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HaGnromaemoe B mocietHue AECSTHIETHS YBEIMUCHHE KOJIMYECTBA M HApaCTaHHE WHTCHCHBHOCTH OMACHBIX
TPUPOJIHBIX SIBIEHUH (IITOpMa, CMEpUM, HABOJHEHNS, 3aCyXH H TIP.) CBA3BIBAIOT C MPOUCXOAAIINMHI U3MEHEHUSIMH
TUTAaHETapHOTO KJIMMara. JTa IpoliieMa BXOAUT B YHCIIO NIOOAIBHBIX COBPEMEHHBIX BEI30BOB JUIS YesoBedecTna. [1o-
CIIEACTBHS KIMMATHIECKUX U3MEHEHHUI OKa3bIBAIOT HAapaCTaloIIee BIMUSHUE Ha TEOMOIUTHKY, KOMMEPUECKYIO e Telb-
HOCTB, TOCYIapCTBEHHOE YIPABJICHNE U HAIIOHAJBHYIO 0e301macHOCTh. C y4eToM 3Toro 0c0060€e BHIMaHHE yIesIeTCst
ApKTHYECKOMY PETUOHY, TIe TEMITbI TOTETIeH!s OoJiee YeM B JIBa C MOJOBUHON pa3a ONepekaroT CpeIHeMIaHeTapHbIe
U COXpPaHEHHE STOW TEHJCHIINH, C BEICOKOW CTETICHBIO BEPOSITHOCTH, TIPOTHO3UPYETCSI B TEKYIIIEM CTOJIETHH.

Jns Poccun, xpynHeiei apkTUYECKON 1epiKaBbl, BOSHUKHOBEHNE HOBBIX YIpO3 YCTOWYMBOMY Pa3BUTHIO
CEBEPHBIX TEPPUTOPHI: BO3pACTaHNE PHCKOB yIiepOa OT OMacHBIX THAPOMETEOPOIIOTHIECKIX 1 JISTOBBIX SBICHAH,
TEXHOTEHHBIX aBapHi U KaTacTpod, 3arpsA3HEHUS TPYAHOBOCCTAHABINBAEMbBIX aPKTHYECKUX SKOCHCTEM — Ipe-
CTaBISIET CEPHE3HYI0 MPOOIEMy, pelIeHrne KOTOPOH B 3HAYUTEIBHON CTEIIEHH 3aBUCHUT OT HOJIHOTHI M Ka4ecTBa
THAPOMETEOPONOTHIECKOH HH(OPMALUK O COCTOSHUU MPUPOIHON cpenbl APKTUKU U €€ BEPOATHBIX W3MEHEHHUH
B Macmtabe 0003puMOi BpeMeHHOH nepcnekTuBbl. OfHIM 13 Hanboee S GEeKTHBHBIX ITyTeH MOTyYeHUs TaKOH
nH(OpMaNuK SIBISETCS MPOBEIECHNE BHICOKOIMIMPOTHBIX KOMIUIEKCHBIX SKCIeAnIMi. OHU NMEIOT NPUHIUIHAIBEHO
Ba)KHOE HAyYHOE W MPAKTHIECKOE 3HAYCHNE U MOJIIHOCTHI0 OTBEYAIOT HAMOHAIEHBIM HHTEPECaM roCyaapcTBa.

Borarefimmii onbIT MOMSPHBIX SKceAUIMNA HakorieH B [ocynapctBeHHOM HayuHoM neHtpe ('HL[) Pd
AAHWU Pocruapomera. B 1937 — 2013 rr. HHCTUTYT OpraHU30BEIBAN Apeidyromue craHnnu «CeBepHBIN 1mo-
mocy, ¢ 1941 mo 1993 1. — BBICOKOIIMPOTHBIE BO3AYIIHBIE dKcneAuy «CeBep», pe3ynbTaThl paboThl KOTOPBIX
COCTaBMIIM OCHOBY COBPEMEHHBIX 3HAHHH O IpHUpoae ApKTHKH. boJbIoi HHTepec K MPOBEICHHUIO MOISPHBIX AKC-
MeTUIUH IPOSBIAIOT U 32 pyoexxoM. Ocenbio 2020 . 3aBepIaeTcs rofosas MexxayHapoaHas sxkcrneauims MOSAIC,
opraHu3oBaHHass IHCTHTYTOM MOPCKHX ¥ MOJSPHBIX HCcienoBaHuii nM. Anbdpena Berenepa (I'epmanust) mpu
Y4acTHU Hay4YHBIX MHCTUTYTOB 19 cTpawn, Bkimtouas 'HL[ PO AAHUMN.

B 2019 r. nepexn Pocrunpomerom [IpaBurensctBom PO Obuta mocTasieHa 3a/1aqa peaan3aiy MacIITabHOTO
Hay4YHO-TEXHUYECKOTO MPOEKTa — KOMILJIEKCHOH HayuHOH skcnenunuu « Tpancapkruka-2019». Ee ocyniecteienue
TIOJTHOCTBIO COOTBETCTBYET ITOJIOXKEHHSIM 00HOBIICHHOH CTpaTeruu pa3BUTHSI MOPCKOIT fesTenbHOCTH Poceniickoit
Denepannu 10 2030 roxa (yrBepxaeHa pacnopstkernueM IlpasurensctBa Poccuiickoit @eneparu ot 30.08.2019
Ne1930-p) «OcHOBHBIE IPHOPUTETHI PA3BUTHSI MOPCKOM JesTeIbHOCTH Poccuiickoit Denepanyy Ha JOJITOCPOTHOM
OCHOBE» — B YaCTH «IPOBEICHHS PETYIAPHBIX HAYyIHBIX HKCIIEIUIMOHHBIX HCCIIEJOBAaHNI MOPCKOH CPeIbl, PECypCcoB
U IpocTpaHcTB MUPOBOTO OKeaHa, APKTHKU U AHTapKTHKH C IPUMEHEHUEM COBPEMEHHBIX CPEICTB M TEXHOJIOTHI.

LlensiMu SKCTIEANIINY SIBIISUTHCH:

— BBINIOJIHEHNE KOMIDIEKCHBIX HayYHBIX MCCIESIOBAHUN B BEICOKOIIMPOTHON ApPKTHKE;

— BO300HOBIIEHHE TOCYAAPCTBEHHOIO MOHUTOPHUHTA COCTOSHHS M 3arpsI3HEHUS] POCCUHCKHUX apKTHUECKHX
MOpei;

— OpraHu3anys ce30HHOI npeiidyromei ctanyun «CeBepHBIN MOIIOCY;
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— 0TpaboTKa TEXHOIOTHH W METOOB MPOBEICHNUS HAYIHO-IKCIESIUIIMOHHBIX Pa00T IS ITOCIEAYIOIIETo IPH-
MeHeHUs Ha cTposeiics Ha AO «Anmupanteiickue Bephu» B Cankr-IlerepOypre ne10cTOHKON caMOABIDKYIIIEHCS
miaropme (JICIT) «CeBepHBIH MOTIOCH.

OKCMeAnIys BBIMONHSAIACH YETHIPbMS cynamu PocruapoMera u BKIIIOYana 4eThIPE 3Tama, Ha KaXIOM M3
KOTOPBIX MPOBOAMIIICH HATYPHBIE MEKIMCIUILTIHAPHBIE HCCIIEI0BaHMS IPUPORHOH cpensl CeBepHoro JlenoBuToro
OKeaHa.

TlepBbriif aTan SKCHeUIUK BEITOTHsIICS ¢ 26 depais o 8 urons 2019 . Ha HOC «Akanemuk TpEénrHUKOBY
nox pykosoactsom ['HL] PO AAHUWU PocrunpomeTa u ¢ IpUBJI€UYECHUEM YUCHBIX U3 14 pOCCHUICKUX U 3apyOex HBIX
Hay9HBIX OpraHu3anuii. B pamkax 5Toro sTama ObuM MPOBEIeHB KOMITIEKCHBIE UCCie[oBaHus B bapeniieBom Mope
U TIpuJIeraronei yactu Apkrudeckoro 6acceiina CesepHoro JlegoBuroro okeana. Ha crenmanbHO mogoOpaHHOM
JIeTHOM TIoJie ObLTa OpraHM30BaHa CE30HHAs Ipeidyromias HayIHO-MCCIIeI0BaTENbCKasl CTAHIMS HOBOTO THIIA
«CeBepHblii moimoc-2019» B noructudeckoM hopmare «CymrHo — Jiey. MccnenoBanus IPOBOAHINCEH ¢ OOpTa Cy/aHa,
B JISIOBOM JIarepe M Ha YJaJIEeHHBIX TOUKaX, Kyla YUeHBIE JOCTABISUIICH BEPTOIETaMH, Oa3MPOBABIIMIMIICS Ha CyIHE.

Ha Bropowm stamne skcnequuuu (15 anpens — 14 mas 2019 1) ®I'BY «Ceseproe YI'MC» Pocrunpomera Ha
H3C «Muxann CoMoB» ObITa pean30oBaHa IPOrpaMMa KOMIDIEKCHOTO MOHHTOPHHIA COCTOSTHUS U 3arpsI3HEHUS
akBaropuil bapenuesa u benoro mopeit.

IIporpamma Tperbero srama sxcnegunun (16 mromst — 2 aBrycra 2019 1), TakxKe BBITOIHSIBIIETOCS IO
pyxoBoactBoM PI'BY «Ceseproe YI'MC» Pocrunpomera Ha HUC «IIpodeccop MomuaHoBy, mpeaycMaTpuBaia
JIB€ OCHOBHBIE 33/1a4. 3a/1a9a HayTHO-NCCIIE0BATEIBCKUX Pa0OT BKIIIOYAIa IIPOBEICHNE KOMILICKCHBIX KCITEIUIIH-
OHHBIX HCClleloBaHuH sKocucTeM bapeniesa, benoro u [ledopckoro mopeid. 3amayeii 00pa3oBaTeabHOM (B paMKax
MHHOBAIHOHHOTO HAYYHO-00PA30BaTEIFHOTO MPOEKTa «APKTHUSCKUH IUIaBydUil yHUBepcHTeT» Pocruapomera
u CeBepHOTO APKTHYECKOTO (hefepalbHOTO YHUBEPCUTETA) SBISIIOCH OOy4YEeHHE CTYIEHTOB POCCHICKHUX BY30B
MPAKTUYECKUM HaBBIKaM KCIIEIUINOHHON e TeIbHOCTH.

Ha gerBeprom stamne sxcnenunuu (25 mronst — 23 oxtsa6pst 2019 1) nox pykoBoactsom ®I'BY «IBHUT'MW»
Ha HUC «IIpodeccop MyrsraHOBCKHID» yueHBIME U3 11 HaydHO-HCCIIEI0BATEILCKUX OPTaHU3aNH, BKIIIOYast ABa
HEMEIKUX WHCTHTYTa, ObIIM MPOBEJEHB] YHUKAIbHBIE 10 reorpaduueckoMy 0XBaTy paboThl IO MOHUTOPHHTY CO-
CTOSIHUSI M 3arpsI3HEHUS] IIPHPOIHOI CPEe/bl B YCIOBHSIX MEHSIOIIETOCS KIIMMara BCeX OKPAaWHHBIX apKTHYECKUX
Mmopeii Poccun (o1 Bapenniea 10 UykoTckoro), a Takxke MaclITaOHbIEe T€0JI0THYECKUe HecienoBanus B Boctouno-
Cubupckom mope.

B mpennaraemom crenuanbHOM BbIMycke skypHana «[IpoOnembl ApKTHKN U AHTapKTUKH» MPEACTABICHbI
Hay4HBIE CTaThH, IIOJTOTOBICHHBIE IO MaTepuaiaM, MOTyYeHHBIM Ha MEepBOM dTare skcneanimn «TpaHcapkTu-
ka-2019». CtaTby OXBaTHIBAIOT MUPOKHUI AMANa30H HAyYHBIX AUCIUIIINH, BKJIOYAsS PU3NYECKYIO OKeaHOTpaduIio,
THIPOXVMUIO, HCCIEAO0BAHMS aTMOC(EPHI, JIETOBBIE M T€0JIOTHUESCKAE HCCISIOBAHMS.

HUE. ®POJIOB, B.B. UBAHOB



An increase in the number and intensity of dangerous natural phenomena (storms, tornadoes, floods, droughts,
etc.) observed in recent decades is associated with the ongoing changes in the Earth climate. This problem is one
of the global modern challenges for the mankind. The effects of climate change are having an growing impact on
geopolitics, business, governance and national security. With this in mind, special attention is paid to the Arctic
region, where the rate of warming is more than two and a half times faster than the average one over the planet,
and the continuation of this trend, with a high degree of probability, is predicted in the current century.

For Russia, the largest Arctic country, the emergence of new threats to the sustainable development of the northern
territories, including: an increase in the risk of damage from dangerous hydrometeorological and ice phenomena,
human-made accidents and disasters, pollution of fragile Arctic ecosystems is a serious challenge. The solution of
this problem largely depends on comprehensiveness and quality of hydrometeorological information on the state
of the Arctic environment and its probable changes in the foreseeable future. One of the most effective ways to
obtain such information is to conduct high-latitude multidisciplinary research expeditions. Such endeavors are of
fundamental scientific and practical importance and fully meet the national interests of the Russian Federation.

The great historical experience of polar expeditions has been accumulated at the State Scientific Center “Arctic
and Antarctic research institute (AARI)” of Roshydromet. In 1937 — 2013 the institute organized drifting stations
“North Pole”, from 1941 to 1993 — high-latitude air expeditions “North”. The outcome of these field studies
provided the basis of modern knowledge about the Arctic environment. Other countries also show great interest in
conducting polar expeditions. In the fall of 2020, the annual international MOSAIC expedition, organized by the
Alfred Wegener Institute of Marine and Polar Research (AWI, Germany) will terminate. This expedition brought
together scientists from 19 countries, including Russia, which was represented by AARI.

In 2019, the Russian Government set the task of implementing a large-scale scientific and technical project -
a multidisciplinary scientific expedition “Transarktika-2019”. Its implementation fully complies with the provisions
of the updated Strategy for the development of maritime activities of the Russian Federation until 2030: “Main
priorities for the development of maritime activities of the Russian Federation on a long-term basis” — in terms
of “conducting regular scientific expeditionary research of the marine environment, resources and areas of the
World Ocean, the Arctic and Antarctic with the use of modern tools and technologies”. The objectives of the
“Transarktika-2019” expedition were:

— to carry out multidisciplinary scientific research in the high-latitude Arctic Ocean;
— to restore monitoring studies of the environmental conditions and pollution in the Russian Arctic seas;
— to carry out the seasonal drifting station “North Pole”;

{
TRANSA



RKTIKA B

— to develop technologies and methods of scientific expedition work for subsequent use at the North Pole ice-resistant
self-propelled platform (IRSPP), which is currently under construction at the Admiralty Shipyards in St. Petersburg.

The expedition was carried out by four research vessels (R/V) of Roshydromet and included four stages, at each
of which interdisciplinary field studies of the Arctic environment were fulfilled.

The first stage was conducted from February 26 till June 8, 2019 on the R/V “Akademik Tryoshnikov’” under the
guidance of the State Scientific Center AARI of Roshydromet and with the involvement of scientists from 14 Russian
and foreign scientific institutes. Within this stage, interdisciplinary studies were carried out in the Barents Sea and the
adjacent part of the Arctic Basin. On a specially selected ice field, a seasonal drifting research station of a new type
was organized: the “North Pole-2019”, carried out in the “ship — ice” logistics. The research was carried out from
the ship, in the ice camp and at remote points where the scientists were transported by helicopters based on the ship.

At the second stage (April 15 — May 14, 2019), the Federal State Budgetary Institution “Severnoe UGMS” of
Roshydromet at the R/V “Mikhail Somov” implemented a program of integrated monitoring of the environmental
conditions and pollution in the Barents and White Seas.

The program of the third stage of the “Transarktika-2019” (July 16 — August 2, 2019), also carried out under
the direction of the Severnoye UGMS of Roshydromet on the R/V “Professor Molchanov”, envisaged two main
tasks. The task of the research work included carrying out field studies of the ecosystems of the Barents, White
and Pechora seas. The educational task (within the framework of the innovative scientific and educational project
“Arctic Floating University”’ of Roshydromet and the Northern Arctic Federal University) was to train students of
Russian universities in practical skills of marine expeditionary work.

At the fourth stage (July 25 — October 23, 2019) under the leadership of the FGBI “Far Eastern Research Institute
of Hydrometeorological Research” on the R/V “Professor Multanovsky”, scientists from 11 research organizations,
including two German institutes, carried out monitoring work. This cruise was unique in terms of geographic
coverage: the ship route covered all Russian Siberian seas from the Chukchi Sea to the Barents Sea and back. The
state and pollution of the natural environment under changing climate conditions were studied. During this stage
the focused geological studies in the East Siberian Sea were also done.

The proposed special issue of the journal “Arctic and Antarctic Research” (Problemy Arktiki i Antarktiki) presents
scientific papers prepared on the basis of materials obtained at the first stage of the expedition “Transarktika-2019”.
The papers cover a wide range of scientific disciplines, including physical oceanography, hydrochemistry, atmospheric
research, ice and geological research.

LE. FROLOV, V.V. [IVANOV
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Summary

Hydrographic observations, carried out in March-May, 2019 during “Transarktika-2019” expedition onboard R/V
“Akademik Tryoshnikov” allowed studying mechanisms of Atlantic Water (AW) transformation in the Barents Sea.
Although this research topic is rather traditional for oceanographic studies, there are still a number of questions, which
require clarification. Among these is a deeper understanding of the AW transformation in specific regions in cold season,
when the coverage by observations is scarce. In this study we performed temperature and salinity (75) analysis of
conductivity — temperature — depth (CTD) data, collected in the north-eastern “corner” of the Barents Sea — this is
the area with difficult access in winter due to high concentration of pack ice. The results allowed identification of areas
along the pathways of AW branches, where various types of open sea convection and cascading acted as dominant
processes of AW properties change. We distinguish several driving mechanisms controlling modification of the waters
of Atlantic origin. An advantage of winter measurements is that the active stage of AW transformation mechanisms
is explicitly observed at the consecutive CTD sections.
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Pe3rome

Tupponornyeckue HaOMOMCHUS, BBITOTHEHHBIC B MapTe—Mae 2019 1. Bo Bpems skcnequuun «Tpancap-
ktrka-2019» Ha 6opry HOC «Akanemux TpEUIHUKOBY, MO3BONMIN H3YYNTh MEXaHU3MbI TPaHC(HOPMALIHH
AtnanTtuyeckoit Bozsl (AB) B bapenieBom mope. Xots 3Ta TeMa sBIAETCSA JOBOJIBHO TPAAULMOHHOM Npu
u3yueHun okeanorpaduu bapeHuesa Mops, COXpaHseTCs psijl BOIPOCOB, KOTOPbIE TPEOYIOT MPOSCHEHHSI.
Cpezy 3THX BOIPOCOB MOXHO BBIIEIUTH Oonee rnybokoe MoHUMaHKe nporeccoB Tpancdopmannn AB B
ONpe/IeNICHHbIX PailoHaX MOPs B XOJIOAHOE BPEMs I'0/ia, KOTa KOIMYECTBO HATYPHBIX HAOMIOAEHUIT orpa-
HUYEHO. B 1aHHOM HcceioBanuy ObLI IpoBesieH 1.S-aHalu3 TUAPOIOrHIeCKUX NPpouieii, BEIIOTHEHHBIX
B CEBEPO-BOCTOYHOM perroHe bapeHieBa Mopst — 001acTH, B KOTOPOH 3UMHHE MOJIEBBIE HCCIEIOBAHUS
3aTPYAHEHbI U3-3a CIOXKHBIX JEJOBbIX yca0Bui. [lomyueHHbIe pe3ynbTaThl I03BOIMIN ONPEACIUTD 30HBL,
pAacIoNIokKEHHbIE B/IOJIb BeTBEH pacrnpocTpaHenus AB, rae pasznuuHble THIBI BEpPTHKAIbHON KOHBEKLIUU
M KacKaJMHTa SIBISIOTCS JOMHHHUDPYIOU[MMU MEXaHH3MaMH, oOecreuuBalomumMu Tpancdopmannio AB
o Mepe ux JBrkeHus. [1o pesysnpraTaM aHanm3a ObUIO BBIICICHO HECKOJBKO XapaKTEPHBIX MEXaHH3MOB
Tpancdopmaruu. [IpenMyecTBO HCIOIb30BAHHBIX B TaHHOH pad0Te 3MMHUX H3MEPEHUH 3aKIII04aeTcs B
TOM, YTO aKTHUBHAS CTAJMsI MEXaHH3MOB TpaHC(HOPMALMH SIBHO NPOCIEKUBACTCS B JAHHBIX HAOTIONCHUH
Ha [I0CJIe/10BATEIbHBIX THAPOJIOITHUECKUX pa3pe3ax.

KaroueBble coBa: ArnanTuueckas Boja, bapeHueBo Mope, BepTHKalbHas KOHBEKIHS B OKEAHE, KACKAJIMHL,
MOpCKOH Jie, moseBbie Habmonerns, CeepHblii JlenoBuThIil okeaH, 7.S-aHaH3.

Jast unruposanus: [vanov V.V, Frolov LE., Filchuk K.V. Transformation of Atlantic Water in the north-eastern
Barents Sea in winter // [Ipoonemsr Apxruku n Autapkruxu. 2020. T. 66. Ne. 3. C. 246—266. https://doi.
org/10.30758/0555-2648-2020-66-3-246-266.

MocTynuia 25.07.2020 [Moc.1e nepepadorku 25.08.2020 Mpunsra 27.08.2020

INTRODUCTION

The Barents Sea occupies a special niche among the Arctic Ocean (AO) shelf seas,
due to its marginal location between the AO deep interior and the Nordic Seas. Prevailing
direction of zonal atmospheric transport in mid-latitudes of the Northern hemisphere - from
west to east, places the Barents Sea on the pathway of cyclones and ocean currents that
carry heat and moisture/salt to the AO. This feature makes the Barents Sea very sensitive
part of the AO, quickly responding to atmospheric and oceanic “signals” coming from
mid-latitudes. On the other hand, hydrological and ice conditions in the Barents Sea play
significant role in the formation of feedbacks between the North Atlantic Ocean and the
Arctic Ocean, and affecting the climate of the Eurasian continent [1].

Large-scale advection of warm and salt water from the North Atlantic Ocean is the
main external source of heat and salt for the AO [2]. An increase in the amount of ocean
heat entering the Barents Sea from mid-latitudes in 2000s caused significant decrease in
the winter ice area in the Barents Sea [3]. Recent studies indicate that the most dramatic
changes in the 2010s occurred in the northern Barents Sea [4]. The observed warming
is primarily associated with atmospheric thermodynamic forcing, which gradually affect
most of the water column. Noticeable increase in temperature and salinity in this area
has been observed since the mid-2000s. Another hypothetical mechanism of the observed
changes is associated with general decrease of sea ice volume in the Arctic Ocean [5].
Decrease in ice import to the Barents Sea and subsequent salinization leads to weakening
of density stratification, intensification of vertical mixing and an increase of heat and salt
supply from the deep to the surface water layer. The ultimate outcome of such changes
is a further reduction of sea ice, i.e. implementation of positive feedback, defined as
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“atlantification” [3, 6]. Due to the fact that the Barents Sea is a relatively shallow basin
(the average depth of the sea is 230 m), atlantification is progressing here much faster
than in the neighboring deep Nansen Basin. Thus, the scenario, that hydrological regime
in the northern part of the Barents Sea may completely transform in the coming years
to sub-Arctic type, a characteristic feature of which is almost year-round absence of ice
cover [5], should be considered as a rather realistic one.

Despite the large number of instrumental observations carried out in the Barents
Sea in the past, the coverage by observations is very uneven. Most of the field data were
collected in the permanently ice-free western and central parts of the sea [7], while the
northern and north-eastern parts appeared to be understudied, especially in the winter
season. On the other hand, as will be shown in the next section, processes in the northern
and northeastern parts of the sea are of high theoretical and practical importance, because of
vigorous water masses transformation within this area. End products of this transformation
spread over different water layers in the deep Arctic Ocean, affecting thermohaline and
hydrochemical structure of the water column.

The paper consists of five sections, including this one. The present knowledge on
the role of Atlantic water in the formation of the hydrological regime of the north-eastern
part of the Barents Sea is briefly summarized in the next section. The study is based on
the unique field data, obtained in late winter and spring 2019 in the Barents Sea during
the “Transarktika-2019” expedition (1st leg). The data and methods, used for analysis are
briefly described in section 3. Results of the analysis are presented in section 4. Results
are discussed and summarized in the final section.

THE ROLE OF ATLANTIC WATER IN THE FORMATION
OF THE HYDROLOGICAL REGIME OF THE NORTH-EASTERN BARENTS SEA

To give an overview on how the waters coming from the North Atlantic may affect
the hydrological regime of the north-eastern part of the Barents Sea, we briefly describe
their pathways to the study area. After crossing the Faroe-Icelandic Ridge, the continuation
of the North Atlantic Current — the Norwegian Current follows to the north-north-east
along the coast of Norway. In the northwestern part of the Norwegian Sea, the stream is
divided into the West Spitsbergen Current, which flows into the AO through the Fram
Strait, and the North Cape (Nordkapp) Current, which enters in three branches the Barents
Sea between Medvezhy Island (Bjerneya) and the Scandinavian Peninsula.

In the marginal ice zone north and northeast of Spitsbergen (Svalbard), an upper
part of the Atlantic water (AW) layer is cooled and freshened through interaction with the
atmosphere and ice cover [8]. The deep part of the AW layer, which is commonly referred
as the Fram Strait branch of the Atlantic water (FAW), preserves above-zero temperature
and high salinity (~34.9 — 35.2). FAW and the transformed upper layer are carried by the
boundary current eastwards, along the continental slope of Eurasia. These waters reach
the Barents Sea, entering from the north, through Victoria and Franz-Victoria channels
between Svalbard and Franz Josef Land (FJL) archipelagos [9], and from the northeast,
through St. Anna Trough in the northern part of the Kara Sea and the strait between FJL
and Novaya Zemlya [10].

Atlantic water entering the Barents Sea from the west with the North Cape
current - the so-called Barents Sea Atlantic Water (BAW), is strongly cooled down
to the seafloor in the winter season. This is traditionally explained by the fact that
winter convection often reaches the bottom in a relatively shallow Barents Sea [11].
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The main outflow of BAW from the Barents Sea occurs in the Kara Sea through the
strait between the Novaya Zemlya and the FJL archipelago. In the Kara Sea BAW
moves north along the eastern slope of the St. Anna Trough, finally reaching the deep
AO interior [10, 12].

Intensive mixing, leading to formation of new water masses take place in the FAW
and BAW contact zones in the northeastern region of the Barents Sea. In particular, this
refers to the Shelf Atlantic water (SAW) recently recognized as a distinct water body [13].
Formation of SAW occurs in a marginal ice zone in the northern part of the Barents Sea
in summer season in similar manner as north-east of Spitsbergen. The upper part of the
Atlantic Water layer cools and freshens, forming a thin quasi-homogeneous layer. Winter
convection deepens this layer. However, low density at the surface (due to reduced salinity)
prevents convection from penetrating below the underlying pycnocline. As a result, cooled
and freshened water mass is formed within the 0 — 100 m top layer. Due to the prevailing
wind regime and constrains from the bottom topography SAW moves through the strait
between FJL and Novaya Zemlya. In the Kara Sea SAW follows along the eastern slope
of the St. Anna Trough and finally enters the Nansen Basin [13]. After reaching its density
level (at 150 — 250 m) SAW is transported by the boundary current generally eastwards
[13]. Mixing of BAW with cold dense waters, produced in winter on shallow banks and
on the western shelf of Novaya Zemlya, creates bottom waters of the Barents Sea [14]. It
is assumed that, depending on external conditions (atmospheric forcing, ice concentration,
thermohaline parameters of BAW), the density of bottom waters of the Barents Sea can
reach extreme values exceeding the density of deep waters in the AO [15].

DATA AND METHODS

The field data, used in this study, were collected during “Transarktika-2019”
research cruise onboard R/V “Akademik Tryoshnikov” in March — May, 2020.
The cruise narrative is described in [16]. In situ measurements of temperature and
electrical conductivity of sea water at vertical sections were used in this study. The
measurements were carried out while the ship was in drift using the CTD 911 device,
manufactured by SeaBird Electronics Inc. (USA). Temperature and conductivity sensors
at the time of the measurements had calibration certificates and after the expedition was
completed, the sensors passed standard calibration in a certified company. The accuracy
of the measurements of electrical conductivity and temperature was 0.0005 S/m and
0.005 °C, respectively. Location of oceanographic sections and stations, used in this
study, is shown in Figure 1. To quantify the transformation of water masses, the
traditional 7S diagram analysis was used [17].

RESULTS

The Atlantic water entering from the Norwegian Sea loose about 80 % of its heat
content on the entrance to the northern Kara Sea [10]. However, how and where this
happens is still a matter of debates. Traditionally, the main processes are assumed to
be deep convection through warm Atlantic water layer and cascading of dense water
from shallow shelf and banks to the neighbouring deeper basins [18]. However, relative
contribution of these processes is not clear. Sections I — III (see Fig. 1) allow tracking
of changes in vertical thermohaline structure of BAW from the central Barents Sea to the
north-eastern boundary of the Kara Sea. Changes in FAW, entering from the Kara Sea and
Nansen Basin, are studied through comparison of sections III — VI (Fig. 1).
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Fig. 1. Location of CTD sections occupied during the expedition “Transarktika-2019” (1st leg) in
March — May, 2019 used in this study. CTD stations are shown by red dots. Roman numerals denote
sequential number of specific sections. Arabian numerals denote boundary CTD stations at each
section. Bathymetry of the Barents Sea is shown by colour and contours [19].

Puc. 1. IIpocTpaHCTBEHHOE MOJOXKEHNUE THAPOJIOTHUSCKUX Pa3pe30oB B dKcHenuiun « TpaHcapkTu-
ka-2019» (1-i1 atam) B MmapTe — mae 2019 roza, UCIOIL30BAHHBIX B JAHHOM UCCIIeA0BaHUH. [ HIpo-
JIOTHYECKUE CTAHIIMK 00O3HAYCHBI KPACHBIMH TOYKaMHU. PHMCKUME HU(ppaMu MOKa3aHbl HOMEpa
MoCJIeI0BaTENIbHBIX pa3pe3oB. Apadckue muppbl 0603Hauar0T rpanuyHbie CTD-cTaHINT Ha KX I0M
paspese. Penbed nHa bapeHiieBa MOps OKa3aH [BETHBIMH KOHTYpaMu [19].

Barents Sea branch of Atlantic Water transformation

The warmest and freshened core of BAW (7= 3.87 °C, S = 34.74 PSU) at a depth
of 100 m is located at the southern border of the Section-I over the flank of the Central
Basin (Fig. 2). Almost uniform water column (7 = 0.25 °C, S = 34.94 PSU), which may
be attributed to the central branch of the North Cape current, is observed to the north of
the warm core. Vertical homogeneity at stations 5 — 7 indicates an active stage of thermal
convective mixing reaching the seabed. Thermal convection does not change mean salinity,
but evenly redistributes salt within the water layer, affected by convective mixing. This
explains high salinity through the entire water column. Minimum temperature (—1.12 °C)
and the highest potential density (1028.11 kg/m?) are present over the top of the Central
Bank, indicating the localised zone of dense water formation due to topographic control
mechanism [16, 20]. Another local core of BAW with maximum temperature 1.15 °C and
salinity 34.93 PSU at 50 m depth above the bottom is observed in the trench between
the Central Bank and the Perseus Bank. This core represents the northern branch of the
North Cape current. Warm core is separated from the sea surface by relatively cold and
fresh upper mixed layer. Sharp gradients of temperature and salinity at the base of the
upper mixed layer represents the depth of convection (75 m). However, very weak density
stratification at stations 9 and 10 down to greater depth points out that convective mixing
in this region was still active during the survey.
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Fig. 2. Vertical distribution of temperature, °C (@), salinity, PSU (b) and anomaly of potential density,

kg/m?® relative to 1000 kg/m? (¢) at Section-I
Puc. 2. BeptukanbHoe pacrpeneneHue remmneparypsl, °C (a), conenoctu, EIIC (b) u anomamuu mo-
TEHLUAJIBHOMN IIOTHOCTH, KI/M> oTHOCcHTeNbHO 1000 kr/m* (¢) Ha paspese-1.
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Fig. 3. Vertical distribution of temperature, °C (), salinity, PSU (b) and anomaly of potential density,
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Puc. 3. Beprukansnoe pacnpenenenue temneparypsl, °C (a), conenocrh, EIIC (b) n anomanmu mmo-
TEHIMAIBHO IIIOTHOCTH, KI/M> oTHOCcHTenbHO 1000 kr/M? (¢) Ha paspese-11
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Fig. 4. Vertical distribution of temperature, °C (), salinity, PSU (b) and anomaly of potential density,
kg/m?® relative to 1000 kg/m?® (¢) at Section-III

Puc. 4. Beprukansroe pactpenenenue Temmeparypsl, °C (a), conenocry, EIIC (b) n anHoMannu 1mo-
TEHIMAIBHOI IIIOTHOCTH, KI/M> oTHOCcUTenbHO 1000 kr/M? (¢) Ha paspese-1I1
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Vertical distribution of thermohaline properties at Section-II (Fig. 3) demonstrate
two cores of warm water near the seabed. The narrow eastern core (stations 100—102)
is located over the steep bottom slope and presumably represents the end product of
mixing of BAW branches with shelf-origin dense waters. Sharp density gradient at 50
m over the slope excludes the possibility of deep reaching vertical convection. From the
other hand, potential density in the cold-water pool, sitting on shelf (stations 97, 98), is
about the same as potential density at the base of the slope. The warm core (0.25 °C) is
located over the bottom slope near the seabed. Salinity in the warm core (34.90 PSU) is

Temperature, °C

-2 T ') T T T T
34,6 34,65 34,7 34,75 34,8 34,85 34,9 34,95 35
Salinity, PSU

Fig. 5. TS-diagram, illustrating transformation of BAW between sections I — III. Color dots show
mean temperature and salinity in the BAW core at sequential sections: red (section-I, southern BAW
branch (S_I-S)); magenta (section-I, central BAW branch (S_I-C)); orange (section-I, northern BAW
branch (S_I-N)); green (section-II (S_II)); blue (section-III (S_III)); brown (section-II, (S_II shelf
waters)). The range of spatial variation in each point is shown by horizontal and vertical lines, which
represent sample standard deviation (SSD). Navy-blue line shows freezing point temperature. Dashed
lines show possible trajectories of BAW transformation between sections (see explanation in the text).

Puc. 5. TS-nuarpamma, wutroctpupyroias Tpancdopmanuio BAB mexny paspesamu [ — I11. L{set-
HbI€ TOUKHU [TOKA3bIBAIOT CPEIHIOI TEMIIEPaTypy U COJIEHOCTh B siipe BAB Ha mocnenoBarenbHbIX
pa3pesax: kpacHbIil (paspes-l, roxxnHas BetBb BAB (S _I-S)); mypmypssiii (pa3pes-1, nentpanpHas
BeTBb BAB (S_I-C)); opamxkessiii (pa3pes-I, ceBepnast BetBb bAB (S _I-N)); 3enensrit (paspes-1I
(S_II)); cunwmii (paspes-111 (S_III)); xoprunesstit (paspes-11, (S_II mensdossie Boxs)). [Anamnason
MPOCTPAHCTBEHHBIX N3MEHEHUH B KaXK/I0i TOUKE OrpaHUYeH TOPU3OHTAIBHBIMH H BEPTHKAIBHBIMH
JIMHUSAMH, KOTOpBIE IIOKa3bIBAIOT cpefHeKkBaapaTnueckoe oTkiaoHeHue (CKO). TemHo-cuHsst MMHUSA
o0o3HavaeT Temreparypy 3aMmepianus. [[yHKTHPHBIC TMHUN TIOKa3bIBAlOT BOSMOXKHBIE TPACKTOPUH
tpanchopmannu BAB mexy paspezamu (cM. 00bsICHEHHE B TEKCTE)
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substantially higher, than salinity in the southern branch, but slightly lower than salinity
in the central and northern branches at Section-I1. Mean salinity in the shelf waters at
Section-1I (34.84 PSU) is lower than salinity in the warm core.

At the Section-III the BAW also occupies the bottom slope of Novaya Zemlya (at
stations 90 — 95). Thermohaline properties at this section are within the typical limits
of BAW (-0.25... —0.5 °C, 34.86 — 34.88 PSU), known from earlier studies [18, 21, 22].
High potential density over the slope reaching the sea surface at station 95 points out that
shelf convection and cascading may also contribute to the additional cooling of BAW in
this region [20]. It should be noted, that the observed vertical distribution with sloping
isopycnals also points out on strong baroclinic component of current in the upper water
layer, directed. to the south-west, i.e. opposite to the general BAW propagation.

Described spatial changes of thermohaline characteristics of BAW between sections
I, 11, and III are illustrated in the TS diagram (Fig. 5). Specific color dots correspond to
mean temperature and salinity in the BAW core at sequential sections, while brown dot
shows mean properties of shelf waters at Section-I1. The range of spatial variation in each
point is shown by horizontal and vertical lines, which represent sample standard deviation
(SSD). Thermohaline properties of BAW at sections II and III fall inside the polygon
(limited by thick dashed line) with apexes in 4 points representing mean properties at
Section-I and in the point, representing shelf waters at Section-II. This means that mixing
of these source waters may theoretically produce end products, which represent BAW
properties at sections II and III. However, very low potential density in the southern branch
of BAW at Section-I (1027.62) requires at least strong cooling of this water on its pathway
to the Section-II. This hypothetical temperature decrease, which is shown in Fig. 4 by thin
dashed line, can be caused by progressing heat loss at the surface and thermal convection.
Another possible option is mixing with shelf-origin dense water, which form over Novaya
Zemlya shelf to the south of Section-II [14]. It is important to stress, that without some
sort of preconditioning, admixture of waters from the southern branch in the BAW core
at Section-II would not be possible due to large difference in potential density. From the
other hand, without addition of some portion of waters from the southern branch, the
observed BAW properties at sections II and III would not be reached.

Fram Strait branch of Atlantic Water transformation
in the north-eastern region

The FAW flow, which enters the Barents Sea from the Kara Sea is distinguished at
Section-1I1I by positive temperature from the bottom to 75 meters between stations 87 and
90 (see Fig. 4a). Maximal temperature (0.92 °C) is observed at the depth 150 m, while
salinity maximum (34.84 PSU) is located near the bottom (see Fig 4b). Vertically uniform
potential density in the upper 100 m at stations 82 — 87 (see Fig. 4c) point out on
convective mixing down to this depth, probably confirming formation of Shelf Atlantic
Water (SAW) in this area [13].

According to summer measurements [23], the route of FAW from the Kara Sea
crosses the northern part of Section-IV (between Ushakov island and southern shelf
of Franz Joseph Land), and presumably, the northern part of Section-II (see Fig. 1).
At the northern part of Section-IV relatively warm water (over —1 °C) occupies thin
(50 — 75 m) bottom layer (see Fig. 6a). The most part of the water column (from the
sea surface to 150 — 200 m) is filled with cold water with temperature slightly above the
freezing point. Elevated salinity (34.75 — 34.78 PSU, see Fig. 6b) and maximal density
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Fig. 6. Vertical distribution of temperature, °C (a), salinity, PSU (b) and anomaly of potential density,
kg/m? relative to 1000 kg/m? (¢) at Section-IV

Puc. 6. Beprukansnoe pacnpenenenue temneparypsl, °C (a), conenocrh, EIIC (b) n anomanmu mmo-
TEHIMAIBHOI IIIOTHOCTH, KI/M> oTHOCcUTEeNbHO 1000 kr/M? (¢) Ha paspese-IV
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(1028.00 kg/m?, see Fig 6¢) is observed at the top of Ushakov bank (stations 71, 72) and
over the shallow shelf (station 81). Described distribution of thermohaline properties at
deep stations (75 — 78) points out that on the way between Section-III and Section-IV
vertical convection penetrated through the warm core of FAW, and substantially reduced
water temperature in the entire water column. Lower salinity at stations 75 — 78 (except
thin bottom layer), compared with the salinity in the FAW core at Section-III, indicates
that thermal forcing was the major driver of convection. Cascading of dense water from
Ushakov Bank and from the shallow shelf of Franz Joseph Land, which is distinguished
by sloping isopycnals, is a secondary mechanism, which contributes to modification of
the deepest part of FAW at Section-IV.

1,5 /

0,54

-0,5-

Temperature, °C

T T T T T T T
34,6 34,65 347 34,75 34,8 34,85 34,9 34,95 35
Salinity, PSU

Fig. 7. TS-diagram, illustrating transformation of FAW, entering from the Kara Sea, between sections
IIL, IV and I1. Color dots show mean temperature and salinity in the FAW and BAW cores at sequential
sections: red (section-II1, FAW (S_III)); orange (section-I, northern BAW branch (S_I-N)); green (section-
II, FAW+BAW (S_II-N)); blue (section-IV northern part, FAW (S_IV-N)); brown (section-1V, (S_IV shelf
waters)). The range of spatial variation in each point is shown by horizontal and vertical lines, which
represent sample standard deviation (SSD). Navy-blue line shows freezing point temperature. Dashed
lines show possible trajectories of FAW transformation between sections (see explanation in the text)

Puc. 7. TS-mnarpamma, wumoctpupyromast Tpanchopmannio ®AB, nmoctynaromei n3 Kapckoro
Mops1, Mexy paspezamu 111, IV u I1. I1BeTHbIC TOUKH OKA3BIBAOT CPEIHIOO TEMIIEPATYPy U COJICHOCTh
B siapax GAB n BAB Ha mocnenoBarenbHBIX paspesax: kpacHbli (paspes-111, ®AB (S_III)); opamkesblit
(pa3pes-1, ceepnast BetBb BAB (S_I-N)); 3enensiii (pazpes-1I, DAB+BAB (S_II-N)); cunmit (paspes-IV
cesepHblil cermenT (S_IV-N)); xopuunesstit (paspes 1V, (S_IV mensdossie Bomsn)). Juanazon
IIPOCTPAHCTBEHHBIX H3MEHEHUH B Ka)KI0H TOUKE OrPAaHWYEH TOPH30HTAIBHBIMHI 1 BEPTHKATEHBIMA
JIMHUSIMH, KOTOPBIEe TIOKa3bIBalOT cpegHekBaparudeckoe oTkiaoneHune (CKO). Temuo-cunsst muHus
o0o3HavaeT TeMIeparypy 3aMep3aHus. [[yHKTHpHBIC THHUH MTOKa3bIBAIOT BO3MOXKHBIC TPAGKTOPHH
Tpanchopmannu BAB mexny paszpezamu (CM. 0OBSICHEHHE B TEKCTE)
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In the central part of Section-II there is wide area in between stations 106 and 111
with relatively warm (over —1°C) and salty (34.81 — 34.88 PSU) water from 75 m to the
top of the bank at 200 m depth. Taking into account the present knowledge on the FAW
and BAW possible pathways in this region of the Barents Sea [23], it can be anticipated
that the observed distribution of thermohaline properties forms as a result of lateral mixing
of the northern branch of BAW (see previous subsection) and FAW branch, which deviates
to the south. The “dome” of warm and salty waters over the top of the bank probably
indicates closed circulation (topographic eddy), formed by FAW and BAW branches.
This local circulation causes ascent of water over the center of the bank and descent at
its periphery. This hypothesis corroborates by deep reaching (200 m) “cones” of cold and
relatively fresh water at stations 105 and 112, which reach substantially deeper than the
marginal level of free gravitational convection.

Described transformation of FAW in the north-eastern Barents Sea is schematically
shown at 7S-diagram (Fig. 7). Thermohaline properties are shown in the same manner as
on Fig. 4, where different colors represent specific water masses at sequential sections.
Change of water properties between Section-III and the northern part of Section-1V is
illustrated by two dash lines, representing thermal convection and mixing with shelf
origin dense waters. Lateral mixing of FAW with the northern branch of BAW and further
cooling of this product due to mixing with cold waters, descending at the periphery of
topographic eddy, is shown by “T-shaped” dash lines.

Transformation of the Fram Strait branch of Atlantic Water entering
through Franz-Victoria channel

“Initial” thermohaline properties of FAW entering the Barents Sea through Franz-
Victoria channel were taken at Section-V, close to the deep “mouth” of the channel at
the Eurasian continental slope (see Fig. 1). The branch of FAW, which separates from
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Fig. 8. Vertical distribution of temperature, °C (a), salinity, PSU (b) and anomaly of potential density,
kg/m? relative to 1000 kg/m? (¢) at Section-V

Puc. 8. BeprukansHoe pacnpenenenue remmeparypsid °C (a), conenoctu, ETIC (b) u anomanuu mo-
TEHIMAIBHOM TIIOTHOCTH, KI/M> oTHOCHTEebHO 1000 Kr/™? () Ha paspese-V
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the general eastward flow in the Eurasian Basin and enters Franz-Victoria channel is
identified by temperature maximum (1.53 °C) at 150 m depth over the eastern flank of
the channel (Fig. 8). Moving to the south along the eastern flank of the channel, part
of this water makes cyclonic loop, returns to the Nansen Basin and finally merges with
the main flow [24]. Another part of this water continues to the south and penetrates in
the northern Barents Sea [25]. Traces of this water are identified by local temperature
maximums (0.25 — 0.75 °C) and elevated salinity (34.80 — 34.85 PSU) near the seabed
at sections IV (Fig. 6) and VI (Fig. 9).
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Fig. 9. Vertical distribution of temperature, °C (a), salinity, PSU (b) and anomaly of potential density,
kg/m?® relative to 1000 kg/m? (¢) at Section-VI

Puc. 9. BeptukanbHoe pacnpenenenue Temmneparypsl, °C (a), conenoctu, ETIC (b) n anomanuu mo-
TEHLUAJIBHOMN IIOTHOCTH, KI/M> oTHOCcHTeNbHO 1000 kr/m3 (¢) Ha paspese-VI
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Transformation of the FAW, entering through Franz-Victoria channel, is shown
at the 75-diagram in Fig.10. Contrary to changes, typical for other AW branches in the
Barents Sea, temperature decrease in this case is accompanied by salinity increase. In the
TS-plane such changes are directed almost along potential density gradient. Hypothetical
explanation of this sort of changes may be mixing with cold and salty waters, which
originate through haline convection under growing ice over shallow areas to the west
of FJL [26]. Corresponding mixing line (thin dashed line) with such waters is shown in
Fig. 10. However, to fit with this mixing line, shelf waters have to gain salinity over 35
PSU. Although salinification of shelf water up to 35.1 PSU in this region as a result of
recurrent ice formation in polynyas is not impossible [27], during the survey the shelf
water with such high salinity was not detected. Possible explanation of this fact is that
by March, Franz-Victoria channel and surrounding shelves were completely covered by

15

-0,5-

Temperature, °C

T T T T T
34,7 34,75 34,8 34,85 34,9 34,95 35 35,05

Salinity, PSU
Fig.10. TS-diagram, illustrating transformation of FAW, entering from the Nansen Basin, between
sections V, IV and VI. Color dots show mean temperature and salinity in the FAW core at sequential
sections: red (section-V (S_V)); green (section -IV eastern part, (S_IV-E)); blue (section-VI (S_VI).
The range of spatial variation in each point is shown by horizontal and vertical lines, which represent
sample standard deviation (SSD). Navy-blue line shows freezing point temperature. Dashed line shows
possible trajectory of FAW transformation between sections (see explanation in the text)

Puc. 10. 7S-nuarpamma, mwutoctpupyromias Tpancdopmannio @AB, nocrynaroreii yepes xenobd
®Opann-Buxropus, mexny pazpezamu V, IV u V1. I[BeTHbIE TOUKH 10KA3BIBAIOT CPEIHIOI0 TEMIIEPATYPY
u cosleHocTh B sape @AB Ha nocnenoBaTenbHbIX pazpes3ax: KpacHbli (paspes-V (S_V)); 3eneHsblit
(pa3pes-1V Bocrounslii cermeHt, (S_1V-E)); cunnii (pazpes-VI(S_VI)). [lnana3on npocTpaHCTBEHHBIX
M3MEHEHHH B 1<a>1<)10ﬁ TOYKE OIr'paHUY€H IrOPU30OHTAJIbBHBIMU U BEPTHUKAJIbHBIMH JIMHUAMU, KOTOPBIC
HOKa3bIBaloT cpeanekBaaparndeckoe otkinonenne (CKO). TemHo-cuHsist TMHASL 0003HAYACT TEMIIe-
parypy 3amep3anus. [lyHKTHpHBIC JIMHUHU IT0Ka3bIBAIOT BOSMOKHYIO TPAEKTOPHIO TpaHC(HOpMALUK
DAB mexay paspe3amu (CM. 0ObSICHEHHE B TEKCTE)
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ice [28]. Under ice-covered conditions dense water production on shelves is suppressed.
Thence, one possible option is that the observed transformation of the FAW entering
through Franz-Victoria channel could happen in early winter, when the ice was actively
forming on and intensive ejection of salt in the water column could produce dense water
with required properties over the vast shelf around Bely island. The other possibility is
that the warm FAW observed near the bottom at sections IV and VI actually represents
the remnants of FAW, which came from the north long before the survey. This hypothesis
is in line with features of bottom topography (see Fig.1), showing that warm bottom
water may be “trapped” in the deep southern and south-western corners of Franz-Victoria
channel. In this case the observed changes actually represent temporal (annual/interannual?)
variability of FAW properties.

DISCUSSION AND CONCLUSIONS

Hydrographic observations, carried out in March-May, 2019 during “Transarktika-2019”
expedition allowed revisiting the issue of the Atlantic water transformation in the Barents
Sea. Although this topic is rather traditional theme of oceanographic studies, based on
field data and modelling there are still a number of questions, which are not perfectly
clear. Among these questions is deeper understanding of the AW transformation in
specific regions in winter, when the coverage by observations is scarce. In this study we
performed analysis of CTD-data, collected in late winter-early spring in the north-eastern
“corner” of the Barents Sea — the area with difficult access in the cold season due to
high concentration of drifting ice.

Obtained results allowed specification of areas along the pathways of AW branches,
where various types of open sea convection and cascading are likely to be the main
agents in charge of AW properties change. The pathways of AW branches, which are in
line with high resolution model simulation [29], along with proposed location of zones,
where definite acting process is dominant, are schematically shown in Figure 11. The
suggested scheme is based on the presented analysis and supplemental knowledge from
existing publications, which considered AW transformation in the north-eastern part of
the Barents Sea.

We distinguish several driving mechanisms, which control modification of the waters
of Atlantic origin. These mechanisms are identified and discussed further on.

(1) Thermal convection, driven by fall-winter temperature decrease at the surface.
This driver effectively works in the central and southern regions of the Barents Sea, which
are located to the south of the winter ice edge. Intensive heat loss to the atmosphere
decreases water temperature, but does not affect salinity. As a result, water cools down,
its density increases and convection mixing penetrates deeper. Along the central branch
of BAW, this thermal convective mixing reaches the seabed, producing a homogeneous
water column with low temperature and high salinity.

(2) Thermohaline convection, driven by salinity increase in the surface waters as
a result of salt ejection in the water column. This process is typical for the ice-covered
regions, where temperature decrease to the freezing point is insufficient to overcome
stable density stratification in the underlying water. Additional density increase occurs
under growing ice. In the studied area this process is likely to play the key role in the
modification of the FAW, entering from the Kara Sea. It is important to stress that density
excess, required for convection, is mostly caused by cooling, while salinity increase
provides only small addition to density increase. However, this small contribution by
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Fig. 11. Scheme of the AW branches in the Barents Sea and proposed location of zones, where definite
transformation mechanism is dominant: (/) thermal convection; (2) thermohaline convection; (3)
cascading of dense waters, originated through differential cooling; (4) cascading of dense waters,
originated through ice formation and export; (5) enhanced lateral mixing over specific features of
bottom topography; (6) cascading of excessively salty water, originated through ice formation in
polynyas. Mean location of the ice edge with concentration 50 % in April, 2019 is shown by thick
black line [28]

Puc. 11. Cxema BetBeii AB B bapeHueBom Mope 1 nipeanonaraeMoe pacioiokeHHe 30H, B KOTOPBIX J10-
MHHHPYET OIpe/IeIeHHbII MexaHn3M Tpancdopmanuu: (/) TepMuueckast KOHBEKLUsL; (2) TepMOXaInH-
Hast KOHBEKLHs; (3) KaCKaIMHT IUIOTHBIX BOJ, COPMHUPOBABILHXCS B pe3y bTare 1udhepeHIHatbHOro
OXJIXIeHUST; (4) KaCKaJHHT IUIOTHBIX BOJ, COPMHUPOBABIINXCS B Pe3yJibTare JIeJ000pa3oBaHus U
[OCJIE/IYIOIIEro BEIHOCA JIb/Ia HAa OTKPBITYIO BOAY; (5) ycuiieHHOE OGOKOBOE IepeMeIINBaHIe HaJl Xa-
PaKTepHBIMHE 0COOCHHOCTSIM penbeda Ha; (6) KaCKaAMHI BBICOKOCOJICHON BO/BI, COPMHUPOBABILIEHCS
B pe3yJbTare J1e1000pa30BaHus B OJIBIHBAX. CpeHee NON0KEeHNEe KPOMKH JIbJIa CO CINIOYEHHOCTHIO
5 6amos B anpesne 2019 r. noka3aHo XUPHOI YepHOit nHuei [28]

salinization is crucial to initiate mixing through the FAW and changing its properties
between sections III and IV (see Fig. 7).

(3) Cascading of dense water from shallow regions, preconditioned by cooling of the
water column from surface to bottom. Typical example of this mechanism is observed over
and around the Central Bank. Due to topographic control [20], the water over relatively
shallow Central Bank in the fall-winter season cools faster than the water in the adjacent
deep basins. This differential cooling results in formation of density gradient between
shallow and deep waters, which forces gravitational leakage of dense (cold) waters down
slopes of the Central Bank. This cold water mixes up with Atlantic water (carried in the
central and northern branches of BAW). This process does not noticeably affect salinity.

(4) Cascading of dense water from shallow regions, preconditioned by salinization
of the water column from surface to bottom as a result of ice formation. This mechanism
is very well recognized as the major one for Arctic shelves [30]. In the studied area this
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mechanism efficiently works for modification of BAW on its path along the western shelf
of Novaya Zemlya. This area is located within quasi-permanent marginal ice zone (MI1Z),
which provides favorable conditions for occasional export of newly formed ice on the
open warm water [14]. Recurrent ice formation and its export leads to fast salinization/
densification of shallow waters [14]. While on summer surveys there only tracks of this
process [30], during the winter survey, the developed “tongues” of cold and dense waters
spreading from Novaya Zemlya shelf to the base of the nearby deep basins are explicitly
observed (see Figs 3 and 4). According to the obtained results, this process is the ultimate
one in changing of BAW thermohaline properties to those, observed at the entrance to the
Kara Sea (north of Cape Zhelania).

(5) Lateral mixing of BAW and FAW with surrounding waters over specific features
of bottom topography. The “dome” of warm and salty waters over the top of the bank
on the way of northern branch of BAW and southern branch of FAW, probably indicates
closed circulation (topographic eddy), formed by FAW and BAW branches (see Fig. 3).
Local closed circulation causes ascent of water over the center of the bank and descent
at its periphery. Lateral mixing of waters between warn and salty core of the Atlantic
origin waters with cold and freshened peripherical waters may provide gradual cooling
and freshening in the AW core over the bank.

(6) Cascading of dense water from shallow regions, preconditioned by excessively
strong salinization of the water column from surface to bottom as a result of ice formation.
This process may be in charge of modification of FAW entering to the Barents Sea from
the North through Franz-Victoria channel. Although, during the expedition shelf waters
with required salinity (over 35 PSU) were not found at shallow shelves around Franz-
Victoria channel, the possibility of formation of extremely salty shelf waters in this region
was substantiate in earlier studies [27]. Hypothetical explanation is that the observed
transformation of the FAW entering through Franz-Victoria channel could happen in early
winter, when the ice was actively forming on and intensive ejection of salt in the water
column could produce dense water with required properties over the vast shelf around
Bely island. Another hypothesis is that FAW entering through Franz-Victoria channel is
“trapped” in the deep southern and south-western corners of Franz-Victoria channel in the
bottom layer. In this case the observed during the cruise changes of this branch of FAW
actually represent temporal (annual/interannual?) variability of properties.

Based on the shipborne winter measurements in the Barents Sea we identified specific
areas in the north-eastern part of the sea, where particular mechanisms might contribute
to the Atlantic Water transformation. An advantage of winter measurements is that action
of several of the discussed transformation mechanisms was explicitly revealed in the
CTD-data at sequential sections. However, some of the proposed conclusions are only
hypothetical (cannot be directly confirmed by the obtained data), and, therefore, should
be considered with caution.
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Tpancdopmanus aTIIaHTUYECKOI BOIbI B C€BePO-BOCTOYHOM YacTH
BapeHueBa Mopsi B 3MMHUI Ce30H
(pacmiupeHnHblii pedepar)

T'maoponormueckne HaOIIONCHNS, BBITOTHEHHBIE B MapTe—Mae 2019 1. Bo BpeMs dKc-
neannun «Tpancapkruka-2019» uHa 6opty HOC «Axagemuk TpEmrHUKOBY, TTO3BOIHII
M3yYUTh MEXaHM3MBI TpaHC(hopManuu ATnanTiueckoit Bomsl (AB) B bapeniieBom Mope.
XoTst 3Ta Tema ABISETCS AOBOJIBHO TPAJAMIIMOHHON NP M3ydeHHH okeaHorpadum ba-
PEHIIEBAa MOPsI, COXPAHSIETCS PsZ BOIIPOCOB, KOTOPBIE TPeOyIOT MposcHeHus. Cpeau 3TuX
BOIIPOCOB MOKHO BBIJICNIUTH Oojiee TIyOOKOE MOHMMAaHNE TPOLECCOB TPaHCHOPMAIIH
AB B omnpezeneHHBIX palioHaX MOpsI B XOJOAHOE BpeMs Ioja, KOorna KOJIMYECTBO Ha-
TYPHBIX HAOMIONEHUH OTpaHMUYeHO. B naHHOM mccnenoBanny ObUT IpoBeseH 7.S-aHanms3
THIPOJIOTNYECKNX MpoduieH, BEIMOIHEHHBIX B CEBEPO-BOCTOYHOM pernone bapeniesa
Mopst — 00J1acTH, B KOTOPOH 3UMMHHE IOJIEBBIE MCCIICIOBAHNS 3aTPyAHEHBI N3-3a CJIOXK-
HBIX JICOBBIX YCIOBHH. IlomydeHHbIe pe3yabTaThl MO3BOIMIIM ONPENCINTD 30HbI, pac-
TIOJIOKEHHBIE BJIOJIb BETBEH pacripocTpaHeHus AB, rae pa3nuduHble TUIIBI BEPTHKAIBHON
KOHBEKIIMHU 1 KaCKaJAMHTa SBISIOTCS IOMUHUPYIOIINMI MEXaHU3MaMH, 00€CTIeYHBaIOIINMA
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tparchopmarmo AB o mepe ux nemwxenus. [1o pesyasraram aHanu3a ObLIH BBIICICHBI
ClIe/lyIoLMe MEXaHU3Mbl TpaHchOopMalHu:

1. TepaneCKaﬂ KOHBEKIIUSA, BbI3BaHHAA CC30HHBIM MOHUKXCHUEM TEMIIEpPATypPbL
Ha MOBEPXHOCTH. JTOT MeXaHU3M (P(PEKTUBEH B LEHTPAJIBbHBIX U IOXKHBIX paiioHax ba-
peHIieBa MOpsi, KOTOPbIE KPYIJIOTOJMYHO HaXOJATCS K IOTY OT KPOMKH Jpeiidyroiero
JbJa. IHTEeHCHBHBIE TEMIONOTEPH B arMOoc(epy YMEHBIIAOT TEMIIEPATypy BOJbIL, HO HE
BJIMAIOT Ha €€ cosleHOCTh. OxJlaX/IeHHe MOBEPXHOCTHOTO CJI0S BOJ BEJIET K BO3PACTaHHUIO
IUIOTHOCTH U KOHBEKTHBHOMY ME€PEMELINBAHUIO, KOTOPOE MOXKET PACIHPOCTPAHATHCS J10
nHa. B pesynbrare 00pasyercst OHOPOHAs 110 BEPTHKAIHM BOJHASI Macca C IIOHWKEHHOM
TEMIIEPATypOi U BBICOKOH COJIEHOCTBIO.

2. TepMmoxaJMHHasE KOHBEKLIUS, 00YCIOBIEHHAs YBEJINYEHUEM COJICHOCTH MTOBEPX-
HOCTHBIX BOJI B Pe3yJIbTaTe BhINAJICHUS COJIM B BOJLY NPH JIe1000pa30BaHuK. DTOT MpoLece
XapakTepeH JUIsl 00acTel, TOKPBITHIX JIbAOM, Il YMEHBILIEHUS TeMIIEPaTypbl 0 TOUYKU
3aMep3aHusl HeJOCTATOYHO JIJIsl IPEOJIOJICHUSI YCTOHYNBON TUIOTHOCTHOW cTparuguka-
IUu. I[OHOJIHI/ITCHI)HOG YBEJIUYCHUC TUIOTHOCTHU MPOUCXOAUT 11O0J HapaCTaroUmrM JIbAOM,
CJICACTBHUEM YCTO ABJIACTCA BEPTUKAIBHOC KOHBCKTUBHOC MEPEMCIIMBAHUC, IIPUBOAAIICE
K OXJIQKJICHUIO CJI0S BOABI, OXBAYCHHOT'O NEPEMCIIMBAHUEM, 1 HE3HAYUTCIIbHOMY pacIipec-
Henuto. [Tocnennee cBsizaHo ¢ TeM, 4To cosieHoCTh AB, kak nmpaBuito, 00JIbIIE COIEHOCTH
BEPXHEro MepeMEeIIaHHOro CJIos, Jake MOCie YBEIUUEHHUs €ro COJIGHOCTH B Ipolecce
JIe1000pa30BaHUU.

3. KackaauHr 1I0THO# BOJIBI M3 MEJIKOBOJIHBIX 00J1acTel, 00yCIIOBICHHBIIH YCKOPEH-
HBIM OXJIQX/IEHHEM TOJILIHU BOIBI B MEIKOBOIHON 30HE. IIpu oquHakoBo# TemiaooTaade
C MOBEPXHOCTH MOPSI BEPTUKAIBLHOE IIEPEMEIINBAHNE B MEITKOBOAHOM 30HE OBICTpEE JJOCTH-
raet jiHa. BenectBye 3TOro Toua Bojibl B MEJIKOBOJAHOM 30HE OXJIaX/aeTcs ObIcTpee, YeM
B coceiHeM Oostee rTyOOKOBOIHOM paiioHe. Takoe HeoHOPOTHOE OXJIAXK/ICHHE IIPUBOUT
K 00pa30BaHUIO I'PaJMEHTa TUIOTHOCTH MEXKIY PaCIIOIOKEHHBIMHU PSIOM MEJIKOBOIHOW
1 [1yOOKOBOJIHOM 30HAMH, YTO BBI3bIBAET MPAaBUTALMOHHOE CTEKAHUE IIOTHBIX (XOJIOIHBIX )
BOJI BIIOJIb YKJIOHOB penbeda IHa.

4. KackaJiuHT TUIOTHOM BOJIBI M3 MEJIKOBOIHBIX PaHOHOB, 00YCIIOBIICHHBIH OCOIOHE-
HHEM TOJIIIHM BOJBI B MEJIKOBOJHOW 30HE B Iporecce oOpa3oBaHust jibja. HenpepbiBHOE
00pazoBaHue JIbJa U €r0 BHIHOC B IPUKPOMOYHYIO JIEIOBYIO 30HY MPUBOAUT K OBICTPOMY
OCOJIOHEHHIO U YIUIOTHEHHMIO BOJIbI B MEJIKOBOJIHOIT 30HE. B pesynbrare storo hopmupyercs
FOpH3OHTaHbeII>lI TpaIuCHT IJIOTHOCTH, O6eCHe‘-IPIBaIOHJ,Hﬁ IpaBUTAlIMOHHOC CTCKAaHUC
YIUTOTHEHHBIX BOJI BJIOJIb YKJIOHOB pesbeda IHa.

5. BokoBoe nepemenirBanue AB ¢ okpyxaromumu 0oJiee XOIOIHBIMU BOJaMH, 00-
YCIIOBJICHHOE ()OPMHPOBAHUEM 3aMKHYTHIX [IUPKYJISLUHA HaJl HEOIHOPOAHOCTSIMHU JIOHHOM
Tororpaduu.

6. KackauHT 1JIOTHOHM BOJIBI U3 MEJIKOBOIHBIX PailOHOB, OOYCIJIOBJICHHBIH O4Y€Hb
CUJIBHBIM OCOJIOHEHHMEM TOJIIIM BOABI OT MOBEPXHOCTH JI0 JHA B pe3yabTare MpoaoJi-
JKHUTCIIBHOT'O o6pa303aH1/1;1 JbJla B IEPUOANYCCKN OTKPBLIBAIOIINUXCS IMOJIBIHBAX B OJJHOM
U TOM K€ paiioHe.

