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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. Hpunsma x nevamu 30 urons 2019 .

Kniouesvie cnosa: 6e3nenHblii NeproA, AaThl OUUIEHUS U Iegoobpa3oBanus, Kapckoe mope,
MEKTO/10Basi U3MEHUYUBOCTb.

PaccmoTpena MexromoBasi H3MEHYMBOCTh CPOKOB OUMIIEHHS aKBAaTOPHM OTO JIbJa, Hadasa
71€1000pa30BaHUs U MPOJOILKUTENLHOCTE OE37IEHOTO MEPHO/A B PaliOHE Te€0IOrNUeCKUX CTPYKTYP
B 1oro-3anagHoi yactu Kapckoro mops. IlokazaHo, 4To B mocieqHee JeCATHIETHE B Pe3yIbTaTe
codyeTaHusi ONaroNnpusTHBIX IHAPOMETEOPOIOTHYECKIX YCIOBUH MPOIOIKUTEIBHOCTD OE3IIEIHOTO
HepuoJa yBeIMYMIach Oojee yeM Ha Mecsl. AHAIN3 OCHOBHBIX THIPOMETEOPOIOrnueckux dax-
TOPOB, OIPEAENAIONINX MPOJOJIKUTENBHOCT OE3JIEIHOTO MepUo/ia, MOKa3all, YTO BO3MOXHO BbI-
THOJIHSTH OLIEHKY MPOIOKUTENILHOCTH ONEPAlMOHHOTO NEPHO/a MOMCKOBO-Pa3BEAOYHOTO OypEeHHs
Ha akBatopun BoctouHo-IIpuHOBO3EMENBCKUX THUIIEH3NOHHBIX YYaCTKOB € 3a0/1arOBPEMEHHOCTBIO
B HECKOJIBKO MECSIIEB.

BBEJEHUE

Boctouno-ITpunoBo3emMenbekue TUIEH3MOHHbBIE YUACTKU PACIIONOXKEHbI B aKBAaTOPUU
foro-3anaaHoi gactu Kapckoro mops. [eorpadudeckn OHH OrpaHHYCHBI apXHUIICIATOM
Hosas 3emns ¢ 3anana, nomyocTpoBoM fIMai ¢ 1ora u nojryocTpoBoM TaiiMbIp C BOCTOKA.
CeBepo-BOCTOUHAs IPAHULIA AKBATOPUU MPOXOIUT MO YCIOBHOM JIMHUH, COCTUHSIOLIEH
mbic XKenanus u o. Hukcon [1, 2]. B akBaTopun IUIEH3UMOHHBIX YYaCTKOB BBISIBICHbI
HECKOJIBKO TIEPCIIEKTUBHBIX Ha YIIIEBOIOPOABI CTPYKTYP, MECTOTIOIIOKCHIE KOTOPHIX I10-
Ka3aHO Ha puc. 1, a Takke OTKPHITO MecTopokacHue «[lodema» B palioHe reoIornIecKoin
CTPYKTYPHI « YHUBEPCUTETCKAS.

B Ommkaiitme Toapl Ha TSOTOTHYSCKUX CTPYKTypax B Kapckom Mope TuraHupyeTcst
MIPOBEACHUE TIOMCKOBO-Pa3BEIOYHOTO OypeHUs, KOTOPOE BEICTCS B OC3JICTHBIN TEPUOT
C UCIIONTb30BaHKEM IUIABY4HX OypoBbIX ycTaHOBOK (I1BY) pasmudHOro jgemoBoro Kiacca.
B roro-zanannoit yactu Kapckoro Mopsi poAODKUTEIFHOCTE OS3JICIHOTO TIepruoaa Cco-
CTaBJISICT B CPEITHEM JIBA-TPU MECSIa, K IMECT 3HAYHTEILHYI0 MEKTOJOBYIO H3MCHYHBOCTh
[2, 3]. IlpenBapuTenbHas OlIEHKA BOZMOXXHOH MPOIOIDKUTEIBHOCTH OS3JIeTHOTO ITepHo/ia
MTO3BOJIAT OCYIIECTBIATH INIAHUPOBAHHUE ONICPAIMOHHON ICSTEINEHOCTH OYPOBBIX IU1aT(opm
(Ha4ano MOOMITH3aNNH, KOJIMIECTBO CKBAKUH, KOMIUICKC THAPOJHHAMUICCKUX UCCIICIO-
BaHUH W T.J.) W, TAKAM 00pa3oM, ONITUMHU3UPOBATEH 3aTPaThl Ha MMOMCKOBO-PA3BEIOYHOC
OypeHue Ha apKTHYECKOM IIeTbde.

[IpomomKuTeNEHOCTE OE3TICIHOTO MIEPHO/IA 3aBHCUT OT CPOKOB OYHIIICHUS aKBaTO-
pHUH OTO JIbJIa ¥ Hadaia jJeqoo0pa3oBanust. CpPOKH HACTYIIICHHUS JICAOBBIX (a3 3aBUCAT OT
0COOCHHOCTEI JIEIOBOTO PEKUMa B JIOKAIBHBIX paifoHax Kapckoro Mopsi, KOTOpbIe ompee-
JISFOTCS TIPOSIBIICHUSIMU THIPOJIOTHICCKUX W METEOPOIOTHICCKIX (PAKTOPOB, CTOKOM PEK,
permbedoM THa U ouepTaHueM OeperoB. B roro-3amagnoil gactu Kapckoro Mopst BEIICICHBI
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Puc. 1. Pacnonoxenue reonorunyeckux cTpykryp Bocrouno-IIpuHOBO3eMeNbCKUX JTULEH3NOHHBIX
Y4acTKOB B I0ro-3amajiHoi yactu Kapckoro mopst

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

YeThIpE JTOKAIBHBIX PaliOHa, KOTOPbIE NMEIOT OAHOPOIHBIE JIEIOBbIEC YCIOBUS, K HUM OT-
Hocsres: SImano-FOropekuii, O6b-Ennceiicknii, HoBo3eMenbCKIMi 10XKHBIN U CEBEPHBINA
pationsl [2, 4]. CrmoueHHbIe 6161 HOBO3eMENbCKOTO JICASTHOTO MAacCHBAa BHITAMBAIOT
00br9HO mocienHnMH. IllecTh reomorudeckux CTpyKTyp HaxonsaTcs B HoBozemenbckoM
CEBEpHOM U IOKHOM paiioHax, AHabapckas cTpykTypa — B O0b-EnucelickoM paiioHe (cM.
puc. 1). Ha nemoBsrii pexxum O0b-EHUCENCKOTO paiioHa CHITFHOE BIMSIHHAE OKa3bIBACT CTOK
pex O0b u Ennceii, uto mpossisercs B 0oee paHHEM Havaje TasHUs JIbJOB M OUHIICHHS
aKBaTOPHH, a TaKKe B O0Jee paHHEM 3aMEp3aHNH PACIIPECHEHHBIX BOJ. TakuMm oOpaszom,
HEOOXOZMMO JIeTaIbHOE PACCMOTPEHHE MPOLECCOB OYMIIECHUS OTO JIbAA M 3aMep3aHus
JUISL KaXKA0W Te€0JI0TMYECKON CTPYKTYPBI.

[enbto paboOTHI ABISIETCS] AHAIN3 MEKIOJJOBOH M3MEHYMBOCTH CPOKOB OUYMILCHUS
aKBaTOPHU OTO JIbJa, HauaJla JIe000pa3oBaHusI U OE3JIEJHOTO MEPHO/Ia Tl OLEHKH IIPo-
JIOJDKUTENIBHOCTH OTEPAMOHHOTO MEPHO/A TOMCKOBO-PA3BEAOYHOIO0 OypeHHsl HAa aKBa-
Topun BoctouHO-IIprHOBO3EMENBCKUX JINIIEH3MOHHBIX YIaCTKOB B I0T0-3aIIaJHON 9acTH
Kapckoro mops.

JAHHBIE U METO/JbI AHAJIN3A

®opmupoBanue HU(PPOBBIX MACCHBOB JIEOBOTO KAPTHPOBAHUS [UIsl aKBATOPHH POC-
CUICKMX apKTUYECKHX MOPEH BBIMOIHIETCS Ha PEryNsipHOIl 0OCHOBE MUPOBBIM LIEHTPOM
JaHHBIX 10 MopckoMy Jbay (ML MJI) AAHUUN. Jlenosas xaprta siBnsiercst MHGOpMa-
IIMOHHBIM MIPOJYKTOM JUIsl KOMIIZIEKCHOTO OTOOPaKEHHSI B TPOCTPAHCTBE XaPAKTEPUCTUK
JICZSTHOTO MOKPOBA, OHA CO3/1aeTCsl Ha OCHOBE SKCIIEPTHOTO aHAIN3a JaHHBIX HAOMONCHUH

241



OKEAHOJIOT'HA

1 UCTaHIIMOHHOTO 30HJMPOBAHNS JIEITHOTO IOKPOBA B COOTBETCTBHH C MEKLyHAPOIHBIMU
1 HallMOHAJBbHBIMHU CTaHJApPTaMH JIEOBOTO KapTHpoBaHus. JlJsi aHamM3a AaHHBIX ObLIM
HCTIOTB30BaHbI JienoBbie KapTel AAHWUN ¢ mucKkpeTHOCTRIO OfTHA HElENs, TIOCTPOCHHEIC
Ha OCHOBE CITyTHHKOBOH MH(popmariu 3a nepuox ¢ 1989 mo 2018 . (http://wdc.aari.ru/
datasets/). Miconp3oBasicst 30-neTHuil niepuos, KOTopslid pekomenayercst BMO s ana-
nm3a kmMatndecknx naHHbX. C 1997 ©n o XpaHeHUs U 0TOOpaKCHHUS JIETOBBIX KapT
npumensiercs popmar SEAGRID-3, koTopblii T03BOJISET MCIIONB30BAThH T'€ONPHUBSI3aHHbIC
JIAHHBIE 110 PACIPEACICHUIO JIbJla JUIsl aHajiu3a U MX BU3yalu3aluuu. B neTHuil nepuon
(MIOHB—CEHTSIOPB) KapThl MPEICTABICHBI B BUAE PACIPECIICHHs CIUIOYEHHOCTH JIbAA,
a B 3UMHHI nepron (OKTIO0pb—Maii) B BHJIE pacIipeaeeHus! JIbI0B Pa3HOH BO3PAaCTHON
rpajganuu (TONIIKHEI).

Jlnst aHanm3a TEPMHUUYECKHUX YCIOBUH HCIIONB30BAINCH €XKECYTOUHBIE JAHHBIC H3Me-
PeHUIi TemMIIepaTypbl Bo3ayxa Ha rupomereoposoruueckux crannusx ('MC) um. [Torosa
(0. Benbiit) u 0. [lukcon u3 apxuBoB [ocdonmaa (http://meteo.ru), kak HanboIee penpe3eH-
TaTUBHBIX JUIS aKBaTOPHH F0TO-3anaaHoi yacti Kapckoro mopsi. Ha ocHOBe 3THX JaHHBIX
OBUTH paccUUTaHbl CyMMBI I'paJlyco-JIHEH MOpo3a.

B pabore ucnonp30BaH KpUTEPUH 1aTa JOCTHKEHUS JTbJIOM TOMIIHHBI 30 CM B HOBBII
Ce30H 3amep3aHus. ToJIIMHA JbJa Obljla pacCUNTaHa B KayKI0HW TOUYKE OT (haKTHUECKOTO
MOMEHTA MOSIBIICHHS JIbJIa HA OCHOBE SMITMPUYECKOTO BBIPAXKEHHUSI, CBA3BIBAIOIIETO TOJI-
HIMHY JIbJIa C TEMIepaTypoi BO3/yXa, KOTOPOE UCXOAUT M3 TEOPETHUECKOW (hOpPMYJIbI
Credana, moka3aBIIero, 4To TOJIIMHA JIbJa IPOIOPINOHAIBHA KBaPAaTHOMY KOPHIO U3
CYMMBI TpajJlyco-JHell Mopo3a. PacyeTHble JaHHBIE COMOCTABISIMCE C (PaKTUYECKHUMHU
JIEIOBBIMU KapTaMH Paclpe/ielIeHns] BO3pacTa Jibja.

[TocTpoenne perpecCHOHHBIX 3aBUCUMOCTEH, OIeHKa KOI(Q(PHUIIMEHTOB KOPPEIISIIIA
(Ha 5 % ypoBHE 3HaUUMOCTH), KO3()(UINEHTOB JISTEPMUHALIMK U 1TOA00P BHJA aIlpPOK-
CHMAIIM{ BPEMEHHBIX PSI0B BBIIOJIHSIICS HA OCHOBE CTAHIAPTHBIX HPOTPaMM.

NU3MEHYMUBOCTH CPOKOB OUUILIEHHUSA OTO JIBJAA
N HAYAJIA JIEJOOBPA3OBAHHUSI HA AKBATOPUU
BOCTOYHO-ITPUHOBO3EMEJIbCKUX JIMHEH3MOHHBIX YYACTKOB

O‘-II/I]_IleHI/Ie AKBaTOpHU OTO JibAa OOBIYHO HAYMHAETCS B HepBOﬁ IIOJIOBUHC HIOHA,
a 3aKaHYMBACTCS, B 3aBUCUMOCTH OT HHTCHCHBHOCTH TastHUS, B TEUCHUE HIOJISI MITH aBTyCTa.
B pabore [2] mokazaHo, 9TO MEXTOJ0BbIE CPOKH OUHUILEHHUS] MOPSI HACTOJIBKO BEJIUKH, UTO,
Korjga mpu SKCTpEMAJIbHO JICTKUX JICJOBBIX YCIIOBUAX OUUIICHUC 3aKaHYNBACTCA, IPHU IKC-
TPEMaJbHO TSDKENBIX YCIOBHSIX OHO TOJIBKO HAauMHAeTCs. TeM He MeHee MPOJOKUTEIh-
HOCTb OYMIIEHHS MOPSI OTO JIbJIa COCTABIISIET OKOJIO ILECTH JIeKa[, KaK IPH 3KCTPEMaIbHO
JICTKUX, TaK U IIPU IKCTPEMAJIBHO TAXKEIIBIX JIEAOBBIX YCJIIOBUMIX.

B xagecTBe KpuUTEpHs OYHIICHUS UCIOIH30BATACH J]aTa NCUC3HOBCHHUS JIb/Ia HA aK-
BaTOPHH BCEX CEMHU I'eOJIOTMYECKHX CTPYKTYpP. AHaIU3 JaHHBIX 3a 30 JeT 1mokasai, 4To
BBIACIIAIOTCA JIBa I€pHUoaa BO BpeMCHHOfI U3MCHYMBOCTH CPOKOB OYUILNCHUSA OTO JibJa
aKBaTOPWH, TAC PACMOIOKEHBI TCOTOTHICCKIE CTPYKTYpHL. [Ipu mocTpoeHnu puc. 2 mc-
0JIb30BaHbl CPEJAHUE JaThl OUMIICHHS M Hadasa 3aMep3aHus JUIsl BCEX TeOJOTHYECKUX
cTpykTyp. Kak BuIHO M3 pHC. 2, rpaHUIa pasena MexXIy NepruoIaMyd HaXOIUTCS B MH-
tepBasie oT 2007 o 2010 r. B xauecTBe OKOHYaHUS NEPBOIO MEPUOAA U Hayajga BTOPOro
obutn BeIOpanb! 2008 1 2009 rT. cooTBeTcTBeHHO. Bhienenst 20-etauii (1989—2008 rT.)
u 10-netuuit (2009-2018 rT.) nmepuoapl. 3a MoCIeaHee AECATUICTAE TPOU3OIIIIO CYIIle-
CTBCHHOE CMEIICHUE CPOKOB OUHMIIICHHUS aKBATOPHH OTO JIbJa Ha 0oJee IMO3THUE JaThI.
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Puc. 2. MeskromoBast HK3MEHUYHBOCTD JIaT OYUIIICHUS AKBAaTOpHHU OTO JIbJla U Ha4YaJ1a J'IeIIOO6pa3OBaHI/I§I
Ha TeO0JIOrMYCCKUX CTPYKTypax BOCTO‘IHO-HpI/IHOBO3€MeHLCKI/IX JIMOCH3UOHHBIX YYaCTKOB.

1 — nUHMA TPeHJa JaT OKOHYATeIbHOTO OUMIEHMs, 2 — JMHUS TPeH/Ia JaT Hadana 3aMep3anus, 3 — JIMHUSA
pasrpaHUYeHus] MEXKTOJOBBIX H3MEHEHHH Ha J1Ba IIepHoa

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

MeskronioBast ©3MEHYMBOCTH JIaT OYMIEHHS OTO JIbJla M Hayaia 3aMep3aHus af-
MPOKCUMHUPOBAHBI (DYHKIMSMU MOJIMHOMA TPEThel CTereHu (JIMHUU TpeHna). AHaiu3
puc. 2 TIOKa3bIBACT, YTO CaMH TpaUKH M JUHUM TpPeHJa ONM3KU K 3€pKaJbHOMY OT-
PaXEHUIO APYT Apyra. OTO CBUACTEIBCTBYET O TOM, YTO U3MEHEHHS B JIGAOBBIX (hazax
MPOUCXO/AT C CHHXPOHHOI cocTaBisonei, 00yciaoBiaeHHO# eaunoil npuunHoi. Co-
BMECTHBIN aHaJIM3 MEXI0J0BOTO XOJa TeMIepaTyp BO3/1yXa, JaT OYHIICHHS OTO JIbJa
W Haydajia 3aMep3aHus MMOoKa3ajl, YTO OCHOBHBIM (DaKTOPOM, OINpPEAEISIONNM CPOKU
OYMILEHNUS] AaKBATOPUHU OTO JIbJa M Hadajla 3aMep3aHusi B paiioHe OOJIBIIMHCTBA T'e0-
JIOTHYECKHUX CTPYKTYP, SIBISETCSI CTENEHb CYPOBOCTH IMPEIIIECTBYIONIETO XOJIOIHOTO
ce30Ha, KOJIMYECTBEHHO BbIpaykaeMasi CyMMOH rpajyco-JHell Mopo3a IepHuonia OTpH-
HaTeJIbHBIX TEeMIIEpaTyp.

B Tabn. 1 npuBeneHbl CTaTUCTUYECKHE XapaKTEPUCTUKU CPOKOB OKOHYATEIHHOTO
OYMIICHUS aKBaTOPHH OTO JIbJa Ha T'e0JIOTMYECKUX CTPYKTypax Bocrtouno-IIpuHoBose-
MEJbCKHX JIMIIEH3MOHHBIX YYaCTKOB M CMEIIEHHUE JJaT OYMILIEHHMS 32 JBa PACCMOTPEHHBIX
nepuona: 20 u 10 ner.

B nepuoz ¢ 1989 no 2008 1. cpeanue AaThl OUMIICHUS OTO JibJia MPUXOIUINCH Ha
KOHEIl MIOJIsl — Havaslo aBrycra. JIumb Ha cTpykType AHabapckasi CpeHsisl gaTa Ouuile-
HUs OblTa OTHOCUTEIBHO panHei (13 uromst). Pa3max B j1arax O4MILEHHMS OTO JIbJia B OTH
TO/IbI U3MEHSJICS B mpejenax 55-92 nHs, Ipu 3TOM CPEAHEKBAPATUUECKOE OTKIOHEHUE
(CKO) 05110 3HaUMTENBFHO MEHBIIE, cocTaBisis 13—21 neHs. 3a nocneaHee ecsTUICTHE
(2009-2018 rr.) cpeaHue naTbl OUUIICHUS] OTMEYANCH B NIEPBOW MOJIOBUHE Hrojsl. Pas-
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Tabruya 1

Cpennue 1 3KcTpeMaibHbIe 1aThl OKOHYATEIHLHOTO OUHIEHUsI AKBATOPUH OTO JIB/IA
3a mepuoabi 20 (1989-2008 rr.) u 10 et (2009-2018 rr.)
B paiioHe reoJIOrnyecKuX CTPYKTYp 1oro-3anajanoi yacrtu Kapckoro mops

CwmelieHue
J1aTbl OUMIIEHNS 0TO J1aTbl OYHIIEHHUS OTO JaT TasHASL
nb1a 3a nepuox 20 aer nbja 3a nepuox 10 jer 3a IEPHOABI
(1989-2008 rr.) (2009-2018 rr) 20 u 10 ner,

CTpyKTypHI = = JTHH

= =

2| % : |2 ’
= 5 2 =K = 2 R Bl x| B| E
% oo jes) - = = Jes) = Sl S == =
= = 5 |g|= = = E |g|EE|l = =
5 2 S | g 5 2 S 2| 35| 8 8
o 15} = O |~ o 1) = O |~| &l © =
Porosunckast 12.07.0129.07|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] 14 160(19.06.12{15.07(13.08.17| 17 |55|19|16| 24
Yuusepcurerckas [28.06.95|31.07(23.08.94] 14 |56|15.06.12{12.07{10.08.17| 18 56|13 |18| 13
Buxynosckas 28.06.95|05.0828.09.99{20192|11.06.11{12.07(13.08.10| 21 |63|17|25| 46
Tarapunosckast |21.06.95(02.08(06.09.99(21|77(04.06.11(09.07(10.08.10| 22 |67 17|24 | 27
MaryceBnua 22.06.05|25.07|02.09.94|17|72]12.06.12{10.07({04.08.17| 17 |53|10|14| 29
Amnabapckas 08.06.05/13.07(03.08.99/ 13 |56|01.06.15|03.07|25.07.13| 20 54| 7 | 10| 9

max coctaBui 41-67 ngueit, a CKO 16-21 nenb. Ha cTpykrype Anabapckas 3a mocienanee
JECATHIICTHE CPEIHSSI 1aTa OYMIICHUS OTO JIbJa, TaK K€, KaK M B MPEABLAYIINI epuo,
ABJISICTCA CaMOM paHHEH IO CPaBHEHHMIO C JaTaMU Ha OCTaJbHBIX CTPYKTypax M IPHUXO-
JTIUTCST HA 3 MIOJISI.

B mocnennee mecATHIIeTHE MPOU30IUIO CMEIICHHE CPOKOB OYHIICHHUS B CTOPOHY
6onee panHux gar. CMeMIeHNE CPeIHUX J1aT, B 3aBUCHUMOCTH OT CTPYKTYPBI, H3MEHSIOCH
or 10 1o 25 aHel, mpuyeM HaUMEHbIIICE CMEIICHHE UMEJIO MECTO Ha CTPYKType AHabap-
ckast 1 coctaBmiio 10 mHew.

AHanu3 TaHHBIX MHOTOJICTHEH M3MEHUYMBOCTH CPOKOB JienooOpa3oBanus 3a 30 yer
(cM. puc. 2) mokazai, 4To TakXe MMEIOTCS CYIIeCTBEHHbBIE OTIIMYMS Hadaia CPOKOB 3a-
mep3anmst 3a nepuoa 20 met (1989-2008 rr.) u 10 net (2009-2018 rr.). 3a mocnennee
JECSATHIICTHE TIPOU3O0IIIO0 3HAYUTEIBHOE CMEIIEHHEe CPOKOB JIe000pa3oBaHms Ha Oojee
MO3IHKME JaThl, © OHO cOCTaBWJIO OT 15 1o 30 CyTOK B 3aBUCUMOCTH OT CTPYKTYPBI.
B Tabu. 2 npuBeieHbI 00IIKE CTATUCTUYECKUE XapaKTEPUCTUKU CPOKOB JIe000pa30BaHHs
Ha Te0JIOTHYECKUX CTPYKTypax BocTouHo-IIpHHOBO3EMENBCKUX JIMIICH3NOHHBIX YYaCTKOB
3a 7iBa paccMOTpeHHbIX mepuoaa 20 u 10 jer.

B nmepuon 1989-2008 rr. cpenHue Aarhl Havama Jeao000pa3oBaHus OTMEYAIHUCh BO
BTOPOH MooBHUHE OKTSIOps. McKimroueHue cocTaBuiia ara Ha CTpyKType TatapruHOBCKas,
IJIe Cpe/IHssl laTa Havasa JeJ000pa3oBaHusl OTMEYasach MO3Ke U MPUXOIUIACh Ha 7 HO-
s0psi. Pazmax Mexy Mo3IHUMH U pAaHHUMH JIaTaMU Hadaja jeqoo0pa3oBaHus B ATOT
TepHo COCTABISII 37—54 mHsl.

Cpennue natsl Jem000pa3oBanus 3a nociennee aecsatumierne (2009-2018 rr.) cme-
CTHJIUCH Ha HOSIOPb, a Ha CTPYKType TartapuHoBcKas Ha 2 nexabpsi. Pazmax Mexay mo3aHu-
MU ¥ PAaHHUMH JaTaMH B 3TOT MEPHOJ yBennumics A0 38—74 mueii. CpeHeKBaIpaTuieckoe
OTKJIOHEHHE CPOKOB JIeI000pa30BaHMs U3MEHSUIOCH OT 14 10 26 nHel B 3aBUCUMOCTH OT
PAcCIIONOXKEHHUS T€OJIOTHIECKUX CTPYKTYP.
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Tabruya 2

Cpennue 1 YKcTpeMaJbHbIe IaThI HAYAJIA J1e1000pa30BaHHA
3a mepuoabi 20 (1989-2008 rr.) u 10 et (2009-2018 rr.) B paiioHe reo0ru4ecKux CTPyKTyp
10ro-3anaaHoii yactu Kapckoro mopst

Cwmerenne
JiaT J1e1o-
Jlatsl 1emoo0pa3oBaHus Jlats! 1e1000pa3oBaHus ofpasoparms
3a mepuon 20 et (1989— 3a mepuon 10 ner 38 IEPHOMEL
2008 rr) (2009-2018 rr.) 101 20 e,
CTpyKTypbl - - HH
= =
SESG ST
= 5 g = = g = 52| x| B £
2 = = Sl £ | B| £ |S|E|E|E &
s | £ 2 (2lE] | 2| B (2258 ¢
= g = |O|&| & 5 = |O|£|&| &8 =&
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
Vausepcurerckast|07.10.96|27.10(24.11.08 | 13 {48 22.10.14(23.11{24.12.12|21|63 |15 (27| 30
BuxynoBckast  [12.10.92({30.10(29.11.08 {1448 (22.10.14{29.11{30.12.11{24{69| 10|30 31
Tarapunosckas [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
Amnabapckast 02.10.98|18.10(08.11.08 {10 (37|15.10.14/02.11|22.11.12|14|38 | 13|15| 14

Jlnist cpoKoB 3amMep3aHus I0ro-3amnaaHoi gacTa Kapckoro Mops xapakTepHa OoJbImas
MPOCTPAHCTBEHHAS! HEOJJHOPOIHOCTD, IPOAOKUTEIBHOCTD PACTIPOCTPAHEHHS 3aMEP3aHNs
TI0 aKBaTOPHH COCTABIIAET Oosee OIHOTO Mecsiia. PaHHee 3aMep3aHne IPONCXOINT B CEBEP-
HBIX paifoHax Mops, a Takxke B O0b-EHuCelickoM paiioHe, Te MPOMCXOIUT PaclpecHEHHe
MOps 32 CUET MIPUTOKA PEeUHBIX BOA. CPaBHUTENBHO MO3/IHEE 3aMEP3aHNE XapAKTEPHO UL
I0r0-3aIaJJHOM 4acTH aKBaTOPHH, YTO OOYCJIOBICHO 3aTOKOM TEIUTBIX BOA M3 bapennesa
Mops uepes nponaus Kapckue Bopora.

AHanm3 N3MEHUYMBOCTHU /AT OYHUINEHHs OTO JIbJa M Hadaja JeJ000pa3oBaHUs Ha
AKBaTOPHSIX TEOJOTUYECKUX CTPYKTYp Bocrouno-IIpnHOBO3EMENbCKIX JTHIIEH3MOHHBIX
Y4YacTKOB, IIPH y4YETE CTEIEHU CBA3M CPOKOB OYMIIEHHS U JIET000PAa30BaHUSA C CyMMOH
rpasyco-IHeil Mopo3a, MO3BOJISIET PA3AEINTh F€OJOTHIECKHUE CTPYKTYPBI Ha JIBE TPYIIIIHI.
Teonorngeckue cTpykrypsl AHabapckas, MatyceBmua u PoroswHCKas cieayeT OTHECTH
k O0b-EnmceiickoMy paiioHy, OCTaJIbHEIE YETHIpE CTPYKTYpHl K HOBO3eMenbCcKoMy paifoHy.

OCHOBHBIE ®AKTOPBI, BJIUAIOIIUE
HA CPOKH OYUHIEHUSA AKBATOPUU OTO JIBJAA U JIEAOOBPA3OBAHUS

OCHOBHBIC TIPUPOHBIC (PAKTOPHI, OPEICIIAIONINE CPOKH HAYalla TasTHUS U 3aMep3a-
HUS B apKTHYCCKUX MOPSIX, OMHCaHbI B padote [5]. [Tocne ycToiunBoro nepexoaa Terio-
BOT0 OFO/DKETa BEPXHEH CHEXKHO-JICISTHOW MOBEPXHOCTU K MOJOKUTECIFHBIM 3HAYCHHSIM
HauMHAETCs Npoliecc TasHUs JbJ0B. [1o Mepe yBennuyeHus NOCTYIUICHUsS] COJIHEYHON
paaualuyuy U paclupoCTPaHEHUS] CHEXKHUI] HApACTaeT MHTEHCUBHOCTD TasiHUs. JleTHue
BO3/YIIIHBIC MTEPCHOCH U3 APKTHYECCKOTO OacceifHa MPUHOCIT XOJOIHBIC BO3AYIITHBIC
MAaccChl, YTO CYHIECTBEHHO YMEHBILIAET MHTEHCUBHOCTh TasiHUs. Bo3lyliHble Macchl U3
CeBepHOM ATIIAHTHKH M CO CTOPOHBI MPOTPETOr0 MAaTCPUKa, HAIIPOTHB, CIIOCOOCTBYIOT
OUYUIICHUIO MOps [2].

B cBsI3u ¢ HCOMHOPOIHOCTHIO BO3PACTHOTO COCTaBa (TOJIIIMHBI) JICASTHOTO TTOKPOBA
CHauaja BBITaWBacT OOJICe TOHKH JIe/ IMO3THETO 3UMHETO O0Opa30BaHUs, a 3aTeM JIe
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oceHHero oOpazoBaHusl. OCHOBHBIM (DaKTOPOM, OIPEACIISIIOIUM CPOKH OYMIIEHHUS aK-
BaTOPHHM OTO JIbJA, SIBISIETCS IUIOIIA/]b W TOJIIUHA JISITHOTO TTOKPOBa, 00pa30BaBIIETrO-
Cs 32 BECh NPEJIIECTBYIONINH XOJIOAHBIA ce30H. [Ipomece TasHus Ha akBaTOpuu OymeT
OCYIIECTBIATHCS TEM JIOJIbIIE, YeM OOJbIe TONIIMHA JIbAA, U OOJIBIIYIO IUIOMAab OyaeT
3aHUMAaTh OJHOJICTHUH TOJICTBIH JIes.

KocBeHHYIO OLICHKY MaKCHMaJIbHOM TOJIIUHBI JIbJja MOKHO BBITIOJHATE 110 CyMMe
rpasyco-aHeil Mopo3a 3a NMpeAIIeCTBY IO XOIOAHBIH Ce30H. BhIMoiHeHHbIE pacyeTs
TOKA3bIBAIOT, YTO CBSI3b CPOKOB OUMIIEHHSI ¢ CYMMOM I'pajlyco-IHEeH MOpo3a JJisl HEKOTO-
PBIX TEOJIOTHYECKUX CTPYKTYP XapakTepusyrorcst koadduunentom xkoppessitmu ooiee 0,8.

AHanu3 apXMBHBIX JaHHBIX JaeT OCHOBaHHUE I0JIaraTh, YTO NPOTHO3UPOBAHUE Oy/IeT
3¢ PEKTUBHBIM IJIS CIIy4aeB PaHHUX M MTO3JHUX CPOKOB OUHUILEHHUS OTO JIbA. DTO MO3BO-
JIUT YTOUHUTH MeToJ jegoBoro nporaoza AAHWUU no Kapckomy mMopro, yTBep:KIeHHbIN
LenTpanpHOil MeTOAMYECKOH KomMuccuei Pocrumpomera [6] (kak mo 3abiaroBpeMeH-
HOCTH, TaK W IO TOYHOCTH JUIS OTJENIBHBIX T€OJIOTHUECKUX CTPYKTyp). CpenHue cpoku
OYMIICHUS] aKBAaTOPHH OTO JIbJ]a XapaKTEPHU3YIOTCs JOCTAaTOYHO OOJBIINM JHANA30HOM
M3MEHEHHs 3Ha9eHUH CyMMBI I'pa/lyco-AHEeil MOpO3a, YTO CHIKAEeT BOSMOKHOCTh TOYHON
OLICHKH 0XXMJAEMOT0 CPOKa OKOHYATEIILHOTO TastHUS U TpeOyeT yueTa Apyrux (hakTopos,
BIIMSIIOIIMX Ha MPOILIECCHl OYMIIIEHHS OTO JIb/a. B 3TOM citydae nporiecc TasHusl BO MHOTOM
3aBUCHT OT JIaThl TIEPEX0/ia TEMIIEPATyphl BO3/yXa K MOJOXKHUTEIBHBIM 3HAYEHHUSM H T10-
BTOPSIEMOCTH a/IBEKIMH TEIUIBIX BO3IYIIHBIX Macc. KOCBEHHO 3TH MpOIeCcChl XapaKTepH-
3yI0T CpPEAHEMECSUHbIE 3HAYEHNs] TEMIEPATyphl BO3yXa B JIETHUN NMEPHOJ. YUET TaKUX
(haKTOPOB MPEANIOYTUTEIHLHO MPOU3BOANTH HA OCHOBE METO/A JIOKAJIbHO-TE€HETHYECKON
TUIU3ALNY JIEAOBBIX YCIOBUM [4].

3HAUYNMBIMU THAPOMETEOPOJIOTHIECKUMH (PAKTOPAMHU, OTIPEACIISIIONIMMHI OOJIBIIYIO
MEXTOJIOBYIO M3MEHUMBOCTH CPOKOB JIeJ000pa30BaHMs B I0T0-3armaaHoi yactu Kapckoro
MOpsI, SIBISIIOTCS TETJIOCOAEPKAHNE MOpSI, MPUTOK TEIUIBIX BOJ, MEPEHOCH BO3AYIIHBIX
Macc ¢ pa3InYHOM TeMIIEpaTypoil U BIaXKHOCTBIO [2].

Jluist paiioHa ceMH reoorHdecKux cTpykryp Bocrouno-IIpuHoBO3eMenbeKHUX JH-
LIEH3UOHHBIX YYaCTKOB TEIUIO3arac BOJBI SBJSIETCSI OCHOBHBIM (DAaKTOPOM, BIHSIOLINM
Ha CpOKH 3aMep3aHus. HakoruieHue Teruio3anaca BOAHBIX Macc IMPOUCXOIUT B TEUECHHE
0e371eJTHOTO ITepro/Ia, KOTOPBII OIPEAeNsIeTCs CPOKaMH OYHIIECHUS OTO JbJa. UeM paHb-
1I1e IPON30UIET TassHUE JIEASHOTO MIOKPOBa, TEM OOJIBIIE OKAXKETCS MEPHOJ BPEMEHH JUIs
(opmupoBaHus Teruro3anaca. Kak yka3aHo BbIIIE, CPOKH OUYHIIEHHS OTO JIb/IA 3aBUCST OT
CYMMBI Ipaayco-IHeH MOpO3a 3a MPEALIECTBYIONIMI X0IOAHbII NEPUOA. 3aBUCUMOCTD JaT
Hayaja 3aMep3aHusi OT CyMMBI I'Paayco-THEH MOpo3a 3a MPEALIeCTBYIOMNI XOIOAHBINA
TIEPUOJT JUISl PACCMAaTPUBAEMBIX CTPYKTYP TaKkKe BBICOKAst U B CPEIAHEM XapaKTepu3yeTcs
ko3¢ ¢unnenrom koppesnsiun 0,82. Takum 00pa3om, CPOKH OUHUILEHHS aKBAaTOPHH OTO
JbJIa ¥ HadaJIa JIeI000pa30BaHUsI BO MHOTOM OIIPEIEISIOTCS OJHUM U TEM ke (PaKTo-
POM — CYPOBOCTBIO IIPEALIECTBYIOIETO XOJIOAHOTO CE30Ha, KOTOPBIH OIIEHUBAETCS 110
CyMMe Ipajtyco-IHeH Mopo3a.

KoppensiunoHHast CBsI3b CPOKOB OUMIIEHUS U JIe000pa30BaHMsI C CyMMOH Ipajyco-
JHEW MOpO3a XOPOIIO BBIPaXKEHA B pailoHax reoiorndeckux crpykryp Hancena, YHusep-
curerckas, Parosunckas, Bukynosckas u TarapunoBckast. B paiione ctpykryp MaryceBuua
1 Anabapckast CBA3b MEHee YeTKast. DTH CTPYKTYPBI PAcIIONIOKEHBI B paiioHe SIManbckoro
n OOb-EHunceickoro TedeHnii, KOTOpble MOTYT OKa3bIBaTh CYIIECTBEHHOE BIHMSHUE HA
CPOKH OUYMILCHUS U JIeI000pa30BaHUS.
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N3MEHYUBOCTDH IPONJOJIKUTEJIBHOCTHU BE3JIEJJHOI'O ITIEPUOJA

[TpoMexxyTOK BpeMEeHH OT JaThl OYMILEHUS] aKBATOPHHU JIO Havaja 3aMep3aHus Co-
CTaBJISIET MPOIOJDKUTENBHOCTE Oe3neHoro nepuoaa. Ha puc. 3 nokasana M3MEHYMBOCTb
MPOJOJKUTENILHOCTH O€3JIeHOTO TepHUo/ia B pailoHe Te0JIOTMYeCKUX CTPYKTYp IOro-3a-
nagHoi yactu Kapckoro mops 3a nocneanue 30 set. U3MEHUMBOCTh XapaKTepu3yeTcs
KOPOTKOIIEPUOAHBIMH TIPOU3BOJILHBIMHU (DITyKTYalMsIMH, KOTOPbIE 00YCIIOBJICHBI BIUSIHUEM
pa3IUuHBIX (AKTOPOB U JIOJITOINEPUOAHON IUKIMYHOCTBIO, O0YCIIOBICHHOH KiIMMaTHye-
CKUMH U3MEHEHUAMHU 32 epuoipl 6ostee 10 siet [7]. [lox MUKIMYHOCTRIO B IAHHOM Cliy4ae
MOHUMAETCsl TIOBTOPSIIOIIEECS BO3BPAILEHNE MTPOIODKUTEIBHOCTH OE3JIeIHOTO Meproa
K MCXOAHOMY 3HaueHHio. B MoHorpacduu [8] BbIOIHEH aHAIU3 CIEKTPAIBHOW ILIOT-
HOCTHU KOHC6aHHI>i MHOTOJIETHUX 3HAUEHUN momaau JibJaa U 1IoKasaHoO, 4YTO B 3alaaHbIX
APKTHYECKUX MOPSIX 3HAYUTEIIbHYIO POJIb UI'PAIOT LUKIIBI TPOJIOJKUTEIBHOCTBIO OKOJIO 50
u 20 net. x o6umit Biiaz npebimraet 30 %, aHaJIOTHYHBINA BBIBOJ MOJTYYCH U JUISI psijia
JPYTHX XapaKTEePUCTHUK JIEASHOTO MTOKpOBa (TOJIIMHA JIbJA, JieooOMeH u jip.). B padore
[9] noka3aHo, 4TO MPOAOIKUTEILHOCT OE3JIEAHOTO IEPUO/Ia UIMEET 3HAYUMBbIH IIUKIT OKOJIO
60 51eT, KOTOPBI HEOOXOMMO YUHTHIBATH TPH KIMMATHYECKUX OL[CHKaX.

