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ITAMATU KJIOJA JIOPNYCA

EDN: RVDMGI

Kion Jlopuyc, 1955 I.,
http://www.claude-lorius.com/
Claude Lorius, 1955, photo from http://www.claude-lori-
us.com/

doTtorpacdus C

21 mapta 2023 1. He ctano Kinoga Jlopuyca — 3ame-
YaTeJIbHOTO YYEHOIO, MOJISIPHHWKA, WCCIedoBaTes
AHTapkTunpel u [peHnanmmum.

51 nosHakomuics ¢ Kitogom B 1969 r. B KemGpumxe,
Ha MEXAYHApOOHOM CHUMIIO3UYME IO THAPOJIOTUU

Puc. 2. Kion Jlopuyc BMmecte ¢ kouteramu B 2015 1. B
Cankr-IleTepbypre Ha 6opTy jnenokona “Kpacun” Bo
BpeMs CIIeLIMaJIbHOI BCTPEYU, MOCBSLLIEHHONW COBMECT-
HBbIM HCCJIEIOBAaHUSIM aHTapKTUYECKOro kKepHa. doto-
rpadwus npenoctapieHa B.M. KoT/IsikoBbIM.

Fig. 2. Claude Lorius and his colleagues in 2015 in St. Pe-
tersburg aboard the icebreaker “Krasin” during a special
meeting dedicated to joint Antarctic ice core research.
Photo courtesy of V.M. Kotlyakov.

JIEHHUKOB, 1 C T€X MOP MEXIY HaMU 3aBs3aiach MoO-
HacTosIIIeMy KpeTliKasl IpyxKba. Yxke B cledyiolleM
rofy HavyaJuch COTJlacOBaHHbIE PaboOThl MO Mexmy-
HapOTHOMY aHTapKTUYECKOMY INISIIMOJIOTMYECKOMY
npoekty (MAITI), yacTbi0 KOTOpPBIX CTaj0 Hadauio
oypenunst CoBeTCKO AHTApKTUYECKON 3KCIICINIIN -
el TIIy0OKO#M CKBaXXMHBI Ha cTaHIIMU BocTok. B 1o-
ciaenyooiieM Mbl ¢ KimogoM goroBopwinch o COB-
MECTHBIX pabOTax Ha 3TOI CKBaXXMHE — pabOThI IPO-
JIOJDKAJIUCh HE OIHO ACCITUJIETHE M 3aBEPLIMINCH
BeIIatoImMMuc pesyabratamu. Y pons Knopa Jlopu-
yca B MOJIyYeHU M YHUKAJIbHBIX MaTepUajIoB OblIa pe-
LIAOLIECH.

Kinon Jlopuyc okoHumn dhusndeckuii (paxkyabTeT
yHUBepcuTeTa B [peHobie — ropoze, rae OH MPOKUII
BCIO CBOIO CO3HATEIBbHYIO XKU3Hb. 31eCh HA MOUX IJIa-
3ax B 1979 r. um Obu1a coznaHa Jlabopatopus misImo-
JIOTUU U TeO(PU3NKU, IIe NOoJTydeHbl YHUKAJIbHbIE pe-
3yJbTaThl MPU WCCIEAOBAHUU JIEASTHBIX KEPHOB U3
COBETCKOI CKBaXXMHBI Ha craHIMu BocTok. B cBoeit
nosasipHoit nestenbHocTu (¢ 1957 mo 1984 r.) oH
y4acTBOBaJl M ObLI pyKoBoauTeseM Ooiiee 20 ¢ppaH-
LY3CKMX U MEXIYHAPOIHBIX SKCIESAULINI B AHTapK-
tuny u ['pennanauto. B 1987—1990 rr. oH Bo3m1aBIsLI
MexnyHapOIHBIII HAayJYHBIM KOMUTET MO U3Y4EHUIO
Antapktuku. MccaemoBanus K. Jlopuyca, B ToM
YHCJIe BBIMOJTHEHHBIE COBMECTHO C COBETCKUMU yde-
HbIMU, BHECJIM BaXKHEWIINHA BKIad B NaJ€OKJIUMATO-
Joruto nocnenHux 400 THIC 1€T; OHU U3BECTHHI HAYY-
HOMY COOOIIIECTBY BCETO MUPA.

Kinon Jlopuyc Hepenko nmpuesxain B JIeHuHrpan u
MockBy [J1s1 00CYXIeHUST Pe3ybTaTOB COBMECTHBIX
ucciaenoBaHuii. B 1994 r. oH ObL1 M30paH YWiIeHOM
IMTapuxckoit AkaneMuu HayK, U B TOM K€ TONly ero
U30paJii THOCTPAHHBIM WieHOM Poccuiickoit akase-
MuUM Hayk. B 1999 1. BMecTe ¢ cynpyroit oH y4yacTBO-
BaJ B IIpa3mHoBaHuM 275-neTHero 1o6mnes Poccuii-
CKOM akageMuM Hayk. B Hamieii monroii npy:k0e MBI
nmyreniecTsoBaiu BMecte B KabapnuHo-bankapuu u
I'py3uu, B KazaxctaHne u Y30ekucraHe, Ha balikaie,
no Bonre or Mockssl 1o Cankr-IletepOypra.

B 2009 r. Kion Jlopuyc ctaj KoMaHIOPOM OopJieHa
IMouetHoro JermoHa MpaHiry3ckoit Pecryommkm.
Kusnb Jlopnyca — 310 mpuMep CIy:KeHUSI HayKe 1
JlaHb MHOTOJIETHEM U MCKPEHHE ApyXKoe.

B.M. Komasakoe
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JJEAHUKUN U JEAHUKOBBIE ITOKPOBbI

VK 551.324.6

JEIHUKHA B TOPAX POCCUU (KABKA3, AJITAH, KAMYATKA)
B IIEPBOM YETBEPTU XXI BEKA

B. M. Korasxkos!, T. E. Xpomosa'*, I'. A. HoceHnko',
A. 5. Mypasbes!, C. A. Hukutun!

! Huemumym eeoepaguu PAH, Mockea, Poccus
*e-mail: tkhromova @gmail.com

IMoctynuna B penakiuio 21.02.2023 r.
ITocne mopa6otkm 09.03.2023 1.
IMpunHsTa xk nyonaukauuu 31.03.2023 r.

© 2023 r.

IMpoBen&HHbIe B TOCIeIHEE BpeMsT UCCIIeIOBaHUS TTO3BOIUIIN TTOJYIUTh NeTaIbHYI0 KapTUHY U3MEHEeHU I
JIETHUKOB B HanboJsiee oOecreyeHHbIX JaHHBIMU TOPHBIX paitoHax Poccuu. st onenenenust KaBkasa mo-
JIy4eHBI JaHHBIe Ha BpeMeHHbIe cpe3nl 1911, 1952, 2000, 2014, 2018 u 2020 r.; mia Anrass — Ha 1850, 1952,
2003 1 2018 1. st KpyIHBIX y3710B oneaeHeHust LleHTpanbHoro Antast — KatyHckoro, FOxxHo- u CeBepo-
Yyiickoro xpeOTOB momoTHUTebHO Ha 1968, 2008, 2017 r. B 060ux paifoHax BBISIBICHBI yCTOMYNBOE COKpa-
LIEHME TUIOLLAaM JIEMHMKOB ¢ Hayaia XX B. M YCKOpEeHHE TEMITOB coKpalleHUs B Havane XXI B. [1i1s uccie-
noBaHuUs JjenHMKoB KaMmuaTku 0butM ncnonb3oBaHbl faHHble KaTanora nenHukoB CCCP u cHuMKHM ¢ pas-
HBIX CITyTHUKOB 1 3a pa3Hbie ronbl (2007—2019). BeisiBIeHO MHOXECTBO JIEAHUKOB, paHee He 3aperucTpu-
poBanHbIx B Katanore nenaukoB CCCP. [itomans oneneHeHWs B pa3HbIX paiioHax KaMyaTku co BpeMeHHn
MEePBOi1 KaTaJloru3aliuu U3MEHSLIaCh KpaiiHe HEepaBHOMEPHO, YTO CBSI3aHO CO 3HAYMTEIbHBIMU Pa3TUUMSI-
MM B MOP(DOJIOTUY JISTHUKOB. JIEMHUKM BYJJKAHUYECKUX PAOHOB YBEJIMYWIM CBOU pa3Mephl MU OCTaBa-
JIUCh CTAllMOHAPHBIMM; 3[1eCh HET TEHACHIIUU K COKPAILEHUIO JISTHUKOB 13-3a MOIIHOI MOBEPXHOCTHOI
MOPEHBI, COCTOSIIEH M3 ByJKaHOTeHHOTo MaTepmaia. CpaBHeHue maHHbIX Karamora nemnukoB CCCP
(1965—1982) 1 Karanora negaukoB Poccum (2017—2019) rmokasbiBaeT COKpallleHHUe IUIOLIAaN OJieAeHEHUS
¢ cepenHbI XX B. 10 KOHIIa BTOpoii nekaabl XXI B. BO BceX TOPHBIX paitoHax Poccuy 3a UCKITIOUeHUEM BYJI-

KaHn4deckux oonacreir KamyaTtku.

KiioueBble ciioBa: TOPHbIC JICAHUKU, POCCI/IH, MN3MCEHCHUA JICAHUKOB, KOCMUYCCKUEC I/1306pa)KeHI/IH

DOI: 10.31857/S2076673423020114, EDN: RVBDMJ

Ha KaBka3se u Antae BBISIBICHBI YCTOMYMBOE CO-
KpalnieHue TUIOIIAAM JISTHUKOB C Hayajga XX B. U
YCKOpEHUeE TEMITOB cokpaiieHus1 B Hayaine XXI B. Ha
KamuaTtke B pailoHax, ymaa€HHBIX OT aKTUBHBIX BYJI-
KaHOB, TaKKe HaOJI0JaJI0Ch COKpallleHHEe TUIOLIaan
JICAHUKOB, HO B BYJIKAHMYECKUX O0JIACTIX JEOAHUKU
YBEJIMYIIM CBOU Pa3MeEPhl UM OCTABAJIMCh CTAllMO-
HapHBIMU M3-3a OPOHUPOBAHUS ITOBEPXHOCTH MOIII-
HOI TOJIIIEX MOPEHBI, COCTOSIIEN U3 BYJIKAHOICH-
HOIr0O MaTtepuaa.

BBEJEHUWE

CoBpeMeHHOe ToTeIJIeHUe KJruMaTa MoBCeMecCT-
HO NPUBOIUT K BO3PACTAHUIO TATHUS JICTHUKOB, YTO
YCUJIMBAET PUCK KAaTaCTPOGUIECKUX TTPUPOTHBIX SIB-
JIEHUi1 B Topax Y BbI3bIBaeT TpaHC(hOpPMALIMIO IIpU-
JIETHUKOBBIX JaHAMAMTOB, WU3MEHSIONIYIO VYKIIa
KM3HU U XO3IMCTBA MECTHBIX XXKuTelieil. Bc€ aTo mipu-
JIa€T aKTyaJlbHOCTh MH(POPMAILIMKU O COCTOSTHUM JIe -
HUKOBBIX CUCTEM M MPOrHO3a UX U3MEHEHUI B OJIN-
XKailem OyayLeM.

Ha teppuropuu Poccuu B HacTosiee BpeMs Jiea-
HUKM pacrojaralorcs B ApKkTuueckoii 3oHe, Cybapk-
THUKE M B YMEpPEeHHBIX IupoTax. [lepBass cucreMHas
OlleHKa JIEAHMKOB Ha Tepputopun Poccum ObLia na-
Ha B Karasnore nennukoB CCCP (KaTajor 1emHUKOB,
1965—1982; Bunorpanos, 1984) — MHOTOTOMHOM H3-
JaHuu 1965—1982, co3naHHOM OOJIBIINM KOJIJIEKTU -
BOM COBETCKHUX Y4eHBIX B 1965—1982 rr. D10 OBLI
IIEPBEI B MUPE KaTaJlorl JIGAHUKOB, IOKPbIBAIOIINX
OOIIMPHYIO TEPPUTOPHIO; BIIOCICACTBUU, B COOTBET-
CTBMU C IIporpaMmmoii MexxnyHapoaHOTro TIpOI0r-
YeCKOro JecsITWIETUSI OH cTan e€ 4dacTbio. Karamor
OBLI CO3MaH Ha OCHOBE a3p0(OTOCHUMKOB CEPEINHBI
XX Beka, Tomnorpaduueckux kapt 1960-x romoB u
JIAaHHBIX MOJEBBIX HaOmoneHuii. Karanor He comep-
XKUT UUGPOBBIX KOHTYPOB JIETHMKOB, a BKJIIOYAaeT
TOJILKO TaOJMIIBI C ITapaMeTpaMU JEAHUKOB, CXEMbI
MX PACHOJIOXKCHMS Y OIUCAHMS.

ITo manHubIM 3TOro Karanora B cepenuHe XX B. Ha
tepputopur Poccuu HacunTeiBanoch 8538 IemHUKOB
obwei rmowmanpio 60099.71 km? (Karanor semHu-
KoB, 1965—1982). HeckobKO HEOONBIINX 10 pa3Me-
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Py JIETHUKOBBIX CUCTEM He IIpeacTaBiieHbl B KaTaso-
re negHukoB CCCP, Ttak kak ObUIM HCCIeIOBaHBbI
Mo3Xe. DTU JISAHUKOBbIE CUCTEMBI HaxonsTcs B Yy-
KoTcKOM M KoJBIMCKOM Harophsix, B baiikaibckom u
baprysunckom xpebTax (Kotnsikos u ap., 2011; Yep-
HoBa u np., 2011); B HUX HACUUTHIBAJIOCh BCETO
252 negHuka obuiei miowanpo 69.16 km? (Koms-
KOB u ap., 2015). Cinenyrommum nocie Karasora nemn-
HUKOB CCCP UCTOYHUKOM JaHHBIX O JIETHUKAX CTall
ATilac CHEXHO-JIENOBbIX pecypcoB mupa (1997), B
KOTOPOM HOECITKU KapT IIOCBSILEHBI JIETHUKOBBIM
cucteMaM Poccun u oTnenbHBIM JIETHUKAM.

C Hauazna 1990-x ronoB HIMPOKOe pacrpocTpaHe-
HUeE MOoJyYrJia CIyTHUKOBAst THPOpMAaLUsl, aKTUBHO
HCIIOJIb3yeMasl JUISI MAacCCOBBIX OLICHOK COCTOSTHUSI
oneneHeHnus. B cepenune 1990-x ronoB ObLT MHULIM-
MPOBaH MEXIYHApOAHBINA MpoeKT “InmobdanbHbIC M3-
MepeHUsl HazeMHOro jbaa u kocmoca” (GLIMS —
Global Land Ice Measurements from Space)
(http://www.glims.org/About/regionoverview), B
paMKax KOTOPOro KocMuyecKkasi MHpopMalus craja
JOCTYITHA IIUPOKOMY KpyTy uccliemoBareiieit. OauH
N3 peTrMOHAJILHBIX LIEeHTPOB poekta GLIMS co3man
B UHcTutyTe reorpacduu PAH. B 30HY OoTBEeTCTBEH-
HOCTH 3TOTO LICHTPA BXOIAT PailOHbI OJIEIEHEHUS Ha
tepputopnu Poccum M Ipyrux cTpaH OBIBIIETO
CCCP, obecneuyeHHble nJaHHbIMU KaTtanora nengHu-
koB CCCP.

PesynbTaThl MCCeAOBaHUSI TOPHBIX JIETHUKOB
Poccuu ¢ ucnonb3oBaHneM KOCMHUUYECKHMX M300pa-
KEHUi1, TTOJIydeHHBIX B pamkax Ipoekta GLIMS c
2000 1o 2015 r., neriau B ocHOBY MoHorpapuu “Co-
BpeMEHHBbIE U3MEHEHUS JICHTHUKOB TOPHBIX paliOHOB
Poccunn” (KotsskoB m ap., 2015). B aT0ii kHUTE Oe-
TaJIbHO PAaCCMOTPEHbBI pPailOHbI TOPHOTO OJIENEHEHUS
Ha Tepputopuu Poccuu, ucTOopusi HCCIIEIOBAHUS
JIETHUKOB M X COBPEMEHHbBIE N3MEHEHMSI, IIPONCXO-
JIUMBILIME ¢ cepearHbl XX B. BIUIOTH IO Hayajia BTOPO-
ro AeCATUJICTUS HbIHEIIIHETO cTojieTrst. Ocoboe BHU-
MaHNE aBTOPhI 00palllaid Ha METOAbI IOJTyIeHUS HO-
BBIX JAHHBIX U CITOCOOBI MX O0OPaOOTKU, TOYHOCTh
MOIyYaeMbIX Pe3yJIbTaTOB M BO3MOXHOCTHU UX COIIO-
CTaBJICHUS C pe3yjbTaTaMM, ITOJIyYCHHBIMU B IIPO-
ntoM. B mipoliecce moaroroBKu MoHorpaduu CTajao
IIOHSAITHO, YTO K CepearHE BTOPOTO NECSTUIICTUS
XXI B. Tepputopuss Poccnm Oblma obecriedeHa pe-
3yJbTaTaMM TaKUX UCCJIEAOBAaHUI HEPAaBHOMEPHO.

Ha caiitax mexmyHapogHoro mpoekrta GLIMS
(https://www.glims.org/) ¥ BCEeMUpPHOro KaTajora
nenHukoB RGI (The Randolph Glacier Inventory)
(https://www.glims.org/RGI/index.html) mns 60ab-
IITHCTBA TOPHBIX paiioHoB Poccum MoXXHO HalTH B
OCHOBHOM DPe3y/IbTaThl aBTOMATUUYECKOTO Nelndpu-
poBaHMsI CHUMKOB Landsat, MmojilydeHHbIX B pa3Hble
rogsl B riepuod 2000—2013 rr. DTi maHHBIC 3aBbIIIA-
0T KOJIMYECTBO JIEMIHUKOB U TLJIOIIAb OJIEIeHEHUS B
palioHax IIMPOKOTO pPAaCIPOCTPaHEHUS KPYIHBIX
MHOTOJIETHUX CHEXHUKOB M CHEXHUKOB-IIEpEseT-

KOB Y HEJIOOLIEHUBAIOT TUTOLIAAN OJIEACHEHUS paifo-
HOB, IJI€ Ha JIAHUKaX [IUPOKO Pa3BUTA TOBEPXHOCT-
Has MopeHa. Mcrnonb3oBaHUEe KOCMUYECKUX CHUM-
KOB Pa3HOro pa3pelIeHus, MOJYYEHHBIX B Pa3HOE
BpeMs, IPUMEHEHUE PA3HBIX METOJIOB U MOAXOJI0B K
npolieccy AeUdPUPOBaHUS U aHAIU3Y TOJydeH-
HBIX PE3YABTATOB YCIOXHSIIO CPABHUTEIIBHYIO OLIEH-
Ky COBPEMEHHOTO COCTOSIHUS JIEMHUKOB B PAa3HBIX
paiioHax.

st cucteMHOI OLIEHKM COBPEMEHHOTO COCTOSI-
HUS U UBMEHEHUI JIEAHUKOBBIX CUCTEM Ha TEPPUTO-
pur Poccumt B Uacturyte reorpadpum PAH Ob11 co-
30aH HOBBIM KaTaJOT JIEMHWKOB, OCHOBAHHBIA Ha
eIWHBIX UICXOIHBIX JTaHHBIX, ITOAX0AaX U METOAAaX 00-
paboTKM CITyTHMKOBBIX CHUMKOB M OpraHU3alnu
JaHHBIX C WCIIOJIb30BaHUEM T'eOMH(MOPMAIIMOHHBIX
TexHoJjioruit (XpomoBa u ap., 2021). Karayor akky-
MYJIMIPYET pe3yabTaThl aHaJIM3a CHUMKOB Sentine 1-2,
MOJIy4YeHHBIX B oCHOBHOM B 2017—2019 rT. u npen-
cTaBisieT co0oil MHMOPMALIMOHHYIO OCHOBY ISt
JallbHeHIIIero ucciegoBaHUs JIEAHUKOBBLIX pailoOHOB
Poccuu. Ctpykrypa 6a3bl JaHHBIX BKJIIOYAE€T OCHOB-
HEBIE ITapaMeTpPHI JIETHUKOB M COBMECTUMA C INIO0aJIb-
HBIMU Y HALIMOHAJIBHBIMU apXyBaMU. []OMOTHUTETb-
HO pa3zpaboTaHa KjiaccuduKaims BO3MOXHbBIX KaTa-
CTpoUUYECKUX SIBJICHUI JIGIHUKOBOIO TeHe3Hca:
IUHAMWYECKN HEYCTOMYMBBLIC JIEAHUKU, JETHUKO-
Bble o3epa, aiicoepru. Co3maHHass 0a3a JaHHBIX
(www.glacru.ru) najga BO3MOXHOCTh OLIEHUTb COBpE-
MEHHOE COCTOSIHUE W U3MEHEHUS JISAHUKOB Ha Tep-
putopuu Poccun. B KoH1ie Bropoit nekanbl XXI Beka
B Poccum HacUUTHIBAIUCH 22 JIETHUKOBBIE CUCTEMBI
o6u1eit mowmanpo 54531 + 1039.55 km?. Co BpeMeHU
cocraBieHus Karanora nenankoB CCCP o matepu-
ajlaMm cepeInHBI XX BeKa, IJIOIIaab COKpaTUIaCch Ha
5603.9 km?, win Ha 9.3% (Xpomosa u jp., 2021).

HaxkormieHHble K HacTosAlIEMY BPEMCHU NAaHHbBIC
MMO3BOJIMJIM IIPOBECTU NETAJILHBIM aHaINU3 OJIcAecHEe-
HUS KPYNHEWIIUX TOPHO-JEIHUKOBBIX paiiOHOB
Poccuu. Pe3ynbrathl IpeAacTaBieHbl B JAaHHOM CTaThe.

OBIIME CBEAEHWA O TOPHOM
OJIEJEHEHNHN POCCHUHA

Juist noy4yeHust akTyaibHON MH(hOpMAaLIMU O Jie -
HuKax Poccru B KauecTBe OCHOBHOIO MaccrBa JIaH-
HBIX UCMIOJIb30BaHbl CHUMKM CO CIIyTHUKA Sentinel-2
C IPOCTPAaHCTBEHHBIM pa3perreHueM 10 m 3a 2017—
2019 rr., cBOOGOIHBIE OT 00JIAYHOCTH U TTOJIyYCHHEIE B
KOHIIE mepuoaa adoasuu. B CIOXHBIX ClIydasix TIpu-
BJIEKAJIMCh JOIOJHUTEbHbIE JaHHbIE 0ojiee BbICO-
koro paspemieHus (WorldView-2, GeoEye). I1pu ot-
CYTCTBUM CHUMKOB Sentinel-2 Hamiexalero kaude-
CTBa UCMOJb30BaJIM CHUMKU C APYTMX CITyTHUKOB 3a
rojibl, 6JJU3KKMEe K OCHOBHOMY MEPUONY MCCIeoBa-
Huit (Landsat, ASTER). I'paHulbl JemHUKOB IO
CIYTHUKOBBIM CHUMKaM Je(pUPOBaIU B PyYHOM
SKCIIEPTHOM pEXKUMe, TaK KaK aBTOMaTUYecKoe
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Puc. 1. OneneneHune ropHbIX paitoHOB Poccuu mo naHHBIM cITyTHUKOBBIX CHUMKOB 2017—2019 rT. (XpomoBa u ap., 2021).
Fig. 1. Glaciation of mountain regions of Russia according to satellite images 2017—2019 (XpomoBa u ap., 2021).

nemmndpupoBaHue, OCOOEHHO B paiioHax pacIlipo-
CTpaHEHUs] MAaJIbIX JIGAHUKOB, IaeT pe3yJbTaThl C
OOJIBIIIOI CTeNEeHbIO HEOTIPEIeICHHOCTH.

ITo pesynpraram pemmdpupoBaHUsS KOCMUYE-
CKUX CHMMKOB Ha TEPPUTOPUU KOHTUHEHTAJbHOI
Poccuu Bo Bropom gecsaruiierun XXI B. HACUUTHIBA-
erca 5877 nemHukoB oOmieil momanpio 2906 *
+ 205.95 km? (Tab6u. 1). Camble KPyIHBIE IO ILIOLIA-
JIM JIEMHUKOBBIE CUCTEMBI pacliojiaraloTcsl B ropax
Kaskaza (1067.1 £ 79.7 km?), KamuaTtku (682.8 +
+ 29.0 xm?) u Anras (523.1 + 38.3 km?) (puc. 1) (Xpo-
MoBa U ap., 2021).

CaMasi MHOTOYMCJIEHHAsI TPYTITa — 3TO HeOOJIbIIe
JIEMHVWKOBBIE CUCTEMBI, TIJIOIIAAb KOTOPbIX HE TTPEBbI-
maet 100 km?. B Hee BxomaT Ypai (10.4 + 1.7 xm?), uia-
to Ilyropana (11.4 £ 1.7 xm?), ropsl Beippanra
(29.9 £ 4.4 xm?), xpebet Yepckoro (86.4 + 7.7 km?),
Yykorckoe Haropbe (16 £ 1.4 xm?), xpebetm Konap
(16.2 £ 1.2 km?) u Bocrounsrii Casn (12.9 + 1.5 km?).
JlenHUKOBBIE CUCTEMBI IUTOLIAAbI0 MeHee 1 kM2 pac-
nosiaratorcs B xpeodte OpyiaraH u KojJbIMCKOM Haro-
pbe Ha ceBepo-BocToke Poccuu, Ky3sHelikom Asnaray
Ha rore 3amagHoit Cmompu, bapry3smHckom u baii-
KaJibcKOM xpe0OTax B [Ipubaiikaibe.

T'opHEBIEe 1eAHUKOBBIE CUCTEMBI B KOHTUHEHTAIb-
Ho yacTt Poccuu mpencTaBieHbl MPEeuMYIIeCTBEH-
HO HeOOJbIIMMU JiemHUKaMu. OCHOBHOE KOJIWYe-

JIEN U CHET Ne 2
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CTBO JIEIHUKOB Ha TeppuTopuu Anrtast u KaBkaza —
st10 nenHuku ot 0.01 10 1 kM2, Pazmepsl JIETHUKOB HA
Vpaiie, B JIEMHUKOBBIX CCTEMax XpeOToB YepcKoro,
Cynrap-Xasra, Opynran, Komap, Bocrounoro Casi-
Ha, Kopsikckoro Haropbsi, KoJIbIMCKOro Haropsms,
YyKOTCKOro Haropbst HaxoauTcs B nuana3oHe ot 0.01
10 0.5 kM2,

B xOHTMHEHTAJILHBIX JIETHUKOBBIX CUCTEMAaX IIpe-
00JIamaloT JIEMTHUKK CEBEPHBIX Y CEBEPO-BOCTOYHBIX
9KCMHO3UILIMM, KaK IO IUIOLIAAW, TaK U IO KOJIMYye-
ctBy. Jlemnuku IlonsspHoro Ypana, xpe6ToB Opyirax
n Komap pacnosiokeHbl IpenMyIlIeCTBEHHO Ha BO-
CTOYHBIX CKJIOHAX U MOJy4yaloT MUTaHWE MpU 3amnaj-
HBIX BeTpax. Jlegnuku xpeotoB Yepckoro u CyHTap-
XasTa, pacnoJIOXKeHHBbIE HAa CEBEPHBIX CKJIOHAX, —
MpU I0XXHBIX BeTpax ¢ OxoTckoro Mmopsi. OyienieHeHWe
CpenuHHoro xpe6ra Ha KamyaTke OTHOCUTEIBLHO
PaBHOMEPHO pPaCIIPEIeIEHO MEXIY BOCTOUYHBIMH U
3aragHbIMU DKCITO3ULIUSIMU, YTO TOBOPUT O TIPUMEP-
HO paBHOM nuTtaHuu ¢ Oxorckoro u bepuHroa mo-
peit. Ha roro-sBocrounoit Kamuatke mpeoOiagaer
MMTaHUEe ¢ BOCTOKA. JIEMHUKOBEIE CUCTeMbI AJITasl U
Bocrounoro CassHa MMEIOT MaKCUMYMBI pacIipeae-
JIEHUST OJIeAeHEeHMsI Ha CEBEPO-BOCTOYHOM CTOPOHE
XpeOTOB, UTO OTpaKaeT MUTAHWE JEAHUKOB ITPU IOTO-
3aItagHbIX BETpax.

KapOBbIe JICAHUKMU T10 YUCJIICHHOCTHU NJOMMWHUHPY-
IOT IIPAKTUYCCKHN BO BCEX JICAHUKOBBIX paﬁOHax KOH-
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TuHeHTanbHOI Poccum. OcobeHHOCTH MOPDOITOTUH
JlemHUKOB KaMyaTKu cBSI3aHbI ¢ ByJIKAaHWYECKOM JIe-
SITeJIbHOCTBIO: 3[eCh pacIpoCTpaHEeHBI KpaTepHBIE U
KanbaepHble JJeqTHUKNA. KpoMme “O0BIMHBIX” JIETHUKOB,
KOJIeOaHUSI KOTOPBIX OOYCIOBJICHBI W3MEHEHUSIMU
KJIMMaTa, B JIGAHUKOBBLIX CHUCTEMaX Ha TePPUTOPUU
Poccnn BeTtpewaroTest 1 HecTaOMIIbHEIC JIETHUKM. Pe-
KMM TaKUX JIGTHUKOB (B TOM UYMCJIE ITYJIbCUPYIOIIINX)
oIpeensieTcs B IIepBYIO o4epelb UX TMHAMNYSCKOM
HEYCTOMYNBOCTBIO, CBI3aHHOM C MOP(OJTOTUIESCKUM
cTpoeHueM. Takue JIEMHUKW BCTpPEYarOTCS B Tropax
KaBkaza u KamuaTtku.

ITpopbIBbl MPUIEAHUKOBBIX 03€p M, KakK ciel-
CTBHE, 0Opa30BaHUE CEJIEBBIX TOTOKOB OTHOCSITCS K
OMAaCHBIM SIBJICHUSIM DISILIUaIbHOTO TeHe3uca. [1pu-
JIETHUKOBBIE 03€pa CYyIIECTBYIOT ITOUTU BO BCEX JIed-
HHUKOBBIX paiioHax Poccnn. CaMmoe 0obIioe ux Ko-
gudyectBo (1830) nmentudunmponaHo Ha Kaskasze.
Hewmano nx u Ha Anrtae (640). Ha IMonsspHom Ypane
MPUJIETHUKOBbBIE 03€pa U3BECTHbBI Y TPETU JIEAHUKOB,
BCTpeyaroTcst oHu U B KopsikckoM Haropbe (M3BeCT-
HO 158 03€p). JIyumie Bcero Takue o3€épa M3ydeHbl HA
KaBkaze n Anrae. IlpninenHnKoBBIC 03€pa He OBUTH
oOHapy:KeHHI UL B XpebTax Opynran u Yepckoro,
a Takxe Ha KosbIMCKOM Haropbe.

CpaBHeHUe TaHHBIX, MOJIYYEHHBIX B XOI¢ MOATO-
TOBKH TTocienHero Karanaora JeqHUKOB, ¢ TaHHBIMU
Katanora neminukoB CCCP no3Boiuin OLeHUTh 13-
MEHEHUSI OCHOBHBIX MMapaMeTPOB TOPHBIX JICTHUKOB
¢ cepenuHbl XX B. 0 CepeIWHBI BTOpPOil HeKambl
XXI B. (XpoMmoBa u 1p., 2021). He ObuIn oOHapyxe-
HBI MaJieHbKUE JIETHUKY, CYIIeCTBOBABIINE paHee B
XuobunHax. [ psiga paitoHOB, HaXOASIINXCSI B CyO-
apKTUYECKOIl 30HE, MOJIydeHBI COBCEM HeOOJIbIINE
3HAYCHMS COKpaIlleHWsI OOIIeH TUIOIIAa WIN JdaxKe
e€ yBeJIMYeHUs. DTO CBSI3aHO, B TIEPBYIO OUepelb, C
teM, yto B Kartanor smemaukos CCCP u B utoru mo-
CIIEAYIOIINX MCCIIeNOBaHUIA BOIIUIM JaHHBIE He 000
BCeX JISMHUKAX B 3TUX paroHax. [To3xke OblIM 0OHa-
PYXXEHBI HOBBIC JIEHHUKM B Topax brippanra, Ko-
JILIMCKOTO Harophbd, rop IlyTopana.

CokpalleHue TUIOIAAV JIETHUKOBBIX CUCTEM TOp-
HBIX paiioHoB Poccum HaxoguTcs B Auamna3oHe OT
63% (Ypan) no 13% (Komap). CaMble KpYITHBIC JIeII-
HUKOBBIe cucTteMbl KaBkaza, Kamyatkm m Axras
YMEHBIIMJIM CBOM ILIOIIAAM COOTBETCTBEHHO Ha 25,
22 1 39%. Yxe mociie BeIXoIa B CBeT Beex yacreit Ka-
tajora negHnkoB CCCP Oputm oOHapyXeHBI HeE
YUYTEHHBIE JIEAHUKU OO1LIEH TUIoIanpo 69 KM2, KOTO-
pas, 110 HalllM JAHHBIM, YMEHbIIMIACH HA 9.7 KM?,
win Ha 12.3%.

B Hacrosiiee BpeMsi B TOpHBIX paiioHax Poccum
neagHuKoBble cucteMbl KaBkasa, Antas u Kamyartku
HamnboJiee 0OecIieYeHbl pe3yJibTaTaMy IJISIIMOI0T -
yeckux ucciaegosanuii. [lorygeHHbIe MHOTOUMCICH-
HbIe JaHHBIE TTO3BOJISTIOT OLIEHUTH COCTOSIHUE JIETHU -
KOB B 9THX pailoHax BO BTOpoii nekane XXI Beka 1 ux
M3MEHEHUS ¢ cepearHbl XX BeKa.

KABKA3

lTopnas cucrema bonpimoro Kapkasza mmpuHoit
ot 30 no 180 kM, pacnojioxkeHHasI MexXny YepHbIM U
Kacnmiickum MopsiMU, IIPOTSHYJIACh IIPUMEPHO Ha
1300 kM ¢ 3armaga-ceBepo-3aliaga Ha BOCTOK-I0TO-BO-
ctok. boapmioit KaBka3 monpasaensieTcss Ha 3araj-
HbIl, IEHTPAJIbHBIA U BOCTOYHBII CEKTOpa CO Cpel-
Heit Bercotoit 3200, 4100 1 3700 M COOTBETCTBEHHO.
CaMpblit BBICOKHUI LIEHTPaJIbHBIN CEKTOP PACITOIOKEH
MeXOy BeplnnHamMu Dabopyc (5642 m) u KasGern
(5047 m). bonrbioit KaBka3z HaxoguTcs Ha IIyTU Cpe-
JIU3EMHOMOPCKUX U aTJIAHTUYECKUX LIUKIIOHOB, KO-
TOpbIe HECYT BJary ¢ 3aranua u toro-3amnana. [loutu
70% nemnukoB KaBka3za pacHoiOXXeHO B €ro lieH-
TPpaILHOM ceKTope. MaKcUMallbHOE KOJIUYECTBO
ocaakoB (okoyio 3200 MM 3a roj) BbINagaeT Ha I0X-
HOM CKJIOHE 3amagHoro pernoHa. MIx romoBoe xonu-
yecTBO yMeHbIaeTcs 7o 2000 MM B LIeHTpaJIbHOM ya-
ctu 1 1o 1000 MM B BOCTOYHOM 4acTu bosblioro
Kagka3za (Volodicheva, 2002).

KaBka3 HapaBHe ¢ AJIbITaMM OCTa€TCSI OMHUM W3
CaMbIX U3yYEHHBIX B IISILIUOJOTMYECKOM OTHOILIEHUN
paiioHOB 3eMHOrO 1mapa. Mcropusi ”HBEHTapHU3aluu
JIETHUKOB B 3TOM paiioHe HAaYMHAETCs ¢ Tororpapu-
yeckoit chéMKUM KoHIa XIX Beka. IlepBrelii KaTamor
JnenHuKoB KaBka3za ObLI ITOATOTOBJIEH BOEHHBIMU TO-
norpacdamu ¢ 1881 mmo 1910 r. 1 ony0aMKOBaH B HaYa-
e XX B. (ITomo3epckuii, 1911). B HéM maHO ormca-
Hue 1329 nenHukoB obuieit miomansio 1967.4 kM.
Crnenylomiasi MaciuTabHas MHBEHTapu3alvs Oblia
IIpoBeIeHa CITyCTs OoJiee ITOJIyBeKa, KOTda Mo JaH-
HBIM a3p0(POTOCHEMKHM cepeIuHbI XX B. ObLI COCTaB-
seH Karanor neqaukoB CCCP (1965—1982), riue ObI-
mm 3aduKcupoBanbl 2002 negHMKa OOmIeH TuIomia-
npto 1421.78 km?.

Cosmannas B Mactutyre reorpadpum PAH 6Gasza
INaHHBIX O cocTosIHUM JienHUKOB KaBkaza Ha 2018 r.
IpeacTaBisieT co00it yacTh HOBoro Karasora jienHu-
KoB Poccuu. ITo pe3ynbraTaM o6paboTKM CIIyTHUKO-
BBIX CHUMKOB Sentinel 2, MOJTy4eHHbBIX B UIOJIe U CEH-
Ts10pe 2017 r. u B aBrycre u ceHtsiope 2018 r., Ha KaB-
Kaze ooHapyxkeHo 2046 jiemHUKOB OO0I11IEe TUIOIIAILIO
1067 + 79.7 xm?. Ha 97 KpyIHBIX JIETHUKOB (IUIOLIA-
IbI0 6oJiee 5 KM?) mpuxonurcs 6osee Tpetu (440 km?)
ioianu ojieneHeHus1 KaBkasza. boJibliie MOJOBUHBI
JIEMTHUKOB (M I10 MJIOIIAAX, Y IO KOJIMYECTBY) pacIio-
JIOXEHEBI Ha ceBepHOM MaKpockitoHe bosbiroro Kas-
Kaza. 3a BpeMs, IIpolIeaiiee mocie cocrapiaeHus Ka-
tajora emHukoB CCCP, onenenenne Kaskasza co-
KpaTtuiioch Ha 28.2%. [1pu 3TOM IUTOIIAAb JIETHUKOB
ceBepHOro MakpockioHa bomsmoro Kaskaza
YMEHBIIWIACh HeMHOTo Goisblne (Ha 28.5%), 4yeM
10xHOro (27.6%). Tlo mpyrum nannbiv (Tielidze,
Wheate, 2018) B 2014 r. Ha KaBkase 6bu10 2020 n1ex-
HUKOB 0011eii muomansio 1193.2 + 54 km?, a onene-
HeHMe cokpaiaioch Ha 0.44% B romo B 1960—1986 1.
n Ha 0.69% B ron B 1986—2014 rr. [1orydeHHBIEe HAMU
pe3yabTaThl II0Ka3bIBaloT, u4To 3a 1986—2018 IT. OJle-
Ne2 2023
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Puc. 2. CokpalneHue rromanu JenHukoB Kaskasza 3a 1881/1910—2020 rr.
Fig. 2. Reduction of the area of the glaciers of the Caucasus for 1881/1910—2020.

IeHeHMe cokpaTmioch Ha 415 km? (0.87% B rom), 4to
MOKAa3bIBaeT YCKOPEHME Jerpajanum JeqHukoB Kagp-
ka3a. C 1997 o 2017 . ob1Iag riomanb JeTHUKOB
Dnpbpyca yMeHbIIMIach ¢ 125.76 = 0.65 no 112.20 £
+ 0.58 kM2, co ckopocThio cokpauieHus 0.54% B rox.
CokpallleHU€ MIOIAIN IPOUCXOANIIO HE TOJIBKO 13-
3a OTCTYNAHUS SI3bIKOB JIETHUKOB, HO U M3-3a YBEJIM-
YeHMSs IJIOLIAAN CYILECTBYIOLIMX HYHATAKOB U MOSIB-
JIEHUSI HOBBIX CKaJIbHBIX BBIX0H0B HiKe 4500 M (Jen-
HUKU 1 KIuMaT Dabopyca, 2020).

Hns Bceit Tepputopun KaBkasza mo pesyiabTaram
JIepUpoBaHUsl KOCMUYECKON ChEMKHU K HACTOSI-
IIeMY BpeMEHU MOJIy4YeHbl JaHHBIE O TUIOIIAIN JIEI-
HukoB Ha 2000, 2014, 2018 1 2020 r. (XpoMoBa u Jp.
2021; Tielidze et al., 2022). B coyeTaHuu ¢ ucTOoprde-
ckumu 0azamm maHHBIX Ilomosepckoro u Karamora
nenHukoB CCCP MBI MMeeM BO3MOXKHOCTBH IIPOCIIE-
JUTh AWHAMUKY W3MEHEHMS TUIOIIAIM JISMHUKOB C
koH11a XIX no koH11a Bropoii nekanabsl XXI Bexa (puc. 2).

Jlemnnkn KaBkasa yMEHBIIIMIIM CBOM pa3MepHhl 3a
370 BpeMs Ha 46%, Tepsist B cpenHeM B XX B. OKOJIO
0.2% turowanu B rox, a B Havasae XXI B. 1.15%. Jlen-
HHUKM Ha ceBepe bonbnroro Kaskasa mMeroT oTHOCH -
TEJIbHO MEHBIIYI0O CKOPOCTh U3MEHEHUS IJIOLIAIN,
yeM JIEQHUKU Ha tore. Takue cBUOETEIbCTBA MOXKHO
OOBSICHUTb PAa3HBIMU BKCITO3ULMUSIMU U BBHICOTAMH.
ITokazaHo 3HAYUTEILHOE COKpAleHUE JIETHUKOB Ha
Bonwmom Kakase B mrepuon ¢ 2000 mo 2020 r. O6-
1Ias1 TOTEePsI TIJIOLLIAIN JIbIA MEXKAY STUMU ABYMSI TIe-
puomamu coctaBmiia —1.16%/r. B BocToOuHOM YacTu
Ha0II0JaJIOCh CaMO€ BBICOKOE abCOIIOTHOE COKpa-
meHue —1.82%/r, B To BpeMsI Kak B MaccuBe DIIbopyc
camoe Huskoe —0.57%/r., B 3an1aqfHOM pErMoOHE TaK-
Ke OBIJIU HECKOJIBKO 00Jiee BBICOKME TEMITHI U3MEHE -
Huit (—1.45%/1). DApOpycCKMii MacCUB MMeEeT ca-
Ne2 2023
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MYIO OOJIBIIYIO CPEAHION THIOMIAAb JIETHUKOB, KOTO-
pas nsmeHmach ¢ 6.07 xm? B 2000 r. 1o 3.98 xm? B
2020 r. (Tielidze et al., 2022). HoBble maHHBIE ITOI-
TBEPXXAAIOT BLIBOJILI 00 YCKOPEHUU OTCTYIIaHUS JIeH -
HuUKoB KaBkaza, HauaBmeMmMcs Ha pyoexe XX u
XXI B. DTN pe3yabTaThl XOPOIIO COOTHOCSTCS C
JTaHHBIMU 00 U3MEHEHMU BBICOTHI TOBEPXHOCTH JIEI -
HuUKOB KaBkaza, KOTOpble IMOKa3bIBAIOT, UTO CKO-
pOCTh MOTEpH MACChl JIETHUKOB YBEJIMYUIIACH C
0.42 + 0.61 M B.3. Ton~! 3a 2000—2010 rT., mo 0.64 *
+ 0.66 M B.3. ron~! 32 2010—2019 rr. (Hugonnet et al.,
2021).

MeTteopoJiorndecKue JaHHbIE CBUIETEIbCTBYIOT O
TOM, UTO JIETHUE TeMIepaTypbl BO3yXa MOBBICUINUCH
U [IOUTU JOCTUTJIM MaKcUMyMa 50-X rogoB MPOILILIOro
Beka (12.5°C) B 2000—2019 rT. B TO Xe BpeMs B 3UM-
HUX OCajaKax B 3TU roAbl YeTKO 0003HAUMJIICS OTPpUIIa-
TEJIbHBIN TPEHI. A CPOKU OKOHYAHUS Teproaa abJsi-
1Y B OCJIETHEE OeCATUIETHE CMECTUINCH Ha OoJiee
MO3IHEe BPeMsl, YBEIUYUB MPOIOJLKUTEILHOCTD Te-
puona tasgHus. (Pororaesa m ap., 2019). B uenom
TaK:Ke€ BO3MOXHO, YTO YBEJIMYSCHUE IIPUXOISIIEH KO-
POTKOBOJIHOBOM COJIHEYHOI pagvalyyd B BBICOKHE
ropbl Kaskasa, Habmonaemoe ¢ 1980-x ronos (10 Br/m?
3a 10 jreT), crirpajio 3HaYUTENbHYIO POJIb B YCKOPEH-
HOI1 moTepe IJIoaaN JeAHUKOB B ITOC/ICIHUE TOIbI.
BOTa TeHIEHIMs CBSI3aHa C OoclabdjieHueM IIPOLIECCOB
00pa3oBaHUSI BBICOKOIW M HU3KOM 00JaYHOCTH, YTO
CBSI3aHO C yBEJIMYEHUEM ITOBTOPSIEMOCTU aHTUIIMK-
JIOHOB B Teruioe Bpems roga (Toropov et al., 2019).

Ha ocHoBe Bu3yanbHOro AeIIN@PUPOBAHUS KOC-
MUYECKUX CHUMKOB Sentinel-2 MSI Ob110 BBISIBJIEHO
368 03€p, pacrojiokeHHbIX Ha Bbicotax ot 1000 10
3300 M Hag yp. MOps B IIpeaesiaX pOCCUIMCKOI YacTu
Kaska3a. 12 o3ep pacronoxxeHbl B Pecniyonmke Anbi-
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res, 71 — B KpacHomapckom kpae, 194 — B Kapauae-
Bo-Uepkeccuu, 60 — B Ocetun, 3 — B Ueune u 5 — B
Harectane. 226 03€p HaxomdaTcd He majiee 5 KM OT
KpaeBbIX 4YacTell JIETHWKOB M IMPEIACTABIISIIOT Hau-
OOJIBIIYIO TIOTEHIIMAJIbHYIO OIacHOCTh. bombminH-
CTBO IIPUWJIETHUKOBEIX 03€p PaCIIOI0KEHbBI Ha 3amnaj-
soMm u llentpamprHoMm KaBkaze. Bcero B mpemenax
Bbonbsmoro KaBkasza HacunTeiBaeTcs okojo 1830 03ép
oO6uIeil TIomanpio okono 95.8 kM? (pu MoxcyéTe
HE YYUTBIBAJIUCH 03épa Iuiomansio MeHee 500 w2,
KpoMe KapcToBbix obOnacteit) (Khromova et al.,
2019).

Ha Kagkasze 23 jnenHuka M3BECTHBI CBOMMM IIO-
JIBWXXKaMU (B WX YHWCJIE YEThIpe MYJIbCUPYIOIINX —
Konka, HeBnopakckuii, Xpymkon u Mypkap) (Kot-
JISIKOB U 1p., 2014a). CaMblii KpyIHBIIA 13 TAKUX JICI-
HUKOB Bosbiioit Azay (16.42 kMm?), caMblii ManeHbKUIA
(0.14 xm?) — negnuk Ne 267 no Karasory jieqHUKOB
CCCP. B aunanaszone ot 0.14 no 7 xm? Haxomarcs
10 neqHukoB. [lnomanb Tpex JIETHUKOB TPEBbIIIAET
10 km?%: Bonblioii Azay, Yiutydupad 1 MusKupruum-
paH. Mopdonoruueckre TUTIbI 3TUX JIETHUKOB — J10-
JIMHHbIE, KapOBO-IOJUHHbBIE, CJIOXHO-IOJIUHHBIE,
KOHUYECKUX BEPIIUH.

CaMblif M3BECTHBIM MYJbCUPYIOUIUN JIEMHUK Ha
Kagkaze — nenHuk KoJika, He6OJIbIIONH KapOBO-10-
JIMHHBIA JIEAHUK, PACIOJOXEHHbIII Ha CEBEPHOM
ckioHe MaccuBa Kazoek—/[>xumapaii-Xox B Bepxo-
BbsiX peku [eHannoH. OH U3BECTEH CBOMMU MOJABUK-
KaMU, KOTOpble MPOUCXOJUIN HEOJAHOKPATHO — B
1834, 1902, 1969 r. (Pororaes u np., 1983) u nocnen-
Hs1s 13 Hux — B 2002 1. (KotnsikoB m ap., 2014a). Ta-
KOMY peXHMY CIOCOOCTBYET CTPOEHUE JIENHUKA, KO-
TOPBIIA PACIIONOXEH B INIYOOKOM IIUPKE W MUTAETCS
JJaBUHaMUM U 00BaJlaMUM € KPYTOTO IMPaBOro CKJIOHA.
IToBepXHOCTDb JieMHMKA MOKPbITA MOIIHBIM CJI0EM
00JIOMOYHOr0 MaTepualia, KOTOPbIA MpeaoXpaHsieT
€ro OT MHTEHCUBHOTO TasiHUSI, a HE3HAYUTEJIbHbII
VKJIOH JIOXAa Y CyXXEHHE Ha BBIXOJIe U3 Kapa MpersT-
CTBYIOT TJIABHOMY MEPEMEIEHUIO JIbla BHU3 MO J0-
JIMHE. OTU OOCTOSTENbCTBA CIIOCOOCTBYIOT TIOCTE-
MEHHOMY HaKOIUIEHUIO M30bITOYHBIX Macc Jibaa W,
MpU JOCTUXKEHUU KPUTUYECKOW BEJIUUYUHBI, TIPUBO-
IISIT K pEe3KOU pasrpy3ke, KoTopasi COIMpPOBOXIAeTCs
OBICTPBIM MPOABUXEHWEM $3bIKa JIEIHUKA BHU3 1O
JIOJIMHE CO CKOPOCThIO, Ha TIOPSIIOK MPEBbIIIAIOIIEHA
MPEXHIOI0.

B 2022 r. ucnonauinock 20 JeT co IHS KaTacTpo-
¢u1, mponsomenmeit B KapMamoHCKoil mojvHEe B
centsiope 2002 r., Korna JIeTHUK ObLI BEIOPOIIEH 11e-
JIMKOM M3 CBOETO JI0Xa, U TT0 [eHAIIOHCKOM JOTUHE
Ha 16 KM MpoOHeccs Ha OTPOMHOM CKOPOCTH paspy-
IIMTEJILHBIN JIEIOBO-BOAHO-KAMEHHBI cenb. Pa3Ho-
CTOPOHHHUE UCCIIEIOBAHUS T€OJIOTOB U IISILIMOJIOTOB
OIpeAeIUIN NPEAITOChUIKON YHUKAIBHOTO COOBITHUS
coueTaHMe psiia SKCTpeMajbHbIX (DAKTOpPOB, U B
MEePBYIO OUepeab — aKTUBU3ALMIO SHIOTEHHBIX IIPO-
LIECCOB, CBS3aHHBIX C BYJKAHMYECKMM arapaTom

Kazbeka (KotiskoB u ap., 2014a). /Io cux 1mop mpo-
JIOJDKAIOTCSI TIOMBITKM HAaUTH OOBSICHEHUE TIPOU30-
miealIeit kKaracTpodbl, HO B HAacTosIIIIee BpeMsl Tiep-
BOCTENEHHBIM CTAHOBUTCSI BOIMPOC O BO3MOXHOCTHU
e€ nmosTopeHwus. [TpakTruiyecku cpasy nocjie NoaBUK-
KM B OIycTeBlIeM Lupke jJenHuka Konka Havasncs
npotiecc GOpMUPOBAHUS HOBOTO JIEAHMKOBOTO TeJa.
Mucturyt reorpacduu PAH nponomkaet mpoBOAUTh
HaOI10ICHUS 32 HEOOBIYHBIM B HACTOSIIIIEE BpEMSI SIB-
JIECHUEM — BOCCTAHOBJIEHHWEM 3TOTO OMACHOTO JIieM-
HUKa.

st OoLleHKM aKTyaJbHbIX M3MEHEHMI TIpaHMI]
negHuka Kojka uMCnonab30BaauCh KOCMUYECKUE
cHUMKM Sentinel-2, mojlydeHHBbIE HA IPOTSKECHUU
nepuonaa abyusiuuu 2022 1., pe3yabTaThl HAOMI0IEHU
MIpeapIayInnX JeT, a Takke cHUMOK WorldView-2
2019 r. st onpenefieHUs U3MEHEHUM, IIPOU30IIE/ -
mux 3a 2021/22 6a1aHCOBBII T/, ObLT BHIOpaH CHU-
MOK OT 16.09.2022, mpaKTUYECKU COBITAJAIOLINIA C
3aBepllieHMeM mnepuoma abiasauuu (MmociaeayrolIne
CBbEMKM TTOKA3aJIU TTOSIBJICHUE YCTOMUMBOTO CHEXKHO-
ro TIOKPOBa Ha MOBEPXHOCTHU jiemHuKa). [1o cpaBHe-
Huto ¢ 2021 r. GpoHT JemHNKA IIPOABUHYJICSI Ha 57 M
(cpenHsist BeanduHa IPOABMKEHUS 0 6 TUHUSM TO-
Ka Ha SI3bIKe). DTO CBUAECTEIBLCTBYET O TOM, UTO BOC-
cTaHOBJIeHUe JenHUKa KoJika TpomoirkaeTcst ¢ mo-
CTENEHHO BoO3pacTalolleii ckopocThlo: 3a 2021 T.
JIEMHVK TIPOABUHYJICS Ha 43 M, HECMOTPS Ha Heba-
TOTNIPUSITHBIE METEOPOJIOTNIECKIE YCIOBUS TOCEI-
Hux jet (puc. 3).

JleTHne Temmeparypbl BO3ayxa, ONpeaessiioliie
WHTEHCUBHOCTD IMPOLIECCOB a0JISILIUM, OCTAIOTCS BbI-
COKMMMU. XOTSl 3UMHHE OCaJKM HaXOASITCSl Ha Cpell-
HEeM MHOTOJIETHEM YPOBHE, MEPUO aOISIIINU JISTHU -
ka Koska 3akoHunics B 2022 T. IipaKTUYECKHU B TO Ke
BpEMS1, YTO U B IPOIILJIOM, U 3TO HE CITOCOOCTBYET Ha-
KOIIJICHUIO eTo Macchl. [JTaBHBIMM (pakTOopamMu (op-
MUpOBaHMsI OajlaHCa MaccChl JIeMHUKA OCTAIOTCS Jia-
BMHHOE MMUTaHUe, yCUJIeHHAas a0sI1Ms Jibaa U HecTa-
LIMOHApHBIIA TIpollecC OpPOHUPOBAHUS JIEAHUKA
00JIOMOUHBIM MaTepuajioM. B ycioBusix Heompene-
JIEHHOCTU JaJbHEUIIIEro pa3BUTUSl CUTYalIUM HEOO-
XOIUMO TIPOJOJIKEHEe MOHUTOPUHTIA Tpoliecca ero
BOCCTaHOBJIEHUSI C MCMOJb30BaHUEM COBPEMEHHBIX
Ha3eMHbIX U TUCTAaHIIMOHHBIX METOIOB.

AJITAU

lopHEbIi1 AnTaii — camasl BhICOKasl 4acTh AJTae-
CasgHCKOM TOpHOI CHCTeMBI — pacIiojaraetcss Ha
CTBIKE TpaHUII YeThIpeX cTpaH: Mounroimuu, Kuras,
Kazaxctana u Poccuu. B meHTpanbHOI ero 4yactu
TOpHBIC XpeOTHI 1 MacCUBHI mogHUMarotcs 1o 3000—
4000 M Haja yp. MOpPsI M HECYT Ha cebe MHOTOUYHCIIEH-
HBIE M pa3HOOOpa3Hble (POPMBI COBPEMEHHOIO OJIe-
JeHeHUs. JIeMHUKM 10 TepPUTOPUU PACIPEEISTIOTCS
HepaBHOMEPHO, TPYIIIUPYSICh BOKPYT HanubojIee BbI-
COKMX TOPHBIX BeplinH 1 MaccuBoB (TpoHos, 1925;

Artnac..., 1997).
JIEO Y CHET Ne 2
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Puc. 3. ITonoxeHne hpoHTa BO3pOXKIHHOTO Tociie Katactpodbl 2002 1. iegHrnka Koska B 2017—2022 1T. (B Ka4ecTBe MOMIOX~

KU ucnosib3oBaH cHumMok WorldView-2 ot 08.09.2019).

Fig. 3. The position of the front of the Kolka Glacier revived after the 2002 catastrophe in 2017—2022 (WorldView-2 image from

08.09.2019 was used as a substrate).

Knumat AnTast orpenensieTcsl TpeMsi OCHOBHBIMU
¢dakTOpaMu: MOJIOXKEHUEM B YMEPEHHBIX IIMPOTaX
CeBepHOro mnoJjyiapusi, rocIioACTBOM 3amaaHoro
nepeHoca BO3AYIIHBIX MacC ¢ ATJIAaHTUKU U BJIMSIHU -
€M B 3MMHe€e BpeMsI MOIIITHOTO a3MaTCKOIo aHTUIIMK-
JIOHA ¢ MaJIo00JIagyHOM MOPO3HOIT morogoii. Koanue-
CTBO OCaJKOB YMEHbIIIAETCS C 3amajga Ha BOCTOK, a
BbICOTa IPaHUIIbI TIMTAHUS JIETHUKOB YBEJIMUYMBACTCS
B 3TOoM HarmpasieHuu ot 2200 mo 3200 m. ITo maHHBEIM
Tpex MmeteocTaHnit — AkkeM (2050 m), Kapa-Tiopek
(2600 M) 1 AkTpy (2025 M), pacItOJI0XXEHHBIX B HETO-
CPEINCTBEHHOI OJM30CTU OT JSAHUKOBOI 30HEI, BO
BTOpOI1 TotoBrHe XX B. 1 B Havasie XXI B. B 3ToM pe-
TMOHE TIPOMCXOANIO YCTOMUYMBOE IMOBBIIICHUE JIET-
HMX TeMIIepaTyp U POCT IrOAOBOM CYMMBI OCAaIKOB
(Kotnsakos u np., 2015).

ITo manaeM Karanora nemapnkos CCCP, onene-
HeHue Anrasg B 1960—70-x rogax 3aHuMaio Oojee
1500 xm?, B ToM unciie okosio 300 KM? B ceBEpPO-BO-
CTOYHOM CEKTOpPE 3TOr0 FOPHOTO perroHa — B Poc-
cun. B paMkax moaroTroBKyM HOBOTO KaTajiora JIEAHU-
kKoB Poccuu OBUIM  HCCIIEIOBAaHBI KOCMUYECKUE
cHuMKHU Sentinel 2, moaydyeHHbIe B aBrycte 2018 1 aB-
rycre 2019 rr. O6HapyxxeHo 988 JIegHUKOB OOIICi
mowaneo 523.14 £+ 38.3 kM2, PazMepsbl JIEAHUKOB
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kone6morcst ot 0.01 o 20.46 km? (Bonbwoit Tanmy-
PVHCKUIA IETHUK).

IIpeobaanaoT HeboMbIIME JIEAHUKU IJIOIIAAbIO
10 0.5 km?. TIpu 3TOM OJIOBUHA BCEH TUIOLIAAM OJIe-
IeHeHUs TIPUXOAUTCA Ha 5% JeTHWKOB ITLIOIIAIBIO
6osiee 2 kM? Kaxaplil. Takoe pacrpenesieHue oJele-
HEHUSI XapaKTepHO 1JIs 60JIbIIMHCTBA TOPHO-JICTHU -
KOBBIX paililOHOB Ha TeppuTopuur Poccuu. BoicoTHBII
JIaIia30H COBPEMEHHEBIX JICTHUKOB AJITast COCTaBIISI-
et 2050—4480 M Ham yp. MOpsI, YTO CBUACTEIbCTBYET
0 OJ1arornpuUsITHLIX oporpaduuecKux ycaoBusix. Ham-
OoJIblllee KOJMYSCTBO JICAHUKOB pacIiojlaraloTcs Ha
CEeBEPO-BOCTOYHBIX, CEBEPO-3alagHbIX 1 BOCTOYHBIX
ckiioHax. Mopdosorust JeqHUKOB AJTasi TUITMYHA
JIJISI TOPHBIX JIEATHUKOBBIX paiioHoB Poccun. B mipene-
JJax poccuiickoit yactu AnTtas Hambojee paclipo-
CTpaHEHbI KapoBble U BUCSYUE JIGIHUKHU, HO TLJIO-
aab X B LIEJIOM CYIIECTBEHHO MEHBbIIIE, YeM YCTY-
HAIINX I10 KOJMYECTBY IOJMHHBIX M KapOBO-
JOJIUHHBIX JiemHUKoB. Ha Ausrtae oOHapyXeHO
640 mpunenHUKOBBIX 03Ep. MmeHTUdUIIMpPOBaHO
82 mpopBIBOOMNACHBIX O3€pa oOOIIeil IUIoIIAIbIO
2.7 xm?.

CoBpeMeHHOEe OJIeIeHEHUE POCCUMCKOTo ANTast —
9TO JICMHMKOBAsI CUCTEeMa, COCTosInas u3 15 y3moB
oneneHeHus (puc. 4, Tadia. 2). Camoe KpyImHOE CKOII-
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Puc. 4. Pacnipenenienue 1iomany ojieIcHEHUST Ha TEPPUTOPUM AJITasl TIO OTAEIbHBIM XpeOTaM (IToKa3aHO Ha OCHOBE KapThl
TBEPIbIX OCAJAKOB U3 ATJIaca CHEXHO-JIEIOBBIX pecypcoB Mupa). I — U30JUHUU pacIipefesieHus TUIOLAIU JIEMTHUKOB Ha OT-
IEeIbHBIX XpebTax, %; 2 — UX O0JIs B OOLIEH IUIOLIaaH JIEAHUKOBOM CUCTEMBI poccuiickoro Aurast, %.

Fig. 4. Distribution of glaciation area in the Altai glacier systems (shown based on the map of solid precipitation from the Atlas
of Snow and Ice Resources of the World). 7 — isolines of the area distribution of glaciers on individual ridges, %; 2 — their share

in the total area of the glacial system of the Russian Altai, %.

JieHue JJegHUKOoB (76 % Tutolany ojiefeHeHUsT AJITast)
Haxomutcs B LleHtpansHoMm Antae B xpebrax KaryH-
ckmii, CeBepo-Uyiickuii, HOxno-Yyiickuii, Kapa-
AnaxuHckuit. JIvmb 0.15% JleMHIKOB JISKWT K 3aI1amy B
xpe6rax XomsyH, Jluctssara, 1% — B 4eThIpEX HEGOIb-
IIUX TPpyIax K ceBEPO-BOCTOKY OT LIEHTpaJIbHOI Ya-
ctH, 3.3% — Ha xpe6te Llammansckwii, 3.7% — X 1ory
oT Hero B xpebTrax CaiimoreMm, YnxaueBa n MaccuBe
MonryHn-Taiira, 13% Ha xpe6te HOXHBII AnTail n
ropHoM y3Jie TabbiH-borno-Ona Ha rpaHuiie Poccuu
¢ MoHronueii.

XpeOThl, Hecyllre 3TU JICMIHUKOBBIC CHUCTEMBI,
MMEIOT Pa3sHYK OPUEHTALMIO W pacHpeneieHbl He-
PaBHOMEPHO Ha IuIoiany okoJo 1 teic. km? (Kotois-
KOB U 1p., 20146). HanGoawmmit Bec (31.5%) nmeer
mjaomanb ojenecHeHus1 KaryHckoro xpeora. Ha pac-
MOJIOXEHHbBIE B HEMMOCPEACTBEHHOI 61mn3ocT CeBe-
po- u OxnHo-Yyiickue xpe6Thl npuxonurtcs 44.3%
TUIoIIAaU ofiefeHeHUsT poccuiickoro AnTtasi. Ha kap-
Te 3TU XpeOThI MONaAaloT B 00J1acTh “6ombiie 10%”.
HoJist ocTallbHBIX JIGTHUKOBBIX CUCTEM H3MEHSIETCS
cumMeTpuyHo ocu 3H03—BCB, npoxongiieit yepes
maccuB benyxu. K CC3 ot 3T0ii 0cu 10151 KaXKaoi 13
CHCTEM YMEHbIIAETCSl CHAavaja 0 LeJbIX U IeCSAThIX
npoleHTa (JeMHUKOBBIE cucTeMbl Xom3yH — 0.1%,
Kypaiickoro — 0.8%, llamnmrama — 3.2%), a eme na-
Jiee K ceBep-CceBepo-3amnaay — 0 COThIX OOJCH Ipo-

neHra: xpeotel CymynbruHcKuil, Kypkypebaxu — mmo
0.04—0.05%. K FOKOB ot ocHOBHOi1 ocu pacroara-
1oTCs cucreMbl MaccuBa MonryH-Taiira (3.1%), Ta-
6b61H-borno-Omna (3.7%), YOxnasbrii Anrtait (9.3%), a
Jajee K I0T-I0TO-BOCTOKY — cHUCTeMBI XpeoToB Caii-
smoreM (0.2%), Yuxauesa (0.4%).

Takoe pacrnpeneneHe COOTBETCTBYET CyOIIMPOT-
HOMY HallpaBJICHUIO XpeOTOB 1 YMEHBIIIECHUIO X BbI-
COT K ceBepy U 1ory ot KaTtyHckoro mogHsatus. D10
MPOUCXOIUT Ha (pOHE YBETUUYEHUSI TBEPIbIX OCATKOB
Ha I0oro-3amaj u ceBepo-3amazn ot KaryHckoro xpe6-
Ta, KOTOpoe 3a()MKCHUPOBAHO Ha KapTe TBEPIbIX
0CaJIKOB U3 ATJlaca CHEXXKHO-JIEIOBBIX PECYPCOB MUpa
(cm. puc. 4). TakuMm 06pazoM, TOHWKEHHUE BBICOT He-
CYILIMX XpeOTOB HE KOMIIEHCUPYETCS yBEJIMYEHUEM
aKKyMYJISILUU Y TIPUBOIUT K YMEHBIIIEHUIO pa3zMe-
pPOB JIETHUKOBBIX Y3JIOB. DTO IIOATBEPXKIAETCSI U
OTIpeNeJIEHHOM YCTOMUYMBOCTBIO BO BPEMEHMU IIPO-
CTPAHCTBEHHOM CTPYKTYphI OjeAecHeHUsI ANTast (CM.
Tabm1. 2).

Onenenenne Anrast Bo BTopylo nekany XXI B. co-
XpaHsIEeT B LIEJIOM CTPYKTYpPY, COOTBETCTBYIOIIYIO
oporpacduu peruoHa. MoXXHO OTMETUTb JIMIIIb POCT
BKJIaga KPYITHBIX Y3JIOB OJIEICHEHUSI B OOIIYIO TLIO-
1Iaab JEMHUKOBO cuCcTeMbl AJITast. DTO OTHOCUTCS K
KartyHnckomy, CeBepo-Yyiickomy xpedtaM u FOxxHO-
My Anraro. Uckmiouenue cocrapiseTr FHOzxHo-Yyii-
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Homep | Hassanue xpe6ta | 1850 km? | 1952 km? | 2003 km? | 2018 xm? | 1850% | 1952% | 2003% | 2018%
1 Karynckwmit 328.7 281.5 266.9 199 31.1 31.5 32.3 36.3
2 HOxHo-Yyiickuii 262.3 220.7 201.8 118.1 24.8 24.7 24.4 21.6
3 CeBepo-Yyiickuii 208.2 177.0 164.2 112.8 19.7 19.8 19.9 20.6
4 FOxHBIIT AnTait 96.7 82.7 77.1 57.20 9.1 9.3 9.3 10.4
5 Ta6biH-borno-Omna 39.9 33.4 28.1 20.90 3.8 3.7 34 3.8
6 HIammarbcKuit 37.5 29.1 26.3 12.46 3.5 3.3 32 2.3
7 MomnryH-Taiira 34.0 27.8 25.5 16.50 3.2 3.1 3.1 3.0
8 KapaanaxuHckue ropst 16.8 13.5 12.2 2.90 1.6 1.5 1.5 0.53
9 CapbIMCaKThl 12.9 10.3 9.3 4.32 1.2 1.2 1.1 0.8
10 Kypaiickuii 9.2 7.0 6.4 1.60 0.9 0.8 0.8 0.3
11 YuxaueBa 4.8 4.0 3.7 1.30 0.4 0.4 0.4 0.2
12 | XomsyH 1.2 0.9 0.8 0.60 0.1 0.1 0.1 0.1
13 Kypkypebaxu 0.7 0.5 0.4 0 0.07 0.06 0.04 0
14 CyMyJIbTUHCKHIA 0.5 0.4 0.4 0 0.06 0.05 0.04 0
15 Jluctesira 0.5 0.4 0.4 0.2 0.06 0.05 0.04 0.04
B uenom 1058.6 892.8 826.8 547.9 100 100 100 100

Taomna 3. VI3MeHeHUsl CpenHero1oBoil CKOPOCTH U3MEHEHUI COKpallleHUs TIoanu JeqHukoB ['opHoro Anrast AS

(% /ron) B pa3Hble neproabl BpeMeHu ¢ 1968 mo 2017 r.

Hassanue xpe6Ta AS 963—2008 (%/TOmI)
KartyHckmii 0.47
HOxxHO0-Yyitckuit 0.52
Cesepo-Yyiickuii 0.37
Bcero 0.46

AS 9682017 (%/TOM) AS5p08—2017 (%/TOM)
0.53 0.81
0.58 0.87
0.52 1.21
0.54 0.93

ckuii xpebert. J1oJist HeOOIBIIMX OYaroB OJIeACHEHUS
B 0OOI1Iei1 IUIOIaaY oJieACHEeHST AJITast HE3HAYUTEIb-
HO COKpaTWJiach, TaK Kak IIpeolGiafaloliue B 3TUX
paiioHax MaJIeHbKHE JISNHUKU B TIOCJEeAHEE BpeMs
TalOT YCKOPEHHBIMU TeMIlaMu (CM. Ta0J1. 2).

[aHHbIe Ha pa3HbIe BpeMEHHbIE CPE3bI MOJIyUYeHbI
MO pa3JIMYHBLIM METOIUKAaM U C Pa3HOl TOYHOCTHIO:
st 1850 I. peKOHCTPYKIIMS pa3MepoOB JIGTHUKOB BhI-
TOJIHEHA 10 KOHeYHbIM MopeHam (Oxuiues, 2011);
Katanor nenHukoB CCCP npenocrasisieT faHHEIE 3a
1952 r., nmoysiydyeHHbIe HA OCHOBE aHan3a a’3podoTo-
ChEMKU M Tomorpauyeckux KapT, 3HAYEHUS TJ10-
mwanu mist 2003 . mogy4YeHbl MyTEM KOPPEeKLIUU JaH-
Hbix Kartayora (1952 r) ¢ yueToMm TeMIIOB aerpagaiuu
oJIeICHEHUsST Ha OCHOBE JAaHHBIX AUCTAHIIMOHHOTO
30HAUPOBAHUS JJIs1 OTACAbHBIX JiegHukoB (Huku-
TUH, 2009); CHUMKHN BBICOKOTO pa3pelieHus Mo3BO-
JIVJIY TIOJTyYUTh HanboJjiee TOUHYI KapTUHY COCTOSI-
HuUs ojieneHeHust Anrasg Ha 2018 r. (XpomoBa u 1p.,
2021).

Juist 6osiee KOPPEKTHOM OLIEHKU U3MEHEHUW 110~
IIaaU JIETHUKOB OBLIY MPOBENEHBI CreLIMaIbHbIE UC-
cienoBanus (TopomoB u ap., 2020). [Iis 3Tor0 BEIOpa-
Ne 2 2023
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HbI HanboJiee U3y4eHHbIE U 0OecIieueHHbIe JaHHBIMU
JUCTAaHIMOHHOTO 30HAMPOBAHMS Y3JIbl OJICHCHEHUS
HenTpanproro Anras — Karyncknii, FOxno- u Ce-
Bepo-Yyiickue XpeOThl. bl Mcmoib30BaHbBI JaH-
HBIe KOCMMYECKUX ChEMOK Sentinel-2, BBIITOJIHEH-
HBIX 15 aBrycra 2017 . JI71sT OLIEHKM CKOPOCTU U3Me-
HEHM JIEHHUKOB B IIpeJieIaX 3TOi TEpPUTOPUU ObLIU
nogobpannl  Kocmudeckue cHuMKM CORONA
(3 centa6psa 1968 r.) m ALOS PRISM (13 aBrycra
2008 t.). ITpocTpaHCTBEHHOE pa3pelliecHue CHUMKOB
Sentinel-2, CORONA u ALOS PRISM cocraBnsieT
10, 3 m 2.5 M COOTBETCTBEHHO.

Pesynbrarel MiccaenoBaHUST KOCMUYECKUX CHUM-
KOB MOKAa3bIBAIOT, YTO COKpallleHue JieTHUKOB [op-
HOro AJTast HabJI101aJI0Ch Ha BCEM MPOTSKEHUU BTO-
poii TOTOBUHEI XX B. ¥ B HAYaJIe TEKYIIIETO CTOJICTHSI.
3a mepuo, IMpoNUIeAIINii TTociie cocTaBieHuss Kara-
Jora jgenHukoB CCCP (1952—2018 rr.), JAemHUKU
poccuiickoro Antas cokpatmiuch Ha 40%. 3a 65 net
ncuesnu 143 negnuka, a 108 pasmenunock Ha 2—5 ya-
creii. CKopocTb aerpanaiuu jegHukoB B 2008—2017 1.
yBenndmiach BaBoe (puc. S5). OneneHeHue TPEX oc-
HOBHBIX XpeOTOB AjITas cokpaTmiock Ha 37.7%. Ca-
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Puc. 5. I3sMeHeHMsI CKOPOCTH COKpalteHus JeqHUKOB LleHTpanbHoro Anras ¢ 1968 o 2017 r. (imdphl B KpyKKax: 0€I0T0 1IBe-

Ta — 1968—2008 rT., opanxkeBoro 1Bera — 2008—2017 rr.).

Fig. 5. Changes in the rate of reduction of the Central Altai glaciers from 1968 to 2017 (figures in circles: white — 1968—2008,

orange — 2008—2017).

Mast OOJIbIIast JOJIST COKpAIIeHUS TUIOIIany HabJro-
nmaetca B IOxHo-YyiickoM xpebTe — 46.5%; nemHUKN
CeBepo-Uyiickoro xpedta cokpaTuinuch Ha 37.7%, a
KaryHckoro — Ha 31.9%. Paznmmausa B tMmHaAMUKE JIeI -
HUKOB JEMOHCTPUPYIOT BIUSIHUE MECTHBIX MOpdhOo-
JIOTUYECKUX U KIMMAaTUYECKUX OCOOEHHOCTE Ha
3TOT TIpoliecc.

CokpallieHUe JIGTHUKOB B ropax AJITasi comiacy-
€TCsI C pe3yIbTaTaMU JOJTOCPOYHOM IIPOrpaMMBbI U3-
MepeHUs OajaHca MacChl Ha TpeX JIemHuKax: Mablit
Axtpy, JleBuii AxTpy u BomomamgHblii (JTleqHUK
Ne 125). DTtu nemHUKM BXOOST B “3TaJIOHHYIO” CETh
JISMTHUKOB, T1e yxke 0osiee 30 JieT u3aMepeHus bajnaHca
Macchl MTPOBOASITCSI B paMKax BceMUpHOI Ciiy>KObI
moHuTOopuHra JegHukoB (WGMS 2017). B 2012 1.
HaOM0AeHUS OBLIN TIPUOCTAHOBJICHBI, HO HBIHE 3a-
MmyllleHa MporpaMMa BOCCTaHOBJIEHUST HAOIIOACHUIA.

TenaeHUMsT yCUIEHUS TasTHUS JISTHUKOB XOPOIIIO
comiacyeTcsl ¢ HabIo1aeMbIM YBeJTMUEHUEM pacxoja
Bonsl B p. Katynb Ha 9% B 2008—2017 TT. 10 cpaBHE-
HUIO ¢ 1940—1968 rr. (1Ipy HEM3MEHHOM CYMMe Oca/l-
KOB). AHa/IN3 TPEHIOB METEOPOJIOTUYCCKIX BEJIMYNH
HAa OCHOBE CTAHLIMOHHBIX TAaHHBIX U PE3YJIbTATOB pe-
aHanmn3a ERA-Interim mokasaj, 4To CTaTUCTUYSCKU
3HAYMMOE MOTEIJICHNE B PETMOHE ITPOUCXOIUT TOJIb-
KO B TeIutoe monyroaue v He npesbiiaeT 0.5°C/10 ner.
BcnencTBue sToro TypOyJIEHTHBIN TEIJIOOOMEH aT-
Mocdepsl ¢ IefHUuKaMu 3a nocienHue 40 JeT yBeau-
yuiics Ha 4 BT/M2, 4TO BBI3BAJIO YBEIMUYEHUE 3a TOJ
ciost ctanBanus Ha 100 MM B BOTHOM 3KBUBaJICHTE
(B.3.). OnHAKO OCHOBHOI IIPUYMHON COKpaIlCHUS

JIETHUKOB AJITasl CIYKUT POCT TIPUXOASIIEH KOPOT-
KOBOJIHOBOJi paniMaluy, KOTOPbLiA cocTaBw 5 Br/m?
3a 10 JIeT 1 yBeIMYMII CJION CcTaMBaHMA Ha 365 MM B.3.
B roj. ITonoxXuTenbHbBIN TPEH I paarallMOHHOTO OajlaH-
ca XOpOIIO COIIACYeTCsI C YMEHBIIIEHEM KOJIMYeCTBa
o01Ieii 00JIAYHOCTH, YTO CBSI3aHO C YBEJIMYCHUEM T~
BEepreHLIMU Bjaru, reonoTeHLIana u ociadIeHUeM 30-
HaJIbHOM LIMPKYJISLUNKU B cpenHeit tponocdepe (Topo-
noB u ap., 2020).

KAMYATKA

IMTomyoctpoB KamMuaTka pacIrioyioXXeH B CpeoHUX
IIMPOTaX, BHITSHYT B MEPUAMOHAJIILHOM HaIlpaBlie-
HUM U COEIMHEH C MAaTEPUKOM K ceBepy oT 60° c.ii.
CpaBHUTEILHO Y3KUM MepelieiikoM. 3armagHoe nooe-
peXbe IOoJIyocTpoBa oMbiBaeT OXOTCKOE€ MOpe, BO-
crouHoe — Tuxuii okeaH. KamyaTrka OTHOCHUTCS K 30-
He M30BITOYHOTO YBIaxKHEeHMsI. ICTOYHMKM IMOCTYII-
JeHns ocagkoB — Oxorckoe M bepuHroBo mops.
Knumatuueckue yciaoBusI paiioHa OIIpeaesIioTCs
OCOOCHHOCTSIMM aTMOC(EPHOM NIMPKYISILIUKU HaI
beprHroBEIM MOpPEM U CEBEPO-BOCTOYHOI YacThIO
OxoTtckoro Mopsi. B 3uMHMii nepuron 31ech pa3BUBacT-
Csl aHTULMKJIOHWYECKasl IesITeIbHOCTh, OIIpeaeisie-
mas KomsiMckuM rpebHeM CHOMPCKOTO aHTUITMKITO-
Ha, a B OCTaJIbHOE BpeMsI TOCIIOACTBYET aKTUBHAS
LUKJIOHWYECKasI IesITeJIbHOCTDb, OOyCIOBJICHHAas AJle-
YTCKMM MHWHMMYMOM, IOCTUTalollass MakCuMyMa B
CeHTsIOpe U oKTs0pe. OTeruisiiolee BIUsIHUE OKeaHa
3uMoOii obOecneunBaeT Ha KaMuaTke cpaBHUTEIHLHO
BBICOKYIO CPEIHIOI0 TOAOBYIO TeMIIepaTypy BO3ayxa

JEI U CHET  Ttom 63 Ne2 2023
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(I'na3pipuH u ap., 1985). Knumatnyeckuii ¢poH u pe-
Jbed MOJIyOCTpOBa OJIaroNpPUSITCTBYIOT CYILIECTBOBA-
HUIO COBPEMEHHOTIO OJIeICHEHUSI.

B pamkax moaroroBku KaTtajiora JieqHUKOB Poc-
cUU ObUIM aKTyaJIu3UPOBaHbI JaHHBIE O COBPEMEH-
HOM cocTosiHuU oJieneHeHus1 Kamuatku (XpoMoBa 1
nap., 2021). Paiionsl u y31bl ojeneHeHus: KamMyaTku
paccpeloToYeHBl Mo OOJbIIIei YacTh MOJIyOCTpOBa,
TUIONIA/lb KOTOPOTO cocTaBisieT Topsinka 270 ThiC.
kM2, B coueTaHu1U ¢ BBICOKOI TOBTOPSIEMOCTBIO JHEI
€ 00JIAYHOCTBIO ATO JAeJIaeT MPAKTUISCKU HEBO3MOX-
HBIM ITOJTy4YeHHE 10 KOCMUYECKIM CHUMKaM MHMOop-
Mallu¥i O MPOCTPAHCTBEHHOM IIOJIOXKEHUU TPaHUIL
JIEAHUKOB Bceil KaMyaTK 3a KOpOTKUIA TIEpHOL, ITO-
psnka 1—2 jet. JJoImomHUTeIbHO TTpoLece neImndpu-
pOBaHMS TPAHUILI JIEAHUKOB YCJIOXKHSIETCS HATUYUEM
pa3BUTOI TMOBEPXHOCTHOM MOpPEHBI Ha JIGAHHKAaX B
paiioHax aKTMBHOTO BYJIKAHM3Ma, UYTO CYIIECTBEHHO
MMOBBIIIAET TPEOOBAHUS K TEXHUYECKUM ITapaMeTpam
HCITOJIb3YeMBIX CHUMKOB. Pa3perraromeit cmocooHo-
ctu cHUMKOB Sentinel-2, Landsat m ASTER gacto
HEIOCTAaTOYHO JJISI KaYeCTBEHHOTO IelngpupoBa-
HUs TpaHWIl 30CITHUX JeTHUKOB. [IpocTpaHCTBEH-
HOe MOoJIOXKEeHMe rpaHull 6oJblieii yactu (72%) nen-
HUKOB KamyaTku ObLIO OIpenesieHO B pe3yjbTaTe
JemrdprupoBaHusi CHUMKOB Sentinel-2 2016—2019 rr.
I'panunsl ocTanbHBIX 28% NETHUKOB, PACTIONIOXKEH-
HBIX TIPEUMYIIECTBEHHO B paiiloHaX aKTUBHOIO BYJI-
KaHW3Ma, Jeln(GpUPOBaIUCh IO ITUPOKOMY CHEK-
TPy CIyTHUKOBBIX cHUMKOB (WorldView-2, GeoEye-1,
Landsat 8, ASTER) 2010—2015 rr. I'paHuusl nsaTu
JIeTHUKOB BamarmHckoro xpe6Ta ObITA OIpeneIcHbI
o cnyTHUKOBEIM cHuMKaM IKONOS 2007 r.

B pesynberaTe Ha KamuaTke oOHapyxkeHO 732 em-
HMKa 001Lel 1uIoimanso okoso 680 km? (XpoMoBa 1
ap., 2021). ITo nanueim Karanora nenHukoB CCCP B
cepenmHe XX B. Ha KamuyaTke HaCUUTBHIBAIOCH
405 negHUKOB 001LEl ruIowanbio 874 kM2, Uccieno-
BaHUS ojeiecHeHUs KamMuyaTku B mociaemHHe TOIbI
BBISIBUJIM MHOXKECTBO JIEIHUKOB, paHee He 3aperv-
CTpUpOBaHHEIX B KaTtayore, mosTroMy npsiMoe cpaB-
HEHYeE KOJIMYECTBA U IUIOIIAAU JIETHUKOB C JAHHBIMU
COBpPEMEHHbBIX MCCIeIOBaHUN 3aTpyaHeHo. M3 465
JIEMHUKOB ceBepHoit yactu CpenmHHOro Xxpeora,
UIEHTU(PUINPOBAHHBLIX HA COBPEMEHHBIX CITyTHU-
KOBBIX CHMMKax, 216 He ObLIM yuyTeHbl B Katajore
nenHukoB CCCP. ITnomanpe onegeHEeHUs B pa3HbIX
paiioHax KamMyaTKy co BpeMeHHU KaTaJoru3aluy 13-
MeHsJIach KpaiiHe HepaBHOMepHoO. Tak, oneneHeHUe
KpoHortikoro nosyoctpoBa 3a 1957—2013 rr. cokpa-
TIiIoCch Ha 27.6% (MypaBbeB, 2017), a onemeHeHUe
BYJIKaHMYECKOTO MaccuBa AJrHel-YanrakoHmka 1mo-
Tepsio 3a 1950—2010 rr. 19.5% mnowmanu. Ha Munn-
ckoM ByJsikaHe ¢ 1950 mo 2010—2014 rr. rmioiansb Jiea-
HUKOB MpakTUYeCKM He W3MEeHWIAach Omaromaps
MOIIIHOMY MOPEHHOMY IIOKpPOBY, OpPOHMPYIOLIEMY
s3bIKM TemHuKoB. Ha KirloueBckoil rpyrime ByJiKa-
HOB IJIOLIAIb OJIEIEHEHMUS I10 TOM K& MPUYNHE BO3-
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pocna ¢ 1950 mo 2010—2015 rr. Ha 4.3% (8.7 xm?)
(A.51. MypaBses, S.JI. MypaBbes, 2016).

JdvuHaMuKa JeTHUKOB PailOHOB aKTUBHOTO BYJIKa-
Hu3zMma KamMyaTky NPUHLMOAAIBHO OTJIWYAeTCSd OT
JIUHAMUKU JIENHUKOB PAliOHOB, yIAJIEHHBIX OT aK-
TUBHBIX BYJKaHOB (Hanpumep, KpoHolikuii moJy-
OCTpOB U ceBepHas yacTtb CpeguHHOro xpeora). 13-
MEHEHMUsl JIEIHUKOB, PacHOJIOXXEHHBIX BOJMU3U aK-
TUBHBIX BYJKAHOB, 3aBUCST, MpeXAe BCEro, OT
BYJIKaHMYeCKO mnesiteibHOCTM (MypaBbeB, 2017).
Mpb1 He HabJoAaeM COKpallleHUs TIOLIAAu JIEAHU -
KOB pailoHOB akTUBHOTrO ByjikaHu3ma (KiroueBckast
1 ABauMHCKas TPYIIIbI BYJKAHOB) B MEpPUOJ, C cepe-
auHbl XX no Hayano XXI B. bojiee Toro, B paiioHe
KiroueBckoro ByjikaHa HEKOTOpPbIE JIETHUKU HEIpe-
PBIBHO HACTYIAIOT ¢ cepenuHbl XX B. (HarpuMep,
OpmaHa u boragaHosuya). [Tpu 3ToM PpoOHTHI 6OJb-
IIUHCTBA JleAHUKOB KUltoueBcKoii Tpynbl ByJIKAHOB
B HacTosllllee BpeMsl HaXOAsITCSI B KBa3uCTallMOHap-
HoM coctostnuu (MypaBbeB, MypasbeB, 2016). D1o
MPOWCXOAUT, B IEPBYIO Ouepeib, OJaroaapst MOIIHOM
MOBEPXHOCTHON MOPEHE, CIOXEHHOU BYJKAHOIEH-
HbIM MaTepualioM, KoTopasi TpeloXpaHsieT SI3bIKU
JIETHUKOB OT MOBEPXHOCTHOI abussiuu. 1o aHano-
r'MYHON mpuyuHe ¢ 1971 r. mouTu HEeNpepbIBHO Ha-
CTYIaeT paCIOJIOKeHHbI B ABauMHCKON TpyIine
By/nKaHOB enHuK Kozenbckuii (Mypasbes, 2020).

3AKJIIOYEHHME

IMonyyeHa geranbHask KapTUHA U3MEHEHMI JIea-
HUKOB B TOpHBIX pailoHax Poccuu, Haubosee obec-
MEYEHHBIX CBEASHUSIMU O JeAHMKaX B XX BeKe U Ma-
TeprajaMUu COBPEMEHHBIX KOCMMYECKUX CBhEMOK.
Hnsi onenenenust KaBkaza mojiydeHbl MaHHBbIE Ha
BpeMeHHbIe cpe3bl 1911, 1952, 2000, 2014, 2018 u
2020 r.; o Antas — Ha 1850, 1952, 2003 u 2018 1.
1s1 KpynHBIX y3710B ojieneHeHus LieHTpanbHOro Aj-
tag — KaryHckoro, IOxHo- u Ceepo-Yyiickoro
XpeOTOB IOMOJIHUTEbHO Ha 1968, 2008, 2017 r.
B 060oux pailoHax BBISIBJIEHO COKpallleHUE TUIOIIAIN
JIEMHUKOB C Havyajia XX B. M1 YCKOPEHHE TEMIIOB CO-
kpamienusa B Hagase XXI B. Jlemnuku KaBkaza n A-
Tast YMEHBLIWIN CBOU pa3Mephl 3a 3T0 BpeMst Ha 46%
n 48% cooTBeTcTBeHHO. B cpenHem megnuku Kapka-
3a B XX B. Tepsiiau okoio 0.2% B ron, Antas — 0.15%,
a B Havasie XXI Beka 1.15 u 1.7% COOTBETCTBEHHO.
BoisiBiieHBI pa3mmuns B TeMIIaX COKpaIlleHUS TTOIIA-
I BHYTpU peTuoHOB. JlenHuku Ha ceBepe bobiioro
KaBka3a nMeIOT OTHOCUTEJILHO MEHBIIYIO CKOPOCTh
M3MEHEHUS, YeM JICAHUKHU Ha ore. B BocTouHoOI1 ya-
ctu Kapka3za 3a 2000—2020 rr. HaGII0Aa7I0Ch caMoe
BBICOKOE abCOJIIOTHOE cokpaillenue —1.82%/r, B To
BpeMsi KaK B MaccCuBe DJIBOpPyC caMoe HU3KOe —
0.57%/r. B 3anagHOM peTMOHE TaKKe ObLIU HECKOJIb-
KO GoJjiee BEICOKME TeMIbl u3MeHeHuit (—1.45%/1).

B ropax Antas camasi 6oJibliasi 1015 COKpalleHUs
wrommaau (1968—2017 rr.) Habmomaetcs B HOxHO-
Yyiickom xpebte — 46.5%; nemnuku CeBepo-Yyii-
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CKOro xpebta cokpaTtuiauch Ha 37.7%, a KaryHckoro —
Ha 31.9%. Pasnuuus B fMHAMUKE JIETHUKOB IEMOH-
CTPUPYIOT BIMSHHE MECTHBIX MOP(MOJIOTrMIYECKUX U
KJIMMaTU4IeCKNX OCOOEHHOCTEil Ha 3TOT MpoIliecc.
CoxkpaleHne II0MAar OJiefeHeHNST B 000MX peTro-
Hax IIPOXOIWJIO Ha (DOHE YXyIIEHUS METEOYCIOBUIA,
OTIpeaeIISTIONIMX cyliecTBOBaHMe JiemHMKoB. Ha KaB-
Ka3e OTMEUYEHBbI MOBBILIEHNE JETHEl TeMIlepaTyphl
BO3/Iyxa M COKpallleHWe KOJIWYeCTBa 3UMHUX OCajl-
koB. Ha Anrae Takke MpOMCXOAUT TOTEIUICHWE B
JIETHUI TIEpUOM, YTO NIPUBOIUT K YBEJIUYECHUIO TYp-
OyJICHTHOTO TeIuiooOMeHa aTMocdepsl ¢ JIeTHUKa-
MM, KOTOPOE B CBOIO OUepeb BLI3bIBAET YBEJIMUCHUE
TOIOBOTIO CJIOSI cTauBaHUs. B 06oux pernoHax orme-
YeH POCT KOPOTKOBOJIHOBOI pamvaliiyi, YTO BHOCUT
CYLIECTBEHHBI BKJIAJ B YCKOpEHMWE TassHUS JISTHU-
KOB B ITOCJIEAHYE TOOBI.

st uccnegoBanus JiemHUKOB KamMuyaTku ObLInd
ncnoiab3oBaHbl JaHHble Kartanora negaukos CCCP
(1950/1957) 1 CHUMKM C pa3HbIX CITyTHUKOB B ITepu-
on 2007—2019 rr. BeIsiBIeHBI JIGTHUKU, paHee He 3a-
peructpupoBaHHbie B Katanore nenHukoB CCCP.
M3 465 nemHukoB ceBepHoOil 4dactn CpearHHOTO
XpebTa, MIeHTU(PUIIUPOBAHHBIX Ha COBPEMEHHBIX
COYTHUKOBBIX CHUMKaX, 216 He Obl1u yuTeHbl B Ka-
tanore JeqHaukoB CCCP. Iinowanes ojieieHEHUS B
pas3HBIX paifoHax KaMJyaTKi co BpeMeHU MepBOii Ka-
TaJOTM3allid M3MEHsUIach KpaifHe HepaBHOMEPHO,
YTO CBSI3aHO CO 3HAYUTEITbHBIMH Pa3IMINSIMU B MOP-
dorornm regHNKOB. JIEMHUKY BYJIKAHWUYECKUX paii-
OHOB YBEJIMIMIV CBOU pa3Mephl MU OCTaBaJINCh CTa-
IIMOHAPHBIMM; 31IeCh HET TEHISHIINHN K COKPaIIeHUIO
JIETHUKOB M3-3a MOIIHON ITOBEPXHOCTHOM MOPEHHI,
COCTOSIIIEH 13 BYJIKAHOTEHHOTO MaTepuaia.

CpaBHenue naHHbix Katamora mennukos CCCP
(o coctostHuto Ha 1950—70-e romwi) u Karanora
JenHukoB Poccum (2017—2019 rr.) mokasbIBaeT co-
KpallleHUe IO OJeAeHEHUs ¢ cepeaHbI XX B.
0 KOHILIa BTOpoit aekanbl XXI B. BO BCeX TOPHBIX
paiioHax Poccum 3a MCKITIOUEHUEM BYJIKAHWYECKMX
obmacreit Kamuatku. CokpalileHue IUIOMaan Haxo-
nutcd B nuanaszoHe ot 63% (Ypan) no 13% (Komap).
Camble KpynHBIE JIETHMKOBBIE cucTeMbl KaBkasa,
KamuaTku 1 AnTasi yMEHBIIUIU CBOU TUIOIIAIN CO-
OTBETCTBEHHO Ha 25, 22 1 39%.

YckopeHune TeMIIOB COKpallleHUsI pa3MepOoB Je-
HUKOB TpeOyeT COBEPIICHCTBOBAaHUSI METOHOB HC-
cJielloBaHUsI, BHIOOPA ONITUMAJIbHBIX CPOKOB ITOBTOP-
HBbIX MTHBEHTAapU3alliii, KOTOPbIe MOTYT Pa3InyaThCsl
OT permoHa K perMoHY WJIU Aaxke BHYTPU peruoHa B
3aBMCUMOCTHU OT TPEHIOB CKOPOCTU U3MEHEHMIA Jie -
HUKOB. [lojlyueHue MaccOBBIX JaHHBIX B KOPOTKUE
CPOKHM HEBO3MOXHO 0€3 yCOBEpIIIEHCTBOBAHUS Me-
TOIOB JAeIIN(PUPOBAHUS CITYTHUKOBBIX CHUMKOB,
BKJIIOYasi KOMOMHUPOBaHVE aBTOMAaTU3MPOBAHHBIX U
9KCIIePTHBIX TOAXOA0B. YBeJIMYeHHe 00BbEeMOB MaH-
HBIX, POCT KOJIMYeCcTBa UHMOpMaLIMKU TPeOYIOT pac-

UpeHrne MHGOPMALIMOHHON MHMPACTPYKTYPHI JIsI
UX XpaHEHUSI U aHaJIu3a.
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Glaciers in the Russian Mountains (Caucasus, Altai, Kamchatka)
in the First Quarter of the 21st Century

V. M. Kotlyakov4, T. Y. Khromova+#, G. A. Nosenko, A. Y. Muraviev?, and S. A. Nikitin*

¢ Institute of geography RAS, Moscow, Russia
*e-mail: tkhromova @gmail.com

The conducted studies allowed us to obtain a detailed picture of glaciation changes in the mountain regions
of Russia, most provided with information about glaciers in the twentieth century. For the Caucasus glacia-
tion, the data were obtained for the time periods 1911, 1952, 2000, 2014, 2018 and 2020; for Altai — for 1850,
1952, 2003 and 2018. For large glaciation nodes of the Central Altai — Katun, South and North Chuya Ridges
additionally for 1968, 2008, and 2017. In both areas, a decrease in the area of glaciers since the beginning of
the twentieth century and acceleration of the rate of reduction in the early twenty-first century have been re-
vealed. The glaciers of the Caucasus and Altai reduced their size during this time by 46% and 48%, respec-
tively. On average, in the twentieth century the glaciers of the Caucasus lost about 0.2% of the area per year,
in the Altai — 0.15%, and in the early twentieth century 1.15 and 1.7% respectively. To study Kamchatka gla-
ciers, we used data from the Glacier Inventory of the USSR (1950/1957) and images from different satellites
in the period 2007—2019. The glaciers that were not previously registered in the Glacier Inventory of the
USSR were identified. The greatest number of such glaciers is in the northern part of the Midnight Ridge,
where out of 465 glaciers identified on modern satellite images, 216 were not included in the Glacier Inven-
tory of the USSR. The area of glaciation in different regions of Kamchatka has changed extremely unevenly
since the first cataloguing, which is associated with significant differences in glacier morphology. Glaciers of
volcanic areas increased their size or remained stationary; here there is no tendency for glaciers to decrease
due to the thick surface moraine consisting of volcanogenic material. Comparison of data from the Glacier
Ne 2
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Inventory of the USSR (as of the 1950s—70s) and the Glacier Inventory of Russia (2017—2019) shows a de-
crease in glaciation area from the mid-20th century to the end of the second decade of the 21st century in all
mountainous regions of Russia except only the volcanic regions of Kamchatka. The area reduction ranges
from 63% (Ural) to 13% (Kodar). The largest glacial systems of the Caucasus, Kamchatka and Altai have re-

duced their areas by 25, 22 and 39%, respectively

Keywords: mountain glaciers, Russia, glacier changes, space images
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BBEAEHUE

BoiBonHbIE TeAHUKY 1 AEASIHbBIE TIOTOKU B APKTU-
K€ U AHTapKTHKE IIPEACTaBJISIIOT COO0 OCHOBHBIE
apTepuu, 10 KOTOPBIM JISTHUKOBEIC KyIIOJIa W JIe[I-
HUKOBBIE MOKPOBBI CTPYXalOT JIEN B OKpPYXKaIOIINE
MopsI, TepsIst CBOIO Maccy. OHM OTIMYAIOTCS OOIBIITHN -
MU CKOPOCTSIMU IBUKEeHUSI (ITOPsAKAa COTEH METPOB B
rox 1 6oJjee), IIOCTaBIISIIOT OOJIbIIe OOBEMEI JIbIA B
MoOpe B BHUAE aiicOEproB M OKa3bIBAIOT CYIIECTBEH-
HBII BKJIaJ B MOBBILLIEHUE YPOBHSI MUPOBOIo oKea-
Ha. HekoTopble M3 HUX HUCIIBITHIBAIOT PE3KHE IO-
IBYKKM (CEPIXKU), BO BpeMsl KOTOPBIX CKOPOCThb UX
JIBVDKEHUST M pacXo JibIa BO3pacTaloT Ha HECKOJIBKO
MOPSIAKOB, 4YTO CONPOBOXIACTCS 3HAYMTEIbHBIM
MIpOABIKEHEM (PPOHTA JIEOHWKOB M YCUJIEHHBIM
alicbeproodpa3oBaHMEM.

AHaJI3 TUHAMUWYECKOrOo MOBEACHUS U CTaOWJIb-
HOCTU TaKMX JIETHUKOB, CKOPOCTU WX IBUXEHUS,
pacxopa JibJa U peakliui Ha U3MEeHEeHUs KirMMara siB-
JIsIeTCsl aKTyaJlbHOI HaydyHOU mpoobiemMoii. [1s e€ pe-
LIeHUsI TpeOyeTcsl 3HaTh CBOMCTBA JIOXa, 10 KOTOPO-
MY IBUXYTCS JIETHUKW. DTU CBOKCTBA HE TOJIbKO 3a-
METHO BapbUPYIOT OT MeCTa K MECTY MO/ JIEAHUKOM,
HO Y MOTYT CYIIECTBEHHO KOJieOaTbCs, MEPEeKIIIO-
YyaThCsl WM MepecTpanuBaThcs CO BpeMeHeM. TpymaHo-
JIOCTYITHOCTbD JIOXKa TSI MPSIMBIX MCCJIeNOBaHUI 3a-
METHO 3aTPyAHSIET pelieHue npoodiieMsl. B To Xke Bpe-
M1 TIpUBJIeYeHUE TeodU3UIYECKUX TaHHBIX, MpexIae
BCEro JaHHBIX PaaVMO30HAWPOBAHUS, IS OLIEHKU

YCJIOBUM Ha JIOXE JIEMHUKOB ceiiyac MpaKTUYECKU
OTpaHUYEHO 00JaCTIMU AHTApPKTUYECKOTO U [peH-
JIAHICKOIO JIeOHUKOBBIX mokKpoBoB (Fujita et al.,
2012; MacGregor, et al., 2015; Chu et al., 2016, 2018,
2021; Schlegel et al., 2022) 1 IpUMEHSJIOCH JIUIIb 15T
nenHukoB CBanb6apnaa (Pettersson et al., 2011; Maue-
peT u np., 2021). Dt gaHHBIE PENIKO IMPUMEHSIINCH
JUISL JISTHUKOB B APYTUX paiioHaX TOPHOTO U MOJISIp-
Horo oneacHeHwus (Cacituia, 2015; Madeper u 1p.,
2021; Rutishauser et al., 2022) 1 HUKorma — aJist JIeI-
HUKOB Poccuiickoilt ApKTHUKHU, TAe OHU UCIOJIh30Ba-
JIUCh IJIaBHBIM 00pa30oM IS OTIpeaeICHUS TOJIIUHBI
1 00BbEMA JIETHUKOB U UX MOAJIEAHOTO peabeda.

B aT10i1 cTaThe MBI BOEpBbie MPUMEHSIEM JTaHHbIE
a’popagro30HIUPOBAHNUS IS OLIEHKU YCJIOBMIA Ha
MOBEPXHOCTH W Ha JIOXE 3anagHOl 4acTU JIEAHUKO-
Boro KynoJja BaBuioBa Ha CeBepHoOil 3emJie B Tiepu-
o1 €€ TTOABWKKMU. JIJ1s1 3TOro Mbl UCTIOJIb3yeM JaHHbIE
U3MEPEHU I aMIUTUTYIbl OTPAXXEHHBIX CUTHAJIOB U 1O
HUM OlleHMBaeM KO3 UIIMEHT OTPaXeHUsI OT MO-
BEPXHOCTU W JIOXa JIeAHWUKA, IU3JIEKTpUYECKUe
CBOICTBA JibJla U OPO JIOXKA, UX TUAPOTEPMUUECKOE
COCTOSIHUE U CTETIEHb TPEIIMHOBATOCTU JIEMHUKOBO
TOJIIIW Y UX OTJINYUSI BHYTPU U BHE YYaCTKOB OBICTPO-
TO IBVXKEHMSI JibJa MO JAHHBIM KOCMUYECKUX ChEMOK,
YTOOBI BBISICHUTH CBSI3b CKOPOCTU JBUXKEHMUSI JISTHUKA
C YCJIOBUSIMU Ha €0 TIOBEPXHOCTU U HAa JIOXKE.

PagvonokauimoHHbIe U3MEPEHUS BHITIOJHSUINCH C
o6opra Bepronera Ka-32, 6asupoBaBiieMcst Ha Hay4d-
HO-3KCIIEAULIMOHHOM cydHe “AKaaeMHuK TpemHu-

174



YCIIOBUA HA JIOXKE M IMMOBEPXHOCTHU JJEAHMNKOBOI'O KYTIOJIA BABMJIOBA 175

KoB”, BbiosIHsAB1IEM B 2014—2016 rT. UcciienoBaHus
B paitoHe apxunenaroB HoBas 3emis, 3emusa dpan-
na-Mocuda n CepepHas 3emust (CouHeB U Jp.,
2018). 15.09.2014 moa€ThI OBLIM BHIITOJHEHBI B 3aMaj-
HOM 4YacTH JIEMHUKOBOro Kynojia Basuiosa (79.30°
c.r., 95.47° B.n.) Ha 0. OKTSIOPHCKOII PEBOJIIOLIUMN
(CeBepHas 3emJisl), re MO JaHHBIM KOCMMYECKUX
cbEMOK B 2012 1. HaYanach KpymnHasi ISTHUKOBAsI IO~
JIBMKKA, COITPOBOXIABIIIASICS 0Opa30BaHUEM CUJILHO
TPEIIMHOBATOTO JICASHOTO MOTOKA B TeJie Kyrnoja U
BBIIBIKEHHEM B akBaTopHio Kapckoro Mops JemAam-
KOBOI1 jonactu (ruromanpio 134.1 km?> U 06bEMOM
He MeHee 4 km® B 2014 1.) (Byuryesa u ap., 2018; Willis
et al., 2018; Zheng et al., 2019).

