCKE U3Y-
YeHHBIX. 3aTeM OIpeneisieM CTaHIapTU30BaHHOE

B3BelleHHOe F; (3axapyeHKo u 1p., 2023):

p=— 9 )

y n ’
2 @) -a
=

rne P; — MHIEKC CTPYKTYPhI, PABHBI OTHOLICHUIO
CTaHAAPTU30BAHHOTO 3HAYEHUS K X CyMMeE JIJISI BCEX

ajj
n
Z j:l(a’j )

BKJIQJI j-TO XMMUYECKOTO 3JeMeHTa B (DOPMY TeOXH-

QJIEMCHTOB . On OoTpaxacT BCpOHTHOCTHLIﬁ

a4
n
Z j:l(aij )

n
KJIIOUUM 3HA4YeHUE 3TOTrO 3JIeMEHTa Z 1(a,-j) - a;.
j=

MUYCCKOTO CIICKTpa Z =1. U3 CYMMBI UC-

HcxonHble mTaHHBIE TIEPECYUTAHBI IO (hopMyIIe 2.

1St olleHKM 3KOJOTMYecKoil OMacHOCTU CHEro-
BOI IbUTA paccuuTaHbl KOG UIIMEHT KOHIEHTpa-
IIU1 KaK OTHOIIIEHUE COJEePKaHUSI MUKPOBJIEMEHTOB
K (poHOBOMY 3HAUYEHUIO:

Ke =St (3)
Cd)
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n I/IHTGFpaJIbHLIﬁ MHAOCKC 3arpsgA3HCHHNA MHUKPOJ3JIC-
MEHTaMM CHETOBOM ITbLIM:

Zc = ZKC,- —(n-1),

rne Kc — koahOUIMEHT KOHIEHTPAILUW; | — TIOPSII-
KOBBII1 HOMEP MUKPO3JIEMEHTa; # — YHUCJIO YYUTHIBA-
eMBIX 31eMeHTOB ¢ Kc > 1.5. 1719 cHeXXHOTo MOKpOoBa
rokasarte/ib 3arpsiI3HeHUsI CUMTAeTCSl HU3KUM TpU
Zc < 32, cpenHuM — 32—64, BLICOKUM U OMACHBIM —
64—128 (Kacumos u 1p., 2012).

MNKA u reonHhopMallMOHHBII aHAIU3bI TIPOBO-
JIWJINCHh C TOMOIIbIO ITporpaMMbl Orange ¢ IakeToM
Geo. ITaker Geo nmo manaeiM GPS mo3BoisieT cpasy
>K€ BU3YaJIM3UPOBATh PE3YJIbTAaThl PACUETOB Ha MECT-
HOCTU OTHOCUTEIHLHO MUCTOYHUKOB 3arpsI3HEHMSI aT-
MocepHOro Bo3ayxa. B Kaxmoit Touke HaOII0neHUS
0003HaYeH KJIacTep, UYTO TO3BOJISIET cliejiaTh o0paT-
HEBII1 TIepexod OT CTaHAAPTU30BaHHBIX B3BEIIICHHBIX
3HAYCHU K HOMUHAJIbHBIM (Mr/KT). JIs1 Bcex aie-
MEHTOB pacCUUTaHbl CPEeAHUE 3HAYECHUS UX COACP-
JKaHUS B KjacTepe.

Pacrnipenenenmne MUKpO3/JIEMEHTOB KaK Ciydaii-
HOI BEJIMUMHBI MMEET CTEIEeHHOM 3aKOH, 4TO 00y-
CJIOBUJIO IpUMEHEHNE HellapaMeTPUUEeCKIX METOI0B
IUIST cTaTUCTUYecKoro aHanu3a. [loaTtoMy cpaBHeHUE
TIOMEHCKOM M TOOOJBCKOI BBIOOPOK IPOBEIEHO C
ucrnioab3oBanueM U-tecta Mann—Whitney. /[las
CTaTUCTUYECKOIO aHaJIM3a MCIOJIb30BaJICI IIaKeT
STATISTICA 12.

PE3VYJIBTATDI

MKA npoBoauics 1isi CTaHIapTU30BaHHBIX B3Be-
MIeHHBIX 3HAYCHUI comepskaHsI MUKPOIJIEMEHTOB B
cHeroBoi UK (F;) (2) oObeIMHEHHOI 0a3bl JTaH-
HBIX TroMeHn 1 Tobonbcka. OXnnaau BHISBUTH IIPH-
CYTCTBUE CITeIM(PUIECKUX KJIACTEPOB OAHOTO TOpoja
B IPYrOM, 4TO OyAeT CBHUIETEILCTBOBATH 00 aTMO-
chepHOM TIEpEeHOCE TBEPIBIX a3po3oJiieii. BrigemeHo
8 KPYIMHBIX KJIaCTepOB, OObEAUHSIIONINE OOJiee MeT-
Kue oO0benmHeHns HabmoneHui (puc. 1).

Ha caMoM BBICOKOM ypOBHE IEJICHUS MepapXuu
obocobuauck ABa Kiacca kiaactrepoB — 31o C1—C4,
IIe TOYKM HaOJIIoAeHMsI paclionaraiTcsa B TroMeHH,
n C5—C8 co cMemaHHBIM pPacHoOJIOKEHNEM TOUYeK C
MPEeMYILLIECTBOM TOOONbCKUX. Kiacchl nensiTcs Ha
TPYNIIBI TEXHOTE€HHBIE 1 €CTeCTBEHHBIE. TIOMEHCKIE
KJIaCTePhl ITOApa3aesioTCs Ha ABE IOATPYIIIBL: He-
crieuuuuHbli Cl u crieuucduynsie C2, o0ycioB-
JIEHHBbIe BBIOpOCAaMU  MeTaI000pabdaThIBAIOIINX
npeanpusiTUiA.

Touxku kactepa C1 pa3dpocaHbl IT0 BCEMY TOPOIY
W HE TIPUBSI3aHbl K KOHKPETHOMY MPOU3BOACTBY, HO
TATOTEIOT K TEPPUTOPUSIM C BBICOTHOM 3aCTPONKOM
(puc. 2). Kimactep C2 TsiroTeeT K NpOMBIIIJIEHHBIM
MeTaooopabdaTeiBatoluM npousBoacTBam (YT MK
“Crams”, KbW—1,2,3). Knacrep C3 otHOCuUTCS K
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TTOATPYIIIe €CTeCTBEHHBIX 1 BCTPEYaeTCs B UCTOPU-
YEeCKOM IIEHTPE W TEPPUTOPUM C MaJOITaKHOI 3a-
ctpoiikoii. Kimacrep C4 cnenuduyeH TeMm, 4To pac-
TToJjlaraeTcs B CEBEpHOM MTPOMBINLIEHHO# YacTh Tio-
MEHHW ¥ BIOJIb aBTOTPAHCITOPTHBIX MarnucTpaseid.

ToGonbCcKUii CMEIIaHHBIN KJIacC HMEepapXuu Jie-
JINTCI Ha TPYyInbl: yclIoBHO-(oHOBEe C5 m C6.
K rpynmne texHorenHsix otHocsTcsa C7 u C8 (puc. 3).
OTa rpymniia KjiacTepoB 0ObeAUHSICT TOUYKU, PACTIOI0-
JKeHHBIE I10 BHEITHEMY KOHTYPY HPOMBIIIIEHHOMN
30HBI TOOOJIbCKA 1 HA yIaJleHUH OoT Hee. [eoxmmuae-
CKYIO XapaKTepUCTUKY BBIIEJICHHBIX KJIaCTEpOB
MOKHO CIIeJIaTh, €CJIU TIEPEUTH OT CTaHIAPTU30BaH-
HBIX B3BEIIEHHBIX 3HAYEHUM K CPETHUM HOMHHAIb-
HbIM 3HAYeHUSIM COAEpPKaHUSI MUKPOIJIEMEHTOB
CHETOBOI1 ITbUIH (MT/KT) B KJ1acTepax (Tabi. 1).

Knacrep C1 xapakTtepusyeTcsi MOBBIIIIEHHBIM CO-
nepxanueMm Cr, Ni, Co, Zn, 4To yKa3bIBaeT Ha TEXHO-
TEHHBIM MCTOYHUK CHETOBOIl ITbUIH. YciioBUE (op-
MUpoOBaHUs cHeroBoit by C1 3aKkiTrogyaeTcs B CyM-
MapHOM CMeIIaHHOM MyJie 3arpsi3HEHUsI BO3IayXa
BBIOpPOCAMM IIPOMBINUICHHBIX MCTOYHUKOB M aBTO-
TpaHcnopra. Cxoxee comepXaHue 3TUX MUKPOSJIe-
MEHTOB B I'€OXMMMWYECKOM CIIEKTPE CHETOBOI IThUIN
CBSI3BIBAIOT C TOIUIMBHO-9HEPIreTUIECKIM KOMILIEK-
com (TanoBckas u ap., 2014) u TUTEMHBIM IPOU3BOI -
ctBOM (Yanin, 1998). OnHa u3 Touek knacrepa C1 00-
HapyXuBaeTcs B ToOOJIbCKe, UTO OOBSICHSIETCSI CXO/I-
HBIMA ¢ TIOMEHBIO YCIOBUSIMH (HOPMUPOBAHUS
XUMUYECKOI'O COCTaBa CHErOBOM MBIJIM, TaK KaK psi-
JIOM PacIoaokeHbl TOYKM Kiactepa C8 ¢ OJM3KUM
TEOXHUMHUYECKUM CIIEKTPOM.

TromeHckuit kitactep C2 cOnepKUT TSKETbIE Me-
TaJUIbl B MEeHbIIIeM KojimyecTBe, ueM C1, HO BhIAEIsI-
eTCsl BRBICOKMM cojliep:kaHueM Pb, BTpoe mpeBbIlaio-
MM MeguaHHoe 3HadyeHue. Touku C2 monanarot Ha
TEPPUTOPHUHN, OTMEUYECHHBIE MTOBBIIIICHHBIM COAEpKa-
HUEM B CHETY pacTBOPUMOM ¢OpMbI MEAU U CBUHIIA
BOJIM3U aKKyMYyJIsiTopHOro 3aBona (KpecTbsSTHHMKOBa
u ap., 2019).

Touku knactepa C3, XOTI M HaXOISITCS B UepTe
ropoaa TioMeHU, UMEIOT HAUMMEHbIIIee COAepKaHUe
mukpoaneMmeHToB (Li, V, Ga, As, Rb, Sr, Y, Zr, Nb,
Mo, Ag, Cs, Pb) oTHOCUTENIHLHO OPYTUX KJIAaCTEPOB.
ITosoxxeHne ToUYeK KiacTtepa — UWCTOPUYECKUIA
LIEHTP, pallOHbI MAJIO3TAXHOM 3aCTPONKHU.

TromeHckuit knactep C4 xapakTepusyeTcsl TOBbBI-
IIEHHLIM COIEpXaHMEM TSDKEIbIX METaJlJIOB, OCO-
6enHo Cu 1 Zn, 4TO XapaKTepHO IJIs1 TIbLIN 3aBOJOB
MeTamiooopadboTkn 1 MamwuHocTpoeHus (Yanin,
1998). KimacTep BBIAEISIETCSI BEBICOKUM COJIEPXKaHUEM
snemeHToB Nb, Mo, Cd, Sb, Ba, yTo KauecTBeHHO
MOXHO OLIEHUTh MpPU CpaBHEHWU C MEIUAHOM U
KBaHTWISIMU. [ €OXMMUYECKUIA CIIEKTP 3TOTO KJIACTEe-
pa uMeeT MOBHIIIEHHOE OTHOCUTEIHLHO MEIUAHBI CO-
nepxanue Zn, Cu, Cd, Pb, yro xapakrepHO s
TPaHCIIOPTHOTO 3arpsI3HEHUST aTMOC(hEPHOIO BO3IY-
xa ropomnoB (Sereviciene et al., 2017). Eciu cynuTh 1o
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Puc. 1. Uepapxuueckas ctpykTrypa kiactepoB C1—C8 reoXxuMUueCcK1X CIIEKTPOB Ha OCHOBE CTaHIAPTU30BaHHbBIX B3BEILIEHHBIX
3HAYEHUH CONMEepKaHNsI MUKPOJIEMEHTOB B TOUKaX HaOI0IeHNsI ToponckKoii 4epThl TromeHnu 1—50, B mokamuu 101—111 moka-
3aHO pacIiojiokeHne (POHOBBIX TOYEK, T. TroMeHb, deBpaib 2020; Touku 208—231 pacrnonaraioTcs B TOPOACKO YepTe U Ipo-
MbILIeHHOM 30He Toboabcka, Touku 301—307 ucnoab3oBaHbl, Kak (poHOBEIE, I. ToO0IbCK, MapT 2020.

Fig. 1. Hierarchical structure of C1—CS8 clusters of geochemical spectra based on standardized weighted values of trace element
content at observation points of the city limits of Tyumen 1—50, in location 101—111 the location of background points is shown,
Tyumen, February 2020; points 208—231 are located in the city and industrial zone of Tobolsk, points 301—307 are used as back-

ground points, Tobolsk, March 2020.

reorpapu4YecKoMy pacIoJIOXKEHHUIO, TO TOYKM KJjla-
cTepa HaXoOITCS BOJU3U aBTOIOPOT C UHTEHCUBHBIM
JIBUKEHUEM C OJHUM MCKJIIoUeHUeM — T. 23, pacro-
JIOXKEHHOM OKOJIO XeJIe3HOAOPOXKHBIX ITyTei.

Kiacrep C5 comepXuT B CHErOBOM MBIIM Hau-
MEHbIIIee KOJTMYECTBO TSKETBIX METAJIJIOB, PacIiojia-

raercsi 3a KOHTYpPOM TOOOJBCKOTO TEXHOT€HHOTO
kinactepa C8 W Ha ymaJeHWH OT TOPOICKOM YepThHI
Tiomenu. Knacrep C5 6JM30K IO T€OXMMUYECKOMY
cnekTpy kinactepa C3.

Knactep C6 OTHOCHTCSI K YCIIOBHO-(POHOBBIM U
BBIIETISIETCS TIOBBITIIEHHBIM colepskaHeM Ag 1 Sn B

JEO U CHET Tom 63 Ne3 2023
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Taomna 1. CpenHee comepkaHrue MUKpo3ieMeHTOB (MT/KT) B Kiactepax C1—C8, MeauaHa 1 BepXHUE U HUDKHUE KBaH-
TWIM (MT/KT), MHTeTpaJIbHBIN ITOKa3aTelb 3arpsi3HeHUs Z¢ pacCuMTaH Ha ocHOBe Kc, TIe B KayeCcTBe eCTECTBEHHOTO (ho-

Ha B3SIThI cpefiHUe 3HaueHus Kiactepa C5

Cl C2 C3 c4 Cs C6 c7 cg | KBAMTHTL |y g | KBAHTHID
HU3 BEpX
3.7 2.6 1.2 4.0 2.3 1.9 6.5 7.9 1.8 3.6 5.0
5.4 2.3 1.4 5.0 1.3 0.9 6.9 5.1 1.0 3.4 5.7
30.9 18.0 8.9 336 | 166 | 240 | 264 | 346 7.7 27.0 38.7
415 156 111 347 71 87 525 344 105 230 387
Co 28.7 10.1 6.9 22.6 2.6 3.2 37.3 18.6 4.4 14.3 25.2
496 166 123 383 42 71 771 300 82 252 439
Cu 87 94 51 153 41 33 95 107 40 72 112
Zn 281 229 169 363 112 139 965 544 154 267 393
Ga 2.1 1.6 0.8 24 1.5 1.8 3.3 4.1 1.2 2.0 2.9
4.2 5.3 1.8 5.5 2.2 5.0 12.3 13.5 2.2 4.9 7.9
Rb 5.5 4.8 2.1 5.7 6.0 4.8 15.4 22.5 3.0 5.8 11.1
32.1 30.6 13.2 34.3 16.2 15.1 48.6 62.2 13.9 30.0 42.9
2.9 2.1 1.0 3.1 1.7 1.6 5.2 6.1 1.4 2.7 4.2
19.5 18.0 7.1 24.7 10.5 12.0 35.1 40.9 9.1 18.9 27.9
Nb 1.6 1.4 0.7 2.1 1.0 1.2 2.5 3.7 0.8 1.6 2.2
Mo 1.6 1.7 0.9 3.2 1.0 1.6 1.7 1.5 0.9 1.5 22
Ag 0.2 0.2 0.2 0.2 0.2 1.2 0.3 0.3 0.2 0.2 0.3
Cd 0.4 0.5 0.3 0.7 0.2 0.4 1.0 0.9 0.3 0.5 0.8
6.7 6.5 3.1 8.7 2.4 17.6 5.4 5.0 2.8 5.1 9.1
5.5 5.5 2.3 8.4 1.7 1.6 3.9 4.0 1.9 3.4 6.2
0.4 0.3 0.1 0.4 0.3 0.3 0.8 1.0 0.2 0.4 0.6
Ba 95 102 54 135 56 42 147 211 44 99 151
6.7 2.1 1.8 6.1 0.7 0.8 5.6 3.2 1.1 3.1 5.5
Pb 45 159 40 97 52 59 51 70 28 53.6 77
Zc 48.4 17.1 1 55.1 — 1 84.1 | 60.9 _ _ _

CHeroBoii mbutn B cpaBHeHUU ¢ C5 u C3 1ipy MUHU-
MabHbIX conepxkaHusx Co, Cu, W ¢ xapakTepHbIM
pacItooXXeHreM B MaJIO3TaXXHOM yacTh ToGoiabcka
1 YCIIOBHO (DOHOBBIX TIOMEHCKIX TOYKAX.

Kiactep C7 uMeeT oueHb BbICOKOE COJEpKaHUE
TSDKEIBIX METAJIJIOB B TEOXUMUYECKOM CIEKTpE, Xa-
pakTepeH mis TobGosibcKa, MpuoarKasCh K BEpXHei
KBaHTWJIU, YTO YKa3blBa€T HAa TEXHOTEHHbIN UCTOU-
HUK €ero MOCTYIIEHUsI B aTMochepy OT 3arpsi3HEeHUs

JEO U CHET  Tom 63 Ne3 2023

BO3AyXa TMPEANPUATUIMU TOMJIUBHO-3HEpreTuye-
ckoro kommiekca (TamoBckass u np., 2014;
Talovskaya et al., 2016).

Knacrep C8 wmMeer TOBBIIIEHHOE COIEpKaHUE
penkux aneMmeHTOB Ga, As, Rb, Sr, Rb, Sr, Cd, Cs, Ba
OTHOCUTENILHO APYTHX KJIACTEPOB U MeAUaHbl. Bo3-
MOXHBIMA HMCTOYHUKAMHU 3arps3HSAIONINX BEIIeCTB
CITy>KaT XUMWYECKHE, DIIEKTPOTEXHUIECKUE W TIPU-
6opocTpoutenbHble pennpusatus (Yanin, 1998); uc-
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Puc. 2. PacnioioxxeHre KJ1acTepoB 110 ToUKaM HabsoneHust B TromeHu, peBpanb 2020 1.: 4 — B ropozcKkoii uepte, b — B Topon-
CKoi1 uepTe ¥ (POHOBBIE IIPUTOPOLI, / — aBTOMAruCTpai, 2 — XKeJIe3HOAOPOKHBIC ITyTH, IIBETOM IMoKa3aHbl Kiactepbl C1—C8
JUIST KaXKIOM TOYKM yKa3aH MOPsIIKOBBI HoMep HabmoaeHust (cM. puc. 1). [To ocsiM rmokazaHa IIMpoTa U JA0JroTa.

Fig. 2. Location of clusters by observation points in Tyumen, February 2020. A — in the city and background suburbs, 5 — in the
city: 1 — highways, 2 — railways, clusters C1—C8 are shown in color for each point, the serial number of the observation is indi-

cated (see Fig. 1). The axes show latitude and longitude.

TOYHHUKOM MOXET ObITh Takxke HepTeXUMHYECKOe
nmpousBoactBo (MockoBueHko u Ap., 2021). Cxon-
HbI TeOXMMUUYECKUI CIIEKTP TOOOJBCKOIO KJlacTepa
C8 obHapyxeH B TroMenu (1. 16), Toe OTCYyTCTBYIOT
MPOU3BOJCTBA, (POPMUPYIOIINE TECOXUMUYECKUIA
CHEKTP 3TOTO KjiacTtepa. MOXHO MPeanoa0XUTh BO3-
MOXHOCTb PETMOHAJIBLHOTO MepeHOoca MbUIU MEXAY
roponamMu, ogHako B TIoMEHU NPUCYTCTBYIOT Malllv-
HOCTPOUTENbHBIE MPEANIPUSATHUS, CITIOCOOHBIE CO31aTh
ycIoBUS 1Jist pOPMUPOBAHUS XMMUUYECKOTO COCTaBa

CHETrOBOil MBLIN, AHAJIOTUYHEIE YCIOBUSIM (DOPMUPO-
BaHUS 3TOTO KiacTepa B ToboIbCKe.

OBCYXJIEHUE

Yci10oBHO-(DOHOBBIMU  MOXHO CYMUTaThb TOYKU
(TIpOOBI), KOTOPBIE COOTBETCTBYIOT YCIIOBUIO YIAJIEH-
HOCTU OoJjiee YeM Ha 7 KM OT UCTOYHHMKA MOCTYILIe-
HUS TIBLTM B atMocdepy. Kak mokasaHo mpu aHaiuze
a’pPOKOCMUYECKIX CHUMKOB Ha IIpIMepe IIEMEHTHO-
Ne 3 2023
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Puc. 2. OkoHuaHume

ro 3aBoga (Jlexxenuna, 2016), 6ombliast 4acTh MbUTA
BBINIAZAeT Ha PACCTOSTHUM OO 4 KM OT TOUEYHOTO MC-
TOYHUKa, 0ojiee 7 KM Haubojee MHTEHCUBHOIO €&
BeimaneHus. Hns npennpustuii ToMcKoii oGnactu
MMOKAa3aHO, YTO 3alblUIeHNE YObIBAET OT UICTOYHUKA IO
MUHMMAJIbHBIX 3HAYeHUI y>Ke Ha PacCTOSIHUU Ooiee
1.5 kM (Talovskaya et al., 2016). B KpymHBIX TIpo-
MBIIUIEHHBIX I1eHTpax (Hopuibck) 3arpsisHeHue
CBUHIIOM 3a(pUKCUPOBAHO Ha pPaCCTOSIHUM OoJjiee
30 xm ot ucrouHuka (OnyuuH, 2014). I1pu ynaneHun
OT UCTOYHMKA BEIOpoca 6oJiee 10 KM IBUIb IIOCTYIIAeT
B BUJIC TOHKOOUCIEPCHBIX (DpaKIInii, HO OOJbIIas e
YacThb BBIMIAAET MPU MOKPOM BbIMBIBAHUU U3 aTMO-
ceprl B cHerorazax B 00J1acTi MOHMXKEHHOTo 6ope-
aJILHOTO TI0JIST, YTO MOXKET OBITH OAHUM M3 MCTOYHU-
KOB HEOTHOPOTHOCTH CHEXHOTO ITOKpoBa. JIBIKe-
Ne 3 2023

JEO U CHET  Tom 63

HUE BeTpOB B O3TUX o6nacTax (LIUKIOHAX)
IIPOUCXOAUT IO CITUPAIU TTIPOTUB YACOBOM CTPEJIKU B
ceBepHOM noJjymapuu (3axapueHko, 2020). C apy-
roif CTOPOHBI, MOKA3aHO, UYTO YCJIOBHO (hOHOBEIE
YYaCTKH, yIaJIEHHBIC Ha pacCTOSTHUE OT Topoja 0oJiee
20 KM, MOTYT UMETb 3arpsi3HeHUEe MUKPOSJIEeMEeHTa-
MU BomopacTBOpuMbIX (opMm (KpecTbIHHUKOBA
u 1p., 2019), a Takke XunkKoit u TBEpHOi (a3 CHEX-
Horo rmokpoBa (Moskovchenko et al., 2021).

AHanm3 conep:KaHusI MUKPOIIEMEHTOB CHETOBBIX
TaJIBIX BOJ BBISIBUJI CPEIM YCIOBHO-(DOHOBBIX TOUEK
Te, KOTOpbIe UMEIOT BEICOKOE UX coaepx)anue (Moc-
KoBYeHKO U ap., 2020; Moskovchenko et al., 2020).
Ecnu cpaBHUBaTH (POHOBEIE CpEeIHETEOMETPUYCCKIIE
3HauyeHust Ha mapiipyTe B 1700 km (Shevchenko et al.,
2017) ¢ ToOOMBCKMMU (DOHOBHIMM JTaHHBIMU
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Puc. 3. PacrionoxeHue KiractepoB Mo TodkaMm HabmoneHust B Tobonbeke, MapT, 2020 1.: / — aBTOMarucTpanu, 2 — XeJe3HO-
JIOPOXXHbBIE TTyTH, LIBETOM INMoOKa3aHbl Kiiactepbl C1—C8 1151 KaXa0ii TOYKM IMOKa3aH MOPSAKOBbIM HOMEpP HaOIIoaeHusT (CM.

puc. 1). o ocsim moka3zaHa MIMPOTA U 1OJTOTA.

Fig. 3. Location of clusters by observation points in Tobolsk, March, 2020: 7 — highways, 2 — railway tracks, clusters C1—CS8 are
shown in color for each point, the serial number of the observation is indicated (see Fig. 1). The axes show latitude and longitude.

(MockoBYeHKO u np., 2021), To mOYTH IO BCeM e~
MEHTaM TOOOJIbCKUE MeHbIlle MaplIPpyTHHIX 3a HC-
kmouenueM Ti, Cr, Ni, Zn, KOTOpble UMEIOT MECTHOE
TeXHOreHHoe TpoucxoxaeHue. Oxugaiach oopar-
Has TEHIASHLINSI, UCXOIS U3 TIPEIbIAYIINX NCCIeI0Ba-
HUI, KOTOPbIE YKA3bIBAIOT HA TO, YTO OT MOATANTHU K
IOKHOM Tailre comepkaHue MUKPOSJIEMEHTOB CHU-
xaetcst (EpmonoB u np., 2014; Shevchenko etal.,
2017). OO6o3Haumiach mpobjieMa HEOTHOPOTHOCTU
reoxumuueckoit uHpopmauuu (ITHI'X). Cyts e€ —
€ClIu VICIIOJIb30BaTh CpemHereoMeTpudeckoe GoHO-
BO€ 3HAUYCHME MPUPOTHOTO KoJjieOaHUsI coaepKaHUi
XUMHUYECKHX DJIEMEHTOB, TO BO MHOTHX CTydasix o-
HOBBIE 3HAYCHMST OKa3bIBAIOTCS OJM3KM WU BBILIE
ropoackux (MockoBYeHKO U ap., 2021). OcobeHHO

9TO 3aMETHO I10 KO3} hUlIMeHTY oboraieHus (ra-
nee — KO), paccumtaHHOMY MO OTHOIIECHUIO K CO-
JIepKaHUIO aJIIOMUHUS B CHEroBoi rbuiu (1o Jloopo-
BOJbCKOMY). OTJIOXKEHHBIM 1O JorapudMUUecKoit
mkane KO moka3aTeib XxapaKTepu3yeT CTeleHb aH-
TPOTIOTEHHOTO BKJaAa B CoAepKaHUE MUKPO3JIEMEH-
ta: 10 — ecrectBennsbIit, 10—100 — ecTecTBeHHO-aH-
TpornoreHHsbIi, >100 — aHTpomnoreHHsii (JoOpo-
BoJibCKMi1). Bprsicasiercss, uro mo KO TBEpmbie
a3p030JI11 CHETOBOI MBLIN (DOHOBBIX YYaCTKOB OTJIM-
JaloTCsl HAaKOIUICHUEM XalbKO(MUIBLHBIX 3JIEMEHTOB
(Cd, Zn, Pb, As) oTHOocuUTeNbHO Topoackux. M3 aTo-
ro JejlaeTcsl BbIBOM, YTO TEPPUTOPHUS Topoaa U Ipo-
MBIILLJICHHOM 30HbI 3KOJ0TMYecKu 6e3onacHa. B ciy-
yae ¢ reoxuMmuueckumu gaHHbIMU KO 1o Tobonbeky
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¢onosrwic 3HaueHus1 Cd, Pb, Sb, Zn, Mo, Bi, Ni, Cu,
S, Cr mommagarot B mHTepBan 10—100, Ag, Sn — >100
(MockoBueHko u ap., 2021). CnenoBarteibHO, He-
CMOTpSI Ha yOAJIEHHOCTh (DOHOBBIX TOYEK HAGII0IE-
HUSI OT UCTOYHUKOB 3arpsI3HEHUSI, aHTPOITOTeHHBII
BKJIaJg B (hOpMUPOBaHUE T€OXMMUYECKOIO CITeKTpa
CHEroBOil MBIIM OKAa3bIBAETCSI  CYIIECTBEHHBIM.
W3 3TO0TO BBITEKAET, YTO YIAJEHHOCTH HA JIECITKHA
KMJIOMETPOB OT UCTOUYHUKOB BEIOpOca B aTMocdepy
3arpsI3HSIIOIINX BEIIECTB HE CIYKUT TapaHTOM He3a-
BHUCHUMOCTHU WX COCTaBa OT aHTPOIIOTEHHOIO BJIUSI-
Husi. DopMUPOBaHUE MHUKPOIJIEMEHTOB CHEXHOTIO
IMOKPOBa HEOMHOPOOHO, HAaNpUMeEp, IbUIb BHYTPU
TOPOJICKOI YepTHhl MO OTACIBLHBIM 3JIEMEHTAM MOKET
colepKaTh UX MEHbIIe, YeM B (DOHOBBIX YCIOBUSIX.
BosHukaeT ceMaHTHuecKasi HEOTHOPOOHOCTH T€O-
JaHHBIX, KOTA MOSIBJISIIOTCS PA3HOITIACUS IO ITIOBOIY
3HAQUYEHUM, UX UHTEPIIPETAIUN WU MPEAIIojiaraeMo-
ro ucnoib3zoBaHus (Yingjie Hu, 2017). Heooxomum
WHCTPYMEHT ISl COPTUPOBKU JTAHHBIX, CITOCOOHBII
pasaesInTh Cpeau yCIIOBHO (DOHOBBIX U TOPOICKHUX TO-
yeK HaOJIoJEeHUs Te, KOTOPbIE HE ITOABEPKEHBI aH-
TPOIIOTEHHOMY BO3IIeICTBUIO, I MX CIEAyeT pacCMar-
puBaTh KaK €CTeCTBEHHO-(OHOBBIC U UCTIOJIb30BaTh
st pacuéra Ke (3).

MKA cTtangapTu30BaHHOTO B3BEIIEHHOIO 3Ha4Ye-
HUSI CoJiepKaHUsI MUKPO3JIEeMEHTa MO3BOJISIeT pas3/ie-
JINTh T€OXUMUYECKIME CIIEKTPhl (DOHOBBLIX TOUEK Ha-
omonenwust. Kitactepel C5 u C6 mpUCYTCTBYIOT B 060-
MX TOpOJaX 1 0ObETUHSIOT YCIOBHO (POHOBEIEC TOUKM,
yIaja€HHBIE OT TOPOACKOI YepThl M IPOMBIIIICHHBIX
00BEKTOB Ha paccTostHre oosee 7 kM. M3 Tabdn. 1 cie-
nyet, uto C5 coaepXWUT HauMEHbIIee KOJUYECTBO
Tsk€nbix MeTasuioB (Cr, Co, Ni, Cu), C6 umeer Hau-
OoJblliee cogepxanue Ag, Sn 1 HamMeHbIee Sc, Sb,
Ba. Cpasaum BeIGOpKH 11O KiaacrepaM C5 u C6, uc-
nosb3ysl TecT Mann—Whitney. Paznuuus (npu p <
< 0.05) BBIpa3mIMCh BEICOKUM coAepKaHueM Ag 1 Sn
B kiacrepe C6 orHocurenbHo C5. YuureiBasg pac-
cyxneHust otHocutenbHo KO cepe6pa 1 oosa >100,
MOXHO TOBOPHUTH O TEXHOT€HHOM ITOCTYIUICHUM 3a-
TPSI3HSIONINX BEIECTB B TOYKM HAOJIIOAEHMS KJIacTe-
pa C6, Torna kiactep C5 crneayeT OTHECTH K ecTe-
CTBeHHO-(OHOBBIM. B roponckoii yepre CymiecTBy-
IOT YCJIOBUS JIs1 (DOPMUPOBAHMUS CHETOBOU MBLIM C
HU3KUM COAepKaHUEM MUKPOIJIEMEHTOB — KJIacTep
C3. CpaBHuBas BeIOopKHU KinactepoB C3 u C6, nony-
yaeM noctoBepHble paznuuus (rmpu p < 0.05) misa Ag,
Sn, W. I1pu aTom Ag 1 Sn B C6 comepXuTcs GOIbIIIeE,
yeM B C3, Ho W 6osble B C3 otHocutensHo C6. KO
1t Wot 1—10 (MockoBueHKo 1 1p., 2021), ciienoBa-
TeibHO, C3 TakkKe MOXHO OTHECTHM K TOPOACKUM
ecTecTBeHHO-(POHOBEIM. ['Oopon HaKJIambIBaeT CBOIO
crietuduky. CpaBHuBas kiaactepbl C5 u C3, o6Hapy-
xkuBaem pasnauuus (rpu p < 0.05) — B C3 noBbIlIeH-
Hoe cogepxxaHue Ni 1 HOHMXKeHHoe conepzkaHue Pb
n Sc otHocutenpHO C5. Touku kinactepa C3 Takxke
MOXHO OTHECTH K €CTeCTBEHHO-(OHOBBIM, UCITOJIb-
30BaTh UX IJI aHaAIW3a BHYTPUTOPOACKUX YCIOBUM
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dopMUpOBaHUS MUKPOIJIEMEHTHOIO COCTaBa CHETO-
Boii mbuu. Mcrionb3oBaHue KJIaCTEpPHOTO aHaIn3a
MO3BOJISIET N30eXaTh OIITMOKH IIPUHSITh TEPPUTOPUH,
MOABEPKEHHBIE BO3ICUCTBUIO, 34 SKOJOTMYECKU
Oe3oracHbIE.

CpaBHeHUE BBIOOPOK IO KjiacTepaM (hOHOBBIX
TepPUTOPUIL U 30HBI BO3JECHCTBYS MPOBEICHO IO Te-
cty Mann—Whitney. BrIisiBIIeHO, 4TO comep:kaHue
MUKPO3JEMEHTOB CHETOBOI ITbUIM BHYTPU TOPOI-
ckoil yepThl TroMeHN M ToOOIBCKA OTIMYACTCSI CyM-
MaMU PaHTOBBIX 3HAYEHUU CTaTUCTUKU Z. Paznuuust
BbIsIBIeHBI (ipu p < 0.05) mist MUKpo3aeMeHToB: Li,
V, Cr, Cu, Zn, Ga, As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd,
Sb, Cs, Ba, Pb, mist ocTaqbHBIX HYJIb TUTIOTE3a OCTa-
€rcsl B cuiie. Paznuuust oOyClOBJIEHBI T€M, YTO TO-
0OJIbCKUE CpeaHue 3HAYEHUS BbIIIE, YEM TIOMEH-
ckre. MoXHO IPenrnooXnTh, YTO JOKAILHOE IPO-
MBIIUIEHHOE 3arpsi3HEHUE aTMOC(epHOTO BO3ayXa
BOKpyr TobOojabcKa BHOCUT 0OoJiee CYIIeCTBEHHBIN
BKJIAJ B 3arpsi3HEHME MUKPOIJIEMEHTaMU CHETOBOI
b1, YeM B TioMeH!.

CpasHenue BEIOOPOK Tobonbcka 1 TIoMeHM TIpo-
BeJICHO pa3aeabHO IS KJIACTEPOB (POHOBBIX U TEXHO-
reHHeix. B ciydyae ¢pona mukposnemeHtoB Li, Zn,
Ga, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Cs, Pb B To-
0O0JIbCKE CoOaepKUTCs O0abIIe, 4eM TroMmeHu (rmpu p <
<0.05). Insg TexHOTreHHBIX KJIACTEPOB MUKPO3JIe-
meHToB Li, Zn, Ga, As, Rb, Sr, Y, Zr, Nb, Ag, Cd, Cs,
Ba B TBEpHoIt ha3e cHexXHOTO TMTOKpoBa B ToOOJIBCKE
comepxuTtcs 6ombiie, yeM B Tiomenu (rmpu p < 0.05),
a 3JeMeHTHl Sn, Sb MMerT o0paTHylo TEeHASCHIIUIO
(ripu p < 0.05). OTHOCUTENHLHO (DOHOBBIX KJIACTEPOB
comepxaHue aneMeHToB Zn, As, Rb, Sc ropomckux
KJIACTEPOB pa3andaeTcs 0oJiee YeM B IBa pasa.

I[lpr cpaBHeHMN OITyOJMKOBAHHBIX ITAaHHBIX
(MockoBueHKO U 1p., 2021) cpemHereoMeTprUIeCKIE
TIOMEHCKHE 3HAYCHUST COMep>KaHUsS JJIsT OONBbIINH-
CTBa MUKPO3JIEMEHTOB OOJIbIIIE TOPOACKUX TOOOIb-
CKMX 3HaYeHMI. ABTOpaM MPUXOIUTCS MCKATh TIPH-
YUHBI CEeMaHTWYECKON HEOTHOPOTHOCTH TaHHBIX,
XOTSI BBIBOJI JIEXKUT Ha MIOBEPXHOCTU — (POHOBBIE TOU-
KU CJIemyeT pa3iesIuTh Ha TTONBEPKEHHbBIE aHTPOIIO-
TeHHOMY BO3IEMCTBUIO U Te, KOTOPBIe (OPMUPYIOTCS
B YCJIOBUSIX OJIM3KUX K €CTECTBEHHBIM.

Hcnonb3oBanue KA 11o3Bomio oTcesITh TEXHO-
TeHHO 3arpsI3HEHHBIE (DOHOBBIE TOUKU HAOIIOACHUS
WM BBIACIIUTHL ecTecTBeHHO-(poHoBEIe (C5). Ha aToit
OCHOBE MMeeM 0oJiee TOUYHYIO OLIEHKY IToKa3arteis Kc
U, COOTBETCTBEHHO, UHTETPaJIbHbII1 MHAEKC 3arpsi3-
HeHus Zc. B Tobonbcke MHASKC yKa3bIBaeT Ha BHICO-
KM U OITaCHBII YPOBEHbD 3arpsi3HEHUSI, OCOOCHHO B
30HE TEXHOTEHHOTO Bo3neiicTBus (>64), cpemHuii —
B TiomeHu (32—64), HU3KUIT YpPOBEHb 3arpsi3HEHUS
XapaKTepeH IJisl TOOOJbCKOM (hOHOBOI IPyIIIIHI KJia-
crepoB — 27.2 (<32). B TiomeHnu ajist (hOHOBBIX Ha-
OroaeHMIA MHACKC 3aTpSI3HEHMS] OTCYTCTBYET.
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BbIBO/1bI

1. Wcrmonb3oBaHMWE CTaHAAPTU30BAHHBIX B3BE-
IIIEHHBIX 3HAYEHUM COIep>KaHUsT MUKPOIJIEMEHTOB
ITO3BOJIACT MPOBECTU C€IMapallvio JaHHBIX KaK BHYT-
pU 30HBI BO3ACUCTBUSI aHTPOIOTEHHBIX (DAKTOPOB,
TaK ¥ OTHOCUTEJIbHO (h)OHOBBIX TOUEK HAOIIONECHUS C
BBIZeJIEHUEM 8 KJIaCTEpOB.

2. B TioMeH IIMPOKO pacIpOCTPaHEH HECICIN-
duanbil kiactep Cl ¢ TTOBBIIIEHHBIM COIEepPKaHUEM
TSDKENBIX MeTa/uioB. EMy aHamoruyeH C4 c MOBBI-
meHHbIM coaepxkaHueM Cu u Zn. CrneuubuaHbIM
MOXHO cuuTath C2 ¢ BBICOKMM comepxkaHuem Pb.
HNcTouyHukoM ux ¢opMHUpPOBAHUS CIYXKUT CymMMap-
HbI CMEIIaHHbIH TyJ 3arpsI3HEHUs] BO3AyXa BbIOPO-
caMM aBTOTPaAHCHOPTA U MTPOMBIILIEHHBIX UCTOYHHU-
koB. Kiactep C3 mMeeT HauMeHbIIlee CoAep>KaHUE
MUKPO3JEMEHTOB OTHOCUTEJILHO APYTMX KJIACTEPOB.

3. Knactepnl C5 u C6 HaGaronaoTcs Kak B Trome-
HU, TaK U B ToOOJIbCKE, U OTHOCSTCS K YCIOBHO (po-
HOBEIM TOYKaM HabOmoneHus. B pe3ynbrate aHamm3a
C5 oTHecéH K ecTecTBEHHO-(OHOBBIM, a C6 C BBICO-
KUM cofiepkaHueM Ag U Sn — K (p)OHOBBIM C TEXHO-
TCHHBIM BIIMSIHACM.