[Ipeobnanaromum (HakTopoM, ONPEACIISIONINM KOPOTKOTICPUOIHYIO MEKIOOBYIO
M3MEHYMBOCTH OE3JISIHOTO NEPHO/a B ATOW YacTH MOPS JUIsl OOJIBIIMHCTBA T€0JIOTHYECKUX
CTPYKTYD, SIBISIETCSI CTENEHb CYPOBOCTH IPEJIIECTBYIOLIETO XOJIOJHOIO Ce30Ha (CymMMa
rpajiyco-aHeil Mopo3a 3a MpeILIeCTBY IO X0IoHbIH nepron). Jpyrue dpaxropsl, mpo-
ABJIAOIUECA B OTACJIBHBIC T'OJbI, MOT'YT HApYIINUTh 3aBUCUMOCTD IMPOAOJLKUTCIIBHOCTH
0e3JeTHOTO TIeproia OT CyMMBI I'PayCco-He MOp03a, YTO YCIOXKHSET OLIEHKY CPOKOB
OYUIICHUA Y Hadyajia 3aMEp3aHud Ha KOHerTHLIﬁ CC30H.

200
2
=]
B
o 150
8 =
‘o =
é ZE 100
s g
£ 2
x
E 50
g
o
= 0

1985 1990 1995 2000 2005 2010 2015 2020

Toakt

Puc. 3. MexronoBasi ”3BMEHYHBOCTD MPOJIOJDKUTEIBHOCTH Oe3nenHoro mepuona ¢ 1989 mo 2018 .
B paiioHe Boctouno-IIprHOBO3eMEIbCKUX JIMIICH3HOHHBIX yYacTKOB B IOr0-3amaaHoi yactu Kap-
CKOTO MOPSL.

| — AuHUS TPeH/a, aNNPOKCUMAIUS TOJIMHOMOM TPEThEH CTENECHN
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 koportkoneprnoaubix (uiykTyannii Ha uHTepBaie 30 JeT BBIICNSIOTCS J1Ba
TIepro/ia, CpeJHNE 3HAYCHUS U CTAHIAPTHBIE OTKJIIOHEHUS KOTOPBIX CYIIECTBEHHO OTJIMYa-
torcst. [To aHamornu ¢ BBIIEICHHEM JIBYX BPEMEHHBIX MHTEPBAJIOB MO CPOKAM OUMIIEHHS
0T0 Jba (pucC. 2) A MPOIOIDKUTEIBHOCTH O€3JIeTHOTO NEPHUOA B KAUeCTBE OKOHUAHMS
IIepBOTO0 BPEMEHHOTO WHTEpBaa W Hadaja BToporo Obutk BeIOpanbl 2008 u 2009 rr.,
cooTBeTcTBeHHO. Brimemensr 20-metanii (1989-2008 rr.) u 10-nmetauit (2009-2018 rr.)
MepUozIBl. DMIMprUeckas Kpusast 3a 30 JIeTHU psijt TaKKe allpOKCUMHUPOBAHA TTOJIMHO-
MOM TpeThell cTemneHu (puc. 3).

B nocnennee necsTuieTe NpOIOIKUTEIEHOCTH O€3JI€HOT0 epHo/ia CyIeCTBEH-
HO YBEJIMYWJIACh 110 CPABHEHUIO C NPENIeCTBYIOMNM neprojgom. Ero cpennue, skcTpe-
MaJIbHbIE 3HAYEHHS W CTaHJApPTHBIC OTKIOHEHHS JUIsl PaiiOHOB TE€OJIOTHYECKUX CTPYKTYP
MIpUBEJICHBI B Ta0. 3.

Tabruya 3

CpenHue 1 3KCTpeMaJIbHbIe 3HAYEHHS] NPOJOIKUTEIbHOCTH (e3JIeIHOr0 Iepuoaa
HA AKBATOPHH Ie0JOrH4ecKHX cTPYKTYp BocTouno-IlpunoBo3emenbekux
JIMIEH3HOHHBIX Y4acTKOB B 10r0-3anaHoii yactu Kapckoro mopst

[IponomKuTenbHOCTD [IponomxuTensHOCTD VYBenuuenue

6e3JeIHOTO NepHroa Oe3neIHOro nepuoza MIPOJOIKUTEIBHOCTH

3a 20 ner 3a nocinenuuel( ger 0e31eTHOro Mepuoa

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

Crpykryper JTHU JTHU JTHU

g = 5 |o | E = ol B £ 5
Porosunckast 42 84 126 |22 75 | 123 | 180 |37 | 33 39 54
Hancena 28 84 124 23| 82 | 126 | 186 |34 | 54 42 62
YuuBepcurerckas| 59 88 127 (23| 89 [ 134 | 192 [36| 30 46 65
Buxkynosckas 16 86 130 (29| 88 | 140 | 202 |42 | 72 54 72
TarapuHoBckas 44 96 149 [30| 90 | 146 | 210 [42| 46 49 61
MaryceBuua 48 98 155 |29| 86 | 135 | 199 |38 | 38 38 44
Amnabapckas 65 97 141 [ 17| 82 | 122 | 152 |26 17 24 11

B cpenneM mpooimKUTENbHOCTH Oe3j1eJHOTO neproaa 3a rnocieanue 10 jer, mo
CPaBHEHHIO C MeproaoM 3a rnocienane 20 JieT, yBeauuuiach 0oiee 4eM Ha OJHH MECSIL.
VYBEeAMIMIOCH TAK)KE U CPETHEKBAIPATHIECKOE OTKIOHEHNE STOH XapaKTepucTHKU. boib-
masi AUCTIEPCHs TPOAOIDKUTENLHOCTH TIEPHO/Ia OTKPBITOI BOJBI, €€ BHICOKHE 3HAUCHHMS
B TIOCTIEIHEE JICCATHIIETHE MTPUBO/ST K HEOOXOANMOCTH JIETAIBHOTO PACCMOTPEHHS BIMSIO-
KX Ha HeTO (PAKTOPOB U BBIJETIECHHST HECKOIBKUX CIIEHAPHBIX YCIOBUH, MPUHIUIHAIBHBIX
JUISL IPOBEACHHSI TIONCKOBOTO OypeHMsL.

JUts KaKaoit U3 CTPYKTYp MOXET OBITh TIOCTPOEHA JIMHEHHAass perpecCHOHHAs 3a-
BHCHUMOCTBH MEXIY YUCIOM Tpamxyco-nHei Moposa (IJIM) Ha THaApOMEeTeopOIorHIecKON
CTaHIINH, PACTIOJIOKEHHOM Ha 0. Beltblil, 1 MPOXOIKUTEIEHOCTIO ONIEPALIMOHHOTO TIEPHOIA.
s yetbipex crpykryp: Hancena, YauBepcurerckas, BukynoBckas n TatapuHoBCKas, I1e
3aBHCHMOCTH X0po1Io BepakeHa (R = 0,83—0,87), MOXHO pa3padOoTaTh METOIMKY TIO OTpe-
JICTICHHIO JIaThl OYHMIICHUS OTO JIbJa M JaThl Hadyaya 3aMep3aHusi, OCHOBBIBAsICH HA yUeTe
JIAHHBIX 10 TEMITepaType BO3LyXa 3a IPOIIE/IINI XOJIOAHBIN ce30H. [IIsl OIleHKH mapame-
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TpoB Oe3IeJHOTO Teprosia B paiioHe Te0IOrHIecKuX cTpykTyp PorosnHckas, MaryceBuua
u AHabapckasi, Te cBsI3b MeHee deTkast (R = 0,70-0,75), HeoOXOMUMO YIUTHIBATh BIMSTHUC
" OpYTUX (PaKTOPOB, PACCMOTPEHHBIX BBIIIE, YTO BBIXOIUT 332 PAMKU JaHHOW CTaThU.

CHEHAPHH OIIEPALIMOHHOI'O IIEPUOJA
VIS IVIAT®@OPMBI IIOUCKOBO-PA3BE/IOYHOI'O BYPEHUS
BypeHue ¢ ucmonbp30BaHUEM HeNea0CTOMKoN nepeasmwkHoi mwiathopmsl (CIIBY,
[ITBY) orpaHn4eHO HaJIMYMEM YKCTOM BOJBI Ha aKBATOPHH, IJI€ IPOU3BOIATCS PabOTHI.
OnpenenstomuMu (hakTopamu IpH BHIOOPE CLIEHAPHS ONIEPAIIMOHHOTO ITEPUOA SIBIISIOT-
Csl TIPOJIOJKUTENBHOCTH OE3JIeIHOTO MEPUO/Ia, a TAKKe NaThl €ro Hayala 1 OKOHYAHWUSL.
ITpumepom nomoOHON opraHu3ayy padoT sIBISIETCS TOMCKOBO-pa3BelodHoe OypeHue,
BoinosHeHHOE [TAO «HK “PochedTs”» B Kapckom Mope B 2014 1. BypeHue BhINOIHSIIOCH
¢ "enenoctoiikoit [IIIBY “West Alpha” (puc. 4) B 6e3e1HbII IEPUOJ C HEOJISI [0 OKTAOPb.

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

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

AHanm3 IPOOIKUTENFHOCTH Oe3meanoro mneproaa 3a 10 mocnenaux et (2009—
2018 rT.) TO3BONHI BEIICIHUTH TPH THUIIA TIEPHUOAOB: KOPOTKHUU, CPETHUNA M IITUTCITHHBIN.
Ha ocHOBe Takux e KpUTepHeB OBLIO BBIICICHO KOIMYECTBO TaKUX THITOB 3a repuon 20
net (19892008 rT.). XapaKTepuCTHKH MPOIAOIKUTEIEHOCTH TPEX THIIOB ONEPAIIIOHHOTO
Teprosa MPUBEACHHI B Ta0OMI. 4.

B mepuon ¢ 1989 mo 2008 r. mmuTenbHBIX O€37IeTHBIX MEPUOOB MPAKTHICCKH HE
65110. [Ipeobmamany ToaBl ¢ KOPOTKUMH OC3JIeIHBIME ITepHogaMu. B mocnenHee necsaTu-
JIETHE JISMOBBIC YCIOBHS CTaH Ooiee OIarompusATHBIMH, CTAH Yalle OTMEUaThCsl Cpel-
HHUE ¥ HECKOJIBKO PEeXKe JITUTEIbHbIC Oe3IIeAHbIC TEPHOIBL. BEeposSTHOCTD OIarompusaTHRIX
YCIIOBHIA B TIOCTICTHEE ECATHICTHE COCTaBIsIa okomo 80 %.

OCHOBHBIMH BOTIPOCAMH C TOYKH 3PEHUS JICAOBBIX YCIOBHUI MPH IIAHUPOBAHHUH T10-
HCKOBO-Pa3BEIOYHOTO OypeHHs HeNeIOCTONKON umaTtdopmoii Ha Bocrouno-ITprHoBo3e-
MENBCKUX JUIIEH3MOHHBIX YIaCTKaX SBJIAIOTCS: JaTa MOOMIM3aIUN OypoBOH TIaTopMbl
k pommBy Kapckue BopoTa i IpomomKkuTe TIbHOCTh O€3IIeTHOTO ITepro/ia B palioHe TeoNIOTH-
YEeCKUX CTPYKTYP. IIpomomKknTebHOCTE OypeHusI ¥ IEPBOOYEPEAHBIX HCTIBITAHNH CKBaKUHBI
BBIOMPAETCS MCXOS U3 JIEBOW TPaHUIIBI MHTEPBaIa OIEPAIMOHHOTO TIEPHOoa, a IpaBast
TpaHMIa YIUTHIBACTCS TIPH TUIAHUPOBAHUH JIOTIOTHUTEIBHBIX MCITBITAHUN CKBAYKIHBL.

HecmoTpst Ha TeOpETHYECKYIO BO3MOKHOCTD HUCTIONIE30BAHMS HENIETOCTONKIX TITaT-
(hopM B KOPOTKOM OE3IIeTHOM TIepHO/ie, MaKCHMaIbHas 3(p(hEeKTHBHOCTH TOCTUTACTCS TIPH
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Tabruya 4

XapakTepuCTHKH NMPOAOLKATETLHOCTH TPeX THIIOB ONEPALMOHHOTO TepHoia
ISl HeJIeI0CTONKOi NJIaT(POPMBI HA re0IOrHYeCKHX CTPYKTYpax
3a nepuoanbl 1989-2008 rr. u 2009-2018 rr.

[lepronbt
KOPOTKHI CpeqHUH JUTUTETbHBIN
(<100 cyTok) (100-150 cyrok) >150 cyTok)

5 = 5 = 5 =
XapakTepuCTUKH g N E{ g = g X é

g S| 5| B s| 2| g 5|5

s| |8 2|38 sEl 5|8 =&l 8

= 52| 5| & 55| B | E 52| &

Slo|28 2l |28 & 3| |88 &

X |SX|OE| O | ¥|=|0F| O X | |0 E| O

1989-2008 rr.
Poro3unckas 15 |75] 75 |4165| 5 25| 109 |3644| O | O |Her"|Her
Hancena 14|70 | 73 |4194| 6 [ 30| 109 |3706| 0 | O [To xe[To xe
YauBepcuterckas| 13 | 65| 74 |4181| 7 |35 | 115 |3799| 0 | O « «“
Bukynosckast 12 |60 | 68 |4243| 8 |40 | 113 |3755] 0 | O “ «
Tarapunosckas | 10 | 50 | 72 422210 |50 | 120 |3873| O | O « «“
MaryceBuua 11 |55] 76 |4198| 8 |40 | 120 | 3881 | 1 5 | 1553723
Amnabapckast 12 160 | 8 [4059| 8 |40 | 114 | 1030 | O 0 | Her | Her
2009-2018 rr.
Porozunckas 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
VYauBepcuterckas| 1 | 10| 89 |3717| 6 |60 | 118 |3512| 3 | 30 | 180 (2779
Bukynosckast 2 (20| 88 |3826| 5 |50 | 128 [3428| 3 |30 | 194 |2779
TarapuHoBCKast 1 [10] 90 (3717 5 |50 | 122 |3521| 4 | 40 | 189 |2952
MaryceBuua 2 120 92 [3626| 5 |50 | 123 {3508 | 3 | 30| 1852779
Amnabapckast 2 120| 83 |3626| 7 [ 70| 128 3351 | 1 | 10| 152 (2418
Tpumeuanue. " — JIATENBHBIX Oe3eHBIX TIEPUOIOB (> 150 cyToK) He ObLIO.

JUTUTEIILHOM U CPEIHEeM Oe3JIeHOM Iepuoje. B moboM ciydae miiaHupoBaHHE padboT
JIOJDKHO 0a3MpOBaThCsI Ha MPOTHO3¢ JIaThl OKOHYATEIILHOTO OYHIIICHUSI OTO JIbJIA, [IPU YUETe
MIPOTHO3UPYEMOU MPOJOIDKUTEIBHOCTH Oe3JIeIHOTO nepuoa. ViMeercs: mpuHIUTHATbHAS
BO3MOYKHOCTB OTPE/ICICHHS JUIUTEIBHOTO Ce30HA B Hayalie Masi, B T€X Clyd4asX, Korjaa
CyMMa rpajyco-IHel Mopo3a M0 JTaHHBIM TUAPOMETCOPOIOTHIECKUX CTAHIUI OyIeT J10-
CTaTOYHO HM3KOM. HeOnmaronpusTHbIi npeiid B TeueHHE JieTa HE CMOXET CYIIECTBEHHO
HU3MEHHTB JIaTy OKOHYATEIBHOTO OUYHIICHHUS, TAK KaK U3-3a OTHOCHTEIIEHO MAJIOr0 00beMa
JIbJIa TPOLIECCHI TassHUS OyayT IpeodiafaTh HaJl mporeccamu apeiida baa.

B ciydae kopotkoro 6e3neaaoro neprosa (<100 cyTok) BO3MOXKHO CTPOUTEIBECTBO OJI-
HOM MOMCKOBO-Pa3BEI0YHON CKBAKUHBI, BKIFOUAs MOOWITH3AIIHIO, HEIIOCPEICTBEHHO OypeHHUE
U [IEMEHTUPOBAHUE CKBA)KWHBI, MUHUMAJIBHBIN MEPEUCHb TCOPH3NICCKUX U THAPOIMHAMU-
YEeCKUX HCIbITaHui. B ciydae mmrensHoro 6esneanoro nepuona™>150 cyTok) mosBIsieTcst
BO3MOXKHOCTB CTPOHUTEITHLCTBA JIBYX CKBXKHH 3a ce30H. [laHHBIN BHIOOP OOYCIIOBICH PAaHHUM
OTKPBITHEM CTPYKTYP OTO JIbJIa ¥ TIO3MHUM HX 3aKPBITHEM, YTO MO3BOJISIET IIPOU3BECTH PaOOTHI
Ha BTOPOW CTPYKType. bypeHue T0KHO ObITh Ha4aTo CO CTPYKTYPBIL, IJIsl KOTOPOU MPOTHO3
nenoBbix (pa3 Hambosnee OnaronpusTHbIA. [Ipy cpeHel MPOMOIKUTEILHOCTH OS3/IeIHOTO
MepHo/Ia BO3MOXKHO TUIAHUPOBAHUE OypPEHUsSI KaK OJIHOM, TaK M JIByX CKBaXKHH.
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CHEHAPUHU YBEJIMYEHUSA NPOAOIKUTEJIBHOCTHU
OIIEPAIIMOHHOI'O IEPUOJA AJIs1 IEAJOCTOUKOU INVIAT®OPMbI
IIOUCKOBO-PA3BBEJOYHOI'O BYPEHUSI

[Tpu ncronb30BaHUNU JIEJOCTONKON MIaTPOPMBI MOSBISETCS BOZMOKHOCTh PACILIU-
PEHUS OIEpPallMOHHOIO MEPUO/ia 3a CUYeT Hayasia OypeHHs HEeIOCPEICTBEHHO I10CIIE T10-
HIDKEHHUS CIIOUEHHOCTH JIbJIa 10 OTIPEIeTICHHON Ipajalliyl B IEPHOJ TASHUS U OKOHUAHMS
OypeHusi 1mociie HapacTaHHs TOJILUHBI Jbaa 10 30 cM, KOTopble ObUIM MPHUHSTHI MOrpa-
HUYHBIMHU YCJIOBUSIMH OC€30MACHOM 3KCIUTyaTalliy JeI0CTONKON tuiaTdopmel. [Ipu 3Tom
BO3MO)KHBI HECKOJIBKO BAPHAHTOB PACUIMPEHHS ONIEPAlIMOHHOTO MEPHO/a B 3aBUCUMOCTH
OT BBIOPAHHBIX JIaT Hayasla ¥ OKOHYAHMs ONEPALMOHHOTO MepHoJIa.

Just nepuona 2009-2018 rr. ObUIN ONpe/ieieHbl AaThl HATMYMSI TOCIIEAHEro CILIO-
YEHHOTO JIbJIa TI0CJIEe Havaja Mpoliecca TasHUS U PACCUMTAHBI AaThl JOCTHIKEHUS JbJIOM
TomuuHbl 30 cM B HOBBII ce30H 3amep3aHusa. CTaTUCTUYECKUE XapaKTEePUCTUKH TaKUX
JIaT Ha aKBAaTOPUSX Ie0JOrMYeCKUX CTPYKTYp IPHUBEICHBI B Ta0MI. 5.

Tabruya 5

Crarucruyeckue XaPAKTEePUCTUKHU MOCJICTHUX AT HAJTUYHSA CIIVIOYEHHOTO JIb/1a
M JOCTHKECHMUS JIBJAOM TOJIIIHHBI 30 cm

JlaThl HAOFOCHUS HATUYIHSI E JlaThl TOCTHKEHHS JIbJIOM E
T'eonornueckue | IMOCJIEIHETO CINIOYEHHOTO JIbJa EE TosmuHEl 30 cM *:E
CTPYKTYpBI 3a nmepuox 2009-2018rr. g 3a nepuon 2009—2018 rr. g
paHHsiss | CpemHss | mosmHss | O | paHHss | cpenHss | nosmHsas” | O
Porosunckas 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
BukymnoBckast 08.06.11 | 01.07 | 25.07.17 |16 | 21.11.14 21.12 20.01.12 | 21
TarapuHoBCKas 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
Amnabapckas 18.05.15 14.06 16.07.18 |20 | 17.11.13 01.12 21.12.12 | 11
Tpumeuanue. *— HapacTaHue TONIIKHBI JIbAa 10 30 cM B XonoaHbli ce30n 2011-2012 rT. B paiioHe 60Jib-

HIMHCTBA I'e0JIOrMYECKUX CTPYKTYp Hpou3onuio He B koHue 2011 r, a B navane 2012 .

[Ipu cperHEMHOTOJIETHUX YCIIOBHUSX B Ioro-3amajgHoi yactu Kapckoro mops mpe-
o0JaiaHue CIJIOYEHHOTO JIbJia MPEKPAIAeTCsl B MEPUO C CEPEANHBI HIOHS 10 MEPBBIX
qucen uioiisd. B cienyromieM 1e10BoM ce30He e[ JocTuraeT ToiamuHsl 30 cM, B CpeiHeM,
B TEUCHUC JICKaOPs.

CaenieHus1, IPUBEACHHbIE B TA0I. 5, IOKa3bIBAIOT, YTO PaHHEE UCYE3HOBEHUE CILIO-
YEHHOTO Jibja oT™Mevanock B 2011, 2012 u 2015 rr., Korna JeIoBbIe YCIOBUS ObUIH aHO-
MasibHO JerkuMu. Ilo3Hee MCUe3HOBEHHE CIIJIOYEHHOTO JibJla UMEJI0 MECTO B pailioHe
OOJIBIIMHCTBA TeOJIOTHYECKUX CTPYKTYp B 2017 u 2018 rr.

3a nocneaHee JeCATUIETHE CaMO€ paHHee HapacTaHue jbaa A0 30 ¢M Ha reosjoru-
4eCKUX CTPyKTypax ormeuasnoch B 2013 u 2014 rr, camoe no3aHee Ha LIECTH U3 CEMU
PacCCMOTPEHHBIX I'€OJIOTMUECKUX CTPYKTYp B JefoBbii ce30H 2011-2012 rr., xoTopsblit
XapaKTepU30BaJICs MOJIOKUTEIbHBIMA aHOMAJIUAMM TeMIlepaTypsl Bo3ayxa. Ha cran-
1 AHabapckasi caMoe I03/IHEe MOSIBJICHHE JIbJia ¢ TOMIHMHON 30 CM IPOW30LLIO TOXE
B 2012 ., HO yxe B ce30H 2012-2013 rr., siex qoctur tommuus! 30 cM B nekadbpe 2012 .

B Tabi1. 6 npuBeaeHbl XapaKTEPUCTHKH OIIEPAIIMOHHOTO MEPUO/Ia JUIS Je10CTOHKON
1aT()OPMBI TPEX IPYIIT MPOAOJDKUTEIBHOCTH, OT MOCIEAHEH 1aThl CINIOYEHHOTO JIb/IA JI0
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Tabruya 6

IToBTOpsieMOCTD, Ccpe/iHsis MPOA0KATEILHOCTh TPeX THIIOB ONEPAHOHHOIO MepHoaa
JJIS1 J1eI0CTOIKOI Mm1aTdopMbl M CpeaHssi cyMMa rpaayco-aHeii mopo3a (I'/IM)
HA reoJIOrH4ecKHX CTPYKTYpax JJisl Kaxaoro Tuna 3a nepuog 2009-2018 rr.

IIepuoabt
kopotkuii (<140 nueit) | cpenuuii (140200 gueit) | amurensHblid (>200 qHEl)
= = = = =
2 Rls |2 Rls | o2 5l s
XapaKkTepUCTUKU | o S E ) S0 = ) g =
a =l = 5 |~ a8 5| =
53 ® % = 53 w % = ) w % =
2] R 5 = o R H = 2] R H =
<N T o = <N T o = T T o =
= H | H = Hg | = 5 S =4
5 280 2] 5 221215 22 2
Y | R|OE| O | 2 | X |OE|O| % X |OE| ©
Poro3unckas 5 50 | 130 (3477 3 30 168 (3400 2 20 | 210 | 2771
Hancena 2 | 20| 125 (3511] © 60 158 (3482 2 20 | 206 | 2606
VYuusepcuterckas| 2 | 20 | 133 |3626| S 50 158 |[3508| 3 30 | 210 | 2779
Bukynosckas 1 10 | 129 3717 6 60 157 (3512 3 30 | 220 | 2779
TarapuHOBCKast 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 JOCTIOKEHUS Jb10M TonuHb! 30 cMm. Kputepun pasnenenus Ha 3 TUMa MPUBEACHBI
B IANKE TaOIHIBI.

[Tpu Takux KpUTEPHUSIX BEIOOpA MPOJOKUTEILHOCTH OMEPALMOHHOTO TIepro/ia 00ITb-
II€ MOJIOBUHBI cIy4aeB 3a nociennue 10 get npuxoaarcs Ha cpenaHuit nepuoa. CpenHss
MPOJIOJDKUTENIFHOCTh TaKOTO THMa cocTapiseT okono 160 muei. KopoTkuil onepannos-
HBIH MEPHOJ UMEN MECTO B OJHOM-JIBYX CIyYasX U3 JECSATH, UCKIIOYEHHE COCTABHIIN
cTpykTypsl Poro3unckas u MaryceBu4a, rie KOPOTKUI THUIT COCTABMII MIATh U TPU CIIydast
COOTBETCTBEHHO. IIpOOIKUTETFHOCT TAKOTO THIIA ONIEPAIIMOHHOTO MEPHOAA COCTABUIIA
oxoso 130 nHeil. [IuTenpHBIN TUIT ONIEPallMOHHOTO Meproa UMel Mecto Jaumbs B 10-30
% ciydaeB, MPOJOIHKUTEILHOCTh €r0 COCTaBIsIa B cpeaHeM okono 210 cyToxk.

C y4eToM BBIIICHU3IIOKEHHOTO, TIPUMEHEHHUE JIETOCTONKONH OypoBoii miardopmbl
MO3BOJISICT PACUIMPUTE Ce30H OypeHus Ha akBaropuu Bocrouno-ITprHOBO3EMENbCKIX
JIMLIEH3MOHHBIX YYaCTKOB U MPAKTUUECKN rapaHTUPOBaTh OypeHHe JIByX CKBAXKHMH 32 CE30H.
[Tpu 5TOM OKOJIO TPeTH BpeMEHH paboThl OyayT MPOU3BOIUTHCS B JICOBBIX YCIOBHUSX.

3AK/IIOYEHUE

B MeKromoBoil M3MEHUYHMBOCTH POAOIKATEIBHOCTH OE3JIEHOTO IEPUOA BhIICIIS-
forcst 20-netanit (1989-2008 rr.) u 10-metHmii (2009-2018 rT.) mHTepBaNEl. B mocnennee
JIECATUIICTHE MIPOJIOIDKUTEIBHOCTh M aMIUTUTY/Ia OS3JI€IHOTO MEPUO/Ia CYIIECTBEHHO YBe-
JMYHUIIACH TI0 CPABHEHUIO C MPeAbLAyIM 20-ISTHUM IIEPUOJIOM, B CpeIHEM Ooliee ueM Ha
Mecsr U coctaBiu 122—146 nueit mpu CKO 14-26 mHe# B 3aBHCHMOCTH OT TIOJOKEHHS
re0JIOrMYeCKON CTPYKTYPBI.

CpoKk# OUHIIeHHsI aKBATOPUH OTO Jib/J[a M Havalia JIb000pa30BaHus Ha 3HAYUTEIILHOM
IUIOIIA/IM AKBATOPUH FOr0-3araHol yacTu Kapckoro Mopst BO MHOIOM OMPEIEISIFOTCS /-
HUM H TeM e (aKTOPOM — CYPOBOCTBIO MTPEIECTBYIOIIETO XOIO0IHOTO CE30HA, KOTOPbIi
OLICHUBAETCS [0 CYMME Ipajilyco-IHed MOpo3a.

[TpOIOIKUTENBHOCTh OE3JICAHOTO TIEPHO/Ia OMPEACISIETCS] THAPOMETEOPOIOTHYEe-
ckumu (hakTopamu 3a MPeIISCTBYONINN 3UMHUI 11eproj (1oKa3arellb — WHTErpalibHast
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OTpHLATEeNIbHAS TEMITEpaTypa BO3AyXa) U B JICTHUH MepHOA (TT0Ka3aTeIn — JaTa OUHIIECHHs
AKBAaTOPHH OTO JIbJIOB, TEMIIEPATypa BO3/LyXa, TeIuIo3anac Mops). Jist Kakmnoi U3 CTpyKTyp
MOXXET OBITh OCTPOEHA JIMHEHHAS! PErPECCHOHHAs 3aBUCHMOCTD MEX/Ly YHUCIIOM TPaTyco-
JTHEH MOpo3a ¥ MPOIOIDKUTEIBHOCTBIO ONEPAIIMOHHOTO TIEpHOJIa.

Bypenue ¢ ncnoiab30BaHNEM HEJEIOCTOHKON OypoBOH IIATGOPMBI OIpaHHYEHO
HaJIMYMEM YUCTOM BOJBI HAa aKBATOPWH, TZI€ MPOU3BOIATCS padbOTHl. AHAIM3 MPOJOII-
JKUTEJIIFHOCTH O€3JIeIHOTO TEePHUOAA TIO3BOJIMII BBIJICIUTh TPH THIIA: KOPOTKHUH, CPEIHUH
U JUINTETbHBIN 11eprobl. [1py mraHupoBaHWHM TONCKOBO-Pa3BeJOYHOTO OypeHHUs HEIEN0-
CTOWKOH 11aT)OpMOi OCHOBHBIMH ITApAMETPAMH SBIISIOTCS: 1aTa MOOWIN3anny OypoBOH
K nponuBy Kapckue Bopora 1 mpoioipKUTenbHOCTh O€3/1eIHOTO TIepro/ia B paifoHe reo-
JIOTMYECKUX CTPYKTYP.

Bypenue ¢ ucnosip30BaHIEM JIETOCTONHKOM OypOBOH MIaT(OpMBbI TO3BOJISICT PACILIH-
PHUTH ONEPALMOHHBIM MEepHOJl, TaK Kak OypeHHe MOXXHO HAUYMHATbH I0CIIE MCUYE3HOBEHHS
CIJIOYEHHOTO JIbJIA, a 3aBepIIaTh MOCJIe HapaCTaHUs TOIMIMHBI Jbaa 10 30 cM. AHanmn3
MPOAOJDKUTEIBHOCTH OTIEPALIIOHHOTO MIEPHO/IA TTO3BOJIMII BBIICJIUTD TaKKe TPU THIIA: KO-
POTKWUIA, CPeTHHIN U JITUTENBHBIN epruoabl. [[puMeHerne nenoctoiikoii 6ypoBoit riatdop-
MBI TTO3BOJISIET PACIIMPHUTH Ce30H OypeHust Ha akBaropun Bocrouno-IIpuHoBo3zemenbekux
JMICH3UOHHBIX YYaCTKOB M MPAKTHYECKU rAPAHTUPOBATh OypeHHeE JIBYyX CKBAKUH 3 CE30H,
IIPU ATOM OKOJIO TPETH BPEMEHH paboThI Oy/TyT IMPOU3BOIUTHCS B JIEAOBBIX YCIOBHUSIX.

BaarogapHocTu. VcciaenoBaHus BHITOTHEHBI B paMKax HHHOBAIIMOHHOM MTPOTPaMMBbI
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.

Tlocmynuna 7 aseycma 2019 e. Ipunsma x neuamu 23 cenmsbps 2019 a.

Knrouesvie cnosa: bapeHnieBo Mope, reosorus, reopusmnka, TuapoOHoIorus, METeopoJIor s,
MOpCKOI Jie1, okeaHorpadusi, monesbie HabmoneHus1, CeBepHbIid JIeMOBUTHIN OKeaH.

[IpencraBieHsl npeaBapUTeNIbHbIC pe3ynbTraTsl 3uMHel skcnequuun « Tpancapkruka-2019»
B Cesepnom Jlegosurom okeane Ha HOC «Axkanemuk Tpémnukosy. I[Iporpamma sxcneaunuu
BKJIOYAJIa B ce0sl MCCIICOBAHUS 110 METEOPOJIOTHH, THIPOJIOTUH, THAPOXUMHH, THIPOOHUOIOTHH,
Te0JIOTHH, TeO(H3NKe U OOIIMPHOMY KOMIUICKCY N3MEPEHHH JIJSTHOTO TIOKPOBa B CEBEPHON 4acTh
Bapennesa Mops ¢ apeiidyromero spaa u ¢ 6opra cyaHa. Bo Bpemst sKcIie UMK yaanoch BEIION-
HUTB IUPOKUIT KpyT 3a1a4. [ToydeHHbIe JaHHBIC IPEACTABIAIOT COO0H YHUKAIBHBIH MaTepHa IS
BCECTOPOHHEI0 M3y4eHUs TEKYIIEro COCTOSHUA YCIIOBUI OKpyxKarolle cpebl B bapeHiieBoM Mope.
B crarpe 0003HaueHB! HanboOJIEE 3HAYUMBIE TIPEABAPUTEIBHBIC PE3YIIBTAThl MEXKIUCIIUILUTHHAPHBIX
HaOJIOIEHHH B Pa3iIMYHBIX Cpe/iax, KOTOPhIE B JaJIbHEHIIIEM OyIyT BCECTOPOHHE TPOaHAITN3HPOBAHBI
1 OIyOJIMKOBAHBI B OTAGIBHBIX TEMAaTHUECKHUX 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. Mapupyr skcneauunu Ha HOC «Axanemuk Tpémmaukos» ¢ 21.03 mo 28.05 2019 .

CHHHMM LIBETOM II0Ka3aH Mepexo u3 1. MypMaHCK B TOUKY Hadasja Apeii(a ¢ THAPOIOrHYECKHMMU Pa3pe3aMHu;
KPAacHBIM IIBETOM MOKa3aHa TPAeKTOpHs Apel(a n paspesbl, BHIMOIHCHHBIC C MOMOIIBIO BEPTOIETA; 3CICHBIM

L[BETOM I10Ka3aH OOpaTHbIN Mepexol B 1. MypMaHCK ¢ MMAPOIOTHYECKUMH pa3pe3aMu; (HONETOBBIM [BETOM
oKa3aH 00paTHbIi nepexon B Kuiib ¢ 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 = solar radiation,
long-wave radiation of the atmosphere R, and underlying surface Rup). 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 (H) 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. XapakTepuCTHKHU ITPOLIECCOB IHEProoOMeHa B CHCTEME TIPHIICAHBII cilol arMocdeps! — 1mo-
BEPXHOCTh CHEKHO-JIESTHOTO 1ToKpoBa B arpesnie 2019 1.: (a) TypOysieHTHBIE TOTOKHU SIBHOTO H CKPBITOTO
Teruia; (b) KOPOTKOBOJIHOBBIH M JUIMHHOBOJIHOBBIHN OajlaHChI TOJCTHIIAIOIICH ITOBEPXHOCTH; (C) CyM-
MapHBIH MIOTOK TeIIa OT aTMOC(Eephbl K CHEXKHOW MOBEPXHOCTH; (d) THCTOrpaMMa MOBTOPSIEMOCTH
napaMeTpa cTpaTH(HUKaLMU IPUIISTHOTO CJI0st aTMOChephl B epros 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 0= Q, — Qup andR=R, — Rup)
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 (H). The latter is confirmed by temporal variability of the
temperature contrast between 2 meter height and the surface (7, — T)), 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

31710

38 39¢ 4 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 nperia HOC «Axkanemuk Tp&urHUKoOB» 10 JaHHBEIM MHOTO-
kaHajbpHOH cheMku ¢ MIC3 Sentinel-2a Ha 11:56:51 UTC 17 .04.2019 ¢ pazpemrennem 10 m. Lud-
pamu o6o3naueHsl: (/) monoxkxenne HOC «Axkanemuk TpémraukoBy, (2) pa3BuBaromasics TpeIuHa
B JIZITHOM T10J1€
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Fig. 4. (@) 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
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JICHUE TeMIIepaTypbl HOBepXHOCTH (/) 1 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 ¢ 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 a). 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
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.
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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.

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).
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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, IoKa3aHo IIBETOM) Ha MEPUIUOHAIBHOM pa3pese BIOJb
mepunuana 39—40° B.a. 21.03 — 05.04. 2019. Ilonoxenue touek CTD-30HaMpOBaHMI MOKA3aHO
YEPHBIMU TPEYTOJILHUKAMHU B BEPXHEH 4aCTH PUCYHKA
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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
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

264



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

2774 2778 2782 2786 279 2794 2788

50E

BON

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. Pacnipenenenue mOTEHIUAIBHON IUIOTHOCTH (KI/M?, TIOKa3aHO 1BETOM) B xenobe dpaHil-
Bukropus Ha mryoune 250 m B anpene—mae 2019 1. [Tonoxenne Touex CTD-30H1upoBaHMI TOKA3aHO
YEPHBIMH TOYKAMHU

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].

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
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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 a rule, 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
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.

The values of near-bottom salinity practically did not change between the stations.
Therefore, the influence of this factor was not reliable and salinity was excluded from the
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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, (&) depth, (9) near-bottom temperature; numbers at the stations” symbols mark
depths over and below 300 m

Puc. 7. Pesynprar DistLM-anann3a 3aBUCHMOCTH BEPTUKAIBHOTO PACIIPENEICHHs YNCIIa KPYITHBIX
TAKCOHOB B TOJIIIE 0CAIKOB OT (h)aKTOPOB cpebl. (/—3) mpuponHas Temneparypa: (/) orpunarensHas
(-0,7... -1,8 °C), (2) cnabo orpunarenbuas (—0,2... 0 °C), (3) cnabo monoxutenbhas (0... 0,7 °C);
(4-9) npenukTOpBI: (4) NIMHUCTBIE 0CAIKH, (5) MEITKOIIECYaHUCTBIE 0CAIKH, (6) TIECUaHHUCThIE OCaIKH,
(7) ranbka 1 kaMHH, (8) nryouHa, (9) npuIoHHAs TeMIepaTypa; HudpaMH y 3HAUYKOB CTaHIMH 000-
3Ha4YeHBI NTyOHHBI Oostee n Menee 300 M

final analysis. Other factors had a high degree of significance (P = 0.001), however, the
share of the explained total variation was relatively low (temperature is 11 %, sediment
type — 16 %, depth — 10 %). This may be due to the use of rather “rough” preliminary
data, both in fauna (only large taxa) and in types of sediments. Nevertheless, the graph
in Figure 7 allows distinguishing two types of biotopes:

(1) Shallow-water (depth less than 300 m), with negative near-bottom temperature
and high sand content in bottom sediments. As a rule, a large number of stones or pebbles
were present; the total depth of penetration of invertebrates into the sedimentswas on
average 1.5 less, but the distribution along the profile was more even than in the second
type.

