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HpOCTpaHCTBeHHaﬂ U3MECHYUBOCTDb TPEH/I10B
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Amnnotanusi. B crarbe npose/ieH IpoCTPaHCTBEHHBIH aHAIN3 TPEH/I0B CPEIHUX, MAKCUMAJIBHBIX 32 TOJI, & TAKKE
95-ro nepUeHTHIIs BHICOT 3HAYMMBIX BOJIH B KapckoM Mope. AHaii3 TPEH/I0B BBITOIHEH Ha OCHOBE PE3YJIbTATOB
MozenupoBanus 3a nepuoi ¢ 1979 no 2021 r. B kauecTBe HCXOAHBIX JAHHBIX HCIOIb30BAIUCE TAHHBIE O BETPE
1 KoHIeHTpauu Jbaa u3 peaHann3oB NCEP/CFSR/CFSv2. Ouenka TpeHIOB BHICOT BOJH TPOBOMIACH KaK
TS BCETO TIepUOJia, Tak | Jist Oe3neHoro. Ha Beell akBaTopin MOPsI BETHYMHBI TPEH/IOB TS CPEHETOIOBBIX
3HAYEHUH MOJIOKUTENbHbIE. MakcMabHas BEIMUMHA XapaKTepHa JUIs rpaHuiibl ¢ bapeHieBsiM MopeM U e/iBa
npesbimaet 0,2 /10 net. {nst 6e31eIHOrO Mepruoia MAKCHMAJIbHbBIC BETMYUHBI TPECHIOB XapaKTEPHBI U JUTS
CPE/THErO/IOBBIX, U JUIS 95-r0 MEepUEHTUIIs BBICOT BOJH B CEBEPHOM YacTH MOpS (MaKCHUMAIbHbIE BEITMYMHBI
tpenoB ~0,25 M/10 et u ~0,5 M/10 J1eT COOTBETCTBEHHO).

KiroueBble ci10Ba: BetpoBble BOIHBL, BoMHOBas Mogeas WAVEWATCH 11, Kapckoe Mope, MozenupoBaHue
BOJIHEHHS, CKOPOCTb BETPa, TPEHIbI

Jas uutupoBanusi: Kpyriosa E.E., Meicienkos C.A., [Tnatonos B.C. IIpocTpaHcTBeHHAs H3MEHIHBOCTD
TPEHI0B 3HAYMTENBHBIX BEICOT BOMH B Kapckom Mope. [Ipotnemwr Apxmuxu u Anmapxmuxu. 2024;70(1):6-20.
https://doi.org/10.30758/0555-2648-2024-70-1-6-20
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E.E. Kruglova, S.A. Myslenkov, V.S. Platonov
Spatial trend analysis of significant wave heights in the Kara Sea

Abstract. Over the past decades, the extent of sea ice in the Arctic, including the Kara Sea, has been diminishing.
This phenomenon has a direct impact on wind waves as the increased expansion of ice-free water influences
wave height. Furthermore, alterations in the ice cover also lead to modifications in atmospheric circulation,
necessitating a concurrent analysis of wind and waves to refine the understanding of their interrelationships. In
this study, wave modeling data were employed using the WAVEWATCH III model and NCEP/CFSR/CFSv2
reanalyzes. Calculations were performed on a non-structural computational grid. The grid covers the Barents
and Kara Seas, as well as the entire northern part of the Atlantic Ocean. The spatial resolution varies from
~ 700 m for the coastal zone of the Kara Sea, to ~ 20 km in the open part of the Kara Sea, covering the period
from January 1, 1979 to December 31, 2021. Subsequently, average significant wave heights (SWH), maximum
SWH, and the 95th percentile of SWH were computed for each grid node on both monthly and yearly basis.
The annual values were analyzed for trends and their significance. Calculations were conducted for both
the entire period and ice-free period. Positive trends in annual mean values were observed throughout the sea,
with the maximum trend occurring near the boundary with the Barents Sea, barely exceeding 0.2 m/10 years.
The northern and northeastern parts of the sea were characterized by significant positive trends of the maximum
SWH values. Maximum trend values for the 95th percentile of SWH were also evident in the northern part of
the Kara Sea. For the ice-free period, maximum trend values were notable for both the annual mean and the 95th
percentile of SWH in the northern part of the sea (maximum trend values are approximately 0.25 m/10 years
and 0.5 m/10 years, respectively). Significant positive trends in the annual mean SWH were characteristic of
the southern part of the sea, while the largest and significant trends for maximum wave heights were observed
in the northeast. The assessment of the contribution of wind and ice regimes to the variability of wind waves
remains a subject of discussion.

Keywords: Kara Sea, trends, storm activity, wave modeling, wind speed, WAVEWATCH III, wind waves

For citation: Kruglova E.E., Myslenkov S.A., Platonov V.S. Spatial trend analysis of significant wave heights
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BBenenne

ApPKTHYECCKHI PETHOH 0COOCHHO IMOIBEPKEH KIMMATHYCCKUM H3MCHCHUSM, B UHCIIC
KOTOPBIX CIIEAYET OTMETUTh YMEHBIICHUE TUIOIIA MOPCKHX JIbJIOB [1, 2]. DTO mpuBOAUT
K PacIIMpEeHHIO0 00JIaCTH OTKPBITOM BOAHOI moBepxHOocTH [2—4]. [TonoOHas TeHaeHIus
OKa3bIBAET CYIIECTBEHHOE BO3/CHCTBUE HAa XapaKTEp BETPOBOTO BOJHEHHUSI B APKTHUKE,
B ToM umciie u B Kapckom mope.

YBenuueHue BhICOTHI BONH B UykorckoM, bepuHroBoM mopsix u mope bodopra He
MOXET OBITh OOBSCHEHO TOJIBKO U3MCHCHUSIMH B CKOpOCTH BeTpa [5]. CymiecTByeT CBs3b
MEXKy YBEIHUCHHEM IUTOIIAAN CBOOOIHOM OTO JIbJIa BOIHOM MOBCPXHOCTH U YBEIHYC-
HHUEM CpeIHEH BBICOTHI BOJH B UykoTckoMm Mope u Mope bodopra [6]. C apyroit cTopo-
HBI, B apKTHYCCKUX MOPsIX OblIa OOHApY:KCHA BHICOKAs] KOPPEIISIIIUS MEKIY YCHUICHHEM
9KCTPEMAJIbHBIX CKOPOCTEH BETpa U YBEIMUYEHUEM BBICOTHI SKCTPEMaJIbHBIX BOJH [7].
JIOBOJIBHO TPYAHO pa3feNiuTh BKJIAJ U3MEHEHUI CKOPOCTH BETpa U IJIOLIAAM JIbJIa B U3-
MCHEHHUS [MapaMEeTPOB BETPOBOTO BOJTHEHUS M3-32 CYIICCTBYFOIIIX MEXaHU3MOB 00paTHON
CBSI3U 3TUX XaPAKTCPUCTUK. YBEIHMUYCHHE TUTOMIAN OTKPBITON BOMBI, OE3yCIIOBHO, BIUSCT
Ha Pa3BUTHC BOJHCHUS (YBEIHMUYUBACTCS [UIMHA PA3TrOHA), OMHAKO HA OTKPBITON BOIC Me-
HSCTCS IIEPOXOBATOCTh MOICTHIIAOIICH MOBEPXHOCTH U HAYMHACTCS 00JIce MHTCHCHBHBIH
TypOyJICHTHBIN OOMEH TEIIOM, YTO MPUBOJUT K M3MCHCHHSIM B ITOJIC BETPa HAJl TAaHHOM
aKBaTOpHUEH, UTO B CBOIO OYEPE/b MOBJIUSAET Ha BETPOBOE BOJHEHHUE.

Cpennee yBeIUUE€HHUE FO0BOTO MaKCMMYMa BBICOT 3HAYUTENBHBIX BOJIH Ha OCHOBE
cuenapust RCP8.5 B pamkax npoexra CMIPS5 [8] Bo MHOTHX palloHaX APKTUKU COCTaBIISIET

Arctic and Antarctic Research. 2024;70(1):6-20. 7



E.E. Kpyenosa, C.A. Mvicnenxos, B.C. [Inamonos
IIpocTpaHcTBeHHAst H3MEHYNBOCTH TPEHA0B 3HAYHMTEJIbHBIX BBICOT BOJTH B Kapckom mope

10 3 cM/TOI OTHOCHTEIHHO YCIOBHU COBpEeMEHHOTO KimMmara (mepuoxn 1986-2005 rr).
B ceHTS0pe MpOIEHT SKCTpEeMalIbHBIX SIBICHUH, BHI3BAaHHBIX IIUKJIOHAMH, 32 TIOCIIEIHHIE
YeTeIpe AecATmieTHs ysenuauics npumepHo ¢ 50 % mo noutu 80 % [9]. 1o nanHbBIM
peananm3a ERA-Interim moka3aHo yBelIM4YeHHE TOJOBBIX MAKCHMYMOB 3HAUNTEIbHBIX
BBICOT BOJIH, YTO B 3HAYUTEIILHOHN CTETIEHH KOPPEIUPYET € yBEIMICHUEM MaKCUMAIbHON
CKOPOCTH BETpa M B MEHBIIIEH CTETNICHHU C IDIOMAbI0 OTKPBITON Bomel [10].

CyIecTBYIOT pa3iIHyHbIC MIPOOIEMBI, CB3aHHBIE C BO3MOKHBIM ITOJTHBIM OCBOOOMK1e-
HUEM APKTHKH OTO JIbJIa, C TOYKH 3PEHUSI MOACINPOBAHUS (HAIPUMEDP CXEMBbI JiJIepOBOH
aJIBEKLINH, BKiItouast orpanndeHnst Kypanta—®@punpuxca—JleBn, CHHTYIIPHOCTB Ha MOJIOCE
1 HEBEPHOE CKAJISIPHOE JIOMYIIEHUE U BEKTOPHBIX KOMIIOHEHTOB) [11].

CripaBoYHBIE JaHHBIE 110 PEXKUMY BETpa M BOJMHEHMsT Kapckoro Mops conepxar
METOJMKY PACUETOB M CBEICHMS, B UUCIIE KOTOPBIX KapThl SKCTPEMAJIbHBIX W OIEpaTHB-
HBIX CTAQTUCTUK BeTpa U BoiH [12]. Ha ocHOBEe MOJenMpoBaHMs BOJHEHHS ITOKa3aH POCT
IITOPMOBO# akTUBHOCTH B Kapckom Mope 3a mocnenuaue 39 net, 00yCIOBICHHBIH B TIEPBYIO
o4epesib YBEIMUCHUEM POIOIKUTENILHOCTH OesnietHoro nepuona [13]. Taxke Ha ocHOBe
MOZIETTMPOBAHUS TIPOBOIUTCS CE30HHAS OIEHKAa POCTA KOJIMUYECTBA MTOPMOB B Kapckom
MOpE U CZEJIaH BBIBOJ O HANOOJIBIIEM BKJIA/IE IEPHOAA OKTSIOPb—MapT B MEKTOJIOBYIO H3-
MeHUYMBOCTS [ 14]. CpenHue 3HaYeHUs IEPUOAOB M 3HAUYUTEIBHBIX BEICOT BOJH OCTAIOTCS
CTaOMIIBHBIMH, B TO BPEMsI KaK 9KCTpEMaJIbHbIC 3HAYCHUS AEMOHCTPUPYIOT 3aMETHBIE
MeXTOIoBBIe KoieOanus [15]. CBsi3p MEXIy KOJTHMYSCTBOM IITOPMOB M KPYITHOMACIITAO-
HBIMH WHAEKCaMHU aTMoc(epHoi nmupkymsamun B Kapckom Mope He oOHapyxkena [16].

OpnHako Ha JaHHBIA MOMEHT Jutsd Kapckoro Mopst oTCyTCTBYeT MOAPOOHbINH aHAIN3
TPEHJ0B BBICOT BOJIH MO MPOCTPAHCTBY. AKTyaJbHOH MPOOJIEMON SIBISIETCSI OTHOBpE-
MEHHasl OI[EHKA TCHACHIMH B U3MEHUYNBOCTH CKOPOCTH BETPA, MJIOIMIAAN MOPCKUX JIbJOB
1 XapaKTEPUCTHK BETPOBOTO BOJIHEHMS Ul OOJIee ITOJIHOTO TIOHUMAHUSI B3aUMOCBSI3H
MIPOTEKAIONINX MPOLECCOB.

Ilens maHHON pabOTBI — MPOBECTH NMPOCTPAHCTBEHHBIN aHAJIN3 TPEHIOB CpPEIIHE-
TOJIOBBIX, MAKCUMAJIBbHBIX, @ TAKXkKe 95-r0 MepIeHTHIIs BHICOT 3HAYUMBIX BOJH B Kapckom
Mope. AHaJIu3 TPEHIOB BBHIIIOJIHEH Ha OCHOBE PE3YJIbTATOB MOJEIMPOBAHUS 33 TIEPHOI
¢ 1979 mo 2021 r.

JlaHHble M MeTOABI

Jlnist aHanmM3a BETPOBOTO BOJHEHHS MCIOJIB30Bajach 0a3a JaHHBIX, MOJNyYeHHAs Ha
OCHOBE MOJIEJIBHBIX pacyeToB, u3 padboTsl [17]. [lpu co3manum 6a3bl JaHHBIX UCIIOIB30-
Bajach BomHOBas Moaerb WAVEWATCH III 6.07, cxema renepartuu BostH ST6 [18]. Jlns
ydeTa BIHSHHUSA JIbJa OblTa ucrons3oBana cxema [C0, B KOTOPO# MpH KOHLIEHTPAINH JIbJa
ot 0 10 0,5 (koHIIeHTpanus 3a7aeTcs B Moesb B 10X oT 0 10 1) y3en ceTku cuutaercs
TIOKPBITHIM JIbAOM M BKIIFOYACTCA OKCITOHCHIHUAJIBHOC 3aTyXaHHUE BOJTHOBOM OHEPIUu C I1o-
MIPaBKOl Ha KOHIIEHTPAILUIO JIbJa B JAHHOM Yy3Jie, IPH KOHIIeHTpauuu oosee 0,5 BoHOBas
SHEprus OOHyJsAeTCS.

HpI/I MOJCIINPOBAHUN BOJTHEHHUA UCIIOJIB30BAJINCh JAHHBIC O BETPC U KOHIICHTpAallun
JbJia ¢ maroM 1o Bpemenu 1 vac u3 peananmza NCEP/CFSR (1979-2010) ¢ npocrpan-
cTBeHHbIM paspemienueM ~0,3° u peananuza NCEP/CFSv2 (2011-2021) ¢ pa3peuienuem
~0,2°. PacdeTsl MPOBOIMINCEH C MCTIONB30BAHNEM HECTPYKTYPHOW CETKH, COCTOSIIEH M3
37729 y3noB (puc. 1). Cetka oxBaTtbiBaeT bapennieBo u Kapckoe mopsi, a Takke BCIO ce-
BEPHYIO YacTh ATJIAHTHYECKOTo okeaHa. [I[pocTpaHcTBEeHHOE pa3pelieHre BapbUPYeTCs OT
~700 M mms mpubpesxHoit 30HEI Kapckoro mopst 1o ~20 kM B OTKphITOH yacTu Kapckoro
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Mopst. CrieKkTpaiapHOE pa3perieHne Mo cocTaBisieT 36 HanpasneHuid (AO = 10°), ga-
CTOTHBIN auama3oH ¢ — 36 uaTepBanoB ot 0,03 mo 0,843 I'y [13]. [dns Gonee mompob-
HOTO aHaNn3a OBLIH BHIOPAHBI 4 TOYKH, PACTIONIOKCHHBIC B PAa3HBIX YacTSIX Mops. Brioop
TOYEK OOYCIIOBJIEH TE€M, YTO MAKCHMYMBI OCPETHEHHOW 3a BECh IEPHOJ] BHICOTHI BOIH
JIOKaJIN30BaHbI Ha rpaHniie Mexay Kapckum u bapeHIeBbIM MOpSIMH, @ TaKKe BOCTOUHEE
Kapckux Bopot (toukn | u 4). Touka 3 mHTEpecHa CBOMM PAcIOIOKEHHEM B 30HE, T/
HaOJIIOIAf0TCsl MAKCUMAaJIbHBIC N3MEHEHHS B JIEIOBUTOCTH, a TAK)KE HAMOOJIBIINE BETNIH-
HBI TPEHJIOB JIJIsI MAKCHMAIIbHOW BBICOTHI BOJHEI (pHcC. 28). Touka 2 Obla BRIOpaHa M3-3a
pacnonoKeHus B LIEHTpalIbHON yacTu akBaropuu Kapckoro mops, rae BiusHue bapeHuesa
MOpSI OTCYTCTBYET, a TCHACHIINN N3MEHEHHS JIEJOBUTOCTH MEHEE BBIPAKCHBI.

e

60° T0° 80° 90° B.1.
Puc. 1. V31B1 HECTPYKTYpHpOBaHHON BBIYHCINTENEHOH ceTku. T1-T4 — ToUKH, BEIOpaHHBIE IS
MOPOOHOTO aHAN3a JAHHBIX

Fig. 1. Unstructured computational grid. T1-T4 are the points selected for data analysis.

OIICHKH Ka4eCcTBa BOJTHOBOW MOJICIIH, MOJYYCHHBIC HA OCHOBE CPAaBHCHHUS C JaHHBI-
MM NpSIMBIX M3MepeHui 1 criyTHHKOB Cryosat, Saral, Sentinel, npencrasnenst B [13—17].

Heo0xomumMo 0TMETHTb, YTO, COITACHO CXEME YUeTa JibJa B MOJICIH, Y3€J1 C KOHIICH-
Tpanueii baa oosee 0,5 cuMTACTCsI TIOKPBITHIM JIBJIOM U BBICOTA BOJIHBI COCTaBIsICT 0 M.
B cBsi3u ¢ "ueM A KaKIOTO y37a CETKU BBIYMCISUIACH CPEMHSS BHICOTA 3HAUUTEIBHBIX
BOJIH (MIPYM HAJMYHUH JIbJa BBICOTA BOJIHBI, paBHas 0 M, YYUTHIBAJIACH TPU BBIYHCICHHUU
CPEIHEr0), MAaKCUMaJIbHasl BBICOTA 3HAYUTEIILHBIX BOJH U 95-if MEPIEHTIIIb. A TaKKe BbI-
YHUCIICHHSI TIPOBOIMIINCH OTACIBHO JUIsi OS3JICHOr0 meproaa (Koraa KOHIICHTPAIUMH Jiba
B y3iie cocranisiia 6osee 0,5, 3HaUCHHE BBICOTHI BOJHBI, paBHOC 0 M, HE YUHUTHIBAJIOCH
MIPY BBIYUCIICHUH CPEIHETO).

AHanu3 TPEHIOB OCHOBaH Ha BEJIMYMHAX CPCIHUX, MAKCUMAJIbHBIX U 95-T0 mep-
LEHTUJISI 3HAYUTEIIBHBIX BBICOT BOJIH, IPUBEACHHBIX K €XKETOMHBIM JaHHBIM (IJIHHA psaa
43 3Ha4yeHus, T. €. TofIoBbIe 3HaucHus, ¢ 1979 mo 2021 r.). BeauurHa TpeH1a U OLICHKA €T0
3HAYUMOCTHU TIOJIYUCHBI JIJIsI KaXKIOTO Y3Jia BBIUMCIIUTEIILHON CeTKU. B KadecTBe TpeHIa
WCIIONIb30Bajach MOJIeNIb TUHEHHON perpeccuu. OTieHKa 3HaYUMOCTH TTPOBOJIMIIACH Y-
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TEM TIPOBEPKH a/IKBATHOCTH MOJENHN 10 KpuTepuio duiepa u oneHku kod(huineHros
perpeccuu Ha 3HAUNMOCTS 110 Kputeprio Cteronenta. [1pu Berancnenun kputepus Crbio-
JIeHTa ¥ KpuTepus Puiiepa UCHoIb30BaICs yPOBEHb 3HAUUMOCTH 5 %o.

Taxoke ObUT TIpOBEEH MOAPOOHBII aHAN3 TPEHJIOB B 4 TOYKAaX, PACIOIOKECHHBIX
B pa3HbIX yacTsix Kapckoro mops (cM. puc. 1). AHann3 BEJIMYUH TPEHAOB B ATUX TOYKAX
MIPOBE/ICH OT/IENIBLHO MO MecsaM roaa. Pe3ynsTarsl MpUBEICHBI VIS THBAPSI, allpeisl, HIOJIs
1 OKTSI0ps. Be1OOp MMEHHO 3THX MecsIeB 00yCIIOBICH Hanbosee KOHTPACTUPYIOMIEH H3-
MEHUYHMBOCTBIO PEKMMOB BOJHEHUSI.

Hannasie peanammza NCEP/CFSR/CFSv2 ncronb30BaIuch A OICHKH TPEHIIOB
CPEHETOIOBBIX 3HAYEHHUN 1 95-T0 MEepIEeHTUIIS CKOPOCTH BETpa. 3HAUMMOCTh TPEH/IOB O
BETpY OLEHUBAJIACH 1O t-KpuTeprio CThIOACHTA (MCTIONB3YEMbIH YPOBEHb 3HAUMMOCTH 5 %).

PesyabTarbl

IIpocTpaHCcTBEHHBI AHAJIU3 paclpele/ieHls] BeJIMYHH TPEHI0B
Ha ocHOBe cpeiHeroioBbIX 3HAUCHU I, MAKCUMAIIBHBIX U 95-T0 TIEPIIEHTUIISE BHICOT
BOJIH OBLIHM MOJTyYEHBI KapThl BEJHUYUH JTMHEHHBIX TPEHIOB B KAXKIOM Y3JI€ CETKH JUIs
Bcero nepuona (puc. 2) u as 6e3nenHoro nepuona (puc. 3). UepHbIMU TOYKaMU ITOKa3aHbI

CpeJiHsia BBICOTA 3HATHTENBHBIX Benunna Tpensa,
3 ] BOJIH, M i wm/10 ner

opooseeeee—
b Rue Nl

] s - epHon L
60° 70° 80° 90° 8.1 60° 80° 90° 8.1
Puc. 2. Kaptsl pacnipenienienns cpeaneil BRICOTHI M HaNPaBIECHUS BOJIHBI (@) U BEIMYHH TPEHIOB IS
CPEAHETOAOBBIX (0), MAKCUMAIIBHBIX (8), 95-T0 MEPUEHTMIIA (2) 3HAYUTENbHBIX BHICOT BOJH 32 BECh

nepuon. I‘IepHI:IMI/I TOYKaMH ITOKa3aHbI y3JIbl CETKHU, B KOTOPBIX TPEHABI OKa3aJIuCh 3HAYUMBI

Fig. 2. Maps of the distribution of the average wave height and direction (a), trend values for
the annual (6), maximum (g), and 95th percentile () of significant wave heights for the entire period
are shown. The black dots indicate the grid nodes where significant trends were found
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Y3IIBI CETKH, AT KOTOPBIX TPEH/ OKa3ajcsl 3HaYMM. MaKcHMallbHas TO0BAs BBICOTA BOJIHBI
OLIEHMBAJIACh TOJBKO OJIMH pa3, TaK KaK 3HAUCHUS AJISI BCETO MEepHoaa U Ui Oe371eJHOTO
HMMEIOT OJJHU U T€ K€ MAKCUMYMBI B 3HAUCHMSX.

Ha puc. 2a BugHO, 9TO MakCUMaJIbHBIC CPETHIE BBICOTHI BOIH Oonee ~0,55 M Ha-
Omromatotcst Ha rpanuie Kapckoro u bapenmieBa Mopeii, a Taxoke B parione Kapckux Boport.
Crpenoukamu Ha puc. 2a 0003HAUCHBI CPEJHNE HAIIPABJICHUS BOJH (YKa3aHO HAIpaBICHHE
JBIDKEHUS BOJHBI). [y Goree KOPPEeKTHOH BU3yasM3alni Ha KapTy HE HAaHOCHIIMCH Ha-
TIpaBIICHHUS HA PacCTOSHUM MeHee 15 kM oT Oepera. Ha Bceit akBaTopun MOpsT BETHIHHEI
TPEHJIOB CPEJHETOIOBBIX BBICOT BOJIH MOJIOKUTEIIBHBIE (CM. pUC. 26). MakcuMasbHasl BENH-
yrHA HaOmonaeTcs Ha rpaautie ¢ bapermnessiM MopeM u coctapisiet 10 0,2 mM/10 net. Tpen-
IIBI CTAaTHCTUYECKA 3HAYMMEI JUIS BCETO MOps, KpoMme obnactu ceBepHee 76—78° c. mr. [l
MaKCHUMAaJIbHON BBICOTHI BOJIH XapaKTEPHBI OOJBIHE BETUINHBI TPeHIO0B (10 1 M/10 mer)
Ha CaMOM ceBepe M HyJIEBbIC WK clla0ble OTPUIIATEIbHBIC TPEH Bl B IEHTPAIBHON YaCTH
Kapckoro mops. 3HaunMble TPEH/IBI JIOKATH30BaHBI B CEBEPHOI 1 CEBEPO-BOCTOUHOH YacTH
Mopsi. MakCHMaJIbHbIE BEIMYMHBI TPEHAOB Ui 95-TO MEPUEHTWIA BBICOT BOJIH COCTaB-
nsttoT 10 0,4 M/10 et u pacmonoXeHbl B ceBepHOi dacTu Kapckoro mops (cM. puc. 22).
3HauMMBbIE TPEH/IBI OIPEIEISIOTCS IIPAKTUYECKH TOBCEMECTHO, KpOME 00JIaCTH CEBEpHEE
77-78° c. m. Tak Kak MHOTOJICTHS KpPOMKa JIbIOB CMeIIaeTcst Ha cesep [1—4], cinemo-
BaTeJIbHO, BETPOBOE BOJHEHHE PA3BUBAETCS TaM, IJl€ paHee KPYIIbI Tof ObLI JeJ, 4To
OOBSICHACT TPEH/BI IJISI MAKCUMAIBHON BBICOTHI BOJH M 95-TO MEPIICHTHIIS.

JIst cpeaHeromoBhIX 3HAUYCHHI BEICOT BOJH B OC3JICAHBIN MEPHO]] XapaKTepHO HHOE
MIPOCTPAHCTBEHHOE PacIpe/ieIeHHe BeIHIIH TPEeHAOB (puc. 3a). BumHo, 9T0 MakcuMaib-
HBIE BeIMYMHBI TPEH/IOB JIOKAJIM30BaHBI B CEBEPHOM dacTu Mops U mocturarot 0,2 M/10 seT.
[IpumeuarenbHO, YTO B HEHTPAIbHONW YacTH KapcKoro Mopsi MOJIOKHUTEIBHBIE TPEH/IBI
MIPAKTHYECKH OTCYTCTBYIOT. Tak Kak 3[€Ch P aHAIN3€ HE YYUTHIBAIOTCS HYJIEBBIC BbI-
COTBI BOJIH IIPU HAJIMYXH JIbJIA, TO STOT MOKAa3aTelIb MOXKHO CUUTATh O0Jiee OOBEKTHBHBIM,
YeM OLICHKH TPEH/I0B Ha pHc. 20. TpeHas! 11t 95-T0 NepleHTHIsI 3HAYMMBIX BBICOT BOJH

Bemwunna Tpenna, Besmunna M]}%Hﬂa’
R ST T ner

0,6

G55 NepPUEHTHAL BHICOT|

HEMUTENBHBIX BOAH
e3neq, Nepuoa

60° 70° 80° 90° B.1. 60° 70° 80° 90° B.1.

Puc. 3. Kaptsl pacnipeneneHus BeTHYUH TPEHAOB AJIsl CPEIHETONOBBIX (@) U 95-ro mepueHTuis (6)
3HAYUTEJIBHBIX BBICOT BOJIH B Oe3le[HbIil epuoA. UepHbIMU TOUKAMH MOKA3aHbl Y3Jbl CETKH, B
KOTOPBIX TPEH/IbI OKA3aJIMCh 3HAYMMBI

Fig. 3. Maps of the distribution of significant wave height trend values for average annual (a) and
95th percentile (6) significant wave heights during the ice-free period. The black dots indicate grid
nodes where significant trends were found
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B Oe3yieHbIN MepHoJl HyJEeBbIC MM CIa0dble OTpHUIATEeNIbHbIE HA OOJNbIICH YacTh akBa-
topun Kapckoro mopst. IlonoxxutenbHsle 3HaYUMBbIe TPEHABI Ui 95-r0 MEepLeHTHIs Ha-
OJFOIAI0TCS TOJIBKO B CEBEPHON M CEBEPO-BOCTOUHOM yacTu Mops (cM. puc. 36). imenHO
B 9TuX obnactsax B 1980—-1990-e rr. mpakTHUECKH BECh IO/l NPUCYTCTBOBAJI MOPCKOIL JIe,
a B MOCJIEHUE IOl OTKPBITAs BOAA HAaOMIoAaeTcst Bee amie. TakiuM 00pa3oM, poCT BOJIH
33 CYET YBEIMYEHHUs JUIMHBI pa3rOHa IPU YMEHBIIEHUH IUIOMAAN MOPCKOIO JIbJa B LIEH-
TPaJILHOM, F0XKHOH U I0r0-BOCTOUHOMN yacTsax Kapckoro Mopsi IpakTH4ECKU OTCYTCTBYET.
Ota TeHaeHIys HaOJIIoaeTcsl TONBKO Ha caMoM ceBepe Kapckoro mMopsi, n cBsi3aHO 3TO
CKOpee C OTCYTCTBHUEM OTKPBITOI BOJBI B HEKOTOPBIE TO/IBI M yCTOHYMBBIM (XOTh M HEIIPO-
JOJDKUTENBHBIM) Oe31eTHBIM mepuogoM ¢ Hagana 2000-x rT. boree HamsmHO 3TO TOKa3aHO
HIDKE NIPY aHAJIM3€ PE3yabTaToB B TOUYKAX.

Kax n3BecTHO, BETpOBOE BOJIHEHUE BBI3BIBAETCS MPEIKIE BCETO SHEPrUeH BETpa,
a TOJI1 MOPCKOTO JIbJia SIBJISIOTCS TOJIBKO OTPaHUYEHHEM JJIsl paCIpPOCTPAHEHUSI BETPO-
BbIX BOJH. Cie0BaTeIbHO, TPEHIBI ISl BETPOBBIX BOJIH HEOOXOAMMO aHAIN3UPOBATh
COBMECTHO € TPEHJAMH JJIsl CKOPOCTH BETpA.

Ha puc. 4a BuaHO, 9TO MOJIOKHUTEIBHBIE TPEHABI TS CPEAHETOOBOM CKOPOCTH BETPa
3HAYMMBI IPAKTUYECKH JUIsl BCEH aKBATOPUM MOPs, a A1 95-ro NepueHTHIIs 3HaYUMBI
JUISL 3araHON M ceBepo-3aragHoi yacteid Mopsi. HanOompye BeTMIMHBI TPEH/IOB KakK
JUISL CPEZIHEH CKOPOCTH BETPA, TaK M s 95-r0 mepueHTmIs HabironaoTes B bapenniesom
Mope, a Takxke Ha rpanule bapennesa u Kapckoro mopei.

CrenoBarenbHO, HOJIOKHUTEIBHBIE TPEHIBI IS CPEIHEH BHICOTHI BOJIH B O€3JI€AHBIN
nepuon kak B bapennesom, Tak n B Kapckom Mope (cM. puc. 3a) MOTYT OBITH CBSI3aHBI
C YBEIIMUCHUEM CPEHUX CKopocTel BeTpa (puc. 40). TpeHp! Ui MAKCUMaIbHBIX BBICOT
BOJIH (CM. puC. 26) ¥ y1st 95-TO MEPIEHTHIIS BBICOT BOJIH B Oe311eiHbIH eprof (cM. puc. 36)
B Kapckom Mope ceBepree 76° c. 11., 10 Bcell BUAUMOCTH, CBSI3aHBI C U3MEHCHHEM JIE/I0-
BOI 0OCTaHOBKH, TaK KaK CXO/ICTBA C PACIIPEAEICHIEM BEINYNH TPEH/I0B CKOPOCTH BETpa
MIPAaKTHYECKHU HE HaOII0aeTcsl.

B nenTpansaoil yactu Kapckoro Mopst TpeHAbI Ui CpeJHed CKOPOCTH BETpa U IS
95-ro mepueHTHIIS TIOJIOKHUTENBHBI, TPOIOJIKUTEILHOCTE OE3JIeJTHOTO NepHo/ia YBEIHIH-
BaeTcsl, OIHAKO POCTa BOJH HE HaOmonaercs (cM. puc. 3).

Besmuuna Tpena, Benuuuna Tpenja,
&3 ! Z m/c/10 ner 78°16 m/c/10 ner
AL _‘%‘L\\ : 03 cm BN 0.8
0,7
02 76 0,6
0,5
01 740 3";
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0 8*'
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o 0,2
-0.2 -0,3
0,4
= E: f bt _053 . £ e S -035
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Puc. 4. Kaptsl pactipesieieHust BEIMYUH TPEH/I0B JUIS CPETHEroI0BhIX (@) 1 95-ro nepueHTms (6)
ckopocreil BeTpa. UepHbIMU TOUKAMU ITOKA3aHB! y3IIbl CETKU, B KOTOPBIX TPEH bl OKA3aIUCh 3HAUUMBbL

Fig. 4. Maps of distribution of trend values of average annual (@), and 95th percentile wind speeds (6)
The black dots indicate the grid nodes where trends were significant
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[TomyueHHbIE TPEH/IBI AJIsI CKOPOCTH BETPa XOPOIIO CONIACYIOTCS C aHAJIOTMYHBIMU
pe3yibraraMu B padotax [20, 21], rme aHanu3 BBIMOIHSIICS Ha OCHOBE IPYTUX TaHHBIX
o Betpy (ERA-Interim, ERAS). Peanaims MERRA?2, npencrasnennsiii B [20], umeer
Jpyroe pachpesiesieHre KaKk 3Haka TPEeHId, TaK U ero 3HauuMocTH aisi Kapckoro mopsi.
Crnenyet Takke OTMETHUTD, UTO 3HAYUMBIX TPEHA0B BBICOT BOJH B Kapckom Mope B [20] He
HalIEHO, YTO MOXKET OOBSICHATHCS JPYroi KOH(UTypanueld BOJIHOBON MOAEIN U APYTUMHA
BXOIHBIMH JaHHBIMHU IO BETPY U JIbJLY.

Takum 00pa3oM, BIMSHNAE COKPAIICHHNS IUIOIIA M JIb/IA Ha TPEH b BETPOBOTO BOJIHE-
HUSI IOITBEPIKIAACTCS TOJIBKO JUIsl ceBepHON yacTi Kapckoro Mopst Mex 1y apxumenaraMmu
3emist @panna-Nocuda n Ceeprast 3emist. TpeHIBI I CpeAHEH BBICOTHI BOJIH B 0€3-
JeHbIi nepuoxn Ha rpanuie Kapckoro n bapeniieBa Mopeli BIIOJIHE MOTYT OOBSICHATBCS
MOJIOKHUTEJILHBIMHA TPEHAAMH B CKOPOCTH BETPA.

AHaJu3 cpeiHeil, MAKCUMAJIbHON M 95-r0 MepueHTH/IS BHICOT BOJIH
B TOYKAX 110 rofam

Ha puc. 5a noxa3aHbl BBICOTBI CPEAHNUX, MAKCUMAJIbHBIX U 3HAYUTEIbHBIX BOJH 95-
ro nepueHTHs B Touke T1 U nuHuM TpeHaoB. {1 CpeaHerooBhIX BEICOT BOJIH TPEH/IBI
3HAUUMBI U ISl BCETo TepHuoja, u st 0esneanoro. Haubonplias BennyrHa TpeHa Ha-
OmroaeTcs MpH OLIEHKE CPEAHEroI0BBIX BBICOT BOJH 32 BECh MepHox — Kaxkzisie 10 jer
BbICOTA BOJIHBI cTaHOBUTCS Oosibiie Ha 0,08 M. Taroke 3HaYMMBIM SIBIISIETCSl TPEHA, JUISI
95-ro mepuentuis (3a Bech nepuon), ero eauunna 0,1 mM/10 net. OcTanbHbIC TPEHIIBI
OKa3aJIUCh CTATUCTUYECKH He3HAYMMbIMU. OTpHULIAaTeNbHBIA TPEeHA A1 95-10 NepLeHTUIs
BBICOT BOJIH B JIAHHOW TOYKE B O€3JIe/THBII IEPHUOJ CTATUCTUYECKH HE3HAYUM.

Jns T2 Tpena A1 MakCUMaIbHBIX TOIOBBIX 3HAYEHUI TOXKE OKa3ajics HE3HAYUMBIM.
BenuunHbl TPEHIOB TIPH OLIEHKE BCEro Neproja Oosblile, ueM JJisi Oe3JIeIHOr0 U COCTaB-
ssirot 0,07 M/10 et u 0,2 M/10 neT (uist CPEeIHErOMOBBIX M 95-T0 MEPUEHTHIIS BBICOT
BOJIH COOTBETCTBEHHO).

Wntepecuee curyanust it T3 (cM. puc. 56). [Ipomycku B 3HaU€HHSIX XapaKTepHbI
JUISL JICT, KOTJla B IAHHOW TOYKE KPYDJIBIH roja ObUI JieA. YK€ OCHOBBIBASICh HA DTOM,
MOYXHO OTMETHUTbh, 4yTO HauuHasi ¢ 2004 I. y3en yke HUKOTrJa He ObLI MOKPBIT JIHJOM
B TEUEHHE BCEro roja. 3/1ech MOJIOKUTENbHbIE 3HAUMMBbIE TPEHABI XapaKTEePHBI IS
olLleHKHU B Oe3iiennblil epnoj. CpejiHsisi BRICOTA BOJIHBI yBeJIHMuMBaeTcs Kaxbie 10 et
Ha 0,2 M, a epLUEeHTUIIb 3a TOT K€ MepHuoJ BpeMeHHu Bo3pactaeT Ha 0,4 M. OcTanbHbIe
TPEH/IbI OKA3aJIUCh CTATUCTUYECKHU HE3HAYMMBIMHU. DTO SBJISETCS AOMOIHUTEIBHON M-
JIOCTpalMeil Kk kapTam TPeHAOB Ha pHC. 3, IIe MaKCUMaJIbHbIE BEJIMYUHBI TPEHAOB
pacnoioxeHsl B paitone T3.

CrepoBarenbHO, OONBIINE 3HAYUMbIE BEJTMYMHBI TPEHAOB JJIsl BBICOTHI BOJIH B 0€3-
JISIHBIN TIepHoJ [UIsi ceBepo-BocToka Kapckoro Mopst (cM. puc. 36) MOKHO OOBSICHUTB HE
YBEJIMYEHUEM JUIMHBI PAa3rOHa U BBICOTHI BOJH, a MPOCTO MEPHOANYECKUM OTCYTCTBHUEM
BoJH 10 2004 1.

Jnsa T4, naxonsmieiics Ha rpanune Mmexay Kapckum n bapeHneBsiM MopsimMu, pu
OIIEHKE 3a BECh MEPHO]] 3HAYMMBbIE MTOJIOKUTENbHBI TPEH bl XapaKTEPHBI 11 MaKCUMaJlb-
HBIX TOJOBBIX 3HAUYCHHUU U BbICOT BOJIH 95-ro mepuentuis (0,4 m/10 set u 0,3 M/10 jer).
Tpenn aisi cpeiHeroJoBbIX BOJH 3HAYMM TOJBKO TP OLEHKE 3a OE3JIeIHBII MEepHOI.
MOXHO IPEANONoKHUTh, YTO TPEH]I SKCTPEMAIBHBIX BOJIH B ATOM pailoHe MOps OIpese-
JISIeTCSl B TIEPBYIO Ouepeib TpeHAaMH BeTpa (cM. puc. 4).
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Fig. 5. Time series of the average annual, maximum annual and 95th percentile of the wave heights
at T1 (a) and T3 (6) points
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AHA/IU3 cpeHeil, MAKCHMAIBbHO B 95-10 NepUeHTHIA BbICOT BOJIH
B TOUYKAX M0 Mecsam

Jns T1 xapakTepHO, 94TO ¢ SHBaps MO Mai OOJBIIYIO YacTh PacCMaTPHUBAEMOTO
Meproa y3el MOKPHIT JbJoM. [Ipu aHanu3e cpeaHux, MaKCUMAalbHBIX U 95-r0 nepleH-
TS BRICOT BONH B T1 3HaYMMBIE TONOKUTENBHBIC TPSHIBI OBLTH HAWACHBI TSI WO
(pu oueHke 3a Bech nepuox) ¢ BenmyuHamu Tpenaos 0,12 M/10 ner, 0,24 m/10 ner
u 0,19 M/10 1meT COOTBETCTBEHHO | JIJIs HOSIOPs (Kak 3a BeCh MEPHOJ, TaK U I Oe3me-
Horo). HanbGoneIme BeTUIMHBI TPEHIOB B HOSIOPE XapaKTEePHBI JIJIsl MAKCUMAJIbHBIX BHICOT
BoiH (0,42 M/10 siet) u uia 95-ro nepueHTHist B 6e3nennsiii mepuox (0,35 m/10 ner).
OtpunarenbHbIE HE3HAYUMBIC TPEHIB! OBIIH HAWICHBI IS CPEAHET0I0BOM U 95-T0 mep-
HEHTWIS (B anpesie) | IS TePIICHTHIIS M MAaKCHMAJIBHBIX 3HAYCHUH (B aBryCTE—OKTSIOpE).

B mepuon ¢ gexabps mo anpens B T2 HaOmMrOmaeTcss OTCYTCTBUE BOJHEHHS (HC-
Kkiodast aekadpb 2020 1., Korga B TOUKE €Ile He ycresl o0pa3oBaThCsl Jied U BOJHCHHE
JOCTUTIIO ~4 M B MakcuMyMe). [Ipu OIleHKe [UTS BCETo Meproia BEIMIHHEI TPCHIOB OKa-
3aJIMCh OOJbIIIe, YeM TP OICHKe 3a Oe3neanblid. [[ooKuTeNbHbIE 3HAYMMbIC TPEHIBI
HaWJICHBI B HIOJIC, aBI'YCTE M OKTIOpe. MakcuManbHas BEIMYHHA TPEHIA CPSAHHX 32
Bechk nepuox 0,29 m/10 et (oxTs0ps), 32 O6e3nenusiii 0,12 M/10 met (Mrons), MaKCHMalb-
HbIX — 0,48M/10 set (uronb). BenmuuuHbl 3HAYUMBIX TPEHJOB 95-T0 MEPLEHTHIIS BHICOT
BoIH m3Menstores ot 0,23 mo 0,36 M/10 1et B 3aBUCHMOCTH OT Tieprona U Mecsma. Ecte
HE3HAYMMBIH OTPUIIATENILHBIN TPEH I TSl MAKCUMAJIbHBIX 3HAU€HUH B CEHTSIOPE.

B T3 nepuon, korna y3ei MOKPBIT JIbJAOM, OOJIbIIIE B CPABHCHUH C IPYTUMH BBIOpaH-
HBIMH y3J1aMH (¢ HOsOps o Maif). Oxgraxo ¢ 2009 1. Habmonaxocs 5 Jet, Koraa B Hos0pe
Obu10 BOJTHEHHE (¢ MakcUMyMoM B ~7 M B 2016 1.). /lyist meproia MIOHb—CEHTAOph Xapak-
TEPHO HAJMYHE TIOJOKUTEIBHBIX TPEHAOB. VICKIIIOUEHNST COCTaBIAIOT cpeqHee U 95-ro
MEPIICHTHIIS BBICOT BOJIH JJIsl BCETO MEPUOJIa B HIOHE, KOT/Ia TPSHIBI ¢J1a00 OTPUIATEIILHBI.
[onoxxuTenpHBIC 3HAYUMBIC TPEH/IBI XapaKTEPHBI JJIs1 MAKCUMAIBHBIX H 95-T0 IEPIICHTIUISL
3a Bech nepuox (0,67 u 0,48 M/10 net) u 411 CpeaHux U 95-ro MepIeHTHIIS 3a OC3IIeAHbIH
nepuon (0,24 u 0,47 m/10 niet) B ceHTsI0pE.

3HauNMBbIC TTOJIOKUTEIBHBIE TPEHABI B T4 XapaKTepHBI A1 HIOHS, aBI'YCTa M OKTSIOPAL.
MaxkcumanbHas BeJIMYMHA TpEeHJa HalJieHa JUisi MaKCUMaJIbHbIX 3HAUCHUU B UIOHE —
kaxxaple 10 net BeicoTa BOJIH yBenuuuBaercs Ha 0,8 M.

Ha puc. 6 nmpeacTaBieHbl BEIMYUHBI TPEHIOB B KK OT/IEIBHBINA MECSIl 32 BECh
MEepPHOJ AJIsi CpeAHEN BBICOTHI BOJIHBI. Bunno, uro mist T2 u T3 xapakTepHO OTCYTCTBUE
TPEHIOB C SHBAPS [0 Mali—HIOHb, YTO CBA3aHO C JIGAOBBIM PEKUMOM JaHHBIX 00JacTeil.
Ha rpanwuriie xe ¢ bapennessim Mmopem (T4) TpeHabl BO Bce MECSAIbI MOJIOKHUTEIbHBIC,
C MaKCHMaJbHEIMH B HOsIOpe. B Touke B 1oxkHOM gact Mops (T1) MakcuManbHBIC BEIH-
YHHBI TPSHIOB XapaKTEePHBI TSI ICKaOPs, YTO MOXKET OBITh 00YCIIOBICHO OoJee TO3IHUM
nemooopa3oBaHUCM.

[TosrydeHHbIE B X0[€ CE30HHOTO aHAJHM3a JaHHBIC B IEJIOM coriacyores ¢ [21],
IJle TOKa3aHO yBEJIMYeHHEe HKCTpeMaabHbIX BOIH 100-eTHEH MOBTOPSEMOCTH B pa3HbIe
MECSIIBI, OJHAKO BEIMYMHA M3MEHEHUH JIpyTasi, BCICACTBUE PA3HOTO METOIUIECKOTO IO
XOJ/Ia U Pa3HOTO HCCIEMYyeMOro mepuoja. TakKe MOTydeHHbIE PE3yJbTaThl COIIacyoTCs
¢ [22-24], rne npuBOIATCS OLEHKH U3MEHYMBOCTHU IUIOLIAAM MOPCKOTO JIbJA, PAOHBI
HanOOJbIIEH H3MEHUYMBOCTH (HAITPUMED, CEBEPO-BOCTOUHAS YacTh Kapckoro Mopst) u 6onee
MO3IHUE TICPUOJBI JISA000Pa30BaAHHS.

JIMCKyCCHOHHBIM BOIIPOCOM SIBJISIETCSI OLIEHKA BEJIMYMHBI BKJIaJla U3MEHYUBOCTH
BETpa U JIbJIa B TPCHBI BETPOBBIX BOJIH, 4TO TPeOyeT NajabHEUICH pabOThl ¢ UCIOb-
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Puc. 6. BenmuuHB TPEHIIOB CpeIHEH BBICOTHI 3HAYUTENILHBIX BOJH IO MecsaMm B Toukax T1-T4
Kapckoro Mopst Ha OCHOBE MHOTOJIETHETO aHAInu3a

Fig. 6. The values of trends in the average wave height by months at points T1-T4 in the Kara Sea
based on a multi-year analysis

30BaHHMEM PA3IMYHBIX METOIMYECCKUX IOAX0H0B. CII0KHOCTh JaHHOTO BOIPOCA 3aKIIIO-
YaeTcs B TOM, YTO YMEHBIICHUE IUIOMAH MOPCKHUX JIbJOB HEOMXHO3HAYHO BIMSCT M Ha
OUPKYISIIAI0 aTMoc(epsl, B TOM YHCiIe U Ha IPUBOAHBIN Betep [25, 26]. KommuecTBenHas
OLICHKA BKJIaJ1a IAaHHBIX IIapaMeTPOB B M3MEHYMBOCTD BOJHOBOI'O PEIKMMa SIBIISIETCS HEp-
CIIEKTHBHBIM HalpaBJIeHHEM JajbHeinieil paboTel. Takike He BIIOJIHE OYEBUIHO, KaKas
CKOPOCTH M MPOJOJDKUTEIBHOCTh BETPa BBI3BIBACT BOJIHBI ONPEICICHHOH BBICOTHI, IS
OLICHKH BIIUSHUS BeTpa. KiMMaTrHueckre M3MEHEHHUs B HAIIPABJICHUU BETPA IPHBOIST
K M3MEHEHHIO Pa3roHa U, CJIEIOBATENBHO, IAPaMETPOB BETPOBOTO BOJHEHHS. DTH BOIPOCHI
TpeOyIoT JanpHeHmel Tiryookoi mpopadoTKH.

3aKkJIroueHue

B xome paboThI OBLT BEITIOHEH aHAINA3 IPOCTPAHCTBEHHON M3MEHIMBOCTH TPEHIIOB
CPEIHUX, MAaKCUMAJThHBIX U 95-TO MEePIeHTHIIS 3HAYUTEIHHBIX BEICOT BOJH. TpeH/IbI O11e-
HUBAJINCH KaK JIJIsI BCETO TEPHOa, TaK W OTACIHHO /T Oe3JIeTHOTO.

Ha Bceii akBaropuu MOpsi BEAMUMHBI TPEHAOB Ul CPEIHET0I0BBIX 3HAaUEHUH MOJI0-
JKUTETbHBIC. MakcMabHas BETMUMHA XapaKTepHa I TPAaHHUIbEI ¢ bapeHIeBBIM MOpeM
u enBa npesbrmaet 0,2 M/10 get. [{ng MakcHMalbHBIX BOJH 3HAYUMBIE TTOJIOKUTEITHHEIC
TPEHbl XapaKTEPHBI ISl CEBEPHON U CEBEPO-BOCTOUHOM yacTed Mops. MakcUMalbHbIE
BEJIMYMHBI TPEHAOB IS 95-TO TIEPIICHTHIISA BBICOT BOJIH XapaKTePHBI TAKXKe JUIs CEBEPHOI
yactu Kapckoro mops.
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s 6e3iieqHOTO TIeproa MaKCUMAIIbHBIC BEIMYMHBI TPEHIOB XapaKTEePHBI U IS
CPEIHETOIOBBIX, U IS 95-TO MEepIIEHTUIIS BRICOT BOIH B CEBEPHON YacTH MOPS (MaKCH-
MaJIbHBIC BeTHIuHBI TpeHI0B ~0,25 M/10 et u ~0,5 M/10 J1eT COOTBETCTBEHHO).

3HaYMMBIC TIOJIOKUATEIBHBIC TPEHABI ISl CPETHETOAOBBIX 3HAYCHUH BBICOTHI BOJH
XapaKTePHBI IS FOXKHON YaCTH MOpS, B TO BPEeMs Kak JJIsi MAKCHMAaJIbHBIX BBICOT BOJH
HanOOJBINNE W 3HAYMMEBIC TPSHIBI HAOIIOMAIOTCS Ha CEBEPO-BOCTOKE. Takoe pacrpemene-
HUE CBSA3aHO C T€M, YTO IMCHHO CEBEPHBINA U CEBEPO-BOCTOUHBIN paifOHBI MOPS OOJBITYIO
4acTh TOAa MOKPHITHI JILIOM, COOTBETCTBEHHO, H3MEHEHHUS JIEJOBOTO KJIMMaTa 31eCh OT-
pa)karoTcs CriIbHEe (B TOM YHUCIE OTCTYIUICHHE JISJOBOM KPOMKH Jaibine Ha ceep). s
[EHTPAILHOW U FOTO-3aIafHON YacTel XapaKTEPHO OTCYTCTBHE TPEHIIOB JUIS CPEIHETO-
JTOBBIX 3HAYCHHU BBICOT BOJH B OE3JICIHBIA MEPUOMI, YTO MOXKET TaK)Ke CBHIICTCIHCTBO-
BaTh O TOM, YTO M3MEHEHHE MMEHHO JIOBOTO PEKHAMA SIBISIETCS OCHOBHBIM (haKTOPOM,
OTIPEISIISIONIIM H3MECHEHSI BOJTHCHUSI.

[To xapTam TPEeHIOB BETpa BHIHO, YTO LIS OOJBIICH YaCTH aKBaTOPHUU XapaKTEPHO
YBEIIMYCHUE CPEIHUX CKOPOCTEH BETpa, OJHAKO BEIMYUHBI TPEHIOB (MaKCHMAJIBHBIC IO
0,3 m/c 3a 10 1meT) He ABIAFOTCS CYIMICCTBEHHBIMHU M HE COTIACYIOTCSI ¢ KAPTaMHU TPEHIOB
MaKCHMaJIbHBIX BBICOT BOJH. DTO TaK)Ke TOBOPHUT HAM O TOM, YTO BKJIA]] TPEHIOB CKOPOCTH
BETpa B M3MCHEHHUE BBICOT BOITH MEHBIIIC, Y€M BKJIAJl H3MEHYHBOCTH JICASHOTO ITOKPOBA.

JJis TOYKH B I0TO-3amaHOM 9acTi Kapckoro Mopst XapakTepHO, 9TO B IIEPHOI STH-
Bapb—Mail OoIbIlIee KOJMYECTBO JIET Y3€J MOKPHIT JIBIOM. 3HAYUMBIC ITOJIOKUTEIHHBIC
TPEH/IBI OBLTH HAWICHBI TS UIOIS U [T HOsI0psi. HanbopIre BeTMInHBI TPEHAOB B HO-
s0pe XapaKTepHBI [UIT MaKCUMaIbHBIX BeIcOT BONH (0,42 M/10 7er).

B mepuon ¢ mexabps 1mo arpens B MEHTPaIbHON dacTu Kapckoro Mopsi BOJTHEHHE
oTcyTCTBYyeT. [loOXKUTEIbHBIC 3HAYMMEIC TPSH/IBI HAlICHBI B HIOJIC, aBTYCTE M OKTSIOpE.
MaxkcumanbpHasi BeJTMYMHA TPEHIA CPEIHUX 3a Bech nepuof BeIicOT BoiH 0,29 M/10 met
(okTs0pB), a 3a O6e3nmenubIid mepuon — 0,12 m/10 et (uromb).

Ha ceBepe-Boctoke Kapckoro mopsi mepuoa, Korja y3ea IMOKPBIT JIBIOM, OOJbIIe
B CpPaBHEHUH C IPYTUMH TOUKaMu (¢ HOSOps 1o Maid). [1omoxuTenbHbIe 3HAYMMEBIE TPEHIBI
XapaKTePHBI U MaKCUMabHOU 1 95-10 meprieHTms 3a Bech mepuox (0,67 u 0,48 m/10 ner)
U U1 cpeHeit u 95-ro nepueHTmws 3a 6e3nennsbiil nepuon (0,24 u 0,47 m/10 1et) B ceHTsIOpE.

3HaYUMBbIC TIOJIOKUTEITBHBIC TPEHIBI Ha TPaHHIIEC C bapeHIIeBBIM MOpEM XapaKTephl TS
WIOHS, aBI'ycTa ¥ OKTAOps. MakcHMasbHasl BETMYIHA TPCHA XapaKTepHa [T MAKCHMAIbHBIX
3HauYEHUI B MIOHE — Kaxaple 10 JieT BbIcOTa BOJIH yBeJIMUYMBaeTCs B cpeaHeM Ha 0,8 M.

J1s neHTpanbHOM U ceBepo-BOCTOUHON yacTel Kapckoro Mopst XxapakrepHo OT-
CYTCTBHE TPCHIIOB C STHBaps 10 Maii—HIOHB, YTO CBSI3aHO C JICAOBBIM PEKIMOM B TAaHHBIX
obmactsax. Ha rpanuiie xe ¢ bapeHIIeBEIM MOpeM TPEHIbI BO BCE MECSIIBI TTOJIOKHUTEIBHBIC,
C MakCHMaJIBHBIMU B HOsiOpe. Ha roro-3amane Kapckoro Mopst MakCUMaTbHBIC BETHIAHBI
TPEHIIOB XapaKTEPHBI IS IeKaOps, 9TO MOXKET OOBACHATHCS OoJiee TIO3HUM JIeI000pa-
30BaHHUEM.

KondumukTt unrepecoB. KoH(QIUKT HHTEPECOB OTCYTCTBYET.

®unancupoBanne. Padora E.E. Kpyniosoii noxrorosinerna B pamkax BeimonHeHust TeMbl FMWE-
2024-0016 rocymapctBerHoro 3amanus Muctutyra okeanonornu uM. [1L.I1. llupmosa PAH. Pabora
C.A. MbsicnenxoBa u B.C. [InatonoBa BeinonseHa npu nogaepxke [Iporpammsl pazsutus MI'Y, mpo-
exT Ne 23-11107-33. PacyeTsl 110 OLICHKaM TPEHI0B CKOPOCTH BeTpa BblnoaHeHs! B.C. [naroHoBbIM €
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PernonanbHble 0c00eHHOCTH TOBTOPSIEMOCTH IoJ10J1e1a
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AHHoTauus. BbllonHEH aHANIU3 IPOCTPAHCTBEHHON HEOAHOPOJHOCTU U BPEMEHHBIX W3MEHEHUI MOBTOPS-
€MOCTH roJoeia Ha ceBepe espomneiickoit Teppuropun Poccun (ETP) B CeBepo-3anannom denepanbHoM
okpyre (C300) B nepuon 19862022 rr. [Toka3aHo, 4TO IOBTOPSEMOCTb TOIOJEIHBIX SBICHHUI [0 TEPPUTOPHH
MMeeT HeofHOpoHoe pactpeneienne. OOCyKIaloTcs BO3BMOXKHEIE TIPHUYMHEI JIOKAIBHBIX 0COOCHHOCTEH pac-
TIpeIeNIeHHs] H3y4aeMoro METEOPOIOrnecKoro sBinenns Ha reppuropun C300, B yacTHOCTH, BIMSHHE 001IEH
LUPKYISIIE aTMOCepBI 1 (pU3HKO-reorpadmieckux 0co0eHHOCTeH. ICXOHBIMU HaHHBIME TOCITY KM PE3yIlb-
TaThl HHCTPYMEHTAIBHBIX H3MEPEHHH Ha METEOPOIOrNIeCKUX CTaHIHIX. OOpaboTKa JaHHBIX IPONU3BOIMIIACH
crarucTiueckumMu Merozamu. Ilokasano, 4o B entpanbHoil yactu C3PO noBTopseMOCTb SABICHHS T0O10IE1a
Ooublie, YeM B 3aIIa[HOM 1 BOCTOYHOH YacTi OKpyra. COIacHo OILEHKe JIMHEHHBIX TPEH/0B OBTOPSIEMOCTD
TOJIONIe/Ia B TIOCIIETHAE JASCATHIETHS Bo3pacTana HepaBHOMepHO 1o Teppuropun C300. Haubonee 3amerHblit
poct Habmonaercst B neHTpanbHoi yactn C30O0.

KaroueBsle c10Ba: ronones, omacHoe METEOPOIOTHIECKOE IBIEHHE, TOBTOPSIEMOCTD SBIICHHS, CEBEp eBpOIEii-
ckoii Tepputopun Poccuu, COBpeMeHHbIN Kumar
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Abstract. Recently, the interest in society in observing and forecasting dangerous meteorological phenomena
in the cold period of the year has noticeably grown. In this work, we study the phenomenon of glaze ice in
the north of the European territory of Russia in the North-Western Federal District. Here glaze ice (icing) is less
frequent than other forms of ice accretion, but its characteristics most often exceed the criteria of dangerous
meteorological phenomena. It is a great danger for various areas of the economy, ship navigation, causing an
increase in traumatism of the population and damage to infrastructure. In accordance with the aim of the work,
the spatial and temporal variability of the frequency of glaze ice accretion on the territory of the North-Western
Federal District in the period 19862022 is investigated. The results are obtained on the basis of instrumental
observations of meteorological stations. Using statistical analysis, the features of mean yearly frequency at
each meteorological station were studied. To assess the direction of annual changes in the glaze ice frequency,
the linear trend coefficient was calculated for each meteorological station. The least squares method was used
for this purpose. It is shown that the maximum number of days with glaze ice occurs in the central part of
the North-Western Federal District. This can be attributed to the more frequent movement of Atlantic and southern
cyclones to high latitudes and their precipitation, especially at the atmospheric fronts and in the warm sectors of
the cyclones, at air temperatures near zero and below. What makes the spatial distribution of glaze ice frequency
even more uneven is the presence of uplands in the European territory of Russia. More precipitation falls on their
windward slopes, and the temperature decreases with altitude. The findings show that in recent decades there has
been an increase in the frequency of the glaze ice phenomenon in the region. At the same time, the interannual
variability remains relatively constant. Taking into account the positive trend in the number of glaze ice events
and increasing air temperature and precipitation, it is necessary to develop measures to deal with this hazardous
phenomenon and minimize damage from it.

Keywords: current climate, frequency of occurence, glaze ice, hazardous meteorological phenomenon, North
of European Russia
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BBenenune

Tononer — 310 CIOH MIOTHOTO (MAaTOBOTO WIJIM IPO3PAavyHOTr0) JIbja, 00pasylomuiics
HA MOBEPXHOCTHU 3€MJIM U Ha MpEeIMeTaxX NPEUMYIIECTBEHHO ¢ HABETPEHHOI CTOPOHBI OT
HaMEp3aHUs Kamelb NepeoxJIaKICHHOTO OIS UM MOPOCH, a TAK¥KE IPU COMPUKOCHO-
BEHUH Kallellb 0CAJKOB C MPeJMETaMu, TeMIIepaTypa NOBEPXHOCTU KOTOPBIX paBHA WU
ke 0 °C. Yame Bcero HaOmoaercs mpu TeMmneparype Bosayxa ot +3 1o —10 °C [1, 2].
Tonoser — otMH M3 CaMBIX OTTACHBIX BHJIOB OOJIC/ICHEHHNS, OH HAHOCHUT CEPhEe3HbIN yIepo
TOIUTMBHO-P)HEPrE€TUYECKOMY KOMILIEKCY, TPAHCIIOPTHOH CETH, CEIbCKOMY XO3sHCTBY, JIeC-
HOH TIPOMBIIITICHHOCTH, 5KOHOMHYECKOH cepe, MOBBIIIACT HAarpy3Ky Ha CIy>KObI KOMMY-
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HaJIbHOTO XO35MCTBA, YBEMYUBAET TpaBMoonacHOCTh [3—5]. [ononen oTHOCHTCS K OHOMY
U3 BUIOB OOJICICHEHNS, IPE/ICTABIIAIONIEMY BBICOKIIT yPOBEHB PHCKA JUIST MOPCKHX U BO3-
oymHBIX cynoB. CormacHo Kputepusm Pocruapomera U perHoHanbHBIM yTouHeHns M OT'BY
«CeBepHOe ynpaBJeHUE 110 THAPOMETECOPOJIOTMH U MOHUTOPHHTY OKPY)KAIOIIEH cpesh»
Ha ceBepe eBponeiickoil Tepputopru Poccuu (ETP) rononesn canraeTcst omacHBIM THIPO-
METEOPOJIOTHUECKIM SIBIICHHEM, ECITH ANaMETP ToJIeTHO-n3Mopo3eBbIx omnokenui (I'MO)
Ha MIPOBOJIaX TooNenHoro cTanka npepbimaet 20 MM (puka3 @I'BY «Ceseproe YIMCy,
10.05.2023 Ne 672).

CraTuCTHKa MCCIeIOBAaHUS OMACHBIX MeTeopojorndeckux sipneHuit (OS) moxa-
3BIBACT, YTO M3/IEP’KKN Ha MPOTHO3MPOBAHME M 00ECIIEUCHNE HACEICHNS KaueCTBEHHON
nHpopmamueit o Bo3mokHoM OS] B 15 pa3 ycTymarT pacxomaMm Ha yCTpaHEHHE I1O-
CJIEZICTBUH 3TOTO K€ siBeHus [4]. 13 3Toro ciienyert, 4To IIaHUPOBaHNE AEATEIBHOCTH
C TOYKH 3PEHHS IPOMBIIIJICHHOCTH U SKOHOMHKH TpeOyeT IMPOTrHO3UPOBAHMSI OIIACHOTO
SBJICHUS U OLIEHKH BO3MOJKHOTO yIepOa, HaHECEHHOTO 3THM sBieHHeM [5]. [omonen
CIOCOOEH HAaHECTH OTPOMHBIN BPEJ s XKU3HEISSITEIbHOCTH HACEIICHHUS, TPUIEM COIIPO-
BOXKIATHCS MOXKET OOJIBIIMMHU MaTepHabHBIMK 3aTpaTaMi Ha JIMKBUAAIMIO M yCTPaHEHHE
nociencTBHi ero oopasosanus. Coracuo nanueiM W.U. Jleonosa!, 8 CeBepo-3anaj-
HOM (enepanbHOM okpyre (C3PO) romonen, HapsIaAy ¢ KPUCTAILTHYECKOH U3MOPO3BI0,
0COOCHHO YacTO MEPEXOJUT B Pa3psii BHICOKOMHTEHCUBHBIX OTIOXKECHUH, TOCTUTHINX
KPUTEPHEB OMACHOTO SIBICHHUSL.

B Hnacrosimeit pabote mpeacTaBieHbI pe3yJabTaThl aHAIN3a COBPEMEHHBIX JaHHBIX
0 MIPOCTPAaHCTBEHHOM pactmpeneneHun rononena Ha ceepe ETP (B C3P0) u TeHaeHINIX
M3MEHEHHS €T0 IOBTOPSIEMOCTH Ha (JOHE COBPEMEHHBIX M3MEHEHHMH KJIMMara B MEpHOJ
19862022 rr. AHaynu3 OpoBEAEH MO AAHHBIM U3MEPEHUI HAa METEOPOJIOTMYECKHUX CTaH-
uusix cetu Pocrunpomera PO.

EsxeroziHbIe OIIEHKH MTOBTOPSEMOCTH U JIPYTHX XapaKTEPUCTHK TOJI0JIea TPEACTaB-
JICHBI B €XKETOAHBIX JOKJIaaX 00 0COOCHHOCTSX KiMMara Ha Tepputopun PD [6]. Pesynb-
TaThl, BKIIOYEHHBIC B 3TU JIOKJIA/IBL, JaHbI U Beell Tepputopun PO, a Takxke B cperHeM
JUISl KBa3MOAHOPOIHBIX KIMMAaTHIECKNX PaiiOHOB, BBIICJICHHBIX COMIACHO T€HETHUECKON
knaccudukanym b.I1. Anucosa [7]. Marepuanibl TOKITIa0B BKIIOUAIOT HTOTH 0000ICHHS
3a UCTEKIINH Tofl, a TAK)KE MHOTOJIETHHE TEHICHIINH ITOBTOPSIEMOCTH TOJI0JIeNIa U APYTUX
'O, npencrapnsiomue KpynmHOMacTaOHyI0 KapTHHY [TPOCTPAHCTBEHHOTO pacipeierne-
HUS 110 Beell Tepputopun PO. Hama paboTa mocssmeHa 0ojee moagpoOHOMY pernoHab-
HOMY aHaJIU3y MOBTOPSIEMOCTH CIIy4aeB royiojeia ¥ TeHACHIMN ee n3MEeHeHHs Ha (oHe
MeHsrommerocs knmnmara B npenenax C3P0 3a mepuon 19862022 rT. u 00CyKIeHHIE BO3-
MOXKHBIX CBSI3€H IIPOCTPAHCTBEHHON HEOAHOPOAHOCTH MOBTOPSIEMOCTH C (PU3UKO-Teorpa-
(rueckuMu 0COOCHHOCTSMH JAHHOM TEPPUTOPUU U OCOOEHHOCTSIMH KPYITHOMACIITAOHON
arMoc(epHON IUPKYIISIIHIH.

B paboTax oTeuecTBEHHBIX aBTOPOB B MTOCIIEHNE TO/BI OONIBIIOE BHUMAHNE YEIIs-
eTcsl OIACHBIM METEOPOIOTHUECKHUM SIBIICHHUSIM, B TOM uncie cBsa3aHHbIM ¢ [ 1O. Marepu-
aJ myOnmKanuii MOCIEeIHNX JIET, HOCBSIICHHBIX TOJI0JIEHO-M3MOPO3EBbIM OTIOKECHUSIM,
OXBaTBIBACT, KaK MMPaBUJIO, BCIo Tepputoputo Poccun, vanmpumep [6, 8—10]. dus ETP
B HUX OTMEYAETCs] Pa3HOHANPABICHHOCTh TEHACHIMH 0€3 MPHUBA3KH K PETHOHAIBHBIM
0COOEHHOCTAM penbeda u MUPKYIAIIT atMocheps! 1 6e3 ToAPOOHOTO 00CYKICHUS BO3-

! Jleonosé H.H. Ctpykrypa armoctepsl pu (GOPMHPOBAHHH BBICOKOMHTECHCHBHBIX TOJIOJICIHO-H3-
MOPO3€EBBIX OTIIOKEHUIT: ABTOped. AuC. ... KaH1. Teorp. Hayk. M.: MI'Y, 2023. 26 c.
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MOXHBIX puuuH. B pabdorax [9, 11] romnosnes paccMarpuBaeTcst JUisl KaJICHAPHBIX OCECHH,
3MMBI U BECHBI 0€3 yueTa JIETHUX MECSIIEB, B TO BPEMsI KaK rO0BOU XOJI MOBTOPSEMOCTH
roJIoJie/ia B CEBEPO-BOCTOUHBIX MPHOPEKHBIX PErHOHAX (HAIPUMED, 110 JAHHBIM CTAHI[HH
AwmjiepmMa) UMeeT MaKCUMYyM B JISTHUE MECSIIbI, YTO OTPAXKEHO Jajiee B JAHHOW CTaThe.

Hama pabota J0mnoaHseT BBIBOJbI MPEAIISCTBYIOIINX aBTOPOB C aKIIEHTOM Ha pe-
TMOHAJIBHBIE 0COOEHHOCTH TOJIONEMHBIX oTinoxkeHnii B C3D0.

