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OKEAHOJIOT A

VJIK 551.326.2(268.52) DOI: 10.30758/0555-2648-2019-65-3-239-254

MEXIT'OJOBAA NI3SMEHYUBOCTD
MNPOAOJIZKUTEJIBHOCTH BE3JIEAHOI'O IIEPUOJA
B IOT'0-3AITATHOM YACTH KAPCKOI'O MOPS

0.A4. COYHEB', K.A. KOPHHIIHH', 1.0. EOUMOB’, E.Y. MUPOHOB®", B.C. [IOPYHAEB’
!—TIAO «HK «Pocneghmoy, 2. Mocksa, Poccust
2— 000 «Apxmuueckuil Hayunvlil yeumpy, 2. Mockea, Poccust
3 — T'HI] PO Apxmuueckuil u anmapKmu4eckutl Hay4¥HO-UCCAe008amenbCKUll UHCMUmym,

Canxm-Ilemepbype, Poccus

“mir@aari.ru

INTERANNUAL VARIABILITY
OF THE ICE-FREE PERIOD DURATION
IN THE SOUTHWESTERN KARA SEA

0.Ya. SOCHNEV', K.A. KORNISHIN', Ya.O. YEFIMOV?, Ye.U. MIRONOV?", V.S.PORUBAYEV?
'— PAO “OC “Rosneft”, Moscow, Russia
2— 000 “Arctic Research Center”, Moscow, Russia

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

“mir@aari.ru
Received June, 13, 2019 Accepted July, 30, 2019

Keywords: dates of ice clearance and ice formation, ice-free period, interannual variability,
the Kara Sea

Summary

In the coming years, exploration drilling in the geological structures in the Kara Sea is planned.
It will be carried out during the ice-free period using floating drilling facilities of a different ice class.
The aim of the work is analysis of the interannual variability of duration of the ice-free period in the
area of the geological structures the results of which are necessary for planning operational activity
of the drilling platforms and optimization of expenses for exploration drilling on the Arctic shelf. For
an assessment of interannual variability of the ice-free period duration in the area of the geological
structures there were used data on the dates of water area clearance from ice and beginning of ice

Citation: Sochnev O.Ya., Kornishin K.A., Yefimov Ya.O., Mironov Ye.U., Porubayev V.S. Interannual variability
of the ice-free period duration in the southwestern Kara Sea. Problemy Arktiki i Antarktiki. Arctic and Antarctic
Research. 2019, 65, 3: 239-254. [In Russian]. doi: 10.30758/0555-2648-2019-65-3-239-254.
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formation in the southwestern part of the Kara Sea for the period of 30 years on the basis of the AARI
weekly ice charts. An analysis of interannual variability of the ice-free period duration showed that a
20-year summer (1989-2008) and a 10-year (2009-2018) intervals could be identified. It is shown that
in the last decade as a result of combination of favorable hydrometeorological conditions the ice-free
period duration has increased by more than 1 month. An analysis of the main hydrometeorological
factors determining the ice-free period duration indicated that it is possible to perform an assessment
of duration of exploration drilling operations in the water area of the East-Prinovozemelsky license
blocks with a period in advance of several months. Drilling with the use of ice-resistant drilling
platform allows us to extend the operation period, as drilling could be started after disappearance of
close ice and finished after the ice thickness growth up to 30 cm.

Hocmynuna 13 uronsn 2019 a. Ipunama xk newamu 30 uronn 2019 2.

Kniouesvie crosa: 6e3neqHblii epuo, AaThl OUUILCHUS U enooOpa3oBanus, Kapckoe mope,
MEXT0/10Basi HK3MEHYHBOCTb.

PaccmoTpena MeXromoBasi H3MEHYMBOCTh CPOKOB OYMIIEHHSI aKBATOPHM OTO JIbJa, Hadaja
11e1000pa30BaHusl M IIPOJIOIKUTEIBHOCTD O€3JIeIHOTO Mepro/ia B paloHe Ie0IOrHYeCKUX CTPYKTYP
B toro-3anajgHoil yactu Kapckoro mops. IlokazaHo, 4yTo B mocieaHee IECATUIETUE B pe3ylbTaTe
CoueTaHMs OIArONMPUSTHBIX THAPOMETEOPOIOIHYECKUX YCIOBUH MPOIOIDKUTEIBFHOCTE O€3J1eAHOTO0
HepHoa yBeIMYMIach OoJjiee YeM Ha Mecsl. AHAIN3 OCHOBHBIX T'HAPOMETEOPOIOrHYecKux (dak-
TOPOB, OIPECIISIONIUX MTPOJOJDKUTEILHOCT O€3JIeAHOr0 Meprosia, MoKa3al, YTO BO3MOXKHO BbI-
HOJIHSTH OLIEHKY ITPOJODKUTEILHOCTH ONEPAIlMOHHOTO NEPHO/ia TOMCKOBO-Pa3BEA0YHOT0 OypeHUs
Ha akBaropuu BoctouHo-IIpuHOBO3eMeNbCKHX JIHMIEH3UOHHBIX Y4aCTKOB € 3a0/IaroBPEMEHHOCTHIO
B HECKOJIbKO MECSILIEB.

BBEJEHUE

Boctouno-IIpnHOBO3EMETbCKIE THIICH3MOHHBIC YIaCTKH PACTIONOKEHEI B aKBATOPUH
roro-3anaaHoi yactu Kapckoro mopst. [eorpadudeckin OHU OrpaHUYCHBI apXUTICIaroM
Hogas 3emis ¢ 3anmana, moryocTpoBoM SIMal ¢ 1ora U ImoJryoCTpOoBOM TaiMBIp C BOCTOKA.
CeBepo-BOCTOYHAS TPAaHUIIA aKBATOPHH MPOXOAUT IO YCIOBHOW JIMHHUHU, COCAUHSIONICH
meic XKemanus u o. lukcoH [1, 2]. B akBaTopun JIHIICH3MOHHBIX YYaCTKOB BEISBICHBI
HECKOJIBKO TIEPCIIEKTUBHBIX Ha YIIIEBOIOPOABI CTPYKTYP, MECTOTIOIOKCHIE KOTOPHIX TT10-
Ka3aHO Ha puc. 1, a Takke OTKPHITO MecTopokacHne «[lodena» B paitoHe TeonorndecKoit
CTPYKTYPHI « YHUBEPCUTETCKAS.

B Ommkaiimme Toasl Ha TeOTOTHISCKUX CTPYKTypax B Kapckom Mope TutaHupyeTcst
MIPOBEACHNE TIOMCKOBO-Pa3BEIOUYHOTO OypeHMsI, KOTOPOE BEACTCS B OC3JICIHBIN IEepHO.
C UCIIONTF30BaHNEM TUIaBY4YHX OypoBhIX ycTaHOBOK (I1BY) pasmudHOro jemoBoro Kiacca.
B roro-zanannoii yactu Kapckoro Mopsi mpogoIKUTETFHOCTE O€37IETHOTO TIeproaa Co-
CTaBJIACT B CPEIHEM JIBA-TPU MECSIIA, © UIMECT 3HAYUTEIFHYIO MEKTOJIOBYIO H3MCHUHBOCTh
[2, 3]. IlpenBapuTenbHas OlleHKA BOZMOYKHOH MPOIOIDKUTEIHLHOCTH O€37IeTHOTO ITepro/ia
TTO3BOJIAT OCYIIECTBIATH INIAHUPOBAHNE ONICPAIHOHHON IESTENFHOCTH OYPOBBIX Iu1aT(opm
(Hagano MOOMIHM3ANNH, KOJIMIECTBO CKBAKUH, KOMIUIECKC THAPOJHHAMUICCKUX HUCCIIEIO-
BaHUH W T.J.) M, TAKAM 00pa3oM, ONITUMHU3UPOBATH 3aTPaThl Ha IMOMCKOBO-PAa3BEIOTHOC
OypeHIe Ha apKTHYCCKOM IIeTbde.

[IpomomKkuTeNnbHOCTE OE3TIeTHOTO IIePHO/Ia 3aBUCUT OT CPOKOB OYHMIICHUS aKBaTO-
pHUH OTO JIbJIa ¥ Hadamia jenoo0pasoBanms. CpOKM HACTYIIICHHUS JICAOBBIX (a3 3aBHUCAT OT
0COOCHHOCTEI JIEIOBOTO peKMUMa B JIOKATBHBIX paifoHax Kapckoro Mopsi, KOTOpBIE ompee-
JISFOTCS TPOSIBICHUSMH THAPOIOTHICCKUX W METEOPOTIOTHICCKIX (PaKTOPOB, CTOKOM PEK,
penpedoM THa U ouepTaHueM OeperoB. B roro-3amamnoii gactu Kapckoro Mopsi BEIICIICHBI
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Puc. 1. PacnonoskeHue reoaornuecKux CTPYKTYp BOCTO‘IHO-HpI/IHOBO?)eMeHI)CKI/IX JIMIOCH3WOHHBIX
Y4aCTKOB B 10r0-3ana;[H0171 qacTHu Kapcxoro MOpst

Fig. 1. Location of the geological structures of the East-Prinovozemelsky license areas in the
southwestern part of the Kara Sea

YeThIpe JOKATBHBIX PaliOHa, KOTOPBIE UMEIOT OJHOPOIHBIC JISTOBBIC YCIOBHUS, K HUM OT-
Hocstest: SImano-l0ropckwmii, O6b-Enncelickuii, HoBo3eMeNnbCKUH 10)KHBINH M CEBEPHBII
pationsl [2, 4]. CrimoueHHbIe b6 HOBO3EMEIBCKOTO JIEISTHOTO MAaCCHBA BBHITAUBAIOT
00pryHO TocneqHuMH. llecTh reonorndecknx CTpyKTyp HaxomsaTcs B HoBozemenbckoM
CEBEPHOM U IOKHOM paiioHax, AHabapckas cTpykTypa — B O0b-Enncelickom pafione (cM.
puc. 1). Ha nenoBerii pesxkxum O0b-EnncelcKOTro paiiloHa CHIbHOE BIMSHUE OKA3hIBAET CTOK
pex O6p u Exnceit, uTo mposBiseTcs B 0ojiee paHHEM Hadalle TastHAS JIbJOB U OUNIICHUS
aKBaTOpPUH, a TaKXKe B Ooyiee paHHEM 3aMep3aHUH PACIIPECHEHHBIX BOA. TakuM oOpaszom,
HEOOXOANMO [IeTaTbHOE PACCMOTPEHHE MPOIIECCOB OYHUINEHHUS OTO JbJa M 3aMep3aHUsA
JUISL KQXKI0U T€0JIOTHYECKON CTPYKTYPHI.

Lenpro paboOTHI SBISIETCA aHAINW3 MEKTOJOBON M3MEHYHMBOCTH CPOKOB OUHINCHUS
AKBaTOPUH OTO JIbJIA, Hadaja Jiefoodpa3oBaHus 1 O€37IeTHOTO ePHoa A OLIEHKH IPO-
JOJDKUTENIEHOCTH OTIEPAIIMOHHOTO MEePHO/ia TOMCKOBO-Pa3BEIOYHOT0 OypeHHs Ha aKBa-
topun Boctouno-IIprnHOBO3EMENbCKUX TUIICH3NOHHBIX YYaCTKOB B FOT0-3aIaTHON 9aCTH
Kapcxkoro mopsi.

JAHHBIE 1 METO/JbI AHAJIN3A

dopmupoBanue HU(YPOBBIX MACCHBOB JIEAOBOI0 KAPTUPOBAHUS ISl aKBATOPHHU POC-
CUICKMX apKTHYECKHX MOPEH BBIMOIHIETCS HAa PEryIIPHOM 0OCHOBE MUPOBBIM LIEHTPOM
JaHHBIX 10 MOopckoMy by (MILI MJI) AAHUMN. Jlenosas xapra siBinsiercst HH(pOpMa-
IIMOHHBIM MIPOIYKTOM JUIsl KOMITJIEKCHOTO OTOOPaKEHHS B ITPOCTPAHCTBE XAPAKTEPUCTUK
JIEISTHOTO MOKPOBA, OHA CO3/IACTCsl HA OCHOBE IKCIIEPTHOTO aHAJIN3a JAHHBIX HAOIIOICHHUN
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1 JUCTaHIIMOHHOTO 30HMPOBAHUS JIEITHOTO IOKPOBA B COOTBETCTBHUH C MEXKIyHAPOAHBIMA
1 HaIlMOHAJBbHBIMHU CTaHJApPTaMHM JIEZOBOTO KapTHpoBaHus. sl aHamM3a AaHHBIX ObUIN
UCTIONIb30BaHbI J1e/j0BbIe KapThl AAHNU ¢ qucKpeTHOCThIO OHA HeJels, TOCTPOCHHBIC
Ha OCHOBE CIIyTHHKOBOH mH(popmanuu 3a mepuof ¢ 1989 mo 2018 r. (http://wdc.aari.ru/
datasets/). Miconp3oBasicst 30-neTHuil iepros, KOTopslii pekomenayercst BMO juist ana-
nu3a KmuMartndeckux AaHHbelX. C 1997 . qng xpaHeHns ¥ 0TOOpakeHHs JEJOBBIX KapT
npumensiercs hopmar SEAGRID-3, KoTOpHIit TIO3BOISET UCTIONB30BaTh TEOTIPUBSI3aHHEIC
JIaHHbIE 110 paclpeieCHUIO JbJa A aHajdu3a M UX BU3yanusauuu. B netHuit nepuos
(MrOHB—CEHTAOPB) KapThl IPEACTABICHBI B BUAC PACIPEICIICHHs! CIITIOYEHHOCTH JIbJa,
a B 3UMHHI nepron (OKTA0pb—Maii) B BHJIE paclpeneieHus JIbI0B Pa3sHOH BO3pAaCTHON
rpajanuu (TOJIIMHEI).

Jliist aHanm3a TEPMHUUYECKHUX YCIOBUH HNCIIONB30BAINCH €XKECYTOUHBIE JAHHBIC H3ME-
PEHUIA TeMIIepaTypbl Bo3ayxa Ha rujpomereoposorndecknx cranuusix ('MC) um. [Tonosa
(0. Benbrit) u 0. [lukcon u3 apxuBoB ['ocdonna (http://meteo.ru), kak HanboIee pernpe3cH-
TaTUBHBIX JUIS aKBaTOPHH FOro-3ama Hoi yactu Kapckoro Mopsi. Ha ocHOBE 3THX JaHHBIX
OBUTH paccUUTaHbl CyMMBI I'pajlyco-AIHEH MOpo3a.

B pabote ucrnonb30BaH KpUTEPUH 1ata JOCTHKCHUS JIbIOM TOMIIHUHBI 30 CM B HOBBII
Ce30H 3amep3aHus. TommuHa JbJa Oblila pacCUUTaHa B KaKI0HW TOUYKE OT (haKTHUECKOTO
MOMEHTA MOSIBIICHHS JIb/Ia HA OCHOBE SMITMPUYECKOTO BBIPAXKEHHS, CBA3BIBAIOIIETO TOJI-
HIMHY JIbJIa C TEMIepaTypoi BO3/1yXa, KOTOPOE MCXOAMUT M3 TEOPETHUECKOW (hOpPMYJIbI
Credana, moka3aBIIero, 4To TOJNIIMHA JbJa IPOIOPINOHAIbHA KBaJPAaTHOMY KOPHIO U3
CYMMBI Tpajlyco-qHel Mopo3a. PacueTHble 1aHHBIE COMOCTABIISIMCE C (PAKTHYECKUMHU
JIEIOBBIMHU KapTaMH pacHpeaeseHus BO3pacTa Jbaa.

ITocTpoenne perpecCHOHHBIX 3aBUCUMOCTEH, OIIeHKa KO (PHUIIMEHTOB KOPPEIISAIIIN
(Ha 5 % ypoBHE 3HAUUMOCTH), KO3()(UINEHTOB JIETEPMUHALIMN 1 1TOA00P BHJA aIllpPOK-
CHUMAalLlUU BPEMEHHBIX PSAZOB BBIIOIHAJICS HA OCHOBE CTAHIAAPTHBIX MTPOrPaMM.

N3MEHYUBOCTHb CPOKOB OUUILIEHHUSA OTO JIBJAA
N HAYAJIA JIEJJOOBPA3OBAHUSI HA AKBATOPUU
BOCTOYHO-ITPUHOBO3EMEJIbCKUX JIUHEH3UOHHbIX YYACTKOB

OuniieHre aKBaTOPUX OTO JIbJa OOBIYHO HAYMHAETCSl B IEPBOI MOJOBUHE WIOHS,
a 3aKaHYMBAETCSI, B 3aBUCHMMOCTHU OT MHTEHCHBHOCTH TasHUsI, B TEUCHHUE UIOJIS HJIM aBIyCTa.
B pabore [2] mokazaHo, 4TO MEKTOJ0BBIE CPOKU OUHIICHUSI MOPSI HACTOJIBKO BEJIMKH, UYTO,
KOT/1a TIPH DKCTPEMAIbHO JIETKUX JISIOBBIX YCIOBHSX OUMIICHHE 3aKaHUUBACTCS, TPU IKC-
TPEMAJIbHO TSDKEJIBIX YCIOBUSX OHO TOJIbKO HauMHaeTcs. TeM He MeHee MpPOJOIIKUTEIb-
HOCTb OYMIIIEHHSI MOPSI OTO JIbJIa COCTABIISIET OKOJIO IIECTHU JIEKa/ [, KaK MPH IKCTPEMATBHO
JIETKUX, TaK ¥ TMPH IKCTPEMAIBHO TSDKEIIBIX JIETOBBIX YCIOBHSX.

B kauecTBe KpUTEpHs OUMILEHHSI UCTIOIb30BANIACH JlaTa UCYC3HOBEHUSI JIbJla HA aK-
BaTOPHU BCEX CEMHU TeOJIOTMYECKHUX CTPYKTYp. AHAIU3 JaHHBIX 3a 30 JeT mokasai, 4to
BBIACIIAIOTCA [iBa I€pruoaa BO BpeMeHHOﬁ U3MCHYMBOCTH CPOKOB OYHUILCHUS OTO JibJa
AKBAaTOPHH, TJI€ PACIIOIOKEHBI TEONIOTHUECKHE CTPYKTYphl. [Ipu moctpoernu puc. 2 mc-
MTOJTb30BAHBI CPEIHUC NTATHl OYMIIICHUS W Havaja 3aMep3aHus JIIS BCEX T€OJOTHUCCKUX
cTpykTyp. Kak BuaHO U3 puc. 2, rpaHuiia pazaena MeXIy NepuoiaMyu HaXOAUTCS B UH-
tepaje ot 2007 mo 2010 1. B xagecTBe OKOHYAHUS NEPBOTO MEPHOA M Hadajia BTOPOTO
obutn BEIOpaHB! 2008 1 2009 rT. cooTBeTcTBeHHO. Bhimenensr 20-metHuii (1989—2008 rT.)
u 10-netuuit (2009-2018 rr.) nepuoapl. 3a MocIeaHee AECATUICTHE TTPOU3OIIIIO CYIIle-
CTBEHHOE CMEIIICHHE CPOKOB OUMILEHUsS] AKBATOPHUHU OTO JibJia Ha OOJiee MO3/IHUE JIAThI.
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Puc. 2. MexronoBas ”3BMEHYHBOCTD AT OYHUIICHHUS aKBATOPHUH OTO JIbJIa M HadaJla JeJ000pa30BaHMs
Ha Te0JIOTHYECKUX CTPYKTypax Boctouno-IIprnHOBO3eMENbCKUX THIICH3HOHHBIX YYaCTKOB.

1 — nMHMA TPEHJa JaT OKOHYATeIbHOIO OUMINEHMs, 2 — JMHUS TPeH/a JaT Havaua 3aMep3anus, 3 — JMHUS
pasrpaHMYeHus] MEXKTOJ0BBIX H3MEHEHHH Ha J1Ba IIepHoIa

Fig. 2. Interannual variability of the dates of water area clearance from ice and beginning of ice
formation in the geological structures of the East Prizevozemelsky license blocks.

1 — the trend line of the dates of final clearance, 2 — trend line of the dates of the beginning of freezing, 3 — line
of delimitation of interannual changes into two periods

Me:xrogoBast U3MEHUMBOCTh JaT OUUIIEHMS OTO JIbJla U HadaJla 3aMep3aHus aml-
MPOKCUMHUPOBAHBI (YHKIMSMU MOJIMHOMA TPEThel CTereHu (JIMHUM TpeHJa). AHalu3
puc. 2 TIOKa3bIBACT, YTO CaMH IrpadUKH M JUHUU TpeHJa ONM3KH K 3epKaJbHOMY OT-
PaXXEHUIO APYT Apyra. OTO CBUACTEIBCTBYET O TOM, YTO H3MEHEHHS B JIEAOBBIX (hazax
MIPOUCXO/AT C CHHXPOHHOI cocTaBisonei, 00yciaoBiaeHHoH eaunHoil npuanHoi. Co-
BMECTHBII aHAIN3 MEXKIOJ0BOTO XO/a TEMIEpaTyp BO3AyXa, JaT OUUILICHUS OTO JbJAA
W Hayvajia 3aMep3aHus MMO0Ka3ajl, YTO OCHOBHBIM (PaKTOPOM, OIPEACISIOIMNM CPOKH
OYMILEHNSI aKBATOPUHU OTO JIbJa M Hadaja 3aMep3aHusi B paiioHe OOJNBIINHCTBA Te0-
JIOTUYECKUX CTPYKTYD, SIBISIETCS CTENEHb CYPOBOCTH MPEAIIECTBYIOIIETO XOIOJHOTO
C€30Ha, KOJIMYECTBEHHO BBIpa)kaemMasi CyMMOIl Ipagyco-AHEeH Mopo3a mepuojaa OTpHU-
LATEJIbHBIX TEMIEPaTyp.

B Tabn. 1 npuBeneHbl CTaTUCTHYECKNE XapaKTEPUCTUKH CPOKOB OKOHYATEIHHOTO
OUMILEHHs] aKBATOPUH OTO JIbJla HAa IEOJIOTMYeCcKUX CTpykTypax Bocrouno-IIpunoBo3se-
MEJIbCKUX JIMIIEH3MOHHBIX YYaCTKOB U CMELICHUE AaT OUMIICHHUS 32 [BAa PACCMOTPEHHBIX
nepuoga: 20 u 10 ner.

B nepuoza ¢ 1989 no 2008 . cpeanue AaThl OUMLICHUS OTO JibJa MPUXOJUINCH HA
KOHEIl MIOJIsl — Havaslo aBrycra. JIumm Ha cTpykType AHabapckasi CpeiHsisl gaTa OuuIie-
HUs OblTa OTHOCHTENBHO paHHel (13 uromst). Pasmax B j1arax OuuIEeHMs OTO JIbJia B ATH
TOZIbl U3MEHSJICS B mpejenax 55-92 nHs, mpu 5TOM CPEeAHEKBAPATUUECKOE OTKJIOHEHUE
(CKO) 6b110 3HaUUTENBEHO MEHbIIE, cocTaBisist 13—21 neHb. 3a nocieanee AecsITUIETHE
(2009-2018 rT.) cpeaHUE IATHl OYUINCHUS OTMEYAJIKCh B IIEPBOU MOJIOBUHE WO, Pa3-
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Tabruya 1

Cpennue 1 3KcTpeMalibHbIe 1aThl OKOHYATEILHOT0 OUHILEHUs] AKBATOPUH 0TO JIb/A
3a mepuoabi 20 (1989-2008 rr.) u 10 et (2009-2018 rr.)
B paiioHe reoJIOrnYecKMX CTPYKTYp 1oro-3anajanoi yacrtu Kapckoro mops

CwMenieHue
JlaThl OYMILIEHHS OTO JIaThl OYMILEHHUS OTO JIaT TastHUS
nbja 3a nepuon 20 aer nbja 3a nepuox 10 jer 3a MIEPHOABI
(1989-2008 rr.) (20092018 rr.) 20 u 10 rer,

CTpyKTypHI = = JTHH

= =

E = E N ] =
= = = ol = = = = ol|lzlElH =
= | 2| 2 |28 5|2 &2 [B|B5 ¢z ¢
a 9 = O |~ % 5) = O |~| &l © =
Poro3unckas 12.07.01|129.07]05.09.94| 14 |55|23.06.15{17.07|03.08.18| 16 |41{19|13| 33
Hancena 08.07.01{31.07(06.09.99| 1460{19.06.12(15.07|13.08.17| 17 |55|19|16| 24
Yausepcurerckas [28.06.95(31.07(23.08.94| 14 56|15.06.12{12.07{10.08.17| 18 [56{13|18| 13
Bukynosckas 28.06.95|05.0828.09.99/20192|11.06.11{12.07(13.08.10| 21 |63|17|25| 46
TarapuHoBckas [21.06.95/02.08(06.09.99|21(77|04.06.11{09.07|10.08.10| 22 (67|17|24| 27
MaryceBuua 22.06.05/25.07(02.09.94| 17 |72(12.06.12{10.07|04.08.17| 17 |53|10| 14| 29
Amnabapckast 08.06.05|13.07{03.08.99| 1356/01.06.15{03.07|25.07.13| 20 |54| 7 |10| 9

Mmax coctaBui 41-67 nueit, a CKO 16-21 nens. Ha ctpykrype Anabapckasi 3a mocieaHee
JICCATUIICTHE CPEIHSISI 1aTa OYMIICHUS OTO JIbJIa, TaK XK€, KaK U B MPEAbIAYIINI TepHo/,
SIBJISIETCS CAaMOM paHHEH 0 CPaBHEHHIO C JJaTaMM Ha OCTAJIbHBIX CTPYKTYpax W IPHXO-
IUTCS Ha 3 MO,

B nocnenHee pecstuiieTHe NPOM30IILIO CMEIICHHE CPOKOB OYMIICHUS B CTOPOHY
Oosnee panHux aar. CMeIlIeHHe CPeHIX JIaT, B 3aBUCMMOCTH OT CTPYKTYPbI, H3MEHSUIOCh
or 10 1o 25 aHel, mpuueM HaMMEHbIIICe CMEIICHUE UMEJIO MECTO Ha CTPYKTYpe AHabap-
ckas u coctaBwio 10 qHEw.

AHanu3 TaHHBIX MHOTOJIETHEH M3MEHUYMBOCTH CPOKOB JienooOpa3oBanus 3a 30 yer
(cM. puc. 2) mokasal, uTo Tak)Ke UMEIOTCS CYIIECTBEHHbIE OTIIMYMS Hayalla CPOKOB 3a-
Mep3anud 3a nepuon 20 et (1989-2008 rr.) u 10 mer (2009-2018 rr.). 3a mocnennee
JICCATUIIETHE MTPOM30IIIIO0 3HAYMTEILHOE CMEILEHHE CPOKOB Jie000pa3oBaHust Ha Oojiee
MO3JIHUE JIaThl, © OHO cocTaBmio OT 15 10 30 CyTOK B 3aBHCHMOCTU OT CTPYKTYPBI.
B Tabn. 2 npuBeieHb!I 00IIKE CTATUCTUYECKUE XapAKTEPUCTUKU CPOKOB JIEI000pa30BaHHMs
Ha IreoJIOrM4€CKuX CTPYKTypax BOCTO'—IHO-HpI/IHOBOSCMeHLCKI/IX JIMOECH3UOHHBIX YYaCTKOB
3a 7iBa paccMOTpeHHbIX nepuoaa 20 u 10 jer.

B nmepuon 1989-2008 rr. cpenHue aarel Havasga Jea000pa3oBaHus OTMEYAIUCh BO
BTOpOH TOJIOBHHE OKTs10psi. Vckiitouenne cocraBuiia jara Ha cTpykrype TarapuHoBckas,
IJIe Cpe/IHssl laTa Havaja JieJ000pa3oBaHmsl OTMEYaIach MO3Ke U MPUXOAMUIIACh Ha 7 HO-
ss0pst. Pasmax Mexay MO3AHMMH M PAHHUMH JaTaMd Hadaja jeI1000pa30BaHUs B 3TOT
nepuof coctaBnan 37-54 mus.

Cpennue narel jJe1000pa3oBanus 3a nocientee aecsruierue (2009-2018 rr.) cme-
CTUIIUCh Ha HOSIOPB, a Ha cTpyKType TaTapuHOBcKas Ha 2 niekadpsi. Pazmax Mex iy rmo3aHu-
MH ¥ PaHHHMH JIaTaMH B ATOT NEpUOJ yBenumumics 10 38—74 nueil. CpenHeKkBagpaTHIecKoe
OTKJIOHECHHE CPOKOB JICII000pa30BaHUs U3MEHSIOCH OT 14 10 26 qHEH B 3aBUCUMOCTHU OT
PacIIONIOKEHHUS TEOJIOTUUECKUX CTPYKTYD.
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Tabruya 2

CpeaHue 1 3KCTpeMaJIbHBbIE 1aThI HAYaJ1a J1e1000pa30BaHus
3a mepuoabl 20 (1989-2008 rr.) u 10 ser (2009-2018 rr.) B paiioHe reoJ0ru4ecKux CTPyKTyp
10ro-3anaaHoii yactu Kapckoro mopst

Cwmerenne
J1aT JIeso-
Jlatel 1emoo0pa3zoBaHus Jlate! 1e1000pa3oBaHus OBpasoBarm
3a mepuon 20 et (1989— 3a nepuox 10 net -
2008 rr) (2009-2018 rr.) 10 1 20 e,
CTpyKTypsl - - HH
= =
ISERSG ST
= 2 B =1 = g 2 5| < 2| & £
= = 5 |g| 2| E =| & |S|E|E|&8 &
= | 2| & |25 || B |28 52 @
(=7 5 = O |~ =9 5 =} O£ & & =
Porosunckas 05.10.96(21.10|22.11.08 |13 (48 (16.10.14(16.11|29.12.11|26|74|11|26| 37
Hancena 04.10.99(23.10(22.11.08 12 (49|15.10.14{17.11|22.12.12|22| 68 | 11|26| 30
Vuusepcurerckasn|07.10.96(27.10{24.11.08 | 13 (48 [22.10.14{23.11|24.12.12|21|63|15|27| 30
Bukynosckas  {12.10.92{30.10(29.11.08 |14 [48[22.10.14/29.11|30.12.11|24{69(10|30| 31
TarapunoBckas (17.10.98/07.11]07.12.05|14|51(23.10.14/02.12|31.12.11|23|69| 6 [25| 24
MaryceBnua 06.10.96{30.10(29.11.08 | 16|54 |18.10.14|23.11{28.12.12(24|71|12(23| 29
Amnabapckas 02.10.98|18.10(08.11.0810(37|15.10.14/02.11|22.11.12|14|38 | 13|15| 14

JIi1st cpoKOB 3aMep3aHus 10To-3amaHol yactu Kapckoro Mopst XxapakrepHa 0ombIas
MIPOCTPAHCTBEHHAs HEOTHOPOJHOCTD, MPOIODKUTEIBHOCT PACIIPOCTPAHEHHS 3aMeP3aHHs
TI0 aKBaTOPHH COCTABIISIET OoJiee OMHOTO Mecsla. PanHee 3amMep3aHue IPOUCXOINT B CEBEP-
HBIX palioHax Mopsi, a Takke B O0b-EHHCeicKoM paiioHe, T/ie TPOUCXOINT pacpecHEHUE
MOpsI 32 CUET MPUTOKA PEYHBIX BoA. CpaBHUTEIHHO MO3/IHEE 3aMEP3aHIe XapaKTEePHO IS
IOr0-3aMaJHol YacTH aKBaTOPHH, YTO OOYCIIOBJIEHO 3aTOKOM TEIUIBIX BOA M3 bapeHrena
Mops uepes npoauB Kapckue Bopora.

AHann3 U3MEHYMBOCTH JaT OYHMIICHHS OTO JIbJIa ¥ Hadayla JeJ000pa3oBaHus Ha
AKBaTOPHSIX T€OJIOTHYECKUX CTPYKTYp Boctouno-IIpnHOBO3EMETbCKUX JTHIIEH3MOHHBIX
YYacTKOB, TIPH Y4eTe CTETEHHU CBS3M CPOKOB OUHUINEHHUS W JIT000pa30BAHUSA C CyMMOIt
Tpagyco-AHEH MOPO3a, MO3BOJISET PA3ACIUTh TEOJIOTHIECKIE CTPYKTYPBI Ha JIBE TPYTIIIHL.
T'eonorngeckue cTpykrypsl AHabapckas, MatyceBnua u PoroswHckas cieayeT OTHEeCTH
k OOb-EnmnceiickoMy paiioHy, OCTaJIbHBIEC YETHIPE CTPYKTYpHl K HoBO3eMenpckoMy paiioHy.

OCHOBHBIE ®AKTOPBI, BJIUAIOIIUE
HA CPOKH OYUIIEHUSA AKBATOPUU OTO JIBJAA U JIEAJOOBPA3OBAHUS

OcHOBHBIE IPUPOJTHEIE (HAKTOPHI, ONIPEACIISIONINE CPOKH Havasa TasHUS ¥ 3aMep3a-
HUSL B apKTHIECKNX MOPSIX, onrcansl B padbote [5]. [Tocne ycroitunBoro nepexosa Terio-
BOTO OIO/DKETa BEPXHEH CHEXKHO-JIESTHOM MOBEPXHOCTH K MOJIOKUTEIBHBIM 3HAYCHHAM
HAuMHAEeTCs Mpoliecc TasHUs JIbA0B. [0 Mepe yBennueHus MOCTYIIIEHUSI COTHEUHON
paauanuy ¥ paclpoOCTPAHEHUs] CHEXHUI] HApacTaeT MHTCHCUBHOCTh TasiHUsA. JleTHue
BO3/IyIIHBIE TIEPEHOCH M3 APKTHYECKOro OacceifHa NMPUHOCST XOJIOIHBIC BO3IyIIHbIC
MAaccChl, YTO CYIIECTBEHHO YMEHBIIIAeT HHTEHCUBHOCTb TasHUA. Bo3myllIHbIe Macchl U3
CeBepHoll ATIAaHTHKH U CO CTOPOHBI IIPOTPETOTO MaTEpPHKa, HAPOTHUB, CIIOCOOCTBYIOT
OUUIIECHUIO MOps [2].

B cBs13u ¢ HEOAHOPOTHOCTHIO BO3PACTHOTO COCTaBa (TOJIIMHBI) JISASHOTO ITOKPOBa
CHaJaJjla BHITAaMBAET OoJiee TOHKHH JIe]| TO3HEr0 3UMHEr0o 0O0pa3oBaHus, a 3aTeM JieJl
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oceHHero oOpazoBaHus. OCHOBHBIM (D)aKTOPOM, ONMPEAEISIONNM CPOKH OYUIIEHUS aK-
BaTOPHM OTO JIbJA, SIBJISIETCS IUIOIIAAb W TOJIIMHA JISITHOTO TIOKPOBa, 00Pa30BaBIIETO-
Csl 32 BECh MPEIIECTBYIONINI XOIOAHBIN ce30H. [Iponece TasHus Ha akBaTtopuu Oyner
OCYIIECTBIIATHCS TEM JIOJIbIIE, YeM OOJbIe TONIIMHA JIbAA, U OOJIBIIYIO IUIOMAah OyaeT
3aHUMAaTh OJHOJIETHUM TOJICTBIN JEI.

KocBeHHYIO OLICHKY MaKCHMaJIbHOM TOJIIUHBI JIbJja MOKHO BBITIOJHATE 110 CyMMe
rpagyco-JAHeld Mopo3a 3a MPEILIeCTBYOLIUI XOJIO0AHbIA Ce30H. BhINOMHEHHbIE pacyeThl
TTOKA3bIBAIOT, YTO CBSI3b CPOKOB OUMIIECHHSI C CYMMOM I'pa/lyco-IHEeH MOopo3a AJIsl HEKOTO-
PBIX TEONIOTHYECKUX CTPYKTYP XapakTepu3yrorcst koadduunentom xoppessitmu 6oinee 0,8.

AHanu3 apXMBHBIX JaHHBIX JAa€T OCHOBAHMUE I0JIAraTh, YTO IPOTHO3UPOBAHUE OyIeT
3¢ PEKTUBHBIM AJIS CIy4aeB PAaHHUX M ITO3JHUX CPOKOB OUHUILEHHUS OTO JIbJA. DTO MO3BO-
JIUT YTOUYHUTH MeTo jiefoBoro nporHoza AAHWU no Kapckomy Mopro, yTBep:KaeHHbIN
LenTpanpHOit MeTOAMYECKOH Komuccued Pocrumpomera [6] (kak mo 3abmaroBpeMeH-
HOCTH, TaK W IO TOYHOCTH JUIS OTJEIBHBIX T€OJIOTHUECKUX CTPYKTyp). CpenHue cpoku
OYMIICHUSI aKBAaTOPUU OTO JIbJ]a XAPAKTEPHU3YIOTCS AOCTAaTOYHO OOJIBIINM AMANAa30HOM
N3MEHEHHMS 3HaYeHUH CyMMBI I'pa/lyco-AHEeil MOpo3a, YTO CHIKAET BOBMOKHOCTh TOYHON
OLICHKH 0XXHMJAEMOT0 CPOKa OKOHYATEIILHOTO TastHUS U TpeOyeT yueTa Apyrux (hakTopos,
BIIMSIIOIIMX Ha MPOILECCHI OYMIIEHHMS OTO JIb/A. B 3TOM ciydae mporiecc TastHUsI BO MHOTOM
3aBUCHT OT JIaThl TIEPEX0/Ia TEMIIEPATyphl BO3/LyXa K MOJOKHUTEIBHBIM 3HAYEHHUSIM H T10-
BTOPSIEMOCTH a/IBEKIIMN TEIUIBIX BO3IYIIHBIX Macc. KOCBEHHO 3TH MPOIECChl XapaKTepH-
3yIOT CpEeAHEMECAIHbIEC 3HAUCHNSI TEMITEPaTyphl BO3/yXa B JICTHUH MEPHOJ. YUeT TaKux
(hakTOpOB MPEANIOYTUTEIHLHO NMPOU3BOANTH HA OCHOBE METO/IA JIOKAJIbHO-TEHETHIECKON
TUTH3AIHN JISTOBBIX YCIOBHIA [4].

3HAUYNMBIMU THAPOMETEOPOJIOTHIECKUMH (PAKTOPAMH, OTIPECIISIONIIMHI OOJIBIIYIO
MEXXTOJIOBYIO M3MEHUMBOCTH CPOKOB JIEJ000Pa30BaHMs B I0T0-3armagHoi yactu Kapckoro
MOpsI, SIBISIIOTCS TEIIOCOAEPKAHNUE MOPSI, IPUTOK TEIUIBIX BOJ, MEPEHOCHI BO3IYIIHBIX
Macc C pPa3ITUYHON TeMIepaTypoil U BIAXKHOCTBIO [2].

s paiioHa ceMu reosioruueckux crpykryp Bocrouno-IlpuHoBO3eMENbCKUX JIH-
LIEH3MOHHBIX YYacCTKOB TEIUIO3alrac BOABI SBJSIETCS OCHOBHBIM (DAKTOPOM, BIMSIOLINM
Ha CpOKH 3amMep3aHust. HakoruieHne Teruro3anaca BOAHBIX Macc IMPOUCXOIUT B TEUCHHE
0e371eTHOTO ITepro/Ia, KOTOPHII OIpeeNnseTcs CpOKaMy OUYHIIECHUS OTO JbJa. UeM paHb-
1I1€ IPOU30UIET TassHUE JIEASHOTO TMTOKPOBA, TEM OOJBIIIE OKAXKETCS MEPHOJ BPEMEHH JUIs
(opmupoBaHus Teruio3anaca. Kak yka3aHo BbIIIe, CPOKH OYHIIEHHS OTO JIb/A 3aBUCST OT
CYMMBI T'Palyco-AHEeH MOpo3a 3a NPe/IIeCTBY IO XOIOAHBIH Mepro/. 3aBUCUMOCTBD JIaT
Hayajia 3aMep3aHusl OT CyMMBI I'Paayco-THEH MOpo3a 3a MPEeALIeCTBYIOMNI XOIOAHBINA
TIEPUOJL [Tl PACCMaTPUBAEMBIX CTPYKTYP TakKe BBICOKAst U B CPEAHEM XapaKTepu3yeTcs
ko3 PunmenTom xoppemssuuu 0,82. Takum 00pa3oM, CPOKH OUUIICHUST aKBaTOPHU OTO
JbJ1a ¥ HadaJia JIE000pa30BaHUS BO MHOTOM OIIPEIEISIOTCS OJHUM U TE€M ke (PaKTo-
POM — CYPOBOCTBIO IIPEALIECTBYIOIIET0 XOJOAHOTO CE30Ha, KOTOPBIH OIICHUBAETCS I10
CyMMe Ipajtyco-IHeH Mopo3a.

KoppensiunoHHas CBsI3b CPOKOB OUMIICHUS U JIE000pa30BaHMsI C CyMMOH Ipajyco-
JHEH MOPO3a XOPOILIO BeIpaKEeHa B pallOHaX reojlornueckux crpykryp Hancena, Yausep-
curerckas, Parosunckas, Bukynosckas u TarapuHoBckas. B pailone ctpykryp MaryceBuua
n AHabapckast CBA3b MEHee YeTKasl. DTH CTPYKTYPBI PACTIONOKEHBI B paiioHe SIManbckoro
n OOb-EHunce#ckoro TedeHnii, KOTOpbIe MOTYT OKa3blBaTh CYIIECTBEHHOE BIMSHHUE Ha
CPOKH OUYMILEHUS U JIe000pa30BaAHUS.
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N3MEHYUBOCTD IPOJOJIKUTEJIBHOCTHU BE3JIEJJTHOT'O IEPUOJA

[IpoMexyToK BpeMEeHM OT JaThl OUMILEHUS aKBAaTOPHUM JI0 Hadaja 3aMep3aHus Co-
CTaBIISICT MPOAOJDKUTEIBHOCTh Oe3i1eIHOr0 nepuona. Ha puc. 3 moka3ana u3MeHUYHBOCTh
MPOIODKUTEIILHOCTH O€3JICIHOTO TepHo/ia B pallOHE TeOJOTHYSCKUX CTPYKTYp FOro-3a-
najHoi yactu Kapckoro mops 3a nocneanue 30 ser. U3MEHUMBOCTh XapaKTepU3yeTcst
KOPOTKOTIEPUOIHBIMU TIPOU3BOJILHBIME (NTYKTYaI[HsIMUA, KOTOPBIC 00YCIIOBIICHBI BIHSHUCM
pa3InYHBIX (PAKTOPOB U JOJITONEPHOIHON IHUKIMYHOCTHIO, OOYCIIOBICHHOM KITMMAaTHYe-
CKUMH U3MEHCHUAMH 32 1epuoipl 6oee 10 siet [7]. Ilox MUKIMYHOCTBIO B TAHHOM ClTy4ae
MMOHUMACTCS MTOBTOPSIOIICECS BO3BPAIICHUE MPOJODKUTEILHOCTH OE3JICTHOTO MepHo/ia
K MCXOJHOMY 3Ha4cHHIO. B MoHOrpaduu [8] BBINOMHEH aHAIHU3 CHCKTPAIbHOMN MIIOT-
HOCTH KOJICOaHMI MHOTOJIETHHX 3HAYCHHUH IJIOMIAAM JIbJIAa M [MOKa3aHO, YTO B 3alaJHbIX
APKTUYECKUX MOPSIX 3HAUUTENbHYIO POJIb UTPAIOT LIUKIIBI TPOIOJIKUTEIBHOCTHIO OKOJI0 S0
u 20 net. x o6mmit Bitaz npebiiiaeT 30 %, aHaTIOTHYHBINA BBIBOJ TIOJTYYCH U JUISI psiia
JPYTUX XapaKTEPUCTHUK JICITHOTO TIOKPOBa (TOJIIIMHA JIbJia, JIeI000MeH U 1ip.). B pabote
[9] moka3aHo, 4TO POAOIKUTEIBHOCTD OE3JICTHOTO MEPUOIa MMEET 3HAUUMBII IIHKIT OKOJIO
60 eT, KOTOPBIA HEOOXOIUMO YUYHTHIBATh MPU KIIMMATHUCCKUAX OLICHKAX.

[Ipeobnanaromum (HakToOpoM, OMPEHCISIFOIINM KOPOTKOIICPUOIHYIO MEKTOJIOBYIO
W3MEHYHMBOCTh O€3JICHOTO MEePUOIa B 3TOM YacTH MOPS TSl OOJIBIIMHCTBA T€OJIOTUICCKUX
CTPYKTYP, SIBJISIETCSI CTENIEHb CYpPOBOCTH IPE/IIECTBYIONIET0 X0JIOIHOTO Ce30Ha (CymMmMa
rpajiyco-aHeil Mopo3a 3a MpeILIeCTBY IO X0I0qHbIH nepron). Jpyrue ¢paxropsl, mpo-
SIBIISIFOIIMECS] B OTAEJIbHBIE TOJbl, MOTYT HapyIIUTh 3aBUCUMOCTH MPOJIOJIKUTEIBHOCTH
0e3JIeIHOrO TIepuojia OT CYMMBI TPalyCco-ITHEH MOpO03a, YTO YCIIOKHSET OLICHKY CPOKOB
OUMIIICHUS M Hauaja 3aMep3aHusl Ha KOHKPETHBIA CE30H.
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Puc. 3. MexromoBasi H3MEHYMBOCTh MPOJOJDKUTEILHOCTH Oe3ienHoro neproaa ¢ 1989 mo 2018 .
B paiioHe BocTouHo-IIpHHOBO3EMEIbCKUX JIMIIEH3MOHHBIX YUYaCTKOB B FOro-3amaaHoi yactu Kap-
CKOTO MOPS.

1 — nuHUS TpEHJA, alllpoOKCUMaIus IMOJIMHOMOM TpeTLeﬁ CTECIICHU

Fig. 3. Interannual variability of the ice-free period duration from 1989 to 2018 in the East
Prinovozemelsky license block in the southwestern part of the Kara Sea.

1 — trend line, approximation by a third-degree polynomial
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Kpome kopotkoneprnomHsix ¢GuykTyaruii Ha uHTepBase 30 JeT BBLACIIIOTCS IBa
TIepro/ia, CPEJHNE 3HAYCHUS U CTAHIAPTHBIC OTKJIIOHEHMS KOTOPBIX CYIIECTBEHHO OTJINYa-
torcst. ITo aHamornu ¢ BBIIENICHHEM JIBYX BPEMEHHBIX MHTEPBAJIOB MO CPOKAM OUMIIEHHS
0TO J1ba (puUC. 2) A MPONOIKUTEIBHOCTH O€3JI€IHOTO NEPHOoAa B KaYeCTBE OKOHUAHMS
IIepBOTO BPEMEHHOTO WHTEpBaJla W Hadaja BToporo Ovumi BeIOpanHbl 2008 u 2009 rr.,
cootBeTcTBeHHO. Boimenensl 20-metauii (1989-2008 rr.) u 10-netamii (2009-2018 rr.)
Neprozibl. OMIupruieckas kpusast 3a 30 JIeTHU s Takke almpOKCUMHUPOBAHA ITOJIHMHO-
MOM TpeThelt cremneHu (puc. 3).

B nocnennee necsTuieTHe NPONOIKUTEIBHOCTh O€3/I€AHOT0 epHo/ia CyIeCTBEH-
HO YBEJIMYWJIACh TI0 CPABHEHHUIO C NPENIECTBYIOMNM neprogom. Ero cpennue, skcTpe-
MaJIbHbIE 3HAYEHHS W CTaHJAPTHBIC OTKIOHEHHS JUIS PaiilOHOB TE€OJIOTHUECKUX CTPYKTYP
MIPUBEJICHEI B Ta0M. 3.

Tabnuya 3

Cpennue ¥ 3KCTpeMaJIbHbIe 3HAYEHHs NPOJOJIKUTEIbHOCTH 0e3JIeIHOr0 epuoaa
HA AKBATOPHH Ie0J0rH4ecKHX cTpYKTYp BocTouno-IlpunoBo3emenbekux
JIMIEH3HOHHBIX Y4aCTKOB B 10r0-3anaaHoi yactu Kapckoro mopst

[IponomkuTensHOCTD [IponomxkuTensHOCTD VYBennuenue

0e3eqHoTo neproaa Oe3nenHOrO NEproaa MPOAOKUTEIBHOCTH

3a 20 jer 3a nocienauel0 ner 0e3neTHoro nepuoaa

(1989-2008 rT), (2009-2018 rr.), 3a nocneanue 10 ser,

CrpyKkrypsi JTHU JIHU JIHU

2l s 2 AN 2l s | £
=) = = =) = = g = =
| 2| 2|8l 52| 2|8l E| 2 ¢
= 15 = O = 15) = Q = 15 =
Poro3unckas 42 84 126 |22 75 | 123 | 180 |37 | 33 39 54
Hancena 28 84 124 [23| 82 | 126 | 186 |34 | 54 42 62
Vuuepcuterckas| 59 88 127 |23| 89 | 134 | 192 36| 30 46 65
Bukynosckast 16 86 130 |29 | 88 | 140 | 202 |42| 72 54 72
TarapuHOBCKast 44 96 149 (30| 90 | 146 | 210 [42| 46 49 61
MaryceBuua 48 98 155 [29| 86 | 135 | 199 |38 | 38 38 44
Amnabapckast 65 97 141 | 17| 82 | 122 | 152 |26| 17 24 11

B cpemneM mpooKUTEIBHOCT O€3JIeHOTO Neproaa 3a nociaennue 10 ser, mo
CPaBHEHHIO C MepruoAoM 3a nociegane 20 JeT, yBeauauIach 0oiee 9eM Ha OJHH MECSIL.
VYBenMuuIoCh TakkKe U CpeJHEKBAPATHIECKOE OTKIOHEHUE 3TON XapaKTepUCTUKU. boiib-
mas AUCTEPCHs TPOAOIDKUTELHOCTH TIEPHO/Ia OTKPBITOH BOJBI, €€ BHICOKNE 3HAUYCHHS
B TIOCTIEAHEE IECATHIIETHE ITPUBOST K HEOOXOANMOCTH JIETAIbHOTO PACCMOTPEHHS BIHSIO-
KX HA HETO (DAKTOPOB M BBHIJIETICHNST HECKOIBKUX CIICHAPHBIX YCIOBUH, MPUHIIHITHATBHBIX
JUISL IPOBEACHHSI TIONCKOBOTO OypEeHMsL.

JImst KaXKaoit 3 CTPYKTYyp MOXKET OBITh TIOCTpPOCHA JIMHEIHAS perpeccCHoHHast 3a-
BHCHUMOCTBH MEXIY YUCIIOM Tpamxyco-nHel Moposa (IJIM) Ha TuapoMeTeopoIorndecKoi
CTaHLIUH, PACIIOJIOKEHHON Ha 0. bemnbli, U MPOIOHKUTENBHOCTBIO ONIEPALMOHHOIO MEPUOAA.
s yetbipex ctpykTyp: Hancena, YauBepcurerckas, Bukynosckas n TatapuHoBcKas, I1e
3aBHCHMOCTH X0po1Io BepakeHa (R = 0,83—0,87), MOXHO pa3paboTaTh METOIHKY IIO OTIpe-
JICTICHHIO /IaThl OYHUIIECHUS OTO JIbJa M JAaThl Hadyasla 3aMep3aHusl, OCHOBBIBASICH HA ydeTe
JAaHHBIX 10 TEMIIEPATYPE BO3AyXa 3a MPOLIEAIINNA XOJIOAHBIN ce30H. [ oneHku napame-
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TPOB OE3TIETHOTO MEPHOoa B paifoHe TeOJIOTHIECKUX CTPYKTYp PorosmHckas, MaryceBmda
u Arabapckasi, Tae cBsI3b MeHee deTkast (R = 0,70-0,75), HeoOXOMMMO YIUTHIBATh BISTHUAC
1 ApYrux (akTopoB, pACCMOTPEHHBIX BBIIIE, YTO BBIXOJWT 3a PAMKH JAHHOW CTaThH.

CHEHAPHUHU OIIEPAIIMOHHOI'O IIEPUOJA
JJISI INTAT®@OPMBI IIOUNCKOBO-PA3BE/IOYHOI'O BYPEHUS
Bypenwue c ucronp3oBaHueM HeJleA0CTOlKOM nepensrkHol miardopmsbr (CIIBY,
[ITBY) orpaHn4eHO HAJIMYMEM YKCTON BOJABI Ha aKBaTOPHH, IJI€ IPOU3BOIATCS PadOTHI.
OmnpenenstomuMuy (hakTopamu IpH BEIOOPE CLIEHAPHS ONIEPAIIMOHHOTO ITEPHUOAA SIBIISIOT-
Csl TIPOJIOJDKUTENBHOCTD OE3JIeTHOTO MEPUo/ia, a TAKXKE AaThl €ro Hayaja U OKOHYAHMS.
[Tpumepom mogoOHOI opraHu3aMy padoT SIBISIETCS] TTOMCKOBO-pa3BeioyHoe OypeHue,
BoinostHerHoe [TAO «HK “Pocuedrs”» B Kapckom mope B 2014 1. Bypenne BBITONHSUIOCH
¢ "enenoctoiikoit [IIIBY “West Alpha” (puc. 4) B 0e37eHBII IEPUOJ C HIOJIS IO OKTSIOPb.

Puc. 4. IITIIBY “West Alpha” B Kapckom mope B 2014 1.

Fig. 4. “West Alpha” Floating Drilling Rig in the Kara Sea in 2014

AHanm3 IpooIKUTENFHOCTH Oe3neanoro nepuona 3a 10 mocnenanx et (2009—
2018 rr.) mO3BONMI BBIIEIUTH TPH THIA TIEPHUOAOB: KOPOTKUN, CPETHUNA U IITUTCIHHBIN.
Ha ocHoOBe Takux e KpUTepHeB ObLIO BBIACICHO KOJMYECTBO TAKKX TUIOB 3a nepron 20
set (1989-2008 rr.). XapakTepuCTUKN MPOTOIDKUTEIHHOCTH TPEX THUIIOB OMEPAIIIOHHOTO
Mepuo/ia NpUBEICHbI B Ta0. 4.