(2) With a depth below 300 m, close to zero or slightly positive bottom temperature
(due to the inflow of FAW) and clay bottom sediments. The deepest penetration into the
sediments of the mass polychaete taxa — S. #ypicus and Maldanidae g. spp., however, other
groups mostly did not penetrate deeper than the upper water-saturated layer.
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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
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

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'eonormyeckas cranuus AT19-09GC. Xopomro BuHa S)pO3HOHHAS TPAHUIA MEXKTy TOJIOIIe-
HOBBIMH KOPHYHEBBIMH AJICBPOTIEIMTAMH (CJIEBa) U MO3IHEINICHCTOIICHOBBIMHU TIJIOTHBIMH CEPhIMU
MECYAHBIMH aJIEBPOIICIMTAMU C MAaTEPUAJIOM IPECBIHO-1IeOHEeBOI pasmepHOCTH (cmpaBa). Kasep-
HO3Has IOBEPXHOCTh CEPOT0 0Ca/IKa CBA3aHa ¢ OOJIBIINM KOJIHYECTBOM MEJIKOIl JIPECBEI
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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.

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.

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

Puc. 9. Tpacchbl HaKJIOHHOTO 30HANpPOBaHKs HoHOCheps! 25 MapTa 2019 1.
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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-
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
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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
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:
3uMHsIs dkenenuiusa B CeBepHblii JlenoBUTHII okeaH
Ha HOC «Akagemuk Tpemrnuko»
(pacmupeHHblii pedepar)

JBanmaroro mast 2018 1. ¢ mpudsrTeM HOC «Akanemuk TpémaukoB» B 1. Myp-
MaHCK 3aBEpPLUWJICS MEPBbIM 3Tall KOMIJIEKCHOW 3KCIEAUIMOHHON nporpammsl «TpaHc-
apktuka-2019» Pocruapomera Munnpuponsl PO. Beero B pamkax yka3zaHHON IporpaMMbl
B 2019 r. 3amIaHUPOBAHO YETHIPE MOPCKUX IKCHETULIUU B POCCUICKHE apKTUYECKHIE MOPSI
1 TIPUJIETAIONIYIO TIIyOOKOBOIHYIO 9acTh ApKTHUECKOro OacceitHa. OIMYnTEeIbHON 0CO-
OEHHOCTBIO MIEPBOTO 3Tara ObUIO MTPOBEJCHHUE MOJIEBBIX UCCICAOBAHUM B KOHIIE 3UMHETO
Ce30Ha, KOrna apKTUYEeCKUH JIEASHON MOKPOB JTOCTUIaeT IHKAa CE30HHOIO MaKCHMyMa.
Hecmotpst Ha oueBUAHbIC HABUTAI[MOHHBIC TPYIHOCTH, IEHHOCTh HAYYHOH HH(pOPMAInH,
MOJIyYeHHON B ATOT MEPHO Iofa, OKa3bIBACTCS BECbMa BBHICOKOM. DTO CBSI3aHO C TeM,
YTO psiji KIFOUEBBIX CTPYKTYPOOOpa3yIoUMX ruApO(YU3NIECKUX IPOLECCOB MPOSBISET
SIPKO BBIPQ)KCHHYIO CE30HHYIO M3MEHUMBOCTH M M3MEPEHMS, BHINOJIHEHHBIE B Hanboiee
MOAXOAAIUI CE30H, MO3BOMISIOT JIydIlle TOHATh MEXAHU3MBbI IPOLECCOB U MPOBEPUTH
CIPABENIMBOCTh CYHIECTBYIOIUX TEOPETHYECKUX KOHLIEIIIHH.
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[Tocie BeIXOna B paiioH padoT Ha ceBepe bapeHueBa Mops 1 BEIOOpA MOIXOISIETO
JIESTHOTO TTOJIS B TEUCHUE TPEX JHEH Ha JIbJNHE ObIT Pa3BEpHYT Jarepb, ¢ KOTOPOTO ObIIH
HavaThl TUIAHOBBIE UCCIIEJIOBAHMUS 110 METEOPOJIOTHHU, THAPOJIOTHH, THIPOXUMHUH, THIIPO-
OHOJIOTHH, TCOJIOTUH ¥ TeO(U3UKE, @ TAKIKE BBIMOJIHAICS OOIIMPHBINA KOMILJICKC JICTOBBIX
n3MepeHuit. OMHOBpEMEHHO ¢ 60pTa Cy[aHa MPOBOAMUINCH PETYISPHbIE IHIPOIIOTHYECKHE
30HJMPOBAHMS C TIPOOOOTOOPOM Ha THAPOXMMHUYECKHE aHAIN3bI, 0TOOP MPo0 Ha 3arpsi3He-
HUE PaJHOHYKINAAMH, 030HOMETPUUECKHUE N3MEPEHNS, TIPOBOHIICS MOHUTOPHHT JICIOBBIX
Harpy3oK Ha KOpITyC Cy/IHa.

B nomonuenue x 194 ruapoaornuecKuM 30HIUPOBAHUSAM C OOpPTa CyAHA U C IPEi-
(yrouiero nbia 3a Bpemst apeiida ObUIO BBIMOIHEHO 59 THAPOIOrHYeCKUX 30HANPOBA-
HUH Ha BBIHOCHBIX OKeaHOTpaHUECKUX pa3pe3ax, OpPUEHTHPOBAHHBIX IEPIICHINKYIISIPHO
KOHTHHCHTAJIBHOMY CKJIOHY, B paguyce g0 300 KM ¢ JOCTaBKOH JFOICH 1 000PYI0BaHUS
BeproieroM Ka-32. [Tocne okoHYaTeNFHOTO 3aBEpIICHUS paObOT Ha JIbAY 4 Masi CyTHO Ha-
MIPaBUIIOCH B CEBEPO-BOCTOUHYIO YacTh bapeHmeBa Mopsi, Tae ObLIO BBIMOIHEHO MIECTh
THJPOTOTHYECKUX Pa3pe30B, YACTh N3 KOTOPBIX B TOUKAX IMOBTOPSIOMINXCSI HCTOPUIECKUX
pa3pe3oB.

BaskHeHIM pe3ynbTaToM 3KCIETUINH CTajla MpakTHYecKas pealnu3annus MyJb-
TUIMCHUIUTMHAPHBIX HAOIOCHUIT CO JIbla C ONEpaTUBHON Nepenadeil moayyaeMoi nH-
(hopmanmu Ha CyJHO M B IIpHEMHBIC IEHTPHI Ha Oepery. Bo Bpems skcnenunuu ObuH
0TpaboTaHbl KOHKPETHBIE MPOIEAypPhI 10 3(PpPEKTUBHOI OpraHU3aIy HAOIIONEHUH Ha
Jpeidyromieii cTaHIIMK HOBOTO THIA «CYJHO — JIE/», KOTOpbIE OYIyT YyUTECHBI IIPU CTPOH-
TENILCTBE, 00OPYAOBAHUH U IKCILIyaTallMy JISJOCTONKON caMOBIKYIIEiCs TI1aThopMbl
(JICIT) «CeBepHblit OIIOCY.

OKCIIEeANIIUOHHBIE UCCIEA0BaHMs, OCYLIECTBICHHbIE B MapTe—Mae 2019 r., BHecn
3HAYUTENBHBINA BKJIA]] B M3yYCHHE POJIU TPAHC(HOPMAIMN ATIIAHTHYECKHUX BOJI HA MaTePUKO-
BOM CKIJIOHE ¥ IPUMBIKAIOIIEH TITyOOKOBOTHOM YacTH ApPKTHUECKOTO OacceiiHa B M3MECHHUB-
MINXCSI KIIMMAaTHYeCKUX YCIOBHUSX, a TAKXKE B MCCIIEI0OBAHNE MEXaHU3MOB ()OPMHUPOBAHMS
YILUIOTHEHHBIX 11esb(OBBIX BOJA B bapeHieBoM MOpe M MX BKJIaJia B IIPOLIECCHl OOHOBIIE-
HUSI BOJHBIX Macc. bblia rmonyueHa komriekcHass HHGOpPMAaIlui O COCTOSTHUH PUPOAHON
cucteMsl B bapeH1ieBoM Mope, BKJItO4as KOHTUHEHTAJIBHBIN CKJIIOH Ha CEBEPHOU IpaHHIIEe
Mopst 1 Apkrraeckoro 6acceitna CJIO.

B xozme skcmenuIuu yaanochk BBIIOTHUTH MINPOKHHM Kpyr 3anad. IlomyueHHbIe
JaHHbIE TIPEJICTABIAIOT COO0H YHUKAIBHBIN MaTepua JUIsl BCECTOPOHHETO HCCIIE10Ba-
HUSI TEKYIET0 COCTOSIHUSI IPUPOAHBIX YCinoBui apkrudeckux mopeid CJIO. Cobpannbie
JITAaHHBIE TIO3BOJISIOT TIOJIYYUTh O0JIee Ha/le)KHbIe OLIEHKHU MPOCTPAHCTBEHHO-BPEMEHHOM
HM3MEHYHMBOCTH OCHOBHBIX 3JIEMEHTOB THAPOMETEOPOIOIHYECKOTO pexkuMa, Oolee Tiry-
0OOKO M3yUNTh MEXaHMW3MbI (POPMUPOBAHUS BOAHBIX MAcC, UX BIUSHUE HAa U3MEHEHUS
KJIIMAaTa BBICOKHX IIUPOT U CIIOCOOCTBOBATH PEUICHUIO 3a7a49 KOMIUIEKCHOTO OCBOCHHS
ApKTHUKH.

[lepasriif aTan ’kcnennnun «Tpancapkrruka-2019» SBUIICS JTOrHUECKUM TPOIOI-
JKEHUEM JKCHeqUIui Ha apeiidyrommx cranuusx «CeBepHBIH MOMI0C» B COBPEMEHHBIX
YCIOBHSIX COKPAIIAOLIErocs JIEASHOTO MOKPOBa. BhIMOIHEHNE MPOrpaMMBbl SKCIIEAUIIUN
TTO3BOJIMJIO ONPOOOBATH HOBBIE TEXHOJIOTUH OPraHU3aLUK U IPOBEICHNUS COBPEMEHHBIX
KOMIUIEKCHBIX HAYYHBIX HCCIICIOBAHNH, B TOM UHCIIE B ACTIEKTE 00ecnedeHus Oe30IacHOCTH
IpOBeAEHHA PabOT, BHYTPH-, MEKBEIOMCTBEHHOTO M MEXIyHAPOAHOTO B3aUMO/ICHCTBYS,
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HEoOXOIMMBIE IS TIOATOTOBKHM M Havaina skcruryaramwn JICII. B mpemmaraemoii crathbe
0003Ha4YeHBI HanOoJIee 3HAYMMBIC TIPEIBAPUTENFHBIC PE3YIBTATHI BRITIOIHEHHBIX HAOIIO/Ie-
HMH B pa3iM4HbIX Cpeliax, KOTOpbIE B JajbHEHIIEM OylyT BCECTOPOHHE MPOAHATM3UPOBAHBI
)58 OHyGJ'll/IKOBaH])l B OTACJIBHBIX TEMATHUYCCKUX CTATbhIX.
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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).

IHocmynuna 3 uiona 2019 e. Ipunsma k nevamu 4 cenmsbps 2019 2.

Kniouesvie crosa: IMIynbChl TMHAMHUYECKOTO JABICHUS, NWHICKC MarHUTHOW aKTHBHOCTH,
noHocgepa, COTHEUHBIH BeTep, MarHuToc(hepa, MarHUTHBIE Oypu 1 CyO0ypH, MEeXIITAHETHOE dIEK-
TPUYECKOE TT0JIe, MOHUTOPHHT W HayKaCTHHT, OKa3aTelb SHEPTUH, MOISPHBIC MIATIKH, IPOXOILHBIC
JNMEKTPUIECKUE TOKH.

Jlaercs kpaTkuii 0030p TOCTHKEHHMN, TTIOTyYSHHBIX IIPH UCTIOJIb30BaHIH HH/IEKCOB MATHUTHOM
aKkTHBHOCTH B ceBepHOH (PCN) u toxxuol (PCS) monspubix mamnkax. [lokazano, uto PC HHAEKC YETKO
OTBEYAET HA BapHALMK Te0d(P(EKTUBHOTO MEXKILIAHETHOTO JIEKTPHYECKOTO NoJis E, ,, B3auMOIeH-
CTBYIOIIETO C MarHUTOC(HEpoi, C OMHON CTOPOHBI, U SBISAETCS MPEIBECTHUKOM MarHUTOC(HEPHBIX
BO3MYIIEHUH (MarHUTHBIX Oypb U cyOOypb), C Ipyroil CTOPOHBL. DTH KCIIEPUMEHTAIBHBIC (DAKTHI
TOCTYKIIIM OCHOBOH mpezcTaBieHust 0 PC MHAEKCE KaK XapaKTePHCTHKE YHEPTHU CONHEYHOTO
BeTpa, mocTynarouieid B Maraurocdepy. [lokazano, 4ro nmpobdiema ciaydaiiHBIX PaCXOXKICHUN B MO-
Beaenun 1 BennanHe PCN n PCS MHIEGKCOB B CE30HBI 3UMa/JIETO perraeTcs Beioopom PC nHIekca
B 3UMHeH manke (PCwinter) kak Han0oJjee aeKBaTHOW XapaKTEPUCTUKA MarHUTHOW aKTHBHOCTH.
B nacrosimee Bpemst PC MHAEKC YCTIEITHO PUMEHSETCS TIPH OLIEHKE MPUTOJHOCTH JAAHHBIX caiTa
OMNI o nmapameTpax COIMHEYHOTO BeTpa (T.€. U1l IPOBEPKU PEaTbHOCTH KOHTAKTa ¢ MarHUTOC(hepoit
COJIHEYHOTO BETpPa, M3MEPEHHOTO B Touke juOpaiun). CrenuaabHasi MPOIEaypa, COrIacOBaHHAS
ApxruuecknM u anTapkradeckuM HUU (koToperit oTBeTCTBEHEH 32 mpon3BoacTBO PCS HHIEKCA) U
JlaTCKUM TEXHHYECKUM YHUBEPCHUTETOM (KOTOPBI OTBETCTBEHEH 3a Mpon3BoAcTBO PCN nHnekca),
obecreunBaeT pacyet B peanbHOM BpeMeHH 1-mMuH PC MHIEKca IO JaHHBIM MarHUTHBIX HAaOMIOCHUI
HAa MOJISIPHBIX cTaHIuUAX Boctok (AnTtapkruka) u Tyne (I'pernnangus).

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 (1)
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 o (slope), B (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)
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has demonstrated [16] a close consistency of parameters o, § 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 — B)/a 2)

where dFinst 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.

PCg = 1.0 £ 0.25 mV/m PCq = 1.5 + 0.25 m\/fm PCp=2.0+0.25 mVim

i o N =120 M =120

PC, mvim

A IR A B T T T T T I e B

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 nHAEKCOB BO BpeMsl pa3BUTHs MarHUTHO# cy00ypu. Cy60ypu pas-
JIeJICHbI Ha TPU IPYIIIBI B COOTBETCTBHH C BenurHON PC B MOMEHT BHE3aHOro Havasa cyooypu [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 4L 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. CooTHOLIEHNE MEX/[y THTEHCHBHOCTSIMH ITPOJIOJIBHBIX MAIITUTOC(EPHBIX TOKOB B CHCTEMAxX
R1 n R2 (BepxHHii psix), COOTHOIICHNE MKy BenmunHONH PC M MHTEHCHBHOCTBIO TIPOJIOJNBHBIX
ToKOB B cucteme R1 (cpenuuit psi) u B cucteme R2 (HwkHui psin) [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 E,, 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 “PCbess” 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: PCbhest 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. Ce30HHbBIC N3MEHEHHS BEJIMUNHBI KOppEIsuy Mexxay naaekcamu PChest n AL
Figure 4 shows the number of the PCNbest and PCSbhest 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
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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. JIunelinas 3aBUCUMOCTb MeX 1y BearmuuHaMu PC 1 AL UHIIEKCOB Niepe]] Ha9aJoM MarHAUTHOM
Cy00ypH U TIoClIe BHE3AMHOTO Havana cy60ypu (Moment 7;) [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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of the PC index behavior [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: (@) Dst =—(30-60nT), (b) Dst =—(60-90nT) [19]

Puc. 7. CoorHomenue Mexay BpeMeHHbIM XooM PC uHaeKca (BepXHHI psij) M pa3BHTHEM Mar-
HHUTHO# Oypu 110 naHHbIM SymH uHAeKca (HWKHUI psit) Uit ABYX KaTErOpUid KIIaCCHYECKUX Oypb:
(a) Dst =—(30-60 nT) u (b) Dst = —(60-90 nT npu pazHoii quuTenbHOCTHIO (a3bl 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 . 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 (Symf,,, ) and the

(&) Classic storms

SymH, nT

0
100
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Fig. 8. Relationship between the associated mean values of SymH,, and PC,,, , for classic (a) and
composite (b) storms, the standard deviation for each point being marked by vertical bars. Panel
(c) presents integrated dependence of SymH, on PC, with inclusion of data for pulsed storms

MAX*
(green circles) [19]

Puc. 8. Jluneiinas CBA3b MEXIY COOTBETCTBYIONIMMH CPEIHUMH Benmuunamu SymH,, wu PC,
IUTS. MArHUTHBIX Oypb KJIACCHYECKOTO (@) U CMEIIAHHOTO (b) TUIIOB; HHTETPaIbHAS 3aBUCUMOCTS (C)

BKJTIOYAET MyJbCALMOHHBII THII MAarHUTHOH OypH (3eneHbie 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 E, | 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 9c) 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 E,, field with magnetosphere occurred ahead of the
“estimated” contact.
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Fig. 9. Coordinated changes of £, field and PCmean index (upper panel), PCN and PCS indices
(middle panel), 4U and AL indices (lower panel) in course of isolated magnetic substorm
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Fig. 10. Examples of inconsistency in behavior of £, field and PC, AU/AL indices

Puc. 10. [Ipumepsr HecootBeTcTBHS B oBeaeHnn noist EKL u PC, AU/AL nuaexcoB
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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 AL 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 ¢, 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” £, 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 (AL 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. Pacnipesienchue ko3GQUIMEHTOB KOpPPEIAMHE MEXy Bapuanusmu mons E,, u PCbest
MHJIEKCOM M BEJIMYMHBI BPEMEHHOM 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 £,, 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” £, 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,, E,, 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 , E,, 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, E, 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. Bpemenno#t xon 15-MUHYTHBIX CIIQKEHHBIX Benwuud V,, B, £, u PC B cityyae Koopu-
HUPOBaHHBIX U3MeHeHui £, 1 PC 1py pasHBIX 3a/iepikkax B oTkiuke PC Ha nsMenenus £, (AT =
10-12, 13-15, 16-18 u 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 interplanctary 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.
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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. BpeMeHHOI! X0/ BHE3aHbIX UMILYJIbCOB I€OMAarHUTHOIO HoJis Sl (OTOXKAECTBIAEMBIX CO
CKauKaMH JINHAMMYECKOTO JIaBJICHHs COTHEYHOTO BeTpa P, ), mapaMeTpoB COJHEYHOro Betpa V ,
B, E,, v unniekcoB PC, AL mipu pacTyueii CKOpOCTH COJTHEYHOTO BETPA M OTPUIATENBHBIX (@) U
HONOXKHUTENBHBIX (b) 3HAUeHUAX B_ kommoneHTsl MMIT [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 (4L 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 BZ =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
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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. BpemeHHOH X071 BHE3AITHBIX HMITYJIECOB T€OMArHUTHOTO OIS SI, TapaMeTpoB COTHETHOTO
Betpa V., B_, E,, nunnexcos PC, AL pu cTaOMIILHON CKOPOCTH COHEIHOro 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
CoorHomeHusi Mexay cpeqHumu Beanyunamu SI, SymH, PC u AL
Growing V. Steady V_
Parameters B<0 350 B<0 B0
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 £, 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 interplanctary
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/PCILhtml

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 uHaekc kak noka3sarejib JHEPIrUH COJTHEYHOTO BETpa,
nocTynampueii B Maraurocgepy (MToru)
(pacmupeHHblii pedepar)

Cratbst 0000111a€T HOBBIE CBEACHHUS O COJHEYHO-3EMHBIX CBS3SIX, NMOTYYCHHBIC
npu ucnoas3oBaHuK PC MHAEKCa MarHUTHOW akTUBHOCTH. PC MHAEKC, pa3paboTaHHBIN
B AAHUMU, Obut BBeieH B pakTHKy B 1988 I. Kak 1mokasaresib HHTEHCUBHOCTH MarHUTHBIX
BO3MYIIICHUII, TCHEPUPYEMBIX B MOJSPHBIX IIAaNKax 3eMJIH MPH B3aUMOICHCTBUN 3eMHON
MarHuToCc(epbl ¢ «COIHEUHBIM BETPOM» — HAMarHMUYEHHOH IJ1a3MO# COIHEYHOTO MPOMUC-
XOXKJICHHA. |-MUHYTHBII HHACKC paccunuThIBaeTcs HezaBucuMo s CesepHoro u KOxxHOTO
TIOJTyIIApHUHA TI0 MArHUTHBIM JIAHHBIM OKOJIOTIONOCHBIX cTaniuit Tyne B ['pennanauu (PCN)
u Bocrok B AuTtapkruke (PCS).

HVccnenoBanus, BeimonsenHsie B AAHUMU, mokasanu, urto (1) moseaenue PC uaaexca
KOHTPOJIMPYETCS BAPHALUAMU SJICKTPUYECKOTO TOJIsl COTHEYHOTO0 BETpa £, («MEXKITaHET-
HOTO DJIEKTPUUECKOTO TOJIsH), PU 3TOM BpeMeHHas 3ajepikka AT otkinuka PC nHIeKca
Ha BapualuM NOJs [, onpesenseTcs CKopoCThio u3MeHeHus nojs dE, /dt; (2) poct PC
MHJIEKCa BCET/Ia MPEIISCTBYET Pa3BUTHIO MATHUTHBIX BO3MYIIICHUI B aBpOPaIbHON 30HE
(MarHUTHBIX CyOO0ypb), HHTEHCUBHOCTH KOTOPBIX (AL MHJEKC) JIMHEHHO CBSI3aHA C BEJTUYHU-
Hot PC unpekca; (3) moBenenne PC uHIekca Ha ¢a3e pa3BUTHA cyO0ypH KOoppenupyer
C MHTEHCHBHOCTBIO MPOJOJIbHBIX MarHuTocdepHsix TokoB B cucteme R1 FAC; (4) mupo-
BbI€ MarHUTHbIE Oypu HaunHaIOTCS, Korga PC MHIEKC cTaOUIBHO (Ha MPOTSHKEHUH Ooee
1 yaca) npeBkILIaET MOPOTrOBbI ypoBeHb ~1,5—2 MB/M, Ipr STOM MOIIHOCTH MArHUTHOU
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Oypu (D,,,,) ONIpENeseTcs MaKCUMaIbHON BETMIMHON npemecTBytomero PC uHaeKca.
Ha ocHoBe 3THX 9KcIIepuMeHTaIbHBIX (akToB MeXayHapoaHas acCOIManys TeOMarHeTH3-
Mma 1 asponomun (MATA) B 2013 1. omo6puia PC MHAEKC B Ka4ECTBE ITOKA3aTEIIs SHEPIHU
COJTHEYHOTO BETpa, MOCTYTAIoNIel B 3eMHYI0 MarHuTochepy npH ee B3auMOACHCTBUU
C COJTHEYHBIM BETPOM.

[TokazaHo, 4TO BONPEKH OOIIECTIPHHATOMY MHEHHUIO UMITYJIbChI IMHAMHYECKOTO JIaB-
JIEHHS COJTHEYHOTO BeTpa (P,,) caMu 1o cebe He BIMAIOT Ha MOCTYIUIEHHE SHEPTHHU B Mar-
HurocQepy. Ecii uMIybesl P, KOpPENMpyIoT € POCTOM HOJIA £, ,, OHH COMPOBOYKIAI0TCS
YBEJIMYEHUEM MarHUTHOW BO3MYILEHHOCTH, B IPOTUBHOM CITy4ae MarHUTHAsi aKTUBHOCTb
(PC n AL vHnexchl) ocTaeTcsl Ha HYJIEBOM YPOBHE JaKe MPH OOJNBIION MOIIHOCTH UM-
MyJILCOB IMHAMHYECKOTO JaBieHus. [IpoOnema ciydaifHbIX pacxXoXICHHH B MOBEICHUN
u BenmuanHe PCN u PCS WHIEKCOB B CE30HBI 3UMa/IETO pemaetcs BeibopoM PC HHICKCA
B 3uMHeil manke (PCwinter) kak HanOosee aJeKBaTHOM XapaKTEepUCTHKH MAarHUTHON
AKTUBHOCTU. AHAIIU3 KOPPEISIMU MEKIY Bapuanusamu £, u PC B X0/le MarHUTHBIX
cy60yps 3a neproz ¢ 1998 mo 2017 r. MpoIeMOHCTPHPOBAJ, YTO peabHOE None £, ,
JieiicTBytoniee (COrIacHO TMoKa3aHusIM HHJekca PCwinter) Ha 3eMHYIO MarHutocgepy,
B 20 % paccMOTPEHHBIX COOBITHI HE COOTBETCTBYET MOJIO £, PACCINTAHHOMY IO JaH-
HBIM O TTapaMeTpax COJHEYHOTO BEeTpa, MyonukyeMbiM Ha caiite OMNI. OueBunHO, 4TO
B 3THX CIIy4asiX COJIHEUHBIH BeTep, 3apuKkcupoBaHHBII B Touke Jlarpanxa Ha pacCTOSTHUN
1,5 mutH KM 1iepen 3eMHOM MarHuTocgepoil (rannsie caiitta OMNI) He BCTyman B KOH-
TakT ¢ Maruurocdepoil. Takum odpazom, PC HHIIEKC MOXKET CIIYXKHUTh TAKXKE B KAYECTBE
(uIBTpa MPUMEHUMOCTH TTAPAMETPOB YIAJICHHOTO COIHEYHOTO BETpa (M COOTBETCTBEHHO,
nmaHHBIX caiita OMNI) i aHamm3a COTHEYHO-3eMHBIX CBsizell. CriermanbHas Ipoueaypa,
corntacoBaHHast ApKTHUecKUM 1 aHTapkTHaeckuM HV (KOTOpBIif OTBETCTBEHEH 3a POU3-
BozicTBO PCS nunekca) u JJaTCKUM TeXHUYECKUM YHHBEPCHTETOM (KOTOPBIH OTBETCTBEHEH
3a npousBozcTBO PCN uHzekca), odecriednBaeT pacueT |-MuHyTHBIX 3HaueHuit PCN u PCS
MHJICKCOB M MX MyOJNMKaIMIo Ha caiite http://pcindex.org B pe’kuMe peasbHOrO 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 2.

Kniouesvle cnosa: atMocqepHas bk, Ta30BbIH aHAIN3, TPEBHUM JIe/, JISATHON KEPH, METOJ
CFA, meTaH, majeoK/IMMar.

B crarbe mpuBeseHa KpaTkas UCTOPHS METOJa aHajIu3a HempepbIBHOro noroka (Continuous
Flow Analysis — CFA), nano omnucaHue THINYHOH MHOTO(YHKIHOHANBHO# ycTanoBku CFA, mpo-

Citation: Vladimirova 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. BJIAJTUMHPOBA

QHAIM3UPOBAHEI €€ MPENMYIIECTBA M HEOCTATKH, 2 TAKKE HAMEUEHBI ITy TH PEIISHHS CyIeCTBYIOIIIX
TEeXHUYECKHX mpobmeM. OmicaHbl OCHOBHBIE MapaMeTpsl MepBoi B Poccun skcnepuMeHTambpHON
ycranoBku CFA, koTopyto mianupyercst co3aath B Jlabopatopin H3MEHEHHI KITMMaTa U OKPYKaIOIIei
cpensl (JIMKOC) AAHWU muist m3MepeHusi KOHIEHTPALUH YacTHII aTMOC(EpHOI BUTH B METaHa B
KepHe APEBHETO JbJa CO CTaHIMU BocTok.

BBEJJEHUE

JlensiHble KEPHBI SIBISIFOTCS YHUKaJIBHBIM apXHBOM JJAHHBIX O MAJICOKJIMMATE, BKIIF0Ya-
I0111eM HH(OPMALIMIO O Ta30BOM COCTaBe JPEBHEH aTMOC(epbl, COACPIKAHUH B HEH IBLIH,
M30TOITHOM COCTaBE OCaJIKOB, XHMHUYECKOM COCTaBE aTMOC(HEPHOTO a3po30Jisl B IPOILLIIOM
u T.a. Bo3ayx, 3axBaueHHbIN B MMy3bIpbKax IPH JIbJ000pa30BaHUHU, HECET HH(POPMALIHIO
0 Ta30BOM cOCTaBe aTMOC(]epbl, B TOM YHCJIE M O KOHI[EHTPaIUK apHUKOBBIX ra3oB. C Ha-
Yaja ra30BbIX HUCCIIeI0BaHUH JeaIHbIX KepHOB B 1980-x rT. [1], n3mMepeHus npoBOAUINCH
TOJIBKO Ha JIMCKPETHBIX 00paslax, T.e. B OTJEJIbHO Hape3aeMbIX MpU3Max. JTo Mojapa-
3yMEBaeT HU3KOE BPEMEHHOE pa3pellieHHe: CPe/IHee Ia30CoAepKaHne Jiba COCTaBIISIeT
10 % o o0beMy, sl U3BJICUCHHS HEOOXOIUMOro 00beMa ra3oBoro oopasiia Tpedyercs
npusma Becom 40200 r u uiuHoit 2—10 cM. B OTaenbHBIX yHKTaX OypeHUs U TIIyOMHHBIX
TOPU30HTAX TAKOH OTPE30K 0 ITyOMHE MOXKET OXBAThIBATh JI0 | THIC. JIET B IEPEBOJIE HA
BpPEMEHHYIO 1Kaiy. J[is npoBeieHus AMCKPETHBIX Ia30BbIX aHAJIM30B HEOOXOAMM KEpH
BBICOKOTO Ka4eCTBa — BCE YYaCTKH C TPELUIMHAMHU U HOBPEXKICHUSIMH BCIIEACTBHE Oype-
HUSI M M3BJICYEHUS KEPHA MCKIIIOYAIOTCS. JTO MPUBOAUT K HEPETYISIPHOMY LIary oroopa
00pasIoB, ¢ Pa3HON AUCKPETHOCTHIO 10 MIyOWHE, U MPOITyCKaM B NaJCOKINMaTHYECKOM
3ancu. [Tpu U3roToBIEHNY MTPU3M TPOUCXOAUT MOTEPS ONPEIEICHHOTO KOJIMYeCTBa ra3a
U3 BO3JYIIHBIX BKJIFOUYEHHH, CPE3aHHbIX TOBEPXHOCTHIO 00pa3lia, YTo yBEIHMYHBAET OO
00bEM JICJSTHOTO KepHA, UCIIOJIb3YeMOTO Il aHan3a. DPGEKTUBHOCTh SKCTPAKIIUHU Ta3a
cocraisier B cpenHeM 80 % ¥ CHWXKaeTcs MpHU M3MEpeHUH 00pasloB, B3SITHIX C NIyOHH
6onee 600—700 M, Ha KOTOPBIX I'a30BbI€ ITy3bIPHKH HAYMHAIOT TPAHC(HOPMHUPOBATHCS B KPH-
CTaJUIMYECKUE BKJIIOUSHHUS I'a30BBIX THJPATOB.

['a3 MOKeT M3BIEKAThCS M30 JIbJIAa BYMsI OCHOBHBIMH CHOCO0aMHU — ILIaBJICHUEM
Y [TOBTOPHBIM 3aMOpayKMBaHUEM JIM00 KpoleHneM oOpasiia JieisiHoro kepHa. Okasanoch,
YTO €CJIM MPUMEHHTH HEeNPEPhIBHOE TUIABJICHUE 00pa3lia BI0JIb BCEH JUTHHBI JISJSIHOTO Kep-
Ha, TO MOXXHO M30€XaTh OOJILIIMHCTBA ITPO0IIeM, CBSI3aHHBIX C MOTepeil 00beMa Ira30Boro
o0pasia 1 BpeMeHHOro pazpereHus. Tak poausIack ujest MeToja HelpephIBHOTO MMOTOKA
(Continuous Flow Analysis — CFA) st ra30BbIX H3MepeHHi B 00pa3iax JIeJsIHbIX KEPHOB.

Tounbko Gnaroiapsi HelpepbIBHBIM U3MEPEHHSIM KOHLIEHTpauy Metana meroom CFA
C YJBTPaBBICOKHM Pa3pelICHNEeM YAalI0Ch OTKPBIThH CYILECTBOBAHHE €CTECTBEHHON BEKOBOM
usmenunBoctd CH, B TeueHne MHTEpCTaaMaNoB (KPaTKOBPEMEHHBIX TEIUILIX MEPHOJIOB)
Y CTaIMANIOB (KPaTKOBPEMEHHBIX XOJIOIHBIX TIEPUOIOB) MOCIeIHEro oneneHenus [2]. B atom
UCCIICIOBAHUE OBLTH N3MEPEHBI 00pas3iibl JeasHoro kepaa WAIS Divide (3amagnas Autap-
KTHa) Bo3pactoM 9,8—67,2 ThIC. JeT. ABTOpaMu ObLIM BBISBICHBI NEPHO/IbI IUKINYECKOM
WM3MEHUYMBOCTH KOHIIEHTPALMU METaHa JJIUTENbHOCThI0 80—500 JetT, XapakTepu3yromuecs
CpelHMM M3MEHEHHEM KOHIIEHTpAlMKM MeTaHa B cpernHeM Ha 3 %. [Ipearmonaraercs, 4ro
BexoBas usMeHunBocTh CH, cBAzaHas ¢ BapHalMsAMK TPONHYECKOIO KIIMMATa, BIUAET Ha
BBIOPOCHI METaHa IPEUMYIIECTBEHHO U3 OOJIOT TPOMUYECKHUX [IHPOT.

JIpyriuM Ba)kHBIM pe3yJIbTaToOM, IOJIyYEHHBIM OJarojapsi UCIojIb30BaHUIO METO/A
CFA, crajio 9KCIIepUMEHTaIbHOE JI0Ka3aTeIbCTBO HAIMYHSI [TOCIIOMHOTO 3axBara BO3-
Jyxa B (pMpHE MOJSIPHBIX JISIHUKOB. X HEBO3MOXKHO OBUIO TOJIyYUTh PaHEE TOJBKO IO
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pe3ysbTaTaM JUCKPETHBIX Ta30BbIX HCCIIeI0BaHUN. B Xone m3Mepenuii 00pasioB JIesTHOTO
kepHa Bo3pacToM 60 TeIC. JieT co cranHmu Boctok (LleHTpanpHas AHTapKTHIA) METOIOM
CFA 0butn mosrydeHsl JaHHbIE, TTO3BOJIMBIINE ACTAIBHO M3YYUTH SBJIEHUE MOCIOIHHOTO
3axBara BO3AyXa 0Opa3yIoMMMCS JIbJIOM M OTPaKeHHE 3TOTO Ipolecca B U3MEPECHHOM
psny KoHueHTpanuu Merana [3]. C momoIpio pa3paboTaHHOW aBTOPaMHU MOJENHN CTaJIO
BO3MOXKHBIM PacliO3HaBaTh B 3KCIIEPUMEHTAIBLHOM psiAy ObICTpbIE BapuallMK KOHICH-
tpauuu CH, ¢ Maruutynoi nopszika 10 %, KOTOpbIE CBSI3aHBI € ABJIEHUEM TOCIOHHOTO
3aXBaTa, ¥ OTIIMYaTh HX OT aHAJOTMYHBIX 110 popme ko CH,, oTpaxkarommx ObICTpbIE
M3MEHEHMs MeTaHa B arMocdepe.

BpemeHHOI psijt KOHIIEHTpaLK METaHa, TOIyUeHHBIH C BBICOKUM pa3peleHHeM, T10-
KazaJl MEHBIIYIO CTEIIEHb CIVIAXKUBAHNUS, YEM MPEATIOIarajJoch paHee Ha OCHOBE pacyeToB
110 Moze M AN GYy3UOHHOTO CIIIAKUBAHUS aTMOC(EPHOTO CUI'HAA. BT cenaH BHIBOA
0 TOM, 4TO JEJsHbIE KEPHBI U3 PaiioHOB BOoCTOYHON AHTapKTUABI ¢ HU3KOH CKOPOCTBIO
CHETOHAKOIUICHHSI MOTYT 00€CHeYHBarh JIydiliee BpeMEHHOE pa3perieHne MPOLIIbIX H3-
MEHEHHI cocTaBa arMocdepsl, ueM oXuaanock. Mccnenosanue [3] 03HaMEHOBAJIO MPO-
PBIB B MOHMMaHMHU IPOLIECCOB 3aXBaTa M YACPKHBAHUS BO3yXa JCTHUKOBBIM JIBIOM,
a TaKke (OPMHUPOBAHMUS MAIE0ATMOC(EPHOTO CUTHAIIA B JIEASHBIX KEPHaX, KOTOPBIN cTall
BO3MOYKHBIM TOJIbKO Oaronaps namepennto konuenTpamun CH, metonom CFA ¢ ynbrpa-
BBICOKHM Pa3pelIeHUEM.

U3 UICTOPUU METOJA

MeToj HENpepBHIBHOTO MOTOKa ObUI MEPBOHAYAIBHO TPEIIOKEH JUIsi 0TOopa 00-
Pa3LoB JIeASHBIX KEPHOB Ha ONPEACNICHHE UX XUMHUYECKOIO COCTaBa C pa3pelieHrueM
0,7-3,5 cM [4]. OOpa3serr mogBepraics OUUCTKE MyTEM aBTOMATHYCCKOTO YIAICHUS Talon
BOJIbI, 00pa30BaBIIeHCs U3 BHEIIHEH YaCTH KEPHA, a HEMPEPHIBHOE TUIABJICHUE MTO3BOJISLIO
CYIIECTBEHHO CHHM3UTb TPYJ03aTparhl MPpU MOATOTOBKE 00pasiia.

BriepBble my3bIpbkH BO3/1yXa U3 TAJIOTO NMOTOKA 00pasia, paHee yiauseMble B OTXO/,
OBUTH UCIIOJIB30BAHBI JIJIS ONPE/ICNICHHs] B HUX T'a30B B pabote [5]. ABTOpBI COBMECTHIIN
YCTaHOBKY I10 HEMPEPHIBHOMY TIABJICHUIO 00pa3iia C JMHUEH SKCTPAKIUK Ta3a U3 IOTOKA
TaJIOM BOABI U TA30BBIM Xpomarorpadom, MmosyduB TakMM 00pa3oM IEPBYIO yCTAHOBKY
CFA u1s1 HelpephIBHOTO I'a30BOTO aHaJIN3a 00pa3loB JIEASHBIX KEPHOB. D PeKTHBHOE
paspeleHue o NIyOHHE ¢ yY4eTOM CKOPOCTH IUIABJICHHS U AUCKPETHOCTH U3MEPEHHH Ha
xpomatorpade coctaBuio mopsiaka 15 cm. Tak ObLIM BIEpBBIC pEIICHBI IPOOIEMBbI He-
PEryJISIPHOCTH 1Iara U Majioro BPEMEHHOTO Pa3pelieHus MpU MPOBEICHUN JTUCKPETHBIX
aHaJIM30B ra30BOT0 COCTaBa KEPHa, a TAKXKe MpoOeMa oTepy YacTH Ia30BOi POObI Mpu
W3TOTOBJICHUU JIUCKPETHBIX 00pasIoB.