B cnyuasix, onrcaHHbIX B 1. 3, 4 1 6, cTekarolas mioTHas BoJia cMemuBaeTcs ¢ AB
Ha rny61/1He, A€ MJIOTHOCTh CTeKaIOLLleﬁ BOJbI BEIPDABHUBACTCA C IJIOTHOCTBIO AB, 4qTo
MMPUBOAUT K JIOKAJIbHOMY U3MCHCHUIO TEPMOXAJIMHHBIX XAPAKTECPHUCTUK B 3aBUCUMOCTHU
OT IIyOMHBI M NapaMeTPOB CTEKAIOIIUX BOJI.
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Summary

Arctic summer and winter sea-ice extent is continuously declining as a result of climate change, affecting the
hydrography and biogeochemical cycles on the seasonally ice-free Eurasian Shelves. The prolongation of the
open-water season causes higher sediment resuspension and coastal erosion due to larger wind fetch and wave
heights. This impacts the optical properties of the water column and hence biological productivity in this region.
During “Transarktika-2019” leg 1 in late winter 2019, a comprehensive dataset of and optical data was collected
throughout the central and northern Barents Sea. Combining suspended particulate matter concentrations obtained
from water samples and optical data revealed a pronounced bottom nepheloid layer on the Barents Sea shelf
even under ice-covered conditions. Moreover, the data indicate that the Franz Viktoria Trough could be a major
pathway for sediment transport into the Eurasian Basin. Therefore, to link changes in sediment distribution
and its impact on the ecosystem under a warming climate, further studies of sediment dynamics are required,
particularly during winter.
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Pesrome
JleTHAS ¥ 3UMHSA IUTOMAAb JIEASHOTO MOKPOBA B APKTHKE MOCTOSHHO COKpAIIAETCS B PE3y/bTaTe M3Me-
HEHHS KJIMMaTa, BO3AEHCTBYS Ha rHAPOGU3NIECKHe U OHOTCOXMMUIECKHE IIUKIBI Ha CE30HHO-0€31eaHBIX
menbhax EBpasuiickoro Oacceiina. Bospacranue npofoKUTENbHOCTH IEPUOAA OTKPBITOH BOABI MPUBOTHT
K YBEITHUCHUIO 00Pa30BaHHS B3BEIIEHHOTO OCaJKa M OEPEroBoil 3p03uM B CBS3H C yBEIMUECHIEM BETPOBOH
HAarpy3KHd U BBICOTBI BOJH. DTO BIHSAET HAa ONTHYECKIE CBOHCTBA BOAHOM TOMIIH U, CIIEOBATEIBHO, HA OHO-
JIOTUYECKYIO0 MPOAYKTHBHOCTH B 3TOM pernoHe. Bo Bpems nepsoro stana sxcneauimn « Tpancapkruka-2019»
B KoHIIE 3uMbl 2019 T. B IEHTpaNbHON U ceBepHOH YacTax bapeniieBa Mops ObLT coOpaH 0OMHUPHEIH 00beM
JAHHBIX B3BEIICHHBIX YaCTHI M3 (HIBTPOBAHHOK BOABI  ONTHYECKHX JaHHBIX. COBMECTHBIH aHAIN3 TaH-
HBIX O KOHIIEHTPAIUH B3BEIICHHOTO BEIIECTBA, TIOMYICHHBIX U3 MPOO BOABI, M ONTHIECKUX JAHHBIX TTOKA3aIl
HaIMYHe SPKO BBIPAKEHHOTO HOHHOTO He(eTonaHOTO cIos Ha menbhe bapennesa Mops Jaxke B yCIOBHAX
HaIM4us JeISHOTO MOKpoBa. boiee Toro, momydeHHbIe Pe3yabTaThl CBHACTENBCTBYIOT O TOM, UTO JKENI00
®pan-Buktopus MOKET OBITH OCHOBHBIM ITyTEM IIEPEHOCA 0CaI0YHOT0 Mareprana B EBpasuiickuii Oacceiin.
IToatomy ftst TOTO, 9TOOBI CBA3aTh H3MEHEHHS B PACIPENCICHNN OCATOYHbIX OTIOKEHNH U UX BIMAHHE HA
9KOCHCTEMY B YCIOBHAX MOTETIEHHS KIMMAaTa, He0OXOAMMBI AaTbHEHIINe HCCIeT0BAHMSA IMHAMHIKY 0Cag04-
HBIX OTJIOKEHHUH, 0COOCHHO B 3UMHHI TIEPUO.
KitroueBnie cioBa: bapeHiieBo Mope, OkeaHorpadus, CeIMMEHTONOTHUS.
Jast uutupoBanusi: Buettner S., Ivanov V.V, Kassens H., Kusse-Tiuz N.A. and the shipboard Science Team.
Distribution of suspended particulate matter in the Barents Sea in late Winter 2019 // IIpo6nembl ApkTHKH 1
Awntapxrukn. 2020. T. 66. Ne 3. C. 267 — 278. https://doi.org/10.30758/0555-2648-2020-66-3-267-278.

Moctynuaa 21.07.2020 Mocae nepepadorku 4.09.2020 Mpunsara 7.09.2020

1. INTRODUCTION

The summer and winter sea-ice extent in the northern Barents Sea has been declining
over recent years [1, 2]. As a result, the open water period prolongs and is expected to
lead to higher sediment resuspension, particularly in the shallow parts of the shelf sea,
and to increased costal erosion due to larger wind fetch and wave heights [3, 4]. The
suspended particulate matter (SPM) within the water column plays a critical role for the
ecosystem by contributing to the amount of nutrient supply (e.g. [5, 6]) and by influencing
the amount of sunlight penetrating through the water column, through absorption and
scattering [7]. In order to assess possible impacts on the ecosystem by future changes in
SPM distribution and its dynamics, it is necessary to fully evaluate and describe present-
day sedimentological conditions.

Thus far, SPM investigations on the Siberian Arctic shelves were carried out in
late summer / early autumn when sea ice and weather conditions are most favorable
(e.g. [8]). In the surface water of the Barents Sea, SPM concentrations are mainly
driven by the varying intensity of biological productivity reaching maximum values
during spring bloom [8, 9]. In the eastern Barents Sea, a pronounced layer of high
SPM concentrations extends from the Kara Sea towards the northern Barents Sea
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Fig. 1. Bathymetric map of the Barents Sea shelf IBCAO V3.0 [17]) and the locations of oceanographic
stations during “Transarktika-2019” leg 1 (black circles). Red circles indicate sampling stations for
water samples. Blue boxes highlight the presented SPM transects. Grey area shows approximate
location of a polynya on May 7th, 2019. White dashed line represents the ice edge at the beginning
of the expedition on March 21, 2019

Puc. 1. barumerpuueckast kapra menbdpa bapeniesa mops (IBCAO V3.0 [17]) u pacnonoxkeHne
okeaHorpaduyeckux CTaHuuMil Ha mepBoM dTane 3kcnenuiun «Tpancapkruka-2019» (depHble
KpykKH). KpacHBIMU Kpy>KKaMH OTMEUEHBI CTAHIMH C OTOOpPOM Mpol Ha B3BEIIEHHOE BEIECTBO.
CHHIM OTMEUYeHBI pa3pe3bl B3BEIICHHOro BemecTBa. CepbIM IBETOM MOKa3aHO MPUOIN3UTENEHOE
pacnionoxenue nonsiHbK 7 Mast 2019 . Benoit myHKTHpHO# TMHKEH 0003HaYeHa KPOMKA JIb/ia B Ha-
yase sxeneaumu 21 mapra 2019 1.

shelf break in summertime [10]. This bottom nepheloid layer is sustained by sediment
input of rivers, Ob and Yenisei, in the south and by cascading dense shelf water
carrying resuspended material [9]. However, in the Franz Viktoria Trough region only
low SPM concentrations are observed in the water column during early autumn [8].
Similar investigations on the central and eastern Laptev Sea shelf also showed two
pronounced layers of high SPM concentrations at the surface and at the bottom during
summer. There, its occurrence and extent are mainly linked to prevailing atmospheric
conditions and the turbid outflow of the Lena river [11, 12]. The presence of bottom
nepheloid layers (BNL) are crucial for benthic organisms as they feed on the suspended
material [13]. Furthermore, most of the cross-shelf sediment transport [11] as well as
export of organic carbon off the shelf takes place within the BNL [14, 15]. In order to
assess the distribution of suspended particles in a year-round perspective reliable in
situ data during wintertime is needed. In this study we present combined results from
SPM measurements and optical backscatter data obtained during “Transarktika-2019”
leg 1 [16], in late winter 2019 (Fig. 1).
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Fig. 2. Main features of circulation in the Barents Sea (modified after [18])

Puc. 2. OcHoBHBIE 0cOOEHHOCTH IUPKYJsinuK B bapeHueBom Mope (Ha ocHose [18])

METHODS

To investigate horizontal and vertical distribution of SPM in the Barents Sea, 179
oceanographic stations were carried out during the expedition “Transarktika” leg 1 [19]
aboard the RV “Akademik Tryoshnikov” between March and May 2019 (Fig. 1). 152 water
samples of 1 — 2 L each, were collected from different water depths at 32 stations. While
the ship was anchored to an ice floe (late March — beginning of May), a 2 m x 2 m hole
at the side of the ship provided safe and reliable measurements with the shipboard CTD /
Rosette. The water samples were filtered through pre-weighed MILLIPORE filters, with
a diameter of 47 mm and a pore size of 0.45 pm, and subsequently dried at 50 °C onboard
the ship. In the last processing step, the dried filters were weighed at GEOMAR in Kiel,
Germany, to obtain SPM concentrations, taking into account the mean elutable portion
of 0.2 mg/L of each filter. In order to obtain high resolution vertical profiles of SPM
concentrations, a Seapoint Turbidity Meter was connected to a Seabird SBE 19 CTD at 159
stations. The turbidity meter emits light of 880 nm wavelength with a sampling frequency
of 10 Hz. It detects light scattered by suspended particles in water and generates an output
voltage proportional to the suspended particles. The detector receives light scattered at
angles between 15 and 150 degrees and has an accuracy of £ 2 % [20]. The output is
given in Nephelometric Turbidity Unit (NTU), a calibration unit based on formazine as
a reference suspension. All SPM measurements obtained by filtration and weighing were
correlated with corresponding turbidity meter measurements to obtain SPMturb mass
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Fig. 3. Linear relationship between SPMfilt concentration [mg/L] and optical backscatter intensity
[NTU] (r=0.82, 5= 0.41).

A total of 115 SPM measurements were used

13

Puc. 3. JIuneiiHas 3aBUCHMOCTh MEX/Y KOHIICHTpALlMel B3BEIICHHOTO BemecTBa SPMfilt [mr/in] u

MHTEHCHBHOCTBIO ONTHYECKoro obparnoro paccesuus [NTU] (= 0,82, ¢, = 0,41).

Bcero 0b110 ncnonb3oBano 115 mpod B3BEIICHHOTO BELECTBa

concentrations, thereby taking into account the effects of different mineralogy, varying
particle size and darkness on the response of the turbidity meter [21].

A good correlation was obtained between the weighed SPM concentrations and
optical measurements (Fig. 3). The standard error of the estimate (o, ) is 0.41. The
linear relationship between SPMfilt and optical backscatter intensity can be expressed
as: SPMturb = 9.49-BI + 0.376. Yet, the reflected variability between optical and weighed
data shows the strong influence of different sediment compositions. In particular, the
clay mineral distribution in surface sediments within the FVT region is highly variable,
depending on whether the source area is located around Spitzbergen (Svalbard) or Franz
Joseph Land [22].

RESULTS

Vertical Distribution of SPM

Turbidity and SPM measurements during ice-free conditions in the central Barents
Sea reveal two distinct zones of SPM concentrations within the water column (Fig. 4 A1 —
C1). The upper zone, ranging from the surface to 150 m, is characterized by a moderate
increase in SPMturb concentrations with water depth and a range of concentrations between
0.4 — 1.0 mg/L. A sharp increase in SPMturb as well as in SPMfilt concentrations below
150 m defines the lower zone, indicating the presence of a pronounced bottom nepheloid
layer (BNL). Defining the upper boundary at concentrations of 1.5 mg/L the thickness of
the BNL is approximately 40 m. Within this layer, SPM concentrations range between
1.5mg/L to 4 mg/L reaching maximum values near the seafloor. Only minor differences
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Fig. 4. Vertical distribution of SPMfilt (A1 — A3), backscatter intensity and (B1 — B3) and SPMturb
(C1—C3) in the central Barents Sea (left column), in the Franz Viktoria Trough (FVT station) (central
column) and at the Shelf-Break (right column). The dotted area represents the seafloor.

Puc. 4. BeprukanbHoe pacnpeneneHue B3BenieHHoro semectsa SPMfilt (A1 — A3), uHTeHCHBHOCTH
obpatHoro paccesnus 1 (B1 — B3) u B3BemenHoro Bemecrsa SPMturb (C1 — C3) B ueHTpanbHOM
yactu bapennesa mops (cieBa), B xenode @pann-Buxropust (cranmus FVT) (B neHTpe) 1 Ha KOH-
TUHEHTAJILHOM CKJIOHe (cripaBa). [lyHKTHpHAs 007acTh MIPEeACTaBIsAET COO0H MOPCKOE JTHO.

of 0.5 mg/L are observed between SPMfilt and SPMturb concentrations (Fig. 4A1, C1).
The slight increase of SPMfilt concentrations at a water depth of 50 m (Fig. 4A1) are not
clearly resolved in the backscatter data, showing no significant changes in concentrations.

A similar vertical SPM distribution compared to the central Barents Sea is observed
in the southern Franz Viktoria Trough under ice-covered conditions (Fig. SA2 — C2).
However, the range of SPMturb and SPMfilt concentration is noticeably lower in the upper
water column, only varying between 0.4 — 0.6 mg/L. The BNL is comparably thinner with
a thickness of approximately 30 m but with slightly higher SPMturb concentrations of up
to 4.0 mg/L close to the seafloor. The upper boundary appears to be more pronounced than
in the central Barents Sea. This sharp transition zone may further explain the observed
differences of SPMfilt and SPMturb concentrations at 300 m water depth (Fig. 4A2, C2).
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In contrast to the central Barents Sea and the southern FVT, turbidity and SPMturb
concentrations close to the shelf break are significantly reduced in the entire water column,
ranging between 0.4 — 1 mg/L (Fig. 4A3 — C3). A well-defined BNL is absent, although
concentrations slightly increase at depths closer to the seafloor.

Horizontal distribution of SPM

A south — north transect from the northern tip of Kola Peninsula to the shelf break
between Spitzbergen (Svalbard) and Franz Joseph Land along 39° E is studied (Fig. 5) to
investigate the horizontal distribution of SPM. The BNL in the southern and central Barents
Sea is distinct, noticeably varying in thickness and clearly influenced by ocean bathymetry.
Highest SPMturb concentrations are observed at the northern flank of Skolpen Bank and along
the Central Bank. Furthermore, elevated SPMturb concentrations are observed in valleys along
the Central Bank and Great Bank. Towards the north, the bottom nepheloid layer decreases in
thickness and in concentration. North of the ice-edge at 78° N, the entire water column becomes
less turbid and the BNL decreases in its intensity and becomes almost absent at the shelf break.

s N

Great Bank v

SPM turb [mg/L]

Franz Viktoria
Trough

Fig. 5. SPMturb concentrations along a S — N transect at 39° E. The grey dashed line represents
a rough estimation of sea-ice concentration along the transect (solid line corresponds to 100 % ice
cover, no line corresponds to 0 % ice cover). Bathymetry from IBCAO V3.0 [17]

Puc. 5. Konnenrpaiuu B3BenieHHOro Bemiectsa SPMturb Bions paspe3a S — N Ha 39° B.1. Cepast
[IYHKTHPHAs! JINHUSI IPEJICTABIISACT COOO0M rpy0OyIo0 OIIEHKY CIUIOYCHHOCTH MOPCKOTO JIbJIa BIIOJIb Pa3-
pe3a (cruiomiHast JIMHUSL COOTBETCTBYeT KoHIeHTpauuu 100 %, oTCyTCTBHE JIMHUH COOTBETCTBYET
xoHuenrpauu 0 %). barumerpus IBCAO V3.0 [17]
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Fig. 6. SPMturb concentrations along a W — E transect between 79° N and 80° N. The grey dashed line
represents a rough estimation of sea-ice concentration along the transect. Bathymetry from IBCAO V3.0 [17].

Puc. 6. KonnenTpanuu B3BemeHHoro Bemectsa SPMturb Bnoms paspesa W — E mexny 79° c.mn. u
80° c.m1. Cepast MyHKTHPHAS JIMHUS [IPEACTABISAET OO0 TpyOyI0 OLCHKY CIUIOYCHHOCTH MOPCKOTO
np/1a BIOJb paspesa. barumerpust IBCAO V3.0 [17]).
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A west — east transect across Franz Viktoria Trough (FVT) towards Franz Joseph
Land reveals a distinct BNL in the deepest parts of the trough between 40°E and 42°E with
a sharp upper boundary and maximum SPMturb concentrations of up to 4 mg/L (Fig. 6).
Yet, east of Ushakov Bank, SPMturb concentrations are noticeably lower, varying between
0.25 mg/L and 2 mg/L, and a BNL is absent. Across Ushakov Bank at 45°E high SPMturb
concentrations are observed throughout the entire water column. During the sampling at
this station a large polynya was observed east of Franz Joseph Land which also covered
the area around Ushakov Bank (Fig. 1). This recurring polynya is a common feature during
the winter and is referred to the Franz Joseph Land Polynya [23].

DISCUSSION

The vertical and horizontal distribution of SPM showed a pronounced BNL in ice-
free and under ice-covered conditions. A general decrease in thickness of the BNL as well
as in SPM concentrations was observed from south to north. The formation of a BNL
is generally related to local resuspension of particles by waves, currents and internal
waves [24, 25]. In terms of the Barents Sea, inflowing Atlantic Water masses from the
Norwegian Sea, spreading eastwards across the shelf, and cold Arctic Water, play a key
role in the oceanographic setting (Fig. 2). Due to the absence of sea ice, strong winter
storms can lead to intensified surface and bottom currents in the southern Barents Sea
[26, 27]. Therefore, high SPM concentrations observed along the flanks of Skolpen Bank
and across the Central Bank were possibly caused by strong eastward flows of modified
Atlantic Water. Compared to SPM data obtained in September 2016 by [8], near bottom
SPM concentrations from this study obtained during winter are notably higher. This may
also be attributed to the general higher intensity of storms during winter [26] causing
stronger currents and hence higher resuspension in the central Barents Sea. Further north,
the Barents Sea is seasonally ice covered which generally leads to reduced current speeds.
Hence, less resuspension could explain the lower SPM concentrations observed in the
northern region. However, local increases in SPM as observed on Ushakov Bank might
be explained by wind-induced resuspension in a polynya (Fig. 6) or very intense vertical
convection over the bank [16]. Although it remains unclear, due to a lack of current
data, whether the particulate matter was locally resuspended or advected laterally from
shallower regions further north.

Connecting the Barents Sea shelf and the deep Arctic Ocean, the FVT could be
a key pathway for exporting shelf-derived material. According to [28] and [29] Atlantic-
derived waters enter the Barents Sea through the western part of FVT, while Cold Bottom
Waters and southern Barents Sea Atlantic-derived waters are exiting towards the north
in the eastern part of the FVT. Therefore, the absence of the BNL at the slope can be
explained by the station’s positions being located mostly in the western FVT where less
turbid water masses from the Arctic Ocean dominate. Assuming a near-bottom northward
flow in the eastern FVT and relating it to the well pronounced BNL in the southern FVT,
leads to the conclusion that shelf material can be exported through the FVT within the
BNL during winter. Due to the absence of a BNL in the FVT in late summer / early
autumn [8] it can further by implied that most of the bottom sediment transport occurs
during wintertime. Yet, to further support this hypothesis, year-round current and SPM
measurements are needed.
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CONCLUSION

Sedimentological investigations were conducted in the Barents Sea to gain new
insights into the distribution of suspended particulate matter during late winter. A distinct
bottom nepheloid layer was observed during the sampling period across the entire Barents
Sea shelf with a decreasing intensity trend from the south towards the north. The highest
SPM concentrations of up to 4 mg/L were observed in bathymetric troughs (e.g. Franz
Viktoria Trough) and at the flanks of bathymetric elevations (e.g. Skolpen Bank).

Relating this study to SPM investigations carried out mainly in autumn which
observed only very low SPM concentrations below 1 mg/L leads to the conclusion that
a distinct BNL is formed in late autumn or winter. Hence, sediment transport on the
Barents Sea shelf may be most pronounced during winter. The Franz Viktoria Trough,
a deep valley with water depths of more than 400 m could act as an important transport
conduit for shelf material into the Eurasian Basin. In order to quantify sediment transport
within the BNL and to gain more certainties about the fate of the suspended material in
this region, more detailed investigations of SPM combined with current measurements
at the continental slope are needed.
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Pacnpenenenue B3BemeHHbIX YacTull B bapeHueBom Mope B koHile 3umMbl 2019 1.
(pacmiupenHbiii pedepar)

B ycnoBusix u3MeHeHHs KIIMMara TPOMCXOMUT COKpalleHHe IUIOMAM JIEISHOrO MOKPOBa KaK JIETOM, TaK M
3MMOM, YTO BJIEUET U3MCHEHHS B THAPOPU3UUCCKUX M OMOTCOXMMUYCCKHX IUKIAX HA CE30HHO-0E3NETHBIX
menb(ax EBpasuiickoro 6acceiina. B cBoto ouepe/ib yBeniueHie NpOIOIKUTEIEHOCTH EPUOIA OTKPBITOM BOMIBI
MPUBOJIUT K HHTCHCU(HKAIINN 00pa30BaHUs B3BEIICHHOTO OCa/IKa K OEPErOBOM SPO3HH B CBS3H C YBEIHUCHHEM
BETPOBOI HATPY3KU U BHICOTBI BOJIH. JTO BJIUSAET HAa ONTUYECKUE CBOKCTBA BOJHOM TOJIIM U, CIIEIOBATENBHO,
Ha OHOJIOTHYECKYIO TIPOAYKTHBHOCTD B 3TOM peruone. MccnenoBanus B BOCTOUHON yacTi bapeHiieBa Mopst B
JIETHEE BPEMs [TOKA3bIBAIOT BBICOKHE KOHLIEHTPAIIMK B3BEIIEHHOTO BetecTBa (BB) B ipuaoHHOM cltoe, 0iHaKo B
OCeHHee BpeMsl B paiioHe xkenoda dpani-Bukropus Habmonal0Tess HU3KKUE KOHIIEHTpALMK B 3TOM clioe. Hannuune
MOMOOHBIX JOHHBIX He(enonanbix cioe (JIHC) uMeer BakHeiiiee 3HaYeHNE T OCHTHYECKUX OPTaHU3MOB,
MOCKOJIBKY OT 3TOTO 3aBUCHT MX KOpMoBas 0aza. Kpome Toro, Oombliiast yacTh mepeHoca nonepek-CKI0HOBBIX
0CaJIKOB, a TAKKe BBIHOC OPraHUYECKOro yriepona ¢ rmenbgha npoucxonut B npenenax JHC. [lns usyuenus
BEPTUKAIILHOTO ¥ TOPU30HTAIILHOTO pactpe/ienenus KoHueHnrpaiuu BB B bapeniieBom Mope B pamkax mnepso-
ro stana sxcneauunn « Tpancapkruka-2019» va HOC «Akanemuk Tpémuukos» B Mmapre — mae 2019 . na 32
OKeaHOTpahUIECKUX CTAHLUAX ObLI0 0TOOPaHO 152 1—2-IUTPOBBIX MPOOBI BOJIBI C MOCIEAYIOMEH (riIbTparmei
1 B3BelMBaHueM GibTpoB. Takke Ha 159 cTaHIuAX OBLTH MOMYUYCHbBI BEPTHKATBHBIC POQUIH pacpeeIeHHS
ONTHYECKOTr0 00PAaTHOTO PACCESHHUS C TIOMOIIBIO ONTHYECKOTO Tarynka MyTHOCTH. C iemosb3oBanueM 115 mpod
OblTa OTIpeieNieHa TMHEHHAS 3aBUCHMOCTh KOHIIGHTpaIii BB 0T BeTMUnHbBI ONTHYECKOT0 00paTHOTO pacCesHus,
T03BOJIMBIIIAS BOCCTAHOBUTH MPOMMIIKA KOHIIEHTpaluy BB 1o 1aHHBIM JaTynKka MyTHOCTH.
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AHaM3 pe3ynbTaToB MO3BOJIKI MOTYYUTH CICAYIONLYI0 KAPTUHY BEPTHKAIBHOTO PACIIPEIeICHUS KOHIICHTPAIIUH
BB B pa3HbIx o6macTsax Mopsi. B LeHTpanbHOl YacTH XOpOIIO MPOCIEKHBAIOTCS [IBA CIIOSL: OT MIOBEPXHOCTH JI0
150 MeTpoB ¢ auama3oHoM KoHueHTpanuit 0,4 — 1 Mr/n u npuaoHHbIH 40-MeTPOBBINA HeENOUIHbIH ¢ Tua-
a30HOM KOHIIEHTpalmii oT 1,5 10 4 MI/T HEMOCPEICTBEHHO Y NHA. B roxkHOM yactu sxenoda Opann-Bukropus
HaOJroaeTest MOX0Kas KapTHHA, HO ¢ MEHBIIMMH KoHIeHTpanusaMu: 0,4 — 0,6 MI/J1 B BEDXHEM CII0€ U 9yTh
oonbummu (10 4 Mr/n) B HedenouaaoM 30-MeTpoBOM cioe. B ceBepHOit ke dactu xkenobda Ppani-Bukropus,
Onmke K KOHTHHEHTAILHOMY CKIIOHY, BhipaskeHHbIH [JHC orcyTcTByer, KoHueHTpamus BB 1o Beeit Tomme
Bapbupyercs B pezenax 0,4 — 1 mr/i. [opusoHTanbHOe pacipeieneHue BIoub 39-ro MepyIuana oKa3sBaeT
TIOBBIIIICHHBIE KOHIICHTpaImu BB y 6aHok nieHTpanbHas u CKOJIIEH, B IEJIOM K CeBepy HaOMoaeTesl MOHIKCHHE
KoHieHTparmu u ymenbienue JJHC. B xkenode @pann-BUKTOpHS M0 JAHHBIM TTONEPEYHOTO paspesa Onpeaes-
0TCS1 IOBBIIICHHbIE KOHIIEHTpalii BB Ha 3amajHOM 1 IOHW)KEHHBIE Ha BOCTOYHOM CKJIOHE. Ha pacnipenenenue
KoHueHrparmu BB B bapenueBom Mope Bimsier 0obioe kommdecTBo aktopos. Cpey Hanbonee 3HaYMMbIX:
HAJIMYKE JICTSTHOTO MOKPOBAa — OTKPBITAs BOJA CIOCOOCTBYET PAa3BUTUIO BOJHEHHS, & TAKXKE BEPTHKATIbHON
KOHBEKIIMH U, TEM CaMbIM, TIOBTOPHOMY PACIPOCTPAHCHHUIO B3BECH, TPAHCHOPMHUPOBAHHAS aTTaHTHUYCCKAs
BOJIA TAKKE MOXET OBITh MPUUMHON TOBBINICHHBIX KOHIICHTpaimii BB. Pacnipenenenue konnentpamuu BB B
xenobe Opanu-Bukropus MoxkeT ObITh 00BICHEHO 3aTOKOM BOJ ATJIAHTHYECKOTO POMCXOKICHHUS ¢ HU3KUMU
KoHIeHTpalmsMu BB B11osb 3amagHoro 6epera ¢ ceepa M BBIXOAOM XOJMOIHBIX MPUIOHHBIX U FXKHBIX OapeH-
[IEBOMOPCKHX BOJI C OBBIIICHHBIMU KOHIIEHTpALMSMH BIIOJb BOCTOYHOTO cKJIoHa ¢ tora. Otcyrereue JJHC B
KOHIIE JIeTa / Hayase OCEHH U HANIMYUE ero 3MMOM TI03BOJISIET IPE/NONIOKHTh, YTO 00JIbIIAs YacTh TPAHCIIOpTa
BB mpoucxoauT B 3uMHEe BpeMsl, OTHAKO 3Ta THIOTe3a TPpeOyeT MOATBEPKICHHS Ha OCHOBAHUH KPYTJIOTONYHBIX
JIaHHBIX O KOHLeHTpaluy BB u Teyenuit.
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Pe3rome

B crarbe aHaM3MpPyeTCS ONBIT HPOBEICHNUS CIIELUAIBHBIX OKeaHOrpaUeCKHX HaOIIOICHNH B JIEI0BOM Jlare-
Pe IKCIEPUMEHTANbHON Apeidytoleil CTaHIMK, OPraHU30BAHHOI B (hopMaTe «CyIHO-JEI» Ha IIEPBOM ITare
sxenenuiun «Tpancapkruka-2019». IIpuBoasTcs pe3ysnbTaThl Ka4eCTBEHHOTO aHANKM3a TIOMYYCHHBIX JaHHBIX.
OTMeuaroTCst Hey0BIETBOPHTEIbHbIE HTOTY SKCTIEPHMEHTA, HATIPABIEHHOTO HA MCCIIEN0BAHHIE XapaKTEPHCTUK
BHYTPEHHUX BONH. KoHCTaTHpyroTCsa AeHCTBEHHOCTh M MEPCNEKTUBHOCTh MOJX0/a, PEATN30BAHHOTO TIPH Op-
raHU3aliu HaOmoaeHu i Ha TypOyneHTHOM Ki1acTepe. OLeHHBAETCs BO3MOKHOCTD UCTIONB30BaHUs HApabOTOK
SKCIEPUMEHTAIBHOTO Apelida B IaHUPYEMbIX SKCIEAMIMAX Ha 6a3e CTPOALIEHCs B HACTOSIIEE BPeMs JIe10-
croiikoii camonBmxkyeiics mardopmsl «CeepHsiii nomocy (JICTI-CIT).
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Summary
We discuss the experience of conducting special oceanographic observations in the ice camp of the experimental
drifting station. In a changing climate the Barents Sea is exposed to an important change in a heat and salt balance
and a system of ocean currents. These changes are related to the distribution of the Atlantic waters, surface waters
and sea ice, so a drifting station appears to be the best-adapted platform for complex simultaneous measurements
of sea water properties and phenomena. The drifting station was organized as a “vessel — ice” camp during the
first leg of the “Transarktika-2019” expedition, and the following characteristics were measured: temperature,
salinity, ocean currents and turbulence. A detailed description of the experimental station is presented: three
sites on ice with CTD-strings, one equipped additionally with ADCP and one site on ice with a turbulent cluster
equipped with a 3D velocimeter, ADCP and CTD. The RV “Akademik Tryoshnikov” was another platform
for oceanographic measurements. We present some results of a qualitative analysis of the obtained data. The
conditions of the experiment are considered as inadequate for studying the characteristics of internal waves, but
we state the efficiency and the potential of the developed approach of in situ observations in a turbulent cluster for
calculation of fluxes and discuss the obtained from CTD thermal structures. Finally, we evaluate the possibility
of application of the obtained experience for future drifting ice camps in the North Pole.
Keywords: heat balance, internal waves, oceanographic observations, “Transarktika-2019”, turbulent flows,
upper mixed layer.
For Citation: Filchuk K.V., Tarasenko A.D., Kusse-Tiuz N.A., Merkulov V.A. The experience of oceanographic
observations in the ice camp during the drift of the experimental station “vessel — ice”. Problemy Arktiki i
Antarktiki. Arctic and Antarctic Research. 2020, 66 (3): 279 — 292. https://doi.org/10.30758/0555-2648-2020-
66-3-279—292.
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BBEJIEHUE

HaGmionaemasi B IociieiHNe TOABI CYLIECTBEHHAs AErPajallis JIEASHOTO IOKpOBa
Ha Tpacce PaclpoCTPAHEHUs aIaHTHYECKUX BOJ B APKTHYECKOM OacceliHe MO3BOJISAET
MPEJIIONIOKUTh CYIIECTBOBAHHE TEIJIOOOMEHA MEKY ATJIAHTHYECKUMH BOJIAMHU M TIOBEPX-
HOCTHBIMH CJIOSIMU OKC€aHa. I/IHTGHCI/I(I)I/IKaIJ,I/IH 3UMHEN TepMOX&J’lHHHOﬁ KOHBCKIIMH BJOJIb
TPACKTOPUU ABUIKCHHUA ATIIAHTUYCCKHUX BOJ, BCPOATHO SABUBLIAACA CICACTBUCM 06mero
COKpaIeHUs] KOJMYEeCTBA MHOTOJIETHETO JIb/Ia B APKTHYECKOM OacceliHe M TOBBIICHHS
TEMIIEpaTypbl MOCTYNAIOLIMX uepe3 mpoiuB dpama aTaHTHUECKUX BOJ, 00yCIaBIMBaeT
BbIXO/ TCIJIBIX COJICHBIX BOJ K ITOBEPXHOCTU OKC€aHa, YTO CYIICCTBEHHO U3MEHACT TCILJIO-
BOIi OajyiaHc BepxHero nepemenianHoro cios [ 1—3]. Tepmuueckue sKkpaHupyOLIHE CIION
(Teruibie M XOJIOAHBIE), KOTOpBIE, coriacHO [4, 5], hopMupyIOTCS HAa 3HAYUTENBLHBIX MO
IUIOILIA M y4acTKaxX akBaTOPHUH APKTHYECKOro OacceiiHa, ONpeieNsioT yCIOBUs CTpaTH-
(buKanuu, Mpyu KOTOPHIX MTOBEPXHOCTHBIH CJIOW OKa3bIBACTCSI H30JIMPOBAHHBIM OT HPSIMOTO
BO3[[CI7[CTBI/IH NOACTHUIIAOIINX aTIIAHTUYCCKUX BOJ. HO—BI/I[[I/IMOMy, B HACTOALICEC BpEMs
HUMCIOT MECTO 3MMU30AUYCCKUE Pa3pbIBbl OKPAHUPYIOIINUX CJIOCB, MPOUCXOAANIUE B CUITY
KaKUX-TO TMPUYKMH (BHYTPEHHHE BOJIHBI, BHYTPUIIMKHOKIIMHHBIE BUXPH, OOJIBIION BEpPTH-
KaJIbHBIN CABUT CKOpOCTl/I), KOTOPBIC IPUBOJAT K TOMY, YTO IMOTOK TEILJIa OT aTJIAHTUYCCKUX
BOJI JIOCTHIaeT HETIOCPE/ICTBEHHO JISJISTHOTO [TOKPOBA, OKa3bIBasi 3HAYUTEIILHOE BIUSIHUE Ha
IIPONLCCChI TasTHUA U HapaCTaHUs JibJa. HpOBepKa JJAHHBIX T'UIIOTE3 MOXKCET 6])1Tb oCymecT-
BJICHA IYTEM BLIIIOJIHEHU A CIICHHUAIBHBIX OKeaHOI’pa(bl/I‘-IeCKI/IX I/ICCHe)IOBaHI/Iﬂ B BEPXHEM
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cioe okeaHa. JlJst JOCTIKEHHS 9TOM 1111 He0OXOJMMbI HaTyPHbBIE H3MEPEHUs IIapaMeTPOB
TOHKOW TEPMOXaJIMHHOW CTPYKTYpbI, BHYTPEHHHX BOJIH, TYPOYJICHTHBIX IIOTOKOB COJIH,
TeIia U UMITYJIbCa, CIBUTOB CKOPOCTH Ha Pa3JIMYHBIX INIyOMHAX, OT TIOBEPXHOCTH JI0 TO-
pusontoB 100 — 200 M. OnTuManbpHON 00CEPBALIMOHHOM TIAaT(GOPMON Il TAKOTO pojia
HCCIIEI0BaHUN MOXKET CIIYXKUTh Aperdyroliee JeJsIHOE 10Jie, Ha KOTOPOM pa3BepThIBACTCS
KOMILIEKC U3MEpUTENbHON anmaparypsl. PazmenieHne perucTpupyonmx npuoopos Hero-
CPE/ICTBEHHO Ha JIPEH(YIOLIEM Jibly MO3BOJISIET UCKIIOYUTh BIMSHUE HAa COCTOSHUE M3-
y4aeMbIX cpeJl B paifoHe MPOBEICHHUS SKCIIEPUMEHTOB MPOTSIKEHHOTO MAaCCHUBHOTO 00BEKTa
(cynHa), HeM30€XKHO OKA3bIBAIOIIEr0 BO3MYILAIOIINE BO3JICHCTBHS B CHITYy 3HAYUTEIILHBIX
reOMETPUYECKUX Pa3MEpOB HAJBOAHON M IOJBOJHON YacTH, a TaKKe BHIOPOCOB B aT-
Mocdepy MpOoIyKTOB CrOpaHusi TOIUIMBA M cOpoca 0ObEMOB BOJIbI, BOBJICUEHHBIX B IIUKII
xu3HeobecneueHus. Kpome Toro, nCrosb30BaHuUE JISASHOIO TOJIS B KA4eCTBE II1aT(hOPMBI
MIPEOCTABIAET BO3MOXKHOCTh CKOMIIOHOBAThH PETUCTPUPYIOIINI KOMITJIEKC B CTPOTOM CO-
OTBETCTBHHM C IUIAHOM HcciienoBaHui. K mpumepy, MOXKHO JIOKaJIM30BaTh B OJHON TOYKE
M3MEpEeHHs MapaMeTPOB TECUEHUIN M TEPMOXAIUHHBIX XapaKTEPUCTHK, €CIU PeYb UAET
00 u3ydyeHuu TypOyJSHTHBIX OTOKOB, HJIH, B CIIyYae IIOCTAHOBKU IKCIIEPUMEHTA I10 pe-
THCTpallli MPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTePUCTUK BHYTPEHHUX BOJH, pa3sHECTU
IIYHKTBI HaOJIO/ICHUH Ha 3HaUMTeNIbHOE paccTossHue. ONMCaHHbIN TOAX0/ ObLI peann30BaH
IIPY TIPOBEJICHUN OKeaHOTpa(uuecKnuX UCCIIEIOBaHUN B JISJOBOM Jiarepe, pa3BepHyTOM
B X0J1e dKcriepuMenTanbHoro apeiipa HOC «Akanemuk TpéHukosy. beum onpoboBaHbl
METOJIMKH MIPOMU3BOJICTBA CIICIIHAIBbHBIX OKeaHOrpapUIeCKUX HAOIIONEHUH B MOICIHOM
CJIO€ C WCIOJI30BAaHUEM COBPEMEHHOI M3MEpUTENIbHOW OKeaHOrpapUuecKOrd TEeXHUKU
BBICOKOTO BPEMEHHOTO U IIPOCTPAHCTBEHHOTO pa3pelieHus Ha 0a3e apeidyroreil cranimy,
OpPraHU30BaHHOM B (hopMaTe «CyIHO — JIEI».

Lenbro maHHOM CTAaThU ABISETCS ONUCAHHUE BBITOJHEHHBIX SKCIEPUMEHTOB, IpPea-
BapUTENbHBIN aHAIN3 HEKOTOPBIX PE3YJIbTaTOB OKeaHOTpadMueCKUX HAOIIOACHUH, OLICHKA
MIPUMEHUMOCTH TPEJUIOKEHHBIX MOAXO0A0B sl Oyymux sKcreauunii. KoMruiekcHbId
xapaxTtep skcneaunun « Tpancapkruka-2019, I atam» [6] mo3Bonma Takke OLEHUTH Mep-
CIIEKTUBBI HCIIOJIb30BAaHUS PE3yJIbTaTOB BBICOKOAUCKPETHBIX CHHXPOHHBIX MYJIBTHIUC-
LUITMHAPHBIX (aTMocdepa, MOPCKOM Jiesl, OKeaH) HaOJIOICHUH, BBIOIHIEMBIX Ha 0ase
JIEOBOTO JIareps.

METO/JbI U CPEJCTBA HABJIIOIEHUI

3aj1a4a MCCIeI0BaHUs IPOCTPAHCTBEHHOM U BPEMEHHON M3MEHYMBOCTH XapaKTepH-
CTHK BHYTPEHHHUX BOJH 110 paitony aperiha HOC «Akanemuk TpEmHUKOB» B X0ZI€ TIEPBOTO
sTamna Kkcreantn « Tpancapkrika-2019» permanacek myTeM pacCTaHOBKH ¢ IpeH(yIomero
JbJa B TPEX Pa3HECCHHBIX IYHKTAX JISIOBOTO JIarepst U3MEPUTEIILHBIX KOMILIEKCOB B CO-
craBe CTD-perucTparopoB, pa3MeLIeHHbIX Ha HECKOJIBKUX TOPH30HTAX, — TaK Ha3bIBAGMBIX
CTD-«xoc». B nemoBom marepe 6butn yeranoBieHsI Tpu CTD-«kockr». JIBe «KOChD OBLITH
HaOpaHbI U3 IPUOOPOB Mpon3BoACcTBA Kommannu Sea-Bird Electronics, Inc., B ogHOM city-
Yae B KOMIUTEKTAIIMIO BXOIIIIH /1Ba peructparopa 37-SM MicroCat C-T Recorder u omua
peructparop 16plus V2 SeaCAT, Bo BTopoM — 110 oHOMY peructparopy 37-SM MicroCat
C-T Recorder, 37-SM MicroCat C-T-D Recorder u 16plus V2 SeaCAT. Tpetps «koca» Oplia
cxomriekroBana u3 st CT-30H710B pom3BoacTBa Kommannu RBR Ltd., n1eyx Concerto
u Tpex XR-420. CTD/CT-«koCbD» OBLTH YCTAHOBIICHBI B BEPIIMHAX PABHOCTOPOHHETO
TpeyronpHuKa Ha pacctosann ~400 M npyr ot apyra. Cxema pa3MemieHns okeanorpadu-
YeCKOro 00OpyIOBaHUS B JICIOBOM Jlarepe IpeiCTaBlIeHa Ha pucC. 1.
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Fig. 1. Deployment scheme of oceanographic equipment in the ice camp

Jist paccTaHOBKM MOJIEAHBIX CTAHIMH, YKOMIUIEKTOBAaHHBIX 000pylIOBaHUEM Sea-
Bird Electronics, Inc., ObUIM IOATOTOBICHBI OTICIBHBIC MAWHBI, KOTOPBIC B LIEJISAX MPEIOT-
BpAIllEHHs 3apacTaHMs JIbJIOM ObLIM HAKPHITHI OTAIIMBAEMBIMH JIEPEBSIHHBIMU KOPOOaMH,
MUTaHUE K KOTOPBIM ObLIO NpoTsiHyTO ¢ cyaHa. CT-«koca» RBR Obiia pasmeniena B maiine
npodunorpada reuenuin WorkHorse LongRanger 75 xI'1j ¢ ncrniosib30BaHHeM 3J1€MEHTOB
ero ocHacTkH. ClielyeT OTMETHTB, YTO B KOMILJIEKTAIIMU 9TOH «KOCBD) HE OBIJIO HU OJTHOTO
nprudopa, OCHAIEHHOTO KaHAJIOM PErHCTPaLUK JaBieHHUs], IPH [UIAaHUPOBAHUM €€ pa3-
BEPTHIBAHUS IIPEJIIONIAraioCch BBIBECUTH Ipoduorpad tedenuit Ha nryoune 300 m, a CT-
perucTparopsl paBHOMEPHO PaCIPEAEIUTh 110 JIMHUY TI0J[BECa, B ATOM cirydyae npoduiio-
rpad Te4eHUH OTBELIMBaIl Obl JIMHUIO, a MIOKAa3aHHsI ero IaTYUKa JaBJIeHUsI O3BOIHIN ObI
BOCCTaHOBHUTBH TOPU30HTBI PETUCTPALIMM TeMIleparypbl u coieHoctu. [lo ¢daxry npudop
WorkHorse LongRanger 75 k['1i 6bu1 ycTaHOBJIEH B IOIUIEHOM CJIO€, YTO OBLIO 00Y-
CJIOBJICHO HEBO3MO)KHOCTBIO KaJIMOPOBKHM MarHUTHOTO KOMITAaca ¢ pa3MelIeHHbIM BHYTPU
Koprryca OiiokoMm Oarapeit, npoduiiorpad ObUI 3aIUTaH C NOBEPXHOCTH Yepe3 LITATHBINA
CUTHAJIHO-CUJIOBOI KaOenb AHOM 5 M. UToOBI obecnieunTh OMM3KOe K BEPTUKAIBHO-
My nonoxenne auHun CT-perncrparopos, «kocay Oblila OTBELIEHA OKOHEYHBIM T'PY30M,
JIaTYMKY JIaBJICHHS Ha JIMHUU OTCyTCTBOBaM. Kak Oy/ieT moka3aHo B Xo/e JaJIbHEHIIEro
o0cysxaeHusl, IocieHee 00CTOSTEIbCTBO NMEIIO0 HEMAJIOBaYKHOE 3HAYEHHE.

[TyHKTBI TOCTAHOBKH CTaHIMH, UX KOMIUIEKTALUsI, TOPU30HTHI pa3MeleHHsl pe-
THCTPAaTOPOB HECKOJIBKO pa3 MEHSUIUCH B TeUeHHe Jpeiida, ¢ yueToM CKIIaabIBaroIIeics
JIeJ0BOW 0OCTaHOBKH, MEHSIOIIMXCS OaTUMETPUYECKUX YCIOBHH, HEOOXOIUMOCTH Iepe-
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Tabnuya 1
CaeieHHs1 0 IOCTAHOBKE MOJIEIHBIX CTAHIUI B JIEJIOBOM Jlarepe
Table 1
Information about deployment under-ice stations in the ice camp
Topuzont | KoopaunaTsl mocTaHOBKU
[lara u Bpemst
MOCTAHOBKH |  KOOpIMHATHI CHATHS JIUCKPETHOCTD.
H3meputenbHOe HIOCTaHOBKH e
YCTpPOMCTBO Tnybuna /Jlara u Bpems KOHH%CTBVO
MecTa upota, N | Honrora, E CHSTHS H3MEpPEHUN
HIOCTaHOBKH
—  |CTD-perucrparop 100 m 81°32,082' | 40° 55,316" | 04.04.2019 12:00 10¢
< [SBE 37-SM 407 m 80°49.019" | 39°20,245" | 23.04.2019 16:03 165 600
%= |s/n 6953 100 m 80°41,072'| 39°22,771' | 25.04.2019 08:00 10¢
5 217 ™M 80° 25.062" | 39°42,270" | 28.04.2019 14:06 28 080
£ _ |CT-perucrparop 30m 81°32,082" | 40° 55,316' | 04.04.2019 12:00 10¢
5 S [SBE 37- SM 407 m 80°49.019" | 39°20,245" | 23.04.2019 16:03 165 600
2 £ [s/n 6958 30m 80°41,072'| 39° 22,771 | 25.04.2019 08:00 10¢
= 217 ™M 80° 25.062" | 39°42,270" | 28.04.2019 14:06 28 080
& |CTD-perucrparop 220 m 81°32,082' | 40° 55,316" | 04.04.2019 12:00 10¢
E SBE 16 407 m 80°49.019" | 39°20,245" | 23.04.2019 16:03 165 600
S |s/n6328 150 m 80°41,072'| 39°22,771"' | 25.04.2019 08:00 10¢
= 217 ™M 80° 25.,062" | 39°42,270" | 28.04.2019 14:06 28 080
«~  |CT-perucrparop 100 m 81°32,082' | 40° 55,316" | 04.04.2019 12:00 10¢
< |SBE 37-SM 407 m 80° 44.030" | 39° 16,520" | 24.04.2019 11:39 172 674
= [s/n 6959 100 m 80°41,072'| 39°22,771" | 25.04.2019 08:00 10¢
3 217 ™M 80° 24,085" | 39°43,975" | 28.04.2019 19:00 29 880
S __ |CT-peructparop 30Mm 81°32,082' | 40°55,316' | 04.04.2019 12:00 10¢
& S [SBE 37-SM 407 m 80° 44,030" | 39° 16,520" | 24.04.2019 11:39 172 674
z g/ s/n 6960 30m 80°41,072'| 39°22,771" | 25.04.2019 08:00 10¢
= 217 ™M 80° 24,085" | 39°43,975" | 28.04.2019 19:00 29 880
& |CTD-peructpatop 220 m 81°32,082' | 40° 55,316' | 04.04.2019 12:00 10¢
E [SBEI6 407 m 80° 44.,030" | 39° 16,520 | 24.04.2019 11:39 172 674
g |sm6329 150 m 80°41,072" | 39°22,771" | 25.04.2019 08:00 10¢
= 217 m 80°24,085"| 39°43,975" | 28.04.2019 19:00 29 880
CT-perucrparop 30Mm 81°24,223" | 38°42,067" | 08.04.2019 00:00 1 MuH
«n |RBR XR-420 420 m 80°49,447'| 39°23,157" | 23.04.2019 15:23 22523
2 |s/n 14607
»s |CT-perucrparop 245 ™ 81°24,223"| 38°42,067' | 08.04.2019 00:00 1 Mun
b RBR Concerto 420 M 81° 04.440" | 38°25.880" | 12.04.2019 11:29 6499
S _ [s/m 62523 S0m 81°04,440" | 38°25,880" | 12.04.2019 14:00 1 MuH
g8 200 m 80°49.447" | 39°23,157" | 23.04.2019 15:23 15923
E £ [CT-perucrparop 150 m 81°24,223"| 38°42,067' | 08.04.2019 00:00 1 MuH
2 RBR XR-420 420 m 80°49,447" | 39°23,157" | 23.04.2019 15:23 22 523
S |s/n 14604
E  |CT-perucrparop 200 m 81°24,223" | 38°42,067" | 08.04.2019 00:00 1 MuH
& |RBR XR-420 420 m 81°04,440" | 38°25,880" | 12.04.2019 11:29 6499
s/n 17152
Axyctuueckuii 2Mm 81°24,450" | 38°24,500' | 14.04.19 00:00 10¢
S |mormmepoBckwmit 364 m 80° 52,135"| 39°27.940" | 23.04.19 18:20 74621
E» U3MEpUTeIIh 2M 80°44,242'| 39°21,194' | 24.04.2019 16:00 10¢
£ _ |cxopoctu Teuenuii 250 m 80° 21,788" | 39°45,086" | 29.04.2019 04:13 38961
2 § ADVField/Hydra,
£ g |CTD-perucrparop
2 Z [SBE-37-SI,
E = aKyCTHYECKHI
z JIOIIIEPOBCKUIA
2  |npodunorpad
WHS 600
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Juciokanyu sarepsi. [ToapoOHast mHpoOpMaIys 0 NPOCTPAHCTBEHHOM TTOJIOKEHUH CTaHIHUH,
TOPU30HTAX Pa3MelIeHUs] NPUOOPOB, BPEMEHHOM PEIVIAMEHTE PEruCTpaluu ruapodu3u-
YeCKMX MapaMeTpoB NpuBeeHa B Tadnune 1.

Jaist penieHust 3a/1a4K ONPEICNICHHs] XapaKTEPUCTUK TypOYJICHTHBIX IIOTOKOB COJIH,
TEeIia U UMILyJIbCa B IOUICIHOM CJIOE€ OBUIN BBINOJHEHBI HAONIONCHHS Ha U3MEPUTEIIb-
HOM KJ1acTepe, B KOTOpoM ObLIM uHTerpupoBansl npudopsl ADVField/Hydra ¢ naTurkom
ADVOceanProbe 5 MI't, CTD-peructparop SBE-37-SI MicroCat C-T-P Recorder u mpo-
¢unorpad Teuenuit TRDI WorkHorse Sentinel 600 xI'u. Kiactep siBisiicst cocraBHOM
4acThI0 MHOTO(YHKIIMOHAIILHOTO KOMIUIEKCA, NPEeHa3HAaueHHOTO JUIs PErHCTPALU CO-
CTaBIISIIOIIMX TEIJIOBOrO OajaHca M MOTOKOB TeIUIa Ha BHEIIHMX TPAHUIAX U B TOJIIIE
MOPCKOT0 CHEHO-JIesHoro nokposa. [Ipuboper ADVField/Hydra u SBE-37-SI 6bLiu
JKECTKO 3a(h)MKCUPOBAHBI HA METAUINYECKOH IITAHTe TAKUM 00pa3oM, 4TOOBI perucTparys
napamMeTpOB TCUCHHUI MPOU3BOIMIACH HA TOPU30HTE pasmeneHus omoka CTD-garunkoB —
1,8 M. K HIDKHEMY KOHIly HITAQHTH KPEIMWICs KOPOTKUM mojBec npoduiorpada TedeHui,
OPHEHTHUPOBAHHOTO BEPTHKAILHO M3JTydaresiiMi BHU3. MECTOMNOIOKEHNE YCTAaHOBKHU KJla-
cTepa B JIEZ0BOM Jiarepe MepeHoCuIIOCh Iociie packoia 6a3oBoro jeznsHoro nous. llranra
BBOJIMJIACH B CHENHaIbHO MOATOTOBJICHHBIE MAifHBI M 3aKPeIUsIach B BEPTHKAILHOM
MOJIOKEHUH. MaiiHbl BBIOYpHBAINCh HA y4acTKax POBHOTO HeJe(QOPMHPOBAHHOIO JIbJa,
YAQJIEHHBIX OT TOPOCHUCTHIX 00pa30BaHui, BOJIM3H METEOMAUThI, HA KOTOPOIl pa3Melainch
JIpyTHe JaT4uKd MyJbTHIIAPaMETPHYECKOrO KOMILIEKCA.

AHAJIN3 PE3YJIBTATOB U3MEPEHUI

KauecTBeHHbII aHaIN3 BpEMEHHBIX PS0B 3HAUEHUH TEMIIEPATYpbl U COJIEHOCTH, TIOJTY-
YeHHBIX paboTaBummu B coctaBe CTD-«Kkocy» perncTparopamu, MO3BOINI BBIBUTH (ITyK-
Tyallly, XapakTep KOTOPBIX OMPEIEICHHO HE MOXET OTPaKaTb BPEMEHHYIO0 M3MEHUHBOCTD
TEPMOXaJIMHHBIX TAPAMETPOB Ha (PMKCHPOBAaHHOM ropu3oHTe. Ha puc. 2 6 mpezcTasieH Bpe-
MEHHOH X071 3HAa4EeHHUI TeMIepaTypbl Ha HOMUHAIBHOM (T.€. COOTBETCTBYIOIIEM Pa3METKe
yann) ropmonTe 100 M, 3apeructpupoBanHbii CTD-«xocammm» SBE, ycraHoBIeHHBIMH 110
Hocy (Ne 2, kxpacHsIif) u o kopme (Ne 1, wepHsIif) cyaaa. Ha prc. 2 0 mpencTaBieHsl aHa-
JIOTUYHBIE TpapUKU Tl HOMUHAIEHOTO ropr3oHTa 250 M. Ecimi o6patuThest K BpeMEHHBIM
JarpaMmam, WITIOCTPUPYIONMM H3MEHEHNE 3arTyOlIeHHsT PETUCTPATOPOB C TEUCHHEM Bpe-
MeHH (puc. 2 6, 2), CTAaHOBUTCS] OUYEBHIHBIM, YTO 3a(hMKCHPOBAHHEIC «KOCAMI» (DITyKTyarim
3HAUEHHH TEMIIEPATYPBI M COICHOCTH OTPAXKAIOT HE KOHBEKTHBHBIE CMEILICHHS BOIHBIX CIIOCB
C Pa3HBIMU TEPMOXAITMHHBIMU XapaKTEPHCTUKAMH, & YXOJ PErHCTPUPYIOIIETO yCTPOHCTBA
C HOMMHAJIBHOTO TOPH30HTA ITOCTAHOBKHM M BO3BPAIICHUE HA HETO BCIIEICTBHE M3MEHEHHUS
CKopocTH apetida baa. JlaHHbIi BBIBO TOATBEPKIACTCS JUATPAMMOi (pHC. 2 2), Ha KOTOPO
rpaduKu U3MEHEHUS 3anTyONieHHs TPUOOPOB COBMEIICHBI C BPEMEHHBIM XOJIOM CKOPOCTH
npeticda ITeITHOTO MO CTaHIMK: JIBa TapamMeTpa GIyKTyHpyIoT B sIBHOH IPOTHBOdA3E.

I'padmueckoe mpeacTaBICHNE SKCIEPUMEHTAIBHO YCTAHOBICHHBIX 3aBHCUMOCTEH
CMEIICHUS TIOJIOKEHHS PETUCTPUPYIOIHNX eMeHTOB CTD-«KoCh» ¢ HOMHHAIBHBIX TO-
PHU30HTOB TOCTAHOBKHM OT CKOPOCTH Ipeiia Hecymel miatdopmsbl (puc. 3) mMO3BOIISET
KOHCTaTHPOBATh, YTO MPH CKOpOoCTH Apeiida > 0,6 KM/9 yXoI H3MEPUTETHHOTO YCTPOUCTBA
C TOPU30HTA MOCTAHOBKH COCTABIISET JECATKH METPOB M MOXKET JOCTUTATh COTHH METPOB
mpu cKopocTH apeiida > 1 xm/4. Jlnana3oH konebannii (PaKTHIECKOTO 3arTyOIeHIS TIPH-
6opa ompenenseTcs ero NOJIOKEHNEM Ha JIMHUH, YeM OJIKE K MOBEPXHOCTH YCTaHOBICH
perucTpaTop, TeM MEHbIIEE BINSHUE HA €TO MOKa3aHMs OKa3bIBAlOT COOCTBEHHBIC BEp-
THUKaJbHBIE CMemIeHus (puc. 2 a).
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Puc. 3. DkcniepuMenTanbHas 3aBUCUMOCTS 3anryoienus peructparopos CTD-«xoc» oT cropocTn
npeiida: romy0oit — MONOKEHNE PeTucTpaTopa, 3akperieHHoro Ha 100-M MeTpe THHUT; CHHANR —
TIONIOKEHHE PETUCTPATOpa, 3aKPEIUIEeHHOTOo Ha 250-M MeTpe TMHUHU

Fig. 3. Experimental dependence of the depth of the CTD-string’s recorders on the drift speed:
blue — position of the recorder fixed on 100 m of line; dark blue — position of the recorder fixed
on 250 m of line

Taxum o6pazom, 3apeructpupoBanusie CTD-«kocamm» SBE psabl 3HaueHwid TeM-
HepaTypel ¥ CONEHOCTH, MO CyTH, MPEJICTABISIOT COO0M MPOTAKEHHBIE IIPOCTPAHCTBEHHO-
BpeMeHHbIe npodunu. [Ipu ycnoBun npuMeHeHHs aIeKBaTHBIX METOI0B HHTEPIIPETALINN
9TU JaHHbIE, B COBOKYIIHOCTH C PE3yJIbTaTaMU PETYISPHOTO BEPTHKAIBHOTO MPO(UIHPO-
BaHMs, MOTYT OBITH UCIIOJIB30BAHbI Ul YyTOYHEHHSI TEPMOXAIMHHON CTPYKTYpPBI BOJHOTO
CJIOSL OT MOBEPXHOCTH 0 1yOuHbl 250 M mo mapuipyty apeiida. Ho oHn HenpuromHs
K aHAJIM3y B KOHTEKCTE MCCIIEJOBAHMS ITAPAMETPOB BHYTPEHHUX BOJH BCIIEACTBHE CYIIlE-
CTBEHHOW HECTAI[MOHAPHOCTH TOPU30HTOB PETHCTPALINH, BBIIBICHHON IO ITOKa3aHUAM
JIATYNKOB I'MPOCTAaTHUECKOTO JaBiaeHusl. CTpOro BOCCTAaHOBUTH TOPH30HTHI PETUCTPALIUH
TEMIIePaTypBbl, COICHOCTH B MyTHOCTH, BhImonHeHHON CT-«kocoi» RBR, B koMmmutekTanmm
KOTOPOH TATYMKHU JABJICHUS OTCYTCTBOBAJIN, IPAKTUIECKH HE IIPEICTABIAETCS BOSMOXKHBIM.

Ha TypGyneHTHOM KIacTepe OblIM MOMydIeHbI BHICOKOANCKPETHBIE BDEMEHHBIE PSIZIbI
3HAYEHUH TEMIIEPATypPbl, COTEHOCTH, THIPOCTATUIECKOTO JABICHNUS, CKOPOCTH 1 HaIpaBJie-
Hus TeueHuid. YyBcTBHUTENbHBIC 31eMeHThI arunkoB CTD-30H/2a 1 (hOKyC aKyCTHUECKOTO
pecuBepa JOIUIEPOBCKOTO PEruCTpaTopa TeUeHUH, HHTETPUPOBAHHBIX B KIlacTepe, OblIn
JIOKaJIN30BaHBI B OJHOM 3JIEMEHTApHOM 00BeMe MOPCKOH Boabl Ha ryomue 1,8 m. [To
OOBEKTHBHBIM PUYMHAM IIEPUOJ PETHCTPALUH ObLT OTPaHHYEH JBYMS KPaTKOCPOYHBIMH
M3MEPHUTENBHBIME ceccusiMi — ¢ 18 mo 23 anpens u ¢ 24 o 29 anpens. Ha puc. 4 a npen-
CTaBJICH BPEMEHHOM XOJ] TEMIIEPaTypbl X COJIEHOCTH, 3aPETNCTPUPOBAHHBIN B TEUCHHUE JIBYX
ceccuif. CHHXpOHHBIE OKa3aHUS JaTYNKOB COJICHOCTH M MMIPOCTAaTHYECKOTO JaBICHUS
OBLIN MCTIONB30BAHBI IS pacdeTa TeMIeparypsl 3amep3anus [8]. BoraucieHHbIil BpeMeH-
HOM psiji 3HAYCHUH Pa3HOCTH MEXy (haKTUUYECKOH TeMIepaTypoi BOJIbI U TEMIIEpaTypon
3aMep3aHus Ha Topu3oHTe 1,8 M mpexacraBieH Ha puc. 4 6. Kak BuiHO, B T€UCHNE BCETO
neprozia paboThI KJIacTepa 3HAUCHUS TEMIIEPATyPhl BOABI B ITOUIETHOM CJIO€ HAXOIMIIHChH
BBIIIC TOYKHU 3aMep3aHusl. Pe3ynbraTsl peryispHOro TepMOXaJIiMHHOTO IPOQHINPOBAHNS,
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Puc. 4. BpeMeHHbIe psibl TEPMOXAIMHHBIX XapaKTEpUCTUK, 3aperucrpupoBanHbie CTD-30n10M
SBE 37-SI MicroCat C-T-P Recorder B cocTaBe TypOyneHTHOTO Ki1acTepa:
a — TeMneparypa (KpacHbII) U COJICHOCTH (3€JICHBIN) Ha TOPU30HTE perucTpanuu 1,8 M; 6 — pazHOCTb MEKITY

(hakTHUECKO TeMIIepaTypoil BOABI U TEMIIEpaTypoil 3aMep3aHHs

Fig. 4. Time series of thermohaline characteristics recorded by the SBE 37-SI MicroCat C-T-P Recorder
CTD probe as part of a turbulent cluster:

a — temperature (red) and salinity (green) at the recording horizon of 1,8 m; 6 — the difference between the
actual water temperature and the freezing point

=1,6 il 2 -0,8 -0,4 0,0 0,4 0,8 qo2 6 2,0 2,4
| Temnepatypa, °C

Puc. 5. Beprukansuble TpOGHIN TEMIIEPATYPEL, TTOIyICHHbIC Ha OKeaHOTPAQUICCKUX CTAHIHSX, BBI-
TIOJTHEHHBIX IIOCPEACTBOM CYJJOBOTO OKeaHOrpa(uueckoro KOMILIEKCa B IEPHO SKCIIEPUMEHTAIBHOTO
npeiipa HOC «Axapemuk Tpémmnkos» ¢ 01.04.2019 mo 29.04.2019

Fig. 5. Vertical temperature profiles obtained at oceanographic stations, performed by means of the
ship oceanographic complex during the experimental drift of the R/V “Akademik Tryoshnikov” from
01.04.2019 to 29.04.2019
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BBIIOJTHSABILIETOCS B TeUeHHE Beero apeiida ¢ bopra HOC «Akanemuk Tpéaukosy (puc. 5)
1 Ha TUAPOJIOTHUECKOM TePMUHAJIE JIEJOBOTO Jlarepsi, MOATBEP KIAt0T 3TOT BBHIBOA. AHAIIN3
BEPTUKAIBHBIX Npoduiel Temreparypbl U COJEHOCTH MO3BOJSET OLIGHUTh MOIIHOCTh
BEPXHEro KBa3HOAHOPOAHOTO MepeMertanHoro ciost B 20 — 80 M, a ero Tepmuueckoe
COCTOSIHHE, Ha KOTOpPO€, OYEBMIHO, 3HAUUTEIBbHOE BIMSHUE OKA3bIBAIOT MOJMHUPAIOIINE
CHM3Y aTJaHTHYECKHE BOJBI, ONPEACIUTh KaK MPEISTCTBYIOIEe 00pa3oBaHUIO JIESTHO-
ro nmokposa. OTCYyTCTBHE MOHOTOHHOT'O HApacTaHUS CPEIHEH TOJIIMHBEI JbJa B MEPUOA
Jpeiida IKCIIepUMEHTAIBHON CTaHIIMU, OTMEYEHHOE B [7], MO-BUAMMOMY, OOBSICHSIETCS
YpaBHOBEIIMBAHUEM ITOTOKOB TeIJIa OT BEPXHEH MOBEPXHOCTH JIbJIa B arMOC(epy MoToKa-
MU TeIUIa U3 BEPXHUX CIIOEB BOJBI K €0 HIYKHEH MOBEPXHOCTH, OCTIETHUE OKa3bIBAIOTCS
JIOCTaTOYHBIMH JIJIsI TIOJICPIKAHUS TEIIJIOBOTO OajaHca JIeISTHOro TIOKpOBa B OTCYTCTBUE
KOMIEHCHPYIOIIETO TeIJIONOTEPH MpoLecca KPUCTaTU3aIIH.

Ha puc. 5 oOpaiaer Ha ceOsi BHUMaHUe TeMIIEPaTyPHbIH NpOoQuiIb, 3aperucTpu-
poBanHbId 2 anpenst 2019 1. (BbIeJIeH KpacHbIM): KBa3WOJHOPOJHBIN CIIOM Ha HEM
MIPAaKTUYECKH BBIPOXKJICH, a HyJIeBasi U30TepMa BhIsiBisgeTcs: Ha riyoune 14 m. Koppexkr-
HOCTh OTMEYEHHOTO Pe3yJIbTara, KOTOPbIH BBIVISIIUT Kak HposiBiieHHe cOos B pabote
PErUCTPUPYIOIIETO YCTPOUCTBA, TIOITBEPIKAACTCS JAHHBIMH TEPMOXAJIMHHOTO TIPO(UITU-
poBanus, BeIosHeHHOTO 30HA0M SBE 19plus B ruziposiornueckom TepMHuHae JIe0BOTO
jarepsi ¢ BpeMeHHbIM cBUroM B 1 yac. K coxasneHuto, kakue-Jnbo JIOMOJHUTEIbHbIC
MarepHabl, KOTOPble MOIIH Obl OBITH MCHOJIB30BAHBI JUUIsl ONMCAHUS TEPMOANHAMUYE-
CKHUX IPOIECCOB, COMYTCTBOBABUIMX 3TOW CHTYalluH, ITOJY4YEHbI HE ObUIN, MOCKOJIBKY
B IIEPBBIX YHCIIAX anpess JeJOBBIH Jlarepb HaXOAMJICS B CTAAUU Pa3BEPTHIBAHUSA U U3-
MEpUTEIIbHbIE KOMIIEKCHI, B TOM YHCIIe TYpOYJICHTHBII KilacTep, ellle He ObLIIM BBEACHBI
B KCILTyaTaIHIo.
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Puc. 6. Cxopocts apeiida 6a30BOTO JIeATHOTO MO U TAPAMETPhI TEPMOJMHAMHYECKOTO COCTOSTHUS
MOAJIETHOTO CJIOS, COOTBETCTBYIOIIHE Neproay ¢ 24 mo 29 anpens 2019 r.:
a — CcKopocTh apeiida; 6 — aMIUTHUTyAa CKOPOCTH TEUCHHUH B ¢ioe OT 3 10 35 M; ¢ — pacueTHbIe 3HAYCHUS
TypﬁyﬂCHTHOFO TI0TOKa Te€IJia K MOBEPXHOCTHU

Fig. 6. The drift speed of the base ice field and the parameters of the thermodynamic state of the
under-ice layer corresponding to the period from April 24 to April 29, 2019:

a— ice drift speed; 6 — the amplitude of the velocity of currents in the layer from 3 to 35 m; ¢ — the calculated
values of the turbulent heat flux to the surface
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JlaHHbBIE BEICOKOTO BPEMEHHOTO pa3pelleHHs], 3aperuCTPUPOBAHHbIE JOIIIEPOBCKIM
aKyCTHYECKUM PEruCTPaTOPOM TEUYEHHUH, BXOAMBIINM B COCTaB KJIACTEPa, MO3BOJIMIN
paccuuTaTh MyNbCallii COCTABISIIONINX CKOPOCTH TEUEHHS U IIPOU3BECTH OLICHKY TYpOY-
JICHTHOTI'O IMOTOKa TECIIa K IMMOBEPXHOCTH. PacueTnl ObUIM BBIIOJHEHBI C UCIIOIH30BAHUEM
CHeUUalbHO Pa3padOTaHHOIo MPOrPaMMHOI0 oOecIieueH s, B KOTOPOM ObUI peaan30BaH
AJITOPUTM BBIYUCIICHUA Typ6yﬂeHTHbIX IIOTOKOB 110 JaHHBIM Typ6yﬂeHTHOFO KJ1actepa,
onucaHHbli B [9]. Pesynbrarsl pacuera TypOyJIEHTHOrO MOTOKA TeIUIa MPEACTaBICHbI Ha
puc. 6 g, cornacHo UM, (OHOBbIC 3HAYEHUs TYpOYJEHTHOIO MOTOKA TEIlIa COCTABIISIOT
emuHUIBI BT/M?, B HEKOTOPBIX CIIyYasx MOTOK BO3PACTACT 0 HECKOJBKHUX JCCITKOB BT/M2.