4. Tooonbckme Knactepsl C7 m C8 crietnmIHbBI
st ropona. C7 uMmeet HauboJiee BHICOKOE coaepKa-
HUE TSDKEIBIX METAJUIOB, XOTS HAXOOUTCS B TOYKAaX
HaOJIIoaeHMs, yIaJeHHBIX OT roponaa. Knactep C8 xa-
paKTEpU3yeTCSI BBICOKMM COAEpKaHUEM pPEIKUX WU
paccesstHHBIX MUKPO3JIEMEHTOB. YCIOBUS X 00pa30-
BaHUS 3aKJIIOYAIOTCSI B MPUCYTCTBUM TPEOITPUSITHI
TOIJIMBHO-3HEPTeTUYECKOr0 KOMILIEKca, a TaKxXKe
XUMHUYECKOIO, DJIEKTPOTEXHUYECKOIO U MpHUOOpO-
CTPOUTEITBHOTO IPOU3BOACTB.

5. CpaBHeHue BbIOOpOK TobOonbcka m TiomeHU
MIPOBEIEHO pa3leibHO IJIs KJIAacTepoB (DOHOBBHIX U
TeXHOreHHBIX. B ciydae (poHa mukpoanemeHToB Li,
V, Zn, Ga, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Cs, Pb
B TobGonbcke comepxXuTcsl Oojblile, 4yeM TIOMEHHU.
B roponckux ycmoBusix MumKposjieMeHToB Li, Zn,
Ga, As, Rb, St, Y, Zr, Nb, Ag, Cd, Cs, Ba B TBEpH0OIi
¢daze cHexxHOro mokpoBa B TOOOJBCKE COAEPXKUTCS
TakKe OoJibilie, yeM B TroMeHM, a 3eMeHTH Sn, Sb
MMEIOT OOpaTHYIO TEHIESHIINIO.

6. Hcnonb3oBaHue KJIacTEPU3ALMU TMO3BOJIIO
BBIACIUTD M3 YCIOBHO (POHOBBIX TOYEK HAOIIOMEHUS
ectecTBeHHO (poHOBHIN Kimactep C5. Ero ucrmonb3o-
BaHMeE MO3BOJIMIO XapaKTeprU30BaTh MO UHIAEKCY Z.C
YPOBEHbB 3arpsi3HeHusI B ToOOIbCKe KaK BHICOKMIT 1
OTacHBIi, a B TIOMeHM KaK CpeaTHUI.
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Inhomogeneities of trace elements content in dust of snow cover were studied in two industrial Siberian cities
Tobolsk and Tyumen. The clustering method was used, for which standardized values of the content of trace
elements in the snow dust of both cities were used. Eight clusters have been identified, which were divided
into two classes by location: Tyumen and Tobolsk. The classes were divided into groups: non-specific and
specific ones, of which the two subgroups were distinguished: technogenic and natural. The average values of
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trace elements in nominal terms were calculated for each cluster. Clusters C1, C2, C4, C7, C8 are character-
ized by a high content of heavy metals V, Cr, Ni, Cu, Co, Zn, Cd, W, Pb. Background clusters C5 and C6
have a low content of trace elements. Specific technogenic C4 contains more copper than other clusters, and
C2 contains more lead. Sources of the formation of technogenic clusters are emissions into the atmosphere
of enterprises of the fuel and energy complex, foundry and machine-building industries, and transport. The
heterogeneity of the content of microelements in the snow dust under background conditions is demonstrat-
ed. The microelements are divided into natural background (cluster C5) and the background with anthropo-
genic pollution with higher content of Ag and Sn (cluster C6). In urban conditions, a solid phase of snow with
a low and minimal content of trace elements in dust (cluster C3) is formed. Increased content of Ni and a
reduced content of Pb and Sc is noted in the C3 cluster relative to C5 mry. Using the Mann-Whitne test, it
was revealed that the content of trace elements in snow dust within the cities Tyumen and Tobolsk are differ-
ent for the following elements: Li, V, Cr, Cu, Zn, Ga, As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sb, Cs, Ba, Pb.
Mean values in are higher than similar ones in Tyumen. The content of Zn, As, Rb, Sc elements in urban clus-
ters differs by more than two times relative to the background ones. In the case of elements Sn, Cs, W, the
content of them in the snow dust of Tyumen is higher than that of Tobolsk. The method of clustering makes
possible to identify natural background values (C5) and to calculate more precise values of the coefficient Kc
as well as to determine the index of the integral pollution. In Tobolsk, the index is indicative of high and dan-
gerous level of pollution, especially in the zone of technogenic impact. The average level is typical for the city
of Tyumen.

Keywords: hierarchical cluster analysis, trace elements, dust in snow, Mann—Whitney test, Tyumen, Tobolsk
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We present 11 19Be ages of the moraines of the Irik and Kashkatash glaciers that allowed identifying and dating
several Late Holocene glacier advances for the first time, including a prominent advance exceeding the Little
Ice Age (LIA) maximum that occurred at 1.6—1.7 ka at epy Irik Glacier. The advance is dated by the three
very close "Be ages of a moraine (1.57 + 0.23 ka, 1.63 & 0.23, and 1.68 + 0.24 ka) located in the vicinity of
the moraines of the Little Ice Age (LIA) maximum advance. The advance that occurred at 1.6—1.7 ka might
be a possible analogue of the “Historical” stage described earlier in the Caucasus in literature basing at geo-
morphic evidence, speculations, and analogues with other mountain regions, but not dated. Another possi-
bility is a potential correlation of this advance with the Late Antique Little Ice Age cooling in 536 to ~660 CE.
The age of Irik Glacier advance is close to the humid period identified in the Garabashi (Baksan, Elbrus val-
ley) lake sediments at 1500—1700 years BP. The magnitude of the identified glacier advances over the past two
millennia was similar. Between the advance of 1.6—1.7 ka and the position of the glacier in 2022 CE the ele-
vation of the Irik Glacier front increased by 520 m from 2490 to 3010 m asl. Four '°Be dates (0.7 + 0.11,
0.72 + 0.11, 0.77 + 0.11 and 0.82 + 0.18 ka) of the lateral moraine of the Kashkatash Glacier constrain the
advance of the first stage of the LIA. The advance of the 13th century is also dated by '°Be at the Donguz-
Orun and Chalaati glaciers located at the Northern and Southern slopes of the Caucasus, respectively. The
corresponding cooling in ca 1250—1400 CE is identified in the sedimentary paleoclimatic proxies of Lake
Karakel (Teberda valley). A later advance at the Kashkatash Glacier is constrained by only one '"Be date
(0.53 £ 0.13 ka) and needs further confirmation. Till deposited between the 1490s and 1640s at the Greater
Azau Glacier is close to the date of this advance of the Kashkatash Glacier. A cooling at that time is recorded
in the proxies of Karakel Lake sediments (1500—1630 CE). Three other °Be dates of two earlier advances at
0.25 + 0.04 ka and between 0.14 + 0.03 and 0.16 £ 0.02 ka at Kashkatash Glacier are indirectly supported by
tree-ring, lake sediment, 14C, and historical data. Further research and new data is necessary to increase the
credibility and accuracy of the dates of glacier advances of the Late Holocene in the Northern Caucasus.

Keywords: Late Holocene, glacier fluctuations, moraines, CRE dates, tree rings, lichenometry
DOI: 10.31857/S2076673423030110, EDN: PLXOV]J

INTRODUCTION

The timing of Holocene glacier variations in the
Caucasus preceding the past 100—150 years is poorly
documented. Tree-rings and lichenometry were used
for the dating of earlier advances (see review in Solo-
mina et al., 2016), but these dates of moraines are min-
imum limiting only and therefore they are often uncer-
tain. Tree-ring dates in the Caucasus hardly cover the
period of the last 300—350 years (Solomina et al.,
2021). Moreover, most glaciers in the Caucasus do not
reach the upper tree line and even these approximate
age estimates of moraines are not applicable for them.
Lichenometry was used as an alternative, but these
dates are not very reliable especially for the surfaces
older than five hundred years or so. Solomina et al.
(2022) recently reported the radiocarbon dates of pa-

leosols buried in the lateral moraines of the Greater
Azau Glacier and documented this way four periods of
glacier advances that occurred in the past 3 ka, but the
chronology of glacier variations might be incomplete
and the position of moraines corresponding to the re-
spective advances is not known.

The Cosmic Ray Expose (CRE) method provides
new insight into moraine dating. It was largely applied
globally in order to date the glacial landforms (e.g.
Balco, 2011, 2020). By now only sporadic single CRE
dates of moraines were reported in the Caucasus
(Bushueva et al., 2015, Tielidze et al., 2020). We will
discuss these dates below in the context of new find-
ings. In this paper, we provide 11 new CRE dates of
moraines of the two glaciers Irik (43.31N; 42.53E) and
Kashkatash (43.20N; 42.68E) (Fig. 1) in the Near
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Fig. 1. Location of the study glaciers.
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Elbrus area in the Northern Caucasus and compare
them with our previous estimates of the age of mo-
raines derived from tree rings and lichenometry. We
also assess the scale of glacier retreat since several Late
Holocene glacier maxima.

We visited the moraines of the glaciers and sampled
for tree-ring, lichenometry and CRE several times in
2004, 2008, 2009, 2013 and 2022. The CRE dates are
reported here for the first time, some tree-ring and li-
chenometric records were partly published previously
(e.g. Solomina et al., 2016), but here we revise them
again in the new light of absolute dating results.

MATERIALS AND METHODS

Remote sensing. Mapping of glacier fronts positions.
Remote sensing data were used to map the glacier po-
sitions and estimate changes in the metric parameters
of glaciers since the middle of the 20™ century. Data
from space-based cameras obtained from various web
services (Google Earth, Bing Maps etc.) was used to
determine the current positions of the glacier fronts.
These images were used as a reference to tie in the rest
of instrumental, historical and bioindication data. In
20t century images were taken from airplanes (aerial
photography). The images were co-registered in two
stages in the ERDAS Imagine software product. At the
first stage, the control points and the digital elevation
model STRM v3 (grid spacing of 1 arcsecond) were
Ne 3 2023

JEO U CHET  Tom 63

42°36'

42°42' 42°48'E

used to georeference the images using polynomial
model (2" order). At the second stage, a new set of
control points was acquired, and the images were
precisely georeferenced using a linear rubber sheet
method. The boundaries of the glaciers were digi-
tized manually. The digital elevation model STRM v3
(grid step — 1 arcsecond) was also used to estimate the
elevation of the glacier fronts.

The tongue of the Irik Glacier is debris covered,
therefore we used data from the Sentinel-1 spacecraft
to verify the correctness of the identification of mod-
ern edges of the glacier. For the purpose we download-
ed ['Copernicus Sentinel data 2015'] the interferomet-
ric pairs of images and assessed their coherence i.e.
identified the areas that changed or remained identical
between the records. Because the glacier moves the ar-
eas that were changing were identified as the glacier
surface, those that remained constant were interpreted
as dead ice. Sentinel-1 data was processed in the
SNAP software product.

Tree-ring dating. The tree-ring approach of the dat-
ing of moraines is described elsewhere (e.g. Solomina
et al., 2016). In the region that we consider here, the
time lag of the colonization of fresh moraines by pine
trees is 15—20 years. In order to estimate the minimum
age of the stabilized surface this number should be
added to the number of rings of the tree growing on the
moraine or between the moraine ridges. We used in-
crement bore to sample one to three cores from the
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oldest trees at the moraine or between the moraine
walls. We cored trees at the breast height or at 50—
70 cm above the surface. The pine trees reach the age
of 5—15 years at the breast height, thus this correction
is also necessary in order to assess the approximate age
of the tree. In this area, pine can reach up to 500 years
and even more (Solomina et al., 2016), but due to the
long-lasting heavy anthropogenic pressure, such old
specimens are seldom. For this reason, the limiting age
of the moraines older than 200—300 years estimated by
ring count might be underestimated.

Lichenometry. The advantages and disadvantages of
lichenometry in the Caucasus was analyzed recently in
Solomina et al. (2016) and Nazarov et al. (2022). Due
to large uncertainties in the lichen growth curve for the
surfaces exceeding two centuries, in this paper we use
the rough estimate of diameter-age relationship basing
on the linear curve of the growth rate of Rhizocarpon
geographicum sensu lato published in Solomina et al.
(2016). We assess the 10—15 years lag for initial surface
colonization by Rhizocarpon geographicum sensu lato
lichens at the moraines of the Northern Caucasus. The
rough estimate of growth rate of Rhizocarpon geo-
graphicum is around 0.3 mm per year. Obviously, these
estimates are also only the minimum limiting dates be-
cause the growth rate of lichens decreases over time,
but we do not have enough control points to assess this
curvilinear shape of the growth curve more precisely.
Moreover, some scholars argue that Bayesian ap-
proach should be applied in lichenometry (Jomelli et
al., 2007). In the Caucasus this approach was not used
so far therefore we must be content with the very rough
linear lichen growth rate models.

Cosmic ray expose ages (CRE) method of moraine
dating. Nuclides used for the Cosmic ray expose
(CRE) dating (e.g. °Be, 3°Cl) are produced in surface
rocks by cosmic-ray bombardment that is approxi-
mately constant over time. '°Be that is most widely
used to date moraine emplacement and ice retreat is
produced by spallation of O and Si in quartz (Balco,
2011). The cosmogenic-nuclide concentration in a
rock is proportional to the length of time that the sam-
ple has been exposed at the Earth’s surface. The pro-
duction rates of cosmogenic nuclides depend on the
altitude (shielding effect of the atmosphere), and the
Earth’s magnetic field (geomagnetic latitude). Several
production-rate scaling algorithms are available. In
this paper, we used (Lifton et al., 2014). The cosmic-
ray flux rapidly decreases with depth according to the
exponential relation.

Field CRE sampling. Moraines were sampled and
mapped in the field using a Garmin GPS survey in-
strument (precision 10 m) (Table 1). Using a hammer
and a chisel, 11 granitic boulders (>60 cm in height)
were sampled from the crest of selected moraines from
broadly horizontal or sub-horizontal surfaces. Only
boulders with minimal signs of denudation were sam-
pled. A Suunto Compass Clinometer PM-5 was used

SOLOMINA et al.

to measure topographic shielding for each sample in
the field. Sample elevation was extracted from the
handheld Garmin GPS instrument. All the boulders
were photographed, and their ground-to-sample
height was measured. We have considered only well-
preserved moraines (>1 m high and >20 m long), and
selected boulders and locations on the moraine with
no evidence of disturbance caused by the action of
other processes (river, rock fall or debris flow; Jomelli
and Francou, 2000).

Sample preparation and AMS measurement. All
samples were processed at CEREGE (Aix-en-
Provence, France). Samples were crushed and sieved
to collect the 250—1000 um fraction. Quartz was first
concentrated by magnetic separation and then isolated
by successive leaching in a H,SiF;/HCI mixture. The
obtained quartz fraction was leached at least 3 times in
a 10% HF — 10% HNO; solution in order to remove
any remaining feldspars and to clean the grains from
atmospheric '°Be. Purified quartz was completely dis-
solved in concentrated HF after addition of 150 ul of
an in-house °Be carrier solution (3025 + 9 ppm; Mer-
chel et al., 2008). Beryllium was extracted by succes-
sive alkaline precipitations of Be (OH), alternated
with separation on anion and cation columns. Sam-
ples were then oxidized at 700 for 1 hour and the final
BeO mixed with Nb powder and loaded into copper
cathodes. AMS measurements of the '’Be/°Be ratios
were conducted at the French national AMS
facility ASTER (Arnold et al., 2010). Samples were
calibrated against the in-house standard STD-11
(""Be/’Be = 1.191 = 0.013 x 10~!!; Braucher et al.,
2015) and a '°Be half-life of 1.387 + 0.0012 x 10° years
(Chmeleff et al., 2010; Korschinek et al., 2010). Ana-
lytical uncertainties combine ASTER counting statis-
tics, standard uncertainty, external uncertainty (0.5%;
Arnold et al., 2010) and machine blank correction.
10Be sample concentration calculated from the corre-
sponding '°Be/°Be ratio was corrected from associated
chemical blanks. Scaling to the sample locations was
made according to the recent, physically-based, LSD
model (Lifton et al., 2014) which performs similarly to
older empirical models (Borcherset al., 2016). Chosen
parameters include the ERA40 atmospheric reanalysis
(Uppala et al., 2005) and the VDM 2016 geomagnetic
database. We retained the global production rate (PR)
as no regional PR is available so far.

Exposure ages were computed with the
online CREp program (Martin et al., 2017;
http://crep.crpg.cnrs-nancy.fr) and are presented in
Table 1. ''Be CRE ages are reported with 16 “exter-
nal” uncertainties, which include measurement, pro-
duction rate and scaling uncertainties (e.g., Balco
et al., 2008), in the main text and on the maps for bet-
ter comparison with other proxies. Both internal and
external uncertainties (including both analytical and
production rate uncertainties) are reported in Table 1.
For a given moraine, its assigned age corresponds to
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Table 1. '°Be ages of moraines at Kashkatash (k) and Irik (/) glaciers
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the weighted mean of the sample ages that successfully
passed a Chi? test (calculated with the internal uncer-
tainties) used to identify outliers (Ward and Wilson,
1978). Based on field observations, we also considered
the stratigraphic relationships to identify outliers.

RESULTS

Kashkatash Glacier (43.20N; 42.68E) is a cirque-
valley glacier oriented to the North (#57 in USSR
Glacier Inventory, 1970). According to USSR Glacier
Inventory (1970) its length was 4.6 km, its arca was
2.5 km?, and the front was located at 2600 m a.s.l.
Detailed information on fluctuations of the Kash-
katash Glacier based on instrumental, historical, li-
chenometric and tree-ring data was reported in
Bushueva and Solomina (2012). We identified at least
13 terminal moraines within the distance of 900 me-
ters from the Kashkatash Glacier front position in
2008. Three moraines were deposited between the
1870s and 1890s. In the 20" century the glacier ad-
vanced in the 1910-s, 1920-s, and 1960—1970-s.

In 2013 samples of grey granite boulders were col-
lected from the surface of the moraines of the Kash-
katash Glacier for '“Be analyses in the two locations
with the most suitable conditions for sampling (see
Fig. 1, Table 1). The limitation for CRE sampling in
the Kashkatash valley is the dense forest cover that
shades the surface of moraines and sometimes masks
the shape of the moraine ridges. Many moraines are
eroded and preserved in fragments vanishing and re-
appearing in the forest, some oldest generations are
partly covered by debris flows.

Two “Be samples (k1 and k2 at the Table 1) at the
site A were collected at the right lateral moraines at the
elevation 2653 and 2657 m asl, respectively. At the
photo Fig. 2 one can clearly see several levels of lateral
moraines preserved inside the highest moraine wall
with sharp unvegetated inner slope and forested, more
gently inclined outer one. The moraines were sampled
where they were least eroded. The samples are coming
from two moraine generations located very close to
each other and looking very similar in terms of vegeta-
tion cover and erosion, so their deposition was most
probably separated by a short period of time. It is im-
possible to precisely trace the connection of these gen-
erations with the corresponding frontal and left lateral
moraines, but tentatively the A ridges (with the k1 and
k2 dates) lead to those formed in 19™ century before
the 1880s — the position of the glacier front at the mil-
itary topographic map. The k1 and £2 moraines yield-
ed two "Be CRE dates and 0.14 + 0.03 ka and
0.16 = 0.02 ka. Considering the statistical errors, the
dates partly overlap and seem to correspond to the
tree-ring age of the right lateral moraine dated by tree-
rings to 1839—1840 CE (Bushueva and Solomina,
2012) (see the position of the tree at the Fig. 1).
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Fig. 2. Kashkatash Glacier terminus: /— sites of 10p,e sampling and dates in ka years reported in this paper; 2 — location of the tree
damaged by the moraine (number mark the year of the first ring); 3 — moraines; 4 — limits of the glacier tongue in 1887—90 from
the map and in 2022 from remote sensing data; 5 — sites mentioned in the text. Satellite image from GeoEye-1, acquired on

30.09.2022.

Puc. 2. Konen ieqnuka Karkaraiir: / — ImyHKTBI OTOOpa 06pa3iioB Ha aHAINU3 0pe pe3y/abTaThl aHaJI3a — BO3PacT B ThICSTYaX
JieT; 2 — MECTOTIOJIOKEHME JepeBa, MOBPEXAEHHOTO MOPEHOH (YyKa3aH rofl 00pa3oBaHUS MIEPBOTO KOJIbIIA); 3 — MOPEHBI; 4 —
rpaHulibl JienHuka B 1887—90 rr. mo kapte BoeHHbIX Tororpacdos 1 B 2022 I. 110 KOCMUYECKOMY CHUMKY; 5 — TTOBEPXHOCTH,
yKazaHHbIe B TekcTe ctatbu. KocmMuueckuii cHuMmok ¢ GeoEye-1, monyuennsbiit 30.09.2022.

Other samples for 'Be were collected at the left
side of the valley within an older moraine (point B),
well-shaped, stretching along the left side of the valley
composed of several nested ridges. From the distal side
this compound rampart is limited by a debris flow no-
ticeable due to a lighter tone at the space image (see
Fig. 2). The pine forest covering the landform B is
clearly more mature than the one spread out in the
bottom of the valley: this is not only evident from tree
ring dating (see Bushueva and Solomina, 2012) but
distinguishable at the space images by a darker color of
this site.

The rampart B was sampled for CRE dating in sev-
eral locations at the elevation range from 2230 to 2270 m
asl (see Table 1; Fig. 2). At least three moraine gener-
ations of different ages were identified using the '°Be
CRE dating. The '°Be dates &3 0.25 + 0.4 ka and
k4 0.53 £ 012 ka (See Table 1) come from two mo-
raines attached to the inner slope of the rampart B at
the elevations approximately 2230 and 2260 m asl,

respectively. These two generations of moraines de-
part from the inner slope of the rampart B close to
the location of the tree tilted by a large block during
a glacier advance that occurred in 1839—1840 CE
(see Figs. 2; 4). The tilted tree is growing at the older
moraine. Its first recorded ring dates back to 1778 CE
i.e. the moraine was deposited at least in the 1760s
(with the 15—20 years correction for the establishment
of'the tree). This tree-ring minimum date corresponds
well to the 0.25 £ 0.4 ka '°Be date. Thus, another 'Be
date is indirectly confirmed by the earlier tree-ring re-
cord (Bushueva and Solomina, 2012).

Four exposure ages (samples k5—k8) from the
stratigraphically oldest moraine at the Kashkatash
range from 0.70 & 0.11 to 0.82 % 0.18 ka (see Table 1).
The date from the outer slope of the rampart is slightly
older (0.82 £ 0.18 ka) than three others, but the inter-
nal uncertainties of all samples overlap and thus the
dates belong to the same population (Fig. 5). The age
of this rampart is considered as a reliable one and dif-
Ne 3 2023
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Fig. 3. Kashkatash Glacier in 2009. Site A. Location of the sampling sites for k1 and k2 10g, (0.14+0.03 and 0.16 = 0.02 ka). (Pho-

to by I. Bushueva).

Puc. 3. Jlennuk Kamkarau B 2009 r. [ToBepxHocTh A. MecTomnoioXXeHrue 0T60pa M Bo3pacT (B ThICsSUax JIET) 00pa3lioB Ha aHa-
sz 9Be k1 m k2 (0.14 + 0.03 1 0.16 = 0.02 TrIC. N1eT) (PoTo U.C. Bymyesoii, aBryct 2009 r.).

ferent from all the other moraine surfaces. On the dis-
tal side of the rampart B, we dated living pine trees set-
tled here before1689 CE marking the minimum age of
this surface. The maximum diameter of lichens at this
surface reached up to 85—120 mm, but due to the
dense forest canopy and large scatter of lichen sizes,
we do not consider these data reliable and useful for
the surface age assessment.

Thus, even though the replication of the CRE dates
of Kashkatash moraines is still poor and the dates are
considered only as very preliminary ones, at least three
generations of major advances can be tentatively iden-
tified as the mid 19", mid 18", and 13" centuries. They
were of similar magnitude, although the precise loca-
tions corresponding to the front positions of these ad-
vances are not known. Judging by the size and the
preservation of the oldest moraine the magnitude of
the advance of 13" century was the largest one.

JEJ U CHET Ne 3
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Irik Glacier (43.31N; 42.53E, #20 by USSR Gla-
cier Inventory, 1970) descends from Elbrus Mt in a
southeasterly direction. According to USSR Glacier
Inventory its length in the late sixties was 9.8 km, the
area was equal to 10.5 km?, the front was located at
2610 m a.s.l. Several maps and photographs show the
shape and size of the glacier in 1887—1890 (Military
Topographers, 1887—1890, 1:42.000 scale), in 1932
(Solovyev, 1934), in 1957 (topographic map), in the
1980s-early 2000s (Baume and Marcinek 1998; Zo-
lotarev, 2009) (Fig. 6).

The positions of the glacier front and other import-
ant geomorphic details were described by numerous
expeditions and surveys (Bush, 1914; Solovyev, 1934;
Kovalev, 1961; Elbrus glaciation, 1968; Baume and
Marcinek, 1998; Volodicheva and Voitkovsky, 2004).
The most detailed sketch of glacier variations in the
Late Holocene is provided by Baume and Marcinek
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Fig. 4. Kashkatash. Sampling site B: a — Inner slope of the moraine overlapped with a younger moraine that tilted a tree in 1839—
1840 (Photo by O. Solomina, August 2009); b — Outer slope of oldest moraine B (Photo by O. Solomina, August 2008).

Puc. 4. Jlennuk Kamkaraii. [ToBepxHocth B: a — BHyTpeHHMIT CKJIOH MOPEHBI ¢ HAJIOKEHHOM Ha He€ 60Jiee MOJIOA0i Mope-
HOI1, KoTopast noBpenwia nepeBo B 1839—1840 rr. (Poto O.H. ConomuHoit, aBryct 2009 r.); b — BHellIHUIi CKJIIOH cTapoit MO-

penbl (Poto O.H. ConomuHoii, aBryct 2008 1.).
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Fig. 5. Probability density of the 10B¢ dates of Kashkatash and Irik moraines. Samples are described in Table 2.
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(1998) and Volodicheva and Voitkovsky (2004). In this
paper using a number of space images, old maps, de-
scriptions and ’Be dates of moraines we produced a
more comprehensive spatial high-resolution recon-
struction of fluctuations of this glacier over the instru-
mental period and beyond this time.

The first historical data about the Irik Glacier was
provided by Abikh who visited the valley in 1871.

He noticed that the glacier was in the phase of its re-
treat from distinct crescent-shaped rampart of mo-
raines (Volodicheva and Voitkovsky, 2004). According
to his measurements, the glacier front was located at
2530 m a.s.l., however the estimate might be not very
precise. At the Military Topographers Map which was
compiled later (1887—1890) and is considered as a
rather accurate one the glacier front is marked at the
elevation 2541 m a.s.1. (see Figs. 6, 7).
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Puc. 2. Jleaunku Hpuk, Yar.
rpaHuibl J°AHHKOB B 1889 T.
TPaHKlb JEIHHKOB COBPEMEHHbIE.

SRR +0.23

o1.68 +0.24

.y

Fig. 6. Irik Glacier and the valley: a — Map of Irik in early 1930s (Solovyev, 1931); b — Moraines of Irik Glacier (Photo by V.Jomel-
li, August 2013). At the foreground — the moraines of 19th century and moraines dated by 0Bc atca 1.6 ka.; ¢ — Part of the map
by Military Topographers, 1887—90; d — Irik valley in 1950s (Burakov, 1958 (Katalog..., 1970).

Puc. 6. Jlennuk Mpuk u ero nonvHa: a — Kapra negnuka Mpuk, Hayano 1930-x ronos (Solovyev, 1931); b — MopeHbI ienHUKa
Hpuk (Doto B. XKomeu, aBryct 2013). Ha nepennem rutane mopeHsl XIX Beka 1 MOpeHBI, JaTUPOBAHHBIE C TTOMOIIIBIO KOC-
MOTEHHBIX MU30TOIOB "~ Be 1.6 ThIC. JIeT.; ¢ — PparMeHT KapThl, CAIaHHON KOPITyCOM BOeHHBIX Tormorpacos, 1887—90 rr.; d —
Jonuna nequuka Mpuk (Poto bypakosa, 1958 (Katalog..., 1970).

We marked the positions of the front of the Irik
Glacier map of Military Topographers at the Fig. 7.
Although some of the old maps were compiled based
on plane table surveying with specific defects causing
some error in the identification of glacier margins
(Tielidze, 2016), generally we do not question the ele-
vation of the end of the glacier at the Military Topog-
raphers map. However the shape of the glacier tongue
at this map looks strange: it is asymmetric and pressed
against the left side of the valley. It is possible that it is
reproduced incorrectly at the map due to the difficul-

JEJ U CHET Ne 3

TOM 63 2023

ties in identification of the glacier boundaries of the
tongue covered with debris. Several authors (e.g.
Kovalev, 1961, Volodicheva and Voitkovsky, 2004) no-
ticed that the right side of the glacier tongue may rep-
resent the dead ice and, hence, it is shown at the maps
and figures as a moraine rather than the glacier body.
We also encountered these difficulties using space im-
ages while the tongue of Irik is currently covered by
debris from the right side and the limit between the ice
and the moraine from this side is unclear.
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Fig. 7. Fluctuations of Irik Glacier from remote sensing, historical, lichenometric and CRE data. / — sites of 10ge sampling
and dates in ka years reported in this paper; 2 — location of lichens’ measurements and maximum diameter in mm; 3 — mo-
raines; 4 — limits of the glacier tongue, year is marked by corresponding color; 5 — sites mentioned in the text. Satellite im-

age from GeoEye-1, acquired on 12.09.2015.

Puc. 7. KonebaHus KoH1a JenHuKa VIpUK 110 JaHHBIM AUCTAHIIMOHHOIO 30HANPOBaHUS 3eMJIM, ICTOPUUYECKUM, JIMXEHO -

METPUYECKUM M KOCMOTEHHBIM M30TOMNaM: / — MyHKTH OTOOpa 00pa3IioB HAa aHAJIU3

Be u pe3ynbraThl aHaNM3a — BO3-

pacT B ThIC. JIET; 2 — MeCTa U3MEPEHMUSI JIMIIAHUKOB U UX TUaMETP B MM; 3 — MOpPEHBI; 4 — rpaHUIIbl JIETHUKA B pa3Hble
roJlibl, FOJl YKa3aH COOTBETCTBYIOIIUM IIBETOM; 5 —IMOBEPXHOCTH, YKa3aHHbIEC B TEKCTe cTaTbu. KocMUYecKuii CHUMOK C

GeoEye-1, momyuyennsriii 12.09.2015.

The military topographers map also shows three
small glaciers above the right lateral moraine of the
Irik Glacier. They still exist now (2022), but have sig-
nificantly receded. The right lateral moraine of the
Irik Glacier is eroded by their stream flows and debris;
the surface above the moraine looks unstable, with
very sparse vegetation.

According to the descriptions of Bush (1914) in
1911 the front of the Irik Glacier looked like a very
high and steep wall, however Bush did not interpret
these features as the evidence of glacier advance. Bush
also indicated that the right lateral moraine covered a
part of the glacier and merged with the median mo-
raine of dark red color. This description confirms our
suggestion about a potential cause of the error on the
Map of Military Topographers who interpreted the
part of the glacier ice as a moraine.

In 1926, Altberg (1928) found the mark of Rengar-
ten installed in 1913 and identified a retreat of the Irik
Glacier in 1913—1926 as 97 m. In 1929—1932 the Irik
Glacier was surveyed by S.P. Solovyov (1934) who de-
scribed the glacier itself and its valley in details. Ac-
cording to his data, Irik Glacier was retreating from
the position mapped by the Military Topographers in

1887/90 to the year 1932 by approximately 200 m
(Solovyov, 1934).

In 1956—1959 a stereophotogrammetric survey was
carried out on the Irik Glacier (12.08.1956, 3.08.1958,
22.08.1959) (Elbrus glaciation, 1968 p. 279). During
this period, the glacier snout “... on the right side re-
ceded by 72 m, of which in the first 2 years by 50 m,
and in the third year — by 22 m. The order of magni-
tude of retreat in the left side of the glacier terminus is
the same as in the right side... ”. The rates of retreat of
the Greater Azau and Irik glaciers at that time were
similar.

Our remote sensing data (Table 2) shows that be-
tween 1957 and 1987 the glacier lost 432 m in length.
Between 1987 and 1997 it further retreated by 105 m,
and between 1997 and 2015 — by another 265 m. As the
glacier snout is covered by a surface moraine we also
used the Sentinel 1 obtained on 18" and 30" of Au-
gust, 2015 to assure the correctness of the identifica-
tion of glacier boundaries in 2015. Between 2015 and
2022 Irik glacier retreated by 825 m.

In July 30, 2008, when we visited the glacier it was
retreating — its tongue was flat and covered with de-
bris, the boundary between the dead ice and the body
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Table 2. Irik Glacier length and front elevation changes in
1887/90—2022

Tabomuna 2. VisMeHeHUsT JJTMHBI M BBICOTHI KOHIIA JIETHUKA
Hpuxk B 1887/90 — 2022 rT.

Length Front
Date Source Changge, m |Elevation, m
1.6 ka moraine | 1°B¢ dating

3560 2490

1887—90 Map 2506
—405

1930 Map 2542
—-590

1945 Aerial photo 2603
—64

16.08.1957 Aerial photo 2605
—432

16.09.1987 Aerial photo 2632
—105

1997 Aerial photo 2649
—265

12.09.2015 Space Image 2733
(GeoEye-1) —825

28.08.2022 Space Image 3010

(Pleiades)

of the glacier was unclear. The terminal moraines of
the Irik Glacier over the whole valley are poorly pre-
served due to excessive water erosion, avalanche, and
debris flow activity. G.K. Tushinsky (Elbrus glacia-
tion, 1968) also noticed that the rock deposits de-
scending from the right side of the valley from the
cirques that were supporting small glaciers in the late
19t century are not moraines, but solifluction flows
and lobes that can be erroneously taken for the glacier
deposits of the end of LIA. Between the positions of
the glacier front in the 1930s and in 1945 we identified
one reasonably well shaped moraine ridge (@) with a
relatively stable undisturbed surface where we could
measure lichens. In 2022 it supported a generation of li-
chens as large as 25—26 mm still including two outliers
(34 and 37 mm) probably growing on the boulders
transported from the older moraines at the left slope of
the valley.

A moraine complex at the bottom of the valley that
is located between 2495 and 2510 m a.s.l. and is com-
posed of two to five ranges occupies a limited space
500—600 m long (see Fig. 6, b). Here two moraine
ridges support lichens as large as 31 mm (b) and 41 mm (c).
The location of moraine b is close to the position of
the glacier at the Military Topographers map and,
hence the surface had stabilized in the end of the 19t
century. The outer ridge C might represent the mo-
raine described by Abikh in 1871 as a “crescent-shaped

JEJ U CHET Ne 3
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rampart”. It is reasonable to suggest that it might be
deposited a few decades before his visit in 1871, most
probably in the mid 19" century, but since then it was
substantially eroded. At present, it does not look like a
“crescent-shaped rampart”, but represents a top-
rounded eroded range up to 5—7 m high.

Seinova and Zolotarev (2001), identified stadial
moraines at both sides of the Irik valley supporting the
lichens as large as 33, 40, 50 and 64 mm that they at-
tributed basing on their lichen growth rate to 1910, the
19t century, late 18™, and late 17™ centuries. Unfortu-
nately, they did not provide a map or other details of
the location of these moraines, so a comparison with
our results is difficult, but the lichens at two moraines
described above seem to correspond to the earlier
measurements of Seinova and Zolotarev (2001).

Below the moraine ¢, a few ridges of similar ap-
pearance are located (stage d). One more clearly
shaped, stable, and less eroded than the other moraine
ridges was sampled for °Be age in 2013 by V. Jomelli.
It returned three '°Be ages (1.57 £ 0.23 ka, 1.63 + 0.23 ka,
and 1.68 £ 0.24 ka). The dates are close to each other
and mark the advance that occurred at ca ~1.6 ka (see
Fig. 7). The sampled moraine is one of the outermost
eroded ridges on the left side of the valley located at
the elevation of about 2490 m a.s.1.

Outside of this moraine there is a distinct flu-
vioglacial terrace 10—45 m high that ends at 2300 m
a.s.l. composed of unsorted rounded boulders of vol-
canic and crystalline rocks cemented by laminated
sands (Baume, Marcinek 1998). Baume and Marcinek
tentatively attributed it to the “Historical” time that
traditionally dates back to ca 2 ka in the Elbrus area,
although in fact these moraines were never dated. By
several morphological evidences (stable flattened sur-
face, well-developed soil cover, large width, and con-
siderable length), this terrace must be much older than
the 1.6 ka moraine and its age probably exceeds the
Late Holocene limits. It was noticed that the moraine
of “Fernau” maximum advance contacts this terrace
(Baume, Marcinek 1998). However, this is incorrect
as between the position of glacier in the 19th century
and the beginning of the terrace there is at least one
Late Holocene moraine (ca 1.6 ka).

Thus, since the first description in 1871 the Irik
Glacier was mostly retreating. The linear retreat be-
tween 1880 and 2015 was 1860 m, the rise of the front
elevation is 230 m. Two glacier maxima occurred in the
past two millennia in the 19" century and ca 1.6 ka and
these advances were of similar magnitude (2030 m and
2190 m, respectively, in comparison with the year
2015). The second advance was however slightly larger.

DISCUSSION

We believe that despite of limited number of 'Be
dates that we report here the history of Late Holocene
glaciation in Central Caucasus became clearer. How-
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ever, we have to admit that the dates of moraines re-
ported here are of different reliability what depends
not only on the number of the dates for each moraine,
but also on geomorphic setting. In the case of complex
morphology of moraine ridges and their fragmentary
preservation (e.g. at the Kashkatash Glacier) is might
be difficult to distinguish between the landforms of
different generations. Some of moraine ridges at the
Kashkatash Glacier were also covered by forest and it
was difficult to precisely identify in the field whether
our sampling sites belong to the same or different stag-
es of glacier advances. Moreover, at the site B, at the
Kashkatash Glacier numerous generations of debris
flows covered the distal side of the main moraine ram-
part adding uncertainties to the stratigraphic and ge-
netic identifications of the secondary ranges adjacent
to it. In the case of the Irik Valley, the identification of
the isolated moraine ridges where we sampled was not
difficult, but we cannot exclude potential renovation
of the surface while the sampled ridges were rather
low, of smooth soft shape and supporting limited
number of crustose lichens.

0Be dates of moraines of the Irik and Kashkatash
glaciers, although limited and very preliminary, allow
the identification of five maxima of glacier advances of
similar magnitude that occurred around 1.62, 0.75,
0.53, 0.25 and 0.16—0.14 ka (i.e. in 4®—5™, 13™ 15t
18" and early-mid 19" centuries CE). The dates are
more credible when several closely intersecting °Be
dates are coming from the same moraine or (and) the
CRE dates are supported by another source of chrono-
logical information (historical, tree-rings, '*C). When
the confident dates come from different glaciers one
can suggest that the event was of regional value and is
relevant to paleoclimatic context.

Advance at 1.6 ka (4"—5™" centuries CE). The ad-
vance of the Irik Glacier that is dated by three very
close '"Be ages of moraine (1.57 = 0.23ka, 1.63 £ 0.23,
and 1.68 *+ 0.24 ka) is identified in the Caucasus for
the first time. It is not confirmed by other evidence.
Lichenometry was not useful in this case: the number
of lichens on this surface is rather limited and the larg-
est thallii are 52—53 mm, that is equal to several hun-
dred years only judging by our preliminary growth
curve (Solomina et al., 2016). The lack of large lichens
is a warning signal that the moraine surface might be
eroded, and the date can be rejuvenated. However, a
close intersect of the three dates is rather a positive
sign indicating the significance of the average date.

Traditionally previous studies identified two major
Late Holocene advances in the Caucasus that oc-
curred in the LIA and two thousand years ago that
they called “Historical stage” (Turmanina, 1971;
Tushinsky and Turmanina, 1979; Zolotarev, 2009).
The age estimate is based on the descriptive geomor-
phic evidence, speculations, and analogues with other
mountain regions where the Late Holocene moraines
were dated. Thus, the °Be date of the Irik moraine
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(1.6 £ 0.23 ka) seems to be a possible analogue of the
“historical” stage of glacier advances in the Caucasus
described in literature.

In the section of paleosols interlayed with tills of
the Azau Glacier (Solomina et al., 2022) one of four
major advances recorded in these sediments is dated
by “C to the 7"—9t centuries CE. This till is several
centuries younger than the '’Be date of the moraine at
the Irik Glacier (4"—5™ centuries CE) and therefore
even considering the potential analytical errors it
probably characterizes a different period of glacier ad-
vances in the Caucasus. No closer analogues of the ad-
vance at 1.6 ka are found so far in the Caucasus.

In the Swiss Alps, the glacier area in 5 century was
similar to the end of 20" century, while the glaciers
reached their maximum of the 1t millennium CE lat-
er, in the 6™ — early 7" centuries (Holzhauser et al.,
2005; Le Roy et al., 2015). In the Italian Alps, the
phase of advances started earlier and continued
through the 5" to 9 century CE (Deline and Orom-
belli, 2005). This might be a case similar to the Elbrus
area. In the Himalaya-Tibetan monsoon area Yang et
al. (2008) basing on multi-proxy data established a pe-
riod of glacier advance at around CE 200-600, while
Murari et al. (2014) confirmed the advance in the re-
gion at 500 + 200 CE by '“Be dating. These dates are
closer to our dates of Irik Late Holocene moraines
(CE 4"h—5" centuries CE). Taking in consideration
the dating uncertainties, these advances might be cor-
relative with the Late Antique LIA cooling that was
documented by tree rings in the Alps, Altay, and some
other temperate regions in Eurasia in 536 to ~660 CE
(Biintgen et al., 2016).