AKTyabHOCTh BbIOOpa perruoHa o0yCIOBJIEHA TEM, YTO OH JIOCTATOYHO T'yCTO 3a-
CelIeH, B HEM PACIIOJIATal0TCsl IPOMBIIIICHHbBIC TPE/TPHUSTH, PA3BUTHI CETh TPAHCIIOPTA
u sHepretuka. KimMarnueckue yciaoBHs ClIOCOOCTBYIOT 00Pa30BaHUIO rOJI0Je/a B pa3Hble
ce30Hbl. Takum 00pa3oM, OLICHKA BIIMSHHS TOJIOJEa HA SKOHOMHKY U XO35HCTBO, HA yC-
JIOBHS )KU3HH JIFOJICH M COCTOSIHKE MPUPOJHOM Cpe/ibl BOCTpeOOBaHa B pa3inuHbIX chepax
yenoBedeckoir aesrenpHocTH C3PO, B ToM unciie Ha (OHE MPOUCXOASIIINX H3MCHEHUH
KIMara. DTO MOXKET CII0COOCTBOBATh MUHUMH3ALIUK YIllepOa OT roJoNe/ia U ONTHMHU3a-
LUK JATBHEHIIEero Pa3BUTHS PA3JIMYHBIX OTPACIIEH YeI0BEUECKOM IS TENLHOCTH C YIETOM
JIOKAJILHBIX 0COOEHHOCTENA.

[lenb 1aHHON pabOThI — aHAJIN3 PErHOHAIBHBIX 0COOCHHOCTEH CE30HHBIX U3MEHE-
HUI MTOBTOPSIEMOCTH SIBICHUS TOJIOJIE/Ia U €€ MHOTOJICTHUE TPEH/bI Ha (POHE N3MEHEHHS
COBPEMEHHOIr0 KJIMMaTa Ha ceBepe eBporeiickoii Teppuropun Poccun (CeBepo-3amnaHbiii
(benepanbHBIN OKPYT).

MaTepna.m)l U METOAbI I/ICCJ'[eIIOBaHHﬁ

Amnanu3 nposoguics st CeBepo-3anagHoro ¢GeneparbHOro OKpyra Iuisl Ieproaa
¢ 1986 mo 2022 r. 3yuaemsblil perioH paciookKeH B JABYyX KIMMaTHUECKUX moscax [7]:
cybapkTuuecknii (aTaHTHYecKast 001acTh), yMEPEHHBIH (ATJIaHTHKO-apKTHIeCcKast 001acTh,
a TaKKe ceBepHas YacTh aTJIAHTUKO-KOHTHHEHTAIBHOHN eBporeiickoil obmactn). C TOUKH
3peHnst KpyIHOMAacITaOHOW atMoc(epHOH MUPKYISINK 37eCh IpeodIagaeT 3araaHblid
1 I0TO-3aMafHBII TIepEeHOC, 0COOCHHO B XOJIOIHBIN MEepHoA. BBIXoa MUKIOHOB HEPEIKO
COMPOBOXK/IAETCS YCUIEHHEM MEPUANOHAIBHBIX MPOIIECCOB U ABEKIHEN BO3IYIIHBIX Macc
13 CEBEPHBIX WM F0KHBIX IIMPOT (BOJIHBI X0JIO/1A, BOJHEI Teruia). Hanbombimee xoanuecTBo
0CaJIKOB BBITIAZaeT Ha aTMOCHEPHBIX (PPOHTAX U B TEIIOM CEKTOpe IMUKIOHA. [IpoTsikeH-
HocTh C3®DO0 c 3amana Ha BocTOK (Oe3 yuera KannHHHIpaacKoi 001acTH) COCTaBIsIET
6onee 35 rpasycoB JONTOTHI, IPUBO/S K MOCTEIIEHHOMY YCHJICHHIO KOHTHHEHTAIBHOCTH
KJIMMata Mo Mepe MPOJBIKEHUSI B IIyOb MaTrepuka M YMEHBUICHHUIO BJIAaroCoAepKaHus
BO3yIIHBIX Macc. [TonoxeHne ceBepHbIX U I0XKHBIX paiioHoB C3PO paznuuaercs Ooiee
yeM Ha 10 TpagycoB MIMPOTHI, YTO MPUBOAUT K CYIIECTBEHHBIM PA3INUUAM PATUAIIMOHHOTO
OayaHca M TEPMHUYECKOTO PEKMMA B CEBEPHOH U I0)KHOW YacTsX pernoHa. 3MMOH OTeIIs-
IOIIIEE BIMSHNE ATIAHTUYECKOTO BO3/yXa IPUBOAUT K TOMY, YTO YMEHbIICHHE TEMIIEPATY-
PBI IPOMCXOJUT C 3amaja Ha BOCTOK. JIeToM M30TepMBbl pacnonaratoTcs KBa3UIIUPOTHO,
TeMIIepaTypa pacTeT ¢ ceBepa Ha 1or. JlomomHseT 3Tu (akTops! (POPMUPOBAHUS KIMMaTa
TEPPUTOPUH HAJTMUUE KPYIHBIX BOJOEMOB CYIIIH U CTETNEHb YAAJEeHHOCTH OT ATIaHTHYe-
ckoro u CeepHoro JIeZ1oBUTOTO OKEaHOB, UTO BIMSET HA a0COIIOTHOE W OTHOCUTEIBHOE
BJIarocojiep>kanue Bo3nayxa. Ene Oosee yCIoKHIET MPOCTPAHCTBEHHbBIE KIMMATHYECKHE
0COOCHHOCTH HallMuMe HEOAHOPOAHOTO penbeda. JJoaMHB MHOTHX, 0COOEHHO KPYITHBIX
PEK BBITSHYTHI B CyOMEpPHINOHAIHHOM HAIPABICHUU C IOTa HA CEBEpP, B 3TOM XK€ Ha-
MIPaBJICHUH TIOCTEIICHHO TMOHMKaeTcsl pesibed B LesioM. Ha JokanbHble YyepThl KiMMara
B pa3HBIX paiioHax C3dO BrnuseT HaaW4YHe BO3BBIICHHOCTEH CO CPEAHUMH BBICOTAMH
150-300 M, MHOTHE U3 KOTOPBIX TAK)Ke BBITSHYTHI C IOTa Ha CEBEp Ha NMPOCTPAHCTBE
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Mexkaypeunid. C ydeToM mpeoOralaloliix HapaBiIeHUH 00IIEro MepeHoca BO3AYIIHBIX
Macc, Ha oOpalleHHbIX K 3arajy U Ioro-3amnajy CKJIOHAaX BO3BBIIIEHHOCTEH KOJIMYECTBO
ocajKoB OoJbIIe, 9YeM Ha BOCTOUHBIX. KpoMe Toro, neperekaHie BO3AYIIHBIX Mace Aaxe
HaJl TAKUMU HEOOJBIIMMU MOAHATHAMHE CIIOCOOCTBYET N3MEHEHUIO TEMIIEPATyphl U BIIaXK-
HOCTHU BO3yXa U YBEJIMYEHUIO MECTPOTHI UX MPOCTPAHCTBEHHOIO PaclpeieIeHusl.

B pabore ucnons3oBaHbl JaHHBIC HAOMIOIEHUH HA 57 METEOPOJIOrHIECKHX CTAHIUSIX
Pocrunpomera na teppuropun C3®O 3a nepuosn ¢ 1986 mo 2022 r. (CBuaeTebCTBO 0 TOCY-
JApCTBEHHOM peructpanuu 0a3er gaHHBIX Ne 2015620081), koTopsie mepes] pa3MerieHueM
B O0ILEM apXWBe JaHHBIX IPOXOAAT MpeIBAPUTEIbHBIN KOHTpONIb KayecTBa [12]. boura
c/ienaHa BHIOOpKA JIaHHBIX HAOIIOJICHUH 3a aTMOC(HEPHBIMH SBICHUSIMHU, B YaCTHOCTH 32
ronosenoM (mmdp 12 «lomonen» B MaccuBe JaHHBIX 00 aTMOC(EPHBIX SBICHUSIX) U SIB-
JICHUSIMHU, OJaroNpHATCTBYIONIMMHI (POPMUPOBAHHIO TOJIOJIEa CONIACHO Iudpam: 24 —
MOpPOCH WIH JJOKAb ¢ 00pa3oBaHKUEM rojonena; 56 — mMopock ciabast, 00pasyromias Tojo-
nen; 57 — MOpOCh YMEpPEHHAs U CUJIbHAs, 00pa3yrolas roioie; 66 — NoXKIb CIIa0bIi,
o0Opasyroluuii ronosnen; 67 — M0KAb YMEPEHHBIH M CUITbHBIN, 00pa3yIoIIuid romonen>.
Ilepuomuanocts HaOIMIONCHUH cocTaBiseT 3 yaca. Ha cepBepe Beepoccuiickoro HayqHo-
HCCJIE0BATENILCKOTO HHCTUTYTA THAPOMETEOPOJIOrHYeckoi HHpopManuu — MupoBoro
nentpa aaHabix (BHUMIMU-MIIJ/l) noctyn K MaccuBy AaHHBIX, BEIOOpKA JaHHBIX MO
MHTEPECYIONIUM I10JIb30BaTENs CTAaHIUSAM, HX IPOCMOTP M KOIIMPOBaHHE 00ECIIEUNBAIOTCS
CIICIMATU3UPOBAHHON TeXHONOrHe Aucopu®.

Pacuer cpeaHNX MHOTOJIETHUX 3HAYEHUH BBIIONHSAICA AT MOCIeIHUX 37 JeT, Korna
PsIIBI HAOMIOICHHUH 110 BCEM CTAHIIMSM MMEIOT OJMHAKOBYIO TIPOJIOJDKUTENILHOCTD. Pacmoo-
JKEHHE CTaHIMH IT0Ka3aHo Ha puc. |. BeiOpaHHbIE CTaHIIMU pacpe/eeHbl 10 TEPPUTOPUH
OTHOCHUTEJIBHO PaBHOMEPHO ¢ HE3HAYMTENBHBIM CTYIIEHHEM IIOTHOCTH PaclOOKEHUS
B 3anaHbIx cyobekTax C3PO0 (Kamuuunrpasackas, Jlenunrpanckas, IIckoBckast obnactu
n PecnyOnuka Kapenust). MeTeoponornueckue CTaHIMY, pacloNoKeHHbIE Ha OCTPOBax
Bapenuesa u benoro mopeii, He BKIItOUeHBI B paccMoTpeHne. OCTpOBHON MUKPOKIMMAT
B 3HAYUTENBHOW Mepe OTIIMYAeTCs] OT KOHTHHEHTAIBLHOTO, TI03TOMY TpeOyeT JAOTOIHU-
TEJIFHOTO aHaJIM3a sl ONIPEAETICHUS] METEOPOIIOTHUECKHIX YCIOBUH, O1aronpHsTHBIX JUTS
(hopMUpPOBaHUS TOJIOJEIHBIX OTIOKEHHH.

Jlis XapaKTepUCTUKU TEHAEHIIMM M3MEHEHUs TOBTOPSIEMOCTH CIIyyaeB rojIoNesa 3a
TOJ] UCTIOJIL30BaHbI KOA((HUIIMEHTHI IMHEHHOTO TPEH/1a, PACCUNTAHHBIE M0 TAHHBIM KaXK0H
METEOpOJIOTNYECKOM cTaHIuH 3a epuon 1986-2022 rr., korna GpUKCHpOBAIOCH SBICHUE TO-
nonena. KoapuipeHT miHeHOro TpeH 1a ObLT IOyYeH C TIOMOIIIBI0 METO/1a HAMMEHBIINX
KBaJIpaToB. 3HAYMMOCTB OLIEHHBAJIACh C TOMONIbI0 Kputepust CthioneHTa. KoaddurmenTs
JIMHEHHOTO TPEH/Ia PaCCMaTPUBAIINCE JUIS TEX CIy4aes, I7ie KOG (UIMEHTH CTaTHCTHYECKH
3HaYMMBI Ha 5%-HOM ypoBHe. OOIMii TPEH/I OBTOPSIEMOCTH JTHEH C TOJIOJIEIOM ISl BCeH
teppuropuu C3dDO ObLT paccynTaH MO CPETHUM 3HAUYSHUSIM BCEX CTaHIMH OKpyTa.

2 Bynvteuna O.H., Becenos B.M., Paszysaee B.H., Anexcanoposa T.M. Onrcanne MacCuBa CPOYHBIX
JIAHHBIX 00 OCHOBHBIX METEOPOJOTHUECKHX MapaMeTpax Ha craHuusx Poccun. URL: http://meteo.
ru/data/163-basic-parameters#omnicannue-mMaccuBa-IaHHbIX (Iara oopamienus: 15.11.2023).

3 Bynvteuna O.H., Becenos B.M., Anexcanoposa T.M., Kopwynosa H H. Oniucanue MaccuBa JaHHBIX 10
aTMOCQEpHBIM SIBJICHHSIM Ha METeOpoJIornueckux cranuusax Pocenn. O6unuck. BHUUTMU- ML,
URL: http://meteo.ru/data/345-atmosfernye-yavleniya-sroki#http://meteo.ru/data/163-basic-
parameters#onucanue-maccuBa-J1aHHbIX (1ara oopamienus: 15.11.2023).

4 Texuonoruu Aucopu. URL: http://meteo.ru/it/178-aisori (nara o6pamenus: 15.11.2023).
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Puc. 1. PacnioyioxeHHe CTaHIMH, JaHHBIC KOTOPBIX OBUIM MCIIONIB30BaHbI IS aHAIM3a PAacIpocTpa-
HeHHA Tojonena 3a nepuox 19862022 rr.

Fig. 1. Stations whose data were used to study glaze ice over the period 1986-2022

Pe3ysbTaThl Mcciie10BaHUsI M 00CyKAeHHe

C touku 3peHust GpopmupoBanus rouonena peruon C3P0O MHTEpEeCeH TeM, YTO ce-
30HHBIH XOJ] TEMIIEPATYPhl, KOJINYECTBA aTMOC(HEPHBIX OCAKOB M BIAXKHOCTH BO3IyXa
OYCHBb PA3JINYCH 10 TEPPUTOPUHU. DTO OMPEACIACTCS OOIBIION MPOTHIKEHHOCTHIO OKPyTa
C ceBepa Ha 10T M C 3amajia Ha BOCTOK M pa3HOOOpa3HbIM pelibe)oM.

JIiist KaXK1o# UCCIIeyeMO# CTaHIMK ObUT PACCUUTAH CPESIHMI MHOTOJICTHHIA CE30H-
HBIN X0 MMOBTOPAEMOCTHU I'0JI0JIEAA 1O MECALIaM. HpI/IMepI)I, OTpaXKaromue 3T U3IMCHCHUAA,
Hpe/ICTaBICHBI Ha PUC. 2 AT psiia TUIIUYHBIX CTAaHIMH B pa3nuuHbIX paitoHax C3D0. IIpu
aHajM3e 0COOEHHOCTEH roJ0BOTO X0JIa TOJIOJIE/HBIX SIBJICHUI OHU JIOTIOJHUTEIILHO COTIO-
CTaBJIAJIUCH CO CPEAHUMHU MHOTOJIETHUMH MECAYHBIMU 3HAYCHUAM TEMIICPATYPBI U CYMMbI
0CAaJIKOB JIJIsl KK/I0M CTAaHIIMK, YTOObI CPABHUTH MECSIIbI IIepexo/ia TeMIIepaTyphl uepes
0 °C u rogoBoi X0 0cakoB. Pe3ynsTaThl MOKa3aiy, 4To MPH Mepexo/ie CpeIHel MeCIIHON
Temrieparypbl Bo3ayxa uepe3 0 °C BeCHOIl U OCEHbIO 4acToTa (JOPMHUPOBAHHUS TOJIOJIEAA
OTIpeIeIIAeTCs] KOJIMYECTBOM OCAJIKOB M YHCIIOM JHEH C 0CaaKaMH, a TaKXKe BIaKHOCTBIO
BO3/yXa. YBEJIIMUYEHHE CKOPOCTH BETpa TaK¥Ke CIIOCOOCTBYET 00pa30BaHMUIO TOJI0JIEA.

OTMeTHM, YTO B LIEJIOM JJIss OOJIbIIEH YacTH CTAHLMH OTMEYaeTcsl JCTHHH MHHU-
MYM HOBTOPSACMOCTHU SIBIICHUI roJjojega Uiy K€ MmoJIHOEC OTCYTCTBHUE SABJICHUA B TETUIBIN
CE30H, YTO €CTECTBEHHO MPH MOJIOKUTEIIBHON JIETHEH TeMmeparype, 0COOCHHO B FOXKHBIX
paiionax. Haubosplasi moBTOpEMOCTb ToJI0JIe/la IPOUCXOIUT B 3UMHUIN U NEPEXOHbIE
CC30HBI. OCO6CHHO 9acTO 3TO MOXET MPOUCXOAUTH MPHU aJABCKIIUU FOKHBIX BO3AYHIHBIX
Macc B TEIUIbIX CEKTOpax LIUKIOHOB. B mpuOpexHbix pernoHax bapeHiesa Mops 3Hauu-
TEJIFHOE BIIMSIHUE OKA3bIBAIOT TEIUIbe TeueHus. [Ipu nepexose B paiion BiusHus Kapckoro
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Puc. 2. IToBTOpsIeMOCTH METEOPOIOTUUECKUX SBICHHI, TPUBOIAIINX K 00pa30BaHHIO TOJIONEAA.

ITo ocu opaMHAT MPEICTABICHO 00IIEE KOMTHIECTBO METEOPOIIOTMUECKHX SBIICHH B CPOYHbIC Yachl HAOTIONCHHUH,
HPHBOAIIHMX K 00pa30BaHUIO TONOJIEIHBIX OTIOKEHHUH, 3a mepruox 1986-2022 rr.

Fig. 2. Recurrence of meteorological phenomena leading to the formation of ice.

The ordinate axis represents the total number of meteorological phenomena in urgent observation hours leading
to the formation of ice deposits, for the period 19862022
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MOpst OBICTPO HAapacTaeT KOHTHHEHTAILHOCTD KJIMMAarTa ¢ OYeHb XOJIOIHOM MPOIOIKUTEIb-
HOW 3UMOM M KOPOTKHM XOJIOJHBIM JIETOM. JTOMY CHOCOOCTBYET TaKKe OXJIAXKIAroIIee
BIIMSTHHE MOPCKHX JIbJIOB, KOTOPBIE B 3UMHEE BPEMsl 3aHHMAIOT IPAKTHYECKH BCIO aKBa-
Toputo Kapckoro mops. B xauecTBe mprumepa mpuBeeHbI pe3yIbTaThl M0 CT. AMuepma
(puc. 22), KapIMHAIBHO OTIMYAIOLIEHCS M0 CE30HHOMY XO/y MOBTOPSIEMOCTHU TOJIOJEA.
31ech HauOOIbIIIEE YNCIO METEOPOJIOTHIECKUX SIBICHUH, TPUBOAALIINX K 00pa30BaHHIO
TOJIONIE/1a, B CPEAHEM OTMEUAETCs B JISTHUH MEPUOA ¢ MAKCHMYMOM B HIOHE, KOTA TEM-
neparypa Bo3ayxa nepexoauT yepe3 0 °C, HO 4acTbl BO3BpaThl X010710B. JIeTo KopoTkoe
1 XOJIOZIHOE, HO COYETAaHHE TEMIIEPaTyphl H OCA/KOB IIPH JIETHUX ITOXOJONAHHUAX MOMKET
ObITH OnaronpusATHO I (hopMHUpOBaHUS rononeaa. SIpkue npuMepsl TaKuX JISTHUX yC-
J0BUM otMeudanuch B 1972 u 1987 rr., korna B MIOHE CpEHEMECSIUHASL TEMIIEPATypa BO3-
nyxa OpDTa orpumarenbHoi (1o —4 °C u HIKE), B TO BpeMs KaK CPeIHs TeMIleparypa
utornst B Amaepme 8,0 °C, cpeqHuii MUHUMYM CpeIHEW MECSYHON TeMITepaTyphl HIONS
4,7 °C, abcomoTHBII MUHUMYM —4,4° (1972 1.). 3uMa cypoBasi, TEIIble BTOPKEHUS B 3TO
BpEMSI PEIKH, TIO3TOMY BEPOSITHOCTD BBITIAJICHUS OCAIKOB B )KHUAKOM BHE MAJIOBEPOSITHA.
3UMHHME aTIaHTHYECKHUE IUKIOHBI B 3TOT PaliOH MPHUXO/AT PEXke, 0CAIKOB BINANACT NPH-
MEpHO B J[Ba pa3a MEHbIIIE, YeM B JICTHUH EPHOI.

Ha GospImHCTBE OCTANIBHBIX CTAHIMHA MAKCHMYM IIOBTOPSIEMOCTH TOJIOJIEAA TPH-
XOJIUTCS Ha XOJIOHBIHM MEPHOA U MEPEXOTHBIE CE30HbI, PA3INYasICh JINIIb a0COTIOTHBIMA
3HAYEHUSIMU C y4E€TOM KOJIMYECTBA OCAIKOB M BIArocoiepkanus Bosayxa. C yderom
TEMIIEPaTypPHOTO PEXHUMa, TIPOAOKUTEIEHOCTH TEIUIOTO 1 TIEPEXOHOTO CE30HOB MEPUOJ
0e3 rojosieia cOCTaBIsICT B OCHOBHOM OT 3 10 5 MecsiueB. B 3anagHoil gactu pernona
1 JUI 3HaYNTEIBHOW YacTh NMPHUOPEKHBIX CTAHIMH, T/e KJIMMar 0ojiee MATKHH, B mepe-
XOJIHBIE CE30HBI I0/1a 3eMHast HOBEPXHOCTh HE MEPEOXIIaXKIeHa 10 TaKOH CTENCHHU, YTOOBI
BBIITA/IAIOINE OCAIKHU B )KUIKOM BHJIE OBICTPO OXJIAXKAAINCH M MIPUBOIMIIHN K TOJIOIEIHBIM
OTIIOKeHHUsAM. TaM MeHbIlIe 00Iee KOJIUIECTBO CIIydaeB roynojeaa 3a Tog.

W3 maHHBIX HAOMIONEHUH CIIeMyeT, 4To JUId 3amaaa u rnentpa teppuropun C3DO0 xa-
paKTepHO o0IIiee YBEINUEHHE ITOBTOPSIEMOCTH TOJIOJIE/IA C 3aMaia Ha BOCTOK (pHcC. 3a), UTo
CBSI3aHO C yBEJIMUCHHEM KOHTHHEHTAJIBHOCTH KIMMATa M TIOHIKCHHEM TEeMIIepaTypsl Ipu
JIOCTATOYHOM KOJIMYECTBE OCA/IKOB M BIAKHOCTH Bo3myxa. Jlaiee, ¢ yBEIMUCHHEM KOHTH-
HEHTAJIFHOCTH B BOCTOYHON YacTH PErMOHA KOJIMYECTBO OCAJKOB U BIAXKHOCTH BO3IyXa
YMEHBIIIAIOTCS, TO3TOMY MOBTOPSIEMOCTB ToJI0NIe/Ia CHIbKaeTcs. TakuM o0pazoM, HanOobIIe
3HAYCHUS B cpemHeM HaOmomaroTes B eHTpansHoi yactu C3PO0 B 30me 40-50° B. 1. Hc-
KITFOUCHUSI COCTABIISIFOT OT/IENIBHBIC CTAHIINH, T/Ie MECTHBIE YCIIOBHSI M PACTIOIOXKEHHE CTaH-
LMK CIOCOOCTBYIOT YBEIIMUYEHHIO YNCIIA CITy4aeB C Toyoye oM. Takumu (akTopamu MOTYT
Ob1Th Bo3BBIMIEHHOCTH HA ETP, /16 Ha HABETPEHHBIX CKIIOHAX BBINAAACT OOJIBIIE OCA/IKOB,
a BBIXOJIQXKMBAHNME IIPH MTOIBEME CO31aeT OIaronpHsATHBIN UIsl 00pa3oBaHus rojosneaa GoH.

Eme onHUM cyIiecTBEHHBIM (JaKTOPOM SIBIISIETCS! BBIXOA ATIAHTHUECKUX M FOXKHBIX
LUKJIOHOB, KOTOPBIE MOCTENIEHHO CMEIAIOTCsl Ha ceBep. TakuM 00pa3oM, ceBEpHBIE Tep-
puropun ETP oxa3piBatoTcs 1mof BIMSHHEM aTMOC(EPHBIX (PPOHTOB M TEILIBIX CEKTOPOB
LIUKJIOHOB, IJIE I0CTATOYHOE KOJIMYECTBO OCA/IKOB M a/IBEKINS B CEBEPHBIE IIIMPOTHI OTHO-
CHUTEIIHHO TEIIOr0 BO3/IyXa CO3Jal0T OIaronpHusITHBIC YCIOBUS A7t 00pa3oBaHMs TOIoNe/a.
Oco0OeHHO SIPKO ATO TPOSIBISIETCS] B XOJIOMHBIN TEPHOL,.

Ha puc. 36 noka3zanbl ko3(h(HUIHEHTHI JIMHEHHOTO TPEeH/Ia YuciIa THEH ¢ roioiIeaoM
3a UCCIIeAyEeMbIi MepHoA Ut KXol craHnun. OTpHnareabHble 3HaYeHns Ko dunnenTa
HeBenuky. Hanbornee 3aMeTHa TEHIECHIMS yBETMYSHHUS TOBTOPSIEMOCTH B IIEHTPAIEHON YacTH
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Fig. 3. Total number of urgent observations (1986-2022), in the course of which ice deposits were
observed at the meteorological stations, in the territory of the Northwestern Federal District
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C3®0. 310 MOXKET OBITH CBSA3aHO C IUPKYIAIHOHHBEIM (PAKTOPOM, B YACTHOCTH C POCTOM
TTOBTOPSIEMOCTH BBIXO/a IIUKJIOHOB YMEPEHHBIX IIMPOT HAa CEBEP W BIMSHEM HX TETUIBIX
CEKTOPOB M 0C3/IKOB aTMOC(EPHBIX ()POHTOB HA (hOHE CITAO0OTPULIATEIIBHON TEMIIEPATyPBbI,
CTIOCOOCTBYIOIIMX YBEJIMIEHHUIO YHCIA CirydaeB rononeaa. C mpoxokIeHNEeM [IUKIOHOB TaKKe
CBSI3aHO YCHJICHHE BETPA, CIOCOOCTBYIOLIETO €elie OoJiee aKTMBHOMY HapacTAaHUIO TOJI0JIEa.

Poct Temneparypsl u xonudecTBa ocagkoB B C3PO ormeuaercs u B TpeTbeM olie-
HOYHOM JIOKJIa/i¢ 00 N3MEHEHMSIX KJIMMaTa U UX MOCIIEICTBUIX Ha Tepputopuu Poccniickoit
®Deneparuu [13]. DTo cornmacyercs ¢ 00MIel TEHASHIIUEH pocTa TOBTOPSIEMOCTH TOJIONENa,
MTOJIYYCHHOW B JaHHOM pabote (puc. 30).

Taxum 00pa3oM, COBMECTHOE BIHSIHHE ITUPKYIAINOHHOTO U (H3UKO-Teorpadmde-
ckoro (hakTopoB Ha (POHE MOTEIUICHHS U YBEIMUYCHUsSI KOJUUYECTBa 0CaaKoB (hOpMHUPYET
HEOTHOPOJIHYIO B IIPOCTPAHCTBE KapTHUHY MOBTOpsieMocTH rojonena B C3DO.

B Teuenue roja maMeHEHHE MOBTOPSIEMOCTH TOJIOJCIHBIX OTIOKEHHUI B pa3HbIC
CE30HBI MOXKET MPOSIBISITHCS 1TO-Pa3HOMY, HEOOXOMMO aHAJIM3UPOBATH KaXJIbIH MecsI
otzaenbHO. Kak mokaszanmy HaIllm pacueTsbl, B Mepuof ¢ GeBpais 1Mo MapT HaOIrogaeTcs
HauOoJIbIIast CKOPOCTh YBEIMYECHHUS TIOBTOPSIEMOCTH TOJIOJIEAHBIX OTIOKeHUH. Pacmpe-
JIeTIeHNe MAaKCHUMaJIbHBIX 3HAUCHUH TPEHa MOBTOPSEMOCTH CIIydaeB Ul HCCIIELyeMON
TeppUTOpHH 32 (heBpasib B HAMOOJIBILIEH CTEIICHU COBIIAJIAET C TOAOBBIM TPEHIOM. MOXHO
TIPEIIOJIOKNTD, YTO UMEHHO N3MEHEHHE METECOPOJIOTHUECKHX YCIOBHH B (heBpasie BHOCHUT
BECOMBII BKJIaJ B U3MEHEHUE OOIIEr0 YMCIia CIy4aeB C TOJI0JE0M B TEUCHUE TOfa.

[Tomry4eHo, 4To B MIOHE JyIsl OONIBIIEH YaCTH UCCIIEyeMOH TEPPUTOPHH, 33 UCKITIOUe-
HHEM BOCTOUHBIX paiioHoB PecrryOmukn Komu, HaOmonaeTcss yMEHbBIIIEHHE YHCIIA CPOTHBIX
HaOJIO/IeHN 1, BO BpeMsi KOTOPBIX ObUTH 3a()MKCHPOBAHBI TOJIOJEHbIE OTIIOKeHHs. Hau-
OoIpIasi CKOPOCTh MHOTOJICTHETO YOBIBaHMSI TAKHUX CITydaeB HalOmomaeTcs B AMaepme
(puc. 3). D10 MOXKET OBITH CBS3aHO C MOBBIIICHHUEM JIETHEH TeMIepaTypbl BO3ayXa.

B mpuOpesxHbIx paiionax MypMmaHCKOH U ApXaHTeIbCKOH oOiacTeld ¢ Mrois 1o
CEHTA0pPh M3MEHEHNSI HE3HAUYNTEIbHBI U B OOJBIIMHCTBE CIyYaeB OTCYTCTBOBAIU. JTO
OOBSICHSETCS TEM, YTO B TEIUIBIHA MEPUOJ TOAa JUIs ATUX PailOHOB HE XapaKTepHO o0pa-
30BaHUE TOJOJIETHBIX OTIIOKEHHH.

[TokazaHo, 4To HauOOJIBIINE U3MEHEHHS TIOBTOPSIEMOCTH CPOYHBIX HAOIONCHUI, BO
BpEMsl KOTOPBIX ObUIM 3a()MKCHPOBAHBI TOJIOJIETHBIC OTIIOXKEHUS, POSIBIIAIOTCS B Mepe-
XOIHBIE CE30HBI Tofa. B BeceHHmii nmepno Ha OOJbIIEH YaCTH UCCIETyEeMOH TePPUTOPHH
MIPOUCXOTUT YBEINUCHHUE TIOBTOPSIEMOCTH TaKnX HAOIIOAEHHUH, a B OCEHHUI pacrpeielieHre
ClTy4aeB HOCHUT 00Jiee CIOKHBIN XapaKTep: HEOAHOPOIHOE PacIpeneIeHHE IO H3yJaeMOon
obnacrH.

OO1mast HaNpaBIEHHOCTh TPEH/IOB TaKOBa, YTO TaM, I7ie OBUIM MAKCUMYMBI TIOBTO-
PSAEMOCTH TOJIONEa, UX YHUCIO0 eme Oosee Bo3pocio 3a 19862022 rr. Ha tepputopusx,
I7Ie CIIy4au roJiojiela B CPeIHEeM IPOUCXOIMIIN PeXe, UX YMCIO Ha MPOTSHKEHUU 37 jet
YMEHBIIAIOCH.

MHoroJyieTHHE U3MEHEHUsI Yrcia aHel ¢ rojoneaoM B C3DO uMeroT o0IIyo TCH-
JICHIIMIO K YBEJIMYEHHIO, OHU OBIIIM PAacCUMTAHBI ISl KaKIOH METEOPOIOTHIECKOH CTaH-
uu. Cpennue ais C3DPO exerofHble 3HaYCHUS MpecTaBiIeHbl Ha puc. 4. Kak BugHO 13
TIOJTyYCHHBIX PE3YyNIbTaTOB, HECMOTPS HA 3aMETHBIN MEXTOJ0BOI pa3dpoc, TPEH B IIEIOM
MIOJIOKUTEINBHBIH, a IUCIIepCHsl BPEMEHHOTO psja coxpansercs. CpenHee KBagpaTude-
CKOE OTKJIOHEHHE, XapaKTepu3yIollee MPOCTPAHCTBEHHBIH pa30dpoc NaHHBIX B Tpejenax
TEPPUTOPHUH, COCTABISAET B CpeAHEM 7,8 mHEH B roxy (MaKkCHMMalbHEIN pa3opoc 4,3 mHei
B TOJy, MAKCUMaJbHbIi — 12,4 nHeil B roay).
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Fig. 4. Number of days with glaze ice per year, 19862022

BuiBoabI

— TToBTOPSIEMOCTD TOJIONEIHBIX OTIOKEHHUH B TEUCHHE T0Ja UMEET HEOJHOPOIHOE
pacupenenenue no npoctpanctBy C3DO0. Hanbonpmmie 3HA9YCHUST XapaKTePHBI JIIs IICH-
TPaJIBHOM YacTH OKpYyTa, YTO MOXKET OBITH CBSI3aHO C ONTHMAaJIbHBIM COYETAHWEM TEM-
HepaTypsl U BIAKHOCTH BO3AYXa, KOIMYECTBA OCAAKOB, MIOCKOIbKY B 3alaJHON 4acTH
MPOIOKUTENIEHOCTD TEILUIOTO CE€30Ha AOJIBIIE, a B XOJIOAHOW BOCTOYHOM 4acTH MO Mepe
yAaleHHs OT OKeaHa YMEHBIAETCsl BIAaroCoAep:KaHue BO3IyXa.

— Ce30HHBIH MaKCHMyM TIOBTOPSIEMOCTH TOJIOJIEHBIX OTIOKEHUH HA OOJIbIIeH YacTH
OKpyTra OTMEYAeTCsl B XOJIOAHBIA MEPUOJ U IEPEXOHBIE CE30HBL, HO B CEBEPO-BOCTOUHON
YacTy HAOJIOAeTCs B JICTHUH CE30H, UTO CBSI3aHO ¢ MAJION MTPOAOIKUTENIBHOCTHIO TEIIIOTO
HEePUOJA U €T0 HU3KOH TeMIepaTypoil. YBEINYEeHUE YaCTOTHI SIBJICHUS TOJ0JIEAA B LIEHTPE
C3®dO MoXeT OBITH CJICIICTBHEM BIMSHHS TEIUIBIX CEKTOPOB M OCA/IKOB Ha aTMOC(HEPHBIX
(poHTaX 3amagHBIX U IKHBIX [UKIOHOB, IIOCTEIEHHO MTOBOPAYHMBAIOIINX K CEBEPY.

— Tpena NoBTOPSEMOCTHU TOJIOJIEAHBIX OTIOXKEHHH 3a nmepuox 1986-2022 rr. Ha
teppuropun C3PO pacnpeneneH no NpocTPaHCTBY HEOJHOPOIHO: B OCHOBHOM Hau-
Oonpinue 3HaYeHUS KOA(GHUINEHTA JTMHEHHOTO TPeHJa pacloyiiaraloTcs B TeX Jke paio-
Hax, TJIe OTMEYAIOTCsS HauOOJIbIINE 3HAUCHNUS TOBTOPSIEMOCTH B COBPEMEHHOM KJIMMATe.
PacueTsl MHOTOJIETHHX TPEH/IOB JUISl KayK/I0TO MecsIa rojia MoKa3aiu, YTo OHM Hanboee
BBIpaXKEHBI B (peBpajie M BHOCAT HanOosIee BECOMBIN BKJIA/ B I3MEHEHHUE TOJJOBOH CyMMBI
MOBTOPSIEMOCTH TOJONEA 10 CPABHEHUIO C JPYTUMH MECSLaMu.
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AnHoTtanus. IlomydeHs! penpe3eHTaTHBHbIC MOKA3aTeNH KINMATHUECKHX M3MEHEHMH TeMIepaTypHOTO
JI€TOBOTO PeXKIMA MOPCKOH APKTHKH U BIHSIOIINX Ha HUX (aKTOPOB B COBpeMEHHBIH nepuof. Mcmonp3oBana
CpefHEMECUHAs MPUITOBEPXHOCTHAS TEMIIEpaTypa BO3AyXa Ha THAPOMETEOPONOTNIECKUX CTAHIHAX B 3TOH
obmnacTy, a TaKkKe JaHHbIE peaHann30B. [ XapaKTepUCTUKH NPEABICTOPHY TEMIIEPATYPHOTO PEXKHMA HCIIOMb-
30BaHbI bl Habmonerni ¢ 1901 . i3MeHeHns 1e10BOro pekuMa OLEHHBAIOTCS T10 3HAYCHHUAM JICOBUTOCTH
Ha caiire AAHWY, a BiusHue TemmepaTypbl OKeaHa — 10 CPEIHEMECSYHBIM 3HAYCHUAMHE TEMIIEPaTyphl 110-
BepxHOCTH okeaHa u3 peanann3a HadISST u temmeparypst Boxsl B ciioe 50-200 M Ha paspese mo Kombckomy
Mepuanany. CBS3b TapaMeTPOB TEMIIEPATYPHOTO PEXKIMA U BIUAIOLINX (PaKTOPOB XapaKTepusyeTcs Kodphuim-
SHTaMM KOPPETAIMHU 1 KOppersioHHeiMy rpadami. [Tokasana onpeensiomas poib B pa3BUTHI MOTEIUICHUS
B APKTHKE TEMNA U BIIATU C aTMOC(EPHBIMH U OKEAHCKHMH MEPEHOCAMH U3 MPHIETAIOMIIX H HU3KHX IIHPOT H
BO3MOXHOCTb TIEPCTIEKTUBHOH OLEHKH KIMMATUIECKUX N3MEHEHHH.
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Abstract. Changes in the temperature regime of the marine Arctic and the influencing factors are considered
based on the current knowledge of the causes of climate change and the use of new data sources. In the Arctic,
the warming is developing due to such factors as the increase in the transfer of heat and moisture from the low
latitudes. This, in turn, drives the feedbacks in the Arctic climate system, increasing the flow of long-wave
radiation to the surface due to rising atmospheric water vapor concentrations and slowing down the growth of
the sea ice thickness in winter. The increase in the atmospheric heat transfer to the Arctic is associated with
changes in atmospheric circulation, in particular, under the influence of ocean surface temperature anomalies,
especially in the low latitudes since the bulk of the heat influx from the from solar radiation and anthropogenic
forcing is accumulated here. Analyzing the causes of warming in the Arctic in the 1930s and 40s led researchers
to the conclusion that the water influx from the North Atlantic is a factor to consider. Therefore, the influx of
warm and salty water is also an important influence on the formation of the climate of the marine Arctic today,
which should be taken into account when monitoring the temperature and ice regime of this area. Based on the
analysis of the characteristics of climate variability in the marine Arctic and its causes, the article examines
representative indicators of climate change in the temperature and ice regime of the marine Arctic and the factors
influencing them in the present period.
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BBenenue

MOHHUTOPHHT TEMIIEPATYPHOTO PEeKMMa KaK YaCTh MOHMTOPHHIA KITMMaTa APKTHKH OCHO-
BaH Ha MCIOJIB30BAHHUH JAHHBIX HAOTIONEHHMI HA METEOPOIOTMUECKHUX CTAHIMSIX, PACTIOIOKEH-
HBIX K ceBepy oT 60° c. 1. (/Joxnad 06 ocobennocmsx knumama na meppumopuu Poccutickoti
@eoepayuu 3a 2022 200. M.: Pocrinpomert, 2023. 104 c. https://meteoinfo.ru/images/media/
climate/rus-clim-annual-report.pdf (nara ooparenus: 04.11.2023)), 1 JaHHBIX peaHAIN30B
(Druckenmiller M.L., Thoman R.L., Moon T.A. (Eds.) Arctic Report Card 2022; 2022. https://
doi.org/10.25923/yjx6-r184 (mara obparienus: 04.11.2023)), T. ¢., B 3HAYUTEIBHOMN YaCTH, BHE
Apkruky. [Tpy 9T0M 0TCYTCTBYIOT 000CHOBaHHE TAKOTO BHIOOPA U OOIISTIPHHSTAS TEXHOJIOTHsI
OLICHHBAHUSI [TAPaMETPOB TEMITIEPATYPHOIO PEXKIMA. ITO NPUBOIMT K PA3TINYAIOIIUMCS OLIEHKAM,
B YaCTHOCTH, TaK Ha3bIBAEMOTO «aPKTHYECKOTO YCUJICHHSDY COBPEMEHHOTO TIOTEILICHNSI KITUMaTa.
PernpeseHTaTHBHBIC HHIMKATOPBI N3MEHEHUH TEMITEPATYPHOTO PEKMMa APKTHKH M BITUSTIOIIIX
(hakTOpOB MOT'YT OBITH MPEUIOKEHBI, HCXOJIS U3 COBPEMEHHBIX 3HAHUI O IIPUYMHAX U3MEHEeHUI
KJIMMaTa APKTHKU U IIAPOKOTO KCIIOJIB30BAHKS HOBBIX UCTOUYHUKOB JIAHHBIX.

OCHOBHO#H NMPUYMHON MT00AIBHOTO MOTEIICHHSI CYMTAETCSI POCT KOHIEHTPAIHU
NapHHUKOBBIX T'a30B B arMoc(epe B pesynbrare JesiTelIbHOCTH YeioBeka [1]. B Apkruke
100aJbHOE TOTEIJICHNE Pa3BUBACTCS C y4acTHEM pOCTa NepeHoca Tella U BIaru u3
HU3KHUX IIUPOT [2], KOTOpOe, B CBOIO Ouepes, MPUBOAUT B JeiicTBUE 0OpaTHBIE CBA3U
B apKTHYECKON KIMMaTHYECKOH cucteme [3—5] 1 yBennueHne MpuToKa JITHHHOBOJIHOBON
paauanuy K MOBEPXHOCTH BCIEACTBHE POCTa KOHIIEHTPAIMK BOJSIHOTO apa B arMocdepe,
BBI3BIBAIONIETO 3aMeJIEHUE POCTa TONIIUHBI MOPCKOTO Jbaa [6].

Poct MepuanoHanbHBIX arMoc(hepHBIX NEPEHOCOB Teria B APKTHKY CBSI3aH C H3-
MEHEHHSIMH [UPKYISIIIMN aTMOC(EPBI, B YaCTHOCTH, B Pe3yJIbTaTe BHEITHUX BO3JICHCTBUNA
Ha TIPOCTPAHCTBEHHO-BPEMEHHOE PACTIpEIeieHHEe U MHTEHCUBHOCTh aTMOC(EPHBIX IIUPKY-
JISIIIMOHHBIX CTPYKTYP. 3HAYUTEIBHOE BIMSHHUE HA aTMOC(HEPHYIO IIUPKYJISILHUIO H, CIE0-
BaTeNIbHO, Ha aTMOC(EPHBIii IIEPEHOC TEerIa 0Ka3bIBAIOT AHOMAIIMH TEMIIEPATyphI IIOBEPX-
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HocTH okeana (TTIO) [7-9]. OcobeHHO BenmKa poiIbh aHOMAIIMH TEMIIePaTyphl TOBEPXHOCTH
OKeaHa B HU3KNX IIUPOTaX, MOCKOJIBKY 37IECh 3aI1acaeTcsi OCHOBHAS YacTh IIPUTOKA TETLIa
CBEpXy OT COMHEYHOHN pagualnui U aHTpororeHHoro ¢opcunra [10-12].

AHanu3 npuuuH norerieHus B Apkruke B 1930-1940-e rr. npuBen uccnenopareneit
K BBIBOJY O BIHMSIHAHU MpHUTOKa BobI M3 CeBepHOl AmmanTtuku [13—15].

[MocTynienue TEIIoi n CoIEHOH BOABI SBISETCS BaKHBIM IPOLIECCOM U JUIs (POpMU-
POBaHUS COBPEMEHHOTO KJIMMaTa MOPCKOH APKTHKH, KOTOPBIH TakXKe CIeLyeT YUNThIBATH
IIPU MOHUTOPHHTIE TEMIIEPaTypPHOTO U JIEAOBOTO PEKUMA ITOH apKTUUECKOI 00IacTH.

[enb cTarhy — MIpPEACTaBUTh HAa OCHOBE aHaJIM3a OCOOCHHOCTEH M3MEHYHMBOCTH
KJIMMara B MOPCKOH ApKTHKE, €€ IIPUYNH, HCIIO0JIb30BaHMS OOMIMPHBIX M HOBBIX JaHHBIX
perpe3eHTaTHBHbIC MTOKa3aTeIN KINMAaTHIEeCKIX U3MEHEHNH TeMIIepaTypHOTo U JIEI0BOTO
peKMMa MOPCKOH APKTHKH M BIMSIOIINX HA HUX ()aKTOPOB B COBPEMEHHBIN MEPUOI.

MaTepna.m,l H METOAbI

JInist o1leHKH M3MEHEeHui TeMneparypHoro pexxuma ¢ 1951 . ucrosnb3oBaHa cpeiHeMe-
CsiuHas MPUINIOBEpXHOCTHas TeMmeparypa Bo3ayxa (IITB) na 41 runpomereoponoruueckoi
CTaHIIMHU B 00JIaCTH MOPCKOM ApKTHKH, coOMpaemast Ha caifrax rp5.ru u pogodaiklimat.ru.

IMokazarensmu ciysxat cpequue 3Hadenus [ITB Ha 41 cranuuu 3a KaxIbli Mecsl,
ce3oH u rojl. Takxke paccuutbiBatoTcs cpennue [1TB Ha 24 cranuusx, pacrnonoKeHHbIX Ha
ocTpoBax U nobepexbe yeTbipex Mopei CeBeproro mopckoro mytu (CMID), u cpennue
IITB nnist oTAenbHBIX Mopei. 1 XapaKTepUCTUKH MPEbICTOPUN H3MEHEHUH TeMIepaTyp-
HOTO peXXnMa UCIIONb30BaHbl HanboIIee MPO0JDKUTEIbHBIE psiyibl HaOmoneHni (¢ 1901 1)
Ha 7 apKTHYECKUX THIPOMETEOPOIOTHYECKUX CTAHIIMSX.

Cpennemecsiunast [ITB B y3nax perynsipHoii cetkn u3 peananuzoB NCEP (http://
www.cpe.ncep.noaa.gov/data/indices/) u ERAS (https://www.ecmwf.int/en/forecasts/
datasets/reanalysis-datasets/era5) npumeHsuIach JUIsi CPaBHEHUS CPEHEH TeMIeparyphbl,
paccunTaHHOM MO CTAHIMSM M 110 3HAUCHUSIM B Y3JIaX CETKH, a TakKe IS pacueTa Mo-
Kazareseil Biustomux GpakropoB. CpeHeMecsSYHbIe 3HaY€HHs TUIOIIA/IH, TIOKPBITONH MOp-
CKHM JIbJIOM (J1e1oBUTOCTH B kM?) B CeBepHOM Jlenoutom okeane (CJIO), B Mmopsix CMIT
B3sTHI ¢ caiita AAHWU (http://wdc.aari.ru/datasets/ssmi/data/north/extent/). [lns pacuera
NoKaszareseil BIUSIONMX (GakTOPOB UCIIOIB30BAINCH CPEHEMECSYHbIC 3HAUCHHUS TEMIIe-
parypsl IOBEPXHOCTH OKeaHa, npejcrasieHnbie B peananmse HadISST (http://hadobs.
metoffice.com.hadsst/), cpeqHemecsiuHble 3HaYEHHST CPEHEH TeMIepaTypbl BOJBI B CIIOE
50-200 m nHa pa3pese o Konbckomy mepuauany, npejacraBiennbie Ha caite [IMHPO
(http://www.pinro.vniro.ru/ru/razrez-kolskij-meridian/ryady-nablyudenij/).

O1eHKH TTapaMeTPOB TEMIIEPATypPHOTO PEXKNUMa H TIOKa3aTeNei BIUSIOMNX (aKkTopoB
MOJTy4YEHBI ITyTeM OCPEIHEHHs HAOMIONEHUH Ha apKTUYECKUX THJIPOMETEOPOIOTHUECKUX
CTaHIMAX ¥ NPOCTPAHCTBEHHOTO OCPETHEHUSI JaHHbBIX peaHamn30B. CBs3b MEXKIAY HUMHU
Xapakrepusyercsi KoahureHTaMu Koppessiinm, a 00001eHre CBsI3el 0CyIeCTBISETCS
C UCIIOJIb30BaHUEM KOPPEISIMOHHBIX TpadoB.

Pesyabrarsl

Temneparypa Bo3ayxa
O1eHKH N3MEHEHUH IPUTIOBEPXHOCTHOM TEMITepaTyphl BO3IyXa B 00IaCTH MOPCKOH
APKTHUKH TIO TaHHBIM 41 cTaHIIMHM Ha OCTpOBax U modepexne CeBepHOTO JlemoBuTOrO OKea-
Ha 3uMoi 1 JetoM ¢ 1951 mo 2023 1. mokasans! Ha puc. 1 (a—6). C cepenunnt 1990-x IT. 110
2020 . TemriepaTypa 31ech MOBBICHIIACh 3UMOI Oonree ueM Ha 4 °C, a etom — Ha 2 °C.
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ocme 2018 1. IITB 3umoit mornsmiack k 2023 1. Ha 2 °C. Jlerom nonmxkenue [1TB B ot
roael coctaBmiio 0,5 °C.

B 2010-¢ IT. 0cOOCHHO 3aMETHO TOTEIIIENIO Ha aKBATOPUU CHOUPCKUX aPKTUIECCKIX
mopeii (Kapckoe, JlanteBrix, Bocrouno-Cubupckoe, UykoTckoe Mopsi), IO KOTOPBIM TPO-
xomuT CeBepHBIIl MOPCKOH ITyTh. J[aHHBIE METECOPOIOTUICCKIX CTAHIIMA Ha IMOOEpekKbe
1 0CTpoBax Mopeit (puc. le—e) MOKa3bIBAIOT MOBBIMICHNE 3UMHEH TEMIIEpaTyphl BO3yXa
¢ 1970-x rr. mo 2018 1. Ha 6 °C, a netner k 2020 . mourn Ha 3 °C. K 2023 r. 3umoit
TeMIIepaTypa noHu3mIach Ha 3,5 °C, a metom Ha 2,6 °C. 3amMeIeHre pocTa TeMITepaTyphl
BO3AyXa U Havajo moHmkeHus nocie 2020 1. 6oiee 09eBUIHO B U3MEHEHUSAX CPEIHEH
IITB Ha 7 craHnusx ¢ HayaiaoMm HaOmroneHuit B 1901 . (puc. lorc—u).
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Puc. 1. Cpenuss temiieparypa Bo3ayxa 3UMOH (a, 2, Jic) 1 JIeTOM (8, e, i) TI0 JaHHBIM METeOPOJIOTH-
YecKnX cTaHuui B Apkrrke (6, 0, 3) ¢ 1901 mo 2023 .

[TpunoBepxHocTHAs TemIeparypa Bo3ayxa B 1951-2023 . cpennsis 3a qexadbpb—depais (a) u 3a
HIOHBb—aBIyCT () Ha 41 craHmy B MOpckoit Apkruke (6). CpeqHsisi TemIieparypa Bo3Iyxa Ha akBa-
TOPHHU CHOUPCKHUX apKTHYECKUX Mopei 3uMoii (2) u getom (e) B 1951-2023 rr. 0 — MeTeoposoru-
YecKne CTAHLMH Ha I00epekbe U OCTpOBaxX apKTHYecknx Mopeill. CpenHss TeMnepaTrypa Bo3yxa
Ha 7 apkTudeckux cTaHiusx B 1901-2023 rr. 3umoit (o) u getoM (u); 3 — METEOPOIOrHICCKHE
CTaHIMU B MOPCKOH APKTHKE C JUIUTEJILHBIMU HaOMroneHUsIMH. [TyHKTHp — 1MoiIMHOM 5-# cTereHn

Fig. 1. Average air temperature in winter and summer in the marine Arctic.

Average surface air temperature for December—February (a) and June—August (g) at 41 stations in
the marine Arctic (6) in 1951-2023. Average air temperature of the Siberian Arctic seas in winter ()
and in summer (e) in 1951-2023; 0 — meteorological stations on the coast and islands of the Arctic
seas. Average air temperature at 7 Arctic stations in winter (orc) and in summer («) in 1901-2023;
3 — meteorological stations in the maritime Arctic with long-term observations. The dotted line is
a fifth degree polynomial
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B m3menenmsax temmeparypsl B 1901-2023 1T oueBHIHO MpUCYTCTBHE Ha (HOHE
TpeHla KBAa3UIIEPUOIUIECKOrO KoJIeOaHUsI C HAaJIOKEHHEM MEXToJ0BOM M3MEHUYHBOCTH.
IIpoucxoxaenne 3Toro nmpuMepHo 70-IeTHero KoieOaHus CBA3aHO ¢ ATIaHTHYECKOM
MexecaTwietHelt ocinsinuei (AMO) [8, 9, 16], BeaensieMol B MIBMEHUYUBOCTH TEMIIE-
parypsl IOBepXHOCTH okeaHa B CeBepHOil ATnanTuke ¢ koHa XIX B. B Buge 60—80-et-
Hero konebanus [17]. Bocnpoussenenne AMO B dKCIIiepUMEHTax Ha TI00aJIbHOW MOJIEIH
MUPKYISAIHMA okeaHa [18] monTBepkIaeT pearbHOCTh M YCTOHYUBOCTE ATOTO (heHOMEeHa
JUHAMHUKH ATIAHTUYECKOro okeaHa. 70-JieTHee KBa3HIEpPOIMUECcKoe KojeOaHue BMecTe
C TPEHAOM Ha pHuC. 1 00pa3yIOT HU3KOYaCTOTHOE M3MEHEHHE, KOTOPOE BHOCHT OCHOBHOM
BKua B usMeH4unBocTh 1ITB B 1901-2023 rr., nocturatouuii 93 % st cpeaHeit 3a rof
IITB u 75 u 80 % g cpemHUX 3a OCEHHHUE W 3UMHHE MECSIIBI, YTO MOKET ITOCITYKUTh
ocHoBoM [t skctpanoisuy [1TB Ha crnexyronmwii 70-metHuit ki [16].

CoxpaiieHue MOPCKOro JIeAsTHOI0 IOKPOBa

[Morensenue B ApKTHKE CONPOBOXKIACTCSI COKPAIIEHHEM ILIOIIAAN MOPCKOTO JIbJa.
TpCH)]BI Cpe}lHeﬁ JICAOBUTOCTU BO BCC MECALIBI OTPUIATCIbHBI, KDOME OTACJIbHBIX HE3HA-
YUMBIX OJM3KUX K HYJIFO TPCHIIOB B apKTHUECKUX MOPsX ¢ (heBpasist 1o amnpens (puc. 2a).
MuHuMaNIbHbIE 110 a0COJOTHOM BEIUYHMHE TPEHABI IPUXOAATCA Ha alpeiib, a MaKCU-
MaJIbHBIC — Ha OKTS[6pI>. Poct TPEHAOB JICAOBUTOCTU C Mas MO HUIOJIb IPOTUBOIIOJIOXKEH
YMEHBIICHUIO TPEHIOB TeMIIepaTypsl B 3TH MECHIBI (pUC. 20), YTO MOJKET YKa3bIBaTh Ha
OXJIX/IA01Iee BIMSHHUE PACTYIETO TasIHUS CHETa | JibJla M IIPOTrpeBa BOJBI B 9TH MECSIIbI.

B CJIO nexoBuTOCTh B CEHTAOpE COKpaTHiIach OT MakcuMyma B 1980 r. 10 MUHUMY-
Ma B 2012 1. Ha 54 %, unu B 2,2 paza. [Ipu 3ToM coKpalieHre TeCHO CBSI3aHO C POCTOM
JIeTHe# Temneparypsl Bo3nyxa (puc. 3a). Ha aksaropun mopeit CMII miomans Mopckoro
abaa (ITMJI) B centsiope (puc. 36) ObicTpo cokpamaiack ¢ 1996 1. BMecTe ¢ pocToM
JIeTHEH TeMIepaTypsl BO3Myxa U 3a aecsath JieT K 2005 . ymeHbmnach ¢ 1892 Teic. Km?
10 234 teic. kKM%, B mocnemyroniye romsl IIONaabp Koinedaaach BOIU3H 3TOTO YPOBHSI
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Puc. 2. KoapuunenTs! Tpenaa cpeqHeMecsqHOM JISTOBUTOCTH (@) U TeMIleparypsl Bo3ayxa (6) B
MOPCKOH ApKTHKE.

a: 1 — Cesepusiii JlenoButslii okean; 2 — mopsi CeBepHoro Mopckoro mytu (3 — Kapckoe, 4 —
JlanteBbix, 5 — Bocrouno-Cubupckoe u 6 — Uykotckoe). 6: [ — CeBepHblii JIeoBUTHIN OKeaH;
2 — mops CesepHoro mopckoro yTta (Kapckoe, JlanreBbix, Boctouno-Cubupcekoe 1 Yykorckoe)

Fig. 2. Trend coefficients of average monthly sea ice extend («) and air temperature (6) in the marine
Arctic.

a: I — Arctic Ocean; 2 — seas of the Northern Sea Route (3 — Kara, 4 — Laptev, 5 — East Siberian
and 6 — Chukchi Sea). 6: 1 — Arctic Ocean; 2 — seas of the Northern Sea Route (Kara, Laptev,
East Siberian and Chukchi Sea)
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Puc. 3. [Tnomane, 3aHATas MOPCKUM JIBJIOM B CEHTSIOpE, M JIETHSS TeMIIepaTypa BO3yXa Ha aKBa-
topun CeBepHoro Jlenosuroro okeana (a) u Mopeit CeBepHoro Mopckoro mytH (6) B 1980-2023 rr.
R — k03 GUIIIEHTHI KOppeIIsuu

Fig. 3. Sea ice extend in September and summer air temperature in the Arctic Ocean (@) and the seas
of the Northern Sea Route (6) in 1980-2023. R — correlation coefficients

C MUHHMAJIbHBIM 3HaueHueM 26,3 Toic. kM? B 2020 ., MCHBIINM, YeM MPE/IIIECTBY FOIHIA
muHUMYM 2012 1. (37 TBIC. KM?). B 2023 I mutomazap jbaa Bo3pocna 10 316 Teic. KM,
3uUMOH COKpallleHHe JeIOBUTOCTH MHOIO MeHblle, yeM jieToM. CokpalieHue ot
MakcuMmyma B Mapre 1982 r. o munumyma B mapre 2016 r. B CJIO cocraBuno 9 % npu
tpenae — 17 teic. kM? B roa. B mMopsx CMII B mapTe cokpalieHHe JICAOBUTOCTH OT
Makcumyma B 1979 r. no muaumyma B 2017 1. cocraBmiio uyts Oosnee 1 %, a TpeHx Ha
cokpatenue — 321 km? B roz. [Ipu 3TOM 3aBHCHMOCTB JIEIOBUTOCTH B MapTe OT 3UMHEH
TeMITepaTyphbl BO3/lyXa XapaKTepHU3yeTcs 3HAYUTENILHO Oosiee HU3KUMHU Kod(h(pUIneHTaMu
KOPPEJISIMY 110 CPAaBHEHHIO C 3aBUCHMOCTBIO JIGIOBUTOCTH B CEHTAOpE OT JICTHEH TeMIe-
paTypbl BO3/lyXa: KOPPEILSILUS MEXKTy JITOBUTOCTBIO B MapTe M TEMIIEPaTypoi B Jekadpe—
¢espane B CJIO cocraser —0,72 (;terom —0,92), a B mopsax CMIT —0,48 (;metom —0,87).

(I)aKTOPLI, BJ/IMAIOIIHEC HA MOTENJICHUE M COKPpAalleHUE MOPCKOI'0 JICAAHOI'0 MOKpPoOBa

CBs13b 3UMHEH TeMIepaTypbl BO3/IyXa C JIEOBUTOCTBIO B CEHTIOPE XapakTepusyercs
0oJiee CHIIBHOW KOPPEJSIME M0 CPAaBHCHHUIO C JICTOBUTOCThIO B Mapte: st CJIO koad-
¢unment xoppersun paseH —0,77, a must mopeit CMIT — —0,67. Eme 6onee odueBuaHa
CBsI3b 3UMHEH TeMIIepaTypbl U JIEJOBUTOCTH B CEHTSIOpE MPH COMOCTABICHUH C CyMMOM
rpagyco-aHeit mopo3a (CTIM) 3a oxrsabpe—ampens: B CJIO k03D HUIIEHT KOppesIim
CI'/IM u negpoButocTH B ceHTs10pe paBer —0,87, B Mmopsix CMIT — —0,80. [Ipuuuna 3T0oro
«mmapaokcay kpoercs B 3aBucuMocTr Mexxay CIJIM u Tommmnoii [19, 20] nimm o6peMoM
npaa [11], mpu yMeHbIICHHH KOTOPBIX JIETHEE COKpAIICHUE JIEASHOTO MOKPOBA PACTeT.
Ha puc. 4a—6 moxa3aHbl W3MEHEHUST HUCXOASAIICH JTHHHOBOIHOBOU paanaru (H/IBP),
CI'’/IM u nmapametpos seasHoro nokposa CJIO.

U3 pucynka cieayert, uto 6omnee 70 % MeXKromoBoi H3MEHUUBOCTH MaKCHMAIbHOTO
o0beMa Jpaa B anpene u gegoutoctd CJIO B centsiope cszanbl ¢ uamMeHeHusMu CIJIM,
KOTOpasi, B CBOIO odepenn, 3aBucut ot HIIBP. M3menenus HJIBP 3umoii B ApkTrke npakTu-
YeCKU MOJIHOCTBIO 3aBUCAT OT M3MEHEHHI TeMIepaTypbl BO3IyXa U COEP KAaHHsI BOJSTHOTO
napa (CBII) B armocepe, NoaBep»KeHHBIX BIMSHHUIO IPUTOKOB M3 HU3KKUX MHPOT. [TokazaHo
[11], uTo mepeHOC Teruia U BIard B APKTHUKY YBEIWYMBACTCS MOJ BIUSHUEM IMOBBIIICHUSI
TEeMIIepaTypbl MOBEPXHOCTH OKEaHa, COMPOBOXKAAIOIIEIOCS POCTOM TEMIIEPaTyphl BO3AyXa
U COZCpIKaHUsI BOASHOTO Mapa B arMocdepe HaJl OKeaHOM, a YCHIIMBIIASACS LUPKYIISIHS
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Puc. 4. VI3ameHeHHe TapaMeTpoB aTMOC(HEPBI 1 MOPCKOTO JibJia B APKTHKE M CBA3b C M3MECHCHUSMHU
TIIO B Tpormueckoit CeBepHoit AtmanTuke: @ — HJIBP 3umoii (/) mo nanasim ERAS B o6nmactu
(70-87,5° c. m.) u CI'IM no nanueiM 41 cranmum B Mopckoit Apkruke (2); 6 — CIJIM (1) n
anpenbsckuii 00beM baa B CeBepHoM JlenoButom okeane 1o pacuery Ha mopeian AARI-IOCM (2);
6 — CI'/IM (1) n neqoButocts CJIO B centsaope; ¢ — TIIO (/) B oxTa0pe u cpenusis [ITB nerom B
Mopckoi Apkrrke (2) ¢ 3anazapiBanueM Ha 3 roxa; 0 — TIIO (7) B okrsidpe u negosurocts CJIO
B ceHTsa0pe (2) ¢ 3anasmeiBanueM 4 roaa; e — TIIO (/) B oktsi6pe u nemoButocts Ha CMII (2) ¢
3amasapiBaHueM 4 rozia. Paapl criiakeHsl ¢ 3-JIeTHUM OKHOM.

R — xoa¢punmenTs! koppersiuu Mexay (/) u (2), B CkoOKax — MeX/y HECITIaKCHHBIMH PsIIaMH

Fig. 4. Changes in atmospheric and sea ice parameters in the Arctic and relationship with changes
in SST in the tropical North Atlantic: a — STRD in winter (/) according to ERAS data in the region
(70-87,5° N) and SDDF according to data from 41 stations in the marine Arctic (2); 6 — SDDF (/)
and April ice volume in the Arctic Ocean as calculated using the AARI-IOCM model (2); 6— SDDF
(1) and ice cover in the Arctic Ocean in September; 2 — SST (/) in October and average SAT in
summer in the marine Arctic (2) with a lag of 3 years; 0 — SST (/) in October and SIE in the Arctic
Ocean in September (2) with a lag of 4 years; e — SST (/) in October and SIE on the NSR (2) with
a lag of 4 years. The series are smoothed with a 3-year window.

R — correlation coefficients between (/) and (2), in brackets — between unsmoothed series

arMocQepbl U OKeaHa CIIOCOOCTBYET MEPEHOCY TEIIOr0 M BIAKHOTO BO3/LyXa W HarpeTon
BOZIbI B YMEPEHHBIE U BBICOKUE MUPOTHL. [IprMeps! cBsa3u Mexy u3Menenusmu TIIO B Tpo-
nnueckoil CeBepHOI ATIIaHTHKE U XapaKTEpPUCTUKAMU KJIMMaTa APKTUKU CM. Ha pHC. 4e—e.

OueHka BIUsIHUSI aTMOC( EPHOI UPKYJISIIUA
HA TeMIepPaTyPHbIii peXKUM U yCHJIeHHE MOTeNJIeHUsI B APKTHKe
TemnepaTypHbIi pexXuM APKTUKA HAXOJUTCS O] BIMSHHEM aTMOC(EpHBIX Tepe-
HOCOB TeIUTa W BIIard U3 00jiee HU3KUX IIMPOT, U3MEHSIOIINXCS BMECTE C KOJIeOaHUSIMU
IUPKYISIIAKA aTMocdepbl. B kauecTBe MHAMKATOPOB BIMUSHUS aTMOC(HEPHON MUPKYIAIUN
Ha TEMIIEPaTypPHBIA PEXUM Npemtoxker [21] unpekc D, , MpeaCcTaBIAOMNE MEPHINO-
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HaJIbHBIM KOHTPACT MPUIIOBEPXHOCTHON TEMIIEpaTypsl Bo3ayxa. OCHOBaHHEM IOCITYXKHIIA
CBSI3b MEXY YCHJICHHEM IIEpEHOCA TEIUIa M BJIAaru arMOC(EpHON LUPKYIAIUEH U Mpo-
CTPAHCTBEHHBIM KOHTPACcTOM IPUIIOBEPXHOCTHOHN TeMIieparypsl Bo3nyxa. dopmyra s
pacueTa WHIEKCa D, MMEET BHIL:

D, =((1~(n)) = () (n)=(n),

rae 7 — TMPHUIOBEPXHOCTHASI TEMIIeparypa BO3aAyXa, YIIOBBIC CKOOKHM 03HAYalOT OCPe-
HEHHE N0 NIMPOTE ( WM IO JIOITOTE A.

Pe3ynbraThl pacyeToB MHICKCOB B COMOCTABICHUH C TEMIIEpaTypoil Bo3ayxa B 00-
nactu 70-87,5° c. 1m1. moka3aHbl Ha pUC. 5. B J1€BOM KOJOHKE MHJIEKCHI M TeMIIeparypa
3UMOM, B IIPaBOil — JIETOM.

o
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320, ;
a) P 3;'55)
300- ni '
2804 #4h A3 [ 2
260/ 15
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Tl 32 51 et} 0,5
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Puc. 5. MepumoHanbHbli HHAEKC D), ¥ Temneparypa Bo3ayxa B obnactu 70-87,5° ¢. m1., paccun-
TaHHbIe 110 HaHHBIM peaHanu3a NCEP 3a 1948-2023 rr.: a — 3uma; 6 — neto

Fig. 5. Meridional index D, and air temperature in the region of 70-87,5 N, calculated from NCEP
reanalysis data for 1948-2023: ¢ — winter; 6 — summer

MepuroHaIbHBINH HHIEKC OTpaskaeT TPeH Ha rmoTeruieHnue B oonactu 70-87,5° c. mr.
U MEXKTO/I0BbIE BapUaLlUU TEMIIEPATyphl 3UMOM U JIETOM, HO JIETOM CBSI3b MEXKAY UHAEKCOM
U TeMIieparypoii cinabee.

AtMmocdepHast TUPKY/SIIUS BIUSET U HA YCHJICHUE M3MEHUYMBOCTH U TPEHJIOB TEM-
neparypsl Bo3ayXa B BEICOKHX 1MpoTax CeBepHoro nonymapus. KomnuecTBeHHas oLeHKa
BKJIaJia aTMOC(EpHBIX MEPeHOCOB B ()OPMUPOBAHNE M3MEHUMBOCTH M TPEH/IOB CpeIHEN
IIPUIIOBEPXHOCTHON TEMIIEpaTypbl BO3LyXa B APKTHKE MOIy4eHa [22] ¢ MOMOIIBIO IPOCTOH
Mozenu arMocdeps! U gaHHbIX peaHann3oB NCEP u ERAS 3a 1989-2020 rr. Ha ocHOBe
TIPE/ICTABIICHUS] O MHOKECTBE COOBITHH BO3IyXO0OMEHA MEXAY IIUPOTAMH.

