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Summary

For the fiest time the summer mass balance of the Bellingshausen lee Cap, the King George Island (Water-
boo) in Antarctica, was estimated for the period of summer seasons 2007-2002 and 2014-2020, Measure-
ments were carried out over a network of 29 ablation stakes. The contribution to the summer mass balance
ot the dome includes melling of sow (7% | ice (15%), and superimposed ice (8%). Allitude gradi
ents of snow and ice melting on slopes ¢ : wition were determined, which changed from -1.5
mm of water equivalent (w.e.) per | m on western shope in years with annual positive ice mass balance to <11
mm we. per | m on southern slope in years with negative ice mass balance. The summer mass balance on
the cap was calculated using: 1) the average summer air temperature; 2) the sum of positive daily tempera-
tures from data of the Bellingshausen weather station, 3) sum of average monthly air temperatures. Based on
a comparison of colder (20087 10) and warmer (2019200 years, the average melting cocfficient for srow and
ice for the glacier was calculated to be 9.3 mm™C per day (Day Degree Factor — DDF) The high value of the
DIOF is probably due o intensive summer condensation during periods of frequent foggy weather on King
George Idand. A good correlation was found between the summer mass balance on the cap and the average
summer air temperature at the Bellingshausen weather station for December-March (R = 0.9). This shows
that the air temperature is the decisive factor of the change in the summer mass balance. Using this correla-
tion, the dynamics of the summer mass balance on the cap was restored for the ebservation period {1969-
2020). which approximately corresponds to the trends in the annual mass balance on the cap. According to
ohservations, it was found that positive deviation of the average summer air temperature by 0.5 °C from its
climatic average value (~1 *C) increases the summer mass balance by 56%, while its negative deviation by
0.5 °C decreases the summer mass balance by 36%. This demonstrates a very high sensitivity of the summer
mass balance on the glacier cap to climate changes.

: Marvtyudiry B, Summer mass balance of the Bellingshausen Diome on King George liland, Antarctica. Lad i Sneg. Ice and Snow. 2022, 62 (3): a00000 4GS0 401000 401500 400 402600 T w0i0 40500 401000 40500 MZN00 40280 403000
325342, I Fumsian.
bk 10,31 R57/5207667322000135, wlre eprish,

Puc. 1. Monoxenne ocrposa Kunr-Ixopak (1) 0Kono AHTAPKTHICCKOIO N0AYOCTPOBA HA KAPTe AHTAPKTILL (@) 1

nm.,:_,.,....a M‘dnpant.?l?)ﬂz./ﬂm-_wdfwﬁm‘wxu)fuwm 20222, / Mpassma & newamic 11 inase 20222, AennKoBoro kynoa Beannneraysen (11) wa octpone Kunr-/lkopak (6). [onokenie afasimonibx peek Ha e -
10 A2HHbIM HONEBHX HABMOTEH Ha Kyrione BERTHCTay3eH [AHTADKTHKS] & CE30HM aBTALAH 2007 HHKOBOM Kynovie BeaauHeray3eH, CHEroBast IMHMS M BLICOTA IPAHMILL THTAHMA HA JeAHnKOROM Kynone Bbeinn-
2020 IT. iaHE CUEHKH OBWIETD CYMMIPHOTO TARHNA, MIMEHSHHA TAAKNA € BHCOTOR, CNPEIENeHs! Takwe craysed B mapre 2009/10 r. (&); dompuosas n1nHus 1 nose pacnpocrpadenus dmpna s mapre 2019/20 r. (2).

[ONA TARHKA CHera, L] nbga, NAOTHOCTI CHErd B TEUSHUE NepH- . . " N . o o . . " -
SR GAALMI e TNEIE TERIEHTEL T GHE, 1 NG5 CROVOI0X PAOHION SHETOSLILM TN I — nynarakn: 2 — nomepa peck: J — rOpH3OHTLIN MOBEPXHOCTH Pebedi ¢ BRICOTON HAIL YPOBHEM MOP#: 4 — rPaHmIa Kynosa;
neparypuei koadduUMenT Tasuia. Ha ochosaHma nony AHHb BOCC AETHIR GanaHe 5 — cueropas annms (@) w uprosas anmms (2): 6 — BHICOTA TPAHNLILL THTAHNA, OKOHTYPHBAIOWAA 06aacTh abaaumm (#). Cepuiii
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Summary

The study area is the forest-steppe in the Upper Ob basin located on the south of the West Siberian Plain. :
The results of studies of the dates of setting-up and loss of a stable snow cover and its duration are presented, * ? el
the thickness of snow and snow storages for the period of maximum snow accumulation are analyzed, We i
used observational data obtained on routes and meteorological sites in 1966-2018 together with our own
snow measurements of 2011-2019. It was found that in the southern forest-steppe, the duration of the stable
snow cover presence decreases mainly as a result of its earlier destruction. At the same time, on the routes in
a «helds the thickness of snow and snow storage increase due to growth of winter precipitation. But no such
trend is observed on the routes in a «forest» which is explained by influence of its canopy density. The snow
cover here is unevenly distributed over the territory because the drifted snow transport depends mainly on
features of the vegetation cover and the terrain relief. The route snow surveys performed near weather sta-
tions do not reflect the entire landscape diversity of the territory.
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Citation: Bykov N.L, Chernykh DV, Pershin DK, Biryukov B.Yu., Lubenets LE, Zolotov 1.V, Spatial and temporal variability of snow cover in the south-
ern forest-steppe of the Upper Ob River. Led { Sneg. Tee and Snow. 2022, 62 (3): 343-359. [In Russian).
doi: 10.31857/S2076673422030136, edn: epszag.

Puc. 1. Paiion nccaeaosannii, pacnoaoxenne F'MC i CHErOMEpHBIX MAPILPYTOB,
focmynuwaa 7oxmaipa 2021 . / Hocae dopadomku 27 anpean 2022 &, / Hpunama k newamu 11 wioas 2022, 1= TMC: 2 = coBCTRenme HaBIOICHIS HA CHETOMEPHBX MAPIIPYTAX: 3 — jaeca: 4 — 038pa; 5 — PeKH: 6 — AIMIHCTPATHRILS
Kniouennsie cnosa: BepxHeoGcKan npoeurLuA, oXHAA cmenk, damel yCmanoeneHuA, paspyuleHus U npodonxumeneHocmu yemoiiueozo rPAHMLA ANTAIICKONO KPas: 7 — IPAHMIA KAKHOI JecocTenn

CHeXHO20 NOKPO&a, MOAWUHA cHe2a U cHéz03anackl.

I'IpoaHanmuposaHbl 0COBEHHOCTV Ce30HHOIO CHEFOHAKONNEHWA 338 MHOTONETHWA neproan. YcTaHoBNeHbl
TeHAEHUWIN M3MEHEHWA XapaKTepUCTUK CHEKHOMO NOKPOBa ¢ cepefduHbl 1960-X rofoe v ero NpocTpasx-
CTBEHHOE pacnpefeneHne B 3aBMCUMOCTI OT NaHawadToe B Nnpegenax xHol necoctenu Bepxuen Obwn.
Mcnonb3ogaHbl faHHble rocYAapcTBEHHBIX FMAPOMETEOCTAHLUMIA W COBCTBEHHbBIX CHEroMepHbIX paﬁor
2011-2019rr.
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Summary
Dendrochronology, and lichenometry were used to determine the relative and absolute age of the Late Holocene
moraines of the glaciers of the Aktru, Maashei and Shavla valleys (North Chuya ridge, Central Altai). An array of
86 dendrochronological dates, related to moraine depos alyzed, 30 of which are published for the first time.