The paleoclimatic context for the period 1.6 ka in
the Caucasus is unknown, because the temporal reso-
lution for the available reconstructions (e.g. Grachev
et al., 2021) is not enough to recognize the events of
centennial duration. However, we noticed an interest-
ing coincidence that might explain the climatic back-
ground of the advance of 1.6 ka. In Lake Garabashi,
located in a neighboring valley a fraction of sediments
was laminated indicating that in the period of their
formation the small lake did not dry out. Three radio-
carbon dates (1505 + 20, 1650 + 20, 1760 * 20 years
BP) (Shishkov et al., 2019; Alexandrin, personal com-
munication) constrain this episode of more humid
and possibly colder climate that led to the permanent
waterproofing of the lake. Judging by the number of
preserved layers it lasted for about 100 years.

Advance at 0.7—0.8 ka (13" century CE). Four 'Be
dates (0.7 + 0.11, 0.72 + 0.11, 0.77 £ 0.11, and
0.82 *+ 0.18 ka) are obtained for the left lateral moraine
of the Kashkatash Glacier. This time (13" century CE)
is known as the first stage of the LIA and the evidence
of glacier advances at that time was reported for many
regions including those that are based on direct histor-
ical descriptions (Grove, 2012). In the Northern Cau-
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casus at the Donguz-Orun glacier left lateral moraine
yielded a "Be date 0.77 £ 0.1 ka (Solomina et al.,
2018). Although the date is single it supports our ''Be
Kashkatash dates of moraines at 0.7—0.8 ka. At the
southern slope of Caucasus in Georgia a left lateral
moraine of Chalaati Glacier yielded two '"Be dates as
0.67 £ 0.1 and 0.79 + 0.08 ka (Tielidze et al., 2020).
The dates of this moraine partly overlap with those of
the Kashkatash moraine. Based on spore-pollen and
geochemical analysis of the deposits of Lake Karakel
(Teberda valley) Alexandrin at al. (2023) identified the
beginning of the LIA cooling in the Caucasus in ca
1250—1400 CE that corresponds to the timing of gla-
cier advances mentioned above.

The advance at 0.53 ka (15" century CE). Only one
moraine at Kashkatash Glacier dating back to
15 century (0.53 + 0.13 ka) was obtained so far. For
this reason, it cannot be considered as a reliable one at
the moment. However, in the sediments of Lake Kar-
akel a second cold minimum (1500—1630 CE) begins
roughly at that time. In the section “Azau Star” one till
layer was deposited between 1490s and 1640s (Solomi-
na et al., 2016). It is quite possible that the new evi-
dence of this advance will be found in the future in the
Caucasus.

This advance is documented in the Alps. Schim-
melpfennig et al. (2014) at Steingletscher reported nu-
merous '"Be ages in stratigraphic order distinguishing
four LIA glacier culminations at about 1470, 1650,
1750 and 1820 CE. For the LIA in the European Alps
Nicolussi et al. (2022) proposed the subdivision of
LIA in three phases: early 1260—1380 CE, intermedi-
ate 1380—1575 CE and a main 1575—1860 CE. The
moraine at Kashkatash of 15" century may correspond
to the intermediate phase of advances in the scheme of
Nicolussi.

The advances at 0.25 ka and 0.16—0.14 ka (18" and
19" centuries CE). The '"Be date 0.25 + 0.04 ka at
Kashkatash moraine is also single, but it is indirectly
supported by tree ring minimum date at the moraine
of the same glacier (Bushueva and Solomina, 2012). At
the Alibek and Tseia glaciers we found 220—300 year
old trees growing at the moraines that are located in
the vicinity of those of the19th century, but this mini-
mum age might be very different from the real time of
deposition of the moraines (Solomina et al., 2016). In
the Lake Karakel sediment-based reconstruction the
last LIA cooling period that might correspond to the
culmination of glacier advances in the Caucasus oc-
curred at ca 1750—1880 CE (Alexandrin et al., 2023).
In the paleosol section this period of advances dates
back to 1680—1850s CE.

The '"Be dates of the last LIA maximum (0.16—
0.14 ka) at the Kashakatash Glacier is supported by
tree-ring dates at Kashkatash and other glaciers (Sol-
omina et al., 2016), tree-ring summer temperature and
mass balance reconstruction (Dolgova, 2016) and pa-
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leosol section at Greater Azau (Solomina et al., 2022).
It coincides with the advance of the Greater Azau Gla-
cier (Elbrus area) in 1849 CE known from direct his-
torical description of Abich.

In their global review Solomina et al. (2016) indi-
cated that the mountain glacier advances in the past
two millennia cluster in 200s—300s, 400s—600s, 800s,
1000, 1150s, 1280s, 1350s, 1400s, 1450s, 1600s, 1640s,
1680s, 1720s, 1770s, 1820s, 1850s—1860s, 1890s,
1900s—1920s, 1970s—1980s and 1990s CE. In this pa-
per, using the new '°Be dates we demonstrated that in
the Northern Caucasus some periods of glacier ad-
vances (e.g. in 4—5™, 13™ 15% 18™ and early-mid
19" centuries CE) may be synchronized with this
global pattern.

CONCLUSIONS

In this study, we presented '°Be ages from the Irik
and Kashkatash glaciers, northern Greater Caucasus.
The new dataset allowed us for the first time to identify
moraine deposition of these glaciers in 4—5%", 13t
15% 18™ and early mid-19t™" centuries CE, which is
consistent with the global pattern of mountain glacier
advancement over the past two millennia. The new ev-
idence shows that the advances of the first millennium
CE of'the Irik Glacier were slightly larger than those of
the later glacier maxima (in the 19" century CE).
At Kashkatash the oldest and most prominent mo-
raine that was identified and dated by '°Be was formed
at the first stage of the LIA (in the 13" century CE).
Although precise area of the glacier at that time is un-
known, it is clear that the glacier shape and size were
only slightly larger than those of the second LIA max-
imum in the 19™ century. Due to a limited number of
0Be dates we consider our data presented here as very
preliminary and hope that in the nearest future more
detailed studies in this direction will allow to increase
the credibility and accuracy of the reconstructed gla-
cier and climate history in this region.
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INEPBBIE ’Be IATUPOBKHU ITO3IHETOJIOIIEHOBbLIX MOPEH
JEJTHUKOB KAIIIKATAIII 1 UPUK, CEBEPHbBI KABKA3
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Mu1 npeacraensieM 11 patTupoBOK MopeH JiefHuKoB Mpuk u Kaikaraiil, BBIIOJIHEHHBIX Ha OCHOBE
aHa3a KocMoreHHbIX u30ToroB ('Be). C MOMOLIBIO KOCMHYECKMX CHUMKOB U KapT YCTaHOBJIEHO
nonoxeHue ¢ppoHTa aenHuka Mpuk B 2022, 2015, 1997, 1987, 1957, 1945, 1930-x, 1887-1890 rr. 1 okono
1600 set Hazan. Tpu matuposku no Gepwumio-10 (1.57 £ 0.23, 1.63 £ 0.23, 1.68 £ 0.24 ThIC. 1.H.),
KOTOpbIE MMEIOT GJIM3KKME 3HAYEHUS, MO3BOJMJINA BIIEPBbIe MACHTU(MUILIMPOBATH MOPEHY U OIPEACIUTh
BO3pacT 3HAUMTEJIBHOIO HACTyHaHud JiegHuka Mpuk, Kkotopoe nmpou3olinuio okojo 1600—1700 n.H. D10
HacCTyIlaHMe MO CBOMM MacluTabaM MPeBOCXOAMIIO pa3Mephl JIGAHMKA B MAKCMMYM MaJIOro JIEATHUKOBOTO
nepuona. MopeHa 3TOro Bo3pacTta pacrnojioxkeHa B 260 M OT TOTO TTOJIOXEHUsT KOHIIA JIEMHUKA, KOTOpOe
ObL10 3a(pMKCUpPOBaHO Ha KapTe BoeHHbIX Tonorpados B 1887—1890 rr. Mexay nonoxeHueM ¢GhpoHTa B
koH1Ie XIX B. 1 MopeHoii, chopmuposasieiics 1600 j1.H., IpOCIEKUBAIOTCS CJIEABI Pa3MbBITBIX MOPEHHBIX
BaJIOB, BO3MOXHO, HECKOJIbKMX CTaauii HACTYIaHUS, B TOM uucie, Makcumyma MJITI. B nepuon mexmy
npoasxkeHueM 1.6—1.7 teic. JeT Hasang u 2022 T. H.3. BbIcOTa (ppoHTa JemHnka Mpuk yBenmndmiach Ha
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520 M (c 2490 no 3010 M Hax ypoBHeM Mops). Y nenHuka Kamkaram ygaaoch MASHTUGUIIMPOBATD
HECKOJIbKO HACTyMaHUW MyTeM KOCMOTeHHOTO MaTUpOoBaHUs GeperoBbIx MopeH. Hambonee noctoBepHO
natupoBaHo Hactynanue Mexmay 700 u 800 J1.H., 1151 KOTOPOTO TOJy4YeHO YeThIpe OJIM3KHNe JaTUPOBKHU 110
oepwmio-10 (0.70 = 0.11, 0.72 £ 0.11, 0.77 £ 0.11, 0.82 £ 0.18 ThIC. JI.H.) B KOMILIEKCE MOPEH, PaCIoI0-
JKEHHBIX TI0 JieBoMy 6opTy nonuHbl. K coxkaneHuo, mojoxXeHne KOHEYHO MOPEHbI, COOTBETCTBYIOIIEH
9TOM CTaauM HACTyMaHUsl, YCTAHOBUTH HE yIAI0Ch. DTH NaTUPOBKU MOpPEHHI JenHuka Kaikaramr momi-
TBEPAWIM TIPEICTABICHUSI O HACTYITAHUM TIEPBOI (pa3bl MAJIOTO JIGAHUKOBOTO TIEPHO/Ia, KOTOPOE paHee ObLIO
natupoBaHo 1o 10Be Ha 1oxkHOM MakpockiioHe KaBka3za y temiuka Yamaaru (0.67 £ 0.1, 0.79 & 0.08 Thic. J1.H.)
(Tielidze et al., 2020). I[IpuMepHO TOT Xe BO3pacT UMeeT U MopeHa JienHuka JloHry3-OpyH Ha ceBEpHOM
MmakpockioHe Kaskasa, B [Ipuansbpyche, Takke natupoBanHas 1o “Be (ogHa nata — 0.77 & 0.1 ThIC. J1.H.)
(Solomina et al., 2018). ComracHO PEeKOHCTPYKIIMM YCJIOBUIl TEII000ECIIeYeHHOCTU I10 O3EPHBIM
otnoxeHusiMm o3. Kapakenb (monmmHa TebGepmbl), Ha 3TOT mepuon Ha KaBkase IpuxomuTcs OKOHYAHME
CPEIHEBEKOBOTO OITMMyMa M HayaJo Majioro JIGAHUKOBOTO TIepuoia, MapKUPOBAaHHOE pPE3KUM
rnoxoJjiogaHuemM oxkoso 1250 r. H.o.

B ToM ke KoMIUIeKce MopeH y JenHuka Kamkaram gatupoBanbl Hactymanus 0.53 = 0.13, 0.25 + 0.04,
0.16 £0.02 u 0.14 £ 0.02 TeIC. 1.H. MaciuTabbl 3TUX HACTYIMAHUI OBLIM MPUMEPHO OOMHAKOBBIMU. MBI
CPaBHWJIM 3TH HOBbIE TaTUPOBKU C JAaTUPOBKAMU MOPEH T10 APEBECHO-KOJbIEBBIMU U JIMXEHOMETpUYEC-
CKMM NaHHBIM. HoBbIe TaHHBIE O HACTYIMAHUSIX MaJIOro JISTHUKOBOTO Tepuoja JieqTHUKOB Karkarair u
HpuK XOpoIIO COIIAacylTCs ¢ UCTOPUYECKUMM U OMOMHIWKALIMOHHBIMU JaTUPOBKAMU MOPEH MaJloro
JIEIHUKOBOTO Ieproaa, noiaydyeHHbiMU paHee. Hacrymanue 1600-1700 et Ha3an coBIIamaeT ¢ IIEpUOIOM
MOBBIIIEHHOW 0OBOIHEHHOCTH KOTJIOBUHBI 03epa ['apabdaliiu, KOTOphIii BbIAEIEH 110 TaHHBIM CTpaTUIpa-
bum 1 panroyrnepoqHOro aHajaM3a OTJIOXEHUI 03epa. YCTAHOBJIEHO CXOICTBO XPOHOJIOTMU KOJIeOaHUt
nengnukoB Mpuk m Kamkartam 3a mociennue 1600 jeT ¢ peKOHCTPYKUIUSIMU KoJieOaHUIA JIETHUKOB B
Anbriax.

Hacrymanus neqaukoB 700 u 1600—1700 J1.H. HECKOJIBKO TTPEBOCXOAMIIN MacITabbl HACTYMaHWI MaKCH -
myma MJIII B XIX B., HO, B 1LIeJ10M, AUAITa30H KOJICOAHUI JIETHUKOB B IIEPBOM M BO BTOPOM ThICSYEJIETUN
HOBOI1 3pbI OBLJT COMTOCTABUMBIM, YTO CBUJIETEJILCTBYET O CXOIHBIX 110 MacIITady KojiebaHUl KiuMaTa, ux
BBI3bIBABIIINX.

KiroueBbie clioBa: MO3MHMUI MO3AHUIA TOJIOLIEH, KOJIeOaHUS JISTHUKOB, MOPEHBI, KOCMOTEHHbIE M30TOIIHI,
JIEHIPOXPOHOJIOT S, TUXEHOMETPUS
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BrisiBieHBI 0COOEHHOCTH TeOoMOP(hOJIOTMYECKOTO CTpoeHUs1 o3epa bpeTbEpHa, ycTaHOBJIEHBI IIPOCTPaH-
CTBEHHO-BpPEMEHHBIE TTIepHUOIbI 3alOJTHEHUS OacceifHa ceTMMeHTallu. PEKOHCTpyMpPOBaHO pa3BUTHUE JIM-
TOTUIIOB JIMMHOIISIIMAJIbHBIX OTJI0XeHUii. OlleHeHa COBpeMeHHasi CKOPOCTh OCaIKOHAKOIJIEHUSI B 03epe

oT 5.4 no 16.4 mm/Tom.

KimoueBsble ciioBa: Jgerpaganud J€aHUKa, CCAMMEHTAaL A, penbe(b JHa, TCOXPOHOJIOTUA

DOI: 10.31857/52076673423030067, EDN: GYKKUB

BBEJEHUWE

[IpencraBiaeHbl pe3yIbTaThl TeOMOP(OIOTMYECKUX,
TE€OXPOHOJIOTUYECKNX 1 JIMTOJIOTUYECKMX MCCIIEeIOBa-
HUI MoJIoIoro 6acceifHa ceMMMEHTALIMU — MPYJICTHU -
KoBoro o3epa bperwépHa (JlemoBoe). Bomoém Hauvan
¢hopMHpPOBaATHCS B KOHIIE TIePBOIi MOJTOBUHEI XX Be-
Ka Ha 3amage 3emuim HopneHimenbna (3amamHblit
[ImunbepreH) B mpenenax KpaeBoil 30HBI JIEAHUKA
I'péndropn mocne 3HAYNTETBHOM Herpamalivy JIeHI-
HUKOBOTro MaccuBa. COBpeMeHHBII BUJ 03€pO MpHU-
00peo B KoHIIe XX BeKa, OTHAKO €T0 pa3BUTHE IIPO-
noJkasioch 1 B Haualie XXI B. 3armonHenue 6acceitHa
CeTMMEHTALIMU IMMHOIJISIIIMAIbHBIMU OCaaKaMU Ha-
yaJioch MpUOAU3UTENBHO ¢ 1930-X TOIOB U TPOUCXO-
JINJI0 HEpaBHOMEPHO B IIPOCTPAHCTBE U BPEMEHU.

JloHHBIE OTHOXEHUS o3epa bperbEpHa, TIpen-
CTaBJIeHHbIE B OCHOBHOM aJICBPUTO-TICJIUTOBBIM Ma-
TepuajaoM, MEeCTaMU C IIPUMECHIO I'paBUsl U TaIbKH,
dbopMuUpoBaNIMCh MO Mepe OTCTyIaHusl (pOHTA Je-
HuKa [pEHdBOpPI B HATIPABJIEHUU C CEBEPO-BOCTOKA
Ha 1oro-3amnaj. B uctopuu cemmMeHTallK BhIACISICT -
cg nBa stama. Ha mepBom stane ¢ koHna 1930-x mo
2000 r. ceqMMeHTOTEeHE3 ONpencsJICS B 3HAYUTEIb-
HOI Mepe BHYTPU- Y HOMICTHUKOBBEIMU OTJIOXEHUSI-
MU, TIOCTYHABIIMMH B 03€PO B PE3Y/IbTATEe TEPMO-
abpa3uu Ha KOHTaKTe 03epa U Jibaa 110 Mepe TOTOo, KakK
coBpeMeHHasl 03€pHasl KOTJIOBMHA OCBOOOXKIAJIaCh
oTo abaa. Ocagku, cGOpMUPOBAHHBIE B 3TOT ITEPUO]I,
MpeIcTaBIeHBI OoJiee TPYyOBIM M MEHEe COPTUPOBaH-
HBIM MaTepHajioM, OOJIbIIe XapaKTEPHBIM IS JIeI-
HUKOBBIX, YeM 03E€PHBIX OTJIOXeHMIA. Ha BTopoM 3Ta-

e ¢ 2000 1. mo HacTosIIee BpeMs OCaaKN CTaIl Me-
Hee TpyObBIMU U Oojiee copTupoBaHHBIMU. I[locie
MIOTEepY KOHTAKTa 03epa C JISTHUKOM POJIb BHYTPpU- U
MOMJIEMHUKOBBIX OTJIOXKEHUI cHU3MWIach. B 3T0 Bpe-
MsI OCaIKOHAKOIJIEHUE B 03epe ONpPeNesyioCh CTO-
KOM TaJIbIX JIETHUKOBBIX BOJ 1 aTMOC(EePHBIMI OCaI-
KaMH, BBIMTABIIMMU Ha BOJOCOOPHYIO IUIOIIAIb BO-
noéma.

3HaueHue cpeaHeil CKOPOCTHM CEeIUMEHTAalluU B
03epe TOJIYYEHO C TIOMOIIBIO PAINOU3OTONHOIO Ja-
tupoBanus 110 2°Pb u ¥’Cs u cocrasiser 5.4 mm,/Tox
Ha ceBepe, 12.4 MM/rom B LIEHTpaJbHOI YacTU U
16.4 MM/TOm Ha TOoTe 03epa, YTO COMMOCTaBUMO C JaH-
HbIMM, TIOJyY€HHBIMU TPaBUTALIMOHHBIM METOAOM
MpU MOMOIIU CEAUMEHTOJIOTMUECKUX JIOBYIIEeK (12—
15 mM/rom).

PAMOH PABOT

OOBEKTOM HCCIeTOBaHNS BEIOPAHO 03€pO, KOTO-
poe Ha HOPBEXCKUX KapTaxX Ha3bIiBaeTcsi bperneépHa
(Bretjorna), a cpeay pycCKOSI3bIYHOTO HaceeHUST 13-
BecTHO Kak JlemoBoe (puc. 1, a). Bomoém pacmoiio-
>KeH Ha 3anane 3emau HopaeHmenbna (3amagHblid
[nuubepreH) B KyToBO# yacTu 3aiauBa [péHbbopa B
npenerax KpaeBoii 30HbI JiemHuKa [ péadropa, KoTo-
pBIi1 CITyCKaeTcsl K 03epy C lora 1o JIOJIMHE, SBJISO-
IIEKCSI CYXOIYTHBIM IIPOIOJDKEHUEM 3ajuBa IpEH-
dbopn.

M3ydyeHne reoMmop@doa0ruueckoro CTpoeHMs Kpa-
€BOI1 30HbI JiemHUKa [ pEHGBOPI IPOBOANIOCH B XOIE
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Puc. 1. Paiion pa6or (a); batumeTpuyeckasi Kapra-cxema o3epa bperbépHa (JlemoBoe) (6): ctaHMm oT60pa Mpood (KPYyKKU) 1
TOYKM U3MEPEHUS ITTyOUHBI (TOYKM).

Fig. 1. Area of work (a); Bathymetric map-scheme of Lake Bretjorn (Ledovoe) (6): sampling stations (circles) and points of depth
measurements (points).
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skenenuiii MMBU PAH B nepuon ¢ 2005 o 2009 1.
(Kokun, Kupwmmwiosa, 2017). KotioBuHa o3epa
chopMupoBaachk B X0J€ MOCJIEIHEH cTaaiuu HACTy-
nanus gegHuka 700—100 1.H. B pe3yibTaTe 3K3apa-
LIMOHHOM AEeSITEIbHOCTH JIETHUKA 1 (hOPMUPOBAHUST
Bajla KpaeBoii MopeHbl (TapacoB, Kokwun, 2007).
CBoi1 COBpeMEHHBIM BUI 03¢pO Ha4ajlo IIpuoOpeTaTh
Mocjie 3HAYMTENILHOTO OTCTYINaHus JegHukKa IpEH-
dvopa B cepenuHe mpouuioro Beka (KokwH, Tapa-
cos, 2008). B Hacrostmmii MOMEHT BOIOCOOpHAs
IUIOIIAAb BOAOEMA MPOIOJIKAeT pa3BUBAThCS M3-3a
TassHUSI MEPTBOTO JIbA TI0J CPEAMHHONW MOPEHOU U
OTCTymaHus (poHTa JemHuKa. [liomamb BOTHOTO
3epKajia o3epa cocTaBugeT 1.52 km?, 00bEM —
17.5 vuiH M?, MakcuMasbHasg mIyouHa — 24 M (cM.
puc. 1, 6). PopMuUpoBaHNE ITOHHBIX OTJIOXEHUIA
MPEANONA0XKUTEIbHO IPUYPOYEHO K TypPOUIUTOBOMY
MPOIIECCY BBICOKOIIJIOTHOCTHBIX MOTOKOB Ha (poHE
CE30HHOI M3MEHYMBOCTU MOCTYIUICHUSI OCAaTOYHOTO
MaTtepuana B 6acceitH cenuMmeHTauuu (Kokun, Ku-
puiiona, 2017).

MATEPHAJIbI 1 METO/bI

B pabote mncnonab3oBaHbI MaTepuabl HaOJIOOe-
HUI 1 pe3ybTaThl MHOroneTHuX (2007—2018 rT.) mo-
JIEBBIX paboT, MPOBEAEHHBIE B paMKaX €XeTOMHbIX
askcnenquumit MMBUW PAH, a Takxke kaptorpaduye-
CKMe MaTepuasibl U TaHHbIE JUCTAHIIMOHHOTO 30HIM -
pOBaHMSsI, HAXOASIIMECS B OTKPBITOM JIOCTYIIE.

batuMmeTrpuueckast chéMKa o3epa IIpOBOAMIIACH B
mae 2007 r. [lmyOMHBI U3MepSUIN JIOTOM CO JIbAa IO
cepuy JUHUN Ipoduieit, MpomoabHBIX 1 TIOTIEpeY-
HBIX IBUKEHMIO JIeAHUKA. PaccTossHre MexXmy TouKa-
MU Ha OJHON JWHMU cocTaBisieT 50 M, paccTosTHUE
Mexny npodpuiismMu — 150 M. 3anoxkeHue HampaBie-
HUii npoduiieil 1 MECTOMOJIOXKEHNE TOUYEK, a TaKKe
ChEMKa 3UMHEl 6eperoBoii TMHUK, HA OCHOBE KOTO-
pOii BBIYMCISUIACH TUIOLIAAb 03€pa, BBITOJHSIIN MPU
nomouu moprarusHoro GPS. ITorpemrHocTs MecTO-
HAXOXICHUS TOYKU C WM3MEPEHHOIl IIyOuHOII Ha
MECTHOCTH COOTBETCTBYET OKPYKHOCTH AUAMETPOM
10 M. Imybunsr O6buIM u3MepeHbl B 200 Toukax.
I1o pesynbraTamM mpoMepoB INIyOMH IIOCTPOSHBI Oa-
TUMETPUYECKUE KpUBbIE 110 TUHUSIM npoduiieit (Ko-
kuH, TapacoB, 2008), a Takxke OaTuMeTpuueckas
cxeMa o3epa (cm. puc 1, 6). M3onmHUM OTprCOBaHbBI
BpyuHyio. Ilo mocTpoeHHOI 6aTMMETPUISCKOM CXe-
Me B mporpamme Surfer BeIUMCIIEH 00BEM 03epa.

B mae 2008 1. mpoBea€H aHaAINU3 COJIEHOCTH TTPOO
BOJIbI 3 TOBEPXHOCTHOTO (OKOJIO 2 M) M MIPUAOHHOTO
(oKoJI0 22 M) CIOEB BOABLI B CaMOil IJTyOOKOM 4acTu
03€PHOI KOTJIOBMHBI C TTOMOIIbIO ONTUYECKOTO CO-
nemepa ATAGO ATC-S/Mill-E. B 2017—2018 rr. uc-
CJIeIOBaId TEPMOXAIMHHYIO CTPYKTYpy O3epa 30H-
nom RBR-Concerto.

KonoHKM TOHHBIX OTJIOXKEHUI OTOUpaJiu B MapTe
2018 1. co npma. Bo npny Oypuiu IyHKH, yepe3 KOTO-

MEIIEPAKOB u np.

pbie Ha OHO Opocajiy CTaHIAPTHYI0 MHEPLUOHHYIO
Tpyoky TOMUH-1.5 nng B3gtusa kepua. Ha mMmoMeHT
oTO0Opa Mpod HOHHBIX OTIOXEHUII MOIIHOCTH JIibIa
cocraBisiia 1.5—2 M. IIpoObl DJOHHBIX OTJIOXCHUIA
pas3pe3a oTOMpaau BIOJb JIMHUU MPOMUIIST, COCTOSI-
11IeTO U3 TPEX CTaHLIMIA: CT. | — Ha ceBepe o3epa, B He-
MOCPEICTBEHHOM OJIM30CTU OT UCTOKA p. bpeThEpHa
(rmyouHa o3epa 9 M), CT. 2 — B LIEHTPaAJIbHOI YacTU
o3epa (mryouHa o3epa 20 M), cT. 3 — Ha 10re, B HEeIlo-
CPEICTBEHHOI OJIM30CTH K BIIAACHUIO B BOIOEM
GIMOBUOTIIIINAILHBIX ITOTOKOB C JIETHUKA (MTyOnMHa
o3epa 12 M) (cM. puc 1, 6). PacrioyioxxeHue Toyek oT-
Oopa B TaKOM IIOPSIIKE ITO3BOJISIET OLIEHUTh OCOOEH-
HOCTU OCAJAKOHAKOIUJICHHWs B paliloHax o3epa C pas-
JIMYHBIMM YCJIOBUSIMU CeAUMEHTALUM. MOIIHOCTb
BCKPHITBIX JOHHBIX OTJIOXEHUI Ha CT. 1 cocTraBuia
40 cM, Ha cT. 2 — 70 cM, Ha cT. 3 — 64 cM. I'panyno-
METPUUECKUN aHaIu3 00pa3lioB BEIIIOJHEH MOCIOM-
Ho. [l 3TOrO aHanmM3a MCIIOJb30BaHA METOIMKA,
pazpaboranHass BHUMOxkeanreonorusi (AHopeena,
JlaniuHa, 1998).

OT160p MpoO B3BEIIEHHOTO BellleCTBa MPOBOININ

B aBrycte—ceHTsa0pe 2017 r., B MapTe—arnpelie 1 hiojie
2018 1. ¢ HEeNbIO OLEHKU CKOPOCTH COBPEMEHHOIO
OCaJIKOHAKOIJIEH!US TPaBUTALIMOHHBIM METOIIOM.
st oTbopa nmpo6 B3BECH UCTIONB30BaI KOHTEeHEP-
HYIO CEIMMEHTOJIOTUYECKYIO JJOBYIIKY C IBYMSI KOH-
TeitHepamu 1ist oT6opa mpod (JlykammH u ap., 1994),
oaromeTpel Huckuna u Ilaranaca. JloByiky ycra-
HaBJIMBaJU Ha CT. 2 (CM. puc 1, 6), MECTO ITOCTAaHOBKU
BBIOWpAJIN C YYETOM OATUMETPUU U TIOJBOTHOTO pe-
nbeda ozepa, rmyomHa ozepa — 20 M, ITyOMHA SKCIO-
sutun — 15 M. B cenra6pe 2017 r. (02—16.09.2017)
JIOBYILIKY OBIJIM YCTAHOBJIEHBI ITO0 CTAHIAPTHOI METO-
muke (Tapacos, 2004). ITpoOb1 oTOMpaIn ¢ TUCKpET-
HOCTBIO OT 48 10 96 4. B 3aBUCUMOCTHU OT ITOT'OIHO-
IITOPMOBBLIX yciioBuit. B mapre—amnpene 2018 T.
(20.03—20.04.2018) noBymKu OBLIM YCTAaHOBJIEHBI
nop JIEN, SKcro3uus coctaBuia 31 cytku. B mione
2018 1. (04—22.07.2018) mucKpeTHOCTb 06opa Mposd
coctaBuia ot 48 1o 96 yac. OT60p MPOG6 U3 CeaUMEH-
TOJIOTUYECKOI JIOBYLIKM COIPOBOXAAICI OTOOpPOM
npo6 BOABI Ha colep:KaHUEe B3BeCU U ToKazaTesb
MyTHOCTHU. [IpoOBI oTOMpann B MOBEPXHOCTHOM U
MPUIOHHOM CJIOSIX. MYTHOCTh OINpPENessijiu OnTuye-
CKMM METOJOM C UCMOJIb30BaHEM HedeToMeTpruie-
ckux equHuUIl (NTU — nephelometric turbidity units).
J1as1 o6paboTKU MPo6 ¢ TTOMOIIBIO OTITUYSCKOTO Me-
Tona rcrojib3oBanu Typouaumerp HANNA HI 98703
(I'epmanust) ¢ pyHKIMEH TPEX M3MEPUTEIBHBIX IO~
nuariazoHoB: oT 0.00 mo 9.99 NTU c paspenieHueM
0.01 NTU, ot 10.0 mo 99.9 NTU c paspelieHuem
0.1 NTU u ot 100 mo 1000 NTU c paspenieHuem
1 NTU. TogyHOCTh U3MEPEHUIT KOHTPOJIUPOBAIIN Ye-
TBIpbMSI cTaHAapTamMu MyTHocTu: 1, 10, 100 u
750 NTU. MHTepnpeTanys OJaHHBIX IIPOXOAMIA IO
caenyronieii cxeme: 1 FTU =1 EM® = 1 EM/mutp =
=1FTU=1FNU=1NTU =0.053JTU. INepecuér
B MTI/J1 3aBUCUT OT MaTepuaja U CWIbHO BapbUPYET OT
JEO U CHET Ne 3
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1 NTU = 0.13 mr/mutp (KpeMHEe3EM B BUIE TUATOMUTA)
1o 1 mr/n (kaomun). Poccniickuii TOCT 3351—74 ycra-
HaBiuBaeT cooTHolieHue 1 EM/nutp = 0.58 Mr/nutp
JUUTSI KAOJIWHa.

TeOXPOHONIOTUYECKUE MCCIIENOBAHUSA, BKJIIOYAs
onpeeeHre CKOPOCTU OCaIKOHAKOIUIEHUS U BPEMS
00pa30BaHMsl CJIOEB, BHIMIOIHEHBI METOIOM IaTUPO-
BaHUsI COBPEMEHHBIX OTJIOKEHMIA 10 HEPABHOBECHO-
My 2°Pb (Anues, 2022). AKTUBHOCTb M3OBITOYHOTIO
(HepaBHOBecHOrO) 2'°Pb B Ocazkax OIpeaeseHa Io

dbopmyne: 4, = Aoefm/ ", tne A, — aKTUBHOCTb U30bI-
tounoro 2''Pb (?'°Pb,,,s) B cJ10€ Ha IIYOMHE X CM HUXE
MOBEPXHOCTH pasjiesia 0caloK—Bojaa; A, — aKTUB-
HoCTh 21°Pb, . B MOBEPXHOCTHOM CJIOE OCamKa; A —

nocrossHHag pacrazna 2''Pb (0.031 rog~'); v — cko-
POCTb OCaJIKOHAKOILIEHUS (CM/TO).

210Pp, . OTIPENEISUIN TIYTEM BEIYUTAHUST YAETbHOMN
panMoaKTUBHOCTH 2°Ra 13 HavyaIbHOM O6IIEi aKTUB-
Hoctu 2°Pb B oGpasuax omioxeHuii. ITomydyeHHoe
3HaueHue oTpaxaeT nocryruieHue 2'°Pb ns armocohe-
pbl B IOMOJHEHUE K KOJIUYECTBY, 00pa3yloLIeMyCs
NpY paavoakTUBHOM pacrnane 2°Ra B OTJIOXKEHUSIX.
Pe3ynbraThl 1aTUPOBAaHUS OCAIOYHBIX CJIOEB YTOUYHS -
mu no Cs. MakcUMyMBl YAEIbHOI aKTUBHOCTHU
37Cs, HAKOTUIEHHO B JOHHOM OCaJIKE, COOTBETCTBY-
10T I00abHBIM aTMochepHbIM BbinageHusiMm B Ce-
BEPHOM TIOJIYILIAPUH B IIEPUO UCTIBITAHUIA SIIEPHOTO
opyxus B 1958—1963 rr. 1 mocite aBapnu Ha YepHo-
obuthckoit ADC B 1986 1. (TexHoreHHEBIE..., 2005).

Usmepenue ynenbHol aktusHocty 2'Pb, 22°Ra u
37Cs npoBoawIM B KepHaX ITOCJIOHHO Ha MHOTOKA-
HaJJbHOM TaMMa-CIHeKTpOMETpe IS U3MEpPEHUs
PEHTTEeHOBCKOTO M TaMMa-usnydeHusi “Canberra”
(CIIHA) co CcBMHIIOBOII 3KpaH-3alllUTOM IEeTEKTOopa
“Okpan-2I1" ¢pupmsel “Acniekt” (Poccust). Ycrions-
3yeMBbIii IIMPOKOMNOJIOCHBINA AETEKTOP U3 0CO00 YM-
croro repMaHus IwtaHapHoro tTuna BE5030 ¢ TonkuMm
BXOJHBIM OKHOM U3 “carbon epoxy” TOJIIMHOMN
0.6 MM 1 TuMaMeTpoM Kpuctauia 80 MM, IUIOIIAIbIO
5000 MM? 1 TOMIMHOI 30.5 MM ITO3BOJISIET PETUCTPU -
poBaTh raMMa-KBaHTBI ¢ 3Heprueili or 3 KsB no
3 MbaB. CriekrpanbHyo HHPOpMAIIAIO COOMpaan Ha
aHanm3aTope umityabcoB DSA-1000 (CIIHA). UneH-
TUPUKALINIO PATUOHYKIIUIOB MPOBOAUIN C IOMO-
b0 mporpaMMHoro obecrredeHus Genie-2000. Ie-
pen u3MepeHueM Bce ucclienyeMbie 00pa3ibl ocal-
KOB BBICYIIIMBAJIA, TOMOT€HU3UPOBAIIU U OCTABJISLIN
Ha 30 nHeit B TepMeTUYHO 3aKPHITHIX cocynax (Apple-
by et al., 1986). Bpems uamepenus o6pasi1oB He Me-
Hee 24 4.

J171s1 TIONTBEPXKASHUS XPOHOJIOTMYECKUX COOBITHIA
B pervoHe u 6oJjiee TOYHOM MHTEPIIpeTallii Hadajia
03€pHO-JICTHUKOBOTO OCATKOHAKOTUIEHUST MCITOBb30-
BaJI MaTepUaIbl TOMTOrpaduIeckrx KapT, COCTaBIeH-
HbIE TI0 aspodotockéMKaM 1936, 1990 u 1995 1. (Van
Mijenfjorden, 2000, 2004), aspodorocHumoxk 1938 r.
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(https://toposvalbard.npolar.no) v CIIyTHUKOBBIIA CHU-
MOK 1964 1. mpoekTa “Corona” ¢ aMepHMKaHCKUX pa3Be-
JIbIBaTeIbHBIX CITyTHUKOB (https://Www.usgs.gov).

PE3VJIbTATDBI

H3zmenenue noaoxcenus u xongpueypauuu ozepa
bpemwsépna (Jledosoe) ¢ 1936 2. Cambie paHHUE CBE-
JIEHUSI O TMOJOXEHUMM WU KOoH(UTypauuu o3epa
bperbeépHa (JlemoBoe) MMEIOTCS Ha Tororpaduye-
ckoit kapte macirraba 1:100000 uzgatensctBa Hop-
Bexkckoro moysipHoro mHeruryra (HITH), kotopas
CcOCTaBJIeHa 10 MaTepuaiaM a3podoTochéMKU 1936 T.
(Van Mijenfjorden, 2000). B aT0 BpeMs1 ppoOHT Jiem-
HuKa 3amagHberit [péadpopn Haxomuics y IIPOKCH-
MaJIbHOTO CKJIOHaA KpaeBoii MopeHbl. CoBpeMeHHasl
KOTJIOBMHA 03€pa IIPU 3TOM Obljla 3aHSITa CAMUM JIS -
HuKoM. HeGoJbI1oe 03epo HaXOAMIOCh TOJIBKO B BO-
CTOYHOI YacTW JIOMAcTH JENHWKa, UMEJIO BBICOTY
ype3a 15 M Haz yp. MOpS M CTOK B COCEIHIOIO K BOCTO-
Ky peuHylo moauHy. C ceBepO-BOCTOUHOI CTOPOHBI
03€pHasl KOTJIOBMHA OblJIa OrpaHUYeHa KpaeBoOi MO-
PEHOIA, a ¢ I0TO-3aIlagHOoI — KpaeM JiemHnKa. B Ha-
cToslIiee BpeMs B paiioHe o3epa 1936 r. pacnonaraer-
Csl XOJIMUCTO-3alaAnHHasl JIUMHOIISIIIUATbHAs paB-
HMHA C KaMaMd W WHBEPCUOHHBIMHU TpSIOaMU,
CJIOXKEHHBIMU JIEHTOYHBIMU IIMHaMU. Pazmepsnl paB-
HUHBI B 1936 1. nmpeBbiagu pasMmepsl ozepa. C Bo-
CTOKa K paBHMHE IPUMBIKAET BEPIIMHA 3pO3MOHHO-
ro Bpe3a, 3aJI0XKEHHOTI0 B KpaeBoit MopeHe. CpennH-
Hasi MOpeHa JeAHUKOB 3amagHblii 1 BocTouHBbIM
I'pérdpopa B 1936 1. MMeIa U30THYTYIO KOHMUTYpa-
U0 W pacliojarajach BHE COBPEMEHHOI 03E€pHOM
KOTJIOBUHBI. BriociencTBum 4acTh CpeIMHHON MOpe-
HEBI BIOJb I0T0-BOCTOYHOTrO Oepera o3epa ObLIa ITOJI-
HOCTBIO pa3MbITa.

Ha tonorpaduyeckoit kapte Maciurada 1:100000
nm3garenbcTBa HITU, KoTOpas cocraBieHa o MaTe-
puanaMm aspodotocbéMok 1990 u 1995 rr. (Van Mi-
jenfjorden, 2004), ¢poHT JegAHUKA OTCTYMWUJ TMPU-
MepHO Ha 1.5 KM 1o cpaBHeHUIO ¢ 1936 T., 03epo 1o
CBOEMY MOJIOXKEHHUIO CTaJIO OJIM3KO K COBPEMEHHOMY.
OHO cTano 3aHUMAaTh HanboIee TITyOOKYIO YaCTh KOT-
JIOBUHBI, 13 KOTOPOI OTJIOXXEHUSI ObUIN BBINIaXaHbI U
MepeMEIIEeHBI JIETHUKOM B COCTaB KpaeBOil MOPEHBI
BO BpeMs ITociemHeil cramuu HactyrnaHusi. poHT
nengHUKa 3amagHbelit [pEHdBOpI HermocpeacTBEHHO
KOHTaKTUPOBAJI C 03€POM JIMIIIb Ha TIPOTSKEHUU He-
OOJIBIIIOTO OTpe3Ka OeperoBoii IMHUM B I0XKHOI 4ya-
ctu o3epa. IToBepXHOCTh JeMHMKA IIOJIOTO CITyCKa-
Jlach K 03€py HE MOCTaBJISISI OOJIOMKU JIba B 03€pO.
OnHako MEPTBBII €N, TMTOTPEOEHHBII IO CpEeIUH-
HOM MOpeHOM, 00pa30BaHHOI JIeTHUKAMM 3ariaj-
HbIA 1 BocTouHblit IpéHdBOPI, MMEN BHICOKUI 00-
pBuIB Ham o3epoM. Ilepumognyecku J1eToM B 03epe Y
CPeOVHHOII MOPEHBI MOXKHO OBbLIO HaOII0HATh CKOII-
JIEHUST HEOOJIBIIMX OOJIOMKOB JIba, CUASIINX HA Me-
JIM, a UHOTOA U Apeii(pyIoIX B CTOPOHY MCTOKA PEKU
M3 03epa, pacmoJjiaraiollerocss B €ro ceBepo-3araji-
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Hoit yactu. B 1936—1990 rT. ype3 Bomsl B 03epe IIOHU-
3uincd ¢ 15 go 8 m Hax yp. mops (Van Mijenfjorden,
2000, 2004). B 2018 r. TeHASHLIMUS OTCTYILJICHUS JIe -
HUKOB coxpaHwiack. Jlemnuk 3amagusbiii [péadpopn
orctynua npuMepHo Ha 0.5 KM, a JemHUK BocTtou-
HbI [peHdbopa — Gostee yeM Ha 3 KM 110 CpaBHEHUIO
c 1996 .