OOmeH OoJIblie BIMSET Ha YCUIICHHE TPEHJA B 3UMHHUC U MO3HEOCCHHUE MECSIIBI
1 MEHee BCETO JICTOM C MUHUMYMOM B Hione. PocT BkIlaja B aBrycre—HOsIOpe ¢ MAaKCUMYMOM
B OKTSIOpE, BEPOSITHO, CBSI3aH C PACTYIMM BIIMSIHUEM OCEHHETO OXJIXKJICHUS U JIe000pa3o-
BaHUS B AQPKTHYECKUX MOPSX, a JETHUH MUHUMYM KpOME OCIIA0ICHNS IUPKYJSILIAA aTMOC-
(epbl — TaKKe ¢ TasHUEM CHera u JbJa B Apkruke. OOMEHOM MOKHO OOBSICHUTB 54 %
YCHJICHUS TPEH/Ia TEMIIEPATyphl BO3yXa (apKTHYECKOro ycuiieHnus) B oonactu 60-90° c. .
B CpeiHeM 3a Tof U 66 % B XOJIIOAHYIO YacTh rojla OTHOCUTEIBHO OCTaldbHON yacTu Cesep-
Horo nonymapus. OTcroa CIenyeT, UTO apKTHUECKOE YCUICHUE B 3HAYUTEIbHON CTENEHU
SIBJISIETCSI CBOWCTBOM M3MEHYMBOCTH TEMIIEpaTyphbl BO3yXa Ha 3¢MHOM LIape, (hopMHUpy-
€MbIM BHXPEBBIM 0OMEHOM B arMoc(epe B IPHUCYTCTBHU PA3HOCTH TEMIIEPATYPhl MEXKITY
9KBaTOPOM M MOJIOCOM U TPEHMA, KOTOPBIE MOAEPKUBAIOTCS BHEIIHUMHU BO3IEHCTBUSIMU.
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OO0cy:x1eHue U BIBOAbI

B crarbe paccMOTpEHBI HOBBIE PEIPE3CHTAaTUBHBIC MHINKATOPHl M3MEHEHUH KITH-
MaTHYECKOTO PEeXHNMa MOPCKOM APKTHKH, HCXOAS U3 COBPEMEHHBIX 3HAHWH O MPUYMHAX
M3MEHEHNH KJIMMaTa C MCIIOIb30BAHUEM HOBBIX HCTOYHHUKOB JaHHBIX, BKIIIOUAst MACCHUBBI
peaHaIn30B. 3HAUYCHHUE HCCIEOBAHMN B TOM HAIIPABJICHUH PAcTET, TOCKOJIBKY H3MEHEHUS
KJnMara APKTHKH COCTABIISIOT OTHO M3 AKTyalbHBIX M AUCKYCCHOHHBIX HAIPABICHHUH CO-
BPEMEHHBIX KJIMMaTHUECKUX HccnenoBannii. [Tloremnenue, npoucxoasiee ¢ KoHIa XX B.
U ycunuBIIeecs 31ech B Hadane XXI B., MpHUBIEKaeT 0co00e BHUMAHHUE, a COKPAIICHHE
TUTOIIAa I MOPCKOTO JIb/Ia CTAJIO Hanbosee 00CyK1aeMbIM €T0 TIPOSIBICHUEM. YCTaHOBIIC-
HO, YTO TEMIIepaTypa BO3AyXa B MOPCKOH ApKTHKE M Ha akBaropuu mopeii CeBepHOTO
MOPCKOI'0 yTH JocTUra Makcumyma B aecstuiierre 2011-2020 rr. u HameTwiics ee craj.
[Tnomane, 3aHATast MOPCKUM JIBIOM Ha CE30HHOM MHHHUMYME B CEHTSI0pe, CTadniIn3npo-
Basiach ¢ 2007 . Ha yposae 4500 u 200 Tbic. kM?, coorBercTBeHHO B CJIO 1 Ha CMIL

AHanmu3 Npu4IuH KIMMAaTHIECKAX U3MEHEHNH B MOPCKOH APKTHKE IOKa3aJl Onpesie-
JISTFOLIYIO POJTb B Pa3BUTHH MOTETIICHUSI TETIJIA M BJIArH, MOCTYTIAIOIINX ¢ aTMOC(HEPHBIMH
M OKEaHCKMMH MEPEHOCAMH U3 MPWIETAIOMNX U HU3KNX IIHPOT, ¥ IPOAEMOHCTPHPOBAI
BO3MOJKHOCTH TIEPCIICKTUBHOM OIICHKH KIMMAaTHYeCKMX M3MEHEHHH. YBEIMYEHHUE TeTl-
JIOBOTO HUCXOJISIILETO JJTMHHOBOJIHOBOTO M3IYYCHHS HA TIOBEPXHOCTH MOJ BIUSHHEM
pacTyIero MpuToKa TEIUIa ¥ BOISHOTO Mapa U3 MPIJIETAONINX IUPOT, PEKAE BCETO CO
CTOPOHBI ATJIAHTHKH, 3aMeJUISIeT HapacTaHHE MOPCKOTO JIbJia 3UMOH. MHuKaTopamu 1mpo-
1ecca ABIAI0TCS cofeprkanne BoasHoro napa B armocepe (CBII), Hucxoasimas Temiosas
pamuarms (HABP) u cymma rpagyco-aaeit Mmopo3oB (CI/IM) Ha mOBepXHOCTH, KOTOPEIC
TECHO CBSI3aHBI JPYT C PYTOM H C ITapaMeTpaMH JIEASHOTO TTOKPOBa.

Bonee 70 % MeXromoBoi M3MEHYMBOCTH MAKCHMAaJIBHOTO 00BbEMA JIba B arpene
u negoButocTH CJIO B ceHTsA0pe cBsa3anbl ¢ m3MeHeHussMu CIJIM, koTopasi, B CBOIO O4e-
penb, 3aBucut ot HABP. U3menenuss HIABP 3umoli B ApKTUKE IPAaKTUYECKH MTOJIHOCTHIO
3aBUCAT OT N3MEHEHHUH TeMIIepaTypsl BO3AyXa M COZIEp KaHMs BOASHOTO Tapa B arMocdepe,
MO/IBEPKEHHBIX BIMSHHUIO IPUTOKOB U3 HU3KUX LIUPOT.

[lepenoc Tema u BIark B APKTHKY YBEJIIMUHUBACTCS IO BIMSHUEM ITOBBILICHUS
TEMITepaTypbl MOBEPXHOCTH OKEaHa B HU3KHMX MIMPOTaX. YCHJICHHAS TOTEIUICHUEM LHp-
Kymsmust atMocdepbl 1 OKeaHa CIIOCOOCTBYIOT IIEPEHOCY TETIIIOTO M BIAYKHOTO BO3IyXa
M HarpeToi BOABI B yMEPEHHBIE U BbICOKKE IUPOTHI. [Tokazano, uro TIIO B okTsiOpe
B Tponmueckoir CeBepHoil ATnantuke u tegoButocth CJIO 1 B Mopsix CMII B ceHTsiOpe
CBSI3aHBI C 3ama3fblBaHUEeM Ha 4 ronma kKosddurmentamu koppemiauu 0,91-0,92 mocne
COTaXUBaHUA PsAmoB ¢ okHOoM 3 roxa (0,70-0,73 Ge3 criiaxwBaHHWsA), YTO YKa3bIBAacT Ha
MPOTHOCTHYECKHUN TIOTEHIINAN YCTAHOBICHHBIX CBs3el. M3menenus TIIO B Tpomukax mpo-
ABIIAIOTCS Yepe3 3 roa B MOCTYIUICHUH TEIUION U colieHoH BoabI n3 CeBepHON ATIAHTHKH
B CeBepo-EBporneiickuii 6acceii, HHINKATOPOM KOTOPOTO CIYKHAT TeMIIepaTrypa BOIBI
B cioe 50-200 m Ha pa3pese no Kosnbckomy Mepuauany B bapeHuieBom Mope 1o JaHHBIM
IMUHPO (pinro.ru/labs/hid/kolsec22.php). Hanbomnee TecHas cBA3b MEXIy TEMITEPaTypOit
BOzIbI Ha KonbckoM paspese W JIeH0BUTOCThIO bapeHiieBa Mops NpuXoauTcs Ha MEPHOJ
C stHBaps 10 UIOHB (KodddummenTs! koppernsaun ot —0,70 mo —0,87 (ot —0,80 mo —0,95
MoCJIe CIIIAXKUBAHMS 10 3 T0/1a)).

O0obmaromnias cxemMa yCTaHOBJICHHBIX CBSI3€H MEKly HU3KMMH IIUPOTAMH, TIPUaTIaH-
THYECKOH W MOpCKOH ApKTHKOU TpencTaBieHa Ha puc. 6. CormacHo cxeme TIIO B axBaro-
puansHO obmactr 10° 0. .—10° c. II. B aBrycTe OompenesieT H3MEHEHUS TeMITepaTyphl
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BO3AyXa U COoIepKaHUs BOAsSHOTO mapa B obmactu 0-25° c. m. u TIIO B Tpommdeckoit
gactu CeBepHoil ATnantuku (5-25° c. mr., 60—10° 3. 1.) B okts10pe. TIIO B 3T0¥ YacTh
CesepHoii Atnantuku BruseT Ha m3MmeHeHus TT1O 3umoii B Hopeexxckom, [pernana-
ckoM u bapenrieBoM mMopsix depe3 27 MecsneB (Ha 3-if rox). MHAMKAaTOPOM M3MEHEHHN
CIYKUT Temneparypa Boabl B ciioe 50-200 m Ha paspese no KosbckoMy Mepuauany
B fekabpe—sHBape. [Tocienyromuii pocT TeMneparypbl BO3LyXa ¥ COAEPKaHUS BOISTHOTO
napa B APKTHKE IOJ BIMSIHUEM aTMOC(EpPHBIX MEPEHOCOB U3 MPUATIAHTHYECKOH 4acTh
CIOCOOCTBYIOT MOBBIIIEHHIO MTPUTOKA JUTMHHOBOJIHOBOM paJMaliiyl K TOBEPXHOCTH CHETa
1 JIb/1a, YMEHBIICHHIO CyMMBI OTPHIATEIBHBIX TEMIIEPATYp BO3/LyXa U 3UMMHETO HapacTaHHs
JbJIa, YTO B MOCIIEAYIONEM YCKOPSIET JETHEE COKPAICHUE JISITHOTO MTOKPOBA.

B kauecTBe MHAMKATOPA BAMSHUS aTMOC(HEPHON IMPKYISINU npeutoxkeH [21] un-
nekc D, , PENCTABIAOMMA MEPHIMOHAIBHBIA KOHTPACT TIPHIIOBEPXHOCTHON TEMIIEPATY PBI
Bo3myxa. HIeKe oTpakaeT TpeH I Ha oTeruieHne B oomactu 70-87,5° ¢. m1. M MeKTOI0BEIe
BapHanny TEMIIEpaTypbl 3MMOH 1 JIETOM, HO JIETOM CBSI3b MEXK/Y HHAEKCOM U TEMIIepaTy-
poii ciabee. OnieHeHO BIMsHUE aTMOC(EepHON MUPKYISINN Ha YCHUIICHUE NU3MEHUYNBOCTH
1 TPEHAOB TEMIIEPaTyphl BO3/LyXa B BEICOKHX MMpoTax CeBepHOTO MOMyIIapus, U CAeTaH
BBIBOJI, YTO APKTUYECKOE YCHJICHHWE B 3HAUUTEIBHOW CTENEHH SIBISIETCS CBOMCTBOM M3-
MEHYMBOCTH TEMIIEpPATyphl BO3/LyXa Ha 3MHOM HIape, (JOpMHUPYEMbIM BUXPEBBIM 0OMEHOM
B arMoc(epe B MPHUCYTCTBUN PA3HOCTH TEMIEPATypPbl MEXIY 3KBATOPOM H ITOJIIOCOM
1 TPEH/1a, KOTOPBIE MOIEPKHUBAIOTCS BHEITHUMH BO3JICHCTBUSAMH.

-0.94 -0.96

,78(3)
(0.32)

'&)

Puc. 6. I'pa¢ xoppensauuii, cesspiBaronmx TIIO B HU3KMX MIMPOTaX M MapaMeTphl KIMMaTa U MOp-
CKOT'O JIbJIa B APKTHKE.

B oBanax yka3sansl napamerpsl armocdepbl 1 okeaHa. CBsi3u 0003HAYEHBI CTPEJIKAMHU, Y KOTOPBIX POCTABICHbI
COOTBETCTBYOIIHE KO DHUIMEHTBI Koppersiiun. PsioM B ckoOKax MpoCTaBICHbI 3ana3ablBans (B rogax). JInHuu
6e3 CTpenoK oTpaxaroT GopMasbHbIC KOPPEIISALIMI MEXKTY MapaMeTpaMHu. Psibl KoppenupyeMbIX apaMeTpoB Cria-
JKEHBI CKOJIB3SIIUM OCPEIHEHUEM C BpDEMEHHBIM OKHOM 3 rozia. B ckoOkax HHke yKa3aHbl Koppessiiuu 6e3 TpeH/ia

Fig. 6. Graph of correlations linking sea surface temperature at low latitude and climate and sea ice
parameters in the Arctic.

Atmospheric and oceanic parameters are shown in ovals. The arrows show the connections with corresponding
correlation coefficients. Delays (in years) are shown in the brackets nearby. The lines without arrows are formal
correlations between parameters. The series of correlated parameters are smoothed with a window of 3 years.
Detrended correlations are shown in brackets below

42 LIpoonemvt Apxkmuxu u Anmapxmuxu. 2024;70(1):33-45.



G.V. Alekseev, N.E. Kharlanenkova, N.E. Ivanov, N.I. Glok
Monitoring climate change in the marine Arctic

B 3akiroueHne MepevnciInM mapaMeTpsl TEMIIEpaTypHOTO U JISITOBOTO PEXKHMMA U TI0-
KazaTell BIHUSIOMUX (PaKTOPOB, MpeiaraeéMble s MOHUTOPHHTA M3MEHEHUH KIIMMaTa
B MOPCKOW ApKTHKE:

— TmA_sm — cpeaHeMecs4yHasi IPUIIOBEPXHOCTHAS TEMIIEpaTypa BO3/yXa JIETOM
(uronb—aBryct) Haa CJIO no nannsmm 41 I'MC, °C;

— SGDM SLO — cymMma rpamyco-gHeit Mopo3sa (okTssopp—anpens) Hag CJIO mo
nanaeM 41 TMC,

— SMP_Tsm — cpenHemecsqHasi IPUITOBEPXHOCTHAS TEMIIEPATypa BO3IyXa JIETOM
(nrorp—aBryct) Hag Mopsmu CMII, paccantannas mo ganasM 24 TMC, °C;

— SGDM SMP — cymma rpajayco-aHeil Mopo3a (OKTSOpbh—amnpenb) Hal MOPSIMU
CMII, paccuuranHas no gaHusiM 24 TMC;

— T7TmA — cpeaHsas TeMmIeparypa BO3AyXa JeTOM (HIOHb—aBIYCT), pAaCCUUTAHHAS
M0 JaHHBIM Ha 7 apkTudeckux ctanmusx ¢ 1901 r, °C;

— JlemoButocth CJIO B centsiope, x10° km?, o gaunubM http://wdc.aari.ru/datasets/
ssmi/data/north/extent/slo/;

— Jlenosurocts Mopeii CMIT, x10% km?, mo manubiM http://wdc.aari.ru/datasets/ssmi/
data/north/extent/smp/;

— Dm_wn — #HHAEKC MepUIUOHANEHON MUPKYIAIUHN Ha CEeBEpHBIM TOIyIIapHeM
3UMOif, paccunTaHHbIN 10 gaHHBIM peananuza HCEIL, (°C)%

— Dm_sm — uHIekc MepuanoHaIbHON NUPKYIsIK HaJ, CEeBEPHBIM TONTYIIApHEM
JIETOM, paccuMTaHHbIi 1o ganHbM peananusa HCEIL, (°C)%

—SST 10 — cpennemecsaHas TemrepaTypa MOBEPXHOCTH OKeaHa B pailoHe TPOTIH-
yeckoir CeBepHoil Ammantuku (10-60° 3. 1., 5-25° c. m1.) B okTs10pe, °C, paccunranHas
mo naHHBIM peaHanmmza HadISST;

— TKM — temmneparypoii Boasl B ciioe 50-200 m Ha paspese o Konbckomy mepu-
muany (Tkm) B nekabpe—QeBpaiie 1o JaHHBIM caiita http://www.pinro.vniro.ru/ru/razrez-
kolskij-meridian/ryady-nablyudenij/.

Paccunrannble mapaMeTphl M TOKAa3aTeId 3aHOCATCSA B KIMMATHYECKYIO 0asy
naHHBIX Ha caiite AAHUU B Bume xknmumarmdeckux psgoB (http://old.aari.ru/main.
php?1g=0&id=460).
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AHHoTamus. B mocienHee BpeMs BO3pacTaeT Harpy3ka Ha 0a3uchl AHTApPKTH/IBI, YTO BEIET K YBEIHYCHHIO
Harpy3KH Ha BOJIHBIC 9KOCHCTEMBI 03P U BOZOTOKOB 0A3HCOB Ha (JOHE MOTEIUICHNs KITMMATa 1 TassHUS KpaeBoii
YacTH JIEHUKA. B 1aHHOI paboTe MPUBENCHBI PE3YJIbTaThl H3y4EHHs BOAHBIX DKOCHCTEM 03€p IOIyOCTPOBa
Daiinzc (0. Kunar Jhxopmxk) B netHuit nepuon B stuBape—pespaine 2020 T. [Tomumo pe3ymnsTatoB ruaponornye-
CKHX M THAPOXHMHYCCKUX HCCIIE/IOBAHHIT IPE/ICTABIICHBI JAHHbIC M3MEPEHHH CaMOOUHIIAIOIIEH CIOCOOHOCTH
PENpPE3CHTATUBHBIX BOJOGMOB 0A3KCa H IOTOKOB ITAPHUKOBBIX I'a30B ¢ MOBEpXHOCTH 03¢p. Haubornee momHo-
BOJIHBIMHU SABIISIOTCS BOJOTOKH, BBITEKAKOMIKE ¢ JieaHHKa. O3epa MMEIOT Yallle BCEro HEHTPAIbHYIO PEaKIHIo
CpEJIbI; XOPOLIO adPUPOBAHbI; KOHLIEHTPALMS OHOTCHHBIX NEMEHTOB B BOJIC HMEET 3HAYMTEIIbHBIC AMILTUTY/IbI;
OOJIBLIMHCTBO 03€p [0 CBOEMY THAPOXMMUYECKOMY COCTABY OTHOCSTCS K XJIOPH/IHO-HATpHEBbIM BofaMm 11 Tuia.
OreHKa caMOOUHIIAIOIIEH CIIOCOOHOCTH 03€p MOKa3alla ClIoCOOHOCTb BOIOEMOB B LIEJIOM CIPABIIATBCS C BHEII-
HUMH (IPUPOIHBIMHA) HATPY3KaMHU Ha SKOCHCTEMBI, HO He BO BCeX ciydasx. OTMedaeTcs SBTpoUpOBaHIE 03ep
¥ JIOJIMH Py4beB. B GONBIIMHCTBE BOTOTOKOB M BOXOEMOB IPOMCXOUT MOrIomenue yrekucnoro rasa (CO,),
B HekoTOpbIX Takke MeTana (CH,). Omnako ais CH, B 0CHOBHOM XapakTepHa SMHCCHS € TIOBEPXHOCTH BOJIO-
eMoB. TTolydeHHbIE Pe3yIIbTaThl I03BOJSIOT CYIUTH 00 OMPEIEICHHOH YCTONYHBOCTH 03€p K KIMMATHYECKIM
M3MEHEHHSM, HO YK€ MOKHO TOBOPUTBH O TOM, YTO MPECHOBOIHBIC SKOCHCTEMBI 0a31Ca HCIIBITHIBAIOT 3HAYH-
TEJIbHYIO aHTPOIOTCHHYIO HArPY3KY.
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Abstract. The load on the Antarctic oases has been recently increasing, with intensive research carried out
by various countries and ecological tourism developing. This leads to an increase in the impact on the aquatic
ecosystems of the lakes and streams in addition to the warming climate and glacier melting. This paper presents
findings from a study of the Fildes Peninsula (King George Island) lakes’ aquatic ecosystems in the summer
period of January—February 2020. In addition to results of hydrological and hydrochemical studies, the paper
provides data from measurements of the self-cleaning ability of representative oasis lakes, as well as greenhouse
gas fluxes from the lakes surface. The water level of the streams decreased 5 times over the summer season, and
the water discharge — 10 times. The streams flowing from the glacier have the fullest water. The lakes have a
neutral reaction, sometimes weakly alkaline; they are well aerated: the average value of dissolved oxygen in water
is 85 %, occasionally supersaturation of up to 137% was observed. The concentration of nutrients in the water
has amplitudes that are considerable for Antarctic oases lakes. A significant correlation can only be observed
between nitrates and phosphates, and also between the water turbidity and the nutrients’ concentration. Maximum
turbidity is observed in lakes with abundant content of bacterial mats. Most of the lakes have hydrochemical
type Il sodium chloride waters. The assessment of the lake self-cleaning ability using the ratio of destruction and
organic matter production showed the general ability of ecosystems to cope with external (natural) pressures on
ecosystems, but not in all cases. Eutrophication of the lakes and stream valleys is also noted. Carbon dioxide
(CO,) absorption was observed in most of the streams and lakes, in some of them — methane (CH,) absorption
as well. However, CH, is generally emitted from the surface of the lakes. The largest values are recorded for
small lakes located on glacial moraines and in places where ornithosoils are present. The agreement of the
findings from the hydroecological studies of the Fildes peninsula lakes with those presented earlier by other
authors makes it possible to conclude that there is a certain resistance of the lakes to climatic changes, but one
can already talk about a significant anthropogenic impact on the freshwater oasis ecosystems.
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BBenenue

K oObekTaM mccienoBaHusl OTHOCATCS 03epa roiyoctpoBa Dailijic, KOTOpbId sIB-
JISIETCS! FOT0-3aI1a/IHONH OKOHEYHOCTHIO ocTpoBa Kunr J[kop/uk — KpyITHEHIero ocrposa
B apxwumenare FOxupix [etnannckux octpoBoB (3amaanas AHTapkTuka). B padote [1]
OTMEUEHO, YTO AHTapKTUYECKHUI MOIyOCTPOB SBIAETCS KIIOYEBBIM JJISI PACCMOTPEHUS
norerieHust kauMara B FOxknom momymrapuu. OTMedaeTcsi, 4To Ha HeM, BO3MOXKHO, MPo-
HCXOIUT Hambosee 3HaYnTeNbHOE ToTeruieHne. Ha octpose Kunr opmk parnee Xoporo
OBUIO M3yUYeHO MopsiaKa mectuaecsatu o3ep [2]. OnHako Ha momyoctpose daiinac B me-
PHO/ MHTEHCUBHOTO TastHUA Oosiee 135 o3ep M HEOONBIINX BOZOEMOB, KOTOPBIC OBLIH
HCCIICZIOBAaHBI BO BpeMs JIETHETO ce30Ha 65-if PAD aBTopammu manHON paboTsl. MHOTHE
BOAOCEMBI 0Oasrca BPEMCHHbBIC, HAITOJIHAIOMINECS B JICTHUI CE30H TaJIbIMU JICAHUKOBBIMHU
1 CHE)XHUKOBBIMH BOJaMHu. Takke pacrpOCTPaHEHHBIM THIIOM BOIHOTO NMUTAHUS SIBIIS-
1oTcst atmocepHsle ocanku. IIponcxokaeHne 03epHBIX KOTJIOBHH MallbIX BOJOEMOB MO
OOJIBIIICH YaCTH CBS3aHO C dK3aPaIl[MOHHON JIEATSIbHOCTRIO JieAHUKa. HeOobie KoTiio-
BUHBI 3aMKHYTBI 1 IMEIOT mutoniaas 1o 0,5 km*. Ha Tepputopuu monyoctpoBa HaXoOIsTCs
TakXKe YeThIpe KpymHbIX o3epa (Kutex, mmrnoe, Crnanomuoe, I'mybokoe). Ilepsrie Tpu
HMEIOT TeKTOHUKO-9K3apalMoHHoe porcxokaeHue. O3epo [ybokoe npeanonoxuTeabHo
SIBIISIETCS KparepoM ByJkaHa [3]. Bece o3epa B 3UMHMIA TIEpUOJ MOKPBITHI JIbIOM, MEJIKHUE
nepeMep3aroT. BCkpbITHE 0TO JIbJja MPOUCXOINT B sTHBape-(eBpaie, OAHAKO KPYIHBIE 03epa
1 BOJJOEMBI, PacIOJIOKEHHBIE B TOPaX, B 3aBUCUMOCTH OT METEOYCIIOBHI OT/IEJILHOTO rojia,
MOTYT HE OTKPBITBCS OTO JIbJIa JayKe B JICTHUI ce30H. Hannune Ha mMoayocTpoBe JIeTHUKA
1 CHE)XHHUKOB OIIPEJEISIET XapaKTep BECCHHETO CHETOTasHUS M JPYKHOCTH TTOJIOBOABS:
(OpPMHUPYIOTCSI MHOTOUHMCIICHHBIE PYYbH, KOTOPBIE MIUTAIOT 03epa U 00pa30BHIBAIOT CPaB-
HUTEIBHO TOJTHOBOJHBIC PEKH, BIajgaromue B Mope. K oceHn TasHue mpekparaercs,
MHOTH€ MEJIKHE BOJOEMBI IIEPECHIXAIOT.

OnucaHue 03ep aHTAPKTUYECKUX 0a3MCOB, JIaH[IIaToB, OMopasHooOpasus u (ak-
TOPOB, BIMSIOMINX Ha (hopMHUpOBaHME SKOCUCTEM, TOAPOOHO AaHO B 0030pax [4—8] u ap.
leoxumudaecknii aHaam3 o3ep paccmarpuBajcs B padotax [2, 9, 10] u np. B pabdote [9]
MMpeACTaBJICHBI THAPOXUMHNYCCKHUE CBEACHHSA OTHOCHUTCIILHO TOJIBKO JABCHAALATH PAHCC
XOPOILO U3YUEHHBIX 03ep 0azucoB Xoambl JlapcemanH u n-oa Daiinc. bonee neranpHbie,
oOmmpHbIe U ONMM3KHUe K HAIIeMy MCCIECIOBAHUIO PaOOTHI OBUTH BBIIOIHEHBI YEIICKIMU
uccinenosarensimu B 2013 1. [7] na 47 o3epax octpoBoB Bera u [[xeiimc Pocc Antapkru-
YECKOTI'0 TOJIyOoCTpOBa. ABTOpaMH BBIJICNICHO 6 TUIIOB 03€p I10 MX I'€HE3HCY, PE/ICTABICHBI
THAPOXUMHYECKHIE XapaKTEPUCTUKH KayKI0TO THIIA U OTAENIBHO B3ATHIX 03ep. bemopyccku-
MU y4eHbIMH [11] BBIMOTHEHBI H3MEPEHUS THAPOXUMHUYECKHUX MTapaMeTpoB 03€p 0a3uca
Beuepnmuit B8 Bocrounoit Antapkruzae. [Ipo6sr u3 10 o3ep u 13 BpeMEHHBIX BOJIOSMOB
orompanmck B mepuox ¢ 2012 mo 2019 r. B xome cezoHHBIX padotr BAD. I'mapomerpude-
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CKHe HAOJIONICHUS Ha BPEMEHHBIX BOIOTOKAX ITOIYOCTPOBA OBLIHM BBHIIIOJHECHEI B TIEPHOJ
ssuBapsi—mapta 2012 1. [12]. [Taneoreorpaduueckue UCCICIOBAHUS Oa3nca MPEACTaBICHbI
B oruere M.B. Jlopoxkunoii u JLM. Casartoruna', C.P. Bepkynuua [13]. Teoxumuueckuii
Y M30TOITHEIA COCTaB BEPXHETO CIIOS TOHHBIX OTIOKEHUN YETHIPEX MPOTIISAIHAaIbHEIX 03ep
1 mepersuanbHoro 03. Kurex n-osa ®aitnac xopomro onucansl B [14]. [TomydeHHbie
TEOXMMHUYECKUE Pe3yibTaThl OTHoLIeHus yriepoaa u azora (C/N, TOC, TN) u siununusie
ouomapkepsr (Pr/Ph — Pristane/Phytaneratio) B BepXHeM clloe TOHHBIX OTIIOKEHHI TT03BO-
JIMJIA aBTOPAM COCTABUTH MAJICOPEKOHCTPYKIIHIO THAPOXUMUYECKIX YCIOBHH, IPU KOTOPBIX
(hopMupoBaIHCh 03epa, MOKA3aB N3MEHEHHE OKHUCIIUTEIbHO-BOCCTAHOBUTEIILHOTO TIOTEH-
[[ana, HaJTMIue THIIOKCHH B OTHUX 03€pax M XOpOIllee TIePEMEIIHBAHNE W KICIOPOIHBIC
YCIIOBHSL — B JPYTUX, YTO BECbMa Ba)KHO U BOTHBIX SKOCHCTEM U B HACTOSIIEE BPEMsI.
Taxoke aBTOpaMu Ha OCHOBE COZIepKaHMs CTAOHIbHBIX H30TOMOB *C 0TMeYaeTcsi BO3MOK-
HOE BIUSHIE TOP(SIHBIX OCTAHKOB PACTCHUI HA JIUITUIHBINA COCTaB KOMIIOHEHTOB TJOHHBIX
OTJIOKCHUN U TIPHBHOC MOPCKUX a’3po30iieil A (hOpMHPOBAHUSA T€OXUMHHU OCATIKOB.

B pamkax 65-it PAD B nepuoa ¢ 18 suBaps no 24 despains 2020 1. Ha BOAHBIX 00b-
extax octpoBa KuHr />KOpmK MpOBOAMINCE THAPOXUMHUYECKHIE W THAPOOHOIOTHICCKIEC
HaOJIOIEHHSI, SIBIISIONIAECS TPOIOJHKEHHEM T'€0IKOIOTHYECKUX HCCIIeIOBAHMI BOJHBIX
00BEKTOB 0a3MCa U HA3EMHBIX JIAHIIA(TOB, BBITIOIHSBIIMXCS B XOJC MPEIBIIYIIHX YKC-
nemunuii. Paree, B mepuon padot 58-if u 59-it PAD, Ha Tepputopun oa3uca ObUTH H3yUICHBI
29 o3ep, 3 BomoToka W JeqHUK bemmmHcraysena [2]. OcobeHHOCThIO paboThl 65-if PAD
SIBJISUICS TOTIOJTHUTEITBHBIH aKIICHT Ha THAPOJIOTMYCCKHUX U THAPOXUMHUUCCKUX UCCIIC0Ba-
HUSX — HU3yYCHHE TIOTOKOB ITAPHUKOBEIX Ta30B C TIOBEPXHOCTH BOJI0EMOB. VcciaenoBanus
TaKOTr0 poJa MO3BOJSIOT MOIYYUTh HH(OPMAIMIO O TEKYIIEM COCTOSIHWU BOAHBIX M Ha-
3EMHBIX JaHIIAPTOB, UX KAYECTBCHHBIX M KOJUYCCTBCHHBIX XapaKTCPUCTUKAX, & TAKKE
CIPOTHO3MPOBATh JallbHEHIIee pa3BUTHE. BO BpeMs MONEBBIX padOT OBLI OCYIIECTBICH
KOMILJIEKC THAPOIKOIIOTHUECKUX HCCIIETOBAHUM, BKIIOYAIONINN B ce0sl KaK MPOBeIeHHE
THIPOXMMHUUYECKUX IKCIPECC-aHAIN30B, COOp HAaTypHBIX MarepuasoB (IPod BOJIBI, KOM-
MTOHEHTOB OHMOTEHI, TOHHBIX OTIOKEHUI), TAK U IMOCIEAYIONIYI0 KaMepabHYI0 00paboTKy.

B [15] otmeuaeTcs, 4To, cOrIacHO paboTaMm pa3InIHBIX aBTOPOB, B IPECHOBOTHBIX
BOJIOEMAX MPUMOPCKUX aHTapkTuueckux tepputopuit (FOxupix lleTnanackux ocTpoBOB)
HalZeHO 69 300TUIaHKTOHHBIX OPTaHHW3MOB, BKITIOYAs ME30- M MaKPO30OIIaHKTOH, U3
KOTOpBIX 52 TakcoHa — 3To Rotifera (komoBparku). OgHaKo A7 HEOOMBIINX HACKATBHBIX
Npy0B OMOpa3HOOOpa3ye 3HAUUTENBFHO MeHbIIe. Tak, i APreHTHHCKOTO OCTPOBa ObLIO
orMmedeHo Beero 11 takcoHoB. [TogpoOHOE onmcanne THIPOOHOHTOB 03P aHTAPKTHICCKAX
0a3MCOB JJaHO B paboTax MHOCTPAHHBIX aBTOPOB JJIs APYTUX 0a3ucoB [5, 16, 17], a nus
n-oBa Daiiac B [18] ObUTH HICHTUGUITUPOBAHBI 53 BUIA BOAOPOCICH, OTHOCSIIUXCS
K 5 otnmemam, 7 knaccam, 17 orpsgam, 28 cemetictBam u 36 pomam. Hambombimee grcio
HACHTU()HUIIMPOBAHHBIX BHUIOB MPUHAMICKHUT K nuanodakrepusm (37 Bumos, 70 % or
oOmielt yncneHHocTn). PacpocrpaneHHble BUIBI XapaKTepU3YIOTCsS Kak OCHTHYECKHE,
TUTAHKTOHHO-OCHTHYECKUE U MOYBEHHBIC 00UTaTeNH. [{111 BOOEMOB BBIJICTICHBI BOIOPOCIH
CTOSTYMX BOJOEMOB M TEKYIIMX BOA (BoAOTOKOB). Bo Bpemst setHero cezona 2006/07 r.

! lopooickuna M.B., Casamroeun JI1.M. Hay4aHo-TexHIYECKHI 0TYeT 110 porpamme «HccienoBanus no
nasieoreorpaduy 1 MaIuHOIOTMK Ha cTaHnuy berummacraysen (octpoB Kunr Jlxxop/k, 3anannas AH-
TapKTH/a) B HEPUOJT 3MMOBOYHBIX paboT 56-i PADy // @onnst AAHUU, Cankt-IlerepOypr. 2012. 92 c.
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it 03. Kutesk OCHOBHBIM BHIOM 300TUIAHKTOHA Ha3BaH IPECHOBOIHBIN BU PauyKOB KO-
nenion — Pseudoboeckella poppei (Copepoda, Calanoida) [19]; momumo 310r0, OBLTH OT-
MeueHbI OpaHXHONONbl Branchinecta sp., a Takxke MPUIOHHBIC Kiaaouepsl Macrothrix sp.

Usmepenne motokoB mapHuKoBbIX TazoB (CO, n CH,) ¢ MoBEpXHOCTH BBIIOIHEHO IS
TaKoro KoJn4ecTBa o3ep rn-osa Pailnjc Brepsble. PaHee MOTOKK ra3oB U3y4ajKcCh C OBEPX-
HOCTH TI0YB, C Ha3eMHBIX JaHmmadros [20]. B [21] aBrops! paccmarpuBalii akTHBHOCTh
u OmopaszHooOpa3me adpOOHBIX METaHOTPO(OB B TOHHBIX OTIOKEHHAX IMATH o3ep 0. Kuar
Jlxopmxk. B padote [22] paccMOTpEHO comeprkaHie PaCTBOPEHHBIX TAPHUKOBBIX Ta30B B BOJIC,
JIOHHBIX OTIIOKEHHUAX 03epa Kurex B Teuenune roa, smuccus CO, u CH, ¢ ero nosepxHoctu
B sieTHuit niepuos. s Kureska npesicrasiensl npoctpancTenHoe pacrpesenenue CO, u CH,
T10 TITyOMHE 03epa, a TAKXKE SMHCCHS Ta30B C €r0 MOBEPXHOCTH, TIe OTMEUYaeTCs TOITIOICHHE
CO, u Boienenne CH, B KOHIIE BECEHHETO MEPHO/IA U HAYAJIE OCCHHETO.

BonmbIIMHCTBO TIepEUNCIICHHBIX BEIIIE Pa0OT OO0 OXBATHIBAIOT aHAJIOTHYHEIC UCCIIe-
JIOBaHUS IPYTHX aHTAPKTUYECKUX TEPPUTOPHUH, T1O0, JaIle BCEro, OCHOBAHbI HA N3yYEHUH
MaJIoro KOJIMYECTBA BOIHBIX SKOCUCTEM HJIH OTAENBHBIX MPOLECCOB, B HUX ITPOUCXOMSIINX.

B manHO#1 paboTe, Ienpio KOTOPO SBISUIACH OLIEHKA THAPOIKOIOTHIECKOTO COCTO-
sTHAS 03ep ToiyocTpoBa Paitnac octpoBa Kunr J[xopmx (uau o. Barepnoo) B neTHuit
niepuon 2020 1., mpeacTaBlIeHbl Pe3yJIbTaThl HCCIIEI0BaHMsI 0O0JIBIIOr0 KOJMYECTBA BOJIO-
€MOB, YTO TIO3BOJIMJIO COCTaBHUTH MPEACTABICHUE O MPOCTPAHCTBCHHOM PACIIPEACIICHUN
rapamMeTpoB 03ep MO TEPPUTOPUH 0a3KCa M BBISIBUTH 3aKOHOMEPHOCTH M CHEHU(HKY TeX
WJIN UHBIX MIPOLIECCOB, MPOUCXO/IINX Ha ITOIYOCTPOBE.

MarepuaJibl 1 METOIbI

[Momyoctpos @aiinac npeacTaBiIseT OO0 CBOOOIHBIN OTO JIb/Ia YIaCTOK CYIITH, Ha
KOTOPOM HaXOANUTCSI MHOKECTBO MaJIbIX M KPYIHBIX BogoeMoB. OcranbHas 4acTb 0. Kunr
JIKOPIK MOKPBITA JIETHUKOBEIM KyTojioM bennmHcrayseHa.

OCTpOB cIOKEH BYJKaHHYECKUMH TOPHBIMH TTOpOoAaMu (6a3ansTamMu, TypaMu U aH-
nesutamu). Pembed ocTpoBa XOIMHECTEIN ¢ abcomoTHRIME BhicoTamu 150-160 M Hax
ypoBHeM Mopsi. B psine mect ocTpoB oOpamiieH MopckuMmu Teppacamu. Knnmar octposa
Oornee MATKHIA IO CPaBHEHUIO ¢ oa3ucamMu. CpeJHErofoBast TeMIIepaTypa Bo3yXa COCTaB-
nseT —1,6 °C. CpenneromoBas Temrieparypa 3eMHO# moBepxHocTH —1 °C. Kimmar 6omee
BIQXKHBIA. B cpeHeM OTHOCHWTENbHAS BIAKHOCTH coCTaBisieT 84 %. 3a roxm BhIagact
6omee 500 mm ocaakoB. Ha octpoBe Kunr J[»KOpmK HOBOIBHO BBICOKAs 0OJIagHOCTD.
CpenreromoBas o01mast 001agHOCTh cocTaBiseT 9 6amnoB. CpeqHeroqoBas CKOpOCTh BETpa
7 m/c. Imst ocTpoBa XapaKkTEepPHbI IPUMHUTHBHBIE KPHOTEHHO-CTPYKTYPHBIE TTOYBBI C HE-
3HAUUTEIBHBIM COfepsKaHneM TyMyca. [10uBBI SIBISIOTCS] KNCIBIMU U CJ1a003aCOTEHHBIMHU.
CymecTBeHHOE BIMSHHUE HA TTIOYBOOOPA30BATEIBHBIC MIPOIIECCH OKa3bIBAET OPraHMIECKOE
BEIIECTBO, IPOAYIHPYEMOE KUBOTHBIMHU. B oa3nce ObuIM 0OHapyKeHBI THE3ZI0BbS TPEX
BHJIOB ITUHTBUHOB (ITMHTBUH A€W, aHTAPKTUYECKUH NMHUHTBUH, OCIWHBIA MUHTBUH),
OypeBeCTHHKA, TOMOPHHKA, KallCKoro romyos [3, 23].

Ha o3epax oazuca usmMepsnnch ruapoGU3HIECKNe U THIPOXUMHYECKHE TapaMeTphI:
pH, TemmepaTypa BOABI, JEKTPOIIPOBOIHOCTD, COACPKAaHNE PACTBOPEHHOTO KHUCIOPO/A.
Bcero m3yueno 132 ozepa u BpeMeHHBIX Bomoema (puc. 1). Ha3zBanus o3ep B cTarbe
TIPECTABICHBI U3 ra3eTupa [24] — Ay KPyIMHBIX 03ep W aBTOPCKHE — IS MAIIBIX BOJO-
€MOB, C yKa3aHHEM Ul HUX reorpad)nuecKux KOOPAWHAT Uit BO3MOKHOCTH CPaBHEHHMS
PE3YyIBTaToB C APYTUMH HCCICIOBAaHUSAMHA. B GombmmHCTBE 03ep 0TOOp Mpod BOIBI U TH-
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Puc. 1. Paiion pa6ot u Toukn or6opa mpob Ha n-ose Paitnac, o. Kunr xopmk, FOxusre Lletmann-
CKHE OCTPOBA.

Homepamu 0603na4enbl 03epa, e Opamuch mpoder CO,

Fig. 1. The area studied and points of sampling on the Fildes Peninsula, King George Island (South
Shetland Islands).

The numbers indicate the lakes where CO, samples were taken
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JPOXMMHIYECKHE SKCTIPECC-aHAIM3bI TIPOBOJMIINCE Pa30BO, OTHAKO Ha HEKOTOPBIX BOJOEMax
OBLTH OPraHW30BaHBI TOBTOPHBIC HaOMONeHNS. 3MepeHus NpOBOAMINCH TOPTATUBHBIMA
anekTpoxumMmueckuMu npudopamu pupmel “OHAUS”: kucmopomomepom Starter 300D,
pH-metpom ¢ Tepmomerpom ST20 u koHAYKTOMETpOoM ¢ Tepmomerpom ST20C-B.

Amnanus cofeprkaHnsi OMOT€HHBIX IEMEHTOB OBLT BHITIOIHEH ABAXK/IbI — B ITOJICBOH
naboparopun (aHanm3sl iepBoro aHsA) U B Cankt-IlerepOypre B Jlaboparopuu nm. OTTO
[IIMuaTa ApKTHYECKOTO W aHTAPKTHYECKOTO HayJHO-HCCIIEI0BATEIHCKOTO HHCTUTYTA
(OILLT AAHMNN) na ananm3arope OnoreHHbIX dmeMeHToB SKALAR SunPlusSystem. Ha
tdoromerpe «IxcmepT-003» HEMOCPEACTBEHHO B MOJEBOH JTAOOPATOPHH HAyJIHOW CTaH-
uH OBUTH TIPOaHANN3UPOBAHBI TIPOOKI BOIBI HA COZIEpKaHe OpTodoc(aToB U HUTPATOB,
LBETHOCTh ¥ MyTHOCTH. J[ajiee 9acTh OTOOpAaHHBIX U 3aMOPOKEHHBIX P00 ObLIa JOCTaB-
nera B AAHWU, rie BRITOTHSIICS aHATH3 KOHIIEHTPAINH KpeMHH, (oc(aToB, aMMOHHS
1 HUTPATOB C HUTPUTAMH KOJOPUMETPUIECKAM METOIOM.

AmnHanms cozpepKaHus INIaBHBIX HOHOB B BOJIE 03€p NPOoBOAMIICS B PecypcHOM meHTpe
Cankr-IlerepOyprckoro rocymapcteenHoro yauBepcutera (CII6IY) «MeTonsr ananmsa
COCTaBa BEMIECTBA» METOAOM KHIKOCTHOH XpoMmarorpaduu Ha mpudope Craitep A.

CamMoounmiaronasi crmrocoOOHOCTh BOAHBIX IKOCHUCTEM OIPENENSIIach ¢ MOMOIIBLIO
otHomeHns AecTpykuuu (D) oprannmdeckoro BemecTBa K BaJOBOH IMEPBUYHON TPOIYK-
uuu (P, ), wmm D/P_ [25]. OxcniepumenTs! o onpenenennio D/P  mposonmmucek Ha
IBYX HeOONBIINX 03epax BomocOopa 03. Kutex u ycThs pydbs B3neTHEIH, Hemaneko oT
a’poapoma, — Ha 03. MetanoBoe (62°11'20,9" ro. mr., 58°58'55,4" 3. 1.) u 03. KpacHpIx
Bomopocueit (62°11'16,1" 1o. mr., 58°59'08,5" 3. 1.). Ha o3epax MeranoBoe u KpacHbx
BOJIOPOCIIEH OBUTH BBITTOIHEHBI H3MEPEHHS HA OCHOBE CKISTHOYHOTO METO/IA B KHCIOPO-
HOM MopuduKkarmn [26]. Bpemst 9KCIo3uIiy BEIOHPANIOCh JOBOIBHO OombIoe (48 qacoB)
B CBSI3U C OTCYTCTBHEM SIBHO BBIPAXEHHOTO BHYTPHCYTOYHOT'O XO/1a M3MEHEHUS TTapame-
TPOB (MOJAPHBIA JEHL BO BPEMS aHTAPKTHYECKOTO JieTa). Jlanee paccuntoiBanocs D/P
ornomenue. [Ipu D/P_ >1 B 03epe npeobnamaer pasnokeHne OPraHAIECKOTO BEIIECTBA,
M DKOCHCTEMA CIIOCOOHa K camMoounmienuio. [Ipu D/P <1 B 5KOCHCTEME aKTUBHO MpO-
HCXOANT POCT NMEPBUYHON MPOAYKINH, HE KOMIIEHCHPYEMBIi PAa3I0KEHHEM OPraHHIECKOTO
BEINECTBA, W, 3HAUUT, JaHHASI CHCTEMa B OOJIBILICH CTENEHN CKIOHHA K 3BTPO(HPOBAHUIO.
besycnoero, D/P, = oTHOMmEHHE MOXKET OBITH OMMHAKOBBIM MPH MAIbIX U OOJBIIAX 3HA-
YEHUSIX TIPOAYKIINU U JECTPYKIMHN, OTHAKO JAHHBII METOJ TI03BOJISET B 1IE€JIOM TOBOPHUTH
0 CIOCOOHOCTH CHCTEMBI K CAaMOOYHIIICHHUIO, YTO Ba)KHO ISl OLEHKH SKOJIOTHIECKOTO
COCTOSIHHUSI 03€p 0a3Mca, Ha KOTOPOM IOCTOSIHHO PacTeT aHTPOIOTCHHOE BO3/EHCTBHE
B CBSI3U C PAa3BUTHEM HKOJOTMYECKOTO TypH3Ma.

boumn mpoBeneHs! HAOMIONEHNUS 32 THAPOIOTHIECKUM PEXUMOM ONM3IISKAIINX
K craHuuu bemnnHcrayzena BOJOTOKOB B JeTHHM nepuoa. Ha BeiTekaromem u3 o3. Ku-
TEX pydbe BO30OHOBIICHBI M3MEPEHHMSI YPOBHS U PacxXol0B BoAbl. B Tedenme Bcero me-
pHozia YPOBEHB BOJBI U3MEPSIICS €KECYTOYHO, CKOPOCTh TEUEHUS M PACXOZ BOJIBI — Pa3
B 10 nHeil. B xauecTBe BOAOMEPHOIO CTBOPA MCIOIb30BAJICS BOAOCIUB U3 MOANPYKEH-
HOTO JJIs1 BOAOXO35MCTBEHHBIX LIENel o3epa psAaoM co ctaHuueil. M3amepenns ckopocreit
TEYCHNUS BBITIOJIHSUTUCH METOZOM MOBEPXHOCTHBIX ITOIUIABKOB. PacdeTsl pacxoioB BOMBI
MIPOBOAIMIINCH CcOrIacHO HacTaBleHHIO THAPOMETEOPOIOTHUECKUM CTaHIUSAM U TTOCTaM
aHAIUTHYECKUM MeTonom”. Ha npyrux BomoTokax oasmca TMIPOMETpUYSCKHE HaOIroe-

2 HacraBiieHHE THAPOMETEOPOJIOTHUECKMM CTaHIMAM U noctaMm. Beim. 2. Y. 2: Tuaposoruyeckue
HaOmroeHus Ha nocrax. JI.: [unpomereounsnar, 1975.
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HUS BBITTOJTHSJIMCH PAa30BO, B OCHOBHOM HA JIBYX WJIM TPEX CTBOPAX B PA3IMYHBIX YACTIX
BOZOTOKA JUIsl BBISABJICHHSI HAPACTAHUS CTOKA PYyUYbEB II0 UX JJTHHE.

OnueHKy OTOKOB METaHa C MOBEPXHOCTH BOAHOTO OOBEKTA B TIOJIEBBIX YCIOBHSIX TIPO-
BOJIVITH C CIIOJIb30BAaHUEM aHAJIHM3aTOpa KOHIICHTpAIMK MeTaHa B Bo3ayxe SPD203 ¢up-
MbI Sanpometer (BBICOKOTOYHOTO TEYEHCKaTells) U IIaBarolIeil kamepbl 00beMoM 6 Jiv>.
JlaTunk aHanm3aTopa MOMEIIAIN B OTBEPCTHE B BEPXHEH YaCTH KaMepPbl U PETHCTPUPOBAIIH
M3MEHEHNE KOHIIEHTpanuu MetaHa B TeueHne 120 cexynn. Ha kaxaom BogHOM 0OBEKTe
MPOBOAMIN OT 3 10 6 U3MEPEHHH, B 3aBUCHMOCTH OT €r0 Pa3MEpOB U CXOAUMOCTH PE3YIIb-
TaroB 3amMepoB. Msmepenne moroxos CO, BemonHsnm Ha 37 o3epax oasuca (cM. puc. 1)
METOJIOM TLIABAIOIIMX KAaMEP C TIOMOIIBIO PYYHOTO H3MEPHUTENs ypoBHs coneprxanus CO,
Vaisala CARBOCAP GM70 ¢ mopraruBHbeM MK-cencopom Vaisala GMP222 u morrepom
MI70. Pactopennsiit CO, usmepsimn noprarusHbiM MK-cencopom Vaisala CARBOCAP.
OZHOBPEMEHHO C MOTOKaMH MapHUKOBBIX Ta30B U3MEPSUINCh METeOoapaMeTphl: TeMIle-
parypa BO3Iyxa, TeMIIepaTypa BOAbI (JUIS BOAHBIX OOBEKTOB), aTMOC(EPHOE aBICHHUE.
CKOpOCTb BETpa HE YUHTHIBAJIAC.

JAst BceX THAPOXUMHYECKNX TapaMeTpOB MPOBEACH CTaTUCTHUECKUI aHamu3. beum
MOCYUTAHBI CTAaHIAPTHBIC BETHYUHBL: KodpuuueHT Bapruanuu (Cv), k03hHUIIHEHT aciuM-
metpun (Cs), aucrnepensi, aMIUIMTY/a, CPEJHEE 3HAYCHNE, MEANaHa, MOJa, CTaHJapTHOE
KBa/IPaTHYECKOE OTKIIOHEHHE.

Pe3yabTarsl

I'maponoruyeckne paéoTsl HA BOZOTOKAX 0a3HCa

VYpoBeHb BOJBI Pyubsi, BEITEKAIOLIETO U3 03. KuTexk, N3MEHSICS B TEUCHHE CE30HA
B 5 pa3 (ot 2 cM o 11,5 cM), 4TO CBSI3aHO C BBIMAJABIIAMU 33 MEPUOM HAOIFOICHHIA
ocasikaMu. X0/ ypOBHs BOABI M U3MEPEHHBIE PacXO/ibl IPECTAaBICHbI HA pHUC. 2. Makcu-
MaJTbHbIA PacXo/l BOAbI cOCTaBisI 2993 n/c (unu 3 m*/c), MunumasbHbiil Obu1 B 10 pa3
MeHbIIe. MakcuMaibHasi CpeiHsIsl CKOpOCTh TeueHus pyubsi — 0,96 M/c — oTMmeuanach
BBIIIE MOAMPY/ABL, @ MUHIUManbHast — 0,37 M/c — HIKe, Ha Bogociuse. Hy)kHO OTMETHTB,
YTO B CBSI3M C UCIIOJIb30BAHUEM BOAIBI PYUbsl HA HYK/Ibl CTAHLIUU PACXOJ BOJbI HIKE MO~
IPYZIbI MOXKET COKpaTHThCst Oosee yeM B 10 pas.

I'unpomerpuyeckne paboTHl B TEUCHHE CE30Ha OBUIM BBIMOIHEHBI HA HECKOJIBKUX
PYYbSIX, PACHOJIIOKEHHBIX MEXKTy POCCHHCKON M ypyrBaiickod craHmusmu (cM. puc. 1).
Hwxe nperncrasieHo onncaHue o0CiIeI0BaHHBIX BOAOTOKOB, a B TaOl. | — OCHOBHBIC
TUPOMETPUUECKHE U THAPOXUMHUUECKHUE XapaKTEPUCTUKH.

Pa3oBoe 00cienoBanue BOJOTOKOB Oa3Kca IMoKasao, 4YTo Haubosee MoJTHOBOJHBIMU
SIBIIIFOTCS BOJOTOKH, TEKYIIHE HEMOCPEACTBEHHO C Kymoja JeAHuKka bennuHcrayseHa.
Tak, pacxoJ BoAbI peKU B palloHe ypyrBaiickoil HayuHOH cTaniuu coctasisi 03.02.2020
0,56 M*/c, MakcuMalbHask CKOPOCTh MOTOKa Oblaa 1,17 M/c, mioiaas BOXHOTO CEUCHUS
OpH U3MEpEeHHU paBHsIIach 1,35 M? mpu cpeaneit miybune moroka 0,52 m.

Pyueii 1 (62°1129,9" 10. 1., 58°56'48,4' 3. 1., m3mepenus Beimonuensr 08.02.2020).
Pyueit Gepet cBoe Hauano U3 CHE)KHMKA U BIaJaeT B 03. Mupax. Pyueii umeer kameHucroe
JTHO, HO €CTb MecoK U HeMHoro mwia. Ha nue — Bonopocnu. Pycno pyuss pacuupsercs,
Ha BCEM INPOTSDKEHUH OHO TaKoe e KaMeHUcToe. B pydeil npurekatoT HeOOIbIINe TOTOKN
CO CKJIOHOB, TJI€ HAXO/STCSl MaJICHbKUE CHEXKHUKHU. [1po/1oabHbIN TPOGMIIE pydbst HE BBI-
TMIOJIOXKEH ¥ UMEET pa3iINuHble YKIOHBL. B BepxHeM TeueHnu npopuiis nMeeT HeOOombIon
YKJIOH, CPE/IHSISl 4acTh — C 00Jiee 3HaUMMbIM YKJIIOHOM, @ HYDKHSISI TPETh py4bs — Hau-
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Puc. 2. Xon ypous (H) u pacxox Bonsl () pydbs, BBITEKAIOUIETO U3 03. KHTEX B IETHUI ce30H 65-i
PAD (saBapp—deBpans 2020 1)

Fig. 2. Water level (H) and discharge (Q) of the stream outflowing from Kitehz lake in the summer
season 65 RAE (January—February 2020)

Oonpummid ykioH. OOmuMi nepernas BHICOT MEXKLy UCTOKOM M YCThEM COCTaBISIET 9 M.
Jliuna pyuss 167 M. Pyudeit Bnagaet B 03. Mupax, o6pasys AensTy. J[o BepIIHHbI JeIbThI
oT Kpas o3epa 3 M. Boza B nenbre pacruiacteiBaetcesi. Ha qHe pyubst Habmonatores Gakre-
pHaJIbHBIE MaThI U OONBIIOE KOJHMYECTBO 3€JICHBIX Bogopocnei. s n3MepeHus B Bepx-
HEM TEUYECHUU Pyubs BBIOpPAH MPSIMOJMHEHHBIN ydacTok. /IHO — KaMEeHHMCTO-IeCUaHoe.
Iupuna BepxuHero crBopa (62°11'30,0" ro. 11., 58°56'49,0" 3. 1.) 0,65 m. Cpenusist riryOu-
Ha — 1,9 cM. Pacxon Bozbl U3Mepsiics MOBEPXHOCTHBIMU IOIUIaBkamu 1 paseH 0,9 n/c.
Cpennsist ckopoctb Teuenuss — 0,11 m/c. KoHnieHTpaiys n3MepeHHOro Ha CTBOpPE PacTBO-
peHHOTrO KHcaoponaa cocrasisier 12,15 mr/m, wiu 104,2 % HachIeHusI IPH TeMIeparype
Bozbl 8,1 °C; anexrponpoBogHocTh — 65 MKCwm/cM. Huknauii ctBop (62°11'31,1'" 0. 1.,
58°56'58,7'"" 3. 1.) BBIOpaH B MECTE 10 PACIUIACThIBAHUS TCUCHUS, C OOJBIICH MUPUHON
pycna, OTHaKO OHO 3allOJTHEHO He MOTHOCTHI0. CKOPOCTh TEUCHHUS Ta Ke, YTO U B BEPXHEM
teuenun, — 0,11 m/c. Hlupuna ctropa 0,95 M, cpennsist myouna — 2,2 cM. Pacxon Bozibl
0,019 M*/c. Pacxoq B HU)KHEM TE€UYEHMH HEMHOTO OOJIBIIIE 338 CYET MPUTOKA C BOAOCOOpa
py4bsl Ha y4acTKe MEXIy BEPXHUM U HIXKHMM CTBOpaMHu. KOHIIEHTpaIust n3MepeHHOro
Ha CTBOPE PACTBOPEHHOI'O KHUCJIOPO/a COCTaBisieT 8,76 mr/i, wiu 77,4 % HaCBIICHUS [TPU
temreparype Bonbl 9,3°C; a5eKTponpoBogHOCTh — 73 MKCM/CM.

Pyueri 2 (62°11'35,1" 10. 1., 58°57'15,9" 3. 1., u3mepenus BeinonaHeHs! 08.02.2020).
Pyueii BeiTekaeT u3 03. Mupax u Bnagaet B 03. Cpennee. [llupuna pycna B BepXxHeM Tede-
HHUM COCTaBIISAET MPUMEPHO 1,5 M, OIHAKO MO Mepe MPOABMXKEHUS BHU3 110 CKJIOHY PYyCIIO0
pacmupsercs 10 10 M. Boja TedeT mMUpPOKUM M MEIKOBOAHBIM MOTOKOM. Mex 1ty KaMHel
00pasyroTcst cTpyH (pyciioBasi MHOTOPYKaBHOCTb). B HIDKHEM TE€YEHUH NOTOK CO3/aeT He-
OOJIBIIYIO 3aBOJIb, B KOTOPOM BO BpeMsi MOJIHOM Boabl hopmupyercs 03. Cpennee. O3epo
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Tabruya 1

OcHOBHBIE THAPOMETPHYECKHE U THIPOXUMHUYECKHEe XapaKTePHCTHKHU pyYbeB n-oBa Maiinac
(Meskay poccuiickoil M ypyrBaickoi HAyYHbIMHM CTAHIUSIMH)

Table 1

Main hydrometrical and hydrochemical features of the streams of the Fildes peninsula
(between Russian and Uruguayan research stations)
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Pyueii 1, |Bepxuwmii| 0,65 0,11 0,9 1,9 12,15 104,2 8,1 65
08.02.20 | Hyogmmit | 0,95 | 0,11 1,9 2,2 8,76 | 774 9,3 73
Pyueii 2, 6,00 0,11 0,9 1,9 12,15 104,2 8,1 65
08.02.20
Pyueii 3, |Bepxumii| 1,55 0,87 899 7.4 11,30 83,8 2,4 115
15.02.20 | Huxemii | 2,50 | 0,91 936 6,3 11,40 | 859 3,0 118
Pyueit 3, | Hwknamit | 2,20 0,29 384 7,2
20.02.20
Pexa” 2,60 1,17 |564000 | 52,0
Pyueii u3  |Bomocius 0,96 | 2993™
03. Kurex | B paiione
CTaHIIMU

Tpumeuanue. * peka B paiiloHe ypyrBaiiCKOW CTaHIMH — (DOPMHUPYETCS CTOKOM C JICTHUKA; =~ yKa3aHbl
MaKCHMaJIbHbIE 32 IIepUOJL HAOIOICHUH 3HAUSHUS; CTBOP PACIIOIOKEH BO3JIe cTaHIMU beHeraysena —
BOJIOCJIMB U3 3aIPY/bI PyUbs.

MOXKET CHJIHO M3MEHSTh CBOM Pa3Mephbl: €CIIM B Havase HaOIIACHHI ero pa3Mephbl ObLIH
60 x 80 M, To yepe3 ABE HENIENH, HA MOMEHT U3MEPEHHH Ha py4ybe, OHO YMEHBIINIOCH
npumepHo 10 20 M B JUIMHY U 5 M B mupuHy. J|HO pyubsi IOKPBITO OaKTepHaIbHBIMU
MaTaMH U JAJUHHBIMHU 3€JI€HBIMH BopopocisiMH. JlnuHa pyuss — 112 M, mepenaj BbI-
coT — 3 M. {7151 THAPONOTHYECKUX M3MEPEHHUH B py4ybe BHIOpaH MPSAMOIUHEHHBINA y4a-
cTOK Ommke K 03. Mupax. Bona Tekna HeCKOJIBKUMH CTPYSIMHU, H3MEPEHUS MPOBEICHBI
B CaMOM KpyIIHOW U3 HUX. Pacxos BoIbl BO BTOPOH CTpye, KOTOpasi OTBETBIISIETCS BBILLE,
CYIIECTBEHHO MeHblIe (IpuMepHO 5 % CTOKa OCHOBHOTO pycia), IO3TOMY B PacdeT He
npuHuMalics. JIlno — kamenucro-necuanoe. [llupuna creopa 6 M. Cpensisi iryOuna —
1,9 cMm. Pacxom BO/IbI, H3MEPEHHBIN MOBEPXHOCTHBIMH MmorutaBkamu, coctasu 0,009 m3/c.
Cpennsisi ckopoctb Teuenus — 0,11 m/c. KoHlieHTpalus n3MepeHHOro Ha CTBOpPE PacTBO-
peHHoro kuciopona cocrasisier 12,15 mr/i, nin 104,2 % npu Temneparype Boast 8,1 °C;
AIIEKTPOIPOBOAHOCTE — 65 MKCM/CM.

Pyueii 3 (62°11'14,1" 1o0. 1., 58°56'21,0" 3. 1., u3mepenus BoimoaHensl 15.02.2020).
Pyueii Geper cBoe Hauano M3 TPEX CHEKHHKOB B MPEATOPHSIX OOJIBIIOr0 FOPHOIO Mac-
CHBa II0JIyOCTPOBa, BIaJaer B 3ayiuB MakcBei B paiione Herebasbl. CIuBalTCs TpU
MOTOKA, 3aTeM JI0 CPEIHEW YacTu pyduel MMeeT OJHO pyciio. B cepeawne u Hmke (10
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KaHbOHA) B pydYel BMAaJAl0T HEKOTOPHIE MEJIKHE PydbH ¢ BOAOCOOpa, PAcX0a KOTOPHIX
HeCyIecTBeH. Pycio pydbst Ha BceM MPOTSHKEHUH KaMEHHCTOE, BOOPOCIIEH HET. YKIIOH
Py4bsl 3HAUUTENBHBIN. Pycilo pydps 10 KOHIIa HE BBIPAOOTAHO, OJJHAKO CYIIECTBYET yKe
JTaBHO — B py4b€ €CTh KaHbOHBI. HaOmonaemple pycioBeie (POpMBI — MPSIMOIHHEH-
HOE Te4YEeHHE (BEpXHsS YacTh pycia), OTpaHUYEHHOE MEaHIpUpOBaHNE (CPEmHss JacTb
62°11'24,0"0. m., 58°56'21,2" 3. 11.), moMEeHHass MHOTOPYKAaBHOCTh, KaHBOH (HIDKHEE
TEYCHHUE) U YCTheBast 0071acTh (3CTyapuii, YACTUIHO MEPEKPHITHIN OT MOPSI TPHOEPETOBBIM
BayiomM, 62°11'38,7'" ro. 11., 58°56'07,0" 3. 1.). Obmmas mmHa pyuss — 785 M. [IpeBrimenne
HCTOKA Py4bsl HAJ yCTbeM — 23 M.

s m3aMepeHus B BepXHEM TeU4eHUH pydbs (62°11'17,0" ro. mr., 58°56'20,0" 3. 1.)
BBIOPAHO MECTO MOCJE CIMSHHUS TPEX PYyYhEB CO CHEKHUKOB. YUACTOK MPSIMOJIMHEH-
werid. [1lupunaa BepxHero crBopa — 1,55 M, cpemuss mryomna — 7,4 cMm. Pacxom Boapl,
M3MEpEeHHBIN MOBEPXHOCTHBIMU ToTIaBkamu, paBer 0,899 m3/c. Cpemnsisi CKOPOCTH Te-
yenust — 0,87 m/c. KoHneHTpanys M3MEepeHHOTO Ha CTBOPE PACTBOPEHHOTO KHCIOPOAA
cocrasisier 11,3 mr/m, wim 83,8 % HaceImeHns npu temieparype Bozsl 2,4 °C; anekrpo-
mpoBOIHOCTE — 115 MkCwm/cMm.

Hwxuuit ctBop (62°11'24,0" 1o0. mr., 58°56'21,2" 3. 1.) BEIOpaH B MecCTe IMOCIE
MMOMMEHHOM MHOTOPYKaBHOCTH, A0 KaHbOHA. Pycllo 01HO, CKOPOCTh TCUCHHS 3HAYH-
tenpHast u coctaBisieT 0,91 m/c. llupuna ctBopa — 2,5 M, cpennsas rryouHa — 6,3 cM.
Pacxon Bogst 0,936 M3/c. Pacxos B HUKHEM TEUEHHH HEMHOTO OOJIBIIE 33 CUET MPUTOKA
¢ BozocOopa pyubsi. KoHneHTpaIust 13MEpeHHOTO Ha CTBOPE PACTBOPEHHOTO KHCIIOPO-
na cocrasiser 11,4 mr/m, wim 85,9 % npu temmneparype Boasl 3°C; 35IeKTpOIpOBOA-
HOCTh — 118 MKC™m/cMm. [ToBTOpHOE M3MepeHne B HIKHEM cTBope pydbs 20.02.2020
MTOKa3aJI0 YMEHBIIEHHE CKOPOCTH TEUEHHS IT0 CPABHEHUIO C MPEABIIYIINM H3MEPEHUEM
15.02.2020 no 0,29 m/c. llupuna cTBOpa 2,2 M, cpenuss rryomna — 7,2 cm. Pacxon
Boabl coctasmi 0,384 m/c.

N3mepenne ruapopu3HIecKUX U THIPOXUMHUECKHIX NTapaMETPOB Ha MAJIBIX PyUbsiX
oaznca, BeImonHeHHOE B (eBpane 2020 ., MOKA3bIBACT JOBOJIFHO XOPOIIEe HACHIIICHHUE
PacTBOPEHHBIM KHCIOPOIOM — /10 77 % ¥ BBIIIE, SJIEKTPOIIPOBOIHOCTH COCTABISET OT
65 mo 118 mxCwm/cm.

Pe3yabTaThl ruAPOXUMHYECKUX HAQTIONEHU T

Temnepamypa 6o0vl. Temneparypa B 03epax B eproj] oToopa mpod BapsupoBaja oT
o3epa k o3epy. Koapuiment Bapuanmu cocrasisieT 41 % 1 okas3pBaeT HEOZHOPOTHOCTh
JIAHHBIX TIPH OOJBIION AMIUTUTY/E 3HAYCHUI, YTO HEYTUBHUTEIBHO IS JIETHETO CE30HA.

B cpemnem Temmepatypa o3zep coctasmsna 7,5 °C. [Ipu aToM MakcuManbHas TeM-
mepatypa 15,9 °C ormeuanace B HeOOMBIIOM BomoeMe Ha 0. Apamu (62°12'40,2" fo. 1.,
58°56'30,2" 3. 1.), Taxoke 3HaueHHe 15,8 °C nMen BpeMeHHBIH BOJOEM B IPYTOH YacTH 0a3H-
ca — HeJaneko OT cTapoit Opasmnbekoit ctannuu (62°10'19,0" 1o. mr., 58°57'05,4" 3. 11.),
4TO, OE3yCIIOBHO, CBA3aHO C METCOYCIOBHSIMU AAHHOTO BPEMEHHU Tofa. MHUHUMaIbHAS
TeMIeparypa Boabl XapakrepHa s KprokoHUTOB (0,1 °C) Ha JeqHHUKe U PydbsX, C HETO
crekarorux (0,2 °C), a Takke NPHICTHAKOBEIX BogoeMmax, Hampumep, 3 °C B o3. Ilox-
nennoe (62°10'58,3" 1o0. mr., 58°52'19,7" 3. 1.). Takoe pasnmuune TeMneparyp CBI3aHO HE
TOJBKO ¢ ONMM30CTHIO JIENHUKA, HO U ¢ TiyOmHO# o3ep. O3epo, B KOTopoM Habmromanach
temneparypa 15,9 °C, menkoe, He TTyOke ABaaIaTd CaHTHMETpoB. VIMeHHO M3-3a He-
OO0 TITyOMHBI ¥ HAXO0XK/ICHHUS B 03epe TEMHO-OYPBIX MaTOB BOIOPOCIIEH OHO CMOTJIO
TaK CHJIbHO HPOTPETHCS.
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Booopoonviii nokazamens (pH). KpaitHe oqHOPOIHBI IOTyYEeHHBIC MTOKa3aTenu pH,
K03 GHUIUEHT BapHaIMi cOCTaBIsIeT Beero 8 %. 1o 3HaueHnIo BOMOPOIHOTO ITOKA3aTes
BBIJICIISIIOTCS] HEMTpaJIbHBIE, CIIA00MIENIOUHbIE U CHIIBHOIIENOYHbIe o3epa. [Ipeobnanaror
o3epa ¢ HeMTpanbHOM peakiueil cpeasl. MakcuMaabHOE 32 pacCMaTpPUBAEMBIH MEPUOLT
3HaYeHHE BOJOPOJHOrO mnokasarens cocraBuwio 10,05, cpeanee — 7,56. CToib BBICOKHE
rokasarenu pH xapakTepHsI IUIs JTIaTyHHBIX, €1a00CONeHbIX, 03ep 0. Kunr Jxopmxk.

Pacmeopenwiii kuciopoo (0O,). KoHIEHTpamys pacTBOPEHHOTO KHCIOPOa OT 03€-
pa K 03epy BapbHpyeT CHJIBHO, KO3 GHUINCHT BapHalluK cocTaBisieT 64 %. OT1o cBs3a-
HO IVIaBHBIM 00pa3oM ¢ MOP(HOMETPHUECKUMH XapaKTepUCTUKAMH 03€p, C OIU30CTHIO
JIeTHUKA U CHE)KHUKOB, a TaKKe C JUHAMHKON BOJHBIX YKOCHCTEM 03€p M BPEMEHHBIX
BOJIOEMOB oa3uca. B cpeaHem KOHLIEHTpalus O2 cocrasmia 10,83 mr/i1, MakCHMallbHOE
coJiepKaHNe PacTBOPEHHOTrO Kuciopona — 13,82 mr/m. HacrelmeHne KUCIOPOIOM TIpH
9TOM COOTBETCTBOBAJIO B cpeaHeM 85 %, MakcumanbHoe 3HaueHue — 137 %. [l MHorux
03€p XapaKTepHO HACHIMEHHE KucaoponoM Beiie 100 %, 4To sBISETCS OTIMYUTEIBHON
YepTol 03ep aHTAPKTUYECKHX 0a3HMCOB, IMOCTYIUIEHHE BOABI B KOTOPHIE OOYCIOBICHO
B OCHOBHOM TaJILIMH CHEKHUKOBBIMHU ¥ JICTHUKOBBIMU BOJIAMH, 0OOTAIIEHHBIMU PAaCTBO-
PCHHBIM KHCIIOPOJIOM.