ATITIAPATYPA, METOJAUKA U3MEPEHUN
N OBPABOTKA JAHHbIX
ABPOPAIMO3OHANPOBAHUA

st u3MepeHunii MpUMeHSIJICSI MOHOMMITYJILCHBI
panuosokarop BUPJI-7 ¢ ueHtpanbHOil 4yacToTOM
20 MTI1, cHaOXeHHBIII aBTOMAaTUYECKOM CUCTEMOI
M (POBOK perucTpaliuv paaapHbIX 1 HaBUTAI[MOH-
HbIXx GPS mannbix (Vasilenko et al., 2011). Ero miepe-
Jatoliiee, MpMeMHOE U PETUCTPUPYIOIIee yCTPOHCTBA
BMECTE C UCTOYHUKAMU TUTAHUS U Tepeaarleiit u
MIpUEeMHOM aHTeHHaMHU IJTHHOM 110 6 M, GPS-TiprieM-
HUKOM, CMCTEMOW CUHXPOHM3AIIMU 1O OITOBOJIO-
KOHHOMY Ka0eJlio U BUJIEOKaMEePOii pa3MelliaiuCh Ha
JIepeBSIHHOU (epMe KpecTooOpa3Hoit OpMbI M-
HoI1 12 M, monBelIeHHO# Ha 20-MeTPOBOM ITOJIUIIPO-
MUJIEHOBOM TpoOce Mo (h1o3esKeM BEPTOIeTa.

Perucrtpaiius pagapHbix 1 HaBuraimoHHbIx GPS-
JIaHHBIX BeJIach B aBTOMAaTUYECKOM peXHUMe C MUHTEP-
BajioMm 0.2 ¢ IpU CKOPOCTH IT0JIeTa BepTojIeTa OKOJIO
120 xm/9ac. JnmTeIbHOCTh 30HINPYIOIIETO UMITYIb-
ca cocTaBpJisiyia 25 He, ITepuod AIMCKpEeTU3aluy — 5 He.
Jnst TpuBSI3KM pagapHbIX JaHHBIX HPUMEHSIICS
GPS-npuemnuk Garmin GPSMAP 76, obecrieun-
BaBIIWI TOUHOCTh ONPeAcICHUSI KOOPINHAT U BHICO-
ThI MIOJIETa OKOJIO 5 M.

st Bu3yanu3aluu M OajdbHelineil oopadboTku
panapHbIX JTaHHBIX UCIIOJb30BAJICS MaKeT MporpamMm
RadexPro (Kynpaunkmii u np., 2001). Monyns Pick-
ing TMIPUMEHSIIA JJIsT TTMKUPOBKY (OLIM(POBKIU) Bpe-
MEHMU 3ara3ablBaHUsI OTPAXKEHHBIX CUTHAJIOB OT MO-
BEPXHOCTH M JIoXa, Momyiab Apply Statics — mis
ornpeeseHrs HayajlbHOTO BPEMEHU 3amna3iblBaHUs
30HIUPYIOLINX UMITYJIbCOB. AMIUIMTYIa OTPaKeHHO-
IO CUTHaJIa OT MOPsI, TIOBEPXHOCTU U JIOXKa JeNHUKA
n3MepsuIach ¢ ITOMOIIIBIO Moy SSAA Kak cpeqHss
KBajJparuyeckasi aMILUIMTyla BO BPEMEHHOM OKHE,
CUMMETPUYHOM OTHOCHUTEJIbHO MUKWUPOBKU U TIOJI-
HOCTBIO TIepEeKPhIBAIOIIEM IJIUTEIHLHOCTh OTPaKeH-
HBIX CUTHAJIOB Ha pagaporpammmax. [IpenBapuresnnb-
HO MbI OLICHWIN pa3Mep UMIYJbca OTPaKeHUs ISt
Pa3JIMYHBIX TPACC M OTMBITHBIM ITyTEM BbIOpaIn 3Ha-

JIEQ U CHET Ne 2

TOM 63 2023

YeHUsI, YTOOBI B OKHO TTONaJall BECh UMITYJIbC: JIOXKE
negHuka — 100 He (20 OTCUETOB); ITOBEPXHOCTD JIE -
Huka — 80 Hc (16 OTCYETOB); MOBEPXHOCTHh BOIBI —
90 HCc (18 OTCUE€TOB) AMIUIUTYIBI PACCUUMTHIBAIUCH
10 HeoOpabOTaHHBIM pajaporpamMmamM: K JaHHBIM
MpeABapUTEIbHO HEe MPUMEHSIJINCH YaCTOTHAST (DUITb-
Tpalys U aMIUIUTYIHAsT KOPPEKIIHS.

OTpa)KeHl/[ﬂ OT MOBE€PXHOCTU JICAHUKA 1N BOAbI ITN-
KHMPOBAJIMCh IO TpaHULIEe TOJOXUTEIbHAsI/OTprLIa-
TeJabHasd dasza (max/min). Jloxe JemHUKA TMKUPOBA-
JIOCh KakK I10 max,/min, Tak 1 1o min/max B 3aBUCUMO-
CTU OT MPOC/IEXKMBAEMOCTH JIOXKa Ha paJaporpaMmme.
IMTpumep pe3ynbTaToOB U3MEPEHU BIOJIb OOJHOTO U3
npoguiieii a3popaano30HAVPOBAHUS II0OKa3aH Ha
puc. 1. BugHo, YTO aMIIMTyIa U3IydeHHOTO CUTHA -
JIa Be3ie MEHbIIIEe aMILUTATYAbI OTPAXKEHUI OT MOBEPX-
HOCTH JIEOHUKA 1, HA HEKOTOPBIX Y4aCTKaX, MEHbIIIE
aMIUIUTYIBI OTPAXKEHHOTO OT JIoXKa cUTHalla. Takoe
COOTHOILIIEHUE MOXET UMETh MECTO, €CJIM aMITJINTYyIa
U3JIy4eHHOTO CUTHAJIa PETMCTPUPOBAIIaCh He TIOJTHO-
CThIO, a OblIIa OTpaHNYeHAa TMHAMWYSCKUM THATa30-
HOM TIPUEMHOTO M PETUCTPUPYIOIIETO YCTPOICTB.
IMosToMy mnsT mAMbHEWINUX BBIYUCIEHUM MBI UC-
MOJIb30BAIM TOJILKO aMIUIATYAbI OTPaXKEHUI OT MO-
BEPXHOCTH U JIOXKA JISAHUKA.

JanHble MI3MepeHN BpeMeHHU 3ara3abIBaHUs OT-
pakeHW OT TIOBEPXHOCTH U JIOKA JIGTHNKA ObLIN UC-
TTOJTB30BaHBI TSI TTIOCTPOSHMSI KapTOCXEM TOJIIIMHBI
JIBIA U MOIJIETHOTO peiibedba B 3aITaHOM YaCTH JIeH -
HUKOBOTIO Kyrojia BaBunoBa (puc. 2). [is1 BICOTHI
MMOBEPXHOCTH JISMHUKa Opajavch TaHHBIC, TTOTYICH-
HBIE BO BpeMs U3MEPEHUI (C TTOIpaBKOIT Ha pa3HUILY
BBICOTHI YpOBHSI Mopsl 1To WGS-84 u 110 pagapHbIM
naHHbIM). HemMHorouuciaeHHble, HO BCE Xe HNMeElo-
uecs: baTuMeTpuYecKue JaHHbIE ObUIN B3SITHI C TO-
rmokapThl Maciutada 1:200 000.

IMonoxenne Tpodwieil a3popagro30HINPOBA-
HUS B 3aMagHOI YacTu JISITHUKOBOTO KyroJia BaBu-
JIOBa MOKa3aHO Ha puc. 2, a.

OLIEHKA OTPAKAIOIIIMX CBOMCTB
ITOBEPXHOCTH U JIOXA JIEAHUKA
1O JAHHbBIM ABPOPAINMO30HINPOBAHNWA

Koagppuuyuenm ompasxcenus om nosepxnocmu u 40-
aca. I1o maHHBIM a’pOPaTUO30HIUPOBAHUS U3MEPSI-
JIUCh BpeMeHa 3ala3iblBaHUsI U CpeaHEKBaapaThuie-
ckue (RMS) aMnuTyabl oTpaxkeHHBIX CUTHAJIOB OT
MOBEPXHOCTH M JIOXa JeNHUKA BO BDeMEHHOM OKHE,
COOTBETCTBYIOIIIEM TPEXKPATHOM JUTUTETbHOCTU 30H-
JIVPYIOIIEro UMITyJibca. OTU NaHHbIE MCIOJIb30Ba-
JIUCh TSI OLIEHKU KoadduireHTa orpaxxeHus R mo
MOIIHOCTH OT IMMOBEPXHOCTH U Jioxa jienHuka (RCO n
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Puc. 1. [Ipumep panaproii 3anucu 035_014_10 ¢ oTOMKHUPOBaHHBIMU OTPpaKeHUsIMU OT IoBepxHocTH (b0) u 1oxa (b1) nenHu-
Ka (a) 1 ocpenHeHHbIe 1o 50 Tpaccam aMIUIUTY bl TUX OTpaxeHuii (6) ot moBepxHOCTH (/) v toxa (2). JInnus (3) nokasbiBaeT

aMIUTATYIY 30HIUPYIOIIEro UMITYJIbCa.

Fig. 1. Example of radar record 035_014_10 with picked reflections from the surface (b0) and bedrock (b1) of the glacier (a) and
the amplitudes of these reflections (6) from the surface (/) and bed (2) averaged over 50 traces. The line (3) shows the amplitude

of the sounding pulse.

RCb) ¢ mpuMeHeHUEM ypaBHEHUS PaguoOJIOKaIINU,
npeacTaBieHHOro B Buae (Bamber, 1989):

101g%=201g +101gR -

1
' 8m [H + ij W
N5
- 2Bz-101gL,
rne P. u P, — MOLIHOCTb MPUHSITBIX U U3TYYEHHBIX
cUrHaNoB; G — yCUJIEHUEe aHTeHH; A, — JUIMHA BOJTHBI
Jjokatopa B Bo3nyxe (15 M mia nokaropa BUPJI-7);
H — BBICOTa aHTEHH HaJl MIOBEPXHOCTHIO JISTHUKA; € —
OTHOCUTENIbHAS ITUAJIEKTPUYeCcKast TMPOHUIIAeMOCTh
JIbIA, 7 — TOJIIWHA JIEMHUKA;, B — yaeabHOe MOTIo-
IIEHUEe U paccesiHue paauoBOJIH B JieAHUKe, 1b/M;
L — morepu B Kabensix, n1b. OTo ypaBHeHUE He YIU-
ThiBaeT Hebosnbiine (—0.7 n1b) nmortepu Ny 3a cuér

IBYKPaTHOTO NPOXOXIACHUS PATUOBOJH TPaHUIILI
pasnena Bozayx—ien. B uien 2Bz B popmyiie (1) Bxo-
IUT BeJIMYMHA B — yneabHOE MOIJIONICHNE U paccesi-
HUE paguoOBOJIH B JemHuKe. Ero BenmunHa mpuHsTa
paBHoIt 4.25 1b/100 M — cpenHeil BeIUYMHE MEKIY
BenuunHamu 4.0 u 4.5 1b/100 M, TUMUYHBIMUA TSI
JeqHUKOB Apktrku (Bamber, 1989).

Kaaubpoexa ompaxcenuii no mowrnocmu. J1nst xa-
JIMOPOBKY OTpak€HU MO MOLIHOCTU UCIIOJIb30BaHbI
3aMucy, CAOEJTAHHBIE C Pa3HBbIX BBICOT TIOJIETA HA
y4yacTKe Maplpyra, pOoXOIsIIero Haja MOPCKO Mo-
BEPXHOCTHIO. B ciyuae nmosera HaJl MOPEM YpaBHEHUE
pPagroNIOKAIIMA MOXHO MPENCTABUTDH B BUNIE U3BECT-
HO¥ JIEBO Y HEU3BECTHOM IPABOM YaCTH:

201g(i) ~101g(R,,) =
SmtH
h @)
= 101g[;rj +101g(L) - 201g(G),
t
J'[E,[[ N CHEI' TOM 63 Ne 2 2023
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Puc. 2. ITonoxeHue npoduieit a3popagro30HIUPOBaHKS B 3aI1aIHOM YaCTH JIETHMKOBOTO KyI1oJia BaBuioBa (a), KapTocxeMbl
TOJILLIMHBI Jiba (6) U TonjienHoro peiyibeda (6) 1Mo 3TUM NaHHBIM. 17151 KapThl MOMIENHOTO pesbeda UCTO0Ib30BaIUCh TaKXKe

aHHbIe 6aTUMETpUU Y DpoHTa JienHuKa. JImHus (/) moKas3bIBaeT MOJIOKEHUE Kpasl JISTHUKOBOTO KyIojia B aBrycte 2014 1.

Fig. 2. Location of airborne RES profiles in the western part of the Vavilov Ice Cap (a), and maps of ice thickness (6) and sub-
glacial topography (&) based on these data. For the subglacial topography map, the bathymetry data near the glacier front were

also used. The line (/) shows

JIEQ M CHET  Tom 63

the ice cap margin in August 2014.
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[JIA3OBCKUWM u np.

Pacuérnrlie Cp€AHEKBAAPATNYCCKUE aMIIJIMTYObI, nb

-50

=52

-54

1 1 J

64 66 68

70 72 74

3MHI/IpI/I‘{€CKI/IC Cp€aAHEKBaAPATUYCCKUEC aMIIJIUTYObI, nb

Puc. 3. Kanu6poBka n3MepeHHbIX 3HAYEHUN OTPaKeHHBIX CUTHAJIOB. [10 TOpM30HTAIBHOM OCU SMITMPUYECKHUE CPEIHEKBA/I -
paThyecKre aMILIUTYIbl OTPaXKEHUI OT MOBEPXHOCTU MOPsI, 1B; 10 BepTUKaIbHOI OcH e€ pacCUMTaHHbIE 3HAYECHUSI C YUETOM
reoMeTpUYECKOl MOIMpPaBKM 3a BBICOTY IMOJIETa U MOCTOSTHHOTO KO3 GhUIIMEHTa OTPaXKeHUSsI [0 MOLITHOCTH OT MOPCKOI BOJIbI,

nb. (1) — xkanubpoBoOYHasl IMHUSI.

Fig. 3. Calibration of the measured values of the reflected signals. On the horizontal axis, the empirical RMS amplitudes of re-
flections from the sea surface, dB; and on the vertical axis, its calculated values taking into account the geometric correction for
the flight altitude and the constant power reflection coefficient from sea water, dB. (/) is a calibration line.

rre R, — KoohDUIMEHT OTpakeH!s TT0 MOIITHOCTH OT
MOPCKOI1 BOABI, paCCUUTAHHBIN WISt TeMrepaTypbl 4°C
u cosleHoctH 30%o0 ¢ moMolIbio ypaBHeHU (5—8) u
paBabIT —0.7 1b.

IMonarast, 4TO MOIIHOCTh OTPAXKEHUIT OT MTOBEPX-
HOCTH MODPSsI, BhIpaXkeHHasl yepe3 cpelHeKBaapaTi-
yeckyto ammuiutyny orpaxenuit 20lg(RMS,.,), npo-
MOpPLIMOHABbHA MTPaBOii HEU3BECTHON YacTH ypaBHE-
HUSI, T.€.:

mx201g(RMS_,)+C =

- 1o1g(%j +101g(L) - 201g(G)

t

3)

MBI HaxoguM KoadduumeHTsl m u C U3 sMImMpuye-
cKoil cBsi3u RMS,, ¢ U3BECTHOI JieBOii UacThIO ypaB-
HEHUsI, UCTIOJIb3YsI CBS3b TEOMETPUUECKUX MTOTEPD B
Bosayxe 20Ig(15/(8nH) ¢ BbIcOTOI monera H Ham yp.
MOpSI.

Pelirtenne OBIJIO MONMYYEHO YMCIEHHBIM METOIOM
U ONTUMHU3UPOBAHO TaKUM OOpa3oM, UYTOOBI SMITU-
prdecKuii Ko3OPULUEHT OTpasKeHUs 10 MOIITHOCTH
OT y4acTKa HeTPEeIIMHOBATOI JIGTHMKOBOI MTOBEPX-

HOCTM COOTBETCTBOBAJ TEOPETUYECKOMY 3HAUYECHMIO
—11 nb (mpu €€ TU3NEKTPUUECKON MPOHUIIAEMOCTHU
€i.e, PaBHOM 3.19). B pe3ynbraTe OBLIO MOJy4eHO 00-
11iee KaJIMOPOBOYHOE YpaBHEHUE JISI OLIEHKU KO3~
¢duLMeHTa OTpaKeHUs MO MOLIHOCTHU:

R =1.6x201g(RMS)—162.61 -

Ao 4)

+ 2Bz,
831[ H+ Lj
\Y Sice

HeompeneneHHOCTh pacy€ToOB MO 3TOM hopmyIie,
OlLICHEHHAasI 110 Pa3dpoCcy SMITUPUYECKUX TaHHBIX OT-
HOCUTETBLHO TEOPETUYECKUX 3HAYCHUM, JIEKUT B
npenenax +1.5 nb (puc. 3).

- 201g

Koagppuuuenm ompasicenuss om naockoil zpaHuybl
pazdeaa deyx cped. 111 HEMarHUTHBIX CPel aMILIM-
TYOIHBI KO3GMGUIIMEHT OTpakeHUs F BBIpakKaeTcs
yepes3 adbcooTHyo BeanyuHy Kak (Tulaczyk, Foley,
2020)

JIEO Y CHET Ne 2
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Ta6omuna 1. TunuuHbIe qUaNa3oHbl TUINEKTPUUECKUX CBOMCTB HEKOTOPBIX MaTeprasioB Ha yactore 100 MTIt1 (Daniels,

2004)

OTHOCHUTEIbHAS JUBJICKTpHUYECCKad

W3BecTHSIK CyX0ii/BIIaXKHBIM

Marepuain IMpoBoaumocts, CM/M
MPOHUIIAEMOCTh
Imuna cyxasi/BnaxHast 0.1-1/0.1-1 2—6/5—40
IMecuaHuk cyxoii/BaaxKHbIi 107°—1075/10"*=102 2—5/5—10
INecok cyxoit/BnaxxHbI 1077—1073/103-1072 2—6/10-30

1078-107¢/10~2—10~! 7/8

CrnaHubl cyxue/HachIIIeHHbIS 1073-1072/103—=10"" 4-9/9—16
2 2 0.058 ,\?
— + — ' { ’
|r| _ (O€1 062)2 (Bl Bz)z’ (5) £ =€ (1+100.05&2j ‘ 9)
(o +05)" + (B +B,) 1-107""

rae

[\
N [—

(6)

N =

2.2

2
B=o/XE 1+ 1
2 20

U Tae ® = 27tf — Kpyrosas yacrtorta, [, )L — MarHur-
Hasl TPOHUIIAEMOCTb, € — TUINEKTpUIeCcKas IIPOHU-
1IAEMOCTb, G — IIPOBOAUMOCTD CPEIbI.

B cpenax ¢ HU3KMMM noTepsiMu IapameTp G/ (Ew) =
=yxlnoxl.

[ns Maornomiomarmmnx cpel, K KaKuM OTHO-
CUTCSL Y JIEATHUKOBBIN e, 6/(Ew) =y K luo<k 1lu
BiuP,<lm

r

— Ocl_(xzz\/gl_\/gz @)
o0, g+

T.€. 3aBUCUT TOJIBKO OT OTHOCUTEIbHON AWIIEKTPHU-
YECKOM MPOHULIAEMOCTU €; U €, BEPXHEN U HUXHEN
cpen. [ns Bo3nyxa €, = 1, mig nbaa €, = 3.19, mas
Mopckoii Boabl € = 87 (Tulaczek, Foley, 2020). Koad-
(GULMEHT OTpaXeHUsl MO MOIIHOCTU OT TI'paHUIIbI
cpen 1 m 2 onpenersieTcss COOTHOIIEHUEM

— \/871—\/872 8
R1’2_201g\/87|+\/872‘ ( )

g mmockoil TpaHuMIbLI pasnelia BO3OyX—JIEN U
BO3IyX—MOpCKasi Boja KOX(M@UIMEHT oTpaxkeHUs
10 MOIITHOCTHU, COIJIACHO ypaBHEHMUIO (4), paBeH CO-
orBercTBeHHO —11 1 —1.9 gb. /Insa xaimmOpoBKHU 110
MOIITHOCTH OTPaK€HWI UCITOJb30BaH y4acTOK MoJETa
HaJl MOpeM, Ha KOTOPOM BBICOTA I10JIeTa U3MEHSLIaCh
or 200 no 500 m. ITo BenuunHe R; ; MOXHO OLIEHUTh
OTHOCHUTEJILHYIO TU3JEKTPUYECKYIO MPOHUIIAEMOCTh

HVDKHEN CPEIBI €5, 3Hask WM OLEHUBAs TU3JIEKTPUYE-
CKYIO IIPOHULIAEMOCTh BEPXHEN CPEIbI €;:

JEI U CHET  tom 63 Ne2 2023

3aBUCUMOCTh KO3(pdHUIMEHTA OTpaKeHUS IO
MOITHOCTUA R OT OIMB3JIEKTPUIECKOI MPOHMUIIAEMO-
CTH €, U IPOBOIUMOCTU G MOPO[L JI0XKA, HOCTPOCHHAs
Jutst yactothl 20 MIT o ypaBHeHUsIM (5—8), mokasza-
Ha Ha puc. 4.

W3 puc. 4 cenyeT, 4TO TaHHBIE U3MEPEHUIN KO (-
duLmeHTa OTpaxkKeHUs OT JIOXKA MOTYT OBITh MCIIOJIb-
30BaHbl IS OLICHOK OTpaXKalolMX CBOKWCTB JoOXa
JIETHUKOB U IO BeJM4YnHe Ko3d@dUIIMEeHTa OoTpaxke-
HUS — IS OLIEHKU MX IURJIEKTPUYECKOM MpOoHMUIIae-
MOCTHU U BO3MOXHBIX TToACTUIaIONIMX TTopod. C yué-
TOM MMEIOIIMXCS JaHHBIX (Tabu. 1), TaKuMu mopomaa-
MU Ha JIOXe KyIIoyia BaBuiioBa MOTryT OBITh CyXye VI
BJIa>KHBIEC TJIMHBI, TIECOK, U3BECTHSIK U CJIAHIIbI.

B AHTapkTule Takas olLleHKa MO3BOJIWJA BblIe-
JIUTh YYACTKU C CYXMM U BJIaXXHBIM JoxeM (Bentley
et al., 1998), ¢ BbICOKOIi M1 HU3KOW OTHOCUTEIBbHOM
oTpaxaTeJbHOI criocoOHocThiO Joxka (Pettersson
et al., 2011), ¢ mpuMmep3aHUeM U TasiHUEM Ha JIOXe
(Fujita et al., 2012).

OITPEAEJIEHUWE JOTTOJHUTEJIbHBIX
XAPAKTEPUCTHUK ITOBEPXHOCTHA
JIEAHUKA

IToBepXHOCTh JeMHWKA SIBASIETCS TIEPBOil KOH-
TpPaCcTHOI TpaHULIEI, Yepe3 KOTOPYIO IMTPOXOIUT CUT-
HaJ reopaaapa. B 3aBUCMMOCTHU OT YCJIOBUI1 Ha MO-
BEPXHOCTH OTPAXKEHHBIN U TIPETOMIICHHBIA UMITYIb-
Chbl 3HAUUTEIbHO MpeoOpasyioTcs. B pamkax paboThl
MOBEPXHOCTh JIGAHWKA U3y4yaJlu HE3aBUCUMbIMU
noaxogamMu. KoMIieKc MeTomoB BKIIIOYAl B cebs
clieyIolIe TTIOAXOAbl: BbIASICHNE 30H TPEIIMHOBA-
TOCTU II0 BHEIIHMM IIPM3HAKaM Ha KOCMMWYECKUX
CHUMKAaX; aHallu3 aMIUIUTYObl OTPaXXeHWid OT Mo-
BEPXHOCTH JIEIHUKA 1O pe3yIbTaTaM paaroOKalluu;
aHaJu3 paJapHbIX KOCMUYECKUX M300paxkeHuil Sen-
tinel-1 B pexxkume EW GRD Ha neHTpanbHOif yacToTe
5.405 T'Tu B monspusauusx HH u HV or 04.12.2014
(Modified..., 2014); knacTepHblii aHaJIM3 Ha OCHOBE
aJITOPUTMOB MAllIMHHOTO OOyYeHUs 10 JAHHBIM pa-



180 [JIA3OBCKUWM u np.

KoadpduimenT orpaxkeHus: mo MmomHoctu R, nb
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Puc. 4. KoadduimeHt orpakeHust mo moirHocT (R, 1b) Ha yactore 20 MIT1 kak dyHKIMS 35IeKTpornpoBogHoCcTH (G, CM/M)
1 OTHOCUTEJIBHOM AUBJIEKTPUUYECKOM MTPOHUIIAEMOCTU MaTepuaia (€), HaXOMSIIIErocst MoI0 JbaoM. KpuBbie MOCTPOEHBI ISt
3HAYEHU A OTHOCUTEIHLHOM MPOHMUIIAeMOCTH MaTepuaia ot 5 o 85 (c mrarom 5). JIuist ibna MpuHsITa OTHOCUTEIbHAS ITPOHUIIA-
eMOoCTb 3.19 1 21eKTPONPOBOAHOCTD 1073 CM/M. 3eieHbIM MYHKTHPOM BblIe/IeHa 00J1acTh 3HaUeHU I KoadduiireHTa oTpaxe-

HUIU Ha J10Xe KyI1ioJja BaBusona.

Fig. 4. The power reflection coefficient (R, dB) plotted for the case of 20 MHz frequency as a function of electrical conductivity

(6, Smm

, and relative permittivity (€) of the sub-ice material. The relative permittivity curves are plotted from 5 to 85 (at the

increment of 5). For ice, we use relative permittivity of 3.19 and the electrical conductivity of Sm m~'. The green dashed line high-
lights the area of reflection coefficient values obtained for the Vavilov ice cap bed.

JIMOJIOKALIMU; OOIIasi MHTepIpeTalus TMOJy4eHHbBIX
pe3yabTaToB M muddepeHIINAIINS YCIIOBU Ha TI0-
BEPXHOCTH JICTHUKA.

J11s1 TToydeHusT o0IIeit KapTUHBI O CTPOSHUH T10-
BEPXHOCTHU JIEAHUKA MPUMEHSJIMCh aIlTOPUTMBbI, OC-
HOBaHHBIE Ha MaIlMHHOM oOydyeHuM. B KadecTBe
00BEKTOB Ha BXOH ajropuTMa MOJABAIMCH TPACChI
BO3AYIIIHON paavoIOKAIIMOHHOU ChEMKM, TPU3HA-
KaMU 00BEeKTOB (KaxXXI0i Tpacchl) ObLUIM aMILJIUTYIbI
nepBhIX 50 OTCYETOB HAYMHAS C TMKMPOBKU IMTOBEPX-
HOCTH JenHuKa (1monoca B 250 MKC Ha pamaporpam-
me). Mcnionb3oBamch MeToabl K-cpemHux u ariiome-
paTMBHOM KjacTepu3anuu. TakuMm oOpa3oMm, airo-
PUTM OLIEHUBAJI CXOXKECTh Tpacc Mo ¢popMe CUrHaia u
pa3aessl UX Ha COOTBETCTBYIOIINE KIACTEPHhL.

OINPEAEJTEHME NTOBEPXHOCTHBIX
CKOPOCTEU ABUXEHUA JEAHUKA

g ompenelieHUsT CKOPOCTEM ABUKEHUS JIbaa B
3amagHoOM OacceiiHe Kymnoja BaBuioBa Ha mepuon,
MaKCUMAaJIbHO OJU3KUI KO BpEMEHM paJapHOii
ChEMKH, OBUIM HCIOJBL30BAaHBI TPU H300paKeHUS

Landsat-7 ot 10, 12 u 28 aBrycra 2014 1., umeroniue
MUHUMAaJIbHOE ITIOKPBITHE O0JJaKaMU M B JOCTATOY-
HOM CTEIIEHU OTpaxKalolllne CTPYKTYPY JeTHUKOBOM
IMOBEPXHOCTHU OacceifHa B sI3bIKOBOI ero yacTu. B ka-
YeCcTBEe MeTo/a UCIIOJIb30BaJics IpueM “feature track-
ing”, 3aKJIFOYAIONINIACS B MACHTU(UKALINN OOMHAKO-
BBIX 3JIEMEHTOB Ha pa3HOBPEMEHHBIX N300pakeHUSIX
W OIIpeNeICHNM BEIMIMHBI UX cMellleHns1. B manHoMm
cliyyae MCIIOJIb30BaJICSI MPOTPAMMHBIM WHCTPYMEH-
Tapuit oTkphiToro goctyma Glacier Image Velocime-
try GIV (Van Wyk de Vries, Wickert, 2021), c BO3MOX-
HOCTSIMU IPeIBAPUTENBLHOM (DUJILTPALIMU U YJTydIlie-
HUSI U300pakeHU, rae mociaeayolast Koppeasiiuus
BBITIOJTHSIETCS B YACTOTHOM 00/1aCTU. YY4acTOK U3 UC-
XOIHOTO M300paxkeHus A 1 00J1aCTh ITOMCKa Ha 1300-
paxkeHnu B mmpeoOpas3yioTcs: ¢ ITIOMOIIBIO alrTOPUTMA
6eIcTporo TpeobpasoBanust Mypbe, cpaBHUBAIOTCS,
a 3areM MIpeoOpasyroTcss 0OpaTHO. DTOT HTOMOJIHU-
TENBbHBIN AT TTOBBIIIAET CKOPOCTH PAOOTHI AJITOPUT-
Ma conoctaBieHud. IlocnenHuii aTam comocTaBlie-
HUS BKJIIOYaeT B ceOs1 MOJATOHKY NMMKa MakKCUMyMa
KOPPEJISIMU, 0OBIYHO rayCCOBOM KpUBOIi, IO 3HaUe-
HUSIM KOppEISLIMM B COCEIHMX siueiikax. Pacu€rsl
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OBLIM BBIITOJIHEHBI JJI1 CETKU C st4erikoit 60 X 60 M,
omnpeleeHbl CMEIIEHUSI, PacCUMTaHbl BEKTOPbI U
MOMOYJIN CKOpOCTel mBYvKeHWs. sl JalbHEeMIIero
HCIIOJIb30BaHUS BBITIOJIHEHO MEIUAHHOE CIVIaXKMBa-
HUE TI0JIsI CKOPOCTEM C 3alIOJTHEHUEM IIPOITYCKOB 110
ommkaimM cocemHuM stueiikam. IlocTtpoeHHas
KapTa II0JIsi CKOPOCTeil IBMKEHUST MTOKA3bIBAET, UYTO
CKOpPOCTU 3aKOHOMEPHO HapacTaloT K Kpalo Jiona-
CTU, C MAKCUMAJIbHBIMU CKOPOCTSIMH BIOJIb OCH MO-
TOKa, JOCTHUTAasI B KpaeBOil yacTW 3HaYeHUil GoJjee
2.5 km/Tox (puc. 5).

bruta mocTpoeHa KapTa M30KOPPEISAT MEXIY I10-
JieM Ko3(phUILMEHTOB OTpaxkeHUsI OT JIGTHUKOBOIO
JIOXa M II0JIEM CKOPOCTH IBUKEHMS JiemHuKa. Yuc-
JIECHHOE 3HaueHne KO3PPHUIMeHTa KOPPEIISIIINU TBYX
BEJIMUMH OMNpPENessioCh KaK KOCUHYC yIjla MeXIy
HamnpasBJICHUSIMU HAaOOJIBIINX IPAIUECHTOB ABYX I10-
Jieit 9 TUX XapaKTEPUCTUK I KaXI0M UX COBMECT-
HOI Touku. JIJ1 3TOro cHavajga CTPOWJIMCh KapThbl
HamnpapJIEHUS 110 CTOPOHAM CBeTa IJIsI 3TUX ITOJICH,
3aTeM BBIYMCJISIIIOCH IT0JIE€ PA3HUIIBI 3TUX aCIIEKTOB U
KOCHUHYca yria 3Toil pazHulibl. [Ipu moaiHOM coBna-
JICHUM HaIlpaBJICHUSI HanOOJbIINX T'PagleHTOB I10-
JIel — KOCUHYC yTJia (M COOTBETCTBEHHO KO3 PUII-
€HT KOppeJIsilin ) MeXAy HUMU paBeH 1, mpu opToro-
HaJlbHOM moaoxeHun oH paBeH 0. Koppensamus
MOJIOKUTEIbHAS, €CJIM YKJIOHBI ITOJIE OMHOHANpaB-
JIEHHBI, U OTpuLAaTelibHagd — IMPU pa3HOHAIIpaBJIeH-
HOCTH YKJIOHOB.

YCJIOBHA HA TIOBEPXHOCTH U JIOKE
B 3AITAIHOUN YACTH JIEATHHNKOBOT' O
KVYIIOJIA BABHUJIOBA 110 JAHHbIM
ADPOPAIMO3OHIWPOBAHNMA
N KOCMHUYECKHNX CBEMOK

Ycaoeua na noeepxmocmu u aoxce. Ilo naHHBIM
a3pPOpPagUO30HINPOBAHUS M KOCMUYECKHNX CHEMOK
YCIIOBUSI Ha TIOBEPXHOCTU U JIOXKE JICIHUKA XapaKTe-
pU3YIOT KO3(MPULIMEHTH OTpaxkeHUsI OT ITUX TI'pa-
HU1I, THTCHCHUBHOCTb 0Tpa>|<em/1171 OT ITOBEPXHOCTU

JIETHUKA U TIOBEPXHOCTHAsI CKOPOCTb €TO JBUKECHUS
o TaHHBIM M3MEpPEHMUI co CIyTHUKOB Sentinel-1 u
Landsat-7 (cM. puc. 5).

CpaBHeHUe JaHHBIX adpOpPaaro30HAUPOBAHUS U
CIIYTHUKOBBIX ChEMOK, MPUBEASHHBIX Ha pUC. 5, MO-
Ka3bIBaeT CIIeayIolIee.

1. Ha kapre ko3 dunreHTa oTpakeHus OT IO-
BepxHocTH genHuka RCO (puc. 5, a). BBIOEISIOTCS
4 xapakTepHBbIe 30HBI. 30Ha Ne 1 pacmojraraercd B 3a-
MagHOM YacTh M XapaKTepU3yeTcsl HauMEHBIINMU
amruiutygamMu RCO ot —24 no —14 nb. B 310ii yactu
MOBEPXHOCTU JIENHUKA IIUPOKO Pa3BUTHI TyCThbIe
TPELIMHBI, C MHOXECTBOM OJIOKOB. B CcBSI3M ¢ 3TUM
OTpaxkeHMsI OT IOBEPXHOCTU HCITHITHIBAIOT CHUJILHOE
paccessHUe, 4YTO NPUBOAUT K 3HAYMTEILHOMY ITajie-
HMIO aMIUTATYIBI OTPaKEHHOTO CUTHAIA U BEJTMYMHBI
RCO0. 3ona Ne 2 pacriojiaraeTcst BOCTOYHee 30HbI Ne 1
U XapakKTepusyeTcsl OJIM3KUMU K CpeaHeMy 3HAaUeHU -
ssmu oTpaxkeHuit RCO ot —13 no —8 nb. B ato0it yactu
JIEMHUKA IIMPOKO pacIpOCTpaHEHBI INIyOOKHE Tpe-
IIIAHBI, TIPOHU3BIBAIOIINE TOJIILY JICTHNKA, KOTOPHIE
TaK>K€ YMEHBIIIAIOT YPOBEHb OTPaXXEHUI OT MOBEPX-
HOCTH JIeAHUKA U €€ BeauuyuHy. 3oHa Ne 3 pacnosa-
raeTcs B IEHTPaJbHOM YaCcTH JISASTHOTO TTOTOKA U TsI-
HETCsI ¢ 10Ta Ha ceBep, 0OpamJisisi 30HY Ne 2 ¢ BocTou-
HOM CTOpOHBI. [l HaHHOM 30HBI XapaKTEpPHBI
MaKCHUMaJIbHbIe 3HAYEHUSI aMIUIMTYObl OTpaKeHUM
RCO ot —5 10 —0.6 n1b. [ToBEpXHOCTH JIETHUKA B 3TOi
YacTU ME€Hee TPEIIMHOBAaTa, OTYACTU MOKPHITA CHE-
rOM M IO BCeil BUIMMOCTU OOBOIHEHA, C YeM U MO-
KeT OBIThb CBSI3aH BBICOKMII YPOBEHb OTPaKEHHOTO
curHaja. 3oHa Ne 4 pacrojaraeTcs ellle BOCTOYHee U
HaXOOUTCS JAJIbIIIe OCTaJIbHBIX OT (DpOHTA JICTHUKA U
BBIIIE HUX. AMITIUTYIBI OTPaXKeHUIA OT KPOBJIU 3[I€Ch
3HAYMUTEIBHO OTINYAIOTCS OT cocemHeit 30HbI Ne 3 u
BapbUpyIlOT B nuamna3oHe 3HauyeHuit RCO ot —10 no
—16 n1b. Ilpn 3ToM aMILTUTYAbI OTPaXEHUM B 3TOM
30HE MEHbIlIe, YyeM B 30He Ne 2, 1JIs KOTOpOii Xapak-
TepHa TPEIIMHOBATOCTh. BO3MOXHO, mageHue ypOBHS
curHayia B 30He N0 4 MOXKeT OBbITh CBSI3aHO C TeM, YTO
OHa HaXOMUTCS yKe B (pUPHOBOIM 00JIACTU JISTHUKA.

Puc. 5. YcinoBust Ha MOBEpXHOCTH U1 JIOXE B 3aIlaJHON YacTU JIEAHUKOBOTO KyIojia BaBuioBa v MOBEpXHOCTHAsI CKOPOCTb JIBU -
JKEHMSI JIbJa TI0 JaHHBIM a3pOPagN030HIUPOBAHUS U CITYyTHUKOBBIX ChEMOK.

(a) KoadduimeHT oTpaxkenust, 1B, OT MOBepXHOCTH JieMHUKA BHYTPU U BHE 30HbI CUJIBHOM TPEIIMHOBATOCTH ; MFHTEHCUBHOCTD
OTpaXeHUs OT MOBEPXHOCTH JISAHUKA MO JaHHBIM paJapHOil ChEMKM CO cIyTHUKaA Sentinel-1 Ha yactote 5.405 I'Tx ¢ ropu-
3oHTanbHOM HH (8) u BepTukansHoit HV (0) nonspuzauusamu (Modified..., 2014). IIpodunau sonauposanusi (1); (6) koahhu-
LIMEHT OTpaxeHus, 1b oT jioxka JiemHMKa Ha y4acTKax ObICTPO M MEUIEHHO JIBMXKYILIETOCS JIbla IO JaHHBIM a3popairuo30HIM -
poBaHus. (2) uzoraxu npuxkeHus japaa, 500, 1000, 2000 u 2500 M/rox. X iBeT COOTBETCTBYET IIKajle Ha puc. 5, &; (2) moBepx-
HOCTHasi CKOPOCTb IBMXKEHUSI JIEMHUKA, M/TOI, pacCYMTaHHas Ha OCHOBe M300paxeHuit Landsat-7 ot 10, 12 u 28 aBrycra
2014 1.; (e) KOppeIAIUOHHAS CBA3b MEXTY KO3(h(MUIIMEHTOM OTPaKEHUSI TI0 MOIITHOCTH OT JIOXa JISAHUKA U €T0 TIOBEPXHOCT-
HOM CKOPOCTBIO.

Fig. 5. Surface and bedrock conditions in the western part of the Vavilov Ice Cap and surface glacier velocity from airborne radio-
echo sounding and satellite imagery data.

(a) Reflection coefficient, dB, from the glacier surface inside and outside the zone of strong fracturing; reflection intensity from
the glacier surface according to Sentinel-1 radar imagery at 5.405 GHz with horizontal HH (¢) and vertical HV (0) polarizations
(Modified..., 2014). (/) is sounding tracks; (6) reflection coefficient, dB from the glacier bed in the areas of fast- and slow-moving
ice according to airborne radio-echo sounding data. (2) isotahs of ice motion, 500, 1000, 2000 and 2500 m/year. Their color cor-
responds to the scale in Fig. 5 r; (e) surface velocity of the glacier, m/year, calculated from Landsat-7 images from August 10, 12,
and 28, 2014.; (e) correlation between the power reflection coefficient from the glacier bed and its surface velocity.
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Puc. 6. Koapduunenr orpaxeHnust ot noBepxHoctu (/) u joxa (2) JeqHruKa U MOBEPXHOCTHASI CKOPOCTh IBVXKEHUSI JIETHUKA
(3) Ha IponoaLHOM (@) U TonepedHoM (6) TPOoMUIISX IO JAHHBIM a3pOpPaaro30HIMpPOoBaHus 15 ceHTsI0pst 2014 . 1 CHUMKaM
Landsat-7 ot 10, 12 1 28 aBrycrta 2014 1.

Fig. 6. Reflection coefficient from the surface (/) and bedrock (2) of the glacier and the surface velocity of the glacier (3) on the
longitudinal (a) and transverse (b) profiles according to airborne radio-echo sounding data from September 15, 2014, and Land-
sat-7 images from August 10, 12, and 28, 2014.

2. I1o pagapHBIM TaHHBIM CO CITyTHHKA Sentinel-1  >keHus curHaia B o0eux nojsipusanusx. [Ipu aTtom B
Ha TIOBEpPXHOCTH JIEHHUKOBOTO KyIiojia Beimensiercsi  HH monmsipusaliuu B 0XKHOI MOJIOBUHE JAHHOI 30HBI
IIECTh XapaKTEPHBIX 30H (CM. puc. 5, 6—d). 3oHa Ne 1  Hab0maeTCs TIOBBILLIEHUE YPOBHSI CUTHajla. 30Ha
XapaKTepu3yeTcsl MOBBIIIEHHON aMIUIUTynoil otpa-  Ne 2, BoTyimuue oT 30HBI Ne 1, To-pa3HoMY ITPOSIBIISI-
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erca B HH n HV nmongpusannsax. AMIIMTyasl oTpa-
xxkeHuit B HH monspuzanuuy B cpeqHeM MOYTU BABOE
BoIme. 3oHa No 3 cxoxka ¢ 30HOI Ne 2, omHakKo Ha-
oromaroTcs rmoBblmeHne aMiumTyn B HH noisipuza-
1y 1 noHmkeHue B HV. 3oHa Ne 4 B 06eux monsipu-
3alMIX XapaKTepPU3yeTCsl OTHOCHUTEILHO HU3KUMU
3HAYEHUSIMU OTPaAXXKEHMI CO CpedHEel aMILIUTYIOM
okojio 200. Takoe mnoHMWXKEHUWE 3HAYEHUM MOXKET
OBITh CBSI3aHO C 0OBOMHEHHBIMU yJ4aCTKaMU ITOBEPX-
HOCTH JIemHMKa. 30Ha Ne 5 TipencTaBirsieT co00ii 30HY
rpaaueHTa MOBbILLIECHU 3HAYEHUM aMIUIUTYH OT 30-
HbI Ne 3 k 30He Ne 3. 3ona No 6 onuchIBaeTCS MUHU-
MaJIbHBIMM aMIUIMTYAaMU U1 BCeil MCCaemoBaHHOMI
00J1aCTH ¥ COOTBETCTBYET MOPCKOM MOBEPXHOCTHU. B
LICJIOM Ha OMHOPOMHBIX ITIaJKMX yJ4acTKaX, TAKNX KaK
MOpCKasl TOBEPXHOCTh, aMIUTUTYIBI OTpaxkeHui B C-
Jnuvara3oHe ObLIM MUHUMAaJIbHBI, B TO BpeMsl KakK Ha
y4acTKaX BBICOKOI CTEIIEHU TPELIMHOBATOCTH (30HA
Ne 1) oHu mocTuranm MakCuMyMa.

3. CpaBHeHMe TAaHHBIX MO KO3(PHUIIMEHTY OTpa-
SKEHMS OT JIOXKa JIEIHUKA MOKAa3aJ10 €ro MOJIOXUTEb-
HYIO KOPPEJISILIMIO C TEMIIaMU OBVKEHUS JIeAHUKA B
o0JlacTH, KOTOpasi COOTBETCTBYET OBICTPOIBIIKY-
LIECS YaCTH JIEMIHUKOBOM JIOMACTU, HACTYIIUBILIEN B
pe3yabTaTe €€ IMOABMKKM Ha YYaCTOK MEJIKOBOIIbS
nepen mpeskHuM (poHTOM JiemHuka. Ha atom ydact-
Ke Ko3(pPULMEHT oTpaxkeHUsl oT joxa Ha 20 1b BbI-
III€, Y€M Ha COCEIHMX y4acTKaX MEIJICHHO IBUXKYIIE-
rocs apaa. Takasi pa3HUIIA MOXET OBITh CBSI3aHA HE
TOJILKO C U3BMEHEHUSIMU YCJIOBUSI OOBOAHEHUS JIOXKA
Ha BTUX ydJacTKaxX, 4TO Jajo Obl pa3HUILy OKOJIO
10 ob, HO M ¢ TeM, YTO JISTHUK HACTYNMJI Ha MOPCKIE
pPBIXJIBIE OTJIOKEHUSI, obyiamarolnre OOJbIIe 3JIeK-
TPOIIPOBOAUMOCTBIO M, B CBSI3U C 3TUM, BHICOKMMU
ko3¢ punmreHTaMu oTpaxkeHus (cMm. puc. 5). Bes 00-
JIaCTh TOJTyYEHHBIX 3HAaYEeHU I KoadduiimeHra orpa-
KEHUS OT JIOXKa, Jexallasi B IMana3oHe oT —22 10 —
42 n1b, COOTBETCTBYET ydacTKaM OBICTPO M MEIJIEHHO
JBYKYIIErocs Jibaa (CM. puc. 4), Tae 3TUM 3HaYCHU -
SIM OTBEYAIOT 3HAYEHUSI OTHOCUTEILHOM IUAJIEKTPU -
YeCKWUI TTPOHMUIIAeMOCTH MaTepuana € ot 5 o 10 m
ero saekTponposogHocTh ot 107> 1o 10-2 Cm/M.

CpaBHeHUEe TOTO Xe Habopa JaHHBIX IJisl MPO-
IOJIBHBIX U ITOIIEpEYHBIX Mpodrieii (puc. 6) mokasa-
JIO, YTO Ha y4acTKax Impoduiieii, rae CKOpOCTH IIpe-
BeimapT 1000 m/rom, HaGIOmAETCS KOPPEISIIIUOH-
Hasl CBSI3b KOX((UIIMEHTA OTpaxKeHUI OT JIoXa M
CKOPOCTH IBUKEHMS JIemHWKa. [lanee 1pu yMeHbIIIe-
HUU CKOPOCTU KOPpPEJSLS TepseTcs, OQHAKO IIPO-
SIBJISIETCSI CBSI3b ¢ KOR(MMUIIMEHTOM OTpaKeHUs OT
IOBEPXHOCTH JICAHUKA.

BbIBOJbI

1. IIpennoxxeHHas METOOUKA pacdeéTa Koddhuim-
€HTOB OTPaX€HUs 110 MOLIHOCTU OT IMOBEPXHOCTU U
JIoXXa JIeAHWKA MO U3MEPEHHBIM aMIUIMTYAaM OTpa-
JKEHWM OT 3TUX TPaHUII TIOAXOIHT B CIydae, eClId UC-
MTOJIB3YIOTCSl KaTMOpOBaHHBIE TT0 MOIIIHOCTH 3HaYe-

HUs aMIuTUTyd. OHU MOTYT OBITH TTOJIydeHBI 10 JaH-
HBIM U3MEPEHUI aMIJIMTY/bI TIPU TOJIETE Ha pa3HbIX
BBICOTaX Haja yp. Mops (C U3BECTHLIM KO3(dHIIeH-
TOM OTpaskeHUs IO MOIITHOCTH ) WJIU TIPU U3MEPEeHU-
SIX aMIUTATYAbI OTPAXKEHUI ¢ TIOMOIIBIO CTyNIeHYaTO-
To aTTeHaTopa Ha BXOIe MPUEMHOIO yCTpoiicTBa
MOHOUWMITYJIbCHOTO WM WMITYJILCHOTO pPaaroJIoKa-
TOpa.

2. YcTaHOBJIEHO, UTO KO3((PUIIMEHT OTPaKeHUS
OT TIOBEPXHOCTH JIEMHUKA CYIIECTBEHHO 3aBUCHUT OT
cTereHu e€ TpenmHoBaTtoctu. MiamepeHust koahdu-
IIMEeHTa OTPaXeHUs OT JioXa JIEAHWKA ITO3BOJISTIOT
BBISIBUTH YYACTKU C BBICOKMMM W HU3KMMM OTpaka-
IOIIMMU CBOMCTBaMMU TOJIEAHOTO JIOXKa Ha yYacTKax
OBICTPOTO M MEJICHHOTO IBIDKEHWS Jbaa, W IaioT
BO3MOXKHOCTb OIIEHUTH JUAJIEKTPUUYECKYIO TTPOHU-
1IaeMOCTb MOPOJ, JIOXKA, U 1O €€ BeJUYUHE OLICHUTh
XapakTep MOPO, TIOACTUIIAIOIINX JISTHUK.

3. BeIsIBJIEHO, UTO B 3alagHOM YaCTU JISTHUKOBO-
ro Kynoia BaBuioBa ko3(pGUIIUEHT OTpakeHUs OT
JIo3Ka M3MeHsieTcst oT —22 mo —42 n1b u Ha ygacTkax
OBICTPO M MEJIEHHO IBMXKYIIETOCS JIbIa OTINYACTCS
Ha 20 1B, TecHO KOppeIrpyeT ¢ ITOBEPXHOCTHOM CKO-
POCTBIO IBVXKEHUS 1 BHIIBUHYBIIIEICS B MOPE MOCJIE
HauaBleics B 2012 1. moABUXXKU HUXKHEN YacTu e/ -
HHKa. DTO MOXET OBITh CBSI3aHO C OOBOTHEHUEM JIO-
Ka Ha 3TOM yYacTKe M HacTyllaHMeM JiefHMKa Ha
MOPCKME PBIXJIbIe OTJIOXKEHUS, 00JIafaolIe ITOBbI-
IIEHHOM 3JIEKTPONPOBOINMOCTBIO, U B CBSI3U C 3TUM
BBICOKMMH KO3(DPHUIIMEHTOM OTpaKESHUS.

4. PazpaboraHHasi METOOMKAa 00pabOTKM MHTEP-
MpeTalyuu AaHHBIX a3pOpaauoIOKaAIIMOHHBIX U3Me-
peHuit ¢ 20 MTI11 nokatopom BUPJI-7 u nszobdpaxe-
Huii Sentinel-1 1 Landsat-7 MoeT OBITh IpUMEHEHAa
B JpYrvMx paiioHax TOPHOTO U TMOJISIPHOTO OJie/ieHe-
HUSI U151 OLICHKM CBSI3M XapaKTePUCTUK MOBEPXHOCTU
U JoXa JIEMHUKOB CO CKOPOCTbIO WX IBUKEHUS.
B aTOoM oTHOIllIEHMM HaMOOJBIIMI WHTEpec Tpen-
CTaBJISIOT BEIBOAHBIE IeHUKU HoBoit 3emn, 3emin
®panua-HMocuga u Ceeproit 3emiu, rae B 2014—
2015 tT. ¢ Bepronera Ka-32 BBIIOJIHSIIIMCHh M3MEpe-
HUS TOJIIIWHBI JIbAA U MOIJIEAHOTO pebeda C 1eIbi0
OLIEHKHU 1X aiicOeproBoii OIMacHOCTH.
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Conditions on the Bedrock and Surface of the Vavilov Ice Cap (Severnaya Zemlya)
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The glacier surge at Vavilov Ice Cap, Severnaya Zemlya, Russia (79°18" N, 94°40” E) began as early as the
mid-1960s with a slow advance of its margin in the western part. Since 2012, the advance switched to the
phase of catastrophic movement, which reached its climax in 2016, when the glacier velocity reached 9.2 km
a~!. An ice fan with an area of about 140 km? advanced into the Kara Sea water area 11 km from the shore,
and a strongly crevassed ice stream was formed in the ice cap itself, which continues to move now with speeds
ofabout 2 km a~!. The dynamic instability of Vavilov Ice Cap can be triggered by changes in basal conditions,
which are still poorly known. In this study, we used airborne radio-echo sounding data acquired in September
2014 over the ice cap to characterize its surface and bedrock conditions. Based on the delay time and reflec-
tion amplitudes, the power reflection coefficient (PRC) from glacier surface and bedrock was estimated. For
its calibration, we used the amplitude of reflections from the sea surface registered from different altitudes.
The bedrock PRC values were converted to dielectric permittivity and compared with the glacier surface ve-
locities in 2014 obtained from Landsat-7 images. We found a high positive correlation between the bedrock
PRCs and velocities in the area with glacier speed higher than 1000 ma™'. In this area, the PRC is 20 dB higher
than in the neighboring slower moving areas. Such a difference may be because the ice stream advanced on
marine loose sediments with higher dielectric permittivity and conductivity and a higher reflection coeffi-
cient. The range of estimated bedrock PRCs corresponds to bed materials with relative dielectric permittivity
from 5 to 10 and electrical conductivity from 1073 to 1072 Sm m~".

Keywords: Arctic, ice cap, surge, power reflection coefficient from bedrock, Severnaya Zemlya, airborne ra-

dio-echo sounding
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IMapamerpuzanmsg @GU3MIECKNX IIPOIECCOB B
¢dopMe 3MIUPUUYECKUX OTHO- U MHOTrOo(aKTOPHBIX
JIMHEWHBIX YpaBHEHUI PErpeccuu IIMPOKO MpuMe-
HSIETCS B TMJAPOJOTMYECKUX U KJIMMaTUYECKUX pac-
yetax. [IpyuMeHeHMe 3TOro MeToaa B IVISILMOJIOTUU
3aTPyIHEHO OTCYTCTBUEM MHOTOJIETHUX NaHHBIX O
pexxume oneneHeHus . PaboTa HarmpaBiieHa Ha pelle-
HUE JIBYX BaXXHBIX MPOOJIeM TMAPOJOTUU JIETHUKOB:
1) pa3paboTKy MeTola MapaMeTpu3alluu U pacyéra
€XEroJHbIX UBMEHEHU N JIEAHUKOBOTO CTOKA B KPYyIl-
HBIX peuHbIxX OacceiiHax CeBepHOro mojylapus Ha
OCHOBE: MOJYYeHUsI U MPUMEHEHUs IMHEHbBIX 3aBU -
CUMOCTEN OT BpEMEHU PErmoHaibHbIX MOpdOI0oru-
YECKUX XapaKTEPUCTUK — IUIOILAAN OJeACHEHUs Fy,
BBICOThI HaYaJIa JICTHUKOB Z,e,, UX KOHUA Z,q U CPEN-
HEit BBICOTBI Z; o = (Zpeg T Zeng) X 0.5; Monenposa-
HYe€ BJIMSHUS BHYTPUTOAOBBIX U MHOTOJIETHUX U3ME-
HEHUI Ha JIeAHUKAX BICOTHI IMHUM PaBHOBECHSI aK-
KyMyassuuu 1 a6iasuum (manee — ELA, equilibrium
line altitude) Ha cocTaB TUMOB TaIOIIE TOBEPXHOCTU
JIETHUKOB 1 00bEeM JISNHUKOBOTO MUTAHMSI; TTPUME-
HEHUE NMPUOIKEHHOIO pacuéTa yAeAbHON Iroq0BOMI
a0IIIMM Kak QYHKIIMM CpeaHel JIETHE TeMItepaTy-
pBl BO31yXa; 2) pa3paboTKy MPOrHo3a JISTHUKOBOTO
MUTaHUS C 3a0JIarOBPEMEHHOCTbIO OIUH MeCSII ISl
€XEroJHbIX BEJIMUYUH U HE MEHEee OJHOTO roja s
CPEeIHNX MHOTOJIETHUX.

HMHudopmalimoHHO OCHOBOI s TUAPOJIOTHUYe-
CKUX U IJISILIMOJIOTUYECKUX PACUETOB CIYXKUIU MHO-
ronetHue n3mMepeHus ctoka (Bodo; EauFrance; Fed-
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eral Office for the Environment FOEN) Ha rugpono-
crax B OacceitHoB pek EBpaszum (Karynb, bakcan),
Cesepnoii Amepuku (FOxon, Makkensu, Jluapm),
HenTpanbHoii EBponsl (Pona, Uun), LleHTpanabHOM
Azun (ITsumx, Baxm, 3epaBman, HapwiH, I'yHT,
Cox); maHHbIE MOHUTOPUHTA ITapaMeTPOB OJIeACHEe-
HUs B 6acceitHe p. Pona 3a 1971—2016 . (Fischer et
al., 2014; Fluctuations of Glaciers Database, 2017;
Paul et al, 2020); MHOroJieTHUE NU3MEPEHUST OCAIKOB
W TeMIlepaTypbl BO3AyXa Ha METCOPOJOIMYECKMX
CTaHLIMSIX, PACIIOJIOXEHHBIX Ha TeppuTopun IlIBeii-
napuu (Federal Office of Meteorology and Climatol-
ogy MeteoSwiss), ITamupa u Tsaub-1lansa (Williams,
Konovalov, 2008).

PekoHCTpyK1IMSI BBICOTHO-TUIOIIAAHBIX XapaKTe-
PUCTUK OJIEICHEHUSI C TONUYHBIM pa3pellieHUeEM Bpe-
MEHHBIX PANOB Fy, Z.4, Ziegs Zmean BPITIOIHSIETCS TIO
OTPAHUYEHHBIM NaHHBIM PErMOHAIBHOIO MOHUTO-
puHra oyieneHeHus1. [IpuBenéH npuMep YMCIEHHOTO
OIMMCAaHUS U aHAJIU3a €XXEeTOMHON PEKOHCTPYUPOBaH-
HOIi TUHAMUKU MTapaMETPOB OJIEIEHEHNS B BEPXOBbE
p. Pona (rugponoct ITopt-mi0-Ce) Ha OCHOBE UCXOI-
HBIX TaHHBIX, onyoimkoBaHHbIX B (Fluctuations of
Glaciers Database, 2017; RGI Consortium, 2017; Paul
et al., 2020). MHoroJjieTHee peruoHaJIbHOE M3MEHe-
Hue B 1971—2015 rr. BetmuuHbl F; ¥ B3BEIIEHHBIX 110
TUTOIIANN TAPaMETPOB JIEMHUKOB: Z4, Zpegs Lmeans
Zooy = (Zena T Znean) X< 0.5 — BbICOTA ObOJIacTU ab1s1-
unu, Z,. = (Zean T Zoeg) X 0.5 — BbICOTA 001aCTH aK-

KyMYVJISILIUYA WJLTIOCTPUPYET puc. 1.
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Puc. 1. i3MeHeHMe mapaMeTpoB oJiefeHeHusI B BepxoBbe p. Pona B 1971—-2015 rr.

a: U3MepeHHBIe ITapaMeTpbl oJieAcHeHUST [ — Zbeg§ 2—Zeans
Z

mean»

3— Fgl B 1971, 2003, 2015 r.; 4—6 — nuHeliHas GuabTpaiys Zbeg,
Fgl; 7 — KBaZipaTU4Hasl armpoKCUMalIns rmapaMeTpa Fgl-

0: mapameTpbl oefieHeHus 1 — Zyy, 2— Z,., 3 — Zopg B 1971, 2003, 2015 1.; 4—6 — nuHeiinas GuiisTpaumsa Zyy), Zoe, Zong- JleBas

OCb OPJIMHAT — OTHOCUTCA K Z,, IpaBas — K Zyp U Zgpg-

Fig. 1. Change of glaciation parameters in the upper Rhone River during 1971—-2015.
a: measured parameters of glaciation / — Zyoo; 2 — Zincan; 3 — Fgr in 1971, 2003, 2015; 4—6 — linear filtration of Zyee, Zimean, Fois

7— quadratic approximation of the F, parameter.

0: parameters of glaciation 4 — Z,y,;; 5 — Z,; 6 — Z,,4 in 1971, 2003, 2015; 4—6 — linear filtration of Z,y, Z,., Z.q- The left axis

of the ordinate refers to Z,, the right — to Z,;;; and Z,, 4.

[MpenBapurenbHas annpokcumanus Fy(k) B Bune
KBaJpaTU4HOM popmyinsl Fy(k) = Sf(k?, k, const) mo-
Kaszajia HeyeaecoodpasHocms MpUMEHEHUsT TaKoil 3a-
BUCUMOCTHU, MOCKOJbKY HET KJIMMaTUYECKUX OCHO-
BaHui it pocta Fy ¢ 1973 no 2003 1. 3nech u nanee
k — MOpPsIIKOBBINA HOMEP rojia B SMIIUPUUECKON Bbl-
oopke. B naHHOM cirydae 0osiee 000CHOBAHO TIPUMeE-
HEHUE MeTolla JUHEWHON (puabTpaluu ISl oIrca-
HUs €XETOAHOM TMHAMUKU TUIOLIAAN JIEAHUKOB Fy 1
Zend> Zoegs Lmean B OTIEIBHBIX YaCTAX WHTEpBaja
1973-2015 rr.

AHanornuHble Tpadukd U pe3yabTaTbl PEKOH-
CTPYKLMU €XKETOMHBIX 3HAYCHUIN Fy, Zongs Zapis Loegs
Z cans Zoc TIOIIYYEHBI TTOCJIE OOPAaOOTKUA OrpaHUYEH-
HBIX TaHHBIX MOHUTOPUHIA COCTOSIHUS JIETHUKOB B
OacceiiHax rputokoB p. Tepek (CeBepHblii KaBka3)
u p. 3anagHasa Keizeuicy (ITamup). Dt pesyabTaThbl
CIIyXXaT KJIIOYeBOI BXOOHOW MH(OpMaLMein s pe-
THMOHAJIHOTO pacy€Ta TaKuX XapaKTEPUCTHUK, 3aBU-
CSILIMX OT BBICOTHI Z, KaK yaeabHas abisiius/TassHue
Jibaa, UpHa U CHera; ocajaku, TeMIlepaTypa BO3ayxa
U YIIPYTOCTb BOJASIHOTO Tapa B BO3/yXe.

METOOWKA PACUETA ABJISILIUU

Kaxk nokazaHo B pa6ote (KoHoBanos, 2021), ro-
N0BOI1 00bEM Wy, TasgHUA Ha IJIOLIAAN OJIEACHEHMS
Fy B mepBOM NPUOIMKEHUHM MOXHO TPUHSTH PaB-
Ne 2 2023

JIEQ M CHET  Tom 63

HBIM MPOM3BEAECHUIO Fy U TOLOBOIO CJIOS aOJIALMM
Ab(Z,,..,) Ha CpelHeit BBICOTE JIEMHUKOB Z, .y = (Zopg +
+ Zpee) X 0.5:

Wll = Ab(Zmean)F'gla

o (D
rae Ab — rogoBoOii cioii abisauuy (TassHUSI) B MM Ha
BBICOTE Z,.,, KAK (DYHKIIMS XapaKTepHOU TeMnepary-
pbl Bodnyxa 1T = T(Z) Ha BbICOTE Z .on. 3AECH Ly,
Ziyeg — COOTBETCTBEHHO BBICOTHI KOHIIA M Ha4ajia pac-
npenenenus Fy = Fy(Z). Heo6xon1Mo Takke BbIIo-
HEeHME YCIIOBUS IMHEMHOIO u3MeHeHust Ab = Ab(Z) n
MOCTOSIHCTBA ydeTa BPEMEHHBIX KojeOaHMUii Itapa-
METPOB Zpg, Zpeg-

PacnipoctpanennbiM (Kpenke, Xomakos, 1966;
Kpenke, 1982; KonoBanos, 1985; Hock, 1999; Kono-
BayioB, IlumankuHa, 2016; Buiecos, 2016; KoHoBa-
JioB, 2021) MeTomom omnpeneseHus ciiost Ab = Ab(Z)
cayxat amrnupuudeckue ypaBHeHust Ab =f(T). B uacr-
HOCTH, 110 JaHHBIM O TeMIlepaType Bo3myxa W absi-
uuu B 11 paitonax HaomoaeHuii, 10 U3 KOTOPHIX pac-
nosjoxeHbl B CeBEpHOM ITOJIyIIapyuu, a ONWH B AH-
TapkTuae, B pabote (Kpenke, Xomnakos, 1966) Gblia
MoJjiydeHa yCJIOBHO “IJIoOaibHas1” 3aBUCUMOCTDH TO-
JIOBOI a0isILMU OT CpedHEN JIeTHEeH TemIiepaTyphl
Bosayxa Ab = f(T,)3. B sroii pabore (Kpenke, Xona-
KOB, 1966) u 6oyiee mo3gHMX My6auKanusx (Brecon
u 1p., 1980; Bunecos, 2016) ycTaHOBJIESHO IPOCTPaH-
CTBEHHOE U3MEHEHME IMITUPUUIECKUX KO3 hUlimeH-

TOB B hopmyiie Ab = f(T,)3.
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Ta0muna 1. PerrnoHabHbIe XapaKTEPUCTUKU CPeIHEN TeMmnepaTypsl Bo3ayxa T, u T

Peruon IBeituapus ABcTpus TTamup C;f;;:;m Tsaub-1lanp
Tonst 1971-2016 1971-2016 1966—2005 1946—2005 1960—1992
Nt 19 9 20 6 18
Z,.«t>» M (MHTEpBAI) ** 273—3580 280—-3105 329—-4169 702—-2927 760—3639
Z s> M (CpenHee) 941 938 2244 1645 1868
Long, east™** 6.13°—10.98° 9.61°—-5.91° 67.61°—73.91° 41.73°—46.25° 69.52°—78.48°
Lat, north 46.00°—48.45° 46.83°—48.62° 36.73°-39.73° 42.37°—43.73° 39.83°—42.85°
Y rpan °C km ~ ! #Ex —6.44...—6.18 —6.10...—5.85 —6.44...—5.96 —5.23...=5.22 —7.50...—6.64
T, °C*xx | T(Zst) 6.4 5.8 6.7 4.8 6.3
S 0.71 1.82 2.00 1.97 0.39
S/c 0.13 0.32 0.30 0.46 0.32
T,°C T(Zs) 15.5 15.1 17.3 14.1 16.3
S 0.81 1.31 2.12 1.20 0.18
S/c 0.16 0.24 0.31 0.30 0.24

* Npst — UMCIO METEOCTaHLIMIA; **Z — BbIcOTa Haf yp. Mopst; ***Long u Lat — reorpaduueckre KoopauHaTsl (10IroTa U MIMPOTa);

###5Y rpay °C KM | — BepTMKAIBHBII TPa/IMeHT TeMITEPaTyphl BO3LYXa B pernoHe; JIIst Beex MepeMeHHBIX, TIe 3HAUCHUS pasieeHbl
3HAKOM THpE, CJIEBA OT TUPE MPUBEIEHBI MUHUMAJIbHBIE BEJIMYMHBI, @ CIIPaBa — MaKCUMANbHBbIE; ***** T (Z), T (Z) — COOTBETCTBEHHO,

onHOGAaKTOPHbIE 3aBUCUMOCTU TEMIIepaTypbl BO3IyXa afnpesist U UIOHSI—aBrycTa OT BICOTbI MECTHOCTH Z; § — CpeaHeKBaapaTuIHast
ommbka pacueta T, S/G — KpuTepuii KauecTBa pacyeTHON (HOPMYJIbI.

Jasg mpuOIMKEHHBIX pPEerMOHaJIbHBIX pPacuyeTOB
romoBoii abisiuyu Ab = f(T) ucriob3oBaHa hopMyiia
(2), npennoxexHas B padote (Kpenke, 1982):

Ab =1.33(T, +9.66)"", )

rae Ab — ynenbHas absaius (TasiHue + ucrapeHue) B
MM, T, — cpenHsisl JIETHSISI TeMIepaTypa Bo3ayxa 3a
voHb—aBryct B °C Ha BBICOTE Z,,.,,- BBUIY KpaliHe
HE3HAUYMTEeJIbHOro BKJala CJI0s UCIapeHus B BEJIU-
yuHe Ab, dopmyna (2) Hambojee IIpuUromHa st
ornpeaesaeHus ciaos TassHuss M MOBEpXHOCTU JIAHU -
Ka. [ToaTomy B KauecTBe o1iecHOK M Ha jiemHuKax Ce-
BEpPHOTO MoJjylIapusi OyaeM MpUHUMaTh BO BHUMa-
HHe pe3yJIbTaThl pacdyéTa mo popmyie (2).

M3meHneHue BepTukanbHoro npoduist 7,(2) B pe-
3yJIbTaTe M3BECTHOIO SBJICHUS “CKayKa TeMIlepaTy-
pbl Bo3nyxa” W7, Ipy niepexoe ¢ TPYHTOBOM NTOBEPX-
HOCTU Ha JISAHUKOBYIO YUYTEHO B OacceitHax pek 3a-
nagHass Keeuicy (ITamup) m Pona (Anbmbel) 1o
peruoHaibHOM aMnupudeckoit opmyie (3), moiy-
yeHHOI B pabote (Xogakos, 1978):

logT, = 0.28F, — 0.07. A3)

Pesynbratel onpenenenust Wy, (k) no dopmynam
(1—3) HocAT TIPUOJMKEHHBIN XapakTep, TaK Kak He
YYUTHIBAIOT U3MEHEHUE TUIIOB JeSITeIbHON MOBEPX-
HOCTH Ha riomanu Fy (JIEN 01 MOPEHOM, OTKPBITHIi
Jien, GUpH, 3UMHUI U JIETHUI CHET) B TeYeHUE TTPU-
HSTOro UHTepBaJia BpeMeHu. Kpome Toro, ocraercs
OTKPBITBIM BOMPOC PAIUKAJIbHOTO y4yeTa MpPOCTpaH-

CTBEHHbBIX U3MEHEHM SMITMPUUYECKUX [TapaMETPOB B
dopmyre (2).

IIpoeno3wr aeonurxoeozo numanusa. Hayanast ocHo-
Ba METOJa — Pacy€T U NPOrHO3 BpeMEHHOro psiaa
temnepatypbl Bo3ayxa 7,(Z,can), KOTOPAS CIIYKUT ap-
TYMEHTOM JIJISI OIIpeAeIeHUsI CI0sI aOJISIIUY Ha IJ10-
iaau ojeneHeHus Fy. [10 MCXOMHBIM MaHHBIM, IIEpe-
YUCJIEHHBIM B Ta0JI. 1, MOJIydeHbI €KEeTrOIHbIE BEPTH-
KaJibHble TIpoduad TeMneparypbl Bosayxa 1, =
=T,2), T, = T(Z) n dopmynsl n1s pacuera T, Kak
dynkuuu T, c koadduMeHTOM AeTeEpMUHALIUU 00~
see 0.90. Takum o6pa3oM, B perMOHAJIbHOM MacllTa-
Oe BIIEpBHIE YCTAHOBJIEHO, YTO TeMIIEpaTypa Bo3ayxa
anpens T, obecrieunBaeT ¢ MeCSA4YHOU 3abyaroBpe-
MEHHOCTBIO TIPOTHO3 7, U COOTBETCTBEHHO IIPOTHO3
CJI051 TOAOBOM a0JsAUU Ha BBICOTE Z, ... IIpn 3TOM
perruoHanbHbIi pacueT Ty(Zean) U T(Zmean) B k-€ TO-
JIbI BEIIOJIHSIETCS 110 (popmyiie (4):

T(Zmean) =0 (k) Zmean (k) + BO (k)’ (4)

rme Z — BbICOTA Hai yp. Mopsi, 0, B, — SMIMpuye-
CKMe mapaMeTphbl, KOTOPbIe UMEIOT MHOTOJIETHUIA XOI
U ONpenensiorcss OTAeNAbHO g mnpodunein 7, =

= T(DuT,= T,(2).

OcHoBomnosaralee 3HaueHue ISl TIPOTHO3a
Ab = f(T,) c MecssuHOI1 3a0J1arOBPEMEHHOCTBIO UMEET
BEPTUKAIbHBIN TPOMUIb cpeHe it MECSTYHOU TeMITe-
patypsl Bo3nyxa T, = T,(z, t), KOTOpbIi TTOJTydyaeM 1o
IAHHBIM METEOPOJIOTUYECKNX CTAHLUMUNA B Havajie

JEQ U CHET Ne 2

TOM 63 2023
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OTHOCHUTENBbHAS OLIMOKA ITPOTHO3a, %

Puc. 2. TIporHo3 yaenbHoi absinn Ab(f) MM/TOL Ha BBICOTE Zycap = Zp U OTHOCUTEIIbHAS PA3HOCTb MeXIY Ab(Zg,) u Ab*(Zg,)
B %. a: 1 m 2— B Gacceiine p. 3ananHas Kei3buicy; 6: 3 u 4 — B 6acceiiHe p. PoHa.

Fig. 2. Forecast of specific ablation Ab(f) mm/year at an altitude of Z,.,, = Zj, and the relative difference between Ab(Zﬁg) and

g

Ab*(ng) in %. a: 1 and 2 — in the basin of the Western Kyzylsu river; 6: 3 and 4 —in the basin of the Rhone River.

Masi, 1 BIEpBbIC HalileHHbIC perMOHAIbHbBIE 3aBUCH -
moctu T, = f(T,, ). YCTAaHOBJIEHO, YTO IJIsI PEIICHUS
3aJa4yy MPOTHO3a MHOTOJIETHUI XOII 3MITUPUYECKUX
rapamMeTpoB B TuHeiHbIXx dopmynax T, =f(T,, f) cie-
JIyeT arlpOKCUMUPOBATH C IIOMOIIbIO METOAA U KOM-
neloTepHoit mporpammbl “I'ycenunia” (I'onsHauHa,
2004). B utore nporHo3 ronoBoii abJsIIMU Ha BbICO-
Tax Z,(f) BKOHKPETHOM PEYHOM GacceiiHe BBITTOIHS -
ercs 1o BeIpakeHUsIM Tu = f(Ty, 1), Ab* = [Tx) n
Fy = Fy(7). Cpennsist oTHOCUTENIbHAS OLIMOKa pacye-
ta Ab = f(T,) no 3aBucumMoctsim 7T, = T,(z, f) B bacceii-
Hax pek PonHbl m K&uI3pUICY cocTaBuiia, COOTBET-
cTBEHHO, 1.6 (6.7%) 1 5.0 (10.5%), B ckOOKax Ipuse-
JIEHbl OTHOCUTEIbHBIE OIIIMOKM MPOTHO3a B OTUX XKE
OacceiiHax. [TporHo3Hbie 3HaueHUus1 Ab* =f(T«, t+ 1)
CUMTAEM JCUCTBUTEAbHBIMMU OO CEHTSIOPS TEKYILIETO
rona. [Tocse 3Toro Bo BpeMeHHbIX psinax Ab = AT, 1)
u T, = f(T,, {) pe3yabTaTbl pacueTa U MPOTHO3HbIE
3HAYCHMS ITapaMeTPOB 3aMEHSIOTCS (haKTUISCKIMMU.
U tak pganee mo ciaenyroomiero ciaydast iporaosa Ab* =

=AT5).

MHorojieTHee N3MEHEHNE TTPOTHO3MPYEMBIX Be-
auH Ab*(Z;,) 1 OIIMOKK TIPOTHO30B OTHOCHUTEIIBHO
Ab(Z,), B Ka4eCTBE WUTIOCTPALIUH PELIEHNUST TIOCTaB-
JIECHHOI IpoO0JIeMBbl, TIpeICTaBlIeHBI HA puc. 2. DKc-
TpeMmajibHOe 3HaueHue Ab(Z;) THAPOTOTUYECKOrO
pexuMa ojieneHeHus: B OacceitHe p. Pona B 2003 1.
(cm. puc. 2, 6) noarBepxknaercs (Klimawandel in der
Schweiz, 2020), obmum miasa seitnapuun 3a 1960—
2016 rT. MAKCMMYMOM TEMIIEPATYPhI BO34yXa U OTPH-
IaTeJTbHBIMM 3HAYSHUSIMHU OalaHca MacChl oJieneHe-
Hug B 2003 1. BCaencTBUE aHOMaJbHOIO TassHUS Ha
MSITA CIIPAaBOYHBIX alibluiickux genHukax (Fluctua-
tions of Glaciers Database, 2017). lonoaHUTEIbHbIE

JIEQ U CHET Ne 2
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XapakTEPUCTUKU K pesyibrataM NporHosa Ab(Zy)
cojeparcs B TaoOI. 2.

Hccaedosanue u npoenos unoexca a1e0HuK08020 nu-
manusn. PernoHajqbHOE WCCISOOBaHME IIPOCTpaH-
CTBEHHO-BpPEeMEHHBIX KOJIeOaHU I MHAEKCa JISAHUKO-
BOTO NMUTAHUA O, TIpemyioxeHHoro B padore (Iyibli,
1965), BBIMOJHEHO aBTOPOM IO MHOTOJIETHUM €Xe-
TOITHBIM U3MEPEHUSIM CTOKa B OacceiiHax pek EBpa-
3uun, CeBepHoii AMepuku, LleHtpanbHoii EBporibl u
HenTpanbHoil Asun. UHaeke O paBeH OTHOIIEHUIO
MexKIy o0béMaMu cToka W nbo cpeqfHUMU pacxoaa-
MU BoAbl Q 3a MEepUoabl UIOJIb—CEeHTAOPh (Q;_g) U
MapT—UIoHb (Q;_¢). CumuTaercsd, 4yro o0bEM W;_ g
00yCJIOBJIEH MpeobdIagaHueM JeTHUKOBOTO ITMTaHUS
peku, a o0bem W;_g — cHeroBoro. Pe3ynbraTel pacué-
TOB UHIEKCA O IPUBEIEHEI B TA0J. 2, € YYTEHBI JaH-
Hele (Bodo; Fluctuations of Glaciers Database, 2017,
RGI Consortium, 2017; Paul et al., 2020).

B urore aHanmu3a 3aBUCUMOCTH O = O(f) yCTaHOB-
JIEHBI BaXXHBIE PETUOHAJIbHBIE BHIBOJIBI OTHOCUTEIb-
HO IMHAMUKU U TIOCJICACTBUI N3MEHEHMS COCTaBIISI-
IOIIMX PEYHOTO cToKa. Tak, rpaiveHT ypaBHEHUS JIM-
HeilHOoro TpeHAa [Jisdi UHAEKCca BO BCEX
PacCMOTPEHHBIX PEYHBIX OacceifHax MMeeT OTpulia-
TeJIbHOE 3HAUeHME, YTO YKa3blBaeT Ha COKpalllcHUe
JIEMTHUKOBO-CHETOBOIO MHUTAHUSI, TOYHEE — TOJBKO
ero JeOHUKOBOM cocTaBisiomeii. Hecmorps Ha 370,
rOJIOBOI1 CTOK YMEHBIIWJICS TOJBKO B TpEX Oacceii-
Hax, a B OCTaJIbHbIX HA0II01a710Ch YBEJIMYSHUE TOI0-
BOTO CTOKa Qy,,, BCIEACTBUE pOCTA (5 ¢, KOTOPbIiA
IepeKpbIBal yMeHbLIEHUE O _q.

MN3menenue B TeyeHue 1905—2054 rr. cpenHux
MHOTOJIETHUX 00BEMOB peYHOro CToKa p. PoHa 3a Ka-
JeHgapHbIi rom W, BereTallMOHHBIN ITepuon (am-

year»
penb—CceHTA0pb) W, M OTHOIIEHUS O WILITIOCTPUPY-

cg
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Ta6auna 2. PernoHaabHbBIE XapaKTepUCTUKH OJIeASHEHNS 1 CTOKA B PEUYHBIX OacceifHax

Tombl I'pagueHT TMHEHOTO TpeHaa y = f(f)*****
Pexa B | Rl | Queal™ | o it | V7 T o ; 5
mn er 7-9 3—-6 year
Ceseprnas Eepasus
KartyHb 58400 0.90 611.6 1936—2000 65 0.96 0.0 —1.04 | —0.95 —0.71
bakcaH 2100 6.67 34.2 19312007 77 2.50 | —0.007 | —0.01 0.09 0.04
Llenmpanvnas A3us
IManax 113000 6.10 1082.3 1932—-2009 78 1.56 | —0.001 1.49 1.84 1.42
Baxiin 29500 12.30 619.4 1935—-2010 76 1.88 —0.007 | —0.45 2.08 0.43
3epaBliliaH 10200 5.47 161.2 1914—2009 96 2.35 —0.008 0.34 0.52 0.31
Hapwin 10500 11.90 91.2 1933—-2008 76 1.85 —0.001 0.42 0.28 0.24
I'yHT 13700 3.22 106.8 1940—-2005 66 2.60 | —0.009 | —0.04 0.30 0.11
Cox 2480 9.72 44.1 1933—2009 77 343 —0.004 0.36 0.14 0.14
Ceseprnas Amepuka
IOxon 831390 2.59 6425.9 1957—-2017 61 1.69 —0.001 5.25 7.95 16.03
293265 2391.6 1951-2002 52 1.55 —0.003 4.58 6.63 6.09
Makxkensu | 1680000 0.09 9052.5 1943-2016 74 1.41 —0.003 5.63 | 26.97 14.04
1570000 0.10 6784.5 1959—-2000 42 1.40 | —0.005 | —8.64 | 21.57 7.87
JInapn 222000 0.35 1910.7 1960—2000 41 1.39 —0.004 | —7.92 19.66 7.81
Llenmpanvnasn Eepona
Pona 96359 0.82 1697.6 1920—-2014 95 0.50 0.0 -2.70 | —1.76 | —0.27
5089 14.05 180.2 1905-2019 115 1.12 —0.005 | —1.00 0.15 0.003
40503 25665 1.58 737.6 1930—1984 55 0.87 —0.003 | —0.02 0.01 —0.02
11983 353.9 1827—1930 104 1.05 —0.001 | —0.12 0.33 0.05

*F, — Tutomans 6acceiina, KM a1/ F — OTHOCHTENIbHAS IIOLIAAB OIEACHEHUs Fyy, %; *** Qyeqr — CPEAHMIA TONOBOM PAacXozl BOADI,

M3/CCK; *akk N, — QHCITO JIeT HAaGMIOACHWIA; *****§, ~— cpenHee 3HaYeHUe MapaMeTpa J; Sg, — IpaMeHT ypaBHEHUS IMHEWHOTO TpeHIa

8 =10(1); O7_g 1 Q3_g — COOTBETCTBEHHO, CPEIHIE MHOTOJIETHIE PACXOIBI B M3/CCK 3a MePUO/Ibl UI0JIb—CEHTIOPh U MAPT—HUIOHb.

Ta6mua 3. CpenHue 3HaYeHUS O U COCTABJIAIOLINX CTOKA P.

Pona B 1905—2054 rr.

HuTepBassl et
IlepemenHas
1905—1934 1935—1964 1965—1994 1995—2024 2025-2054
) 1.44 1.34 1.08 0.97 0.80
Wioegs K 4.488 4.400 3.862 3.793 3.498
Wears M3 5.553 5.665 5.757 5.809 5.932

10T JaHHbIe Ta6/1. 3. OXuaaeMele BeTMUYNHBI O, Wi,

W ear 1151 2025—2054 TT. pacCYUTaHbl 110 JIMHERHBIM

ypaBHeHusM & = 8(7), R? = 0.96; W,., = f(d), R? =
= 0.98; Wieor =f(8), R*=0.94, nonyuenHsim 3a 1905—
2024 rr. 3Hayenus & B 2020—2024 IT. MoaydeHBI ITy-
TEM DKCTPAMOJIALIMU 110 YypaBHEHUIO O = O(f), Haii-
JIeHHoro Wit nHTepBaia 1995—2019 rr. 3nech u najiee
R?> — xos(pduument gerepmuHanuu. TakuM obpa-
30M, MHIEKC O IJIsT BEPXOBbsA p. PoHa okasajcs He
TOJIBKO PEIIPE3EHTATUBHOU XapaKTEPUCTUKON U3ME-

HEHUS COCTABIAIONIMX CTOKA peKU Wi, Wie,,, HO 1

BIIOJIHC ITPUTOAHBIM apryMEHTOM IJIA JOJTOCPOYHO-
IO IMMPpOTHO3a 9TUX IIEPEMECHHDIX.

Cocmaeasaroujue 1e0HUK0B020 NUMAHUSL 6 PEUHbIX
baccerinax. J1asnee n3J10XeH ciocod yTOYHEHUST 00BbEMa
JIEAHMKOBOTO NuTaHust W, Ha ocHoBe opmyisl (1),
Ipy YCIOBUU COXpaHEHMsS MeToma pacueta Ab =
= f(T,) u nporHo3a Ab* = f(T,+) NyTéM UCNOIb30Ba-
HUSI PETMOHAIBHBIX SMITMPUUYECKUX 3aBUCUMOCTEIA
T, = AT,), napameTpbl KOTOPBIX NIPUBENEHBI B Ta0O. 1.
B aT10i1 cutyanum Mu€T pedb 00 OIpeneIeHN CYMM
COCTaBJIIIONINX TUAPOJIOTNIECKOrOo pexkrMa OJieae-
Ne 2 2023
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HeHust Wy Vy, KOTOphbIE B OOLIEM BUIE ONIUCHIBAIOT
dopmyisr (5—6):

Vgl (k) =
=S W@ V0 ¥, @)V (47 (], O
Wolk) = S W)+ Vi) 4V, 0k ©)

pegi

e Vi, Vi, Vi Vi, Vs, COOTBETCTBEHHO, OOBEMBI TAsTHUS
JIbIa TI0J, MOPEHOM, OTKPBITOTO JIbIa, CTaporo (pupHa,
3UMHETO U JIETHETO CHETA; diyeg, U Aoy, — JATHI HAYAJIA 11
KOHI2 PACYETHOTO MEPUONA, heg; U depng; — NATHI HAYAIIA
Y KOHUA T€PUOA TAAHUS JIbAA, T = dyeg,---lepap 1| =
= dbegi“'dendi'

Bo3moxHocTh nipumeHeHust dopmya (5—6) mis
PETMOHAIBHBIX pacyeToB Vy u W, obyciosieHa Ha-
JuuueM MHpopMaluu o MHoroysieTHeM k = 1...N u
BHYTPUTOIOBOM ! = dyey;...deng; X0N€ ELA Ha nenHu-
kax FLA, = ELA,(f;)) ¥ MakCUMaJIbHbIX 3HaYeHUN
ELA B xoHUe nepuona abnasuuu japaa, T.e. ELA, =
= ELAl(dendi)-

Mooeauposanue u pacuém ELA. Izmenenue ELA,
MIPOUCXOIUT B 3aBUCHMOCTH OT BHYTPMIOJOBOTO U
MHOTOJIETHETO XO/1a aKKyMYJISILUU U aOJISILIUU B UH-
TEPBANIE NAT dyey; U dopg;. Kaxmomy sHauenuo ELA,
COOTBETCTBYET YacThb Fy; OOILIEl TUToIanm ojeaeHe-
Hust Fy, nipu atom F, — Fy, = F,.. Meton pacuéra
FELA, nogpobHo onucaH B pa6orax (KoHoBasoB,
1985; Konovalov, 1997). MccinenoBaHue B pa3HbIX
yciaoBusx (KoHoBanos, 1985) nokaibHBIX CBSI3€i TO-
JIOBbIX 3HAYEHU 1 aOJISILIMU U COCTABJISIIOLIMX TOI0BO-
ro 6anaHca Macchl ¢ ELA, Ha JenHUKax BbISIBUIO Bbl-
COKYIO TECHOTY TaKHUX 3aBUCUMOCTE. DTOT pe3ysib-
TaT MO3BOJISIET paccyuTaTb MHOTOJIETHUE PSIbl
00beMOB Wy, Vy Ha miomanu F, B MHTEpBaiax
Zveg—Lena W ELAy—Z,4, Zi,ee— ELA, KaK pynkumu ELA,.
OcHoBoit MmeToaa pacueta ELA, CyXXUT BBEAEHHOE B
(Konovalov, 1997; Konosanos, 1985) monsitue 006
uHIaeKkce OanaHca [z(k) aKKyMyJasUUMU U TassHUSI B
DISLHATbHBIX 00J1aCTSIX, KOTOPBII MPENCTaBIISIET CO-
0o0Ii pa3HOCTbh Oe3pa3MepHBIX aHOMAaJIUN CE30HHBIX
ocankoB Ip(k) u TemriepaTypbl Bo3ayxa (k). Pusu-
YECKHUI CMbICI MOHATUS 00 MHAeKce GajlaHCca COCTO-
UT B TOM, 4TO 6e3pa3MepHblie aHoManuu Ip(k) u I (k)
paccMaTpMBalOTCsl KaK MHIMKATOPbl COOTBETCTBEH-
HO aKKyMYJISILIMU W abJasuuy B DISILUAIbHBIX 00J1a-
ctsx. Torma B KaxKJ0M rofy pa3HOCTb aHOMaJIMIA TUX
WHIUKATOPOB MPUOOpPETaeT CMBICI OTHOCUTEJIbHOM
OLIEHKM IOJIOBOT0 OajlaHca OTAEIbHOTO JIEAHUKA WU
ux rpynmnbel. Bece cocrasisionine mHAeKca OajaHca
I5(k) onipenensroTcst MO JaHHBIM perpe3eHTaTUBHOMN
METEOPOJIOTUYECKO CTaHIIUM B peyHOM OacceiiHe.
Kputepuem perpe3eHTaTUBHOCTU CITY>XKUT AOCTATOY -

JIEQ U CHET Ne 2

TOM 63 2023

HO TecHas 3aBUCMMOCTh MEKIY CE30HHBIM CTOKOM B
OacceiiHe 1 KOMIIOHEHTaMU UHIeKca OajaHca.

B ny6mukanusx (Konosanos, 1985; Konovalov,
1997) mokazaHo, 4TO CBSI3U MEXKIYy HOpMaJM30BaH-
HBbIMU 3HaYeHUsiMU psiaoB ELA,, (k) u uHnekca Oa-
JaHca Iz(k) umeroT Bbicokre KoaOUIIUEHThI KOppe-
JISINMU 1 0OOCHOBAH CITIOCO0 mepexoja OT CTaTUCTU-
YeCcKOil 00ecreYeHHOCTH MHAeKca 6anaHca Prob(/p)
B k-M rony K ELA,(k). [1pu 3TOM NpuUMeEHSI0TCS Clie-
Nytoliire o0l1l1e BhIpakKeHUsI:

Iy = of[(P(k) - P)/Py=B{IT(k) =TT}, (7)
ELA, (k) = Z.,4 + AZ Prob (I,)(k), @)
AZ = Zbeg (k) - Zend (k) (9)

31ech 1o JaHHBIM METEOPOJIOTUYECKUX CTAHIIUHA:
P(k) — cymma ce3oHHBIX ocankoB; 7(k) — cpenHss
Ce30HHAasI TeMITepaTypa Bo3ayxa; oL v 3 — sMrupuye-
ckre Ko3((PUIIMEHTHI, XapaKTepU3YIOIINe 3HAUYM-
MocCTb BKJIaga Pu T'B ypaBHeHue perpeccuu I, = f( P,
T), paccuuTaHbl 110 MeTony AJiekceeBa (AJIEKCEEB,

1971); P u T — cpeaHue MHOTOJIETHUE 3HAUEHUSI CO-
OTBETCTBYIOIIUX TIepeMEHHBIX; Prob(/;) — Haxonum
nmo Metony AjnekceeBa (Anekcees, 1971) nist 3Haue-
HuUil 1z(k), paHXXUPOBAaHHBIX B BO3pacTalollleM IO-
psioke,

Prob(1,)(k) =

(10)

= [n(Prob (/) (k) —0.25]/[Np, +0.5],
rne n (Prob(/;) — paHroBele HOMepa WICHOB psina
1y(1), Zyeg, Zeng — OTIPENEIIEHBI B KOHKPETHOM PEYHOM
OacceliHe 10 TaHHBIM PErMOHAIbHBIX KaTaJIOTOB TOp-
HOTO oJiefieHeHUst, N p p — YHUCJIO U3MEPEHUI COCTaB-

JISTIOIMX MHAeKca 6anaHca. PasmepHocTs Prob(7,) B
dopmyne (10) — moan eAUHULIBL.

Hna pacueta ELA,(k) B Teaenne 19712016 1T. Ha
JIeMHUKAaX B BepxoBbe p. PoHa OBIIM IpuMEHEHBI
MHOTOJIETHME M3MEPEHUsI OCAaJKOB M TeMIepaTypbl
Bo3nyxa (Federal Office of Meteorology and Clima-
tology MeteoSwiss) Ha pemnpe3eHTaTUBHBIX METEO-
craHuusiXx 3oHHOMUK (Sonnblick), ®paitneHTanT
(Freudenstadt) u dopmyasl (7—10). [Tonpo6HOE o111~
CaHUe METOMIOB ONPEAEIIEHUS Gyeg;, deng; M PE3YIBTATHI
pacuéra conepxatcs B padote (KoHoBasos, 1985).

Bnustaue yuyera cocrasismiommx Wgl mpu pacuére
rOJOBOM a0IALMM 110 hopmysie (6) U Ha MHOTOJIET-
HIOIO TUHAMUKY ITapaMeTPOB T'MIPOJIOTMYECKOTO pe-
xnMma onegeHeHus Wgll u Vgl B 6acceiine p. Pona
WUTIOCTpUpYeT puc. 3. BUgHo, 4To pe3yabraT onpe-
JIelieHus1 00bEMa JIGTHMKOBOIO MUTAHUSI U €ro pe-
MPE3eHTATUBHOCTD TIPU aHaJMU3€¢ BOOHBIX PECypCcOB
TOPHO-JIEAHUKOBOTO PEeUYHOro GacceiiHa 3aBUCUT OT
TUITU3aUH1 TIOBEPXHOCTH JIETHUKOB JIJIsl pacuéTa ab-
JIALUNA.
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Puc. 3. Cocrapisioniye rupojioruueckoro pexxvma B 6acceitie p. PoHa.
1 — ronosoii crnoit abnsiuuu Ab Ha cpenHeit BoicoTe B uHTepBane ELA,—Z,,4; 2 — ronoBoii cioii abasiiiun Ab Ha BbICOTe

Z

mean g

BOIo nuraHus I/gl 0e3 BbIIEJICHUS TUTIOB TaloIIeit ITOBEPXHOCTU.

= ng; 3 — 00bEM J1efHUKOBOro nUTaHust Wy ¢ ydétom BbICOTHI £LA, B KOHIIE Iepuoaa abasiuuu; 4 — 00bEM JIETHUKO-

Fig. 3. Components of the hydrological regime in the Rhone River basin.

I — annual ablation layer Ab at an average altitude in the interval ELA,—Z,4; 2 — annual ablation layer Ab at an altitude of
Zmean = Zgg; 3 — the volume of glacial feeding Wy, taking into account the height of ELA, at the end of the ablation period; 4 —
the volume of glacial feeding Vgl without differing the types of melting surface.

OBCYXIEHHNE

IIpencraBiaeHHass B paboTe NMHEHasT PEKOH-
CTPYKIIMSI €XETOMHBIX XapaKTEePUCTUK OJIeIeHEHUS
Foy Zenas Zoeg> Lmean MEXILY TATaMU OTPAHUYEHHOTO
MOHUTOPUHIA €T0 peXXrMMa OOCHOBaHa Ha U3BECTHOM
BIWSTHUM 3HaKa OajaHca MacChl JISTHUKOB Ha M3Me-
HEHUE MapaMeTpoB Fy, Z.n4, Zyegs Zmean- 10 ECTh, OT-
pMLATeNbHBINA OaJlaHC MacChl IPUBOJIUT K COKpallle-
HUIO IJI0manu £y, COOTBETCTBYIOLIEMY U3MEHEHUSAM
BBICOT Zy4, Zbegs Zmean M, HAOOOPOT. DTa CBA3D MpaK-
TUYECKMU TIOATBEpXKIEeHa Ha IpuMepe OacceiiHa
p. PoHa, rne mo penpe3eHTaTUBHBIM TaHHBIM O TEM-
neparype Bo3myxa 1 ocankos 3a 1971—2016 rr. moiryye-
HO JIMHEHHOE ypaBHEHUE MHAeKca OajiaHca Macchl 1),
IUTS1 oJieieHeHusI 3Toro bacceitHa B Bune /, = —0.029k +
+ 0.685 ¢ koadpdunuentom nperepmuHauuu 0.42.
Mnmocrpauueit ycroitunBoro cokpaiueHust Fy B 6ac-
ceitHax pek CeBepHOTO TOJIyLIapUsi, HapsILy C JTaH-
HeiMu B (Fluctuations of Glaciers Database, 2017),
CIIy>KUT TaK3Ke OTPULIATEIbHBII I'pageHT 3aBUCUMO-
creit & = 8(7) (cm. Tabu. 2).

OIMBIT TOCTPOEHUSI PETMOHATBHBIX 3aBUCUMOCTEH
F, v 1pyrUX BBICOTHBIX ITAPAMETPOB OT BPEMEHU (CM.
puc. 1), UX HaIEXKHOCTh 1 000CHOBAHHOCTh 3aBUCHT

OT 4YHCJIa BPEMEHHBIX CPE30B MeXAy HadyaJabHOU U

KOHEYHOI MTaTaMU MOHUTOPHMHIA peXuMa OJieIeHe-
Husi. B HacTosiiee BpeMs BEICOTHO-TIJIOIIAHEBIC Xa-
PaKTEepUCTUKM JIEHTHUKOB, HEOOXOIUMBIE IJISI pacyé-
Ta M0 U3JI0KEHHOI B pad0Te METOAUKE OIIpeacIACHUS
JIEMTHUKOBOIO IMUTAHWUSI, TOCTYIHBI B MyOJIMKaIUSIX
(Fischer et al., 2014; Fluctuations of Glaciers Data-
base; Nuimura et al., 2014; RGI Consortium, 2017;
Paul et al., 2020; Karanor negnukoB Poccuu, 2021).
IlepeuuncieHHbIe perMoHaIbHbIE 0a3bl ISILIMOJIOTH-
YeCKMX JTaHHBIX HEOMHOPOMHBI IO COCTABYy U METO-
JaM ompenaeneHuss MopdOMETPUUECKMX XapaKTepu-
CTHK JIETHUKOB, UTO BJIMSIET HA PEIIPE3CHTaTUBHOCTh
OLICHOK M3MEHEHMS BBICOTHO-TUIONIAIHBIX TapaMeT-
pOB OJIeAeHEeHMs U PacYETOB JIETHUKOBOIO MUTAHUSI
B PEYHBIX OacceifHax.

®opmyna (2) npuBiaeKaTeabHa 11 TPUOIVKEH-
HBIX PErMOHAIBHBIX pacuéToB abisuuu. bojee Tou-
HBIC Pe3yJIbTaThl MOXXHO MOJYYUTh NYTEM IIPUMEHE-
HUS JIOKAJIbHBIX OMITUPUIYECKUX KOI(PHULIMEHTOB B
dopmyie (2). B HacTosiiee Bpems Takue Koaddu-
LIMEHTHI JOCTYITHBI IO HAOIIOACHUSIM TeMIIEpaTyphl
BO3ayxa U rogoBoii abisuuu (Bunecos u ap., 1980;
Bunecos, 2016) na nemnukax A6pamosa (ITamupo-
Aunait), IentpanbHom Tytokcy (3aunuiickuii Ana-
tay), Illlymckoro (JI>kyHrapckuii Anaray).
Ne 2 2023
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HayuyHo-MeTonuyeckoil OCHOBOI pellleHUs TMo-
CTaBJICHHOI B paboTe MpoOJIeMbl CIyKaT IMOJTydYeHUE
W UCITOJIb30BAHWE PETUOHATBbHBIX SMITUPUIECKUX 3a-
Bucumocteit d = 8(¢), T, = Ty(z, 1), T,= T(z, 1), T,=
=ﬂT4, t)’ Ab zﬂT:v)’ Fgl zﬂt)a Zmean =.f(t) HpaKTH_
yecKoe IMMPUMEHEeHME TTIepeUYnCICHHBIX 3aBUCUMOCTEN
OOyCJIOBJIEHO CBOOOIHBIM HOCTYIOM K WCXOTHOW
KJIMMATUUYECKOM, TUIPOJOTUUECKON U TISLIUOJIOTH -
YeCcKOU apXUBHOM M TeKyllleit nH(opMaluu.

HauGosee 61aronpusiTHO 0OCTOSIT fieJia ¢ IoJiyde-
HHMEM JaHHBIX HAOJIIOAeHUI 32 TEMIIEpaTypOii BO3IY-
Xa M, COOTBETCTBEHHO, C pacyeTaMM MO BhIPAKEHUSIM
T,=T\z, 1), T,=T(z, 1), T,=AT,, {) u ronoBoii ab-
Jisiimu 1o popmydie (2). [ToMMMO UCTOYHUKOB peru-
OHAJILHOI KJINMaTU4eCKOi nH(pOpMalIuK, IIEpeUrc-
JIEHHBIX B CITMCKE JIMTePaTyphbl, NIOOAJIbHbIE MHOTO-
JIETHUE JaHHbIe HaOMIOOEeHWM 3a ocagkamMu P u
TeMIlepaTypoii Bo3ayxa 1 Ha METEOPOJIOTMYECKUX
CTaHUMSIX BIUIOTH 10 2022 I. IOCTYITHBI U3 0a3bl JaH-
HBIX “IToroma v xammar”. M3BeCTHO, YTO Ka4eCTBO
IpUOOPOB M METONIOB SAMHUIHEIX n3MepeHnit Pu T
Ha METEOPOJIOTMYECKUX CTaHIIUSIX, PEryJIupyeMoe
COOTBETCTBYIOIIMMY HALIMOHAJbHBIMU perIaMeHTa-
MU, UBMEHSIOCh BO BpeMeHu. HecMoTpst Ha Heonu-
HaKOBYIO IIJIOTHOCTh METEOPOJIOTMYECKUX CTAHIIUI 1
MX PAacCIIOJIOXEHUE B TOPHO-JICAHUKOBBIX PEYHBIX
OacceifHax, IS psia OCHOBHBIX paiflOHOB COBPEMEH-
HOT'O MaTepUKOBOro oyieneHeHus: EBpasuu nosaydeHbl
BepTUKabHble Tpodwin pacnpeneneHuss 7(Z) (cm.
TabJ1. 1) BIIOJIHE YIOBJIETBOPUTEILHOIO KayecTBa.

SAKIIIOYEHHME

B nporiecce petieHus mpoodieMbl peTMOHATLHOTO
pacuéTa 1 IIporHo3a JISTHUKOBOIO MUTAaHUSI B TOPHO-
JITHUKOBBIX PEUHBbIX OacceitHax MoJydeHbl CAeaylo-
1IMe HOBbIe Pe3yJbTaThl: 1) PEKOHCTPYHMPOBAHBI U
MIPMMEHEHBl MHOTOJIETHUE €XETOAHble 3HauYeHUs
BBICOTHO-TIJIOLIAHBIX MapaMeTpoB  OJIENCHEHUS;
2) yCTaHOBJIEHbI YCTOWYMBBIE PErMOHAJIbHbIE 3aBU-
CUMOCTHU C BBICOKMMU KO3 dDUIIMEHTAMU IeTepPMU-
HalluM MeXIY MHOTOJETHHUM M3MEHEHUEM CpeaHeit
MECSIYHOI TeMIIepaTyphl UIOHsI—aBrycTa T, u anpenst
T,; 3) BniepBble pa3paboTaH U MIPOBEPEH METO/L PETH-
OHAJIBHOIO MPEICKa3aHus TONOBOM abnsauuu A, Ha
BbICOTE (PUPHOBOM IpaHULbI Ly, = Z e,y KaK (PYHK-
MU TIPOTHO3UPYEMOM CpeaHEl JIETHEH TeMIiepary-
pbl Bo3ayxa T; mis omnpeneyieHus 7, B Hayajie Masi
YCTAHOBJIEHBl PETUOHAJIbHBbIE 3aBUCUMOCTU T, =
= f(T,), u TakuM 00pa3oM 3a061arOBPEeMEHHOCTb [IPO-
rHo3a Ay(Z;,) COCTaBIAET ONMH MeCAL; 4) BIEPBLIE C
3a0J1arOBpEMEHHOCTBIO JiBa Trojla TOJyYeHbl MpO-
THO3HbIe 3HaUeHUs cpenHux st 2025—2054 rr. o0b-
€MOB T'OJI0BOTO U BEereTallMOHHOTO0 cToKa p. PoHa Kak
(DYHKLMU MHOEKCA JIEIHMKOBOTO IMUTAHUS O; 5) Me-
TOIWYECKHE pa3pabOTKU aBTOpa, U3JIOKEHHBIE B pa-
6ore, okazannch BoctpedboBaHHEIMU (Lappalainen et
al., 2022) npu onuMcaHuUM PETMOHAJBHOIO B3aMMO-
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neicTBUs Kpruochepbl ¢ KOMITOHEHTaMU MPUPOTHOM
cpensbl B [TaH-EBpasuiickoMm npoekte (PEEX).
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A two-stage method has been developed for calculating and forecasting the annual volumes of glacial runoff
feeding mountainous rivers. At the first stage, the series of morphological characteristics of glaciers are re-
constructed using limited data from regional glaciation monitoring. An example of a numerical description
and analysis of the annual reconstructed dynamics of glaciation parameters in the upper Rhone River (Swit-
zerland) is presented. Similar results of reconstruction of annual values of the morphological characteristics
were obtained for the basins of tributaries of the Terek River (North Caucasus) and the Western Kyzylsu River
(Pamir). At the second stage, the calculation and forecast of the time series of the average summer air tem-
perature Ty(Z,.an) at the height of Z, .., is performed, which is used as an argument for determining the ab-
lation layer by the formula Ab = f(7;) on the glaciation area Fy;. The annual vertical profiles of mean air tem-
perature of April T, = T4(Z), summer ones 7, = T(Z), and formulas for calculating 7 as a function of 7 are
constructed and used for the calculations. Thus, on a regional scale, it was established for the first time that
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the April air temperature 7 allows calculating a thickness of the annual ablation layer Ab = f( T;) with a month
earliness the forecast at the average height Z, ., of the glacier. The reconstructed £ (7) series is used to obtain
annual volumes of glacial alimentation. A regional study of variability of the index of glacial alimentation &
(Schultz, 1965) with time ¢ was carried out using long-period measurements of runoff in the river basins of
Eurasia, North America, Central Europe, and Central Asia. The index 8 is equal to the ratio between the vol-
umes W of flow or the average water discharges Q for the periods July-September (Q;_g) and March-June (Q5_g).
As a result of the analysis of the expression & = 8(7), it was found that the gradient of the linear trend equation
for the 4 index in all the above river basins is negative, which is indicative of a reduction in glacial-snow ali-
mentation, or more precisely — in only its glacial component. Notwithstanding this, the annual runoff Q,.,,
decreased only in three basins, and in the others Q,.,,, increased due to the growth of Q3_g4, which overlapped
decreasing of Q;_g. Index  for the upper reaches of the Rhone River turned out to be not only a representative
characteristic of changes in the vegetation period and annual runoff of the river, but also an efficient argument
for the super-long-range prediction of these variables for 2025—2054 years.