Peavep ona o3épnoii komaoeunvt u coaénocms 6o-
dot. Ha ocHOBaHUM aHaiu3a TMOJIy9YeHHOUN OaTUMeT-
pUYECKOM CXeMbl OBbUIO BBIACIEHO TPU 3JIEMEHTA
MMOIBOMHOTIO pesibeda o3epa: KpyThie CKIOHEKI (0opTa)
KOTJIOBUHBI, OTHOCUTEJIBHO TIJIOCKOE THUIIE KOTJIO-
BUHBI 1 TOJIOTUE CKJIOHBI IOIBOAHEIX MEJILT (DIIIO-
BUOTJISILIMAIBHBIX ITOTOKOB. IyOMHBI B KpaitHMX
Toukax Tpoduieit (pacctosiHue N0 Oepera MeHbIIIE
50 M) TIpakTU4YeCKH Bcerna (3a MCKIIIOUYEHEM O4YeHb
PEIKUX CIy4aeB) NPeBbIIIAIN 5 M (IIPU CPETHUX LIy~
OuHax THUIIA KOTIOBUHEI 20—25 M). DTO TOBOPUT 00
OYeHb KPYTOM MOABOIHOM OEPEroBOM CKJIOHE mobe-
pexns o3epa. CpenHsist KpyTU3Ha 3TOM YaCTU CKJIOHOB
coctaBisier 10—40°. Yrabl HakJIOHa HMDKHUX 4acTeid
CKJIOHOB B CpemHEeM KOJIeOIIoTcs B Ipemeiax 5—15°.
Takum oOpa3oM, 6opTa 03EpHON KOTIIOBMHBI Yallle
BCEro MMEIOT BOTHYTHIN MOTepeYHbIil MPO(UIb, KO-
TOPHBI 00YCIIOBJICH TPaBUTALIMOHHBIMMU IIPOLIECCAMU
ONOJI3aHMs U OCHIIaHMSI.

IMTockonbKy abcojiIoTHasI BbICOTa ypesa o3epa co-
craBsieT okoso 8 M (Van Mijenfjorden, 2004), 6071b-
1IIast YaCcTh JHA 03€pa HAXOAUTCS HUKE COBPEMEHHO-
ro ypoBHSI Mopsi. JIHUIIIE KOTJIOBUHBI OKOHTYPEHO
n3obaroii 20 M. Haubonbmmass mryOMHa HOCTUTAET
26 M B ceBepo-3amamgHoil yacTu o3epa. AGCOJIIOTHAs
BBICOTa CaMOM ITTyOOKOIM 4acTy o3epa OLICHUBAETCS
Kak 18 M H1zKe COBpEMEHHOTO YPOBHSI MOPSI.

Ha moBepxXHOCTh AHMINA HAaJETaloT TTOABOIHBIE
yacTu (GJIIOBUOIISILIMATIBHBIX JEJBT TaJbIX BOI C JIEA-
HUKOB 3anagHblii 1 Boctounsrit [perndbopm, xapak-
TEPUIYIOITUXCS TTOJIOTUMH CKJIOHAaMHU. OTHOCHUTEb-
HOe TIpeBbIIIeHWE OeIbT Hal AHUILIEM COCTaBJIsSIeT
OKOJIO 7—8 M, KPYTHU3Ha CKJIOHOB — OKOJio 3—4°. Ha-
Jmaue (IIOBUOTIISIIIUAIBHBIX AEJIBT Ha TIOBEPXHOCTH
JHUIIA KOTJIOBUHBI OOYCIOBIUBAET €€ BBITSIHYTYIO,
OTYACTH TTOAKOBOOOPAa3HYIO B TIaHe (hopMYy.

ConéHocTsb Ipod BOIBI M3 MTOBEPXHOCTHOTO (OKO-
JIo 2 M) ¥ IpUAOHHOTO (OKOJO 22 M) CJIOEB caMoii
IIyOOKOII 4YacTH O03€pHOII KOTJIOBMHBLI COCTaBUJIA
0%o0. Takum oOpa3oM, BCSI BOOHAs TOJIIA O3epa
MnpeacTaBjJcHa YAbTpaIlpecHO Bomoi. DTOT ¢akT
MOATBEPKIAETCSI pe3yJbTaTaMid TePMOXaJIMHHOIO
30HIMPOBaHUS, MpoBeA¢HHOTO B 2018 T.

Tudpomemeopoaoeuueckue yciosusa. Temnepatypa
BO3dyxa B pailoHe paboOT COOTBETCTBOBAJIA 3HAYECHM -
am oT +3.7 no +7.2°C B aBrycre—ceHts10pe u ot +0.7
no —15.7°C B mapTe—arnpene. B mapte—anpesne Boao-
€M OBLJI IIOKPHIT JI5A0M MOILITHOCTBIO 1.5—2 M. Konnue-
CTBO OCaJKOB, BBIMABIIMX € 1 0 3 CEHTSAOPSI, cOCTaBU-
Jo 16.4 MM, — 3TO TOJIOBMHA MECSYHOM HOPMHEI.
[Ipn 3TOM MakcHMMallbHOE KOJWYECTBO BBIITABIINX

MEIIEPAKOB u np.

0CaJKOB NPUIILIOCH Ha 3 ceHTs10ps (13.3 mm). Temrre-
paTypa BOITHOM TOJIITN 03€pa NU3MEHSIACh B TTpeeIax
oT 3.4 1o 4.2°C B netHee BpeMsi 1 oT 0.03 (y moBepx-
HoctH) 10 0.6°C (y 1Ha) B 3UMHee.

Ceoumenmauyus. B centsiope 2017 r. BepTUKaIb-
HbIi MOTOK B3BEIIEHHOrO BeIlecCTBA B 03epe
BperbépHa cocrasisl B cpenHeM 140 r/m? cyt™!, B
utone 2018 r. — 190 r/m? cyr~!. CpenHsisi cKOpPOCTh
ocankoHakoruieHus cocraBwia 0.1—0.13 Mwm/cyT.
B mapte—anpene 2018 1., Korma 03epo MOKPHITO
JIBIOM, 3TO 3HauyeHue coctanisuio 0.21 r/m? cyr™!, uto
COOTBETCTBYET CKOPOCTU OCaJKOHakKoruieHus 1.5 X
x 10~* mM/cyt. Hanbosblune 3Ha4eHUST BEPTUKAIIb-
HOTO TTOTOKa OCaA0YHbIX YacTUll 3a(hUKCUPOBAaHbI B
nepruoabl OOMJIBHOIO BBIMAACHUS aTMOC(EepHBIX
ocaakoB (Tabj. 1). Takumu nepuomamu obuTM 02—
06.09.2017 u 09-—13.07.2018. CopepkaHue MUHE-
paJbHBIX YacTUIl B Mpobax B3Becu B mnepuon 02—
06.09.2017 cocraBuio 1709.3 r/m? 3a 4eTHIPEXIHEB-
HYI0 BKCITO3UIIMIO, YTO COOTBETCTBYET 3HAYEHUIO
BEPTUKAJILHOTO MoTokKa 427 r/mM%cyT™!, cKopocThb ce-
JIUMEHTAllMU MPpU 3TOM JIOCTUTajla CPEeOHUX 3Haue-
auii 0.3 mMm/cyT. ComepkaHre MUHEPATbHBIX YaCTHIL
B pobax B3Becu B nepuon 09—13.07.2018 cocTtaBuio
1386.7 r/M? 3a Y4ETBIPEXIHEBHYIO SKCIIO3ULMIO, YTO
COOTBETCTBYET 3HAUYEHUIO BEPTUKAJIBHOTO TOTOKA
346 r/M? cyT!, CKOPOCTb CEIUMEHTALIMU TIPU 3TOM
JOoCTHUTana cpemHux 3HadeHuit 0.25 MM/CyT.

Conep:kaH1e B3BeCH B ITOBEPXHOCTHOM CJIOE B aB-
rycTe—CeHTSI0pe M3MEHsUIoch oT 6 mo 250 mr/n, B
npuaoHHOM cioe — oT 10 go 100 mMr/n (Melepsikos,
2018). Hanbonrplnee KOIM4IECTBO B3BECH OTMEYAJIOCH
B TIepHOI OOMIILHOTO BBITAICHWS OCanKoB. B MapTe—
arnpeJie, KOrma 03epo IMOKPBITO CJI0EM JIbIa U MOCTYIIIE-
HHUE OCaIKOB M3BHE MCKIIIOYEHO, MBI 0oJlee MeTaTbHO
W3YJJIA CONMEepsKaHMe B3BEIIEHHBIX YaCTHIl B BOTHOI
tonie. McciienoBaHusi MOATBEPAWIM OTHOPOIHOCTh
BOIHOM TOJIIN, TTOKA3aTeIN B3BECU TIPAKTHUECKN HE
W3MEHSITMCh BO BPEMEHU M IIPOCTPAHCTBE, KOHIICH-
Tpauus BapbupoBana ot 0.83 no 1.09 Mr/a B moBepx-
HocTHOM ciioe U oT 0.87 mo 1.02 Mr/J1 B IpUAOHHOM.
MyTHOCTh BOIHOI TOJIIM W3MEHsUIACh He3HA4M-
TeabHO B npedenax ot 1.00 1o 2.06 NTU (puc. 2).

Ipanyiomempuueckuii anaiuz O0oHHbIX OmMa0MNCE-
Huii. TTonoOHBIN aHAJIU3 HOHHBIX OTJIOXKEHUN o3epa
BpernépHa mokasan nmpeo0diragaHne MeTKOINCIIEPC-
Horo ocagoyHoro martepuaina (Meshcheriakov et al.,
2021). Ocamok cnoxeH TpeumyliecTBeHHO (70—
95%) TIeTMTOM U MEJIKMM ajieBpUTOM (Tab. 2). JloH-
HBIE OTJIOXKEHMST KPaeBbIX YacTeil 03epa OTIMIAIOTCS
10 TPaHYJIOMETPUUECKOMY COCTaBY OT LIEHTPATbHOM
obGiacti BomoéMa. B yacTHOCTH, Ha ceBepe o3epa B
30HE Pa3rpy30YHOTO TEYEHMs B HIDKHEM TOPU30HTE
BCKPBITOI OCaAOYHOI TOJIIIM OTMEUYEHBbI 3€pHa rpa-
BUsA, B KoimmdecTBe 6.1% OT 06Ieit Macchl ocanka,
YTO CBSI3aHO C HEMOCPENCTBEHHOMW OMM30CTHIO K
¢GPpOHTY JlefHUKA B epUol (pOPpMUPOBAHUS OTIIOXKE-
Huit. Ha 1ore o3epa, B 30He TTOCTyIUIeHUS (hIIOBHUO-
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Taomna 1. KinumaTtuueckue XapaKTEPUCTUKU U 3HAYEHUE BEPTUKATBHOTO ITOTOKA OCAaJOYHbIX YACTHLI B JIETHE-OCEHHUM

nepuon orobopa 1mpoo

3HayeHNue BepTUKATBLHOTO
CpenHsisg TeMIleparypa AtrmocdhepHbIe
DKCITO3ULIMST JTOBYIIKI o MOTOKa OCaTOYHBIX
Bo3myxa Ha Bogocbope, °C OCaIKM, MM N
YacTull, I/M
02—-06.09.2017 5.60 15.10 1709.34
06—08.09.2017 7.00 0.60 17.34
08—10.09.2017 6.20 0.50 12.00
10—12.09.2017 7.00 0.00 21.78
04—06.07.2018 5.00 2.00 31.14
06—09.07.2018 5.70 6.00 66.67
09—-13.07.2018 4.90 19.10 1386.68
13—16.07.2018 4.90 8.00 793.67
16—19.07.2018 5.90 4.20 70.68
19-22.07.2018 6.50 13.60 1096.17

IS LUAIBHBIX IOTOKOB, OTMEYAETCI YBEIMUESHHE IO~
Ju 3€peH KPYITHOTO aJieBpUTa B HUXKHUX TOPU30HTAX
BCKPBITOM OCAIOYHOM TOJIIN, TIyOKe TOPU30HTA
40 cMm. I1pu 5TOM J0JSI METUTa CYIIECTBEHHO CHITKE-
Ha IO CpaBHEHUIO C TOPU3OHTAMM, 3ajeraloliuMu
BhIlIe rpaHulibl 40 cM (cM. TaOI1. 2). DTOT (aKT CBSI-
3aH C W3MEHEHWEM WHTEHCHBHOCTU JIGAHUKOBOIO
CTOKa, yHaJ€HHBIM MEPEHOCOM MEJIKOAVCIIEPCHOTO
ocamouyHoro Marepuana (MemepskoB, Tapacos,
2019), a Takxe 0GJIM30CTbIO (DpOHTA JIEAHUKA B Ha-
YaJbHBIA NEPUON OCAAKOHAKOIUIEHUS B 3TOM 4acTU
bacceiiHa cemMMeHTalUU. BepxHsisT yacTh ocamod-
HOI TOJIIIM CJIoXKeHa 6ojiee COPTUPOBAHHBIM MaTe-
pHUajoM, YeM HIXHSS. DTO TOATBEPXKAAeT 3HAUM-
TeJIbHbIE U3MEHEHUS B YCIIOBUS OCaIKOHAKOIUIEHUS,

KOTOpBIE CBA3aHBI B IIEPBYIO OYEPEID C OTCTYITAHUEM
¢ponTa nemHuka (JlaBpymmnH, 1968).

Bo3pacm donnvix omaoxcenuii. Pe3ynbraTel n3mMe-
peHuii comepxanus obuero 2''Pb, 2°Ra u ''Cs B
KepHaX JOHHBIX OTJIOXEHUIA IIPeCTaBIeHbI B Ta0I. 3.
B pacnpeneneHuu o6iuero 2'°Pb Bo Bcex mccneno-
BaHHBIX KEpHaX IMPOCIEXUBAETCA YCTONUMBAs TEH-
JNEHIUST CHUKEHMS YIEIbHOW aKTUBHOCTH Paauo-
HYKJIMJA C TIIYOMHOI. DTO CIYKUT ITPU3HAKOM CTa-
OWJILHOCTU TIPOLIECCOB OCAAKOHAKOIUIEHUS W JaéT
BO3MOXHOCTb ITPOBECTU JAaTUPOBKY CIIOEB JOHHOIO
ocaaKa, a TaKKe KOJIUYECTBEHHO OLIEHUTH CKOPOCTh
COBPEMEHHOTO OCAIKOHAKOIUIEHUS. DOpMYIIbI DKC-
MOHEHLMAIbHOTO cHUXeHus 2''Pb, 5 10 TIyOuHE, a
TaKXe CpEeIHsAS CKOPOCTb OCaIKOHAKOIUIEHUs 3a
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Puc. 2. XapakTepuCTUKI MyTHOCTH BOIHOM Tojiu o3epa bpersépHa (JlenoBoe): rieHTp o3epa (Cranuwms 2) B urose 2018 (a):
1 —5wm; 2—10wM; 3 — 15 m; o3epo B mapte—arpene 2018 (6): 1 — ceBep o3epa (cranmus 1); 2 — eHTp o3epa (craHmus 2); 3 —

for o3epa (ctaHIus 3).

Fig. 2. Characteristics of the turbidity of the water column of Lake Bretjorn (Ledovoe): center of the lake (Station 2) in June 2018 (a):
I—5m,2—10m, 3 — 15 m; lake in March—April 2018 (6): I — north of the lake (station 1); 2 — center of the lake (station 2);

3 — south of the lake (station 3).
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MEIIEPAKOB u np.

Tab6umna 2. [paHyIOMETPUYECKUIA COCTAB JOHHBIX OTJIOKeHUIT 03epa bperbépHa. % (Meshcheriakov et al., 2021)

. JlutoTun I'panynomerpudeckue Gppakiiim, MM
Ne Croit (knaccudukanms

ocajka, CM Kienosoit M.B., 1960) 2—1 1-0.5 ]0.5-0.25(0.25—-0.1 | 0.1—0.05 |0.05—-0.01| <0.01
1 0-5 IMUHUCTBIN Wt 0.27 0.16 1.0 11.2 11.2 23.8 52.4
5-7 [TUHUCTHIN U - — — 6.9 13.9 24.9 54.3
7-11 Hn - - — 10.6 18.3 21.4 49.7
11-20 [munucThI UN 0.7 0.7 2.1 9.8 11.7 18.1 56.9
20-25 [MUHUCTHII W 1.0 0.3 2.0 6.6 6.0 25.0 59.1
25-30 InunucThIi Un 0.1 0.1 0.2 6.8 7.7 28.0 57.1
30—40 Hn 6.1 1.0 0.9 4.8 9.9 37.4 39.9
2 0-5 Hn - - — 2.2 3.6 55.9 38.3
5-9 Hn — — — 3.7 6.5 49.7 40.1
9—16 Wn - - — 2.0 5.2 55.3 37.5
16—20 I[nuHucThIi Un — — - 4.4 33 40.0 52.3
20-25 Hn — — — 1.5 3.75 57.6 37.1
25-30 Nn — - — 3.5 1.6 48.1 46.8
30-35 Hn — — — 10.7 8.4 43.0 37.9
3545 Hn — — — 2.4 7.6 57.9 32.1
45—-50 Nn — - — 1.8 14.5 48.0 35.7
50-55 Hn — — — 1.7 8.7 57.1 32.5
55—60 Hn — — — 0.5 1.4 63.4 34.7
60—65 Wn — - — 1.72 4.4 47.45 46.4
65—70 Hn — — — 4.7 6.3 51.0 38.0
3 0-5 [muHuCTLI U — - — 4.0 5.0 35.0 56.0
5-7 [uHMCTBIM U — — — 4.2 2.4 36.7 56.7
7-9 ImuuaucTI M - - — 4.4 2.4 37.8 55.4
9—16 WUn - - — 4.2 34 46.4 46.0
16—24 Hn - - — 1.9 3.0 46.5 48.6
24—40 Hn — — — 2.1 9.5 52.5 35.9
40-56 [TecyaHUCTBII W - - — 5.5 21.1 51.7 21.5
56—64 IMecuanucTelit un - - — 7.7 31.5 41.4 19.2

BeCh Mepuold (GOpPMUPOBAHHUS OCATOYHOMN TOJIIN
npencrabiaeHbsl Ha puc. 3. I1oBBIIIEHHBIE yIETbHBIC
aKTUBHOCTU PaIWMOHYKINWAA B HMXKHUX OCATOYHBIX
CJIOSIX OTHOCUTEIBHO BEPXHUX, BHI3BIBAIOIINE MCKA-
XKeHUe MPU JaTUPOBAHUM, ObLIV UCKITIOUEHbBI U3 MaC-
CMBa JAHHBIX, IT0 KOTOPbIM OMUCHIBAJIOCHh SKCITOHEH-
LIMAJIbHOE CHIDKeHME. Pe3ybraThl pacu€TOB ITO3BOJIN-
JIN penpe3eHTaTUBHO YCTAHOBUTH BO3PACT BCKPBITOM
0CaJIoyHOoM ToIIu (cM. TadI. 3).

Hatuposanue 1o *'°Pb mo3Boawio yCTaHOBUTD,
yTOo (OpMUPOBAHUE JTOHHBIX OTJIOXEHUN B 03epe
MPOUCXOAUI0 HepaBHOMepHO. B 1930-x romax Hava-
JIOCh OCAJKOHAKOIUIEHWE B CEBEPHOM 4YacTH o3epa
(ct. 1). B meHTpanabHO#l 4yacTh Jelpeccuu o3epa
(cT. 2) aKKyMyJsIUsI CEAMMEHTOB Hadajach He
no3nHee 1964 r. Ha rore 6acceilH cequMeHTay Ha-

yaJi 3anoyiHIThes He no3aHee 1980 r. (ct. 3). Chenyer
OTMETHTh, YTO B JTaHHOM paboTe Ha CT. 3 MBI BCKPBIJIN
Y MPOAaHAIM3UPOBAIN TOJBKO 64 CM JOHHBIX OTJIO-
xkeHuii. OgHako U3 Oosiee paHHUX HUCCIeNOBaHMIA
(Meshcheriakov et al., 2021) u3BecTHO, YTO OCamO4-
Hasl TOJIA HAa JAaHHOW CTAaHIIMU MOXET JOCTUTaTh
80 cM; TakuM 006pa3oM, ¢ yUETOM CpelHEN CKOPOCTU
ceIMMEeHTalluU, Hayajio (opMUPOBaHUS JOHHBIX OT-
JIOXXEHWI Ha 10re BOJOEMa MOXHO OTHECTH MPUOIN-
3UTEIBHO K 1969 T.

CpenHsis CKOpOCTh OCaIKOHAKOIUIEHHS Ha CeBepe
cocraBuia 4.5 MM/Tol, B LIEHTPAJILHOM YacTH o3epa
12.4 mMm/ron u Ha 1ore 16.3 Mmm/ron (cM. puc. 3). Bos-
pacT CcJI0EB IOHHBIX OTJIOXEHMIl MONTBEPXKIAETCS
KaK reoJIOrMYecKMMHU MpoLieccaMu, TPOTEKAoLIMMU
B BOIIOEME, TaK U MTOBBIIIEHAEM KOHLeHTpaumii 7Cs —
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Ta6mmua 3. YienbHast akTuBHOCTB o61ero 2''Pb, 22°Ra n

MPUJTEAHUKOBOE O3EPO BPETBEPHA (BAINTAJIHbIM LITTULIBEPTEH)

137CS nroa 06pa30BaH1/191 ocCaJkKa B KEpHax

Crioit VienbHast aKTUBHOCTh, BK/KT
’ Ton*
CM 210Pb 226Ra 137CS
Cmanyus 1
0—5 |107.0+26.6 | 38.7+4.0| 1.1£0.5 | 2017.2
5-7 [135.3%£372|56.0£5.0| 04£0.2 | 2009.5
7-9 86.7+ 1.8 47.0+43 | 0.6 £0.3 | 2005.1
9—11 |153.9+5.0 |40.5+£4.0| 0.6 0.3 | 2000.7
11-16 | 78.3 £10.5 3624 | 1.3+£0.3 | 1993.0
16—20 | 92.6 £ 13.5 43+31 | 1.0+0.2 | 1983.1
2025 1| 49.5+7.1 32+23 | 1.9+0.2 | 1973.2
25-30 | 60.8 +£16.4|359+3.6 | 3.2+0.6 | 1962.2
30—40 | 482X+ 12.5 40+ 3.1 | 24+£0.6 | 1945.7
40%* — - — 1930
Cmanyus 2
0-5 852+94 | 43129 | 1.1+£0.3 2017.2
5-7 922+ 15.1 | 522+ 5.1 <0.2 2014.4
7-9 90.0£15.0|543+£49 | 1.2+0.5 | 2012.8
9—11 | 97.3 £ 30 621£51 | 07%£0.3 2011.2
11-16 | 69.6 9.2 | 385+3.1 | 1.1£0.3 | 2008.3
16—20 | 57.8 £6.2 | 29.1 £3.5 <0.2 2004.7
20-25| 37.0x4.7 |258=%x17 | 04%x0.1 2001.1
25-30 | 50.5+6.6 |383%+26| 09£0.2 | 1997.0
30-35| 62.7x79 |[506%+32| 1.0£0.2 | 1993.0
35-40 | 60572 |398+28 | 1.5+£0.2 | 1988.9
45-50 50+£88 | 373£31 | 1.1£0.3 1980.8
50-55| 52.3+6.8 |354+12 | 0.5+0.1 1976.8
55—60 | 45.8 5.1 32+£20 | 1.0Xx0.1 1972.8
60—70 | 46.1 £6.9 |382%+24 | 2.8%+0.3 1966.7
70%* — — — 1964
Cmanuyusa 3
0-5 92.1 £16.8 61 £64 | 1.7X£0.7 2017.2
5-7 95.0£23.0| 57.6 6.6 | 0.3+0.1 2015.1
7-9 86.1 £25.0 58+54 | 1.4£0.6 2013.9
9—11 | 95.8+23.7| 574£81 | 0.7+0.1 2012.6
11-16 | 959 £27.5 | 724+ 10.1| 0.6 £0.1 2010.5
16—20 | 89.6 £ 16.9 | 68.7 £6.0 <0.2 2007.7
20-25| 67.7%£19.7| 57171 | 0.3%x0.1 2005.0
25-30 | 81.0£16.0 | 59.1%5 0.4+0.1 2001.9
30-35| 71.4+13.0 48+3.5| 0.3+0.1 1998.8
35-40 | 58.2+£13.6 | 425+3.1 | 0.3+0.1 1995.7
40—45 | 75.7%£45.0| 45649 | 0.8£0.3 1992.7
45-50 | 65.7+39.0| 51.5+£6.9 | 0.4+0.1 1989.6
50-55| 77.5+14.2 | 448+ 3 0.2+0.1 1986.5
55—64 | 51.5+£16.0 | 424+ 3 0.3+0.1 1983.4
80** — - — 1969.0

*Tom o6pa3oBaHMST OCaIKa PACCUMTHIBAIM MO YAEIbHOI aKTUB-
HOCTHU 210Pbm6., BBIYMCJIEHHO 110 (hOpMYJIe SKCITIOHEHIUAILHO-
IO CHVDKEHMST U3BMEPEHHBIX 3HaueHU (cM. puc. 3); **T'om obpa-
30BaHUS OCaKa PaCCUUTHIBAIIU IO CPEIHEN CKOPOCTU OCAIKO-
HaKOTLJICHMSI.
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MapKepa TepHUOIOB PaTMOAKTHBHOTO 3arps3HeHUs
(puc. 4).

Ha ct. 1 B KOJTOHKE TOHHBIX OTJIOXXEHU I HAuOOIb-
wasl yaenabHasl akTuBHoOcTb 7Cs oGHapyeHa B cj1oe
25—30 cM, gatupyemoM 1962 T., 9TO COOTBETCTBYET
MEepUOIY MaKCUMAJIbHBIX aTMOC(epPHBIX BbIMageHUI
TEXHOTE€HHBIX PaauoHYyKInmoB B Apktuke (TexHo-
reHHsle..., 2005). B tutepaType npuBoOIsITCS JaHHbIS
00 aHaJIOTMYHBIX YPOBHX ’Cs B 038pHBIX OTJIOXE-
Husgx 3anagHoro llInunGepreHa, KoTtopble cpopMu-
poOBaHbl B CJIOdX, AaTUpoBaHHbIX 1962—1964 rr.
(Nereson, 2010), yTo XOpoIlIO0 comiacyeTcs C IOay-
YEeHHBIMU HaMU pe3yJibTaTaMU. YBEJINYEHUE YIEb-
HoIl akTUuBHOCTU '¥’CS MBI OTMETUIIN TaKKe B TOPU-
30HTE, oOpa3oBasiIeMcd ¢ 1985 mo 1996 1., 4TO MOX-
HO OTHECTM K TIOCJHEICTBUSIM  aTMOC(HEPHBIX
BBIMAJACHUIT Tocie aBapuu Ha YepHOOBLTBCKOMN
ADC, omHaKo BRIOPAaHHBIN MHTEPBAJI CIUIIKOM I'pyo
JUTS. YETKOM MHTEpIpeTaluu 3TOro coobitusi. [1pu-
MeydaTelbHO, 4To B uccnegoBanusax (Nereson, 2010) B
03EpHBIX OTJIOXEHUSIX MUKa YIEIbHON aKTMBHOCTHU
137Cs, matupoBanHoro 1986 r., He o6HapyxeHo. Tak-
Ke He 3a(pUKCUPOBAHO MOBBIIICHUS aKTUBHOCTH pa-
TUOHYKJIMIA B MOPCKUX ocanakax 3anagHoro Hlmui-
oepreHa m3 ¢bropaoB XopHcyHn u KoHrcdwoprn
(Zaborska, 2017). OgHako nuku conepxanus ’Cs B
CIIOSIX OTJIOKEHWi, JaTupyemMble NPUOIN3UTETBHO
1986 1., ObUIM OOHAPYKEHBI HA TPEX CTAHIIUSAX B Al-
BeHT-Dbope, pPachoIOXKEHHBIX B 30HE BIUSHUS
pEYHOro CTOKa, IJe¢ OTMEUYEHBI BHICOKHE CKOPOCTU
0CaIKOHAKOIUIEHHUSI, TTO3BOJISIOIINE BHIMOJIHUTD T1a-
JIeoOKeaHOrpapUIeCKNe PEKOHCTPYKLIMU C BBICO-
KMM paspelieHueM (Zajaczkowski et al, 2004). OueHb
yeéTKrit YepHOOBITHCKUA MUK ObLTT OOHAPYKEH B IBYX
JIENIHBIX KEpHaX, COOpPaHHBIX C JIEASHBIX IIATIOK
CHedremta 1 Bectrdonna (Pinglot et al., 1999). DTto
SIBJIECHE MOXHO OOBSICHUTH TEM, YTO JIETHUKU Ha-
KaruuBatoT ¥7Cs TOJIBKO 3a CYET MOCTYILICHUS U3 aT-
Moc@dephbl, B TO BpeMsl KaK B MOPCKUX OTJIOXKEHUSIX
CUTHAJl aTMOC(EpHOr0 PagMOHYKIUIA MOXET OBITh
3aMacKUpOBaH CUTHAJIAMU OT MHOXECTBA UCTOYHU-
KOB, HarpuMmep, copocamu 3aBoaa “Cemtadunabn”.
TakuM 06pa3oM, pe3ylbTaThbl JATUPOBAHUS CIIOEB
ocajika B JTOHHBIX OTJIOXeHHsX 1o 2''Pb,.s xopoiio
COTJIACYIOTCS C MMMKaMU CoAepKaHUS “aTMocepHO-
ro” ¥Cs, cBA3aHHBIMU C IIOCTYIUIEHMEM B O3EPO
BbpernépHa HakomeHHOI B teqHuke [péHdropna pa-
JIUOAKTUBHOCTH OT SIIEPHBIX UCITBITAHUIA U aBapuu
Ha YepHoOBLTbCKOM ADC.

OBCYXIEHHE

C y4y€TtoM BO3pacTa M rpaHyJIOMETPUIECKOTO CO-
CTaBa BCKPBITOM OCaIOYHOI TOJIIM MOXHO BbIIC-
JIUTH 1Ba TIepuoja ¢ pa3HbIMU YCIOBUSMU OCaIKOHA-
koruieHus. Ha paHHUX cTagusx CEeIMMEHTOTeHE3 B
ozepe bpeTbE€pHa onpenesiiics B 3HAUUTEbHON Me-
pe abnsaumeil nenHuka I'péndvopn. JlemHUK Hauvan
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OTCTYIIAaTh C aKBAaTOPHUHU OYIyIEro o3epa IpuoIn3u-
TenbHO ¢ KoHHa 1930-Xx rogoB m OTCTyNaya BIUIOTh OO
2000 r. HepaBHOMepHOCThL 3arojiHeHUsT OacceifHa
CeIMMEHTAlLIMM CBs3aHa C OCOOCHHOCTBIO JIerpana-
LK JEAHUKOBOTO IMOKpoBa. ComracHO MOJIy4eHHBIM
JaTUpoBKaM, (hopMUpPOBaHUE TOHHBIX OTJIOXEHU B
o3epe HavaJIoCh B CeBepHOIi yacTu BogoéMma B 1930 .
OnHako ¢ yuétom aspodorocheémMku 1938 1. BUgHO
(puc. 5), 4TO Ha TOT MOMEHT JIETHUK MOKPbIBaJI BCIO
aKkBaTOpMIO o3epa. TakuM 00pa3zoM MOKHO IIPEIITO-
JIOXUTH, 4TO B 1938 I. mpoliecc cenmMeHTauu IIpo-
TEeKaJI 1O JISMHUKOBOM TOJIIEH, U B TPUAOHHOM I'O-
pu30oHTe Ha CT. 1 1€ yke OTCYTCTBOBAJI. DTO MOXHO
OOBSICHUTh HEPABHOMEPHBIM ITOMJICAHUKOBBIM TasI-
HUeM (GPOHTAJIBHON 30HBI JISMHUKA U HAKOTUIEHUEM
TaJ0M BOABI B 3aMKHYTBIX ITOHVKCHUSIX ITOMICTHM -
KOBOTO JIOXa.

B LeHTpanbHOI YacTU JOHHbBIE OTJIOKEHUST Haya-
1 ¢opMUpoBaHUe He TTo3aHee 1964 1., a Ha 10Te — He
nosaHee 1969 r. YuuTeiBasi, 4TO 0cagKkooOpa3oBaHue
Ha I0TO-BOCTOKE 03€pa HAa4yajoCh Ha HECKOJBKO JIET
paHbllle, 4YeM B LIEHTPE, MOXHO CIeJaTh BBIBOM, YTO
GPOHT JIeAHUKA OTCTYIIaJl HEPaBHOMEPHO C CEBEPO-
BOCTOKa Ha 1oro-3aman (cM. puc. 5). Kak npasuo,
HaKarjuBalolecss  HEMOCPEeNCTBEHHO  BOJM3U
¢dpoHTAa JIeTHNKA OCaIKU OTJINYAIOTCS 3HAUNTEIbHOM
rpy0oOCTBIO TpaHyJIOMEeTPUUYECKOro cocTaBa (JlaBpy-
muH, 1968). B o3epe Bpern€pHa HanGoaee YETKO 3TO
MIPOCJIEXXMBAETCSI Ha ceBepe BOHOEMA, IIe MOMUMO
MEeCYaHBIX U aJIeBPUTOBBIX 3EPEH MPUCYTCTBYET ILJI0-
XOOKaTaHHBIN MeIKMWit rpaBuit (cM. puc. 4). Ha tore
TaK>Ke YBEJIMYEHA JOJISI MEJIKO- U CPEeIHE3€ PHUCTOIO
necka (cMm. Tao. 2).

CMmeHa yclnoBUll cefMMEHTALUM IPUXOOUTCS Ha
ceBepe o3epa Ha KoHell 1940-x — Havamo 1950-x ro-
noB. M1 ¢ mpuMeckio rpaBus OBIT 3aMEIEH MIMHU-
CTBIM MJIOM. DTO CBUAETEJILCTBYET O JOCTATOUYHO
OBICTPOM OTCTYIUICHUH JIEAHUKA C 3TOM 4acTU BOOOE-
Ma. B neHTpanibHOI yacTu o3epa ¢ Hayana 1990-x ronos
Havajach aKKyMVJISIIUsI 00Jiee TOHKHUX OCaIKOB, HO
5TO HE OTPa3UIOCh Ha (hOpMaJIBHOM CMEHe IMTOTUTIA
JIOHHBIX OTJIOKEHUH ¢ 1J1a Ha TTIMHUCTBIN UJI, OMHAKO
CHM3WJIACh JOOJIsI 3€peH MEJIKOro Mecka M KPYITHOIO
aeBputa B ocagkax. C 2002 o 2006 r. orMedaeTcs
KOPOTKMII TTIepuon GopMUPOBaHUS TTIMHUCTHIX UJIOB,
OIHAKO MO OKOHYAHUIO 3TOro Iepuoaa NIMHUCTHIE
MBI BHOBB OBIJIM 3aMeIlleHbI OOBIIHBIMY MJIAMU. DTO
TOBOPUT 00 OTHOCHUTEIBLHO IOJTOM HPUCYTCTBUU
JIeMHWKA B LIEHTpabHOI YyacTu o3epa. Ha 1ore ycio-
BUSI CEAUMEHTALIUY ITOMEHSIUCH ¢ Hadasa 1990-x ro-
JIOB, KOrma (pOHT JieMHUKA OTCTYITUJI C I0XKHOI YacTh
OacceiiHa, a 3ateM u B 2010 r., Korga ¢ppoHT JIETHUKA
yIanuics Ha HECKOJIbKO KMJIOMETPOB Ha 0T OT BOJIO-
éma. TakuM oOpa3oM, lLieHTpajbHasl 4acTb O3€pa B
MEHbIIIEil CTeleHU WCIbIThIBaja BIUSIHUE (DpOHTA
JIETHVKA IT0 CPaBHEHUIO C IOTOM U CEBEPOM, UTO MO-
XKET CBUIETEILCTBOBATh O HEIOJTOM IIPUCYTCTBUU
JIbAA B LIEHTPaJIbHOI YacTu 6acceifHa Imocje Toro Kak
Hayajach CeAVMEHTALIUS.
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Puc. 3. YnenbHas akTUBHOCTB 210Pbmﬁ B JJOHHBIX OTJIO-
KeHusix o3epa bperw€pHa (JlemoBoe). BK/KT 1 cCKOpOCTh
cenuMeHTaluu: KepH I (a); kepH 2 (6); kepH 3 (8).

Fig. 3. Specific activity of 210Pb,, in the bottom sediments
of lake Bretjorn (Ledovoe). Bq/kg: core 1 (a), core 2 (6),
core 3 (8).

B wenom, eciim Ha ceBepe M3MEHEHUs] MEXaHU3-
MOB OCaJIKOHAKOIIJIEHUS IIPOXOIMIN TaAKXKE CTPEMU-
TeJIbHO, KaK B LIEHTPE, TO Ha I0Te 3TU MPOLIECCHI ITPO-
xommtu MegiteHHee — ¢ 1990 mo 2000 T. u ¢ 2010 1. mo
HacTos1ero speMeHu. Ilociie 3TMX BpeMEHHbBIX OT-
METOK HaUMHAETCsI HAKOIUJIEHME O0Jiee COPTUPOBAH-
HOTO M MEJIKOAMCIIEPCHOTO Marepuasa, 4To IT03BO-
JISIET TOBOPUTH O CYILIECTBEHHOM OTCTYIIAHUU JIETHU -
Ka ¢ akBaTopuu o3epa BpernépHa U, Kak ClIeaCTBUE,
CHIIXEHWH €ro BIMSHAS Ha (POPMUPOBAHUE O3EPHO-
JIEIHUKOBBIX OCAIKOB.

Ilo MEPEC OTCTyNMaHUA JICAHMKA CCAUMMEHTOICHES B
03€p€ MpeTCpri€cBajl HEKOTOPLIC NBMCHECHU . I1oBbI-
mrajaCb poOJib aTMOC(i)CprIX 0CadKOB, BBITIAACHUHEC
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Puc. 4. XpoHosiorusi GopMUpOBaHMS IUTOTUTIOB TOHHBIX OTJI0XeHU# o3epa bpernépHa (Jlemosoe). KepH 1 (a); kepH 2 (6);

KepH 3 (8): 1 — rpy6006JIOMOYHBIN MaTepual; 2 — IMeCYaHUCThIN W, 3 — W, 4 — NIMHKUCTBIA WI; pacipenejieHre 37Cs o 1y~
OMHE KEPHOB B 3aBUCUMOCTH OT ToJla 00pa30BaHUs CJI0EB OcagKa B KepHaX, ONpeaesIEHHOIO 110 210Pbmﬁ.

Fig. 4. Chronology of the formation of lithotypes of bottom s

ediments of Lake Bretjorn (Ledovoe). Core 1 (a); core 2 (6);

core 3 (8): 1 — coarse—clastic material; 2 — sandy silt; 3 — silt; 4 — clay silt; the distribution of 37Cs over the depth of the cores
depending on the year of formation of sediment layers in the cores. determined by 210Pbex.

KOTOPHIX B JIETHEE BPeMSI CIIOCOOCTBOBAJIO TUAPOAI-
HaMMKe HACBIIIEHHBIX B3BEChIO (DIIIOBUOIISIIAATB-
HBIX TOTOKOB, a TaKXKe aKTUBUPOBAJIO TJIOCKOCTHOI
CMBIB Ha BOAOCOOpE, UTO MPUBOAWIO K YBETMYCHUIO
MMOCTaBKM TEPPUTEHHOTO MaTepHalia B 6acceifH o3epa.

B HacTosIiee BpeMsI CKOpOCTh CEIMMEHTALlIN B
o3epe bpeTbhEpHa HAXOIUTCS B KOPPEISLIMOHHOM 3a-
BUCUMOCTHU OT aTMOC(epHBIX 0caakoB (puc. 6). 3Ha-
YyeHHe CKOPOCTH OCAIKOHAKOIUICHUS YBEIIMYNBACTCS
C CeBepa Ha IorT, UTO B IIePBYIO ouyepeab OObICHSIETCS
OMM30CTHIO (PIIOBUONISLIMAIBHBIX TOTOKOB, BOAaaa-
IOIIMX B IOXXHYIO YaCTh OacceifHa o3epa. A Ha ceBepe
o3epa, B paiioHe CT. 1, MPOMUCXOTUT pa3rpy3Ka 03€p-
HBIX BOI B 3aJuB IpE€HbBbOpO, Yyepe3 MCTOK peKHu
BpeTrsEpHa, 9TO COIPSKEHO C YCUIEHHBIM TUAPOIT-
HaMUYECKHUM BO3IEUCTBUEM M, KaK CJIEICTBUE, CHU-
KEHHBIMU TeMIIaMU CeIMMEHTALIMU B pe3yIbTaTe Ya-
CTUYHOIO Pa3MBIBa JOHHBIX OTJIOXEHUIA.