Pe3ko BblensieTCsl CUTyalus, BOZHHUKINAS B MEPBOM MOJOBUHE CYTOK 28 ampeis:
3HaYCHHs TYPOYICHTHOTO TTOTOKA CKauKooOpa3Ho yBenuuianch g0 220 Br/m?. Kak Bun-
HO U3 pHc. 6 a, pe3Koe Bo3pacTaHHe TypOyJIEHTHOTO MOTOKA COOTBETCTBYET Ha4yajibHOU
CTaJIMM CMEHBI pexxuma apeiida: yrpom 28 arpesist HarpasieHue apeiida moMeHsocs Ha
90°, nBWKEHUE TIOTIepeK 1300aT CMEHUIIOCH MPOJOJIBHBIM, CKOPOCTh B TeueHue 10 yacos
Bo3pocia ¢ 0,4 km/u 1o 2,0 km/u. Hapactanue ckopocTH apeiida uutocTpupyercs 1ua-
rpamMMoii Ha puc. 6 0, MPeACTaBIISIONIEH Pe3yIbTaThl K3MEPEHHH JOIIIEPOBCKOT0O podhu-
sorpada TeYCHUH ¢ HEUCKITIOUCHHOM petihoBoit cocTapisitoieil. [ToydeHHbIN pe3yibTaT
XOPOILIO COITAcyeTcsl ¢ OI[EHKaMHU MOTOKOB TeIula, pescTaBieHHsiMu B [10, 11], rae Ha
(oHe cpeanero nmotoka B nomjieaHom cioe 2 Br/m? npusopstcs 3uauenust 100... 300 Br/m?,
COOTBCTCTBYIOIIHUC ITOPMOBBIM CUTYaAlIUAM. O,HHO3Ha'-{HO CBA3BIBATH PE3KOC YBCIIMYCHUE
BBIYKCJICHHBIX 3HAYCHUIT TOTOKA TEIUIA K MOBEPXHOCTH C M3MCHEHHEM pexuMa apeiida tem
He MeHee ObUIo Obl HekoppekTHO. CkaykooOpa3Hoe HapacTaHue TYpOyJEHTHOIO IOTOKa
TeIIa MOXKET OBbITh 00yCIIOBIICHO, HAIIPUMED, BO3ACHCTBIEM BUXPEBOI0 00pa30BaHusl, Bbl-
TSHYBILIETO B TOBEPXHOCTHBIH CJI0M HEKOTOPBIH 00BEM aTIIAHTUYECKOI BOJIBI C IIIyOUHBI.
[TprurHy BO3HMKHOBEHUS JJAHHOTO ()EHOMEHa CTPOTO OIPEICIUTh HE MPEACTaBISETCS
BO3MOXHBIM BBUY HEAOCTATOYHOI'O KOJIMYCCTBA JaHHBIX. O}IHaKO C YBEPEHHOCTBIO MOKHO
YTBEPXKJIaTh, YTO PA3BEPHYTHIA B MEPUOJ IKCIIEPUMEHTAIBHOTO JIpeida TypOyIeHTHBIN
KJIACTEP B COBOKYIHOCTH C MPUMEHSEMOI METOIMKOW 0O0paOOTKH MaHHBIX MO3BOJISCT
q)I/IKCI/IpOBaTI) BO3HHUKHOBCHUEC ﬂBJ’IeHHﬁ, IMIPOABJIAIOMINXCS B USMEHCHHUAX Typ6yHeHTHOFO
MOTOKA TEIlJla K HUXKHEH TMOBEPXHOCTH JICASAHOI'O MMOKPOBA, U MOJIy4aTb aICKBATHBIC KO-
JIMYCCTBCHHBIC OLICHKH ITOTOKA.

3AK/JIIOYEHHUE

Hcnons3oBanne CTD-«kocy i M3ydeHns BHYTPEHHUX BOJH B KOH(UTYpAIUH,
pea30BaHHON MPU Pa3BEPTHIBAHUN BHIHOCHOTO M3MEPHUTEIBHOTO KOMILIEKCA B TIEPUO
skcniepuMenTansHoro Apeiida HOC «Axamemuk TpEurHuKoBY, CiieqyeT MpU3HaATh Oec-
MIEPCIIEKTHBHBIM, TIOCKOJIBKY 33JIcHCTBOBAHHAS TEXHUUYECKAs OCHACTKA HE 00ECHeYnBacT
CTAIIMOHAPHOCTH TOPU30HTOB PETUCTPAINH B yCIOBHAX HEHyileBoro naperda. Tem ne
MEHEee MPEJICTABIACTCS 1eIeco00PasHbIM B JaTbHEHIIEM MPOIOKUTE Ha APeH(yOINX
CTaHIHMAX MPOBEACHUE SKCIEPUMEHTOB IO JaHHOMY MPO(UIII0, MPUHSAB BO BHUMaHHE
pe3yNbTaThl, B TOM YHCIIE OTpHUIATENbHbIE, sKcneaninn « Tpancapkruka-2019» u Boc-
TTOJIF30BABIIIICH MOTYYCHHBIMU HapaboTkaMu. JIemoBEIi Jareps Apeidyromeil cTaHim
MOXKET PACCMaTPUBATHCS KaK MOABMKHAS MPOTSHKEHHAS IIIaT(OpMa, TTO3BOMISAIONIAS BbI-
TIOJIHSITH CHHXPOHHBIE NTPOJIOJDKUTENBHbBIE M3MEPEHHUS B TOUKAX, OTCTOSIINX JPYT OT JApyra
Ha COTHHM METPOB, TO €CTh Ha JUCTAHIUH, CONIOCTABUMBIE C JJIMHONW BHYTPEHHUX BOJH
BBICOKOYACTOTHOM YaCTH CIIEKTPA, U TEM CAMBIM OIIPE/IEIISATH MMPOCTPAHCTBEHHBIE CTIEKTPBI
BHYTPEHHHX BOJH B ApKTHUecKoM Oacceitne. Heo6xommmo ¢ yuyeToM MmpHOOpPETESHHOTO
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B Iepro/1 aKcrepuMenTainbHoro japeiiha HOC «Axkanemuk TpEuHUKOBY OrbiTa BIpa0OTATh
onTUMalibHyt0 cxeMy noctanoBku CTD-«xocy», koTopas Oyaer odecrieunBarh CTaOHIBHOE
TTOJIOKCHUE N3MEPUTEIbHBIX yCTpOﬁCTB Ha 3aJaHHBIX TOPHU30HTAaX. OTta 3a1a4a MOXET 6bITb
pelieHa ImyTeM OrpaHuYeHHs TIYOMHBI pa3MelleH s IPUOOPOB U MIPUMEHEHHS JKECTKUX
KpOHIJlTeﬁHOB WJIN UCIIOJIB30BaHUS TAXKCIIbIX OTBCCOB, O6eCl’[e‘ll/IBalO]_Hl/IX BCPTUKAJIBHOC
TMOJIOXKEHUE TUOKNX ITOCTaHOBOYHBIX JIMHUHM IPU 3HAYUTEIBHBIX CKOPOCTX Apeiida.

CxeMa 1ocTpoeHHs TypOyJIeHTHOIO Ki1acTepa, CKOH(PUIYPHUPOBAHHOTO C YYETOM
MePEeI0BOro 3apy0ekHOro ombiTa [12] U pe3ynbratoB COOCTBEHHBIX Pa3paboTOK (B X0Oie
IIOATOTOBKH ITOCTAHOBKHU 6])1.]13 CKOHCTpYUpOBaHa le/l60pHaﬂ miTaHra, 3allifMIiCHHas I11a-
TEHTHBIM CBHJIETEIBCTBOM), PAaBHO KaK M 3aJeiiCTBOBAHHAs METOAMKA 00pabOTKHU JaH-
HbIX, XOpOLIO ce6;1 3apC€KOMCHAOBAJIN U MOT'YT 6])ITI) HCIOJb30BAaHbI IIPU IMJIaHUPOBAHUU
1 OCYILIECTBICHUH YKCIIEPUMEHTOB 110 UCCJIEI0BaHHIO TypOYJIEHTHBIX TOTOKOB B TAJIbHEH-
meM. HapammBanue (yHKIMOHAJIIBHOCTH KJlacTepa MOXKET OBITh OCYLIECTBICHO ITyTeM
JI00aBJIEHUs PETUCTPUPYIOIIMX AJIEMEHTOB, YTO 00ECIEYHUT BO3MOXKHOCTh pacuera rapa-
METPOB TypOYJESHTHBIX ITOTOKOB B HECKOJILKUX TOYKaX BepTHKAIbHOTO npoduis. Takxe
MIPE/ICTABISIETCSl 1IeJIecO00pa3HbIM COBMEIIATh B PaMKaxX SKCIIEPUMEHTOB M3MEpeHHs Ha
KJIaCTepe C PEryJsipHBIM MTPOQHUIMPOBAHUEM BEPXHHX CII0EB OKeaHa MUKPOCTPYKTYPHBIM
30HJ0M — TypOynumeTrpoM [11].

HenpopomkurenbHbli Iepuos apelida CTaHIiy, BIEpBbIE B HICTOPHU OTEYECTBEHHBIX
MOJISIPHBIX MCCIIEIOBAaHUN OPraHU30BaHHOM B (hopMare «CyaHO — Jie/», 00yCIOBICHHBIN
€TI0 OKCIIEPUMCHTAJIbHBIM XapaKTEPOM, HE MMO3BOJINII TOJTYYUTh BPEMCHHBIC PSAAbL 3HAYCHUN
rUAPO(U3NYECKUX TTAPAMETPOB JAOCTATOUHOI MpoTshkeHHOCTH. Pa3a pa3BepThIBAaHUS U3-
MEpUTEIBHOIO KOMIUIEKCa Ha 0ase JIGA0BOro Jlarepsi, €ro IMepeAnCIIOKaliy B CBS3U C U3-
MEHEHHSIMH JIEJOBOH O0OCTAaHOBKH OOBEKTHBHO COKPATHIIM IPOIODKUTEIBHOCTh CECCHI
n3mepenuii. Kak cieicrsue, BBIIOIHUTH MTOJHOLIEHHOE COMOCTABICHUE PE3Y/IBTATOB CIie-
[UAIILHBIX OKeaHOorpaUUeCKuX, MeTeopoiorndeckux [13] u nemouccienoBaresibekux [7]
HaOJIIO/ICHNIT He MTPEICTaBISIETCSl BO3MOXKHBIM. TeM He MEeHee M0 KaXK/I0My HallpaBJICHHIO
(arMocdepa, MOPCKOIA Jiell, OKeaH) B TeUCHHUE Iperi(ha SKCIIEpUMEHTAIBLHON CTaHITHK ObLT
NIPUOOPETEH MOJIOKHUTENBHBIA OMBIT TOCTAHOBKH 3KCHEPHUMEHTOB Ha 0a3e COBPEMEHHOU
I/I3MepMTeﬂbH0ﬁ TCXHUKU C BBICOKMM BPEMCHHBIM U MPOCTPAHCTBEHHBLIM PA3pCUICHUCM,
HalpaBJICHHBIX HA M3Y4YECHHE IPOLIECCOB JHEPro- U MaccoOMeHa B COOTBETCTBYIOILIMX
Ccp€aax M Ha UX IpaHUliax. Honyquan‘?I OIIbIT 6y£leT HCIIOJIb30BAaH IpHU OpraHu3anuun
1 MPOBCACHUN CUHXPOHHBIX MYJIBTHAUCHUIITIMHAPHBIX Ha6J'IIO,HeHPII>i B X0A€ BBICOKOIIIHN-
POTHBIX 3KCHCL[I/IIJ,I/II>1 KPYITIOTOAUYHOI'O HUKIIA, MJIAHUPYEMBIX B paMKaxX SKCIUTyaTalluu
JIeJOCTOIKON camoBrKyIencs iaropMbl « CeBEpHBIN MOTIOCY.
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Pe3iome

B skenemmmu «TpancapkTika-2019» ObLIN BBITONHEHBI PAOOTHI MO ONpPEAENeHHI0 QH3NKO-MEXaHNIECKNX
XapaKTepUCTHK OJHOJIETHETO JIbJ1a OIS CMOPO3H M I0JIs IBYXJIETHETO Jibjia. [lone cMopo3Hu sIBIseTCs NeASHbIM
00pazoBaHKeM, CHOPMUPOBAHHEIM B IIpOLIEcCe IMHAMITYECKOro MeTamopdu3Ma. B pabore npecraBieHs! faHHbIe
TIO TEMIIEPAType, CONEHOCTH, INOTHOCTH, TEKCTYpe, IPOYHOCTH TIPH LEHTPATLHOM H3rn0e KPYIIbIX IUTACTHH,
JIOKAJIbHO! MPOYHOCTH ¥ TPOYHOCTH MPH OJHOOCHOM CIKAaTHH 00pa3LOB Jba, BHIOYPEHHBIX NapalIebHO U
MEepIEeHNKYIIPHO TOBEPXHOCTH Jibja. CpeHIe 3HAYSHHS JIOKAIbHON IPOYHOCTH OBLTH OJIM3KH K 3HAYCHHUSM,
TIOJTy4aeMBIM IO KBAJIpaTHYHOH anmpokcumarmu st as0B B paifone HUC «Jlenosas 6aza Msic bapanosay.
B nenom MexaHudeckue XapaKTepUCTUKU POBHOIO JIbJa aHAIOTMYHBI XapaKTEPUCTUKAM IPOYHOCTH JIbJA C
npeodiaaHneM BOIOKHUCTOH CTPYKTYEL.
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Summary

On the “Transarktika-2019” expedition, works were carried out for determining the physical and mechanical
characteristics of frost field of the first-year sea ice and the field of second-year ice.

The thickness of the ice cover was determined by contact and non-contact methods, the temperature, salinity
and density of ice, the strength of the samples at central bending and uniaxial compression, as well as the local
(borehole) strength of ice were measured.

Studies have shown that most of the field is an ice formation formed in the process of dynamic metamorphism.
At the beginning of the expedition, an ice floe passed through a section of warm surface waters. This led to the
disappearance of the openwork layer on the lower boundary of the ice and stopping the growth of ice from below.
During the observation period, the average temperature and salinity of the deformed ice increased, while the
average density decreased. The values of mechanical characteristics decreased with increasing temperature and
brine volume. The average borehole strength were close to the values obtained by the quadratic approximation
for ice in the area of the Ice Station “Cape of Baranov”. The physical and mechanical properties of the level
ice are generally similar to the properties of ice, composed mainly of fibrous structures. The ratios between the
borehole strength and the strength under uniaxial compression of ice samples drilled parallel to the ice surface
were 4.5 and 4.7, which corresponds to the literature data.

The thickness of the second-year sea ice at the place of work was 166 — 169 cm, the snow height was 27 cm, the
raft of the ice surface above the water surface was 15 cm. The average ice temperature was —4.0 °C. Second-year
ice can be divided into three parts that differ in their physical properties. The upper part (0 — 10 cm) was formed
in the autumn. The second part (10 — 85 cm) is ice that has undergone seasonal thermometamorphic changes.
The lower part was formed during the natural growth of ice from below at the current season.

Keywords: borehole jack, density, first-year ice, ice texture, local strength, round plates, salinity, second-year
ice, temperature, uniaxial compression.
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BBEJIEHUE

AKTUBU3aIMsI XO3SHCTBEHHON EATENIbHOCTH, PACHIMPEHUE MAPIIPYTOB JBUKECHUS
CYJIOB B apKTHYECKUX MOPSX, CTPOMTEIBECTBO MOPCKHX COOpPYKEHHI B paiioHax Hedre-
ra30BbIX MECTOPOXKJICHHN aKTyaJIM3UPYIOT MPOOJIEMBbI, CBSI3aHHbBIE C BO3JEHCTBUEM Ha
COOpYXKEHHMS JIASHBIX 00pa30BaHui: Ipei(yIONIEero U MPUNAKHOTO JIb/ia, TOPOCOB, CTAMYX
u aiicOepros. Pemenne Takux npooieM OCHOBBIBACTCS Ha U3YUYEHHU COCTOSTHMS JICJISTHOTO
MIOKPOBA M MOJYYEHUH MCXO/HBIX JJAHHBIX O (PU3UKO-MEXaHUYECKUX CBOWCTBAX JIbJA.

Omnpenenenre MOpHOMETPUUECKUX, OCHOBHBIX (PU3NUECKUX M MEXaHMYECKHX Xa-
PaKTEPUCTHUK JIbJia SBISIETCS] BAYKHOM 4acThio pabOT BO BCEX apKTHUYECKHUX IKCIEIMIIMSIX.
HccnenoBanne MoppoMETPUUECKUX XapaKTEPUCTHUK JIbJIa U CHEera B IMPOCTPAHCTBE M BO
BPEMEHHU MO3BOJISIET OTCJIEKUBATh HApAaCTaHUE U TasiHUE JIEJSHOIrO MOKPOBa B TEUCHUE
neprona HadmoneHui. [loxydeHHbIe qaHHBIE Jal0T BO3MOXKHOCTh KOCBEHHO OLEHHTH
JIMHAMHKY HapacTaHWs/TastHUSI U CHETOHAKOIUICHUs Ha Ape(yIOMNX JIbAax NpUiieraro-
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LIETO paiioHa, MOTYT CIIY)KUTh WITIOCTpAllUel COCTOSHUS KIMMaTa BCEro ApKTHUYECKOTO
OacceiiHa.

HccnenoBanus pruznko-MexaHHYE€CKUX CBOMCTB JIEITHOTO TIOKPOBA HAITPaBJICHBI HA
orpeiesieHe MaciTaOHOI NPOYHOCTH JibjJia Ha CKaTHe U M3TM0 KaKk OCHOBHOI'O MCXO/IHOTO
rapaMeTpa MpH OIEHKE JIEAOBBIX HAarpy30K Ha MPOEKTUPYEMbIe COOPYKEHUS, U3yueHHE
KpyIlHOMacmTaOHOW MEXaHWKH pa3pyLICHHUs JIbJia, KOHTPOJIb U COXpaHEHHE HeCylien
CHOCOOHOCTH JISASIHOTO MOKPOBA IPH IPY30BBIX OIEpaLUsIX Ha IpHIIae.

HM3yueHune cOCTOSIHUSI JIEISTHOTO [TOKPOBa HEBO3MOXKHO 0€3 y4yeTa pernoHaIbHBIX 0CO-
OenHocrell. B HacTosiee Bpemst mpoBojsTes Oombire padotsl B Mopsix Kapckom u Jlan-
teBbIX [1 — 3]. JIpeiid ocHoBHOI sibanHbI 9KcTieanimn « Tpancapkruka-2019» npoxomaui
B JIMHAMUYHOM paiioHe Mexay apxunenaramu 3emist @panna-Hocuda u Hlnundepres,
B KOTOPOM CBOWCTBA JIEISIHOT'O TIOKPOBA N3Y4eHbI HeJ0CTaTo4HO. OCHOBHBIE PaOOThI ObLIH
IIPOBEICHBI Ha T10JIE CMOPO3H OJJHOJIETHETO Jibjia. B KOHIIe aKcnie MK Oblia BBITOJIHEHA
OJTHOIHEBHAs JIEZIOBAs CTAHIMS HA JBYXJICTHEM JIbJLY.

OcHoBHas 3ajJja4a CTaTbu — NPEJICTaBUTh MOp(OMETpUUECKIe, OCHOBHBIE (hU3HUe-
CKHE M MEXaHMYECKHE XapaKTepPHCTHKH JIbJia B pailoHe apeiida IKCIeUInH.

METOJUKA NCCJIEOBAHHI

Temmneparypa 7p/1a U CHeTa M3MepsIach ¢ moMonisio Tepmomerpa Greisinger GTH
175/MO. I1pu moMoI| 3IEKTPOMEXaHIYECKOTO Oypa B JISITHOM MTOKPOBE OTOMpAIICS KepH
JbJa Ha BCIO ero TomuHy. [1o JuimHe kepHa Ha 3aJaHHBIX TOPU30HTAX HEPIeHIUKYISP-
HO OCH BBICBEPJIMBAIIMCH OTBEPCTHS JI0 CEPEeIMHBI KepHa. B 3TH oTBepcTHs OOYepeHO
BCTABIISUICS 30HJI C PACHOJIOKCHHBIM B HEM IEPBHYHBIM U3MEPUTENBHBIM ITpeodpa3oBa-
TeJleM TeMIepaTypsl. Bo BpeMsi n3aMepeHus KepH JIbJa IOMEIIAJICS B TEPMO3AIUTHBII
9eXOoJI ¢ METAJUIM3UPOBAHHBIM MOKPBITHEM, YTO TTO3BOJIIET MCKIIOYUThH PaJfalliOHHBIH
IPOTpeB JIbJA.

CoIeHOCTb JIbJIa ONPEeNsIIach Mo EKTPOIIPOBOIHOCTH paciuiaBa o0pa3LoB JIbaa
13 KepHOB. V3Mepenns BEIMOMHAIHCh KoHaykToMeTpoM Trma HI 8733 HANNA npu tem-
neparype Bo3ayxa +20 °C mmm mynstumonutopoM TDS/EC/Sal/°C ULTRAPEN™ PT1.
Tounocts onpenenenust conenoctr Jbaa — 0,01 %o. [Tpu momomnm 31eKTpoMexaHIeCcKoTro
Oypa oTOMpaNCh KepHBI JIbJa, M3 KOTOPBIX C 33JaHHBIX YPOBHEH BBIMMIMBAJINCH JTUCKH.
JIMCKM TIOMEIAIINCh B JIBOIHBIE MTOJUATHICHOBBIEC NAKEThl U JOCTABISUIMCH B TEIUTYIO Ja-
OopaTopuro, I7Ie Je/ pacIUIaBsuIcs IPH KOMHATHOU TeMIeparype. KoHIyKkToMeTpoM n3me-
psiIach IPOBOAMMOCTD MOYYSHHOTO PacTBOPA, 0 KOTOPOH OMpPEeessiiIach ero COICHOCTb.

[ToTHOCTB Nbla ONpeeIIsuIach IyTeM B3BEIIUBAaHHS ONPEICICHHOrO 00beMa JIbja
u3 BBIOypeHHOTo KepHa. C 3aJJaHHBIX YPOBHEH 3TOT0 KepHa BBINMIHBAIICH 00pa3Lbl JIbja.
[Tpy mOMOIIY IITAHTCHIUPKYISA ¢ TOYHOCTBIO 10 0,1 MM IIPOBOAMIIMCH YETHIPE H3MEPEHUS
JMaMeTpa ¥ 4eThIpe M3MEPEHHs BBICOTHI JISIHOrO muimHapa. [1o aTuM naHHBIM pac-
CUHUTBIBAJICA 00BeM LMIMHIpA. [lajee e IHOW UIMHIP B3BEIIMBAJICS HA HIEKTPOHHBIX
Becax. [IIOTHOCTB JIb/Ia ONPEAeIsIach KaK Pe3yJsbTar IeJICHUs Beca JISISTHOTO HHIHHAPA
Ha €To 00BeM.

O06BeMm xuaKoit a3er paccuuTeBaics mo meroanke Kokca—Bukca [4]. Tlpu otcyT-
CTBUM JaHHBIX O INIOTHOCTH JIbJIa 00BeM JKUIIKOH (a3bl cunraics o Gopmyne OpaHkeH-
mrreitna—T aprepa [5]. Pacuer mo obenm MeTonmkam aaBaji OIHM3KHE PE3yIbTaTHI.

VcnpITanust IPOYHOCTH OOpas3IoB Jibja Ha OJHOOCHOE C)KAaTHE MPOBOIMIHMCH Ha
ruapaBimnaeckoM npecce JITK-021. Hummanprudaeckre oOpas3iibl HCIBITHIBAINCH B TIEPIICH-
JMKYIISIPHOM U MapauIelIbHOM IIOBEPXHOCTH HaMEp3aHUs JibJa HarpaBiaeHusx. OOpasmbl
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JIbJIa, OCh KOTOPBIX TapajlielibHa OBEPXHOCTH JIEASHOTO TOKPOBA, BEIOYPHBAIHNCH U3 U3-
BJIGUEHHOTO Ha MOBEPXHOCTB JISASHOTO OJIoKa. JIeastHoW OJI0K BBIMIIMBAIICS C TOMOLIBIO
LenHoi 0eH3onmibl ¢ muHOM 90 cm.

W3mepenust npe/iesioB MpOYHOCTH KPYIIIBIX TUIACTHH JIbJIA IIPU LIEHTPAJIBHOM H3rude
MIPOBOIMJIMCH HA TIOJIEBOM HcmbITareapbHON MamuHe (npecce) [IMM-200M. U3 neasiHoro
MOKPOBA AIEKTPOMEXaHUUECKUM OypoM OTOHMpalicst KepH Jibja auamerpoM 141 mm. Kepn
pacnuiIMBalICs Ha IUCKH Oe3 MPOITyCKOB MIIM B COOTBETCTBUH C XapaKTEPOM €r0 TEKCTYPHI.
TomnmuHa AUCKOB COCTABIISNIA OKOJIO 2 CM.

Jns onpeneneHust T0KaJIbHOW MPOYHOCTH JbJA (T.€. MPOYHOCTH JIbAA MPH BCECTOPOH-
HEM CXKATHH, ONPEAETICHHON C TOMOIIBI0 CKBAXKUHHOTO 30H/I-MHACHTOPA) UCIOIb30BaANIC
komrieke «I uapasnuyeckuit 3oua-unaeHTop JIIK» ¢ anexkrponpuBogom. bypenue ckpa-
JKUH BO JIBIY JUIS MPOBEJCHUS UCIBITAHUH OCYIIECTBISAIOCH MEXaHUUECKUM IITHEKOBBIM
Oypom auamerpom 250 mm. Jlisi IpOBECHHUS MCIBITAHUH 30H/I-UHIEHTOP OITyCKaJICs
B CKBAXHHY, U ¢ marom 30 cM MPOBOIMINCH UCTIBITAHUS Ha KakJ oM ropusonre. Ileproe
n3MepeHue MPOBOAUIOCH Ha ropu3oHTe 30 cM. JlnaMeTp HHAEHTOPA paBHAICT 9 ¢M, CKO-
pocTh BHepeHust nHaeHTopa — 4,5 MM/c. Bo Bpemst ncnbitanuii PUKCHPOBAINCH BPEMS
Harpy><eHwusl, JaBJeHue B CHCTEME U NIyOMHA BHEPEHHSI HHJICHTOPA B JIE/I.

Mopdomerprudeckne n3MepeHusl IPOBOMIIMCH Ha ITOJIUIOHE, TPEACTABIISIONIEM CO-
601t npsimoyronbHUK pazMepoM 80 X 100 M ¢ BHYTpEHHUMH HPODUIISIMH Yepe3 Kax/ible
10 M a1t ocHOBHOTO (1IeHTpasibHOTO) mpoduitst u 20 M It OCTaNbHBIX Mpoduie. Pas-
MeTKa TOJIUIOHa MPOBOIMIACK IIPU TTOMOIIHN IEKTPOHHOTO TaXeoMeTpa.

[Ipn u3MepeHusIX KOHTAKTHBIM METOJIOM B KaXJ10il TOYKe MOJIMIOHA U3MEPSUIUCH
TOJIIIMHA JIbA, BBICOTA CHETA, NMPEBBIIICHNE BEPXHEH MOBEPXHOCTHU JIEASHOTO MOKPOBa
OTHOCHUTEJIBHO YPOBHsI BOZIbI. MI3MepeHust IpOBOIMIIMCH ITyTeM IIHEKOBOTO OypeHHs Jibjia
MOCPEACTBOM MOTOOYpa (C peBepcoM) MIIM 3JIEKTPOJPEIIH, a TAKKe JISJOMEPHBIX U CHe-
TOMEPHBIX peeK.

ToyHOCTH M3MEPEHUs TONIIMHEI JIbJ]Aa U BBICOTHI CHEXKHOT'O TIOKPOBA ONpeeseTcs
TOYHOCTBIO M3MEPUTEIBHBIX MPUOOPOB. JlJIsl CTaHJAPTHBIX JIEIOMEPHBIX U CHETOMEPHBIX
peeK MOrpPeIIHOCTh U3MEPEHUs COCTaBIACT 1 cM.

W3mepenus Ha monuroHe ObUIM BBINOJAHEHBI 3 pasza: 4, 11 u 17 anpens.

V3mepenust 6eCKOHTAKTHBIM METOJIOM ITPOBOJAMIIUCH C IIOMOILBIO 3JIEKTPOMArHUTHOTO
m3mepurenst EM311ce. [lepen Hauanom o0xona BbinosHsuiack kanubposka EM311ce B coort-
BETCTBUH C MHCTPYKLHEH (DPUPMBI-IIPOU3BOJUTEIIS, BKIIIOUAss KOHTPOIIb MUTAHUS, YCTAHOBKY
HYJIsl U3MEPEHUH, YyBCTBUTEILHOCTH IIPHOOpa U paboyero 3HaueHus! AJIEKTPOIIPOBOAHOCTH
MOPCKOM BOJIbI, @ TAKXKe 2 — 3 TECTOBBIX W3MEPEHHUSI TOJILIHH JIbJ]a KOHTAKTHBIM CIIOCOOOM
u ¢ nomoinsto EM31Ice B Toukax Haubosee 1 HAMMEHEE TOJICTOTO JIbJA.

PE3YJIBTATBI UCCJIEJOBAHUI

Becnoit 2019 rona cocrosiack 3KCHeauIis HOBoro Thma « Tpancapkruka-2019»
[6]. OcHoBHBIE paboTHI (¢ 28 MapTa 1Mo 28 ampers) o ONpeIeIEHINI0 OCHOBHBIX (hH3Hde-
CKUX M MEXaHHUYECKHX XapaKTePHCTHK JIb/ia MPOBOJMIIKCH Ha TTOJIE CMOPO3H C y4acTKaMU
BCTOPOUICHHOTO ¥ OTHOCHTEIILHOTO POBHOTO OJJHOJIETHETO JIbJIA, TOKPHITOrO CIIOEM CHera
pa3nuyuHOi TomMHbL. 1 1 2 Mast paboThl MPOBOAMIINCH HA I0JIE ABYXJIETHETO Jibjaa. M3-3a
paspylieHus JIbANHBI 2 Mast HE YIAJIOCh BBIMOIHUThH PA0OTHI MO OMPEISICHUIO TOKAIBHOM
MPOYHOCTH U MPOYHOCTH 00PA3IOB JIb/Ja MPH OJHOOCHOM CHKATHH.

Ha nonie cMOpo3u UMENUCh MHOTOYHCICHHBIE TOPOCHI. TOMIIMHA JIb/1a, BU3YaJIbHO BbI-
IJIS/ICBIIIETO KaK POBHBIH, CUITBHO MEHSIIACh Jake Ha HEOOIBIINX pacCTOsTHUsIX. J{iis xapak-
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Puc. 1. Tommuna np1a (cM) y 60opTa cyqHa 110 JaHHBEIM HEKOHTAKTHOH cheMkH, 28.03.2019
Fig. 1. Ice thickness (cm) at the side of the vessel according to the contactless measurement, 28.03.2019

TEPUCTUKH JIbJMHBI Ha pUC. | TIpHBeeHa TOJIIMHA BBIVISACBILIETO POBHBIM JIb/J[a HA YYaCTKe
170 x 100 m y Gopra cyana. M3MepeHust IpOBOAMIIMCH HEKOHTAKTHBIM METOZIOM C ITOMOIIBIO
niprbopa EM31Ice. Tommua Jibjia Ha 3TOM y4acTKe u3MeHsuiach ot 32 1o 187 cm.

Jliist BBIIONTHEHUST paOoT ObUIO BHIOPAHO HECKOJIBKO TOYEK: / — y4acTOK POBHOTO
a2 (10 BU3yaJIbHBIM HaOumoeHusM) npumepHo B 200 M oT cynHa; 2 — y4acToK JibJa
BOJIN3U TOPOCUCTOrO 00pa3oBaHMmsl; 3 — y4acTOK POBHOTO jibaa (puc. 2). Jlyist BeIOIHEHHS
paboT 1o ONpeeNICHHIO XapaKTEPUCTHK POBHOTO JIbJia OblJI OPraHU30BaH CIEUANIbHBIH
TIOJINTOH, Ha KOTOPOM ITPOBOJIMIIMCH U3MEPEHUsI BHICOTHI CHEXKHOTO IOKPOBA, TOJIIMHBI
JIbJ1a, TIPEBBIILICHNS] TOBEPXHOCTH JIbJIa HaJl IOBEPXHOCTHIO BOJBI, IIPEJIENIOB IIPOYHOCTH
IIpY U3rude 1 JOKaJIbHOM IPOYHOCTH.

[ s
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Puc. 2. Cxema MeCT BBITIOJTHCHHUSI pa60T 110 U3Y4YCHUIO (1)I/I3I/I‘ICCKI/IX ¥ MEXaHHYECKUX CBOMCTB JIbJIA.
11— BU3YyaJIbHO pOBHBIﬁ Y4acCTOK JibAa, 2— Yy TOpoOcCa; 3— J10pora Ha IOJIMT'OH POBHOTI'O JIbJa

Fig. 2. Diagram of locations for the study of the physical and mechanical properties of ice. / — visually
level ice; 2 — at a ridge; 3 — road to the polygon of level ice
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PoBHbIii J1eq

Y4acToK JIeITHOTO TIOKPOBA, T7Ie OBLT OPTraHU30BaH JICTOBBIN TTOJIUTOH /TS U3MEPEHHUS
XapaKTEePUCTUK HeepOPMHUPOBAHHOTO JIbJa, HAXOAMJICS puMepHo B 1 kM ot cyaHa. On
MMEIl OTHOCHUTENIEHO POBHYIO MTOBEPXHOCTb, OKPBITYIO CIIOEM CHEra BBICOTOH 19 + 7 cm.
Habnronenus, BEITONHEHHBIE 4 ampents, TOKa3alld, YTO CPEIHS TONIIMHA JIbJa COCTaBUIIA
85 cM ¥ mouTH Ha BCell TUIOIMAAN TONUTOHAa MEHSAIAach B mpeaenax ot 82 mo 94 cm. Uc-
KITIOUYEHHE COCTaBWJI OIMH yYacTOK, TOJNIIMHA JIbAa Ha KOTOPOM PE3KO YMEHBIIMIACH IO

53 cm (puc. 3) .
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Puc. 3. TonmuHa 1b/1a Ha OJUTOHE 1O JaHHBIM KOHTAaKTHOM cheMkH, 4.04.2019

Fig. 3. Ice thickness on polygon according to the contact measurement, 4.04. 2019

[ocnenyromye ChbeMKH METPUUECKHUX MMapaMeTpOB Ha IOJUTOHE, BBHIIOJHEHHBIC
11 u 17 anpesnsi, mokasaiu, YTO TONIIMHA JIbJa 32 BpeMs HAOJIIOACHUI NPaKTUYECKH HE
n3MeHmIach (tadm. 1).

OrpunarenbHble 3HA4€HMs! ITPEBBIIICHHs TOBEPXHOCTH JIbJia HaJl TOBEPXHOCTBIO JIbJIa
OBUIM MOJTyYEHBI B HECKOJIBKUX TOYKAX PSJOM C Ipsijioi Topocos. Jlen Obul mpuToruieH,
BbICOTa cHera pocturana 40 cm.

[TocTosIHCTBO CpeHei TONMIMHBI Jibja ynuBisieT. [IpocTeliinie pacyeTsl ¢ HCTIOb30-
BaHueM (hopmyit 3yOoBa [7] MoKa3bIBaIOT, 4TO 3a Mepuoz ¢ 4 no 17 anpesist TONIMHA JIbaa
JIOJDKHA YBEIMYNThCS HAa 5 — 8 cM. [1o-BuanMomy, OTCyTCTBHE HapacTaHus Jb/ia CBSI3aHO
C HAaXOJK/ICHHEM JIbJMHBI B TEIUIBIX ATJIaHTHYECKUX BOJIaX B CAMOM Hayajie SKCIEAUIIHH.

W3 tabn. 1 BumHO, 4TO 3a BpeMs HAOIIOACHUI CpPE/IHSIsI BHICOTA CHEera M3MEHHIIACh
HE3HAa4YUTEIIbHO, TIOCTOSIHHOM OCTaBaslaCh Cpe/HssI TONIIMHA JIbJia U, KaK CJIEACTBHUE, HE
M3MEHSUIOCh M CPEJHEe TPEBBIIICHNE TOBEPXHOCTH JIbJa HaJl TOBEPXHOCTHIO BOJIBI.

TexcTypHbIit aHANIN3 TTOKA3aJl, YTO HAPACTAHHE POBHOTO JIbJIa IPOUCXOMIO B OCHOB-
HOM 32 c4eT (hOPMHUPOBAHMS JIbJIa BOJIOKHUCTOW CTPYKTYPBI, IPH AMHAMUYECKH aKTUBHBIX
ycnoBusx JienoodpazoBanus (puc. 4). Bepxuue 15 cMm copmupoBasiuch B pe3yiabrare Ha-
CJIOCHUS HUI1aca ToMmHON 4 — 7 cM. Huke aTor0 citost mpeobiaaaeT e/ BOJIOKHUCTON
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Tabnuya 1

Pe3ysbTaThl cTATHCTHYECKO 06PA0OTKH METPUYECKNX APAMETPOB JIbIa HA MOJHTOHE
3a nepuo/ HAOJIIIeHu
Table 1

Results of statistical processing of ice metric parameters on the polygon
during the observation period

XapaKkTepucTuku Hara
04.04 11.04 17.04
KonmgectBo namepenuit 35 35 35
Bovicoma cueza
CpenHee 3HaYEeHUE, CM 19 22 21
MakcumalibHOE 3HaYCHUE, CM 38 40 35
MuHnuManbpHOE 3HAYEHNE, CM 9 11 10
CraHIapTHOE OTKJIOHEHHE, CM 7 7 7
Tonwuna 1voa
CpenHee 3Ha4eHUE, CM 85 84 84
MakcumanbHOE 3HaYCHUE, CM 100 106 97
MuHuMalIbHOE 3HAYCHUE, CM 53 52 49
CraHgapTHOE OTKJIOHEHHUE, CM 9 10 10
Ipesvluenue nosepxnocmu 1b0a HAO NOBEPXHOCMBIO B00bI
CpenHee 3Ha4CHUE, CM 3 3 3
MaxkcuManbHOE 3HAYECHHE, CM 8 8 8
MuHUMaIbHOE 3HAUYCHUE, CM -8 -17 —6
CraHzapTHOE OTKJIOHEHHE, CM 4 4 3

CTPYKTYPBI ¢ OOJBIINM KOIMYECTBOM BKIIIOUCHUI KPUCTAIIOB BHYTPHUBOIHOTO JIbJa WIIN
MEJKHX O0JIOMKOB, 00pa30BaBIIMXCSI BO BPEMs TOPOIICHHS.

DpoHTaIbHOE NPEPHIBAHNE POCTA BOJOKHUCTBHIX KPUCTAIUIOB HAOMIOQAETCS HA TO-
puzonTax 27, 47 u 59 cm. Pacuersl, caenaHHbIe HA OCHOBAHWM TEKCTYPHOTO aHAJH3a,
MOKa3bIBAIOT, YTO AAHHBIHN JIea Haual (JopMUpoBaThesl B KOHIIE STHBAPS, a MOcieIHee oo1ee
TOPOILECHNE, TIOCJIE KOTOPOTO HAYaJI0Ch CMEP3aHNE KyCKOB JIbZa B CMOPO3b, HAOIIOAATIOCH
B Hayasie MapTa. TO KOCBEHHO MOATBEPKIACTCS MUHUMAIBFHON TOMMIHUHON b1 (53 cMm),
M3MEPEHHON Ha IOJIUIOHE.

Jlen B TouKe HAOMIONEHNUI TOABEPTCSl TEPMOMETAaMOP(PUIECKNM H3MEHEHUSIM, BbIpa-
3UBIIMMCS B (DOPMHUPOBAHMHN Ha MOBEPXHOCTH JIEASHOTO MOKPOBA CII0SI HH(PMUIBTPALIMOHHO-
T'0 JIbJIa TOJTIIMHOM 10 3 CM, Pa3BUTHHU CETH CTOKOBBIX COJIEBBIX KaHAJIOB M ()OPMHUPOBAHUN
CTOKOBBIX PYCEJ, OTUTABICHUU KPAeB MEPBUIHBIX BO3AYIIHBIX M CONEBBIX BKIoUeHHH. [To
BHEIITHUM NPU3HAKaM BHYTPEHHHE U3MEHEHUS BO JIbJY, CBI3aHHbBIC C TEPMOMETaMOp(hH-
YeCKUMH TIPOIIECCaMHU, MOTYT OBITh OTHECEHBI KO BTOPOH CTaIWH COCTOSHHA Jhaa [8].

Puc. 4. Texcrypa poBHoro sibaa, 19.04.2019

Fig. 4. Texture of the level ice, 19.04.2019
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Ha HuxHe# rpaHule JibJa OTCYTCTBOBAJL SIPKO BBIPAJKEHHBIM a)KypPHBIN CII0M, KOTOPbII
XapakTepeH AJIS JIbJ0B BOJIOKHUCTOW CTPYKTYpBL. DTO SIBISETCS KOCBEHHBIM ITOJITBEPIXK-
JACHHUEM NPCKpalllCHUA HapaCcTaHUs JibJla CHU3Y B HaHHbIﬁ Nepuoa.

Temneparypa jbaa B OCHOBHOM 3aBUCUT OT U3MEHEHUH TeMIIepaTypbl BO3lyXa, Bbl-
COTBI U TINIOTHOCTHU CHEKXHOI'O IMOKPOBA U TOJLIWHBI JIbJA. C moHMXEHHEM TEMIIEPATYPhI
BO3JlyXa MOHWKAETCsl CPENHssI TeMIIepaTypa Jibia, HoO HauboJjee ObICTPO pearupyer Ha
BHEIITHUE M3MEHEHHsI TeMIIepaTypa BEPXHUX CII0CB Jibaa (puc. 5). Beprukanbabie mpoduin
TEeMIIepaTypbl POBHOTO JibJa ObUTH OJU3KU K JINHCHHBIM.

Cpennsist CONeHOCTh POBHOTO Jiba coctaBuia 8,02 %o. Pactipenenenue coneHocTy mno
TOJIIIIMHE JIbJ]a HEOMHOPOAHO (puc. 6). HaubonpIire 3HaYCHUS] COIEHOCTU HAOIIOIAIUCH

JHara
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-25
Puc. 5. Xox cpennecyTouHoOl TemnepaTypsl Bo3nyxa (/), cpenHei (3) 1 moBepXHOCTHOH (2) Temrie-
partypbl pOBHOTO JibJia

Fig. 5. Dynamic of daily average air temperature (/), average (3) and surface (2) temperature of level ice
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Puc. 6. BeprukanbHoe pactpenenenue cosieHoctH (/) 1 oobeMa xuaxoi ¢assl (2) poBHOTO Jbaa

Fig. 6. Vertical distribution of the level ice salinity (/) and brine volume (2)
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B BEPXHEM CJI0€, CPOPMUPOBAHHOM HACIIOCHUEM HUJIACOBOTO Jibaa. [TMKH MaKCHMaIbHBIX
3HaueHui (mpumepHo 10 %o) mpuxoxaarcs Ha ropu3oHTHl 0 U 10 cM, YTO COOTBETCTBYET
MIOBEPXHOCTH HUJIACOBOTO JIbJIa B MIEPUOJ HACIOCHHSI.

B cnoe 15 — 60 cm, kotopsiii ¢hOPMUPOBAIICS B YCIOBHUSIX YAaCTHIX MOIBIKEK JIbJa
1 TOPOILICHHSL, CPEIHSISI COJICHOCTh cocTaBmia 8,24 %o, a B HKHEM ci1oe 60 — 82 cm, chopmu-
POBABIIIEMCST OPHEHTHUPOBOYHO MOCIe 00pa3oBaHus cMopo3u, — 6,95 %o. Bbicokue 3HauCHMS
COJICHOCTH CBSI3aHbI ¢ TporieccaMu (hOpMUPOBAHUSI JIbJA, IPOTCKABIIMMH ITPU TTHAMUAYCCKH
AKTUBHBIX YCIIOBHSIX JIEI000Pa30BaHMs, 1 OOJIBIIION CKOPOCTBIO HAPACTAHUS JIbJIa B HAYAIbHBIH
niepuozt. CTexkaHue paccolna ¢ BEpXHHUX CJIOEB K HW)KHUM ellie He IIPUHSLIO JIABUHOOOPa3HOTO
XapakTepa, HO CeTh CTOKOBBIX KaHaJIOB M pycell y)ke chopMHupoBasach 1o BCel TONIIMHE JIbJa
(cM. puc. 4). OTCYyTCTBYET YBEIMYCHHE COJICHOCTH Ha CaMbIX HM)KHHX TOPH30HTAX, Xapak-
TEPHOE VIl MOPCKHX JIbJIOB. [10-BHAMMOMY, 3TO TaK)Ke OOBSICHSICTCSI HAXOXKICHUEM JIbAUHBI
B TCIUIBIX aTJIAHTUYSCKHUX BOJAX B CAMOM HadaJie SKCIICTUIIUH.

CpelHsist TWIOTHOCTh POBHOTO Jibja cocTaBmia 910 kr/m3. PacnpeneneHue mioTHOCTH
JIbJIa TIO TOJIIIMHE HE MMEET OONBIINX OTKJIOHCHUH U Kosiebnercs ot 907 kr/m® B MecTte
HACJIOCHUSI HAJIACOBBIX JILAOB /10 912 Kr/M® B Cpe/iHEell 4acTH Jibja.

W3mepenus npezesa NpOYHOCTH KPYIVIBIX IUIACTHH JIbJia HA W3rHO MOKa3ajiH, YyTo
B LIEJIOM pacIpe/ielieHHe dTOro rnapaMerpa Io TOJIIUHE JIbjia COOTBETCTBYET pacrpe-
JICJICHHUIO TIPOYHOCTH BO JIbJIaX ¢ MpeoOialaHueM BOJIOKHHUCTON CTPYKTYphI (puc. 7).
CpenHsisi MpOYHOCTSH JibJa Mpu u3rude cocrasmia 0,96 MIla npu cpeaHeit Temmneparype
abna —3,4 °C. HauOosnbline 3Ha4eHus Mpejena NPOvYHOCTH KPYIIIbIX IUIACTUH Ha U3ruo
(1,32 MIla) naGnoanuch Ha rOpU30HTE 25 cM. B HIDKHHX CIIOSIX JibjIa 3HAYEHUS IPOY-
HOCTH YMCHBIIIAIOTCA.

Omnperenenne JIOKaabHOM MPOYHOCTH HPOBOIMIOCH Ha MOJMUTOHE pazMepoMm 15 x
10 m. TonmuHa Jab1a HA MOJMIOHE M3MEHsUIach oT 77 10 85 ¢M, BbICOTa CHEra — OT
29 1o 44 cwm. IlorpyxeHHOCTD Jibjia U3MEHsIach OT 2 10 9 cM. Beero Ha BhIOpaHHOM

Ipounocts nmpu n3rube, MIla
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Puc. 7. BCpTI/IKaJ'H)HOC pacrpeacIeHre NpeaeioB IPOYHOCTU KPYITIbIX INTACTUH POBHOI'O JIb/ia HA W3rHO

11— NU3MEPCHHBIC 3HAUCHUS 2— CKOJIB3AIIEE CPEAHEE IO TPEM U3MEPECHHBIM 3HAYCHUAM

Fig. 7. Vertical distribution of tensile strengths of level ice round plates for bending:

I — measured values; 2 — moving average of three measured values
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MOJIUTOHE B 12 CKBa)KMHAX OBUIO MPOBEACHO 24 OMpEAeICHHsI JIOKAIbHOW MPOYHOCTH.
Pe3synbrarhl cTaTUCTHUCCKON 00PAOOTKH CPEIHIX 3HAYCHUM JIOKAILHOW MPOYHOCTH MPH-
BeJCHBI B TabmuIE 2.

Tabnuya 2

Pe3yabrarsl cTaTucTHYeCKOii 00pa0oTKH cpeJHUX 3HAYCHHU JTI0KAJIBHON NPOYHOCTH
B CKBA’KMHAX POBHOIO JIbJa

Table 2
Results of statistical processing of average values of local strength in hole of level ice
XapakTepucTUKa 3HaueHue

KommuectBo 12

Cpennsis Temneparypa jabja, °C -2,8
CpenHsist COIEHOCTh JbJIa, %o 7,30
Cpennee 3Hauenue, MIla 17,86
CrangaprHoe otkioHenue, Mlla 1,71

Koaddunnent Bapuarun, % 9,6

MunuMansHOe 3HaueHue, MIla 13,39
MakcumanbHoe 3HaueHue, Mlla 19,57
JloBepuTesbHbINA HHTEpBAT 95 % Huxusst rpanuia, Mlla 16,77
00eCHeYeHHOCTH ISl CPeTHEro 3HaYeHHUS Bepxuss rpanuna, Mlla 18,94

HeonHopomHOCTh MONTyYeHHBIX CPEIHUX 3HAYCHHUU JIOKATBHOW MPOYHOCTH B CKBa-
JKMHAX MOKa3aHa Ha puc. 8.
107

ki
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11lupyHa HOIMIoHa, M

0 T T T T
0 2 4 6 8 10 12 14

JluHa ToNMUronHa, M

Puc. 8. HeomHOpoaHOCTS cpeTHIX 3HAYCHUH JIOKATBHOH TPOYHOCTH B ckBakuHax (MIla) poBHOTO J1B/12
Fig. 8. Heterogeneity of average values of local strength in hole (MPa) of level ice

Koadduruent Bapuaiuu menbine 10 %, Mo3TOMy MONTyYCHHBIC 3HAYCHHUS MOYKHO
CYUTATh OJHOPOIHBIMH.

JedopmupoBaHHbIii Jie

HccnenoBanus B Ipyrux TOYKAx IMOJIS CMOPO3H MOKA3aslo, 4TO JIEJ B ATUX TOUYKaX
SIBJISIETCSI HE JIBJIOM, HAPOCILIMM CHHU3Y B €CTECTBEHHBIX YCIOBUSX, a JEASHBIM 00pa3oBa-
HHEM, COPMHUPOBAHHBIM B IIpoOIIEecce TUHaMUUecKoro meramopdusma (puc. 9). B Touxe
Ne 1 BHemHuUi BUJ MOBEPXHOCTHU JIbJA MpeaIoaral «pPOBHBIHM Jiea», HO TEKCTYpPHBIH
aHa/Iu3 M0Ka3al, 4To 3TO Ae(hOpPMHUPOBAHHBIN Jell. bioky, clioxuBIIMe 3TOT 1€, UMEIOT
pa3nUYHOE MPOUCXOXKICHHE: KyCKH JIbJla BOJOKHUCTOM CTPYKTYpbI, KyCKH JIbJa, CJIOXKEH-
HBI€ 3€PHUCTBIMH KpUCTAJJIaM1, HAOMBHOW W LIyTOBOM JIE.
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Puc. 9. Beprukanbasie cpessl gedopmupoBanHoro ipaa: a — 02.04.2019, 6 — 28.04. 2019
Fig. 9. Vertical sections of deformed ice: « — 02.04/ 2019, 6 — 28.04.2019

Jlex n300miTyeT HEPAaBHOMEPHO PACTIOIOKEHHBIMH KPYITHBIMH CHepUIeCKUMHU COoJle-
BBIMH U BO3IYIIHBIMH BKJIFOUSHHUSIMHU, 4aCTO 00pa3yIoNMMH I'HEe3/1a JuaMeTpoM 1 — 2 cm.

Ci0)XHOE CTPOEHHE JIbJIa OTPAKACTCS Ha ero (PU3MUECKUX CBOMCTBAX.

3a BpeMst HaOMIOIEHHH CYIECTBEHHO MOBBICHIIACH TeMIeparypa jibaa (puc. 10). B Ha-
qase pador (1 anpenst) cpenuss TeMneparypa 1e(opMiUpoBaHHOTO JIbaa paBHsIIach —5,0 °C.
28 ampenst cpefHss TeMIeparypa JibJa B 9TOH ke Touke noassnack 10 —2,0 °C.

ConeHocTh 1e(OPMUPOBAHHOTO JIbJA UMEET CYIIECTBEHHBIC PA3IMYMsI B PA3HbBIX
cnosix. CpenHsst coneHocTs abjaa 1 anpens cocraBuna 6,58 %o, a 28 ampens — 7,56 %o.
VYBenuueHue CONEHOCTH MPOU30ILIO B BEpXHEM 20-CaHTUMETPOBOM CIJIOE. DTO CBSA3aHO
C aKTHBHBIMH ITPOIECCAMH Pa3pyLICHHs JIb/la BBICTYIIUBIIECH Ha ITOBEPXHOCTH BOJIOM.
KocBeHHBIM TOATBEPKACHUEM yBEIUYEHUS COICHOCTH BEPXHETO CJIOS JIbAA SIBIISETCS

Temmeparypa, °C
-8 —6 —4 -2 4]

I'my6una, cm

50 N R RR |

ColeHOCTB, %0
Puc. 10. BepruxanbsHbie npodunu temueparypsl (1, 2) u coneroctu (3, 4) nepopMupoBaHHOTO Jibjia
1.04.2019 (1, 3) n 28.04.2019 (2, 4)

Fig. 10. Vertical profiles of temperature (/, 2) and salinity (3, 4) of ice in deformed ice 1.04.2019 (1,
3) and 28.04.2019 (2, 4)
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Puc. 11. BeprukanbpHble TPpOQHIA pacnpeeNeH s IUIOTHOCTH edopMupoBanHoro apaa 1.04.2019
(1) un 28.04.2019 (2)

Fig. 11. Vertical profiles of distribution of density of deformed ice 1.04.2019 (/) and 28.04.2019 (2)

MIPOM3OIIEIIee 3a TOT XKe mepruoy yBenudenne conenoctu ¢ 0,37 mo 3,83 %o HIDKHETO
10-caHTUMETPOBOTO CIIOS CHETA, JICXKAIIETO Ha JIBY.

HawnGonee cylecTBeHHO CTPOSHHME JIbJia BIMACT Ha €ro IJIOTHOCTh. BilokHM Jibja,
UMEIOIIHE Pa3IMYHOE CTPOCHHE, MOTYT 00IaaTh pa3iIMYHON IUIOTHOCTRIO. Ciry4aiiHoe
pacmipernienienue OIOKOB MpH 1e(OPMHUPOBAHUHY JIbAA OyJIEeT CO3AaBaTh YCIOBUS A (op-
MHPOBAHHS JIEASHOTO TOKPOBA, HMEIOIIETO Pa3InYHbIe 3HAYCHHS INIOTHOCTH IO TOJIIIHHE
U B IpocTpaHcTBe. OTINYHYIO OT GJIOKOB INIOTHOCTH OYIyT UMETh COSIMHHUTEIbHBIE IIPO-
CIIONKH, Ha 00pa30BaHUE KOTOPBIX MOXKET OKa3bIBaTh BIHMSHHUE CHET, BHYTPUBOIHBIN JIex
W 3aMep3aHue BOJBI B 3aMKHYTHIX oObeMax. Ha puc. 11 mokazansl BepTHKaIbHBIC TIPO-
(UM IWIOTHOCTH Ae(OPMHUPOBAHHOTO JIbAA. Xa0THUECKasi KOMIIOHOBKA OJIOKOB BHYTPH
TIOJISE CMOPO3H MPUBOIUT K 3HAYUTEIBHBIM M3MEHEHHUSIM IUIOTHOCTH JIbJA 110 TOJIINHE.

3a BpeMs HaOMIOAEHMI CYIIECTBEHHO ITOHM3MWIACH IFIOTHOCTD JibJa. B Havane pa-
60t (1 anpenst) cpemHsisi TUIOTHOCTE 1e(OPMHUPOBAHHOTO JIbJa paBHsuiack 884,3 kr/m>.
28 ampenst OHa yMeHbIIIIAch 10 820,6 Kr/m>.

OcHOBHbIE (pU3NUECKHE CBOICTBA OIPEIEITNIN MEXaHHIECKUE XapaKTePHCTHKH Jie-
(hopMHpOBaHHOTO Jba. | anpens cpeaHee 3HAYCHHUE PEAENIOB IPOYHOCTH IIPH LEHTPalb-
HOM HM3THOe KPYIJIBIX IUIACTHH JIbJa paBHUIOCH 1,29 MIla. BombImIMHCTBO MOTyYeHHBIX
3HaUCHHUH HaXoAWIoCh B ipenenax ot 1,0 no 1,6 MIla. Hanbonmpsmuit pa3dpoc Habmomancs
B BepxHeM 30-cantumerpoBoM cioe (puc. 12). K koHiry paboT Ha moje cMOpO3H H3-3a
U3MEHEHHs] OCHOBHBIX (DM3HMUYECKUX CBOIMCTB IMPOYHOCTH KPYIVIBIX IUIACTHH JIbJA YMEHb-
mmtack. CpeiHee 3HAYCHHE MPEIETIOB MPOYHOCTH MPH U3rHOe 28 amperns COCTaBHIIO
0,91 MIla. HanGomnpiiee yMEHBIICHHE TPOYHOCTH HAOIIOAAIOCH B BEPXHEM CIIO€ JIBJA.

Ornpenenenye JTOKaIbHOH MPOYHOCTH Je(hOPMHUPOBAHHOTO JIbJIa IIPOBOAMIOCE 5 amnpe-
1 B 4 ckBaxknHax. PaccrostHue mexay ckBakuHamMH 5 M. TonImuHA JIbla M3MEHSIIACH
ot 69 1o 91 cm, BeicoTa cHera — oT 19 o 21 cm. IlorpyXeHHOCTH JIba W3MEHSIIACh
ot —1 (ex 6bw1 mpuToILIeH) 10 2 cM. Beero B 4 ckBaknHaxX OBLIO MPOBEIEHO 7 orpese-
JICHUH JIOKaJbHOW MPOYHOCTH. B ckBaxkmHe mTyOMHOI 69 cM yIanock MpOBECTH TOIBKO
OIHO W3MEPEHHE JIOKAIBHOW MPOYHOCTH.
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Puc. 12. BeprukanabHoe pacipe/iesicHUe MPEIeIOB MPOYHOCTH KPYIIIBIX IUIACTHH Je(OPMHUPOBAHHOTO
nbpaa Ha u3ru6 1.04.2019 (7) u 28.04 (2)

Fig. 12. The vertical distribution of tensile strength of round plates of deformed ice for bending
1.04.2019 (/) and 28.04.2019 (2)

CpenHye 3HaUCHUSI JIOKAJIbHOM MPOYHOCTH JIbJ]a B CKBOXMHAX OBLIM ONU3KU: OT
19,32 no 22,74 MIla.

W3mepenust mpoyHOCTH 00pa3noB Ae(hOPMUPOBAHHOTO JIbJia IPH OHOOCHOM CXKaTHH
MIPOBOJIMITMCH B HauaJle AKCIeTUInH (6 arpeds).

[IpounocTs 00pa3noB JeGOPMUPOBAHHOTO JIbJA, BBIOYPEHHBIX MEPHIEHIUKYIISIPHO
MTOBEPXHOCTH JIbJa, IPU OJHOOCHOM CKaTHM omnpeneisuiack B BepxHeM (0 — 40 cm)
n HIwkHeM (40 — 82 cm) ciosix. beiio ncneitano no 3 obpasua u3 xaxaoro ciost. Cpenuss
MIPOYHOCTh BEpXHETo ciosi coctaBmia 5,69 + 0,61 Mlla, nmkuero — 5,07 + 0,34 MIla.
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Puc. 13. Bepruxansusle npodunn Temreparypsl (/) u coneroctu (2) neopMHpPOBAHHOTO JIBAA Y
TOpocucToro oopasopanus, 7.04.2019

Fig. 13. Vertical profiles of temperature (/) and salinity (2) of deformed ice at ridging formation,
7.04.2019
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Puc. 14.epTI/IKaJ'ILHI>Ie Cpe3bl JbJa U3 TOpOI/ICTOFO o0pa3oBaHus, 8.0.019

Fig. 14. Vertical sections of ice from a ridging formation, 8.04.2019

[IpourOCTH 00pa3MOB IePOPMUPOBAHHOTO JIH/IA, BEIOYPEHHBIX MApaIIICTHHO OBEPX-
HOCTH JIbJa, IPU OJHOOCHOM CXKaTUM omnpezessiack Ha ropuzonTax 30 u 60 cMm. beuio
HCIBITaHO TIO 2 00pasna U3 Kakaoro cios. CpemHss MpodHOCTs Ha ropu3oHTe 30 cM
coctaBuia 5,13 + 0,25 MlIla, na ropuzonte 60 cm — 3,41 + 0,12 MI]a.

Jlen y TopocucToro o0pa3oBaHHS HAXOMUJICS IO TOJCTHIM cioeM cHera (50 cm
u Oonee). DTO ABISUIOCH OMHOM M3 TIABHBIX MIPUYIHUH BEICOKUX TEMITEPaTyp Jibaa. B Hauaie
SKCIEeTUIINH €T0 MIHUMANBbHBIE TeMIiepaTypsl (10 —3,4 °C) mHabmonanmuck B cioe 60 —
90 cm (puc. 13). Cpennsisi Temneparypa Jibaa pasasiack —2,9 °C. [lepen paspymiennem
JIEASIHOTO TOJISI CPeHssl TeMIeparypa Jibaa nofgusiack 10 —2,4 °C. ConeHOCTb Jibja
3HAUNTEIFHO pa3iindaiach Jake Ha OMM3KUX Topu3oHTax. OCOOCHHO OOMBIINE Pa3InIHs
HAOMIOIANCh B BepXHEM 60-caHTIMETpOoBOM ciioe. CpemHss COICHOCTh 3TOTO CIIOS PaB-
Hs1ach 8,76 %o. Hike 3TOT0 €10 H3MEHEHHMS COJICHOCTH OBLIM MEHBIIIE, MEHBIIE CTaIu
1 3HaYeHUs coiieHOCTH. CpeHsisl CONIEHOCTh €05 paBHsiIach 4,58 %o.

Bricokoii Obla U CTeleHs BHYTPEHHEH pa3pylmIeHHOCTH Jbaa (puc. 14). Bo npry,
0COOEHHO B BEPXHEM CIIO€, HAOIIOMAIOCh OOIBIIOE KOJTHISCTBO KPYITHBIX CONEBBIX U BO3-
ITYITHBIX BKJTFOYCHAH, KaBEpPH.

Bompmroe konmmaecTBO KPYIMHBIX BO3AYITHBIX BKIFOUCHUH 00YCIIOBHIIO HA3KYIO IIOT-
HOCTB Jb/1a (puc. 15). 7 anpens cpeqHsist INOTHOCTh BepXHero 40-CaHTHUMETPOBOTO CIIOS
cocraBuia 868 kr/m*. Hike 3TOro Clost INIOTHOCTh Jibjia ObLIa BBIIIIE, €€ CPEIHEE 3HAUCHHE
paBusuioch 905 kr/m?. K koHIly Mecsiia mpoIecchl BHYTPEHHETO Pa3pyIIeHuUs JIbJa Yy TO-

TTnoTHOCTD, Kr/p®
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Puc. 15. BeprukasbHbie MpodHIM pacipeieleHus INIOTHOCTU 1e(h)OPMUPOBAHHOIO JIbJIa Y TOPOCHU-
ctoro obpazosanust 7.04.2019 (/) u 25.04.2019 (2)

Fig. 15. Vertical profiles of distribution of density of deformed ice at ridging formation 7.04.2019
(1) and 25.04.2019 (2)
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Puc. 16. BeprukansHble pacripeiesIeHuUs IIPEeIesIOB IIPOYHOCTH ITPU H3THOE KPYIIIBIX IUNIACTHH Ae(op-
MHPOBAHHOTO JIbJIa y Topocuctoro odpaszosanus 07.04.2019 (/) n 25.04.2019 (2)

Fig. 16. Vertical distribution of tensile strength for bending of round plates of deformed ice at ridging
formation 07.04.2019 (/) and 25.04.2019 (2)

POCHCTBIX 00pa3oBaHUil elle Oobllle YMEHBIIWIN TUIOTHOCTD Jibaa. CpelHee 3HaYeHUe
IUTOTHOCTH JibJia 25 ampess coctaBuio 814 kr/m.

CocTosiHME JIbJIa ONPEIETHIIO €r0 MEXaHHMYECKHE XapaKTePUCTHKU. 7 arpesst mpoy-
HOCTb TIPH LIEHTPAILHOM M3rH0€ KPYIIIbIX IUIACTHH BepxHero ciost (0 — 25 cm) nedopmu-
POBAHHOTO JIbJIa Y TOPOCHCTOro 00pa3oBaHusi ObliIa HU3KOM (puc. 16). CpenHee 3HaYeHUE
coctasmio 0,61 + 0,13 MIIa. Huxe 3toro cnost (25 — 85 ¢M) IpodHOCTh KPYIIBIX MIACTHH
noBwIcHiIach B cpeaneM 1o 1,15 £ 0,20 MIla. Camyro Gosiblinyro MpoYHOCTH (10 2,68
Mlla) umenu kpymisle miacTuHsl B cioe 85 — 100 cm. CpeaHee 3HaYeHHE TMPOYHOCTH
IUTaCTHH U3 3TOTO c¢i1os paBHAIOCH 2,15 + 0,27 MlIla. K 25 anpenst npo4HOCTh IJIACTHH
yMmeHbImaack. CaMbIM MPOYHBIM ocTaiics cinoit 95 — 110 cm. Cpennee 3HaYeHNE MPOY-
HOCTH IIJIACTHH U3 3TOTO cjos paBHsu1och 1,42 + 0,20 MITa. Cpegssist mpoYHOCTH IIIACTHH
W3 BBIIIENEKaIero jgpaa cocrasuia 0,51 £ 0,26 MIla.

OnpeeneHne JOKaJIbHOM MPOYHOCTH Je(pOPMUPOBAHHOTO JIbJ]A Y TOPOCA IIPOBO-
JIUIIOCh 12 ampens B 2 CKBaKMHAX B MOOIIBE TOPOCA HA PACCTOSIHUU 3 M JAPYT OT JApyTa.
I'my6una ckBakun 130 u 132 cmM, BbicoTa cHera 80 u 32 cm. Jlex ObuT npuTOIUICH, ITEpBast
CKBa)KMHA ObuIa Ha 32 CM HIIKE YPOBHS BOJbI, BTropas — Ha 23 cM. Bcero Obu1o mpose-
JICHO 6 oIpe/ieNieHNH JIOKaJIbHO# npouHocTH. VIX cpesHue 3HaueHMs: B CKBOKUHAX ObLIM
onusku: 18,56 u 20,73 Mlla.

W3mepenust npo4HOCTH 00pa3LoB Je(OPMUPOBAHHOIO Jibjla Y TOpOCA MPHU OHO-
OCHOM CKaTHHU IIPOBOJMINCH 13 ampens.

Camoii HU3KOHM POYHOCTH 00Pa3LoB Ae(hOPMUPOBAHHOTO JIb/a, BHIOYPEHHBIX HEPIICH-
JKYJISIPHO TTIOBEPXHOCTH JIbJIa, TIPH OJTHOOCHOM C)KaTHH OblIa B BepxHeM ciioe 0 — 23 cm.
Omna cocrasuia 1,25 MIa. 13-3a GoIibIIoro koiuuecTBa KaBepH HEBO3MOXKHO OBLIO U3rOTO-
BUTH 00pa3iibl U3 cios 23 — 45 cm. [IpodyHoCcTh Npyu cxKaTHH 00Pa3LOB U3 HIKEIKAIIUX
CJIOB M3MeHsu1ach ot 3,99 no 6,18 Mlla npu cpeanem 3uauenun 4,99 + 0,87 Ml1a.