Also, for the first time, data on the relative (lichenometric) agu of the \nun&i depo-.l[-. of the Aktru Valley, and data on

the lichenometry of the moraines of the Maashey glacier and one of the glaciers of the Shavly valley were obtained.
We used the capabilities of each method and the expediency of their combined use in the study area. it was confirmed
that the growth rates of lichens on the moraines of the Aktru stage (XVII-XIX centuries) are generally ¢ ent
with the previously published estimates. The moraines of the Historical stage, which date earlier than 1700-2300 years
ago, ﬁuppnrh the lichens as ]arge as 120-160 mm, but the scattering ntdiinelr diameters is too large and the assess-
ment of the lichenometric ages of these moraines seems to be problematic, but not completely excluded. The Akkem
stage of glacier advance according to the recent publications dates back to the Late Glacial or Early Holocene time; the
lichenometry is obviously not applicably at such ancient surfaces. According to dendrochronological dating, the gla-
ciers of the North Chuisky Ridge in the last millennium advanced at least twice up to their maximum extent in the
XVII - early XIX and XII centuries. In the 8th century, the sizes of the glaciers possibly, approached modern ones.
After the XVII century, the cedar (Pinus Sibirica) in Central Altai significantly reduced its distribution area due to the
climate cooling, retreating from the periglacial territories, where it was distributed earlier. All trees that grew near the
glaciers, above 2300 m, died. The comparison of the dates of glacier advances in the past millennia with the tree-ring,
ice-core, and palynological reconstructions of summer temperature and precipitation show a good correspondence,

on liche ry and dendrochronology. Led i Sneg, lee and Snow, 2022, 62 (3): 387-109, [In Russian].
dai: 10.31 S2076673422030140, edn: eqqeic.
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nozdnuii 20noueH.

MeTogs! AeHAPOXPOHONOTMM W NUXEHOMETPUW NPUMEHEHE! ANA ONPEAENEHUA OTHOCUTENBHOD W abconioT-
HOTo BO3PAacTa NO3AHEroNoLEHOBLIX MOPeH nefHukoe LieHtpansHoro Antan (Cesepo-YyRckui xpebet). Yera-
HOBNEHO, UTO CKOPOCTA POCTA NMILAAHMKOB ~ MHAWKATOPOB Ha MOPEHaX CTafun AKTPY - B LIeNom cornacy-
10TCA € onyGnUKoBaHHLIMKM paHee oleHkamu, Mo AaHHEIM AeHAPOXPOHONOTMYECKOTD AATUPOBAHWA, NENHWKN
3TOrO PaoHa B NOCNEHeM TEICHUENETUN MENW f1Ea Makcumyma HacTynaduna: g Xl e. v 8 XVII - Hauane XIX ge.
(makcumym npopemxedna). B VIIE B. nnowans negHWkoe nprubniuxanack K coBpemMeHHoi. Pazmepsl NMIWLARHW-
KOB nogpofa Rizocarpon Ha mopeHax cTagii AKTpy BapbupytoT oT 20 go 41 MM, Ha MopeHax McTopuueckoii
cTagui - o1 120 Ao 160 MM, 4TO B CNIOPHBIX CNYYanX NO3BONALT OAHO3HAYHO MAEHTHOULMPOBATE MOPEHY.

ktru stage moraines and glacier history of the Central Altai based

MOpeHbl, 200U4HEIE KOMBUA, TUXEHOMEMPUR, deHIPOXPOHON0UA, MANbIl NedHUKOBbIT Nepuod,
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Pue. 3. M30auHHH MAKCHMANBHOTO AHAMETPA THIIARHIKOR noapoaa Rizocarpon B BepxHeil 4acTi 100HHB AKTPY 1
MECTH HiMepeHnii:
A — hparMedT MOpeHBl HCTOPHYUCCKOM CTAIMH MCALY JCAHHKAMH Bonabiuoi n Manasii AKTPY. (hoTO € NIeBoro HOPTA A0AMHEL: I—
«KeApoBas naomaikas; £/ — neswit kpain tpora neannka Manwi Akmpy; A — crabmisisil 1 Hesaecén il yHacTok MOPEHb
Heropuueckoii cramanm; [V — npasas 4acts MOA010H MOPEHE BOALIIONO AKTpY (CTaama AKTpy) b — AHIWARHUK AHAMCTPOM
1940 MM npaBas 4acTh TALUIOMA BEIKPALLHBASTCS BMECTE C HACTHUAMM NOPOIL; B — IMaliHHK HA LGS NOPOAE! C 0NEHE HEPaB-
HOMCPHBIM BBIBCTPHBAHHCM (MOPCHA Heropuyeckoit craanm), no BHCIIHCMY KPAK CHOCBHILA — NMYCTOTHI, I — nanGonee apes-

HUIT W CTabmaBHLI YHACTOK NOBCPXHOCTH B JAHHOM HE, HAXOAHIHICH MEHITY JABHHHEMY 1 OCHITHBMHE KOHYCAMM] -
MACIITADHPOBAHHAA CXEMA JOJMHBL € VEAZAHHEM MECT OTOOPA H PACUETHRIM MAKCHMAILHEIM IHAMETPOM JHILATHHKOR: V—no-

JIOGKEHHE METCOCTAHIMK AKTPY (aHAIOMHYHD (PUIO [y, | — mopeHHB Bad cTaium AxTpy; 2 — Mecta uaMepeHuil u pacuéTHb

MAKCHMATBHEIN IHAMETP AHILARHIKOB; § — H3I0IHHIN JIHAMCTPRA JTHILANHHKOR, 4 — Kpait yucToro anaa Aeannka Maanii AKTPY
1 COOTRETCTHYVIONIEM TOIY; 5 — MAKCHAMLTREHENT JIHAMETD ANIARHNKOR HA JaHHBX NOBEPXHOCTAX
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Summary

Assessment of the dynamics of high-altitude glacial lakes is becoming increasingly important in the context B7*55'15"
of modern climate instability. The formation of new periglacial lakes and the growth of existing lakes as a
result of the reduction of glaciers are recorded almost all over the world, including Russia. A rapid increase of
a periglacial lake size may lead to the formation of an outburst flood. In this context, in order to prevent out-
burst floods, it is necessary to investigate outburst hazard lakes at all stages of their development. The perigla-
cial lakes of the Altai mountains have been little-studied in comparison with other mountainous areas. At the
same time, they are also characterized by the formation of new lakes during the period of climate nonstation-
arity. It was confirmed by the identified statistically significant trends in average monthly air temperatures
during the ablation period. Based on the analysis of multi-temporal satellite images, it was found that the
number of new periglacial lakes in the high-altitude territories of the Altai Republic (Katunsky ridge, North-
Chuya ridge, South-Chuya ridge and the Tavan-Bogdo-Ola mountain massif) is increasing exponentially. For
a more detailed survey and field hydrological studies, the authors chose the recently formed periglacial Lake
Barsovo and periglacial Lake Gachi-Kol. Both lakes located within the northen slope of the Tavan-Bogdo-Ola
mountain massif. Field observations, which were carried out in July- August 2021, have shown that both lakes
are currently at the transgressive stage of development (growth stage). The transgressive phase of the lakes
development is characterized by a rapid increase in size by the end of the warm period and a complex level
regime on both diurnal and annual scales, due to the fact that both lakes are adjacent to the glacier.
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Citation: Rasputina V.A., Pryakhina G.V,, Ganyushkin D.A., Bantcev DLV, Pani N.A. The water level regime of periglacial lakes during the growth 0
stage (the lakes of the Tavan-Bogdo-Ola mountain massif, South-Eastern Altai). Led i Sneg. Iee and Snow. 2022, 62 (3): 441=454. [In Russian|.

doi: 10.31857/5207667 3422030143, edn: jgovau. mE: ;-Lunes- EaTatar Gragrashicn. CNESItus DS, USDA. USGS, AeroGRID,