B mepron ¢ 1989 no 2008 . minTenpHBIX Oe3TeIHBIX MEPHUOI0B MPAKTHIESCKH HE
65110. [Ipeobmamany TOIBI ¢ KOPOTKUMH OC3NIEAHBIMH ITeprogaMu. B mocnennee necsaTu-
JIETHE JIC/IOBBIC YCIIOBHUS CTalK OoJiee OaronpusITHBIME, CTAJIM Yalle OTMEYaThCsl Cpe-
HHUE U HECKOJIBKO PeXe JUTUTEbHbIC Oe3JIeHbIe TIepHOo/bl. BeposTHOCTH OIaronpusTHHIX
YCIIOBHIA B TIOCTICTHEE IECATHIICTHE COCTaBisIa okomo 80 %.

OCHOBHBIMH BOIPOCAMHU C TOYKH 3PEHHS JIEOBIX YCIOBHI MPH ITAHUPOBAHHUH TI0-
HMCKOBO-Pa3BEIOYHOTO OypeHMs HeNeIOCTONKOH rmaTdopmoit Ha Boctouno-ITpuHnoBose-
MEITbCKUX JIMIIEH3NOHHBIX y4acTKax SIBJSIIOTCS: Jlata MoOWin3anun OypoBoil miardopMsl
k nposnuBy Kapckue Bopora u npoio/nKUTeIbHOCTh O€3JIeJHOTO TTepHojia B pailOHe Ie0JIorr-
YeCKHX CTPYKTYp. [IpofoimKuTenbHOCT OypeHH s U MEPBOOYEPEIHBIX UCIIBITAHUN CKBAYKUHBI
BBIOMpAETCSl UCXOJIsl M3 JICBOM I'paHMIbl MHTEPBAa ONEPAIOHHOTO MEePHoa, a Ipasas
IpaHUIA YIUTHIBACTCS TPH TUIAHUPOBAHUH JIOTIOTHUTEIbHBIX UCITBITAHUN CKBAXKUHBI.

HecMoTpst Ha TEOPETHYECKYIO BO3MOYKHOCTD MCITOIb30BAHUS HEJIEIOCTONKHUX T1J1aT-
(hopM B KOPOTKOM Oe3IIeTHOM TIEpHO/Ie, MaKCUMaITbHast 3(Q(EKTUBHOCTD JIOCTUTACTCS TPU
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Tabnuya 4

XapakTepuCTHKH NMPOAOLKATETLHOCTH TPeX THIIOB ONEPAIOHHOIO MepHoia
JJ151 HeJIeI0CTOiKOi MI1aTgopMBbI Ha re0I0rMYecKUX CTPYKTYpax
3a nepuoabl 1989-2008 rr. u 2009-2018 rr.

[lepuonbt
KOPOTKUI CpenHUit JUTUTEITHHBIN
(<100 cyTok) (100-150 cyTok) >150 cyToK)

5 ; 5 ; 5 ;
Xapaxrepuctuxn| = R % = R s = =6 E(

2 Sl 2| 8 s| X | 5| =

| |EE| E|E| |EE| B || |Eg g

S22 21528 2|5 .|2E &

X | N|OE| O | M| x|0F| O X | |0 E| O

1989-2008 rr.
Porosunckas 15 75| 75 |4165| 5 |25 109 |3644| O 0 |Her"| Her
Hancena 14 170 | 73 |4194| 6 |30 | 109 [3706| O 0 [To xe[To xe
Vuusepcuterckasi| 13 | 65| 74 [4181| 7 [35| 115 |3799| 0 | O «“ «“
Bukynosckas 12 |60 | 68 [4243| 8 |40 | 113 [3755| 0 | O « «
Tarapunosckass | 10 | 50 | 72 [4222|10 | 50| 120 |3873| 0 | O «“ «“
MaryceBuua 11|55 76 [4198| 8 |40 | 120 (3881 | 1 | 5 | 1553723
Amnabapckast 12 |60 | 86 |4059| 8 [40| 114 |1030| O | O | Her | Her
20092018 rr.

Porosunckas 4 40| 88 [3471| 3 | 30| 120 {3636 3 | 30| 171 |2779
Hancena 2 |20 85 [3511| 5 |50 | 116 |3554| 3 | 30| 162 (2779
Vuusepcuterckass| 1 | 10| 89 [3717| 6 | 60| 118 |3512| 3 | 30 | 180 |2779
Bukynosckas 2 20| 88 |3826| 5 |50 | 128 |3428| 3 |30 | 194 |2779
TarapuHOBCKas 1 |10| 90 [3717| 5 |50 | 122 |3521| 4 | 40| 189 [2952
MaryceBuua 2 120| 92 |3626| 5 |50 | 123 |3508| 3 |30 | 185 (2779
Amnabapckast 2 |20 83 [3626| 7 |70 | 128 [3351| 1 | 10| 152 |2418

Ipumeuanue. " — nauTeNbHBIX Oe31eAHBIX MeproaoB (> 150 cyTok) He ObLIO.
JUTUTEIIFHOM U CPEIHEM Oe3JIeHOM Iepuojie. B moboMm ciydae ruraHupoBaHue padboT
JIOJDKHO 0a3MpOBaThCS Ha MPOTHO3E aThl OKOHYATEIFHOTO OYHIIICHUSI OTO JIbJA, [IPU YIeTe
MIPOTHO3UPYEMOU MPOJAOIDKUTEIBHOCTH Oe3IeTHOT0 repruoaa. Mimeercs: mpuHIUIHATbHAS
BO3MOXKHOCTb OIpEAENeHUs JUIMTEILHOTO CE30Ha B Hauajie Masi, B Te€X cllydasx, Korua
CyMMa rpajJyco-IHeld Mopo3a IO TaHHBIM THAPOMETCOPOIIOTHICCKUX CTAHIUH OyIeT I10-
CTaTOYHO HM3KOM. HeOnmaronpusTHbeId npeiid B TeueHHE JieTa HE CMOXET CYIIIECTBEHHO
WM3MEHHTB JIaTy OKOHYATEIHHOTO OYHIICHHUS, TAK KaK U3-3a OTHOCHTEIEHO MAJIOTO 00beMa
JIbJIa TPOLIECCHI TassHUS OyIyT IpeodiiaaTh HaJl poreccaMu apeiida paa.

B ciyuae xopotkoro 6e3inenHoro neprona (<100 cyTok) BO3MOXHO CTPOUTEIECTBO O/
HOH MOMCKOBO-Pa3BEI0YHON CKBAYKHUHBI, BKITFOYAsi MOOWITU3AIIHIO, HETIOCPEICTBEHHO OypeHne
Y [IEMEHTUPOBAHUE CKBA)KWHBI, MUHUMAJIBHBIN MIEPEUCHb TCOPU3NISCKUX U THAPOIIHAMU-
YeCKUX HCIBITaHui. B ciydae mmrensHOro 6esneanoro nepuoaa(>>150 cyTok) mosBIsieTcs
BO3MOYKHOCTB CTPOHUTEITHCTBA ABYX CKBAXKHH 32 Ce30H. [[aHHBIN BHIOOP OOYCIIOBICH PAaHHUM
OTKPBITHEM CTPYKTYP OTO JIbJIa ¥ TIO3HUM HX 3aKPBITHEM, YTO MO3BOJLIET IIPOU3BECTH PadOTHI
Ha BTOPOU CTPYKType. bypeHne T0omKHO ObITh Ha4aTo CO CTPYKTYPHIL, ISl KOTOPOU MPOTHO3
nenoBeIx (pa3 Hambornee OnaronpusaTHBIA. [Ipy cpeHel MPOMOIKUTEILHOCTH OS3/IeIHOTO
TIepro/Ia BO3MOXKHO TUIAHUPOBAHUE OypECHUS KaK OHOM, TaK U JBYX CKBaXKHH.
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CHEHAPUHA YBEJIMYEHUSA ITPOAOIZKKUTEJIBHOCTHU
ONEPAIIMOHHOI'O ITEPHOJIA JJISI JTEAOCTOMKOM MIAAT®OPMbI
IIOUCKOBO-PA3ZBE/IOYHOI'O BYPEHUS

[Tpu ncronb30BaHUN JIEJOCTOMKON MIaTGOPMBI MOSBIISETCS BOZMOKHOCTh PACILIU-
PEHUsl OLEPaLlMOHHOIO MepHOoJa 3a CUeT Hauaya OypeHHUsl HelOCPEACTBEHHO HOCIe I0-
HIJKEHHUS CIIOUCHHOCTH JIbJIa 10 ONPEIeICHHON Ipajjalliil B IEPHOJ TassHUSI 1 OKOHYAHUS
OypeHust 1mociie HapacTaHWs TOJILUHEI Jbaa 10 30 cM, KOTopble ObUIM MPHUHSTHI MOrpa-
HUYHBIMH YCJIOBHSIMH 0O€30TIaCHOI dKCILTyaTaluy JieJocToiikol miardopmsl. [Ipu sTom
BO3MOXKHBI HECKOJIBKO BAPHAHTOB PACUIMPEHHsI ONIEPAllMOHHOTO MEPUOJa B 3aBUCUMOCTH
OT BBIOPAHHBIX JIaT Hayajla ¥ OKOHYAHMs ONEPAL[HIOHHOTO MEepHOoJIa.

Just neprona 2009-2018 rr. ObUIM OMpe/esieHbl AaThl HATMYHSI TIOCJIEIHErO CILIO-
YEHHOTO JIbJIa T10C/IEe Hayaja Ipoliecca TasHUS U PACCUUTAHBI 1aThl JOCTUKEHUS JIbJIOM
TomuuHbl 30 cM B HOBBIN ce30H 3amep3aHus. CTaTUCTUYECKUE XapaKTEPUCTUKU TaKUX
JlaT Ha aKBAaTOPHSIX T'€0JOTHYECKUX CTPYKTYp IPHUBEACHBI B TA0IMI. 5.

Tabnuya 5

Crarucruyeckue XAPAKTEPUCTUKHU MOCJTICIHUX AT HAJTUYHUSA CIIVIOYECHHOTO JIb/1a
U JOCTHKECHMUS JIBJAOM TOJIIIHHBI 30 cm

Jlatbl HaOITIOACHHST HAINYUS = J1aTbl JOCTVOKEHUS! JIbJIOM =

I'eonoruueckue | TOCIEIHETO CITIOYEHHOTO Jibjia | N tonmuHet 30 cM !
CTPYKTYpBI 3a nepuox 2009-2018rr. g 3a nepuon 2009-2018 rr. g
paHHssL | cpepHsisi | mo3aHsis | O | paHHsst | cpeaHsis | mosmHss | O

PorozunHckas 08.06.15 | 05.07 25.07.18 | 17| 17.11.13 09.12 19.01.12 | 21
Hancena 10.06.12 | 05.07 | 01.08.17 |17 | 17.11.14 13.12 08.01.12 | 17
Yuusepcurerckas | 05.06.12 | 04.07 01.08.17 | 17| 21.11.13 17.12 20.01.12 | 20
Bukynosckas 08.06.11 | 01.07 | 25.07.17 | 16| 21.11.14 21.12 20.01.12 |21
TarapuHOBCKast 23.05.11 | 30.06 | 23.07.10 | 20| 21.11.14 22.12 20.01.12 | 20
MaryceBuua 05.06.12 | 30.06 | 26.07.17 | 16| 18.11.13 15.12 16.01.12 | 20
Amnabapckast 18.05.15 | 14.06 16.07.18 | 20 | 17.11.13 01.12 21.12.12 |11

Tpumeuanue. "— HapacTaHue TOIIIKHBI JIbaa 10 30 cM B XonoaHbli ce3on 2011-2012 rr. B paiioHe 60iib-
IIMHCTBA I'€0JIOrMYECKUX CTPYKTYp Hpou3onuio He B koHue 2011 r, a B navane 2012 .

[Ipu cpenqHeMHOroeTHUX YCIOBUSIX B loro-zanagHod yactu Kapckoro mops npe-
oOiajjaHie CIUIOYCHHOTO JIbJa MPEKPAIIaeTCcsl B MEPUO C CEPEAMHBI HIOHS JI0 MEPBBIX
yucel utoist. B cienyromieM 1eJ0BOM ce30He Jie]] 10CTUraeT ToNuHbl 30 M, B CpeHEM,
B TEYCHUC JICKaOPsI.

CBeieHHs, IPUBEICHHBIC B TA0M. 5, MOKa3bIBAIOT, YTO PAaHHEE UCUC3HOBEHHUE CILIO-
YEHHOTO JIbAa oTMevanoch B 2011, 2012 u 2015 rr., xoraa JieoBbIe yCIOBHS OBLIH aHO-
MaJibHO JIeTKUMHU. [lo31Hee rcue3HOBEeHUE CIUIOYEHHOIO JibJa UMEIO0 MECTO B pailoHe
OOJIBIIMHCTBA TeoJIOTHYeCKUX CTPYKTyp B 2017 u 2018 .

3a noclieHee AeCSITUIIETHE caMO€e paHHee HapacTaHue Jpaa 10 30 cM Ha Teoioru-
YECKUX CTPyKTypax orMeuanock B 2013 u 2014 rr., camoe no3aHee Ha IIECTH U3 CEMU
PacCMOTPEHHBIX I€OJOTHYECKUX CTPYKTYp B j1e10Bbli ce30H 2011-2012 rr., koTopsbIil
XapaKTepU30BaICs MOJIOKUTEILHBIMU aHOMAJIUSIMH TeMmIlepaTypbl Bo3ayxa. Ha cran-
mun AHabapckasi caMoe TIO3/JHEe MOSIBIICHHE JIbJa C TOMIIHHON 30 CM MPOU30ILIO TOXE
B 2012 1., HO yxe B ce30H 2012-2013 rr., iex qoctur tommuus! 30 cM B nekadpe 2012 .

B 1abn. 6 mpuBeneHBl XapaKTEPUCTUKHU OMEPAIMOHHOTO TIEPUO/IA IS JISHO0CTOHKON
TIaTQOPMBI TPEX TPYII MPOIOIDKATEIFHOCTH, OT MOCICAHEH NaThl CIUIOYCHHOTO JIbJA 110

251



OKEAHOJIOT'HA

Tabruya 6

IToBTOpsieMOCTD, Cpe/iHsIs MPOA0KATEILHOCTh TPeX THIIOB ONePALHOHHOIO0 NepHoia
JIJIS J1eI0CTOIKOM MIaT¢opMbl U cpeHssi cyMMa rpaayco-aneii mopo3sa (IIM)
HA reoJIOrH4ecKHX CTPYKTYpax JJis Kaxaoro Tuna 3a nepuog 2009-2018 rr.

IIepuoabt
kopotkuii (<140 nueit) | cpenuuit (140-200 nueit) | pumTensHbIil (>200 nHE)
o = o = » =
2 2l s | 2 | s | 2 & s
XapakTepuCTUKH | o S E ) S0 = o g1 =
a = ~ a8 5 | 8 5|
53 ® % = O w % = ) ] =
o = = o R = = Q R = =
<3 T o = <3 = O = <) T o =
= 1| X = S =t = St =
e 281 21 5 2212 2 22 2
2 | RO o | E | K |oE| 0| 2| & |UE| O
Poro3uHckas 5 |50 | 130 (3477| 3 30 | 168 [3400| 2 20 | 210 | 2771
Hancena 2 |20 | 125 (3511 6 60 158 (3482 2 20 | 206 | 2606
Vuusepcuterckas| 2 | 20 | 133 (3626 5 50 158 |[3508| 3 30 | 210 | 2779
Bukynosckas 1 |10 | 129 |3717| 6 60 157 |3512| 3 30 | 220 | 2779
TarapuHOBCKas 2 |20 | 136 |3826| 5 50 160 (3428 3 30 | 226 | 2779
Marycesuua 3 |30 | 134 |3519| 5 50 169 [3406| 2 20 | 215 | 2771
Amnabapckast 2 | 20 | 135 [3431| 7 70 176 [3306| 1 10 | 201 | 3124

JIAThl TOCTHKCHUS JiboM ToIuHbl 30 cM. KpuTtepun pasneneHus Ha 3 TUIA IPUBEACHBI
B IIIariKe TaOJHIIBI.

[pu Takux KpUTEPUSIX BEIOOPA MPOJOIIKUTEILHOCTH ONICPAIIMOHHOTO MEpUO/ia 00JTb-
111 TOJIOBUHBI clTyuyaeB 3a nociuennue 10 et npuxonsarcs Ha cpequuii nepuod. CpeaHss
MPOJIOKUTEIBHOCTh TAKOTO THIA cocTaBiisieT okono 160 nueit. KopoTkuii onepaiuoH-
HBII MEPUOJ UMET MECTO B OJHOM-JIBYX CJIyd4asiX U3 JECATH, UCKITFOUCHHUE COCTaBUIIH
CTpyKTyphl Poro3unckas 1 MaryceBu4a, Ti¢ KOPOTKUH THIT COCTABIII MSATh M TPH CITy4ast
COOTBETCTBCHHO. [IpOIOIKUTETIBHOCT TAKOTO THIIA ONICPAIIMOHHOTO MIEPUO/Ia COCTABUIIA
okosio 130 nuel. AuTeNnbHBIN THI ONEPAlMOHHOTO MeproAa uMes Mecto auiib B 10-30
% ciy4aeB, MPOIOHKUTEIIEHOCTh €0 COCTABIIsUIa B cpenHeM Okojio 210 cyTok.

C y4eToM BBIIICU3TIOKCHHOTO, TIPUMEHCHHUE JICIOCTONHKOM OypoBO# TL1aThOpMBI
MO3BOJIICT PACIIUPUTH CE30H OypeHus Ha akBaTopuu BocrouHo-IIprHHOBO3EMETbCKUX
JIUIICH3MOHHBIX YYACTKOB M TIPAKTUYCCKU FAPAHTHPOBATh OYPEHUE IBYX CKBaXKHH 32 CC30H.
IIpu 3TOM OKOJIO TPETH BPEMEHHU PaOOTHI OYIYT MPOU3BOJUTHCS B JICOBBIX YCIOBHUSX.

3AKJIIOYEHUE

B MexromoBoit M3MEHUYHBOCTH TPOJODKUTEIFHOCTH O€37IeTHOTO TIEPHO/Ia BBIICIISA-
forcst 20-netanit (1989-2008 rr.) u 10-metanii (2009-2018 1) maTepBanel. B mocnennee
JECSATUIICTHE MPOAOIHKATEIIFHOCTD M aMILUTUTYa O€3JIeIHOTO TIepHO/Ia CYIIECTBEHHO YBe-
JUYUIINCH TI0 CPABHEHUIO C TPeAbI Ty M 20-JeTHIM IepHOIOM, B CPEIHEM Oojiee ueM Ha
Mecsr U coctaBmnu 122—146 nueit mpu CKO 14-26 nHe# B 3aBHCHMOCTH OT TIOJOKEHIS
re0JI0rM4eCKOil CTPYKTYpBI.

CpoKu OYHIIeHNS aKBaTOPHH OTO JIbJIa U Hadalla JIb1000pa30BaHMs Ha 3HAYUTEIFHOM
TUTOIIAN aKBAaTOPHUH FOTO-3aIaJHON dacTi Kapckoro Mops BO MHOTOM OTIPEEIISIOTCS O/
HUM U TeM ke (HaKTOpOM — CYPOBOCTHIO MIPEAIIECTBYIOMIETO XOJIOIHOTO CE30HA, KOTOPBIH
OILIEHUBAETCS IO CyMME T'Paayco-THEeH Mopo3a.

[IpomomKUTENFHOCT O€37IeTHOTO TIEPHUO/Ia OTPENesIeTCS THAPOMETEOPOIOTHYIe-
CKUMH (paKTOpaMH 3a MPEANIeCTRYIONINI 3UMHAN Neproy (ITOKa3aTeb — WHTErpaIbHas
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OTpHULATENbHAS TEMIIEpAaTypa BO3yXa) U B JICTHUHN MEPHOA (TTOKa3aTeIn — JaTa OUUIICHHS
aKBAaTOPHH OTO JIbJIOB, TEMIIEPATypa BO3LyXa, TeIIo3amnac Mops). [t Kask1oi u3 CTpykTyp
MOXKET OBITh OCTPOEHA JIMHEHHAS! PETPECCHOHHAS 3aBUCHMOCTD MEX/Ly YHUCIIOM IPaIyCco-
JHEH MOpo3a ¥ MPOOILKUTEIBHOCTHIO ONEPAIOHHOTO TIEPHOIA.

Bypenmne ¢ ncronp3oBaHHEeM HENEAOCTONHKONW OypoBOi miaT(opMbl OrpaHUYICHO
HaJIMYMEM YHCTOHM BOJBI HAa aKBAaTOPWH, TZI€ MPOU3BOIATCS pabOThl. AHAIM3 MPOIOI-
JKUTEJIILHOCTH O€3JIEIHOTO TEePHOAA O3B0 BBIJCIUTh TP THIIA: KOPOTKHUH, CPEIHUH
W JUINTEIbHBIN eprobl. I1py mraHupoBaHNHM TONCKOBO-Pa3BEJOYHOTO OypEeHHMs HENEN0-
CTOIKO#H MTaTOpMOI OCHOBHBIMHE MTapaMEeTPaMH SBISTIOTCS: TaTa MOOHMIH3anu OypoBon
K poiuBy Kapckue BopoTa u mpomomKkuTenbHOCTE 0e371eJHOTO TIeproia B paiioHe Teo-
JOTUYECKUX CTPYKTYP.

Bypenwue ¢ ucmonp30BaHuEeM JIEJOCTOWKON OypOBOif IaT(OPMEI TTO3BOJISET PACIITH-
PUThH ONEPALMOHHBIM NEPHOJl, TaK KaKk OypeHHEe MOXXHO HAaYMHATh I10CJIE MCUYE3HOBEHHMS
CIJIOYEHHOTO JIb/IA, a 3aBEpIIATh MOCJIEC HAPACTaHUS TONMIMHBI JbAa 10 30 cM. AHanu3
MPOAOIDKUTEIBHOCTH OTIEPAIIMOHHOTO TIEPHO/Ia TTO3BOJIMII BBIIEIUTD TAKKE TP THIIA: KO-
POTKWUIA, CPETHAN U JIUTENBHBIN eproabl. [[puMeHerne nenocToiikoil OypoBoii mardop-
MBI TTO3BOJISIET PACIIMPHUTH Ce30H OypeHns Ha akBaropun Boctouno-ITpnHoBO3eMeTbCKIX
JMIEH3NOHHBIX YYaCTKOB U MPAKTHUECKN FapaHTUPOBATh OypeHHe BYX CKBAXKHH 32 CE30H,
IIPU 3TOM OKOJIO TPETH BPEMEHH paboThI OyIyT MPOU3BOIUTHCS B JIEAOBBIX YCIOBHUIX.

Buarogapaocru. MccnenoBanus BbIIOJIHEHB! B paMKaX MHHOBALMOHHON MPOrpaMMBbl
ITAO «HK “PocuedTts”».
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Summary

Preliminary results of the Transarktika-2019 winter expedition in the Arctic Ocean on the R/V
“Akademik Tryoshnikov” are presented. The expedition program included studies on meteorology,
hydrology, hydrochemistry, hydrobiology, geology, geophysics and an extensive complex of ice
measurements in the Northern Barents Sea from the drifting ice and from the ship. During the
expedition, it was possible to complete a wide range of tasks. The data obtained comprise a unique
material for a comprehensive study of the current state of the environmental conditions in the Barents
Sea. This paper highlights the most significant preliminary results of multidisciplinary observations
in various environments, which will be further comprehensively analyzed and published in separate
thematic articles.

Hocmynuna 7 ageycma 2019 e. Ipunsma x neuamu 23 cenmsaopa 2019 a.

Kniouesvle cnosa: bapeHIIeBo Mope, TeoNIorHsl, reo(pu3rKa, THIPOOHOIOTHS, METEOPOIOTHS,
MOPCKOI1 Jiefl, okeaHorpadusi, monepbie HaOmoneHus, CeBepHbIit JIeTOBUTHIN OKeaH.

[IpencraBieHsl npeaBapUTeIbHbIC pe3ynbTaTsl 3uMHeld skcneauuun « Tpancapkruka-2019»
B Cesepnom Jlegosurom okeane Ha HOC «Axkagemux Tpémuukosy. [Iporpamma skcnenunuu
BKJIIOYAsa B ce0sl MCCIICIOBAHUS 110 METEOPOJIOTHH, THAPOIOTUH, THAPOXUMHH, THAPOOUOIOTHH,
Te0JIOTHH, TeO(pH3NKEe U OOIIMPHOMY KOMIUICKCY N3MEPEHHH JISJSTHOTO TIOKPOBA B CEBEPHON 4acTH
Bapennesa Mops ¢ apeiidyromero ypaa u ¢ 6opra cyaHa. Bo BpeMst SKCIeUINK yAaI0Ch BIION-
HUTH IUPOKUIT KpyT 3a1ad. [ToydeHHbIe JaHHBIC IPEACTABIAIOT COO0H YHUKAIBHBIN MaTepHal IS
BCECTOPOHHEI'0 U3y4eHUs TEKYLIEro COCTOSHUA YCIIOBUHM OKpYy Karowleil cpeabl B bapeHieBoM Mope.
B crarpe 0603HaueHB HanOoOJIEE 3HAYUMBIC TIPEABAPUTEIIBHBIC PE3yIETAaThl MEXKIUCIIUILTHHAPHEBIX
HaOJTIOEHNI B pa3IMIHBIX Cpe/iaX, KOTOPhIE B JalIbHElIIIeM Oy1yT BCECTOpPOHHE IIPOaHAIM3HPOBAHEI
1 OITyOJIMKOBAHEI B OTAGNIBHBIX TEMAaTHUCCKHUX CTAThsX.

1. INTRODUCTION

On May 20, 2018, with the arrival of the research vessel “Akademik Tryoshnikov”
in Murmansk, the first stage of the “Transarktika-2019”multidisciplinary expeditionary
program of the Roshydromet of the Ministry of Natural Resources of the Russian Federation
(http://www.aari.ru/transarctika2019/transarctika2019.html) was completed. In total, under
the program in 2019, four marine expeditions to the Russian Arctic seas and the adjacent
deep-water part of the Arctic basin are planned. A distinctive feature of the first stage was
conducting field research at the end of the winter season, when the Arctic ice cover reaches
seasonal maximum. Despite the obvious navigational difficulties, the value of scientific
information obtained during this period of a year is very high. This is due to the fact that
key physical processes, which shape the water mass structure, exhibit pronounced annual
variability. Thence, the measurements made in this season, allows better understanding
of the driving forces and verification of the validity of the existing theoretical concepts.
An important task of the expedition was the online transfer of the obtained information
on land, thus providing Russian contribution to the international PPP (Polar Prediction
Project) program of WMO. Three-hour meteorological and 12-hour aerologic observations,
continuous geophysical measurements, as well as information on ice drift and meteorological
parameters from 6 buoys installed at spaced points were permanently transmitted on land.
The scientific staff of the expedition included 52 specialists, representing fifteen research
organizations in Russia and Germany. A significant number of participants were students,
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graduate students and young scientists. The expedition also involved two helicopters KA-32,
which were served by 12 people of flight personnel. Detailed information about the expedition
was regularly transmitted from board by two correspondents of the television company St.
Petersburg, and a documentary about the expedition was shot by two employees of the
RT news agency (https://youtu.be/BCCvtg2a-Go). The present paper highlights the most
significant preliminary results of multidisciplinary observations in various environments,
which will be further comprehensively analyzed and published in separate thematic articles.

2. THE CRUISE ROUTE AND THE SCOPE OF WORK

The ice-strengthened research vessel “Akademik Tryoshnikov”set sails to the
operational area from Murmansk on March 21, 2019, after transit from St. Petersburg, with
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Fig. 1.The expedition route of the R/V “AkademikTryoshnikov” from March 21 to May 28, 2019.

The blue color shows the way from Murmansk to the point of the beginning of the drift with hydrological sections;
the red color shows the drift pathway and the transects, done with the helicopter; the green color shows the way back
to Murmansk with hydrological transects; the magenta color shows the return way to Kiel with hydrological transect

Puc. 1. Mapupyt skcneauunu Ha HOC «Akagemuk Tpémnuukos» ¢ 21.03 mo 28.05 2019 .

CHHMM LIBETOM TI0Ka3aH Mepexoj u3 1. MypMaHCK B TOYKY Hadasa Apefi(a ¢ THAPOIOIrHYECKHMMHU Pa3pe3aMHu;
KPAacHBIM IIBETOM MOKa3aHa TPAeKTOPHs Aper(a u pa3pe3bl, BHIIOIHCHHBIC C MOMOIIBIO BEPTONETA; 3CICHBIM
I[BETOM T10Ka3aH OOpATHBIN Mepexo B 1. MypMaHCK ¢ TMAPOJIOTHYECKUMH pa3pe3aMu; (hHONETOBBIM [IBETOM
OKa3aH 00paTHbIi nepexosn B Kuitb ¢ THAPOIOrHYECKUM pa3pe3oM
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ship call at Kiel for receiving equipment of German expedition members. From March 21
to March 27, the ship moved northward with a hydrological transect along the meridian of
39° E. After choosing a suitable ice field and anchoring the vessel to it, an ice camp was
deployed over three days. Planned studies on meteorology, hydrology, hydrochemistry,
hydrobiology, geology, geophysics and an extensive complex of ice measurements began
on March, 30 from the ice. At the same time, regular hydrological profiling was carried
out from the ship with sampling for chemical analyzes, geological stations (using a direct-
flow soil tube and box corer), sampling for contamination with radionuclides, ozonometric
measurements, and monitoring of ice pressure on the ship hull. During the drift, in addition
to the 194 hydrological profiles from the ship and from the drifting ice, 59 hydrological
profiles were carried out at remote oceanographic sections oriented perpendicular to the
continental slope, within a radius of 300 km with the delivery of people and equipment
by Ka-32 helicopter. On May, 4 after the completion of work on ice, the ship headed to
north-eastern part of the Barents Sea, where six hydrological sections were occupied,
and some of these sections repeated standard historical transects (e.g. from Salm Island,
Franz Joseph Land to cape Zhelaniya, Novaya Zemlya archipelago). The main stage of
the expedition was completed on May 20 with a ship call to Murmansk, where most of
the expedition participants disembarked. After leaving Murmansk on May 24, at the way
to Kiel (Germany), a hydrological transect between cape Nordkap and cape Zuidkap was
done. The expedition route is shown in Figure 1.

3. RESEARCH HIGHLIGHTS

3.1. Turbulent sensible heat flux controls the heat balance
at the snow-ice surface in spring

The main goal of studying the processes of energy-mass exchange of the atmosphere with
the sea ice cover was to obtain estimates of the spatiotemporal variability of the main parameters
of the boundary layers of the atmosphere and ocean along the drift route of the R/V “Akademik
Tryoshnikov” by performing complex synchronous observations in the boundary layer of the
atmosphere, snow-ice cover and in the upper ocean. The tasks of the work included: (i) the
study of the structure and dynamics of the atmospheric boundary layer and the features of its
dynamic-thermodynamic interaction with the ice cover at the end of the polar night (dark)
season; (ii) the study of thermodynamic processes that determine seasonal evolution of the
snow-ice cover to identify the features of diffusive, convective and radiative heat transfer; (iii)
obtaining new data on the physical mechanisms responsible for the formation of the structure
of the upper layer of the ocean under the ice cover, including the processes of heat transfer
from the Atlantic-origin waters to the lower surface of the sea ice cover.

Calculation of the components of the heat balance at the snow-ice surface is based on
the results of measurements made using the Campbell Scientific gradient meteorological
complex installed in the ice camp. This complex provides continuous every minute
registration of atmospheric pressure (P), temperature (7)) and relative humidity (RH) of air
at a 2 meter height, wind speed (7) at 10 m height and components of the radiation balance
at the underlying surface (incoming Q, and reflected short-wave Q, o solar radiation,
long-wave radiation of the atmosphere R, and underlying surface R p). To calculate the
components of the heat balance at the snow-ice surface, the approach described in [1] was
used. To estimate the turbulent fluxes of sensible (/) and latent heat (LE), a calculation
scheme was used based on the Obukhov similarity theory [2, 3]. In the calculations of
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Fig. 2. Characteristics of energy exchange processes in the “ice — atmosphere” system in April 2019:
(a) turbulent sensible and latent heat fluxes; () short-wave and long-wave balances at the underlying
surface; (c) the total heat flux from the atmosphere to the ice-snow surface; (d) a histogram of the
recurrence of the stratification parameter at the near-to-ice air layer during the drift

Puc. 2. XapakTepHCTHKHU ITPOLECCOB IHEProoOMeHa B CHCTEMe TIPHIICAHBIH cilol arMocdeps — 1mo-
BEPXHOCTH CHEKHO-JIEJSTHOTO 1ToKpoBa B arperie 2019 r.: (a) TypOysieHTHBIE TOTOKH SIBHOTO M CKPBITOTO
Teruia; (b) KOPOTKOBOJIHOBBIN M JUTMHHOBOJIHOBBIHN OaJlaHCHI MTOACTHIIAIOIICH ITOBEPXHOCTH; (C) CyM-
MapHbIii OTOK TEeIIa OT aTMOcdepbl K CHEXKHOIT MOBepXHOCTH; (d) rUCTOrpaMMa MOBTOPSIEMOCTH
napaMeTpa cTpaTu(HUKAIMU IPUISTHOTO CII0s aTMOChEephl B Iepros apeiida

H and LE, the fluxes are considered positive if they are directed from the underlying
surface to the atmosphere. The direction of the total heat flux to the underlying surface (B),
calculated by the formula B=Q + R — H — LE (where Q = Q, — Qup andR=R, R )
is considered positive from the atmosphere to the underlying surface.

Figure 2 shows the spatiotemporal variability of heat fluxes in the “ice-atmosphere”
system in April 2019 along the drift route. Despite the increase in the incoming short-
wave radiation, and, accordingly, the increase in the short-wave radiation balance (Q) due
to the increase in the duration of daylight and the height of the sun, the total heat flux
from the atmosphere to surface B decreases from 4 to —8 W/m? from the beginning to the
end of April. This is due to the large albedo of the snow cover (0.82), a slight increase
in heat consumption for evaporation (LE), a slight increase in cooling due to long-wave
radiation (R), and a significant, up to a change in sign, decrease in the turbulent sensible
heat flux directed to the surface (/). The latter is confirmed by temporal variability of the
temperature contrast between 2 meter height and the surface (7, — 7)), and by the histogram
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of the recurrence of stratification in the near-to-ice air layer, which shows a significant
number of unstable stratification cases(see Fig. 2 d).

Obtaining correct estimates of the turbulent flux of sensible heat, based on various
parameterizations [4], still poses a challenge. Correct estimates are especially important
when modeling sea ice cover in spring, when a slight increase in heat influx leads to
a sharp decrease in albedo and the onset of intense melting. A significant contribution to
the solution of this problem is expected after careful processing and analysis of complex
observations carried out during the expedition.

3.2. Inhomogeneous ice cover activates processes at the ocean — air interface in winter

Sea ice cover is one of the key indicators of the state of polar climate systems.
At present, the most detailed information on the state of sea ice is provided by satellite
measurements. However, the accuracy of measuring sea ice thickness from processed
satellite data is still insufficient. With this in mind, contact measurements of ice thickness
at spaced points provide valuable information for validating satellite measurements
and improving the quality of sea ice volume calculations. Due to the organization of
remote observations using a helicopter, the expedition collected a unique array of contact
measurements of sea ice thickness at the helicopter landing points during hydrological
profiling. This data array covers an area of about 50 thousand km? along the continental

1720

38° 39° 40° E
Fig. 3. Ice conditions around the drift area of the R/V “AkademikTryoshnikov” according to
multichannel surveys from the Sentinel-2a satellite at 11:56:51 UTC on 04.17.2019 with a spatial
resolution of 10 m. (/) denotes the position of R/V “Akademik Tryoshnikov”, (2) denotes developing
crack in the ice field

Puc. 3. Jlenosast obcranoBka B paiione nperida HOC «Axanemnk TpEurHUKOB» 1O JaHHBIM MHOTO-
kaHaabpHOH cheMku ¢ MIC3 Sentinel-2a Ha 11:56:51 UTC 17 .04.2019 ¢ pazpemrennem 10 m. Lud-
pamu o6o3nauensl: (/) monoxkenne HOC «Axkanemux Tpémrankosy, (2) pa3BuBaromasics TpelHa
B JICJITHOM T10JIE
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Fig. 4. (a) Photograph of the hummock and UAC flight route. (/) denotes the axis of the ridge, (2)
denotes the UAC flight route on April, 11, 2019 at 15 m height; (b) Spatial distribution of surface
temperature (/) and albedo (2) over flat ice and hummock

Puc. 4. (a) ©otorpadust opoca u mapuipyt nonera BITJIA. Luppamu o603Hauenst: (1) ocs Topoca,
(2) paexropus moneta BITJIA 11 anpens 2019 r. Ha BbicoTe 15 M; (b) IPOCTPaHCTBEHHOE pacIpeie-
JICHHE TeMITepaTypbl HOBepXHOCTH (/) u anbbeno (2) pOBHOTO U BCTOPOIICHHOTO JIbJa
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slope and will be used together with the data on ice concentration for calculation of the
volume of sea ice in the study area at the end of the 2019 winter season.

Studies of the features of energy and mass transfer processes in the polar regions
are primarily related to taking into account the areas occupied by young ice and open
water (cracks, leads, polynyas), which are the main sources of intense heat transfer to
the atmosphere in winter and the areas of solar energy absorption in summer. During
the entire drift of the R/V “Akademik Tryoshnikov”, the surface of the ice cover was
constantly changing (Fig. 3). Under the influence of dynamic factors in the vicinity of
the ice camp there was a constant formation of cracks that transformed into leads and
polynyas, and, on the contrary, closing polynyas led to fast building of ridges, sometimes
reaching 2-meter height.

Such competitive processes can probably be considered as quite typical for the
conditions of the present-day warming in the Arctic, not only in the drift region, but also
in other areas. This is due to the increasing fraction of thinner seasonal ice in the total
balance. Taking this into account, the expedition program included experimental studies
of understudied processes of energy exchange over hummocks. A few experimental and
theoretical studies show that the nature and intensity of energy transfer processes in
the presence of hummocks noticeably differ from the conditions observed on flat ice
[5, 6, 7, 8,9, 10]. There are practically no technical and methodological tools for the
correct assessment of energy exchange near hummocks [11]. To study the features of the
spatial distribution of albedo and surface temperature over flat ice and hummocks, an
Explorer Quad (unmanned aerial copter, UAC) was used. The UAC housed the original
measuring unit designed in AARI, which consists of a LI-190SA photometer manufactured
by LICOR LTD (USA), an infra-red thermometer (Russia), a camera, and a control unit
[12]. To conduct ground-based verification measurements in parallel with UAC flights
over a flat ice, a rack with pyranometers similar in design and spectral range to the UAC
sensor was installed close to the studied hummocks. For continuous recording of incoming
and reflected radiation at the sea ice surface were used pyranometers: LI-192SA and ADC
(programmable data-logger LI-1000), manufactured by LICOR LTD.

On the basis of accomplished measurements it was found that the reflectivity of
a flat surface is higher than that of hummocks. In some cases, the difference between the
albedo of flat ice and the albedo of hummocks exceeded 10 per cent, with the maximum
differences up to 30 per cent. This means that the recorded differences are significant,
since the relative error of a single albedo measurement in real conditions does not exceed
+5 % [13].

A snapshot of the hummock shown in Figure 4 a made it possible to perform
a detailed analysis of the data obtained during UAC flights. For example, it was possible
to reveal that shaded areas at slopes of hummocks have the minimum albedo (points No.
8 and 10 in Figure 4 ). Small, in comparison with flat ice, albedo values cause large
absorption of solar radiation. The latter was revealed experimentally during the expedition
and partially confirmed theoretically [8, 9]. However, the surface temperature near the
hummock ridge is noticeably lower than that at the neighboring flat ice. This can lead either
to an increase in the influx of heat from the atmosphere (at a constant air temperature) or to
the formation of stable stratification in the near-to-ice air layer (inversion), which impedes
vertical turbulent exchange. Thus, a preliminary analysis of collected data suggests that
the energy exchange near hummocks significantly differs from that over flat ice. These
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features should be taken into account in mathematical models as well as the differences in
ocean-air energy exchange between a consolidated ice cover and an open water surface.

3.3. Two branches of Atlantic water shape hydrological
and ice regime of the Barents Sea

The main external factor controlling the hydrological regime of the Barents Sea is the
inflow of warm and salty Atlantic origin waters from adjacent basins. Across the western
border, a wide strait between the Scandinavian Peninsula and the Bear Island, Atlantic
water enters from the Norwegian Sea to the central and southern parts of the Barents Sea.
Atlantic water from the Nansen Basin flows in through deep-water trenches at the northern
border of the sea. In modern literature, these water masses are commonly referred to as the
Barents Sea Atlantic Water (BAW) and the Fram Strait Atlantic Water (FAW), respectively.
We will adhere to this terminology in the further presentation. To assess the state of both
branches of the Atlantic waters at the end of the winter season, a hydrological section
was performed along 39° — 40° E. from 70° to 84° N (see Fig. 1). During the transition,
hydrological profiling was carried out by a regular CTD (Conductivity Temperature Depth)
device Seabird SBE911plus (www.seabird.com). During the drift measurements in the
northern part of the section were performed by a SeaCAT Profiler CTD SBE 19plus
(www.seabird.com)with the delivery of equipment to the transect points by helicopter.
The consistency of the data obtained using both devices was checked by inter calibration
at several stations, and after the expedition was completed, the sensors passed standard
verification in a certified company.

Central Bank

‘ Persey Bank

Central Basin

Depth, m

Drifting lce edge

Continental 88
slope

. : ——— e
500 600 700 800 900 1000 1100 1200 1300 1400 1500
Distance, km

O 100 200 300 400
Fig. 5. Temperature distribution (°C, color) at the meridional transect along the meridian 39-40° E.

during the time interval May, 21 — April, 4, 2019. Black triangles at the top show position of CTD casts

Puc. 5. Pacnpenenenue temneparypsl (°C, OKa3aHO I[BETOM) Ha MEPUIMOHAIBHOM pa3pe3e BIOJb
mepunuana 39—40° B.a. 21.03 — 05.04. 2019. INonoxxenue touek CTD-30H1MpOBaHUIl MOKa3aHO
YepHbIMU TPEYTOJIbHUKAMU B BEPXHEH 4acTU PUCYHKA
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The characteristic features of the hydrological structure in the central part of the
Barents Sea and on the continental slope of the Nansen Basin are well distinguished by
the meridional temperature distribution (Fig. 5).

The main warm core of BAW with a maximum temperature of 3.8°C at a depth
of 100 m is revealed at the southern border of the transect in the Central Depression. At
the periphery of the warm core, a quasi-homogeneous vertical temperature distribution
from surface to bottom is observed, indicating an intensive winter convective mixing.
The secondary core of BAW with a maximum temperature of 1.1 °C is located in the
trench between the Central Bank and the Perseus Bank from a depth of 50 m to the
bottom. Two warm cores are separated by a frontal section with a minimum temperature
of —1.1 °C above the Central Bank. The Central Bank is an important element of the
bottom topography of the Barents Sea, affecting its hydrological regime through the
formation of cold dense waters in the winter season [14]. These waters flow down along
the slopes of the bank into the adjacent deep-water basins, which leads to the separation
of the initially single stream of BAW into two jets. A fundamentally new result obtained
during the expedition is the establishment of the fact that winter convection over the
Central Bank can be purely thermal, i.e. the formation of a homogeneous “column” of
dense water above the bank does not necessarily require salinization during ice formation,
which was previously assumed as a necessary condition [15]. The obtained new knowledge
is confirmed by the fact that at the end of March 2019, the boundary of consolidated one-
year ice was located 80—100 miles northward off the Central Bank (Fig. 5), while the
appearance of drifting ice in the Central Bank region dates by the second half of April.
The polar front separating BAW (in the south) from the surface Arctic water mass with
a surface temperature close to the freezing point is located above the southern spur of the
Perseus Bank. Further to the north, to the northern peaks of the Perseus Bank, as well as
in the southern part of the transect, there is a high uniformity of temperature along the
vertical, which indicates intense convective mixing. However, convection in this region
is obviously of haline origin. The densification of surface water in this case occurs as
a result of salinization during ice formation. To the north of the Perseus Bank, the deep
and bottom layers of water are characterized by a positive temperature, which is associated
with the influence of the heat of FAW, which main core with a temperature of 2.6 °C is
in the depth range of 100-200 m on the Nansen Basin continental slope. The lowering
of the bottom topography along the transect begins well before the continental slope, in
the Franz Victoria Trough, where the maximum depth reaches 450 m. However, within
the trough, the water temperature does not exceed 0.1-0.3 ° C, which is associated with
the intense formation of cold dense waters along the trough perimeter and their runoff
down the trough slopes.

3.4. Intensive formation of dense waters on shelves and their cascading
into the adjacent water basins is the main mechanism
of water masses transformation in winter

Observations on a series of successive hydrological transects in the north-eastern
Barents Sea (see Fig. 1) cast doubt on the existing concept that the transformation of BAW
is largely due to the open sea winter convection. A preliminary analysis of the collected
data suggests that the role of cascading (descent of dense cold water forming on shallow
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Fig. 6. Distribution of potential density (kg/m’, color) in the Franz Victoria Trough at 250 m depth
in April — May 2019. Black dots show position of CTD casts

Puc. 6. PacnipesiesicHie MOTEHIMATBHON TUIOTHOCTH (KI/M3, TIOKa3aHO LBETOM) B xenode dpaHil-
Bukropus Ha ryoune 250 m B anpenie—mae 2019 . Tlonoxenne Touex CTD-30H1MpOBaHHI TOKa3aHO
YEPHBIMU TOYKAMHU

shelves) is more significant. To illustrate this statement, Figure 6 shows a chart of potential
density at 250 m depth in the Franz Victoria Trough, where a large number of CTD profiles
made it possible to generate horizontal distribution of hydrological parameters. The Franz
Victoria Trough is the main water exchange channel with the deep Nansen Basin in the
northern part of the Barents Sea. The average depth of the trough is about 300 m, facilitates
free penetration of the warm FAW from the north. As showed a preliminary analysis of
observations, the nature of water exchange through the trough is fundamentally different
from the patterns established earlier on the basis of summer and fall surveys [16].

As a result of mixing with cold and slightly fresher dense waters formed on the
island shelves surrounding the trough and flowing downslope, the FAW entering from the
Nansen Basin rapidly cools down and freshens throughout the entire thickness. Through
the southern channels, colder (with temperature less than zero) and slightly saltier water,
which formed on the southern island shelf of Franz Joseph Land and Ushakov Bank, enter
the trough. As a result, at depths below 200 m a density front forms between cooled (but
still keeping positive temperature and increased salinity) FAW, which tongue is stretched
southward along the western flank and the denser water with a negative temperature and
slightly lower salinity moving northward along the eastern flank of the trough. At the
mouth of the trough dense water flow turns eastward along the continental slope under
the influence of the Coriolis force and mixes with FAW, leading to cooling and freshening
of the latter [17].
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3.5. Zoobenthos in the Franz Victoria Trough

The bed and slopes of the Franz Victoria Trough are interesting not only in terms
of oceanographic characteristics, but in terms of zoogeographic features of the fauna
inhabiting it as well. FAW penetrates into the trough from the north, forming specific
environmental conditions for the bottom fauna [18]. In addition, the northernmost deep-
water segments of the trough bed are affected by the Arctic waters, which also affect the
composition of the fauna. The main goal of the work was to study the communities of
bottom biotopes at the northern edge of the Arctic shelf and the Franz Victoria Trough,
the vertical distribution of animals in the bottom sediments’ profile and their interaction
with the environment. Preliminary results of the primary processing of the collected
biological material show that polychaetes, mainly Spiochaetopterus typicus (M. Sars,
1856) and Maldanidae gen. spp., dominated qualitatively and quantitatively at all stations.
At depths of 150-200 m, the biomass and abundance of bivalves (families Astartidae,
Thyasiridae) also increased significantly. In addition, a high diversity of crustaceans was
noted in the deep part of the Franz Victoria Trough. In soft sediments of the bed of the
trough the number of echinoderms sharply increased, in particular starfish Ctenodiscus
crispatus (Bruzelius, 1805).

Study of the vertical distribution of benthic organisms in the bottom sediments helps
to better understand the biology of certain species, the ways of organic matter utilization
in the community, and the influence of biota on the structure of sediments. A preliminary
analysis of the vertical distribution of higher taxa in the sediments’ profile showed that,
with the exception of organisms living only on the sediment surface, the number of
higher taxa of infauna (16) in the sediments didn’t change to a depth of 5-6 cm. This
horizon approximately corresponds to the maximum thickness of the upper water-saturated
sediment layer, sometimes with an adjacent intermediate layer with a less degree of water
saturation. Deeper than 5—6 cm, the number of taxa began to decline, and only Polychaeta
were present from 22 to 31 cm.

Figure 7 shows the result of a DistLM analysis of the connection between the vertical
distribution of higher taxa in the sediments’ profile and the environmental factors: depth,
near-bottom temperature, type of sediments. The values of near-bottom salinity practically
did not change between the stations. Expectedly, the influence of this factor was not reliable
and it was excluded from the final analysis. Other factors had a high degree of significance
(P =0.001), however, the share of the explained total variation was relatively low (11 %
for the temperature, 16 % for the sediment type, 10 % for the depth). This may be due
to the use of rather “rough” data, both biological (only higher taxa) and lithological (few
grades of sediments’ fractions). However, this preliminary analysis provides already some
results to be checked and developed when a detailed processing of the samples is carried
out and quantitative data are obtained. At the Figure 7, two groups of stations are seen,
matching biotopes characterized by different abiotic characters and different higher taxa
composition and vertical distribution:

1 (marked by circles) — shallow-water (depth less than 300 m) biotopes of the trough
slope, with negative near-bottom temperature and high sand content in bottom sediments.
As arule, a large number of stones or pebbles were present. The depth of penetration of
invertebrates into the sediments was on average 1.5 less than in the biotopes of the second

266



HU.E. ®POJIOB, B.B. UBAHOB, K.B. ®UJIPYVK, A.Il. MAKIIITAC, B.IO. KYCTOB u op.

1.0+ "YW
oz

= .3

=l

®

§ 05+

®

B

k]

&

= >360

-] 04+ | ]

£

k]

e

8

q 05

g

4

=

el

1.0+, .l % J. .l :

-1,0 0,5 0 0.5 1,0 1.5

dbRDA1 (64,2% of fitted, 24,2% of fotal variation)

Fig. 7. Results of the DistLM-analyses of the environmental predictors’ influence on the vertical
distribution of the number of higher taxa in the bottom sediments’profile (/—3) near-bottom
temperature: (/) negative (—0.7...—1.8°C), (2) slightly negative (-0.2... 0°C), (3) slightly positive
(0... 0.7 °C); (4-9) predictors: (4) clay sediments, (5) fine sandy sediments, (6) sandy sediments, (7)
pebbles and stones, (8) depth, (9) near-bottom temperature; numbers at the stations’ symbols mark
depths over and below 300 m

Puc. 7. Pesynprar DistLM-ananu3a 3aBUCUMOCTH BEPTHKAIBHOTO PACIIPEISIICHHUS YHCIIa KPYITHBIX
TaKCOHOB B TOJIILE 0CAIKOB OT (hakTOpOB cpebl. (/—3) mpumonHas Temneparypa: (/) orpunarensHas
(-0,7... —-1,8 °C), (2) cnabo orpunarenbhas (-0,2... 0 °C), (3) cnabo nonoxurensHas (0... 0,7 °C);
(4-9) npenuKTOpSL: (4) MIMHUCTBIE OCAIKH, (5) MEIIKOIIECUaHUCThIE OCAIKH, (6) IECUaHNUCThIE OCAAKH,
(7) ranbka 1 kamHH, (8) niyouHa, (9) npuaoHHas TeMiepaTypa; HudpaMu y 3HAUYKOB CTaHIMH 000-
3Ha4YeHbI [TyOnHBI Oonee u Menee 300 M

type, but the distribution along the profile was even, showing gradual decline of number
of taxa with the depth under the sediments’ surface.

2 (marked by squares) — stations with depths below 300 m, close to zero or slightly
positive bottom temperatures (due to the inflow of FAW) and clay bottom sediments. The
deepest penetration into the sediments of the mass polychaetes S. typicus and Maldanidae
gen. spp. was recorded; but the other groups mostly occurred not deeper than the upper
water-saturated layer.

3.6. Icebergs rafting in the late Pleistocene deglaciation period
is a probable source of large-sized rock fragments

The Barents Sea continental margin is a unique region due to its variable geological
structure, complex tectonics, diversity of sediment source areas, dissected relief and high
hydrocarbon potential. Franz Victoria Trough, one of the most important morphological
and structural elements of the shelf, is the largest channel connecting the Barents Sea with
the Arctic Ocean. Here, FAW enters the Barents Sea, and sediment material is transported
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in the opposite direction, to the deep Nansen Basin. These background processes setup
prerequisite conditions for massive redistribution of terrigenous material around the Arctic
Ocean. Similar processes were acting in the geological past and therefore they can be
reconstructed by a comprehensive study of bottom sediments. Paleo-oceanographic studies
in the northern part of the Barents Sea are extremely significant for understanding the
general evolution of climate during the Quaternary. In accordance with the direction of the
ship’s drift, geological profiles were taken through the northern part of the Franz Victoria
Trench, along its western side, and in a shallow area north of Kvitoya Island. Sediment
samples were obtained at 48 geological stations with the help of a small box-corer and
a gravity corer.