Dnekmponposoornocms. bonpmucTBO 03ep 0. Kunr Jop/pk mpecHsle, 00 3TOM CBHU-
JIETETbCTBYIOT JAHHBIC MO AIEKTPOIPOBOHOCTH BOIIBI. Tak, CpeIHss HIEKTPOIPOBOAHOCTD
coctasisieT 288 MkCwm/cM. OJHAKO €CTh M CONICHOE JIATYHHOE 03€pP0, IEKTPOIPOBOIHOCTD
xotoporo coctaBmia 10200 MxCwm/cm, — HETyOOKOE, IO MIATHAIAaTH CAHTUMETPOB TITy-
OWHOH, B HETO BO BpeMs IITOPMOB TIOCTYIIAeT MOPCKast BOJIA.

Cooeporcanue buoeennvix s1emenmos. KoHIEHTpanny OMOTEHHBIX 3JIEMEHTOB 3Ha-
YUTEJIFHO BapbUPYIOT OT 03€pa K 03€py M U3MEHSIOTCS B TEUEHHUE JIETHETO reproaa. Jis
HM3MEPEHHBIX HETOCPEICTBEHHO B IMOJIEBBIX YCIOBHUSIX KOHIIEHTPAIMH OMOTEHHBIX dJe-
MEHTOB B BOJIe KOG (GHIIMEHT BapHaIiK copepxanus Gpocdaro pasen 112 %, HuTparos
(NO,") — 355 %. Conepxanne GpochaToB TOBONBHO BBICOKO, B cpeHeM — 0,92 Mr/i ¢ am-
mwutynoi ot 0 mr/a mo 8,04 Mr/m, mpu 3TOM MaKCHMalbHOE 3Ha4eHHE B 9 pa3 MpeBbI-
maet Meauany. CpenHee comepikaHie HUTPATOB cocTapisieT 0,6 MI/i mpu aMInIuTyae
ot 0 mr/m go 11,5 mr/nm. MakcumansHOE 3HAYCHUE KOHIICHTPAIlMKU HUTPATOB B 19 pas
MIPEBBIIIACT CpeHee 3HaueHne. 3MepeHust conepkaHuss ONOTEHHBIX JIEMEHTOB (KpeM-
nus Si, pocdaros, monos ammonus (NH,"), cymmsr aurpuTos 1 HuTparos (NO,+NO,")
B nmaboparopun OLLIJI AAHWUN moka3ann 3HaYUTETFHO MCHBIINE 3HAYCHHS. AHAIN3
OBUT TIPOBENICH UIS1 MEHBIIETO KOJIMYECTBA MPOO: MAKCUMAIbHOE KOJIMYECTBO aHAIN30B
JUIE KpeMHHS cocTaBuiio 16 mpo0, a st aMmMoHus — Beero 7 mpod. MakcuManbHas
KoHIeHTpams docharos B o3epax pasHsuiach 0,02 Mr/i, a cyMMbl HUTPAaTOB U HUTPH-
ToB — 0,59 Mr/n. U ecnu 3HaueHHe HUTPATOB C HUTPUTAMH IPUMEPHO TAKOE )Ke, KaK
1 cpeziHee 3HauUCHHUE /IS TTOJIEBBIX HAOMIOAEHHH, TO coepykanne (ochaToB OTIMIaeTCs Ha
nBa nopsiaka. OTHAKO B CBSI3M C TE€M, YTO BO3MOXKHBI OITMOKH N3MEPEHNH KaK B TIOJICBBIX
YCTOBUSIX (M3-3a TIOX0H KannOpoBKH mpubdopa), Tak 1 B AAHWU (u3-3a TpaHCTIOPTHPOBKH
mpo0 B 3aMOPOKCHHOM BHJIE M NEPUOAE MX XpaHEHUs OoJjiee IBYyX MECSIEB), B TaHHOU
paboTe MPUBOIATCS BCE MMEIOIINECS Pe3ylbTaThl. AMIumATyna Si m3MeHsmiack ot 0,01
1o 2,80 Mr/m mpu cpemHeM m3MepeHHOM 3HadeHuu 1,17 mr/n. KoHmeHTparmm aMMOHMS
BapeupoBann ot 0,01 go 0,3 mr/m mpu cpenrem 3HadeHnu 0,08 mr/m.

Lgemnocmov u mymruocmo. Ins o3ep o. Kunr xopmx m-oBa Daitnac ObUTH Ompe-
JIeTICHbI TaKne MapaMeTpsl, Kak IIBETHOCTH (IO mKaje Xa3eHa) 1 MyTHOCTh. JlaHHBIE 1O

Arctic and Antarctic Research. 2024;70(1):46—70. 57



U.B. ®éooposa, E.C. Yepnosa, C.IO. Esepaghosa, B.K. Kaoyykuii, A.C. Ilpokywirxun, U.E. Cuoopuna
Ananrtanust 03ep noayocrposa daiinac (0. Kunr Lxopax, Boctounast AHTapKTHAA)...

9TUM TIapaMeTpaM BapbUPYIOT 3HAYUTEIHHO, KO3(PPUIIMECHT BapHalUU I IBETHOCTH
cocrasmusieT 195 %, nns mytHoct — 163 %. LlBeTHOCTh M3MeHsutack ot 0° mo 420°. Mak-
CHMaJlbHas IIBETHOCTh HAOJI0IaIach B HENTyOOKOM (MakcuMyM 15 cM) o3epe ¢ OOMITbHBIM
MIPUCYTCTBUEM OaKTepUabHBIX MaToB. MyTHOCTBH M3MeHsIack oT 0 EM® no 72,6 EM®,
rne EM® — eauHuUIBI MyTHOCTH 110 (popMasuHy (MpUMEPHOE 3HAYCHUE MYTHOCTH, BBI-
pakeHHOH B MI/i). MakcuMmalbHasi MyTHOCTh HaOIronaach B Hertyookom (20 cM) o3epe
C OOMJIBHBIM MPUCYTCTBHEM MATOB.

Honnwiii cocmas 600b1. B xo71e noHHOXpoMaTorpaduueckoro aHaan3a Obl1 onpe/eseH
karuonHsIi (Ca*, K*, Mg*", Na") u annonnsiit (Cl, Br, F-, SO, ?) cocTaB Bozibl HEKOTOPBIX
o3ep oazuca. Cpean KaTHOHOB MpeolialaloluM OKasaicsi HaTpuid Na+, MakcumanbHast
KOHLIEHTpalus kotoporo coctasmia 0,763 mr-oks/i, MmuanmanbHas — 0,05 Mr-sks/i.
MakcumanpHast KoHeHTpanus kamus — 0,169 mr-ske/i, munumanbHas — 0,004 Mr-3kBs/J1.
AMIuTuTyna 3HaYeHu conepikanus Maraus O0puta 0,008—0,535 Mr-skB/n, Kanenus —
0,003-0,69 mr-skB/n. Cpexn aHMOHOB MPEOOIAAAIONIMM B BOJaX M3y4aeMbIX 03ep OKa-
3aJICs XJIOPHU]I, aMILUTUTyaa 3HaueHui cocrapmia 0,08—2,38 mr-s3ks/n. Comeprkanue Gropa
mMensutoch ot 0,001 mr-3ks/it 1o 0,006 mr-sxs/mn, 6poma — ot 0,005 1o 0,02 Mr-3kB/1.
MuHuManpHasl KOHIEHTpanus cynbgar-noHa cocrasuia 0,02 Mr-sks/J1, MakCHMaJIbHast —
1,35 mr-sks/51. Konnentpanus ruapoxap6onaros (HCO,") okasanach Huxe nopora ooHapy-
YKEHHs B OOJIBIIMHCTBE 03€p 3a UCKIoueHHeM 3HaueHus1 0,27 Mr-3KB/J1 B JIaTyHHOM MaJloM
BOJIOEME Ha MEePBOi MOpPCKOi Teppace (mryounoit 10 0,6 M) u 0,062 mMr-3kB8/1 B 03. Hopma
(62°11'21,6" ro. m1., 58°55'46,1" 3. n.) HanpotuB Mbica Cad .

Jlis mpeoOiaaronero yucia o3ep CyMMapHasi KOHIEHTPALMSI KaJIbIs 1 MarHus
MPEBBINIAET CYMMapHYIO KOHIICHTPAIMIO THApPOKapOOHaT-uoHa U cyinbghar-nona. Ox-
HaKoO €CTh 03epa, B KOTOPbIX Habmrofaercs oOparHas curyanus. Ha ocHoBaHuUM Tpo-
BE/ICHHBIX aHAJIM30B BCE 03epa ObUIM TUIM3UPOBAHEI 10 Kiaccupukanun O.A. Anexu-
Ha (1970) [27], cortacHO KOTOPO¥ OOJBIIMHCTBO BOIOEMOB I-oBa Dailyiac oTHOCITCS
K XJIOpUAHO-HATpueBbIM 1] Trma. ['eHeTHYeCKH Takue BOJOEMBI UMCIOT YHACIICAOBAHHBII
THJIPOXUMHUYECKUI COCTaB — IOCIIE PErPecCHid MOPsI TIOBEPXHOCTH 0a3Mca COCTABIISIET
OCHOBHOIM MCTOYHHUK COJIcii mpu GopmupoBanuu BomoeMoB. B Bonax Il tuma cymmap-
Has KOHIICHTpAIlMs TUIPOKapOOHAT-HOHOB U CYJIb()aT-HOHOB MPEBHINIACT CYMMapHYIO

KOHIIEHTPAIMIO MOHOB KalbIMsl U Maruus. B xmopunHo-narpueBom o3. Hopma (CIN )
obHapyxeH | TUIT BOj, I1e KOHIIEHTPAIXs THPOKapOOHAT-HOHOB MIPEBBIIIACT CyMMapHYIO
KOHIICHTPAIMIO NOHOB KaJblinsl ¥ Maraus. LllecTs 03ep, pacnonoKeHHbIX B JaryHax U Ha
1-i1 Mmopckoii Teppace, umerot 111 Tum Box. HemMHorouncieHHbI BOZOEMBI CyiIb(haTHOTO
Kitacca (03. [Togmennoe (SEa ) (62°10'58,3" 10. 11., 58°52'19,7" 3. 1.) U 1Ba MEJIKUX BO-
JloemMa psIoM ¢ HUM, a Takxke 03. J[muHHOoe (SICIa ) ¥ KanpLueBol rpymsl (03. ['eorpador
(CIICIa Cl) u o3epo (62°13'45,7" ro. 1., 58°59'51,8"” 3. n.) Ha 1OTE MOIYOCTPOBA, PSIAOM
¢ nponuBoM Daitnc (Cllc; ). CI*,

Koppenayuonnuiii ananuz eudpoxumuueckux noxkazameneti. Bce paccuuTaHHBIC CTaTH-
CTHYECKUE XapaKTePUCTUKH THAPOXUMHICCKHX MapaMETPOB 03ep MPEICTABICHBI B Ta0I. 2.
JIs maHHBIX 3HAYCHUH BOJOPOTHOTO MOKa3areis pH, AIeKTponpoBOAHOCTH, HUTPATOB,
(docdaroB, MyTHOCTH, IIBETHOCTA MOJa U MEAMaHa OOJBIIEC CPEIHETO 3HAUCHUS, IJIS
TeMIIepaTypsl M PaCTBOPEHHOTO KHCIOPOIa, HA000POT, — CpeaHee 3HAYCHHUE TIPEBHIIIACT
MOy ¥ MEIaHy. DTO TOBOPHUT O TOM, YTO JaHHBIC HE TIOMYUHSIIOTCS HOPMAITFHOMY 3aKOHY
pacmipeneneHus. Bee psipl TaHHBIX THAPOXAMHUYCCKIX ITapaMETPOB, KPOME HACBHIIICHHOCTH
BOJIBI PACTBOPEHHBIM KHCIOPOIOM, UMEIOT TIOJIOKUTEIBHYI0 aCHMMETPHIO.
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Tabruya 2

CrarucTuyeckue napaMeTpsl F’HIAPOXMMHUYECKHX MOKa3aTeeii o3ep moayoctposa Paiiinc

Table 2

Statistical parameters of the hydrochemical characters of the Fildes Peninsula lakes
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55 g 83| 25| &g z 2 g 5
22 s | Es|E5| 28| E| 2| B | &
E 3 = =5 =E= S 5 E
E & T | Bo | 29| 228 5 & | 2| 2
O E = = SE | & | &8 as ] = =
Cpennee 7,56 7,51 288,5 | 10,83 | 85,63 0,61 0,93 | 25,97 6,5
3HAaYCHUE
Mennana 7,40 7,10 166,0 | 10,67 | 90,40 | 0,00 0,78 9,87 3,4
Mona 7,37 8,60 112,0 | 12,10 | 90,50 | 0,00 0,00 0,00 0,00
Max 10,05 | 15,90 [10200,0| 13,82 | 137,20 | 11,50 | 8,04 | 420,00 | 72,6
Min 6,47 0,10 0,0 6,05 9,62 0,00 0,00 0,00 0,00
AwmrmuTyna 3,58 15,80 |10200,0( 7,77 | 127,58 | 11,50 | 8,04 | 420,00 | 72,6
Hucnepcust 0,40 9,40 |790843,4| 47,59 |442,94 | 4,65 1,09 2569 111,6
Cranmaptaoe | 0,63 3,07 889,3 6,90 | 21,05 | 2,16 1,04 | 50,68 10,6
OTKJIOHCHHE
Cv, % 8 41 308,0 64 25 355 112 195 163,0
Cs 1,45 0,57 10,8 9,95 | -0,79 | 4,18 3,36 5,01 3.9
Tabruya 3
KoppessinnonHasi MATpHIa THAPOXUMHYECKHX NAPAMETPOB BOJ0EMOB
Table 3
Correlation matrix of the hydrochemical parameters of the lakes
¥a}
5
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2. = _ 2
3 = %8 | 25 z - 8 5
= E‘ ST 2 & < 2 8 =
s e s =i = E 5
5] o s E Qg = g > 2
= Q) A B = o S = =
DIEKTPOIPOBOIHOCTh 1 0,21 0,00 0,15 0,03 0,03 —0,03
BomopoHbrii 0,21 1 -0,12 0,30 0,01 0,03 0,05
nokaszarens pH
PacrBopennsiit 0,00 -0,12 1 0,17 —0,10 —0,05 0,11
xucnopon O,
Hurpatst 0,15 0,30 0,17 1 0,46 0,71 -0,04
docdarsr 0,03 0,01 -0,10 0,46 1 0,08 0,38
Temmnepatypa Bojbl 0,05 0,10 0,12 -0,06 0,21 -0,10 0,02
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Pacuer napHOil KOppeSILUN MEXAY THIPOXHMMUYCCKUMHU ITapaMeTpaMu IOoKa3ail
OTCYTCTBHE 3HAYMMOM CBSI3M MEXIy HUTPaTaMU U BOZOPOIHBIM ITOKa3areeM (KHCIOTHO-
cTh0) (7 = 0,30), HaM4Ywe CHIBHOM MPSIMOU CBSI3H MEKIY HATPATaMU H MYTHOCTBIO BOJIBI
(r=10,71), ymepeHHOI1 IpsIMOI1 CBSI3H MEXIY (ochaTraMu U IIBETHOCTHIO BOAHI (7 = 0,38),
a Taxke Mexnay docharamu u HuTpatamu (7 = 0,46). Koppensaimonnas MaTpuma Tuapo-
XMMHYECKHUX [apaMeTpOB, OIPEICICHHBIX B MOJIEBBIX YCIOBHAX, OCUUTAHHAS I 132
MIOCTOSIHHBIX M BPEMEHHBIX 03ep 0a3uca, PeACTaBlIeHa B Ta0l. 3.

I'uaposkoornyeckue uccae 0BaHUs
Jlnst ompenenenns THIPOIKOIOTHIECKOTO COCTOSHUS 03€p MOIYyOCTPOBA MCIIONb-
30BaHBI CBEICHUS O OMOTE, MPOAYKIIMOHHO-IECTPYKIIMOHHBIX MPOLeccax M 3HAYCHUS
KOHIISHTpAIMi OMOTEeHHBIX 31eMeHTOB. Bomoemsr m-oBa Qaiingac otnnyaiorcs Oora-
TBIM OMOpa3HOOOpa3ueM 10 CPaBHEHHUIO C APYTHMH aHTAPKTHYECKUMH oazucamu. Ha
puc. 3 mpeacTaBIeHB OCHOBHBIE BUIBI BOAOPOCTCH U OaKTepUaTbHBIE MaThl, BCTPEYaro-

Puc. 3. Pasnuunble BUIB! Bofgopociel B BoroeMax mn-osa daitizc

Fig. 3. Different species of algae of Fildes Peninsula aquatic objects

Puc. 4. Hebosnb1oe o3epo B paitone 3anuBa KoianuH3 ¢ HamuureM GOJBIIOro KOJIMYeCTBA KPACHbBIX
BoZiopocIieil u 3abonaunBanieM BogocOopa Ha GpoHe Kpas JISTHUKOBOIO KyIoJia

Fig. 4. A small lake in the Collins Bay area with large amounts of red algae and waterlogged catchment
against the edge of the glacial cape
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IUecs B 03epax IMOyocTpoBa. MHOTHE MEJKHE BOJHBIC OOBEKTHI, HECMOTPSI HA HE3Ha-
YHUTEJBHBIE Pa3Mepbl 10 2 M?, TaKKe UMEIOT pasiM4YHbIe BUIBI (DUTO- U 300ILIAHKTOHA,
HEB3Upas Ha JUINTEIFHOE IPOMEpP3aHne 3UMOH. DTO TAKXKE CBSI3aHO M C BBICOKHUM CO-
JIep>)KaHUEM B BOZIE€ OMOTEHHBIX JIEMEHTOB M3-32 MHTCHCHBHOTO IOCTYIUICHHS BEIIECTB
¢ BoztocOopa B JIETHUH TEPHO M aKTHMBHBIM HCIIAPEHHEM BOJBL. DTO CIIOCOOCTBYET HE
TOJIBKO Pa3BUTHIO TMIPOOMOHTOB, HO M €CTECTBEHHOMY 3BTpOodHpoBaHnio 03ep. HyxHo
TaKXe OTMETHTh, YTO MHOT'HE MOHMBI PyYbeB U 03€p 3a007IaunBaIOTCS, (OPMUPYIOTCS
Topd M MOXOBBIE KOBpPHI (pHc. 4). MomrHOCTs Topha Ha BomocOopax o3ep U pydbeB HE
npesbimaet 30 ¢M, OHAKO HAJIMYNE PA3BUTOW HA3EMHOM PACTUTEILHOCTH TTOATBEPKIAET
MOTEIUIEHHNE KIMMara (yBEeJIMUeHUE TeMIIEPaTyphl BO3AyXa M KOJIMYECTBA OCA/IKOB, B TOM
YHCIIe XKHUJKUX) TTOyOCTPOBA.

Ha nennuke Taxke ObUTH OTMEUEHBI KpacHbIE BOJOpOCHH. Halle Bcero Takoi et
MIPUHAUISKUT 3eTeHBIM BoopocisiMm Chlamydomonas nivalis w Chlorosphaera antarctica,
KOTOPBIE aKKyMYJIHPYIOT (poTo3amuTHEIE KpacHbIe 3¢upsl [25].

Camoouuwarowas cnocobnocms 6000emos. JIns UCCIeTOBaHUS CaMOOYMIIA-
IOIIEH COCOOHOCTH BOIHBIX DKOCHCTEM BOJOEMOB NMpHUMeEHsIOCh D/P, — oTHOImEHHE.
B Tabn. 4 npencrasiensl pesynsTarhl onpenenenus D/P - ortHomenns. Jlng ozepa Me-
TaHOBOE TTOBTOPHBIE U3MEPEHHS TTOKa3aIn Ipeodnananue B Hadane despans 2020 r. me-
CTPYKLIMH OPTaHMYECKOTO BEIIECTBA HaJl BAJIOBOW NEPBUYHOM MPOIYKIIUEH, YTO TOBOPHUT
0 XOpOIIIeH caMOOYHINAIOIIel crtocoOHOCTH. A 17 03epa KpacHBIX Bomopocieil K KOHITy
(eBpains HepaBEHCTBO M3MEHWIIO 3HAK Ha TpoTuBononoxkHeiid (D/P, < 1), ykasbisas Ha
HaJIMYHE TPOLECCOB IBTPOYUpPOBaHMA. AMILUTNTY/a 3Hadenni D/P  n3mensmace ot 0,69
70 44, 1. e. ObITa BeCbMa 3HAUYUTEJILHOM, CBUETEIBLCTBYS O HEOJHO3HAYHOCTH TIPOJYKIIH-
OHHO-/IECTPYKIMOHHBIX MPOILIECCOB B 03€pax, HO BCE-TAKH JIEMOHCTPUPYS BO3MOXXHOCTb
03EPHBIX IKOCHCTEM K CAMOOYHIIICHHIO.

Tabnuya 4

IMoka3zaTesn AecTpyKUMH U NPOAYKIUHU B 03epax MeraHoBoe n KpacHbIx Bogopoceii
Table 4

Parameters of decomposition and production in lakes “Metanovoye” and “Red Algae”

Hecrpyknus | [Tpomxykims
Ozepo Hara namepennss | D, mrC/m | P, mrC/n | D/P | TIpeobnanaromuii mporecc
B CyT B CyT
MeranoBoe |06.02.20-08.02.20 0,064 0,002 44 |D/P>1 CamoouuiicHue
08.02.20-10.02.20 0,03 0,009 3,4 |D/P>1 Camoouunienue
Kpacubix 12.02.20-14.02.20 0,06 0,023 2,61 |D/P>1 CamoouuineHue
BoJopocneit | 14.02.20-16.02.20 0,049 0,042 1,17 |D/P>1 Camoouniienme
16.02.20-19.02.20 0,006 0,008 0,69 |D/P<1 DBrpodupoBanue

IloTOKH MAPHUKOBBIX Ta30B ¢ MOBEPXHOCTH BOJI0EMOB
Ilomox yanexucnozo 2aza. CO, 03ep B TEYEHUE JIETHETO CE30HA HEMHOTO BO3paACTal
C CepeUHBI STHBApS J10 KoHIA (eBpais (puc. 5), 4To CBA3aHO, CKOPEE BCETO, C TIOBBIIICHUEM
CpPEIHECYTOYHOM TeMIlepaTyphl Bo3ayxa. Takke Hy)KHO OTMETHTh YBEIMUCHUE aMILTUTY/IbI
snagenuit CO, x Hadany QeBpais — cepe/MHe JIETHEro ce30Ha. MUHMMAabHOE 3Have-
HUe 6,57 MKMOJIb OBLIO M3MEpeHo B 03. MoxoBoe (62°10'11,0" ro. mr., 58°51'11,1'"" 3. 1.
(03epo Ne 6, cm. puc. 1)) Ha BbicoTe 23 M HaJ ypoBHEM Mopsi. Bomocbop o3epa monHo-

Arctic and Antarctic Research. 2024;70(1):46—70. 61



U.B. ®éooposa, E.C. Yepnosa, C.1O. Esepagosa, B.K. Kaoyyxuu, A.C. IIpoxywrun, U.E. Cudopuna
Ananranus o3ep noiayocrposa ®aiaic (0. Kuur xxopaxk, Boctounasi AHTapKTHAA)...

CTBIO 3apOC MXOM, Ha JJHE — KpacHbIe BOgopocu. bonpmme snagenns CO,, paBHbIe
51,13 mMxmons, orMedeHs! B o3epe [Tomnennoe (62°10'58,3" ro. mr., 58°52'19,7" 3. &.
(o3epo Ne 27, cm. puc. 1)), KOTOpOE HAXOAWUTCS B HEMOCPEACTBEHHON OJIHM30CTH K JIEA-
HUKy. PaHee maHHBIA BOJOEM HMMeEN YpOBEHBb BOABI BBINIC HbIHemIHero (Ha 05.02.2020)
Ha 3,5 M, CKJIOHBI JITHUKA COAEp>KaT OOIIBIIOE KOJMYECTBO KPACHBIX BOAOPOCIEH, Boaa
osepa MyTHas (36,8 EM®). MakcumanbHoe 3nadenne CO, 86,68 MKMOJIb N3MEPEHO B He-
OOJTBIIIOM UCKYCCTBEHHOM BOIOEME, PACIIOIOKEHHOM BO3JIE KUTAHCKON HAyIHOU CTAHIIHH
(62°12'10,3" 1o0. 1r., 58°58'11,3" 3. 1. (03epo Ne 32, cm. puc. 1)), mpuHUMAIOIIEM TBEpAbIC
TEXHIMYECCKHE OTXOIbI CTAHIIMHN, BCIEICTBHE YETO BOJa MMEET XapaKTePHBIN 3araxX THHCHHS.
3HaueHHS TSI ATOTO BOIOEMA HE YUUTHIBAJIHCH TIPH PAcueTe CTATUCTHICCKUX MTapaMeTPOB,
OTHAKO YIOMSHYTH O BO3MOXKHBEIX OOJBIIHNX MOTOKAX YIJIEKHUCIOrO Ta3a ¢ MOZ0OHOTO
poIa BOIOEMOB HEOOXOMUMO C TOUKH 3PCHHS COXPAaHCHHS aHTAPKTUICCKUX YHUKAIBHBIX
nmaHAmadToB ¥ BO3SMOKHBIX PEKOMEHIAIMH TT0 WX 3aIlUTe.
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Puc. 5. Konuenrpanus pacTBOPEHHOTO YIIIEKUCIIOTo rasa B Boze 03ep (pCO, (Boaa)) OTHOCUTENBHO
paBHOBecHOH konnenTpaiuu B atmochepe (CO, (at™)) (@) 1 ero IOTOKHU ¢ HOBEPXHOCTH 03¢ep (6) B
netHuil nepuof (cepeanna siuBapsi — koHer ¢espaist 2020 r.).

Crpenkamu ykasanbl smuccus CO, B armocdepy (onoxkuTeNbHble 3Ha4eHUs) 1 noromenne CO, BOTHBIM 00b-
C€KTOM (OTpI/IHaTeJ'ILHLIe 3Ha‘{CHH${). Mecra PacCIOJIOKEHUS 03€p CM. pHUC. 1

Fig. 5. The concentration of dissolved carbon dioxide in the water of the lakes (pCO, (water)) relative
to the equilibrium concentration in the atmosphere (CO, (atm)) (a) and its flows from the lakes
surface (6) during the summer period (mid-January — late February 2020).

The arrows indicate CO, emission into the atmosphere (positive values) and CO, absorption by a lake
(negative values). The locations of the lakes are shown in Fig. 1
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INonmxennoe conepxanne CO, B BOAaX 03€p ONPENENAET MPEUMYIIECTBEH-
HO OTpHIATENbHBIE BeMHYMHBI NOTOKOB CO, (puc. 56), 9TO OTpakaeT MOIVIOMIE-
nue CO, m3 armocdepsl. Mennannoe snadenne notokos CO, ms 37 03ep cocTaBu-
10 —0,06 Mxmois/M?/c (—0,12 + 0,17 mrmonb/mM*/c, cpenHee = SD craHaapTHOE OTKIIOHEHHE)
npu Bapuanuu ot —0,77 g0 + 0,17 mxmoins/mM*/c. Bonee 3HaYMMBble TOTOKHU MOVIOIICHHUS
CO, u3 atmochepbl XapaKTepHbl PydbM: MEIMAHHOE 3HaYeHHe — —0,52 MKMOIIBL/M?/C pH
BapbpupoBanuu ot —0,14 10 —0,95 mrmosnb/mM?/c. OOIast 3aBUCUMOCTD MOTOKOB JMOKCH 1A
yIIeposa ¢ BOAHBIX MOBEpXHOCTEH 1m-oBa Dailyiic 0T ero KOHIEHTPALUH B BOAHBIX 00b-
eKTax MpHBEAeHa Ha pHC. 6.
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Puc. 6. 3apucumocts 06MeHHBIX TOTOKOB CO, ¢ TIOBEPXHOCTH BOJHOTO 3€PKalia 03€p U Py4beB OT
KOHIIEHTpAIMK pacTBopeHHOro B Boze CO,

Fig. 6. The dependence of the CO, exchange fluxes from the surface of the lakes and streams on
the concentration of dissolved CO,

Tlomoxu memana. B o01e CoxHOCTH onpeeneHsl motoku metana CH, ¢ mosepx-
Hoctu 101 BogHOTO OOBEKTA (pHC. 7), BKIIOYAsl MOBEPXHOCTh BOAHOTO 3€pKasia U MpH-
jeraromux tepputopuil. IlokazaHo, yTo cpegHHE KOHIICHTPALMK METaHa B BO3AyXE MPH
AKCIIO3UIINK KaMepbl 2 MHH HaJl TIOBEPXHOCTHIO 03ep TUIOMIaabt0 6otee 200 M? cocTaBmsIIH
ot 7 10 14 ppm, BOIHBIX 00BEKTOB MIOIaaA6I0 oT 50 10 200 M> — ot 15 mo 35 ppm,
BOJHBIX 00BEKTOB IUIOMIA6I0 MeHee 50 M?> — ot 3 10 40 ppm. MHTEHCHBHEE BCETO
BhIienieHne MeTaHa (cBbimie 1000 ppm 3a MUHYTY) pErHCTPUPOBAIOCH U3 OTBEPCTHUH
B JIOHHBIX OTJIIOKCHHMSAX HEKOTOPBIX 03€p M MajbIX BOJ0eMOB. CaMble HU3KHE 3HAYCHUS
KOHI[eHTpanuu MetaHa (0—3 ppm) ynaBIMBalIUCh C TOBEPXHOCTH CHEXXHUKOB. C mpuera-
IOl K BOAHBIM 00BEKTaM TEPPUTOPUH, KOTOPast XapaKTepH30BalIach YCUICHHBIM BOIHBIM
PESKMMOM I'DYHTOB U HAJIMUMEM aJIbro-0aKTepUabHBIX MaTOB MJIM MXOB, KOHIICHTpAIHS
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Fig. 7. Spatial distribution of methane emissions (CN,) from the surface of Fildes Peninsula Lakes

MeTaHa B kKamepe coctarisiia ot 0 o 15 ppm 3a 2 mus. C TOBEPXHOCTH MPUIICTHUKOBOH
MOPEHBI BEIMYMHA KOHIICHTPALUI perucTpupoBayiack B npenenax 10—15 ppm, ¢ mosepx-
HOCTH pyubeB B npenenax 1-3 ppm. [Ipu aHamm3e oOOOMICHHBIX TAaHHBIX BBIICICHUS
METaHa CO BCEX UCCIICJOBAHHBIX BOIHBIX 00BEKTOB I-oBa Dailiac ObLT ClieiaH BBIBOI
0 TOM, YTO KOHIICHTPALIUS METaHa B 00pa3iax BO3AyXa C MOBEPXHOCTH BOTHBIX 00BEKTOB
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YBEIMYHMBAIACh 110 MEpPe yAaJeHNs] BOXHOTO 00bekTa oT sienuka Komnmns. Vckimouenne
COCTABJIAIOT BOTOEMBI 0. APIUTH, T BhICOKast KoHuenTpanus CH, B BO3yxe onpenensnach
B OCHOBHOM BBICOKHM COJZIEP’KaHHEM OPTaHWIECKOTO BEIIECTBA B OPHUTONIOYBAX, KOTOPOE
HOJIBEPrajoCh MUKPOOHOMY pazioxkeHHto. CiemxyeT OTMETHTb, YTO KOHLEHTPAllui MeTaHa,
NPUBECHHBIC B JAHHOM HCCIIEJOBAaHNH, ObIIM 3a()MKCUPOBAHBI MPU MOMOIIN TEUEHCKa-
tens metana SPD203 u mpencTaBisiroT co00if HE CTONBKO KOMHYECTBEHHYIO, CKOIBKO
KadeCTBEHHYIO XapaKTepHCTHKY. TeM He MEHee MacCUB IOTyYEHHBIX JaHHBIX U CPaBHEHHE
3HAUCHHUI KOHIICHTPAIMX METaHa, yIaBInBaeMbIX TeuerckareneM SPD203 u mepeHoCHBIM
razoaHainzaropoM Picarro, kKoTopoe OBUIO MPOBEICHO B JAIBHEHIIIEM, TTO3BOJISIOT OIIpe-
JIETUTH AUANa30Hbl 3HAYCHUI MHTCHCHBHOCTH BBIJICJICHUSI METAHA C TIOBEPXHOCTH BOIAHBIX
00bekToB, Te mokazanus SPD203 B nuamazone 0—4 ppm COOTBETCTBYIOT MOTJIOMICHUIO
METaHa, a MOKA3aHMs BBIIIE 5 ppm — €ro BIJICICHHUIO.

duckyceuns

Wzyuennem o3ep m-oa Daitnac (0. Kunar J[xopmk) 3aHIMAIOTCS MHOTHE yUCHBIC
Ha MIPOTSHKEHUN JIECATKOB JeT. OJHAKO /10 CHX TOp OCTAIOTCs BOMPOCHI IO CHEHU(HKEe
(DYHKIIMOHNPOBAHUS BOIHBIX SKOCHCTEM M UX 0COOCHHOCTSIM.

[onpoOHBIe pabOTHI HA THAPOIOTHIECKOM crcTeMe 03. Kurex m-oBa Daitnac panee
npoBoAuKCh B sitHBape—Mapte 2012 1. [12]. HeogHokpaTHO U3MEPEHBI pacXo/ibl BOJbI B py-
YbsIX, JaHBl 3HAUCHNSI CKOPOCTEH TEUCHMSI, yPOBHEH BOJIBI, IIPHBEACHBI OAaTUMETPUICCKHUE
XapakTepucTHkH o3ep. B ssuBape 2012 . pacxos Bozbl B pyube u3 03. Kurex nsmensics ot
0,06 m*/c (09 stuBapst) 10 0,135 m¥/c (11 siHBaps), MOCIIE YEro MPOMCXOIHIO €ro MOCTOSHHOES
nanenne 10 0,02 m¥/c (26 mapra). dus suBapst 2020 1. xapakTepHbl OONbIINE 3HAYCHUS
pacxoloB BOABI M CMEIICHUE ITHKa HA KOHEIl stHBaps. MakcuMasbHBIH pacxon 3 m*/c Ha-
omomancs 28 saBaps 2020 r. I3MepeHHBIE pacXoIsl BOJOTOKA U3 03. Kutex u npyrux
BPEMEHHBIX PYYbEB UMEIHU TaKKe OOJbIINE 3HAYCHUSI, YeM B jieTHHi ce30H 2012 1., uTo,
BHJIIMO, CBSI3aHO C METEOPOJIOTHUECKUMH XapaKTEPHUCTHKAMH TAHHOTO KOHKPETHOTO To/1a,
9T0 00YCIIOBIMBAET HEOOXOIMMOCTh M3yUECHHUSI MHOTOJIETHETO M3MEHEHHS 3aCHE)KCHHOCTH
MOJyOCTPOBA, TMHAMHUKH CHE)KHHKOB M CKOPOCTEH OTCTYIMAHHS JICTHUKOBOTO CKIIOHA.

3HayeHust NMEKTPONPOBOAHOCTH 03ep JieToM 2020 I. COOTHOCSTCS C paHee MOJyYeH-
HbIMM B eTHUM nieproa 2013-2014 rr. 3nauenusimu u1st o3ep n-oBa Daiinyc [2] u oaszuca
Xonmel JlapcemanH [18]. At BogoemoB n-oBa ®ailyiic MUHepanu3auus UMesa aMIuIuTy Ly
11-151 mr/n. B netane mecsmsr 2011-2015 . MuHEpamu3amnus BOZOEMOB 0a31ca XOIMBI
Jlapcemans BappupoBaia ot 11 mo 970 mr/n, a anrapkrunaecknM sietom 2017-2018 rr. u3-
MeHstach ot 14,9 mo 477 mr/x [10]. OTMedeHHOE MakcuMabHOE 3HadueHne — 1500 M/t
st o3ep oasuca lllupmaxepa 3HaYEHUS MUHEPAIU3ANH YKIIA/IBIBAIOTCS B TE XK€ MPE/IEIIbI,
qTO U I BOogoeMoB I1-oBa Daiinsc.

KoHueHTparys pacTBOPEHHOTO KHCJIOPO/Ia B BOJIE BCEX BOJOEMOB 0A3MCOB B JICTHHH
MIEpPHOJ T0BOIBHO BBICOKAS], YACTO OTMEYAETCs NepeHachimenne. CpeHee 3HaYCHNE JIETOM
2020 r. B o3epax m-oBa Paitmac Obuto 10,8 Mr/m, nmm 85,63 %, a U TeX ke BOZOSMOB
netoM 2013-2014 rr. KoHUEHTpauus O2 m3mensack ot 63 mo 106 % nHaceimenus [2].

B o3epax m-oBa Qainac KOHIEHTPAWN KPEMHHSI UMEJH MEHbINNE 3HAYCHUS
n ammiutyny Jierom 2020 r., uem snerom 2013-2014 rr.: onu usmensuucey ot 0,01 1o
2,80 Mr/m mpu cpegHeM W3MepeHHOM 3HadeHuu 1,17 mr/m. Ins o3ep Opyrux 0a3mcoB
ObuTH 3apKCHPOBAHBI IpyTHe 3HAaYeHUs. Tak, A7t 03ep oazuca Xonmbl JlapceMaHH KOH-
[EHTPAIIH KPEMHUS COCTaBIsUTH OT 16,98 Mr/n B 03. Crenmen o 24,55 mr/n B 03. IIpo-
rpecc B nepuoa 60-ii PAD. Bo3moxxHO, pa3HUlla B 3HAUEHUSIX Ha MOPSJOK CBsi3aHA
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C METOAAMHU ONpPEACICHNS KPEMHUS, XOTA B 00OMX CIIydasx MpoObl aHAIM3UPOBAINCH
IIOCJIe JOCTaBKU 3aMOposkeHHBIX Tpo0 B CankT-IletepOypr B AAHUU Ha ogHOM U TOM
xKe Tpudope.

[To manHBIM Oonlee paHHUX HccienoBaHui [25], Bogoemsl oaszuca [llmpmaxepa ot-
HocsATCsl K xsopuaHo-HaTpueBbiM 11 Tuna, a qis o3ep m-oBa daiinjac onpeneseHo, 4YTo
oHH, T0 Oousbmieii yactu, xmopuaHo-HaTpueBble 11 tuma. CormacHo [9] o3zepa Kutex,
Crnanomuoe u /lnmuHoe m-osa Qaiinac kiaccuPpUIMPOBAHBI KaK XJIOPHUIHO-CYIb(haT-
HBIE U CyIb(aTHO-XJIOPHU/IHBIE, IPH 3TOM OTMEUYEHa M3MEHUYMBOCTH Kilacca 03ep OT Tofa
k roxmy. Tak, mist ommcanHoro B padore 2020 1. 03. J[mMHHOE HAMH OTMEUYCHHI CyIb(arT-
HO-KaJIbIINeBBIE BOABL. B [2] orMeuaercs Takke Haymuue 11 Tuma BogoeMoB, 94TO OBLIO
BblAesIeHO U 11 sieta 2020 . — weceth o3ep umenu I tun Box. B nenom HyxHO OT-
METHUTh MOPCKOE BIMSIHHE Ha (DOPMHUPOBAHUE THAPOXUMHUYECKOIO COCTaBa BOA — JIHOO
B pe3ysbTare MOCTYMJICHUS COJIeH M3 TIOUBBI M BEPXHETO CJIOSl TPYHTOB, 0OOTAIIEHHBIX
MHUHEpallaMH TOCJIe OTCTYIAaHUSI MOPS TIPH CHIDKCHWH €T0 YPOBHSI, JINOO B pe3ynbrare
a’pO30JIHOTO NPHUBHOCA COJEH C MOPCKMX 3aJMBOB. BIHsiHME MOpPCKMX a’po3oineil Ha
THIT BOA oTMedaeTcs U B padote [10], B KoTopoii yka3aHa MOCIeI0BaTeIbHOCTh HOHOB MO
Mepe yObiBanus ux konuentpamuu B Boge CI >HCO, >SS0, >NO,” u Na™>Mg*>">Ca’*">K"
JUISL BOJOEMOB 0asnca XoiaMel JlapceMaHH, T. €. MPeBaIMPYIOINMI HOHAMH SIBIISTFOTCS Ha-
Tpuit n xnopua. Taxke dpaxropamu, GOPMHUPYIOIIMMHI HOHHBINH COCTaB BOJI, SIBJISIFOTCSI THIT
MTOBEPXHOCTHOTO M TPYHTOBOTO ITPUTOKA B 03€PO, T'€OJIOTHUECKOE CTPOEHHE KOTJIOBHHBI,
¢opa u dayna Bogocoopa.

AmHanus copepxkaHus ONOTEHHBIX JIEMEHTOB B 03€pax BECbMa CIIOKEH. ITO BO MHO-
TOM 3aBHUCHT OT BPEMEHHU 0TOOpa Mpo0 B TEUCHHME JIETHETO CE30HA, OT METEOIapaMeTPOB
OTIPEJICJIEHHOTO TO/Ia M, COOTBETCTBEHHO, OT JIMHAMHUKH YHCICHHOCTH TMIPOONOHTOB,
OT TIyOWHEI 0TOOpa MPOO W, HAKOHEII, OT METOJa XpaHEeHHUsI, KOHCEPBAIlUN U 00padoTKU
Mareprana. JlocTatouHo HU3KOE COzepXKaHne MHHEpaIbHOTo (ocdopa WiIn a3ora Mo-
JKET YKasbIBaTh HA TO, YTO JAHHBIC 3JIEMEHTHI SBILIOTCS JMMHUTHPYIOIUMHE Ul POCTa
MIEPBUYHON MPOAYKINHU B SKOCHCTEME BOOeMa. MHOTa 3HaUe€HHWs HUTPATOB B O3epax
MOTYT BapbHpOBaTh OYE€Hb 3HAYNTEIBHO, B TOM YHCIIC B TEUCHHUE JIETHETO meprona. Taxk,
B 2012 1. comepskanue HUTpaAToB B 03. [Iporpecc (oaszuc Xommer JlapcemaHH) HE MIPEBHI-
mrasno 0,06 mr/m, a B 2015 . coctasmso 0,11 mr/m. J{iis 03. Crenmen XxapakTepHBI OONIbIINE
pasmuunst: s 2012 1. otmeuena xkornerTpanus 0,58 mr/n, mis 2015 . 3T0 3HAYeHKE OBLTO
0,14 mr/n [17]. B Bomoemax o. Kunr Ixxopmx metom 2020 T. KOHIICHTpAIHsS HATPATOB
Mena cymiecTBeHHyI0 aMuuTyay ot 0 mo 11,5 mr/n. B Gonee panHux mccnenoBanusx [6]
3HAYCHUS OMOTEHHBIX AIIEMEHTOB Mo focturars 0,49 mr/in mis ¢pocdaros (03. Bumbsmc,
Xommst Bectdonpaa), 0,41 mr/a s autpartos u 0,41 Mr/m 1uis HoHOB aMMOHHSA (03. Alle,
Xommer Bectomnbaa). s ozep BOmu3u cranumu bennnHcray3eHa paHee ObUIH OTMEYEHBI
MaKkcHMasbHbIe 3HaueHns pocdaros 0,02 mr/im u 0,1 mr/n murparos NO, B 03. Jlnnanoe
B sietHuii ce3oH 2009-2010 rT. [9].

Jlis m-oBa @aitnc B cpenHeM KoHIEHTparwst hocdaroB coctasnser 0,92 mMr/i ¢ am-
mwmmtynoit ot 0 mr/m mo 8,04 mr/n, a merom 2015 1. 3HaueHUs ocdaroB B 03epax oa3u-
ca Xonmer Jlapcemann He npesbimanu 0,05 mr/m. B HexoTopsix o3epax (Teppacosoe,
CHexHOe, PamocTHOE) OTMEUeHO OOJBIIOE comepKaHne OaKTepHaTbHBIX MAaTOB, PAvKOB,
3€JIEHBIX U KPACHBIX BOAOPOCIEH, YTO MO3BOJISIET CAENATh BHIBOJL O TOM, YTO UMEHHO pa3-
JIO’)KEHNE OTMEPILET0 OPTaHNYECKOT0 BEIIECTBA MPUBONT K IMOBBIMICHNIO KOHIICHTPALIIN
OMOTEHHBIX IEMEHTOB B BOJIC.
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JlaHHBIE IO M3MEPEHNIO PACTBOPEHHOTO YITIEKUCIIOTO T'a3a M €T0 TIOTOKOB C MTOBEPX-
HOCTH 03€p IOKa3aJli, 4TO BCE THIBI BOAHBIX 00BEKTOB M-0Ba Paiiijic, KaKk IpaBHIIO,
XapaKTEePU3YIOTCS HOIJIOMEHNEM YIIIEKHUCIOTHI U3 aTMOC(EpPbI, HE3aBUCHMO OT MX pasMepa
U TeMIIepaTypHOTro pekuma. [losyueHHble HaMK TaHHBIE COIVIACYIOTCS C paHee OIryOIu-
KOBaHHBIMH B padote [22] ams o3. Kurex. [Tormomaromasi cnocoOHOCT, BEpOSTHO, 3a-
BUCHUT OT TPO(PHOCTH BOZIOEMOB WM CBS3aHA C MHBIMH IIPHPOTHBIMHU (DaKTOPaMH, KOTOPbIE
OyzyT BBISBIICHBI B PE3YJbTaTe BCECTOPOHHETO aHAIN3a BCEX IOJMYUYECHHBIX MATEPUaJIOB.
3HAUNTENBHBII IOTOK MeTaHa B aTMoc(epy ¢ MOBEPXHOCTH BOZOEMOB OTMEUACTCS B He-
MOCPE/ICTBEHHON OJIM30CTH OT Kpast JISAHUKOBOTO IIIUTA, C TOBEPXHOCTH HEOOIBIIHNX 03€p,
PACIONIOKECHHBIX HAa 000TaIlEHHOM OPraHNYEeCKUM BEIIECTBOM MOPEHE, a TAKXKE C TIOBEPX-
HOCTH 03€p Ha 0. ApAJIM B 30HE PACIIONOKEHNSI KOJIOHWH MMHTBUHOB.

Camooumnaronias criocOOHOCTb BOIHBIX 9KOCHCTEM paHee OIpeersiIach s aHTap-
KTHYECKNX MCCIIEIOBAaHUH ISl APYTUX 0a3ucoB. Tak, cornacHo padote [17], nis 03. Cren-
nen oazuca Xonmbl Jlapcemann otHomenne D/P pasno 4,3, a st 03. [Iporpecc — 7,1.
Hna ozep Bepxuee n Bonopocnn oasuca Illlupmaxepa D/P  6but0 9,3 1 3,3 cootset-
CTBEHHO, YTO CBHJETEJILCTBYET O BBICOKOH CAMOOUYHIIAIONIEH CIIOCOOHOCTH BOJOEMOB.
Hns o3epa MeranoBoe Ha nm-oBe MDailyiic OTMEUEHO CYLIECTBEHHOE MPEBBILIEHUE JIE-
CTPYKLIMH OPraHMYECKOTO BEIIECTBA HAJ| BAJIOBOW NEPBUYHOM mpoxykunei. OnHako s
osepa Kpacubix Bomopocieit m-osa ®aiinc nomydens snauenns D/P, <1, 9to ToBopuT
0 OoJ1ee BBICOKOM TPO(HUUECKOM CTaTyce HEKOTOPBIX BogoeMoB o. Kunr J[xopmx. Hamnane
ME30TPO(]HBIX BOJOEMOB MOATBEP)KIACTCS KOTMYECTBEHHBIMU 3HAYEHHSIMH OMOTE€HHBIX
3JIEMEHTOB, a TaKXke OOoJIBIION OroMaccoi (PUTO- M 300IUIAHKTOHA B HEKOTOPBIX BOZOEMAX.
[IpoucxoanT 3abonaunBaHne HEKOTOPBIX JOJIMH BOJOTOKOB Oa3Hca.

Panee B padore [1] ormeuanocs, 4to, HeB3Upas Ha Majoe OHopazHooOpasne B aHTap-
KTHYECKHX 0a3hcaX, UMEHHO 3TH YHUKAJIbHBIE 9KOCUCTEMBI MOTYT CIIY>KUTh HHIMKATOPAMU
KJIMMaTHYeCKUX N3MECHEHHH.

3akjoueHue

[IpoBenennsie B ssHBape—(penpaine 2020 1. uccieqoBaHus MOKa3adl pasHooOpa3ne
napamMeTpoB 03ep M HEOOJNIBIINX, 3a49aCTy0 BPEMEHHBIX, BOIHBIX 00beKTOB. BonHble
9KOCHCTEMbI U3MEHSIOTCS B TEYCHUE HENPONOIKUTENBEHOTO JIETHEIO Ce30Ha, HO B Iie-
JIOM OCTAIOTCS JOBOJIBHO ITOCTOSHHBIMHU 32 MHOTOJIETHHH II€PHUOA, YTO IOATBEPIKAACT
BEITIOJTHEHHOE CpPaBHEHHE XapaKTEPHUCTHK 3a psx JeT [19, 2, 9, 12]. MoxHO TOIBKO
OTMETHUTbH HaJW4He 3a00JI0YCHHBIX TEPPUTOPHUI B HEKOTOPBIX TOJIUHAX Py4YbeB M HPH-
MOPCKHX TEPPUTOPHUAX, XOTSI 3TO TOXKE, CKOpee BCEro, HMKIMYHO, T. K. OCTATKH MXa
OBLTM HaiiIeHBI B pa3pe3ax NpuiIeAHUKOBBIX MopeH [13]. [maposkomornyeckue mpo-
LleCChl B MaJIBIX BojoeMax 1-oa dailyigc HeoHO3HAYHEL, OJHOCTBIO 3aBHCAT OT KIIU-
MaTHYECKHX U METEOPOJIOTHYECKUX 0COOCHHOCTEN 1 TPeOYIOT JaIbHEHIIero n3y4eHus.
I'mapoxuMuYecKue MmoKa3aTeld BOIOEMOB CBUAETEIBCTBYIOT 00 YBEIMYHBAIOLICHCS
AHTPOIOTEHHON Harpy3ke, a B padore [2] TOBOPHUTCS eIie O MPEBBIIICHAN COACPIKaHUS
TSDKEITBIX METAJUIOB B BOJE 03€p BOJM3M aHTAPKTHYECKUX HAy4YHbBIX CTAHLUH Ha I-OBE
@aitnac. B ganHoi# paboTe BHIBICHBI BRICOKHE KOHIIEHTpauu GpocdaToB B BoIE 03€p,
OTMEUCHHBIE B pailoHaX I'HE3IO0BaHUS NTHI, YTO SBHO HOCHUT NPHPOIHBIH XapakTep
WIN BO3HUKAaeT BBUAY pa30aBICHUS OTIOKEHHOIO Ha JHE OPraHMYECKOTO BEIIECTBA.
JanpHeliliee MoTeruieHHe Ha MOJTYOCTPOBE NMPHHECET HEeM30eKHOe yBeandeHue Ouo-
pa3HoO0Opa3ms U MPOJOHKEHUE SBTPO(YHUPOBAHUS 03€p.
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Annortanus. MccnenoBansl ocobeHHOCTH aficOeproodpa3oBaHns y OCHOBHBIX apxuienaros Poccuiickoit
Apxrukn — 3emimn @panna-Hocuda, Ceseproii 3emmn n Hooii 3emim — 3a mocieqHee JecsTHiIeTHE,
OTJIMYABIIEECs BEICOKOW KITMMATHYECKOH M3MEHUMBOCTBIO. JII1 MOHHTOPHHTA aiicOeproB UCIOIb30BaHbI He-
KOMMEPUECKUE CITyTHUKOBBIE N300paXKeHHs BUIMMOTO CIIEKTPAILHOTO JiHana3oHa cryTHukoB Landsat-7, 8 u
Sentinel-2, a Takke paauonokanuonHsie cHumkr Sentinel-1. [Tokazana cBsi3b HHTEHCHBHOCTH alicOeproodpaso-
BAHU, BKITI0YAst KOJMYECTBO alicOEpProB, eKEroIHO OTKAIBIBAIOIINXCS OT BHIBOJHBIX JIETHUKOB, C AHOMAJIHSIMH
TEMIIepaTypbl MPUIIOBEPXHOCTHOTO Bo3yXa B ApkTuke. MakcuMalbHas aiicOeproBasi akTHBHOCTH JICAHHKOB
Habmronaack B pexopaHo TerioM st Apkruku 2020 ., pasMep HanboubIero o0pasosasuierocs aiicoepra B
9TOM TOJly COCTABHII 5 KM.

Karouessle ciioBa: aiicOepri, ApKTHKa, BUIUMBII THANa30H, N3MEHEHHS KINMATa, JICTHUKH, CITyTHHKOBBIIT
MOHHUTOPUHT, CITYTHHKOBBII PaIHOJIOKATOP
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Iceberg danger in the seas of the Russian Federation Arctic Zone
under modern climate change conditions

Irina A. Bychkova®™, Vladimir G. Smirnov, Svetlana V. Mikhaltseva,
Eugenia V. Platonova

State Scientific Center of the Russian Federation Arctic and Antarctic Research Institute,
St. Petersburg, Russia

gbychkova@aari ru
IAB, 0009-0005-9736-1930; SVM, 0009-0004-0732-3467; EVP, 0009-0000-2628-6543

Abstract. The aim of the research was to study the relationship between the intensity of iceberg
formation in the Russian Arctic including the number of icebergs calving annually from outlet
glaciers and surface air temperature anomalies. The research was carried out on the basis of satellite
monitoring using non-commercial, freely distributed satellite information from optical-electronic
satellites Landsat-8 (spatial resolution 15 m) and Sentinel-2 (spatial resolution 10 m) and the radar
satellite Sentinel-1 (pixel size 20%40 m). To achieve the aim, an iceberg detection technique was used
based on statistical criteria for searching for gradient zones in the analysis of two-dimensional fields
of satellite images. Based on the analysis of satellite data of the visible spectral range of the Landsat-8
and Sentinel-2 satellites and Sentinel-1 radar data the maximum spatial dimensions of icebergs formed
by the outlet glaciers of Severnaya Zemlya, Franz Josef Land (ZFI) and Novaya Zemlya in 2012-2022
were estimated. Satellite monitoring of the Severnaya Zemlya region was carried out using visible
range images in the spring season (March-May), characterized by the best observation conditions in
terms of cloudiness, natural light, and monitoring of icebergs most of which are located in fast ice at
this time. Monitoring of the ZFI area was carried out using radar data in the period August-September,
corresponding to the minimal ice cover conditions. Satellite monitoring of the Novaya Zemlya
region was carried out using visible images in the summer season. In total, about 500 satellite images
were analyzed. The discusses the dependence of the intensity of the iceberg formation process on
the ice shelf and outlet glaciers with a floating edge on the surface air temperature and the maximum
thickness of fast ice. It is shown that the abnormally warm weather that set in 2020 during the period
of ice melting led to a sharp intensification of the process of glacier melting in the Russian Arctic and
the formation of almost 8,000 icebergs near Severnaya Zemlya, more than 6,600 icebergs near ZFI
and over 1,000 icebergs near the western coast of Novaya Zemlya. For all the areas of the Russian
Arctic studied in the period 2012-2022 an increase was noted in the maximum observed sizes of
icebergs calving from glaciers. The largest iceberg, whose length was 5 km, broke off in 2020 from
the Matusevich ice shelf.
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BBenenune

HaOsmonaronuiicst B HacTosIIEee BPEeMsl pOCT TPY30I0TOKa B APKTHKE, 00yCIIOBJICH-
HBII HEOOXOMMOCTBIO MCIIONB30BAHMS AIBTEPHATHBHBIX MapIIPyTOB JTOCTABKU I'PY30B
13-3a BBEICHHBIX MPOTHB P@ 3KOHOMHYECKHUX CAaHKIMIL, TIOBBIIIAET PUCK BO3JCHCTBUS HA
0€3011acHOCTb CyIOXOJCTBA ONACHBIX JIEISHBIX 00pa30BaHMM, MPEXE BCEro alicOepros.
CpenHsist BEpOSITHOCTH CTOJIKHOBEHHMS C aiicOeprom Ha Tpaccax CeBepHOro MOPCKOTo Iy TH
(CMII) cocraBmsier ceifuac, 1Mo OLEHKE crennannucToB KpbIIOBCKOTO rocy1apcTBEHHOTO

72 IIpoonemvt Apxkmuxu u Anmapxmuxu. 2024;70(1):71-86.



LA. Bychkova, V.G. Smirnov, S.V. Mikhaltseva, Eu.V. Platonova
Iceberg danger in the seas of the Russian Federation Arctic Zone...

Hay4dHOro 1eHTpa, 1,4 % [1]. OxHako 3Ta OIEHKA HE YYUTHIBAET M3MEHUYMBOCTH IIOT-
HOCTH pacIipe/ieieHusi alcOeproB B pa3HbIe TOJbl, OTINYAIOIIAECS 110 KIMMAaTHYECKUM
ycnoBusiM. HaOimonaeTcst yckopeHune rpomecca OTCTyIIaHuUs JISJHUKOB € pa3pyLIeHHEM UX
(hpoHTANBHBIX YacTel 1 00pa30BaHMEM OOJIBIIOTO KONWYecTBa aiicoepros. B mocnemnnee
JecaTuiaeTue B ApKTUKE IPOU30ILIH 3aMETHbIE KITIMMAaTHUeCKUE H3MEHEHHs, COITPOBOK1aB-
IIMEeCs] COKPAIIEHNEM JIESTHOTO MOKPOBAa HAa apKTUUECKUX apXHIleslarax U yBeIHMICHUEM
6e3JyieIHOTO Mepuoia Ha aKBaTOpUsX Mopel. B pe3ynpraTe akTHBU3MPOBAINCH MPOLIECCHI
TastHUS JeJHNKOB. OTHOBPEMEHHO HAOIIONACTCS yCUIICHHE BOJTHEHUSI, BO3PACTACT MOBTO-
PsIEMOCTh OCEHHHUX LITOPMOB [2], YTO MPUBOIUT K YCHIIEHHIO BETPO-BOJIHOBON Harpy3Ku Ha
BBIBOJIHBIC JISTHUKH M, COOTBETCTBEHHO, YCKOPEHHMIO TIpoliecca 0TKojIa aiicoepro. Takxe
YBEIMYUIIACh TOBTOPSIEMOCTh TyMaHOB, OTPAHUYMBAIONINX BHIUMOCTD Ha CYTOXOJHBIX
Tpaccax. Bce aTu (akTopbl pHUBeNn K BO3pacTaHMIo aiicOeproBoit yrpossl Ha CeBepHOM
MopckoM 1yt (CMII) u B paiioHax NOOBIYH YITICBOAOPOJOB Ha MPHOPEKHOM IIETbde.
B pabote [2] oTMedeH pocT 3a MocienHee ASCATIICTHE KOJTMUYCCTBA allcOeProB, X KyCKOB
1 00noMKoB, Habmopatomuxest o Tpacce CMII, mpuuem aiicOepru GpUKCHpYIOTCST Kak
M0 CITyTHUKOBBIM JIaHHBIM, TaK ¥ 110 JJAHHBIM BU3YyallbHbIX HaOmoaeHuii ¢ cynos. Kpome
9TOT0, aBTOpamMu [3] OTMEYEHO CMEIICHHE F0)KHOW IPaHMIIBI paciipoOCTpaHeHus aiicOepros
¥ UX OOJIOMKOB K IOTY, BIIOTH 10 OEPETrOBOIl YePTHL.

OCHOBHBIMH MCTOYHUKaMH aiicOeproB B Mopsix Poccuiickoil ApKTHKH SIBISIFOTCS
apxunenaru 3emist @panna-Nocuda (3OU), Hoas 3emis n Cesepnas 3emutsi. Haunnas
¢ 2010 . oOmieii TeHaeHIIMEH B TMHAMUKE JISTHUKOB OCHOBHBIX apXHIeaaroB ApKTHIeCKOn
30HBI PD, cBA3aHHON ¢ KIMMaTHYECKUMH U3MEHEHUSMH, CTAJIO0 MOCTEIEHHOE COKpalle-
HHUE UX TOKPOBHOTO OJIEZCHEHHsI, OJHOBPEMEHHO BO3pOC 00BbEM aiicOeproBOro CToKa.
W3meHunnach MHTEHCHBHOCTH aiicOeprooOpazoBaHKs B 3aBUCUMOCTH OT COKPAICHUS HITH
YBEIMUYCHUS TUIOMIAH TTOJBMKHOTO (DPOHTA BBIBOJHBIX JICAHUKOB.

[IepByro MOMBITKY OMMCATh INIOTHOCTD PacHpeeIeHus aiicoepros B Mopsx Poccuii-
CKoi ApkTuku npennpussia B. AOpamos, 0000muBIINi naHHBIE HAOMIONEHNH JIEJ0BOH
aBuapasBeAku 2-i monoBuHBI XX B. [4]. C Tex HOp B CBSI3U C KIIUMAaTHISCKIMA H3MEHE-
HUSIMH B ApKTHKE JIJaHHbIE ATiiaca AOpamMoBa nepectanyu ObITh aKTyaJIbHBIMH, HOSBHIIACH
HEOOXOIMMOCTh B HOBBIX HMCCIIEIOBAHUAX aiicOeproo0pa3oBaHUS W PACIPOCTPAHCHUS
aiicoeproB B Apkruyeckoit 3oHe PD. B 2011-2014 rr. B pamkax 7-i Hay4HO# pOrpamMMsbI
EBpocotoza u Poccuiickoit @enepanun no mpoektry MAIRES («MOHUTOPHHT JIeTHUKOB
U MOPCKHX JIbJIOB APKTHKH C UCIIOJIB30BAaHUEM POCCUHCKUX U €BPOINEHCKUX CITyTHUKOBY)
pa3pabaTbIBaINCh METOIBI MOHUTOPHHTA apKTHUeckuX aiicoepros [5]. B nmpoexre MAIRES
yuactBoBanu: LleHTp 1o okpyXkaromiei cpeae U JUCTaHIIMOHHOMY 30HIHUPOBAaHNIO HMEHH
Hancena (NERSC, Hopgerust), @onn «Hancen-tientp» (Poccus); yHuBepcUTET NpUKIa-
HBIX Hayk Joanneum Research (ABcTpusi); MOCKOBCKHMI TOCYAapCTBEHHBI YHHBEPCUTET
reone3un u kaprorpadpun (MUUTAuK).

Pabotsr o mpoekty MAIRES no3Bonmimy moigy4uTs 110 CHUMKaM OINTHYECKOTO
pannomeTrpa ASTER MC3 Terra mioTHOCTH pactipeiesieH s aiicOepros, HaOMIOTABITIXCS
B Mapre—anpene 2012 r. B bapenmneBom u KapckoM MOpsix BOJIU3U BBIBOJHBIX JICTHUKOB
apxwurernaroB 3emist @panna-Mocuda n Cesepras 3emis. [Ipu omneHKax UCIIOIB30BaIOCh
3 BUIMMBIX KaHana (paspemenue 15 M) u 1 ommkamii UK (paspemenue 30 m). Unentudu-
Kalus aiicOeproB MpoOBOAMIIACH HKCIIEPTAMH BPYUHYIO HA OCHOBE MCIIOIb30BAHUS CIIEIYIO-
IMUX AeMU(PPOBOYHBIX IPH3HAKOB: HAIMUUE TEHH; HAJIMUKE SIPKOI OJIOCHI Ha COTHEYHON
CTOpOHE aiicOepra; XxapakTepHas TEKCTypa KpyIHBIX CTOI000pa3HBIX aiicOepros; HaJIMIHE
TPEIIMH BO JIbJlaX BOIM3M aiicOepra, BI3BAaHHBIX JABMKEHHEM OTHOCHTENBHO JIbJA.
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[Tomy4yeHHBIE IO CITyTHUKOBBIM JaHHBIM PE3yNbTaThl CPABHUBAIKMCH C JAHHBIMU
JIEZI0BOM aBHAapa3BEIKH 0 3THM paiiOHaM, TPUBEACHHBIMU B ATiace apKTHUECKUX aiic-
oeproB B. Abpamona [4]. Kak oxa3aioch, JToKamu3aIis MaKCHMAIBHON TIOTHOCTH pac-
TIpe/ieNieHNs aiicOeproB B paiOHaX MCCIIETOBAHMS, TTOMyIeHHAs UCITOTHNUTEISIMU TTPOEKTA
MAIRES, anamornyHa JIOKaJdH3aIiy, YKa3aHHOH B padore [4]. OnHAaKO B YHCICHHOM
BEIpakeHUN aficoeproB B 2012 1. ctano HaMHOTO OObIIe, 4eM B KoHIle XX B. B mapTte
2012 r. mo paitony mpubpexxuoi 30HbI 3emun Opanmna-Mocuda 6bUT0 TpoaHATH3UPOBAHO
34 canmka ASTER, ob6Hapyxkeno 2600 aiicOepros, pasmepamu 15 M u Bbimie. Han6omb-
11ast INIOTHOCTH alicOeproB OblIa OTMEYEHa y ocTpoBa XohdMaHa U3 apxXurenara 3emis
®panma-Hocuda. 3necy ona mpepbicmia 1000 odbekToB ms kBagpara 100x100 kM. TTo
JaHHBIM [4] B MapTe B 00JIaCTH MAaKCHMAJIbHOW KOHIIEHTpAIWHU aiicOeproB 0TMEdYasioch
B cperaeM 500 aiicOepros, mo qaHHEM ipoekTa MAIRES — 1200. Pa3nuune B kommdecTse
00Hapy)KCHHBIX aiicOeproB aBTOPHI [5] cBs3ad ¢ TeM, 9T0 B ATiace aiicOeproB pHBEICHBI
JIaHHBIC, OCPEJHEHHBIC 332 HECKOJIBKO JICT HaOJIO/ICHNH, & B UX UCCIICIOBAaHUT — JIaHHBIC
JIMIIb 33 OIUH TOJI.

AHanmu3upys TaHHBIC BUIUMOTO AHaria3oHa, momydeHHeie ¢ MC3 Landsat, Aster,
«MoHHnTOp-D», aBTOPHI [5] NPUILIN K BEIBOLY O BO3MOXKHOCTH OOHAPYKEHUsI, TIPH OJaro-
TIPUATHBIX METEOYCIIOBHsIX (Oe3001aqHast Moroaa, CBETIIOE BPEMsI CYTOK), alicOeproB, MMEro-
X pasmepsl 2—3 mukcens (60—90 M — 171 mepeYrcIIeHHBIX BBIIIE CITYTHHKOB) U OoJTee.

Janrnbie mpoekta MAIRES xapakTepu3yroT yciaoBus aiicOeproodpa3oBaHus JTUIIb
3a OJIMH TOI.

B poccuiickoii komnannu CKAHOKC no cnyTHUKOBBIM JaHHBIM CPEAHETO M BBICOKOTO
MIPOCTPAHCTBEHHOTO pa3penieHus ontuieckux cinytHukoB EROS-B, SPOT-4,5 u paauono-
KarroHHBIX Radarsat-1,2 3a utonms—centsops 2011-2013 1. momydeHa omeHka pacnpenene-
HUsI alicOeproB M ONpEETICHB! pa3Mephl aiicOeproB B OHOM JIOKaJIbHOM pailoHEe — IPO-
muBe Bunbkuukoro y CesepHoit 3emnu. Beero npoananuzupoBano 130 cimyTHHKOBBIX
m300paxkeHmit [6]. AlicOepru, oOHapy>KeHHBIE aBTOpaMHu padoTH [6], mpeiidoBanu Ha
OTKPBITOH BOJIE.

B nacrosimeit pabote mpeanpuHsATa MOIBITKA UCCIEI0BaTh 0COOCHHOCTH aiicoep-
rooOpa3oBaHus B pailoHaX OCHOBHBIX apXurnenaroB Poccuiickoil APKTHKH 3a TTOCIIeTHEE
JIeCATHIIETHE, OTIIMYABIIEECS BBICOKOH KIIMMAaTHIECKONH M3MEHUMBOCTHIO. L{enbio paboTsl
SIBIISICTCSI TTOJTyYCHHUE OLEHKM BIMSHUS KIMMaTHYeCKUX (PaKTOPOB HA MHTEHCHBHOCTD
aiicbeprooOpazoBanus B MOpsax Poccuiickoit ApKTHKH HAa OCHOBaHUH MCTIONB30BaHUS He-
KOMMEPYECKOH CITyTHUKOBOH MH(pOPMAIINH, KaK PAJNOIOKAIIMOHHOM, TaK U € alllapaTypsl
BHAMMOTO JIMalNa3oHa.

MeTtoauka uccjaeI0BAHUI U MATEPUAJIbI HAOTIOIeH Uit

[Ipy CITyTHUKOBOM MOHHTOPHHTE aiicOEPrOB BBIACIIAIOT TPH OCHOBHBIC CHTYaIlUH FX
HaxXOXKICHHMS: alicOepry B puIiae, aiicoepru B ApeidyromeM JIby 1 aiicOepri Ha OTKPBITOH
Bojie. Hambonee cIoKHBIIN 71T MOHUTOPUHTA BapHaHT — alicOepru B Ipei(yronmx IbIax,
0COOEHHO ecii alicOepru MMEIOT Majble pa3Mepbl. B aToii cuTyanuu 3a aiicOepri MOoryT
OBITH OIIMOOYHO MPUHATHI OT/IEIBHBIC JBANHBL. AHCOEpTH Ha OTKPBITON BOJE OOHAPYKHBa-
I0TC JIETKO, Oraroyiaps ux 0osee BBICOKOI SPKOCTH M HHOHM TEKCType MO CPaBHEHHIO C OKPY-
JKAIOIIeH BOION | JieisiHBIMU nossiMu. OIHaKo NP MajlbIX pa3Mepax aicOepros, cormocra-
BHMBIX C IPOCTPAHCTBEHHBIM Pa3perIcHUEM HCIIONB3YEeMOM sl HAOMOMCHUS CITy THUKOBOM
anmaparypbl, OJMH U TOT e aicOepr CIOKHO MICHTU(PUIIMPOBATh HA MOCICI0BATEILHBIX
CHHMKaX. JTO 00CTOSATEIBCTBO MPUBOIUT NP MOJCUCTE OOIEro KOJIMYeCcTBa alicOepros
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B PErMOHE K MAaCCOBBIM CITy4asiM JJBOMHOTO (M TPOMHOTO...) y4eTa OfHOTO M TOTO K€ aic-
Oepra. AlicOepru B IpHIiae — CaMbli JISTKAH [UT1 0OHApYKEHHS CITyJai, TaK Kak aicoepru
B TEUCHHE CE30HA HETIO/IBIKHBI, HAXOJSITCS B OJTHOM TOUKE M OTOPACHIBAIOT JIMHHBIC TCHU,
a Taroke 00pa3yloT JIMHEHHbIE TOABETPEHHBIC CIICABI TIOCIIE METENEH, XOPOIIO Pa3InYnMble
Ha CHUMKax BHAVMMOTO JWana3oHa Ha (oHe JIeSTHOTO MOKPOBa.