Hocmynuaa 13 man 2022 2, / Hocae dopatomcn 10 wona 2022 2. / Hpunsma i nesamu 11 woan 2022 2. Pitc. 5. 03, Tauu-Konb. @oto B.A. PacnyTiioii (@): 6 — copMeluéibe rpadiKi xo1a yposis poib 03, - Ko
Knwouenvie cona: npunednuossie 03épa, mopentbie 03épa, opmuposanie 03ép, Anmad. (/) m remneparyphl Bo3ayxa (2); @ — GarHMETPHYIECKan CXeMa O3epa.
Ha ocHOBe aHann3a WIMEHUWBOCTA MMAPONOTO-MOPGHOMETPUUSCKUX XaPaKTEPUCTUK 038P € NpUMeHe-
HWEM CNYTHWKOBLIX M300pameHnid M JaHHbIX NONEBLIX TMAPONOIMYEcKMX HaBnoAeHWA, BHINONHEHHBIX
aBTOpamMK B vione - aerycte 2021 r, onucanbl ocoBeHHOCTV MMAPONOTUYECKOTO PEXUMA ABYX NpUNes-
HWKOBBIX 038P € TPAHCTPECCHEHON $a3oi PasBMTHA, PACNIONOMEHHBIX HA TEPPUTOPUA TOPHOTO MAcCMBa
Taean-borgo-Ona (PecnyBnuka Antaii).




T80 1 Crez - 2022 - T62 - W3

(O630pBI 1 XPOHUKA

YIK 551.58 DO 10.31857/5207667 2422030144, EDN: JGFYAJ

Poub ectecTsennpix Kotedanuii u akropos BHewHEro BO3CHCTBHA HA KAMMAT
B NOTENAeHHnH 1 XX gexa s C NOAYWApHH
© 2022 r. /1)1, Boxywaega'", B.A. Cemenon'-
THiserimyt reorpaduin PAH, Mockia, Poceua;
2HueTuryr duesuin arsocdieps nu, AM, Ofysora PAH, Mockes, Pocena
*d.bokchava@gmail.com
The role of natural fl ions and factors of I forcing im the Early 20" Century
‘Warming in Northern Hemisphere
D.1D, Bokuchava'™, V.A. Semenov!?
'nstinue of Geography, Russian Academy of Sciences, Moscow, Russia:
2AM. Obukhov Institute of Atmosphere Physics, Russian Academy of $cicnoes, Moscow, Russia
*dbokuchava@gnail.com
Received August 22, 2621 7 Revised May 17, 2022/ Accepied July 1, 2022
ds: early 20° ¥ seace, v aetivity, voleanism,
greenhouse gases.

Summary
‘Ihe warming in the first half of the 20% century in the Northern Hemisphere, the Early Twentieth Cen-
tury Warming was comparable in magnitude to the current warming but ocourred at a time when the
growth rate of the greenhouse gases concentration in the atmosphere was 4-5 times slower than in
recent decades. The mechanisms of the early warming are still a subject of discussion. The Early Twen-
tieth Century \\.urmmg wis most pmcnnnuced in the high latitudes of the Northern Hemisphere, and
the recent indicate a signi negative anomaly of the Arctic sea ice area
during early warming period linked with rn]m!ud Allamu. water inflow to the Arctic and amplified
warming in high latitudes of the Northern } | L of o buti of internal vari- 05—
ability and external natural and anthropoge ictors to (In- climatic anomaly is a key issue for under- e
standing historical and modern climate dynamics. The paper overviews mechanisms of the Early Twen- T T T T T
tieth Century Warming associated with various internal variability and external anthropogenic and
natural factors. An analysis of the findings on the topic of long-term studies of climate variations in the 1900 1920 1840 1960 1980 2000
Northern Hemisphere dur e period of instrumental observations does not allow one to attribute roﬂb|
the Early Twentieth Centur ning to one particular mechanism of internal climate variability or
external forcing of the ¢ mast like this event was caused by a combined effect of long,
term climatic fluctuations in the North Atlantic and the North Pacific Ocean with a noticeable contribu- Puec. 1. AHoMauu modaibHOM CpBﬂHBI‘OIlDBOﬁ HpMSEMHOﬁ TEMIIEPATYPBI BO3AYXA (“C) B IIEPHOL 1880=2015rr.:
tion of external radiative [ortlng associated with a decrease in volcanic activity, changes in so]ar acuvm 24 .
and an increase of g gases ion in the here due 1o anth 1 — ©6e3 criaaxuBanus; 2 — 5-JIETHEE CKOJb3sIEE CpestHee; J — ckojb3sdiimne 30-1eTHHE TPEH/LbI 11100a/IbHOI CPEIHEer 01080
Furthermore, this <limate variation in high latitudes of the Northern Hemisphere was enhanced bya

vartber of positive feedbcks. npuseMHoit temreparypst Boszayxa ("C/30 ner, 3HaUeHME COOTBETCTBYET KOHLY 30-JIETHErO NEpHOAA CKOJIB3SILICTO TPEHAA): 10
Citation: Bokuchava 161 Semenov VA, The mic of natusal flactuations and factoes of external forcng in the Early 20 Century Warming in Northern JIaHHBIM HaOmoAeHHiE BERKLEY (ROth, 2013)
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I sk o /. glaclers, ice cores.

Summary

A madel of the orthograp of based on the calculation of the condensation rate of water
vapor in the air stream uplmms ontr The mesantain slope i proposed. The main assumptions of the model are; the
cooling of the rising air is determined only by the adiabatic process; the orographic component of the vertical com-

povent of wind speed is generated by the relief, and its weakening with devation is determined only by the stme.

spheric stratification; the proportion of precipitation from the total mass of the condensed mossture depends only on
the air temperature. ERAS reanalysis, which was p by vith ob: | data, is used a5 inital data,
The proposed maodel adequately reproduces the ‘pmalandmm\nl variability of precipitation on the Elbrus shopes
bath for short cpisodes and on the climatic time scale (1985-2018). Comparison of the modeling results with the
reconstruction of the annual acoumulation of precipitation from i ore obtained on the Western Elbrus Plaleau
in 2018 showed a statistically significant positive correlation. However, similar comparison with the data from the
core exiracted i 2009 dd o give  staistcaly sgnificant resalt. This means th the propesed ol can b wsed
as 4 tool for conformity between methods of acc and for substantiation of their physical
ustification fenrrectiness), oy asddition, Unes abgorihin can be wsed b caleutate monthly and wnual sums of precipita:

Bon on mountain shpes of v, exposures arsd to estimate annual accumulation on mowntain glaciers.

Citation . LA Yarynich L1, Kituzox S5, Simalation of anographik precipizatiors component an the Moant Elbeus cuample Lod i
2 3. (I Russian].
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MMM
Mogens ] OCAAKDE, OC Ha [PacuETa cro-

POCTH KOHASHCAUWH BOAAHOTD Napa & ﬂosmme BHHYHAEHHD NOAHAMBOWEMCA BRONE TOPHOMD CKNOHA,
B Monenn yuTens JaTyxaHne CROPOCTA BETPA, HHALMMPOBIHKOR penbedom,
B JABUCAMOCTH 0T CTPATMSWKALIK, 3 TAKRE [0NH BT, BMNaAUeR B BUE 0Cakos, ot obued Mmacos
KoHAeHCaTa. B kauec Tee AAHHBX NP ] ERAS

THHH sna»mocm CHOpOCTH BeTpa). MoKazaHe, UTo NPenncHeHHER anmpuw
Hennaxo Th OCAOKOR, HX CEIOHHBIA X000 W KNTHMATHULKYK
WIMEHUMBOCTE, 3 TaKKe npof_rpanusemne pacnpefensiie No ckoHam InbBpyca, BoinonkeHs cpas-
HEHHME MOfI0BEIX CYMM CCAfIKOB C PEKOHCTRYKUMER JKKYMYNAYWH N0 JAHHEM NEACBEIX KEpHOS, NONYUEH-
HEX Ha Janansom nnato 3neopyca. NpefnoseHHan MOVIENE MOKET CIYHRATE CPEfICTEOM COMacoEIHHA
METO/I0R PEROHETRYIIMA XKYMYNALNN 110 KEPHOBEM JAHHE 1 WX QUIRUECKOND 0BOCHOBIHAR, [laHHIR
ANTOPATI MOHO N PHMERATS ANA PACYETa rogoBoR H2 MOpHLIX 8 rnod

KX MORENAX B Ka4eCTEE Nap: POrPAdHUSCKINK OCIAKOR.