B oceHHe-3UMHMIA TTepUOL MIPY CHIDKEHUM TEMITE-
paTypbl BO3IyXa IO OTPULIATETbHBIX 3HAYEHUI OTI0XE-
HUE 0CaI0YHOIO MaTepraIa 3aTPYIHAETCS B pe3yJIbTare
3aMep3aHMs BOTOCOOPHOIM TUTOIIAIN,  TIOCIE JIenoCTa-
Ba Ha 03epe CeIUMMEHTALIUS OCTAHABIMBAETCS ITPaKTH-
YECKM MOJTHOCTHIO.

JEO U CHET  Tom 63 Ne3 2023

VYuuTeiBasi BHICOTHOE IOJIOXKEHUE THUIA O3Ep-
HOM KOTJIOBUHBI HYXXE COBPEMEHHOIO MOPSI IIpUMeEP-
HO Ha 18 M, MOXHO IIPEAIIOJIOXUTH, YTO Uepe3 Ball
KpaeBO MOpPEHBI, OTTOPAKUBAIOILIEN 03€PO OT MODH,
MoIJIa TIPOUCXOIUTh (PMIBTpaLIAsI MOPCKOI BOJIBI B
03epo, KaK 3TO IIPOMCXOIUT, HAIIpuMep, Ha 03. Mo-
runbHOe, o. Kunmsann, bapenueBo mope (EMenbpssHOB
u ap., 2010). OgHako, cynas 1o yJabTparpecHOMY CO-
CTaBy BOZIEBI IO BCEM BOMHOI TOJIIE 03epa, CBSI3b C
MOpPeM OTCYTCTBYET, YTO MOXKET KOCBEHHO CBUJIE-
TeJIbCTBOBATh O HAJIMUUU SIIpA BEUHOI MEP3JIOTHI (110
KpaliHell Mepe HIKe COBPEMEHHOIO YPOBHS MOpS)
BHYTPM Bajla KpaeBOi MOpEHBI, KOTOpas MpersiT-
CTBYET (DMIILTPALIMM MOPCKOI1 BOJIBI.

BbIBO/1bI

I['eoxpoHoIoOTMYECKOE NCClIefOBAaHUE TOHHBIX OT-
noxeHuil o3epa bpernépHa IO3BOIMIO ONMUCATh
MPOIECCHI, IPOTEeKaoIe Ha BOOocOOpe C CepeaHbI
MPOIIUIOro BeKa A0 HACTOSIIEro BpeMeHu. BeisiBieHa
MPOCTPAHCTBEHHAsI U BpEMEHHAsI HEPaBHOMEPHOCTh
3aloJHeHUs OacceiiHa cequMeHTaluu. JJoHHBIE OT-
JIOXEeHUST 03epa (QOPMUPOBAIIMCH IO MEPE OTCTYIa-
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Puc. 5. Cxema otcrynanus JenHuka [péHdbopn ¢ akBaropuu o3epa bperbépha: 1 — pponT tenHuka 1936—1938 r. (Van Mi-
jenfjorden, 2000); 2 — dpoHT nemHuka 1965 1.; 3 — dpoHT senHuka 1976 r.; 4 — dpoHt gegHuka 1990 r. (Van Mijenfjorden.
2004) u Hayano (hOpMUPOBAHUS MEPBBIX TUMHOIISILIMAIBHBIX OTJIOXKEHUIA B bacceilHe ceMMMEeHTaIINH.

Fig. 5. Scheme of the retreat of the Gronfjord glacier from the water area of Lake Bretjorna: 7 — front of the glacier 1936—1938
(Van Mijenfjorden. 2000); 2 — front of the glacier in 1965; 3 — front of the glacier in 1976; 4 — front of the 1990 glacier (Van Mi-
jenfjorden, 2004) and the beginning of the formation of the first limnoglacial deposits in the sedimentation basin.
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Puc. 6. 3aBucumMocTb MEXIY BEPTUKAJIbHBIM ITOTOKOM B3BCIICHHOIO BCIIECTBA B BOIIOEME M KOJUYECTBOM aTMOC(bepHI:IX

0CaJIKOB, BBITABIIKNX HA BOOOCOOD.

Fig. 6. Correlation between the vertical flow of suspended matter in the reservoir and the amount of atmospheric precipitation

that fell on the catchment area.

HuUs ¢poHTa JemHuKa [pEHdBOPI B HAIIpaBJICHUU C
CeBepO-BOCTOKA Ha I0ro-3ana.

Brineneno mBa sTama ¢opMupoBaHUS O3EPHO-
JIETHUKOBBIX OcankoB. Ha mepBoM atarie cemmMeH-
TOTeHe3 OIpeaeIsicsl B 3HAUUTEJIbHOU Mepe BHYTPU-
¥ OIJIETHUKOBBIMU OTJIOKEHUSIMH, TTOCTYITABITAMUT

B 03epO B pe3yjbTaTe TepMoabpa3vu Ha KOHTaKTe
o3epa 1 (GpoHTAa JIeTHUKA 10 Mepe TOTro, KaK COBpe-
MeHHasi 03€pHasi KOTJIOBMHA OCBOOOXIAndach OTO
Jibaa. OTOT ATall Havajucsl Mpuoan3uTeabHo B 1930-x
rogax u nponpoipkaics no 2000 r. Ocagku, cpopmu-
pOBaHHbIE B 3TOT IEPUO, CIOKEHBI G0JIee TPYObIM U
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MeHee COPTUPOBAaHHBIM MaTepPUAaIOM, XapaKTePHBIM
IUIST JIETHUKOBBIX oTioxeHuii. Ha BTopoMm sTame ¢
2000 r. mo HacTosIee BpeMsl OCAAKU CTajlui MeHee
rpyobIMU U OoJiee COpTUPOBaHHBIMU. Tlociie motepu
KOHTaKTa 03epa C JISTHUKOM pPOJIb BHYTPU- U MOM-
JIETHUKOBBIX OTJIOXKEeHU I cHU3MAach. OcalKOHAKOM -
JIEHHE B 03€pe€ ONPENEIsIcTCS CTOKOM TaIbIX JICTHU-
KOBBIX BOJI M1 aTMOC(hEPHBIMHU OCATKaMU, BHINABIII-
MU Ha BOOOCOOPHYIO IIONIAIL BOJOEMA.

BepTukayibHbIfi TIOTOK B3BEIIEHHOTO BeIIECTBA
MOJABEPKEH 3HAUYUTEIbHBIM U3MEHEHUSIM B TeUeHUE
roga U MoxeT BapbupoBaTh B 1.5—2.0 ThicsSiuM pas.
CKOpOCTb COBPEMEHHOIO OCAJKOHAKOILJIEHUST Olle-
HUBaeTCsl NMpuOIn3nuTeNnbHo 12—15 mMM/Tod, 4to 110
HaIllUM OlleHKaM HE3HAYUTEbHO MIPEBBIIIAET TEMIThI
OCaJKOHAKOIJIeHUs TIpU (hOPMUPOBAHUM TMEPBBIX
JIOHHBIX OTJIOXKEeHUH. JlaHHbIE, TTOJTyYeHHbIE TTPU MO-
MOIIIM PAAUOU30TOITHOTO JATUPOBAHUS U CEAUMEH-
TallMOHHBIX JIOBYIIIEK, COMOCTaBUMBbI, YTO TTOATBEP-
KIIaeT PeNpe3eHTaTUBHOCTh HAIIIMX UCCIIEOBAHUIA.

PaboTa BeImOTHEHA B paMKaxX rocy1apCTBEHHOTO
3ajaHusi MypMaHCKOTO MOPCKOTO OMOJIOTHUYECKOTO
nHctuTyTa PAH. I'eoMopdomormyeckuii aHaaIm3 BhI-
MOJTHEH B paMKax WCCJIEIOBAaHUI MO TeEMe UCCIeI0-
BaHMII Teorpaduueckoro dakyapbrera MIY um.
M.B. Jlomonocosa Ne 121051100167-1.

BaarogapaocTi. ABTOpPHI BhIpaXkaloT Ojaromgap-
HOCTb HaygHOMY KoyutekTuBy MMBUW PAH, a takke
JaHo ripodeccopy IA. TapacoBy 3a MHOTOJIETHIOIO
opraHmzanuio skcnenuuii Ha apxunenare [Inuir-
OepreH U MoJjie3Hble COBEThI MO OpraHU3alu U 1Ja-
HupoBaHuio HWUP Ha ozepe bpernépHa (Jlemosoe).
ABTOpHBI OyarogapsIT 3MMoBOYHbI coctaB AAHWUNU
3a TTIOMOIIIb C IOTUCTUKOM Ha apxutnenare [lInuuoep-
TeH U NPeAOCTaBIEHHOE HayYHOEe 000pyI0BaHNeE.
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This paper presents the results of geomorphological, geochronological and lithological investigation of a
young sedimentation basin — the periglacial Lake Bretjorna (Ledovoe). Formation of the lake began at the
end of the first half of the 20th century in the west of Nordenskiold Land (Western Svalbard) within the mar-
ginal zone of the Gronfjord glacier, after significant degradation of this glacial massif. The present-day look
of the lake was formed at the end of the 20™" century however its geomorphological development went on until
the beginning of the 21st. The filling of the sedimentation basin with limnoglacial sediments began approxi-
mately from the 1930s and proceeded with spatial and temporal irregularity. Bottom sediments of the lake
presented mainly by silty-pelitic material, but in places with an admixture of gravel and pebbles, were formed
as the front of the Grenfjord glacier retreated in the direction from north-east to south-west. At the first stage,
sediment-genesis was mainly accomplished by the intra- and subglacial sediments, which entered the lake as
a result of thermal erosion at the contact of the lake and ice since the late 1940s until the end of the last cen-
tury, as the present-day lake basin became ice-free. Sediments formed at this stage are composed by coarser
and poorly sorted material, which is typical for glacial deposits. At the second stage, the sediments became
less coarse and more sorted. After the loss of contact between the lake and the glacier, the role of intra- and
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subglacial sediments decreased. At this time, sedimentation in the lake goes on by the runoff of melted glacial
waters and atmospheric precipitation falling on the catchment area of the lake. The value of the average sed-
imentation rate in the lake was determined by means of radioisotope dating according to 2'°Pb and '*’Cs
and amounted 5.4 mm/year in the north, 12.4 mm/year in the central part, and 16.4 mm/year in the south of
the lake, which is comparable with the data obtained by gravity method using sedimentological traps (12—15

mm/year).

Key words: glacier degradation, sedimentation, bottom landforms, geochronology
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BBEJEHUWE

JIpnooOpa3oBaHMe — XxapaKTepHas 4epTa THOpo-
JIOTUYEeCcKOoro pexmma o3ép apxurienara Lmabdep-
reH. U3MeHeHUsI TONIIUHBI, CTPYKTYPBI U ITNIOTHOCTHU
CHEXXHO-JIEASTHOTO IIOKpOBa IIPEACTABIISIIOT HECO-
MHEHHBIN MHTEPEC KaK C TOYKM 3pEHMUS SHEeproMac-
cooOMeHa MOrPaHUYHOTO CJI0ST aTMOCEPHI C BOTHOI
MAaccCoi1, TaK U BIMSIHUS JISTOBOTO pexKrMa Ha TETIO-
BOWl M BOIHBINA OalaHC, T€OKPUOJIOTUIECKHUE YCIIO-
BUSI, 9KOJIOTUYECKOE COCTOSIHUE U, TeM CaMbIM, Ka-
yecTBO BoAbl BomoémoB (YikoB, 1990; Leppiranta,
2015).

Hapacranue npma IpPOUCXOIUT ITYTEM CMEHSIO-
VX APYT Jpyra IpOIecCOB, OCHOBHBIM M3 KOTOPBIX
SBJSIETCS KPUCTAJUTA3allMsl BOOBI HAa HIDKHEH mMo-
BEPXHOCTH JIbJIa 32 CUYET TEIJIOBOTO MOTOKA U3 BOJI-
HOI Macchl B atMocdepy (KOHXEISIIIMOHHOE JIbIO-
obpazoBaHue). JIpyroit mpouecc CBsI3aH C MOTPYyXKe-
HUEM TpaHUIBl pasaejia CHEer—JEn Io BOAY [0
IyOMHBI, COOTBETCTBYIOIIEH YCIOBUSIM CTaTUUYECKO-
ro paBHOBECHSI M3-3a Mporuda JeAsHOTO ITOKPOBa,
00YyCJIOBJIEHHOTO €ro CHeroBoi mneperpyskoit. I1po-
Mep3aHure IIPONUTAaHHOTIO BOJOM cHera (MH(MUIbTpa-
LIMOHHOE WIM M30CTaTU4YeCcKOoe JhI000pa3oBaHUeE)
MPUBOIUT K 00pa30BaHUIO BOTHO-CHEXKHOTO (CHEX-
HOTO) JbAa U (POPMUPOBAHUIO IBYXCIOMHOM CTPYK-
TYPHI JIEASTHOTO OKPOBA C OTJINYAIOIIUMUCS APYT OT
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npyra ¢usmdyeckumMu cBoiicTBamu cioeB (Yepema-
HOB, 1976; CHer..., 1986).

HecmoTpss Ha BaxXHOCTh 3TUX 3((PEKTOB KaK C
TEOPETUUYECKOM, TaK U TPUKIJIAJHON TOYEK 3pEHMS,
CBEJIeHUSI O HUX KpaiiHe CKyIHBI U pa3opocaHbl 10
HEMHOTOYMCISHHBIM ITyOJMKAIIMSIM CeOUMEHTaL-
oHHoro HanpaBieHus (dememkun, 2015; Meiepsi-
KoB, 2017; McGinn, 2018). UMeHHO aeUILIUT KCIIe-
PUMEHTAILHBIX JAaHHBIX CTUMYJIMPOBAJ IIOCTAHOBKY
B 2019/20 r. KOMIUIEKCHBIX HaOJIONEHUI 1 pacYETOB
9BOJIIOLIMU TOJIIIMHBI U HAMPSKEHHO-Ie(DOPMUPO-
BAaHHOTO COCTOSIHMSI CHEXHO-JIEASTHOTO ITOKPOBa
03. Cremme (o. 3amagnerii InuudepreH), ommca-
HUIO U OOCYXIEHUIO Pe3yJIbTaTOB KOTOPBIX MOCBSI-
IeHa HACTOSIIAsT CTaThsI.

OBBbEKT U METO/1bl HABJIIOAEHUI

JlenHukoBoe 03epo CTeMMe pacIioioKeHO Ha 3a-
nagHoM Oepery 3anuBa [ péHdropa Ha BeicoTe 115 M
HaJ yp. MOPSI B MEXTOPHOI KOTJIOBUHE, OTKPBLITOM
JIJIST BETPOBOTO BO3JENCTBUS C BOCTOYHOI CTOPOHBI.
Kak u npyrue ozépa apxumnesnara, oszepo Cremme
MMeEET TEPMUUYECKOE MPOUCXOXKICHUE, OOYCIOBIIEH-
HOE€ TastTHUEM HACBIIIEHHON JIBAOM MHOTOJIETHEM
MEP3JIOThI, YMEHbIIICHUEM 00beMa TPYHTa U €Tr0 3a-
noyiHeHneM Bomoii. IluraHue o3epa MPOUCXOIUT 3a
CUET JIeAHUKOB. JlemOBhIil pexXUM OOYCIIOBIECH KOH-
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Puc. 1. Batumerpuueckas kaprta o3. CteMMe co cxemoii Tipoduieii reopaauonokaimu ( /), BKItoyasi OCHOBHOU nipoduiib A—B (2)
U CKBaXWH, TTpoOypeHHbIX 12 mapta (3) u 22 anipesnst (4) 2020 r. Cucrema kKoopauHat kaptel WGS 84/UTM zone 33.

T — repmokoca; H — HacocHasi ctaHius, M — aBTomarnueckasi MeteoctaHuivst HOBO. Ha Bpe3ke — naMepuresbHasi yCTaHOB-
Ka Ha JIbly 03epa; Ha MepeaHeM TIaHe CKBaXXWHa, Ha 3aIHeM — HacocHas craHuusi. Poto A.JI. bopucuka 22.04.2020.

Fig. 1. Bathymetric map of Lake Stemme with a scheme of GPR profiles (/) including main profile A—B (2) and wells drilled on
March 12 (3) and April 22 (4), 2020 (map coordinate system WGS 84/UTM zone 33).

T — thermistor string; N — pumping station, M — automatic weather station HOBO. Inset: measuring setup on the ice of the lake;
a well in the foreground, a pumping station in the background. Photo by A.L. Borisik April 22, 2020.

TPAaCTHBIMM TIOTOAHBIMU YCJIOBUSIMU apxuriesiara,
BBI3BAHHBIMHM KPAaTKOBPEMEHHBIMU U PE3KMMU CME-
HaMHM BO3mymIHBIX Macc. KoHdurypaiuss o3épHoit
yaly HempaBWIbHO (hopMbl (puc. 1; cucTeMa Koop-
nuHat Kaptel WGS 84/UTM zone 33), HanOombLmast
JUIMHA BomoémMa 595.5 M, mupuHa 377.0 M, TUIomanb
sepkana 0.13 km?, Bomocbopa 5.2 KM2, MaKCUMAaJIb-
Hblil 00bEM 516 ThIC. M3, cpenHss iybuHa 3.2 M,
makcumaibHas 12.8 M (CeménoB u ap., 2003). bepera
o3epa IoJioTue, I0XHBIN 0eper mpurnyosrii. M3 Bogo-
€Ma BBITEKaIOT HECKOJIBKO PYYbEB, 3aMep3alolInX B
3uMHUM nepuod. O3epo 6oiee 40 JeT CITyKUT UCTOU-
HUKOM TIpecHOi Boabl bapeHiOypra u Omaromapst
obOecrneumnBarolleii €€ mogady ooOMTaeMoii HaCOCHOM
CTaHIIMU, 0IU30CTU (~5 KM) K HOCEIKY C OTHOMMEH-
Hoii MmeTeocTanumeit (WMO 1D 20107) u HeGonbIIMM
pa3MepaM, ObLITO BLIOpAHO €CTECTBEHHbBIM MOJIMTOHOM
JIJTSI U3Yy4YeHUS IPOLIECCOB JIHA000pa30BaHMSI.

Habaromennst Ha akBaTOpWH 03epa BBITTOTHSJINCH
CUJaMHU CE30HHOI0 M 3MMOBOYHOro coctaBoB Poc-
CUICKOIT apKTHYeCKOI 3KcIienuuny Ha apx. Imuir-

o6epreH (PAD-11I) nipu aKTMBHOM Y4YacTUM PaboO4yMX
HacocHoit cranuum (PI'YIT “TocymapcTBeHHBII
TpecT APKTUKYTOJIb”) ¥ BKJIIOYAJIU U3MepeHUs ITapa-
METpOB aTMocdephl, CHera, Jbla U BOMbI, a TaKXkKe
duUKcalnio 0COOEHHOCTEM COCTOSTHUS JISASTHOTO T10-
KpoBa. MeTeomapaMeTphbl PerUCTPUPOBATINICH aBTO-
MmaTuudeckoii Mmeteoctanmeit HOBO Weather Station
¢dupmbl Onset Computer Corporation (CIIIA), ycra-
HOBJICHHOI B ceHTs10pe 2018 1. Ha BocTO9HOM Gepery
ozepa. TemriepaTtypa CHEXHO-JIEASIHOTO MMOKpOBa U
MOJUIETHOTO CJIOSI BOABI B TEUEHUE BCEMl 3UMBI eXe-
YacHO M3MePSUTaCh BMOPOKEHHOM B JIE TEPMOKOCOIA
GP5W Shell dupmbr GeoPrecision (I'epmanust) us
20 moMyTIPOBOAHUKOBBIX TEPMUCTOPOB, PACIIOJO-
XeHHbIX Ha paccTtossHuu 0.25 M apyr ot apyra. Takke
eXeJacHO, ¢ TOMOIIBI0 aBTOHOMHOTO peTrcTpaTopa
Solinst 3001 Levelogger (Kanana), ycTaHOBJIEHHOTO B
BOJIOMEPHOM KOJIOAIIE HACOCHOM CTAHIINU B CEpeIr-
He ceHTsA0ps 2019 r. Ha mIyOMHE OKOoJIo 3 M, BEJIUCH
U3MEPEHUsI YPOBHSI BOIBI B 03epe U €€ TeMIepaTyphl.
12 mapra 2020 r. Ha Tpex cTaHIUAX (CM. puc. 1, TOUKu
CKB2, CKB3 u CKB4) 3onmom-npoduiorpagom
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Puc. 2. O61uit BUn JieastHoro kepHa, otooparnHoro 27.04.2020. doto A.J1. HoBukosa 27.04.2020.
Fig. 2. General view of the core drilled from the ice cover on April 27, 2020. Photo by A.L. Novikov on April 27, 2020.

RBR concerto C.T.D 200 m (KaHaga) GBLTIO BBIITOJ-
HEHO TPY TUIPOJOTUYECKUX 30HIUPOBAHUST BOJOC-
Ma. BecHoli Ha akBaToOpuu TIPOBOAMINCH HEOIHO-
KpaTHble U3MEPEHUsI BBICOTHI CHEra M TOJIIAHBI
abaa, a 27.04.2020 u3 neastHOro IMMOKpPOBa OBLII BHIOY-
pEeH KepH.

OcHoBHasg MHPOpPMALIMS O CTPYKTypEe U pacIripe-
JIeJICHUM CHEXXHO-JIEASTHOTO ITOKpOBa ObLia IOJIyde-
Ha METOIOM PaaroJIOKallii, OCHOBAHHOM Ha BBISIB-
JIECHUM OTPaXXeHWI OT MUIJICKTPUUECKM KOHTPACT-
HBIX TpaHull paspgeia cioeB (BmamoB, Cynmaxkosa,
2017). UamepeHUs1, MO-BUIUMOMY, TIEpBbIe Ha Tia-
By4YeM JIby BOJOEMOB apXuliesiara, BbIIOJTHSJIUCH Te-
opaaapom pulse EKKO PRO (Sensors&Software, Ka-
Haja), COCTOSIIIIMM U3 3KPaHUPOBAHHOI MPHUEMHO-
nepenaroneit anteHHbI 500 MI11, 610Ka yripaBieHUs
u Busyanmianuu, a Takke DGPS-npuemuuka. Bes
KOHCTPYKIIMS pa3Melllajach Ha CIIeIMaIbHbIX CAHSIX,
OYKCHpPYEMBIX CHETOXOIOM CO CKOPOCTBIO OKOJIO
10 xm/4. CbEMKM IpOBOAMIKCEH 12 MapTa u 22 anpe-
js1 2020 1. o cetr mpoduieii 0OIIeit MPOTSIKEHHO-
CThIO OKOJIO 16 IMMOTOHHBIX KM C IIArOM HaOJIIOAeHUA
0.2 M o MeTonuke, cxomHoii ¢ (JIaBpeHTbeB U Ap.,
2017). Ha ocHoBHOM T1poduie A—B oHU COTPOBOXK-
JaIMCh KOHTAKTHBIMU W3MEPEHUSIMU TOJIIIMHBI
CHEXXHO-JIEASTHOTO MOKpoBa. IInaHOBYIO M BBICOT-
HYIO IIPUBSI3KY TOYEK M3MEPEHMI BHIIOIHSUIN C I10-
Molblo BbIcOKOTOYHOM DGPS cucrembr Sokkia
GRX2 (Sokkia Topcon Co, fArnonus), padoTasliecii B
pexume Real Time Kinematic, 4yTo obGecrieunBanio
OTHOCHUTEIbHYIO TOYHOCTb IO BEPTUKATIU Y TOPU3OH-
tanm He 6osee 10 cMm. CtaHmapTHBIN rpad o6padoTKM
pagaporpaMM BKJII04ajl BBOJ CTaTUYECKHUX MOITPAaBOK
Ha ronoxeHne DGPS-nmpnémManka n pa3HOC aHTeH-
HBIX 070KOB (NMO), 4yacTOTHYIO (pUIBTpaLdIO U
YCHJIEHHWE CUTHAaJIa. 3aTeM BBIIIOJIHSJIACH ITOCIOMHAS
0o0paboTKa pagaporpamMM, BKJIIOYABIIASI ITOJyaBTO-
MaTU4YeCcKoe U pydHOe MUKHUPOBaHUE IpaHuIl pa3aena
CJIoeB, TIEPEBO/ TMOJIyYEHHBIX BpeMEH B IIYOUHBI C
OIIOPOM HA TOUKU KOHTAKTHBIX U3BMEPEHMUM TOIILUH,
a TaKkke y4et penbeda noBepxHoctu. Ha mociemnem
9Tamne pacCYMTAaHHBIM MacCHUB 3HAYEHUI TOJIIUH
MHTEPHOJIUPOBAJICS B Y3JIbI CETU 5 X 5 M (ajroputMm
kriging), KOTOphIe MCIIOJIB30BAIUCH IJIsl IIOCTPOCHUS
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KapT TOJIIMH Jibda M BbBICOT ITOBEPXHOCTU CHEXHO-
JICOAHOIO ITOKpOBA.

PE3VJIbTATHI HABJIIOJEHU

3uma 2019/20 r. xapakTepu3oBajaach CylIeCTBEH-
HOIl M3MEHYMBOCTBIO aTMOC(HEPHBIX YCIOBHI, TH-
nuyHoi misa nobdepexbs IpéHdropaa (KotisikoB u
np., 2020). AHanu3 TeKCTypbl KepHa, OTOOPaHHOIO
27 ampenis U3 JeATHOTO TTOKPOBa B IIEHTPAILHOM Ja-
CTU 03epa, MoKa3ajl, YTO OH COCTOSUT M3 OTUYETIMBO
pa3IUYAOIINXCS TI0 BETY CIOEB CHEXXHOTO U KpU-
CTJNIMYECKOTO JibJa: TUTIbl A9 1 Al MO CTPYKTYpHO-
TeHEeTUYECKON KilacCu(UKAILIMU JIBIOB MPUPOIHBIX
BomoeMoB (UepenaHoB, 1976), “6enbrii” u “dépHbIit”
B aHIVIOSI3bIYHOM InTepatype (CHer..., 1986), Tomu-
Hoit 50 u 87 cM coorBeTcTBeHHO (puc. 2). Iepexons-
MM B JIEN CHEXKHBIM MTOKPOB TaKKe MMeJT TIOCKOIIa-
PAJUIETIBHYIO CTPYKTYPY, BKITIOUAOIIIYIO JIEISTHBIE KOP-
KW, TPOCIONWKMW CHera, Cyxue | TIPOIUTaHHbIE
JIOXAeBOI (Tajoi) BOAOI, OTYETIUBO (PUKCUPYEMYIO
BU3YAJILHO W MO Pa3JIMYHOMY HAKJIOHY TIpoduieit
TEeMIIepaTyphl, 3apEeTUCTPUPOBAHHBIX TEPMOKOCAMMU.
K 27.04.2020 ero TommuuHAa XU MHTETpaJibHAS IIOT-
HOCTb cocTaBua 31 ¢cM 1 350 Kr/mM3 COOTBETCTBEHHO.
C HeKOTOpOI MoNpaBKO¥ HAa HAYaBINUIACS TEITJIOBOM
U paIvaliMOHHBIN IMPOTPEB U BHYTPEHHEE TasiHUE 9TU
BEJIUUMHBI, MO-BUIMMOMY, OJIUBKU K CBOUM Cpell-
HUM MaKCUMaJTbHBIM 3HAYCHUSIM.

Tunponornyeckue uaMepeHus: MoKazaau TUITUY-
Hoe IS O3€p apKTUYECKOU KIMMATUUYECKON 30HbBI
BepTUKAJIbHOE pacrpeneirenue temieparypsl (I1as-
J0oB, 1990; Lepparanta, 2015), a Takke CyllleCTBEHHOE
MOHWKEHUE YPOBHS BOIBI — 2.3 M 32 6 3MUMHUX MeCsI-
neB. [IpenmiecTByloliee 3aMmep3aHUAIO OCEHHEe 0XJIa-
XJIeH1e BOJbl U BETPOBOE MepeMEIIMBaHUE ITPHUBEIO
K BO3HMKHOBCHMIO NPUIIOBEPXHOCTHOIO KBAa3HMOI-
HOPOIHOTIO CJIOS, TOJIIIHA KOTOPOTO IO Mepe IOHU -
XeHus1 TemnepaTypbl 10 0°C IOCTENIeHHO YBEIUYM-
BaJlach 1 gocturia 1—2 M. C HavajioM JienocTaBa U
oxJtaxaeHn Boabl HUxXe 4°C B TIIyOOKOM YacTH 03e-
pa chopMHUPOBAJIOCH COXPAHUBIIIEECS 10 CEPEeTUHbBI
MapTa paclipefejieHue TeMrepaTyp BOIbI C MaKCHU-
ManbHBIM 3HaueHneM 1.4°C Ha T1yOrHe, BO3MOXHO,
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Puc. 3. Ucxonnsie (al, a2) u o6paboTanHsbie (61, 62) pagaporpaMMbl TT0 OCHOBHOMY Tipodwtio A—B (cm. puc. 1) 12 mapra (a,

61) 1 22 anipenst (a2, 62) 2020 1.

I'paHuULbl CHEer—J€n, CHEXHBIM-KOHXEISIIIMOHHBINA €M M KOHXEISIMOHHBIN JIEM—BOAA MOKa3aHbl CTPEJIKaMKU W JIMHUEH;
CHET, CHEXXHBIN Y KOHXXEJISIIIMOHHBIH JIET — YCIOBHBIMU 3HaKaMU Ha KOJIOHKAX CKBaXXWH: / — CHer; 2 — CHEXHO-BOIHBIN JIEN;

3 — KOHXKeJISTITMOHHBII JIE.

Fig. 3. Initial (al, a,) and processed (61, 62) radar records along the A—B profile (see Fig. 1) on March 12 (al, 61) and

April 22 (a2, 62).

Snow—ice, snow — congelation ice, and congelation ice—water boundaries are shown by arrows and a line; snow, snow and con-
gelation ice colors on well cores: I — snow; 2 — snow-water ice; 3 — congelation ice.

00yCJIOBJIEHHOE TEIUIOBBIM IIOTOKOM OT JHA. YUUTHI-
Basi YCTOMYMBYIO TUIOTHOCTHYIO CTpaTU(MUKALIMIO
TETUTOBOI TTOTOK K HYKHEI TTOBEPXHOCTH JIbIa MOXK-
HO OLIEHUTb BEJMYMHOM, 61u3Koii K 0.1 Br/m2.

KadecTBeHHO HOBOI JIemOBOM WHQOpMAalLIME,
MO3BOJIMBIIEI BBISIBUTH CIOUCTYIO CTPYKTYPY CHEX-
HO-JIESTHOTO TIOKPOBA Ha BCEM MCCenyeMoil akBa-
TOPUM, CTAIX TaHHBIE reopagapHbIX CheMOK. Bpemst

MPOBEIEHMSI ChEMOK — MapT U arpeib, MO3TOMY T0-
JIydeHHbIE PE3YJIbTaThl XapaKTePU3YyIOT paciipenesie-
HUE TOJILIMH CIOEB JIbIA, OJIU3KUX K MAaKCUMaJIbHBIM
3a 3umy. Cyas M0 HUM, YUCJIO CIOEB BO3PACTaIo OT
nepudepnu K LIeHTpY BOAOEMA OT OIHOTO 0 YEThI-
pex: closi cHera Ha Oepery, CJI0€B CHera W Jbaa Ha
JHe, CJIOEB CHera W JibJa Ha BOJAE U CJIOEB CHera u
JIbJa, pa3iesIeHHbIX MPOCIOMKON CHEXXHOTO Jiba Ha
BoJe (COOTBETCTBEHHO, 30HbI 1—4 Hapuc. 3, alua?2).
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Puc. 4. PacnipeneneHue ToamuHbl (CM) cHera (a—6) 1 Jbaa (6—e) Mo JaHHBIM re0paaruoI0OKALIMOHHBIX ChEMOK 12 MapTa (a, 6)
u 22 anipenst 2020 1. (6, ¢). YepHast tmuHUS Ha puUcC. (8, 2) — TpaHUIIA PACIIPOCTPAHEHUST CHEXXHO-BOIHOTO JIb/A.

Fig. 4. Snow (a—6) and ice (6—¢) thickness (cm) distribution according to radar surveys on March 12 (a, ¢) and April 22, 2020 (6, ).
The black line on Fig. (s, 2) is the boundary of the distribution of snow ice.

IMocnennsst pukcupoBanachk MO0 CKa9KOOOpa3HOMY
YBEJIUYEHUIO BPEMEHM pacCIpOCTpaHEHUSsT JIEKTPO-
MarHUTHOIO MMIIYJIbCa IO BEPXHEM I'pPaHUIILI KPH-
CTAJUIMYECKOTO JIbIa M IOSBIEHUIO XapaKTePHBIX
BO3MYIIIEHU I, BOBHUKAIOIIIWUX U3-3a IIPOITUTKU CHeTa
BOJOII 1 HEPaBHOMEPHOIO IIPOMEpP3aHMUsS MOKPOIO
cHera. [lukupoBaHue BpeMeHM MpUXoAa paaroOBOIH
oKas3ajo, YTO yxXKe BO BpeMs IIepBoii CbéMKHM 12 Map-
Ta (155 cyToK ¢ Havaja KOHXKEJISIHIMOHHOIO JIhI000-
pa3oBaHMsl) Ha TpaHMIIE JIbAAa 1 CHeTa Ha pa3pe3e A—
B mpoTssKeHHOCTh 30HBI 4 cocTaBiisijia 0KoJjio 50 M
OpU TOJIIUHE CHEXHOIO JbJa B HECKOJILKO CM.
(puc. 3, 61). Ko BpeMeHU BTOpPOIi ChEMKM 22 aIrpeis
(196 cyTOK), ero TOJIIMHA Ha TOM Xe Mpoduie yBe-
mmunnack 10 0.5 M, a OpoTSLKEHHOCTL — A0 250 M
(puc. 3, 62). 3a BpeMs MeXay chéMKaMu (6 Helelb)
TOJIIIIMHA CHEXHOTIO JibJa yBeJIWYWJIach B IBa—TpU
pa3a, 1 OH pacHpoCTpaHWJICSI Ha BCIO INIyOOKOBOI-
HYIO YaCTh aKBaTOPUH.

Hcnonb3oBaHNWEe BBICOKOTOYHOMN IIPUBA3KNU OJaH-
HBIX TaKXKE II0O3BOJINJIO BbIABUTD CymeCTBeHHBIﬁ
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MPOru6 IMOBEPXHOCTU JIbIA B LIEHTPaIbHON 4YacTu
o3epa, (popMa KOTOPOTro COOTBETCTBOBAJIa KOH(MUTY-
pauuu JOHHOTO peibeda. IToMrUMO aKKyMyIsSIUu
CHera, MpUYNHOM TedopMallvi JIbIa CTaJa0 MOHMXKEe-
HUE YPOBHSI BOJIbI M3-32 HEKOMITIEHCUPYEMOTO BOJIO-
3a60pa, JOCTUTABLIETO B 3UMHMIA epuoxn 50 m>/yac
npu cpenHeM pacxone 30—40 m?/ygac (Jexcreiimep,
Yepunimén, 2021). JaHHble ypoBHEMepa MoKa3aliu,
YTO IIPU TAKUX CKOPOCTSIX YPOBEHBb BOIBI B TeUCHUE
6 3UMHMX MECSILEB ITOHMKAJICI CO CPeIHEl CKOpO-
cThlO OKOJio 1.24 cMm/cyT. MU3BecTHO, 4YTO 0Gpa3oBa-
HUE Jally Iporuda o6yCIOBIEHO MPEUMYIIIECTBEHHO
nJacTUYecKoil medopManmeit JeasgHOTO TOKpoBa
(ynpyrast aecdopmaiusi CIUIIKOM HE3HAYUTEbHA),
COMpPOBOXIaeMOil 0O0pa3zoBaHMEM HOBBIX (pa3BUTH-
€M yKe UMEIOIINXCS) TePMUYECKUX TPEIIUH, PACTy-
LIUX BO JIBAY HaBcTpeuy Apyr apyry (Huzkos, 1990).

CormacHo JaHHBIM U3MEPEHUIA, BO BOOILOEpETO-
BOI1 TToJ1I0CE ITMPUHOM 0KoJ10 30 M BBICOTA CHETa OKa-
3aJ1aCh HECKOJIBKO BHIIIIE, a TOJNIIIMHA JIbIa HIEKE, YEM
B OoCTajbHOI1 yacTu Bomoéma. K 12 mapra ToimmmHa
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JIEISTHOTO TIOKPOBa B LIEHTPaJIbHOI YacTU o3epa JA0-
cturiia mpuMepHo 1 M, cHera — 40 cM, yBeJIMYUB-
IIMCh K 22 ampes 1St abpaa Ha 20 ¢cM U OCTaBIINUCh
MpakTUYECKN HEU3MEeHHOIT mis1 cHera (puc. 4).
I1pu 3TOM 0067aCTh TTOTPYKEHUS JIbIA TTOI BOIY IIO
JMIaHHBIM TIEPBOIl ChEMKHU 3aHUMaja IOXHYIO 4acTh
aKBaTOPUU TUIOINIAAbIO OKOJIO €€ TPETH, a MO JAaHHBIM
BTOPOI — OoJIee TOJIOBUHHEI.

Pocm avda. HecmoTpst Ha pparMeHTapHOCTh TTO-
JIYYEHHBIX TaHHBIX, 00YCIOBIIEHHYIO BBIHYKIESHHOMI
SMU30ANYHOCTBIO HAOIONeHUIT, HATMUie HETTPEPhIB-
HBIX PSIIOB METEOHAOITIONEHUI TO3BOJISIET PACCUUTATD
POCT O3EPHOTIO Jbla C ITOMOIIBIO MOAEIMPOBAHMSI.
11 3TO¥A LIeJIM TPUMEHSIJICS BApUAHT TEPMOIUHAMU -
YeCKOM MOJIE/IN TUIABAIOIIEro CHEXKHO-JICASTHOTO T10-
kpoBa (bynnosuy, 2001), ucronb3yoleii cleayto-
e yIpolueHus. TeMmnepaTypHoe moje BO BCEX €Tro
CJIOSIX ToJIaraeTcsl KBa3UCTALMOHAPHBIM, TUIOTHOCTD
CHera II0 pa3pe3y IOCTOSIHHOI, TeMIlepaTypa BepX-
HEM TpaHUIIbI CUCTEMbI IIPUHUMAETCS PaBHOM TeM-
reparype Bo3ayxa, YIIJIOTHEHUE CHera U KaIvuIsip-
HOE€ IIOOHSITHE MPU IIPOIUTKE BOMOM OTCYTCTBYIOT.
CuyuTaeTcsl, YTO NPU 3aTOIUIEHUU BepxXHeil moBepX-
HOCTHU JibAa €€ TeMmIlepaTypa CKauyKOM IOBBIIIAETCS
1o 0°C, KkoTtopast ocTaeTcsl HEM3MEHHOM 10 MOJTHOTO
MIpoMep3aHus 3aTolieHHoro ciosg. CMeHa Tuma
JIbIOOOpa30BaHUs TIPOUCXOIUT TIPU HTOCTVKEHHUU
METEOPOJIOTMUECKOM TONII[MHON BHIMABIIErO Ha IO~
BEPXHOCTh CHEra HEKOTOPOI KPUTUIECKON BTN~

HBI /i, OTIpeeNsieMoii 3aKOHOM ApXUMena

B = h (o, —0)/0;, (1)

VYpaBHeHUs GajaHca TeIla M MacChl UMEIOT BHUIL
(mogpooHoctn BeiBoga B (bymmoBuu, 2001)) ms
KOHKEJISIITUOHHOTO JIbI000pa30BaHUs:

dh, _ T

L S L 2
0 dat  h/k,+h/k; )
N U30CTAaTUYECCKOTO J'[b,I[OO6pa3OBaHI/IH:
- dh )
L(p: Ps)[hsﬁ_i_ 0, _sj - _ (XTkz , (3)
Py — Pi dt dt h+h

rae T — TemmnepaTypa BO3ayxa; f — BpeMsl; L — CKpBbI-
Tas TeIUIOTa JILIOOOpa3oBaHust; O = kP, /k:(p,, — P.);
Pi Ps U P, U Kk, k; U k,, — TLIOTHOCTU U TETLJIONPOBOI -
HOCTU CHETa, JIbJa U BOJIbl, COOTBETCTBEHHO; /1; U h; —
TOJIILIMHBI KPUCTAJUTUYECKOTO U CHEXHOTO JIbAA.