Keywords: glacial runoff, Eurasia, North America, Central Europe, Asia, regional calculation, ablation, fore-
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HccaenyeTcss BO3MOXKHOCTh COBMECTHOTO MCHOIb30BaHus peaHaian3a ERAS—Land u ctaHIMOHHBIX HaH-
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BBEAEHWE

JlenHUKOBBIE CUCTEMBI TOPHBIX paiioHOB Poccuu —
ONHU M3 HauboJsiee YyBCTBUTEJIbHBIX MHIUKATOPOB
COBPEMEHHOTO MI0OAJIBHOIO TMOTEIIEHUSI MOCe-
HUX AeCATUNIeTU. MI3MeHeHre TJIaBHbIX KJIMMaTHuJe-
CKMX XapaKTEpUCTUK TeMIIepaTypbl U OCaIKOB IMpU-
BOIUT K YMEHBIIEHUIO MTPOJOIXKUTEBHOCTH 3ajiera-
HUs1 cHexHoro TmokpoBa B CpenHeit Cubupu u
yBenndeHMo Ha JlanpHeM BocToke n Yykorke (Tut-
koBa, Bunorpanona, 2017). IIpu 3TOM u3MeHEeHUE
KJIMMaTta B TOpHBIX paiioHax Poccuu numeeT cBou pe-
TMOHaJIbHbIe OCOOEHHOCTHU. BhICOKOTOpHBIE XpPEeOThI
U MAacCHUBBI TIPEMNSITCTBYIOT ABUXEHUIO BO3IYIIHBIX
Macc, 4YTO MOXKET HapylIaTh OOLIMe s JAHHOTO pe-
FMOHA KJIMMaTU4YeCKUEe TEeHISCHIIMU [IOOATbHBIX
npoiieccoB. TakuMm oO6pa3oM, KIIMMaTUYEeCKME TPEH-
JIbl B TOPHBIX paiioHaxX MOTYT HEOJHO3HAUYHO BJIUSITh
Ha MacCOOOMEH OJIeeHEHUS] U UMETb perMOHaIbHbIE
pasnuuus.

CoBpeMeHHbIE DISIIIMOJIOTUYECKUE WCCIea0Ba-
HUSI UBMEHEHU I peXXrMa JISTHUKOBBIX CUCTEM MOKa-
3BIBAIOT, YTO MOYTH BCE JISTHUKU B TOPHBIX paifoHaX
OTCTYNMWJIN 3a TOCJIEAHNE HECKOJIBKO MeCSITUICTHIA.
TeMmbl merpagaliiii COCTaBJISTIOT B cpenHeM 1—2%
maccel B ron (Haeberli, Zemp, 2009; Special Re-
port..., 2019). ITo ouenkam (Khromova et al., 2019)
COKpallleHUe JIAHUKOB 32 BTOPYIO MOJOBUHY XX Be-
Kka B Poccum kone6nercs ot 10.6 (KamuaTka) 1o 69%
(Kopsikckoe Haropbe). Kpas nemnukoB rop CyHTap-

XagrTa ¢ 1945 mo 2013 r. orctynmum Ha 500—650 M, a
HVDKHSIS TpaHUIA 00JIaCTY MUTAHUS MMOBBICUJIACH Ha
61 *+ 38 M TIpu COKpaIlleHNU TTOBEPXHOCTHOM CKOPO-
CTU IBVKEHMUSI JISAHUKOB B 5—6 pa3 1o cpaBHEHUIO C
oneHkamu 1957—1959 rr. (lNananuH u ap., 2013). Ot-
MeyJaeTcsl, YTO TUIoIAAb JIAHUKOB Ha MaccuBe by-
opaax B xpe6Te UepcKoro cokpaTuiiach IpUMEPHO Ha
17% c¢ MoMeHTa TIOCIemHEero MakKCUMyMa (OKOJIo
1550—1850 rr.) (Gurney et al., 2008). Ha KamuaTke
BO BTOpPOIf mostoBuHEe XX — Havane XXI B. Turomanb
nenqHukKoB CpeanHHOro XpeOTa yMeHbBIIIAch Ha
16.6%, nioimanb JIeAHUKOB KpOHOLIKOro IoJjyocT-
poBa cokparunach Ha 22.9%, a maccuBa AnHeii-Ya-
makoHmka — Ha 19.2% (Mypasb‘B, Hocenko, 2013;
Mypasb‘B, 2014). Bce pesyabTaThl HCCAeAOBaHUIA
IMOKa3bIBAIOT, YTO MOBLILIEHUE JIETHEN TEMIIEPaTyphl
BO3[yXa U UBMEHEHNE 3UMHUX OCAJAKOB OIPEACISIOT
O0IIIyI0 TEHIASHIIMIO COKpAaIlleH!sT Pa3MepOB JISTHU-
KOB B rOpHbIX paifoHax Poccun. Pazauuns B cKopo-
CTU Y HaNpaBJICHUM U3MEHEHUM JISTHUKOB 3aBUCST
OT MECTHBIX OporpauuecKux M KIMMaTHIECKHUX
OCOOEHHOCTEH.

B nauane 1980-x ronoB A.H. KpeHke ¢ momoIibso
ISIAOKIMMATUYEeCKOTO MOAX0Aa caesiaa YCITSIIHYIo
MTOMBITKY PEIIUTH TTPOGJIEMY LIEJIOCTHOM XapaKTepy-
CTUKM MaccooOMeHa OJiefeHEeHUs JIEAHUKOBBIX CH-
creM Ha tepputopuut CCCP (Kpenke, 1982). OH mm-
POKO MCITOJIb30BaJ TAKME TUISIIOJIOIMYECKIE XapaK-
TEPUCTUKU, KaK BBICOTA TPAHULLI MMUTAHUS U €€
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Puc. 1. Paiion uccnenoBanusi: I — ropsl beippanra (Taiimbip); 2 — UykoTckoe Haropwe; 3 — BepxosiHckuit xpebet; 4 —
xpebet Yepckoro; 5 — ropel CyHTap-Xasita; 6 — Konsimckoe Haropbe; 7 — Kopsikckoe Haropbe; 8§ — baiikanbckuii permoH.
Kpyxkamu nmokazaHbl MET€OCTaHILIMU, UCTIOJIb30OBAHHbIE B pacueTax.

Fig. 1. Research area: / — Byrranga Mountains (Taymyr); 2 — Chukotka Mountains; 3 — Verkhoyansk Range; 4 — Chersky Range; 5 —
Suntar-Hayata Mountains; 6 — Kolyma Mountains; 7 — Koryak Mountains; & — Baikal Region. Weather stations used in estima-

tions are shown as circles.

NpOCTpaHCTBEHHOE pacnpeaenaeHue. Omopa MeTona —
JIETHUKOBBIE CUCTEMBI, a HE OIUH MHAMBUAYAJTbHBI
JIEMHUK. DTO TI03BOJISIET a0CTParupoBaThcsl OT HEKO-
TOPBIX JIOKAJIBHBIX OCOOEHHOCTEM JISTHMKOB KakK Iie-
JIBIX equHUL. JIeTHUKOBBIE CUCTEMBI — 3TO OIIpee-
JIEHHOE MHOXKECTBO JISAHUKOB, OOBEAMHEHHOE OO~
MU CBSI3SIMM C OKPYXalollleil cpenoii 1 BHyTpEHHUMU
B3aMMOCBSI3SIMM, XapaKTepu3ylolleecsl OOIIMMU
CBOMCTBAMM, CYMMapHBIMHU 1 HE CBOIUMBIMHU K CyM-
M€ CBOMCTB OTHENbHBIX KOMIIOHEHTOB CUCTEMBI.

PaGorta 110 n3ydyeHnI0 U3MEHEHUS BEICOThI TPaHU-
nbl mtanus (manee — BITI) nemHMKOBBIX cucTeM
CJIYXXUT TPONOJLKEHUEM MCCIIEAOBAaHUS TOJIEM IIIsI-
LUOJOTMYECKMX XapaKTePUCTUK, HAYaTOro C IMy0Iu-
kanuu 2005 r. (AnanngeBa, Kpenke, 2005; Kononov
et al., 2005; Ananuuena, 2018).

Ilenp wuccienoBaHUsi — OLIEHKA BO3MOXHOCTU
MPUMEHEHUST KJIMMAaTUYECKUX apXUBOB HOBOIO ITO-
KoJieHUs peaHanu3a (B taHHOM ciydyae ERAS5—Land)
COBMECTHO CO CTAHIIMOHHBIMH JaHHBIMU II0 TEMIIE-
paTtype 1 ocagkKaM C LeJIbIO OLIEHKN 3aBUCUMOCTU OT
KJIMMaTa TaKOM INISILIMOJIOTMYECKON XapaKTepUCTU-
k1, Kak BI'TI nemHMKOBBIX CCTEM B TPYOHOMOCTYII-

HBIX U HEJOCTATOYHO W3YYEHHBIX paifoHaX a3uaT-
ckoit vactu Poccun.

OBBEKTbI, MATEPHAIJIbI
1 METOJblI MCCIIEJOBAHWA

Oobvexmot. BoizieneHE! clienyolie TopHble paiio-
HBIL: Tophl beippanra (TaiiMbip), YyKoTCcKOe Haropbe,
xpeoTel BepxosHckmit m Yepckoro, ropsl CyHTap-
Xasra, Kopsikckoe Haropbe, KoJjibiIMcKoe Haropwe,
batikanbckuit pernon (puc. 1). Bce st ropHsbie
CTpaHbl HEMOCTATOYHO M3YYEHBI C TOYKHU 3PESHUS U
KJIMMara, 1 ojeneHeHuss. OMHUM 13 aBTOPOB JaHHOI
CTaThU U3y4YaINCh 3TH JISTHUKOBEIE CUCTEMBI B pabo-
tax (Yamada et al., 2002; AnanudeBa, Kpenke, 2008;
AnanunueBa, 2018; AnanuyeBa u 1p., 2019 u op.).

Mamepuaabt. 3HaueHUs1 TeMIIEpaTyphbl BO3ayxa U
ocaaKoB onpenesuin B yanax cetku 0.1 X 0.1 ¢ 1966
mo 2021 1. ¢ MecIUHBIM pa3pelieHrueM 10 JaHHBIM
peaHanu3a ERAS5—Land, KoTopblil SIBJISIETCS MSTHIM
MOKOJIEHMEM peaHai3a NIO0ATbHBIX aTMOCHEPHBIX
HaOmMoAeHNH, co30aHHBIM EBpoIeiickuM LIEHTPOM
cpenHecpouHbix nporHo3oB (ECMWEF). Tlpumene-
Hue g1aHHbIX ERAS 00yc10BI€HO psSimioM JOCTOMHCTB:

JIEO Y CHET Ne 2
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HENpepbIBHBIMU pPsIaMU JAHHBIX, BBICOKMM IIPO-
cTpaHCcTBeHHBIM pasperieHueM (0.1 X 0.1) ¢ ucxon-
HbIM paspelieHueMm 9 kM (Copernicus...), a Takxke
BBICOKOI1 TOUHOCTbIO ONIMCAHMS TEMITEPATYPHOTO pe-
xnma. Habop manHeix ERAS5—Land npencraBnsieT
co00i1 CMHTE3 MOJETUPOBaHUS U JaHHbBIX HAOIIOIe-
HUI 1 UMEET HEKOTOPYIO CTEIeHb HEOIIPEeAeICHHO-
ctu. OmmbKa oLeHOK MOJEIei pacTET 1o Mepe yaa-
JIEHHOCTHU B TIPOIIUIOE U3-3a KOJUYECTBA JOCTYITHBIX
HaOmoneHuii. ITo onenkam (Muifoz-Sabater et al.,
2021) peananu3 ERA5—Land umeer o611yio 4%-Hy10
OLIMOKY B JaHHBIX OeperoBoii TMHUY U3-3a BKJIajaa B
pacu€T MpuOpPEXHBIX TOUEK, e BaXXKHO IIPOCTpaH-
cTBeHHOe pa3penieHue. Peananus ERAS nydiie, yem
npyrue (JRAS55, NCEP2, CRU), noka3biBaeT cOOT-
BETCTBME JaHHBIM HAOMIONEHUI UIST BCEX CE30HHBIX
U TOAOBBIX 3HaYeHUI. TOYHOCTh BOCIIPOU3BEICHUS
KoJjiebaHuit Temmepatypsl B BocTouHOUl A3um co-
crasiseT 95.5%, a ocagkoB ¢ R > 0.8 (24.8% teppu-
topun) 1 0.6 < R < 0.8 (64.2%) (Kim, Lee 2022).

st Bepudukanuy TaHHBIX peaHajiu3a B UCCIe-
JIyeMbIX pailoHax MCMOJIb30BaHbI TOKA3aTeJIu TeMIIe-
paTypbl U OCaiKOB, IToJy4yeHHble U3 apxuBa ®I'BY
“BHUUIMU MUIA” (byabiruHa u np.) BeiOpaHa
61 MeTeoCTaHIIVS C HETTPEPBIBHBIMU PSIAaMM TaHHBIX
(cm. puc. 1) B Tabm. 1 mpuBen€H UTOTOBBIN CITMCOK
CTaHIUI, CTPYNITMPOBAHHBIX MO paiioHaAM UCCen0-
BaHUS.

Memooot. 1. Ing 060CHOBaHUST MCIOJIB30BaHUS
maHHbIX peaHann3a ERAS5—Land nmpoBeneHna Bepu-
duKauus cpeIHeMeCIYHOM TeMIepaTyphbl Ha BbICOTE
2 M ¥ MECSIYHBIX CYMM OcankoB peaHanmm3a ERAS—
Land co ctaHIIMOHHBIMM TaHHBIMHW B TOPHBIX paio-
Hax a3uaTcKoii tepputopun Poccum nmo ce3oHam 3a
nepuon 1966—2021 rr. O1ieHeHa OTHOCUTEIbHAS 10~
TPEIIHOCTh peaHajin3a, BbIpakeHHasl OTHOIIEHUEM
a0COIIOTHOM ITOTPELIHOCTU U3MEPEHUs K JIeHCTBU-
TEeJIbLHOMY 3HAYEHUIO N3MePSIeMOil BeIMUYNHEI, BBIpa-
XKEHHOMY B mpolieHTax. st 3Toro B KoopauHaTax
METEOPOJIOTUYECKON CTaHLUM M3 ITOJIST peaHan3a
ERAS5—Land Obutu BeIOpaHbI 3HAaYeHUs ITapaMeTrpa
3a TOT Xe Iepuoa. Pacdér oTHOCUTEIbHONM OIIMOKHN
IIPOU3BOAUIICS TTO (hopMyIe:

§=(X, — X.)/X,x100%,

rae X, — 3HaueHue peaHanu3za ERAS-Land, a X, —
3HAYEHME M0 CTAHIIMOHHBIM TaHHBIM.

OneHeHa OTHOCHUTEIbHAs IOTPEIIHOCTh 3Haye-
HU mapaMeTpoB peaHanm3a ERA5—Land B koopan-
HaTax MeTeocTaHIuii. JIj19 pe3yIbTUPYIOLINX TaO N1
OLIECHOK TOYHOCTM peaHajin3a ObUIM PaCCUYUTAHBI:
cpeoHUe OIIMOKU IJIs1 BbIOEJIEHHBIX PailOHOB IIO
rpymniie MeTeoCTaHUMIA JTaHHOro paiioHa (cM. Tad. 1);
JIMHEHAsT KOppesnusi HaHHBIX METCOCTaHLU C
manHpIMM peaHann3a ERAS—Land B koopmmHaTax
craHuuii 3a nepuon 1966—2021 rr. noMecs4HO; Cpe-
HECe30HHbIe 3HAYEHUS Koppelauuu. B tononHeHue
paccMOTpeHa OTHOCUTEIbHAs OINMOKa JIWHEHHBIX

JIEN U CHET Ne 2
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TPEHIOB TeMIlepaTypbl U ocaakoB 3a 1966—2021 1r.
peanamm3a ERAS5—Land B kimfoueBBIX TOuKax. Pacuér
OTHOCUTENILHOI OIIMOKKY BHITIOJIHEH AHAJIOTUYHO
cxeMe, OMUCaHHOI BhIlle. JIMHeitHbIe TPEeHIbI onpe-
JEJISITTACH 10 YpaBHEHUSIM PErpecCrM ¢ OLICHKOI cTa-
TUCTUYECKOM 3HAaUMMOCTH 95% 110 Kputepuio CTblo-
neHTta. M3-3a orpaHUYeHMsT KOJIMYECTBA METEOCTaH -
LM U MX HEPAaBHOMEPHOCTU BU3yaJM3alMs TOJei
OTHOCUTENbHOI OIIMOKM 3HAYSHUI MmapaMeTpOB, UX
TPEeHIOB U KO3 PUIIMEHTOB KOPPEIISIINU ObLJIa TIPO-
MU3BelieHa ¢ paspelieHueM 5° X 5°,

2. UToOBI OLIEHUTh KJIMMAaTUYECKUE U3MEHEHUS,
MIPOUCXOISIINE B UCCIIEAYEMbIX TOPHBIX CUCTEMAaX Ha
¢doHe 001X UBMEHEHU C Y4ETOM pebeda MECTHO-
CTH, TIOCTPOEHBI KapThl TPEHIOB TeMmepaTyphbl 3a
rof, JJETHU MEepUOa U OCAIKOB 34 IOJ U XOJIOAHBIM
nepuon (OKTSIOpb—arnpeib) Mo JTaHHBIM peaHaau3a
ERAS5—Land 3a nmepuon 1966—2021 rr. JIuHeliHbIe
TPEHABl ONpPENE/ISUIMCh MO YPaBHEHUSIM PETPEeCcCUU
PSIIOB 3TUX MAapaMeTPOB ¢ MPUHSITHIMUA MHTEpBalaMu
omm6ok *0.1°C gnasa temneparypbl U +5 MM st
ocankoB. B maHHoif padoTe mox “TpeHa0M” TTOHUMA-
€TCsI CKOPOCTh U3MEHEeHUS TEMIIEpaTypbl U OCAIKOB
3a 55 JIeT.

3. I1pu moMo1u JaHHEBIX TeMIIEpaTypPhbl M OCAIKOB
ERAS5—Land Obu1a mipenrnpuHsTa MOIILITKA OLICHUTh
BI'TI 1enHMKOBBIX CUCTEM, ICITOIb3Ysl IIOCTPOCHHbBIC
npoduiin abJISIIUU U aKKYMYJISIUUW IJIST BEIACICHHBIX
paiioHOB. PaitoHBI BBIACISUIMCH 110 CXONCTBY BBICOT-
HBIX TIpoduiieii IeTHUX TeMIlepaTyp Bo3ayXa U TBEP-
IIBIX OCAOKOB I10 TaHHBIM METEOCTAHIIN TSI HIDKHUX
yacTell mpodwieiil 1 peaHaan3a — IUISI BEpXHUX.

st pacy€Ta BRICOTHBIX ITpOod et abJISIIny 1 aK-
KyMYJ/ISILIMM 10 KJIMMAaTUYEeCKUM HaHHBIM (CTaHIIAU
¥ peaHaJin3) yKa3aHHEIE BhIIIE pailoHbI OBLIN pa30u-
ThI Ha 19 mogpaiioHoB: BepxostHcKuit xpeOeT (1oxKHas
4acTh), xpebeT Yepckoro (LieHTpabHas 4acTh), Xpe-
6er Yepckoro (roro-zanan), xpeder Yepckoro (roro-
BOCTOK), xpebeT Yepckoro (roXHasi 4acTb), TOpPHI
Cynrap-Xasra (ceBepHBIii MaccuB), Topbl CyHTap-
Xasara (IoXHBIIE MaccuB), xpeder OpyiraH, TOpbl
brippanra (Taitmbip), KonbsiMckoe Haropbe, paitoH
INMemsxunackoit Tyonl, KonpIMCKOe Haropbe, paiioH
INxurnHckoit ryosr, Kopsikckoe Haropbe (ceBepHast
yacTh), Kopsikckoe Haropbe (1oxkHast 4yacth), YyKoT-
CKOe Haropbe (ceBepHas 4acTb), YyKOTCKOE Haropbe
(oxxHasi 4acTb), baiikalbCcKuii permoH (ceBep) u
baiikanbckuii peruoH (BocTouyHasi yacThb). Ilepece-
yeHue 3Tux npoduieit onpenenser 3HadyeHust BI'TI
JIETHUKOB, KaK B CJTydyae peaJibHOTO CYIIeCTBOBAHMUS
JIGTHVKOB B HACTOSIIIIEE BpeMsl, TaK U B CJIydae UX OT-
CYTCTBUSI B CUJIy (haKTOpa HEAOCTATOYHON BBICOTHI
IJIsT KIIMMaTU4YeCKUX YCIOBUM (hOpMUPOBAHUS JIeHd-
HUKOB. TakuMm obpazom, nojyyeHo 3HaueHue BITI
YaCTUYHO YCJIOBHOE, BKJIIOYalollee 3HaYeHUsT BbICO-
ThI TPAHULIBI TUTAHUS KaK peajbHbIX, TaK U “TIOTEH-
[IAATbHBIX” TPYIIIT OJEACHEHUSI.
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Tabomuna 1. Criucok MeTeoCTaHIIM, MCTIOIb30BAaHHBIX TS Bepudurkanuu naHHbix peaHanmn3a ERAS—Land no paiionam

HCCIIeNOBaHUS
CraHuus Iwupora, ° | lonrorta, ° | Beicora, m CraHuus [wupora, ° | lonrora, ° | Beicora, M
Bepxosanckuii xpebem Kopsakckoe nacopve
Kiociop 70.7 127.4 40 MapxoBo 64.7 170.4 33
Bumoiick 63.8 121.6 123 KameHckoe 62.4 166.1 8
Tommno 64 135.9 400 XarbIpka 62 175.2 13
Yypanua 62 132.6 179 Kopd 60.4 166 1
Tonrynax 61.9 124.6 205 Anyka 60.4 169.6 5
OXOTCKUi1 TIepeBo3 61.9 135.5 141 Bepxuee [1eHxxuHo 64.2 164.2 326
Cersan-Kioénb 64 130.3 208 BepuHrosckast 63 179.3 1
xpebem Yepckoeo u eopvr Cynmap-Xasma eoput boippanea
OMsIKOH 63.3 143.2 726 Mpic YentockuH 77.7 104.3 15
CycymaH 62.8 148.2 649 OcTpoB JIUKCOH 73.5 80.3 47
3bIpsTHKA 65.7 150.9 43 Cackpliax 72 114.1 19
OxoTCcK 59.4 143.2 6 JxanuHma 70.1 114 62
Yoxkypnax 70.6 147.9 53 OJjteHek 68.5 112.4 127
CeiiMuaH 62.9 152.4 207 XaraHra 72 102.5 32
byxrta HaraeBa 59.5 150.7 116 Yykomckoe nHazopve
BepxostHCK 67.6 133.4 136 OctpoB_Bpanrens 70.98 178.5 2
ArasikaH 63.1 141.9 777 O-B AiioH 69.9 168 13
CpenHekaH 62.5 152.3 260 Muiic_IIMuara 68.9 —179.4 7
Hsma 65.3 135.8 675 OcTpoBHOE 68.1 164.2 94
Kopkonon 64.7 153.9 99 HNnupneii 67.25 169 326
OMOI0H 65.2 160.5 260 OMylbBeeM 66.4 173.3 74
Yctb-Moma 66.5 143.2 196 DIrBEKUHOT 66.3 —179.1 15
Ycrp-Hepa 64.5 143.1 519 AHaIbIpb 64.8 177.6 94
Konvimckoe naeopve I[IpoBunenns 64.4 —173.2 11
TaiiroHoc 60.7 160.4 33 Vanen 66.2 169.8 6
Amck-bpoxoBo 59.3 154 5 baiikaavckuit pecuon
OmMmcyryan 62.5 155.8 521 Kupenck 57.8 108.1 258
JlaGasHas 63.3 158.5 709 OpnuHna 56.1 105.8 338
naamo Ilymopana Yapa 56.9 118.4 711
Bosouanka 71 94.5 37 Hwuxneanrapck 55.8 109.6 475
HynnHka 69.4 86.2 28 Kanakan 55.1 116.8 613
Hrapka 67.5 86.6 30 Kuranoso 54.8 105.2 426
Arara 66.9 93.5 263 baprys 3anoBeqHukK 54.3 109.5 468
TypyxaHck 65.8 88 32

Aomsmusa o rop CyHrap-Xasra, xpeoroB Yep-
ckoro, Opynran 1 Kopsskckoro Haropbsl pacCUmThI-
Bajiach o opmyie M.M. Kopeiiliu, yauTbiBaroen
XapaKTepHYIO YepTy JENHUKOB ceBepo-BocToKa Poc-
cnu — obOpa3oBaHME HAJIOXEHHOTO JIbAa, KOTOPBIN
TMOBTOPHO TaeT OCEeHbIO; (hopMyJia BbIBeIeHA T10 Ha-
OoaeHUSIM JIeMHUKOB B ropax CyHTap-XasTa:

A=01(Tyn +7) (t/cMm)

ITpu pacuérax ObLT IPUHSAT BO BHUMaHUE CKAYOK
TeMIIEpaTypbl TMPU MEPEXOJIe Ha JIEAHUKOBYIO IIO-
BEPXHOCTh, ONpeaesieHHbIN o popmyne H.B. /laBu-
JIOBUY:

T, = 0.85T, 1.2,

ongl —
tie Ty, Thong — 3HAUCHMSI TEMITEPATYPBI HA JIEAHUKO-
BOM M HEJIEAHUKOBOI MOBEPXHOCTSIX COOTBETCTBEH-
HO. AKKYMVJISILIAIO ONpedeIsId BBeAeHUEM KO3(-
Ne 2 2023

JIEA Vi CHET oM 63
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Ta6mmma 2. OTHOcUTebHas ommoKa (%) peananuza ERA5—Land mo TemnepaType 1 ocaikaM B CpPaBHEHUM CO CTaHIIU -

OHHBIMM JAHHBIMU B TOPHBIX paiioHax a3MaTckoii yactu Poccuu mmo ce3oHaM B riepuon 1966—2021 rr.

Temneparypa (7) / Ocanku(Pr)
Paiion

ron 3uMa BecHa JIeTO OCeHb
Xpebet OpynraH (BepxostHckuit) —12/49 —7/20 —10/82 —2/57 —5/37
Xpebet CyHTap-Xasta u Yepckuii —14/52 —8/15 —15/90 —2/60 —5/42
T'oper CeBepHoro baiikana —13/74 -5/63 —14/122 0/38 —8/71
KoneiMckoe Haropbe —10/69 8/52 —14/98 -3/61 —5/65
Kopsikckoe Haropbe —3/65 9/68 —3/80 —2/53 7/59
Topwi beippanra (Taiimbip) —6/59 1/41 2/83 —2/59 —1/53
YyKOoTCKOE Haropbe -3/59 8/47 —10/80 3/54 12/56

¢duumeHTa KoHlleHTpaluu cHera (K,) K 3HaYeHUsIM
TBEPOBIX OCAIKOB, KOTOPBIA 3aBUCUT OT IIpeodiiama-
IOIIIETO TUMA JIEOHUKOB B rpymiie. [lonpo6HO MeTO-
IvKa Obula omnucaHa B paborax (Ananicheva et al.,
2010, 2020) u momofHsIacCh B IPYrMX CcTaThsX. s
OCTaJIbHBIX PAaliOHOB aOJISIIMSI PACCUMTHIBAIACH IIO
dopmyne Kpenke—Xomakona:

A=1.33(9.66+T

o )2.85 ,

rne A — abnasuus B MM, Ty, — IpUieaHas TeMmIriepa-
Typa BO31yXa JIETOM.

B pa6ote (AnanuueBa, Kpenke, 2005) paccuuTa-
HBI aHAJIOTUYHbIe podvn st neproaa 1931—1960 rr.
1 nojiydyeHsl 3HadeHuss BITI miasg JemHUKOBBIX CH-
ctem rop CyHTap-XasTa, xpedoToB Yepckoro u Opyii-
raH, IIOATOMY MbI cpaBHWIM Haluy 3HadeHus BI'TI 3a
1966—2021 rr. co 3HavyeHussMu a0 1931—1960 rr. u
noxyuyunu noabéM BITI 3a mpomenmuii ¢ Tex mop
nepuoj BpeMeHu. 1 ocTaibHBIX palilOHOB MOMBEM
BI'TI nogcuuTeIBaics B CpaBHEHUHU C COOTBETCTBYIO-
UMW CPEAHUMU 3HAUYEHUSIMU (DUPHOBOI JIUHMU,
MpUBEICHHBIMU B KaTajiorax, B OCHOBHOM 3TO BEJIU-
yuHBI Havaa 1960-X rogoB, MO3TOMY CpaBHEHUE J10-
CTaTOYHO KOppeKTHO. Touek MJisi MOCTpOeHUs Je-
tanbHoro mojss BITI mano, mosTtoMy mnpocTpaH-
CTBEHHas KapTuHa TMpeAcTaBleHa B pasiese
“Pe3ynbraThl” M MMeEET CaMBlii OOIIUIA XapaKTep
(HMXKHME TOYKU BBICOTHBIX 3aBUcUMoOcTelt T, Opa-
JIMCh M3 JAHHBIX OMKARIIINX MeTeOCTaHIIWIA, a JJIsT
pacyeTa BbICOTHBIX 3HAaYE€HUI UCITOJIb30BAIMCH TaH-
Hble peaHaim3a ERAS5—Land).

PE3VJIBTATDBI

Ouenxa 0mMHOCUMEAbHOU NOZPeUHOCU Peanaiusa
ERA5—Land. KonebaHne OTHOCUTEJIbLHON OIIMOKU
3HAUYCHUI TeMIlepaTyphbl BO3AyXa U OCaAKOB peaHa-
nn3a ERA5S—Land o ce3oHaM U B LIEJIOM 3a To[ 110
HCclIeNyeMbIM paiioHaM MpeacTaBiIeHO Ha puc. 2, a—0
U B Tab1. 2. MakcuMajbHbIEe OLIMOKY CPEeIHETON0BOIA
TemIteparypsl (—12%) cocpenoToyeHbl BO BHYTPEH-
HUX TOPHBIX palilOHax M 3aXBaThIBalOT BepxostHCKmMit

JEI U CHET  tom 63 Ne2 2023

xpebeT, xpedeT Yepckoro u ropel CyHTap-XasTa (CMm.
puc. 2, a). B cpenHeM 3a roxn peaHajau3 3aHUXKaeT 3Ha-
YeHWUST TeMIIepaTyphbl B TOPHBIX paifoHAX 3a CUET Be-
CEHHUX 1 OCEHHUMX 3HaYeHM 1. MakcuMajibHas OTHO-
cuUTelabHasl OIIMOKa HaOJIomaeTcsl B BECEHHUE U
OCEHHUE MepexXoqHble IepUoIbl B mpeaenax 15%. 3u-
MOIi U JIeTOM OIIMOKM MUHHMMAJIbHBI, 3MUMOI1 He 060-
Jee 9% Kak B IMOJIOXKUTEIBbHYIO, TAK U B OTPULIATENb-
HYIO CTOPOHY, a B JIeTHU nepuon oT —1 1o —2%. Ta-
KMM 00pa3oM, MOXHO cka3arh, yTo ERA5—Land
JIOCTaTOYHO XOPOIIO BOCIIPOM3BOIUT TEMIICpaTypy
BO3[yXa B TOPHBIX palioHAaX.

B 1o :xe BpeMms1 ERAS5—Land HeynoBIeTBOpUTEIb-
HO (DMKCHUPYIOT CYMMapHbI€ OCaIKH B TOPHBIX paifo-
HaX — BBI3BIBACT 3aBHIIIIEHUE BO BceX ce30HaX. OTHO-
CUTeJIbHasI OlIMOKa 3UMOI cocTapiisieT ot 15 no 70%
B 3aBUCUMOCTH OT paiioHa (cM. puc. 2, 6; Tabm. 2).
MuHuUMaTbHasl OIMMOKAa TOHOBOM CYMMBI OCAIKOB
MIPUXONUTCSI HA BHYTPEHHUE TOPHBIE CUCTEMBI (Me-
Hee 50%), Tae BhITagaeT Majioe KOJMIeCTBO OCaIKOB
(600 MM B rom 1 MeHee).

YT00hI HaTh MpeacTaBlIcHUE 00 00IIei M3MEHYU -
BOCTU MeTeollapaMeTpOB, B YACTHOCTHU, OCAAKOB, U
€€ BOCIIPOM3BEAEHNM peaHalnu30M, Ha pucC. 3 MoKa-
3aH MHOTOJICTHUI XOJ TOIOBBIX CYMM OCAJIKOB JIaH-
HBIX HabmoneHuit u mo peaHaimu3dy ERAS5—Land B
KOOpAMHATaX CTAaHILMK B cllydasiX HaWMEHbIIUX W
HaMOOJBIINX OLIMOOK cCaMUX 3HAUYeHUU 1 Koahdu-
LIMeHTOB Koppesuuu. Ha cranuuu baprysuHckuii
zanmoBenHuK (balikanbckuii paiioH) craHmapTHas
olmbka rogoBbix ocaakoB B naHHbIX ERAS—Land
MaKcHMaJTbHa 1 ipeBbimnaeT 70% npu KkoahhuIineH-
Te Koppeassuuu 0.68 u 3aHMKeHUU TpeHaa Ha 13%.
Ha cranuuu CersaH-Kioenb (BepxossHckuii xpeber)
OlIMOKAa B 3HAYEHMUSX CYMM OCAJIKOB B JaHHbBIX
ERAS5—Land cocrasasier 48% npu koaddunmueHre
koppensauuu 0.82 1 3aHVXKeHUU TpeHaa Ha —13%.

B 1iesioM pacnpeneneHre OTHOCUTENBHOM OInoG-
K1 CYMM OCAaJIKOB 3a XOJIOAHBIi IIEPUOI, COOTBETCTBY-
€T rOI0OBOMY pacrnpeneieHuo. BecHoil oTHOCUTEIb-
Hasg omMbKa MaKCUMaJbHa M MOXKET IpPEBBIIIATE
100%. Jletom 3HaueHMs 3aBeiaioTca Ha 40—60%, a
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Puc. 2. CpaBHeHue naHHbIX peaHann3a ERA5—Land u cTaHIIMOHHBIX HaboneHuit 3a mepuon 1966—2021 rr.: (a) cpenHue 3Ha-
4YeHUs JIeTHeil TemmepaTyphl (LIBETHasI 3aJIMBKa) M OTHOCUTENIbHAsI OlIMOKa AaHHbIX TemiiepaTtypbl ERA5S—Land (%) 3a ron
(crutolIHasl JIMHUS), 3a JeTo (ITyHKTUP); (6) cpeaHure 3HaYeHUsI CYMM OCaIKOB XOJIOAHOTO nepuoaa (1IIBeTHasl 3aJIMBKa) U OT-
HOCHTEJIbHAs OIIMOKa NaHHbIX 1Mo ocaakaM ERA5—Land (%) 3a ron (cruioiiHasi TMHMS), 3a JIETO (IyHKTUP); (8) Koadduim-
€HTbI KOpPEeJsSIMU MeXy TaHHbIMU HabmoaeHuit 1 ERAS—Land temniepaTypsl 3a rof (CIjIoOIIHAsI JIMHUS ) 32 JIETO (ITyHKTUD);
() Koo DULIMEHTHI KOppeIsILIMKU MeXXIy TaHHbIMU HabmoneHnii 1 ERAS—Land 1 ocagkamu 3a rox (CIIolIHast TUHUS) 32 XO-
JIOnHBIN nepuof (MyHKTUp). CepbIMU M30JIMHUSIMU TTOKa3aH pesibed, MPSIMOYTOJIbHUKAMM — UCCIeyeMble TOPHBIE PAilOHBbI.

Fig. 2. Comparison of ERA5—Land reanalysis data and weather stations data for the period 1966—2021: (¢) Mean summer tem-
perature (color fill) and relative error of ERA5—Land data, %, for the year (solid line), for the summer (dotted line); (6) mean
precipitation for the cold period (color fill) and relative error of ERA5—Land data, %, for the year (solid line); for the summer
(dashed line); () correlation coefficients between weather stations data and ERA5-Land, % and temperature, per year (solid
line), per summer (dashed line); (e) correlation coefficients between weather stations data and ERAS5-Land, % and precipitation,
per year (solid line), per cold period (dashed line). Gray isolines show the topography, rectangles show the areas under study.
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Puc. 3. BocipousBeneHue faHHbIX ocaakoB peaHaan3oM ERAS—Land B KoopanHaTax METeOCTaHLIMIA ¢ TpeHAaMU U KO3 du-
LIMEHTOM Koppeisiuuu — bapry3uHckuii 3anoBenHuk (baiikanbckuii perron) (a); CersiH-Kioénb (BepxosiHckuit xpeber) (6):
1 — nannHble MeTeocTaHuK; 2 — naHHble ERAS-Land; R — koadduiimeHT Koppesiuuu; error — olInoKa TpeHaa.

Fig. 3. Reproduction of precipitation data by ERA5—Land reanalysis in weather station coordinates with trends and a correlation
coefficient — Barguzin Reserve (Baikal Region) (a); Segyan-Kyuel (Verkhoyansk Range) (6): I — weather station data; 2 —
ERAS5—Land data; R — correlation coefficient; error — trend error.

JEI U CHET  Ttom 63 Ne2 2023



NCITOJIb30OBAHUE PEAHAJIN3A ERA5—Land 205

Taomuna 3. Koppensius remrepaTypbl 1 ocankoB peaHann3a ERAS—Land co cTaHIIMOHHBIMY JaHHBIMU B TOPHBIX paii-
OHax a3uarckoit yactu Poccun o cezonam B nepuon 1966—2021 rr.

Temneparypa (7)/Ocanxku(Pr)
Paiion
ron 3uMa BeCHa JIeTO OCeHb
Xpebet OpynraH (BepxostHckuit) 0.92/0.79 0.88/0.81 0.93/0.82 0.94/0.7 0.93/0.82
XpeobeT CyHTtap-Xasita u Yepckuii 0.89/0.8 0.87/0.85 0.92/0.79 0.88/0.77 0.92/0.81
T'opwl CeBepHoro baiikana 0.91/0.65 0.91/0.56 0.94/0.7 0.9/0.67 0.91/0.68
KonbiMckoe Haropbe 0.8/0.57 0.81/0.48 0.82/0.46 0.8/0.69 0.82/0.63
Kopsikckoe Haropbe 0.91/0.8 0.89/0.8 0.94/0.75 0.87/0.77 0.92/0.86
Topwl beippanra (Taiimbip) 0.88/0.65 0.84/0.64 0.85/0.67 0.91/0.64 0.9/0.66
YyKOTCKOE Haropbe 0.86/0.68 0.86/0.68 0.88/0.67 0.82/0.65 0.88/0.71

Ta6mma 4. OTHOCUTETbHAS OIMOKa TpeHIoB (%) TeMnepaTypbl 1 ocankoB peaHann3a ERA5—Land B cpaBHeHMM ¢ Ha-

0J110JJaeMbIM TPEHIOM B TOPHBIX paiioHax a3uarckoii yactu Poccun o ce3onam B niepuon 1966—2021 rr.

Temneparypa (7) / Ocanku(Pr)
Paiion

rox 3UMa BecHa JIeTO OCeHb
Xpeber Opyinran (BepxosHckuit) —11/-15 —16/—14 —14/-29 —3/—4 —11/-13
Xpebet CyHtap-Xasita u Uepckuit —-8/—14 —12/-14 —14/-12 —-2/—18 =3/-12
Topwl CeBepHoro baiikana 1/—13 —1/-15 —17/-25 2/2 19/—13
KonbsiMckoe Haropbe —1/19 —11/24 0/-5 —2/27 11/29
Kopsikckoe Haropbe 6/-2 1/17 —-3/-14 8/-9 16/0
Topsl beippanra (TaiiMbIp) —-1/-5 —1/-11 -9/23 6/-25 1/—6
YyKOTCKOE HAropbe 0/-23 —6/-25 —-9/-11 12/—43 3/—11

oceHblo Ha 40—70%. CylecTBeHHbIE PACXOXKICHMS C
JaHHBIMU HaOIIOOEHUI MCKIIIOYAlOT BO3MOXKHOCTh
ucrionb3oBanus peaHann3a ERA5S—Land g oneH-
KW BEJIMYMH OCaJIKOB.

Koppensiuys mexny 3HaYeHUSIMUA TeMIEpaTypbl
peananu3a ERAS5—Land u maHHBIMU HaOIIOASHUIM
Bbicokasi (0.8—0.95) Bo Bcex ropHbIX paiioHax BHe 3a-
BUCHMOCTH OT ce30Ha roaa (tadi. 3). Koadduimenr
KOPPEJSLUMU 1151 TeMIIepaTypbl HEMHOTO HUKE B BO-
CTOYHBIX pailoHax (cM. puc. 2, 8). CBSI3b MEXIY CyM-
MapHbIMM OCajJKaMU IO IBYM 6a3aM IaHHbIX KOJieh-
smetcs B cpenHeM ot 0.6 1o 0.8. B MecTtax ¢ HeGOIb-
IIUM KOJHUYECTBOM OCaIKOB (BHYTpEHHME TOpPHbIE
CHMCTEMbl) OHa BhbIlIE, a IPU YBEJIMYEHU U CYMM OCa/l-
KOB K BOCTOKY KO2(MUILMEHT KOPpEeJSIUUU CHUXKA-
ercs (cM. puc. 2, 2). B pe3ynbTare B rOpHBIX pailoHax
azuaTtckoii yactu Poccuu KosiebaHus TeMIiepaTypbl U
0Ca/IKOB XOpOIIIO CUHXPOHU3UPOBAHbI B peaHaliu3e
ERA5—Land ¢ maHHBIMU HaOTIONEHMIA.

OTHoOcHUTeIbHAS OIIMOKA TPEHOOB TeMITepaTyphI
okoji0 10% u kosaebaerTcsd Kak B IOJOXKUTEILHYIO,
TaK 1 B OTPULIATEIbHYIO CTOPOHY B 3aBUCUMOCTH OT
paiioHa (tabJ. 4). s TpeHIOB TOI0BOIT TeMIepaTy-
pbI XapaKTEepHO UX 3aBhILIEHUE JJIsl TOPHBIX PaiilOHOB
Kopsikckoro Haroppsi 1 baiikanbcKoro peruoHa, u
3aHMKEHME 3HAUY€HUI BO BHYTPEHHHUX palioHax

JEI U CHET  tom 63 Ne2 2023

(xpeo6Thl BepxosiHckuit 1 Yepckoro, ropbl CyHTap-
Xasgra) n Ha KonpiMckoM Haropbe (puc. 4, a—ob).
B neTHuit niepuon TpeHI TeMIiepaTypbl 3aBbIIIEH C
MakcMyMoM Ha 10% Bo BHYTpEHHUX TOPHBIX paifo-
Hax (cM. puc. 4, 6).

TpeHabl ocagKoB 3aHMXKEHBI BO BCE CE30HBI pe-
anann3oM ERA5—Land Bo BHYTpeHHUX TOPHBIX paii-
oHax (xpeoTbl BepxosiHckuit, Uepckoro u CyHTap-
Xasita) 1 B pailoHe ceBepo-BocToKa bailikaabCcKoro
pernoHa 10 —15%. MakcuManbHast olbKa romoBo-
ro TpeHaa okojo —23% ormedeHa Ha YykoTke (cM.
puc. 3, ¢; Tabi. 4). TpeHIbl TONOBBIX OCAIKOB 3aBhI-
meHbl Ha KombiMckom Haropbe Ha 10%. OmmbGka
TPEHIOB OCAJKOB XOJOMAHOIO Iepuoja B LIEJIOM He-
MHOTO HIXXe, HO CMJIBHO 3aBUCUT OT CE30Ha.

Takum oOpa3oM, Mocjie pacCCMOTPEHUSI OTHOCHU-
TeJIbHOM OIIMOKY 3HAYEHU I, TPEHIOB U KOPPEISIINU
nmaHHBIX peaHann3a ERAS—Land ¢ manabpIMEI HaOJTIO-
JIeHUIi BUAHO, YTO JaHHbIE IO TeMIIepaType XOPOIIIO
COMIACYIOTCSI B 3HAUEHMSIX TEMIIEPATYPhl U UX TPEH-
nax. Mcronb3oBaHMe CyMMapHBIX OCAIKOB PeaHaH -
3a ERAS5—Land ymoBiIeTBOPUTEIBHO TOJBKO IS
OLIEHKY UX TMHAMUWKU U TPEHIOB.

Tpenovt Kaumamuueckux napamempoé 6 20PHbBIX
paiionax azuamckoil wacmu Poccuu. B paborax, no-
CBSIIEHHBIX TPEHAAM KIIMMAaTUYECKUX MapaMeTPOB
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Puc. 4. TpeHnsl napameTpoB (LIBeTHas 3ajauBKa) 3a 55 jet (1966—2021 rr.): (a) Temreparypa 3a roa, °C; (6) TeMnepaTypa 3a
netHuit nepuox, °C; () ocanku 3a Tom, MM; (2) OCaaKu 3a XOJIOAHBIN nepuon, MM. M3ommHussMu o603HadYeHa olIoKa TpeHIa
(%) no nanHbiM peanainza ERA5—Land oTHOCHTENTBHO CTAHIIMOHHBIX Ha0oaeHuit. CepbIMM M30JIMHUSIMU TIOKa3aH pejibed,

IPAMOYTOJIbHUKAMU — UCCIIEAYEMBIC TOPHBIC paﬁOHbI.

Fig. 4. Trends of characteristics (color fill) for 55 years (1966—2021): (a) annual temperature, °C; (6) temperature for the summer
period, °C; () annual precipitation, mm; (e) precipitation for the cold period, mm. The isolines indicate the trend error (%) ac-
cording to the ERA5—Land reanalysis relative to weather station data. Gray isolines show the topography, rectangles show the

areas under study.

Ha TeppUTOpUU A3uUaTcKoi yactu Poccum, ormeua-
eTCsd, UTO TeMIIepaTypa BO3AyXa 3aMETHO IOBBICU-
Jachk B 2001—2019 rr. B ceBepHOi1 MOJOBUHE a3uar-
CKOW TEpPUTOPUHU IO cpaBHeHUIO ¢ 1966—2000 rT.
B nexom B Boctounoit Cubupu 3a 1976—2020 rr. j1u-
HEWHBIN TpeH[ TeMIlepaTypbl NPU3EMHOIO BO3IyXa
3HAYMMO TTOJI0XUTedeH u cocTapisgeT 0.6°C 3a
10 net. Ha Tepputopum Boctounoit Cubupm mpeo6-
JIamaeT yBeJIUUYeHUEe OCAIKOB B I0KHBIX M BOCTOUHBIX
paifoHax, ¢ MaKCUMaJIbHBIMU TPEHIAMU B TTEPEXO-
HbIe ce30HHI (ITepeBeneHtieB u ap..., 2021; Tperwmii...,
2022).

ITo manaeiM ERAS—Land TtpeHasl TemnepaTyphl
MOJIOXUTEbHBI TOBCEMECTHO KaK B CPEIHEM 3a Tof,
TakK ¥ B JJETHUI Tiepuon (cM. puc. 4, a—6). Haubomb-
IIMie TPEHIbI CpeaHeit TOMOBOM TeMIIepaTyphl XapaK-

TePHBI IJIS CaMBIX CEBEPHBLIX TOPHBIX PailOHOB —
Taiimbeipa u Uykotku (mo 4°C 3a 55 jteT). 3a MoIoXu-
TENbHBIM TOIOBOM TpeHH B OOJIbIICH Mepe OTBET-
CTBEHHBI TIOBBILLIEHUSI TEMIEPATYPbl BECHOM U Oce-
HbIO, 4TOo OoTMeueHO B (Tperuii..., 2022). JletHue
TpeHanl Temnepatypbl 1o ERA5S—Land Huxe u co-
crapisiior +1...+2°C 3a 55 net, ipu 3ToM oIIMOKa
MOXeT cocTaBJIITh 6—12%. HanMeHbIIMe 3HAYCHUS
rogoBoro TpeHaa ot +0.5 no +1.5°C 3a 55 net npuxo-
JI9TCs Ha GeperoBble TOpHbIe paitoHbl — Kopsgkckoe u
KonbiMckoe Haropbe, Haxomsivecsi B YMEPESHHBIX
IIMpoTax MOI BIMSHUEM Mopeil Tuxoro okeaHa, 4ro
comlacyeTcsl ¢ paHee IOJIydeHHBIMU pe3yabTaTaMu
(Croukyrte, Bacunesckas, 2018). Bo BHyTpeHHMHX
TOpHBIX paiioHax (xpeber BepxostHcKuii, Xxpeber
Yepckoro, ropel CyHTap-Xasita) pocT TeMIIepaTyphl
Ne2 2023
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Puc. 5. TpeHIbI TOMOBBIX CyMM OCAIKOB 3a 55 jet (1966—2021 rT.) B McCiIeayeMbIX TOPHBIX paifoHax (LIBETHAS 3aJMBKa), MM:
(a) ropsl beippanra; (6) Yykorckoe Haropwe; (¢) KonbiMckoe Harophwe; (¢) Kopsikckoe Haropbe; (d) XxpedeTsl BepxostHekmid,
Yepckoro u CyHrtap-XasrTa, (e) baiikanbckuii perrioH. CepbIMU U30JMHUSMHU TTOKa3aH pebed, JUHUSIMU CXeMaTUIHO 000-
3HaYeHbI TOPHBIE XPEOTHI.

Fig. 5. Annual precipitation trends for 55 years (1966—2021) in the studied mountain regions (color fill), mm: (a¢) Byrranga
Mountains; (6) Chukotka Highlands; (6) Kolyma Highlands; (¢) Koryak Highlands; (d) Ridges Verkhoyansky, Chersky and Sun-
tar-Khayata, (e) Baikal region. The gray isolines show the topography, the lines schematically indicate the mountain ranges.

B OCHOBHOM IIPOUCXOIUT B JIETHUI TEpUON — IO CTOYHOM baiikaqbCKOM TOPHOM pPErMoHe MOJIOXM-
+2.5°C 3a 55 net. CpengHEeromoBoM TPEHI, COCTABISIET  TeJIbHbIE TPEHABI TeMIIEpaTyphl B 1IEJIOM 34 TOI U B
okos0 +1.5—1.7°C 3a 55 net, ¢ yuéToMm ero 3aHMXe- JIeTHUI nepuon gocturaior 2.5°C 3a 55 neT (ommbdka
Hus B naHHbix ERA5—Land mo 10%. B ceBepo-Bo-  TpeHIa MUHUMaJbHa).

JEI U CHET  tom 63 Ne2 2023
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Puc. 6. [Ipumepsl mpodusieit abassuny 1 aKKyMYJISILIAK IJ1s1 PaiioHa JIeTHUKOB BepxostHcKoro xpe6Ta (@) 1 103KHOM 4acTu Xpeb-

ta Yepckoro (6): 1 — abnsanust, MM; 2 — akKyMYJISIIUsI, MM; 3 —

BI'TI 3a 1931—-1960 rr.; 4 — BI'TI pacuérHas 3a 1966—2021 rr.

Fig. 6. Examples of ablation and accumulation profiles for glacier areas of Verkhoyansk Range (@) and the southern part of Cher-
sky Range (6): 1 — ablation (in mm); 2 — accumulation (in mm); 3 — ELA for 1931—1960; 4 — estimated ELA for 1966—2021.

TpeHIbl 0cagKoB — KaK TOMOBBIX, TaK M XOJOIHO-
ro Tepuoja — HEOTHOPOMHBI B paccMaTpUBaeMbIX
ropHbIX cucteMax. [ToaToMy paccMOTpUM M3MEHE-
HHSI OCagKoB OoJiee ImoapooHo (puc. 5, a—e).

Kaptel Tpennos, ncxons uz ERA5-Land, B nemom
MOATBEPKAAIOT OOIIYI0 TEHACHIIUIO, TTOJYYeHHYIO B
pe3ysibTaTe aHaju3a JaHHBIX HaOaoaeHui (JeMuyeH-
ko, Cemenos, 2017; TutkoBa u ap., 2018; bapauna u
ap., 2020; IlepeBenmenueB u ap., 2021; Tperwmii...,
2022), HO OTpaXalT OCOOEHHOCTH, CBSI3aHHBIE C
OpUEHTALIME CKJIOHOB TOPHBLIX CUCTeM. Makcu-
MaJIbHbIE TIOJIOXXUTEIbHBIC TPEHAbI CYMM TOIOBBIX
0CaJIKOB XapaKTepHBbI IJIsl TOp apKTUYECKOW 30HBI
Taiimbeipa n YykoTku (cM. puc. 4, 6—e; puc. 5, a—0b).
VBenInuyeHne CyMM OCAIKOB B CEBEPHBIX pailoHax
MPOUCXOAUT B OCHOBHOM 3a CUET XOJOMHOTO MepUuo-
Ja. AHAJIN3 JaHHBIX CTAHLIMOHHBIX HAOMIOOEeHUIT 3a
1966—2021 rr. yKa3pIBaeT Ha pOCT OCAAKOB B 3TOM pe-
TMoHe BecHoit u oceHbio (Tperuii..., 2022). B ropax
BreIppaHra TpeHI TOJOBBIX OCAIKOB COCTABUIJI OKOJIO
+80 MM 3a 55 net, uro maeT okoso 20% oOT cpenHeit
rogoBoii cyMMbI 1966—2021 rr., mpu omInbKe rogo-
BBIX TPEHAOB peaHan3a B 3TOM paiioHe He 6oliee 5%.
B xomomHbIil Tilepuom TPEeHI OCAIKOB ITOXOIUT OO
50 MM 3a 55 met (okoio 18% ot cpenHero). B Uykor-
CKOM HAaropbe TPeHI TOHOBBIX OCAIKOB COCTaBIISIET
+100 MM 3a 55 net (25% ot cpegHUX 3HAUYEHUIA) U XO-
JiogHoro nepuona + 60 MM 3a 55 et (24% ot cpenHe-
ro). Ommoka TpeHma ocaakoB 1mo ERAS5—Land mipu
5TOM 3a Tox ToxXoauT 10 —23% (cM. Tabi. 4), a B XO-
JIOMHBIN TTepuon 1o —16%. Takast olleHKa MOKa3biBa-
€T, YTO TPEHIBI 0CaJIKOB B YYKOTCKOM HAaropbe MOTyT
OBITH BBILIE TTOJIyYEHHBIX.

VBenndyeHne 0cajJKoB — Kak roaoBbIX, 10 60—80 MM
3a 55 et (14% ot cpeHero), Tak M XOJA0IHOIO MepHr-
ona, 1o 40 MM 3a 55 net (20% OT cpenHero), — Ha-
OromaeTcs Ha CeBEpHBIX CKiIoHaxX Kopsgkckoro m
KonbiMckoro Haropuii. Ha 103KHBIX CKJIOHAX, TS BbI-
nagaeT 6OJIblllee KOIUIECTBO OCAIKOB (CM. puc. 2, 6),
OTMEYaeTCs OTpULIATEIbHBINA TPEeHO 0CaaKoB, KakK 3a

rofl, TaK 1 B XOJIOMAHBIN TTepuon, 40 MM 3a 55 neT, uto
COCTaBJIsIeT OT cpenHero okojo 5 u 10% coorBeT-
cTBeHHO. OIIUOKN TPEHIOB B 3TUX paiflOHAaX pa3HAIT-
cd OT Ce30Ha K Ce30HY (3MMOil 3aHUKEHBI, BECHOI
YBEJIMYEHBI), YTO TIO3BOJISIET CUMTATh YKa3aHHBIC
TPEHIBI MPaBIONOAOOHBIMU M3-3a HEKOTOPOM KOM-
MeHCAllUM B OLIEHKaX TPEHIOB IO Ce30HaM II0
ERAS5—Land.

[J1si BHYyTpEHHUX TOPHBIX PAallOHOB XapaKTEPHbBI
HEeOOJIbIIIME CyMMbI TOIOBBIX OCAJKOB, HE MPEBBIIIA-
foire 600 mMm. B paitone BepxositHckoro xpe6ra Ha
3amMagHbIX CKJIOHAX KOJMYECTBO OCAAKOB BhIIIIE, UeM
Ha BOCTOYHBIX, 37€Ch OTMEUE€H MOJOXUTEIbHbBIN
TpeHa ocaakoB 3a rox g0 60 MM 3a 55 net (12% ot
cpenHero). Ha BOCTOYHBIX CKJIOHAX MpPW MEHbIIEM
KonmyecTBe ocankoB (mo 400 mMM/Tom) oTMedaeTcs
oTpuLATeNbHBIN TpeHa 10 20—40 MM 3a 55 et (8% or
cpenHero). B xoJiogHbIi Tiepuoa TpeHI 0CaaKoB OT-
pulaTenbHbiil 10 20 MM 3a 55 et (He 6onee 10%).
Boctounee (xpe6Thl Yepckoro u CyHtap-Xasita) no-
JIOXKUTEIbHbIE TPEHIbl OCAIKOB 3a IOJ U XOJOIHBIN
rnepuoj 0oJbliie TPOCMAaTPUBAIOTCS JJISI BOCTOUHBIX
ckJ10HOB 110 40 MM 3a 55 net (10—12%) u oTpuLiaTEb-
Hble s 3anagHbix 20—40 mM 3a 55 net (5—8% or
cpenHero). Ilpu 3aHVMXXEHUU TPEHIOB OCAAKOB IO
ERAS5—Land Bo BHYyTpeHHUX rOpHbIX paiioHaxX 10 —
15% >Tn moka3zaTeI MOTYT ITPUBOAUTD K HETOOIICH-
KaM TPEHI0B OCaIKOB.

B paiione ceBepo-BocToKa baiikaibckoro permo-
Ha romoBasi cymMma ocagkoB goxonut 10 800 mm. Poct
0OCaJIKOB Ha BOCTOYHEIX cKioHax, 100 MM 3a 55 et
(12% ot cpemHero), CoBITafaeT ¢ UX COKpallleHueM Ha
3aTagHbIX CKJIoHaxX 1o 80 MM 3a 55 JeT (8% ot cpemHe-
r0), KaK B 1IeJIOM 34 IO, TAK U B XOJIOMHBII MEPUO/.

H3menenusa @vicomvt epanuybl NUMAHUA AeOHUKO-
6vix cucmem Ha hone usmenenus kaumama. Ha puc. 6
MpencTaBJIeHbl MPpUMEPHl pacuéTa npoduieil adms-
LIUM Y aKKyMYJISIUMU 1151 Xxpeota OpyiraH (a) v 10X~
HoM yactu xpedTta Yepckoro (6), rae IMpOon3BOIMIICS
pacuér nameHeHuit BI'TI mo maHHBIM OMmKaiimei

JIEO Y CHET Ne 2

TOM 63 2023



NCITIOJIb3BOBAHUE PEAHAJIM3A ERA5—Land

209

Bocmouno-Cubupckoe &
Mope =

60°/
58°4
120° To0°
140 2 P 170
T T
200 500 1000 1500 2000 2500 M

Puc. 7. [TonsEéM BbicoThI rpanuilel utanus BI'TI, M 3a mepuon 1966—2021 rr. o cpaBHeHwmto ¢ 1930—1960 .
Fig. 7. Equilibrium line altitude (ELA) rise (in meters) for the period of 1966—2021 in comparison with the period of 1930—1960.

MeTeocTaHIMM U peaHanu3za ERAS5—Land. Ha pu-
cyHke BuaHo, uto BI'TI B paitoHe xpe6Ta OpynraH
cMmecTmiach Boiire Ha 200 M, a B FOXKHOM 4acTH XpeoTa
Yepckoro Ha 250 M.

Paccmotpens! mamenenus BI'TI 3a repron 1966—
2021 rr. mo cpaBHEHMIO ¢ mpeabiayinuM 30-JeTreM
(puc. 7). Ouenka BI'TI misinmoiaorndyeckux CUCTEM
Ha ceBepo-BocToKe Cubupu B 1931—1960 rr. mpen-
craBieHa B paborax (AnanumueBa, Kpenke, 2005;
Anannuena, 2018). IToxbséM BeicoThl BI'TI Habmona-
€TCsl BO BHYTPMKOHTUMHEHTAJIbHBIX U TPUOPEKHBIX
TOpPHBIX cucTteMax. Hambonbmuii mombEM Xapakre-
pEH ISl 3amaJHbIX CKJIOHOB BepxosiHckoro xpedra
(10 400 M), BOCTOUHBIX CKJIOHOB YykoTkH (10 800 M)
n KonbiMckoro Haropbs (mo 600 M). MUHUMAaIbHOE
nosbilieHue BITI HabGnogaercss Ha BOCTOYHOM
ckJIoHe xpebTa Yepckoro (50 m).

IMompém BI'TI mpnypodeH K 061acTIM C BBICOKM-
MU TeMIepaTypHbIMU TpeHaaMu (cM. puc. 4). Beico-
kuit mogbeM BI'TI He Bcerma coorBeTcTBYeT 00JIa-
CTSIM OTPHMLATEIBHBIX TPEHIOB TBEPIBIX OCAIKOB.
ITo-BunuMoMy, B 3TUX ClIydasix IpeBaIMPYET TeMIIe-
paTypHBIii (hakTop, YTO XapakTepHO Wit Kopsikckoro
Haropbs u paitoHa mexny Kopsikueit n UykoTkoii.

OBCYXJIEHUWE 1 BbIBOJbI

OuneHka morpeitHoctu peaHanu3a ERAS5—Land
pasinyaeTcs B 3aBUCUMOCTH OT paiioHa uccienoBa-

JEI U CHET  tom 63 Ne2 2023

HUSI KaK JJIs TeMIlepaTypbl, TaK U IJIS OCAaJIKOB.
B ropHbIX paiioHax azuaTckoit yactu Poccum peaHa-
3 ERAS5—Land ¢ BBICOKOI TOYHOCTBIO OITMCHIBAET
TeMITepaTypHBIM PEeXUM C MUHUMAJIbLHOM OTHOCHU-
TETbHOI OIIMOKOIT, UYTO TaK:Ke OTMeUaeTcs BO BCEX
paboTax, TTOCBSIIEHHBIX JaHHOI TeMaTtuke. [1o Ha-
MM pe3yabTaTaM, MaKCUMaJIbHble OINMOKMU TpPEeH-
JIOB CPEAHETONOBOM M JIETHEM TeMIIepaTyphbl cOCpe-
JOTOYEHBI BO BHYTPEHHUX FTOPHBIX pailoHaXx, TAe KO-
JIMYECTBO METECOCTAHIUII OrpaHUYEHO.

B pa6ote (I'puropnes u ap., 2022) oTMe4eHO, 4YTO
B cpenHeM 1o Tepputopun Poccuu ERAS—Land 3a-
BBILIAET KOJIUYECTBO 0CcankoB oT 14% serom no 37%
BECHOI, a 3MMO#I ommmobKa O0im3Ka K Hyimo. CyMMBI
0caIKoB 3aBblIllieHbI 10 70% 3a rom U BBIIIE B BECEH-
HHIA Ce30H. DTO 0COOEHHO 3aMETHO B pailoHaX, IJIsI
KOTOPBIX XapaKTepHbl BBICOKME CYMMBI TOIOBBIX
0CaJIKOB, KaK, HalmpuMep, Ha ceBepo-BOCTOKe baii-
Kana. OcaKky MeHee 3aBBIIIeHbI B PeTMOHAX C MUHU -
MaJIbHOII TOHOBOM CyMMOI (xpeOThl BepxosiHcKmii,
Yepckoro u CyHtap-Xasita). [Ipy 3TOM CHHXPOH-
HOCTh U3MEHEHUI CYMM OCaIKOB AJOCTATOYHO XOPO-
10 BbIpaXkeHa. Takue pe3yabTaTbl COOTBETCTBYIOT
BBIBOJAM, NOJydeHHBIM B pabore (Kim, Lee, 2022).
Takum oOpa3om, aHaJIM3 TPEHIOB CYMMapHBIX Oca-
KOB JOJDKEH YYUThIBATh OLIMOKKM B Pa3HbIC CE30HBI
roma BO BCEX paccMaTpuBaeMbIX TOPHBIX CHUCTEMaXx,
MpUHUMAsT BO BHUMAHUE, UYTO B IIEPEXOIHbBIE CE30HbI
OTHOCHTENIbHAsI OIIMOKA TPEHIOB OCAIKOB HOXOMUT
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1o 30%. OueHKa OTHOCUTEJIBHOM OUIMOKN TOMOBBIX
TPEHIOB OCAIKOB ITOKA3bIBAE€T, YTO OHU 3aHMKECHDI
Ha YykoTke 10 23%, BO BHYTPEHHUX TOPHBIX paiio-
Hax (xpeOT1nl BepxosiHckuii, Yepckoro n CyHTap-Xa-
gra) no 15%, B paiioHe ceBepo-BocTOKa baiikaabcKo-
ro pervoHa 10 13% u 3aBbileHbI Ha KOJIBIMCKOM Ha-
ropbe. B ropax Breippanra m KopskckoM Haropbe
OILIMOKA TPEHIOB CYMM OCaIKOB MUHUMAJIbHA.

IMosoxurenbHbIe TEeMIIEpaTypHbIE TPEHIbI pa3-
HOII MTHTEHCUBHOCTU HAOJIIOIAIOTCSI BO BCEX TOPHBIX
paiioHax a3uaTcKoii yactu Poccuu B cpegHeM 3a rog
U B JICTHUI TI€PUOI, YTO HEOMHOKPATHO ITOATBEP-
>KIIEHO B APYTUX MCCAEN0BaHUsIX, cCOOpaHHBIX B (Tpe-
THii..., 2022). MakcuMaabHOE yBEJIMYCHUE TOAOBOM
TeMIepaTypbl OTMEYAeTCsl B TOPHBIX cCUCTeMaX ApK-
tnueckoir 30HbI Poccum (Taiimpip u UykoTka) mo
+4°C 3a 55 71eT. B OCHOBHOM 3a CYET ITOBBIIICHUS
TeMIlepaTyphl B IIEPEXOMHbIE CE30HBI. 3IeCh CKOpee
BCEro ckasbiBaeTcs “ycuyieHue ApkTuku” (JIaToHuH
u 1ap., 2020). MuHUMAaIbHBIEC TOJOXUTEIbHbIE TPEH-
bl CPEIHETOIOBOM TeMIepaTypbl XapaKTepPHbI IS
BOCTOUHBIX O€PETOBBIX TOPHBIX PAliOHOB YMEPEHHbBIX
mpoT oT +0.5 go +1.5°C 3a 55 ner. (Kopsikckoe u
KonbpiMckoe Haropbsi) py MaKCUMAaJIbHBIX JIETHUX
TpeHaax ot +2.5 mo +4°C 3a 55 net. Takke TpeHIbI
JIETHUX TeMIIepaTyp MaKCHMaJbHbI BO BHYTPMKOH-
TUHEHTAJIbHBIX TOPHBIX paiioHax (xpeOTel BepxosH-
ckuii u Yepckoro, ropsl CyHTap-XasiTa, CeBEpO-BO-
cTtouHblii balikanbckuii pernoH) go +2.5°C 3a 55 ner
U MUHUMaIbHBI B 1ejioM 3a rox +1.5°C 3a 55 ner.
B baiikajibckoM pervoHe TpeHIbl TeMIIepaTyphbl B
LICJIOM 3a IOl ¥ B JIETHUIA Iepuon gocturaioT +2.5°C
3a 55 neT. MoXHO cieaaTh BBIBOM, YTO OIIMOKM BOC-
MPOMU3BEACHUS TeMIlepaTypbl peaHaIn30M HEBEJIU-
KM, ¥ OH IIpUEeMJIEM IIJISI OLICHOK TeMIIepaTyp.

VYBenuueHre CyMM OCaIKOB B apKTUUECKUX paiio-
HaX IMPOUCXOAUT B OCHOBHOM 3a CUET XOJIOTHOTO Te-
puoma. PaccMoTpeHUe TpeHIOB OCAaaKOB Ha Me30-
MacIlTaOHOM YpPOBHeE TToKa3ajlo, YTO MaKCUMaJIbHbII
MOJIOXKUTEIBHBIN TPeH TOAOBBIX OCAIKOB XapaKTe-
pEH IJIsI Top apKTu4yecKoii 30HbI. 11 rop Beippanra
510 okosio 100 MM 3a 55 et (20% ot cpemHero) mpu
MUHUMAJIbHON OIIMOKEe TPEHIOB, a a1t YyKoTcKoro
Haropbs yxke 130 MM 3a 55 net (25% ot cpenHero 3a
1966—202 rT.), ¥ TPEHIBI OCAIKOB 31€Ch 3aHMKEHBI.
Hnsa Kopskckoro u KoabIMCKOro Haropuii ormMeve-
HBI POCT OCaJKOB Ha CEBEPHBIX CKIJIOHAX 10 60—80 MM
3a 55 JIeT U mageHue Ha IoXHBIX 70 40 MM 3a 55 JeT.
B ropHBIX cuUcCTeMaxX BHYTPEHHUX U MPUOPEKHBIX
paiioHOB TPEHIBI OCAAKOB 3aBUCIT OT OpUEHTALMU
CKJIOHOB, YTO CBSI3aHO C HaIlpaBJIeHUEM IIpeobiana-
IOIIETro TepeHoca BO3AYIIHBIX Macc: 3a 1966—2021 .
POCT OCagKOB OTMEYeH Ha BOCTOYHBIX CKJIOHAX Ha
10—12% ot cpenHero v nmagcHue Ha 3amagHbIX 5—8%
OT CpeaHero B paiioHax xpe6ToB Uepckoro u CyHTap-
XasgTa, ceBepo-BoCcTOKa baiikaabCKOro permoHa.
M Hao6opoT, pOCT OCAAKOB Ha 3aMagHbIX CKJIOHAX 10
60 MM 3a 55 mmet (12% ot cpemHero) 1 IageHue Ha BO-
crounbix 10 20—40 MM 3a 55 et (8% ot cpenHero)

TUTKOBA, AHAHNUYEBA

XapakTepHbl i xpedra BepxosHckuii. OmmoOKa
TpeH/a B 3TUX pailoHax (xpeoThl BepxosiHckuii, Uep-
ckoro n CyHrap-Xasra; balikaabCKuii permoH) J0-
CTaTOYHO BEJIMKA, II03TOMY AeJIaTh OIIEHKU OCAIKOB
10 peaHaJu3y IJIsd 3TUX PETMOHOB CJIENAYyeT C BbIBe-
PEHHO OLIECHKOU TOYHOCTH.

3a nepuon 1966—2021 IT. BEISBIECHO yBEJIUYEHIE
BBICOTHI TPAaHULIBI TUTAHUS B TOPHBIX paiiloHaX ceBe-
pa Poccum ot 50 mo 800 M. DTH OIIeHKM COOTBETCTBY-
10T BbIBOoAaM, TojiydeHHbIM (IamanuH u ap., 2013;
Khromova et al., 2019). ITo HamuM BbIBOAaM, Hau-
6oabmmii moagbeM BI'TI B mepuon 1966—2021 rr. npo-
M30I1Ie]T Ha 3allaJHbIX CKJIOHAX BepXxosiHCcKOro xpeo-
Ta U BOCTOYHBIX cKjoHax YykoTtku u KojbiMckoro
Haropuii. 3HadyeHus nmombéMa BI'TI coBmamaioT ¢ 00-
JIAaCTSIMM BBICOKUX TEMITEpaTypHBIX TpeHI0B. Bbico-
kuit monmbem BI'TI He Bcerma cooTBeTCTBYeT o0Jia-
CTSIM TPEHIOB TBEPABIX OCAAKOB, YTO TOBOPUT O Mpe-
BaJIMPYIOIIEM BIMSHUU TPEHIOB MOJOXUTEIbHBIX
Temriepatyp B u3MeHeHuu BITI JemHUKOBBIX CHU-
CTEM.

s ompenelieHUsT U3MEHEHUS! TJISLIMOJIOTUYE-
CKHMX XapaKTepUCTUK B ropax peaHaiin3 ERAS—Land
MOXET BO3MeIIaTh HeOOCTaloIlne HaHHBIE — B
MepBYI0 ouepelb TeMIlepaTyp, HO U ¢ OLIEHKOM TOY-
HOCTHU OCaJKOB — Ha OOJIBIIIMX BBICOTAX, YeM JaHHbIE
MMEIOIITNXCS METEOCTAHIINIA
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This work involving the study of changes in the glacier equilibrium line altitude (ELA) is a continuance of the
glaciological parameters of mountain systems investigation. The article explores the possibility of using new
generation climate archives (in this case, ERA5—Land) together with weather station data on temperature
and precipitation, in order to assess the climate dependence of the glacial system ELA in hard-to-reach and
insufficiently studied mountain regions of the Russia Asian part. The ERA5—Land reanalysis reproduces
temperature (values, dynamics, and trends) quite well in mountain systems. The use of total precipitation is
possible only for assessing their dynamics and trends. The relative error for temperature trend is below 20%
in both positive and negative sides, and precipitation is less than 30% in the negative one. Positive tempera-
ture trends of different intensity are observed in all mountains of the Russia Asian part with a maximum in
the mountain systems of the Arctic zone. Minimal temperature trends are distinctive for coastal mountain re-
gions of temperate latitudes. Summer temperature trends are maximum in inland areas and minimum in
coastal mountain areas. The increase in precipitation in such areas occurs mainly at the expense of the cold
period. It was revealed there was an increase of the glacial systems ELA from 50 to 800 m in the mountain
regions of the Asian North Russia within 1966—2021. The value of the ELA rise coincides with areas of high
temperature trends and may not correspond to precipitation negative trends.

Keywords: mountain regions, equilibrium line altitude, ERA5—Land, temperature trends, precipitation

trends

REFERENCES

Ananicheva M.D., Krenke A.N. Evolution of the heights of
the climatic snow line and the boundary of glacier feed-
ing in the north-east of Siberia in the XX century. Ma-
terialy Glyatsiologicheskikh Issledovaniy. Data of Glaci-
ological Studies. 2005, 98: 225—232 [In Russian].

Ananicheva M.D., Krenke A.N. Evolution of the fields of
glaciological characteristics of glacial systems in the
northeast of Siberia. V sb. Izmenenie okruzhayushchej
sredy i klimata: prirodnye i svyazannye s nimi tekhnogen-
nye katastrofy. T. 3. Ch. 2. Prirodnye processy v polyarnyh
oblastyah Zemli. Environmental and climate change:
natural and related man-made disasters, T. 3. P. 2. Nat-
ural processes in the polar regions of the Earth. Mos-
cow: Institute of Geography, Russian Academy of Sci-
ences, 2008: 125—133 [In Russian].

Ananicheva M.D. Changes in the height of the feeding
boundary of glacial systems in the northeast of Siberia

in the 20th and early 21st centuries. Kriosfera Zemli.
Cryosphere of the Earth. 2018, 22 (6): 55—63.
https://doi.org/10.21782/KZ1560-7496-2018-6(55-
63) [In Russian].

Ananicheva M.D., Pakin G.Yu., Entin A.L. Research of the
Upper Angara group of glaciers. Led i Sneg. Ice and
Snow. 2019, 59 (3): 423—432 [In Russian].
https://doi.org/10.15356/2076-6734-2019-3-415

Ananicheva M.D., Krenke A.N., Barry R.G. The Northeast
Asia mountain glaciers in the near future by AOGCM
scenarios. The Cryosphere. 2010, 4: 435—445.

Ananicheva M., Kononov Y., Belozerov E. Contemporary
state of glaciers in Chukotka and Kolyma highlands.
Bulletin of geography (Physical Geography Series).
Nicolaus Copernicus University (NCU), Torun, Po-
land. 2020, 19: 5—18.

Ne2 2023

JIEA Vi CHET oM 63



NCITOJIb30OBAHUE PEAHAJIN3A ERA5—Land

Bardin M.Yu., Rankova E.Ya., Platova T.V., Samokhina O.F.,
Korneva 1. A. Modern changes in the surface climate
based on the results of regular monitoring. Meteorologi-
ya i gidrologiya. Meteorology and Hydrology. 2020, 5:
29—46 [In Russian].

Bulygina O.N., Razuvaev V.N., Korshunova N.N.,
Shvets N.V. (a) Description of the dataset of monthly
precipitation totals at stations in Russia. Certificate
of state registration of the database No. 2015620394.
Retrieved  from:  http://meteo.ru/data/158-total-
precipitation#onucanue-maccuBa-gaHHbIx (Last ac-
cess: 25 November 2022) [In Russian].

Bulygina O.N., Razuvaev V.N., Trofimenko L.T., Shvets N.V.
(b) Description of the data array of mean monthly air
temperature at stations in Russia. Certificate of state
registration of the database No. 201462. Retrieved
from: http://meteo.ru/data/156-temperature#omnuca-
Hue-maccuBa-naHHbix (Last access: 25 November
2022) [In Russian].

Galanin A.A., Lytkin V.M., Fedorov A.N., Kadota T. Reduc-
tion of glaciers in the Suntar-Khayat Mountains and
methodological aspects of its assessment. Led i Sneg.
Ice and Snow. 2013, 53 (4): 30—42 [In Russian].

Grigoriev V.Yu., Frolova N.L., Kireeva M.B., Stepanen-
ko V.M. Spatio-temporal variability of precipitation re-
production error by ERAS reanalysis on the territory of
Russia. [Izvestiva Ros. Akad. Nauk. Seriya geografi-
cheskaya. Proc. of RAS. Geographical series. 2022, 86
(3): 435—446 [In Russian].
https://doi.org/10.31857/S2587556622030062

Demchenko P.F., Semenov V.A. Estimation of the Uncertain-
ty of Climatic Trends in Surface Temperature Associat-
ed with Internal Atmospheric. Doklady Rossiiskoy Aka-
demii Nauk. Reports of the Academy of Sciences. 2017,
476 (3): 339—342 [In Russian].
https://doi.org/10.7868/S0869565217270202

Krenke A.N. Mass transfer in glacial systems on the territory
of the USSR. Leningrad: Hydrometeoizdat. 1982: 488
[In Russian].

Latonin M. M., Bashmachnikov I.L., Bobylev L.P. Arctic am-
plification phenomenon and its driving mechanisms.
Fundamental’naya i prikladnaya geofizika. Fundamen-
tal and applied geophysics. 2020, 13 (3): 3—24 [In Rus-
sian].
https://doi.org/10.7868,/S2073667320030016

Muravyov A.Ya. Glaciation change in the northern part of
the middle range on the Kamchatka peninsula in the
second half of the XX century. Led i Sneg. Ice and
Snow. 2014, 54 (2): 22—28 [In Russian].

Muravyov A.Ya., Nosenko G.A. Glaciation change in the
northern part of the middle range on the Kamchatka
peninsula in the second half of the XX century. Led i
Sneg. Ice and Snow. 2013, 53 (2): 5—11 [In Russian].

Perevedentsev Yu.P., Sherstyukov B.G., Shantalinsky K.M.,
Mirsaeva N.A., Aukhadeev T.R., Myagkov M.A.,
Parubova E.M. Changes in air temperature and atmo-
spheric precipitation on territory of Russia in the
XX—XXI centuries. Materials of the International con-
ference dedicated to the memory of Nina Konstanti-
novna Kononova. Irkutsk, 2021: 292—298 [In Russian].
https://doi.org/10.26516/978-5-9624-1956-5.2021.1-381

Ne 2 2023

JIEQ M CHET  Tom 63

213

Stochkute Yu.V., Vasilevskaya L.N. Dependence of the tem-
perature and humidity regime on regional atmospheric
processes. Sputnik. Estestvennye i tekhnicheskie nauki.
Satellite. Natural and technical sciences. 2018, 1: 98—
101 [In Russian].

Titkova T.B., Vinogradova V.V. The timing of the occurrence
of snow cover on the territory of Russia at the beginning
of the 21st century according to satellite data. Led i
Sneg. Ice and Snow. 2017, 1: 25—33 [In Russian].
https://doi.org/10.15356/2076-6734-2017-1-25-3

Titkova T.B., Cherenkova E.A., Semenov V.A. Regional fea-
tures of changes in winter extreme temperatures and
precipitation in Russia in 1970-2015. Led i Sneg. Ice and
Snow. 2018, 4: 486—497 [In Russian].
https://doi.org/10.15356/2076-6734-2018-4-486-497

The third assessment report on climate change and their
consequences on the territory of the Russian Federa-
tion. Saint Petersburg: Science-intensive technologies.
2022: 676 p. [In Russian].

Copernicus Publications. Retrieved from: https://publica-
tions.copernicus.org (Last access: 11 August 2022).

Gurney S.D., Popovnin V.V., Shahgedanova M., Stokes C.R.
A Glacier Inventory for the Buordakh Massif, Cherskiy
Range, Northeast Siberia, and Evidence for Recent
Glacier Recession // Arctic, Antarctic, and Alpine Re-
search. 2008, 1: 81—8&8.

Haeberli W., Zemp M. Mountain glaciers: on thin ice.
Mountains and climate change: from understanding to
action. Bern. 2009: 22—29.

Khromova T., Nosenko G., Nikitin S., Muraviev A., Po-
pova V., Chernova L., Kidyaeva V. Changes in the
mountain glaciers of continental Russia during the
twentieth to twenty-first centuries // Regional Envi-
ronmental Change. 2019, 19: 1229—1247.

Kim M., Lee E. Validation and Comparison of Climate Re-
analysis Data in the East Asian Monsoon Region // At-
mosphere. 2022, 13: 1589.
https://doi.org/10.3390/atmos 13101589

Murioz-Sabater J., Dutra E., Agusti-Panareda A., Alber-
gel C., Arduini G., Balsamo G., Boussetta S., Choulga M.,
Harrigan S., Hersbach H., Martens B., Miralles D.,
Piles M., Rodriguez-Ferndndez J., Zsoter E., Buon-
tempo C., Thépaut J. ERA5-Land: a state-of-the-art
global reanalysis dataset for land applications. Earth
Syst. Sci. Data. 2021, 13: 4349—4383.
https://doi.org/10.5194/essd-13-4349-2021

Special Report IPCC on the Ocean and Cryosphere in a
Changing Climate “High Mountain Areas”. The Inter-
governmental Panel on Climate Change (IPCC). 2019.

Yamada T., Takahashi Sh., Shiraiwa T., Fudjii Y.,
Kononov Yu.M., Ananicheva M.D., Koreisha M.M.,
Muraviev Ya.D., Samborsky T.V., Reconnaissance of
the 31 Glacier in the Suntar-Khayata Range, Sakha Re-
public, Russian Federation. Japanese Society of Snow
and Ice. Bulletin of Glaciologic research. 2002, 19: 101—
106.

Kononov Y.M., Ananicheva M.D., Willis I.C. The millenni-
um dynamics of Polar Ural glaciers by high resolution
reconstruction of glacier mass balance // Annals of Gla-
ciology. 2005, 42: 163—171.



JIEN H CHET, 2023, mom 63, Ne 2, ¢. 214—224

VIK 551.324.4;,551.324.63

JJEAHUKUN U JEAHUKOBBIE ITOKPOBbI

BHYTPUCE3OHHAA USMEHYNBOCTD ABJIALINNA
JJETHUKA AJIBAEI'OHJIA (IHITUITBEPT'EH)

© 2023 1.

V. B. IIpoxoposal*, A. B. Tepexos!, B. D. /lemunosn’,

C. P. Bepkymu!, b. B. BaHoB!*?
! Apxmuueckuii u Anmapkmuueckuii Hayuno-uccaedosamensckuii uncmumym, Cankm-ITemep6ype, Poccus
2 Canxm-Iemep6ypeckuii 2ocydapcmeennsiii ynugepcumem, Canxm-ITlemepGype, Poccus
*e-mail: uvprokhorova@aari.ru

IMoctynuna B penakiuio 14.02.2023 r.
IMocne nopa6otku 11.03.2023 .
I[Mpunsra xk nyomukanmu 31.03.2023 1.

PaccMoTpeHa 3aBUCHMOCTb BHYTPMCE30HHOM WM3MEHYMBOCTM a0JSIMU JIbIAa Ha JIEMHUKE AJIbIETOHIA
(ImuubepreH) oT MpU3eMHOI TeMITepaTypbl BO3yxa M MOTOKAa KOPOTKOBOJHOBOM paauanuu. B 2018—
2021 rr. abasiuus Jpaa xopoiio cornacyetrcst ¢ oooumu dakropamu (r = 0.80—0.98 u 0.71—0.99 cootBer-
CTBeHHO). 2022 ron — aHOMaJIbHbII C TOUKM 3pEHUST HApyLIeHUs CBSI3ei abJIsaMy 1 paauaiiu, 4YTo 0ObsIC-

HSIeTCs MPOMIOJKUTENIbHOM BOTHOI Teria B EBporre.

KioueBble cioBa: Apktuka, lInmumnoepreH, 6ajaHc MacChl JJeMHMKA, KOPOTKOBOJIHOBAsI paauallys, BoJaHa

TCILJIa

DOI: 10.31857/S2076673423020138, EDN: RVESBM

BBEAEHWE

B Hacrosiiiee BpeMsi MUPOBOII KJIMMaT CTPEMU-
TeJIbHO MeHsieTcsl. Tak, HaGmogaemMas 3a JeCaTUIIe-
te 2006—2015 rT. mio6anbHas CpeaHss IIpu3eMHast
teMmrieparypa onu1a Ha 0.75—0.99°C BrlllIe 3HaUCHUIA
3a nepuon 1850—1900 rr. ¢ “Becbma BBICOKOI CTeme-
HBIO JOCTOBEPHOCTU ’, UTO OTPaAXKAET HOJTOCPOUHYIO
TEHJICHLIMIO MOTEIJICHUSI C JOMHIYCTPUAJIbHBIX Bpe-
MmeéH (IPCC, 2018). IlorerieHue KpaiiHe HepaBHO-
MEPHO B IPOCTPAHCTBE: TPEHIBI, IPEBBIIIAIOLINE
CPEIHEroI0BOI I100aIbHbIN TToKa3aTelb, HabIoaa-
IOTCSI BO MHOTUX pETMOHAX, B TOM YMCIie B APKTHUKE,
I7e OHU BhIlIE B 2—3 pa3a u3-3a apdekra “apKrude-
ckoro ycwienus” (Nordli et al., 2014; Gjelten et al.,
2016; Isaksen et al., 2016). OmTHUM K13 TaKUX PETUO-
HOB, T1e TTOTeTIEHNE UIET OeCIpelieACHTHEIMH TEM-
namu, siejsiercs: bapeHneBoMopcKuii permoH, BKIIIO-
yaromuii apxunenar LHInunGepreH — oouH U3 KPYII-
HEWIIUX LEHTPOB COBPEMEHHOIO OJICACHEHUS B
CesepHoM nonywmapuu (Isaksen et al., 2022). OcHOB-
HBIM CJIEICTBHEM U3MEHEHUWM KJIMMaTa Ha apXurnesia-
re SIBJIIeTCS CTPEMUTEIbHASI MTOTePsS] MACChl €ro Jiel-
HUKaMM, COCTaBJsolIasl, 1Mo MOCAeAHUM OlLIeHKaM,
7 = 4 mupa. T/ron (Schuler et al., 2020).

PerynspHbie exerogHble Macc-0ajlaHCOBBIE Ha-
omoaeHus Ha [lInunGepreHe Havatel B 1967—1968 1T.
Ha JIeAHMKAaX B OKPECTHOCTSIX HOpBeXcKoro 1. Hio-
OnecyHH Ha ceBepo-3amnane. C Havyana 1970-x rogoB
U3MEPEHUS] CTaJX BBIITOJHATHCI U COBETCKUMU MC-

cienoBaTeIIMU BOIU3M Toc. bapeHHOypr B lLieH-
TPpaJIbHOM YaCcTU OCTPOBA, Ilie B HACTOSIIEE BpeMs
JIEMHUKM OTCTYIIalOT HaubOoJiee uHTeHcuBHO (Yep-
HoB, MypaBbeB, 2018; Hanssen-Bauer et al., 2019).
HaxkormieHHsb1it Bo BTOpOii 1TonoBruHe XX B. MacCHUB
HATYPHBIX JTaHHBIX ITOCTYXXWUJI OCHOBOM IJISI TIEPBBIX
O00OOIIEHUI 1 CTATUCTUYECKOTO aHaIN3a MEXTOI0-
BOIf IBMEHUYMBOCTH OajlaHCca MaCChI JICTHUKOB apXu-
rejara Ha IpeaMeT CBSI3UM 3TOil XapaKTEPUCTUKU C
MeTeopojiornueckumu dakropamu ([msguumonorust
IImunoeprena, 1985; Hagen, Liestol, 1990). MHuoro-
¢daKTOPHBIIA KOPPEISIIIMOHHBIN aHaIU3 BLISIBUJT HAW-
6oJiee TECHYIO CBSI3b C TeMIlepaTypoii Bo3ayxa (Le-
fauconnier, Hagen, 1990), moaTrBepiuB M3BECTHBIE
paHee 3akoHomepHocTH (Kpenke, Xomakos, 1966).

Kinmmarndeckune M3aMeHeHUs TTOCIETHUX ASCITH -
JIETU TpPUBEIX K TOMY, 4YTO MHOTUE JETHUKU
HInuudepreHa oxka3anuch HUKE CHETOBOM JIMHUM,
YTO O3HAYaeT 3HAYUTEIbHOE CHIDKECHUE alIbOeI0 UX
MOBEPXHOCTHU Ha MTPOTSKEHUM JIeTHEeTO ce30Ha (Noél
et al., 2020). B psme crareii, TOCBSIIIEHHBIX aHAIN3Y
TEIUIOBOTO OajlaHca JISTHUKOB apxullejiara B IICpHO
abisuuu (Arnold, 2006; IpoxopoBa u ap., 2021; Zou
et al., 2021), BeISIBIICHA OIpeAesoniast pojb IMTOTOKa
KOPOTKOBOJIHOBOM pagvaviii B IOBEPXHOCTHOM Tasi-
Huu. [TogoGHBIE BEIBOALI MOTYT OBITh MOATBEPKIE-
HBl WIXA OIPOBEPTHYTHI U APYTUM IYTEM, & UMEHHO
Ha OCHOBE aHaJIN3a BHYTPUCE30HHOM NU3MEHUYMBOCTHU
abJIILMK JIbIa, He TPeOyIOIIero Terio0anaHCoOBOTO
MopaeaupoBaHus. O0bEM TaHHBIX INISIIIMOIOTMYECKO-
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Puc. 1. PacnionoxkeHue jiemHrKa AJbIETOHIA M U3MEPUTEIbHasI ceTh Ha HEM: I — KOHTYp JiegHuka (2021 r.); 2 — U30IMHUMN
BBICOTHI TTOBepXHOCTH (2018 1.); 3 — rutomanku 1jist usMepeHust abasiuunu Jibaa; 4 u 5 — MOCTOSIHHASI U BpEMEHHBIE METEOPOJIO-

TUYCCKUE CTAaHLIUU.

Fig. 1. Location of the Aldegonda glacier and the measurement network on it: / — glacier outline (2021); 2 — surface elevation
contour lines (2018); 3 — ice ablation measurement sites; 4 and 5 — permanent and temporary weather stations.

ro MoHutopuHra Ha llInundepreHe 10BOJBHO BEIUK
Ha CETrOAHSIIHUI IeHb W HACUMTHIBACT YeThIpHA-
JIIAaTh Macc-0aJIaHCOBBIX PSIOB MHPOIOJLKUTEILHO-
cthio Oosee sty et (Schuler et al., 2020; Terekhov
et al., 2022), omHaKO OHU OTHOCSTCSI K BPE€MEHHbBIM
MHTEpBaJIaM ITopsiaKa 0alaHCOBOIO Tola, U IIOTOMY
He TPUTOIHBI IJISI BBHISBICHUSI BHYTPUTOOOBOI M3-
MEHYUBOCTH.

B pacnopsizkeHUM aBTOPOB UMEIOTCS TAHHbBIE W3-
MepeHUil abisguuu Jbda Ha JieMHUKe AJIbleTOHa,
nMerolre 0oJiee BICOKYIO YaCTOTY (110 TPEX CYTOK) U
MO3BOJISTIOIINUE TIPOCIECAUTh TUHAMUKY 3TOTO MPO-
ecca. llenb uccienoBaHusi — olieHKa 3aBUCUMOCTU
BHYTPUCE30HHOI UBMEHYMBOCTHU JIETHE I a0ISILIMU OT
METEOPOJOTUYECKUX (DAKTOPOB.

MATEPHAJIBI 1 METOJbI

Obsexm uzyvenus. AlbAeroHna — ropHO-I0JUH-
HbIii JIEAHUK IUIOLIAAbI0 OKOJO 5.5 KM2, pacrnoso-
XeHHbIN B 10 KM K 10r0o-3amany ot roc. bapeHuoypr
(0. 3ananmuprii IHImundepren, puc. 1). IIpakrudecku
BCSI TIOBEPXHOCTB JICIHUKA pacitosoxeHa Hinke 500 m
HaJ yp. MOpsI, 4TO AejaeT eTo JIeXKallluM HUXKe COBpe-
MEHHOM cHeroBoit ImHuu Ha apxurienare (Noél et al.,
2020). Kak cinenctBue, 10 KOHIIA CE€30HA a0
CHEXHBIII TTOKPOB Ha JIeMHUKE Hcye3aeT JUOO IoJ-
HOCTBIO, JINOO OCTAIOTCSI HECKOJIBKO MPOLIEHTOB €T0
momany B BepxoBbsax (TepexoB u ap., 2020). Takum
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O6p3.30M, CpE€aHAA a6J'I$ILH/I$I JibJa Ha JCOAHUKE IMpaK-
TUYCCKU TOXKIECCTBECHHA 6aﬂchy €ro Macchbl.

Abasauus avoa. B paboTte MCITOIB30BaH MAaCCHUB pe-
3yJbTATOB Macc-0aJJaHCOBOIO MOHMTOPWHTA Ha JIe/-
Huke AnpaeroHaa ¢ ceHtssops 2017 I. mo ceHTIOpb
2022 1. Pagpl MCXOOHBIX M3MEPEHUI TIPEICTABIISTIOT
Cc000ii TOJIIIMHEBI CTasIBILIETO CJI0SI JIba Ha IIOBEPXHO-
CTU JIEMHUKA, OTCUMUTLIBAEMbIC ITO AGJISLIMOHHBIM
peiikaM B caHTHUMETpax, ¢ BpeMeHHOI TUCKPETHO-
cThio 3—14 cyt (Tab6a. 1). HabmoneHus BHINOIHSIIOT -
CSI C UIOJISI IO CEPEeNUHY CEHTSIOpS, IPUIEM U3MEPSI-
eTCS UCKITIOYUTENTbHO TassHUE 21b0d, a BpeMeHHO X0
TassHUS cHeea He pukcupyetcs. o 2020 r. usmepe-
HUSI IPOBOIMINCH IO Mepe HEOOXOAMMOCTHU I1epedy-
pUBaHUS peeK, MO3TOMY YacTOTa 3aMepPOB He pery-
JISIpHA BO BpE€MEHM Y 3aBUCUT OT JMHAMUKU TasTHUSI B
KOHKpPETHBII ce30H; B 2021/22 1. u3aMepeHus uee-
HaIlpaBJIEHHO TPOBOAWJINCH TI0 YYaIlleHHOM Mpo-
rpamMmMe.

s nanpHeiiero aHaau3a MCHOJAb3YIOTCS JaH-
HbI€ C IBYX M3MEPUTEJIbHBIX IJIOIIAN0K (CM. puc. 1):
¢ HikHel (manee — LS, lower site) 1 pacIiojIoXXeHHOM
onvke K eHTpy JenHuka (mainee — CS, central site).
CHeXHbI TMOKPOB B paiioHe 3TUX JABYX ILIOILIAA0K
Krcye3aeT paHblile BCEro, MOATOMY KOJUYECTBO U3ME-
pEeHUIi aba1MU Jbla 3[ECh 32 CE30H MaKCUMAJIbHO.
HM3MepuTenbHble TUIOIIAAKM PACTIOIOXEHBI Ha BbI-
cortax 173 u 245 M Haz yp. mops (Ha 2019 1.) cooTBeT-
CTBEHHO.
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[TPOXOPOBA u ap.

Ta6muna 1. I/I3MCpCHHI)IC CKOPOCTHU TadHMA JibAa HAa ITOBEPXHOCTU JICAHUKA AnpneroHna u YCpCI[HéHHI)Ie 3HA4YCHUA MEC-

TeonapamMeTpoB B 2018—2022 rr.

CkopocThb abJIsSIluU Jibaa, CM/CYT CpenHuii MOTOK
KOPOTKOBOJTHOBOIA Cpenusis mpuseMHast
IMepuon BpemeHn B TeMmIieparypa
miontanaka CS | momanka LS Br/a Bosnyxa, °C
18.07.2018 01.08.2018 4.1 4.5 146.3 4.8
01.08.2018 07.08.2018 2.5 4.2 124.7 6.9
07.08.2018 13.08.2018 4.3 5.0 123.1 4.6
13.08.2018 20.08.2018 — 3.1 94.4 4.1
20.08.2018 10.09.2018 — 2.1 49.3 3.6
10.09.2018 19.09.2018 — 0.0 56.4 0.0
07.07.2019 20.07.2019 1.5 5.4 161.1 4.7
20.07.2019 31.07.2019 4.5 5.5 153.3 5.5
31.07.2019 13.08.2019 34 4.2 187.1 4.5
13.08.2019 02.09.2019 1.0 2.3 71.5 3.2
02.09.2019 16.09.2019 0.9 1.2 40.7 3.0
07.07.2020 25.07.2020 4.2 4.7 121.5 6.2
25.07.2020 05.08.2020 4.7 6.6 203.0 9.7
05.08.2020 19.09.2020 2.0 2.4 69.7 4.2
15.07.2021 20.07.2021 2.8 4.8 119.0 5.2
20.07.2021 27.07.2021 4.6 4.3 169.1 5.0
27.07.2021 31.07.2021 4.5 4.0 98.5 4.8
31.07.2021 05.08.2021 4.2 4.4 130.7 6.2
05.08.2021 10.08.2021 4.8 4.8 143.3 5.2
10.08.2021 14.08.2021 2.5 3.8 101.4 5.5
14.08.2021 17.08.2021 2.0 3.3 118.5 3.0
17.08.2021 25.08.2021 2.1 2.0 75.0 3.6
25.08.2021 31.08.2021 1.8 2.3 57.4 4.7
31.08.2021 07.09.2021 1.4 1.3 66.5 3.0
07.09.2021 11.09.2021 0.0 0.3 64.8 1.8
11.09.2021 27.09.2021 1.6 2.1 24.5 34
02.08.2022 08.08.2022 3.5 5.8 94.4 6.3
08.08.2022 13.08.2022 3.0 6.2 102.6 5.1
13.08.2022 20.08.2022 3.0 3.3 70.9 3.1
20.08.2022 26.08.2022 1.5 2.0 105.8 3.8
26.08.2022 01.09.2022 1.7 0.7 86.4 2.9
01.09.2022 08.09.2022 34 4.3 39.3 4.1
08.09.2022 15.09.2022 0.0 0.0 41.6 1.3

B HUCCIEeJOBAHUU UCITOJIb30BaHbI JaHHBIC 3a TE€ I'O-
IIbI, KOTIa OTCYETHI 110 peiiKaM CHUMAaJIMCh YeThIpe U
GoJiee pa3 3a ce30H, 0OecIeunBasi TeM CaMBIM He Me-
Hee Tpex U3MepeHuii ctassiero cios. [lepBoe nsme-
peHue B 6aJaHCOBOM IOy, BKIIIOYAIOIIEE OCTATOY-
HOE€ OCEHHEeEe 1 HadyaJlbHOE BeCeHHEeE TasiHUE W OXBa-
ThIBaolllee BpeMEHHOI MHTepBayi OoJiee IOJyrojaa,
UCKIIOYaIOCh U3 aHaimm3a. Jlaee, nj1st obecrieueHus
B3aIMHOI COMOCTaBUMOCTU HAHHBIX, U3MEpPCHUS

CTasIBIIIETO CJIOS JibJa ObLIM MEPECUUTAHBI B CKOPO-
cmu TasTHUS JIbIa B CM/CYT IIyTeM HOPMUPOBaHMST Ha
KOJIMYECTBO CYTOK B KaxK1IoM Iiepuoe (cMm. Tabi. 1).

Memeopoaoeuueckue oannste. Y Kpasl JefHUKA, HA
BhIcoTe 180 M Ha yp. MOpSI, YCTAHOBJICHA IIOCTOSTHHO
JIeMCTBYIOIIAas aBTOMaTnueckast MeTeoctaHinss Hobo
(mamee — AMC, cMm. puc. 1), nuamMepstioniasi TeMIiepa-
TYpY ¥ BIIAXXHOCTb BO31yXa, HAIIpaBIIEHUE U CKO-
Ne 2 2023

JIEA Vi CHET oM 63



BHYTPUCE30OHHAA M3MEHUYNBOCTD ABJIIALUNUN JJEAHUKA AJIBAETOHIA

Taomuna 2. KoahbuineHTh! TUHEHONM KOPPeIsiinuy MeX-
Iy CKOPOCTSIMU albJISILUM JIbIa Ha MOBEPXHOCTU JIETHUKA
AnbaeroHna, NpU3eMHOI Temmeparypoit Bosnyxa (7,;,) u
IMOTOKOM HUCXOJsIIel conHeuHoi paguanuu (SWD)

ITnomanka CS LS
MereonapameTp Toir SWD Tyi: SWD
2018 — — 0.86 0.87
2019 0.83 0.71 0.96 0.89
2020 0.88 0.89 0.98 0.99
2021 0.79 0.77 0.86 0.79
2022 0.81 0.21 0.90 0.34

pOCTb BeTpa, aTMochepHOe JaBJIeHUE U MOTOK MpHU-
XOJISIIIEi KOPOTKOBOJIHOBOI pagyaliiy B IMana30He
300—1000 aMm. BpeMeHHAST OMCKPETHOCTH M3MeEpe-
Huii — 1 yac. Borpoc penpe3eHTaTuBHOCTU 3TUX U3Me-
peHMIA 711 HOBEPXHOCTH JIETHMKA PACCMOTPEH Jajiee.

PE3VJIBTATBI U OBCYXIEHHUE

Cea3b abaayuu avda c memeopoaozuvecKumu ax-
mopamu. B 1a6n. 2 nepeducieHbl Ko3(hOUIIMEHTHI
JIMHEHOM KOPPEeJSILIMU MEXIY CKOPOCTSIMU TastHUS
JIbIA Ha U3MEpUTETbHBIX TuTomankax LS n CS n nBy-
MSI METEOPOJIOTUYECKUMU (haKTOpaMU — MPU3EMHOM
TeMIIepaTypoi BO3ayXa U HUCXOASIIIMM OTOKOM KO-
POTKOBOJIHOBOM panuanuu. BunHo, 4yto 15 Temrie-
paTypbl Bo3ayxa KO3(hGhUIIUEHTbI, MEHSIOLIUECS OT
0.80 10 0.98, cTaOUIBHO BHICOKM 32 BCE PACCMOTPEH-
HBIE€ C€30HBI. DTO MoATBepKIaeT BeiBOIbI (Ohmura,
2001) o ToMm, yTO TeMIiepaTypa BO3ayXa U pacCuMTaH-
Hble Ha €€ OCHOBE CyMMBbI Ipajyco-aHeli Teria siBsi-
IOTCSI XOPOIIUMU MPEAUKTOPAMU JIJISI KOJIMYECTBEH -
HOIl OLIEHKU TasiHUsI JIeTHUKOB. C TOYKU 3peHUS
TeTJI0BOTO OajlaHca JieAHUKa, TeMIepaTrypa Bo3ayxa
OIOCpeayeT MPaKTUYECKU BCE €r0 OCHOBHbIE COCTaB-
JISIIOLIME: HUCXOASIIMI MOTOK JJIMHHOBOJIHOBOM pa-
JIUALMU, TYpOYJEHTHbBIE TTOTOKHU SIBHOTO U CKPBITOTO
terura. PU3NIECKUM O00OCHOBAHMEM BTOTO CIYXKUT
TOT (PaKT, YTO YIOMSIHYTble KOMITOHEHThI B 3HA4YM-
TEJIbHOM CTEMEeHU 3aBUCST OT TeMIIepaTyphbl BO31yXa.
IToaTOMY CHMXXEHME KOPPEJISILIMU C [TIOTOKOM MPUXO-
IS KOPOTKOBOJIHOBOM panraluy ¢ ONHOBPEMEH-
HBbIM COXpaHEHMEM CBSI3U C TeMIEepaTypoil Bo3myxa
MOXET yKa3blBaThb Ha 3HAUYUTEJIbHOE BO3pacTaHUe
poJi TYpOYJIEHTHBIX TTOTOKOB U JITMHHOBOJHOBOIO
U3JIy4eHUsI B CTPYKTYpe TEILUIOBOTO OajaHca JenHUKa
B OTJE/bHBIE TOBI.