B pabore 15t 00HapysxeHuUs aiicOeproB UCIOIb30BaHA METOMKA aHATN3a ABYMEPHBIX
T10JIeH SIPKOCTH CITyTHUKOBBIX M300paKeHM, OCHOBAHHAsI Ha CTATHCTUYECKUX KPUTEPUIX
MOWCKA TPATUCHTHBIX 30H, PeaM30BaHHAs B BUE aBTOPCKOI mporpammsl Iceberg2 [7].
[Tpu ananuze pacnpeneneHus aiicOeproB o MPOCTPAHCTBEHHBIM pa3MepaM UCIIOIb30Ba-
nmack HOMeHKIarypa WMO, cormacHO KOTOpO# aificOepru moApasaelssioT Ha OOIIUPHEBIE
(nnunoii 6omee 200 M), kpymHble (umHOH 121-200 ™M), cpeanue (61-120 M), Menkue
(15-60 ™) [8].

HccnenoBanre coBpeMEHHBIX U3MEHEHUH MPoIieccoB alicOeproodpazoBaHus B Ap-
KTHKE B HACTOSIIIEH paboTe MPOBOIMIOCH TI0 HEKOMMEPUECKOI CITyTHUKOBOH HH(pOpMaIny,
JOCTYIHOW B CETH MHTEpHET. [[pUMEHSUINCh CHUMKH ONTHKO-3JIEKTPOHHON aImapaTrypsl
OLI UC3 Landsat-7,8 (kanan 0,5-0,68 MKM, IpOCTPAaHCTBEHHOE pa3pelicHue 15 m),
canMkn 8-ro kanaima MSI UC3 Sentinel-2 (kanan 0,785-0,900 mMxMm, pa3pemenne 10 m)
3a 2011-2023 rr., a TakKe paauoNoKalMoHHbIe n300paxeHus Sentinel-1 (pexxum cBepx-
MMpOKo mosocsl 0630pa EW, pasmep mukcens 20x40 m) 3a 2015-2021 rr. Beero 65110
MIpOoaHATN3UPOBAaHO OoJee mATHCOT cHUMKOB ¢ caiita USGS Global Visualization Viewer
(GloVis) u ¢ caiita nmporpammbl Copernicus EBporieifickoro KoOCMHYECKOr0 areHTCTBa.

[Ipu aHanM3e CHUMKOB yUWTBIBAJIHCH OOBEKTHI, 00Opa3yIonuecs: Ipyu OTKOJIE OT
BBIBOJIHBIX JISTHUKOB, ¢ pasmepamu Oonee 30 M — JJIsi CHUMKOB BHJIMMOTO JMalia30Ha
u 6onee 50 M — [UIS paJHOIOKAIIMOHHBIX H300pakeHmid. Kycku u 00oMKH aiicOepros,
MEHBIIINE TI0 BEJINUMHE, HE IPUHUMAINCh BO BHUMAaHHE.

Jnst CriyTHUKOBOTO MOHHWTOPHHTA alicOeproB B paiione CeBepHO# 3emMii ObUT BBI-
OpaH BeceHHUIT eproy (MapT—Maif). DTOT CE30H XapaKTePHU3YeTCs JIYUIIIMHU YCIOBUSIMHA
HAOJFOZICHUS KaK 110 00JIaYyHOM cUTyaIuu (HanOoJIbIlee KOJTUUSCTBO SICHBIX JTHEH 3a TOx),
TaK ¥ 110 MOHUTOPHUHTY aiicOeproB, OOJBIIMHCTBO M3 KOTOPHIX HAXOAATCS B 9TO BPEMs
B IIpUIIA€ M UMEIOT NpH HU3KKUX yriax CojHLa JIMHHBIE, JeMaCKUPYIOIINE UX TCHH.
B TO ke Bpems mojcueT oOHapy)KEHHBIX B MpHUIIae aicOEproB XapaKTepHU3yeT, 10 CYTH,
aiicOeproByr0 aKTHBHOCTH MPEABIIYIIETo rojia. J{Js HCKITIOUueHHs U3 aHaIu3a aicOepros,
00pa3oBaBIIMXCs B paliOHE MOHUTOPHHIA B TPEIIECTBYIONINE To/bl (3TO alicOepr, ro-
JaMU [UPKYJIUPYIOIINE B MOTy3aMKHYTOW aKBaTOPHUH WM CHSIINE HA MEJH, BO (GhOpIe
MaryceBuua, np. Kpacnoit Apmun, Oyxre KoBaneBckoil u mp.), IpUBIEKaINCh JaHHBIC
MOHUTOPHHTA aiicOeproB 3a KOHEII IpeAbIayIiero roga. Beero 3a 2011-2023 rr. mo paiiony
CeBepHoii 3emiin ObLIO TIpoaHanu3upoBano okoj0 300 cuumkoB Landsat-7,8 u Sentinel-2.

Jnst MmoHMTOpHHTA aiicOeproB B paiione apxunenara 3emist @panna-Hocnda npu-
MEHUTh METOMKY OOHapyXKeHUsI alicOeproB B MpHITAc 10 BECEHHUM CHUMKaM BHIUMOTO
Jiara3oHa CJIOKHO, TaKk Kak B JaHHOE BpeMs B palfOHE 3TOr0 BBICOKOUIMPOTHOIO apXH-
neslara HU3KMi ypoBEHb €CTECTBEHHON OCBEIICHHOCTH, YTO HE MO3BOJISIET MOIYYHTh J10-
CTaTOYHOE KOJIWYECTBO CHUMKOB JUIS aHaim3a. [loaToMy mpu aHamu3e A7 MOHUTOPHUHTA
ObLT BHIOpAH JICTHUI MEPUOJ, aBIYCT—CEHTSIOph, KOTJa MOpe 0CBOOOXKIAeTCsl OTO JIbJa,
KOJIMYECTBO APEH(YIOMHUX JIb0B MUHIUMAIBHO U (PUKCHPYETCs] MaKCUMAJIbHBIN aiicOep-
roBeIii cTok [9, 10]. Tak kak jgerom st paiiona 3MU xapakTepeH BRICOKHIN MPOIICHT 00-
JIaYHOCTH, B pabOTE OCHOBHBIM MCTOYHMKOM MH(OPMAIMHU ISt ATOTO apXHIlesaara CTain
BCEIOTOJIHBIC PAIUOJIOKAIIMOHHBIE CHUMKH. BBITH MCIONB30BaHbl PaHOIOKAI[MOHHBIC
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marnbeie IC3 Sentinel-1 (A,B), pexxum Extra-Wide Swath Mode (tmkcens 40%20 wm, 1mo-
noca o63opa 400 kM) 3a 2015-2022 rT. 1, B Ka4eCTBE BCIIOMOTATEIEHOW WH(POPMAITUH,
CHUMKHM BHJMMOTO Anana3oHa anmnaparypsl OLI (manxpoMarnueckasi cbeMKa, pa3penieHue
15 M, xkagp 185x185 kM), momydeHHble co cmyTHHKa Landsat-8 B qam ¢ OmarompusTHON
0 00NaYHOCTH cuTyaruel. Beero mo paiiony 3@ Obu1o MpoaHamTu3upoBaHo 85 paawo-
JIOKAIIMOHHBIX CHUMKOB 1 Oosiee 60 canmikos Landsat-8.

CIyTHHKOBBII MOHHTOPHHT aiicOeproB B paifoHe OapeHIIEBOMOPCKOTO modepexbs Ho-
BOM 3eMITH OCYIIECTBIIAIICS IO MaTepraiaM CHUMKOB Landsat-8 3a meTHuii mepuo (MroIb—
ceHTsa0pr) 2014-2021 rr. JlocTymHBIE paaHoNOKaIHOHHEIE CHUMKH Sentinel-1 (¢ pas-
pemenrieM 40 M) A7 aHANKM3a HE NMPHUBICKAINCH W3-32 MPE0OIaaHus B 3TOM paioHe
aiicOeproB ¢ pa3MepaMy HIKE SJIEMEHTA CITyTHHKOBOTO ITPOCTPAHCTBEHHOTO Pa3peIIeHUs.
Bcero ucnonp3oBano 89 CHUMKOB BHIMMOTO JHANa30Ha, MOJYyYEHHBIX CO CITyTHHUKOB
Landsat-8 u Sentinel-2. /Iy oGecriedeHyst MEHBIIICH BEPOSITHOCTH BOSMOYKHOTO JBOHHOTO
ydeTa OJHOTO M TOTO ke aiicOepra Ha pa3HBIX CHUMKAX HCIOJIB30BAACh CIICHHAIbHAS
cTparerusi mogdopa CHUMKOB. bim3kue mo 1araMm onTHdecknue CHUMKH (C pa3HHIEH B He-
CKOJIBKO JTHEH) OTHOCHJIMCH, KaK MPaBWIIO, TMOO K Pa3HBIM paiioHaM apxurienara, JIuoo
COOTBETCTBOBAJIN PaiiOHy, 3aKPHITOMY 00JaqHOCTBIO Ha MTPEABIIYIIIEM CHUMKE M OTKPBIB-
memycsi Ha HoBoM. Ecim Ha 1ByX OJNM3KMX CHUMKaX ObUIM TIEpEeKpBIBAIONIHECs 00IacTH,
TIpHYeM CBOOOIHBIC OT OONAaYHOCTH, TO OOHApYy)KCHHE aiicOeproB MPOBOIIIOCH 1O 00-
Jiee KOHTPacTHOMY CHMMKY. Takxke ObuIM citydad, Koraa 3a 2 aHs (Hanpumep, 7-9 uions
2018 1.) mpowmsormien copoc aiicOeproB ¢ neaHnKa. To ecTh 3TH aiicOepru 7 WIONA emie
HE MOIIIH OBITh OOHAPYXEHBI, a 9 MO OTKOM aiicOeproB MpOM30IIe, ¥ MOTPeOOBaIOCh
JIOTIOJTHUTENBHO MTPOaHAIN3NPOBATh CHUMOK U 32 3Ty JIary.

Pe3yabTaThl 1 00CcyKaeHHE

Jlna oueHku aiicGeproBoil omacHOCTH B MOpsix Poccuiickoil APKTHKH B YCIOBHSIX
MPOUCXOAAIMNX KIMMaTHUECKUX H3MECHEHHUH ObLIa HCCIIe0BaHA CBSI3b JIETHEH Temrepa-
TypBI IPUIOBEPXHOCTHOTO BO3AyXa Ha CTaHIMAX B pailone CMII ¢ HHTEHCHBHOCTHIO
paspyLeHNs JICAHUKOB, C KOJTMYECTBOM €KETOHO 00Pa3yIOMINXCs y JIGAHUKOB apKTHYe-
CKUX apXHIIeJIaroB aiicOeproB M ¢ JUTMHOM HaHOOJbIEro aiicbepra, OTKOIOBIIETOCS B TOJ
HaOJIoIeHUs. AHAJIN3 TIPOBOJIUJIICS 110 JIaHHBIM M3MEPEHUH MOCIEIHET0 IeCTHIICTHSI.

Paspyuienue JieJHUKOB

[ToBpIIeHNE JETHUX TEMIIEPATyp BO3IyXa, OTMEUAroIIeecs: B APKTHUKE B ITOCIICAHEE
JIECATHUIIETHE, BBI3BIBACT YCKOPEHHOE TasTHUE JIEAHUKOB U UX Jierpaaanuio. OcoOeHHO 3TOT
MIPOIIECC XAPAKTEPEH AJIsl MIETb(OBBIX JICTHUKOB, HAXOAAINXCS Ha IUIABY, U BBIBOIHBIX
JISTHUKOB C IIaByYMM (DPOHTAIBHBIM sI3bIKOM. 1oy BimsiHEEM Oosiee TEIuIoro BO3myxa
n Oosee TErIOW MOPCKOW BOABI MPOUCXOIUT CPABHUTEIBHO OBICTPOE TasHHUE JICAHUKA
Ha €r0 BEpXHEHW M HUXKHEU MOBEPXHOCTIX. B pesynbrare JIeAHUK TepsAeT YCTOMYUBOCTh
U TIPOYHOCTH, B HEM BO3HHKAIOT TPEUIMHBI, a B AaJbHEHUIIEM IO STHUM TPEUIMHAM Ipo-
HCXOIUT OTKOJ aiicOepros. Pa3pyiieHne HaOmonaeTcss y MHOTHX IIETb(OBBIX JIETHUKOB
ADKTHKH B TaHHBIH KIIMMaTHYeCKU iepuoa. Hampumep, KpymmHeHHi mens(hoBbIi Je-
HUK ApKkTuky, 1egHuk Ne 79 B I'pennanauu, B urone aHoManbHO Temioro 2020 . noTepsut
[P paspylleHn: mwiomaab B 125 km?. PaspylueHne ieqHIKa MPUBEIO K MaCCOBOMY 00-
Pa30BaHUIO MEJIKUX alicOeproB'. AHANOTHUYHAs CUTyalus HaOIroaaeTcst 1 B Poccuiickoit

! Spalte breaks up. 15.09.2020. URL: https://www.esa.int/ESA_Multimedia/Images/2020/09/
Spalte breaks up (mara oopamienus: 01.10.2023).
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ApKTHKe, T7Ie B MTOCIIEHUE TO/IBI OTMEUACTCS YCKOPEHHOE pa3pylIeHNEe KPyITHEHIIero
meab(oBOro JEAHNKA, PACIONIOKEHHOTO BO (ppopae Marycesnua Ha CeBepHoi 3emie.
[enbdoBrrit nenauK MaTtyceBrda — 3TO TUIABYYHIA JISAHUK, 00pa30BaHHBIN BHIBOIHBIMH
JIETHUKAMH, CTEKAIOIINMH C JICIHUKOBBIX KymonoB PycanoBa n Kapruackoro Bo ¢popa
MaryceBuda (puc. 1).
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Puc. 1. Paspymenue niensgosoro jeanunka ¢ppopaa Marycesuua B 2012-2022 rr. ¢ obpa3oBaHieM
KpyHHBIX aiicOepros. [1o maHHBIM cyTHUKOBBIX CHUMKOB Landsat-7, 8.
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1 — mrenbOBBIN JIHUK 110 COCTOsHMIO Ha KoHel 2012 r; 2 — yrpadenHas 3a 2012 r. yacTh menb(poBoro
JIeJIHMKA; 3 — BBIBOJHOM JIeTHUK; 4 — OTKPBITAsi MOPCKasi HOBEPXHOCTh; 5 — CyIlIa; 6 — JIEAHUKOBBIH KyIIOJ;
7 — menbQoBslii neaHuk B rpanunax 2020-2022 rr.; § — kpymnHele aiicOepru, o0pa3oBaBIIrecs B pe3yibrare
oTkola ot menb(posoro seauuka B 2012 . MecTononoxeHne JIeIHIKa 0Ka3aHO TPSAMOYTOJIFHUKOM Ha KapTe
apxwunernara (Bpeska cjiepa)

Fig. 1. Decay of the Matusevich fjord ice shelf in 2012-2022 with the formation of large icebergs.
According to satellite images Landsat-7, 8.

1 — ice shelf as of the end of 2012; 2 — part of the ice shelf lost in 2012; 3 — outlet glacier; 4 — open sea
surface; 5 — land; 6 — ice dome; 7 — ice shelf within the boundaries of 2020-2022; § — large icebergs that
formed as a result of breaking off from the ice shelf in 2012. The location of the glacier is shown as a rectangle
on the map of the archipelago (inset on the left)

Ha magano 2011 r. miomans mensdoBoro jgeganKa MaryceBrda, H3MEpPeHHAs 10
cunmKky Landsat-7, coctasisima okomo 160 km? 2011 rom ObLT ¢ TEIUTBIM, JOXKUTHBBIM
U BETPEHBIM JICTOM; B HTOI'C JISAHUK Hadall yCKOPEHHO pa3pyluaThes. 3a roJ JISIHHUK HO-
TEepsiI B pe3yJbTaTe OTKONIA aiicOeproB, HX KyCKOB M OCKOJIKOB, a TAKKE BCIICACTBUE TasSHUS
9acTh CBOEH MOBEPXHOCTH TuTomansio 17,4 km? [7]. Tertee Hopmer 0611 1 2012 1., KorIa
TIOTEPH JICIHUKA TP Pa3pylIeHUN cOCTaBmIn yike 60 km? (puc. 2, 3a).

B nocrienyromye nATh JIET MpoLece pacnajia JeIHHKA IIPOIOIDKAIICS, HO TEMIIbI
paspymenus 3amemmnck [7]. Jlero 2014 . oka3anock aHOMaJIbHO XOJOAHBIM, CPETHSSA
JIETHSAS TeMIepaTypa BO3IyXa, I10 JaHHBIM MOJIApHON cTaHuuu «OcTpoB [0NOMSHHBINY,
OpLTa oTpunarensHoi [11]. B pesynbrare neasHo# MokpoB Bo Gpropae MaryceBuya B 3TOT
TOJ] pa3pyIleH He ObLT, He IpeTepIiel pa3pyIeHi i menbhoBeiii neqauk. B 2013-2015 rr.
B APKTHKE 3UMHHE TEMIIEpaTypbl Bo3ayXa ObUIM JOCTATOYHO HM3KHUE, Onaromaps 4yemy
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Puc. 2. Hlenb¢oBerii nenHuk Bo Gpbopae MaryceBnya Ha KOMIIO3UTHBIX CHUMKAaX B €CTECTBEHHBIX
uBerax (2-#, 3-it, 4-i kanans! annaparypel OLE) Landsat-8 3a 27 aBrycra 2013 . (@) u 3a 11 cen-
Ts10ps1 2022 . (6).

1 — menbdoBbIii NeaHuK; 2 — obnaka; 3 — aiicOepru, 3a0I0KUpOBaHHbIE JIEAHUKOM B Oyxte KpacHas; 4 —
aiicOepr umnHOIT 5 kM. [TonokeHne GparMeHTOB CHUIMKOB 0003HAYEHO MPSIMOYTOJIBHUKOM Ha Bpe3ke K puc. |

Fig. 2. Shelf glacier in Matusevich fjord on composite images in natural colors (2nd, 3rd, 4th channels
of OLE equipment) Landsat-8 for August 27, 2013 (a) and September 11, 2022 (6).

1 — shelf glacier; 2 — clouds; 3 — icebergs blocked by glacier in Krasnaya Bay; 4 — iceberg 5 km long. The
position of the fragments of the images is indicated by a rectangle in the inset to Fig. 1

MaKcUMaslbHasl TOJIIUHA IpHunas y modepekbst CHOMpcKuX Mopeit gocturana 180 cm [12],
nipessiias yposenb 2012 . va 20 cm (puc. 36). B utore, xots B 2016 1. neTHss TemIe-
parypa Bo3ayxa Ha craHuusx B paiione CMII noBsicunacs (puc. 3a), CynieCTBEHHOTO
pa3pyLIeHus Meab()OBOro JIeTHUKa He IPOU30ILI0, YTO, IT0-BUANMOMY, CBS3aHO C Ipel-
LIECTBYIOIUM XOJOAHBIM TPEXJIETUEM.

2020 r. cTan peKopaHO TEIUIbIM [0 TeMIEpaType MPU3EMHOrO BO3AyXa BO BCEM
Ceseprnom nonymapuu. B anpene 2020 1. cpenHsis TeMneparypa Bo3ayXxa B MOPCKOH Ap-
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Puc. 3. BiusHne knmuMmaTHdeckux (aKkTOpoB Ha MpoIecchl aiicbeproodpasoBanusi B Poccuiickoit
ApKTHKE.

a) CpaBHEHHE M3MEHUMBOCTH MPHUIIOBEPXHOCTHON Temmeparypsl Bo3nyxa (I[ITB) Ha craHumsx B
paitone CMII (7, mo nauuasM [ 13]) ¢ mporieccoM paspyuieHus meiab(poBoro geannka MaryceBnda u
BBIBOZIHOTO JIeAHUKA Ne § JTeIHIKOBOTO KyTona AKaJeMUH HayK.

SM u S8 — IUIOIIA/Ib, IOTEPSIHHAS 3a IOJ| JISAHUKOM MaryceBuda u jieIHUKOM Ne 8 COOTBETCTBEHHO.

0) CpaBrenue nzmenunBocty jgetHer [1TB na cranmmsx B paitone CMII n MakCHMaIbHOM TOIIIHBL
mpumas B CHOMPCKUX Mopsix (A, mo gaHHBIM [12]) ¢ MaKCUMaIbHOM AITHMHON aiicOeproB, OTKAJIbI-

9
BAIOIIUXCS KETOTHO OT ne;[Hmr:SXB Cesepnoii 3emmu (L, ).
6) CpaBuenne nzmenunBocTH JetHei [ITB Ha ctannumsx B paitone CMII ¢ kommyecTBoM alicOepros,
©XKEToHO 00pa3yromuxcs y apxumenaros Poccuiickoit ApKTHKH.
N,y — KomuuecTBo aiicOepros y 3emin ®panua-Hocuda, 3aperucTpupoBanHbIX B IeTHUE nepuost; N, — KO-
uecTBo aiicbepros y CeepHOi 3eMIH, 3apETrUCTPUPOBAHHBIX B BECEHHUH n1epHojL; N, , — KOIMYECTBO aifcOepros

y GapeHieBoMopckoro nodepeskbst HoBoit 3emin, 3aperucTpupoBaHHbIX B JIETHUI NEPHOJT

Fig. 3. Impact of climatic factors on iceberg formation processes in the Russian Arctic.

a) Comparison of the variability of near-surface air temperature (NSAT, [13]) at stations in the area
of the NSR with the process of the Matusevich ice shelf (S,,) and outlet glacier No. 8 of the glacial
dome of the Academy of Sciences decay (S,).

S, and S, — the area lost during the year Matusevich ice shelf and glacier No. 8 and decay respectively.

6) Comparison of the variability of the summer NSAT at stations in the area of the NSR and
the maximum fast ice thickness in the Siberian seas ([H_ ,12]) with the maximum length of icebergs
breaking off annually from the glaciers of the Severnaya Zemlya (L ).

H_ — is the maximum fast ice thickness; L — the length of the largest iceberg detected by satellite, formed

in the area of the Severnaya Zemlya in the year of observation.

6) Comparison of the summer NSAT variability at stations in the area of the NSR and the number of
icebergs formed annually near the archipelagos of the Russian Arctic.

N, — the number of icebergs at the ZFI registered in the summer; N, — the number of icebergs near Severnaya
Zemlya registered in the spring; N, — the number of icebergs off the Barents Sea coast of Novaya Zemlya
registered in the summer
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KTHKE, PACCUUTHIBAEMAs 110 JAHHBIM HAOMOeHNH Ha 4] THAPOMETEOCTaHIINH, TPEBBICHIIA
KITMMaTHYeCKyIo HOpMy Ha 6 rpamycos [12]. Jletom 2020 ., mo gaHHBIM 24 THAPOMETEO-
CTaHIINH, pacIoNoXeHHBIX B paitone CMII, OpL1 3adpuKCHpOBaH a0COMIOTHBRIN MAKCUMYM
MIPUITOBEPXHOCTHBIX TEMITEpaTyp BO3IyXa B MOpcKoit ApkTuke [13]. OTa aHOMamus Oblia
00ycIiIoBIeHa BBIHOCOM TEIUTBIX BO3AYIIHBIX Macc n3 Cubupwm, rie otMedanach HeoObIIHas
xKapa — Ha «IoJroce xonoaa» B BepxosiHeke 20 MIOHS 3aperHCTPUPOBAIHN TEMITEpaTy-
py 38 °C. Takas Temiasi Ioroja, yCTaHOBUBILASACS B MEPUOJ TasTHUS JbJOB, MPUBEIA
K PE3KOMY COKPAIICHHIO TUIOMIAAN JIESTHOTO MTOKPOBa M aKTUBU3AINH IPOLECCa TAsSHUS
neqaukoB. B cenTsiope 2020 1. miomanp 1ba B CHOMPCKUX apKTHYSCKUX MOPSX JOCTHUTIIA
ucropuyeckoro muaumyma B 26 000 km? [13]. B aBrycre 2020 . oT 11e516(0BOro JeAHUKA
MaryceBuua OTKOJOJCS aiicoepr miomiapio 6onee 10 km? nmpu jiube 5 kM (puc. 26).
Ocenpro 2020 1. momaas meak(poBOTO JICAHNKA, OIICHEHHAs T0 CHUMKY Landsat-8, co-
CTaBJIsLIA YKe JIUIb 27 K2,

B 2021-2022 rr. monmoxxeHHe JeTHIKa MaTyceBnda cTaOMIN3HpPOBaIoch. B Omu-
JKaWIIme To/bl, BUIUMO, ITPOU30HM/IET ero JajbHelIee pa3pyIeHne, TP TOM OKaXyTCs
neOIoKNpoBaHHBIME alicOepru B Oyxte Kpachas, oOpa3zoBaBIIMecs OT 3TOTO JICAHUKA.
Panee Takoii mporecc yxe Mpou30mel ¢ aicOepramMu, OTKOJIOBIIUMHECS OT BBIBOJHBIX
JeaHnKoB B Oyxte Cka3ouHast, — Tereph aicOepry, MomaiaroIie B 3Ty OyXTy ¢ BBIBOI-
HOTO JICAHHKA, MPOXOMAT fanee Bo ¢propa Marycesmua. Ha 2022 1. B 6yxte KpacuHas
65110 OKoy10 100 aiicGepros, mIMHA HAHOOBIETO cocTaBmswT 1 kM (puc. 26). [locne BEI-
Opoca 3Tux aiicOeproB Bo (pOP/] YNUCICHHOCTH €KETOTHO OTKAJIBIBAIOIINXCS BO (DBOPI
aiicOeproB eCTECTBEHHBIM 00Pa30M CHHU3UTCS, TaK KaK MX HCTOYHUKOM OCTAaHYTCS JIMIIb
BBIBOJTHBIC JICTHUKH.

HaGmonaBimmecst B mociietHee ACCATIICTHE TIPOIIECCH pa3pyIIeHHs] KpaeBOH 4acTh
BBIBO/IHBIX JIETHUKOB, HAXOJISIIIEicsl Ha MITaBy, ObIIN OTYACTH TOJOOHBI polieccam, HaoIo-
JIAeMBIM TIpH pa3pylIeHUH 1eIb(OoBOTo JeHuKa. CaMbIM KPYITHBIM M3 TAaKUX BBIBOIHBIX
nexauKoB Ha CeBepHOi 3emiie sBrseTcs JeaHuk Ne 8 (HoMep JTeaHuKa 1aH o BeemuprOMy
kararnory senaukoB, World Glacier Inventory, n3 6a3b1 manasx nenankoB GLIMS (Global
Land Ice Measurements from Space)®. Haubonbliee pa3pyiietne neqHuka Ne 8 ObL10 OT-
MEYEHO TakXke B aHOMaJIbHO TeruioM 2020 T., B 3TOT rof JIEAHUK MOTEPSIT IO CITy THUKOBBIM
JIaHHBIM 4 KM? TUTOIIAIM KpaeBoi yactH (puc. 3a). BTopoii no 3HaueHUI0 JTOKaIbHBIA MaK-
CHMYM II0TEPb Jibja pu paspyiiueHnu aeauuka Ne 8 (3 km?) ormeuen B 2018 ., korya, mpu
TOM YTO JICTHSSI TEMITEpaTypa Bo3ayXa He OblIa B UHCIIe CaMbIX BRICOKHX 3a 2011-2022 rT,,
ObLT 3aperuCcTPUPOBaH MUHIMYM MAaKCHMAJIBHOM TOMIMHBI nipumast (puc. 30).

H3menenne MakcuMAaIbHOI AJUHBI alicOepros,
o0pa3ylomuxcst y apKTHYeCKHX apXHIle/1aros
Jlerpamanys MaTeprKOBBIX JIBJOB OTPAXKAETCsI Ha MapaMeTpax 00pasyomuxcst aic-
Gepros. [Ipouecch! TassHUS BBI3BIBAIOT MOBBIIICHNE CKOPOCTH TEUCHUS JIETHIKOB, OOIbIIEe
BBIJIBIKEHNE KPAEBOI 4acTH BBIBOJHBIX JIETHUKOB B MOpe. B nTore Ha nimaBy oka3bIBaeTCs
OoJsiee AIMHHBIA KyCOK JIESTHOTO SI3bIKA, KOTOPBIN pa3iIaMbIBACTCS Aajiee B Pe3ysbTa-
TE BETPO-BOJIHOBOTO BO3/CHCTBHUS M NMPWJINBHBIX KosebaHuid. [Ipn 5ToM Ha mpunryObIX
ydacTKax Mopsi 00pa3yroTcs alicOepru Oompiieil MUHBL. B cirydae BBIXOma BBIBOIHOTO
JIeTHUKA Ha MEJIKOBOABE YBEINYEHHS JUTMHBI 00pa3yroNXcs aiicOeproB He MPOMCXOANT.

2

World Glacier Inventory. URL: https://www.glims.org/RGI/rgi60_dl.html (nara obpamieHus:
01.10.2023).
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Beixoast B MOpe, JIEIHUK COMPHUKACAETCS ¢ MOPCKUM JIHOM, B MTOT€ 00pa3yeTcs MHOTO
MENKHX aiicOeproB — Kak 3T0 HaOmomaeTcs y nexnuka BaBnoBa Ha CeBepHoil 3emite.

[Mpu paspyiienun menbGHoBoro egHnKa MaryceBuua U3Ha4aaIbHO 00pasyroTes Kpy-
HbIE alicOepry, ITMHA HEKOTOPHIX M3 HUX MpeBbimaeT 1-2 kM. B termeie 2012 u 2020 rr.
3aperuCTpUPOBaHbI Hanboee KpymHble aiicoepru — 3,25 u 5 kM cooTBeTCcTBEHHO. [[H-

Puc. 4. HauGonee kpymHblii aiicOepr, mmHOH 842 M, HAOTFOAABIINIACS MO CITyTHUKOBBIM JTaHHBIM Y
3emimn @panna-Uocuda B 2015-2022 rr:

a — KapTa-cxema 3anajgHoi yactu apxunenara 3emis ®panna-Hocuda, kKpacHbIM IPSAMOYTOIBHU-
KOM OTMEYEHO MOJIOKEeHUE (PPArMEHTOB CITy THUKOBBIX CHIMKOB; O — (parmMeHT cHuMKa Landsat-8,
5 aBrycra 2022 1., Ha Bpe3Ke — YBEJIMYEHHBIH (hparMeHT CHUMKa ¢ aiicoeproM (A); 6 — dparMeHT
cHnMKa Sentinel-1, 3 aBrycra 2022 1.

Fig. 4. The largest iceberg with a length of 842 m, observed by satellite data near Franz Josef Land
in 2015-2022:

a — amap of the western part Franz Josef Land. The position of the fragments of the satellite images
is indicated by a red rectangle; 6 — a fragment of the Landsat-8 image, 5 August 2022. In the inset
to Fig. an enlarged fragment of a satellite image with an iceberg; 6 — a fragment of the Sentinel-1
image, 3 August, 2022
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Ha caMbIX OOJNBIIMX aicOEepProB, OTKOJOBIIHMXCS OT MIeNb(OBOTO JIEAHUKA, B HECKOIBKO
pa3 MpeBBIIIACT JINHY Hanboinee KPymHBIX aicOeproB, 00pa30BaBIIUXCS OT BBIBOIHBIX
JIEIHUKOB apxurienara (oHa He mpesbimaeT 1,5 km). Pacnmonokennsie Bo propae Mary-
CeBHYA OCTPOBA 3aTPYAHSAIOT BBIXOI KPYIHBIX alicOEpProB B MOpPE, MOITOMY YacTh U3 HUX
LHUPKYTHPYET B caMoM (ppopie o HecKonbko JieT. Co BpeMeHeM TaKue KpyTHbIe aicoepru
T0]] BO3ACHWCTBHEM BOJHCHHUS M BETpa APOOSTCA Ha Ooiee MEIKHe, KOTOPBIE U BBIXOIAT
u3 ¢popaa, npeiidys B pa3HBIX HAMPABICHUAX, HEKOTOPHIC U3 HHUX TOCTUTAIOT MPOJIUBA
Buibkuikoro.

Ha puc. 36 nokazano uzmenenne B 2012—-2022 rr. yiiHb HAKOOJBIIIETO U3 alicOep-
TOB, OOHAPYKEHHOTO 3a KaKIBIH oA HAOMIOACHUS Ha CIyTHHKOBBIX CHHMKAX B paioHe
Cesepnoii 3emmu. B 2012, 2013, 2015-2020 rT. camble KpyIHBIE alicOepr OTKAIBIBAJIICH
ot menbhosoro gegauka. B 2014, 2018, 2019, 2021, 2022 rT., korna menbGoBbId JISTHAK
OBLT OTHOCHUTENIFHO CTa0MIIeH, 00pa3oBaHie HanOoIee KPYIMHBIX aiicOeproB (PHKCHPOBAIOCH
B apyrux paifonax: B 2018 u 2019 rr. — y negauka Ne 12 B nmpomme Kpacnoit Apmum [14],
B 2021 . — y nennuka MccrnenoBareneit Bo ¢propre Marycesnua, B 2014 n 2022 . —
y BBIBOTHOTO JIETHUKA BOCTOYHOTO CKJIOHA JICTHHUKOBOTO KyIoda AKaJeMUHU HayK.

B paitone 3emim @panma-Hocunga mpocTpaHCTBEHHBIE pa3Mepsl HanOoJee KPYITHBIX
aiicbeproB, 0OHAPYKEHHBIX 110 CITyTHUKOBBIM JaHHBIM BHAMMOTO AHWANa3oHa 3a JIETHe-
ocennuii mepuoj 2015-2022 rr., B TeueHUE epuoja Bo3pactaiy. B Hauane HabmroneHuit
aficoepru ¢ mmHOM Oonee 250 M HAOMIOMATMCH PEAKO W, KaK MPaBUIIO, HAXOAWINCH Ha
menkoBonbe. B 2020-2021 rr. 6putn 3adMKkcHpoBaHkI aiicOepru amuHoil 6omiee 350 M, ca-
MBI OOJIBIION aiicOepr, oOHapy ) eHHBIN Mo cHUMKaM Sentinel-1 y 3®U B 2021 r., nmen
mHy 610 M. Eme 6ompmmii aficoepr, anuHo# 842 M, Habmromgancs B 2022 I. Ha CHUMKE
Landsat-8 y nemamka Ne 98 B 3anmBe Kiiemenra Mapkama (puc. 4). Cpenuss auuHa aiic-
OeproB, 0OHapyKEHHBIX Ha CHUMKaX, cocTaBmia 157 M.

Y 6apenneBomopckoro modepexsss HoBoit 3emiin o CIIy THUKOBBIM JaHHBIM BHIH-
Moro nuana3ona 3a 2014-2022 rr. Hanbonbiue aiicoepru ooHapyxensl B 2018 r.: aiicOepr
298x%193 m y nennuka MHOCTpaHIeBa (CHUMOK 3a 9 urons) u aiicoepr 280x115 m y nen-
nuka KpuBomrenna (cHUMOK 3a 23 cents0ps). B 2014, 2015 n 2021 rr. mmHa oOHapyKeH-
HBIX aiicOeproB He gocturana 200 M. B 2016 u 2019 rr. MmakcumanbHas IJIHMHA aiicbepra
cocraBmwia 215 M, 8 2017 . — 225 M, B 2020 1. — 207 m.

N3meHenne KoJM4YecTBa alicOEProB, e5KeroiHO 0TKAJIBIBAIOLIUXCS OT JIETHHKOB

ITo marepuanaM paanogOKaMOHHON cheMKkH 3a jieto 2015-2021 rr. paiiona 3emau
Opanra-Hocuda co cnyrauka Sentinel-1 ObUT0 MPOBEACHO CPAaBHCHUE KOJIMUYCCTBA €IKE-
TOAHO 00pa3yIolUXcs B 3TOM paiioHe aiicoeproB. IlomydeHHbIe pe3ynbTaThl MOKa3aHbI
Ha puc. 36. 3a 7 net HabmoaeHuit aums B 2019 1. e mpucyTCTBOBAN B MPOJIMBAX 10
CepelUHbl aBrycTa, u3-3a 4ero uiaeHTuduKanus aiicoeproB ocioxkHsiack. B pesynbrare
B 3TOT Tof1 OBIII0 0OHapyKeHO JuIb 2626 aiicOepros, 4To MPAKTHYECKU B JBa pa3a MEHBIIIE,
YEM B JIpyrue€ roaml. 21_]'[5[ OIHOT'O U TOI'O XK€ paﬁOHa HCIIOJIB30BAJIMCh B OCHOBHOM CHUMKH,
Pa3sHCCCHHBIC ITO BpEMECHU Ha 1 MCECHLI. OmbIT TTOKa3bIBACT, YTO B TCUCHUE DTOTO IEPpUOIA
aiicOepru JIeToM TaloT, COKPAIIAIOTCS B pa3Mepax M pa3pylialTcs. MakcuMalibHOe KO-
JIMYECTBO OOHAPYKEHHBIX 10 CHUMKaM aiicOepros B paiione 3P, 3apeructpupoBaHHoe
B pekopaHo TerioM 2020 1, coctaBuio 6605 mpu cpefHeM eXerogHoM 3HaueHHH 5427.

J171s1 OLICHKH KOJIMYECTBA €KErOIHO OTKAIBIBAIOIIUXCS OT JISTHUKOB 3aaHOro Mo0e-
pexbst HoBoii 3emitu aiicOepros 3a jgeto 2014-2021 rT. HCroab30BaHbl CHUMKH BHIUMOTO
nuarna3ona Landsat-8 u Sentinel-1. KosnuecTBo 00HapyKeHHBIX ailcOeproB M3MEHSUIOCH OT
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429 B 2014 1. mo 1388 B 2015 1. (puc. 36). B 2014 1. m3-3a HEOMATONPHUATHBIX O0IAUHBIX
YCIIOBHH YaJI0Ch MOA00PaTh TONBKO 5 HWH(POPMATHBHBIX CITyTHIKOBBIX CHUMKOB — BJIBOE
MEHBIIIEe, YeM B CpeAHeM 3a rof. HemocrarouHoe KOIMYECTBO CheMOYHBIX KaJJPOB IIPHUBEIIO
K 3HAYUTEIFHOMY CHIDKCHHUIO KOJTMYECTBA OOHAPYKCHHBIX alicOeproB Ha cHUMKax 2014 1.
110 CPaBHEHHMIO C APYTHMH TOIaMH TIepHoAa HaOIIONCHNH.

HccrienoBanus Konm4yecTBa aiicOepros, exeronHo o0pasyromuxcs BecHol y Ceep-
HOM 3eMiTi, OBbUTH TIPOBEICHBI 10 CHUMKaM ONTHKO-3JIEKTPOHHOH anmnaparypbl CITyTHHKa
Landsat-8 3a 2017-2023 rr. B utore, npu cpeaHeM 3HaYEHUH KOJHYECTBA HAOIIONCHHBIX
aricOeproB 4362, MUHUMaJIbHOE KOJIMYECTBO aiicOeproB ObLI0 3adukcupoBano B 2017 T.
u coctaBmio 2907. Makcumym oOHapyKeHHBIX aiicOepros, 7974 mr., Habmomancs BeCHON
2021 r., T. €. MUK aiicOepProBOil MPOMYKTUBHOCTH TAKXKE IPHIIEIICS HA PEKOPIHO TETUTBII
2020 1. (puc. 36). st cpaBHeHHs Ha TpaduKe ITOKAa3aHO TAKXKe YHCIIO alicOepros, oOHa-
PYXCEHHBIX B 3TOM paiioHe ucnoiauurensamu npoekra MAIRES B 2012 1. [5].

B o6miem uunciie aiicoepros, ooHapy)eHHbIX y CeBepHoit 3emiu BecHoit 2021 r.
nocine pexopaao temioro 2020 1., 76 % cocrasmsor menkue (MeHee 60 m), 19,3 % —
cpemaue (61-120 m), 4,3 % — xpymusre (121-200 M) u 0,3 % — obmmpHbie (6onee
200 M) (puc. 5). B opyrue romsl HaOMIOACHUH U3 paccMaTPUBAEMOTO MEPHUOIA MEITKUX
aiicoeproB y CeBepHOit 3emitn ObUIO 3aperucTprupoBaHo okoio 50 %, a cpeHIX — OKOJIO
30 %. Y HoBoii 3eMiin MakCUMaJbHBIN POLEHT MEJIKUX aiicOeproB ObUT 3ahUKCHPOBAH
Takke B pekopaubiit 2020 r.: 62,4 %; B ocTanbHbIe TOABI MEJKHE aiicOepru COCTaBIISAIH
B 3TOM paiiore 40—44 %.

7000 o
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i 6000 = 2021
E 50001— " 2022
S 4000 " 2023
3
2 3000-
5
2 2000+
=
E 1000-

=

<60 61-120  121-200 201-300 : 301-5000
Jlmna aiicOepra, m

Puc. 5. Pacnpenenenue mo pasmepam aiicoepros, odpazopasimuxcs B 2020—2023 rr. y JeIHUKOB
CesepHoii 3emin

Fig. 5. Distribution by size of icebergs formed in 2020-2023 near the glaciers of the Novaya Zemlya

O6mmpHBIX aficoepros (cBbrme 200 M) BecHO#t 2021 . OpITO 0OHAPYKEHO JHIIH
27 mryk (0,3 %), B TOo Bpems kak B 2023 1. Takux aiicOeproB OBLIO 3apETHCTPUPOBAHO
170 (3,3 %). Takas pa3HHIa B pe3yibTaTaXx MOXKET OBITh CBA3aHA C PAa3HOH IJIOIIAABIO
npunasi y BoctogHoro mobdepexps CeBepHoit 3emnu B 3TH roasl. B 2023 1. muromans
npumnas oputa 6onemre, veM B 2021 1, u 3umoit 2020/21 1. B mpwurae 3acTpsio OoIbIne
aiicbepros, npeiioBaBmux MopucTee OT MecT oOpazoBanus (puc. 6). COOTBETCTBEHHO
TIpYU TasHUH TIPUIIas BECHOM PUCK aiicOEproBOi OMACHOCTH B pailOHE COCPEIOTOUYCHHUS
MHOTOYHMCIICHHBIX TIPUITAHBIX alicOeproB pe3ko BO3PACTET, Tak KaK 3TH aiicOepru Ha9HyT
cBOOOIHO ApeiidoBaTh.
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Mogpe AN TEBLIX

mope

Puc. 6. MecTomnosoxeHue 1 pa3Mepsl aiicOepros, 0OHapy)KEHHBIX 10 CITyTHUKOBBIM JaHHBIM BH-
mumMoro auarna3oHa Landsat-8 B paitone Ceeproit 3emunt BecHoit 2021 (a) u 2023 (6) rr. Kpachoit
JIMHUEH [TOKa3aHa rPpaHuIa IpHUnast

Fig. 6. Location and dimensions of icebergs detected by satellite data in the area of the Land archipelago
in the spring season of 2021 (a) and 2023 (6). The red line shows the fast ice boundary

BriBoabl

[To maHHBIM CITyTHHKOBBIX HaOIIONEHUH aificOeproBas OMacHOCTb B MOPSX APKTH-
YeCKOH 30HBI B ITOCIIETHEE JICCATHIIETHE, B YCIOBUSIX COBPEMEHHBIX KINMATHYECKUX H3-
MEHEHUH, Bo3pocia. DUKCHpyeTcs yBEIMYCHHE KOJIMYECTBA €KETOIHO 00pa3yIOMINXCs
aiicOeproB M yBeIUYEHHE WX MaKCHMAJIBHBIX Pa3MEpOB, TEM CaMbIM BO3pPAcTaeT PUCK
CTOJIKHOBEHHS CyJI0B U MHXXEHEPHBIX OOBEKTOB Ha Iieib(e C TAKUMU ONMACHBIMH JIEIs-
HBIMH 00Pa30BaHUSIMHU.

Jlnsg Bcex nccriefoBaHHbIX paiioHOB Poccmiickoit Apkruku B iepuon 2012-2022 rr.
OTMEUEHO yBEJIMUCHHE MAKCUMAJIBHBIX PAa3MEPOB aiicOEproB, OTKAIBIBAIOIINXCS OT JICAHH-
koB. Jlnnna Hanbonbiero aiicoepra, 3adukcnpoBanHoro y CeBepHo# 3eMiH, COCTaBHIIA
5 kv, y 3emmn @panna-Mocuda — 842 M, y Hooii 3emmn — 298 m.

[porecc aiicbeproodpa3oBaHus Ha ICIb()OBOM JIAHUKE W BBIBOIHBIX JICTHHKAX
C MJIaBy4YeH KpaeBOM 4acThIO HHTCHCU(HUIIMPYETCS MPH MOBBIIICHHBIX JIETHUX TEMIIepary-
pax PHUITOBEPXHOCTHOTO Bo3Myxa. B anomanbsHo Teruisiii 2020 1. oT negaukoB Poccuiickoit
APKTHKH, TIO CITyTHUKOBBIM JaHHBIM, OTKOJIOJIOCH CBBIIIE 15 THIC. alicOeproB, 4TO IMOYTH
Ha 5 ThIC. BBIIIE, YEM B OCTAJBHBIC TO/BI PACCMOTPEHHOTO Neprosa. Hanbonbmmii Bkiax
B oOpa3zoBanue aiicOepros BHocST sienHuku CeBepHoil 3emun, B 2020 . B 9TOM paiioHe
APKTHKH 00pa30Balioch, IO CIyTHUKOBBIM JaHHBIM, OKOJIO 8 ThICAY aiicOepros.

JIns 1oCTOBEPHBIX BHIBOJAOB O TEHACHIMSIX M3MEHEHHS CTATUCTHYCCKUX XapakTe-
PHUCTHK aiicOeproB B apKTHUECKHX MOPSX HEOOXOAMMAa OpraHU3alys MOCTOSIHHOTO MO-
HUTOPUHIA PalOHOB aiicOeprooOpa3oBaHusl, PacloIOKEHHBIX y BBIBOAHBIX JIGAHUKOB.
OcymiecTBUTH TAKOH MOHUTOPHHT B TPYAHOJOCTYIHBIX paifloHaX APKTHKH MOKHO TOJIBKO
C TIOMOIIIBIO CITyTHUKOBBIX JTAHHBIX.

Kon¢paukT nHTEpecoB. Y aBTOPOB HET KOH(MINKTA HHTEPECOB.
®dunancupoBanue. Vccnenosanne BHIMONHEHO MU (pUHAHCOBOM mojyiepxkke Poccuniickoro HaydHoro dona
(rpanT Ne 23-27-00122).
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AuHorauusi. Pazpabotan crocob mporHo3upoBaHus npeodiaaroLieil OpHueHTallK Pa3pbIBOB B JIESHOM I10-
KpoBe Mopst JIanTeBbIX M0 MPOTHOCTHYECKUM MOIAM aTMOC(HEPHOTO AABNEHHS ¢ 3a0/1arOBPEMEHHOCTBIO JI0
3 CYTOK Ha OCHOBE MeTO/1a aHaNIoroB. IIpH COCTABICHHH MPOTHO3a HCTIONB3YIOTCSA PETPOCTICKTHBHBIC JAHHBIE
atMocdepHoro nasnenus, apeiipa apaa OSI SAF u pa3pbiBoB, monydeHHBIE TIPH JEIM(DPUPOBAHIN CHIMKOB
HCKYCCTBEHHBIX CITYTHUKOB 3eMiu SuomiNPP. 13110:KeHbI alrOpuTMbI 17151 aBTOMATH3AIHH HPOLecca COCTaB-
JIeHHs TIPOTHO3a 10 paspaboTaHHOMY MeToy. CpaBHEHNE Pe3yJIbTaTOB ONPABIBIBAEMOCTH HPOTHOCTHYECKUX
3HAYCHHIT MOJIATILHOH OPHEHTALINHU Pa3PbIBOB, OTYYEHHBIX IPH IPUMEHEHHH KITMMATHIECKOT0, HHEPLIHOHHOTO
1 pa3pabOTaHHOrO METO/I0B IPOTHO3, BBISBHIIO BBICOKYIO Y(Q()EKTHBHOCTH MIOCIEIHETO B CIYYasiX IEPECTPOHKH
TIOJIS aTMOC(EPHOTO aBJICHHS.

KaroueBble cj10Ba: BO3IyIIHbIC TOTOKH, AP JIbaa, METO aHAJIOTOB, MOJAIbHAS OPHEHTAINS, HAPYIICHHSL
CIUTOIIHOCTH JIbJIa, OTIPaBIbIBAEMOCTD MPOTHO3a, CITy THUKOBBIE CHUMKH, 3IUTUIIC Ae(OpMaIiu

Jast murupoBanus: Ieivent JLH., Epmosa A.A., Tlopy6aes B.C. MeTox kpaTkocpo4HOTo mporHo3a mpeod-
JaJIal01IeH OPHEHTALMH Pa3PBIBOB B JICITHOM IOKPOBE MOps JIanTeBbIX B 3MMHE-BECEHHUI nIepHOz. [Ipoonemsi
Apxmuru u Anmapxmuxu. 2024;70(1):87-102. https://doi.org/10.30758/0555-2648-2024-70-1-87-102

Hocrynnia 02.11.2023 ITocie nepepadorku 19.12.2023 Ipunsara 27.12.2023

Short-term forecasting method for prevailing orientation of leads
in the Laptev Sea ice cover during winter-spring season

Liudmila N. Dyment™, Anastasiia A. Ershova, Viktor S. Porubaev

State Scientific Center of the Russian Federation Arctic and Antarctic Research Institute,
St. Petersburg, Russia

g1dyment@aari.ru
LND, 0000-0002-3412-922X; AAE, 0009-0006-6545-3635; VSP, 0000-0003-2941-9772

Arctic and Antarctic Research. 2024;70(1):87-102 87



JLH. J[oimenm, A.A. Epwosa, B.C. [lopy6aes
MeTo KPaTKOCPOYHOT0 NPOrHO3a NMpeodiaalonieii OpPUEHTANNMH PA3PBIBOB B JIeJISIHOM IOKPOBE...

Abstract. Sea ice leads are potential routes of easier navigation in the Arctic seas during winter-spring season.
Forecasts of the prevailing orientation of ice leads are required for the early selection of the optimal route of a
ship in ice. An automated method for short-term forecasting of the prevailing orientation of leads in the Laptev
Sea is developed in AARI based on the analog method. Data sources for making a forecast include predictive
fields of atmospheric pressure up to 3 days in advance and historical data on surface atmospheric pressure, ice drift
and sea ice leads. The data on ice leads are obtained by interpreting SuomiNPP satellite images in a visible and
infrared range at 375 m spatial resolution for the cold seasons 2016-2022. The ice drift data are freely available
OSI SAF data. In order to make a forecast of the prevailing orientation of leads by a predictive atmospheric
pressure field, it is necessary to select from an electronic data archive a historical field of atmospheric pressure
that is the most similar to the predictive field. The lead characteristics on the selected date are taken as the
predictive ones. Automated selection of an analog consists in searching for an atmospheric pressure field from
the electronic data archive which has minimal metrics for the forecast date together with 2 previous days. The
metric is calculated as the sum of the squared differences between the change in atmospheric pressure per 1 km
in the latitudinal and meridional directions between the predictive atmospheric pressure field and the potential
analog field. Actual lead data for a date of the selected analog may not be available due to thick clouds. In this
case, the direction of the minor axis of the strain ellipse calculated from ice drift data is taken as the prevailing
orientation of leads. The success ratio of diagnostic forecasts by the method developed is 72 %. Comparison
of the success ratio of the diagnostic forecasts with the results of inertial and climatic forecasts demonstrates
a high effectiveness of the method for cases of abrupt change in the direction of air flows over the Laptev Sea
within the first 1-2 days.

Keywords: air flows, analog method, forecast verification, ice discontinuities, ice drift, modal orientation,
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BBenenue

Pa3prIBEI PEACTaBISIOT COO0M TPELIMHBI, KaHAJIBl U Pa3BOAbS C OTKPHITOW BOAOI
WIIH TIOKPBITHIE JIHIOM He cTapliie Monoforo. OHHU SBISIOTCS XapaKTEPHBIM JIEMEHTOM
nanamadra apeiidyromnero Mopckoro JIEAsSHOTO MOKPOBa B XOJIOAHBIN epuox roaa. [Ipo-
TSDKEHHOCTD Pa3pbIBOB B 3UMHUI ITEPUOA MOKET JOCTUTaTh HECKOIBKO COTEH KMIOMETPOB
u Oonee, a MIMPUHA — OT HECKOJIBKUX METPOB JI0 HECKOJIBKHX KHIOMETPOB.

[IpakTnueckuif UHTEpEC K pa3pbIBaM BBI3BAH BO3MOXKHOCTBIO UX HMCIIOIB30BaHUS
B HaBUTAIUH. SIBIAACH MOTEHIHATBHBIMHE MapLIpyTaMy Oojiee JIETKOTo IJIaBaHus, pas-
PBIBBI HCTIONB3YIOTCS TIPH ITPOBOJIKE TPAHCIIOPTHBIX CYIOB JEAOKOJIAMU B 3UMHE-BECEHHUI
HEepHOJl B apKTUUECKUX MOPSIX U TUIABaHUH JISJOKOJIOB B ApKTHYECKOM OacceiiHe.

IIpy niaHupoBaHUM U pealn3aliyd MOPCKUX OIEpaLuil B 3MMHE-BECEHHUI IIEPUO/] Hau-
OOJBIINI MHTEPEC MPEICTABISIIOT CBEJCHHS O MOMYTHBIX pa3pbIBax, Mpeodasaroiiee Ha-
HpaBJIeHNe KOTOPBIX COBIAAET C TeHEepabHBIM KypCOM JIBIDKEHHS Cy/THA WM HECYILECTBEH-
HO OTIIMYAeTCs OT Hero. Vcrnonb30BaHuEe CYIOBOIUTEINIAMHU MOMYTHBIX PAa3phIBOB MO3BOJISET
YBEJIMUHUTH CPEHIOI CKOPOCTh JIBIKEHUSI CylHa Oosiee 4eM B 2 pasa 10 CPaBHEHUIO C e
3HAYEHUSIMU B 30HAX JIbJIa CO CIUIOYEHHOCTHIO 10 OasjIoB M MOJIHBIM OTCYTCTBHEM DPaspbl-
BoB [1]. CnienoBarensHO, 4eM 00IbIle TPOTSHKEHHOCTh Iy TH Cy/HA [0 pa3pbiBaM, TEM MEHbIIE
BPEMEHHbIE 3aTpaThl IUIABAHKS BO JIbAX U TEM BBILIIE €10 0e30MmacHoCTh. Takum 00pazoMm, yder
npeoOaaroIel OpHeHTaluy pa3pbIBOB HEOOXOIMM IIPH BEIOOPE ONTUMAIBHOTO MapuIpyTa
CIIEZIOBAHUSI B QpKTHUYECKUX MOPSIX B XOJOAHBIN MEPHO TO/IA JUIS HOBBIIIIEHHS SKOHOMUUYECKOH
a¢dexTuBHOCTH CymoxoncTBa 1o Tpacce CeBepHoro mMopckoro mytu (CMIT).
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[TorpebHOCTh B 32011ar0BPEMEHHOM BEIOOPE ONITHUMAJILHOTO MapIIpyTa CIeJOBaHUS
CYZIOB BO JIBAAX C Y4ETOM IIOIyTHBIX Pa3pbIBOB 00yCIaBIMBACT HEOOXOAMMOCTh COCTaB-
JICHUS TIPOTHO30B Mpeo0IIalatomeil OpHeHTalny pa3pblBOB U 30H MX 00pa3oBaHUs MpH
HaBuraruu 1o CMII B 3uMHe-BEeCEHHHI TTEPHOLI.

[Ipoenennsie B AAHWU momBITKH COCTaBIEHUS YUCICHHBIX IIPOTHO30B XapaKTe-
PHCTHK Pa3pbIBOB HA OCHOBE MOJIEJIel KPaTKOCPOYHOTO MPOTHO3a Jpeiida Jib1a 0Ka3ainch
HeynadHbIMHA. HecMoTpst Ha TO, 4TO HEPAaBHOMEPHOCTH CKOPOCTH Jipeiida Iba, BO3HUKa-
I0IIas T0J] ISWCTBUEM BETPA, SBJISETCS OCHOBHON MPUYMHON 00pa3oBaHus pa3pbiBOB [2],
OHA He SIBISIETCS] eANHCTBEHHOW. Ha 0Opa3oBaHue pa3phIBOB B JIEASHOM IIOKPOBE BIUSIOT
JIOTIONTHUTEIBbHEIC (DaKTOPHI, TaKMe KaK MPWINBHEIC sBIeHUS [3], penbed nHa u Oepero-
BOM uepThl [4, 5], HATMYNE OCTPOBOB. YUECTh BCE TO MO3BOJISTIOT aHAIOTOBBIE METO/bI
COCTaBJICHUS TIPOTHO3A.

CyTb aHAJIOTOBOTO METOJa ITPOTHO3a MPEeoOIaaatoniell OpUeHTAuN Pa3phIBOB 3a-
KIIFOYaeTCsl B TMO00pE 10 PEeTPOCIIEKTUBHBIM JaHHBIM CPOYHBIX MOJIeH arMochepHOro
JIaBJICHUsI, KOTOPBIC B IIpeJieNlaX paccMaTpuBacMoi akKBaTOPHH UMEIOT MO CTPYKType MaK-
CHMAJIbHOE CXOZICTBO C MPOTHOCTHUECKUM. TaKoe CXOACTBO MpeosaraeT COBIaACHUE Ha-
NpaBJIEHNS BO3LYIIHBIX IIOTOKOB M 3HAYEHHH I'pa/IMeHTa JIaBIeHHs, I01001e B PaCIIONOXKe-
HHU 30H TTOBBIIIEHHOTO U TOHMKEHHOTO JABJICHUS M COBIIAICHNE [IEHTPOB INKJIOHUIECKON
M aHTHLIUKJIOHWYECKON IUPKYISAIUNA PH UX HaXOXKAEGHUM HaJ akBaropueil mops. Ilomre
arMoc(epHOro MaBleHUS U3 apXHBa, UMEIOIIee HauOOJbIIEe CXOACTBO C MPOTHOCTHYE-
CKHUM, TIPHHUMAETCA 3a aHasorosoe. [Ipu aToMm npennonaraercs, 4To U MPOTHOCTHUECKHE
3HAUEHUS XapaKTEPUCTUK Pa3pbIBOB OyAyT OJM3KMMHU K COOTBETCTBYIOIINM 3HAUCHUSIM,
paccUMTaHHBIM 3a JaTy MMOJ0OpaHHOrO aHayora. IIpaBOMEpHOCTH Takoro moaxona 06o-
CHOBaHA PEe3y/bTaTaMU paHee BHIOJHEHHBIX HCCIeq0BaHuil [6].

B HacTosIuii MOMEHT HIMEIOTCSI HEAaBTOMaTH3UPOBAHHbIE, TPEOYIOIINE MOAEPHU3A-
IIMM METOJBI CPEIHECPOUHOTO IPOTHO3a MPeodiIafatolieil OpueHTaIuy pa3pbIBOB ¢ 3a0i1a-
TOBPEMEHHOCTRIO OT 4 110 6 cyToK B ApkTmueckoM Oacceitre [7] u B Kapckom mope [8].
Juis npyrux Mopeit, uepe3 kotopsie mpoxonut CMII, MmeTonoB mporHo3a mpeobdianaromeit
OPHEHTALNH Pa3phIBOB HE CYIIECTBYET.

[Tnan pazeutrss CMII kak BaskHO# TpaHCIIOPTHOH apTepru Poccnu mpemxycmarpuBaet
pa3BUTHE KPYITIOTOANYHON HaBUTallMM BO BCEX APKTHUECKHX MOPSX.

[lenbro Hamreit paboTHI sBIsUIACh pa3paboTKa aBTOMATH3UPOBAHHOTO METO/IA KPAaTKO-
CPOYHOTO MPOTHO3a MpeodIafaromeil OpHeHTaluK Pa3pbIBOB B Mope JIanTeBbIX B 3MMHE-
BECEHHUH TeproA. st co3nanns MeTona TpeboBanoch alalTHPOBaTh aHAJIOTOBBIH METOJ
MPOTHO3a K aKBaTopuy Mopsi JlanTeBbIX U pa3paboTaTh aaropuTMbI ISl IPOTPAMMHOTO
obecnieuenus (I10), MO3BOMNAIOMIETO ABTOMAaTH3UPOBATh CaMble TPYJOEMKHE 3Tallbl CO-
CTaBJICHUSI IIPOTHO3A.

Pa3pa60TKa ABTOMATU3UPOBAHHOT0 ME€TO/1a IMPOIrHo3a

HMcxonnbple JaHHBIE
Junst monmy4enust nHGOPMAaIMK O Pa3pbiBax HCIIOIb30BAINCH HAXOMASIINECS B CBO-
00THOM JI0CTYIIE CHUMKH HCKYCCTBEHHBIX cITyTHHKOB 3emin (MC3) SuomiNPP, npousso-
JUIIHE CHEMKY JIJISTHOTO MTOKPOBA B BUANMOM M HH(paKpacHOM Jirana3oHax. /locratoqno
MIMpOoKast mosoca 0030pa MO3BOJISIET OXBATUTh BCIO aKBaTOPHUIO Mopsi JIanTeBbIX OTHUM
CHUMKOM. IIpocTpaHCTBEHHOE pa3pelIeHUe dTUX CHUMKOB COCTABISAET 375 M, MOITOMY
noydaemble (PaKTHYECKHE JaHHBIE OTHOCSTCS TOJBKO K KPYIHBIM pa3pbIBaM, IIHPHHA
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KOTOPBIX HE MEHEe IPOCTPAHCTBEHHOTO pa3pemeHus cuuMka MC3. OnHako paHee BbI-
TTOJTHEHHBIE MCCIICAOBAHMS MTOKa3aJd, 9TO Mpeodiagaromiee HarpaBieHHe y KPYIHBIX
1y Ooree MeNKHX pa3phiBOB coBmanaet [9, 10].

B Hacrosimee Bpemst CyIecTBYIOT METO/IbI aBTOMATHUYECKOIN MACHTU(HUKAINH Pa3phl-
BoB Ha cHuMKax MC3 Bumumoro u MK nuamazonos [11-14]. K coxanennto, HA OWH U3 HUX
HE MPUTOZIEH JUIsl HAaIMX 1esield. HekoTopble n3 HUX HE MO3BOJISIIOT ONPEIENTUTh OPUCHTa-
LU0 Pa3pbIBOB B IIPOCTPAHCTBE, IPYTHE HE SBISIOTCS JOCTATOYHO HAJISKHBIMU, T. K. IPH
UX IPUMEHEHHH JJIs aBTOMaTHIECKOTO S ()PUPOBAHIS (PUKCUPYIOTCS JIOXKHBIE Pa3pBIBbI,
a 9acTh CYIIECTBYIOIINX B ISHCTBUTENBHOCTH HrHOpUpYyeTcs. [Tloatomy st popmupoBanus
9NIEKTPOHHOT'O apXHBa Pa3pbIBOB B Mope JIanTeBbIX, KOTOPBIN MOCTYKUT OCHOBOM /I pa3-
paboTKK MeToza MPOTHO3a, MeMUPPUPOBaHUE U oNU(pPOBKa Pa3peIBOB Ha cHUMKax MC3
MIPOBOIMIIUCH HKCIIEPTOM BpyuHyto mocpenctsoMm I'MIC. B ommnume ot aBroMarnyecKkon
naeHTH(UKAMI 00BEKTOB JIESHOTO TOKPOBA, IPH KOTOPOH €Ile Ha Ha4aJbHOM JTalle
OTCEKaIOTCs 30HbI, PACTIONIOKCHHBIE IO MacKOil 00JIaHOCTH, KCIEPT CIIOCOOEH YBUIETh
Pa3pbIBBI B JIEASTHOM ITOKPOBE M CKBO3b JIETKYI0 00/1aqHOCTh. B X011 00paboTK Kax10ro
CHHMKa SKCIepT (PUKCUPYET reorpaduieckiue KOOPIMHATHI KOHIIOB Ka)KJJ0TO OTHOCHTEIh-
HO TIpSIMOJIMHEHHOTO OTpE3Ka pas3phiBa, T. €. Y9acTKa pa3pbIBa, B MPEAENax KOTOPOro ero
OpHEHTAIMs BU3YyaJIbHO HE MeHseTcs. Pe3ynmbraTsl OlU(POBKH 3aHOCATCS B JIEKTPOHHBIN
apXHB, M0 JAHHBIM KOTOPOTO MOXXHO PacCYNTATh KaK OPHEHTALIMIO B IPOCTPAHCTBE KaXKI0TO
OTZICNIHOTO pa3pblBa, TAK M MPE0OIaJaionlyl0 OPHEHTAILMIO B IIPOM3BOJILHO BBEIOpAaHHON
obnactu. K HacTrosimieMy MOMEHTY B JISKTPOHHBIN apX1B 3aHECEHBI JaHHBIC O pa3pbIBax
B Mope JlanTeBrix ¢ 325 cammkoB MC3 3a mepuonx 20162022 T

I[Tpu pa3paboTke MeTOa IPOTHO3a MTPeoda aroNnie OPUEHTAIIMN Pa3phIBOB B MOpPE
JlanTeBbIX TAKKe UCTIONB30BAINCH PETPOCTIEKTUBHBIE JaHHBIE IPH3EMHOTO aTMOC()EPHOTO
nmaBiieHus u apeiida mpaa 3a 2016-2022 rr. B xauecTBe MCXOMHBIX TAHHBIX JUTS TOJICH
npeiida mpaa ucnonp3oBanuck ganabie OSI SAF [15], nmpeacTapmnsromnie coboit ocpeTHeH-
HBIE 32 48 9acOB BEKTOPHI CKOPOCTH Jipetidha JIba B y3Jax MOJISIPHOU cTepeorpaduyecKoi
CETKH, OXBaTbIBatomIel Bech CeBepHBIN JIenoBUTHIN OKeaH, ¢ marom 62,5 kM. Jta nHPOp-
Manusi HaXOAWTCS B CBOOOTHOM JIOCTYIE M OOECIIEUMBAET MOJIHOE MOKPBITHE JaHHBIMU
HCCIIEAyeMO aKBaTOPHH 3a CUET MHTEPIIOSIINK OTCYTCTBYIOIIMX BEKTOPOB M3 COCEIHUX.

Hcrnons30BaHKe MPU COCTABICHUN ITPOTHO30B HCXOHBIX IAHHBIX O Pa3pbIBax U Apei-
(e 1p11a 3a mpenpLIyIIe 7 JeT HO3BOIIET H30ekKaTh JONOMHNUTEIBHBIX TIOTPEITHOCTEH, CBS-
3aHHBIX C KIIMMAaTHYE€CKUMH N3MEHEHHUSMH, IPOUCXOISIIINMHI B TIOCIIEIHIE AECATHIICTHSL.

ABTOMATH3HPOBAHHBII MOI00P AHAJIOTOB

Jlnst aBTOMaTH3aIMK mpoiecca noxdopa aHaiora MPOrHOCTHYECKOTO OISl aTMOC-
(epHOTO MaBIIEHUS TPEOOBAIOCH OMPEACIUTh TAKOH KPUTEPHH, KOTOPHIA OB TIO3BOIISIT
KOJINYECTBEHHO OLIEHNUTH CXOJICTBO JBYX TTOJICH AABJICHUS, IPEACTABICHHBIX 3HAUYCHUSIMA
B y3Iax reorpaduaeckoil ceTku. st 3Toro 66U10 HE0OX0AMMO C(HOPMHUPOBATH HEKOTOPHIH
Ha0Op YMCIICHHBIX 3HAUYE€HWH, KOTOPBIM OBl OMMCHIBAT CTPYKTYPY IPOU3BOIBHOTO TIOJIS
aTMocQepHOro MaBieHus. B kagecTBe Takoro Habopa ObUIa MPUHSATA MATPUIIA H3MEHEHHUS
arMoc()epHOro AaBIEHHs Ha 1 KM B IIMPOTHOM M MEPHIMOHAIBHOM HampasieHuH. [Ipn
(OopMUPOBAHNH TAKOW MAaTPHIBl PACCUUTHIBAIICH OTHOLIEHUS PA3HOCTH aTMOC(EPHOTO
TABJIEHUS Ap, B COCEHUX y3J1aX reorpapuuecKoil CETKH K PACCTOSAHHUIO MEXKIY dTHMH
y3JIaMH 7.