[IpoyHocTh 00pa3oB aehOPMUPOBAHHOIO JIb/Ia Y TOPOCA, BEIOYPEHHBIX Hapai-
JIETIbHO MOBEPXHOCTH JIbJIa, MIPH OJJHOOCHOM C)KaTHU ONpeelisiiach Ha TOpU30HTaxX 65,
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75 u 85 cMm. bbuto ucneirano no 4 obpasua u3 Kaxaoro cinos. CpeaHsisi MPOYHOCTh Ha
ropuzonte 65 cm cocraBuna 4,57 + 0,62 Mlla, na ropuzonte 75 cm — 4,66 + 1,32 Mlla
1 Ha ropusoHTe 85 cM — 4,13 + 0,44 MIla.

JByxJ1eTHUIi Jiej

1 u 2 mMast ObUIa BBINTOJIHEHA JIEIOBAsi CTAHLUSL Ha TOJIE JIBYXJIETHETO JibJa. TomHa
JbJ1a B MecTe paboT coctapisuia 166 — 169 cM, BeicoTa cHera — 27 ¢M, BO3BBIIICHHE T10-
BEPXHOCTH JIbJIa HaJl TOBEPXHOCTHIO BoAbl — 15 cm. Cpeansist Temneparypa jibja —4,0 °C.

TekcTypHBIN aHa M3 JbJa B TOYKE W3MEPEHMH IOKa3all, YTO JBYXJIETHUH Jie 1O
CBOEMY CTPOEHHIO UMEET HECKOJIBKO CIIOEB. Mccieryemblii e/, Mpoe il JJeTHHE 13-
MEHEHHMs ¥ IPOJOJDKUBILIUI CYILIECTBOBAaHHE BO BTOPOH 3UMHUI NIEPHOJ], MOKHO YCIIOBHO
pas3zeNuTh Ha TPH OTIMYAIOLIMECs 10 CBOMM (DPM3NYECKHM CBOIMCTBAM 4acTH, KOTOpPHIE
pasuensirorest Ha 6 cioeB (puc. 17).

BepxHsist yacth, coBnanatomias co cioeM 1 (0 — 10 cm), copmupoBasiach B OCCH-
HUH TIEPHOJ] ITyTEM 3aMep3aHHsi MOKPOTO CHEra M y4acTKOB TaJIOH BOJBI Ha TIOBEPXHOCTH
MEePEKUBILIEH JIETO JbAUHBI. Jle/l MOPUCTHIH, IPECHbIN, YaCcTO UMEIOLIUI B CBOEH TOIIIE
JIMH3BI IIJIOTHOTO JIbJa OT Mpocioek 3amep3iueil Boa. Cpennsis coneHocts cios 0,04 %o.
B takom b1y ObIBaeT TPYAHO YETKO ONPEETUTh MPAHUILy BEPXHEH HOBEPXHOCTH.

Bropas gacts (ciion 2 — 4) npeacTaBisieT Jel, TPOUISAIINH CE30HHbIE TepMOMETa-
Mop¢uyeckue m3menenust. Croit 2 (10 — 35 cm) oOpa3oBaH Npy CHIEHOM BHIOM3MEHEHUH
KPUCTAJJIOB B PE3YJIBTATE PEKEISIUH WM MOJTHOU MEPEKPUCTAIUTH3AIMH TEPBUIHBIX
KkpuctayuioB. Jlex noutu npecHsli, cpenuss coneHocTb 0,43 %o. Cnoit 3 (35 — 50 cm)
CJIOXKEH M3MEHEHHBIMH B pe3yJIbTaTe TEPMOMETaMOP(PUIECKNX POLIECCOB PETUKTOBBIMU
KpHCTAJUIaMH. JTO HPOSIBIISIETCS B PA3APOOJICHNH BOJIOKHUCTBIX KPUCTAJJIOB IO BBICOTE,
00pa30BaHUK BHYTPU PEIUKTOBOM CTPYKTYPBI 36PHHUCTHIX KPHCTAJLIOB MU KPHCTAJLIOB,

JIbJA ¢ AeneHueM Ha ciou (1 — 6)

Fig. 17. Vertical texture section of the first, second (a) and third (6) part of second-year ice with
separation on layers (1 — 6)
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BO3HUKIINX MPU PEXKETANUOHHBIX npoueccax. Cpenusis coneHocTsh caos 1,90 %o. Croit
4 (50 — 85 cMm) uMeeT B CBOEH OCHOBE HECKOJIBKO BHAOM3MEHEHHYIO PETUKTOBYIO BO-
JIOKHHUCTYIO CTPYKTYPY, COXPaHSIOILYyI0 10 OoJbliel Mepe pa3mMepsl U OpMy TIEpBUYHBIX
BOJIOKHHMCTBIX KpHucTamioB. CpeaHsas coneHocTs cnost 1,89 %o.

Hwxnsist wacts (ciion S 1 6) popmupyeTcst B Ipoliecce eCTECTBEHHOI0 HapacTaHus JIba
cHu3y B Tekyumi ce3oH. Cioii 5 (85 — 110 cm) chopmupoBaH 1IyroBbM JIbIoM. BepxHsist
IPaHMIIA 3TOTO CJIOSI UMEET HAKJIOH, KOTOPBII MOBTOPSIET MOJIOYKEHHE HIDKHEW TPaHULIbI JIb/ia
Ha MOMEHT Hayajia HOBOTO JIe000pa3oBaHusl. JTOT CIIOH MOXKET OTCYTCTBOBAarh B JIPYIUX
MecTax JbauHbl. CpenHsist coaeHOCTh ¢iost 3,06 %o. Cioit 6 (110 — 166 cMm) copmupoBaicst
B pe3yJIbTaTe eCTECTBEHHOIO HApaCTaHMUsI BOJIOKHHUCTBIX KPHCTAIUIOB CHU3Y U HE OTJIMYACTCS
10 CBOEMY CTPOEHMIO OT OTHOJIETHETO JibJa. CpeHsia CoNeHoCTh cost 5,34 %o.

BeprukanbHOE pacrpelielieHne COJICHOCTH JibJia 1 00beMa KUAKOW (a3bl XOpoLIo
oTpaxkaer ero crpoenue (puc. 186). Haubosee mpecHbie CI0M pacrosiararTcsi CBEpPXY,
rae HaOJIIoIaeTCsl MOJHAsL WITM YaCTUYHAsSK NIEPEeKPUCTAIUTU3ALNS TIEPBUYHBIX KPUCTAJJIOB
" 1€ CTOK paccojia JICTOM MMPUBOAUT MOYTH K IMTOJIHOMY OIIPECHEHUIO JibJa. .Hb[ll)l, B TOM
WJIM UHOM BHUJI€ COXPAHUBILIKME PEIUKTOBYIO CTPYKTYPY, UMEIOT OOJIBIIYIO COJICHOCTh, HO
BCE K€ MEHbIIIe, YeM OJIHOJIETHUH JIe[ TeKyILero ce3oHa. Hanbosnbinasi coneHoCTh pH-
XOJMTCSl Ha HW)KHHE CJIOH, C(DOPMUPOBAHHBIE B TEKYIEH 3MMHHUI CE30H.

FpaHl/IIlbI HU3MCHCHUSA MJIOTHOCTU ABYXJIETHEIO JibJla COBIIAJAal0OT C rpaHUaMu €ro
cioeB (puc. 19a). MeHee comneHble CIIOH, PaCIoNiararolInecsl CBEpXy, UIMEIOT MEHBIIYIO
IUIOTHOCTb 10 OTHOILEHHUIO K O0jiee CONEHOMY JIbJY, CPOPMHPOBAHHOMY CHH3Y.

BeprukansHblii Tpoduiib npeaena MpOYHOCTH KPYIIIbIX IUIACTHH HA M3THO, Kak
u apyrue (pu3n4YecKue CBOICTBa, OTpa)kaeT cTpoeHue ybaa. Ha puc. 196 npuseneHs
CKOJIB3AIHUE CPEAHUE T10 TPEM 3HAYCHUAM IMPOYHOCTU KPYIJIBIX IJIACTHH. HpO‘{HOCTHbIe
XapaKTEePUCTUKH JIbZIa BO MHOI'OM 3aBUCSIT OT €r0 TeMIIeparypbl, KOTopas, Kak IpaBuiio,
YBEIHMUUBAETCS C TOIIMHOM Jbja (puc. 18a), HO cTpoeHHe, CONIEHOCTh U INIOTHOCTS JIbia
TAKXC MOTYT OKa3bIBaThb CYIIECTBCHHOC BJIMAHUE HAa €ro MPOYHOCTHBIC CBOMCTBA. TaK,
cioii 1, ¢ OOJIBIION MOPUCTOCTHIO, UMEET HAMMEHBIIINE MTPOYHOCTHBIE XapaKTePUCTHKU

Temmeparypa, °C O0beM xKuIKoH (as3bl, OTH. €AUHHILBL
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Puc. 18. BepruxanbHbie npoduin TeMIepaTypsl (a), CONCHOCTH U 00beMa KUIKOH (hasbl (0) AByX-
netHero ypaa, 01.05.2019: 1 — coneHocts, 2 — 00beM KuAKON (a3bl

Fig. 18. Vertical profiles of temperature (a) and salinity (6) of second-year ice, 01.05.2019: 1 —
salinity, 2 — brine volume
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Puc. 19. BeprukanbHeIit mpodmits pacnpeneneHns INIOTHOCTH (@) U TIPEAEIOB NPOYHOCTH ITPU H3rHOe
KPYMIBIX IUTacThH (6) AByXieTHero ypaa, 01.05.2019

Fig. 19. Vertical distribution of density (a) and strengths for bending of round plates (6) of second-
year ice, 01.05.2019

(cpennsist mpounocts 0,18 = 0,14 MITa), a cnoit 2, chopMHUpOBaHHBII KpHCTAIUIAMH TTPaK-
TUYECKH MPECHOTO JIbJIa, UIMEET MaKCUMalbHbIe 3HAYCHUS TPOYHOCTH IO BCEH TOJIINHE
(cpenuss npounocts 2,59 + 1,13 MIla). YeTko mpocmarpuBaeTcs paszaeeHue IPOIHOCTH
JIbJIa TI0 TPaHUIIE TTePexo/ia OT JIbJa MPOILIOTro CE30Ha, MPOLIEANIEro TepMoMeTaMopduye-
CKHE U3MEHEHHS, KO JIbJy, HapOCIIeMy B TEKyIleM 3uMHeM ce30He. CpeaHss MPOYHOCTh
nbaa u3 cinoeB 3 u 4 — 1,92 + 0,32 MIla, u3 cimoeB S u 6 — 1,06 + 0,33 MIla.

Ha nByxneTHUX nbJaX, B KOTOPBIX Pa3IM4Msl B CTPOCHUH JIbJa 00jIee CyIeCTBEHHE,
4YeM B OJIHOJIETHHX, CBSI3b CTPOCHUS JIbJia C €ro (PM3MYeCKUMH CBOHCTBAMHU MPOCMATPH-
BaeTcs 0oJiee OTUETIINBO.

OBCYXKJEHUE PE3YJIBTATOB

JlokanbHasi IPOYHOCTH

Ha puc. 20 npuBeneHs! onpepeneHHbIe B AKCIICTUIINN 3HAYCHHS W 3aBUCHMOCTH
JIOKaJBFHON MPOYHOCTH OT TEMIepaTypsl JIbAa U 00beMa JKUAKOH (a3l

U3 puc. 20 BUIHO, 9TO 3HAYCHHUS JIOKAIGHONW MPOYHOCTH YBEITUYNBAIOTCS C YMECHb-
IICHHEM TeMIepaTypsl U o0beMa KUAKOH (a3bl. [lomydeHHbIe THHEHHBIE 3aBUCHMOCTH
OT TeMIepaTypsl JIbJa NMEIOT BH;

manus (1) —o, = 15,47 -1,30-T, R*= 0,26,

mnus (2) —o, = 1,09-593-T, R*= 0,61,
e = 0,93 -7.87-T, R*= 0,68,
rie 6, — JokanbHas npounocts (Mlla), 7, — temneparypa jabaa (°C), R — xoapdu-
IUCHT KOPPEIISAIIHH.

B 2017 — 2019 rr. Ha HayuHO-UccaenoBaTenbckoM cranmonape (HUC) «Jleqosas
6a3a Meic bapaHoBay OBLIO IPOBEICHO JOCTATOYHO OOJBIIOE KOJTHYSCTBO ONPEICIICHHIA
JIOKaJIbHOM TpOYHOCTH JipJa. Ha ocHOBaHuu 759 ucnbITaHUil B 1Uana3oHe TeMIeparyp
apaa oT —1,8 mo —18,0 °C ObLIa moy4eHa 3aBUCUMOCTh JIOKaJIbHOM MPOYHOCTH OT TEM-
nepatypsl Jipaa [9]:

muaua (3) — o

G, = 13,61 -1,88T,-0,04T> (1)

I
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Puc. 20. 3aBucHMOCTH JTOKaJIbHON IPOYHOCTH JIbJA OT TEMIIEPATYPHI (@) 1 00beMa KuAKOH (a3l (6):
1—105.04.2019, 2—12.04.2019, 3 — 22.04.2019

Fig. 20. Dependences of the local ice strength on temperature () and brine volume (6): 7 — 05.04.2019,
2—12.04.2019, 3 — 22.04.2019
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Puc. 21. 3aBUCUMOCTB TOKaTBHON MTPOYHOCTH JIbJIA OT TEMITEPATyphI: / — almpOKCUMAITHS TIOJTHHO-
MoM 2-if crenienu o gaHHbM Ha HUC «JlemoBas 6aza Meic bapanosa» (2017 — 2019 rr); 2 — an-
TpokcuManys J[PkOHCTOHA TOMMHOMOM 2-1 cTeneny; 3 — cpefHee 3HaYeHHe JIOKATbHOH TPOTHOCTH
POBHOTO JIb/1a; 4 — CpeaHee 3HaUCHHE JIOKaTbHOH MPOYHOCTH JIbA U3 MOJOIIBEI TOPOCA; 5 — CpeHee
3HAYEHHE JTOKaJIbHON MPOYHOCTH Je(hOPMUPOBAHHOTO JIb/IA, BU3YAIFHO BBITIISICBIIETO KaK POBHBII

Fig. 21. Dependence of local ice strength on the temperature: / — approximation by a polynomial
of the 2™ degree according to the data on the Ice Station “Cape of Baranov” (2017 — 2019); 2 —
approximation of Johnston by polynomial of the 2nd degree; 3 — average value of the local strength
of ice; 4 — average local strength of ice from the bottom of the ridge; 5 — the average value of the
local strength of the deformed ice, visually looked as level

W3 puc. 21 BUIHO, YTO MONYYCHHBIE CPEIHUE 3HAUCHHUS JIOKAJIBHON TMPOYHOCTH
POBHOTO 1 J1e(hOPMHPOBAHHOTO JIbJA (TOYKH 3 — 5) OIM3KHU K 3HAYCHHUSAM, TTOTyIaeMbIM
o ¢opmyne (1). Ha aTom ke rpaduke mpruBeaeHa 3aBHCUMOCTD JIOKAJIEHON TIPOYHOCTH
0T TeMmeparypsl baa (kpuBas 2) u3 padotsl xoHcTtona [10]:
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. =4,53-3,07-T,—- 0,087~ 2)

3aBUCHMOCTS (2) TakKe IMOJydeHa Ha JIOCTATOYHO OOJIBIIOM KOJMYECTBE AKCIICPH-
MEHTaJIBHBIX JaHHBIX (431 m3mepenue B 102 ckBaxmHax), Ha Helle()OPMUPOBAHHOM IPH-
nae B Kanajckom cekrope ApKTHKHM B 3MMHee, BECEHHee U JieTHee BpeMs. Hanbompiee
KOJMUYECTBO U3MEPEHUI MPOBOAUIOCE B JIETHEE BpEMsL.

W3 puc. 21 Buano, uto 3aBucumoctH (1) 1 (2) B 1rana3one temreparyp jbia ot —20
no0 —8 °C nator OGnmskue 3HadeHus. [Ipu Temneparypax nbjaa Beie —8 °C 3Ha4eHus Jo-
KaJIbHOW TPOYHOCTH, pacCUnThIBaeMble 10 (hopmyste (2), HIXKe 3HAYEHHH, MTOTy4aeMbIX
o ¢popmyste (1). HanGosnpmme pacxoxaeHust HaOMIOAOTCS IPH TeMIeparypax, OIU3KuX
K TeMIepaType IIaBICHUs JIbJA.

[Tpu BeICOKNX TeMIIepaTypax JibJla 3aBUCUMOCTS (2) JTydllle COINacyeTcs ¢ JaHHBIMH,
MOJTY4YE€HHBIMU JUIS JIbJIA, HAXO/AIIErOCs Ha MO3AHUX CTaUsIX pa3pylleHus. 3aBUCUMOCTb
(1) mpum BBICOKHMX TeMIIepaTypax JIydllle ONUCHIBAET JOKAIBHYIO ITPOYHOCTD JIb/Ia, HAXO0-
JISIIEroCsl Ha HAaYaJIbHBIX CTAUSAX pa3pylIeHUs.

B pabote [10] oTmMeuaeTcs, 9YTO 3HAYCHHS JIOKATBHBIX IMPOYHOCTEH, MMOTyUYCHHBIC
B OT/IENBHBIX UCTIBITAHUAX, MOTYT 3HAYUTEJIBHO OTJIMYATHCS OT pacueTHHIX. biusku k pac-
YETHBIM JIOJDKHBI OBITH CPEJHUE 3HAUCHMSI.

3aBUCHMOCTH JIOKAJIBHOM MPOYHOCTH B dKcneauiny « Tpancakruka-2019» nomyueHst
B Y3KOM Juana3oHe Temneparyp. Ha nedopMupoBaHHOM Jibay 5 ampensi MakcuMaibHas
pasHuLa Temneparyp cocrasuna 2,3 °C, 12 anpens — 0,7 °C, Ha poBHOM Jb1y 22 amnpe-
a1 — 0,7 °C.

Pa3bpoc 3HaueHMH, MOITYyYeHHBIX 5 arpess, ObUT OOJIBIINM, YTO MTPUBEIIO K HU3KOMY
kod¢p¢urmenty xoppensiun. OnHaKO CpefHue 3HAYEHUS JIOKAbHON MPOYHOCTH JIbJIA
B CKBakKWHaxX ObuTH Onu3ku: ot 19,32 no 22,74 MIla. Ux cpennee 3navenue (21,03 MIla),
Kak BUHO 3 puc. 21 (Touka 5), 6mm3Ko K pacueTHoMmy 1o dopmyne (1) — 21,10 MITa.

ban3kumMu ObUTM CcpesiHUE 3HAYEHUs! JIOKAJILHOW IIPOYHOCTH B JIBYX CKBa)KMHaAX 12
anpemst: 18,56 u 20,73 MIla. x cpennee 3nadenue (puc. 21, Touka 4), OMIU3KO K pac-
yeTHOMY 10 (hopmyse (1) — 19,64 u 19,05 MIla coorBeTcTBEHHO.

Jl1 pOBHOTO JbJla U3MEPEHHOE CPeAHEe 3HAUCHHE JOKaIbHON MPOYHOCTH TAKKE
Omu3ko Kk pacuetHomy: 17,86 u 18,56 MIla.

Ha puc. 22 npezncraBieHbl 3aBUCHMOCTH JIOKAJIBHOW IIPOYHOCTH OT 00beMa KHUAKOU
(hazpl, nomyuennslie Mo gaHHeM u3Mepennit Ha HUC «JlenoBas 6a3a Muic bapanosa»
n B padote 1. Cnencepa u T. Moppucona [11].

3aBucumocts, nosryyenHast Ha HUC «JlenoBast 6a3za Meic bapanoBa» nmeer Bu:

G, =39,21-72,42-\Jv,, R*=0,51, (€)
e v, — 00beM XHKOH (ha3bl B OTHOCHTENBHBIX €MHULIAX.

OTa 3aBUCUMOCTD II0JIy4eHa Ha OOJIBIIOM KOJIMYECTBE DKCIIEPUMEHTAIBHBIX JTAHHBIX
(527 3HaveHwil) U IMELT HETIOX0H KOI(PPUIIMEHT KOPPETIAIHH.

s momryaenust coeit 3aBucumoctu 11. Criercepom u T. Moppuconom [11] 6pumm
00BEeIMHEHB! JaHHbIE, TOJTYYSHHBIC KaK Ha OJHOJICTHEM JIbAY, TaK U Ha MHOTOJIETHEM.
[To-BuMoMy, Takoe 0ObEAMHEHUE OBLIO CHIETAHO IS OMYYEHHUS OOJIBLIETO KOINYeCTBa
AKCTIEPIMEHTANBHBIX JaHHBIX (236 Touek). OmHako 00beIMHEHNE TAKUX PA3TUIHBIX TH-
TIOB JIBJIa CTAJIO OJIHOW M3 MPUYHH HEBBICOKOTO Kod(duimenTa koppessiun (R? = 0,34).

3Havenus Ha puc. 206 nmMeroT 0oJBIIOH pazdopoc, n K03(hGUITHEHT KOPPEISIHN 3a-
BHCHMOCTEH OT 006beMa KuIKo# (hassl momyuwmics HuskuM (R? = 0,17 — 0,26). Cpennue
3HAYEeHUS OKa3auch Ha 2,2 — 5,8 MIla Brime pacueTHbIX 10 popmyie (3).

(¢

lo
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Puc. 22. 3aBHCUMOCTS JIOKAJIBHOH MPOYHOCTH JIbJIa OT 00beMa JKUAKOH (a3bl: / — annpoKCUMAarys
no manaeiM Ha HUC «JlenoBas 6aza Msic Bapanosa» (2017 — 2019 rr); 2 — anmpoxcumarus
I1. Criencepa u T. Moppucona [11]; 3 — cpeaHee 3HaueHuUE JIOKAIBHOI MPOYHOCTH POBHOTO JIb/J1A;
4 — cpeaHee 3HaYCHUE JIOKAIBHOW IPOYHOCTH JIbJIa U3 IOLOLIBBI TOPOCA; 5 — CpeJHEe 3HAUYCHUE
JIOKAJIHOW TIPOYHOCTH JIe(hOPMUPOBAHHOTO JIB/IA, BU3YaJIbHO BBITIISICBIIETO KAK POBHEIH

Fig. 22. Dependence of local ice strength on the liquid phase volume: / — approximation according
to the data on the Ice Station «Cape of Baranov» (2017 — 2019); 2 — approximation of P. Spenser
and T. Morrison [11]; 3 — average value of the local strength of ice; 4 — average local strength of
ice from the bottom of the ridge; 5 — the average value of the local strength of the deformed ice,
visually looked as level

IIpoynocTb npu u3rude
Ha puc. 23 npuseneHs! 3aBUCUMOCTH ITPOYHOCTH KPYIJIBIX TUIACTUH JIbJIA TIPH LIEH-
TpaJILHOM HM3THOE OT TeMIepaTypsl H 00beMa JKUIKOH (a3bl.
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Puc. 23. 3aBHCHMOCTH IPOYHOCTH 00PA3LIOB JIbJa IIPU U3IHOE OT TeMIepaTypsl (a) 1 00beMa XKHUAKOH
dbasel (0): 1 — 19.04.2019, 2—01.04 2019, 3 — 07.04 .2019, 4 — 28.04 .2019, 5 — 01.05 .2019

Fig. 23. Dependences of the strength of ice samples in bending on temperature (@) and brine volume (6):
1—19.04.2019, 2—01.04.2019, 3 — 07.04 .2019, 4 — 28.04.2019, 5 — 01.05.2019
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Kak u cienoBaiio 0xuaarh, B OOJIBIIMHCTBE CIyYacB 3HAYCHUSI [IPOYHOCTH YBEITHYH-
BAIOTCsI C YMCHBIIICHUEM TEMIIEPATYPhl U 00beMa KUIKOH (a3bl. VICKIF0YeHHE COCTaBUIH
JTAaHHBIC, MMOJYYCHHBIC | anpess. DTH JaHHbIC UMCIOT OOJIBIION pa3dpoc U HU3KUN KOd(-
¢dunment koppersiuu (R? = 0,11 — 0,17). Kak yxe oTMe4anoch, B Havajie SKCIEAUIMN
JIb/IMHA HAXOAMJIACh B TEIUIBIX aTJIAHTUUECKUX BOJAX, aKTUBHO IIUIU MPOLECCHI pa3pyIIeHUs
npaa. BunuMo, 5T0 yBEIMYWIIO HEOAHOPOAHOCTD JIbJIa M OTPA3WIIOCh HA MEXaHUYECKUX
XapaKTepPUCTUKAX.

IlonyueHHble TMHEWHbIE 3aBUCUMOCTH UMEIOT BUJL:

POBHBIM ogHONETHUH nen (uHus 1)

c,= 0,33 -0,20-7, R*= 0,58,
0,= 1,71 -594-v,, R* = 0,56;
POBHBIH IBYXJICTHHH Jie/ (JTHHUSA 5)
c,= 0,51-0,57-T, R>=10,76,
o= 2,31 -13,01-v,, R* = 0,56,
IJie G, — MPOYHOCTH KPYIIIBIX MIIACTHH JIbJA IIPU LEHTPAILHOM n3rude (MIla).
3aBUCUMOCTH IMPOYHOCTH MPH HU3THOE IMOJTYYCHBI B JUANA30HE TEMIEpaTyp
ot —1,9 1o -5,9 °C.
3aBUCHMOCTB MPOYHOCTH MPU M3THOE KaK OT TEMIICPATypPhI, TAK U OT 00beMa KUIAKOU
(hasbl sipye BRIPAXKCHA Y POBHOTO JIBYXJICTHETO JIBJIA, YEM y OIHOJICTHETO.

IIpo4HOCTH MPH OTHOOCHOM C:KATHHU
Ha puc. 24 npuBeneHs! 3aBUCIMOCTH MPOYHOCTH TIPH OJHOOCHOM CXKaTHN 00pasIoB
JIbJ1a, BBIOYPEHHBIX NMEPIEHANKYIISIPHO TIOBEPXHOCTH JISJTHOTO TIOKPOBA, OT TEMIIEpaTyphI
1 o0beMa XKHUIKOH (asbl.
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Puc. 24. 3aBucuMocTH IPOYHOCTH TPU OAHOOCHOM CKAaTHH 00PA3LIOB JIbJIa, BEIOYPEHHBIX MEPIICH-
IUKYJISPHO TIOBEPXHOCTHU JIEISHOTO MOKPOBA, OT TeMIIEpaTypsl (a¢) U o0beMa KHUIKOH (a3sl (0):
1—6.04.2019, 2—13.04.2019, 3 — 21.04.2019

Fig. 24. Dependences of the strength under uniaxial compression of ice samples drilled perpendicular
to the surface of the ice cover on the temperature (@) and the brine volume (6): / — 6.04.2019, 2 —
13.04.2019, 3 —21.04.2019
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3HaueHus MIPOYHOCTH IPHU OAHOOCHOM CIKATHUU YBCJIMYUBAIOTCA C YMCHBIICHHUEM
TEMIIEpaTypbl U 00beMa XKUAKON (a3bl. 3HAUECHHSI IPOYHOCTH 00pa3loB AehOpMUPOBAH-
HOTO JibJia 13 ampenst moiyuyeHbl B Y3KOM JHarna3oHe temmeparyp: ot —2,7 ao —3.,4 °C.
Y 00pa31oB pOBHOTO JibJia, UCIIBITAHHBIX 21 arpesisi, CaMbIM IIPOYHBIM OKA3aJICS CPEIHUIMA
CJIO, IMEIOIINI CPETHIOI0 TeMITEpaTypy ¥ 00beM KUAKOH (a3bl. UTOOBI COOTBETCTBOBATH
MEXAYHApOIHBIM TpeOOBaHMSIM K pa3Mepam 00pas3lioB, OHM UMesd BbicoTy 25 — 30 cm
[12]. TIpu Takoi BbICOTE MPOYHOCTH 0OPA3LOB M3 BEPXHEIO CIIOS ONpeessiach HU3KON
IIPOYHOCTBIO HACJIOEHHOTO JibJa. B pesynbrare KoapQUIUEHT KOPPEISLUK IT0JyYeHHBIX
3aBUCHMOCTEH okaszayics HuskuM (R* = 0,11 — 0,13).

Cawmblit 00b10H KOAPQUIIMEHT KOPPENSLUK Y 3aBUCUMOCTEH OB ITOTy4YeH y 00-
pasioB neopMUPOBAHHOTO Jibjaa 6 ampens (muHus 1):

c,=4,09-0,28T, R*=0,37,
G, =6,88-20,49v,,R*=0,37,
TJIe G, — MPOYHOCTB TIPH OJHOOCHOM CHKaTHH 0OPAa3LOB JIbJa, BEIOYPEHHBIX MEPIIEH/IH-
KYJSIPHO TIOBEPXHOCTH JIeIsTHOTO TIoKpoBa (MITa).

Temmeparypa OONBIIMHCTBAa 00pA3LOB JIbAa ObIIa BRICOKOW. UTOOBI 00ECTICUUTH
XpYIKOe pa3pylieHue, cKopocTth Jaedopmaiu cocrapisia (2 — 4)-1072 ¢!, I[Ipounoctsb
00pas310B NP OAHOOCHOM CKaTHH B TIOJABIISIOIEM OOJIBIIMHCTBE CIIy4acB H3MEHSIIAch OT
3 o 6 MIla. DT0 COOTBETCTBYET MHTEPBAIY IMPOYHOCTEH JIb/Ia TIPU CHKATHH [UIS TaHHBIX
ckopocreit gedopmarmn [13].

Ha puc. 25 npuBeneHsI 3aBUCUMOCTH MMPOYHOCTH MPU OAHOOCHOM CXKaTHH 00pa3-
1I0B JIbJIA, BBIOYPEHHBIX apaJuIeIbHO TOBEPXHOCTH JIEASHOTO [TOKPOBA, OT TEMIIEPATypPhl
1 o0beMa KUIKOW (asbl.

3HaueHHsI IPOYHOCTH NPH OJHOOCHOM C)KaTHH YBEIMUYMBAIOTCS C YMEHBIIEHHEM
TeMIeparypsl 1 00beMa KHUIKOH (ha3bl. 3HAYEHUS IPOYHOCTH 00pa3oB neopMHpOBaH-
HOTO Jb/1a 14 ampers mOTy4eHsl B y3KOM JAnara3oHe TeMmIeparyp: ot —3,2 mo —3,3 °C.
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Puc. 25. 3aBHCHMOCTH IPOYHOCTH IIPU OTHOOCHOM C3KAaTHH 00PA3LIOB JIbJA, BEIOYPEHHBIX [TAPAILIEIBHO
MOBEPXHOCTH JISJSTHOTO TIOKPOBA, OT TeMIepaTypsl (a) 1 o0bema sxuakoit Gpassl (6): 1 — 6.04.2019,
2—14.04.2019, 3 —21.04.2019

Fig. 25. Dependences of the strength under uniaxial compression of ice samples drilled parallel to
the surface of the ice cover on the temperature (a) and the brine volume (6): / — 6.04.2019, 2 —
14.04.2019, 3 —21.04.2019
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IlonyuyeHHble TMHEWHbIE 3aBUCUMOCTH UMEIOT BUJL:
nedopMupoBaHHbIi e (JuHus 1)
c,=0,67-0,79-T, R*= 0,70,
c,=7.29-41,33v,, R*=0,70,
POBHEI ogHONMETHHN Jen (TuHUs 3)
c,=-0,32-0,80-7, R*= 0,58,
c,=15,17-110,44-v,, R*= 0,58,
I€ G, — NPOYHOCTh MPH OJHOOCHOM CKAaTHH 00pasIoB JibJa, BHIOYPEHHbIX MapajliebHo
MOBEPXHOCTH JiesTHOTO mokposa (MI1a).

ITo pa3HbIM TUTEpaTypHBIM JTAHHBIM JIOKAJIbHASI TPOYHOCTH MPEBHIIIAET TPOYHOCTH
00pas3IIOB JibJIa ITPU OTHOOCHOM CKaTuu B 2 ... 5 pa3 [2, 14 — 17]. lo cux mop ele He pa3-
paboTaH yHUBEPCATbHBIN KOI(DGUIIMCHT WX YPaBHCHUE ISl HATICKHOMN CBSA3U JIOKAJBHOMN
MIPOYHOCTH C TIPOYHOCTHIO 00PA3IIOB JIb/Ia MIPU OHOOCHOM CHKaTHU WJIH JIIOOBIM IPYTHM
TUTIOM TIPOYHOCTH Jiba [ 10]. OT4acTs 3TO CBA3aHO C TPEMsI YCIOKHSIOIIMME (pakTopaMu.
Bo-niepBbiX, BOKpYT UHACHTOpA MPU €r0 BHEIPEHUH B CTEHKY CKBa)KMHBI Pa3BUBACTCS
CJIOXHOE T10JI€ HAINPSDKEHUH, KOTOPOE He ITOX0XkKe Ha TO, KOTOpOE BCTpeyaeTcst B o0pasiie
B IIpecce JaKe MPH TPEXOCHOM HarpykeHuH. Bo-BTOPBIX, (haKTOPbI, KOTOPHIC BIUSIOT Ha
MPOYHOCTH MaJIbIX 00Pa3II0B JIbJA P HATPYXKEHHHU B TIpecce (T.€. CKOPOCTh aedopmartyn/
HanpspKEHUs, HallpaBJIeHUE CUIIbI), MEHEE BaKHBI JJIS1 OTIPE/ICIICHUS] JIOKATbHOM MPOYHOCTH.
B-TpeThux, B HOpMaTUBHBIX AOKyMeHTax [14, 18, 19] He pernmaMeHTHUPOBaHBI HEKOTOPKIE
YCIIOBUSI TIPOBE/ICHHSI MCTIBITAHUI 00pa3LoB Jibjia IPU OJHOOCHOM CXKATHH.

B skenenunun « Tpancapkruka-2019» cooTHOIIEHHE MEXTy JTOKAIbHOM MPOYHOCTHIO
1 TIPOYHOCTHIO MPU OJHOOCHOM CXKAaTHH 00pa3loB JIb/ia, BHIOYPEHHBIX MapajIebHO I110-
BEPXHOCTH JIbJ1a, AJIs IepOPMHUPOBAHHOTO JibJia paBHO 4,5, 1u1s 1e(hOPMUPOBAHHOTO JIbA
y TopocucToro oopazoBanusi — 4,7. DTH COOTHOIICHHS COOTBETCTBYIOT JINTEPATypPHBIM
JIaHHBIM.

Ha ocHoBaHuu ucHbITaHUHN JIOKAJTBLHOW MPOYHOCTH JIbJIa MOXKHO OIICHMBAThH MPOU-
HOCTB JIC/ISTHOTO MTOKPOBA MPHU CXKATHH, HE BHIOYpUBAsl KEPHBI M HE HCIIBITHIBAas 00Pa3IIbI
JbJa 11071 Harpy3koi. CoOTHOIIEHHE G, /G, B COOTBETCTBHH C CYHMIECTBYIONIMMH HOpMa-
TUBHBIMHU JIOKyMEHTAMU MOXET CIIY)KHTh OJJHUM M3 MapaMeTpOB JJIsl ONpe/IeeHUs pac-
YEeTHON MPOYHOCTH JIbJIA U, COOTBETCTBEHHO, /IS pacdeTa JISIOBBIX Harpy30K Ha MOPCKHUE
COOPY)KEHHSI apKTHUECKOTO IIembda.

3AK/IOYEHHUE

B crarbe nmpuBeneHs! JaHHBIE IO MOP(HOMETPUIECKIM, OCHOBHBIM (DH3UUECKUM
1 MEXaHHYECKHAM CBOICTBAM JIbJIa, OTIPENIEIEHHBIM B dKcrieaniiun « Tpancapkrika-2019».
Jpetid 0OCHOBHOH JIBIMHBI SKCHESTUIIMH TPOXOAMIT MEXKITy apxumnenaramMu 3emurss Opan-
na-Mocuda n Hnmmbepren. CBoiicTBa JeATHOTO MOKPOBA B 3TOM paiiOHE W3yUEHBI CIIIe
HEJIOCTaTOYHO.

B mepuon ¢ 28 mapra mmo 28 anperst paboThl BRIIOTHSINCH HA TI0J€ CMOPO3H OTHO-
JeTHero npaa. Ha nbauHe MMennch MHOTOUYHMCIIEHHBIE TOPOCHL. MccnenoBanus mokasa-
7M1, 9TO OOJBIIAst YacTh JIbAWHBI SBIAETCS HE JIHJJOM, HAPOCIINM CHHU3Y B €CTECTBEHHBIX
YCIIOBHSIX, @ JIEASHBIM 00pa3oBaHHEM, c(POPMHUPOBAHHBIM B MPOIECCE AMHAMHYECKOTO
Metamop¢usMa. bioku, clokuBIINE ITOT JIe, UMEIOT PA3INYHOE TPOUCXOKACHHE: KyCKH
JIbJ1a BOJIOKHUCTOW CTPYKTYPBI, KyCKH JIbA, CIIOKEHHBIE 36PHUCTBIMH KPUCTAJIJIAMH, Ha-
OMBHOI U IIIyTOBOH Je.
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Buumanus 3acimyxuBaeT (Gakrt, 4To, HECMOTPsSI HA HU3KHE TEMIIEpaTypbl BO3ayXa
U TeMIepaTypHBIN I'paJueHT BO JIbAY, HapacTaHUe JbJa He npoucxoauno. CpenHss Toi-
LIMHA POBHOTO JIbJIa 32 BpeMs HaOJIOEeHUH HEe U3MEHWIIACh, HA HU)KHEH MOBEPXHOCTH
OTCYTCTBOBAJI @KYPHbII CIIOM. BBIABUHYTO IIPENIIONOKEHHUE, YTO OTO CBA3AHO C HAXOXK-
JICHUEM JIbJMHBI B TEIUIbIX ATIAHTUYECKUX BOJAX B CAMOM HAyaje HKCIECAULIUU.

3a BpeMsl 9KCIIEAULMN YBEJIMUMIACh CPE/IHss TEMIIEpPaTypa U COJICHOCTD JIbJa. 3Ha-
YEeHUs] MEXaHUYECKUX XapaKTePUCTHK YMEHBUIMINCH C POCTOM TEMIIEpaTypbl 1 o0bema
xuaKkoil dasel. CpeaHue 3HaUEHHS JIOKAJIBHOM MPOYHOCTH ObUIM OJNM3KH K 3HAYCHUSIM,
MOJTy4aeMbIM 110 KBaJpaTUYHOHN amnpokcumanuu s ab10B B pailone HUC «Jlenoas
6a3za Meic bapaHoBay. M3MepeHns: MEXaHMIECKUX XapaKTEPUCTHK POBHOTO JIbJia TI0Ka3allu,
YTO B IIEJIOM OHH COOTBETCTBYIOT XapaKTePUCTHUKAM MPOYHOCTH JbJa C MpeodiafaHueM
BOJIOKHUCTOU CTPYKTYDBL.

JIByxJIeTHHE JIB/BI BCE PeXke BCTpeuaroTcsi B ApkTuke. Bee peske mosBiseTcst BO3MOXK-
HOCTb /U1 UX u3ydeHus. CoxpaHseTcsl TEHACHIUS K YMEHBIICHHUIO TUIOIAIH, TOKPHITOH
JIbJIOM, B KOHIIE JIETHETO Tepruoza. J{ByxJieTHHE JIb/Ibl HIMEIOT OOJIBLIYIO, YeM OJHOJIETHHE,
TOJILIMHY U IIPOYHOCTb, OHU HECYT IOBBILIEHHYIO YIPO3Yy CYL0XOACTBY U MOPCKUM HHIKE-
HEPHBIM COOpY)KeHHUsIM. [109TOMY JlaHHBIE O ABYXJIETHHX JIbaX UMEIOT OCOOYIO LIEHHOCTD.

KoH(paukT nHTEpecoB. Y aBTOPOB HET KOH(IMKTA HHTEPECOB.

®unancupoBanue. O6padoTKa JAHHBIX BHIIOJHEHA B PaMKax IUIAHOBOM HAy4YHOU
tematuku AAHWMU no npoekry 5.1.5 HHTII Pocrunpomera «MccnenoBanue KpynHomac-
mTabHOM TMHAMUKY, (PU3HYECKUX IIPOLECCOB, MEXaHUKH J1e(pOPMUPOBAHUS U PA3pyLICHHS
MOPCKHX JIB/IOB C IIEJIBI0 COBEPIIEHCTBOBAHMS METOI0B KPAaTKOCPOYHOTO MPOTrHO3UPOBAHHS
CKaThsl U TOPOLICHUS.

BaarogapHocTh. ABTOPBI BBIPAXKAKOT ONaromgapHOCTh coTpynHuky AAHUWU
A.A. llymneOuHy 3a EeHHBbIC 3aMEUaHUsI M NIPEIJIOKEHHS ITpH paboTe Ha/l CTaThew.
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MEXAHHWUKA KOJEBAHHUI U BOJIH BO JIBIAX
CEBEPHOI'O JIEJOBUTOI'O OKEAHA
IIPU SABJIEHUAX CKATUA U TOPOLIEHUSA
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Pe3iome

OyHOM 13 OCHOBHBIX HAYYHBIX U MPUKIAIHEIX TpodieM B CeBepHOM JIeI0BUTOM OKeaHE SBISETCS pa3padoTka
METO/I0B KPAaTKOCPOYHOTO TIPOTHO3MPOBAHHS SBIEHHIT CHKaTHS M TOPOIICHHs MOPCKHUX JIbJI0B, 00Pa30BaHNs BO
JIb]Ty JIOKQJTBHBIX ¥ IPOTSHKEHHBIX PAa3IOMOB U Pa3BO/IHHA. BhIsBIIEHHE CBA3H MPOLIECCOB B CUCTEME aTMoc(hepa —
JIe — OKeaH HeoOXOMMO JUIS COBEPIICHCTBOBAHUS MOJIeIIeH KituMara. B cBsI3M ¢ STHM Ba)KHBI pe3yJIBTaTHI 110
HAaTyPHBIM HHCTPYMEHTAJILHBIM H3MEPEHHSM TTapaMeTpoB KPYIHOMACIITA0HOH MEXaHNUKH M THHAMUKH JIbJa,
KOTOpBIE TTO3BOJIAIT OOBSICHUTD MPUPOTY HAONIOIAeMBIX JIETOBBIX MporeccoB. B skenemumun «Tpancapkru-
ka-2019» ¢ MOMOIIIBI0 MPOCTPAHCTBEHHOH PACCTAHOBKHM CEHCMOMETPOB U HAKJIOHOMEPOB Ha japeiipyrorem
JIeJSTHOM TIOKPOBE MPOBO/IMIIHNCH HCCIIEI0BAHNUS KOJIeOaH!H 1 BOJH B CHCTEME JIe[ — Boja. [1omydeHsl HOBbIe
Hay4HbIE PE3YJIBTATH IO MIUPOKOMY CHEKTPY (PM3HKO-MEXaHHUECKHX SIBJICHHH B OKeaHe: BO3CIHCTBHE Ha JIe]
OKeaHMYECKO¥l 3bI0M, CKaTHe 1 TOPOILICHNE, PA3JIoM JISSHbIX TTOJIeH, MPUIHBHEIC CHKATHS.

Kuwuesbie cii0Ba: BOJIHBI, ;[peﬁ(by}onmﬁ Jen, KOJIe6aHI/ISI, MOHUTOPHUHI, IIPUJIMBHBIC CIKATUsA, PAa3JIOMBI JIb/Ia,
TPCUINHBIL.
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BOJH BO Jbiax CeBepHoro JlemoBHTOro okeana mpu SBICHUSX CXKATHA U TopomeHnus // [IpodneMbl ApKTHKH
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Summary
One of the main scientific and practical problems in the Arctic is the study of the dynamic state of the sea ice cover.
The main parameters in the general model of drifting ice are the drift velocity vector, friction stress at the air-ice
and ice-water interfaces, and the forces of dynamic interaction of ice fields. Establishing the connection between
the large-scale processes in the atmosphere-ice-ocean system is necessary for developing methods of forecasting
ice compression and ridging and the formation of local and extended fractures and leads, which help improve the
existing climate models. The main aim is to obtain results of full-scale instrumental measurements of parameters
of'ice large-scale mechanics and dynamics, which provide a physical basis for explaining the nature of observed
large-scale ice processes and allow one to perform physical parametrization. To accomplish this aim and evaluate
the physicomechanical condition of the drifting ice cover of the Arctic Ocean, the “Transarktika-2019” expedition
performed a real-time ice monitoring in April 2019. The investigation was conducted using seismometers and
tiltmeters installed on the ice such that they formed a triangle with the sides measuring up to two kilometers.
Data has been obtained on the wave and oscillation processes of crack formation, compression and ridging of
ice. The possibilities of deciphering the initial data on the physics of wave and oscillatory processes in the ice-
water system considerably increase when using the known methods of processing seismic signals. With use
of spectral Fourier analysis wavelet-transformation of oscillations significanlty extending possibilities of the
seismic method at revelation of prognostic signs of crack formation and compression was applied. It is shown
that the dynamics of ice processes can be connected with oceanic swell and tidal events. A possibility is created
for obtaining new results in the investigation of large-scale mechanics of sea ice.
Keywords: cracks and fractures in ice, drifting ice, fluctuations and waves, monitoring methods, tidal
compressions.
For Citation: Smirnov V.N., Kovalev S.M., Nubom A.A., Znamenskiy M.S. Mechanics of oscillations and waves
in the ice of the Arctic ocean during compression and ridging. Problemy Arktiki i Antarktiki. Arctic and Antarctic
Research. 2020, 66 (3): 321 — 336. https://doi.org/10.30758/0555-2648-2020-66-3-321-336.
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BBEJEHHUE

MexaHuka 1eOpMHUPOBAHUS MOPCKOTO JIesTHOTO IIokpoBa CeBepHoro JlenoBuToro
okeana (CJIO) u oOpa3oBaHuE yIIOPSATOYCHHBIX JICJOBBIX CTPYKTYP 0OYCIOBICHBI KPYITHO-
MacmTaOHBIMH MTPOIIECCaMH B cUCTeMe atMochepa — nex — okeaH [1 — 3]. BorsBienue
(M3HYIECKUX CBA3EH MPOLECCOB B TAKOH CHCTEME HEOOXOIUMO Ul COBEPLICHCTBOBAHUS
MozieNeil 1 METOIOB IPOTHO3UPOBAHUS CKATHSA M TOPOLICHUS JIbJIOB, 00pPa30BaHUsS BO
JbIy JIOKAJBHBIX U MPOTSHKCHHBIX Pa3IoMOB U pa3Boxuil. [lepecTpoiika cTpyKTYpHBIX
CBsI3eH B JISISTHOM ITOKPOBE COIIPOBOXKIACTCS KOJIEOAHMSAMH U BOJHAMH HA TIOBEPXHOCTH
okeana. OparMeHTanus CTPYKTYpHI JIbIOB 00YCIIOBIICHA [IMKINYECKUMH ITPOLECCaMH BO
JbJY, KOTOPbIE, B CHIIy UX PEryJISpHOCTH, NMOAJICPKHUBAIOT MOCTOSHHBIE COCTOSHUS pa3-
PYIICHHS TIO0 OONBIIMM MPOCTPAHCTBEHHBIM M BPEMEHHBIM MacmTtabam [4, 5]. Onaumu
U3 OCHOBHBIX IIPOLIECCOB (POPMHUPOBAHUS CTPYKTYPBI JIBJOB SBIISIOTCS NEPHOTHIESCKUE
TOPU30HTANIBHBIC TIOABIKKH, IIPOSBIIAIONINECS Yepe3 pa3HOMACIITAOHbIe ne(hOpMallIOHHBIE
HPOLECCHl ¥ BO3HUKAIOLINE P ATOM YIPYT'He BOJHBI BO JIbY. SIBICHUE IepHOANYCSCKHX
TOPHU3OHTAJIBHBIX CMEIICHUH B CINIOYCHHOM JieAstHOM nokpose CJIO MOXKHO IpencTaBuTh
Kak KpyIrHOMacITaOHbIe pelakcaroHHbIe aBTokoaeOanms [6]. [Iporecc MoxkeT ATUThCS
HECKOJIBKO 4acOB M COCTOSATH M3 IEPUOANYECKUX COPOCOB HANPSDKEHHI ¢ MHTEPBAaJIaMH
OT IMHHUII 110 JeCATKOB MUHYT. [loydeHHble JaHHBIE TO3BOJIAIOT HOIONTH K pa3paboTke
MOJISIIH SIBJICHHS aBTOKOJICOAHMIT IS CITydast CILIOIIHOTO JIEASHOTO TOKPOBA IIPU CKATUH
Ha KOHTaKTe MPOTSHKEHHOI'O pa3phIBa.
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B Hacrosiee BpeMsl OQHOM U3 BAXKHBIX 3aJa4 B MCCIIEIOBAHUAX MOPCKOIO JIbJa
0CTaeTCsl BBISIBIICHHE CBsI3eH KpyITHOMAcCIITaOHBIX (PU3MKO-MEXaHHYECKUX ITPOLIECCOB C SIB-
JICHUSIMU B aTMOC(epe U OKeaHe B PeXXUMe peaibHoro BpeMeHH. OCOOEHHO 3TO KacaeTcs
BBISIBJICHUS IPOTHOCTUYECKUX IIPU3HAKOB CKAaTUS U TOPOLLEHUS JIbJ0B U COILy TCTBYIOLIMX
9TOMY OKEaHWYECKUX BOJIH 3bI0H U ITPUIINBO-OTIMBHBIX SIBJICHUH B okeaHe. C 9Toil 1esIbio
B Hacrosilield paboTe OCHOBHOE BHMMaHHE Y/IEJICHO OINMCAHHIO METOJIOB PErUCTpaliu
BOJIHOBBIX U KOJIeOATeIbHBIX MTPOLIECCOB B ApeiidyroiieM JIeassHOM ITOKPOBE C TOMOIIBIO
CEICMOMETPOB, HAKJIOHOMEPOB U AMCTAHLIMOHHON U3MEPUTEIbHON CUCTEMBI U HEKOTOPBIM
pe3yibraraM HaTypHBIX HaOJIIOACHHH.

M3MEPUTEJIbHASI TEXHUKA U METObI HABJIIOJAEHUI

Jlnist peructpanyn KoneOaHWH W BOJIH B JIEASHOM MOKPOBE B IIMPOKOM YaCTOTHOM
nuarnazone ot 0,0167 mo 50 'l mpuMEeHSIIHCH TPEXKOMIIOHEHTHBIE MOJIEKYIISIPHO-3IEKTPOH-
uele ceficmomeTpsl CME-4311LT. Hakmonomeps! (M3MEpHUTENH yIiIa HAKJIOHA B JIBYX TOPH-
30HTaNBHBIX KoopanHaTtax) MH-/[3a-360 MOoryT Takke perucTprupoBaTh TOPU30HTAIHHBIC
YCKOPEHUSI TIPH HU3KOYACTOTHBIX KoteOaHusx. CelicMOMETPhI M HAKIIOHOMEPhI YCTaHaB-
JHMBAJIMCh HA CHEUATIBHO M3TOTOBJICHHBIE ICPEBSIHHbIE TIOCTAMEHTHI, BMOPOKCHHBIE B JIE]
Ha TryounHy 710 30 cM. DIeKTponuTaHue MPHOOPOB OCYIIECTBISIIOCH OT AKKYMYJISITOPOB.
st cbopa 1 IKCIpecc-aHa3a MOCTYMaoNINX JaHHBIX nenoib3oBamuck ALIT E14-140,
aorreps! «baiikaim», KOMIBIOTEPhI-PETUCTPATOPBI M AUCTAHI[OHHAS CHCTEMa MOHUTOPHHTA
TUHAMUKHA JTper(yIomero MopCcKoro Jb/1a, pa3paboTanHas B 1abopaTopur (pU3UKH JIbaa
AAHUU [7].

Ceticmomemp. CelicMOMETp XapaKTepH3yeTcsi HU3KUM [IyMOM, BBICOKOI UyBCTBHUTEb-
HOCTBIO, KOMITAKTHBIMH pa3MepaMi 1 HeOonbmmM BecoM. OH padotaet 1o —40 °C u nmeet
BBICOKOE 3HAYCHUE YyBCTBHTEIFHOCTH — 4 KBT/MC™!. Perncrpanus curHasioB B uanasoHe
gactor 0,02 — 100 I'm (wmu mepuomos ot 0,01 mo 50 c¢) ocymiecTBuseTcs yepes3 Iiatry
AT Ha crientmann3upoOBaHHBIN HAKOTIATENF HHPOPMAIIUH C TIPUBSI3KON K a0COTIOTHOMY
BpEMEHU. B 3aBUCUMOCTH OT MOCTABIEHHOW 3aJa4d CUTHAJIBI OT CEMCMOMETpa MOTYT
OBITH OTPaKEHBI B PA3MEPHOCTIX CKOPOCTH CMEIICHUs, CMEIIEHHs Win yckopenus. Ha
puc. 1 mokasaH npuMep 3amrcy BOJIHOBOTO MPOIECcca B JIEASHOM ITOKPOBE OT BEPTHUKAIb-
HOM KOMIIOHEHTBI ceficMOMeTpa B TPEX COOTBETCTBYIOLIUX pa3MepHOCTIX. Bo MHOrux
npuMepax o0pabOTKM UCXOHBIX AAHHBIX Takas WH(POPMALUI UTPACT BAXXHYIO POJIb MPH
pacmmppoBKe MTPUPOIBI TOTO MM MHOTO MPOIECca B CUCTEME JIel — BOAA.

ITo 3aperucTpupOBaHHOMY SIBJICHUIO C OPOUTAIBHBIM ABMKCHHUEM JIbJia HA BOJTHE
3bI0M cIeqyeT cKa3arh cienyromiee. VI3BecTHO, YTO B OKEaHE Y MOBEPXHOCTHON BOJIHBI
Ka)KJasi 9acTHIA BOJBI JIBMIKETCSI MO KPYTY B BEPTHKAIbHON IIOCKOCTH, CMEIIAsCh
BIIEpe/I, KOT/Ia OHa Ha rpeOHe BOJIHBI, M Ha3a/l, KOTJla OHa HaXOIUTCs BO BIajauHe. B pac-
CMaTpPHUBAEMOM IIPUMEpPE CO JbAOM, KOTJIa TOPU30HTAIbHAS KOMIIOHEHTA COBIIA/JAeT
C HAINlPaBJICHUEM ABIIKCHHS BOJIHBI, YETKO OTMEUACTCSI OPOUTAIBHOE JBIKEHHE JIb/1a
B BonHe (puc. 16). Ecnu ABMkeHMe MPOUCXOIUT IO YACOBOH CTPENKE, TO MOXKHO CUH-
TaTh, YTO HAIPABICHNUE IABI)KEHUS CaMON BOJHBI MIPOUCXOAWT B HAIPABICHUM CJIEBA
HanpaBo (ITOKa3aHO Ha PUCYHKaxX CTPENIKOi). B TeueHme MHHYT-4acoB OChb 3TOTO 3JI-
JUIICa OTKJIOHSETCS OT BEPTUKAIN M MEHSAETCS ¢ MEPHOANTIHOCTBIO 5 — 10 rpamgycos.
OTKIJIOHEHNE OT BEPTHUKAIN M MEPUOAMUYECKUE KOJIEOAHMSI OCH HIUIHIICA 00yCIOBICHBI,
MO-BUAMMOMY, MEXaHUKON B3aMMOJICHCTBHUS CIIOS BOJBI M HIDKHEH ITOBEPXHOCTH JIBJA.
B apyroe Bpemst HaOMOAEHNH OCh THarpaMMbl JJLIAIICA BOOOIIE NMEET HE3HAUNTEIBHOE
OTKJIOHEHHE OT BEPTHKAJIH.
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Puc. 1. Ilpumep 3anucu BOJIHOBOTO MPOLECCa B JICASHOM MOKPOBE OT BEPTHKAILHOW KOMIIOHEHTHI
ceiicMomeTpa Z (a) U cxema OpOUTAIBHOTO JABHKCHUS YACTHUIL JIbJIa B BEPTHKAIBHON MIIOCKOCTH B
pasHoe Bpemst ZE (6).

PasmepHoCTH CKOpOCTH CMeteHus (ZCK) MM/c, cMetieHus (ZcM) MM 1 yckoperust (Zyc) mm/c?. ToprusoHTanbHast
cTpenka (6) — HalpaBJICHUE IBIKCHUS BOJHBI, 3B€3J0UKAa — TOJIOBHAS JBIDKYINAsICSl TOYKA B BEPTUKAIBLHOM
mrockoctr. Crannus bera, 03.04.2019

Fig. 1. An example of recording the wave process in the ice cover from the vertical component of the
seismometer Z and the scheme of the orbital motion of ice particles in the vertical plane

Dimensions of the displacement velocity Zck (mm/s), Zem — displacement (mm) and acceleration Zyc (mm/s*) — a);
ellipse in the plane ZE — 6). Horizontal arrow (6) — direction of the wave, asterisk — the head moving point in
the vertical plane. Beta station 03.04.2019

31ech yMECTHO NMIPUBECTH BBIJIEPKKY U3 CTAThH HOPBEKCKUX YIEHBIX, POBOANBIINX
HCCIICIOBAHNS Ha MpHIaifHOM Jbay apxunenara lInundepren. «bpio 661 HHTEpECHO
HCCIIEZI0BATh, CBA3AHO JIM JBIDKCHUE TIOBEPXHOCTH € HANPSDKEHUSIMU BO JIbAY, TOZOOHOE
CJTy4Jaro BOJHOBBIX HAIPSHKEHHUH B OKEaHE, IIOCKOJIBKY 3TOT (Da30BbIM CABHUT MEXKITY BEp-
TUKAJTbHBIMHA W TOPU3OHTAIBHBIMU ABMKCHUSAMH MOXKET OBITH Ba)KHBIM KOMIIOHEHTOM
OBICTPOTO pa3pyIICHUS MPUOPEIKHOTO MOPCKOTO JIbaa» [8, ¢.1996]. 3ToT Bompoc Oymet
paccMOTpeH B IUIAHUPYEMOM CTaThe COBMECTHO C aHAIM30M JAHHBIX 10 TOAJIEIHBIM
TEUCHUSM, TI0 BOJIHAM 3BI0M M KOPOTKOMEPHOIHBIM BHYTPECHHUM BOJTHAM.

Haxnonomep MH-/[3a-360. TlpuMeHseMble B dKCIICTUIINN U3MEPHUTETH yIa Ha-
KJIOHA B JBYX TOpPH30HTANBHBIX KoopanHarax MH-/[3a-360 pabortaror mpu Temreparype
10 =50 °C 1 MOTYT M3MEPATH TAKKE TOPU3OHTAIBHBIC YCKOPEHHS IPH HA3KOYACTOTHBIX
KOJIeOaHMsIX B Apei(yromeM JeAssHOM MoKpose. HakioHOMEp Ha BBIXO/IE HMEET CyMMY
TIOKa3aHUH B BHJEC YCKOPEHUH W HAKIIOHOB. J{Mama3oH u3MepeHus HakJIoHOB + 360 yIIoBBIX
cexyHa wi + 1746 mxpan. MakcuMaabHOE TOPH30HTATFHOE YCKOPEHNE MOXKET IOCTHUTATh
17,5 mm/c? mpu quHaAMHuYeckoM auarazone 60 ab.

Ha mpoTspkeHnn Bcero MOHHTOPHHTA AWHAMHYECKOTO COCTOSIHHS JIEASHOTO TIOJIS
TOPU30HTAIBHBIMH COCTABIIIIOIIMMH CEHCMOMETpPa M HAKIIOHOMEPa OTMEUEHO, UTO B JNa-
ma3oHe nepuoaoB 10 — 25 ¢ KHHEeMaTHYeCKHe XapaKTePUCTUKN BOJIHBI 36I0M B TOPH30H-
TaJHHOM TUTOCKOCTH TIOYTH OIMHAKOBHIL. [Ipu ycraHoBKe mprbopoB ock N HampaBisiiach
Ha MarHUTHBIN ceBep, ocb E — Ha BOCTOK.

Ha puc. 2a mpeacTaBieHsl AnarpaMMbl CKOPOCTH CMEIICHHUS U HAKJIOHA JIbJA MPU
BOITHE ¢ TieprozoM okoio 20 ¢. M3 nuarpamMm BHIHO, YTO JBIKCHHE BOJHEI IPeobIaiactT
1o HampapiaeHuo ocu E. Ha puc. 26 u 26 IIpuBeIcHBI IMarpaMMbl HakaoHa B, — N,
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Puc. 2. [Ipumep 3anmcu ot ceficMomeTpa (Z — BepTUKaIbHAas KOMIIOHEHTa, N, E — ropusonTansHbie
B3aMMHO-TIEPIIEHINKYIIAPHBIE KOMIIOHEHTBI) M HaknonoMepa (N, u E,) (@), anarpammbl HakaoHa
E, —N, (6) n cmemenus Ec — Nc (6) 1b1a B rOpH30HTAIBHON IJIOCKOCTH IPU BOJIHE € MEPHOIOM
oxono 20 ¢, 14 — 15.04.2019

Fig. 2. Example of recording from the seismometer (Z is vertical component, N, E are horizontal
mutually perpendicular components) and the tilt meter (N, and E,) (a), the diagram of the slope of
E, — N, (6) and the displacement of Ec — Nc () of ice in the horizontal plane at a wave with a
period of about 20 s, 14 — 15.04.2019

u cMemenus Ec — Nc ap1a B rOpu30HTaNBHON MIOCKOCTH. Pa3nudne B HampaBIeHUSIX
JIBIDKEHUS BOJHBI, TIOJIYUYEHHBIX JByMS METOAAMH, HE3HAYUTEIBHO.

[Tpu 06paboTke HUPPOBBIX JAHHBIX MPUMEHSIIACH oriepalus AuphepeHIUPOBaAHHS
10 BPEMEHH ITOKa3aHUH TOPH30HTAIBHBIX KOMIIOHEHT ceificMomerpa. Ha puc. 3 npuBeneHsl
3aIMCH MIPOJOJIbHBIX M M3TMOHO-TPaBUTALMOHHBIX BOJH IPH 00pa30BaHUU TPEIIUHbI BO
a6y, J1s BU3yanbHOTO CXOZCTBA YCKOPEHUH ¢ HAKJIIOHAMH TOPU30HTAIBHBIC KOMIIOHCHTBI
ceficMoMeTpa pa3MelIeHBI apaMy C 3alucsAIMU HakiIoHoMepa. dDa30Bble COOTHOLICHUS
YKa3bIBAIOT Ha TO, YTO BCE YETHIPE KaHaja 3apeTUCTPHPOBAIIH KOIeOaTeIbHOE YCKOPEHNUE.
[Ipu 3TOM MOTy4EHBI Pe3yABTaThl, XOPOIIO COOTHOCSIINECS C MOKAa3aHUSIMH COOTBETCTRY-
IOIIeH KOMIOHEHTHI HaKJIOHOMepa. MaKkcHMaIbHOE 3HAYCHHE aMIUTUTYAbI KOIeOaTeTbHOTO
yCKOpeHHst Ha cocTapisitomeii mo ocu E gocturanu 0,05 mm/c’>. MOXKHO cuMTaTh, 4TO
HAKJIOHOMEp KpOMe HAKJIOHOB CIIOCOOEH PErHCTPHPOBATH BEKTOP YCKOPEHUS B TOPU30H-
TaJgbHOH miuockocTH. Ilpomece Ha puc. 3 xapakTepusyeTcs UMITYJIbCaMH YIPYTHUX BOJH
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Puc. 3. IIpumep 3anucu kosedaTeIbHOTO YCKOPEHHUS! B KOJICOAHUSIX 1 BOJIHAX B JIGASHOM IIOKPOBE OT
ceiicmomerpa Z, N, E u nakinonomepa N u E,.

Topusontanbheie komnonenTsl N u E pasmentenst napamu ¢ N, u E, coorserctsenno. 12.04.2019, cranuus lamma

Fig. 3. An example of recording the oscillatory acceleration in the wave processes in the ice cover
from the Z, N, E seismometer and the N, and E, tiltmeters.
The horizontal components N and E are placed in pair with N, and E,, respectively. 12.04.2019, Gamma station

pu 00pa30BaHUU TPEIIMHBI BO JIbIY, AajbHEHIIee pa3BUTHE Pa3pyLIICHHS JIbJia COIPOBO-
KTaeTcsi 00pa30BaHUEM BEPTHUKAIBHBIX M3TMOHO-TPABUTAIMOHHBIX BOJIH C aMIUIUTYION
110 £ 0,2 mm/c? 1 yactoroii okoino 0,2 I'm.

Memoouka seetienem-npeobpaszosanus konevanuii (CWT). Bo3aMoxkHOCTH paciiud-
POBKHM MCXOIHBIX JTAHHBIX MO (DM3HMKE BOIHOBBIX U KOJIEOATENBbHBIX MPOLIECCOB B CUCTEME
Jie]] — BOJIa CYIIECTBEHHO PACIIUPSIOTCS NP MCIOJIL30BAHMH M3BECTHBIX METOJHUK 00-
paboTku ceficMuYecKuX curHaoB. Hampumep, HapsAIy ¢ UCTIONB30BaHUEM CIIEKTPAIbHOTO
ananmn3a Oypbe MPUMEHSIIOCHh BeWBIIET-TipeoOpazoBaHue KoeOaHUi, 3HAYUTELHO pac-
HIUPSIONIEe BO3MOKHOCTH CEHCMHUYECKOTO METO/Ia MPH BBISIBICHUH MPOTHOCTHYECCKUX
MIPU3HAKOB TPEUIMHOOOPAa30BAHUS M CKATHSI.

Ha puc. 4 npencraBieHbl cpaBHUTEIBHBIC JaHHBIC 110 TPEUIMHOOOPAa30BaHUIO BO
nbty. CrieyeT OTMETHTD, YTO BEPTHKAIbHBIC KOMIIOHEHTHI Ha BCEX CTAHIMAX MPAKTHUCCKU
PaBHBI HYJIO, T.€. 3aPETHCTPUPOBAH MPOIIECC IIOCKUX YIPYTUX UMITYTECOB OTHOBPEMEHHO
B TPEX TOYKaX JICASHOTO IMOJIS TIPH 00pa30BaHUU CKBO3HO TperiuHbl (puc. 4a). BusyanbpHo
COTpPY/IHUKAMH SKCIIEANIMK ObUIM OTMeueHbl oOpaszoBasimecs TpemuHsl 12.04 B 11:28
MCK. Ha puc. 46 ucxoaHbie JaHHbIC PUBEICHBI B IMarpaMMax BeHBIIET-IPe0Opa30BaHusL.
BHusy puc. 46 npociexuBaroTcs MepPUOANIYESCKHE IIyTH BOJIH 3bI0H C MEPUOJOM OKOJIO
18 c. Kax yxe yka3piBanock, B 11:28 MCK BO3HHKIN KOPOTKHE UMITYIIBCHI, 3aPETUCTPH-
pOBaHHBIC TPEMs CTAHIMSIMHU.

CBsi3aHbl JIM M3rHOHBIE e opMaliK JIbJia OT BOJH 3bI0M ¢ 00pa30BaHHEM TPEIHH,
MTOKa)KeT aHAJIN3 PEe3yJabTaTOB MCCIETOBAHMS MEXaHMKH oOpa3oBaHus TpeuH. Cepus
MOJOOHBIX M3MEPEHHUH MOKA3bIBACT, UTO IIPH pacueTe XapaKTEPUCTHUK BOJHBI C YUETOM
T€OMETPUH TPEYTOIBHUKA CIIBUT TI0 BPEMEHH MEX/Iy CTAaHIIMAMHI MOXET XapaKTepH30BaTh
CKOPOCTh yNPYTHX BOJIH.