3HauyeHUsT KO3(PPUIIMEHTOB KOPPEIIINN MEXIY
abJisIMeit ibaa 1 KOPOTKOBOJTHOBOM paauanueit mis
ce30HOB 2018—2021 rT. Takke BBICOKU (CM. TaOII. 2),
YTO 03HAYAET BHICOKYIO JOJII0 U3MEHYMBOCTU MOTOKA
COJIHEYHO# paaualuu B M3MEHUYMBOCTU HCCIeaye-
Moii BesinunHbl. CaMo 1o cebe 3TO He 00si3aTesIbHO
03HAYaeT, YTO KOPOTKOBOJIHOBAS paaualus sIBIsIeT-
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csl mpeo01agaonuM KOMIIOHEHTOM TeIJIOBOro 0a-
JlaHca JienHuKa Anbaerodaa. OqHako 3TOT pakT ObLT
paHee MOpPOJEeMOHCTpUpPOBaH B paborax (Arnold,
2006; Zou et al., 2021) misg ApYruxX HU3KOPACIIOJIO-
>KEHHBIX JICIHWKOB Ha 3arnagHoM, aTJaHTUYEeCKOM
nob6epexbe IInundeprena, a takke B padote (IIpo-
XopoBa u Ap., 2021) aj1st caMoro JiemHuKa AJTbAEeTOH-
na. B aToM citydae BIusiHe U3MEHUYMBOCTU KOPOTKO-
BOJIHOBOI pagvallii Ha BHYTPMCE30HHYIO U3MEHY -
BOCTb aOJISIIIUU JIbIA MOXET ObITh BBICOKMM 32 CUYET
OoJibllIeit aMIUIUTYIbl 3HAYEHU I paaraliuu 1Mo cpaB-
HEHMIO C OCTAJIbHBIMUA COCTaBJISIIOIIMMU TEILIOBOTO
OamaHca. IIpeoOmagaroiiass o0JIsi MPUXOISIIEH KO-
POTKOBOJIHOBOI paauanuu uMena Obl BaXKHOE CJIeI-
CTBUE, Jieyiasl JIETHUK YyBCTBUTEIBHBIM K U3MEHEHM~
M anp0eno ero moBepxHOCcTU. OCHOBHBIM (hakTo-
pOM, U3MEHSIIOIIUM alb0e0 JESTHUKOB B IIMPOKMUX
mpeneiax, SIBAsSIOTCsS TBepable ocanku. Tak, mist co-
ceHero JegHWKa 3anamHbiii [péHdropa mokasaHo,
YTO 3HAYEHUSI €ro roJI0BOro 6ajjaHca UMEIOT T0BOJIb-
HO BBICOKME KOppeJISIIUU ¢ 3MMHUM OajaHcoM (Ter-
ekhov et al., 2022). YeM moiblie JeOHUK OCTAETCS
YKPBIT CHEXKHBIM TTOKPOBOM B HavaJjie Jieta, Ha KOTO-
poe MPUXOIUTCS MUK MPUXOIIINC KOPOTKOBOJIHO-
BOM pamuanuy B OKPECTHOCTSIX bapeHiOypra, tem
BBILIIE OyAET ero cpegHee ajpOeno, M, cleqoBaTellb-
HO, KOJIWYECTBO ITOIIOIIEHHO COMHEYHOM pammua-
M OKAXKETCS 3HAYUTEIbHO HIDKE.

B 2022 r. xoppensiimoHHasI 3aBUCUMOCTb a0JIsi-
IIMA OT TTOTOKA COJTHEYHOW paguamuy pe3Ko Hapy-
maeTcs: 3HayeHUs1 KO3(M(OUIIMEHTOB COCTABISIOT
Bcero 0.21 u 0.34 ua rwromankax CS u LS cooTBeT-
CTBEHHO. B ymoMsHyTBIX BBIIIIe paboTax MmoKas3aHo,
YTO B MacllTabe HECKOJIbKUX YacOB WJIM CYTOK BO3-
MOXHO KpaTKOBpEMEHHOE WM3MEHEHHME COOTHOIIE-
HUsI KOMITOHEHTOB TETUIOBOTO 6ajlaHca B ITOJIb3Y TYpP-
OysieHTHBIX TOTOKOB (Prokhorova et al., 2023).
DTO NO3BOMISET BBIABUHYTH TUIOTE3Y, YTO B 2022 T.
MMogo0HOE yBeJIMYeHNE BKIana TypOyJIeHTHBIX TOTO-
KOB, KOTOpBbIE€ B 3HAUUTEIbHOI Mepe 3aBUCST OT TEM-
repaTypbl BO3OyXa, MPOMCXONIO Ha TPOTSLKEHUH
OosrbmIeit yacTu ce3oHa. TakmM oOpa3oM, yxXKe M3-
BECTHBIC 3aKOHOMEPHOCTU COOTHOIIEHUSI KOMITO-
HEHTOB TEIJIOBOTO OajaHCa MOBEPXHOCTH HIU3KOpac-
TTOJIOKEHHBIX JISTHUKOB IOCTATOYHO peEIpe3eHTa-
TUBHBI JIJIs1 OOJIBIIIMHCTBA CE30HOB, HO B OTIEbHBIC
TOIBI HAGTIOOAIOTCS aHOMAJINH, HapyIIaloIIe Cpel-
HECE30HHOE COOTHOIICHUE, B YACTHOCTH, CHMXKAIO-
II1e 3aBUCUMOCTD abJIsLIMU JbAa OT MOTOKA KOPOT-
KOBOJIHOBOI paauanuu Ha ¢poHe pocTa BKJIana B ab-
JISILMIO TeMIIePaTyphl BO3yXa 3a CYET TypOYICHTHBIX
MOTOKOB.

Penpezenmamusnocmo ucnoavzoeanus dannvix AMC.
Ilepen Tem Kak IOApPOOHO pacCMOTPETh HapylIeHHUE
KOPPEISILNYA MEXIy aOJISIIUeil U COJIHEeYHOI pammra-
nueit B 2022 1., pacCMOTPUM BOIIPOC pepe3eHTAaTUB-
HOCTM JAHHBIX, M3MEPEHHBIX METEOCTaHLIME 3a
IpeaeaMu JISIHUKA, IJIsI CAMOM eTo IToBepXHOoCcTH. B
XOOe CE30HHBIX HAOIIOACHMI B LICHTPAJIbHOM YacTu
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Puc. 2. CpaBHeHUe (a) MOTOKA MPUXOASIIEH KOPOTKOBOJTHOBOM COJTHEYHOW paauallii B LIEHTPAIbHOMN YacTU U B HU3OBBSIX
JIEMHUKA; (6) IpU3EeMHOI TemIiepaTypbl Bo3nyxa Ha AMC, ycTaHOBJIGHHBIX HEIMOCPENCTBEHHO Ha MOBEPXHOCTH JIGAHUKA U

BOJIM3M Hee Ha paBHOI BBICOTE.

Fig. 2. Comparison of (a) incoming short-wave solar radiation flux in the central part and in the lower reaches of the glacier;
(6) surface air temperature on meteorological stations installed directly on the surface of the glacier and near it at an equal height.

JIeMHUKa BOJU3UW W3MepuTeNbHON Tromanku CS
BPEMEHHO YCTaHaBJIMBAJIACh MOIOJHUTEIbHAS Tell-
Job6anaHcoBast craHuus (cMm. puc. 1). JlaHHbIe I10
COJTHEYHO pagvaiiiy ITOKa3ajl XOPOIIyIO COTIaco-
BaHHOCTb MEXIy HAOIIOACHUSIMU B HUKHEN U 1IeH-
TpaJIbHOM YacTax JegHuka (puc. 2, a).

st OLIEHKM perpe3eHTaTUBHOCTU JTaHHBIX O
MPU3EMHOI TeEMITepaType BO3/yXa 1 BJIaXKHOCTH, T1O-
JIy4eHHBIX BHE JIETHUKA, B Xone akcrenuumii 2021 /22 1.
MPOBENEeHBI pabOTHI TTO ycTaHOBKE BpeMeHHOo AMC
HETMOCPEACTBEHHO Ha MOBEPXHOCTH JIEMHUKA Ha TOM
JKe BbICOTE, YTO M CTallMOHApHAasi. YCTAHOBJIEHO, UTO
Mpu Tiepexoe OT TMTOBEPXHOCTU, Ha KOTOPOW pacrio-
JIOXKeHa cTalluOHapHasi MeTeOCTaHIIMsl, K TOBEPXHO-
CTH JISMHUKA MPOUCXOIUT TeMIepaTypHBI CKAuyOoK,
KOTODPBII B CPETHEM COCTABJISIET [JIs JIETHETO CE30Ha
okoJjio 1°C (cM. puc. 2, 6). I1pu 3TOM M3MEHYUBOCTh
B MOKa3aHUSIX TeMIIepaTypbl BO3AyXa COXpaHSeTcs,
MO3TOMY JaHHbIe MOCTOSTHHOU AMC uCTIONb3yIOTCS
IUIS. pacyeTa KOppeisiiiuii co CKOPOCTSAMU alasuun
Jiba 6e3 BHECEeHUsI KOPPEKTUPOBOK.

HM3meputenbHas romaaka CS MoXeT cauTaTbCst
pernpe3eHTaTUBHONM i1 JieMHUKA AJIbAeroHja.
ITo mTaHHBIM MHOTOJIETHETO TISIIIMOJIOTUYECKOTO MO-
HHUTOpMHTIa Ha 3ToM JenHuke (2013—2020 rr.), Beau-
yhHa abusauu Jbaa, uamMepeHHas Ha CS, koiauue-
CTBEHHO COBIIQJIa€T CO CPEAHUM IIO0 JIENHUKY 3Haue-
HUEeM: KO3 PUILIMEHT JIMHEMHON KOPPEISILIUN MEKIY
IByMs1 BeanuuMHaMu coctasiseTr 0.98 (puc. 3). He-
CMOTPS Ha TO YTO Ha JIEMHUKE PACTIOIOXKEHBI TAKXKE 1
Jpyrue abasiMOHHbIE peiiku, Ha OOJBIINX BbICOTAX,
MX OTCYETHI HE 3aefiCTBOBaHBI B JAHHOM MCCJIeIOBAa-
HUU U3-3a 00JIee MO3HETO CX0/a 3/1€Ch CHEXHOTO T0-
KpOBa, 1, KakK CJIe[ICTBUE, MEHbBIIIETO KOJUYEeCTBA 13-
MEpPEHHbIX BpeMEHHbIX MHTEPBAJIOB a0JIsILIMU JIbAA.

Anomaavhasn enympuce3onnasa uzmenuueocmo 2022 2.
IIpencraBiaeHHbBIE pe3yabTaThl TOKA3bIBAIOT, UTO TEC-
Hasl CBS3b C TEMIEPaTypoOil BO3Ayxa COXpaHsIeTCs, HO
KOppeJIsilius ¢ MOTOKOM TIPUXOASIIEH COTHEYHO
panuaiyu 3HAYUTeJIbHO CHUXeHa. YToObl Tpoje-
MOHCTPUPOBATb UBMEHEHUSI BO BHYTPUCE30HHOI 13-
MEHUYMBOCTHU a0JI1IMU Jibaa, TpUBeaIINe K Habioaa-
eMoMy B 2022 T. yXyIIIIEHUIO CBSI3U TasHUSI C COTHEU-
HOWl pammanmeit, paccCMOTPUM BpPEeMEHHON Xomn

CpenHee Mo JeTHUKY, M B.3.
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Puc. 3. CpaBHeHUE BETMYUHBI TAsTHUS JTbIa, U3MEPEHHO-
ro Ha rutotanake CS co cpenHeit o JIeAHUKY BEJTMYNHOIM.

Fig. 3. Comparison of the ice melt measured at the CS site
with its glacier-averaged value.
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Puc. 4. BpemeHHOi xon MeTeoBeanurH B 2022 . Ha (hOHE UX MHOTOJIETHUX HOPM.
Fig. 4. The time course of meteorological variables in 2022 against their long-term normal.

METEOPOJIOTUYECKNX BEJIMYMH Ha (POHE MX MHOIO-
JIeTHUX HOpM (puc. 4). BumHo, 4T0 MaKCUMyM TeM-
repaTyphbl BO3AyXa IIPUXOIUTCS B UCCIIEAYEMOM paii-
OHE Ha BTOPYIO MOJOBUHY HUIOJIS, ITOCJIE YEro MOET
TIOCTEIIEeHHBIN e€ crnan. [ mpuxonsiieil KOpoTKO-
BOJIHOBOI paaualuM, TEOPETUUECKUI TTHUK, OIpEae-
JISIEMbIIA aCTPOHOMMYECKUM (PAKTOPOM, CABUHYT BO
BPEMEHU OTHOCUTEIBHO TEMIIEPAaTYPHOTO MaKCHUMY-
Ma 1 JOJIKeH MpUXoauThes Ha 21—22 utoHs1. OgHako,
dakTYeCcKU, n3-3a 0COOCHHOCTEIl 00JIaYHOCTH, HA
MNPOTSKEHUM BCETO UIOHS — BTOPOIA IIOJIOBUHBI MIOJISI
B OKpECTHOCTsIX bapeH110ypra Ha0ogaeTcs “ruiaTto”
BBICOKUX 3HaYeHUI paguanuu. M3-3a Toro, 4o aen-
HHK YKPBIT CHETOM 10 BTOPOii MOJIOBUHBI UIOJIsI, HE-
COOTBETCTBME MaKCMMYMOB JIBYX (DAaKTOPOB B HayaJjie
JIeTa HUKaK He MPOSBIISIET cebsl B TassHUM Jibaa. I1o-
cJie TOro, KaK IIOBEPXHOCTb JIba OUMIIACTCS OT CHE-
ra, 3HauyeHus OOOMX MeTeolapaMeTpOB HaYMHAaIOT
CHMZKAThCSI, OoOecIieynBasi TECHYIO KOPPEJSILUIO C
obomMn (pakTopaMu Ha MPOTSKEHUM OOJILIIITHCTBA
PacCMOTPEHHBIX CE30HOB.

OcpegHeHHBIN “KyImoa000pa3HbBIii” Xom TeMIle-
paTypsbl ObLT HapylieH B 2022 T. CMJIbHBIMU TTOJIOXKU -
TeJIbHBIMU aHOMAJIUSIMU B Hadajie U B KOHIIE C€30Ha
TasiHUSI: DKCTpeMajbHble 3HAYCHMSI aHOMAaIWii Ha-

JEI U CHET  tom 63 Ne2 2023

OonaIuCh B KOHILIE Masli — TIePBYIO HEAEIO UIOHS U
B ceHTsI0pe (cM. puc. 4, a). MioHbCKU1 31TU30/1 CUJIb-
HOTO TMOTEMNJIEHUsI HE MOT HEMOCPEICTBEHHO BJIUSIThH
Ha TasiHU€ Jiblla, MOCKOJbKY B 3TO BpeMsl IMOBEpX-
HOCTB JIEMHMKA ObLIa ITOKphITa cHeroM. CeHTSIOphb-
CKUit 31301 HAXOIUT OTpaKeHWE B HATYPHBIX U3ME-
PEHUSIX: CPENHSISI CKOPOCTh TasiHUs ¢ 1 1o 8 ceHTAa0ps
2022 1. cocraBuna 3.4 n 4.3 cm/cyt (CS u LS cooTBeT-
CTBEHHO), Yero IMpexae B OCEHHUI mepuoj B Uccie-
JlyeMoM paiioHe He Habmoaa1ock. [TocKonbKy MOTOK
KOPOTKOBOJIHOBOI panuanuu Ha IlInunbepreHe He
MOXET ObITh BBICOKMM B CEHTSIOpE Jaxke Mpu MOJIHO-
CTBIO SICHOM HebOe (cM. puc. 4, 6), CEHTIOpbCKME IO~
JIOXXKUTEIbHbIE aHOMAJIUU TEMIEPATYPbl, BbI3BABIIIVE
yCWJIEHUE a0, HapyllaloT ONMMCAHHBbIE paHee
YCTOMYUBBIE KOPPEJSLIMU C COJTHEYHON paarualuei.

IMosioxuTenbHBIE aHOMAJIMU TEeMIIEpaTyphbl BO3-
JlyXa HaOJII0IaIMCh HE TOJILKO Ha TEPPUTOPUU apXU-
rejara, HO ¥ BO Bceil EBporie Ha NpoTSKEHUM MpaK-
TUYECKU BCETO JIETHE-OCEHHETO Ce30Ha, U OBIJIN BBI-
3BaHbl MaciuTabHoil BoiHOM Teruia 2022 r. BoiHbl
TeIUia — MPUPOIHOE SIBJIEHUE, XapaKTepu3ylolleecs
NEepUoOJOM aHOMAaIbHO KapKOil IOroabl, KOTOpas
MPOSIBIISIETCS HA OMNpeaesIeHHOM TEPPUTOPUHU BCIEI-
crBue atMocoepHbix dakTopoB (Robinson, 2001).
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[IpyynHEL 3TOro SIBJIEHMS CBSI3aHBI C BO3HUKHOBE-
HUEM OJIOKUPYIOIIMX aHTULUKIOHOB. [JIs1 3TOro sIB-
JICHUSI XapaKTepHa cTaOujIbHasl IOroaa ¢ BBICOKMMU
TeMIlepaTypaMu BO3ayxa, HOHKEHHOM BJIAXKHOCTBIO
U BbICOKMM aTMocdepHbIiM nasiieHueM (di Capua et
al., 2021). AHanM3 CUHOINITUYECKOU cuTyauuu ¢ 1 mo
8 ceHTsa6ps 2022 T. mMoKa3pIBaeT, YTO aHTUIIMKIIOH,
paHee yCTaHOBUBILIMIiCS Han EBpoI1oii M IpuHeCcIInit
aHOMAJILHYIO XXapy, CMECTHJICSI CEBEpHEe U apXuIie-
jar ImmmbepreH 1morant o ero BIUsSHUE, YTO CAe-
Jlajlo CeHTS0ph B cpeaHeM Ha 2°C Teruiee HOPMbI
(Copernicus, 2022).

Takum o6pa3zom, BonHa Terwia 2022 T. OBIMsIIA
Ha BHYTPUTOIOBOM XOI aOJISILIMU JbIa Ha JIGTHUKE
AJlbIeTOHIa, UBMEHUB CPEIHECE30HHOE COOTHOIIIE-
HUE KOMIIOHEHTOB TEILIOBOTO OajlaHca 1 3aBUCHMO-
CTH a0JISAIINM JIbIA OT METECOPOJIOTHUUSCKUX BEJIMIMH,
HaOMogaBIIMeCs B TIpenblayiiie ce3oHbl. Ilo mo-
CJICMHUM OIIeHKaM, ONAacCHBIE METEOPOJIOTUTYECKHE
SIBJICHWSI, BKJIIOYasT TakKoKe W BOJIHBI Terlia, OymayT
MPOUCXOIUTH B OyayIlIeM Yallle, OXBaThbIBasi 0OJIbIINE
TEPPUTOPUH, U OYIyT UMeTh OOJIBIIYIO TTPOXOJIKM-
tesbHOCTD U BesmmunHy (IPCC, 2021). B pesynbrare B
OnvkaiiieM OymylleM BO3MOXKEH POCT TypOyJIeHT-
HO-aIBEeKTUBHOIO ¢akTopa (C OTHOBPEMEHHBIM
CHIDKEHUEM POJIM PAIallMOHHOTO (DakTopa) TassHUS
HU3KOPACIIOJOKEHHBIX JIGTHUKOB.

Ilpakxmuueckue caedcmeus 041 M00eAUPOBAHUA.
g MomenupoBaHUsT abIsIIUU JIEAHUKOB 3a4aCTyIO
UCIIOJIB3YIOTCSI TIPOCTBhIE 3MIUPUYSCKUE MOACIU,
CBSI3BIBAIOIIME €IUHCTBEHHBIN TMPEIUKTOP — TMpU-
3eMHYIO TeEMIepaTypy Bo3ayXa — C TassHUEM TTOBEpX-
HocTH. [TomoOHBIN Kitacc Mojaeneit, UMEIOIINX oJe-
BUJHOE TPEUMYIIIECTBO B X HETPeOOBATEIbHOCTH K
MCXOOHBIM JTaHHBIM, Ha3biBaeTcd “T-index momenn”
(Ohmura, 2001). MIx yacTHBIN clly4ail — u3BecTHasl
amnupudeckass moaenab Kpenke—XomakoBa (KpeH-
Ke, XomakoB, 1966), mpuMep MpUMEHEHUST KOTOPOM
st negauka Bocrounsiit Ipéndropn Ha Hnuidep-
reHe rmokasaH B pabore (YepHoB u ap., 2019).

IIpennonaraercs, yro T-index mMomenau DOJKHBI
MIPUMEHSTHCS ¢ HEKOTOPBIM SMITMPUYECKU HalIeH-
HBIM “perMoHaIbHbIM” Ko3dduiimeHToM (Jinbo MH-
IVUBUIYAJTbHBIM JUISI KaXXOOro JIeAHUKA), HeU3MEH-
HBIM JJIsI KaXKI0T0 rofa MoaempoBaHus. VIcmonb3o-
BaHME TTOJOOHBIX MOAEJIEN OBIIO MPEIJIOKEHO B Te
BpeMeHa, KOIjma KJIMMAaT CYMTAJICS CTAallMOHAPHBIM.
DTO oTpaxaeTrcsl, HallpuMep, B pabOTe COBETCKMX
msinuonaoroB toii amoxu  (Grosval’d, Kotlyakov,
1969), B KOTOpOI1 ObLIa MPEANTPUHSATA MOIBITKA BbI-
SIBUTh LIUKJIMYHOCTH B TOCTYITHBIX MacC-0a1aHCOBBIX
psaax U CpaBHUTH MO MUPOBBIM LIEHTpaM OJieieHe-
HUSI COABUT OTHOCUTEJILHO APYT Apyra pa3 3TOM LMK~
JmyHocTd. OOHAKO HaYyMHAasl C MOCJIEOIHEro AeCITH-
Jetust XX B. YCUINS TJISLIMOJIOTOB MOCBSIIEHbBI TOMC-
Ky B HAKOIUJICHHBIX psIax JOJATOCPOYHBIX TPEHIOB U
OTIEJICHUIO KINMAaTUYECKOTO CHTHaja OT CUTHAJIOB
npouyux (pakTopoB, BIMSIONINX Ha OaJlaHC MAacChl

[TPOXOPOBA u ap.

JIEMHUKOB, B 4acTHOCTH, MopdomeTpudeckoro (Ha-
gen et al., 2005; Vincent et al., 2017; Charalampidis
et al., 2018). [Togpa3zymeBaemasi IIpy 3TOM HEeCTaIIO-
HaApHOCTH KJIMMAaTa BJIEYET 3a cOOOI MOTepro Iper-
CKa3aTeJbHOI CUJIbI SMITUPUIYSCKUX MOAENIeil B Oy-
noyieM (Oerlemans, Hoogendoorn, 1989).

IIpencraBiaeHHOE MCCAEeOOBAaHUE HAIJISIHO IIOM-
TBEPKIACT, UYTO M3BECTHBIE AMIUPUUIECKIE 3aKOHO-
MEPHOCTHM MOTYT MEHSIThCS C T€UYEHMEM BpPEMEHM.
I[TosToMy B TmociaegHue AECATWICTUSI Ha TNEPBBIit
IJTaH BBIXOIAIT O0JIee CIIOKHBIE MaTeMaTU4eCKIE MO-
JIeI, OCHOBaHHbIE Ha TaK HAa3bIBAEMOM pProcess-
based mogxome, T.e. Ha ONUCAHUY MEXaHU3MOB (PU3H-
YeCKMX B3aNMOJIIECHCTBUI B cICTEMe aTMocdepa — JIel-
Huk (O’Neel, 2019). BrisiBienue ¢pakTopoB U Mexa-
HU3MOB, OTBETCTBEHHBIX 3a TasiHUE IOBEPXHOCTH,
BaXKHO C TOYKM 3PEHMS aHAJIM3a YyBCTBUTEIBHOCTU
JIEMHUKOB K KJIMMAaTUYECKUM M3MeHeHUusaM. Pusu-
YyeCKM 000CHOBAaHHEIC MOAESIN TPEOYIOT 3HAUNTEIIb-
HO OOJIBIIIETO KOJIMYECTBA BXOIHBIX JaHHBIX, HO OHH
B HAWIYYIlIEi CTEIIEHU OIMChIBAIOT OCOOEHHOCTH Ta-
SHUS JeAHUKa ¢ HabmomaeMblM Ha llInunGepreHe
TepeXoa0oM OT TasTHUST PagualliOHHOTO TasTHUS K ajl-
BEKTUBHO-TYpPOYJIEHTHOMY.

BbIBO/1bl

3HauyeHUs a0 JIbIa Ha JISTHUKE AJTbIErOHIA
B OTIEJIbHBIC CE30HBI ITyOJIMKOBAJIMChH paHee, HalIpy-
Mep, B pabore (Cumopona u np., 2019). OgHako 3Tu
3HAYCHMS ObLIM CYMMapHBIMU 3a 0aJJaHCOBBIEC TOMIBI
M HE MO3BOJISUIM IPOBECTU OLIEHKY M3MEHUYMBOCTU
BEJIMYMHBI BHYTPU CE30HOB TassHU. B mpoBeneHHOM
KCCJIETOBAaHUY MBI BIIEPBBIE PACCMOTPEJIN BHYTpUCE-
30HHYIO UBMEHYMBOCTh BEJIMYMHBI a0JISIIIMY JIbIa Ha
nenHuke Anbaeronma (2018—2022 rr.) u e€ 3aBUCH-
MOCTbB OT ABYX MET€OPOJOTUYECKUX (haKTOPOB — TEM-
repaTyphl BO3Iyxa 1 OTOKa MPUXOASIIeil KOPOTKO-
BoiHOBOM pammanuu. IlokazaHo, 4TO B CE30HBI
2018—2021 rr. TecHass KOppeasiius CyLIEeCTBYeT C
oboumu pakropamu (0.80—0.98 st TemriepaTypbl U
0.71—0.99 nmi1s1 KOPOTKOBOJHOBOM pamualuu). DTO
KOCBEHHO YKa3bIlBa€T HaA BBICOKYID YYBCTBUTEJIb-
HOCTb JieqHUKoB IlImidepretHa, oKka3aBIIUXCS HUKE
COBPEMEHHOI1 CHETOBOM JIMHUM, K NU3MEHEHUSIM KO-
JIMYEeCTBA TBEPIBIX OCAJIKOB, BIUSIONIMX Ha aab0eI0
HX TIOBEPXHOCTH.

ITokazaHo, yTo B aHOMaibHbIA 2022 I. 3aBUCHU-
MOCTb TasiHUSI OT IMOTOKA COJTHEUHOM paaualuu pe3-
ko cHikaetcs (0.34 1 0.21 mis1 u3MepeHuii B HUXKHE |
U B LIEHTpaJIbHOMN YyacTu JiegHuka). C TOUKU 3peHUs
B3aMMOENCTBUS JIeAHUKA ¢ aTMOocdepoii 3TO 03Ha-
YaeT, YTO B OTAEJIbHBbIE CE30Hbl KOPOTKOBOJIHOBAs
panuanusi repectaeT UMeTh MpeobJianarolyo 10110
B TEIJIOBOM OajlaHCe MOBEPXHOCTH, a BKJIad TypOy-
JICHTHBIX MOTOKOB W JJIMHHOBOJHOBOTO OajlaHca B
TasiHUE yBeanuuBaeTcs. AHoManus 2022 1. BbI3BaHa
MacIITabHOM BOJHOM Temja, MMEBIIE MECTO Hand
Bceit EBporoii. BojnHa Teruia Hapyiiiia HOpMasib-
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HBIIf BHYTPUCE30HHBIN XOI METEORJIEMEHTOB, CyIlle-
CTBEHHO IPOIJIUB CE30H ab/ISILIMU B OCEHHUI TTepyr-
on. IIporHosupyemoe B OymyllleM ydallleHHE BOJIH
TEeIUIa TTOBJICYET U3MEHEHNE B MEXaHU3ME TasTHUS JIeH -
HukoB IlmumGepreHa oT mpeobiiagaolIero BKJIana
COJIHEUHOII pagualiiy K IpeoOJjiamaionieMy BKIIamgy
TYpOYJIEHTHBIX ITOTOKOB.

HMccnenoBaHue OeMOHCTPUPYET, HACKOJIBKO 3M-
MUPUYECKU BBISIBICHHBIE 3aBUCUMOCTU MOTYT Me-
HSITBCSI OT CE30Ha K CE30HY B YCJIIOBMSIX HECTallMO-
HApHOTO KJMMaTa. DTO HMMeEeT IBa BaXKHBIX CJIEM-
CTBUSI: BO-TIEPBBIX, BHIBOOBI O TEIJIOBOM OajiaHce
JIEIHUKOB, CIeJIaHHBIE 10 pe3yJbTaTaM HaGI0IeHUIA
OIHOTO Ce30Ha, ClIeAyeT SKCTPAroJupoBaTh BO Bpe-
MEHHM C OCTOPOXHOCTBIO; BO-BTOPBIX, IIpeacKasa-
TeJIbHASI CTOCOOHOCTD PErPeCCUOHHBIX MOIENIE, TTO-
CTPOEHHBIX Ha OCHOBE IMPEIIECTBYIONINX HAOII0Ie-
HUI, OKa3bIBAETCSI IO BOITPOCOM.

BaaromapaocTu. ABTOpPHI BbIpaxkaloT OJjaromap-
HOCTb y4acTHUKaM Poccuiickoil apKTUYecKoi 3KC-
neauuny Ha apxurenare [Inundepren AAHUMN 3a
MpeaoCcTaBlIeHHOE 000pyaOBaHUE, 32 TIOMOIIb B Op-
raHu3aluy U IPOBEACHUM MOJIEBBIX padoT.

MccnenoBaHue BBHIMOJIHEHO B paMKax TeMbl 5.1.4
ITnana HUTP Pocrunpomera Ha 2020—2024 rr.
“MOHUTOPUHTI COCTOSIHUSI W 3arpsI3HEHUS] IIPUPO/I-
HOM cpenbl, BKIIIOYass Kpuochepy, B ApKTUIECKOM
OacceliHe M paifoHax HayYHO-UCCIEI0BATEIHCKOTO
crauuoHapa “JlemoBas 6a3a “Mepic bapanoBa”, ruu-
poMeTeopoJioTndecKoif oocepBaropnn Tukcu n Poc-
CUICKOTo Hay4yHOTo LieHTpa Ha apxunenare IImuii-
OepreH”.
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The intra-annual variability of the surface ice ablation on the 5.5 km? Aldegondabreen glacier (Spitsbergen
Island, Barentsburg area) is presented. The ice ablation was measured during five seasons (2018—2022) at the
two stakes, installed in the lower part of the glacier and at the index site, where the amount of ablation nu-
merically coincides with the glacier-averaged value with the » = 0.99 agreement. The temporal resolution of
the ice ablation data is uneven and varies from 3 to 45 days. To carry out the correlation analysis, meteoro-
logical data from the automated weather station located near the glacier terminus are used. The ice ablation
rates, obtained after normalization for the number of days between stake readings, have a tight correlation
with both the air temperature and the downwelling shortwave radiation flux for most of the seasons, in 2018—
2021 (r = 0.71—0.99). Surface air temperature and short-wave radiation are closely related; the above esti-
mates indicate the leading role of short-wave radiation in the summer ablation of the glacier in the period
2018—2021. The year 2022 became anomalous, as the correlation with the shortwave radiation significantly
decreased (r =0.21—0.34). The European heat wave of 2022, which also affected the Svalbard archipelago,
interrupted the ordinary intra-annual variability of the air temperature, causing the unprecedented ice melt
on Aldegondabreen in September. The predicted increase in frequency and intensity of the future heat waves
will result in an increased role of turbulent fluxes in the surface energy balance of the low-elevated Svalbard
glaciers. The article demonstrates how the empirically identified dependencies can change from season to

season in a non-stationary climate.

Keywords: Arctic, Svalbard, glacier mass balance, short-wave radiation, heat wave
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Ha ocHoBe naHHbBIX HaGMIONEeHWI Ha TenHUKe ['apabaiiy Ha Ioro-BOCTOYHOM CKJIOHE DyibOpyca B (heBpase
2021/22 r. npoBeneHa Bepupukauus LSM SPONSOR nist ycnoBuii nepuona akkymyissuuu. [TokazaHo,
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CHEXHOI ToBepxHOCTU He TpeBbiiiaeT 1°C. Kpome Toro, Moneiab aneKBaTHO BOCIIPOM3BOIAUT TepMUYE-
CKMI pexXuM TIIyOOKMX CJIOeB CHEXXHOro TmokpoBa. [lokazaHo, yTo MeTonuyeckasi mpoobjaeMa u3MepeHui
TEPMMUYECKOTO peXrMa B HApYIIIEHHOM CHEXKHOM ITOKPOBE MOXKET MPUBOAUTD K CYIIIECTBEHHBIM OLITMOKaAM
U3MepeHus TemriepaTypbl cHera. CpaBHEHUE Pe3y/IbTaTOB MOACIMPOBAHUS C TPSIMBIMU U3MEPEHUSIMH T10-
TOKOB SIBHOTO TeIlIa 1o MeTony eddy covariance mokasajo UX Xopolllee COOTBETCTBUE (KO3 DUIIMEHT KOp-
pensitiiu 6osiee 0.9), XOTs 15 Cllyd4aeB TeMIlepaTypHO MHBEPCUU B TIPU3EMHOM CJIO€ OTMEYAEeTCsl CUCTeE-
MaTUYeCcKOe 3aBhIlIeHNE MOJEIbIO A0COMIOTHBIX 3HaYeHUT TOTOKOB. Ha 0ocCHOBE JaHHBIX U3MEPEHUM BbI-
sBJieH (aKT HOCTAaTOYHO BBICOKON ITOBTOPSIEMOCTM BBICOKMX 3HAY€HUU TypOYyJICHTHBIX MOTOKOB B
YCJIOBUSIX UHTEHCUBHOTO PaIUallMOHHOTO MPOrpeBa B COYETAHUM C BBICOKUMU CKOPOCTSIMU BETPa, YTO MO
BCEIl BUAMMOCTH OKa3bIBA€TCSI TUTTMYHBIM JJIS1 BBICOKOTOPHBIX palilOHOB B 3UMHEE BpeMsl.
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Dnbbpyc, tenHuk lapabaiu
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BBEAJEHUWE

CHeXHbBIT MOKPOB B TOPHBIX paifiOHAX OIpeIesIsi-
JOIIIM 00pa30M BIMSIET HA O0aJlaHC MAacChl M TEIIO-
BOIi OaylaHC JIETHUKOB: IIPEXJIIE BCETO, Yepe3 aKKyMy-
JIALUI0, aaboeqHblil 3¢GEKT U TypOYJIEHTHBIN Tem-
moobMeH ¢ atmocgepoii. KpoMe TOro, oH BHOCHUT
3HAYUTEIbHBIA BKJIad B (OpMHUpPOBAHUE PEYHOTO
CTOKA B TOpax ¥ B 3HAYUTEILHOI CTETIEHU OITpeIeIs -
eT TIOBTOPSIEMOCTH OIMACHBIX MPUPOIHBIX SIBICHUIA.
ITosToMy 3amaya MOHUTOPMHIA U MOACIMPOBAHUS
CHEXHOTO TTOKPOBAa B ropax UMeeT BakKHOE 3HaUYeHUE
KaK B paMKax pa3BUTUS OJI0Ka AESATEIILHOTO CI0S 1
pPEYHOIO CTOKA B MOJIEJISIX PEYHOM CUCTEMBI, TaK U
JIJIsI TIOJTHOLIEHHBIX OLIEHOK 0ajlaHca MacChl TOPHBIX
JemHUKOB (Snow..., 2008), yTo 0COOEHHO BaxkHO B
YCJIOBUSIX BBICOKMX TEMIIOB COBPEMEHHOIO COKpa-
IeHUs TopHoro oneneHeHnus (Marzeion et al., 2014,
High..., 2019). KpoMe 3TOro, mpaBujibHOE IIPEACTaB-
JIEHUE TeMIepaTyphbl CHera BaxKHO JIJISI BOCIIPOU3Be-
JeHWs] B YHUCJIECHHBIX MOJEISIX MOTroAbl M KIMMaTa
TEIJIOBOTO OajaHca TOACTUIAIOIIEH MOBEPXHOCTH,

BEPTUKAJIBHOIO MEPEHOCA U IPYTUX BaKHBIX COCTaB-
JISTIONIUX 3eMHOi cucTteMbl. KoppekTHOe omnucaHue
CHEXHOTO ITOKPOBa B ropax UTrpaeT KIIOUEeBYIO pOJib B
paMKax IIPOTHO3a OMACHBIX MPUPOIHBIX SIBJICHUI B
ropax (JJaBuH, BOIOCHEXHBIX [IOTOKOB, ceJieii, TMKOB
MOJIOBOAbBS), a TakKXKe IJisl OLEHKM BO3MOXHOCTEIl
pa3BUTUS peKpeallMOHHON NHPPACTPYyKTYPHI B TOpax
(rIpexe BCcero, ropHOJIBIKHBIX KYPOPTOB).

[IIupokmii CreKTp HPOIECCOB, OMPEAC/ISIONINX
BPEMEHHYIO U3MEHUYMBOCTb (DU3NYECKUX XapaKTepU-
CTHMK CHera, HaxXxOIUT OTpaxXeHue B MHOrooOpa3uu
YHCJIEHHBIX MOJEJIE CHEXHOIro MOKpOBa pa3HOM
crenieHu cinoxHoctu (Krinner et al., 2018), kaxxmas u3
KOTOPBIX HalleJIeHa Ha ONpeae/ICHHBIN KPyT IpUKIaa-
HBIX WM (PyHIAMEeHTaIbHBIX 3amad. [1pu BKIroueHun
CHEXXHOTO ITOKPOBAa B MOJEJIM 36 MHOI CUCTEMBI U YMC-
JIEHHBIE MOJEJIN IIPOTHO3a MOT0AbI 3a4acTyIO IIPHUMe-
HSIIOT YIIPOIIIEHHBIE CXeMBI, TIpeHeOperas MHOTUMU
addexkTaMu, OKa3bIBaIOIIMMU BIUSIHUE HA CHEXKHBII
IIOKPOB Ha MOBEPXHOCTH TOPHBIX JICAHUKOB, IIO-
CKOJIBKY B TAaHHOM CJIy4ae CaMbIM BaXKHBIM SIBJISIETCS
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MIpaBUJIbHOE BOCHPOM3BEACHME ILIOMIANN, 3aHSATOM
CHEIroM, a TaKXKe €ro BOJHO-3KBUBAJICHTHOM BhICOTHI
(T'yces u np., 2015). Kak npaBuiio, B 6JI0Ke nesiTeab-
HOTO CJIOSI CyIIM (BaKHEMIel COCTaBIISTIONIEH JIIO-
00l KTMMaTUYECKOI MOJIeIN) HEe YIUTHIBAIOTCS BEP-
TUKaJIbHBIE TPO(MWIN IUIOTHOCTH M TeMIIepaTyphl
CHEXXHOTO ITOKPOBAa, a TAKXKE €ro MUKPOCTPYKTypa 1
ctpaturpacdpus. Kpome nepeunciaeHHBIX XapaKTepU-
CTHK CHEXHOI'O ITOKPOBa, IIsI GOPMUPOBAHUST HIK~
HEro rpaHUYHOTO YCJIOBUS B 3a1a4e YUCISHHOTO MO-
JienrMpoBaHUs aTMocdephbl BaxkKHbI TeMIlepaTypa I1o-
BEPXHOCTM CHera u ero ansbemo. Haubomee
($pu3NIECKH TTOJIHBIE MOAEIN CHEXKHOTO IIOKPOBA, JIe-
TaJIbHO OIIMCHIBAIOIIME €TI0 CTpAaTUrpParI0 U MUKPO-
CTPYKTYPY, TPEOYIOT OOJILIIIOTO KOJIUYECTBA XOPOIIIO
M3MEPEHHBIX BXOIHBIX IapaMETPOB U 3HAUYNTEIbHBIX
BBIYMCIUTEIbHBIX PECYpPCOB. DTO OIlpaBIaHO, Ha-
IIpUMep, I IIPOTHO3UPOBAHUS U TIPEAYIPEXKICHUS
JIJAaBUHHOM OMACHOCTH Ha JIOKAJILHOM 1 PErMOHaIb-
HOM MacmTabax WM TOYHOIO IIPOrHO3MPOBAHUS
SKCTPEMAaJIbHBIX THUIOPOJOTMYECKMX COOBITHIA. Pe-
3yJAbTaThl, TOJYYECHHBIC IIPYU IOMOIIM Pa3IMIHBIX
MOJIEJIEM CHEXXHOIO MOKPOBA [IJISI TOPHBIX paiiOHOB
(Boone, Etchevers, 2001), 1eMOHCTpUPYIOT 3HAYM-
TeJIbHBIE Pa3IMiMs B KA4eCTBE MOISIMPOBaHUSI.

ITpu 3TOM miIst Moneneid MPpOMEXYTOUHOM CIIOX-
HOCTHU MOJIHOTA ONMUcaHus (PU3UUYECKUX MPOLIECCOB B
CHEXXHOI TOJIIIIE U BHICOKOE KauyeCTBO PE3yJIbTaTOB
COYETAlOTCSl ¢ BKOHOMUEU BBIYUCIUTENIBHBIX pecyp-
COB U MeHee XECTKMMU TpeOOBaHUSIMU K KayeCTBY
BXonHoI nHdopmanuu. K TaKOBBIM OTHOCUTCS 010K
CHEXXHOTo MOKPOBa MOJEIU JIOKAJIbHOTO TerIoBJa-
rooomeHa (Land-Surface Model, LSM) SPONSOR
(IIImakun, TypkoB u ap., 2009), pazpaboTtaHHOI B
Hucturyre reorpapuu PAH. MHorouuciieHHbIE
9KCIIEPUMEHTBI, HampaBJ€HHbIE Ha UCCIEAOBAHUS
CHEXXHOTO TOKpOBa B pa3jIMYHbIX peruoHax 3eMJiu
(Slater et al., 2001; Etchevers et al., 2004; Krinner
et al., 2018; Essery et al., 2020), moka3bIBalOT, YTO MO-
nenb SPONSOR saBnsieTcss ogHoit 13 Hanbosiee mep-
CMEKTUBHBIX JJIs 3a7a4 OLIEHKU JTUHAMUKU CHEXXHO-
ro MOKpOBa B ropax Ha MHOTOJIETHEM MaclTabe.

YcnoBusa (popMUpOBaHUSI CHEXHOM TOJIIHN B TO-
pax CYILIECTBEHHO OTIMYAIOTCS OT TaKOBBIX Ha paB-
HuHe. Cpenu creunpUUYECKUX TOPHBIX (haKTOpOB
clieyeT OTMETUTD BBICOTY Hal Yp. MOPS, KPYTU3HY U
SKCITO3UIIMIO CKJIOHOB; WHTEHCUBHBIA METEJIEBbII
IIEPEHOC U METEJIEBYIO CyOIMMAIINIO; BIUSIHIUE OTO-
JIEHHBIX Y9aCTKOB CKaJl I MOPEH Yepe3 TeIJIOBOE 13-
JIydeHUe U TYpOyJIeHTHBIN TeII000MeH; 6oJiee BBICO-
KMe 110 CPaBHEHMIO C pAaBHUHOI 3HAYCHUS IIPUXOISI-
el KOPOTKOBOJHOBOM pamualuy W IeOUIINTHI
BrnaxkHoctu. Hanmpumep, B pabdorax (Bintanja, 1995;
Pomeroy, Jones, 1996) moka3aHo, 4YTO TOJIBKO 3a CUET
METEJIEBO CyOIMMalliM IIOTepsI CHEXKHOM MacChl
MoxeT gocturatbh 20% OT Tog0BOI CyMMBI OCaIKOB.
DTOT IpolLecC 0COOEHHO MHTEHCUBEH IIPU BBICOKMX
CKOPOCTSIX BETpa, KOTOPbIE YaCTO HAOIIOMAIOTCS BbI-
mre 3000 M Han yp. Mop# (32 CYET OJIM30CTH K CpenHei

JAPO3J10B u np.

Tponiocepe 1 3pPeKTOB 0O0TEKaHUS TOPHBIX XpeO-
ToB). Takke Ha mpumepe lleHTpanbHoro Kaskaza
OBLTO TTOKA3aHO, YTO 3aTPAaTHI TeTjIa Ha CyOIMMAIIio
KPHCTAJIOB BO BpeMs MeTelleil MOTYT HOCTUTaTh
70 Bt/M2, a B cly4asX HOYHBIX METEJEl — CTaHO-
BUTBHCS OTNPENEISIIOIEN KOMIIOHEHTOU TEIUIOBOTO
OajlaHca IMMOBEPXHOCTHU U TIPU3EMHOTO CJI0s aTMOC(he-
poI (po3nos u ap., 2021).

I[To 3TuM HOpUYMHAM CYLIESCTBYIOIIME MOICIN
CHEXHOTO ITOKpOBa TPeOYIOT OTOENbHOI BepUudm-
Kall¥ ¥ BaIUAALUHU i1 BBICOKOTOPHBIX YCIOBMIA.
B yacTHOCTH, A CHEXHOro OJioKa MoJeau
SPONSOR 1nono6GHBIX OLIEHOK paHee He IMPOBOIM-
JIoCh. J1j11 3TOTO HEOOXOIMMO, TTPEXKIE BCETO, TTOIY-
YUTh JOCTATOYHOE KOJIMYECTBO BBLICOKOKAYECTBEH-
HBIX JaHHBIX HAOIOACHUI, UCITOJIb3yeMBIX B Kade-
CcTBe BxogHOI nHpopmanuu (popcuHra). 1o ObLIO
peaqn30BaHO B XOJ¢ CepUU 3UMHMX SKCIICIULIMI Ha
nenHuk Iapadamm B 2020—2022 1T., B pe3yJibTaTe KO-
TOPBIX IOJIy4eHbl YHUKAJIbHBIE KOMIUIEKCHBIC TAHHbIC
METEOPOJIOTUYECKUX M CHETOMEPHBIX HAOIIONSHUIT Ha
IOTO-BOCTOYHOM CKJIOHE DJIbOpyca ¢ UCIONIb30BaHU-
€M COBPEMEHHOI'0 METEOPOJIOTMYECKOTro 000pyaoBa-
HUS.

Llenp paboThl — aHAJIUM3 HATYPHBIX TAHHBIX, MOJTY-
YeHHBIX Ha JemHuke [apadaiiy (I0ro-BOCTOYHBIN
CKJIOH Dnb0pyca), a TakKKe OlleHKa KadyecTBa MOJe-
JIMPOBAaHUSI OCHOBHBIX XapaKTepPUCTUK CHEXHOIO
MOKPOBa B BLICOKOTOPHOM paiioHe ¢ MOMOIIbIO MO-
nen LSM SPONSOR Ha ocHOBe pe3yIbTaTOB MOZE-
JIMPOBaHUS C BbIIIEOOO3HAYEHHBIMU JAHHBIMU W3-
MEepEeHUi1; pa3paboTKa YHUBEPCAILHOTO MPOrpaMMm-
HO-aImnapaTHOTO KOMIJIeKca Ha OCHOBE MOJEIu
LSM SPONSOR u manHBIX TPSIMBIX HaOJIOIeHUIA
JUJISI KOJITMYECTBEHHBIX OLIEHOK TMHAMUKU CHEXKHOTO
MOKPOBa B LIMPOKOM CMEKTPE MPUPOIHBIX YCIOBUIA.

MATEPHAJIBI U METO/1bI

Paiion uccaeooseanuii u memoowot nabarodenuii. Jle-
JIOBBII MaccuB DibOpyca 3aHMMaloT okoyo 20% ot
Bcero ojieneHeHus1 KaBkaza mo ruiomaan U o0bemMy
(Jlegnuxu..., 2020). JlenHUKM 10)KHOTO CKJIOHA OXBa-
TBHIBAIOT MaKCHMaJIbHOE pa3HOOOpa3ue yCIOBU HU-
BaJIbHO-IVIAMAJIbHON 30HBI KaBKa3a B BBICOTHOM
JIurara3oHe 0oJiee AByX KMJIoMeTpoB. B kauecTBe 00b-
eKTa 1uccaeqoBaHui ObLI BbIOpaH JenHuk I'apabaiu,
YTO OOYCJIOBJICHO €T0 JIOTUCTUYECKUM YyIOOCTBOM U
TurmmIHBIMUY 1719 LlenTpansHoro KaBkasa sHaueHUS -
MU Tuiomaau U mMHbl (Karanor ..., 2021), a Takke
BHYLIUTEIbHBIM psigoM HaOmwoneHuil (JlemHUKu u
KJIMMar..., 2020).

B To Xe BpeMs cyllleCTBEHHOE OrpaHUYeHUE IS
OlieHKU OayilaHca Macchl JiefHUKOB bosbimoro Kas-
Ka3za TIpEACTaBiIsSIeT OTCYTCTBHE ITPOIOJIKUTEIBHBIX
MeTeoHaOmoaeHnuii. Ha moBepXHOCTIX caMuXx Jed-
HUKOB JIOCTYITHBI JIMIIIb HEPETYJISIPHBIE PSIIbI MaHHBIX
(Bonommna, 2001), a B mociaenHne HECKOJIBKO JAeCs -
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Puc. 1. Paiion uccnenoBanuii (3au6pyc) (a) ¢ rojioxkeHrueM Ha Tepputopun Kaskasa (6) 1 U3MepUTeIbHbBIN KOMIUIEKC B BEpX-
Heli yacTy 30HbI absiiuu JenHuka [apa6aiu B 2022 1. (8), tae I — tepmorurpometp Campbell, 2 — akycTUYeCKUit aHEMOMETP
Gill, 3 — anemometp u pymo6omerp HOBO, 4 — 6anancomep Kipp&Zonnen, 5 — akyctuueckuit merenemep ISAW FlowCapt.
ITynconamu nokasansl: “AMC T'apabaim” — uaMepuTesIbHBIN TTOIUroH (Beicota 3850 M Ham yp. Mops) U y4eOHO-HayJIHast
cTaHLMs MOCKOBCKOIO rocy1apCTBeHHOro yHupepcurera um. M.B. JlomoHocoBa Ha nossiHe A3ay (2350 M Han yp. mopst). st
CO3[aHMSsI TaHHOTO PUCYHKa UcIonb3oBaHbl MaTepuaiibl Google Earth (www.earth.google.com).

Fig. 1. The study area (Elbrus Mountain) (a) with the position in the Caucasus Mountains (6) and the measurement complex in
the upper part of the ablation zone of the Garabashi glacier in 2022 (), where / — Campbell thermohygrometer, 2 — Gill acoustic
anemometer, 3 — HOBO anemometer and rumbometer, 4 — Kipp&Zonnen net radiometer, 5 — ISAW FlowCapt acoustic snow-
drift sensor. Punsons show: “AMS Garabashi” — a measuring area (altitude 3850 m a.s.l.) and the scientific station of the Lo-
monosov Moscow State University in Azau village (2350 m a.s.l.). Google Earth materials (www.earth.google.com) were used to
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create this figure.

TWIETUI OHU MPAKTUIYECKU OTCYTCTBY1OT. K TOMY Xe,
Ha llenTtpanpHoM KaBka3se neiicTBYIOT JIMILb TPU M€-
TeocTaHIMM ceTu Pocruapometa: Tepckoi, Kiayxop-
ckuii nepean u lllamxarma3s. B To xke BpeMs1 B pado-
te (lanoun, Karan, 1976) mokasaHo, 4TO peKOMEH-
JlyeMO€ PACCTOSIHUE MEXIYy METEOpOJOrHYecKUMU
CTAaHLUSIMU B YCIIOBUSIX CJIOXKHOU oporpacduu B cpeli-
HeM He DoKHO npeBbimath 20 kM. [Toatomy 3Hauge-
HUSI OCHOBHBIX METEOPOJOTMUECKUX BETUUYUH (TeM-
neparypbl, CKOPOCTU BeTpa, OCAJAKOB) Ha MOBEPXHO-
CTSIX JIENHUKOB DibOpyca MOTYT OBITb TOJYyYeHbI
TOJIBKO TMYTEM 3KCTPANOJSILUMU PSIAOB MO JaHHBIM
MeTeocTaHUMU Tepcko, pacnoaoXeHHO B 1OJIHE
p. bakcaH. OgHako Takoii MoaXo/ He MO3BOJIsIET M0~
JIYYUTh NOCTATOYHYIO TOYHOCTb PE3YJIbTATOB, a IS
TaKUX BEJIMYMH, KaK CyTOYHbIE CYMMBbI OCaAKOB, Typ-
OyJIeHTHbIE TOTOKM TeTljla U XapaKTepUCTUKU IO -
CTWJIAIOLIEN MOBEPXHOCTU, U BOBCE OKA3bIBAETCS HE-
MpUEeMJIEMbIM.

B pa6ore (TopomoB u ap., 2016) moka3aHO, 4TO
IJIsT OTIMCAHUST KJIMMATU4YeCKOTOo peXUMa BBbICOKO-
TOPHBIX palioHOB DLOpyca MOXKHO MCIOJIb30BaTh
nmanHble peaHann3oB ERA-Interim u ERAS 3a mo-
ciemaue 40—45 ner. YooBIeTBOPUTENbHBINA pPe3yiIb-
TaT MOXHO IIOJIyYUTh Ha MacluTadax MECSYHOIrOo
ocpeIHeHUsT (CyYMMUPOBAaHUSI) IJIsI OCAJKOB, a TAaKXKe
KOMIIOHEHTOB paaualimoHHoro OanaHca (Toropov
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et al., 2019). OgHako Mmoka3aTeJIM CyTOYHOI MHTECH-
CUBHOCTH OCaJIKOB, TYpOYJEHTHBIX TOTOKOB TeIlia U
BJIaru, TOPbIBOB BETPA U TEMIIEPATYPHO-BIAXHOCT-
HbIX XapaKTepUCTUK TTOACTUIAIONIEH MOBEPXHOCTU B
JMIaHHBIX peaHaJIU30B COIEepXKaT OOJIbIINE OLIMOKN U
X UCIIOJIb30BaHUE HeKOppekTHO (JlemHuku..., 2020).
IMTosToMmy onpenensonieil 4acThIo JAHHOTO UCCIEN0-
BaHUS cTajla OpraHu3alus CEpUun eKeroJHbIX dKCIe-
JIULIUI, B XOJ€ KOTOPBIX OBbLIIU MOJTYyYEHbl TaHHbIE
METEOpPOJOTUYECKUX HaOJ0AeHU B objlacTu ab-
Jsiuuu genHuka lapabaliiiy Ha 10)XHOM CKJIOHE To-
pBI DiL6pyc Ha BeicoTe 3850 M Haz yp. Mopd (puc. 1).
B nmanHOI1 pabGote OymyT oOCYyXAaThCS pPE3YIbTaThl
JIBYX U3MEPUTEJbHBIX KAMITAHWI B 3MMHUI MEPUO],
MPOBENEHHBIX ¢ 27 stHBaps o 6 ¢pespast 2021 r.uc4
o 24 ¢despans 2022 r. B xone nocnenHero anu3ona
HaOM0eHU ObUIM TOJIyYeHbl JaHHbIE U3MepeHUit
Ha MOBEPXHOCTU TOPHOTIO JIEAHUKA JIMTETbHOCTHIO
no 20 gHeii. B mocienHuit pa3 Takoro poaa usmMepe-
HUSI TIPOBOIMIVICH TOJIBKO B KOoHIIE 1950-x u B 1960-¢
roJibl B paMKaX MHOTOUYMCJIEHHBIX IPOEKTOB, UHULIM-
MPOBaHHBIX B Tlepuon MexayHapoaHOTo reodus3u-
yeckoro roga (OneneHeHue Dnwopyca..., 1968).

ITno1ank U3BMEPUTENTHLHOTO MOJIUTOHA HA TTOBEPX-
HOCTM JIEOHWKA cocTaBwia npumepHo 400 M2
B ieHTpe monuroHa GbLI YCTAHOBJIEH aBTOMATU3U-
POBaHHBIM METEOPOJIOTUYECKUIA KOMIUIEKC (CM.
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puc. 1), Ha pacctosgaum 10 M OT KOTOPOIi pacmoJiara-
JIOCh BOCEMb CHETOMEPHBIX peeK (C MMPOCTPaHCTBEH-
HBIM 11arom 10 m).

B pesynbraTte usmepeHuit ObUIM MOJMYYEHBI eXKe-
MUHYTHbIE JaHHbIE O TEeMIEparype W BIaXKHOCTHU
BO3[yXa Ha BbICOTE 2 M (31ech M Jajee B ab3aile B
CKOOKax TpuBeAeHa IMOTPeIIHOCTb UW3MEpPEeHUIA:
+0.25°C u % 0.1% coOTBETCTBEHHO), aTMOC(hepHOM
maBieHnun (x1.5 rlla), ckopoctu um HalpaBiIeHUU
BeTpa (£4% n £5° COOTBETCTBEHHO) MO TaHHBIM aB-
ToMatnuecknux mereoctanuuii HOBO u Campbell.
KomroHeHThl pagualinuoHHOTO 6ajlaHCca U3MEPSIUCH
o6amancomepom Hukseflux NROl1 u Kipp&Zonen
CNRI1 (£10% nnsa nHeBHBIX cymM 1 20 Br/m? mia
MT'HOBEHHBIX UBMEPEHMUI ), yCTAHOBJIEHHBIX HA YPOB-
He 1 M Haja MOBEpXHOCThIO. M3IOMUHKOI U3Mepu-
TEJIbHOTO KOMIIJIEKCa CTaJl aKyCTUUECKUIA MeTesieMep
ISAW FlowCapt FC4 7, mo3BoiauBIIMIA KOJHWYe-
CTBEHHO OLIEHUTHb MOTOK METEJIEBbIX YaCTUIL B MPHU-
MMOBEPXHOCTHOM cJjoe Bozmyxa. Kpome Toro, Ha
YPOBHE 2 M HaJl NMOBEPXHOCTHIO MOCPEICTBOM aKYy-
ctuyeckoro aHemometrpa Gill Windmaster usmepsi-
JIMCh TPU KOMITOHEHTHI cKopocTtu BeTpa (£1.5% n
+2° 1151 cKopocTH 1 HarpasieHus BeTpa 1 £2°C ajigd
NyJbCAalIMOHHOM TeMIlepaTyphl), ¢ yactoroii 20 IiI.
DTU n3MepeHUsI MO3BOJIMIN B IBHOM BUJIE MTOTYYUTh
OLIEHKU TypOyJIEHTHOIO TerJIooOMeHa U MOTOKa UM~
MmyJibca MexXay atMochepoit U MoAcTUIaloNIeil Mmo-
BEPXHOCTbHIO HA OCHOBE METO/a TYPOYJACHTHBIX MyJb-
cauuii (eddy covariance). ITo TexHUYECKUM HPUIM-
HaM aKyctudeckuii aHemoMmeTp Gill uconb3oBancs
TOJILKO B xojie akcneauu 2021 r.

st u3MepeHust TepMUYECKOTO peXkriMa CHEXKHO-
ro rmokpona B 2021 I. ucoJIb30BaI TEPMOMETPUYE-
ckyto Kocy GeoPrecision (£0.1°C) (nanee — TepMOKO-
ca), a B 2022 r. — maruuku iButton (£1°C). C yu€Ttom
JIOCTYITHOTO 000PYIOBaHYSI U3MEPEHUSI TIPOBOAUINCH
C BpeMeHHOI TUCKPETHOCTHIO 1 9 M ¢ II1arom 1o Bep-
tukanu 0.2 M 1o ryouHsr 3.5 M B 2021 1. 1 ¢ marom
0.1 M o tryounst 0.3 M B 2022 1. Takke B IeHb ycTa-
HOBKM 0O0OOpYyIOBaHUSI TMPOBOAWIOCH ITypdhoBaHUE
CHEXXHOTO MOKPOBA, YTO MO3BOJUIJIO MOJYYUTh CBE-
JIEHUsI 0 Ha4aJIbHOM BEPTUKAJIbHOM paclipelnesieHUun
TJIOTHOCTHU Y BOJHOTO KBUBAJICHTA CHETa.

Moodeav SPONSOR: o6uee onucanue u 640K crexc-
Ho20 nokpoea. [TnnoTHast Bepcust YUCISHHON MOACIN
tTeruioBiaroooMeHna Ha cymre (Land-Surface Model,
LSM) SPONSOR 65b11a pa3paboTraHa B 1adbopaTopuu
kauMaTtojoruu Mucturyra reorpadhuu PAH B 1997 1.
(Shmakin, 1998) u u3HavyaIbHO 3aayMbIBajach Kak
cxeMa B3aUMOICUCTBUS aTMOC(dephl ¢ MOACTUIIAIO-
IIEH MMOBEPXHOCTBIO CYIIU AJIsl MOAEJIeii o0I1Iei Iup-
KyJsiuum atMocgepbl. B Teaenmne 25 net Moaenb 0o-
CTaTOYHO AaKTUBHO COBEPIIEHCTBOBAlIACh, YYaCTBO-
Baja BO MHOTUX MEXIYHApPOIHBIX TECTOBBIX
akcriepuMeHTax (Slater et al., 2001; Etchevers et al.,
2004; Krinner et al., 2018; Essery et al., 2020 u gp.).
B Hacrosiiee Bpemst moaenb SPONSOR ucnonbay-

€TCd B aBTOHOMHOM pPEXHNME, U TTO3BOJISICT pellaTb
IIUPOKUI KPYT BOMPOCOB, CBSI3aHHBLIX C PacuyéTom
TEIJIOBIIAaT00OMEHAa MEXAY ITOBEPXHOCTBIO CYIIU U
aTMoc@epoil, a TakKe ¢ INIYyOOKUMU CJIOSIMUA CHEX-
HOTO ITOKPOBa, TOYBO-TPYHTOB WJIM MOICTUJIAIOIIETO
JIbIa.

Mogens SPONSOR mo3BoJisieT paccuuTarh BCe
COCTaBJISIIOIIME TETJIOBOTO Y BOAHOTO OajlaHca Ha Cy-
1Ie, a TaK>Ke MepeMEeHHbIe XapaKTepUCTUKU: D PeK-
TUBHYIO TeMIlepaTypy TMOBEPXHOCTU JaHmmadra;
TeMIlepaTypy B MOYBO-TPYHTaX M MX BJIarocojepkKa-
HUeE; KOJMYECTBO 3aMep3llieil BOAbl B MOYBO-TPYH-
Tax; anpdeno u T.1. Bce nmepedncieHHble mapaMeTphbl
pacCUMTHIBAIOTCS HA KaXKIOM I11are 1o BpeMeHU, KO-
TOPBI B 3aBUCHMOCTU OT TTOCTaBKM 3ala4u MOXKET
MEHSIThCS OT OJHOM MWHYTBHI 10 ONHUX CyTOK. JlJist
KOPPEKTHOU paboThl MOJAENM Ha KaXIOM lare 1o
BpeMEHU HEOOXOAMMO 3a7aBaTh 3HAYEHUSI METEOPO-
JIOTUYECKUX MepeMeHHbIX ((opcHuHT): TeMIiepaTypy
U BJIAXXHOCTb BO3/yxa, CKOPOCTb BETPA, OCA/IKH, MO~
TOKM panuaiiiu, atMmocgepHoe napieHue. Takxe He-
00X0IMMO 3a/1aBaTh MEHSIIOIIUECS B 3aBUCMOCTH OT
TUIIA JIaHAadTa XapaKTepUCTUKNA PACTUTETbHOCTH
U TIOYBO-TPYHTOB, YaCTh M3 KOTOPBIX MOXET UMETH
CEe30HHBIN Xom. B KauecTBe HUXXHUX TPaHUYHBIX
YCJIOBUIA 3amaeTcss TeMrepaTypa TpyHTa Ha ypOBHeE
3aTyXxaHUsl TOJOBBIX KoJieOaHUid (B CpeaHeM IS
6osbimHeTBa TouB CeBepHoii EBpa3uu ata niryouHa
cocraBisieT 3—4 M), a TakxKe DIyOMHa 3ajleraHus
TPYHTOBBIX BOJ. YMCJIO 1 TONIIMHA PACUETHBIX YPOB-
Heli B TIOYBO-TPYHTaX MOTYT MEHSIThCS; B paboTe uc-
MoJIb30BaHa CEMUYpOBHeBasi Bepcus. JletaibHoe
onucanue moaenu SPONSOR npuBeneHo B paboTax
(Shmakin, 1998; IlImakwH, Py6unireitn, 2006;
IImakua w gp., 2009; TypkoB, Cokpatos, 2016).
B pamkax 3agauu MoaeIMpoOBaHUsI CHEXHOTO MTOKPO-
Ba Ha MOBEPXHOCTH TOPHOTO JIEAHUKA MTPEAyCMOTpeHa
BO3MOXHOCTb 3aMEHUTh TEILIO(U3NIECKIE XapaKTe-
PUCTUKU MOYBO-TPYHTA HA XapaKTEPUCTUKU JIbIA.

I[IporHocTuyeckre mnmepeMeHHbIE MOICIN BKIIIO-
YyaloT: TeMIlIepaTypy IIOBEpXHOCTU U TJIYOMHHBIX
CJIOEB MOYBO-TPYHTA M CHera, BjiarocojepxkaHue (B
TOM YMCJIE U JOJIO 3aMEP3IICH BOAbLI) TOYBO-TPYHTA
U CHeTa JJISl BCeX PacUYETHBIX YPOBHEil, BOMHBIN 3K-
BUBAJIEHT, MJIOTHOCTD, TOJIIWHY, KPUCTALUINYECKYIO
CTPYKTYpPY M THUII BceX ClIoeB cHera. JlmarHoctude-
CKUMMU TIepEMEHHBIMU CTyKaT: TYpOYyJIeHTHBIE MTOTO-
KM SIBHOTO 1 CKPBITOTO Terjia, MOTOK Terjia B TPYHT,
IMOTOKM TeIlJIa 1 BJlarv B IIOYBE M CHEXHOM TOJIIIE,
CTOK BOIbl M3 KOJIOHKHU, ajibOeoo, TEIUIOIPOBOJI-
HOCTb, TEIUIOEMKOCTb, MaKCUMaJIbHasi BOAOYIEPXKI-
BaroIasi CHoCOOHOCTh 1 (ha30BOE COCTOSTHNE BOIBI—
CHera, a TakKXKe XapaKTepUCTUKH PaCTUTEIbHOCTU
(Ipu €€ HATUYK1K).

B LSM SPONSOR Monenb CHEXHOTO HMOKpOBa
BKJTIOUEHA B KaUeCTBE OTAEJILHOro 0JioKa. OCHOBHas
CTPYKTYpHas eIMHULIA MOJEJIU CHEXXHOIO ITOKPOBa —
cioii cHera. CunTaeTcs, YTO B OOLIEM Clydae Ha KaK-
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TEPMUWYECKUN PEXWM CHEXHOTO IMMOKPOBA 3UMOW

JIOM IIIare 1o BpeMeHM IIPU HAJIMUUK TBEPIBIX OCall-
KOB (DOPMUPYETCS OTAEIbHBINA CI0I CHEra ¢ onpene-
JIEHHBIMM HadyaJIbHBIMU cBolicTBaMu. B manbpHeliem
oM, BO3IEHCTBUEM Pa3IMUHBIX PU3NISCKHUX ITPOIIeC-
COB CBOIICTBA CJIOS TJIABHO WJIM CKAa4YKOOOpa3HO Me-
HsitoTcst. [Tpu pocTe CHEXXHOM TOJIIM COCETHUE CITOU
OIHOTO THUTIA, OJIM3KWE MO CBOMCTBAM, MOTYT OOBb-
eIMHSTBLCS, OOllee K& KOJMYECTBO CJIOEB MOXET
OBITH IPOU3BOJBLHBIM B 3aBUCUMOCTU OT YCJIOBUIA
dopMHUpOBaHUS CHEXHOTO MOKpoBa. CHEXHEBIN T10-
KPOB B MOJAEJIU IIPEACTaBI€H B BUAEC MHOTOCIOMHOMI
cpennbl. B xone BRIYMCIIEHUI KaXK bl CI0i 3TOM cpe-
JIBI TIpEACTaBJICH ITPOTPaMMHBIM OOBEKTOM C Iepe-
MEHHBIMHU, COOTBETCTBYIOIIIMMHU CBOMCTBAM CHEra, a
Takke HabopoM (pyHKIIMIA, TTO3BOJISTIIONINX paboTaTh
CO CJIOSIMM KakK C eAMHBIMU OOBbEKTAMU, T.€. CKJIaJbI-
BaTb UJIM AEJIUTH CJIOU, MEHSITb UX TUIl U OTAEIbHbIE
XapaKTepUCTUKU U T.II.

Mopnenb CHEXHOro IOKpoBa BKJIIOUaeT B cebs
OoIucaHue TPOLIECCOB, BHOCSIIMX HaWOObIINi
BKJIaJ B OpPMUPOBAHME XapaKTEPUCTUK CHETa, BaXK-
HBIX JIJI1 ONMCaHWs B3auMOJIeiCTBUSI CHEXHOTO MO-
KpoBa ¢ atMocdepoil 1 moyBo-rpyHToM (IIIMakuH u
ap., 2009). K HuM oTHOCSTCSI: 0O0pa3oBaHUE HOBOTO
CJI0s CHera; U3MEHEeHUE TJIOTHOCTU CJIOEB CHera B
pes3yJibTaTe BS3KOTO U BETPOBOTO YIIJIOTHEHUSI; U3ME-
HEHUE TeMIIepaTyphl CJI0EB CHera 3a CUET TeII000-
MeHa ¢ aTMoc(depoit M TTOYBO#, a TAK3KE TTOTIOIICHUS
COJIHEYHOI paauauuu u ¢a3oBbIX IEPEXOIOB BOIbI B
TOJIIIe CHEera; ucrapeHue, B TOM Yucjie MeTeJIeBOe T10
cxeme A.K. Tronnna (IionuH, 1963); TasHue, riepe-
HOC TaJioli BOAbI U €€ BTOPUUHOE 3aMep3aHUe; U3Me-
HEHUe BJIaXXHOCTU CHera B pe3yJibTaTe TasiHUSI U ITPO-
CcauyMBaHUS TAJIOi BOMIBI B TOJIILY, a TAKXKE MOTIOIIE-
HUS XKUIKUX OCAIKOB; U3BMEHEHUE aJib0eno cHera, a
TakXe CBOWCTB CHera 3a CYET CMEHBI ero Tulia (Ha-
MpuMep, MpY BOSHUKHOBEHUU INTyOMHHOI U3MOPO3HU
WM JIeASTHOM Tipociioiikn). [1ist onpeaeaeHus uame-
HEHU TeMIlepaTypbl BAXKHYIO POJIb UTPAET KOPPEKT-
HOEe OIMCaHue W3MEHSIOIIEeHCS TEeIUIOEMKOCTU U
TETJIONPOBOJHOCTU CHeTa.

MeTton pacueTa BI3KOTO YIUIOTHEHUSI CyXOro CHe-
ranpuBezeH B craThbe (Kominami et al., 1998). Koag-
¢duLmMeHT KoMmIpeccuoHHo Bsa3koctu (I1a - c¢) BbI-
yucasieTcs 1Mo popMmysie:

n = Cp’, (D
rme p — IUIOTHOCTH cyxoro cHera (kr/m®); C =
=0.392 IMac (xr/M?) ™, a = 4 (6e3pa3MepHBIil) — 3M-
MUPUYECKHE TTapAMETPHI.

TemriepaTypa MOBEepXHOCTH CHETa PACCUMTHIBACT -

C4d C ITIOMOIIBIO YPABHEHMA TCIIJIOBOTO OamaHca BEpX-
Hero 6€CKOHEYHO TOHKOTO CJIOSI:

So(l-oay,)-S(z)+R+H,+LE +B=0, (2

e S, — MHTeHCUBHOCTD Maaalolieit KopOTKOBOJIHO-
BOIi paguanuu, Br/M?; o, — abbe10 MOBEPXHOCTH B
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JIOJISIX €MVUHULIBL; S(7) — MHTEHCUBHOCTD paaualuu,
IIPOHMKINE BIyOb cHera, Br/m?; R — GanaHc 1IvH-
HOBOJIHOBOH paguauuu, Br/m?%; H,u L E, — coor-
BETCTBEHHO TYypOYJIEHTHbIE ITIOTOKM SIBHOTO M CKPBI-
TOTO Teruia, Bt/mM?; B — KOHIYKTUBHBIA ITOTOK TEILIa
B cHer, Br/m2.

VYpaBHeHue (2), HeTMHEIHOE OTHOCUTENIbHO TeM-
nepaTypbl HOBEPXHOCTH, PEIIaeTCs METOAOM UTepa-
nuii. IIpouecchl TeriooOMeHa 1 U3MEHEHUS TEMITe-
paTypbl BHYTPHU TOJIIIIYA CHETa OIMCHIBAIOTCS ypaBHE-
HUEM:

pansn 87-;” = i(7\'51’1 % + S(Z)) + LIFY}’I (Z) s (3)
Jf oz 0z

e 7 — myouHa, m; T, — Temneparypa cHera, K; p,, —
IUIOTHOCTD CHeTa, Kr/M3; C,, — TEIIOEMKOCTh CHETa,
Hx/xr/K; A, — K0O3(pDULMEHT TeNI0NPOBOIHOCTU
cHera, B OOIIIeM cirydae SIBASIOIINIACT (PYHKIIMEN OT
1youns! z, Bt/mM/K; L, — ynenbHas Teruiota Tasi-
Husi/3amep3anust, JIx/xr; F,, (z) — UHTEHCUBHOCTb
TasgHUsI/3aMep3aHus BOALI B CHere, Kr/c/M>; § (z) —
MOTOK MPOHMKAaIIel B CHET KOPOTKOBOJIHOBOM pa-
nuaunu, Br/m2.

st pemeHns ypaBHeHUS (3) MCIIONB3YyeTCS He-
SIBHAsI KOHEYHO-PAa3HOCTHASI cXeMa C IIPOTOHKOM I10
BEPTUKAIN, TPUYEM IMOTOKHU TeTjla U HOBasl TeMIle-
paTypa KaxIoro U3 CIOEB BBIYUCISIOTCS HE TOJBKO
JIJIST CHeTa, HO OMHOBPEMEHHO U JIJISI CJIOEB MOYBHI.

Anb0eno BEpXHEro CJIos CHera O, BbIYUCISIETCS
1o popmyJie:

A, = (1 - 0'2ﬂge) Olsn.new> (4)

T Ol ew — ATHOEIO CBEXKETO CHETa B JOJISIX eMHU-
116l (TTapaMeTp, MoxKeT MeHIThbes oT 0.7 10 0.9); f,

age

¢yHKIUST BO3pacTa cHera, KOTopas HaXOIUTCS IO
dopmye:

fage = Tsn/ (1 + Tsn)a (5)

e T, — BO3pacCT BEPXHETO CJI0A CHEra B IHAX.

Ecam BepxHWMIA C10¥# CHeTa TaJILIN, TO €T0 aTb0eno
MoxkeT npuHuUMaTh 3HadyeHus ot 0.4 no 0.55. TasHue
CcHera IIPOMCXOOUT, KOIJa TeMIlepaTypa ero oBepx-
HocTu ctaHoBUTC paBHoi 0°C. CkopocTb TagHust M
(xr/m?/c) onpenensercs Kak

M = Emelt/Li’ (6)

e Li — YyacJbHas TEIIoTa Taf{HI/IH/BaMCp3aHI/I${,

JUx/Kkr; E._,, — 3aTpathl TeIIa Ha TasiHue, Br/m?, Ko-
TOPBIE OIPEACIISIIOTCS IIPU UTEPALIIOHHOM pPEIIeHUN
ypaBHeHMs (1) Kak MoiaoKuTeIbHasI HEBsI3Ka OaaH-
ca Teruia, BO3HUKAaloIasi pyu JOCTUXKEHUU TeMIiepa-
Typbl noBepxHocTu 3HadeHus1 0°C. IMoagpob6HO MO-
JleJIb CHEXKHOTO MOoKpoBa onucaHa B padorte (IIIma-
KUH u ap., 2009).
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B mannoit Bepcum momenn SPONSOR pacuér
TEIUIONPOBOAHOCTU CHera ObLJT U3MEHEH IO CpaBHE-
HUIO ¢ 6a30BbIM BapuaHToM (IlIMmakuu u ap., 2009),
IJIe MCII0JIb30Bajlach mapaMeTpu3alius, pa3padoTaH-
Hag B (Sturm et al., 1997). B HacTos11Iee BpeMsI B MO-
menmu SPONSOR mjig cHera, INTOTHOCTh KOTOPOTO
Mmenblie 400 Kr/M3, ucronb3yeTcs rnapameTpu3anus
A.B. INaBnosa (IlaBnos, 1979):

Aow = A a Ko, (7
TIe:
Aypg = 0.035+0.353x107p,, —
0206 10%p2, +2.62p,, ®
K, =1+1.18exp(0.157,,¢). )
3pech A, — TEMJIOMPOBONHOCThL cHera, Br/(Mm K);

Mg — TETUIONPOBOMHOCTDL CHETA NMPU TEMIIEPATYPE
Huxe —25°C, korma, mo MHeHuio A.B. Ilasiosa,
I @y3ust BOASHOIO Mapa B TOJIIe CHera IpakThude-
CKU MpeKpalllaeTcs 1 UMEeeT MECTO TOJIbKO KOHIYK-
TUBHAasi TETUIONPOBOIHOCTh; K|, K02 hUIIIEHT,
ONMCHIBAIOIINM BIUsIHUE TU(GY3UN BOASIHOTO Iapa
B TOJILLIE CHETA HA TEMJIONPOBOAHOCTD; T}, ~ — TeMIle-
parypa cHera, °C; p,, — IUIOTHOCTb CHETa, KI/M>.

Iyt cHera ¢ TIoTHOCTBIO Bhime 400 Kr/M?3, mwis Ko-
TOPOT0O KOPPEKTHOCTh MapamMerpusanuu A.B. ITaBnosa
He rapaHTUPOBaHa, UCIIOJIb3YyeTCs IapaMeTpu3alusl,
npenjioxeHHas: B padbote (OcokuH u np., 2017):

A, =9.165x1072 —3.814x107*p,, +
+2.905x10™°p?, ...

B pa6ote (OcokuH u np., 2017) mokazaHo, 4TO
pacyéTbl Ko3(ulMeHTa TenIONPOBOIHOCTU TIO
dopmyie A.B. IlasnoBa npu —10°C u no dopmyie
(10) (pesynbTUpylollleii KPpUBOM CPEeIHUX 3HAYEHUI
TEIUIOIIPOBOMHOCTH, BBIYMCIASHHBIX 1O JTaHHBIM
20 M3BECTHBIX M3 TUTEPATYPhl SMIIUPUUYECCKUX 3aBU-
CUMOCTEI) JAIOT XOpOIllee COOTBETCTBUE, ITO3TOMY
npuMeHsieTcs ¢popmyna A.B. I1aBioBa, Tak KaKk oHa
VYUTBIBACT M TeMIlepaTypHbIii dakTop. Ilpu sTom
HAaJI0 OTMETUThH, YTO IIPU U3MEHECHUU TEeMIIepaTyphl
cHera ot —10 go —20°C, 3HaueHUe KO3 HUIIMeHTA
TerutonpoBogHocTu (o ¢dopmyie A.B. IlaBiosa)
yMeHbIaercst Ha 20%.

Ja iryOMHHOM M3MOPO3U B JaHHOM BEPCUU MO-
JeJIM COXpaHeHa IapaMeTpr3alius, peIoXKeHHAas B
pa6ore (Sturm et al., 1997):

(10)

51.8
(T,c —27.8) +211.2°

e Ay, = 0.06 Br/(m K).

Yucaennbte Ixcnepumermot ¢ modeavto SPONSOR.
BOkcnepuMeHThl ¢ Monaenabio SPONSOR mpoBomu-
JIUCH TIO CJIEAYIOIICH cXeMe — B KaueCTBEe Ha4aJIbHOTO

7\’sn = 7\'dry +

(1)

JAPO3J10B u np.

YCJIOBUSI 3a0aBaJIMCh CBOICTBA CHEXKHOTO MMOKPOBA B
COOTBETCTBUU C ITAaHHLIMU HAOJIONCHWI, MOTydeH-
HBIMU B pe3yibTaTe mypgoBaHusg B MOMEHT Hadaja
HaOMIOAEHUN B paMKax 3JILOPYCCKMX SKCICIUIINIA
2021/22 r. Bech CHEXHBbII ITIOKPOB pa30uBajics Ha
HayaJIbHOE KOJIMYECTBO CJIOEB, KaXKJIbIii TOJLIUHO
20 cM. g KaxXaoro U3 3THUX CJI0EB 3aJlaBaJIuCh 3Ha-
YyeHUsI TeMIepaTyphl, INIOTHOCTH, BIAKHOCTU, BOI-
HOTI'O0 3KBUBaJIecHTa, TUIIOB CHEra B COOTBETCTBUU C
JNIaHHBIMU 11ypdoBaHusl. ToJllia baa HUXe rpaHUulIbl
CHEXXKHOTO ITOKPOBa C BEIYUCIUTEIFHO TOYKH 3PESHUST
BBICTYyIIaJIa B Ka4eCTBE OMHOIl M3 PasHOBUIHOCTEIA
IOYBO-TPYHTA C TEIUIOPU3NYECKUMU CBOMCTBAMU,
XapaKTepHbIMU 1JIs ibaa. Cioii 1baa, BKIIOYEHHBII B
MOJIeJIb, pa30MBaJICsI Ha CeMb (PMKCHUPOBAHHBIX CIIOEB,
TomuuMHOM (cBepxy BHU3) 1.0; 1.3; 1.5; 1.7; 2.0; 2.5 u
3.0 M COOTBETCTBEHHO HIXKHSISI TPaHMUIIA MOAEIBHOTO
JIbIa pacriojarajach Ha ITyouHe 13 M OT IpaHMIIBbI
pasznena cHer—aén. Ha HuxkHel rpaHulie Jdbaa 3aaa-
BajlaCh MOCTOSIHHAs TeMIlepaTrypa, IpUMEPHO COOT-
BETCTBYIOIIASI CPETHETOIOBOII MHOTOJIETHEM TeMIIe-
paType ITOBEPXHOCTH B JaHHOII TOYKE, paBHOM MpU-
MmepHo —7°C (Jlegnuku..., 2020); B ToIe JbAa
HavayJbHasl TeMmIlepaTypa paclpeaesiach METOIOM
JIMHEWWHOU MHTEPHOISIIMU MEXNY TITyOMHHOI TeM-
nepaTtypoi Ha IiTyouHe 13 M 1 U3MepeHHOM TeMIlepa-
TYpOii Ha IrpaHUIIe CHEr—jiE€m, a 3aTeM B IIpOliecce
pacu€ToB OHA MOTJIa MEHSITHCS B PE3yJIbTaTe U3MEHE -
HUS TETUIOBBIX TOTOKOB. Ha KaxkmoM 11are 1o BpeMe-
HU 3aJaBaJIMCh 3HAYCHMsI METeOoIlapaMeTPOB, MOJy-
YyeHHbIC M3 JAaHHBIX U3MEPEHMIi, a CBOICTBA CHEX-
HOM TOJIILIM M BEJIMYMHBI IIOTOKOB TeIlJIa W BJIaru
MEXIy TTOBEPXHOCTHIO CHEra 1 aTMOoc(epoid, a TakkKe
MEXIY CHETOM M MOACTUJIAIOIINM €T0 JIbIOM pacCyr-
TBIBAJIUCH 110 MOJAEIN. 3aJaHHOE HayaJIbHOE KOJIUYe-
CTBO CJIOEB CHETa MOIJIO MEHSThCS B IIPOLIECCE pac-
YETOB M3-3a BHINAAEeHMUs OCAaIKOB B TBEPIOM BUIE, a
TakXXe OObeIUHEHUS CIIOEB C OJIM3KMMU CBOMCTBA-
Mu. KojmyecTBo cj10€B cHera MeHseTCsl KaK B 00/Ib-
IIIYIO, TaK ¥ B MEHBIITYIO CTOPOHY B T€UEHME MEPpHOIa
pacuy€ToB B 3aBUCHMMOCTU OT 4YaCTOTHI BBINTaAcHUS
0CaJKOB M 0cOOeHHOCTel TpaHCGhOopMallMU CHEXXHO-
ro ITOKpoBa (IIpexae Bcero 3a cYET auddy3um BomsI-
HOTO Iapa 1 3aMep3aHus XKUIKOU BJIaTrn) U TEOPETU-
YeCKM MOXET OBITh IPOU3BOJIbHBIM.

YucaeHHbIE 3KCIIEpUMEHTHI ¢ Monaeibio SPON-
SOR BBITTOTHSINCEH C UCITOIB30BAaHUEM JIBYX CepHii
HaOII0eHN, TIepBast U3 KOTOPHIX ObLIa pean3oBa-
Ha ¢ 29 guBaps 00:00 4 mo 5 ¢eBpansa 23:00 2021 1.
MoOIIHOCTh CHEXXHOTO MOKPOBA HA MOMEHT 1Iypo-
BaHwus (27 suBapst) coctapisiia 100 cM, a JaHHBIE O
TEPMUYECKOM PEXUME U TUIOTHOCTU CHEXHOTO T10-
KpoBa ObIM moydeHsl ¢ marom 20 cMm. ITinoTHOCTH
CHera B Hayvajle 9KCIepUMEeHTa MEHSJIACh B TUAMAa30-
He ot 320 kr/M> Ha ryouHe 1 M 1o 210 kr/M? B61m3u
TMOBEPXHOCTH.

Bropast cepusi HaOmogeHWt TpoBoguWIach C
5 ¢pespansg 00:00 g mo 24 despansa 23:00 g 2022 r.
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MOIITHOCTh CHEXXHOTO ITOKPOBa Ha MOMEHT IIypdo-
BaHus (29 ssHBapsi) coctabisiia 80 cM, a JaHHbBIE O
TePMUYECKOM PEXKMME CHEXKHOTO TTOKPOBa ObLIN T10-
aydyeHbl 1o rimyomHbel 30 cM ¢ marom 10 cm. Ilnor-
HOCTb CHera B Hayalie 9KCIEepUMEHTa MEHsIach B
nuanaszoHe ot 400 xr/m® Ha miy6une 0.8 M 1o
260 xr/M* BOIM3M MOBEPXHOCTU. B maHHOI Bepcun
MOIEIN WCIOJb30BAJINCH CIEOYIONINEe IapaMeTphI:
anpoeno ceexero cHera — 0.9, anpbeno Tajloro cHera —
0.55, mapameTp mepoxoBaTocT — ot 2.5 X 10~* mo
10~ M B 3aBUCMMOCTHU OT IJIOTHOCTU CHEra, Koa(d-
¢unmeHT cepoctu (m3nyuenust) — 0.98. Illar o Bpe-
MEHU B 000MX BKCIIEPUMEHTaX COCTaBJIsI OMUH Yac.

Tak:xe CTOUT OTMETUTD, YTO U3MEPEHUS TEMITIEpa-
TYpbl B CHEXXHOI TOJIIe MPOBOAUINUCH HA YPOBHSIX,
(UKCUPOBAHHBIX OTHOCUTEIBbHO TPaHMIILI pasiesa
JIEN—CHET, OJHAKO MPU 3TOM Bapualllu TOJOXEHUSs
MOBEPXHOCTH CHEXHOTO MTOKPOBa 3a CYET OCAJKOB, U
METEJIEBOTO TepeHoca U CyoaMMaliu MOTYT UCUMC-
JISITbCSL J€CATKaMU CAaHTUMETPOB B cyTKU. [ToaTomy
Jajiee 1Sl ONMcaHus pe3yabTaToB U3MEPEHUN U MO-
JIeIMpOBaHUsl B KaUeCTBE BEPTUKATbHON KOOpIMHA-
Thl UCHOJB3YeTCsl He (pUKCUpOBaHHAs TIyOuWHa, a
TOJIIIMHA CHEXHOIO IOKPOBa, OTCUMTHIBaeMmasi OT
€ro HY>XHEeM rpaHullbl, ONpeAeJeHHOM B Havyaje me-
puoaa u3MepeHust 1o JaHHBIM 1IypdOUpoBaHUS.

Memoduxka ouenxu ocadxkos. B xone monaeBbIX Ha-
omogeHuii 2021/22 1. U3MepeHUsT CYTOYHBIX CYMM
0CaJIKOB C TOMOIIIBIO 0CaIKOMEPOB He TTPOBOAMIINUCH,
YTO 3HAYUTEIFHO OTPAaHUYMIIO BO3MOXHOCTh TOUHO-
ro BOCCTAaHOBJIEHHUSI OajlaHCa MacChl CHEXXHOIO ITO-
kpoBa. C Apyroii CTOpoHbI, METOAMYECKAS ITpoOIEMa
W3MEPEHMI TBEPIIBIX OCATKOB, OCOOCHHO B YCIIOBUSIX
MHTEHCUBHOIO METEJIEBOTO IIepeHoca, OO CUX ITOp
ocTaeTcsl OTKpbITOi. B maHHoit1 paboTte ObL1a Tpen-
MPUHSATA TIOTBITKA OLIEHUTh KOJIUYECTBO BBIMABIINX
OCaJKOB MO pe3yjbTaTaM €XEIHEBHBIX M3MEpPEHUM
TOJIIIUHBI CHEXXHOTO MOKpOBa. 3Hasl IMpupalleHue
TOJIIIMHBI Y TJIOTHOCTDH BBITIABIIIETO CHETa, a TaKXKe
CPOKM, B KOTOpBIE 3TO IMpHUpaIleHHEe ITPOM3OIILIO,
MOXHO IMPUOIVKEHHO OLIEHUTDH KOJIMYSCTBO BhIIIaB-
mux ocagkoB. [IpocTpaHCTBEHHOE OCpEeIHEHUE 3TOM
BEJIMYMHBI 10 8§ CHETOMEPHBIM peiKaM IT03BOJISIET
MUHUMHU3UPOBATh 3(P(PEKTHI JIOKAJTHHOTO METEIEBO-
ro nepeHoca. [Ipy1 3ToM cpoku Havajaa 1 OKOHYaHUS
cHeronaga (PMKCUPOBAJIMCh IO HAOIOACHUSIM, ITPO-
BOIMBIIMMCS Ha y4yeObHO-Hay4dHoii 6aze MI'Y wum.
M.B. JloMmoHOcoBa B A3ay, pacloJIOXXEHHOI Ha BbI-
cote 2350 M Hax yp. MOpSI B 5 KM K IOTY OT U3MEPH-
TeJILHOTO MOJIMTOHA Ha JiemHuKe ['apabaiim.

OL[HaKO N3MEHCHME BBICOTBI CHEXXKHOI'O ITOKpOBa
OTpaxkaeT CyMMYy BCe€X KOMIIOHEHT OajaHca MaccChl
CHEXXHOTO ITIOKpPOBa, BKJIIOYAs YIJIOTHEHWE CHera u
CyOIMMAalIMIO JIEASTHBIX KpUCTAJUTOB. B 1emsix yuéra
9TUX (haKTOPOB Ha MePBOIi UTEpALIMU PACUETOB K MO~
JIOXUTEIbHBIM U3MEHEHUSIM BBICOTHI CHera (TpaKTy-
€MBIM KaK TBEpABIE OCaAKM) C YIYETOM €TI0 YIIJIOTHE-
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HUSI TIpUOABJISUIM  BEJIMYUHY CJIOSI CyOJIMMAaLIUU
(BKJTIOYAS. METEJIEBYIO), PACCUUTAHHYIO C TIOMOIIBIO
moaean SPONSOR. Ha Bropoii ntepanium pacuéToB
MOJIyYeHHbIC 3HAUYEHUsI MEPECUMTHIBAIOTCS B CKO-
POCTb BbITNIAJEHUS OCATKOB B MM/C (C UCTIOJTb30BAaH -
€M HU3BECTHBIX CKOPOCTH U BpPEMEHHU IIpUpaIlcHUS
TOJILLIMHBI CHEra) U MPUIUCHIBAIOTCS K TEM CPOKaM,
Korda nmpupaiieHne peajbHO HaOMI0daI0Ch. DTa UH-
¢dopmalirs Mcrob3yeTcsl B KaueCcTBE BXOAHbBIX TaH-
HBIX 00 ocankax (¢opcHHTIa) yXe B UTOTOBBIX UMC-
JICHHBIX B3KcIiepuMeHTax. OIHOBPEMEHHO KOHTPO-
JupyeTcsl GallaHC TpUpPALIeHUs MacChl CHEXHOTIO
IMOKpPOBa C YYETOM €T0 MCIapeHusi, YTOObI n30eXKaTh
HECYILIECTBYIOIIMX HWCTOYHUKOB M CTOKOB MAacCCHI.
CoBMellleHMe HAaTYPHBIX JAHHBIX U MOJEIbHBIX pac-
YETOB MO3BOJISIET C HEKOTOPBIMHU JOIYIIEHUSIMUA BOC-
CTAaHOBUTH WMH(}OpMalIMIO O TBEPABIX OcagKax IO
JTaHHBIM U3MEPEHHOTIO M3MEHEHUS TOJIIMHBI CHEX-
HOTO MOKpoBa. Takoil moaxon, KOHEUHO, He 3aMEHSI-
€T U3MEPEHUST OCAAKOB C TMOMOIIbIO aKyCTUYECKUX
WJIN JJa3ePHBIX 0CAIKOMEPOB, OMHAKO CYIIECTBEHHO
MOBBIIIAET KOPPEKTHOCTh MOJENIbHBIX PACUETOB 10
CPaBHEHUIO C MOJHBIM OTCYTCTBUEM YYETA TBEPABIX
ocaakoB. OLeHKU TOYHOCTU BOCITPOU3BEICHUS MO-
neapio SPONSOR ckopocTr yJIOTHEHHUS CHEXKHOTO
IMOKPOBa B IIIMPOKOM JMAana3oHe MPUPOIHBIX YCIIO-
BUI1 OBLJIM BBITTOJTHEHBI paHee B XO/Ae DKCIIepUMeEHTa
SnowMIP (Krinner et al., 2018, Menard et al., 2021 u
IIp.): MOOenb MoKa3aja Xopolllee Ka4eCTBO BOCIIPO-
U3BeIeHUST HAOMOAAaeMOl TOJIIMHBI CHEXHOTO TMO-
KpOBa Ha OOJIBIIMHCTBE W3MEPUTEIBbHBIX ITOJUTO-
HOB, YTO HEBO3MOXHO 0e3 IMpaBUJIBHOrO pacyéra
CKOpPOCTHU YIUIOTHEeHUsI cHera. OLIeHKU paccuuTaH-
HBIX BEJIMYMH ITOTOKOB CKPBITOTO TETLIa HaJl TTOBEPX-
HOCTBIO CHeTa B JAHHOM paGoTe BBITIOMHSIIUCH TyTEM
BBIUMCIIEHUSI TEIJIOBOTO OajiaHCa ITOBEPXHOCTU I10
M3MEPEHHBIM 3HAUYCHUSM paguallMOHHBIX TIOTOKOB U
IMOTOKOB SIBHOTO TEIJIa, a TAKXKe IT0 PaCCYUTAaHHBIM
BeJIMYMHAM PagMallMOHHOIO 6ajaHca IOBEPXHOCTHU
W MHIOYKIIMOHHOTO TIOTOKa Temja B cHer. IloTok
CKPBITOTO TeIjIa ONpeaessiics MPU 3TOM KaK OCTa-
TOYHBII YIEH TEMJI0BOTO 6ajaHca, KOTOPhIN 110 TI0-
PSIAKY BEJIMYMHBI COOTBETCTBOBAJI UBMEPEHHOMY T10-
TOKY SIBHOTO TeTLIa.

IMonyyeHHBIE OaHHBIE M3MEPEHUIl TOMIIWHBL U
MacChl CHEXXKHOTO MTOKPOBA, a TAKXKe BIUMCIIEHHEIE C
nomoinpio Mmogeaun SPONSOR 3HaueHus1 cKopocTu
YIUIOTHEHMSI CHETa U BEIMYMHBI UCHApEHUS O3B0~
JIIIOT C YOOBIIETBOPUTEIBLHOM TOYHOCTBHIO PEIIUTh
0o0OpaTHYIO 3aa4y BOCCTAHOBJICHUSI KOJIUYECTBA BbI-
MaBIINX OCAaAKOB, YTOOBI HA BTOPOM UTEpallM PACcUé-
TOB BKJIIOYUTH MX B MOAENBHBIN (hOPCUHT KakK GoJiee
JIOCTOBEPHYIO BeIUYMHY. Pa3BuTie naHHOI MeToau-
K1 MOIJIO 6])1 ITO3BOJIUTH C U3BECTHOM TOYHOCTBIO BOC-
CTaHABIMBAaThb KOJWYECTBO BBIMABIIUX TBEPABIX
0CalKOB II0 WM3MEPEHHBIM 3HAYEHUSM TOJIIWHBI
CHEXXHOTO MOKpPOBa.
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Takmm o6pa3oM, ImosrydeHHBIEe TaHHBIE HaOJTIo e -
HUiI HENMOCPEACTBEHHO Ha ITOBEPXHOCTU TOPHOTIO
JIEMHUKA OTINYAIOTCS HOCTATOYHO BBICOKON CTeme-
HBIO JOCTOBEPHOCTHU (KPOME OCaIKOB, KOTOPhIE BCE-
TaKl BOCCTAHABJIMBAJIMICh KOCBEHHO OIIMCAHHBIM
BBIIIIE CIIOCOOOM) U MOTYT OBITh UCIOJIb30BAHBI OIS
peanu3anny YMCICHHBIX SKCIIEPUMEHTOB C MOICITS-
MU CHEXKHOTO TTOKPOBaA.

PE3VJIBTATBI U OBCYXIEHHUE

Bocnpouszeeoenue paduauuonnoiic memnepamypot
nogepxnocmu. VIamepeHune INIOTHOCTU ITOTOKA BOCXO-
JISIIIEr0o JIMHHOBOJHOBOTO M3JIyYEHUSI C IOMOIIBLIO
MMAPTeOMETPOB MO3BOJISIET BOCCTAHOBUTh 3HAYCHUS
pagualOHHOII TeMmepaTyphl IIOBEPXHOCTU CHEX-
HOro IIoKpoBa 1o 3akoHy CredaHa-bonbiMaHa.
KoppekTHo 3agaHHoe 3HaueHue KoahduimeHTa ce-
POCTH TOJIKHO TTPUBECTU K TTOJTHOMY COOTBETCTBUIO
pacCYMTaHHON paauAllMOHHOMU TeMmepaTrypbl I10-
BEPXHOCTHU peajibHO HAa0I101aeMOi TepMOIMHAMUYE-
CKoM Temrniepatype. B mambHeiiliieM BOCCTAHOBIICH-
HYIO IO TaHHBIM ITMpreoMeTpa TeMIlepaTypy MbI Oy-
IeM [JIs1 KpaTKOCTW Ha3bIBaThb “‘M3MEPEHHOM
paguanoHHO#T Temmeparypoii” (mamee — WMPT).
Crenyetr oTMeTUTb, YTO KO3 (DUILIMEHT CEPOCTU IS
CHera He SBISCTCI BEIWYMHOW TMOCTOSTHHON
(Snow..., 2008). OgHaKo MBI IPUHUMAaeM BO BHIMA-
HUeE, YTO 3HaYeHUe KO3 UILIMEHTa CEPOCTU MOXKET
OTKJIOHSITBCSI OT CPEIHETO C TEM WJIM UHBIM 3HAKOM.
IIpu 3TOM uU3MepeHUsT TeMIlepaTypbl MOBEPXHOCTU
CHera He TIPOBOAWIMCH, YTO CBSI3aHO C MTOCTOSIHHBIM
M3MEHEHMEM BBICOTHI TIOBEPXHOCTU CHEXKHOTO U3-3a
METEJIEBOTO MepeHoca, 0CaaKoB, a TAKXKe C BO3eli-
CTBHMEM COJIHEYHOM paguvaluy Ha TEPMOMETPHI, KO-
TOpOE HEBO3MOXHO UCKITIOUUTh. [ToaTOMy Ha puc. 2
MpeACTaBIIEHBI TAKKe TpaKK pagualliOHHOM TeM-
nepaTypbl, paCCYUTAHHOMN IS IIpeaeibHO BO3MOXK-
HBIX 3HaYeHUI KO3 dUlIMeHTa CepOCTU: MUHUMAaJIb-
Horo 0.96 n makcumanbsHoro 1.0. CpaBHeHUe rpadu-
KOB II0Ka3bIBaeT, YTO BO3MOXHBIE HETOYHOCTU
KO3 UIKMEHTAa CEPOCTU MOTYT OBITH IPUYNHOM Cy-
IIECTBEHHOM MOTPEITHOCTH pacueTa paauallMOHHOM
TeMIlepaTyphl, focturatonieii 2—3°C.

Ha puc. 2, a npuseneno cpasHenue MPT mosepx-
HOCTHU CHera ITpU pa3InYHbIX Ko3dUIIMeHTaX cepo-
CTU C pe3yJbTaTaMUu MOJEIUPOBAHUS JJIsl SKCIIepU-
menTa 2021 r. (u€pHas muHus). B KauecTBe yCIIOBHO-
ro “aTajoHa” I OICHKN KauyeCcTBa MOJICINPOBaHUS
MOXET CIY>XKMTb PsiJi paiualliOHHONW TeMIlepaTyphl,
MOJIyYEHHbIII HA OCHOBE U3MEPEHHOTO MOTOKa YXO-
nsiiieit JIMHHOBOJIHOBOM paavaluy NMpyu 3HAaYeHUU
koaddunmernta cepoctu € = 0.98. I[1pu HEM Moaesb
SPONSOR BecbMa TOYHO BOCIIPOU3BOIUT BpeMEH-
HYI0 U3MEHYUBOCTh — KO3(MMUILIMEHT KOppeasiiuu
MEXIY MOAEIbHBIM U “U3MEPEHHBIM” PSIIOM paBeH
0.96, cpenHexkBagpaTuueckas omnoka — 1.9°C, cpen-
HsIs1 abcomoTHas olunoka cocrassiet 0.8°C.

Ha puc. 2, 6 npuBeneHo cpaBHeHue UPT nosepx-
HOCTH CHETa MMPH Pa3INIHBIX KO3 dUIIMEeHTax cepo-
CTU C pe3yJbTaTaMUu MOISIUPOBAHUS IJIST SKCIIePU-
meHTa 2022 1. (u€pHas auHUSI). MOXHO OTMETUTD,
yro Momenb SPONSOR Takke ¢ BBICOKOII TOYHO-
CThIO BOCIIPOM3BOAUT BPEMEHHYIO W3MEHUYMBOCTH
TeMIIEpaTyphbl ITOBEPXHOCTU CHera: KO3(h@ ULIMEHT
koppensitiuu coctapisier 0.93, cpenHekBagpaTuye-
ckas ommbka — 2.4°C. CpenHsist aOCOTIOTHAS OLINO-
Ka no pesyibTaTam moaeian SPONSOR oka3sbiBaeTcs
61u13Ka K 0°C, mpu 3TOM MOJIie/Ib MPEUMYIIECTBEHHO
3aBbIIIACT 3HAUYCHMST TeMIepaTypbl MOBEPXHOCTU B
JHEBHOE BpeMsI U 3aHIMKAeT B HOUHOe. MaKCUMyM
OILIMOOK MO pe3yJbTaTaM MOJEIN JOCTUTAETCS B Te-
pUMOI YCTOMYMBOTO aHTUIIMKIIOHA ¢ 12 110 17 peBpans
(1o 4°C).

Kpome Temneparypbl HOBEpXHOCTU, HA pUC. 2, a—
0 TIpeacTaBiieHbl TakXke rpaduKu U3MEPEHHOM Mpu-
3eMHOIi TeMmepaTypbl Bo3ayxa (CHHSIS JIMHUS).
CpaBuenue rpa¢ukoB UPT u nipuseMHoii TemMmepa-
TYpbI BO3llyXa MO3BOJISIET OLIEHUTh MIPU3EMHBbII Tpa-
JUEHT TeMIIepaTyphbl, OT KOTOPOTO B IEPBYIO ouepelb
3aBUCUT BeJIMYMHA TYpOYJEHTHOIO TerlooOMeHa
CHEXXHOI TMMOBEPXHOCTU ¢ atMocdepoii. [To naHHbIM
M3MEpEeHUI BeJIMYMHA MPU3EMHOI0 rpageHTa TeM-
repaTypbl B iepro/1 HabJIOACHU BechMa BeJIMKa, U
cocraBjisieT B cpenHeM —2°C/M, T.e. B CpedHEM HaJl
CHEXHBIM MOKPOBOM HabJIIoAaeTcsl CUJIbHAsl TeEMIIe-
paTypHasi MHBEPCHS, UYTO B 11€JIOM TUTTUYHO 151 3UM-
Hux yciaoBuii. Kak mokaspiBaeT aHanm3 puc. 2, 0,
B YCJIOBMSIX LITUJIEBOM aHTULIMKIIOHAJIBHOM MOTOBI,
HaOmogaBiieiics B mepuon ¢ 12 mo 17 peBpais, nepe-
naj TeMIiepaTypbl MeXIy MOBEPXHOCTbIO U YPOBHEM
U3MepeHUs TeMIlepaTypbl Bo3ayxa (2 M) MOXET J10-
cturath 18°C. bauskue 3HaueHUs ObLIU MOTYYEHbI U
O pe3yJibTaTaM MOAEIUPOBaHUSI.