Mereocranymm: 1 -3 nnato, 2 - K . 3- Tepckon; 4 - WarwaTmas
¥ane! peadanuia ERAS: 1-43°50°cw , 42°25'a. 0, 2- 43°25'cw,, 42°25's. 8 ; 3-43°25'c.w., 42°50'8 . ;
4-43"50c.w,, 42°50%.4.

: p Ll pACHETHOR OB ¢ Beil) CEKTOPAMM, N0 KOTOPLIM NPCBOOWNHCE CLENKH
mnuuux CYMM OCAKOB MaKpOCKNoH: |- cepepHui, [ - ocTouHsi, 111 - oxHei, [V - sanagHei

2015 Foast 2005
‘le
15 v,
fo 1
-]
25 2.8 !
3

35 1 T T ¥

0 5 10 20

Pue. 1. Paiion necacnosanmii u ro oBeencueHHOCTs HATYPHBIMM IZHHBIMH (METCOPOIOTHUCCKIME HIMEPCHHAMN,
peanannzom ERAS, nndopMaumeil n3 1egosux KepHo):
@ = FeOrpadUeCKoe NOJOKCHHE PACHETHON OBIACTI, NPHMEPHO COOTBCTCTBYIOMWCH ILIOUEIN CeueHs DNL0PYCa N0 ropH3oH-
T 3000 HAL YP. MOpH {L'EKIDD}I COOTBCTCTBYIOT HANPABICHHAM, 110 KOTOPHM BRIOAHAAHCH p'lC‘Ii:'lh( OCRAKOB) | 10 1HH
ToueK, obecnedcHHEIX WHOPMALNEH; § — NOI0BKE CAOM AKKYMVIA LMK, BrUtecHHEE B kepue 2018 r. va 3anaasom naaro

J= KPHBAH HIOTONHOr COCTIRL ﬁhn: 2 — nu CHHBIC THMHHE NEPHOAR J= Onpe. CHHBIC FPAHMLIBE TOA0B

2010

|
15
nyGuxa, MM B.3.
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Ipoduab naoTHOCTH CHEXHO-(hHPHOBOI ToMIN B paiione crannun BocTok,
LenTpanbHana AHTAPKTHAA
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Vertical profile of snow-firn density in the vicinity of Vostok station, Central Antarctica
A.A. Ekaykin'-?", K.B. Tchikhatchev', A.N, Veres', V.Ya. Lipenkov', N.A, Tebenkova'-2, A.V. Turkeey'

"Aretic and Antarctic Research Institute, $t. Petersburg, Russia;
Institute of Earth Sciences, Saint Petersburg State University, St. Petersburg, Russia
*ckaykin@aari.ru
Received May 19, 2022 / Revised June 21, 2022/ Accepted October 7, 2022
Keywords: snow and firn density, Vostok station, Antarctica, densification modeling.

Summary
The density of the snow and firn thickness is one of the fundamental and most important physical properties of
the polar ice sheets. The data on density is used for reconstructing the past snow accumulation rate variability
based on firn core studies, for correcting the results of the instrumental surface mass balance measurements and

for verification of empirical and physical densification models. In this work we present a unique dataset on the
snow and firn density in the ugper 70 m of Antarctic glacier in the vicinity of Vostok Station based on data from

32 snow pits and firn cores. This newly obtained stacked density profile reveals different stages of the densifica-

tion process. In the upper 27 cm a fast growth of the density is observed from 0.320 to 0.365 g cm™ as a result of

the initial snow grain metamorphism. Below 0.3 m much slower densification rates are observed. At the depth

of 22.5 m the transition from snow to firn can be seen at the density of 0.526 g cm . The vertical density distri-

bution can be approximated with a polynomial function with the accuracy of 0.01 g em* along the whole pro-

file except for the upper 0.3 m. In order to investigate the glacio-climatic conditions under which the snow-firn

density Il;‘as evolved, we applied a semi-empirical model by Herron and Langway (1980). In first approximation,

the density distribution can be explained with the initial snow density equal to 0.35 g em™, surface glacier tem-

perature equal to -57 C, and snow accumulation rate of 1.8-2.1 g em™ yr'. The discrepancy between the data Puc. 1. TnsiumMonornuecKue
and model can be, to our opinion, explained by the recent increase of the snow accumulation rate as evidenced -

from the firn core studies. However, the non-stationary physical densification model failed to reproduced the pagorsr B wypde B Len-
density data with sufficient accuracy, which calls for revisiting the model configuration and tuning. TPaNILHOWU AHTAPKTHIIC.

Citation: Ekaykin A.A., Tchikhatchev K.B., Veres AN, Lipenkov VYa,, Tebenkova N.A., Turkeev AV, Vertical profile of snow-firn density in the vicinity of Ciicsa OT pyJIeTKM BUiHA GO-
Vostok station, Central Antarctica. Led i Sneg. Tee and Snow. 2022, 62 (4): 504-511. [In Russian]. po3aa, ocraBluascs rocjic or-
doi: 10.31857/52076673422040147, edin: mhecwx Bopa 00pa3ios JUId U3MEPEHHSs

naotrnoctu. Cripasa: uamepe-
Hocmynuaa 19maa 2022 2. / Hocae dapatomiu 21 wona 2022 2, / Hpunama k nevamu 7 oxmaipa 2022 2, Hue auametpa kepna VK19 b
Kniouesbie ciopa: naomuocms cieza u upa, cnawuyus Bocmox, Awmapkmuda, modenuposanue npoyecca ynaomuexua, [IAMMOJIOTMYCCKOi 1a00opaTo-
MpeacTagneHsl AaHHbIE O NNOTHOCTU CHEXHO-GUPHOBON TONWKW B MHTepBane rybuHsl 0-70 M B paiioHe puu craHunu Boctok
cTaHuwK BocTok (AHTapkTuaa). OxapakTepW30BaHbl OCHOBHBIE CTAAWW YNNOTHEHWA (BbICTPBIA pocT NNoT-
HOCTW B npegenax sepxiux 0,3 M, nepexoa ot cHera K gupHy Ha rnyBude 22,5 m). BoinonHeds TecTsl ©
NOMOLLBIO NONYIMIUPUHECKOA M HECTALMOHAPHOR Gru3nyecKoi Moaenei C Lenbio M3yYeHus MaLMoKnn-
MaTUUECKUX YCNOBMIA, NPW KOTOPBIX NPOWCXOAMA.
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The results of geodetic measurements of the mass balance of some glaciers
in the Zailiyskiy Alatau (Trans-Ili Alatau)
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Summary
The current state and mass balance of some glaciers of the Trans-1li Alatau (Zailiyskiy Alatau, Tien Shan,
Kazakhstan) is estimated in the paper. The remote sensing data (images of the Pléiades satellites) and detailed
field geodetic measurements (differential global positioning system with the South Gé instrument)were used for
the analysis. The field works were carried out in August-September 2021on the northern slope of the Zailiyskiy
Alatau ridge. A digital relief model had been built for the analysis as well. Negative trends in the area of the stud-
ied glaciers have been revealed, which generally correspond to the average rate of degradation of the glaciation
of the Trans-1li Alatau from 1955 to the present. A comparison of glaciological (contact, i.e., obtained as a result
of measurements made on the glacier) and geodetic (resulted from analysis of remote sensing data) methods for
estimating the annual mass balance of the Central Tuyuksu glacier for the period 2016-2021 showed that the
final values calculated by these two methods are very close in values. For example, the sum of annual balances
calculated by the glaciological method for this period was -2.9 m w.e., or -0.58 a’' m w.e. per a year, while the
balance calculated by the geodetic method for the same period was - 0.63 a' m w.e. Thus, the results of compar-
ison of the above methods of the glacier mass-balance investigation confirm that the geodetic one based on sat-
ellite measurements and the ground surveys using the South G6 instrument is in a good agreement with results
of glaciological methods of measurements and calculations.