B kauectBe aTrmocgepHoro dopcuHra mopaenu
(1)—(3) ucmomb30BaIMCh OCPEOIHEHHEBIE II0 CyTKaMm
BEJIMYMHBI TeMIlepaTyphbl BO3Iyxa Ha Oepery osepa
(puc. 5, a) nis 186-cyTouHOrO IEpPUOAa JILI000pa3o-
BaHMsI, HA9aJI0 KOTOPOTO OIPEIeIsIOCH IO €€ YCTOM-
yuBomy Tiepexony depe3 0°C (10 oktsiopst 2019 1.),
OKOHYaHUE — TI0 Hayajy TasiHUSI CHEXHO-JIeSTHOTO
nokposa (12 ampens 2020 r.).
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Puc. 5. AtmocdhepHbIii hopcUHT Moaeau: (a) — cpeaHe-
CYTOUHbBIE 3HAUEHUsI TeMITepaTyphbl BO3Iyxa Ha Gepery 03.
CreMmMme; (6) — MeTeopoJIorMYecKasi BbICOTa CHEXXHOTO
nokposa B bapeHuoypre (/) 1 Ha 03. CTeMMe I10 TaHHBIM
pacdeToB (2) u usmepenuii (3). [TapameTpsl CHEXHO-JIe-
JISTHOTO TTIOKpOBa: (8) — TOJMIIMHBI cHera ( /), KpucTauiu-
YEeCKOro 52) YU CHEXHOrO Jibaa (3) ST TJIOTHOCTH Jibaa
880 xr/M” 1 MaKCMMaJTbHO TIJIOTHOCTH cHera 350 Kr/M

(“0” Ha ocu BpemeHHU cootBeTcTBYeT 10 okTsIOpst 2019 1.).

Fig. 5. Atmospheric forcing of the model: (a) — average
daily values of air temperature on the shore of the lake.
Stemme; (b) — meteorological height of snow cover in
Barentsburg (/) and on the lake. Stemme according to cal-
culations (2) and measurements (3). Parameters of snow
and ice cover: (b) — thickness of snow (1), crystal (2) and
snow ice (3) for ice density of 880 kg/m~ and maximum
snow density of 350 kg/m3 (“0” on the axis the time corre-
sponds to October 10, 2019).

HeoOxoaumast ajisi pac4eToB MEeTEOpOJIOrnuecKasi

met
TOJIIIMHA CHEra h; = h + h;, 1O Hayaja CHEXHOIO

JIbIOOOpa30BaHMs COBIAJAIOIIASI C NIYOMHOM CHera
Ha o3epe, OIpeaensiach ITyTeM CYMMUPOBAHUS BbI-
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Ta6auuna 1. MonenbHEIE OLIEHKHU ITPOAOJIKUTSIIEHOCTY Ha -
pacTaHus 1 MAKCUMAaJIbHOM TOJIIIMHBI CJIOEB KPUCTAJLIH -

max max
YeCKOro T; U /; ~ 1 CHEXHOTO Jiba T U /; M KpUTUYe-

CKO#1 /1 M MaKCUMaIIbHOIA /1, BBICOTBI CHETA [UTsl UX Pa3-
JIMYHBIX TUIOTHOCTEH B TeueHue 186 cyT. p; = 880 kr/m>

JIpmoobpa3zoBaHUEe
Py Pis KOHXEJIALIMOHHOE U30CTaTUYECKOE
Kr/M? | kT/M3
. max * . max max
Ti hl R hs, Tsis hsi s hs 5
CYyT. CM CM CyT CM CM

350 | 850 | 152 94 40 34 15 48

880 | 132 86 30 54 21 43

910 | 100 73 18 86 22 41

300 | 880 | 138 79 30 48 20 43

400 126 | 92 28 60 23 41

COTBI TBEPJIBIX OCANKOB Ha Kaxible j-e¢ cyTKu (1 <j <

< 186) ¢ koaddutmeHTamMmu oTeps A;, 0OYCIOBIIEH-

HBIMHA COBOKYITHOCTBIO TIPOIIECCOB (CyOIMMaIimei,

MeTeJIEBBIM TIEPEHOCOM | ZIp.), M CHETOTasTHUS B TIe-

puon orreneneit A, (Xaycros u ap., 2017) 4™ =
186 i i

=D Al — AT’ 3uavenus 4 =0.29u A, =7.53
j=

HaXOOWJINCh U3 pellleHUsT OOpaTHOM 3a1a4uu T10 JaH-
HBbIM KOHTAaKTHBIX M3MEPEHUl BBICOTHI CHEXHOTO
ITOKPOBA U TeMITepaTyphl BO3IyXa Ha o3epe U Ha Me-
TeoctaHMu bapeHuoypr (Xayctos u ap., 2019) (cm.
puc. 5, 6). JInsa onpeneneHus INIOTHOCTU CHETa HC-
MOJIb30BaJIaCh HeJIMHEHasT (QYHKUMSI, aCUMIITOTH-
yeckasl K ero MaKCUMaJbHOM CE30HHOI MIOTHOCTHU

Py, mpemioxeHHas B Buze (Sturm et al., 2010)

Py =Pso + (P = Pso) [ — exp(=kh,)], (4)

[I€ Pyy — HayajbHasl INIOTHOCTU CHETa; K — Koad-
¢unmeHT GOPMBI, XapaKTepU3YIOIINi CKOPOCTh €&
BBIXOJIa Ha acCUMIITOTY. Mcxosl n3 maHHBIX HaOIIoe-
HUI1, JIS1 CHEXXHOTO ToKpoBa 03. CTeMMe ObLIN BbI-

OpaHbl BEMYUHBI Py, = 100 kr/M3; pi'™* = 350 Kr/m?;
k = 30; mociaenHs1s1 BBIBOAUT KPUBYIO (4) HAa acUMII-
TOTY P, TprMepHO Ha 100-€ CyTKM ¢ Hayasia CHero-

HakoruieHus. KoadpdHuumneHT TermIonpoBOTHOCTH
paccuYuThIBaJICs 1o 00001meHHOoM hopmyiie (OcokuH

u ap., 2017) k, = 9.165x107° — 3.814x107*p, +
+2.905x IO_pr. KoadpdunmeHT TeruionpoBOTHOCTH
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7 TeTUIOTa TUIaBJICHUS JIbIa TTOJIaraiuch MOCTOSTHHBI-
MU U paBHbIMU 2.22 Bt/(M °C) 11 3.33 % 10° Ik /KT co-
OTBETCTBEHHO.

Boiuucnenust mokasaiu, 4To IMHAMUKA TOJIIIMHbBI
CJIOEB CHUCTEMBbI, CBSI3aHHBIX TETJIOBBIM B3aUMOJEii-
CTBUEM, KaK U €€ CTaTUYeCKOe paBHOBECHE, BECbMa
YyBCTBUTEJIbHA K W3MEHEHUSM TeII0(pU3NIECKUX
CBOWCTB, OIpelesisieMblX MPEUMYIIECTBEHHO TIJIOT-
HOCTBIO CHera M jibaa (tadsu. 1). BugHo, uto ¢ yBeau-
YeHMeM IUIOTHOCTH Jibaa oT 850 mo 910 xr/m? (JoH-
yeHko, 1987) mpu TOCTOSIHHOI TIJIOTHOCTM CHera
350 kr/M? MPOIOIKUTENLHOCTh KPUCTATIMYECKOTO
JIbIOOOpa30BaHMUS COKpAIIAETCsl, a TPOJOIKUTENb-
HOCTh HapacTaHWsl CHEXHOTO JibJa BO3pacTaeT Ha
52 nHS 3a CYET YMEHBILIEHUS IPy30MOABEMHOCTH JIe-
JISTHOTO TIOKpoBa. [1pu mpuHSITOM XapaKTepe CHero-
HaKOILUIeHUS (CM. pUC. 5, 6) 3TO yBeJIMYMBAET TOJIIIIM-
HY CHEXHOTIO JIbaa Ha 7 CM. AHAJOTMYHBIA 3¢ PeKT
P HEU3MEHHOMW TJIOTHOCTU JibJa OKa3bIBaeT POCT
TUIOTHOCTU CHeEra, yBeJIU4uBaromuii KoahOUIMEeHT
€ro TEeTUIONPOBOAHOCTH, TOJIIIMHY KPUCTALINYECKO-
ro JIASHOTO TOKpOBa U MPOJOIXKUTENbHOCTb U30-
CTaTUYECKOTO Jib1o0oOpa3oBaHusgd. OmHAKO MOJEb-
HO€ YBEJIWYEHMUE TOJIIIMHBI CHEXHOTO Jibla MpHU
IJIOTHOCTU KpucTauimdeckoro B 880 kr/m® okasza-
JIOCh HEBEJIMKO — BCEro 3 CM MpPU YBEJIUUYEHUH TJIOT-
HocTH cHera Ha 100 kr/m>.

Ipu cpenHuX MIOTHOCTAX Jbaa 880 kr/m> u cHera
350 kr/m> paccyuTaHHbINA 110 (4) XapaKTep CHEroHa-
KOIIeHUs 3a 186 CyTOK 3aMep3aHUsI TIPUBOIUT K
MaKCUMaJIbHBIM TOJIIWHAM KPUCTALUIMYECKOTO U
CHEXHOTO JIbaa U cHera 86, 21 n 43 cM (cM. puc. 5, 6).
C yuyéToM OJIM30CTH CPEOHECYTOUHBIX TeMIIepaTyp
Bozayxa 3uMoit 2019/20 1. K CBOUM CpeaIHUM 3Haye-
HusiM (KotisikoB u ap., 2020) 3T BEIUYUHBI C U3-
BECTHBIMU OTOBOPKaMM MOXHO TIPUHSITh B KAYECTBE
TUIMMIHBLIX. CHEXHOE JIbHooOpa3oBaHue, 10 Havyaua
KOTOPOTO JISASTHOU TTOKPOB ObLT KPUCTANTMYECKUM,
a TOJIIIMHA ero CHEXXHOTo MOKpoBa coBMNaaaja ¢ Me-
TEOPOJIOTMYECKOM, OTYETIIMBO MpOCMaTpUBaeTCsl Ha
9TOM PUCYHKE 1O XapaKTepy U3MEHEHUsI KPUBBIX 3 U
4 n nogiBiIeHUIO KprBOii 5. C 3TOro MOMEHTAa B CUCTE-
Me BO3HHMKAeT oOpaTHasi CBSI3b MEXAy IpOIEeCCOM
TeTJionepeHoca, obecrieyrBatoiias MpPUpPoCT Jeds-
HOTO MOKPOBA CBEPXY U YMEHbBIIIEHUE BbICOTHI CHeTa
3a CUET Tepexoa ero 4YacTu B Jied, U CKOPOCTBIO CHe-
TOHAKOIUICHUSI, peTyJIUpYolleil ”THTEeHCUBHOCTb 00-
pa3oBaHUsI CHEXHOTO JbAa. [Ipu 3TOM ¢ BbIXOAOM
BOJIbI Ha TIOBEPXHOCTb KOHXKEJSILIUOHHOTO JIba €0
HapacTaHWe CHU3Y M3-3a BbIpaBHUBaHUS TEMIIEPATYP
BHELLIHUX I'PaHULL (DABEHCTBA HYJIIO TEMIIEPATYPHOTO
rpagydeHTa) MpeKpallaeTcsl 10 MOJHOro MpoMep3a-
HUS TPOIUTAHHOTO BOAOH CJI0s, 00ecrneyrBaroIIero
POCT JIeJITHOTO MOKpoBa cBepxy. M3-3a aTOoro Hauu-
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BOTOPOIACKHH u np.

Hanpstxenue, klla

or 500
@ @ MakcumanbHOE HaTlpsKeHUe
400
-5F

7 300
2 L

10 - 200
100

4
- | | | 0
0 50 100 150 200 0 50 100 150 200
Paguyc, m

Puc. 6. @opMbI TOBEPXHOCTH JIbJa, PACCUUTAHHBIC IIsT ToIuH Jbaa 40 (1), 60 (2), 80 (3) u 100 (4) cM Ha MOMEHT obioMa
KPOMKM JibJa BOJIM3M O6epera o3epa (a) v pacrpelieieHre paauabHbIX HAallPSDKEeHU I Ha HUXKHE ! TOBEPXHOCTH JIbJa HA MOMEHT
ero o610Ma, pacCuMTaHHOE IIpH ToirHe Jbaa 80 cM (6) (06J0M Jibaa poucxoauT B Touke C, rae HaIpsKeHUe JOCTUTAET

MaKCUMyMa).

Fig. 6. Forms of the ice surface calculated for different ice thicknesses 40 (1), 60 (2), 80 (3) and 100 (4) cm at the time of the
breakage of the ice edge near the lake shore (@) and the distribution of radial stresses on the lower surface of the ice at the time of
its breakage, calculated at an ice thickness of 80 cm (b) (ice breaking occurs at point C, where the voltage reaches a maximum).

Has ¢ 132 cyTOK M3-3a HEIIPEPBIBHOTO YBEIUYECHUS
IIyOMHBI CHEra Ha akBaTOpHMHU o3epa (CM. puc. 5, 0)
TOJILIMHA CHEXXHOTO JIbA POCJia, a KPpUCTALINIECKO-
ro ocTaBajach HEM3MEHHOIA.

Jleghopmanusa aedanozo noxpoea. HeoOGxonnuMbIiM
YCJIOBHEM 00pa30BaHUSI CHESKHOTO JIbIA CIIY>KUT BBI-
XOJl BOAbI Ha TIOBEPXHOCTb JIEASTHOIO MOKPOBa, BO3-
MOXHBIM JUIIb TP HAJIMYUKU B HEM HapylIeHUA
CIUTOIIHOCTH (TPEeIIrH), BOIPOC O CYIIeCTBOBAaHUU
KOTOPBIX OCTAETCSI OTKPBIThIM. COIIaCHO OTHOI TOU-
K€ 3peHUsl, TPeIIMHbI B TIJIaBarolleM JEeASTHOM T0-
KpoBe cyliecTByloT Bcerga (Kpunkuit m op., 1947),
COIJIaCHO NPYTOM, CHEXHBIA ITOKPOB, NaXe TpHU
0oJIbIIIO BBICOTE M HEPABHOMEPHOM pacmpeesie-
HUU, HE CO3MIaeT B JICASIHOM IIOKPOBE HANPSIKCHUH,
JIOCTaTOYHBIX 1JIs1 ero paspyuieHus: (IIuBoBapos,
1972). JaBneHue cHera Ha MOBEPXHOCTD JibJla ypaB-
HOBEIINBAETCS peaKIreil BOOTHOM MAacChl, IIOCKOJIb-
Ky CIUIOLIHOM JeOsIHOW MOKPOB HE MOXET IOrpy-
3UThCS B BOAY IO U30OBITOYHBIM JaBieHUeM. B neii-
CTBUTEJIBHOCTH, AedopMaluy JIEASIHOro IIOKpOBa
HOCST AOJITOBPEMEHHBIN XapaKTep U OMpPeaeIsIoTCs
He TOJIbKO YIIPYTMMU, HO U B 3HAUUTEJIbHOU CTEIEHNU
BSI3KUMM CBOMCTBaMM Jibaa. I1pu Bo3aeiicTBUU CHe-

Tabauna 2. PacuéTHoe Bpemst obyioma Jibaa U3ruoom (7,)
JUTSL pa37IMYHO TONIIMHA JIBABI /; U HAYaJIBHOM TOJIIHEI
cHera hy,

hoom |40 |50 |60 [70 |80 [90 [100
hg,om | 10|17 |21 | 375 |47 |55 |60

TOBOI HArpy3Ku JieJsTHO MOKPOB OyAeT MporudaThb-
Csl, BCJIENICTBUE Yero Ha ero BepXHell U HUXKHEel 1mo-
BEPXHOCTSIX BOSHUKHYT 30HBI pACTSKSHUS M CXKATHS,
OTHAKO JIJISl Hayajia TpelnHOOOpa3oBaHUs BEJINYM-
Ha pacTATUBAIOIINX HAIPSDKeHUI TOJDKHA TPEBBI-
IIaTh MIPOYHOCTH JIBA.

I1pu non3zydyeM TeUeHUU JibAa TEH30p CKOpOCTei
nedopMalmii IpU MOJN3YYECTH €., OIPEAELIISIETCS MO-
nenbio Hoprona (Norton, 1929; Schulson, Duval,
2009):

(%)

écr =A (O'c/o'ref)3 n,

rie n =3dev(6)/20,; 6 — TEH30D HAMPSDKEHHI;

0, = /,(6)/2 — Hanpskenue bon Museca; J,(6) —
BTOPOI MHBApHUAHT TeH30pa HAIIPsSKeHWiT; A — CKO-
pocTtb aedopmaluii IpU G, = O, U G,y — XapaKTep-
HO€ HaIlpsDKeHUeE IIpU Ioji3ydectu. st pacueTa Ha-
MpPsKeHHO-Ae(OPMUPOBAHHOIO COCTOSTHUS JIBIA 03.
CreMMe paccMaTpuBajach OCECUMMETpUYHAs 3ada-
ya Oy Kpyrjiaoro BomoeMma ¢ pamuycoM R =200 M,
YPOBEHb BOJBI B KOTOPOM, KaK M ITOJIOXKEHUE JIbIa
OTHOCHUTEILHO HETO, MOTYT U3MEHSIThCS BCIIEICTBHUE
CTOKa M Harpy3KHU OT CHETa, INIOTHOCTh KOTOPOTO IT0-
JaraeTrcsl MOCTOsSIHHOW. JlegsaHoii MOKpOB o3epa
MpPEACTABISIETCS. B BUOE OTHOPOTHOM, M30TPOITHOM
IUIACTUHBI M3 JIbJa C TOPU3OHTAJIBHOM ITOBEPXHO-
CTBIO, IIIaBalollIeil Ha IIOBEPXHOCTU BOJOEMa C ITO-
HIDKAIOIMIMCSI YPOBHEM XUIKOCTH. B HavaabHBIN
MOMEHT BpeMEHH JIEN HaXOAUTCS B IIOJIOXKEHUU THI-
pocTaTUYEeCKOTO paBHOBecus. [Ipenronaraercs, 94To
JIEISTHOI IOKPOB OMMpaeTcss Ha Oepera, TO €CTh €ro
Ne 3 2023
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BEPTUKAJIIBHOC CMCIIICHUE Ha KOHTYpPE€ BOOZOEMa HE
MEHACTCA CO BPDEMCHEM!:

r =R, (6)

[Ie » — paauajbHas KOOpAWHAaTa LIWIMHAPUUIECKON
cucteMbl kKoopauHat. Kpome Toro, cuuraercs, 4TO
Ha KOHTYpe€ BOJIOE€Ma HAIIPSIKEHUSI OTCYTCTBYIOT

w = Wy,

G, =0,=0, r=R %
):[aBJTCHI/IC CHera pacCuymThbIBACTCs 11O (I)OPMYIICI
bs = _psg(hso + Yst)ﬂ (8)

7€ Y, — CKOPOCTb CHETOHAKOIUIEHUS; /i, — HaYallb-
Hasl TouuHa cHera. @opmyna (8) McHoab3yeTcs
IIpH TOJIIMHE Jibaa MeHee 80 ¢M; mpu OOJIbIIEH 110~
Jnaraetcd, 4to Y, = 0. I3MeHeHue naBiaeHUsT BOIbI
MO0 JbIOM BCJIEACTBUE €€ CTOKAa U TUApOCTaTUde-
CKOTO JIaBJICHUS U3-3a MpoTuba Jbaa 3agaeTcst pop-
MYJIOM:

Dy = _pwg(w + th) + Do, (9)
roe v, — CKOPOCTb HU3MCHCHUS YPOBHSI BOIbBI;
Po = Psghyy — HAYAIBHOE TMAPOCTATUYECKOE JaBie-

HHUE, ITPU KOTOPOM IMOBEPXHOCTL JibAa rOprM30HTaJIb-
Ha U w = 0 B HaYaJIbHbIA MOMEHT BPEMEHU [ = 0.

PacueTbl HanpsoKeHHO-Ie(OpMUPOBAHHOTO CO-
CTOSTHUS JISASTHOTO ITOKpPOBa Mo Momenu (5) ¢ Kpae-
BbIMU ycioBussMu (6)—(7) U mapaMeTpu3aLusIMU
(8)—(9) mpoBOIMIINCHL METOOOM KOHEYHEIX 3JIeMEH-
TOB B TTaKeTe MPUKIIaTHBIX TporpamMM Comsol Multi-
physics 5.4 mis pa3IUYHBIX TOJIIIWH CHETa U JIbIA B
TeyeHUe (uzmdeckoro BpeMeHn 10 CyToK mpu II0-
CTOSIHHBIX 3HAYEHUSIX MapaMeTpOB, XapaKTEepU3YIO-

IIMX BA3KOYIIPYTYIO PEOJIOTHIO Jibaa: p; = 917 Kr/m?;
0, =200 kr/m% E =3 I'Ma; v=0.4; A=10"1/c;
G.r =1 MIla, rne £ 1 v — MOAYJIb YIIPYTOCTU U KO-
sdunment Ilyaccona; vy, = 2.7 X 107 m/c; v, =

=1.9x107 M/c. I3 pacu€ToB ompenesnsiioch BpeMst

1,, 32 KOTOPOE MaKCUMAJIbHOE PAcTATUBAIOLIEE HANpPsI-
JKEeHUe Ha HIDKHEN ITOBEPXHOCTH JIEASTHOTO MOKpPOBa
JOCTUTATIO TIPOYHOCTH Jibaa Ha u3rub 6, = 0.5 MIla
(Karulina et al., 2019), npu KOTOpOM IIPOMCXOIMJI
0010M KpoMKHU baa. ITonoxXeHue TpeluHbI OIpeac-
JSUTOCh YCJIOBUEM O, = G, [IC O, — panuajibHOe
HamnpsoKkeHUE Ha HIDKHE MOBEPXHOCTU JIEASTHOTO
MMOKpPOBa.

Pesynbrartsl pacuéToB 3HAUEHUI #, TIPUBENEHBI B
Tabs. 2. Eciu B paMKax ynpyroi Mojaeau u3aMeHeHre
¢ opMBI JTbIa IPOMCXOIUT TOJIBKO BO BpeMSI CHEeToITa-
na (rocJe ero npekpaiieHus (hopma Jbaa He U3MEHSI -
eTcsl), TO YUYET TMOJI3yYyeCTU MPUBOAUT K MEIJICHHOMY
M3MEHEHUIO (DOPMEI ITOBEPXHOCTU (TEUYCHUIO) JIbIa
TocJie TIpeKpaleHust cHeromnana. Puc. 6, a mokassi-
BaeT (popMy TTOBEPXHOCTH Jibjla Pa3HOU TOJIIMHBI B
MOMEHT eTo 06jioMa, a puc. 6, 6 — 3aBUCUMOCTb pa-
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JIUaJTbHBIX HAIPSDKEHUN O, Ha HWXKHEH MOBEPXHO-
CTU JIbJa OT PACCTOSIHUSI ¥ B MOMEHT O0JioMa JIibaa
TonmmmHoM 80 cMm. Kak BUIHO M3 pUCYHKOB, OCHOB-
Hasi aecopmMaliiyst Jibaa KOHLIEHTPUPYETCSI BO BIOJb-
OeperoBoii 3oHe mupuHOI MeHee 50 M. IIpu s3TOM
MaKCHUMaJIbHO€ paauvajbHOEe HaNpsKeHWE TOCTUTa-
eTCd Ha PacCTOSIHMU TTopsiaka 6 M oT bepera, rjae 00-
pasyeTcs KpyroBasl TpellliHa, mapajuiejbHast 0epero-
Boit muHUM. PacdéThl MOKa3pIBAIOT, YTO TaKasl Tpe-
muUHa oOpa3yeTcss MpuU BceX TONIIWHAX JIbIa,
MpUBEACHHEIX B Ta0J1. 2, IpUMEPHO HAa TAKOM K€ pac-
CTOSITHUM OT Oepera.

CormacHO BBIYMCIICHUSIM, TIPU CPEIHUX CKOPO-
CTSIX IOHMKEHUSI YPOBHSI B MOMEHT 00JIOMA JIbAa yI-
JIbI HAKJIOHA TIOBEPXHOCTU JIbJa K TOPU3OHTAIBHOM
rtockocTu coctapisiioT MeHee 0.015 pan, 4To MeHb-
e yriaa HakiaoHa gHa o3. Ctemme 0.058 pan x ropu-
30HTAIBHOM MI0cKOoCTH (cM. puc. 1). Takum obGpa-
30M, MIPU OITyCKAHUUW YPOBHS BOABI JIEN HE yCIeBaeT
JIOXUTBCSI Ha JHO, ITOCKOJIBKY MEPUOAUYECKI 0b1a-
MBbIBaeTCS BIOJb TPEIIWH, NapaJUIeJbHBIX Oepery 1o
Mepe ooMeneHus. TpeluHbl ocaeaoBaTeIbHO hop-
MUPYIOTCSI BCJIEICTBUE M3rMba JbIa B MEPIEeHIUKY-
JIIPHOM HaIIpaBJICHUH K Oepery. YciaoBreM o0pa3oBa-
HUSI KaXIOH TPEIIMHBI CIYXKUT PABEHCTBO MaKCH-
MaJIbHOTO PaCTSATUBAIOIIETO HATIPSDKEHNS IIPOYHOCTHU
JIbIa Ha u3ru6. PaccTosiHUe MeXy TpellnHaMHU OLie-
HMBaeTCs BeJIMYMHOM mmopsimka 6 M. K coxalleHuo,
naHHble HaOmoneHuil BecHbl 2020 1. He MO3BOJISIIOT
CYINUTH O CTEIIEHU UX PACIIPOCTPAHEHUS U IIOBTOPSIE-
MOCTH pacCMaTpUBaEeMOTO SIBJICHUS 10 UCCIIeAyeMO
aKBaTOPUHU, OCTaBIISIg pelllecHUWe 3TOro BOIpoca Ha
Oymyiuee.

OBCYXJIEHUE

Kak ormeuanoch, MonefbHbIe OLIEHKHW HapacTa-
HUS CHEXHO-JICMSTHOTO TTOKPOBA B IIEJIOM COOTBET-
CTBYIOT JaHHBIM U3MEPEHU in Situ U, TIO-BUANMOMY,
0JIM3KU K CBOMM CPE€IHMM MHOTOJIETHHUM 3HAYeHU-
SIM, XOTsI 1 HECKOJIbKO 3aHWKAIOT TOJIIINHY CHEXHO-
ro Jibna. O4YeBUIHBIE TPUYMHBI TAKOTO PACXOKIESHMS —
MPUHSITOE B MOJIEJIM PABEHCTBO MJIOTHOCTEN CYyXOTo 1
MIPOTTUTAHHOTO BOIOI CHeTa, paccCMaTpWBaeMOIO K
TOMY K€ C BBIYMCIIUTEIbHON TOUKM 3pEeHUs KaK Onl-
HocJoliHasi cpena. B peanbHOCTH, M3-3a BIUSIHUS
BHEIITHUX BO3IEMCTBUI M TIPOIIECCOB MeTaMOpGhH3Ma
IJ11 cOPMUPOBABIIIETOCS CHESKHOTO TTIOKPOBa 03epa
XapakTepHa CJIOUCTasi CTPYKTypa ¢ pa3IudHbIMU (pu-
3MYECKNMHU CBOMCTBaMM CcJIoeB. Ha TToTHOCTE cHera
Ha 03epe CWILHO BJIMSIET BETep M TeMIlepaTypHbIi
rpagueHT (ITaBnos, 2008), 13-3a yero CHEXHbIN MO-
KpPOB apKTHYECKUX O03Ep, 3a MCKIIIOUYCHUEM IIpH-
OpeKHOI 30HBI, OOBIYHO MMEET MEHBIIYIO BBICOTY,
BOJIHBIM 3KBUBAJEHT M OOJBIIYIO TUIOTHOCTb IO
CPaBHEHMIO CO CHEXHBIM ITOKPOBOM CYIIIH, a €To
TETUTOM3OJISILIMOHHASI CTTOCOOHOCThH COCTAaBJISIET OKO-
JIO MOJOBUHBI HazeMHoro (Sturm, Liston, 2003).
K coxanenmio, mnapaMmeTpu3alliy, YIUTHIBAIOIINE
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CcrenndUKy CHETOHAKOIUIEHUS Ha 03&pax, aBTOpaM
ITOKa HEM3BECTHBHI.

CBoe B/IMSIHME Ha TMPOlecC OKa3bIBAET HE MOaIa-
IOIIUICS OMUCAHUIO TUIT OCANIKOB B TIEpUOM OTTEre-
Jeii (cM. puc. 5, a), a Takke 3pEKT BbIITaAeHUS CHe-
ra B BOIy IO Havaja JIbI1o00pa3oBaHus. B HEKOTOPBIX
MeCTax CHEXHBII MTOKPOB BBIAYBaeTCsl BETPOM, UTO
MPUBOAUT K JIOKAJIbLHBIM YTOJIIEHUSM JIbla C pa3Mme-
paMu eIMHUI] U IECATKOB METPOB, paclpeaesieHue
KOTOPBIX HOCHUT ClTydaiiHbIil xapakTep. [TomuMo 310~
ro, CKOPOCTh pacTeKaHUs BOAbI TOA CHEroM HeU3-
BECTHA M ITOTOMY €€ Y4ET IMpU pacdeérax TOIIIMHBI
Jabaa HeBo3MoxXeH (DuukenvluTeitH U Ap., 1984).
IToaTOMY MOXHO MPEANONA0XUTh, YTO MPOLIECC U30-
CTaTUYECKOTO JIbA00Opa30BaHUS HA aKBATOPHUU MIPO-
TeKaeT He OIHOBPEMEHHO, UTO YBEJIWYUBAET IIPO-
CTPAHCTBEHHYIO HEOIHOPOAHOCTb TOJIIMHBI BCEX
cJIo€B (cM. puc. 3). Bce 310 3aTpyaHsIET IIpUMEHEHNE
pacy€THBIX METOJIOB U AeaeT HEBO3MOXHBIM MOJIE-
JIMpOBaHUeE Mpoliecca CHEXHOTO JIbA00Opa30BaHUs B
paMKax YKMCTO TeIUIOBBIX 3a7ay W, CJIeJ0BaTeIbHO,
JIydIliee COIJIaCOBaHUE €ro M3MEPEHHBIX M pacCuu-
TaHHBIX xapakTepucTuk. OJHAKO Jaxe Takasi Mpo-
crasg monenb kKak (1)—(3) mo3BoiseT McCClIenoBaTh
B3aMMOCBSI3M, CYIIECTBYIOIINE MEXIY CHEXHO-JIe-
ISHBIM [IOKPOBOM U JIPYIMMU KOMITOHEHTaMU KJIU-
MaTUYECKOI CUCTEMBI apXuresara B 1eJisiX IPOoTHo3a
TOJIIUHBI JIbAa JJIs MEHSIOIIUXCS aTMOCHEepHBIX
YCJIOBUIA Ha KOJIMYECTBEHHOM YpPOBHE, NaBasi Mpu
9TOM KayeCTBEHHbIE OLIEHKU, OTBevaloline MHTYU-
TUBHBIM TTPEACTaBJISHUSIM O Mpoliecce.

O11eHKY TTOHUKEeHUSI YPOBHSI 03epa Y HapacTaHUs
JIba, KOTOPhIE MPOTEKAIOT OMHOBPEMEHHO, TTOKa3bI-
BaIOT, YTO K CepeIMHE BECHbI MEJIKOBOJHAS YaCTh aK-
BaTOPMU C INTyOMHOI MeHee 2 M OKa3bIBaeTCsl MO Jie-
KallMM Ha JHE CHEXHO-JIeASHBIM MOKpoBoM. CoB-
MECTHOE BJIMSIHUE BTUX TIPOLECCOB MPUBOAUT K
00pa30oBaHUIO KOHLUEHTPUYECKMX TPEIIUH BIOJb
M300aT U mociiefoBaTeTbHOMY 00JIOMY JIEISTHOTO TTO-
kpoBa. Ha 3Tux yyacTkax, COCTaBISIOIINX OKOJIO TTO-
JIOBUHBI €€ TUIOIAAU, MPOUCXOAUT CE30HHOE TPOo-
Mep3aHNe BEPXHUX CJIOEB OHHBIX OTJOXEHUIA, IO
Mepe HapacTaHUusl O3€pPHOrO JibJa PacipoCTpaHsIIoO-
1eecst OT 6eperoB K LIEHTPY (MM UX TTepeXo] B MHO-
roJIeTHEMEP3JI0€ COCTOSIHUE) TIPU KPYTJIOTONUYHOM
TaJIOM COCTOSIHUM B INIyOOKOBOJHOM YacTu BoJloeMa.
HO—BI/lLlI/IMOMy, B 3aBUCUMOCTU OT MOIIITHOCTU U TEM -
nepaTypbl MHOTOJIETHEMEP3JION TONIIM HA TEPPUTO-
puHU, OKpyXalollleii BOIOeM, 31eCh pacriojiaraercs
cyOakBaJIbHBIII TajlMK, CYIIECTBOBAHUE KOTOPOTO
MOATBEPKIAECTCS HAIPABJIEHHBIM BBEPX ITOTOKOM
teruia (cM. puc. 2, 6).

BbIBOJ1bI

KomrmrekcHele usMepeHus o3. CTeMMe 3UMOIL
2019/20 1. moKa3anu, 4YTO HapacTaHue JIEISTHOTO MO-
KpOBa BoAOEMa ITPOUCXOINUT Ha €r0 HIDKHEN U BepX-
Hell TpaHuLax. PamnonokaioHHbBIE ChEMKU O3B0~

BOTOPOIACKHH u np.

JIVJIA MOJAYYUTh KA4yeCTBEHHO HOBYIO JIENOBYIO WH-
dopmanuio o pacrpeacacHUU TONIIUHbBI JIEASTHOTO
MMOKpOBa Ha BCell akBaTOPUU 03epa, 0oJjiee TeTaATbHYIO
10 CPaBHEHMUIO C JAHHBIMUA KOHTAKTHBIX JIEAOMEPHBIX
n3MepeHunii. HecMoTpst Ha CJIOXKHOCTH MOIEIMPOBa-
HUS TIpoliecca CHEXHOTO JIbI000pa30oBaHMs B paMKax
YHCTO TEIJIOBBIX 3a[a4, UCIOJb30BaHNE TEPMOIUHA-
MUYECKO MOIEIN 0Ka3ajoCh JOCTATOUYHO ILIOIO-
TBOPHBIM JIJISI €70 U3yYEHUsI Ha KAYECTBEHHOM U, OT-
YacTU, KOJIMYECTBEHHOM YPOBHE.

Cyns 1o TaHHBIM U3MEPEHUI U pacuyeToB, Cpel-
HSIST TPOIOJIKUTEIBHOCT KOHXEISITUOHHOTO JIBIO-
o0Opa3oBaHUs KoJIeOJeTcs B Ipeaeaax 3—5 Mecs1eB,
n3ocraTuyeckoro — 1—3 Mecsma. 3a 3TOT IIEpPUOI
KPUCTAJUIMYECKUIA JI€N qocTuraeT Tommuabl 70—90 cm,
cHexXHbIN — 20—40 cMm. CHexHoe J1bgooOpa3oBaHUe
YMEHBIIIAET OTETUISIONINI 3D EKT CHEXKHOTO IMTOKPO-
Ba M OKAa3bIBAeT CYIIECTBEHHOE BJIMSIHUE Ha TEILJIO-
BOI 1 MacCOBBIIi 0aj1aHC 03EPHOIO JIbJa, KOTOPOE He-
00XOIMMO YYUTHIBATH MIPU MOAECIUPOBAHUN BOTHBIX
00BEKTOB KPMOJIUTO30HEI.

IIporn6 negssHOTO TTOKPOBA BOJOEMA HOCUT JOJI-
TOBPEMEHHBII XapaKTep U ONpelnesieTcsl He TOJIBKO
VIIPYTUMU, HO W B 3HAUUTEILHOI CTEIEHU BI3KUMU
CBOICTBAMMU JIba, TIPUBOISIIIMMU K €ro TeueHU10. Oc-
HOBHas nedopmalius JeasiHoro nokpona o3. Ctemme
KOHIIEHTPUPYETCSI BO BIOJBOEPETOBOM 30HE IINPHU-
Hoit 50 M ¢ MAaKCUMaJIbHBIM paguaibHBIM HarpsoKe-
HUEM Ha PacCTOSTHUU 6 M.

MeToabpl UCCIeOOBaHUS  JIEOSTHOTO IIOKpOBa
03. Ctemme MOryT OBITb MCIOJIB30BaHbI IJIsI Hn3y4dyc-
HHUA 3aME€p3aHUA IPECHOBOAHLIX BOAOEMAaX OCTPOBOB
H_Irmu6epreHa N ApyTuXx apKTU4YCCKUX apXUIiejaroB.

BaaromapHocTb. ABTOPBI CUMTAIOT CBOUM MPUSIT-
HBIM JTOJITOM BBIPA3HUTh 0J1aT0TapHOCTh pabOYnM Ha-
cocHoii cranuuu .B. dekcreitmepy u I1.B. YepHbi-
IIEBY 3a LIEHHYI0 MH(pOopMalnio 00 0O0BEKTE UCCIET0-
BaHUIA ¥ TIOMOIITH B TIPOBEICHNIN HAOTIOIeHIIA.

HccnenoBaHust BBHITIOJHEHBI B paMKaxX paboT 10
nporpamme PAD-III ®OI'BY AAHUWM u TtemaTuku
HHNOKP Pocrunpomera.
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The results of observations and modeling of the formation of the snow-ice cover of Lake Stemme (West Sval-
bard Island) in winter 2019/20 are presented. The main information was obtained by two radar (GPR) survey,
performed on the floating ice of the Lake on March 12 and April 22 of 2020. Authors believe that probably
these observations were the first ones on the Lake. The use of the radar made it possible to obtain data on the
dynamics of the thickness of the layers of snow and ice cover, the so-called “snow ice” which is formed when
the boundary between snow and ice was submerged under water. During the time between records, the thick-
ness of the last “snow ice” increased two to three times, i.e., from units to the first tens of cm, and it spread
to the entire deep-water part of the Lake area. In addition, analysis of high-precision positioning of the radar
records revealed a significant deflection in the ice surface in the central part of the Lake under the influence
of snow load and the decreasing level of the reservoir. The calculations of the thermodynamics of the floating
ice cover have shown that its thickening occurs as a result of the processes of congelation and isostatic ice for-
mation, replacing each other at its lower and upper boundaries, respectively. At the same time, the formation
of “snow ice” violates the characteristic feature of decreasing of ice thickness with growth of the snow thick-
ness, which significantly influences on the thermal and mass balance of the Lake snow-ice cover. Results of
calculations of the ice cover deformation did show that it takes place not only due to the elastic, but also to
the viscous properties of ice, and it is concentrated in a narrow coastal zone. The maximum radial stress is
reached at a distance of several meters from the shore, where a circular crack parallel to the shoreline is

formed. Such a crack is formed at all ice thicknesses at about the same distance from the shore.

Keywords: Svalbard, lake, ice cover, measurements, radar survey, modeling
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BBEAEHWE

OCHOBHBIE CTpaTeruy COIMATbHO-2KOHOMUYE-
ckoro pa3Butus Poccuiickoit @emepaiil BKITIOYAIOT
B cebsI peatn3alinio KpyrJIoTOIMYHON HaBUTAITUH 110
CeBepHoMy MopckoMy nytu (manee — CMII), xoTo-
pas SIBISIETCSI CUCTEMHBIM YCJIOBUEM PA3BUTUS ApK-
THYECKOTo perioHa. s obecriedeHusT peryIsspHOTo
TPAHCIIOPTHOTO KOPUAOpPA B CIOXHBIX JIETOBBIX
YCIIOBUSX APKTHKHU TTOMUMO YBEJIMICHUS W MOAEP-
HU3alUM JIeHOKOJbLHOro ¢ora TpedyeTcs coBep-
IIEHCTBOBAaHWE CYIIECTBYIOIINX, M pa3paboTKa HO-
BBIX METOJIOB TUIPOMETEOPOJIOTNIECKOTO obecIeue-
HUSI, CIIOCOOHBIX oOecreuutrb 3¢G@EKTUBHOE U
0e30MmacHOe CyJIOXOICTBO.

Mopckoii JienssHOi# TOKPOB XapaKTepu3yeTcs
MPOCTPAHCTBEHHOW M BPEMEHHOU HEOAHOPOIHO-
CTBbIO, TIPENOCTaBJISISI CYIOBOAUTENI0 BO3MOXHOCTh
BbIOOpa HanboJIee JIETKOTo M3 NUMEIOIIIMXCS BAPMAHTOB
MaplipyTta cynHa. OaHoi 13 BaxKHEHIIX )11 HaBUTa-
LIMU XapaKTepPUCTUK JIEASTHOTO TIOKPOBa SIBISIIOTCS
pa3pbIBbl — HApPYIIEHUS CIUIOIITHOCTH JIbAa, 00pa3yro-
LIMeCs B pe3yJibTare JMHAMUYECKUX TIpolieccoB. Pa3-
PBIBBI MIPEACTABISIOT COOOM MPOTSKEHHBIE YYaCTKU
B CIUIOYEHHOM JIbAY KaK C OTKPBITOM BOAOW, Tak U
TMOKPBIThIE HUJIACOM, MOJIOABIM JIBAOM WJIM 3aIloj-
HeHHBIe JensHoi kamei (Homenximarypa..., 2014).
[IIupuHa pa3pblBOB M3MEHSIETCSI OT HECKOJbKUX
METPOB /10 HECKOJILKUX COTEH METPOB, a MPOTSIKEH-
HOCTb MOXET OCTUTaTh HECKOJBKUX ThICSY KUJIO-
MeTpoB. Takum o6pa3oM, caMo onpeaesieHe pa3pbl-

BOB yXX€ yKa3blBaeT Ha MOTEHIMA UX MCIIOJIb30Ba-
HUS B KA4eCTBE MapIIpyTOB 00Jiee JIErKOro IUIaBaHUSI
B JIEAOBBIX yCJIOBUSIX. Ha OCHOBaHUM OMBITA TUAPO-
METEOPOJIOTUIECKOTO 00eCIIeYeHUST BHICOKOIIIUPOT-
HBIX TUTaBaHUI U TpaH3UTHBIX peiicoB mo CMII 6b110
YCTaHOBJIEHO, YTO 3((OEKTUBHOCTH MCIIOJIb30BaAHUS
Pa3pbIBOB 3aBUCUT OT UX OPUEHTALIMU OTHOCUTEIHLHO
reHepajbHOro Kypca cyaHa (®ponos, 1997). Hau6o-
Jiee pe3yJIbTaTUBHBIM OKa3bIBAETCSI MCMOJIb30BaHUE
CHUCTEM OpPHEHTHPOBAHHBIX IIOIYTHBIX pPa3pbIBOB
(®posos, Kinstukun, 2001). Takum obpa3om, pa3pa-
00TKa MeToa IIPOTHO3a XapaKTepPUCTUK pa3phIBOB B
JIEISTHOM TTIOKpOBE apKTUUYECKUX MOpEi — aKTyasb-
Has 3a7a4a, IIpy 3TOM OCOOEHHO BOCTPEOOBAHKBI CBE-
JIEHUS O MpeanojgaraeMoii mpeoodamaoneit opueH-
TalliM Pa3pbIBOB.