The results of the initial analysis of the sampled material allow figuring out
preliminary considerations on the features of sedimentation in the northern part of the
Barents Sea in the Late Quaternary. The Upper Quaternary section of bottom sediments
in the region was formed under the conditions of two radically different sedimentation
regimes. Their change is associated with the transition from cold late Pleistocene climate
to warm Holocene. Sediments accumulated during the Holocene is represented by brown,
gray-brown, and brown-gray silty clay (sometimes with a noticeable sand admixture),
including rare psephitic material of gravel-pebble dimension. Their thickness, as a rule,
is not large (10-50 cm). Below lay gray sandy silty clay saturated with gravel-pebble (up
to boulder size, more than 10 cm) material. The majority of psephytes are represented by
non-rounded acute-angled samples, or sub-angular and ribbed ones with noticeable frayed
edges. They correspond to 0 and 1 rounded points (the lowest) in accordance with the
Khabakov scale, or vary from 0.15 to 0.35 according to the Wadell roundness scale (Fig. 8).
Theoretically, the sources of coarse fragments can be local outcrops [19, 20], gravitational
slope flows, or rafting by sea ice and icebergs. Most likely, the first two of the listed
sources did not have leading significance in the studied region. If they prevailed, coarse
clastic material would be distributed more or less evenly along the section. However, the
increased content of psephytes is recorded only in its deeper part, which suggests higher
probability of delivery by icebergs. The intensity of iceberg calving culminated during
deglaciation stage. After relative stabilization of climate in the Holocene, the icebergs
rafting ceased to play a noticeable role, which led to significant decrease in the number
of psephytes in the shallower part of the section.

Fig. 8. Geological station AT19-09GC. The erosion boundary is clearly visible between the Holocene
brown silty clay (left) and the Late Pleistocene dense gray sandy silty clay with gravel-pebble sized
material (right). The cavernous surface of the gray sediment is associated with a large amount of
fine gravel

Puc. 8. I'eonoruyeckas cranuus AT19-09GC. Xopouio BusiHa 3pO3HOHHAS TPAHULA MEXK Ty FOJIOLEe-
HOBBIMH KOPUYHEBEIMH aJIEBPOIICINTAMH (CJI€Ba) U ITO3JHEIICHCTOICHOBEIMH INIOTHBIMU CEPBIMU
MIeCYaHBIMU AJIEBPOIISIIUTAMU C MaTepHaJIOM JpecBsHO-IeOHeBON pa3MepHOCcTH (crpaBa). Kasep-
HO3Hast IOBEPXHOCTh CEPOTr0 0CAJIKa CBsI3aHa C OOIBIINM KOJIMYSCTBOM MEJIKOH IPECBBI
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Preliminary estimates show that the petrographic composition of large-sized rock
fragment material (psephytes) varies greatly within the studied area. Basalts and dolerites,
which are a kind of marker of the Franz Joseph Land, are extremely rare among the
studied psephites. Quartz sandstones, quartzites and carbonates (mainly dolomites, less
often limestones) prevail. Such variability indicates the diversity of iceberg sources and
the complex circulation of the latter during the deglaciation period. Further research will
be aimed at reconstruction of the general direction of the movement of paleo-icebergs, and
at identification of their sources. This will significantly improve the general understanding
of the evolution of the Late Quaternary processes within the northern margin of the
Barents Sea shelf.

3.7. Geophysical monitoring in the Arctic zone of the Russian Federation

Thermonuclear reactions occurring in the core of the Sun are the source of continuous
emission of solar plasma and electromagnetic radiation into the outer space. The complex

of phenomena and processes in outer space due to these emissions is called space weather.
The main agents of space weather effects include: continuous outflow of magnetized low-

Fig. 9. Oblique soﬁnding paths of the ionosphere March 25, 2019

Puc. 9. Tpacchl HaKIIOHHOTO 30HAMPOBaHUsI HOHOChepbI 25 mapra 2019 .
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energy solar plasma (solar wind); coronal mass ejection (CME) associated with solar flares
and including high-intensity magnetic fields (“magnetic clouds”); solar ultraviolet (UV)
radiation; fluxes of high-energy solar protons and electrons (“solar proton events”, SPE)
that invade the Earth polar caps. Taking this into account, the actual tasks of geophysical
monitoring in the Arctic zone of the Russian Federation include: (i) the nowcast of the
influence of space weather on the state of the magnetosphere and the polar ionosphere
(assessment of the probability of development and intensity of auroral substorms and world
magnetic storms according to operational data on the PC index; (ii) operational diagnosis
of magnetic-ionospheric disturbances in various regions of the Arctic; (iii) operational
diagnosis of sudden frequency deviations (SFD) in order to prevent disturbances in the
operation of systems of radiolocation, navigation and GPS (based on multichannel Doppler
measurements); (iv) monitoring the propagation conditions of decameter radio waves in
the Arctic region (on the basis of ionospheric oblique sounding); (v) developing methods
and means for monitoring the effects of artificial high frequency radio waves in the high-
latitude ionosphere; (vi) monitoring the effect of space weather on human health.

A necessary condition for solving these problems is the permanent ionospheric
measurements (vertical and oblique sounding of the ionosphere) in the polar cap area with
the immediate transfer of information to receiving centers on land. During the expedition
novel technical approaches were developed to solve a number of the listed above tasks.
The measurements were conducted from the nonmagnetic pavilion in the ice camp in
combination with continuous measurements from board. A similar approach is planned to
be used when organizing geophysical observations from an ice-resistant platform (LSP).
During the expedition, a large amount of data was collected and immediately transmitted
to the AARI Polar Geophysical Center. The significance of the additional point for oblique
sounding of the ionosphere in the polar cap region is illustrated in Figure 9, which shows
the radio signal paths that can significantly expand the field of operational monitoring of
the high-latitude ionosphere.

4. CONCLUSIONS

The most important outcome of the expedition was the practical implementation of
multidisciplinary observations from the ice with the immediate transfer of the received
information to the ship and to reception centers on land. During the expedition, specific
procedures were developed for the efficient organization of observations at a new type of
ship-ice drift station, which will be taken into account during the construction, equipment
and operation of the North Pole ice-resistant self-propelled platform (LSP). The field
studies carried out in March-May 2019 made a significant contribution to the study of
the transformation of Atlantic waters in the Barents Sea, including the continental slope
of the adjacent Nansen Basin under changing climatic conditions, as well as to the study
of the mechanisms of formation of dense shelf waters in the Barents Sea. Comprehensive
information was obtained on the state of the Barents Sea environment.

During the expedition, it was possible to complete a wide range of tasks. The data
obtained comprise a unique material for a comprehensive study of the current state of
the environmental conditions in the Barents Sea. The data collected make it possible to
obtain more reliable estimates of the spatiotemporal variability of the main elements
of hydrometeorological regime, to better understand the mechanisms of water masses
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formation, their influence on climate changes at high latitudes, and to contribute to solving
the tasks of sustainable development of the Arctic region.

The first stage of the Transarktika-2019 expedition was a logical continuation of the
expeditions at the North Pole drifting stations under the current conditions of declining
ice cover. The implementation of the expedition program made it possible to test new
technologies for organizing and conducting modern integrated scientific research in terms
of ensuring the safety of work, internal, interdepartmental and international cooperation,
which is necessary for the forthcoming operation of the LSP.
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Tpancapkruka-2019:
3uMHss Ikcnequuus B CeBepHblii JlenoBUTHII oKkeaH
Ha HIC «Axagemuk TpemnnkoB»
(pacmupeHHblii pedepar)

JBanuaroro mas 2018 . ¢ mpudsitnem HOC «Axkanemuk TpéurHukos» B 1. Myp-
MaHCK 3aBEpIIMIICS TEPBbIH ATal KOMIUICKCHON 3KCHEIUIMOHHON mporpammbl « TpaHc-
apktka-2019» Pocruapomera Munnpuponasr PO. Beero B pamkax yka3zaHHON IPOrpaMMBbI
B 2019 r. 3am1aHMPOBAHO YETHIPE MOPCKUX IKCIIEUIINHU B POCCUICKUE apKTHYECKUE MOPSI
1 TIPUJIETAIONIYIO TIIyOOKOBOIHYIO 4acTh ApKTHUECKOro OacceitHa. OIMYnNTEabHON 0CO-
OEHHOCTBIO MIEPBOTO 3Tara ObUIO MTPOBEJCHUE MOJIEBBIX UCCICAOBAHUH B KOHIIE 3UMHETO
Ce30Ha, KOIJa apKTUYeCKUH JIEASHON MOKPOB JTOCTUraeT MHUKAa CE30HHOI0 MaKCHUMyMa.
Hecmotpst Ha oueBHIHBIE HABUTAIIOHHBIE TPYJHOCTH, IECHHOCTh HAyYHON MH(pOpMAINH,
MOJYYCHHON B 3TOT MEPHOJ 0, OKa3bIBAETCS BEChMa BBICOKOH. DTO CBSI3aHO C TEM,
YTO psiji KIFOUEBBIX CTPYKTYPOOOPa3yIoUMX TUAPO(OU3NIECKUX TPOLECCOB MPOSIBISET
SIPKO BBIPA)KCHHYIO CE30HHYIO0 M3MEHUMBOCTD M M3MEPEHNs, BHINOJHEHHBIE B Hanboee
MTOAXOASIIIIUK CE€30H, MO3BOJISIOT JyYIlle TTOHSATh MEXaHU3MBbI IIPOIIECCOB U NPOBEPUTH
CIPaBEIMBOCTh CYIIECTBYIONUX TEOPETUYECKUX KOHLIEIIIHH.
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[Tocrne BRIXOMA B palioH paboT Ha ceBepe bapeHrieBa Mops U BEIOOpA TIOAXOISAIIECTO
JISJISTHOTO TTOJISL B TEUSHUE TPEeX JIHEW Ha JIbJMHE ObLI Pa3BEPHYT Jarepb, ¢ KOTOPOTo ObLIH
HAuaThl [JIAHOBBIE UCCIIEAOBAHUS 10 METEOPOJIOTUH, THIPOJIOTUH, THAPOXUMHUH, THIPO-
6uornorny, reoJornu U reousnke, a TakKe BBITOIHSIICS OOIIMPHBIN KOMITJIEKC JIETOBBIX
n3MepeHuit. OMHOBPEMEHHO ¢ 60pTa CyaHa MPOBOAMUIHCH PETYISPHBIC THIPOIOTHIESCKHE
30HIMPOBAHMS C IPOOOOTOOPOM Ha THAPOXMMHUYECKUE aHAIN3BI, 0TOOP MPOO Ha 3arps3He-
HHE PaJHOHYKINAAMH, 030HOMETPUUECKHUE N3MEPEHNS], TIPOBOMIICS MOHUTOPHHT JICIOBBIX
HAarpy30K Ha KOPITyC CyJIHA.

B nomnonrenue k 194 rumponornyeckuM 30HIUPOBAHMSIM ¢ O0pTa CynHa U ¢ JIpeii-
¢ytromiero npaa 3a Bpemst apeiida ObUIO BBIMOIHEHO 59 THIPOIOrHYECKHX 30HANPOBA-
HUI Ha BBIHOCHBIX OKeaHOTpaHUECKUX pa3pe3ax, OpHEHTHPOBAHHBIX TIEPICHIUKYIISIPHO
KOHTHHCHTAJIBHOMY CKJIOHY, B paauyce 10 300 KM ¢ JOCTaBKOH JFONCH 1 000PYIOBaAHHUS
BeproieroM Ka-32. [Tocne okoHYaTeTFHOTO 3aBepIICHUS padboT Ha JIbAY 4 Masi CyJHO Ha-
MIPAaBUIIOCH B CEBEPO-BOCTOYHYIO YacTh bapeHrieBa Mopsi, rie ObUIO BBITIOIHEHO IIECTh
THIPOJIOTUUECKUX PA3PE30B, YACTh U3 KOTOPBIX B TOUKAX MOBTOPSAIOLINXCA UCTOPUUECKUX
paspesoB.

BaskHeHmM pe3ynbTaToM 3KCIEAUINH CTajla MpaKTHUecKasl peaau3anns Myib-
TUMCIUIUTMHAPHBIX HAOIOJIEHNI CO JIbia C ONepaTUBHOM INepenadeil moayyaeMoil nH-
(opmanmu Ha CyJHO M B IIpHEMHBIC LEHTPHI Ha Oepery. Bo Bpems skcnenunuu Obun
0TpaboTaHbl KOHKPETHBIC TPOLEAYPhl 110 3()(HEKTUBHON OpraHu3anuy HaOMOICHUN Ha
Jpeidyromiell CTaHIIMK HOBOTO THIIA CYTHO — JIe/», KOTOpbIE OYyT YUTEHBI IIPU CTPOU-
TENILCTBE, O0OOPYAOBAHNH M SKCIUTyaTallHy JIETOCTONKON caMOIBIKYIIEHCS T1aT(hOpMBbI
(JICIT) «CeBepHbIii TOIIOCY.

OKCIeIUIIUOHHBIE UCCIIEA0BaHN, OCYLIECTBICHHbIE B MapTe—Mae 2019 r, BHecu
3HAYNTENIBHBIN BKJIAJ] B M3yUEHHUE POJIU TPAHC(HOPMALIMHN ATIIAHTHYECKNX BOJ] HA MATEPUKO-
BOM CKJIOHE M ITPUMBIKAIOIIEH TTyOOKOBOIHOM YacT APKTHYECKOTO OacceliHa B U3MEHUB-
IIMXCS] KITMMaTHYeCKUX YCIIOBHSIX, a TAKKe B MCCIIEI0BaHIE MEXaHH3MOB (DOPMUPOBAHHS
YIIOTHEHHBIX Iesb(GOBBIX BOA B bapeHieBoM MOpe M MX BKJIaJia B MIPOLECCH OOHOBIIE-
HUSI BOJHBIX Macc. bblia nonyueHa komIsiekcHast HHGOpPMAaIUK O COCTOSTHUM PUPOIAHOM
cucteMsl B bapeH1ieBoM Mope, BKJItouasi KOHTUHEHTAJIBHBIN CKJIIOH Ha CEBEPHOU IpaHUIIe
Mopst 1 Apkrrdaeckoro 6acceitaa CJIO.

B xone sxcmeaunuy yaanoch BBIOJHUTH MIMPOKUHM KpyT 3amad. [lomyueHnHbie
JTaHHBIE MPEJICTABIIOT COO0N YHUKAJIbHBIN MaTepual sk BCECTOPOHHETO HCCIe10Ba-
HUS TEKYIIETO COCTOSHUS MPUPOIHBIX yeinoBuit apkruueckux mopeit CJIO. CobpaHHBIE
JAaHHBIC TIO3BOJISAIOT MOIYYHTh O0Jiee HAJICKHBIC OLEHKN MPOCTPAaHCTBEHHO-BPEMEHHOM
HM3MEHYHMBOCTH OCHOBHBIX 3JIEMEHTOB THAPOMETEOPOIIOTHYECKOTO pexknMa, Ooiee riry-
0OOKO M3yUNTh MEXaHW3MbI (DOPMUPOBAHNUS BOAHBIX Macc, UX BIUSHUE HA U3MECHEHHUS
KJIUMAaTa BBICOKUX HIMPOT U CIOCOOCTBOBATH PEUICHHUIO 3a7]a4 KOMIUIEKCHOTO OCBOCHUS
ApPKTHKH.

IlepBbiii oTan skcnenuuuu « Tpancapkruka-2019» sBUIICS JIOTMYECKUM HPOAOI-
JKCHUEM 3KCIICAUINI Ha apeiidyromux crannusx « CeBEepHBINA MOIIOC» B COBPEMEHHBIX
YCIOBHSIX COKPAIIAIOLIErocs JIEASHOTO MOKPOBa. BrInoaHeHne mporpaMMsel 3KCHEAUIUTH
TTO3BOJIMJIO ONTPOOOBATH HOBBIE TEXHOJIOTHUHM OPTaHM3ALMK U MPOBEICHUS COBPEMEHHBIX
KOMIUIEKCHBIX HayYHBIX UCCIIET0BAHHM, B TOM YHCIE B aCleKTe 00ecredeHns 0e30MacHOCTH
MIPOBEICHUS PadOT, BHYTPH-, MEXKBEJIOMCTBEHHOTO ¥ MEK/TyHAPOJHOTO B3aMMOACHCTBUS,
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HEoOXOoIMMBIE IS TIOATOTOBKHM M Havana skcruryararun JICIL. B mpeamaraemoii crathe
0003HaueHbl HanboJIee 3HAYNMBbIE TIPEABAPUTEIILHBIC PE3YJIbTAThI BHITIOIHEHHBIX Ha0MI0/1e-
HUI B pa3IMYHBIX Cpe/iaX, KOTOPBIC B JaTbHEHIIIEM OyIyT BCECTOPOHHE TPOaHATN3HPOBAHEI
U OIMyOJIMKOBAHBI B OTACIBHBIX TEMATHYECKUX CTAThIX.
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Summary

The paper includes a short review of advantages of the PC index which is a characteristic of
the magnetic activity in the polar caps in the northern (PCN) and southern (PCS) hemispheres. It is
demonstrated that the PC index properly responds to variations of the geoeffective interplanetary
electric field E,, coupling with the magnetosphere, on the one side, and predetermined the
development of magnetospheric disturbances (magnetic storms and substorms), on the other side.
These experimental results formed the physical backgrounds for concept that the ground-based PC
index characterizes the solar wind energy input into the magnetosphere. It is shown that problem of
random discordances in behavior and value of the PCN and PCS indices during the summer/winter
seasons is easily solved by choosing the PC index in the winter polar cap (PCwinter) as the best
characteristic of the polar cap magnetic activity. At present the PC index is successfully applied to

Citation: Troshichev O.A., Sormakov D.A. PC index as a proxy of the solar wind energy that entered into the
magnetosphere (summary). Problemy Arktiki i Antarktiki. Arctic and Antarctic Research. 2019, 65, 3: 275-299.
doi: 10.30758/0555-2648-2019-65-3-275-299.
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validate the utility of SW data presented at OMNI website (i.e. to verify whether or not the solar wind,
measured in the Lagrange point, encountered the magnetosphere in reality). A special procedure agreed
by the Arctic and Antarctic Research Institute (responsible for production of PCS index) and DTU
Space (responsible for production of PCN index) ensures the calculation of the 1-min PC indices in
quasi-real time based on data of magnetic observations at the polar cap stations Vostok (Antarctic)
and Qaanaaq (Greenland).

Hocmynuna 3 urons 2019 e. Ipunsama xk neuamu 4 cenmsops 2019 .

Kniouesvie crnosa: UMIyabChl AMHAMHUYECKOTO JABICHUS, MHIEKC MArHUTHOW aKTUBHOCTH,
HoHOChEpa, COMHEYHBIH BeTep, MarHuTocdepa, MarHUTHbIE OypH U cyO0ypH, MEKIIAHETHOE JJIEK-
TPUYECKOE T0JIe, MOHUTOPHUHT W HayKACTHHT, OKa3aTelb SHEPTUH, MOIAPHBIC MIATIKY, IPOAOIbHBIE
IMEKTPUIECKUE TOKH.

Jlaercs kpaTkuii 0030p T0CTHKEHHUMN, TTIOJTyYSHHBIX IIPH UCIIOJIb30BaHIH HHIEKCOB MATHUTHOMN
aKTUBHOCTH B ceBepHOIt (PCN) u 1oxxHoH (PCS) monsapHbIxX mamnkax. [lokazano, uto PC MHAEKC YETKO
OTBEYaeT Ha BaphaluH reo3(GPEeKTHBHOTO MEKILIAHETHOTO IEKTPUYECKOro 1o £, ,, B3auMoei-
CTBYIOIIEr0 ¢ MarHUTOC(epoi, ¢ OTHONH CTOPOHBI, U SABJIACTCS IPEABECTHUKOM MarHUTOCHEPHBIX
BO3MYILIEHUN (MarHUTHBIX Oypb U cyOOypb), C Ipyroil CTOPOHBL. DTH KCIIEPUMEHTAIBHBIC (DaKThI
MOCTY>KHIIM OCHOBOH mpejcTaBieHnss 0 PC MHAEKCE KaK XapaKTePHCTHKE SHEPIHU CONHEYHOTO
BeTpa, nmocTynatouieid B maruurocdepy. [lokazano, 4ro npobdiema ciydaiiHbIX PacXOXkKJICHUH B MO-
Beaenuu u BenuuuHe PCN u PCS MHIEKCOB B CE30HBI 3UMa/IIeTo pemaeTcs Beioopom PC nHaekca
B 3uMHel manke (PCwinter) kak HanOonee aJleKBaTHON XapaKTepUCTUKU MarHUTHON aKTHBHOCTH.
B nacrosimiee Bpemst PC MHAEKC YCTIEITHO PHMEHSETCS TIPH OLIEHKE MPUTOJHOCTH JAaHHBIX caifTa
OMNI o napameTpax COINHEYHOTO BeTpa (T.e. U1 IPOBEPKU PEaTbHOCTH KOHTAKTa ¢ MarHUTOC(hepoit
COJIHEYHOTO BETpa, N3MEPEHHOro B Touke nuoparun). CrenuanbHas Mpolesypa, CoriacoBaHHAs
ApxruueckuM u antapkrudeckuM HUU (koTopelit oTBeTCTBEHEH 3a mpon3BoacTBo PCS HHIEKCA) U
JlaTCKUM TEXHHYECKUM YHUBEPCUTETOM (KOTOPBI OTBETCTBEHEH 3a Mpon3BoAcTBO PCN nHuekca),
obecrieunBaeT pacyet B peanbHOM BpeMeHH 1-MuH PC HHIeKca 110 JaHHBIM MarHUTHBIX HaOMIOeHUI
Ha MOJIAPHBIX cTaHIUAX Boctok (AnTapktuka) u Tyne (I'pennangus).

1. INTRODUCTION

At all times the Sun radiates in space a fully ionized, electrically neutral plasma,
which was named as solar wind (SW). The solar wind carries a magnetic field B of solar
origin named as Interplanetary Magnetic Field (IMF). Under action of solar wind and IMF
the Earth’s magnetic field is confined to “magnetosphere”, the limited region in space,
where the plasma processes are guided by geomagnetic field. The state of magnetosphere
is strongly controlled by the solar wind energy incoming into the magnetosphere in course
of the solar wind — magnetosphere coupling. Different combinations of the solar wind
parameters, mainly the solar wind velocity (Vsw) and the vertical (B,,) or tangential (B,)
IMF components, were repeatedly examined to reveal the “coupling function” — the
optimal combination providing the best correlation between the solar wind changes and the
magnetosphere disturbances development. The comprehensive analyses [1, 2] revealed that
(1) different coupling functions demonstrate the best correlation with different variables
characterizing the magnetosphere state, and (2) the unique coupling function, if it exists,
must involve the solar wind velocity Vsw to the first (or a little higher) power, transverse
IMF component B, to the first (or a little lower) power, and sine Oc to the second (or
more) power (Oc is clock angle between B, and the geomagnetic dipole).

The solar wind parameters determining the coupling functions are fixed on board
ACE spacecraft in the point of Lagrange L1, at distance of 1.5 million km far upstream of
the Earth. This circumstance defines the most serious imperfection of all coupling functions
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because the “estimated” characteristics of solar wind can be quite distinguished from
characteristics of real solar wind coming into contact with the magnetosphere. Knowledge
of the real solar wind impacting magnetosphere is necessary to monitor the magnetosphere
state and to forecast the magnetospheric disturbances, which strongly affect many aspect
of human activity. The PC index is intended to estimate the solar wind energy input into
the Earth’s magnetosphere in actuality.

The PC index has been introduced [3, 4] to characterize the polar cap DP2
disturbances [5] produced in polar caps by southward IMF [6-9]. As results [9] showed,
DP2 disturbances are generated by the magnetospheric field-aligned currents (FAC) in
Region 1. As measurements at satellites demonstrated [10—13], the R1 FAC system with
currents strongly dependent on IMF, which flow into ionosphere in the dawn sector and
flow out of the ionosphere in the dusk sector, is permanently presented on poleward
boundary of the auroral oval, the R2 FAC system with opposite directed currents is located
on the equatorward boundary of the oval.

Statistical analysis of the relationships between the DP2 disturbances and various
coupling functions showed [3] that the polar cap magnetic activity correlates the best with
interplanetary electric field £,, determined according to formula of Kan and Lee [14]

E,, = Vsw-(By*+ Bz?)"?sin?0/2 @)
where By and Bz are the azimuthal and vertical IMF components and 6 is clock angle
between the geomagnetic dipole and the IMF tangentional component B, = (By*+ Bz%)'”.
Based on this result, the PC index, characterizing the polar cap magnetic activity generated
by the EKL field, has been elaborated in the Arctic and Antarctic Research Institute (AARI,
St. Petersburg) [3] and put into the practical use in cooperation with, first, the Danish
Meteorological Institute (DMI, Copenhagen) [4] and now the National Space Institute,
Technical University of Denmark (DTU Space, Copenhagen). The 1-min PC index is
calculated independently by magnetic data from near-pole stations Qaanaaq (Thule) in the
Northern hemisphere (PCN) and Vostok in the Southern hemisphere (PCS) beginning in
1998. The unified method for derivation of the PC index was formulated in [15].

This paper summarizes the results of long-standing researches of relationships
between the PC index and such solar wind characteristics as interplanetary electric field and
dynamic pressure impulses, on the one side, and between the PC index and magnetospheric
disturbances (magnetic storms and substorms), on the other side. The aim of the paper is
to demonstrate that the PC index can serve as reliable indicator of the solar wind energy,
incoming into the Earth’s magnetosphere, and can be used in this charge to monitor
the current state of magnetosphere and to verify whether or not the solar wind, whose
parameters were measured in the Lagrange point, encounters the magnetosphere in reality.

2. PC INDEX: METHOD OF DERIVATION

The unified technique for derivation of the PCN and PCS indices [15] consists
of two separate procedures. In course of the first procedure the statistically justified
regression coefficients a (slope), f (intersection) and angle ¢, defining relationship
between the interplanetary electric field £, and the DP2 magnetic disturbance vector
OF, have been determined for each UT moment of each day of the year, basing on 1-min
data of geomagnetic measurements at stations Thule and Vostok and £, data. Analysis
carried out separately for epoch of the maximum solar activity (1998-2001), epoch of
the minimum activity (1997, 2007-2009) and for the complete solar cycle (1998-2009)

277



DU3UKA ATMOC®EPHI U I'JJPOCDEPDHI

has demonstrated [16] a close consistency of parameters o, f and ¢ for these different
epochs of solar activity, if the proper choice of the quiet daily variation (QDC), as a level
of reference for estimation of the polar cap magnetic activity, is made. The statistically
justified coefficients a, B and ¢, ensuring allowance for the diurnal and seasonal changes
of 3F response to £, variations, are used in everyday practice for calculation of PCinst
index for any instant moment UT
PCinst =& (8Finst — )/a 2)

where 6Finst is value of the DP2 magnetic disturbance in this moment, & is the scale
coefficient taken equal to 1 for convenience of comparison of the PC index with £, field
(mV/m). Being calibrated for interplanetary electric field £,, the PCN and PCS indices
vary in conformity with £ and consistent, in general, one with another in their value
and behavior irrespective of UT time and point of observation. Thorough description of
method of the PC index derivation is given in [15, 16].

3. RELATIONSHIP BETWEEN PC INDEX AND MAGNETIC SUBSTORMS

3.1. PC index and substorm development

The name “magnetic substorm” was given to magnetic disturbances occurring in
the auroral zone [17]. Their distinctive feature is formation of the westward and eastward
ionospheric currents (electrojets) and development of corresponding strong negative and
positive magnetic disturbances, which intensity is described by the 1-min AL and AU
indices [18]. The “substorm” includes a lot of accompanying phenomena in the auroral
zone, such as sudden auroral brightening (produced by the auroral particle precipitation),
its poleward expansion, simultaneous sudden increase of westward electrojet intensity
and others.

PCp=1.0£0.25 mVim PCp=15%0.256mV/m PCp=2.0 £0.25 mV/m

s N =120 i N =120

PC, mVim

S0 20 a0 o R
Time, min Time, min Time, min

Fig. 1. Time evolution of PC and AL indices in course of magnetic substorms divided into groups

according to value of PC at moment of the substorm sudden onset [19]

Puc. 1. Bpemennoii xon PC u AL nHIEKCOB BO BpeMsl pa3BUTHsI MarHUTHO# cy00ypu. Cy60ypu pas-
JIeJIeHbI Ha TPU TPYIIIBI B COOTBETCTBHH C BesnurHO PC B MOMEHT BHE3aHOT0 Havasa cyo0ypu [19]
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Relationship between the PC behavior and magnetic disturbances was examined
in detail for different types of substorms in [16, 19]. Figure 1 shows, as example, time
evolution of PC and AL indices in course of isolated substorms observed in epoch of the
solar maximum (1998-2001), the value of PC in the winter hemisphere (PCN or PCS)
being chosen for the analysis [19]. Substorms were divided into groups according to value
of PC at moment of substorm sudden onset (SO) taken as a reference date (7 = 0). Thin
red lines represent a run of PC and AL in course of individual events. Thick black line
represents variation of mean PC and AL values for each group. The following consequences
were made:

— Development of magnetospheric substorms is always preceded by growth of the
PC index.

— The substorm sudden onset (SO) is associated, as a rule, with the distinct PC
value growth occurring in range of 0—10 min ahead of SO.

— If PC remains unchanged, the substorm does not begin till moment of the PC
sharp growth.

— Occurrence of substorms SO reaches maximum (> 75 %) under values of
PC = 1-2 mV/m, irrespective of the substorm growth phase duration and type of
substorm.

— The PC growth rate is not affected by the substorm sudden onset.

The summarizing conclusion was that development and intensity of magnetic
disturbances in the auroral zone is controlled by the PC index level [19] .

3.2. Relation of PC index to magnetospheric field-aligned currents

Relationship between the field-aligned currents and the PC index was examined [20]
basing on data of SWARM satellites. The Swarm mission includes three satellites, two of
them, Swarm A and Swarm C, being flown side by side separated by 1.4° in longitude, at
an altitude of about 460 km. Owing to orbital configurations three Swarm satellites covered
all sectors of the auroral zone through 2014 year and provided information on field-aligned
currents features in different FAC patterns. Method of estimation of the FAC density by
data of Swarm measurements is described in [21, 22]. The R1 and R2 currents observed
by SWARM satellites in dawn (06 MLT + 4h), dusk (18 MLT + 4h), noon (12 MLT =+ 2h)
and midnight (00 MLT + 2h) sectors of the auroral zone were examined. The downwards
currents (flowing into ionosphere) and upwards currents (flowing out of the ionosphere)
were regarded, as positive and negative currents, correspondingly.

With aim to reveal a regular relationship between the R1 and R2 FAC intensities
and the PC index in course of substorm development, the examination was restricted to
growth phase of isolated substorms started against the background of magnetic quiescence.
The data of Swarm satellites showed that the field-aligned currents in the morning sector
of the auroral zone are always downwards (flowing into the ionosphere) in Region 1 and
always upwards (flowing out of the ionosphere) in Region 2. The field-aligned currents
in the evening sector of the zone are always upwards in Region 1 and downwards in
Region 2. The field-aligned currents in the noon and midnight sectors in both R1 and R2
FAC systems can be positive as well as negative, the downwards currents in Region 2 being
related to upward currents in Region 1, and vice versa.

Results of the analysis showed (Figure 2) that intensity of the field-aligned currents
in Region 1 and Region 2 are well correlated (R ~ 0.75), the R1 FAC intensity being nearly
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Fig. 2. Relationships between the R1 and R2 FAC intensities (upper panel), between the PC index
and the R1 FAC intensity (middle panel) and between the PC index and R2 FAC intensity (lower
panel) in the morning (06 MLT + 4h) and evening (18 MLT = 4h) sectors [20]

Puc. 2. CooTHOMIIEHNE MEX/[y THTEHCHBHOCTSIMH ITPOJIOJIBHEIX MAIITUTOC(EPHBIX TOKOB B CHCTEMAax
R1 n R2 (BepxHuit psin), COOTHOIICHNE MKy BenmunHONH PC M MHTEHCHBHOCTBIO IIPOJIOJIBHBIX
ToKOB B cucteMe R1 (cpemnuit psi) u B cucteme R2 (HwkHMiA psi) [20]
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twice as large as R2 FAC intensity. Correlation between the PC index and FAC intensity
in the morning and evening sectors of Region 1 (R =-0.66 and R = 0.62, correspondingly)
is regularly greater than that in Region 2 (R = 0.56 and R = —0.51). Correlation between
the PC index and R1 and R2 FAC intensities in the noon and midnight sectors of the
auroral zone is negligible (|R| < 0.22).

Thus, analysis of relationship between the PC index and field-aligned currents
measured by Swarm satellites has demonstrated that increase of R1 FAC intensity in
dawn and dusk sectors of the oval in course of substorm development is evidently
accompanied by the PC growth. The currents in the R2 FAC layer seem to be secondary
in relation to R1 currents. Correlation between PC and field-aligned currents in the
midnight as well as in the noon sectors was not found during the substorm growth
phase. The results are indicative of the R1 field-aligned currents as a driver of the polar
cap magnetic activity.

3.3. Seasonal dependence of correlation between AL and PCN/PCS indices

The method of the PC derivation [15] has been elaborated for on-line evaluation of
the polar cap magnetic activity related to the £, field impact on the magnetosphere. The
method determines effects of the R1 FAC system, generated by £, field, with allowance
for regular daily and seasonal variations of ionosphere conductivity in the northern and
southern polar caps. Nevertheless, the occasional discrepancies between PCN and PCS
indices sometimes take place in summer/winter seasons [16]. To reveal regularity in
appearance of these discrepancies, the following analysis has been fulfilled.

Correlation between PC and AL indices was examined in course of isolated substorms
observed in period from 1998 to 2017. To exclude from consideration all implications of
the preceding magnetic disturbances, the following strong restrictions have been imposed
on magnetic disturbances included in the analysis (N = 1470): (1) the substorm sudden
onset (SO) was identified as a moment when AL value dropped by 20 nT in the first minute
and by no less than 50 nT in the subsequent 5 minutes, and (2) the magnetic substorms
with SO occurring against the background of the quiet geomagnetic field were only
examined. Correlation was estimated independently for PCN and PCS indices and for
their mean value, PCmean = (PCN + PCS)/2. The index (either PCN or PCS) supplied the
higher correlation with substorm development, was identified as “PCbest” index for each
substorm. Correlation between the appropriate PC and AL indices was calculated at the
time interval from 7 30 min to 7, +15 min (where 7} is SO moment) with different time
shifts of AL relative to PC; the value of displacement providing the higher correlation was
identified as a delay time (A7) in AL response to PC changes. Figure 3 shows distribution
of substorms number over the correlation coefficients R (upper panel) and delay times AT
(lower panel) for two PC index options: PChest and PCmean.

In case of PChest the good correlation R > 0.5 was observed in 1302 cases (89 %)
of 1470 examined substorm events, in case of PCmean the good correlation was observed
in 1144 events (~78 % ). Delay times AT of response of AL index to the PC index changes
were in range from zero to ten minutes with maximum at A7 = 0—1 minutes for both
PCbest and PCmean. Examination of the storm events with poor correlation (R < 0.5)
between PC and AL indices showed that these events started under conditions of strongly
undulating PC index; these storm events, demonstrating effect of spontaneous processes
developing in auroral magnetosphere in course of growth phase, were also excluded from
further examination.
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Fig. 3. Correlation between the PC and AL indices in course of substorm development
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Fig. 4. Seasonal dependence of correlation between the PChest and AL indices
Puc. 4. Ce30oHHbBIE M3MEHEHHS BEIIMINHBI KOPPEISUy Mekay nnjaekcamu PChest n AL
Figure 4 shows the number of the PCNbest and PCSbest occurrences and their total

number over the year. The distinct seasonal dependence in occurrence of the PCNbest and
PCSbest indices in correlation with AL is seen: the PCNbest index input is about twice
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as much as the PCSbest index input during November—February (winter in the Northern
hemisphere), whereas the PCShest index input is about twice as much as the PCNbest index
input during April-July (winter in the Southern hemisphere), the input of both indices being
nearly equal in March and August—September (equinox in both hemispheres). It means
that magnetic substorm development correlates with magnetic activity in the winter polar
cap (PCwinter) better than with magnetic activity in the summer polar cap (PCsummer).

Discordance between the PCwinter and PCsummer indices is explained [15] by effects of
the specific field-aligned currents (BY FACs), which are generated in the magnetosphere under
influence of the IMF azimuthal component. Whereas the R1 FAC system, responsible for DP2
disturbances, always generates the dawn-dusk electric field in the near-pole ionosphere of both,
winter and summer, polar caps, the polarity of currents in the BY FAC system, being opposite
in the northern and southern hemispheres, is determined by sign of the IMF B, component
[23-25]. Since the B, dependent field-aligned currents are closed in the day-time cusp region,
their intensity is very sensitive to the polar ionosphere conductivity: they are maximal in the
sun-lighting summer polar cap and are practically unnoticed in the dark winter polar cap. As
consequence, magnetic disturbances related to BY FAC system, can essentially affect the
summer polar cap magnetic activity controlled by £, field [16] resulting in overestimation of
the PCsummer index value since the method of the PC derivation [15] can not make on-line
allowance for unpredictable variations of currents in the BY FAC system.

Results of the present study convincingly show that occasional discordances between
PCN and PCS indices, typical of summer/winter seasons, are not related to quality of
PCN or PCS indices, as such, but defined by different status of the PC indices in the
winter and summer polar caps. The PCwinter index ensures the better correlation with
E,, field and, therefore, provides the more precise information on the geoeffective solar
wind coupling with the magnetosphere. Therefore, the problem of choosing between the
PCN and PCS indices as a reliable indicator of the £, field is easily resolved by use of
the PCwinter index irrespective of hemisphere, the IMF amplitude and orientation and
the magnetic activity level.

3.4. PC index and intensity of magnetic substorms.

Intensity of magnetic disturbances in the auroral zone (4L index) is linearly related to
the PC value before and after the substorm onset 7; (Figure 5). Slope coefficient characterizing
0 0r
. To 100 g + To+5min

+ To-5min 200 + To+ 10 min
« To-20 min - £ J + To+20min
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Fig. 5. Linear relationship between the PC index value and intensity of magnetic disturbances (4L
index) before and after the substorm sudden onset 7;, [19]

Puc. 5. JIuneiinas 3aBUCUMOCTb MeX 1y BeanunHamMu PC 1 AL UHIIEKCOB nepe/] Ha4aJoM MarHUTHOH
cy00ypu U Tociie BHE3anHoro Havana cy60ypu (Moment 77) [19]
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linear linkage between PC and AL indices strongly increases after the substorm onset as an
evident consequence of the auroral particle precipitation giving rise to ionospheric conductivity
and powerful westward auroral electrojet in course of the substorm expansive phase.

4. RELATIONSHIP BETWEEN PC INDEX AND MAGNETIC STORMS
4.1. PC index and magnetic storms development

The name “magnetic storm” was given to the strong negative geomagnetic disturbance
(geomagnetic depression), which is produced over the entire planet by ring (DR) currents
flowing in the inner magnetosphere [26]. The geomagnetic field depression in the equatorial
region is usually estimated by 1-hour Dst index or by 1-min SymH index, the maximal
depression being regarded as a storm intensity.

Relationship between the PC index behavior and magnetic storms was examined with
use of Dst index [16, 27] and with use of SymH index [19]. Analyses demonstrated the
similar results in total, however use of the 1-min SymH index reveals more particularities
in the storm development. The following criteria have been used in study [19] for separation
of storm events for analysis: (1) depression of magnetic field during storm should be larger
than Dst = —30 nT, the depression advent being regarded as a beginning of the storm main
phase, and (2) duration of magnetic storm should be longer than 12 hours, the maximum
of depression (Dstmin) being regarded as a magnetic storm intensity. Magnetic storms were
separated onto 5 categories according to their intensity. Basing on these criteria, 429 magnetic
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Fig. 6. Examples of three basic types of the magnetic storm development determined by peculiarities
of the PC index behavior [19]

Puc. 6. Tpu OCHOBHBIX THIIA Pa3BUTHSI MATHUTHBIX Oypb, OTMPEACICHHBIX [0 XapaKTEPHBIM 0COOCH-
HOCTAM BpeMmeHHoro xona PC unzekca [19]
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storms were separated for the epoch of 1998-2015 with a maximal storm intensity varying in
the range from Dst =30 nT to Dst =—400 nT. The 1-min PC, AL and SymH indices were
smoothed with use of the running window of 30-min width to make allowance for different
time scale of disturbance processes, typical of the polar cap and auroral zone (~1 min) and
for the ring currents in the inner magnetosphere (~ tens minutes).

Taking particularities of the PC index behavior in course of storm as a principle, the
three types of magnetic storms have been recognized (Figure 6), such as “classic”, “pulsed”
and “composite” ones. Classic storms (~42 % of total storm number) demonstrate the main
phase with one clearly expressed maximum of depression. Pulsed storms (~27 %) contain
a series of periodically repeating depressions, which can last for many hours. Composite
storms (31 %) are superposition of classical and pulsed storms. Comparison of these
types of storms with the storm events presented in catalogues [28, 29] showed that classic
storms are related mainly to Interplanetary Coronal Mass Ejections (59 %), the powerful
magnetic storms (Dst <—120 nT) being generated exclusively by ICME. The pulsed storms
are associated with Stream Interaction Regions (SIRs) or Corotating Interaction Regions
(CIRs) (64 %), the intensity of pulsed storms being weak (Dst > —90 nT). The composite
storms are related either to ICME (32 %) or to SIR (44 %), or to their joint action, the
weak storms (Dst > —60 nT) being related mainly to SIR.
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Fig. 7. Relationships between the PC time evolution (upper panel) and the storm progression of SymH
(lower panel) in case of classic storms with different PC growth durations for 2 categories of classic
storms: (a) Dst =—(30-60nT), (b) Dst =—(60-90nT) [19]

Puc. 7. CoorHomenue Mexay BpeMeHHBIM XooM PC uHzaeKca (BepXHHI psj) U pa3BUTHEM Mar-
HHUTHOU OypH 10 JaHHBIM SymH uHIeKca (HWKHHUI PsiT) Ul JBYX KaTeropuil KIacCHYecKux Oypsb:
(a) Dst =—(30-60 nT) u (b) Dst =—(60-90 nT npu pazHoii qyuTenbHOCTHIO (ha3sl pocta PC [19]
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Figure 7 shows, as example, statistical relationships between the PC time evolution
(upper panel) and the storm progression of SymH (lower panel) in case of classic storms
with different PC growth durations for categories of classic storms with Dst =—(30-60nT)
(a) and Dst = —(60-90nT) (b). Thin red lines show run of the PC and SymH indices in
course of individual events, thick black solid lines show behavior of the PC and SymH
values averaged for each storm category and group. Vertical solid lines indicate the key
moment 7}, when the PC value steadily exceeded the threshold level PC = 1.5 mV/m, the
horizontal lines on PC panels denote the threshold level.

The conclusion was made that progression of a magnetic storm is always
predetermined by time evolution of the PC index:

— Magnetic storms start to develop when the PC index steadily (during time interval
more than 1 hour) exceeds the threshold ~ 1.5 mV/m.

— Maximal depression (the magnetic storm intensity) is reached with time delay
AT > 30 min after the moment of the PC index maximum.

— Storm progression lasts as long as PC exceeds the threshold level and begins
to decay as soon as the PC value displays decline; as a result, the storm growth phase
duration is determined by time period with PC > 1.5 mV/m.

4.2. Statistical relationships between PC_ A = and SymH_ _values
The storm intensity is determined by the preceding PC index value. Figure 8 shows

relationship between the maximal depression of geomagnetic field (SymH,,, ) and the
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Puc. 8. Jluneiinas CBA3b MEKIY COOTBETCTBYIONIMMM CPEAHUMH Benunuunamu SymH,, wu PC,
JUIS. MArHUTHBIX Oypb KJIACCUYECKOTO (@) U CMEIIAHHOTO (b) TUIIOB; MHTETPaIbHAS 3aBUCUMOCTS (C)

BKJIIOYAET MyJbCALIMOHHBII TUII MarHUTHOH Oypu (3e1eHble poMOukn) [19]
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30-min smoothed PC value maximum (PC,,,,) preceding the maximal depression
for classic (a), composite (b) and all types (c¢) of magnetic storms. The integral
dependence of SymH,, . on PC,,,., including the mean values of SymH and PC for
pulsed storms, can be described by linear relationship, with coefficient of correlation

R =-0.93, as follows:
SymH, = (54.4+£9.7) - (25.6 £ 1.5)-PC,,,

Delay times AT in response of SymH,, to the PC,,,  occurrence lie in the range from
30 to 180 minutes, being dependent on peculiarities of the PC index growth. The shortest
delay time (AT ~ 30—45 min) is observed in case of uniform and strong PC increase; the
longer the PC growth period, the larger is delay time (see Figure 7). Correlation between
the PC and AL indices in course of magnetic storm is always better than R = 0.5, in 72 %

of storms the correlation coefficients being higher than 0.75 [19].

5. RELATIONSHIP BETWEEN THE PC INDEX
AND INTERPLANETARY ELECTRIC FIELD E,

5.1. Correlation between EKL field and PC index

The value and time evolution of interplanetary electric field £,, and, correspondingly,
extent of the solar wind impact on magnetosphere is determined by of the solar wind
parameters. Agreement between £, and PC is the most typical of conditions of the quiet
solar wind, when both quantities are at low level [3]. However correlation between E,, and
PC in this case may be quite different, from high to zero, depending on noisy level, which
can be higher than low steady useful signal. Examination of disturbed events may be more
fruitful, especially for disturbances starting against the quiet background, when the useful
signal can be easily recognized. Under disturbed events we shall examine disturbances in
solar wind (sharp increase of £, field) as well as magnetospheric disturbances (crucial
growth of PC index or/and development of substorms).

Typical examples of variations of £, field, and PC, AL indices during disturbed
events are given in Figures 9 and 10, where the upper panel shows the behavior of
E, field (green) and PCmean index (violet), the middle panel is for PCN and PCS
indices (blue and red lines), and low panel is for 4L and AU indices, characterizing
the magnetic activity in the auroral zone. Figure 9 shows coordinated changes of £,
PC and AL in course of isolated magnetic substorms, the moment of substorm onset
being marked by vertical dotted line. Usually PC index strongly follows to changes in
the interplanetary electric field £, (Figure 9 a, b, ¢): the magnetic substorm starts in
association with increase of the PC growth rate, which responds, in its turn, to sharp
increase of the £, field. The substorm on October 21-22, 1999 (Figure 9¢) displayed two
successive sudden onsets (in 23:40UT and 00:55UT), associated with the corresponding
jumps in the PC growth rate.

Figure 9d demonstrates the specific event when jump in PC index was registered
~10 min ahead of the appropriate £, field increase. Since E,, field is estimated by
data on the solar wind parameters measured in the Lagrange point (far upstream of the
magnetosphere), it is logically suggest that in case of substorm on August 27, 2001
the actual solar wind, measured in Lagrange point, traveled in space with acceleration,
as a result the real contact of £,, field with magnetosphere occurred ahead of the
“estimated” contact.
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Puc. 10. [Ipumepsr HecooTBeTcTBHS B oBeaeHnn noist EKL u PC, AU/AL nuaexkcoB
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Figure 10 gives examples of events when the time evolution of the £, field and
behavior of the PC and AU/AL indices were different in principle. In case of events
on February 20, 1998 and March 18, 2001 (Figure 10 a, b) the jump of PCN and PCS
indices above level ~ 2 mV/m was accompanied by onset of substorm (with intensity
AL ~ —400nT), as this took place, the interplanetary electric field was unchanged and
quiet (£, ~ 1 mV/m). Thus, behavior of the PC and 4L indices testifies with confidence
that magnetosphere was subjected to action of the geoeffective solar wind, whereas the
“estimated” E,, field turned out to be inefficient. By contrast, in case of events on 12
January 2003 and 06 March 2016 (Figure 10 c, d) the “estimated” E,, field (derived
from OMNI data) demonstrated sharp increase above level of 2 mV/m for long, but
this increase was not followed by the PC index growth and substorm development. It
implies that actual £, field coupling with magnetosphere was ineffective contrary to
“estimated” E,, field.

The substorm development is evidence of the magnetosphere coupling with the
disturbed solar wind (i.e. with geoeffective £, field). Indeed, Figures 9, 10 demonstrate
(in full agreement with results [19] presented in section 2.1) that magnetic activity in the
auroral zone is strongly related to PC index behavior: if the PC index value is below
threshold level, the activity (4L index) is small, when the PC index sharply grows, the
substorm starts. Therefore, the high correlation between changes of PC and AL indices
in case of substorm should be considered as decisive evidence of the magnetosphere
coupling with the high-effective £, field, which determines the appropriate PC value and
behavior. Just this factor was taken into account when relationship between the PC index
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Fig. 11. Distribution of coefficients of correlation between the £, field and PCbest index and delay
times in PCbest response to £, variations in case of isolated substorms

Puc. 11. Pacnipesiencnne ko3 QUIMEHTOB KOpPpENsAME MEXy Bapuanusmu mons E,, u PCbest
MHJIEKCOM M BEJIMYMHBI BPEMEHHOMH 3ajiepkku oTkiuka PCbest Ha u3meHenus nons £, B ciydae
M30JIMPOBAHHBIX CyOOyph
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and interplanetary electric field £,, was studied in course of isolated magnetic substorms,
only substorms demonstrating a good correlation (R > 0.5) between the PChest and AL
indices (see section 2.3) being included into the analysis.

Figure 11 shows distribution of number of events over the values of coefficient
of correlation between E,, field and PChest index (upper panel) and over the values of
delay time in response of PC to E,, changes for two lengths (45-min and 60-min) of
the time intervals preceding the substorm onset. The results of the analysis showed that
well correlation (R > 0.6) between variations of £, field and PCbest index is observed
in about 80 % of substorm. Usually the £, increase was followed by the PCbest growth
with delay time AT ~ 12-22 min, in few cases the high correlation between E,, and PC
variations was observed with negative AT values (the moment of actual contact was
registered ahead of moment of “estimated” contact). Other 20 % of events are indicative
of loss of correlation between the “estimated” £, field and PC index, in spite of fact that
development of these substorms was associated with preceding PC growth. It implies that
the “estimated” E,, field in course of these events did not contact with magnetosphere
and, consequently, the solar wind fixed in the Lagrange point was not consistent with real
solar wind impacting on the magnetosphere. These results are in agreement with results
of analogous analysis [19] obtained for substorms observed in epoch of solar maximum
(1998-2001): correlation R > 0.5 was observed in ~ 80 % of examined substorms with
delay time AT ~ 10-24 min.

5.2. Factors controlling response of PC index to E, field variations

To reveal the factors controlling the time delay AT value, the events with the obviously
conforming behavior of PC and E,, on the 2-hour interval preceding SO (“coordinated
events”) were examined [19]. The 1-min values of V,, B, £, and PC fixed in course of
coordinated events were smoothed with use of the boxcar average of the 15-min width, and
then they were divided into different groups according to delay value A7, the moment of
the sudden jump of the 15-min smoothed E,, being taken as a zero time 7. The behavior
of the smoothed values of V,, B, £, and PC in course of coordinated events is shown
in Figure 12 for the statistically justified groups with AT = 10-12 min (N = 33), AT =
13—15 min (N = 53), AT = 16-18 min (N = 60) and AT = 19-21 min (N = 38). Thin red
lines represent the time evolution of V,, B, £, ,and PC in course of individual events.
Solid black lines show the behavior of the mean V,, B,, E,, and PC quantities for each
AT group. Vertical lines mark the delay time interval boundaries 7, and 7, + A7, the latter
corresponds to the moment when the PC index starts to increase.