B nanbreitmem ycranoBka CFA ju1st ra30BbIX aHAJIM30B 00pa3IOB JICASHBIX KEPHOB
ObLTa YCOBEPIICHCTBOBAaHA [0] MyTeM 3aMEHbI aHAIMTHYECKOW cocTaBistomiei. Tenepsb
K JIMHUSIM HEMPEPHIBHOTO IJIaBlIeHHs 00pa3ia M SKCTPAKIUKU raza ObUl IPHUCOCTUHEH
JIa3epHBIN aHAINU3aTop, HCIob3ytommii Texnomoruto WS-CRDS (wavelength-scanned
cavity ring-down spectroscopy — pe30HaHCHas CIICKTPOCKOIHUS CO CKAHMPOBAHHOM JTTHHON
BOJIHBI), C 3asIBJICHHON aHaJIMTHYECKOW TOYHOCTBIO MHCTpYMeHTa 2—5 ppbv 1uis nuzmepe-
HHUW KOHLIEHTPALMK METaHa, YTO CYIIECTBEHHO BBIIIE TOYHOCTH Ta30BOT0 XpoMarorpada.

CrnenyromumM marom B coBepiueHcTBoBaHuM Metofa CFA [uist ra30BbIX aHAIM30B
CTaJI0 MCTOJIb30BAHKE JIBYX TUIIOB JIa3€PHBIX aHAIU3ATOPOB, YCTAHOBJICHHBIX ITOCIIEI0BA-
TEJIbHO, C LIEJIBIO IIPOBEPKU NIPUMEHUMOCTH JIByX Pa3HbIX TEXHOJOTUN U3MEPEHUH B yC-
JIOBUSIX MaJloro oobemMa (HECKOJIbKO MEPBhIX KyOMYECKUX CM) M MaJIOW CKOPOCTH TTOTOKA
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razoBoro obpasua (0,8 cm>-mun) [7]. [lepBblii aHATH3ATOP UCIOIB30BAN TEXHOJIOTHIO
OF-CEAS (optical-feedback cavity-enhanced absorption spectroscopy — abcopOunonHas
CIIEKTPOCKOIIHNS C ONTUYECKOH 00paTHOH cBA3bI0), a BTopoit — TexHosoruo WS-CRDS.
Kpome Toro, aBropsl [7] BbIBE3IN aHAIUTHYECKYIO ra3oByro yctaHOBKY CFA B mone
B Jslarepb npoekra Oypenns nensHoro kepia NEEM (North Greenland Eemian ice core
project — cm. https://neem.dk/), Tme mpoTecTHpOBaTN BO3MOKHOCTE IIPOBEICHUSI Ta30BBIX
aHaJIM30B JIEAHBIX KEPHOB U JIATHPOBaHHMs MojTydeHHoro npopuns CH, nenocpecTeeHHO
B OKCIEMIIMOHHBIX YCIOBUX. B pamkax 3Toro nmpoekra ObUI BIIEpBbIE TOJIyUYEH psijl KOH-
HEHTpauK MeTaHa B arMocdepe CeBepHOTo MOIyIIapusl B 3MOXY MOCIIEIHETO OJIeICHEHHS
C YIIBTPABBICOKMM paspenieHneM. BriociencTsun nazepusiii anannzarop WS-CRDS 611
MOAN(UIMPOBAH IIyTEM YMEHBIIECHHS 00beMa pabouell KaMepbl, YTO MO3BOJIMIIO CYIIe-
CTBEHHO YMEHBIIUTH TU()(PYy3HOHHOE CIIIAXKMBAHIE ra30BOTO CUTHANA ITPU N3MEPEHNsIX [8].

B Hacrosimee Bpemsi B MUpE CyIIECTBYIOT BCETo AeBATh ycraHoBOK CFA B mabo-
paropusix, 3aHHUMAIOMINXCS N3yYEHUEM IaJIeOKJIMMara Mo JaHHBIM aHaJIN3a JICASHBIX
KepHOB. OHM 0a3upyrOTCs B CIEIYIOINX HAYYHO-HCCIIEOBATEILCKUX YUPEKICHHSIX!
1) bpuranckas Anrapkrudeckas ciryx0Oa (British Antarctic Survey — BAS; Kemopumxk,
BenukoOpuranus); 2) MacTuTyT reonayk o6 okpyskaromiei cpene (Institut des Géosciences
de ’Environnement — IGE, I'peno6ns, ®pannns); 3) Yausepcurer bepna (Universitit
Bern, bepn, llBetinapust); 4) Lentp npaa u kaumara (Centre for Ice and Climate — CIC,
Yuusepcuter Konenrarena, Konenraren, [lanus); 5) Yausepcurer mrara Operon (Oregon
State University — OSU, Kopsasuc, mrar Operon, CIIIA); 6) UacTuTyT M3y4yeHus
mycteiHb (Desert research institute — DRI, Puno, mrrar Hesama, CILIA); 7) LenTp uc-
cienoBanus AHTapkTHKH (Antarctic research center, Yausepcurer Koposnesst Bukropum,
Bemnmnrron, Hosast 3enannust); 8) HannoHanbHBII MHCTUTYT HNOJSPHBIX HCCIIEA0BAHUH
(National Institute of Polar Research — NIPR, Tokwuo, SIroHus); Takke 3aBepIIacTCs CO3-
nanne ycranoBku CFA B Uncturyre Anbdpena Berenepa (Alfred Wegener Institute — AWI,
Bpemepxaden, I'epmanus). Bce ycTaHOBKH SBISIOTCS CaMOAEIBHBIMU U YHHKAJIbHBIMH,
KaXIas N3 MOAN(HKALNH CYIIECTBYET B €JMHCTBEHHOM 9K3EMILISIpE; B COOPaHHOM BHjIE
B IIPOMBIIIIEHHBIX MacIITa0ax OHM HE BhITyCKatoTcs. [1aBuiIbHbIE YCTAHOBKYM U3TOTABIIH-
BAOTCS 110 CIEHUAIFHOMY 3aKa3y B MAaCTEPCKUX MCCIIEA0BATEILCKUX HHCTUTYTOB, F'a30BbIe
0aJUTOHBI JUISl OUMCTKU U OOCITY)KMBAHHS JIMHNI 3aKa3bIBAIOTCS B CIICIIMAIN3UPOBAHHBIX
(upmax u TpeOyIOT TPAHCTIOPTHPOBKH 110 KIIACCY «OIACHBIE TPY3bI».

ONHUCAHUE TUMIMYHOM MHOTO®YHKIIMOHAJIbHOM YCTAHOBKHU CFA

B sTOM pazznerne Mbl IPUBOIUM MOAPOOHOE OMHUCAHKUE IKCIEPUMEHTAIBHON YCTaHOB-
ku, co3nannoit B Llentpe npaa u knumara (CIC) YauBepcurera KomenrareHa, KoTopyro
MOXKHO PaccMaTpHBaTh B Ka4eCTBE yAauHOW MOJENH JUISl JIAJIbHEHIIEro COBEPIICHCTBO-
BaHMsI METOJIa aHAJIN3a HEIIPEPbIBHOTO MOTOKA.

OfHUM U3 OCHOBHBIX 3JIEMEHTOB JKCIepHMeHTaIbHON ycTaHoBKH CFA, moka3zaHHOM
Ha puc. 1, SBIsETCS BEpTUKAIbHAS paMKa — Jepikarenb (4) UCCleyeMoro cerMeHTa KepHa.
IMocneanuit mpeacTaBiseT coOO0M HEHTPAIbHYIO0, He3arpsi3HEHHYH0 OypOBOH KUIKOCTBIO YacTh
KepHa ¢ TIoNepeyHbIM ceuenreM 3,5x3,5 cM u qymuHoit 0,55 wnu 1 M, B 3aBUCUMOCTH OT MPH-
HSITOTO CTaHZIApTa pa3pe3KH KepHa IOCie ero M3BJICUCHHs N3 CKBXHHBI. Pamka nomereHa
B MOpO3miIbHbII 11Kad (3), B koTopom nogepskuBaercst Temrneparypa —20 “C. Cpasy non
paMKoO#l HAXOMUTCS MEHAs TUIaBWIIbHAs TutacTuHa (5), HarpeBaeMmast 10 +20 — +25 °C, ¢ pa-
JIATBHO PACXOJSIIIMMICS OTBEPCTHSAME H/WITH KEIT00aMH 0 OKPYKHOCTHU (B 3aBHCHMOCTH
ot Moaudukany uHur CFA). CKopocTh TIOTOKa OYHILIEHHOTO Tasioro odpasua pasHa 15-20
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Puc. 1. Buemnnii Bun sxcnepumenTtanbHoi ycranoBku CFA B LlenTpe npaa n kinuMara (pUCYHOK
ajanTupoBaH u3 mocrepHoro pokmana P. Vallelonga et al., T09 ID133, 10.03.2016, IPICS OSC,
Xobaprt, ABcTpanus):

1 — na3epHbIi aHAJIM3aTOP U30TOIHOTO COCTaBa BOJbI, 2 — Tra30Bas JMHUS Ul U3MEPEHUS KOHLECHTPALUI
MeTaHa, 3 — MOPO3MIbHBIH HIKad, 4 — pamKa-aepiKaTenb Ul JIeITHOrO KepHa, 5 — IJIaBUIbHAs yCTAHOBKA
JUIs 00pasIia JIeASHOro KepHa, 6 — PEerucTpauust IIyOUHbI KEPHA 110 CKOPOCTH IIJIaBICHHUS, 7 — CHCTEMa I0-
JlauM CTaHJAPTOB JUISl XUMHYECKHX aHAIN30B, 8 — 11e6a00nep, OTACIAIONMIMiA y3bIPbKH BO3yXa U3 MOTOKA
TaJoro oopasia, 9 — CUeTUHK IMbUICBBIX YacTHull, /() — aHAJIMTUYECKHE CHCTEMBI JUISi XUMHYECKHX aHAJIN30B,
1] — cYeTYHK YaCcTHIl CaXKHU

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

wi-MuH . TTOTOK Tasoii BOJIbI OTBOUTCSI TIO TIOJ0TPEBASMBIM JIMHUSM U3 MOPO3UIBHOM Kame-
PbI B TEIUTYIO JTaOOPATOPHIO MPH MOMOIIH TEPUCTAIBETHIECKOTO HACOCa, MPOXO/Is Ha TIEPBOit
CTa MU TIPOLE/YPY YIAJICHHUSI BO3IyXa B CIICIUATBHOM MPHUCIIOCOOIECHNH, KOTOPOE HA3bIBACTCS
ne6aoonep (8). J1e6ad6mep nmeet BHyTpeHHui 00beM 0,8 M. B HeM MOTOK BOJIBI POITYCKa-
€TCsI Yepe3 y3Koe OTBEPCTHUE, My3bIPhKH BO3yXa BCILUIBIBAIOT M MIOCTYIIAIOT Jlajiee B Ta30BYI0
nHUIO. Jlera3upoBaHHas Taliast BOJa MPOKAYMBACTCS Yepe3 OTBEPCTHE, PACTIONOKEHHOE HIKE
YPOBHSI My3bIPHKOB 0 HAMPABICHUIO K aHATUTHYCCKUM JIUHUIM. CyIIECTBYIOT MUIIETOYHAS
U TPEYToIbHO-TIPU3MaTHYIeCcKast Mo uKarun aedadonepa.

[MoTok xuakoro obpasiia U3 HEXKHEro OTBepCTUs Jebab0iepa MoCTynaeT B XUMHU-
YeCKHEe aHAMTUYECKUE JIMHUU U B CYCTUYMK YACTHIL MBUTH U caxki. KOHIEHTpaIus Kax-
JIOTO XMMHYECKOT0 JJIEMEHTa, HOHA WIIM COSIUHEHUsI (JKeNe30, KalbIHii, cyinb(ar-uoH,
AMMOHUH, KaJii, IEPOKCHUJT BOJOPO/IA, HATPHIA) U3MEPSIETCS] CIIEKTPOMETPOM. ITOT BHT
aHaJM3a MO3BOJISAET MPOCICAUTh U3MEHEHNUE BO BPEMEHHU KOHIIEHTPAIIUU MOPCKUX a3po-
30J1eH, KOTOPBIE SIBISIFOTCS WHIMKATOPOM ILIOIIAd PACIPOCTPAHEHHST MOPCKOTO JIb/a,
00HAPYXUTh BYJKAHUUCCKHE MTUKH, MTO3BOJISIONIHE TATUPOBAThH KEPH, TOIYIUTHh HH(OpPMa-
LU0 O 3arPSI3HEHUU aTMOC(HEPBI B PE3YJIBTATe CEMbCKOXO3SHCTBEHHBIX U IPOMBIIUICHHBIX
AHTPOTOTEHHBIX BBIOPOCOB, OMOAKTUBHOCTH B PETHOHE.
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Konnenrpanus arMoc(hepHOM MBI U CAXN U3MEPSETCS] ¢ MOMOIIBIO JIA3€PHBIX
CUETUYMKOB YacTull. KOHIIEHTpaIyst bUTH BO JIb/y SIBIISICTCS MHANKATOPOM KPYITHBIX CO-
ObITHI aTMOC(EpHOTo TIepeHoca BUTH U3 MYCThIHb, OCYIICHHBIX B PE3YyJIbTaTe MOHMKEHHS
YPOBHSI MOPsI YIaCTKOB MaTe€pPUKOBOTO IIeNb(a, U U3 MPHICTHUKOBBIX 3aHIPOBBIX paB-
HUH. [To (OHOBOI KOHIEHTpALNH MBIIH PA3IHYalOT CJION JIbIA, OTJIOKECHHBIE B TIEPHO/IBI
OJIEZICHEHNH M MexJIeTHUKOBHH. Caxka XapaKTepHu3yeT IMOCTYIUIEHHE TIPOYKTOB TOPCHNUS
MPUPOIHBIX TOKAPOB M MHAYCTpHUAIBEHOE aTMoc(epHoe 3arpsi3HEeHNeE.

E1me omuH MOTOK Taoro oOpasia nepeHanpasisieTcs! B IMHUIO 110 H3MEPEHUIO H30-
TOITHOTO COCTaBa BOJIBI MIPU TIOMOIIM JIa3€pHOTO aHanu3aropa. V30TomHbIi cocTas mc-
TMOJIBE3YETCsI JUIS BOCCTAHOBJICHHS MECTHBIX TEMIIEPaTyPHBIX YCIOBHH, a TaKKe YCIOBHN
B MCTOYHUKE BJIATH.

Ocoboe BHUMaHKE yAEIUM JIMHAU SKCTPAKIUH I'a3a ¥ U3MEPEHUIO KOHICHTPALNN
METaHa, T.K., BO-IIEPBbIX, 3TOT MAJICOKINMATHIECKUI ITapaMeTp XapakTepu3yeTcs Hanboree
PEaKTUBHBIM OTKJIMKOM Ha OBICTpPBIC M3MEHEHUsI KIIMMaTa, a BO-BTOPBIX, U3MEPEHHE KOH-
neHTpanun Merana metogoM CFA 1o3BosisieT BBISIBUTH KPaTKOBPEMEHHbIE €CTECTBEHHBIE
BapHaIy KOHIEHTPAIMK APHUKOBBIX Ia30B, M B YaCTHOCTU METaHa, B arMoc(epe. ABTO-
POM OBLT MPEATIOKEH Psii MOAM(UKALIMIA JTMHUH N3MEPEHUSI METaHa, BXO/AIIEH B COCTaB
ycranoBku CFA B LlenTpe nbaa n ximmara. Momudukamuy mo3Bonwin: 1) yBeIuIuTh
3 QEeKTUBHOCTB HKCTPAKIIUK TA30BOT0 00pasia; 2) yMEHbLINTD IIOTPEITHOCTh KAJIMOPOBKH,
CBSI3aHHYIO C IPIMECHBIM COIEPKaHUEM aTMOC(EPHOT0 BO31yXa B ICMOHU30BAHHON BOJIE;
3) cyniecTBEHHO YCKOPHTS TPOLIECC ITEPEX0/1a YCTAHOBKH N3 PEKUMA OKUIAHNS B PEKUM
N3MepeHHii; 4) COKpaTUTh KOJMUYECTBO JAHHBIX M3MEPEHHH JEeIIHOr0 KepHa, KOTOphIe
MPUXOIMIIOCH OTOPAKOBBIBATh B HAYaJIe KayKI0W CEpHN M3MEPEHUH 110 TEXHUIECKUM HpPH-
4nHaM. Ha ceronnsmnuii 1eHb JTIMHKUSA SKCTpaKuK ra3oBoro oopasua u nsmepenus CH,
BKJIFOYAET OMMCAHHbBIC HU)KE CTYIIEHH M JIEMEHTHI.

['a30BbIe My3bIPHKH B OCTATOYHOM ITOTOKE TAJ0H BOBI IOCTYMAIOT I10 MOJ0TPeBac-
MOH TpyOKe B TeIIblil OOKC 1aboparopuy A1l U3MEPEHHsT KOHIICHTPAIlMK MeTaHa. 371ech
B THIpO(OOHOM MEMOPaHHOM MOJYJIEe TIPOUCXOJUT OKOHUATEIFHOE pa3/ielIeHHe IOTOKa
ra3a u BoJbl. M3Biekaemblii ra30BbIii oOpasel (mpubnusuTenbHo 1,6 MiI-MUH '), IEpBO-
HavyaJIbHO UMeroIui BraxkHocTh 100 %, ocymaercs BO BpeMsl IPOXOXKJEHHs 10 KOHCOIH
«Haduony». Ilocnennss npeacrasisier codoi TPYOKy, U3TOTOBICHHYIO U3 CyIb()HUPOBaH-
Horo terpadropaTrineHa (Nafion©) aiauHol okoio 1 M, KoTopast moMeIeHa B TpyoKy n3
HeprkaBeronel craiu. [IpocTpaHcTBO Mexy HarOHOM M BHYTPEHHEH MMOBEPXHOCTHIO
CTAJBHON TPYyOKH IPOIYBACTCS A30TOM MIIH CYXUM TEXHUUECKHM BO3/LyXOM CO CKOPOCTBHIO
20 MJI.MUH ' B HalpaBJICHUH, TPOTHBOIIOIOKHOM TOKY oOpasua. Hrorosas abcomoTHast
BJI&YKHOCTB Ta30BOr0 00pasna, Gpukcupyemas Jla3epHbIM aHAIM3aTOPOM, paBHA MPHOIH-
sutenbHO 0,02-0,04 % 1o o6bemy. 3 HadmoHa oOpaser] nepeHarpasiseTcst B KaMepy
Ja3epHoro aHajm3aropa Picarro, mpejHa3HAYEHHOTO ISl U3MEPEHUsI KOHIICHTPALMHN MTapHU-
KOBBIX I'a30B, [JI€ pEaIU3yeTCs TEXHOIOTHS M3MEPEHHS KOHIICHTPALUK Ta3a BHYTPU KaMephl
10 BPEMEHH 3aTyXaHMs CHTHAJIA JIA3ePHOTO JIyda, MHOTOKPATHO OTPAXEHHOTO MEXKIY
3epkasiaMi. Pacrio3HaBaHMe raza IPOMCXOAUT II0 CIIEKTPYy abcopOumu (cM. moapoOHee
https://www.picarro.com/company/technology/crds, Picarro Inc., CIIA). Berpoennsrii
B JIa3epHBII aHaIM3aTop AnaparMeHHbII HACOC MOAJIEP)KUBACT ITOCTOSHHYIO CKOPOCTb
MIOTOKA Ta3a M CO3AeT Meperaj AaBICHHs B JIMHUM AKCTPAaKIUK Traza. OTMedaercs, 4To
npudOp pacro3HaeT TOIBKO N30TOMBI yriiepoaa-12 u Bogopozaa-1 B coctaBe MOJIEKYI Me-
TaHa, U3MEHEHUS B U30TOITHOM COCTaBe 110 YIIIEpoay-13 u 1o aeiTepuio He MOTYT OBITH
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MIPOCIICKEHBI ITPH U3MEPEHUH a0COIIOTHON KOHIEHTpauuu MeTana. OfHAKo, yUUTHIBAs
€CTECTBEHHYIO IIPEHEOPEIKUMO MAITyI0 a0COJIOTHYIO KOHIIEHTPALNIO YHOMSHYTBHIX H30-
TOIOB B MPUPOIHOM METaHE, UTOTOBasl BEIHYK/ICHHAs! OLINOKA N3MEPEHUI HaXOANTCS 32
TIpe/IeioM 0OHapyKEHHS.

Jlo n mocie cepun JHEBHBIX M3MEPEHHUH MPOBOIUTCS KAMMOpoBKa ycTaHOBKH. Cy-
TOYHBIM HAKJIOH KaJIMOPOBOYHOW KPHBOHM HCITOIB3YETCS JUISI ITOMYyYeHHs aOCOIIOTHBIX
3Hagenni konuentpamun CH,. B kannOpoBke WCMONb3yeTcs JEHOHM3MPOBAHHAs BOJIA,
OYMIICHHAs («IIpogyBaeMas») a30TOM WM TeIHEM 3a HECKOJIBKO 4acoB JI0 Hayasla Ka-
mOpoBkH. CerMeHTUPOBAHHBIM MOTOK Ta30B-CTAHAAPTOB C M3BECTHON KOHIECHTpALUEH
MeTaHa LUPKYJIUpyeT no JuHUH. [Ipu 3ToM QUKCHPYIOTCS OTKIIOHEHUS! OT MCTUHHBIX
3HAYEHUH 3a CYET PaCTBOPUMOCTH Ta3a B BOJE M CTENEHb CIVIA)KMBAHWS CHUTHAJIA MIPU
Iepexo/ie OT OAHOTO CTAHAAPTa K JPYTOMY.

NPEUMYIIECTBA, CJIABBIE MECTA U IIYTHU
ﬂAﬂbHEﬁlIJEFO COBEPHIEHCTBOBAHUSI CYI]lECTBy}Ol]lEﬂ YCTAHOBKU CFA

Meton CFA ob6nanaer cyliecTBeHHBIMHU MTPEUMYIIIECTBAMH:

1 — BBICOKOE BPEeMEHHOE pa3pelIeHre MaleOKINMaTHYeCKOrO CUTHANA;

2 — Masblii 00beM 00pasiia JJis aHaJIM3a, YTO BMECTE CO CICAYIONIMM ITyHKTOM
CYIIECTBEHHO CHIIKAeT OOIIYI0 CTOMMOCTh aHAJIM30B M MPHBOIUT K SKOHOMHHU JIOPOTO-
CTOSIILIETO JISASTHOTO KEepHa,

3 — BO3MO)XHOCTh ITOBTOPHOTO MCIIOJIb30BaHUs oOpa3la A APYTUX aHaJIU30B,
Harpumep:

a) cOop Tamoii BobI sl ocieaytomero usMepenus: merogom IC-PMS (macc-
CHEKTPOMETPHUHU C UHAYKTUBHO-CBSI3aHHOM T1a3MOi);

0) cOop raza n3 oTUIBTPOBAHHOTO MOTOKA ISl UCCIICIOBAHUS CONCPIKAHUS
MAapHHUKOBBIX Ta30B B JIPEBHEH armMocdepe (yIIeKHCIbIi ra3, okcuz a3ora l);
B) MOBTOPHOE MCIOJIB30BAHUE Ta30BOW MPOOBI TOCIE €€ MPOXOXKICHHS Yepe3
JIa3epHbIH aHaIM3aTop; ra3 coOUpaeTcs B TepMETHYHbIE KOHTEIHEPBI JUTs UCClie-
JIOBaHUS COAEpXKaHUsi KpUNTOHA-81 ¢ 11eJ1bi0 aOCOIIOTHOTO JIaTUPOBAHUS JIbJA
B nuana3one Bo3pactoB 0,04—1,2 mun jet (Ritterbuch, pers. communication, 2018);

4 — OTHOCHUTENILHO OOJIbIIIAS MMPOU3BOJAUTECILHOCTD H3MepeHHﬁ: B 3aBUCHUMOCTHU OT
pekuMa paboThl (M3MEPEHUS] B HECKOJIBKO CMCH, TOJBKO B JIHCBHOE BPEMsSI WIIH KPYTJIbIC
CYTKH) U CKOPOCTH TIaBIeHUs (0T 2 10 5 cM-MHH ') MOXXHO H3MEpSTh OT 5 10 25 METpoB
00pa3IoB JEATHOTO KepHa 3a CyTKH; 3TO COKpAIaeT BpeMsi, HEOOXOAUMOE /IS TTOTyYeHHUS
PAAOB pa3IMYHBIX MAJCOKIMMATUYCCKUX MapaMETPOB, C HCCKOJIBKUX JIET 10 HECKOJIBKUX
MECS1EB UHTEHCUBHOW U3MEPUTEIBbHON KaMIIaHUU.

K HECPCUICHHBIM B HaCTOHI_HI/Iﬁ MOMCHT HpO6HeMaM METOJa HEIPCPBIBHOI'O MMOTOKA
OTHOCSITCS:

1 — moxbop ONTHUMaNBHBIX TAPAMETPOB — YCIOBHH IJIABJICHUS U TPAHCTIOPTUPOBKU
JUIL UBMEPCHUSA PA3JIMYHBIX 2JIEMCHTOB M COBMCIICHHUS PA3JIMYHBIX MECTOJOB aHaIn3a (Fasa,
HU30TOIIOB BOJbI, IBIJIN, XUMHYCCKUX 3J'IeMeHTOB) B OI[HOﬁ YCTaHOBKE;

2 —mHe YHUBCPCAJIBbHOCTb METOAA — I'a3bl UJIM XUMHUYCCKUEC NOHBI C BBICOKOM pac-
TBOPHUMOCTBIO HE MOT'YT 6I)ITIJ U3MEPCHBI 9TUM METOAOM B MECIJICHHOM ITOTOKE TaJIOro
oOpa3ia;

3 — criaKMBaHKE ra30BOr0 CHTHaja M IOTeps YacTH ra30BOro o0beMa u3-3a pac-
TBOPEHUS B ITIOTOKE TAJOBOrO oOpasua 3a Bpems ero HaxoxaeHus B jmHuu CFA (2-10
MUH), CHIDKaromiee 3 )eKTUBHOEC pa3peIIeHUue METOa;
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4 — HENOCTOSIHHBIE BO BPEMEHU BHYTPEHHEE /IaBIICHNE, COOTHOIICHHE ra3a U BOJIbI
M CKOPOCTh IIOTOKa 00pasua.

[Ipob6nema (1) MOKET OBITH YACTHYHO PEIICHa BEIOOPOM ONTHMAIHHOTO Ha0Opa U3-
MepsIeMBbIX ITapaMeTPOB B 3aBUCHMOCTH OT HAYYHOMU LIEJH 110 U3yYCHHUIO OT/ICIBHO B3STOTO
kepHa. Kpome Toro, BosmoxxHO paznenenue oopasnoB CFA. Tak, npu oOpaboTke kepHa
no poexty EGRIP (https://eastgrip.org/) ObLI0 IPUHATO pelIeHHE BBIPE3aTh OTACIBHBIN
o0paszer] MEHBILETO CeueHHUs ¢ nepudepuitHoi YacTn KepHa JUIs U3MEPEHHsT N30TOITHOTO
cocTaBa BOJIBI HA CHENHAIBHON BEPCHHN IUIABMIIBHON YCTAHOBKH YMEHBIIEHHOTO THaMe-
Tpa. [y mpoBeieHNsT XUMUYIECKHUX aHAJIM30B M U3MEPEHHsI KOHIIEHTPAIlM MUKPOYaCTHIL
nepudepuitHas 9acTh KepHa CIMIIKOM 3arpsisHeHa. XUMHYECKIE aHaJIU3bl JOBOJIILHO MTPO-
67eMaTHYHO cOYeTaTh C Ta30BBIM aHAIN30M, T.K. ClydailHOE MPOHMKHOBEHHE ITy3bIPbKa
BO3JyXa B XUMHUYECKHE aHAJIMTHUECKUE JTMHUHN COMBACT KaTMOPOBKU OT/IEIBHBIX KOMITO-
HEHTOB U M3MEPEHUS IIPUXOIUTCS OCTAHABIMBATb.

DJIEMEHTBI C BBICOKOH PACTBOPUMOCTBIO MOTYT OBITh M3MEPEHbI TOJIBKO JUCKPET-
HBIMH METOJIAMH C BOBJICUEHHEM KPOIICHUS WM J1a3epHON abusinun npaa. Tem He MeHee
C MOSIBJIIGHHEM HOBBIX 00JIee UyBCTBHTEIIBHBIX aHAIMTHIECKNX IPHOOPOB 00beM 0Opasna
CYILECTBEHHO CHI)KAETCS, YTO TOBBIIIACT BPEMEHHOE pa3pelicHHe.

Tpetsst mpobriemMa penraercst ¢ IOMOIIBI0 MaTeMaTHIeCKoro MoenpoBanust. [1pen-
BapUTEJIBHO MTPOBOIUTCS KAINOPOBKA C MCHOJIB30BAHMEM PA3IMYHBIX CTaHIAPTOB, OIpe-
JISTISIFOTCSI BPEMSI M CTEIIeHb CIIIaKUBAaHMs CUTHaIa. Ha OCHOBaHMM 5THX JAHHBIX BBISABIIA-
I0TCS TTapaMeTphl OKHA (DHIIBTPALIUH, SIBIISTIOIIEHCs (DyHKIMEH CKOPOCTH MOTOKa o0pasua
1 o0beMa aHanuTHYeCKOH JTnHUN. K n3MepeHHOMY psity NPUMEHSETCs ICKOHBOJIIOIHS JUIs
BOCCTAHOBJICHNUS IEPBOHAYAIBHOTO HE CIVIAXKEHHOTO aHAJIMTUYECKN CHTHAJIA.

[Nocnenuss npobiaeMa paspernma ImyTeM I10C/IeI0BaTeIbHON YCTaHOBKH Ha Ta3o-
Byto JuHNI0O CFA 1aTunkoB aBlIeHMs OTOKA TAjIo0ro oOpasia JIeASHOro KepHa, 1aTduKa
JIaBJICHUS Ta30BOT0O 00pas3Iia, U3BJICKAEMOT0 U3 ITOTOKA, TaTYHKA CKOPOCTH TOKA OT(IIIb-
TPOBAHHOM TAJOH BOJIBI, JATYMKA CKOPOCTH TOKA OCYIIEHHOTO ra30BOTr0 00pasna B KaMepy
Jla3epHOro aHanm3aropa. [Ipu oMoy BCero 4eThIpex JaTINnKOB MOYKHO TOYHO OTCIICHKH-
BaTh N3MEHEHHMS YCIOBUH TOKa 00pa3la depe3 JIMHHUIO SKCTpaknuu raza. C yueToM Ipo-
BEJICHHBIX 3apaHee KaInOPOBOK MO MOJIENIN MYJIETHPErPeCCHH MOXKHO OTKOPPEKTHPOBATh
MOTEpIO Taza Mpu pacTBopeHHH U 1uddys3nn odpasua. [IpuMepoM ycrienHoro pemenns
9TOH MPOOJIEMBI SBISIOTCS TECTHI, IPOBEICHHBIE aBTOpoM Ha ycraHoBke CFA B Hammo-
HAJIBHOM MHCTHTYTE MOJsipHBIX uccienoBanuii (NIPR, Tokuo, Amonws).

NEPCIHEKTHUBBI UCITOJIB3OBAHUSA METOJA CFA
JJIA UICCIIEJOBAHUSA APEBHEI'O JIBJA

Wsydenne nensHoro kepHa u3 riyOokoi ckBakuHbl SI” Ha ctanmmu BocTok moka-
3aJ10, 4yTO B MHTEpBase NyouH 3317-3538 M oH cliokeH JPEeBHUM aTMOC(HEPHBIM JIbJIOM,
BO3pacT KoToporo pocturaet 1,3 miH et [9]. BcecroporHue uccnenoBaHusi OCTaBIINX-
cs1 00pa3loB ATOrO KepHa B HACTOsIIEE BpeMsl MpoBosiTcs B Jlaboparopuu n3MeHeHMi
knumara u okpyskatomeit cpeast (JINMKOC) AAHNU B pamkax mpoekrta Poccuiickoro
Hay4dHOro (onaa «VccnenoBanue NpUYMH NEPECTPONKH KITMMATHYCCKON CUCTEMBbI 3eMITH
B CepeaMHE IUICHCTOICHA MO JAHHBIM KEPHOB JPEBHETO JbJa AHTapKTUAB. B 3amaun
MPOEKTa BXOAUT PEKOHCTPYKIUS ra30BOI0 COCTaBa arMocQepsl, TEMIIEpaTypbl BO3IyXa
U IPYTUX XapaKTEepPUCTHK OKpY’KaroIlel cpeisl B 3MOXy mepexona oT 40-ThICsueneTHero
PUTMa CMEHBI JISTHUKOBBIX U MEXKJICAHUKOBBIX NeproaoB K 100-TeicsiueneTHEMY, ¢ Ooree
AMIUTUTYIHBIMH KIUMAaTHUCCKUMU KoJicOaHusiMu. B mpoieniieM 64-M MOJIEBOM CE30HE
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Poccuiickoit anTapkrrueckoit sxcreqummn (2018/19 r.) 6pu10 OCcymecTBIeHO 3a0ypH-
BaHHE HOBOT'O OOKOBOTO CTBOJIA CKBAXXHHBI SI'-1 ¢ IeJIbI0 MOMyYeHUs! MapajuIeIbHOTO
KepHa JIPEBHET0 JIbJIa C HapyIIeHHOW cTparurpadueii. OTKIOHEHHE OT OCHOBHOTO CTBOJIA
ckBakuHBI SI'-1 ObuTO caenano Ha mryomHe 3270 M. K KOHIly Ce30HHBIX paboT mryOnHa
HOBOTO OOKOBOTO CTBOJIA CKBaXXHHBI SI'-5 mocturia otmetku 3320 M. BypeHne cKBaKHHEBI
5T'-5 mnanupyetcs 3aBepIINTD B TEUEHHUE ABYX CIICYIOMIMX TTOJIEBBIX CE30HOB HA IIyOnHE
3620 m. ITonyyeHHBIH U3 HOBOM CKBa)KUHBI KEPH O3BOJIMT MPOBECTH HENPEPBIBHBIE HC-
CJICIOBAHMS JIPEBHETO JIbJ]a C BHICOKUM Pa3pelIeHHEM METOAOM aHaJIN3a HEeNpephIBHOTO
notoka. B ceasu ¢ atum JIMKOC AAHUMU npuctynaer k co3nanuro nepsoi B Poccun
ycranoBku CFA 1y1st aHanm3a HOBOTO JIEISTHOTO KEpPHA CO CTAaHIMK BOCTOK, a Takke KepHa,
KOTOPBIN B OymymieM IIaHupyeTcs MOMy4YHuTh B paiione Kymona B, e, kak oxunaercs,
3ajeraer eue Oojee IPEBHUH JIeA ¢ HEHAPYIICHHOW cTparurpaduel eI HbIX CIOEB.

[TpenBapuTenbHbIE HCCIIETOBAHKS TOMIIH IPEBHETO JIb/Ia B paiioHe cTaHimy BocTok (cm.
0030p B [10]) yka3bIBafoT Ha HapyIIeHNE IEPBOHAYAILHOTO 3aJIeTaHus JISISHBIX CIOEB B pe-
3ynbTare 00pa3oBaHMs CKIIAOK Pa3IMYHBIX MACIITA00B 1 MEPeMEINBaHYS JIb/a B TIPUJIOHHON
YacTH JIeHNKA. BmecTe ¢ TeM ciiou J1ba, 00pa3oBaBIIMecs B PAa3IMUHBIX KIMMAaTHIECKHX
YCJIOBUSIX, PE3KO OTIMYAIOTCS MO CBOEMY CTPOEHHIO. Jles| JIeTHUKOBBIX 30X, CONEpIKAIINMA
00JIbIII0E KOJIMYECTBO aTMOC(EPHOH IBIIH, XapaKTEPHU3YEeTCs MEJIKO3EPHNUCTON CTPYKTYpOn
1 peoOafaronieil BepTUKAIBHOM (OTHOMAKCHMYMHON ) OPUEHTHPOBKOMH ITIABHBIX KPHCTAILIO-
rpaMIecKuX OCei, B TO BpeMs KaK JUIS JIb/1a MEKIICAHHKOBBIX 3II0X C MOHKEHHBIM COZIep-
YKaHWEeM TIbUIEBBIX YAaCTHUIl TUIIMYHBI KPYITHO3EPHUCTAs CTPYKTYpa M HOSICHAsI OPUEHTUPOBKA
oceii kpructayuioB. CTPyKTypHBIE OCOOSHHOCTH JIbJIa CBSI3aHBI C KOHLICHTPALMEH MpUMeceii,
TIOCKOJIBKY TTOCIIEHHIE TOPMO3SIT MUTPALIMIO TPAHMUIL 3€PEH U, CIIEZIOBATENBHO, UX POCT B JIE/Is-
Ho#t mopoze. TakuM 06pazoM, 1 MEKPOCTPYKTYpa JIbJia, ¥ KOHIIEHTPALKS B HEM MUKPOYaCTHIL
arMoc(hepHOH MBI CITy>KaT TEMH OTHOCHTEIILHO CTAOWIIBbHBIMH KIIMMAaTHIECKU 3aBUCUMBIMU
CBOWCTBAMH JISJSTHOH MOPOJIBI, KOTOPBIE, HECMOTPSI Ha HapyIIEHNE MOCIIEA0BATEILHOCTH 3a-
JIETaHUsI CJIOEB, XPaHAT HH(POPMALHUIO 00 YCIOBUIX 00pa30BaHUsI JIbJA.

Wuade 0OCTONT A€JI0 C M30TOIHBIM COCTaBOM JIb/Ia U C Ta30BBIM COCTABOM 3aKJIIO-
YEHHOTO BO JIbly BO31yxa. Kiimmarnueckue CUrHaibl, 3aJI0)KEHHbBIE B 3TUX XapaKTepH-
CTHKaX, NozBepKeHbl (G (y3HOHHOMY CIIaXMBaHUIO, 3P(PEKT KOTOPOTO 3HAYUTEIHLHO
YCHWJIMBAETCS TIPH YTOHYCHUH JICJITHBIX CIIOEB B 0a3ajbHOM 4acTH JIeTHUKA U, OCOOEHHO,
mpu ux nepememBanuu [11]. [Tocneanee mpuBoaAUT K 00pa30BaHUIO CIOUCTOM TOJIIH,
B KOTOPO# uepenyroTcs maaomoniabie (1-102 cm) ciron b1, 00pa3oBaBIIHecs B Pa3HEIC
KIIMMAaTHYeCKUE AIIOXH M MOITOMY MMEIOIINE PE3KO Pa3IMYHbIE ITePBOHAYANIBHBIE CBO-
crBa. [lndy3noHHOE CriIa)KMBaHUE CUTHAJIA B TAKUX CIIOSIX MJIET OCOOCHHO MHTEHCHBHO,
B pe3yJbTare 4ero HadIroaaeMble BapHAIlMK H30TOITHOTO COCTAaBa JIbAa HE KOPPEIUPYIOT
C M3MEHEHMSMH T10 NIyOMHE CTAOMIBHBIX CBOMCTB JICASTHOM MTOPOJIBI, OTPAKAIOIINX YC-
JIOBUSI JIbZI00OPa30BaHUs, — MUKPOCTPYKTYPHI JIbJIa M KOHIIEHTPALUH TTBLTH.

OueBUIHO, YTO ISl N3YyUCHUS] N3MEHEHHH CBOWCTB JIEASHOW ITOPOABI, IIPOUCXOIS-
IIMX B pe3yjbTare NepeMemmnBanus u TUQQpy3HOHHOTO CIIaKUBAHUS, U JUI Pa3padoT-
KM METOJIMKH BOCCTAHOBJICHHSI MTAJICOKINMATHYECKUX PSIOB 110 KEPHY JAPEBHETO JIbAaA
C HapylIeHHOU cTparurpadueil HeoOX0IMMO C BBICOKMM Pa3peIlIeHHEM H3MEpSTh Kak
CTaOMIbHBIC XapaKTEPUCTUKH JIJITHON MOPOABI, TaK U T€, KOTOPBIC IOJBEPIKEHBI JTU(]-
(y3MOHHOMY CTIQKMBAHUIO.