OCHOBHBIMU TIpUYMHAMU BO3HUKHOBEHUS -
¢dopmaiuii 1paa U, Kax ciaeacTBue, 0opa3oBaHUs UIU
3aKPbITUS pa3pbIBOB, SIBJISIIOTCSI HEPABHOMEPHOCTHU B
nosie apeiida abaa, BO3HMWKAIOIIME U3-3a MPOCTPaH-
CTBEHHO-BPEMEHHOI M3MEHYMBOCTU JIEHMCTBYIOLIMX
Ha JIeISTHO MMOKPOB BHEITHUX CWJI, TAKUX KaK BeTep,
npuiuBHbIe sgBiaeHus (Hazupos, 1982) u TeueHwus.
B npubpexnbix palioHax Ha Ipeiid Jbaa Takxke oKa-
3bIBAIOT BIMSTHUE OCOOEHHOCTU OE€peroBoii YepThl U
penpedda mHa (CmupHOB, 1996; KiusukwmH wm 1p.,
2015). I'lpu 3TOM OCHOBHOI1 BKJIaa B Apeiid abaa BHO-
cuT BeTpoBasi KomrioHeHTa (JlopoHuH, XeucuH,
1975; T'opbyHoB u ap., 1986; Jlerenvkos, 1988; I'ya-
koBu4, JlopoxuH, 2001). [TockoIbKy CKOPOCTh 1 Ha-
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MpaBJIEHUE BeTpa TECHO CBSI3aHbI ¢ DapUUECKUM Ipa-
IUEHTOM, Apeiid abaa onpeaensieTcst pacipeaeieH -
eM aTtMoc¢epHOro AaBIIEHUsT B IPU3EMHOM CJIO€,
MPUYEM pe3Koe M3MEHEHHUEe GapUIecKOro MmoJjst MO-
KET TMIPUBECTU K TOCTATOYHO OBLICTPOIT MepecTPoiiKe
CUCTEeMBI pa3pheiBOB. Ecnu y cymoBoauTelss MeeTcs
BO3MOXXHOCTH TIOJIy4eHUsI ONepaTUBHON MHGpOpMa-
UM O TeKyllell JIemoBOii 0OCTAaHOBKE HEIOCpe.-
CTBEHHO B pailoHe TIaBaHUsl, BLIOOP ONTUMATbLHOTO
MaplIpyTa cJIeIOBaHUS IIPUHNMAETCS Ha OCHOBAHUU
dakTUIecKUX JaHHBIX. JIJIs1 YCITeITHOTO TTAaHUPOBa-
HUSI MOPCKHX OTepanuii CylecTByeT NOTPEOHOCTh B
KPaTKOCPOYHBIX ITIPOrHO3aX OPMEHTALIUY Pa3PbIBOB C
3a0J1aTOBpEMEHHOCTBIO 110 5 CYTOK.

B Hacrosiee BpeMst B ApKTUYECKOM 1 AHTapKTH -
YeCKOM MHCTUTYTE pa3dpabaThiBaeTCsI aBTOMAaTU3UPO-
BaHHBII METOII KPaTKOCPOUYHOTO IIPOrHO3a npeoodJia-
Jaloleit oprueHTaluy pa3pbiBOB B Mope JlanTeBhIX, B
OCHOBE KOTOPOTO JIEKUT METOHA aHajoros. B kaue-
CTBE XapaKTepUCTUKM MpeoOdanaroniero Hamnpanie-
HUSI pa3pbIBOB UCHOJIb3YETCS MX MOAAJIbHAsI OPUEH-
Tanusi. OcCoOEHHOCTU pacuyéTa MOJATbHOM OpUeHTa-
1IMU pa3pbIBOB MoApoOHO onucaHbl B (IopOyHOB 1
ap., 2014). Kaxnplii KOMIUIEKCHBIN aHaJor Mpel-
CTaBJISIET COOOIl COBOKYITHOCTh PETPOCHEKTUBHBIX
ToJieid Mpu3eMHOro aTMocGhepHOTro JaBaeHUsI, Apeii-
da npaa, TMBEPreHIMu CKOPOCTH Apeida, Mogaib-
HOW OpUEHTAllMM W YAEJIbHOW JJIMHBI Pa3pbIBOB.
CyTh aHAJIOTOBOTO METOAa MPOTHO3a 3aKJII0YaeTCs B
TOM, YTOOKI ITOAOOPATh 111 pacCMaTpUBaeMoOil akBa-
TOPUM U3 PETPOCHIEKTUBHOTO psi/ia TAKOE TT0JIe aTMO-
chepHOro naBJIeHUS, KOTOPOE UMEET MaKCUMaJIbHOE
CXOJICTBO C TIPOTHOCTMYECKUM T10JieM. B aToM citydae
MnpearnoaaraeTcs, 4Tro IOXOXWe TIoJIsT (hopMUPYIOT
pPa3pbIBBI C OJM3KUMU 3HAUYCHUSIMUA CBOMX XapakTe-
PUCTUK, HA OCHOBAaHWHU YETO COCTABJISIETCS TIPOTHO3.
Bricokast ompaBIbIBa€MOCTh KPAaTKOCPOYHBIX TIPO-
THO30B TIOJIell MPU3EMHOro aTMOC(EpHOTO IaBjie-
HUsI, KOTOpBIE JIeXKaT B OCHOBE MoabOpa aHajora,
MpearojaraeT, 4ro KOJWYECTBO HEYIOBIETBOPU-
TEIbHBIX MPOTHO30B XapaKTePUCTUK Pa3pbIBOB IO
MPUYNHE HECOOTBETCTBUS MTPOTHOCTUYECKOTO MOJIST
JIaBJICHUS pealbHOMY OyaeT MUHUMaIbHBIM. O60C-
HOBAaHHOCTh TaKOro IIOAXoda IIOATBEPXKIAIOT
MpenbIayle UCCIeNOBaHUs U pa3paboTaHHBIE pa-
Hee Ha MX OCHOBE METOIbI CPEAHECPOUHOTO IIPO-
rHo3a IIpeobiamamlleii OpMeHTallui pa3pbIBOB B
ApxktuueckoM bacceitie (I'opoyHoB u ap., 2008) u B
Kapckom mope (I'opoyHoB u mp., 2001). I[Ipenmy-
IIECTBO aHAJIOTOBOIO METOMA 3aK/II0YaeTCSI B TOM,
YTO OH OCHOBaH Ha (haKTUIECKUX JAHHBIX O pa3pbl-
BaX, U TaKUM 00Opa3oM YK€ YUUTBEIBAaeT HE TOJILKO
JIelicTBUE OUPKYISIIUU aTMOC(ephbl, HO U BIUSHUC
OeperoBoif YepThl, OCTPOBOB U IPYrux (PakTOpOB,
onpenelIsTIoNInX Ipeid.

JEJ U CHET Ne 3
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NCXOOHBIE JAHHBIE
1 TTOCTAHOBKA ITPOBJIEMbI

ITpu pazpaboTke MeToa IMPOrHo3a npeoodaagaro-
et opueHTalluu pa3pbiBOB B Mope JlanTeBbIX mis
MnojiydyeHus: (hpakTUUECKUX TaHHBIX O pa3pbiBax HC-
noab3ytorcss cHUMKU MMC3 SuomiNPP paspernienu-
em 375 M nuHdpakpacHoro nuamnaszoHa (11 MKM) ¢ mo-
nocoii 063opa 3000 kM. [TTaBHBIM IIPEeMMYIIIECTBOM
3TUX CHUMKOB SIBJISIETCSI €MWHOBPEMEHHBIN OXBaT
Bceil akBaTopuu Mops JlanteBbix. OCHOBHOM He-
JIOCTaTOK CHHWMKOB BBIOpAaHHOroO nuana3oHa —
orpaHUYeHUue BUAUMOCTHU MPU HAJIMUUU 00JauHO-
CTU, YTO TIPUBOJAUT K HEBO3MOXHOCTU AU PU-
poOBaHUS Pa3pbIBOB U, KakK CIEACTBUE, K Tpobensam
B (¢akTuyecKux HOaHHBbIX. PaanosokannMoHHbIE
CHUMKMU, JUIIEHHbIE 3TOTO HeJOCTaTKa, UMEIOT
HEIOCTaTOYHO  OOJIBIIOW  MPOCTPAaHCTBEHHBIN
OXBaT MO CpaBHEHUIO ¢ mjolanbio Mops. KoH-
CTpyupOBaHUEe MO3auKU U3 HECKOJIbKUX PaaMOJIO-
KallMOHHBIX CHUMKOB He yCTpaHsieT MpobjeMy, Tak
KaK 3a MPOMEXYTOK BPEMEHU MeXIy MmocjeaoBa-
TeJIbHBIMU CHUMKaMHU CHUCTEMBI Pa3pbIBOB MOTYT
CyllleCTBEHHO U3MeHUThcsl. Kpome Toro, paauosio-
KaIlMOHHBIM CUTHaJ, TPOHWKAasi CKBO3b 00Jay-
HOCTb, pearupyeT Ha II€pOXOBAaTOCTb MOBEPXHO-
CTH, U MTO3TOMY MOKPBITbIE MOJOJABIM JIAOM pa3-
PBIBBI TPYIHO UACHTUGUIUPYIOTCS Ha hoHE OoJiee
BO3pPAacTHOIO POBHOTO Jiba.

Takum obpa3oM, Mpu pa3paboTkKe MeTona IMpo-
THO3a OPUEHTAlUU PA3PbIBOB BO3HUKAET HEOOXOAM-
MOCTb B BOCCTAaHOBJIEHU M MOJHOM KapTUHBI TTOJIOXE-
HUS HapylLIeHU M CTUIOITHOCTH JIEASTHOTO TTOKPOBa Ha
aKBaTOPUM MOPsSI MYTEM MOIOJHEHUS (PaKTUUYECKUX
JIAaHHBIX PACYETHBIMU.

B pesyabTate HepaBHOMEPHOCTU MOJs Apeiida
JIbJa B JIEASTHOM MOKPOBE BO3HUKAIOT AedopMalivu.
CxxaTtue M pacTsDKeHUEe B KaXIOW TOYKe JIeASTHOro
MOKPOBa XapakKTepu3yeT TeH3op nedopmauuu. M3-
BECTHO, YTO B JIIOOOI TOUKE TJIOCKOCTU MOXHO MpPO-
BECTU JBE B3AaUMHO MEPIEHIUKYJISIPHbIE OCU, BIOJb
KOTOPBIX M3 IIBYX COCTABJISIIOIIMX AeopMaliii OfHa
OyneT MaKCUMAaJIbHOM, a BTopasi MUHUMaJIbHOU. Ta-
ke ocu (§, 1) Ha3BIBAIOTCS IIABHBIMU OCSIMU JIe-
¢dopmaiu, a cocTapisiolne CKOpocTu Aecopma-
LIMI1 BAOJIb IJIABHBIX OCE — IJIABHBIMU CKOPOCTSIMU
nedopmaluii.

st HarIsImHOTO TIpeACTaBIeHUSI CKOPOCTU Je-
dopmMal UCTIOIB3YIOT 3JIJIUIIC CKOPOCTH AeopMma-
uuu. HampapneHue GOIBIION OCH 3JLIUIICA COOTBET-
CTBYET MAaKCHMaJIbHOMY PACTSDKCHMIO (MJIM MWHU-
MaJIbBHOMY C)KaTI/IlO), Maj1asgd oCb — MHUHHMaJIbHOMY
pacTszkeHU10 (MaKCUMAaJIbHOMY CKaTHIO).

B pa6ote (Annens, I'ynkoBuu, 1992) npuseneHa
dopmyina pacu€ra HampaBlICHUS OTHOCUTEILHO OCHU
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abcuucc OONBIION ocu »jaurca aedopmanuii B
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Iae U, v — KOMIIOHEHTHI BEKTOpa CKOPOCTH Apeiida
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cKopocTeil nehopMaluy JeASTHOTO MOKPOBA CUUTA-
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mast CKOpOCTH JIMHEIHBIX JedopMannii BIOJIb 00JIb-
LI oCcH 3yuInIica AeopMaliin:

& = %(div W+ Y )- )

B dopmyne (2) nuBepreHIusi CKOpoCTU Apeiida

abna diviW = €, &, a cyMMapHas nedopmanus

Vimax = \/Q2 + yz , TOe JuHelHasa aedopMmanus
0 =¢, —¢,,aymoBas nepopManusa Y = €,, + €,,.

PactsokeHme nensTHOro IMOKpoBa IIPUBOINUT K 00-
pa3oBaHUIO B HEM pPa3pbIBOB, KOTOPbIE MPEUMYIIIE-
CTBEHHO OPMEHTUPOBAHBI MEPIECHANKYISIPHO OOJb-
1I0# ocu ayuurca aedopMali U COOTBETCTBEHHO
napamienabHo ero Manoit ocu (Hibler, 1973). Oto
O3HayvaeT, YTo Mpeobiangampliee HalpaBleHUEe pa3-
DPBIBOB IIPMMEPHO COBITANAET C HampaBJIEeHUEM OCH
cxKaTusl.

0, = @ +90°. 3)

CorrocTtaBpieHe 3HAUCHWIT OpMEHTAILIMM MaJloi
OCH aJ1IUIICca AeopMaliU JISASTHOTO IMMOKPOBA, MOJTy-
YeHHBIX 110 ¢hopmyiiam (1—3), m MomanbHOI OpUeHTa-
LIMU Pa3pbIBOB, PACCUMTAHHOM 110 (haKTUUECKUM JaH-
HBIM, IIPOBOIMIOCH B ApKTUdeckoM OacceitHe (Jlo-
ceB, lopOyHoB, 1998). ABTOpBHl UCIHOJIB30BAIU
pas3puIBEI, gemmdpupoBaHHBIE MO cHUMKam MC3
Majioro paspeteHus. [IpuBenéHHble B paboTte pe-
3yJbTaThl CBUAETENBCTBYIOT O JOCTATOYHO BBICOKOM
omnpaBabsiBaeMocTH (70%) pacu€THBIX 3HAYESHUI TTpe-
00J1a71a10111eTO HAaIlpaBJeHUs1 Pa3pbIBOB MPU AOITYCKe
+45°, 1.e. pacuéTHOE 3HAUEHNE CUUTATIOCh BEPHBIM,
€CJIM OHO OTJIMYAJIOCh OT (PAKTMYECKON MOTAJIbHOMN
OpUEeHTallMKU pa3pbiBOB He Oosiee yeM Ha 45°. s
Mops JlanTeBBIX MOJOOHBIE MCCICIOBAHUS HE MPO-
BOIMJIUCH.

B xauecTBe (hakKTMUECKMX 3HAUYEHUI MOJAJILHOMI
OpUEHTAlLIUU Pa3pbIBOB B HAcCTOsIIEH pabdoTe uc-
MOJIb30BaJINCh Pe3yJbTaThl pacuyéTa IO JaHHBIM O
pa3pbiBax B Mope JlanTeBbIX 3a JIeOBbIE MEePUOIbI
2016—2021 rr. I[TocKoNIbKY B HacTosIlee BpeMsI Me-
TOABI AaBTOMATUUYECKOM MASHTU(PUKALIUU pPa3pbIBOB
Ha cHuMmkax MC3 sumumoro m UK-nmamazoHoB

ABIMEHT u np.

He SIBJISIIOTCS JOCTaTOYHO HalEXHBIMU, Nelunudpu-
poBaHue u o poska cHUMKOB MC3 nnsg manHoi
paboThl MPOBOAMIIACH IKCIIEPTOM BPYUHYIO TIPU MO-
moiu cpeacts 'MC. dng mpoBeneHUsT pacdeéToB
MoOJajlbHOW OpHUEHTAllMM Pa3pbIBOB aKBaTOPUS
Mmops JlanTeBbIX OblLia pa3dbuTa Ha 64 KBampaTa
100 %X 100 kXM, IIpK 3TOM M3 aHaJIM3a OblIa UCKITIOYe-
Ha 30Ha, B KOTOPOIi 60JIbIIIYIO YAaCTh JIEAOBOTO CE30-
Ha pacnoJjioxXeH nmpuraii. Beibop pasMmepa KBajaparta
0oOyCJIOBJIEH MpeacTaBJI€HUEM O pa3pblBaXx Kak O
MPOTSKEHHBIX MaKpoOObEKTaX, B CBSI3U C YeM
yMEHbIIIEHUE pa3Mepa KBaJpaTa yBeJIMUuBaeT BEpo-
STHOCTh OTCYTCTBUSI B HEM (haKTUUECKUX pa3pbl-
BOB, UTO MOXET MPUBECTU K MOSIBJICHUIO HA UCCIIE-
JIyEMOI aKBaTOPUHU OOJILILIOTO KOJIMUEeCTBA KBaapa-
TOB, He 00ecIieYeHHBIX (PaKTUUSCKUMU JaHHBIMU.
KBagpar ceTku cumTtajica oOGecrie4eHHBbIM HCXO-
HBIMU TaHHBIMU O Pa3pbIBax, €CJIU CyMMapHas rnpo-
TSKEHHOCTDH pa3pbiBOB B HEM mpeBhimana 100 k.
B npoTuBHOM cilyyae Takoii KBaapaT WCKIIOYaJICS
U3 pacyéra, Tak Kak Npearnoarajioch, YTo MoJiydyeH-
Hble 3HaUYEHUSI MOJAJIbHOW OpUEHTAllUU pa3pbiBOB
B HEM He OyOyT JOCTOBEPHHI.

CornacHo (Hacrasnenue..., 2011) npu mmporHose
XapaKTepUCTUK JIETOBBIX OOBEKTOB Ha TIepUOMd MO
5 CyTOK [OITyCTMMAasl OIIMOKa IPOTHOCTUYECKOTO
3HAYCHUS ITODKHA cocTaBiATh 0.674 oT ero cpemHe-
KBagpaTtuyeckoro otkiaoHeHus (¢). IIpoBen€HHEBIE
pacy€Tbl MOAAJIbHON OpPHUEHTALIMU Pa3pblBOB B MOpPE
JlanTeBBIX 3a IepUoOL ¢ OKTAOpPA 1o Mmait 2016—2021
I'T. BBISIBWIM CYILIECTBEHHYIO U3MEHUYMBOCTh 3TOM Xa-
pakTepucTuku. CpemHss 3a JeIOBbIM LUK BEINYN-
Ha G MOJAJIbHOM OpHUEHTALIMU Pa3pPbIBOB COCTABJISIET
44° y B pa3jn4Hble CE30HbI M3MEHIETCS He3HAUYU-
TeJIbHO, He OoJiee yueM Ha 3°. TakuM oO6pa3oM, A0ITy-
CcTUMas OIMMOKAa pacyETHOIo MpeobIamaloero Ha-
MpaBjieHUsI Pa3pblBOB HE JOJKHA TpeBbiaTh 30°.
B pa6ore (®ponos, Kiusukun, 2001) ykaspiBaeTcs,
YTO B CYJOXOACTBE B OCHOBHOM HCIIOJb3YIOTCS pa3-
PBIBBI, OPUEHTAIINSI KOTOPBIX OTKJIOHSIETCSI OT T€He-
pajbHOro Kypca cyaHa He 6ojtee yeM Ha 30°. Mcxons
U3 3TUX COOOpaxkeHUIi TIpU IMIPOBEPKE OIIpaBAbIBac-
MOCTU pacu€ToB Mpeobiamalollero HampasBieHUs
pa3pbIBOB B Mope JIanTeBhIX B KAYECTBE JOMYCTUMO-
ro OTKJIOHEHUsI ObLIa MpuHsTa BeJuyrHa 30°.

PasMepHOCTb ceTKu JJi1 ocpeaHeHus (hakTuue-
CKHUX IaHHBIX XapaKTEPUCTUK pPa3pbIBOB 00YyCIIOBUIIA
BbIOOP MCTOYHMKA JAHHBIX ToJieit npeiida mis pac-
YETHBIX 3HAYEHUU MpeoObsamaronieil oprueHTaluu
pa3pbiBOB. Cyl111eCTByeT HECKOJIBLKO MaCCUBOB JAHHbBIX
nperida Jibna, MpenocTaBIsieMbIX pa3HbIMUA OpraHu3a-
UMM W HaxXONSIIMMMCS B CBOOOTHOM JIOCTYIIE
(CERSAT/Ifremer, NSDIC, OSI SAF). B kaue-
CTBE MCXOAHBIX NaHHBIX MJISI HAIllero MccjieaoBa-
HUs OblIM BeIOpaHbl naHHble apxuBa OSI SAF EB-
POMENCKON OpraHu3aluu CIyTHUKOBOM METEOPO-
noruu EUROMETSAT (Low Resolution..., 2023).
Hannasie OSI SAF mpencrasisioT co0o0il BEKTOPHI
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Taomna 1. OrnpaBabIBaeMOCTb COOTBETCTBUSI PaCUETHOM Mpeobiagamleil OpueHTaluu pa3pblBOB B Mope JlanTeBbix
hakTHUeCKMM 3HaUYCHUSIM MPU OTpeneieHUH AedopMaliny JIeATHOTO ITOKPOBa o JaHHBIM Apeiida 3a naTy huKcrupoBa-

HUA pa3pbIBOB U B ITPEAIICCTBYIOLIIME THU, %

KommuecTBo nHeit mexxny natoit cHumka MC3 u maTtoii naHHBIX Apeiida JIpaa,
HCTIOIb30BAaHHBIX TIPU pacu€Te mpeobiiagaronieit opueHTalliu pa3pbiBOB
CrartucTuyeckre mokasareau

0 1 2 3 0-3
MuHuManbHast 24.2 34.1 16.0 16.0 46.7
MakcuManbHast 87.5 91.3 89.6 86.8 91.3
Cpennss 58.3 63.9 60.1 55.6 70.4
CraHmapTHOE OTKJIOHEHME 13.2 11.2 11.6 13.8 9.1
IToBTOpSIEeMOCTH CTyyaeB, KOLIa Pacuér 27.8 33.5 20.3 18.4 100
1o TaHHBIM npeiida 3a aTy naTy
MPUBOIMI K HAMJIYYIIIEMY Pe3yabTaTy

ckopoctu apeiicda mpaa B CeBepHoM JlemoBUTOM OKe-
aHe, oIpeAesisieMbIe MO ITOC/IeA0BaTeIbHBIM CITyTHH -
KOBBIM CHUMKAaM Ha NPOTSLKeHUM 48 4acoB 1 MHTEP-
MOJIUPOBAHHBIE B Y3JIbl PETYJISIPHOM CETKHU C IIaroM
62.5 KM, 4TO COMOCTaBMMO C Pa3MEPHOCTBIO CETKH,
HWCMHOJBb3yeEMOM HaMU TIpA  IIPOCTPAHCTBEHHOM
ocpeaHeHNU paKTUYSCKUX JaHHBIX O pa3phbiBax. s
CpaBHEHUSI, MAaCCUB MaHHBIX MOpaHIIy3CKOTO Hayd-
HO-HCCJIEIOBATEIbCKOIO MHCTUTYTA MO SKCILIyaTa-
LU MOPCKHUX pecypcoB Ifremer comepXuUT BEKTOPBI
npeiicda apaa ¢ BpeMeHHBIM pa3pelieHueM 1, 2 u 3 cy-
TOK B ceTke 31.25 X 31.25 kM; nanHbsle HalimoHasnb-
HOTro IIEHTpa JaHHBIX IT0 MCCASOOBAaHMWIO CHera U
npaa NSIDC BkirouaroT BEKTOPHI Apeiida ibaa ¢ mo-
CYTOYHBIM OCPETHEHMEM B CETKE C STYCUKOM 25 KM.
bosiee BbICOKOE€ MPOCTPAHCTBEHHOE pa3pelieHue
JIAHHBIX 9TUX MaCCUBOB MO3BOJIsSIeT (PUKCUPOBATh He-
OoJibllIe M3MEHEHUSI HallpaBjJeHUs1 apelidpa Jibaa,
OIHAKO IS pellIeHUs 3adauyM pacuéTa npeoobiamaio-
el OpHEeHTAllMMd pa3pBIBOB II0 KBaapaTaM CETKU
100 x 100 kM atoro He TpebyeTcs. Kpome Toro, nH-
TEPITOJISILIMS MCXOOHBIX JaHHBIX B Y3JIbl CETKU C 00-
Jiee BBICOKUM pa3pellieHHueM BHOCUT JOMOIHUTEIb-
HBI€ IOTPEITHOCTH.

3naueHus apeida apaa OSI SAF B mope JlanTe-
BBIX 3a BBEIOpAHHBIN ITepUOM U3YUYEeHUST WHTEPIIOIH-
pOBAaIIUCh B Y3JIBI, COOTBETCTBYIOIINE LIEHTPaM KBaJl-
patoB cetku 100 X 100 kM. ITo mosryyeHHBIM 3Hade-
HUSIM [JIsI  KaXXAOTro KBaJpara pacCUUTHIBAJIUCH
3HAYEHUS TUBEPreHIIMU CKOPOCTH npeiida, cocTaB-
JISTIOIIME CKOPOCTH AehopMalivu JeAsTHOTO TTOKpoBa
YU OpUEHTAlMsI OCell 3uiurmca aedopMaluu, BXOIsSI-
mue B popmyinsl (1) u (3).
Ne 3 2023
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3nauvenus napeiida npama OSI SAF — pesynbrar
OCpEIHEeHUS ABYXCYTOYHOTO TIepHOIa, OTCUMTHIBAE-
moro ot 12:00 UTC. Caumku MC3 SuomiNPP, ko-
TOpBIE CIYXKWJIM UCTOYHWKOM NaHHBIX O pa3phbIBax,
dukcupyoT Mope JlanTeBbIX B Tiepuoa Mexay 19 u
21 vacamu (UTC). B ¢BsS131 ¢ 3TUM B HACTOSIIIEM MC-
clleoBaHUM OBLIO TIPUHSITO, YTO CYIIIECTBYIOIINM 3a
KOHKPETHYIO 1aTy pa3pbIBaM COOTBETCTBYIOT TaHHBIE
npeiida 3a npeniiecTBylolnyo naty. Hanpumep, un-
dopMarst o paspbeIBax, MOJydeHHas CO CHUMKa
MC3 6 mapra B 19:00, cTaBUIach B COOTBETCTBHE CO
3HAYCHUSIMH npeiida apma 3a 5 MapTa, KOTOpEIE SIB-
JIIIOTCSI  pe3yJIbTaTOM OCpENHEeHUsI 3a TIepuod C
12:00 gacoB 5 mapta no 12:00 gyacoB 7 mapra.

B pa6oTte otobpano 200 outncpoBaHHBIX CHUMKOB
M C3; Ha KaxKmoM N3 HUX JAaHHBIMHA O pa3pbIBax OBIIIO
oOecrieyeHoO He MeHee TPeTH OT OOIIero KoJudecTBa
KBazpaToB ceTKu Mops JlanTeBeix. CyMMapHOE Yrc-
JIO KBaJpaToB, 00eCeYeHHBIX TaHHBIMU, COCTABUIIO
6900.

IIpoBenéHHOE comocTaBlIeHUE ITOJYYEHHBIX pe-
3yJbTAaTOB pac4yéTa MOIAJbHOM OpUEHTALIMM Pa3phI-
BOB M MaJIOii OCU 3JuIMIca JnedopMaluu JIEASTHOTO
MIOKPOBa BBISIBIJIO HEIOCTATOYHO BBICOKOE MX COB-
nageHue. [1pu BeIOpaHHOM gonycke B 30° cooTBeT-
CTBUE Habmopaaoch Uik B 58% cnydyaeB. Bbeuio
MPOBEIECHO aHAJIOTMYHOE COIIOCTaBJIeHUE MpPU pac-
y€Te Majoi ocu 3umumnca aedopMaly 110 JTaHHBEIM
npeiida 3a Tpu NMpeAlIeCTBYIOIUX OIHS. Pe3ynbraThl
npencraBiaeHbl B Tab. 1. [Tocneqnuit cronden Tad-
JIMIBI JE€MOHCTPUPYET JIyYIINE U3 BO3MOXHbBIX 3HaA-
YeHUI CTaTUCTUYECKUX IToKa3aTeseit. [1pu ux ompe-
JIeJICHUM JUIS1 KaXKI0Io U3 ABYXCOT CJIyyaeB BbIOMpa-
JIOCh MAaKCHUMaJIbHO€ U3 YeTHIpEX 3HAYCHUIA
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ONpaBOBIBAEMOCTH, PACCUMTAHHBLIX IO JaHHBIM
npeiiba 3a maty (UKCUPOBAHUS Pa3phbiBOB U TPU
MPEAIICCTBYIOIINX JTHS.

Hawuyyiitee cooTBeTCcTBHE pacy€THOII OpHEeHTa-
LI pa3pbIBOB (haKTUYECKUM TaHHBIM TOCTUTAETCS B
cliydae, Korma ISl pacd€ra UCIIOIb3YIOTCS 3HAYCHUS
npeiicba “BueparrHero” mHsS, T.e. dara (UKcalUN
pa3pbeIBoB Ha cHuMKe MIC3 coBItagaeT ¢ 4aToit OKOH-
YaHUS IByXCYTOYHOTO MEPUOAA OCPETHEHUST JaHHBIX
npeiida apaa. DTO MOXHO OOBSICHUTh MHEPIIMOHHO-
CTBIO JIETOBBIX IpolieccoB. OMHAKO U B 9TOM CJIydae
YMCJIO KBAAPATOB ¢ OIU3KUMU 3HAYCHUSIMU (PaKTH-
YeCcKOM M pacyETHOI IpeobIamaroieit opueHTalumu
pa3peIBOB He AocTUTaeT 64% OT OOINero WX 4ucia.
W3 aByxcor cHnMkoB MC3, TTOCIY:KMBIINX MCXOI-
HBIMU TaHHBIMU O pa3phIBax, pe3yJabTaThl PacuETOB
o 3HAYEHUSIM apeirda 3a “BuepaliHui” IeHb IPU-
BEJIM K HAWJIy4IlIeMy COBMaAeHUIO TOJIbKO B TPETU OT
oO1iiero yucia ciaydaeB (cMm. tabis. 1). MHorna Hau-
Jiydiee coBnageHue JOCTUTAIOCH ITPU UCMOIb30Ba-
HWU TaHHBIX Ipeiida 3a 0oee paHHME THU, a pacUET
Mo “BYepaliHUM” JaHHBIM MTPUBOINII K COBEPIIECHHO
HEYIOBJIETBOPUTENbHBIM pe3yiabTaraM. OQueBHOIHO,
YTO B KaXJOM KOHKPETHOM cllydyae TpeOyeTcsl aHau3
W3MEHYMBOCTA HWHTEHCUBHOCTA U HaIpaBJICHUS
npeiida abaa B MPeaiecTBYIONIU MepUOT 1151 BbISIB-
JICHUSI THS, B KOTOPBIi BEPOSITHEE BCETO IIPOU3O0IILIO
oOpa3oBaHUe pa3phIBOB.

[TockonbKy B IIepUoOnI OO IISITU CYTOK OCHOBHOM
BKJIaJa B (hOpMUpPOBaHUE MO npeiicda Jibaa BHOCUT
BeTpoBasi KOMIIOHEHTa, U3MEHEHMeE II0JIsT BeTpa Oy-
JIeT BBI3BIBaTh MU3MEHEHUE apeliha Jbpaa, IIPUBOIs-
mee K aedopMaluu JieassHoro nokpona. Ilpu satom
YyeM MHTEHCHUBHEE BO3IYIIHBIE ITOTOKM, TEM OoJjiee
3HAYMMBbI OyIyT U3MEHEHUSI, BO3HUKAIOIINE B IOJIE
npeticda apma. Llear manHOM padoOTHI — pa3paboTka
aJIrOpUTMa, ITO3BOJISIIONIETO IO MOCeI0BaTEIbHO-
CTU MOJIeii MpU3eMHOro aTMOC(epHOTo JaBIeHUs 3a
MpPEAIICCTBYIOIINIT TepUOo OIPEACIUTh IaTy BO3-
HUKHOBEHMSI 3HAYMMBIX HOedopMaluii B JEOTHOM
IMOKPOBE, MPUBEAIINX K 00pa30BaHUIO CYIIECTBYIO-
el Ha JaHHBIM MOMEHT CUCTEeMBI pa3pbiBoB. Iloe
npeiida apga 3a 3Ty AaTy OyaeT ONTUMAaIbLHBIM OIS
BBEIUMCJICHUS pacUYETHOM ITpeobIamarolieii oprueHTa-
L1 pPa3phLIBOB.

METOANKA NCCIEJOBAHUA

ITo naHHBIM pa3phIBOB KaXA0T0 ASIIDPUPOBaH-
Horo ciuMmka MC3 6bUIO paccYMTaHO I10JI€ MOOAJIb-
HOI1 opMeHTaluuu pa3pblBoB. Hanbombimii mHTEpeC
MPENCTABISIN CBEAEHUSI O pa3pbiBax 3a HECKOJIbKO
MOCJIea0BaTeIbHBIX JHEN. YCTaHOBIEHO, YTO CHUCTEe-
Ma pa3pbIBOB B Mope JIanTeBbIX MOXET COXPaHSIThCS
MpakTUYeCKX HEW3MEHHOIl Ha MpPOTSIKEHUM He-
CKOJIBKUX CYTOK, a 3aTeM IPOUCXOIUT €€ MepecTpoii-
ka. ConocraBjieHHEe KaXI0To MOoJisi MOAaJbHOI opu-
€HTalluM pPa3pblBOB C MOJISIMU MPU3EMHOIO aTMO-

ABIMEHT u np.

chepHOro [aBJIEHUSI 3a COOTBETCTBYIOIIUE ITHU
M0Ka3aJio, YTO U3MEHEHHUE CYILLIEeCTBYIOLIE CUCTEMBI
pa3pbIBOB B Mope JlanTeBBIX TPOUCXOIMIO TOJILKO B
cllydae JOCTaTOYHO MHTEHCUBHBIX BO3AYILIHBIX TTOTO-
KOB, BOZHHUKaOUX ITPpHU 3HAYNUTECIBbHBIX BEJINMYMHaAX
rpaavdeHTa B noJje armocgepHoro aapaeHus. Eciu Ha
MPOTSLKEHUU HECKOJIBKMX AHEM OTMEYajloCch Majlo-
rpagleHTHOE IT0Jie JABJICHUS, Pa3phbiBbl HE MEHSUIU
CBOEI OpHMEHTALIMM B MPOCTpaHCTBe. BblI oTMeueH
cllydail, KOIJa CJIOXWBIIASICSI CHCTEMa pPa3phIBOB
npocyiiectBoBana 7 nHeit (1—7 mapta 2018 r.). Eciu
K€, HaIIpOTUB, B T€UEHUE NBYX—TPEX CYTOK HaIlpaB-
JICHUEC BO3AYIIHBIX ITOTOKOB €2KEAHEBHO CYICCTBCH -
HO MEHSUIOCh, YTO IIPOMCXOIUT MHPU IPOXOXACHUU
HaJ MOpPEM UHTEHCUBHOTIO LIMKJIOHA, TO OPUEHTAIUS
Pa3pbIBOB TAKXKe U3MEHSIIACh MPAKTUYECKU Ha Beeil
aKBaTOPUU.

st aBTOMaTU4eCKOro OInpenesicHUsI TaThl BO3-
HUKHOBEHMUS MOJisi aTMOCGhEPHOTro AaBJASHUS, TIPU-
BOAAILETO K UBSMEHECHUIO cymeCTBymmeﬁ CUCTEMBI
pa3pbIBOB, TpeOOBaJIOCh MMETh HEKOTOPYIO KOJIU-
YEeCTBEHHYIO XapaKTEPUCTUKY er0 UHTEHCUBHOCTH,
a TakxKe OIpeIe/INTh e€ MTOpPOoroBoe 3HaYeHue, Ipu
KOTOPOM BO3HHMKAIOIIME BO3AYIIHBIE TTOTOKU CIIO-
COOHBI BO3IEHCTBOBAaTh HAa M3MEHEHHE BEKTOPOB
cKopocTH Apeida apaa. B kauecTBe Takoii xapakTe-
PUCTUKH ObLIO MPUHSITO CpelHEEe U3MEHEHUE aTMO-
cepHOro gaBlieHMs HaJ aKBaTOpHUEl MOpPs, OTHE-
cénHoe Ha 100 kM.

OnpeneneHue cpenHero U3MeHeHUs1 aTMochep-
HOTO JaBJieHUs Hall akBaropueit Mmops (G) npoBoau-
JIOCH cilenyromuM oopa3oM. PaccunteiBanuch abco-
JIIOTHBIE 3HAYEHUST pa3HOCTE aTMOC(hEPHOTO IaBJe-
HUS B IByX COCEAHUX y3JIaXx reorpauyueckoii CeTKu1
¢ marom 1° mo mupote u 2° nmo gonrore. I1pu atom
o0a y3/1a HaXOAWJIMCh B TIpejiesiax akBaTOPUU MOPSI
JlanteBbix. Kaxnasi pa3HOCTb OblJ1a OTHECEHA K pac-
CTOSIHUIO MEXIY COOTBETCTBYIOLIMMU y3aamu. MU3-
MeHeHUe aTMOC(hEpPHOIo NaBJeHUsl OMNpPenessiioch
OTJEJbHO B LIMPOTHOM U MEPUIUOHAJIBLHOM Ha-
MpaBJCHUSIX, TTOCKOJbKY IOJydaeMoe KOJUYECTBO
paccyuThIBaeMbIX pa3HOCTEll ObLIO pa3HbIM U CO-
craBiisiio 142 3HaueHUs 1o mupoTe (1) u 127 3Have-
HUii 1o goirote (m). CpenHee 3HaYeHUE U3 IIOJIY-
YEeHHbIX BEJIMUUH MPEICTaBIsII0 cCOO0M cpeaHee u3-
MeHeHMe aTtMocdepHoro maBieHMsS Ha 1 km. B
dopmyne (4) aTta BeanmunHa ymMmHoxeHa Ha 100 mjs
MOJy4eHUsT BU3yaJIbHO OoJiee ymOOHOro Iopsiaka
3HaYMMBbIX 1IUPp. PazMepHOCTDh MojlydaeMoil Beau-
yunbl G rlla/km x 102,

n m

|Pi - Pi+1| |pj — pj+1|
1 Z d z d,

G =1 &= i + =2
2 n m

%100, “)
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Tabomuuna 2. PacnipeaesneHue mo rpyrmnaM JaHHBIX O COYeTaHUU TUIMOB MHTEHCUBHOCTHY BO3AYIIHBIX TOTOKOB B TEUCHUE
IIBYX CyTOK B 3UMHUIA 1 BeceHHUit nepuonbl 2016—2021 rr. B Mope JlanTeBbix

MNHTEeHCUBHOCTD BO3AYILIIHBIX
Yucno ciydyaeB IMoBTOpsieMocTh, %
IIOTOKOB
Homep
TPYITIbI .
. MpPEnbITYIINt
TeKYILIMI I1eHb eHD BeCh MepUoL, BbIOOpKaA BECh MEPUO] BBIOOpKA
1 CpemHsIs CpemHsIs 334 56 26.2 28
2 HU3Kas HU3Kast 259 37 20.3 18.5
3 CpemHsIs HU3Kas 161 26 12.6 13
4 HU3Kast CpemHsIst 158 24 12.4 12
5 BBICOKAsI BBICOKAs 118 22 9.3 11
6 BBICOKasI CpemHsIs 108 14 8.5 7
7 CpemHsIst BBICOKASI 106 18 8.3 9
8 HU3Kast BBICOKAsT 15 2 1.2 1
9 BbICOKas HM3Kas 15 1 1.2 0.5
1274 200 100 100

The p; M p; + | — 3HAYCHUST aTMOChEpPHOTO TaBJICHUS B
JIBYX COCETHMX y3JIaX, pacoJIOXEeHHbBIX Ha OMHOM Ia-
pajuienu, p; U p; | — 3HAYEHMs aTMOC(EPHOro NaB-
JIEHUsI B IBYX COCEIHUX y3J1aX, PAaCIIOJIOXEHHBIX Ha
OIIHOM MepHIHaHe; d; — pacCTOSTHIE MEXITY Y3IaMH i
u i + 1, pacrioaoXXeHHBIMI Ha OMHO# mapauienn; d, —
paccTosiHUEe MEXAY IBYyMSI COCETHUMM Y3JIaMU, pac-
MOJIOXKEHHBIMY HAa OMHOM MepUINAaHE.