As Figure 12 (1* panel) shows, the delay time tends to increase while the mean value
of | VX| decreases. Nevertheless, the solar wind speeds V,, as large as —800 km/s and
as small as -300 km/s, are common for any AT group. Besides, the time evolution of V
is not responsive to the moment 7. The IMF vertical B, component (2™ panel) starts to
turn down (southward) just at the moment 7, the regularity being evident for individual
events, as well as for mean B, in each AT group: the higher the B, alteration magnitude
(AB,) is, the shorter the delay time AT is. However, the larger AB, values are built up at
the expense of positive (northward) B, preceding the moment 7, whereas the base level
of negative (southward) B, after the 7, moment is ~ —3.5 nT for all AT groups. At the
same time, the correlation between AT and the E,, field (3" panel) turns out to be quite
explicit: the higher the £, raise (AE,,) during the AT interval, the shorter is the delay
time AT in response of PC to the E,, raise.
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Fig. 12. Time evolution of the 15-min smoothed values V,, B,, E,, and PC observed in case of
coordinated substorm events with delay times AT = 10-12, 1315, 16-18 and 19-21 min [19]

Puc. 12. BpemenHo# X071 15-MUHYTHBIX crTaskeHHbIX BenmmauH V, B, E, u PC B ciy4ae Koop/u-
HUPOBAHHBIX W3MeHeHnit £, n PC nipu pasHbix 3anepxKax B oTknuke PC Ha usmenenus £, (AT =
10-12, 13-15, 16-18 m 19-21 mun) [19]

6. RELATION OF PC INDEX
TO THE SOLAR WIND DYNAMIC PRESSURE
IMPULSES P,

Interplanetary shocks denote sudden and strong enhancements of the solar wind
dynamic pressure occurring when the high-speed solar plasma flows are propagated
through space with low-speed plasma. Impact of interplanetary shock on the
Earth’s magnetosphere initiates the magnetosphere compression which display as the
geomagnetic field sudden impulse (SI). Effects of the compression waves propagated
in the magnetosphere were detected in oscillations of the magnetic field and the
energetic particle flux at geosynchronous orbit. Evidences on influence of the solar
wind pressure impulses on substorms and magnetic storms development are ambiguous.
On the one hand, it has long been known that power of magnetospheric disturbances
(auroral particle precipitation, intensity of auroral electrojets, ring current injection
rate and others) increases in connection with the solar wind dynamic pressure. On the
other hand, all these effects may be associated with the southward IMF fluctuations
which are typical of the interplanetary shocks.
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Relation of PC index to interplanetary shocks was examined [33] for the magnetic
storm events with distinctive initial phase selected by data on the solar wind dynamic
pressure (P ) [http://omniweb.gsfc.nasa.gov]. The event with sudden dynamic pressure
impulse (SI) was identified as a P, increase by value more than 10 nP within 5 minutes.
The 1-min solar wind parameters, such as radial solar wind speed (V), vertical IMF
component (B)) and interplanetary electric field (£,,), fixed in the point of libration and
reduced to the magnetopause, were regarded as indicators of the solar wind geoefficiency.

a) P_, leaps under conditions of growing solar wind speed and IMF B, <0 (N = 27)
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Fig. 13. Time evolution of the actual ground-based SI events (identified with the P, leaps), solar
wind parameters V, , B, E,, and indices PC, AL under conditions of growing solar wind speed and
negative (@) and positive (b) IMF B_ values [33]

Puc. 13. BpeMeHHO# X011 BHE3aITHBIX UMITYJIECOB reéOMarHuTHOTro nouist SI (0TOXIEeCTBIsIEMBIX CO
CKaYKaMH JTTHAMUYIECKOTO JIABJICHUs COTHEYHOTO BeTpa P, ), mapaMeTpoB COJHEYHOTo BeTpa V ,
B., E,, u unnexcos PC, AL npu pacTyIiel CKOPOCTH COJHEYHOrO BETPA M OTPULATENBHBIX (a) U
HOJIOKUTENbHBIX (D) 3HaueHuax B_ kommonenTs MMII [33]
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The 1-min PC index used in the analysis presents the mean value of magnetic activity in
the northern (PCN) and southern (PCS) polar caps. The value of magnetic disturbances in
the auroral zone (AL index) was examined as an indicator of the magnetospheric activity.
The actual moment of contact of the SI impulse with magnetosphere was determined
by sharp jump in the ground-based SymH index, the impulses power being expressed in
the geomagnetic field units (nT). To minimize influence of the preceding disturbances
on behavior of SI events the following criteria were used while separating the events for
analysis: (1) SI jump should start against the background of steady quiet geomagnetic
field lasting over 45 min, (2) magnitude of SI jump should raise more than 8 nT over the
8 minutes after the jump beginning. The SC events (N = 108) matching these requirements
were subjected for the analysis. Results of the analysis were presented as graphs summing
up the time evolution of the ground-based SI events and indices PC, AL, on the one hand,
and such solar wind parameters, as the solar wind speed V, , interplanetary electric field
E,,, and IMF B, component, on the other hand, for the following solar wind conditions:
— Pd leaps under conditions of growing solar wind speed with B_ < 0 and with B >0,
— Pd leaps under conditions of steady solar wind speed with B, <0 and with B, > 0,
— Pd leaps under conditions of steady solar wind speed and B_ = 0,
— Pd leaps under conditions of fluctuating B and fluctuating solar wind speed.
Character of relationships between the SI magnitude and PC/AL indices is
demonstrated by Figure 13 for conditions of growing solar wind speed with B, < 0 (a)
and B_ > 0 (b), and by Figure 14 for conditions of steady solar wind speed and B_ = 0.
The results of the analysis are summarized in Table 1, showing the mean values of PC and
AL indices in course of the SI impulses under different solar wind conditions. The SI magnitude
was evaluated as a maximal value of the SymH leap in course of SI event counted from the
preceding quiet level. The values of V, , B_and £, averaged over the first 8 minutes after the
SI beginning were examined as the mean solar wind characteristics in course of P impulse

P, leaps under conditions of growing solar wind speed and IMF B, = 0
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Fig. 14. Time evolution of the actual ground-based SI events, solar wind parameters V, , B, E, and
PC, AL indices under conditions of steady solar wind speed and B, = 0 [33]

Puc. 14. BpemeHHOM X0l BHE3AITHBIX UMITYJIBCOB T€OMAarHUTHOTO M0 SI, mapaMeTpoB COTHEYHOTO
Betpa V , B, E,, nunnexcos PC, AL pu cTaOMIIBHON CKOPOCTH CONHEIHOro Betpa u B_ = 0 [33]
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Table 1
Relationships between mean values of SI, SymH, PC and AL during pressure impulses
Tabruya 1
CooTHoueHust Mexay cpeqnumu Beandunamu SI, SymH, PC u AL
Growing V. Steady V|
Parameters B<0 820 B <0 B=0
SI (nPa) ~10 ~10 ~10 ~10
SymH (nT) 30 30 18 20
PC (mV/m) 2.5 1.8 1.5 0.5
AL (nT) 300 50 75 0

Analysis of relationship between the solar wind dynamic pressure impulses (SI) and
magnetic activity (PC and AL indices) [33] showed that under the same SI magnitude
the magnetic disturbances intensity is maximal under conditions of southward IMF and
growing solar wind velocity Vsw and falls to minimum under northward IMF and steady
V. When the pressure impulses are accompanied by the corresponding jump in £,
field, the PC index correlates well with the pressure changes. Inconsistency between the
pressure impulses and PC behavior becomes evident as soon as the £, variation starts to
diverge from SI course. It means that pressure impulses themselves are not promote (or
very insignificantly promote) the intensity of magnetic disturbances, which is controlled
by the £, field and the appropriate PC index.

7. PC INDEX AS A PROXY OF THE SOLAR WIND ENERGY INCOMING
INTO THE MAGNETOSPHERE

The above-outlined results demonstrate that PC index unambiguously responds
to variations of the interplanetary electric field £,, coupling with the magnetosphere,
on the one hand, and predetermines progression and intensity of disturbances in the
magnetosphere (substorms and magnetic storms), on the other hand.

The results convincingly indicate that PC index can be regarded as a proxy of the
solar wind energy entering into the magnetosphere. Therein lies the principal distinction of
the PC index from various coupling functions (which are characteristic of the solar wind
arriving to the Lagrange point L1) and from D or AL indices (which are characteristics
of the energy realized in the magnetosphere in form of magnetic storms and substorm).
Taking into account this distinctive feature of the PC index, the International Association
of Geomagnetism and Aeronomy (IAGA) approved the following resolution:

Resolution No. 3 of XXII Scientific Assembly
of International Geomagnetism and Aeronomy Association (Mexico, August 2013):

IAGA, noting that polar cap magnetic activity is not yet described by existing IAGA
geomagnetic indices,

considering that the Polar Cap (PC) index constitutes a quantitative estimate of
geomagnetic activity at polar latitudes and serves as a proxy for energy that enters into the
magnetosphere during solar wind-magnetosphere coupling,

emphasising that the usefulness of such an index is dependent on having a continuous
data series,

recognising that the PC index is derived in partnership between the Arctic and Antarctic
Research Institute (AARI, Russian Federation) and the National Space Institute, Technical
University of Denmark (DTU, Denmark),
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recommends use of the PC index by the international scientific community in its near-
real time and definitive forms, and

urges that all possible efforts be made to maintain continuous operation of all geomagnetic
observatories contributing to the PC index.

8. PC INDEX AS A VERIFIER OF UTILITY
OF SW PARAMETERS PRESENTED
AT OMNI WEBSITE

During the two last decades, information on the solar wind parameters was provided
by measurements on board ACE spacecraft in the Lagrange point L1, located ~1.5 million
km upstream of the Earth. Just data of these measurements, presented in OMNI database
(https://omniweb.gsfc.nasa.gov/), ensured a basis for estimation of the £, field reduced to
magnetopause. In this connection it should be noted that solar wind parameters, measured
in the Lagrange point, can be essentially modified in course of the solar plasma propagation
through the heliosphere. As a result, the “estimated” solar wind fixed in the Lagrange
point may even not encounter the magnetosphere at all, or, alternatively, its characteristics
may be essentially changed.

Comparison of the solar wind parameters obtained in the Lagrange point and
in vicinity of the magnetosphere was made by Vokhmyanin et al. [30] with use of
measurements on board Geotail during 2-hr intervals when the spacecraft occurred to be,
irrespective of the space weather conditions, in the front of magnetosphere. Results of the
analysis have demonstrated that in ~ 25 % of examined intervals the relevant solar wind
parameters fixed in the Lagrange point and in vicinity of magnetosphere were distinct.
Authors note that £, values derived for two points turned out to be in good agreement
(R >0.6), when the E,, field (derived from the OMNI data) correlated well with the PC
index. Results of our analysis (see section 4.1) testify to inconsistency (R < 0.5) between
the estimated £, field and PC index in ~ 20 % of examined substorm events, if the PC
index in the winter hemisphere (PCwinter) is taken as a characteristic of the polar cap
magnetic activity.

Thus, the PC index usage makes it possible to validate the actual interplanetary
electric field coupling with the magnetosphere, and verify, in such manner, whether or
not the solar wind, whose parameters are given in OMNI dataset, correspond to real
solar wind in vicinity of the Earth’s magnetopause. The PC index can serve as a filter
of the OMNI data applicability for analyses of the solar-terrestrial relationship. As an
example, we can refer to “the extraordinary magnetic disturbances”, described in [31,
32] as developing under conditions of northward IMF. Analysis [16] has demonstrated
that “extraordinary magnetic disturbances” took place when the PC index was in excess
of threshold level ~1.5 mV/m., which is necessary and sufficient condition for magnetic
disturbances development. Thus, “the extraordinary disturbances” turned into category
of ordinary substorm events, as soon as the PC index was taken for estimation of space
weather conditions.

9. AVAILABILITY OF THE PC INDEX

A great advantage of the PC index application over other methods based on the
ground-based or satellite data is a permanent on-line availability of information on the
magnetic activity in both northern and southern polar caps and, correspondingly, awareness
of information on the solar wind energy input into the magnetosphere. A special procedure
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agreed by the Arctic and Antarctic Research Institute (responsible for production of PCS
index) and DTU Space (responsible for production of PCN index, beginning in 2010)
ensures the calculation of the 1-min PC indices in quasi-real time based on data of magnetic
observations at the polar cap stations Vostok and Qaanaaq. The PCN/PCS indices have
three classes for operational use. The quick-look PCN and PCS indices, derived in near real
time, are available at www.pcindex.org. It is routinely updated as new data are available
in the 90 day window, as it requires future information to completely determine the
index. The provisional PC index is determined using complete information in the 90
day window. The provisional values will eventually be superseded by the definitive PC
value. The definitive PCS and PCN indices are published after quality control of the
input data; the definitive PCS is available at the same website as the archive PCS data
for 1997-2018 (with exception for 2003, because of the Vostok station ceased to operate
that year). The definitive PCN is available from 1975-2017 at WDC for Geomagnetism,
Copenhagen (www.space.dtu.dk/wdc/pen-index/). The PC indices are also presented at
the following websites:

https://omniweb.gsfc.nasa.gov/form/omni_min.html
ftp://ftp.space.dtu.dk/WDC/indices/pcn/

http://isgi.unistra.fr/indices_pc.php

ftp:/ftp.ngdc.noaa.gov/STP/SOLAR DATA/RELATED INDICES/PC INDEX
https://www.ukssdc.ac.uk/Help/PCIL.html

10. CONCLUSION

The PC index was elaborated as a characteristic of magnetic activity produced in the
polar caps by regular R1 FAC system related to interplanetary electric field £,, coupling
with the magnetosphere. The further investigations have convincingly demonstrated that
development of magnetospheric disturbances (magnetic storms and substorms) occurs
in evident correspondence with the PC index behavior and intensity. Based on these
experimental facts the conclusion was made that the PC index can be regarded as a proxy
of the solar wind energy incoming into the magnetosphere. Usage of the PC index in this
charge showed its evident advantage over other indicators, like to coupling functions and
the AL/AE, D, indices.

High probability of inconsistency (~20%) between the SW parameters, measured
in the Lagrange point and parameters of solar wind affecting the magnetosphere, opened
one more important aspect of the PC index application. Indeed, the PC index can be
successfully used to validate the utility of SW data presented at OMNI website (i.e.
to verify whether or not the solar wind, measured in the L1 point, encountered the
magnetosphere in actuality).
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PC unaekc kak mokasarejib JHEPIrUH COJTHEYHOTO BeTpa,
nocTynampueii B Maraurocgepy (MToru)
(pacmupeHnHblii pedepar)

Cratbst 0000111a€T HOBBIE CBEICHHS O COJTHEYHO-3EMHBIX CBS34X, MOJIydCHHBIC
npu ucnojib3oBanuu PC WHIEKCa MAarHUTHOW akTUBHOCTH. PC UHCKC, pa3padoTaHHBIN
B AAHUMU, Obu1 BBeieH B pakTHKy B 1988 . Kak mokasaresib HHTEHCUBHOCTH MarHUTHBIX
BO3MYIIIEHUI1, FTeHEPUPYEMBIX B MOJISPHBIX IIANKaxX 3eMJIH NMPH B3aUMOICHCTBUN 3eMHON
MarHuToCQepbl C «COJHEUHBIM BETPOM» — HaMarHMYEHHOI 11a3MOH COTHEYHOTO MPOUC-
XOXKJIeHHS. |-MUHYTHBII HHAEKC paccunuThIBaeTcs HezaBucuMo st CesepHoro u KOxkHOrO
MOy AP TI0 MArHUTHBIM JIAHHBIM OKOJIOTIONOCHBIX cTanuuit Tyne B ['pennanauu (PCN)
u Bocrok B AuTtapkruke (PCS).

Uccnenosanus, Bemmonnennsie B AAHUMU, nokazany, uro (1) noBenenne PC nHaekca
KOHTPOJIMPYETCS BAPHALMAMU SJICKTPUYECKOTO TOJIsl COTHEYHOTO BETpa £, («MEXKILTaHET-
HOTO BJIEKTPUUECKOTO TOJIsH), PU 3TOM BpeMeHHas 3ajepikka AT otkinuka PC uHaekca
Ha BapHaluM 1o £, onpesieNsercss CKopocThio u3MeHenus nons dE, /dt; (2) poct PC
MHJIEKCa BCET/ia MPE/IIeCTBYET Pa3BUTHIO MATHUTHBIX BOSMYIIICHUN B aBpPOpPaIbHON 30HE
(MarHuTHBIX cy60ypb), HHTEHCHBHOCTh KOTOPBIX (4L MHEKC) IMHEHHO CBA3aHAa C BEJIHYH-
Hot PC unnekca; (3) moBeneHue PC uHIekca Ha ¢ase pa3BUTUs CyOOypH KOppeiupyer
C MHTEHCHBHOCTBIO MPOJOJIBHBIX MarHuTocdepHsix TokoB B cucteme R1 FAC; (4) mupo-
BbIC MarHUTHBIC Oypy HaunMHatoTCs, Korna PC MHAEKC cTaOMIIbHO (Ha MPOTSHKEHUK OoJiee
1 yaca) npeBkILIAET MOPOTOBLI ypoBeHb ~1,5—2 MB/M, Ipr 5TOM MOIIHOCTH MarHUTHOU
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Oypu (D) ONIPENEAETCA MAKCUMAIBHON BENTMIMHON NpenmecTBytomero PC HHaeKca.
Ha ocHoBe 3THX 9KcIiepuMeHTaIbHBIX (akToB MeXayHapoaHast acCOIManus TeOMarHeTH3-
Ma u asporHomun (MATA) B 2013 1. ogoOpurna PC WHACKC B KaueCTBE TIOKA3aTEeNsT YHSPTHH
COJTHEYHOTO BETpa, MOCTYMAIOIIeH B 3¢MHYI0 MarHUTOc(hepy NpH ee B3auMOACHCTBHU
C COJIHEYHBIM BETPOM.

[TokazaHo, 4TO BONPEKH OOIIETIPHHATOMY MHEHHUIO UMITYJIbChI THHAMHUYECKOTO J1aB-
JIEHHS COJTHEYHOTO BeTpa (P,,) caMu 1o cebe He BIUAIOT Ha MOCTYIUIEHHE SHEPTHHU B Mar-
HuTochepy. Ecimm uMIysbest P, KOpPENMpyIoT ¢ POCTOM MO £, ,, OHH COMPOBOYXKIAIOTCS
YBEIMYECHHUEM MAarHUTHON BO3MYIIEHHOCTH, B TPOTUBHOM CIIy4ae MarHUTHAs akKTHBHOCTh
(PC u AL vuHAEKCHI) OCTaeTCS Ha HYJICBOM YPOBHE Ha)Ke MPH OONBIION MOIIHOCTH MM-
MyJILCOB TMHAMHYECKOTO JaBiaeHus. [Ipobnema ciydaifHbIX pacXoXICHUH B MOBEICHUN
u BenmuanHe PCN u PCS WHIEKCOB B CE30HBI 3UMa/TETO pemaeTcs Beidopom PC HHIECKCa
B 3uMHeH manke (PCwinter) kak HanOoJiee aJIeKBaTHON XapaKTEPUCTUKH MarHUTHON
aKTMBHOCTH. AHAJIN3 KOPPEJAINH MEXIy Bapuanusamu £, u PC B X0/le MaTHATHBIX
cy60ypr 3a nepuox ¢ 1998 mo 2017 r. MpoAEMOHCTPHPOBAT, YTO peabHOE none £, ,
JeiicTBytomiee (COrIacHO TMoKa3aHusAM HHekca PCwinter) Ha 3eMHYIO MarHutocgepy,
B 20 % paccMOTPEHHBIX COOBITHI HE COOTBETCTBYET MO0 £, PACCINTAHHOMY IO JaH-
HBIM O TTapaMeTpax COJHEYHOTO BeTpa, myonukyembiM Ha caiite OMNI. OueBuaHoO, 4TO
B 3THX CIIy4asiX COJIHEYHBIH BeTep, 3apukcupoBaHHBII B Touke Jlarpanxa Ha pacCTOSHUN
1,5 mimH KM miepen 3eMHOI MarauTocdepoit (manupie caiita OMNI) He BcTyman B KOH-
TakT ¢ Maruurochepoil. Takum obpazom, PC MHIIEKC MOXKET CIIY)KUTh TAKXKE B KAYECTBE
(uIBTpa MPUMEHUMOCTH NTAPAMETPOB YIAJICHHOTO COJIHEYHOTO BETpa (M COOTBETCTBEHHO,
naHHbIX caiita OMNI) 1u1st aHanmmM3a COTHEYHO-3eMHBIX CBsi3el. CriennanbpHas mporeaypa,
cornacoBaHHast ApKTHUecKnM U aHTapkTnaeckuM HWM (KOTOpbIi OTBETCTBEHEH 3a TPOM3-
BozicTBO PCS nHnekca) u JJaTCKUM TeXHUYECKUM YHHUBEPCHTETOM (KOTOPBIN OTBETCTBEHEH
3a mpousBoacTBo PCN mHeKca), obecnednBacT pacdeT |-MuHyTHBIX 3HaueHnit PCN u PCS
WHJ/ICKCOB M WX IyOnuKaIuio Ha caite http:/pcindex.org B pesxume peasbHOTO BpeMEHH.
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Summary

A continuous flow analysis (CFA) is a relatively new ice core analysis method deployed
worldwide nowadays. This method allows measuring geochemical and gas concentrations in the ice
core samples with ultra-high resolution in depth (age) domain. Different modifications of the CFA
experimental setups were built in many research centers dealing with the ice cores and paleoclimate
studies. Here we provide a brief history of the method, a description of a typical CFA setup. We analyze
the advantages and disadvantages of a setup and propose some ways to solve current technical issues.
We show the main principle of the first Russian CFA setup, which is to be built at the Climate and
Environmental Research Laboratory, AARI, in order to measure a concentration of atmospheric dust
particles and methane in the old atmospheric Vostok ice core.

Hocmynuna 5 urons 2019 e. Ipunsma xk neuamu 20 cenmsops 2019 .

Kniouesvie cnosa: atMocdepHas IblUIb, Fa30BbII aHAIN3, IPEBHUM JIe/, ISATHON KEPH, METO
CFA, meTaH, najeoKJInMar.

B crarbe npuBeneHa KpaTkas HCTOPHs METOJA aHalu3a HerpepbiBHOTO notoka (Continuous
Flow Analysis — CFA), naHo onucanne THIIMYHOW MHOTO(YHKIHOHAIBHOH ycTanoBku CFA, mpo-

Citation: Viadimirova D.O. On the high-resolution ice core analysis method under development. Problemy Arktiki
i Antarktiki. Arctic and Antarctic Research. 2019, 65, 3: 300-314. [In Russian]. doi: 10.30758/0555-2648-2019-
65-3-300-314.
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J.0. BJIAJJTUMHPOBA

QHAM3UPOBAHEI €€ MPENMYIIECTBA ¥ HEIOCTATKH, a TAK)KE HAMEUEHBI ITyTH PEIISHHs CyIeCTBYIONIIIX
TEeXHNYECKHX mpobmeM. OmucaHbl OCHOBHBIE MapaMeTphl MepBoit B Poccun skcrepuMeHTambHOM
ycranoBku CFA, koTopyto mmanupyercs co3aath B Jlabopatopun n3MEHEHUH KJIMMaTa i OKpy Karoei
cpensl (JIMKOC) AAHWU nuist m3MepeHust KOHIEHTPALUH YacTHII aTMOC(EepHOI BUTH B METaHa B
KepHEe APEBHETO JbJa CO CTaHIMU BocTok.

BBEJIEHUE

JlensiHblie KEpHBI SBISIIOTCS YHUKAJIBHBIM apPXHBOM JaHHBIX O MaJICOKJIMMATe, BKIIOYa-
fo11eM HH(POPMAIIMIO O Ta30BOM COCTaBe JIpeBHEW arMoc(epsl, COAEpKaHNH B HEW ITBUTH,
M30TOITHOM COCTaBE OCaJIKOB, XHMHUECKOM COCTaBE aTMOC(EPHOrO a’spo30isi B IIPOILIOM
U T.1. Bo3ayX, 3axBaueHHBIN B MMy3bIpbKax IPH JIbJ000pa30BaHNUHU, HECET HH(POPMAILIHIO
0 Ta30BOM cocTaBe aTMoc(epsbl, B TOM YKCIIE M O KOHIEHTPalMK TAPHUKOBBIX ra3oB. C Ha-
yaJia ra30BbIX UCCIIEIOBAHUN JIeASHBIX KepHOB B 1980-x rT. [1], n3MepeHus: npoBoMINCh
TOJIBKO Ha JIMCKPETHBIX 00paslax, T.e. B OTJEILHO Hape3aeMbIX MpU3Max. JTo Moapa-
3yMeBaeT HU3KOE BPEMEHHOE pa3pellieHHe: Cpe/lHee I'a30Co/Iep)KaHne JbJla COCTABISIET
10 % o oObemy, /U1 M3BJIEUYEHHs HEOOXOIUMOro oObeMa ra3oBoro oopasma Tpedyercs
npusma Becom 40-200 r u jumHo# 2—10 cMm. B oTesbHbIX yHKTaX OypeHus U ITyOHMHHBIX
TOPU30HTAX TAKOH OTPE30K 10 ITyOMHE MOXKET OXBAThIBATh J10 | THIC. JIET B IEpeBOJIE HA
BpPEMEHHYIO 1Kaiy. J[is mpoBeieHHst IMCKPETHBIX Ia30BbIX aHAJIM30B HEOOXOAMM KEpH
BBICOKOTO Ka4eCTBa — BCE YYAaCTKH C TPELIMHAMHU U TIOBPEXKICHUSIMH BCIIEACTBHE Oype-
HUSL M M3BJICUEHUSI KEPHA MCKIIIOYAIOTCS. DTO NPUBOAUT K HEPETYISIPHOMY Iary oroopa
00pa3IoB, ¢ pa3HON AUCKPETHOCTHIO 10 IIyOWHE, U NPOITyCKaM B HaJICOKINMaTHYEeCKON
3ancu. [Ipu U3roToBIEHNY MTPU3M NTPOMCXOANT MOTEPS ONPEJIEICHHOTO KOJIMYeCTBa ra3a
U3 BO3/YIIHBIX BKIIOUYEHHH, CPE3aHHBIX TOBEPXHOCTHIO 00pasiia, YTo yBEIMYUBAET OO
00BEeM JIEJSIHOTO KepHA, UCIOIb3yeMOoro [uis aHann3a. DPpQEeKTHBHOCTh IKCTPAKIMU Ta3a
cocrasisier B cpenHeM 80 % ¥ CHWXKaeTcs MpHU M3MEpeHHn 00pasloB, B3STHIX C NIyOHH
6onee 600—700 M, Ha KOTOPBIX I'a30BbIE ITy3bIPHKH HAYMHAIOT TPAHC(HOPMHUPOBATHCS B KPH-
CTAJUIMYECKUE BKJIIOUCHHUS T'a30BBIX THJIPATOB.

['a3 MoKeT M3BIEKAThCS M30 JIbJIA IBYMsI OCHOBHBIMH CIOCO0aMHU — IIIaBJICHUEM
Y [TOBTOPHBIM 3aMOpa)KMBaHUEM JIMOO KpOLIeHneM 00pasiia JiesiHoro kepHa. Okazanoch,
YTO €CJIM IIPUMEHUTH HENPEPhIBHOE IUIABJICHUE 00pa3lia BI0Jb BCEH JUTHHBI JIEJSIHOTO Kep-
Ha, TO MOXXHO M30€XaTh OOJILIIMHCTBA ITPo0IIeM, CBSI3aHHBIX C IOTepei 00bemMa Ira30Boro
o0pasia 1 BpeMEeHHOro pa3pereHus. Tak poauiIach ujest MeToja HelpepbIBHOTO MMOTOKA
(Continuous Flow Analysis — CFA) st ra30BbIX M3MepeHHi B 00pa3iax JieJsIHbIX KEPHOB.

Tosbko Gnaroiapst HelpepHIBHBIM H3MEPEHHSIM KOHLIEHTpauy MeTana merogom CFA
C YJBTPaBBICOKMM Pa3pEeIICHUEM YAAIOCh OTKPBIThH CYILIECTBOBAHHE €CTECTBEHHON BEKOBOH
usmenunBocTd CH, B TeueHHe MHTEPCTaaMaNoB (KPaTKOBPEMEHHBIX TEIUIBIX NEPHOIOB)
U CTaIMAJIOB (KPaTKOBPEMEHHBIX XOJIOJHBIX IIEPHOIOB) MOCIEAHEro oneeHenus [2]. B atom
HccIeIoBaHUK ObLIN n3MepeHbl 00pasiibl JiefsiHoro kepHa WAIS Divide (3anaanast Anrap-
KTHIa) Bo3pacToM 9,8—67,2 ThIC. JIeT. ABTOpaMu OBUTH BBISIBIICHBI IIEPUOJIBI IIUKIHYCCKON
M3MEHUYMBOCTU KOHIIEHTPALMU MeTaHa JIUTeNbHOCThI0 80—500 JietT, XapakTepu3yromuecs
CpeIHMM M3MEHEHHEM KOHIIEHTpAlMK MeTaHa B cpeaHeM Ha 3 %. [Ipeanonaraercs, 4to
BekoBas usMeHunBocTh CH, cBA3zaHas ¢ BapHalMsAMK TPONHYECKOIO KIMMATa, BIUACT Ha
BBIOPOCHI METaHa IPEUMYIIECTBEHHO U3 OOJIOT TPOIUYECKHUX [IHPOT.

JIpyruM Ba)kKHBIM pE3YJIbTaTOM, TOJIyYEHHBIM Oarojapsi MCIOJIb30BaHUIO METO/a
CFA, crajio 9KCrIepUMEHTaIbHOE JI0Ka3aTeIbCTBO HAIMYHSI ITOCIIOMHOTO 3axBara BO3-
Jyxa B (pMpHE MOJSIPHBIX JISITHUKOB. VX HEBO3MOXKHO OBUIO TIOJNYYUTh PaHEE TOJIBKO IO
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pe3yibTaTaM JUCKPETHBIX Ta30BbIX HCCIEI0BaHUN. B Xone n3Mepenuii 00pasioBs JIe s IHOTO
KepHa Bo3pacToM 60 TeIc. neT co ctaHmu Boctok (LleHTpanpHas AHTapKTHIA) METOIOM
CFA 06butn mosy4eHsl JaHHbIE, TI03BOJIMBIINE ACTAIBHO M3YUNTH SBJIEHHE MOCIOHHOTO
3axBara BO3AyXa 00pa3yIOMMMCS JIbIOM U OTPaKEHHE 3TOTO TpoLecca B N3MEPEHHOM
psany xoHmeHTparuu MeTana [3]. C moMoImmpo pa3paboTaHHONW aBTOpAMH MOIETH CTaJI0
BO3MOXKHBIM PacliO3HaBaTh B 3KCIIEPUMEHTAILHOM Py ObICTpBIE BapuallMM KOHIICH-
tpanmn CH, ¢ Marautyno#t mopsinka 10 %, KOTOpBIE CBA3aHBI C ABIEHHEM TIOCIOHHOTO
3aXBara, ¥ OTIIMYATh UX OT aHAJOTMYHBIX 110 popme mukoB CH,, oTpaxkarommx OGbICTpbIE
M3MEHEHHs MeTaHa B arMocdepe.

BpemeHHOI psijt KOHIIEHTPpaLK METaHa, TOIyYeHHBIH C BBICOKUM pa3peleHHeM, T10-
Ka3aJl MEHBIIYIO CTENIEHb CITIAXKMBAHMUS, €M NIPEATOIarajJoch paHee Ha OCHOBE PAacueTOB
110 MozemsIM An(Py3UOHHOTO CIIIAKUBAHUSI aTMOC(EPHOTO CUTHaANA. BT c1enaH BhIBOX
0 TOM, 4YTO JIEASIHbIE KEPHBI U3 palloHOB BOCTOUHON AHTApKTUIbI C HU3KOW CKOPOCTHIO
CHETOHAKOIUICHNSI MOTYT 00€CHeYHnBaTh JIydlliee BPEMEHHOE pa3peIieHne MPOIIIbIX H3-
MEHEHHI coCTaBa aTMOCQepsl, 4eM OXHaaitock. VccmenoBanne [3] 03HaAMEHOBAIIO TIPO-
PBIB B MOHMMaHMHU IPOLIECCOB 3aXBaTa M YACPKHUBAHUS BO3yXa JECTHUKOBBIM JIBIOM,
a TaKke (OPMHUPOBAHMUS MAIE0ATMOC(EPHOTO CUTHAJIA B JIEASHBIX KEPHAX, KOTOPBIH cTall
BO3MOYKHBIM TOJIbKO Oaronaps nsmepennto konuenTpamun CH, metonom CFA ¢ ynbrpa-
BBICOKHM Pa3pEIICHUEM.

U3 UCTOPUU METOJA

MeTo/ HENpepBHIBHOTO MOTOKa ObUI MEPBOHAYAIBHO TPEITIOKEH JUIsi 0TOopa 00-
pa3LoB JIeASHBIX KEPHOB Ha OMNPEAETICHHE NX XMMHUYECKOI0 COCTaBa C pa3pelieHHeM
0,7-3,5 cM [4]. Obpa3zerr moBepraics OUUCTKE MyTEM aBTOMATHYECKOTO YIAICHUS Talon
BOJIbI, 00pa30BaBLICHCS N3 BHEIIHEH YaCTH KEPHA, a HEMPEPHIBHOE TUIABJICHUE MO3BOJISIIO
CYIIECTBEHHO CHHM3WTh TPYJ03aTparsl IPU MOATOTOBKE 00pasiia.

BriepBble my3bIpbkH BO3/1yXa U3 TAJIOTO MOTOKa 00pasiia, paHee yiauseMble B OTXO/,
OBUTH UCIIOIB30BAHBI JUISL ONPE/ICNICHHs] B HUX T'a30B B pabote [5]. ABTOpBI COBMECTHIIN
YCTaHOBKY I10 HENIPEPHIBHOMY TUIABJICHUIO 00pa3ia ¢ JMHUEH SKCTPaKIMK ra3a U3 MoToKa
TaAJIOW BOABI M TA30BBIM Xpomarorpadom, mojayduB TakMM 00pa3oM INEPBYIO YCTAHOBKY
CFA 111 HenpephIBHOTO T'a30BOTO aHallM3a 00pa3lloB JIEISHBIX KepPHOB. DPPEeKTUBHOE
paspeleHye o NIyOHHe ¢ y4eTOM CKOPOCTH IUIABJICHHS U AUCKPETHOCTH U3MEPEHHH Ha
xpomarorpade cocraBmino nopsiika 15 cm. Tak ObuIM BHEpBBIE pelIeHb! TPOOIEMBI He-
PEryJISIPHOCTH IIara U Majioro BPEMEHHOTO Pa3pelieHus MPU TPOBEIACHUN JTUCKPETHBIX
aHaJIM30B ra30BOT0 COCTaBa KEPHa, a TAKXKe MpodieMa MoTepH YacTH ra30BOH MPOObI MpU
W3TOTOBJICHUH JIUCKPETHBIX 00Pa3IoB.

B naneheiimem ycranoBka CFA yist ra30BbIX aHATN30B 00pa3IlOB JICASHBIX KEPHOB
OblIa yCOBEpIICHCTBOBaHA [6] IMyTeM 3aMEHbI aHAJMTUYECKOHM cocTaistouieid. Ternepsb
K JIMHUSM HETPEPhIBHOTO IJIABJICHHUS 00pa3la M SKCTPAKLUU raza ObUl IPUCOEIHMHEH
JIa3epHBIN aHaIM3arop, ucnosb3yromuii rexnoiaoruto WS-CRDS (wavelength-scanned
cavity ring-down spectroscopy — pe3oHaHCHas CIIEKTPOCKOIIHS CO CKaHWPOBAHHOI JUTHHOM
BOJIHBI), C 3asIBJICHHON aHAJMTUYECKOH TOYHOCTBIO HHCTpyMeHTa 2—5 ppbv 1uis n3mepe-
HUH KOHIIEHTPAIIMU METaHa, YTO CYIECTBEHHO BBIIIE TOYHOCTH I'a30BOT0 Xpomarorpada.

Crnenyromum maroMm B coBepuieHcTBoBaHun Metona CFA nuist ra30BbIX aHaIM30B
CTaJIO MCTOJIb30BAHKE JIBYX TUIIOB JIa3€PHBIX aHATM3ATOPOB, YCTAHOBJICHHBIX M10CIIEI0BA-
TENIBHO, C 1IEJIbI0 MPOBEPKU MPUMEHHUMOCTH JBYX Pa3HBIX TEXHOJIOTHI U3MEPEHHH B yC-
JIOBUSIX MaJIOT0 00beMa (HECKOJIBKO MEPBBIX KyOMYECKHX CM) M MaJIOi CKOPOCTH MOTOKa

302



J.0. BJIAJJTUMHPOBA

razoBoro obpasua (0,8 cm®-mun') [7]. [lepBblii aHATU3aTOP MCHONIB30BAN TEXHOIOTHIO
OF-CEAS (optical-feedback cavity-enhanced absorption spectroscopy — abcopOImoHHas
CHEKTPOCKOMHS C OITUIECKON 00paTHOM CBA3BI0), a BTOpoil — TexHonoruro WS-CRDS.
Kpome Toro, aBrops! [7] BBIBE3H aHATUTHYECKYIO Ta3oByto yctaHOBKY CFA B mone
B Jareps npoekra Oypenus jensHoro kepaa NEEM (North Greenland Eemian ice core
project — cm. https://neem.dk/), rme mpoTecTUpOBaIH BO3MOKHOCTh MMPOBEICHHS Ta30BBIX
aHAJIM30B JIEAHBIX KEPHOB M IATHPOBaHHMs MojTydeHHoro npopuns CH, nenocpenctseHHo
B 3KCHEUIIMOHHBIX YCIOBUSIX. B paMmKkax 3Toro mpoekra ObUT BIIEpBbIC TOIYUYEH Psifl KOH-
LEHTpaluK MeTaHa B arMocdepe CeBepHOTO MOMyIIapus B 3MOXY MTOCIEIHETO OJIEACHEHHS
C YIBTPaBBICOKUM pa3pernieHneM. Briocnenacteun nazepusiii anammsatop WS-CRDS 6pur
MOAN(UIMPOBAH IyTEM YMEHBIICHHsI 00beMa pabodel KaMephl, 9TO TO3BOJIMIIO CYIIe-
CTBEHHO YMEHBIIHTH MU(P(y3HOHHOE CIITa)KUBaHKE Ta30BOTO CHTHAJA TIPH H3MEPEHUIX [§].

B HacTosimiee BpeMst B MHpE CYIIECTBYIOT BCero NeBsATh ycTaHOBOK CFA B mabo-
paropusix, 3aHUMAIOIINXCS N3yYEeHUEM IajJeoKINMara M0 JaHHBIM aHaJIHu3a JISASHBIX
kepHOB. OHM 0a3upyroTCs B CIEIYIONNX HAYYHO-UCCIIEOBATENbCKUX YUPEKICHHSIX !
1) Bputanckas AnTapkrudeckas ciayxoOa (British Antarctic Survey — BAS; KemOpumxk,
BenukoOpuranust); 2) MUacTuTyT reoHayk 00 okpyxkaromieit cpene (Institut des Géosciences
de I’Environnement — IGE, I'peno6ms, @pannms); 3) Yausepcurer bepra (Universitét
Bern, bepH, [lIsetintapus); 4) Llentp apna u kammata (Centre for Ice and Climate — CIC,
Yausepcutet Konernrarena, Konenraren, lanus); 5) Yausepcurer mrara Operon (Oregon
State University — OSU, Kopsamtuc, mrar Operon, CIIIA); 6) UHCTUTYT U3ydeHus
mycteiHb (Desert research institute — DRI, Puno, mrrar Heaga, CIIIA); 7) LenTp uc-
cienoBaHus AHTapKTHKH (Antarctic research center, YauBepcutet Kopomnessr Buxropum,
Bemmuurron, HoBas 3emanans); 8) HannoHanpHBIM HHCTUTYT NMOJSIPHBIX MCCIICTOBAHUI
(National Institute of Polar Research — NIPR, Tokwno, SImoHus); Takke 3aBepIiacTcs Co3-
nmarue ycranoBku CFA B MacTHTyTe Anbdpena Berenepa (Alfred Wegener Institute — AW,
Bpemepxacden, 'epmanust). Bce ycTaHOBKM SBISIOTCS CaMOAEIBHBIMU U YHHKAIbHBIMH,
KaXIas N3 MOAN(HKAIMN CYIIECTBYET B €JHHCTBEHHOM 9K3EMILISIPE; B COOPAaHHOM BHjIE
B IIPOMBIIIIEHHBIX MacIITa0axX OHM HE BITyCKatoTcs. [l1aBuiIbHbIE YCTAHOBKH H3TOTABIIH-
BAOTCA 110 CTHEHUAIFHOMY 3aKa3y B MAaCTEPCKUX MCCIIEA0BATEILCKUX HHCTUTYTOB, Fa30BbIe
0aJUTOHBI JUISl OUYMCTKU 1 OOCITY)KMBAaHMS JIMHNI 3aKa3bIBAIOTCS B CIICIIMAIN3UPOBAHHBIX
(upmax u TpeOyIOT TPAHCTIOPTHPOBKH TI0 KIIACCY «OIACHBIE TPY3bI».

ONHNCAHME TUIMIMYHOM MHOTO®YHKIIMOHAJIbHOM YCTAHOBKHU CFA

B aTOoM paszzesne Mbl IPUBOIUM MOAPOOHOE OMHCAHKE IKCIICPUMCHTAILHON YCTaHOB-
ku, co3nanHo B [{entpe mpaa u kmumara (CIC) YauBepcurera Komenrarena, KOTopyro
MOYKHO PacCMaTpUBaTh B KaueCTBE YIAYHON MOJICIHU ISl TaJbHEUIIIETO COBEPIICHCTBO-
BaHUsI METOJIa aHAJIN3a HEMPEPHIBHOTO TTOTOKA.

OfHUM U3 OCHOBHBIX JIEMEHTOB dKCTIepUMeHTanbHOM yctaHoBKkU CFA, mokazaHHOM
Ha puc. 1, sBisieTcs BEpTHKAIbHASI paMKa — JiepyKaTelib (4) UCCIIeMyeMOro CerMeHTa KepHa.
[Mocnenunii npeacrapisieT co00 HEHTPaTbHYO, He3arps3HEHHYI0 OypOBOI KMAKOCTHIO YacTh
KepHa ¢ TonepeyHbIM ceueHneM 3,5x3,5 cM u muymHo# 0,55 wiu 1 M, B 3aBUCUMOCTH OT MPH-
HATOTO CTaHJapTa Pa3pe3ku KepHa MOCie ero U3BJICUEHUs U3 CKBaKUHBL. PaMka nmomerieHa
B MOpO3miIbHBIH 1mKad (3), B kotopom nouepkuBaercst Temrneparypa —20 “C. Cpasy noxn
paMKoO¥ HaXOAUTCs MEHAs IUIaBUITbHAs TU1acTuHa (5), HarpeBaemas o +20 — +25 °C, ¢ pa-
JTMAJIBHO PACXOJSIIIIUMUCS OTBEPCTUSIMU W/HJIH Ke00aMU 10 OKPYKHOCTH (B 3aBUCHMOCTH
ot moaudukanmu uHrE CFA). CKOpOoCTh ITOTOKA OYMILEHHOTO Taioro odpasia paBHa 15—
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Puc. 1. Baemnnii Bun sxcnepumenTtanbHoi ycranoBku CFA B LlenTpe nbpa u kiauMara (pUCYHOK
ajanTUpoBaH U3 mnocrepHoro pokianaa P. Vallelonga et al., T09 ID133, 10.03.2016, IPICS OSC,
Xobapt, ABcTpanus):

I — na3epHbIil aHAIU3aTOP U30TOIHOIO COCTABA BOJbI, 2 — Ta30Bas JIMHUS JUIl U3MEPEHHs KOHLIEHTpaLUu
MeTaHa, 3 — MOPO3MIbHBIH HKad, 4 — pamKa-aepiKaTenb JUls JISISIHOIO KepHa, 5 — IUIaBUJIbHAS yCTAHOBKA
JuIst 00pasia JeAsHOro KepHa, 6 — perucrpanus NIyOHHBI KepHa 110 CKOPOCTH IUIaBJICHHUS, / — CHCTEMa I0-
Ja4d CTaHJApPTOB JUIS XMMHYECKUX aHAIHU30B, 8 — 1e0ad0iep, OTAS/SIIOMNIT My3bIPbKH BO3LyXa U3 IIOTOKA
TaJI0ro oopasua, 9 — CYETUHMK HMBUICBBIX YacTHULl, /() — aHATMTHYESCKUE CHCTEMbI IJIsl XUMUYECKHX aHAJIN30B,
1] — cYeTYMK YaCTHII CAXKU

Fig. 1. A panoramic view on the CFA setup at the Centre for Ice and Climate (a figure is adopted from
a poster by P. Vallelonga et al., T09 ID133, 10.03.2016, IPICS OSC, Hobart, Australia):

1 — laser analyzer of the isotopic composition, 2 — gas line for extraction and measurement of the CH,
concentration, 3 — freezer, 4 — ice core frame, 5 — melthead, 6 — log the melting depth, 7 — chemical standards,
8§ — debubbler, 9 — dust particles counter, /0 — chemical compounds, // — black carbon particles counter

20 ma-muH . TTOTOK Taoil BOABI OTBOAUTCS 10 MOJAOTPEBACMbBIM JTMHHSM M3 MOPO3UIBLHON
KaMepbl B TETUTyIO JIAOOPATOPHIO MPH TTOMOIIH MEPUCTATBTHYECKOTO HACOCa, TIPOXOAs Ha
TIEPBOH CTaMHU TPOIIEAYPY YAAICHHS BO3/TyXa B CHELHAIFHOM MIPUCIOCOOICHUH, KOTOPOE
HasbiBaeTcs 1e6ad0iep (8). Jlebabbnep umeer BHyTpeHHHUI 00beM 0,8 mir’. B Hem moTok
BOJIBI ITPOITYCKACTCSI Yepe3 Y3KOe OTBEPCTHUE, My3BIPHKH BO3/yXa BCIUIBIBAIOT M TIOCTYIAIOT
Jlajiee B Ta30BYIO JIMHUIO. Jlera3upoBaHHas Tajiast BOJIA ITPOKAYMBACTCS Y€Pe3 OTBEPCTHE,
PacIoNoKEHHOE HIDKE YPOBHS ITy3bIPHKOB 10 HANPABICHUIO K aHATUTHICCKUM JIMHHSAM.
CyIIecTByOT IUIIETOYHAS M TPEYTOIBHO-TIPH3MAaTHYecKast Momudukanmu 1edadomepa.

Iotok »xnaxoro obpasna U3 HIKHETO OTBEpCTHs 1ebab0iepa MocTynaer B XUMH-
YeCKHe aHAJUTUYECKUE JIMHAN U B CYETYMK YACTHII MBUIH U cakh. KOHIEHTpams Kax-
JIOTO XMMHYECKOTO HIEMEHTa, MOHA WIIN COSTUHEHHs (3Kese30, KaJbIUi, Cynb(har-1oH,
aMMOHUH, KaJlMii, IEPOKCUJT BOJIOPO/IA, HATPHUI) N3MEPSETCsl CHEKTPOMETPOM. DTOT BUJL
aHaJIM32a TO3BOJISIET MPOCIECANTh U3MEHEHNE BO BPEMEHH KOHIIEHTPAMH MOPCKUX adpo-
30J1eii, KOTOPBIE SBISIOTCS WHIMKAaTOPOM TUIOIIAIN PAcIpOCTPAHEHHUS MOPCKOTO JIb/a,
OOHAPYXHUTH BYJKaHUUECKHE ITHUKH, TIO3BOJISIONIHNE ITaTUPOBATh KEPH, TIOMYIUTh HH(OpMa-
LU0 O 3arpA3HEHNH aTMOC(hEPHI B PE3YNIBTATE CENbCKOXO3SHCTBEHHBIX 1 MTPOMBIIIIICHHBIX
AQHTPOTIOTEHHBIX BBIOPOCOB, OMOAKTUBHOCTH B PETHOHE.
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Konnenrpanus arMoc(hepHOH MBI U CaXKHU U3MEPSETCS] ¢ MOMOIIBIO JIA3EPHBIX
CUETUYMKOB YacTuIl. KOHIIEHTpaIHsl BTN BO JIb/y SIBIISICTCS WHANKATOPOM KPYITHBIX CO-
ObITHI aTMOC(EPHOTo TIepeHoCca MbUTH U3 MYCThIHb, OCYIICHHBIX B PE3YJIbTaTe MOHMKECHHS
YPOBHSI MOPsI YIaCTKOB MaTre€pUKOBOTO IIenb(a, U U3 MPHUIECTHUKOBBIX 3aHAPOBBIX PaB-
HUH. [To (OHOBO KOHIEHTPALNH MBIIH PA3JIHYalOT CJION JIbJA, OTIOKEHHBIE B TIEPHO/IBI
OJIEZICHEHNH 1 MesIIeTHNKOBHH. Caxa XapaKTepHu3yeT IOCTYIIIEHHE TPOAYKTOB TOPEHHs
MPUPOIHBIX TOKAPOB M MHAYCTpHUAIBHOE aTMoc(epHoe 3arpsi3HEHNeE.

E1me oguH MOTOK Tanoro oOpasia NepeHanpasisieTcs! B IMHUIO 110 N3MEPEHUIO H30-
TOITHOTO COCTaBa BOJIBI MIPW TOMOIIM JIA3€PHOTO aHanu3aropa. V30TomHbIN cocTaB mc-
MOJIB3YETCsI JUI BOCCTAHOBJICHHSI MECTHBIX TEMIIEPATYPHBIX YCIOBHH, a TAKKe YCIOBHN
B HCTOYHUKE BJIATH.

Ocoboe BHIMaHME YIEINM JIMHUN SKCTPAKINH I'a3a ¥ U3MEPEHUIO KOHICHTPAIUN
METaHa, T.K., BO-TIEPBbIX, 3TOT IAICOKINMATHIECKUI TapaMeTp XapaKTepu3yercs Hanbolee
PEAaKTUBHBIM OTKJIMKOM Ha OBICTpPBIE M3MEHEHUsSI KIIMMATa, a BO-BTOPBIX, M3MEPEHHE KOH-
neHTpanun Metana MetogoM CFA 1mo3BosisieT BBISBUTH KPAaTKOBPEMEHHBIE €CTECTBEHHBIE
BapHaI{ KOHIEHTPANK MaPHUKOBBIX Ia30B, M B YaCTHOCTU METaHa, B arMoc(epe. ABTo-
POM OBLT MPEATIOKEH Psii MOAM(HUKALIMNA JTUHIUH N3MEPEHUST METaHa, BXO/AIIEH B COCTaB
ycranoBku CFA B Llentpe mpaa n kaumarta. Moaudukanuy MO3BONHIHN: 1) YBEIHIUTH
3P PEKTUBHOCTB IKCTPAKIIUHU Ta30BOr0 00pa3ia; 2) YMEHBIIUTE ITOTPEITHOCTh KATHOPOBKH,
CBSI3aHHYIO C IPUMECHBIM COAEPKaHUEM aTMOC(EPHOTO BO3IyXa B ISHOHH30BAHHON BOJIE;
3) cymIecTBEHHO YCKOPHUTSH IPOLIECC MEPEX0/ia YCTAHOBKH U3 PEKUMA OKUIAHHS B PEKUM
n3MepeHuii; 4) COKpaTUTh KOJMUYECTBO JAHHBIX M3MEPEHHH JIEISTHOTO KEPHA, KOTOphIE
MPUXOIMIIOCH OTOPAKOBBIBATH B HAYAJIE KAXKI0W CEPUU N3MEPEHUH 10 TEXHUUECKUM TIPH-
4nHaM. Ha ceronnsmnuii 1eHb JTMHKUA SKCTpaKIuK Ta3oBoro oopasna u usmepenns CH,
BKJIFOYAET OMMCAHHbBIC HI)KE CTYIIEHH M JIEMEHTHI.

I'a30BbIE My3BIPHKH B OCTATOYHOM ITOTOKE TAJ0H BOIBI IOCTYIMAIOT T10 MO0 PEBac-
MOIi TpyOKe B TEIUTBIH OOKC TabopaTopuu A U3MEPEHHs KOHIICHTPAIll: MeTaHa. 3/1ech
B THAPOGOOHOM MEMOPAHHOM MOAYJIE IMPOUCXOIUT OKOHUATEIBFHOE pa3/iesIeHHe IOTOKa
ra3a u BoJbl. V3BiekaeMblii ra30Bblii oOpasel (mpubau3uTensHo 1,6 MiI-MUH '), IepBO-
HavaJbHO MMetomui BaaxxHOCTh 100 %, ocymraeTcs BO BpeMst IPOXOXKICHHS 110 KOHCOIN
«aaduony. [Tocnenusas mpencrasnsieT coOoi TPyOKy, M3TOTOBICHHYIO U3 CYIb()HUPOBaH-
Horo TeTpadTopatmiieHa (Nafion©) mmuHO# okomo 1 M, KOTOpast MOMeIIeHa B TPYOKy U3
HeprkaBeronel crainu. [IpocTpaHcTBO Mexly HaHOHOM M BHYTPEHHEH MMOBEPXHOCTHIO
CTAJBHON TPYOKH MPOIYBACTCS A30TOM MIIH CYXUM TEXHHUECKHM BO3/LyXOM CO CKOPOCTBIO
20 mi-MUH ' B HaIlpaBJICHUH, IPOTHBOIIOIOKHOM TOKY oOpasua. Mrorosas adconoTHas
BIIQXKHOCTB Ta30BOr0 00pasna, Gpukcupyemas jJa3epHbIM aHAIM3aTOPOM, paBHA MPHOIH-
suressHo 0,02-0,04 % mo o6wvemy. M3 Hadnona obpasen nepeHanpaBisieTcss B KaMepy
Ja3epHoro aHanu3aropa Picarro, mpejHa3HAYEHHOTO JJIsl U3MEPEHHS KOHLIEHTPALIUH [TapHHU-
KOBBIX I'a30B, IJI€ PEAIU3yETCs TEXHOJIOTHS M3MEPEHHS KOHIIEHTPAIlUK Ta3a BHYTPU KaMepbl
10 BPEMEHH 3aTyXaHHs CHUTHAJIA JIA3EPHOTO Jyda, MHOTOKPATHO OTPaXEHHOTO MEXKAY
3epkanamu. Pacmo3HaBaHHE Ta3a MPOUCXOIUT IO CIIEKTPY abcopOruu (cM. moapoOHee
https://www.picarro.com/company/technology/crds, Picarro Inc., CIIIA). BerpoenHsrit
B JIa3epHBII aHAIM3aToOp AnadparMeHHbII HACOC MOAJEP)KUBACT ITOCTOSHHYIO CKOPOCTb
MOTOKA Ta3a M CO3AaeT Mepernaj AaBIeHHUs B JMHUM AKCTPAKIUK Traza. OTMedaercs, 4To
npudOp pacro3HaeT TOIBKO N30TOMBI yriepoaa-12 u Bogopoaa-1 B cocTaBe MOJIEKYI Me-
TaHa, U3MEHEHNS B U30TOITHOM COCTaBe 110 YIIIepoay-13 u 1o AedTepuio He MOTYT OBITh
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MIPOCTICKEHBI TIPH U3MEPEHIH a0CONIOTHOW KOHIEHTpaIu MeTaHa. OIHAKO, YIUTHIBas
€CTECTBEHHYIO MPEHEOPEKIMO MATyI0 aOCOTMIOTHYIO KOHIICHTPALUIO YITOMSHYTHIX H30-
TOIIOB B IPHUPOIHOM METaHE, HTOTOBasl BEIHY)KJCHHAs OIMINOKa N3MEPEHUI HaXOMUTCA 32
TIpeesIoM OOHAPYKEHHS.