Memoouka pacuema 8ekmopa cKopocmu U HANPAGIeHUs pacnpoOCmpaneHusl 60H.
B HaTypHBIX 3KCIIEPUMEHTAX IO U3YYCHHIO (PU3UKH pacTIpOCTPaHEHHs BOJIH BO JIBIY UC-
MOJIB3YIOTCS PA3INYHBIC CXEMbI PACCTAHOBKU MEPBUYHBIX JATYMKOB Ha JICISHOM MOJeE.
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Puc. 4. TIporiecc peructTpauu yrpyrux IMIyJIbCOB OJHOBPEMEHHO Ha Tpex cTaHuusIx Anbda, bera
u ["'aMMa npu 00pa30BaHNUU CKBO3HOHM TPEILMHBI B JICISTHOM T10J1€ — (@) ¥ BEHBIIET-TIpeoOpa3oBaHue
(hOHOBBIX 3HAUCHHUH BOJH 3bI0H U JIByX UMITYJILCOB IIPU 00pa30BaHUH TPeUH — (0).

N, E — ropusoHTaIbHbIe B3aUMHO-TIEPICHIUKYIISIPHBIC cocTaBistonme. CTpeiki — HMITYIIBCHI IIPU 00pa30BaHHU
TpelyH. 3Be304Ka — LyT Koiebanuii ¢ mepuonoM o 1 muH. Cranmus ['amma, kanan N, 12.04.2019

Fig. 4. The process of registering elastic pulses simultaneously at three stations, Alpha, Beta and
Gamma, during the formation of a through crack in the ice field — (a) and wavelet transformation
of the background values of swell waves and two pulses during the formation of cracks — (6).

N, E are horizontal mutually transverse components. The arrows are pulses during the formation of cracks. The
asterisk is a train of fluctuations with a period of up to 1 min. Gamma station, channel N, 12.04.2019

JIuneliHble pacCTAaHOBKHM C MHTEPBAJIOM MEXIy JardukaMu oT 2 10 500 M MO3BOJISIOT
ONPEACIISATh CKOPOCTh PACIPOCTPAHEHMSI YIPYTUX U T'PaBUTALMOHHBIX BOJIH B HIMPOKOM
YHYaCTOTHOM AHAIIa30HE. B OKCIICPUMCEHTAX C 3apaHCC N3BCCTHBIM PACIIOJIOKCHUEM UCTOY-
HUKa BOJH (a3oBas ckopocTh C ONpeeNseTcs: o KOppeaupyeMbIM Ga3am TPYIIT BOJTH U3
npocToro cootHomenust C = X/At, rme X — paccTosHue, MPOHAeHHOE BOIHOW MO JIMHUU
JATYUKOB, Af — BpeMs MPOXOKICHHUS BOTHOH myTu X. [Ipu n3ydeHnn pu3nKo-MexaHmye-
CKHUX IIPOIIECCOB O6pa3OBaHI/Iﬂ BOJIH €CTECTBCHHOI'O IIPOUCXOXKACHUA, KOraa HCU3BECTHO
PacCIIOIOKEHIE NCTOYHNKA BOJH, MCITOIB3YIOTCS PACCTaHOBKH MPUOOPOB MO TPEYTOIb-
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Puc. 5. PacuetHast cxema Onpeie/ieHUs] CKOPOCTH U HAITPaBJICHUsI BOJHBI 36101 B ipeiidyroiieM Jie-
JITHOM ITOKPOBE MPH MPOCTPAHCTBCHHOW PAaCCTaHOBKE MOJICBBIX CTAHIHIA O, 3 1 .

AuB— TIPOEKINU CTOPOH TPEYIOJIbHUKA Ha BEKTOP CKOPOCTHU BOJIHEI, 0 — Yroil Mexay OHHOﬁ U3 CTOPOH
TPEYTOJIbHUKA U BEKTOPOM CKOPOCTHU BOJIHBI

Fig. 5. Calculation scheme for determining the velocity and direction of the swell wave in the drifting
ice cover with a spatial arrangement of the field stations o, 3 and v.

A and B are projections of the sides of the triangle on the wave velocity vector; 0 is the angle between one of the
sides of the triangle and the wave velocity vector
HUKY co cTtopoHamu oT 30 M 10 5 kM. B camom obmem Buae misa 1r000# TPEeyrombHON
paccTaHOBKH MPHOOPOB 1 OE30THOCUTENHHO K HANIPABICHUIO PACIIPOCTPAHECHHUS TUIOCKOI
BOJIHBI METONIMKA pacdeTa (pa3oBoil CKOPOCTH M a3UMYyTa OMPEACIICTCS U3 CXeMEI (puc. 5).
Mertoanka B3aUMHOM KOPPEISAINA IBYX BPEMEHHBIX PAOB TO3BOJISET TIPH MTOCIIEIO0-
BaTeIHHOM C/BHTE IO BPEMEHH OTHOCHTENBHO JPYT IPyTa ONpPEACISTh BPEMEHHOMH CBUT
At ¥ XapaKTepHU30BaTh «KAXKYIIYIOCS» CKOPOCTh PACIIPOCTPAHCHHS BOJIHBI MEXKIY CTaH-
musaMu. [ onpeneneHns HCTHHHON CKOPOCTH V' pa3paboTaHBl METOAMKH OIPEICICHHS
a3UMyTa M CKOPOCTH PACcIpPOCTPAHEHHUS BOJHOBOTO Ipoliecca. B maHHON MeTomuke s
pacdeTa BeKTOpa CKOPOCTH BOJH 3610H (V) momydena (opmyma:

Vo L -cos(0)
Al

>

e L — paccrosiaue Mexy o M B, Af, — BpeMs POXOXK/ICHHs BOIHON PACCTOAHMS L.
6 — yroi, OTCUNTHIBAEMBII IPOTHUB YaCOBOW CTPEIIKH OT Jy4a, BHIXOMSIIETO U3 CTAHIUN
Anba Ha cranuuio ['amma, onpenernsuicst o Gopmysie:

(LB ~sin(£0t))2

2 >

0 = arccos| *+ I
iZ-Ly—Lﬁ-cos(loc) +(LB-sin(40c))2

>
rae Za = 11,24°, L= 1904,72 M — paccrosiHue Mexay o 1 J3, L= 1273,28 M, At, —
BpeMsl TIPOXOXK/ICHHs BOJHON PacCTOAHMSA L. 3HaueHns Za, Ly n L onpenensiorcs paccra-
HOBKOH ITPHOOPOB 1O cXxeMe TpeyroiabHuKa. Bpemst Af onpeaensiioch Mo KOpperaupyeMbIM
(hazam 11yra BoJIH cTaHIMii, HanpuMep, Asbga u beta, 4To 1M03BOJISUIO OLIEHUTh HCTUHHBIC
CKOPOCTH BOJIHBI 3bI0H. IIpoBeieHHBIC pacdeTsl MOKa3ain, YTO CKOPOCTh BOJH 3bI0H H3Me-
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Hsutach B nipenenax ot 30 1o 33 m/c. [logo0HbIe 3Ha4YEHHsT COOTBETCTBYIOT IPOBEICHHBIM
paHee M3MepeHusIM Ha Jpeidyronmx craHuusax «CeBepHbIi MOJTI0C» U TEOPETUUECKUM
JIUCIIEPCHOHHBIM COOTHOILEHHSIM (Pa30BBIX U I'PYIMIIOBBIX CKOPOCTEH M3TMOHO-TpaBUTA-
LIMOHHBIX BOJH [8, 9, 10]. A3uMyT, KaKk MpaBUIIO, MEHAJICA B COOTBETCTBUU C HCTOUHUKOM
3apOKJICHHSI BOJH.

IIpumep pacuema oyenxu Hanpaxcenuil 6 1€0AHOM NOKPOge npu useube e2o 60IHAMU
3b10u. HanpspkeHnst npu M3rude JIeIsTHOTO MOJIsl BOJIHAMU 3bI0M MOTYT JAOCTUTaTh pas3py-
LIAIOIINX HANpshHKeHUH. BepTukanbHble cMeleHus (z) 000 TOUKH JIEASTHOTO OISt TPpU
U3rube ero rpaBUTAlMOHHON BOJIHOM ONpeNeNsIoTes Kak z = z,-sinkx, rjie z, — aMILIuTyia
BOJIHBI, M; kK = 27t/A — BOJIHOBOE YHCJIO, A — JUUTMHA BOJIHBI, M; X — paccTosiaue, M. O1ieH-
Ka Hecyllel crocOOHOCTH JISSIHOTO IIOKPOBa IyTEM pacyeTa MaKCUMaJIbHBIX M3THOHBIX
HaIpsDKEHUH BO JIbJly OCHOBaHA Ha TEOPUHU U3rnbda MKECTKUX IuacTuH [3, 4].

Huxe mpuBoauTcs mpuMep OLEHKU HaNpsOKEHUH B BEPXHEM ClIoe JISASHOH Imia-
CTHHBI, T.K. UIMEHHO C HEro Ha4MHaeTCsl 00pa3oBaHKUE U POCT TPELIMH IPU pa3pylIeHHN
BEPXHEro cJosi TpeOHs1 BOJIHBI pa3pbiBoM. KOHEUHO, B 3TOM Cily4ae He YUHMTHIBAIOTCS
IUIACTUYECKUE CBOMCTBA JIbJa, U JUIS pacyera HarpsbkeHui oepercs monyns IOnra. Ha-
HPSKEHHUS CKATUS — PACTIKEHUS G B JIEJSHOM I10JIe MOKHO OLIEHMBAaTh 1O (opmyie:

Ehz k*

o, =———=

2(1-p)°
rae £ — monynb ynpyroctu, MIla; h — Tommmna npaa, M; 1 — xo3dduiment Ilyac-
cona. [Ipu MCTIOIB30BAaHUM TOTO BBIPAKEHUS MPEIIONIATraeTCs, YTO KpHUBask MPOPUIIT
BOJTHBI ONM3Ka K IWIMHAPUYECKor. [IpH cremayrommx xapakTepucTHKax JIbJa U mapame-
Tpax BOJMHBI u3ruda: £ = 3-10° MIla; 2= 1,0 m; u = 0,34; V=30 m/c; T =20 ¢; A= CT,
z,=2:107 M ompesieNleH0 MEXaHWYECKOe HAMPsKEHUe CHKATHs JEAAHON MIaCTHHBI TIPH
(hOHOBBIX/CITOKOWHBIX 3HAYECHHSIX aMILIUTY]] KojieOaHuii BO Jibay. CoriacHo npHuBeIeHHOM
dhopmyiie, GoHOBBIC KojeOaTeIbHBIC HANIPSDKEHUS BO Jibay coctaBisuia 0,3 klla. DT0
O4YCeHb HE3HAYNTENbHAsI BEIUYNHA, OJJHAKO IPU HMHTEHCHBHBIX KOPOTKOTIEPHOTHBIX BOJTHAX
¢ OONBIION KPYTH3HOW BOJTHOBBIEC HANPSKEHHSI MOTYT JOCTHTaTh AecaTkoB klla u mpuso-
TUTH K PasjoMy JISASHOTO TOMs. TpyIHOCTH ONpeaesieH s pa3pylIaloinX HampsHKeHIH
CBS3aHBI TAK)KE C BBISIBICHUEM BH3YaJIbHOW CBSA3M MOSBICHHS TPEIIMH U 3alUCSIMH TPH-
OOpOB Ha JIeJSIHOM ToJie. PaccMOTpEHHBIH TpUMep OLIEHKH (DOHOBBIX M Pa3pylIArOIINX
HaTpsUKEHUH OyIeT 3aKiaIbIBaThCs B aITOPUTM 00pabOTKH JaHHBIX C COOTBETCTBYIONINM
OTIOBEIIEHNEM TPEINHOOOPAa30BaHMsI M Pa3IOMOB JIbJa B PEKUME PEaTbHOTO BPEMEHH.

Jlucmanyuonnas usmepumenbHas cucmema MOHUMOPUHSA COCMOAHUS MOPCKO20
opetighyroweco nvoa. PazpaboranHasi B 1adoparopuu (BU3UKH JIbJa CUCTEMa MO3BOJISIET
CIIEIUTh 32 KPYITHOMACIITaOHOH MeXaHUKOH Je()OPMUPOBAHKS U Pa3pyIICHHs JICISTHBIX
nosiel. [Ipaktnyeckoe NpUMEHEHUE JNAaHHOM CHUCTEMbl MOHUTOPHMHIA 1a€T BO3MOXHOCTb
OIICHUTH CTENECHb TUHAMUYHOCTH JICASHOTO TIOKPOBAa M HA OCHOBAHHM ITOTO JaTh MpO-
THOCTUYECKHE OIIEHKH CTETIEHH yCTONYMBOCTH JIbJ]a B JaHHOM paifoHe B OMiKalIInii mpo-
MEXYTOK BpeMeHHU. [IepBUYHBIMHU 3BEHBSIMU CHCTEMBI SBIISIOTCS TOJIEBBIE CEHCMUUECKUE
cTaHIM cOopa AaHHBIX OT MPUCOSTMHEHHBIX TaTYNKOB — CEHCMOMETPOB M HaKJIOHOME-
poB [7]. TloneBbie craHmu cOOpa NAHHBIX MTPOM3BOJAT OIEPAIMIO OIM(POBKU TaHHBIX
OT JIATYMKOB C 3aJlaHHOW "acToTol. [Ipm 3TOM cOOp BCeX KaHAIOB JAHHBIX Ha CTAHITHSIX
CHHXPOHHU3UPOBAH C ITOMOIIBIO YaCOB II00ATBHON CHCTEMBI TIO3UIIMOHUPOBaHM. J[aHHbIE
COXPAHSIOTCS B JIOKAJIBHOM XPaHWINIIIE, a TAKKe TI0 PaJloKaHaTy OTIPABIISIOTCS Ha CEpBEp
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cOopa 1aHHbIX 6a30BOI CTAHIMHU B PEXKMME peallbHOro BpeMeHu. Kaxkias moseBast CTaHIus
cOopa JJaHHBIX OCHAIIAETCS T€OJIOKAIMOHHBIM MOJIYJIEM, KOTOPBI cOOMpaeT M mepeiaer
KOOPJIMHATHI CTAHIIMHU Yepe3 CITyTHUKOBBIM pagMoKaHaJl Ha CyJHO, YTO IMO3BOJISIET BCEraa
3HaTh TOYHOE PACIOJIOKEHUE MOJICBOM CTAHIIMK BHE 3aBUCHMOCTH OT PabOTOCIOCOOHOCTH
OCHOBHOTO pajiokaHana. Ha ibay cTaHIMM paccTaBIsAIOTCA 1O CXeMe TpeyrojbHuka. Ta-
KO€ pa3MelleHHe TTO3BOJISIET ONPEAEIATh (PHU3UMIECKUE TapaMeTPhbl IPOIPECCHBHBIX BOJIH.
BakHelImMu 13 HUX SIBISIFOTCSE (pa3oBasi CKOPOCTh U a3MMYT PaclpOCTPAHEHHUS BOJIHBI.

Bce nmannble nepenaBaiuch Ha 0a30Byr0 cTaHIMIO, Haxoasmryrocs Ha HOC «Aka-
JneMuK TpEUIHUKOBY, COCTOSIIYIO M3 MPUEMHHKa/TIepeiaTdMKa OCHOBHOTO paJloKaHala,
BTOPHYHOTO PaJHOKaHaNa i JOKaJIbHOM Mepeauyd TaHHBIX MEXAy BBIHOCHBIM Iepe-
JIaTYNKOM OCHOBHOTO paJiiOKaHaia U cepBepoM cOopa aaHHbIX. CepBep cOopa JaHHBIX
MIPUHUMAJI 110 PaJNOKaHAy JTaHHBIE OT MOJIEBBIX CTAHIMN B PEKUME PEaIbHOTO BPEMEHU
U COXpaHsul MX B apxuBe. Takke cepBep cO0opa JaHHBIX OCYLIECTBIISUT BHIBOJ IOTy4aeMbIX
JIAHHBIX Ha rpaduuecKuil QUCIUIeH B BUJIE BOJHOBBIX MPOQHIIEH, TPUHIUMAEMbIX OT BCEX
MOJICBBIX CTAHIIMH, C BO3MOYKHOCTBIO YaCTOTHOI 0OPaOOTKH U BBIJCICHUS HHTSPECYOIICH
nHpopmaruu. biok paanonepenaun BKiitoyaer B cedsi OCHOBHON pajiMOKaHall, paroMO/Iylb
900 MI'11 ¢ anTeHHoM, pe3epBHbIit paanokanan WI-FI, pannomonyns 2,4 I'T11 ¢ aHTeHHOM.
VYipasnieHue noneBoi ceiicMocTaHMeN OCYIIECTRISETCS C TOMOIIbIO 3aIMILIEHHOTO HOYT-
Oyka Panasonic CF-31. Perucrparop 0CHOBHBIX KaHAJIOB JIaHHBIX NMEET B CBOEM COCTaBE
BHYTPEHHIOIO KapTy mamsté oobemMoM 8§ I'0, Ha KOTOpYIO 3amuchiBaeTCs coOMpaemasi H-
(opmarust. Perucrpanyst curHainoB 6a3upoBaIach Ha METOANKE KPYIJIOCYTOYHOTO TIPOBE/Ie-
HUSI HHCTPYMEHTAJIBHBIX M3MepeHui. [Ipumensiemas B sxcnienuimu « Tpancapktuka-2019»
M3MEpUTEINbHAsI CHCTEMA C TIPOCTPAHCTBEHHOM pacCTaHOBKOM NMPHUOOPOB Ha Jibjy 00ajia-
€T MaJIbIM MOTPeOIeHNEM MOIIHOCTH OT BHEIIHEro aKKyMYyJIsiTopa, OOJbIIONH €MKOCTBHIO
SHEPrOHE3aBUCUMOI! TIAMSITH, BCTPOCHHBIM BBICOKOCTAOMIIBHBIM T€HEPATOPOM M MOJYJIEM
GPS B COBOKYITHOCTH ¢ aHAJIOrO-IIK(PPOBBIM TPAKTOM, YTO OOCCIICUMBACT KAYE€CTBCHHBIC
9KCIUTyaTallMOHHBIE XapAKTEPUCTUKH JUIS IIUPOKOTO KPyra Hay4HBIX U MPUKIIAIHBIX 3a/1a4.
B 1npoBeieHHBIX nCCiIeI0BaHUIX KPYIIIOCYTOYHBIA MOHUTOPUHT COCTOSIHUS APEH(yIOIIero
JIEZITHOTO TIOKPOBA COMPOBOXKAANICS BU3YaJIbHBIM OCMOTPOM JIEASHOTO MO JIarepst CTaHIHH,
0OHapy)KeHHEM, 10 BO3MOXXHOCTH, CKBO3HBIX TPELIMH, MOJBIKEK U Topomenuid. Ocoboe
BHHMaHHE YJEISII0Ch IIEPBUYHOM HH(OPMALIMK, BO3HUKAIOIIEH TIepe/l CKaTUeM 1 TOpOILLIe-
HHEM JIbJ10B. [IporHocTudeckne Npu3HaKy KCTPEMANIbHBIX XapaKTePUCTHK JUHAMUKH JbJa
TIO3BOJISIIOT IIPUHUMATh MEPbI O€30ITaCHOCTH B JISZIOBOM Jlarepe.

PE3VYJIBTATbI

Hzeubno-epasumayuonnvle sonnwl. Ha puc. 6 mpencraBieHa KapTHHA KolleOaTeTbHBIX
1 BOJTHOBBIX IIPOIIECCOB B CHCTEME Jie]] — BOJIA IIPH BO3ICHCTBUN BETPa M BOJIH OKEaHMUe-
CKO¥1 36101. BCe KOMITOHEHTHI CeiCMOMETpa OTPAXKAIOT KOJICOAHUS B ITHPOKOM JTHAITa30HE
YacTOT W 00YCITIOBICHBI BO3ACHCTBHEM KaK JIOKAJIFHOTO BETPa, TaK M MPUXOAAIICH 36101 OT
JIaJIeKUX LITOPMOB Ha OTKPBITON BoAe. Ha ropu3oHTaNBHBIX KOMIIOHEHTaX CEHCMOMETPOB
OTMEUAIOTCS IEPUOAMUYECKUE UMITYIIECHI, 00yCIOBICHHBIE TIOTyCYTOUHBIMH MTPHIMBHBIMH
CKATHSIMH | TIOIBIYKKAMH B JICASTHOM TTIOKPOBE, CO3JAIOIINMH YIIPYTHE BOIHBL.

KBasucrarmieckue HaKIOHHI (KaHaibl N, ¥ E)) IeAIHOTO MOMs OTpaskald U3MEH-
YUBOCTH €TO M30CTaTHYECKOTO paBHOBECH. Kpome Toro, HakJIIOHOMEPEI PETUCTPUPOBATTH
TUHAMHAYECKHE MpoIecchl ¢ mepuonamu 10 30 mua. OOBsICHEHNE TPUPOIH! JITUTETHHOTO
HaKJIoHa JensHoro momst 15 — 16.04.2019 na ocHOBaHUM 3amuceil Tpex CTAHIMHA MOKa
He naHo. CpaBHUTENBFHO OBICTPBIC HAKIIOHBI, ITO-BUIMMOMY, OBLTH CBSA3aHBI C YCUIICHU-
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Puc. 6. I3MeHYHBOCTh TUHAMHUYCCKUX SBICHUI P MOHUTOPHHTE COCTOSHUS TpEeHDYIOIIETo Jie/si-
Horo nokpoBa B niepuos 7 — 19.04.2019, cranuus bera.

Z, N, E — ucxo/iHbie CUTHAJIBI BEPTUKAILHOTO ¥ TOPU3OHTAJILHBIX KOMIIOHEHT cetficMomeTpa; N, E, — ucxonnas
3aMKCh OT JIByX KOMIIOHEHT HaKJIOHOMEpa; MaciTad METOK HakJIoHOMepa 5,0 MKpaj

Fig. 6 Variability of the dynamic phenomena when monitoring the state of the drifting ice cover,
7—19.04.2019. Beta Station.

Z, N and E are source signals of the vertical and horizontal components of the seismometer; N, and E, are the
original recording from two components of the tilmeter. The scale of the tiltmeter labels is 0.1 V= 50 mkrad

€M BeTpa, pa3ioMaMH U MOJBIKKaMU Jibjaa. [Iporecce aegopMupoBaHus JICASHOTO OIS
OTpa3uiicsa Ha 3alUCIX HAKJIOHOMEpa B TEUCHHE HECKOJIBKHUX YacOB C MOCIEAYIOUUM
BO3BPAIICHUEM B UCXOIHOC YCTOHUMBOE COCTOsIHUE. KOMITJICKCHBIH MOIX0 K 00paboTKe
HATYPHBIX METCOPOJIOTHYCCKHUX (CKOPOCTh M HAMPABJICHUE BETPA) U OKCAHOJIOTHUCCKUX
(CKOPOCTh TEUCHUS, KOPOTKOIICPHOIHBIC BHYTPCHHIE BOJIHBI, IPUJIMBHBIC SBICHHUS. ..)
JIAaHHBIX TO3BOJIUT B JAJBHCHIIEM BBISBHTH MEXaHUKY 3TOrO KPYITHOMACIITAOHOTO Jie-
JIOBOTO TIpoI1iecca.

W3 o01ieii KapTUHBI IUHAMUKH TPEH(YIOICTO JIbJIa YBEPECHHO BBIICIISIOTCS OCHOB-
HBIC BUJIbI KOJICOAHUI U BOJH MPH HCIIOIH30BAHUH TOJIOCOBBIX (HUIbTpoB. Kak mpasuiio,
MPUMEHSUTUACH Clienyrorue mojocoseie GpumibTper: 0,2 — 2 I'm, 0,1 — 0,2 ', 0,047 —
0,060 I'y, 0,020 — 0,047 I'. Hanpumep, Ha ypOBHE CPaBHHUTEIBHO CIIOKOMHOTO (hpoHa
YETKO BBIACIISIOTCS MEPUOIUUECKUE Y3KOMIOIOCHBIE CUTHANBI OT BETPOBOTO BO3/IEHCTBUS
Y M3THOHO-TPABUTAIIMOHHBIX BOJIH OT MPUJIMBHBIX SIBJICHUH B okeaHe. Kak mokasasno cpag-
HEHUE TIOJYUYEHHBIX JaHHBIX C JIOKaJbHBIMU METEOPOJIOTUUECKUMHU XapaKTEPUCTUKAMU,
curHaibl 15 — 16 anperst ObLTH 00YCIIOBICHBI BOSHUKHOBCHUEM BOJIH MTPH BO3ICHCTBHH
BETpa, pa3jioMax M MOABMKKAX JIbJa.

O4eBHUIHO, YTO UCIIOIB30BAHKUE MPOTPAMMBI TIOJIOCOBBIX (PIIIBTPOB, CIIEKTPATHLHOTO
aHaln3a, KHHEMaTUKH BOJIH JA€T BO3MOXKHOCTH BBISIBJICHUS IPUPOJIBI BOJIHOBBIX MPO-
1IECCOB U OOHAPYKCHHSI BO3MOKHBIX HCTOYHUKOB MX 3apOkaeHUs. ECTeCTBEHHO, YTO MpH
00pabOTKE UCXOMHBIX JAHHBIX CIICAYET YUUTHIBATH MEPHOJIBI BO3ICHCTBUS CaMOT0 CyIHA
Ha JieJl IPU Pa3IiyHOro pojia €ro MaHeBpax WU BKJIIOYEHUH MEXaHHU3MOB.

Bonnosvie xapakxmepucmuku npu cocamuu 16006 80 6pemsi NPUTUGHBIX 516/1eHUL
6 oxeane. VI3BECTHO, UTO CXKATHUS MOPCKHX JIbJOB OOYCJIOBJICHBI BETPOM, HPUIHBAMH,
YPOBHEM MOpsI, TOJNIIUHON JIb/Ia U €ro TOPOCUCTOCThI0. Bee aTu mpoiiecchl U cBoiicTBa
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JIbJIa TIO/IBEP KEHBI N3MEHUYUBOCTH, TOITOMY IPOrHO3UPOBAHUE CXKATHsI M TOPOLIECHUS IbI0B
SIBJIIETCSL CIIOKHOM 3asadeil. VI3B€CTHO, YTO IIPWIMBHBIE CHKATUSA B apPKTUYECKUX JIBIAX
CO3Jal0TCS B OCHOBHOM I'PaJANEHTaMH NPUIMBHOTO TEUEHUsI, TIEpeJatoIMH CHIIOBOE BO3-
JieficTBHE JEeASTHOMY TIOKPOBY uepe3 KacaTeJIbHbIe HAMPSDKEHNUS Ha TPaHHUIIe JIeA — BOJa.
HecMmoTps Ha 3HaUMTENIbHbBIEC YCIIEXU B U3YUEHUH ITOTO SIBJICHHS, MOYKHO KOHCTaTHPOBATb,
YTO IPUPOJIa BOSHUKHOBEHUS U OCHOBHBIE PEXKMMHbIC XapaKTEPUCTUKH CXKaTHIA TIOHSTHBI,
HO KpyIHOMaclITabHas MEXaHHKa cxkaThii Tpedyer Oosee riydokoro uzyuenus [11]. Tlo-
3TOMY TIOCTAaHOBKA HHCTPYMEHTAIbHBIX HAOMIONEHUI TUHAMUYECKOTO COCTOSHHS MOPCKOTO
nbpJa B kcnieaunuu « Tpancapkruka-2019» sBiseTcs CylecTBEHHBIM 1IIarOM B U3y4EeHUHI
SIBJICHUSI CYKATHsI U TOPOILICHHMS JIbJIOB IPU MPWINBHBIX sBieHusx B CJIO.

Ha puc. 7 noka3ansl nepuoandecKkre BCIUIECKU aMIUIMTYAbl BOJH Kak OT ceic-
MOMETPOB, TaK U OT HAKJIOHOMEpA C MEPUOAUYHOCTHIO OKOJI0 12 wyacoB. M3 mokazaHuii
puOOPOB, YCTAHOBJICHHBIX Ha MOJUTOHE Pa3MEPOM JIO JIBYX KHUJIOMETPOB, CIIEIYET, YTO
BOJIHOBBIE sIBJIEHMS ¢ yacToTamu B nuanaszone 0,05 — 10 I', a Taxike KBa3MCTaTHYCCKUE
HaKJIOHBI JISJITHOT'O TOJIsl IpeH(yIolel CTaHIIMU COBEPIIAIOT KOPPEITUPYEMbIe JIBUKECHHS
Ha OOJIBIIMX NPOCTPAHCTBAX JIeJSIHOTO TTOKpoBa. Ha prc. 8 npejcTasiieH npuMep TUITHYHON
KapTHHBI CIEKTpa KoJIeOaHHH JIbJia IPU MOHUTOPUHIE COCTOSIHUS Apeiidyromiero nes-
HOTO TIOKPOBA B TEYEHUE CPABHHUTEIBHO JUTUTEIHLHOTO BpeMeHH. J{inHa Ooka BBIOOPKH
curHana s oopaboTku coctarisuia 48 yacoB. Bece 3TO 1MO3BOJIMIIO BBIACIATH BOJIHBI
3101 ¥ MH(PAHU3KOYACTOTHBIN 1IyM B JHarna3oHe MHQpa3ByKoBbIX yactoT (1o 1 I'm)
JUTUTENTLHOCTBIO 4 — 5 4acoB U ¢ MEPUOJUYHOCTHIO 12 yacoB.

Bce 3T0 103BOJISIET TOBOPUTH HAM O TOM, YTO 3aPErUCTPHPOBAHHBIC MIPOLIECCHI 00-
YCIIOBJICHBI MOJYCYTOYHBIMHU MTPUIIMBO-OTJIMBHBIMU SIBIICHUSMH B OKeaHe. MO)XXHO onpe-
JIITUTh paccMaTpuBaeMoe sIBIICHHE KaK A(P(EKT NPUIUBHOTO CKATHSI.
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Puc. 7. O6mias kapTHHA JHHAMHYECKOTO MPOIecca B APeH(yOIIeM JISISTHOM IIOKPOBE TP IPUITHBHBIX
siernsx B CJIO, 11 —22.04.2019.

Z, N, E — ammuuTyaHas oru0aronasi CHrHaJIOB BEPTUKAJILHOTO U TOPU3OHTAIBHBIX KOMIIOHEHT ceiicMoMeTpa.
Crpelika — NMepuojl yCUICHHS BETPa U BOJIH 3b10M

Fig. 7. A general picture of the dynamic process in the drifting ice cover during tidal phenomena in
the Arctic Ocean, 11—22.04.2019.

Z,N and E are the amplitude envelope of the signals of the vertical and horizontal components of the seismometer.
The arrow is the period of increasing wind and swell waves
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Puc. 8. [Ipumep 00pabOTKH HCXOIHBIX JaHHBIX BEHBIIET-IPE0OPa30BaHNEM KOJIeOATEIbHON CKOPOCTH
MIpU NPUINBHBIX SBICHUAX, cTaHus beta, 11 — 12.04.2019.

3B63Z[O‘IKI/I — NEPUOABI IMTOSIBICHUS I/IHCI)pa3ByKOBI>IX KoJIcOaHMit

Fig. 8. An example of processing the initial data by a wavelet transformation of the oscillatory velocity
in tidal phenomena in the AO. Beta station, 11 — 12.04.2019.

The asterisks are the occurrence periods of the infrasound vibrations

[Ipu HE0OXOAMMOCTH, 0OCOOCHHO MPH OOHAPYKEHUH MTPOTHOCTHYECKUX MPH3HAKOB
CKaThsl ¥ TOPOUICHUS, B JAHHOH METOJMKE MOXHO JIETIaTh yTOYHSIOIIUE PACUCTHI B KO-
POTKHX BPEMEHHBIX MPOMEXYTKAX C YMEHBIICHHOW CTENEHBIO MPOPEKUBAHMS CUTHAIA
M BBIJIEJIEHUST BLICOKOYACTOTHOM COCTAaBIISIOIIEH.

EcTecTBeHHO, BOSHUKAIOT BOIPOCHI 110 TOBOY 00HapyxeHHoro 3ddekra. Kakoro
poxna aedopmanuu J1paa IPOUCXOAT HA 3HAYUTEIBHBIX JIEJIOBBIX MacIITa0ax OKeaHa BO
Bpems mpminBa? Kakum 00pa3oM MpH 3TOM BO3HHKAIOT YIPYTHE W TPaBUTAIMOHHBIC
BOJIHBI BO J1by? KakoBa mpupoaa ynpyrux 1 BA3KOIIACTHYECKUX KPYITHOMACIITAOHbBIX
nedopmanuit? Bee 3T 3a1auu JOCTYIHBI UL PEIICHHUS, €CIIH UCCIEIYIOTCS HE TOJIBKO
BOJIHOBBIE ITPOIIECCHI C TTOMOIIBIO CEHCMOMETPOB, HO M OTHOCHUTENbHBIE Ac(opMauu
JIb/1a TIPHM CKAaTUU U Pa3jIoMax ¢ MOMOIIbIO HAKIOHOMEPOB H aedopmomerpos. Ha BbI-
OpaHHOM (parMeHTe o0IIeH 3amucH pruc. 9 oTpakeHa MeXaHuKa Ae(GOPMUPOBAHUS JTEs-
HOTO TIOJS Ha OHOW M3 CTAaHIUH, Te JUINTEIFHOCTH MPOIIecca C N3yUCHNEM KoeOaHuit
1 BOJIH IIPU IPUIIMBAX cocTaBisuia 3 — 5 yacoB. OTHOBPEMEHHO 3apETUCTPUPOBAHHBIC
IIPOIIECCHI Ha BCEX TPEX CTAHLUAX 007aJal0T MPEeNMYIIEeCTBEHHO TOPU30HTAIBHOMN Ha-
IIPABICHHOCTHIO, B TO BPEMsI KaK BEPTHKAIbHbBIC KOJICOAHUS B 3TOT XK€ MIEPUO]] IPAKTH-
YEeCKM OTCYTCTBYIOT. [Ieproibl N3MEHYMBOCTH KBa3HCTATHUECKNX HAKIIOHOB JUTHIIUCH MO
HECKOJIBKO 4aCOB M CONPOBOKAAINCH CPABHUTEIBHO KOPOTKUMH MEPUOJAMU BO3BpaTa
B NIEPBOHAYAIBHOE COCTOSIHME. YBEIMYEHHE HAKJIOHA CONPOBOXKAAIOCH CUTHAJIAMH OT
CEMCMOMETPOB U HAKJIIOHOMEPOB € FOPU30HTAJIBHOMN NOJSIpU3ALMEN NPU NMPAKTHUECKU
c1aboM TPOSIBIIEHNN MX HA BEPTHUKAJIbHBIX KOMIIOHEHTax ceiicMomerpa. Kak BugHO
13 pHUC. §, 3TH MPOIECCHI COMPOBOXKJIAIOTCS BOSHUKHOBEHHEM HMH(PA3BYKOBBIX BOJIH
B JICISTHOM ITOKPOBE.
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Puc. 9. dparMeHT 3anucy ynpyrix BOJH U HAKJIOHOB B JpeiihyroiiemM JIeassHOM MTOKPOBE C Iepro-
IUYHOCTBIO 12 yacos, cranmus bera, 22 — 23.04.2019.

Z, N, E — amnutyaHas orubaromas HCXOIHbIX CUTHAJIOB OT TPEXKOMIOHEHTHOTO ceiicMomerpa; N, E, — 3a-
IIHCh OT ABYXKOMIIOHCHTHOTO HaKJIIOHOMepa

Fig. 9. A fragment of recording elastic waves and tilts in a drifting ice cover with a frequency of 12
hours. Beta Station. 22 — 23.04.2019.

Z, N, E are the amplitude envelope of the initial signals from a three-component seismometer (scale 0.5 V); N,
E, are recording from a two-component tiltmeter

Ha ocHOBaHWY MOJIYyYEHHBIX JTaHHBIX MOKHO CYUTATh, UTO CHKATHUS C TIEPUOIUIHO-
CTBIO OKOJIO 12 94acoB COIPOBOXKIAOTCS M3TMOHO-TPABUTAIIIOHHBIME BOJIHAMH B JIHANIa30HE
0,1 — 0,03 T', BKiIrOUas OKEAHUYECKYIO 3bI0b. Bhienenue 36101 OCYIECTBISUIOCH TI0-
CTPOCHHEM CIEKTPOB ISl BCEX TPEX CEHCMHUECKUX CTAHIIUH C YaCTOTHBIM MaKCHMyMOM
okosio 0,05 I'i. Beck mporiecc HaKJIIOHOB COMPOBOXKIAICS HU3KOYACTOTHBIMHU IIyMaMU
BOJH B Anana3one yactot 0,25 — 0,07 'y u BepTUKaIbHBIMU H3THOHO-TPaBUTALIMOHHBIMH
kosiebanusimu ¢ yactoroit 0,07 — 0,10 T'm.

BbIBO/JbI

B sxenrenuiin « Tparcapkruka-2019» Ha MopckoM apeidyroreM JIeasTHOM TTOKPOBE
MIPOBE/ICHBI HAOIIOJCHNS C TOMOIIBIO MPOCTPAHCTBEHHONW PACCTAHOBKHM TPEX CTAHIIMN
C ceificMOMeTpaMH ¥ HaKJIOHOMEPAMH TI0 CXEME TPEYTOJIbHUKA CO CTOPOHAMH J0 2 KM.

OmnmcaHbl METOIBI MTOJIEBBIX TUCTAHIIMOHHBIX HAOIIOCHUH 1 00paOOTKH NCXOTHBIX
JIAaHHBIX C TIPUMEHEHUEM CIIEKTPATBEHOTO aHAIN3a BEHBIIET-TIPE0Opa3oBaHIEM KoIeOaTelb-
HBIX TPOIIECCOB B JICISTHOM TTOKPOBE.

BbIsBIIEH MIMPOKHI CHIEKTpP BOIHOBBIX MPOIIECCOB B JIEJSTHOM ITOKPOBE, 00YCIIOBIICH-
HBIX SBJICHUSIMH B cHcTeMe Jieq] — Bozia. Co3/1aHbl METOIMKH BBIJICTIEHUS MIPOTHOCTHYECKUX
MIPU3HAKOB B BUJIE XapaKTEPUCTHUK YNPYTHX BOJIH MPH CXKATHH, TPEIIMHOOOPa30BaHUN
W Pa3pyIIeHHUs JEASTHOTO MOJS.

PazpaboTanHbIil METOJ HHCTPYMEHTAILHBIX HAOIIOACHH TIO3BOJISIET PACKPBITH Me-
XaHUKY 00pa30BaHMs TOYyCYTOUHBIX MMPHIMBHBIX CKATHH B PEKMME PEaTbHOTO BPEMEHH.
[TpunuBHBIE SIBICHUS COMPOBOXKAAIOTCS MEPHOANIECKAM J1e(hOPMUPOBAHUEM JIEIASTHOTO
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TIOKpOBa U B036y)KIleHI/IeM BOJIHOBBIX ITPOILIECCOB B JUAIIa30HEC MJIOCKUX YIIPYTUX U I/ISFI/IG-
HO-TpaBUTALIMOHHBIX BOJIH. MoskHO Ha3BaTh 3TO SIBJICHUE 3(1)(1)CKTOM MIPUIJIIMBHOI'O CXKATUA.

BbImosiHEHBI MOIXO0/IbI K BBISBICHUIO 0COOCHHOCTEH PaCIpOCTPAHCHUS OKEaHCKOMH
3p10u B JeasiHOM mokpose CJIO u cBsi3u K0yeOaTeIbHBIX MPOLIECCOB BO JIBAY C TICPHOIAMHE
10 30 ¢ u Oosiee ¢ aTMOC(HEPHBIMHU MTPOIICCCAMHU.

3AKJIIOYEHUE

B mpoBeneHHBIX paHee Ha Apeiidyommx cTannusx «CeBepHBIN MOIOCY UCCIEI0-
BaHMSAX WHCTPYMEHTAIBHBI MOHUTOPHHT COCTOSHHS JIbJIa COIIPOBOXKIAJICSI BU3YaJIbHBIM
OCMOTPOM JIEASHOTO TOJISI JJarepst CTAHIMK, 0OHApYKEHHEM, IO BO3MOXKHOCTH, TIEPBBIX
CKBO3HBIX TPEIINH, MOABIKEK U np. Ocoboe BHUMAaHUE yIENsIOCh CUTHAIAaM, BOSHUKA-
IOIINM TIEPE]] CKATHEM U TOPOLIEHHEM JIbJ0B. ECTeCTBEHHO, UTO paHHUE MPU3HAKH IKC-
TpEMaJIbHBIX XapaKTEPUCTHK JUHAMUKH JIbJIa TIOMOTAIOT MPUHUMATh MEPBI O€30MaCHOCTH
B JIEJOBOM JIarepe.

BaxxHO OTMETHTB, YTO O HACTOSIIETO BPEMEHH HE CYIIECTBYET MHCTPYMEHTAJb-
HOTO METOJa PErHCTpanyi (pU3NIEeCKNX XapaKTePUCTHK KPYITHOMACIITAOHBIX ITPOLIECCOB
CKaTusl B peKUME peabHOTO BpeMeHH. [Iporieccsl cxxaThs 1 TOPOIIEHHUS JIb/IOB YBEPEHHO
PETUCTPHUPYIOTCS] CEHCMOMETPAMH, aKCEJIEPOMETPaMHU W HAKIIOHOMEPAMHU B COYECTAHUH
¢ pa3pabotanHoii B maboparopun pusukn 1pna AAHWU nuctaHInOHHON H3MEPUTENBHOM
CUCTEMOI.

[IpencraBienHoe onMcanue METO0B HCCIIEIOBAHMS H OCHOBHBIX PE3Y/IBTaTOB B SKC-
negunnn « Tpancapkruka-2019» raetT BO3MOXHOCTB H3y9aTh JICOBBIC SIBICHHS B CHCTEME
arMocepa — Jie — OKeaH C MPUBICUCHUEM PE3YIbTaTOB IPYTUX HAYyIHBIX MaTepPHATIOB.
KomrmiekcHble pe3ynsTaTbl MOHUTOPHHTA COCTOSIHHSI MOPCKOTO APEH(YIOIIEro JIesTHOTO
MTOKPOBa OYIAYT CIIOCOOCTBOBAThH COBEPIICHCTBOBAHUIO (DPM3UKO-MEXaHWICCKUX MOJACTCH
Y YUCIICHHBIX MOJENIel IPOTHO3MPOBaHUs MpupoaHsIx sBieHnit B CJIO.

JanpHeimast 06pa00Tka HATYpHBIX AAHHBIX U aHAJIU3 PE3yIbTATOB IO KaKIAOMY
13 ONMCAHHBIX SIBICHUH OyIyT MPOBOJAWUTHCS C NPHUBJICYCHHUE JAHHBIX 110 METEOPOIOTHH,
OKEaHOJIOTHH W CITyTHHKOBBIX H300paKeHUH JIb/a.

KondaukTt unTepecoB. Y aBTOpPOB HET KOH(IUKTa HHTEPECOB.

dunancupoBanue. O6padoTka JaHHBIX BHINOJIHEHA B paMKax IUIAHOBOM Hay4YHOU
tematuku AAHMMU no npoexty 5.1.5 HHTII Pocruapometa «MccnenoBanue KpymHoMac-
ITAOHOW TUHAMHUKH, (PU3UICCKUX TPOIICCCOB, MEXaHUKH A¢(hOPMUPOBAHUS U Pa3PyIICHHS
MOPCKHX JIBJIOB C [IETBI0 COBEPIICHCTBOBAHHS METOIOB KPATKOCPOYHOTO MTPOTHO3HPOBAHHS
CKATHS U TOPOILICHUS.
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OPUTI'MHAJIbBHAS CTATbSA ORIGINAL ARTICLE

CPABHUTEJIBHBIN AHAJIN3 IIPSIMbBIX U3MEPEHU
TOJIIIWH JIBJIA U BBICOT CHETA, HABJTIOJIEHUI CRYOSAT-2
N YUCJIEHHBIX OHIEHOK CUCTEMbI PIOMAS

B.M. CMOJIAHHIIKAH", A.B. TFOPAKOB, K.B. ®UJIFYVK, U.E. ®DPOJIOB

THL] P® Apxmuyeckuil u aHmapkmudeckuil Hay4HO-Uccie008amenbCKutl UHCmumym,
Canxm-Ilemepoype, Poccus

‘vms@aari.aq

Pe3rome

[IpencraBieHb! pe3ynbTaThl CPABHEHHS PSAMBIX M3MEPEHUH TOJIIINH JTbJ[a M BEICOT CHETA B TOYKAX BBITOTHCHHUS
THIPONIOTHYECKHX CTaHImiT skcnenuimn « Tpancapktuka-2019» ¢ anprumerpuyeckinmu Habmonermsamu MC3
CryoSat-2 i yncleHHbIME OlleHKaM# CHCTeMbI TaHAPKTHYECKOTO YHCICHHOTO MOJISTTMPOBAHHS JIb/la U OKeaHa
(PIOMAS). [Toka3aHo CyIIECTBEHHO JTyUIIee COOTBETCTBHE MPOCTPAHCTBEHHOH H3MEHUNBOCTH MPSIMBIX H3Me-
PEHHIT ¥ pacyeToB TOJIIVH JIbJa HA OCHOBE CITy THHKOBBIX HAONIOICHHH B CPABHEHHH C YNCIICHHBIME OIIEHKAMHI
cuctembl 1 accnMusiiid 1aHHBIX PIOMAS. [IpoGHast koppeKus anropiutMa pacdyeta TOMIIHHBI JTbJa MyTeM
3aMEHBI KITMMATHYECKUX 3HAYCHHUH IIOTHOCTH JIbJIa, TUIOTHOCTH ¥ BBICOTHI CHETa Ha JaHHBIE TIPSMBIX H3Me-
PpeHHIT 3HAYMMO YITydIIaeT KayecTBO pacyeTa TOMIHHBI Jibjaa 1o HabmoneHmsiM UC3. [TomydyeHHble cpenHue n
CpEeIHEKBAIPaTHYECKHE PA3HOCTHU IS TOMIIHH Jbja (+44/+96 cm ms CryoSat-2 6e3 koppekuun, +30/+95 cm
mst CryoSat-2 ¢ xoppekimeit, —14/+81 cm s cuctemst PIOMAS) 1 Bricot crera (—4/+12 em s CryoSat-2,
—15/+12 em s cucrembl PIOMAS) mokassiBatoT MaciitaObl HEOMPEIENeHHOCTH TUCTAHIMOHHON OLEHKA
TOJIIWH MOPCKOTO JIbJIa M BBICOT CHETA JUIsS PaiiOHOB MPeoONaiaHis CPEIHIX M TOICTBIX OTHOJNETHHX JhJIOB.
CpasHenve ¢ HaOmroneHsiMu MC3 1 yncieHHBIME OLICHKAMHF TIPEIBITY X JIET MOKA3BIBAIOT, YTO KCIICAUIIAS
AAHMUH daxtidecku OblTa poBeieHa B OIWH U3 Hanbosee OIarompusTHBIX s JIEIOBBIX HCCIETOBAHII TONI0B
TIOCIIE/THETO ECATHIETHUS IS IAHHOTO PErHOHa — CpPEIHss TONMKMHA Jbaa B ampene 2019 1. Obuta Ha 15 —
28 cm BImIe TakoBoi Ayt mHTepBana 2011 — 2019 rr. mpu HeckonmbKko MeHbIei (1 — 2 ¢M) BBICOTE CHEKHOTO
nokposa. CpaBHEHNE ¢ TaHHBIMU JICJIOBOTO KAPTHPOBAHHUS TTOKA3bIBACT, 4TO B Oonee panHuit mepuox 1970 —
1990-X IT. TaHHBIN palioH XapaKTepPU30BAIC 3HAYUTEITHHO OOJIEE TOICTHIMU CTAPBIMHE JIbIAMY C XapaKTEPHBIMH
TommuHamMi Ha ~60 cM Gonbiue, yem B anperne 2019 1. [IpuBiedeHne JaHHBIX BEICOKOITMPOTHBIX SKCTICIHIIII
«Cesep» 1950 — 1970-x TT. He TO3BONISET JATh OJHO3HAYHEII OTYET O XapaKTepe HaOMOAeHHBIX B arpere 2019
I. aHOMAJIMiA TOJIIIVH JIbJA M BEICOT CHETa.

KitioueBble cj10Ba: BHICOTA CHEra, KOHTAKTHbIC HAONIONCHHUS, PEBBILICHHE JIba, TOJIIMHA Jbaa, «TpaHc-
apkTika-2019», CryoSat-2, PIOMAS.
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NpPSMbBIX U3MEPEHHH TOMIIMH JIbIa W BBICOT CHera, HaOmozennit Cryosat-2 M UHMCICHHBIX OLEHOK CHCTEMBI
PIOMAS //TIpo6nemst Apkruku n Autapkruki. 2020. T. 66. Ne. 3. C. 337 — 348. https://doi.org/10.30758/0555-
2648-2020-66-3-337-348.
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COMPARISON OF DIRECT MEASUREMENTS OF SEA ICE
THICKNESS AND SNOW HEIGHT, CRYOSAT-2 OBSERVATIONS
AND PIOMAS NUMERICAL ESTIMATES

VASILY M. SMOLYANITSKY, ANDREY B. TURYAKOV, KIRILL V. FILCHUK, IVAN E. FROLOV

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

The paper presents the results of comparison of contact measurements of ice thicknesses and snow heights
performed at the points of the hydrological stations of the “Transarktika-2019” expedition in April 2019 north
of Franz-Josef Land archipelago, with altimetry observations of the Cryosat-2 satellite and numerical estimates
of the PIOMAS (Pan-Arctic numerical Ice and Ocean Modeling system and data Assimilation). A significantly
better correspondence is predictably shown between the variability of the ice thickness directly measured and
observed using the CryoSat-2 satellite than that for the numerical PIOMAS system estimates. A trial correction of
the algorithm for calculating the ice thickness by replacing the climatic values of the ice density, snow density and
height with data from direct measurements also predictably improves the quality of calculating the ice thickness
from satellite observations. The mean / route mean square differences obtained for ice thicknesses (+44/+96 cm
for uncorrected and +30/+95 cm for corrected CryoSat-2 satellite, —14/+81 cm for PIOMAS system) and snow
height (—4/+12 c¢m for CryoSat-2 satellite, —15/+12 cm for PIOMAS system) show the scale of uncertainty in
estimating sea ice thickness and snow height for areas dominated by medium and thick first-year ice.

An anomaly of the ice thicknesses observed during the expedition is given in comparison with the background
characteristics based on historical ice charting data for 1970s — 1990s, earlier High-Arctic aircraft “Sever”
expeditions during 1950s — 1970s and the stated remote observations and numerical estimates for 2000s —
2019. Comparison shows that the AARI expedition was actually carried out in one of the most favorable years
for ice research in the last decade for this region — the average ice thickness in April 2019 was 15 — 28 cm
higher than that for the interval 2011 — 2019 with a slightly lower (1 — 2 cm) height of the snow cover. In the
earlier period of the 1970 — 1990s this area was characterized by significantly thicker old ice with characteristic
thicknesses ~ 60 cm more than in April 2019.

Keywords: CryoSat-2, ice freeboard, ice thickness, in situ observations, PIOMAS, snow height, “Transarktika-2019”.
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BBEJEHUE

KommurekcHsIit xapakrep sxcnenuimn « Tpancapkruka-2019», mpoBeaeHHON B Map-
Te — Mae 2019 1. Ha akBaTOpuH APKTHUECKOTO OacceifHa K CeBepy OT apXHuIiesnara 3eMist
®panma-Hocuda [1] B anHaMuraHOM paifoHe mpeolaganus OTHOJIETHUX TOJICTHIX JHIOB,
MO3BOJISIET OLICHUTH HEOTIPEAEIEHHOCTD Psiia KIIMMAaTHYECKN 3HAYUMbIX IEPEMEHHBIX MOp-
CKOif cpenbl ApKTHKH. B HacTodIell craTbe paccMaTpUBAIOTCS Pe3yIbTaThl CPABHUTEIHHO-
TO aHAJIM3a KOHTAKTHBIX N3MEPEHUH 1 HEKOHTAKTHBIX OLIEHOK JIBYX [TapaMETPOB MOPCKOTO
JIbJla — €T0 TOJIIIMHBI M BBICOTHI CHEXKHOTO TOKpoBa. Hapsay ¢ oOmieit crimoueHHOCThIO,
JIaHHBIE TTAPaMETPHI SBIAIOTCS KIFOYEBBIMU TIPH pacdeTe 00beMa MOPCKOTO JIba APKTHKH,

338 [IPOBJIEMbBI APKTHUKH U AHTAPKTHUKH * 2020 * 66 (3)




B.M. CMOJISTHULJKUH, A.B. TFOPSIKOB u 0p. V.M. SMOLYANITSKY, A.B. TURYAKOV et al.

JOCTUTAIOIIETO B MOCJIEAHHUE IOl HIKCTPEMaIbHO HU3KHUX 3HaueHui [2]. IIpu 3Tom ux
OLIEHKH Ha OCHOBE CITyTHUKOBOTI'O JIMCTAHIIMOHHOTO 30HAMPOBAHMS ¥ MO JIAHHBIM YHCJICH-
HOTO MOJICJIMPOBAHUS XapaKTEePU3YIOTCS 3HAYUTENILHO OOJIbIIeH HEONPEAeIeHHOCTHIO MO
CpaBHEHUIO C 001l CIUIOYEHHOCTHIO [3, 4], B LIEJIOM HE YIOBJIETBOPSIIOT OTPEOHOCTIM
I'moGanbHOI cucTeMbl HaOMroaeHui 3a kiumaroM — ['CHK [5] u, ectectBeHHO, TpeOyIOT
JNaJIbHEHIIEH BaJIMJANUN 110 HAOIIOAECHUAM in Situ.

B kauecTBe 1epBOro MCTOYHHMKA HEKOHTAKTHBIX OLEHOK TOJIIHMH JIbJia BIOPaHBI
NaHHble paauoiokanronHoro Beicotomepa MC3 CryoSat-2. lauueiit MC3 sBasiercs
B HacTosee BpeMsi 0a30BbIM MCTOUHMKOM KJIMMAaTHYECKUX OLICEHOK TOJIIUH JIbAa B Ma-
HapKTUYECKOM MaciuTade JJisi eBpONEHCKUX MTPOEKTOB 0 MCCIICAOBAHUIO N3MEHEHHUN
knumara [6]. Tak ke, kak u apyrue UC3 ¢ nunapusimu (IceSat, IceSat-2) u paguonoka-
uuonHeiMu (Envisat, Sentinel-3 u T.71.) BBICOTOMEpaMH, U3MEPEHHE TOJIIIMHBI MOPCKOTO
npaa CryoSat-2 BBITIOTHSET HE HAMPSIMYIO, a Yepe3 U3MEPEHHUs OJTHOM U3 COCTABISIONIUX
TOJIIMHBI — TPEBBIILIEHNUS MOPCKOTO JIbJIa HaJl YPOBHEM Mopsi. PacueT coOCTBEHHO TOJI-
LIMHBI MOPCKOTO JIbJIa BBIIOJHSETCS MO U3MEPEHHSIM IPEBBIIICHUST UCXO/SI U3 YCIIOBHS
THJIPOCTAaTUYECKOTO PABHOBECHSI HAABOIHON YaCTH CHEXKHO-JIEITHOTO MIOKPOBA M OCAAKH
Mopckoro Jbaa [7]. Tlockonbky Bce crocoObl JUCTAaHIMOHHOTO M3MEPEHHs I1apaMeTpoOB
CHera Ha Jib/ly, KaK ¥ (PM3MYECKHX CBOMCTB JIbJIa, HAXOISTCS B CTAJAUU Pa3pabOTKH, JUIs
MIPAKTUYECKUX LieJIeld BO BCEX ajrOpUTMax OLIEHKH TOJIILHH JIbJIA [10 HAOIIONEHHUSIM aJIbTH-
METPOB HCHOJIB3YIOTCS KIMMAaTHYECKHE 3HaUSHHUS! IIIOTHOCTH JIbJId, BHICOTHI M IUIOTHOCTH
cHera [8] U TOJBKO B PENIKUX CITydasiX — JaHHbIC KOHTaKTHBIX U3MEPEHUil.

BTopoii MCTOYHMK NaHHBIX JUIs CPABHUTEJIBHOIO aHAJIN3a ONpEJIeNIeH KaK JIaHHbIe
OIIEHOK TOJIIIMH JIbJa U BbICOT cHera CHCTeMbI MaHAPKTUYECKOTO YUCIEHHOIO MOJEIH-
poBaHus JibJia U okeaHa u accuMwisiiuy naHHbix (PIOMAS) [9]. B cucreme PIOMAS
COBMeIIEHA pacnapasuleJieHHas OKeaHHuecKas MoJienb U 12-kaTeropuitHas TUHaAMHKO-
TepMOAMHAMUYECKAss MOJIENb TOJIIMHBI M SHTAJIbIHK MOPCKOTO JIbJla Ha TeHepaIu3u-
pOBaHHOW KpHBOJIMHEIHON oproroHanbHoi cetke [10]. PIOMAS obecneunBaer yuer
OCHOBHBIX XapaKTEPUCTUK IIMPKYJSILIMU B BEPXHEM CJIO€ OKeaHa B TOJISIPHBIX 00JIacTsIxX
3emit, acCUMIUIAIHEO psiga HaOmoneHuit MIC3 (o01mas CIuioueHHOCTh M 3aCHE)KCHHOCTD
MOPCKOT0 JibJa, TeMIIeparypa IIOBEpXHOCTH BOjibl). B kauecTBe arMocdepHoro Gopcunra
ucnob3ytorcs jgannbie peanannza NCEP/NCAR. Hapsiny ¢ CryoSat-2, cucrema PIOMAS
SIBJISIETCSI OJIHUM U3 HanboJiee pacupoCTpaHEHHBIX HCTOUHUKOB HH(OPMAIIMY [TPU OLIEHKE
KJIMMaTU4eCKUX M3MEHEHUIl TONIIMH U 00beMa MOPCKOTO Jibaa ApPKTHKHU [2], XOTsl, TakK
xe kak u CryoSat-2, noka He ynosierBopsier TpedoBanusivm 'CHK.

HNCHOJb3YEMBIE JTAHHBIE

B kauecTBe MH(pOpPMALN i1 Sifu NCTIONB30BaHbI HCXOHBIE TaHHbIC U3MEPEHNH TONIINH
Jb/1a (MUHAMAJTLHOH, MAaKCHMAITBHOM ), BRICOT CHeTa (MUHUMAIbHOW, MAaKCHMAJTLHOK ), Oaiia
TOPOCHCTOCTH U MaKCHMAJILHOH BBICOTBI TOPOCOB B 59 TOUKAX BBITOIHEHMS THAPOIOTNUECKHX
crannmi Sxeneaunin « Tpancapkrrka-2019» [1] 3a meproz 28.03 — 04.05.2019 &= B ApkTide-
CKoM OacceiiHe k ceBepy ot apxurienara 3emis @panra-Mocuda. Bee nm3amepenus mapamMeTpos
JIBJIa U CHETA BRIIOJHSITHCH 110 TIpo¢mrsiM HHOH 30...90 METPOB OT TOUKH TIOCA/IKH BEpTOIeTa
K Kpato JibuHbL. [TonoxkeHne Todek BHINOIHEHNs HaOMIONCHNH 1 MAKCUMAITbHBIEC N3MEPEHHBIC
TOJILLMHBI JIbJIA MPEACTaBIEHbI HA puc. 1. B kauecTBe 3HaueHMI MJIOTHOCTEH JibJla U CHEra
HCTIONIb30BaHbI HAOMIONCHNS €MHUYHOTO BEPTUKAIBHOTO TPO(MIIS yKa3aHHBIX TapaMeTPOB
Ha y9acTKe pOBHOTO 3aCHEKEHHOTO JIbJIa (CPEIHss BRICOTA CHera — 21 cM, Cpe/THsIs TOJIIIIHA
mpIa — 83 cM) JeHoMepHOro monrronHa skcrenunyn 19 ampens 2019 . (em. puc. 1).
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Puc. 1. ITonoxxeHne ToYeK U3MEPEHUH in Sity TONIIUH JIbIA U CHETa U OLECHOK 3HAYCHUI TOJIIMHbI
npaa Ha ocHoBe HaOmromenuit IC3 CryoSat-2 mo paifony skcnennuuu « Tpancapkruka-2019» 3a
28.03 — 04.05.2019 1. JlomomHUTENBFHO YKa3aHbI H3MEPEHHBIE MAKCUMAIIbHBIC 3HAYCHUS TOJIIITHBI
JIbJIa ¥ TIOJIOKEHHUE Y3JI0B KpUBOIIMHEWHOH ceTkn PIOMAS

Fig. 1. Location of the in-situ measurement of ice thickness and snow height and CryoSat-2 ice
thickness estimates within the “Transarktika-2019” expedition area during March 28 — May 4, 2019.
Additionally, the measured maximum values of the ice thickness and the position of the nodes of the
PIOMAS curvilinear grid are depicted

B kauecTBe AUCTAHIIMOHHBIX OICHOK TOJIIWH JIbJIa HCIOJL30BaHbI JAaHHBIC
CryoSat-2 ypoBus o6pabdotku L3 [8], 00o0mmenHbIe 3a 7-THEBHBIC TIEPHOALI C 25 MapTa
mo 5 Mas 2019 1. o mpSAMOYTONFHOM CeTKe MOIAPHON a3uMyTalbHOH mpoekimn JlambepTa
¢ marom 25 kM ¢ mopraia HCTUTyTa TONSpHBIX HecienoBanuii nM. Anbdpena Berenepa.
TlonoxeHus ¥ 3HaYEHUS CPEAHMX 10 STUEHKaM CETKU 3HAUYEHUH TOJIIMHEI JIbAA 110 pailoHy
skcrienuiuu «Tpancapkruka-2019» 3a yka3zaHHble 7-gHEBHBIC meproasl 2019 1. takke
TIpeCTaBICHEI Ha puC. 1.

Mopnensabie narnbie mpoekta PIOMAS momydens! ¢ moprana npoekra [9] B popme
©KEIHEBHBIX OIICHOK YaCTHBIX CIUIOYEHHOCTEH 12 WHTepBANbHBIX OIEHOK TONIIHH JIHIA
1 BBICOTHI CHera 3a mepuox ¢ 28 maprta o 4 mas 2019 1. Mcmonp30BaHHBIE IEHTPOHIBI
12 wHTEpBAIOB TOJIINH JIAA B3STHI U3 OMMCAHUS JIGAOBOW MOJICIH, IPUBEACHHOM B [10]
W paBHBI, COOTBETCTBEHHO, 5, 26, 71, 146, 261, 423, 639, 910, 1239, 1624, 2062 u 2549 cm.
TTomoxenne y31moB KpuBONHHEHOM ceTkn npoekta PIOMAS npencrasneno Ha puc. 1.

METO/JUKA U PE3YJIBTATBI CPABHEHUS

CpaBuenue n3mepeHHbIX («Tpancapkruka-2019»), onenennsix (MC3 CryoSat-2)
u paccuntanHbix (cucreMa PIOMAS) 3HaueHun TONIIMH JIbJIa U BHICOT CHETa BBINOJIHEHO
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B JIBYX BapHaHTaX — BO-TIIEPBBIX, OLIEHKN PA3HOCTH MEXKIY 3HAYEHUSMHU IapaMeTpoB,
MOJyYEHHBIX PA3IMYHBIMH METOAAMH, U, BO-BTOPBIX, OLCHKH MONAJaHHUs 3HAUCHHUH Ma-
pamMeTpoB, MOTyYEHHBIX OHUM METO/OM, B HHTEPBAJIbHBIC 3HAYEHUS MapaMeTpa, Moiy-
YEHHOTO JIPYTUM METOJIOM.

3a «M3MEPEHHYIO» TONIIMHY JbAa SI7, MPUHUMATIOCH CPEHEE 3HAYECHHUE MEXKTY
M3MEPEHHBIMH MUHHMAJIBHOM U MaKCUMAaJIbHOH TONIIMHON JIbJla, CKOPPEKTUPOBAHHOE
B CTOPOHY yBEJHMYEHHs 3a cueT Oajuta TopocuctocTH (B coorBerctBuu ¢ [11] Ha 20 %
TOJIIMHBI Ha 1 GayT), a 32 U3MEPEeHHBIH MHTEPBal COOTBETCTBEHHO MHTEPBAI MEXIY
MHUHUMAJILHON TONIMHON Jbaa u SIT.

3a «OLEHEHHYIO» TONIHUHY Jibaa SIT, IPUHUMANOCH 3HAYEHUE TIepeMenHon SIT
UCXO/IHBIX JIaHHBIX [8], 32 uHTEpBaN — 3Ha4deHus SIT, ¢ BbIYETOM M NpubaBIeHNEM Hepe-
MEHHOM G, .

3a «paccUnTaHHyI0)» TONIHMHY 1bJa SIT NPUHMMAIICH CPEIHEE 3HAYCHHE 110 BCEM
12 rpaganusmM, 3a «pacCUUTaHHYIO HHTEPBAIbHYIO» TONIIUHY JbJa S/ T ,, MPUHUMAIIOCh
cpeliHee 3HaueHue ¢ TPeThel Mo MIECTYI0 rpajanuio (IeHTpouasl nHTepBanos 71, 146,
261 u 423 cM coorBeTcTBeHHO). OCHOBaHMEM JIJIsl OTOpachiBaHus 0osiee TOHKUX (IICH-
Tpoupl 5, 26 cM) u Oostee ToCThIX (LieHTpouabl 639, 910, 1239, 1624, 2062, 2549 cm)
SIBJISIETCSI BBIOOP MECT BBITIOJIHEHUS THPOJIOTNYECKUX CTAaHIIMI HA y4acTKax J0CTaTOYHO
TOJICTOTO, HO POBHOTO JIbJIA.

AHaJIOrMYHBIM 00pPa30M BBIIOIHSIIOCH TIOCTPOCHHE 3HAYEHUH U MHTEPBAJIOB 3HA-
YEHUH «U3MEPEHHBIX» SD , OUCHEHHBIX» SD 1 «PacCYNTAHHBIX» SDp 3HAYEHUH BBICOT
CHera — eCTeCTBEHHO, Oe3 ydera 0ajiia TOpPOCUCTOCTH ¥ MHTEPBAJIOB TOJIIMH JIbJA.

Pacuer «OLEHEHHON CKOPPEKTUPOBAHHO» TOMMMHBL JbAa SIT  BBHINOIHAICS Ha
OCHOBE NepeMeHHo# fihb [8] u mepemennbIX SD, p, ¥ p_ C MU3MEHEHHEM UX 3HA4YEHHH
C KJIMMaTHYECKUX Ha U3Mepennsie SD , p. up .