Citation: Kokarev AL, Kapitsa VP, Bolch T., Severskiy 1.V., Kasatkin N_E., Shahgedanova M., Usmanova Z.5. The results of geodetic measurements af the
mass balance of some glaciers in th skiy Alatau (Trans-1li Alatau). Led § Sneg. loe and Snow, 2023, 62 (4): 327-538 [In Russian].
doi: 1L31857/5207667 3422040149, edn: mhmlnu
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MHoroeTHsA H3MEHYHBOCTD CIIOYEHHOCTH Jiba Besioro Mops o cNyTHHKOBBIM AAHHBIM
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Multiyear variability of ice concentration in the White Sea according to satellite data

V.N. Baklagin
Northern Water Problems Institute of the Karelian Research Centre, Russian Academy of Sciences, Petrozavodsk, Russia
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Summary

The objectives of this study were to analyze satellite data on the ice conditions in the White Sea available for the
period 1979-2021 so that to identify statistically significant trends in closeness of ice during that period, and to
establish spatial and temporal characteristics of the sea ice regime in this area. It was found that accurd{ng to the
satellite data a statistically significant negative trend (=0.34:+0.11% year~' at a significance level of 0.05) of the ice
closeness changes was observed over the above period for all areas of the sea, which corresponds to the general
tendency of reducing the area of the Arctic ice cover due to the global warming. However, contrary to the state-
ments of |.C. Comiso, D.K. Perovich, M.C. Serreze, J. Streve, D. Notz that since the beginning of the XX century the
reduction of the ice area in the Arctic Ocean accelerates, no tendency in decrease of mean annual values of the ice
closeness for the White Sea was revealed. In addition, the results of the regression analysis showed a slight decrease
in the absolute value of the trend from - 0.74+0.38% year™! in 1979-1996 to -0.47+0.25% year~! in 1997-2020. It is
also shown that the results of a comparative analysis of two trends in the year-to-year variability of ice closeness in
the White Sea: the first one obtained from the microwave radiometer data provided by the National Snow and Ice
Data Center, and the second one revealed from data of advanced microwave scanning radiometers (the University
of Bremen), are in good agreement with each other. The difference in the slope coefficients of the linear approxima-
tion is only 0.038% year~! for the period 2002-2020. This is the important argument in support of using microwave
radiometer data to determine trends in variability of ice closeness in the White Sea.

Citation: Baklagin V.N. Multiyear variability of ice concentration in the White Sea according to satellite data. Led { Smeg. lee and Snow. 2022, 62 (4): 57
590, [In Russian).
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BrinonHeHs pacuéTel TPEHAOB MHOTONETHEA MIMEHUMBOCTA CPEHErof0BBX 3HAYEHWR CNNOYEHHO-
€TW nbAa benoro Mopa Ha OCHOBE AAaHHBIX CNYTHUKOBOrO NAacCUBHOMO MUKPOBOMHOBOTO 30HAMPOBaHNS,
npefocTasneHHbx HayMoHanbHeIM LIEHTROM flaHHBIX No cHery u nbay CLUA 3a nepuop 1979-2021 rr, a
TaKHe faHHbIX YCOBEPILEHCTBOBAHHONO MUKPOBONHOBOrO CKAHWPYIOWEro paauoMeTpa, NonyueHHsIX B
bBpemeHckom yHuBepcuTeTe B 2002-2020 rr.

CNNoOY&HHOCTs Nbaa, %

I
Mecaub

Pue. 2. Xpononornuecknii xon cnaou@HHocTi sibaa Ha Benom mope 3a nepwon 19782021 rr.
[ — hakTHHECKNE JaHHBIE; 2 — OCPEIHEHHBIE 31 PACCMATPHBACMBIIT IIEPHOL CPEIHEMECHTHBIE SHIMEHNS
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JEJHUKH U JEJHUKOBBIE IHOKPOBbBI
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TONIIWHA TbJA 1 CHEXKHOTO MOKPOBA IETHUKA HTAH
(IMOJIAPHBIN YPAJ) IO JAHHBIM HASEMHOTI'O
PAAUO3OHJIUPOBAHUA B 2019 U 2021 rr.
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B 2019w 2021 rr. va aenHdke HTAH npopoaqimes reopatapHele HaMepeds ToamHis anta (BUPI-T7,
20 MTIu) v cHexHoro nokpoea ([Mukop-Jlén, 1600 M), TMokasaHo, 4To JeTHHK HMEET MOIHTEp-
MHYECKYIO CTPYKTYPY, 8 ero TosliMHa foctiraer 114 M. Benoidera oleHka BelHYMHb M ocodeHHocTell
pacnpeeneHus CHeARHOH TOXIIH MO MAOIIATH JRIHHKA W [IpHIeralolnied TeppHTopHH.
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Puc. 1. Jlennnk HEAH. a — npodim patnososamposanms (7 — 20 MIn (2021 r.), 2 — 440 MIm (1968 1.); rpaHmia JeIHIK:
p:rmmc rome (3 — 20201, 4 = 2008 1, 5— 1963 1); A—Al 1 B—B1 npodumn, panaporpaMMel BIOTE KOTOPRIX MPHECICHE Ha
pHe. 3. Tloanoxka — cHaMok WorldView-2 Gasu nanHex Google Earth, agryer 2021 .
i — HHTEPNPETALHA PAIHONOKAUHOHHOTO Hpoduid 1968 1 [ — xonomHe ;[T — renaef néa; ¥ — npuioxaag Mopesa;
L THHI MEHAITY XOJNOMHEIM B TEILM Npa0M; P mpannua Mexny TELM ALI0M H IpHIoHHol Mopenott; T — nome
VI — nopepxuocts nenunka; FIT — koopaunaruee pemin npodng { Maveper, 1974),
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an'IBCTI,BHH pexynhme HAYUEHMH HAOTOIMHBIX XﬂpﬂKTCpI'ICTI'IK OCANTKOR, BRIMATAIOIITHY v TIOMHOAHS Kok
HOro ckjloHa Aeipyca, Kapkas. OTdop ocalkoR opraHH30Bal Ha CTAHLIHKE Ajay (adc. BeicoTa 2300 M) Ha
BJKCJ.EICBI!UE OCHOBE. YLI(II!UUJ]BHN OCHOBHRIE HCTOMHMEH OCAIKOB ,J..']ﬂ HDH JJIle[J}'(.I:H C NnpUuMeHeHHeM
MeToIa 00 PATHERIX TPASKTOPHE JIBHAREHHA BOYIVIIHBIX Macc. 3HavyeHus 550 OCATKOB COMIEPHAT Bhl pakeH-
HYEO CESI3b C TEMIICPATY PO MPHIEMHOTO 108 Boamyxa: ASSO/AT = 0.85%e/°C.