AHaim3 UMEIONINXCS JaHHBIX NPUBOJIUT K BBIBOLY O BO3MOXKHOCTH COKpAICHHUS
Habopa mapameTpoB, KOTOpbIe HEOOXOIMMO M3MEPSITh METOJOM HETPEPBHIBHOIO MOTOKA.
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DTO MO3BOIUT ONTUMH3NPOBATH KOHUTrypamuio Oyaymei ycranoBkun CFA n wactuaHo
YCTPaHUTB MPOOIIEMY, CBSI3aHHYIO C Pa3HBIMH CKOPOCTSIMU ITOTOKA MPU OJHOBPEMEHHOM
M3MEPEHUH OOJIBIIOTO YHCIIA PA3IMYHBIX XapaKTePUCTHK KEpHA Ha MHOTO(YHKIIMOHAIb-
HBIX YCTaHOBKaX.

[TockonbKy CTPYKTypa JIbia B KEpHE, TOJy4YeHHOM N3 HOBOTO OOKOBOTO CTBOJIA CKBa-
JKMHBI HA CTaHIIMN BOCTOK, MOJKeT OBITh MCKa)KeHa B pe3yJbTare JieopMalyi JIba B IPH-
CTEHOYHOH 00J1acTH OCHOBHOW CKBaXXMHBI, O0Jiee HH(OPMATHBHBIM CTAOMIBHBIM CBOHCTBOM
JbJja B HAIIeM ciydae OyJeT KOHIEHTpals MUKPOYacTHI] arMochepHoi mbuti. M3 mon-
BEP)KCHHBIX IH(PY3HOHHOMY CIVIXKUBAHHMIO XapaKTEPUCTHK KEpHa JUIsl N3MEPEHHH MeTo-
JIOM HEIPEPHIBHOTO TOTOKA IIeJIec000pa3Ho BHIOpATh METaH, Tak Kak OH ObICTpee JIpyrux
MTApHHUKOBBIX Ta30B pearupyeT Ha KIMMaTH4ecKHUe W3MEHEHHs (BPEeMsl €ro NMPHCYTCTBUS
B aTMOc(epe ¢ MOMEHTa BhIOpoca U 1o MoMeHTa okucieruns 9,1+0,9 et [12]). Kpome Toro,
METO/IMKA M3MEPEHUH KOHIIEHTPAllMk METaHa B HEMPEPHIBHOM ITOTOKE HanOoJee XOPOIIo
paszpaboTraHa 1o CpaBHEHHIO C APYTUMH MapHUKOBBIMH Ta3aMH B JIEASHBIX KepHax. M3me-
pEeHHe coleprKaHusl CTAOMIBHBIX M30TONOB BoAbI MeTofoM CFA He Bcerna aeT Ha/ie)KHbIe
PE3yIBTaThl U3-32 BO3MOYKHOTO ()paKIMOHMPOBAHUSI U30TOITHOTO COCTaBa TAJION BOIBI 3a
BpeMsI IPOXOXKICHUS ee uepe3 cucteMy. [103ToMy M30TOIHBIE HCCIIEOBAHMS JIb/Ia C BHICOKHM
paspewmenueM mmanupyercs nposoauTs B JIMKOC na nasepHbIX aHAIU3aTOpaX U30TOIHOTO
cocraBa 1o oTpadOTaHHON B Jaboparopuu Meroanke Ha 1—1,5-caHTHMETpOBBIX Mpodax
KepHa, KOTOpbIe OyyT OTOMpAThCs B MOJICBBIX YCIOBUIX M3 BHOBb HOJIYYEHHOTO KEpHA.

NPUHIUIIHAJIBHASI CXEMA BYIYIIENA YCTAHOBKHU CFA B INKOC AAHUHA

[Ipu npoektupoBanun ycranoBku CFA, xotopas Oyner co3nasarbes B JINKOC
AAHUU nyist HeNpephIBHBIX HUCCIIEOBAaHUI KEpHA JPEBHETO JibAa, Oy/leM HMCXOIUTh U3
TOTO, YTO HEOOXOIMMBIMU M JJOCTATOUHBIMHU JUISl TAKMX WCCIICIOBAHUH SIBIISIOTCS JIBE
aHAJIMTUYECKUE JIMHUU: TiepBast Oy/ieT o0ecneynBaTh SKCTPAKIIMIO ra3a U MOoCIeaAyolee
M3MEpEeHUE KOHIICHTPAIlMK MEeTaHa, BTOpas — U3MEPEHHE KOHIICHTPAIMU 1 pa3Mepa Tbl-
neBbIx yactuil. Takas ynpoueHHas ycraHoBka CFA omkHa BKIIro4aTh B ce0st Clieyomme
OCHOBHBIE 2JIEMEHTHI (CM. puc. 2).

Yemanoska onsa nnasnenus neoanozo kepna, nomeujeHHas 8 MOpO3UNLHYIO Kamepy
nabopamopuu 015t NOOOEPIHCAHUSL CMAOUILHOU OMPUYATNENbHOU MEMNepamypbl 1b0d
(oxono =20 °C) 6 npoyecce niasnenus. IlnaBuabHas YyCTaHOBKA MPEICTABIISCT COOOU
TUICKCHUITIACOBYIO PAMKY-/IepKaTelb U MEIHYIO0 HarpeBaeMylo 4acTh C pajualibHO Pacxo-
JUSIIIMUCS OTBEPCTUSIMU. J{J1s1 BEPTHKAIBLHOTO PACIIONOKEHUS] 00pa3IOB JIESTHBIX KEPHOB
Ha IJIaBWIBHOW YCTAaHOBKE HEOOXOJHMM IUIEKCHIIIACOBBIA QY TIsIp JUIMHOM 1 M, HIMPHHOM
U D1yOuHOM 3,54 cM, a TakKe MeTaUTHYCCKUe POGUITH, Kpersiiue QyTisp K CTeHE MOPO-
3WILHOM Kamepsbl. JIJ1sl HepephIBHOTO TIABJICHNUS BO BPEMSI CEPHU N3MEPEHUH HE0OX0IMMO
UMeTh Kak MUHUMYM 10 cMeHHBIX (yTisipoB. [InaBunbHast ycTaHOBKA U IJIEKCHIVIACOBBIC
Jiepxarenb 1 QymIssp U3rOTaBIMBAIOTCS B MAacCTEPCKUX IO WHAMBH/yaJbHOMY 3aKasy.
CKOpOCTb IUIaBJICHHS OTCICKHMBACTCS [IPU MOMOIIH JIa3€PHOTO JaTYMKa PACCTOSHUSL.

Tpancnopmmuvle aunuu u nepucmanvmuyeckie Hacocol. TpaHCTIOPTHBIC TUHUH MTPE-
CTaBIIAIOT COOOM CUJIIMKOHOBBIE TPYOKH U Ta30HENPOHUIIAEMbIe TPYOKH W3 Marepuana
ETFE (Moan¢uumpoBaHHbIN 3THIICH-TETPA(IOPITHICHOBBIA (TOPOILIACT) PA3IMYHOTO
BHyTpeHHero auametpa (ot 1/16 no 1/4 mroiima). TpaHcriopTHBIE TMHIUKM HEOOXOIUMBI JUTS
JIOCTaBKH TAJIOro 00pasiia OT IJIaBUIBHOW YCTaHOBKH J0 M3MEPUTEIbHBIX JTHHUH. Cuiu-
KOHOBBIE TPYOKHM HCIOJIB3YIOTCSI KaK KOMIUICKTYIOIIME K MEPUCTAIBTHYSCKIM Hacocam
1 TpeOyroT yacToit 3amensl (kaxabie 20-30 MeTpoB kepHa). lJi1 TpaHCTIOPTUPOBKH Ta30-
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Puc. 2. [IpunnunuanpHas cxemMa SKCIEpUMEHTAIbHON YCTAaHOBKY U1 HEIIPEPBIBHOIO aHAJIN3a KOH-
nenrpanui CH, 1 MUHEPAIILHBIX TIBUIEBBIX YACTHIL B JIEISHBIX KEpHAX. B cocTas ycTaHOBKYM BXOAUT
YCOBEPILIEHCTBOBAHHAS aBTOPOM Bepceust 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 nasienus (200 6ap)
HEoOXOMMBI TPYOKH U3 HEPXKABEIOILCH CTalN BHYTPEHHUM auaMeTpom 1/16—1/8 mioiima,
a TaKoKe PEryJsATOPHI AAaBJICHUS M aBTOMAaTHYECKHE PEryssiTopsl pacxona raza. Coennne-
HUSI OCYIIECTBIISIIOTCS TIPH TOMOIIHM (PUTTHHTOB M MEPEXOAHUKOB PA3IMYHOTO JHAMETPA
n xoHpurypanuu. [lepeximrodeHuss Mexry TPaHCIIOPTHBIMH JMHUSMH OCYILECTBISCTCS
TIPY TTOMOIIIM PYYHBIX KJIAIAHOB. [ 'a30BbIil 00pa3er, n3BICUeHHBII U3 TOTOKA TaJION BOJIBI,
MIEPEHOCHUTCS] B M3MEPHUTEIBHBIH TPUOOP MO CTEKIITHHBIM KaIlWIIsIpaM, TakXKe WHOTAA
TpeOyIOLIMM 3aMEHBI 110 TIPHYMHE XPYIKOCTH.

Taszoeasn nunus, obecneuusaiowas mpexcmynenuamyro sxkcmpaxyuro easa. Ha nepBoit
CTYIEHH IPOUCXOJUT KOHIEHTPALMS Ty3bIPHKOB BO3IyXa B IOTOKE TAOro 00pasiia, Ha BTO-
PO — BBIIENIEHHE Ta30BOT0 00pasiia U3 MOTOKa, Ha TPEThEeH — OCYIIIEHHE Ta30BOro oopasia.
KoHuenrprpoBanne my3bIpbKOB BO3yXa B TIOTOKE TaJIOro o0pasla OCyIIeCTBIIeTCs Mpr
romomy ie6adbnepa (MpU3MaTHYECKOTO HITH TUIIETOYHOTO, U3TOTOBJICHHOTO U3 CTEKJIA MIIH
XMMHYECKH MHEPTHOTO Iu1acTuka). J{edablnep nmpoekTupyercs caMOCTOSTEIIBHO M N3TOTaB-
JIMBAETCSl B MaCTEPCKUX. BTOpast CTyreHp SKCTPaKIMK — BBIJIEICHUE Ta30BOro odpasna 3
TIOTOKa — OCYILECTBISIETCS TIPU MOMOIIN THAPO(OOHOH MeMOpaHHOH TPYOKH, HCIIONb3ye-
MOH B MEIMIIMHCKNX TEXHOJOTHSX JUIsl OTACNCHHSI KPOBH M CITy9aifHO TMOIABIIETO BO3/ITyXa.
MemOpanHast TpyOka MOCTaBJISICTCSl B CTaHIAPTHOW KoMIUTeKTanuu umHol 80 cM ¢ mepe-
XOTHAKaMH 1 TpeOyeT 3aMeHbI KaXKIbIe JIBe-4eThIpe Hesleln n3Mepennii. OcyIieHne rasoBoro
o0pasna OT BOSIHOTO Tapa (TPEThs CTYNEHb SKCTPAKIMHI) OCYILIECTBISIETCS TIPH TIOMOLIN
TPYOKH U3 CIIeNMaIbHOro Mareprana HaduoH. Marepuasl B3auMOJICHCTBYET ¢ MOJIEKYIaMU
BOJIBI, a0COPOUPYst MX U3 00JIACTH OOIBILETO MAPIUATBFHOTO IaBIeHUs B MeHbluee. TpyOka n3
HaroHa ¢ BHyTpeHHUM quameTpoM 0,3 MM MOMenaeTcst BHyTpb TPYOKH M3 HeprKaBelomen
cranmu quameTpoM 3,2 MM. [IpocTpaHCTBO MeXTy BHYTPEHHEH CTCHKOHM CTaIbHOW TpyOKH
1 BHEIIHEH cTeHKoH HadmoHa 0OmMyBaeTCsi CyXHMM BO3LYyXOM WJIM A30TOM B HAaIpaBJICHHH,
TIPOTHBOIIOJIOKHOM HAIIPaBJICHHUIO TOKa 00pasna. [yt KOHTPOIISt COCTOSIHUSI TaJIoro ITOTOKA
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1 BBIJICJICHHOTO I'a30BOr0 00pasna HEOOXOIMMO YCTaHOBHUTH AATUHK JABJICHUS JKUIKOCTH
M JIATYHK pacxoza raza. MemOpaHa 1 HaMOH TIOMEIIAIOTCS B TEPMOPETYIIMPYEMbIe KOHCOIN
JUISL CO3/IaHMsI TIOCTOSTHHBIX KOHTPOJIMPYEMBIX TEMIIEPATYPHBIX YCIOBHI AKCTPAKIMHN Tra3a.
JI71st MOHHMTOPHHTA IABJIEHHS Ta30BOTO 00Pa3Ia, a TAKXKE ITOTYUIEHHUS TaHHBIX JUIsI BHECCHUS
TIOTIPABKH Ha TTOTEPH Ta30BOTo 00pasiia 13-3a PACTBOPUMOCTH B TAJIOM ITOTOKE MKy BTOPOH
U TPeThel CTYIEHBIO SKCTPAKIMN HEOOXOANMO YCTAHOBUTH aBTOMAaTHYECKUH JIATUHK J1aBie-
HUS Ta30Boro odpasua. [lojada u ocTaHOBKA MOTOKA TAJIOr0 00pasla M IepeHarpaBicHIe
MOTOKA OCYILECTBIISIETCS TIPY ITOMOIIHY JEKTPHUIECKHX TIepeKIIrodarerel 1 KiarnaHoB. Takxke
HEOOXO/IMMBI Ta30BbIe CTaHAAPThI C M3BECTHON KOHIIEHTpAIMEil MeTaHa, 0 MEHbIIeH Mepe,
JIBa CTaHAAPTA JUTSl SKEAHEBHONW KaJIMOPOBKU Ta30BbIX M3MEPEHUH M ONpPEIeNCHNs HAKJIOHA
KTHOPOBOYHON KPUBOIA.

[Ipn mepeBoe ra30BOM YCTAaHOBKH B PEKUM OXKHJAHWS WIIM MPU HEIITATHBIX CH-
TyalysiX BO BPEeMsl IUIABJICHUS JICITHOTO KEPHA MCIOJIb3YETCs BHYTPEHHHUH KOHTYp TOKa
Taoil Bogsl. Ha Hero HeoOXOOMMO yCTaHOBHUTH MEMOPAHHBIN JeTa3allMOHHBIA MOYITb
JUI O4MCTKH Bobl MiliQ OT pacTBOPEHHOTO Ta3a M CIy4aiHO IOMABIIHNX ITy3bIPHKOB
armocdeproro Bozayxa. s 6omee 3PpPeKTHBHON pabOTHI MUKPOMOAYIH HEOOXOTUMO
MEHSTh KaK/Ible JIBe-4EThIPe HEJEIIH.

Jlazepuwiil ananuzamop konyenmpayuu memana mozenu Picarro G-2301 wmm ero mo-
CIIeyIOIe MOAN(HUKALINK SIBIISIETCSI CAMOM JOPOTOCTOAIICH YacThiO 3KCIIEPUMEHTAILHON
YCTaHOBKH (TIOpsiaKa 8 MIIH py0. Ha CETOHSIIHNN JIeHb). MI3MepeHust MeTaHa MmpoBOASATCS
¢ TogHOoCThIO (16) < 0,5 ppb (4acTelt Ha MIILTHAP.) VTS OJHOW TOYKH MaHHBIX u 0,22 ppb
JUISL S-MUHYTHOTO cpesHero 3HadeHus. Jpudt nmpudopa B TedeHHE IHS COCTABIISIET MEHEe
1 ppb, a B Teuenune mecsia — He Oonble 3 ppb. ['apanTnpoBaHHast MPONU3BOIUTENIEM TOU-
HOCTb M3MEPEHMH TOCTHIaeTCsl, €CIN KOHILEHTPpALUsl MEeTaHa B 00pasiie HaXOANUTCS B JHa-
nazoHe 1000-3000 ppb, mpu 3TOM MakCHMAITBHBIH pabo4nii Trana3oH mpudopa st MeTaHa
cocrasistet ot 0 1o 20000 ppb. Bmecte ¢ TeM cpemHss KOHIIGHTpaIKs MEeTaHa B ITy3bIpbKax
BO3/yXa, 3aXBa4CHHBIX B JICNTHBIX KepHaX, HaxoauTcs B mpenenax ot 400 qo 800 ppb.

PexomeH10BaHHBIE TTPOM3BOANTENEM YCIIOBHS SKCIUTyaTaI|H TI03BOJISIIOT JIOCTHYD YKa3aH-
HOM TOYHOCTH M3MEPEHHUH TIPU aBIICHIH ra30Boro oopasiia ot 300 mo 1000 mm pr. ct. (40-133
kl1a). OmbIT ra3oBbIX H3MepeHnii Ha ycraHoBke CFA rokasbiBaeT, 4to pabotee 1aBJeHne ra30Bo-
ro oOpasmua Bapeupyet ot 200 10 450 MM PT. CT. B 3aBECHMOCTH OT T'a30COICPKAHUS Pa3INIHBIX
cnoeB sb1a. Ecim yMeHbImTh 00beM BHYTpPEHHEH KaMephl IPHO0pa HA HECKOIIBKO KyOMYeCKnX
CaHTHMETPOB, TO MOKHO TOCTHYb TOH ’K€ TOUHOCTH M3MEPEHNH NPH MEHBIIIEM JIABJICHNH Ia30-
BOTo 00pasma, paboTast Ha HIKHEM IIpejiesie 1yBCTBUTENEHOCTH MPHOOPA K KOHIIEHTPAIN Me-
TaHa B 00pasie. YMeHbIeHHe 00beMa KaMephl IOCTUIAETCs IyTeM YCTaHOBKH MPU3MBI BHYTPH
KaMepbl, Kak 3To ObUI0 1oka3aHo B [8]. [TockonbKy B kamepe nprdopa HaXosITCs CBEPXUNCThIC
3epKaiia, 00eCIIeurBaIOIIIe IMPKYISIIHUIO JIyda JIa3epa, BCKPHITHE KaMephbl BO3MOXKHO TOJIBKO
B YMCTOH KOMHaTe Ha 3aBoze-iponsBomutene Picarro B CILIA. BEITOMHUTE TaKyt0 MOIU(UKALIIO
CEPHIHOTO ITPHO0pa BO3MOXKHO B pamkax corpynandectsa JIMKOC u komnannu Picarro B Hayd-
HO-TEXHHYECKOH chepe mbo B paMKax JIOrOBOpPA 110 OKA3aHHIO YCIIYT 110 MOAM(BUKALMK IIPHOOpa.
JlazepHvlii cuemyux yacmuy noliu OJis HCUOKOCMENL C BEPMUKATILHO YCIMAHOBNEHHOU MpPYOKOlL.
Yepes cueTINK MPOXOUT MOTOK TaJIoro 00paslia, OYHMIIEHHBINH OT Ira30BbIX BKITIOYEHHH. CUeTdrk
YaCTHI] TTO3BOJISIET ONPEIENISITH KOHLIEHTPALIHIO TTONIEBBIX YacTHIl B Auariazone 0—120 Toic. yacTuiy
MJI, pa30MTHIX IO pa3MepHBIM Tpyram. JIa3epHblii CHeTYMK ONpeensieT pa3Mep MUKPOYaCTHIL
B jranaszoHe 0,9—139-10° M 1o ux TeHU BO BpeMsi IPOXOXKICHHUS Yepe3 SKpaH Mproopa.
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Ipocpammnoe obecnevenue LabView Full version, 2019 edition. PerymipoBka n3me-
PHUTEJIBHOTO MpoLecca, YIpaBICHAE aBTOMAaTHIECKUMHY KJIalaHAMH U IPYTHMH COCTaBIIs-
IOIINMH YCTaHOBKH, MOHUTOPHHT COCTOSTHHS KCTIEPUMEHTAILHOH yCTaHOBKU B PEAIBHOM
BPEMEHH, a TAKKE 3aITiCh BCEX JAHHBIX M3MEPEHHH M0 Mepe MX MOCTYIUICHUS OCYIIECTRIIS-
I0TCS € TIOMOIIBIO YKa3aHHOTO IIPOTPaMMHOTO 00€CIIeueHHUsI. DTO HHCTPYMEHT BU3YaJbHOTO
IIPOrpaMMHUPOBaHUSL, TIO3BOJISIIOLIMI pa3padoTaTh MOIb30BaTEIbCKIH HHTEpdeiic I Beex
TIepEUNCIICHHBIX BBIIIE OTepanyii. Bee mardmky v KitamaHbl MOAKITIOUAIOTCST K KOMITBIOTEpY
yepe3 CHenualbHbIi MHOTO(QYHKINOHAIBHBII MOYIb BBOJIAa-BbIBOJA JAHHBIX, O3BOJIS-
IOLINH TaKKe BBIOJIHATH aHAJIOTOBO-IN(POBHIC TPEOOPaz0BaHMSL.

OMNIMOHANTEHO K BBIXOY U3 Fa30BOTO aHAIM3aTOPa MOYKHO MPUCOCANHHUTD TepPMETHY-
HBIH KoHTelHep Silcocan st cOopa ra3oBoro oOpasiia Ha H30TONHBIN aHAN3 KpunToHa-§ 1
C LIEJBIO JaTHPOBAHMS JAPEBHETO Jibjla. KpUNTOH MHEPTEH, YTO JaeT BO3MOXXHOCTBH €T0
HCTIONB30BAHUS ISl I3MEPEHUH TPOIIEAIIEro Yepe3 aHainu3aTop ra3oBoro oopasma. B mpo-
1iecce AKCTPAKIMK M W3MEPEHUS] KOHIICHTPAIlM METaHa Ta30BbId oOpasen HH C 4eM He
pearupyer u ocTaeTcs He3arpsi3HeHHbBIM. V30TONHBIN aHaJN3 O KPUNTOHY-81 sBiseTcs
OTHOCHTEJIEHO HOBBIM METOJIOM JIaTUPOBAHUSI IPHPOJHBIX JHJI0OB B BO3PACTHOM JHAIa3oHe
0,04—1,2 mutH net. [TepBhIii ONBIT UCIIONB30BaHMS 3TOTO METO/IA [T TATUPOBAHUS 00pasIoB
JIpEeBHETO JibJia co craHuuu Bocrok aan xopouue pesyasrarsl [13]. beuio nmokazano, 4yto
Ha/Ie)KHBIC JATHPOBKU MOTYT OBITH CJEJaHbl 110 00pa3aM JibJa Maccol Bcero 7 Kr, 4To
COOTBETCTBYET 7—9 MeTpaM NMPHU3MaTHUECKOTO JISITHOTO 00pas3Iia C MOMEepeYHbIM CEYECHH-
em 3,5x3,5 cM, KoTopblit ncrons3yercs B ycranoBke CFA. Taknm oOpas3om, gocraTodHas
o o0bemy (mpumepro 600 cm® STP) razoas mpoda MOeT OBITh MOJIyYCHA B TCUCHHUE
OJTHOTO-ABYX AHEH mpoBeaeHus MHTeHCUBHOM kammanuu CFA.

YunThIBas TO, YTO BCE KOMIUICKTYIOIIHE OMMCAHHOM BBIIIE aBTOPCKOH YCTaHOBKH
CFA npon3BoAsTCs HCKIIIOUUTENBHO 3apyOeKHBIMHU (PUPMaMU 1 IPHOOPECTH MX B HAIIEH
CTpaHe MOXHO TOJIBKO Yepe3 OpHIMAIbHbIX pe/cTaBuTenei 3tux ¢pupm B Poccnn, monnas
CTOMMOCTh YCTaHOBKH OyJIeT cocTaBisATh mopsiaka 10 mutH pyOmnei.

OTMeTHM, YTO MCIIONB3yEMbIi B YCTAaHOBKE JIa3epPHBIN aHAIN3aTOP MO3BOJISET OJJHO-
BPEMEHHO M3MEPSTH B Ta30BOM 00pa3Iie KOHIIEHTPANNIO METaHa, YIJICKHCIOTOo ra3a 1 BO-
JTHOTO Tapa. V3MepeHne BOASHOTO Mapa sIBIsieTCs HeOOXOOMMOM 4acThio M3MEpeHHUN
KOHIICHTPAIMX METaHa, T.K. IO €T0 COJICPIKaHHIO OIPEAEISCTCS CTENEeHb OCYIICHHS Ia30-
BOro 00pasiia 1 OLICHUBACTCA TTOTeps ra3a. Hae)kHble JaHHBIE 110 YIIIEKUCIOMY T'a3y ITOKa
HEBO3MOXKHO TOJTy4arh ¢ oMolpio yeranoBku CFA, nockonbky CO, nierko pactBopsiercs
B [IOTOKE Tasoro oopasna. TeM He MeHee aNbHEHIINE HCCIIeIOBaHNs, HAIPABICHHBIC HA
COBEPIIICHCTBOBAHME METO/a HEIIPEPHIBHOTO MTOTOKA M MIPUMEHEHHE €ro /sl H3MEPEHHUH
CO, ¢ BBICOKMM pa3peleHneM Mo TTyOonHe (BO3pacTy) JEASHOTO KEPHA, MPEICTABIIAFOTCS
BEChbMa MEPCIIEKTUBHBIMHU.

3AK/IIOYEHUE

B pabore u3110’%eHbl OCHOBHBIE JTAllbl Pa3BUTHS CIIOCO0A MCCIICIOBAHMS JISSTHBIX
KEepHOB MeTo/ioM HenpepbiBHOTO notoka (CFA). BeimonHen aHanu3 nmpenMyIiecTs U He-
J0CTaTkoB MeToa. ODOCHOBaH MUHMMAJIbHBII HA0OP XapaKTePUCTHK JIPEBHETO aHTAPKTH-
YECKOTO JIb/Ia CO CTAaHIUU BOCTOK, KOTOpBIE HYKHO U3MEPATH HEMIPEPBIBHO U C BBICOKHM
paspeleHreM, 4To0bl MONTYyYUTh HEOOXOAUMYIO U JOCTATOUHYI0 HH(POPMAIIMIO JUIs pas-
paboTKH M MPUMEHEHHUS Ha MPAKTUKE METOANKH BOCCTAHOBIICHUS MaJICOKINMATHIECKUX
PSIIIOB IO KEPHY JIPEBHETO Jibjla C HAPYIICHHOW cTparurpadueid. TakumMu xapakTeprcTH-
KaMH SBJISIOTCSI KOHLIEHTPAIIMsI METaHa B 3aKJIIOUCHHOM BO JIbAY BO3AyxXe (TIO/BEpKeHA
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1 y3nOHHOMY CIIXMBAHHIO) U COJIEPIKAHHE TBUICBBIX MUKPOYACTUL] — OTHOCHTEIb-
HO CTaOWJIbHAst U B TO K€ BPeMs KIMMAaTHYECKH 3aBUCHMasi XapaKTepUCTUKA JICISTHON
nopozbl.  CoxpallleHne Juciia U3MepsieMbIX ITapaMeTpOB MO3BOJIMIIO ONTHMU3HPOBATh
KoH(urypamuro Oynymei ycranoBkun CFA n yacTHYHO yCTpaHNTh Po0IeMy, CBSI3aHHYIO
C Pa3HBIMHU CKOPOCTSIMH ITOTOKA IIPU OJHOBPEMEHHOM M3MEPEHHH OOJBIIOrO 4YHCiIa pas-
JUYHBIX XapaKTePUCTUK KEPHA Ha MHOTO(QYHKIMOHAIBHBIX YCTaHOBKax. Pazpaborana
NPUHIUNNAIBHAS CXeMa M JeTAIBHO OMHCaHa KOMIUIEKTanus HOBOW ycraHoBku CFA,
OPHEHTHPOBAHHOI HAa MCCIIEOBAHNE «BOCTOYHOTO» KEpHA, KOTOpasl IPH JOCTATOYHBIX
MPOU3BOJUTEIFHOCTH ¥ TOYHOCTH W3MEPEHUH MOXKET UMETh MUHUMAJIbHYIO CTOUMOCTD
1 OBITh SKOHOMUYHOW B SKCILTyaTallHH.

Buaaromapnoctu. CraThs HanucaHa npu (pUHAHCOBOH momaepxke rpanta PODOU
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17-00110.
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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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of the runway on the sea ice in the area of the Bunger Oasis field base, East Antarctica. Problemy Arktiki i Antarktiki.
Arctic and Antarctic Research. 2019, 65, 3: 315-327. [In Russian]. doi: 10.30758/0555-2648-2019-65-3-315-327.
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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.

Iocmynuna 22 uons 2019 e. Ipunama k newamu 23 uions 2019 2.

Kniouesvie cnosa: B3neTHo-ocanodHas monoca, Bocrounas AHTapkTHIa, TeOpasapHOe Mpo-
¢unmpoBanue, Toructdeckoe obecreuenne, Oasuc banrepa, TpaHCTIOPTHBIE OIEpALIUHL.

B Hacrosmieir paboTe mpeacTaBiIeHbl Pe3yabTaThl UCCIICAOBAHMUI, BHIMOTHEHHBIX B pailoHe
nosneBoit 6a3er Oasuc banrepa B xoze nmoneBoro cezona 64-it PAD (2018/19 ). Llensio paGoT 011
TOUCK 0€30TacHOl MIOMAAKY ISl OPTaHU3ALNH TTOCAOUHON TTOIOCH ISl CAMOJIETOB CpeIHEN U
Masoi apuanuu. Hanbomee moaxoAsImuM MECTOM /T BO3MOKHOTO a3pOoipoMa ObLT BEIOpaH MOKPOB
3anuBa TpaHCKPHIILUS, pacloararomerocs Ha yiaineHun 7 KM oT 0a3el. B pamkax mccienoBaHuit
OBbIIH BBITIOTHEHBI TE0(PU3NUECKIE NHKEHEPHBIE N3BICKAHMS METOJIOM Ire0paJHOI0KaIlNH JUIs OTIpe-
JeTIeHHs MOIITHOCTH JIbJia 3aJ1Ba U BBIABICHUS HAPYIIEHUS IIETOCTHOCTH JIEJsTHOTO MoKkposa. 1o
pesynbratam paboT ObUT HaiiieH Oe30MacHBI y4acTOK JJIs MpHeMa Majio- M CpeJHeradapUTHBIX
CaMOJIETOB Ha JIBDKHBIX MIACCH.

BBEJEHUE

ABWanus uUrpacT 3HAYUTEIHHYIO POJh B OOCCIICUCHUH IMOJISIPHBIX CTAHIMA U II0-
neBbIX 0a3. OcOOCHHO ATO Ba)XHO JUTT AHTApPKTHIBI, TAC PACCTOSHHAC MEXKIY O0ObEKTaMU
HHGPACTPYKTYPHI HCUHCISACTCSI MHOTHUMHU COTHSIMH KHJIOMETPOB. B 3TOM cMmbIcie moj-
JepKaHue JTEHCTBYIOIINX B3IIETHO-OCanouHbIX monoc (BIIIT) B paborocmocoOHOM co-
CTOSIHUH, a TAaK)K€ OpraHU3alisl HOBBIX SIBJISIETCS] BaXKHBIM aClIEeKTOM JieareiabHocTu Poc-
cuiickoil anTapkTuyeckor skcrienunuu (PAD). Ocoboe BHUMaHWE NP ATOM YJesieTcs
TeM MOCAJ0YHbIM IIOIIAIKaM, KOTOPbIE PacloiaraloTcsl B pailoHax pa3BUTHS BHIBOIHBIX
KOHTHHCHTAJIBHBIX U METb(OBBIX JICAHUKOB [ 1—4]. Takue yyacTku JHHAMUYECKH BEChMa
AKTUBHBI, YTO TPUBOJUT K 00pa30BaHUIO0 MHOTOUYHCICHHBIX TpemwH [5—8]. B kauectBe
MpUMepa MOXKHO MIPUBECTH BHOBb OPraHU30BAHHYIO MOCIIE MOYTH TPUILUATUIETHETO Mepe-
pbIBa MOCAJOUHYIO TUIOHIAJIKY B palloHe cTaHUMK MUpPHBIH, I7le UMEETCs 3HAYUTEIbHOE
KOJIMYECTBO TAKUX YYACTKOB, IIOCTOSHHO M3MCHSIONMX CBOKO KoH(purypanuto [9]. [Ipu
9TOM OCHOBHA$ CJIO)KHOCTH 3aKJIIOYAETCSl B TOM, YTO TPELIUHBI U MOJOCTH, IPEICTaBIIS-
IOILIME OMACHOCTD ISl JIFOJEH U TPaHCIOPTHOM TEXHUKHU, 3a4aCTYIO HE MPOCIIEKUBAIOTCS
Ha MOBEPXHOCTH JITHUKA, 0COOCHHO ITOCIIC OOMIIBHBIX CHETOIAI0B. 3HAYMMYO TIOMOIIIb
B HMX BBISBICHUU OKa3bIBAIOT AMCTAHIIMOHHBIC METOIBI: a3p0(oTOCheMKa IPU HU3KOM
nosto’keHny ColtHIIa HaJl TOpU30HTOM [9] 1 reopagapHoe npodumposanue. [locnenuni,
KaK TIOKa3bIBaE€T OTCUCCTBEHHBIN U 3apyOCKHBIH OITBIT, BecbMa d((EKTHBEH IS TIOMUCKA
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CKPBITHIX TpEeIIuH Ha neqaukax [10—15]. iMeHHO pe3ynbraThl reopagapHbIX paboT M03BO-
JIMJIM B KOHEYHOM MTOTE BHIOPATH MOJIOKEHUE MOCAT0YHOM TUIOIAIK! B PallOHE CTaHIINH
MupHsIii, Ha KOTOpy0 B (eBpane 2016 I. ObUT MPUHAT CPEIHEMATUCTPAIBHBIA CAMOJIET
BT-67 «Typbobaciep», TeM caMbIM OBLTO BOCCTaHOBJICHO aBHAIMOHHOE COOOIICHUE CO
CTaHUMEH, NpepBaHHOE Ha YETBEPTh Beka [16].

Ha HacTosmmit MOMEHT B paMKax padoT PAD BBITOTHSFOTCS KOMITIEKCHBIE a9pOTeo-
¢usnyeckue uccienosanus Ha 3emiie KoponeBsl Mapu B paifoHe 0TeueCTBEHHON CTaHIN
MupHnsiii, BBUy yero Ha aercTBytomeil BIIII cranuuu Bo Bpemst 1€THUX MOJIEBBIX CE30HOB
ocymiecTsiseTcs OasupoBanue camoniera AH-2. B coorBercTBUM ¢ TitaHaMyu MUHIPHPOIBI
P® B nanpHeliem npezmonaraeTcs BEINOIHEHHE adporeopu3nIeckux padoT 1 Ha 3emiie
VYunkca, 4To MmoJpazyMeBaeT IMPOBEJACHNE BO3IYIIHBIX ONEpalii U HaJl TepPUTOPHEH
oasuca banrepa. BenenctBue 3Toro Bo3HHKaeT HEOOXOAUMOCTD B CO3JIaHUH 1T0CAJOYHON
TUTOIIAIKH JUIsl PETyJISIPHOTO 0a3MpOBaHMsI aBUALMK B paiioHe 1mojeBoi 6a3bl Oasuc ban-
repa BBHIY OJM30CTH PAaCHONOKEHUS paiioHa MPEACTOSIINX PadoT.

Eme Ha paHHHMX 3Tarax reoJOrMYecKuX MCCIEJOBAaHUN HA TEPPUTOPHU Oa3Hca,
a mMeHHO B riepuon 1-it u 2-it KAD (1955-1958 rT.), aBHanmonHOE 0OecieueHne CTaHIIH
OCYLUECTBIISUIOCH IpU NoMolu camoiietoB JIu-2 u An-2. Ilocanounoi miuomaakoi amis
IpreMa BO3AYIIHOIO TpaHcnopTa B JeTHUM nepuon ciyxxuia BIII Ha nennuke B 15 kM
OT caMoii 6a3bl, a B 3UMHEE BpeMsl ISl TPAHCIIOPTHBIX ONEpaIiii B KaUeCTBE a3poipoMa
MCIIOTB30BAJICS JICASTHON MOKpoB o3epa Duryproe (puc. 1) Bomm3u 6a3sl [17]. [Tocie
MIPOJIOJDKUTENFHOTO TIepephiBa HAYYHBIX Pa0dOT B pailoHe oa3uca HCCIIeOBaHUs ObUIN
BO300HOBJIEHBI B IEPHO]] CE30HHBIX padot 32-i1 CAD (1986/87 r.), ObIIIO BOCCTaHOBIEHO
1 aBHaoOecrieueHre HOBOM MOJIeBOI 0a3bl. B pamkax MpoBOIMMBIX TPAHCIIOPTHBIX OIle-
panuii B 3T0T nepuon 6buth opranu3osansl 18e BIIII: ¢ TpyHTOBO-CKalIMCTBIM ITOKPHITH-
€M B HECKOJBKHX KWJIOMETpax OT CTaHILHH M JICSHBIM IIOKPBITHEM B NpEesax 3ajuBa
Tparckpunims, Haxozsmerocst B 7 kM ot 6a3er Oaszuc banrepa [18].

[TpuHMMas BO BHUMaHHE YCIICIIHBII ONBIT OPraHU3ally a3pOIPOMOB PAHHUX JKC-
NeNIUil 1 He0OXOAMMOCTh B BOCCTAaHOBJICHWH BO3JYITHOTO COOOIIEHMs palioHa I10-
neBoi 6a3pl Oasuc banrepa, B cezon 64-it PAD (2018/19 r.) pykoBonctBom PAD mepen
IISIIHO-TeO(U3MYECKIM OTPSZIOM OblIa ITOCTaBIIEHa 33a4a ITOMCKA 3/1eCh MOAXO/IIEeH
H, IJIaBHOE, 0e30MacHOH miomaaky s moarorosku BIIIT ais camoneToB cpenHeit u Ma-
70 nanebHOCTH. HeoOxomumocTs ee co3nanust 00ycIIoBIeHa JOJITOCPOYHBIMU IIJIaHAMH
TeoJIOTHYEeCKUX paboT B 3TOM paiioHE U IUTaHaMH adpOreo(U3MIECKUX HCCIIETOBAHMMN.

BbIBOP MECTA JIJISI OPTAHU3AIIAA TOCATOYHOM MIOIIAJIKHA

Kak BUIOHO U3 pHUC. 1, 0a3uc C ora u 3amnajga rpaHUvdT ¢ BbIBOAHBIMU JICAHUKaMU
Andena u DaucTo, a Ha BOCTOKE K HEMY TPHMBIKAET KpaeBasi 4acTh KOHTHHEHTAJILHOTO
nokpoBHoro jeaanka bepera Hokca. C ceBepa, co CTOPOHBI OKeaHa K 0a3UCy NMPUMbIKaeT
menb(oBsii teqauk LleknToHa, BBHIY Yero caM 0a3uc U MojieBast 0a3a pacooKeHbl Ha
yaaneHun okoso 60 kM ot modepexss [17, 18, 19]. [To npumepy 1mocagouHbIX MI0IIAI0K,
OpPraHU30BAHHBIX HA OTEUECTBEHHBIX cTaHLUAX [Iporpecc u MupHslii, B palioHe oa3uca
EaHrepa TaK»XC MOTJIa 6])1 OCYHIECTBIATHCA MOCaJlKa BO3AYIIHBIX CyJOB Ha OJHOM U3
nenHuKoB. OTHAKO MOJATOTOBKA TAKOWM MOCAJ0YHOM IUIOLIAJKHU HEeXelaTelbHa 1Mo coo0-
paKEHUSIM TPAHCIOPTHOM JTOCTYITHOCTH: PACCTOSIHUE JIO MOJIEBOH 0a3bl 3HAUYMTEIBHOE,
MIPU 9TOM PACUJICHEHHOCTH pelibea 3aTpyaHsiia Obl IPOe3/l CAHHO-TYCEHUYHOW TEXHUKH.
[ToaToMy, ocsie pOBeIeHNST PEKOIHOCIIMPOBOYHBIX PA0OT, IPEBAPSIOLINX HHKEHEPHbIC
H3bICKaHU, HaI/I6OHee TMEPCICKTUBHBIM C HOSI/IHI/Iﬁ JJIOTUCTHUYCCKOI'O 06eCHe‘I€HI/IH, noa-
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Puc. 1. Mopdonorust oazuca Banrepa [20].