Jlo u moce cepuy JHEBHBIX M3MEPEHUH MPOBOAUTCS KamnOpoBKa ycTaHOBKH. Cy-
TOYHBIA HAKJIOH KaJIMOPOBOYHOW KPHUBOH HMCIIONB3YETCS IS MONyICeHUST aOCOTIOTHBIX
3Ha4eHn# KoHmeHTparn CH - B xanmOpoBKke HCIIONB3yeTCs ACHOHN3UPOBAHHAS BOJA,
OYMIIEHHAs («IpoIyBaeMas») a30TOM IIIH TeIHEeM 32 HEeCKOJIBKO YacoB J0 Hadaia Ka-
mOpoBku. CerMeHTUPOBAHHBIA MTOTOK Ta30B-CTaHAAPTOB C M3BECTHOI KOHIICHTpAaLUeit
MeTaHa MUPKYIHPYET Mo JTUHUH. [Ipr 3TOM UKCHUPYIOTCS OTKIOHEHHS OT UCTHHHBIX
3HAYCHHH 32 CYET PACTBOPUMOCTH ra3a B BOJE W CTENCHb CIVIA)KUBAHUS CHUTHANIA TIPH
Iepexo/ie OT OJHOTO CTaHAapTa K IPyTOMY.

NMPEMMYUWECTBA, CJIABBIE MECTA U IIYTHU
JAJIBHEMIIEIO COBEPINIEHCTBOBAHUS CYIIECTBYIOIIEN YCTAHOBKH CFA

Meton CFA o06namaet CynieCTBEHHBIMHU MTPEUMYIIICCTBAMHU:

1 — BBICOKOE BpPEMEHHOE pa3pelIeHHe NajleoKIMMaTHYEeCKOr0 CUTHAIIA;

2 — Maiblii 00beM 00pasia ISl aHaIM3a, YTO BMECTE CO CJICIYIOIUM ITyHKTOM
CYIIECTBEHHO CHIIKAeT OOILIYI0 CTOMMOCTh aHAJIM30B M TPHBOIUT K SKOHOMHH JIOPOTO-
CTOSIIIETO JISASTHOTO KepHa;

3 — BO3MOXKHOCTH NOBTOPHOTO MCIOJIB30BaHMsI 00pasia Juis APYrHX aHajIu30B,
Harpumep:

a) cOop TaJoi BOIBI IS MOCIEAyIoNero usmepenus merogom IC-PMS (macc-
CIEKTPOMETPUH C MHAYKTHBHO-CBSI3aHHOM IIJIa3MOi);

0) cOop raza u3 OTGUIBTPOBAHHOTO MOTOKA JIJIST UCCIICIOBAHUS COICPIKAHUS
MApHHUKOBBIX TA30B B JIPEBHEH arMocdepe (yIIeKHCIbIN ra3, okcuz a3ora I);
B) IMOBTOPHOE MCIOJIB30BaHNE Ta30BOH MPOOBI TIOCIIE e MPOXOXKACHHS Yepe3
JIa3epHbBIM aHAIM3aTop; ra3 coOMpaeTcs B TepMETHYHBIE KOHTEIHEPHI JUTs UcClle-
JIOBaHUS COEPKaHUsI KpUNTOHA-81 ¢ 1eblo abCOMOTHOTO AaTHPOBAaHUS JIbJa
B nuana3oHe Bo3pactoB 0,04—1,2 mutH jet (Ritterbuch, pers. communication, 2018);

4 — OTHOCHUTENBHO OOJIBIIAs POU3BOANTEIBHOCTh U3MEPEHHH: B 3aBUCHMOCTH OT
pexuMa padoThl (M3MEPEHNsI B HECKOJIBKO CMEH, TOJILKO B JHEBHOE BPEMsI HIIH KPYIJIbIe
CYTKH) U CKOPOCTH TIaBieHHs (0T 2 10 5 cM-MHH ') MOXXHO H3MEPATh OT 5 10 25 MeTpoB
00pas3IoB JIEASHOTO KepHa 3a CYTKH; 3TO COKpaIaeT BpeMsi, He0OX0MMOE sl IOy YeHHs
PSIOB Pa3IMYHBIX TAJICOKINMATHYECKHUX MTApaMETPOB, C HECKOJIIBKUX JIET IO HECKOJIBKHUX
MECSIIIEB HHTEHCUBHON U3MEPHUTEILHON KaMIaHUH.

K HepelieHHbIM B HACTOSIIMI MOMEHT MpodieMaM MEeToJla HeMPEepbIBHOTO MMOTOKA
OTHOCSITCS:

1 — non0op onTUMaNBHBIX TAPaMEeTPOB — YCIIOBUH TIUIABJICHUS U TPAHCHOPTHPOBKU
JUISL U3MEPEHNS] PA3IMYHBIX JIEMEHTOB M COBMEIICHHS Pa3IMYHBIX METOJIOB aHaM3a (rasa,
W30TOIOB BOJbI, ITBUTH, XMMUYECKUX AIEMEHTOB) B OTHOH YCTaHOBKE;

2 — He yHUBEPCAIBLHOCTh METOJ[a — T'a3bl WJIM XUMUYECKHE HOHBI C BRICOKOH pac-
TBOPHMOCTBIO HE MOTYT OBITH U3MEPEHBI STHM METOJOM B ME/JICHHOM ITOTOKE TaJIOTO
o0pasna;

3 — criaKMBaHKE ra30BOr0 CHTHaja M IOTeps YacTH ra30BOro o0beMa M3-3a pac-
TBOPEHUS B ITIOTOKE TAJOBOrO oOpasua 3a Bpems ero HaxoxaeHus B juHuu CFA (2-10
MUH), CHIOKatomee 3((QeKTHBHOE pa3pelieHue METO/1a;
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4 — HENOCTOSIHHBIE BO BPEMEHU BHYTPEHHEE /IaBIICHNE, COOTHOIICHHE Ta3a U BOJIbI
M CKOPOCTH TTOTOKa oOpasia.

[Ipob6nema (1) MOKET OBITH YACTHYHO PEIIeHa BEIOOPOM ONTHMAJIBHOTO HabOpa M3-
MepsIEMBIX ITapaMeTPOB B 3aBUCHMOCTH OT HayYHOH LIEJH M0 U3yYEHHUIO OTIEIBHO B3STOTO
kepHa. Kpome Toro, Bo3sMoxkHO pasaencHue o0pasnoB CFA. Tak, mpu 00paboTKe KepHa
o ipoekty EGRIP (https://eastgrip.org/) ObIJIO MPUHATO PEIICHUE BBIPE3aTh OTIEIBHBINA
o0paszer] MEHBIIETO CeueHus ¢ nepudepruitHoi YacTn KepHa JUIl U3MEPEHHSI N30TOITHOTO
coCTaBa BOJIBI HA CHEIHAIBLHON BEPCHNU TUIABMIIBHON YCTAHOBKH YMEHBIIEHHOTO HaMe-
Tpa. [y mpoBeieHNsT XUMUIECKNX aHATM30B M U3MEPEHHsI KOHIIEHTPAIlui MUKPOYaCTHIL
nepudepuitHas 9acTb KepHa CIMIIKOM 3arpsi3HeHa. XUMHIECKNE aHAIU3bI JOBOJILHO IIPO-
671eMaTHYHO COYETaTh C Ta30BBIM aHAIN30M, T.K. CIydailHOE NMPOHMKHOBEHHE ITy3bIpbKa
BO3[yXa B XUMHUYECKHE aHAJTMTHUECKUE JTMHUHM COMBACT KaTMOPOBKU OT/IEJIBHBIX KOMITO-
HEHTOB U M3MEPEHUS IIPUXOIUTCS OCTAHABIMBATb.

DJIEMEHTHI C BBICOKOH PAacTBOPUMOCTBIO MOTYT OBITh M3MEPEHBI TOJIBKO JHCKPET-
HBIMHM METOJIAMH C BOBJICYEHHEM KPOILICHNUS WIIH Ja3epHON abmsiuu ibaa. Tem He MeHee
C TIOSIBIICHHEM HOBBIX 00JIe€ YYBCTBUTEIHHBIX aHATUTHYECKUX IPUOOPOB 00BeM 00pasia
CYILECTBEHHO CHM)KAETCS, YTO IOBBIIIACT BPEMEHHOE pa3pelicHHe.

Tpetsst mpobrema pernaercst ¢ MOMOIIBI0 MaTeMaTHIeCKOro Moaennposanus. [Ipen-
BapUTEJIBHO MTPOBOAUTCS KAITMOPOBKA C MCHOJIB30BAHMEM PA3IMYHBIX CTaHIAPTOB, OIpe-
JIETISIFOTCSI BPEMSI M CTETIEHb CIIIaKUBaHMs CUTHaNa. Ha OCHOBaHMM 3THX JaHHBIX BBISABIIA-
I0TCS ITapaMeTpbl OKHA (DHIIBTpALUH, SBIIsIOIIEiics (DyHKIMEH CKOPOCTH MOTOKa 00pasna
1 o0beMa aHanuTHYeCcKOl JInHUN. K m3MepeHHOMY psiy IPUMEHSIETCS ICKOHBOIOIHS TSl
BOCCTaHOBJICHNUS IIEPBOHAYAIBHOTO HE CIVIAXKEHHOTO aHAJIMTUYECKH CHTHAJIA.

[ocnennss npobiaeMa paspermnma ImyTeM IOCIeI0BAaTeNbHON YCTaHOBKH Ha Ta30-
Byto JuHNI0O CFA 1aTunKoB 1aBlICHMS IOTOKA TAJI0ro oOpasiia JIEASHOTO KepHa, 1aTdhKa
JIaBJICHUS Ta30BOT0O 00pas3Iia, U3BJIEKAEMOT0 U3 ITOTOKA, JaTYHKA CKOPOCTH TOKA OT(IIIb-
TPOBAHHOM TAJOH BOJIBI, JATYMKA CKOPOCTH TOKA OCYIIEHHOTO Ta30BOTr0 00pasna B KaMepy
Jla3epHOTo aHanm3aropa. IIpy moMoIHu BCero 4eThIpex JaTINKOB MOYKHO TOYHO OTCIICHKH-
BaTh N3MEHEHHMs YCIOBUH TOKa 00pa3ua depe3 JIMHHUIO SKCTpaknuu raza. C ydeToM mpo-
BEJICHHBIX 3apaHee KaIMOPOBOK MO MOJIENIH MYJIETHPErPECCHU MOXKHO OTKOPPEKTHPOBATh
MIOTEPIO Ta3a MpH pacTBopeHnU u auddys3un odbpasma. [IpuMepoM yCIEenHOTO PenIeHHs
9TOH MPOOIEMBI SBISIOTCS TECTHI, TPOBENeHHBIE aBTOpoM Ha yctaHoBke CFA B Harmmo-
HAJIBHOM MHCTHTYTE MOsipHbIX uccnenoBannii (NIPR, Tokno, Amonmus).

HNEPCIHEKTHUBBI UCITOJIB3OBAHUSA METOJA CFA
JJIA NCCIIEJOBAHUSA APEBHEI'O JIBJA

W3yueHue JeAssHOro KepHa M3 IIyOOKOH ckBakuHBI SI” Ha cTaHuuu BocTok moka-
3aJ10, 4yTO B nHTEpBase NryouH 3317-3538 M oH clokeH JPEeBHUM aTMOC(HEPHBIM JIbJIOM,
BO3pacT KoToporo pocturaet 1,3 miH et [9]. BcecroponHue uccnenoBaHusi OCTaBIINX-
csi 00pa3LoB ATOrO KepHa B HACToOsIIee BpeMs npoBosTcs B Jlaboparopuu nameHeHuid
kinumara u okpysxatomeit cpeast (JINMKOC) AAHNU B pamkax npoekra Poccuiickoro
Hay4Horo (onaa «VccneqoBanne NPUUMH NEPECTPONKH KIMMAaTHYECKOH CUCTEMBI 3eMITN
B CepeAMHE IUICHCTOIeHA MO JaHHBIM KEPHOB JIPEBHETO JbAa AHTapKTUAb. B 3amaun
MPOEKTa BXOAUT PEKOHCTPYKIUS ra30BOr0 COCTaBa aTMOC(epsbl, TEMIIEpaTypbl BO3AyXa
U IpyTUX XapaKTEepPUCTUK OKpYXKarolllel cpeisl B 3MOXy nepexona oT 40-ThICsueneTHero
pUTMa CMEHBI JIGTHUKOBBIX M MEKJICHUKOBBIX TepHoioB K 100-ThicsyeneTHeMy, ¢ Ooiee
aAMIUTMTYHBIMH KJIMMaTHYECKUMHU KosteOanusiMu. B npomreamem 64-M mosieBoM ce3oHe
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Poccwuiickoit anTapkrrueckoit sxcrienumnun (2018/19 r.) 6pu10 OcymecTBIeHO 3a0ypu-
BaHHE HOBOTO OOKOBOTO CTBOJIA CKBAXXHHBI 5I'-1 ¢ IENbI0 MOMyYeHUs MapajuIeIbHOTO
KepHa JIPEBHETO JIbJIa C HapyIIeHHOW cTparurpadueil. OTKIOHEHHE OT OCHOBHOTO CTBOJIA
ckBakuHBI SI'-1 O6buT0 caenano Ha mryomHe 3270 M. K KoHITy ce30HHBIX paboT mryOmHa
HOBOTO OOKOBOTO CTBOJIa CKBaXXHHBI SI'-5 mocturia otmetku 3320 M. BypeHne cKBaKIHBI
5T'-5 mnanupyeTcs 3aBepIINTb B TEYEHHUE ABYX CJICTYIOIINX TOJIEBBIX CE30HOB HA ITyOHHE
3620 m. ITony4yeHHbIN U3 HOBOM CKBa)KUHBI KEPH IO3BOJIMT INPOBECTH HENPEPBIBHBIE HC-
CJICIOBAHMS JIPEBHETO JIbJ]a C BHICOKUM Pa3pelICHHEM METOAOM aHAJIN3a HENPEPHIBHOTO
motoka. B cBsa3u ¢ atum JIMKOC AAHUU npuctymaer k co3ganuio mepBoii B Poccun
ycranoBku CFA y1st aHanm3a HOBOTO JIEITHOTO KEPHA CO CTaHIMK BOCTOK, a Takxke KepHa,
KOTOPHBIH B OyAyIIeM IDIaHHPyeTCs MONYy4nuTh B paiione Kymona B, tie, kak oxumaercs,
3ajeraer eme Oojee QPEeBHUH JIeA ¢ HEHAPYIIEHHOW cTparurpaduel Jeas HbIX CIOEB.

ITpenBapuTenbHbIE HCCIIEAOBAHKS TOMIIH IPEBHETO JIbJA B paifoHe cTaHmu BocTok (cm.
0030p B [10]) yKa3pBarOT Ha HapyIIEHHUE ITIEPBOHAYAIBLHOTO 3aJICTaHMS JISSTHBIX CIIOEB B pe-
3ynbTare 00pa30BaHMs CKIIAJOK Pa3IMIHBIX MACIITA00B 1 EPEMEIINBAHYS JIb/a B TIPUIOHHON
YacTH JIeHNKA. BMecTe ¢ TeM ciiou j1b1a, 00pa3oBaBIIMEcs B PA3IHMYHBIX KIMMATHIECKUX
YCIIOBUSX, PE3KO OTIMYAIOTCS IO CBOEMY CTPOEHHIO. JIes| JISTHUKOBBIX 310X, CONEpIKAIIINA
00JIbIII0€ KOJIMYECTBO aTMOC(EPHOH IBIIH, XapaKTEePHU3YETCsS MEITKO3EPHNUCTON CTPYKTYpOH
1 Tipeo0rafaromel BepTUKAITEHOH (OTHOMaKCHMYMHOM ) OPHEHTHPOBKOH TIIABHBIX KPHUCTAJIIO-
rpaIecKuX OCeH, B TO BpeMs KaK UL JIb/1a MEKIICAHUKOBBIX 3II0X C MOHIKEHHBIM COZIEp-
YKaHWEM TIbUIEBBIX YACTHUIl TUIIMYHBI KPYITHO3EPHUCTAs CTPYKTYpa M HOSCHASI OPUEHTUPOBKA
oceii kpructayuioB. CTPyKTypHBIE OCOOSHHOCTH JIbJIa CBSI3aHBI C KOHLIEHTPAIMEH MpuUMeceii,
TIOCKOJIbKY TTOCIIEAHHE TOPMO3ST MUTPALIMIO TPAHMUIL 3€PEH U, CIIEZIOBATENBHO, MX POCT B JIE/IS-
Hoit mopoze. TakuM 06pazom, 1 MEKPOCTPYKTYpa JIbJia, ¥ KOHIEHTPALMS B HEM MUKPOYaCTHIL
arMoc(hepHOH MBI CITy>KaT TeMH OTHOCHTEIILHO CTAOWIIBHBIMHU KIMMAaTHIECKU 3aBUCHMBIMU
CBOWCTBAMH JISJISTHOM MOPOJIBI, KOTOPBIE, HECMOTPSI Ha HapyIIEHNE MOCIIEA0BATEILHOCTH 3a-
JIETaHWs CIIOEB, XPAHAT WHPOPMAITHAIO 00 YCIOBHAX 00pa30BaHUS JIb/IA.

Wuade 0OCTONT AE€I0 C M30TOIHBIM COCTaBOM JIb/Id U C Ta30BBIM COCTABOM 3aKIIIO-
YEHHOTO BO JIby BO31yxa. Kimmarnueckue CUrHaibl, 3aJI0)KEHHBIE B 3TUX XapaKTepH-
CTHKaX, TOABEPIKEHBI TUPPY3HOHHOMY CIITKUBAHHIO, d(P(PEKT KOTOPOro 3HAYUTEITHHO
YCHJIMBAETCS TIPH YTOHYCHUH JISJITHBIX CIIOEB B 0a3abHOM 4acTH JISTHUKA U, OCOOEHHO,
mpu ux nepememmBanuu [11]. [Tocneanee mpuBoAUT K 00pa30BaHUIO CIOMCTOM TOJIIH,
B KOTOPO# uepemyroTcs majaomonrabie (1-102 cm) cion p11a, 06pa3oBaBIIHecs B Pa3HEIC
KIIMMAaTHYeCKUE ATIOXH M MO3TOMY MMEIOIINE PE3KO Pa3IMIHBIE IEPBOHAYANILHBIE CBO-
crBa. Indy3noHHOE CriIa)KUBAHUE CUTHAJIA B TAKUX CIIOSIX MJET 0COOEHHO HHTEHCHUBHO,
B pe3yJbTaTe 4ero HadIroAaeMble BApHAIIMK N30TOITHOTO COCTABa JIbAa HE KOPPEIUPYIOT
C M3MEHEHHSMH I10 NIyOMHE CTAOMIIBHBIX CBOMCTB JICASTHON MTOPOJIBI, OTPAsKAIONINX YC-
JIOBUSI JIbI00OPa30BaHUs, — MUKPOCTPYKTYPHI JIbJIa M KOHIIEHTPALUH TTBLTH.

OueBUIHO, YTO JJISl N3YUCHUS] N3MEHEHUH CBOWCTB JIEASHON ITOPOABI, TIPOUCXOIS-
IMX B pe3ysbTare MepeMemnBanHist n AU Qy3nOHHOTO CTIIaKUBAHUS, U UL pa3padoT-
KM METOJIMKH BOCCTAHOBJICHUSI NMAJICOKINMATHYECKUX PSAAOB 110 KEPHY APEBHETO JIbAA
C HapyIIeHHOU cTparurpadueil HEOOXOIUMO C BBICOKHM pPa3peIIeHHEM HU3MEpsTh Kak
CTaOMIIbHBIC XapaKTEPUCTUKH JICIITHON MOPOABI, TaK U T€, KOTOPBIE TOABEPIKEHBI TU(-
(y3MOHHOMY CTIaKHMBAHHIO.

AHanm3 UMEIONINXCS JaHHBIX MPUBOIUT K BBIBOLY O BO3MOXKHOCTH COKpPAICHUS
Habopa mapameTpoB, KOTOpble HEOOXOIMMO M3MEPSTh METOAOM HETIPEPHIBHOTO IOTOKA.
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OTO MO3BOJMT ONTHUMH3HPOBATh KOH(pHUTYpamuio Oymymeil ycranoBku CFA 1 9acTHaHO
YCTPaHUTB MIPOOJIEMY, CBA3aHHYIO C PAa3HBIMH CKOPOCTSIMU HOTOKA IPH OJHOBPEMEHHOM
U3MEPEHUH OOJIBILIOTO YHCIIA PA3IMYHBIX XapaKTePHCTHK KepHa Ha MHOTO(YHKIIHOHAIIb-
HBIX YCTAHOBKAX.

[TockoNbKY CTPYKTYpa JibJia B KEpHE, MOJIlyYCHHOM M3 HOBOI'O OOKOBOI'O CTBOJIA CKBa-
JKMHBI Ha CTaHIMK BOCTOK, MOKET OBITh HCKa)KEHA B pe3yJbTare Ae(hopMaliHy JIba B IPH-
CTEHOYHOH 00JTaCTH OCHOBHOHM CKBKHHBI, O0Jiee HH(POPMATHBHBIM CTaOMIEHBIM CBOWICTBOM
JbJa B HaIleM ciiydae OyIeT KOHLEHTpalus MUKpodacTHL arMocdepHol mbuti. M3 mox-
BEPIKEHHBIX AU(P(DY3HOHHOMY CIVIQXKMBAHHUIO XapaKTEPUCTHK KePHA JUIS H3MEPEHUI MeTo-
JIOM HETPEepbIBHOIO MOTOKA LeNeco00pa3Ho BbIOpaTh MeTaH, Tak Kak OH ObIcTpee ApyrHx
MAPHUKOBBIX I'a30B pearkpyeT Ha KIMMaTHYeCKHe M3MEHEHUs (BpeMs €ro MpHCYTCTBHS
B aTMOcdepe ¢ MOMEHTa BrIOpoca U 10 MoMeHTa okucierns 9,1+0,9 net [12]). Kpome Toro,
METO/IMKa M3MEPEHUH KOHIICHTPALli METaHa B HENPEPHIBHOM ITOTOKE HaHOOJIee XOPOILIO
pa3paboTaHa 10 CPABHEHHUIO C JPYTHMMH ITAPHUKOBBIMU Ta3aMH B JICASHBIX KepHax. M3me-
peHHe colepyKaHus CTaOMIIbHBIX H30TONOB Bobl MeTofjoM CFA He Bcerna gaet HaJle)KHbIe
pe3yNbTaThl U3-32 BOSMOXKHOTO (DPAaKIIMOHMPOBAHUS U30TOITHOIO COCTaBa TAJIOM BOXBI 32
BpeMsI IPOXOXKICHHUS e uepe3 cucteMy. [109TOMy H30TOIHBIE HCCIISTOBAHMUS JIbIA C BBICOKUM
paspenienneM miaHupyercs nposoxuts B JIMKOC Ha ja3epHbIX aHATM3aTOPax H30TOITHOTO
coCTaBa 10 OTPaOOTaHHOW B JTa0OpaTOpHH METOOuKe Ha 1—1,5-caHTUMETpOBBIX Mpodax
KEepHa, KOTOpbIe OyIyT OTOMPATHCS B IOJEBBIX YCJIOBHSIX M3 BHOBB MOJIYYCHHOTO KEpHA.

MPUHIIUITAAJBHASI CXEMA BYIYIIEA YCTAHOBKH CFA B JINKOC AAHAW

[Tpu mpoekrupoBanuu ycranoBku CFA, xotopas Oyner co3masarses B JINKOC
AAHWMU nis HenpepbIBHBIX UCCIICIOBAHUI KEpPHA JPEBHETO JIbjaa, OylIeM UCXOIUTh W3
TOTO, YTO HEOOXOIUMBIMU M JJOCTATOUHBIMH JIJISl TAKMX HCCIICOBAHUI SIBIISIOTCS JIBE
aHAJMTUYECKUE JIMHUU: TiepBast Oy/ieT o0ecneynBaTh SKCTPAKIMIO ra3a M MOCIeaAyolee
U3MepeHNe KOHLIEHTPAIlMY MeTaHa, BTOpas — U3MEpeHHe KOHLIEHTPAIK U pa3Mepa Ibl-
neBbIX yacTull. Takas ynporieHHas yctaHoBka CFA nomikHa BKII04aTh B ce0sl ClIeAyOIie
OCHOBHBIE 2JIEMEHTHI (CM. puc. 2).

Yemanoska ona nnasnenus nedsanozo kepna, NOMeWeHHAs. 8 MOPOULbHYIO KAMepY
aabopamopuu 051 NOOOEPIHCAHUST CMAOUILHOU OMPUYAMENbHOU MeMNnepamypvl 160d
(oxono =20 °C) 6 npoyecce niagnrenus. [lnaBuiabHas YyCTaHOBKA MPEICTABISICT COOOM
IJIEKCUIIIACOBYIO PaMKy-AeprkKaTeslb U MEHYIO0 HarpeBacMyo 4acTh C PaJHaIbHO PACXo-
JUSIIIMUCS OTBEPCTUSIMU. J[J1s1 BEPTHKAIBLHOTO PACIIONOKEHHUS 00pa3IoB JIITHBIX KEPHOB
Ha MJIaBWIBHON YCTAaHOBKE HEOOXOIMM TUICKCHIIIACOBBIA QYTISIp ATMHOW 1 M, IIMPUHON
U nryOouHoi 3,54 cM, a Takke MeTajuTdeckue mpoduity, kpersume QyTisip K CTeHe MOpo-
3WIBHON Kamepsbl. [l1si HenpephIBHOTO TIJIABJICHUSI BO BPEMsI CEPUU U3MEPEHUH HEO0OXOIHMO
UMeTh Kak MUHUMYM 10 cMeHHBIX QyTisipoB. [1aBuiibHast ycTaHOBKA M TUIEKCHITIACOBBIC
Jiepxarenb 1 QymIssp U3rOTaBIMBAIOTCS B MAaCTEPCKUX IO WHAMBHYaJbHOMY 3aKasy.
CxopoCTh MJIaBACHUS OTCIICKUBACTCS IIPU MOMOIIY JIa3ePHOT0 AaTUYUKA PACCTOSHHUSL.

Tpancnopmuvle aunuu u nepucmanbmuyeckue Hacocel. TpaHCTIOPTHBIE TUHUY MTPE-
CTaBIISIIOT cOOO0M CHMIIMKOHOBBIE TPYOKH M Ta30HENpPOHUIIAEMbIE TPYOKH M3 MaTepuasia
ETFE (Moan¢uumpoBaHHbIN 3THIICH-TETPa(IOPITHICHOBBIH (TOPOILIACT) pa3InYHOTO
BHyTpeHHero auamerpa (ot 1/16 no 1/4 mroiima). TpaHcriopTHBIE TMHUN HEOOXOAUMBI JUIs
JIOCTaBKH TAJIOTO 00pasiia OT IJIaBUIBHON YCTaHOBKH 10 M3MEPUTEIbHBIX JTHHUH. Cuiu-
KOHOBBIE TPYOKHM HCIOJIB3YIOTCSI KK KOMIUICKTYIOIIME K NepUCTAIBTHYECKHM HacocaM
U TpeOyroT yacToi 3amMeHbl (Kaxabsie 20—-30 MeTpoB kepHa). [1Jis TpaHCIOPTUPOBKH ra3o-
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Puc. 2. [IpyHnMnuansHas cxeMa SKCIepUMEHTAIbHON YCTAaHOBKH JUIsl HETIPEPHIBHOTO aHAIIN3a KOH-
uentpanun CH, 1 MUHEPaTBHBIX MBUIEBBIX YACTHIL B JIC/ISHBIX KEPHAX. B cOCTaB yCTaHOBKU BXOUT
YCOBEPILEHCTBOBAHHAS aBTOPOM Bepceus innuu usmepenus CH, [6, 8]
Fig. 2. A sketch of the continuous flow analysis experimental setup enabled to measure CH, and dust

concentration. The original version of the CH, setup by [6, 8] is modified by the author

BBIX CTAH/IapPTOB M BCIIOMOTATEIbHBIX TA30B U3 0aJUIOHOB BBICOKOTO Aasienus (200 6ap)
HEOOXOIUMBI TPYOKH M3 HeprKaBeIOIIeH cTainn BHYTPEHHUM quaMeTpoM 1/16—1/8 mroiima,
a TaKoKe PeryJsATOphI AABICHUS M aBTOMAaTHYECKHE PEryssiTopsl pacxona raza. Coennne-
HUSI OCYIIECTBIISIOTCS TIPH MTOMOIIH (PUTTHHTOB M MEPEXOAHUKOB PA3IMYHOTO JHAMETPA
n xoHpurypanuu. [lepexmrodeHuss Mexy TPaHCTIOPTHBIMH JHHUSMH OCYILECTBISETCS
TIPY TTOMOIIM PYYHBIX KJIANAHOB. [ 'a30BbIil 00pa3er, N3BICUCHHBIH U3 TOTOKA TaJION BOJBI,
MIEPEHOCHUTCS] B U3MEPHUTENBHBIH TPUOOP MO CTEKIJISTHHBIM KaIlWIIsIpaM, TakXKe WHOTAA
TpeOYIOIIMM 3aMEHBI 110 TIPHYMHE XPYIKOCTH.

Tasosas nunusa, obecneuusarowjas mpexcmynenuamylo skcmpakyuio 2asa. Ha mepBoit
CTYNEHM IPONUCXOJUT KOHIIEHTPANHS ITy3bIPHKOB BO3yXa B TIOTOKE TAJIOro o0Opasia, Ha
BTOpPOH — BBIJICNICHUE TA30BOT0 00pa3iia M3 MOTOKa, HA TPEThEH — OCYIIEHHE ra30BOTo
obOpasna. KoHneHTprupoBaHue my3bIpbKOB BO3IyXa B MOTOKE TAJIOTO 00paslia OCyIIEeCTRIIs-
ercst pu noMouIr e6ad0nepa (MPU3MaTHYECKOrO WK MUMETOYHOTO, N3TOTOBJICHHOTO 13
CTEKJIa WJIM XMMHYECKH HHEPTHOTO Iu1acTuka). Jebabbnep mpoeKTupyercs caMOCTOsITENIHEHO
1 M3TOTaBJIMBAETCS B MacTepcKux. Bropast CTyNeHb SKCTPAKIMU — BBIJCICHHE Ta30BOTO
o0pasIia U3 OTOKa — OCYIIECTBIICTCS TIPH MTOMOIIH THAPO(HOOHOH MeMOpaHHOH TpyOKH,
HCTIONB3YEMOH B MEANIIMHCKIX TEXHOJIOTUSIX TS OT/ACNCHHS KPOBH M CITy4aifHO TIOTIABIIETrO
BO3myxa. MeMOpaHHast TpyOKa TIOCTaBISACTCS B CTAHAAPTHON KOMIUTEKTAITNH JTHHON 80 cM
C TIEPEXOHUKAMH U TPeOyeT 3aMEHBI KaXK/Ible JBE-UEThIPE HEeN n3MepeHuil. Ocymienue
ra30BOro oOpasua OT BOASHOTO Iapa (TPEeThsl CTYNEeHb SKCTPAKIMHN) OCYIIECTBISIETCS MIPH
TIOMOIIY TPYOKHM M3 CIIENNaIbHOTO MaTepuaia HahuoH. Marepuai B3anMOIEHCTBYET ¢ MO-
JIEKyJIaMH BOJIbI, a0COPOMPYS MX M3 00IACTH OOJBIIErO MapIHAIBHOTO IABJICHNS B MCHb-
mee. TpyOka n3 HadmoHa ¢ BHyTpeHHNM nuamerpoM 0,3 MM romeniaercsi BHyTpb TPyOKH
13 HeprKaBerolel cramu auameTpoM 3,2 MM. [IpocTpaHcTBO MexXly BHYTPEHHEN CTEHKON
CTabHOM TPYOKM M BHEITHEH CTEHKON HaHOHA 00TyBaeTCsl CyXUM BO3IYXOM HITH A30TOM
B HalpaBJICHUH, TIPOTUBOIIOIOKHOM HAIPABICHNIO TOKa 0Opasna. {11 KOHTpos cocTosi-
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HUS TaJIOr0 MOTOKA M BBIJEJICHHOTO Ta30BOr0 00pasia HeOOXOIMMO yCTaHOBHUTh JaTIUK
JIaBJICHMS JKUJIKOCTH 1 JIATYMK pacxoyia raza. MemOpaHa 1 Ha)MOH ITOMEIAaloTcsl B TEPMO-
perynupyemMble KOHCOJIH /ISl CO3JJaHuUs TIOCTOSIHHBIX KOHTPOJIMPYEMBIX TeMIepaTypHBIX
YCJIOBHH KCTPAKIMU ra3a. /|y MOHUTOpUHIa JaBJICHUsI ra30BOro o0pasiia, a TakxKe Moy-
YeHHs1 JAHHBIX JIJIs1 BHECEHHMSI TIOPABKHU Ha TIOTEPH ra30BOro oopasiia 13-3a pacTBOPUMOCTH
B TAJIOM ITOTOKE MEKy BTOPOH M TPEThEN CTYNEHBIO SKCTPAKIIMU HEOOXOANMO YCTAHOBUTH
ABTOMATUYECKHI JaTIMK AABICHUS ra30Boro oopasna. Ilogada n ocTaHOBKA TOTOKA Taloro
o0pasua ¥ TiepeHanpasiIeHue MOTOKa OCYIIECTBISCTCS TIPH TIOMOIIHN JIEKTPHIECKUX TIepe-
KJTIodaresied M KiiarnaHoB. Takyke HeoOXOIUMBI Ta30Bble CTaH/IApPThI C U3BECTHOW KOHIICH-
Tparei MeTaHa, 10 MeHbIIeH Mepe, Ba CTaHAapTa JUIS €KEAHEBHON KaJTMOPOBKH Ta30BBIX
M3MEPEeHUH U ONpeieNieHNs] HAKJIOHA KaJTMOPOBOYHON KPHBOM.

ITpn mepeBoe ra30BO YCTAaHOBKM B PEKUM OXHJAHUS WM MPU HEMITATHBIX CH-
TyalusX BO BPEMs IUIABJICHHS JISISTHOTO KEPHA MCIIONIB3YeTCs BHYTPEHHHUH KOHTYp TOKa
Tanoil Boasl. Ha Hero HeoOX0JMMO yCTaHOBUTH MEMOpPAHHBIIN Jlera3alliOHHBIA MOYIb
JUIsE O4MCTKH Boabl MiliQ OT pacTBOpPEHHOTO Taza M CIy4aiHO IONAaBUIMX ITy3bIPHKOB
armocdeproro Bosayxa. s 6osee 3pPeKTUBHOI pabOTHl MHUKPOMOIY/Ib HEOOXOIHMMO
MEHSITh Ka)K/ble J[BE-4EThIPE HEJCIIH.

Jlazepuviil ananuzamop xonyenmpayuu memana monenu Picarro G-2301 umm ero mo-
CIIEYIOIE MOAN(HUKALINY SBIISIETCSI CAMOM JOPOTOCTOAIIEH 9acThIO SKCIIEPUMEHTATbHON
YCTaHOBKH (TIOpsizka 8 MITH py0. Ha CETOAHSIIHMN JIeHb). I3Mepenust MeTaHa mpoBOASATCS
¢ TogHocThio (16) < 0,5 ppb (yacTeit Ha MuIIMap) T OAHON TOUYKK AaHHBIX 1 0,22 ppb
JUIsL S-MUHYTHOTO cpesiHero 3HadeHus. Jpudt npubopa B TedeHHE JHS COCTaBISIET MEHEe
1 ppb, a B Teuenue mecsiiia — He Ooublie 3 ppb. ['apanTrpoBaHHAS TPOU3BOAUTENIEM TOU-
HOCTb M3MEPEHHUI TOCTUTaeTCsl, €CIN KOHIIEHTPALUsl MEeTaHa B 00pa3iie HaXOANUTCS B JHa-
nazoHe 1000-3000 ppb, mpu 3TOM MakCHMaITBHBIH pabounii Tuana3oH mpudopa s MeTaHa
cocrasisier ot 0 1o 20000 ppb. Bmecte ¢ TeM cpeHsis KOHIIGHTpaLUs MeTaHa B ITy3bIpbKax
BO3/yXa, 3aXBaYCHHBIX B JICITHBIX KepHAX, HaxoauTcs B mpenenax ot 400 qo 800 ppb.

PexomeH10BaHHbBIE TTPOM3BOIUTENEM YCIOBHUS SKCILTyaTal[y TO3BOJISIIOT JIOCTUYb
YKa3aHHON TOUHOCTH W3MEPEHMH MPH JaBlIeHNH ra3oBoro obpasma ot 300 1o 1000 MM pt. cT.
(40—-133 xIla). OmeIT ra3oBeIx M3MepeHnii Ha ycranoBke CFA mokaspiBaert, uto pabodee
JTaBIICHHE Ta30BOT0 0Opasia BapeupyeT oT 200 1o 450 MM pT. CT. B 3aBHCHMOCTH OT Ta-
30CO/IEPKaHNs PA3IMYHBIX CJIOEB JIbAA. Ecin yMEHbIINTH 00beM BHYTpPEHHEH Kamephbl
nprdopa Ha HECKOJIBKO KyOWYEeCKHX CaHTHMETPOB, TO MOXKHO JIOCTHYb TOHM K€ TOYHO-
CTH U3MEPCHUH TPH MEHbBIIICM JaBJICHUH ra30BOro 00pasiia, padoTas Ha HWKHEM IMpezese
YYBCTBUTEIBHOCTH MPUOOpa K KOHIICHTPALMK MeTaHa B o0Opasie. YMeHbIIeHHEe o0beMa
KaMepbl JOCTUTAeTCs MyTeM YCTAaHOBKH MPU3MBI BHYTPH KaMephbl, Kak 3T0 ObUIO MOKa3aHO
B [8]. ITockombKy B KaMepe Tprudopa HaXOATCsl CBEPXUMCTHIC 3epKajia, 00eCIIeunBAFOIITIe
IUPKYISIIHIO JTy4da Jla3epa, BCKPhITHE KaMepbl BO3MOXKHO TOJIBKO B YHCTOH KOMHArTe Ha
3aBoge-nponsBoautene Picarro B CILIA. BemomHuTE Takyro MOAN(DHUKALUIO CEPUITHOTO
nprbopa Bo3MOKHO B pamkax corpynaudectsa JINKOC n komnanuu Picarro B Hay4HO-TeX-
HU4YecKor cdepe mrubo B paMKax JOroBOpa MO OKa3aHUIO YCIYT IO MOAUGDUKAIIMH PHUOopa.
Jlazepuwiti cuemuux yacmuy nuiau 018 HCUOKOCmell ¢ 8ePMUKAIbHO YCMAHO8IeHHOU mpyo-
Kotl. Yepes CYeTIHK MPOXOIUT MOTOK TAIOT0 00pasifa, OYHIIICHHBIA OT Ta30BBIX BKITFOUCHHI.
CdyeTdnK YacTHIl MO3BOJISIET OMPEIEIATh KOHIIGHTPAIMIO TTOJICBBIX YACTHUI] B JAHMAIa30HE
0-120 ThIc. yacTuL/MII, pa30HMTHIX M0 pa3MEPHBIM TpyIIaM. JIa3epHbIil CHETUNK ONpEEseT
pa3Mep mukpouactuil B auanasoHe 0,9-139-10° M 1o ux TEHH BO BpPeMs MPOXOKICHHS
yepes3 dKpaH npudopa.
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Ipoepammnoe obecneuernue LabView Full version, 2019 edition. PerynupoBka nzme-
PHUTEIBHOTO MpoIecca, YIPaBICHNE aBTOMATHIECKUMHY KJIallaHAMH U JPYTHMH COCTaBIIS-
IOMINMH YCTaHOBKH, MOHUTOPHHT COCTOSTHHS KCTIEPUMEHTAILHON YCTAaHOBKU B PEAIEHOM
BPEMEHH, a TAKKE 3aITMCh BCEX JAHHBIX M3MEPEHMI M0 Mepe MX MOCTYIUICHUS OCYILECTBIIS-
I0TCS € TTIOMOIIBIO YKa3aHHOTO IIPOTPaMMHOTO 00€CTIeUeHHsI. DTO HHCTPYMEHT BU3YaIbHOTO
IIPOrpaMMHPOBAHUSL, TIO3BOJISIFOLIMI Pa3padoTaTh MOIb30BATENBCKII HHTEp(dEHc I Beex
TIepEUNCIICHHBIX BBIIIE oTepanynii. Bee marduky 1 KiamaHbl MOAKITIOYA0TCST K KOMITBIOTEpY
yepe3 CHenuaabHbIi MHOTO(QYHKINOHAIBHBII MOYNb BBOJIa-BbIBOJA JAHHBIX, O3BOJIS-
IO TaKKe BBIIOJIHATH aHAJIOTOBO-IU(POBHIEC TPE0OPa30BAHMS.

OMNIMOHANTEHO K BBIXO/Y U3 Fa30BOTO aHAIM3aTOPa MOXKHO MPHCOECANHNUTD TePMETHY-
HBII KOHTeWHep Silcocan st cOopa ra30Boro 0dpasia Ha H30TOHBIN aHaH3 KPUITOHA-§ |
C LIENBIO JATHPOBAHMS APEBHETO JibAa. KpUNTOH MHEPTEH, YTO AAET BO3MOKHOCTBH €TO
MCTIONB30BAHUS ISl M3MEPEHUH MPOIIEAIIEro Yepe3 aHanu3aTop ra3oBoro oopasma. B mpo-
1ecce AKCTPAKIMK ¥ W3MEPEHUS] KOHICHTPAIIN METaHa Ta30BbI 0Opas3en HH C 4eM He
pearupyer U ocTaeTcs He3arpsi3HeHHbBIM. V30TOMHBIN aHaN3 MO KPUNTOHY-81 sBiseTcs
OTHOCHTEIEHO HOBBIM METOJIOM JIaTUPOBAHUS IPHPOJIHBIX JHJJOB B BO3PACTHOM JWAIa30He
0,04—1,2 mH net. [TepBEIii OMBIT UCTIONBE30BaHMS 3TOTO METO/IA [UIS TATHPOBAHHUS 00pa3IoB
JPEBHETO JIbJ1a CO cTaHIMU BocTok man xopomme pesynbrars [13]. beuto mokaszano, 4to
Ha/Ie)KHBIC JATUPOBKM MOTYT OBITH CJETaHBI 110 00pa3naM Jibla Maccoi BCero 7 Kr, 4To
COOTBETCTBYET 7—9 MeTpaM NMPHU3MaTHUECKOTO JISJITHOTO 00pas3Iia C MOMEePEYHbIM CEUECHH-
eM 3,5%3,5 cM, KoTopbIil ucmob3yeTcst B ycranoBke CFA. Takum o0pa3oM, TocTaToYHAS
o oowemy (npumepro 600 cm® STP) razosas mpoba MOXKET ObITH MMOJyYEHA B TEUCHHE
OJTHOTO-ABYX AHEW MpoBeaeHUs MHTeHCUBHOM KammaHuu CFA.

YunTeIBasg TO, YTO BCE KOMIUICKTYIOIINE OMMCAHHON BBIIIE aBTOPCKOW YCTaHOBKH
CFA nipon3BOAATCS HCKJIIOUUTENBHO 3apyOeXHBIME (PUPMaMH U IPHOOPECTH MX B HAIICH
CTpaHe MOXHO TOJIBKO Yepe3 OQHUIMAIBHBIX IpecTaBuTeNeH 3TuX ¢pupM B Poccun, mosmHas
CTOMMOCTh YCTaHOBKH OyJeT cocTaBisATh mopsiaka 10 mutH pyOmnei.

OTMeTHM, 4TO MCIONB3yEMbIi B YCTAaHOBKE JTa3€pHBIN aHAIN3aTOP TO3BOJISET OJHO-
BPEMEHHO M3MEPSTH B Ta30BOM 00pa3Iie KOHIIEHTPANNIO METaHa, YIJICKHCIOTO Ta3a 1 BO-
JSTHOTO Tapa. V3sMepeHne BOASHOTO mapa sIBISeTCS HEOOXOOMMOM 4acThi0 M3MEpEHHUN
KOHIICHTPAIMN METaHa, T.K. 110 €T0 COJIEPKaHHIO OIIPEAEIACTCS CTENEHb OCYIICHHS Ta30-
BOro 00pasIia 1 OLICHNBAETCS TOTeps ra3a. Haje)kHble JaHHBIE 110 YITIEKUCIIOMY a3y ToKa
HEBO3MOYKHO TMOJTy4aTh ¢ oMomibo ycranoskn CFA, mockoneky CO, erko pacTopsieTcs
B IIOTOKE Tasoro oopasna. TeM He MeHee TaNbHEHIINE HCCIIeIOBAHNS, HAPABICHHBIC HA
COBEPIICHCTBOBAHNE METOa HEIIPEPHIBHOTO MTOTOKA M MIPUMEHEHHE €ro /ISl H3MEPEHHH
CO, ¢ BBICOKMM pa3peIeHneM Mo NTyOnHe (BO3pacTy) JEASHOTO KEPHA, MPEICTABIAIOTCS
BEChbMa MEPCIIEKTUBHBIMHU.

3AK/IIOYEHUE

B pabore u3110’%keHbl OCHOBHBIE dTAIlbl Pa3BUTHS CIIOCO0A MCCIIEIOBAHMS JIESTHBIX
KEepHOB MeTosioM HemnpepblBHOTO noTtoka (CFA). BeimonHeH aHanu3 npeuMymecTs U He-
JocTaTkoB MeToaa. O00CHOBaH MUHMMAJIbHBIN HA0Op XapaKTePHCTHK JIPEBHET0 aHTapPKTH-
YECKOT0 JIb/Ia CO CTAaHIIMU BOCTOK, KOTOpBIE HYKHO U3MEPSATH HEMPEPBIBHO U C BBICOKHM
paspereHreM, 9To0bl MOMyYUTh HEOOXOAUMYIO U JOCTATOUHYI0 HH(POPMAIUIO JUIs pas-
paboTKM ¥ MPUMEHEHNUS Ha MPAKTUKE METOANKH BOCCTAHOBIICHUS MaJICOKINMATHYECKUX
PSJIOB 110 KEPHY JIPEBHETO JIbJla ¢ HapyIIEHHOH crparurpadueii. Taknmu xapakrepucTu-
KaMH SIBJISIOTCS KOHIIGHTpAIMSI METaHa B 3aKJIIOYEHHOM BO JIbIY BO3ayXe (TOJBepiKeHa
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I GY3HOHHOMY CIVIAXKMBAHHUIO) M COJCPIKAHHE IBIIEBBIX MUKPOYACTUI] — OTHOCHTEIb-
HO cTa0WIbHAS M B TO XK€ BpeMs KIMMAaTHYCCKU 3aBHCHMAs XapaKTEPHCTHKA JICSTHOM
nopoasl. CoKpalleHHe YHCia H3MEPsSEMbIX ITapaMeTpoB IMO3BOJIMIO ONTHMU3UPOBATh
KoH(uryparuro Oymymieit ycranoBkd CFA 1 9aCTHYHO yCTpaHUTPH MPOOIeMy, CBI3aHHYIO
C Pa3HBIMU CKOPOCTSIMH MOTOKA MPH OJHOBPEMEHHOM H3MEPEHUH OOJIBIIOTO YHCIIa pas-
JMYHBIX XapaKTePUCTUK KepHa Ha MHOTO(QYHKIMOHAIBHBIX YCTaHOBKaxX. Pa3paborana
NPUHLIUIIAAIBHAS CXeMa M JICTallbHO OIMCAaHA KOMIUICKTalus HOBOW ycTaHoBKH CFA,
OPHEHTUPOBAHHOW Ha HMCCIICJOBAHUE «BOCTOYHOTO» KEPHA, KOTOPAasl MPH JOCTATOYHBIX
NPOU3BOIUTEIILHOCTH ¥ TOYHOCTH M3MEPEHUH MOXKET UMETh MUHHMAJBbHYIO CTOMMOCTD
U OBITh SKOHOMHYHOW B IKCIUTyaTallUH.
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Summary
When one is carrying out logistic operations at Russian Antarctic stations, organization and
safe operation of snow-runways play an important role. Nowadays six of the seven existing stations
and field bases of the Russian Antarctic expedition (RAE) are provided with air communication,
however, the Bunger Oasis field base is still outside the air transportation structure. The aim of the
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investigations described in this paper was to find a safe site for organizing a snow-runway in the area
of the Bunger Oasis field base. Taking into account the location of the infrastructure objects of RAE
within the Bunger Oasis, the central part of the epishelf Transcription Gulf, situated 7 km away from
the base, was chosen as the most appropriate site. During the summer field season of the 64th RAE
(2018/2019), a geophysical survey using the GPR (Ground-penetrating radar) method was carried
out within the area to obtain data on the thickness of the bay ice. The GPR survey conducted shows
that the sea ice thickness varies from 2.9 to 3.1 m. Moreover, no signs of discontinuities in the ice
layer were found. The area investigated was identified as a safe site suitable for the landing of light
and medium aircraft. However, due to the specificity of the relief of the oasis adjacent to the Bay,
the weathering products of the rocks composing the hills migrated to the surface of the ice layer. The
effect of solar radiation caused the thawing in the areas of such particles to increase, and this, in turn,
led to the formation of cavities on the surface, the dimensions of which do not meet the requirements
for runway coatings. As a result, in the area under study, the boundaries of the sites were determined
that are suitable for the organization of runways for medium and small aircraft without preliminary
rolling of the landing site.

Hocmynuna 22 uonsn 2019 2. Ipunama xk neuamu 23 uronsn 2019 a.

Kniouesvie cnosa: B3neTHoO-TOCanoYHAs mmonoca, Bocrounas AHTapkTHIa, TeopagapHoOe Mpo-
¢unmposanue, oructudeckoe odecnedenue, Oasuc banrepa, TpaHCIIOPTHBIE ONEpaLIUH.

B Hacrosmiell paboTe mpencTaBieHbl Pe3yibTaThl UCCIEI0BaHHM, BRIIIOJHEHHBIX B palioHe
noneBoit 6a3sl Oaszuc banrepa B xozxe mosieBoro ce3ona 64-it PAD (2018/19 ). Liensto pabot ObL1
MOUCK 0€30MacHOl MIOMAAKY ISl OPraHU3aLUH TTOCAJOUHON TOJIOCH JUIsl CAMOJIETOB CpeaHel u
Maioi apuanuy. Hanbomee moaxoAsIuM MECTOM /Il BO3MOKHOT'O a3pojipoMa ObLT BEIOpaH MOKPOB
3anuBa TpaHCKPHIILUS, pacrojiararolierocs Ha yfaieHun 7 KM oT 0a3el. B pamkax uccienoBaHuit
ObLIM BBINOTHEHBI TE0(PHU3NUECKHIE HHKEHEPHBIE N3BICKAHHS METOJIOM Ie0paOI0KaIIH JUIs OTIpe-
JIeTIeHHs MOILITHOCTH JIbJla 3aJ1MBa U BBIABICHUS] HAPYIIEHUs IIEJTOCTHOCTH JIeJsTHOTO Tokposa. 1o
pe3ynbratam paboT ObUT HaliieH Oe30MacHBId y4acTOK Ul MpHeMa Majo- U CPEeAHEradapUTHBIX
CaMOJIETOB Ha JIbDKHBIX MIACCH.