Xon 3nauennii nepemenusix SIT, SIT , SIT/ _ B 3aBUCUMOCTH OT HOMEpa I'UjpoJio-
TUYECKON CTAHIMK M COBMECTHBIE TUCTOTpaMMBbl pactipenenennii SIT, SIT w SITp npen-
cTapyieHbl Ha puc. 2. COBMECTHBIE THCTOTPAMMBI PACTIPENIETIEHHs BBICOT cHera SD , SD
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Puc. 2. Pacnipenenenne m3mepennsix («Tpancapkruka-2019»), CKOPPEKTUPOBAHHBIX OIIEHEHHBIX
(CryoSat-2) u paccunranubix (PIOMAS) 3Ha4eHMii TOIIIUH MOPCKOTO JIbJia B 3aBUCUMOCTH OT TOU-
KU BBINOJTHEHUS THAPOJIOTHIECKOH CTaHINK () ¥ B BHIE TUCTOrpaMM (6) yKa3aHHBIX TEPEeMEHHBIX

Fig. 2. Measured (“Transarktika-2019”), corrected estimated (CryoSat-2) and calculated (PIOMAS)
values of sea ice thickness at the points of hydrological stations («) and as histograms (6) of the
stated variables
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Puc. 3. I'mcrorpamms! m3mepennbix (« Tpancapkrrka-2019»), onenennsix (CryoSat-2) u paccanuTan-
HbIX (PIOMAS) 3HaueHni BBICOTEI CHeTa

Fig. 3. Measured (“Transarktika-2019”), estimated (CryoSat-2) and calculated (PIOMAS) values
of snow height

SD, mpesicTaBIeHbI Ha puC. 3. CTAaTHCTHYECKUE XapAaKTCPUCTHKH YKA3aHHBIX MCPEMCHHBIX
W WX pa3HOCTEH NpecTaBieHbl B Tabmumax 1 u 2.

Amnanu3 3HaueHUi Ta0n. 1 U 2 TOKa3bIBaeT, YTO HEKOPPEKTUPOBAHHBIC OIIEHKH TOJI-
IIUHBI JIbJIa HAa ocHOBe BeicoToMepa MC3 CryoSat-2 B cpennem Ha 44 cM BbIlIe 3HAYCHUN
m3meperuit mpu CKO 96 cm. {711 OlleHEeHHBIX CKOPPEKTUPOBAHHBIX 3HAUCHUN Pa3HOCTh
3HauUMMO yMeHbIaercs u cocraninseT +30 cM npu CKO 95 cMm. OrieHkH BBICOTHI CHETa JIIst
HC3 CryoSat-2 nmxke Ha 4 cm ipu CKO 12 cm. Taxke 0TMETUM, YTO U3MEpEHHas! TI0T-
HOCTh CHera p_ (hakTHUecKH oka3anach Ha ~20 % MeHbIle NCHIOIb30BaHHON cormacHo [8]
KIMMaTudeckort p (254 r/am® mpotus 316 r/mam®). MsMepenHast MIIOTHOCTB Jibjia Pio TaKKe
oKasasach MeHblue Ha 1 % kiumarudeckoit p, (910 r/am’® npotus 916 r/am?). Uubivu ciio-
BaMHU, JIe/l B paliloHe IKCIEHUIINH B LIeJIOM ObUT Oojiee MPEecHbIM M OoJiee 3aCHEKEHHBIM,
MIPUYEM CHEXKHBII TTOKPOB OB OOJIee CBEKHM.

Tabnuya 1

CraTucTHyecKkne XapaKTepUCTHKH H3MepeHHbIX («TpancapkTnka-2019»),
oueHeHHbIx (MC3 CryoSat-2) u paccuurannbIx (cucrema PIOMAS)
3HAYEHHU I TOIIIMH U NJIOTHOCTEH JIbJa, BHICOT W IUIOTHOCTEIi CHera
Table 1

Statistics of the measured (“Transarktika-2019”), observed (CryoSat-2)
and calculated (PIOMAS) sea ice thickness and density and snow height and density values

ITapamerp | Cpennee | CKO | MuaumyMm | Makcumym
SIT, cm 193,0 81,6 63,2 421,5
SD , cm 242 11,9 5,0 48,0
P, T/’ 909,8 - 906,9 912,0
p,, /M’ 254,7 — 253.4 256,1
SIT, cm 2122 | 592 77,0 334,9
SIT , cm 198,7 63,9 42,4 362,9
SD , cm 18,6 1,6 17,5 25,1
P, T/nm’ 9158 3,2 903,1 916,7
p,, T/ 316,4 1,5 316,0 322,0
SIT , em 178,8 4,5 168,9 194,7
SITM, M 168,4 4,3 159,6 180,0
SD,, cm 9,4 0,8 8,0 11,0
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Tabnuya 2

CraTucruyeckue xapaktepucTuku pasnocreii oneHeHnnix (MC3 CryoSat-2), paccunTaHHBIX
(cucrema PIOMAS) u nzmepenHsbIx («Tpancapkruka-2019») 3HaueHUi TOJINMH JIbAA U
BBICOT CHera

Table 2

Statistics of the differences between the observed (CryoSat-2), calculated (PIOMAS) and
measured (“Transarktika-2019”) sea ice thickness and snow height values

Tapamerp Cpennee, a6S(I))J'TIZ([)I”1I"fIi)C, CKO, | Muanmy™, | Makcumywm,
cM om cM cM cM
SIT, — SIT, 43,9 83,9 95,7 -217,8 2254
SIT, — SIT, 30,4 73,8 95,0 -261,7 197,9
SD,— 8D, -3,6 10,0 12,1 -29.,5 10,8
SIT — SIT, -14,0 63,6 80,5 -242,5 112,0
SIT:M — SIT, —244 63,6 80,0 -254.8 100,9
SDF — 8D, 14,7 15,2 11,7 -38,3 4,8

Cucrema PIOMAS B cpennem Ha 24 cM (A1 MHTEpBAJbHON TONIIUHBI JIbJA) 3a-
HUYKaeT 3HaY€HUs TOJIIIMHBI JIbJia IpU cpeaHekBaaparndeckoM otkionennu (CKO) 80 cm
u Ha 15 cM 3aHmxaer BoicoTy cHera mpu CKO 12 cm.

HecMmotpst Ha 3HaunTensHble cpeqHue pasHocTH, oneHkn MC3 CryoSat-2 B nienom
B 47 % ciay4aeB COOTBETCTBOBAIM U3MEPEHHBIM 3HAUEHUSAM TOJIIIUHBI JIbAA IPOTUB 29 %
st cuctembl PIOMAS. Ananoruuno ouenku BoicoThl cHera anst MC3 CryoSat-2 coot-
BETCTBOBAJIM U3MEPEHUSIM BBICOTHI cHera B 47 % cityyaeB npoTuB 27 % sl CUCTEMBbI
PIOMAS. XapakrepHble 3aHWKSHHS HHTEpBajia (MaciuTada) M3MEHYMBOCTH PACCUMTAHHBIX
TOJIIIMH JIbIa OTHOCUTENILHO U3MepeHHbIX Wi oneHeHHbIX MC3 CryoSat-2 Xopolio uuto-
ctpupytorcs puc. 2. Tak, paccuntanHble 3Ha4eHUS SIT CKOHIIECHTPUPOBAHbI B MHTEPBAJe
150...175 cm mpotuB untepnaina 50...400 cM A1 UBMEPEHHBIX WU OLEHEHHBIX. AHAIN3
puc. 26 nokassiBaet, 4To Koppekiws oneHok SI/7 mis MC3 CryoSat-2 myTeM 3aMeHBI
KJIMMaTHYECKUX 3HAYCHUH MIOTHOCTEH JibJa, CHera M BBICOTHI CHETa Ha MU3MEPEHHBIE
MIPeCKa3yeMO YBEJIMYMBACT MHTEPBAI U3MEHUYMBOCTH M MPUOIIIKACT €ro K HaOroze-
HUSIM in Situ. AHANNU3 TUCTOTPAMM DPACHpPEAENICHUs Ul BBICOT CHEra, MpeiCTaBICHHBIX
Ha pUC. 3, MOKA3bIBACT, YTO UHTEPBAJ U3MEHUMBOCTU KAaK PACCUMTAHHBIX, TAK U OLICHEH-
HBIX — M0 (haKTy KIMMaTHYECKUX — BBICOT CHETa 3HAYMMO MEHBbIIIe, YeM Y HAOIIOACHHH
in situ — 7...12 u 20...30 cm mpoTuB 5...45 cMm.

AHOMAUJIUS UBMEPEHHBIX TOJILIUH JBAA U CHET'A
IO OTHOWEHHUIO K PETUOHAJIBHBIM ®OHOBbBIM 3HAYEHUSAM

C KIMMaTHYeCKON TOYKU 3PEHUs MPECTaBIsET HHTEPEC CPAaBHEHHE M3MEPEHHBIX
3HAYEHUH TOJIIMH JIbJIA U BBICOT CHETa C aHAJIOTHYHBIMHI HAOTIONESHUSAMH TIPOLUIBIX Jecs-
THeTri. B KauecTBe mepBoro neproaa ucrnoip3oBad naTepBan 2011 — 2019 rm. — nepuon
¢ynkunonupoBaans MC3 CryoSat-2. O606mennsie onenkn MC3 CryoSat-2 Ha ocHOBe
CpeIHEeMECSYHBIX JaHHBIX U JaHHBIE pacueToB cucTeMbl PIOMAS Ha 0CHOBE e3KeIHEBHBIX
noJielt pacrpeneneHus [9)] a1 TodeK pacroNoKeH s THAPOJIIOTNYSCKUX CTaHIUH SKCTIeIH-
UM ¥ aHAJIOTHYHOTO CE30HHOTO MHTEPBaja (ampelts) mpeIcTaBiIeHs! B Ta0l. 3. Pe3ymbrars
pacdeToB MoKa3bIBaroT, uTo 3kcneaunns AAHNN ¢axrudeckn ObiIa mpoBeaeHa B OAWH W3
Hanbosee ONAroNpHATHBIX [UIS JISIOBBIX UCCIIEIOBAHUH TOJOB IOCICIHETO ACCATHUIICTH
JUTS TAHHOTO PETMOHA — CPEIHSS TONIINHA Jbaa B anperne 2019 1. 6puta Ha 15 — 28 oM
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Tabnuya 3

CraTrucTHyecKkue XapakTepucTHKu n3MepeHHbIX («TpancapkTuka-2019»),
oueneHHbIX (MC3 CryoSat-2) u paccuuranubix (cucrema PIOMAS) 3nHaueHuii TOJIMH Jb1a

M BBICOT CHera Ha anpeyb 2019 r., 2011 — 2019 rr. u 2000 — 2010 rr.
Table 3

Statistics of the measured (“Transarktika-2019”), observed (CryoSat-2) and calculated
(PIOMAS) sea ice and snow height values for April 2019, 2011 — 2019 and 2000 — 2010

2019 2011 — 2019 2000 — 2010
z 3 = | 3 =
[apametp ;{ o El S| =| 2| 3|8z
> 2 o § 2 o s Z 53
) = ) 5 2 @ =S 2| o
= 5 | £E| 5| 2| 5| 8| E
= = T 3 T 5
= 3 g, = z 2| E z g,
= = O| 2| 2|0 2| =2]|0
SIT, 63 | >400 | 193 | — — - =1 = =
SD, 0 70 24 - — S I e e
SIT, 77 335 | 212 | 150 | 232 (187 | — | — | —
SD, 17 25 18 | 18 | 23 [ 20| — | — | —
SIT, 169 195 | 179 | 155 | 173 | 162 | 159 | 191 | 173

BbIIIe TakoBo# 11t uHTepBana 2011 — 2019 rr. npu Heckonbko MeHblIeh (1 — 2 cm)
BBICOTE CHEXHOT'O MOKpPOBa. DTOT (DaKT TAK)KE XOPOIIO WILTIOCTPUPYETCS CpaBHEHHEM
cpelHeMeCIYHbIX pacrpenenenuid Toimut jJbaa no MC3 CryoSat-2 B anpene 2019, 2011
n 2013 rr., npexncrasieHHbIX HA puc. 1 u 4. AHajornyHoe o0oO0IIEeHHE Uit BTOPOTO Iie-
puona — 2000 — 2010 rr. — Ha OCHOBE TOJIBKO JaHHBIX pacueToB cucteMsl PIOMAS,
NPUBEJICHHOE B TaOJ. 3, MOKA3bIBACT, YTO MPEABIIYIINI TIEPHOJ] TAKIKE XapaKTepU3yeTCs
MEHBIIMMH TOJIMHAMH JIbJIa, XOTS U HE TAKMMH 3HAYUTEIbHBIMU (MUHYC 4 CM).

@ Tpancapktuka-2019[[ ]

7
50°8.4.

Puc. 4. Onenku Tommuas! Mopckoro nbaa mo MC3 CryoSat-2 B anpene 2011 1. (@) m anpene 2013 1. (6)

Fig. 4. CryoSat-2 estimates of sea ice thickness in April 2011 (@) and April 2013 (6)

344 IIPOBJIEMbI APKTUKH U AHTAPKTHUKH * 2020 * 66 (3)




B.M. CMOJISTHULJKUH, A.B. TFOPSIKOB u 0p. V.M. SMOLYANITSKY, A.B. TURYAKOV et al.

o

Bospact neaa
I vero

S| reuni o (< )

84° N 0 cvernsi na (5—10 )
I cepsii (10—15 oM)
I cepo-Genwii (15—30 ow)
I rowxuin 1 cr. (30—50 cm)
] romsui 2 cr. (50—70 om)
[ cpepuwi (70—120 cm)

50°8.3.

Puc. 5. Cpeauuii Bo3pacTHOM cocTaB MOPCKOTO Jibjia B aripelie 3a nepuon 1972 — 1994 rr. na ocHoBe
JIEZIOBOTO KapTHpoBaHUs. JlOMOMHUTENHHO HaHeceHbl Touku nocaaku BBD «Cesep» 3a 1955 —
1979 rr. u m3MepeHHbIe MPeodIIaIaloIIne B MECTaX MOCAKH TONIIHHBI JIba

Fig. 5. Mean stage of sea ice development for April 1972 — 1994 based on ice charting. Additionally,
locations of the landing of high-Arctic “Sever” expedition during 1955 — 1979 and measured
predominant sea ice thickness at points of landing are depicted

MoskHO 7 clienaTh cpaBHEHHE 3a OoJiee oThalieHHbIe nepronasl? Bonpoc HeomHo-
3HAUHBIN, €CIIM HE MPUBIIEKAaTh JaHHbIC YUCICHHBIX pacueToB. Ha puc. 5 npeacrasneHo
cpeaHee pacnpeaesieHle BO3pacTHOTO COCTaBa MOPCKOTO Jibaa 3a nepuof 1972 — 1994 rr.,
MIOCTPOEHHOE Ha OCHOBE JaHHbIX 7 — 10-nHeBHOTO sNegoBoro kaprupoBanus AAHUN
[12] u HanmmonanwsHoro nexpoBoro nentpa CIIA [13].

Kak BuHO U3 puCyHKa, B JAHHBII NepHOJ paiioH sxcneauuun « Tpancapktuka-2019»
XapaKTepH30BaJICS 3HAYMTEJIHLHO 00JIee TOJICTHIMU JIbJaMU — 110 KpaiHeH Mepe JByXJIeT-
HUM JIbJIOM C XapaKTepHO! TOJIIMHONW POBHOIO JbJa, B cOOTBEeTCTBUU ¢ «Homenkiary-
poit BMO no mopckomy sibay» mopsinka 250 cm, nian Ha ~60 cM Oosbliie, 4eM B arpere
2019 r. (Tabm. 3).

[IpuBneueHne aHATOTHYHBIX JaHHBIX KOHTAaKTHBIX N3MEPEHHH, BHITTIOJHEHHBIX B PaM-
kax BeicokommpoTHbIx Bo3aymHbIX skcriequiuii (BBD) «Cesepy» [14, 15] 3a Oonee panHuit
nepuog 1950 — 1970-x rr., K coXajleHHIO, HE JAeT OTBETAa Ha MOCTABIEHHBIM BOIPOC.
O06o00mIeHre 26 TOCTYIMHBIX 3a anpenb 1955 — 1979 IT. naHHBIX MpeoOIaJaroIuX B TOYKAX
nocaaxu BBD «Ceep» TonmuH b2 (B paMKax MIMPOTHO-I0JATOTHOTO MPSIMOYTOJIEHUKA
81 — 85°c.m1. 28 — 55° B.x1.), IpeACTaBIECHHBIX HA PUC. 5, AT CPEAHIOI0 TONIIMHY
posHoro nbaa 104 cm npu untepsane 49...280 cM, 4TO CyIIECTBEHHO MEHBIIIE, YEM U3-
Mepenus skcnenuiun « Tpancapkruka-2019». IIpeoOnanaromnyie BEICOTHI CHEra Takxe
MeHblIe — cpeanee 3HadeHue 10 cm npu untepsaie 2...40 cm.

3AK/JIIOYEHHUE

BrinonHeHHbIN cCpaBHUTENBHBIN aHAJIW3 MTOKa3aJl CYIIECTBEHHO JIy4lllee COOTBETCTBHE
MEXIy U3MEHUYMBOCTBIO U3MEPEHHBIX (in situ) u oneHeHHBIX 1o MC3 CryoSat-2 Ton-
IIVH JIB/a, 9YeM U I3MEPEHHBIX U paccunTaHHbBIX (1o cucteme PIOMAS) mapameTpos.
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[Tony4yeHHbIe Pa3HOCTH Ui TONMIIMH Jibaa (+44/+96 cm mis CryoSat-2 0e3 KOppeKIuH,
+30/495 cm s CryoSat-2 ¢ koppekiueit, —14/+81 cm anst cucrembl PIOMAS) u BbI-
cor cHera (—4/+12 cm mns CryoSat-2, —15/412 em mis cuctembl PIOMAS) nokasbiBarot
MaciTaObl HEONPEAEIEHHOCTH IUCTAaHIIMOHHOM OLEHKHU TOJIMH MOPCKOTO JIbJIa U BBICOT
cHera JuIsl pailoHOB MpeoOialaHksl CPEHUX M TOJICTHIX OJHOJIETHHX JIbJIOB. Koppekuus
anroputMa pacdera TonuuHsl abaa ausg MC3 CryoSat-2 myTem 3aMeHbI KIMMaTHYECKUX
3HAYEHUN IJIOTHOCTEH Jib/la, CHETa U BBICOT CHEra Ha JJAaHHBIE IPSIMBbIX U3MEPEHUH Mpe-
CKa3yeMo MOBBIIIAET KaueCTBO PACUETOB TOJIIMHEI JibAa 1o HabmonaeHusiM IC3 (B cpennem
Ha 10 cm). Takum 00Opaszom, morperrHoCTh JaHHbIX oneHoK MC3 CryoSat-2, paBHO Kak
U APYTHX HOBBIX CHCTEM albTUMETPHH JbJa, HarpuMep IceSat-2, Oyaer B 3HAUUTENBHON
CTETIeHH, a BO3MOXKHO, U B IIEPBYIO OUEPEab 3aBUCETh OT TOYHOCTH MPEACTABICHUS Mapa-
METPOB CHEKHOTO MOKPOBA — €r0 BBICOTHI U MJIOTHOCTH U IUNIOTHOCTH JIBJA.

CpaBHEHHUE BBIIIOJIHEHHBIX M3MEPEHUH ¢ HAOIONEHUSIMH ¥ JAHHBIMU PacuyeToB I1po-
LUTBIX JECSITUIETHH MOKa3bIBaeT, 4To skcneauus « Tpancapktuka-2019» mpoBeneHa
B O/IMH U3 Haubosiee OIArONpPUSsTHBIX ISl JIEAOBBIX HccienoBaHuid rogos nocie 2000 r.
¢ ¢oHOBBIM yBenmuueHueM B ampesne 2019 . TOJNMUH JibJa B TOYKAX T'HIPOJIOTHICCKIX
cTaHuui Ha 5 — 28 cMm. BmecTe ¢ Tem nctopudeckue JaHHBIE JIEIOBOTO KapTUPOBAHUSA
YKa3bIBalOT Ha 00llee YMEHbILICHHE TONIIMH JIbJia 110 PaloHy padOT SKCHEIUIUHN OT-
HocuTenbHOo neprona 1970 — 1990-x rr. Vicnionb3oBanue aHaJIOTHYHBIX Oojiee paHHUX
KOHTaKTHBIX m3MepeHuii BBD «Cesep» 1950 — 1970-x ronoB He AaeT OJHO3HAYHOTO
OTBETa 0 HAOIIOJICHHON aHOMAJIMKU TOJIILUH JIbJa.

BaarogapnocTu. ABTops! cTaThH BhIpakatoT Onarogaprocts C.M. KoBaseBy u Bcemy
JIeJOMCCIIEA0BaTEILCKOMY OTpsiy dKcrienniun « Tpancapkruka-2019» 3a nmpempocrasieH-
HBIE JJaHHBIE 110 MOP(OMETPHUYECKUM ITapaMeTpaM MOPCKOTro Jibaa. OOpaboTka JaHHBIX
CryoSat-2 (TonmmHa JbJ1a, MPEBBIIICHNS JIbJa) GUHAHCUPyeTcss MUHUCTEPCTBOM SKOHO-
MUKHU u dHepretuku [epmannu (rpant: SOEE1008), mis moxy4eHus: TaHHBIX 33 TEPUOJ
01.04.2011 — 03.05.2019 wucmone3oBaH moprai maHHBIX https://www.meereisportal.de
(rpant: REKLIM-2013-04).

KonpaukTt nHTEpecoB. Y aBTOPOB HET KOH(IMKTA HHTEPECOB.

®dunancupoBanue. Pabora BeinonHeHa npu noauepxke rpanra PODU Ne 18-05-
60048.
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Pe3iome

[TpuBeneHo omucanne paboThl KOMILIEKCA aIIapaTyphbl BIaKHOCTHO-TEMIIEPATYPHOTO AMCTAHIMOHHOTO 30H-
JIMPOBAHMUS HIDKHETO ciiost atMocdeps! (paamomerp PBIT i mereoponoruueckuit mpogunemep MTP-5PE) B
yCII0BUAX APKTHKH. BBINOIHEHO CpaBHEHHE PE3yIbTaTOB M3MEPEHUH PaiHOMETPUUYECKIX CHCTEM C IaHHBIMU
a3pPOJIOTHYECKOTO 30HIUPOBAHNS B IIMPOKOM CIEKTPE METEOpONOrH4ecKuX ycioBuil. [lomydens! oneHku
MHTETPaJIbHOTO BIAroCcojepkaHus arMmocdepbl H XapakTepucTuk nHBepcuil B HkHeM 1000-MeTpoBoM cioe
armoceps! B iepuon apeiida HOC «Akanemuk Tpéursnkos» B ceBepHOi yacti bapeHiieBa Mops.

KaroueBbie c10Ba: Biarocoiepxanue, TMCTAaHIMOHHOE 30HIMPOBAHKE, MHBEPCHUS, MOJAPHAs atMocdepa,
PaMO30HAUPOBAHKE, PATUOMETPHUECKHI KOMILIEKC.
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Summary
For the first time experience was gained with the operation of Russian equipment for water content and temperature
remote sensing of the lower atmosphere in the Arctic. The comparison the results of measurements by radiometric
systems with data of radiosoundings in wide range of meteorological conditions had been executed.
It is shown that mean difference between integral atmospheric water content, measured by water vapor radiometer
WVR, and calculated from radiosoundings data does not exceed 6 % with standard deviation 0.54 kg/m? and
significant correlation coefficient 0,92. Analysis the data of meteorological temperature profiler MTR-5 allows
to conclude that in general its adequately reproduce air temperature profiles in the atmospheric lower 1000 m
layer. Some deviations take place only in cases of large temperature gradients.
Preliminary analysis of WVR data showed that monthly mean value of integral atmospheric water content in
area under study in April 2019 year practically coincides with calculated from radiosoundings, performed in
1983—1988 years at the polar station Barentsburg, nearest to the drift region, 3.61 and 3.62 kg/m’ respectively.
Same time hourly mean values of integral atmospheric water content during drift varied from 2 to 10 kg/m?,
with extreme values recorded between April 15 and April 20, probably due to intensive transport of air masses
of the Atlantic origin.
Based on MTR-5 data it was concluded that despite differences in sounding technology, the place and time of
observations, the statistics of inversions registered during drift correspond well to statistics of inversions, recorded
on the Arctic coastal stations and over sea ice cover of the Weddell Sea in winter.
Keywords: inversion, polar atmosphere, radiometric complex, radiosounding, remote sensing, water content.
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BBEJIEHUE

I'moGanbHOE MOTEMIIeHNE, HaYaBIeecs: B KOHIe XX B., CYIIECTBEHHO MOBJIMSIIO Ha
cocTosiHue Kprocdepsl ApKTHKH. B rocneHne aecsaTiieTus: 3aperucTpupoBaHbl Cylile-
CTBEHHOE yMEHbILICHHE TUIOLIa ! MOPCKOTO JIEJSIHOTO MOKpOBa, Oojiee paHHee Havyalio
TasHUS CHEXKHOTO TIOKPOBA, JIerpaaliis BeUHOH Mep3JI0Thl, MHTCHCUBHOE TasiHUE JIEAHU-
KOB M yBeJIMYeHHE 3po3un Oeperos. OIHUM N3 KPUTHUECKHX (aKTOPOB, OIPEIEIISIOIINX
TPAEKTOPHIO U3MEHEHUS KIIMMATHUECKON CUCTeMbl APKTHKH, SIBIISETCS COCTOSHUE MOJISP-
HOH arMocdepbl. IIpy 3TOM JeUIUT KOMIUIEKCHBIX HaTYpPHBIX JaHHBIX O €€ OCHOBHBIX
XapaKTepUCTUKAX, TAKUX, KaK BIIAr0COJEpIKaHne, 00Ja4HOCTh, ITAPHUKOBBIE I'a3bl, a9po-
3011, ¥, COOTBETCTBEHHO, O IpOIleccax, MX 00YyCIOBIMBAIOIINX, OTPAHNYMBAET Ka4eCTBO
U aJIeKBaTHOCTb PE3YJIbTATOB, MOJYYEHHBIX C MOMOIIBI0 JUATHOCTUYECKUX WIIN IMPOTHO-
CTMYECKHX COBMECTHBIX Mojeiel «armocdepa — jen — okean — cymay [1]. B aroi
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CBS3U B IIEPUOJ TOJTOTOBKH U MpoBeeHHs TpeThero MexayHapoaHOro MOJISIPHOTO Tofa
Obu1a co3nana MexayHapomHas ceTh nosspHbix ooceppatopuii (IASOA), 0CHOBHOI 1IE/TBIO
KOTOPOH sIBIIsieTCsl 0OecriedeHne IOCTOSTHHOTO MOHUTOPHUHTA COCTOSIHUSI apKTHYECKOM aT-
Mmocdepsr [2]. B Poccuiickoit Apkruke B 2010 — 2013 1. ObIIIM OTKPBITH 00ECIIEUEHHBIE
COBpPEMEHHBIM Hay4HBIM 000pY/I0BaHUEM IOJSIpHBIE obcepBaropun: ['mapomereopoo-
rudeckasi oocepsaropusi Tukcu, Hayuno-uccnenoBarenbckuii craionap «Jlemosast 6aza
Mpsic bapanoBa» u Poccuiickuit Hayunsiii ienTp Ha Illnunbeprene. B HacTosiee Bpemst
B AAHUNMU Pocrunpomera paspadbarbiBaeTcsi MPOEKT CO3IAaHUsT APKTHUECKOM MPOCTpaH-
CTBEHHO-pacIIpe/IeIeHHO 00cepBaTOprH, OCHOBHOM 3a/iadell KOTOPOii SIBJISIETCS] OLICHKa
MHOTOJIETHUX U3MEHEHUI U MEKIOZ0BOM U3MEHYMBOCTHU NPUPOHOM cpenbl Poccuiickoit
ApKTHKH, BKJIIOYAst IPOLECCHI TEIJIOBOTO M IMHAMHYECKOTO B3aUMOJICUCTBUS aTMOC(hepbl,
rugpocdepsl u kprochepsl. Ee 0cHOBOM, KpoMe BbIIIENEPEYHCICHHBIX 00cepBaToOpuii,
OyzeT MOCTOSIHHO JICHCTBYIONIAsI KOMILIEKCHASI SKCIIEAUIIMS Ha OOPTY CTPOSILLEHCS JIe/10-
croiikoii camonBrkymien riardopmst (JICIT).

B mapre — ampene 2019 r. B mepuon sxkcnienuimu « Tpancapkruka-2019» Ha Gopty
HOC «Akanemuk TpEmHUKOBY ObLUTH BHIMOTHEHBI KOMILIEKCHBIE THAPOMETEOPOIOTHIECKIE
uccienoBanus [3], coctaB M Ka4e€CTBO KOTOPBIX MOTYT IOCIYXUTh MPO0Opa3oM Oy IyIinx
pabot Ha JICII. BaHbIM KOMIIOHEHTOM METEOPOJIOTHYCCKOIO KOMILJICKCa, Pa3BePHYTOro
Ha 00pTy cy/iHa, ObUIM KOMILIEKCHI AMCTAHIMOHHOTO TEMIIEpaTyPHO-BIAXKHOCTHOTO 30H-
JIMPOBaHUsI aTMOC(Epbl, ONMCAHUIO KOTOPBIX, BAUAAIMU TTOJYYEHHBIX C UX MOMOUIBIO
JIAHHBIX M [PEIBAPUTEIBHBIM pE3yJIbTaraM HCCIeJOBaHUI HUKHETrO CJI0si arMoc(epsbl
B CEBEPHOM yacTu bapeHueBa Mops OCBALIEHA HACTOALIAS CTaThsl.

KOMILJIEKCBI JUCTAHIMOHHOI'O TEMIEPATYPHO-BJIA’KHOCTHOT'O
30HAUPOBAHUS ATMOC®EPBI PBII U MTP-5PE

CoBpeMeHHbIC Ha3eMHBIC AaBTOMATHYECKHE PAJMOMETPUIECKIE KOMITIEKCHI ANCTaH-
IIMOHHOTO 30HAMpoBaHMS atMocheps! ([3A), u3MepsIone NHTEHCUBHOCTh COOCTBEHHOTO
n3My4deHns arMocepsl B cBepxBbicokodacToTHOM (CBY) nnamasone AHMH BOJH, 00eCHedn-
BAlOT BO3MOKHOCTB TOJIyUEHHs JAHHBIX O Psijie TapaMeTpoB aTMOC(EPBI B PEKUME peallb-
HOTo BpeMeHH. K TakuM mapaMeTpaM OTHOCSITCSI HHTETPATBHOE COZIEpKaHke BOASHOTO Mapa
B cTOJI0€ enuHIYHOM Tiomianu (Q, kr/M?), Bomo3anac o0makoB (W, Kr/M?), XapaKTepUCTUKA
TEMITEPaTyPHOTO PEKHUMa OTPAHIIHOTO Ci1ost arMocdeps! (1o BeicoTsl 1000 M Hax MecToM
ycranoBkn). [IepBrie 1Ba mapameTpa U3MepsroTcs AByxdactoTHeM CBY-pamomeTpoM BozIs-
Horo mapa (PBII) o orieHKamM HHTEHCHBHOCTH M3ITyUCHHUS aTMOC(EPHI B OKPECTHOCTSIX JINHUH
u3ITydeHns BozsaHoro mapa 22,235 I'T'n (8, = 20,7 ITuu 8, = 31,4 I'T) [1]. Ilo u3smMepeHHbIM
3HAYCHUSM MHTEHCHUBHOCTH M3ITyYCHHS, KOTOPYIO MPHHSTO XapaKTepu30BaTh (ppekTnBHON
pamosipkocTHOH Temrieparypoii (PAT), BEraucstoTess HHTETpaibHbIC KOA(D(HUIIHEHTHI ITOTII0-
IIEHUS PATHOCHTHANA (onTHYecKas TommuHa) ©(3, ), ©(8,). C IpHBIeICHHEM MOJICIH PacdeTa
3aTyXaHWs paFioCHTHAJA B aTMOc(epe BEUIUCIACTCS KO3(D(PHUIINEHT TOITIOMICHNUS PaANOCHT -
HaJla B KHCTIOpOJIE T _02(9]’2) (URL: https://www.itu.int/rec/R-REC-P.676/rus (nara oOpareHus
30.08.2020)) 1 cocTaBsIeTCS CHCTEMa YpaBHEHHH, CBSI3BIBAIOIIAS TIOCPECTBOM PACUETHBIX KO-
3¢ pUIMEHTOB 3HAYCHIS TTIOTJIOMICHNS B BoIstHOM mape At(9 1,2) ¢ Bemmamsaamu Q u W[4, 5].
PBII ocHatrieH BCTpOSHHBIMHI AATYMKaMU TEMIIEPATyPhI U IAaBJICHHS BO3/IyXa, JAHHbBIE KOTOPBIX
HCTIONB3YIOTCS TIpH pacuerax. [lorpemHoct marankoB He npessimarot 0,5 rIla u 1 °C, uro
HE CKasbIBaeTcsl Ha TouHOCTH pacderoB O u W. PBII Takke nmeeT eMKOCTHOW MHIUKATOP
ocaikoB (), (GPMKCHpPYIONIHIA B yCIOBHBIX €MHHIAX HHTEHCHBHOCTD U MTPOIOIKUTEIBHOCTD
0Ca/IKOB, HATMYHNE KOTOPHIX MOKET MPUBOJMUTD K OMIMOKAM B PE3YIbTaTax M3MEPEHHUH.
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Jluist ostyueHunst TaHHBIX O BEPTUKAJILHOM NpoQuiie TeMIieparypbl arMocdepsl B Iie-
PHOJ BKCIIEANLMY UCIIONB30BaJICs annaparHblil komiuieke MTP-5PE, npencrasistomuii co-
00i1 TPUEMHUK, U3MEPSIOLINI MHTEHCUBHOCTD M3JTyUeHHUs arMOC(epbl Ha HU3KOYaCTOTHOM
CKJIOHE JIMHUU M3IydeHus kucnopona (56,7 I'Tr) [6, 7]. Kommnexke MTP-5PE apnsercs
MoauduKanueil TemmneparypHoro mpoduiemepa [8], pa3paboTaHHON HA OCHOBAaHUH BbI-
nojgHEeHHBIX B 1996 — 2010 rr. sKCIepUMEHTaNbHBIX HCCIeI0BaHUN B ApKTHKEe U AH-
tapktuke [9]. [Ipubop umeer mHUPHHY AUarpaMMbl HAITPABICHHOCTH aHTCHHOW CHCTEMBbI
1° 1 BO3MOXHOCTh CKaHMPOBAHU MO YNNIy MECTa ¢ MajbIM mmarom. BoccranoBnenue
npoQuiIsl TEMIIEPaTyphl 10 CHEKTPY PaAMOSIPKOCTHBIX TEMIIEPATyp PelaeTcsi METOIO0M
CTaTUCTUUECKOHU peryispusanuu. [lapameTpsl mpudopa mo3BOJISIOT BBITOIHATE H3MEPEHHS
npoduis Temmeparyps! Bo3ayxa 10 Bbicotsl 1000 M ¢ pasperienrem 10 M B HmkHuX 100 M.
Kommuieke MTP-5PE apantuposas 1 paboThl ipu Temieparypax 10 —80 °C u ocHaiieH
MPOrpaMMHBIM 00€CIIeYeHHEM C CUCTEMO aBTOMaTH4ecKoi kanuoposku [4]. Moaudunu-
posanHsbIii kommieke MTP-5PE npoussoactsa HITO «ATTEX» B 2011 1. BHECeH B peecTp
cpencts usMepenuit PO nox Homepom Ne 69577-17. Metponoruueckue XapakTepUCTUKU
MTP-5PE npexncrasnenst B Ta0m. 1.

Ta6ruya 1
OcCHOBHBIC METPOJIOTHYECKHE XAPAKTEPUCTUKH TeMiepaTtypHoro npoguiemepa MTP-5PE
Table 1
General metrological characteristics of the temperature profiler MTP-5
Bricora, M Cpennsis KBanpaomqecxaa Pazpenienue
omub6ka, °C 10 BBICOTE, M
50 0,25 10
100 0,30 25
200 0,40 50
300 0,50 75
400 0,70 100
600 0,90 150
800 1,00 200
1000 1,20 250

Pagnomerpryeckre KOMITIIEKCHI MTO3BOJISIOT MOTYYUTh HH(POPMALINIO O XapPAKTEPH-
CTHKaX HIDKHETO CJIO0Sl aTMOC(Eephl ¢ BRICOKUM BpeMeHHBIM paspemerneM (PBIT — mo
10 c w MTP-5PE — 180 c). [Tpu stom PBIT u MTP-5PE oTnudatoTcst BEICOKOH TyBCTBH-
TENIBHOCTBHIO K N3MEHEHHIO HHTEHCHBHOCTH PAMON3IYYEHHS aTMOC(EPBI, UTO TTO3BONISET
MPAaKTUYIECKH UCKITIOUUTH BIMSHHE arapaTHBIX IIyMOB HA TOYHOCTh U3MEPSIEMBIX ITapa-
MeTpoB. CiieryeT OTMETHTB, 9To coBMecTHO koMmIutekesl PBIT u MTP-5PE nmo HacTtosmiero
BPEMEHH HCIOJIb30BANCH B OCHOBHOM JUISl HCCIIEIOBAaHUHN B CPEIHUX IIMPOTAX, TOATOMY
OITHOH M3 3ajad, perraeMbIx B skcrieauiny « Tpancapkrika-2019» Opla orjeHKa KagyecTBa
MOTYYaeMOH C MIX MTOMOIIBI0 WH(POPMAIIUN B APKTHKE.

BAJIMJIALIMSI PE3YJIBTATOB U3MEPEHU KOMILJIEKCOB JJUCTAHIIMOHHOI'O
TEMIOEPATYPHO-BJIAJKHOCTHOTIO 30HNPOBAHUS ATMOC®EPBI
PBII U MTP-5PE
Mereoponoruueckuii npopmiemep MTP-5PE u paanomerp BoasHoro mapa PBIT
OBUTM yCTaHOBJICHBI Ha BTOPOM sIpyce OTKpBITOIl nainyOsl HaacTpoiiku HIC «Axanemuk
TpémnnkoBy» (puc. 1). Asposoruueckue 30HANPOBAHUS aTMOC(hEphl, JaHHBIE KOTOPBIX
UCIIONIb30BAHbI JIs BaJIUIAIIMN KOMILIEKCOB, TPOM3BOAMINCH C TIOMOIIbIO HAaBUTAIIMOHHON
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i e

Puc. 1. Paguometp BogsiHoro napa PBII u MeeoponomquKHﬁ TeMIeparypHsli npopunemep MTP-
5PE na mamy6e HOC «AxkageMux TpénIHUKOB)

Fig. 1. Water vapor radiometer WVR and meteorological temperature profiler MTR-5RE on the deck
of R/V “Akademik Tryoshnikov”
6a30Boil cTaHIK cUCTeMBI paano3onaupoBanus «Ilomoc-C» u pagno3zongo MP3-HI
mpousBoacTea OAO «Pammit» (1. Kaciu, Poccus).

Ha puc. 2 npuBeieH KOPPEISIIMOHHBIN TpaduK BEJMYHH BIArOCOASPIKAHUS arMOChepbl
110 TaHHBIM M3MepeHuil komiuiekca PBII v paccunTaHHBIX 110 IaHHBIM JABYXPa30BbIX a3pOJIOrH-
YEeCKUX 30HANPOBAHUN s ciosi 0 — 6 KM, BRIMOMHEHHBIX B Tieprox ¢ 1 mo 30 anperns 2019 T

10

Q. xr/v?

1 2 3 4 5 6 7 8 9 10

Qaspo, Kr/m?
Puc. 2. Pe3ynbTaThl cOOCTaBICHUS CHHXPOHHBIX JaHHBIX n3Mepenuii PBII (Q) u Bnaroconepxanus
LIECTUKUIIOMETPOBOTO CII0sl aTMOC(EphI 10 JaHHBIM paaro30HupoBanus (Q )

aspo
Fig. 2. Comparison the results of synchronous measurements of WVR (Q) and water content of the
six-kilometer layer of atmosphere according to radiosoundings (Q )

aero
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B Tabn. 2 nokazaHo COOTBETCTBHE JIaHHBIX 00 MHTETPaJIbLHOM BJIAroCOAEp KaHUU
armMocdepbl, 3MEepeHHOM ¢ nomolsio PBIT u paccuuTaHHOM Ui PAa3IMYHBIX TOJIIHH
cJ10s1 aTMOC(EpBI M0 pe3yinbpTaraM 52 a’3poJOrHYeCKUX 30HAUPOBaHMiA. B mepBoit cTpoke
TaOJIMIIBI PUBEACHBI CPEIHEE, MUHUMAIIbHOE, MakcuMasibHOe 3HadeHus: 1 CKO BemnunHbI
MHTErPaIbHOTO BIIArOCOJIEPKaHUsI aTMOC(EpBI 110 BCEM CPeIHEYacOBbIM 3HAYEHHSIM, TTOJTY-
yeHHbIM ¢ nomonibio PBIT B nepuon apeiicda (Q PBII, 566 3nauenuii). B nociemxyromux
CTPOKax IMOKa3aHbl CTATUCTUYECKHUE XapaKTEPUCTUKU PA3HOCTEH M3MEPEHHBIX B CPOKH
a’POJIOTMYECKUX 30HJMPOBAHUI 3HAUCHHUH BJIAroCoAep KaHusi aTMOC(Ephl 10 JaHHBIM
PBII u paccuntanubix s cioeB 3, 4, 5, 6, 7 1 8§ KM 10 adpOJIOTUYECKUM JaHHBIM. B 1o-
clieTHeM CToJIOIE pHUBeieH KO UIIMEHT KOppesiiuy 3HaYeHUH CHHXPOHM3UPOBAHHBIX
PAI0B U3MEPEHHBIX U PACUETHBIX JIAHHBIX.

Tabruya 2
Pe3ynbrarhl cpaBHEHHUsI BeJIUYMH HHTErPaJILHOTO Biiarocoep:kanuu armocdepst (Q, kr/m?)

1o gansbiM PBII n asposioruyeckux 30HAMPOBAHUIN
Table 2

Comparison of integral atmospheric water content (Q, kg/m?) according
to WVR and radiosounding data

[Tapametp Cpemnee Munumym | Makcumym CKO Kosdduunenr
3HAYCHHUE KOPPEIISIUH

Ouan 3,61 1,43 9,37 1,72 —

Ovan = Q0o 0,37 —0,63 2,15 0,65 0,89

Qo= Quoco 0,034 -0,85 1,68 0,57 0,91

O = Oso00 0,13 —0,99 1,53 0,54 0,91

Opin — Deono -0,22 -1,04 1,50 0,54 0,92

Opini = D000 0,26 -1,16 1,49 0,54 0,92

O~ Prono 0,27 -1,22 1,48 0,54 0,92

Tpumeyanue. Q,, — VHTETpabHOE BIAarocojepkanie armocheps! (Q, kr/m?) mo nawusM PBIL O, M —
BJIAr0COJIEPIKaHKE CII0ST aTMOC(EPHI OT MOJCTUIIAOIICH MOBEPXHOCTH /10 BBICOTHI XX XX, paccunTanHOe
10 @3POJIOTUYECKUM JTAHHBIM
Note. Q,,, — integral water content of atmosphere (Q, kg/m®) according to WVR data, Q _ — water
content of atmospheric layer from underlying surface to the height xxxx, calculated from radiosoundings
Kax BugHO M3 Tabn. 2, MUHUMAIBHOE PACXOXKACHUE PACUYCTHBIX W M3MEPEHHBIX
BeM4urH O MMEET MECTO IPHU BBICOTE cJIos OT 4 10 6 KM mpu 3HaYnMoM Ha ypoae 0,05
ko3¢ urpente koppemsnuu 0,91 — 0,92. MoXHO OTMETHTH HEKOTOPOE 3aHIDKCHHE Be-
mauH O, 3apeructpupoBaHubXx PBII, mo oTHOmEHMIO K orieHKaM O 10 a3pOJIOTHYECKUM
JIAaHHBIM JIJIS CJIOEB OT 5 KM U BbILIE. BeposATHO, 3TO CBUIETENLCTBYET O MIPEIEIIE UyBCTBU-
tensHOCTH PBII 110 BBICOTE 30HAMpOBaHNA. OJHAKO, YIUTHIBASsI BO3MOYKHBIC ITOTPEITHOCTH
OIIEHOK BJIATOCOCPIKAHHS IO a3POJIOTHYECKIM JaHHBIM, 00yCIOBICHHbBIE KaK COOCTBEHHO
MHCTPYMEHTAJIBHON MOTPEIIHOCTIO JaTYUKOB, TAK U U3MEHEHUEM PACCTOSIHUSL OT TOUKH
3alycKa 30H/a U, COOTBETCTBEHHO, pacnoioxeHus PBII 1o mectononoxenus 30H1a Ha
Pa3IUYHBIX BBICOTAX, PE3YNIBTAThl CPABHEHHS, KaK U KaYECTBO JAHHBIX 00 HHTETPATHLHOM
BIIArOCOJEPKAaHUM, MOXKHO CUUTATh B BBICIIEH CTEIEHU YIOBIECTBOPUTEIbHBIMU.
OtHocutensHo naHHBIX PBII 0 Bogo3amace o6makoB () cinemyer OTMETHTb, YTO
OHH HOCST OIICHOYHBIN XapaKTep B CHITY JOCTAaTOYHO OOJBIION ommoku u3mepenui [10]
1 MOTYT CKOpee CIIY’KUTh B Ka4eCTBE HHIANKATOPA MPHCYTCTBHUS 00JIAKOB pPa3TMIHON MOIII-
HocTH. To ke caMoe MOKHO CKa3aTh U O JaHHBIX U3MEPUTENS OCATAKOB, KOTOPHIE TEM HE
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Puc. 3. Ipumep rpaduueckoro npeacTaBIeHus JaHHBIX H3MepeHHi anmaparaoro komruiekca MTP-5PE.

@ — NIPOCTPAHCTBEHHO-BPEMEHHAs U3MEHYHUBOCTb TEMIIEPATYPbI BO3/lyXa B HIDKHEM KHIIOMETPOBOM CJIO€ aTMOC-
depsi ¢ 21 1o 27 anpenst 2019 1. (Temneparypa BepXHei rpaHUIIbI HHBEPCHU — KpacHast JIMHUSA); O — PO
TEMIIEpaTypbI BO3yXa B IIEPHOJ MAKCHMAJIBHOTO PA3BUTHSI HHBEPCHOHHOTIO CJIOS

Fig. 3. Example of graphical presentation the data of meteorological temperature profiler MTR-5RE.

a — spatial-temporal variability of air temperature in the first kilometer of atmosphere during 21 — 27 April
2019 (temperature of inversion upper boundary — red line); 6 — profile of air temperature during of maximum
development of the inversion layer
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MeHee MOTYT OBbITh MOJIE3HBI PH aHAIN3E METEOPOJIOTMUECKUX YCIOBUHM, MPU KOTOPBIX
BBIMOJIHSIACH U3MEPEHUSI.

B ornmnume ot paxmomerpa PBII, koTopslii ObLT HCHONB30BaH ISl TPOBEACHUS M3~
MEpPEHUH B MOJSIPHBIX YCIOBUAX BIIEPBbIE, IKCILTyaTallsl METEOPOIIOTHUECKOr0 TeMIepa-
TypHoro npoduiemepa MTP-5 B Apkruke 1 AHTapKTH/IE UMEET JUITUTEIbHYIO HCTOPHIO.
Pe3ynbrarhl KOMILICKCHOW BaJIMAAIIMK €r0 JAHHBIX OIKCaHbl B padorax [8, 9]. CpaBHeHue
naHHbIX MTP-5PE u nanHbIX pajino30HAMPOBAHUM, IIOJYUYEHHBIX B OKCIICAULIUH, IOJ-
TBEPAMIIO, YTO B II€JIOM OHHM a/IEKBATHO BOCIIPOM3BOMST MPOQMIIL TEMIIEPATyPhl BO3/1yXa
B HIDKHEM KHJIOMETPOBOM ciioe arMocdepbl. HebGounblme oTKIOHEH!s! OT poduiiel TeM-
HepaTypbl, HOCTPOSHHBIX 110 a9POJIOTHYECKUM JaHHBIM, HIMEIOT MECTO JIMIIb IIPH OOJIBIINX
ee rpagueHrax. Ilpu sToM cienyer noquepkHyTh, 4TO BbIcOKOe paspewmenue MTP-5PE
o BeicoTe (0T 10 no 50 M) u Bpemenu (180 ¢) mo3BosAeT NETANBHO U JOCTATOYHO AEK-
BaTHO HCCJIEIOBATh MPOCTPAHCTBEHHO-BPEMEHHYIO H3MEHYMBOCTh TEMIIEPATyPhl BO3AyXa
B armoc(epHoM norpannynoM ciioe (AIIC). Ha puc. 3 B kauecTBe npumepa nosryqyaeMoun
¢ MTP-5PE undopmanuu, cymecrsentoit s onucanust AIIC, npeacrasieH smnu3on
C IMHaMHUKOW (OPMHUPOBAHMS TEMIEPAaTYPHBIX MHBEpcHUil B iepuoy ¢ 21 no 27 ampeds,
Koryia ObUIO JIOCTUI'HYTO MaKCHMAaJIbHOE 32 BECh IEPUOJL SKCIIEIUIINK 3HAYEHUE MOIIIHOCTH
nuBepcun 12,3 °C npu BeicOTe ee HUKHEH rpaHutbl 75 M (27.04.2019 B 03:55).

XAPAKTEPUCTUKHU TEMITEPATYPHO-BJAKHOCTHOI'O PEJKMMA
HUKHEI'O CJIOSI ATMOC®EPBI 1O JAHHBIM
JIMCTAHLIMOHHBIX 30HIMPOBAHUI B MEPUOJI IPEN®A

[Tpn uHTEpIIpETaN PE3yIbTaTOB MOHUTOPHHTA XapaKTEPUCTHK MEPEHOCA CONHEY-
HOW M IJTMHHOBOIHOBOH paJHaIliy B MOJSIPHON aTMOc(epe HeoOXoiMa peryisipHas HH-
(hopmanus o ee HHTErpaIbHOM Biarocofepskanuu (. Jlo mocieHero BpeMeHN OCHOBHBIM
HCTOYHUKOM Takol MH(GOPMANNH SBIAINCH JAaHHBIC PATHO30HANPOBAHMM, TPOBOIAUMBIX
Ha TOJSIPHBIX U Apeidyromux cranmusax. O000menne THX JaHHbIX 3a mepuox 1959 —
1990 rr. 65110 BRmoHEHO JI.IT. BypoBoii B pabortax [11, 12]. Mcmonp30Banne paginomerpa
BomsHOTO TIapa PBII, peructpupytomero O ¢ nuckperHocThio 10 ¢ 1, kKak OBIIO TTOKa3aHO
BBIIIIE, C BHICOKOH CTETMEHBIO JTOCTOBEPHOCTH, CYIIECTBEHHO PACHIMPSIET BO3MOXHOCTH
aHaJM3a, 0COOCHHO MPH MCCIIEIOBAHUAX TPO3PAYHOCTH aTMOC(EPHI, BPEMsI IIPOBEICHUS
KOTOPBIX YaCTO HE COBMAJAECT C BPEMEHEM PAJHO30HINUPOBAaHUH. [IpyruM mpenmyiie-
cTBOM ncnonb3oBaHust PBII saBnsieTcs BO3MOXKHOCTh PETUCTPAIN OBICTPHIX M3MEHEHHH
COCTOSIHHISI HIDKHEH aTMOoc(ephl B pe3yibTaTe MPOXOXKACHUS HaJ TOYKOH HaONromeHuH
(GpOHTATBHBIX 30H, a TAKXKe OOYCIIOBIEHHBIX CYTOYHBIM XOJIOM COJTHEYHOM paJuaiuu
U ee BIMSIHUEM Ha COCTOSTHHE MPUIIOBEPXHOCTHOTO U MOTPAHUYHOTO CIIOEB aTMOCHEPHI.

Ha puc. 4a npezacTaBieHsl pe3yabTaTel H3MEPEHNH BIIArocoAepkaHus arMochepsl,
nony4eHHsIe B arpernie 2019 r. B mepuox apeiida sxcneqummn «Tpancapkruka-2019» [3]
K ceBepy ot apxurnenaros Lmmdepren n 3emis @panna-Hocnda. Kak BuaHO U3 prcyHKa,
BIIaroconiepkanue arMocdepsl B paiioHe padOT M3MEHSIIOCHh B IIMPOKHX MPEAeax, OT 2 10
10 kr/M?, ¢ 3KCTpeMaIbHBIMHU 3HAYCHHUSMH, 3aPETHUCTPUPOBAHHBIMU B riepuos ¢ 15 mo 20
arpens. AHannM3 CHHONTHYECKUX KapT U JaHHBIX PAAMO30HANPOBAHMI MOKa3al, 9TO B 3TOT
MIEPHOJ] UMETT MECTO MHTEHCHBHBIH 3aIla{HBIH MEPEHOC BO3LYITHBIX MAacC aTIIaHTHIECKOTO
MIPOUCXOKACHUS. MOXXHO TakKe OTMETUTb, Ha (DOHE CHHONTHYIECKON M3MEHUYUBOCTH, OT-
HOCHTEIBHO HEOOMBIION CyTOUHBIH X071 Q.

Ocrasisist Ha Oyzyliee aHaIU3 PO MPOCTPAHCTBEHHO-BPEMEHHONW M3MEHYMBOCTH
BJIAr0COAEPKaHMUsI aTMOC(EPBI TPH OMHUCAHNUH MPOLIECCOB HHEPrOMaccO0OMEHa TO/ICTHIIA-
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Puc. 4. TIpoCTpaHCTBEHHO-BPEMEHHAS! I3MEHYHBOCTD Biiarocofepxkanus Q (a) 1 Bojo3amnaca 00J1akoB
W u unTeHcHBHOCTH ocaakoB (6) B nepuon aperia HOC «Axkanemnk TpénrHukoBy»

Fig. 4. Spatial-temporal variability of water content O (a), water capacity of clouds /¥, and intensity
of precipitation (6) during drift of RV “Akademik Tryoshnikov”

IOIIEH TIOBEPXHOCTH € aTMOC(HEpOH M COBEPIICHCTBOBAHUY CYIIECTBYIOIINX TAPAMETPH-
3alUi JJIMHHOBOJIHOBOW M KOPOTKOBOJIHOBOM paJMalliy B MOJSIPHBIX pallOHAX, OTMETHM
HHTEpecHBbI akT B obnactu kiumaronoruu. Kak ciemyer u3 Tadi. 2, cperHeMecsaHoe
snauenue Q B amnpene 1o ganHbiM PBIT cocrasnsier Benuuuny 3,61 kr/m?. IpuBenenHoe
B pabote [12] cpennemecsuHoe 3Ha4eHHe () B amnperie M0 JaHHBIM a3POIOTHYECKUX 30H M-
poBaHUil Ha OMIDKalIIel K paifoHy npetida mospHoi ctaHInU bapeHIOypT, BEITOTHEHHBIX
B 1983 — 1988 rr., paBuo 3,62 kr/m?. [Ipu 3ToM, 10 jaHHBIM [12], BETHYUHBI Cpe/iHE-
MECSIUHBIX 3HaUeHUH () 3a TOT XK€ MEpHOA IJIsl PACHOIOKEHHBIX B IOT0-3alaJHON 4acTh
nobepesxbs CeBepHoro JIenoBUTOro okeana noispHbIX CTaHIMH 0. JIUKCOH U M. YelrocKiH
cocraBisiior 2,8 kr/m? u 2,13 kr/m*. MOXKHO OCTOPOIKHO ITPEAIOIOKHUTh, YTO YKa3aHHOE
COBITa/ICHNE BeIMYUH Q CBHCTEILCTBYET O MHOTOJICTHEH yCTOHYNBOCTH aTMOC(EPHOTO
neperoca Biaru B paiione IlInunbeprena.

Ha puc. 46 nmpuBeneHs! naHHBIE O Bojo3anace 061axkoB (/) M HaNUIMK OCAIKOB,
noyuenssle ¢ nomoinsio PBII. K coxkanennto, mo nadopmarmm co3gareneii KoMIIeKca
PBII, nanuble 0 W, mpencTapisomue co0oi pe3ylbTaThl MOACTBHBIX PACUeTOB, 10 Ha-
CTOSIIIIETO BPEMEHH HE BaIMAMPOBAHBI, TOCKOIBKY JJISI TOTO HEOOXOANMBI CAMOJICTHBIC
U3MEPEHNUS B PallOHE yCTAaHOBKU KOMILIEKCA. TeM He MEHEe OHU MPEACTABISIOT U3BECTHBII
HHTEpPEC, TOCKOJIBKY COAEpKaT AOMOTHUTEIbHY0 HH)OPMAIMIO O HATMYMH 00JIAYHOCTH
U ee IIOTHOCTH. To ke caMoe MOXKHO CKa3aTh B OTHOLIEHUH JAHHBIX U3MEPUTENSI OCAIKOB,
MO3BOJISIFOIUX Ka4€CTBEHHO OLIEHUTH MPOJODKUTENIBHOCTE U HHTEHCUBHOCTD OCAIKOB.

B 3aknrouenne cieqyeT OTMETHTB, YTO PaAUOMETDP BOASHOIO Mapa, IPOAEMOHCTPUPO-
BaBIIHI B XOJI€ KCIIEUINH BBICOKOE KaueCTBO MOTy4aeMOH C €ro MoMoIbio HHPOPMAIN
1 HaJIeKHOCTH, pa3BepHYT B HOostOpe 2019 . Ha HUC «JlemoBas 6a3a Meic bapanoBay kak
COCTaBHAsl YacTh MPUOOPHOTO KOMILIEKCA, OCYIIECTBIAIONIEr0 MOHUTOPHHT TIPUPOAHON
cpenbl Poccuiickoil ApKTHKH.

OO0pammasce K TaHHBIM MeTeopojorudeckoro mpodmiemepa MTP-5PE, cnexyer
elle pa3 OTMETHUTD, YTO C €T0 MOMOIIBI0 HMEETCSI BOBMOKHOCTD TIOSIydaTh HH(POPMAIIHIO
0 XapakTepe W3MEHEHHH TeMIlepaTypbl BO3ayXa B aTMOC()EepHOM HOTPAaHUIHOM CIIO€ He-
ITOCPE/ICTBEHHO B TOYKE HAONIONCHUH ¢ BPEMEHHOU AUCKpeTHOCTRIO 180 ¢ u mpocTpan-
ctBeHHOM — oT 10 10 50 M, HEAOCTYNHYO 110 AAHHBIM a’pOJIOTUYECKUX 30HINPOBAHUMI,
HCTIOB30BABIINXCS paHee I MoHuTOpHuHTa coctossHus ATIC B monmsipHbIX pafioHax [13,
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Tabruya 3
CraTucTHYecKHe XapaKTepHCTHKU HHBePCHii
B nepuop apeiipa HIC «Akanemuk Tpémnukos»
Table 3
Statistical characteristics of inversions during drift of RV “Akademik Tryoshnikov”
[Tapamerp Cpennee 3HaueHue | MuHUMYyM Maxkcumym CKO
z, 163 0 600 152
z, 734 40 1000 239
z,-z, 571 40 1000 206
T, —-167 -26,3 -2,6 5,1
T -12,9 22,6 -1,3 53
T-T, 3.8 0,3 11,9 2,8

14]. Ananu3z nporuecco popmupoBanust AIIC B palione paboT SKCIeaAnIIMY — Tema Oyy-
KX MyOJMKaIHiA, B HACTOSIIEH cTaThe MpHUBeieHa nHpopManus 00 onHoil U3 Haubosee
BO)XHBIX €r0 XapaKTEPUCTHK — CTPYKTYpe MHBEPCHOHHOIO CJI0sl B HIKHEH Tporocdepe
(mo BeIcoThI 1000 ™).

IIpu pacueTax OCHOBHBIX MapaMeTPOB MHBEPCHOHHOTO CJIOS MCIOJB30BaH MpPO-
rpammubIi mpoaykT MTP-5PE, ocHOBaHHBIN Ha TPOTOKOIIE, MPEIOKEHHOM B padoTte [13].
Crnenys mpOTOKOIY, TPOU3BOJUTCS CKAaHUPOBAHHE IO BBICOTE KaXJIOTO TEMIIEPaTypPHOTO
npoduis. Eciu Temneparypa Ha HEKOTOPOM YPOBHE YBEJIMYMIIACh, YPOBEHb HEIIOCPE-
CTBEHHO TIOJl HUM TOJIaTaeTCsl BBICOTOW HWXKHEH TPAHMIILI MHBEPCHM Z, C TEMIIEPATYPOH
T,. Ilpu nanpHENIIEM CKaHUPOBAHUY YPOBEHb, PACTIONOKEHHBIA HUKE YPOBHS, C KOTOPOTO
TeMIIepaTypa HauMHAeT MOHWKAThCSI, CUNTACTCS BepXHEll rpaHuIelf HHBEPCHUHU C COOTBET-
CTBYIOIIMMHU BBICOTOH U TemIleparypoii z u 7. B mepuo sKcrienuiuu HHBEPCUU HUKHETO
YpOBHS ObLIM HIACHTU(GUIMPOBAHBI B 82 % OCPEIHEHHBIX 32 KaXKABIH 4ac mpoduiiei.
OCHOBHBIE CTaTHCTUYECKHE XapaKTePUCTUKH 3apEerHCTPUPOBAHHBIX 533 MHBEpCcHi MpH-
BesieHbI B TalI. 3.

Kak BuiHO 13 TaOMUIIbI, TeMIlepaTypa Ha HWKHEH rpaHHlle MHBEpCHH Beeraa Oblia
nuxe 0 °C, cpeiHee 3Ha4eHHe TIyOUHBI HHBEPCHH Z, — Z, COCTaBIAN0 571 M, a ee Mol-
Hocte T, — T, — 3,8 °C. IIpu 3TOM CIIEMyeT OTMETHUTh, YTO BHICOTA BEPXHEH TPAHMIIBI
MHBEPCHH, PABHO KaK U €e TeMIepaTypa, MOIJIN ObITh 3aHMKEHBI BCIIC/ICTBUE OIPAHMYCHHS
JHara3oHa BBICOT, PETUCTPUPYEMBIX Tipodriemepom (He Oomee 1000 Mm.).

Ha puc. 5 npuBeneHs! THCTOrpaMMBbl paclpeieNieHHs M0 BEIMYMHE OCHOBHBIX Xa-
pakTepucTuk nHBepcuil. Kax BunHO 13 puc. Sa, 13 % uHBepcuit HaYMHAINCH OT MOACTH-
JIaroIIei MoBEpXHOCTH, a boee 32 % — umenu ocHoBaHue Hike 100 M. DTH 3HAUCHUS
MPUMEPHO B JIBa pa3a MEHbIIIE, YeM NpHUBe/IeHHbIe B padoTax [13, 14], ocHOBaHHBIX Ha
JTAaHHBIX a3POJIOTHUECKUX HAOIIOCHHH MOMSAPHBIX CTAHIMH B APKTHKE B 3MMHUI IIEPHO/,
u B pabote [15] — Ha JaHHBIX adpPOCTATHBIX 30HANPOBAHUI B MOpe Y3/ ieiuta B epHOJT
AHTAPKTHUYECKOW 3UMBI. YKa3aHHOE PacXOoKACHUE, BEPOSITHO, OOYCIIOBICHO BpEMEHEM
HaOIOICHU: BECEHHUN W 3UMHUHN TIEPUONIBI — U, COOTBETCTBEHHO, OTCYTCTBHEM IPO-
rpesa IOACTUIIAIOIIEH IOBEPXHOCTH KOPOTKOBOJIHOBOU pagualueil B IEPUObI U3MEPEHUH,
JIAaHHBIE KOTOPBIX MCIOJIB30BaHbI B YIIOMSHYTBIX BBIIIE paboTax.

Puc. 56 noka3bIBaeT, 4TO MHBEPCHH B TIEPHOJ] HAOIIOACHHH OBUTH OBOJIBHO TOHKH-
mu. VX miyOunHa B GonblinHCTBE ciiyyaeB Obuia MeHee 700 M, 4TO HEIUIOXO COIIacyeTcs
¢ JaHHbIMU paboTel [15]: 550 M. M3MeHenue TemmepaTypbl B MHBEPCUOHHOM CJIOE, KaK
BUJIHO U3 PHC. 52, MOXKET OBITh JOBOJILHO OOJIBIIUM, BILIOTH /10 12 °C. OnHaKo B OCHOB-

358 [IPOBJIEMbBI APKTHUKH U AHTAPKTHUKH * 2020 * 66 (3)




A1 MAKILITAC u op. A.P. MAKSHTAS et al.

220 180
200} ) 160} 0)
1807
140
g 160
S 140 120
E‘ 120 100
Qo
o 100 80
B
:% 80 - 60
oo 0
20 7 77 20
0 ) 7 0
0 100 200 300 400 500 600 700 800 900 30 25 200 15 -0 -5 0
BricoTa HUKHEI TPaHUIIEI HHBEPCHH Zp, M Temnepatypa HivkHe# rpanunst 7), °C
200
140 — ]
8) 180/ €
120 160
m
g 100 140
EN 120
5 80
° 100
§ 60 80
540 60
40
b 2" e
0 0
0 200 400 600 800 100C 0 2 4 6 8 10 12 14
I'my6OuHa HHBEpCUH Z,-Zp, M Morusocts uasepeuu 7, - Tj, °C

Puc. 5. I'mcrorpaMMbl IOBTOPSIEMOCTH XapaKTEPUCTUK MHBEPCUM, 3apEIrUCTPUPOBAHHBIX B allpeiie
2019 1. B paifone npeiipa HOC «Akanemuk TpENIHUKOBY.

@ — BBICOTA HWKHEH IPAHMIBI MHHBEPCHH Z,; 6 — TeMIlepaTypa Bo3jlyxa Ha HWKHeH rpanuue nuusepenn 7,; 6 —
nyOuHA MHBEPCHH Z, — Z,; 2 — MOIIHOCTh unBepeun 7, — T,

Fig. 5. Histograms of inversion statistics as observed in April 2019 during drift of RV “Akademik
Tryoshnikov”.

a— height of inversion lower boundary z,; 6 — air temperature at the lower boundary of inversion 7,; 6 — depth
of inversion zZ,—z;,2— intensity of inversion TI — Tb
HOM MOIIHOCTh WHBEPCHU BapbHpoBajia B mpexaenax oT 1 mo 8§ °C, 4TO COOTBETCTBYET
BEJIMYMHE, NIPUBEICHHON B padote [14], oCHOBaHHOW Ha JaHHBIX PAIHO30HINPOBAHUHA
poccuiickux OeperoBsIX M OCTPOBHBIX cTaHIHUi: oT 2 10 6 °C.

Taxkum 00pa3om, MOKHO CIENaTh BHIBOA, YTO, HECMOTPS Ha Pa3IN4Msl B TEXHOIIO-
UM 30HJUPOBAHUS, MECTA M BPEMEHH €T0 IPOBEICHUS, CTATUCTUKA HHBEPCHH, MOITY-
YEeHHBIX B 9Kkcnequunu « Tpancapkruka-2019», He CHUIBHO OTIMYACTCS OT AaHAJOTHYHON
CTAaTUCTUKHM WHBEPCHUI, HAONIODaeMbIX Ha apKTHUYECKOM MOOEpEXbEe W HaJ JICASTHBIM
IIOKPOBOM MOpsl ¥Y3azeiia B 3MMHUM ce30H. [lodydeHHble ¢ IOMOUIBIO TeMIepaTyp-
Horo npodunemepa MTP-5PE nannbie o TemneparypaoM pexxume AIIC BbIcOKOTO
MIPOCTPAHCTBEHHO-BPEMEHHOTO Pa3pelIeHns B paliloHE CYIIECTBEHHON LUKIOHUYE-
CKOIl aKTUBHOCTH B M3BECTHOH CTETCHH MOATBEP)KIAIOT BBICKAa3aHHOE B pabore [15]
MIPEAIIONIOKEHNE O TOM, YTO aTMOC(EPHBIN MOrpaHUYHBIN CIOH HaX apKTUYECKUM
1 aHTApKTUYECKHUM MOPCKHM JIEJSHBIM ITOKPOBOM MMEET TCHACHIHIO K JIOKAIbHO-
My (OPMHPOBAHMIO B XOJOJHBIM MEPHOA T0a, MOCKOIbKY MacmTad BpEMEHHU €ro
pHUCTOCcOONIeHNs K U3MEHEHHNIO BHEIIHUX YCJIIOBUI MEHBIIIE, YeM MacITad BpeMEeHU
AJIBEKTUBHBIX COOBITHH.
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3AK/IIOYEHUE

BriepBeie MOMyYeH ONBIT UCTIOIB30BaHMS KOMIUIEKCA aliapaTypbl JUCTaHIIMOHHOTO
30HIMPOBAHMS HUXKHETO CJIOS aTMOC(Ephl B YCIOBUSIX APKTUKM W BBIIIOJHEHA Basu/a-
WS PE3yJIbTAaTOB M3MEPEHNH PaJMOMETPUUYECKUX CHUCTEM II0 JTAHHBIM a’3pOJIOTHUECKUX
30HIMPOBAHNUHN B IIMPOKOM CIIEKTPE METEOPOJIOTNIECKUX YCIOBHUH.