Bocnpouszeedenue mepmuneckozo pexcuma cHelcHo-

20 nokpoea. Monenbs SPONSOR no3BosisieT paccuu-
TaTh TEMIIEPATYPY He TOJBKO Ha TTOBEPXHOCTHU, HO U
IO BCEM TOJIIIe CHEXXHOTO ITokpoBa. Ha puc. 3 ipen-
CTaBJIEHO CpaBHEHNE BPEMEHHBIX PSIIOB TeMIlepaTy-
puI o1t 3KkcnepuMeHTa 2021 T. TT0 JaHHBIM pacdéTta
SPONSOR Ha pa3Iu4yHBIX YPOBHSIX OT TPAHUIIBI pa3-
nIena “a€a—cHer”; IS HAIJIIAHOCTY Ha puC. 3 Ipel-
CTaBJIeH Takke IpaduK M3MEHEHUI paauallioOHHOMN
TeMIIepaTyphl MoBepXxHOCTU. K coxaneHno, HeKOTO-
pble JaTIYnKW TepMOKOCHl (Geoprecision, pacIionao-
KeHHble Ha ypoBHaX 60 u 80 cM, paGoTajiu HEKOP-
PEKTHO, MO3TOMY TaHHBIE, TOTYYESHHbIE C HUX, ObLIU
3a0pakoBaHbI. B ¢BsI3M ¢ 3TUM Ha puc. 3 TIpeacTaBlie-
HBI Tpa®UKN U3MEPEHHOM TEMIEPaTyPhl TOILKO IS
ypoBHeii 20 u 40 cM OT HUXKHEM IpaHULIbI cCHera. AHa-
Jiu3 rpaduka MokasblBaeT, YTO MOAEIb AAET J0CTa-
TOYHO aJeKBaTHYIO KapTUHY TEPMUUYECKOTO pexXrma
CHEXXHOTO MOKPOBA: aMIUIMTYAa KoJieOaHUI TeMIle-
paTypbl BOIM3U MOBepxHOCTU (YypoBeHb 80 cM) 3aTy-
XaeT ¢ NIYOMHOM COITIaCHO BTOPOMY 3aKOHY Dyphbe;
pe3yJIbTaThl U3MEPEHUI U MOJECIMPOBAHUST MTOKAa3a-
JIEO Y CHET Ne 2
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Puc. 2. PagnauroHHast TeMIlepaTypa IIOBEpXHOCTH CHeTa, pacCuMTaHHast 1 nepronos skcneauuuu 2021 r. (a) u 2022 r. (6):
M0 TaHHBIM HaOMoneHnit Tpu Koaddunmentax cepoctu 1 — 0.96; 2—0.98 u 3 — 1.0, 4 — TeMIiepaTypa MOBEpXHOCTH CHEra o
pesynbraraM pacuetoB Ha Moaesiu SPONSOR; 5 — rpacduk HabI01aeMOi1 TeMIiepaTypbl BO3ayXa Ha BbICOTE 2 M.

Fig. 2. The radiation temperature of snow surface, calculated for the period of the expedition in 2021 (a) and 2022 (6): according
to observations at grayness coefficients of 7 — 0.96; 2—0.98 and 3 — 1.0, 4 — snow surface temperature according to the results of
calculations on the SPONSOR model; 5 — graph of the observed air temperature at a height of 2 m.

JIY, 4TO T1y03ke ypoBHS 40 CM B BEICOKOTOPHBIX YCII0-
BUSIX DJIbOpyca CyTOUHbBIE KOJICOAHUST TeMIIepaTyphl
MpaKTU4YeCKN He pacnpocTpaHsiores. [1pu aToM mis
YPOBHEi1, Ha KOTOPBIX TEPMOMETPHI pabOTaI KOpP-
PEKTHO, HaOJIIoAaeTCsd XOpolllee COOTBETCTBHE Ha-
6G110JaeMBIX U PACCUMTAHHBIX 3HAUEHU TeMmepary-
pBI cHera: cpemHsiss aObCOIIOTHAsI OLIMOKA JaHHBIX
MonenupoBaHusi coctasisieT 0.4°C nis ypoBHs 40 cm
u 0.2°C anst ypoBHs 20 cm.

3aTteM ObLI MPOBEAEH PSII YMCICHHBIX DKCIIEePH-
MEHTOB, HalIpaBJICHHBIX HA KOJIMYECTBEHHYIO OLICH-
Ky BO3MOXHBIX OIIIMOOK, HEM30EKHO BO3HUKAIOIINX
MPY U3MEPEHUSIX TeMITepaTypbl B CHEXXHOI TOJIIIE C
MoMolIIbl0 TepMOKoc. Yalle Bcero TepMoKoca ycra-
HaABIIMBAeTCI B 3apaHee IPOOYPEHHYIO JYHKY B
CHEXXHO-JIEIOBOI TOJIIIIE, TMOO B 3apaHee BHIKOTIAH-
Ne2 2023
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HBII 1Iypd, KOTOPBIM 3aTeM 3achiaeTcs CHETOM.
B oboux ciydyasix uaMepeHUs] MPOBOASTCS B Hapy-
IIIEHHOM CHEXHOM IMOKpoBe. I OLIEeHKM BO3MOX-
HOTO BIUWSHUSI HAaYaJIbHBIX 3HAYEHWU IJTIOTHOCTU
CHeTra Ha ero TEPMUYECKUN pekUM ObLIU TIPOBENEHBI
YUCJIEHHBIE SKCMEPUMEHTbI C BHECEHHBIMU OTKJIOHE-
HUAMM TUIOTHOCTH CHEXXHOTO MoKpoBa Ha +100 kr/m?
Ha BCEX PacCYETHHIX YPOBHSIX. TakuM oOpa3oM, UMU-
TUPOBAJIOCh 3alOJIHEHUE W3MEpUTENbHOro Iypda
KOJIMYECTBOM cHera ¢ MeHbmuM (—100 kr/m?) wim
oonbmuM (+100 kr/M%) 3HaYEHUEM IUIOTHOCTH IO
CPaBHEHUIO C UCXOMHOM BEJIUUUHOM (ITpU ONMHAKO-
BOI Ha4aJIbHOI BBICOTE CHEXXKHOTO IMoKpoBa). cxon-
Has HabJogaeMas IIOTHOCTb CHeTa B Havasie 9KCIie-
pUMeHTA MeHsUIach B nuarnasoHe ot 320 kr/m> Ha ry-
oune 1 M 10 210 kr/M> BO61M3M moBepxHOCTH. Takum
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Puc. 3. TepMou3orieTsl 1Mo AaHHBIM HAOMIOAEHUI (ITYHKTUPHBIE JUHUU) U pesyibTaTam pacuéroB Ha monenn SPONSOR
(CILTOLIHBIE JIMHUK) 1151 mepuoda akcnenuunu 2021 r.: / — pagualioHHas1 TeMIliepaTtypa IIOBEpXHOCTU CHETa, pacCYMTaHHasK
st nepuonaa skcrenuuuy 2021 . mo JaHHBIM HaOmoaeHUi npu Koaddunuente cepoctu 0.98; 2—3 — maHHbIE HAOTIOOACHUIA
cooTBeTcTBeHHO Ha 20 1 40 cM; 4— 7 — pacuétsl o Mozen SPONSOR st ypoBHeit cootBeTcTBeHHO 20, 40, 60 1 80 cM. YpoB-

HU OTCYUTHLIBAIOTCA OT 'PaHULIBI CHEXKHOT'O ITOKPOBa U JICAHUKA.

Fig. 3. Thermal isopleths according to observational data (dotted lines) and results of calculations on the SPONSOR model (solid
lines) for the expedition period of 2021; / — radiation temperature of the snow surface, calculated for the expedition period of
2021 according to observational data with an emissivity of 0.98; 2—3 — observational data at 20 and 40 cm, respectively; 4—7 —
calculations using the SPONSOR model for levels of 20, 40, 60 and 80 cm, respectively. The levels are counted from the border

of the snow cover and the glacier.

o0Opa3oM, Mpu U3MEHEeHUU HayaJlbHOM TJIOTHOCTH Ha
+100 KF/M3 B MPOLIEHTHOM OTHOILLIEHWM OHA MEHSI-
JIach BeChbMa CYILIECTBEHHO: Ha 48 % IS IPUIIOBEPX-
HOCTHOTO cJios 1 Ha 31% nnst ypoBHs 1 M. Pe3ynbra-
Thl DKCIIEpUMEHTa MpeAcTaBJeHbl Ha puc. 4, a (Wis
TeMItepatypsl Ha ypoBHsX 20, 40 1 60 cM OT TpaHUIIBI
pasnena cHer—iuén). AHanu3 puc. 4, a TToKa3bIBaeT,
YTO BO3MYIIIEHUSI HAayaJbHOM IJIOTHOCTU CHEXHOTO
IMOKPOBa MOTYT OKa3aTh CyIIECTBEHHOE BIWSIHUE Ha
ero TEPMUUYECKUU PEeXUM: OTKIOHEHUS 3HaYeHUit
TeMIiepaTypbl MOryT gocturathb 1.5—2.5°C s ypoB-
Hs1 60 cM 11 1°C it ypoBHS 40 ¢M OT rpaHUILIBI pa3ie-
JIa CHer—Jén.

ITpu aHanuze rpadukKoB puc. 4, a oTMevaeTcs mna-
pamoKcaJabHbIA, HAa MEPBBI B3IJISAA, pe3yabTaT: IpU
MEHBIIEH ITNIOTHOCTH CHEra aMIUIMTyIa KojaeOaHMit
TeMIIEpaTypbl B BEPXHUX CJIOSIX CHera OoJibllle, YeM
IIpU YBEIUYEHHOI IUIOTHOCTU. TeopeTndeckKue mc-
cJIeloOBaHUS MOKA3bIBAIOT, UTO MPU MEHbIIIEH MI0T-
HOCTHU U, CJIEA0BATENIbHO, ITPU MEHBIIUX 3HAYCHUSIX
KO3 UIMEHTAa TEIJIONPOBOAHOCTU, TEPMUYECKUE
KOJIEOaHUS NOJKHBI OBICTPEE 3aTyXaTh IPU Pacipo-
CTpaHEeHUHU BIJIyOb CHEXKHOTro MokpoBa. OgHaKo ce-
JIyeT OTMETUTh, UTO B JAHHOM 3KCIIEPUMEHTE MOE-
JIMPOBAJIOCh 3aIl0JIHEHME IITypda 111 TEPMOKOCHI KO-
JIMYeCTBOM (Maccoii) CHera CyllleCTBEHHO MEHbBIIUM
(M1 cylIecTBEeHHO OONBIINM) IO CPAaBHEHMIO C MC-
XOmHOM BennumHOM. [ToaTOMY Hapsay C yMEHBIIIe-

HUeM (yBeIMYeHUEM) Koa(@UuIlMeHTa Ternaonpo-
BOTHOCTH OJIHOBPEMEHHO YMEHBIIAJIACh (YBEINYM-
BajlaCh) TEIUIOEMKOCTb CHera B IIypde, TaK Kak
o0ll1asi HavyaibHasl TOJIIMHA OCTaBajach OMMHAKO-
Boii. Kak cienyet u3 ypaBHeHUsI (3), CKOPOCTh U3MeE-
HEHMS TeMIlepaTyphbl CHeTa Ha JI000i IIyOnHe Tpsi-
MO MPOMNOpPLMOHAbHA TEIIONPOBOIHOCTU U 0OpaT-
HO IIPOIIOPLIMOHAJIbHA IIPOM3BEACHUIO IIIOTHOCTU
Ha TeTNIOEMKOCTh. OCOOEHHO 3TO 3aMETHO B BEpXHEH
yacTu mypda, rjae u3MeHeHUsI ITNIOTHOCTU MpeBbIla-
10T 40%. I1lo3TOMy NpU YMEHBIIEHUU TUIOTHOCTHU
cHera B IIypde YyBCTBUTEJIBHOCTh €r0 TEMIIEPaTypPhl
K W3MEHEHUSIM TMOTOKOB TeIlla BO3pacTaeT Hu3-3a
YMEHBIICHUS TEIUIOEMKOCTH, HO 3aTyxaHue Kojaeba-
HHUU TIPOMCXOIUT OBICTpee, YeM NPU YBEIIMUYEHHOMN
TUIOTHOCTHU U3-32 YMEHbIIIEHUs] TeTJI0NPOBOAHOCTH,
Mo3ToMy K ypoBHIO 20 CM OT TpaHHUILIBI pasieiia
“cHer—nén” pasIuuus I TPEX PaACUETOB ITPaKTUUE-
CKU HUBenupytoTcs. [Tpy aHoOMaJIbHOM yBeJIMYEHUU
IUIOTHOCTHU CHeTa HabiomaeTcsi 00paTHBIN ITpoliece
(OH BBIpaxKeH HECKOJBKO cliabee).

Kpome Toro, ciemyer umMeTh B BUAY, UTO MOCIE
YCTAHOBJIEHUSI HA4YaJbHBIX aHOMAaJUil TIIOTHOCTU
CHera, B JallbHeMIleM CHEXXHBII MOKPOB MTOABEPTall-
Csl €CTeCTBEHHOMY MpPOLIECCY YIJIOTHEHUSI, KaK BSI3-
KOTO, TaK ¥ BETPOBOT0O, 0COOEHHO 3aMETHOTO B YCIIO-
BUSIX 3MUMHETO BEICOKOTOPbsI. [1pu 3TOM CHET ¢ MEHb-
IIeii TTOTHOCTBIO YIUIOTHSIJICS ObICTpee, YeM CHET C
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Puc. 4. DxcnepumeHT Ha Mmoae SPONSOR 1o nanHbiM 2021 I. — (@) u3MEHeHUsI TeMIIepaTypbl CHEXKHOI TOJIIIIN CO BpeMe-
HeM Ha: [ — 60, 2 — 40 u 3 — 20 cM Ipu U3MEPEHHOM HavyaJlbHOM BEPTUKAJIBHOM pPaCIIpeaeICHIUU IJIOTHOCTA CHEXHOTIO I10-
KpOBa; a TaKxKe NPy U3MEHEHUU HAYaJIbHOTO BEPTUKAJIBLHOIO pacrpeaeaeHus INIOTHOCTU CHera o nryouHe Ha 100 kr/mM” B
0OJIBIIYIO (JIMHUY C KOPOTKUM ITYHKTUPOM 4, 5, 6) 1 MEHBIIYIO (JIMHUU C IJTMHHBIM IIYHKTUPOM 7, &8, 9) CTOPOHY OT 6a30BOT0
3HaYeHMs; (6) BBICOTA CHEXKHOTO IMTOKPOBA B YHMCJIEHHBIX dKcrepuMeHTax Ha Monean SPONSOR no manubeiM 2021 1. 1ipy 13-
MEpEeHHOM HavyaJlbHOM BEPTUKAJIBHOM pacrpeaejeHUH IIOTHOCTU CHEXHOTO MokpoBa (/0) v npu U3MEHEHUN HAa4aIbHOTO
BEPTUKAJIBHOIO pacrpeaesieHUsI IJIOTHOCTU cHera no riyorHe Ha 100 kr/M” B 6osbliyio (/1) u MeHbliyio (12) CTOpOHY OT 6a-
30BOT0O 3HAUYEHUsl. YPOBHU TEMIIEPATYPHBIX JATYUKOB ( /3) OTCUUTHIBAIOTCS OT FPAHMIIbI CHEXXHOTO ITOKPOBA M JIEMHUKA.

Fig. 4. Experiment on the SPONSOR model according to 2021 data — (@) changes in the temperature of the snow with time at
levels: 1 — 60, 2 — 40 and 3 — 20 cm with the measured initial vertical distribution of snow density; and with a changed initial
vertical distribution of snow density by 100 kg/m3 to the larger (dotted lines 4, 5, 6) and smaller (dashed lines 7, 8, 9) side of the
base value; (6) snow depth in numerical experiments on the SPONSOR model according to 2021 data with the measured initial
vertical distribution of snow density (/0) and with a changed initial vertical distribution of snow density over depth by 100 kg/m3
to a larger one (//) and the smaller (/2) side of the base value. The levels of temperature sensors (/3) are counted from the border
of the snow cover and the glacier.

Oosblieil TUIOTHOCTBIO. [loaTOMy ero ToJjiuMHa
yMeHbIIajIach ObIcTpee (cMm. puc. 4, 6). HecMmoTps Ha
TO YTO YPOBHU pacyeTa TeMIIepaTyphbl pacrojarairch
Ha OTHOM PaCCTOSTHUU OT T'paHULIBI “IEA—CHEr”, OHU
OKa3bIBaAJIUCh HA PA3HOM PACCTOSIHUM OT TTOBEPXHO-
CTU CHera yepe3 HeOOJIbIION MPOMEXYTOK BPEMEHU.
To ectb paccMmaTpuBalilach CUTYyallusi, KOTIa pacrio-
JIOXXeHHbII1 Ha (DUMKCUPOBAHHOI BbICOTE OT paszielia
“N€m—cHer” TepMOAaTYMK B pE3yJbTaTe YIIJIOTHEHUS
CHEXHOTo TOKpOBa OKa3bIBajICs Bce OJiMXe K Mo-
BEpPXHOCTHU cHera. [To3ToMy B UTOTE MPUIILIIOCH OTKA-
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3aTbCsA OT OLICHOK M BU3yaJIM3allUN USMECHCHUSA TEM-
nepaTypsl Ha ypoBHe 80 cM OT pasnena “mén—cHer”,
TOCKOJIbKY YK€ K 1 ¢heBpasisi TOJIIIMHA CHEXHOIO IMO-
KpoBa ctajia MeHbl1e 80 cM (cM. puc. 4, 6 — TaTIYUK, U3-
HavaJbHO pPacMojIoXXeHHBIN Ha TiTyonHe 20 cM, TTocie
1 deBpansg okazajcs Obl B Bo3ayxe). st akcriepu-
MEHTOB C HOPMAaJIbHOM M TeM OoJjiee yBEJIMYEHHOMN
IUIOTHOCTBIO YMEHBIIIEHUE BBICOTHI CHEXHOIO ITO-
KpOBa BBIPaXXEHO ropasuo ciabee, II03TOMY YPOBHU
omnpeneNeHusT TeMIepaTypbl OKa3bIBalOTCS Ha 0OJIb-
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1ieit yOrMHe OT MOBEPXHOCTU CHETa, YeM JJIsI DKCTe-
pUMEHTA C YMEHBIIIEHHOMU MJIOTHOCTHIO.

Bocnpou3zeedenue myp6yienmnozo nomoka A6H020
menaa. JlaHHbIE BBICOKOYACTOTHBIX U3MEPEHUI KOM-
IMOHEHT CKOPOCTH BETPA C MOMOIIbIO aKyCTUUECKOTO
aHemomeTpa Gill mo3BoaMIN OLIEHUTh Ka4€CTBO BOC-
npousBeaeHus: moaeabio SPONSOR 3HaueHuit Typ-
OyJIEeHTHOTO MOTOKA sIBHOTO Teria. PaHHee 1151 ce30-
Ha abJIsLMU Ha TOPHBIX JIETHUKAaX ObLIO MOKAa3aHo,
YTO MPSIMOM METON TYpOYJeHTHBIX mybcauuii (eddy
covariance) YCJIOBHO MOXET CUMTAThCS “‘ITaJIOH-
HbIM” (TopomnoBs u ap., 2018).

BpeMmeHHAS 1I3BMEHYMBOCTD IIOTOKA SIBHOTO TeIljla
Bocripou3BoauTcst moaennbio SPONSOR ynoBieTBo-
puTenbHO (puUC. 5, a) 3a UCKIIOYEHHEM CPOKOB C
OOJIBIIMMU 3HAYEHUSIMU TOJIOXKUTEJILHBIX ITOTOKOB
10 JaHHBIM HadmoaeHuii (1o 330 Br/m?). Koapdu-
LUAEHT JeTepPMUHALIMYA MEXIY U3MEPEHHBIMU U pac-
CUYUTAHHBIMM 3HAYEHUSIMU MIOTOKOB JIJISI BCETO 00BhEMA
BbeIOOpKU cocrasister 0.16 (puc. 5, 6), uro popmab-
HO SIBJISIETCSI CTaTUCTUYCCKU 3HAUYUMOI BETUIMHOIA.
[Ipu 3TOM cilydam co 3HAYUTEIILHBIMU “BBIOpOCa-
MU’ 3HAYEHUI IMOTOKOB SBHOTO TeIJa MOIEJbIO
SPONSOR He BocrmpousBonsarcsi. OQHAKO JOCTO-
BEPHOCTh TAaKMX BBICOKMX WM3MEPEHHBIX 3HAYECHMIA
TpeOyeT JONOJHUTEIBHOM ITPOBEPKM Ha OoJiee JIJTMH-
HBIX psigax HaOmomeHuii. B To xe BpeMst JaHHBIE Ha-
OmoaeHUII TPUBEACHBI B BUAE CPEIHUX YaCOBBIX
3HAYEHMI, UTO 1O Uee JOJKHO ObLIIO MUHUMU3UPO-
BaTh olnOKKU. KpoMe TOro, KoJIM4ecTBO CJIy4aeB CO
3HAYEHUSIMU TYypOYJIEHTHOIO MOTOKA SIBHOTO TeIlia
60see 100 Bt/M? cocTasister nopsnka 17% ot oomeit
BBIOOPKU, YTO HE ITO3BOJISIET UCKIIIOYUTD UX KAK Ma-
JIOBEPOSITHBIE COOBITHSI.

K nmpumepy, ciyyato HeycToiunBoOii cTpatuduka-
L1 1O JaHHBIM HaOmoneHuit 31 saBaps 2021 1. co-
NYyTCTBOBaJ 3HAYUTENbHBIN THEBHOU MNpPOrpeB MO-
BEPXHOCTU CHEXKHOTO TTOKPOBa, OTepeXXalolnii pocT
TeMIlepaTyphl Bo3myxa. B pe3ynbraTe pa3HOCTb TEM-
nepaTyp IMoBEpPXHOCTb CHeTa — aTMocdepa okazajaach
MOJIOXKUTEIbHOM 1 focTuria 6°C. B Takux ycIToBusx
HEYCTOMYMBOI CTpaTU(MUKALUM BO3MOXHEI BOCXO-
JSIIAE TBUKEHUS Y TOBEPXHOCTH, YTO TTOATBEPXKaa-
eTCsl TaKXKe U TIOJIOKUTEIbHON BEPTUKAbHON KOM-
IMIOHEHTO CKOPOCTU BeTpa B 3THU YacChl, JOCTUTAIO-
meit 3HaueHust 0.42 M/c 1o JDaHHBIM aHEeMOMeETpa
Gill. B takoit cutyaluuu gaxe npyu yMEeHbIIEHUU TO-
PU3OHTAJILHOM KOMIIOHEHTBI CKOPOCTH BeTpa WH-
TEHCUBHBIA TYpPOYJISHTHBIN TEIJIOOOMEH CHEXHOMN
MOBEPXHOCTU ¢ arMochepoii BIIOJHE BO3MOXKEH.
AHaJIOTMYHBIIT BETPOBOM pexXMM HaOIomaacs B
yTpeHHHMe Jachkl 30 sTHBaps IIpU MakKCUMyMeE TypOy-
JIeHTHOro noTtoka Teruia. [Tpu aTom 06a ciaydyast He-
YCTOMYMBOI CTpaTU(UKALM ObLIN 3a(DUKCUPOBAHBI
B OIMHAKOBOW CHHONTUYECKONH OOCTaHOBKE: TIPpH
MPOXOXIEHUHU TETLIOTO (PPOHTA, COMTPOBOXKIAIOIIIEM-
Csl IOro-3amagHbIM BETPOM Ha YPOBHE M3MEPEHMUIA.
Pa3BuTtie cBOOOIHOI KOHBEKIIMY B IIPUTTOBEPXHOCT -

JAPO3J10B u np.

HOM cJjioe Ha Db0pyce B 3MMHUI CE30H, 10 BCEil BU-
JTUMOCTH, SIBJISIETCSI BO3MOXKHBIM U JaXKe TUMTUYHBIM
coObITUEM. B TMOJIb3y aleKBaTHOCTU MOJYYEHHBIX
OLIEHOK TYpPOYJIEHTHBIX MOTOKOB Terja roOBOPST pa-
3yMHbI€ 3HaueHUsI Ko3(hduiimeHTa TypOyJIEHTHOIO
oOMeHa, KOTopble ObLJIM OLIEHEHbI C UCTOJIb30BaHU -
eM o0bEMHOTro umciia PuuapacoHa m mis Hallero
ciyyast MeHsuich B quarasone 0.01—0.1 m2/c.

CTOUT TaKXe OTMETHUTh, YTO BpEMEHHOI X0/ 3Ha-
YeHUi1 MOTOKA SIBHOTO TEILIA 10 pe3Y/IbTaTaM MOJIC/IN
SPONSOR coBnagaetr ¢ BpeMeHHbIM XOJIOM Pa3HO-
CTH TeMIIepaTyphl “ImoBepxHOCTb—aTMocdepa”, B TO
BpeMsI KaK pe3yabTaThl pacyéToB 10 MeToay “eddy
covariance” ONpeneNsioTCss HE TOJbKO BepTUKaJlb-
HBIM TPagUEHTOM TeMIepaTypbl, HO U 3HAaYEHUEM
BEPTUKATBbHOII KOMIIOHEHTOM CKOpPOCTM BeTpa. 3a
HWCKJIIOUEHUEM 3THUX BBEIOPOCOB OKAa3bIBAeTCSI, YTO
BpPEMEHHASI U3MEHYMBOCTh BEJIMUYMH TYpOYJIEHTHOIO
TerutoooMeHa mo pesyabrataM mouean SPONSOR
XOPOIIO COOTBETCTBYET HATYPHBLIM AAHHBIM: KO3(-
GULIMEHT KOPPEeIsIIy MEXIY IBYMSI PsSiIaMUu TOCTU-
raer 0.93. OnHako Moay/idb aOCOJIOTHBIX 3HAYEHUN
TYpOYJIEHTHOI'O TEIIJIOOOMEHA IO pe3yIbTaTaM MOJIE-
1 SPONSOR 3aBbiiaercst B cpenHeM B 1.6 pasa.

OBCYXIEHHME
PE3YJIBTATOB 1 ANCKYCCUA

IMTonyyeHHBIE pe3yabTaTbl, OCHOBAaHHbIC Ha aHa-
JIN3e MaHHBIX HAOMIOMEHUM M YUCICHHOTO MOJIEIH-
POBaHMSI, BBISIBWIIM SIBHBIE OTIIMYNS CTPYKTYPHI TETI-
JIOBOro OajlaHCa CHEXHOTO ITOKpOBa PaBHUHHBIX U
BBICOKOTOPHBIX TEPPUTOPHIA.

PesynbraThl u3MepeHuil Mmokasaau, 4To rnepenaj
TeMIIEPATypbl MEX/Y MOBEPXHOCTbHIO CHEXHOTO T0-
KpOBa U IBYXMETPOBBIM YPOBHEM U3MEPEHMUS TEMITC-
paTypbl BO3llyXa B YCJIOBHUSIX CUJIBHOTO pagudalMOH-
HOTO BBIXOJIAXXUBAHUS MOXET INOCTUIaTh B OTIEb-
Hble cpoku 10°C/M, 4TO B paBHUHHBIX YCJIOBUSIX
cirydaeTcst kpaiiHe penko. [Tpu MmoaenpoBaHuU Tep-
MUYECKOTO peXuMa TOBEPXHOCTU TaKue BBICOKUE
3HAUYEHUS rpajveHTa TeMIlepaTypbl TakKXe BOCIPO-
u3BoasaTcs. I1o Bceit BUIMMOCTH, 3TO CBSI3aHO C TEM,
YTO B IITUJIEBBIX AHTULIMKJIOHAJIBHBIX YCJIOBUSIX MIPU
CWJIBbHO YCTOWYMBOI cTpaTUUKaUU aTMochephl,
HECMOTpsI Ha OOJbllue TpaaueHThl TeMIlepaTyphl,
TypOYJIEHTHBII TEIIOOOMEH OJIM30K K HYJIIO M3-3a
OYEHb MaJIbIX 3HauYeHUU KO3GhGUIIMEHTOB TYypOy-
nentHocTU (decoupling-addexr, (Lapo et al., 2019).
Takum o6pa3om, IMOTydeHHBIE Pe3yIbTaThl U3Mepe-
HUI U MOJIeJIMPOBAHUS TTOKA3bIBAIOT, YTO B YCIIOBUSIX
BBICOKOTODbSI 3KCTPAIOJISILIMS U MHTEPIOJS LIS
TeMIIEpaTypbl BO3/yXa U MOBEPXHOCTU, OCOOEHHO C
yIaJIeHHBIX CTAaHIIUI, SIBJISIETCS HEKOPPEKTHOI 3a/1a-
yeit. [y anekBaTHOTO BOCHPOU3BEICHUSI TepMUUE-
CKOTO pexXrMa MOBEPXHOCTH JIeAHUKA (U TIOKPbIBAIO-
IIero €€ CHEXHOTO MOKPOBa) HEOOXOAUMO pacCyu-
THIBaTh TEMIIEPATYPY MOBEPXHOCTU B KaXKIOU TOUKE
Ha OCHOBE pEellIeHUs ypaBHEHUS TETJIOBOTO OaJlaHca.
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Puc. 5. I'papuk BpeMeHHOI U3MEHUMBOCTH (@) U AUAarpaMma paccesiHus (6) TUIOTHOCTU TTOTOKA SIBHOTO TeTlia (BT/M2), BOC-
CTaHOBJICHHOTO 10 METOy TYpOY/IeHTHBIX Iyibcanuii (eddy covariance) 1o TaHHBIM U3MEpPEHUI aKyCTUUYECKOTo aHEMOMETpa
Gill (/) u nmo pesyarraram Monesun SPONSOR 3a nnepuon axcneauuuu 2021 1. (2), a Takke CKOpOCTb BeTpa (3), e€ BepTUKaib-
Hasi KOMIOHEHTa (4) U pa3HOCTh TEMITepaTyp MEXIY TOBEPXHOCTBIO CHera M atMocgepHoii Ha BbicoTe 2 M (5); Ha AuarpamMme
paccestHus: § — JIMHUS TPeHa TS Bcell BRIOOPKU, 7 — JIMHUS TPEeHAA Ul BHIOOPKM C TTOTOKAMU 110 TaHHBIM HaOII0IeHU Me-

Hee 30 BT/M2.

Fig. 5. Temporal variability (a) and scatterplot (6) of sensible heat flux density (W/mz) reconstructed using the eddy cova-
riance method from Gill sonic anemometer measurements (/) and from SPONSOR model results for the 2021 expedition
period year (2), as well as wind speed (3), its vertical component (4) and the temperature difference between the snow surface
and atmospheric temperature at a height of 2 m (5); on the scatterplot: 6 — the trend line for the entire sample, 7 — the trend line

for the sample with observed fluxes less than 30 W/mz.

YucneHHbIE OSKCIIEPUMEHTHl Ha YyBCTBUTENIb-
HocTth Monenu SPONSOR kK HavyanbHOMY BeEpTH-
KaJIbHOMY pacIpenesIeHUIO TNTOTHOCTHU MTOKa3bIBaIoT,
4yTO U3MeHeHue npoduist wiotHoctH (100 xr/M3) B
pes3yabTaTe HapyIIeHUs IIeJIOCTHOCTH CHEXXHOTO TT0-
KPOBa IIpU YCTAHOBKE JaTUMKOB MOXET MPUBECTU K
CYIIECTBEHHBIM OIITMOKAM TeMIIEpaTypbl CHEXHOMN
tomu (Ha 3°C ¥ BBIIIIE) HA pa3HbIX NNIyOMHAX, a TAK-
K€ 3HAYMTEJIbHO M3MEHUTh aMIUIUTYIy KOJeOaHUi
TeMIIepaTypbl. DTy OCOOEHHOCTh HEOOXOIMMO y4u-
THIBaTh TIPM OpraHW3alMu u3MepeHWit. Ha manHBIi
MOMEHT METOAMKAa W3MEPEeHUs] XapaKTepUCTUK

JEI U CHET  tom 63 Ne2 2023

CHEXHOTO MOKPOBA, MMPUMEHsIeMasi Ha TOPHBIX MO~
roHax Snow MIP (Col de Porte, French Alps (Le-
jeune et al., 2019) u Senator Beck, Colorado (Landry
et al., 2014), mpenmojiara€T CE30HHOCTb CHEXKHOTO
MOKPOBAa U OTCYTCTBUE TOPHOTO OJICACHEHUS B Kade-
CTBe “HoICTWIAOLIei IMoBepxHOCTH . B TakoM ciry-
yae JaTYMKU WU3MEPEHUSI TeMIepaTypbl U BOIHOIO
SKBUBAJICHTA CHETa YCTaHABJIMBAIOTCS M HacTpauBa-
IOTCSI 1O TIOSIBJICHUSI YCTOMYMBOIO CHEXKHOTO MTOKPO-
Ba. 3aTeM OHU eCTEeCTBEHHBIM 00pa3oM MOIrpyKaroT-
Csl B CHEXKHYIO TOJIIIY 110 Mepe CE30HHOM aKKyMYJIsI-
OUM, 4YTO MHUHUMU3UPYET OIIMOKUA W3MEpPEHUIA.
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Bo3MoXXHBIM pemmeHneM mpoobaeMbl MOXET OBITh Op-
raHu3alysl cTaloHapa B MUK ce30Ha abJsILuU M0
AHAJIOTUU C OIMMCAHHBIMU IOJMTOHAMM, KOIJa Ha
nengHuke apabamm obHaxkaroTcss pupHOBas 00IM-
HoBKa 1 Jén. Takske HEOOXOOAMMO OTMETUTh, YTO Ha
TOYHOCTh M3MEpEeHUsT (UBMUECKUX XapaKTEPUCTUK
CHEXXHOTO MOKPOBA 3HAYUTENILHO BIUSIOT OCOOEH-
HOCTU aTMOC(EPHBIX YCIOBUIi, XapaKTepHbIe ISt
BBICOKOTOpPbSI. B 4aCcTHOCTHU, TIpU HU3KUX 3HAYECHUSIX
Temreparypbl (MeHee —15°C) u 3HAYUTENIbHBIX CKO-
pocTsix BeTpa (60see 10 M/c) B3auMoaeiicTBue BETpO-
BOTI'O ITOTOKA UM BO3[yXa B ITOpaX CHEXXHOIO MOKPOBa
MMPUBOAUT K YBEJIMYSHUIO TIJIOTHOCTU U OTKJIOHEHUIO
TeMIIepaTypbl CHEXXHOI TOJIIIM OT PABHOBECHBIX 3HA-
yeHuit Ha BesmuuHbl 10 100 kr/m® 1 1°C cooTser-
cTBeHHO Ha miybumHax go 30 cMm (Sokratov, Sato,
2001). ITogoOHBIE YCIOBUS XapaKTEPHEI IJIST [IOBEPX-
HOCTU TOPHBIX JIETHUKOB B CE30H aKKyMY/ISILIWU, B
YaCTHOCTH /151 YCJIOBUI M3MEPUTENBHOTO MOJIMIOHA Ha
negHuke Iapabamm. Tak, pe3ybTaTel HAOIIOASHMI 3a
2021/22 r. moKa3bIBaIOT, YTO MAKCMMAaJIbHbIE CKOPOCTU
BeTpa B objacTu abmsiiuu gocturaiot 40 m/c.

B yciioBusix HEOMIHOPOXHOTO TOPHOTO penbeda B
JIHEBHbIE Yachl axe MpU 00J1a4HOI Moroae cpeaHue
3Ha4YeHUs TypOYJIEHTHOTO MOTOKA SIBHOTO TEIljia MO-
ryT coctaBnath 200 Br/m? (Penuna u ap., 2021), a B
cllydasix WHTEHCUBHOTO MpOrpeBa OTKPBITO# MO-
BEPXHOCTU B CTEIHOI 30He — MpeBbluars 300 Br/m?
(Liu et al., 2007). ITo-BuoguMoMy, 3MMOI1 B YCIIOBHSIX
OBICTPOTO paauallMOHHOTO MPOrpeBa CHEXHOU Mo-
BEPXHOCTU TOPHOTO JIENHUKA U CUJIBHOTO BeTpa BO3-
HUKAaeT MHTEHCUBHOE TypOyJIeHTHOE MepeMellnBa-
HYE TIPU3EMHOIO CJI0sI, XapaKTepPUCTUKU KOTOPOTO
COMOCTaBUMBI C JIETHUMHU YCJIOBUSIMUA Ha OTHOPO/I-
HBIX pAaBHUHHBIX TEPPUTOPHUIX. DTOT (P HEKT — e
ofHa crenuduyeckas 0COOEHHOCTh TEIIOBOTO 0a-
JIaHCa CHEXXHOTO MOKPOBa B ropax; Ha paBHUHAaXx Ta-
KUE YCI0BUsI HabJIIOAAI0TCS PENKO.

HWcnonp3oBaHue MpsIMOTo MeToAa TypOYJIEHTHBIX
nynbcauuii (eddy covariance) ¢ TOMOIIbIO aKyCTHYE-
ckoro anemoMeTpa Gill moka3zaio, 4To B 3MMHEE Bpe-
MsSl HaJ 3aCHEXEHHOU MOBEPXHOCTbIO JIEMHUKOB
BDapbdpyca MOTYT (PUKCUPOBATHLCS CIydyald MHTEHCUB-
HBIX BOCXOASIIUX NBMKeHUI. CoueTaHue ObICTPOTO
paauanoOHHOTO TPOTrpeBa CHEXHOI TTOBEPXHOCTH C
JIOCTaTOYHO BBICOKMMM CKOPOCTSIMU BeTpa IPUBO-
JIUT K UHTEHCUBHBIM MOTEPSIM SHEPTUU 32 CUET TYP-
OyJIEeHTHOTO TeII000MeHa, nocturamoiero 300 Br/m2.
Onmnako Moaenb SPONSOR ux He BOCIIpOM3BOOUT;
BO3MOXHO, 3TO CBSI3aHO C TE€M, YTO AaHHasl Bepcusl
MOJIEJIM YUUTHIBAET TOJBbKO MPOLIECChl B HECKOIbKUX
MeTpax IIPU3EMHOTO CJIOsI. DTO moapa3yMeBaeT (PUK-
CUPOBAHHYIO Ha KaXIOM IlIare 1o BpeMeHU TeMIiepa-
TYpy aTMOcdephI U He YUUTHIBAET MTPOLIECCHI BO BCEM
MOTPaHUYHOM CJIo€ aTMOc(dephl, TAE B yCIOBUSIX HE-
YCTOMUMBOI CcTpaTU(dUKALUM MOXET BO3HUKATb
MeKoMaciTabHasi KOHBEKIIUSI, MPOBOLIMPYOIIAs
VHTEHCHUBHbIE TYpPOYJIEHTHbIE MMOTOKM TEIlJIa, B TOM

JAPO3J10B u np.

Yuclie U B Ipu3eMHOM ciioe. Kpome Toro, mpu cosma-
Huu monean SPONSOR ocHOBHOIM yriop Aeiajicst Ha
BOCIIPOM3BEICHNE CPENHUX 3HAYCHUI XapaKTepu-
CTUK MOBEPXHOCTH U TypPOYJIEHTHBIX ITOTOKOB TEeILjIa
3a JOCTaTOYHO IJIMHHBIE IIPOMEXYTKM BpEeMEHU
(cyTku 1 60see). [Ipu 9TOM 3HAUUTEJIbHbIE U KPAaTKO-
BpPE€MEHHBIE MYJIbCALIMU XapaKTEPUCTUK IIPU3EMHOTO
Y MOTrPaHUYHOIO CJIosI aTMOCcephl, MOPOXKIAIOIINE
BCILJIECKU TYPOYJIEHTHBIX IIOTOKOB TeIlJla M BJIaru,
YCPEIHSIIOTCSI MOIEJIBIO 1 HE IIPOSIBIISTIOTCS B CIIEKTPE
pacy€THBIX TYpPOYJICHTHBIX ITylnbcanuii. B ciydae oT-
pULATE]IbHBIX TPAAMEHTOB TeMIIePaTypPhl B IIPU3EM-
HOM cioe pe3ynbTathl Mmomean SPONSOR oka3piBa-
IOTCSI 3aBBILIEHHBIMU IO a0COJIIOTHBIM 3HAYEHUSIM
10 CPaBHEHUIO C JaHHBIMU HAOJIOASHUIA, OTHAKO C
BBICOKOII TOUHOCTBIO OTPaKalOT BPEMEHHYIO U3MEH-
YUBOCTh BEJIUYUHBI (KOB3(D@DUIIMEHT KOppesiuun
pacu€THBIX M HAOII0IaeMbIX NOTOKOB mocturaer 0.9
u 6oJiee). DTO MOXET OBITh CBSI3aHO C M3BECTHBIMU
HeaocTaTKaMy padoThl MOJEbHOI CXeMBbI BBIYKCIIC-
HUSI TYpOYJICHTHBIX IIOTOKOB, OCHOBAaHHOII Ha T€O-
puu monoonss MoHnHa—O0yxoBa, B YCIOBUIX TeM-
repaTypHbIX MHBEPCUIl, a TakKXKe C HETOYHOCTBIO
omnpele/icHUSI mapaMeTpa IIepOXOBaTOCTU IIOBEpX-
HOCTH B YCJIOBHUSIX TOPHOIO ojieneHeHus. JlaHHbIA
HEAOCTAaTOK MOXET ObITh YyCTpaHEH KaJuOpOBKOM
pacuy€THOM CXeMbl MOEIM Ha OCHOBe OoJiee IJIMH-
HBIX pPSITOB HaAOJMIOACHUI, OXBAaTHIBAIOIIMX pPa3HBIC
CE30HBI I CUHOTITUYECKUE YCIIOBUSI.

SAKJIIOYEHHME

B otnenbHbBIe Ieproabl 3MMHUX ce30HOB 2021/22 1.
Ha JieqHuke ['apabaiiy, pacIioIoXXeHHOM Ha I0XKHOM
CKJIOHE DIpOpyca, OBIIN MPOBeAeHB KOMIIJICKCHBIC
METCOPOJIOTUUECKE U CHETOMEpHBbIE W3MEpEeHMUSI.
IMonyyeHHBIC TaHHBIC HAOIIOACHWIA TTO3BOJIMIIN BbI-
MOJHUTH BepruPUKAIINIO U Baauganmio mogenu LSM
SPONSOR, BkJiiouasi 0JIOK CHEXKHOTO ITOKPOBa, JJIsI
3UMHMX YCJIOBUM Ha IIOBEPXHOCTU TOPHOTIO JICAHUKA.

ITokazano, yro momenmb SPONSOR ¢ xopomieit
TOYHOCTBbIO BOCHPOU3BOAUT TEPMUUYECKUIN PEXKUM
ITOBEPXHOCTHU CHEXXHOTO TTOKPOBA B YCIOBUSIX TOPHO-
TO OJIEACHEHUS B CE30H aKKYMYJISIIIMY TTPU 3aTaHHOM
koaddunmeHte cepoctu 0.98. TakKe BbIsSIBJIeH 3¢h-
(heKT 3KCTpeMaTbHOTO PagTuallMOHHOTO BBIXOJIAXKM-
BaHUS CHEXXHOU TTOBEPXHOCTU B TOPHBIX YCIIOBUSIX —
KakK Mo JaHHbIM M3MEPEHUI, TaK U MO pe3yjbTaTam
MoneaupoBaHusd. B pesynbTaTe cpemHme 3HAYESHUS
TeMIIepaTypHOTO TpagreHTa “CHEXHas TOBEPXHOCTh —
TeMmIieparypa MpU3EMHOro BO3ayXa” MOTYT JOCTH-
ratb 10°C u Oonee. Takast cuTyanusi BO3HUKAaeT B
YCIOBUSIX INTHUJIEBOM AHTULMKIOHAIBHOW TIOTOJIBI.
OIHOBPEMEHHO C 3TUM I0Ka3aHO, UTO COYEeTaHUe
BBICOKMX 3HAaYeHWI paguallMoOHHOro OajlaHca B
YCIIOBUSIX MaJIOOOIAYHOI TTOTONBI B JHEBHBIE YaCHI C
BBICOKUMM CKOPOCTSIMU BeTpa MPOBOLIUPYET OOJb-
K€ TTIOJIOKUTETbHBIE BEJIMINHBI BOCXOISIIIINX ITOTO-
KOB HaJl CHEXKHOI MoBepXHOCThIO (mopsiaka 0.4 m/c)

JEQ U CHET Ne 2
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TEPMUWYECKUN PEXWM CHEXHOTO IMMOKPOBA 3UMOW

1 MOXeT OBITh TIPMINHON OYeHDb BBICOKMX 3HAYCHUI
TYpOYJIECHTHOTO TEILIOOOMEHA, IMPUBOISIINX K OXJIa-
KIEHUIO CHEXKHOM TTOBEPXHOCTU. DTO, HApSILy C UH-
TEHCUBHBIM HOYHBIM BBIXOJIAXXWBAaHUEM, II0 BCeit
BUIMMOCTH SIBJISIETCSI OMHUM M3 KJIFOYEBBIX OTIININI
TeTJI0BOTO OajlaHca CHEXHON MOBEPXHOCTU B Top-
HBIX paifoHaX OT paBHUHHOM TEpPUTOPUM B 3UMHEE
BpeMsI.

Mogaens SPONSOR B 11e710M ageKBaTHO BOCIIPO-
M3Bejla TEPMUYSCKUI peXXUM OBEPXHOCTHU CHEXKHO-
o0 MOKPOBA B BBICOKOTOPHBIX YCIOBUSIX DIbOpyca.
CoBMecTHasg paboTa MOICIA U U3MEPUTEIBHOIO
KOMILIEKCA ITO3BOJISICT B3aUMHO JOMNOIHSTh U yIyd-
IIaTh KaK METOIUKY HAOIIOOeHUIA, TaK U CHOCOOBI
MOJIEeJIMPOBAHUS MPUPOIHBIX MTpoLeccoB. B yacTHO-
CTH, IIpMMEHEHME TaKOro KOMILIeKca ITO3BOJISICT
YTOYHUTH TaHHBIE O TBEPABIX OCAOKAX IO JaHHBIM 00
U3MEHEHUSIX BBICOTHI CHEXXHOTO MOKPOBA U PaCcUET-
HBIM JAaHHBIM 00 MCHApeHUU U CKOPOCTU YIJIOTHE-
HUS CHera, 4To ObLIO ITOKAa3aHO B HACTOsIIel paboTe.

151 6onee MOIHOI OLIEHKM KadyeCcTBa MOICIUPO-
BaHMS CHEXXHOTO MOKPOBA Ha TTIOBEPXHOCTU TOPHOTO
JIeMHUKA HeOoOXOAUMMO TMOJIydeHHE BBICOKOKaYe-
CTBEHHBIX JAHHBIX U3MEPEHUM in Sifu HA TOOOBOM U
JIeKagHOM BpeMeHHOM MacmTabe. [IpoBenenne mi-
TEeIbHBIX YUCJIEHHBIX KCIIEPUMEHTOB TpeOyeT TakKe
ydyeTa B MOAEIU cIlein(pruIeCKNX IIPOLIECCOB B Topax,
TaKUX KaK MHTEHCUBHBIN METEIeBbIi MEPEHOC, Me-
TejaeBasi CcyOoJIMMaLUs JEASTHBIX KPUCTAJIOB, BIIMSI-
HHME BBIXOJOB KaMEHHOIO MaTepuaja Ha IIOBepX-
HOCTb, HEPABHOMEPHOCTb pacIipencsieHUus1 COJHeY-
HOM pagvaluy U T.II. DTU MPOLIECCHI B ITEPCIIEKTUBE
clieqyeT BKJIIOYaThb B MOIEIb OJISI paclIMpeHUs e€
BO3MOXKHOCTE! MO BOCHPOU3BEACHUIO pa3HOOOpa3-
HBIX YCIOBUM Pa3BUTUSI CHEXXHOTO ITOKPOBA 1 JICTHU -
KOB B ropax.

IMTockonbky Moaens SPONSOR crienmaibHO He
HacTpauBajlaCb MMEHHO Ha YCJIOBUs JienHuKa [apa-
0ailiv, a MCIOJb30Bajlach C MapamMeTpaMu, COOTBET-
CTBYIOIIMMM IIMPOKOMY CIIEKTPY XapaKTepPUCTUK
TOPHOTO CHEXHOTO MOKPOBAa Ha JIeMHUKaX, XOpolilee
BOCHPOU3BEICHUE HaOJIIOAAEMOTO TEPMUYECKOTO
peXurma JaeT OCHOBaHUSI CUMTATh, YTO pa3paboTaH-
Hasi METOAMKA CONPSIKEHUSI U3MEPEHUIA C BBICOKUM
BPEMEHHBIM pa3pelIeHUEM Ha COBPEMEHHOU MpuU-
OopHOIT 6a3e U MOAEIBHBIX PACYETOB MOXET OBITh
YCIIELIHO MPUMEHEHA K APYTUM JenHukaMm bosblio-
ro KaBka3za, 4To MO3BOJIUT YTOYHUTh UMEIOLIIMECH U
MOJIyYUTh HOBbI€ 3HAHUSI O HUBAJIbHO-IJISILIMAJIbHOM
cepe B BBLICOKOTOPHBIX pailoHax.

BaarogapaocTu. 3a CylIeCTBEHHBIII BKJal B XOII
MOJICBBIX HCCJIENOBaHUII OJlaromapyuM COTPYyIHMKA
reorpacduyeckoro gakyapreta MI'Y um. M.B. Jlo-
MOHOCOBa, K.I.H. A.A. IloioxoBa, a Takxke CTyAeH-
TOB Kadeapbl METEOPOJIOTUH U KinuMaTonoruu MI'Y
M. M.B. JlomoHocoBa I0.U. Apbiany, A.C. Menuk-
barnacapoBy u P.P. Tubanyumna. IloneBble usme-
PEeHUS 1 UX aHaJU3 BBINOJHEHBI IpU (PUHAHCOBOM
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noaaepxke rpanra POPU 20-05-00176. PaGotsl ¢
Monenbio SPONSOR BbINOJHEHBI B paMKaxX TEMbI
TocymapctBeHHoTO 3aganusg MHcTtuTyTa reorpaduun
PAH AAAA-A19-119022190173-2 (FMGE-2019-
0009).
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Based on the analysis of the results of two measurement episodes in February 2021/22 and calculations using
the LSM SPONSOR model, we obtained estimates of the variability of the snow surface thermal balance
components and the thermal regime of the snowpack in the ablation zone of the Garabashi glacier on the
southern slope of Mount Elbrus at 3850 m above sea level. A quantitative assessment of the sensitivity of the
heat balance components to variations in key physical parameters has been performed. It is shown that the
optimal value of the emissivity coefficient of snow cover in mountainous areas is 0.98: the absolute error in
calculating the radiation temperature of the snow surface at this value does not exceed 1°C, in addition, the
model adequately reproduces the thermal regime of deep layers of snow cover. It is also shown that a change
in snow density by £100 kg/m? can lead to deviations in the temperature of the snow mass by several degrees.
This indicates an urgent need to solve the methodological problem of measurements with thermocouples, in
which the integrity of the snow mass is inevitably violated. A good agreement between the results of calcula-
tions of turbulent sensible heat fluxes in the SPONSOR model with direct measurements (correlation coef-
ficient > 0.9) is demonstrated. Based on the measurement data, the fact of a fairly high frequency of high val-
ues of turbulent fluxes under conditions of intense radiative heating in combination with high wind speeds
was revealed, which apparently turns out to be typical for high-mountain regions in winter (unlike the plains).
For cases of strongly stable stratification in the surface layer, the model systematically overestimates the ab-
solute values of heat fluxes. This may be due to the well-known problem of implementing the calculation
scheme based on the Monin-Obukhov theory under conditions of temperature inversions. The inaccuracy in
determining the snow surface roughness parameter, which in high mountain conditions is characterized by
significant temporal variability, can contribute to the error.

Keywords: mountain glacier, observations, numerical modeling, SPONSOR, Elbrus, Garabashi Glacier
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BBEIAEHME

CHEXHBIII TTOKPOB — BaXXHBIN 2JEMEHT Treorpa-
¢duruecKoii 000JJOUKU IKOCUCTEM, OKa3bIBAIOLIUI ce-
pPBbE3HOE BO3EiICTBYE HA X TUHAMMKY 1 IIPOIYKTUB-
HocTb (brikoB, ITonog, 2011). Ero poab B >ku3Hu pac-
TEHUII OIlpeAciseTcss TeM, 4YTO OH W3MEHSEeT
TEPMUYECKNI 1 BOIHBIA PEeXUMBbI UX CPeObl 0OuTa-
HUSI, a TAKXKE OKa3bIBa€T HA HUX MEXaHMUYECKOE BO3-
JneiictBue. B 3uMHUI nepuod OH MpeaoxpaHseT pac-
TEHUS OT BhIMep3aHUsI (0COOEHHO MOYKM BO30OOHOB-
JIEHUSI) M BETPOBOIo McCCylleHusi. Bmecte ¢ TeMm,
CHEXHBII IMTOKPOB MOXET IIPOBOLIMPOBATH BHIIIPEBa-
HUe pacTeHMii. B BeceHHMII Ilepuom Bpemsl cxoja
CHEXXHOTO ITIOKPOBa MpEeAoIpeaesieT 1aThl HACTYII-
JeHus ¢peHoda3 u, TaKUM 0Opa3oM, B HEKOTOPOIi
CTENCHU IPOAO/DKUTEIBHOCTh BEreTallMOHHOIO TIepy-
ona. 3amachl BOJIbl B CHEXHOM ITOKPOBE OIPENeISTIOT
YBJIaXXHEHME TTOYBBI B BEreTallMOHHBIN NIepyuoz, 1, Clie-
JIOBaTe/IbHO, IPOMYKTUBHOCTh pacteHmii. Ha ckiionax,
IJe MOXET MPOMCXOAUTh CHOJ3aHUE CHEXKHOTIO MO-
KpOBa 1 CXOJ JIJAaBUH, 3TU IIPOLIECCHI OKa3bIBAIOT 3HA-
YUTEJIbHOE MEXaHUYECKOE BO3ICKMCTBHE Ha pacTe-
HHsI, 0COOEHHO Ha nepeBbs. HecomMmHeHHO, Bo3aei-
CTBME CHEXXHOTO MOKpPOBa HAa pacTEHMS IIPOUCXOIUT
B KOMIUIEKCE C APYTMMU (pakKTopaMu, HO 3TO HE MC-
KJII0YaeT HEOOXOAMMOCTH U3YyUeHMS B3aMOCBSI3€i B
CUCTEME PaCTUTEIBLHOCTh — CHEXHBIM MOKpoB. Ta-
KM€ HCCJIENOBAaHUSI MO3BOJISIOT IIOHATh U3MEHEHUE
POJIM CHEXXHOTIO TTOKPOBA KaK 3KOJOTMYECKOTo (hak-

TOpa OT MECTa K MECTY, a TaKXKeE WHIWKALMOHHBIN
IIOoTCHIIMAJ paCTeHI/Iﬁ JJIA pPEKOHCTPYKIIMU JaHHBIX O
CHEXXHOM ITOKPOB€.

BonpocaMu wu3ydeHusl BIMSHUS T1OoKaszartelieit
CHEXHOTO TOKPOBa Ha POCT APEeBECHBIX pacTeHUl B
pa3IMYHBLIX MECTOOOUTAHUSX 3aHUMAIMCh MHOTHUE
ucciaenoBatenu (boikos, 1998; Gedalof, Smith, 2001;
Falarz, 2017; Sanmiguel-Vallelado A. et al., 2019).
ImaBHEBIE BBIBOABI, C(OOPMYIMPOBAHHBIE MU, CBO-
ISITCS K TOMY, UTO BJIMSIHME CHEXHOIO ITOKpOBa
omnpenensieTcsl KOMITJIEKCOM reorpaguyeckux dak-
topoB (HukomaeB, Ckaukos, 2011). B paiioHax nmpo-
JIOJKUTEILHOTO 3aJIeTaHMsI CHEXXHOTO MOKPOBA CBSI-
31 ero XapaKTepUCTHK C MOoKa3aTeIsIMU TOIWYHBIX
KOJIell CTaHOBSITCSI Ooyiee TecHbIMU (Vaganov et al.,
1999; Schmidt et al., 2010; Owczarek, Opata, 2016;
Watson, Luckman, 2016). DT0o IO3BOJMIIO HEKOTO-
PBIM VICCIIENOBATENSIM TIPUMEHSITh YCTAHOBJIEHHBIE
3aBUCHUMOCTH JIJISI PEKOHCTPYKLIMU TaKUX XapaKTe-
PUCTUK CHEXHOTO IIOKPOBa, KaK MPOJOIKUTETb-
HOCTh 3aJleTaHWsI, MaKCUMaJibHasl TOMIIMHA, aaTa
paspymienuss (Woodhouse, 2003; Kirdyanov et al.,
2003; Schmidt et al., 2006; Li Qin, 2016), a TakXe Be-
JINYUHBI CHEro3amnacoB B pedHoM OacceifHe (Hart
et al., 2010).

BMmecte ¢ TeM, mias palioHOB, Iie CHEXHBIN IMO-
KPOB KOHTPOJUPYET BOOHBIA pEKUM IIOYB, MOJ00-
HBIX MCCJIEAOBAaHUI 3HAYUTEIFHO MeHbIlre. Tem 60-
Jiee, OTCYTCTBYET CpaBHMUTEJIbHBINM aHAIU3 peakluu
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pamguajJbHOTO POCTa JEPEBLEB B pailoHAX C Pa3HBIM
OKOJIOTUYECKNM 3HA4YC€HUEM CHEXHOTIO IIOKpOBa.
DTO 00YCIOBUIIO LIE/Ib JTaHHOIM padOTHI — YCTaHOBJIC-
HUE POJIM Pa3INYHBIX XapaKTePUCTUK CHEXHOTO IO~
KpOBa Ha IIMPUHY TOAUYHBIX KOJIEL] B KOHTPACTHBIX
ycJioBUsIX ooutaHus. B kadecTBe pailoHOB MCCIIENO-
BaHUi1 BEIOpAaHBI CeBepHasl Taiira u JIeCOTYHApa, TIe
MPOAYKTUBHOCTh APEBECHBIX PACTEHUM KOHTPOJIM-
pYETCSI CYMMOI TTOJIOXKUTEIBLHBIX TEMIIEPaTyp BO3IY-
Xa BEreTallMIOHHOTO ITepuoaa WiIN OTAEIbHBIX €0 Me-
csueB (BaraHos u np., 1996; Dolgova et al., 2022), a
TaK>Ke IOXKHAsI JIECOCTEIIb U CyXasl CTEIlb, IJie IJIaB-
HBIM JIMMUTHPYIOIINM (PAaKTOPOM pOCTa SIBIISIETCS
yBnaxkHeHue tepputopuu (Rygalova et al., 2022).

TEPPUTOPUA, MATEPUAJIbL
N METOAbI NCCIIEJOBAHNWU

JlecoTyHapa wuccieayemMoili TEeppUTOpPUM TIpe.-
CTaBJieHa PENKOCTOMHBIMU (COMKHYTOCTh MEHEe
0.4—0.5) TUCTBEHHUYHBIMU U JIMCTBEHHUYHO-EJI0-
BBIMM JIECAMM, KOTOPbIE COUYETAIOTCSI C MOXOBO-JIU-
HIaHHUKOBBIMU 00JIOTaMU M MBOBO-JYTOBO-00JIOT-
HBIMM PaCTUTEIbHBIMU COOOIIECTBAMU B TMOMMax
KPYITHBIX PEK. YCTOMYUBBIN CHEXHBIN MTOKPOB 3[1€Ch
yCTaHaBJIMBAaeTCsl B TIEpBOM TIOJIOBUHE OKTSIOPS
(10 oxTs10pst 3a mocnenHuit 30-JeTHUN TIepuom), a
paspyliaeTrcsi B caMOM KOHIIE KaJleHIapHON BECHBI
(30 mast). ITpono/KUTeTbHOCTD 3ajIeTaHMs YCTOMYMBO-
IO CHEXKHOTO TTOKPOBA COCTABJISIET B cpemHeM 231 neHb,
a ero cpelHsisl MaKCUMallbHast ToaiuHa — 41 cM (rpu
Bomo3zamace 113 mMm). B aTom paiione B 40 KM 10ro-3a-
nagHee 1noc. Ta30BCKU1 Ha YeThIpeX yyacTKax JIaH[I-
madTHBIX KaTeH (TUIaKop U HUXKHSSL YaCTh CKJIOHA)
(puc. 1; Tadu. 1) 6pIM OTOOPAHBI IEHIPOXPOHOIOI M-
yecKue o0paslbl JUCTBEHHMIBI CUOMPCKOM U enu
cubupckoit. OT60p NMpoo, Kak B JIECOTYHIPE, TaK U Ha
JIPYTUX TEPPUTOPUSIX, TIPOUCXOIUT B COOTBETCTBUU C
pEKOMEHAALIMSIMU MPOBEAEHUS NEHIPOKIMMAaTHYE-
ckux pabor (IIustoB m ap., 2000). Ha kaxmom
yJacTke ¢ 15 nepeBbeB Kax/10i uccieayemMoii mopoibl
ObL10 TTIONTyYeHO 110 30 KepHOB. M3MepeHUs IIMPUHEBI
TOJMYHbBIX KOJIELl TIPOBOJMINCH Ha MOJTlyaBTOMaTHUye-
ckoit yctaHoBke Lintab-6 ¢ ToyHoctbio 10 0.01 MM.
CrangapTu3auus 1 0000IIeHUe ISHIAPOXPOHOJIOT M-
YECKUX PSIIOB BBIMOJIHSIUCH B IporpammMe ARSTAN.
HexoTtopble pesynbTaTbl aHaju3a JaHHbBIX JEHAPO-
XPOHOJIOTUYECKUX 00pa3loB omnyosukoBaHbl (bbi-
KOB 1 Ap., 2022; Rygalova et al., 2022).

B ceBepHoit Taiire neHIPOXPOHOJIOTMIECKUE 00-
pasubl oToupanuch Boau3u r. HageiM: B 6 KM ceBepo-
3alagHee ropojia Ha ABYX ydacTKax JIaHmIadTHOM
KaTeHbl B Tipenenax HagbIMCKMX COMOK M B 25 KM
I0XKHee ropoja Ha Teppace p. Hanbim. B nmepBomM ciy-
yae BepXHUE YaCTH CKJIOHOB 3aHSTHI 0epE30BO-€JI0-
BO-JIUCTBEHHUYHO-KEIPOBLIM JIECOM, a HIDKHUE —
€JI0BO-KeIpOBO-TMCTBEeHHNYHbIM. Ha Teppace p. Ha-
JIBIM IIpOM3pacTaeT 00p ¢ JOMUHUPOBAHUEM COCHBI
OOBIKHOBEHHOI M MPUMECHIO JIMCTBEHHUIIBI CUOUP-

BBIKOB u np.

CKOM M enu cmompckou. B mpenemax manammadTHOM
KaTeHbl OBbLIM OTOOpaHbl ACHAPOXPOHOJOTMYECKUE
00pa3Lbl C COCHBI KEAPOBOIA, €I CUOMPCKOM U JIUCT-
BEHHMIIBI cuOupcKoii (Bcero 180 oOpa3mos), a B 60py —
¢ coCHBI 00bIKHOBeHHOI (30 00pa31ioB). YcTaHOBIIE-
HUE YCTOMYMBOIO CHEXHOI'O IOKpPOBa B CEBEPHOM
taiire (MC HanbiM) IIpoUCXOaUT B CEPEIMHE OKTSIO-
ps (12 okTs10pst 3a mocnenHuii 30-j1eTHU nepuon), a
ero paspyleHue — B cepeauHe mas (15 mas). I1po-
JIOJDKUTEJILHOCTD 3ajIeTaHusl YCTOMUYMBOTO CHEXXHOTO
TTOKPOBA COCTAaBJISIET B cpeaHeM 213 meHb, a CpenHsIs
MaKCHUMaJIbHasl TOJIIIIMHA CHEXHOTO IIOKpoBa —
83 cM (mpu Bomo3arnace 194 mm).

B 10xxHOI1 JlecocTeny IIaBHbIM OOBEKTOM MUCCIIe-
JIOBaHUSI CIYy>KUJIa COCHA OOBIKHOBEHHAs B Mpeesiax
JIEHTOYHBIX OOpPOB, KOTOpbIE MPEACTABISIOT COOOI
WHTpa3oHaldbHbIe JaHamadTel (cM. Tada. 1). Ycra-
HOBJICHUE YCTOMYMBOIO CHEXHOTO MOKPOBa B I0XK-
HOI1 JlecoCcTeN! B CPETHEM IMTPOUCXOIUT 3—6 HOSIOPS,
a paspyuenue — 2—8 anpedns (mmo ganHeiM MC Ka-
MeHb-Ha-O06u, Pebpuxa, bapHayn) (beikoB u np.,
2022). ITpomomKuTeabHOCTh €TI0 3aJeTaHUsI COCTaB-
JsieT ot 146 no 155 nHeit. CpenHssg MakcuMalibHas
TOJIIIMHA CHEXKHOTO MOKPOBA Ha MOJIEBBIX MapIIpy-
Tax coctabpisieT 25—30 cM (mpu Bogosanace 64—97 mMm),
a B Jiecy — 56 cM nipu Bogo3arnace 121 Mm.

B cyxoii crernmu obcienoBaHbl IpeBECHBIE pacTe-
HUSI MHTPA30HAJbHBIX JaHAIIa(hTOB JJEHTOYHBIX 6O~
poB (cocHa OOBIKHOBEHHAs), a TakKKe JUCTBEHHBIE
MOpOAHI TTOJIE3aIUTHBIX JIECHBIX MoJIoc (Oepe3a Imo-
BUCJass U TOIOJIb Oaib3aMUYECKUT). YCTONYMBBIA
CHEXXHBII ITOKPOB YCTaHABIMBAETCS B CyXOM CTENU B
cpenHeM 9 HosiOpsi, a paspyuaercda 3 anpens. [lpu
5TOM MaKCHUMaJlbHasl TOJIIIUHA CHEXHOTO TTOKPOBa B
cpemHeM cocTtabirsieT oT 22 cMm (CnaBropon) 1o 34 cM
(Bonuuxa, mojie) mpu cHeroszanacax ot 49 no 93 mm
COOTBETCTBEHHO.

st aHav3a CBSI3U IIMPUHBI TOAUYHBIX KOJIel C
ITOKa3aTeJIIMU CHEXKHOTO TTOKPOBa OBLITA MCIIOJIB30-
BaHbl 1aHHble PI'BY “BHUUTMU-MIIJ1” (Mapii-
pyTHBIE..., 2022; XapaKTepUCTUKMU..., 2022) Haubo-
Jlee OJTM3KO PacHOJIOKEHHBIX K TOYKaM oTbopa 06-
pas3uoB (B cyxoit crenmu — Kiwouu (17—115 km),
Bomunxa (1—-64 kM), Py6mioBck (18—146 kM), B 10K-
Hoit tecoctenu — Kamenb-Ha-O6u (30—60 kM), ba-
eBo (15 km), Pe6puxa (4—37 km), bapHayi (35—36 km),
B ceBepHoIi Taiire — Hambpim (16—17 xMm). [t neco-
TYHIPH OBITA MCITONb30BaHBl gaHHBle MC Ta3oB-
CKMI1, KOTOpasl pacIiojlioXeHa yXXe B I0>)KHOM TyHApeE,
omHaKo HaxomuTcs B 40 KM oT MecTa oTbopa obpas-
1moB. B KadecTBe mokasaTeseil CHEXXHOTO ITOKpOBa
HCIIOIBb30BaHbl MaKCUMaIbHAsI TOJIIMHA CHEXKHOTO
MMOKPOBA 3a 3UMHUI1 TTIEpHO I Ha METEOILIOIAIKaX,
1 Ha CHETOMEPHBIX MapIIIpyTaX, MaKCUMaJIbHbIC CHE-
rosamachl, JaThbl YCTAHOBJIEHHWS U pa3pylIeHUs
YCTOMYMBOTO CHEXKHOTO MOKPOBA, a TAKXKE MPOIO0JI-
KUTEIBHOCTD €T0 3ajieraHus. J1aThl yCTaHOBJICHUS U
paspylieHUs YCTOMYMBOTO CHEXXKHOTO TOKpOBa MpHU
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Puc. 1. T'eorpaduueckoe mmoaoxeHre MecT 0T00pa IeHAPOXPOHOJIOIMYECKUX 00pa3LoB B Iipeaeiax 3amnaaHo-Cubupckoii paB-
HUHBI (@): ] — TuTomanku JecotyHapsl; 2 — HagbiMckue conku; 3 — teppaca p. Hambim; B ripenenax Anraiickoro kpas (6): 4 —
Honranka; 5 — Pebpuxa; 6 — Kanycrtunka; 7 — lllapunHo; & — YepemHuoe; 9 — INaBnoBck; /0 — CeBepka; /1 — MuxaiiloBcKoe;
12 — Bomuuxa; 13 — Maunsies Jlor; /4 — Yrinosckoe; 15 — Hazaposka; 16 — [1ouBeHHas craHmus; /7 — HoBoyrioBcKuii.
Jlerenna kaptel: I — MC; Il — nennpornionuronsl; /1] — pexu; IV — rocynapcTBeHHasl rpaHula; V' — apkrtudeckas TyHapa; Vi —
TunuuHas TyHapa; VII — oxuas Tyanpa; VIII — necorynnpa; IX — ceBepHas Taiira; X — cpenHsisi taiira; X/ — roxHasi Taiira;
XII — cmemanHsble aeca; XIII — mmpokKoaucTBeHHbIe aeca; XIV — 1oxxHast Jecoctenb; XV — tunuuHas crenb; XVI — cyxas
crenb; XVII — ropHble 061aCTU BICOTHOM MOSICHOCTH.

Fig. 1. Geographical location of the sampling sites for dendrochronological samples within the West Siberian Plain (a): 7/ — for-
est-tundra sites; 2 — Nadymsky hills; 3 — terrace of the river. Nadym; within the Altai Territory (6): 4 — Dolganka; 5 — Rebriha;
6 — Kapustinka; 7 — Sharchino; & — Cheremnoye; 9 — Pavlovsk; /0 — Severka; 11 — Mikhailovskoye; /2 — Volchiha; 13 — Ma-
lyshev Log; 14 — Uglovskoye; 15 — Nazarovka; 16 — Soil station; /7 — Novouglovsky.

Map legend: I — weather stations; /1 — dendropolygons; /11 — rivers; IV — state border; V — arctic tundra; VI — typical tundra;
VII — southern tundra; VIII — forest-tundra; /X — northern taiga; X— middle taiga; X/ — southern taiga; X// — mixed forests;
XIII — broad-leaved forests; XIV — southern forest-steppe; XV — typical steppe; XVI— dry steppe; XVII — mountainous areas of
altitudinal zonality.
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Taomuna 1. leorpaduueckoe mongoxeHne MecT oTbopa IeHAPOXPOHOJIOTUYECKNX 00pa3lioB, UCCIEIO0BaHHbIE TTOPOIbI

BBIKOB u np.

IepEeBbEB U XapaKTEPUCTUKHU CHEXXHOTO MOKPOBa

CpenHue ImoKa3aTem
KoopanHatst ITopona JIokanbHOE TTOJIOXEeHTE CHEXXHOTO TTOKPOBa
3a nepuon 1990—-2020 rr.*
Jlecomynopa
67°03" c.u1., 79°03’ B.A. | JluctBennuua |Ilnakop, MUKpopeabed B BUIE HENTYOOKMX Hmax — 42 cwm;
OKPYIJIbIX TOHUKEHU I Wmax — 113 mm;
67°03" c.u1., 79°03’ B.4. | JIucTtBeHHULa, | HUXKHASA 4acTh CKIIOHA CEBEPHOM SKCIO3ULIMMU. Du — 10 okTs6ps;
eJib Yron HakioHa 5° Dr — 30 mas;
67°10" c.ur., 78°52" B.n. | JIuctBeHHuua | BepiunHa ocTaHIIOBOI ITOBEPXHOCTH (IIJIAKOP) P — 231 nenp
67°11" c.u., 78°51” B.11. Teppaca p. JIykbsaxa
Cesepnas maiiea

65°34" c.m., 72°23’ B.1. | JluctBenHuua, | HuxHag yacth ckiioHa HagpIMCKUX COMTOK Hmax — 83 cwMm;
65°34" c.m., 72°23’ B.10. Kenp, eib BepxHsist yacTh ckJioHa HagbIMCKUX COITOK Wmax — 194 mm;
65°21’ c.m1., 72°57’ B.1. CocHa Teppaca p. Hanpm Du — 12 oxrsbps;

Dr — 15 mag;

P — 213 nueii

FOxicnas necocmens
54°03’ c.u1., 81°04’ B.1. bepesa JlenTounsrii 60p, c. Jlonranka Hmax —25-30 cm
53°04’ c.u1., 82°22' B.It JleHTouHBIi1 60p, c. Pe6puxa (mone), 56 cm (1ec);
53°19” c.ur., 81°00’ B.1. JleHTOuHBI 60p, ¢. KanmyctuHka Wmax — 64—97 Mm
53°10’ c.u1., 81°44" B.11. JlenTouHslii 60p, c. [llapunHo (noste), 121 (n1ec);
53°08’ c.u., 83°11’ B.1. JleHTOUHBII 60D, c. YepeMHOE Du —3-6 H0H6p$f;
53°19’ c.u1., 83°02 B.11. JlenTouHblii 6op, c. [TaBnoBCK 102’;_14216__8 fsl;p;g:l;[
Cyxas cmens

52°07’ c.u1., 79°18’ B.1I. bepesa Bbop, BepmuHa rpuBsl, ¢. CeBepka Hmax — 22—34 cwm;
51°49’ c.u1., 79°47’ B.1. JleHTOUHBIIT GOp, ¢. MuXaiiIoBcKoe Wmax — 49-93 mum;
51°59” c.m., 80°25” B.1I. JleHTOYHBI1 6op, c. Bonuuxa Du — 9 Hos16Ds;
52°10’ c.1., 80°53’ B.11. JleHTOYHBIN GOp, ¢. MaJbIIlIEB JIOT Dr—3 aHpeJ}H;
51°19” c.u1., 80°21” B.11. JleHTOUYHBI 6Op, ¢. YIIOBCKOE P — 145 nueit
51°58’ c.u1., 79°39’ B.1. Jlecononoca, c. HazapoBka
52°04’ c.u1., 79°54” B.11. Tormonpb Jlecomnonoca, [TouBeHHasT CTaHIIUS
51°26’ c.u1., 80°14’ B.1. Jlecononoca, . HoBoyrioBckuii

* Hmax — MakcHUMaJlbHasl TOJIIMHA CHEXHOrO MOKpoBa 3UMOI; Wmax — MakcuMallbHble CHero3anachl; Du — naTa yCTaHOBJICHUS
YCTOMYMBOTO CHEXHOTO MOKpoBa; Dr — fara pa3pylleHUs] YCTOMYMBOTO CHEXHOTO MOKPOBa; P — MPOAOIKUTEIBHOCTD 3ajJeTaHMsI

yCTOﬁ‘{HBOl‘O CHEXXHOTO ITOKpoOBa.

KOPPEIILMOHHOM aHa/IM3€ OIPEAesINCh KaK YUC-
JIO AHEl oT 1 sTHBap4.

B3auMOCBSI3b  MeXOYy OPEBECHO-KOJBLEBBIMU
XPOHOJIOTUSIMU U TTOKA3aTeISIMUA CHEXXHOTO IMMOKPOBa
oTpeaesiach C TIOMOIIBIO pacyeTa KO3 PUIIMEeHTOB
koppessiiuu ITupcona. Ilepuon cpaBHEHMS ITOKa3a-
TeJie CHEXHOTro IMOKpOBa C MEHAPOXPOHOJIOTHYE-
CKVIMMU PsITaMU OIIPEeNeIsijICs BpeMeHeM 0Toopa Kep-
HOB B KOHKDETHBIX MecTax. HuBanbHbIC YCIOBUSI B
uccaeayembix paitionax B 1990—2020 rr. ciabo oTiu-
YaJIMCh OT HUBAJIBHBIX YCJIOBUI 3a MEPUOI CpaBHE-
HUSI DSIIOB XapaKTePUCTHK CHEXHOIO IIOKpOBa U

IIUPUHBI TOAWYHBIX KOJiell. YCTaHOBJIEHUE, pas3py-
[IeHUEe U TPOIOIKUTEILHOCTh YCTOMYMBOIO CHEX-
HOTO ITOKPOBa B JaHHOM CjIydae pa3jinyalorcst Ha 1—
3 pHs. CpenHue MHOrOJIeTHHE 3HAuyeHUSI MaKCHU-
MaJIbHOI TOJILMHBI U CHErO3alacoB OTIUYAIOTCS B
JaHHBIX MepuoIax Mpuoam3uTesibHo Ha 10% (oTMme-
yaeTcsl TCHISHIUST YBEeJIUUYEeHUsI JaHHBIX 3HAUCHUIA).
MN3mMeHeHne 3TUX MoKa3aTeieil OT roJa K roay Urpaet
6oJiee BaXXKHYIO POJIb B YCTAHOBJIEHUU CTAaTUCTUYE-
CKMX CBf3eil MeXIy XapaKTepUCTUKAMU CHEXHOTO
IIOKpOBa M WHIEKCAMHU IIPUPOCTa IEPEBLEB, YEM
MHOTOJIETHUE TEHAEHIIVN.

JEI U CHET  Ttom 63 Ne2 2023
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Puc. 2. Peakuusi IMPUHBI TOMUYHBIX KOJIEIl TMCTBEHHULIBI CUOUPCKOM JIECOTYHIPBI Ha CpeIHEMECSIYHbIE TeMIlepaTypbl BO3-
nyxa (@) 1 cyMMBbI aTMOChepHBIX ocankoB (6) no gaHHbiM MC TazoBckuii 3a 1966—2020 rT. B 3aBUCUMOCTH OT MECTOITOJIOXKE -
Hus: I — teppaca p. Jlykbsixa; 2 — rtakop BOau3M p. JIykbsixa; 3 — HUKHSISI 4aCTh CKJIOHA; 4 — IIJ1aKop.

Fig. 2. The response of the width of annual rings of Siberian larch forest-tundra to average monthly air temperatures (a) and total
precipitation (6) at the Tazovsky weather station for 1966—2020 depending on location: 7 — terrace of the river Lukyakha; 2 —
upland near the river Lukyakha; 3 — the lower part of the slope; 4 — plakor.

PE3VJIBTATBI U OBCYXIEHHUE

B xone ucciaenoBaHuil yCTaHOBIEHO, YTO €IUHbII
nomnyisuuonHeiii curHain (EPS; mamee — EIIC) y
JIEeHAPOXPOHOJOTNUYECKUX O00Opa3lioB Ha IUIOIIagKaX
JIeCOTYHAPHI BapbupyeT B peaenax 0.90—0.96, a xo-
3¢ OUIIMEHT YYBCTBUTEIILHOCTH OOOOIIEHHBIX XPO-
Honoruit — 0.33—0.43. AHajiu3 CBSI3U IIMPUHBI TO-
JUYHBIX KOJIell C MeTeolapaMeTpaMuy MoKas3all, YTo B
JIECOTYHApEe HauboJjiee 3HAYMMBbI JJIs PaJuaIbHOIO
pocTta nepeBbeB MOHbCKHUE (K = 0.32—0.46) u, oco-
OeHHO, UIOJIbCKIME TeMIlepaTyphbl Bo3myxa (k = 0.38—
0.57) (puc. 2, a). Takxe IpOSIBASIETCS ITOJTOXKUTEIb-
HOE BJIMSTHUE TEMIIEPaTypPhl BO31yXa OKOHYaHUSI TeTl-
JIOro Tepuoja MpouuIoro rofaa (CEHTSI0pb, OKTIOPb),
a 711 HEKOTOPBIX MJIOIIAI0K HUXKHUX YPOBHEH JIaHI -
maTHBIX KaTeH MHoraa u sHBaps (mo k = 0.35).
ITpu 3TOM 3UMHUE aTMOC(epHbIe OcalKu, KakK IMpa-
BUJIO, TIOJIOKUTENBHO BIIUSIIOT HA IPUPOCT AEPEBbEB
B TNOCJEAYIOIIMNI BET€TallMOHHbIN TI€pUo, a JETHUE —
oTpunarelibHO (cM. puc. 2, 6). Haubonee 3Ha4MMBI
ocanku ¢espais (mo k = 0.39) u mapta (10 k£ = 0.31)
TeKyllero roga u Hos1ops (mo k = 0.32).

B ceBepHoii Taiire EI1C Ha mioniaakax Bapbupyer
ot 0.90 1o 0.96. OnHako KO3(PPUIIMEHT TyBCTBUTETb-
HOCTH 00O0OIIEHHBIX IPEBECHO-KOJIbLIEBbIX XPOHOJIO-
ruii HeckonbKo Huke (0.30—0.39), uem B lecoTyHIpe.
IIpu aTOM CeBepo-TacKHBIE XPOHOJIOTUN XapaKTepy-
3yI0TCSI MaJIO 3HAYMMOM CBSI3bIO C TEMIIEPATYPOIi BO3-
nyxa (puc. 3, a). 3HauuMble KO3DPUIIMEHTHI KOppe-
JISUUUA OOHApYXKWBAIOTCS Y JINCTBEHHUI] TOJIBKO C
Temniepatypoii uionst (k = 0.27—0.28), a Ha ToTOIIAM -
Ne2 2023
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KaxX HIDKHUX YPOBHEMW JIaHAIIA(THBIX KaTeH elle U
nioHs (k = 0.33). KoadduimeHTs KOppesiim coc-
HOBBIX XpOHOJIOTUI1 C TeMIIepaTypaMM BO31yXa OKa-
3BIBAIOTCSI CTATUCTUYECKM HE3HAUYMMBbIMU. OTKIIMK
CeBEpPO-TACXKHBIX XPOHOJOTUI Ha aTMocdepHble
OCaJKu ellle MeHee 3Ha4yuM (CM. puc. 3, 6). 3HaueHue
MMEIOT JIMIIb OCAJKU OKTSIOpsI, TeKyliero (Makcu-
MaJibHO 110 k = (0.26) 1 TIpo1IUIOTO roaa (MaKCUMalb-
HO 1o kK = 0.31).

AHanu3s cBs3M MoKa3aTesieil CHEXHOTO TOKpoBa ¢
LIMPUHOMN rONMYHBIX KOJIEl] B CeBEpHbIX paitoHax 3a-
nagHo-Cubupckoii paBHUHBLI CBUAETENbCTBYET O
TOM, YTO BJIUSTHUE CHEXHOTO MOKPOBa Ha pajualib-
HBI POCT IPEBECHBIX pacTeHUIT 00Jiee 3HAYMMO B Jie-
cotyHape (Tadmn. 2). IIpu aToM peakuust IpeBeCHBIX
pacTeHW 3aBUCUT OT MOPOJbI IEPEBA U JIOKATBHOTO
MOJIOXKEHUS JePEBbEB B Npeenax JaHaiadTHol Ka-
TeHbl. JINCTBEHHULIbI MOJIOXKUTEJBHO PEarupyroT Ha
MaKCcUMaJibHble 3HaueHus ToJrHbI (kK = 0.23—0.58)
u cHero3amnacoB (kK = 0.43—0.60) B 3uMHUIT EPUOL,
(TTpu 3TOM MOKa3aTeJu TOJIIMHBI CHEXHOTO TTOKPO-
Ba Ha CHETOMEPHOM MaplpyTe 0oJjiee 3HaYMMBbl, kK =
= 0.40—0.58, yem Ha MeTeoromanke, k = 0.23—
0.49). Cxoxas peakiiysi Ha TOJIIMHY CHEra M CHETO-
3amachl OTMevajlach y JIMCTBEHHULL CpEIHEeTaeXHOM
non3oHkbl LlenrpanbHoit AAxkyrun (Hukonaes, Ckau-
KoB, 2011). Yka3zaHHEIE aBTOPHI YTBEPXKIAIOT, YTO IT0-
JIoOHast peaklusl ApeBECHBIX pacCTeHUi 00yCIOBIeHA
TEeTIJIOU30JIUPYIOIIMMU CBOMCTBAMUM CHEXHOTO TIO-
KpOBa: TIpU MEHBIIIEM BBIXOJaXKMBAHUU MOYBOTPYH-
TOB B 3UMHMUI1 TIEPUO]I IIPOUCXOIUT NX O0Jiee OBICTpOE
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Puc. 3. Peakuyisi IMpUHBI TOAMYHBIX KOJIELl IMCTBEHHUII CUOUPCKOM M COCHbI OOBIKHOBEHHOI CeBepHOI Talir Ha CpeIHeMe-
CSTYHBIC TEMITepaTyphbl Bo3ayxa (a) U cyMMbl aTMOchepHbIX ocankoB (6) mo nanHbiM MC HazmeiM 3a 1966—2020 IT. B 3aBUCHMO-
CTH OT MECTOIIOIOXKEHUS: | — TUCTBEHHMIIA CUOMPCKAsT HIDKHEN YaCTH CKJIOHA; 2 — JIMCTBEHHUIIA CUOMPCKAash BEpXHEN 4acTH

CKJIOHA; 3 — cOCHa OOBIKHOBEHHAas Teppachl p. Hagbim.

Fig. 3. The response of the tree ring width of Siberian larch and Scotch pine of the northern taiga to the average monthly air tem-
peratures (a) and the total precipitation (6) at the Nadym meteorological station for 1966—2020, depending on the location: 7 —
Siberian larch of the lower part of the slope; 2 — Siberian larch of the upper part of the slope; 3 — Scots pine terraces of the river

Nadym.

MpoTrpeBaHue B BECCHHUI TTepUO 1, COOTBETCTBEHHO,
MPOLECCHI pOCTA Y IMCTBEHHUI HAUMHAIOTCS PaHbIIIE.

Takum o6pa3oM, TEHAECHLIMS YBEJTUYEHUS TOJIIIH -
HBI CHETa 1 CHero3araca, Koropasi OTMeJaeTCs B JaH-
HOM paifoHe Ha IPOTSKEHUU HECKOJbKUX AECATUIIE -
TU, CIIOCOOCTBYET HE TOJIBKO YBEJIMYEHUIO CKOPO-
CTU paJvaJIbHOIO pOCTa JepeBbeB, HO M CXOACTBA
PSO0B paaualibHOTO MIPUPOCTA C MOKA3aTeNSIMU (TOJ-
IIMHA ¥ BOJ03arac) CHEXXHOTo IToKpoBa. HekoTopsi-
MM aBTOpaMM TaKXKe BBbICKa3bIBaeTCs MHEHHE, 4YTO
OpU YBEJIWYEHUM TOJIIUHBLI CHEXHOIO IOKPOBa
JIOJDKHA YMEHbBIIAThCS IMMPUHA TOOWMYHBIX KOJIEII,
TaK KaK OHa BeJeT K 00Jiee MO3THEMY CXOY CHEXKHO-
ro MOKpoBa M 0oJiee MO3IHEMY Hadaly POCTOBBIX
npoiueccoB y quctBeHHuUI (Kirdyanov et al., 2003).
OnHako Hall aHaJdu3 CBUIETEIBCTBYET O TOM, YTO
MEXAY MaKCUMAaJIbHOM TONIIMHOMN CHEXKHOTO IIOKPO-
Ba U JaTaMU pa3pylIeHUsT YCTOMYMBOIO CHEXHOIO
IMOKPOBAa CTAaTUCTUYECKU 3HAYMMasl CBSI3b OTCYTCTBY-
eT. KoappuimeHT Koppenassiuy MexXny psaaaMu JaH-
HbIXx mokazateneit mo MC Ta30BcKkUil COCTaBiISIET
aub 0.13.

Y N1UCTBEHHUL HMXKHEM 4YacTU CKJIOHAa TECHOTa
CBA3UW HIMPHUHBI TOOAWYHBIX KOJICI C ITOKa3aTCJIaMU

TOJIIIMHBI CHEra W CcHerosaraca BbIllle (COOTBET-
ctBeHHO k = 0.47—0.58 m k= 0.45—0.60), yeM y T1CT-
BEHHMUII BEPXHEN YacTu CKJIOHA U Tiakopa (COOTBET-
ctBeHHO k = 0.40—0.54 u k = 0.43—0.54). Takxe
BOJIM3U KPYMHBIX PEK 3HAYMMOCThb IoOKasarelei
CHEXHOTO IMOKpOBa IJIsi pOCTa JIMCTBEHHMUII BBIIIIE,
yeM BOJIM3U HeOOoJbIIUX pyubeB. Elu B oTinuue ot
JIMCTBEHHUI] MaJIOYYBCTBUTEIbHBI K 3HAYEHUSIM TOJI-
IIIMHBI CHETa U CHET03aracos.

BiusHue naTel pa3pylieHusT yCTOMYUBOTO CHEX-
HOTO MOKPOBa Ha paguabHbIA POCT IPEBECHBIX pac-
TEHUI Ha CEBEPHOM IIpeesie pacIpoCTpaHEeHUS JIe-
pPEBbEB MHOTME MCCJIEAOBATEIM OIIEHWBAIOT OMHO-
3HAYHO: IIpu 0OoJiee paHHEM CXOIe CHEXHOTO
MOKPOBA YBEINYMBAETCS MPOIOJLKUTEILHOCTD BEeTe-
TallMOHHOTO TIEpUOMA W, CJIENOBATEbHO, YBEIUYU-
BalOTCS MOKAa3aTely TOOAUYHOIO paguajabHOro IIpU-
pocta nepeBbeB. Hammpumep, K TOTOOHBIM BBIBOJAM
MPUIIIN HEKOTOPBIE aBTOPHI, IPOBOAUBIIIE HAOIIO-
JICHUS B IeCOTYHApoBoM 30He EHMcelickoro 6acceii-
Ha (Kirdyanov et al., 2003). OgHako Halll aHaJIU3 MO~
Ka3zaJl, 4YTO CBSI3b TAHHBIX ITOKa3aTesei B JIECOTYHAPE
He TOJIbKO HU3Kas, HO, 9aCTO, y JIMCTBEHHUI] 0OpaT-
Has (cM. Tabi. 2). YBeanueHre IIpUpoCcTa JUCTBEH-
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Taomuua 2. KoppesilimoHHast CBSI3b IIIMPUHBI TOMUYHBIX KOJIEL] IEPEBhEB JIECOTYHIPHI U ceBepHOI Taiiru 3a 1966—2020 rr.

XapakTepuCTUKU

TonuuHa CHEXHOTO s .

IMonoxeHnue, Tlepuon MokpoBa* Cuerosanacel YCTOMYMUBOTO CHEXKHOTO
ropoza Mereoctars CpaBHEHUS TIOKpOBa***
h,, hy h, Wy w,, Du; Du_, Dr P
Jlecomynopa

I1makop, TazoBckuit 1966—2020 0.27 0.40 — 043 — 0.19; 0.30 0.13 | —0.08
JIMCTBEHHUIIA
Hwxusas yacte | TazoBckuit 1966—2020| 0.23 0.47 — 0.45 — 0.30;0.33 | —0.01 | —0.19
CKJIOHA,
JIMCTBEHHUIIA
Huxusis yacts | TazoBcKuii 1966—2020| —0.22 | —0.09 — —0.09 — 0.00; —0.02 | —0.02 0.02
CKJIOHA, eJTb
INnakop B6M3u | TazoBckMit 1966—2020| 0.49 0.54 — 0.54 - 0.24; 0.25 0.19 0.00
p. JIykbsxa,
JIMCTBEHHUIIA
Teppaca TazoBckuit 1966—2020| 0.45 0.58 — 0.60 — 0.14; 0.23 0.16 | —0.01
p. Jlykbsxa,
JINCTBEHHUIIA

Cesepnas maiiea
Huwxnsig yacts | Hagpim 1966—2020 0.23 — 0.15 — 0.12 | 0.11;0.08 | —0.02 0.00
CKJIOHA,
JIMCTBEHHUIIA
Hwxasas gacte | Hanpim 1966—2020| —0.02 — 0.04 — —0.01 | —0.11; —0.17 0.12 0.19
CKJIOHA, eJTb
Hwoxnsist vacte | Hagbim 1966—2020| —0.06 — —0.04| — —0.06 |—0.05; —0.07| —0.05 | 0.03
CKJIOHA, Kellp
Bepxusis yacts | Hagbim 1966—2020| 0.17 — 0.14 — 0.09 | 0.04;0.05 | —0.12 | —0.05
CKJIOHA,
JIMCTBEHHMIIA
Bepxusas yacte | Hageim 1966—2020| —0.16 — —0.08 - —0.09 [—0.01; —-0.03| —0.01 0.03
CKJIOHA, eJTb
BepxHsist yactp | Hampim 1966—2020 | —0.06 — —0.11 — —0.15 | 0.04;0.15 | —0.11 | —0.07
CKJIOHA, Kellp
Teppaca p. Hanbsim 1966—2020| 0.01 — —0.02 — —0.01 | 0.18;0.18 0.08 | 0.03
HanpiM, cocHa

*h,, — MaKCUMaJIbHasI TONIIMHA CHEXXHOTO TIOKPOBA B 3MMHUIA IIEPHOJ Ha METEOIUIOIIANKE; fip — MAKCHMAJIbHAST TOJIIITHA CHEXHOTO
[IOKPOBa B 11071¢; /1, — MAKCUMAJIbHAs! TOJILMHA CHEXKHOTO TIOKPOBA B JIECy; **w,— CHerosamnacel B I10JI¢; W,, — CHEro3aracsl B Jiecy;
*#% Dy — xaneHnapHblii ron; Du_| — npeasiayuii ron; Dr — paspyuenus; P — nponomkuteabHocTb. KoadduumenTs Koppensiuumn
3HauuMBbl 1ipy 3HaYeHuu 0.23 u Beiie ripu p < 0.05; [Tpouepk— oTcyTCcTBUE JAaHHBIX.

HUII KaK peaklus Ha 6oJjiee MO3MHUI CXOI CHEXKHOTO
MOKPOBa OTMeYaJlach APYTMMU UCCIEIOBATEISIMU B
npeneiax Jleno-Bumoiickoro mexaypeubs:i (Huko-
naeB, Ckaukos, 2012).

Takoe e BIUsiHUE UMeEET 1 OoJiee To3AHee ycTa-
HOBJIEHAE CHEXHOTO TOKPOBA B TAHHOM TOAy, 4YTO,
BEPOSITHO, OOYCJIOBJICHO HAJIMYUEM KOPPETSIIIAOH-
HOM CBI3U MEXIY YCTAHOBJIEHUEM YCTOWYMBOIO
CHEXHOTO MOKPOBAa U OKOHYAHUEM BETETALIMOHHOTO
nepuona. [1pu 3TOM NpoOIUIOTOAHUE NaThl YCTAHOB-

JIEQ U CHET Ne 2
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JICHUSI yCTOMYINBOTO CHEXXHOTO ITOKPOBa OKAa3bIBAIOT
Ha paavalibHbIii POCT pacTeHUil OoJibllice BAUSHUE
(k= 0.23—0.33), yeM COOTBETCTBYIOIIIME IaThl Ka-
JleHmapHoro roga (B ay4meM ciydae kK = 0.23). Hou
B JAaHHOM CJIyJae KO3(hGUIINEHTHI KOPPEISIIINI Ma-
JIO3HAYUMBI. JINCTBEHHUIIBI U €JIU HEYYBCTBUTEJbHbI
K TIPOJIOJDKUTEBHOCTUA 3ajieTaHUsI yCTOMYMBOTO
CHEXXHOTO TTOKPOBa.

B ceBepHoIit Talire 3HaYeHNE CHEXKHOTO ITOKPOBa
Kak (paKTopa paguaabHOIO pOCTa IPEBECHBIX pacTe-
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Puc. 4. Peakuusi IMpUHBI TOOAUYHBIX KOJIELl COCHbl OOBIKHOBEHHOM I0XKHOM JIECOCTENU Ha CPelNHEeMeCSTYHbIe TeMITepaTyphl
Bo3ayxa (a) U cyMMbI aTMOc(hepHbIX ocankoB (6) 1o naHHeIM MC Bbapnayin 3a 1966—2007 rT. B 3aBUCHMOCTH OT MECTOTIONIOXKE-
Hus: [ — Kanyctunka; 2 — llapunno; 3 — [1aBnoBck; 4 — Pe6puxa. PacnionoxxeHue IyHKTOB OTOOpa cM. Ha puc. 1.

Fig. 4. The response of the tree ring width of Scotch pine in the southern forest-steppe to the average monthly air temperatures
(a) and the total precipitation (6) at the Barnaul weather station for 1966—2007, depending on the location: 7 — Kapustinka; 2 —
Sharchino; 3 — Pavlovsk; 4 — Rebrikha. The location of the sampling points is shown in Fig. 1.

Huit HeBerKo. KoadhduiimeHTsl Koppeasaluu IoKa-
3aTejeil CHEXXKHOTO MOKPOBa C IUMPUHOMN TOOAUYHBIX
KoJiell 31eCh OKAa3bIBAIOTCS YPE3BBIYANTHO HU3KUMU
(cM. Tabu. 2). B 10XXHOI JIECOCTEIM eAUHBINA ITOMYJIsI-
LUOHHBIM CUTHAJI U3MEHSIETCSI Ha M3YYEHHBIX ILIO-
mankax ot 0.91 mo 0.95, a K03 pULIMEHT YYBCTBU-
TeJbHOCTU B Ipeaenax 0.19—0.22. Temmnepatypbl BO3-
JlyXa MecsILIeB TEILJIOro Meproia B OCHOBHOM UTPalOT
oTpuLaTeIbHYIO poiib (puc. 4, a). Ilpu 3ToM Hauobdo-
Jiee 3HaYMMa PoJib TeMIIEpPaTyphl aBrycTa MpOIILIOro
roga (k = ot —0.23 mo —0.42), a TakxKe TeMIIepaTypbl
nioHs (kK = ot —0.34 o —0.37), utrons (k = ot —0.26
1o —0.35) u mag (mo kK = —0.30) Texymero roga. JIasa
pamuanbHOro pocta coceH (KamycTuHka) mojaoxku-
TeJIbHOE 3HAYEHUE UMEIOT TEMITepaTyphl STHBaps (k =
= 0.28) u pespansa (k = 0.26). AtMmochepHBIe oca-
KM, HampoOTHUB, 4Yallle OKa3bIBAIOT ITOJOXUTEIbHOE
BJIMSIHME HA paauaibHbIil POCT COCEH B I02KHOI J1€CO-
crermu (cM. puc. 4, 6). BaxxHoe 3HaueHNEe NPU 3TOM
MMEIOT He TOJIBKO BeCEHHEe-JIETHHUE OCAIKU TEKYILETO
roga, 0COOEHHO C ampes MO0 UIOHb BKIIOYUTEIBHO
(k= 0.26—0.42), Ho u ocanku aprycta (k = 0.28—
0.37) u okts16ps (k = 0.26—0.37) npoliuioro roja.

B cyxoii cTenu enyHBIN NONYISLIMOHHBIIA CUTHAJ
U3MEHSIeTCI Ha M3yYeHHBIX Iutomankax ot 0.91 mo
0.99 (y TMCTBEHHBIX JePEBHEB JECOIMOJIOC), a KO3(-
GUIIMEeHT 9yBCTBUTEAbHOCTH B Tipenenax 0.20—0.35.

B nanHO mon3oHe Ha paauaJbHbBIM POCT COCEH OT-
pULIATEILHO BIIUSIIOT TEMIIEPATypa Masi—UIOJIS TEKY-
1ero roaa (Ha pasJIMYHbIX yyacTkax a0 k = ot —0.30
1o —0.36), a Takke aBrycta M CEHTSIOps MPOIIIOro
roga (ot —0.28 mo —0.32) (puc. 5, a). Torons 3Ha4YM-
MO pearupyeT Ha TeMIlepaTypy aBrycTa IIpOIILIOro
roja v SHBaphb TEKYILETO roja, a 6epe3bl —Ha UI0Ib U
OKTSIOpb Tekyllero roma. OmHako aTMocdepHble
0CaJIK1 OKa3bIBaIOT OOJIbllIee BIAMSIHUE HA paaualib-
HBIII POCT JIepeBbEB CyXOil CTEMU, 0OCOOEHHO COCEH
(cm. puc. 5, 6). Haubosiee 3HaUMMBI IS COCEH CyM-
MBI OCAQJKOB 3a aBryct Iponuioro roma (k = 0.50—
0.54) 1 mas Tekymero roga (k = 0.53—0.54). Taxke
3HAYMMBI KO3(M@MUIUEHTHI KOPPEISLUN IIUPUHBI
TOOUYHBIX KOJIEL[ COCEH C CYMMAaMHU OCaJIKOB 3a CEH-
TSIOPb MPOIILIOTO TOa, a TAKKe aIllpesib U UI0JIb TeKY-
miero roga. JIncrBeHHbIe MOPOAHI (TOMOJIb U Oepe3a)
MOJIOXKUTEJIBHO pearupyroT Ha CYMMY OCalIKOB OT-
JIeJIbHBIX MECS1IEB 3MMHETO U JIETHETO IIEpUOI0B, KaK
TEKYIIIero, Tak 1 MpoIIIoro roga (CM. puc. 5, 6).

Ha rore 3anamHo-CuOMpcKoif paBHUHBI 3aBUCH-
MOCThb IIMPUHBI TOAWYHBIX KOJIELl OT MoOKa3aTejei
CHEXHOTO ITOKPOBAa TaKKe Pas3INdyaeTcs 1o MPUpPOJI-
HBIM TIoa3oHaM (Ta6ia. 3). B meaoMm B cyxoii ctenu
CBSI3U TOKa3aTeJieil CHEXKHOIo MOKpPOBa U IIMPUHBI
TOIMYHBIX KoJiell iyulie. OIHaKo peaklys JepeBheB
3aBUCHUT OT TeoTparueCcKOTO MOJIOXKEHUS IPEBOCTO-
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Puc. 5. Peakiysi puHbBI TOAMYHBIX KOJIEL COCHbI OOBIKHOBEHHOI, TOIOJISI 6ab3aMUYECKOTo U Oepe3bl IIOBUCIION B CyXOit
CTEeN Ha CPEeAHEMECSYHbIE TeMIEpaTyphl Bo3myxa (@) U cyMMbl aTMOchepHbIX ocankoB (6) o ganHeiM MC Py61ioBck 3a
1966—2018 rr. B 3aBUCMMOCTH OT MECTOMOJIOXKEHUSI: ] — cocHa 0ObIKHOBeHHas1, CeBepKa; 2 — cocHa OObIKHOBEHHast, Muxaii-
JIoBcKoe; 3 — G6epesa nmoBuciast, HazapoBka; 4 — Tonoiib 6anb3aMmudeckuii, HoBoyriosckuii. PacrosioxeHue nyHKTOB oT60pa

CcM. Ha puc. 1.

Fig. 5. The response of the tree ring width of Scots pine, balsam poplar (Populus balsamifera L.) and silver birch (Bétula péndula)
in the dry steppe to average monthly air temperatures (a) and total precipitation (6) at the Rubtsovsk weather station for 1966—
2018, depending on location: / — Scotch pine, Severka; 2 — Scotch pine, Mikhailovskoe; 3 — Hanging birch, Nazarovka; 4 — bal-
samic poplar, Novouglovsky. The location of the sampling points is shown in Fig. 1.

eB. IlojloXXuTeNnbHYIO CBSI3b C TOMIIMHON cHera (k =
= 0.30—0.46) u cHerozanacom (0.28) Ha mmepuon ero
MaKCUMyMa B 3UMHU TI€PUOI I€MOHCTPHUPYIOT COC-
HbI, PacIioJIOXXeHHbIE Ha TPUBAaXx, T.€. B CYyX1UX MECTO-
o6uranusx (CeBepka, YriioBckoe) (puc. 6, 6), a Tak-
ke tonons (0.25) u 6epesnl (0.24) mone3aluTHBIX
JIECHBIX IT0JIOC, PACHIOJIOXKEHHBIX Ha IMJIAKOPE U CKJIO-
He JaHamadTHOM KaTeHbl. JlepeBbsi, pacItogoXKeH-
HbI€ BO BJIaXXHBIX MecTooOuTaHusx (Bomuuxa, Ma-
JIBIIIEB JIOT), 4aCcTO OTPUIATENIbHO pearupyroT Ha
IaHHbIe mokazartenu (mo k = —0.31), 9To, BEposITHO,
00yCJIOBJIEHO BBICOKMM YPOBHEM CTOSIHUSI TPYHTO-
BBIX BOJI ITOCJIE MHOTOCHEXXHBIX 3UM. B 103XHOi1 J1eco-
CTEIM peaKlysl paaruaJIbHOIO POCTa AepEeBbEB HA TOJI-
IIMHY CHEeTra 1 CHEero3arachl He BEIpaXKeHa.

CBs131 ITUPUHBI TOMWYHBIX KOJIEII C JaTaMH yCTa-
HOBJIEHUSI CHEXXHOTO TTOKpoBa 0oJiee YETKHE B 10X~
Hoii necoctenu. Yem 1mo3xke 371eCh yCTaHABIMBAETCS
CHEXHBbI TTOKPOB, TeM 0O0JIbllle IIIMPUHA TOAUYHOTO
KOJIbIIa ¥ COCHBI OOBIKHOBeHHOH. [Ipm sTOM mata
YCTAHOBJICHUSI YCTOMUYMBOTO CHEXXHOTO TTOKPOBA IPO-
LLIEAIIe 3UMMbI OoJiee BaKHA JJIsI paauaibHOTO pocTa
coceH (k= 0.28—0.34), yuem KaJleHIapHOIO Troja.