Kawuesble ¢1opa: HI0TONHEIH COCTAR KHCIOPOIa, H30TOMHBIH COCTAB BOIOPOIA, RTBIOC(IJC})HBJC OCAIKH,
Kaskas, Daelpye, peKoHCTPYELME TEMIEPaTYp
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B. I. Kaauwun, B. B. Yuwacos
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JTHUKH B TOPAX POCCHM (KABKA3, AJITAH, KAMYATKA)
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MporeAEHHBIC B MOCNCAHCE BPEMSA HCCACIOBAHWA MOIBONNIM TONYYUTh ACTANBHYIO KAPTHHY M3MCHCH it

NCIHHKOB B Hanbonee 06CCneyCHHEIX 1aHHBIMKM TOPHBIX paioHax Poccuu. [Ina oncacHenus Kaskasa no-

NY4EHB! JAHHLIE HA BpeMeHHbIe cpeabl 1911, 1952, 2000, 2014, 2018 n 2020 r.; ana Anraa — Ha 1850, 1952,

2003 1 2018 r. [ina xpynHeix yanos onegeHexus LientpansHoro Antas — Katyuekoro, KOxuo- u Cesepo-

Uyiickoro xpedTos A0NoaHHTENEHO Ha 1968, 2008, 2017 r. B oGoux paloHax BuISBIEHE! YCTONUMBOE COKPa-

LIEHME TUIOLIAAN NEIHMKOB ¢ Havana XX B, M yCKOpeHMe TeMNos cokpamerns B Hauane XXI s, Jas neene-

nosavmns neannkon Kamuatku Guumm nenonssosadn asubie Katanora nennukos CCCP v cHuvkm ¢ pas- %
HBLIX CTIYTHHKOD M 34 pasubie roaw (2007-2019). Buaponeno MHOMKECTRO JISIHMKOD, PAHEE HE JAPETHCTPH - P TR
poeaHHEIX B Katanore neanukos CCCP. Inowane oneaeHeHns B pasHelX paioHax KaMuaTki co BpeMeHH 15
nepeoii KATAIOTHIALMK U3MEHSIACE KPaiiHe HEPABHOMEPHO, UTO CBA3AHO CO IHAUMTENLHBIMM PAZTHYHS - 7,

M B MOpgonorn neaHnkos, JIEIHHKN BYIKAHMMECK UK PAROHOB YBEAMMMIN CBOM PAIMEDPLL MM OCTABA- 3 8 :
NUCE CTALTMOHADHBIMH, 3IECH HET TEHACHIINK K COKPAUIEHWIO NEAHHKOR 3 MOIMHOA NOBEPXHOCTHOM - 9 4 . §
MOPCHBI, COCTOSIICH M3 BYIKAHOTCHHOrO Matepuana. CpasHenue nauuwix Katanora nennukos CCCP = ¥ Xp,TabeiH-Gorno-Ona
(1965—1982) u Karanora nennukoe Pocenu (2017—2019) nokaseipaeT COKpPAILIEHHE MUIOMATN ONEISHEH WS 0 20 40Em Y ‘

¢ cepenntsl XX B. 10 KOHUA BTOPOH tekans! XX B. BO Beex ropHbix paHoHax POCcM 3a MCKTIOUEHHEM BYJI- A fny XpioRib A Arait e
KaHuueckux obnacreii Kavuatku, TR e

JEAIPS00GI c ) FUELS UERI PCCRN M0 SRR IS S O ey e o A e e T sty PASRACORE A SASALon ST
~ . 3 X H 4 HHO-JIE, { pecypc 3 a). I — ] o} [ 5 -
DOI: 10.31857/52076673423020114, EDN: RVBDMJ nenbHLIX XxpedTax, %; 2 — ux 1048 B 0BLWEH II0WANH NTeIHHKOBOI CHCTEMBI poccHitckoro Antas, %,
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CHEXHBIV ITOKPOB KAK ®AKTOP POCTA I'OJIMYHBIX KOJIEIL
JEPEBBEB B KOHTPACTHBIX ITPUPOJHBIX YCIIOBUSX
3ATIATHO-CUBUPCKOM PABHUHBI
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[poaHaIM3HPOBAHA 3aBUCHMOCTE IUMPHHBI TOAMYHBIX KOJICLL APEBECHBIX PACTEHHIT 30HBI JICCOTYHAPL U
[OA30H CeBEPHOI TalrK (lecHas 30Ha), KKHOM NecocTenH (J1ecocTenHas 30Ha) U CyX0it crenu (crenHas
30HA) OT TAKMX MNOKAa3aTeeil CHEXHOTO NOKPOBa, KaK MaKCHMalbHasl TOJILMHA M BOAO3ANAC, JaThl yCTa-
HOBJIEHUS1, PA3PYILEHMS U NMPOAOIAKUTENBHOCTD 3aEraHH YCTOHUYMBOIO CHEXHOTO NOKpoBa. ns aHanu-
38 MPUMEHEHB! JJAHHBIE rOCYIAPCTBEHHBIX METEOPOIOrMUECKHX cTaHLMit Pocruapomera (nanee — MC) 3a
1966—2020 rr. (no necoTyHape H ceBepHOil Taitre); 1966—2018 rr. (MO NECOCTENH M CYXOI CTENHU); MaTEPH-
anbl COOCTBEHHBIX IEHIPOXPOHOIOTMYECKUX PaboT.

Kmiouepsie caoea: 3ananHo-Cubupckasi paBHMHA, CHEXHBIM MOKPOB, APEBECHBIC PACTEHMS, TOAMUHBIC
KOJIbLIA
DOI: 10.31857/82076673423020047, EDN: RTIJTL

Puc. 1. leorpathiieckoe NONOKEHHE MECT 0TOOPA ASHAPOX POHONOTHYECKHX 06pasuoe b npenenax 3ananuo-CubHpekoil pae-
HuHb (@) § — nnomwankw necotysapw; 2 — Hanwmekne conkw; 3 — teppaca p. Hanwv; B npengnax Anradckoro kpas (6): 4 —
Honranka; 5— Pebpuxa; 6 — Kanycruuka; 7 — Wapunno; 8 — Yepesmuoe; 9 — Iawsnonck; /10— Cepepra; /7 — Muxaitiosckoe;
12— Bonumxa; 13— Mansiues Tor; 74 — Yrnosckoe; 15 — Hasaposka; 16 — TMousennans cranuns; 17— Hosoyraosckwii.
JNerenaa kapr: [ — MC; /f — nenapononuronst; [ — pexn; [V — roCyaapcTeenHan rpanuua; ¥ — apkrHdeckan tyuapa; Ff —
TunuuHan Tyaapa; VIF— wosaas tynapa; VAT — necotynapa; IX — cesep Taira; X —cp Taira; X7 — wxnas Tadira;
A — cvewannsie neca; XIIT — wapokoamcTeennte aeca: XV — wknaa necocrens; XV — tunwanan crens; A¥7 — cyxan
crens; XV — roprme 061acTi BRICOTHON NORCHOCTH.
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Bomnpocpi reorpaduin / Pycckoe reorpadudeckoe obijectso. - Mockpa.
Uamaérces ¢ 1946 rojia.

C6. 155. AkTyanbHble npobneMbl o6iero reorpadudeckoro obpaso-
BaumaA / OTB. pen. B.M. Kornakos, A.A. Jlobkanuase. - M.: Mepna-
ITPECC, 2022. 320 c.