Marpuna n3MeHeHns aTMOC()EPHOTO aBJICHUS B TIOJTHOH MEPEe OTpaxkaeT CTPYKTypy
1oJIst aTMOC(hepHOTO MaBIEHNUS, T. K. OHA XapaKTEPU3yeT U HANpPaBICHUE BETPOBBIX I10-
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TOKOB, M HX HHTEHCUBHOCTB. J{JIsl IpUMepa pacCMOTPHM OTHOHAIPABICHHBII BO3YIIHBIHA
MOTOK FOKHOTO HAlpaBJeHUs, chOPMHUPOBAHHBIN TOJEM aTMOC(EPHOTO JaBICHNUS, IPH-
BE/ICHHBIM Ha puc. la. MI3MeHeHne 3Ha4YeHnil aBIeHNS B IByX COCETHMX y3J1aX B Me-
PUIMOHAIBHOM HAIPaBJICHUHU B 3TOM ciydae OyneT ONMHM3KO K HyIIIO, @ B IIMPOTHOM Ha-
MPaBJICHUH COOTBETCTBYIOIINE 3HAYEHHS OYyT OTJIMYHBIMHU OT HYJIS, P 3TOM YEM BBIIIE
MHTEHCHBHOCTB BO3/IYIHOTO MOTOKA, TeM OonbIne OyayT 3HadeHus Ap, mo momyimo. [pu
CEBEPHOM HAIIPaBIEHNH BO3YIIHBIX TIOTOKOB 3Ha4€HHsA Ap, B NIMPOTHOM HaNpaBJICHUH
OyyT UIMETh MPOTHUBOIIOIOXKHBIN 3HAK, @ B MEPHMOHAIBHOM HANPaBICHUHU TaKXKe OyIyT
0 MO0 ONM3KHM K Hyiro. Hammume B mosie arMocepHOTo AaBIeHHs IUKIOHUYECKOTO
BHUXPEBOTO 00pa30BaHMs, IIPHUMEP KOTOPOTO TPHUBEACH HA puc. 16, OyaeT xapakTepuso-
BaThCs ONM3KMMH K HYJIO 3HAYEHHAMH Ap, KaK B IIHPOTHOM, TaK U B MEPHIHOHAIBHOM
HaIlpaBJICHUH B pallOHE €T0 IEHTPA M OTIIMYHBIMH OT HYJISI B OCTAIBHBIX y3/1ax ceTku. [Ipn
9TOM HalpaBJIeHHE U MHTEHCUBHOCTB MOTOKA OyIyT BBIpa)KaThCsl 3HAKOM 1 aOCOIOTHBIM
3HaueHueM Ap,.
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Puc. 1. ITons armoceproro nanenus B Mope JlanteBbix 1 anpesst 2019 1. (a) u 1 mas 2018 . (6)

1 — n3006apsl, rlla; 2 — rpannna Mops JlanteBeix; 3 — rpaHMIIa 30HEI pacyera

Fig. 1. Atmospheric pressure fields, Laptev Sea, April 1, 2019 (a) and May 1, 2018 (6)
1 — isobar, hPa; 2 — boundary of the Laptev Sea; 3 — boundary of the area of calculation

[Tpu pacyere MaTpHIBI H3MEHEHH aTMOC()EPHOTO aBIeHHs HCIIOIb30BAIUCH €TI0
3HAYEHHUS B y3J1aX reorpauyueckoil CeTku ¢ maroM 1° mo mmpote u 2° mo Joirote. 30Ha
pacdeTa BKIIO4ana B ce0s Bce Y3JIbl CETKH B IIpeeax akBaTOpuu Mops JIanTeBbIX, a Takxke
JOTIOJTHUTEIIBHBIC Y3IIbI, PACHIOJIOKEHHBIE K CEBEPY U CEBEPO-BOCTOKY OT €r0 I'DaHHUIIbI
(cm. puc. la). Bei6op TOMOTHUTENBHBIX y3710B OBIT 00YCIOBIICH CIEAYIOMIUMHU CO00-
paxKeHHAMH. 3anajHas U I0KHas TPAaHHUIBI MOps JlanTeBBIX SBISAIOTCS €CTECTBEHHBIMU,
T. €. IPEICTaBIIOT cO00H OeperoByro 4epTy, a B 3UMHE-BECCHHHI MEPHOJ — IPAHUILy
npumnas. C ceBepa U ceBepo-BOCTOKa Mope JIanTeBbIX SBIAETCS OTKPBITHIM, U aTMOoc(ep-
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HBIE TIPOIIECCHI, CYIIECTBYIOIINE 3a €T0 YCIOBHON CEBEPHOM IPaHHICH, MOTYT OKa3bIBaTh
BIIMSIHHUE Ha Apel( Jba B Ipeesax akBaTOPHN MOPSL.

B03MOXXHOCTD KOJIMUECTBEHHO ONMHUCATh CTPYKTYPY MO aTMOC(HEPHOTO JABICHHS
MTO3BOJIMJIA TIEPEUTH K OIPECIICHNIO KOJMYECTBEHHOH MEphl CXOACTBA JBYX IOJICH aT-
MocdepHoro nasneHns. B kadecTBe Takoi Mepsl OblIa NPUHATA METPHUKa d, BBIpakaemast

bopmymoii (1).
2
o | (Ap] —Ap!
d? :Z M ) (1)
i=1 Ap’ °F

B ¢opmyne (1) r, — paccTosuue Mexay ysnamu i u i + [ B kunomerpax, Ap/ —
Cpe/iHee 3HAYEHNE U3MEHEHHs] aTMOC(EPHOTO NaBIeHUs HA | KM B IPOTHOCTUYECKOM TI0JIE
aTMocdepHoro nasienus. Benmuuna Ap’ ucromb3yeTcs i HOPMUPOBAHHS.

B Xone pacuera METpUKH ITPOUCXOUT COIIOCTABICHNE COOTBETCTBYFOIIMX 3HAYCHHI
MaTpul] USMCHCHUA aTMOC(bepHOFO JIaBJICHUA B JIBYX CPaBHHUBACMbIX IMOJIAX aTMOC(bepHOI‘O
JaBJICHUA, B KAYECTBC OJHOT'0 U3 KOTOPBIX BBICTYNACT MPOTHOCTHYCCKOC I10JIC (Aplf) N

a BTOPOE IOJIC SIBIISICTCS «IIPETCHCHTOM» Ha CTAaTyC aHajiora K HeMy (Apf ) . UeM MeHb-
IIe 3HaYe€HHE METPUKH d, TEM MEHBIIIE Pa3Inuue MEXIY JIBYMs CPAaBHHUBAEMbIMH TTOJISIMU
aTMOC(EPHOTO TaBIICHUSL.

[To cytu, meTpuka d sIBIsieTCs €BKJIMIOBBIM PACCTOSIHUEM, KOTOPOE HCIIOJb3YeT-
csl B KJIACTEPHOM aHaJiu3e Ul IPYIIHPOBKH 00bEKTOB. B JlaHHOM cilydae B KauecTBe
«CBOWCTB» 00BEKTa BBICTYIIAIOT 3HAYCHUSI N3MEHEHHsI aTMOC(EPHOTO JaBJICHUS MEXIY
AByMs (PUKCHPOBAHHBIMM TOYKAMM Ha aKBaTopuu Mops Jlanrtesbix Ap..

[Tpu hopMupoBaHUH MaTPUILIBI K3MEHEHHsI aTMOC(EPHOTO AaBJICHHUS ITPU YKa3aHHOM
BBIIIIE IIIaTe 10 IUPOTE U Joarote B Mope JlanTeBbIx ucnoib3yercs 350 map y3/1o0B, T. €.
sHauenue n B ¢popmyie (1) pasuo 350.

B mpouecce noxbopa aHajora K IMpoOrHOCTUYECKOMY MO0 aTMOC(EpHOTro AaB-
JICHUSI TTOCJIEAI0BATEIbHO PACCUUTHIBACTCA METPUKA 3a KaXKJbIH JEHB JIGAOBBIX CE30HOB
2016-2022 rr. 3a aHAJIOT IPUHUMAECTCS 10JIe aTMOC(EPHOTO TABJICHHS, COOTBETCTBYIOIICE
MHUHHMMaJIbHOMY 3HAUEHHIO METPUKHU MPU €r0 CPABHEHUH C MPOTHOCTHYECKHM.

[TonoOpark aHaJIOr K MPOrHOCTHYECKOMY TIOJIIO B ITpeiesiax BCEro MOps yIaeTcsl He
Bcerza. Ecii ociie mepedopa Beex peTpOCIeKTUBHBIX HOJIeH aTMOC(EPHOTO IaBICHHS MHU-
HUMAJIbHOE MOTyYeHHOE 3HAYCHNE METPUKH TEM HE MEHEE OKa3bIBACTCsI CIIMIIIKOM OOJIBIINM,
CJIeZlyeT YMEHBILHUTH pa3Mep 00IacTH CPAaBHEHUSI C aKBATOPHUHU BCETO MOPSI JI0 €ro CEBEPHOM
U KO)KHOM WJTH 3aIajHOM U BOCTOYHOM yacteid. [Ton0op aHayora oTAeabHO TS KaXI0U 13
YacTeil MOps MO3BOJISICT B OOJIBIIMHCTBE CIy4aeB YMEHBIIUTh 3HAYCHUE METPHUKU. B aTOM
CJlydae MTOTOBBINA aHAJIOr (POPMHUPYETCS U3 IBYX OTOOpaHHBIX mosieil. [Ipu pasmesbHOM
no0ope aHaJIoroB JUIsl CEBEPHOI U KJKHOW YacTeil Mopst JIanTeBbIX rpaHuLiel MexX1y HUMA
NpuHsTa napaniens 77° ¢. ur. [Ipu 3ToM pacueT METpUKH JUIs CEBEPHON YacTH ITPOBOIUTCS
no 200 3nauenusM Ap, a juist 1oxkHOM — 110 150. TIpu paznensHOM nondope aHajIoroB Juis
3aragHON U BOCTOYHOM yacTed Mops JIanTeBbIX B KaueCTBE IPAHULLI IIPUHAT MEPUANAH
120° B. 1. B ceBepHO#l yacTu Mopst U 124° B. 1. B roykHOU. Pacuer MeTpuku [uis 3amaHon
gacTu Mops JlanTeBbIX npoBoanTcs 1o 185 3HaueHusM Ap, a JUid BOCTOYHOW — 1o 165.

Ecin MHTEHCUBHOCTH BO3IYIIHBIX OTOKOB B IPOIHOCTHYECKOM I10JIe aTMOC(EPHOro
JIaBJICHUS CYILIECTBEHHO Pa3jIM4aeTCsl B CEBEPHOM U F0KHOM WIIM B 3allaIHON U BOCTOYHOM
YacTsIX MOPsi, OI00P aHAIOra TAKXKE MPOBOAUTCS OTACIBHO JUIS KaXKI0W U3 YacTeil Mops.
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Pacuer MPOrHOCTUYIECCKUX 3HAYEeHH I npeoﬁnaz{ammeﬁ OpUMEHTAUUU pa3pbIBOB

PerpocnekruBHBIE (pakTHUeCKHE HaHHBIC O pa3pbIBax 3a HaTy IMOJOOpaHHOTO
aHaJora MCIOoNb3YIOTCs JUIsl TIOCIEAYIOUIET0 pacyera npeodiagaroneid opueHTannu
Pa3pBIBOB, KOTOpAasi MPUHUMAETCS 32 MPOTHOCTHYEeCKyro. OaHAKo 3a JaTy aHajora
MOTYT OTCYTCTBOBAaTh (DaKTHUECKHUE TaHHBIC O Pa3phIBaX M3-3a HEBOZMOXKHOCTHU JCIIH(]-
pupoBanust HCJI na cunmke MC3 BenepcTBre mioTHOM obmauHocTH. B aTOM Ccityuae,
cornacHo paHee nposeneHHBIM B AAHWU uccnenoBanusm [6, 16], B kauecTBe mpe-
o0namaromiel OprueHTAIIUN Pa3pPhIBOB MOKHO HCIIOJIB30BaTh PACUETHOE HAIPaBIICHUE
MaJIoif 0cH AIUTHIICAa CKOPOCTH Jie(OpMAaIIMH JIESTHOTO TOKPOBA, PACCYUTHIBAEMOTO 10
MOJTI0 CKOPOCTH Jipelida Jipaa.

Panee mpemmonaranock, 9To pacueT OPUEHTALMU Pa3phIBOB CIICAYET IMPOU3BOAUTH
MO JIaHHBIM Jpeiida JbJa 3a JAaTy MoJO0OpaHHOTO aHalora, OJHAKO aHaJM3 Pe3yJIbTaToB
BBITTOJTHEHHBIX PACcYeTOB BBISBHII HU3KYIO ONPAaBIBIBAEMOCTH TAKOTO TOAXO/A.

[IpoBeneHHBIC aBTOpaMH HCCIICIOBAHUS ITO3BOJIMIN YCTAHOBHUTH, YTO TIPU MAJo-
IPaJIMEHTHOM TI0JIe aTMOC(EPHOTO JIaBJICHHUS, JOCTATOYHO YacTo (hopMHpYIOIIEeMCsl Hajl
MopeM JlanTeBbIX, 00pa3oBaHKe HOBBIX Pa3pbIBOB HE MPOHUCXOAMT. PacueT nmpeobiagarommeit
OpPHUCHTAIIUH Pa3pbIBOB IO JaHHBIM Jipeiiha, COOTBETCTBYIONIUM TAKOMY OO TABIICHIS,
HE COBMAJaeT C (aKTUUCCKUMHU JaHHBIMHM, T. K. B 3TOM CJIy4ae B JICJSIHOM ITOKPOBE TPH-
CYTCTBYIOT pa3pbIBBL, C(HOPMHUPOBAHHBIE paHee PH Oojiee MHTEHCUBHOM apeiide. Taxxe
OBLTO YCTAHOBIICHO, YTO IUKJIOH, IICHTP KOTOPOTO HAXOAHUTCS B MPEIEIaX aKBaTOPHH MOPS
JlanTeBbIX, Ja)xe IPU MaJOrPaJUCHTHOM I10JIC JIaBJICHHUS MPUBOIAMUT K (POPMUPOBAHUIO
CHUCTEMBI pa3pbIBoB. CHCTeMa pa3pbIBOB MOXKET COXPAHATHCA JUIUTENBHOE BPEMsl, MOKa
ee He U3MCHHUT JPYroil MHTCHCUBHBIN BO3AYIIHBIN ITOTOK.

VHepuroHHOCTD JIOKIN3alMK U OPUEHTAIMH Pa3pbIBOB, a TAKIKE BBISIBJICHHBIC 3a-
KOHOMEPHOCTH WX MTOBEJCHHS B 3aBUCHMOCTH OT M3MEHEHHS HHTEHCHBHOCTH M HAIIPaB-
JICHUS BO3IYIITHBIX TOTOKOB JICTIIM B OCHOBY QJITOPUTMA OIPENEICHUS TaThl 00pa30BaHUs
CYIIECTBYIOILIEH B 3aJJaHHBIII MOMEHT CHCTEMBI Pa3pbIBOB B Mope JlanTeBbIX U, COOTBET-
CTBEHHO, JIaThl TOJIS Apetida Jiba, MpUBEAIIET0 K €¢ BOZHUKHOBEHUIO. J[aHHbIe apeiida
apna OSI SAF 3a ycraHOBIEHHYIO JaTy HCIIOIB3YIOTCS Ul pacueTa mpeolanatonen
OpHEHTAIINK Pa3pbIBOB MPH OTCYTCTBUH (akTiyecknx nanHbix 0 HCJI. ITonpoOHo ocHOBBI
pa3paboTaHHOTO ANTOPUTMA M CIIOCOO ero peanu3aiuu u3jioxeHsl B [17]. 3aech Juiib
OTMETHM, 4TO U MOpsi JIanTeBhIX CHCTEMa pa3phIBOB, MOMy4YeHHAs 10 JaHHBIM VIC3 Ha
KOHKPETHBIH MOMEHT BPEMEHH, B IOJABJISONIEM OOJIBIIMHCTBE CilydaeB chopMHUpOBaHa
nojieM fperida B OAWH U3 MPEIbITYIINX THEH.

[Ipu cocTaBneHHN POTHO30B B KA4€CTBE MPEOOITATAFOIIETO HAIPABICHHUS Pa3phIBOB
UCIIONIb30BAJIaCh UX MOJIaIbHAs OpUEeHTalMs. MojanbHasi OpUEHTAINS Pa3pbIBOB Mpe.-
CTaBIsIeT cOOOM HampaBJieHHE, B AuanazoHe +20° OT KOTOPOro CyMMapHasi MPOTSIKCH-
HOCTB Pa3pbIBOB B 30HE pacyeTa sBIsIeTcs Hanbombineil. Ecim B paccMaTpuBaemoii 30He
BBIJICNISICTCS JIBa OJIM3KUX MO 3HAYMMOCTH HAlpaBJICHUs] Pa3pbIBOB, TO paclpe/elicHHe
OpPHEHTAIIUH CIUTACTCS IBYMOIAIBHBIM. PacueT MOmaIbHOI OpHeHTAnN Pa3phIBOB OCY-
miecTBiswIcs o kBaaparam 100x100 kM, Ha KoTOphle ObLIA Pa30UTa aKBATOPUS MOPS
JlanreBbix. BeiOop pa3mepa kBajpara ceTKH ObIIT 00YCIIOBICH KOJMYECTBOM MMEIOIIeics
MCXOIHOW MH(OpPMAIUU O Pa3phIBaX.
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CocraBiieHHe THATHOCTHYECKHX IMPOTrHO30B

[IpoBepka MeTona OCYIIECTBISIACH IIOCPEICTBOM JUATHOCTHYECKHIX MPOTHO30B.
IIpu cocraBmeHUN NHArHOCTHYSCKUX MPOTHO30B B KaYECTBE IMPOTHOCTHIECKOTO IO
aTMoc(epHOTO JaBIIeHUsT BEIOMpAcTCs OIHO M3 PETPOCIIEKTUBHBIX IOJNEH, 3a JaTy KO-
TOPOTO MMEIOTCS JaHHBIC O Pa3pbIBaxX B JICKTPOHHOM apXuBe. DTO JacT BO3MOKHOCTH
COIIOCTABUTH PE3YBTATHl COCTABICHHOTO IMPOTHO3a ¢ ICTHHHOW MOJIATBHON OpHEHTAIINCH
Pa3pBIBOB, T. €. OPUEHTAIINEH, PACCYMTAHHOMU 110 (DAaKTHICCKAM JaHHBIM 32 JaTy, TIPHHATYIO
3a MPOTHOCTHYECKYH0. [Ipn cocTaBIEHNH TUArHOCTHYECKHUX IPOTHO30B 32 MPOTHOCTHYE-
CKHE MTPUHUMAIIICH TOIBKO JIaThI, 32 KOTOPBIe (PaKTHISCKUMHU TAaHHBIMHU O Pa3phIBax OBLIO
obecriedeHo Ooree TPEeTH aKBaTOPUHU MOPSL.

Jlis cocTaBieHus IPOTHO3a TPeodIaiaroIiell OpueHTau! pa3phiBOB B Mope Jlar-
TEBBIX T10 BBIIICU3IOKEHHOMY alTOPUTMY OBLITO pa3padoTaHo creruanm3uposanHoe [10.
B pesynbrare ero paboThl U3 CPOYHBIX JaHHBIX aTMOC(EpPHOTO IaBICHUS 3a JICTOBBIC Ce-
30HBI 20162022 TT. 0TOMPANOCh IO 5 aHATIOTOB [T KAKIOTO U3 IISATH PAOHOB: TS BCEi
aKBaTOpPUM MOPs JlanTeBbIX U AJIsl €r0 CEBEPHOM, KXKHOM, 3araJHONl U BOCTOUYHOW YacTel.
DKCIepTy IpefocTaBisiach HHPpOPMANUs O JaTe KakJoro MOTCHIMAIHHOTO aHaJIora,
BEJIMYUHE METPUKHU d, KOMHIECTBE (PaKTUICCKUX JaHHBIX O pa3pbIBax 3a JaTy aHaJora.
Kpome Toro, skcmepT pacmnonarai JaHHBIME O HaJMYUH UKIOHA HaJ aKBaTOPHEH MOPS
1 CYIIECTBOBAaHUH PA3ITUYINS B HHTCHCUBHOCTH BO3IYIIHBIX TIOTOKOB B IIPOTHOCTHYECKOM
mojie aTMoc(epHOTO TaBICHUS B CEBEPHON M I0’KHOH HIJIH B 3aaTHON 1 BOCTOYHOW JaCTAX
Mops. Ha ocHoBaHmM 3TOM MH(MDOPMAIINN SKCTIEPTOM TPUHIMAJIOCh PEIICHUE O BO3MOXK-
HOCTH UCTIOJIb30BaHMS aHAJIOTA, TOJOOPAHHOTO IS BCETO MOPS IIEITUKOM, JTHOO MO3aHKH
13 aHAJIOTOB, MOAO0PAHHBIX [UIS YacTei MOps. YCTAaHOBICHO, YTO €CIIH B MTPOTHOCTHICCKOM
moJie atMoc(epHOTo MaBIeHHS HaJ MOpeM JIanTeBhIX pacmonaraercs ICHTP HUKIOHA, TO
CIIEAyeT TONONpaTh aHAJIOT TOJIBKO KO BCCH aKBATOPHH MOPS B ICIIOM.

3arem 1 BRIOpAHHBIX PalfOHOB AKCIIEPT BHIOMpAT aHAIOT ¢ HAMMEHBIINM 3HaYe-
HUEeM MeTpuKHU. [Ipn ONM3KUX 3HAYEHUSX METPHUKH y HECKOIBKHX aHAJIOTOB MPEIIIOYTe-
HHE OTHaBaJOCh aHAJIOTY, 00CCIIEYeHHOMY (PaKTHUCCKUMHU JaHHBIMU Ha OONBIICH YacTH
aKBaTOPUHU MOPSI, 1aTa KOTOPOTO OTHOCHUTCS K TOMY K€ CE30HY, UTO H JiaTa MPOTHO3a.

[Tocne MpUHATHS SKCTIEPTOM OKOHUYATEIIFHOTO PEIICHUS O JaTe HCIIONIh3yeMOTo
aHayiora (FUTH JIByX aHAJIOTOB B CIy4ae BBEIOOpa pacdera IO 4acTsM) M BBOAA €€ B MH-
TepakTuBHOM pexkume 10 dopmupyeT MaccuB MPOTHOCTHYSCKUAX 3HAYCHUN MOIATBHOM
OpPHUCHTAITUH Pa3pbIBOB MO KBaJpaTaM CETKH, PACCYMTAHHBIX MO (HaKTUIESCKUM JTaHHBIM
0 pa3phIBax 3a JaTy aHajiora W JOMOJHECHHBIX, MPH HEOOXOANMOCTH, PacUCTHHIMHU 3HA-
YeHUSMU TI0 TaHHBIM Jpeiida JIba 32 COOTBETCTBYIOIIYIO aTy. YCTAHOBJICHO, YTO IIPH
OTCYTCTBHH (DaKTHUCCKUX JAHHBIX O Pa3phIBax 3a JaTy aHaJOra MOYKHO BOCIIOIB30BaThCS
(haKTHIeCKUMH JaHHBIMH 32 TTOCICIYIOMNHN eHb (TIPU X HAIWYNH), €CITH HHTCHCUBHOCTD
TOJIST aTMOC(EPHOTO MABICHUS B OTOT JACHBb OBbLITa HHU3KOM.

Pe3ynbraTel cOCTaBICHHOTO MPOTHO3a CPABHUBAIICH C PEATbHBIME JAHHBIMU ITyTEM
pacdeTa oTpaBIbIBaEMOCTH TPOrHO3a. ONpaBasBaeMOCTh MPOTHO3a — STO OTHOIICHUE
KOJIMYECTBA KBAIPATOB CETKH, B KOTOPBIX MPOTHOCTHUECKAS MTPE0OIIaaromias OpUEHTAINS
Pa3phIBOB OTIIMYANACK OT (hakTHdIeckoi He Ooree ueMm Ha 30°, kK o0IeMy 9ncITy KBaIpaToB,
IO KOTOPBIM COCTaBIIICS MPOrHo3. Jlomyck B 30° 6611 mpuHAT nexonst u3 [ 18], cormacHo
KOTOPOMY JUTS KPATKOCPOYHBIX TIPOTHO30B BEIMYMHA JOITYCTHMON OIHOKN HE OJDKHA TTpe-
BeImath 0,674 OT ee cpeqHero KBaApaTHIecKoro OTKIOHEHHsI. OTBIT JIGAOBOTO TUIABAHHS
TaKXKe MOKA3BIBACT, UTO PAa3pPBIBBI, OPUCHTAIUS KOTOPBIX OTKIIOHSETCS OT TeHEPaIbHOTO
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100° 120° 140° 8.0, oo 120° 140° 8.4

Puc. 2. ITons atmochepHOTO 1aBICHHUS U MOAAIbHAS OPUEHTALMS pa3phIBOB: @ — 29 nexadps 2017 .
(mone, mpuHATOE 32 MporHocTuyeckoe); 6 — 21 anpens 2020 r. (moie, NPUHATOE 3a AHAJIOT); 8 —
28 nexabps 2017 1. (mone, mpeamecTByoee NporanocTuaeckomy); ¢ — 20 anpens 2020 . (mosne,
IpeAuecTByomee ananory). / — u300apsl, rlla; 2 — mMopanbpHas OpHEHTALUs, pACCYMTAHHAS 10
(hakTHYECKUM JAHHBIM O pa3pbIBax; 3 — MolaJIbHasi OPUCHTALIMS, PACCUMTAHHAS HA OCHOBE JIAHHBIX
o apeiidy nbaa

Fig. 2. Atmospheric pressure fields and modal orientation of leads: a — December 29, 2017 (field
taken as a prognostic one); 6 — April 21, 2020 (field taken as an analog); ¢ —December 28, 2017
(field for a day before prognostic date); e — April 20, 2020 (field for a day before analog date).
1 — isobar, hPa; 2 — modal orientation calculated from actual lead data; 3 — modal orientation
calculated from ice drift data
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Kypca cyaHa He 6osnee ueM Ha 30°, MOTYT CYMTAThHCS MO THBIMU M 3((GEKTHBHO HCTIONb-
30BaThCs B HaBuranuu [19].

ITpu cocraBieHNHN TUArHOCTUYECKHUX MPOTHO30B OBLIHM 3a(pUMKCHPOBAHbI CIydaH,
KOTJIa TIPH XOPOIIIEM aHaJIoTe, XapaKTepU3YIOIIeMcs HU3KUM 3HAYEHHEM METPHUKH, Tpe-
oOJrazaromas OpUEeHTALUsT Pa3phIBOB B JAThl aHAJIOTA M MPOTHO3a CYIIECTBEHHO Pa3-
auvanack. B mpumepe, nmpencTaBieHHOM Ha pHC. 2, IPU XOPOIIEM IOKa3aTese CXO/CTBA
aTMOC(epHBIX ToNei (cM. puc. 2a U 20) ONPaBIBIBAEMOCTh MMPOTHO3a MPE0dIIaIatonen
OpPHEHTALMH Pa3pbIBOB 10 MOAOOPAaHHOMY aHAJIOTY HHM3Kas: KBaJpaThl, B KOTOPBIX pa3-
JWYHE TIPOTHOCTHYECKUX M (PaKTUUECKUX 3HAYEHUH MOJAJIbHON OPHEHTALNH Pa3phIBOB
He npeBsimraeT 30° (Ha puc. 2a¢ U 20 OTMEUCHBI 3€JICHON 3aJIMBKO), COCTABIISIFOT JIUIIH
40 % ot o0rmmero KoJaM4YecTBa KBaIpaToB, YIACTBYIOIINX B AUArHO3eE.

[TpoBeneHHbIi aHaN3 (PAKTUUECKUX JAHHBIX MTO3BOJIMI BBISBUTH CYIIECTBOBAHHE
HMHEPIMHN TpeodIafaroniell OpueHTaluy Pa3phIBOB IIPH CMEHE HANpPAaBICHUS BO3AYIIHBIX
MOTOKOB. JlaXke NMpH KapIUHAIBHON CMEHE HAIpPABJICHHsI BETPOBBIX TTOTOKOB U BBICOKON
1X MTHTCHCUBHOCTH 3HAUYCHNE MOAAIBHON OPUEHTAIINHU Pa3pbIBOB COXPAHSIIOCH B TEUCHHUE
CYTOK B IIpejiesiax Jlolycka He MeHee 4eM B 60 % xBaaparos. [Ipu pacuere mo Bcem
JAHHBIM 3JIEKTPOHHOTO apXMBa 3HAYEHUS MOJAIBbHON OPHUEHTALMH Pa3phIBOB 3a JBa
MTOCIICIOBATENBHBIX THS pa3nmyanuck He Oonee yem Ha 30° B 90 % kBanmparoB. Takmm
00pazoM, CyIIecTBYIOIIAs B ICHb MPOrHO3a CHCTEMa Pa3phIBOB Yallle BCEro ChOopMHUpO-
BaHa IOJ JIeiicTBUEM TToJIel aTMoc(epHOro naBieHus B npensiayiue aau. [lostomy mpu
rog0dope aHaJiora HEOOXOMMO YUHUTHIBATh HE TOJIBKO CXOJICTBO €r0 ToJIst aTMoc(hepHOoTro
JIaBJICHNS] C TIPOTHOCTHYECKHM, HO M CXOACTBO COOTBETCTBYIOIIMX Touei 3a 1-2 mpen-
LIECTBYIOIMINX JTHSI.

B mpeacraBieHHoM mpumepe (CM. puc. 2) B THH, IPEANISCTBYIOIMINE AaTaM Hpo-
THO3a 1 aHajora, CTpPYKTypa IoJei aTMoc(epHOro JaBiIeHNUs CYIIECTBEHHO pa3Inyalnach
(cMm. puc. 26 u 2e).

VYyer B mporecce BbIOOpa aHaiora cXoJCTBa MOJIel aTMOC(EpHOTO JaBICHUS HE
TOJIBKO 32 JIaTy MPOTHO3a, HO U 3a 1—2 MpeAmecTBYIOMNX JHS CyIIECTBEHHO ITOBBIIIACT
OIPaB/BIBAEMOCTb MPOTHO30B. Ha puc. 3 npezacraBieH aHAJIOL, TOJ0OPaHHBIN K TOMY XKe
IIPOTHOCTHYECKOMY TOJIF0 aTMOC(EPHOTO JIaBiIeHus (CM. puc. 2a) ¢ yUETOM CXOACTBA MOJIeH
3a TeKyIIMH W mpeamecTByonmi aHu. OnpaBabBaeéMoCTh IIPOrHO3a Mpeodiagaronei
OPHMEHTALINH Pa3phIBOB B 3TOM Cilydae Bo3pocia 10 85 %.

B Hacrosimiee Bpemst B alropuTMe 1mog0opa aHaiora YYUTHIBACTCS] CXOJCTBO MOJIEH
arMoc()epHOTo JaBICHUs C MPOTHOCTHYECKUMH B TEUEHHE TPEX CYTOK, TO €CTh 3a JaTy
MIPOTHO3a M JIBA MpeAmecTByomux aAHs. [Ipu 3ToM ecnu 1are mporHo3a COOTBETCTBYET
MaJIorpaIeHTHOE T10JIe aTMOC(EPHOTO AABJICHNUS, TO 32 IPOTHOCTHUECKYIO IPUHUMACTCS
MIPeIIIECTBYIONIAs ei 1aTa, T. K. yCTAHOBJIEHO, YTO MAJIOTPaJJUEHTHOE Tose He (hOPMHUpYET
HOBYIO CHCTEMY Pa3pbIBOB U IIpeodiafaronias OpUeHTAINS Pa3pbIBOB HE U3MEHSETCSI.

I[Tpy BBIYKMCICHHH UTOTOBON METPUKH d IIpenBapUTenbHO 110 hopmyre (1) paccun-
TBIBAKOTCS METPUKH d, d,, d, JUIS K&KIOTO M3 TPEX y4MThIBAEMBIX JHEH. IIpn oTOM d,
OIIPEENAET MEpPy CXOJCTBA MIPOTHOCTHYECKOTO ITOJIsI aTMOC(EPHOTO NAaBICHUS C MOJIEM
atMOc(EPHOTO JIABIEHNS 3a JIaTy TIOTEHIMAIBHOTO aHaJIora, d, — MEPY CXOJICTBA TOJIs
aTMoc(epHOTO JABJICHUS 3a [ICHb, MPEIIESCTBYIOMNI JaTe MPOrHo3a, ¢ IMOJIEM aTMOC-
(epHOTO NaBieHMs, 3ahUKCHPOBAHHBIM Ha | JIeHb paHee aThl MOTCHINAIBHOTO aHAJIOTa.
CooTBeTCTBEHHO, d, — Mepa CXO/CTBA JIBYX MOJIEH aTMOC(EPHOTO NaBJIEHHS, CYIIECTBO-
BAaBIIMX 32 2 AHA 70 AaThl IPOTHO3a M JIaThl TOTCHIMAILHOTO aHAJIOTa.
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Puc. 3. ITonst atMmochepHOTO TaBISHUS 1 MOJaIbHAsI OPHEHTAIHs Pa3pbIBOB: @ — 29 nexabpst 2017 .
(mone, mpuHsTOE 3a pOrHOCTHYECKoe); 6 — 14 suBapst 2020 r. (1oJe, IPHHATOE 33 AHAJIOT); 6 —
28 nexabps 2017 . (Toe, IpeaIecTByolee MPOorHocTudeckomy); 2 — 13 stBaps 2020 . (tiore,
TIpe/uecTBYIONIee aHajory). / — u300apsl, rlla; 2 — MopasibHast OpUEHTALMS, PACCUMTAHHAs 110 (hak-
THYECKUM JJAHHBIM; 3 — MOJIJIbHAsl OPUESHTALIHS, pACCUYMTaHHAsl Ha OCHOBE JAHHBIX 110 Jperdy Jibaa

Fig. 3. Atmospheric pressure fields and modal orientation of leads: ¢ — December 29, 2017 (field
taken as a prognostic one); 6 — January 14, 2020 (field taken as an analog); 6 —December 28, 2017
(field for a day before prognostic date); e — January 13, 2020 (field for a day before analog date).
1 — isobar, hPa; 2 — modal orientation calculated from actual lead data; 3 — modal orientation
calculated from ice drift data
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d’ =kd +kd; +kd;
3 3

k =G/[>G.,> k=1
i=1 i=1

Kosdunuentsr k,, k, n k, B popmyne (2) obecrieunBaroT yuer METpUK d,, d,, d,
IIPOTIOPIIMOHAIBHO CpeTHEl MHTEHCHBHOCTH I0JIs arMoc(epHoro aasieHust G 3a cooT-
BETCTBYIOIINI JIeHb, T. K. YeM MHTEHCHBHEE BO3/yIIHbIEC ITIOTOKH, TeM OOJbIIee BIUSHHIE
OHU OKa3bIBAIOT Ha Jpeid nbja u, Kak ciencTBHe, HA GOPMUPOBAaHKUE Pa3pbIBOB. [lon-
PpOOHO METOMKA KOJIMYECTBEHHON OLIEHKH MHTEHCHBHOCTH I10JIS1 aTMOC(EPHOT0 J1aBICHUS
G npuseneHa B pabore [17].

(@)

Ol'lpaBZ[I)IBaeMOCT]) AUATHOCTUYECKUX MPOTrHO30B

[To pa3paboraHHOMY MeTOMy OBLIO cocTaBieHO 80 MHATHOCTUYECKHX IPOTHO30B.
CpenHsisi onmpaBIbIBAEMOCTD TIPOTHO3A MTPE0OIaaroNIe OPHEHTAINH Pa3pHIBOB COCTABHIIA
72 %. MakcuMaabHOE 3HAUYE€HUE OMPABIBIBAEMOCTH JOCTUTANIO 95 %, MUHUMAaIbHOE —
50 %. Jlns xa4ecTBEHHOH OIEHKH IMOJYYEHHOTO CPEIHEro 3HAueHHs OMPaBIbIBAEMOCTU
ero TpeboBaJOCh COMOCTABUTH C COOTBETCTBYIOIIMMH 3HAYCHUSIMHU, TOTYYCHHBIMHU IO
JIPYTUM METOJIaM MPOTHO3a, 2 HIMEHHO M0 KJIMMAaTHYCCKOMY U WHEPIIUOHHOMY.

J1s pacdera KIMMAaTHYCCKUX 3HAYCHUU MONATBHOW OPHECHTAIIMH PA3PBIBOB MBI
BOCTIOJTB30BANIACH TAHHBIMH, TIPEIOCTABICHHBIMU [ 13], TOITyUYeHHBIME B pe3yNbTare pac-
TO3HABaHMSI Pa3pBIBOB B JISASTHOM MOKPOBe Ha cHUMKaX MIC3 MeTo10M HEMPOHHBIX CETEH.
OTH AaHHBIE HAXOAATCSA B CBOOOTHOM JOCTyIE M oxBaThiBatoT nepuon ¢ 2002 mo 2020 .
CpenHsisi ONpaBIbIBAEMOCTh MPOTHO30B, COCTABICHHBIX 0 KIMMATHUYCCKUM JTaHHBIM,
okazanach paBHOU 54 %. CTOJIb HU3KOE 3HAUYCHHUE OOBSICHSICTCS 3HAYUTCIHHON M3MCHYH-
BOCTbHIO, CBOCTBEHHOW OpHEHTAIINU Pa3phIBOB B MOpe JlanTeBhIx.

Jns ompeneneHus cpenHel onpaBabIBAEMOCTH HHEPITMOHHBIX TPOTHO30B Tpeodia-
JAroIIeil OpUEHTAIMN Pa3phIBOB B Mope JIanTeBBIX MBI BOCIIOIB30BAINCH COOCTBEHHBIM
APXHWBOM HaHHBIX. I/IHepHI/IOHHOCTB JICAOBBIX MPOLECCOB U IMpUCylIasd MOPIO JlanTeBbIX
MPEUMYIICCTBCHHO HU3Kasi HHTEHCUBHOCTH BO3YIIHBIX MOTOKOB [20] mpuBOAST B 00Jb-
IIUHCTBE CIy4YacB K COXPAHCHUIO MOJATBHON OPUCHTAIIMH Pa3pbIBOB Ha MPOTSHKCHHH
HECKOJIBKHX THEH. 3HAYMMOe M3MEHEHNE MOATBHOW OPHEHTAIIH Pa3PHIBOB MTPOUCXOIUT
TP CMEHE HAINPaBJIEHHUS BO3IYITHBIX IIOTOKOB BEICOKOW MHTEHCHBHOCTH, 4TO B Mope Jlan-
TEBBIX CITydaeTcst He Tak 4acTo. [ToaTomy it orieHKH 3P PEeKTUBHOCTH pa3pabOTaHHOTO
METOJZIa 10 CPaBHCHUIO ¢ MHCPIIUOHHBIM IIPOTHO30M 6])1.]'[]/1 OTO6paHbI JUArHOCTHYCCKUEC
MPOTHO3bI HA JaThl, HAKAHYHE KOTOPBIX MPOM30IILIA CYIIIECTBEHHAs TIEPECTPOIKa MOJIst
aTMOC(EpHOTO NTABJICHUS U, KaK CIICACTBUE, OIS Apeiida npna. Takux qHEW okaszaiock
TOJBKO 12, T. K. TaKWe CHTYaIlH BOOOIIe HAONIOMArOTCs B MOpe JlanTeBhIX T0CTaTOYHO
penko [17], m xpome Toro TpeOOBaIOCh BRIOPATh MaThl, 0OeCIICUeHHBIE MICXOMHBIMHU JaH-
HBIMH O pa3pbIiBaX Ha OOJBIIEH YaCTH aKBAaTOPUU MOPS 3a 1-2 JHS IO M MOCIe CMEHBI
HarpasBJICHUSA BO3AYIIHBIX ITOTOKOB 3HAUYUTEIIbHONM MHTEHCUBHOCTH. B Ta6J'II/II_[C MPpUBOAATCA
Ppe3yibTaThl CPaBHEHHSI ONPABABIBAEMOCTH TIPOTHO30B, COCTABJICHHBIX 110 Pa3paboTaHHOMY
METOJTY, C KIIMMAaTUICCKIMH W HHEPIIUOHHBIMU ITPOTHO3aMH.

Kak BuIHO W3 MaHHBIX TAONUIBI, B CIIy4ae CYMICCTBCHHOTO M3MCHEHUS IOJS ar-
MocdepHOro aBieHus pazpadoTanHelii meton Ha 20 % 3¢ dexTHBHEE MHEPIHOHHOTO
MporHo3a u Ha 26 % — KIMMaTH9IecKoro.
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Tabruya

Onpap/ibIBa€MOCTh NPOrHO30B MOJAJIbHOI OPHEHTAIIMHU Pa3pbIBOB
B cJIy4yae CMeHbI HANPaBJIeHHs BO3/1YIIHBIX MIOTOKOB B TedeHue 1-3 cyTok, %

Table
The accuracy of forecasts of the modal orientation of ruptures
in the event of a change in the direction of air flows within 1-3 days, %
OmnpaBabIBaeMOCTh MPOTHO32, %o
[Iporuos
Cpenssist MuHuManbHas MakcumaibHas
o pa3paboTaHHOMY METOIY 69 54 80
Knumatnuecknit 43 29 66
MNuepunronnsiit 49 28 60

Crnemyer OTMETUTH TOT (DaKT, 9TO, HECMOTPS Ha BBICOKYIO ONPABABIBAEMOCTH HHEP-
[IHOHHBIX IPOTHO30B MPe00IIaatoNeil OPHEHTAIMH Pa3phIBOB MPH COXPAHCHNH CTPYKTYPBI
HoJiei arMoCc(epHOro JaBlIeHHUs! Ha POTSHIKEHUH HECKOJIBKUX JTHEH, He BCerua CyllecTBYeT
BO3MOJKHOCTh MX MCIOJIb30BaTh. Hanu4ue rioTHOW 00JavHOCTH MOXKET HE MO3BOJIHUTH
nemudpupoBarh pas3pbiBbl Ha cHuMKax VC3 Buaumoro u MK nuana3oHOB Ha JaTy COCTaB-
JICHUS TIPOTHO3a, XOTS C BEICOKO# JI0JIel BEPOSTHOCTH OyIE€T M3BECTHO, UTO B ONMyKaiime
1-3 aHs MoJanbHAsl OpUEHTAITUS Pa3PBHIBOB COXPAHHUTCS.

Bce cocTaBneHHbBIE AUATHOCTUYECKUE TPOTHO3BI MOJIATBHON OPUEHTALIUH Pa3phIBOB
C HU3KOW OmpaBabIBaeMOCThI0 (MeHee 60 %) ObUTH JOMOTHUTENBHO POAHATH3HPOBAHBI
JUTSL BBISIBJICHHA MIPUYUH PacueTHOW OommMOKHU. BBIABICHO, 4TO Hamboiee 9acTo HU3KHE
3HAYECHUS OMPABIBIBAEMOCTH IIPOTHO3a COOTBETCTBOBAJIN CHTYAlLlMsAM, KOT/Ia B TCUCHHE
4 cytok u Oomnee Haa MopeM JlanTeBbIx HAOIIOMATOCH MAJIOTPAIUESHTHOE TI0JIE aTMOC-
(hepHOTO AABICHUS U CHCTEMa Pa3pBIBOB OCTaBaJaCh HEU3MEHHOM B TEUCHHE BCETO ITOTO
nepuona. Kak moka3zana npakTuka, moadop aHajiora K roito arMoc(epHoro AaBieHus
CO 3HAYMMOW MHTEHCUBHOCTbIO, HO OTCTOSLIETO OT IPOTHOCTHYECKOM aThbl HA 5 CYTOK
u Oosiee MPUBOIUT K HEYIOBICTBOPUTEIBHBIM PE3yIbTaTaM MIPOTHO3A.

Heckonbko cirydaeB MPOrHO30B C HU3KOW OIIPABIBIBAEMOCTHIO OBLIN BBISIBICHBI IPU
COXPAaHCHHWH B TEUCHHE TPEX CYTOK BBICOKOM MHTEHCHBHOCTH BO3AYIIHBIX IOTOKOB, HO
MIPY 3TOM €KeTHEBHO M3MEHSIOMNX HarnpasieHue. [[0CKoNbKy HHTCHCHBHBIC BO3AYIIHBIC
MOTOKH Ha MPOTSDKEHUH HECKOIBKUX JHEW HaOMomatoTces B Mope JlanTeBhIX penko, Bepo-
ATHOCTB MOA0Opa XOPOIIIETO aHAJIOTa U3 AMEKTPOHHOTO apXHBa B ATOM CIIydae HEBEJIHKa.

B mernom ke pe3yapraT COCTAaBICHHOTO MPOTHO3a OMPEAETSeTCS CTENCHBIO a/leK-
BaTHOCTH MMo00paHHOTO aHaiora. Uem TouHee ymaeTcs ero moaodparb, TEM MEHbIIE
pa3Iuyus B HANPABICHUH W MHTEHCUBHOCTH BO3IYIIHBIX ITOTOKOB, BOSHHUKAIOIIUX MPH
MPOTHOCTHYECKOM M aHaJOrOBOM IOJISIX aTMOC(EPHOro JaBJICHHUS, YTO IIPUBOAUT 3aTeM
K OoJiee BBICOKMM 3HAYECHUSAM OIPABIBIBAEMOCTH IIPOTHO3A.

Kpome 3Tor0, ananu3 pe3yasTaToB COCTABICHHBIX MPOTHO30B BBISBHII, YTO 3HAYE-
HUSL Tpeo0iiaiatoleil OpUeHTAIMU Pa3pbIBOB, PACCUUTAHHbIE 110 (PAKTHYECKUM JIaHHBIM,
Ooliee HaI@KHBI, YeM MOJYUSHHBIC NPH JIOTIOJHUTENBHBIX pacueTax 1o JaHHbIM Jpeiida
Jb/1a. YBEIHYCHNE KONNYeCcTBA (PaKTHUSCKUX JAHHBIX ITyTeM MOTIOHEHHS AIEKTPOHHOTO
apx#Ba Pa3pbIBOB MO3BOIUT PEXe MpHUOeraTh K TAKUM pacdeTaMm, YTO IMTOBBICUT OTPAB/IbI-
BAaeMOCTh MIPOTHO30B.
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3akiIoueHue

Pa3paboTaHHBI METO/ TO3BOJISIET ONPEIEIHUTH € 3a0JIarOBPEMEHHOCTBHIO 10 3 CYTOK
Ipeo0IIaIatoIly0 OPUEHTAIMIO PAa3PBIBOB B JICASHOM MOKpOBE MOps JlanTeBhIX ¢ mpo-
CTpPaHCTBEHHOHU rcKpeTHOCTHIO 100 kM. OTa mporuoctiyeckas HHPOPMAIHS IMEET BaXkK-
HOE TIPUKJIaJHOE 3HaYCHHUE, TaK KaK JaeT BO3MOXKHOCTh CY/IOBOAMNTEISIM TNIAHUPOBATH OI-
TUMAJIBHBIM MapLIPYT CJICIOBAHMUS CY/IOB IO MOPIO JIanTeBhIX B 3MMHE-BECEHHUH IEPHOI.

Pa3paboTaHHbIi METOJ TaKKe MOXKET OBITh HCIIOIB30BAH ISl IMArHOCTHUKH Mpeodia-
JIAI0IIEeH OPUEHTAIIMN Pa3pbIBOB B Mope JIanTeBbIX M0 (paKTHUECKUM IOJISIM aTMOC(EPHOTO
JIaBJICHUSI, €CIIM OTCYTCTBYET BO3MOXKHOCTH B OIEPATHBHOM PEXMUME MOJYUHUThH JAHHBIC
0 pa3phIBax B JICITHOM ITOKPOBE IO CITyTHHKOBBIM CHUMKaM.

[ToronHeHne apXWBOB JTAHHBIX aTMOC(EPHOTO NAaBICHUS U Ipeida Jbla MO3BOIUT
COKPATHUTh YHCIIO PEIKUX CHHONTHYECKUX CUTYyaIli, HE NMEIONINX aHaJIOTOB.

[TortoTHEHNE AIEKTPOHHOTO apXHMBa JAHHBIX PE3yabTaTaMyu 0OpaOOTKH CHUMKOB
VC3 mocTosHHO POIOIKAETCS, TEM CaMBbIM YBEIMIHNBACTCS KOMUECTBO IIOTCHIINATBHBIX
aHaJIOTOB, 00ECTICUCHHBIX (haKTHUECKOH HMH(OPMAIHEil 0 pa3phIBax. DTO MO3BOJIHT ITOBbI-
CHUTB OINIPABABIBAEMOCTH M HAICKHOCTh MPOTHO30B.

Kongaukr nnrepecoB. ABTOpHI HE HMEIOT KOH(IIMKTA HHTEPECOB.
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AHHoTtauus. B pabote oneHeHa BO3MOXKHOCTb NPUMEHEHHUs OecMIoTHOrO JetarensHoro anmapara (BIIJIA)
TpH TIOMCKAX SKCTIOHMPOBAHHBIX MAMOHTOBBIX OMBHEH B TPYAHOZOCTYMHBIX paifoHax ApkTuku. IIpuBeneHst
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Abstract. In recent decades, fossil ivory, the tusks of the Siberian mammoth of the late type (Mammuthus
primigenius Blumenbach, 1799), has been in great demand on the world market of gemstone raw materials. Fossil
ivory is a valuable highly liquid natural raw material of biogenic origin. With its decorative and technological
characteristics, it is a fossil analogue of the tusks of the present-day African and Asian elephant (the populations
of which are protected by UNESCO), used for the production of carved articles of great aesthetic value. Industrial
clusters of mammoth tusks are concentrated in just a few Arctic regions of Russia: the only region today which
holds confirmed industrial potential of fossil mammoth ivory (actually recoverable resources) is Northern Yakutia.
This is due to the limited number of territories whose paleogeographic and landscape-ecological conditions
were favorable for mammoths in the Late Pleistocene, as well as to the taphonomic conditions conducive to
the long-term preservation of bone remains in permafrost conditions. Placer accumulations of mammoth tusks
are formed as a result of denudation of cryogenic bone reservoirs containing up to 90% ice; the main destructive
factors are various types of thermal erosion, which contributes to the formation of new accumulations. Today,
just as centuries ago, the search for fossil ivory, is carried out mainly by walking over large areas in remote
areas of the Russian Arctic. The search objects are fully or partially exposed fossil ivory lying on the surface (in
the surface layer) of present-day sedimentary formations in various landscape-geomorphological and geobotanical
settings. The current period of studying and exploiting the natural resources in Russia is characterized by the active
use of unmanned aerial vehicles (UAVs) with video cameras, which significantly reduces the complexity of
research in various fields of their application. We have carried out experimental and methodological work for
the visual recognition of exposed mammoth tusks in the natural lansetting using a copter-type UAV equipped
with video cameras and appropriate computer software. The interval of optimal heights is determined, as well
as the possible width of the observation band during the search. The use of UAVs is expected to significantly
increase the effectiveness of search through operational visual control of large areas of bone-bearing territories,
fixation and coordinate binding of detected mammoth tusks for subsequent targeted and operational collection.

Keywords: cryolithozone, geobotanical zones, exposed mammoth tusks, fossil ivory, North Yakutsk bone-bearing
province, unmanned aerial vehicle (UAV), Yakutia
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BBenenune

[IInpokoe MpakTHYECKOE HCIOIb30BaHHE METOAOB JMCTAHIIMOHHBIX HAOIIOICHUN
B cepe NMPUPOIONOIB30BAHNS — a3POPOTOCHEMKH — HMEET YK€ OTHOCHUTEIIBHO IpPO-
JIOJDKHUTENBHYIO HCTOPHIO, C cepetHbl X X B. YiKe TOra OCHOBHOM 00JIACTBIO IPaKIaHCKOTO
MIPUMEHEHHs a3pOOTOMETO/IOB SIBISIIOCH KapTHPOBAHHUE TEPPUTOPHH JUTS PEIICHNS 3a1a4
BO MHOTHX OTpPAaciIsIX HapOIHOTO XO3SIHCTBA — KapTorpadus M reoyiorys, anmadgrose-
JICHUE W THJPOJIOTHSL, JIECOYCTPOUTEIILCTBO, CEILCKOE XO3IHCTBO U Jp. D(PPEKTUBHOCTH
olpeensaach MOJETHBIMU XapaKTePUCTUKAMU JIETATENIbHBIX alllapaToB, PUMEHAEMON
(oTo- 1 KMHOANMapaTypoil, HABUTAIIMOHHBIMU BO3MOKHOCTSIMH, OTOJJHBIMHU yCIOBHSAMH [1].

[Tpy AUCTAaHIMOHHOM HM3YYEHHUH IPUPOAHBIX OOBEKTOB B apKTHYECKHX 00JIaCTIX
XapaKTepHBIMH 3a/[a4aMU MOKHO CUMTATh OLIEHKY YMCICHHOCTH JKUBOTHBIX (OJeHH, Oe-
JIbI€ ME/IBE/IH, JIACTOHOT'HE — MOPJKH, HEPIIBI, TIOJICHH ), TPOBOAMMYIO Ha 3HAYUTEIBHBIX
TUIoIa X (IECATKH U COTHU KB. KWJIOMETPOB), HO 03 TOYHOHM KOOPAWHATHOM NMPHUBS3KA
enuHUIBI HaOmroneHus [1].

CopemenHnblii otan (¢ Havana 2000-X IT.) U3y4eHUs] ¥ OCBOCHUS NPUPOIHBIX 00-
rarctB Poccuu xapakrepu3yercsi akTHBHBIM HCIIOIb30BaHUEM O€CIHMIIOTHBIX JICTATEIbHBIX
armaparos (BITJIA) ¢ Buzeo- u ¢oToarnmaparypoii, 4To HO3BOJISIET CYIIECTBEHHO COKPATUTh
TPYAOEMKOCTh MCCIIeIOBaHUH B PazIMyHbIX cepax ux npumeneHus [2]. Pacmmpenue
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cthepsr npumeHenns BITJIA BO3MOXKHO 1 B 00JIACTH OCBOCHHS MHUHEPaIHHO-CHIPHEBBIX
pecypcoB, B YaCTHOCTHU TIPH MOMCKAX M J10ObIYE€ MaMOHTOBBIX OMBHEH — YHUKAJIBLHOTO
MPUPOIHOTO CHIPhsI OMOTEHHOTO MPOUCXOXKICHNS. B HamIM JHM, Kak U CTOJICTHS Ha3al,
MOUCKH OCYIIECTBIIAIOTCS IPEUMYIIECTBEHHO METOIOM MEIIero MCXaXKMBAHUS 3HAYH-
TENBHBIX TI0 TUIOMIAIN TEPPUTOPHIA B TPYAHOMOCTYIIHEIX paifoHax Poccuiickoit ApKTHKH.
OnHUM 13 NEPCIEKTUBHBIX METO/IOB ITOMCKA MOXKET CTaTh NPUMEHEHNE ANCTAHIIMOHHON
BHUJ1€0- ¥ (DOTOCHEMKH C HCIIOIB30BAaHNEM OECIIMIIOTHBIX JIETAaTENIBHBIX allapaToB KBaaApo-
KONTEPHOTO THUIA, CIOCOOHBIX, TP HEOOXOOMMOCTH, K 3aBHCAHHIO HAJ| NCCIIEIyeMbIMU
y4acTKaMH.

HannHas paGoTa HalelIeHa Ha MOTyYeHNE MPAKTHIECKUX PE3yJIbTaTOB BU3YaJlIbHOTO
JVCTAHIIMOHHOTO PACIIO3HABAHMS M KOHTPOJISI JIOKAJIU3AI[MN SKCIIOHNPOBAHHBIX MAMOHTO-
BBIX OMBHEH B YCIOBHSX MpUponHOro taHamadTa. O0beKTh HaOMIOneHUs (PUKCHPOBAIICH
KaMepoil BUIEO- U (POTOCHEMKH, BCTPOSHHOW B OCCITMIIOTHBINA JICTAaTeIBHBINA armapar
KONTEPHOTO THIIA, TIO3BOJISAIONINN MEHATh MHTEPBAJIBI BEICOTHI HAOIIOCHNSI.

I'eonornyeckue u PECYPCHLIC NPEANOCBIIIKHA

Hckomaemast mamonToBast Koctb (MIMK) — OuBHM CHOMPCKOTO MaMOHTA TO3/IHETO
tuna (Mammuthus primigenius Blumenbach, 1799), iieHHOE BBICOKOIMKBUIHOE ITPUPOHOC
CBIpbe OMOTEHHOTO MTPOUCXMKICHHSI, aHAIIOT COBPEMEHHOM CIIOHOBOW KOCTH, JI00BIBAaeTCs
Ha Tepputopun Poccuiickoit ApKTHKH Ha MPOTSHKEHUU MHOTUX croneTuil. Ha coBpemeHHOM
HCTOPHYECKOM 3Talle CHCTeMaTruieckasi JoOblua MaMOHTOBBIX OMBHEH OCYIIECTBISICTCS
Ha4MHasl C IepHo/ia MPOBEICHHS Te0JI0ropa3BeIouHbIX paboT Ha HCKOIIAEMYI0 MAMOHTOBYIO
kocThb B 1979-1991 rr. CIIO «CeBepkBapiicaMonBeTh» Ha Tepputopru CeBepHOil SkyTuu.

[IpaxkTuyeckoe 3HaUCHHE UMEET MPEUMYIIECTBEHHO SKCIIOHUPOBAHHAS MAMOHTOBAs
KOCTb: B MEPBYIO O4Yepe/b €€ MPUPOAHbIE CKOIICHHUSI — POCCHINM U JaKe eTUHUYHBIC
OMBHU, YYHUTBIBasi BBICOKYIO CTOMMOCTB ChIpbsi. CKOIUIEHHMSI MAMOHTOBBIX OMBHEW mpen-
CTaBIISIIOT OO0l DK30reHHbIE 00pa30BaHUsI POCCHIITHOTO KJlacca, Kiaccuuiupyembie
KaK POCCHINU BaJlyHHOI'O THIIA, YTO CJIEAYEeT W3 3HAYMTENLHBIX Pa3MEPOB MOHOOJIOKOB.
[TomoOHBIE pocchIM XapakTepHbl UMEHHO ISl KAMHECAaMOIBETOB (POCCHINM He(puTa,
araToB, SHTaps U JIp.), KOrJa IIEHHOCTb ChIPbs OMpEAEISAeTCA B TOM YHCIEe U pa3MepaMu
BBIJICJICHUH TOJIE3HOTO MCKoIaemoro [3].

CripbeBoii norennman UMK cocpenoTouen auibp B HEMHOTUX apKTHYECKUX 001a-
crsix Poccun. D10 00BsICHACTCSI OTPaHUUEHHOCTBIO TEPPUTOPHIA C ONIAroNpUSTHBIMU AJIE0-
reorpaMuECKUMHU U JIaH AP THO-OKOJIOTUIYECKUMH YCIIOBUSIMU obutanus Mammuthus
primigenius B TIO3JJHEM TUICHCTOIICHE, a TAaKXKe CHeU(PpUIECKUMH Ta(hOHOMHYECKUMHU
00CTaHOBKaMH KPHOJINTO30HBI, CIIOCOOCTBOBABIIUMH MAacCOBOMY 3aXOPOHEHHUIO M JUTH-
TENBbHOM KOHCEpBAallUM KOCTHBIX OCTATKOB B YCJIOBHUSIX MHOTOJETHEH Mep3ioThl [4].

E/nMHCTBEHHBIM Ha CETO/HSI PETMOHOM, OOJaJaroNMM JOKa3aHHBIM MTPOMBIIIUICH-
HbIM noTeHIanioM UMK (peaiibHO U3BICKaeMbIME pecypcamu), siBisieTcss CeBepHast
Skytud, B npenenax kotopoil Beiaensercs CegeposakymcKkas KOCMeHOCHAs NPOSUHYUSL.
ITpoBHHIUS BBIENSIETCA MO KOMIUIEKCY I'€0JIOTHYECKUX, TOPHO-TEOJIOTHYECKUX U Te0-
JIOTO-TIPOMBIIIJICHHBIX TOKa3aTelel, XapaKTepU3yIOIUX €€ ChIPhEBYIO CIEeUAN3AINIO,
Te0JIOTUYECKYIO IIEJIOCTHOCTh M 000COOIEHHOCTh, PECYPCHYIO 3HAaUMMOCTh. BhicOKHi
TAKCOHOMUYECKHUI paHT OTpa)kaeT PErHOHAJIBHBIN MacITad pa3BUTUSI ICTOYHUKOB TTHTa-
HUSI — OCHOBBI opmupoBanus pocebineid IMK. B Poccuiickoit ApkTHKE BBIIENSIOTCS
ellle JiBa KPYMHBIX KOCTEHOCHBIX PErHMOHA, COOTBETCTBYIOIINX PAHTy MPOBUHIIUH, HO 00-
JIaJJaloIMX CYIIECTBEHHO Ooliee C1abbIMU TPOMBIIIIICHHBIMH TIEPCIIEKTUBAMHU. JTO CEBEP
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3anagnoit Cubupu (m-oB SIman, obpamnenne O6ckoii TyOsI, [ BITaHCKHIT T1-0B) — YCIIOBHO
3anaonocubupckas kocmerocnas nposunyus — u CeBepo-Cubupckas HU3SMEHHOCTD
u Lentpaneaerii Talimep (oT p. Ernceit mo XaraHnrckoro 3aimuBa U Jaiee Ha BOCTOK —
ot p. Onenék n ycrpa p. Jlensr) — ycnoBuo Cesepocubupckan KocmeHoCHas NPOGUHYUA.
B ux mpenenax HepeAKO OTMEUAIOTCS! Pa3pO3HEHHBIE HAXOIKH MaMOHTOBBIX OMBHEH, HO
3HaunMBble poccsinHble ckoruteHust UMK (mectoposkaenust) moka Hem3BecTHbI. Cleyer
OTMETHTb, YTO CIEIHAIN3NPOBaHHbIE MTOMCKOBBIE padoTel Ha IMK B 3THX permonax
HUKOTJa HE MPOBOIIINCH [3].

B CeBeposikyTCKOM POBHHINHU MTPOBEJACHHBIC NCCIIEIOBAHMS MTO3BOJIMIIN OLICHUTH
pecypensiii motentran UMK mist cymm B 184 ThICSYr TOHH Ha OCHOBE €€ JIaHAIaQTHOTO
1 TE0JIOTO-MUHEPareHNIeCcKoro paiioHnpoBanus. Pacuer 6a3upyercst Ha JaHHBIX ILIOIIA]-
HOU TIPOTYKTUBHOCTH BBIBICHHBIX MECTOPOXKICHHN TNTOPAIILHOM 30HEHI [5]. [TomydeHHbIC
Pe3YyIBTaThl COTIIACYIOTCS ¢ JAaHHBIMH JPYTUX aBTOPOB (mopsaka 140 Teicsd ToHH) [6-8].
Pe3ynbraThl OLIEHKH TOBOPST 00 OTPOMHOM PECYpPCHOM ITOTEHIINAJIE PETHOHA, CIOCOOHOM
00ecIeunTh yCTONYMBBIN MPOMBICEN HA NMPOTSHKEHUHM MHOTUX M MHOTHX JIECSTHIECTHH.

Hwmerommecs odpuumanbHble CBEACHHUA MO 3amacam kareropuu C, W MPOTHO3HBIM
pecypcam kareropuit P, u P, mamonTOBOM KOCTH B CeBepHOH SIKyTHH, NPHHATBIM Ha
6amanc LlerTpansHol KoMuccueit mo 3amacam Munnctepcrsa reonoran CCCP mo cocro-
ssarto Ha 1991 1. B pa3zmepe nopsinka 190 ToHH (pe3yasTaThl Te0JI0TOpa3BeJOYHBIX PadoT
CIIO «CeBepkBaplicaMOLBEThI»), SIBHO 3aHIKEHBI 1 HE OTPAXKAIOT PeabHBIN pecypCHBIN
MOTEHINAJ IPOBUHIINH, KOTOPHIM OLICHUBAETCSI B COTHHU THICSY TOHH [5].

[TonckoBO-0OLIEHOYHAST CTAIUsI TEOJIOTOPA3BEIOYHBIX PAOOT OUEHb OBICTPO, MPAK-
THYECKH OJHOBPEMEHHO, NEpellIa B CTAJANI0 OCBOCHHS: BBISIBICHHBIC U OILICHCHHBIC Ha
9TOM 3TaIe MECTOPOXK/ICHUS ObIIIM OTPaOOTAaHBI B PE3YJIbTATE T. H. «IIOIyTHON JOOBIIM».
3areM IoCIIe0BaJl MOCTOSSHHBINA TTOMCKOBBIH MOHHUTOPHHT KOCTEHOCHBIX TEPPUTOPHH,
OCYIIECTBIIIEMbIH HEAPOIIONb30BATEISIMI Ha 3aKOHHBIX M MHBIX OCHOBAHUSX yKe Ooiee
30 ;et: mpu MaccoOBO CTapaTeNbCKOM JoObIue n3BJedeHo (cobpano) 6omee 700—800 ToHH
OWBHEH, 4TO yXKe ceiyac 3HAYUTEIFHO IIePEKPhIBACT OallaHCOBBIC IMOKa3aTend [S].

[Tpu mMpoKOM OMOMCKOBAaHWN KOCTEHOCHBIX TEPPUTOPHHA HA TIPOTSKEHUH CTOIECTHH
1 C y4E€TOM TOPHO-TEOJOIMYECKHUX OCOOEHHOCTEH JIOKaIM3allMd MaMOHTOBBIX OMBHEH
(IpaKTHYECKH TIOJTHAST HKCIIOHUPOBAHHOCTD) TPYIHO OXKUAATH OTKPBITHS HOBBIX MPOITYK-
THUBHBIX yYacTKOB. Ba)KHEHWIIMM yCJIOBHEM [UIMTENFHONW M CTAOMIIBHOM SKCIUTyaTaluu
KOCTEHOCHBIX pailoHOB CeBepOsSKYTCKOI MPOBUHIUY SIBISETCS PEreHeparys — JKCII0-
HUPOBAHHE MAaMOHTOBBIX OMBHEH M 00pa3oBaHNE (BOCCTAHOBJIECHHE) UX CKOIUICHHN Ha
paHee 00Cie0BaHHBIX (B TOM YHCIIE OTpAaOOTAaHHBIX) ydacTKax. B pasnmuuHoil creneHn
pereHeparys CBOWCTBEHHA BCEM BBIJICIIEHHBIM THIIAM POCCHITEH, HO Hanbosee MacmTabHo
OHa TIPOSIBIICHa UMEHHO B IIPHOPEKHO-MOPCKUX 00CTaHOBKaX (TISKEBBIE POCCHINN), TS
€KETO/IHO NepepadaThIBAlOTCS. OIPOMHBIE 00bEMBI IOPO/] IPOAYKTHBHOMN TOJIIIH.

TlouckoBasi 00LEKTOJIOTUS

OOBeKTaMH TMOUCKA U I[O6BI‘{I/I ABJIAIOTCA IMOJHOCTBIO WM YaCTHUYHO 3KCIIOHUPO-
BaHHBIC MAMOHTOBBIC OMBHH, 3aJICTAIOIINE HA TIOBEPXHOCTH (B MOBEPXHOCTHOM CJIOC)
COBPEMEHHBIX 0CaJ0uHbIX 00pa30BaHUI B PazIMUYHbBIX JIaHAIIa(QTHO-reoMopdomoruye-
CKHX M Te000TaHMYECKUX 00CTaHOBKAaX. MICTOUHMKAMH SIBIISTFOTCS PEIMKTOBBIE TIOJIA T10-
KPOBHBIX JIECCOBO-JIEJIOBBIX 00pa30BaHMI MO3AHETIICHCTOIIGHOBOTO BO3PACTa, B M300MITHN
COZICPIKAIIMX KOCTHBIC OCTAHKU (hayHbI «KMAMOHTOBOTO KOMITIEKCa» (ITPOMBIIUICHHBIH THIT
TIEPBUYHOTO KOJUIEKTOPA), a Takke Ooree MoJo/ble 00pa30BaHMs, BKIIIOYAIOIINE MIEPEoT-
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JIO’)KEHHYI0 MaMOHTOBYIO KOCTh. B COBOKYITHOCTH OHM 00pa3yroT pOCCHIIE00pa3yIoILyio
(hopmanuro — ocHOBY (hOPMUPOBAHKS POCCHITHBIX MECTOPOXKICHUI MaMOHTOBOM KOCTH [2].

BonbIMHCTBO 00HAKEHUH MPHYpPOUYEHBI TPEUMYILECTBEHHO K €CTECTBEHHBIM 3PO-
3MOHHBIM Bpe3aM: OeperoBBIM OOpBIBAM MOPCKUX W O3EPHBIX ITOOCPEKHUA U JOTUHAM
BOJIOTOKOB PA3HBIX ITOPSIIKOB, T/I€ B AKTUBHBIX JIUTOJIOTO-ANHAMUYIECKHX 0OCTaHOBKaX
MIPOUCXOIMIIO BBICBOOOKIEHNE MaMOHTOBBIX OMBHEHN. [IpupoaHbIe poCCHITHbIE KOHIIECH-
tpan UMK chopmupoBanmce B pesynprare AeHYyIalUH KOCTEHOCHBIX KOJJIEKTOPOB —
MEPBUYHOTO M TPOU3BOIHBIX reHepanuil. [IockoIbKy OCHOBHas IMTPOIXYKTHBHAS TOJIIA
Ipe/ICTaBICHa BEChMa JIbIUCTBIMHI 00Pa30BaHUSIMH («EI0Ma» apKTHUECKOTO THIIA COZEp-
KHUT 110 85-93 % XKWIBHOTO M TIOPOBOTO JIb/IA), TTIABHBIMHU Pa3pyIIAIONNMHU (hakTopamMu
SBJIAIOTCS Pa3JIMYHbIE BUIBI TEPMOIPO3HH (TepM0oadpasnsi, TEPMOIUIAHALMS, TEPMOKapCT),
TIPOSIBIICHHON OOBIYHO B COUETAHWU C IPYTUMHU BHUAaMHU dpo3ui [9].

Takoii OIX0/ TTO3BOJISIET BBICTUTH JBE TPYIIITBI POCCHITE — MPUOPEIXKHO -
MOpPCKHE M KOHTHHEHTAJbHBIE, IPUHIUITHAIBHO OTIMYHBIC IO XapaKTEPUCTUKAM
W TIPOMBINIUTCHHOM 3HaunMocTH [4]. [IpencraBneHnas Hike cucteMaruka poccoirneii UMK,
Oasmpyromascs Ha aHAJIN3€ TEOI0T0-reoMOP(OIOTHIECKUX U MOP(OTHHAMIYIECKIX 00-
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Puc. 1. IlpuHimnuanpHas cxeMa JIOKaIH3alii MaMOHTOBBIX OMBHEH B Pa3IMYHBIX JaHAMADTHO-
reoMop(dOTOrHuecKuX 0OCTaHOBKAX.