BBEJEHUE

ABWanus UrpacT 3HAYUTEIHHYIO POJIh B O0CCIICUCHUH MOJSIPHBIX CTAHIMHA U TIO-
neBbIX 0a3. OcOOCHHO ATO Ba)XHO JUTT AHTApKTHIBI, TAE PACCTOSHHAE MEXKITY O0OBEKTaMH
HHGPACTPYKTYPHI UCUHUCISACTCSI MHOTHUMHU COTHSIMH KHJIOMETPOB. B 3TOM cMmBICie mof-
JepKaHue NEHCTBYIOIINX B3IIETHO-OCanouHbIX mmonoc (BIIII) B paborocmocooHOM co-
CTOSTHHH, a TaK)Ke OPTaHU3AINA HOBBIX SBJIETCS BaYKHBIM acIIEKTOM JesTenbHoCTH Poc-
cuiickoil aHTapkTudeckoil sxcnenuimn (PAD). Ocoboe BHIMaHUE TIPU 3TOM YACISCTCS
TEM TI0CAOYHBIM IUTOIIAAKaM, KOTOPHIC PACcIIONaraloTcs B paifoHaX Pa3BUTHUS BBIBOTHBIX
KOHTHHCHTAIBHBIX U METh(OBHIX JIeAHUKOB [ 1—4]. Takue yuyacTku JHHAMHUYECKH BEChMa
AKTUBHBI, YTO TPUBOJUT K 00pa30BaHUIO0 MHOTOUYNCICHHBIX TpemwH [5—8]. B kagecTBe
TIpUMepa MOXKHO TIPHBECTH BHOBH OPTaHU30BAHHYIO ITOCIIE ITOYTH TPUAATHIICTHETO TIepe-
pBIBa TTOCAIOYHYIO TUIOIIAAKY B paifioHe CTaHIUU MUPHBIN, T UMECTCS 3HAYNTEIHHOE
KOJIMYECTBO TAKUX YYACTKOB, MIOCTOSHHO M3MEHSIONINX CBOIO KoH(purypanuio [9]. [pu
9TOM OCHOBHAS CJIIOKHOCTB 3aKJIFOYACTCS B TOM, UYTO TPEIIUHBI U TTOJIOCTH, TIPEICTABIIS-
OIIFE OMACHOCTH JIJIS JIFOZICH M TPAHCTIOPTHOW TEXHHUKH, 3a4acTyI0 HE TIPOCIICKUBAIOTCS
HA TIOBEPXHOCTH JICTHUKA, 0COOCHHO IOCIIe OOMIFHBIX CHETOIa10B. 3HAYUMYFO TIOMOIIIb
B UX BBISBICHHHU OKAa3bIBAIOT AWCTAHIIMOHHBIE METOIBI: adpo(oToCcheMKa P HU3KOM
monoxeHun CoHIIA Hall TOpU30HTOM [9] 1 reopanapHoe npodunmposanue. [locnennuii,
KaK TIOKa3bIBAE€T OTCUCCTBEHHBIN U 3apyOCKHBIHN OITBIT, BecbMa d(GEKTHBEH IS TIOMCKA
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CKPBITBIX TpeIuH Ha Jeqankax [10—15]. IMeHHO pe3ymbraThl reopagapHbIX paboT M03B0-
JIWIIM B KOHEYHOM MTOTE BHIOPATH MOJIOKEHUE MOCAT0YHOM TUIONIAaIKH B PailOHE CTaHIINH
MupHsIii, Ha KOTOpyI0 B (eBpane 2016 I. ObUT MPUHAT CPEIHEMATUCTPAIBEHBIA CAMOJIET
BT-67 «Typbobacmiep», TeM caMbIM OBLTO BOCCTaHOBJICHO aBHAI[MOHHOE COOOIICHUE CO
CTaHIIMeH, mIpepBaHHOE HA YeTBEPTh Beka [16].

Ha HacTosmuit MOMeHT B paMKax padoT PAD BEITOTHSFOTCS KOMITIIEKCHBIE a3pOTeo-
¢usnaeckue nccnenoanust Ha 3emye KoponeBsl Mapu B paiioHe OTEYECTBEHHOW CTaHITHH
MupHusiii, BBULy yero Ha aedctByromeil BIIII cranuuu Bo BpeMst I€THUX MOJIEBBIX CE30HOB
ocyIIecTBisIeTcs Oa3upoBaHue camonera AH-2. B cooTBeTCTBHY ¢ TTaHaMU MUHITPAPOIIBT
P® B nanpHeliem npezmonaaraeTcs BEIMOIHEHHE a3poreopu3nIecKuX padoT 1 Ha 3emiie
Yuiikca, 4To noJpazyMeBaeT NMPOBEAEHUE BO3AYLIHBIX ONEpaluii U HaJ TEPPUTOpPUEH
oasuca banrepa. Benenctue 3Toro Bo3HHKaeT HEOOXOANMOCTD B CO3JaHUH 1TOCAJ0YHON
TUTOIIAIKH JUIsl PETyIIPHOTO 0a3MpOBaHMs aBUALMK B paiioHe 1mojeBoi 6a3bl Oasuc ban-
repa BBHIY OJM30CTH PACHONOKEHUS paiioHa MPEACTOSMINX PadoT.

Eme Ha paHHHX 3Tanax reoJOrMYecKUX HCCIIEOBAaHUI HAa TEPPUTOPUHN Oa3Mca,
a mMeHHO B niepuon 1-it u 2-it KAD (1955-1958 rr.), aBranmonHoe obecrieueHrne CTaHIHN
OCYILUECTBIISUIOCH IpU NoMoIu camoiietoB JIu-2 u An-2. IlocanouHoil miomaakoi amis
[IpUeMa BO3AYIIHOIO TpaHCIopTa B JeTHUM nepuon ciyxuia BIIII Ha nennuke B 15 kM
OT caMoii 6a3bl, a B 3UMHEE BpeMsl ISl TPAHCIIOPTHBIX ONEpaIfii B KaUECTBE a3poipoMa
HCIIONB30BAJICA JIENTHON MOKpoB 03epa @uryproe (puc. 1) BOmm3u 6assr [17]. ITocme
MIPOJIOJDKUTENLHOTO TIepephiBa HAYYHBIX PA0OT B pailoHe oa3uca HCCIIEAOBaHMS ObUIN
BO300HOBJICHBI B TIEPHOJ Ce30HHBIX padoT 32-it CAD (1986/87 1.), OBIIIO BOCCTAHOBICHO
1 aBHaoOecredeHre HOBOM MoNeBoil 6a3bl. B pamkax MpoBOIMMBIX TPAHCIIOPTHBIX OIle-
panmii B 3TOT mepuon 0putH oprann3oBansl 1e BIIII: ¢ TpyHTOBO-CKaIHCTHIM MOKPHITH-
€M B HECKOJBKHX KWJIOMETpax OT CTaHLMH U JIESHBIM IMOKPHITHEM B TpEJeiax 3ajuBa
Tparckpunms, Haxozsmerocst B 7 kM ot 6a3er Oaszuc banrepa [18].

[TpuHMMas BO BHUMaHHE YCIICIIHBII OMBIT OPraHU3aIMN a3pOPOMOB PAHHUX JKC-
MenIuil 1 HeoOXOANMOCTh B BOCCTAaHOBJICHWH BO3JYIIHOTO COOOIIEHMS paiioHa I0-
neBo#t 6a3p1 Oasuc banrepa, B ce30H 64-it PAD (2018/19 1.) pykoBoactBom PAD mepen
IISIIHO-TeO(U3MIECKIM OTPSAOM ObliIa ITOCTABJICHA 33/1a4a MMOUCKA 3[eCh MOAXOASIICH
H, ITIaBHOE, 0e30MacHO miomaaky s moarorosku BIIIT as camoneToB cpenHeil u Ma-
no0# naneHOCTH. HeoOxommmocTs ee co3nanus 00ycIIOBIE€Ha JONTOCPOYHBIMU TIIaHAMHU
TeOJIOTHYECKHUX paboT B 3TOM paiiOHe U ITaHaMH a’3pOreoU3MIECKUX HCCIIETOBAHIM.

BbIBOP MECTA JJISI OPTAHU3AIIAY IMTOCA JOUYHOM IJIOIIAJIKH

Kak BugHO 13 puc. 1, oa3uc ¢ 1ora M 3anaja rpaHUYUT C BBIBOAHBIMH JICTHUKAMU
Andena u Da1cTo, a Ha BOCTOKE K HEMY TPUMBIKAET KpaeBasi 4acTh KOHTHHEHTAILHOTO
nokposHoro senuuka bepera Hokca. C ceBepa, co CTOPOHBI OKeaHa K 0a3UCY IPUMBIKAET
menbhoBbii enuuk leknTona, BBy Yero cam 0as3uc 1 mojieBast 0a3a pacroyioxKeHbl Ha
yaaneHnun okono 60 kM ot modepexps [17, 18, 19]. [To npumepy 1mocagouHbIX MII0IIAI0K,
OpraHM30BaHHBIX HA OTEUECTBEHHBIX cTaHiusx [Iporpecc m MupHsIi, B paiione oa3uca
Banrepa taxke mMorna Obl OCYHIECTBIISITHCS MMOCAAKA BO3AYIIHBIX CYJOB Ha OJHOM M3
neanukoB. OfHAKO IOATOTOBKA TAaKOM IOCAJOYHOM IUIOIIAAKU HEXKelaTenbHa o co00-
PaKEHHSIM TPAHCHOPTHON JOCTYIHOCTH: PACCTOSIHHE JIO MOJIEBOH 0a3bl 3HAUYMTEIBHOE,
MIPU 9TOM PaCcUJICHEHHOCTH pelibeda 3arpyaHsiia Obl IPOe3/i CAHHO-TYCEHUYHON TEXHHUKH.
[ToaToMy, moCIIe IPOBE/ICHHST PEKOTHOCIIMPOBOYHBIX paboT, peIBapsIIONIMX HHKCHEPHBIC
M3BICKaHMUs1, HauOoJee MEPCIeKTUBHBIM C MO3UIMH JIOTHCTHYECKOTO 00ecIieueH s, 1moj-
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100°30' 100°40" 100°50' : 8.
Puc. 1. Mopdonorust oazuca Banrepa [20].

KpacHbIM psMOYTOJIEHUKOM T10Ka3aH paiioH paboT B LEHTpaIbHOM YacTH 3anuBa TpaHCKpHIIIHsA

Fig. 1. Morphology of the Bunger Oasis (Atlas of Antarctica, 1966).
The red rectangle indicates the area of the investigations in the Transcription Gulf

KPETIJICHHBIX OIBITOM COBETCKHX JKCIEANIMN, ObLT BEIOpAH IEHTPaJIbHbIA paiioH 3a1Ba
Tpanckpunmus, nokasaHHsli Ha puc. 1.

3anuB TpaHCcKpHUIIUS peCTaBIIET cO00H SNHIIEIb(OBOE 03€pOo, C CeBepa MPUMBIKa-
Io11Iee K JISHUKY DANCTO (pHUC. 2, @), a € 10Ta OTPaHUUEHHOE CKAJIbHBIMH TIOPOJIaMHU 0a3nca
(puc. 2, 6, 6). CoriacHo UcCIIEIOBaHUSIM, POBOAMBILIMMCS B MEPHO C (eBpajs M0 MapT
1989 r. B pamkax ce30HHBIX padot 35-it PAD [21], mryOuna 3aimBa B IEHTPAIBLHON YacTh
nocturana 100 m, mpu 3ToM 110 n1yOrHB 70 M BOJIa MPAKTHYECKH MTPECHAs, C COJICHOCTBIO
meHee 1 %o, a B HIDKHEH YaCcTH COJICHOCTD BOABI JOCTUTACT 3HAYCHUM 25 %o. 3a)IMB, TAaKUM
00pa3oM, UMEET CBSI3b C MOPEM, YTO, TOMUMO 3HAYUTEIBHON COJIEHOCTH BOJIBI, TOATBEPIK-
JlaeTcs HaJMYMEM TMPUIMBHOM TPEIIMHBI, PACIIOIIOKEHHON BIIOJIb OSpEroBoi JMHUM (CM.
puc. 2, 6, 6). Ha nemoBbIii pesxuM 3a1nBa BIMsIET 00JIbIIasi IPOTSHKEHHOCTh OEperoB, Mpu-
MBIKAIOIHX K JIEIHUKY DIUCTO, 3a CUET Yero 3aiuB TpaHCKPUIILIHS TOCTOSTHHO OXJIaXKIaeTCs
U HE BCKPBIBAETCS OTO JibJia. MOIIHOCTD MOCIIEIHEro JIETOM COCTaBISIET OKoJio 3 M [21].
B roxHOIt yacTH 3aMBa pacroyiaraeTcs 1moseBast 6aza ABCTPaIMHCKOH aHTapKTHYECKO DKC-
ne MU DIuKBOpT J{PBN, obecrieyeHrne KOTopoii ocymiecTsisiercst camoneramu Twin Otter.
[NocamouHO¥ TUIOIIAAKOM ISl HUX CITY)KUT MOPCKOH Jief] 3anuBa Tpanckpurnius (puc. 2, 2).

T'EOPAJJIAPHBIE UH)KEHEPHBIE U3bICKAHUSA

OcHOBHBIE 331241 pabOT 3aKJIFOYAITHCH B OIIEHKE MOIIHOCTH JibJia 3auBa TpaHCKpHUII-
1Hs1, @ TAKKE BHUSIBIICHUH HAPYILCHHUH €r0 CIUIOIHOCTH, CIIOCOOHBIX MPUBECTHU K aBAPUITHBIM
cutyauusm Ha BIIII. JlocToBepHbIe, HE IOAIEKAIINE COMHEHUIO PE3Y/IbTAThl JOCTUTAFOTCS
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Puc. 2. Xapakrep MecTHOCTH, Ha KOTOPOH IPOU3BOIMIINCH HHXKEHEPHBIEC H3BICKAHUS:

a — TOPOCHI JICAHUKA 3,[[I/ICTO, 6 — FO)KHAsT OKOHEYHOCTh 3aJIMBa, OKalMJICHHAs COITKaMH, U IIpUIMBHAA TPCIIUHA
BIOJIb OEPEroBOil JIMHIHU, 8 — MPUIHBHAS TPELIHHa, 2 — camoneT Twin Otter ABCTpanuiicKoit aHTapKTHYECKOI
skcneaunuu. ®oro A.A. CyxaHoBoit

Fig. 2. The character of the area, where engineering surveys were carried out:

a — hummocks of the Edisto glacier, 6 — south side of the gulf, bordered by hills, and a tidal crevasse along the
coastline; 6 — the tidal crevasse; e — Twin Otter of the Australian Antarctic expedition. Photo by A.A. Sukhanova

OypenreM. OHAKO TOT METOI BEChbMa TPYIOEMOK, OCOOCHHO NP HEOOXOTUMOCTH II0-
KPBITHS ChEMKOH 3HAYUTEIFHON TEPPUTOPHUH, TIOATOMY HEOOXOMUMO OBLIO HAMTH PyTOit
Croco0 omnpeneneHuss MOITHOCTEH JIefsTHOTO TToKpoBa. HenaBHue nccienoBaHus aBTOPOB
[22, 23], a Takke pabOTHI OTEUECTBEHHBIX M 3apyOSKHBIX MccaenoBareneii [24—27] mpo-
JEMOHCTpUPOBaIN 3(PPEKTUBHOCTD MCIIONB30BAHMS T€0PaJapoB UL N3YUEHHS CTPOCHUS
MOPCKOTO J1ba. [TomydeHHbIH OmbIT OBLT MPUMEHEH U It paboT B oasuce banrepa.

I'eopanapHas chbeMKa OCYNIECTBISUIACH MEMIMM HOpsakoM. B paborax mcmons3o-
Basicst reopanap GSSI (Geophysical Survey Systems Inc., USA) ¢ 610koM yrpaBneHus
SIR-3000 n aHTEHHO ¢ YacTOTOW 30HAMpPYOMIX UMITyIscoB 400 MI'1. BrrmonaeHnne
KOHTPOJBHOTO MEXaHMYECKOTO OypeHHs ISl TIOATBEP>KACHHS JO0CTOBEPHOM HHTEpIIpeTa-
UK reo(Gpu3nIecknx AaHHBIX MPONU3BOAMIOCH NMPH MOMOIIM IIHEKOBOTO JIEIOBOTO Oypa
Kovacs (Kovacs Enterprises, USA) ¢ nuamerpom ckBaxuusl 50 mm. [lmaHoBast npuBsizka
Ha MECTHOCTH OCYIIECTBISIIACH ITPU ITOMOIIHN npremMonHankaropa Garmin GPS map 64st.
Pa3z6uBka cetu npoduiel A BEITOTHEHHS T'€0paJapHbIX padOoT BBIIOIHSIACH B COOT-
BETCTBUH C U3BECTHBIMH a3UMYyTaMH TOCHO/ICTBYIOIINX BETPOB, TaK KAK NIMEHHO OHH, O
ABHALMOHHBIM TPEOOBAHUSM, SIBISIOTCS OJHUM U3 IIIaBHBIX KPUTEPHEB BHIOOPA IIABHON
ocu BIIII. CormacHO METEOPOIOTHYECKIM JaHHBIM ABCTpaimiickoil 1 Poccuiickoii aH-
TApKTUYECKUX HKCIEAULUN, OCHOBHBIMU a3UMYyTaMHM JUIsl OpUeHTauuu raBHoi ocu BIIIT
sBisttores 130° m 90°. B mporecce WH)KEHEPHBIX W3BICKAHUH, KpOME TOTO, OBII HaiieH
TIePCIICKTUBHBIN 10 CBOCH /UIMHE W OPUEHTAINMH YYacTOK 1o asumyTy 80°. Paiion mpo-
BEJICHHUS IVISAIMO-TeOpaJapHBIX padOT MOKa3aH Ha puc. 3.
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Puc. 3. Paiion npoBeieHUs1 pabOT ¥ MOIIIHOCTh MOPCKOTO JIbJIa:

1 — pacrono)xeHre HONIeBIX 6a3 B pailoHe paboT; 2 — MOIOXKEHHE TeOpaJapHbIX MapIIPyToB; 3 — ITyHKTHI
MEXaHHYEeCKOTo OypeHus; 4 — MyHKTHI KEPHOBOTO OypeHHs; 5 — JISIHHUK; 6 — CKaJIbHbIe MAaCCUBEL; 7 — U30-
THIICHI BBICOT THEBHOM IIOBEPXHOCTH B METpaXx; cedeHHe H30MUHUH — 20 M; § — H30IHHHU MOIIHOCTH JIEZI0BOTO
MIOKPOBa B MeTpax; cedeHne u3omuuuii — 0,1 m

Fig. 3. Work area and ice cover thickness in the area of the Transcription Gulf:

1 —field bases in the work area; 2— GPR lines; 3 — points of mechanical drilling; 4 — points of ice core drilling;
5 — glacier; 6 — rocks; 7 — contours of absolute heights in meters; contour interval is 20 m; § — contours of
sea ice thickness in meters; contour interval is 0.1 m

B kauyectBe npumepa Ha puc. 4 npeAcTaBlieH BPEMEHHON reopaapHblil pa3pes 1o
Mapupyty PR-1 (cM. puc. 3). 1o Bceii ero juinHe KOHTPACTHO BBIAEISIETCSI HHTEHCHBHOE
oTpaxkeHue 1, cBsI3aHHOE C MPsIMOil BoHOW. Hrke mpociiexxuBaeTcst oTpakeHue 2, cop-
MHPOBAaHHOE IPAHULEH MEXAy JIEASIHON TOJLIEH U onpecHeHHOH Bogoi. OHO KOHTPACTHO
BBIJICIISICTCSI HA 001IeM (pOHE 3a CUeT OONBIION Pa3HOCTH AUAICKTPUICCKUX MTPOHUIIACMO-
CTel BbllLenexkalleld 1 Huxenexamen cpen [27]. [Ipu 5ToM y HUKHER TpaHULBI MOPCKOTO
JIbJIa TIPOCJICKUBACTCS 30HA 3, B KOTOPOW HAOIIOAAETCS IMOBHIIICHUE WHTCHCUBHOCTH
OTPaKCHHBIX BOJH. [[pUYWHON 3TOTO TOBBIMICHHS, BEPOSTHO, SIBISIOTCS HEOOJNBIIHE TI0
pa3Mepy TpeIrHbI, 0OHAPYKCHHBIC TIPU BHITIOJIHEHHH KEPHOBOTO OypeHus B myHkTe K1
(cM. puc. 3), MO KOTOPBIM BOJA MPOCAYUBACTCS B TOJINY JibAa. Ha Ham B3misim, BBUAY
3HAYUTENbHOM MOIHOCTH JIbJ]a, 3TO HE BIUSIET HA €r0 MPOYHOCTHBIE CBOWMCTBA JIJIsl IPU-
ema camosietoB tuna AH-2 u bT-67.

AHanu3 MOyYeHHBIX Te0PaJapHBIX JAHHBIX TOKA3aJl, YTO BOIU3H JIGAHUKA DIUCTO
Ha BPEMEHHBIX pa3pe3ax MPOCICIKUBACTCS 3HAYMMOE OCJIa0JICHNE CUrHala 4, BEI3BAHHOC
(hopMupoBaHHEM TPEIIMH OOJBINEro pasMepa. Pe3ynpratom oOpa3oBaHMs MOCICIHUX
SIBIISIETCSL HAPYILIEHUE LIETIOCTHOCTH rpaHulibl 2. ClieyeT OTMETUTh, YTO BBH]LY KOHTPACT-
HOCTH T'PaHHMIIBI 2 ¥ HE3HAYUTEIHHOTO OCIA0JICHHUS AIEKTPOMArHUTHBIX BOJH BO JIBAY MPO-
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PaccroaHue, kv

. 1
Puc. 4. BpemenHoii reopagapHblii pa3pes:

1 — mpsmast BOJIHA; 2 — TIpaHMIa MK/ JICSIHOM TOMIIEeH U BOIOH; 3 — OOBOIHEHHAs 30HA B TOJIIIE JbJA;
4 — HapylIeHHE LEeJOCTHOCTH IPAHUIIBI MEXK/LY JIBJIOM M BOJOI; 5 — KpaTHast BOJIHA

Fig. 4. GPR time-section:

1 — direct wave; 2 — the boundary between the ice and water; 3 —water saturation in the ice; 4 — destruction
of the integrity of the ice-water boundary; 5 — multiple wave

MCXOJMT MHOTOKpATHOE TIepeoTpaXKeHHE CUrHaiia, pukcupyeMoe Ha BpEMEHHOM pa3pese
B KauecTBe KpaTHO BoyHEI 5. [IpuBeCHHBIN BpeMEHHOMN pa3pe3 SBIAETCS XapaKTePHBIM
JUIS BCeW BBIMOJHEHHON CBHEMKH.

Jlst Toro 4ToOBI TIEpelTH OT BPEMEHHOro paspes3a K NIyOMHHOMY, TpeOyeTcs
HaJM4he CKOPOCTHBIX XapaKTEPUCTHK JIOLUPYEMBIX CPEl, UTO B cllydyae aHalIu3a reo-
panapHBIX JAHHBIX CBOJUTCS K OMPEACICHUIO AUINEKTPUUECKON MPOHUIIAEMOCTH.
Haunbonee npocTbIM U TOYHBIM CIIOCOOOM Iepexoa K MIyOuHaM sIBJISIETCSI COOTHeCe-
HUE BPEMEHHOI0 I'e0pajiapHoro paspesa ¢ JaHHbIMH OypeHus. [l 9TOro Ha Havyaib-
HOM 3Tare OblI BBIIIOJIHEH MapIiIpyT, HA KOTOPOM ITPOBEJCHO MeXaHn4eckoe OypeHue
B MyHKTe MyHKT Bl (cMm. puc. 3). 3Has U3MEpEeHHYIO TOJIINHY JIbJa U BPEMEHHYIO
3aJIepKKY OTPAXKCHHOI'O CUTHAja, MOXHO BBIYUCIUTH CKOPOCTh PaclpOCTpPaHEHUS
3JEKTPOMArHUTHBIX BOJIH B CJIO€ JIbJIa U, KaK CIEJCTBUE, UIIEKTPUUYCCKYIO MPOHU-
aemMocTh cpenpl. TonmuHa Jjbaa no AaHHbIM OypeHus B nmyHkre Bl cocraBuia 2,95
M. Ha BpeMeHHOM pa3pese B 3TOM ITyHKTE 3a1ep’KKa OTPaKEHHON BOJIHBI OT TPaHUIIbI
MEXIy JbJ0M U Bojo# coctaBuna 41,02 ue. Ucxonas u3 9Toro, moiydaemM, 4To CKO-
POCTh pacrpoCTPaHCHHS BOJIHBI BO JibJy cocTaBisieT 143,83 M/MKC, 4TO COOTBETCTBYET
JIUBTIEKTPUYECKON TTPOHUIIAaeMOCTH 4,35 eTUHUIIBI.

CornacHo [27], 3HaU€HUE TUAIIEKTPUUECKON TPOHUIIAEMOCTH IS JIbJIa B CPEHEM
MPUHUMAETCA paBHBIM 3,17, 4TO CYIIECTBEHHO OTJIMYAETCS OT MOJIyYEeHHOTO B XOJ€
CBhEMKH pe3yiabTarta. Ee moBblleHne, mo Bceil BUANMOCTH, CBA3aHO C HATMYUEM TPELIH-
HOBATOro 00BOHEHHOTO cJos 3 (cM. puc. 4). [TockoJIbKy CKOPOCTH pacnpoCTpaHeHUs
9JE€KTPOMArHUTHBIX BOJIH BO JIBJIy U B BOJAE OTJIMYAIOTCA MPUMEPHO Ha MOJMOPAIKa,
Jla)ke HEe3HAYUTENIbHOE MPHUCYTCTBUE TOCIEAHEH CIIOCOOHO CYIIECTBEHHO M3MEHUTH
3¢ (EeKTUBHYIO CKOPOCTh U CBSI3aHHYIO C HEH JMAICKTPHUUECKYIO IIPOHHUIIaeMOCTh [28].
BBuay TexHHUECKUX TpYAHOCTEH, 00YCIIOBICHHBIX OTCYTCTBHEM OoJiee IIIyOMHHOM
anmnaparypsl, oT0op kepHa B nyHkre K1 (cMm. puc. 3) ocymiecTBIsiICsS Ha NIyOHHY
2 M, B TO BpeMsi KakK 10 JaHHBIM KOHTPOJIBHOTO OypeHHsI MOIHOCTD JIbJIa COCTaBUIIA
nopsika 3 M. ITo 3TOl mpuvMHE HEe NMPeICTaBUIOCh BOBMOKHBIM TOAPOOHO M3YYHTh
HIDKHIOIO 9acTh JICASHOM TOJIIH, JAJIsI KOTOPOH, MPEANONIOKUTENbHO, U XapaKTepHa
pasBuTas ceTb TpeuuH. OJHAKO MPH BBHINOJHEHHH KEPHOBOTO OypeHHs HA IiyOuHE
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0,5 M cKBa)XKMHa HaYWHAJA 3alOTHATHCS BOMOH. B pesymprare momgpoOHOTO CTpaTh-
rpauIecKoro aHaju3a JIEASHOTO KepHa ObUIO BBISBIEHO, YTO HA IPOMEXKYTKE OT
0,5 M o 1,1 M umeercs npo3payHblil Jie], XapaKTepU3yoLuics TPEIUMHOBATON aHU-
30TPOMHON CTPYKTYpOii. B TpemmHax Taxke cKaluImBaiach BOJIa, 00pa30BaBIIasCs TOT
BO3E€HCTBUEM ITPOI[ECCOB MHTCHCUBHOTO PUIIOBEPXHOCTHOTO TASHUS, YTO ¥ IPUBEIIO
K 0OBOJHEHHUIO U 3TOH TPEIIMHOBATOHN 30HBI JIBJA.

Taxum 00pazom, morydeHHOe YPPEKTUBHOE 3HAYCHUE JAMAICKTPUICCKON MPOHU-
aeMOCTH, paBHOE 4,35, 1 OBIIO HCITOIH30BAHO B KAUECTBE CKOPOCTHOM MOJEIH CPEJIBL.

B xone 00paboTkn momy4deHHBIX JaHHBIX B mporpamme Surfer 15.5 (Golden Software
Inc., USA) mocTpoeHa cxema MOIIIHOCTH JISJSHOTO ITOKPOBA B TIpeesiaXx H3y4eHHOH Tep-
puropun. PopMupoBaHUE TPHJIA BHINOIHAIOCH IO MeToxy Kriging ¢ pagmycom ocpen-
HeHus 250 M U paccTossHUEM MEXAy y3iamu cetku rpuaa 30 m. Kak ciengyer u3 cxemsl,
MPUBEIEHHOMN Ha puc. 3, B UEHTPaJIbHOW YAaCTH MOJUIOHA MOUIHOCTb JIbJIa BAPbUPYET
B cpeaHeM B npenenax 2,9-3,1 M. B nenom npociexuBaercss TEHACHIUS K €ro yToJI-
LICHUIO B paifoHax, MPUOMIKEHHBIX K TOPOCaM JIEAHUKA DIUCTO. MOIIHOCTH JIbJa Ha
y4JacTKax, pacIoJIOKEHHbBIX B I0XKHOM OKOHEYHOCTH 3aJIMBa, HECKOJIBKO MEHBIIIE, CKOpEe
BCETO, BBU/IY MOBBIIICHHOH aKKyMYJISILIMH TEIUIA 33 CYET AHEBHOTO HAarpeBa CKajl. Y4acTKH,
MIPUMBIKAOIIIE HEMOCPEACTBEHHO K OEpEeroBOi JIMHNH, XapaKTePHU3yIOTCs JTOKaJIbHBIMA
MTOBBIIIEHUSIMA MOIIHOCTH JIbJIa, B YaCTHOCTH, BOJIM3M aBCTPAIMICKON MOIEBOM Oa3bl
OmxBopT [IpBHA. BO3MOXKHO, 3TO BBI3BAHO BO3JEHCTBHEM HA 3TH YYACTKH AKTHBHBIX
MPOLIECCOB, CBA3aHHBIX C MPWJIMBHON TPEILHUHOM.

[TpoBeneHHbIE MHKEHEPHBIE N3BICKAHMS TIOKA3bIBAIOT, YTO C MO3UIMI O€301IaCHOCTH,
HCXOMs U3 XapakTepa peibeda ydyacTka MOPCKOTO JIb/la, OTCYTCTBUS TPEIIMH, a TAaKXkKe
MOIIIHOCTH JIbJIa B CEPEANHE aHTAPKTHYECKOTO JIeTa, U3yUCHHAs TEPPUTOPHUS BIIOTHE
npurojHa g opranuzauuu Ha Hed BIIIL. XapakrepHble A TOJIIIM JibJa HapyLIECHUs
LEIOCTHOCTH M TPEIIUHBI O OOJbIIeH YacTH Pa3BUTHI BOJIHM3H JIEAHUKA DIUCTO, U B LICH-
TPaJIbHON YaCTH TOJUTOHA OHU OTCYTCTBYIOT.

[Tpn ocymiecTBiIeHNH TEOPU3NUECKUX U IIALIHUOJIOTHUECKUX N3bICKAHUN JJOMOJIHU-
TENBHO ObLIA TPOBECHA BU3YyalIbHASI OLICHKA COCTOSHHUS JISJSTHOTO TTOKPBITHS 3aJIMBA, TaK
KaK OTCYTCTBHE HEPOBHOCTEH TAK)KE CUMTACTCS BAXKHBIM KPUTEPHEM IIPH OpTraHMU3ALNN
MI0CaIOYHBIX IUIONIAI0K Ha JIEASHBIX IIOBEPXHOCTAX. B pesynbTrare ObIIO BBISBICHO 0O0ITb-
10€ KOJIMYECTBO KaBEPH, 00pa30BaHNE KOTOPBIX CBSI3aHO C ITPOLIECCAMU HEPABHOMEPHOTO

a T » .
15—_‘)7 = = "ot i = 7#_[ - = =
Puc. 5. Ouenka cocTossHUS MOKPBITHS 3a1MBa TpaHCKPUILIUSL.

@ — TIbUIEBBIE YACTHLIbI HA IOBEPXHOCTH 3aJIMBa; O — KaBEPHBI Ha oBepXHOCTH 3ai11Ba. Poto A.A. CyxaHOBOIL.

Fig. 5. Assessment of the surface condition of the Transcription Gulf.

a — dust particles on the gulf surface; 6 — cavities on the gulf surface. Photo by A.A. Sukhanova
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Puc. 6. Ouenka 6e30macHOCTH y4yacTKa 3aiBa TpaHCKPHUITIHS:

1 — HampaBleHHE TIPEBATMPYIONINX BETPOB; 2 — 30Ha JuIsl ocaaku AH-2; 3 — 30Ha s nocanku bT-67; 4 —
30Ha, HE NIPUTOJHAS UL IOCAIKH CaMOJIeTOB 0e3 IpeBapHTEIbHON IIOATOTOBKH; 5 — JISHUK; 6 — CKaJbHbIE
MaCCHUBBI;, 7 — HU30JIMHUH pelbeda, ceuenue nonuanii — 20 M. Ha Bpe3ke npuBe/ieHa po3a BETpOB, IIOCTPOCHHAsI
10 METEO/IaHHBIM JIETHETo MoJieBoro ce3ona 2017/18 1.

Fig. 6. Safety assessment of the area of the Transcription Gulf.

1 — the direction of prevailing winds; 2 — area for landing of An-2; 3 — area for landing of BT-67; 4 —area
not suitable for landing of aircraft without preliminary preparation; 5 — glacier; 6 — rocks; 7 — contours of
absolute heights; contour interval is 20 m. The insert shows the wind-rose based on the meteorological data

collected in 2017/18.

MIPOTAaUBAHUS MBIJIEBBIX YACTHIl HA MOBEPXHOCTHU JIeNsTHOHM Tommm (puc. 5, a). Pazmepsr
KaBepH B JWaMeETpe HepeaKo mocturarT 6—7 M npu rmyomae 20-30 cMm (puc. 5, 6), 9to
HEJIOITyCTHMO IS TIOCAJIKM Ha TAKOM y4YacTKe CaMOJIETOB Ha JIBDKHOM IaccH 0e3 mpe-
BapUTEIbHON MOATOTOBKH Tutomaaku. Ha puc. 6 crpenkamu 1 0603Ha4eHO HarpaBiIeHHe
BO3AYIIHBIX OTOKOB MEXAY ABYMs COMKAaMH, MOJ JE€HCTBHEM KOTOPBIX M IMPOUCXOAUT
BBIHOC MBIJIEBBIX YACTHI[ C TIOBEPXHOCTH 0A3HUCa.

OpnHako BaXHO OTMETHTh, YTO Pa3BUTHE TAKUX KABEPH IMPHYPOYEHO HE KO BCEH
nccienoBaHHoi Tepputopun. [lo pesynasraraM BH3yalbHOTO 0OCIEIOBAHUS TOJIUTOHA
ObUTH BBIICTIEHBI TPU 30HBI, [UI KOTOPBIX XapaKTepHA pa3jIndHasl CTEIIeHb KOHIEHTpa-
nun KaBepH (puc. 6). 3ona Ne 1 XapakrepusyeTcst pOBHBIM pesibe()OM ¢ MUHIMAIbHBIMA
HEPOBHOCTAMU. FIMEHHO 3TOT y4acTOK MCHOIB3YETCS aBCTPANHICKON dKCHETUIMEN s
nprema camorera Twin Otter. Takum 0O6pa3om, 3Ty 30Hy MOXKHO CUMTATh IPUTOIAHOMN JUTS
TpreMa TUIAHUPYEMBIX CaMOJICTOB 0€3 KaKoW-1r00 mpeaBapuTeabHoil monroroBku BITII.
Just 30u61 Ne 2 xapakTepHO Hanninue HeOOJBIIOro KOIMYECTBa 3aCTPYTOB U KaBEpH Ma-
JIBIX Pa3MEpPOB, UTO HECYHIECTBEHHO JUI MOCAJKH CPETHEMArHCTPAIBHBIX CAMOJIETOB Ha
JIBDKHOM mI1accu. 3oHa Ne 3 omperneneHa Kak paiioH pa3sBUTHsS MHOTOYHMCIEHHBIX KaBepH
6OITBIIIOTO pa3zMepa, YTO JIeNIaeT HEBO3MOKHBIM OCYIIECTBICHHE TPAHCTIOPTHBIX OMEpaIii
6e3 TpeBapUTENILHOM MTOATOTOBKH ATOTO ydacTKa.
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3AK/IIOYEHUE

BeinosiHeHHbBIE B X0/€ CE30HHBIX paboT 64-ii PAD mHKeHepHBIe W3bICKaHMS ObLIN
HalpasJIeHbl Ha MOUCK NMOAXo el mnomanku juia opranusanuu BIII qis npuema camo-
netoB tuna AH-2 u BT-67 B paiione mosneoii 6a3br Oasuc banrepa. [1o pesynsraram pabot
B LIEHTPAJIBLHON 4acTu 3amuBa TpaHCKPUMIMS BBIACHEHO, YTO MOIIHOCTb JIbJa BIIOJIHE
COOTBETCTBYET KPUTEPHUSIM, HEOOXOAUMBIM JUIsSl OPTaHU3aLUK B3JIETHO-IIOCA0YHOM I10-
nocel. OnpesieneHsl rpaHuIbl 00J1acTH, Ha KOTOPOH BO3MOXKHA OpraHu3alys a’dpoapoma
0e3 MpeBapUTENILHOM MTOrOTOBKH TOBEPXHOCTH.

Hacrosime ncciieioBaHust SIBISIOTCS €Ie OJTHUM XOPOILHM MPHUMeEPOM 3P (EeKTHBHOTO
MIPUMEHEHHs METOJIa Te0PaIMOJIOKAIIMK ISl PELICHHUS 3a1ad oOecriedeHust 6e3011acHOCTH
JIOTUCTHYECKHUX OIEepaIyii, OCYILECTBIISIEMbIX B MOAPHBIX PErHOHAX Hallel rmiaHeTsl. Kpome
TOT'O, OHH €Il Pa3 JIOKa3bIBAIOT CBOIO BBICOKYIO PE3yJIBTaTUBHOCTH HE TOJBKO ITPU padoTax
HA JIE/IHUKAX, HO U NPU NIPOBEJCHUH U3bICKAHUM HA aKBaTOPUSAX, HOKPBITHIX JIBJOM.

BaaronapHocTu. ABTOPHI BBEIpaXArOT OlarogapHoCTh SKunaxy 3A0 «ABmamudt
BiraguBocTOK» 32 00€CIIeueHUE JIOTHCTUYECKHUX ONepaliii B paMKax [IPOBOAUMBIX padoT
u UnctutyTty Hayk o 3emie CII6IY 3a mpemocTaBieHHYIO reo0(U3NIECKYIO amlaparypy.
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Summary

The paper discusses the methodology and results of electronic ice charts processing. The charts
taken from AARI archive. The Barents, Kara, Laptev, East Siberian and Chukchi seas Ice maps
reflect ice conditions for the period from 1997 to 2018 for the April-May inter-annual interval. The
total stage lengths of «Sabetta — the Kara Gate -Murmansk» and «Sabetta — the Vilkitski Strait — the
Bering Strait» standard routes were calculated at certain conditions of ice navigation. The route
“Sabetta — the Bering Strait” was divided into sections within the Kara sea, Laptev Sea, East Siberian
and Chukchi Seas for analysis. The purpose of the study is to obtain the values of the length of the
routes in different categories of ice and to analyze changes trend of navigation in ice conditions for
the period 1997-2018. The series were checked for the presence of trends using the integral curves
method. The homogeneity of the series was checked using Wilcoxon - Mann-Whitney and Siegel -
Tukey rank non-parametric criteria. Most of the series proved to be non-homogeneous. The following
Citation: TretyakovV.Yu., Frolov S.V, Sarafanov M.1. The variability of ice conditions along the Northern sea route
for the period 1997-2018. Problemy Arktiki i Antarktiki. Arctic and Antarctic Research. 2019, 65, 3: 328-340. [In
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conclusions were made: there was some improvement of ice navigation conditions along the route
Sabetta — the Kara Gate — Murmansk due to the decrease of the route length in hard ice conditions.
The ice navigation conditions along the Sabetta — the Bering Strait route changed little, if at all, the
navigation conditions along the route within the Kara Sea and the Laptev Sea have changed for the
worse, and within the East Siberian Sea ice conditions scarcely changed. Some slight improvement
of the navigation conditions was noted within the Chukchi Sea. In general, the decrease of the route
Sabetta — the Bering Strait length in compact drift ice with total concentration equal to 9 tenths or
more and in the presence of old ice is partially compensated by increase of the route length in compact
ice in the presence of thick first-year ice. The decrease and the increase are relatively equal.

THocmynuna 20 uionsa 2019 2. Ipunama x neuamu 24 uiona 2019 2.

Knrouesvie cnosa: nenoBble yCI0BUS MIIABaHMs, MOPCKOIL Jie].

B pabore npuBoIsATCS METOIMKA U PE3yAbTaThl 00PaOOTKH JISAOBBIX KapT U3 apXuBa ApPKTHU-
YECKOTO M QHTapKTHYECKOr0 HAyYHO-HCCIIEJOBATEIBLCKOTO MHCTUTYTA 110 bapennesy, Kapckomy,
JlanteBbix, Boctouno-Cubupckomy n UykoTckoMmy mMopsiM 3a niepuox ¢ 1997 mo 2018 ., otHOCA-
IIMXCS K BHYTPUTOJ0OBOMY HHTEPBAIY «arpeib —Maiy. [{esb ucciaeioBanus — MoIyYnTh 3HAUYCHUS
HPOTSHKEHHOCTEH MapIIPyTOB IUIABAHUIL B ONPEIEICHHbBIX KATETOPUSIX JIbJIOB U IPOM3BECTH aHAIIN3
HAIpaBJICHHOCTHU NPOU30UICAIIHNX 3a epuoa 1997-2018 rr. u3MeHeHuUH JIeJOBBIX YCIOBUH IIaBaHUS.
[Tomydens! npoTsbkeHHOCTH MapiipyToB Caberta — Mypmanck u Caberta — bepuHros mposus ¢ pas-
JIMYHBIMU JICOBBIMH YCIOBUSIMH, OTHOCSILIMECS K ACCATHAHEBHBIM (JIeKaIHbIM) HHTEpBaiaMm. [1po-
BEpKa PSAI0B MPOTSHKEHHOCTEH HA HAJIMYNE TPEHIOB BBINOJIHEHA METOIOM MHTEIPAIBHBIX KPUBBIX;
OCYILECTBIICHA TPOBEPKA OJIHOPOAHOCTH PSJIOB C IOMOIIBIO KPUTEPHEB YMIIKOKCOHA — MaHHa —YUTHH
u 3urenst — Treioku. [lomyuens! cnenyromue BIBOAbI: Ha Mapipyte Caderra — Kapckue Bopora —
MypMmaHcK 3a 1BaALaTh MOCIESAHUX JET MPOU30ILIO YIyUIlIeHHE JISJOBbIX YCI0BUi uaBanus. Ha
mapipyte Caberra — BepHHIOB PONUB YCIIOBHS TUIaBAaHUS U3MEHHINCH HE3HAYUTENIBHO.

BBEJEHUE

Mopckue TpaHCTIOpPTHEIE orepanuy 10 CeBepHOMY MOPCKOMY ITyTH, SBIISISICH IITHPOKO
BOCTPEOOBaHHBIMH, B TOM YHCJIC U JUISl TPAHCIIOPTHPOBKHU JOOBITOTO CHIPHS, OCIOKHEHBI
MIPAKTHYECKH KPYIIIOTOANYHBIM HAJIMYHEM JICISTHOTO MOKpOBa. P aBTOPOB yKasbIBaeT
Ha BBICOKHE TEMIIbI TOTEIUICHNST APKTHKH M, KaK CJIE/ICTBHE, YMEHBIICHNE JIEIOBUTOCTH
Ceseproro Jlemouroro okeana (CJIO) [1]. B To ke BpeMs COTIacHO IPyTUM HCTOYHHKAM
COBpPEMEHHAs TEH/ICHINS TTOTEIUICHNSI MOJKET CMEHHUTHCS rmoxosoanueM [2]. B mroGom
Cllydae MMEHHO M3MEHEHHE JIEZIOBOM 0OCTAHOBKM OyIeT Mrparh KIIOUEBYIO POJIb IPU
CTPaTETHYECKOM IUIAHMPOBAHNM MOPCKHMX TPAHCIOPTHHIX cucteM [3]. Mcxoast n3 BbI-
IIETIePEYNCICHHBIX MMOTPeOHOCTEH B MH(OPMAIIMHE O COCTOSHUHM JICASHOTO IIOKPOBa IO
CTaHAAPTHBIM MapuIpyTaM IIaBaHWUH, B TaHHOW paboTe ncciaeaoBaHa JUHAMUKA JETOBBIX
ycnmoBwmii o Tpaccam Caberra — Mypmanck u Caberra — Bepunros nponus (puc. 1) 3a
Oornee yeM J1BaIATHIICTHUH MTEPUOI.

Llens nccmeoBaHUs — MOMYYUTh 3HAYECHHS MPOTSHKEHHOCTEH MapLIpyTOB IUIAaBaHUN
B OIPE/IEIICHHBIX KaTErOpHsIX JIbJIOB M IPON3BECTH aHAJIN3 HAIIPABJICHHOCTH ITPOM3O0IIEAIINX 32
nieprion 1997-2018 1T. u3MeHEeHNI JIeIOBBIX YCIOBUH IhTaBaHMs. [I1st 3TOT0 ObLTa Mpon3BeIcHa
00paboTKa MEKTPOHHBIX KapT U3 apXrBa APKTHIECKOTO ¥ aHTApKTHIECKOTO HAyYHO-FICCIIe/I0-
Barenbckoro naerutyta (AAHWN), rie comeprkuTest HHOpMALS O pacipeiesIeHn MOPCKIX
JI6/IOB, X CIUIOYEHHOCTH ¥ BO3PACTHOM cocTase [4]. BriepBbie 11 JaHHBIX MapIIpyTOB ObLIN
TIOJTy9Y€HBI 3HAYEHNS POTSDKEHHOCTEH B PA3NIMYHBIX KATETOPHSX JIbA0B C HCIIOIB30BAHHEM
COBPEMEHHBIX TPOJYKTOB MCCIIEI0BAHMH B 00JIACTH HAyK O 3eMile — 3JIEKTPOHHBIX KapT,
COCTaBJICHHBIX Ha OCHOBE JIAHHBIX CITyTHUKOBOTO 30H/IHPOBAHUSL.
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Puc. 1. Kapra rccne1oBaHHBIX CTaHIAPTHBIX MapLIPYyTOB TUIABAHUS.

1 — CabGerra — Mypmanck; 2 — Caberta — BeprHros nponus
Fig. 1. Map of the standard routes.
1 — Sabetta — Murmansk; 2 — Sabetta — The Bering Strait

MATEPHAJIBI U METO/IbI UCCJIEJOBAHUS

Brones mapmpyTtoB Caberra — Mypmanck u CaberTta — BepiHIOB ITposuB Mpou3Bee-
Ha 00pabOTKa 3JICKTPOHHBIX BEKTOPHBIX KapT JiegoBoi ooctanoBkH B cpeae [ IC ArcGIS
IpU [TOMOLIM HaNKMCaHHbIX Ha s3bike Python nporpamm. /s mapupyra Caberra — be-
PHUHIOB IIPOJIUB BBHIMOJIHEH KaK aHAJIH3 MapIIpyTa B I[EJIOM, TaK U ero CEKIMH B mpeaeIax
OTACIABbHBIX Mopeﬁ. ﬂaHHLIe AHAJIU3UPOBAJIUCH MMOACKAAHO HJIsI MECALECB C HaI/I6OJ'[I>HII/IM
pa3BUTHEM JICASHOTO MTOKPOBA — ampelis U Masl.

B cpene I'MC BoimonHsuiack oBeprieiiHas oneparst epeceueHus IOJINTOHAIbHBIX 00b-
€KTOB CJI0sI JICAOBOM MH(OPMALIMK CJIOEM MapIIpyTa [UIABaHUN W FEHEepaIreii HOBOTO CIIOs
JIMHEHHBIX OOBEKTOB, HACJICAYIOIIUX JICIOBBIC XapPAKTCPHUCTUKH MIEPECCUYCHHBIX 0OBEKTOB
BEKTOPHOI JIEZIOBO# KapThl. 3aTeM IPOU3BOAMIIMCH aTpUOyTHBHBIE 3AIIPOCHI K 00bEKTaM dTOT0
CIIOS C YCIIOBHSIMH X COOTBETCTBHS ONPEACIICHHBIM MTapaMeTpam JIEASHOTO TIOKPOBa C TeHe-
paiyei HOBBIX CJIOEB, Ky/ia SKCIIOPTHPOBAIUCH BEIOPAHHBIE OOBEKTHI, U PACUETHI TPOTSHKEH-
HOocTel 00bekToB. CriepBa BBIACISUIMCH OOBEKTHI C OOIIEH CIUIOUCHHOCTHIO APEH(YIOMINX
JBI0B 9 1 Gornee OANIOB, €CITU TOJIBKO UX JISASTHON MOKPOB HE COCTOSUT UCKITFOUMTENBHO U3
HauaJIbHBIX BUJIOB JIbJIA, U SKCTIOPTUPOBAIIMCH BO BHOBB CO3/IaBAEMBbIE CJIOHN AIEKTPOHHBIX KapT.
3areM K 3THM CJIOSIM IPUMEHSUIMCh HOBBIE aTprOy THBHBIE 3aIIPOCHI C TeHepalei CJI0eB KapThl,
COZIEpKALIMX YYACTKU MapuIpyTa C HAJIMUUEM JIbJ0B ONPEIEICHHBIX BO3PACTHBIX KATETOPHUM.
PaccunrteiBaguch Kak TMPOTSHKCHHOCTH OTACIIBHBIX OGI)GKI‘OB, TaK 1 CYMMapHBIC IPOTSHKCH-
HOCTH BCEX YYACTKOB MapuipyTa, YAOBJICTBOPAIOIIUX OMNPEACIICHHBIM YCIOBUAM, HAIIPUMED:
BCE€X YYACTKOB MapuipyTa B CIIJIOUCHHBIX JIbJaX C MPHUCYTCTBUEM TOJICTBIX OJHOJICTHUX JIAOB.

JIis Kak0M U3 JeKa anpessi—Mast ObUTH TIOTyUeHBI PSIIbI TPOTSHKEHHOCTEH MapIipy-
TOB IJIaBaHWA B IIpUIa€, B CINIOYCHHBIX JIbAAaX, TO €CTh BO JIbAaX C 061_116171 CINIOYCHHOCTBIO
9 u Oosiee OaIOB, B CIUIOYEHHBIX JIbJAX MPH HAJIUYUH JIbJIOB PA3IMYHBIX BO3PACTHBIX
kareropuil. Taxke 1osryueHsl 3Ha4€HUsI NPOTSYKEHHOCTEH MapLIPYTOB IIABAHUH B CILIO-
YEHHBIX JIbJIaX C YACTHOM KOHIIEHTpALUeW TOJICTHIX JIBIOB 5 U OoJiee OAIJIOB U MPOTSIKEH-
HOCTEH MapmpyToB B CIUIOYCHHBIX JibAax C YJacTHOM KOHHeHTpaHHeﬁ CYMMbI CpE€AHUX
U TOJICTBIX OJHOJICTHHX JIbIOB 5 1 Oosiee OamutoB. [t mapmipyra Cadberra — MypmaHck
IIPOTSKEHHOCTD B IIPUIIA€ HE pacCMaTpUBAJIACh, TAK KaK JAHHBIA MapLIpyT HPOXOJUT
BJIQJIA OT MPUOPEIKHBIX YYACTKOB U TIPHIIAs.

BbIn0IHEHBI pacyeThl IPUBEACHHBIX CyMMAPHBIX IPOTSHKEHHOCTEN Y4acTKOB Maplil-
pyTa BO JIbJjax pa3HbIX BO3pacTHBIX Kareropuil. [IpuBeneHHas NpOTSKEHHOCTh MapLIpyTa
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BO JIb/IaX OINPEEIICHHON BO3PAcTHOIN KaTerOpuu — 3TO YCIOBHASI MIPOTSXKEHHOCTD ITyTH
TOJIBKO B 9THX JIBJAX.

[TpuBeneHHast IPOTSKEHHOCTH IYTH BO JIbJaX ONPEIEeTICHHON BO3PACTHOM KaTeropun
Ha OJIHOPOJIHOM y4acTKe MapLIpyTa PacCUMTBHIBACTCS! KAaK IPOM3BEICHUE €TO MPOTSKEH-
HOCTH Ha JIOJIIO TUIONIA/IN aKBATOPUH, 3aHUMAEMYIO 37I€Ch STHMHU JIbAAMH.

PaccunTanbl MpruBeIeHHBIE TPOTSKEHHOCTH CTapbIX U TOJICTHIX OJHOJIETHHX JbJIOB
no Mapmpyty Caberra — nponus Bunbkunkoro — bepunros nposus.

[TomyueHHbIE psAABI MEKTOAOBOM N3MEHIMBOCTH JICKaJHBIX 3HAYCHUHN TPOTSKEHHO-
cTell ObUIM ITPOAHAIM3UPOBAHBI HA HAJIMYME MEXTO0BOTO TPEHAA METOIOM MHTEIPailb-
HBIX KPUBBIX. DTOT METOJ[ YK€ JaBHO MPUMEHSETCS NP NUCCIEIOBAHUSIX MEKI0JOBON
JMHAMHKH TOJIOBBIX PACXOJIOB PeK [5] M cTayl MPUMEHSATHCS JUIsl aHAIN3a N3MEHUYHBOCTH
JIETOBBIX XapaKTepUCTHK [0, 7].

Ecnn Ha nHTErpanbHOI KPUBOH MTPUCYTCTBYIOT U3JIOMBI W/MIIH U3THOBI, 3TO SBISETCS
MIPU3HAKOM MEXTOI0BOTO TPEHJa MCXOAHBIX 3Ha4eHUI. B 3ToM citydae mist mpoBepKH
HYJICBOI TMIOTE3BI 00 OJHOPOAHOCTH PsiJia UCXOJHBIX 3HAUCHUI OH IMOJpa3/elsieTcs Ha
YacTH 110 MECTaM THX M3JIOMOB WM M3rH00B. Eciii H3710MOB HECKOJIBKO, TO YUCIIO Jie-
MEHTOB B OTAENBHBIX YaCTAX PsiJa MOKET ObITh MEHbBIIIE HEOOXOANMOTO AJISl IPUMEHCHHUS
KPHUTEPHUEB OJHOPOIHOCTH. B 3TOM citydae paszfeneHre HCX0HOTO YHCIOBOTO Psijia Ha JiBE
YacTH MPOU3BOANUTCS 110 MECTY CaMOTO BBIPR)KCHHOTO M3JI0OMa MJIM M3THOA.

3areM BBITIOJHSETCS TPOBEPKA HYJIEBOM TMIOTE3BI O MIPUHAUISKHOCTH ABYX dacTel
psiza K OIHOM TeHEepaJbHOW COBOKYIHOCTH, T.€. IIPOBEPSIETCS TUIOTE3a 00 OTCYTCTBUH
CYIIECTBEHHBIX Pa3NIHMUUil MEXIY dTUMH dacTamu [8, 9, 10].