JIEQ U CHET Ne 2
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ITpotuBOMIONOXHAA peakliusi epPeBbEB IOXHOM
JIECOCTEIH 1 CyXOi CTEIU MPOSIBIISIETCS Ha JaThl pa3-
pYILIEHNST YCTOMUYUBOIO CHEXXHOTO MOKpoBa. B 1ox-
HOW JiecocTernu 6oJiee paHHUIA CXOI CHEXHOTO IO-
KpOBa CIIOCOOCTBYET MHTEHCHUBHOMY paavaJIbHOMY
pocty nepeBbeB (kK = —0.27). B cyxoii crenu otmeva-
eTcsl MpPOTUBONOJOXHAasA peakuusi. 31ech Oosee
Mo3AHee paspylleHue YCTOMYMBOTO CHEXHOTO MO-
KpOBa yJydlllaeT YCIOBUS pocTa aepeBbeB (k= 0.26—
0.38), 0COOEHHO Yy AEepPEBHEB CYXMX MECTOOOUTAaHUIA
(BepiivHBI TpuB, 1iakop) — CeBepka, ITouBeHHasi
ctaHuust, HoBoyrnoBckuii. B 11e;10M 3TO MOXHO 00b-
SICHUTDb TEM, UTO I0XKHAasl JIECOCTENb XapaKTepru3yeTcst
HOPMAaJIbHBIM yBJIaXKHEHUEM, a cyxasl CTeIb — HelO-
craTouyHbIM. [ToaTOMy B pe3ynbTare paHHEro cxoja
CHEXHOTO TTOKPOBa B I03KHOI JIECOCTENU yBEIUUMBa-
€TCS1 BEr€TallMOHHbIN CE30H, a B CyXOU CTEIr IMO3/-
HUI CXOJ CHEXXHOTO MOKpOBa obecreynBaeT ONTH-
MaJIbHOE YBJIaXKHEHUE B MEPUOJl UHTEHCMBHOTO PO-
CTa IIePEeBbEB, KOTOPHIN MPUXOAUTCS HAa Mail U UIOHb
(Rygalova et al., 2022), B TOM 4uCJie U B IPYTUX PETU-
oHax (JIemuna u ap., 2017).

Cxoxxasi peakiysi paauajibHOrO pocTa AepeBbeB
OTMEYaeTCs Ha MPOIOJLKUTEILHOCTh Teproaa 3aje-
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Ta6auna 3. KoppensunoHHast CBsI3b IIMPUHBI TOAUYHBIX KOJIEI[ IePEBbEB I0KHOM JIECOCTENM U CyXOi cTenu 3a 1966—
2018 rr.
TonmuHa CHEXHOTO C | XaPAKTEPUCTUKU YCTOINUUBOTO
[onoxenue, |Meteocran-| Ilepuon HOKpoBa* Herosaracet CHEXHOTO MIOKpoBa***
rnopona LHsT CpPaBHEHMUSI
h,, hy h, Wy w,, Du; Du_, Dr P
FOxcnas aecocmens

JlenTounsrit 6op, |Kamenn- |[1966—2007| 0.04 | 0.03 — 0.10 — —0.20; 0.40 0.04 | —0.28
c. Jlonranka, Ha-O06u

cocHa

JlenTounsiit 6op, |Pebpuxa |1966—2007| 0.19 | 0.07 | 0.05| 0.09| 0.08 | 0.03;0.20 |—0.06 | —0.19
c. Pe6puxa, cocHa

JlentouHslii 6op, |baeBo 1966—2005| — —0.09 — —0.07 — - — -
c. Kanycrnhka, | g ayvien- 0.04| — — — - —0.01;0.33 | —0.12 | —0.30
COCHa Ha-O6u

JleHTouHbIit Gop, |Pebpuxa |[1966—2004| 0.15 0.03 | 0.03| 0.03| 0.02 0.13; 0.11 —0.17 | —0.16
c. IllapunHo, cocHa

JlenTtounslit 6op, | bapHayn 1966—2007| —0.09 | 0.15 — 0.15 - 0.29;0.28 | —0.27 | —-0.34
c. YepemHoe, cocHa

JlenTounslii 6op, |bBapnaymr |1966—2003| —0.28 | 0.02 — —0.07 — 0.21;0.29 | —0.14 | —0.28
c. [1aByIoBCK, cOcHa

Cyxas cmenb

bop, c. CeBepka, | Kmoun 1966—2007 | — 0.46 — 0.28 — — — —
cocHa Py610BcK —0.19 | — - — — | =0.09;—0.03 | 026 | 0.28
Jlenrouneii 60p, | Kimoun 1966—2007 | — 0.15 - 0.16 - — - —
¢. MuxaitnoBekoe, | pygyiopcx —-0.07| - - - — | 001;004 | 011 | 0.08
cocHa

JlenTounslii 60op, |Bomuuxa |1966—2002| — —0.03 0.03 | —=0.11 | —0.21 — — —
¢. Bomunxa, cocHa | pygyiopck —0.05| — — — — —0.14; 0.01 0.19 | 0.17
Jlentounsii 6op, | Py6uosck |1966—2005| —0.01 | —0.22 - —0.31 — —0.10; 0.14 0.10 0.05
c. MaJbiies Jior,

cocHa

JlenTouHslii 6op, | Kimoun 1966—2003| — 0.30 — 0.12 — - — -
¢. Yrosckoe, Py610BCcK 0.02| — - — - —0.02;0.10 0.11 0.07
COCHa

JleconoJioca, Kiroun 1966—2018 — 0.24 — 0.14 — — — —
¢. Hasaposka, Py610BCcK 0.08| — - — — | —0.08; —0.18 | —0.02 | 0.02
Oepesa

Jlecononoca, ITou- | Bomuuxa | 1966—2018 — 0.05 0.25 0.06 | 0.19 — — —
BEHHAA CTAaHIMA, | pyGriopek 0.18| — - — — | —0.14;,—0.05| 038 | 0.34
TOIIOJIb

JlecomnoJioca, Bomuuxa 1966—2018 — 0.17 |— 0.19 — — — —

1. HoBOYIJIOBCKHIA, | py 65y 10k —0.05| — - - — | —027;-011| 027 | 0.28
TOMOJIb

*h,,,— MakcUMaJlbHasi TOJILIMHA CHEXXHOTO TIOKPOBA B 3UMHMI{ IIEPUOL HA METCOTUIOLIANKE; /iy — MAKCHMaJIbHAs TOJILIMHA CHEXXHOTO
MOKpOBa B 11071e; /1, — MAKCUMAJIbHAsl TOJILMHA CHEXHOIO [IOKPOBA B JIECY; **w,— CHErosarachl B 110JI¢; W, — CHEro3anachl B Jiecy;
*#* Dy — xanennapHblit ron; Du_, — npensinyiunii ron; Dr — paspywmenust; P — nponomkutenbHocTh. KoadduumenTs! Koppensuun
3HAYMUMBI: IO COCHE — npu 3HayeHuu 0.26 u Boiie rpu p < 0.05, no torosio u 6epese — npu 3HadeHuu 0.24 u Boie npu p < 0.05;
TTpouepk — OTCYTCTBUE NaHHBIX.
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Puc. 6. MHOTO/NIETHYE U3MEHEHUS XapaKTEPUCTUK CHEXXHOIO MOKpoBa (/) U MHAEKCOB IIMPUHBI TOOUYHBIX KoJell (2) B pa3-
JIMYHBIX paitoHax 3anagHo-CruOupCcKoi paBHUHBL: (@) JIECOTYHIpa, IMCTBEHHUIIA cubupckasi, Teppaca p. JIykbsixa; (6) cyxas

CTelb, COCHAa OOBIKHOBEHHas1, XxpoHosiorust “CeBepka”.

Fig. 6. Long-term changes in snow cover characteristics and tree-ring width indices in various regions of the West Siberian Plain:
(a) forest-tundra, Siberian larch, terrace of the river. Lukyakha (6) dry steppe, Scotch pine, Severka chronology.

raHusi yCTOMYMBOTO CHEXHOro mnokpoBa. B neco-
CTEITHOM 30HE 3Ta peaklus MMeeT OTpULIATeNIbHbII
xapaktep (k = ot —0.28 no —0.34), a B cyxoCTeTHOI1 —
nonoxutenbHbii (K = 0.28—0.34) (cm. Tabi1. 3).

BbIBO/1 bl

B xone Halmx uiccienoBaHUil yCTaHOBJIEHO, YTO
CHEXXHBII [IOKPOB C €T0 XapaKTEPUCTUKAMMU He SIBJISIET-
¢s1 NIaBHBIM (DAKTOPOM, IMMUTHUPYIOIIAM PagvaTbHbIIA
POCT IOPEBECHBIX PACTEHUI Hake B 3KCTPEMATbHBIX
YCIIOBUSIX, Ha mepudepruu 30HbI OOpeaTbHBIX JICCOB.
Ero Bo3neiicTBre Ha ApeBeCHbIE pACTEHUS 3aBUCHUT OT
KOMILJIeKca (DaKTOpOB, B TOM UUCJIC JTOKAJbHBIX.

MakcuMasibHbIe TOJIIMHA CHETa M CHEro3amachbl
BBICTYNAIOT BaXXKHEMIIIMMU XapaKTEPUCTUKAMU CHEX-
HOTO ITOKPOBa ISl POCTa IPEBECHBIX PACTCHUIA B Jie-
COTYHIpE Y Cyxoii ctenii. B tecoTyHape 3TMMHU ITOKa-
3aTelIIMUA KOHTPOJUPYETCS CTENEHb MPOMEP3aHUs
IMOYBOTPYHTOB M, TEM CaMbIM, CKOPOCTb MX IIpOrpe-
BaHMsI BECHOM M HAa4yaJI0 POCTOBLIX IIPOLIECCOB Y JIe-
peBbeB. B cyxoiil crenu yBelnueHMe TOMIUHBI CHEra
M CHEro3aracoB CITOCOOCTBYET JIy4lIeMy YBJIaXKHeE-
HUIO TTI0YB, YTO 0OECIIeYnBaeT JIYYIIMii IPUPOCT Je-
peBbeB. BosmeiicTBMe HaHHBIX IIOKa3aTelieil He-
CKOJIBKO YCUJIMBAeTCS B JICCOTYHIpPE B HUKHUX 4Ya-

JIEJT U CHET
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CTSIX CKJIOHOB, a B CyXOil CTenM Ha IUIaKopax |
BeplInHaX I'puB. TeHACHUIS YBEIMYCHUsI CHErosa-
I1aCOB B YKa3aHHBIX paiiOHAX CIIOCOOCTBYET yBEJIMUe-
HUIO CKOPOCTU PaaMajbHOTO pOCTa IepeBheB. Bme-
CT€ C TeM, BO BJIaXXHBIX MECTOIIOJOXEHUSIX CYXOM
CTEIH, C BBICOKUM YPOBHEM CTOSTHUSI TPYHTOBBIX BOJ
yBeJIUYEHUE MAaHHBIX MOKa3aTeJieid MPUBOAUT K 3a-
MEIJIEHUIO POCTa M3YyYEeHHBIX MOPOM JepeBbeB. JIu-
MUTHUpYIOIIee 3HaUYeHWE TOJIIIMHEI CHeTa U CHero3a-
MacoB JJIsl paIuaIbHOTO POCTa AI€PEBbEB B CEBEPHOI
Taiire M IOXKHOI JIECOCTENM MEHbIIE, YeEM B JIECO-
TYHJPE U I0XKHOU JIECOCTEIU.

Hatbl paspyllieHusl yCTONYMBOTO CHEXHOTO MO-
KpOBa OKa3bIBAIOTCSI 00Jiee 3HAYMMbIMU B I0XKHBIX paii-
OHax (I0XHOI1 JIECOCTEN! 1 CYXOI CTEIIN), YeM B CeBep-
HBIX (JIECOTYHIpE U ceBepHoii Tatire). [Tpu aTom ycuie-
HUIO paaudalbHOTO pOCTa JEPeBbEB B IOXKHOM
JIECOCTENN COCOOCTBYET O0Jiee paHHUM CXOIl CHEX-
HOTO MOKpOBa, a B CyXOl cTenu — OoJiee MO3AHUIA.
JaThl yCTaHOBJIEHUS YCTOMTYMBOIO CHESKHOTO ITOKPO-
Ba MeEIOT O0JIbIllee 3HAYSHUE IIJISI PpOCTa IePEBHEB 110
CpaBHEHUIO C JaTaMM pa3pylleHHsI, OCOOEHHO B Jie-
COTYHIpE U I0XKHOI necoctenu. B ykazaHHBIX paiio-
Hax OoJiee TTo3IHEE YCTAaHOBJIEHWE CHEXKHOTO TTOKPO-
Ba obecrmeuyuBaeT OONBIINN pagUaTbHBINA TPUPOCT
JIepeBbEeB, 0COOCHHO Ha CJICAYIOIINIA TOI.
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3HadyeHUe MPOOOJIKUTEIHLHOCTH TIEpUONA C YCTOM-
YHMBBIM CHE2KHBIM ITOKPOBOM JIs1 pOCTa A€PEBLEB BLHILLIEC
B IOXHBIX paiioHax. [Ipy 3TOM B IOXKHOM JISCOCTEIN,
yeM IIPONOKUTENTbHEE 3aJIeTaHKe YCTOMYMBOTO CHEX-
HOTO IOKPOBA, TEM MEHbIIIE IPUPOCT AepeBbeB. B cy-
XOCTEITHOM Ke IMMOI30HE YBEIUYCHUE IPOIOJLKUTEIIb-
HOCTH TIeproAa ¢ YCTOMUYUBBIM CHEXXHBIM ITOKPOBOM
CTUMYJIMPYET paaraabHBIN POCT (B OCHOBHOM 3a CUET
0oJiee TTO3MHET0 €ro pa3pyIlIeHNS ).
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Snow Cover as a Factor of Growth of Annual Tree Rings under Contrasting
Environmental Conditions of the West Siberian Plain

N. I. Bykov“#, A. A. Shigimaga“, and N. V. Rygalova“

¢ [nstitute for Water and Environmental Problems, Russian Academy of Sciences, Barnaul, Russia
#e-mail: nikolai_bykov@mail.ru

The results of the analysis of the relationship between the width of annual tree rings of various woody plants
and snow cover characteristics are presented: the dates of setting-up and destruction (loss) of stable snow cov-
er, the duration of its existence, the thickness and water content of snow cover for the period of maximum
snow accumulation. The studied areas are the forest-tundra zone, the northern taiga subzone, the southern
forest-steppe subzone, and the dry steppe subzone within boundaries of the West Siberian Plain. Data from
observations of snow cover on routes and meteorological sites of Roshydromet for 1966—2020 (for forest tun-
dra and northern taiga) and 1966—2018 (for forest-steppe and dry steppe) together with dendrochronological
samples obtained by the authors in these natural zones and subzones were used for this study. It was found
that the thickness and water content of the snow cover play greater role for the radial growth of trees in the
forest-tundra and dry steppe as compared to the northern taiga and southern forest-steppe. In the dry steppe,
the trees of the upper parts of the low ridges and flat interfluves (plakors) are more sensitive to these snow
cover characteristics, while in the forest-tundra this is important for the lower parts of the slopes. The dates
of destruction of stable snow cover are more significant in the southern regions than in the northern ones. In
the southern forest-steppe, the early loss of the snow cover increases the rate of growth of tree rings, while in
the dry steppe it weakens it. The dates of setting-up of the stable snow cover are more important for the growth
of trees compared to the dates of its loss, especially in the forest-tundra and southern forest-steppe since the
later it starts, the greater the growth of trees. Importance of the duration of the period with stable snow cover
for tree growth is higher in the southern regions. Its increasing in the southern forest-steppe reduces the
growth of trees but increases in the dry steppe.

Keywords: West Siberian Plain, snow cover, woody plants, tree rings
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CHEeXHBI TTOKPOB TMPEACTABIISIET COO0U OMUH U3
BaXKHEHIINX KOMIIOHEHTOB TUAPOJOTUISCKOTO 1INK-
na cymn. Ero KimodeBoit XxapaKTepUCTUKOM SIBITSIETCS
3arac Boabl B cHere (majnee — SWE). OueHka npo-
CTpaHCTBeHHOTO pacripeneieHus SWE BeImoHseTCs
Ha OCHOBE CHETOMEPHBIX ChEMOK WJIA METOAOB MaTe-
MaTHUYeCKOro MoaeanpoBaHusi. CHeroMepHbIe ChEM-
KM peryJisipHo (Kaxasle 5 i 10 cyT) IpoBoasITCs Ha
cetu MereocTaHuMii Pocrumpomera. OmHaKo ceThb
CHETOMEepHBIX ChEMOK OTJIMYAETCS MPOCTPAHCTBEH-
HOM HEpPaBHOMEPHOCTbIO, B TPYOHOIOCTYIHOM U
TOPHOII MECTHOCTHU U3MEPEHMSI IIOUTU HE IIPOBOISIT-
cs1. YacToTa nmpoBeneHusl CHErOChEMOK TaKXKe Hel0-
CTaToOYHa UISI psma IMPaKTUYECKUX IIPMIOXCHUI
(TypkosB, Cokparos, 2016; UyptonuH, 2018).

MaremaTUdyecKre MOIEJM CHEXHOIo TMOKpOBa
MO3BOJISIIOT ITOJIYYUTh OLICHKM IIPOCTPAHCTBEHHOIO
pacripenencauss SWE ¢ 6osee BBICOKMM IIPOCTpaH-
CTBEHHBIM U BPEMEHHbIM paspelieHueM. OHU Mpu-
MCHSIIOTCS B KadecTBe OJIOKOB B pacHpeleIcHHBIX
Mmozenssx ¢popmupoBanus peuHoro croka ECOMAG
(Motovilov, 1999; MotoBunos, Ienbpan, 2018),
“I'mpporpad” (BunorpamoB, Bunorpamosa, 2010)
win B Mogessix mosepxHoctu cyiu (I'yceB, Hacono-
Ba, 2010). Cxembl TmapamMeTpU3alMM CHEXHOIO MO-
KpoOBa TaKxKe HEOOXOAMMBI IJISI OIMCAHMSI MOACTUIA-
IOI1Ieid MOBEPXHOCTU B IIO0AJILHBIX M PETMOHATBHBIX

MOJIEeJISIX YMCJEHHOTO IPOrHo3a Ioroiabl (magee —
YI1IT) (Kaszakosa, 2015; Typko, Cokpatos, 2016;
Yypronux, 2019).

Jnsa pacuéra SWE ximroueBoe 3HaUeHIE MMEET UC-
TOYHUK JAHHBIX 00 ocagkax. CTaHIIMOHHBIC TaHHbIE
00 ocagkax MMEIOT Te Xe HEJOCTaTKM, YTO U JaHHEIS
CHETOCBhEMOK, CBSI3aHHBIE C PEIKOCThIO M HEPABHO-
MEpPHOCTBIO HabJrogarenbHO cetu. OgHako B 6ac-
celiHaX paBHUHHBIX peK CHETOHAKOILIEHHE BOCIIPO-
W3BOJIMTCS Ha OCHOBE 3TUX JaHHBIX BEChMa YCIIEIITHO
(Kuchment et al., 2000, 2010; MoTtoBusos, I'eabdaH,
2018). Hdnst TOpHOIi MECTHOCTU MpPEAIOUTUTEIbHEE
HMCIOJIb30BaTh IIPOTHO3bI 0canKoB o moaeirsim YITTIT
(Queno et al., 2016). Takke TPUMEHSIOTCS pa3Iny-
HBIe KOMOMHUPOBaHHEBIE ITIOIXObI, K YMCIIY KOTOPHIX
oTHocutcs paspaboraHHas B DPI'BY “Tunpomer-
1ieHTp Poccumn™ TexHosorust pacueTa CHeroHaKorie-
Hust SnoWE, ucnonbdyemast mist pacuéra SWE Ha
Bceit repputopun Poccun (Kazakosa, 2015; Kazako-
va et al., 2015; YyptonuH u ap., 2018, 2019).

PacyeTsl cHeroHakomnjaeHUs ¢ IPUMEHEHUEM JaH-
HbIX Moaeseil YITIT npoBoauTcst Ajisl KPYITHBIX peyd-
HBIX 60acceifHOB, B KOTOPBIX BKJIaJ CHETOBOIO MOJIO-
BOIIbSI B rOIOBOI 00BEM cTOKa mocturaet 50% u 60-
nee (Pyankov et al., 2018; IIbssHKOB u 1p., 2019), unu
ISt 6acceifHoB ropHbIx Tepputopuii (Bellaire et al.,
2011; Quéno et al., 2016). 11 peuyHbIX OacceiiHOB ce-
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MHapHHHOﬁ 30HbI C MAJIOMOIIIHBIM 1 HCYCTOﬁqHBBIM
CHE>XKHBIM ITOKPOBOM OITBIT TAKNX HCCeNOBaHUI He-
SHA4YUTCJICH.

B paGote oneHUBaeTCS BO3MOXHOCTh MPUMEHE-
HUS1I OaHHBIX mIo6anbHbIX Mogaeneir YIIIT ICON
(I'epmanus) 1 GFS/NCEP (CIHIA) aist pacuéra cHe-
TOHAKOIUIeHUs B 6acceitHe p. CeJleHr, KOTOPBI Xa-
paKTepu3yeTcsT MaJIbiIM KOJWYECTBOM OCAIKOB B XO-
JIOOHBINA NIEPHOJI, HU3KOM IVIOTHOCTHIO HAOIIOAATE b~
HOI CeTH, CIOXHBIM penbeoM U PasHOOOpa3HBIM
pacTUTENIbHBIM TTOKpoBOM. OlieHKa CHEeTrOHaKoOILIe-
Hust B OacceiiHe p. CeJeHrn MMeeT 3HaYeHHE HeE
CTOJIBKO IS TIPOTHO3a BECEHHEro MOJOBOIbS (HA
KOTOpO€ TMPUXOAUTCS JIUIIb He3HAUUTEIbHAsI 4acTh
TOIOBOTO CTOKa), CKOJILKO C TOUYKHU 3pEHUS YCIOBUIA
IS KoueBoro ckoroBonacTBa (CanmakoBa, laHracy-
peH, 2014), a TakKe 1JIs1 IIPOrHO3a IMOoXXKapHOM onac-
HocTH B BeceHHMIT niepuon (Kukavskaya et al., 2016;
Bigio et al., 2022).

Xapaxmepucmura 6acceiina p. Ceaeneu. CeyneHra —
KpyITHelIast peka, Bliagamolias B 03. baiikan u odec-
MeyrBampInas A0 TOJOBUHBI €XETOTHOro ITPUTOKA
Bonbl B Hero (I'apmaeB, Xpucrodopon, 2010). ITno-
manb eé 6acceitHa cocrabisieT 447 ThIC. KM2, U3 KOTO-
pBIX IBE TPETU IMIPUXOAUTCS Ha TEPPUTOPUIO0 MOHTO-
Jmu. bosblmas rroank 6acceiiHa B COBOKYITHOCTH CO
CJIOXKHBIM pefibe)oM Tepputopuu (Iiepenan BhICOT —
ot 600 10 3000 M) 0OYCIIOBIMBAIOT 3HAYUTENILHOE pa3-
HooOpa3ue pu3nKo-reorpadpudeckux ycuaosuii (Mui-
JmonHmmkoBa, 2018). bacceifH pacrnoioxkeH B TaexkK-
HOI, JIECOCTEMHOM’, CTEITHOM U CYXOCTEIHOI 30HaXx,
XOPOIIIO IIPOSIBISIETCS. BEICOTHASI 30HAILHOCTS. Jleca
noKphIBaloT 27.7% miolnanu 6acceiiHa (puc. 1).

BacceitH pacnoyioxxeH B 30He Pe3KO KOHTHUHEH-
TajbHOro KJimMara. HanbGobiiee Koau4ecTBo ocam-
KoB (400—500 MM) BhIITagaeT B BHICOKOTOPbhSIX XaH-
raiicko-XsHT3MCKOI ropHoii 06jacT, a HauMEHb-
mee — B goimHax pek OpxonHa, Tyyna m CeneHru
(200—250 mM) (MumnumoHmukoBa, 2018). Baxnas
ocobeHHOCTh KinMmaTta — 80—90% romoBoil cyMMBbI
0CaJKOB BBIIIAAAeT B KUAKOM Buie. JIuib B caMoii
CeBEepHOM 4YacTh OacceifHa KOJIMYECTBO OCAIKOB B
Buae cHera gocturaet 30—50% rogosoii cymmbl. Oc-
HOBHOM UCTOYHUK MUTAHUS PeK — TOKIEBBIC OCaaKU
(Frolova et al., 2017).

CHexHbIlt TOKpoB B 6acceiiHe CeJleHT B OCHOB-
HOM MaJIOMOIIIHKIH, €ro IpOoCTPaHCTBEHHOE pacmpe-
neneHue HepaBHoMmepHo. [lo maHHBIM peaHanu3a
ERAS5—Land ¢ npocTpaHCTBEHHBIM pa3pelieHUueM
9 kM (Mufioz-Sabater et al., 2021), cpenHuii o mnjio-
maay 6acceiHa 3armac BOJAbl B CHEXKHOM ITOKPOBE Ha
28 deBpains (ocpemHeHHBIN 3a riepuon 1991—2020 rr.)
cocTaBisieT 24 MM, a pa30poc 3TUX 3HAYCHUIA B OT-
nenbHbIe Tonbsl — oT 10 no 37 MmMm. B paBHUHHOI CTeTI-
HoOIi yacTu 6acceiiHa HOpMa MaKCUMaJIbHOTO CHETro-
3artaca 1o gaHHbeIM ERAS He npesbimaet 20 MM, a B
TOPHBIX paiioHax Ha ceBepe (I0XKHBIN CKJIOH Xamap-

IINXOB u np.

Habana) n Ha BocTOKe (B OacceiiHe p. YuKoit) nocTu-
raet 50 MM u GoJee.

JAHHBIE 1 METO/1bI

Memoodukxa pacuéma cnezonaxonaenus @ bacceiine
p. Ceaeneu. MonennpoBaHue Mpo1ecca CHETrOHAKOII -
JIEHUsI BBIMOJIHEHO HA OCHOBE afamnTalli SMITUPU-
YeCcKOil METOAVKM, paHee pa3paboTaHHOM it Gac-
ceiita p. Kambl (ITbssHKOB 1 11p., 2019). B xonomHbiii
nepuon 2020/21 1. IpUMEHSUIUCh ABa HMCTOYHUKA
JTaHHBIX 00 ocankax (wrobanbHast Momenb YIIIT
ICON u naHHBIE METEOCTAHIINIA), a B XOJIOMHBII Me-
puon 2021/22 r. — paHHbIE TJI0OATbHONW MOAEIU
YIIIT GFS/NCEP.

Mogenun YIIIT ICON u GFS pa3zpaboraHbl mMe-
Teocayxooit 'epmanuu n HanlmoHaabHBIM LIEHTPOM
armocdepubix uccienoBanuii CIIHA (NCEP) coort-
BETCTBEHHO. MIX OCHOBHBIE XapaKTePUCTUKU ITPUBE-
neHsl B 003ope (WGNE Overview, 2020). B pacuérax
KCITIOJIb30BAJIaCh BBIXOJIHASI TIPOAYKIIMS MOJAeIeid —
TeMIIEpPaTyphl BO3IyXa U TOYKHA POCHI HAa BBICOTE 2 M
HaJ TIOBEPXHOCThIO M Ha N300apuUiYeCKOM TMTOBEPXHO-
ctu 700 rI1a, ckopocTh BeTpa Ha BeicoTe 10 M HaII 110~
BEPXHOCTBIO U OCAAKU, HAKOIUIEHHbIe 3a 24 4. DTa
MPOAYKILIMS TPEIOCTABIISIETCS HA peIylMpPOBAHHBIX
IIUPOTHO-IOJTOTHBIX CEeTKaX C PasMepoM SYeiKU
0.125° % 0.125° (momenb ICON) 1 0.25° %X 0.25° (Mmo0-
nenb GFS/NCEP). aHHble 00 ocaakax UCIOJIb30-
BaJIVICh 32 CPOKHM 3 M 27 4 OT BpeMEHH 3aIlyckKa MoJIe-
JI, YTOOBI 00ECIIEYUTh COIMIOCTABUMOCTh C HAOJ IO/ -
augMu meteoctadHuii. ITo Mmomenn ICON moirydeHbI
HETMOCPEACTBEHHO HAKOIUIEHHbBIE OCaaKU (ITepeMeH-
Hag tot_prec), a no moaean GFS — MHTEeHCUBHOCTH
ocankoB (TiepeMeHHas1 prate_surface).

st peryisipHOrO TOJyYeHUs TaHHBIX MOJEei
YIIIT ICON u GFS/NCEP wncnoab3oBaHbI IpoO-
rpaMMHbIE MHCTPYMEHTBI, ONUWCaHHbIE B pabdoTe
(Shikhov et al., 2021). 3arpy3ka BHIOpaHHBIX IIepe-
MEHHBIX (TeMIlepaTypa, BJaXkKHOCTb BO3/1yXa U KOJIU-
YeCTBO OCAIKOB) BHITIONHSIETCS IBa pa3a B CYTKMU.
IMonyyeHHBIIT apXuB TIPOTHOCTUYECKUX TaHHBIX,
npeob6pa3zoBaHHBIX B (popmat Geotiff (c 3abmarospe-
MEHHOCTBIO MPOTHO30B 27 4), TOCTYIEH IO aapecy
http://84.201.155.104/.

B monenm pacuéra xapaKTepUCTUK CHEXXHOTO I10-
KpOBa YYUTHIBAIOTCSI OCHOBHBIE ITPUXOASIIE (ATMO-
chepHbIE OCAIKU C YYETOM UX (a3bl) U pacXOTHbIE
(cHeroTassHUE, CyOJMMaIMsI C MOBEPXHOCTU CHeETa,
MepexBaT OCaJKOB PACTUTEILHOCTHIO C ITOCIIEIYIO-
el cybauManueii) cocTaBisiolIMe ero OaaHca.
Pacuér nmpocTpaHCTBEHHOTO pacIipeesIeHUsI METEO-
BJIEMEHTOB (CPEAHECYTOYHBIX 3HAYEHU TeMIlepaTy-
PBI ¥ BIIAXKHOCTHY BO3[yXa Ha BLICOTE 2 M HaJ 3eMHOI
MMOBEPXHOCTHIO, CKOPOCTHU BeTpa Ha BeicoTe 10 M, cy-
TOYHBIX CYMM OCAJKOB C YY4ETOM UX (ha3bl) BLIITOTHSI-
eTCcsl Ha OCHOBE KOMOMHUPOBAHUS JaHHBIX Mojeliei
YIIIT un HabmoneHuit Meteoctanumii (Pyankov et al.,
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Puc. 1. Tunbl noncrwiaroneit moBepxXHoOCTH B 6acceiiHe p. CeneHIu:

1 — iecornokpbIThie TeppuTOpUu (1. I — TUCTBEHHBIE Jieca; 1.2 — cMellaHHbIe U XBOMHBIe Jieca; 1.3 — cMellaHHbIe U XBOMHbIE
penkosechs); 2 — HEJIEeCOINOKPhIThIEe Tepputopuu (2.1 — TOMIMEHHAasI PaCTUTENIbHOCTD; 2.2 — TPaBSIHUCTAasl pACTUTETbHOCTD,
2.3 — opoliaeMble ITaXOTHBIE 3eMJIH; 2.4 — GorapHbIe MaXOTHbBIE 3eMJIU; 2.5 — pa3peXeHHast paCTUTEJIbHOCTb); 3 — MO3auKa Jie-
COIOKPHBITHIX M HEJIECOMTOKPBITHIX TeppuTopHii (3.1 — maxotHblie 3emin (50—70%) u nyra (30—50%); 3.2 — jieca, KyCTapHUKKA
(50—70%) v nyra (20—50%); 3.3 — nyra (50—70%) u neca, kycraprHuku (20—50%); 3.4 — nyra, kycrapuuku (50—70%) u maxot-
Hble 3eMau (20—50%); 4 — ipoyee (4. 1 — roponckasi 3acTpoiika; 4. 2 — yJaCcTKHU, JIWIIEHHBIE PACTUTEIBHOCTH; 4.3 — HeT TaHHBIX
U 00JIAYHOCTb; 4.4 — cHera U JISHHUKM; 4.5 — BOIHAsI IOBEPXHOCTb).

Fig. 1. Types of underlying surface in the Selenga river basin.

1 — Forest-covered areas (/.1 — deciduous forests; /.2 — mixed and coniferous forests; /.3 — mixed and coniferous woodlands;
2 —Treeless areas (2. I — floodplain vegetation; 2.2 — herbaceous vegetation, 2.3 — Post-flooding or irrigated croplands (or aquat-
ic); 2.4 — rainfed croplands; 2.5 — sparse vegetation); 3 — Mosaic forest and covered, treeless areas (3. / — arable land (50—70%)
and grasslands (30—50%); 3.2 — forests, shrubs (50—70%) and grasslands (20—50%); 3.3 — grassland (50—70%) and forests,
shrubs (20—50%); 3.4 — grassland, shrubs (50—70%) and croplands (20—50%); 4 — Other (4.1 — urban areas; 4.2 — bare areas;

4.3 — no data and cloudiness; 4.4 — snow and ice; 4.5 — water surface).

2018; IIbsiHKOB U ap., 2019). Tak, a5 cpenHecyTou-
HOIT TeMIlepaTyphbl Bo3myXa M Oe(UInTa BIaKHOCTH
MPOU3BOAUTCS MHTEPIIOJSILIUS TaHHBIX METEOCTaH-
LU ¢ KOppeKLMeil It KaxKaoi s4eiky uudpoBoii
mojenu pesibeda (maee — LIMP), 4ToOBI yuecTh U3-
MeHEeHUe 3TUX BEJIMYUH C BBICOTOM MecTHOCTHU. Bep-
TUKAJIbHBIII TPAJUEeHT PACCUUTHIBACTCSI Ha OCHOBE
Pa3HOCTU MPU3EMHBIX 3HAYEHUI 3TUX BEJIMYUH U
naHHbIX mogaeieid YIIII, mosy4yeHHBIX 111 1300apu-
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yeckoii mosepxHocTu 700 rlla (koTtopast mpuoIU3u-
TEJTbHO COOTBETCTBYET BBICIITMM TOUYKaM OacceifHa
p. Cenenru). CpenHecyToyHas CKOPOCTh BETpa pac-
cuuThiBasiach 1o mozaenasm YIIII, ¢ BBeneHueM mno-
MPaBOYHBIX KOA(PGUILIMEHTOB HA TUII PACTUTEIILHOTO
MOKpPOBAa, MpeiioXeHHbIX B padoTe (KopeHs, 1991).

JJ1s MpOTHOCTUUYECKUX IMOJIell 0CaaKoB IPUHSTA
cxema 'MIC nmayHckeiiimHra (IIOBBIIIEHUS IeTaIbHO-
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CTH), OCHOBAHHAs Ha IIPEANOJJOXEHNN O IMOCTOSH-
CTBE YBEJIWYEHUSI OCAAKOB C BBICOTOII MECTHOCTH,
BBIDAXXEHHOIO B OTHOCUTEIbHBIX €IMHUIIAX, T.C.
B npouieHTax Ha 100 M BbicoThl (ITbSIHKOB U Ip.,
2019). 1151 3TOr0 B KaXIOM STYeiike pacuE€THOM CETKH
BbIUMCIISIIaCh pa3HocTh Mexay LIMP, ucrnonbsye-
MO B MOJIEJIM MPOTHO3a MOroAbl (I KaxKIoi Mo-
neau LIMP HeckoJIbKO pa3iaudaroTcs), U 6osee ae-
tanbHOM “mctmHHON” IIMP. Ha ocHOBe pasHocTn
BBICOT B KaXXIOil siueiike BBIYMCIISIJIMCH MOIPaBOY-
HbIe KOO(M@GUIIMEHTH K MOJYYCHHOMY IO MOIEIH
KOJIMUYECTBY OCAAKOB. 3HA4YCHHE BEPTUKAILHOTO
rpagyMeHTa 0CaaKoB ObLIO NPUHATO paBHbIM 10% Ha
1000 M BBICOTHL.

Hanee TPOU3BOAUTCI pacyeT XapaKTepUCTUK
cHexxHoro nokposa (SWE, nioiiaayu cCHeXHOro no-
KPBITHSI) HA OCHOBE MOJYYEHHBIX JTaHHBIX. BbIxom-
HBIe JaHHBIE UMEIOT CYTOYHBLIN IIar o BpeMeHU U
npocTtpaHcTBeHHOE pa3pemeHue 3000 M (4To 1o3Bo-
JISIET YMEHBIIUTL BpeMEHHbIE 3aTpaThl HAa BbIYMCIIC-
HUS). BerauciaeHWs BBIITOJHSIIOTCS B TeoMHMOpMa-
nroHHoiT cucteMe ArcGIS 10*, ¢ moMoIIbsio Tociie-
JIIOBATEJIbHOTO 3aIlycKa psia CKPUIITOB U MoAeieid
reoo6paboTKU, UCIIOJIb3YIOIIUX CPEACTBA UHTEPIO-
JISILAY U PACTPOBOI1 aJireGphl. AfanTalus paHee pas-
paboTaHHOII METONUKMW JUIsI YCIOBUIT OacceiiHa
p. CeJleHTH cOCTOSIJIA B CIICAYIOLIEM.

1. B xauecTBe UCXOMHOM KapThl paCTUTEIbHOCTU —
npoaykT GlobCover—2009 (Arino et al., 2008), no-
CKOJIbKY 3TU JaHHbIE JOCTYIHBI IJIsl BCEil TepPPUTO-
pun 6acceitHa p. CeJIeHTH.

2. 3HaunTeNbHAas 9acTh IJIOIIAAN OacceifHa pac-
noioxeHa Ha BeicoTax 1500—3000 M, mosTOMYy IS
pacyeTa BEpPTUKAJIILHOTO TpagudeHTa TeMIepaTyphl
BO3IyxXa HCIIOJBL3YIOTCS MOJIsI TeMIIEpaTyphl BO3IyXa
Ha n3obapuyeckoit mosepxHoctu 700, a He 850 rlla,
Kak 1151 6acceitHa p. KaMel.

3. UHTeHCUBHOCTb CHETOTassHUSI PACCYUTHIBACTCSI
o cxeme (T'opaees, 2012), npenyioskeHHO ISt KpyTI-
HBIX BOAOCOOPOB C PEOKOM CEThIO HAOIIOIEHUIA.
B nanHOIT cxeMe OlleHMBAIOTCSI IBA OCHOBHBIX MTOTO-
Ka Teria, ONpeIesTIoInX NHTEHCUBHOCTb CHEroTa-
STHUSL: TETNIOOOMEH ¢ aTMOC(epOoii U cyMMapHasi CoJi-
HEeYHas pagualius:

M = K8+ Ky(Q +q), oy

rae M — WUHTEHCUBHOCTh CHETOTasTHUST; 6 — cpemHe-
CyTOUHas TeMmIieparypa Bo3ayxa, Q + ¢ — cyMMapHasi
panuanus B yCIOBUSX AcHOTo Heba (MJIx/M? cyT!),
MOCTYILJIEHUE KOTOPOI pacCUMTHIBAETCS CPEACTBAMU
I'MC SAGA Ha ocHOBe LIU(MPOBOit Moaenu penbeda
o anroputMmy (Wilson, Gallant, 2000).

3HaueHust koabduieHToB K| U K, onpenensitor
BKJIaJ aABEKTMBHON M pagvallMOHHOUN COCTaBJIsIO-
mux cHerotasHus. Koadduument K| npeacrasisier
co0oi1 TeMIiepaTypHblii KO3 GUILIMEHT cTauBaHUS U
MPUHAT paBHBIM 2 MM/1°C X cyT. 3HaueHue K, mpu-

IINXOB u np.

HsTo paBHBIM 0.3, cormacHo (I'opaees, 2012). OTHO-
CUTEJIbHO HU3KMeE 3HaYeHUs1 K| 00yCI0BIeHbI 3HAYH -
TEJIbHBIM Ae(PUIIMTOM BJIAXHOCTH BO3OyXa, Xapak-
TePHBIM JJIsI JAHHOTO PErMOHa, YTO CIOCOOCTBYET
CHIDKEHUIO WHTEHCHBHOCTU TasgHusA (Ky3pMuH,
1961). Takke BBedeHBI IMOMpPABKH, YYUTHIBAIOLIKE
BJIMSTHUE TUITIOB PACTUTENBHOTO TOKpoBa. Tak, K|
MMeeT MUHUMAJTbHBIE 3HAYECHUSI IS TEMHOXBOMHOTO
neca (1 mm/1°C X ¢yT), a MaKCUMaJlbHbIE — JIJISI OT-
KpbITOM MecTHOCTU (2 MM/1°C X cyT). Koaddpuiu-
eHT ocCJIabJieHUsI COJIHEYHOM paauamuu, COIJIaCHO
(Ky3pMmuH, 1961) uMeeT MUHUMAaJIBHOE 3HAYEHUE [IJIsI
TeMHOXBoOMHOTO Jieca (0.25).

4. Cybaumalnus ¢ oBepXHOCTU CHera pacCUMThI-
BaeTcsd mo wusBecTHOi (opmyne II.I1. KyspMuHa
(KysbpmuH, 1961):

E =0.18+0.098U,y(e, — ¢), (2

rae U,, — cpemHecyTouYHas CKOPOCTh BeTpa Ha BEICOTE
10 M; e, — mapuuMagbHOE AABJIEHUE BOASHOTO Napa Ha
BBICOTE 2 M, rlla; ¢y, — mapmantbHOe TaBJIcHUE BOOSI-
HOTO Mapa, pacCCYMTAaHHOE MO TeMIlepaType MOoBepX-
HOCTH cHera, TT1a. TemrepaTypa ITOBEpXHOCTH CHera
MPUHMMAETCSl paBHOM TeMIlepaType BO3lIyXa, €C/H
oHa Huxe 0° C, v paBHOI HYTI0, ecliv oHa Bhie 0°C.

Pacuér mepexBaTa TBEPABIX OCAIKOB IPEBECHOM
PaCTUTEILHOCTBIO BBIMIOJHSIETCSI HA OCHOBE TIPOIYK-
Ta 00pabOTKM CHYTHUKOBBIX JaHHBIX MODIS —
MODI15A2 (8-day LAI and FPAR) c¢ mpocTtpaH-
CTBeHHBIM paspenreHueM 1000 M, TTOTydeHHOTO C
BeO-cepBruca NASA (https://ladsweb.modaps.eos-
dis.nasa.gov/). DTOT MPOOYKT COAECPXUT 3HAYCHUS
aucrtoBoro mHuekca LAl — oTHolleHUs IUIOLIAOU
JIMCTHhEB (XBOM) K IUIOIIAAM 3€MHOM MOBEPXHOCTU
(Myneni et al., 2002). JlaHHBIe 3arpyeHbl 3a (peB-
panb 2021 1., 9TOOBI YU4ECTh TOTBKO BKJIAI APEBECHOM
pacTUTEILHOCTU, KOTopas (opMHUpyeT IepexBaT
0CaJKOB B 3UMHMIA Nepuon. MHTEeHCUBHOCTH TIepe-
XBaTa TBEPIbIX OCAAKOB PAaCTUTEIHLHOCTHIO IIPOITOP-
oHanbHa 3HaueHu1o LAI (Kuchment et al., 2010), a
MHTECHCUBHOCTb CYOJIMMAaII ¢ KPOH AEPEBLEB — Je-
¢unuTy BiaxkHocty. Ha 3ToM 0CHOBaHO ITpoOCTOE CO-
otHomeHue (Kapneuko, bongapuk, 2010), ncnoab-
30BaHHOE JIJIS1 pacueTa CyOIMMallMi TBEPIbIX OcCaj-
KOB C KPOH JICPEBbEB:

E =k-d-LAI -n, 3)

rne LAl — mucToBOI MHOEKC; # — YHUCIIO THEM, 3a KO-
TOpble MPOU3BOAWICS PACUYET; Kk — IMITUPUUYECCKUIA
Koo dunueHT, mpuHATLIA paBHbIM 0.065 (Kapmeu-
ko, bonnapuk, 2010).
Takum oOGpa3om, Ipu pacuyéTe CHeTOHAKOILJICHUS
Y CHETOTasIHUS HCITONIb3YIOTCS HECKOJILKO MapaMeT-
POB: Koaghpuyuenmo: cmauganus u NONPASKU, TIPUHSI-
ThI€ IJIsI pa3HbIX TUIIOB PACTUTEIBHOIO MOKPOBa,
OINMCaHHBIC BhIIIE; KO3MDGULIMEHTHI 0c1abaeHUss CKO-
pocmu éempa B 3aBUCUMOCTH OT THUIIA PAaCTUTEIILHO-
ctu (ot 0.15 1151 TeMHOXBOMHBIX J1ecoB no 1.0 mist oT-
JIEO Y CHET Ne 2
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KpbITOII MecTHOCTHU, cortacHo (Kopens, 1991); ko-
3¢OULIMEHTBl  0caabaeHuss  NPUMOKA  COAHEHHOU
paduayuu B 3aBUCHMOCTH OT TUIIA PACTUTEIBHOCTU
(o1 0.25 111 TeMHOXBOITHBIX JiecoB 110 1.0 17151 OTKPbI-
Toi MecTHOocTH, cortacHO (KyseMuH, 1961); k0ad-
duLeHT 6odoydepacusaiouieii cnocobHocmi cHeed,
MPUHSTHINA paBHBIM 15—20% oT HakoruieHHOTro SWE,
JUIST JIECOMOKPBITOM TEPPUTOPUU M IJIsI OTKPBHITOM
MECTHOCTH COOTBETCTBEHHO. Takue 3Ha4eHUs paHee
MPUMEHSUIMUCh B pacuérax misi OacceliHa Kambl
(Pyankov et al., 2018). BomoynepzkuBaroliasi CIitocoo-
HOCTb CHETa OIPEeIEe/ISIETCS €T0 IDIOTHOCTBIO U CTPYK-
TYpOIi, U OKa3bIBaeT CyIIECTBEHHOE BIMSIHIE Ha Bpe-
MCEHHYIO 3aJepKKy MEXIy HayaJloM TasiHUsI CHera u
HavyaJioM BOJIOOTHAYM. YUMTHIBASI HE3HAYUTEIbHYIO
BEJIMYMHY CHero3araca Ha 0oJIblleit yacTu 6acceitHa
CeneHrn, MOXHO CUHMTATh TaKylo NPUOIIMKEHHYIO
OLICHKY BOIOYIEpXKMBAIOIIEil CIIOCOOHOCTU IOIY-
CTUMOH.

CHeeomepuble coémku 6 oOacceiine p. CeneHeu.
Jlasg BepuduKamm pe3yabTaToB pacdyeTa CHero3amna-
COB MCITOJIb30BaHbl JaHHBIE CHETOMEPHBIX ChEMOK,
MPOBEICHHBIX BO BTOpPO mojioBMHe 3uMBI 2021 T.
(28—31 guBaps u 15 despains) u 2022 1. (18—25 den-
pajis) B poccuiickoit yactu OacceitHa p. CeneHru.
MapipyTbl ChEMOK IIPOXOAWIN B pa3HBIX JIaH]I-
magTHBIX YCIOBUSX, MIEpeceKaln TOPHbIE XPeOThI 1
MEXTOPHBIE KOTJIOBUHBI TaKUM 00Opa3oM, 4YTOOBI
obOecneuynTh MaKCUMaIbHBII OXBAT POCCUICKOI Ya-
ctu teppurtopun OacceitHa p. Cenmenra. CbEMKOIA
OXBa4ye€Hbl KPYITHBbIE MEXTOpPHBIE KOTJIOBUHEL CO
CTEITHBIMM U JIECOCTEITHLIMU JIaHAImadTaMu, Cpel-
HEBBICOTHBIE TOPHBIE XPEOThI, MOKPBITHIC TaMTOI,
JIOJIMHBI KPYITHBIX PEK, MajIble BOJTOCOOpHBIE Oacceii-
HbI. Pa0OTHI IpOBOIMINCEH 110 CTAHAAPTHBIM METOA -
KaM C MCIIOJIb30BAHUEM CHETOMEPHEBIX PeeK 1 BECO-
BBIX CHETOMepoB. B Tex ciaydasix, Korma Maccy cHera
HEBO3MOXHO OBbLIIO OLICHUTH IIPU ITOMOIIU BECOBBIX
CHETOMEpOB, Ha CHETrOMEPHOM TOYKEe OTOMpaIuCh
MIpOObI, KOTOPHIE 3aBEIIMBAIIMCH B YCIIOBUSIX CTAIINO-
Hapa Ha 3JeKTpOHHBIX Becax. OOIIas IMpOTSKEH-
HOCTb CHETOMEPHEIX MapIIpyTOB cocTaBuia 102 K.
Hab6moneHust Ha TouKax BKJIlO4aay ONMCaHKe O0IIeTro
XapakKTepa CHEXHOIO IOKPOBAa, €ro COCTOSIHME IO
BJIMSIHHEM TIPUPOIHbBIX MIPOLIECCOB 1 BbIllaca CKOTa.

B kxoHue siHBapsi—despasie 2021 r. uzMepeHus
npoBeneHbl Ha 11 mapuipyrax (okoio 200 Touek).
PaccTostHue Mexay TOUKaMU Ha MapIlipyTax COCTaB-
asu1o ot 300 mo 1000 M, Torma Kak miar ceTKM, McC-
MOJIb30BAHHOM TIPU pacyeTe CHErOHAKOIUICHUS B
Oacceiine p. Cenenru, 6s11 paBeH 3000 m. B 2022 1.
CHEroMepHbIe CHEMKH ITOBTOPHO BBITIOJHEHBI Ha
OOJIBIIIMHCTBE MapIIpyTOB, HO TJIOTHOCTh TOYEK OBI-
JIa 3HAYUTEJIbHO YMeHbIIeHa (00llee X YUCIIO CO-
ctaBuio 51). TakuM o6pa3oM, JaHHBIE CHETOChEMOK
OBLIU MIPUBEACHBI B COOTBETCTBUE C MIPOCTPAHCTBEH-
HBIM pa3pelleHueM Moaenu. I1pu 3ToM mpoBeneHbl
CHEroCheMKM Ha OJHOM HOBOM MaplIpyTe BIOJb
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p. KyliTyHKa, HO MCK/II0YEHBI MapIIPYTHl B HIDKHEM
TeueHuu p. CejieHTH U Ha Xp. YiaaH-bypracsr.

Ha pacmnpenenenme SWE Bmonb CHeroMepHBIX
MapuIpyTOB CYLIECTBEHHO BIUSIIOT JJOKaJbHbIE Bapy-
allMy CHETOHAKOTUIEHUST, 00YCIIOBJIEHHBIC BETPOBBIM
MIepPEHOCOM M XapaKTepoM Me3opeibeda. DT 0co-
OEHHOCTM HE BOCIPOM3BOIATCSI MOJEIbIO BCIEm-
CTBHME CIMIIKOM rpyboro mrara cetku (3000 m). On-
HaKO JTaHHBIE CHETOCHEMOK ITO3BOJISIIOT TOJIYYUTH
oOliiee mpeAcTaBIeHre O CTENEHU KOPPEKTHOCTU pe-
3yJIbTATOB MOJIEJIMPOBAHUS.

PE3YJILTATbBI U ObCYXKIAEHHWE

Ouenka docmoeepHocmu pac1éma cymm ocaokoe no
modeaam UIIII 3a xoa00nbii nepuod. 1151 oieHKM 00~
CTOBEPHOCTU AAaHHBIX 00 ocajakax, MOJYy4YeHHBIX 10
mopenssm YIIII, mpoBomuiaochk comocTaBlIeHUE MX
MECSTYHBIX CYMM C TaHHBIMU HaOJIOAeHU 110 59 Me-
TEOCTAaHLIMSIM, U3 KOTOPHIX 35 HaXosTCs B IIpeaeaax
Oacceiina p. Cesnenru (ta6j. 1). C maHHBIMU HaOII0-
JIIEHUI COIIOCTABJIEHbl MCXOOHBIE (IO IIPOBEACHMUSI
MpoLeIyphbl JayHCKEMJIMHTA) MPOTHOCTUYECKUE TT0-
JISI 0CaaKOB. DTO 00YCIOBIEHO TEM, YTO METEOCTaH-
1y B 6acceiiHe CeleHIM pacIioioXeHbl B OCHOBHOM
B IIMPOKMX JOJIMHAX PEK M MEXKTOPHBIX KOTJIOBUHAX,
IJle pa3HOCTh BBICOT MO NBYM LIMP (vcTuHHOI 1 mo-
nmyyeHHoi n3 monenu YIIIT) nHe mpeswiraetr 100 m.
CrenoBaTeibHO, U KOJUYECTBO OCAIAKOB TIPU YUETe
BEPTUKAJIBHOIO TpagudeHTa H3MEHSeTCSI He3Ha4l-
TEJIbHO.

B nepuon ¢ oKTI0psI 10 MapT OCaaKy BbIITagaaud B
OCHOBHOM B TBEpnoM Buze. Tak, B 2020 I. CHeXKHBIMN
MMOKpOB B 0bacceliHe p. CeleHrH BIIepBbie C(DOPMUPO-
Basicg 10 oKTSIOPSI M B KOHIIE OKTSIOPST HaOJro1aIcsd Ha
OosblIeit yacTu OacceiiHa. B mepuon mpoBencHUs
CHETOMEPHBIX ChEMOK C KOHIIA STHBAPs 10 CEPEIUHBI
deBpasi CHEXHBIII TOKPOB B POCCUMCKOIW 4YacTu
OacceliHa HaOIOJaNCcsd TTOBCceMeCcTHO. PaspymieHue
€ro HayaJIoCh B KOHIIE IIEPBOI1 IeKaIbl MapTa 3a CYET
MHTEHCUBHBIX JHEeBHBIX oTTeresneil. B 2021 r. ¢pop-
MHUPOBaHUE BPEMEHHOTO CHEXHOIO ITOKPOBA TaK:Ke
Ha0II01aJIOCh B IEPBOI MOJIOBUHE OKTSIOPSI, a YCTOM -
YUBBIA CHEXXHBII ITOKPOB Ha OOJIbIIIEeil YaCTU BOMIO-
cbopa yctaHoBWIICS B AeKabpe. B mepuon nposene-
HUSI CHETOMEPHBIX ChEMOK CHEXXHBIN ITOKPOB B pOC-
cuiickoiti yactu OacceliHa Takke HaOJomancs
IIOBCEMECTHO.

B nByx monensx YIIII B TeyeHue Bcero paccmar-
puBaeMoro Iiepuoaa HabJirogaeTcsl TEHIASHINS K 3a-
BBILIEHUIO CPEHETO Mo 6acceiiHy KoJnyecTBa oca/l-
koB, Tipuyem B 2021-2022 r1r. nmo Moaeau
GFS/NCEP 3aBbieHue ObUIO 00Jee CyIIeCTBEH-
HbIM, yeM 110 Moaenu ICON. Haubonee cyliecTBeH-
HO JaHHas TeHAEHIIMs Oblia BbIpakeHa B OKTIOpe—
HOsIOpe U B (peBpaJie, Koraa cyMMa OCaJaKoB IO MOJe-
mu ICON B npenenax 0acceitHa p. CejleHrn okasa-
Jlach OoJjiee YeM B JIBa pasa BbIIIE, YeM I10 TaHHBIM
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u Ip.

Tabomuna 1. OuieHKa MporHo3a MecsIYHbIX CYMM OocankoB B xoonHbIi riepuon 1o moaeiisiMm ICON u GFS/NCEP Ha tep-

putopuu 6acceiiHa p. CeaeHru

[TapameTp 10.2020 | 11.2020 | 12.2020 | 01.2021

02.2021 |10.2021 | 11.2021 | 12.2021 | 01.2022 | 02.2022

Moxneas ICON

Mopeny GF

S/NCEP

Cpennee Habmo-  |16.0/11.1]10.1/6.3 | 6.2/3.4 |10.6/7.9 | 6.1/4.4 |2.4/1.4|8.1/6.1 | 6.1/4.1|6.2/5.1 |3.1/1.7

JC€HHOE€ KOJINYEC-
CTBO OCadKOB, MM

Cpennee komuue-  24.2/18.0(13.3/11.1| 7.8/5.8 | 11.7/1.2 [12.5/11.7|4.1/3.5 [10.2/7.4| 7.2/6.0 | 6.5/6.1 | 4.3/4.0

2.4/1.48.1/6.1|6.1/4.1|6.2/5.1|3.1/1.7

CTBO OCAaJKOB I10
mozenu ICON, Mmm

Cpensist 8.2/6.9 | 3.3/4.8 | 1.6/2.4 | 1.1/3.4

—  14.5/3.5]10.0/6.8|8.8/6.4 | 7.2/6.1 | 7.0/6.1

6.4/7.3 [1.8/2.1]2.1/1.3|1.0/1.8 | 0.3/0.9 [ 1.2/2.2

pa3HOCTb, MM

RMSE, mm 16.1/13.5112.9/7.9 | 5.2/4.2 | 9.3/6.0

— 2.1/2.0(1.9/0.7 | 2.6/2.3 | 1.1/0.9 | 3.9/4.1

8.2/8.9 |4.9/3.8 | 7.6/4.1|4.6/3.7|3.9/3.3|4.1/3.5

—  15.5/3.8(9.0/4.4 | 6.6/4.1 | 4.0/3.1|6.6/5.7

TTpouepk — OTCYTCTBUE NaHHBIX.

HaOmomeHnl (XOTsI B a0COIIOTHOM BBIPAXXEHUU 3TO
3aBBILIICHUE cOCTaBJsIeT Bcero 2—8 mm). I1lo Monmenn
GFS/NCEP B ¢deBpaie 2022 1. 3aBbIIIeHUE ObLIO 00-
Jiee YeM TPeXKpaTHBIM, HO TIPU 3TOM cpelHee (DaKTH-
YeCcKoe KOJIMUECTBO OCaIKOB I10 6acceiiHy COCTaBUIIO
Bcero 1.7 MM. B To ke Bpems B feKabpe—siHBape KO-
JIMYECTBO OCAJKOB MO 00EMM MOJENSIM 3aBbIIIAETCS
MeHee cymectBeHHO (Ha 20—60%). Tloxoxue TeH-
JIEHIIMU MIPU UCIIOJb30BAHUM TUX XKe Mojeseit (3a-
BBIIIIEHHE HAKOTIJICHHOTO KOJIMYECTBa OCaAKOB, B Ha-
yajie 1 B KOHIIE XOJIOMHOTO Mepuonaa) ObUIM paHee
BBISIBJIEHBI TSI TeppuTopun Ypana (ITestHKOB U 1p.,
2019; Shikhov et al., 2021). BciencTBue cucremaTu-
YECKOTO 3aBbILLIEHMS, a TAKKE JTOKAJIbHBIX PACXOXIIE-
HUN MeXIy pacy€THbIM M (haKTUUECKUM KoJnye-
CTBOM OCaJKOB CpelHeKBaapaTUyHasi OlIMOKa
(RMSE) B 601bIIMHCTBE MeCSIIEB (32 UCKITIOYCHUEM
Hos16ps1 2020, nekabpst u stHBapst 2020—2022 rr.) oka-
3ajach OOJIbllle, YeM CpeaHee HAOMI0IeHHOE KOonye-
CTBO OCAJKOB Ha MeTeocTaHIMsX (cMm. Tadi. 1). Om-
HaKO peajbHO€ KOJUYECTBO TBEPIBIX OCAIKOB IO
JaHHBIM METEOCTaHIIUI MOXKET CUIbHO HEAOOLIEHU -
BaThCsl U3-3a BbIAYBaHUS, OCOOEHHO B CTEITHOM 30HE
(T'aBpunogsa, 2010).

Ouenka docmoeeprocmu pacuéma 3anaca 600vt 6
cneee (SWE). Pesynbratsl pacuéta SWE Ha MOMeHT
MPOBENEHUS CHErOMEPHBIX CBhEMOK B 0OacceiiHe
p. Cenenru (15.02.2021 u 25.02.2022) noka3zaHbI Ha
puc. 2 u 3.

JocToBEpHOCTD Pe3yIbTaTOB OLICHUBAIACH ITYTEM
cpaBHeHUS pacuyEeTHBIX 3HaueHnit SWE c BrIreonmn-
CaHHBLIMY JAHHBIMM CHETOMEPHBIX ChEMOK, BBIIIOJI-
HEHHBIX B pOCCHUICKOI yacTu Oacceiita p. CeneHrn
(Tab67. 2). B KoH1ie stHBaps1 — ¢eBpane 2021 1. B cTel-

Ho1 30He (B nonuHax pek CeneHra, Jxxuga, Xuiok u
Yuxkoii) pacu€tHblii SWE OBLT MEHBIIIE, YeM 110 JaH-
HbIM CHETOMEPHBIX ChEMOK, HECMOTpPS Ha 3aBbllle-
Hue koanudectBa ocankos o moaeau ICON. Dro Mo-
>KET OBITh OOYCJIOBJIEHO TE€PEOLIEHKO MHTEHCUBHO-
CTU CcyOJIMMAlIMU C TTIOBEPXHOCTU CHera IMpu pacyéTe
o ¢popmyie I1.T1. Ky3emuHa. BaxkHO OTMETUTB, UTO
B palioHe MPOBeIeHUsI CHETOMEPHBIX ChEMOK 3aBbl-
1IeH1e KojudyecTBa ocaakoB o Moaeau ICON 6bu1o
MeHee BbIpaxkeHo, YeM B cpeaHeM To OacceiiHy. ADO-
coJitoTHble 3HaueHusT SWE Ha 3THUX CTEMHBIX MapIii-
pyTax odeHb Mankl (B cpeqHeM 8—12 MM).

Ha wHaubGonee mpOTSIKEHHOM CHETOMEPHOM
MaplIpyTe BIOJb XpeOToB bapckoii u 3araHckuit
(cm. puc. 2, Tabi. 2) pacuétHeiit SWE okazaics cy-
IIECTBEHHO 0O0JIbIlIe U3BMEPEHHOI0, YTO COOTBETCTBY-
€T IPOCTPAHCTBEHHOMY pacIipeAeIeHNIO BhIITaBIINX
0CaJIKOB KaK MO JaHHBIM METEOCTaHIIWi, TaK U 10
mozenssm YIIII. ITpm stom pacuér SWE Ha ocHOBe
WHTEPIOJSLIMU JaHHBIX METEeOCTaHUM nan Gosee
BBICOKME 3HAYEHUSI, B CDABHEHUM C PaCY€TOM Ha OC-
HoBe naHHbIX Moaeau ICON.

B To ke BpeMst Ha AByX MapllIpyTax, IJe cpeaHee
n3MepeHHoe 3HaueHue SWE mpeswimaio 50 mwm
(HxHee TedeHue p. CesleHTY U Xp. YiaH-byprachl),
pacaétHbii SWE o panusiM monenan ICON Ob11 He-
CKOJILKO BHIILIIE M3MepeHHOoro. Pesymbprar pacuéra
SWE Ha ocHOBe MHTEPIOJISIIIMY JaHHBIX 00 ocagkKax
C METEOCTAaHLIMI IUISI 3TUX IBYX MaplIPyTOB MMEET
HU3KYI0 TouHOCTh (SWE oka3zajcs B Tpu pa3a MEHb-
III€, YeM I10 JaHHBIM CHETOCHEMKM).

OtHomrenne RMSE k cpemHemy 3HadeHuio SWE
B 2021 r. Ha pa3HbIX CHETOMEPHBIX MapIlIpPyTax coCcTa-
Buio oT 0.43 mo 0.82 (cpennee 0.55) mpu pacu€re Ha

JEI U CHET  Ttom 63 Ne2 2023
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Puc. 2. Pacu€TtHbIil 3amac Boabl B CHEXXHOM ITOKpOBe B OacceiiHe p. CeJleHTH B Mepyo IMPOBeAeHUs CHETOChEMOK B 2021 T.
(15.02.2021) Ha OCHOBE MHTEPHOJISILIMKA JaHHBIX MeTeoCTaHLM (@) 1 naHHbIX Moaean atMochepbl ICON (6): 1 — rpaHuULIbI
GacceitHa; 2 — rpanunsl Poccuiickoit deneparnu; 3 — TOYKH, B KOTOPBIX TPOBOIWINCH CHETOMEPHBIE ChEMKU; 4 — METeO-
CTaHLUM.

Fig. 2. SWE in the Selenga river basin for the period of snow surveys in 2021 (15.02.2021), calculated based on interpolation of
weather station data (a) and according to the ICON atmospheric model data (6): / — basin boundaries, 2 — RF borders; 3 — snow
survey locations; 4 — weather stations.

2 5 10 25 50 100 150 300 >300, MM

Puc. 3. Pacu€THbIit 3amac Boabl B CHEXXHOM ITOKpOBe B O6acceitHe p. CeJIeHTM B IepUOI ITPOBEICHUSI CHETOCHEMOK B 2022 T.
(25.02.2022) Ha OCHOBE MHTEPIOISILIMM JAaHHBIX METEOCTaHLIM (@) 1 aHHbIX Moaenu atMocdepsl ICON (6): I — rpaHuULIb
bacceiiHa; 2 — rpaHulbl Poccuiickoit @enepaiiin; 3 — TOYKHM, B KOTOPBIX MPOBOAUINCH CHETOMEPHbIE ChEMKH; 4 — METEeO-
CTaHIIVH.

Fig. 3. SWE in the Selenga river basin for the period of snow surveys in 2022 (25.02.2022), calculated based on interpolation of
weather station data (a) and according to the ICON atmospheric model data (6): / — basin boundaries; 2 — RF borders; 3 — snow
survey locations; 4 — weather stations.
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Tabomuna 2. ComnocrapieHue pe3ynbTaToB pacyéToB SWE B 6acceithe p. CejieHr ¢ JaHHBIMUA MapUIPYyTHOUW ChEMKM B

2021/22 .
S § m Pacuetnsbiit SWE, MM (MUHUMYM/CcpeaHee/MaKCUMYM)
= g 3 g RMSE (Mm)
£ 7
CHeroMepHEBI MapIIpyT g 2 = 2
(4UCIIO TOUEK) 28 28
S8 z o 1O TaHHBIM 10 TaHHBIM 110 JTaHHBIM
2 E Z)gi : monenu ICON METEOCTaHIIMI monenu GFS
= =
2 <2
2021 1.
xp. bapckoii (18) 784/879/1008| 6/19/35 10/14/19 10/14/19 —
8.9 8.8
Tyrnylickast KotjaoBruHa (20) 640/716/897 2/10/23 7/10/16 14/17/21 —
5.0 8.8
xp. 3aranckuii (50) 722/856/1092| 6/20/46 10/26/37 22/32/38 -
11.5 14.7
Buuypckas kotinoBrHa (26) 600/604/610 3/6/11 7/7/7 4/4/4 —
2.6 2.7
Jomunbl p. Xuiok, Yukoii (34) | 524/608/724 3/9/18 5/9/15 1/3/6 —
5.4 6.2
HuxHee TeyeHue p. CeneHru — 29/52/109 57/63/66 17/17/19 -
(12) 232 40.7
Xp. Ynan-bypracel (15) - 29/73/164 52/83/106 20/26/33 -
37.5 64.4
Honuna p. Cenenra (15) 541/545/555 0/5/11 3/3/3 4/5/6 -
3.93 3.24
Honuna p. Ixuna (10) 582/587/595 8/13/17 5/6/7 3/4/5 -
7.5 8.7
2022 T.
xp. bapckoit u 3aranckuii (13) |722/854/1092| 19/26/34 13/20/36 16/23/34 16/25/41
11.4 3.1 4.8
Tyrayiickas KoTaoBuHa (5) 640/735/832 | 20/21/26 11/12/15 20/22/25 15/17/20
10.0 5.1 4.7
Jonvabl pek Xwiok, Yukoit, | 524/595/752 7/14/20 1/8/23 1/6/14 3/10/35
Cenenra, JTxuna (24) 86 68 54
JonuHa p. KyittyHka (7) 515/677/874 | 20/27/49 10/15/25 12/15/21 13/23/35
17.6 9.1 8.9

TTpouepk — OTCYTCTBUE TaHHBIX.

ocHoBe maHHbIx moaeau ICON, u ot 0.45 mo 0.90
(cpemuee 0.70) mmpu pacyeTe Ha OCHOBE JAHHBIX Me-
TeocTaHLUi. TakuM oOpa3oM, pacyeéT 1o AaHHBIM
mopenn ICON obecrnieynBaeT CyIIeCTBEHHO Ooiee
BBICOKYIO TOUHOCTh BocripousBeaeHust SWE.

B xononnprii nepuon 2021 1 2022 r. pacuétsl SWE
NPOBOAWINCH, Ha OCHOBE MaHHbIX Mopdeeir YIIIT
ICON u GFS/NCEP, a TakxXe 110 JaHHBIM 00 oca/-
KaX, MHTEPHOJUPOBAHHBIM C CETHM METCOCTaHIIUIA
(cm. taba. 2). KonuuectBo Touek nusmepeHuii SWE B
2022 1. obu10 B 4 pa3a MeHbIIe, yeM B 2021 1. B cBsizu
C OTUM HEKOTOpPbI€ MapIIPyThl, OJIM3KHUE 110 XapaKTe-

pUCTHKAM M MIPOCTPAHCTBEHHOMY ITOJIOXKEHUIO, ObI-
JIV CTPYTIIIUPOBAHBI.

B 2022 r., B omtmuame ot 2021 I., OTMEYEHO CUCTE-
MaTU4YeCKoe 3HauyuTelbHOoe 3aHmkeHue SWE npu
pacuetax o gaHHbIM moneau ICON (cm. tab6n. 2),
HECMOTPS Ha TO, YTO KOJIMYECTBO OCAIKOB B CPEIHEM
no OacceiiHy 110 MOAEIN OKa3aJloCh BBIIIE, YeM I10
JTaHHBIM METEOCTAHIIMI. DTO CBSI3aHO, IIPEXKIe BCe-
ro, ¢ 0COOEHHOCTSIMU IIPOCTPAHCTBEHHOTO pacIipe-
JieJeHusT ocagkoB. B cpenHeM mo 6acceiiHy Koaude-
CTBO OCaJKOB OBLIO 3aBBILICHO MOJICISIMU, HO IIO
OMKaiIiMM K CHErOMEpPHBIM MapIpyTaM MeTeo-
Ne2 2023
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Taomuna 3. ConocrasneHue pacu€THbix 3HaueHUit SWE ¢ nanusimu ERAS—Land u pe3yibraraMu CHETOMEPHBIX ChEMOK

(o BceMy OacceitHy p. CejieHrun)

Cuerozanac (MM) / RMSE (Mm)
Hata MO JTaHHBIM 10 JAaHHBIM MOJIEJ! |10 JaHHBIM MOJIEJTH 10 TaHHBIM
.. . ERA5-Land
CHETOChEMOK ICON GFS METeOCTaHIIN I
15.02.2021 20 22/13.8 —/— 16/22.2 37/27.6
25.02.2022 21 13/11.3 18/8.2 14/11.0 26/10.3
Cpennue 3HaueHus1 SWE 110 Bceii ruionianu 6acceitHa (MM)
15.02.2021 — 19 — 11 24
25.02.2022 — 10 11 4 17

TTpouepk — OTCYTCTBUE NaHHBIX.

craHuusgM bnuypa m Myxopmmoups — 3aHIKEHO.
Takke MOXET UMeTh MECTO 3aBbIILIEHUE UHTCHCUB-
HOCTHU CyOJIMMAaIU CO CHEXXHOTO MOKPOBa, PacCuu-
tagHoi 110 hpopmyie I1.T1. Kyzpmuna. I1pn ncrronsb-
30BaHMM JaHHBIX 00 ocagkax MO0 MOJeIu
GFS/NCEP nosnydeHbl OoJjiee KOPPEKTHBIE 3Ha4e-
ausg SWE. B cpennem mo 0acceifHy maHHass MOAeib
CUJIbHO 3aBbllllajia KOJWYEeCTBO OCaaKOB, HO B paiio-
He, TIe MIPOBOIMINCH CHETOCHEMKU, 3aBhIIIIEHUE ObI-
JIO HE3HAYUTEJIBbHBIM, YTO 00YCJIOBUJIO TIPUEMIIEMYIO
TOYHOCTbh pacuéta SWE.

Conocmaeaenue pacuémmuoix snavenuti SWE c oan-
notmu peanaauza ERA5—Land. Pe3ynbraThl pacuéToB
SWE 1o BBHILIEONMMCAHHOM METOAVKE, a TaKKe JaH-
HbIE€ CHETOChEMOK OBLIIM COMOCTaBIEHbI CO 3HAUYEHU -
avu SWE, mojay4yeHHBIMU II0 JAHHBIM peaHalu3a
ERAS5Se—Land 3a naTtel IpoBedeHUSI CHETOChEMOK
(15.02.2021 u 25.02.2022 r.). Janusie ERA5S—Land
MMEIOT MCKJIOYUTEIBHO BBICOKOE IJIsI peaHaIM30B
MPOCTPAHCTBEHHOE paspeleHue (9 KM) U MOKPHIBa-
10T riepuon ¢ 1950 o 2022 1., 4TOo obecneunBaeT ux
MPUMEHUMOCTh JJIsI U3YYEHUST KIIMMATUIEeCKUX Xa-
PaKTepUCTUK CHeXHoro mnokposa (Mufoz-Sabater
et al., 2021).

B 2021/22 1. cpenHee 3HaueHue SWE no naHHbIM
ERAS okazanoch 3aBblllIEHHBIM B CDABHEHUH C JaH-
HBIMM CHETOCBhEMOK U C pe3yIbTaTaMu MOJEJIMPOBa-
Hus, npuaéM B 2021 1. 3aBBIIIIeHHE OBLIO OOJIee 3HA-
YUTEJIbHBIM (B CpeTHEM MOYTH B JIBa pa3a, B CpaBHe-
HUM C TAaHHBIMU CHETOMEPHOI chEMKM). CpenHuit
Mo ruiomagu OacceifHa cHerosarac IO JaHHBIM
ERAS5—Land Takxke oka3ajiCs CYILIECTBEHHO BHIIIIE,
yeM IO pesyjabTraTaMm MoaeaupoBaHust 2021/22 T.
(ta6n. 3). RMSE pacuérHoro cHeroszamaca mo JaH-
HBIM peaHaju3a (paccuMTaHHasi HA OCHOBE CpaBHe-
HUS C JaHHBIMY CHETOChEMOK) B 2021 1. ObLIa cy1e-
CTBEHHO BBIIIE, YeM IO pe3yJbTaTaM MOJEJIMPOBa-
a1 Ha ocHOBe gaHHbIX Momenn ICON, a B 2022 1. —
MEHbIlIe, YeM TIpu pacyéTe MO JaHHBIM MOJEIU
ICON.

PacrnipeneneHue cHero3saracos IIO IUIolIagu dac-
ceitHa mo maHHbIM ERAS5—Land okasanoch Oolee
CIVIaXKCHHBIM, YEM 10 pe3yJIbTaTaM U3JI0XKEHHBIX BbI-
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me 'MC— pacuétoB, 4TO OOYCIOBJIEHO OOJee HU3-
KM IIPOCTPAHCTBEHHBIM pa3pellleHMeM peaHaIn3a B
cpaBHeHUU ¢ gaHHbiMU Mopeseir YIIII. Haubomee
3HauyMTeIbHOE 3aBbimeHrue SWE oTMedaeTcs B cTelr-
Hoit 30He. Tak, B 2021 r. SWE no manaeiM ERAS—
Land B monmmHax pek Yukoii, Xumok, CejieHra ObLI B
3—6 pa3 (Ha 10—20 mM) GoJbllie, YeM MO JTaHHBIM
CHETOChEMOK. B TO Xe BpeMs 111 TOPHBIX YIACTKOB,
B yacTHOCTU xp. YnaH-bypracel, SWE 1o maHHbIM
peaHan3a 0Ka3ajcs CyILlIeCTBEHHO MEHBbIIIE, YeM 10
JTaHHBIM U3MEPEHUI 1 MOACIMPOBAHUSL.

Ouenka docmogepHocmu pacéma naowaou cHezo-
6020 noxkpvimus no danuvim MODIS. Tlomumo naH-
HBIX CHETOMEPHbBIX ChbEMOK, JJISI BAJIMAALIMU PE3Yib-
TaTOB MOJIEJIMPOBAHUSI UCTIOJIb30BaHbI CHYTHUKOBbIE
cauumMku Terra MODIS 3a BTopyio ITOJIOBUHY XOJIO/-
HOTO nepuoa, NOJyYEHHBIE B YCIIOBUSX OTCYTCTBUS
oOyrauHocTH Hax 6acceitHoM p. Cenenru (B 2021 1. —
3a 6 mapra, B 2022 1. — 3a 23 (beBpaiist). YUuThIBas TO,
YyTO GOJIblIas YacTh Iiomanu 6acceiitHa He MOKphITa
JiecoM, MJIOLIAJb CHEroBOTO TOKPBITUS OMNpeness-
Jilach 110 HOPMaJIM30BaHHOMY Pa3HOCTHOMY CHEXHO-
My uHnekcy NDSI (Hall et al., 1995) ¢ pa3HbIiMU o~
pOTrOBBIMHM 3HaUeHUSIMU 1151 6e31ecHbIx (0.4) 1 1eco-
MOKpbITHIX (0.2) TeppuTOpUii. AHAJIOTUYHBIN TTOIXO/
KCIIOJIb3YETCs MPU OlIEHKE TIJIOIIaIu CHerOBOTO MO~
KPBITUSI Ha BogocOopax KpyImHbIX pek Cubupu (Ro-
masko, Burakov, 2017). ITo pac4€THBIM JaHHBIM I1JI0-
11aJlb CHETOBOTO TTOKPBITUS OIpeNesIsiiach KakK Tep-
putopus, rae SWE mnpeBbimaer 2 MM, aHAJIOTUIHBIN
MOJXOA MCHOJB30BaJICS U IJISI JaHHBIX peaHaau3a
ERA5—Land (puc. 4).

IIpu cpaBHEHUM CO CIYTHUKOBBIMM NAHHBIMU B
2022 r. BBISIBJICHBI 3aHMXEHUE pacUYETHOM MJIolIagu
CHETOBOTO IIOKPHITUSI (Dojiee CylIecCTBEHHOE — IIO
nanHbeiM Mozaenu GFS/NCEP) u 3HauuTtenbHOe 3a-
BBILIIEHUE 3TOU BeJINYUHBI 10 TaHHBIM ERAS—Land.
OCHOBHBIE pacXOXAeHUSI HAOJII0IAIOTCSI B MOHTOJIb-
CKOM JacTu OacceitHa, rae mo nanaeiM ERAS—Land
IUIOIIAAb CHETOBOTO ITOKPHITHS 3aBbIIIEHA, a 10 pe-
synbTataM pacuéToB ¢ Mmoaenassmu YITIT ICON u GES —
3aHMKeHa. B poccuiickoil yactu 6acceifHa mo CIyT-
HUKOBBIM OAaHHBIM M II0 peaHaan3y (pHUKCUPYETCS
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IINXOB u np.

]

1 2
C 11 21
.2 22 4 46

Puc. 4. CormnocraBieHue pacy€THOM 1 (paKTUIECKO# TUTONIAAM CHETOBOTO TOKPHITHS B OacceiiHe p. CeneHru Ha 23.02.2022:
(a) pacuér mo naHHbIM Mozesi [CON;; (6) pacuér 1o nanHbIM Monenu GFS/NCEP; (¢) nannbie ERAS-Land; (¢) nannbie Terra
MODIS: / — pacuéTHas IIolanb CHEroBOro mokKphITus (1.1 — OTCYyTCTBUE CHEXHOTO IMOKPOBA, 1.2 — CHEXHBIN MOKPOB); 2 —
TUIOLIAIb CHETOBOTO MOKPBITHUS MO CITYTHUKOBBIM JaHHBIM (2. — OTCYTCTBME CHEXXHOTO MTOKPOBa, 2.2 — CHEXXHbIIM MOKPOB);
3 — rpaHuibl 6acceitHa; 4 — rpanulibl Poccuiickoit @enepanu; 5 — TOYKU, B KOTOPBIX TPOBOIMINCH CHETOMEPHBIE ChEMKM;
6 — MeTeoCTaHIIMKU. B JIeBOM BepXHEM yIJTy yKazaHa J0JIs1 TUIOIaalb CHETOBOrO MOKPBITHs B Gacceiite (%).

Fig. 4. Comparison of the calculated and satellite-derived snow-covered area (SCA) in the Selenga river basin for 02.23.2022: cal-
culation according to the ICON model (a); calculation according to the GFS/NCEP model (6); ERA5-Land data (s); Terra
MODIS data (e): / calculated SCA (1.1 — snowless surface, 1.2 — snow cover); 2— SCA according to satellite data (2. / — snowless
surface, 2.2 — snow cover); 3 — basin boundaries, 4 — RF borders; 5 — snow survey locations; 6 — weather stations. The proportion

of SCA in the basin is indicated in the upper left corner (%).

CIUIOIIHOM CHEXXHBIM MTOKPOB, a 110 pe3yJbTaTaM pac-
yétoB ¢ monensimu GFS/NCEP u ICON umerorcs
OTAeNbHbIE OeCCHEXHBIE YIaCTKM, B YACTHOCTH B J10-
JiuHe p. CeJIeHTH, UTO TaKXKe BHOCUT BKJIaJl B OOIIYIO
HEIOOLEHKY IUIOIAAM, IIOKPBITOI CHeroM (CM.
puc. 4). B 2021 r. mmomank CHETOBOIO ITOKPHITHS,
paccuuTaHHasg I0 06e3006JaYHOMY CITyTHUKOBOMY
CHUMKY ¥ 110 gaHHbIM Monenu ICON 3a 6 mapra,
oKasayach oueHb 6sm3ka (54.0 u 49.7% ot nnoanu
OacceiiHa coorBeTCTBeHHO). [Ipu 3TOM pacuér Ha oc-

HOBE JaHHBIX METEOCTAaHLIMI JaET €€ CylleCTBEHHOE
3aHmxeHne (34.8% ot mmomany 6acceitHa).

SAKJIFOYEHHUE

B uenoMm wucrnosib3oBaHUE JAHHBIX TIOOATBHBIX
monenieit YITIT ICON u GFS/NCEP u smnupuue-
CKOM METOOVKM pacuéra CHErOHAKOILUICHMSI MO3BO-
JIUJIO TOJYYUTh TMPaBIONOAOOHBIE OLIEHKU IIpO-
CcTpaHCTBeHHOTo pacnpeneiieHuss SWE B Gacceiine
p. Cenearn B XoJiomHble ce30HBI 2020—2022 1T.,
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HEeCMOTPS Ha TO, YTO JaHHAasI METOAMKa ObLIa M3Ha-
yaJlbHO pa3paboTaHa NPUMEHUTEIbHO K OacceiiHy
p. Kambl, KoTOpast oT/IM4aeTcsl COBEpIICHHO UHBIMU
KJIMMaTUIeCKUMM YCIOBUSIMU. Banumanust pesyib-
TaTOB IO JaHHBIM CHETOMEPHBIX ChEMOK ObLjIa BbI-
MOJIHEHA TOJBKO MO POCCUMCKON 4YacTu OacceiiHa,
YTO SIBIISIETCSI HEKOTOPBIM orpanmyeHmeM. B 2021 T.
Ha pa3HbIX MaplIpyTax MMEJIO0 MECTO KakK 3aBbIIle-
HUe, TaK U 3aHuXeHue pacuéTHoro SWE B cpaBHe-
HUM C JAaHHBIMM CHETOCHEMOK (OTHOCUTEIbHAS
omnbka B npeaenax 20—50% ot namepernnoro SWE).
I1pu 5TOM B cTEIIHOI1 30He IIpeobIIagao 3aHIKEHHE,
a B ropax — 3aBbiireHne SWE. ToyHocTh pacuéra
SWE Ha ocHoBe maHHbix Moaeiau ICON okaszanach
BBILIIE, YEM 10 JAHHBIM METCOCTAHIIUI, HECMOTPSI Ha
TO, YTO MOZE/Ib 3aBhIlIajla KOJIUYECTBO OCAIKOB B
cpenHeM o 6acceiiny. B 2022 r. TO4HOCTBh pe3yabTa-
TOB OKa3aJiach B 1ieJioM Huke. I[Ipu pacuére 1o maH-
HbIM Monaenu ICON orMedeHO cyliecTBEHHOE 3aH1-
xeHue SWE B cpaBHEeHMU ¢ JTaHHBIMU CHETOChEMOK,
Ho mo gaHHbIM Monaenun GFS/NCEP pesynbraThbl
0Ka3aJiiuCh YIOBJIETBOPUTEIbHBIMU.

CorocTaBieHue pe3yabTaToB C JaHHBIMU peaHa-
mqu3a ERA5S—Land ¥ CcHOyTHUMKOBBIMU CHUMKaMM
MODIS no3Bosuiao ycTaHOBUTb, YTO peaHalu3 Cy-
1IeCTBEHHO 3aBbllllaeT Kak SWE, Tak u ruiomanab
cHeroBoro nokpuiTus. ITo pe3yabTaraM pacyéToB Ha
ocHoBe maHHbIX Moneneit GFS/NCEP u ICON mio-
1Ialb CHErOBOIO MOKPBITUSI OKa3ajach 3aHUXKEHa,
YTO KOPPEJUPYET C BbISIBJICHHBIM 3aHUXeHueM SWE.

ITonyyeHHBIE pe3ybTaThl UMEIOT MPenBapUTEIb-
HbI XapaKTep, MOCKOJbKY COJEPKAaT CyIIeCTBEHHbIE
HEOINPENEIEHHOCTHU: TIEPBbIM — DMITMPUYECKUE KO-
3(GULIMEHTHI, UCMOJIb3yeMbIE MTPU PACUETE UHTECH-
CUBHOCTM CHETOTasiHUSI IPY OTTEIENsIX U UHTEHCUB-
HOCTHU CyOJMMallMM CO CHEXHOTro MmokpoBa. Bkian
HEOoIpeIeIeHHOCTEl, CBSI3aHHBIX C OLIEHKOI Tepe-
XBaTa OCaJIKOB PacCTUTEIbHOCTbIO, OLEHUTDH CIOXK-
Hee, TaK KaK OOJIbIIIMHCTBO CHETOMEPHBIX Maplipy-
TOB MpoJieraand Ha OTKPBITON MecTHOCTU. HeTouHo-
CTHU MPU pacyeTe pacXoIHOI cocTaBsoleit OaiaHca
CHEro3aracoB TakXK€ MOTYT ObITh CBSI3aHbI C BBIUMC-
JIEHMEM MPOCTPAHCTBEHHOTO pacIipee/IeHUSI TeMIIe-
paTypbl BO3Ayxa ¢ YYETOM BEPTUKAIBHOTO TpaTueHTa
(HampuMep, NMpU Pa3BUTUM HAA PETMOHOM MOIIHBIX
TeMIIEpaTYPHBIX UHBEPCUIi); BTOPBIM — YHCJICHHBIC
MPOTHO3bl OCAKOB (HaOJIOAaeTCsl TEHASHIUS K 3a-
BBILIIEHUIO KOJIMYECTBA OCAJAKOB, 0OCOOEHHO B Hayase
U B KOHIIE Meproa CHeTOHaKoIuieHus ). BaxkHo oT-
METHUTh, YTO CYIIIECTBEHHOE 3aBbIllIeH e KOJUYEeCTBa
ocankoB 1Mo MopenssM YIIIT Ownuto BEISIBIIEHO TIpHM
CpaBHEHUU CO CPEIHUMU 3HAYEHUSIMU IO METEOCTaH-
LIMSIM B TIpeaesax 6acceiiHa, Toraa Kak B paiiloHe Ipo-
BEICHUSI CHETOMEPHBIX ChEMOK (110 OIMZKANIIIMM Me-
TEOCTAHIIMSIM) BeJIMYMHA 3aBbIIIIeHYS OblJ1a MEHBIIIE.

IMosryyeHHEIC pe3yabTaThl paCU€TOB CHETOHAKOII -
JIeHUsI ObUIU OITyOJIMKOBAHBI HAa KapTorpadguieckoM
BeO-cepBuce “I'MC rmagposkonorndyeckoi 6e3omnac-
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Hoctu OacceitHa p. Cemenrn”  (http://selen-
ga.psu.ru/). B nepcriekTuBe Ha JaHHOM CepBUCe TI1a-
HUPYETCS OITyOJIMKOBaHME IPYTUX PACYETHBIX XapaK-
TEPUCTUK CHEXXHOTO MOKPOBa B OacceliHe.

Baarogapuoctu. ViccienoBaHue BBITIOJHEHO IIPU
nonaepxkke PH®, mpoekt Ne 20-17-00207. PacuéTtnl
XapaKTePUCTUK CHEXXHOTO ITOKPOBA I10 JaHHBIM MO-
neneii ICON m GFS Takke BBIIOJIHEHBI 3a CUET
cpenctB IlporpaMMBl CTpaTerMyecKoro akaaeMude-
ckoro ymaepcTBa Kazanckoro (IIpuBomkckoro) ¢ge-
nepanbHoro yHusepcureta (“ITPUOPUTET-20307).
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Estimation of Snow Water Equivalent in Semiarid Zone from Data of Global Numerical
Models ICON and GFS/NCEP (Case Study of the Selenga River Basin)

A. N. Shikhov#*#, V. N. Chernykh¢, A. A. Aurzhanaev®, S. V. Pyankov*, and R. K. Abdullin“

4 Perm State University, Perm, Russia
b Kazan Federal University, Kazan, Russia
¢ Baikal Institute of Nature Management Siberian branch of the RAS, Ulan-Ude, Russia
#e-mail: and3131@inbox.ru

The possibility to use the global numerical (NWP) models ICON and GFS/NCEP for We consider the ap-
plicability of ICON and GFS/NCEP global numerical atmospheric model data for calculating the snow wa-
ter equivalent (SWE) in the Selenga River basin located the semiarid zone. SWE was calculated for the cold
periods of 2020—2022 based on the empirical methodology previously developed for the Kama River basin
and adapted to the semiarid conditions. The main components of the SWE balance that are taken into ac-
count in the calculation are atmospheric precipitation (liquid or solid phase), snowmelt, sublimation from the
snow surface and precipitation interception by vegetation with subsequent sublimation. The validation of the
results was performed for the Russian part of the basin using the data of snow surveys carried out in the second
half of the winter of 2021/22. In general, reasonable estimates of the SWE spatial distribution were obtained.
While in 2021, both overestimation and underestimation by 1—15 mm (20—50%) of the calculated SWE was
observed at different sites compared to the measurements, in 2022, its systematic underestimation was ob-
served, especially significant in calculations using the ICON model data. In the steppe zone, SWE is signifi-
cantly underestimated, which may be due to overestimation of the intensity of sublimation from the snow sur-
face. The comparison of these results with the ERA5-Land reanalysis data and MODIS satellite images
showed that the ERAS-Land reanalysis significantly overestimates the SWE and the snow cover area. The
simulation results based on the GFS/NCEP and ICON models underestimated the snow cover area in 2022
and reproduced well in 2021, which correlates with the results of the SWE calculation.

Keywords: Selenga river basin, snow water equivalent, snow accumulation, sublimation and melting, global

numerical weather prediction models ICON, GFS/NCEP, field snow survey
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BBEIAEHME

IMocnennue necsatuiieTus: ucciaeagoBaHuii B Poc-
CUICKOIT APKTHUKE HAIIPSIMYIO CBSI3aHbI C PECYyPCHBIM
MMOTEeHIIMAJIOM 3TOii Tepputropun. OCBOeHHUE MECTO-
POXIEHUI TOJE3HBIX MCKOIIAEMbIX OXBaThIBAeT BCE
oousbiue iowmanu. IToMuMo HedTerazoBoii orpac-
JI1 C COIYTCTBYyIOIIeili WMH(PaCTpyKTypoil pa3BU-
BaIOTCS TOPHOOOOBIBAIOIIASI M TIepepadaThIBaIoIIas
IIPOMBIIIUICHHOCT Ha pPYIHbIX MECTOPOXICHMUSIX.
MeTamibl 1OOBIBAIOTCS KaK KapbepHBIM, TaK 1 II1AXT-
HBIM ciocobamMu. ITpon3BoOICTBO 1 TIEpBUYHAS TIepe-
paboTka B pailioHax U3BJIeUeHUSI TTOJIE3HbIX UCKOTae-
MBIX IPUBOMSAT K pacIIMpPEeHMIO CYIISCTBYIOIIEH U
BO3BEIICHUIO HOBOM XWJIMIIHOU M XO3SMCTBEHHOM
uHppacTpyKTypbl. Kpome Toro, ¢ 2021 r. meiicTByer
IIpaBUTEJIbCTBEHHAsI MporpaMMa, IIpeajararonias
rpaxnaHaM Poccuiickoit @enepauuu B3sTh B MOJb-
30BaHuEe “ApPKTUYECKUI rekTap”, KOTOPbIA MOXHO
HMCIOJIb30BaTh U IJIsI CTPOUTEIbCTBA MHANBUIYaIb-
HOTO XXWJIbSI, Y JUISI IPEApUHNMATEILCKOM NesITeIb-
HoCTU. Pe3ysbTaToOM 3TOro CTAaHOBUTCSI BOBJICUCHUE
B XO3SMCTBEHHBII1 000POT paHee HEMCIIOJIb30BaHHBIX
TEPPUTOPUIA.

Ilpr ocBoeHMM TOpPHOI TEePPUTOPUMN APKTHUKH
YBEIUYMBAIOTCS PUCKM BO3HMKHOBEHMSI OIACHBIX
9K30T€HHBIX I'e0IMHAMMYECKUX IIPOLIECCOB, CBSI3aH-
HBIX C T€OJIOTMYECKMMU, T€OKPHOJOTUYECKUMU U
KJIMMaTUYeCKUMU OCOOEHHOCTAMM pernoHa. OmHO
M3 TaKMX IIMPOKO PACHPOCTPAHEHHBIX OITACHBIX SIB-
JIEHUI1 — ceJiu, KOTOpOoe M0 CUX MOpP HETOCTAaTOYHO
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usydeHo. [lepBble ucciienoBaHUsl CeeBbIX MPOLEeC-
coB B Poccuiickoii Apkruke Hadaiauch B 1970-x ro-
nax. JIaHHbIE 9TUX UCCIeIOBAHUIA HAIILIA OTpaKeHne
B BBIMYIIEHHOU MEJIKOMACIITAa0HOU KapTe CeleBbIX
paiionoB CCCP (®neiimman, [Tepos, 1986). B nanb-
HelIeM MPOBOAUJIMCH AMU30ANYECKHE HAOIIOAeHUS
3a ceJieBbIMU MpolieccaMM U MOCTYMalu OTPbIBOY-
HBIE CBelleHUs 0 popMupoBaHuu ceneit. B 2008 . B
cocraB HanmonanbHoro atinaca Poccuu (https://na-
tionalatlas.ru) Bowmia KapTa cejieit MaciuTaba
1:15000 000, rme momanms ceJieonacHoO TEpPUTOPUN
B Poccuiickoit ApkTuKe okaszajiach OOJIbIIIE 1O CpaB-
HEHUIO C TIpexHei Bepcueil KapTol ceneil (Preiti-
MaH, [lepos, 1986; ITepos, 2012).

IIpobnema pacnpocTpaHeHUsI ceieii B ApKTHUKE
nomHuMajiack B padorax (Gude, Scherer, 1998; Hes-
tnes, 1998; Romanenko, 2018); xapakTepHbIe TUITbI
CeJIEBhIX MOTOKOB paccMaTpuBalnch B (Sapunova,
Sapunov, 2004); kapTupoBaHUEe cejieil 1 pacuéra ux
XapakTepucTuk — B padbore (Hestnes, 1998); mporHo-
3UpPOBaHME CXOJa IIMPOKO PaCHpOCTPaHEHHBIX B
ApKTHKe BOJOCHEXHBIX IOTOKOB, COUYETAIOIINX B Ce-
0e XapaKTepUMCTUKU CHEXHBIX JIaBUH U celieii, B
(Sidorova et al., 2001; Chernous et al., 2018).

OTMedeHO, 4To (OPMUPOBAHUE CeJICii Ha apKTU-
YEeCKUX TEPPUTOPUSIX HEOTHOKPATHO MPUBOAUIIO K
yiiepbamM Bo MHOTUX cTpaHax. Hampumep, B 1969 r.
MyOJIMKOBAJIMCh MaTepUaIbl O CXOJIE CeJieil Ha ceBepe
AJISICKM OKOJIO HaceJIEHHOTO ITyHKTa YMmuat (Ander-
son et al., 1969). MaccoBblii cxom OTOJI3HEl U celeit
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HEeOmHOKpaTHO ¢uKcupoBaincss Ha Ilmibeprene
(Hopserust) B paiione Jlonriiupa; B 1972 r. Beinane-
Hue 30.8 MM KUIKUX OCaaKOB BbI3BaJIO cxox 80 cereit
(Larsson, 1982). Cnenyrouiuii ciyyaii MaccoBoro o6-
paszoBaHus ceyeit ormevyancs 14—15 oxkrsaopsa 2016 r.
IMpuunHOIi cxoma celeil IOCIYXWIIO HaJIOXCHUE
(haKTOPOB TEIJIOTO U JOXKIJINBOTO JIETA, B PE3yJIbTaTe
KOTOPOIo MaKCUMaJibHasl TOJIIIUHA OeSITeIbHOIO
ciios nocturia 1.0—1.5 M, n BeImageHus 18 MM ocan-
koB (Christiansen et al., 2016). B oboux ciy4asx
¢GUuKCHUpPOBaIUCh 3aBaJIbl AaBTOJIOPOT U IMOBPEXKICHUE
00BEKTOB MH(MPACTPYKTYPHI.

MaccoBblil cxom celeil oTMevalicsl HelaaeKo OT
Aobucky (cesep llIBenckoii Jlamnanauu) (Rapp, Ny-
berg, 1981). 23 mionsa 1979 r. Bemmagenue 30—50 MM
KUIKUX OCaJKoB B paitoHe HuccyHBarre BbI3Balo
cxon okoJjio 200 ceneit. Cienyromnii ciaydaii hopMu-
poBaHUMs ceyneil OblT 3adukcupoBaH 20—21 wmrons
2004 r. B JlaTHbsIBarre Iocjie BBIMAIEHUST OKOJIO
72 MM Xuaokux ocagkoB B TeueHme 48 4 (Beylich,
Sandberg, 2005).

OTMmeuaeTcsi HECKOJIBKO CiIy4yaeB, Korma cesiMu
repeKkphIBajach aBrocTpana Ajsicka. Jletom 1967 r. Ha
Hee collleJl CeeBOi IOTOK B pailoHe 03. KiysitH
(FOkon, Kanana) (Hughes et al., 1972). B ntone 1988 .
TIPOM30IIIE] MACCOBBINA CXOJI CeJIeil B TOM Xe pailoHe
(Evans, Clague, 1989), aBTrocTpama Auisicka ObLia
OJIOKMpOBaHa B BOCbMHM MecTax. Hanmboiee KpyITHBIM
MOTOKOM ObLI TepeKpbhbiT 500-MeTpOBBI y4acToOK
Tpacchbl; B 3TO XK€ BpeMsl aBTOCTpajaa Oblia 6JIOKUPO-
BaHa ceJieBbIMY OTOKaMU Ha IIIeCTU yJyacTKax B paii-
oHe 03. MyHuo (bpuranckas Konymo6us, Kanana).
Bo Bcex ciayyasix mpuuMrHOil cxona cesei MoCIyKUio
BbITaJIeHUE OOJIBIIOTO KOJUYECTBA OCAIKOB.

Ha Ttepputopun CeBepnoit Mcmanmum (Mca-
dpoparop) 3adpUKCUPOBaAH CXOI 6 ceieil B IEPUOL C
10 o 12 utons 1999 r. ®opmMupoBaHue ceeBbIX MO-
TOKOB CTaJIO CJICACTBHEM PE3KOTO ITOBBLIIICHUS TEM-
nepaTtypsl Bo3ayxa 1o 14—17°C, KoTopoe BBI3BaJIO
MHTCHCUBHOE CHEroTastHue U MpUBEIO K OOBOTHE-
HUIO CKJIIOHOB. OTJIOXEHHUSIMHN ObLIA 3aMBITHI 5 ca-
JIOB, KAHAJIM3allMOHHAs CUCTEMA, aBTOIOPOTU U O -
BaJibl HeCKOJIbKUX noMoB (Decaulne, Saemundsson,
2006).

B Poccuiickoii ApkTuke (OpMHUpPOBaHUE CEJei,
HaHOCSIIMX YIIEpPO, IIPOMCXOIUIO HEOTHOKPATHO
(Bro3uH, 2006; Polar Bulletin, 2022; Snegohod...,
2022). Camoii KpynHO# ceaeBOil KaTacTpodoil cum-
TaeTCsl CXOO BOOOCHEXKHOTO IToToKa 5 mioHs 1991 1.
Ha p. Kekypnas (Uykotka). [IpuunHoii o6pazoBaHUs
IIOTOKA CTaJI0 pe3KOoe IIOBBIIIEHUE TeMIIepaTyphl
BO31ayxa, IpUBeAlliee K MTHTEHCUBHOMY TasTHUIO CHE-
ra. Cxopn cejisl IpUBEN K THOEIU 8 YeJIOBEK U pa3py-
IIeHu10 BpeMeHHEBIX ITocTtpoek (I[lepos, 2012; Poma-
HeHko, 2018). Panee (9 mions 1984 r.), B a3TOM K€
OacceliHe oTMe4aIoCch (opMUPOBAHNE BOTOCHEKHO-
ro II0TOKA, KOTOPbIA CHEC M 3achllajl aBTOMOOWJIb
(Tubuos, 2007).

TEHCHUOPOBCKHWM u ap.

Kak BUIHO u3 mepedyrcieHHBIX CIy4aeB, OCHOB-
Hasl TIpUuYrMHa (QOpMHUPOBaHUs cejieit B APDKTUKE —
MepeyBlaXHeHNEe TPYHTOB JOXIECBBIMM WM TaJbIMU
Bomamu. OTcroga clienyeT BBIBOH, YTO OCHOBHBIC
¢dakTOphl, OrpaHUYMBAIOIIME PACTIPOCTPAHEHUE Ce-
JIeii B 3TOM PETMOHE, — 3TO KJIMMAT C HEOOJIbIIINM KO-
JIMYECTBOM XUIKUX OCAAKOB M HAJIMYME MHOTIOJIET-
HeMmep3JbIX nmopox (nanee — MMII). OnHako Bcaen-
CTBHE KOMILJIEKCHOIO BO3JIEHCTBUS KIMMATUUECKUX
dakTopoB Temneparypa MMII noBeITaeTcs, 9To OT-
MeualoT MHorue uccaegosarenu (CTpeekuii u ap.,
2015; Hjort et al., 2018; Biskaborn et al., 2019).

MOHUTOPUHIOBBIE HAOJIOAEHUSI, IPOBOAUMEIEC B
poccuiickoii ApKTHKe, B TOM YKCJIe B paMKax Mex-
JIYHApOIHOM IIPOrpaMMBbI O LIMPKYMIIOISIPHOMY MO-
HUTOPUHTY nesiTebHoro cjiosd (CALM) nu MexnyHa-
pOIHOTO IIPOEKTa II0 TEPMUYECKOMY COCTOSIHHIO
BeuHoit Mep3i0Tel (GTN-P), moka3siBaloT omycka-
Hue kpoiau MMII (Crpeneuxuii u ap., 2015) u yBe-
JIMYeHNE MOIIIHOCTH CE30HHOTAIO0ro cyiosi. OTranBa-
HUE MEP3JIOTHl IIPUBOAUT K MOSIBICHUIO B CEIEBBIX
OacceiiHax JOTIOJHUTEILHOTO 00OBbEMA BOJBI, BIOOA-
BOK K BJIare, MOCTYIAIOIIeii ¢ BHINAAAIOIIUMU XU~
KMMH OCagKaMW. YBEIWYEHHE KOJMYeCTBa BJaru,
HaKariuBaeMoil B TpyHTaX, B JajibHellleM Oyaer
CHMKATh X HECYIIYIO CIIOCOOHOCTD, YTO IIPUBEIET K
pocTy uYmciaa ciaydaeB (QOpMHpOBaHHUS celerl u
OTOJI3HEN Ha TEPPUTOPUH, a TAKKE K UBMEHEHUIO Xa-
PaKTEepUCTUK 3TUX MPOILIECCOB.

Ilenp paboThl — M3yYyeHUE YCIOBUI (hOpMUpPOBa-
HUS ceneit B 30He pacripocTtpaHeHuss MMII B MeHsI-
JolIeMcsl KJMMaTe Ha TpuMepe JIBYX CeJIeOINacHBIX
paiioHoB YykoTku. [IJis1 TaHHOTO WCCJIeNOBaHUS aB-
TOpaMM yUTEeHbI TaKHe MapaMeTphbl CeIeBbIX Oacceli-
HOB, KakK abCOJIIOTHBIE BBICOTHI, YTJIbl U 3KCO3UIIAU
CKJIOHOB, HaJIMYME YETBEPTUUHBIX OTJIOXKEHUI U KO-
JINYeCTBO ocaakoB. OlieHKa ceJieBOit 1esITeTbHOCTU B
npeaeaax M3yyaeMoil TeppUTOPUM MPOBOAUIACH Ha
OCHOBE JaHHBIX MTOJIEBbIX HAOJIOJEHUIA, a TAKXKE aHa-
Jiuza KapTorpaduueckoro Marepuaia U psiia oryo-
JIMKOBaHHBIX CTaTeMu.