/—4 — TUIIBI BMEIAIOIIX OTIIOXKEHUH: / — BEPXHEIUICHCTOIIEHOBBIC KPHOTEHHO-)0I0BbIe 00pa30BaHHsI 6IOMHOIT
CBUTBI (IEPBUYHBINA KOCTEHOCHBII KOJUIEKTOP); 2 — COBPEMEHHBIE aJTIIOBUANIBHBIEC OTIOKEHUS; 3 — COBPEMEH-
HbIE IPUOPEIKHO-MOPCKHE OTIOKEHUSI (IVISDKEBBIC U JOHHBIE); 4 — FOJIOLEHOBBIC 03EPHO-00IOTHBIE OTIIOKECHHS
QJIaCHBIX KOTJIOBHH (BTOPHYHBII KOCTEHOCHBIN KOJUIEKTOP); 5 — MaMOHTOBBIC OMBHU U X (hparMeHTsl; 6 —
XapakTep 3aJleraHus YKCIIOHUPOBAHHBIX MAMOHTOBBIX OMBHEH: ¢ — MOMMEHHEBIH aIIOBUI; 6 — MOBEPXHOCTD
KPUOTEHHO-30JI0BBIX 00Pa30BaHMil; 8 — ITOBEPXHOCTh 03EPHO-AIACHOH KOTJIOBHHBI; 2 — MHOTOJICTHEMEP3IIbie
oOpa3oBanust B 6eperoBoM 00pbIBe (MEPBUYHBIN KOJIEKTOP); 0 — INIHK, OEperoBast 0CyIlKa; ¢ — H300paxeHune
OuBHs Ha coHorpamme I'BO JOHHBIX OTIOKEHHUH

Fig. 1. General scheme of mammoth tusk localization for various landscape and geomorphological
conditions.

1-4 —types of enclosing sediments: / — Upper Pleistocene cryogenic-Aeolian formations of the Edom formation
(primary bone’ collector); 2 — modern alluvial deposits; 3 — modern coastal-marine sediments (beach and bottom);
4 — Holocene lake-marsh deposits of the Alas basins (secondary bone collector); 5 — mammoth tusks and their
fragments; 6 — the nature of the occurrence of exposed mammoth tusks: a — floodplain alluvium ; 6 — the surface
of cryogenic-Aeolian formations; ¢ — the surface of the lake basin; e — permafrost formations in the coastal cliff
(primary collector); 0 — beach, coastal drainage; e — image of the tusk on the sonogram of the side-view sonar
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CTaHOBOK MX (POPMHUPOBAHHUS U JIOKAJIHM3ALMH, OPUCHTHPOBAaHA HA OOBEKTHI, JOCTYITHbIC
NPSIMOMY BH3YaJbHOMY BBISIBIICHUIO. BCe BBIIEICHHBIC THITBI POCCHINE TOBEPXHOCTHBIE
(IPUITOBEPXHOCTHBIE), 10 BO3PACTy — COBPEMEHHBIE, 00pa30BaHUE MX MPOUCXOAUT B Ha-
cTosimmee BpeMms (puc. 1).

B rpymime npubpexxHO-MOPCKUX POCCHINEH, BEAYIIEH 110 NPOMBIIIICHHOH 3HaYMMO-
CTH, BBIICISIIOTCSA INHEHHBIE MISKEBBIE PO CChII U, JOKAIU3YIOLINECS HA IOBEPX-
HOCTH (B TIOBEPXHOCTHOM CJIO€) COBPEMEHHOTO IUISDKA B MOPCKOi Teppachl. CKOIUICHUS
MaMOHTOBBIX OMBHEW (OPMHPYIOTCs B IpoLiecce abpa3uu U TepMoadpasuy MPOILYKTHBHBIX
00pa3oBaHMA, CITarafOIINX OSPEeroBble YCTYIIHI [4].

B rpymime poccblneil KOHTHHEHTaIBHOTO TeHe31ca MOI'YT OBITh BBIICIICHBI IBa MOP-
(oreHeTHYSCKUX THIIA: TUHEHHBIEe allTI0BHAlbHBIC U MJIaHUDOPMHBIE KPHUO-
reHHble. JInHelHble aJuTOBHAIbHBIC POCCHITH (OPMHUPYIOTCS B PEYHBIX JOJIMHAX Pa3-
JIMYHOTO MOPSAKA, IPESHUPYIOIIHX OIS PA3BUTHS KOMIUICKCA POXYKTHBHBIX OTIOKEHHMIL.

[TnannopMHBIE KPHOTCHHBIC POCCHINH, 3allerarolIie Ha TIOBEPXHOCTH JIECCOBO-
JIeZI0BO PaBHUHBI, 00pa3yrOTCs PH SKCIIOHUPOBaHHM MAMOHTOBBIX OMBHEH B Iporiecce
T. H. «MEP3JI0THOTO BBLIABIUBAHUSD) — SBIICHHS, JOCTATOYHO JABHO U XOPOLIO H3Y4YCHHOTO
B CBSI3U C JOPOXKHBIM M IPAXKIAHCKHM CTPOHUTEIBCTBOM, TOPHOIOOBIBAIOIIMMHU paboTaMu
B paifoHaxX pa3BUTHUs BEYHOW Mep3J0Thl. [IpakTHYecku OHU (PUKCHPYIOTCS TOJBKO B 30HE
APKTHYECKUX TYHIp, YTO OINpPEACIIETCs XapaKTepoM TYHIPOBOIO MOYBOOOpa30BaHHS
U PacTUTENFHOTO MOKpOBa [4].

I'eoGoTannueckasi 30HAJTBHOCTH

HpI/IMeHeHI/Ie JUCTAaHIUOHHBIX METOJIOB ITPU IMMOUCKAX MaMOHTOBBIX OuBHEH ITOMO-
raeT pelarb pa3inuHble 3a1aun. JemmdprupoBanue KocMo-a3poPOTOCHUMKOB, CHUIMKOB
criekTpo3oHaNbHOI kocMocheMkH (LANSAT) no3BosisieT BBISIBISTE U AU PepeHInpoBaTh
I10JIs1 PaCIPOCTPAHEHUSI IPOLYKTHBHBIX KOJUIEKTOPOB PA3JIMYHBIX T€HEPALUii, B TOM YUCIIE
B OTHOCHUTCIIBHO HOBBIX JJII OCBOCHHUS paﬁOHax — HalmpuMeEp, Ha 3a49CXJICHHBIX TEPPUTO-
pusiX B 10kHOM yacTn CeBeposSKyTCKOi KOCTEHOCHOH npoBHHIMH. OCOOCHHOCTH 3aliera-
HUsI OKCIIOHWPOBAHHBIX OMBHEH U XapakTep UX «KaMy(Qispkay» BO MHOTOM ONPEEIISIOTCS
XOPOIIIO BRIPAKEHHOM IHUPOTHOM reo0oTaHIueCcKoi 30HaIbHOCTRIO [10].

K mpumepy, Ha Tepputopun CeBepHol SIKyTHH, B Tpeesiax KOTOPOH BbIAETICHA
KOCTCHOCHAasA NPOBUHIHNA U MaciTabHo IIPOBOAATCSA IMOUCKOBBIC U )IO6I)I‘IHI)IG pa6OTI>I,
JIOCTATOYHO YETKO BBLICISIOTCS re000TaHNYECKUE 30HbI: 30HA TYHP (aPKTHUECKUX, MO-
XOBO-JIUIIAITHUKOBBIX M KOUKAPHBIX ), BKIIOYAs JIECOTYHPY, 30Ha JIECOB M TOPHON TYH/PHI
(puc. 2). B cooTBETCTBHY C 0COOCHHOCTSMH MOP(OJIOTUH peibe(a U Pa3BUTHUSI PACTUTEIIb-
HOT'0 IMMOKpPOBa 30HBI XapaKTECPUIYIOTCA NPUHIUIIAAIBHO PAa3JIMYHBIMU IMMOTCHIIMAJIbBHBIMU
BO3MOKHOCTSIMU a9POBHU3YaTbHOTO KOHTPOJISI TIOBEPXHOCTH (pHC. 3).

CnezlyeT OTMETUTD, YTO B PETUOHE BBIACTIACTCA TAKIKE 30HA aPKTUYCCKUX ITYCThIHb,
oxBatbIBatomas o-a Jle Jlonra Ha ceBepo-BocTouHOM (ranre apxurnernara HoBocubupckue
OCTpPOBA, OTIIMYAromiasgcsa BECbMa CYpPOBBIMH KIIMMAaTHYCCKUMU YCIIOBUAMU U 66}1HOCTB}O
BUJIOBOTO cocTaBa. [Ipu 3TOM pacTUTENBHOCTE He 00pa3yeT COMKHYTOTO IOKPOBa: YCIIO-
BUA IPUMCHCHUA METOJa adPOBU3YAJILHOTO Ha6J’[IOJICHI/IH OINITUMAJIbHBI, HO OTCYTCTBHE
NEPBUYHBIX KOCTCHOCHBIX KOJIJICKTOPOB ONPCACIACT 6CCHepCHeKTI/IBHOCTB TEPPUTOPHUUN
B IJIaHC TMTPOMBIIIJICHHO 3HAYUMOU KOCTEHOCHOCTH.

30Ha TYHp, pa3BUTas B IpeJeiax 03epHO-aJUTIOBUAIBHBIX HU3MEHHOCTEH 1 Xa-
paKkTepu3yIoascs MUPOKUM PacpoOCTPaHEHHEM MEP3JIOTHBIX M TEPMOIPO3UOHHBIX
¢bopm, puypoueHHasi K 001aCTH NIMPOKOTO PACIpPOCTPaHEHHsI IEPBUYHBIX U BTOPUY-
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Puc. 2. JlanamagtHo-reoboTannueckre pasHocti CeBeposKyTCKOW KOCTEHOCHON MPOBHUHIINHY.
| — cymia; 2 — MopcKast akBaTopusi; 3 — apKTHYECKUE TYHIPbI; 4 — MOXOBO-JIMIIANHUKOBBIC U KOYKAPHBIC
TYHAPBI; 5 — JIECOTYH/pa; 6 — 30HA JIECOB U TOPHOM TYHIpBI; 7 — n300athl; § — rpanuia CeBeposiKyTCKOM
KOCTEHOCHOMU NPOBUHIMU
Fig. 2. Landscape and geobotanical differences of the North Yakut bone province.

1 — land; 2 — marine area; 3 — Arctic tundras; 4 — moss-lichen and kochkar tundras; 5 — forest tundra; 6 —
zone of forests and mountain tundra; 7 — isobates; 8§ — border of the North Yakut bone province

HBIX KOCTCHOCHBIX KOJIJICKTOPOB, Haunboiee MNEPCICKTUBHA JJIs1 ITOMCKOB SKCIIOHUPO-
BaHHBIX MAMOHTOBBIX OMBHEH a3pOBU3yaIbHBIMU METOAAMH. B 11e10M 11 TYHAPOBOA
30HBI C TOYBCHHBIM ITOKPOBOM, Pa3BUBAIOIMMCA B YCIOBUAX MaKCUMAJIbHO OJIM3KOTro
3aJicraHuA K IMMOBEPXHOCTHU MHOTOJIETHEH MCP3JIOThI (rny614Ha CE30HHOI'0O aKTUBHOTI'O
nestenbHoro cnost 10 20—40 cm Ha ceBepe u 10 1 M Ha 10Te), XapakTepHo mpeodana-
HHUE MOXOBO-JIUIIAaUHUKOBOTO IMOKpOBa C KyCTapHUYKaMH, KYCTapHUKaM1 U TpaBaMH.
B 3aBHCHMOCTH OT pa3BUTHS PACTUTEIBHBIX (DOPM 30HA MOJPA3ACISAETCS HA YETHIPE
MO/I30HBI: APKTUUYECKYIO, TUITHUHYIO (MOXOBO-JTUIIAHHUKOBYIO), KYCTAPHUKOBYIO U Jie-
COTYH/IPY, CYIIECTBEHHO PA3JIMYAIONIMECs] COCTABOM U IUIOTHOCTHIO PACTUTEIHHOTO
MOKPOBa, UYTO M OOyCJaBIMBAaCT Pa3IMUHYI0 3(P(HEKTHBHOCTH adPOBHU3YaJbHOTO Ha-
Onronenwus [1].

[Tpu pailoHUPOBaHNHU CIIEAYET 0COOO0 BBIICIUTD MOJ30HY JIECOTYH/IPBI, ITPOCIISIKIBA-
OIIYIOCS B FO’KHOW YaCTH TYHJPOBOM 30HBI IPEPBIBUCTOI mostocoi mupuHoi 10 100 kM.
JlecotyH/pa XapaKTepU3yeTcsi COUeTaHUEM TYHAPOBBIX U JIECHBIX (PIIOPUCTHUECKUX (OPM:
B CEBEPHOM YacTH MpeolI1a/IaloT TYHIPOBBIC PACTUTEIBHBIC TPYIIUPOBKH C KYCTaPHUKO-
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Puc. 3. Tunossle nanamadThl, XapaKTepHBIE IS y9aCTKOB ONOMCKOBAHMS: @ — ApKTUYECKasi TYH/IPa,;
6 — TepMOdpO3UOHHas Teppaca (6eperoBoil CKIIOH); 6 — pedHast JOJIMHA B apKTHUECKON TyHIPE;
2 — IUISDK C OCYIIKOH; 0 — TepMOIPO3HOHHAs Teppaca; e — JECOTYH/pa C CEThIO BOJIOTOKOB
Fig.3. Typical landscapes of the research areas: a — Arctic tundra; 6 — thermal erosion terrace
(coastal slope); ¢ — river valley in the Arctic tundra; e — beach with drainage; 0 — thermal erosion
terrace; e — forest tundra with a network of waterways

BBIMH 33apOCIISIMH, B I0)KHOHM 9aCTH HAOTIOMAETCS TTOCTETICHHBIH MEPEX0 B PEAKOCTOMHEIC
ceBepoTaexkHble Jieca, 3aHuMaronme 10 40-50 % tepputopun necoTyHApsl. B cBsizn
C BBICOKOH IJIOTHOCTBIO PACTUTENILHOTO TIOKPOBA IaHHAS MTOA30HA, KAK U PACHIOIOKEHHAS
I0’KHEE 30Ha JIECOB, BEChMa HEOIAronpHATHA ISl @3POBU3YaIbHOTO KOHTPOJISI HOBEPXHOCTH
TIOYBBI M, COOTBETCTBEHHO, TOMCKOB MAMOHTOBBIX OMBHEH. VICKITIOUCHNE COCTABIISIOT J10-
JIMHBI KPYITHBIX PEK € XOPOIIO Pa3BUTHIMHU (1 IIPOCMATPHBAIOIIUMUCS) PYCIIOM U TIOMMOH.

30Ha JecoB (CeBepO- U CPEIHETACKHBIX) U TOPHOH TYHIAPHI 3aHUMAET TEPPHUTO-
PHUIO KOCTCHOCHOW MPOBHHINH IokHee 70—69° c. mI. ¥ mpHypoueHa MPeuMyIIEeCTBEHHO
K pailoHaM pa3BUTHS CPEHETOPHOTO penbeda. 30Ha XapaKTepUu3yeTcsl IPEUMYIECTBEHHO
JIMCTBEHHUYHBIMH JIECAMH, B CEBEPHON YaCTH 30HBI CHIIBHO PA3PEKECHHBIMHU (PEAKOJIECHE),
C KyCTapHHMKOBBIM IOAJIECKOM, CI1a00 Pa3BUTHIM TPABOCTOEM; HA BOJAOpa3Aenax — Topdsi-
HHUCTBIM CJIOEM Pa3IMYHON MOITHOCTH. B 3TOH 30HE I TOMCKOB MaMOHTOBBIX OMBHEH
a3pOBU3YalIbHBIMHA METOJAMHU Ha Y4acTKaxX ¢ ()parMEHTApHO Pa3BUTHIMHU KOCTEHOCHBIMU
KOJJIEKTOPAMHU MOTYT OBITH MEPCIIEKTUBHBI IIMPOKUE JOJUHBI PEK C PA3BUTBHIM PYCIIOM,
MTOWMOM, TEPPACOBBIMU KOMITJICKCAMH, IPHYEM C YIETOM CE30HHBIX 0COOEHHOCTEH CTOKA.
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3KCHepHMeHTaJILH])Ie paﬁorm H METOAUYICCKHUE BOIIPOCHI

ABTOpaMM NPOBEACHBI ONBITHO-METOINYECKHE SKCIEPUMEHTAIBHBIE PAOOTHI 1O
BH3yaJIbHOMY PAacIO3HABaHUIO HKCIIOHMPOBAHHBIX ()ParMEHTOB MaMOHTOBBIX OMBHEH
B IPUPOIHOM JIaHAMA(TE C NCHONBb30BaHUEM OECHIIOTHOTO JICTATEILHOTO arnmapara.
[Ipu mpoBeneHNN SKCIIEpUMEHTATBHBIX paboT ObLT Hcmons3oBaH BITJIA kuratickoro mpo-
n3BozcTBa — KBajapokonTep DJI Mavic 2 Pro co BcTpoeHHOI kKaMepoit, HCIIOIb3yeMOH [Uist
cpeMkd Bueo u goto: Hasselglad L10-20c (pa3mep matpurst — 1”; yron o630pa — 77°;
thoxycHoe paccrossaue — 10 MM).

Bhicota
BU3yanu3aLm

100 meTpoB

50 meTpos

20 meTpos

10 meTpos

5 meTpos

Puc. 4. Pe3ynbTaTsl AUCTAaHIIMOHHOTO PACO3HABAHNUS SKCIIOHIPOBAHHBIX MAMOHTOBBIX OMBHEH.

B 51eBoii KOJIOHKE — MOJTHOCTHIO SKCIIOHUPOBAHHBIN OuBEHb (1rHa 90 cM, 1namerp 12 cM); B IpaBoii KOJOHKE —
YaCTUYHO 3KCIIOHUPOBAHHBINA OUBeHb (uinHa 35 cM, nuamerp 13 cm)

Fig.4. Results of remote recognition of exposed mammoth tusks.

In the left column — a fully exposed tusk (length 90 cm, diameter 12 cm); in the right column — a partially
exposed tusk (length 35 cm, diameter 13 cm)
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HaOmoneHus poBeIeHBI Ha Pa3IHYHBIX AUCTAHIUAX (BBICOTaX) — OT 5 10 100 M, uTO
TTO3BOJIMJIO TIPEBAPUTENLHO ONPEACIUTH HHTEPBAI ONTHMAIIBHBIX BBICOT IIPAKTUYECKOTO
npumenenus: bBITJIA mpu npoBeeHNH MTOUCKOB HA MOBEPXHOCTH TTOYBEHHOTO MOKPOBA
C TPaBSHOW PACTHTEIHLHOCTHIO (aHAJIOT IMOKPOBA apKTUYECKONW TYHIPHI — CM. pHC. 3).

B kadgectBe 00beKTOB HAOMIOACHUI OBLTH HCIIOIK30BaHBI (hparMEeHTHI OMBHEN Ma-
MOHTA C UMHTAlNEH MX SKCIIOHUPOBAHNUS B ABYX PA3IMYHBIX BAPHAHTAX: | — MOIHOCTHIO
SKCTIOHUPOBAHHBIN (TOPU3OHTAIBHOE YKCIIOHMPOBAHUE) PparMeHT OWBHA JumHHOH 90 cM
U AuaMeTpoM 12 cM B cpeqHel 9acTH; 2 — YaCTUYHO SKCITIOHHPOBAHHEIHA (TOPIIEBOE KC-
MMOHUPOBaHKE) (hparMeHT OMBHS ATHHOHN 35 cM u quameTpom 13 oM.

Pesynbrarsel Bu3yanusanuu, MPOBEJCHHON Ha Pa3iIMYHBIX JUCTAHIMAX (BBICOTHI
5 — 10 — 25 — 50 — 100 M) mpexncrasnensl Ha (portoradmume (puc. 4). UaTepBaN
OINITUMAJIBHBIX BBICOT HAOTIOACHHS, TIO3BOJISIIOLINI TIPEIBAPUTEIILHO HIICHTU(PHUIINPOBAT
MaMOHTOBBI OMBEHb CPETHETO pa3Mepa, MPU UCTIOIb30BAaHNH JAHHOW (oToanmaparypsl

Tabruya
I[MapaMeTpsl y4acTKOB BU3yaIU3alUU
NPH UCNOIb30BaHuU (GoTo- M KuHoannapatypsl Ha BIIJIA
Table
Parameters of visualization sections with photo and video equipment used on a UAV
Beicora Sw | 10w | 20m | 30w | 40m | SOm | 100w
BU3YyaJIH3alUuN
[[MupuHa BO3MOKHOM 6 11 23 33 41 57 95
MIOJIOCH! HAOIOACHUS
(AB-CI), m
[Tnomane ygactka 36 120 530 1090 1680 3250 9025
(ABxBC), m*

Puc. 5. [lpuHnunumanbsHas cxema BH3yaJIM3alliy SKCIIOHMPOBAHHBIX MAMOHTOBBIX OMBHEH IpH HC-
nons3oBannu BITJIA ¢ doro- u Buneoanmaparypoit

Fig. 5. General scheme of exposed mammoth tusks visualization using UAV photo and telemetry
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cienyet oueHuTh B 10—40 M. BricoTa Takke NpornopuuoHaJIbHO COOTHOCUTCS € IIUPUHON
MOJIOCHI HAOMIOAEHUS (KKOPHUIOpPay), 00ECIIeunBarOMeH 3HAYNTEIbHBII OXBAT MJIOMAAN
OTIOMCKOBaHUA (pHUc. 5, TabmwIa).

OcymiecTBiIeHa U IIPOBEPEHA TaKXkKe BO3MOKHOCTh KOOPJMHATHON MPUBSI3KHA HC-
KOMOT'O TOYEYHOTO0 00beKTa, 3a()MKCHPOBAHHOTO HA 3KpaHEe MOHHTOPA, — 3TO OIUH U3
B)KHEHIINX ACHEKTOB JUCTAHIMOHHBIX ITOUCKOB.

BriBoabI

JIMCTaHIIMOHHOE 30HJMPOBAaHNE 36MHON TIOBEPXHOCTH MTPUMEHSIETCS B 00JIaCTH CH-
CTEMHOTO MEPHOINYECKOTO M3YUEHHS COCTOSIHUS TMPUPOIHBIX KOMIUIEKCOB (29POKOCMHU-
YeCKUII MOHHTOPHHT) yKe Topsika moryBeka [11]. Ho, B oTmu4ane oT AMCTaHIIMOHHOTO
MEITKOMAcCIITaOHOTO 30HIMPOBAHMS 3EMIIM U3 KOCMOCA, JaXe C BBICOKOW paspemnIaronieit
CTIIOCOOHOCTRIO anmapaTypslI (cheMouHble cucteMbl Landsat-5/7, SVOT-4/5, ASTER u npy-
rue), adpodoTo- U BUACOCHEMKA ¢ MpUMeHeHHeM HusKonersmux BITJIA kBagpoxomnTep-
HOTO THITa OPHEHTHPOBAaHA HA KPYITHOMACIITAOHYIO ChEMKY, ITO3BOJISIOIIYIO OTIEPAaTHBHO
pearnupoBarh B pa3UUHBIX TONCKOBBIX CHUTYAIUSX.

Heo0xonmnmo oTMeTHTB, 9TO pa3paboTka METONUKH nctonb3oBanus BITJIA mms pe-
IICHWS YKa3aHHBIX 33/1a4 HAXOANTCS HA PaHHEH cTagun pa3BUTHs. PannoHansHbIH BEIOOD
¥ BO3MOKHOCTB HCIIOJIb30BaHUS HOBBIX TEXHHUECKHX CPEJICTB JUISl MOMCKA MAMOHTOBBIX
OWBHEH B YCIIOBHSIX apKTHUECKUX JaHImadToB — TUTH BITJIA 1 TexHUYeckne XapakTe-
PHUCTHKH BHIEO- U (poTOANIIapaTyphl, COOTBETCTBYIOIIEE KOMITBIOTEPHOE U TPOTPAMMHOE
obecrieueHne — OMPEEISIOTCS IETbIM KOMIUIEKCOM (haKTOpPOB, HAUMHASI OT OpraHU3a-
IIMOHHBIX ¥ (PMHAHCOBBIX BO3MOXKHOCTEH MOMCKOBUKOB (HEPOIIONB30BaTENIEH) U JOCTYTI-
HOCTH aIliapaTypbl, IPUTOTHON /I BHIIOIHEHHS YKa3aHHOH 3a1a4M B TTOJIEBBIX YCIIOBHAX
ADKTHKH, ¥ 10 YPOBHS TTOJTOTOBICHHOCTH oreparopa. HeoOxonuMele XapakTeprUCTHKH,
NPUHIHUIHAIBHO BIUSIONINE Ha BO3MOXHOCTD A(D(hEeKTHBHOTO OMOMCKOBAHMS KOCTEHOCHBIX
TEPPUTOPHIA, BKITIOUAIOT CIIEAYIOIIHE MoKaszaTenu: TuddepeHInpoBaHHAsS CKOPOCTh U BbI-
COTa T0JIETa, BOSMOXKHOCTb «3aBHCAHUs», BU3YaJIbHBII KOHTPOJIb HA MOHUTOPE M (DUKCAITHS
00BbEKTa C KOOPAWHATHOM MPHUBA3KOH, TPACKTOPHS IBIKCHHSI, yIUTHIBAIONIAsl BO3MOXKHOCTh
oOHapy>keHUs U 00JeTa NPEATCTBHHA.

Ba)kHBIM MOMEHTOM, BIUSIIOIIAM Ha Ka9€CTBO BHCOHAOIIONCHHS, SBISICTCS BO3MOXK-
HOCTb CTAOMIIM3AIIMN BUICOKaMEPBI (UTO OTPEAEIISETCS KOTNIECTBOM OCeH CTaOMIN3aIim).
YV menoporux BITJTA 3To He camasi cHIbHAS CTOPOHA: Yallle BCETO CTAOMIM3aIuH TIPOCTO
HET, ¥ JUIS TIONTyYCHUsS] KApTHHKH 0€3 TPEMOpa MOXKET OBITh MCIIOJIb30BaHA TEXHOJIOTHS
EKTPOHHON CTaOMIM3AIMN N300paKECHHS.

Bosmoxroctr BITJIA pa3iaudHBIX MOneNel pacIIupsioT W Takue (PyHKIHH, KaK
(uKcanus ¥ MPOKJIaAbIBAaHNE MOJIETHOTO Kypca, JUIS Yero NCHob3yeTcs BeTpoeHHbH GPS-
MPUEMHHUK. B 3aBUCHMOCTH OT CIIOXHOCTH M IIEHBI MOJAEIH MOI00HBIE CHCTEMbI TAKXKe
pa3INyYaloTCs TOYHOCTHIO TTO3UIIMOHUPOBAHUS U IPYTHMH BO3MOXKHOCTSIMH.

[IpaBuna wcmonap30BaHMs APOHOB ompeneieHsl 3akoHoM o BITJIA, pa3paboTaHHBIM
Ha 6aze ©3-60 u BcTymuBImmM B cuity B wrose 2017 roga. CormacHo 3ToMy TOKyMEHTY, BCE
BIUTA moneneHbI Ha IBE KaTeropuu: BecoM 1o 1 Oomee 0,25 KT, IpH 3TOM HUCTIONB30BaHUE
MEPBBIX HEe TPEOyeT CrennalIbHON perucTpaiiiy. CiemxyeT OTMETUTD, YTO, COINIACHO 3aKOHY,
KaTeropuiecKy 3aMpenieHo NCTIOIb30BaTh KBAPOKONTEPHI B 30HAX CTPATETHYECKUX U BO-
CHHBIX OOBEKTOB, A TAK)KE Ha TEPPUTOPHSX 3aIIOBETHUKOB. He pekoMeH ryeTcest MoaHUMaTh
OGecnMIOTHHUK HA BBICOTY Oornee 50 M, 9TOOBI HE OBUTO CTOJIKHOBEHUSI C APYTUMHU BO3IYII-
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HBIMH cynamu. B o0mieM, Ha JaHHBII MOMEHT CHTYalusi BOKPYT BUICOCHEMKH C HCIIOJb-
3oBanueM BITJIA B Poccun oGcraBiieHa 60bIMM HAOOPOM OFOPOKPATHUECKUX TIPOLIEITYP.

I'eonoropasseounbie pabOTHI, IPOBEACHHBIE Ha TeppuTopun CeBepHOU SIKyTHH
B 1980-x rr., TOKa3anu BEICOKYIO 3(h(h)eKTHBHOCTH Ha4aJILHOTO 3Tamna: 10 85 % Bcex oOHa-
PY’KEHHBIX MAMOHTOBBIX OMBHEH M MX ()ParMEHTOB Ha HaHOOJIEE MPOIYKTUBHBIX — IUIA-
KEBBIX — 00BEKTaxX ObUTH 3a()MKCHPOBAHBI B SKCIIOHUPOBAHHOM COCTOSIHUH; aHAJIOTUYHAsS
cUTyanusi HaOoanack 1 Ha 00beKTax APYTHMX MOP(OreHEeTHYECKNX THIOB. VIMEHHO
€CTECTBEHHO BBICBOOOJMBIINECS M3 KOJJIEKTOPOB SKCTIOHNPOBAHHBIE OMBHU OTIPEICIISIIOT
«peanbHO M3BIIEKAEMBIE» PECYpPCHI, TeM 0O0JIee YTO MCKYCCTBEHHOE Pa3pyIlIeHHE MHOTO-
JIETHEMEP3JIBbIX KOCTEHOCHBIX KOJUIEKTOPOB KaTerOPHIECKH 3alPEeIieHO 3aKOHOIaTeIbHBIMU
aktamu PecryOmukn Caxa (SkyTus).

BeirosHeHHBIE aBTOpPAaMH OTIBITHO-METOANYECKNE PAOOTHI 110 BU3YyallbHOMY PacIio-
3HABAHUIO KCIIOHMPOBAHHBIX MAMOHTOBBIX OMBHEW B MPUPOIHOM JIaHAMIA(TE TOKA3aIN
MIPAaKTHYECKYI0 BO3MOXKHOCTD Hctioib3oBanus BITJIA xonrepHoro Tuma ¢ Buzneo- u Gpoto-
anmaparypoil ¥ COOTBETCTBYIOIIUM KOMITBIOTEPHBIM 00€CIIEUCHUEM UIsl AUCTAHIIMOHHON
BU3YyaJIN3alnH SKCITOHUPOBAHHBIX MAMOHTOBBIX OMBHEN. ONBITHO-METOINYECKHIE PaOOThI
MIPOBOJIMIINCH B YCJIOBHUSIX XapaKTEPHOTO NMPHPOAHOTO JaHgmadTa (MIOTHBIH TPaBsHOH
MIOKPOB), AHAJIOTMYHOTO PACIIPOCTPAHEHHOMY B KOCTCHOCHBIX paiioHax CeBepHoit SxyTum;
B KauecTBe 0OBEKTOB BU3yaJIM3allMU ObUIM MCHOJIB30BAaHbl KPYIHBIE (DPArMEHThl MAMOH-
TOBBIX OMBHEW Pa3IMYHOI CTENEHU HKCIIOHUPOBAHHOCTHU. Pe3ybTarsl paboT MO3BOIHIN
B TIEPBOM TIPHOIIKEHNH OIIPEAEINTh HHTEPBAJI ONTUMAIBHBIX BBICOT, & TAK)XKE HIMPHHY
TI0JIOCHI HAOJIOCHNUI TIPH TTIOMCKAX.

Heobxomumo OTMETHTB, 9YTO He3HAYUTENHHBI Ha CETOHS OMbIT mpuMeHeHns bITJIA
TI03BOJISIET JIMIITB HAMETHTH METOANYECKHIE OCOOCHHOCTH (M TPYIHOCTH) TIOMCKOB, B TOM YHCIIC
CBSI3aHHBIE C XapaKTEPHCTUKAMH 1 0COOCHHOCTAMH IPUMEHSIEMBIX alapaTypHBIX CPECTB.

K mocromHcTBaM METOJa MOXXHO OTHECTH:

— 3HAYUTEJIBHBIN OXBAT TEPPUTOPUU OMOMCKOBAHUS, MHOTOKPATHO MPEBBIIIAIOIINI
IJIOLIAAN MPU TPAAULMOHHBIX METOJAaX MOMCKOB MpPH IMEHIeM MCXa)KUBAaHUU; BO3MOXK-
HOCTh OIIOMCKOBAHHA HE TOJIBKO TEPPUTOPUH, HO M MEIKOBOAHBIX O3EPHBIX U PEUYHBIX
aKBaTOPUI — TIPU JOCTATOUYHON MPO3PAYHOCTH BOJIBI, KOTOPAsk 3HAYUTEILHO BBIIIE, HE-
JKEIM y MOPCKOW Ha MPUJIETAIONINX ydacTKax Iienb(da, rje MaMOHTOBbIE OMBHU MOTYT
(buKCHPOBATHCSI METOJIOM THApoNoKanuu [12];

— BO3MO)KHOCTh OTIOMCKOBaHHSI MHOTOMETPOBBIX OOPBIBOB: Ha OEPErOBBIX YHaCTKaX
Takue OOPBIBBI JOCTHTAIOT BHICOTHI B 20-25 M IIpH CI0KHOH MOP(OJIIOTHH OBEPXHOCTH,
4TO 00YCJIOBIEHO TEPMOIPO3UOHHBIMHU MPOIIECCAMHU BBICOKOIBIUCTON KOCTEHOCHOM TOJIIIN;

— BO3MO)KHOCTH OOHApYKEHHS U IPEABAPUTEIFHOTO PACTIO3HABAHUS (BU3YaIH3aIlHH)
00BEKTOB TOVCKA C KOOPAMHATHOM MPHUBS3KOM, YTO MOXKET 00SCIIEUNTh UX ONIePaTUBHBIN
cOOp; ITO CYIIECTBEHHO BAXKHO, MIOCKOJIbKY OMBHU MaMOHTAa B 3KCIIOHHPOBAaHHOM CO-
CTOSIHUM (BBIBE/ICHHBIC Ha ITOBEPXHOCTD B PE3YJIbTaTe TEPMOIPO3HOHHBIX ITPOIIECCOB) HE
MOTYT NPOIOKUTEIBHOE BPEMs COXPAHSTh KaueCTBEHHbIE XapaKTePUCTHKH, YTO CHUXKAET
COPTHOCTh M MHOTOKPAaTHO — CTOMMOCTH CBIPBSI.

K oxu1aeMbIM CIIOKHOCTSIM NPUMEHEHHUSI METO/Ia MOTYT ObITh OTHECEHBI:

— HE0OXOIMMOCTb CHENHATBHOM MOATOTOBKH M MOCIEAYIOIIEH CTa)KUPOBKU OTepa-
Topa Juis ynpasienust BIIJIA B moneBbIx yciloBusix;

— JIOITyIIEHUE BU3YaJIbHBIX OMIMOOK B MACHTU(HKALNK OTACIBHBIX HAXOIOK, OCO-
OEHHO Ha y4acTKaX COBPEMEHHOTO IIIsDKa, IJIe HEPEAKO BCTpevyaeTcsl IUIaBHUK, Mopdo-
JIOTHYECKH WACHTHYHBI MaMOHTOBBIM OMBHSIM;
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— IOCTYIHOCTb TEXHUUECKUX CPEJCTB C XapaKTEPHCTHKAMH, TIO3BOJISIIOLIMMH 00ec-
MEYUTh HEOOXOAMMYIO JAJTBHOCTh M JUIUTEIBHOCTH ITOJIETOB, YTO HANPSIMYIO CBSI3aHO
C UCTOYHUKAMM MUTAHUs alnapaTypHbIX koMiuiekcoB BITIIA;

— CE30HHOCTb padOTHI B YCIOBUSX APKTHKH M ITOTOJHBIE YCIOBUS (3aMOPO3KH,
TyMaHBbI U JIp.), CYIIECTBEHHO BIHAIONINE HAa BO3MOKHOCTD BU3yaJIbHOH OLIEHKH MOBEPX-
HOCTH; OTHOCHUTEIILHO KPAaTKUH MEPHO OTCYTCTBUSI CHETOBOTO IOKPOBA.

BIUTA c Buzmeo- u ¢oTroanmapaTypoii MOTYT CYIIIECTBEHHO JIOTIOJIHUTH KOMILUIEKC
COBPEMEHHBIX TEXHHYECKUX CPEACTB, HAMEUAEMBIX K HCIIOIB30BAHUIO NIPH MTOUCKAX Ma-
MOHTOBOH KOCTH B IIPUHIMIHAIBHO PA3INYHBIX JIAHAMIAGTHO-TeOMOP(OIOTHIECKUX U TOp-
HO-TEOJIOTHYeCcKUX ycnoBusx [13]. X mpuMeHeHue MO3BOINT MOBBICUTH 3(PPEKTUBHOCTH
MIOMCKOB ITyTEM OIIEPaTHBHOTO BU3YaJIbHOTO KOHTPOJIS 3HAUUTEINILHBIX 110 TUIOIAAN yJacT-
KOB KOCTEHOCHBIX TEPPUTOPHUil, (PUKCAMU U KOOPIAUHATHOMN NMPUBA3KH OOHAPYKEHHBIX
MaMOHTOBBIX OMBHEH JUIS TOCIIEAYIOIETO 1IeJIeHANPaBICHHOTO U OIIEPaTHBHOTO UX cOopa.

UcnonszoBanmne BITJIA ¢ ¢orto- n Buneodurcanneir u BU3yanu3anneil y9acTKOB
00beKTa MMoucKa Ha TeppUTOpHH Poccuy HUKeM paHee He IPUMEHSIOCh. JIaHHBIA METO
IIPE/UIOKEH aBTOPaMH BIIEPBBIE.

KondumkT nnrepecos. Kokt nHTEpeCOB OTCYTCTBYET.
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Abstract. Using the example of the Murmansk, the paper considers the character of the processes of settlement
liquidation from 1939 to the present is considered. Various reasons for the abolition of settlements in the region
in different historical periods have been identified. The first years after the formation of the Murmansk region
were characterized by the process of merging of the settlements being liquidated with another one that was higher
in status, and the preservation of the residential territory. Later this resulted in the exclusion of the settlements
from the accounting data. The main reasons for the abolition of settlements in the Murmansk region are given,
which include the withdrawal of residential territories for the construction of hydroelectric power station
infrastructure, the loss of economic importance of settlement-forming enterprises due to the exhaustion or the
economic inexpediency of extracting and processing of resources (forest or mineral), and the reorganization of
the Armed Forces of the Russian Federation. The process of depopulation and abolition of settlements depends
on socio-economic factors and reflects the trends in the economic development of the country. Systematized
information is presented reflecting the factors of liquidation of settlements with details about the reasons each
of the character of this process in different periods. Synthesized data reflecting the current state of the abolished
settlements are presented. For the most part, these are non-residential areas with ruined residential and non-
residential buildings. Liquidated ancient Pomor’ settlements are widely used for the purpose of summer holidays
in the country. A trend is detected for regular cultural events being held on their territory and for their inclusion
in tourist and sightseeing routes.
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BBenenune

B pamkax Hay4HOTO OCMBICIICHHUS BOIIPOCA ONTUMH3AIMN CUCTEMBI aIMIHUCTPATHB-
HO-TEPPUTOPHAIBHOTO JICTICHUS aKTya bHBIM SBJISETCS PACCMOTPEHHE NPUYMH U Xapak-
Tepa MPOTEKAHUSI TPOIIECCOB, COMPOBOXKIAIONINX KOIMUECTBEHHOE COKPAIIECHUE €ANHHIL
HHU30BOTO YPOBHSI — OTAEIBHBIX MOCEJICHUH, TOCKOJIIBKY IMEHHO B HUX COCPEIOTOYCHA
ObITOBas M XO3AHCTBEHHAs KHU3Hb HACEICHHUSL.

OO0pa3oBaHne WM yTpaTa KakJoro W3 HACENICHHBIX IYHKTOB BJIEYET 3a COOOM M3-
MEHEHHs B cucTeMe pacceneHus. B Poccun mocenenne MoXeT ObITh JTMKBUANPOBAHO
ITyTeM 0ObEIMHEHHS C APYTHM, PABHBIM HITH 00JIee BHICOKHM I10 CTaTyCy, WK YIIPa3IHEHO
C MCKIIIOUYCHNEM M3 YUETHBIX JaHHBIX. B mociennem ciydae mpu HaJMYUH TOCTOSHHOTO
HaCeJICHUs OHO TEPECEISIETCs, @ TEPPUTOPHSI BKJIIOYAETCSI B COCTaB MYHHUIIUIIAIBHOTO
paiioHa B KauecTBEe MEKCEJICHHOH (eCITM CeTh MOCENCHNH peiKas) WiIN HEeXXWIOH mpu-
TPaHUYHOTO MOCEJICHHS.

Ynpa3nHeHne HaCcEIEeHHBIX IMyHKTOB OTPAaXKaeT JJBE B3aMMOIOTOJIHSIONINE TEH/ICH-
LIUM MUPOBOTO pa3BuTHs. IlepBast TEHACHINS 3aKIFOYaETCs B pa3pacTaHUN HACEICHHBIX
ITyHKTOB ¥ CIUSIHUM C APYTUM, OoJiee KPYMHBIM IMocesieHueM. Bropas mpeamonaraer
TTOJTHYIO JIMKBHJIAIMIO TTIOCENIKOB, CEJT U JACPEBEHb B CBSI3U C OOE3IIIONEHUEM U XO3sIH-
CTBEHHOH OecnepcreKTUBHOCTHIO. [T0CKOIBKY B 3TOM Cllydae COKpAINAIOTCS ILIOMAAN
OOKUTHIX M SKOHOMHYECKH OCBOCHHBIX TEPPUTOPHIL, 3a0packIBaeTCs NCTIONB30BaHUE 00b-
€KTOB XHIJIOW W HEXWIOH MHPPACTPYKTYpPbI, 0003HAUCHHOE SBICHUE OONBIICH YacThHIO
OLICHWBAETCS KaK HETaTUBHOE.

HeoOxonumbl aHann3 n OIEHKA XapaKkTepa MPOTEKaHMsS MPOLECCOB yNpa3IHEHUS
HaCEJICHHBIX IMyHKTOB HA PETHMOHANBHOM ypoBHE. OnHUM U3 cyObekToB PD, roe ¢ukcu-
PYIOTCSI MHOTOUHCIICHHBIC (haKThl JTUKBUAALNH TTOCEICHUH, 00YyCIIOBICHHBIE PA3HBIMU
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MpUYMHAMH, SBIsieTcsi MypMaHCKast 001acTh, IOITOMY €€ TEPPUTOPHS MOCIYKHIIA T10-
JUTOHOM TIPEACTaBICHHOTO MCCIIECAOBAHMSL.

[MTockonbKy 110001 HACENEHHBIH MYHKT SBJISACTCS CTPYKTYPHBIM JIEMEHTOM CHCTEMBI
pacceneHns, BHE KOHTEKCTa ee 00IIMX XapaKTepUCTHK HEBO3MOYKHO M3ydaTh U IPOIECCHI
YIIpa3aHEHHUs oceIeHni. PacCMOTPEHUIO TaKOBBIX CHELUAINCTHI HEOJHOKPATHO YACISIN
MPUCTAJIbHOE BHUMAHKE, B TOM YHCIIE HAa NPUMEPAX CEBEPHBIX TeppUTOpHid. [Ipu 3TOM
MOAYEPKHUBAIACH YSI3BUMOCTD MOCEJICHUH apKTHYECKON 30HBI M MX HHPPACTPYKTYpHI [1].
Cpenm OTe4eCTBEHHBIX MCCIIEIOBATENEH, OCTAaBUBIINX 3aMETHBIN CJIE/l B Pa3BUTHH 000-
3HAYeHHOU MPOOJIeMaTHKH, MOKHO YIOMSHYTh TakuX, kak A.B. CmupnoB [2], U.A. Tlo-
tanos, B.B. ®@ayzep, ['H. ®ayzep, T.C. Jlsitkuna [3, 4] u ap.

3apyOexHbIe YUeHbIE TAKKe PEMETHO OCTAHABIMBAINCH HA MIPOIECCaX, CBA3aHHBIX
C IMHAMUKOHN YHCIICHHOCTH HACEIICHUS ITOCENeHU APKTHKH [5, 6], HO HAyYHBIX TPYIOB,
HETOCPEICTBEHHO MOCBSIICHHBIX YIIPA3AHEHHBIM HACEJICHHBIM IIYHKTaM, CPEI UX pa3-
paboTOK He BCTpedaeTcs.

Bornbroe 3HadeHNEe NMEIOT HEMHOTOYHCIICHHBIE PA0OTHI, COAEPKAHNE KOTOPBIX OT-
pakaeT MPOLEeCChl TMKBUAALNY TOCEIEHUI Ha YPOBHE OTJENbHBIX pernoHoB Pd, Ho 310
KacaeTcsl OrpaHMYEHHOT0 TIEPEUHs CyObEKTOB aJMUHHCTPATHBHO-TEPPUTOPHAIBLHOTO JIe-
nenus crpanel. Hanpumep, Pecyommku Kapenus [7], Tromenckoit obmactu [8], OMcKoit
obmactu [9], IlckoBckoii obmactu [10]. LierHyro (hakTHUeCKyI0 HHPOPMAIIHIO, CBI3aHHYIO
C peanm3anyeil IMKBUIAINN HACEIEHHBIX IYHKTOB, COAEPIKAT Hay4YHbIE PaOOTHI, BHINOI-
HEHHBIC B IOPUINIECKO-TIPaBOBON oOmacTy 3HaHmiA [11].

B niesiom oTrmedaroTcs TeHICHINH, OTPAXKAIOIINE TPUCTAIbHOE BHUMAHUE K H3yde-
HUIO CHCTEMBI pacceneHus pernoHos Cesepa, u Ha uX (hoHE Bce Oonblne 0003HaUaeTCs
MHTEPEC K YNPa3JAHEHHBIM ITOCENICHHUSM, B TOM YHCIIe OOBEKTUBUPOBAHHbIN B HAYYHBIC
paboTHI, XapaKTepHU3yOLIHecs BBICOKOW CTENEHbBIO AeTaln3aluy UH(OpManuy, Kacaro-
IIEeHCs OT/IeNIbHBIX HACEJICHHBIX ITyHKTOB, MCKJIIOUCHHBIX M3 Y4eTHbIX JaHHBIX [12]. Ho
cyOBekThl Poccuiickoit ApKTHKH M, B 4aCTHOCTH, MypMaHCKasi 00JIaCTh B 9TOM acCIeKTe
MPEIMETOM HCCIIEIOBaHUI HE BBICTYIAIH.

[Tpouecc MMKBUALNK HACEIEHHBIX ITyHKTOB B IIPHHIUIIE MOXET OBITh 00YCIIOBIECH
LEIBIM PsIIOM TIPUYMH U (hakTopoB. Hanpumep, sIBUTHCS PE3yabTaTOM MOIUTHKO-aIMH-
HHUCTPATHBHBIX PEIICHNH, BEI3BABIINX MacCOBOE YIIPAa3AHEHHUE CEIbCKUX MOCEICHNH, KaK
3TO MMEJIO MECTO B MEPHOJ XPYIIEBCKOH «OTTEMEIN» W MO3UIMOHUPOBAIOCH KakK JIeii-
CTBHsI, HEOOXOMMBIE JJIsl ONITUMU3AINH aliiapara yrpasieHus. B uactHocTH, B nexkabpe
1959 r. ITreaymom LK KIICC Obu10 IPHHATO pemIeHHE O PEOPraHU3aIlNH «PETHOHATH-
HOTO M BHYTPHXO3SIMCTBEHHOTO IUIAHWPOBAHUS» B IIPE/IENax CEeIbCKUX TeppuTopuil. Ha
9TOM OCHOBaHHMH AKaaemueil crpoutenbeTBa U apxutekTypbl CCCP 6putn pa3paboTaHb
KOHKpETHbIe pexoMeHaannu. Cena 1 JIepeBHU MOAPA3IEISUINCh Ha IIEPCIIEKTUBHBIC)
U «HerepcreKkTuBHbIe». [locnennne moanexany aukBuaanni. Kpurepres nepcrieKkTB-
HOCTH OBIJIO TPH: TPAHCHOPTHAS IOCTYIHOCTb, COOTBETCTBHE YCIOBHUAM SKOHOMUYECKOTO
Pa3BUTHS U JIOAHOCTH He MeHee 1—1,5 Toic. uern. B pesynbrare BHEApEHUS ATHX PEKOMEH-
JTAIAH KOJTMYECTBO CENbCKUX HaceleHHBIX MyHKToB B PCOCP 3a 20 net cokpatuiock Ha
177,1 teIC. (60,2 %). B 1980 1. memenue cen u qepeBeHb, mpemtoxenHoe B 1960 1., Op110
OTMEHEHO pemeHneM KoMmuTera 1mo rpakJaHCKOMY CTPOUTENBCTBY M apxuTekrype. Ho
CeTb MOCEJICHUH yke Oblia pa3pyuieHa.

HoBble mpaBoBBIE OCHOBBI, 3aKPEIUIAIONINE JTUKBUAANNIO HACEICHHBIX IIYHKTOB,
mocrenoBaiy ¢ BeixonoM Ykasza [Ipesumuyma BC PCOCP ot 17 aBrycra 1982 1. «O mo-
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pSiZIKe pEeIIeHHs] BOIPOCOB aMUHHUCTPATUBHO-TEppUTOpHaIbHOTO yeTrpoiictBa PCOCPy.
OH coxpaHseT akTyaJIbHOCTh B YacTH, He nportuBopevaneil Koncturynun PD, a takxe
OenepaapHOMy 3aKoHY OT 18 mexabps 1997 . Ne 152-@3 «O HamMeHOBaHUSIX Teorpa-
(udaecknx 00BEKTOBY.

OO011re TPUHIMITEI TPOLEAYPHI yIpa3iHeHHs nocenenuii PO 3akperuieHs! moso-
xeansMu Penepanpaoro 3akoHa Ne 131-@3 ot 06.10.2003 (pexn. ot 14.07.2022), a cra-
Ths 13.1 Ha3BaHHOTO TPABOBOTO JIOKYMEHTA JICKJIApUPYET BO3MOKHOCTD PETYIUPOBAHHS
Iporecca Ha YpOBHE 3aKOHOB cyObekTa cTpaHbl. KOpuandeckne HOpMbI CBS3BIBAIOT JIMK-
BHJIALIMIO TOJIBKO C CEJILCKUMM HACEJICHHBIMU ITyHKTaMH, HO Ha MPAKTUKE OHA MOXKET
KacaTrbCs ¥ TOPOACKUX nocenenuii [11]. PacnpocTpanennbie KpuTepun, KOTOPBIM JIOIKEH
COOTBETCTBOBAaTh HACEJICHHBIN IYHKT, TOABEPTAIOMIMNCS YIPa3IHEHUIO, CBOAATCS K YNC-
JeHHocTH HaceneHus MeHee 100 denoBek, HEBBICOKON MIIOTHOCTH HACEIICHUS, TPYIHO/O0-
CTYIHOCTH TIOCEJICHHSI B TPAHCIIOPTHOM OTHOIICHHH.

YnpasHeHue Wik NepeHoc TOCEICHUH U MepeceieHNe X JKUTENICH ObIBAlOT BhI3Ba-
HBI pean3anueil MaciTabHbIX SKOHOMHUYECKNX TPOeKTOB. HanmpumMep, pu CTpOUTELCTBE
1 TIOATOTOBKE K BBEACHHUIO B SKCIUTYaTALMIO THAPONIEKTPOCTAHIMH 3aTOTNICHHUIO MOA-
BEPraloTCsl COTHU TOPOJICKUX M CENIbCKUX HACEJIEHHBIX IyHKTOB [13].

DUKCHPYIOTCS U CITydaH, KOT/a 3acTPOHKa HACEIICHHOTO IyHKTa OblTa YHUUTOXKEHA
B pe3yJbTaTe CTUXHHHOTO OEJICTBHS IPUPOAHOTO MITH IPHPOTHO-TEXHOTEHHOTO XapaKkTepa,
a OoJibIast 4acTh HACEJICHMS MOTHOJIA WIIN MOABEPIVIACH BBIHYXKJICHHOMY II€PECEIICHHIO.
[Tpn Takux oOCTOATENHCTBAX HA OCHOBAaHMN OOBEKTHBHBIX MPUYMH MOXET paccMaTpH-
BaThCs BOIPOC O JMKBHIALMH TTOCETICHUS M UCKIIOYCHUH €T0 M3 YUETHBIX JaHHBIX [14].

3a4acTylo K yINpa3THEHNIO MOCEICHUH IPUBOANT 00€3MTI0ICHNE, BBI3BAHHOE MUTPAIIU-
OHHBIM OTTOKOM HACEJIEHHMs 110 MPUIUHAM, 00YyCIIOBICHHBIM 3KOHOMHYECKOI Oecrepemek-
TUBHOCTHIO (0e3paboTHIieii), MHOTOJIETHEH OBITOBOM HEYCTPOCHHOCTHIO, YIaJICHHOCTHIO
OT IEHTPOB, 00ECIIEUEHHBIX COIMATBHON HHPPACTPYKTYpPOH.

Llenb peacTaBICHHOI CTaThl — BBISIBUTH OCHOBHBIE (DAKTOPBI, TPUINHBI, 0COOCH-
HOCTH M XapakTep NMPOTEKaHMs MPOoIecca JINKBUAAINN HACEICHHBIX ITyHKTOB B MypMaH-
cKkoit obmacTu 3a mepuon ¢ 1939 1. mo HacTosmee BpeMms.

MaTepna.nbl U METOAbI

daxTuyeckue CBCJICHUA, OTpaKaronue nNepeucHb, JaTUPOBKY U MIPUYINHBI YIIPAa3qHC-
HU HACCJICHHBIX ITYHKTOB MpraHCKOﬁ obmactu COZCPIKATCA B COOTBETCTBYIOLIUX IIPaBO-
BbIX JTOKYMCHTAaX — OTACJIbHBIX 3aKOHaXx MpraHCKOﬁ 06J'IaCTI/I, KOTOPBIMH B KaXX10M
KOHKPCTHOM CJIy4a€ 3aKpCIIACTCA JIMKBUAAIIUA OAHOIO WJIM HECKOJIBKUX MOCCIIKOB, CCJI
" ICPCBCHD. 3Mnnpnqec1<01‘/'1 Oazoii HCCJICA0BAHUA TAKKE MMOCITYKWIN HECTATUCTUICCKUC
JaHHBIC, pasMCIICHHBIC B TCMATUYCCKUX I/IHTepHeT—COO6HIGCTBaX, KOHCOJIMIUPYIOHIUX
Jinil, UMCIOIUX OTHOIICHUE K KOHKPETHBIM YIPAa3AHCHHBIM HACCJICHHBIM ITYHKTAaM. Bo-
BJICKAJIUCh B UCCIICAOBAHHUEC KaK HCTOYHUKH OHyGHI/IKOBaHHLIe (l)OTOI[OKyMeHTI)I " TCKCThI
BOCIIOMUHAHMH JKUTEICH JIMKBUJAUPOBAHHBIX HOCGHGHHﬁ, a TaKXKeC (l)OTOOT‘-IeTI:I TYpPUCTOB,
COBCPUIABIIUX MAapUIPYTHI MO YIIPA3AHCHHBIM IMOCCIICHUSAM. OCHOBHBIMH MCTOJAaMHU I10-
CJIYKUJIU aHaJIn3 U CUHTE3 I/IH(i)OpMaIII/II/I, KOHTCHT-aHaJIu3.

Pe3yabrartsl u 00cyxkaenue

MypmaHckas obmacTh Obl1a oopa3oBana kak cyobekt PCOCP B mae 1938 1. B x03s1ii-
CTBEHHOM OTHOILCHUH OHA XapaKTepPH30BaJIaCh BEICOKUMHU TEMIIAMH OCBOCHHS TEPPUTO-
pHUH, BO3BECHHS IPOMBIIUICHHBIX 00BEKTOB, POCTOM YHCIEHHOCTH HACENCHHS U SBIIIIACH
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OIIHOM M3 MEPEeIOBBIX MO MOKA3aTesIM Pa3BUTHS JIECHOTO M CENIBbCKOTo Xo3siicTa. Torma
JKe OBLIH YETKO OOPHCOBAHBI IEPCIICKTUBBI JOOBIUN PYIHBIX MOJIE3HBIX HCKOMaeMbIX [15].

[TpaBUTENBCTBEHHBIN KypC, C 3asBICHHON LENIbI0 HA YCKOPEHHOE OCBOCHHUE U TI0-
CJICTYIOLIYIO TTEepPepadoTKy MUHEPAIBHBIX pecypcoB MypMaHCKol 001acTH, 0003Ha4YEH-
HBII B TIPEJBOCHHBIN MEPUOJ, TPEATIONArai pa3BUTHE IPOMBIIIIEHHON HHPPACTPYKTYPBI.
B wactHOCTH, IpeanpusTHil THAPO’HEPTeTHKH. Pa3BepHyBIIeecss Ha MHOTHE AECATUICTHS
CTPOUTENBCTBO KackanoB ['DC moBiekyo 3a co0o0i ynpa3qHEeHNE MHOTHX HACEJIEHHBIX
MyHKTOB. [IprieM He TOJBKO B CBSA3M C U3BSITHEM CEMTEOHBIX TEPPUTOPHUIL MO TIIOMAAN
BoZOXpaHWwnI. [Ipy Bo3BeieHNN U BBOZIE B HKCILTYaTALIUIO THPOIHEPTETHIECKUX TPE-
NPUATHH BO3HUKAIN HACEJICHHBIE IyHKTHI, ()yHKIMOHAIFHOE Ha3HAYEHHE KOTOPBIX OBLIO
IEJIEBBIM U 110 OKOHYAHUU PadOT yTpaurBaioCh.

[porecc ympazaHeHus MOCeTIeHNI Ha TeppuTOprr MypMaHCKO 00TacTH B paccMa-
TPHUBAaEMBIi TIEPHOJ OTKpBIBaeTcs staBapeM 1939 ., xorna pabounii mocenok Husa-3, Bo3-
HUKIINH C [eTbI0 00eCeYeH s KIITbeM 1 He0OOXOIMMOM HHPPACTPYKTypOi 3aHSTHIX Ha
BO3BeZeHNU onHoMMeHHOH ['DC, ObIT BKITIOUEH B uepTy KaHmamakmim, HaxXoIWBIIEHCS
B 2,5 kM oT Hero. B 1950-e IT. K TeppUTOpHUHU ITOTO TOpojia B CBSI3U C pa3pacTaHUeM OBLI
MIPUCOEAMHEH PACOIOKEHHbIH psiioM nocenok JlecozaBona Ne 6 Kannanakuickoro paiioHa.

B mapte 1941 r. nocnenoBaia TMKBUAALMS IByX OCTPOBHBIX IOCENKOB Jleco3zaBona
Ne 8 u JlecozaBoma Ne 44 myTeM BBEIEHUS UX B COCTaB Imocenka Jleco3aBonckuil (HbIHE
Y4acTh MOCENKA TOPOICKOTO THITA 3EIEHOOOPCKHIA).

B cepennne 1940-x rT. HaOmOmaeTCs ¥ MPOIIeCC YIPa3THEHUS COBCEM HEOOBIITIX
M30JIMPOBAHHO PACIIONIOKEHHBIX CEIBCKUX OJIEHEBOAYECKO-PHIOOIOBEIKNX HACEIEHHBIX
MTyHKTOB, KaK, Hanpumep, AxoB-Canma Ha 6epery o3epa Hotozepo. B 1964-1965 rr. ero
TEPPUTOPHS OKazanach Mo BepXHETYIOMCKHM BOIOXPAHHIIHIIEM.

3arem B 1959 r. mocnenoBana mukBuaanus mocenka JKmanosckas (JKmxanoska) Ile-
YEHICKOTO paiioHa. OH CTall 4acThio Mmocenka 3anossipHblil (¢ 1963 1. — ropona). Bos-
HUKIIMHA KaK MOCEJICHUE KeJIe3HOAOPOKHUKOB, 3aHATHIX Ha 3aKIaJKe M CTPOUTEIHCTBE
KEJIe3HOMOPOKHBIX MMyTeH COOOIICHHS 1O HampaBieHu0 MypmaHck — Hukenb u moab-
€3IHBIX MyTell TOpHO-MeTaTyprudeckoro komonHara «Ilegenranukens» B 1955 1., mo-
cenok JKnaHoBCKasi IPOCYIIECTBOBAN B KAYE€CTBE OT/EIBHOTO MOCEIEHHs BCEro 4 roja.

[ocnenyromue npuMeps! CBsI3aHbI C MOTHON JUKBUAALUEH OCENEHUH U MpeKpa-
IIEHUEM UX CYIECTBOBAaHMsSI B KaU€CTBE YUTCHHBIX HACEJICHHBIX ITyHKTOB.

B 1958 . Ob110 ynpazaneno Bo3uukiiee B 1879 r. nocenenue Apa-I'y6a Konbckoro
paitfona (MotoBckuit 3ainuB bapeniieBa mops). Hacenenue ero Bcerna ObU10 Majouuc-
JICHHBIM, 3 MOTHBALIUIO JUIsI OCBOGHHS TEPPUTOPHUU CO37aBaJl PACIOIaraBIINics 374ech
BO BTOpoH monoBuHE 1880-X IT. KUTOOOWHBIN 3aBOM. [lepCIIeKTUBEI Pa3BUTHS MTOCEICHUS
TPYZHO 0003HAYUTH MO MPUYNHE 3aTPYTHEHHOW TPAHCIIOPTHOM JOCTYITHOCTH U CypOBOCTH
IIPUPOHBIX YCIOBHH.

B npenenax Ieuenrckoro paitona MypmaHcKkoit 001aCcTH, B HEIOCPEACTBEHHOM O11-
30CTH OT TOCYIapCTBEHHBIX Tpanull ¢ Hopeerueit u @unnsaaueit, 1o 1962 r. Haxomuics
HaceneHHbI myHKT Hayctu. M3HauaneHO ero TeppuTopusi oTHOcuuack K Ilazpenkomy
MOTOCTY B Ka4eCTBE BBICENKA W3 caaMckoro cema YanmesBp (Canmuspsu). 3ateM, Oy-
Jy4d B COCTaBe He3aBHUCUMOW (DUHIIHANN, NOCEICHHUE MOTYYUIIO UMITYIbC K Pa3BUTHIO
Onarozapsi CTpOMTENILCTBY JOPOTH, CBsi3bIBaronield PoBannemu ¢ noprom Jlumnaxamapu
ITeuenrckoro 3anmBa bapeHuesa Mops. Ilocenenue Hayrcu BO3HUMKIO Ha IIEpeceuyeHUU
9TOH Tpaccel U p. HayTcuitoku 1 MOCTENEeHHO pa3pacTanoch, oKa He BMEIIAINCh COOBITHS,
CBsI3aHHBIE C BOWHAMH U TEPEAETIOM NPUHAIEKHOCTH TEPPUTOPHH.
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B 1944 r. HaceneHHBI MyHKT MOABEPICsl pa3pyLIEHUsIM, TaK KaKk B 9TOM paioHe
npoxoanna [lercamo-Kupkenecckas oneparius, odecreunBaBinas HacTyIieHne Boick Ka-
penbckoro u CeBepHOTo ()POHTOB. YIpasiHEeHNE ObIBIICH (HMHCKON IEPEBHH MOCIIEI0BAIIO
B 1962 1., M Ha JaHHBI MOMEHT TEPPHUTOPHUS MPEACTABISAET COOOH HEKMIOE YPOUHIIe
B [leyeHnrckom paifone MypmaHCcKoii 061acTH.

B nocnemnue necstuiietys ObIBIIEE TOCEICHHE OKAa3aI0Ch B [IEHTPE BHUMAHHS CIICIH-
AITUCTOB — MCTOPUKOB M apXEOJIOTOB, MMOCKOIBKY ¢ 1941 mo 1944 1. 31eck 6a3npoBaicst KOH-
LEHTPALMOHHBIN JIarephb IJIs1 COBETCKUX BOEHHOIIEHHBIX «llITanar-322), H3BECTHBIH TaKkKe
Kak koHIytarepb Hayren. Tak kak OZHMM U3 IMEPCTIEKTUBHBIX U IIPUOOPETAIONINX BCE OONBIITYIO
TIOMYJSIPHOCTD HAIIPABJICHNH TypPHUCTCKO-IKCIIEIUIIOHHON JesiTenbHOCTH B Pocenn siBisiercst
MEMOPHAIN3ALMS «HETATUBHOTO Haciews» [16], 3TOT ncropudeckuii (paktT MOKET NpHBIIETb
TPO(eCCHOHANBHBIN 1 00IIECTBEHHBIH HHTEPEC K TEPPUTOPHH OBIBIIETO HACEICHHOTO ITyHKTA.

OnTUMHU3aIMs NCIONB30BaHNS CEIbCKOXO3SIMCTBEHHBIX TEPPUTOPUH, 3asBICHHAS
IpasurensctBom CCCP B 1950-x T, KOCcHYmack 1 MypmaHCKoii obiactu. B 3T0# cBsi3W,
HampuMmep, B 1957 1. ObUT UCKITIOYEH U3 YYETHBIX JAHHBIX PHIOOIIOBEIKUN HACEIICHHBIH
myHkT Hlensrmmao (Tepckuit paiion), a 1962 r. — HacenmeHHbIH MyHKT 3axpebeTHoe JIoBO-
3epCcKOro paifoHa, BXOAMBIIHNI B PHIOOTOBELIKHH Koirx03. KpaiiHe 3aTpyqHeHHOE TpaHCIIopT-
HOE coo0IIeHne (PAcCTOSHIE A0 PaliOHHOTO IEHTPa 0KoJI0 70 KM BO3MOXHO IIPEOAOJIET
TOJIBKO MOPCKHM ITyTE€M) NPHUBEJIO K yNaaKy ¥ obesmoneHnio. Kak HernepcrneKkTUBHbIE
nepecTanu cylecrtsoBarb B 1962 1. u caamckoe ceno Yynsessp JloBo3epckoro paiioHa,
a Taxoke CemnoctpoBbe, PeiHza.

B 1966 r. Opina ympasaaena nepess [lopes ['yoa Tepckoro paiioHa, >)KUBOTHOBOJI-
YECKOE XO3SIHCTBO KOTOPOH IPHIIIO B YNAJ0K, a €€ HaCelICHNE B COCTaBe 4yTh Oonee 20
4enoBek ObLTo mepeceneHo B bemokamenky [17].

Hauamo 1960-x rr. B MypMaHCKoif 00:1acTH 03HAMEHOBAHO CTPOUTEIHCTBOM U BBE-
JICHUEM B MPOMBIIUICHHYIO 3KCIUTyaTalllio KPYIHBIX THAPOIHEPIeTHIECKUX COOPYKEHHUH.
Camoii momtraO# ['DC Ha CeBepo-3anane PO mo-nmpexuaeMy sBisercs BepxHeTymomckast.
O0pa3oBaHHOE MIPH HEHW OMHOMMEHHOE BOAOXpaHMIHIIe Tutomansio 74 500 ra u o6bemMoM
11,5 km?® 6bu10 3amonHeHo B 1964—1965 1. 3aTOIUICHUIO MOIBEPIVIUCH TEPPUTOPHHU Cella
Puckukent, u3BectHoro ¢ XVI B. Kak caaMCKHI IOTOCT, a TAKIKE OCHOBAHHBIX yXKe B CO-
BETCKOE BPEMS M HEIOJTO MPOCYLIECTBOBABIINX HACEJICHHBIX ITyHKTOB 3esieHbli bop,
Kentums, Komannuposka, mocenok Pumna-Canma u ap. [Ton MoBckuM BogoXpaHWIHIIEM
OKazaJcs HaceJIeHHBIH MyHKT Tymua. K MOMEHTy 3aTOIUIEHHsI MHOTHE M3 HaCEJICHHBIX
ITYHKTOB OBUTH y’Ke (DaKTHUeCKH JTMKBUANPOBAHBI BO BpeMs BOIHBI (PUCKUKEHT), a Takxke
10 TIPUYHMHE BBICENICHNS! (PMHHOB C NPUIPAHUIHBIX TEPPUTOPHH.

B 1966—-1967-x rr. 3aBepiniicsi HAYaThIi 3a JECATH JET JI0 ITOr0 MpoLece Mepece-
JIeHWsI HaceleHus u3 aepeBHn YanesMHBI-Bapps (MBanoBka) JloBo3epckoro paiiona. Ilo-
BOJIOM K JIMKBUIAITNH, 3aKPETUICHHON B TOKyMeHTax B 1971 1., hopMabHO ITOCITYKIIT TaK
1 He peann30BaHHBIN npoekT cTpoutenbeTBa ['DC Ha p. [ToHoit. Ho peanpHOM mpHanHOM
B OIYOJIMKOBaHHBIX BOCHOMHMHAHHMSX JKUTENEH OBIBIIETO HACEICHHOTO IYHKTA yKa3bIBa-
eTcs CTpEeMJICHHE MECTHBIX BIACTeH M30aBUTHCS OT HEOOXOAMMOCTH PEIIaTh MPOOIEMBI
CO CHAaOXXEHUEM, TPAaHCIIOPTUPOBKOH, 00ECHIEIEHHOCTHIO paOOYNMH MECTAMHU HACEIICHHS
ynaneHHoro nocenenust'. Ha nannblit MomeHT aepeBHs YanpMHbBI-Bapps mnpexacrasiser

! CumonoBcKkast A.B. YanbMHbI-Bappa: TMKBHANPOBaHHAS ACPEBHS Kak MecTo mamsTi // Konbckne
KapThl. DNeKTpoHHBIH pecypce. Pexxum noctyna: URL https://www.kolamap.ru/library/simonovskaja.
htm?ysclid=1s2t9ksb2w855856507
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CO00H HEXHITYIO TEPPUTOPHIO C HECKOIBKUMH PyHHHPOBAHHBIMHI 3a0POIICHHBIMH KUIIBIMA
MOCTPOMKaMH, T. K. O0JIbIIAs YacTh TOMOB OblIa pa3oOpaHa u nepeBe3eHa. boIBmas nepes-
HSI ¥ IPUJIETAIOIAsT K HEH TEPPUTOPHS BBI3BIBAIOT HHTEPEC KAK Y STHOrpadoB, apXeoyIoros,
HCTOPUKOB, TaK M y TypUCTOB, Onaronaps oOHapy>XeHHBIM 37ech B Hadane 1970-x T
B pe3yJbTaTe HAYYHO-AKCIETUINOHHON AESTEIbHOCTH HEOIUTHIECKUM ITaMSITHUKAM.