Ota mpoBepka BHITONHITACH B cpene cucteMbl MathCAD ¢ moMomsio paHTOBBIX
HeTapaMeTPHUECKIX KPUTEPHEB OTHOPOAHOCTH YWIKOKCOHa—MaHHa— WUTHHU U 3Ureins—
Trroku. {71 5TOT0 OBLTH CHIENHATBFHO pa3paboTaHbl KOMITBIOTEPHBIE TIPOTpaMMEI (pabodre
obmactn) MathCAD.

Ecnu HyneBas rumore3a 00 OZHOPOAHOCTH YHCIIOBOTO psijia HE ONPOBEPrasiach, TO
PaccUnTHIBaIACh BEPOSITHOCT €€ BEPHOCTHU B MPOIIEHTAX. Psisi cuuTancss HEOAHOPOIHBIM,
€CJIM TUIoTe3a 00 OIHOPOIHOCTH Psifia ONPOBEPrayiach XOTs Obl OJHUM M3 KPUTEPHEB
WM €CJTU XOTsI OBI 110 OTHOMY M3 KPUTEPHEB BEPOSITHOCTh BEPHOCTH HYJIEBOW TMIIOTE3BI
okaspiBazack Menee 50 %.

PE3VYJIBTATBI

B pesynbrare ananmsza psi1oB IpoTsHKeHHOCTEeH MapuipyToB Caderta — MypMmaHCK
n Caberra — bepuHroB mponuB ObUla yCTaHOBJICHA HEOJHOPOAHOCTH JUIsi OOJBIIMHCTBA
Ps10B. DTO TOBOPHT O CTAaTUCTUYECKU 3HAYMMBIX M3MEHEHUSX CyMMAapHBIX TPOTSIKEHHO-
CTel y4acTKOB MapIIpyTOB, OTBEYAIOLIUX ONPE/EICHHBIM NTapaMeTpaM JIEASHOrO MOKPOBa.
ITo mapmpyty Caberra — MypMaHCK (Tabi. 1) BBISIBICHO YMEHBIIICHUE MPOTSIKCHHOCTEH
MapIuIpyTOB B CIZIOUYCHHBIX JIbIaX, B CIZIOUYCHHBIX JIbJaX MPH HAJIMYUN OTHOJICTHHX JIbJIOB
Cpe/lHe TOJIIMHBL, B CIFIOYSHHBIX JIbAAX MPH HAJIMYUH TOJCTBIX JIBAOB, B CINIOYEHHBIX
JIbJIaX C YaCTHOM KOHIEHTPAIMEH TOJICTHIX JIBAOB 5 U Oosiee 0aIIOB, B CINIOYEHHBIX JIbAAX
C YaCTHOW KOHIICHTpAIMEH TOJICTHIX U CPETHHX JIbIOB Oojiee 5 OaoB.

[To mapmpyty Caberra — bepuHros nponus (Tadi. 2) 061710 0OHAPYKEHO YMEHbIIIe-
HHE TPOTSHKEHHOCTH MaplipyTa B IpHIIae, a TAKKE B CIUIOYEHHBIX JIbJIaX NMPH HAJTHIUU
CTapBbIX JbJIOB.

Heo0xoanmMo 0TMETUTH yBEIMUSHHE BO BTOPYIO 1MOJOBUHY neprona 1997-2018 rr.
CYMMapHBIX MIPOTSHDKEHHOCTEH yuacTkoB Mapuipyta Caderra — bepuHros nponus B cruio-
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Tabnuya 1

Pe3yabTaThl NpoBepKH HA HEOAHOPOTHOCTh W CPaBHEHNs 3HAYEHUIT
nepsoii (1997-2007 rr. ) u Bropoii (2008-2018 rr.) M010BHH psiA0B NPOTAKEHHOCTEI
no mapupyty Caderra — MypMaHck

Yucno psaoB Hanpasnennocthb
[IpoTsxeHHOCTH % HISMCHCHIH
MapuIpyTa IIaBaHHs OJHOPOJHBIX | HEOZHOPOJHBIX HEOMHOPOMHBIX | TIPH CDABHEHIN
psIoB TIepBOii 1 BTOpOI
TIOJIOBUH PSAZIOB
B crmoueHHBIX JIbgax 0 6 100 ‘VYMeHbIIeHHE
B crimoyeHHBIX IpJaX ¢ HAIMYHEM JbJ0B CIEAYIOMUX IPajannii Bo3pacTa:
OZHOJETHHX 1 5 83 ‘YMeHblIeHNEe
CpeaHeH TOJIUHbL
TOJICTBIX OJJHOJIETHUX 1 5 83 YMeHblIeHHEe
CTaphbIX JbJIOB He Obu11 0OHapyKeHBI Ha MapIIpyTe
B crimodeHHBIX JIbAAX ¢ 9aCTHOW KOHIIEHTparmei 5 6aioB u 6ornee:
TOJICTBIX JIBJIOB 0 6 100 VYMenblenne
CYMMBI TOJICTBIX 1 5 83 YMmeHblICHTE
U CPEIHHX TOJIIHH JIBI0B
Tabnuya 2

Pe3yibTaThl NPOBEPKH HA HEOAHOPOJHOCTDL H CPABHEHHs 3HAYEHHIl
nepsoii (1997-2007 rr.) u Bropoii (2008-2018 rr.) moJIOBHH Ps/10B NPOTSIZKEHHOCTEl
no mapuipyty Caderra — bepunros npoius

Yucno psiios Hanpasnennocthb
[IpoTsxeHHOCTD % VISMCHCHIH
- OTHOPOTHEIX | HEOTHOPOTHEIX HCOJHOPOHBIX | IPH CPABHEHUH
psinoB TIEPBOii U BTOpPOI
MIOJIOBUH PSIIOB
B IIpHUTIae 0 6 100 ‘YMeHbIIeHNE
B CIUIOYEHHBIX JIbJAX 0 6 100 VBenuuenue
B cruto4eHHBIX JIbJAX ¢ HATMYUEM JIbIOB CICAYIOIIUX Ipajlaliuii Bo3pacTa:
OXHONICTHHX 0 6 100 VYBenuuenne
CpeaHeH TOJIIMHEI
TOJICTBIX OJHOJIETHUX 2 4 67 YBenuueHue
CTapbIX 3 3 50 ‘YMeHbIlIeHNE

B crutoueHHBIX JIbJIax ¢ YaCTHOM KOHIICHTpaIuei 5 6aioB u 6oinee:
TOJICTBIX OJTHOJICTHHX 0 6 100 | VYBenuyenue

YEHHBIX JIbJIaX; B CIUIOYEHHBIX JIbJaX C HAIMYUEM OHOJIETHUX JIbJOB CPEIHEH TOJIIHHBI,
TOJICTBIX OJIHOJIETHHUX JIbJIOB; B CIUIOYEHHBIX JIbJaX C YaCTHOW KOHIEHTpauuei 5 u Oonee
0aJIIOB TOJICTBIX OIHOJICTHHX JIBIOB U CyMMBI TOJICTBIX M CPEAHHX JIBJIOB.

Ha puc. 2 u 3 mpuBeaeHB! CpaBHEHUS XapaKTepHCTHK mepBoit (1997-2007 rr.)
u Bropoit (2008—2018 TT.) MONOBHH PSIAOB CYMMAapHBIX MPOTSHKEHHOCTEH yJacTKOB
MapmpyToB Caberra — Mypmanck U Caberra — BepuHTOB TIpOTHB B MEPBYIO AEKaTy
Masi, B CIJIOYEHHBIX JIbAAX NPU HAJIMYUU TOHKHUX JIBJOB, B CIUIOYCHHBIX JbJIAX IIPH
HAJIMYUK OIHOJIETHUX JIBJIOB CPEIHEH TOJNIIUHBI M B CIIOYCHHBIX JIbJAX NPH HAIUYUH
TOJICTBIX JIbJIOB.
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Puc. 2. VI3MeHeHns: CyMMapHBIX IPOTSDKEHHOCTEH y4acTkoB Mapuipyta CabeTra — MypMaHCK IpH

OTIPEIETICHHBIX YCJIOBHAX JICIOBOTO IUIaBaHMS B MIEPBYIO JeKaay Mas. MenuaHa moka3aHa )KUPHOH
JIMHUEH:

@) — B CIUIOYCHHBIX JIbJaX DU HAIMYHUA TOHKHX JIbJ0B; 6) — B CIUIOYCHHBIX JIbAAX MPH HATHYHH OXHONCTHUX
JIbJIOB CPEAHEH TONIMHBI; 6) — B CIUIOYCHHBIX JIbAAX NPH HATHYMH TOJCTBIX JIbJIOB

Fig. 2. Changes of the Sabetta — Murmansk route lengths at certain conditions of ice navigation for
the first decade of May. The median is shown by bold solid line:

a) — within compact drift ice with presence of thin first-year ice; 6) — within compact drift ice with presence of
medium first-year ice; 6) — within compact drift ice with presence of thick first-year ice
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Puc. 3. Vi3MeHeHus cyMMapHBIX MPOTSHXKEHHOCTEH y4yacTKoB Mapuipyta Caberta — bepuHros mpo-
JIYB IIPU ONPEJICNICHHBIX YCJIOBUAX JICIOBOIO IUIaBaHUS B IIEPBYIO AeKany Mas. MenuaHa rokazaHa
JKUPHOH JIMHUECH:

a) — B [IpUIae; 6) — B CIUIOYEHHBIX JIbJIaX MPU HAJIUYIUU TOJICTBIX JIBJAOB; 6‘) — B CINIOYCHHBIX JIbJIaX IIPHU Ha-
JINYUH CTapbIX JIB/I0OB

Fig. 3. Changes of the Sabetta — Bering Strait route lengths at certain conditions of ice navigation for
the first decade of May. The median is shown by bold solid line:

a) — within fast ice; 6) — within compact drift ice with presence of thick first-year ice; 6) — within compact
drift ice with presence of old ice

Puc. 2 n 3 1eMOHCTPUPYIOT CyIECTBEHHOE U3MEHEHHE JIEJIOBBIX YCIOBHN IJIaBAHUS
OT MEPBOro MepuoAa KO BTOpoMy. Tak, cpefHss CyMMapHas MPOTSKEHHOCTh YYacTKOB
mapmpyta Caberra — MypMaHCK B CIUIOYEHHBIX JIbJJaxX B MEPBYIO JEKaIy Masi B IEPHOL
1997-2007 rr. cocrasisina 513 Mopckux Muib, a B nepuog 2008-2018 rr. — 451 mopckyro
mumio. CpenHsis cyMMapHasi IPOTSHKEHHOCTh y4acTKoB Mapipyta Caberra — bepuHros
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IIPOJIUBY» B CIJIOYEHHBIX JIbJIaX B IEPBYIO JIEKady Masl yBeIUYmiIachk ¢ 1796 MOpCKUX MUilb
B niepuof 1997-2007 rr. no 2035 mopckux Muib B nepuosa 2008-2018 rr. Ha yuactke
sToro mMapuipyra B KapckoMm Mope cpemHsisi CyMMapHas MPOTSHKEHHOCTh Y4acTKOB ITyTH
B CIUIOYEHHBIX JIbJIaX YBEIUUUIach ¢ 275 mopckux Muiib B nepuon 1997-2007 rr. no 512
Mopckux Muiib B iepuo 2008—2018 rr., B Mope JlanteBbix — ¢ 402 1o 406, B BoctouHo-
Cubupckom mope — ¢ 744 mo 746, a B UykoTCKOM MOpe — yMeHbImiIach ¢ 376 mo 371
MOpcKoi MuiH. Takum 00pa3oM, HanOoJbIIee YBEINIEHHE CYMMAPHON MPOTSHKEHHOCTH
Y4YacTKOB MapIIpyTa B CIUIOYEHHBIX JIbJaX MPOHM30MIII0 B Kapckom Mope, B OCTalbHBIX
MOPSIX TIOI00HOE YBEJIIMUYEHHE HE3HAYNTEIBHO.

OBCYXJIEHUE

YMeHbIIeHHE CPEHUX 3HAYEHUH CYMMapHBIX MPOTSHKEHHOCTEH y4acTKOB MapIipyTa
Cabetra — MypMaHCK B CIUIOYEHHBIX JIBAAX C PUCYTCTBUEM TOHKHX OJTHOJICTHHUX JIBJIOB,
OJIHOJIETHUX JIbJIOB CPEIHEH TOJIIMHBI M TOJICTHIX OTHOJIETHHX JIbJIOB CBUJICTEIILCTBYET 00
yAy4IIEHHH YCIOBUM IIaBaHUS B MEPBYIO AeKkany mad 3a nepuon 1997-2018 rr. Ananus
YHCIIOBBIX PSIJI0OB MEKIOJ0BON M3MEHYMBOCTH MPOTHKEHHOCTEH METOJIOM MHTETpaJIbHBIX
KPHBBIX T10Ka3all, 4TO OOJBIIMHCTBO M3JI0MOB npuxoamiock Ha 2003-2007 rr, T.e. B 3TH
TOJIbI ITPOM30IIUI0 M3MEHEHHE JISIOBBIX YCIOBHU M0 MapUIPYTy TUIABaHHM.

BeposiTHO, MPOU30IIIIO YCHIICHHE TIPOLIECCOB TasHUS B JIETHUH NIEPHOI, BEIpasKaro-
I1eecs] B YMECHBIICHUH KOJIMYECTBA OCTATOYHBIX JIBJIOB, YTO IOJATBEPIKAACTCS U APYTUMHU
uccnenoBanusimu [11]. Tak, cpenuss miomans, 3annMaemast jbjaamu CesepHoro Jlemo-
BUTOTO OKEaHa B JIETHUH MEPHOJ, 3HAYUTEIbHO COKpaTHiiach B cpaBHeHUU ¢ 1980-mu rT.
U MPOJIOJDKAET yMEHbIIAThCs. JIMHEHHBIH TPEH ] COKpAIleHNs] MOPCKOTO JIbJia B JIETHUH
nepuoa ¢ 1979 o 2019 r. cocrasnsier 48 000 km? B To, nin 4,08 % 3a necaTuiaeTue, mno
CPaBHEHHIO CO CPeHUM MoKa3aTeneM 3a nepuof ¢ 1981 mo 2010 . [12].

V3mMeHsieTcs IPOLICHTHOE COOTHOIICHNUE BO3PACTHBIX KaTErOPHi JIBJIOB M B KOHIIE
Neproyia HapacTaHus JIE/ITHOTO MOKPoBa (B Mae), Tak, B Mope JlanTeBbIX cpeHsis BeInIHHA
KOJIMYECTBA TOJICTBIX OHONETHHX JIbJOB 3a nepuox 1997-2017 rr. na 20 % MeHbllle, 4eM
3a nepuos ¢ konua 1930-x go nayana 1970-x rr. [13].

CyMmmapHast IpOTSHKEHHOCTh y4acTKoB Mapiupyra Caberra — bepuHros npoiauss
CIJIOYEHHBIX JIbJIaX, B CIUIOYEHHBIX JIb/IaX MPH HAJTMYMH TOJICTBIX U CPEAHUX OIHOJICTHUX
JBJIOB yBenH4mMiIack. TakuM 0Opa3oM, YaCTHYHO MECTO CTapbIX JIBJOB Ha TPACCE 3aHSIIN
OJIHOJICTHHE JIbJIBI.

YMeHblIeHHEe CyMMapHOH MPOTSHKEHHOCTH ydacTkoB Mapiipyta Caberra — bepunros
NPOJIMB B CIIOUSHHBIX JIb/IaX IPHU HAJIWYUH CTAPBIX JIbJJOB, BEPOSITHO, MOXKET OBITH 0OBsIC-
HEHO YCHJICHHEM BBIHOCA JIbJIOB B MPHUITOIIOCHBIH PaifoH PH CMEHE CUCTEM aTMOC(hepHOM
mupkKyssinuu. B padore [14] yka3aHo, 4TO CHHONTHYECKHE TPOLIECCh ABYX rpyrmil (A u K)
CIOCOOCTBYIOT pa3pyLICHUIO JIEASHOTO NOKpoBa. [Ipoeccsl rpynmsl A TPUBOIAT K pas-
BUTHUIO IIUKJIOHUYECKON NEATCIPHOCTH HaJ OOJbINCH YacThi0 ApPKTUYECKOrO OacceiiHa
(AB), a rpynner K — Haj 3amajHoi U BOCTOYHOM 4acTsMH ApPKTHYECKOTo OacceiiHa.
CoBpeMeHHOE YMEHBIICHHE JISTIOBUTOCTH ITPOMCXOAMIIO MTPU OTPHLIATEIBHBIX aHOMAITHSIX
MOBTOPSIEMOCTH TIPOLIECCOB TPYMITHL b 1 pocTe MOBTOPSIEMOCTH MPOLIECCOB IPYTHX IPYIIL
B nepuoz ¢ 1997 mo 2006 1. B atMocdepe HaOMIOIaIHCh CHHOIITHYSCKUE MPOIIECCHI C pa3-
BUTOM IIUKJIOHUYCCKOIT JIeaTebHOCTRIO Hall CeBepo-EBpomneiickiM 0acceiiHOM U B FOXKHOM
YaCTH BOCTOYHOTO CEKTOpa APKTHKH, YTO NMPHUBEJIO K YCHICHHOMY Pa3pylICHHIO JIbJa
B AB u, BeposiTHee Bcero, 00OyCJIOBHIO UCTOPHYECKHE MHHUMYMBI IIOMIAAN JICASTHOTO
nokposa B ceHtsiope 2007 . u 3arem 2012 . [14].
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V3MeHeHMsI JIeI0OBBIX YCIOBHHN IUIaBaHUS B NEPBYIO JIEKaay Mas Ha OTIACJIBbHBIX
ydacTkax mapmipyra TaBanmii Caberra — bepuaros nponus 3a mepuox 1997-2018 rr.
CYIIECTBEHHO pasianyaroTcs. Tak, JieloBble yCIOBHUS IUIABAHMS HA ydacTKaxX MapLIpyTy
B Kapckom mMope u Mope JlanTeBeIX yXyAIIMINCh M3-3a YBEJINYEHUS CyMMapHOW Mpo-
TSDKEHHOCTH YYacTKOB MYTH C TPHCYTCTBHEM JIbJI0B HanOOJIee BO3PACTHBIX KATETOPHIA:
OJHOJICTHUX CPEJHEH TOJNIIMHBI, TOJICTBHIX OJHOJETHUX M CTapbIX JIbA0B. Ha ydacTke
Mapuipyta B Boctouno-CubupckoM Mope yMEHbBIICHHE IMPOTSKEHHOCTH MYTH B TIPH-
CYTCTBHH CTapbIX JIbJ0B YACTUYHO KOMIIEHCHPYETCSI yBEIMIEHUEM TIPOTSXKEHHOCTH ITyTH
C HAJIMYMEM TOJICTBIX OJHOJICTHUX JiblaX. B UyKOTCKOM MOpe OTMEYEHO HE3HAUUTEIEHOE
yJIydIIEHHE JIEJOBBIX YCIOBHH IUIaBAHUSL.

[Tpo4HOCTH CTApPOTrO JIBAA, TOJICTOTO OFHOJICTHETO JIbJA M OHOJIETHETO JIba CPEAHEH
TOJIIMHBI TIPAKTUYECKU OJMHAKOBA. [103TOMY ISl OLIEHKH CTETICHN TPYJHOCTH IIaBaHHS
HE CTOJIb Ba)KHO, OJHOJIETHHUH JIEJ WIIN CTAPbIA IPUXOIUTCS IIPEOA0ICBATH, BaXKHBI TOJI-
IIMHA POBHOTO JIBJIA U TIapaMeTpbl TOPOCOB. TOpOIIEHHE ke MPOUCXOAUT B OCHOBHOM
C MOJIOJBIMH ¥ TOHKMMH OJJHOJIETHUMH JIbaamu. Clie0BaTelIbHO, XapaKTEPUCTHKH KOHCO-
JMIUPOBAHHOTO CJIOSI TPSI/IBI TOPOCOB CTAPOTO JIb/IA IOJKHBI COBIIA/IATh C XapAKTEPUCTH-
KaMH KOHCOJIMIUPOBAHHOTO CJIOSI TPSIIbI OAHOJIETHETO JIb/IA, T.K. B 000MX CITydasix TPsiIbl
ObUTH CPOPMHUPOBAHBI HA CTAIUSX MOJIOJBIX WM OJHOJIETHUX JIBJIOB.

BbIBO/IbI

B pe3synbrare caenaHsl CIeAYIONINE BBIBOJBL:

1. 3a mepuon 1997-2018 rr. Ha Tpacce CMII Caberra — Kapckue Bopora — Myp-
MaHCK B CpeJJHEM YMEHBIINIACh CyMMapHast IPOTSHKEHHOCTh YYaCTKOB MyTH B CIIOYEHHBIX
JbJIaX, B CIUIOYEHHBIX JIbJIaX MPHU HAIWYMHU TOJICTBIX OJHOJIETHUX JIHJIOB, B CIUIOYEHHBIX
JbJIaX ¢ YaCTHOM KOHIICHTpAIMEH TOJICTHIX OJJHOJIETHHX JIbJIOB 5 1 OoJiee OaIoB, B CILIO-
YEHHBIX JIbJIaX C CyMMOHN YaCTHBIX KOHIICHTPAIMH TOJCTBIX OJHOJIETHHX JIbJOB U OJHO-
JICTHUX JIBJOB CpeHEeH TONIIMHBL 5 1 Oosee 6asioB.

2. 3a nepuon 1997-2018 rr. Ha Tpacce CMII Caberra — nponus Bunbkuiikoro — be-
PHHTOB IIPOJIUB B CPETHEM YBEINYMIIACH CyMMapHasi IPOTSDKEHHOCTh Y4aCTKOB MapIpyTa
B CIJIOYEHHBIX JIbJIaX, B CIJIOUYCHHBIX JIbJaX MPH HAJMYUH OJHOJETHHX JIBJOB CpEeTHEH
TOJIIIMHBI, TOJICTBIX OJTHOJICTHUX JIB/IOB; B CIUIOYEHHBIX JIbIaX C YACTHOM KOHIIEHTpaluen
TOJICTBIX OIHOJIETHHX JIHJIOB 5 U OoJiee 0aylioB, B CIUIOYEHHBIX JIBJIAX C CYMMOMW YaCTHBIX
KOHIEHTPAIMHA TOJCTBIX OJHOJETHUX JIBJOB M OJHOJECTHUX JIbJIOB CPEIIHEH TOJIINHBI
5 u 6onee 6amoB. [Ipy 3TOM B cpeHEM YMEHBUIMIIACh CyMMapHas IPOTSHXKEHHOCTh y4acT-
KOB MapIlIpyTa B CIUIOYCHHBIX JIbJIaX MPU HAJMYUK CTApBIX JIBJAOB U B IIPHUIIAC.

3. Ymenbmenue B 2008-2018 rr. mo cpaBuenuto ¢ 1997-2007 rr. cpenHeil npuBeeH-
HOM TIPOTSHKEHHOCTH MapuipyTa ruiaBanuii Caberra — nponus Bunbkuinkoro — bepuaros
NPOJIMB B CTAapbIX JIbJaxX B anpesie—mae Ha 160 MOPCKUX MHJIb «4aCTHYHO KOMIIEHCHPY-
€TCs» YBEIMUCHUEM MPAKTHUECKU Ha ITY K€ BeIUUnHY (Ha 166 MOPCKUX MUIIb) cpeHen
NPUBEJCHHON NMPOTSDKEHHOCTH Iy TH TUIABAHUS B TOJICTBIX OJTHOJIETHUX JIbJlaX. | OBOPHUTH
0 ITIOJIHOWM KOMIEHCAIUI» YCIOBUH MIaBaHUs 3aMEHOM CTaphIX JIbJ0B HA TOJICThIE OIHO-
JIETHHUE JIbJIbl HEKOPPEKTHO M3-3a PA3JIMUHOTO CONMPOTHUBIEHUS CTAPBIX U TOJICTBIX OJHO-
JIETHUX JIb/I0B JIBIKEHUIO Cyn0B. [I0CKONbKY MPOYHOCTH TOJICTOTO OAHOJETHETO U CTAPOro
JBJ0OB MpakTHUUYeCKH ofauHakoBa [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25], To B ciiy4ae
OJIMHAKOBOH TOJIIMHBI POBHOTO TOJICTOTO OAHOJIETHETO U CTAPOTO JIbJOB OHU OKa3bIBAIOT
OINHAKOBOE CONPOTHUBIICHHUE JIBUIKEHUIO JIEOKOJIA M OIMHAKOBOE JIaBJIeHHE Ha OOpPT CyHa
IpY CKaTHAX Jba0B. OJHAKO B anpesie-Mae TOJIIMHA POBHOTO CTApOro Jibjaa OoJiblie
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TOJIIMHBI POBHOTO TOJICTOTO OAHOJIETHETO JIbJA, T.K. POCT TOJIIIMHBI CTAPOTO JIbJa Ha-
YMHAETCS] OCEHBIO HE C HYJIsl, KaK y OJHOJIETHETO Jbjaa. [Ipu miaBaHMsAX B CIUIOYCHHBIX
Jpeidyrommx npaax HanOONBIINM TPETATCTBUEM SIBIISIIOTCS HE POBHBIC JIBJBI, @ TPSIIbI
TOpocoB. OOBIKHOBEHHO I'PsIJIBI TOPOCOB (DOPMHUPYIOTCS B MOJIOABIX M TOHKHX OZHOJIETHUX
abaax. [lepBoHaYanbHO TPAIBI COCTOAT U3 OTAENBHBIX, HE CKPEINICHHBIX MEXIY cOOO0M
0JI0KOB TaKoO K€ TOJIIMHBI, YTO U POBHBIC JIbJBI, U3 KOTOPHIX OHH 0Opa3zoBamuck. 1o
MIPOXOXKIACHUN HEKOTOPOTO BPEMEHH OJIOKM CMEp3al0TCsl B KOHCOIMIMPOBAHHBIN CIIOM,
KOTOPBIN SIBIISIETCS] CEPBE3HBIM IIPEISITCTBHEM IIPH MPEOJIOTICHUH JISTOKOIOM TPSIIIBI TO-
POCOB M OINACHBIM JISITHBIM 00pa30BaHMEM IPU CXKATHUAX CyHOB. UepenoBaHHe MMOXO0JI0-
JIaHWH ¥ TIOTEIUIEHUH COCOOCTBYET 00pa30BaHMIO U POCTY KOHCOJIMANPOBAHHOTO CIIOSL.
CymecTByIOT B3aUMOCBSI3H MEKAY CyMMOH Ipajyco-IHEH MOpo3a, TOIIIMHOW POBHOTO
JB/1a U TOJIIUHON KOHCOIHIUPOBAHHOTO CIIOS TPsii TOpocoB [26, 27]. [ToaTomy 0OBIYHO
TOJIIMHA KOHCOIUANPOBAHHOTO CJIOSI IPSIL TOPOCOB B CTAPBIX JIbAAX OOJIBIIE, YEM B TPsi-
Jlax OHOJETHHX Jibaax. CienoBaTesbHO, IPH «3aMELICHUI» CTAPbIX JIBIOB TOJICTHIMU
OIHOJICTHUMH JIBJAMH TPYIHOCTb JISIOBOTO IUIABAHUS JOJDKHA HECKOJIBKO CHHMKATHCA.

Ha mapmpyre maBanmii Caberra — Kapckne Bopora — Mypmanck 3a mepuon 1997—
2018 rr. oTMeueHO yaydlIeHUE JIEAOBBIX YCIOBHM IU1aBaHus B ampeiie—mae. Ha mapi-
pyre Caberra — nponuB Bunbkunkoro — bepnHros nposnB yciaoBUs JIETOBOTO TIABAHUS
B ampeJsie—Mae NMPaKTHIECKH HE N3MEHUIIUCE.

KommproTepHOE NMHUTAIMOHHOE MOJEINPOBAHIE MOPCKHUX TPAHCIIOPTHBIX OMEPALNi
B YCIIOBHAX Jpei(]yrommx MOPCKHX JBJOB IperoiaracT IpuMeHeHne Meroqa MoHTe-
Kapio, mo3BoJISIONIET0 YyINTHIBATH BCE MHOT0OOpa3ne 3HAUCHHUH MapaMeTpoB JIEITHOTO
TIOKPOBA.

Pe3ynbrarhl JaHHOTO HCCIIEIOBAHUS HEOOXOIUMBI JJIsI HOCTPOEHHS CTaTUCTHIECKUX
pacmpeneieHnii psaa nmapaMeTpoB, MCIONb3yEMbIX B KOMIIBIOTEPHON MOJEIH OLCHKH
BEPOSTHOCTH aBapUUHBIX CUTYaIlHi U3-3a COKATHH CYOB OpeH(yommMu JbaamMu. Takxke
OHHU MOTYT OBITh 33J€HCTBOBAHBI NIPH MOJIEPHHU3ALNK KOMIIBIOTEPHOH CHCTEMBI BBIOOpA
OINITUMAJIEHOTO MapIIpyTa TIaBaHHUMH.

BaarogapHoct. Ctarhsi HallMCaHa B paMKax BBIMOJHEHHS HAYYHO-HCCIISI0BA-
Tenbekoit pabotsl mo Teme 1.5.3.6 ITHTII «Mops Poccuiickoit ApKTHKH B COBPEMEHHBIX
KIINMATHYECKHUX YCIOBHSAX).
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Summary

The aim of the present paper is to introduce to the reader a new project “Arctic Connectivity:
People and Infrastructures” (Russian Fund for Fundamental Research grant Ne 18-05-60108, received
within the programme “Fundamental problems of research in the Russian Arctic: natural and social
environment”). The three-year research project described in the article began in 2018 and is done by
the Centre for Arctic Social Studies (European University, St Petersburg). The approach is based
on the central concept of connectivity. The main aim of the research is to study different kinds of
connections that make possible movement of people, objects, and information both within the Arctic
Zone of the Russian Federation (AZRF) and between AZRF and other parts of the country. The research
uses holistic approach with its simultaneous and integrated attention to both social ties of the people
who live and work in the AZRF and the physical infrastructure (roads and railroads, air and water
transport, telecommunication etc.) that supports these ties. Despite the common stereotype, AZRF is
not separated from the rest of the country. Multiple ties, both infrastructural and symbolic, unite the
region by providing exchange of people, objects, and information between its parts, and link AZRF to
the southern parts of the country. The target group of the ongoing research includes both indigenous

Citation: Vakhtin N.B., Liarskaya E.V. Human and infrastructural connectivity of the Arctic zone of the Russian
Federation: methodological approaches to research. Problemy Arktiki i Antarktiki. Arctic and Antarctic Research.
2019, 65, 3: 341-352. [In Russian]. doi: 10.30758/0555-2648-2019-65-3-341-352.
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and non-indigenous population. From the theoretical perspective, the research will help validate a
working hypothesis of special importance of connectivity for the Arctic region. The research will help
fill gaps in our fragmentary knowledge of the social life of the Arctic. From a practical viewpoint,
the project will help plan the development of AZRF more rationally.

Hocmynuna 3 uons 2019 e. Ipunsma x nevamu 27 ageycma 2019 e.

Kniouesvle crosa: Apkrudeckas 30Ha PO, u3HeHHBIE TpaeKTOpHU, HHYPACTPYKTYpa, MH-
rpanusi, CBI3aHHOCTb.

Llenb cTaTby — MO3HAKOMHTB YUTATENEH ¢ PabOTOM MO MPOEKTY «APKTUYECKUE CBA3U: JIFOIH
1 uHGpacTpyKTypb (rpanT PODU Ne 18-05-60108), Beiurpasumemy koHkypc PODOU «Dynnamen-
TaJlbHbIE TPOOIEMbI n3y4eHns 1 ocBoeHHs Poccniickoil ApKTHKN: IPUPOIHAS U COIMATTBHAS CPEZIay.
HccnenoBanue Benercs KoIeKTHBOM LleHTpa conmanbHbIx nccnenoBanuii Cesepa EBpomneiickoro
yausepcurera B Cankr-IletepOypre Haunnas ¢ 2018 1. 1 paccunTano Ha Tpu roga. B ocHoBe moaxona
JIEKHT UJies «CBA3HOCTH». OCHOBHAS 11€J1b, KOTOPYIO CTaBHT Mepes cO00i JaHHOE nCCIe10BaHNue, —
H3Y4NTh PA3TMIHBIE BUJIBI CBA3EH, 00€CIeUnBAIOIINX TIEPEIBIKEHHUE TI0fIeH, Belelt 1 nHpopMaIuu
Kak BHyTpH Apkruueckoii 30HbI Poccuiickoit @eneparmu (A3PD), Tak n mexny A3PD u apyrumu
perronamu ctpaHbl. OCOGEHHOCTHIO MOIX0/1A ABIISAETCS OMHOBPEMEHHOE NCCIIEA0BAHNE COIHATBHBIX
CBsI3el roneid, skuBymux U padortaronmx B A3P®D, u ¢usndeckoil nHPpacTpyKTyphl (KeIe3HbIe
JIOPOTH, aBUACOOOIIEHUE, BOJHBIN TPAHCIIOPT, TENEKOMMYHHKAIUN), TIOJ/IEPKUBAIOILEH 3TH CBS3H.
Bomnpekn mmpoko pacnpoctpanenHomy MHeHHI0, A3P® (u B nenom Kpaiinuit CeBep) He oTneseHa
OT OCTaNbHOM CTPaHbI; HAPOTHB, MHOTOYHCIIEHHBIE CBA3M PA3IMYHOTO XapaKkTepa (Kak ocs3aeMele,
UHQPACTPYKTYPHBIE, TaK M YEJIOBEYECKHE, CUMBOIMYECKHE), BO-IIEPBBIX, IPOHU3BIBAIOT CaM pe-
rHOH, obecrieynBasi NepeABKEHUE JTofiei, Bemeil u nadopmannu BHyTpr A3PD, 1, BO-BTOpHIX,
coenuusaoT A3P® ¢ octanpHOl TeppuTopueil crpansl. LleneBas rpynma ucciaeJOBaHUS BKJIIOYACT
KaK KOPEHHOE, TaK ¥ HEKOPEHHOE HaceneHne. TeopeTHueckn BaXKHBIM PE3ylIbTaToM paboThl CTaHET
MIPOBEPKA TUMOTE3BI 00 0CO00H 3HAYMMOCTH «UETIOBEUECKUX CBSA3EI» AJIsl ONMMCAHUS aPKTHUECKOM
nHppacTpykTypsl. C MpaKTHIECKOH TOUKH 3pEHNMS PE3yNbTaThl IPOEKTA TOMOTYT O0JIee PalluOHATBEHO
OCYIIECTBIIATH IUIAHUPOBAHHUE pa3BUTHA Tepputopuit A3PD.

BBEJEHUE

Ha ¢one cTpeMuUTENBHO pacTymiero BHUMaHHsI TOCYAapCTBa W MPOMBIIIIICHHBIX
KOMIIaHUN Kk ApkTrueckoi 30He Poccuiickoit denepanyn pacTeT akTyalbHOCTh HE TOJIb-
KO €CTECTBEHHO-HAyUYHBIX, HO U COLIMAJIbHBIX HCCIEAOBAaHUI B PETHOHE. YCIIEUIHOCTH
XO3AHUCTBEHHON JesaTenbHOCTH B A3P®D B OrpoMHOH CTENEHM 3aBUCUT OT COLIMATIBHOTO
MOBEJCHUS JKUBYIIHUX TaM JIFOJEH, KOTOPOE HE B MOCIEAHIOI O4epeb OMPEIENIeTCs CO-
UATLHBIMU OXKUIAHUSIMU ¥ MOTHBalMsIMA. bynyee passurue unppactpykrypsl A3PD
HEM30€)KHO OKaXET BO3ACHCTBHE HA YCIOBHS W KadeCTBO )KM3HW MECTHOTO HACEJICHUS
1 HE MOXET OBITh CIUIAHUPOBAHO 0€3 yueTa COIMAIbHbBIX MOCIEACTBHN TAKOTO PAa3BUTHS
JUISl pETHUOHA.

Hamr moaxo/ opreHTHpOBaH Ha U3yUeHUE COIMAIbHON U HH(PACTPYKTYPHOH CBsI3aH-
HoctH Tepputopuit ASPD npyr ¢ apyrom u ¢ Oosee 10KHBIMU paifloHaMHU CTpaHbI, HCCIIe-
JIOBaHWE B3aUMOJICHCTBHS HH(PPACTPYKTYPHBIX 1 YEIOBEUECKHX CBsI3el B (hopMupoBaHuN
MOBEJCHUYECKUX MOJENEH HACEIEeHHs PErMOHa; Leldb — MOHSTh, KaK CYIIECTBYIOIINE
CBSI3U U MX NTOTEHIINAIBHBIE U3MEHEHUS BIHAIOT Ha BHICTPAHBAaHKE )KU3HEHHBIX CTPAaTErHi
KOPEHHOTO ¥ HEKOPEHHOTo HaceneHus: A3PO.

I'pomanHeIii moTeHIMan ApKTHdeckoro pernoHa Poccun He MOXeT ObITh BEpPHO Ol1e-
HEH, a ero peann3alys He MOXEeT ObITh CIIaHMpOBaHa 0e3 ydeTa He TOJIIBKO YSI3BUMOCTH
TIPUPOJHOM CPE/Ibl, HO M COIMAIbHO-IKOHOMHUYECKUX TPOOJIEM, CBI3AHHBIX C HEN30eXK-
HBIMH U3MEHEHUSIMH «(DU3HMUECKOW» MH(PACTPYKTYPHI U, KaK CIEICTBUE, N3MEHEHUSIMA
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B JKM3HM HAaceJeHus. B 3THX ycioBusAX 0coOyr0 aKkTyaJdbHOCTH ITPUOOPETAET BBISIBICHHE
1 ONMCAHKE 3HAYNMBIX (haKTOPOB, BIMAIOMINX Ha YKOHOMUYECKOE Pa3BUTHE TEPPUTOPUH,
OTBEYAIOIINX 33 CBA3HOCTH TeppUTOpHH A3P®D 1 MOTYyIIMX NMPENSATCTBOBATH ACTIOMYIIALINN
ADPKTHKHM — CTpaTerHueCcKy 3HAYMMOTO PErHOHa cTpaHbl. [loHnManue mpupossl 1 Mexa-
HHU3MOB JICUCTBHSA 3TUX (HaKTOPOB IIOMOXKET B COCTABJICHUHN YCIICIIHBIX TUTAHOB Pa3BUTHS
ApxTrueckoit 30061 PO.

Llenp HacTosImIEH cTaThW — MO3MIMOHUPOBATH HOBOE HAIIPABICHHE MCCIIEIOBA-
HUMH, 3asBJICHHOE B NMPOEKTe «APKTHUECKHE CBS3U: JIIOAU M MHPPACTPYKTYPHD (TpaHT
PODU Ne 18-05-60108 B pamkax mporpammbl «DyHIaMEHTAIbHBIE POOIEMBI H3YIECHHS
n ocBoeHus1 Poccuiickoil ApKTHKH: ITPUPOHAs U conuanbHas cpenay). OcHOBHAs IETb,
KOTOPYIO CTaBHT Iiepell OO0 3TO HCCleI0BaHUE, — M3YyUUTh Pa3lINuHbIC BUJIBI CBSI3CH,
00eCTIeYNBAOIIIX TIEPEIBIKEHUE JIFONCH, BemIei n nHpopMarin kak BHyTpu A3P®, Tak
n Mexnay A3P® u apyrumu permoHamu crpaHbl. OCOOCHHOCTBIO HAIIETO IEI0OCTHOTO
MOJXOAA SIBISIETCSI OTHOBPEMEHHOE M3YUCHHE COLMAIBHBIX CBSI3EH JIIOAEH, KUBYIINX
u pabotaromux B A3P®, u pusmueckoit mHPpacTpyKTypsl (aBTOMOOMIIEHBIC H JKEIIC3HBIC
JIOPOTH, aBUaCOOOIICHNE, BOJHBIA TPAHCIIOPT, TENEKOMMYHHUKALUH | T.I1.), TOAECPKHBAO-
mieit 9T cBs3u. MccnenoBanue conuansHON 1 HHPPACTPYKTYPHON CBI3aHHOCTH APKTHKA
JIOJDKHO TIPOBOJIMTHCS KaK HAa MakpoypoBHe (Mexay A3P® n npyrumu pernoHammu), Tak
1 Ha JIOKAJIFHOM YPOBHE (MEX/y COCEAHUMH PETHOHAMH M BHYTPH PETHOHOB, I7I€ YacTO
BO3HUKAIOT TaK Ha3bIBAEMBIE «HEBHUANMBIC TPAHMIBD), HEPEAKO HE COBIIA/IAIOIINE C all-
MHUHHCTPATHUBHBIMN).

[MTono6HOE MMPOKOMACIITAOHOE HCCIIEA0BAHNE JOJDKHO PEIINTD CIIEAYIOMINE 3a/1aqH:

1. 3y9uTh COBOKYIHOCTH CBS3€H, CYNMIECCTBYIOIINX B CO3HAHUM kuTeneil ASPD:
BHYTPHU «CBOEI» TEPPUTOPHUN; MEXKIY COCEIHHUMH TEPPUTOPHUSIMH; B mpenenax Poccun;
TpaHCTpaHUYHBIE CBs3U (co cTpanamu ObiBIero CCCP).

2. UccnenoBarh MPaKkTHKH, OCHOBAHHBIE HA 3THUX CBA3SX: MOOMIIBHOCTD, MUTPALIUH,
TENEKOMMYHHKAIN, 0OMEH HOBOCTSIMH, ITOCBUIKAMHU U TIPEAMETAMH; 2 TAKXKE COLHAIbHbIC
CeTH, BO3HMKAIOIINE Yepe3 IMOJOOHBIE PAKTUKH, B 3aBUCUMOCTH OT TeHJIepa U BO3pacTa,
POZICTBA U MEKIOKOJICHUYECKHX OTHOIICHHH.

3. OneHnTh CrocoOBl UCTIONB30BaHUS «(PHU3MUECKO» HHPPACTPYKTYPHI, IPOCIIe-
JIUTh, KAKUM 00pa3oM OHa JAOCTPaMBACTCS M JOMOIHIETCS B Clydae €€ Pa3peeHHOCTH
WJIN OTCYTCTBHUSL.

4. Ilpoanann3nupoBarh YHpPABJIEHUYECKNE ACHEKTHI Pa3BUTUS apKTHUECKUX CBS3CH!
CBSI3b APKTUYECKOTO PErMOHA C IPYTUMHU TEPPUTOPHSAMH, BIUSHHUE II00ATBHBIX POIIECCOB
(M3MeHeHne KIIMMaTa, pa3BUTHE TPAHCIIOPTHBIX KOpUI0poB) Ha Poccuiickyro ApKTHKY.

Pe3ynbraToM TaKoro MCCIEIOBAHUS CTAHET KOMIUIEKCHBIH aHain3 (PEHOMEHOB ce-
BEPHOI CBSI3HOCTH U MYJBTIIOKAIBHOCTH, XapaKTePHBIX s xuTened A3PO.

KOHULEIITYAJIbBHASI PAMKA UCCJIEJOBAHUS

OcHOBHas KOHIIENTyallbHas paMKa IIpeyIaraeMoro nojixoAa COCTOUT B TOM, 4TO, BO-
MPEKH IHUPOKO pacrpocTpaHeHHOMY MHeHHnIo, Apkruka (Kpaitnuii Ceep, Cesep u T.1.),
B 0COOEGHHOCTH xe ApkTHyeckasi 30Ha PP, He oTneneHa oT 0CTalbHOTO MUpPa: BaXKHBIM
JULsl Hee SIBIISIETCsl IOHATHE c6sA3aHHoCcmy. MHOTOUNCIICHHBIE CBS3U PA3IMYHOIO XapaKTe-
pa NMPOHM3BIBAIOT CaM PErHOH, 00eCHeYnBas MPHUBS3aHHOCTh HACEIICHNSI K TEPPUTOPHH,
NepeIBIKeHUE JIIoIeH, Belei u nHpopmannu BHyTpu A3PD; kpome TOro, OHM Coenu-
HSIOT APKTHKY C OCTaJIbHOIM TEpPUTOPHEH CTpaHbl, 00ecrednBasi pa3BUTHE apKTUYECKOTO
peruoHa.
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Wnes cBA3aHHOCTU HACEJIEHUS C TOM WM MHOM TeppUTOpUEH, HATMUUE PA3IUYHBIX
BHUJIOB CBSI3€H SIBIIAIOTCS KIIFOUEBBIMH JUIS MCCIIEOBAHMUS PAKTHUECKN BCEX ACTICKTOB JKH3-
Hu Ha CeBepe: MUTPAIIMOHHOTO MTOBE/ICHNS, OTHOLIEHHS K MECTY TPO’KMBAHMS, MOOMIIBHO-
cTH, BEIOOpaA pojia NEeATENBHOCTH U JIp. DTa CBA3aHHOCTD BKIIIOYACT KaK (M3UIECKUE, TaK
1 YEJIOBEYECKHE CBS3H, KOTOPbIE 00ECIICINBAIOTCS, CPEIH IIPOYETO, 3aHHTEPECOBAHHOCTHIO
HaceJeHus B kn3HU Ha CeBepe U B Pa3BUTHH PETHOHA.

Crnioco0bI ojyIep KaHus! TAKUX CBSI3eH Pa3IMIHBI: OT MAKPOIKOHOMHUYECKOTO 0OMEHa
Mexay A3P® u npyrumu pernoHaMu CTPaHbl O TAKMX MEIKHX W HE3aMETHBIX MPOIEeC-
COB, KaK MO€3/IKH B TOCTH, B OTITyCK, Ha JIe4eHHE, Ha yueOy, 3a MOKyNnKaMu 1 ap. Bo Bcex
MOZOOHBIX CBA3AX M MEPEMEIICHHUAX BaKHYIO POJIb TPAET CYIIECTBYIOMas (hU3HIecKast
HHPPACTPYKTypa (JKeJIe3HbIE JOPOTH M 3UMHHKH, aBHAcOOOIIEHNE, MOPCKOH M PEYHON
BOJHBIN TPAHCIIOPT, 110YTA U TEIEKOMMYHHUKanuy). Pacimmpenne u pa3Butie HHQPacTpyK-
TYpPBI, TIOSIBIICHHE HOBBIX ITyTEH COOOIIEHHSI MOXKET CIIOCOOCTBOBATH BOSHUKHOBEHHIO
JIOTIOJIHUTENBHBIX CBSI3eH MEXIy PErMOHaMM WIIM yCHIJICHHIO yXe cymecTByromux. On-
HAaKoO caMmo 1o ceOe Hamuune Qu3nueckoll MHPPACTPYKTYpHI HE NeNIaeT PETHOHEI Oojee
CBSI3aHHBIMH JIPYT C APYTOM, €CIIM HE PA3BHUTHI YEJIOBEUECKHE CBsI3H. B ycrmoBusx, Korna
¢usnuecKoi HHPPACTPYKTYpPhl HETOCTATOUHO, A YEIOBEUECKHE CBSI3H KPETKH, JIOAN Ha-
YMHAIOT CAMOCTOSTENIBHO «JI0OCTPAaNBaTh» HEOCTAIONINE 3BEHbSI HH(PPACTPYKTYPBHI.

«DU3MUECKHUE» U «IETOBEUCCKHE» CBSA3M HAXOIATCS B CIIOKHOM B3aWMOJIEHCTBUH,
HaKJIaIbIBASICH APYT Ha JPyTa, MOACPKUBAs IPYT APYTa, P 3TOM «UEJIOBEUECKUE)» CBSI3H
3a4acTyr0 OKa3bIBAIOTCS O0Jiee BAKHBIMU, YeM «(PU3HUECKHE).

Hay4Hasi 3Ha4MMOCTb TAaKOTO ITO/IX0/Ia COCTOMT, CPEIH IPOUYEro, B TOM, YTO Ha
ocTanbHON TeppuTopun Poccnu B ity Topaszo Oosblieil IIIOTHOCTH HHPPACTPYKTYPHI
1 HACEJICHUsI N3y4IeHHE MOI00HBIX CBsI3eH 3aTpyAHEHO. APKTHUECKas! e 30Ha U3-3a «pa3-
peXeHHOCTH» HH(PACTPYKTYPHI MPEACTABIACT cO00I MaeaTbHBIN CITydail «COIMaIbHON
JTabopaTopumn»; B 4acTHOCTH, CeBep — yHOOHBIN «ITOIUTOH» Ul U3yYeHHs MHIpalnH,
TIOCKOJIBbKY 3/1€Ch NPECTABICHBI MPAKTHUECKH BCE €€ BUIBI — OT TPAAUIIMOHHOTO KOoue-
BaHMS M MasSTHUKOBOM TPaHCTPAaHMYHOW MUTPALMH 10 BAXTOBOH pabOTHI 1 JIONTOCPOUHBIX
pabodux mepeesaoB.

HoBu3Ha moaxoma cOCTOUT B TOM, YTO pa3IMYHBIC TUITHI cBsizeld BHyTpu A3PD
n Mexay A3P® n apyrumu pernoHamMH OOBIYHO HM3Y4aroTCs OTAENBHO APYT OT Apyra:
paHee He IPeAIPUHIMAIIOCH TTOTBITOK KOMITIEKCHO ITPOaHAIM3UPOBATh BCE BHIBI CBA3EH,
Ba)XHBIX ISl PETHOHA, — TPAHCTPAHUYHYIO M MEKIYHAPOIHYIO MHUIPAIHIO, CTPATETHH
KHM3HU U TIEPEIBIKCHUI KOPEHHBIX HAPOJOB, AeMorpaduio «3amagHoro apeida» u T. 1.
I'mnoresa mccneoBaHMs COCTOUT B TOM, YTO BCE Ha3BAHHBIE ACHEKTHI CYTh YaCTH SANHOTO
(heHOMEHA «CEBEPHOM CBSI3aHHOCTH», KOTOPBIH HEOOXOANMO MPOAHATN3HPOBATh C IIOMO-
B0 €MHOTO SI3bIKA OITUCAHUSL.

Yro kacaeTcs TEPPUTOPHH, TO MPU TAKOM IMOAXOJE HEOOXOAMMO OXBATHUTh MAKCH-
MaJIbHO IIUPOKHUH CIIEKTP, OCKOJIBKY OCHOBHAS 33/1ada — HCCIIEJOBAaHNE CBA3EH Kak Ha
MaKpOypOBHE, TaK U Ha JIOKaJbHOM ypoBHe. Ha MakpoypoBHE HEOOXOMMO OCYIIECTBIIST
aHaJIN3 CBsI3eH HE TOJNBKO «C TOUKHM 3peHnst CeBepay, HO U ¢ IPOTHBOIOIOKHOH CTOPOHBI:
C TOYKH 3PEHUS PETHOHOB, Ky/la 9acTo MpHe3katoT ¢ CeBepa WM OTKY/Ia 9acTO ye3KatoT
Ha Cesep.

JlaHHBIN TO/IXO0Z] HAIlEJIEH, KPOME TOTO, Ha M3y4YEHHE Pa3IMYIHBIX (OpM paccee-
HUS JIIOZICH B KPYIHBIX TOPOAAX M MOCEIKaX M Ha HEypOaHM3MPOBAHHON TEPPUTOPHH.
[IpenmectByronie nccnenoBaHust BoIIBIIN HAa CeBepe peHOMEH MYIBTHIOKAIBHOCTH
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(em. [1, 2 m mp.]), Ipu KOTOPOM JIFOIH MTOCTOSTHHO MEPEMEIAIOTC MEXITy Pa3InIHBIMA
TEPPUTOPHUSIMUA M OOHAPYKMBAIOT MPHUBSI3aHHOCTH KO MHOTUM MecTaM cpasy. [losromy
Halll TIOAX0J] OPHUEHTHUPOBAH Ha M3Y4EHHE HACCICHNS HE B PaMKax aJAMHUHHCTPATUBHBIX
e/IMHMLI, a ¢ TeorpaduuecKoil MPUBA3KONW K MX MEPEMELICHUSIM, C UCTIOIb30BaHUEM Me-
TOJOJIOTUH HCCIIECAOBAHUHA MHUTPALHi. ITO IOMOXKET OTCIenuTh cBsizu ¢ A3PD Tex, kTo
MOKMHYJ PETHOH, HO MPOJOJIKAET OIIyIIaTh €T0 YaCThIO CBOCH YKHU3HU.

[Tpennaraemslii MOAX0/ MPOIOIDKUT Pa3pabOTaHHYIO B XOI€ MPEIIECTBYIOIINX HC-
CJIEZIOBAaHMI METOIOJIOTHIO: TIPH aHaiu3e HacesneHust CeBepa CleayeT BKIOYaTh B €T0O
PaMKH BcE KaTETOPHU €r0 JKUTEJeH — MpeACcTaBUTENCH KOPEHHBIX HapOIO0B, «CEBEp-
HBIX CTAPOXKHIIOBY, «IIPHE3KHUX», BAXTOBHKOB, TPYAOBBIX MUTPAHTOB H JIp., )KM3HEHHbIE
CTpaTeruy U COLMAIbHOE TTOBEJCHNE KOTOPHIX aHAIM3UPYIOTCS B €IMHOM METOJMKE, BHE
3aBUCHMOCTH OT KaTerOpHu.