Ilo pe3ynbraTam cpaBHEHMsI JaHHBIX paguoMeTpa BoisHoro napa PBII ¢ nanusiMu
a’pOJIOTUYECKNX 30HIUPOBAHUN TOKa3aHO, YTO PACXOXKICHNE MEXIY HHUMHU B CPEIHEM
HE TpeBsImaeT 6 % Ipu CpeqHeKBaapaTHIecKoM oTkioHeHun 0,54 Kr/mM* U 3HAYUMOM
ko3 unmente xoppemsun 0,92. [Ipu 3TOM BBIABICHO, uTO 10 HaHHBIM PBII Habmr0-
JTaeTCs HE3HAUYUTEIbHOE, HO CHCTEMAaTHYECKOE 3aHMKEHUE BEITMYNHBI HHTETPAIBHOTO
BIarocoaep:kanus armocdepsl. OcoOEHHO 3aMETHO PACXOXKACHUE ITPH MAITBIX 3HAYCHUAX
BJIarocoziepkaHus. BrpodeM, B 3TOM ciIydae M TOYHOCTH OLEHKH IO a3pPOJIOTUIECKUM
JTAaHHBIM OCTAETCsl MO BOIPOCOM.

Ananmu3 ganHbix MTP-5PE nokasain, 4ro B LIEJIOM OHU aJ€KBAaTHO BOCIIPOM3BOIST
pOQHIs TEMIIEPATYPhI BO3IyXa B HIDKHEM KHJIOMETPOBOM ciioe armocdepsl. Hebompirie
OTKJIOHEHHUS OT NMpo(MIeH TeMIepaTypbl, HOCTPOSHHBIX 110 a3POJOTHYECKUM JaHHBIM,
MMEIOT MECTO JIMIIb P OOJIBIINX €€ TPaJAneHTaX. JTOT HEJOCTATOK ITOTHOCTBIO OKYyMaeTcs
MIPEAOCTABISIEMON KOMIUIEKCOM BO3MOKHOCTBIO TTOIPOOHO M C MaJIOW IMCKPETHOCTHIO
UCCIIE0BaTh ANHAMUKY (hOpMHUPOBaHMS TPUIIOBEPXHOCTHBIX HHBEPCHH.

OmennBasi paboTy 000MX KOMITJIEKCOB B IIEJIOM, CIIEAYET OTMETUTD, YTO OHHU TTO3BOJIS-
10T IPY MUHUMAJIBHBIX 3aTPaTax Ha AKCIUTyaTallMIo ITOIydaTh ¢ BBICOKMM IPOCTPAHCTBEH-
HBIM 1, 0COOCHHO, BPEMEHHBIM pa3pelieHneM HH(POPMAIHIO 0 XapaKTePUCTHKaX HIKHUX
cioeB arMocdepsl, HEAOCTYIHYIO ITPH UCTIOIB30BAHUN JPYTHX CPENCTB HAOMIONCHUH.

IIpenBaputenbHblil aHanu3 nostydeHHbIX qaHHbix PBII nokasan, uro cpepnemecsy-
HOE 3HaueHHE MHTErpalibHOTO CoAepKaHMs arMoc(epsl B palioHe apeiida skcrenuyun
«Tpancapkruka-2019» B anpene MpakTHYECKH COBMAAAET C PACCAUTAHHBIM ISl TOTO XKe
MecsIa 0 TaHHBIM a’POJIOTHYECKUX 30HIMPOBAHUH, BEITOTHEHHBIX B 1983 — 1988 1T
Ha Ommkaiiieit Kk pailoHy pabot mossipHO# ctanimu bapenoypr (3,61 u 3,62 xr/m?).
ITpn TOM MHTErpaNbHOE BIArocoiep kaHue arMoc(epsl B paiioHe paboT IKCHETUIINN
M3MEHSJIOCh B IIMPOKHX Ipernenax, oT 2 1o 10 Kr/m%, ¢ 3KCTpeMalbHBIMH 3HAUYCHUSMH,
3aperHCTPUPOBAHHBIMH B Ieproz ¢ 15 mo 20 ampens n 06ycI0BIEHHBIMA HHTCHCHBHBIM
MEPEHOCOM BO3AYIIHBIX MAacC aTIaHTHYECKOTO TPOUCXOKICHHS.

Ha ocnoBe ananu3za nanusix MTP-5PE cnenan BbIBOJ, UTO, HECMOTPSL HA PA3INYUS
B TEXHOJIOTMH 30HINPOBAHMS, MECTA U BPEMEHH €TI0 NPOBEACHNUS, CTATHCTHKA HHBEPCHUA,
MOJYYECHHBIX B dKcrequunu « Tpancapktuka-2019», COOTBETCTBYeT aHATOTHIHOMN CTATH-
CTHKE MHBEPCHUH, HAOMOJaeMBIX HA apKTHYECKOM M0OEpeKbe U Hal JISITHBIM TOKPOBOM
Mops Yaneia B 3uMHHN ce30H. [lomydeHHbIe 1aHHbIe 0 TemriepatypHoM pexxume AIIC
BBICOKOTO IIPOCTPAHCTBEHHO-BPEMEHHOTO Pa3pelIeHNs B PallOHE CyIIECTBEHHOW LIUKIIO-
HUYECKOW aKTHBHOCTH B M3BECTHOH CTETICHW MOATBEPIIUIN BBICKa3aHHOE B padote [15]
MIPEATIONIOKEHUE O TOM, YTO TIOTPAHUYHBIN CII0i arMocdeps! HaJ apKTUIECKUM U aHTap-
KTHYECKUM MOPCKUM JIEJSIHBIM TTOKPOBOM MMEET TEHICHIUIO K JIOKaJIbHOMY (HOpMHUPO-
BaHMIO B XOJIOJHBIM MEPUOA T0/d, TOCKOJIBKY MAacIITad BPEMEHH €ro MpHUCIIOCOOIeHNS
K M3MEHEHHUIO BHEIIHHUX yCIOBUII MEHBIIIE, YEM MacIITad BPEMEHH a/IBEKTHBHBIX COOBITHH.

KonguukTt naTepecoB. KOHQIMKT HHTEPECOB OTCYTCTBYET.
dunaHcupoBaHue. Pabora BhIMOIHEHA IPH (PUHAHCOBOH MOIEPKKE MUHOOPHAYKH
Poccun (mpoext RFMEFI61619X0108).
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Pe3rome

Hccenenyrorest 0COOEHHOCTH TPOLECCOB TypOYIEHTHOTO TeI00OMeHa BOIM3M BCTOPOLICHHBIX YYaCTKOB MOP-
CKOTO JIb/Ia C IIOMOIIbI0 OecrIoTHOrO JerarensHoro ammapara (BIIJIA). IIpenmectyromme necneioBaHus
TI0Ka3aJIH, YTO anb0e0 CKIOHOB TOPOCOB M TypOyIEHTHBI 0OMEH BONHM3M Ipsj OTIMYAIOTCS OT YCIIOBHIA,
Ha0MI0IaeMBIX Ha POBHOM JIbY. B 3aja4u nccrejoBanuii BXOAWIN H3MEPEHHUS OTPAKEHHON pajiMaliuy Haj
BCTOPOLICHHEIMH y4aCTKaMH, Vs TOCIETYIONIEr0 pacieTa ab0e/10, ¥ POBEICHHE H3MEPEHHI CKOPOCTH BETpa
1 TEMIIEPaTyphI BO3/LyXa BOHM3H TI0JIBETPEHHBIX 1 HABETPEHHBIX CKIOHOB JUTS OLIEHKH TyPOYICHTHEIX TOTOKOB
sBHoro Ter1a. cnons3oBaics BILIA, ¢ opuruHanbHbIM U3MEPUTEILHBIM KOMILIEKCOM, UL H3YYEHHS BCTOPO-
IICHHBIX IOBEPXHOCTEH U COCEIHUX YUaCTKOB POBHOTO JIbJIA, @ TAKAKE U3MEPEHHS XapaKTEPUCTUK IPU3EMHOTO
ciost aTMoc(eps! (TeMrepaTypa Bo3yXa/lOBEpXHOCTH, CKOPOCTb BETPa) BONHM3HM TOPOCOB. DKCIEPHUMEHTEI
TI0KAa3aJI4, YTO aIb0e/10 M TeMIIepaTypa HOBEPXHOCTH TOPOCOB HIDKE, UeM Ha IPHIIETAIONINX YIacTKaX POBHOTO
JbJ1a,  TypOYICHTHBIC TOTOKH SBHOTO TEIUIA OTIMYAIOTCS OT AaHANOTMYHBIX XapAaKTEPHCTUK, MOMYUCHHBIX HA
POBHOM JIb]Ty. B ycroBHsIX yBeIMUMBaIOMEHCS 10JM TOHKUX O{HOJICTHHUX JIBJIOB B APKTHKE, B O0JbIIeiT CTeIeHN
TIO/IBEPIKEHHBIX TOPOIIECHHIO 110 CPABHEHHIO C MHOTOJIETHHMH JIbJIAMH, OLICHKH TEII0o0OMeHa ¢ aTMoc(epoi,
BO3MOIKHO, TpeOyeT OIpe/IeICHHOTO IepecMoTpa.

KaroueBsle c10Ba: ans0eno, TOpOCHl, POBHEI eI, TypOyNeHTHBIH 0OMEH B NMPUICTHOM CIIOE aTMOC(HEPEL,
9KCIEPUMEHTEI ¢ Hcnonb3oBanreM BIIA.
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Summary

The studies of the features of turbulent heat exchange were carried out for the first time in domestic practice near
ice ridge areas of sea ice using an unmanned aerial vehicle (UAV) as part of the expedition "Transarktika-2019"
onboard the R/V “Akademik Tryoshnikov”. An original measuring complex designed in AARI, was used to assess
the characteristics of the ice surface (ice ridges, flat areas of ice). This made it possible to obtain comparative
estimates of the albedo and surface temperature of different morphometric structures of the sections of the ice
field, where the expedition's ice camp was organized. Measurements of air temperature and wind velocity were
carried in the atmospheric surface layer on flat snow-covered areas of sea ice out from the windward and leeward
sides of the ridge in parallel with the UAV flights. As a result of the experiments, it was found that the ice ridges
areas have a lower albedo and surface temperature compared to neighboring areas of flat sea ice on average.
Turbulent heat fluxes from the windward side of the hummock ridge exceed similar values recorded from the
leeward side under conditions of unstable stratification in the atmospheric surface layer and exceed the fluxes
calculated for conditions of flat ice on the sections with absence of hummocks, on average. In total, the nature
and intensity of turbulent heat conduction in the ice ridges area differs from the analogous values observed on
the flat sea ice cover. It is possible that the assessment of heat conduction with the atmosphere requires a certain
revision, against the background (within the conditions) of thin first-year ice increasing which is more prone to
hummocking than multi-year ice.

Keywords: albedo, flat ice, ice ridges, turbulent heat conduction in the atmospheric surface layer, UAV
experiments.
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BBEJIEHUE

B Teuenune nocieaHUX IeCATHUICTUI B APKTUKE OTMEUAETCs CTa0MIIbHAS TCHACHIINS
K MOTEIUICHHIO, MO3BOJISIONIAs MPENoNararh, YTo 3T0 He KPaTKOBPEMEHHBIE OTKJIOHEHHUS
KJIMMaTHYECKONH CUCTEMBI OT COCTOSTHHSI pAaBHOBECHS, a €€ JIOJATONEePUOHbIC H3MEHEHUS.
[TpoctpancTBa OTKpBITOI Bozbl B LleHTpanbHON ApKTHKE B aBrycre — centssope 2007,
2012 1 2016 rT. ZOCTUININ CBOMX MaKCUMAJIBHBIX (PEKOPIHBIX) 3HAYEHUI 32 BECh Mpea-
LIECTBYOIIUI nepron HaOmoaeHui. OqHAKO B MOCIICAYIOIINAE 3UMbBI 3TH TUIOIIAIN OBLIH
CHOBa MOKPHITH! JbJI0M. Hanmpumep, MUHUMaIbHBIC JIETHHE IUIOMAAN JbJa B APKTHKE
B 2017 1. Obutt Ha 1,3 MJIH KB. KM OOJIBIIIC COOTBETCTBYIOIIMX IUIOIIACH, HAOIIOIaB-
mmxes B 2016 1, 4yTo MpUBEIO K 3HAYUTEIHHOMY YBEINYEHHUIO JOJIM OXHOJETHUX JIHJIOB
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[1]. IIpm 5TOM TpOILIECCHl TOPOLIEHUS, BBUY YMEHBILECHHUS TOJIIIMHBI JIbJa, NpUOOpeTa-
I0T TIOBCEMECTHBIN Xapakrep. [107100HbIe SIBIEHUSI CTAHOBATCSI CEphe3HOW IpoOIeMoi
JUIS KpyIJIOTOAWYHOI HaBUranuu Ha Tpacce CeBepHOI0 MOPCKOTO IyTH, HCIIOIb30BaHUE
KOTOpOW HEYKJIOHHO PacIIUPSIETCsl, OHA CTAHOBUTCS BOCTPEOOBAaHHOW HE TOJIBKO ISt
Pa3IMYHBIX OTPACCH HAPOIHOIO XO3sCTBA, HO U JJIsl 000pOoHOCIIOCOOHOCTH Poccuu.
[TpeomoneHne BCTOPOIIEHHBIX YYacTKOB MO-TIPEKHEMY OCTAETCsl CEPhE3HOM MPodIeMoi
JUISL CaMbIX MOIIHBIX COBPEMEHHBIX aTOMHBIX JIEZIOKOJIOB HE TOJBKO B 3UMHHUH, HO U Be-
CEHHE-JICTHUI CE30HBI.

Mopckoii 1esiHOM MOKPOB SBIISETCS OJHUM U3 KIIFOUEBBIX MHAMKATOPOB COBPEMEH-
HOT'0 COCTOSIHUS TOJISIPHBIX KIIMMaTHYecknuX cucreM. Kak rmpasuiio, uccieioBanusi 0coOeH-
HOCTEH TPOIIECCOB dHEpromaccoodMeHa (TypOyJICHTHBIN U PaHalldOHHBIA TSTIOOOMEH )
B MOJISIPHBIX palioHaX 3MMOM CBA3AHBI C YUETOM ILIONIa e, 3aHATHIX MOJIOJIBIMU JIbJJAMU
U OTKPBITON BOOH (pa3Bolibsl, MOJBIHBN), KOTOPHIE CUMTAIOTCSI OCHOBHBIMU MCTOUHHKA-
MU TeriooTnaqu B arMocdepy [2]. B BeceHHe-seTHHIT epHol HE MEHee BaKHYIO POJib
UTPAIOT CHEXHUIBI, SBISAIONINECS OCHOBHBIMU aKKyMYJISTOpPAMHU COJHEYHOM 3Hepruu
B 9TOT mepuon rojaa [3, 4]. [loaroMy GONBIIMHCTBO KPYITHOMACINTAOHBIX U PETHOHAIBHBIX
MoJieNieil MOPCKOTO JIbIa Pa3IMYHOIO YPOBHS pa3pelleHus o MPOCTPAHCTBY U BPEMEHU
YUUTHIBAIOT, KaK MPABUJIO, TONBKO TUIOMIAb, 3aHATYIO YIOMSIHYTBIMU Y4aCTKaMH JIEASHOTO
MOKpOBa. B mocnenHue necaTiiieTrs B yCIOBUAX HAOMIONACMON YCTOHYNBOM TCHICHIHH
noteruieHust B ApkTuke («ApKTHUECKOe YCUIIEHHE)) BO MHOTUX pailoHaX ApPKTHYECKOro
OacceliHa 3HauUMTENbHAS YacTh IUIOLIAJU IOBEPXHOCTH APEH(YIOINX JbJIOB TOKPHITA
TOPOCAMHM, YTO CBSI3aHO C YBEJIMUMBAIOLICHCS J10JIel OoJjiee TOHKUX OJIHOJIETHHX JIbJIOB
(ce30HHBIH JIEASTHOW MTOKPOB) ¥ YMEHBIIAIOIIMMCSI KOJIMYECTBOM 00JIee TOJICTBIX CTaphIX
767108 [5]. O0 3TOM CBHICTEIBCTBYIOT IPEXK/IC BCErO JAHHBIC CITyTHHKOBBIX HAOITFOICHUI
[1]. 3naunTenbHas Macca MOPCKOTO JIbJIa MEepepacpeeisieTCs] U3 OTHOCUTENILHO TOJICTHIX
POBHBIX JIBJIOB B 00Jiee TOHKHE M CHJILHO BCTOpOIICHHBIC. [10 HEKOTOPBIM oleHKaM [6],
Ha TOPOCHI MOXET MPHUXOIUTHCs 10 50 % OT Bcero oObema Jibjia B ApKTHYECKOM Oac-
ceifHe, M IO TIPOrHO3aM ATO KOJIMYECTBO OyJeT TOJIbKO pacTu. MccienoBarh mpoueccs
TEII000MeHa Yepe3 BCTOPOLICHHBIE JIbJbl C TOMOIIbIO CTAaHAAPTHBIX (Ha3eMHBIX) Me-
TOJIOB HAOJIONCHUI KpaliHe 3aTpynHuTeNbHO. Kak ciie/cTBre, HEBO3MOKHO KOPPEKTHO
paccuuTarh anb0eno, OLEHUTh TEMIIEPATYpPy U paJMallMOHHbIH 0aJaHC 3HAYUTEIBHBIX 10
IUIOIIAIU TIOBEPXHOCTEH (Tpsiibl TOPOCOB, BCTOPOLICHHBIE 1M0Js1). HeMHorounciaeHHble
9KCIIEPUMEHTAIbHBIE U TEOPETUYECKUE HCCIIeJOBAHUS MOKA3hIBAIOT, YTO XapaKTep U UH-
TEHCUBHOCTbH MPOLIECCOB TEIJIO0OOMEHA ITPU HAJIMYUU TOPOCHCTBHIX 00Pa30BaHU 3aMETHO
OTIIMYAKOTCS OT YCJIOBHUI, HAOIIOMAIOIINXCS HA pOBHOM Jbay [7, 8, 9, 10, 11, 12, 13, 14,
15], HO 3TO HUKAK HE YYUTBHIBACTCS B MATEMATHYECKUX MOJEIAX. TeXHUYeCKUe U METOU-
YeCKHe CPe/ICTBA KOPPEKTHOW OLIEHKH TEIUIO0OMEHa HaJl OOLIMPHBIMU BCTOPOLICHHBIMU
MTOBEPXHOCTSAMH MPAKTUYECKU OTCYTCTBYIOT. B mepByro ouepeap 3TO KacaeTcsi BEIUUHUHBI
anp0e/10, BAKHEHILIEro mapamerpa, ONMpeAesIsioNero HHTEHCUBHOCTh TassHUsI MOPCKOTO
JIbJIa ¥ MTPAIOLIET0 BAKHYIO POJIb B MEXaHM3ME MOJIOKHUTENILHBIX 00paTHbIX cBsizeil. Vc-
OJIb30BaHUE OECIMIIOTHBIX JieTarenbHbIX armnaparos (BI1JIA) nmo3BosnseT, B mepBoM Npu-
OJIMKEHHH, OLICHUTh PAUAIIMOHHBIC U TSPMUYCCKUE XaPAKTEPUCTUKHU TAKHX MOBEPXHOCTEH
C BBICOKOM CTENEHbIO MPOCTPAHCTBEHHOTO Pa3pelIeH s, YTO YPE3BHIUYAIHO BOCTPEOOBAHO
B MaTeMaTHYECKHX MOJIENISIX MOPCKOTO Jibja. DkcrniepuMenTsl ¢ BITJIA Taioke MoryT ObITh
UCIIOJIb30BaHbI JIjIst 00JIee TOUHON BepU(HUKALMH JIAHHBIX, [TOJIY4aeMbIX C OMOIIBIO HC-
KyCCTBEHHBIX CITyTHHKOB 3emuid. IlynbcanimoHHbIe M3MEpEeHUsI, BHIITOJHEHHBIE CIEIH-
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anucramu MDA PAH BOim3M oTaenbHbIX Tpsit TopocoB [13, 14], mo3Bosiuiau BriepBbie
MIOJyYUTh KOJMYECTBEHHBIE OLIEHKH KOA((UIMEeHTa a9pOAMHAMUYECKOTO COPOTHBIICHHS
(ko3¢ duIeHTa TPSHHUS) B IPUIICAHOM CJIOE aTMOC(EPBhI B 3aBUCUMOCTH OT BBICOTHI TOPCOB
U PacCTOsIHUS JI0 HUX. VI3MEHEeHUe CTPYKTYphl NPUIIEIHOTO TypOYyJICHTHOTO CJI0s, Oe3yc-
JIOBHO, JIOJDKHO MPUBOIUTH U K N3MEHEHUIO UHTEHCUBHOCTH TypOYJIEHTHOTO Terioo0MeHa
BOJIM3M BCTOPOLICHHBIX YYaCTKOB JIeTHOTO MokpoBa. Hakoner, Topocsl, popmupyromnm-
ecsl B OCEHHE-3UMHUII NIepHoJl, B CHIIy XapaKTEPHBIX OCOOCHHOCTEH CBOEH BHYTpeHHe!
CTPYKTYPBI (KOHIJIOMEpAT YaCTHYHO CMEP3LINXCS JIEASHBIX (parMeHTOB U MPOCTPAHCTB,
3aMOJTHEHHBIX MOPCKOH BOJION), SABJSIFOTCSA O4araMu MOBBIIIEHHON TEMJIO0TAa4M B aTMOC-
(depy 10 CpaBHEHHUIO ¢ POBHBIMH 3aCHEKEHHBIMH y4acTKaMH MOPCKOro Jibaa [12]. Bee ato
yKa3bIBaeT Ha TO, YTO XapaKTep U HHTEHCUBHOCTH TEMJIO00MEHa B pailOHEe BCTOPOIIEHHBIX
Y4YacTKOB MOT'YT 3aMETHO OTJINYAThCsl OT aHAJIOTUYHBIX MTPOLIECCOB, HAOIIOAAIOIINXCS Ha
POBHOM JIbJTY, ¥ 3TH 00CTOSTENILCTBA HEOOXOANMO YUUTHIBATH MIPU OIIEHKaX TEIIooOMeHa
APKTHYECKOTO JISJSIHOTO ITOKPOBa ¢ arMoc(hepoii B yCIOBUSIX HAOII0AaeMOT0 TIOTEILICHHUS
Apxkruku. Takum 06pa3oM, MaTeMaTHYeCKUE MOJIEIH, UCTIONB3YIOIINECs ISl OLICHKH JIe/10-
BBIX YCJIOBHH Pa3iIMYHON CTENEeHH 3a0JIarOBpeMEHHOCTH, HY)KAAI0TCSl B IPUHIIUITNATIBHOM
YTOYHEHHUH. B mepByio odepes 3T0 KacaeTcs ONpPeAeIeHUs CPEHUX MO IPOCTPAHCTBY Be-
JIMYMH aJI60€10 M TONIIMH CHera C y4eTOM IUIOIIa/IeH, 3aHATHIX BCTOPOLIEHHBIMH JIbJIaMH,
10 CPAaBHEHMIO C POBHBIMU y4acTKaMH MOPCKOTO JbJia. B COBpeMeHHBIX MaTeMaTHUeCKUX
MOJIEJISIX aib0e10 POBHOTO JIbJia ¥ TOPOCOB IPUHUMAETCSI OJJMHAKOBBIM, YTO IPOTHBOPEUHT
HAIllUM TIpeIBapuTeNbHBIM OlleHKaM. OnucaHue XapakTepa TEIIOBOro B3aUMOAEHCTBUSA
MeXxay arMocdepoil 1 MOPCKUM JIbJJOM OCHOBaHO Ha KOPPEKTHOM ydeTe 0COOCHHOCTEH
9TOro mpoiecca. B BeceHHE-JICTHHI MEPHO paIHallMOHHBIA OalaHC B 3HAYUTEIBHOM
CTETICHH OIPEAENIAeT CyMMAapHbIH MPUTOK TEIUIa OT aTMOC(EpbI K CHEXKHO-JISJSTHO 1Mo
CTHJIAIOLIEH MOBEPXHOCTH. B 3TOT meproj onpenelnsionyo poib UrpaoT Gpu3ndecKue
IIPOLIECCHI, 00YCIOBIUBAIOIINE TEPMOJMHAMHYECKOE pa3pylIeHHEe CIUIONIHOTO JIESTHOTO
MoKpoBa (00pa3oBaHKe CHEKHMI, UX CKBO3HOE MPOTaWBaHKE U T.I1.). M eciu Jy1st pOBHBIX
YYacCTKOB yKa3aHHBIX IOBEPXHOCTEHl CyIIECTBYIOT IPOBEPEHHbBIE CXEMBbl OMUCAHUS 3TUX
IIPOLIECCOB, TO MApaMETPU3aLMK TPOLIECCOB TEINIO0OMEHA JUIsl yYacTKOB, 3aHSTHIX TOPO-
caMy, IPaKTHYECKU OTCYTCTBYIOT.

Kax yxe yka3biBasnoch Bblie, Ha pyoexe XX n XXI BB. B Apkruueckom Oacceiine
HaOJIIoaeTesl yCTOMYMBAs TEHACHIHUSI K COKPAILCHHUIO TUIOIAAN U TOJIMHBI MHOTOJIETHUX
npa0B [16, 17, 18, 19]. D10 nmonTBep» aaeTcsl JaHHBIMH JUCTAHIIMOHHOTO 30HAUPOBAHMS,
MOPCKHX M BO3AYIIHBIX SKCIIEAUIMN, PEe3yNbTaTaMu, MOMYyYEHHBIMH B TIOCJIEIHIE JECSTH-
JIETHSI Ha POCCUICKUX Ipelyronmx cTaHusx. KoinuecTBeHHbIe OLIEHKH IPOCTPaHCTBEH-
HO-BPEMEHHOH M3MEHYHBOCTH OCHOBHBIX XapaKTEPUCTHK JIEASHOIO MOKPOBa (TOJIIMHA,
IUTOMIAb PACHIPOCTPAHEHHUS, CITIOYEHHOCTh, TOPOCHCTOCTS, IUIOIIA b, 3aHATas CHEXKHUIIAMU
1 pa3BOABSMH) TO3BOJIAIOT OOBEKTUBHO OLIEHUTh MHOTOJIETHUE TEHJCHILUH €ro Pa3BUTHSA
[1,20]. B AAHWU nHakoruieH 3Ha4nTelbHBII Marepual (npeiidyromue cranimy «CeBepHbIid
TIOJIIOCY ) TI0 MOP(OMETPUUECKHUM CBOICTBAaM CHEXXHOTO TIokposa [21]. OnHako ycioBus Ha
BCTOPOILEHHBIX YYacTKax, 3a PEIKUM HUCKIIOUeHHEM [22], He MOJBEPrajuch CEPbe3HOMY
0000IIEHHO, KPUTHUCCKOMY aHAJIN3Y U CTATUCTUYECKOW 0OpaboTke. B mocieanue romsr
MHTEpEC K 3TUM 00beKTaM (Topocam) 3HaYMTENILHO BO3POC, YTO OOYCIIOBIEHO HE TOJBKO
TpeOOBaHUSIMU MHKEHEPHBIX M3bICKAaHWH Ha IIeJb(e apKTUYeCKUX MOPEH, HO U HOBBIM
B3IVISIIOM Ha TOPOCHI KaK C MO3UIMHA X BHYTPEHHEH CTPYKTYpBI, TaK U TEPMOAMHAMUKU
Mopckoro Jipaa [23]. OpurnHalibHble HATYpHBIE SKCIIEPUMEHTHI, BHIMIOIIHEHHBIE B APKTH-
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yeckoM Oacceiine B nepuon axcnequiuii Ha HOC «Axanemuk deopoB» n Ha poccuiickux
npeiidyronux cranuusx B nepuon 2007 — 2011 rr., mo3BOIMIN MOIYYUTH IEPBBIC TaHHBIC
00 OTpakaTesIbHBIX XapaKTEPUCTUKAX MTOBEPXHOCTH OT/ICIBHBIX TOPOCOB (CKJIOHOB), 0COOCH-
HOCTSIX MX BHYTPEHHEH paJualliOHHON U TepMHUYecKo# CTpyKTypHl [7, 8, 9, 10, 12]. D10
CIMOCOOCTBOBAJIO CO3/IAHHIO M allpOOAIK B YCIOBUSIX APKTUKH OPUTHHAJIBHBIX TPUOOPHBIX
KOMIUIEKCOB JIJISl TIPOBEACHUS CIIELHUAIBHBIX METEOPOJIOTHUECKUX, aKTHHOMETPHUUECKHUX,
Ter100aIaHCOBBIX M TETUIO(U3MYECKUX M3MEPEHHI, HEKOTOPbIE W3 HUX OBbLIN HCIIOJB30-
BaHbI HAMU B 3kcnequnuu « Tpancapktuka-2019». Yaukansasle BosMokHOCTH BIUIA s
HCCIIeIOBAaHNS TaKUX TPYAHOIOCTYIHBIX YYaCTKOB MMOBEPXHOCTH, KaK pa3pyIIatoNIuiics
MpUIai, KpacBasi 30Ha JICIHUKOBOTO KYIoJia (30Ha TPEIIUH), ObUIA pear30BaHbl HAMH
B pamkax 63-it PAD B paiione antapkruueckoii craniu [Iporpecc [24].

B 3agaun Hammx 3KCIEPUMEHTAIBHBIX HCCIIEIOBaHHM, BBHIOJHEHHBIX B PaMKax
skcnenuimn «Tpancapkrruka-2019», BXOIUIO MOJyYeHHE HOBBIX CBEACHHH 00 aiabpbeno
1 TeMIIepaType MOBEPXHOCTH BCTOPOIIEHHBIX YUYAaCTKOB MOPCKOTO JIbJ]a U CPABHEHHE I10-
JIYYEHHBIX OL[EHOK C aHaJOTUYHBIMH JAHHBIMH, TIOJIy4YCHHBIMH HaJl POBHBIMHU Y4aCTKaMH
JIEJISTHOTO TIOJISI, @ TAK)KE CPAaBHEHHUE BEJIMUUH TYPOYJICHTHBIX ITOTOKOB TEIUIA, PACCUMTaH-
HBIX JUIsl YCIIOBHH, (DOPMUPYIOLIMXCS B IPU3EMHOM CJIO€ aTMOC(epsl BOIM3HU TOPOCOB
1 Ha POBHOM JIb]Y.

HCIIOJb30BAHHBIE IAHHBIE, OBOPYIOBAHUE U METOJAUKA U3MEPEHUIA

Jnst motydeHnst CpaBHUTENIBHBIX OLCHOK alnb0es0 U TypOyJIeHTHOTO TEIIOOOMEHa
B MIPUJICHOM CJI0€ aTMOc(ephl BOIM3M TOPOCOB M HA POBHBIX YYACTKAX JIEASHOTO TOJIS
OBUTH BBITIOIHEHBI CIEIYIOIINE HATYypPHBIE 3KCIEPHMEHTHI U CIICIHAIbHbIC HAOMIONCHNS
B MIEPHOJI MHOTOCYTOYHOH Apeiidyromieii crannnn, oprann3oBanHol B anpene 2019 .
¢ 6opra HOC «Axkanemux Tpéurankos» B mepuon sxkcnenunmn « Tpancapkruka-2019»:

— nostetsl BITJIA co criennanbHBIM U3MEPUTETBHBIM OJ0KOM HaJl BCTOPOLICHHBIMH
U POBHBIMHU y4acTKaMH MOPCKOTO JIBJA;

— CHHXpOHHBIC (BepH(UKAITMOHHBIC) U3MEPEHUS OTPAKEHHOW COJTHEYHON pajua-
MU Ha POBHOM ydYacTKe Jbjaa ¢ momonisio BITJIA u Ha3eMHOTO aKTHHOMETPHUYECKOTO
KOMIIJIEKCa,;

— M3MEpPEeHHsT TEMIEPATYPbl U CKOPOCTH BETPa B MPU3EMHOM CII0€ arMoc(epsl Ha
POBHOM JIbTy C HABETPEHHOW U MOABETPEHHON CTOPOH IPsIABI TOPOCOB;

— CIIeIMaTIbHbIE CHETOMEPHBIC CHEMKH /ISl OLIEHKH TOJIIMHBI CHEXHOTO TOKPOBa
Ha HECKOJIBKUX MPOQMIISX MOMEPEK TIPSl TOPOCOB;

— ChEMKa HaJBOJHOI 9acTH TOPOCOB (Iapyca) METOIaMH TaXEOMETPHUECKOH CheM-
KH C MIPUMEHEHNUEM CITyTHHKOBOTO T'€0JI€3MUECKOT0 000pYI0BaHHS U a3pOdOTOCHEMKH
¢ npumeHenuem BIUTA.

Jst uccneioBanust 0COOEHHOCTEH POCTPAHCTBEHHOTO PacIIpeieNIeH st allb0e10 Hal
POBHBIMH H BCTOPOIIICHHBIMH ydacTKaMu MOpcKoro Jbaa npumensuics BITJIA “Explorer
Quad2” (rexcakomntep) mpou3BoacTBa Kommanuu «CopoxoryT». Ha momsece BITJIA mo-
MEIIaJICsl OPUTHHAIBHBIN M3MEpUTENBHBIN 070K, pa3paboTtannbiii B AAHWU, xotopsrid
cocrout u3 poromerpa LI-190SA ¢pupmer “LICOR” (CIIA), UK-pagnomerpa (Poccus),
(hoTokameps! U ympaBisromeit mwatel [24]. J{nama3oH u3MepeHus OTpakeHHOW pajaua-
un 400 — 700 am, UK-u3mydeHus, ¢ TOMOIIBIO KOTOPOTO OIEHUBAJIACh TEMIIEpaTypa
MTOBEPXHOCTH MOPCKOTO 7haa, 8 — 14 mk. Buemmnnit Bug BIIJIA ¢ 3akperieHHBIM Ha
HEM M3MEPHUTEIbHBIM OJOKOM Tpe/icTaBiieH Ha puc. la. J{ms mpoBeneHus M3MEpeHUN
MIPUXOAAIICH CONMHEYHOH paananuy n Bepu(UKAIHOHHBIX N3MEPEHUI BOIN3N OT HCCIle-
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a) 6)

Puc. 1. T'excaxonrep “Explorer Quad2” ¢ 3akpernyieHHbIM Ha HEM M3MEpHUTEIbHBIM OJIOKOM (a) U
YCTAHOBKa JUIsl IPOBE/ICHUSI HA3€MHBIX aKTHHOMETPUYECKUX U3MEpEeHUH (0)

Fig. 1. Hexacopter “Explorer Quad2” with a measuring unit (a) and the installation for ground
actinometrical measurements (6)

JyeMBIX TOPOCOB Ha POBHOM Y4YacTKe JIbJla yCTaHABINBAIACh AKTHHOMETPHYECKask CTOHKa
¢ IMPaHOMETPaMH, aHAJIOTHYHBIMHU 110 KOHCTPYKIUH M CHEKTPaJIbHOMY JUAINa30Hy Jart-
4yuky Ha BIJIA (cM. puc. 16). [lns peructpanuu mpuxoasiieii 1 OTPaKeHHOW COTHEYHOU
panuanuu ucronb3oBaiuck nupaHomerpsl LI-192SA u nporpammupyemsiii data-logger
LI-1400 ¢upmbr “LICOR”.

V3mepeHus TeMieparypsl BO3yXa H CKOPOCTH BeTpa B IPU3EMHOM (IIPHIISTHOM) CIIOE
armMocdepsl TPOU3BOAMIKCE IPH ITOMOIIY ITIOPTATUBHBIX aBTOMATHYECKHX METeOpOIoruye-
ckux cranimit (AMC) “GEOS-SkyWatch” (IlIBeittiapusi), puKCHpYrOIIMX € 33laHHON JIHC-
KPETHOCTBIO aTMOC(epHOE JaBIIeHUE, TEMIIEPATypy BO3IyXa, CKOPOCTh M HAlIPABJICHHE BETPA,
a TaKk¥Ke C MCTIONB30BaHNEM BBICOKOYYBCTBUTEILHBIX aHeMOoMeTpoB “Windmaster” (AHmms).

l'eonesnueckas cheMKa HaJABOAHOH YacTH TOPOCOB BBIIIONHSIIACH ABYMS METOIAMU
JUIS1 KOHTPOJISL IIOJyYEHHBIX n3MepeHuil. [lepBblil MeTOon — TaxeoMeTpuuecKas CbeMKa
¢ npuMeHeHneM komruiekra nByxcucteMHoro (GPS/TJTIOHACC) ciiyTHUKOBOTO 000pY/I0-
Banusi Sokkia GRX-2 (SImonwust) (cm. puc. 26). CheMKa BBITIOJIHSIIACH B MECTHOM CHCTE-
Me KOOPAMHAT U ¢ MPUBS3KOH 110 BBICOTE K YPOBHIO MOpsi. ba3zoBas mpuemHast CTaHLUS

Puc. 2. BIUJIA “DJI Phantom-4 Pro” ms reoge3mdeckoil CheMKH HAIBOJHOI Y4acTH TOPOCOB (a) U
CIYTHHKOBOE Teojie3nueckoe obopynosanne Sokkia GRX-2 ()

Fig. 2. UAV “DJI Phantom-4 Pro” for geodetic surveying of the ridged ice sail () and Satellite
geodetic equipment Sokkia GRX-2 (6)
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yCTaHaBJIMBAJIACh HA OTKPBITOM IIPOCTPAHCTBE, Ha ynaneHuu He Oonee 500 M oT MecTa
cheMKH. HemocpeacTBeHHO cheMKa Ha TOPOCE BBIMOIHSIACH MOJIBUKHBIM CITyTHUKOBBIM
MIPUEMHUKOM, CMOHTUPOBAHHBIM Ha Bexe. VI3MepeHus 0CyeCTBIAINCH Ha TapaJuIeIbHBIX
npopuisx (paccrosHue Mexy npoduisivu S — 10 M), TepHeHIUKYIISIPHBIX TeHEPAILHOMY
pacnpoCTpaHEHHUIO IPSAbI TOPOCOB.

CheMKa TOPOCOB METOIOM a3p0(OTOCHEMKH BBIMOJHSUIACKH ¢ puMeHeHueM BITJIA
(xBagpoxontep “DJI Phantom 4 Pro”, Kuraii) (cMm. puc. 3a), OCHAIIEHHOTO BCTPOCHHOM
HPOCTa0MIM3UPOBaHHON (hoToanmaparypoil 1 000py/I0BaHHEM ISl IPUBSI3KH B reorpa-
(huyeckrx KOOpAMHATaX U 10 BBICOTE LIEHTPOB MOIyYaeMbIX (POTOCHUMKOB Ha OCHOBE
100aIbHOM HaBUIaLIMOHHOM CITyTHHKOBOHM cructeMbl GPS. CheMka BBINONHSIACKH TIpe-
MMYILECTBEHHO B SICHYIO ITOTOJLY, JUISl TIOJIyYSHHUS] KOHTPACTHBIX CHUMKOB, U IIPU cllaboM
Betpe (< 10 mM/¢), mpu KOTOpOM BO3MOXKHA ycToiuuBast pabora BITJIA. IoneTs! BbITOHS-
nuck Ha BeicoTe 70 — 100 M 110 cxeme, npezcTaBIstolei n3 cedst napajuiesbHbIe rajchl,
ofecrnieynBaroie MOTydYeHNEe B3aUMHOIO MEePeKPhITHS CHUMKOB. J[aHHBIE, ITOTy4YeHHBIE
IIPU UCTIOJIb30BAaHUU 00OMX METO/I0B, 00pabaThIBAIIUCh C OMOIIBIO JIMIIEH3HOHHOT'O MTPO-
rpammMHoro obecnieuenus (Magnet Office Tools, Agisoft Metashape Professional, Surfer)
JUISl TOJTy4eHusT HUPPOBBIX MojieNiel pesibedpa B MaciuTade v ¢ IIPUBS3KOI K YPOBHIO BOJIBI
Ha/IBOJTHON YacTU HCCIIEAYEMbIX TOPOCOB.

Juist mpoBeieH st SKCIIEPUMEHTOB ObUIM HaMICHBI TPH I'PS/IbI TOPOCOB, COCECTBYIO-
IIMe C YJaCTKaMHU POBHOT'O 3aCHEXKEHHOTO JbAa. [IpeaBapuTenbHoO mepes HaualoM MOJIETOB
OBUTH OITpe/ielieHbl OCHOBHBIE MOP(OMETPHUYECKIE 0COOEHHOCTH IPsi/Ibl: BHICOTA, HIMPUHA
OCHOBaHMsI (JIMHEHHBIN pa3Mep MONepeK Ipsijibl), YIIbl HAKIIOHA OOKOBBIX CKJIOHOB, TOJI-
IIMHA CHEra Ha CKJIOHAX, OpUEHTauus (a3UMyT) OTHOCHTEJIIEHO MaKCHUMaJIbHOI BBICOTHI
comnHua. [Tonerst BITJIA BBIMOMHSUINCH NEPIEHAUKYISIPHO TEHEPAIBHOMY PACIPOCTpaHe-
HUIO TPs/ibl Ha pasHbIX BbicoTax (or 10 go 20 m). [Tocneanee 00CTOSATENBCTBO AUKTOBA-
JIOCh TTOTO/IHBIMH YCJIOBUSIMU M Oe30macHOCThIo dKciutyatannu BITJIA. Xapakrepuctiku
1oJieTa KBaJpOKONTEepa HEMPEephIBHO (PMKCHPOBAINCH B €r0 MOJETHOM IPOTOKOJIE, YTO
TMIO3BOJISUIO MCKJIFOYATh JIAHHBIE, KOTOPBIE OBUTH TIOJIyYEHBI IIPH KPUTHYECKUX HAKJIOHAX,
PEe3KHUX MAJCHUSX BBICOTHI, MIONAJAaHUM B OOBEKTUB KaMepbl OCTOPOHHUX (KPYIHBIX)
Ha3eMHBIX 00BEKTOB. B mpoliecce mnosjera n3Mepsuinch OTpaKEHHAs! COJTHEUHAst pagualys
U Temreparypa noBepXxHOCTH. CHHXPOHHO BBINOJHSUINCH U3MEPEHUsI IPUXOASIIEH U OT-
paKeHHOM paJMaliii Ha POBHOM y4acTKe, B HEIIOCPEICTBEHHOW O1M30cTH OT Topoca. Bo
Bpems nosieToB BITJIA BEIMONHANUCE ClEAyIONINE SKCIEPUMEHTHI:

— COBMECTHBIE (BEpU(UKAIIMOHHBIE) H3MEPEHHsI OTPAKEHHON COJHEUHOH paauaiin
HaJ pOBHBIMH yudacTkamu JiensHoro nous (10, 15 u 20 m) ¢ nomorusto BITJIA u Hazem-
HOTO KOMILIEKCa;

— paboure MoJeThl NePIEeHANKYISIPHO TeHEPAIbHOMY PACIPOCTPAHEHHUIO TPSIbl Ha
pasubix Bbicotax (10, 15 u 20 M), ¢ perucrpaiueii OTpaXeHHOW COTHEYHON pajualiuu
TeMIeparypsl IOBEPXHOCTH;

— HeINocpeJCTBeHHO B paiioHe nosietoB BIIJIA nmpoBogwimce npoduibHbie (110-
NepeK Ipsijibl) N3MEPEHHUS TONIIMHBI CHEKHOTO TTOKPOBa (KOJIMYECTBO Mpoduiielt u mpo-
CTPaHCTBEHHAs! JIMCKPETHOCTh HAOIIOACHUI ONpEeAessUINCh KOHKPETHBIMH YCIIOBHSIMU
HETOCPECTBEHHO HAa MECTE).

W3mepenus ¢ nomoimpio AMC 1 aHEMOMETPOB NMPOBOAUIIKCH B YCIOBHUSX, KOTJa
NIPU3EMHBIN BeTep ObUT HarpasieH 1moj yrioM 90 + 20 rpalycoB 10 OTHOIIEHHIO K I'eHe-
palibHOMY HalpaBJIEHUIO Ipsijibl Topoca. [IpuOophl ycTaHaBIMBAIUCH Ha OAHOW BBICOTE
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Ha POBHOM y4acTke Jibjia. HeoOXoqMMbIM YCIIOBHEM MPOBEACHUSI M3MEPEHHH OBbIJIO OT-
CyTCTBHUE B pajuyce He MeHee 20 M KaKuX-JI100 MpensTCTBUI BbicoTol Oosee 2 M. bpun
MIPOU3BE/ICHBI U3MEPEHHS CKOPOCTHU BETpa M TEMIIEepaTypsl Bo3Iyxa (BbICOTa 2 M) C HaBe-
TPEHHO U MOABETPEHHOM CTOPOH I'Psi/Ibl TOPOCOB B TOYKAX HA POBHOM JIbJTY, YAAQIEHHBIX
Ha paBHOe, He MeHee 20 M, PacCTOSTHUE OT TPSBI.

JJ1s OLIeHKH TOJIIMHBI (BBICOTHI) CHEKHOTO TIOKPOBA MPOU3BOMINCH CHETOMEPHBIE
CHEMKH Ha HECKOJBKHX MPOQHIISIX HONEPEK IPsibl (JMCKPETHOCTh U3MepeHuit 3 — 5 M)
C 3aXBaTOM INPHJIETAIONIUX YYaCTKOB POBHOTO JIbJA.

B pesynbrare npoBeneHHbIX u3Mepenuit (monets! BIUIA n Ha3eMHbIe aKTHHOMETPHU-
4yecKue u3MepeHus) Obuin chopMHUPOBaHBI MACCUBBI JIAHHBIX PUXOJISILEH U OTPaKEHHOM
COJIHEYHOH paJalnu, KOTOpbIe MPOILIH HE0OXOIUMbIE JTallbl IEPBUYHON 00paboTKK
(KpUTHYECKHUH KOHTPOJIb, MIOMCK OMIMOOYHBIX 3HAYCHUU U T.I1.). Ha ocHOBe chopmupo-
BaHHBIX PSOB ObLTH PACCUNUTAHBI BETMYHHBI anb0e0 (A, %) pOBHOW 3aCHEKESHHOU I10-
BEPXHOCTH JIbJIa U BCTOPOILEHHBIX y4yacTKoB. Kak mpaBuio, pa3HOCTh anb0en0 pOBHBIX
1 BCTOPOILIEHHBIX yYaCTKOB MOPCKOT0 JibAa mpeBbimana 10 % (MakcuMaibHbIe pa3nudus
nocruranu 30 %). 3aduKCHPOBaHHBIC PA3THYHS MOYKHO CUUTATh 3HAYUMBIMH, ITOCKOJIBKY
«OTHOCHTEJbHAsI OIIMOKa IMHUYHOIO U3MEPEHHs alb0e/I0 B PEallbHbIX YCIOBHAX HE
npesbimaeT +5 %» [21, c¢. 33]. OcHoBHBIE XapakTepucTuku nojieros BITJIA Hax BcTOpO-
LIEHHBIMH yYacTKaMHM IpUBe/IeHbI B Tabmune 1.

MNOJYYEHHBIE PE3YJIBTATBI

Tabnuya 1
OcHoBHBbIe XapakTepucTHKHU nojeToB BITJIA
Table 1
The main characteristics of AUV flights
MerteoycnoBus

Jlara Bpems ceemku T,°C V. wle gﬁiﬁggﬁ; Beicora nonera, m
04.04 13:33 — 14:00 —6,2 5.1 10/10, Sc 15,20
09.04 13:25 —13:35 -16,8 6,4 10/10, Sc 15
11.04 9:33 —10:07 -21,7 4,3 0/0 10, 15
11.04 17:08 — 17:33 -239 3,6 0/0 10, 15
14.04 10:33 — 10:51 -12,6 35 4/10, Sc, As 10, 15
23.04 13:34 — 13:52 -18.3 3.8 10/10, Sc 15,20
25.04 13:44 — 14:04 -17,6 4,3 0/1, As 15,20

Kak yxe ObU10 POJEMOHCTPHPOBAHO TIPH IKCIIPECC-aHATN3E SKCIIEPUMEHTAIBHBIX
JMAHHBIX [26], oTpakaTebHasi CIOCOOHOCTD YCIOBHO POBHOM 3aCHEKEHHOH MTOBEPXHOCTH
MOPCKOTO JIbJIa B PailOHE MHOTOCYTOYHOM JIEIOBOM CTaHIIMM BBILLIE [10 CPABHEHUIO C HC-
CJIeIOBAaHHBIMH BCTOPOIICHHBIMH Y9acTKaMH. {11 MHOTOCYTOUHOM Apeidyromeii cTan-
LU, UCXOMs U3 TpeboBaHMi 0€30mMacHOCTH, yA00CTBA MEPEIBIKEHUS JTMYHOTO COCTaBa
SKCTICIUIINHY, Pa3MEIICHU U MepeMeNIeHus MpruOopoB U 000pyaOBaHMs, ObLIa BEIOpaHa
OTHOCUTENILHO POBHAs JIbANHA (TI0JIe cMOpo3n). FIMEHHO MO3TOMY Ha €€ MOBEPXHOCTH
OTCYTCTBOBAJIM 3HAYUTEIIBHBIC TLIOMIA/IH, 3aHATHIC HCKIFOINTEIFHO BCTOPOIICHHBIMH JIb/1a-
mu. Hammm riccnenoBanust ObUTH COCPEAOTOUYEHBI B PaiOHE HECKOIBKIX WHANBUTYaIbHBIX
MPOTSKEHHBIX TPsIJT TOPOCOB, BHICOTA KOTOPBIX HE MpeBbImana 2 M. TakuM 00pa3om, Ham
9KCTIEPUMEHTBI IPOXOIMIITH HE HaJl O’KHIAEMBIMH CIUIOIIHBIMU BCTOPOIICHHBIMH TIOJISIMU
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Puc. 3. Canmok Topoca Ne 2, BemmonaeHHbIH 11.04.2019 1. ¢ BBICOTHI 15 M (@), U ero monepeyHbIit
npoduis mo mappyty moiera BITIA ()

Fig. 3. Photo of the ice ridge No 2, taken on 11.04.2019 from a height of 15 m (), and its cross-
section along the UAV flight route (6)

(«OTHOPOHBIMIY TI0 IPOCTPAHCTBY (opMamu pesibeda, KOTOpble B BEPTHKAIBHOM pa3pese
MOT'YT OBITh CMOJICIIMPOBAHbI KYCOUHO-JIMHEHHOM MOBEPXHOCTHIO B BUJE ITPOM3BOJILHBIX
TPEYrOJIbHUKOB), a HaJl MHIMBUAYaJIbHBIMU IPSIAMH, HMEIOLIMMHU B BEPTUKAJIHLHOM pa3-
pe3e hopMy PaBHOCTOPOHHETO TPEYrOJIbHUKA.

Ha puc. 3 npezncrasiien pOTOCHUMOK HOBEPXHOCTH TakoM Tpsiasl (Topoc Ne 2), mo-
JIYYEHHBIH C IOMOIIBIO KBAPOKOIITEPA, & TAK)KE MONEPEYHbIN TPOPHIIb, PACCUUTAHHBIH
0 pe3yabTaTaM a3po(oTOCHEMKH.

Benunnel ans0es10 ¥ TeMneparypbl HOBEPXHOCTH, OJyYEHHBIE B Pe3yJIbTare IUIOMIa/I-
HOM ChEMKH 3TOI TOPOCUCTON Ipsizibl (Y4aCTOK pa3Mepamu, Mpuoim3uTesibHo, 50 x 400 m),
npencrapieHbl Ha puc. 4. Jlisi HaISTHOCTH 3/1€Ch MPEICTABICHb! Pa3HHILbI (OTKIOHEHHMS)
MEX]y XapaKTepHCTUKaMH, 3a()MKCHPOBAHHBIMU HaJl BCTOPOIICHHBIM Y4acTKOM U HaJ| CO-
CEIHHUM Y4acTKOM POBHOIO Jbja. HeoOXxoaumo oTMeTuTs, 4To0 Haudosiee penpe3eHTaTHBHbIE
JIaHHBIE, KaK C TOUKH 3PEHHMSI TIOTOAHBIX YCJIOBHH M OCBELIEHHOCTH, TaK M C Y4ETOM TE€XHH-
4yeckux xapakrepuctuk noneroB bITIA, 6putn nomyuenst 11.04.2019 nvag topocom Ne 2.
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Puc. 4. Otxnonenns ans0eno (@) u Temreparypsl (6) MOBEPXHOCTH BCTOPOIICHHOTO ydacTKa OT
3HAYEeHUH, 3a()MKCHPOBAHHBIX HA POBHOM JIbAY (ITyHKTHPOM O0O3HAUEHO IMPHMEPHOE MOJIOKEHHE
TIPOIOIBHON OCH TPSIbI)

Fig. 4. Deviations of albedo (a) and surface temperature (6) of the ice ridge areas from the values
recorded on flat ice (the dotted line shows the approximate position of the longitudinal axis of the
hummock ridge)

MOXHO OTMETHTB, YTO 3HAYEHHS ANb0E0 W TeMIlepaTypbl IIOBEPXHOCTH IO MPO-
JIOJIBHOM OCH TPsfbl B LEIOM HMKE 0 CPABHEHMIO C MPHIIECTAIOIIUMU y4acTKaMHU OT-
HOCHTEJIEHO POBHOTO 3aCHEKEHHOTO Jibaa. [lomydennsle oneHku (anp0eo) B IepBoM
MIPUOTMKEHUN COOTBETCTBYIOT pe3yibTaraM, IPE/ICTaBICHHBIM B Oojiee paHHUX padorax
[15, 24]. O600mUB pe3yabTATHI TOJIETOB HAJ TUM TOPOCHCTHIM 00pa30BaHUEM, a TAKKe
Ppe3ynbTaThl CHErOMEPHBIX HAOJIOACHNH, MBI TTOTBITAIMCE MOTYYHTH 3aBUCUMOCTH JIL0ETIO,
TEMITepaTypbl M TOJIIMHBI CHETa OT BBICOTHI TOpoca (cM. puc. 5). be3dycnoBHo, 3TH 3aBucH-
MOCTH COOTBETCTBYIOT UCKITIOUMTEIIFHO JIOKAIEHBIM BHEITHUM YCIIOBHSIM (BPEMEHH Tojia,
OCBEIICHHOCTH, BHICOTE COJIHI[A) U TEOMETPHUH (IIPOQHIIIO0) KOHKPETHOH TOPOCHCTOMN IPSIIIBI.

Ecim mbl oOpatuMcst k Gonee 3HAYMMBIM 00OOIIEHUSIM, CAETaHHBIM, HAIIPUMED,
B pabore [21], TO BcTpeTHM MHYIO 3aBUCHMOCTB, HAIPUMEp, MEX/Y BBICOTON CHEXHOTO
MIOKPOBA M BBICOTOH TOPOCOB, @ MMEHHO CTETICHHYIO 3aBUCHMOCTH BHJa: y = axb. [Ipn
9TOM, KaK yKa3blBaeTcsi B pabore [22], BBICOTa CHEKHOTO MOKPOBA 3aBUCHUT HE TOJIBKO OT
BBICOTBI T'PsIJT TOPOCOB, HO U OT PAaCCTOSHUS MeKAy Tpsaamu. [Ipu 9ToM BbICOTa CHEXKHO-
TO MOKPOBA HA MOJIOJBIX JIbJaX C HABETPEHHOW CTOPOHBI IPSJIbl B CPEIHEM COCTABISET
OTHOIIEHHE 2/3 K ero BHICOTE C MOABETPEHHON CTOPOHBI. B ciyuae Hammx u3MepeHHn
(omuHOYHAS TPsizia) ATO COOTHOIIEHUE COCTaBIIIO 4/5, a 3aBUCHMOCTD BBICOTHI CHEXXHOTO
MOKPOBA OT BBICOTHI TOPOCA MBI MOMBITAINCh ANNPOKCUMHUPOBATH 3aBUCUMOCTBIO BHJA:
y=ax+b. C y4eToM OrpaHUYCHHOTO KOJIMYECTBA U3MEPEHNI MBI HE TPUBOIUM CTATUCTH-
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BBICOTBI TOPOCA

Fig. 5. Albedo (a), snow thickness layer (6) and snow surface temperature (g) and the ice ridge height
relationship

YeCKHE OLEHKH TOJyYEHHBIX 3aBUCUMOCTEN (KOI(PHUIMECHT IeTepMUHAINH, 3HAYUMOCTb
TPEH/IOB) M PACCMaTPHUBAECM MX HCKIIIOUMTENIFHO KaK IPEIBAPUTEIILHbIC, TTOTYYCHHBIE JUTs
JIOKQJIBHBIX YCIIOBHH.

[TepBble M3MepeHNst XapaKTEPUCTHK TypOyJIEHTHOCTH B MPHJIEHOM CJI0€ aTMochepsl
BOJIM3M TOPOCOB OBIIM BBHITOJIHEHBI, KaK YK€ YKa3blBaJIOCh BhINIE, crieruamuctaMmu DA
PAH [11, 13]. B nanpHeiimem npsmbie (IyabCallMOHHBIC) U3MEPEHHS CKOPOCTH BETpa Ha
JIpeidyromMX IbAaX Pa3INIHON CINIOYEHHOCTH M BCTOPOIICHHOCTH OBIIH IPOIOIKEHBI
B paMKax poccuiicko-amepukanckoro npoekra NABOS B mope Jlanrtessix [14]. B gacTt-
HOCTH, OBUIN TTOTyYEHBI SKCTIEPUMEHTAIBHBIC 3aBUCUMOCTH KO3 duImenTa aspoauHaMu-
YECKOTO CONMPOTHUBICHNUS (K03(h(UINEHTA TPEHHS) OT BBICOTHI TOPOCOB U PACCTOSHUS OT
UX TPsiJL C HABETPCHHON U TOJBETPEHHOI CTOPOH. B Hammx skcriepuMeHTax 1yisi OLeHKN
BEPTHKAIBHBIX TYPOYIEHTHBIX MOTOKOB TEIJIa Mbl IIPUMEHIIIA OPUTHHAIIBHBINA allTOPHUTM,
OCHOBAHHBII Ha 0a30BBIX MOJIOKEHUSX TeopuH noxooust Monnna—O0yxoBa [26]. DtoT
AJITOPUTM ITO3BOJISIET MCIIOIB30BaTh OCPEAHCHHBIC 110 BPEMEHHU 3HAUCHHUSI CKOPOCTH BETPa
U TEMIIEpaTypsl BO3/1yXa, H3MEPEHHBIE B ITPU3EMHOM CJI0€ aTMOC(EpHI, IPH 3TOM YPOBHU
M3MEpEeHNH yKa3aHHBIX MapaMeTpoB, B OOIIEM CIydae, MOTYT OBITh pa3iIndHbIMU [27].
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B KauecTBe HMKHETO YPOBHS W3MEPEHUHI NPUHUMAETCS YPOBEHD LIEPOXOBATOCTH (Z,),
B TIPEMOJIOKEHUH, YTO TEMIIEPATypa Ha 3TOM ypOBHE 7(z,) paBHA TEMIEPaType TMOJCTH-
naroueit nosepxuoctu (7). Heo6xoauMo 0TMETHUTB, YTO TPENOJIOKEHNE O paBeHCTBE T,
1 T(z,) TOCTaTOYHO XOPOILIO BBITIONHSIETCS MPU CPABHUTEIBLHO MAIIbIX Z;, XapaKTEPHBIX
JUISL TIOBEPXHOCTH MOPCKOTO JIeJsiHOro nokposa [28]. B nanbpHeiimem anroputm Obu1
YCOBEPIICHCTBOBAH, KaK B HANPaBICHUM YTOUHEHUS PA3INYHBIX YCIOBUH YCTOWYUBOCTH
B IIPUJICITHOM CJI0€ aTMOC(EpPbl, KOJIMYECTBA YPOBHEH U3MEPEHHUS TEMIIEPATYPhl U CKOPOCTH
BETpa B MPU3EMHOM CJIO€, TaK U AJIS pacueTa mapameTpa adpoinHaAMUYECKOH IIepoxXoBa-
TOCTH U MapaMeTpa MEepOXOBaTOCTH AJIsl cKasapoB (Temmeparypsl) [29, 30, 31].

B namem skcniepumente AMC u aHeMOMETpbl ObLIM YCTaHOBJICHBI, KaK YXKe yKa-
3BIBAJIOCH BBIIIIE, HA PACCTOSHUM He MeHee 20 M ¢ HaBETPEHHO! U MOJIBETPEHHON CTOPOH
IpsAABI TOPOCOB (BBICOTA MOCIEIHEH He MPEeBbIlIaia 2 M) Ha POBHBIX 3aCHE)KEHHBIX y4acT-
Kax JIe[ASHOTO Mmojisi. BricoTa m3amepeHuil coctaBnsaia 2 M HaJ MOBEPXHOCTHIO POBHOTO
absa. C yueToM 3THX 00CTOSTEIBCTB MBI MOYKEM, B IIEPBOM MPUOIMIKECHUH, CYUTATh TaKHe
YYaCTKH OJHOPOJHBIMHU U MCIOJI30BaTh HAIl aJTOPUTM JUIsS OLIEHKH TYpOYJIEHTHBIX I10-
TOKOB Teruia. HempepbIBHas perucTpanys napaMeTpoB MPUIIETHOIO CIOsl BO3AyXa ¢ IMo-
motsio AMC ocymecTsisiachk B nepuos nonetos BIIJIA Hax BEIOpaHHBIMU y4acTKaMHU.
BpemenHble HHTEpBAIBI U XapaKTepHbIE METEOYCIOBUS (TeMIeparypa, CKOPOCTh BETpa,
00J1a4HOCTB) OBUIN Mpe/CTaBlIeHbI B Ta0M. 1. JIMCKpETHOCTh M3MEPEHN OTPayKEHHOM pa-
JMAIK 1 TeMneparypsl moBepxHoctd Ha BIUIA cocraBnsna 5 cekynn, Ha AMC 1 MunyTy.
Jlanee paccuutaHHble TypOyJICHTHbIE TIOTOKH OCPEIHSUINCH JUIS TIPOMEXKYTKOB BPEMEHH,
yKka3aHHbIX B Ta0n. 1. Kak ciemyer u3 tabnuipl, 3TH IPOMEKYTKH coCTaBisin oT 10 no
35 MHUHYT (IPOJOIDKUTENBHOCTD Oecrnocanounsix nosnetoB BIIJIA). B kauecTBe Temme-
paTypsl MOBEPXHOCTH POBHBIX YYAaCTKOB JIbJIa C HABETPEHHOW M MOJBETPEHHONW CTOPOH
IpAIBI UCTIONIB30BATNCh OCPEIHEHHBIC BEINYMHBI, MOTYUYCHHBIC B MEPUOJ MOJETOB HAJ
TaKAMH ydacTKaMu (IPOTSHKEHHOCTHIO He MeHee 10 M ¢ 00erX CTOPOH IPpsijibl, CM. puc. 3).

OcpeiHEeHHBIC 3a yKa3zaHHbIC B TaOl. | BpeMEHHbIE MHTEPBAJIbl BEIMYUHBI TYp-
OyJICHTHBIX TIOTOKOB SIBHOTO TEIlJIa, OTHOCSIIMECS K HAaBETPEHHOMY U TOJIBETPEHHOMY
y4acTKaM Ipsi/ibl, IPUBEACHBI B TA0M. 2. 31€Ch e MPEICTABICHbI 3HAYEHHS TYyPOYIEHTHBIX
MIOTOKOB SIBHOTO TeIlIa, PACCYMTAHHBIX 10 JIAHHBIM HAOJIOJICHUI HA OCHOBHON METEOpO-
JIOTHUECKOH TIoIaake aperdyromiero iareps. Heo0XoqumMo 0TMETUTh, 9TO HHGOPMALIUS
0 TeMIeparype MOBEPXHOCTH Ha OCHOBHOM METEOIUIONAIKe PACCUUTHIBAJIACh 110 MOKa3a-
nusim iupreomerpa CGR (Kipp&Zonen), ¢pukcupyromnero JJIMHHOBOIHOBOE H3Ty4YEHHE
MOACTHIIAIONIEH MOBEPXHOCTH B CIEKTpalibHOM auanaszone 4,5 — 42 um. Ha BITJIA
ucnonb3osaicsi UK-paanomerp, Takke MO3BOJISIONIMH MOMy4YaTh HHPOPMALIMIO O TEMIIe-
patype MOACTHIIAIONIEH MOBEPXHOCTH, HO MO M3IYYEHUIO B OTIIMYHOM OT MHUPreoMeTpa
nuara3one JIuH BoiH (8 — 14 pm). besycnoBHo, TeMiieparypa nmoBEpXHOCTH MOPCKOTO
JIb/1a, BOCCTAHOBJICHHAS 110 pe3ynbTaTaM M3MEpPEHUH, BHIIOTHEHHBIX Pa3INYHBIMU MpHU-
OopamM, MOXKET pa3lInuaThCcsl U3-3a Pa3HUIbI H3Iy4aTeIbHON CIIOCOOHOCTH MOBEPXHOCTH
B Pa3IMYHBIX CIEKTPAIbHBIX quana3oHax. OJHaKO MCHOJIB30BaTh OJHOTUIIHBIC TPUOOPHI
(TMpreoMeTphl) HE MO3BOJMIIA FPY30IIOAbEMHOCTh Hamlero oecrimnorauka (Bec CGR Gonee
2,5 xr). CripaBe/yIMBO Mojiarasi, 4To TemrepaTrypa MOBEpXHOCTH, pacCUUTaHHasl (BoccTa-
HOBJICHHAs1) 110 TIOKA3aHMSM CTAllMOHAPHOTO MHUPreoMeTpa sIBIsieTCsl Oosee KOPPEeKTHOU
(TOUHOIT) O CPaBHEHUIO C JTAaHHBIMU, MOMyYeHHbIMH ¢ ToMotnbio MK-gartunka BITJIA, Mbt
MIPOBEJIN CPAaBHEHHE COOTBETCTBYIOIIMX PACUCTHBIX TEMIIEPATyp, UCIOJIB3Yys MOKa3aHUs
BITJIA B nepuof ero TeCTOBBIX MOJIETOB BOJIM3HM METEOIUIONIAIKH, T.€. HaJl aHAJIOTHYHON
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Tabruya 2

Typ0Oy/1eHTHbIE IOTOKH SIBHOT'O TeIJ1a BOJIM3H I'PSIIbI TOPOCOB
HA POBHOM y4acTke JieasiHoro mossi (Bt/m?)
Table 2

Turbulent fluxes of sensible heat near the ridge of hummocks
and on a flat area of the ice field (W/m?)