Pycckoe reorpauueckoe 06 1IeCTBO BICTYMN0 MHHLMATOPOM C038aHHA KoHLenwyy rearpadiuueckora ofpasosaHia B
Halueii cTpaHe, KoTopad 6bina NpuHATa MUHICTEPCTBOM Npocaelienus Poccniickoi Depepauin. Peanisauus Kouuen-
LK TPeyeT [y6OKOro TEOPETHUECKOTO OCMBICTEHItA NPOBNEM Pa3BUTUA Teorpaduyeckoro 0bpasoBaHiA. Bty Knury
BK/I0UeHbI HayYHble CTaTbi, TPaaloLLe CaMble aKTYalbHble BONPOCb! Npeno/iasaHua reorpadum e obleodpasosa-
Te/bHOM LKOMe: COBPEMEHHOE NPeACTaseHie 06 0CHOBONONATaKLLMX KATeropuax, BXOALMK B npobnemuoe none
Teorpaguyeckoro 06pasoBaHI, HCNONb30BAHMUE HOBbIX HHHOBALMOHHbIX TEXHONOT Ui B 06PA30BAHIN, KNKOUEBbIE Ha-
NPABNEHNA BOCNUTAHNA B reorpadiueckom 06pasoBanim ¢ TOUKN 3PEHHA WX CTPATEMYECKoro ofujeHaunoHanbHoro
NPYOPHTETA  COLMOKYALTYPHOTO PECYPCa PasBUTHA COBPEMEHHOTO POCCHIACKOTD obwlecTBa. Cofepianme cOopHIKa
NPEACTABAAET HayuHbIA 1 NPAKTHUECKWA MHTEPEC ANA NPEno/aBaTenei BbICLUISH H OCHOBHOR LUKOMbI, aCNUPaHTOB K
CTYLEHTOR Fearpaduueckix i Nefarornyeckix Y308, roTOBALLMXCA K NPenoasaTenbCkoil AeATenbHOCTH.

ISBN 9785901003-69-5

Problems of Geography / Russian Geographical Society. - M. Pub-
lished since 1946.

Vol. 154. Actual problems of general geographical education / V.M. Kot-
lyakov, A.A. Lobzhanidze, Eds. — M.: Media-Press, 2022. 320 p.

The Russian Geographical Society initiated the creation of the Concept of Geographical Education in the Russian
Federation, which was adopted by the Ministry of Education of the Russian Federation. The implementation of the
Concept requires a deep theoretical understanding of the problems of the development of geographical education.
The vol. Ne 155 “Problems of Geography” includes scientific articles reflecting the most pressing issues of teaching
geography in primary school: a modern understanding of the fundamental categories included in the problem field of
geographical education, the use of new innovative technologies in education, reveals the key areas of education in geo-
graphical education from the point of view of their strategic national priority and socio-cultural resource development
of modern Russian society. The articles of the collection will be of scientific and practical interest for teachers of higher
and basic schools, graduate students and students of geographical and pedagogical universities preparing for teaching.
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I'masa 2. IIpo6reMHOe TOTE 1 CTPATETHYECKHE OPHEHTHPDI
METOIMYECKOii CHCTeMBbI COBPEMEHHOTO
reorpaduueckoro oGpasoBanns

2.1. leorpaduieckan KynbTypa: NOHATHE, 0COGCHHOCTH
topMupoBann, HOBBIE OPHEHTHPH

Teorpamueckoe oGpazoRanie paccMaTpHBACTCA B KOHTEKCTE KYilh-
Typbl obugectsa: «leorpadmueckoe obpasoBanne - 570 BONpoc o reorpa-
dmueckoii KynsType denosekar (JloGxannnze u ap., 2014, c. 24). Orciopa
ceflyeT, 4To reorpaiueckan Ky/ILTYpa OTpaxkaeT cTenenh oRnajienis
obyuaionMica reorpadiuecKuMH SHAHMAMIM M ONBITOM JIeATeNbHOCTH.
YUHTHIBAA TYMAHHCTHYECKYIO CYIHOCTh COBPEMEHHOTO 00pasoBaHus,
OHA NMoJipasyMeBaeT 0cobblil THIT CHCTEMHOIO MBIIIIEHHS, IPUBS3AHHOTO
K C/IOAHO CTPYKTYPHPOBAHHOMY 3eMHOMY IIPOCTPAHCTBY, M ONpelenieT
MepY HeTOBEUHOCTH 10 OTHONIEHWIO K TIPUPOJIE 1 COIMYMY, IIYGHHY [Iy-
XOBHOCTH M YPOBEHb I'YMAHUCTHUECKUX KauecTs InuHocTi. B croio oue-
peb 3afiada GopMHpOBaHUA TeorpaduHeckoil KYIBTYPhI BO3NAraeTca Ha
cucTemy 0b1ero i podeccHOHANTEHOTO 06PAIOBAHMS, HAYUHBI HICONO-
FHYECKHIl M NPONAraHANCTCKHI ANNAPAT, PeryMpyowni nudopMatnon-
HBIE pecypenl o61ecTRa.

B coBpeMeHHBIX COKHBIX IPOTHBOPEUHBLIX YCIOBUAX reorpadmie-
CKas KyIbTYpa OpPHEeHTHPOBAHA Ha NOATOTOBKY Hel0BeKa B HOBBIX H3Me-
HHUBIIMXCA HHBHIHZANMOHHBIX YCTOBHAX. B aToil CBA3N OlleHKa, OCMBIC-
JeHie i npeobpasoBaHie MUPa NPOUCXOIUT ONOCPEIOBAHO Hepes obuLYyio
1 reorpadHeckyo KyIsTYpY. 3Hadenue reorpadmdeckoil cocTapnsmomei
oblledeN0Be ecKoil KYILTYPhl YPe3RbuaiiHO BeIHKO i 0BYCIOBICHO CO-
KpaHeHHeM HOPM H LeHHOCTE H3HN B reorpadMuecKoM NPoCTPaHCTBE,
OBIHOCTH TOJIel, MHOTOODOPA3H MX CIOcOBOB K13HM, ofecrieMeHns nX
JYXOBHOIT, KY/IBTYPHOI, STHUUECKON MIeHTHPMKALNN. SHAUNMOCTE reo-
rpadhun JUIA pasBnTHA obleYeTOBe ecKOil KyILTYpLl i ofpasoBaHus pac-
KpBIBaAK yuénnle-reorpadisl, nyTeiiec TReHHUKN, NUcaTenu, noarthl. [lo
muennio B.I1. Makcakosckoro, sreorpaduueckan kynstypa Geper Ha ceba
MCTOMKOBaHMe PAJIA IPOLECCOB W ABIEHUI B IPHPOJe 1 o6l1ecTBe, 3HAKOM-
CTBO € eCTECTBEHHO-HAYUHBIMMU M COLMAILHO-3KOHOMMHULCKIMH OCHOBAMM
0bLIecTEEHHOIO NPOH3BOICTEA, OPHEHTALIMIO Ha PAsyMHOE W HPABCTBEHHOE
TIoBejieHe oleil B OKpy&atollieii cpejie u np.» (MakcakoBckiii, 1998, ¢. 8).
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Mertoauueckas cHCTeMa ONEHKH Pe3yabTATOB 0GyueHus reorpadun

YpOBHH OLlEHABAHHAS

HaroHansHELH PernoHansHEIH/
(dpenepansHorif) MYHHLHTIATBHBIH
BHenmsas oneHka BryTpeHHas OlleHKa

BHyTpHIIKONEHET

Tlpouenypsi oneHHBAHHSA

THA (OI'3, TBD); JlnarHocTHuecKue paboTs;
Beepoceniickas oaummHaza MYHHUHNATBHEIT oTan
IKO/TBHHKOB ONAMITHAJIEL

Ompoc, 3a4eT, DK3aMeH,
3alATa NPOeKTa

TecrHpobaHHe

4

Cpeactsa OUEHHBAHWA M MX CUCTEMHbIE NPHU3HAKK |

4 L) 4

TpebGosanus Kk pesyabTaraM ocsoennas OOl (KoHnenTyaabHble 0CHOBBI)
O0BeKTEI ONEHABANAS (Pe3yTLTATHI) Tloaxoas! K OIEHHBAHHIO