WHTepecHbI (pEeHOMEH HACEIEHHOTO IMTyHKTA, «KOTOPBIH CYIIEeCTBYeT B ACHCTBU-
TETHFHOCTH, HO HE CyIIeCTBYeT ne-tope» [12], mpeacrasmser coboit nepeBHst Kyspeka
Tepcroro paiiona MypmaHcKoii oOmacTy, ynpasgHerHas B 1978 . OnHy 9acTh eAHMHOTO
ceMMTEOHOTO MPOCTPAHCTBA OBIBIIEr0 HACEJICHHOTO ITyHKTA 3aHMMAIOT Ca/I0BOIUECKHE
TOBAapHIIECTBA, a APYTasi OTHOCUTCS K TeppuUTOpHN Oe3 HaceieHus. Jlaunast 3acTpoiika co-
CTOWT JIOMOB, MOSIBUBIIMXCS B TIOCJIEHHE TO/BI ¥ IPUTOAHBIX AJISI HPOXKUBAHUS B TETUIBINA
ce30H. B ncropnueckoii uacTi A€peBHN COXPAHIINCH CTaphIe 10Ma TOMOPOB. beIBIIee mo-
CEINICHNE BKIFOYACTCS B 9KCKYPCHOHHO-TI03HABATEIbHbIE MapIIpyThl 0 Tepckomy Oepery.
Kpome Ttoro, ero tepputopust ¢ 2010 o 2019 r. siBisiiach MIOIAAKON ISl IPOBEACHUS
exxeronHoro «[Ipasmauka momopckoit Kosymmy», cobupasimrero 1o 1-2 Thic. y4aCTHUKOB
3 MypmaHCKo# oOmacTu U Apyrux peruoHoB Poccum [12].

Ilon mauHoe 3acesneHue B JIETHUN NEPUOJ UCIIONB3YETCsl U ynpasaHeHHoe B 1977 1.
ceno Ilonoit JIoBozepckoro paiioHa, XOTs JOMOB TaM ropas3zio MeHblie, yeM B Kyspeke, —
0KoJI0 fecaTka. DopManbHO MPUYMHON JIMKBUIALNY, KaK U B ciydae ¢ AepeBHer Yaib-
MHbI-Bappa, mociyskuiia oracHOCTb 3aTOIIICHHS TEPPUTOPUH 110 TIPHUMHE CTPOUTETHCTBA
n BBozia B akciutyaranuio ['9C Ha p. [ToHO#, KoTOpoe Tak u He ObUIO ocymecTBiIeHo. Ho
B TIEpPEYHE MTPOYHNX BEPCUH NepeceIeHHbIE KUTEIHN Ha3bIBAJIH JINIHYIO HHUIIMATUBY TIPE/-
cenaresisi MECTHON aJIMUHHCTPAIINH.

B nmpenenax MypMaHCKO# 001acTH (PUKCHPYIOTCS M CIIydad, KOrJja CTPOUTEINb-
CTBO THAPOTEXHUYECKUX COOPYKEHHH MOCIYKMJIO BOSHUKHOBEHHIO, a 3aTeM, C yTpaTon
(hyHKIIMOHAJIEHOW HEOOXOAMMOCTH, yIpa3qHEeHHIo moceneHus. Tak, B 1965 1. ¢ menbto
obecrieueHnst THOPACTPYKTYPOH TPYAAIINXCS, HAPABICHHBIX B PETMOH AJIs1 BO3BEICHUS
Cepebpstackux ['OC, Ha mpaBom Oepery p. Boporss B Konbckom paiione Ob11 00pazoBaH
nocenok CepeOpstHckuii. B 1978 1. mocenenue ObTO0 THKBUIMPOBAHO, ITOCKOIBKY HEO0-
XOJMMBIE PaOOTHI OBUIN 3aKOHYEHBI N KOMAH/IMPOBAHHbIC Ty/a JIMIA IIOCEIOK ITOKUHYIIH.

OnHH 13 IPUMEPOB ONMCAHHOTO PAHEE THIA ITyIECHPYIOIIETO», XOTS U FOPUANYECKI
YIpa3AHEHHOTO, HACEJIEHHOTO MYHKTa, ()aKTHIECKH HACUMTHIBAIOIIETO HE TOJIBKO CE30HHOE
HaceJeHNe, HO M MPOXKUBAIOIINX PEryIsIPHO HECKOJIBKNX YEI0BEK, — JIMKBUIUPOBAHHAS
B 1988 1. mepesnst CrpenpHa (CtpenbHo) Tepckoro paifona. brmkalimii HaceIeHHBIN
IYHKT, OTKYJa OCYIIECTBIISICTCS PETyIIPHOE TPAaHCIOPTHOE coodiieHne ¢ MypMaHCKOM
u 3ATO OctpoBHoii, HaxoauTcs B 12 kM. D710 cemo Yamoma, Kyna B JIETHHH CE30H He-
CKOJIBKO Pa3 B MECSI] 3aXOUT MACCAKUPCKUN TETIIIOXOI.

HecMmotpst Ha kpaifHe 3aTpyQHEHHYIO TPAHCIIOPTHYIO JOCTYITHOCTb, 3aCTPOUKY
CrpenbHbI 00pa3yroT He TOJIBKO PyHMHUPOBAHHBIE )KIIIBIC X HEKWIIBIC TOCTPONHKH, HO 1 He-
CKOJIBKO JIAYHBIX JIOMOB, HAXO/SAIIMXCS B OTIIMYHOM cOCTOSTHUU. OJIMH M3 HUX 110 YaCTHOH
MHHIMATHBE 3aHAT M0 YKCIIO3UINIO «BBIT TOMOpPOB», 00IIEI0CTYITHYIO [UIsl TIOCEIICHUS.

B 1988 1. Ob110 HCKITIOYEHO W3 YYETHBIX JaHHBIX U ceno FOpkuao Kombekoro paii-
oHa. [IpnunHa — 00e3mroneHne U ynaIoK X03gHCTBa PHIOOIOBELIKOTO M OJICHEBOIYECKOTO
Konxo3a. B Hactosiee Bpems cennTeOHast TEpPUTOPHS 3aHATA JAYHBIMH TOBAPHUIIICCTBAMH.
Amnanornyao Kyspeke, [Tonoto u CrpenbHe, yHOMSHYTBIM paHee, HACEJIICHHBIN ITyHKT
MO>KHO Ha3BaTh «ITyJIbCHPYIOINM» WIN (HaKTUYECKU CYIIECTBYIOIIMM, HO HE YUTCHHBIM
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CEJICKO-TOPOACKUM COOOIIECTBOM. B oTiimune jke OT MPHUBEACHHBIX BBIIIEC TPUMEPOB
HACEJICHHBIX IYHKTOB, B JaHHOM CJIy4ac UMITYJIbC K PAa3BUTHIO JAeT PETYJSPHOE M He-
MIPOJOIDKUTENLHOE TI0 BPEMEHH B ITyTH aBTOOycHOE coolmmeHne ¢ MypMaHCKOM.

JanpHelillee 3HaUUTEIBHOE KOJIMUYECTBO YIIPa3JHEHHBIX MoceleHuil B MypMaH-
ckoil obmactu mocienoBano B 1999 r. 3akon Mypmanckoir obmactu ot 03.11.1999
Ne 162-01-3MO npuunHON TUKBHIANNH 12 HACETCHHBIX TyHKTOB HA3bIBAET OTCYTCTBHUE
MIPOYKMBAIOIIETO HACEIICHNUSI.

OUHAHCOBHIN KpU3HC, compoBokIaBImii nepuox pacmaga CCCP, mosiek 3a coboit
oOe3mronenue x/a ctaHunu [IUTKynb T. AaTUTHI ¢ TOABEAOMCTBEHHON TEPPUTOPHUEH.
HeiHe Ha MecTe JTMKBHIMPOBAHHOTO TOCENICHUS PACIIONaraeTcs JadHbli MOCENIOK ¢ ce-
30HHBIM HaceJICHHEM.

3a0pOoIIeHHYI0 TEPPUTOPHUIO TIPEACTABIACT co00¥ OBIBIINIT MOCETOK JIECO3aroTo-
Burenel Kyukonb, ocHoBanHblld B 1950 1., moaBenoMcTBEHHBIM MOHUEropcKy, HO pac-
nonoxeHHbIH B 60 kM oT Hero. ConuanabHO-35KOHOMUYECKHE MTPUYHHBL, IPEX/E BCETO
Oe3paboTuIia, MOBIEKIN 32 cO0OM MHUTpanuio HaceleHUs B 1990-x IT., ¥ K MOMEHTY
mukBuzanuy B 1999 r. mocenenne o6e3itoneno. BeIBIINMM 3aroTOBUTENBHBIM ITyHKTOM
CITyXHJ U Tocesok Yrosnokira Kopnopcekoro paifoHa, ynpasIHEHHBIH B 3TOT jK€ HEPHOL
u, 6rarogapst pa3BUTOMY PETYSIPHOMY KEJIE€3HOAOPOKHOMY COOOIIEHHIO, HCIIOJIb3YeMbIH
IO/ TAYHYIO 3aCTPOMKY C CE30HHBIM NPOKUBAHUEM.

YnpazaHenuto noaseprirch Koimosepo, co3naHHbIi Kak IOCETOK IIPH METE0CTAHINH
B KoHIe 1950-x T, a Takxke ocTpoBHOE noceneHne COCHOBEI, I7Ie TeTeph HET HOCTOSTHHOTO
3aperucTPUPOBAHHOTO HACENECHUS, HO BEIyTCS METEOHAOMIOAECHHS M 0OCITyKUBAETCS MasiK.

ITepBble MOCTCOBETCKHE TO/IBI OBLIN 03HAMEHOBAHBI peopraHu3aryeil BoopykeHHbIX
cunt PO, B pamkax xotopoit B 1996 1. mocnenoBano pachopMiIpoOBaHHE OTHON M3 BOMH-
CKHX 4acTel, 0a3upoBaBIINXCs B Ipeenax mnoceneHus Meic Cropoeesckuii [ledeHrckoro
paiioHa, a CITycTsl TP Tofia — YIIPa3AHEHHE CaMOTO MOCEICHHUS.

ITo 37011 5xe pruMHE OB yIIpa3IHEeH HaceIeHHbII MyHKT CeThHABOJIOK, BXOANBIIHN
B coctaB 3ATO [omsapusrnii (¢ 2008 . — AnekcaHApPOBCK). JIMKBUIAIINH TTOBEPITIICH
1 TIOJIBEIOMCTBEHHBIEC €My OCTPOBHBIE ITOCEICHUS, (DYHKIMS KOTOPBIX — OOCITyKMBaHHE
HaBUTAIIMOHHBIX opueHTHPOB (Masik [lamary6ckwmii, Mask Canpubiii, Mask bemokxamen-
cknii, Masik Benmukuii, Masik PeTrHCKMIT).

3axornom Mypmanckoit o6macta Ne 283—01-3MO or 4 uromnst 2001 1. 3a oTcyTcTBHEM
MIPOXKMBAIOIIETO B HEM HAcEJIEHHsI ObIIIO yIPa3AHEHO CTAPMHHOE MTOMOPCKOE MOCEIECHHE
VYeree Bap3yru. Ero obesmonenne o0ycloBIeHO KpaifHe 3aTpyIHEHHON TPaHCIOPTHOM
JIOCTYTIHOCTBIO W XO3SIICTBEHHON OeCIepCreKTHBHOCTBIO. B OBIBIIIEM MOCENIeHUH CO-
XpaHWIaCh PyMHUPOBAHHAS JKMIIAs 3aCTPOWKA M 31aHKe ObIBIIeH akropun. Teppuropus
MIPUBJIEKACT BHUMAHUE TYPUCTOB, OPUEHTUPOBAHHBIX HAa SKCTPEMAIbHBIC BU/IBI OT/bIXA.

B nanpHeleM cOXpaHWJINCHh TEHACHIUS K YHNPA3AHEHHIO HACEJICHHBIX ITyHKTOB,
00CITy’KMBaIOIINX HaBUIALIMOHHBIE KAlTUTAJIBHBIE COOPYKEHUS, a TAKKE TIOKUHYTHIX Ha-
CEJICHHEM I10 TIPUYHHE TIEPEANCIOKaNK 0A3UPOBABIINXCS TAM BOMHCKHX HOPa3IeICHUH.
B pamxkax 00603HaYeHHBIX HampaBieHnH 3akoHoM MypmaHckoit oomacta Ne 793—-01-3MO
ot 29.09.2006 6pumn mukBUAMpoBaHE! Masik boipmioit Onennit Kombckoro paiiona n Masik
Cemnosatsrit 3ATO TlomspHsrnii, mocenku ['parutHbi Kombckoro paifona m XaprimoBka
JloBozepckoro p-Ha. Uepes rox ynpasaHeHuro noaseprivck Masik BoieBHaBosiok, Masik
[Mukwyes, Iopr-Baagumup, Hosast TutoBka Konbckoro pailoHa, UMEBIIME TaKOE ke Ha-
3HAUECHNE, KAK ¥ BBIIICTIEPEUNCICHHBIC HACEIEHHbIE ITyHKTHI.
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VYrpa3nHeHre HeKOTOPBIX HACENeHHBIX MyHKTOB B 2007 I. OBLIO MPOAUKTOBAHO U JPY-
rumu nprarHamMu. C ydeta 6b01 cHAT mocenok Cirtona KoBmopckoro paifona, ¢ 1990-x .
HEKUIION M TIOCEIAeMBbIi HCKITIOUNTEIBHO C€30HHO. [IpnunHO nepeceneHns HaceneHus
CTaJa 5KOHOMHYECKasi HepPEeHTa0eIbHOCTh Tpafoodpasytoniero npeanpustust MYII «Kos-
JIOPCITIONay, TPOAYKIMS KOTOPOTO HE BhIJIEpKajia KOHKYPEHIIMN PHIHOYHBIX OTHOIICHUH,
cJIeIcTBHEM cTayn Oe3paboTunia n obesnmtofaeHue. Tepputopus, 3aHATas paHee MMOCEIKOM
Curona, mpeacTaBisieT co0OH MOABEPTarONIyIOCs Pa3pyIISHUAM KUPIUYHYIO U AEPEBSH-
HYIO0 3aCTPOMKY.

DKOHOMHYECKOH HeIenecoo0pa3sHOCThIO AaIbHEHINIET0 COXPAaHEHHsI HACEJICHHOTO
MMyHKTa OBLTO MPOAWKTOBAHO W TIepeceNeHue KuTenei mocenka Bepxamit Hiom B MoH-
yeropck. OHUM U3 HETaTUBHBIX ITOCIEICTBUH O(GHINAIBHOTO YIPA3HEHHS MOCITYKIIO
cHstue ¢ OamaHca |6-KMIOMETPOBOTO CIIOXKHOTO Y4acTKa TPYHTOBOM JOPOTH, BexylIeh
ot nocenka k KoBnopckoit Tpacce. JINKBUAAIMs HACEIEHHOTO IyHKTA BJICUET 3a OO0
npexpanieHne (GUHAHCHPOBAHUS C LETIBI0 COAEPKAHMS BEAYIINX HEIOCPEICTBEHHO K HEMY
TPAHCIIOPTHBIX KOMMYHHKAIMH. [T0CKONBKY SKCIUTyaTallHOHHOE COCTOSIHHE HE COOTBET-
CTBYET JOITyCTUMOMY IO yCJIOBHSIM OOecriedeHHs O€3011aCHOCTH JOPOKHOTO JBHKECHUS,
Jopora, Beayas B ObIBIImi mocenok Bepxanit Hion, B 2015 . OplTa 3aKkphITa [UIs aBTO-
MOOMIIBHOTO TPAHCIIOPTA. YKa3aHHOE OOCTOSTENBCTBO BJIEUET 32 COOOHM yTpary JOCTyI-
HOCTH TEPPUTOPHH OBIBIIETO MOCETKA YISl TPEOBIBAHMUS TaM C IIENbIO BEICHHUS OICOOHOTO
XO3SIMCTBA MM MTOCEIIEHHsS KJIJ0HIIIA.

OO6cyxmaercsi BEpOSTHOCTh BOSHUKHOBEHHS TIEPCHEKTUB IJIs1 BO3OOHOBIICHUS JIHK-
BUIUPOBAHHOTO HACEJICHHOTO MYHKTA, CBSI3aHHAs C BBICKA3bIBAEMBIMH MPEITOIOKCHUSIMA
0 BO3MO)KHOM HAJIMYHMH JIEMEHTOB IUIATHHOBOM TPYMIIBI B TOJIIAX MeTarabopo B Oioke
Bepxuuit Hion [18].

OpnHoBpeMeHHO ¢ nocenkoM Bepxunit Hion nmocienoBana TMKBUAAIMS TTOCEICHUS
[Tupenra, BXOAMBILIETO B MOABEAOMCTBEHHYIO TeppuTtopuio T. Ilomsprslie 3opu, a Takxke
HECKOJIBKHX TIOCEJIKOB, BHICTPOCHHBIX BJIOJb kese3Hoi noporu Cankrt-IlerepOypr —
MypMaHCK ¥ HOCHBIIHMX THITOBBIE Ha3BaHUs MO KMJIOMETpOBOi oTmeTke: [TyTeBast Ycab-
6a 54 xwm, [TyreBas Ycanpba 61 xwm, [TyreBas Ycanpba 75 xm, [TyreBas Ycampba 85 kwm,
ITyreBas Ycans6a 90 xm, IlyreBast Yeagpba 101 xm Koxbckoro paiiona.

Crrycrst eme roj1 ObUT yIpa3iHeH MO IPUYUHE OTCYTCTBHSI TOCTOSTHHOTO HACENICHUS
HuBanktonb, popMambHO BXOJUBIINI B YEPTy TOPOJCKOTO MOceseHus: Bepxuerynom-
cknii Koibckoro paifoHa, HO (aKkTHUECKH KpaifHe TPYIHOAOCTYIHBIN B TPAHCIIOPTHOM
oTHOMEHUU U obe3moneBmmid. B 2009 1. ObUT0 TUKBUANPOBAHO OCTPOBHOE ITOCEIICHHE
Octpos Xapnos (CemuoctpoBbe) JIoBo3epckoro paiioHa ¢ 3aKpbITHEM METEOCTAHIUH,
(DYHKIIMOHNPOBABIIEH Ha €TO TEPPUTOPHH.

Haxoner, B 2013 1. B cBs3U ¢ 00€3III0IeHIEM Ha TIOYBE SKOHOMHYECKOH Oecreperiek-
THUBHOCTH TOCJIEJJOBAJIO yNpa3HEHNEe HAceJIeHHOro ImyHKTa OKTI0pbckuii I. Kuposcka
C TIOJBEIOMCTBEHHOH TeppuTopueil. B ObIBIIEM MOCETCHUN COXPaHWINCH M MO/BEpra-
IOTCSI pa3pyIICHUIO OCTATKH KWIIOH 3acTpoiiku. Torma ke, B 2013 1. ObUT CHAT ¢ ydera
HaceNeHHbI myHKT Masik TroBaryockuii Kombpckoro paiioHa.

Pacnipenenenne ynpa3aHEHHBIX HACEJEHHBIX ITYHKTOB IO (DaKTOpaM JIMKBUIALMN
C yKa3aHHEM JATHPOBKH IPEJICTABICHO B COCTABICHHOW aBTOPOM TalJHIIE.

Pe3ynbrarsl cHCTEMATH3aMK UCXOIHBIX CBEICHUN 00 yNpa3JHEHHN HACEJIECHHBIX
MYHKTOB MypMaHCKOH 00JacTH 3a paccMaTpUBAEMBbIi IIEPHOJ] CBUICTEILCTBYIOT O B3aH-
MOCBSI3M 3TOTO IpoIlecca ¢ HAMPABICHUEM M COCTOSHHEM SKOHOMHYECKOTO Pa3BUTHUS
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cTpaHbl U peruoHa. B konue 1930-X KiI0OYEBYIO poJib ChIIpajl TOCYAAPCTBEHHBIN Kypc,
B3SITBII HA OCBOCHHUE pecypcoB obnacT. HaceneHHbIe MyHKTHI, 00eCcTIeunBaBIINEe BBEIE-
HUE B KCILTyaTallio HOBBIX TPOMBIIICHHBIX O0BEKTOB, pa3pacTalnch U 0ObEANHSIIICH
B Oostee kpynHbIe. OTHOBPEMEHHO C 3THM JIMKBUIMPOBAINCH YAAJICHHO PACIIONOKEHHbIE
HeOombIMe cena u aepeBHU. KopeHHoe (HHCKOe HacelleHHe HEKOTOPhIX M3 HUX Iepe-
CeIsUIOCh TUPEKTHUBHO.

B 1950-1960-¢ rr. mporiecc crpoutenserBa [ DC B MypMaHCKO#H 00IacTH CHOBa
aKTHBHO BO30OHOBIISIETCS, BBICTYIIAs (DAKTOPOM JIMKBHIALINH JECATKOB roceneHuil. I1pu-
YeM B HEKOTOPBIX CIydasiX NMPOEKTHI THIPOCOOPYKEHNH Tak M HE ObUIM Pean30BaHbI.

[NonmTrKa TUKBUIAINH HEMIEPCTIEKTUBHBIX iepeBeHb, npuasaTas B CCCP B 1960-¢ 1T,
TaKKe OTPa3uiIach Ha celax u JepeBHsIX MypMaHckoi obactu. [lepcneKTHBHOCTD OLIEHH-
BaJIach 110 TAKUM KPUTEPUSIM, KaK TPAaHCHOPTHAS yIAJIEHHOCTD U JIIOJHOCTb, & B PETHOHE
HaCYUTHIBAJIOCH OOJBIOE KOIMYECTBO M30JIMPOBAHHO PACIOJIOKEHHBIX CEJ U JIEPEBEHb
C TIOCTOSIHHBIM HACEJIEHHEM B HECKOJIBKO MIIM HECKOJIBKO JIECATKOB YEIOBEK.

DuHaHCOBBIE U XO35HCTBEHHBIC KPU3UCHBIE NMTPEO0Pa30BaHMsI MOCTCOBETCKOTO Tie-
pHozia TaKKe CITYKHIH (HaKTOPOM OOE3ITIOCHNUS, CTAHOBSICh IPUUYNHON MHUTIPAlOHHOTO
OTTOKA M3 XO3SHCTBEHHO OECIEPCIIEKTUBHBIX ITOCEIEHUH. DTH MPOLIECCHI POIOIKAIOTCSL.

Ha nmagamo 2023 r. B MypmaHCKoOi 00nacTi (pUKCHPYIOTCS YYTCHHBIC MTOCEICHUS
0e3 IMMOCTOSHHOTO HACEJIeHNUs — HacelleHHbIe MyHKTH KyBmmaaas Canma u Caiina ['y6a,
pacnionoxennsle B npeaenax 3ATO Anekcanaposck. BBuay 00e3ioieHns OHI SIBIISIFOTCS
MIPETeHACHTaMH Ha JIMKBUIAIMIO COOTBETCTBEHHO JCHCTBYIONIEH 3aKOHOJATEIILHOM MPo-
nenype. MOXKHO yTBEp)KAATh, YTO MPOLECCHI, TPUBOASAILINE K YIPa3THEHUIO MOCEIECHUN
B MypMaHCKOH 001aCTH, TPOJIOJDKAIOT Pa3BUBATHCS HA 00mIeM (pOHE COKpaIleHHs YnC-
JICHHOCTH HaceleHus peruona [19, 20].

BoiBoabI

OO0parieHue B HCCIEIOBAHMSX K MPOIIECCy YIpa3IHEHHS HACEICHHBIX ITyHKTOB Ha
YpOBHE PETHOHOB MMEET B HACTOSIICE BpeMs OOJIBIIIOE 3HAYCHUE, TOCKOIBKY Ha TEPPUTO-
PUSIX aIMUHHACTPAaTUBHO-TEPPUTOPHATIBHEIX CyOBeKTOB PD, cpemn KoTOphIX 1 MypMaHCKas
00I1acTh, (PUKCHPYIOTCS IIPUMEPHI, KOT/Ia TAKOBBIC BOCCTAHABIUBAIOTCS B CTATYCE JKUIIBIX
W/WIHA BOBJICKAIOTCS B TYPUCTCKO-PEKPEAIMOHHOE XO3SICTBO B KaueCTBE OOBEKTOB JKC-
KYPCHOHHOTO TIOCEIICHHUS MU JICCTHHAINH, TIOAXOIAIINX [UIS JITUTEIHHOTO MPEOBIBAHIS
C LENIbIO OTABIXa U BOCCTAHOBJICHUS BAAINA OT [{UBUIU3ALINH.

MypmaHCKas 007acTh BBICTYIIAeT MPUMEpPoM cyObekTa PO, B mpenenax KOTOPOTo
JTUKBUIAINS HACEICHHBIX TYHKTOB OCYIIECTBIIIACH HA TMIPOTSHKCHUH BCETO TIEPHOJIA €TO
cymectBoBaHusA: ¢ 1939 . mo HacTosiee BpeMsi — W MPHOOpeTana pa3Hble (GOPMEIL.

Bo MHOTOM TIpOIIecC yIpa3nHeHNUS TTOCENCHUH CIYKAT OTPaKCHUEM OOIINX TCHIICH-
LM{ pa3BUTHA TocylapcTBa U peruona. Tak, B koHue 1930-x — nauvane 1940-x rr. Myp-
MaHCKast 00acTh 3aHuMaa rnepenossie mo3unuu B PCOCP mo TemMaMm 3KOHOMHYECKOTO
pa3ButHs. HaceneHrne 0CHOBaHHBIX B €€ IpeeiaXx HOBBIX paO0uMX MOCETKOB 3a1eHCTBO-
BaJIOCh Ha JIECO3aTOTOBKE WIIM MPH CTPOUTEIHCTBE MPOMBIIICHHBIX 00BEKTOB. [10 Mepe
pocTa U Pa3BUTHS TEPPUTOPUH HACEICHHBIC MTyHKTHI YIPA3IHITUCH ITyTEM BKITFOYCHHUS
B COCTaB PACIIONIOKEHHBIX PSAIOM MOCEICHUH 00Jee BRICOKOTO pPaHTa.

Ho Goxpmas yacTh MpUMEpOB JIMKBHIAIINA CBSI3aHA C UCKITFOYCHUEM M3 YICTHBIX
TAaHHBIX. B mepedyne GaxTopoB, MOBIUSBIIMX Ha 3TOT Ipolecc, GUTYypHUPYIOT KakK OT-
pakaromirie O0IIre B pa3BUTHH CTPAHBI TCHACHINH (YIPa3THEHUE CEbCKUX TI0CEICHUH
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B 1950-X IT. B pe3ysbTare JUPEKTUBHOTO PEUICHNUS PYKOBOICTBA TOCYIAPCTBA), TAK U CBOII-
CTBEHHbIE KOHKPETHOI TEPPUTOPHH M NMPOTUKTOBAHHBIE OCOOCHHOCTSAMH €€ XO3SHCTBEH-
HOTO OCBOGHUSL.

B 1960-¢ rr. mocenennss MypMaHCKOH 001acTH yIpa3THAINCH IO TPUYUHAM, 00-
YCIIOBJIEHHBIM BBEAECHHEM B JKCILTyaTaluio cpasy Heckosbkux ['9C U, COOTBETCTBEHHO,
3aTOIJIEHUEM CENTMTEOHBIX IIIomaaeid. DUKCHPYIOTCS U 3110yHOTPEOICHIS, HHUIIUUPOBAH-
HBIE TIPEJICTABUTEISIMH MECTHBIX BIIACTEH, HCIOJIb30BABIINX YKa3aHHOE 0OCTOSTEIHCTBO
B JIMYHBIX LEJISX KAK MPEUIOT JJIsl INKBUAALMN TTOCETICHUS, XOTs PeaJbHBIX OCHOBAaHUN
JUISL 3TOTO HE UMENOCh.

Crnemyer OTMETUTh, YTO PACIHOIOKEHHOCTh TEPpUTOPUN MypMaHCKOH oOiacTi
B IIpeJieTax apKTHUECKOTO U CyOapKTHIECKOTO KIMMAaTHUECKUX IOSCOB, CO3JA0MIas Cy-
IIECTBEHHBIE MPEMATCTBHUS AJISI YCIEIIHOTO BECHHS X035 CTBEHHOM ESTEILHOCTH, a TaK-
K€ YOAJCHHOCTh U TPYIHOMOCTYITHOCTh OEPEroBbIX M OCTPOBHBIX TEPPUTOPUI AUKTYIOT
peanbHbIE MPEANOCHUIKH K 00€3II0ACHUIO U YIIPA3AHEHHIO MOCENeHUH (Hanpumep, Ha-
ceneHHBIN yHKT Apa-I'yoa Kompckoro paiiona). B Takom ciydae mporiecc yrpasIHeHHs
TIOCEJICHHS HEeNb3s PacCMaTpUBATh B HETATUBHOM KITIOUE.

BecbMa cymiecTBeHHO Ha JIMKBUIAIMK OCeNeHni MypMaHCKoi 00macTu oTpasuics
COIMAIBHO-3KOHOMHYECKHH KpHU3Hc, conpoBokaasimii pactiag CCCP. Cpenu ero mposis-
JICHWH, TPUBEIIINX K JIMKBUAALMN OTACIBLHON TPYIITBI IIOCEIEHNH, cTala epeanCIOKaIHs
Boopyxennsix cut PO, nmoapasnenenns KOTOpeIX 0a3UpOBAINCH B UX IIPE/enax.

B 1990-e rT. 0003HaUMITACH B SKOHOMHYECKasi HECOCTOATENBHOCTD Psa rpagoodpa-
3YIOLIHMX NPEINPHUATHH 110 OOBIYE U IIEpepadoTKe MUHEPAILHOTO ChIPhsI, BHI3BABIIAS O€3-
pabotuiry. COOTBETCTBEHHO, TIOCIIEI0BAIN PELICHHS O IIEPECEICHNH HACeJICHUs B OnrnKaii-
M€ HACEJICHHBIE ITyHKTHI M JIMKBUAAMS noceneHuid (mocenkn Corona, Bepxuuii Hion).

B MypmaHckoil o0nacTi (PUKCHPYIOTCSl TEHACHIMH K BO3POXKICHUIO HEKOTOPBIX
paHee ynpa3IHEHHBIX NOCEIeHUH, (yHKIMOHUPOBAHNE KOTOPHIX B Ka4ECTBE JIAYHBIX I10-
3BOJISIET OTHECTH MX K KaTETOPHHU «ITyJIbCHPYIOIINX» B JeTHUI ce30H. [locnennee kacaercs
B OCHOBHOM OBIBIIIMX JPEBHUX OMOPCKHX JIEPEBEHb C YaCTUYHO COXPaHMBILIEHCS KUIION
3acTpoiikoil. Kpome Toro, MHOTHE M3 IMKBUANPOBAHHBIX PAHEE IMOCEICHUH NPHUBICKAIOT
BHHMAaHNE TYPHUCTOB. BO3ZMO)KHOCTH HCIIONB30BaHNS TEPPUTOPUIL yIIPA3AHEHHBIX MOCEIIe-
HUH B KOHTEKCTE COBPEMEHHBIX TEH/ICHINI OTKPBHIBAIOT MEPCHIEKTUBBI LIS JaTbHEHIINX
HCCIIEIOBAHNI B DTOM 00JIaCTH.

Kondaukr nnrepeco. ABTOp 3asBiseT 00 OTCYTCTBUM KOH()IIHKTA HHTEPECOB.
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IMamsaTu Baagumupa AsnekceeBuya Jinxomanona

-

e,

g‘.

Komnexktus AAHWU u penxomnerust xypHana «[Ipobnembl ApKTHKE U AHTapKTUKU» I10-
HECIH TshKey1o yTpary. [locie Tspkenoi 601e3HH yIier U3 )KHU3HHU 3aBEIYIONIHI OTAEIOM JISTOBBIX
KauecTB cynoB Bramumup AnexceeBuu JInxomaHOB.

Bnagumup AnexceeBnd JInxomaHoB oKoHUIMI B 1965 1. JIeHuHTpagckuii kKopabiecTponTes-
HBII MHCTUTYT, NOJIyYHB CIEIUAIBHOCTh HHXeHepa-Kopabiectpoutens, u 1 mapra 1965 1. Obin
npuHAT Ha padory B AAHWU B nmaGoparopuio JIeOBBIX Ka4ecTB CylOB. B cBoIO mepByro apkTHde-
CKYIO JKcrIeaunuio Brnagumup AnexceeBnd otnpasmiics tetoM 1965 1, a B 1967 1. 6bu1 HanpaBiIeH
B APKTHUKY HAa4aJbHUKOM DKCIICIHLIUH.

Bnapumup AnexceeBud noutu 60 J1eT HOCBATUI MHCTUTYTY. HauaB ¢ nomxHOCTH HHXKEHEpA,
B pa3HbIC TOJbI OH OBLI MJIQAIINM HayYHBIM COTPYAHHKOM, CTapIIMM HH)XEHEPOM, CTapIINM Ha-
YUYHBIM COTPYAHHKOM, pyKoBoauTeneM jadoparopun. C 1985 1. oH ycHemHo pyKoBOIMII CHadaIa
naboparopueif, a ¢ 1990 . — oTesIoM JIeTOBBIX KaudeCTB CYHOB.

OKCHEeIUIMOHHAs eATeNbHOCTh Bnagumupa AnekceeBnda HacuuThiBaeT okono 40 pelicos
B Apktuxy. OcHOBHOM cepoit nestenpHOCTH Bragumupa AnekceeBnua sIBISUIOCH NCCIIEIOBAHHE
JICI0BOH XOIKOCTH U JICOBOH IPOYHOCTHU CYIOB.

Bnagumup AnexceeBnd pabortan Takxke u B AHTapkTHke. B wactHocTH, B 1985 1. oH mpu-
HUMal y4actue B onepauuu 1o cnacenuto HOC «Muxaun CoMOB» U3 JIEIOBOTO IUICHA B JICASHOM
MaccuBe B paiioHe aHTapKTuueckol cranuuu «Pycckas», a B 1987 r. — B nepBoM aHTapKTUYECKOM
peiice HoBoro HOC nns CAD «Akanemuk Denoposy.

JesrensHocts Bragumupa AnexceeBuua B AAHIMN He orpaHM4MBanach TOJBKO Y4acTHEM
B MHOTOYHMCIICHHBIX dKcreauimsix. [lon ero pykoBoacteoM B 1990 I. ObUT BBENICH B CTPOM YHUKAIIBHBIIN
IKCIIepuMeHTabHbIN 1eHTp Ha 6aze OJIKC AAHUUN — koMImieke JeIoBbIX 0acCeHHOB, KOTOPBIi
BKJTIOUAET OOJIBIION JICIOBBIH OacceiH, MajIbli JISHOBEIA OaccelH, HU3KOTeMIIepaTypHbBIe KaMephl.

Wmenno BrnaguMup AjexceeBrd MPeIOKIIT HACIO CO3AaHMSI 0CO00Tr0 Cy/IHa, KOTOPOE CTallo
ObI ITaBy4eit matdopMoii it 6a3upoBaHMs HAyIHO-HCCIISI0BATENBCKUX CTaHIMI THITa « CeBepHBIit
nomocy. [1ox ero pykoBoJCcTBOM OBUTH pa3pabOTaHBl TEXHUUECKHE TPEOOBAHMS U KOHLENIT-TIPOCKT
IaT(hOpMBI, Ha ITAIAX IPOCKTUPOBAHYS U CTPOHTEIIHCTBA JIEIOCTONKOM CaMOIBIIKYIIEHCS 1aTOpMBbI
(JICII) B nemoBom Gaccetine AAHVI BBITONHSUINCH YHUKAIBHBIC MOJIEIBHBIC HCIBITAHUS TI0 BO3-
neiictauro Ha JICII nenoBBIX ckaThii, OBUTH BBITAHBI PEKOMEH/IAINH IO YITYYIISHHIO (JOPMBI KOpITyCa.

VeneuHas npogoJDKUTEIbHAS TPYA0Bast AeTeIbHOCTh Braagumup AslekceeBUY MHOTOKPAaTHO
oTMedanack rpaMoTaMu U OnarogaprocTsMu. OH HarpaxaeH 3HakoM «[1o4eTHBIH MOIIPHIK», 3HAKOM
«[Touernslit paboTHHK rEApOMETCIyKObI Poccum», oprenom «3Hak moueray, Menanbio «Berepan
Tpyna». A 3a padots 1o coznanuto JICIT on 6b11 HarpaxaeH opaeHoM JIpykObL.

Brnagumup AnekceeBud HaBCEIa OCTaHETCs JUIs HAC IPUMEPOM HACTOSALIECIO YeJIOBEKa,
MYZIPOTO PYKOBOJHTEIIS, 3aMEUaTeILbHOTO KOJUIETH U Apyra, CocoOHOTo MOAAepKaTh M MOMOUYb
B TPYIHYIO MHHYTY.
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ITamsaTu lasmasl BayecaaBosubl CypkoBoit

Broporo ¢espamns 2024 1. Ha 52-M roxy *H3HU ckoHYanachk ['anmna BsraecnmaBosua Cyp-
KOBA, 3aMECTHUTEIb IIABHOTO penakTopa >kypHana «IIpoGmemsl ApKTHKN B AHTapKTUKHY», IIPO-
(heccop kadeapsl METEOPOIOTHU M KIIMMATOJIOTUH MOCKOBCKOTO TOCYAapCTBEHHOTO YHHBEPCHUTETA
uM. M.B. JlomoHOCOBa, TOKTOp reorpaguyeckux Hayk.

lanuna BsiuecnaBoBHa ObIIa M3BECTHBIM YUYCHBIM, Ubsl HaydHast Onorpadust Hepa3pbhIBHO
cBsi3aHa ¢ Kadeapoil Mmeteoposiorun U kiuMaroiorua MI'Y, kotopyro oHa 3akonumia B 1994 r. Ha-
yunsle uccnenoBanust [.B. CypkoBoii Bcerna Obumn CBS3aHBI C PEIICHUEM CIIOXKHBIX, HAYKOEMKUX
npobeM. Tak 66110 1 B TOj1BI yueOn! B actupantype UI° PAH, xorna oHa co3iana mpocTpaHCTBEHHO-
JIeTAIN3UPOBAHHYIO MOJICIIb IIOTPAHUIHOTO CJIOST aTMOC(EpBl, KOTOpast JIera B OCHOBY €€ KaHJ[H-
JIATCKOM auccepranui «MoIenpoBaHUe PErnOHABHBIX MAICOKITMMATHICCKUX M3MeHeHH (1998).
U B nepuon pabotsl Ha kadeape MI'Y, xorna 'anmna BsiuecnaBoBHa 3aHMManach armochepHoit
XHMHEH, paboTaMu 110 aHAJIU3y W30TOIIOB KHUCIOPOJa U BOAOPOJA JUIS 3a/1ad MAJICOKINMATOIOTHH,
B MOJIOTOBKE U ITyOIHMKanny yaeOHHKa « XUMHs aTMOC(epbl», KOTOPBIi BEIIEpIKall 1Ba IepeH3aa-
nus. [TapamtensHo ona paboTana B 00:1aCTH KIMMATOJIOTHH, TI€ €10 OBLIM MOITrOTOBICHB! 0a30BBIit
yueOHuK «Knmmaronorus» (4eTbIpe Nepen3iaHns) ¥ COOTBETCTBYIOIIMI Kypc K. Pesymbrarst
9TUX KJIMMATOJIOTHYECKHUX HCCIICIOBAaHUH 0000IIEHEI B e JOKTOPCKOH auccepranuu «Kianmarude-
CKHE pecypchl U UX IporHosupyemslie n3meHenus B XXI Bexe B Poccum» (2018).

B 2021 r. I'B. CypkoBa Oblia mpumiameHa BOWTH B PEJaKIIMOHHYIO KOJUICTHIO JKypHaIa
«IIpobemMbl APKTHKH M AHTApKTHKH» Ha JOJDKHOCTBH 3aMECTUTENsI NIABHOTO PElakTopa Io Ha-
MIPaBJICHUIO «METEOPOJIOTHS ¥ KJIMMATOJIOTUs». 3a TO KOPOTKOE BpeMsI, YTO OHA IpeObIBaia B 3TOI
JIOJDKHOCTH, OHA BCEIZIa C BHICOKOH OTBETCTBEHHOCTHIO OTHOCHJIACH K CBOMM OOSI3aHHOCTSIM, UTO
TIO3BOJIJIO OITyOJIMKOBATH PSIi HHTEPECHBIX OPUTHHAIBHBIX CTATeH B paMKaxX JAHHOTO HAIPABICHUS
HCCIICJOBaHUN MOJSIPHBIX PETUOHOB IIIAHETHI.

o mocnennux nHe# pemakums pabotana ¢ [amunolt BsyecnaBoBHOM Haj ee coOCTBEHHOM
CTaThel, BRIXOJIIEH B JAHHOM HOMEpe XKypHaa, — «PernonaibHbie 0COOEHHOCTH ITOBTOPSIEMOCTH
TOJIONIe/Ia Ha CeBepe eBpOIelcKoi Tepputopuu Poccun Ha (oHE MEHSIOIIETOCS KIIMMATay.

lNanuna BsgecnaBoBHA OblIa TBOPYECKUM YEIOBEKOM — ITHCAIa XOPOIINE CTHUXH, IIea
U Urpaja Ha TUTape, y4yacTBOBala B TEaTPabHBIX IOCTAHOBKAX DCTPagHOro Tearpa JlomMa ydeHbIX
u MysbikansHoro tearpa UXd PAH.

B mamstu xomer anmna BsueciaBoBHa Beerna ocTraHeTcs pegaHHON cBoel mpodeccny,
MI'Y, cembe, HaIeXKHBIM H HACTOSIIIMM JPYTOM, MyAPbIM HACTaBHIKOM, YMHBIM H IIPUSITHEIM B 001Ie-
HHHY 9eJI0BEKOM, KPaCHBOU M 00asTEIbHOH KeHIINHOM.

IIpuHOCcHM HCKpeHHHE COOO0NIC3HOBAHMS POJHBIM U Oym3kuM ['anuubl BsiuecnaBoBHEL ee
KOJLJIETaM.
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ITPABHJIA U151 ABTOPOB
KYPHAJIA «ITPOBJIEMbI APKTUKHN U AHTAPKTUKW»

B xypHaine myOnuKyloTCsl OpUTHHAIBHBIE CTaThH M0 TEMAaTHKE MCCIIEIOBAHHUN I10-
JISIPHBIX 00JIacTeH, a TaKkKe HaydHbIE COOOMIEHHST TEOPETHIECKOTO, METOINYECKOTO, IKCIIe-
PUMEHTAJILHOTO M TPUKJIAJHOTO XapaKTepa, TEMAaTHIECKIe 0030pHI (110 3aKa3y peJaKium).
TekcThI cTaTeil JOIKHBI OBITH HA PYCCKOM HITH aHITIMHACKOM sI3bIKe. JKypHal paccMaTpuBaeT
TOJIKO T€ CTaThH, KOTOPbIE paHee He ObUIN OIMyOJIMKOBAHBI M HE HAXOAATCS HA PACCMO-
TPEHHH B JIPYTHX U3/IAHHSX.

Bce marepuainbl HapaBISIOTCS] B PEJAKIMIO B 3JEKTPOHHOM BHJE OHJIAWH 4yepes
JIMYHBIN JIEKTPOHHBIN KaOMHET aBTopa Ha caiTe KypHaua https://www.aaresearch.science.
ABTOpBI TOJDKHBI IPEICTABUTH TEKCT CTAThbH CO BCTABICHHBIMH PUCYHKAaMH, a TAKKE OT-
JIETFHO OPUTHHAIBHBIC (haiiIbl PUCYHKOB (CM. TpeOOBAHMS K PUCYHKAM), AKT SKCIIEPTU3EI
0 BO3MO)XHOCTH ITyOJIMKAIIUK CTaTbU B OTKPBITOM MevyaTy U (haiiil ¢ MOJHBIMU CBEICHUSIMA
00 aBropax: (amMHiIMs, UMSI B OTYECTBO (IIOJHOCTBHIO), MECTO PaOOTHI (IIOJHBIN aapec),
yuYeHasi CTEIIeHb, JOJDKHOCTD, apec IEKTPOHHON MOUTHI U Tele(OH OJJHOTO U3 aBTOPOB
IUTS CBsI3U. PexoMeHayemblii o0beM crareid — ot 8 1o 20 crpanwmil Tekcra (depe3 1,5 uH-
TepBaJia), BKIFOYAst TAOJIUIBI U CIIMCOK JINTEpaTyphbl; PUCYHKOB He Oonee 6, Tabnui He
6onee 6. Texct Habupaercs B hopmare Microsoft Word. Ilapamerpsr Habopa: mpudt
Times New Roman, kerib 12, uarepsain 1,5. CTpaHHIIBI B CTaTbe HyMEPYIOTCSL.

Bce nocrynaromye Marepuabl NPOXOASAT IPOBEPKY Ha OTCYTCTBHE 3aMMCTBOBAHHIA
B COOTBETCTBUH C STHYECKHMH ITIPABHIAMH ITyOIMKALUH C TIOMOIIBIO CUCTEMBI « AHTH-
TUTarAaT.

Bce crarbu mpoxonsT IBOHHOE PElieH3NPOBAHUE.

[Ty6nukanys B HaIIeM >KypHaJe IMOJHOCTHIO OecIuIaTHa.

CTpyKTypa cTaThH

Crarsu oopmitstroTes ciaenyronmm oopazom. CHauana naercs YJIK; 3arem Ha pyc-
CKOM $I3bIKE — Ha3BaHUE CTAaThH, MHUIMAJIBI U (aMUJINU BCEX aBTOPOB (IIPU YKa3aHUU
ABTOPOB CTAaThbH CHayalla UIyT WHULHKAIBL, 3aTeM (ammins. MHnnuanst u hammwins pas-
JIETLSIFOTCSI TPO0EIoM), TTOJTHOE Ha3BaHUE OpTraHM3aIMK (1IN, TIe BBIIIOJHEHA paboTa u ee
(ux) agpec; MEKTPOHHBIA aJpec aBTopa, OTBETCTBEHHOTO 3a CBsI3b C pemakuuei. [lanee
MpooinKaeTcss HH(pOpPMAaNUs Ha PyCCKOM si3bIKe: KpaTkas anHoTtarws (7—10 ctpox) (6e3
repeBo/ia Ha aHIIHICKHIA) U KIIFOUEBbIC CI0Ba B ajihaBUTHOM mopsiake (He 6osee 10).

3areM Te ke CBCICHUA MTPUBOJATCA Ha AHTJIMMCKOM SI3BIKE: 3arjiaBue, aBTOpPbI, yUpPCiK-
JIeHWs1, BTOPO# pa3 e-mail miaBHOro aBropa. [Ipn 5ToM MMeHa aBTOPOB IAIOTCSI OJHOCTBIO,
OTYECTBO COKpamieHHo. [lociie 3Toro Ha aHIIMICKOM SI3bIKE aBTOPCKUM Abstract craTbn
Ha 20-25 cTpok (37ech ke I KOHTPOIIS 00s3aTeNbHO MpHIIaraeTcs mepeBon Abstract Ha
PYCCKHI1 SI3BIK) M KITFOYEBBIC CIIOBA B COOTBETCTBHUH C aHIIIMHCKUM alihaBUTOM (He Ooree
10 crioB 1 He Oosiee IBYyX CIOB B COYETAHUSX ).

Abstract 10DKHO OBITh TIOHATHO 03 00paleH st K caMOH MyOIMKaIMU KaK He3aBUCH-
MBI OT CTaThbU UCTOYHHUK MHpopMaruy. OHO JOHDKHO OTBEYATH CJICTYIOIINM KPUTEPHUSIM:
MH(POPMATHBHOCTH (HE COJEPIKaTh OOMINX CIIOB); COIEPIKATEIBHOCTH (OTpaskaTh OCHOB-
HOE COZIEpXKAHUE CTAaThH: 3371a4l pabOThI, METO/IbI, ITIABHBIC PE3YJIbTAThI HCCIICTOBAHNN);
MTOCIIEIOBATENEHOCTH M3NokeHus. [lepeBon Abstract Ha aHTIIMHACKUI SI3BIK TOJDKEH OBITH
BBINOJIHEH Ka4€CTBEHHO, C UCIIOIb30BaHUEM aHIVIOSI3bIUHOM CIIEHanbHON TEPMUHOIOTHH,
HE OBITh JIOCJIOBHBIM MEPEBOJIOM PYCCKOSI3BIYHON BEpCHH (IIPU HEOOXOIUMOCTH CIIEAYET
TaK)Ke BKJIIOYATh MOSICHEHUS Ui HHOCTPAHHOTO YMTATElNsl, CBSI3aHHBIE CO CHEU(PUKOM
HCCIIEJOBaHUH).



AHHOTaIMs Ha PYCCKOM s3bIKe M Abstract JOIDKHBI OBITH CTPYKTYPHPOBAHHBIMH,
T. €. OTpakaTh KPATKO MPOOIEMY HCCIECIOBAHNS U €€ COCTOSHHE, 1IeNb PAOOTHI, METOIbI,
pE3yabTaThl U 3aKIIOYCHHE.

JI7st craThy, MpencTaBIsieMOr Ha aHTIIMICKOM s3bIKe, TpedytoTcs: Y/IK; mepeBoa Ha
PYCCKHI SI3BIK BCEH MH(OpMAINKU, KOTOpasi JaeTcs Mepel HauyaloM CTaThbH B JKypHalle.
Kpome Toro, B KoHIe cTaTbu HEOOXOIMMO TIPUBECTH PACIIUPEHHBIH pyccKHi pedepar
(1-1,5 ctp.), a B moanucsax K pUCyHKaM JaTh UX IEPEBOJ HA PYCCKUH SI3BIK.

OcHognotl mekcm pa3duBaercs Ha pa3nensl. OOBIYHO 3TO BBEICHHE C OMHCAHUEM
HayYHOU MPOOJIECHI, METOANKA MCCICIOBAHUH, PE3yIbTaThl UCCISIOBAHUH, 00CYKICHHE
PE3yJIbTaTOB, 3aKIIF0YeHHE (BbIBO/IBI). B KOHIIE CTaThbu HY)KHO TIOMECTUTD CIIEIYIOIIYIO HH-
(opmarmio Ha 1BYX si3bikax: Konduukr naTepecos/Competing interests; @uHaHcupoBanue/
Funding; braronapaoctn/Acknowledgments. JKenarenbHo Tarxke yka3arh BKJIa] aBTOPOB
B pabotel — Bxiag aBropoB/Authors contribution. B pazgene ®uHancHpoBaHHE HEOO-
XOJMMO yKa3aTb MCTOYHHK (DHMHAHCOBOHM MOAECPIKKH, COCOOCTBOBABIINIT BHIITOIHEHHIO
9TOH paboTHI (TPaHTHI (HOHIOB, IPOTPAMMBI U T.11.), B baronapHOCTsSX MOXHO IIOMECTHTb
0J1aroJapHOCTb JIMIIaM, OKa3aBIIMM ITOMOLIb B IIOJ'OTOBKE CTAThU.

Tloonucu nod pucynkamu DarTCs K KaXIOMY PHCYHKY B COOTBETCTBHH C €rO pac-
MIOJIOKEHUEM B TEKCTe: CHavyasa Ha pycckoM (Puc. 1. Jlanee moammce), a mOTOM Ha aH-
rmmiickoM si3bike (Fig. 1. Figure caption). B moamucsx HE0OX0IMMO OTACIATH COOCTBEHHO
Ha3BaHUE PHUCYHKA OT OOBSCHEHHUH K HeMY (IKCIUTMKANHs), KOTOPBIE HaJ0 JaBaTh C HOBOH
CTPOKH.

Pucynru u gpomoepaguu nomeniaror B oTeNbHBIX (ailax: 1uis pacTpoBbIX 300pa-
skeruil B pactpoBbix (opmarax JPEG/TIFF/PNG/PSD, B Bektopabix — CDR, Al, EPS
u B ¢popmare XLS (He nomyckarorcsi pucyHkH B opmare Word). Paspermenne pactpoBbix
n3o0paxeHuit B orTeHkax ceporo u RGB-user nomwkuo ObiTh 300 dpi. Bee TexcroBbie
Ha/IIICH Ha PUCYHKAX JAI0TCS TOJIBKO HA PyCCKOM S3bIKE, U CTaTe Ha aHIIMHCKOM —
COOTBETCTBEHHO — Ha aHIIUICKOM. J[JIs cTaTel Ha pyCCKOM SI3BIKE BCE YCIOBHBIEC 3HAKU
0003Ha4aroTcst udpamu (KypcuBOM) ¢ 00s13aTeNbHON pacuin(poOBKOM B IOJPUCYHOUHBIX
MOAITUCSX, TJIe OHHM TaKke 0003Ha4aroTcss KypcuBoM. L[Mdpbl MOKHO CTaBUTH M Ha JIH-
HUsIX TpadukoB. Ha rpadukax Bce mkaibl 00s3aTeNIbHO TTOIIMCHIBAIOTCS U YKA3bIBACTCS
Pa3MEpHOCTh BEJIMYHUH.

Tabnuyer. 1st 60X TAaONUI] CIESAYET UCTIONB30BATh ATEOOMHYIO Pa3METKy CTpa-
HULBL. HoMep 1 HanMeHoBaHMe TaOIHIIBI (JBa OTICIBHBIX a03aa) IPUBOAATCS Ha PYyCCKOM
1 aHIJIMHACKOM SI3bIKaX. 3arojIOBOK TaOJMIIBI He J0JKeH mpeBbimarh JIBYX crpok.

Tabmuubl 1 rpadbl JOIKHBI UMETH 3ar0JOBKH, COKpAILEHHs CIIOB B TaOIWIax HE
JoryckaroTces. Tabnumpl HaOMparoTcsi, Kak U TekcT, B ¢popmare Word mpudTom 9 .
Ecnu y Tabnune! ecTh IpuMeYaHue, OHO TOXKE MIPUBOANTCS HA ABYX s3bIKax. [Ipumedanus
BHYTpPHU TaONUIBI HE JaroTcsl. MCronb3yroTesl CHOCKM KO BCEW TAaONMMIE MM OTACTHHBIM
ee IOKa3aTelsIM.

B tekcre ciemyeT AaBath CChUIKM Ha BCE PUCYHKH M TaOnuipbl. [1pu mepBoii cchli-
ke — puc. 1, Tabn. 1; mpu moBTOpHBIX — cM. puc.l, cMm. Tabm. 1. Eciu B Tekcre maercs
ofiHa TaOJIMIA WM OJIMH PUCYHOK, TO CCBUIKH B TEKCTE IIPHBOSTCS CIICIYIOIINM 00pa3oM:
MIPH TIEPBOH CCHUIKE — (TadNuIa), (PUCYHOK); ITPH MOBTOPHOM CCHIIKE — (CM. TaOIHILY),
(cM. pUCYHOK).

Maremarnueckue 0003HAUCHHS, CUMBOJIBI M IIPOCTHIE (hOPMYIIBI PEKOMEHIYETCS
HaOMparh OCHOBHBIM LIPU(TOM CTaThH, CIOXKHbIE (opmyisl — B mporpamme MathType
(nmm B Bepeumsix Word o 2007 roza BKimounTeabHO). Hymepyrorcst Tonbko Te (hopMyIibl,
Ha KOTOpBIE €CTh CCHIIKHM B TEKcTe. Pycckue m rpedeckue OyKBEI B (hOpMysIax M TEKCTE,
a TaKKe XMMHUYECKUE DIEMEHTHI HAOMPAIOTCS NPSIMBIM MIPU(TOM, JIATHHCKHE OyKBBI —
KypcuBOM. AOOpEBHATYPHI B TEKCTE, KPOME OOMIETIPUHSATHIX, HE JOMYCKAIOTCS.



[Ipu momave cTaTey B )KYpHAI aBTOP JODKCH MIPOBEPUTH TOYHOCTH U IIPABHIILHOCTH
oopMIIeHUS chucKa aumepamypul.

Penaknust MOXeT OTKa3arh aBTOpY B ITpUEME PYKOIHMCH K JAajbHEHIIEMY paccMOTpe-
HHUIO ITPU IIJIOXOM Ka4€CTBE CIIMCKA JIMTECPATYPhI, B YaCTHOCTH!

— IpU TpeodlaJaHu! CCHUTIOK HAa MAaJIOM3BECTHBIE MCTOYHHUKH, OTCYTCTBYIOIINE
B MHB/I, Ha HEemOCTYIHBIE UCTOYHHKH, Ha COOCTBEHHBIE paboTH! (Oombire 30 %);

— TP HAJTMYUH OIHOOK B OMMCAHUH: IIPOITYCK aBTOPA WIIM HEBEPHOE HANIMCAHHE €TO
@O, HeTouHOE HAa3BaHHUE CTAThU/KHUTH, HETIOIHBIC MM HEBEPHBIC BHIXOIHBIC CBEIICHNUS
(ToM, HOMEp, CTPaHHMIBI, TOJ M3aHus, He ykazaHHbIH DOI).

Bce MMPUBCACHHLIC B CTATHE HUTAThI JOJIXKHBI OBITH BBIBEPCHBI IO IIEPBOUCTOYHU-
KaM ¢ yKa3aHHeM CTpaHHuNbl (Hampumep, [17, c. 37]). Taxke DOMKHEI OBITh TIIATEIBHO
BBIBEpPEHHI Bce Ombnmorpaduueckue nanasie (PO aBTOpa/oB, Ha3BaHUE CTAThU/
KHUTH, TOM, HOMEp JKypHajia, CTPAaHHUIIbI, U31aTeIhCTBO, rof m3manus, DOI, momHbIi
HWHTEPHET-a/Ipec, 10 KOTOpoMy aoctyrneH TekcT crarbu/kKHurn (URL), mata oOparie-
Hus K caity). [Tonusie nnrepruer-aapeca (URL) nomkHBI OBITh IPUBEICHBI IS BCEX
CCBUJIOK, IJI€ OTO BO3MOXKHO.

J171s OpUrHHANIBHBIX HAyYHBIX CTaTell HEOOXOMMMO yroMiuHaHKe He MeHee 10 u, sxenma-
TEIBHO, He Ooee 2530 MCTOYHMKOB, [UTs HAy9HOTO 0030pa — He MeHee S50 HeToIHIKOB. JKe-
JIaTebHO Kcnonb3oBanue He MeHee 30 % aHmIOsN3bIYHbIX HCTOUHHUKOB 32 nocnenaue 1015 net.

B cooTBETCTBMH C 3THUKOM HAyYHBIX ITyOIMKAIMH PEKOMEHIYETCs, YTOOBI B CITUCKE
JIUTEPaTyphl CCHUIKM Ha cOOCTBEHHBIE paboThl He TpeBbimanu 30 % oT obiero Koimye-
CTBAa UCTOYHHKOB.

B crmicku muTepaTyphl BKIIOYAIOTCS TOJIBKO PELEH3UPYEMbIe HCTOYHUKH (CTaThH U3
HAyYHBIX )KYPHAJOB U MOHOTpa(HH), UCTIOIE30BaHHEIC TIPH TTOATOTOBKE CTAaTHH.

B cBsI3u ¢ HOBBIMU IIPAKTHKAMH pacdeTa pEHTHHTOB HayYHBIX KYpPHAIOB B CIIHCOK
JIUTEPATypbl HE PEKOMEH/IyeTCsI BKJIIOYATh!

— KaHJMJATCKHE M JOKTOPCKUE NHCCepTaluy, UX aBTropedeparsl (Hy)KHO IUTHPO-
BaTh CTaThH, OIyOJMKOBAHHBIC B IPOIECCE MOATOTOBKU JUCCEPTALUK U BKIIOYAIOLIHE
MaTepuan u3 Hee);

— MaTepHaisl KOH(epeHInii;

— CTaThU W3 HEPEUECH3UPYEMBIX JKypHAIIOB, a TAK)KE KYPHAJIOB, HCKIFOUCHHBIX U3
BAK, 6a3 PUHII;

— CCBUIKM Ha TPYIHOJIOCTYITHBIE, HEOITyOIMKOBaHHBIC, MAJIOTUPAYKHBIC, & TAKXKE
JIOKQJIBHBIC, TTOITYJIAPHBIC U O6p8.30BaTeJ'[I)HI)Ie UCTOYHUKMU:

— Heoun(pOBaHHEIE, OTCYTCTBYIOIINE B CETH CTApbIe yUeOHBIEC TOCOOHS,
COOPHUKH TPYIOB, MOHOTpa(HH;

— METOINYECKHE MOCOOus, TEXHIIEeCKYIo nokymernTanuio, [ OCThI;

— "HenonroBeunsle WEB-cTpaHuibl.

— CCBUIKHM Ha crarblo B meyatHoM CMU, TekcThl Ha caiite nim B Giorax.

HpI/I HeO6XO}II/IMOCTI/I JUIA BBIIICTIEPEUYUCICHHBIX KaTeFOpI/Iﬁ MOXXHO HCIIOJIB30BaTh
BHYTPHUTEKCTOBBIC MTOJTHBIC OHMOMHOTrpaguIecKre CChUTKU (0(QOPMIIIOTCS B KPYIIIBIX CKOO-
Kax B CTHJIC CIIMICKA JIUTEPATyphl) B KOIMYECTBE He Oojee Tpex Ha ImyOmmkarmro. Brmo-
CIIC/ICTBHU IIPH HAJIMYNH TEXHUIECKOI BO3MOXKHOCTH B MAKETE OHH MOTYT OBITh 3aMEHCHBI
Ha CHOCKH.

B >xypnane npunsaT BaHkyBepckuil CTHIIb IIUTUPOBAHMS (OTCHUIKA B TEKCTE B KBa-
JIPaTHBIX CKOOKax, MOJHOE OMOIMorpaduueckoe ONMcaHne NCTOYHUKA B CITUCKE JIUTepa-
TYpHI B TIOPSIKE YIIOMUHAHUS B TEKCTE CTaTbH).



B cooTrBercTBHM ¢ TpeOOBaHMSIMH MUPOBBIX HAyYHBIX 0a3 HaHHBIX pedepaTnBHON
U aHAJTMTHYECKOW MH(POPMAIMU HapsLy CO CIIMCKOM JIMTEpaTyphl Ha PYCCKOM SI3bIKE He-
00XOMIMO MIPE/ICTaBUTh OMOIMOTpaUIECKUI CIIMCOK CTaTel M JOCTYIHBIX MOHOTpaui
TaK)Ke Ha aHIJINHCKOM SI3BIKE.

C sHBaps 2024 1. MBI UCHIOJIB3YEM CTHIIb O(OPMIIEHUS! CCBUIOK, B KOTOPOM ITOJ
€/IMHBIM HOMEPOM CITHCKa 00BbEJMHEHB! paHee npuBoauBIInecs B CIHUCKe JIUTEpaTyphl
u B References onucanus 6ubmuorpaduiecknx cCbUIOK OAHOTO U TOTO YK€ HCTOYHHKA.

IIpumeps! opopmaenns

Cmamus Ha pycckom sA3bike

Hecreposa H.b., XomyTtoB A.B., Jleitoman M.O., Cadonos T.A., bemoa H.I. H-
BeHTapu3ams TepmMonnpkoB Ha Cesepe 3amagHoit CHOMPH O JaHHBIM MO3AUKH CITYT-
HUKOBBIX CHUMKOB 2016-2018 ronoB. Kpuocghepa 3emnu. 2021;25(6):41-50. https://doi.
org/10.15372/KZ20210604

Nesterova N.B., Khomutov A.V., Leibman M.O., Safonov T.A., Belova N.G. The
inventory of retrogressive thaw slumps (thermocirques) in the north of West Siberia
based on 20162018 satellite imagery mosaic. Kriosfera Zemli = Earths Cryosphere.
2021;25(6):41-50. (In Russ.) https://doi.org/10.15372/KZ20210604

Cmamus Ha anenuiickom s3viKe

Nitze 1., Heidler K., Barth S., Grosse G. Developing and testing a deep learning
approach for mapping retrogressive thaw slumps. Remote Sensing. 2021;13(21):4294.
https://doi.org/10.3390/rs13214294

Monoepadghus na pycckom sizvike

Jletitoman M.O., KuzsikoB A.U. Kpuoeennvie ononsnu Amana u FOzopckozo noxy-
ocmposa. M.: Unctutyt kpuocgepsr 3emmm CO PAH; 2007. 206 c.

Monoepaghus na unocmpanHom azvixe

Kelley M. C. The Earth’s ionosphere: Plasma Physics and Electrodynamics. San
Diego, CA, USA: Academic Press; 1989. 556 p.

Inasa uz monoepaghuu

Leibman M., Khomutov A., Kizyakov A. Cryogenic landslides in the West-Siberian
plain of Russia: classification, mechanisms, and landforms. In: W. Shan et al. (eds.).
Landslides in cold regions in the context of climate change. Environmental Science and
Engineering. Springer International Publishing, Switzerland; 2014. P. 143—-162.

Monoepaghus, nepegedenHas Ha AHTUNCKULL 361K

Aspozony u knumam. Ilon pen. K. 5. Kongparsesa. JI.: I'mapomereonsnar; 1991.
541 c.

Kondratyev K.Ya., Ivlev L.S., Krapivin V.F., Varotsos C.A. Atmospheric aerosol
properties, formation processes, and impacts: from nano- to global scales. Chichester:
Springer/PRAXIS; 2006. 572 p.

Monoepaghuu be3 asmopos

Kokhanovsky A., Tomasi C., editors. Physics and Chemistry of the Arctic Atmosphere.
Springer Polar Sciences series. Cham: Springer; 2020. 717 p. https:// doi.org/10.1007/978-
3-030-33566-3

Ccevinku Ha unmepHem-pecypcol

Global Modeling and Assimilation Office (GMAO). MERRA-2 tavgl 2d
aer Nx: 2d, 1-Hourly,Time-averaged,Single-Level,Assimilation,Aerosol Diagnostics



V5.12.4, Greenbelt, MD, USA, Goddard Earth Sciences Data and Information Services
Center (GES DISC). 2015. URL: https://10.5067/KLICLTZ8EMO9D (accessed 15.04 2023)

Te3ucvl Kongepenyuu (npu ocmpoii HeoodXooUMocmii).

Maxkapos E.U., Canepmrreiin E.b., @ponos C.B., ®exsxor B.E. Pa3paboTka ceHapu-
B JUI TAKTHYECKOTO IUTAHUPOBAHMUS TPAH3UTHBIX PEHCOB ra30BO30B B JICHAOBBIX YCIOBHSX
B akBaropuu CMIL. B kH.: Tpyosr 15-11 MesxcoyHapooHol KoHnpeperyuu u 8bicmagku no
0c80eHUI0 pecypcos Hedhmu u eaza Poccutickoil ApkmuKu u KOHMUHEHMAaIbHO20 werbgha
cmpan CHI" (RAO/CIS Offshore 2021), 21-24 oxmabpa 2021. CII6.; 2021. C. 181-187.

Ecnm crares omyOnMKoBaHa B JKypHase, HMEIOIEM PYCCKYIO U aHIJIMHCKYIO Bep-
cum, To dubmmorpaduueckre naHable B References ciemyer mpuBOauTh M3 aHIIIMICKON
BEpPCHH JKypHaua:

Bunorpanosa A.A., Bacunses A.B., lIBanosa F0.A. 3arpsisHeHne Bo3ayxa YepHBIM
YIJIEpOZIOM B paiioHe 0-Ba BpaHrens: cpaBHEHHE MCTOYHHKOB H BKIIAJOB TEPPUTOPHIA
EBpasun u CeBeproit Amepuku. Onmuxa ammocgepor u oxeana. 2020; 33(12):907-912.
https:// doi.org:10.15372/A0020201201

Vinogradova A.A., Vasileva A.V., Ivanova Yu.A. Air pollution by black carbon in
the region of Wrangel Island: comparison of Eurasian and American sources and their
contributions. Atmospheric and Oceanic Optics. 2021;34(2): 97-103. https:// doi.org:
10.1134/S1024856021020111

JUist cTareil U3 Hallero »KypHana oTMeTHM, 4To ¢ 2018 r. Ha3BaHuUe >KypHa/la Ha aH-
DIIHICKOM si3bIKe — Arctic and Antarctic Research. J1o 2018 1. Ha3BaHWE HAa aHIIIUHCKOM
obu10 Problemy Arktiki i Antarctiki

Crarbu, HE COOTBETCTBYIONIHE YKa3aHHBIM TPEOOBAHMSAM, pPACCMATPHUBATHCS HE OYIyT.
ITpm pabote Has PyKOIMCHIO PEAAKIIS IO COITIACOBAHHIO C aBTOPOM BIIPABE €€ COKPATHTh.
ABTOD, MOAIHMCHIBASL CTATHIO M HAIIPABIIAS €€ B PEAAKIIHIO, TEM CaMbIM IIE€PEelacT aBTOPCKHUE
npaBa Ha W3/IaHKe 9Toi cTaThh XypHaly «lIpobiaembr ApkTrkn u AHTapKTHKH / Arctic
and Antarctic Researchy.

PenakimonHast KOJJIETHsI HE BCTYTAeT B JMCKYCCHU C aBTOPaMM MO MOBOIY IpH-
HUMAaEMBIX €10 PELICHUH.

Bonee monubie cBeneHus Mo 0hOPMIICHUIO CTaThH NMPHUBEIEHBI B ToKyMeHTe « Tpe-
OoBaHUS K OPOPMIICHHIO CTaTeH, IPUCHUIAEMBIX B XKypHais [IpodiaeMbl ApKTHKH U AH-
TapKTHKN», KOTOPBIH 00s13aTeNeH JIsl 03HAKOMIICHHMSI IIPH TTOATOTOBKE MaTepHaIoOB CTAThU.

06 Annomayusx. Peqakuus peKOMEHIyeT BCEM aBTOpaM O3HAKOMHTHCA ¢ Peko-
MEHAAUAMHU MO0 O(OPMIICHUIO aHHOTAIIMK Ha aHIIIMHCKOM SI3bIKE, KOTOPHIC SIBISIOTCS
JUTISL MHOCTPAHHBIX YUEHBIX U CIELUAINCTOB OCHOBHBIM M, KaK MPaBUIIO, €MHCTBCHHBIM
MCTOYHUKOM MH(OPMAIIMHU O COACPIKAHUM CTAThU U M3JI0)KEHHBIX B HEW pe3yJbTarax Hc-
CIIEZIOBAaHUM.
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