MATEPHAJIBI U METOJbI

Paiionvt uccaedosanusn. YyKorckuii aBTOHOMHBIM
OKpYI pacIriojlokeH Ha ceBepo-BocToke Poccuu
(puc. 1, a). Ilo ceneBoMy palilOHMPOBAHUIO TaHHAasI
TEPPUTOPUS OTHOCUTCH K XOJIOAHOM CeJIEBOI 30HE BO-
croyHoro peruoHa KosbiMcko-YyKoTcKoil obGiacTu.
OTnnuuTeNIbHBIM (haKTOPOM, XapaKTSPpU3YIOLIUM Ce-
JIEBOI Mpoliecc B Ipeeaax 3TOl TeppUTOPUH, SIBJISICT-
cd CIUIolIHOe pacrpocTtpaHeHue MMII, B 30He Ko-
Toporo HaxoaaTcs 6osee 90% teppuropun YyKOTKU.
OcranbHble 10% pUXOOATCS Ha 30HY MPEPHIBUCTOTO
pacupoctpaneHuss MMII.

JlannnmradTHas CTpyKTypa TOpHBIX obyiacTeil 10-
CTaTOYHO OJHOOOpa3Ha M MpeAcTaBieHa TYHIAPOBbI-
MU U MEP3JIOTHO-TAaCXKHBIMU JaHamadramu. Insim-
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Puc. 1. KapTa Teppuropun XoJoaHO cesieBoit 30HbI BocTouHOTO pernoHa ¢ BoiieneHHo# Konbimcko-YyKoTcKoi TpOBUHIIM-
eif, XapaKTepu3ylollelicsl TOBCEMECTHBIM PacpOCTPaHEHUEM MHOTOJIETHEMEP3JIBIX ITOPO/, .

Kapra ceneBoii ormacHoctu (a); “KoHTUHEHTaNbHBIN” paiioH (0); “IIpubpexHblii” paiioH (8): 1 — 0603HaYeHUE pailOHOB UC-
cJIeOBaHUI; 2 — YYACTKU CEJICTIPOSIBIICHUST; 3 — IOPOTH; 4 — peKH; 5 — ceJieBasi ONaCHOCTh Tepputopui 1o otieHke CP JIBI'U
JABO PAH; 6 — ceneBast onacHOCTb TEPPUTOPUHM MO JaHHBIM HatmoHanpHOro atinaca Poccnu; 7 — 06beKTh TOPHOIOOBIBAKO-

el MPOMBILIJIEHHOCTHU.

Fig. 1. The map of cold mudflow Eastern region territory with selected Kolyma-Chukchi province characterized by ubiquitous
permafrost distribution — map of mudflow danger (a); “Continental” area (6); “Coastal” area (8): I — study areas marks; 2 —
mudflow localities; 3 — roads; 4 — rivers; 5 — mudflow danger of territory according evaluation of Sakhalin Branch of FEGI FEB
RAS; 6 — mudflow danger of territory according the National Atlas of Russia data; 7 — mining industry sites.

aJIbHO-HUBAJIbHBIEC U TOJILLIOBbIE KOMILIEKCHI XapaK-
TepHbl JUISI BBICOKUX XpeOTOB C aJIbIIMICKUM
penbeoM U Koe-Tle COXpPAaHUBIIUMMUCS COBPEMEH-
HBIMU JIETHUKAMU, HUXKE KOTOPBIX TOCITOACTBYIOT Ka-
MEHUCTO-JIMIIIATHUKOBBIE 1 MOXOBO-JIUIIIAifHUKOBbBIE
TyHIpbl. [loAroaplOBBEIA MOsIC 0Opa3yloT JIMCTBEH-
HUYHbBIE PEAKOJIEChs U 3apOCIU KEIPOBOTO W OJib-
XOBOI'O CTJIaHUKA B COYETAHUU C JIMIIAWHUKOBO-KY-
crapHUYkKoBbIMU TyHIpamu (https://nationalatlas.ru).

B ropax YykoTKu MHOTO YE€TBEPTUUHBIX OTJIOXKE-
Huit. [ToctyruieHue TBepAOTro MaTepuana B cejieBble
pycJia TpOMCXOIUT 3a CUET pa3BUTHIX HA OOpTax ceje-
BBIX 0acCeifHOB CKJIOHOBOTO KpHIa, COMUMITIOKIINN,
ochlineil 1 o6BanoB. HakorieHHbIE B TaIbBErax KoJi-
JIIOBUAJIbHbBIE U JETIOBUAJIBHBIE OTJIOXKEHMS U3 11e6-
HSI ¥ IPECBHI TIPU JOCTATOYHOM OOBOIHEHUM CITYKAT
TBEPIBIM MaTEPUAJIOM, TIEPEHOCUMBIM CEJIEM.

Ne 2 2023

JIEQ M CHET  Tom 63

B pabote paccMoTpeHsI ABa palioHa GopMUpOBa-
Hus ceneit. IlepBolit, “konmunenmanvubiil” paiioH,
coracHo (pU3UKo-TeorpaduIecKoMy palioHHpOBa-
HHIO, pacronoxeH B Ipeaeiaax CeBepo-BocTounoit
Cubupu (https://nationalatlas.ru), B AHIOIICKOM Ha-
ropbe (AHmlickuii xpeber) (cMm. puc. 1, 6). [To mop-
¢dosornueckmM MpusHakam peiabed TeppuTOpun OT-
HOCUTCSI K CpPEeIHEropHOMY; HaWBBICIINME OTMETKU
AH1oiickoro xpebta npebiiator 1700 M. B dhopmu-
pPOBaHUU CPETHETOPHOTO peiibeda OOIBIITYI0 POJIb
WTPAOT BOXHO-3PO3MOHHBIE MpoIlecchl. [OphI TIpo-
pe3aHbl yOOKMMM peYHBIMHM JoJimHaMu. [myOomHa
pacwieHeHUs penbeda M3MeHsIeTcsl B Mpenesiax oT
300 mo 800 m. ITpuBogopa3nenbHBIE IOBEPXHOCTU MO
0oJbliieii yacTy mpeodpa3oBaHbl NIMTEIbHBIMU MTPO-
meccaMy KPUOTEHHOM HEHYTAIlUM, YTO OTYETINBO
MPOCIEKMBAeTCs B CINIAXKEHHBIX (hopMax IrpeOHeit 1
YCTYIIOB Ha CKJIOHAX, CMITYCHWN OYePTAHMI TeHY-
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IallMOHHBIX BOpoHOK (Cesep..., 1970), BbImonaxku-
BaHMU y4acCTKOB CKJIOHOB J0 20—25°. CKJIOHBI IO-
KPBITbl IJIBIOOBBIMM OCBIISIMU M KYPYMHHMKaMM.
MMII wumeroT IOBCEMECTHOE pacHpocTpaHEHUE.
MOoOIIHOCTh CE30HHOTAJIOTO CJIOSI Ha paccMaTpuBae-
MOM TeppUTOPUU MOXKET TpeBbIaTth 2.5 M (KoToB,
2006; EropoB u np., 2022; www.permafrost.su).

Bropoii, “npubpexcuuiii” paitoH ceneoOpa3oBaHus
pacrnosioxeH B yactu Yykorku (xp. UckareHn), oT-
Hocselics Kk CeBepo-IlputuxookeaHckoit cTpaHe
(https://nationalatlas.ru) — (cMm. puc. 1, 8). XpebeT
HMckaTeHb nMeeT abCOIIOTHBIE OTMETKU, TIPEBbIIIa-
omue 1300 m; xapaktep peabeda — aTbIUHOTUII-
HBI. BepIHBI OCTphle, a TpPeOHU XPEOTOB CKaJIU-
cTbie U y3Kue. CKIIOHBI, 0COOEHHO I0XKHOU 3KCMO3U-
MM, [DIyOOKO pacujieHeHbl W MMEIOT OoJbliiue
YKJIOHBI, MecTaMu gocturatouiue 60°. Haubonee sp-
Kas yepTa pelibedha — pacnpocTpaHEeHUE MPOILIECCOB
KPUOTEHHO JIeHyIallM1: MOPO3HOTO BHIBETPUBAHMUSI
U CMEIeHUsT 4exJia PBIXJBIX OTJOXEHUN BHMU3 IO
CKJIOHaM B BMJIe KyPYMHUKOB, COJUMIIOKIIMOHHBIX
MOTOKOB U JIp., a TAKXKe HaJTUu1ue MOPEHHBIX OTJIOXKEe-
Huii. KpoMe Toro, B mpenenax “mpudpexHoro” paii-
OHa COXpPaHWJIMCh OYaru COBPEMEHHOTO oJieJeHe-
HUS, KOTOpble NMpPU TassHUU NPUBHOCIT NOMOJIHU-
TeJIbHYIO Bjary B cejieBble OacceitHbl (CenoB, 1988;
AnannueBa, Kapmauesckuii, 2016; www.glacru.ru).
Pa3BuT BOmHO-3p0O3MOHHBIN pefibed, xapakTepusye-
MbIii Y3KUMHU TIOMEPEUYHbIMU MPOGWISIMU PEYHBIX
JIOJIVH, OOJIBLIUM KOJIMYECTBOM JI€HYIALIMOHHbBIX BO-
POHOK Ha CKJIOHaX U LIUPOKUM pacrpoCcTpaHEeHUEM
CKJIOHOB KpyTu3Ho10 30—35°. Ce30HHOE OTTauBaHUE
MMII HaumHaeTcs B MepUOI C TOCIeAHEH aeKaabl
Masi Mo TIEPBYIO AeKaay UlOHS. MOIITHOCTb CE30HHO-
Tajoro cjaost HaxoguTcs B npeaenax 0.8—2.0 m (Ero-
poB u 1p., 2022; www.permafrost.su).

BribpaHHbIe palioHBI pa3auyaroTcs Mo (BU3UKO-
reorpaguyeckoMy v KJIMMaTu4eCKoMy palioHUpOBa-
Hutwo (Cesep..., 1970; Pynuya, 1985). B 2019 r. 3mech
MPOBOJIMIMCH SKCNEAUIIMOHHBIE pabOTHI, B X0/1€ KO-
TOPBIX BBISIBJIEHBI CJIEIbl TPOXOXAEHUS KaK CBSI3HBIX
(rpsi3eKaMeHHbIX), TaK W HECBSI3HbIX (HAHOCOBOII-
HBIX) ceJieil, a TaK:Ke BOJOCHEXHBIX TOTOKOB.

Knumaruueckue gakTopsl ceaeobpaszoBaHus Ha
M3y4yaeMoil TeppUTOpUM — TeMIlepaTypa Bo3ayxa U
KOJIMYeCTBO ocankoB. CpenHerogoBasl TeMmeparypa
BO31yXa B palioHax pacrpocTpaHeHuss MMII o0y-
CJIOBJIMBAET MOIIHOCTb C€30HHOTAJIOIO CJIOSI, a KO-
JIMYECTBO OCAJIKOB — 3TO TPUITEP CEJISBOTO IMpoliecca
(Larsson, 1982; Beylich, Sandberg, 2005; Christian-
sen et al., 2016; I'encuoposckuii u ap., 2020). bau-
Kalle K UCCaeayeMbIM TEpPUTOPUSIM METeOCTaH-
LIMM, UMeEIOIIME IJIMTENbHBINA psil HaOMoneHU, —
aT0 MnupHeii n OreekuHort. IlepBast xapakrepusyer
ycinoBus “KoHTHHeHTaJabHOTO” pailoHa, a DTBEKM-
HoT — “IIpubpexHoro”.

TEHCHUOPOBCKHWM u ap.

METO/bI

OlLleHKa CeJISTPOSsIBIICHUS B TIpenesiaX NCCIemye-
MBIX TEPPUTOPHUIA BEITIOJTHEHA Ha OCHOBE TaHHBIX 10~
JIEBBIX paboT, MpoBeaeHHbIX JieToM 2019 1., aHanu3a
KapTorpad®myecKux MaTepuajaoB U psiaa OITyOJIMKO-
BaHHBIX paboT (Pomanenko, 2018; ['eHcopoBCKMii 1
np., 2020; 3amnonsipHbiii BecTHUK, 2022; CHeroxof,
2022). Ilepen HayayioM TOJIeBbIX pabOT, C UCTIOIB30-
BaHUEM CITyTHHUKOBBIX CHUMKOB M3y4aeMOIl TeppH-
topuu (Esri World Imagery paspemeHuem 0.31—1 m),
ObL1a cocTaBlieHa KapTa (paKTMYECKOTro Marepualia c
Iemm@pprupoBaHHBIMA CeJIeBBIMU OacceitHamMm. Ta-
Kue 6acceifHbI BBIICISJIMCH IO TAKUM TIPU3HAKaM Ce-
JIeBOM JesATENIbHOCTHA, KaK B3PO3UOHHbIE Bpe3bl B
TpenrolaraeéMbIX 30HaX 3apOXICHUS celleil, ceie-
BbI€ BaJIbl B 30HAX TpaH3MTa, KOHYCHI BBIHOCA. B xome
MpOBeAEHMS MOJIEBbIX pabOT 3Ta KapTa Obljla yTOUHe-
Ha M JIoIIoJIHeHA (CM. puc. 1, 6—a).

I1pu moneBBIX paboTax IMMPOBOINIIN OTIMCAHUE Ce-
JIEBBIX OacceifHOB, CeJIEBBIX KOHYCOB BbIHOCA, Olle-
HUBaJIA OOBEM Celieid, 1aTbHOCTh BEIOpOcCa, onpeae-
JISUIM YKJIOH BOOOTOKOB U IIMPHUHY CEJI€OITaCHBIX 30H.
XapaKTepuCTUKU, KOTOPhIE HE MPEACTABISIIOCHh BO3-
MOXHBIM ITOJIYYUTH IIPU IOJIEBBIX paboTax, yTOYHSI -
JI1 110 M POBO Modenu penbeda (naree — LIMP) u
CITYTHUKOBBIM CHUMKAM.

KapThl cesieBoit 0OTTacCHOCTH U3y4yaeMoii TeppHu-
TOopuU OBbLIM co3aaHbl Ha ocHoBe I IC B iporpam-
mMe QGIS 3.10 Coruna. IIMP ArcticDEM
(https://www.pgc.umn.edu) ¢ BBICOKMM IIPOCTpaH-
CTBEHHBIM pa3pelieHueM 2 M — JJis MOJIyYeHUs He-
KOTOPBIX XapaKTepPUCTUK CEJIEBbIX OacCEiHOB (YIJIbI
HaKJIOHA M BKCITO3UIIMU CKJIOHOB, aOCOJIFOTHAsI BbI-
COTa), KOTOpble 3HAUMUTEIBbHO BIIMUSIOT Ha TMPOLecC
cefleobpazoBaHus. OnpenenéH MHTEpBal 3HAYEHUM
VIJIOB HaKJIOHA CKJIOHOB B 30HaX 3apOKIAeHUS ceyieit
IJIsl 000UX U3ydyaeMbIX pailoHOB. MIcxomst U3 TaHHBIX
o 3Kcno3uuusaIM B pactpoBoii LIMP, comepxkarmmx
3HaueHus oT 0 mo 360° 1 BhIpaXKarolINX OTKJIIOHEHUE
HaIlpaBJICHUS CKJIOHA OT ceBepa (0°) B HalpaBIeHUU
YacoBOM CTPEJIKU, OMPENesJIM SKCIO3ULIUIO CKIIO-
HOB JUUISI OLICHKHW METeOpOJIOTUYECKHUX (haKTOpPOB,
BJIMSIIOIIMX Ha ceieo0pa3oBaHMUeE.

CBeImeHUS O YeTBEPTUYHBIX OTIIOXECHHSIX TIPUBO-
ISITCST COIacHO HaHHBIM Bcepoccuiickoro HaydyHO-
MCCIIEIOBATENbCKOTO TeOJOTUYECKOTO UWHCTUTYTa
uM. A.I1. Kaprimackoro (https://www.vsegei.ru). Hc-
TOJIB30BAIM KapTy YEeTBEPTUIHBIX OTIIOXKECHUM, KO-
TOpasl MOKa3bIBaeT UMEIOIIUICS B MOTEHIIMATbHBIX
CeJIeBBIX MacCHBaxX MaTepHrall.

TonoBoe KoIMUeCTBO BhITAAAIOIIMX OCATKOB pac-
CUUTAHO, MCXOJS W3 BBICOTHOTO TpaaudeHTa, MOojy-
YEHHOTO TIpM HaAOMIONEHUSAX TBEPABIX U KUIKHX
0CaiKoB B Topax YyKOTKM U TIpeACTaBIEHHOTO B pa-
oorax (Pymuu, 1985; Ilepos, 2012). Toukoii oTcuéTa
MOCIYXWJIN AaHHBbIE BBIOPAHHBIX IS M3y4aeMbIX
pailoHOB MeTeocTaHLMI. MeTeogaHHbIe 0OpadaThI-
BaJlUCh paHToBoM koppensiueit CnupmeHa. CraTu-
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Puc. 2. CeneBble oTJIoXeHUs B bacceitHe p. OpsioBKa, oTHocsiuecs: K KOHTUHEHTaTbHOMY pailoHy: cejeBoe pyciio, 3aroJ-
HEHHOE Pa3HOBPEMEHHBIMM OTJIOKECHUSIMU (@); OTJIOKEHUS HAHOCOBOIHOTO ceJisi, coueniero B mae 2019 r. (6).

Fig. 2. The mudflow deposits in the Orlovka river basin related to “Continental” area: mudflow channel, filled with multi-tem-
poral deposits (a); deposits of low density debris flow occurred in May 2019 (6).

CTUYecKasl 3HAYMMOCTb KOPPEJSIIM yCTaHaBJIMBa-
JlIach C CMOAb30BaHUeM Tabauubl CriupMeHa, IokKa-
3bIBAIONIC KPUTUYECKHE 3HAYEHMS, CBSI3aHHBIC C
pa3IUYHBLIMU pa3MepaMu BbIOOPKU U YPOBHSIMU J10-
cToBepHOCTU. JIs1 ccienqoBaHusl ObLT BEIOpaH ypo-
BeHb goctoBepHOCTH p < 0.01 1 mpoBeneHa mpoBepKa
OTHOCUTENbHO Hero. /laHHble 00 MHGPACTPYKType
(moporu, XuJible HaceJeHHbIE MYHKTbl U MPOMBILI-
JIeHHbIe 00BbeKTHI) B3STHI ¢ (https://www.openstreet-
map.org).

PE3YJIBTATbBI U OBCYXIAEHHUE

“Konmunenmaavnoui” paiion (nanee — KP). IMone-
BBIE CCIIEIOBAHMUSI TTOKA3aJIi GOJIBIIYIO CEJIEBYIO aK-
TUBHOCTB Ha TEppUTOpUHU paitoHa. O0cIenoBaHbI ce-
JIEBBIE BOJOTOKM, OTHOCSIIMECS K BEPXOBbIM Oac-
ceiiHoB pek bonpmoit m Manbiii Axioit. Crienpl
MPOXOXKACHUS celieii OTMeUeHbl Ha BOJOTOKAaX pas-
Horo Topsiaka (puc. 2).

30HBI 3apOKICHUS Celleil HaXOOSITCSI Ha BhICOTaX
800—1400 M; yribl HaKJI0HA CKJIOHOB B 3TOM 30HE Jie-
xkaTt B uHTepBaje 20—40°. B xone rnmosieBbIix paboT BbI-
SICHEHO, YTO MaKCUMaJIbHble OOBEMBI celieii MOryT
npesbiiath 300 Teic. M® (TeHCHMOPOBCKUIT U ap.,
2020). B monuHax Bcex 00CIeIOBAaHHBIX BOIOTOKOB
MPOCJIEKUBAIOTCSL CeJIEBbIE BaJIbl U CeJIEBBbIE pyciia
pa3Horo Bo3pacTa. BeIcoTa ceyieBbIX BajlOB U3MEHSIET-
cst ot 1.0 mo 3.5 m. CeneBble OTJIOXKEHMS IIPEICTaBIIE-
HBI IIEOHUCTO-TaJIeuHO# (pakiimeil ¢ BKIIOYCHUEM
IJIBIO 1 BaJIyHOB. [10JIst MeIKo3eMa B CeJIEBBIX OTJIOXE -
Husx gocturaet 10—15%. IllupuHa cemeonacHoit 30-
HBI B Y3KIX V-00pa3HbIX HoJMHax coctanisgeT 10—50 m.
ITpu BeIXOnE celieii B KOPhITOOOpa3HbIe NOJIUHBI 00-
Jiee KpYIHBIX BOJOTOKOB IIOTOKM PaCIUIaCTBIBAIOTCS
110 KOHyCaM BbIHOCA, U LIMPUHA CeJIEONacCHO 30HbI
yBeanuuBaeTcst 40 100—200 M, mpu 3TOM CyIIIECTBEH-
HO CHITXaeTcs BbICOTA ceeBoi BOIHBI — 40 0.5—1.5 M.
DdopMupyroTCs Kak CBSI3HBIC (Tpsi3eKaMeHHBIE), TaK
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M HEeCBSI3HBIC (HAHOCOBOIHBIC) CEJIM, a TaKXKE BOJIO-
CHEXXHbIC TIOTOKMU.

B nipenenax KP BeigeneHo 70 ceneBbIX OacceitHOB.
CormacHo KapTe YeTBEPTUYHBIX OTIOXEHU 75% ce-
JIEBbIX OacceiiHOB PACIIOJIOKEHO B 30HE pacipocTpa-
HEHUS KOJUTIOBUAJIBHBIX, TIJISLUAIBHBIX (MOpEH-
HBIX), 1eCePIIUOHHBIX U COMUMIIOKIIMOHHBIX OTJIO-
JKEHWI, a ocTaBIInecs 25% HaXOASATCS TTOJTHOCTBIO B
30HE IISIHUAJBHBIX (MOPEHHBIX) U IISLMOQMIIOBU-
aJIbHBIX OTJIoXKeHUii. Cpean CKIIOHOB, Ha KOTOPBIX
¢dopmupytorcs cenu (Tabi. 1), mpeobianaloT ceBep-
Hele — 24% (17 GacceitHoB) M 3amamgHble — 19%
(13 bacceifHOB), YTO OOBSICHSIETCSI, B TOM YMUCJIE, OCO-
OEHHOCTSIMU aTMOC(hepHON HUPKYIALUUU. 151 3TOTO
paiioHa XapaKTepHBI ceBepHbIE BETPHI U CYOIIMPOT-
HBIIl MepeHoC BO3AYILIHBIX Macc. HeMHorouuciieH-
HBIC JICTHUE OCaIKW, MPUBOASAIINE K YBIAXKHEHHIO
CKJIOHOB CEBEPHOI 3KCIO3ULIMA U (HOPMHUPOBAHUIO
Ha HUX ceJieii, CBSI3aHbI C BTOPXKEHUEM apKTUYECKHUX
¢dpoHTOB. MOIIHEIN JICTHUIM aHTUILIMKIOH, (hOPMU-
pytoimiica Haa BoctouHoit Cubupsbio, criocoocTBy-
eT TIPUTOKY TETUIBIX BO3MYIIHBIX MacC C 3arajna, 4To
BbI3bIBaeT oTTanBaHre MMII Ha ckiloHax 3ammagHON
SKCITO3UIINU U TIOCTYIJICHUE OOIIOJHUTENIHLHON Bia-
T'Yl B TPYHTHI.

Yuiep06 ot ceseif MOXeT BhIpaXkaThCsl B TOBPEXKIIE-
HHUU 1 pa3pylIeHNH YI4aCTKOB aBTOOOPOT (AHIOMCK—
bunuouno—IleBek, I[leBeK—OrBeKMHOT U 1Ip.), MO-
CcTOBbBIX iepexonoB, JIDII u npyrux o0ObeKTOB, HAX0O-
ISIIIAXCS B celieonacHoli 30He. Hanbonee cepre3noe
BO3JIEUCTBHE MOXET ObITh OKa3aHO CEJIEBBIMU TTOTO-
KaMM Ha TOPHOAOObIBAIOIIME MPEANIPUATHS U UX MH-
(bpacTpykTypy.

“IIpubpexcnvuit” paiion (nanee — I1P). Ilpu moe-
BBIX paboTax coOOpaHbl TaHHBIE O CEJICBOU AEATEb-
HOCTHU B OacceiiHax peK DpBbIKbIHHOTBeeM, JJopox-
Hag (puc. 3, a), MaraurHaii 1 UX IMIPUTOKaX, a TAKXKe
10 BCEM BOJIOTOKAaM, CaMOCTOSITEJIbHO BIadalolINM B
3anuB Kpecra (AHanpIpckuii 3aauB bepuHrosa mMo-
ps1) B paitoHe 1oc. DTBEeKUHOT (CM. puc. 3, 6). Ycra-
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Puc. 3. CeneonacHble y4acTKu B palioHe Moc. DTBEKUHOT: CeJieBble OTIOXEHUs B pycie p. JlopoxHasl (a); MOCT yepe3 pydeit
M3bIcKaTeNbCKUiA, YACTUYHO OYMILEHHbBIN OT CEJIEBBIX OTIOKEHMIA mociie cxona censt 16 oktsaops 2016 r. (6).

Fig. 3. The mudflow hazard localities near the Egvekinot settlement: mudflow deposits in Dorozhnaya river channel (a); bridge
across the Izyskatelskiy creek partially cleared from the mudflow deposits after 16 October 2016 event (6).

HOBJIEHO IIIMPOKOE pacIpOCTpaHEHUE CEeJIEBBIX ITO-
TOKOB Ha M3y4aeMOil TeppUTOpUU. 30HBI 3apOXKIe-
HUs cejieil HaxonsaTcs Ha BeicoTax 600—900 M, HO 110
OopTaM HOJMH Ha3BaHHBIX PeK ILIMPOKO Pa3BUTHI
CKJIOHOBBIC CEJIM C BBICOTOIT 30H 3apOKICHMS OKOJIO
200 M. Cenmu BBIHOCST TBEPIBIA MaTeprall B OCHOB-
HBIe pycja; KakK M B IIPeObIAyILIEeM paiioHe, 3lIeCh
dopMUpYIOTCS CBSI3HBIE (Tpsi3eKaMeHHEBIE), HECBSI3-
HBle (HAHOCOBOIHBIE) CeI U BOMNOCHEXHBIE TTOTOKM.
TBepnas cocrapisiolasi Ipsi3eKaMeHHBIX ceJieil COCTO-
WUT U3 CyNeCYaHO-INIMHUCTOIO MaTepralia C IPUMECHIO
rajbKy U TpaBUsl, a TAKXKE C BKIIOYEHUEM BaJIyHOB.

[IIupurHa ceneonacHoil 30HbI B V-00pa3HbIX J0-
JINHAX BOJOTOKOB M3MeHsIeTCsT B Tipeneiax 30—60 M.
BricoTa BBICIIIETO CEJIEBOrO TOPU30HTA, OTIPEACIeH-
Hasl 0 MEeTKaM ceJjieil Ha OopTy npuToka p. JLopox-
Has, coctaBuia 5.5 M. IIpu Beixone K MOPCKOMY I10-
0OepexXblo 1 B IIMPOKHUE PEYHBIE TOJUHBI CEJIM pac-
IUIACTBIBAIOTCS II0 KOHYcaM BBIHOCA, Ie IIMpUHA
celleonacHoOi 30HBI yBeanmuuBaeTcsa g0 150—250 M,
TIPY 3TOM BBICOTA CEJICBOI BOJTHBI CHUKaeTCs 10 1.5—
2 M. MakcuMasibHble 0OBEMBI CeJIeii MOTYT MpPEeBbI-
watb 300 Teic. M3 (TeHcUOpOBCKUii U ap., 2020).

ABropamu BbIgelieHO 105 ceneBbIX OacceifHOB B
ITP. Kapra 4eTBEepTHUYHBLIX OTJIOXEHWI ITOKa3aja,
yto 60% cesieBbIX 0aCCEMHOB PaCIONIOXEHBI B 30HAX
pacnpocTpaHeHUs KOJUTIOBUAIBHBIX, COTUMIIOKIIN-
OHHBIX U IISIIUAIBHBIX OTJIOXEHMIA, ocTanbHble 40% —
DISUAATBHBIX  (MOPEHHBIX) W aJUTIOBHAJIBHBIX.
ITo pe3ynbTaTaM KapTUPOBAHUSI CEEBBIX OacCETHOB
B IIP ycTtaHoBieHo (cm. Tab:. 1), yTo cenu popMupy-
I0TCST Ha ceBepHBIX — 27% (28 6acceifHOB), I0OKHBIX —
23% (24 6acceiitHoB) 1 BocTouHbIX — 17% (18 Gacceii-
HOB) CKJIOHaX. B neTHMii mepuom ajisi TOpHBIX CUCTEM
I1P xapakrepHbl BeTphl ceBepHOro (20—30%), 1ox-
Horo (43—58%) 1 r1oro-BoctoyHoro (4—8%) HampaB-
JieHuii. Bo3aylrHble Macchl, MIPUHOCUMBbIE I0XKHBIMU
U I0TO-BOCTOYHBIMU BETpaMU, HACHIIICHBI BJIaroi,
YTO CIOCOOCTBYET MOMOJTHUTEIBHOMY YBIIAXHEHUIO
3TUX CKJIOHOB, OOBOIHEHUIO TPYHTOB 1 (hOpMUpPOBa-

HUIO CeJIEBbIX MOTOKOB. Bo3nylliHbIe Macchl, UAYIIIUE
C CEeBEpPHOTO HaIllpaBjieHUsI, POPMUPYIOTCS Hand 60-
Jiee TEMJIO KOHTMHEHTAJIbHOM 4acCTblO, BBI3BIBAIOT
IMOBBIILICHUE TEMIICPATYPhI BO34YyXa, TEM CaMbIM CITO-
CcoOCTBYs cejle(POpMUPOBAHUIO.

B ceneomacHoii 30He HaXOIUTCS TEePPUTOPUS
noc. DTBEKUHOT, a TaKKe YJ4aCTKM aBTOOOPOT DrBe-
kuHoT—HWynptrH 1 IleBeK—OrBeKMHOT, TEILUIOTpacC-
ca, TIPOJIOKEHHASI OT TETJIOBOI 3JIEKTPOCTAHILIUU B
noc. O3epHblii 10 DreeknHoTa, JIDII, nnymue Baoib
MepeuncIieHHBIX BbIlle aBTomopor. Ilocnemnwii us
U3BECTHBIX CIy4yaeB MacCoOBOro (popMUPOBAHUS ce-
JIeii B paiioHe MOoC. DTBEeKMHOT OTMEYEH B Ha4Yajle OK-
Ts10ps1 2016 1., KOrma cejiEBLIMU MOTOKaMU ObUIN I10-
BPEXIEHBI XO3SMCTBEHHbIE OCTPOMKU U MOCTOBBIE
nepexoabl B CaMOM IOCEJNKE, a 3a ero IpeaciaMy Ha-
pPYIIEHO TIOJIOTHO aBTOMOPOTH, MOBPEXKACHBLI U 3a-
MBITBI MOCTOBBIE Tiepexobl (I'eHcnopoBcKuii u np.,
2020).

Ilepuoost ceaeghopmuposanus. Vicxonss 3 nMmero-
IIMXCS TaHHBIX, MOXKHO BBIZIETUTD 1Ba OCHOBHBIX T1€-
puona cenedopmupoBaHus. Paxuesemuuil TIepUON
¢dbopmupoBaHus ceieil CBsI3aH ¢ Ha4aJoM MHTEHCUB-

Ta6omuna 1. PacripeneneHue ceneBbix 6acceiiHOB MO BKC-
MO3ULIUSIM

Paiion
DKCITO3ULIHS " "
KOHTUHEHTAJIbHBI MPUOPEKHBII
CKJIOHA
KOJIMYeCTBO/ %
N 17/24 28/27
NE 7/10 9/9
E 5/7 18/17
SE 8/11 5/5
E 7/10 24/23
SW 6/9 6/6
W 13/19 7/7
NW 7/10 8/8
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BIVAHUE KIIMMATUYECKUX U3MEHEHUI

HOIO CHErOTasiHMsI, KOIJa CO3IAl0TCsl YCJIOBUS IJISI
BO3HUKHOBEHMSI BOIOCHEXHBIX ITOTOKOB M MaJIO-
MOIIIHBIX, ITPEMMYIIECCTBEHHO, HECBSI3HBIX CeJIei.
I'my6uHa 3axBaTa opoJI HECBSI3HLIMU CEJIIMU HEBE-
JIUKa, U OOBIYHO B MMOTOKM BOBJIEKAETCI KaMEHHO-
OCBIITHOM MaTepHaj, BBIHECEHHBII B PYCJIO BOJOTO-
KOB CHEXHBIMU JIJABUHAMM W OCBIITSIMU. B 3TOT MO-
MEHT MOIITHOCTD BBIITaxuBaHUs cocTasisdeT 0.2—0.4 M u
MPOXOIUT HECKOJBbKO HMXKE BEpXHEil I'paHULBI ce-
30HHOTAJIOTO CJIOS.

OCHOBHOI 00BEM BJIEKOMOIO MaTtepuajia OCTaeT-
cs B 30He TpaH3uTa. KoHyc BEIHOCA pacTeKaeTCsl I -
poxkuM 1nuieicoM. BpicoTa ceaeBoil BOJIHBI B 30HE
TpaH3UTa MOXeT JoCTUTaTh 1.3—1.5 M; MOIITHOCTH OT-
JoxeHwuii cocrasisiet 0.3—1.0 M. DopMupoBaHue Ta-
KOTO TUIIA ceJieil, COTJTaCHO MMEIOIIMCS apXUBHBIM
JIaHHBIM, HamboJiee BEPOSTHO B Iepuod C Masl I10
WIOHb. BO3HUKHOBEHNE BOJOCHEXHBIX IIOTOKOB 00Y-
CJIOBJICHO HaJIMYMEM CKaJIbHBIX OOHaXXEHUIX U MHO-
TOJIETHEMEP3JIbIX ITOPOM, Ha KOHTAKTE C KOTOPHIMU
MMPOUCXOIUT MepeyBIaXKHEHUE TPU3EMHOTO CJIOsI
CHEXHOTO MOKPOBA, TIePEKPHITOTO MJIOTHBIM MeTese-
BbIM cHeroMm. JlayibHelilliee HaKOTUJIEHUEe BJIaTu MpuU-
BOOUT K pa3pyLICHUIO CHEXXHOTO IUIacTa U IIEPEeXOny
cHera B TeKy4dee cocTtostHue. JIpyrast mpuynHa oopa-
30BaHMs BOOOCHEXXHBIX IIOTOKOB — PE3KOE yBeJIMYe-
HUE TeMIlepaTypbl BO31yxa, BCIECICTBUE YEro CHer
HauMHaeT MHTEHCUBHO TasiTh. B pesynbTare Tayibie
BOJIbI MPOPBIBAIOT CHEXHbBIE TJIOTUHBI B Pycax BO-
JIOTOKOB, KOTOpKIE C(hOPMUPOBAIUCH 3a CUET cXoma
CHEXXHBIX JIaBUH WJIA METEJIECBOIO IIepeHoca.

Jlemnuii iepuon GopMUPOBAHUS CeJICi CBSI3aH C
BBITIAJICHUEM KUJIKUX OCAIKOB B MEpUOJ HauOOb-
et TOMIIUHBI CE30HHOTAJIOTO CJI0sl. DTOT MEPUO,
JUINTCSI C MIOJS MO aBryCT. BrimameHwe >XUIKMX
0CaIKOB CIIyXXUT TpUITepoM cxoma ceineii. [Ipensapu-
TEJIbHOE YBJIAXXKHEHNWE T'PYHTOB IIPOMCXOIMUT B IIPO-
llecce OTTaMBaHUSI CE30HHOTAJIOIO CJOSI, TasHMUSI
MO3AHEJIETHUX CHEXHUKOB 1 BOJOOTAAYU C JIGAHU-
KoB. B 3TOT nepuon ¢hopMUpYIOTCsI KPYITHbIE CBSI3-
HBIe, HanboJIee OITacHbBIE CeJieBble ITOTOKU. [1yOuHa
3axBaTa IIOPOd MOXKET TOCTUTATh BCE MOIITHOCTHU Ce-
30HHOTAJIOTO C/Ios. B y3kmx mojimHax BBICOTA cCejie-
BOI BOJIHBI CIIOCOOHA TMpeBBIIATHL 4 M; CpemHsis
MOILITHOCTb OTJIOXeHU gocturaeT 1.5—3.0 M, a B oT-
JIEeJbHBIX CIydasiX 3HAYUTEJIbHO MPEBBIIIAET 3TU Be-
JIMYUHBL. MaKkcuMaabHbIe OOBEMBI CeJIEli Ha Teppu-
TOpUSIX O0OMX paccMaTpMBaeMbIX PallOHOB MOTYT
npesbiarh 300 ThIC. M.

Anaaus xaumamuuecxkux usmenenuii. B xone 0606-
IIEHUS U aHaJIu3a UMEIOIIUXCS JaHHBIX O TeMIlepa-
Type BO3lIyXa 1 OCaJKaX B MCCIEAyEeMbIX paiiOHAX BbI-
SBJICH PsI 3aKOHOMEPHOCTEei, XapaKTepu3yIOIIIX
M3MEHEHHE 3TUX ITapaMeTPOB B TEUYEHHUE paccMaTpu-
BaeMoro B pabote niepuoga. Ha puc. 4 npencrasieH
rpacuK MU3MEHEHMUsI TEMITEpaTypbl BO3/lyXa, OTUYETIIN-
BO MOKa3bIBAIOIINI MMOCTENEHHbII POCT CPEAHEMHO-
TOJICTHEI TeMIlepaTyphl BO30yXa, YCUJIMBIINICS 1O~
cie 2000 . B 1966—1999 rr. cpemHeMHOrOJIeTHESsS
TeMIlepaTypa Bo3myxa Ha MmeTreoctaHuum MiampHeit
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coctasisia —13.4°C u 6buta Ha 1.8°C HuXKe, 4yeM LIS
nepuoga 2000—2020 rr. (—11.6°C). Ha craHmumn
OrBEKMHOT 3a 3TU Xe IepUOIbl 3HAYEHUS CpeIHe-
MHOTOJIETHE TeMIIepaTyphbl BO3/lyXa COCTaBMJIM —5.9
1 —4.2°C COOTBETCTBEHHO.

TemrmiepaTypa Bo3nyxa B cejieoIacHbIi riepuos (¢
Masi MO aBIyCT) TakxKe AocTurajia 0ojiee BBICOKMX
3HauyeHUii. Hanbonbpmuii pocT TeMItlepaTypbl B 3TH
Mecsbsl otMedeH B 2000—2020 rr. CpenHue 3Hade-
HUS TeMITepaTypbl BO3IyXa B ceJicOMacHbIe TTePUOIbI
1966—1999 1 2000—2020 rr. st cranimii MnupHeit u
OIrBEeKUHOT U3MEHSUIUCh, COOTBETCTBEHHO ¢ 7.1 no
8.5°C u ¢ 5.9 no 6.9°C, T.e. TeMmeparypa I1o HnepBOit
cTaHIMM Beipocia Ha 1.4°C, a o Bropoii — Ha 1.0°C
(1o MaTepuaniaM MeTEOPOJIOTMUeCKOil 6a3bl JAHHBIX
AN COPU; http:aisori-m.meteo.ru).

Paznawuiia B pocTe TemMmnepaTyp MeXIy METEOPOIO-
TMYECKUMHU CTAaHOUSIMU OOBSICHIECTCS WX reorpadm-
yeckuM ToyioxkeHueM. CraHuus MaupHeil 3akpbiTa
OT MOPCKOTO IMOOEpeXbsi TOPHBIMU CHUCTEMaMU, B
JIETHUII Tiepuon 30eCh UIeT Oojee MHTSHCUBHBIN
IIpOrpeB ITOBEPXHOCTHU CYIIM, YTO BBI3LIBAET ITOBBI-
IIEHUE CpeIHeil 1 MaKCUMAaIbHOM TeMIIEpaTyphbl BO3-
nyxa. CtaHums DTBEKMHOT pacIojioXkeHa B bepero-
Boit 3oHe 3ammBa Kpecra. XomomHoe bepmHroso Mo-
pe, He3HAYUTEILHO MPOorpeBaloleecs JUIIb K KOHILY
aBrycra, onpeaesseT 3aTSXKHYI0 XOJIOIHYIO BECHY U
MIpOXJIagHOE JIETO.

Takum o6pa3oM, COrIacHO UMEIOLIMMCST JaHHBIM
METEeOPOJIOTNIECKUX HAOTIOMEHW, MOKHO TOBOPUTH
00 YyCTOMYMBOIN TEHIEHIIMA POCTa KaK CPETHETom0-
BOI1 TeMITepaTyphl, TaK U TEMIIEpATYPhl BO3IAyXa B ce-
JieoracHbIN nepuon. OO1Iee MOBBIILIEHUE TeMIIepa-
TYpbl IPUBOIUT K YBEJIUUYECHUIO TOJIIUHBI CE30HHO-
TaJIOTO CJI0S1 KaK B JHMIIAX ITOJUH, TaK U B TOPHBIX
paitoHax. ToJImHa Ce30HHO-TAJIOTO CJIOSI UTPaeT Cy-
IIECTBEHHYIO POJTb B DOPMUPOBAHUH CEIEBBIX ITOTO-
KOB Ha TepPUTOPHU APKTHKH, TaK KaK CIIy>KUT eCTe-
CTBEHHBIM OTPAaHUYMTENIEM BOBJIEUCHUS B CETb TOpP-
Hbix nopon (I'eHcuopoBckuit u np., 2020). 3a
MocjeIHUe HECKOJbKO JIeT IUHAMUKa W3MEHEHUs
TOJILIMHBI CE30HHOTAJIOTO cjiosl Ha YyKOoTKe Hocujia
pa3sHOHAINpaBJIEHHBII XapaKTep, HO B IIeJIOM OCTaBa-
Jachk nonoxureabHoit (MacnakoB u ap., 2018). Ta-
KUM 00pa3oM, OTMeUaeTcsl TCHISHIINS Ha OTeTUICHHE
MOpOJ, B TIOTEHIIUATBHBIX CeJIeBbIX MacCUBaX 1, Kak
CJIeICTBUE, OXKUIAETCS YBETUUECHUE OOBEMOB Celeil.

KommuecTtBo ocagkoB Ha MeTeocTaHIIMKM WnpHei
yMeHbIIMIOCh. OMHAKO €CIM TaKoe YMEHbIICHUE
ocazkoB 3a niepros 1966—1999 rr. 6u10 cpenHum (R? =
=0.361, npu ypoBHe goctoBepHoctu p < 0.01), To B
nepuon 2000—2020 IT. 3T0 yMEHbIIIEHUe CTAHOBUTCS
6oyiee MEIEHHBIM M MMeEeT ClIabylo TEeHAECHIIHIO C
R? =0.095 ipu ToM ke ypoBHe gocToBepHOCcTH p < 0.01
(puc. 5). s cene-ormacHOro repuoaa KoJu4ecTBO
0CaIKOB TaKXKe UMEET CJIa0YI0 TEHIECHIINIO K CHIKE-
HUIO, pa3HULIA MEXOy MepuoJaMK He3HAYMWTe/IbHA:
R?>=0.115u R> = =0.098 (ypoBeHb TOCTOBEPHOCTU
p<0.01). I mepBoro mepuoaa CpeaHEeMHOTIOJIETHEE
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Puc. 4. CpenHeMHOroJIeTHUE 3HAYCHUST TEMITepaTyphl BO3yXa U UX JIMHEIHbIC TPeHAbI IIsT cTaHLmit MmupHeit, DrBeKMHOT
(1966—2020 rr.): 1 — WnupHeit; 2 — nuHeliHblit TpeH ¢ 1966 o 1999 r.; 3 — nuneitHblit Tpenn ¢ 2000 mo 2020 r.; 4 — DrBeku-
HOT; 5 — nuHeitHbIi TpeHa ¢ 1966 mo 1999 r.; 6 — nuHeitHblit TpeHa ¢ 2000 mo 2020 r.

Fig. 4. Long-term average annual air temperature values and their linear trends at stations Ilirnei, Egvekinot (1966—2020): 7 —
Ilirney; 2 — linear trend from 1966 till 1999; 3 — linear trend from 2000 till 2020; 4 — Egvekinot; 5 — linear trend from 1966 till

1999; 6 — linear trend from 2000 till 2020.

3HAYeHUE KOJIMYECTBA OCAIKOB cocTapisieT 106 MM, a
17151 BToporo — 64 mm, no gaHHeIM AVICOPMU (http:ai-
sori-m.meteo.ru).

st cranmmuyu DTBEKWHOT CYIIECTBYET ciabas
TEHJICHLIMS K POCTY OCaJKOB. 3HaUeHMEe 3TOro rnapa-
MeTpa Hayaio yBeauumbarbes B 2000—2020 rr. (R? =
= (0.161, npu ypoBHe moctoBepHOCcTH p < 0.01) (cMm.
puc. 5). B ceneomnacHslil Ieprom KOJIMIECTBO OCATKOB
TaKKe MEJIJICHHO YBEJIMUMBAETCS, IIPU 3TOM MX CPEIHEe-
MHOTOJIeTHee 3HaueHWe, mo maHHeIM AMWMCOPU
(http:aisori-m.meteo.ru), 3a repuon 1966—1999 rr. co-
crasiser 226 MM, a 3a 2000—2020 rr. — 231 MM,

VYMeHbllIeHre KOJIUYeCTBAa XKMAKUX OCaIKOB Ha
MeTeocTaHIuK MnupHeil TOBOPUT O TOM, YTO IIPe00-
JIaJAIOLIMM TUIIOM OCTAaHYTCSI CEJIM CHETOBOIO IIPO-
ucxoxneHusi. OnHako 00 MCKIIIOUEHUU BO3MOXKHO-
cti (GOpMUPOBAHUSI JIOXIEBBIX CeJieii TOBOPUTh
Heb3s. ClnenyeT OXuaaTh IIPUTOK BJIaTW B CEJICBHIC
OaccelHBI 32 CYET TasTHUSI MHOTOJIETHEMEP3JIbIX T10-
POl BCIIEACTBHE pOCTa TeMIlepaTyphl Bo3ayxa. B ta-
KOM cJTyJae BhIIaIeHMe XXUIKUX OCAIKOB OyIIEeT CIy-
XUTh TpUITEpOM oOpa3oBaHUs cenei. CpenHue u
MaKCUMaJIbHbIE OOBEMBI CeJieii BO3paCTyT 3a CYET
YBEJIWYECHUS ITOCTYIUICHUSI MaTepraia co CKJIOHOB B
ceJIeBbIE pyclia.

TengeHU s yBEIMUYEHMSI KOJIUYECTBA OCAIKOB Ha
METEOCTAaHLIMU DIBEKUMHOT OOYCIIOBJIMBAET JIOIIOJI-
HUTEJIbHOE YBIIAXKHEHNE TPYHTOB, YTO B COBOKYITHO-
CTU C YyBEJIMYEHUEM MOIIHOCTH CE30HHO-TaJIOIO

CJ10sI TIpUBENET K YBEJIMYEHUIO HE TOJbKO OOBEMOB,
HO ¥ 4acTOThI (hopMupoBaHus ceneil. [Ipu atom Oy-
JIeT pacTH JOJIsl celieil JOXIeBOro MpOUCXOXKICHMUSI.
B HacTosmmii MOMeHT cuuTaeTcsi, 4To Ha YykoTke
npeo0bianaoT ceiv cHeroBoro reHesuca (I1epos, 2012).

Mbl TIpoaHAIM3UPOBAIM TakKXe MHOTOJIETHUE
JIaHHBIE O CYTOYHBIX MaKCHMYyMax XUJIKUX OCaJIKOB B
TeUeHHe paccMaTpUBaeMbIX MEPUOAOB ceieoOpa3o-
BaHUsI, TaK KaK 3TO — BaXXHEUIIUii (pakTop BO3HUK-
HOBEHMUSI CeJIeBbIX MOTOKOB. Takasi OlieHKa BBIMOJI-
HeHa U1 ceJIeonacHoro nepruo/a 1o 3aKoHy pacrpe-
JIeJIEHUST BEPOSITHOCTEN; €€ pe3ysibTaThl rpacudecKu
oToOpaxkeHbI Ha puc. 6. Bce 3HaueHUs, MpeBbIIIalO-
e 98- nepleHTUb, IOKa3aHbl BEIOPpOCAMU.

11 KOHTUHEHTAJILHOTO paiioHa ¢hopMUpOBaHUE
ceJieii, BBI3BAHHBIX TOJBKO XUIKMMM OCagKaMu, B
Mae M WUIOHE IIPEACTaBIISIETCS MaJIOBEPOSITHBIM.
MO>HO rOBOPUTH, UTO B UIOJIE U aBI'yCTE KOJIUYECTBO
ocankoB BbIIe 30 MM 3a CYTKU — ceaeOopMHUPYIO-
mee. OmHaKo 3a paccMaTpMBaeMBblil IEPUOJL CYTOYHOE
KOJIMYECTBO OCAIKOB IpeBbiciyio 30 MM JIMIIbL OBa-
xabl: 06.07.1984 — 30.9 MM 1 25.08.1976 — 32.8 MMm. B
MPUOPEXHOM pailoHe BEPOSITHOCTh (DOPMUPOBAHUS
ceneﬁ, BBIBBAHHbIX 2KWAKWUMU OCadKaMU, SBHAYUTECIIb-
Ho BbIlIe. Ecy Takske TIPUHSTH, UTO ceaeopMupy-
IOIIMM SIBJISIETCS KOJIUYECTBO OCAIKOB Bhille 30 MM
3a CYyTKM, TO HauboJiee OImacHBIMU IIPEACTABIISIOTCS
HWIOJb M aBIYCT, KOIa OTMeYeHO 16 (MakcumMym
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Puc. 5. CpegHeMHOrosIeTHUE 3HAYEHUSI KOJMUYECTBA OCAAKOB M WX JIMHEWHbIE TPEHIbl WISl cTaHuuit UnupHeit, DrBeKMHOT
(1966—2020 rr.): 1 — UnupHeit; 2 — muHeiHbII TpeHa ¢ 1966 mo 1999 r.; 3 — nmuneitHbIil TpeHn ¢ 2000 mo 2020 r.; 4 — DrBeku-
HOT; 5 — TuHeWHbIN TpeH ¢ 1966 mo 1999 1.; 6 — muHeitHbIi TpeHa ¢ 2000 mo 2020 r.

Fig. 5. Long-term average annual precipitation quantity values and their linear trends at stations Ilirney, Egvekinot (1966—2020):
1 — llirney; 2 — linear trend from 1966 till 1999; 3 — linear trend from 2000 till 2020; 4 — Egvekinot; 5 — linear trend from 1966

till 1999; 6 — linear trend from 2000 till 2020.
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2 — DKCTPEMYMBI.

Fig. 6. Diurnal precipitation quantity distribution for mudflow dangerous period: a — Ilirney; 6 — Egvekinot; I — median; 2 —

extremes.

16.07.2013 — 69.7 MmM) u 26 (Makcumym 31.08.1998 —
78.1 MM) TaKuX THE COOTBETCTBEHHO.

B penkux ciydassx Ha TEppUTOPUU MPUOPEKHOTO
paiioHa rpsiz3eKaMeHHBbIe cer (POPMUPYIOTCS BILIOTh
IO OKTSIOpsl. DTO OOYCJIOBJIEHO IPUHAIJIEKHOCTHIO
paitoHa K TnxookeaHCKOI 00acT cyOapKTUIECKO-
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ro Tosica, 4To OOYCJIIOBJIWBAET B OCEHHMIA TIepUOL
BO3MOXHOCTD BIMSHHSI Ha TEPPUTOPUIO TETLIBIX
IMWKJIOHOB, HECYIINX OOWMIbHBIC XUIKNE OCAIKH, B
TO BpeMs KaK B KOHTUHEHTAJIbHOM pailoHe, OTHOCSI -
meMcst K Cubupckoii 061acTu cy0apKTUUECKOTIO Mo~
sgca (https://nationalatlas.ru), BeITameHUe >XUIKUX
0CaIIKOB MaJIOBEPOSITHO.
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BbIBOJbI

C 2000 1o 2020 r. Ha YyKOTKe IMPOUCXOIUT YCTOM -
YUBBIIA POCT CPETHETONOBOM TeMIIEpaTyphl BO3IyXa,
KOTOpas YBEJIMIMBAETCS M B CEJICOMTAaCHBII TIepruon —
¢ Mag 1o aBryct. PocT Temriepatrypsl B 3TOT Iepuo B
KOHTUHEHTaJIbHOM paiioHe coctaBui 1.4°C, a B npu-
MmopckoM 1.0°C. TloBblllIeHME TeMMepaTyphbl IIPUBO-
JIUT K YBEJIMYEHUIO TOMIIUHBI CE30HHO-TAJIOTO CIIOST
Kak B JHMIIAX JOJMH, TaK U B ropax. OmyckaHue
KPOBJIM MHOTOJIETHEMEP3JIBIX TTOPOI CITOCOOCTBYET
BOBJICUEHUIO B CeJU OOJbIIero odobéMa TPYyHTOB.
MoOUIHOCTh CE30HHO-TAJIOTO CJI0S MHOTOJIETHEMEP3-
JIBIX TIOPOJ BO3pacTaeT B pe3yIbTaTe ero OTeTICHUS,
YTO BBI3BIBAET JOMOJHUTEIbHOE YBIAXKHEHUE TPYH-
TOB B IIpeJiesiaX CeJeBbIX OacCeitHOB.

TenpeHMU U3MEHEHUsSI KOJMYECTBA OCAJIKOB B
ceJieoTacHbBI MEPUOL B paccMaTprUBaeMbIX pailoHaX
pa3HOHAMpaBJEHHbI, HO B 1IEJIOM 3TU UBMEHEHMUSI He-
3HAUYUTEJbHBI. ABTOPHI Pa3AcsSiOT MHEHUE NPYTUX
uccinegoBareneii (Ilepos, 2012) u Takke Iojaraior,
YTO ceJieBble MOTOKU CHEXHOTO ITPOUCXOXIECHUS
OCTaHyTCcs MpeobiagalolIMM TUTIOM cefieit Ha YykoT-
Ke B OnrkaiinieM oyayimeM. TeM He MeHee OOoJs ce-
Jieli, BbI3bIBAEMBIX BBITIAICHUEM KMAKUX OCAIKOB,
OyJIeT MOCTENEHHO YBEIWYMUBATHCS B MPUMOPCKOM
parioHe.

l'IpM TCKYIIUX TCHACHUIUAX USMCHECHUA KJINMaTa
Ha YyKOTKe MOXKXHO OXWIATh YBEIWUECHUSI KOJIUUIE-
CTBa CBSI3aHHBIX C CENSIMA WHIIUOEHTOB. YIiepO OT
ceJsieil OydeT BhIpaXkaThbCsd B IOBPEXICHUU U pa3py-
IIIEHWX aBTOAOPOT, MOCTOBBIX mepexonos, JIDII u
JIPYTUX 0OBEKTOB, HAXOMSIIVXCSI B CEIEOITacHOM 30-
He. Hanbonee cepbe3Hoe BO3ASCTBUE CEJIEBBIX MO-
TOKOB OYIyT UCIIBITHIBATh TOPHOAOOKIBAIOIIME TP -
OPUSTUS U UX MHPPaACTPYKTypa.
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The factors influencing the formation of mudflows in areas of the permafrost are considered. The data of
studies performed in two regions of Chukotka — “Continental” (the Anyuysky ridge) and “Coastal” (the
Iskaten ridge) were used for this research. The air temperature data series obtained in Chukotka in 2000—2020
demonstrate a steady growth of the average annual values. The air temperature rise estimated for the mud-
flow—dangerous period (June—August) amounted 1.4°C for the “Continental” area, and 1.0°C for the
“Coastal”. This warming affects thickness of the seasonal melt layer of permafrost, mainly in the bottoms of
valleys and on the slopes of mountains. This factor promotes the involvement of certain volumes of ground
into mudflows. As a result of the research, it was found that the dynamics of the change in the thickness of
the seasonal melt layer within the studied areas is positive, which is a consequence of warming and leads to
additional moistening of grounds. The two periods of the mudflow formation were identified. During the first
one (May—June), the mudflow formation is connected with the onset of intensive snowmelt that is favorable
mainly for snow-water streams and loose mudflows. In the second period (July—August), mudflows are
mostly caused by liquid precipitations, when the maximum thickness of seasonal melt layer is reached. It is
the second period when a release of a large cohesive mud stream is the most probable. On the whole, the re-
sults obtained allow making a conclusion that in the near future the predominant type of mudflows in Chu-
kotka will remain those of snow genesis. But, at the same time, under conditions of the climate change, oc-
currence of the snow-water mud streams will increase, especially in the “Coastal” area.

Keywords: Arctic, Chukotka, climate change, mudflow, permafrost
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BBIABICHBI CTATUCTUYECKHM 3HAYMMBbIE U3MEHEHMST CPOKOB MOSIBIICHUS YCTOMYMBBIX JIEISTHBIX 0Opa3oBa-
HUI1 U TIPOJOJIXKMTEIbHOCTH TTIepUro/ia JienocTaBa Ha 12 TMIpoJIornyecKux MocTax Ha pekax Bogocbopa Bor-
KWHCKOTO BopoxpaHwIniia 3a nepuon 1936—2018 rr. O6HapykeHbI CTAaTUCTUYECKN 3HAYMMbIC CMEIICHMS
CPOKOB TOSIBJICHUSI JIEASTHBIX 00pa30BaHUii B MO3IHIOI CTOPOHY Ha 7— 14 nHeii 1 cOKpallleHUe MPOI0JIKM -

TEJIBLHOCTH TIepHo/Ia JienocTaBa Ha 6— 18 nHeii.

KimroueBble ciioBa: CpoKu je1000pa3oBaHusl, MPOIOIKUTEIbHOCTD JIEAOCTaBa, MHOTOJIETHUE PsIIbl HAOJII0-

TIeHWI, KPUTEPUU CIIyJaifHOCTU U OMHOPOTHOCTH
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BBEAEHWE

MHoroJieTHUE KoJiebaHUsI XapaKTepUCTUK JIEdO-
BOTO pexXrMa Ha peKax — akTyajibHas nmpoosemMa, no-
CKOJIBKY OOJBIIMHCTBO BOIHBLIX 00BeKTOB Poccum
pPACIOJIOXKEHO B YCIOBUSIX YMEPEHHOIO WM XOJOMI-
HOTO KJIMMaTa ¢ JUIMTEJIbHbIM U YCTOMUMBBIM TTepUO-
JIOM OTpULIATEIbHbIX TEMIIEpaTyp BO3AyXa, YTO
YCIIOXHSIET MX PEXUM U HcTojib3oBaHue (KanuHuH,
2008). M3yyeH110 MHOTOJIETHUX KOJIeOaHUIA JIeJ0BO-
ro pexuma IMOCBSIIEHO 3HAYUTEIbHOE KOJIUYECTBO
nyoaukauuit. B padote (Williams, 1970) npoananu-
3MpOBaHbl KOJEO0aHUsI AAT BCKPBITHUS O3EP U peEK B
CBSI3U C M3MEHEHMEM KjrMMara. AHaJIOTUYHbIE MC-
clieqoBaHus BBINIOJIHEHBI 1151 o3epa CyBa B SnoHuu
(Tanaka, Yoshino, 1982) 1 o3ep ®unisHonm u Kana-
nbl (Maslanik , Barry, 1987). B pa6orax (I'mH30ypr,
ConparoBa, 1996; I'musoypr, I'yposa, 2007) maHa
OlieHKa BJIMSIHUS U3MEHEeHU! mobajibHOi TeMIiepa-
TYpbl BO3/yXa Ha MHOTOJIETHUE KOJieOaHUsI CPOKOB
MOSIBJICHUS JIbia Ha peKax, KoTopasl IoKa3aja Hajlu-
Yyue TMIPOCTPAHCTBEHHON HEOMHOPOJHOCTU MPOUCXO-
JSIIUX KTUMAaTUYECKUX U3MEHEHU.

MHorue rcciienoBaTe I CpaBHUBAIM CPETHIE Xa-
PaKTepUCTUKH U UX TPEHIBI IJIsT IBYX EPUOIOB — IO
U TIOCJIe Pe3KUX KIMMaTHIeCKUX M3MeHeHuii. Bpe-
MEHHBIE WHTEPBAJIBI BRIOMpPAIU B 3aBUCUMOCTHU OT
HaJIMYMsl JaHHBIX U Toaa Iryomukauuu: 1961—1990 u
1997—2003 rr. (I'a36ypr, 2005); 1961—1990 1 1991—
2014 rr. (AracdonoBa u ap., 2017). B.K. Cmaxtun
(2018 r.) ucnonb3oBai AaHHbIe 3a 1975—2012 rT. B cO-
OTBETCTBUM CO BTOPBIM OIICHOYHBIM OTYETOM
Pocruapomera 06 u3BMEHEHNU KJIMMAaTa U UX MOCJIe/-
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ctBusix mist Poccuiickoit @enepauun (2014 1.), co-
IJIACHO KOTOPOMY HamboJiee MHTEHCUBHOE TTOTEeILIe-
HUe HabIonaercs ¢ cepeanubl 1970-x roaoB.

HMccnenoBaHusi CpOKOB HACTYIUIGHUS JIETOBBIX
¢a3 Ha pekax Bogocbopa BOTKMHCKOIo BogoXpaHU-
JIMIIA HAIIM oTpaxkeHue B padoTtax (bankos, IIks-
eB, 1960; Kamunun, 1974). iMu BbISIBJIEHBI 3aBUCH-
MOCTHU CPOKOB HACTYIJIEHUS JIeTOBbIX (ha3 B OCEHHEe-
BECEHHUI Mepuobl OT LIIMPOTHI, BICOTHI MECTa, MO~
BTOpsieMOCTU (opM aTMochepHOil LUPKYJISLUU U
MpoBeleHO paliloHUpOBaHue TeppuTopuun. B pabote
B.I. Kanununa (2008) 06006111eHbI 3aKOHOMEPHOCTH
3aMep3aHusl, BCKPBITUSI PEK U BOJAOXPAHWIMII, Ha-
pacTaHMsI M TPOCTPAHCTBEHHOTO pacmhpeneeHus
TOJILLIMHBI JIbJa 32 MHOTOJIETHUU peTnipe3eHTaTUBHBIN
repron ¢ 1956 mo 1995 1.

AHaJIn3 MHOTOJIETHE It UBMEHUYMBOCTU CPOKOB MO~
SIBJIEHVS JIEMSTHBIX 00pa30BaHUIA Ha peKax Bomocbopa
BOTKMHCKOTO BOIOXpaHWJINIIA, CBSI3aHHBIX C BO3-
MOXXHBIM U3MEHEHHEM KJIMMaTa, BIIepBhIe TIPOBEIEH
Hamu (Kalinin, Chichagov, 2014; Kalinin, Chichagov,
2019). dnsa mepuomon: 1936—1992 u 1993—2012 rT.;
1936—1982 u 1983—2012 1T.; 1936—1974 1 1975—2012 IT.
YCTAHOBJIEHO HaJWYMe CTATUCTUYECKU 3HAUMMBIX
U3MEHEHU B MOBeIeHUHU psinoB HabmoneHuii. C mo-
MOIIBIO KPUTEPUST MHBEPCHIA, SIBJISIIOIIETOCS aHAJIO-
roM HellapaMeTPUUYeCKOro TPEHIOBOro Tecra MaH-
Ha-Kenpanna (Korhonen, 2019; Chen, She, 2020)
BBIACJICHBI BpeMEHHbBIE IIPOMexXyTKU 1954—1977 u
1987—2010 rr., B mpenenax KOTOPBIX WMesla MeCTO
pasliagka psaoB HaOMIOOeHUI, HO caM MOMEHT pa3-
JIAIKW YCTAaHOBJICH He OBLIL.
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B paborte uccimenoBaHne BpeMEHHBIX PSIIOB BBI-
MOJTHEeHO ISl Oojiee MPOAOKUTEIBHOTO Iepuoaa
HaOmoneHuit ¢ 1936 mo 2018 1. JIpyrast OTIMYUTEITb-
HasT 0COOEHHOCTh pabOTHI 3aKIII0YAETCsI B TIPOBENIe-
HUU MHOTOMEPHOTO CTAaTUCTUYECKOTO aHaIu3a st
JIBYX XapaKTepUCTHUK JIEIOBOIO pexKruMa: CPOKOB IO~
SIBJICHUST YCTOMIMBBIX JICISTHBIX 00pa30BaHMI M TIPO-
TMOJDKUTETLHOCTH TIEpHOa JIETOCTaBa.

JJ1st ;arHOCTUKY MOMEHTA pas3jiafKyi MHOTOJIET-
HUX M3MEHEHU JIEIOBOTO pexxuma B padboTax (Living-
stone, 1997, 1999) npumeHEH HemmapaMeTpUYeCKUA
kpumepuii  Ilemmumma, KOTOpbIii HE WCIIOJIB3yeT
MIPEAIoIoXKeHe O HOpMaJIbHOM 3aKOHE pacIipenerie-
HUSI UCXOOHBIX TaHHBIX. B maHHOI padoTe 1Jist 3TOM
LU TIPUMEHEHBI METOJ, Pa3HOCTHO-UHTETPAIbHBIX
KpuBbIX 1 KpuTepuii CtblogeHTa. PaccMoTpeHEI 1Ba
cleHapus pas3jlaiku: JIMO0O0 BpeMEHHBIE PSIIbl UMEIOT
JIMHEUHBIIA TPeHI; JU00 B OIpeaeIeHHbIA MOMEHT
BpPEMEHM IIPOMCXOIUT CKAYKOOOpa3HOEe M3MEHEeHUE
YUCJOBBIX XapaKTEpUCTUK (CpemHee, AUCIIepCus)
BpPEMEHHBIX psiIoB. B KauecTBe ajbTepHATUBEL HAIM-
yus pasiagkKyd pacCMaTpUBaJIOCh OTCYTCTBHE CTaTU-
CTUYECKM 3HAYMMBbIX UBMEHEHU I CPOKOB MOSIBJICHUS
JIEASTHBIX 00pa30BaHU W IIPOMOJKUTEIBHOCTHU IIe-
puoja JiemocTaBa 3a Iepro HaOIIoAeHUII.

MATEPHAJIBI U METObI MCCIIEJOBAHUA

B kauecTBe UCXOMHBIX TaHHBIX UCTIOJBb30BaHbI pe-
3y/IbTAaThl HAOIONEHUI 3a JIEHOBBIM PEXHUMOM II0
12 rupponornuyeckum noctam (manee — I'I1) Ha cpen-
HUX Y KPYITHBIX peKax B pa3HbIX (CeBepHasi, IoXKHasl,
ropHasi, paBHMHHasl) 9acTsx Bogocoopa BoTkuHcko-
ro BogoxpaHuiuiia (puc. 1) 3a nepuon HaOIIOIEHUIA
¢ 1936 o 2018 1.: CpOKM MOSIBJICHUST YCTOMYUBBIX JIe-
ISHBIX 00pa3oBaHU (Hajee — CPOK) M MPOIOJIKH-
TeJIbHOCTU Tiepuona JenoctaBa (mamee — JIACT).
3a gaty MosiBJAeHUs yCTOMUYMBBIX JIEASTHBIX 00pa3oBa-
HUI TIPUHSTO BpeMs 00pa3oBaHUsI 3a6eperoB, pas-
JIMIHBIX (POPM TIJIaBYyJero JabJa WM Iyru. B ciydae
BO3Bpara Teruia U, COOTBETCTBEHHO, MOSIBJCHUS Te-
puona “4mMcTo”, MpPUHMMAJACh MepBas nara, eciau
Mepyrol C JICAIHBIMA 00pa30BaHUSIMU OBIT OOJIBIIIE,
YyeM MOCJICAYIOLIN Tepuod “ducTo”; ecjii MEHbIIE,
TO 3a IaTy HOSIBJICHUST YCTOMYMBBIX JIEASTHBIX 00pa30-
BaHW1 MpUHUMAJIACh ITepBast 1aTa UX MOSIBJICHUS TO-
ciie nepuoaa “uucro” (Kamuuun, Tpodumos, 2001).

Cratuctuyeckasi oopaboTka CpOKOB B OCEHHUIt
nepuon (Hadyaio orcuyeTa 1 CeHTSIOps1) mpencTaBieHa
HaTypaJdbHbIMU 4uciaamu. [IpuBsI3Ky 3HayeHUit
JIICT K KOHKPETHOMY TOIY BBIITOJHSIIM IO CPOKaM
MOSIBJICHUST YCTOMYMBBIX JICASHBIX OOpa30BaHUIA.
3naueHue JIJICT 3a KOHKpETHbBI ron onpenessiiu,
Kak JUIMHY BPeMEHHOTO MTpOMEXyTKa MeXIy CpoKa-
MU MOSIBJIEHUS yCTOWUMBBIX JIESIHBIX 00pa30BaHU B
TEKYIIEM TOJly Y OKOHYAaHUS JIeMOoCTaBa B CIleIylo-
meM romy. Hampumep, mepBoe 3HayeHue JIACT
OIpeIeICHO IO MPOMeXYTKY 1936—1937 rr.

KAJIMHWH, YNYAT OB

HccnenoBanue npoBoauiaoch B nBa 3tana. Ha
TIEpPBOM 3Tarle JUIsI KaXKI0T0 U3 TUAPOJIOTUYECKUX MO~
cToB AaHHbIe 110 cpoky u JIICT aHanu3upoBaiuch
paznenbHo. [Tpu 3TOM pelanuce cienyloliye craTu-
CTUYECKUE 3a7a4u.

1. IIpoBepka TUIIOTE3bI CIAYYAWHOCTHU, T.€. MpPEI-
IOJIOKEHMSI O TOM, UTO MMEIOIIUecs JaHHBIE IIpe/l-
CTaBJISTIOT COOOI HEKOTOPYIO pealu3anuio ciaydaii-
HOM BBIOOPKM IJISI UICXOJIHBIX PSIIOB U OTAEIbHBIX UX
yacTeil ¢ HOMOIIBIO KpuTepus MHBepcuii. OTMedeHO
B (benmar, ITupcon, 1989), uro Kputepuii MHBEpCUIA
a3 deKkTUBeH 111 0OHaPYKeHUsSI MOHOTOHHOTO TPEH-
Jla B mocjeaoBaTeIbHOCTU HaboneHuii. [IpumeHe-
HUE KpUTEPHUSI MTHBEPCHUIT OCHOBBIBAETCS HA ITOJICUYETE
qyucjia MTHBEPCUI — Yuciia MIEpecTaHOBOK 3JIEMEHTOB
psiza, HeOOXOIMMOTO JIJISI €T0 YIOPSAOYMBAHMUS B I10-
psinmke Bo3pactaHus. Eciu ananmm3upyemsblii psid Be-
JIeT cedsI KaK He3aBUCHMas ciiydaiiHasi BbBIOOpKa, KO-
JIMYECTBO UHBEPCUM HE TOJIKHO ObITh CJIMIIIKOM Ma-
JIBIM MJIM OOJIBIIMM. PeanbHblIi ypOBeHb 3HAUUMOCTU
(p-value) xpuTepusi pacCUMTHIBAJICS C MCIIOJIb30Ba-
HUEM TOYHOTO pacHpeleicHUSI CTATUCTUKU KpUTE-
puisi MTHBEPCUA, TTOJIyYEHHOTO C IIOMOIIIBIO Pa3JIoXe-
HUSI TpOM3BOAsIIEeH (hyHKIIMM MOMEHTOB 3TOI CTa-
tuctuku (MBueHko, Mensenes, 1992).

2. IpoBepka TMITOTE3bI 06 OTCYTCTBUU B JTaHHBIX
JIMHEITHOTO TPEHIA C TIOMOIIILIO MOIEJI BpeMEHHOTO
psna Bujaa:

Y, =a+bt+g, (1)

rae y, — 3HaueHue cpoka wiu JIZICT, cooTBeTCTBYIO-
1iee -My HOMepy HaOJIIOIeHUI; a U b — mapamMeTpbl

MOJEJM; € — COOTBETCTBYIOLIAs CydaiiHasl olIuoKa
monenu. [Ipu aToM mnpoBepsijiach TUNOTE3a O HyJe-
BOM 3Ha4YeHUU KoaduiimeHTa b.

3. lnarHoctTvkKa OTCYTCTBUSI aBTOKOPPEJSILIUi ¢
nomoipio Q-kpurepusi JIvionra—bokca (bopoBu-
KoB, MBuenko, 2006).

4. OOHapyXeH1e MOMEHTa pa3jiaaku psitoB B 1997 1.
C TIOMOILIbIO METO/Ia PA3HOCTHO-UHTETPATBHBIX KPU-
BBIX C pa30MeHNEeM KaKI0TO U3 BpeMEHHBIX PSIIOB Ha
nBe dactu. [loarBepxkmeHWe YCTAaHOBJIEHHOTO MO-
MEHTa pa3jagKU ¢ TTOMOIIbIO CTATUCTUKU KPUTEPUS
CTplofeHTa TI0 aHAJIOTUM C TIpUMEHEHWEM TecTa
IleTTTa, OCHOBAHHOTO Ha HeMapaMeTPUIECKOM
kputepun ManHa—YutHu (Pettitt, 1979).

5. ITpoBepKa runoTe3bl HOPMAJIBLHOCTU PSIIOB Ha-
6moaeHwuii mo mepuonam 1936—1997 u 1998—2017 rr.
¢ nomo1kbio Kputepus Ilamupo—Yuika.

6. TecTupoBaHUEe OMHOPOOHOCTU PSIAOB HAOIIO-
neHuit mo nepuogam 1936—1997 u 1998—2017 rr. ¢
MOMOILLIO KpUTEpUEB OOHOPOITHOCTU CThIOIEHTA,
duniepa 1 MaHHa—YUTHU.

Ha BTopoM aTane mccieqoBaHUSI BHIBOIBI OTHO-
CUTEJIbHO HaJIMYMsi MOMEHTA pa3jlaiIki BpEeMEHHBIX
pstmoB B 1997 1. menaroTcs Ha OCHOBE aHAJIM3a COB-
MecTHoro noBegeHus cpoka 1 JIJACT mo nmepmuonam

JIE U CHET Ne 2
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Puc. 1. MecTononoxeHue rHAPOIOTHIECKHUX TIOCTOB Ha pekax Bogocoopa BOTKMHCKOTo BOZOXpaHMIIHUILIA.
Fig. 1. River’s gauge station location of the Votkinsk reservoir catchment.

1936—1997 u 1998—2017 IT. ¢ VCITOJIb30BAHUEM JIBY-
MEPHOTO HOPMAaJILHOTO pacIipeaeIeHUs:

1. IpwHIMTUATBHAS BO3MOXHOCTH OIMCAHMS
nmaHHbIX o cpoky 1 JIACT ¢ momMonibio IByMEpHOTO
HOPMAJBHOTO paclipene/ieH!s] YCTaHOBJIEHA ITyTeM
BU3YaJbHOTO aHajIW3a JuarpaMM pacCesTHUS I1apbl
cpok—JIACT ¢ HaHeceHHBIM Ha HUX rpadrkom 95%
BIITUTICA paCCesTHUS.

JEI U CHET  tom 63 Ne2 2023

2. dopmajbHas MPOBEPKA TMIOTE3LI O IBYMEp-
HOM HOpPMAaJIbHOM pachpeae/IeHU MCXOOHBIX JTaH-
HBIX BBITIIOJTHEHA C IOMOIIBIO TECTOB Mapana, OCHO-
BBIBAIOIINXCS Ha aHaJIM3¢ MHOTOMEPHOM acUMMET-
puM 1 MHOroMepHoro akciecca (Mardia, 1974).

3. OMHOPOIHOCTH ABYMEPHBIX JAHHBIX IO TIePUO-
gam 1936—1997 u 1998—2017 rr. mipoBepsuIach ¢ Mo-
Momibio kKputepuss XorrenuHra (Johnson, Wichern,
2007). Ero mpuMeHeHUe IIpeariosiaraeT paBEeHCTBO
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KOBapHUallMOHHBIX MaTPHULL y COITOCTABJISIEMBIX T€HE-
PAIBHBIX TBYMEPHBIX HOPMAJIbHBIX COBOKYITHOCTEHA.
IIpoBepka TMIIOTE3bI O paBEHCTBE KOBapUALIMOHHBIX
MaTpUll HaHHBIX, COOTBETCTBYIOIIMX COIIOCTaBJIsSIC-
MBIM MepUOIaM HaGIIOACHUI, BBIMOIHEHA C TIOMO-
mblo Kputepusi bokca (Johnson, Wichern, 2007),
MpeacTaBIIsIIoNniero ooooineHne Kpurepus baptiaer-
Ta, TIPUMEHSIEMOTO JisI TIPOBEPKU TUIIOTE3bI O pa-
BEHCTBE AUCIEPCUiIT HECKOJIBKIX COBOKYITHOCTEM, Ha
cilyyait MHOTOMEPHBIX JAHHbIX.

PacuéThel MpoBOAUINCH C UCTTOJIL30BAaHUEM MaKe-
Ta Statistica 8.0 1 cuUCTEMBI aHAJIUTUYECKUX BbIYMC-
nenunit Wolfram Mathematica 9.0.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

Ha puc. 2 npencraBieHbl MHOTOJIETHUE KoJieba-
HUSI CPOKOB MOSIBJICHUST yCTOMYMBBIX JICASIHBIX 0O0pa-
30BaHMI ¥ IPOIOJLKUTEILHOCTH JIEIOCTaBa HA peKax
3a Bech nepuon HaGmomeHuit ¢ 1936 mo 2018 1.,
ocpenHeHHbIe no 12 I'TI. B mocnenHue aecsTuieTus
HaOmogaeTcs yBeTMIeHUE aMIIJIMTYIbI KOJIeOaHWi, a
TaKKe€ CMEIIEHHE CpOKa B MO3MIHIOI CTOPOHY U
yMeHbleHue nponokutesbHocTU JIIICT (cM. puc. 2).
Takum oO6pa3oM, BCTAET 3aadya aHaIM3a 3TUX KOJie-
OaHUIi ¥ OLIEHKH CTAaTUCTUYECKOM 3HAYMMOCTH MPO-
UCXOISIINX U3MEHEHUIA.

st TIpoBepKM TUMOTE3bl CIY4aHOCTU MNMEI0-
IIMXCS TaHHBLIX 3a BeCh IIEpUOI HAOJIOOECHUII MC-
MOJIb30BaH KpUTepuii MHBepcuii. PeanbHbIll ypOBEHb
3HAYUMOCTH (p-value) KpUTEpUsI BBIUMCIISUIM C MC-
MMOJIb30BaHMEM TOYHOTO pacIIpeae/ieHUs CTATUCTUKNI
kputepusi uHBepcuii (MBuenko, Mensenes, 1992).
Pacyérhl mokaszanu, 4To Mo JaHHBIM 3a BECh MEePUO/L
HabmoneHuii ¢ 1936 mmo 2018 . runoTe3y cirydaifHO-
cTu ciienyeT oTKJIOHUTH 110 4 I'T1 mpu ananu3e cpoka
v no 9 I'Tl npu ananuse no JIZICT ¢ ypoBHSIMU 3Ha-
yumMocTu, He rpeBocxoasmmmu 0.058 n 0.070 coort-
BETCTBEHHO. DTO CBUIETEIbCTBYET O HAIMYMHU CTaTH -
CTUYECKM 3HAYMMBIX U3MEHEHUI B IIOBEASHUU Bpe-
MEHHBIX pSa0B. BO3MOXHBIMM IIPUUYMHAMU 3ITUX
M3MEHEHUI MOTYT OBITh. HaJIW4YUE BHYTPUPSITHOMN
CBSI3aHHOCTH WJIM TPEH 1A PSIAOB HAOMIONEHUIA; U3Me-
HEHNE UX YMCIIOBBIX XapaKTePUCTUK (CpEeIHEro, UC-
MePCUM) WIN 3aKOHOB pacHpeie/IcHUSI.

st TipoBepKY HaJIW4uusl BHYTPUPSITHOM CBSI3aH-
HOCTM MCXOOHBIX HAHHBIX NMpUMEeHEH Q-KpuTepuit
Bokca—JIvtonra (BopoBukos, MBuenko, 2006). Pe-
3yJIbTaThl PACUETOB MPUBEAEHBI B Ta0J1. 1: 110 TaHHBIM
3a BeCh Iepuoj] HaOMI0AeHUI TUIoTe3y o0 OTCyT-
CTBHMM BHYTPUPSIIHOUN CBSI3aHHOCTU CJIEAYyeT OTKJIO-
HuUTh 110 5 I'T1 mpu anamm3e cpoka u 1o 4 I'l1 mpu aHa-
suze JIACT c ypoBHSIMU 3HQUMMOCTH, HE TTPEBOCXO-
asipmu 0.060 u 0.056 coorBeTcTBeHHO. B 3TO0
cBs3u 11 Beex I'TI BMecTo Momen cirydaifHOM BBI-
0opkM ObLIa ONMpoOOBaHA BO3MOXKHOCTH OINMUCAHUS
MCXOIHBIX TaHHBIX C TIOMOIIILIO MOJIEJIM BDeMEHHOTO
psifa c IMHEWHBIM BpeMeHHBIM TpeHIoM. [IpencraB-
JIEHbl pe3yJbTaTbl MPOBEPKU HE3HAUMMOCTU KOB(-

KAJIMHWH, YNYAT OB

¢dunmeHTa HakJI0HA b Mmoaeu (cM. TabJ. 1), xapakTe-
PUBYIOIIEro HaJTudue JIMHEMHOTO TPEHIa Y BpEMEH-
HBIX psaoB, Kak mis1 Cpoka, Tak u o JIIICT: ero

OlieHKa b U COOTBETCTBYIOLIMI €My YPOBEHb 3HAUM -
MOCTHU (p-value t-KpuTepusi); MO TaHHBIM 32 BECh Me-
puoa HabOJIONEHUI TMIOTE3Y O PABEHCTBE HYJIIO KO-
s ¢pumreHTa HaKJIo0HA b caeayeT OTKIIOHUTH o 5 I'T1
pu aHanu3e cpoka u 1o 6 I'T1 mpu anaymze JIJICT ¢
YPOBHSIMHM 3HAUYMMOCTU He npeBocxoasinum 0.074 u
0.051 cooTBETCTBEHHO.

Mopenp NIMHEHHOTO BPEeMEHHOTO TpeHOa maeT
OOBSICHEHNE XapaKTepa MPOUCXOASIINX U3MEHEHUI
auib it 9yactyu Bcex I'TI HaOmiogeHuil, B CBSI3U C
YyeM pacCMOTpeHa BO3MOKHOCTDL OMMICAHUS TTOBEIC-
HUSI BPEMEHHBIX PSIIOB C IIOMOIIBIO CKAYKOOOpa3-
HOIT MoJenu pas3flagku, KOTopasl JaeT BO3MOXHOCTb
oInpeae/iuTh MOMEHT BpeMEeHH Hadajla CKauKooopa3s-
HOTO M3MEHEHUS 3aKOHa pacIIpeieIeHUS BEPOSITHO-
CTEH, ONMCHIBAIOIIETO MMOBEICHNE KaXXI0TO U3 PSIO0B
HaOJII0IeHUIA.

st oOHapyXeHUsI MOMEHTa pas3ialikKu MpuMe-
HSUICSI METOH, Pa3HOCTHO-MHTErpajibHbIX KPUBBIX
(puc. 3). ITo ocu opauHaT (CM. puc. 3, @) OTKJIaAbIBa-
JINCh BEJINYUHEI (K - 1), e K =X;/X,aXx; UX — CO-
OTBETCTBEHHO CPOKM ITOSIBJICHUS YCTOMYWUBBIX JICISI -
HBIX 00pa30BaHUII B KOHKPETHOM TOAYy M CpPEIHUE
CPOKHM 3a BeCh ITepHOJ HaOIOASHUI, BBIPAXKEHHbBIC B
KOJIMYECTBE MHEl oceHblo oT 1 ceHTs10ps (KajiuHuH,
2020). ITo ocu opmuHat (cM. puc. 3, 6) OTKJIagbIBa-
JINCh aHAJIOTUYHbIC BEJIMYMHEL IJISI TIPOIOJLKUATEIb-
HOCTH JIeJOCTaBa.

B MHoroJjieTHeM pa3spese HabJomaeTcs pasaese-
HHUE Ha ABa pa3HOHAIIPaBIICHHBIX TIepUOAa ¢ TOYKO
nepern6a B 1997 r. [ToaToMy najnee BBITIOJHEHO UC-
clieqOBaHeE PSIIOB HAOTIONEHUI OTAEIBLHO MJIST IBYX
repronoB: 1936—1997 u 1998—2017 rr. [IpumeHeHue
KPUTEPUSI UHBEPCUIA K aHAIN3Y JaHHBIX 10 3TUM IT1e-
pHuoaaM IoKa3aio, YTO TUIoTe3a CIIy4aifHOCTH 3a Te-
puon 1936—1997 IT. OTKIIOHSIETCS TOJBKO IO CPOKY
Ha I'TI JTonor-CepreeBckuii. ITo Tpém I'TT (Bummepa—
Psa6ununo, YceBa—YcbpBa u KonBa—YepablHb) ypo-
BeHb 3HAUYNMOCTH 0/1130K K 0.05. Bo Bcex ocTaIbHBIX
cJIy4dasix TUIIOTE3y CAYYailHOCTH CJIeayeT MPUHATh Ha
ypoBHe 3HaUuuMocCTU He Huke 0.098.

Jlas IpoBepKMU OMHOPOTHOCTH PSITOB HaOJIONE-
HUI C MCITOJIb30BAHUEM MMapaMeTPUIECKUX KPUTEPH-
eB CrploneHnTa n @uiepa HEOOXOOUMO TpeaBapy-
TeJIbHO UCCJIE0BATh 3TU PSIJibl HA COOTBETCTBUE HOP-
MaJlbHOMY 3aKOHY paclipeleieHUsI U Ha OTCYTCTBUE
BHYTPUPSIAHON CBsI3aHHOCTU. [IJIs 3TOTO MCMOAb30-
BaHBI COOTBeTCTBeHHO KpuTepuit Hlammpo—Yunka n
kputepuit bokca—JIbloHra. Pe3yibTarthl MpOBEPKU
BO3MOXHOCTHU OTIMCAaHUSI OBEAEHUSI BPEMEHHBIX Psi-
noB no nepuonaM 1936—1997 u 1998—2017 rr. ¢ 110-
MOIIILIO HOPMAJIBLHOIO 3aKOHa pacripefesieHus I
kputeputo Illanmupo—Yuika rpencraBiieHEI B Ta0. 2.

ITo nanHbIM 3a mepuon 1998—2017 rr. runoresa
HOPMaJIbHOCTU NpuHUMaeTcs 1o BceM I'T1 ¢ ypoBHeM

JEI U CHET  Ttom 63 Ne2 2023
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Puc. 2. MHoroJieTHUEe KojiebaHUsI CpoKa IMOSIBJICHUS YCTOMYMBBIX JIEASIHBIX 00pa3oBaHUl (@) OTHOCUTEIBHO 1 CEHTSIOps u
TMPOAOJKUTEIBHOCTH JIEAOCTABa (6) Ha TMAPOJIOTUYECKUX MTOCTax peK Bogocoopa BoTkuHckoro Bonoxpanwiuina: / — bepeso-
Basi—bynnbipes; 2 — Bensa—Owun6; 3 — Buepa—Ps6oununo; 4 — Kama—bonntor; 5 — YycoBass—KbIH.

Fig. 2. Long-term fluctuations of the date of ice formation (a) and the duration of freeze-up (6) on the rivers gauge stations of the
Votkinsk reservoir catchment: / — Berezovaya—Buldyrya; 2 — Velva—Oshib; 3 — Vishera—Ryabinino; 4 — Kama—Bondyug; 5 —

Chusovaya—Kyn.

3HaYuMoOcCTU He HuKe 0.128. Ilo gaHHBIM 3a TIepuos,
1936—1997 rr. runoTe3a HOPMaJIbHOCTH TPUHUMAET-
csa o 9 u 10 I'Tl cooTBETCTBEHHO C YPOBHEM 3HAYU-
MocTu He HiKe 0.089. B ocTajibHBIX CiTyyasix peajib-
HBIl ypOBEHb 3HAUMMOCTHU KPUTEPUsI OKa3asics 6113-
kM K 0.05. TTpoBepKa HaTMuMs aBTOKOPPEISIIIAI 110
kputepuio bokca—JIpioHTa MO 3TUM Xe Tepromam
MoKasajia MX OTCYTCTBUE.

JIEN U CHET Ne 2

TOM 63 2023

Takum obpazom, TaHHbBIE B MpeaesIax KaxkaIoro u3
nepronoB 1936—1997 u 1998—2017 rr. MOXHO pac-
cMaTpuBaTh KaK BEIOOPKU U3 Pe3yIbTaTOB HE3aBUCH -
MBbIX HAOJIIOIEHU OMHOM M TOM Xe CIydailHOI BeJIn-
YUHBEIL.

YcTaHOBAEHHBIN (PAKT BO3MOXHOCTH ONMUCAHUS
WCXOIHBIX JAHHBIX C TTOMOIIBIO HOPMAJIbHOTO 3aKO-
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Tabomuna 1. PeanbHble ypoBHU 3HauMMocTu Q-kputepusi bokca—JIbtoHra (p-value) u xapakTepucTUKA MOAEIN JIMHEH -

KAJIMHWH, YNYAT OB

HOTO BPEMEHHOTIO TpeHa Mo JaHHbIM 3a 1936—2017 rr.

Cpox*/JIICT** Cpok JACT
Hassanwue I'TI
p-value Q-kpumepus b ** */p-value t-kpumepus

bepesoBass—bynabipbs 0.177/0.159 0.069/0.188 —0.119/0.051
BenBa—Omu6 0.006/0.094 0.121/0.012 —0.168,/0.002
Buiepa—Psa6ununo 0.322/0.108 0.05/0.275 —0.089/0.106
NubBa—KynbiMKap 0.258/0.493 0.086,/0.074 —0.133/0.024
Kama—bBonmior 0.502/0.108 0.078/0.119 —0.103/0.076
Konsa—YepabiHb 0.233/0.142 0.06/0.223 —0.099/0.089
Koca—Koca 0.059/0.056 0.105/0.03 —0.132/0.023
Jlonor—CepreeBckui 0.024/0.016 0.037/0.474 —0.066/0.294
O6Ba—Kaparaii 0/0 0.152/0.005 —0.266/0
CruiBa—IlogkameHHOe 0.06/0.004 0.107/0.022 —0.193/0
YcbBa—YcebBa 0.182/0.227 0.041/0.374 —0.037/0.51
YycoBass—KeiH 0.391/0.431 0.045/0.329 —0.038/0.509

*[losiBNeHUe YCTOMUMBBIX JIEASIHBIX oOpasoBaHuii; **[1pomosKuTebHOCTh TIeproaa Jeaocrana; ***p — oneHka koadduumneHra b
ypaBHeHUs (1). 3HaUeHUS peaTbHBIX YPOBHEUM 3HAUMMOCTHU TPUMEHSIEMbIX KpuTepueB, MeHbIue 0.025, oToOpakeHbl KypcUBOM, 3Ha-
yeHus B nuartazoHe ot 0.025 no 0.075 — nomuepkuBanueM, 3HaueHUs, 6obinue 0.075, — mpsIMbIM IPUGTOM.

Ta6muna 2. PesynbTaThl TPOBEPKU OMHOMEPHOI 1 AByMEPHOI HOPMaJTbHOCTU BPEMEHHBIX PSIIOB

PeabHbBIC ypOBHU 3HAYUMOCTH IO KPUTEpHIO | PeasibHbIe ypOBHHM 3HAYMMOCTH KPUTEPHSIM
Manupo—Yuika JIByMEPHOI1 HOPMaJIbHOCTHU
Hassanme ITI Cpox*/JIACT** Kpurepuii akcuecca/Kpurepuit acumMmeTpun

1936—1997 rr. 1998—2017 1. 1936—1997 rr. 1998—2017 rr.
BepesoBas—bBynabipbst 0.198/0.345 0.752/0.278 0.305/0.467 0.475/0.766
Bensa—Omiu6 0.323/0.036 0.802/0.137 0.936/0.486 0.381/0.690
Bumepa—Ps6ununo 0.202/0.101 0.824/0.895 0.599/0.388 0.968/0.227
HNubBa—KyasiMkap 0.547/0.665 0.858/0.153 0.852/0.235 0.901/0.210
Kama—bBonmior 0.049/0.059 0.424/0.478 0.343/0.490 0.779/0.522
KonBa—YepabiHb 0.043/0.516 0.649/0.400 0.529/0.426 0.773/0.497
Koca—Koca 0.225/0.089 0.272/0.173 0.271/0.637 0.863/0.937
Jlonor—CepreeBckuii 0.032/0.116 0.871/0.653 0.533/0.461 0.046,/0.040
O6Ba—Kaparait 0.431/0.379 0.700/0.151 0.187/0.938 0.363/0.914
CruiBa—IlonkamMmeHHOE 0.963/0.588 0.340/0.128 0.156/0.238 0.312/0.440
VYcbpBa—YcebBa 0.111/0.429 0.445/0.722 0.327/0.689 0.585/0.297
YycoBasg—KbiH 0.274/0.576 0.482/0.998 0.753/0.970 0.391/0.205

*TlosiBIeHME YCTOMYNBBIX JIEASTHBIX 06pa3oBaHuii; **[1poqoKUTETBHOCTD ITePUO/IA JIEA0CTaBa. 3HAYSHMSI PeaTbHbIX YPOBHEW 3HAYM -
MOCTHU NTPUMEHSsIEMbIX KpuTepreB, MeHblre 0.025, oroopaxkeHbl KypcUBOM, 3HaueHus B nuana3zoHe ot 0.025 no 0.075 — nomuepkuBa-

HUeM, 3HaueHwus, 6osbiaue 0.075, — npsIMbIM IIPUGTOM.

Ha pacIipeaeeHUs MOCTYXIUJI OCHOBaAaHWUEM IS TIPY-
MeHeHus Kputepust CThIOACHTA C 1Ie/IbI0 YTOYHEHUS
MOMEHTa BO3MOXKHOM pasilafKu B psigax HaOome-
Huii. Kak BUmHO M3 puc. 4, UMeeT MeCTO MOATBEp-
XKIEHUE cAeTaHHOMY pPa30MeHUIO UCXOIHBIX BPEMEH -
HBIX PSIIOB Ha ABa IIEpUOIA.

Takum oOpa3zoMm, BcTaeT 3amadya (opMaabHOM
MPOBEPKU T'MIIOTE3LI OJHOPOIHOCTHU JAHHBIX 11O TTe-
puonaMm 1936—1997 u 1998—2017 rr. OTKIIOHEHUE TH-
MoTe3bl OyJEeT O3HAYaTh, YTO B YCTAHOBJIEHHBIN MO-
MEHT BpeMeHH 1997 1. mpoun3olinia pasjagka BpeMeH-
HBIX PSOOB, BBHIPA3WBINASICS B CTATUCTUYECKU
Ne 2 2023

JIEA Vi CHET oM 63
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Puc. 3. Pa3HOCTHO-MHTErpaIbHble KPYMBBIE CPOKA MOSIBJICHUST YCTOMUYMBBIX JIEASTHBIX 00pa30BaHUIA (@) ¥ MPOAOKUTEIBHOCTH
JiemocTaBa (6) Ha TUIPOJIOTMYECKUX TToCcTax pek Bomocbopa BoTkmHckoro Bonoxpanwimina: / — bepezoBasi—bBynabipbs; 2 —
Benpa—Omm6; 3 — Bumepa—PsionanHo; 4 — MabBa—Kynsimkap; 5 — Kama—bBonmior; 6 — KonBa—Yepabinab; 7— Koca—Koca;
& — Jlonor—CepreeBckuii; 9 — O6Ba—Kaparaii; 10 — CouiBa—IloakameHHoe; /1 — YcbBa—YcbBa; 12 — UycoBass—KbiH; 13 —
cpemnHee.

Fig. 3. Difference-integral curves of the date of ice formation (a) and the duration of freeze-up (6) on the rivers gauge stations of
the Votkinsk reservoir catchment: / — Berezovaya—Buldyrya; 2 — Velva—Oshib; 3 — Vishera—Ryabinino; 4 — Inva—Kudymkar;
5 — Kama—Bondyug; 6 — Kolva—Cherdyn; 7 — Kosa-Kosa; & — Lolog-Sergeevsky; 9 — Obva-Karagai; /0 — Sylva-Podkamen-
noye; /1 — Usva—Usva; 12 — Chusovaya—Kyn; /3 — Average.

JEI U CHET  tom 63 Ne2 2023
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Puc. 4. PeanbHble ypOBHY 3HAUMMOCTH f-KPUTEPUSI ISl CPOKaA MOSIBJICHUST YCTOMUMBBIX JIeISTHBIX 0Opa3oBaHuii (a) U mpoao-
KUTEIbHOCTH JIeAoCcTaBa (6) Ha TMAPOJIOTMYECKUX MOCcTaX peK Bomocbopa BoTkuHckoro Bogoxpanunuiia: / — bepe3oBasi—
Bynneipes; 2 — BenBa—Owmu6; 3 — Buiiepa—Psi6unnno; 4 — UabBa—Kyneimkap; 5 — Kama—Bonmntor; 6 — KonmBa—YepasiHb;
7 — Koca—Koca; § — Jlonor—Cepreesckuii; 9 — O6Ba—Kaparaii; /0 — CeiiBa—IlonkamenHoe; /1 — YcpBa—YcbBa; 12 — Yy-
coBasi—KbIH; 13 — cpenHee; 10 OCU OpAMHAT — peaibHbI ypOBEHb 3HAUUMOCTH (p-value) t-KpuTepusi.

Fig. 4. P-values of significance of the 7-test for the date of ice formation (@) and the duration of freeze-up (6) on the rivers gauge
stations of the Votkinsk reservoir catchment: / — Berezovaya—Buldyrya; 2 — Velva—Oshib; 3 — Vishera—Ryabinino; 4 — Inva—
Kudymkar; 5 — Kama—Bondyug; 6 — Kolva—Cherdyn; 7— Kosa—Kosa; &§ — Lolog—Sergeevsky; 9 — Obva—Karagai; /0 — Sylva—
Podkamennoye; /7 — Usva—Usva; /2 — Chusovaya—Kyn; 13 — average.

JEI U CHET  Ttom 63 Ne2 2023
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Ta6mmma 3. Pe3yibTaThl TpOBEPKU OMTHOPOTHOCTH ABYX YaCTell BPEMEHHBIX PSITOB 3a Teproabl 1936—1997 u 1998—2017 rr.*

HasBanue rugporniocra| M1 | M2 [SD1|SD2| RI1 R2 pF pL pBF pl' | pMU | pB pH

1 2 3 4 5 6 7 8 9 10 11 12 13 14

bepesoBas—bymnbipbst | 54.1 | 61.1 {10.4 | 12.1 | —0.80 | —0.84 | 0.374 | 0.774 | 0.745 | 0.015 | 0.015 | 0.877 | 0.001
185 | 175 |12.2 |13.2 0.608 | 0.336 | 0.361 | 0.002 | 0.003

Bena—Owwu6 562672 9.2 | 9.7 | —0.73 | —0.92 | 0.730 | 0.851 | 0.857 | 0.000 | 0.000 | 0.071 | 0.000
176 | 164 | 11.1 [ 11.3 0.865 | 0.863 | 0.930 | 0.000 | 0.000

Bumepa—Psoununo | 55.6 | 62.7 | 9.0 [10.3 | —0.76 | —0.87 | 0.443 | 0.684 | 0.631 | 0.004 | 0.006 | 0.655 | 0.007
183 | 174 |10.8 | 12.3 0.452 | 0.497 | 0.498 | 0.002 | 0.006

HNupBa—Kynbimkap 56.71653] 9.7 | 9.7 | -0.72 | —0.89 | 0.929 | 0.947 | 0.959 | 0.001 | 0.001 | 0.095 | 0.003
172 | 165 | 11.5 | 15.0 0.124 | 0.225 | 0.342 | 0.033 | 0.014

Kama—DBboHtor 55.6163.9| 9.9 [10.8 | —0.81 | —0.85| 0.601 | 0.823 | 0.785 | 0.002 | 0.003 | 0.739 | 0.002
182 | 171 | 11.7 | 10.9 0.767 | 0.661 | 0.680 | 0.000 | 0.001

KonBa—YepabiHb 54.8163.0| 9.5 |11.0 | —0.78 | —0.85| 0.408 | 0.683 | 0.688 | 0.002 | 0.002 | 0.796 | 0.003
184 | 173 | 11.2 | 13.2 0.340 | 0.309 | 0.317 | 0.001 | 0.002

Koca—Koca 56.9166.7| 9.5 9.7 |-0.79 | —0.86 | 0.852 | 0.990 | 0.984 | 0.000 | 0.000 | 0.826 | 0.000
178 | 166 | 11.6 | 11.4 1.000 | 0.720 | 0.762 | 0.000 | 0.000

Jlonor—CepreeBckmit | 54.4 | 62.8 {10.2 | 11.3 | —0.82 | —0.75 | 0.536 | 0.694 | 0.649 | 0.003 | 0.004 | 0.473 | 0.007
182 | 172 | 12.4 | 13.9 0.480 | 0.531 | 0.547 | 0.003 | 0.003

O6Ba—Kaparaii 578|714 9.2 |13.2 | —=0.76 | —0.94 | 0.038 | 0.123 | 0.135 | 0.000 | 0.000 | 0.043 | 0.000
170 | 152 | 11.6 [15.5 0.088 | 0.406 | 0.405 | 0.000 | 0.000

CouiBa—ITonkamenHoe | 61.4 | 70.6 | 8.3 |12.2 | —0.66 | —0.96 | 0.025 | 0.067 | 0.121 | 0.000 | 0.001 | 0.000 | 0.000
164 | 151 | 9.4 |13.0 0.055 | 0.252 | 0.275 | 0.000 | 0.000

YcebBa—YcebBa 5491622 9.7 | 8.6 | —0.75|—0.86| 0.575 | 0.404 | 0.413 | 0.003 | 0.004 | 0.091 | 0.009
174 | 168 |12.2 |10.9 0.592 | 0.484 | 0.522 | 0.094 | 0.079

YycoBasg—KbiH 56.5(61.6 [10.0 | 89 | —0.79 | —0.87 | 0.607 | 0.542 | 0.553 | 0.041 | 0.042 | 0.414 | 0.123
174 | 168 [ 12.4 | 11.2 0.659 | 0.687 | 0.710 | 0.078 | 0.059

*M1, M2 — cpenHee 3HaueHUe TToKa3arteJst 3a eproabl 1936—1997 u 1998—2017; SD1, SD2 — cpenHekBaapaTUYHOE OTKJIOHEHUE MO~
Kazatesis 3a nepuoabl 1936—1997 u 1998—2017; R1, R2 — koadduineHTsl Koppesiu Mexay cpokoM u JIJICT 3a nepuoast 1936—
1997 1 1998—2017; pF, pL, pBF — peanbHble ypoBHM 3HauMMocTU KputepueB Puiiiepa, JleseHa u bpayna—®opcaiita npu npoBepKe
TUITOTE3bl O PaBEHCTBE IUCIIePCUit 3a IBa nepuoaa; pI — pealibHble YPOBHU 3HAYUMOCTU KpuTepusi CThIofeHTa IPU NMPOBEPKe TUIO-
Te3bl O paBEHCTBE CpemHUX 3a ABa nepuona; pMU — peanbHble YpOBHU 3HAUMMOCTH KpUTeprsi MaHHa— YWUTHU ITPU ITPOBEPKE TUTIO-
Te3bl OHHOPOJHOCTY BPEMEHHBIX PSIAOB 10 IBYM TNepuonamM; pB — peanbHble ypOBHU 3HAYMMOCTU Kputepusi bokca npu rnpoBepke ru-
MoTe3bl 0 paBeHCTBe KoBapuallMoHHbIX MaTpull Cpoka u JIICT 3a nepuoast 1936—1997 rr. u 1998—2017 rr.; pH — peasibHble ypOBHU
3HAYUMOCTH KpUTepUsi XOTEJJIMHTA MIPU IMPOBEPKE TMITOTE3bl OMHOPOIHOCTU BPEMEHHbIX PSIIOB IO ABYM MEPHOIAM U OMHOBPEMEHHO
o Cpoky u JIACT. I1o KaxaoMy NocTy B KOJIOHKax 2—5 1 8—12 B BepXHeil CTpoKe MpUBENEHbI Pe3YJIbTaThl pACUeTOB IO CPOKY, a B
HikHeil — 1o JIJICT. 3HaueHUsT pealbHbIX YPOBHEI 3HAUMMOCTHU MIPUMEHSIEMBIX KpuTepueB, MeHbIne 0.025, oTo6pakeHbl Kypcr-
BOM, 3HaueHus B nuarnaszoHe oT 0.025 mo 0.075 — momuepkuBanueM, 3HaueHus1, 6onbinue 0.075, — mpsMbiM iprdToM

3HAYMMbIX M3MEHEHUSIX CPEIHMX 3HAYCHUM MCClie-
JyeMbIX MmokasaTeyaeil (Tabj. 3, KOJOHKU 2—3) WiIn
CpeaHEeKBaJIpPaTUUIHBIX OTKJIOHEHU (Tab. 3, KOJIOH-
ku 4—5). CornacHo pesyiapTatam (cM. Tabma. 3, Ko-
Jouku 8—12), mo Bcem I'Tl, kpome YcbBa—YcbBa u
YycoBass—K&bIH, rMrioTe3a OTHOPOTHOCTA OTKJIOHS-
ercsa. nsg I'Tl YewBa-YcbBa o cpoky rumoresa of-
HopoaHoCcTU oTKIoHseTcd, a 1o JIACT nmpuHuMmaer-
cs ¢ ypoBHeM 3HaunMocTh, MeHbIMM 0.1. JIag I'TI
YycoBass—KbIH peajbHBII YpPOBEHb 3HAYMMOCTU
KputepueB ogHoponHocT no cpoky u JIJICT oka-
3ascsg B maTepBanie 0.04—0.1.