TeopeTnuecky BasKHBIM PE3yJIbTaTOM ITOJOOHOTO NCCIIEOBAHMUS JOJKHA CTaTh IIPO-
BEpKa TUIOTE3bI 00 0CO00H 3HAYMMOCTH «UEeIIOBEUECKHUX CBA3CH» s APKTHKH. J{OJKHBI
OBITH CONOCTABICHBI OCOOCHHOCTH COLMAIBHBIX CBSI3€H, XapaKTepHbIE KaK IS pa3HbIX
Tepputopuii, Bxomsumx B A3P®, Tak 1 U pa3IMYHBIX COIMATIBHBIX TPYIIN HACEICHUS,
MPOXXHUBAIOIINX TaM. JTO MO3BOJIUT JIy4IIe IMOHATh, KAK YCTPOEHA «KapTa CBA3aHHOCTH
A3P®, xak UMEHHO U C KAKUMH PETHOHAMH CBSI3aHBI Pa3HBIC TEPPUTOPHU APKTHUECKOM
30HBI; 3TO ITO3BOJINT, KPOME TOTO, BBISIBUTH CTPYKTYPY M MEXaHNU3MBI ICHCTBHSI STHX CBSI-
3el, COeMHSIOMNX CEBEPHBIE PETHOHBI MEX/Ty COOOH U C IpyrMMU PETHOHAMH CTPAHBI.
Takolt OIX0A MO3BOIUT MPEOAONIETh N3JIHIIHIOW (ParMEHTAPHOCTh HAYYHOTO 3HAHMS
o CeBepe 1 BHECET BKJIa] B CO3aHUE Ooee IETOCTHOTO MPEICTABICHNS O COIIMAIbHOM
YCTPOMCTBE COBPEMEHHON Poccuiickoil ApKTHKU.

[TpakTHyeckas 3Ha4MMOCTh MCCIIEA0BAHUM, IPOBEACHHBIX C UCIOJIB30BAHIEM OITH-
CaHHOW METOJIOJIOTHH, COCTOUT B oOecredeHnH ycToiunBoro pa3Butus A3P®. UToOsr
YIPaBISITH CEBEPHBIMU TEPPUTOPHUSAMHE, OTBEUATh HAa BBI30BBI OTTOKA HACEIEHHS U3 CTpa-
TETUYECKH 3HAUYMMBIX PETHMOHOB U IJIAHUPOBATH WX 3aCEJICHHE, HEOOXOANMO TTOHUMATb,
KaK yCTPOCHA CBSI3aHHOCTb, KAKHE €€ aCIEKThl MOTYT OBITh MCIIOIB30BAHBI TIPH JIEMO-
rpaguyecKoM IUIAHUPOBAaHMWH M TOCYIAPCTBEHHOM YIPABICHUH, YTO YAEPKUBACT JIFOJIEH
B PETHMOHE U YETO UM TaM He XBaTaeT. Bech Halll MpeAecTBY IO OIIBIT TOBOPUT O TOM,
YTO MOJOOHBIC CUMBOJIMYECKNE ACHEKTHI KU3HA B APKTHKE OKa3bIBAIOT HA MOBEICHHE
Jrofel 3HAYUTENILHO OOJIbILIEE BIMSIHUE, YEM MPSIMbIE SKOHOMUYECKUE (AKTOPBI.

A3P® U MUT'PAIIMOHHBIE MNPOLTECCHI

LleHTpaNbHBIM ISl JTAHHOTO MCCIICIOBAHMS SIBJISIETCSI ABMIKEHHE HACEIICHUSI, TO €CTh
HIMPOKO MOHUMAEMbIii MUTI'PAIlMOHHBIN acrekT. [IepBbIMU Ha MUTPaIlMOHHBIE TPOIECCHI
B ABP® (u mmpe — B CEBEpHBIX pernoHax) odoparwim BHUMaHue aemorpadel. C Mu-
IpalMoOHHON TOUKM 3peHusi HacejaeHne CeBepa OYEHb IMOJABMIKHO: 3HAYMTEIbHAS OIS
coBpeMeHHBIX ureneii CeBepa poauiack 3a MnpejeiaMid perHoHOB, B KOTOPBIX OHH ITPO-
xkuBaroT [3: 149-158]. Jlemorpadsl 3adhyuKCUpOBAIN U TOITOCPOUYHBIN MPOIECC OTTOKA
nocrostHHoro HaceseHust ¢ CeBepa u BocToka Hanieil cTpaHbl B IEHTPaJIbHBIE PETHOHBI
(Tak Ha3. «3anaxHbIi apeiidy»). DToT mponece noka He 3akonumics [4]. C apyroii cro-
POHBI, Te ke aeMorpadbl, ONMUPAsCh HA JAHHBIE CTATHCTHKH, TOKA3bIBAIOT, YTO CETOJHS
CCBEPHBIC PErHOHBI JIAJIEKO HE OJHOPOJHBI C TOUYKH 3PEHHS MHUIPALMU: CPEAN HUX €CTh
KaK PErHOHBI, YCTOWYMBO TEPSIOIIIE HACEICHUS, TAK U TaKKEe, KOTOPBIE CITYXKAT HEHTPaMU
NPUTSHKEHUS TS TPYIoBOM Murpanuunu. Mccnenosarenn oOpaTiiii BHUIMaHKUE U HA TO, YTO
MHOT/Ia B CTPYKTYPE MHUTIPAlMii MOJKHO BBIJICIIUTH CBOETO POJia CBSI3aHHBIC, UITH «ITapHBIEY,
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PETHOHBI, KOTOPbIE B TEUEHHE JOBOJILHO JIOJITOTO BPEMEHH OOBEINHEHBI yCTONUNUBBIMU
9KOHOMHUYECKHUMH, KyJIbTYPHBIMH M MUTPALMOHHBIMU CBSI3SIMH [5].

Jlis Hamero mozxxoa LEHTPAIbHBIM SIBISIETCS. BOIIPOC O CBSI3aHHOCTU CEBEPHBIX
PETHOHOB Meay coOoi u ¢ Ooree I0KHBIME, a Takke MH(PPACTPyKTypHBIX 3JIEMEHTOB
¢ MotuBanusmu mozneil. McenenoBanns nHOPacTpyKTYpbl (HOKYCHPYIOTCS Ha CIIOXKHBIX
1 Pa3HOPOJHBIX CHCTEMaX, 00ECIICUMBAIONINX TEPEABIKEHUE TOBAPOB, JIIO/EH, Bellei,
JeHer u ap. [6]. MHdpacTpyKTypbl BKJIIOYAIOT KOMMYHAJIbHBIE CETH W MHTEPHET, BO3-
JyIIHBIC, BOJHbIEC U CyXOITyTHBIE TPAHCIIOPTHBIE CHCTEMBI, COLMATbHBIC HHCTUTYTHI U —
MEHEe OYEBHUIHbIC — YEJIOBEUECKHE HH(PPACTPYKTYPBI, «CIOKHBIE COUETAHHUS O0OBEKTOB,
MIPOCTPAHCTBA, JIIOICH M MPAKTHK... KOTOPBIE MTOAEP)KUBAIOT U BOCTIPOM3BOAST XKU3HB
[7]. UccnenoBarns nH(pacTpyKTyp OOBIYHO NEMOHCTPUPYIOT, KaK IMOSBICHAE FIIH UCUE3-
HOBEHHUE WHPPACTPYKTYPHI BIUSACT Ha KOHUTYPAIHIO COLUATFHOTO B3aUMOICHCTBYS [6].
B Gonee mmpokoM cMbICIIe HCCIIEA0BaHUS HH(YPACTPYKTYPHI JIEkKAT B PyCIIe TUCIUIUINHEI,
TTONYYMBINEH Ha3BaHUE «UCCIICIOBAHUS HAYKHW W TeXHONOTHi» (science and technology
studies, STS), a Taxke B paMKax KIaccHUeckoro moaxona Mumens @yko, TpaKTYIOIETO
JTr00BIe OTHOLICHUSI KaK BJIACTHBIC, PEaIn3yeMble Pa3HBIMHM AKTOpPAaMM Ha BCEX YPOBHSX
conmanbHOM cuctemsl [8, 9, 10, 11].

[Tonck MUTpaIMOHHBIX MOTHBaNUi B 001acTh «aeduura nHPpPacTpyKTYpPHBIX BO3-
MOKHOCTEI» peTHOHa, TEPSIOIEr0 HaceJIeHUE, M MPUBIICKATEIbHBIX HHPPACTPYKTYPHBIX
YCIIOBHI «IIPHHAMAIOIIETO» PETHOHA JIEXKHT B pycite kiaccuueckoit «push and pull theory»,
KOTOpasi 0OBSCHIET MUTPALMIO (B OCHOBHOM B Pa3BUTHIC CTPAHbl) SKOHOMUYECKUMH TIPH-
yrHaMu. OOOCHOBaHNE MUTPALIMOHHBIX CTPATETHH Yepe3 KaIbKYISINIO CHIIbI BO3ACHCTBHS
Ha cOOOIIECTBO M OTAECNBHBIX €0 MPEICTaBUTEICH MEXaHU3MOB BHITAIKWBAHUS — IIPH-
TSDKEHUS (3aTpaT WM BBITOJ IE€pee3/ia) XapaKTepeH AUl SKOHOMHUYECKOH MapaIurMbl
nccienoBanus 3toro peHomena — cm. [12, 13], cp. [14, 15].

Jis ropotoB A3P® ogHUM 13 BaKHBIX, XOTS M HE €AMHCTBEHHBIM «HH(PPACTPYKTYP-
HBIM JIe(pUIIMTOM» SIBIISETCS HEPA3BUTOCTh HH(PACTPYKTYPHI MOCIECIIKOIBHOTO 00pa3oBa-
HUSI; HEOCTaTKU ITOCEIKOBOI MH(PPACTPYKTYpHI (TaKKe, Kak HU3KHHA YPOBEHb MEANIIHHBI
WJIN HEPa3BUTOCTH Cephl J0CYTa) Takke (POPMHUPYIOT XKUZHEHHBIE CTPATETHN HACEIICHUSL.
Hewmerknii anTpormonor O. Xabek yTBEpXK/IaeT, 4TO aKTyalbHas AJIsI PETHOHA «3KOHOMHU-
Yeckasi, TOJINTHYECKasi U ANCKYPCUBHASI TETEMOHUSI TOPO/ia HaJl CEITbCKOH MECTHOCTBIO»
TIPOJIOJDKACT OTIPEACIATH MPEACTABICHUS O «HOPMANBHOH )u3HW» [16: 200]: IMEHHO OTIBIT
KHM3HU B Topozie 00pasyeT TOT uieal, 10 CPABHEHNIO C KOTOPHIM OLIEHUBACTCS U KPUTH-
KyeTCsI TIOCETIOK, B TOM 4HClie ceBepHBbIH. [103TOMy OMH M3 OCHOBHBIX BEKTOPOB MHIpa-
LIUM — MUTPANus TUIA «CEJIO — TOPO/», KOTOPask OIPEe/eNsieTcss HEOOX0IMMOCTbIO TOITy-
yeHns oopazoBarus [16: 199-200, 17: 37]. B oT0li CBS3U CTOUT YIIOMSHYTh M HETABHIOKO
xaury M. Jlaprosns [18]. MoOMIBHOCTE 3/1eCh IOHUMAETCS IIUPOKO: KaK MepeMeIIeHIe
HE TOJBKO B TeorpaduiyeckoM, HO M B COIMAIBHOM CMbIcie. [IpencraBieHHbIe B KHATE
MIPUMEPBI OKa3bIBAIOT TECHYIO CBSA3b «CEBEPHOI» MUTPAIIMU C N3MEHEHHEM COLIMAIEHOTO
cTaryca y pasHbIX TPYIII JIIOZIEH, BBIJEICHHBIX 0 reorpaduueckomy, npodeccrnoHamb-
HOMY WJIM 3THHYECKOMY IPU3HAKY. JTa KHUTA MO3BOJIET YBUACTh MECTPYIO KAPTHHY
TIepEeIBIKCHNI Ha MPOCTOpax MOYTH Bcero poccuiickoro Cesepa, 3a UCKIIOUCHUEM €T0
CaMbIX BOCTOYHBIX PETMOHOB; OHAKO PETHOHBI-ZOHOPHI (3a MCKIoUeHneM PecrryOnmkn
JlarecTaH B rocieHei iaBe) B KHUIE HE PAaCCMATPHUBAIOTCS; HE CTABUTCS 37I€Ch M 3a/1a4a
CHCTEMaTHYECKOTO CPABHEHUS CUTYAIMi B Pa3HBIX PETMOHAX, B3IIAAA HA CYILIECTBYIONIEE
TIOJIO’KEHHUE JIeNT U3 00enX reorpaueckux TOYEK, COCAMHIEMBIX MUTPAIIUIMH.
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OJHUM M3 OCHOBHBIX TPEHIOB B HCCIICIOBAHUSIX MOOMIILHOCTH MOCJIEAHUX JIET CTall
OTKa3 OT PACCMOTPEHUsI MUTpAU KaK OJHOHAINPABIEHHOTO Ipoliecca NepeMeIleHus
W3 HAYaJbHOM TOYKH B KOHeuHYH0 [19, 20]. Bce Oombliie ucciienoBaresieil CKIOHSIOTCS
K «TPaHCHALMOHAJILHOMY MOAXOAY» ¥ MPUXOIUT K BBIBOLY O TOM, YTO NPUHUMAIOIIAs U OT-
NPaBJISIOIIAS TEPPUTOPHST — CKOpee «cooOIaronyecs cocyns» [21], apmkenue Mexay
KOTOPBIMH ITPOUCXOIUT B 00e cTOpoHbl. CTOPOHHHUKH TAKOTO IMOJIXO0AA MOAYEPKHUBAIOT
BO)XHOCTh B COBPEMEHHOM OOILECTBE, C €r0 yPOBHEM Pa3BHUTHsI TPAHCIIOPTA U CPEICTB
KOMMYHHKALIUH, U3yYEHUS COIIUAIbHBIX, TOJTUTHYECKUX U SKOHOMUYECKUX CBSI3eH MeX Ty
JokaneHOCTsIMH [19, 22, 23].

BaxHBIM 3TanoM B pa3BUTHH 3TOTO MOAXO0/A CTAJI0 MOHATHE TPAHCIOKATIBHOCTH [24],
MO3BOJIMBIIIEE UCCIIENOBATH HE TOJIBKO MUTPALIUU MEXKAY CTPaHaMU, HO U BHYTPH CTPaHbI
U [10Ka3bIBaTh, KAKMM 00pa30M TPaHCHAIMOHAIbHBIE MUTHATPB! (POPMHUPYIOT COLMAIILHbIE
CBSI3U U TOJAEPIKUBAIOT OTHOILICHHSI OJIHOBPEMEHHO B JIBYX CTpaHaxX WU B IBYX PerHOHax
onHOM cTpansl [20, 25].

TpaHcnoKalbHBIN OAX0A NPEACTABISAETCS MOIXOASIINM HHCTPYMEHTOM JJIsl aHAJU-
3a CEBEPHBIX TPYJOBBIX MHUIPALMi, TaK KaK B OOJIBIIMHCTBE PACCMaTpPUBAEMBIX CIIydaeB
NePEeCeUYeHUs] TOCYIapCTBEHHON I'PaHUIIBI HE NPOUCXOINT, Jia U CIOKHO OOHAPYKHUTh
MPUHIUNHATIBHYIO PA3HUIYY B MEXaHU3MaX MUTPALUH C TIEpeCceueHHEeM IoCyJapCTBEHHON
rpaHMLbl U Oe3 Hero.

Crenyroliiee BaKHOE MOHATHE — «MHPPACTPYKTypa MUTPALMKU»: TEPMHH, BIIEpBbIE
HMCTI0B30BaHHbI Bsio CsnoM 1 Moxanom JIMHAKBHCTOM JUls ONMCAHHS CIIOXKHOM B3aH-
MOCBSI3H JIIOJIEH, TOCYIapPCTBEHHBIX U HETOCYAaPCTBEHHBIX NHCTUTYLIMI U aKTOPOB, (op-
MUPYIOIIMX BOZMOXXHOCTH U YCJIOBUS [uisi paboueit MoOmibHOCTH B Kutae n Munonesunu.
OHH BBIJIEIISIIOT HECKOJIBKO aCHIEKTOB HH(PACTPYKTYphl MUTpaliuu: 1) KOMMEpUECKui —
PEKPYTHHIOBBIE (PMPMBI-TIOCPEIHHUKH, 2) PEryIsSLUOHHbBIH — TOCYIapCTBEHHbIH anmapar
U IIPOLIE/TyPbI BBIAAUH JOKYMEHTOB, 3) TEXHOJIOTHYECKUI — TPAHCIOPT U KOMMYHHUKALHS,
4) rymanurtapssiii — HKO u HekoMMepueckue opraHusanuy, 5) coluaabHbIl — CeTH
MHUrpaHTOB [26]. ABTOpPBI (POKYyCHPYIOT CBO€ BHHUMAaHHE CKOpee Ha MHCTHTYI[HOHAIBHON
CTOpPOHE BOIIPOCA, CUMTAsl, YTO MIMEHHO OHAa HE IPOOJIEeMaTU3UPYETCs U T0ITOMY TpeOyeT
HOBOTO TOJIXOJa.

[Ipu MexTyHapOIHBIX MUIPALUSX HHCTUTYLUOHAIBHBIA U MOJIUTUYECKUN YPOBEHD
NPE/ICTaBICHBI OOJIBIINM YHCIOM UH(PACTPYKTYPHBIX «3BEHBEBY, B CIy4ae MHUIPALUN
BHYTPH T'OCY/IapCTBa 3TOT aclEKT oKa3bIBaeTcsi Oonee cxarbiM. Cpesin ero 3BeHbEB MOXKHO
Ha3BaTh areHTCTBA HEJBMKMMOCTH, IPOrpaMMBbI TIEPECEIECHUs U3 CEBEPHBIX PErHMOHOB,
HMHCTUTYT NTOCTOSIHHOW ¥ BpEMEHHON PEerucTpaliy, a TakxKe HEeHTPbI 3aHSITOCTU U OTAEIIbI
PEKPYTHUHIa B IPOMBIIIUICHHBIX KOMIIAHUAX Ha CEBEPHBIX TEPPUTOPUSIX B ClIyyae BXOAAIIEH
murpatui. [logxon, KOTopsIil peyiaraeTcs 31eck, CPOKYCHPOBAH Ha COLMAILHOM acIeKTe
MH(PACTPYKTYPbl MUTPALMIL: KAKMM 00pa3oM CBSI3U MEKILY JIOAbMH (II0/LAEPKUBAIOIINECS
U3 rojia B IO/l HAa OIPOMHBIX PACCTOSHHSAX) CTPYKTYpPHUPYIOT MYTH MHUIPALlMX HACEJICHHUS
c CeBepa «Ha Marepuk» 1 00paTHO. B 3TOM cMbIcie yrnorpebieHue HaMu TePMHHA «UH-
(pacTpykTypa MUrparuii» okaseiBaeTcs ONvke K «uH(ppacTpykrype sionei» A. Cumone,
HEXKEJHU K NOHUMAaHHUIO 3TOro TepMuHa CsSHOM U JIMHIKBUCTOM.

H.1O. 3amsaruna u A.B. [TuscoB npociiexXUBaOT yCTOMUNBBIE MUTPAI[IOHHBIE CBSI-
3M MEXJy TeM WJIM WHBIM ropogoM Ha CeBepe M ropoioM B OoJiee FOKHBIX PErHoHax
Poccuu [27]; 3nech 1€TEpPMUHUPOBAHHOCTh B3aUMOJEHCTBUN KOHIENTYaIU3UPyeTCs He
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(PU3HMUECKIM PACCTOSHUEM, & COIMAIBHBIMHA U HHCTUTYLIMOHAJILHBIMU MPUYUHAMH C T10-
MOIIBIO TEPMUHA «COIUAIBHOE PACCTOSIHNE» (MIIM «COIMabHask JOCTYITHOCTBY, aHIJI.
proximity) [28]. DT0o IOMONHSACT W BUIOUIMEHSCT TPAIUINIO HHIYCTPHAIBHON Teorpa-
¢un, B paMKax KOTOPOH 0OBEKTOM «COIMAIBHOTO PACCTOSHH» OOBIYHO BBICTYIAIOT Op-
raam3anuu [29, 30, 31]. [Ipencrasisiercs, 9TO, aHATH3UPYS «COIHUATHHOE PACCTOSHUCH
1 «uH(paCTPyKTypy MHUTpanuity U (GoKycHpysICh Ha KaueCTBEHHBIX PA3IHUMAX CBS3EH,
MOYKHO 00Jiee 0OBEMHO PACKPHITH CYTh MOHATHS CONUANBHON ONU30CTH.

PeneBaHTHO Uil JaHHOTO MOAXOJA MPEACTABISECTCS M KOHIEIIIHMS PAacHpeiesieH-
HOTO 00Opa3a >xm3HH, npemiokeHHas C.I. Kopmouckum [32], oOpamarommM BHUMaHHE
Ha IIMPOKO PacHpOCTpaHEeHHBIH B Poccnn ()eHOMEH NMPOKMBAHKS B HECKOJIBKUX JIOKAIIb-
HocTsix. PactipenienieHHbIi 00pa3 )KM3HU OTIIMYAETCS] OT KOHLEITOB MPAHCHAYUOHATUSM
U MpPAHCIOKAIbHOCHb TEM, YTO BHIMAaHUE 3/1€Ch OOpAIIeHO HE Ha TPAHCTPAHUYHbIC WIIN
yAaJCHHBIE MUTPAINH, a HA TIOBTOPSIOIINECS TIepee3/Ibl U MPOKNBAHUE B HECKOIBKUX
JIOMax WJIM KBapTHpax MHIAMBUAOB M IEIBIX CEMEW B paMKax OfHOro odOmecTsa. B aTom
TIOIXOZIE M3YHAIOTCs COLMATbHO-IKOHOMHUECKHE aCIEKThI PacIIPeIeIEHHOT0 00pasa Ki3-
HU. OCOOECHHOCTH CEBEPHBIX PETMOHOB COCTOUT B TOM, YTO y MHOTHX CEMEH eCTh He-
CKOJIBKO «0a3» — KBapTHP, IOMOB — B APYTHX, 9ACTO 3HAYUTEIHHO YIAJICHHBIX PErHOHAX,
B KOTOPBIX €XKETOHO MPOBOIST OTITYCK, Ky/la OTHPABIIIOT AETEH Ha OTHABIX, IN€ JKUBYT
oOyuaromyecs B y4eOHBIX 3aBEICHHUAX BhIpocIIne 1eTh. JKU3Hb ceBepsiH 4acTo pacipe-
JIETSIETCS] HE MEXIY JIBYMsI, @ MEXKAY TPEMSI-UEThIPbMS JIOKAIBHOCTSIMHU, Pa30pOCaHHBIMU
10 TEPPUTOPUH CTPAHBI, & NHOT/IA U 3a ee Ipe/eraMu. Pacnonoxxenne 3Tux «6a3)» 3aBHCUT
IJIaBHBIM 00pa30M OT KOH(UTYypaluy COLHMAIBHBIX CETEH KaXI0H CEMbH.

Crnenyer ynmoMsHYTbh B 3TOH CBS3M M HEJABHO OITyOJMKOBaHHYIO MOHOTpaguio
APKTHYECKOTO COBETA IO MPOEKTY «JleHCcTBUS MO ajanTaluu A MEeHstolelcs ApKTu-
km» [33]. TIpoexT mpoBoamiics mox 3rumoi [IporpaMmMbl apKTHIECKOTO MOHUTOPHHTA
1 OIIEHKH C LIEIIbI0 CIIOCOOCTBOBATH CBOEBPEMEHHBIM M ONIEPaTUBHBIM MepaM M MPUHSATHIO
pelIeHUH B yCIOBUAX OBICTPO MeHstomelcs ApkTuku. B ['maBe 8 MoHOTpaduu mokasano
3HAYEHHUE TI00aTHHON CBSA3aHHOCTHU B MPOIECCE KUIHECTIOCOOHOTO (resilient) pa3BUTHA
Apkruku (Ha npuMepe bapeHI-perrona) u, 4To BaKHO JUIS HACTOSIIETO MPOEKTA, MOJ-
TBEpJK/IeHa HEOOXOANMOCTh BBISBJICHHUS M anpoOaIiy Mokaszareneil Ui MOHUTOPHUHTA
JKU3HECTIOCOOHOTO U YCTOMYMBOTO PAa3BUTUS APKTHKH.

Kak npezcransiercst, KoOMOMHALMS TIPEATOKEHHBIX KOHIIETIIINH MOXKET CTaTh OCHOBOW
JUIsl BBIPAOOTKH TMOAXO0/a, TO3BOJISIONMIETO OMUCATh CYIIECTBYIOIINE CONMAIBHBIC CBSA3H
kak BHyTpU A3P®, Tak u mexay ASP® u 1pyruMu peruoHaMu, JIydIle MOHATh IPUPOILY
9THX CBSA3EH M OLCHNTH MX 3HAYEHHE Ul yCTOHYMBOTO Pa3BUTHUS PETHOHA.

3AK/IIOYEHUE

[TnanupyeMslil MPOEKT TEMATHUECKU U METOIOJIOTMUECKU MPOIOJKAeT HCCIe10Ba-
nue, nposeaenHoe Llentpom B 20142016 rr. o rpanty PH® (Ne 14-18-02136) B pamkax
npoekTa «“‘/letu AeBIHOCTHIX B COBpeMeHHON Poccuiickoif ApKTHKe: OlleHKa HacTosIIIe-
ro U xemaemoe Oysyriee», B X01e KOTOPBIX ObliIa 0TpaboTaHa METOAMKA MCCIIEIOBAHMS
U coOpaHbl CPaBHUMBIC JaHHBIC MO 27 HACEICHHBIM MyHKTaM APKTHYECKON 30HBI PO,
1 OcHoBHbIe pe3ynbrarhl npoekta Ne 14-18-02136 omyGiaukoBaHbl — CM. XypHan Sibirica
(2017.V. 16. Ne 3); 5TOT TeMaTH4YeCKHIi BBIMYCK JKypHaa o3ariasicH Mobility and Infrastructure u
MOCBSIICH ONMCAaHUIO Pe3yIbTaTOB IpoeKTa: 31ech — cTarbu H. Baxtuna, A. bonorosoii, B. Bacu-
nweBoli, K. I'aBpunooii, A. Kapacesoil, E. JIspckoil.
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OH KOHLIEHTPUPYETCSI HA HUCCIIETOBAHNU CEBEPSIH, MEHSIONINX MECTO JKHTEIbCTBA KaK
BHYTPH apKTHYECKUX PETHOHOB, TaK M IEPEe3KAIONINX OCTOSHHO WIIK BPEMEHHO B Ooliee
I0KHBIE paiioHbl. HeoOX0MMo HCIoNb30BaTh yKe MPOBEPEHHBIE COLMATBHO-aHTPOIIONO-
THYECKHE METO/IBI ISl HCCIICIOBAHMS )KU3HEHHBIX CTPATernii JIIoJel — MpeAcTaBuTeNeH
KaK KOPEHHOTO, TaK U HeKopeHHoro HaceseHus: Cesepa. B pesynbrarsl OyayT MoiydeHs
JIaHHBIE O PEaJbHBIX MOTHBAIMAX CEBEPSIH B BHIOOPE JKU3HEHHOTO IYTH, YTO ITO3BOJIHT,
0CTaBasCh B paMKaX Ka4e€CTBEHHBIX METOIUK, TOBBICUTH TOUHOCTH POTHO3UPOBAHHUS T10-
BesieHns skutenelt CeBepa B YCIIOBHSX POCTA 3HAYCHUSI APKTHKH KaK IPOMBIIIIEHHOTO
U TPAHCIIOPTHOTO PETHOHA.

Baarogapuoctu. Crarhs HAIMCaHA B PAMKaX MPOCKTa « APKTHIECKHE CBS3H: JHOMH
u uHdpacTpykryps» (rpant PODU Ne 18-05-60108), konkypc POOU «DyHmameHTa b-
HbI€ MPOOJIEMbI N3yUYeHHUs 1 0CBOeHHs Poccuiickoil ApKTHKY: TPUPOIHAS U COLHAIbHAS
cpenay. HccenoBanue, OMHUCAHHOE B CTAThe, B HACTOSIIEE BPEMST BEACTCS KOJUICKTHBOM
IlenTpa coumanbHbIX nccaenoBannii Ceepa EBpomneiickoro yauepcurera B CaHKT-
[TerepOypre. B mOAroTOBKE 3asBKHM Ha MPOEKT, KPOME aBTOPOB CTAThH, YIaCTBOBAJH
B.B. Bacunbesa, K.A. T'aBpunosa, H.}O. 3amsaruna, K.B. Mctomun, E.JI. Kamyctuna
n A.W. Kapacesa.
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HHAMATHU BOPUCA UBAHOBUYA UMEPEKOBA

bopuc MBanoBuu VimepekoB, Hall Kojlera, U3BECTHBIN MO-
JSIPHBIH MCCIIeIoBaTellb, KaHIUIaT reorpadMueckux Hayk, MoveT-
HBIH TOJSIPHUK, AESTENFHOCTh KOTOPOTO HEPa3phIBHO ObLIa CBS3aHa
¢ ApPKTHYECKUM U aHTapKTUYECKUM HAy4HO-UCCIIE0BATEIbCKUM
nHerutyToM (AAHWN) 1 ¢ poccniickumy HOJSIPHBIMU HCCIIEI0Ba-
HUSIMH, yIIea U3 xu3HU B utone 2019 .

bopuc VBanoBuu ponusics u Beipoc B AntaiickoM kpae. [Tocie
okoHuaHus JIeHnHrpaackoro Baiciero MOpckoro apKTH4ecKoro y4au-
Jmia uM. MakapoBa 1o crienianbHoCTH « OKeaHOIO0T U yCHEeIHO
paboran Ha apxumnenare LInunoepreH.

B 1957 r. on 6bu1 npUMIalleH Ha JOKHOCTh HAYaJIbHUKA
craniuu Oasuc B TpeTblo KOHTUHEHTAIbHYIO aHTAPKTUYECKYIO DKC-
neauLuo. 3uMoBKa Ha ctaniuu Oasuc B oasuce banrepa s mectu
3MMOBABIINX MOJISPHUKOB BblJajach KpaiiHe Tsokesnol. B ycioBusax
MOJISIPHOI HOYM, TIPH yparaHHbIX BeTpax cBbiie 40 M/c ynanock He
TOJIEKO MPOBOJMTH HAay4HBIE HAOIIOACHHS 110 METEOPOJIOTHH, adPOJIOTHH, CEHCMHUKe, HO M HavaTh
HOBBIE HAOJFOZICHNS 3a COIEPIKaHUEM 030Ha B arMoc(epe 1 BU3yasIbHbIe HAaOIIOIeHNS 3a TTOJSIPHBIMH
CUSHUAMU yepe3 Kakable 30 MUHYT. B KOHIIe 3MMOBKHU KOJUIEKTHB CTaHLIUH, Bo3MaBisieMoil bopu-
coM lIBaHOBHYEM, MTOJATOTOBUII BCE Hay4yHbIE MABHJIbOHBI JJIsI KOHCEPBALUU M Mepelauydl CTaHLUU
[Tonbckolt akageMuH HayK JJIs IPOJOJDKEHUS] HAYYHBIX UCCIIEJOBAaHUM.

B 1973 r. bopuc ViBaHOBHY BO3IIaBMII KOJUIGKTUB 3MMHET0 CE30HA Ha cTaHMu bennuHcrayseH
(19-s1 CAD). B 3Ty Bropyto CBOIO aHTAPKTUYECKYIO 3MMOBKY OH aKTUBHO HU3y4aJ I'MIPOJIOTHYECKUI
pesxum o3ep o. Kunr Jxopmx.

ITocne nepexona Ha padory B ['ocynapcrBennsiit Komuter no nHayke u rexuuke (KHT CCCP)
Bopuc MBaHOBHY BO3IVIABUII OUH U3 OTAENOB B MUHUCTEPCTBE HAYKU U TEXHUKH.

Bcee roas! bopuc MBanoBuu nozaep:kuBail TeCHYIO Apykeckyto cBsi3b ¢ AAHUU. brarogaps
€ro COICUCTBUIO MHCTUTYT gocTpom B 1980-e rr. HOBoe 31anue Ha yi. bepunra, a B 90-e — nomy-
gt cratyc [ocynapcTBeHHOTo HayyHOro 1eHTpa PO.

Heonenumsrii Bkiaa bopuc MiBaHOBHY BHEC B MEXKIYyHAPOIHOE COTPYJAHHUECTBO B 00IaCTH
MOJISIPHBIX MCCIIEIOBAHUI, B YACTHOCTH B POCCHICKO-TepMaHCKoe mapTHepcTBo. OH OBbLT OHUM U3
nHHIMaTopoB co3nanusi B AAHWU poccuiicko-repMaHCcKoii 1abopaTopuu MOPCKUX M MOJSIPHBIX
nccnenosanuii umern Otto FOmpeBrya [Imuara (OLJT), odurmanbHOE OTKPBITHE KOTOPOM COCTO-
sutock 9 okTaA0pst 2000 . Ero GoubIoit Hay4HBIH M OpraHU3alliOHHBIN OIBIT MOJSIPHOTO MCCIIeN0-
BaTesIsi CIOCOOCTBOBA PAa3BUTHIO aKTYAJIbHBIX HAIIPABICHUH COBMECTHBIX HAayYHBIX HCCIIETOBAaHHI
B MOJISIPHBIX 00JACTSIX, @ TAK)KEe OPraHNU3alUK CTHICHANAIBHON TIPOrpaMMBbl MOAAEPIKKH MOJIOABIX
YYEHBIX B 3TOU POCCHICKO-TEPMAHCKOH 1TabopaTopuu.

Jlonroe Bpems bopuc MBanoBuu kypuposai Iloxnporpammy «KoMiuiekcHble HCClIeI0BaHUS
OKEaHOB U Moped, ApkTuku u AHTapktukn» LleneBoii mporpammsl «MHUpPOBOH OKeaH», OAHY U3
OCHOBHBIX INIO0AJIBHBIX MTPOTPAMM POCCHUICKUX MOJISIPHBIX UCCIIEIOBAHUI.

Crapiuee oxoseHue NOJIIpHUKOB 3Has10 bopuca VBanosuua MmepekoBa kak dyenoBeka 00Jb-
LIOTO TPYAOIIO0HS, HCKITIOUUTETLHOW CKPOMHOCTH M HCKJIIOUMTENILHO BHUMATEILHOTO OTHOILICHHUS
K JTIOIISIM, YBaXKaJIH €ro 3a NPUHIUITHAIBHOCTD U JOOPOXKeTaTebHOCTh KO BceM. TakuM OH U ocTa-

HETCs B HAIICH MaMsTH.
U.E. ®ponos, JI.A.Tumoxos, C.M. Ipamuros, H. Tuoe
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IN MEMORY OF BORIS I. IMEREKOV

Boris 1. Imerekov, our colleague, a well-known polar
researcher, an honorary polar explorer, whose activities were
inextricably linked with the Arctic and Antarctic Research Institute
(AARI) and with the Russian polar research, passed away in July
2019.

Boris was born and raised in the Altai region. After graduating
from the Leningrad Admiral Makarov Higher Marine Arctic School,
specializing in Oceanology, he successfully worked in his specialty
in the Svalbard archipelago.

In 1957, he was invited to be a chief of the Oasis station
during the Third Continental Antarctic Expedition. For six wintering
polar explorers that season at the station in the Bunger Oasis (Bunger
Hills) turned out to be extremely difficult. In the polar night with
hurricane winds reaching over 40 m/s, they were possible not only
to conduct scientific observations in meteorology, acrology, seismic,
but also to begin new observations on the ozone content in the atmosphere and visual observations
of auroras every 30 minutes. At the end of the wintering, the team headed by Boris, prepared all the
scientific pavilions for the conservation and transfer of the station to the Polish Academy of Sciences
to continue scientific research. In 1973, Boris led the wintering team at the Bellingshausen station
(19" SAE). In this his second Antarctic wintering, he actively studied the hydrological regime of
the King George Island lakes.

After joining the State Committee for Science and Technology (USSR), Boris headed one
of the departments in the Ministry of Science and Technology. All these years, Boris maintained
a close and friendly relationship with the AARI. Thanks to his input, the Institute completed the
construction of a new building on the Bering Street, and in the 90s received the status of the State
Scientific Center of the Russian Federation.

Boris made an invaluable contribution to international cooperation in the field of polar research,
in particular, to the Russian-German partnership. He was one of the initiators of the creation of the
joint Russian-German Otto Schmidt laboratory for polar and marine research (OSL), the official
opening of which took place on October 9, 2000. His great scientific and organizational experience
of the polar researcher contributed to the development of relevant areas of joint research in polar
areas, as well as the organization of a scholarship program to support young scientists in this joint
Russian-German laboratory.

For a long time, Boris oversaw the Subprogram “Integrated Research of Oceans and Seas,
the Arctic and Antarctic” of the Federal Targeted Program “World Ocean”, one of the main global
programs of Russian polar research.

The older generation of polar explorers knew well the hallmarks of Boris — great industriousness,
exceptional modesty and an exceptionally attentive attitude towards people, and respected him for
his integrity and goodwill towards everyone. So he will remain in our memory. His enthusiastic
presence will be missed by all who knew him and had the pleasure and honor to work with him.

LE. Frolov, L.A.Timokhov, S.M. Priamikov, J. Tide
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IMPABUJIA JJIA ABTOPOB
KYPHAJIA «ITPOBJIEMBI APKTUKU 1 AHTAPKTUKMN»

XKypHan paccmarpuBaet AJsl yOIMKalMK HayYHbIE CTAThU 10 OCHOBHBIM HaIpaB-
JICHUSIM UCCJICZIOBAHUI B MOJISIPHBIX 00JIACTSX 3€MIIN: OKEaHOJIOTHH, (PU3MKE aTMOChepbl
U TUIpOCc(Epbl, METEOPOIIOTHH U KIIMMATOJIOT U, THAPOJIOTHH CYIIN ¥ THAPOXUMHH, TIIs-
IIHOJIOTHH M KPUOJIOTUH, TeOMOP(OIOTHU 1 SBOJIIOIMOHHOM Teorpaduu, JIeNOTEXHHUKE, Te0-
joruu u reodusuke. Taroke MpeACTaBISAIOT HHTEPEC pabOTHI 1O IKOJIOTUH, OUOIICHOIOTUH
u Ouoreorpaduu, COIMUANTBLHON Teorpaduu 1 COUUATBHON aHTPOIOIOTUH, UCCIEAYOIINX
W3MEHEHHUSI B MOJSIPHBIX PETHOHAX.

B m3nanun nyOnuKyoTCsl HOBBIE Pe3yJIbTaThl HAYYHBIX UCCIIEOBAaHUH, a TAK)KE Ha-
YUHBIE COOOIICHHS TEOPETHYECKOTO, METOANYECKOTO0, SKCIIEPUMEHTAIBHOTO U MPUKIIAIHOTO
Xapakrepa, TeMaTHuecKre 0030pbI (10 3aKa3y PeAaKluK), KPUTHUECKHE CTAaTbh, OYEPKH
M0 UCTOPHH TIOJISIPHBIX MCCIIEIOBAHUN M KpaTKUe COOOIICHUs, OCBSIIEHHbIC TAMSTHBIM
naraMm (110 3aka3y pefaknuu). Bee craTbu MpoxosIT ABOWHOE aHOHMMHOE PeIeH3UPOBaHME.

TexcThl cTareii TOKHBI ObITh HA PYCCKOM HJIM @HTIIMICKOM sI3bIKe. ABTOP(bI) CTaThU
JIOJDKHBI TIOJITBEP/IMTH, YTO ATA CTaThs paHee He ObLIa OImyOIMKOBaHa, a TAaKkkKe He Mpe-
CTaBJIeHA JJIsl PACCMOTPEHHS U MyOJIMKAIMK B JIPYTOM JKypHaJIe.

Bce marepuaiisl mpeACTaBIAIOTCS B PEJAKIHIO B AJICKTPOHHOM BHUJIE B COIPOBOXKE-
HUM OyMa)KHOM BEpPCHU TEKCTa, PUCYHKOB (CM. TpeOOBaHUs K pHCYHKaM) U Qaiisia ¢ 1mo-
HBIMH CBEJICHUSIMH 00 aBTOpax: (aMuiusl, UMsI B OTYECTBO (TIOJTHOCTHIO), MECTO paboThI
(monmHBIN anpec), yueHasi CTEIeHb, JIOKHOCTh, apec IEKTPOHHOW MOYTH U Tesie()OH
OJTHOTO M3 aBTOPOB IS CBsI3U. PekomMeHmyeMblii 00beM crateit — or 8 10 20 crpaHuil
Tekcra (depes 1,5 mHTepBana), BKIIOYas TaONHIBI U CIIHCOK JTUTEPATyphl; PUCYHKOB HE
6onee 6. Texct HaOupaetcst B popmare Microsoft Word. [Tapamerpsr Habopa: mpudr
Times New Roman, kerib 12, uarepsai 1,5. CTpaHHIbI B CTAaThbe HyMEPYIOTCS.

Crarbu oopmitsrorest ciieayromum oopazom. CHavana gaercs YK 3arem Ha pyc-
CKOM $I3bIK€ — Ha3BaHUE CTAaThH, MHUIMAIBI U (haMUINU BCEX aBTOPOB (MIpHU yKa3aHHU
ABTOPOB CTaThM CHaualla WIyT MHUIKAIBL, 3aTeM (amuius. Maunuans! u hamuius pas-
JIEJISIFOTCST TIPOOEIoM), TIOJTHOE Ha3BaHHWE OpraHu3aluu(IKi), T1e BBITOJHEHA paboTa;
ANIEKTPOHHBIN agpec aBTOpa, OTBETCTBEHHOIO 3a CBS3b C pedakifeil. 3aTeM Te JKe CBe-
JICHUSI TIPUBOJSTCSI HA aHIIIMIICKOM sI3bIKE: 3ariiaBHe, aBTOPBI, YUPEKISHHUs, BTOPOH pa3
e-mail maBHoro aBropa. [Tocie 9Toro Ha aHITMHCKOM SI3bIKE MUILYTCS KITIOYEBBIE CIIOBA
B COOTBETCTBUH C aHIIHICKUM ayipaBuTroM (He Oosiee 10 ciioB U He Oojice IBYX CIIOB
B COYETAHMAX) U aBTOpCKoe Summary cTaThil Ha 2025 cTpok (37ech e Al KOHTPOJIs
00s13aTebHO MpUJIaraeTcs MepeBos Summary Ha pyCCKUH S3bIK).

KitroueBrle c10Ba JODKHBI OTpaskaTh OCHOBHOE COZEpXKaHHE CTaThH, IOBTOPATH
TEPMUHBI U3 TEKCTA CTaThH ¥ M0 BO3ZMOYKHOCTHU HE MOBTOPSTH TEPMHHBI 3aIVIaBUSI; CIIEyeT
MOMHHUTb, YTO OTH CJIOBA JIOJKHBI OOJIEIYUTh MOUCK CTaThbH CPEACTBAMU MH(OPMAIIMOH-
HO-TIOMCKOBOW CHUCTEMBI.

Summary 107KHO OBITH OHSATHO 0€3 oOpalieHus K caMoil myOIMKaluy KaKk He3aBu-
CHMBI OT CTaThM UCTOYHHUK MH(pOpMaIi. OHO JOJKHO OTBEYATh CIISIYIOIIMM KPUTEPHUSIM:
MH(OPMATHBHOCTH (HE COJleprKaTh OOIKX CIIOB); COEPIKATEILHOCTH (OTpaXKaTh OCHOBHOE
COZIEp)KaHUe CTaThy: 3a]la4K PadOThI, METO/IbI, IJIABHBIE PE3YNIBTAThl HCCIIEIOBAHHA); 110-
clieioBaTeIbHOCTH M3jokeHus. [lepeBon Summary Ha aHIIMHACKHUN SI3BIK JOJDKEH OBITh
BBINOJIHEH Ka9€CTBEHHO, C HCIIOIb30BAHMUEM aHIVION3BIYHON criennanbHONW TEPMUHOIOTHH,
He OBITh JOCIIOBHBIM MEPEBOJIOM PYCCKOSI3BIYHOW BepCUH (IIPU HEOOXOIUMOCTH CIIEAYET
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TaKXXe BKJIIOYATh MTOSCHEHUS U MHOCTPAHHOTO YUTATENs], CBSI3aHHBIE CO CIIeIM(UKOI
HCCIICIOBAHMN).

Janee npogomkaercst ”HOpPMANXs Ha PyCCKOM S3bIKE: KIIFOUEBBIE CIIOBA B COOT-
BETCTBHH C pycckuM andasutom (He Oomee 10), kpatkas anHOTamms (7—-10 cTpok) (6e3
TIepeBoO/ia Ha aHMIMICKUI) — W HAYMHAETCS TEKCT CTATHH.

JList cTaThy, IpeICTaBIIsIeMON Ha aHTIIMIICKOM s13bIKe, TpeOyroTes: YIIK; mepeBon Ha
PYCCKHI s3bIK Bcell mH(pOpMaIMy, KOTopast AaeTcsl Mepe/l HayajaoM CTaThbH B XKypHaJe.
Kpome Toro, B KOHIIE cTaThbil HEOOXOIUMO IPUBECTH PACIIMPEHHBIH pycCcKuil pedepar
(1-1,5 ctp.), a B mognucsax K pUCYHKaM JIaTh MX MEPEBOJ HA PYCCKHUH S3BIK.

OCHOBHOM TeKCT pa3bmBaercs Ha pa3mensl. OOBIYHO TO BBEIACHHE, TOCTAHOBKA
IpoOIeMbI, METO/INKA UCCIIE0BAHHMN, PE3YIbTaThl HCCIIEIOBaHNH, 00CYXK/ICHNE Pe3yibTa-
TOB, 3aKJIFOYCHHUE (BBIBOIBI). B KOHIIE CTaThU MOXHO IIOMECTHTH 01aroJapHOCTb JIHILAM,
OKa3aBILHM ITIOMOIIIb B MOAATOTOBKE CTAaTbH, M HEOOXOIMMO yKa3aTh HCTOYHHUK (DHHAHCOBON
TIOAICPIKKH, CIIOCOOCTBOBABIIHY BBITIOTHEHHUIO 3TOH paboTHI (TpaHTHI (POHIOB, TPOTPAMMEI
u T.21.). barogapHocTn M CCHUTKM HA TPAHTHI MJIM TEMBbI IAI0TCS HA PYCCKOM, a 3aTeM Ha
anrmuiickoM si3bike (Acknowledgments).

[Toamucn mox pruCyHKaMM JArOTCS K KaXKJOMY PUCYHKY B COOTBETCTBHH C €TI0 pac-
TIOJIOKEHNEM B TEKCTe: CHadasla Ha pycckoM (Puc. 1. Jlanee moamuce), a mOTOM Ha aH-
mmtickoM si3bike (Fig. 1. Figure caption). B moamucsx HeoOX0quMO OTAETSATh COOCTBEHHO
Ha3BaHUE PUCYHKA OT OOBSCHEHUH K HEMY (IKCIUTHMKAIU), KOTOPBIE HAJO0 JaBaTh C HOBOH
CTPOKH.

Pucynkn u dororpadum momemaror B OTACNBHBIX (haiiiax: U pacTPOBBIX H30-
Opaxernnii B pacTpoBsix popmartax JPEG/TIFF/PSD, u B Bektopabix — CDR (Bepcun
X6 u crapme) win Al (He gomyckaroTcst pucyHKd B popmare Word). Pasperrenne pac-
TPOBBEIX H300pakeHUH B oTTeHKax ceporo m RGB-user momkuo 6prTh 300 dpi. Bee
CJIOBECHBIE HAJNNCH HA PUCYHKAX JAIOTCS TOJIBKO HAa PYCCKOM si3bIke. Bce ycioBHBIE
3HaKHd 0003HadarTCs IMuppamMu (KypcHBOM) ¢ 00S3aTEIBHON pacIIH(PPOBKON B IOA-
PHUCYHOUHBIX TTOAIMUCSX, T/I€ OHN TaKke 0003HavyaroTcsi KypcusBoM. L{ngpsl MokHO cTa-
BUTh W Ha IUHUAX rpadukoB. Ha rpadukax Bce mKaigbl 0053aTENBHO TOIMHCHIBAIOTCS
1 yKa3bIBAaETCsI PAa3MEPHOCTH BEJIMYHH.

Tabmwmer. J{mst 60TBIINX TaOMHII CIIETyeT UCTIONB30BaTh ATbOOMHYIO Pa3METKy CTpa-
HULBL. Tabaump! 1 rpadbl B HUX JOIDKHBI IMETh 3ar0JIOBKH, COKPAILICHHUS CJIOB B TaOIMnax
HE JIOITyCcKaroTcsA. TaOmumpl HabuparoTes, Kak U TekcT, B popmare Word mpudtom 9 mT.
[Tpumedanust BHyTpH TaOMUIbI HE TAOTCs. VICTIONB3YIOTCS CHOCKH KO Beeil Tabmnuiie nim
OT/ZIEJIBHBIM €€ TTOKa3aTEeIIsIM.

B TekcTe cnexyer naBaTh CCHUIKM Ha BCE PUCYHKH M Tabmuipl. [Ipu mepBoit cehii-
Ke — puc. 1, Tabn. 1; mpu MOBTOPHBIX — CM. puc. 1, cm. Tadn. 1. Ecnu B TekcTe maercs
oziHa TaOJMIA WIIN OJMH PHCYHOK, TO CCBUIKM B TEKCTE MPUBOAATCS CIECIYIOIINM 00pa3oM:
TIPH TIEPBOH CCHUIKE — (TabmmIa), (PUCYHOK); TP OBTOPHOM CCBIIKE — (CM. TaOIHILy),
(cM. pUCYHOK).

Maremarnyeckne 0003Ha4€HHUS, CHMBOJIBI M TIPOCTBIE (POPMYIIBI HAOMPAIOTCSI OCHOB-
HBIM MPHU(TOM CTaTbH, CIOKHBIE (hopmynbl — B mporpamme MathType (nim B Bepeusax
Word no 2007 roma BirouuTenbHO). HymMepyroTcst TONbKO Te GOpMYIIbI, Ha KOTOPHIE
€CTb CCBUIKH B TeKCTe. Pycckue u rpedeckue OykBbI B JOpPMYJIaX M TEKCTE, a TAKKE XH-
MHYECKHUE 3JIEMEHTHI HAOMPAIOTCS MPSAMBIM MIPU(TOM, JIATHHCKHE OYKBBI — KYPCHBOM.
AOGOpeBHaTypsl B TEKCTE, KPOME OOLICTIPUHSTHIX, HE JOIYCKAIOTCSL.
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B cricke nureparypst (1og 3aronoBkoM «CHHUCOK JINTEPATyphl») CChUIKM Ha JIUTEpa-
TYpy HyMEpYIOTCS TIOCJIEI0BATENbHO, B COOTBETCTBUH C ITOPSIKOM HX TIEPBOTO YIOMHHA-
HUs B TekcTe. [IpuBOIsITCS TOIBKO OMyOIMKOBaHHBIE PAOOTHI. CCBUIKH 1O TEKCTY JAIOTCS
B KBaJpaTHBIX CKOOKaX Ha HOMEpa CIIMCKa, yepe3 3arsaTyto ¢ mpobemom: [1, 7, 23-27].
Crarbst JOJKHA COIEPIKaTh CChIJIKM Ha BCE PabOTHI, MPUBEJCHHBIC B CIIUCKE JIUTEPATYPBI.
OOparaem BHUMaHKE Ha HEJOIYCTUMOCTD BKJIIOUEHHS B CIIMCOK JIUTEPATypPhl M3AHUM,
BeIMymIeHHBIX 0e3 ISSN- mimm ISBN-komoB (3TUM 9acTo rpemrat cOOpHUKH MaTepHaioB
KkoH(pepeHuii (Te3UChl WX JOKIIAb)).

Jamee mpuaraeTcst BTopoii ciimicok nuteparypsl (References). B cricke Ha matu-
HUIIE CTPOTO COXPAHSIOTCS TE XK€ IMOCIIEN0BATEIBHOCT M HyMEpalus HCTOYHUKOB, YTO
U B «TPAAUIIHOHHOM» cIiicke. CChUIKM Ha MHOCTPAHHBIE HCTOYHUKH MPUBOIATCS B 000MX
CIIHCKaX JINTEPaTyphbI.

CraTby, HE COOTBETCTBYIOIINE YKa3aHHBIM TPEOOBAHMSAM, PACCMATPHUBATHLCS HE
OynyT. I[Ipn paboTe HaJl pyKOIMCHIO PEAAKIHS IO COTIACOBAHMIO C aBTOPOM BIIPAaBE €€ CO-
KpaTuTh. ABTOP, TOIIKCHIBAs CTATHIO M HAMIPABIIAS €€ B PEAKIINIO, TEM CAMBIM IIEpeiacT
ABTOPCKHE TIpaBa Ha U3/IaHHE 3TON cTaTh XypHAITY «[IpobneMbr ApKTHKE U AHTapKTHKA/
Arctic and Antarctic Researchy.

Penakiyst n3BemniaeT aBTOpoOB O BOZMOXKHOM BBIOOPOYHON MPOBEPKE MPUCIAHHBIX
JUISl MyONMKAIMK CTaTel B cucTeMe «AHTHUILIaruar.

PenakiimoHHass KOJIJIETHsI HE BCTYNAET B AMCKYCCHH C aBTOPaMHM IO TIOBOAY ITIPH-
HUMAaEeMBbIX €10 PEIICHHH.

Bonee monuble cBeneHus 1o 0(h)OPMIICHUIO CTAThbU NMPHUBEIEHBI B TOKyMeHTe «Tpe-
0oBaHMS K O(OPMIICHHIO CTaTeH, MPHUChUTaeMbIX B XypHaAN “TIpobmemMbl ApKTHKH U AH-
TapkTukn». OH pa3MeIeH Ha CTpaHUIe KypHaja Io ajpecy: http://www.aari.ru/misc/
publicat/req_pub_aanii .pdf u o0s3aTeneH I 03HAKOMIICHHS TIPH TIOITOTOBKE MaTePHAIOB
CTaTbhH.
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