JlganoCT- Meranpenmer- Ilpeamer- | Kommnexc- CucremHo-

o .. | YposHessrit
HEIE HBIC HBIH JACATENBEHOCTHRIH

HEIE
NpPUHUMNBI KOHCTPYMPOBAHUA

AMAAKTUYECKOTO annapara OBYHAIOLMIACA

YMK

4L

Puc. 1. Mofie/ib MeTOJNHeCKOlT CUCTEMBI OLIEHKH Pe3y/IbTaTOB 06y4eHs1 reorpa-
¢y (Iarynun, Xneb6oconora, 2017)
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Inasa 4. OcuoBHble hopMATBI peanuaanmun
reorpaduueckoro obpasopanus

4.1. dopmanbioe, nedpopmanpioe, nudopmanbioe obpasosanne

COBPEMEHHM CUTYALMA B OTEHECTREHHOM 1 3apyﬁez(um{ uﬁpasouamm
MOMET PACCMATPHBATLCA KAk 5Tan q)OPMIIPORaHHﬂ HOBOIO oﬁpasona'renh-
HOTO IPOCTPAHCTBA, KOTOPHI 06YC/I0BIEH M3MeHeHNAMN Lenelt obpasopa-
HUHA, CIJBIJM OCBOEHMA HOBBIX 3HAHMWI, OpraHu3alun )"‘IEﬁHIIII'D npolecca B
CBAIN C HCNMOMBAOBAHHEM HOBBIX MHHOBAIHOHHBIX T HOMOTHIL.

K ocHoBHBIM 0coGeHHOCTAM obpazosania XXI Beka OTHOCHT Takue:
JUCTAHIIMOHHOCTL 1 MOBHABHOCTD; r.pnpm-tpoaauue HOBOIO BH/IA I'PaMoT-
HOCTH — I‘IHC'}OPMaII,HOHHO-KOMM}"HI- (ATHBHOIT HHTCPAKTHBHOCT L, TTIPOCKT-
HOCTh, TEXHONOTHYMHOCTh, YOHIEHHE TBOPUYECKON aKTHBHOCTH IIKOIBHUKOB,
BOMOKHOCTD OIHOBPEMEHHOTD [IBHAKEHUA MO HECKOILKIM oﬁpnaoua'renb-
HBIM TPAEKTOPHAM; oﬁpaaoﬂam-u: Ha NPOTAHRCHHN BO HH3HH.

B Hactosulee BpemMa B cUCTeMe OGPAORAHMA MOKHO BEIIEINTE TPH
dropmara: dopmanbhoe, nedopmanbhoe, nidopmansnoe, Paccmotpum
ocobeHHoCTH KaAJI0re U3 HHX, OTMETHE CPa3ay, HTo BCE 3TH EIJDPMEI.TI:I 06-
PA3OBAHMA TECHO BIAMMOJIEICTRYIOT JIPYT € PYTOM, TAK KaK PaccMaTpH-
BAIOT aHAMOTHYHble BONPOCH COlep#atnA i HCTIONb3YIOT COBPEMEHHble
nefgarorHyecKkne TeXHoIoOrnM.

JIOMMHMPOBABUIMIL U TENBLHOE BPeMA AKLEHT HA NPenMyliecTna
dopmanbhoro o6pasoBaina B MIKOMAX, KOAIEKAX W BRICHINX yueOHbIX
3ARENEHHUAX HA OCHORBE CIelHalTbHO PaBPﬂﬁOTaHHhIX nporpams, nocre-
neHHo ocnaberaeT H3-3a PA3RNTHA PA3THUHBIX opM HedopmanbHOro 06-
pasosati. Katomy THny o6pasoBaiiio 0THOCAT y4eOHYIO e TelbHOCTh
M B LIKOMe, TAK W 32 eé npefenaMm. Xapar('rep ATOM J1eATeIEHOCTH MOMeT
OBITH O4eHb NMPOKUM — OT NPEPOdeccHOHATBHOI JI0 0OIIEKYILTYPHOIL.

Dopmanvroe oGpazosanue - 9510 oba3aTelbHOe 06PAZOBAHNE B WIKO-
X, THMHAIMAK, KOMIIKAX, B BHICHIMX Y4eOHbIX 3aBejleHHAX — YHUBEP-
CHTETAX M MHCTHTYTax. DToT popMat 06pasoBaHN OCYIECTBIACTCA N0J]
PYROBOJICTEOM W 1O HOPMATHEHBIM JJOKYMEHTAM COOTBETCTEYROIIMY MH-
uucrepers — Munncrepersa npocgeuiennn PO u Munucrepcersa spiciiero
obpasopania i Haykn P, dejiepaibhbie oOpasoBaTeNbHble CTAHAAPTH
ATHX BE[JOMCTE JOCTATOUHO YETKO Onpele/TaoT Uell | 3a1aun 06[1330-
BaHWA, IEPEeICHB )""IEGI BIX JAHCHHIVINH, COOTHOLICHNE TEOPETHYECKNX H
NPaKTHYECKUX 3aHATHI, GopMBI 1t METO/IBI OpraHMsaly NpenojaBaHmus
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CUCTEMA OGPA30BAHUA

(dopmansHoe

HegopmansHoe Hudopmansuoe
obpasosanue obpasosaHue

B

KYNbTYPA NUYHOCTHU

Puc. 2. BsanmojeiicTBie BeeX (popMaToB 06pasoBaHms (COCTABIEHO aBTOPOM)
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PeKynbTHBALMA HAPYIIEHHBIX IKOCHCTEM
CeBepHbIx noGepesxu
E.B. I'nyxosa, E.W. Tony6ena, M.B. 3umun
leorpadmuecknit paxynsrer MI'V umenn M.B. Jlomonocora, Mocksa, Poceua
Recultivation of disturbed ecosystems of the Northern coasts
Glukhova, E.I. (‘u]ubn_ .1,1\. Zimin

ulty of Geography, Lomonosov 5ta y:Moscow, Rus
E-mail: evglukhov

wuthern part of the K
Peninsula), i itories confi 5 L o .\cllltmenls located at the mouths
of river ight sandy soils fo y t river outflows, there

blowing winds at Ihr.‘ bnrdu of the

. The largest sand m. are located

uzomen in the Tersky district ui the Murmansk region. The
s along the s

e successful methods of restoring degraded lands is phytoremediation.
Keywords: coastof the White Sea, Kola Peninsula, disturbed ecosystems, restoration of vegetation
cover, phytoremediation

I‘emw Crarea 1 lrlul.l

pI(HK. []I_‘Il)’p(\llelll
B yCT Ha NETKHX TeCHaHbIX TToUBax, cpOPMHPOBAHHBIX JAPEBHHMM pe
MM, POHCXOIMT AKTHBHOE PAspyllleHHe NOUBB W PACTHTENBHO-
necon, llfm.\ I!pl{]xln BBIAC CKOTA, 1107 plx[ B OT/IeNBHBIX MeCcTax
] 1 P'.'IC'I'I!T!.’ OCTH M, Kak JICTBHE, K (.\l’.\PﬂZ!l.\-
AHHI ODHAKEHHBIX [eCUAHBX ) B, KO mpue []pll 1 b > Y 1
eTpax Ha HULE MOPSA H CY oit geduismm. Han
BIe Necuanble MACCHBL pa CA B P cena Kyaomens Tep
> TUIONIAL BOJO-

AHPOBAHHBL
/oueRble clona: Gepez benoeo mops, Komscxui nonyocmpos, HapyuienHsie. mmamnu.
BOCCMIAHOBNENUE PACTIUMENBHOZ0 NOKPOBG, (UMOPEKYNbMUBALUA
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Puc. 3. Crajna dopmuposaring cooGuiects, G1H3KNX K €CTeCTBEHHOMY COCTOs-
. Goro E.B. Dnyxosoi
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