KpacHbIM IpsAMOYTOJIbHUKOM T10Ka3aH paiioH paboT B LEHTpalIbHOM YacTy 3anuBa TpaHCKpHIIIHs

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

KPEIUICHHBIX OIBITOM COBETCKUX JKCISAHUINH, ObUT BEIOpaH LEHTPaIbHBII palioH 3a1uBa
Tpanckpunmus, nokasaHHbIH Ha puc. 1.

3anuB TpaHckpunus npeacTasiteT codoil snumens(GoBoe 03epo, ¢ ceBepa IPUMBIKA-
IolIee K JISIHUKY DIUCTO (pHC. 2, @), a ¢ I0ra OrPaHMYEHHOE CKAJILHBIMU IIOPOaMH 0a3Hca
(puc. 2, 6, 6). ContacHO MCCIIEAOBAHIAM, IPOBOAUBIINMCS B IIEPHOJ C (eBpasst 0 MapT
1989 1. B pamkax ce30HHBIX padot 35-if PAD [21], myOuHa 3anuBa B LIEHTPAIBHON YacTH
nocturana 100 m, mpu 9ToM 110 n1yOrHBI 70 M BOsIa MPAKTHYECKH MPECHAs, C COJICHOCTBIO
meHee 1 %o, a B HIDKHEH YacTH COJICHOCTD BOABI JOCTUTACT 3HAYCHUM 25 %o. 3a)IMB, TaKUM
00pa3oM, IMeeT CBA3b C MOPEM, 4TO, IIOMHMO 3HAYUTENILHON COJICHOCTU BOMIBI, IIOATBEPXK-
JIaeTCsl HaJIM4YUeM MPUWINBHOHN TPELIMHbI, PACIOIOKEHHON BIOIb OeperoBoil IMHUU (CM.
puc. 2, 6, 6). Ha neoBbIii pesxuM 3a1nBa BIMSIET 00JIbIIAs TPOTSHKEHHOCTh OEperoB, Mpu-
MBIKAOIIHX K JICTHUKY DIIUCTO, 33 CYET Yero 3aJIMB TPpaHCKPUIIIUS ITOCTOSIHHO OXJIAXKIAeTCs
U HE BCKPBIBACTCA OTO JIbJa. MOIHOCTH MOCTEIHEro JETOM COCTaBIsAeT okoio 3 M [21].
B roxHoIt yacTH 3aMBa pacrnioyiaraeTcs moseBast 6aza ABCTPaIMHCKON aHTapKTUUECKOM DKC-
ne MMy DIoKBopT J{PBU, obecrieyeHre KOTopoii ocymiecTsisiercst camoneramu Twin Otter.
[MocamouHOo¥ TUTOIIaAKOM TSl HUX CITY)KUT MOpPCKOH Jiey 3anuBa Tpanckpunius (puc. 2, 2).

TEOPAJJAPHBIE UH)KEHEPHBIE U3bICKAHUS

OCHOBHBIE 33]]a91 PabOT 3aKITIOYANNCH B OIIEHKE MOIITHOCTH JIbJIa 3aIiBa TpaHCKpHII-
HsL, @ TAKOKE BRIABICHUH HAPYIIEHHUH €ro CIUTONTHOCTH, CIOCOOHBIX TIPUBECTH K aBApHIHHBIM
cutyauusm Ha BIIII. JlocToBepHbIe, HE TIOAJIEKAIINE COMHEHUIO PE3Y/IbTAThI JOCTUTAIOTCS
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& e Y o,
Puc. 2. XapaKTep MECCTHOCTH, HaA KOTOpOﬁ HIPOU3BOJUINUCH NHIKCHEPHBIC U3bICKAHUSA:

a — TOPOCHI ICAHUKA B/II/ICTO, 6 — F0)KHAST OKOHEYHOCTh 3aJMBa, OKaiMIICHHAs COITKaMHu, U IIpAIMBHAA TPCIIUHA
BIOJb OEperoBoil JINHUH, ¢ — MPUIHBHAS TPEIUHA, 2 — camoneT Twin Otter ABcTpanuiickoi aHTapKTUIECKOI
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 BEChMa TPYIOEMOK, OCOOCHHO NP HEOOXOTUMOCTH IT0-
KPBITUSI ChEMKOH 3HAYNUTEIBHON TEPPUTOPUH, TOITOMY HEOOXOIUMO OBIJIO HaWTH JApyTroi
Croco0 omnpeseneHus MOIHOCTEH JIeAsHOro oKpoBa. HexaBHue ncciaenoBaHus aBTOpOB
[22, 23], a Taxke pabOTHI OTEUCCTBEHHBIX M 3apyOeKHBIX MccienoBareneii [24—27] mpo-
JIEMOHCTPUPOBAIN 3(PPEKTUBHOCTH MCIIONB30BAHUS I'€0PaJapoB ISl N3YUEHHST CTPOCHHS
MOPCKOTO J1b/1a. [loTydeHHbIH onbIT ObLT MPUMEHEH U Ul padoT B oasuce banrepa.

leopanapHas cheMKa OCYIIECTBISUIACH MMM HOpsIKoM. B paborax mcmoins3o-
Basicst reopanap GSSI (Geophysical Survey Systems Inc., USA) ¢ 610koM yripaBieHus
SIR-3000 n aHTEeHHOH ¢ YacTOTOH 30HAMpYIOMKX UMIyabcoB 400 MI'L. Bemmonnenne
KOHTPOJBHOTO MEXaHMYECKOTO OypeHHs ISl TIOATBEP>KACHHS JJOCTOBEPHOM HHTEpIIpeTa-
UK reo(Gpu3nIeckux AaHHBIX MPOU3BOAMIOCH IPH MOMOIIN ITHEKOBOTO JIEIOBOTO Oypa
Kovacs (Kovacs Enterprises, USA) ¢ ntuamerpom ckBaxxuusl 50 mm. [TnaHoBast npussizka
Ha MECTHOCTH OCYHIECTBIISUIACH ITPU TTOMoIIX TpueMonHanKaropa Garmin GPS map 64st.
Pa3zbuBka cetu npoduield Ais BBITOIHEHHS T'eopaJapHbIX paboT BBIIOIHSIIACH B COOT-
BETCTBUH C U3BECTHBIMH a3UMyTaMH TOCHO/ICTBYIOIINX BETPOB, TaK KaK NMEHHO OHH, IO
ABUALMOHHBIM TPEOOBAHUSM, SIBISIOTCS OJHUM U3 INIABHBIX KPUTEPHEB BHIOOPA IIABHON
ocu BIIII. CoracHO MeTeopoIOTHYecKUM JaHHBIM ABCTpanuiickoit u Poccuiickoil an-
TapKTUYECKHUX SKCHEIULNHA, OCHOBHBIMH a3UMYyTaMH Il OpHUEeHTaluy n1aBHOU ocu BIIIT
sieistrorest 130° m 90°. B nponiecce MHKEHEPHBIX M3bICKaHHM, KPOME TOTO, ObUI Hali/ieH
MEPCIEKTUBHBINA 110 CBOEH JUIMHE W OPUEHTAIMU Y4acTok 1o azumyty 80°. Paiion mpo-
BE/ICHHS IISIIMO-TEOPATAPHBIX PadOT MMOKa3aH Ha puc. 3.
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Puc. 3. Paifon npoBeieHus1 pabOT ¥ MOIIIHOCTh MOPCKOTO JIbJIa:

1 — pacnono)keHHe II0JeBbIX 0a3 B paiioHe padoT; 2 — IIOI0KEHUE TeOpafapHbIX MapIIPyTOB; 3 — IYHKTHI
MEXaHHYEeCKOTo OypeHus; 4 — IMyHKTHI KEPHOBOTO OypeHHs]; 5 — JISIHUK; 6 — CKaJbHbIe MaCCUBBL; 7 — U30-
THIICHI BBICOT THEBHOM IIOBEPXHOCTH B METpax; cedeHHe H30MUHUH — 20 M; § — H30JIMHHU MOIIHOCTH JIEZI0BOTO
[IOKpOBa B MeTpax; cedeHne n3omuuuii — 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 kauecTBe mpuMepa Ha puc. 4 MpeaCcTaBIeH BPEMEHHON reopajapHblil pa3pes 1o
Mmapuipyty PR-1 (cm. puc. 3). 1o Bceli ero juinHe KOHTPACTHO BBIJEISIETCSI HHTEHCHBHOE
oTpaxkeHue 1, CBI3aHHOE C MPsIMOI BoyHOW. Hike mpociexuBaeTcst oTpakeHue 2, cop-
MHUPOBAHHOE I'PaHULEH MKy JIeASHON TOMIIEH U ONIpecHEeHHOH BoJoi. OHO KOHTPAcTHO
BBIJIEIISIETCSI Ha 001eM (oHe 3a cueT OOJIBLION Pa3HOCTH JAUIEKTPUUECKUX TPOHUIIAEMO-
cTeil BhIlIenexkalien 1 Huxenexameit cpen [27]. [Ipu 5ToM y HUKHEH TpaHUIBI MOPCKOTO
JIbJIa MIPOCIIEKUBACTCS 30Ha 3, B KOTOPOW HAOIIOaeTCsl MOBBIIIEHUE HHTEHCHBHOCTH
OTPaKCHHBIX BOJH. [[pUYMHON 3TOTO TOBBINICHHUS, BEPOSTHO, SIBISIOTCS HEOOJNBIIHE 10
pa3Mepy TpeIIMHbI, 0OHAPYKCHHBIC TIPU BBIMIOJIHEHUH KEPHOBOTO Oypenus B myHkTe K1
(cM. puc. 3), Mo KOTOPHIM BOZAa MPOCAYMBACTCs B TOJILY Jbjaa. Ha Hamr B3misn, BBUAY
3HAUYUTENILHOW MOIIHOCTH JIbJIa, 3TO HE BIIMSET HA €ro NPOYHOCTHBIC CBONCTBA ISl MPU-
ema camouieToB Tuna Au-2 u bT-67.

AHanu3 MoJyYeHHBIX Te0PaJIapHBIX JAHHBIX MOKA3aJl, YTO BOJIU3H JIGAHUKA DIUCTO
Ha BPEMEHHBIX pa3pe3ax MPOCIeKUBACTCS 3HAYMMOe ocliallieHne curnana 4, BoI3BaHHOE
(hopmupoBaHreM TpewrH OolblIero pasMepa. PesynbsraroM 00pa3oBaHUs MMOCIETHUX
SIBJISIETCSL HAPYILIEHUE LIETIOCTHOCTH rpaHulibl 2. ClieayeT OTMETUTD, YTO BBH]LY KOHTPACT-
HOCTH TPaHMIIBI 2 ¥ HE3HAYUTEIHLHOTO OCIA0JICHHUS AIEKTPOMArHUTHBIX BOJH BO JIBY MPO-
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PaccToaHue, kM
1,8

Puc. 4. BpemenHoii reopanapHblii pa3pes:
1 — mpsimast BoJiHa; 2 — TIpaHMIa MK/ JICISIHON TOMIIeH 1 BOIOH; 3 — 0OBOIHEHHAs 30HA B TOJIIIE JbJa;
4 — HapyIIeHHE LEeTOCTHOCTH IPAHUIIBI MEXK/LY JIBIOM M BOJOI; 5 — KpaTHas 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

HCXOJUT MHOTOKpATHOE TIePeoTpaXKEHHE CUrHalia, (PUKCHpyeMoe Ha BPEMEHHOM pa3pese
B KauecTBe KpaTHOU BosiHbI 5. [IprBeieHHbIIl BpeMEHHOU pa3pe3 sABISAETCS XapaKTePHbIM
JJIs1 BCEH BBITTOJIHEHHON CHEMKH.

Jlnst Toro 4TtoOBl MEPEHTH OT BPEMEHHOTO pa3pesa K IiIyOuHHOMY, Tpedyercs
HaJIMYUe CKOPOCTHBIX XapaKTEPUCTHK JIOIMPYEMbIX Cpell, YTO B Cllydae aHaJu3a reo-
paJapHbIX AaHHBIX CBOAMTCS K ONPEEICHUIO TUIICKTPUUYCCKON MPOHUIIAeMOCTH.
HaunGosiee mpocThIM U TOYHBIM CITIOCOOOM Mepexoa K ryOrHaM SBISCTCS COOTHECE-
HUE BPEMEHHOI0 I'e0pajiapHoro paspesa ¢ JaHHbIMH OypeHus. [l 3TOro Ha Havyaib-
HOM 9Tare OblI BBIIIOJIHEH MapIiIpyT, HA KOTOPOM ITPOBEJCHO MeXaHn4yeckoe OypeHue
B nyHKTe NMYyHKT Bl (cM. puc. 3). 3Hass U3MEpPEeHHYIO TOJIIUHY JbJla 1 BPEMEHHYIO
3a/IePIKKY OTPaKEHHOTO CUTHaja, MOXXHO BBIUMCIUTH CKOPOCTh PACIPOCTpPAHEHUS
AJIEKTPOMArHUTHBIX BOJIH B CJIO€ JIbJIa U, KaK CIEJCTBHE, JUIICKTPHUECKYIO TIPOHH-
aemMocTh cpeasl. TonmuHa Jjbaa no AaHHbIM OypeHus B nmyHkre Bl cocraBuia 2,95
M. Ha BpeMeHHOM pa3pe3e B 3TOM IYHKTE 3aJ[epKKa OTPaKEHHOI BOJHBI OT TPaHUIIbI
MEXIy JbJ0M U Bojol coctaBuia 41,02 He. Mcxons u3 3Toro, mojaydaeM, 4TO CKO-
POCTh pacHpOCTpaHEeHHUs BOJHBI BO JibJy cocTaniseT 143,83 M/MKc, 4TO COOTBETCTBYET
JNIUDTEKTPUIECKON TTPOHUIIAeMOCTH 4,35 eTUHUITBI.

CornacHo [27], 3HaU€HUE TUAIEKTPUUECKONH MPOHUIIAEMOCTH JIJIS JIbJIa B CPETHEM
MPUHUMAETCS PaBHBIM 3,17, 4TO CYIIECTBEHHO OTIIMYACTCS OT MOJYUYEHHOI'O B XOJE
ChEeMKH pe3yibrara. Ee moBbileHue, 1o Bceil BUIMMOCTH, CBSI3aHO C HAJIMYUEM TPEIH-
HOBATOro 00BOHEHHOTO cJos 3 (cM. puc. 4). [TockolIbKy CKOPOCTH pacipoCTpaHeHUs
AJIEKTPOMArHUTHBIX BOJH BO JIbJly U B BOJIC OTIIMYAIOTCS IPUMEPHO Ha TOJIOPSIIKA,
Jla)kKe HEe3HAYUTENIbHOE MPHUCYTCTBUE IOCIEAHEH CIOCOOHO CYLIECTBEHHO M3MEHHTD
3P PEKTUBHYIO CKOPOCTh U CBSI3aHHYIO C HEHl TUAIEKTPUUYECKYIO POHUIIaeMocTh [28].
BBuay TeXHHYECKHX TPYIHOCTEH, 00YCIOBICHHBIX OTCYTCTBHEM OoJiee IiyOMHHOM
anmnaparypsl, oToop kepHa B nyHkre K1 (cMm. puc. 3) ocyuiecTBisiIcs Ha MIyOUHY
2 M, B TO BpeMsl KaK M0 JaHHBIM KOHTPOJbHOTO OypEeHHs MOLIHOCTH JibJla COCTaBHIIa
nopsiika 3 M. ITo 3TO# mpuuKMHE He MPeNCTaBUIOCh BOZMOXKHBIM MOAPOOHO M3YyUUTh
HWKHIOIO 4acTh JICASHOW TOJIIH, JIJIsl KOTOPO#, MPEANONIOKHUTEIbHO, H XapaKTepHa
pasBuTas cerb TpeimnH. OJHAKO NPU BBINOJIHEHUH KEPHOBOro OypeHHUs: Ha IIIyOHHE
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0,5 M ckBaKMHA HauyMHAaJIA 3aIOJHATHCS BOJOW. B pesynbrare moxpoOHOTo crparh-
rpau4ecKoro aHaju3a JIEASHOTO KepHa ObUIO BBISBIEHO, YTO HA IPOMEXKYTKE OT
0,5 M o 1,1 M umeercs npo3payHblid Jie], XapaKTepU3yOLUics TPEIUMHOBATON aHU-
30TPOIHON CTPYKTYpOH. B TpemuHax Taxxke ckariuBajiach Boja, 00pa3oBaBIIAsICS MO/
BO3/1€HCTBUEM ITPOIECCOB HHTECHCUBHOTO IIPUIIOBEPXHOCTHOTO TAsSHUS, YTO M IIPUBEIIO
K OOBOJIHEHHIO M 3TOH TPEIMHOBATON 30HBI JIb/A.

TakuMm o0pazoM, mosydeHHoe dPPEKTUBHOE 3HAYCHNE JUAICKTPHUECKON MPOHH-
aeMocTH, paBHoe 4,35, 1 ObUIO MCHOJIB30BAHO B KAYECTBE CKOPOCTHOW MOZEIH CPEABbI.

B xone 00paboTky nosmy4eHHbIX JaHHBIX B mporpamme Surfer 15.5 (Golden Software
Inc., USA) nmoctpoeHna cxema MOIIHOCTH JIEASHOTO IOKPOBA B Ipe/eiax H3yuYeHHON Tep-
puropun. PopMupoBaHUE TpHUa BHINOIHIIOCH T0 MeToxy Kriging ¢ pammycom ocpen-
HeHus 250 M ¥ paccTosHUEM MeXIy y3iamu cetku rpuaa 30 m. Kak cienqyer u3 cxemsl,
MIPUBEACHHON Ha pHC. 3, B HEHTPAIBHONW YAaCTH MOJUTOHA MOIIHOCTH JIbJ]Aa BapbUPYET
B cpenHeM B mpenenax 2,9-3,1 m. B nenom npocnexxuBaeTcsi TEHAEHUUSI K €r0 yTOJI-
LICHUIO B paifoHax, MPUOMIKEHHBIX K TOPOCAM JIEAHUKA DIUCTO. MOIIHOCTD JIb/a Ha
y4JacTKax, pacIoJIOKEHHBIX B I0)KHOM OKOHEYHOCTH 3aJIMBa, HECKOJIBKO MEHBIIIE, CKOpee
BCETO, BBH/IY MOBBIIICHHON aKKYMYJISAILIMHU TEIUIa 33 CYET JHEBHOTO HAarpeBa CKajl. Y 4acTKH,
IIPUMBIKAOIIIEe HEMOCPEACTBEHHO K OeperoBoii JIMHNUH, XapaKTepPH3yIOTCs JTOKaJIbHBIMA
TTOBBIIICHUSIMA MOIIHOCTH JIbJIa, B YaCTHOCTH, BOJIM3U aBCTPAIUICKON MOJIEBOM 0a3bl
OmxkBopT [IpBHA. BO3MOXXHO, 3TO BBI3BAHO BO3IEHCTBHEM HA ATH yYACTKH AKTHBHBIX
IIPOIIECCOB, CBSI3aHHBIX C MTPUINBHON TPEIIUHOM.

[TpoBeneHHbIE HHKEHEPHBIE N3BICKAHMS TIOKA3bIBAIOT, YTO C MO3UIMI OE301IaCHOCTH,
HCXOMIs U3 XapakTepa peibeda ydacTka MOPCKOTO JIb/la, OTCYTCTBUS TPEILIUH, a TaKXkKe
MOIIHOCTH JIbJIa B CEpEANHE aHTAPKTHUYECKOTO JIeTa, U3YUCHHAs! TEPPUTOPHS BIIOIHE
npurojaHa g opranuzauuu Ha Hedl BIIIIL. XapakrepHble aiist TONIIM JbAa HAPYLIECHUS
LIEJIOCTHOCTH M TPEIIUHBI 1O OO0JIbIIeH YacTH Pa3BUTHI BOJIM3H JIAHUKA JIUCTO, U B LICH-
TPaJbHOW YaCTH TOJUTOHA OHU OTCYTCTBYIOT.

[Tpn ocymiecTBiIeHNH TeOPU3NUECKUX U INISLIHUOJIOTHUECKUX N3bICKAHUN JJOMOJIHU-
TEeNBHO ObUIA TPOBEECHA BU3YaJIbHASI OLIEHKA COCTOSTHHUS JIJITHOTO ITOKPBITHS 3aJINBa, TaK
KaK OTCYTCTBHE HEPOBHOCTEH TAKIKE CUMTACTCS BAXKHBIM KPUTEPHEM IIPH OpPTraHHU3AINN
MI0Ca0YHBIX IUIONIA/I0K Ha JIEASHBIX IIOBEPXHOCTSX. B pesysnbrare ObIIO BBISBICHO 00ITh-
10e KOJIMYECTBO KaBEpH, 00pa30BaHKME KOTOPBIX CBSI3aHO C ITPOLIECCAMU HEPAaBHOMEPHOTO

BN

b

Puc. 5. Ouenka cocTossHUS MOKPBITHS 3a1MBa TpaHCKPUILIUSL.

@ — TIbUIEBBIE YACTHILIbI HA IIOBEPXHOCTH 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 6e30nmacHOCTH y4acTKa 3aJiuBa TpaHCKPHITIHSL:

| — HarnpapJieHHe NPEBATHPYIOIIUX BETPOB; 2 — 30Ha JUIsl Hocaiaku AH-2; 3 — 30Ha juis nocanku bT-67; 4 —
30Ha, HE IIPUTOJIHAS JUIs TI0CAIKH CaMOJIETOB O€3 IPEe/IBAPUTEIBLHOI MOATOTOBKH; 5 — JIJIHUK; 6 — CKaJIbHbIC
MAacCCHUBBI; 7 — NU30JIMHHUU penbeda, ceuenne nzomuHuii — 20 M. Ha Bpeske npuBeieHa po3a BETPOB, HOCTPOCHHAs
10 METEO/IaHHbIM JIETHETO 110J1eBoro ce3oHa 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.

MIPOTaWBaHU TBUICBBIX YACTHI[ Ha MMOBEPXHOCTH JEAIHON Tommu (puc. 5, a). Pa3mepsr
KaBepH B JMaMeTpe Hepelnko pocturaroT 6—7 M mpu rryoune 20-30 cm (puc. 5, 0), uro
HEJIOIyCTHMO IS ITOCAIKA Ha TAKOM YYacTKEe CaMOJICTOB Ha JIBDKHOM IIIacCH 0e3 mpe-
BapUTEIILHON MTOJTOTOBKHY IUIOManku. Ha puc. 6 cTpenkamu | 0003HAYCHO HAlpaBlCHHE
BO3JYIIHBIX MOTOKOB MEXJY ABYMSl CONKAMH, MO JAEUCTBUEM KOTOPBIX U MPOUCXOJIUT
BBIHOC MBUIEBBIX YaCTHUI] C IIOBEPXHOCTHU Oa3HUcCa.

OJIHaKO BaXXHO OTMETHUTb, UTO PAa3BUTHE TaKUX KaBEpH MPUYPOUYEHO HE KO BCel
HccieoBaHHON Tepputopun. [1o pesynpraraM BH3yaIbHOTO 00CICIOBaHUS TOJIUTOHA
OBUIH BBIICJICHBI TPHU 30HBI, UII KOTOPBIX XapaKTepHA pas3iNYHasl CTEICHb KOHIICHTpa-
un kKaBepH (puc. 6). 3oHa Ne | xapakTepu3yeTcss pOBHBIM pPelIbe(OM ¢ MUHHUMATHHBIMHA
HEPOBHOCTSAMHU. VIMEHHO 3TOT YYacTOK MCIOJB3YETCs aBCTPAIMUCKON dKCIennLuen ams
npuema camonera Twin Otter. Takum 00pa3om, 3Ty 30HY MOXKHO CUYUTATh MPUTOAHOM IS
IpreMa TUIaHUPYEMBIX CaMoJIeTOB 0e3 Kakol-in0o mpeaBapuTenbHoii noxrorosku BITIL.
st 30HBI Ne 2 XapakTepHO HaIH4Ke HEOOIBIIOTO KOJMYECTBA 3aCTPYTOB U KaBEpH Ma-
JIBIX Pa3sMepoB, UTO HECYIIECTBEHHO IS MOCAAKHU CPEAHEMAruCTPaIbHbIX CaMOJIETOB Ha
JIBDKHOM Iaccu. 3oHa Ne 3 ompezeneHa Kak pailoOH pa3BUTHsE MHOTOUYHMCIEHHBIX KaBEpH
0O0JIBIIIOTO pazMepa, 9To JAeaeT HEBO3MOKHBIM OCYIIECTBICHUE TPAHCIIOPTHBIX OTIEPAITHid
0e3 mpeABapUTEIBHON TIOATOTOBKM ATOTO y4acTKa.
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3AK/IIOYEHUE

BeinosiHeHHbBIE B X0/le CE30HHBIX paboT 64-ii PAD mHKeHepHbIe W3bICKAaHMs ObLIN
HaIpaBJIEHbl HAa MOMCK MOAXOAAIIeH mowmaaky Ay opranuzaunu BIIIT qist npuema camo-
netoB tuna AH-2 u BT-67 B paiione moseBoii 6a3br Oasuc banrepa. [1o pesynsraram padot
B LIEHTPAJbHON YacTH 3ajuBa TpaHCKPHUMIMS BBIICHEHO, YTO MOIIHOCTbH JIbJa BIIOJIHE
COOTBETCTBYET KPUTEPHUSIM, HEOOXOAUMBIM JUIsS OPTaHU3alUK B3JIETHO-IIOCA0YHOM I10-
nocel. OnpesneneHsl rpaHUIbl 001acTH, Ha KOTOPOH BO3MOXHA OpTaHU3alMs a’3poapoMa
0e3 MpeBapUTENIbHOM MOrOTOBKH TOBEPXHOCTH.

Hacrosiume ucciiejoBaHust SIBISIOTCS €I1e OJTHUM XOPOILHM MPUMEPOM 3P (PeKTHBHOTO
NPUMEHEHHs] METO/a Te0paJIMOJIOKAIIMY JUTsl PELICHHUS 3a/1ad oOecredeHust 6e30MacHOCTH
JIOTUCTHYECKHUX OIepaIyii, OCYILECTBIISIEMbIX B MOAPHBIX PErHOHAX Hallel miaHeTsl. Kpome
TOTO, OHH eIlle pa3 JOKa3bIBaIOT CBOIO BHICOKYIO PE3YyJIBTaTHBHOCTH HE TOJIBKO MPH paboTax
Ha JISTHUKAX, HO U MPU MPOBEACHUH U3bICKAaHUN HAa aKBATOPUSX, TIOKPBITHIX JIBJAOM.

BaaropapHocTH. ABTOPBI BBIPXKAIOT OJIarogapHOCTh AKunaxy 3A0 «Apuamudr
BrnaguBocTox» 3a obecriedeHre JIOTHCTHYECKIX ONepaliii B paMKax IPOBOANMBIX PadboT
n Uucrutyty Hayk o 3emiie CIIOI'Y 3a mpemocraBieHHyI0 Te0(U3HUECKYIO anmaparypy.
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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
Russian]. doi: 10.30758/0555-2648-2019-65-3-328-340.
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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.

IHocmynuna 20 uons 2019 2. Ilpunsama k newamu 24 uionsa 2019 2.

Knrouesvie crnosa: nenoBble YCIOBUS IIIABaHMUs, MOPCKOIT Jie].

B pabote npuBOIATCS METOUKA U PE3YABTaThl 0OPaOOTKH JISTOBBIX KapT U3 apXuBa APKTHU-
YECKOTO M AHTapKTHYECKOr0 HAy4HO-HCCIICIOBATEIBCKOr0 HHCTUTYTA 1o bapenresy, Kapckomy,
JlanteBrix, Boctouno-Cubupckomy n UykoTckoMmy mMopsiM 3a nepuox ¢ 1997 mo 2018 ., oTHOCA-
IIMXCS K BHYTPUTOZOBOMY HHTEPBAJY «anpeib — Maib». L{enb nceneioBaHus — MOJIyYUTh 3HAYCHHS
HPOTSHKEHHOCTEH MapIIpyTOB IUIABAHUIT B ONPEICIICHHBIX KATErOPHUSIX JIbJOB U IPOM3BECTH aHAJIN3
HAIpPaBJICHHOCTU MPOU30UICAIHX 3a eprox 1997-2018 rr. u3MeHEeHHH JIeJOBBIX YCIOBUH ITaBaHNUS.
ITomy4ens! mpotskeHHOCTH MapIpyToB Caberra — Mypmanck 1 Caberta — bepuHToB ponus ¢ pas-
JIMYHBIMU JICTOBBIMH YCIIOBUSIMH, OTHOCSILIMECS K ACCATHAHEBHBIM (JIeKaHbIM) HHTepBaiaMm. [Tpo-
BEepKa PsI0B MPOTSHKEHHOCTEH HA HAJIMYKE TPEHIOB BBINOJIHEHA METOIOM MHTEIPAIBHBIX KPUBBIX;
OCYILECTBIICHA TPOBEPKA OTHOPOAHOCTH PSIJIOB C MIOMOILBIO KPUTEPHEB YIIIKOKCOHA — MaHHa —YUTHH
u 3urenst — Teioku. [lomyyens! cnenyromme BIBOABL: Ha Mapupyte Caberra — Kapckue Bopora —
MypMaHCK 3a JIBaJiaTh MOCJIEHUX JIET TIPOU3OILIO YIYYIICHUE JEIOBBIX YCIOBHi MmiaBanus. Ha
mapipyte Caberra — BepHHIOB MPOIUB YCIIOBHS IUIABAaHUS H3MEHHIINCh HE3HAYUTEIIBHO.

BBEJEHUE

Mopckue TpaHCTIOpPTHEIE orepanuy 10 CeBepHOMY MOPCKOMY ITyTH, SIBIISISICH IHPOKO
BOCTPEOOBaHHBIMH, B TOM YHCJIC U JUISl TPAHCIIOPTHPOBKHU JOOBITOTO CHIPbHS, OCIOXHEHBI
MPaKTHYECKH KPYIJIOTOIUYHBIM HAIMYHEM JIEJSTHOTO TIOKpOBa. Ps aBTOpOB yKa3bIBaeT
Ha BBICOKHE TEMITBI ITOTETUICHUSI APKTHKHU U, KaK CJIEJCTBUE, yMEHBIICHHUE JICJOBUTOCTH
CesepHoro Jlemouroro okeana (CJIO) [1]. B To sxe Bpemst COITacHO APYTUM HCTOUHUKAM
COBpEMEHHAs TEH/ICHIMS TTOTEIUICHHSI MOXKET CMEHUTHCS 1oxojiofanueM [2]. B mrobom
cllydae UIMEHHO M3MEHEHHE JIEJIOBOM 0OCTAHOBKM Oy[eT Mrparh KIIOUEBYIO POJIb IPU
CTPaTeTUYeCKOM IUIAHMPOBAHUU MOPCKHMX TPaHCIOPTHHIX cucteM [3]. Mcxons m3 BbI-
IHIENIePEYNCICHHBIX TOTPeOHOCTEH B MH(OPMAIH O COCTOSHHH JISASHOTO ITOKPOBA MO
CTaH/apTHBIM MapuIpyTaM IJIaBaHWH, B TaHHOW paboTe McciieoBaHa AMHAMUKA JIETOBBIX
ycnoBuit o Tpaccam Caberra — Mypmanck u Caberra — bepunros nponus (puc. 1) 3a
Oornee yeM J1BaIATHIICTHUH MTEPUOI.

Llenb nceneoBaHNs — MOMYYUTh 3HAYESHHS MPOTSHKEHHOCTEH MapIIpyTOB IUTAaBaHUN
B OIPE/IEIICHHBIX KaTEropHsIX JIbJI0B U IPOU3BECTH AHAIN3 HAIIPABICHHOCTH MPOM30IIE/IIINX 32
neprox 1997-2018 1. n3MeHeHui J1eIoBBIX yCIOBHH MmnaBanwst. /111 9Toro Obiia mponsBeeHa
00paboTKa MEKTPOHHBIX KapT U3 apXHBa APKTHYECKOTO H aHTAPKTHIECKOTO HayIHO-HCCIIeI0-
Barenbckoro nueruryra (AAHWN), rie comeprkuTest HHGOpMALS O pacipeielIeHn MOPCKIX
JIB/IOB, VX CIUIOYEHHOCTH ¥ BO3PACTHOM cocTase [4]. BriepBble /1t TaHHBIX MapIpyToB ObUTH
TIOJTyYeHBI 3HAYCHUSI TIPOTSDKEHHOCTEH B Pa3iIMYHBIX KaTerOPHUSIX JIBJIOB C HCIIOIB30BAaHUEM
COBPEMEHHBIX TPOJYKTOB HMCCIIEI0BAHMI B 00JIacTH HayK O 3eMiie — SJIEKTPOHHBIX KapT,
COCTaBJICHHBIX Ha OCHOBE JIAHHBIX CITyTHHKOBOTO 30H/IHPOBAHUSL.
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Puc. 1. Kapra uccne1oBaHHBIX CTaHJAPTHBIX MapIIPyTOB IIaBAHUSI.
1 — Caberra — Mypmanck; 2 — Caberta — BeprHroB nponus

Fig. 1. Map of the standard routes.

1 — Sabetta — Murmansk; 2 — Sabetta — The Bering Strait

MATEPHAJIBI U METO/IbI UCCJIEJOBAHUS

Bnonp mapmpytoB Caberra — Mypmanck u Caberta — bepuHTOB MPOKUB MTPOU3BEIC-
Ha 00paboTKa AMEKTPOHHBIX BEKTOPHBIX KapT JenoBoit oocranoBku B cpeae ' MIC ArcGIS
MpH [TOMOIIM HAIMCAHHBIX Ha si3bike Python mporpamm. s mapmpyra Caberra — be-
PHHTOB TIPOJIMB BBITIONHEH KaK aHAIN3 MapUIpyTa B IIEJIOM, TaK M €r0 CEKIUH B Mpeienax
OTAETBHBIX MOped. /laHHbIe aHATM3UPOBAIUCH MOAECKATHO TSI MECSIIEB C HAUOOIBIIINM
Pa3BUTHEM JIEITHOTO MTOKPOBA — arpesis U Masl.

B cpene ['MIC BoImomnHsIach oBepiieliHas orieparys mepeceueHust MoJIUTOHaIbHBIX 00b-
€KTOB CJI0sI JICAOBOM MH(OPMALIUK CJIOEM MapIIpyTa [UIABaHWH W FEHEePaIreii HOBOTO CIIOs
JIUHEHHBIX OOBEKTOB, HACIEAYIOIINX JICIOBBIC XapAaKTEPHCTHKH MEPECEUCHHBIX 0OBEKTOB
BEKTOPHOM JIEIOBOM KapThL. 3aTeM MPOU3BOAMINCH aTPUOYTHUBHBIE 3aIPOCHI K 0OBEKTaM 3TOTO
CIIOSI C YCIIOBHSIMH MX COOTBETCTBHS ONIPEACIICHHBIM MTapaMeTpa JIEASHOTO TIOKPOBa C TeHe-
paryell HOBBIX CJIOEB, KyJia SKCIIOPTHPOBAIHCH BHIOPAHHBIE OOBEKTHI, U PACYEThI MPOTSHKEH-
HOCTeH 00BbekTOB. CIiepBa BBIACSIMCH OOBEKTHI C OOIIEH CIUIOYEHHOCTBIO Apeidyronmx
JIBI0B 9 1 Gornee OAIOB, €CITU TOJIBKO UX JISASHON MOKPOB HE COCTOSUT MCKITFOUUTENHLHO U3
HaYaJIbHBIX BUJIOB JIB/IA, ¥ SKCIIOPTHPOBAIIIICH BO BHOBB CO3/1aBAEMBIE CIIOU AIIEKTPOHHBIX KapT.
3areM K 3THM CJI0SM IPUMEHSUTHCH HOBBIE aTpriOyTHBHBIE 3aIPOCHI C TeHEpaIfel CII0eB KapThl,
CONIEprKaIMX YYaCTKU MapIIpyTa C HAJTMIHEM JIbIOB ONIPEICIICHHBIX BO3PACTHBIX KAaTETOPHIA.
PaccunthiBasIiCh Kak MPOTSHKEHHOCTH OT/ACNBHBIX OOBEKTOB, TAK I CYMMAapHBIE MPOTSKEH-
HOCTH BCEX YYaCTKOB MapIIPyTa, YAOBIETBOPSIOMINX ONPEICTICHHBIM yCIOBUSIM, HaIIPHMeEp:
BCEX YJaCTKOB MapIIPyTa B CIDIOYEHHBIX JIHAAX C IPUCYTCTBHEM TOJICTBIX OJJHOICTHHX JIB/IOB.

Jlns kaxxao0H u3 IeKas anpens—Mas ObITH TOyYeHBI PSAAbI IPOTSHKEHHOCTEH MapIpy-
TOB TIJTABaHUS B TIPHUIIae, B CIDIOUYCHHBIX JbJaX, TO €CTh BO JIbAAX C 00IIEH CINIOYeHHOCTHIO
9 u OoJsiee OaIOB, B CIUIOYEHHBIX JIbJAX MPHU HAJTUYUH JIBJIOB PA3IMYHBIX BO3PACTHBIX
kareropuid. Takke MMoy4yeHbl 3HaYCHUS MPOTKEHHOCTEW MapIIPYTOB IJIABAHUN B CIUIO-
YEHHBIX JIbJIaX C YACTHOM KOHIIEHTPALUEW TOJICTHIX JIBIOB 5 U OoJiee OAIIOB U IPOTSIKEH-
HOCTEH MapuIpyTOB B CIUIOYCHHBIX JbJAX C YACTHOW KOHLIEHTPAILMEH CYyMMBI CPEIHUX
U TOJICTBIX OJIHOJIETHUX JIBJIOB 5 W Oonee OayuioB. Jlis mapmpyra Caberra — MypMmaHCK
MPOTSHKEHHOCTH B TMPUIIAe HE pacCMaTPHBAJIACh, TAK KaK JAHHBINA MapIIPyT MPOXOJUT
BAAJIHM OT MPUOPEKHBIX YUYACTKOB U MPHUIIAs.

BrImonHEeHBI pacdeTs! MPUBEACHHBIX CYMMAaPHBIX MPOTSHKEHHOCTEH y9acTKOB MapIil-
pyTa BO JIb/IaX Pa3HBIX BO3PACTHBIX KaTeropuil. [IpuBeneHHas MPOTHKEHHOCTh MapIipyTa
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BO JIb/IaX OIPE/EeJICHHON BO3PAcTHOIN KaTeropuu — 3TO YCIOBHAsI MPOTSHKEHHOCTD ITyTH
TOJIBKO B 9THX JIBJIAX.