Ne 2 2023

JIEQ M CHET  Tom 63

BbIBO}lbI OTHOCHTECJIIBHO HaJIMYuUsgd MOMECHTaA pa3-
JIJaAKU BpeMEHHBIX psimoB B 1997 1. nenaiorcst Ha oc-
HOBE COBMECTHOIO aHaju3a IOBEICHMSI CpOKa U
JACT mo mepuomam 1936—1997 u 1998—2017 rr.
B xauecTBe MCXOOHBIX JTAHHBIX ITO Kaxkmomy 13 12 I'T1T
HUCITONB3YIOTCS TTaphl 3HaueHW cpoka 1 JIIICT. Tem
caMBbIM TMPEAIIPUHSTA TTOMBITKA YCTPAHUTD ITPOTUBO-
PEUYMBOCTH BEIBOJIOB, TTOJTYYEHHBIX HA OCHOBE aHAIM -
3a OTHENbHBIX XapakTepuctuk. [lpm peanmmzamuu
BTOTO TIOOXOAA WCIIONB3YEeTCS MOMACIb IBYMEPHOTO
HOPMAaJIbHOTO pacrpeaencHus. O MPUHINITAATLHON
BO3MOXHOCTU OMUCAHUSI ABYMEPHBIX JAHHBIX C TTO-
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Puc. 5. luarpamMbl paccerBaHUS*, SJUTUTICHI paccenBaHUsl ypoBHs 0.95%* 1 TuHeiHble perpecCUOHHbIE 3aBUCUMOCTH TIPO-
JOJKUTETBHOCTH JIEIOCTaBa OT CPOKa MOSIBJICHHS yCTOMYMBBIX JIEASIHBIX 00pa30BaHuUii: (@) — r’MIPOIOrniecKuii moct Benpa-

Omu6; (6) — runponorudeckuii moct Konpa-YepabiHb.

* — n300pakeHue B BUE TOYEK 3HAYCHUIT MCCIIeTyeMbIX XapaKTepUCTHUK; ** — rpaHULIBI 00JIacTeil, pacCYMTaHHBIC HA OCHOBE
TIBYMEPHOIO HOPMAJIBHOTO PACIIPEACICHHSI, B KOTOPBIX TOJDKHO HAXOAMTHCS OKOJIO 95% 3HAYeHUI UCCIIeAyeMbIX XapaKTePUCTHUK.

Fig. 5. Scatterplots*, scatter ellipses of the level 0.95%* and linear regression dependences of the freeze-up duration on the period
of appearance of stable ice formation: (a) — gauge station Velva-Oshib; (6) — gauge station Kolva—Cherdyn.

* — mathematical diagram using Cartesian coordinates of the studied characteristics values; ** — the boundaries of the areas cal-
culated on the basis of a two-dimensional normal distribution, in which about 95% of the studied characteristics values should be

located.

MOIIIBIO 3TOTO 3aKOHA MOXHO CYIWUTh Ha OCHOBE BU-
3yaJlbHOTO aHajiu3a JuarpaMM pacCesTHUsI TMaphl
cpok—JIJCT ¢ HaHeCeHHBIM Ha HUX rpaduKom 95%-
HOTO 3JUIMIICA paccessHus (puc. S).

®dopmanibHag MpoBepKa TMITOTE3BbI O JIBYMEPHOM
HOpPMAaJIbHOM pachnpenelieHNd WCXOOHBIX ITaHHBIX
BouinmosiHeHa B CAB Mathematica ¢ moOMOILIbIO TECTOB
Mapaua (Mardia, 1974): Mardia Kurtosis — xkpure-
pus akcuecca 1 Mardia Skewness — KpuTepust acuM-
METPUU MHOTOMEPHOTO HOPMAaJIbHOTO pacIipeaeie-

Hus (cM. Tabi. 2). ITo Bcem I'Tl u BceM Kputepusim,
uckiitouast I'Tl Jlonor-Cepreesckuii (rmepuom 1998—
2017 rr.), TMITIOTE32 HOPMAJIBHOCTH IIPUHMUMAETCS HA
ypoBHe 3HauMMocTH He Hike 0.156. s I'TT Jlomor-
CepreeBcKMii ypOBEHb 3HAUYMMOCTU TI0 TIEPUOAY
1998—2017 rr. okazasics Ha ypoBHe 0.05.

3HauyeHUs KO3 puimeHToB Koppenssuuu [Tupco-
Ha (cM. Tabi. 3, KOJIOHKU 6—7) TIpUBeIeHbI MEXIY
cpokoM u JIACT 1o aBym nepuogam. OHU OKa3aInuCh
MIOCTAaTOYHO OMM3KUMU 110 BenmmumHe. DopmaabHast
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IIpOBEpKa TUIIOTE3BI O PABEHCTBE KOBApHAIIMOHHBIX
MaTpHll NaHHBIX, COOTBETCTBYIOIIMUX COIOCTaBJIsie-
MBIM MepUoIaM HaOIIOACHUI, BBIMOIHEHA C TIOMO-
mpio kputepuss bokca (cMm. Ta6a. 3, komoHka 13).
ITo 9 u3 12 I'T1 runoTe3a o paBeHCTBE KOBapHUallMOH-
HBIX MaTPULL MOXKET ObITh TPUHSITA HA yPOBHE 3HAUYM -
Moctu He Huxe 0.091. OmHOPOTHOCTH ABYMEPHBIX
JaHHBIX 1o niepuogam 1936—1997 u 1998—2017 rr.
HccliemoBaHa C ITOMOIIIBIO KPUTEPUS XOTTEJIMHTA
(cm. Tadi. 3, konoHka 14). ITo 11 I'Tl ypoBeHb 3HaUM-
MoOCTH He TipeBbiinaet 3HadeHus 0.009, yto mo3BoJisi-
€T YBEpEHHO OTKJIOHWUTH TUIIOTE3y OTHOPOTHOCTH.
Yro kacaercs 12-ro I'Tl YycoBas—K&sIH, TO ruitoTe3a
OITHOPOTHOCTY MOXET OBITh IPUHSITA Ha YPOBHE 3Ha-
yumocTtu 0.123.

3AKJIIOYEHHME

BrimmorHeHO McciienoBaHWe MHOTOJIETHE M N3MEH -
YUBOCTHU CPOKOB IOSIBICHUS JSISIHBIX 00pa30BaHMUI
Y IIPOJOJDKUTEILHOCTU ITepHo/ia JIeJOoCTaBa Ha peKax
BoJocOopa BoTKMHCKOTO BOomoxpaHWINIA. AHAN3
JIaHHbBIX 3a BeChb Iepuoj Haomonenuii 1936—2018 rr.
C IIOMOIIIBIO KPUTEPUSI MHBEPCUIL TI0KA3aJl HATNUNE
CTaTUCTUYECKU 3HAYMMBbIX U3MEHEHUI1 B TIOBEICHUN
BpeMeHHBIX psnoB. Ilocienyromniee mpuMeHeHue Q-
kputepust bokca-JIpioHTra II03BOJIMIIO ClIENATh BHIBOI
0 BO3MOXHOM HaJIMYUM JIMHEWHOTO TpeHaa BO Bpe-
MEHHBIX psimax. CTaTUCTUYECKMIT aHaIM3 JaHHBIX C
NpUMEHEHUEM MOJIEJIM TapHOM JIMHEWHOU perpec-
CHUM TIOATBEPINII 3TOT BBIBOJ, [IJIsI ITIOJIOBUHBI IIOCTOB.

C noMoIbI0 CKAaYKOOOPa3HOM MOIEN pa3iiagKu
MOJIyYeHO Jipyroe OoJjiee comepxkaTeabHOe OObSICHE-
HYE TIPOUCXOISAIINX U3MEHEHUI B ITOBEIEHUM MC-
clieayeMbIX ToKasartelieii. MerogamMu pa3HOCTHO-
WHTETPAIbHBIX KpUBBLIX U Kputepusi CTbIOAeHTA
YCTaHOBJIEHO, YTO pas3jlajJika BPEeMEHHBIX PSIOB I10
cpoky u JIIICT npousomnuia B 1997 r. Cratuctuue-
ckuit aHamm3 maHHbIX 1Mo 12 I'T1 mist aByx mepuomon
1936—1997 u 1998—2017 IT. OTOEIBLHO MO CPOKY M
JIACT, a Takxke COBMECTHO IO 3TUM JIByM XapakTe-
PUCTHUKAM MOKa3aJl ceayolee:

1) B mpenenax Kaxkaoro mepruona UCXOMHBIE MTaH-
HbIC TIOJIyYeHBI B pe3yJbTaTe He3aBUCHUMBIX HAGIIO-
JNIeHUI B HEU3MEHHBIX YCIIOBUSIX; JJIsI OTTMCAHUSI T10-
BEICHUSI UCCIIEIYEeMbIX XapaKTEePUCTUK BO3MOXKHO
MMpUMeHEHNEe OMHOMEPHOTO U IBYMEPHOTO HOPMaJTb-
HBIX pacripenesIcHUiT; BHYTPUPSIIHBIE aBTOKOPPEIIS-
LIMU B psifax HaOMIOAEHU OTCYTCTBYIOT;

2) mis Beex I'T1, 3a uckimoueHneMm YycoBasi—KbiH,
TUITOTE3Y 00 OMHOPOTHOCTU JAHHBIX MO IBYM MEPUO-
JIaM CJIeyeT OTKJIOHUTh, YTO CBUAETEILCTBYET O CTa-
TUCTUYECKU 3HAYMMBIX CMEIICHUSIX CPOKOB I1OSIBJIE-
HUSI JIEASSHBIX 00pa30BaHUli B MO3AHIOI CTOPOHY Ha
7—14 nHEi 1 cOKpanIeHNIO MPOIOKUTEITEHOCTH TIe-
puona negoctaBa Ha 6—18 mHell (HaMMeHbIINEe cMe-
LIEHUS XapaKTePHBI JJIsI TOPHBIX PeK LEHTPaJIbHOI 1
JOKHOI yacTeit Bogocbopa, HaunOoIbIINe — JJIsT paB-
HUHHBIX PeK CEBEPHOI1 U IEHTPaJIbHOIT YacTeil);
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3) mepexon OT pa3neIbHOIO aHAI3a CPOKOB TTOSTB-
JIEHUs JISOSTHBIX 00pa30BaHMIl ¥ TTPOIOKUTETEHOCTH
repyvosa JiefocTaBa K UX COBMECTHOMY aHaU3y He
TTOBJIMSIT Ha XapaKTep IMOJTYISeHHBIX PE3YIbTaTOB.

[NomydeHHBIE pe3yIBTATHI TaIOT BO3MOKHOCTD CO-
BEPILIEHCTBOBATh MMPOTHO3UPOBAHUE JIETOBO-TEPMU-
YeCKOTro peXrma peK U yaydlIuTh IUIAHUPOBAHUE U
OpraHuU3aIuio paboThl BOTHOTO TPaHCIIOPTa W THI-
POTEXHUYECKHMX COOPYKEHUIA.
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Changes in the River’s Ice Regime Characteristics of the Votkinskoe Reservoir
Catchment for 1936—2018

V. G. Kalinin®* and V. V. Chichagov*

4 Perm State University, Perm, Russia
#e-mail: vgkalinin@gmail.com

The paper is devoted to the study of long-term variability of the stable dates of ice formation and the duration
of the freeze-up period at 12 gauges on the rivers of the Votkinskoe Reservoir catchment for 1936—2018. It
turns out which of the statistical models is more consistent with the series of observations: the resampling
model, the linear regression model, or the model of the change in the mean value starting from a certain point
in time. The study was carried out in two stages. At the first stage the stable dates of ice formation and the
duration of the freeze-up data were analyzed separately for each gauge. There were tested: the hypotheses of
randomness, normality of the series of observations, hypotheses about the absence of a linear trend and au-
tocorrelations in the data; hypotheses of homogeneity of series of observations. At the second stage the stable
dates of ice formation and the duration of the freeze-up data were analyzed jointly using a two-dimensional
normal distribution model for each gauge. There were tested: the hypotheses on two-dimensional normality
and equality of data covariance matrices; the hypothesis of homogeneity of two-dimensional data. Using the
methods of difference-integral curves and t-test revealed statistically significant changes in the behavior of
the characteristics under consideration with the change point in 1997. Within each of the periods 1936—1997
and 1998—2017 for all gauges, the initial data allow describing the behavior of the characteristics under study
using a resampling model, the elements of which have the same normal distribution law. There are no auto-
correlations in the observation series. At the same time, statistically significant shifts in the dates of ice for-
mation to the late side by 7—14 days and a reduction in the duration of the freeze-up period by 6—18 days were
established. The transition from a separate analysis of the dates of ice formation and the duration of the
freeze-up period to their joint analysis did not affect the nature of the results obtained. The results make it
possible to improve the forecasting of the ice-thermal regime of rivers and improve the planning and organi-
zation of the work of water transport and hydraulic structures.

Keywords: ice formation dates, duration of freeze-up, long-term series, randomness and homogeneity tests
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BBEAJEHUWE

Hab6mronenust 3a mpocTpaHCTBEHHBIM pacnpene-
JICHUEM JIeISTHOTO MOKpoBa Ha JIamokcKoM o3epe Me-
tomamu 33 Bemyrcss HaumHas ¢ 1943 1., Korma mis
obecrieuyenus “Jloporu Xn3Hn"” MOHATOONINCH CBE-
JIEHUsT 0 3aMep3aHUM U BCKPHITUU o3epa. Jlo 1996 1.
peryisipHBIe OOJIETHI U JIENOBBIE aBHAPa3BEAKU ITPO-
poauiio CeBepo-3anamgHoe yrpaBiaeHUe 10 THAPOME-
TEOPOJIOTU U MOHUTOPUHIY OKPYXKAIOLIE Cpe/bl.
PesynbTaThl 3THX 00CIEeIOBaHMUI ITyOJIMKOBAINCh U
pacChUIAJINCh 3aMHTEPECOBAHHBIM OpPraHU3alUsSIM B
BUJIE KapTOCXEM NPOCTPAHCTBEHHOIO pacIlipeaesie-
HUS JbIa ¢ Y4ETOM ero cCIuiou€éHHocTu. Ilo3ke Ha
CMeHY JaHHbIM, MO pe3yJbTaTaM JICIOBBIX aBUapa3-
BEIOK, NPUILIM CIIyTHUKOBBIC HOAHHBIE, KOTOPHIC
BILJIOTH IO HACTOSIIET0 BPEMEHU OCTAlOTCS OCHOB-
HBIMM JJISI aHaJIn3a IMPOCTPAHCTBEHHOIO pacmipee-
JICHUS JIbIA.

IMomoOHBIE pabOTHI IpoBOAMINCH Ha OHEXCKOM
o3epe, TIe ObUIO pAaCCMOTPEHO, KaK IMPOIECC CTAHOB-
JICHMSI JIbAA U ero pa3pylleHus] 3aBUCUT OT Mpelle-
CTBYIOLIUX 3TUM IIpoleccaM TeMIlepaTyp Bo3ayxa 1
nx cymm (baknarun, 2019). Ha Benukux AMepukaH-
CKUX 03epax, KOTOpble 3aMep3al0T HE ITOJHOCTHIO,
paccMOTpeHa 3aBUCUMOCTb CTeIIeHN MaKCUMAaJIbHO-
IO pacTIpoCTpaHEHUS JbJa 3a 3UMY OT CYMM OTpHIIa-
TEeJAbHBIX TeMITepaTyp BO31yxa 1 IIYOUHBI BOJOSMOB
(Assel et al., 2003).

Ha o6pa3oBanne n paspylieHue JbIa Ha 03epe B
HauOoJbIIeH CTEeNeHU BIUsIET OajJaHC CyMMapHOTO
TerJja Ha MOBEPXHOCTU BOOBI. DTa MaTeMaThudecKast
3ajgaya HanboJjiee MOJTHO PACCMOTPEHA B IIporpaMme

FLAKE (Kirillin et al., 2011). dns JIamoxckoro o3epa
aTa nporpamma Owuia npuMeHeHa (IonocoB u np.,
2021) ¢ ucrnojab30BaHUEM METEOHAHHBIX peaHalin3a,
YeThIpe y3Jia KOTOPOro OKPYy>KaroT aKBaTOPUIO O3epa.
ITpu cpaBHEHUM TaHHBIX pacyeTa MOJHOTO TEeTJIOBO-
r'o II0TOKAa ¢ 00J1ee IIPOCTHIMMU ITOTy4YaeMbIMU ITOKa3a-
TEJSIMUA, HAKOIUIEHHOW CYMMOI CpeaHeCyTOYHBIX
TeMIlepaTyp BO3/lyXa, B3SITbIX Ha OJIMKaiilieit MeTeo-
CTaHLIMM, IIpU OLIEHKE CHEroTasHWs Ha JeAHUKaxX
Hemenkux Anbn (Ismail et al., 2023) 6bu1a 0OHapyKe-
Ha UX B3aUMO3aMEHSIEMOCTb.

Lens paboThl — MOCTpOEHUE TUIIMYHOM s Jla-
JIOKCKOTO 03€pa CXeMbl IPOCTPAHCTBEHHOIO pac-
MnpeaeeHusI HeOOXOIUMBIX IS TTOSIBJIEHUS TTEPBUY-
HBIX JICAOBHIX SIBJICHINI CYMM HaKOIUJICHUS CPEIHECY-
TOYHBIX TEMIIEpATyp BO3AyXa C YYETOM TIITyOUHBI
o3epa.

MATEPUAJIBI U METO/IbI

B pabote nnsg pukcanmm ieqoBoit 00CTaHOBKM Ha
JlamoxXcKoM 03epe MpuMeHeHbI 00paboTaHHBIE aBTO-
pPOM paHee KapTOCXeMbl aBUAIIMOHHBIX CHUMKOB U
nHpopMallMM Cco cOoyTHUKOB cepun  MODIS
(https://oceancolor.gsfc.nasa.gov/). 1as1 nydieit Bu-
3yaJIM3alliy JIETOBBIX SIBJICHUI TIPUMEHSIIICS KOMIIO-
3ULIMOHHBIN CHUMOK 7-T0 (2.105—2.155 MKM), 2-TO
(0.841—0.876 mxm) m 1-Tto (0.620—0.670 MKM) KaHa-
JIOB C TIPOCTPAHCTBEHHBIM pa3pellleHUEM B BUTUMOM
ygacTke criekrpa 250 M. 111 HoImoTHUTETbHOM NHTEP-
MpeTaLy UCIIOJIb30BAIMCh JAaHHbBIE CO CITyTHUKOB Ce-
puu NOAA c ammaparypoit AVHRR ¢ mpocTtpan-
CTBEHHBIM pa3pelIeHUEM OKOJIO 1 KM KaK B BUIUMOM
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muana3oHe (0.725—1.00 MkM), Tak 1 00paboTaHHbBIE
o nporpamme MKW (3axapoB u ap., 1993) nanHbie
TeroBbiX KaHanoB (10.30—11.30 u 11.5—12.50 Mxm).
JaHHBIE O COCTOSIHUH ITOACTUJIAIONIEH ITIOBEPXHOCTU
C 3TUX CIIYTHUKOB AOCTYIHBI TOJBKO B SICHBIC THMU.
IIpy gauTeIbHOM OTCYTCTBUU 0€300JIa4HBIX OHEM
YIUTBHIBAJIach MHGpOPMAIIMS cO cImyTHUKa Sentinel-1
(https://scihub.copernicus.eu/dhus/) ¢ mpocTpaH-
CTBEHHBLIM pa3pelleHreM B panuoauanazoHe SAR
100 M. T'eorpacdmueckyro TpaHchoOpMalio U TIPH-
BSI3KY JAaHHBIX CITyTHUKOBOTO 30HIUPOBAHUS, X Ma-
TEeMaTUYECKYI0 00pabOTKY BEIIOJIHSUIA B IpOTpaMMe
SeaDAS 1.4. Bce kapTOCXeMBI JICTOBBIX aBHAIIMOH-
HBIX 00OCJeIOBaHUM ObLIM OLM(MPOBAHBI B 3aKpeEIl-
JIECHHOI Ha MECTHOCTHU CeTKe ¢ sTueiikoii 10 X 10 kM ¢
YYETOM CIUIOYEHHOCTH JIbAa, YKa3aHHOM Ha KapTo-
cxeme. B kaxnoit u3 180 siueek Ha JaTy ChbEMKM BU3Y-
aJIbHO yKa3bhIBaJIaCh 0aJIJIbHOCTh CTEIICHU MOKPBITHUS
JIBIOM ¢ TOYHOCTBIO 10%. CIlyTHUKOBBIE IAaHHEIE,
MPOJOJKUBIIKME Psifl JIEAOBBIX aBUapa3BenIoK, oopa-
OaThIBaJINCh 110 TOM Xe MeToguke. s aHanmm3a B
cTaThbe ObLUIO UCTIOIb30BaHOo 700 1e1OBBIX CHEMOK IS
Mepuroaa CTaHOBJICHMSI JIeA0CTaBa TMCTaHIIMOHHBIMU
METOJaMM 3a IocJenHue TpuauaTth 3uM (¢ 1992 mo
2022r1.). [TocTpoeHHast TaKMM 00pa30M 3JIEKTPOHHAs
TabjuLa ITI03BOJIMJIA aBTOPY NOJYYUTh TUITMYHBIE
CXEMbI IIPOCTPAHCTBEHHOIO pacIipeAe/icHus Jibaa
npu 3amep3aHun u ero paspymeHun (Karetnikov,
2010, 2015), a Takke OLIEHUTh U3MEHEHMS B 3TOM TH-
MMAYHOI cXeMe, IPOU3OLIeAIINe 3a OCIeTHNE 55 J1eT
(Karetnikov, 2021).

st kaxnoit n3 180 stueek paccUYMTHIBAIACh Cpe/l-
Hsg e€ TIyOMHa I10 3JIeKTPOHHOI Momenu nHa Jla-
noxckoro o3epa (Haymenko, 1995). Ilpouecc nego-
oOpazoBaHus Ha JlamoxXCKoM o3epe HaYMHAETCSI y
OeperoB B METKOBOIHBIX IOKHBIX ryoax. danee mens-
HOIl TIOKpOB pachpoCTpaHsIeTCsI B INTyOOKOBOIHbBIE
palioHEBI 03epa, pacIoJIOXKEHHbIE B CEBEPHOM €ro Ja-
ctu. I'paHuna Mexay JeAsSHBIM MOKPOBOM pa3iny-
HOI CIIJTOYEHHOCTU ¥ CBOOOIHOI OTO JibJla BOIOI Ha-
3bIBaeTcs KpoMKoii abaa (bymryeB u op., 1974). Me-
CTO B 03€pe IIEPBOro IMOSBISHMS JIbIa COOTBETCTBYET
KPOMKE JIbJla Ha JaTy CbeéMKU. M3 a51eKTpOHHOI Tab-
JMOEL 11t Kaxknoit 3 180 siueek BrIOMpasach maTa,
KOITa B KaXIyl0 U3 TpUALATUA 3UM (PUKCHUPOBAIACh
TepBoe MOSIBJISHUE JIbla C COOTBETCTBYIOIIIEI HAKOTI-
JIEHHOM K 3TOM HaTe CYMMOM CPEIHECYTOYHBIX TEM-
rnepaTryp BO3dyXxa.

[Ipu HaOmMOOEeHNSIX 3a TMHAMUKOM JIEAOBUTOCTU
o3epa ObLTIO OOHAPYXKEHO, YTO BO BpeMsl OTTeIIee,
YMEHBIIAOIINUX a0COMIOTHYIO BEIUYMHY CyMMBI Ha-
KOIUICHMSI OTpHMLATEIbHBIX TeMIIepaTyp, YMeHbIIIa-
eTCsl U IJIolIaab MOKPHITUSI o3epa JbaoM. [loaTomy
BMECTO CYMM HaKOIIJICHUSI OTPULIATEIbHBIX CPEIHE-
CYTOYHBIX TEMIIEpaTyp BO3AyXa IJISI XapaKTepUCTUKHI
M3MEHEHUI JeIOBbIX YCJIOBUM MPEAIAracTcs B CyM-
ME HaKOIUICHUSI YYUTBHIBAaTh 3HAK CPETHECYTOUHOI
TeMIIepaTyphl BO3ayxa ITOCIe YCTOMUMBOIO Mepexoaa
yepe3 0°C B CTOPOHY OTpMLATCIBLHBIX 3HAYEHUIA.
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CyMMBI HaKOIUIEHUSI CPETHECYTOUHBIX 3HAYCHUIA
TeMIlepaTyp BO3dyXa pacCUMTHIBAINUCH MO JaHHBIM
MeTeoctanunu CopraBaia, eIMHCTBEHHOM IJIs1 paiio-
Ha JlamoxckKoro o3epa, MeTeoJaHHbIe KOTOPOil Hax0-
ISaTcst B OTKpbIToM jgoctyre (http://aisori-m.me-
teo.ru/waisori/select.xhtml). ITomcuét cymMmm HaumHa-
Ccd C JaThl YCTOMYMBOIO II€pexoa CPpEeaHECYTOUHOM
TeMIiepaTypbl Bo3ayxa uyepe3 0°C B CTOpOHY OTpHUlIa-
TEJIbHBIX 3HAYECHWIA OCEHbI0. 3a JaTy YCTOMYMBOIO
rnepexojia TeMieparypbl Bo3ayxa yepe3 0°C B cTopo-
HY OTpMLATC/IbHBIX 3HaYeHUI OCEHbIO IIPUHUMACTCA
MEPBHI JeHb IIeproAa, KOIma CyMMa OTpHULIaTeIb-
HBIX CPEOIHECYTOYHBIX 3HAUYCHUI TeMIIepaTyphbl BO3-
JlyXa Mo abCOJIIOTHOI BeJMYMHE MPEBBIIIACT CYMMY
MOJIOKUTEIBHBIX CPEIHECYTOYHBIX 3HAYCHUII B MO-
CJIEAYIOIINM OTTEIIeNbHBIN mnepuon. PaccumtaHHBIE
Ha JaThl JIEJOBBIX CBEMOK TaKUM IMPOCTBIM CIIOCOOOM
HAKOILJICHHBIE CYMMBI IIpeajiaracTcsl UCIIOIb30BaTh B
Ka4eCcTBE XapaKTePUCTUKU PE3YJIbTUPYIOIIETO TeIl-
JioBoro 1motoka. Ha ocHoBe ocpemHeHHBIX 3a TPU/I-
aTh 3UM CYMM CPEOHECYTOYHBIX TeMIIepaTyp BO3IY-
Xa, HAKOIUIEHHBIX Ha JaTy IIePBOTO ITOSIBJICHUS JIbIa
B KaxXIol siueiike, ObLIa IOCTpOEHA CxeMa, IpUuBe-
IeHHas Ha puc. 1. MHTepnoasauus Mexay 3akper-
JIECHHBIMM Ha MECTHOCTHU sTYefiKaM1 MpPOU3BOAMIACH
MeTonoM KpaiimkuHra ¢ maroMm 5 KM B mporpaMmme
SURFER-11.

PE3YJILTATbBI U OBCYXIEHHME
ITpu 1OCTMKEHUM CyMMBI HAKOIUIEHUS TEMITEpa-

Typ BO3OyXa z 1,05 = —50°C nepBblii €D NOABIAET-
csl B I0XKHBIX MEJIKOBOJHBIX T'y0ax Jlamoxckoro oze-
pa. ITo Mepe panpHeilero HaKOTUIEHUSI CyMM CpeJi-
HECYTOUHBIX TeMrepaTyp BO3Ayxa IPOUCXOAUT
3aKOHOMEPHOE TMOSIBJIEHNE JIENOBbIX SIBJIEHUU B ITy-
OOKOBOJHOM ceBepHOI yacTu o3epa. M3 Takoii cxe-
MBI CJIEIyeT, YTO MOJDKHA CYIIEeCTBOBaTh 3aBUCH-
MOCTb MEXJYy CYMMOU HaKOIUIEHHBIX CPEIHECYyTOU-
HBIX TeMIlepaTyp BO3dyXa, HEOOXOOMMON st
0o0pa3oBaHUsl TIEPBUYHBIX JIETOBBIX SIBJIEHUI, U Me-
CTOM Ha 03epe, oIpeaeasieMbIM ero myonHoii. I1pen-
CTaBJieHHasl Ha puUC. 2 KOppeJslUOHHAasT 3aBUCHU-
MOCTb OTOOpaxkaeT OOIILYI0 TEHASHIIUIO — C YBeJIruUe-
HYEM DIYOWHBI YBEJIMUMBAETCS CyMMa HaKOTUIEHUS
TeMIIepaTyp BO31yxXa, HeoOXoauMasl IJIsl TIOSIBJICHUS
MEePBUYHBIX JIETOBBIX siBIeHUH. [1o HaKoTJIEeHHOI Ha
OIpPEAETIEHHYIO 1aTy CyMM€ CPETHECYTOUHBIX TEMITE-
paTyp BO3ayxa, KOTOPYIO JIETKO TOACYUTATh, U HC-
MOJIb3Y$l CTATUCTUUYECKY 3HAUMMYIO (C YpPOBHEM 3Ha-
yumocTu 0.05) 3aBUCMMOCTb, MOXHO OILIEHOYHO I10-
JIYIUTh MECTO B 03€p€ B 3aBUCUMOCTU OT INIYOUHHBI,
rae OydeT HaXOAUThCSl KpOMKa Jibaa

H=-027)"T,, —14.62,

rne H — miyOuHa, HaJl KOTOpO MPOUCXOAUT 00pa3o-

0311

BaHWE MEPBUYHBIX JIEAOBBIX ABJIEHUIL, M; ZTBOM_ -
HaKOITJIEHHas1 Ha OIpPENEIEHHYIO JaTy CyMMa Cpel-
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Puc. 1. CxeMa HEOGXOAMMOI CyMMBI CPETHECYTOYHOM TeMITepaTyphl BO3IyXa Tk 00pa30BaHMsI TEPBUYHBIX JICTOBBIX SIBJICHUI

Ha akBaTopuu JIamoXCcKoro o3epa.

Fig. 1. The scheme of accumulated sum of the average daily air temperature required for the formation of primary ice phenomena

on the Lake Ladoga water area.

HECYyTOYHBIX TeMIIEpaTyp BO3ayxa, TpeOyemast IS
HogBJIeHus Jipaa, °C.

IMpennaraemast 3aBUCUMOCTb OTIMCHIBAET 3/4 ciy-
yaeB; ocTaBluuecs: 1/4 ciaydyaeB MOXHO OOBSICHUTH
BETPOBBIM IIEPEHOCOM, KOTOPBIA IIPOUCXOIUT Oe3
KaKoi-11M00 3aKOHOMEPHOCTH, a YMCTO CIydaiHo,
0COOEHHO B INTYOOKOBOOHBIX YaCTSIX 03epa. AHAJIO-
TMYHOE HCCJIeIoBaHMe ObLIO MPOBEIEHO Ha 03€pax
dunnsuouu (Korhonen, 2019), m1st KOTOpBIX onpe-
JieJIeHO MUHMMAaJIbHOE KOJUYECTBO TIpaayco-aHeit,
HeobxomuMoe I o6pa3oBaHus JienoctaBa. B @uH-
JITHAVM JIEA0CTaB Ha MEJIKMX 03€pax HaunMHaJcs cpa-
3y IMocjie Tepexola CpPelHEeCYyTOUHBIX TeMIepaTyp
Bozayxa yepes 0°C B CTOpOHY OTpULIATEIbHBIX 3HAUYE-
Huit. Ha o3€pax ¢ rybuHoit 25 M tegoctaB Habroqa-

eTcsl IPU TOCTUXKEHUUN Z T,,., =—200°C.

03/1.

OcpenHEHHBIC 32 TPUALATH 3UM JATHI TTOSIBICHUS
MEPBUYHBIX (DOPM JIbJa B KaxKI0M 3aKpEIIEHHOI Ha
MECTHOCTU sTYeiiKe, KOTOPBIE ObLIU MOJIYYEHbBI B IIPO-
ecce HACTOSIIEro UCCIeIOBaHUsI, CPAaBHUBAINCH C

MMEIOLIMMUCS JaTaMU JIeHoCcTaBa B TeX Ke sdeiikax
1st ieprogaa nocie 1963 r. (Karetnikov, 2021). Boons
OGeperoB IMepuol OT Havaja JiemooOpa3oBaHUS 10
YCTaHOBJICHUS JIeIOCTaBa IJIUTCS OKOJIO 55 cyT; yem
Jalible oT Oepera, TeM KOpode 3TOT INEPUOI, OH CO-
KpataeTtcs 1o 45 cyt. Ha Gospllieit yacT akBaTOpun
o3epa B MOCJeIHMUE TOAbI JIefocTaBa He obpasyeTcs,
XOTS M OTMEYAIOTCsI IEPBUYHbBIE (POPMBI JIETOBBIX SIB-
JICHUIA.

BBIBO/IbI

Ha ocHoBe ol poBaHHBIX JaHHBIX O IIPOCTPaH-
CTBEHHOM pacIpeie/IeHUH JIbaa Ha JIagoxXCKoM o3e-
pe 3a 30-JeTHHUI TIepuo yaaaoCch MOCTPOUTH TUITY -
HYIO CXeMY IIPOABUIKEHMS B 03€pe JIeJOBOI KPOMKU B
3aBUCUMOCTH OT HAKOIIJIEHUSI CYMMbI CPEIHECYTOU-
HBIX TeMIlepaTyp Bo3ayxa. [lepuon or Hayaja Jieno-
0o0pa3oBaHUsI OO YCTAHOBJICHUs JiedOCTaBa KOJeO-
JIETCSI OT ABYX MeCSILIEB y 6€pEroB 10 MOJyTopa Mecs -
LeB B OTKPHITOM YacTu o3epa. [IpenmnoaoxuTebHO
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Puc. 2. 3aBucuMocTb FJTYGI/IHI)I MeECTa IOABJICHUSA TICPBUYHBIX JICIOBBIX SIBJIEHWI OT HAKOIUJIEHHOM CYMMBI CPEAHECYTOYHbIX

TeMITepaTyp BO3Iyxa.

Fig. 2. Dependence of the depth of location of primary ice phenomena appearance on the accumulated sum of average daily air

temperatures.

CTATUCTUYECKN 3HAYMMasg 3aBUCUMOCTbH TOJIIIVHBI
BOITHOIO CJIOSI, Had KOTOPHIM OOpa3yloTCs IepBbIE
JIEIOBBIE SIBJICHUS, OT CYMM HAaKOIUICHUS CPEIHECY-
TOYHBIX TEMIIEpATYP BO3AyXa IMO3BOJUT OLIEHUBATH
TMPOCTPAHCTBEHHOE pacCIIpeAecJICHUE Jibla Ha AaKBATO-
pUAX OPYyrux 03€p.

Baarogapuoctu. Pabora BbIIIOJIHEHA IO TeMe I1j1a-
Ha HUP MHO3 PAH — CIIo ®ULl PAH Ha 2019—
2023 rr. Ne FMNG-2019-0001 “KomrrekcHas OLeH-
Ka JUHAMUKM 3KocucTeM JIaioXcKoro o3epa u BOJO-
€MOB ero bacceifHa IoJ, BO3AeCTBUEM MIPUPOIHBIX U
aHTPOIIOTEHHBIX (paKTOPOB”.
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The purpose of the work was to establish regularities of the ice formation in the largest European Lake Ladoga
depending on the air temperature. The average daily air temperatures obtained at the Sortavala weather sta-
tion for thirty years were used for the analysis. The main task was to determine the sums of accumulated av-
erage daily air temperatures necessary for the appearance of primary ice phenomena in areas with different
depths of the Lake. To solve this problem digitized remote sensing data of the spatial distribution of ice in the
fixed cells with known average depth and data on average daily air temperatures were used. For thirty last win-
ters, the dates of the first ice appearance in each of 180 cells were selected, which were related to the accumu-
lated to this date sum of mean daily air temperatures after its steady transition through 0°C towards the neg-
ative values. The resulting scheme of the accumulated sums of air temperatures needed for the ice appearance
indicates their regular growth with increasing depth. It is assumed that this dependence will make it possible

to assess dynamics of ice formation on other lakes.
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B 0630pe paccMOTpeHbI OCHOBHBIE HAIIpaBIEHUS UCCAEA0BAHMI TEPTOrO Jibaa. OCHOBHOE BHUMAaHUE ye-
JIEHO MOP(MOMETPUYECKUM OCOOCHHOCTSIM TEPTOTO JibJa B KaHa/IaX, U3YYEHUIO TIOPUCTOCTH Y MPOYHOCT-
HBIX CBOMCTB TEPTOrO JIbAA KaK ChIITydeil cpelbl, a TaKKe MpoleccaM (POPMUPOBAHMUSI KOHCOJUIUPOBAHHO-
ro ciaost. OnucaHbl 3KCIIEPUMEHTHI 110 OMpPeAeICHUIO CBOMCTB TEPTOTO JibAa B JIEAOBBIX OacceifHax — 3TO
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BBEIAEHME

TépteiMm npaoM (manee — TJI) wnu nenoBoit Kalei
(brash ice) Ha3bpIBaIOTCS MIaBaloIUe JeassHbIe 00pa-
30BaHUsl, XapaKTepHbI pa3Mep KOTOPbIX HE TTPEBbI-
maeT 2 M. Takue o6pa3oBaHus BCerma IMPUCyTCTBYIOT
B €CTECTBEHHOM ApelidyrolieM JeasHoM nokpose. K
TJI moryT OBITH OTHECEHBI HauallbHbIE (DOPMBI JIbAA,
oOpasyloliiyecs Tpu 3amMep3aHUM aKBaTOpUU, Ha-
npumep, oauH4uathiii a€n (CasoHoB, 2022). Takxke
TJI Bcerma obOpasyeTcsi Mpy pa3iUYHbIX JUHAMUYE-
CKMX Mpolieccax B JIEASHOM MOKPOBE, TAKMX KaK TO-
polureHue U HaciaoeHue Jpaa. OmHako noiust TJI, 06-
pa30BaBIIIErOcs B €CTECTBEHHBIX YCIOBUSIX, IO OTHO-
LIEHUIO K OPYTMM THUIIAM JibAa JOCTaTOYHO MaJa,
MO3TOMY €T0 POJIb B Pa3IMYHBIX OKEAHOJIOTUYECKUX
U DISLMOJOTMYECKUX MpolieccaXx He3HayuTelbHa.
DTUM MOXHO OOBSICHUTH OTCYTCTBME MHTEpeca MC-
clieqoBaTesieil K 3TOMY TUITY Jibda, KOTOPbI HaOII0-
JlaJicsl 10 HEJJaBHETO BPEMEHH.

OtHomrenue K TJI kak 0OBEKTY HCCIeIOBaHUS
cTaJio MeHSIThcs B KoHIIe XX Beka. MHTepec K 3TOM
JeasiHoit popMaliyiy ObLT 00YCJIOBICH pa3BUTUEM CY-
JIOXOMICTBA B IIPUIMANHEIX JbIaX, KOTOPBIE XapaKTep-
HBI JJ151 BHYTPEHHUX BOIHBIX ITyTEM, 3aKPBITHIX IPO-
TSDKEHHBIX 3JIMBOB BHYTPEHHUX MOpEii, HalIpuMep,
Bbanruiickoro. 7151 cynoxoncTBa B 3TUX paliloHaX, KakK
MpaBUIO, WCIIOJb3YIOTCS BIOJHE ONpenejaecHHbIe
TPacChl, HaA KOTOPBIX IIPOKJIAIbIBAIOTCS CYIOXOIHbIE
KaHaibl. B pe3ynbraTe aKCIUIyaTaliiy TaKMX KaHAJIOB
OBUTA BBISIBJICHBI OCOOCHHOCTHM (DOPMHUPOBAHUS B
HUX JbAa. YCTAaHOBJICHO, YTO JIEA B TaKMX KaHajlax
OTJIMYAETCS OT HAXOMSIIETOCs B HEIIOCPEICTBEHHOM
OJIM30CTH TIPUMAKHOIO JibAA MO CJIEAYIOLIMM Tapa-

MeTpaM: KaHaJl MOYTH IMOJHOCThIO 3amnojaHeH TJI;
TOJIIIIMHA JIbAa B KaHaje MOXET B HECKOJBbKO pa3
MPEBBIIIATD TOJIIMHY NPUMTAKHOIO JIbAA; OTAEJIbHbIE
KYCKH JIbIa MOTYT CMep3aThCs B KaHajle B MOHOJIUT,
TOJIIIIMHA KOTOPOIO TaKxKe MOXKET IIPEBBIIIATH TOJ-
IIMHY IPUIMIAMHOTO Jbaa.

YKkazaHHbIe 0COOEHHOCTHU JIeISTHbIX KaHAJIOB OKa-
3bIBaJIM CYIIECTBEHHOE BJIMSHUWE Ha BO3MOXHOCTb
ru1aBaHus o HUM cynoB (Ca3onos, 2021). B HekoTo-
pBIX ciaydasix TofuHa ciost TJI B KaHajie U cTeneHb
€ro KOHCOJIMJAIIMU ObIJIU TAKOBBIMU, UTO IBUXKEHUE
M0 HeMYy CTaHOBWJIOCh HEBO3MOXHBIM U TPUXOAU-
JIOCh MPOKJIaJbIBaTh HOBBIM KaHaJ MapajlieJIbHO Cy-
HecTByoleMy, HanpuMmep, Ha Enncee (CMHpPHOB,
1993). C Hauana XXI B. UHTEHCUBHOCTb Cy/I0XOACTBa
B apKTUYECKUX MOPSIX, BKJIIOYasl 30HbI MPUMAHOTO
Jiba, cTajla BO3pacTaTh, YBEJIMYMUIOCH KOJIUYECTBO
TOPTOB, paboTaIOIIUX B JIEMOBBIX yCI0BUsIX. Bee aTo
caenajio npobiaemy usdydeHus TJI akTyallbHOI yXe U
JJIs1 apKTUYECKUX MOPEA.

Huke mpuBOoauTCs 0630p COCTOSTHUS MCCIIEN0Ba -
Huii mpo6aemel TJI. HekoTopble 13 MaTepuaioB TaH-
HOIT pabOTHI OBLIM paHee YACTUYHO OITyOJIMKOBAaHBI
aBTopoM (CazoHoB, 2022). B 0630pe paccmaTpuBa-
FOTCSI ICCIIEIOBAaHUSI CTPOSHUS KAHAJIOB M aKBAaTOPUIA
nopToB, 3arnoaHeHHBIX TJI; mcciaenoBaHusl CBOWCTB
TJI 1 mpolieccoB X KOHCOTUAALIVN.

MOPOOMETPUYECKUE
XAPAKTEPUCTUKHU TEPTOI'O JIBOA

OnmHu u3 TICPBbIX HUCCJIEA0BAaHU CTPOCHMUA JICOA-
HbIX KaHaioB ¢ TJI BbINOJIHEHB CKaHAWMHABCKUMU
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Puc. 1. Cxema kaHasta, 3amoaHeHHoOTo TépThiM JbaoM (Ettema, Huang, 1990).
Fig. 1. Scheme of a channel filled with brash ice (Ettema, Huang, 1990).

(Kannari, 1983; Sandkvist, 1986) u ameprUKaHCKMMH
crietuanuctamu (Ettema, Huang, 1990). Hanee atu
uccnegopanusa npomokuian (Nortala-Hoikkanen,
1999; Chomatas, 2015; Riska et al., 2019). Hau6oiee
obcrosTenpbHa pabora (Kannari, 1983), B KoTopoit
NpUBEICHBI Pe3yIbTaThl HATYPHBIX U3MEPEHUIT MOP-
domeTpudeckux ocobeHHocTeit kaHainos TJI B Bor-
HUYECKOM 3ajiuBe. B Heil IpeacTaBiieHbl pe3yIbTaThl
npoMepoB TONIIMHEI ciost TJI B KaHalle, KaK IoIie-
PEK, Tak U BOOJIb KaHaJa.

s yno6cTBa OMUCAHUSI KAHAIOB, 3aITOJTHEHHBIX
TJI, B padote (Kannari, 1983) BBeneHa xapaKTepu-
CTHKA MPUBEAEHHOI TOJIIIMHBI KaHAJA:

X

H, :éjH(x)dx, (1)

L’X]

rne B, — mmpuHa kaHana; H (x) — pacnpeneneHue
tomH TJI o mmpuHe KaHayia, IPpU 3TOM TOYKHU
Hayajla M KOHIIa 00JIaCTU MHTETPUPOBAHUS YIOBIIEC-

TBOPSIOT YCIOBUIO X, — X; > B,, y4UTbIBas pacnpo-
ctpaHeHue TJI mox ero KpoMKu. XapaKTepUCTUKA

H , 10 cux 1op UCNOJIb3yeTCs IIPU OMUCAHUSIX KaHA-
jaos c TJI.

B pa6orax (Kannari, 1983; Sandkvist, 1986; Nor-
tala-Hoikkanen, 1999) n3yudeHbl u chopMyIMpoBaHbI
OCHOBHBIE OCOOEHHOCTH JieIsTHBIX KaHaioB ¢ TJI, ko-
TOpPBIE CBOASITCS K CAEAYIOIINM ITOJTOKEHUSIM:

1. Pacnipenenenne TonmuHbl ciaos TJI o mmpuHe
KaHajla MOXHO CUMTaThb YCJIOBHO CUMMETPUYHBIM
OTHOCUTENILHO OCU KaHania. MUHMMaJIbHasI TOJIIIMHA
CJIoSl pacriojlaraeTcsl B CpeaHeil 4yacTh KaHajia, a K
KpOMKaM KaHajla (OopMUPYIOTCS JielsiHble Harpo-
moxaeHust TJI, rmyOrHa KOTOPBIX MOXET IOCTUIaTh
3HAYUTEIBHBIX pa3MepoB. B padore (Nortala-Hoik-
kanen, 1999) B onHOM U3 MCCIeIOBAaHHBIX KaHAIOB
toyuHa TJI B ero HeHTpaJbHOM YacTU U3MEHSIJIACh
ot 0.9 mo 1.5 M, a ToJIIMHA JIEASTHBIX HATPOMOXIE-
HUii o KpasiMm — oT 1.5 go 3 M. [Ipu u3amepeHusIx mpo-
¢uneit TJI mo mmpuHe KaHalla 4acTO HaOJIIOHA0TCS
OTHOCUTENBHO HEOONbIINE JIeASHBIE 00pa30oBaHUS,
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pacIoJIOXKEHHBIE MEXIY OChbIO KaHajla U €ro KpOoM-
Koii. Bo3HMKHOBEeHME TaKUX 00pa30BaHUI CBSI3aHO C
MPOXOXACHUEM II0 KaHAJly OTHOCHUTEILHO HeOOJIb-
IIIMX CYIOB, IIIMPHUHA KOTOPBIX MEHBIIIE €TI0 IIIMPUHBIL.

2. Pactipenenenue TommmHbl TJI mo mmiHe KaHa-
Jla Takke HepaBHoMepHo. Ha OoJsplieit yactu mu-
CTaHLMM ¢€ W3MEHEHUS HEe3HAYUTCIbHBI, PE3KOe
yBeJIMYeHHUe HaOJIIogaeTcs B KOHLE JUCTAHLIUMU, YTO,
BO3MOXKHO, CBSI3aHO C KAKMMHU-JIN00 U3MEHEHUSIMU
B peXXUMe ABVDKCHUS CyIHA.

3. Cnoii TJI He sBasieTcsl ToMOoTeHHBIM. Ilo pe-
3yJabTaTaM OypeHUsI KOHCOJMIUPOBAHHOTO CJOS
TJI B HeM, TaK Xe Kak U B TOPOCHUCTBIX OOpa3oBa-
HUSIX, OOHAPYKEHBI MOJIOCTU, CBOOOIHBIE OTO JbJa
(Sandkvist, 1986).

Ha ocHoBaHUM BBITIOJJHEHHBIX MCCAEI0OBaHU
ObLTa TIpemIokeHa 00O0OIIeHHAas MOIEeNb JEITHOTO
KaHaJja, KOTopasi UCTIOIb3YeTCS BO MHOTHX IIPUKJIIAI -
HbIX paboTax (puc. 1). HemaBHo aTa Moaesnb Obl1a uc-
MOJIb30BaHa IS CO3MAaHUSI OTHOCHUTEBHO IPOCTOI
TEOMETPUUIECKOM CXEMBI €r0 IBOJIOINM TTPU IBIKE-
Huu cynos (Bridges, 2020).

B pa6ore (Kannari, 1983) BbIOJIHEHBI UCCIENO-
BaHUS pacripeneieHus no pasMepam Kyckos TJI, Ha-
TOJTHSTIONIETo KaHall. Takoe pacripenesieHue TTpUHSI-
TO OIMCHIBATh JJOTHOPMAaJIbHBIM 3aKOHOM (Sorsimo,
2016; Prasanna, 2018) mo aHaJOTMH C OIMCaHUEM
pacripeneseHus 110 pa3MepaM 00JIOMKOB OMTOTO JIbIa
B KaHaJe 3a JienokosiaoM (Tuovinen, 1979). Onucanue
pacrnpeaeaeHust KyCKOB JibJa 10 pa3MepaM Mo MIUupU-
He KaHaa naetcs B pabore (Sandkvist, 1986). B Heii
yKa3bIBaeTcs1, YTo popMa U pa3Mmep JCASHBIX TIILIO
BapbUPYIOT OT OUEHb MaJIEHbKMX KYCOUYKOB JIEISTHOTO
caja 10 OGOJBIIMX OJIOKOB OOBEMOM OKOJIO 4 M.
Bmoik oceBoii TMHUM KaHalla B OCHOBHOM pacIToJIo-
JKeHBI HeOOJIbIINE KYCKM JIbaa U cano. bosiee Kpyri-
Hble OJIOKM JibIa CMEIIeHbI K KpoMKaM KaHaja. Yem
OOJIBbIIIE CYOOB XOOWUT MO KaHaly, TeM pa3iudyus B
CTPOEHUM KaHayla 110 IMPUHE TIPOSIBIISIIOTCS Oosee
pe3Ko. ABTOp yKa3aHHOI pabOThl ONUCHIBACT TAKXKe
MOCJIeIOBATEIFHYIO 9BOJTIOIIMIO KYCKOB JIbIa B KaHa-
Je. Bo BpeMs mepBBIX MPOXOIOB CyIHA B KaHajax
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TOHKMIA POBHBIN NEN paspyiiancs Ha OTHOCUTEIbLHO
oosiblIve Kycku. Ilpu 3TOoM HaOmOmaauch MHOIO-
YUCJIEHHBIC HACJIOCHUS Jbda, KOTOPHIC BIIOCIEH-
CTBUM cMep3aluch. [Ipu yBeIWdyeHUU KOJMYECTBA
MPOXOJ0B CyIoB (hopMa 0OJIOMKOB JibJIa B KaHaJIe Ha-
YUHaeT CTpEMUThCS K cepudueckoit. Takue Kycku
JIbJIA IIPU B3aMMOIEHCTBUY C KOPITYCOM IIPOXOISIIIE-
ro CyIHa MPaKTUUECKU HE pa3IBUTAIOTCS B CTOPOHY,
a II0BOPAaYMBaIOTCS BOKPYT HEKOTOpOIi ocu. bim3kas
KapTtuHa dopmupoBanud cios TJI B kaHaite onmmcaHa
B pabore (Ettema, Huang, 1990).

XoTsa wucciaenoBaHue MOpP(POMETPUUECKUX OCO-
oeHHocTteit TJI mpomoKkaeTcs yKe HECKOJIbKO IeCsI-
TUJICTUI, OCTAETCs €Ile PsiI BOIIPOCOB, KOTOPhIE HE
MOJIYYUIU YIOBIETBOPUTEILHOIO OOBsICHEHUS. Tak,
He sSICeH BOIIPOC O CBSI3M pa3MepoB KyckoB TJI ¢ Toi-
IIMHO POBHOTIO JIEASHOIO IIOKPOBAa, B KOTOPOM IIPO-
KJIagbIBaeTCsl TIepBOHAYaAJbHBIN KaHain. B pabGote
(Kannari, 1983) ykazaHo, 4TO B pa3JIMYHbIX KaHaJlax
cpemHuil pa3Mep 0J10Ka Ibaa He coBnanai. HemonsT-
HO, KaK B IPOLIECCE IBOJIOLMM KaHajia IIPOUCXOIUT
M3MEHEHHE pPa3MepoB 00JIOMKOB, KaKoe BIMSHUE Ha
STOT IIPOLIECC OKA3bIBAET YaCTOTa ABVKCHUSI CyIOB.
CyliecTBYIOT 1M pa3andust B xapakrtepuctukax TJI,
00pa30BaBIIIEroCs B CYyIOXOMHBIX KaHalax, B KOTO-
PBIX IIPOMCXOAUT OTHOCHUTEIBHO PEIKOe IBMKEHUE
cynoB, u TJI Ha akBaTopusIX ITOPTOB, TIOC IBUKECHIE
HOCUT MHTEHCUBHBIN XapakTep. JIaHHBIX O pacIpe-
neneHun TJI Ha akBaTopusx IIOPTOB KpaiiHe Mayio
(Riska et al., 2014; Riska et al., 2019) 1 oHu yacTo oT-
HOCSITCS K pacpeIe/IcHUIO JIbJa B OABOIHBIX KaHA-
JIaX TIOPTOB.

CBOWCTBA TEPTOI'O JIbJA

st ommcanust cBoiicTB TJI 0OBIYHO HCITONB3YET-
cs MOJEb MEXaHWKHU ChIllydeil cpeabl. Tpamuuus
BOCXOJUT K METO/IaM MCCJIeIOBaHUSI TOPOCOB U JIe s -
HbIX HarpomoxaeHuii (Loset et al., 2006; Palmer,
Croasdale, 2013). OueBunHo, uto TJI BO MHOTOM MO-
XOX Ha MepeuyucyieHHbIe JIeAsIHbIe 00pa30BaHMUsI, TTO-
5TOMY UCITOJIb30BaHHUE OJHUX U TEX K€ METOIOB aHa-
JIn3a He BBI3bIBaeT coMHeHuil. Heobxomumo orme-
T™uTh, 4TO TJI Onaromaps cBOMM pa3MepaM B
HaUOOJIbIIE CTETeHW TMOAXOAUT IJISI MCIIOIb30Ba-
HUSI TAKOTO OMMCAHUSI.

OnHot 13 BaXXHBIX XapakTeprucTuK ciiost TJI aBis-
ercst ero nopuctoctb. CommacHo pa6ote (Mellor,
1980), TeopeTnyeckasi HIOPUCTOCTh CHIITYYUX MaTepu-
aoB cocTasiisieT npuMepHo 0.4. B HaTypHBIX ycIio-
BUSIX OHA ompenessieTcss nyTéM OypeHus. I[1pu atom
omnpenensieTcsl Tak Ha3biBaeMmasl “JIMHeiiHass” Iopu-
CTOCTh, KOTOPYIO OOBIYHO OTOXKIECTBJISIIOT C ITOPH-
CTOCTBIO BCEro cjiosl. B oTimure oT TOpocucThIX 00-
pa3oBaHMii, IJIe TaKOE OTOXICCTBICHHE HE COBCEM
KoppekTHO (ActadbeB u ap., 1997; Cazonos, 2021),
11st ciiost TJI oHO MoKeT OBITh IPUHSITO. DTO CBSI3aHO
C HEOOJIBLIMMHU pa3MepaMy KYCKOB JIbIa M, COOTBET-
CTBEHHO, 00Jiee TJIOTHOM €ro eCTECTBEHHOM yITaKOB-

koii B cioe. B pabote (Nortala-Hoikkanen, 1999)
YKa3bIBaeTCsl IOBOJBbHO ITUPOKUI TUAna3oH U3Me-
HeHMs 3toro napamerpa: oT 0 o 0.3 g TJI, pacmo-
JIOXXEHHOTO B cpemHeil yactu KaHana, 1 oT 0 mo 0.49
IIJISI JIEISTHBIX HArpOMOXKIeHUH y KpaeB KaHana. Elie
0OJIbIINI AMAMa30H UBMEHEHUST MOPUCTOCTU YKa3aH
B pabote (Matala, 2021): ot 0.07 mo 0.6. ABTOp pa6o-
Thl 0asupyeTcsl Ha aHalIu3e MHOTOYMCIIEHHBIX pe-
3yJbTaTOB U3MEPEHUI, BKIIOUAIOIINX U3MEPEHUS B
JienoBbIx OacceitHax. OTMeUeHO, YTO JaHHbIE, MOy~
yeHHbIe B JiedoBbIX OacceiiHax 0.32—0.37 u 0.42,
0JIM3KM K TEOPETUYECKOMY 3HAUYEHUI0. AHAIU3UDYS
9TU laHHbIE, aBTOP PabOThl CUMTAET TaKOil pa3dpoc
He MpoTuBopedaliuM Teopuu. [lo MHeHUIO aBTOpa
JTaHHOro 0030pa, 310 He Tak. ITopucrocts TJI — me-
peMeHHasi BeJIMYMHa, KOTOpasi 3BOJIOIIMOHUDPYET BO
BpEMEHHM MO ACHCTBUEM TEPMOAMHAMUYECKUX (haK-
TopoB (CazonoB, 2021). O6 3TOM CBUIETEILCTBYIOT
JlaHHbIE, TTOJIyYeHHbIE B JIENOBbIX OacceiiHax, B KOTO-
PBIX 32 BpeMsl TIPOBeIeHUsT SKCIIEPUMEHTOB TEPMO-
JTMHAMUWYECKUe MPOLIECChl HE YCIIeBAIOT MPOSIBUTHCS
U MO3TOMY OHU OJIM3KM K TEOPETUYECKOMY 3Haue-
Huto0. [To pesysibTaTaM BBITTOJTHEHHBIX UCCICAOBAHUIA
MOXHO yKa3aTh TEHAEHIIMIO K CHUKEHUIO TTOPUCTO-
ctu TJI B cpenHeii yacTu KaHasa, rie TpyninupyroTcs
KYCKMU JIbIa HAMMEHbIIIETo pa3Mepa.

OCHOBHOE COOTHOIIIEHWE MEXaHUKH ChITydeil
cpenbl — 3T0 cootHomeHne Kymona—Mopa (LlpiTo-
BUd4, 1973):

T=c+0tgo, (2)

rme ¢ — Ko3¢pPUIIMEHT CUETUICHUS CBhITTyYeil Cpebl;
T; O — KacaTeJabHble 1 HOpMaJIbHBIC HAIIPSKEHUS Ha
paccMaTpuBaeMol 3JIeMEHTAPHO MIOIIAIKe CPEIbI;
() — yroJl BHyTPEHHETO TPEHUSI CPEbI.

BenuuuHbl ¢ 1 @ — GU3MYECKHUE KOHCTAHTHI Chl-
nydeil cpedbl, MOmIeXKallue 3KCIIEPUMEHTaIbHOMY
onpeneneHuio. HaxoxneHue aTUX BEJIUYMH B HaTyp-
HBIX YCJIOBUSIX, KaK B Cly4ae U3YYeHUs JeASTHBIX Ha-
TPOMOXKICHMI, TAaK M TEPTOTO JIbAa, BECbMa TPYIOEM-
KO, a MOJIydeHHbIE pe3yJIbTaThl HE BCEIra OMHO3HAY-
Hbl. [ToaToMy nopaBiisioliee GOIBIIMHCTBO JaHHBIX
0 CBOIiCTBax JIEMSTHBIX HarpoMoxaeHuit u TJI kak cbI-
Mmy4yeit cpeabl MOJy4eHO B J1a0OpPaTOPHBIX YCIOBUSIX.
HMccnenoBaHuio CBOMCTB Jibla B JIEASTHBIX HATPOMOXK-
JIIEHUSIX ITOCBSIIEHO OOJIBIIOE KOJIMYECTBO pPadoT,
HarnpuMep (Astrup, 2012), B KOTOpOii OIUCHIBAIOTCS
SKCHEPUMEHTAJILHBIE METOAbI U YCTPOMCTBA IS
ompeeneHUs IIapaMeTPOB JIeIoBoii cpenbl. B pabo-
tax (Ettema, Urroz-Aguirre, 1991; Liferov, Bonne-
maire, 2005) npuBoAUTCST 0030p TMOJYUYEHHBIX pe-
3yJIbTATOB, & TAKXKE BBICKA3BIBACTCSI MHEHUE, YTO JIM -
HeiiHasg ¢dopmyna Kymona—Mopa (2) He Bcerma
XOPOIIIO OIMCHIBAeT pe3yJibTaThl. B KayecTBe mpu-
YUH, BbI3bIBAIOIIMX OTKJIOHEHMUE, Ha3bIBAIOTCS BO3-
MOXHOCTb CMEp3aHMsi KYCKOB Jibda MEXIY COOOI,
3HAYUTEJIbHOE BIIMSIHAE MEXaHMYECKOTIO 3a1lera Kyc-
KoB. OTKII0HeHUs oT 3aKoHa Kynona—Mopa Hao:1t0-
JIAIOTCS ¥ MIPU YBEINYSHUU CKOpOCTH ABvxkKeHus TJI.
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B pabore (Montenegro, Cabrera, 2017) mpuBoasTcs
JIaHHbIE, YTO MPU ITOBBIIIEHUN CKOPOCTHU TTOBEIEHNE
TaKOM CHIITyYeil cpeabl OOJIbIIE HATIOMUHAET HEHbIO-
TOHOBCKYIO XUIKOCTb.

BoripocaM BnusiHUS ClieKaHUSI KyCKOB JIbIa Ha
npouyHocTHEIe cBovicTBa TJI m nboa B JeIsTHBIX 0Opa-
30BaHUSIX B TIOCJIeAHEE BpeMsl ylessieTcsl OOoybIlIoe
pHuMaHue (Marchenko, Chenot, 2009; Boroojerdi et
al., 2020). B ykazaHHbBIX MCCIIETOBAaHUSIX U3Y4YaJIOCh
BJIMSTHUE CIIEKaHWSI Ha IIPOYHOCTh OOpas3loB Jbla
npu capure v u3rude. Hanbomplinii nHTepecC mpen-
CTaBJISTIOT PE3YJILTAThI AJIs1 00pa310B, ITOTPYKEHHBIX
B Boxay. B pabote (Boroojerdi et al., 2020) 6b110 ycTa-
HOBJICHO, YTO IIPU YBEJIIMYCHUUN BPEMEHM IOrPYKe-
HHUS 00pas3noB Jbga ¢ | MuH 1o 14 mHel IMPOYHOCTh
CLIETUICHMS TIPU 3aMep3aHUU YBEJIMUMBajIach CO Bpe-
MEHEM IIOTPYKE€HMSsI, JOCTUTAsI MTMKA IIPUMEPHO Ye-
pe3 5 MuH. 3aTeM OHa YMEHbIIIaJach, KOraa Jé 10~
CTUTAJl TeMIlepaTypbl paBHOBECHUSI C OKpYKalollei
BOZOI, ITOCJIE YEro OCTAaBaIaCh IIOCTOSTHHOM. ABTOPBI
pabOTHI CUMTAIOT, UTO MPOLIECCHI CIIEKAHUS U TTOJI3Y-
YeCTU — JOMUHUPYIOIINK MEXaHU3M IPU JJIUTEIb-
HOM IIOTPYX€HMU KYCKOB Jibada B Bomy. B pabGore
(Zhaka et al., 2020) mpuBeneHbI pe3yIbTaThl UCITbITA-
HUI MO MCCJIEIOBAHUIO MPOYHOCTU Ha cXKaTue 00-
pa3LoB JIbIa, MMOJIYyYeHHBIX U3 CMEP3IIETOCS B MOHO-
st TJI B KaHajIe ¥ 13 pOBHOTO JIbJla B OKPECTHOCTSIX
KaHajia. ABTOPbI OTMEYaIoT, YTO B 00OMX TUMAX JibIa
HaOII01a/1aCh CMEeIIaHHasI CTPYKTYpa U3 36pHUCTOIO U
CTOJI0YATOrO Jiba, HO B POBHOM JIbAY IIpeo0Iagaau
CTOJIOUAThIE KPUCTAILIBI, KOTOPHIE IIPEPHIBATIUCH CI0-
MM aeasgHoi Kpoiuku. TJI comepxkan 6ecropsiiouHo
OPHUEHTHUPOBAHHBIC (PparMeHThl CTOJOYATBIX KpHU-
CTaJIJIOB JIbJa, CMEILIAaHHbIE C 3€pHUCTBIMU. Pe3yib-
TaThl UCIIBITAHUM ITOKAa3aJI1, YTO IPOYHOCTh Ha CxKa-
THE CMEP3IIETroCcs JbIa BO BCEX CIy4yasx IpeBhIIIajia
COOTBETCTBYIOIIYIO MPOYHOCTh POBHOIO Jibaa. Xa-
pakTep U3MEHEHUSI IIPOYHOCTH JIbIA IIPU NU3MEHEHUU
CKOPOCTH €0 Harpy>KeHMsI OCTaBaJICSI OMMHAKOBBIM
JIS1 000MX TUMOB JibA0B. Kak 1Jis1 poBHOTO Jibla, TaK
U IJIsl TTOBTOpHO 3amep3miero TJI, oro6paHHOTO B
BborHuyeckoM 3anuBe, MaKCHUMaJIbHOE 3HaYeHUE
MPOYHOCTHU Ha CxKaTUE YMEHBIIAJIOCH C YBEJIMUEHUEM
nopuctoct. Coa€HOCTh 000MX TUIOB JIBIOB OBLIA
KpaliHe MaJia M He OKa3biBajla BIMSHMS Ha BEJIMUYMHY
MIPOYHOCTHU.

MHuTtepecHbIe pe3yabTaThl UCCASIOBAHMINI MTOJIyde-
Hbl cieuuanuctamMu u3 Hopsernu. B 3tux pabotax
HCCJIENOBAJIOCh BAMUSIHME Pa3IMIHBIX (PaKTOPOB HA
cMep3aHue KycKoB JJabopatopHoro jbaa. [1epBas pa-
o6ora (Helgoy et al., 2013a) mocBsiiieHa ONMVMCAaHUIO
METOIMKM TIPOBENCHUSI WCCIIENOBAaHUI, BKIIOYAs
oNnMcaHue MPUEMOB IIPUTOTOBJICHUS JJa0OPaTOPHOTO
JIbaa, WM 3KCIIEpUMEHTaJIbHOI ycTaHOBKe. B paborte
(Helgoy et al., 2013b) mpuBOaSITCS pe3yabTaThl KC-
MEPUMEHTOB IO M3YYEHMIO MPOYHOCTHU CLIETUICHUS
KYCKOB JIbJIa TIPY 3aMOPaXMBAaHUU B 3aBUCIMOCTH OT
cllenylolnux (akTOpoB: KOHTAaKTHBIE ITOBEPXHOCTU
(ecTecTBeHHAsI BEPXHSIsI/HUKHSISI M TIOBEPXHOCTH, T10-
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JIydeHHbIE TIPU pacUIMBaHUM 00pas3loB); OpUEHTA-
LIYST KPUCTAJUIOB; COJIEHOCTb JIENSTHBIX OJI0KOB U AP.

CaBurosasi IpOYHOCTh 3aMOPOKEHHBIX 00pa31ioB
U3MeHsIach B nuamasoHe oT 1.9 mo 118.3 xIla. Hau-
OoJiee IPOYHEBIE CBI3M 3aMep3aHnsI 00Opa30BBIBAINICH
MEXAY ABYMSI €CTECTBEHHBIMU HYKHUMMU ITOBEPXHO-
CTSIMH, a caMble cia0Oble CBS3U IIPU 3aMep3aHUU 00-
Pa30BBIBAJINCh MEXOY ABYMSI PacCIMJICHHBIMU ITIO-
BEpPXHOCTSIMU. [1J1s1 0Opa31ioB ¢ paCUJIEHHBIMU KOH-
TaKTHBIMM TOBEPXHOCTSIMU OBLIO MCCJIEIOBAHO
BAWSHUE HAIIPABJIEHUS KPUCTAJUIOB Jibga. O0pasiisl
CO CTOJIOYATBIMM KpUCTaJUIaMU, BbIPOBHEHHBIMU
MEPHEHANKYJISIPHO K 3aMOPaKMBAEMbIM ITOBEPXHO-
CTSIM, JaJIM HAUBBICIIIYIO IIPOYHOCTh CMEp3aHusl, 00-
pasupbl CO CTOAOYATHIMU KpUCTAIIaMU, BHIDOBHEH-
HBIMHU NapajuiejbHO K 3aMOpaXKMBaeMbIM IIOBEPXHO-
CTSIM, JAJIM CaMyl0 HU3KYIO IIPOYHOCTb CKPEIUICHUS
3aMopaxXuBaHueM. Bbicokasi HauyaibHasi COJIEHOCTb
(2—3.5%0), KycKoB Jibla TT0OKa3aJia BEICOKYIO CTETICHb
CMep3aHUs 10 CPAaBHEHMIO C JICASIHBIMU OJIOKaMM C
HU3KOM HavaJlbHOI cosieHoCThIO (0—1%0). OGpa3sibl
C pacOHWICHHBIMJA KOHTAKTHBIMU ITOBEPXHOCTSIMU
HWCHBITBIBAIMCH KaK Ha BO3IyXe, TaK M HA Boje. DT
BKCIIEPUMEHTBI MMOKa3ajlu, YTO MPOYHOCTh 3aMoOpa-
KMBaHUS 00pa310B, UCIILITAHHEIX B BOJE, IPUMEPHO
BIBOE OOJBIIIE ITO CPAaBHEHMIO ¢ 00pa3liaMM, NUCIThI-
TaHHBIMU Ha Bo3ayxe. OOHapyKeHO, YTO UBMEHEHNE
TeMIIepaTyphl JICASHBIX OJIOKOB M CKOPOCTU MX Ha-
ITPY>K€HUsI HE BJIMSIET Ha MPOYHOCTb CMEp3aHUS.
B pa6ote (Astrup et al., 2013) npuBoasiTcs pe3ysibTa-
Thl UICOBITAHUI CMEP3IINXCS KYCKOB JIbIa B CIBUIO-
BoM Ookce. I1o 3TuM maHHBIM, HAIIpsSKEHWE COBUTA
BO3pacTaJio B auana3oHe ot 8.9—59.7 xIla, ycunuBa-
SICh C YBEJIMYEHMEM COJIECHOCTH KYCKOB JIbIIA.

Hnst uccnenoanus TJI ¢ mo3uiimy MexaHUKU ChI-
My4yei cpeabl B JIEHOBBIX OacceiiHax MPUMEHSIOTCS
MPaKTUYECKHU Te XKe caMble METONbI, YTO W MpPU Ha-
TypHbIX HccaenoBaHusx (Matala, Skogstrom, 2019;
Matala, 2020). B ommcheIBaeMBIX 3KCIIEpUMEHTaX
omnpenesuIiCh caeaylolire mapaMmerpbl TJI: mopu-
CTOCTb, paclipeiciieHre KYCKOB JIbIa II0 pa3Mepam,
C>KMMaeMOCTb, YIOJl €CTECTBEHHOTO OTKOCa U YroJj
BHYTpPEHHEro TpeHusi. B akcneprMeHTax uCnbIThiBa-
Jmch Tpu tiia TJI: aBa repBbIX ObLIN IPUTOTOBJICHBI
13 MOAEIMPOBAHHOTO JIbAa C MPOYHOCThIO Ha U3rKb
29 u 57 xI1a, TpeTuii — npecHBbI Jed, TPOMBIIIJIEHHO
M3TOTaBIMBAEMbIN 1151 KOMMEPUYECKMX HYXKII, IIPOU-
HocTb Ha u3rud 600 xIla. DToT A€M IpencTaBisdia co-
0oif monble UMIWHAPHI HeOobIIOoro pasmepa. TJI
MEPBHIX IBYX TUIIOB M3rOTaBJIMBAJICSI C ITOMOIIBIO
PYYHOIO MHCTPYMEHTA, JIEA TPETHETO TUTIA UCITOJIb30-
Bajicsl 0e3 mpeaBapUTeIbHOM MoAroroBKu. CpemnHuii
pa3Mep KYCKOB II0 pe3yIbTaTaM M3MEPEeHUI COCTaB-
JISIJ1 JJ1s1 IEpBOro Tuna jabaa 34.8—35.6 MM, IJ1s BTOPO-
ro — 42.2—62.2 MM, a it TpeThero — 25.8—26.5 mM.

IMopucTocTh onpenensiach o CTAaHAAPTHOM! TTPo-
IeIype oIpenesieH!s TUIOTHOCTHU JIbIa, IPUHSTON B
JIeMOBBIX OacceitHax. B akcnepuMeHTax MOpUCTOCTh
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TJI, mpuroToBI€HHOIO M3 MOIEIMPOBAHHOIO JIbAA,
usMeHsiaack oT 0.3 mo 0.437 (1-i1 1 2-i TUINBI JIbOA).
CpenHsiss TOpUCTOCTh jJbAda 3-ro tuia 6bm1a 0.545.
CroJib BBICOKHE 3HAaYCHMSI CBSI3aHbI C HAJTUIMEM T10-
JlocTeit BHYTpU KYCKOB Jibna. M3ydyeHue pa3zMepoB
KYCKOB JIbJia IIEpPBbIX ABYX THUIIOB IOKAa3ajo, YTO Ha
XapakKTep UX paclipelejieHHs] OKa3bIBaeT BIIMSHUE
HWCXOJHAsI IIPOYHOCTH Jibaa Ha M3rub, UTO CBSI3aHO C
YBEJIMYEHUEM MOIYJISI YIIPYTOCTH Oojiee IIPOYHOTO
npna. HanGonpmimii mHTEpeC MpencTaBiIsaioT Pe3yiib-
TaThl U3y4YEHUSI KOMITPECCUOHHOTO yIuioTHeHus TJI.
st mpoBeneHUsT 3KCIIEpUMEHTa MCIOIb30BaJICSI
CIleIaJIbHBIN OOKC, KOTOPBINM ITOTpy:Kajcs B Oac-
ceiiH, 3ammonHsicsa TJI, a 3atreM K HeMy IpUKJIagbIBa -
JIOCh C:KMMalollee TaBJieHue. DKCIIEPUMEHTHI ITOKa-
3aJim, 9To npu cxkatuu TJI cylecTByIOT 1Ba KpuTHUde-
CKUX 3HaueHus naBieHus. Ilpu HaBIECHUSIX HUXKE
IIEPBOr0 KPUTUYECKOro 3HAYCHUS JIE€N B OOKCE HeE
CXXMMaeTCs, IIPU JOCTKEHUM BTOPOT0 KPUTUIECKO-
ro JnaBJIeHUSl cxXaTue Ipekpaitaercd. M3meHeHue
oobema TJI Mexay 3TUMM 3HAYEHUSIMU JaBJICHUS
OIMCHIBAETCS MHIEKCOM CXKATHS A, KOTOPHI 3ama-
Baiicst hopmyioit A. = dV/[log(o)], tne V — 006béM
TJI; 6 — HanpsikeHus cxkaTusi. CpemnHsisi BeIUYMHaA
nHAeKca miag 1-to tuma apma coctaBmia —0.00774,
mst 2-ro tuna —0.00629, mns 3-ro tuma —0.02758.
PasmepHoOCTh MHAEKCA CIIELIMAJILHO He yKa3aHa. AB-
Top mcciaenoBanus (Matala, 2020) npuBoguT pa3s-
MepHocTb M>/I1a, ¢ 4eM HeJIb3$ COMIACUTBCS, TAK KaK
HaTpsoKeHUS TTpojoraprudMupoBaHbl. B mpuBenéH-
HBIX pe3yJbTaTaX MOXHO YBUAETh TEHACHIINIO K YBE-
JmueHnIo cxkxnMaemocty TJI 1pu yMeHbIIEHUN pa3-
MepoB JIbIuH. CyIlecTBEHHOE YBEINYEHUE CKIMae-
MOCTHM [IJIs1 3-TO TUIIA JIbIA, TI0-BUAMMOMY, CBSI3aHO C
BJIMsIHUEM (hOpMBbI KyCKOB Jibaa. CxkumaeMocTb TJI —
JIOCTaTOYHO BaxKHasi XapaKTepUCTUKa IJIST pa3jind-
HBIX ITIPUKJIATHBIX BOIIPOCOB, IIO3TOMY TPEOYeT Hajib-
HEMIIIero N3y4eHus.

VYIribl eCTeCTBEHHOIO OTKOCA OIPEAC/ISNIMCh KaK
Ha BO3IyXe, TaK U B BOJIE ITyTEM MX HEITOCPEICTBEH-
HOTO U3MEpEeHMS I10 caeJIaHHBIM (poTorpadmsam. Pe-
3yJbTaThl 151 1-TO U 2-TO TUMOB JibJa 3HAYUTEIBHO
OTJINYAIOTCS OT AHAJIOTMYHBIX BEJIMYWH, MPUHSITHIX
aBTOPOM B KaueCTBe HATYPHBIX JAHHBIX. 3-i1 TUII Ibaa
rokKasajl yIOBJICTBOPUTEIbHBIC pe3yabTaThl. Bemu-
YHHA yIJ1a BHYTPEHHETO TPEHUS OIPeNeIsiach C Mo~
MOIIBIO CITeIIMAILHOTO O0Kca, MOrPY>KEHHOTO B BOAY
OacceiiHa. ABTOp paOOThI HE YIOBJIETBOPEH ITOJIyYeH-
HBIMU JAHHBIMU (JJIS IbAOB 1-TO U 2-To TUIIA B HEKO-
TOPBIX SKCHEPUMEHTAX ObLIN MTOIYYEHbI OTPULIATETb-
HbIEe 3HAUCHUS), [TIOTOMY OHM He TIPUBOASTCS.

HMHTepecHble uccienoBaHUs 10 pa3pylIeHUIO
OJIOKOB COJIEHOTO JIbJa MPU KOHTAKTEe APYT C IPYroM
BBHINIOJIHEHEI B paOorax (Prasanna et al., 202la;
2021b). Takoe B3auMOAEHCTBUE MOXHO CUMTATh TH-
nmuaHbIM 1711 TJI ¥ 1bga B JeastHbIX 0Opa30BaHUSIX.
B paborax nokazaHo, 4TO BO3HUKAlOIIIME MTPU B3au-
MOJIEICTBUM KYCKOB JIbJa YCUJIMS 4acCTO JIUMUTUPY-

IOTCSI pa3BUTUEM CABUTOBOTO Pa3pyIlICHUS, IPU 3TOM
OJIOKU OOBIYHO pa3pyllIaloTCs MPpU CABUTE Ha IJIOC-
KOCTSIX, MMCIOIIMX XapaKTePUCTUKU “KYJTOHOBCKMX
CIBHUTOBBIX pa3IoMoOB”. MOXHO cIenaTh pearoio-
KEHHE, YTO UMEHHO TaKOli MeXaHU3M CIIOCOOCTBYET
oOpazoBaHUI0 oKpyrioit hopmbl TJI.

HoBrli1 sKcnepyuMeHTaIbHBIN METON W3y4eHUs
cBoiicTtB TJI B HAaTYpHBIX YCIOBUSIX ITPEIJIOXKEH B pa-
6ote (Bonath et al., 2019). B cnoii TJI norpyxaercs
YCTPOMCTBO, HaIlloMHHarmiee 30HTUK. Ilom crnoem
TJI aTO yCTpOMCTBO pacKphIBaeTCs, a 3aTEM BBITAC-
kuBaetcsd BMecTe ¢ TJI. Ycunue, 3arpayrBaemMoe Ha
BBIAECPIrUBaHUE YCTPOMCTBa, perucrpupyercs. Ilpu
MPOBEACHUM UCIIBITAHUN MCIIOJAb30BaJICSI KpaH,
YCTaHOBJICHHBII Ha JIETOKOJIE.

HanpHeliliee n3ydeHne IPEIIOXKEHHOIO METoaa
n3noxeHo B padote (Patil et al., 2021). B Heii aBTOpHI
MBITAJIMCH MPOAHAJIU3UPOBATh ITOJIyYeHHBIE 3KCITe-
pUMeEHTaJIbHbIE MaTepHasibl C TIOMOIIBIO MaTeMaTH -
yeckoro monaeaupoBaHus. [1pu BeITTOTHEHUM pacué-
TOB U3Yy4aJiCsI BOIIPOC O TOM, KaK1e XapaKTepPUCTUKU
TJI MOXHO ompenenTh MPeaI0KeHHBIM METOIOM.
OkoHYaTeILHOrO OTBeTa IMoKa He mojiyunan. Ouge-
BUJIHO, YTO IIPEIIOXEHHBIN MeTO 001agaeT SIBHbIM
JIOCTOMHCTBOM, CBSI3aHHBIM C €ro IIpocToToii. OgHa-
KO CTOJIb K€ OYECBUAHBI U TPUCYIINE eMy HegoCTaT-
K. OCHOBHOI M3 HUX — BIIUSTHUE KOPITyca JICAOKOJIa
Ha cocrostHue TJI. M3MepeHuss MOXHO IIPOBECTHU
TOJBKO B HEITOCPEICTBEHHOM OJIM30CTH OT KOpITyca
JIeOKOJIa, HO TIpU JIBVXKECHUU JICAOKOJIA COCTOSIHUE
TJI nuamensercs.

HAPACTAHUE U CMEP3AEMOCTDb
TEPTOI'O JIBOA

M3yyeHnuto storo acnekra mmpoodiaemsl TJI mocss-
IIeHO OOJIBIIIOE KOJIMYeCcTBO paboT. Ha mepBom aTare
HUCCeA0BAaHUM yCUINSI ObUIM HampaBJeHbI Ha MOy-
YeHHe IIOIyDMIUPUICCKIX 3aBUCUMOCTEM, Oa3upy-
JoIIXcs Ha peleHny 3agadu CtedaHa U CBI3bIBAIO-
mux Hapactanue TJI ¢ rpamyco-gHSIMU Mopo3a
(Sandkvist, 1986; Ettema, Huang, 1990). D1tu 3aBu-
CUMOCTHU UMEJIY BUI:

M
By = hy + ) 0y[AB, 3)
i=1

e i, ,, — 9KkBuBaneHTHas TomuuHa TJI B kaHae B
COOTBETCTBMU C oIpeaeieHeM u3 padbotsl (Kannari,
1983); h, — HavyayIbHAasI TOJILIMHA POBHOTO JIbJA, B KO-
TOPOM OBLIT MPOJIOXKEH KaHa; M — 4UCI0 MPOXOA0B
CYIOB MO KaHally; AB, — KOJIMYECTBO rparyco-IHeil
Mopo3a Mexay i — 1 1 i MpoxoAaMu CyaHa o KaHaly;
Ol — SMIIUPUYECKU KOIDDULIMEHT.

Cannksuct (Sandkvist, 1986) ycTaHOBMII Ha OC-
HOBE U3yYeHUS IBYX CYIOXOIHBIX KaHAJIOB B paifoHE
Jlynea, yto BeauunHa 3TOro KoadgduimeHra paBHa
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o= 12 %.
(°C - neHb)

npu usyyeHuu TJI B CaliMeHCKOM KaHaJjie ObLIO Mo-

JIydeHO Jpyroe 3HadeHuUe KoddhduiumeHra o =

=6.5—M ____ Crosup 3HaUMTEIBHOE pacxoxe-

(°C- JleHb)O'5
HUE B 3HaYeHUSIX KO3dPUIMEHTa YKa3bIBAJIO Ha TO,
YTO MPENJIOKEHHBII MOX0H HEe YYUTHIBAJ KaKue-TO
BaskHbIe (DAKTOPhI, BIUSIOIINE HA MPOLIECC HAapacTa-
aug TJI.

B nanbHeiileM GUHCKMMU cTielIMAIMCTAMU ObLIIO
MpeaIoXeHo B opMyaax Tumna (3) yduTbIBaTh IOPHU-
croctb TJI (p) (Riska et al., 1997), rne BeIpaxxeHue
11t pacueta ToamuHbl TJI MoxkeT ObITh 3arucaHo B
CJIeyIolleM BUAE:

M
Phieg = ho + Za%@_ﬂi. )
i=1 -

B 3TOM BBIpaxkeHuM orpenesieHne Ko3hGUuIIneH-
Ta 0, OTJIUYAETCS OT TOr0, KOTOPOE UCIIOIb30BaIOCh B
dopmyne (3). Dror KO3 UIMEHT MOXET OBITh
OIpEIEEH 10 SKCITEPUMEHTAIBLHBIM JaHHBIM, JIN0O
paccynTaH IO U3BECTHBIM TETIOMDU3NIECKUM XapaK-

TEPUCTHKAM JIbJa Ol = /2A/p;L, Tne A — Koadhdunu-
eHT TeIIONPOBOIHOCTH JIBIA; P, — MJIOTHOCTB JIbIA;
L — ynenvHas TeruioTa (ha3oBOro nepexoaa Boga—iaen.

B pa6orte (Eranti at al., 1983)

B onmcannabIX Momensx npupanienue cios TJI B
KaHajle IPOUCXOOUT IIPU IBUKEHUHU 10 HEMY CYIOB,
KOTOPBIC pa3pyllIaloT KOHCOJUANPOBAHHBIN CJIOM BO
Jpay U niepeBopst ero B TJI ¢ nopucrtocteio (p). I1pu-
pamieHue ToauHbl ciost TJI mocie mpoxona cyaHa
3aBUCUT OT TOJIIWHBI KOHCOJIUAMPOBAHHOIO CJIOSI B
HEM Ay, = (p/1 — p) k.. Tem He MeHee yxe B pa6o-
tax (Riska et al., 1997; Karulin et al., 2018), yka3siBa-
JIOCh, UYTO Npu IBMKeHUU cyqHa B TJI mpoucxonur He
TOJILKO pa3pyllieHre KOHCOJIUAUPOBAHHOIO CJIOSI, HO
¥ epeMelIMBaH1e ero KycKoB ¢ Hecmep3muMmcst TJ1.
IIpu sTOM TOA BOMYy IONanaloT KyCKU JbAda, COAep-
Kallye “3amnac xoJjioga”, KOTOPhI CIOCOOCTBYET 3a-
MEp3aHUIO BOABI B IIPOCTPAHCTBE MEXIY HUMHU U
apyrumu Kyckamu. B pabote (Karulin et al., 2018)
IpeajaraeTcs BBOIUTD IIOIIPaBKYy, KOTOPasl yYUThIBa-
eT 3TOT 3P (PeKT, B BEIUIMHY HaYaJIbHOM IIOPHUCTOCTHU
TJI. ITpu onpeneneHuu €€ BeIUYUHBI B pabOTe Mpe-
IoJjaraeTcsl, 4To yKa3aHHbIE IPOLECChl MPOTEKAIOT
MIHOBEHHO. Takoe IIpenrojioXKeHHWe NPUBOAUT K
MTHOBEHHOMY YMEHBIIIEHUIO TTOpUcTOCTHU ciost TJI n
IIPU BBITTOJTHEHUM JTaJIbHEHIINX Pacy€éTOB IIPOBOLI-
pyeT Oojiee OBICTPBIII POCT KOHCOJIUIMPOBAHHOIO
ciiosi. B peanbHOCTU BbIpaBHUBAHME TeMIIEpaTyp
JUINTCSI JOCTATOYHO JOJITO, ITO3TOMY U3MEHEHHE 0~
puctocT BHYTpH cyiost TJI mponcXoauT mocTeneHHO,
a Tak’kKe HepaBHOMEPHO B Pa3HbIX YacTsIX cJiosl. “3a-
mac xojioga”, a TakKe IPOLECCHl CIeKaHU JIbIa Ha
CTBIKE OTIEIbHBIX KYCKOB MOT'YT IIPUBOAUTH K 00pa-
30BaHMIO “TeMIepaTypHbIX MOCTUKOB” BHYTPM CJIOS
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TJ (Cazonon, 2021a). Hammume Takmx MOCTHKOB
MPUBEAET K TOMY, UTO HapacTaHue Jbaa OyneT mpo-
WCXOAWUTh HE TOJBKO Ha rpaHulle (hopMHPOBaHUS
KOHCOJIMIAUPOBAHHOTO CJIOSI, HO U HUXE HEro. JToT
MPOILIECC TAKXKE CO BpeMEHEM OYAET MOHUXKATh [TOPU-
crocth TJI. Elie ontHUM aKTOpOM, KOTOPBIA MOXKET
BJIUSATh Ha u3MeHeHue nopucroctu TJI, ciyXuTt xo-
POLIO M3BECTHBIM MPOLECC YIMJIOTHEHUS ChINMy4yeil
cpenbl. HekoTopble cHeUUaquCTbl CUUTAIOT, YTO
WMEHHO 3TOT IPOlIecC — OCHOBHON MeXaHU3M, MpHu-
BOMSIIMU K YMEHBIIEHUIO TOPUCTOCTA TOPOCUCTHIX
oOpazoBaHuii (XaputoHoB, 2021). M3 BblllIecKa3aH-
HOTO CJIeAYeT, UTO MOPUCTOCTb TJI MOXET UBMEHSITh-
csl BO BpEMEHH, M03TOMY B MaTeMaTUUYECKUX MOJIE-
JISIX TPOTHO3UPOBAHMS Pa3BUTUS TOJIIUHBI cyiost TJI
HEOOXOIUMO BTO YUYUTHIBATb.

B nocnennee BpeMst 111 pelieHus 3a1a4 IIPOrHo-
3upoBaHus pocrta TJI Bce yallie uCIoJIb3yeTcs pelie-
HYE 3aJa4yi TEIUIOMPOBOAHOCTU B MOJIHOM OOBEME,
IIpX 3TOM YpaBHEHME TEIIOBOTO OajaHca CITYXKUT OJI-
HMM M3 TPAaHUYHBIX YCJIOBUM HA HEU3BECTHOI HUX-
Hell TpaHUIlle KOHCOJIWAMPOBAHHOTO CJIOSI, HaIpU-
Mmep (Riska et al., 2019; Auapees u ap., 2019). [TonHas
IMOCTAaHOBKA 3a1a4y IT03BOJISIET YYECTh BIMSHUE HaA
npouecc (GOPMUPOBAHUSI  KOHCOJIUAUPOBAHHOTO
CJIOSI 1LIEJIOTO psifa BHEITHUX (DAaKTOPOB: HAIMYMS HA
BEpXHE ITOBEPXHOCTU CJIOSI CHEra M HaIBOMTHOIO
cyos TJI, uHcoJisiLMIo, COOCTBEHHOE TEIIOBOE M3JTY-
YyeHUe CJI0sl, TypOYJIEHTHBINA TEIIIOOOMEH C OKpYyKa-
oMM Bo3myxoM u T.1. B pabotax (Riska et al., 2014;
Chomatas, 2015) npoaHaIu3MPOBAHO BIAUSHUE 00JIb-
IIeii YacTU yKa3aHHBIX (pakTOpOB Ha pe3yIbTaThbl
pacyeToB. ABTOpPBI MPUXOAIT K BBIBOMAY, YTO HaM-
OoJblliee BAUSIHUE HAa Pa3BUTHE KOHCOJUAWPOBAH-
Horo cjiost B TJI oka3bIBaioT IMMOPUCTOCTb M YacTOTa
JIBVDKEHUS CYIOB, CJCIYIOIINM 10 3HAYMMOCTH OKa-
3ajach TeMIiepaTypa Bo3ayxa.

HoBbiM HampaBjieHMEM B UCCIIEOBAHUU CMep3a-
emoctu KaHayoB ¢ TJI ctano usyyeHUe yKa3zaHHBIX
MPOLIECCOB B JIEJOBBIX OacceiitHax. PaHee Takue aKc-
MEPHUMEHTHI BBITTOJTHSUIMCh 3MU30UYecKU 6e3 mpo-
BeIeHUS HEOOXOAMMBIX NeTaJlbHbIX MCCIeI0BaHU
(Krupina et al., 2013). HegaBHO 3Tu mcciaegoBaHus
BO300OHOBMJINCH TIOA, PYKOBOIACTBOM Ipodeccopa
K. Pucka. JIBe rpyIIibl UCCIeNOBAHWUI BBITIOJTHEHBI B
I'amGyprckoM stemoBoM OacceliHe. B padote (Bridges
et al., 2019) ObLIM ONMCaHbI IBE CEPUU IKCIIEPUMEHTOB
Mo uccienoBaHuo cMep3anus ciost TJI mipu pasany-
HBIX HaYaJIbHBIX YCIOBUsX. B TepBoit cepuu akcnepu-
MEHTOB BapbHpoBaiachk TommuHa ciost TJI, mopu-
CTOCTb U COJICHOCTb JIbJa OCTaBaJIUCh MOCTOSTHHBIMU.
Bo BTOpOI1 cepum naMeHs1ach TOPUCTOCTh JIbAa, YTO
OBbLIIO JOCTUTHYTO 3a CUET U3MEHEHUS TOJIIUHbBI UC-
XOJIHOTO JIEASTHOTO TOJIsI, U3 KOTOPOTO U3TOTOBJISICS
TJI. ITopuctocts cocraBisuia 0.1, 0.2 1 0.3. ToxmumHa
ciost TJI mpu mopuctoctu 0.2 B 00eux cepusix Obla
ONMHaKOBasi. DKCIIEPUMEHT C TepBoil cepueit mpo-
Joikaicd 48 4, a co BTopoii — 168 4, TeMnepatypa
BO3/lyXa BO BpeMS$ 3KCIEPUMEHTOB Obljla MOCTOSTH-
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Hoii —15°C. HenpepbIBHO (hUKCHUPOBAIUCh TEMIIEPA-
Typa BO3[lyXa, BOAbI U pacIpeaesieHue TeMIIepaTypbl
BHyTpu ciost TJI, BKJo4asi KOHCOJMUAUPOBAHHBIM
cioit. Ileprmognyecky M3MEpPSIINCh TOIIIWHA CIIOS,
COJIEHOCTb JbJla Ha BEPXHEM W HUXKHEW rpaHulax
KOHCOJMAWPOBAHHOIO CJ0sI, MPOYHOCTh KOHCOJIM-
JUPOBAHHOTO CJI0sl Ha cxkaTue. B pesynbraTe mosy-
YyeH HaO0Op MHTEPECHBIX JaHHBIX, Majiasl YaCTh KOTO-
pBIX IIpUBeneHa B pabore. MHTepec mpencTaBisIioT
U3MepeHUs1 MpoduIsi TeMrepaTrypbl MO TOJIIMHE.
K coxaneHuio, B padoTe He yKa3aHO, K KAaK1M YCJIO-
BUSIM OTHOCHUTCSI IpeACTaBIeHHass MH(popMalIus, O-
HaKo €€ aHaJIM3 MO3BOJISIET CAeJIaTh BBIBOI O CYIIE-
CTBEHHOI HeJIMHeWHocTu mnpoduiieii. PesyabraThbl
M3MEPEHM IIPOYHOCTHBIX CBOMCTB JIbaa M3 KOHCO-
JIMAMPOBAHHOTO CJIOSl IIOKAa3ajaud, 4TO IIPOYHOCTH
BO3pacTaeT Ipu YBeIUUYEHU U BpeMEeHU HaMOopaK1uBa-
HUS M HAaYaJIbHOM TMTOPUCTOCTH, Y YMEHBIIIAETCS C PO-
CTOM COJIEHOCTH. DTU pabOThI IPOAEMOHCTPUPOBAIA
MPUHIMITAATBHYIO BO3MOXHOCTh U3YyUYE€HUS ITPOLIEC-
COB CMEP3aEMOCTH B JIEIOBOM OacceliHe.

B cnenyromeit padore (Bridges et al., 2020) TJI B
KaHajle co3[IaBajiCsl C MOMOIIbIO MOACIU CydHa U3
pOBHOTO Jibaa TojamuHoi 30 MmM. B aTOoM aKcniepu-
MEHTE BeCh 0aCCEIH 110 AJIMHE OBIT pa30UT Ha YeThIpe
cexuuu. B ceknusix 2—4 Mopaenb NpoTacKMBaiach 110
KaHaTy KaXXIbIii IeHb, a B CEKIIMK 1 — pa3 B 1Ba JTHS.
DKCIIEpUMEHT IIPOMOJDKAJCSI 7 MHEi, IIpyU 3TOM B
OacceiiHe mnoamepxuBajgach Temneparypa —7.4°C.
OCHOBHOE BHMMAaHME YICIISLIOCh U3MEPEHUIO MOpP-
domeTpuueckux xapakrepuctuk TJI B obOpa3oBaB-
IeMcsl KaHajie, TEMIIEpaTyphl, COJIEHOCTU U IIOPH-
crocti. Haubonpiunit ”HTEpeC MpeacTaBIsIIOT JaH-
HBIE O XapaKTepe W3MEHeHUs IpodUIs CEeUYeHUS
KaHajla B 3aBUCUMOCTHU OT YaCTOTHI IIPOXOAa MOIEIIN.
MHuTtepecHble maHHbBIE MOJIYyYEHBI IO MOPUCTOCTH,
OHAa ocTaBajlach NPaKTUYECKHU MOCTOSTHHOM CO Ccpeli-
HUM 3HaueHneM P = 0.45. Cronb BICOKOE 3HaYEHUE
MMOPUCTOCTUA CBUAECTEIBCTBYET, Ha HAIIl B3IJISIA, O Cy-
IIIECTBEHHBIX ITOTPEITHOCTSX €€ U3MEPEHUS B YCIIO-
BUSIX JIEAOBOTO DacceiiHa, a TaKsKe O TOM, UTO LIEJIbIiA
psia PU3NYECKUX IIPOIIECCOB, IIPUBOISIINX K CHIKE -
HUIO ITOPUCTOCTH, HE OBLII CMOJIEIMPOBAaH B 3KCIIEPH-
MEHTE.

B pabote (Zhakaet al., 2021) akcriepruMeHTbI TIPO-
BOIWJIMCH B HEOOIBIIOM OacCeiiHE C eCTECTBEHHBIM
oxytaxaeHueM. llembp mccnegoBaHuss — CpaBHEHUE
pe3yIbTaTOB U3MEPEHUST HapacTaHUS TOJIIINUHBI TOH-
koro ciost TJI (<10 cM), KOTOpPBI U3TOTABJIMBAJICS C
IIOMOIIIbIO PYYHOIO MHCTPYMEHTa (MOJIOTOK M Me-
TaJUIMYeCcKasl IJIacTUHA), C pacuy€TaMM II0 MOMIEIU
CanpgkBucTa. DKCIIEpUMEHTHI, TIPOBEJEHHEBIE B He-
6oJbllIoM MaciuTade, TMPOAeMOHCTPUPOBAIU BO3-
MOXHOCTb M3yYeHUsI BIUSHUS Pa3IMYHBIX (paKTo-
pOB, BIMSIOIIMX Ha obOpasoBanue W pasputme TJI.
Tak, uccienoBaHMs BBISIBUJIM BJIUSIHUE XapakTepa
pa3pylieHNsI 1 Ha4aJIbHOM TOJIIIWHBI JIba Ha pa3Mep
KYCKOB 1 TONIIUHY ciosi. Kpome 3Toro, ObU10 00HA-

PYXEHO 3HAUUTENIbHOE BIMSIHUE BBITABIIETO CHEra
Ha xapakTepucTuku cios TJI.

Hakomenue TJI B kaHanax U OocOOEHHO Ha 3a-
KPBITBIX aKBaTOPUSIX IOPTOB MPEACTABIISIET CEPbE3-
HYIO IPOOJIeMy ISl UX UCTIONb30BaHUs. [1jis1 00pbObI
¢ HapacTaHueM cios TJI yacTo mpuMEeHSIIOTCS TeTI0-
Bble METOJBI: mojaya Teruioil Boawl (Carstens, 1977;
Pan, Eranti, 2009) u 6ap6orax (Pan, Eranti, 2007).
Hcrionb3oBaHue TEIJIOBOM 3HEPruy He Bcerma 3¢g-
(EeKTUBHO, TaK KaK CyIIECTBYET BEPOSITHOCTh YHOCA
TeIlIa OBVDKYIIECcs XUIKOCThIo. TeM He MeHee I10-
JTOOHBIE CUCTEMbI IIMPOKO UCHONBL3YIOTCS B DUH-
asaaun. Tak, B 1. KoTka Teniast Boma ¢ TEIIOBOI
moigHocThio 50—200 MBT BeIOpachIBaeTCsi B MOpe
3UMOII OT 3JIeKTpocTaHIuM Myccano. Dra Temas
BoJa npeiidyeT BOOJL Oepera Ha MPOTSKEHUU TPU-
MEPHO 2 KM W TIO3BOJISIET CO3daTh OJIarONpPUSITHHIC
yciaoBus B opTy. B psine moptoB OUHAIHINY TIPU-
MEHSIETCSI cUcTeMa 6apboTaxka B OCHOBHOM JJIsI 3a-
IIUTHI NpUYaibHbIX cTeHOK (Pan, Eranti, 2007).

Pa6otsl (Pan, Eranti, 2007; Pan, Eranti, 2009) mmo-
CBSILIEHBI npuMeHeHMo coBpeMeHHbIXx CFD MmeTto-
OB JJIs pelleHUs] 3aJad pacHpOCTpaHEHUs CTPYid
TEIUION BOABI U MOABEMA BOABI OT JHA ITy3bIpbKaMU
BO3[yXa Ha aKBaTOPUSIX MOPTOB. I10 BEIMOIHEHHBIM B
HUX OlLIeHKaM B nopTy Byocaapu B XeJlbCUHKH MIPU-

MEPHO 4 X 10° M3 TJI MOXeT GbITH pPacTOMJIEHO B 9KC-
TpeManbHylo 3uMy. IIpobimema Gopronl ¢ TJI pac-
cMaTpuBasiach MpU MpoeKTupoBaHuu ropra Cabderra
(Coche, Kalinin, 2013).

SAKJIIOYEHHME

BrinonHeHHBIN B paboTe 00630p HCCIeTOBaAHUIA
TJI noka3biBaeT, UTO 3Ta MpobaeMaThKa JJIMTETbHOE
BpeMs OCTaeTcs akTyallbHO. MHTEHCUBHOCTb MpPO-
BOIMMBIX UCCJIEOBAHUI B TIEPBYIO Ouepelb onpeae-
JIsieTcsl 3anpocaMM MPaKTUKU, KOTOpbIE CBSI3aHbI C
paboToii BOMHOrO TpaHCHOPTAa Ha 3aMeP3alolIuX aK-
BaTOpuUsiX. B mocnenHee BpeMsl OMTHUMU U3 BaXKHEH -
LIUX CTUMYJIOB CTaJIM MIPOEKTUPOBAHWE U CTPOUTEb-
CTBO ITOPTOB U BCE YBEIUYMBAIOIIUIACS OOBEM IPy30-
MoToka uepe3 Hux. Ilo3ToMy OoJfiblliasi YacTb
ucciaegosanuii TJI BbIMosHEHa cnelUaIMCTaMU B
00J1acTU TUAPOMETEOPOJIOTUU, CYAOCTPOCHUS, TUJl-
POTEXHUKM U IKCIIyaTaluuu ¢pJora.

OCHOBHBIE HaIlpaBJICHUSI BBIMOJHSIEMBIX HCCIIe-
JOBaHUIT BO MHOTOM MOBTOPSIOT pabOThbI, KOTOpHIE
yKe€ MHOTO JIET COIPOBOXIAIOT U3yUYeHUE JIEMSIHBIX
HarpoMoXIeHUi, HallpuMep, TOPOCOB. DTO aHaAIU3
¢dakTOpOB, BIUSIOIIUX HAa MOP(POMETPUUECKUE Xa-
paktepuctuku TJI B KaHajmax M mopTax, 3aKOHOB
¢dopMUPOBaHUS KOHCOIUINPOBAHHOTO CJIOSI U TTIOPU-
CTOCTHU, TIPOYHOCTHBIX CBOMCTB. Bo Bcex 3TUX HampaB-
JICHUSI TIOJy4YeHbl HOBBIC, MHTEPECHBIE PEe3YyIbTaThl.
TeM He MeHee ellle OCTaloTCsl BOMPOCHI, TpeOyoIe
JaJTbHEHIIX UccaenoBaHuii. YacTh U3 HUX OBLIY yIIO-
MSIHYTBI BBIIIIE. 3/1eCh XXKe MOXHO yKa3aTbh Ha HE00X0-
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IIMMOCTB JaJIbHEMIITeiT pa3padbOTKN CPeICcTB OOPHOLI C
TJI, a Takke yCOBEpIIEHCTBOBAaHME TEXHUYECKUX
CPENCTB, IPUCTOCOOTIEHHBIX K 2P eKTUBHOI paboTe
B 9THUX YCIOBUSIX.
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The urgency of brash ice study is growing in connection with intensive shipping in fast ice zone of freezing
seas as well as inland waterways. In addition, an important incentive for such studies is the design and con-
struction of port infrastructure in these water areas. The review shows that the main directions of research
refer to three main topics. 1) Investigation of morphometrical brash ice characteristics in navigable channels
and harbors, their variability under ambient factors. The most well-studied morphometrical parameters of
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brash ice are relative channel thickness and its distribution over channel width. Size distribution details about
brash ice floes are of great interest for researchers. 2) Investigation of porosity and mechanical properties of
brash ice as a granular material taking account of freezing between individual ice blocks. In many respects,
these parameters determine the pattern of brash ice interaction with ships and the possibility of their move-
ment. 3) Description of consolidated layer formation in brash ice and refinement of predictions for brash ice
growth in the water area under consideration depending on the intensity of ship traffic and the number of de-
gree-days with negative temperatures over the time interval between ship passages. Large attention is given to
new methods of studies including full-scale and laboratory experiments, as well as the use of ice basins for this
purpose, with a brief review of thermal methods for brash ice management. The paper formulates some of the

problems yet to solved, which require extra studies.

Keywords: brash ice, consolidated layer, porosity, strength, channel
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