MuHuManbHOe 3HaYeHUEe BeJMYMHbl G U3 pac-
cuuTaHHbIX 3a nepuon 2016—2021 rr. B Mmope JlanTe-
BBIX HaOmogamoch 23 gexkadbps 2021 r. m cocTaBMIO
0.31 rlla/km X 102, a MakcUMaJbHOE, paBHOE
2.95 rIa/xm X 102, — 23 nexa6ps 2018 r. Comocras-
JIEHV€ MMEIONINXCS MOJIe MOITaTbHON OpHEHTAIINU
Pa3pBIBOB C MOJISIMU aTMOC(EPHOIO ITaBJICHUS M03-
BOJIMJIO YCTAHOBUTH, UTO M3MEHEHHE CYIIECTBYIO-
IIeil CUCTEMBI pa3pbiBOB Bcerda IIPOUCXOIUIIO IIPU
cpemHeM M3MeHEeHUM aTMocdepHOro aaBiacHUs G =
> 1.4 rITa/km X 102 1 HU pa3y He MTPOUCXOIUIIO TTPU
G <0.85rIla/km x 102 Ipu 0.85 < G < 1.4 rl1a/xm X
x 10? GbIIM OTMEUEHBI CIy4au KAaK COXPaHEHUS MO-
JIAJIbHOI OpMEHTAIIMM Pa3pbIBOB, TaK U €€ N3MEHEHUSI.
ITo-BumMoMy, B KaxXKmoif KOHKPETHOI CUTyallMyd Ha
mnoJie apeiica apaa 1, Kak CJIeACTBUE, Ha CUCTEMY pa3-
PBIBOB OKa3bIBaJIU BIMSHUE TOTIOIHUTEIbHBIC (DAKTO-
pBI, HAIpUMeEP, COXpaHEHME HaIIpaBJICHUS BO3MYIII-
HBIX IIOTOKOB, UX MHTE€HCUBHOCTh B IIPEIIIECTBYIO-
IV ICHb.
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Jl1s aHanmv3a CBSI3U U3MEHEHUST OpUMEHTAlluU pas-
PBIBOB B JICISTHOM ITOKPOBE C MHTEHCHUBHOCTHIO BO3-
JIYIITHBIX ITTOTOKOB HAJl MOPEM I10JIsI aTMOC(EPHOTIO JaB-
JIEHWSI ObUIM pa3lesIeHbl Ha TPU TUIIA: C BHICOKOI MH-
TEHCUBHOCTBIO BETPOBbIX MOTOKOB (G = 1.4 rlla/km X
% 10%), cpenneii (0.85 < G< 1.4 rIla/kM X 102) u HU3-
Koit (G < 0.85 rITa/km X 10%). B 1e10BbIii c€30H MOps
JlanTeBhIX, T.e. B HOsIOpe—Mae, mo maHHbIM 2016—
2021 rr., BhIcOKasi MHTEHCUBHOCTh BETPOBBIX IMOTO-
KOB OoTMedasiach B 19% ciydaeB, cpensass — B 47%
ciaydaeB, HU3Kast — B 34%. I10CKONIBKY MCIIOIb3ye-
MEIEe B paboTe mJaHHBIe Apeiida Ibaa UMEIOT ABYXCY-
TOYHOE OCpeIHEeHHUE, MOJIsT aTMOC(EPHOTO TaBJICHUS
OBLIN ITOJIeJICHBI Ha TPYIIIbI, YIUTHIBAIOIINE THAIT MH-
TEHCUBHOCTHU BO3IYIIHBIX TOTOKOB 3a JBa MOCIEI0-
BaTelIbHBIX OHs. B Tabj. 2 mpuBOIUTCS ITOBTOpSIE-
MOCTb IMOJIYYEHHBIX TPYIIN KaK B TeUYSHME BCETO JIeA0-
Boro nepuopaa 2016—2021 rT., Tak ¥ pacCYUTaAHHAS 10
BeIOOpKe 13 200 naT, BXOOSIIIUX B 3TOT K€ MeproI U
obOecrnedeHHBIX (DaKTUUYECKUMU TaHHBIMU O Pa3pbl-
Bax B Mope JlanTeBbix. B MpolleHTHOM OTHOILIEHUU
pacrpeneeHue o rpyInaM B MMeIOIeiicsT BEIOOpKe
XOPOIIIO COMIACyeTcsl ¢ pacnpeaeeHUEM, MOJTyYeH-
HBIM II0 BCEMY IIECTWJIECTHEMY MEPUOLY, T.€. B 3TOM
OTHOIIIEHU BbIOOPKA peripe3eHTaTUBHA.

Kak BugHO 13 1aHHBIX Taba. 2, B paccMaTpuBae-
MBIt TIepuo B Mope JIanTeBbIX HAaMOOJIBIIIYIO TOBTO-
PSIEMOCTh UMEIOT TPYMIIbI, YYUTHIBAIOIIME BO3MYIII-
HbI€ MOTOKU TOJILKO CPEIHEN MU HU3KOM MHTEHCUB-
HOCTH, Ha AOJIO0 KOTOPBIX mpuxomutcda 6omnee 70%
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cirydaeB (Tpyriisl 1—4). B O0NbIIMHCTBE CIy4aeB TUIL
WHTEHCUBHOCTU Ha TPOTSDKEHUM JBYX THEH coxpa-
HseTcs (rpyrmsl 1, 2 1 5). U3MeHeHre MTHTEHCUBHO-
CTU TIPOMCXOMUT ITOCTETIEHHO, TIepeXol B TeUCHME
CYTOK OT HM3KOTO THIIa K BBICOKOMY M Hao0OpOT
BCTpedaeTcsl KpaitHe peako. Bc€ m3oxkeHHOe BBINIIE
COOTBETCTBYET PeXXMMY MOpsI JIanTeBBIX, IS KOTO-
pOTo XapakKTepHO MpeobaamaHue yMEpEeHHOTO BETpa,
B cpemHeM okojio 5 M/c (Mops..., 2021). D10 00y-
CJIOBJIEHO TeM, YTO B XOJIOMHBIN ce30H Mope Jlarre-
BBIX HAXOIUTCS IO BO3IECTBUEM aHTUIIMKJIIOHYE -
cKoi 1upKyassuuu. LIMKIIOHBI, BBI3bIBAIOIIUE CUJIb-
HBbIE BETPHI, ITOCTUTAIOT 3TOTO MOpS 3HAYUTEIHLHO
pexe (Ilpuk, 1971; Jlo6poBonbckmii, 3amorux, 1982).

Jas KaxXmoi W3 BbIIEJICHHBIX Tpymm 1—7 ObLIO
MPOBENEHO COIMOCTABIIEHUE XOAa U3MEHEHUS TOJIeit
aTMoc(epHOro JaBieHUs, Apeida Ipaa 1 pakTude-
CKOM MOJaJIbHOM OpUeHTaluy pa3pbiBoB. [pyrmnbl 8
1 9 13-3a MaJoro KOJMYeCTBa UCXOMHBIX JaHHBIX HE
paccMaTpuBaIuCh, OAHAKO ITOJyYeHHBIE B XOIe aHa-
JIN3a OCTAJIbHBIX TPYMIT OOIIYe MPUHLIMIBI B3aUMO-
CBSI3M YKa3aHHBIX BBIIIE IMapaMeTPOB MOIYT OBITh
pacIpocTpaHeHbl U HA TaHHbIE 3TUX TPYIIIL.

PE3YJIBTATbBI MCCIIEAOBAHUA

ConocTaBieHue 1noJjieit aTMocepHOro aaBaeHUs
C OTPaBIBIBAEMOCTBIO PAaCUYETHON Mpeobiamaroneit
OpUEHTALMKU Pa3pbIBOB, IMOJYYEHHON IO AAHHBIM
npeiida 3a pa3TMIHBIe THU, TIO3BOJIMIIO BEISIBUTH HE-
KOTOpPbIE 3aKOHOMEPHOCTHU, TIPUCYIIIME BCEM ACBITU
BBIIEJICHHBIM TPYIIIIaM, 1 OCOOCHHOCTH, XapaKTep-
HbIE JJI KaXIOi U3 HUX. YCTAHOBJIEHO, YTO CUCTEMA
pa3pBIBOB, C(hOPMUPOBAHHAS BO3MYIITHBIMU IIOTOKA-
MM BBICOKOM NHTECHCHUBHOCTHU, MOXET COXPaHATBHCHA
Ha TPOTSKEHUH TPEX CYTOK M GoJjiee, €CIN B TOCIe-
IyIOIIHUE THU TI0JIsT aTMOCGEpPHOTO JaBJIeHUS 1O Be-
nmauHe G OTHOCWJIMCH K MeHee WHTCHCUBHBIM TH-
raMm.

Hanuuue B mosie atMocepHOro JaBJICHUS ITUK-
JIOHA, LIEHTP KOTOPOIO pacmojiaracTcsl Haa aKBaTO-
pueil Mopsi, TIPUBOAUT K (GOPMUPOBAHUIO CUCTEMBI
pa3pBIBOB HE3aBUCUMO OT MHTEHCHUBHOCTH BO3MYIII-
HBIX TIOTOKOB B HEM. IIpM OTCYTCTBUU BO3IYIIHBIX
IIOTOKOB BBICOKOM MHTEHCHUBHOCTU B T€UEHHE IBYX
CYTOK (ciIydyau, OTHoOcCsIIIMecs K rpymnmnam 1—4), Biu-
sSTHUEe [IUKJIOHA Ha Ipeiid abaa coxpaHsIeTCsl Ha IIpO-
TSKEHUM 10 TPEX CYTOK.

Bosbiioe BaussHue Ha (popMUpPOBAHUE CUCTEMBI
pa3pbIBOB OKa3bIBa€T COXpaHEHUE TMOoJo0UsT B Ha-
TpaBJIeHUN BO3IYIITHBIX TOTOKOB C UHTEHCUBHOCTHIO
He HIXe CpellHel B TeUeHUe HECKONIbKUX cyTOK. Eciu
Ha MPOTSDKEHUM HEe MEHee JIBYX CYTOK HallpaBlIeHUE
BOBIYIIHBIX TIOTOKOB MPaKTUYECKU HE MEHSIOCH MTPU
CpelHeil WX WHTEHCUBHOCTH, BO3HUKHOBEHUE BO3-
JIyIITHOTO TIOTOKA JaXe BbICOKOW MHTEHCUBHOCTH, HO
WHOTO HallpaBJIeHUs, HE TPUBOAMIIO K CMEHE MPeo0d-
Jlanarolieid opreHTauuu paspbiBoB. [Ipu coxpaHe-

ABIMEHT u np.

HUM HaIpaBJIEHUs] BO3IYIIHBIX TOTOKOB CpEIHEN U
BBICOKOII MHTEHCUBHOCTH OT ABYX AHEI HAWMJTYUIIV-
MU JIST pacyéTa B MOJABIISIONIEM OOJBIITMHCTBE CITy-
yaeB ObUIM HaHHBIE Ipeiida 3a JeHb, KOTaa JaHHOe
HaIpaBJIEHUE BIIEPBhIE YCTAHOBUIIOCK.

Ecnu Ha npoTsoKeHMM HeCKOIBKMX CYTOK HallpaB-
JIeHUe BO3MYIIHBIX MOTOKOB €XeTHEeBHO MEHSLIOCH,
TO IUIS1 KaXKIOM T'PYIIITHI CYIIeCTBOBAJIM CBOM OCOOCH-
HOCTH JIJISI OTIpeAeIeHUSI HAMTYYIINX JaHHBIX Opeii-
da mpma W pacuyéra mpeoOJIamalolIero Hampasiie-
HUS pa3pbiBoB. st rpynmibl 1 yduThIBasioch abco-
JIIOTHOE 3HauyeHHWe BeJWMYMHBI G 32 KaXIble CYTKHU,
omnpeaessioniee TUM WHTEHCUBHOCTHA BO3MYILIHBIX
MOTOKOB. B HEKOTOpPHIX ciIy4yasix TpeOOBalOCh I0-
MOJIHUTEJIbHO YYUTHIBATh 1 BEJIMYNHY U3MeHeHUs G.
YcraHOBICHO, YTO IJIsl TPyNH 3 ¥ 7 HAWMJTYYIIUM JIJIST
pacuéra aBJsieTCs MPeAIIeCTBYIOLIMIA TTeprom, B KO-
TOPBII ITPOU30LILIO HanboJiee CyIeCTBEHHOE U3MeE-
Henue G. B ciyyae, Korma aBa qHS TOAPSI HAaOIoma -
IOTCSI BO3AYIIHBIE IIOTOKHM BBICOKOIT MHTEHCUBHOCTHU
(rpynimma 5) pasHoro HampasiieHus, (opMmupyeTcs
JIBYXMOJaJbHasl CUCTEMa pa3phIBOB, TaK KaK BHOBb
oOpa3oBaBIIMecs pa3pbiBbl CYILIECTBYIOT OJHOBpPE-
MEHHO C elll¢ He MCYE3HYBIIMMU pa3pbIBaMu, chop-
MUPOBABIIMMUCS paHee.

Bce BbIsIBIIeHHBIE 3aKOHOMEPHOCTU OBLIU BKJTIO-
YeHbl B aJITOPUTM pa3pabOTaHHOIO MPOrpaMMHOIO
obecnieyeHus. s aBTOMaTUYECKOTO OMpeaesIeHUs
¢akTa coxpaHeHUsI HanpaBIeHWs BO3AYIIHbIX TOTO-
KOB WCITOJIb30BaJlaCh METOJAMKA, OCHOBaHHasi Ha
KJaccudukanuuu 6aprueckrux cuTyainuii B Mope Jlar-
TeBbIX (ITopyOaeB, IbiMeHT, 2021) u moroJiHeHHas
YYETOM CTPYKTYPHI JOKOMH U rpeOHeit.

Ha ocHoBe aBTOMarmyeckoro aHajin3a peTpo-
CNEKTUBHBIX T10JIeit aTMOC(HEPHOTO JaBJICHUS ONpe-
Jensuiach OINTHMMaJibHasl JaTa MaHHBIX apeiida Jbaa
IS TIOCJICAYIOIIEro pacuyéra nmpeobiagarolieii opur-
eHTallMM pa3phIBOB B KBangpaTax ceTku. [1orydeHHEIE
pacyéTHbIe 3HAaUYeHUS ObLIM COMTOCTAaBJICHBI CO 3HAUE-
HUSIMU (paKTUIECKOM MOJAJIbHOM OpUEeHTALUM pa3-
peIBOB. PaccunTaHHoe Tipeobagaloliee HaIpaBiie-
HIE pa3pbIBOB CYUTAJIOCH BEPHBIM, €CJIU €TI0 OTJINYME
oT ¢akTuueckoro He npesbiiasio 30°. B Tabm. 3
IpeacTaBlcHa OIPaBIbIBAEMOCTh OPUEHTALIMU Pa3-
PBIBOB, TIOJIy4EeHHOM B X0J¢ padboThI aaroputma. s
CpaBHEHUS 30eCh XKe IIPUBOIUTCS OIIPaBALIBAEMOCTh
pacy€éToB, BBINTOJIHEHHBIX 10 JAHHBIM Apeiida Jbaa
3a IIPEAIIeCTBYIOIINI OeHb, IMOCKOJBKY, KaK OBLIO
nokxas3aHo paHee (cM. TaGa. 1), pacyéTr mo JaHHBIM
3TOrO IHS IIPUBOIAMII K JIYYILIMM pe3yIbTaTaM.

CpenHsist onpaBIbIBA€MOCTb MOCJIe IIPUMEHEeHUS
aJIropyuTMa BO3pOCja HECYIIECTBEHHO IO CpaBHE-
HUIO C PacYETOM 10 TaHHKLIM Apeiida IMpeablaylIero
IHS (cM. Tab. 3). DPhEeKTUBHOCTh COCTABIISIET Me-
Hee 5%. DTO CBI3aHO C TeM, UTO B HEKOTOPBIX IPYII-
nax, ¥ BYaCTHOCTU, B CAMOM MHOTOYMCJIEHHOM IpyII-
ne 1, meliCTBUTENbHO K HawjIydllleMy pe3yJbTaTy B
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Ta6muua 3. OnpaBabiBaeMOCTb pacuéTa npeoodaanamnieil OpueHTaluu pa3pbiBOB B IPYyMIax ¢ pa3jInyHbIM COYETAHUEM
TUITOB MHTEHCUBHOCTH BO3IYIITHBIX TTOTOKOB B TEUCHWE IBYX CYTOK U €€ CTAaTUCTUUYECKHE XapaKTEePUCTUKHU B 1IEJIOM T10

BBIOOpKE
OmnpaBabsIiBaeMOCTh pacuéra, %
Mo JaHHBIM Apeiida
KonuyecTBo KBagpaTos, .. .
Howmep . N 3a JIeHb, OTNIpeaeIEHHBII
Y4acTBOBABIINX o JaHHBIM Apeiida Mo JaHHBIM apeiida ..
TPYTITBI .. . .. . | moanropurmy, c yu€tom
B pacuére 3a MPEenIIeCTBYIOLINIA 3a JIeHb, OTpeaeIEHHBII
pas3Iuyus TPYIT
NeHb 10 aJITOPUTMY . .
B CEBEPHOI U FOXKHOI1
4acTsIX MOPSI
1 1918 65.7 66.5 68.7
2 1283 57.5 64.9 68.3
3 848 65.1 67.0 68.3
4 834 66.3 67.0 67.9
5 813 63.0 72.8 74.4
6 475 58.1 62.4 69.3
7 620 68.5 68.5 70.6
8 73 56.2 56.2 63.0
9 36 86.1 86.1 86.1
MuHuMaIbHasK 34.1 41.5 50.0
MaxkcumanbsHast 91.3 91.3 97.4
Cpennss 63.6 67.0 69.4
CraHaapTHOE OTKJIOHEHUE 11.2 9.6 9.5

OOJIBIIMHCTBE CIy4aeB MPUBOAUT PACUET MO JAHHBIM
“BuepalnrHero” apeiida. beio ycraHOBIEHO, UTO eC-
JIV BO3AYIIHBIE TIOTOKU CpeaHet MHTEHCUBHOCTH CY-
IIECTBYIOT Ha IMIPOTSLKeHUM ABYX MHel (rpymma 1), To
BBIOMpATh IJIsI pacuyéTa JaHHBbIe Apeiica MHOTO ITHS
clienyeT TOJbKO B TPEX CUTYaAlUsIX: HaMpaBlIeHUE
BO3IYIIHBIX TIOTOKOB COXPAHSJIOCh HE TOJIBKO B 3TU
JIBa IHSI, HO 1 B TIPEIIECTBYIOIINE UM, TIPU 3TOM TUII
WHTEHCUBHOCTHU TIO-TIPEXHEMY ObUI HE HUXKE Cpell-
HEero; ABa JHs Ha3aJ HaOJonayicsl BO3AYIIHbIN MOTOK
BBICOKOW WHTEHCHUBHOCTHW; IBa JHS Has3aa HaOJro-
JlaJicsl LIMKJIOH C LIEHTPOM Haja akBaTopueil Mopsi.
ITockonbKy Takue cuTyalldu BCTPEYaloTCsl PEnKo,
3¢ deKT OT TNPUMEHEHHUST aJiToOpyUTMa I JaHHBIX
rpymmsl 1 B LieJJToM MUHUMaJIeH. TeM He MeHee, YUET
YKa3aHHBIX Bblllle OCOOEHHOCTE! MO3BOJISIET MOBBI-
CUTh ONpPaBAbIBAEMOCTb PACUETOB B COOTBETCTBYIO-
LIUX CTyJasix.

[prMmeHeHMe anTopUTMa I JAaHHBIX TPYIIITHL 2,
OO0BENMHSIONICH CUTYAlIMN C BO3MYIITHBIMU ITOTOKA-
MU HM3KON MHTEHCUBHOCTM Ha MPOTSKEHUM IBYX
CYTOK M GoJjee, MPUBOIUT K Topasmo Oojiee CcyIe-
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CTBEHHOMY TTOBBILLIEHUIO OMPAaBAbIBAEMOCTU pacué-
ToB. [ToCKONBbKY TIpU MaJIOTPaIMEHTHOM I10JIe aTMO-
chepHoro naBjaeHusi He GopMUpPYETCS HOBAsI CUCTE-
Ma pa3phIBOB, pacuET npeoodiagarolieii opueHTaluu
pPa3pbIBOB IO TaHHBIM Apeiida mpeaplayiero Hs 3a-
BEAOMO TIpUBENET K OLIMOOYHBIM pe3ysibTaTaM.
B aTOoM cnyyae aHaIu3 peTpOCIEKTUBHBIX MOJei aT-
Moc(epHOro JaBjieHUs TTO3BOJISIET OMPENETUTD T0JIe
¢ GoJbliieli MTHTEHCMBHOCTBIO BO3AYIIIHBIX TTOTOKOB,
KOTOPOE TIPEAIOJIOXUTEIbHO MOTJIO Obl BBI3BATh Cy-
IIeCTBEHHbIE JedopMaliu B JEASHOM ITOKPOBE,
MPUBOSIIME K 00pa30BaHUIO pa3phiBOB. B KauecTBe
npuMepa Ha puc. 1 mpuBeneHbl Mojas1 aTMOCHEPHOTO
nIaBiieHUs 3a 4 nociaemoBaTeabHBIX THS (11—14 des-
pansg 2021 r.). HanGonee BepoOSITHO, YTO pa3pHIBHI,
HaOmonaembie 14 peBpasts, ObLIM 0Opa3oBaHbI Apeii-
¢oMm, BBI3BAHHBIM MHTEHCUBHBIMU BO3MYUIHBIMU
norokamu 11 deBpaist. Ha puc. 2 npencraBiaeHE pe-
3yJbTaThl pacyéTa Tpeobiafarolleil opueHTaluu
pPa3pbIBOB 110 NaHHBIM npeiida 3a 11 u 13 despans.
CornocrapieHue ux ¢ GakTU4eCKUMU JaHHBIMU MO-
JIaJIbHOUW OpUEHTAllMU pa3pbiBOB MOATBEPXKAAET 3TO
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Puc. 1. [Tonst atmochepHOro gaBneHus Haa akBaTopueid Mmops JlanteBbix 11—14 despanst 2021 1. (a—e): 1 — n3obapwl, rlla.
Fig. 1. Atmospheric pressure fields, Laptev Sea, February 11—14, 2021 (a—e): I — isobar, hPa.

npenmnojoxeHve. B gaHHOM ciyyae oIlipaBabliBae-
MOCTh pacy€TOB MO HaHHBIM apelicda 3a 11 deBpans
cocraBuia 82%, B TO BpeMsl KaK IIPU pacuére I10 TaH-
HBIM 3a 13 (peBpaiist oHa ObI cocTaBUJIA TOJILKO 34%.

CJOXHOCTH B OTIpeNie]ICHUH PacYETHOM TTpeobita-
JaIoLIE OPMEHTALIMU PAa3pbIBOB BOZHUKAIOT IIPH CO-
XpaHEHUU MaJIOrpagleHTHOrO IOJISI aTMOCHEpPHOTo
IaBJIeHUSI HA MNPOTSKEHUU IJIMTEIBHOIO BpeMEHU

JEO U CHET Tom 63 Ne3 2023
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Puc. 2. PaccuuranHas nmpeo6ianaroniasi opueHTalusl pa3pblBoB B Mope JlanTeBbIX:
1 — no bakTryeckuM gaHHbIM 14.02.2021 1.; 2 — o maHHBIM Apeiida 3a 13.02.2021 r.; 3 — mo naHHBIM apeiida 3a 11.02.2021;

4 — n3obapkwl, rlla.

Fig. 2. Calculated prevailed orientation of leads in the Laptev Sea

1 —based on actual data on 14.02.2021; 2 — based on ice drift on 13.02.2021; 3 — based on ice drift on 11.02.2021; 4 — isobar, hPa.

(6 cyTok u 6oitee). I1pu 3THX YCITOBUSIX CIIOKUBIIIAS -
csl ccTeMa pa3phIBOB MOXET IIPOCYILIECTBOBATD JI0-
CTaTOYHO IOJITO, HO 3a CUET Apeiida Ibaa oHa OymeT
MeJIJIEHHO MepeMeNIaThCs B IIPOCTPAHCTBE 6e3 M3Me-
HeHMs IIpeoOJiafalollero HallpaBiICHUSI Pa3pbIBOB.
ITockonbKy ocpenHeHne IpU pacdE€Tax IPOU3BOIUT-
ca o kBaapartam 100 X 100 kM, crmyctst 5—6 CyToK 00-
pa3oBaHHbIE MO AECTBUEM WHTEHCUBHOIO IIOJIS
aTMoc(epHOTO TaBJIICHUS pa3pBIBEI MOTYT IIepeMe-
CTUThCS B 30HY cocemHero kBaaparta. [1o aToii mpu-
YMHE pacY€THBIE 3HAYCHUSI OPHMEHTALIMU pPa3phl-
BOB, IMOJYYEHHBIC IO JAHHBIM Apeiida “HeaeabHOMU
JIaBHOCTU”, MOTYT HE COOTBETCTBOBATh (paKTUUe-
cKuM gaHHBIM. O4eBUIHO, B 3TOM CJIydyae ITOTpe-
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OyeTcs IOIMOJHUTEIBHBIN YYET HaAIIpaBJIeHUS U
cKopocTu Apeiida Jibga 3a pacuy€THBIN IEpPHOL.
B nanHoii paboTe mMomoOHBIE CUTyallMd HE pac-
CMaTPUBAIVCh, U He ObUIM BKJIIOUEHBI B aHAIU3U-
PYEeMYIO BEIOODKY.

HauGonee 3HaumMblili 3pdekT OT IpUMEeHEHUS
pa3paboTaHHOro ajJropuTMa HabaogaeTcs B IPyII-
e 5 (cM. Taba. 3), oObemuHSIONIEI CUTyalluy, KOraa
B TeUEHME ABYX THE COXpaHsJIaCh BHICOKAasl UHTEH-
CUBHOCTb BO3IYIITHBIX IIOTOKOB. BEISIBIIEHO, UTO 1O~
J1e aTMOocGhEePHOIo JaBJIeHUS ¢ BeIMYUHOM G, cyle-
CTBEHHO MpeBHIIIAIONICH HIXKHEE TOPOroBOe 3HaUe-
HYUE TUIIA C BHICOKOM MHTEHCUBHOCTBIO BO3MYIIIHBIX
MMOTOKOB, TPUBOAUT K BO3HMKHOBEHMIO Apeiida
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Puc. 3. IMonsa atrmochepHoro nasinenus, apeiicda apaa n ¢hakTHIecKoi MOJATbHON OPUEHTAIIMK Pa3pbIBOB B Mope JlanTeBhix
5.02.2018 (a) u 6.02.2018 (6): I — MaciITaOUPOBAHHBIN BEKTOP CKOPOCTH Apeiida ybaa; 2 — pakTudeckass MoJajabHasi OpveH-

Talus pa3peiBoB; 3 — n3o06apkl, rlla.

Fig. 3. Fields of atmospheric pressure, sea ice drift and actual modal orientation of leads in the Laptev Sea on 5.02.2018 (@) and
6.02.2018 (6): 1 — scaled vector of sea ice drift velocity; 2 — actual modal orientation of leads; 3 — isobar, hPa.

JIbaa, (pOpMUPYIOLIET0 HOBYIO CUCTEMY Pa3pbIBOB B
TedeHHe cyToK. [1loaTomy B ciayyae 0COGEeHHO UHTEH-
CUBHBIX BO3IYIITHBIX [TIOTOKOB HAWJTYYIITMMU JIJISI pac-
yéTa SIBIIIIOTCS AJaHHBIE Apeiida TeKylero gHs. DTa
K€ 3aKOHOMEPHOCTh MCITOJIb30BajlaCch IPU pacyéTe
clydyaeB, OTHOCSIIIIUXCS K TpyMIIe 6, KOrga MHTEHCUB-
HOCTb BO3JIYIIHBIX IMOTOKOB B TeYEHUE IBYX JIHEM
BO3pAacCTaeT OT CPEeIHEN JO BEICOKOIA.

Ha puc. 3 B KadyecTBe mpuMepa MpeacTaBIeHBI
MoJisi aTMOoCcGhEepHOro NaBjleHUs cpeaHell (a) 1 BbI-
cokoit (6) narencuBHocTu Ha 0:00 UTC, cymectBo-
BaBIllMe B IBa MocjeaoBaTeIbHbIX AHSI. Ha aTtux xe
pHCYHKaxX TIpWBeIecHa MOIajdbHas OpUEHTAIINsST pa3-
PBIBOB, paccuuTaHHast 1o (haKTUUYECKUM JaHHBIM CO
cauumkoB MC3, 3aduKcupoBaBIINX pa3pbIBbI B JIe-
JISTHOM MOKpoOBe B 3TU ke AHU okojo 20:00 UTC.
Bo3nyurabeie MOTOKM BHICOKO MHTEHCUBHOCTH, OT-
MeuaBIIIMeCs B CEBEPHOI YyacTu Mops 6 deBpasisi, B
TeUYeHHe CYTOK N3MEHIIIN TTpeo0Iamalonyo OpueH-
TallMIO Pa3pbIBOB, TOTIA KaK ropas3iao MeHee UHTEH-
CHBHBIC TIOTOKH B I03KHO 9acTH MOPS He TIPUBEIN K
3HAYMMBIM W3MEHEHUSIM CYIIeCTBOBaBIleil paHee
CHICTEMBI Pa3phIBOB.

IIpuBenéHHble TI0Js1I aTMOCGEPHOIO JIaBIeHUS
(cMm. puc. 3) TakKe WILTIOCTPUPYIOT PSII CIy4aeB, KO-
IJ1a MHTEHCUBHOCTb BO3AYIIHBIX TOTOKOB HEMOCTO-
sSIHHA M0 aKBaTOPUM MOPSI, UTO TTOATBEPXKIAACTCS Cy-
IIECTBEHHBIM Pa3IudyueM MOIYJIEM CKOPOCTU Apeii-
¢a npga B CEeBEpHOM M IOXKHOUW YacTaX Mops.
HecMmoTpst Ha 10CTaTOYHO BBICOKOE 3HaueHue G =
= 1.76 rI1a/xm * 102, MOJIy4EHHOE IO MOPIO B LIEJIOM
6 deBpast 2018 1., BO3AYIIIHBIE TOTOKU B I0XKHOIM Ya-
CTU MODS B 3TOT [I€Hb HEJIb351 OTHECTU K UHTEHCUB-
HbIM. BennuuHa G, paccuuTaHHasl OTAEIbHO IS ce-
BEpHOII M IOXHOII 4acTeil Mopsi, paBHa 2.6 u
0.82 rlla/km X 10? COOTBETCTBEHHO, T.€. K TUITY C BbI-
COKOM MHTEHCUBHOCTbIO OTHOCUTCSI TOJIBKO CEeBEp-
Hasl YaCcTh MOpsI, a I0XKHAsI 4acTh — K TUITY C HU3KOM
WHTEHCUBHOCTbHIO. AHAJIOTUYHO, MOJIe aTMOC(hepHO-
ro maBieHus 3a 5 deBpans 2018 r. OTHOCHUTCS K TUITY
CO CpelHeil MHTEHCUBHOCTBIO BO3IYIITHBIX MOTOKOB
TOJIBKO 3a CUET O0JIee MHTEHCUBHOM CEBEPHOI YACTH.
TakuMm o6paszoM, cirydaii 5—6 despaisg 2018 1. MOXXHO
OTHECTH K TpyIITe 6 TOJIbKO B CEBEPHOI YaCTU MOPS.
ITo 3HaYeHUSIM B 102KHOW 4aCTU MOPSI OH OTHOCUTCS
K rpymnre 2.

JEO U CHET Ne 3
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PACYET MPEOBJAJAIOUIEN OPUEHTALIMU PA3PBIBOB

I[TocKOABKY anropuT™M OIIpeAesieHUs] IaThl ITOJIS
npelicdba nmpaa o pacdéra OpMEHTAllMM Pa3pbIBOB
VYUTBIBAET WHTEHCHUBHOCTh BO3IYIIHBIX ITOTOKOB,
JUISI KOPPEKTHOIO €ro IPUMEHEeHUs ObLIO pEelIeHO
paszaenanTh Mope JlanTeBbIX Ha IBE 4acTU (CEeBEPHYIO
U 10XXHYI0) 110 77° c.uu. JIag moJieit atMocdepHOoro
JaBJICHUS, Pa3IMYAIOIINXCs 110 TUIY MHTEHCUBHO-
CTU B CEBEPHOI M IOKHOM 4acTsIx MOpPS, aJilTOPUTM
MIPUMEHSIETCS. OTACIBHO IS Kaxmoit 3 Hux. Onpe-
JIeJ€HHBIE B 3TOM ClIyyae JIaThl JAaHHBIX 110 Apeidy
JIbaa IjIsl pacyéTra OpHEeHTAllMM Pa3pbIBOB IJIST KasK-
JIOI YacTU MOpPsI MOTYT OKa3aThCsl pa3HbIMU.

ITo cpaBHEeHMIO C MpUMEHEHHWEM aJITOpUTMa K aK-
BaTOPUU MOPSI B 1IeJIOM OIPaBIBIBAEMOCTh PACUET-
HOIi OpMEHTALIMM Pa3pbIBOB, MOJIYYEHHOI C y4éTOM
paszIuyusl UHTEHCUBHOCTU BO3AYILIHBIX IOTOKOB B
CEeBEPHOM UM I0XKHOM 4YacTsX MOpsi, TTOBbICWJIACH BO
Bcex rpymnmax kpome 9-ii (cM. Ta6:. 3). CpenHee 3Ha-
YeHUe OTIPaBIbIBAEMOCTHU U €€ CpeaHee KBaapaTuie-
CKO€ OTKJIOHCHUE TIPUOIU3WINCH K BeJIMYUHAM, T10-
JIy4eHHBIM TIpU (OpMaJIbHOM BbIOOpE 1JisI pacuéra
IaHHBIX Apeiida Jbaa, 3aBeIOMO TIPUBOMAIIMX K
HaWIydlieMy pesysibTaTy (CM. TocIeaHuil cTosbelr
Ta6a. 1). MuHUMaIbHOE 3HAYeHUE OIMpaBIbIBAEMO-
CTH TOIHSUTOCH 10 50% , TaKIM 006pa3oM, yaaaoch M3-
OexxaTh ciydaeB BhIOOpaA a0COMIOTHO HEMOAXOMSIIINX
IUJIsI pacuéra JaHHbIX Apeiida abaa.

BbIBO1bI

B xo1e nmpoBen€HHOro McCaeI0BaHUs YCTaHOBIIS-
HO, 4TO CYIIECTBYET BO3MOXHOCTD ITOJy4aTh pacuyeT-
Hble 3HAUYCHUS MpeoObjagarlneii OpueHTAllUM pas3-
PBIBOB B JICASTHOM ITIOKPOBe MOps JlanTeBhIX MO AaH-
HBIM (PaKTUUYECKOTO Apeiida abaa.

[Ipu ucnons3oBanuu ganHbIX apeida OSI SAF
NI OTpeNesieHus Ipeobyianamnieil opueHTalun
pa3pbIBOB B Mope JIanTeBBIX B TPETH CIIydacB Hau-
0oJbllIasi ONMPaBAbIBAEMOCTb TOCTUTACTCSl TIPU pac-
Y€Te Mo JTaHHBIM, B KOTOPBIX KOHEUHBI TeHb IepHUO-
Jla OCpeTHEeHUsI COBMANAeT C JaTON HAOIIOAeHUS pa3-
pbIBOB. OmMHAKO CYIIECTBYET PSAI CUTyalldii, KOrma
TaKoii BBIOOP MCXOMHBIX JAHHBIX TIPUBOIUT K HEYIO-
BJICTBOPUTEILHBIM pE3yIbTaTaM.

Jlast pacu€Tta npeobaanaolleil opueHTalun pas3-
PBIBOB TpebOyeTcsl 4T MHTEHCUBHOCTUA BO3MYLIHBIX
IIOTOKOB B IIPEAIIECTBYIOIINE THU, CBEASHU O CO-
XpaHEeHUU TToA001S B HAIIPABJIIEHUU BeTpa M O HAJIU-
YMW TIMKIJIOHOB HaJ aKBaTOPUEH MOPSI.

BBenéH koJmuecTBeHHBIN IMOKa3aTedb CPEaHETO
U3MEHEHUsSI aTMOC(epHOro AaBlIEHUs, Ha OCHOBAa-
HUU 3HAYEHUI KOTOPOTO MOXHO CYIWUTh O TUIIE UH-
TEHCUBHOCTU BOB3IYIIHBLIX ITOTOKOB IMPU aBTOMATHU-
YeCKOM aHajInu3e JaHHBIX.

PazpaboraHbl MPUHLIMIIEI ONpeaeIeHUS JAThI IO~
JIs1 apeiida abaa, ONTUMAJIBHOTO IJIsI pacuyéTa mpeoo-
JIamalouieil OpueHTallu pa3pbiBOB, IJIsl CEMU U3 Ae-
JIEA U CHET Ne 3
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BSITA BO3MOXHBIX COYETAHU TUTIOB UHTEHCUBHOCTU
BO3OYIIHBIX ITOTOKOB B INIPCAIICCTBYIOIIUE NBA THA.

YcTaHoBI€HO, YTO MpPU Pa3IMYUU TUIIOB MHTEH-
CUBHOCTHU BO3AYIIHBIX TTOTOKOB B CEBEPHOM U 10X~
HOI yacTsix Mopsi JlanTeBbiX MpUMEHSITh pa3pado-
TaHHBIN aJITOPUTM OTIpeNieJICHUS 1aThl JAHHbBIX APeii-
¢a npaa ciaeayeT K Kaxk10it 4acTh MOpsi OTAEIbHO.

CpenHsis onpaBObIBA€MOCTb PACUETHOI Ipeobia-
Jalollieil OpueHTAlUM Pa3pbIBOB, MOJyYEeHHAs MPU
MpPYMEHEHUU pa3pabOTaHHOro ajJropuTMa Ha BbI-
6opke u3 200 gat 3a nepuon 2016—2021 rr. coctaBuia
69.4% 1npu yCTaHOBJIEHHOI NOIMyCTUMOM OIIMOKe
30°. OmpasabiBaecMoCcTh MeHee 60% Habmogazach
TOJIBKO B 16% citydaeB, IIpu 3TOM MUHUMAaJIbHOE U3
MOJIy4YeHHbBIX 3HaUeHU paBHstoch 50%. B 46% cny-
yaeB OIpaBAbIBAEMOCTh pacyéToB npesniana 70%.

B cnyuae, ecnu B npeAlIecTBYIOLIME LIECTb U 00-
Jiee cyTOK HaJl MopeM JlanTeBbIX COXpaHsIIOCh Majlo-
rpaAveHTHOE T0JIe aTMOC(hEPHOTO AaBJIEHUS, pa3pa-
OOTaHHBII AJITOPUTM OIPEAETEHMS IaThI MOJIS Ipeii-
¢a 1p1a MOXeT oKazaThbcsl He3(D(HEKTUBHBIM.

VBenuuenue koiqmyectBa cHUMKoB MC3 ¢ ne-
G prUpOBaHHBIMU pa3pbiBaMu B Mope JlanTeBbiX
MO3BOJIUT MPOBEPUTH PabOTy aJITOPUTMa Ha HOBOM
BBIOOpPKE M TIPU HEOOXOANMOCTH €TO YTOUHUTh.

baarogapuoctu. MccnenoBaHusi BBIITOJHEHBI B
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The paper shows that in order to solve the problem of predicting the predominant orientation of cracks in
ice covering the Laptev Sea, when the satellite information is absent, the orientation of cracks in ice cover
can be calculated using data on the ice drift in the Sea. We have selected 200 satellite images made in both
visible and infrared spectral bands allowing to obtain actual data on ice cracks in the Laptev Sea for seasons
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2016—2021, and then calculated the predominant orientation of them using data on the OSI SAF ice drift
for the date of each image as well as for several previous days. Results obtained were compared with actual
modal orientations of the cracks and with characteristics of the atmospheric pressure fields in these days.
It was found that selecting of initial ice drift data should be done with regard for the intensity of air flows,
the invariability or constancy of the direction of air flows over the sea aquatory during several days, and the
presence of a cyclone centered over the sea area. An algorithm has been developed for automatic selection
of a date when the ice drift can be most likely accompanied by formation of cracks on the day under con-
sideration, and calculation of predominant orientation of cracks should be made exactly on that day. The
selected data on ice drift serve as a basis for calculating. It was revealed also that with the difference in the
types of intensity of air flows in the northern and southern parts of the Laptev Sea, the developed algorithm
for determining the date of ice drift should be applied to each part of the sea separately. The number of
squares of the Laptev Sea grid in which the calculated orientation of cracks corresponded to its actual
meaning with an established permissible error of 30° has been determined. The ratio of this number to the
total quantity of grid squares (skill score) was equal to 69% on the average. The skill score exceeded 70% in
46 percent of the cases. The skill score falls below 60% in only 16 percent of the cases, with minimum value
of 50%.

Key words: sea ice cover discontinuities, direction of cracks, air flow intensity, ice cover deformation, satellite
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