[TpuBeneHHast NPOTSKEHHOCTH IYTH BO JIbJAX ONPeeTIeHHON BO3pACTHOM KaTeropun
Ha OIHOPOJIHOM y4acTKe MapIIpyTa PacCUMTBIBACTCS! KaK IPOM3BEICHUE €TO MPOTSKEH-
HOCTH Ha JIOJIIO TUTOIIA/I aKBATOPUH, 3aHUMAEMYIO 371eCh STHMHU JIbAAMH.

PaccunTanbl MpruBeIeHHBIE TPOTSPKEHHOCTH CTapbIX U TOJICTHIX OJHOJIETHHX JIbJIOB
no Mapupyty Caberra — nponus Buibkunkoro — bepunros nposus.

[TomyueHHBIE psiIbI MEKIOAOBOM N3MEHYMBOCTH JICKAHBIX 3HAUCHUH MTPOTSHKEHHO-
cTell ObUIM ITPOAHAIM3UPOBAHBI HA HAJTMYUE MEXIO0BOTO TPEHAA METOIOM HHTEIrpallb-
HBIX KPUBBIX. DTOT METOJl YK€ JIaBHO NMPUMEHSETCS IIPH UCCIIEIOBAHMIX MEXIOL0BON
JMHAMHKH TOJIOBBIX PACXOJIOB PeK [5] M cTayl MPUMEHSATHCS JUIsl aHAJIN3a H3MEHUYHBOCTH
JIEIOBBIX XapaKTepUCTHK [6, 7].

Ecnn Ha nHTErpanbHOIM KPUBOH MIPUCYTCTBYIOT U3JIOMBI W/MIIM U3THOBI, 3TO SIBISETCS
MIPU3HAKOM MEXXTOI0BOTO TPEH/Ja MCXOAHBIX 3Ha4eHUH. B aTOM ciryuae jus mpoBepku
HYJICBOH TMIOTE3bI 00 OJHOPOIHOCTHU PsiJia UCXOJHBIX 3HAUCHUI OH IOJpa3/ielisieTcs Ha
YacTH 110 MECTaM THX M3JIOMOB WJIM M3TH00B. Eciii H3710MOB HECKOJIBKO, TO YUCIIO 3Jie-
MEHTOB B OTAEJIBHBIX YACTAX PsiJia MOKET OBITH MEHbIIIE HEOOXOANMOTO AJIsl IPUMEHCHHUS
KPHUTEPHEB OJJHOPOIHOCTH. B 3TOM citydae paszeneHne HCXOJHOTO YHCIOBOTO psijia Ha JBe
YacTH MPOU3BOANUTCS 110 MECTY CaMOT'0 BBIPR)KCHHOTO M3JIOMa WJIM M3THOA.

3areM BBITIOIHSIETCS TPOBEPKA HYJICBOH THIIOTE3bI O MPUHAISKHOCTH ABYX YacTel
psina K OIHOM TeHepaJbHOW COBOKYIHOCTH, T.€. IIPOBEPSIETCS TUIOTE3a 00 OTCYTCTBUH
CYILLIECTBEHHBIX Pa3IU4Uid MEXIy 3TUMHU dacTsimu 8, 9, 10].

Ora npoBepka BbIIONHUIACH B cpene cucteMbl MathCAD ¢ rmomomipio paHroBbIx
HenapaMeTPUUECKUX KPUTEPUEB OJHOPOIHOCTH YHIKOKCOHa—MaHHa— UTHHU U 3Urens—
Trroxu. [yt 3TOr0 OBUIH CIIENHMAIBHO Pa3paboTaHbl KOMITBIOTEPHBIE IIPOrpaMMBI (paboure
obmacti) MathCAD.

Ecnu HyneBast rumore3a 00 OZHOPOAHOCTH YMCIIOBOTO psijia HE OIIPOBEPrasiach, TO
PacCUUTHIBAIACh BEPOSITHOCTH €€ BEPHOCTHU B ITPOILIEHTAX. Psi canTalicsi HEOXHOPOIHBIM,
€CJIM TUIoTe3a 00 OIHOPOIHOCTHU psifia ONPOBEPrasiach XOTsA OBl OHUM W3 KPUTEPHEB
WJIN €CJIU XOTsI OBI 110 OTHOMY M3 KPUTEPHEB BEPOSITHOCTh BEPHOCTH HYJIEBOW TMIIOTE3BI
okasbiBanace MeHee 50 %.

PE3VYJIBTATBI

B pesynbrare aHanu3za psaoB NpoTshKeHHOCTeH MapiipyToB Caberra — MypMaHCK
n Caberra — bepuHroB nponuB ObUIa yCTaHOBJIEHA HEOJHOPOAHOCTH JUIsl OOJBIIMHCTBA
PsIOB. DTO TOBOPUT O CTATUCTUYECKHU 3HAUMMBIX M3MEHEHHSX CYMMAapHBIX MPOTSIKEHHO-
CTel y4acTKOB MapIIpyTOB, OTBEYAIOLIUX ONPE/CICHHBIM NTapaMeTpaM JIEASHOTO MOKPOBA.
ITo mapmpyty Caberra — MypMaHCK (Tabi. 1) BBISIBICHO YMEHBIIICHUE MPOTSHKCHHOCTEH
MapIIpyTOB B CIZIOUYEHHBIX JIbaX, B CIUNIOUCHHBIX JIbAAX PH HATMYMK OJHOJIICTHUX JIbJIOB
Cpe/iHeH TOJIIMHBI, B CIZIOYSHHBIX JIbAAX MPH HAJTMYUH TOJCTBIX JIBJOB, B CINIOYEHHBIX
JbJIaX C YACTHOM KOHIEHTPAIIMEH TOJCTHIX JIBIOB 5 U Oosiee 0aIIOoB, B CINIOYEHHBIX JIbAAX
C YaCTHOW KOHIICHTpAIMEH TOJICTBIX U CPETHUX JIbIOB Oojee 5 OasioB.

[To mapmpyty Caberra — bepuHros nposnus (Tabi. 2) OblI0 0OHAPYKEHO YMEHbIIIe-
HHE TPOTSHKEHHOCTH MaplipyTa B IIPHUIIAe, a TAK)KEe B CIUIOYCHHBIX JIbJaX MPH HATMYHH
CTapbIX JIbJIOB.

Heo6xonumo 0TMETUTH YBEIMUYCHHUE BO BTOPYIO MOJIOBUHY nepuona 1997-2018 rr.
CYMMapHBIX MIPOTSHDKEHHOCTEH yuacTkoB Mapiipyta Caderra — bepuHros nposius B cruio-

331



IIPUKJIA/IHBIE IIPOBJIEMBI

Tabruya 1

Pe3yJbTaThl NPOBEPKH HA HEOJHOPOJHOCThL U CPABHEHHs 3HAYEHMIT
nepsoii (1997-2007 rr. ) u Bropoii (2008-2018 rr.) M010BMH PsiA0B NPOTAKEHHOCTEI
no mapupyty Caberra — MypmaHnck

Yucro psaoB Hanpasnennoctsb
IIporskeHHOCTD % HISMCHCHIH
MapuIpyTa rjiaBaHus OJIHOPOJIHBIX | HEOJHOPOIHBIX HEOMHOPOIHBIX | TIPH CPABHCHII
pAIoB 1epBON U BTOPOH
MIOJIOBUH PSIIOB
B cruioueHHBIX Jb1ax 0 6 100 VYMenblenne
B crutoyeHHBIX JIbaX ¢ HAMYUEM JIBJIOB CIISIYIONINX IpaJIaliii Bo3pacra:
OZIHONIETHHX 1 5 83 ‘YMeHblIeHne
cpelHel TOMIIMHBL
TOJICTBIX OTHOJICTHHX 1 5 83 ‘YMeHbIIeHNe
CTapbIX JbJIOB He Obu1i 0OHapy)XeHBI HA MapIIpyTe
B critoueHHBIX JIbaX ¢ YaCTHON KOHIIEHTparwel 5 6amioB u Ooee:
TOJICTBIX JIBJIOB 0 6 100 VMensbleHue
CYMMBI TOJICTBIX 1 5 83 ‘YMeHblIeHNE
U CPEIHUX TOJILIUH JIbJI0B
Tabruya 2

Pe3yabTaThl NpoBepKH HA HEOAHOPOTHOCTh U CPABHEHUS 3HAYEHUIT
nepsoii (1997-2007 rr.) u BTopoii (2008—2018 rr.) M0I0BHH PsAI0B MPOTIAKEHHOCTEMH
no mapupyry Caberra — bepunros npoius

Yucno psaoB Hanpasnennoctsb
[IpoTsxeHHOCTDH % HISMCHCHIH
MapuIpyTa IIaBaHus OJHOPOJHBIX | HEOTHOPOIHBIX HEOMHOPOIHAIX | - TPH CPABHCHMH
psinoB TIepBOii 1 BTOpPOI
TIOJIOBUH PSAZIOB
B IIpHIIae 0 6 100 ‘YMeHbLICHUE
B CINIOYEHHBIX JIbaX 0 6 100 VBennuenue
B critoueHHBIX JIbJAaxX ¢ HAIMYUEM JIBIOB CIEAYIOMIUX Ipajlaliuii Bo3pacra:
OZIHOINIETHHX 0 6 100 VYBenmuuenne
cpenHel TONIINHbBI
TOJICTBIX OJIHOJIETHUX 2 4 67 YBenuueHue
CTapbIX 3 3 50 ‘YMeHbIIeHUE

B crisioueHHbIX JIbJaX ¢ YaCTHOW KOHIGHTpauuen 5 6auioB u Oosee:
TOJICTBIX OJHOJICTHUX 0 6 100 | VYBenuueHue

YEHHBIX JIBJIaX; B CIUIOYCHHBIX JIbJAaX C HAIMYUEM OJIHOJICTHUX JIJOB CPEIHEH TOJIIHHBI,
TOJICTBIX OJHOJICTHUX JIbJIOB; B CIUIOYCHHBIX JIbJaX C YACTHOW KOHLIEHTpaLuei 5 u bonee
0aJIJIOB TOJICTHIX OJHOJICTHHX JIBJIOB U CyMMBI TOJCTBIX M CPEIAHUX JIBJIOB.

Ha puc. 2 u 3 mpuBeaceHBI CpaBHEHUS XapakTepHCTHK mepBoit (1997-2007 rr.)
u Bropoit (2008—2018 TT.) MONOBUH PSAAOB CYMMAapHBIX MPOTSKEHHOCTEH yUacTKOB
MapmpyToB Caberra — Mypmanck u Caberra — BepuHTOB IIPOJIUB B MEPBYIO NIEKaTy
Masi, B CIJIOYEHHBIX JIbJaX [P HAJUYUU TOHKHUX JIBJIOB, B CIUIOYEHHBIX JIbJAaX NPH
HQJIMYUH OIHOJICTHUX JIBJIOB CPEIHEH TOJIIUHBI M B CIUIOYCHHBIX JIbJaX NPH HAIUYUH
TOJICTBIX JIbJIOB.
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OTIPEIETICHHBIX YCIOBHSAX JICIOBOTO TUIaBAaHMS B MEPBYIO AeKaay Mas. MenuaHa moka3zaHa KUPHOH
JIMHUEH

d) — B CIUIOYCHHBIX JIbJAaX NPHU HAJTXIUU TOHKHUX JIBI0B; 6) — B CIUIOYCHHBIX JIbJAaX NPU HATAIUU OJHOJICTHUX
JIbI0B cpe,uﬂeﬁ TOJIIIUHBI; E) — B CIUIOYCHHBIX JIbJAaX NPU HAJTUIUU TOJICTHIX JIBAOB

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; ) — within compact drift ice with presence of thick first-year ice
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Puc. 3. V3mMeHeHus: CyMMapHbIX IPOTSHKEHHOCTEH y4dacTkoB Mapuipyta Caberra — bepunros mnpo-
JIYB TIPH ONPEJICNICHHBIX YCJIOBUAX JICIOBOIO IUIABaHUS B IEPBYIO AeKaay Mas. MeanaHa rokazaHa
KUPHOM JTMHUEH:

a) — B IIpUIae; 5) — B CIIUIOYEHHBIX JIbJIaX MPU HAJIUYUU TOJICTBIX JIBJIOB; 6) — B CIUIOYCHHBIX JIbJIaX IIPHU Ha-
JIMYUH CTapbIX JIBIOB

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 u 3 1eMOHCTPUPYIOT CyIECTBEHHOE U3MEHEHHE JIEJIOBBIX YCIOBUHN MJIaBAHUS
OT MEPBOro MepuoAa Ko BTOpoMy. Tak, cpefHss CyMMapHas MPOTSDKEHHOCTh YYacTKOB
mapupyta Caberra — MypMaHCK B CIUIOYEHHBIX JIbJIaX B IEPBYIO JEKay Masi B EpHOJ
1997-2007 rr. cocraBisina 513 Mopckux Muis, a B nepuoy 2008—2018 rr. — 451 mopckyto
mumo. CpenHsisi cyMMapHasi IPOTsHKEHHOCTh y4acTKoB Mapiipyra Caberra — bepunros
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MPOJIMBY B CIUIOYEHHBIX JIbJax B IEPBYIO JI€Kaly Masi yBeIHIHiIach ¢ 1796 Mopcknx Muib
B niepuof 1997-2007 rr. no 2035 mopckux muib B nepuon 2008-2018 rr. Ha yuactke
sToro mapuipyra B KapckoMm Mope cpemHsisi CyMMapHasi IPOTSHKEHHOCTh Y4acTKOB ITyTH
B CIUIOYEHHBIX JIbJIaX YBEIUUMIach ¢ 275 mopckux Mmuiib B nepuon 1997-2007 rr. o 512
Mopckux Muiib B iepuo 2008—2018 rr., B Mmope JlanteBbix — ¢ 402 no 406, B Boctouno-
Cubupckom Mope — ¢ 744 no 746, a B UykoTCKOM MOpe — yMeHbImIach ¢ 376 no 371
Mopckoi MuiH. Taknm oOpa3om, HanOoJbIIee yBEIUIEHHE CYMMAPHOH MPOTSHKEHHOCTH
Y4YacTKOB MapIIpyTa B CIUIOYEHHBIX JIbJax MPOM30m1IIo B Kapckom Mope, B ocTalbHBIX
MOPSIX TIOI00HOE YBEJIMUYEHHE HE3HAYNTEIBHO.

OBCYJKJIEHUE

YMeHbllIeHUE CPEJHUX 3HAYCHUI CYMMAapHBbIX IIPOTSHKEHHOCTEN y4acTKOB MapLIpyTa
Cabetra — MypMaHCK B CIUIOYEHHBIX JIbAAX C MPUCYTCTBUEM TOHKHX OJHOJICTHUX JIbJIOB,
OJTHOJICTHUX JIBJOB CPEIHEHN TOJIIMHBI U TOJICTHIX OJHOJIICTHUX JIbJIOB CBUICTEILCTBYET 00
YAy4IIEHUH YCIOBHUH IIaBaHUS B MEPBYIO AeKkaay mad 3a nepuon 1997-2018 rr. Ananus
YHUCIOBBIX PSAZOB MEKIOI0BOI H3MEHUYHBOCTH MPOTSKEHHOCTEH METOAOM MHTETPAIbHBIX
KPHUBBIX MOKa3aJ, 9YTO OOJBIINHCTBO U3JIOMOB mpuxoamiock Ha 2003—2007 rr., T.e. B 3TH
TOJIbI MMPOU3OIILIO M3MEHEHHE JISJOBBIX YCIOBHH 110 MapHIpyTy MJIaBaHUH.

BeposTHO, MpoU301IJI0 yCUIIEHHE POIIECCOB TastHUS B JIETHUH TEPHOJ, BBIpaXKaro-
eecs B yMEHBIICHUN KOJIMYECTBAa OCTATOYHBIX JIbJIOB, YTO MOATBEPKIAACTCSA U APYTHUMHU
uccnenoBanuamu [11]. Tak, cpeanss miomans, 3annmaeMas nbaamu CesepHoro Jlemo-
BUTOTO OKEaHa B JICTHUH MEPHOJ, 3HAYUTEIHLHO COKpaTHiiach B cpaBHeHUU ¢ 1980-mu rT.
U IIPOJOJIKACT YMEHBIIATLCSA. JIMHEHHBINA TPEH]I COKPALEHUSI MOPCKOI'O JIbJa B JICTHUI
nepuon ¢ 1979 mo 2019 . cocrasnser 48 000 xkm? B rox, win 4,08 % 3a necsaTuierue, mno
CpPaBHEHHIO CO CpPEeHUM IoKazarteseM 3a nepuoxa ¢ 1981 mo 2010 1. [12].

W3MeHseTcs MPOIEHTHOE COOTHOIIEHHE BO3PACTHBIX KATETOPHH JIbIOB M B KOHIIE
nepHro/ia HapacTaHus JIESHOTO MOKPOBa (B Mae), Tak, B Mope JIanTeBbIX cpeaHsas BenndynHa
KOJIMYECTBA TOJICTBIX OJHONETHHX JIbA0B 3a nepuox 1997-2017 rr. Ha 20 % meHblie, yeM
3a nepuos ¢ konna 1930-x mo nayana 1970-x rr. [13].

CyMmMapHast IPOTSKEHHOCTh y4acTKkoB MapiipyTa Caberra — bepuHroB nmposvBa
CIUTOYEHHBIX JIb/IaX, B CIJIOYEHHBIX JIbJIaX MPH HATUYHH TOJICTBIX U CPETHUX OJHOJIETHUX
JIB/I0B yBEIHUMIACh. TakuM 00pa3oM, YaCTUYHO MECTO CTaphIX JIHOB HA Tpacce 3aHAIH
OJTHOJICTHHE JIBJBIL.

YMeHblIeHHEe CYMMapHO# MPOTSHKEHHOCTH yuacTKoB Mapiipyta Caberra — beprHros
MIPOJIMB B CTIJIOYEHHBIX JIBAAX MIPU HAJTMYUH CTAPBIX JIBJOB, BEPOSITHO, MOJKET OBITH 00BsIC-
HEHO YCHJICHHEM BBIHOCA JIbJIOB B PHUITOIIOCHBIH PaifoH pH CMEHE CUCTEM aTMoc(hepHOi
upKyssinyu. B pabore [14] yka3aHo, 4To cCHHONTHYECKHE Mpoliecchl IByX rpymi (A u K)
CHOCOOCTBYIOT pa3pyLICHUIO JIEASHOrO MoKpoBa. IIpomecchl rpynmnsl A NPUBOAAT K pas-
BUTHIO I[UKIIOHUYECKOW MEATCIBHOCTH HaJ OOJbIICH YacThio APKTHYCCKOrO OacceiiHa
(AB), a rpynnsl K — Han 3amagHoi ¥ BOCTOUHOM yacTsIMH ApKTHYECKOTro OacceifHa.
CoBpeMEeHHOE YMEHBIICHHUE JISIOBUTOCTH MPOUCXOANIIO MPH OTPUIIATEIFHBIX AHOMATUSIX
MOBTOPSIEMOCTH MPOIECCOB Pyl b 1 pocTe MOBTOPSIEMOCTH MPOLIECCOB APYTUX IPYIIL.
B niepuon ¢ 1997 no 2006 r. B armocdepe HaOIOnaNUCh CHHONTHYSCKHIE MPOIIECCHI C pa3-
BUTO IIUKJIOHUYCCKOIT JiesTeIbHOCThIO Hall CeBepo-EBporneiickiM 0acCeiHOM U B FOXKHOM
9acTH BOCTOYHOTO CEKTOpa APKTHUKH, YTO MPUBEIO K YCHJIECHHOMY pa3pylLICHUIO JIbAA
B Ab u, BepoaTHee Bcero, 00yCIOBIIIO UCTOPHYECKHE MUHIUMYMBI TUIOIIAIH JICISHOTO
nokposa B ceHTA06pe 2007 . u 3arem 2012 1. [14].
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V3MeHeHMs JIeIOBBIX YCIOBHH IUIABaHUS B IEPBYIO JIEKaay Mas Ha OTICJIBbHBIX
ydacTkax mapmpyta IuaBanuii Caberra — bepunros nponus 3a nepuon 1997-2018 rr.
CYIIECTBEHHO pa3in4arorcs. Tak, JieloBbIe yCIOBHS IUIABAHMS HA ydacTKax MapLIpyTy
B Kapckom mMope u Mope JlanTeBbIX yXyAIIMINCh M3-3a YBEJINYEHUS CyMMapHOW Mpo-
TSDKEHHOCTH YYacTKOB IMYTH C IPHCYTCTBHEM JIbJI0B HanOOJIee BO3PACTHBIX KATETOPHIL:
OJHOJICTHUX CPEJHEH TOJIIUHBI, TOJCTBHIX OIHOJETHUX M CTapbIX JIbAoB. Ha y4acTke
Mapuipyta B Bocrouno-CubupckoM Mope yMEHbBIICHHE HPOTSHKEHHOCTH MYTH B IIPH-
CYTCTBHH CTapbIX JIbI0B YACTUYHO KOMIIEHCHPYETCSI yBEIMIEHUEM TIPOTSHIKEHHOCTH ITyTH
C HAJIMYMEM TOJICTBIX OJHOJICTHUX JiblaX. B UyKOTCKOM MOpe 0TMEYEHO HE3HAUUTEIEHOE
yiIydIIEHHE JIEJOBBIX YCIIOBHH IUIaBAHUSL.

[Tpo4HOCTH CTApPOTO JIB/IA, TOJICTOTO OIHOJIETHETO JIbA M OTHOJIETHETO JIb/1a CPEAHEH
TOJIIIMHBI TIPAKTUYECKU OJTMHAKOBA. [107TOMY /ISl OLIEHKH CTETICHN TPYJHOCTH IIaBAHHS
HE CTOJIb Ba)KHO, OJHOJIETHHH JIEJ| WIIM CTAPBIA IPUXOIUTCS IIPEOA0IICBATH, BAXKHBI TOJI-
IIMHA POBHOTO JIBJA W TapaMeTpbl TOPOCOB. TOpoIIeHHe ke MPOUCXOAUT B OCHOBHOM
C MOJIOABIMH ¥ TOHKMMU OJTHOJIETHUMU JibaMu. Cle0BaTeNbHO, XapaKTEPUCTUKU KOHCO-
JMIUPOBAHHOTO CJIOSI IPSi/IbI TOPOCOB CTAPOTO JIb/IA JIOJKHBI COBIIA/IATh C XapAKTEPUCTH-
KaMH KOHCOJIMIMPOBAHHOTO CJIOS TPSIIbI OAHOJIETHETO JIb/IA, T.K. B 000MX CITydasix TpsiIbl
ObUTH COPMHUPOBAHBI HA CTAJIUSX MOJIOJBIX WM OJHOJICTHUX JIBJIOB.

BbIBO/Ibl

B pesynbrare craenaHsl CIeAyIONIHE BBIBOBL:

1. 3a mepron 1997-2018 rr. Ha Tpacce CMII Caberra — Kapckue Bopora — Myp-
MAaHCK B CPETHEM YMEHBIIMIACh CyMMapHasi HPOTSHKEHHOCTh YYaCTKOB ITyTH B CIJIOUCHHBIX
JIb/1aX, B CIUIOUCHHBIX JIbAAX MPU HAJUYUHU TOJCTHIX OJHOJETHHUX JIBAOB, B CINIOYEHHBIX
JbJIaX C YaCTHOM KOHICHTPAIIMEH TOJICTBIX OJJHOJIETHHX JIbJIOB 5 1 OoJiee OaioB, B CILIO-
YEHHBIX JIbJIaX C CYMMOW YaCTHBIX KOHIIEHTPAIUI TOICTBIX OJHONETHHUX JIbJAOB U OJHO-
JICTHUX JIBJIOB CpeHEl TONIIMHBL 5 1 Oosee 6asioB.

2. 3a nepuox 1997-2018 rr. Ha Tpacce CMII Caberra — nponus Bumibkuikoro — be-
PHHIOB MIPOJIUB B CPEAHEM YBEIHUMIACh CYMMAapHas MPOTSHKEHHOCTh YYAaCTKOB MapiipyTa
B CIUIOYECHHBIX JIBJaX, B CIUIOUCHHBIX JIbJaX MPU HAJTUYUU OIHOJETHUX JBJIOB CpeIHEH
TOJIIIUHBI, TOJICTHIX OJHOJETHHUX JIBJIOB; B CINIOYEHHBIX JIbJIaX C YACTHOW KOHIICHTpauueit
TOJICTBIX OIHOJIETHHX JIHJIOB 5 U OoJiee 0alioB, B CIUIOYEHHBIX JIBJIAX C CYMMOW YaCTHBIX
KOHIIGHTPAIUi TOJICTBIX OJHOJETHHUX JbJAOB U OJHOJETHHUX JIBbJIOB CPEIHEH TONIIUHBI
5 u 6onee 6amos. [Ipy 3TOM B cpeiHEM YMEHBLIMIACH CyMMapHas IPOTSKEHHOCTh y4acT-
KOB MapIIpyTa B CIUIOYCHHBIX JIbJaX MPU HAIWYMU CTAPbIX JIbA0B U B MPHIIAC.

3. Ymenbmenue B 20082018 rr. mo cpaBaenuto ¢ 1997-2007 rr. cpenHeil npuBeaeH-
HOM TPOTSDKEHHOCTH MapuipyTa ruiaBanuii Caberra — nponus Bunbkuikoro — bepunros
MIPOJIUB B CTAaphIX JbJaX B ampene—Mae Ha 160 MOPCKMX MHJIb «4aCTUYHO KOMIICHCUDY-
eTCs» YBEIMUYCHUEM MPAKTHUECKU Ha ITY K€ BeIHUnHY (Ha 166 MOPCKUX MIIIB) CpeHeH
MIPUBEACHHON MPOTSHKEHHOCTH MyTH MJIABAHUS B TOJCTHIX OJHONETHHX JbJaX. [ OBOPUTH
0 «IIOJHOM KOMIIEHCALMW» YCJIIOBUM IUIABaHUSI 3aMEHOM CTAPBIX JIBOB HA TOJCTbIE OJHO-
JICTHHUE JIbJIbl HEKOPPEKTHO HM3-3a PA3JIMUYHOTO CONPOTHUBICHUS CTAPBIX U TOJICTBIX OJHO-
JICTHUX JIBI0B JIBIDKCHUIO CyA0B. [T0CKONIBKY TPOYHOCTH TOJICTOTO OHOJIETHETO M CTApOro
JBJ0B TIpaKTHUeCKH oauHakoBa [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25], To B ciiy4ae
OJIMTHAKOBOI TOJIIMHBI POBHOTO TOJICTOTO OAHOJIETHETO M CTAPOTO JIHJOB OHU OKA3bIBAIOT
OJINHAKOBOE CONPOTHUBIICHHUE JIBUIKEHUIO JIEIOKOJIA M OIMHAKOBOE JIaBJIeHHEe Ha OOpT CyHa
NpU CKaTHAX Jba0B. OJHAKO B anpesie—Mae TOJIIUHA POBHOTO CTApOro Jibjia OoJiblie
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TOJIIIMHBI POBHOTO TOJICTOTO OJHOJIETHETO JIbAA, T.K. POCT TOJIIIMHBI CTAPOTO JIbJa Ha-
YMHAETCS! OCEHBIO HE C HyJIs, KaK y OJHOJETHEro Jibaa. [Ipu rmraBaHusX B CIUIOYEHHBIX
Jperdyrommx nbpaax HanOONBIINM TPETSATCTBUEM SIBIISIIOTCS HE POBHBIC JIBJBI, @ TPSIIbI
TOpocoB. OOBIKHOBEHHO I'PsIJIbI TOPOCOB (POPMUPYIOTCS B MOJIOABIX U TOHKHX OJHOJIETHHX
abgax. [lepBoHAYAIBHO TPSIABI COCTOSAT M3 OTACNBHBIX, HE CKPEIUICHHBIX MEXIY cOO0M
0JI0KOB TaKoM K€ TOJIIMHBI, YTO U POBHBIE JIbJIbI, U3 KOTOPHIX OHU 0Opa3oBasmch. I1o
MIPOXOXKJACHUN HEKOTOPOTO BPEMEHH OJIOKM CMEp3aloTCsl B KOHCOJIMIMPOBAHHBIN CIIOH,
KOTOPBIN SIBIISIETCSI CEPHE3HBIM IIPEISITCTBHEM IIPH TPEOJIOTICHUH JISTOKOIOM TPSIIBI TO-
POCOB M OIACHBIM JISITHBIM 00pa30BaHMEM IIPU CXKATHAX CyHOB. UepenoBaHHe MOXO0JI0-
JIaHWH ¥ TOTEIUIEHUH COCOOCTBYET 00pa30BaHMIO U POCTY KOHCOJIMAMPOBAHHOTO CIIOSL.
CylIecTByIOT B3aMMOCBSI3U MEXKAY CyMMOH Ipagyco-JHEelH MOpo3a, TOJNMIMHON POBHOIO
JbJIa U TOJIIUHON KOHCOIHIUPOBAHHOTO CIIOS TPsii TOpocoB [26, 27]. [ToaTomy 0OBIYHO
TOJIIMHA KOHCOJIUANPOBAHHOTO CJIOSI I'PSIL TOPOCOB B CTAPBIX JIbAaX OOJIbIIE, YEM B TPsi-
JaX OJHONETHUX Jbaax. Clief0oBaTenbHO, IPU «3aMELIEHUH» CTAPBIX JIbJOB TOJICTHIMU
OIHOJICTHUMH JIBJIAMHU TPYIHOCTb JISIOBOTO TUIABAHUS JOJDKHA HECKOJIBKO CHHKATHCA.

Ha mapmpyre rutaBanuii Caberra — Kapckne Bopora — Mypmanck 3a nepuozn 1997—
2018 rr. oTMeueHo ynydlleHUEe JIEAOBbIX YCIOBHUM I1aBaHusl B anpeiie—mae. Ha mapiu-
pyre Caberra — nmponuB Buibkunkoro — bepnHros nposmB yciaoBUs JISTOBOTO TUIABAHUS
B ampeJsie—Mae NMPaKTHIECKH HE N3MEHUIINCH.

KomItproTepHOE NMHUTAIMOHHOE MOJIETMPOBAHIE MOPCKHUX TPAHCIIOPTHBIX ONEpaIfi
B YCIIOBHAX Jpei(]yrommx MOPCKHX JIBJOB Ipe/roiaraeT IpuMeHeHne Meroqa MoHTe-
Kapio, mo3BoJISIONIEro yUNTHIBaTh BCE MHOTOOOpa3He 3HAUCHHUH IapaMeTpoB JIEITHOTO
TIOKPOBA.

Pe3ynbrarsl JaHHOTO HCCIEAOBAHUS HEOOXOIMMBI ISl HOCTPOSHHS CTaTUCTHYECKUX
pacnpene’eHnii psja nmapaMeTpoB, UCIIONIB3YEMbIX B KOMIIBIOTEPHON MOJAEIH OICHKH
BEPOSTHOCTH aBapUUHBIX CUTYAIlMi U3-3a COKATHH CYJOB OpeiyrommMu JbaamMu. Takxke
OHHU MOTYT OBITH 33J€HCTBOBAHBI NIPH MOJIEPHHU3ALUH KOMITBIOTEPHOW CHCTEMBI BBIOOpA
OINITUMAJIEHOTO MapIIpyTa IUIaBaHHMH.

Baaropapuoctn. Crarhs HamycaHa B paMKax BBIOJHEHUS HAy4YHO-HCCIIENO0Ba-
Tenbckor padotsl mo Teme 1.5.3.6 HTHTIIT «Mopst Poccuiickoit APKTHKH B COBPEMEHHBIX
KIMMAaTHYECKUX YCIOBHUIX».
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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.

Iocmynuna 3 uiona 2019 e. IIpunsima k newamu 27 aseycma 2019 e.

Kniouesvie cnosa: Apkrudeckast 30Ha PO, )Ku3HEHHBIE TPaeKTOpHH, HHPPACTPYKTypa, MH-
rpanusi, CBI3aHHOCTb.

Llenb cTaTby — MO3HAKOMUTB YUTATENCH C PaOOTOM O MPOEKTY «APKTUIECKHE CBA3U: JIFOIH
u uHQpacTpyKTYps» (rpanT PODU Ne 18-05-60108), Beiurpasmemy koHKypc PODOU «Dynnamen-
TaJIbHbIE TPOOIEMbI N3y4eHns 1 0cBoeHHs Poccniickoil ApKTHKN: IPUPOIHAS ¥ COIMAIIBHAS CPEAY.
HccnenoBanne Benercs: KoIeKTHBOM LleHTpa conmanbHbIX nccnenoBanmii Cesepa EBpormeiickoro
yauBepcurera B Cankr-IlerepOypre Haunnas ¢ 2018 1. 1 paccunTano Ha Tpu roga. B ocHoBe moaxona
JEKUT U «CBSI3HOCTH». OCHOBHAS I€1Th, KOTOPYIO CTABUT Nepe]] OO0l JaHHOE UCCIIeI0BaHUE, —
W3YYNTH PA3TUIHBIE BUIBI CBA3€H, 00€CIeUNBAIOIINX TIEPEABIKEHHUE TIOAEH, Belel 1 nH(popMaIuu
Kak BHyTpH ApkTuueckoii 30HbI Poccuiickoit @eneparmu (A3PD), Tak u mexay A3PO u apyrumu
perronamu ctpanbl. OCOOEHHOCTHIO MOIXO/1A ABISAETCS OMHOBPEMEHHOE NCCIIEA0BAHNE COIHATBHBIX
CBsI3el moneid, )kuBymux u padortarommx B A3P®D, u ¢usnueckoit HHPPACTPYKTYpbI (XKeIC3HbIC
JIOPOTH, aBUACOOOIIEHUE, BOAHBIN TPAHCIIOPT, TENEKOMMYHHUKAIIN ), TIOJICP>KUBAIOIEH 3TH CBSI3H.
Bonpekn mmpoko pacnpoctpanenHoMmy MHeHHI0, A3P® (u B ienom Kpaiinuit CeBep) He oTneneHa
OT OCTaIIbHOM CTPaHBI; HAIPOTUB, MHOTOYNCIICHHBIE CBA3M PA3INYHOIO XapakTepa (KaKk ocs3aeMble,
UH(PPACTPYKTYpHBIE, TAK U UEIOBEUECKHE, CHMBOIMUECKNE), BO-TIEPBBIX, TPOHU3BIBAIOT CaM pe-
THOH, o0ecrieunBas MepeBIKEHHE Jonel, Bemeil n nadopmamun BHyTpu A3P®D, 1, BO-BTOPBIX,
coequustoT A3P® ¢ octanpHOI TeppuTopuei crpansl. LleneBas rpynma ucciaeJOBaHHUS BKIIOYACT
KakK KOPEHHOE, TaK M HEKOPEHHOE HaceneHne. TeopeTHIeCcKn BaXKHBIM PE3ynbTaToM paboThl CTaHET
MIPOBEPKA TUMOTE3BI 00 0CO00H 3HAUNMOCTH «UETIOBEUECKUX CBA3EI» AJISI OMMCAHUS APKTHUECKOM
nHppacTpykTypsl. C MpaKTHIECKOH TOUKH 3PEHNS PE3yNbTaThl IPOEKTa TOMOTYT OoJiee palioHaIbHO
OCYIIECTBIIATh INIAHUPOBAHUE Pa3BUTHS TeppuTopHid A3PD.

BBEJIEHUE

Ha ¢one cTpeMuUTENnsHO pacTyliero BHUMaHHs TOCYAapcTBa U MPOMBIIIICHHBIX
xoMIaHui k Apkruueckoit 30He Poccuiickoit denepanun pacTeT akTyadIbHOCTh HE TOJIb-
KO €CTECTBEHHO-HAyUHBIX, HO U COLIMAJIBHBIX UCCIIEAOBAHUN B PETHOHE. YCIIEUIHOCTH
XO3HCTBEHHOM JesaTenbHOCTH B A3P®D B OrpoMHOI CTENEHU 3aBUCUT OT COLIMATIBHOTO
MOBEJICHUS KUBYIIHX TaM JIFOJCH, KOTOPOE HE B MOCIEAHIOI OUYepeb OMPEENseTCs Co-
LIUATBbHBIMU OXKUAAHUSIMU ¥ MOTHBalUsIMA. bynyiee passurue unppactpykrypsl A3PD
HEM30e)KHO OKaXKET BO3CHCTBHE HA YCJOBHUS M KAa4eCTBO XKM3HW MECTHOTO HACEIICHMS
1 HE MOXET OBITh CIIAHUPOBAHO 0€3 yueTa COIMAIbHBIX MOCIEACTBHI TAKOTO Pa3BUTHS
JUIS pETUOHA.

Harmr moaxo/ opreHTHPOBaH Ha U3yYeHUE COLMAIbHON U HH(PACTPYKTYPHOH CBsI3aH-
HoctH Tepputopuit A3P® npyr ¢ apyrom u ¢ Oosee 10KHBIMU paifloHaMHU CTpaHbl, HCCIIe-
JIOBaHUE B3aUMOJICHCTBHSI MH(PPACTPYKTYPHBIX 1 YEIOBEUECKHX CBsI3el B (popMupoBaHUH
MOBEACHUECKUX MOJENel HaCeIeHHs PEerHOoHa; Leldb — MOHSTh, KaK CYIECTBYIOIINE
CBSI3U U UX NNOTEHLMAIBHBIE U3MEHEHUS BIMAIOT HA BHICTPAUBaHKE )KU3HEHHBIX CTPaTerui
KOPEHHOTO ¥ HEKOpEHHOTo HaceneHuss A3PO.

I'pomanHblii moTeHIMan ApkTudeckoro pernona Poccun He MOXeT OBITH BEPHO Ol1e-
HEH, a ero peain3alys He MOXEeT ObITh CIJIaHMpOBaHa 0e3 ydeTa He TOJIBKO YS3BUMOCTH
MIPUPOJHOM CPE/Ibl, HO M COIHAIbHO-IKOHOMHUYECKUX MPOOJIEM, CBA3AHHBIX ¢ HEM30exk-
HBIMH U3MEHEHUSIMH «(DU3HMUECKOW» MH(PACTPYKTYPHI U, KaK CIIEICTBHE, N3MEHEHUSIMA
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B JKM3HM HacelleHus. B 3THX yclioBHsAX 0CcOOyIO aKTyaJIbHOCTh IPUOOPETAET BBISBICHHE
1 ONMCAHKE 3HAYNMBIX (haKTOPOB, BIMSAIOMINX HA SKOHOMUYECKOE pa3BUTHE TEPPUTOPUH,
OTBEYAIOIIHX 33 CBA3HOCTH TeppuTOpuu A3P® 1 MOryImuX MpensTcTBOBATh JCTIOMYIISIN
ADPKTHKHM — CTpaTernuecKy 3HaYMMOTO PErHoHa cTpaHbl. [loHnMaHne mpupossl 1 Mexa-
HHU3MOB JICHCTBHS ATHUX (PAaKTOPOB IIOMOXKET B COCTABJICHUHN YCIICIIHBIX IUIAHOB Pa3BUTHS
Apkruyeckoit 30Hb1 PO.