Hagerpennas
Jlara CTODOHA TSB! Ilonserpennas cropoHa | PoBHas moBepXHOCTH
rT)opocc?g 8 Ipsijibl TOPOCOB JIEJITHOTO OISt
04.04 18 10 3
25.04 8 1 0

MOBEPXHOCTHIO. PaccunTaB cooTBeTCTBYIOMME MonpaBKy B okasanus MK-maranka BITJIA,
MBI BBIITOJHSIN JaTbHEHIINE pacdeTsl TypOyJICHTHBIX IIOTOKOB HA OCHOBAHUM CBEICHUN
0 TeMIIepaType MOBEPXHOCTH POBHBIX YUaCTKOB JIbAa BONM3M rpsia TopocoB. st pacuera
TypOyJIEHTHBIX NOTOKOB TETIa HaJl POBHBIMH yYacTKaMH JIEASHOTO MO (OTCYTCTBHE
TOPOCOB) MCIIOIB30BAIHCH JAHHBIE METEOPOIOTHUECKOI CTaHIMH ApeH(yIOmEeTo nareps
SKCTIeUINH. MI3MepeHns TeMrepaTypsl BO3LyXa U CKOPOCTH BETPA TaM MPOHU3BOIMIICH
Ha CTaHAAPTHBIX YPOBHAX: 2 M Ul TeMIIepaTypsl Bo3myxa 1 10 M AJst CKOpOCTH BETpa.
Takum 00pazoM, U1 000UX yJaCTKOB POBHOTO JIbIa BOIM3H TOPOCOB M HA METEOILTONIAIKE
HCTIONB30BAJICS €AMHBIN aITOPUTM pacueTa: 2 ypoBHsI H3MEPEHUS TEMIIEPaTyphl (BO3IYX,
MMOBEPXHOCTB) U | ypOBEHb M3MEPEHUS CKOPOCTH BETpa.

B mepByro odepens HEOOXOIMMO OTMETUTH, YTO B YCIOBHUSX HEYCTOHYHMBOM CTpa-
tudukamm atMocdepst (4 u 25 anpens 2019 1.) TypOyIIeHTHBIE TOTOKH C ITOJBETPEHHOM
CTOPOHBI yCTYNaOT (MEHBIIE 10 BEIMYMHE) AaHAJIOTUYIHBIM 3HAYCHUSAM, OITYYEHHBIM
C HaBETPEHHOH CTOPOHBI. 3a rpsaoi (MOABETPEHHAS CTOPOHA) (OPMHUPYETCS BHYTPEHHHHA
MOTPAaHUYHBIA CJIOH, B KOTOPOM KO3((GHUINEHT CONPOTUBIICHHS, 0 JaHHBIM HAaTYPHBIX
skcriepuMeHToB [13, 14], yMeHbpIaeTcs MOYTH B 1Ba pasa. i1 ycloBuil yCTOWIMBON
crpatuduxarnun (11.04.2019) kaptuHa He cTonb oueBHAHA. CpemHIe CKOPOCTH BETpa MO
00e CTOPOHBI TPSAABI OKA3AIHUCh MPAKTHYECKN PaBHBIMU, TTOPsAAKa 4 M/C, a caMH 3HAUCHHS
MIOTOKOB PA3JIMYAIOTCSl HA BEJIMYNHY, YCTYIAIOIIYIO CPEIHEH IMOTPEIIHOCTH PacueTa I1o-
TOKOB TIO TaHHBIM T'PaJINEHTHBIX HAOMIOneHHH [2].

3AK/IIOYEHHUE

B pesynbrare BhIMOIHEHHOTO aHAIM3a SKCIIEPUMEHTAIbHBIX UCCIeIOBAaHUM TOKa3aHo,
9TO TypOYJICHTHBIC TOTOKH SIBHOTO TEIIa HA POBHBIX YYACTKAX JICASHOTO ITOJISl U BOIH3H
TOPOCOB 3aMETHO Pa3IMYArOTCS, IPHYEM HE TOJNBKO IO a0CONIOTHOW BEIHYUHE, HO U IO
HanpasicHUIO. be3yciaoBHO, OoJice TOUHBIC CPABHHUTEIBHBIC PE3YJIbTaThl MOKHO ITOITY-
YHUTh, UCTIONB3YsI OAMHAKOBBIC METOIBI (TPAIUCHTHBIA W MYJIbCAIIMOHHBIN) H CPEICTBA
M3MepeHU (COOCTBEHHO NATYHMKH), MPOIICIIINE TPESIBAPUTECIHFHOC CPAaBHCHUE (CBEPKY)
B OJIMHAKOBBIX YcJOBUsIX. HO Jmaxe mojydeHHble HAaMU IpelBapUTEIbHbIE PE3yabTaThl
YKa3bIBaIOT HA TO, YTO MPOOIeMa BIUSHUS TOPOCUCTHIX 00pa30BaHHUN HA XapaKTep U WH-
TEHCUBHOCTb B3aUMOJEHUCTBUSI MEXKY JICASHBIM MOKPOBOM U MPUJIETAIOIIUM CIOEM aT-
MocCQepsI CYIIECTBYET U OHa TpeOyeT cBoeit Oosiee TOUHOM KOJTMYECTBCHHOM oneHKH. Kak
YKE YKa3bIBAJIOCH BHIIIC, HA (DOHE YBCIMUUBAFOMICHCS IO TOHKHX OJHOJICTHUX JIBIOB I10
CPaBHCHUIO ¢ 00JICE TOJCTHIMUA MHOTOJICTHUMH JIbJaMH ITPOLIECCHI TOPOIICHHS POUCXOSAT
¢ OoMbIICH MHTCHCUBHOCTBIO M OXBATHIBAIOT 3HAUYUTEIIHHBIC TUIOIIAIN JICASHOTO TIOKPOBA.
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CrnieoBaTenbHO, W OIIEHKH TETUIOOOMEHA TIOACTHIIAIONICH MOBEPXHOCTH ¢ aTMochepoit
HYX/JIAIOTCS B [IEPECMOTPE MJIH, KAK MUHUMYM, B YTOUHCHUH.
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Pe3rome

B pabote npuBeeHa XapakTepUCTHKA NCeUTOBOTO (JOHHO-KAaMEHHOT0) MaTepHaa, 0TOOPaHHOTO B CEBEPHOI
qacty xenoda Opann-Buxropus B sxcnenuumy «Tpancapkruka-2019». [Tokasano, 4to ocHOBHas Macca Ice-
(uTOB MpecTaBNeHa HEOKATAHHBIMK MM IJIOXOOKATaHHBIMU PasHOCTAMH. [Ipeolianaior u3oMeTpiyHbIe 1
yIomeHHsIe popMbl 0610MKoB. [TeTporpadudeckuii cocTas NpenMyIecTBEHHO KapOOHATHBIN (M3BECTHSKH U
JIOJIOMUTBI) 1 TiecyaHblii. OCHOBHOM MEXaHH3M JJOCTABKH NCe(UTOB — alicOeproBBIN Pa3HOC B IIEPHOJ ITOCIETHEH
JeTIHaliy Ha pyOexe mefictoneH-roaoueH. Vcrounukamu aiicbepros ssisimuch 3emist Ppanna-Hocuda
u paiion octpoBoB benbrit — Bukropust. [Topoxsr 3emmu @panma-Mocuda npeacrapiensl, aBHEIM 00pa3oM,
MEJIOBBIM Tab0p0-0a3aIbTOBBIM KOMILIEKCOM M TPHACOBBIMH IleCYaHNKaMH U aneBpoiuTamu. Ha 3amazne us-
y4eHHOH Tuiommam (paiion octpoBoB benblit — BHUKTOpHs) 3a/eraoT BepXHEIATC0301CKIE TePPUTCHHBIE U
KapOOHATHBIE TOPOJIBL, & TAKIKE IPOTEPO30HCKIE MeTaMOPUTHI. AicOepri 13 000MX HCTOYHHKOB HAIPABIISUIHCH
Ha ceBep B CTOPOHY KoTnoBHHbI HanceHa uepes xenod @pann-Buxropus, npudem aiicOepri co CTopoHb! 3eMitH
@panna-Mocuda npakTHUecKy He J0XOIHIM 10 3alafHoro OopTa xKenoda.

KaroueBnle cioBa: aiicOeprosulii pasHoc, bapeHiieBo Mope, fersnuarms, xenod dpanu-Bukropus, mceduTsr.
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Summary

The paper presents the characteristics of the coarse clasts (psephites, larger than 1 cm) sampled in the northern part
of the Franz Victoria Trough (Barents Sea) during the “Transarktika-2019” expedition. The studied sedimentary
section was formed during the transition from the last deglaciation environments to the marine Holocene
settings. The amount of psephites in deglacial sediments is much higher than the one in Holocene sediments. The
petrographic composition of the psephites, their roundness (according to Waddell and Khabakov classifications)
and shape (according to Zingg classification) were studied in detail. It is shown that the majority of psephites
is represented by non-rounded or poorly rounded varieties. Isometric and disc-type shapes are predominating
among coarse clasts. [sometric psephites prevail in “deglacial sediments”, while disc-shaped, bladed, and rod-
like, as a rule, are current in marine Holocene sediments. The petrographic composition of psephites is mostly
represented with carbonate (limestone and dolomite) and sandstones. The amount of carbonates increases from
the Holocene to the deglacial part of the sediment section. Other rocks found in smaller quantities are represented
by quartzites, cherts, shales, basalts, crystalline schists, gneisses, granites, pyrite. During the last deglaciation at
the Late Pleistocene the iceberg rafting was the main mechanism of psephites delivery to the sampling points.
The major sources of the icebergs were Franz Josef Land and the Belyi — Victoria Islands region. Rocks of
Franz Josef Land are represented mainly by Cretaceous gabbro-basalt complex and Triassic sandstones and
siltstones. Upper Paleozoic terrigenous and carbonate rocks, as well as Proterozoic metamorphites, occur in
the west of the studied area (the area of the Belyi — Victoria Islands). The results of studying the petrographic
composition of psephites allow us to conclude that during the last deglaciation icebergs from both sources were
heading north towards the Nansen Basin through the Franz Victoria Trough. Both streams of icebergs failed to
reach the opposite sides of the Franz Victoria Trough, mixing with each other approximately in the axial part of
the trough and leaving it in northern directions.

Keywords: Barents Sea, coarse clasts, deglatiation, Franc-Victoria Trough, iceberg rafting.
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BBEJIEHUE

Wzyuenne marepuana rce@uToBOl pa3MEpHOCTH MMEET Ba)KHOE 3HAYCHHE Kak
JUIsL IO3HaHUA reosnoruueckoro crpoenust Cesepnoro Jlegosuroro okeana (CJIO) u ero
menb(oBBIX Mopei [1 — 6], Tak ¥ A7 BBIIOJHEHHUS MTAJICOKIMMAaTHIECKUX/TIale00Kea-
HOJIOTHYECKUX PEKOHCTpYKuuit B Apkruke [7, 8]. Kpurepuu ucronp3oBaHus nceuron
OIIPE/ICIISIIOTCSL MX poncxoxkieHneM. OHM MOTYT OBITh MECTHBIMU (31a(h)OreHHBIMH) JTHOO
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IIPUBHECEHHBIMH JIbJIaMU 1/WiHK aiicoepramu. Kak u3BecTHO, MOPCKHE TEUSHUSI MM Ipa-
BUTALIMOHHBIE MPOLIECCH HE MOTYT TPAHCHOPTHPOBATh KPYIHOMEPHBIE OOJOMKH MOPOJT
Ha 3HAUUTENIbHBIE PACCTOSHHUSL.

Jloka3zaHo, 9TO COBPEMEHHBIE JIbABI IEPEHOCAT NPEUMYILECTBEHHO TOHKHE aJIeBpO-
MeJINTOBBIE YacTULIbI [9 — 13], KOTOpbie MaccoBO pa3rpyskarotcs B paiione nponusa Opama
1 TIOTOMY BHOCSIT OIPaHHUYEHHBIN BKJIaJ (BEPOATHO, 0koi1o 23 % [11]) B ocaaxoHaKomaeHue
B LlentpanbHoii Apkruke. Marepuan mncaMMHUTOBO-IICE()UTOBOM Pa3MEPHOCTH BO JIbJIaX
ueHtpanbHoi yactu CJIO BcTpedaeTcst peske, OHAKO ero HaJIMYie MHOTOKPATHO (PUKCH-
posanoch [9, 11, 14, 15], 9To monTBep aaeT NPUHIMIUATIBHYIO BO3MOKHOCTD U BAXKHOCTh
JIAHHOTO MEXaHHM3Ma JJIsl TPAHCIIOPTHPOBKU KPYITHOMEPHBIX OOJIOMKOB.

B reonorndyeckoM mpouuioM, B 3MOXH OJNEACHEHUHN U AU, CUTyaIs Kap-
JUHAJIBHO MeHsIack. [loxonoqanus KiMMara IpUBOAWIN K BOSHUKHOBEHHIO JISTHUKOBBIX
IIAIOK B Ipejiesiax 3anagHo-ApKTuueckoro menbga, Ha Kanaickom ApKTHUECKOM apXHuIie-
Jlare 1, BO3MoXxHO0, Ha UykoTckoMm 1uiato [16, 17]. Mx pa3Mep IUCKyCCHOHEH M OTIINYAJICS
B pasubie nepuopl [16, 18, 19]. Cam CJIO 6bUT HOKPHIT CIIONIHBIMUA TAKOBBIMH JIbIAMHU,
4TO MIPUBOJHUIIO K OOLIEMY CHIKEHUIO TEMIIOB OcaikoHakoruieHus. [Ipyu gersiuumanuu mpo-
HCXOAMTIA JIeTpaalys JISTHUKOBBIX IIIUTOB, COPOBOXK/IABINASCS MACCOBBIM IOSBICHUEM
aiicOepros, KOTOpbIE TPAHCHOPTUPOBAIU IPyOO3EpHHUCTHIA MaTepuall, IMOMNa aBIInil Ha
nHo CJIO. DTa Mojenb MOATBEPKIAETCS pe3yabTaTaMy UCCIIEJOBAHUNA MHOTOYUCIIEHHBIX
KOJIOHOK BEpXHEYETBEPTHYHBIX 0CaJKOB, 0TOOpaHHbIX B [leHTpanbHoit Apkruke [11, 20,
21 u op.].

B skenenuuun «Tpancapkrika-2019» Obuta coOpaHa KoJUIEKIHs JOHHO-KaMEHHOTO
Marepualia u3 JJOHHBIX 0caJIKoB kenoba Opani-Bukropus [22]. [Tocneanuii npeacrasiser
co0oii cBoeoOpa3Hyto apTepuio, coenunstomnlyto bapenueso mope ¢ CesepubiM Jlenou-
THIM OKEaHOM. DTO KIJIIOYEBOH PaioH AJ M3Y4YCHHs] MEXaHM3MOB IepepacipeaeieHus
TEePPUTEHHBIX YaCTHIl B 3anaHOW ApPKTHKE, MOCKOJIbKY 3HAUUTEIbHAS YaCTh 0CAA0UYHOIO
Marepuaia UCIoJb3yeT ero Kak TPaH3UTHYIO 30HY M0 IyTH B INIyOOKOBOJHYIO KOTJIOBUHY
Hancena. FIMeHHO 371€Ch TPOUCXOAMIIN BaKHEHIIINE TaJIC00KEaHOIOTMYECKUE ITPOIIECCHI,
CBSI3aHHBIE C TIPOHUKHOBEHHEM TEIUIBIX aTJIAHTHYECKHUX BOJ, BO MHOTOM OIpPEJIeIIAIONIHe
KJIMMaTU4YeCKHe U3MEHEHUS B UeTBEPTUUHON cTopun ApkTukH. Takum oOpa3oM, 1eTalib-
HOE M3yueHHe 1cedUToB, OTOOPaHHBIX B IpejesiaXx bapeHIeBOMOPCKOi KOHTHHEHTAb-
HOW OKpauHbI, BHOCUT OIPEJEICHHbIN BKIaJ B PEKOHCTPYKIUIO CEIUMEHTOIOTMUECKUX
1 TIAJICOOKEAHOJIOTHUECKUX MPOIECCOB, KOTOPBIE YPE3BBIYANHO BaXKHBI JUUIsI TIOHUMAaHUSA
o011ieit BOJIOIMY KJIMMara B YeTBEPTUYHOE BPEMSI.

Llens HacTOsILEH CTAaThM 3aKIIIOYAETCsl B IETpOrpaduueckoil 1 Mopdoiornyeckon
XapaKTepUCTHKe Mce(UTOBOr0 Marepualia, 0TOOpaHHOTO B CeBepHOi dacTu bapeHiieBa
MOpS, ¥ €T0 MaJICO0KEaHOJIOTHYECKOW HHTEPIPETAllUU: ONPe/IeIeHUH HCTOYHUKOB CHOCA
KPYIHOMEPHBIX OOJIOMKOB U TPAeKTOPHH Jipeiida aiicoepros B nepuoa Aerisuuanuu. Pa-
Hee rceuToBbI Marepuai u3 xenobda dpani-Bukropus ¢ 3THX NO3UIMH NPAKTUYECKU
HE U3yJaucs.

MATEPHAJIBI U METO/bI

B pabore npuBeneHBI TPeABAPUTENBHBIC PE3yIBTaThl H3YUCHUS 00pa3IoB, OTOOpaH-
HBIX B CEBEPHOH M CeBepo-3amagHoi dacTsx xenoda Ppani-Bukropus ¢ 6opra HOC
«Axanemuk TpémrHnkoBy» B akcrenaniun « Tpancapkruka-2019» (1-if atam) [22] (puc. 1).
OO0pasiel IceUTOB pasMepoM KpyrHee | M MOJIYYEeHBI ¢ MTOMOIIBI0 TPaBUTAIIMOHHON
MPSIMOTOYHOH TpyOkH (ummHa 4 M) 1 Gokc-Kopepa (pasmeps! kopoda 40 x 40 x 50 cwm).
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Fig. 1. Location of the sampling sites

dopma (chepruuHOCTh) NCEPUTOB YCTAaHABINBAIACH M0 KJIACCHUECKON METOIHMKE
[unrra (Zingg), cornacHo KOTOPO# CHavyasia ONpeJelisuInch pa3Mepbl TPEeX IMIaBHBIX B3a-
HUMHO NEPIEHANKYISIPHBIX OCEH, a TOTOM PACCUUTHIBAINCH OTHOLICHUS CpeIHeH ocu (C)
K MakCUMaJIbHOH (M) — CTENeHb YUIMHEHUSI — M KOPOTKOM (K) K CpefHel (C) — CTeneHb
yrtomienust [23]. Beyiensiuch cnenyronie Gopmbl: 1) TMCKOBUAHBIE/YIIIOIIEHHBIE —
c/m > 0,66, k/c < 0,66; 2) usomerpudnsie — ¢/M > 0,66, k/c > 0,66; 3) mIacTuHYATHIC —
c/m < 0,66, k/c < 0,66; 4) OpyckoBUIHBIS/IMIHHIApUYECKHE — ¢/M < 0,66, K/c > 0,60.

OxaTaHHOCTh MCe(UTOBOTO MaTepualia ONpe/Ieisuiach BU3yalbHO C TIOMOIIBIO Tpa-
(hapeToB, MpUBSI3aHHBIX K U3BECTHBIM Kod(duimentam Banenna u Xabaxosa: 0,11 — 0,20
1 (0 COOTBETCTBEHHO — HEOKaTaHHbIE OCTPOyronbHbIe 00moMkH; 0,21 — 0,40 u 1 cooTBeT-
CTBEHHO — YITIOBATHIC MM PEOPUCTHIE C 3aMETHOM MOTEPTOCTHIO pedep, HO C MOTHOCTHIO
COXpaHeHHOU ucxonHon orpankoif; 0,41 — 0,60 u 2 COOTBETCTBEHHO — TIOyOKaTaHHBIE,
COXpPaHUBIIINE, HECMOTPSI Ha OKaTaHHOCTb, ICPBOHAYAIFHYIO HEIIPABIIBHYIO OTPaHKY;
0,61 — 0,80 1 3 COOTBETCTBEHHO — XOPOIIIO OKAaTaHHBIC, HE MMEIOIINE OCTPHIX YITIOB
1 pedep, TOBOIBHO MPaBUIIbHBIE U paBHOMEPHO 00ToueHHbIe; 0,81 — 0,90 1 4 cooTBEeTCTBEH-
HO — OTJIMYHO OKaTaHHbIE C MTOJTHOCTHIO KPUBOJIMHEHHON CIIIa)KEHHOH MOBEPXHOCTHIO [24].

[Merporpaduueckuii cocTaB ONpeeNsicsi BU3yallbHO C IIOMOIIBI0 OMHOKYJIIsIpa, Kap-
OGOHATHI BBIJCISUINCEH C HCHOIH30BAHMEM COJITHONW KHCIIOTHI.

PE3VYJIBTATbI

JluTomornyeckuii COCTaB 0CaKOB JOCTATOYHO PA3HOOOPA3HBIN, OTHAKO B IIEJIOM I10
Ha0Opy XapaKTePHBIX MPU3HAKOB B M3YyUCHHBIX KOJIOHKAX MOXKHO BBIICITUTH TPH TAYKH,
MMEIOIIHE PETHOHAIEHOE pacipocTpanenue (puc. 2):

1. Oxucnenubiii cioit. CIo)KeH KOPUIHEBBIMHA U CEPO-KOPUIHEBBIMH aJIEBPOTICIIN-
TaM#, WHOT/IA C 3aMETHOW TMeCcYaHOW MPUMECHIO, BKITIOUAIOIIUMHU PEIKUIA TCeUTOBBIN
Matepuai. Bepxane 2 — 3 cM — adeMepHbIii 0OBOAHEHHBIN HauIoK. BOnM3u HIwkHEH
TpaHUIBI ClTos (PUKCHUPYETCs TUIOTHBIA 3aXOPOHEHHBIH MPOCTION PHDKE-OXPHCTOTO I[BETA,
MOIITHOCTBIO IO 3 — 5 cM, IpUYeM €ro aHaJor HaijeH M B ocajkax jkenoda CBaToi
Annbl [25, 26]. ®opMupoBaHUE TUIOTHOTO PBDKE-OXPUCTOTO CJIOS, BO3MOXKHO, CBS3aHO
CO 3HAYUTEIHHBIM YMECHBIICHHEM TEMIIOB CEANMEHTAIINN WIIH JTaKe TIEPEPHIBOM B OCa-
KOHAKOTUICHUH. MOIITHOCTh «OKHCIEHHOTO ciosk» pocturaeT 40 cm (puc. 2).

2. BoccranoBnenHsiii ciioil. [Ipencrasien aneBponenTuTaMy U MECYaHUCTHIMU aJIeB-
pOTIETTUTaMH, C PACCESTHHBIM TICE(UTOBBIM MaTepruaioM. [[BET KopHuHEBO-CEPBIN, CEPHIi,
WHOT/Ia C OJTUBKOBBIM OTTEHKOM, YaCTO BCTPEUAIOTCS THE3/a MIIN JIMH30YKH THAPOTPOHIIH-
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AT-28 AT-27 AT-17 AT-23 AT-12 AT-10 AT-08
(255 m) (260 m) (258 m) (445 m) (414 m) (401 m)
0 7 0 o 0 0 0 0

[ 23 (5] [Es []

220
Puc. 2. JIuTonornyeckuii COCTaB U KOPPEJSILIUSI H3yUYCHHBIX 0CaJI0YHBIX Pa3pe3oB.

| — JMH30YKM THAPOTPOMINTA, 2 — NCE(UTOBBIA MaTepual, 3 — pPaKOBHHbI MOJLTIOCKOB, 4 — IecyaHasi pHu-
MeCh, 5 — IUTOTHBIA OKHUCIICHHBIH PoCIoi. OTTEHKH [IBETOB Ha PUCYHKE OTPAXKAIOT M3MEHEHHUS 1{BETOBON raMMBbl
B pa3pe3ax 0CaJKOB, MOSICHEHHS JJaHbI B TEKCTE

Fig. 2. Lithological composition and correlation of the studied sedimentary sections.

1 — lenses of hydrotroilite, 2 — psephites, 3 — shells of mollusks, 4 — sandy admixture, 5 — dense oxidized
interlayer. The shades of colors in the figure reflect color changes in the sections of bottom sediments, explanations
are given in the text

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'\\\\\\\\\\\\\\\\\\u\\\v,\.\\\m\m\\m\\
25 26 27 28 29 30 31 3

Puc. 3. Haxonxu mommockos (Astarte crenata (J E Gray, 1824) (onpenenenue E.E. TannenkoBoit))
u ricepuTOBOTO Marepuaina B ocaakax crannun AT-27GC

Fig. 3. Finds of mollusks (A4starte crenata (J E Gray, 1824) (identification by E.E. Taldenkova)) and
psephites in the sediments of the AT-27GC station

Ta, YTO SIBJISICTCS] TUIIMYHBIM JUISl YCIIOBUH BOCCTAHOBUTEIBHOTO JMareHe3a. B HeKoTophIx
kosoHKax (AT-28 u AT-27) oOHapyXeHbI PaKOBHHBI MOJUTIOCKOB (pHc. 3). MomHOCTb
«BOCCT@HOBJICHHOTO CJIOS» B PsiJie CIIy4aeB IIPEBBIIIACT OMH METP, a HHOTJa COCTABIISIET
JIMIIb HECKOJIBKO CAHTUMETPOB.
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3. BoccranosnenHslii cioit ¢ nceguramu. COCTOUT M3 IUIOTHBIX ITECYAHBIX/TIEC-
YaHHUCTBIX aJIEBPOTIEIUTOB CEPOro 1Bera (B KojJoHke AT-28 — po3oBaro-ceporo mpera),
HACBIIICHHBIX IPABUIHO-IICOHEBBIM (10 BaJIyHHOTO pa3Mepa) marepuanoMm. OCHOBHas
Macca rnceurToB Ipe/cTaBlieHa HEOKaTaHHBIMU OCTPOYTOJIbHBIMU 00pa3iaMu 0o yrio-
BaTbIMH M PEOPHUCTHIMU C 3aMETHOI MOTEPTOCTHIO pedep. CpeHne 3Ha4eH sl OKaTaHHOCTH
niceutoB MeHstoTCs 0T 0 10 2 0aJIIOB B MIKAJIC OKATAHHOCTH XabakoBa JIN0O BapbUPYIOT
ot 0,24 no 0,41 B mkane okaraHHocTy Bazgemna (tadim. 1).

Hamn 6])1.]'13 BBIIIOJIHCHA J'II/ITOCTpaTl/IFpa(bI/I‘ieCKaH Koppeisanus CJI0€B, BbIACICHHBIX
B KOJIOHKax 3 akcneaunuu « Tpancapkruka-2019», ¢ pazpe3amu, 1eTaqbHO ONUCAHHBIMU
U TPOJATUPOBAaHHBIMU paHee B xkenobde Dpani-Bukropus [27-30]. Pesynsrarsl Koppe-
JIALIMM TTO3BOJISIOT MPEAIONIOKUTh, YTO CaMbli HUKHUN «BOCCTAHOBJIEHHBIH CJIOM C Tce-
¢buTamm» ObLT HAKOIUICH B MMO3HEM IUICHCTOIICHE B ICPUO AeTIAUany (HauuHas ¢ 15
ThIC. JIET Ha3aJd), a PaclOJIOKEHHBIE BBIIIE «BOCCTAHOBJICHHBIN CIIOW» U «OKHUCICHHBIH
CJI0I» — yXKe B TOJIOLIEHE.

CocraB nceuToOBOro Marepuasia B U3yYeHHBIX HAMH OCaJIKax JIOCTATOYHO pa3-
HooOpaseH (Tadum. 2). OcHOBHas yacThb mpejcTasieHa necuanukamu (ot 12 mo 62,1 %)
u kapoonaramu (0T 5,6 10 60 %), IpuYeM Cpeu MOCICAHUX PEOOIaTat0T U3BECTHIKH.
Taxxe BcTpeuarorcst kBapuuthl (0T 0 10 13,5 %), kpemuu (ot 0 1o 10 %), mIMHUCTHIE
cnaniel (or 0 10 8,3 %), mupur (ot 0 g0 7,1 %), 6a3aneter (or 0 g0 16,7 %), rpaHUTSHI
(ot 0 mo 14,3 %), xkpucrammuueckue cianibl (ot 0 1o 10 %), rueticer (ot 0 1o 1,7 %).
YToObl HE UCKaXaTh CTATHCTHKY, B 9TOM IIEPEYHE HE yUYTEHBI IceuThl U3 OOKC-Kopepa
AT-12BC, nockosbKy U3 J€csiTH 00pa3loB YEThIPE TaM IMPECTaBICHbI TPAHUTAMH, YTO
JUTsl JaHHOM 1poObI coctasisieT 40 %, a onuH — THelicoM, uto coctasiseT 10 %.

Haubonee pacnpocTpaneHHbIMU (opMaMu NICEHUTOB SBISIOTCS HU30METPHUUHBIC
(36 %) u nuckoBuaHbIe/yIUTONIEHHBIE (32 %) pazHocTH. Takxke 4acTo BCTpEevaroTCs Ice-
¢butel OpycKoBUIHOW/IMIMHIpUYecKoi hopmbl (22 %). Pexxe Bcero monananuce Iia-
crunyarbie rnceputsl (10 %) (tabim. 1, puc. 4).
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Puc. 4. Pactipenenenue ncedutoB 1o Gopme (CHEepUIHOCTH) B COOTBETCTBHH € KOI(DPHUIHECHTAMHU
Ilunrra

Fig. 4. Distribution of psephites by shape (sphericity) in accordance with the Zingg coefficients
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CpaBHHBaTh MEXIY CO00il NCEPUTHI, OTOOPAHHBIC B TOJOICHOBBIX («OKHUCICHHBII
CJIOI» M «BOCCTAHOBJICHHBIN CIOI») M MO3IHEIICHCTOLIEHOBBIX OTIIOKEHUAX («BOCCTaA-
HOBJICHHBIN CJIOH C nceuraMmmu»), JOCTATOYHO CIIOXKHO, MTOCKOJIBKY KOJIMYECTBO KPYI-
HOMEPHBIX OOJIOMKOB B I'OJIOIIGHOBBIX OCaJKaX, KaK MpaBHiIo, HeBelHKo. [lcedursr u3
TOJIOLIEHOBOI YacTH pa3pesa ObLIM MMpoaHaIn3upoBaHbl B 6okc-kopepax AT-12BC u AT-
28BC, a taxxke B koioHKax AT-17GC (0 — 17 em) u AT-28GC (0 — 61 cMm; B uHTEpBaje
61 — 130 cm marepuan kpynHee 1 cm orcyrcrByer) (Tadm. 1, 2). OCHOBHbBIE OTIIMUUS
cienytronye: 1) B nceurax U3 roJiolEHOBBIX 0CAJIKOB MEHbIIIE KapOOHATOB; 2) KPEMHEBbIE
MOPOJIbI HE ObLIM HAl/ICHBI B «BOCCTAHOBJICHHOM CJIO€ C Ice(UTaMm»; 3) B rOJIOLEHOBBIX
ocajJKax BCerja MEHbIle M30MeTPUUHbIX (opM; 4) TMCKOBUAHBIC, IUIACTUHYATHIC U LHU-
nuHApHyYeckre Gopmbl nceduToB, KaK NpaBUiIo, NPeodaJaioT B rOJIONEHOBBIX 0CaIKax
(tabm. 1, 2).

OBCYXKJEHUE PE3YJIBTATOB

JIMTONOTHYECKHIA COCTAaB U3YUYEHHBIX 0Ca/IKOB MOT OBITh c()OPMHUPOBAH B YCIOBHUSIX
JIBYX KapMHAJIBHO Pa3IMYHBIX PEKUMOB CeIUMEHTaun. X cMeHa, OueBHIHO, CBA3aHa
C MIEPEXOIOM OT XOJOJHOTO MO3/IHEIUICHCTOLIEHOBOTO KIIMMaTa K 0oJiee TeMIoMy TroJoeHO-
BoMy. JInTocTparurpadudeckast KOppensus ¢ XOPOIIo MPOIaTHPOBAHHBIMH PaHEE pa3pe-
3aMmu B jkenobe @pann-Bukropust [27 — 30] mo3BosseT OTHECTH K TOJIOIICHOBBIM 0CaIKaM
BEPXHUI «OKUCIEHHBII KOPUUHEBBIN CIION», @ TAKKE HUKEIIEKALIUN «BOCCTAHOBIEHHBII
CJIOi1» ¢ peIko BCTPEUAIONTMHUCS TiceuTaMu. «BocCTaHOBICHHBIN CII0H ¢ TIcCEpUTaMm»
B OCHOBAaHHUH pa3pe3a, BEPOSITHEE BCETO, ObUI HAKOIUICH B MEPHOJ MOCIEIHEH MO3/IHE-
TUIelicTorieHoBo! nersanuanuu. [lpenpinymme uccnenopanus xenoda Opann-Bukropus
MOKa3al, 9To (POpMUpPOBAHNE TAYKH, «HAOUTOI» rceuTaMu, COBIANANO C IIPECHOBO-
HBIMH UMITYJIbCaMH, (PUKCHPYEMBIMH B KOJIOHKAX M3 KOHTHHEHTAJIBHOTO CKJIOHA. JTO
ObUTH 0OCTAaHOBKH JETPa/AlMN JICTHUKOB, COIPOBOXK/IAIOIINECS OTKAJIBIBAHHEM MHOTO-
YHCIEHHBIX aiicOeproB, KOTOPBIE TIEPEHOCIIIN HE TOIBKO TOHKOE «JIEHUKOBOE MOJIOKO»,
HO M KpynmHoMepHBIe riceuTsl [27 — 30]. Bpems Hagama 3Toro COOBITHS BapbUpPYyET OT
15 mo 13 TrIC. MET Ha3aa, U 3aKOHYIIOCH OHO Ha TpaHUIlE IJieicToneH-romoneH [30].
OnHako cepbe3HbIe NCCICAOBAHNS HCTOYHIKOB aiicOepTOB U TPACKTOPHA UX Majeonpeiida
paHee HE BBINOIHSAINCE.

TeopeTndyeckn HCTOUHUKAMHI KPYITHOMEPHBIX OOJIOMKOB MOTYT OBITh JIOKAaJIbHBIE BBIXO-
JIbI KOPEHHBIX IOPOJI, TPAaBUTALOHHBIE CKIIOHOBBIE TIOTOKH JIN0O JIETOBBIN 1/Min aiicoepro-
BBl pa3HOC. AHAJIN3 PE3YNIbTATOB NPEIBIAYILUX UCCIEJOBAHUM JOHHO-KAMEHHOTO MaTepyaa
B Tipefenax xenoda Opani-Bukropus mokasan, 9To Cpead MCCienoBaTeneii HeT eIUHOTO
MHEHHS O TTPOUCXOXKICHUH TIce(pUTOB. Psi aBTOPOB MPUBOIMIN apTyMEHTHI B TTOJIB3Y UX
MecTHOU mpupons [3, 31, 32], npyrue — OTCTauBaJli MEXaHU3M JIOCTAaBKH JibaaMu [33].
[Nomasmstoree GOTBITMHCTBO TPOO B MUTHPYEMBIX paboTax OTOMPAIOCh THOUSPIATEIIIMH
U paraMi. JTH NCEPUTHI 3aBEJOMO TIPEICTABIIUIA COO0H TPyO00OIOMOYHEIH MaTepHa,
paccesHHBIN B TOJIOIIEHOBBIX Ocaikax. B ciaydae otOopa TpyOKaMu HE TPOBOIMIICS aHAIIN3
MPUYPOYECHHOCTH MCE(UTOB K KOHKPETHBIM JINTOJIOTHIECKIM TOPH30HTAM.

M5! nosaraem, 4to JIOKaJIbHBIE BEIXObI KOPEHHBIX TIOPOJ U IPaBUTAIINOHHBIE CKIIO-
HOBBIE TTOTOKH HE MMEJH BEIYIIETO 3HAYEHHS B MOCTaBKE NMCE(PHUTOB B U3YUEHHOM pe-
ruoHe. B ciydae mpeBannpoBaHUS 3THX MEXaHW3MOB IpyOOOOIOMOYHBIN MaTepra ObLI
OBl pactipesiesieH Ooee WM MEHee paBHOMEPHO Ha BCEM IPOTSHKEHUH paszpesa. OmHako
MIOBBIIIEHHBIE COMEPKAHNS TICE(PUTOB (PUKCUPYIOTCS JIMIIb B €r0 HIKHEH JacTH. JTO
MO3BOJISIET MPETIOIOKNTH OOJIee BEPOSITHON WX JOCTAaBKy aiicOepramu, HHTEHCHBHOCTh

388 [IPOBJIEMbBI APKTHUKH U AHTAPKTHUKH * 2020 * 66 (3)




A.A. KPBIJIOB, C.A. MAJIBILLIEB u op. A.A. KRYLOV, S.A. MALYSHEYV et al.

(YHKIIMOHUPOBAHHSI KOTOPBIX ObLIa MAaKCHUMaJIbHOM B MEPHOJ] MOCICAHEH ACTISIHALIIH.
[Tociie OTHOCHUTEIBHOM CTAOMIIM3ALMU KIIMMAaTa B TOJIOLCHE aiicOeproBhIil pa3HOC Tepe-
CTaJl urparb 3aME€THYIO POJIb, YTO IMPUBEJIO K 3HAYUTCIbHOMY CHMXKCHHUIO KOJIHNYCCTBA
riceuTOB B BEpXHEH 4acTH paspesa.

Takum 00OpazoMm, 3aXBaT M NMEPEHOC U3YYCHHBIX HAMHU KPYITHOMEPHBIX OOJIOMKOB
MOT" OCYIIECTBJIATHCA HpHHaﬁHbIMH JIbJaMUu J'II/I6O aﬁc6epraMM, OTKaJIBIBAaOIIUMHUCA OT
Jlerpaupyromux JeaHukoB. KonnyecTBo aiicOeproB ceifuac HEBEIIMKO, OHAKO OBLIO
SHAYUTCJIbHBIM B IIEPUO/ IIEPEX0Ja OT OJICACHCHUA K MEKIICTHUKOBLIO. HeﬂﬂHOﬁ TIOKPOB,
npeBaMpylonnii Ha ceBepe bapeHiieBa Mopsi B HacTosIee BpeMsl, 0O4€BUIHO, IOCTABIIS-
€T MCHbIICEC KOJINYECTBO KPYIIHOMEPHBIX O6J'IOMKOB B 0CaJIK1, 4YTO XOpOIIO BHUIAHO IIpH
CpaBHCHUU T'OJIOLCHOBBLIX U HO3[[H€HJ'ICI710TOIJ,GHOBI)IX OTJIOKCHUIM.

Pe3y.]'lI)TaTbI HaluXx MnpeaBapuTeIbHbIX HCCHG[[OBaHl/Iﬁ IOKa3bIBAKOT, YTO neTporpaQ)I/l—
YeCKUI COCTaB KPYITHOMEPHOT'O JIOHHO-KAMEHHOIO MaTepHaa CHIIbHO BapbUPYET B TIpe-
JellaX U3ydeHHOHU Iuromaan. MenoBbie rab0po-0a3aibThl, SIBISIONIUECS CBOCOOPA3HBIM
MapkepoM apxunenara 3emiist @panna-Hocuda (3OU), Berpeuarorest cpeid W3y4eHHbBIX
Hamu ricehuToB KpaitHe peako. VX conepikaHue 3amMeTHO Juib B KosloHkax AT-8GC
u AT-10GC (14,4 u 16,7 % COOTBETCTBEHHO), PACTIOIOKEHHBIX B CEBEPHON OKOHEYHOCTH
«KHJICBOW» YaCTH kKejo0a, Torna Kak B KOJIOHKAxX 3amajHoro oopra xenobda (AT-12, 17,
23, 27, 28) konuvectBo Oa3anbroB He mpesbimact 2,7 % (AT-28GC) (tabiu. 2). Takum
o0pa3zom, [uisi U3y4eHHbIX pa3zpe3oB BiusHue 3emin-Opanna Mocuda B nenom 66110 He-
BeJIMKO. B 3TOI CBSI3M BO3HMKAET BONPOC 00 MCTOUHHMKAX MECYAHUKOB, KOTOPbIE MPE00-
nanarot B pazpesax ctanuuid AT-10GC (61,1 %), AT-27GC (41,7 %) u AT-28GC (62,1 %)
7100 3aHUMAIOT BTOPOE 10 KOJIMUYECTBY MECTO rociie kapooHaroB B cranuusix AT-08GC
(21,4 %), AT-12GC (20 %), AT-17GC (37,2 %) u AT-23GC (12,5 %). Kak uzBectHo,
TPHACOBBIE U HI)KHEIOPCKHE NMEeCYaHUKU LIMPOKO pa3BUTHI B npeaenax 3OU [31]. Bepo-
siTHEEe Bcero, camble ceBepHble KomoHKkU — AT-08GC u AT-10GC, coneprkariue, TOMUMO
MIECYaHUKOB, 3aMETHBIE KOJIMYECTBa 0a3ajbTOB, MOJYYHIM CBOHM NCEQUTOBBIA Marepual
MIPEMMYIIECTBEHHO 3a CUET aiicOeproB, NOCTaBIsIEMbIX B epuon nersiunanuu 3OU. Jlns
OCTAaJIBHBIX KOJIOHOK ITIaBHBIC HCTOYHUKH HCCq)HTOB 6])1.]'[1/1 Apyrue.

JlelicTBUTEIIBRHO, accoIMaNUy IIce(h)UTOB, OTOOPAHHBIX BIIOJIb 3aI1a{HOTO OOpTa KKe00a
@pani-BUKTOpUS, UMEIOT OTIIMYMS OT TAKOBBIX B LIEHTPAIBLHOM YacTu xenoda (CTaHiuu
AT-08GC u AT-10GC). 3aech B 1enoM 0oJblie KapOOHATOB, & TAKIKE KPHCTAIUINICCKUX
crnanueB 1 kBapruToB. Ocaku B kosoHkax AT-28GC u AT-17GC umMeroT po3oBathlii OTTe-
HOK. BeposiTHee BCcero, ICTOYHUKAMHU 3TUX MCE(HUTOB SABIISIOTCS KOPSHHBIC MIOPOIbI palioHa
ocTpoBoB benslit — BukTopus, cpenu kotopbix BeiaeneHs! [31]: 1) npoTtepo3olickue raeii-
Chl, MeTaMOp(l)I/ILIeCKI/Ie 1 CIIIOAUCTBIC CJIaHIbl, KBAPUWTHI U KBAPLIUTOBUIHBIC IICCYAHUKU,
2) BepXHEEBOHCKUE NTECUaHNKH, aJI€BPOJIUTHI, ApTHUINTHI KPACHOBATO-KOPUYHEBBIE, CBET-
JIble, KBapIIeBbIC ECUAHUKH; 3) KapOOH-HIKHETIEPMCKHE H3BECTHAKU KPEMOBBIE, KENTOBATO-
CEPhBIC, TOJIOMUTHI, KBAPUEBBIC IECYAHNKHN, CEPLIC AJICBPOJIUTLI, apTrUJIJIUTLI.

Takum oOpaszoM, aiicOepru, mocrapiseMble B IEPHOJ] OCIEAHEH IeNIHAUN OCTPO-
BaMu apxurenara 3PN, BEIBOAWINCH HA CEBEpP B CTOPOHY KOTIOBHMHBEI HaHceHa, B ToM
yypcie u uepes xenod Opanu-Bukropus — ero 1eHTpaibHy0 U BOCTOYHYIO YacTu. pyroii
MIOTOK aiicOeproB cjie/i0Ball Ha CEBEP CO CTOPOHBI paiioHa 0cTpoBoB beblit — Buxropus
u «BbITecHsUD aiicoepru 3OU ot 3anaaHoro 6opra xenobda. IT0 OOBICHIET HEBBICOKOE
KOJIMYECTBO 0a3ajbTOB Cpey Mce(UTOBOIO MaTepualia, OTOOPAHHOTO U3 «3aIlaJIHbIX»
KoJIOHOK. [IpHcyTcTBHE KPUCTANTMUECKHUX CIIAHIIEB U U3BECTHAKOB B cTaHIMU AT-08GC
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A.A. KPBIJIOB, C.A. MAJIBILLIEB u op. A.A. KRYLOV, S.A. MALYSHEYV et al.

CBUJICTENBCTBYET B MOJIb3Y CMEIICHHS B ATOM pailoHe «3amaJHOro» 1 «BOCTOUHOIO» I10-
TOKOB alicOeproB. YMeHbIICHUE KOJIMYeCTBA KapOOHATOB Cpe/ii IICE(UTOB B FOJIOLCHOBBIX
0cajikax, BEpOsITHO, CBS3aHO C NpeodiiaJaHieM COBPEMEHHOI MUTPALIMH JIbJIOB B 3aa IHBIX
pymOax H, Kak CJIEACTBHE, YMEHbIICHUEM POJIM pailoHa ocTpoBOB beinblii — Bukropus
B IOCTaBKe KPHO30Jieit st sxenoda dpanir-Bukropusi.

Jocratouno Hu3kue 3HaueHus ko3 uirenToB Xabakosa u Bajesia B OCHOBHOI
Macce U3y4eHHOro nceuToBOro Marepualia CBUJCTENILCTBYIOT B IOJIb3Y OTCYTCTBUSI yC-
JIOBUM JUIA €0 OKaTbIBaHHA, KOTOPOE, KaK U3BECTHO, ITPOUCXOAUT JIMIIb ITPU JOCTATOYHO
JUTUTEIEHOM HaXOKICHUH B BOJIHONIPUOOIHOMW 30He. B 3TOM CBsA3M cleyeT NoM4epKHYTh
KOHBEPIeHTHOCTh MOP(OMETPHUECKHUX MPHU3HAKOB, YTO 3aTPYAHSET Pa3ieieHUue «MeCT-
HOTO» JIOHHO-KaMEHHOTO MaTepHasa, 3aJIeraroiero BOIN3U BBIXOI0B KOPEHHBIX TTOPO/I,
1 Marepuaa aiicoOeproBoro pasHoca: B 000HX CIIydasix JOJKHBI IIPe0o0JiaiaTh HEOKATaHHbIC
nicedutsl. TakuM 00pa3om, OTCYTCTBHE OKaTaHHOCTH y JJOHHO-KaMEHHOT'0 Marepualia He
SABJIICTCA JOCTATOYHBIM KPUTEPUEM [IJIs1 OTHECCHUA €0 K MECTHBIM (KOpeHHI)IM) nopoaam.
HJ’IH 9TOro Tpe6yIOTC}1 JOIMOJHUTCIbHBIC apI'YMEHTBI, HAIIPUMEP — aHaJIU3 paClpeaACICHUA
nceuToB 1O paspesy, HAJMYKe W OTCYTCTBHE CBS3HM MEXJYy IOJOKEHUEM IMCeGUTOB
B OCaJIKe M JINTOJIOTUYECKHM COCTaBOM OTJIOKEHMH.

3AKJIIOYEHHUE

1. B pa3pes3e n3ydeHHBIX KOJOHOK, OTOOpaHHBIX B jkenode dpann-Bukropus, BBI-
JeneHbl 3 mavku (CHU3Y BBEPX): «BOCCTAHOBJICHHBIN CIIOW C TICE(UTAMM», «BOCCTAHOB-
JIEHHBIN CJIOM» U «OKUCIEHHBIN coi». MIX HaKoIUIEHHnE OCYIECTBISUIOCH MIPU MIEPEXOE
OT yCIOBHUH JIEMISIIAAIMN K COBPEMEHHBIM MOPCKHM OOCTaHOBKaM.

2. OcHOBHas Macca IICE(HUTOB MPeICTaBICHa HEOKATAHHBIMH OCTPOYTOIBHBIMA 00-
pasmamu 100 yIIIOBAaTEIMHU M PEOPUCTHIME C 3aMETHOH TOTEPTOCTHIO pedep.

3. Cpenu hopm ricepuTOB OKUAAEMO TIPEOOTaIal0T N30METPUIHBIC U TUCKOBUIHBIC
pazHocTH. HeckonlbKo HEOXKUTaHHBIM SIBISIETCS IOBOJIBHO 3HAYUTENBFHOE PACIIPOCTPaHCHUE
rce(puToB OPyCKOBHIHOW/TIMIIMHAPHIECKON (HOPMBL.

4. HaxomyieHue CJ10s, HACBIIIEHHOTO TICE()UTOBBIM MaTepUalioM, OCYIIECTBIIIOCH
B YCJIOBHSIX TIOCTABKH aiicOEproB pa3pyIIaONIMMHUCS JIEAHUKAMH B TIEPHO, JCTIIALIHALIIH.
Aticoepru co croponsl 3®U cienoBany Ha ceBep B CTOPOHY KOTIOBHHBEI HaHceHa, B ToM
qucie yepes xenod Ppanin-Buxropus, mpuueM oHM HE ZOCTHTAH 3aMafHOTO OopTa Ke-
mo6a. Co CTOPOHBI 3amMagHOTO OOpTa IIeN MapajuIeNbHBINA TMOTOK aicOeproB. CMerienne
JIByX MOTOKOB MPOUCXOIMIIO IPUMEPHO B CPEAMHHON dacTh xenooda.
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IMPABIJIA JJI1 ABTOPOB
KYPHAJIA «ITPOBJIEMbBI APKTUKU 1 AHTAPKTHUKN»

B sxypHaie myOnuKyoTCs CTaThbM 10 TEMAaTHKE HCCIIEIOBAaHNUH MOJISIPHBIX 00acTei,
a TaKk)Ke HayuyHbIE COOOIICHUSI TEOPETHYECKOTO, METOANYECKOTr0, IKCIIEPUMEHTAIBHOTO
U MIPUKIIAJIHOTO XapakTepa, TeMaTHuecKhe 0030phl (0 3aKa3y PelaKi(iun), KPUTHISCKHE
CTaTbu M pereH3uH, Onbmmorpaduueckue CBOJKH, XPOHHKA HAyYHOW KHU3HH. TeKCThI
cTareil JOJHKHBI ObITh HAa PYCCKOM WJIM aHDIIMIICKOM si3bike. [[pUHUMAIOTCSI CTaThH, paHee
He ONMyOJIMKOBaHHBIC U HE HAXOMSIIMECS HA PACCMOTPEHUH B JPYTHX H3IAHUSX.

Bce marepuaibl HarpaBisilOTCS B PEAKIMIO B JIEKTPOHHOM BHJE OH JIalH uepe3
JIMYHBIN SNIEKTPOHHBIH KaOMHET aBTopa Ha caiTe )KypHaua https://www.aaresearch.science.
ABTOpBI JIOKHBI IPEICTABUTH TEKCT CTATHH CO BCTABJICHHBIMH PUCYHKAMHU, & TAKXKE OT-
JIeTIbHO OPUTI'MHAIBHBIE (haliJIbl PUCYHKOB (CM. TpeOOBaHMUS K PUCYHKaM), AKT SKCIIEPTH3bI
0 BO3MO)KHOCTH IyOJIMKALMK CTaThbU B OTKPBITOM revyary U (ail1 ¢ MoJHbIMU CBEICHUSIMU
00 aBTOpax: (paMmiIHs, UMsI U OTYECTBO (IIOTHOCTHIO), MECTO PabOTHI (TIONHEIHA aapec),
yueHasi CTETIeHb, JOJDKHOCTD, aJIpeC 2JIEKTPOHHON MOYTHI U TelIe(OH OJHOTO U3 aBTOPOB
JUTA cBs3U. Pexomenayemslil 00bem crateid — ot 8 no 20 ctpanun Tekcra (uepe3 1,5 nH-
TepBaa), BKIOYas TaONUIIBI U CIIHCOK JIMTEPATyphl; PUCYHKOB He Oosiee 6, Tabmuil He
Oonee 6. Texct HaOupaercst B popmare Microsoft Word. [Tapamerpsr Habopa: mpudr
Times New Roman, xer1s 12, uarepsan 1,5. CTpaHuibl B cTaTbe HyMEPYIOTCS.

Bce nocrymnaronye MaTepruabl IPOXOAST MPOBEPKY HA OTCYTCTBHE 3aMMCTBOBAHHN
B COOTBETCTBUH C STHUECKHMH NpPaBUIAMHU MyOIHKAIUH.

Bce crarbu mpoxoAsT JBOHHOE pelieH3upOBaHUE.

[MyGnukaIys B HalIeM ypHalie MOTHOCThIO OecIIaTHa.

CTpykTypa cTarbu

Crarbu oopmitsirorest cireayromum oopazom. CHauana gaercst Y/IK; 3arem Ha pyc-
CKOM $I3bIK€ — Ha3BaHWE CTaThbH, MHUIMAIB M ()aMHINU BCEX aBTOPOB (TIPH yKa3aHUH
ABTOPOB CTaThH CHauasla WIyT MHUIMAIBL, 3aTeM (amuausa. Vaunuans! n hamuiaus pas-
JISIISIFOTCST TPOOEIIOM), TTOJTHOE Ha3BaHWe OpraHu3aluK(1Mii), TIIe BBIOJIHEHa paboTa U ee
(1X) agpec; AMEKTPOHHBIN aJipec aBTOpa, OTBETCTBEHHOTO 3a CB3b C PeHaKIueil. 3aTeM Te
JKE CBEACHHS IPUBOJIATCS HAa aHIJIMICKOM SI3bIKE: 3arMIaBUe, aBTOPHI, YUPEXKICHUs, BTOPO
pa3 e-mail miaBHoro aBropa. [Ipu 3ToM MMeHa aBTOPOB JArOTCs TOJIHOCTBIO, OTYECTBO
cokpamieHHo. [Tocie 3Toro Ha aHIMMHCKOM S3bIKE MHIITYTCS KJIIOUEBBIE CJI0BA B COOTBET-
CTBHH ¢ aHIMiickuM ajndasurom (He 6osee 10 citoB 1 He Oolee BYX CIIOB B COUCTAHUSIX )
1 aBTOpckoe Summary cratbti Ha 20—25 ¢TpOK (34eCh e I KOHTPOJIS 00sI3aTeIbHO
mpujiaraeTcs mepeBo Summary Ha PyCCKHH SI3BIK).

KittoueBbie citoBa JODKHBI OTpaskaTh OCHOBHOE COZEp)KaHUE CTaTbH, TIOBTOPSTH
TEPMUHBI U3 TCKCTA CTATbU U 1O BO3MOKXHOCTHU HE MMOBTOPATH TCPMUHBI 3arjlaBusi; CICAYCT
MIOMHHTb, YTO 3TH CJIOBA JJOJDKHBI OOJIErYUTh MOUCK CTAaThbH CPEACTBAMU MH(OPMALIOH-
HO-TIOMCKOBOW CHCTEMBI.

Summary 70/mKHO OBITH MOHATHO 0e3 OOpaleHHs] K caMoi IMyONIMKalMK KaK He3aBH-
CHMBIH OT CTaTbi NCTOYHUK MH(popMmarmu. OHO JOKHO OTBEYATH CIIEAYIOIINM KPUTEPHSIM:
MH(OPMATUBHOCTH (HE cozleprKaTh OOIINX CIIOB); CONEPIKAaTENbHOCTH (OTpaXkaTb OCHOBHOE
coJiepyKaHue CTaThu: 331241 pabOThI, METOJIbI, ITIABHBIC PE3YJILTaThl HCCIIEOBAHHUN ); OCIIEIO-
BaTENbHOCTH M3I0kKeHwsL. [lepeBon Summary Ha aHIMMHACKHUH SI3BIK JOIDKEH OBITh BBITIOIHEH
Ka4eCTBEHHO, C UCIIOJIb30BAHUEM aHIJIOA3BIYHON CIICINAIbHON TEPMHUHOJIOTHH, HE OBbITh J10-
CJIOBHBIM TI€PEBOJIOM PYCCKOSI3BIYHON BepcHH (TTPH HEOOXOJMMOCTH CJIE/YeT TAKKe BKIIIOUaTh
TIOSICHEHUSI TSI THOCTPAHHOTO YHTATEIIs], CBS3aHHbIE CO CIEIN(HUKON MCCIIET0BAHHN).
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AHHOTaIMsI Ha PYCCKOM SI3bIKE M Summary JOJDKHBI ObITh CTPYKTYpHPOBAaHHBIMHU,
T.€. OTPaXKaTb KPaTKO MPOOIEMyY HMCCIIEIOBAHNS U €€ COCTOSHHUE, 11eNNb pabOThl, METOIbI,
Ppe3yabTaThl U 3aKIIFOYCHUE.

Janee npojoinkaercst HHGOpMAIKs Ha PYCCKOM SI3bIKE: KJIFOYEBBIE CJIOBA B COOT-
BETCTBHH C pycckuM andasutoMm (uHe 6omee 10), kpatkast anHOoTanms (7-10 cTpok) (6e3
NepeBo/ia Ha aHNIMICKNI) M HAUMHACTCSl TEKCT CTAThH.

Jlyist cTaThy, IpeICTaBIIEMON Ha aHIIIMICKOM si3bike, TpeOyroTes: YJIK; nepeBos Ha
PYCCKHIA s3bIK Beell nHpOpMaIMu, KOTopas AaeTcsl epel HayajioM CTaThbH B XKypHale.
Kpome Toro, B KOHIIE CTaThbil HEOOXOIUMO IPUBECTH PACIIMPEHHBIH PycCKHi pedepar
(1-1,5 crp.), a B moANMCAX K PUCYHKaM JIaTh UX MEPEBOJ Ha PYCCKUIl S3BIK.

OcHnosnoti mexcm pa3duBaeTcst Ha pazneisl. OOBIYHO 3TO BBEACHUE, IIOCTAHOBKA
po0JIeMbl, METOJMKA HCCIIEI0BAHMM, PE3yNIbTaThl NCCIEOBAaHUH, 00CYKICHUE PEe3ylb-
TaTOB, 3aK/IlOueHne (BBIBO/IbI). B KOHIIE cTaThi Hy)KHO IMOMECTUTH ClieyIolLyto HHpOp-
MaIuio Ha IByX s3bikax: Kordmukr uaTepecoB/Competing interests; @uHaHcupoBaHme/
Funding; braronapaoctun/Acknowledgments. JKenarenpHo Taxke yka3aTh BKJIaJ] aBTOPOB
B pabotel — Bxuan aBropos/Authors contribution. B paznene ®unancupoBanue HeoO-
XOZMMO YKa3aTb UCTOUYHHMK (PHHAHCOBOH MOAJEP)KKHU, CIIOCOOCTBOBABINUI BBIOIHEHHIO
3TOM paboTs! (rpaHThl (POHIOB, IPOTPAMMEI U T.11.), B biiarogapHOCTIX MOXXHO ITOMECTUTH
0J1aroJapHOCTb JIMLIAM, OKa3aBIIMM IIOMOIIb B ITOJIOTOBKE CTAThU.

Ioonucu nod pucynkamu AarTCA K KaXXKJOMY PUCYHKY B COOTBETCTBHH C €TO pac-
MIOJIOKEHUEM B TEKCTe: CHadasia Ha pycckoM (Puc. 1. Jlanee moamuce), a mOTOM Ha aH-
mmiickom si3bike (Fig. 1. Figure caption). B noamucsx HeoOXoMuMO OTAENISATH COOCTBEHHO
Ha3BaHUE PUCYHKA OT OOBSCHEHUH K HEMY (3KCIUTHKAIUS ), KOTOPBIE HAIO0 JaBaTh C HOBOH
CTPOKH.

Pucynxu u pomoepaguu NoMeIaoT B OTAENbHBIX (ailiax: I pacTpOBBIX H300pa-
xeHnit B pactpoBeix ¢opmarax JPEG/TIFF/PNG/PSD, B Bextopusix — CDR, Al, EPS
n B (popmare XLS (ue nomyckarorcst pucyHku B popmare Word). Pazpemenne pactpoBbix
n300paxeHunit B orreHkax ceporo 1 RGB-user nomxno 61T 300 dpi. Bee crioBecHbie Ha-
IIMCH Ha PUCYHKAX JIAl0TCs TOJIBKO Ha PYCCKOM si3bIke. Bee ycoBHBIE 3HaKM 0003HAYAIOTCS
mudpaMu (KypcuBoM) ¢ 00s3aTeIbHON pacIn(pOBKOi B MOAPHCYHOUHBIX MOAITUCSX, T/IE
OHH TaKke 0003Ha4Yal0TCs KypcuBoM. L{ndpsl MOXKHO cTaBUTh 1 Ha JMHUAX TpadukoB. Ha
rpauKax Bce MIKaJIbl 00s13aTeIbHO MOANUCHIBAIOTCS M YKa3bIBAETCS PA3MEPHOCTh BEITMUNH.

Tabauywl. J{ns OonbIIMX TaOIMI CIIETYET UCTIONB30BaTh allbOOMHYIO Pa3METKY CTpa-
HuLbl. HoMep 1 HanMeHoBaHue TaOMIIbI (J1Ba OTAEIBHBIX a03alia) NPUBOASATCS Ha PYCCKOM
1 aHTJIMHACKOM SI3bIKax. 3ar0JI0OBOK TAaOMHIIBI HE JOIDKEH mpeBsimaTth JABYX cTpok.

Tabnuue! 1 rpadbl JOIKHEI UMETh 3ar0OJIOBKH, COKPAIICHUS CIIOB B TaOJIUIAX HE
nomyckatores. Tabaunbl HaOuparoTcsl, Kak U Tekct, B ¢popmare Word mpudrom 9 nr.
Ecnm y Tabnuie! ecTh MpUMedYaHue, OHO TOKE ITPUBOANTCS Ha ABYX s3bIKax. [Ipumedanus
BHYTpPHU TaOIMIBI HE JatoTcsl. Mcronp3yroTes CHOCKM KO BCEH TaONHIe MM OTJACIbHBIM
ee [0Ka3aTessIM.

B Texcre cienyeT maBaTh CCHUIKHM HA BCE PUCYHKU M TaOmuimpl. [1pn mepBoit ccput-
ke — puc. 1, Tabn. 1; mpu moBTOpHBIX — cM. puc.l, cMm. Tabi. 1. Eciu B Tekcre maercs
o/1Ha Ta0JIUIIa UM OJIUH PUCYHOK, TO CCHIJIKH B TEKCTE NPUBOJISITCS CIIEILYIOINM 00pa3oM:
TIpH TIEPBOH CCHUIKE — (TabmwIa), (PUCYHOK); TPX TIOBTOPHOM CCBIIKE — (CM. TaOIHILy),
(cM. pHCYHOK).

Maremarnueckre 0003HaYEHUs, CHMBOJIBI M NPOCThIE (POPMYJIBI PEKOMEHIYETCs
HaOMUpaTh OCHOBHBIM HIPU(TOM CTaTbH, CIOXKHBIE (hopMynbl — B mporpamme MathType
(umm B Bepemsix Word 1o 2007 rozia BKIIIOUMTENBHO). HyMepyroTcst TOIbKO Te (hOpMYITBI,
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Ha KOTOpBIE €CTh CCHUIKH B TeKcTe. Pycckue u rpedeckue OykBbl B (popMysax U TEKCTe,
a TaKkXKe XMMUYECKUE AIIEMEHTHI HAOMPAIOTCS MPSAMBIM MIPU(TOM, JTaTHHCKHAE OyKBBI —
KypcuBOM. AOOpEBHATYPBI B TEKCTE, KPOME OOIICIPUHATHIX, HE JIOITYCKAIOTCA.

B cnucke numepamyper (noz 3aroinoBkoM «CITHCOK JTUTEPaTypPhD») CChUIKHM Ha JIUTEpa-
TYpYy HyMepyIOTCsl TOCIIEIOBATENBLHO, B COOTBETCTBHUH C TMIOPSAKOM HX IIEPBOTO YIIOMHHAHUS
B Tekcte. [IpuBosTes TONbKO ommyOiKkoBaHHbIE paOOoThI. CCBIIKH 110 TEKCTY JIAFOTCSI B KBa-
JIPATHBIX CKOOKaX Ha HOMEpa CIIMCKa, Yepe3 3arsTyro ¢ npoodenom: [1, 7, 23-27]. Cratbst
JIOJKHA COZIEP>KaTh CCHUIKM Ha BCE PabOTHI, TPUBEACHHBIE B CIIMCKE JIUTEparypsl. Komnye-
CTBO MCTOYHHUKOB JIOJDKHO ObITH He MeHee 10. OOpamiaeM BHUMaHHE Ha HEIOIYyCTUMOCTh
BKJIFOYEHHSI B CITUCOK JIMTEPATyphl M3AaHuM, BbImymieHHbIX 0e3 ISSN- mmu [ISBN-konoB
(3TIM "acTo rpemar COOPHUKH MaTepHaIoB KOH(GEPEHINH (Te3HUCH WK JOKITAIb), a TaK-
JKe aBTopedepaToB JuccepTaliii U JUCCePTALUi, apXUBHBIX M (POHIOBBIX MaTEpPHAIIOB,
Hay4HO-TEXHUYECKHX OTYETOB, YIEOHUKOB U yueOHbIX ntocoomii, [OCToB, pacnopsokeHuii
u np. KonmmuecTBo CChUTOK HA HayYHO-TIOMYIISIPHBIE U3AHHS IOMDKHO OBITh MUHHMAJIBHBIM.

KomnmuecTBO caMOIUTHPOBAaHU JOKHO OBITH He Oostee 10—12 % oT obmiero komm-
YeCTBa CChIJIOK HA OPUTHMHAJIbHBIE HCTOYHUKH.

Hanee mpunaraercs BTopoi ciimcok aureparypsl (References). B crimcke na natn-
HUIIE CTPOTO COXPAHSIOTCS TE K€ IOCIIE0BATEIBHOCTh U HyMepanusi HCTOYHUKOB, 4TO
U B «TPaAUIIMOHHOM» criucke. CChUIKM HAa HHOCTPAHHBIE HCTOYHUKHU NPUBOIATCS B 000UX
CIHCKaX JUTEPaTypBhI.

Crarby, HEe COOTBETCTBYIOLINE yKa3aHHBIM TPEOOBAHUAM, paCCMaTPUBATHCS HE OyIyT.
[Tpu pabote HaJ| pyKOITUCHIO PEAAKIHS 110 COINIACOBAHUIO C aBTOPOM BIIPaBE €€ COKPATHTb.
ABTOp, IOATIMCHIBAS CTAThIO M HAIPABIIAS €€ B PEJAKIINIO, TEM CaMbIM TI€PElacT aBTOPCKHUE
IpaBa Ha W3/1aHKue 3TOH cTaThh XypHaIY «lIpobiaeMbr ApkTnkn u AHTapKTHKH / Arctic
and Antarctic Researchy.

PeﬂaKHHOHHaH KOJUICTHA HE BCTYHNACT B AUCKYCCHU C aBTOpAaMU IO IMMOBOAY IpH-
HUMAEMBIX €10 PELIEHUH.

Bornee monublie cBeneHus Mo 0hOPMIICHUIO CTAaThbH NPHUBEAEHBI B ToKyMeHTe «Tpe-
OoBaHuUs K OPOPMIICHHIO CTaTeH, MPUChUIAEMbIX B XKypHas [IpobiaeMbr ApkTHKHM U AH-
TapKTHKN», KOTOPBII 00s13aTeNeH IJIsl 03HAKOMIICHHS TIPU TTOJTOTOBKE MaTepHaIoOB CTAThU.

06 Annomayusx. Penakuus peKOMEHIYET BCEM aBTOpPaM O3HAKOMHTHCA ¢ Peko-
MEHJIAIUSIMU 110 0()OPMIICHHIO aHHOTAIMH Ha aHIIIMHCKOM SI3bIKE, KOTOPBIC SIBIISIFOTCS
JJI4 UHOCTPAHHBIX YYCHBIX U CIICHUAJIMCTOB OCHOBHBIM H, KaK MpPaBUJI0, CAUHCTBCHHBIM
MCTOYHUKOM MH(OPMANNHU O COAEPKAHNH CTAThU M M3JI0KEHHBIX B HEW pe3yabTarax Hc-
CII€JIOBaHUIA.
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