Lenp HacTosImIeH cTaThy — MO3MIMOHMPOBATh HOBOE HAIIPABIICHHE MCCIIEI0BA-
HUH, 3asBJICHHOE B NMPOEKTe «APKTHUECKUE CBS3U: JIIOAW M MHPPACTPYKTYpBD» (TpaHT
PODU Ne 18-05-60108 B pamkax nporpammbl « DyHaaMeHTaIBHBIE TPOOIEMbI N3y YEHHS
1 ocBoeHUs Poccuiickolt ApKTHKH: TIPUPOJHAS M COIMaNbHAs cpena»). OCHOBHAs LEib,
KOTOPYIO CTaBHT Iiepe]l COO0H 3TO MCCIIeIOBAaHUE, — M3YUUTh pa3lIMdHbIC BUJIBI CBA3EH,
obecrieunBalOINX NepeBIKEHUE JTIofIeH, Bemel 1 nHpopmanun kak BHyTpr A3P®D, Tak
n Mexay A3P® u npyrumu permoHamy ctpanbl. OCOOCHHOCTBIO HAIIETO LEJIOCTHOTO
MOJIXO/A SIBIISIETCS. OJTHOBPEMEHHOE M3YUCHHE COLMANIBHBIX CBSI3€H JIIOeH, KUBYIINX
n paboraronx B A3P®, u ¢pusnueckoit HHGpacTpyKTypbl (aBTOMOOHIIBHBIC H XKEJIE3HbIC
JIOPOTH, aBUacOOOIIEHNE, BOIHBIH TPAHCIIOPT, TEICKOMMYHUKALUH H T.I1.), TOAEPKHBAIO-
miel 3Tu cBs3u. VcciienoBaHue conranbHON U HHPPACTPYKTYPHOU CBSI3AaHHOCTH APKTHKH
JIOJDKHO TIPOBOJIMTHCS KaK Ha MakpoypoBHe (Mexay A3P® n npyrumu pernonammu), Tak
1 Ha JIOKAJIFHOM YPOBHE (MEX/y COCEAHUMH PETHOHAMH M BHYTPH PETHOHOB, I7I€ YacTO
BO3HHKAIOT TaK Ha3bIBAEMbIE «HEBHUAMMBIC TPAHMIBDY, HEPEIAKO HE COBIAJIAIOIINE C all-
MHUHHCTPATHUBHBIMN).

[MTono6HOE mMpoKOMacIITAOHOE HCCIEA0BAHNE JOJDKHO PELINTD CIEAYIOIINE 3a/1a4H:

1. M3yunTh COBOKYIHOCTB CBSI3€H, CYIECTBYIOIIUX B CO3HaHUU xuteneil A3PD:
BHYTPHU «CBOEID» TEPPUTOPHHN; MEXIy COCEIHUMHU TEPPUTOPHIMH; B Ipexnenax Poccum;
TpaHcrpaHu4HbIe cBsizu (co crpanamu ObiBizero CCCP).

2. UccnenoBarh MPaKkTHKHA, OCHOBAaHHBIC HA 3TUX CBA3SIX: MOOMIIBHOCTD, MUTPALIUH,
TENIeKOMMYHHKAIH, OOMEH HOBOCTSIMH, OCBUIKAMU U TIPEAMETAMH; @ TAKXKE COL[HAIbHbIC
CeTH, BO3HMKAIOIINE Yepe3 IMOJOOHbIE IPAKTHKH, B 3aBUCHMOCTH OT TeHJlepa U BO3pacTa,
POJZICTBA U MEKIOKOJICHUECKUX OTHOIICHHH.

3. OueHHUTh CrIocOOBI MCIIOIB30BAHUS «(PU3HMUECKOI» MHPPACTPYKTYPHI, IIPOCIe-
JIMTh, KAKUM 00pa3oM OHa JOCTPaMBaeTCs M JOMOJHIETCS B Cilydae € pPa3peKeHHOCTH
WJIN OTCYTCTBHUSL.

4. ITpoananu3upoBaTh YHpPaBJICHUYECKHE ACHEKTHI Pa3BUTHSI apKTHUECKUX CBS3CH!
CBSI3b apPKTUYECKOTO PErHOHA C IPYTUMH TEPPUTOPHAMH, BIMSHHUE IIO0AIBHBIX MPOLIECCOB
(M3MeHeHue KIIMMaTa, pa3BUTHE TPAHCIIOPTHBIX KOpUI0poB) Ha Poccuiickyro ApKTHKY.

Pe3ynbraToM Takoro MCCIEIOBaHUS CTAHET KOMIUIEKCHBIM aHaiIu3 (DEHOMEHOB ce-
BEPHOI1 CBSI3HOCTU U MYJBTHJIOKAIbHOCTH, XapaKTEPHBIX AJs xkureneid A3PO.

KOHUEIITYAJIbBHASI PAMKA UCCJIEJOBAHUS

OcHOBHasl KOHIIENTyallbHasl paMKa IPeJIaraeMoro MojixoAa COCTOUT B TOM, 4TO, BO-
MIPEKU HIMPOKO pacrpocTpaHeHHOMY MHeHuto, Apkruka (Kpaitnuit Cesep, CeBep u T.11.),
B 0COOCGHHOCTH ke ApKTHueckas 30Ha PD, He oT/elieHa OT 0CTAILHOIO MHpPa: BaXKHBIM
JUIA Hee ABISETCA NOHATHE ceA3annocmuy. MHOTOYUCIIEHHBIE CBA3H PA3IMYHOIO XapaKre-
pa MPOHU3BIBAIOT CaM PETHOH, oOecreunBasi MPUBSI3aHHOCTh HACENICHHUS K TePPUTOPUH,
NepeIBIKeHUE JII0IeH, Belei u nHpopmannu BHyTpu A3PD; kpome TOro, OHM coelu-
HSIOT APKTHKY C OCTaJIbHOIM TEpPUTOPHEH CTpaHbl, 00ecreYrBasi pa3BUTHE apKTUYECKOTO
peruoHa.
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Wnest cBA3aHHOCTH HAcEJIEHUsS ¢ TOM WM MHOM TeppPUTOpUEH, HATTMINE PA3THIHbIX
BUJIOB CBSI3€H SIBISIOTCS KITFOYEBBIMH JUISl HCCIIEI0BAHNS MIPAKTUUECKN BCEX ACTIEKTOB JKU3-
Hu Ha CeBepe: MUTPAIIMOHHOTO ITOBE/ICHNS, OTHOLIEHHS K MECTY TIPO’KMBAHMS, MOOMIIBHO-
cTH, BEIOOpaA pojia NEeATENILHOCTH U JIp. DTa CBA3aHHOCTD BKIIIOYACT KaK (M3UUYECKUE, TaK
1 4EJIOBEYECKHE CBS3H, KOTOPBIE 00ECIIeYNBAIOTCS, CPEIH MIPOYET0, 3aHHTEPECOBAHHOCTHIO
HacesieHus B xku3HU Ha CeBepe U B Pa3BUTUU PETHOHA.

Croco0bI ojyIep KaHMs TAKKX CBSI3eH Pa3IMIHBI: OT MAKPOIKOHOMHUYECKOTO 0OMEHa
Mexy A3P® u 1pyrumu peruoHaMy CTPAHBI 10 TAKUX MEIKHX U HE3aMETHBIX MPOLEC-
COB, KaK MTOE3/IKH B TOCTH, B OTITyCK, Ha JIeUeHHe, Ha yueOy, 3a MOKyIKaMu 1 ap. Bo Bcex
MOOOHBIX CBSA3SX M MEPEMEIICHHUAX BaKHYIO POJIb HTPAET CyLIeCTBYIOMas (pU3MIecKast
HHPPACTPyKTypa (3KeJe3HbIe JOPOTH M 3UMHHKH, aBHACcOOOIIEHNE, MOPCKOH M PEYHON
BOJHBIN TPAHCIIOPT, 110YTA U TeJIeKOMMYHHUKanuy). Pacimmpenne u pa3sutie HHpacTpyK-
TYpPBI, TIOSIBIICHHE HOBBIX MyTEH COOOIIEHHSI MOXKET CIIOCOOCTBOBATH BOZHUKHOBEHHUIO
JIOTIOJTHUTENBHBIX CBSI3€M MKy PErHOHaMM WM YCUJIEHHUIO yXke cymecTByrommx. On-
Hako camo 1o cebe Hammune Gpu3ndeckoid MHOPACTPYKTYPHI HE JIeNlaeT PernoHsl Ooiee
CBSI3aHHBIMH JIpYT C APYTOM, €CIIM HE PA3BHUTHI YeJIOBEUECKHE CBsI3H. B ycrmoBusx, kormna
(u3nyecKoil HHPPACTPYKTYphl HEIOCTATOUYHO, d YEIOBEUECKHUE CBSI3M KPEIKH, JIOAN Ha-
YHHAIOT CAMOCTOSTENBHO «JI0OCTPANBATh» HEIOCTAIONINE 3BEHbs] HH(PPACTPYKTYPBHI.

«DU3MUECKHE» U «IETOBEYECKHE» CBSA3M HAXOIATCS B CIIOKHOM B3aWMOJICHCTBUH,
HaKJIaIbIBASICh APYT Ha JAPYyTa, TOJICP>KUBAs IPYT APYyTa, IPH STOM «UEJIOBEUECKUE» CBSI3H
3a4acTyr0 OKa3bIBAIOTCS O0Jiee BAKHBIMU, YeM «(DU3MUECKHE).

Hay4Hasi 3Ha4MMOCTB TaKOTO ITO/IXO/Ia COCTOMT, CPEeIH MPOUYEro, B TOM, YTO Ha
ocTanbHON TeppuTopun Poccnu B cruty Topaszo OosbIieii INIOTHOCTH HHPPACTPYKTYPHI
1 HaCeJICHUsI N3ydeHHe TOI00HBIX CBsI3eH 3aTpyAHEHO. APKTHYECKas e 30Ha U3-3a «pa3-
PEKEHHOCTH» MH(PACTPYKTYPBHI MPEICTABISIET COO0I MIeabHBIN CIydail «CONNaTbHOM
JTabopaTopum»; B 4acTHOCTH, CeBep — yHOOHBIN «ITOJUIOH» Ul U3YUeHHs MHIpaliH,
TTOCKOJIBKY 3J/1€Ch NPECTABICHBI MPAKTHUECKH BCE €€ BUIBI — OT TPAAUIIHOHHOTO KOoue-
BaHMS M MasTHUKOBOM TPaHCTPAHMYHOM MHUTPALIUM 10 BAXTOBOW pabOTHI U IOIATOCPOYHBIX
pabounx mepeesios.

HoBu3na nmoaxopa cOCTOUT B TOM, YTO pa3jIMYHbIe TUIBI CBsi3el BHyTpu A3PD
n Mexay A3P® n apyrumu pernoHamMH OOBIYHO M3Y4aroTCs OTAENBHO APYT OT Apyra:
paHee He ITPeAIPUHIMAIIOCH TTOMBITOK KOMITIIEKCHO ITPOaHAIM3UPOBATh BCE BHJIbI CBS3EH,
Ba)XHBIX JUISl PETHOHA, — TPAHCTPAHUYHYIO M MEXIYHAPOIHYIO MHUIPAIHIO, CTPATETHH
KM3HU U TIEPEIBIKCHUI KOPEHHBIX HAPOJOB, AeMorpaduio «3amagHoro apeida» u T. 1.
I'mmoresa mcce0BaHMs COCTOUT B TOM, YTO BCE Ha3BaHHBIE ACIEKTHI CYTh YaCTH €ANHOTO
(heHOMEHA «CEeBEPHOM CBSI3aHHOCTH», KOTOPBIH HEOOXOANMO MPOAHATN3UPOBATH C TIOMO-
B0 €MHOTO S3bIKA OITUCAHUSL.

UYro kacaeTcs TEPpPUTOPHH, TO MPU TAKOM IOAXOJE HEOOXOANMO OXBaTHUTh MAKCH-
MaJIbHO IIUPOKHUH CIIEKTP, HOCKOJIKY OCHOBHAS 33/1a4a — HCCIIEJOBaHNE CBA3EH Kak Ha
MaKpOYypOBHE, TaK U Ha JIOKaJbHOM ypoBHe. Ha MakpoypoBHE HEOOXOMMO OCYIIECTBIISTh
aHaIIU3 CBs3€H HE TONBKO «C TOUKH 3peHust CeBepay, HO U ¢ IPOTUBOION0KHON CTOPOHBL:
C TOUKHU 3PEHHSI PETHOHOB, Ky/a 4acTo npueskaroT ¢ CeBepa MM OTKYJIA YAaCTO YE3KaroT
Ha Cesep.

JlaHHBIN TOZIXOJ] HAIIEJIeH, KPOME TOTO, Ha M3y4YeHHE Pa3IMYHBIX (OpM paccele-
HUS JIIOZICH B KPYIHBIX TOPOJAx M MOCEIKaxX M Ha HeypOaHM3MPOBAHHON TEPPUTOPHH.
[IpenmectByronye nccueoBaHus BhIIBIIN Ha CeBepe peHOMEH MYJIBTHIOKAIBHOCTH
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(em. [1, 2 m np.]), mpH KOTOPOM JIFOAN TTOCTOSHHO NMEPEMELIAIOTCS MEXTy Pa3sIMIHbBIMU
TEPPUTOPHUSIMHA M OOHAPYKMBAIOT MPHUBSI3aHHOCTH KO MHOTUM MecTaM cpasy. [loaromy
Halll MOAX0J] OPHUEHTHUPOBAH Ha M3Y4YEHHE HACCIICHHS HE B PaMKax aJMHUHHCTPATUBHBIX
eIMHHLI, a C TeorpapuyecKoil MPUBI3KONW K MX MEPEMELICHUSIM, C UCTIOIb30BaHUEM Me-
TOJOJIOTUU HCCIIEA0BAHUN MUIpalMidi. ITO MOMOXKET OTCieauTh cBsi3u ¢ A3PD Tex, kTo
MOKMHYJ PETHOH, HO MPOJOJIKAET OIIYIIaTh €T0 YacThIO CBOCH YKHM3HU.

[Ipennaraemslii MOAX0/ MPOIOIDKUT pa3pabOTaHHYIO B XOJI€ PE/IIECTBYIOIINX HC-
CJIeJOBAaHMUI METOMOJIOTUIO: IIPpH aHanu3e HaceneHus CeBepa cieqyeT BKIOYaTh B €ro
PaMKH BcE KaTETOPHU €ro XKUTEJeH — MpeACcTaBUTeNeH KOPEHHBIX HapOI0B, «CEBEp-
HBIX CTApOXKHJIOBY, «IIPHE3KHX», BAXTOBHKOB, TPYAOBBIX MUT'PAHTOB H JIp., XKM3HEHHbIE
CTpaTeruy M COLMAIbHOE TTOBEICHNE KOTOPHIX aHAJIM3UPYIOTCS B €IMHOM METOJMKE, BHE
3aBUCHMOCTH OT KaTerophHu.

TeopeTnuecky BayKHBIM PE3yJIETaTOM IT0JOOHOTO HCCIIEOBAHMUS JJOIDKHA CTaTh MPO-
BEpKa I'MITOTE3bI 00 0C000I 3HAYMMOCTH «UYEJIOBEUECKUX CBSI3eN» st APKTHKHU. JIOIDKHBI
OBITH CONOCTABICHBI OCOOCHHOCTH COLMANIBHBIX CBSI3€H, XapaKTepHbIC KaK IS pa3sHbIX
Tepputopuil, Bxoasummx B A3P®, Tak 1 Juld pa3IUUYHbIX COLMAIBHBIX IPYIII HACEIEHUs,
MPOKUBAIOIIUX TaM. DTO IO3BOJIUT JIy4llle MOHSTh, KaK YCTPOEHA «KapTa CBA3aHHOCTH
A3P®, xak UMEHHO U C KAKUMH PETMOHAMU CBSI3aHbI PA3HBIE TEPPUTOPUU APKTHUECKON
30HBI; 3TO MTO3BOJIUT, KPOME TOTO, BEISIBUTH CTPYKTYPY M MEXaHU3MBI JICHCTBHS ITHX CBSI-
3eH, COCMHSIOMMNX CEBEPHbIE PETHOHBI MEX/y COOOH M ¢ JPYTMMH PErHOHaMU CTPaHBI.
Tako#i 1OIX0A MO3BOJIUT MPEOAOJICTh U3JIHIIHIOW (PAarMEHTAPHOCTh HAYYHOTO 3HAHUS
o CeBepe 1 BHeceT BKJIa]] B CO3aHUE Ooee LEeTOCTHOTO MPEICTABICHHUS O COIHAIBHOM
YCTPOMCTBE COBpeMEHHON Poccuiickoil ApKTHKH.

[IpakTHyeckas 3HaYMMOCTh MCCIIE0BAHUM, IPOBEACHHBIX C HCIOJIB30BAHIEM OITH-
CaHHOM METOJI0JIOTHH, COCTOUT B obecnedeHnu yctounBoro passutusi ASP®. UtoOs
YIPaBISITH CEBEPHBIMU TEPPUTOPHSIMHE, OTBEUATh Ha BBI30BBI OTTOKA HACEICHHS U3 CTpa-
TETUYECKH 3HAUYMMBIX PETHOHOB U IIAHUPOBATH MX 3aCElICHHE, HEOOXOANMO ITOHUMATb,
KaK yCTPOCHA CBSI3aHHOCTb, KAKHE €€ aCIEeKThl MOTYT OBITh HCIIOJIB30BAHbI IPH JEMO-
rpaguyecKoM IUIAHUPOBAHMWH M TOCYIAPCTBEHHOM YIIPABICHUH, YTO YAEPKUBACT JIFOJICH
B PErMOHE U YEeTO UM TaM He XBaTaeT. Bech HaIll Ipe/ecTBYIOMNI ONBIT TOBOPUT O TOM,
YTO MOJOOHBIE CUMBOJIMYECKHE ACHEKTHI KU3HU B APKTHKE OKa3bIBAIOT HA MOBE/ICHHE
Jrofel 3HAYUTENIFHO OOJIbIIIEE BIMSIHUE, YEM MPSIMbIE SKOHOMUYECKUE (aKTOPBI.

A3P® U MUT'PAITUOHHBIE ITPOLTECCHI

HeHTpaHLHLIM JJIA JaHHOT'O MCCIICAOBAHUS ABIACTCA ABUKCHUC HACCIICHUA, TO €CTh
IIUPOKO MOHUMAaeMBbIN MHFpaI.[HOHHbIﬁ ACIICKT. HepBLIMI/I Ha MUI'PAlJMOHHBIC IMTPOUECCHI
B ABP® (u mmpe — B CEBEpHBIX pernoHax) ooparmiu BHUMaHue aemorpader. C mu-
FpaHHOHHOﬁ TOYKH 3pCHUA HACCJIICHUC CeBepa OYCHb IIOABUXKHO: 3HAYUTCIIbHAA O0JIA
coBpeMeHHBIX kurenei CeBepa pouiack 3a MpejeiaMi perHoHOB, B KOTOPBIX OHH ITPO-
skuBaroT [3: 149-158]. Jlemorpads! 3adyUKCHPOBAINA U JOJTOCPOUHBIA MPOIIECC OTTOKA
nocrostuHoro HaceseHust ¢ CeBepa n BocToka Haiiel cTpaHbl B IIGHTPAJIbHBIE PETHOHBI
(Tak Ha3. «3amaaHblil apeiidy»). DToT nponecc noka He 3akonumics [4]. C apyroii cro-
POHBI, TC XKC ZleMOl"pa(bI)I, OMnupasiChb Ha JAaHHBIC CTaTUCTUKH, TOKA3bIBAIOT, YTO CCTOAHA
CCBCPHBIC PETUOHBI JAaJICKO HE OAHOPOAHBI C TOYKU 3pCHUA MUI'pAllUU: CPCIAN HUX €CThb
KaK pEeruoHbl, yCTOﬁ‘-IPIBO TECPAOMUE HACCIICHUS, TaK U TAKHUEC, KOTOPBIC CIIY>KAaT HEHTPpaMU
NPUTSHKEHUS s TPYHoBOM Murpanuu. Mccenenosarenn oOpariiii BHUMaHHE M Ha TO, YTO
MHOIJA B CTPYKTYPE MUTPALMK MOXKHO BBIICIUTH CBOETO POJA CBSI3aHHBIC, WIH IIAPHBIEY,
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PETHOHBI, KOTOPbIE B TEUEHHE JAOBOJILHO JIOJTOTO BPEMEHH OObEANHEHBI yCTOHUYMBBIMU
9KOHOMHWYECKHUMH, KyJIbTYPHBIMH M MUTPALMOHHBIMU CBSI3SIMH [5].

JUis Halero mozaxo/ja LEHTPAIBHBIM SIBIISIETCS BOIIPOC O CBSI3AHHOCTH CEBEPHBIX
PETHOHOB Mekay co0oil u ¢ OoJee IKHBIMH, a Takke MH(PPACTPyKTypHBIX 3JIEMEHTOB
¢ MotuBanusmu mozeil. McenenoBanns nHOPacTpyKTYpbl (GOKYCHPYIOTCS Ha CIIOXKHBIX
1 Pa3HOPOIHBIX CHCTEMax, 00ECIIEUMBAIONINX TEPEABIKEHUE TOBAPOB, JIIO/EH, BelleH,
JeHer u ap. [6]. MHdpacTpyKTypbl BKIIOYAIOT KOMMYHAJIbHBIC CETH M MWHTEPHET, BO3-
JyIIHBIC, BOJHbIEC U CyXOITyTHBIE TPAHCIIOPTHBIE CHCTEMBI, COLMAILHBIC HHCTUTYTHI U —
MEHEee OYEBHUIHbIC — YeJIOBeUEeCKHE HH(PPACTPYKTYPBI, «CIOKHBIE COYETAHHUS OOBEKTOB,
IIPOCTPAHCTBA, JIIO/ICH M MPAKTHK... KOTOPBIE MTOAJEP)KUBAIOT U BOCTIPOM3BOMST XKU3HB
[7]. UccnenoBanust ”HQPACTPYKTYp OOBIYHO JEMOHCTPHPYIOT, KaK MOSBICHNE WIIN HCUE3-
HOBEHHE MH(PPACTPYKTYpPbI BIUSIET Ha KOHOUTYPALIMIO COLIMATBHOTO B3aUMOJICHCTBUS [6].
B Gonee mmpokoM cMBICIIE HCCIIe0BaHUs HH(YPACTPYKTYPHI JIEKAT B PycIIe TUCHUIIINHEI,
MOJTYYMBILICH Ha3BaHUE HMCCIIENOBAHMS HAyKH M TexHosoruin» (science and technology
studies, STS), a Taxxe B paMKax KJIaccuieckoro rnoaxoza Mumens ®yko, TpakTyIOIero
Tr00BIe OTHOLICHUSI KaK BJIACTHBIC, PEa3yeMble Pa3HBIMHU AKTOpPAaMH Ha BCEX YPOBHSX
comuanpHO# cucremsl 8, 9, 10, 11].

[Tonck MUTpalMOHHBIX MOTHBaNUH B 00nacTH «aeduura nHPpacTpyKTypHBIX BO3-
MOKHOCTEI» perHoHa, TepSIONIEero HaceJIeHue, 1 MPUBIICKATeIbHBIX HHPPACTPYKTYPHBIX
YCIIOBUH «IPHMHIMAIOIIET0» PETHOHA JISKHT B pyciie Kiaccudeckoil «push and pull theory»,
KOTOpasi 0OBSCHSIET MUTPALHIO (B OCHOBHOM B Pa3BUTHIE CTPAHbl) SKOHOMUIECKUMH HPH-
yrHaMu. OOOCHOBaHNE MUTPAIMOHHBIX CTPATETHi Yepe3 KaIbKyISINIO CHIIBI BO3ACHCTBHS
Ha cOOOIIECTBO M OTAEIBHBIX €ro MPEICTABUTEICH MEXaHM3MOB BHITAIKUBAHUS — IPH-
TSDKEHUS (3aTpar WM BBITOJ IE€pee3/ia) XapaKTepeH sl SKOHOMHYECKOH MapagurMbl
nccienoBanus 3toro peHomena — cm. [12, 13], cp. [14, 15].

Jast roponioB A3P® oHMM M3 BaXKHBIX, XOTSl M HE €AMHCTBEHHBIM «MH(PACTPYKTYp-
HBIM JepUITOM» SIBIISETCS HEPA3BUTOCTh HH(PPACTPYKTYPHI TTOCIEIIKOIBHOTO 00pa3oBa-
HUSI; HEJOCTaTKH ITOCEIKOBOI MH(PPACTPyKTYphl (TakKe, Kak HU3KUH YPOBEHb MEAUIMHBI
WJIN HEPA3BUTOCTH Cephl 10CyTa) Takke (POPMUPYIOT KU3HEHHBIC CTPATETHH HACEIICHUSL.
Hewmerkuii anTpormonor O. Xabek yTBEpXkKIaeT, 4TO aKTyaJbHas JJIsl perHOHa «3KOHOMHU-
Yeckasi, IOJIMTHYECKasi U AUCKYPCUBHASI TETEMOHUSI TOPOJIa HaJl CEIbCKO MECTHOCTBIO»
MIPOIOJKAET ONPENENATh IPEICTABICHHS O «HOPMaJIbHOU >kKU3HUY [16: 200]: IMEHHO OIBIT
KHM3HU B Topozie 00pasyeT TOT Hieal, 110 CPABHEHNIO ¢ KOTOPHIM OLIEHUBACTCS U KPUTH-
KyeTCsl IOCEJIOK, B TOM YHCIie ceBepHBIH. [103TOMY OfMH M3 OCHOBHBIX BEKTOPOB MHIpa-
LIUM — MUTPALUs TUIA «CEJIO — TOPO/», KOTOPasl OIPE/IeNsieTCss HEOOX0IMMOCTbIO MOITy-
yeHust oopazoBanus [16: 199-200, 17: 37]. B oTol CBSI3U CTOUT YIIOMSHYThH M HEIABHIOKO
kaury M. Jlaprosns [18]. MoOMIEHOCTE 3/1eCh IOHMUMAETCSI IIMPOKO: KaK MepeMEIIeHIE
HE TOJBKO B TeorpaduiyeckoM, HO M B COIMAIBHOM CMbIcie. [IpencraBieHHbIE B KHHATE
IIPUMEpBI OKa3bIBAIOT TECHYIO CBSA3b «CEBEPHOI» MUTPALIMU C N3MEHEHHEM COLIMAILHOTO
cTaryca y pasHbIX TPYIII JIIOEH, BBIJICICHHBIX M0 TeorpaduueckoMy, IpodheccHoHab-
HOMY WJIM STHHYECKOMY MPHU3HAKY. DTa KHUTA MO3BOJIIET YBUAETH IECTPYIO KapTUHY
MEPEABIKEHUI Ha MIPOCTOPAX MOYTH Bcero poccuiickoro CeBepa, 3a UCKIIIOYEHUEM €T0
CaMbIX BOCTOYHBIX PETMOHOB; OJHAKO PETHOHBI-ZIOHOPHI (3a MCKItoYeHneM PecrryOonmkn
JarecraH B rocieaHei iaBe) B KHUTe HE PACCMaTPHUBAIOTCS]; HE CTABUTCS 371€Ch 1 3a/1a4a
CHCTEMaTHYECKOTO CPAaBHEHUSI CUTYAIMH B Pa3HBIX PETMOHAX, B3NIsAA HA CYLIECTBYIONIEE
TIOJIO’KEHHUE JIeNT U3 00enX reorpaMuecKuX TOYEK, COCAMHIEMbBIX MUTPAIIHSIMH.
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OJHUM M3 OCHOBHBIX TPEHIOB B HCCIIEIOBAHUSIX MOOMIIBHOCTH MOCJIEAHUX JIET CTal
OTKa3 OT PAaCCMOTPEHUsI MUTpAIUi KaK OJHOHANPABIEHHOTO Ipoliecca MepeMeIieHus
U3 HavyaJbHOM TOUKU B KOHeuHyo [19, 20]. Bce Gonblie uccienoBareneil CKIOHSIOTCS
K «TPaHCHAIMOHAJIBHOMY MOAXOAY» M MPUXOIUT K BHIBOLY O TOM, YTO MPHUHUMAIOIIAs U OT-
MPaBJISIOIIAS. TEPPUTOPHSI — CKOpPee «COoOoOIIaronuecs cocyns» [21], aBmKkeHne Mexay
KOTOPBIMH NPOUCXOIUT B 00€ CTOpPOHBI. CTOPOHHMKH TAKOTO IOAXO/AA MOJYEPKUBAIOT
BO)XHOCTh B COBPEMEHHOM OOILECTBE, C €r0 yPOBHEM Pa3BHUTHsI TPAHCIIOPTA U CPEICTB
KOMMYHHKALIUH, U3yYEHUS COIIMATIbHBIX, TOJTUTHYECKUX U SKOHOMHUYECKHX CBSA3EH MEXTy
nokampHOCTSAMH [19, 22, 23].

BaxHBIM 3TanoM B pa3BUTHH 3TOTO MOAXO/A CTAJIO MOHATHE TPAHCIOKAJIbHOCTH [24],
MO3BOJIMBIIIEE UCCIIEOBATH HE TOIBKO MUTPALUU MEKAY CTPaHaMH, HO U BHYTPH CTPaHBbI
U [10Ka3bIBaTh, KAKUM 00pa30M TPaHCHALMOHAJIbHBIE MUTHATPBI (JOPMHUPYIOT COLIMAIIbHbIC
CBSI3U U TOJACPKUBAIOT OTHOILICHUS OJTHOBPEMEHHO B JIBYX CTpaHaX WJIM B JIBYX PEernoHax
oJHOM cTpausl [20, 25].

TpaHcI0KaNIbHBIN MTOAX0A NPEACTABIACTCS MOAXOSIIINM HHCTPYMEHTOM JUIs aHAJIH-
3a CEBEPHBIX TPYJOBBIX MHUIPALIMi, TaK KaK B OOJIBIIMHCTBE PACCMaTPUBAEMBIX CIIydaeB
NePEeCeUYCHUs] TOCYIapCTBEHHON I'PaHUIIbI HE NPOUCXOINT, J]a U CIOKHO OOHAPYKHUTH
MPUHIUIHATIBHYIO PA3HUIY B MEXaHU3MaX MUTPALUH C TIepeceueHreM ToCyapCTBEHHON
rpaHulipl U 0e3 Hero.

Crenyroliee BaKHOE MOHSATHE — «MHPPACTPYKTypa MUTPALMHU»: TEPMHH, BIIEPBbIE
WCTo/b30BaHHbIi bsio CaHoM 1 Moxanom JIMHIKBHCTOM Jisl ONMCAHMS CIIOXKHON B3aH-
MOCBSI3H JIIOJIEH, TOCYIapPCTBEHHBIX U HETOCYAAPCTBEHHBIX HHCTUTYLIMH U aKTOPOB, (op-
MUPYIOIIUX BO3MOKHOCTH U yCJIOBUA AJs paboueit MoOunbsHoCcTH B Kutae u Mugone3un.
OHH BBIJIEIISIIOT HECKOJIBKO aCHIEKTOB HH(PPACTPYKTYphl MUTpalMu: 1) KOMMEpUECKUi —
PEKPYTHHIOBBIE (PUPMBI-IIOCPETHUKH, 2) PETYISIMOHHBIH — TOCY/IapCTBEHHBIN armapar
U TIPOLIETYPHI BBIIAYH JOKYMEHTOB, 3) TEXHOIOTHYECKUI — TPaHCHOPT U KOMMYHHKAIHS,
4) rymanutapssiii — HKO u HekomMepueckue opraHn3aniuy, 5) cOlMaIbHbI — CeTH
MHUrpaHTOB [26]. ABTOpPBI (POKYyCHPYIOT CBO€ BHUMAaHHE CKOpee Ha MHCTHTYIHOHAJIbHON
CTOpPOHE BOIIPOCA, CUNTasl, YTO HIMEHHO OHAa HE NPOOJIEeMaTH3UPYETCs U I0ITOMY TpedyeT
HOBOTO TIO/IXO/A.

[Ipu MexTyHapOAHBIX MUTPALUSX HHCTUTYILIMOHAIBHBIA U OIUTHYECKUN YPOBEHb
Npe/ICTaBIeHbl OOJBIINM YHCIOM UH(PPACTPYKTYPHBIX «3BEHBEBY», B Cllydae MHUIPALH
BHYTPH I'OCY/IapCTBa 3TOT acCHEKT oKa3bIBaeTcsi Oonee cxarbiM. Cpein ero 3BeHbeB MOXKHO
Ha3BaTh areHTCTBA HEJBM)KMMOCTH, ITPOTPaMMBbI IIEPECEIECHUS U3 CEBEPHBIX PErHMOHOB,
HMHCTUTYT NMOCTOSIHHOW U BPEMEHHON PEerucTpalliy, a TakKe HEHTPBI 3aHATOCTH U OT/EIIbI
PEKpPYTHHIa B IIPOMBIIIICHHBIX KOMIIAHUAX HAa CEBEPHBIX TEPPUTOPHSIX B CIIydae BXOJAIIEH
murpaiui. [logxon, KoTopslil npeiaraeTcs 31ech, CPOKYCHPOBaH Ha COL[MAILHOM acCIeKTe
MH(PACTPYKTYPbl MUTPALMI: KaKMM 00pa3oM CBSI3U MEKLy JIFOIbMHU (TTOIePIKUBAIOLINECS
U3 TOJia B TOJl HA OTPOMHBIX PACCTOSIHUAX) CTPYKTYPHUPYIOT IMYTH MUTpAIMK HacEIeHUs
¢ Cesepa «Ha Marepuk» 1 00paTHO. B 3TOM cMbIcie yrnorpebiaeHne HaMu TePMHUHA «HH-
(hpacTpyKTypa MUTpaIfii» OKa3bIBacTCs OJIMKE K «HHPpacTpykType Jroaei» A. CUMoHe,
HEXXENNH K MOHUMAaHHUIo 3Toro TepmMuHa CSHOM U JIMHIKBUCTOM.

H.1O. 3amsaruna u A.B. [TunscoB mpocieXuBaroT yCTOHUMBbBIE MUTPAIIHOHHBIC CBS-
31 MEX]y TeM WJIM WHBIM TopogoMm Ha CeBepe W ropojioM B OoJiee HOKHBIX PEerHoHax
Poccun [27]; 3mech neTepMUHUPOBAHHOCTH B3aWMOJICHCTBUN KOHLICTITYaTU3UPYETCSl HE
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(PU3MUECKIM PACCTOSIHUEM, a COIMAIBHBIMHM U MHCTUTYIMOHAJILHBIMU IPUYNHAMH C T10-
MOIIBIO TEPMUHA «COIUAIBHOE PACCTOSIHUE» (MM «COIMAIbHAS JOCTYIMHOCTBY, aHIvl.
proximity) [28]. DTO IOMONHSET W BUJIOW3MEHSET TPAJULNIO0 MHIAYCTPHAIBHOHN reorpa-
¢un, B paMKax KOTOPOH 00BEKTOM «COIHAIBHOTO PACCTOSHH» OOBIYHO BBICTYIAIOT Op-
ranuzauuu (29, 30, 31]. Ilpencrasnsercs, 4To, aHATM3UPYS «COLMAIBHOE PACCTOSTHHE)
1 «uH(paACTPyKTypy MHUTrpanuii» U GOKyCHpYSICh Ha KaUeCTBEHHBIX PAa3IMUMIX CBS3EH,
MOXHO OoJiee 00bEMHO PACKPBITh CYTh IMOHATHS COLMAIBHON OIM30CTH.

PeneBaHTHOH Uil JaHHOTO MOJXOJA MPEACTABISECTCS M KOHIETIIHUS Pacipe/iesieH-
HOTO 00pa3za >xm3HH, npemiokeHHas C.I. Kopgornckum [32], oOpamarommM BHUMaHHE
Ha IIMPOKO PacHpoCTpaHeHHBIH B Poccnn ()eHOMEH NMPOKMBAHKSI B HECKOJIBKUX JIOKAIIb-
HocTsix. PactipenienneHHbIil 00pa3 )KU3HU OTIIMYACTCS! OT KOHLEITOB MPAHCHAYUOHATUSM
U MPAHCIOKAILHOCHb TEM, YTO BHIMaHUE 3/1eCh OOpaIIeHO HE Ha TPAHCTPAHUYHbIC HIIH
yAaJICHHbIE MHUTPAIUH, @ Ha TIOBTOPSIOLINECS IIepee3/ibl U MPOKUBAHUE B HECKOJIBKUX
JIOMax WJIM KBapTHpax MHIAMBUIOB U IEJBIX CEMEW B paMKax OfHOro odecTsa. B aTom
TIOIXO/IE M3YHAIOTCs COLMAIbHO-IKOHOMHUECKHE aCIIEKThI PacIipe/ieIeHHOro 00pasa sKH3-
HU. OCOOCHHOCTH CEBEPHBIX PETMOHOB COCTOUT B TOM, YTO Y MHOTHX CeMel eCTb He-
CKOJIBKO «0a3» — KBapTHP, IOMOB — B IPYTHX, YaCTO 3HAYUTEIHHO YIAJICHHBIX PErHOHAX,
B KOTOPBIX €XKETOHO IPOBOJST OTITYCK, Ky/la OTHPABIISIOT AETeH Ha OTHABIX, INE JKUBYT
oOyuaromecs B y4eOHBIX 3aBEICHHAX BhIpOCIINe 1eTH. JKU3Hb ceBepsiH 4acTo pacipe-
JIeTISIETCS] HE MEXIY JIBYMsI, & MKy TPEMsI-4eThIPbMS JIOKAIBHOCTSIMH, Pa30pOCaHHBIMU
10 TEPPUTOPUH CTPAHBI, & HHOTJIA U 3a ee IpejenaMu. Pacronoxenne 3Tux «6a3) 3aBHCUT
IJIaBHBIM 00pa3oM OT KOH(UTYpaIMy COLHMATIBHBIX CETEH KaXIOW CEMBH.

Crnenyer ynoMsHYTh B 3TOH CBSI3M M HEJABHO OITyOJIMKOBaHHYIO MOHOTpaguio
APKTHYECKOTO COBETa IO MPOEKTY «JleHCTBUS MO ajanTalnuy A1 MEHsoIencs ApKTu-
ku» [33]. Tlpoext npoBoauiics nof 3rujoi [IporpaMMbl apKTHYECKOIO MOHUTOPUHIA
1 OIIEHKH C LIEIIbI0 CIIOCOOCTBOBATH CBOEBPEMEHHBIM M ONIEPaTUBHBIM MepaM ¥ NPUHSATHIO
peIICHUH B yCIOBUAX OBICTPO MeHstommelcs ApkTuku. B ['maBe 8 MoHOTpaduu mokasano
3HaYeHHe NI00AIBFHON CBSI3aHHOCTH B TIPOIECcCEe JKU3HECIIOCOOHOTO (resilient) pa3BUTHS
Apkruky (Ha npuMepe bapeHI-perrona) u, 4To BaKHO JUIS HACTOSIIIETO MPOEKTA, MOJ-
TBEpK/IeHa He0OXOAMMOCTh BBISBJICHHUS M anpoOaIiy mokasareyeil Ui MOHUTOPHUHTA
KHM3HECIOCOOHOTO U yCTOHYMBOTO Pa3BUTUSI APKTHKH.

Kak npezcrasnsiercst, KOMOMHALMS TIPEAIOKEHHBIX KOHIIETIIINHA MOXXET CTaTh OCHOBOW
JUIsl BBIPAOOTKH TOAXO0/a, TO3BOJISIOIIETO OIUCATh CYLIECTBYIOIINE COIMAIBHBIC CBSA3H
kak BHyTpu A3P®, Tak u mexny A3P® u npyruMu peruoHaMy, JIyduie NOHATh IPUPOLY
9THX CBS3EH M OLCHNTH MX 3HAYEHHE JUIs yCTOHYMBOTO Pa3BUTHUSI PETHOHA.

3AK/IIOYEHUE

IInanupyeMblil IPOEKT TEMAaTUYECKU U METOAOJIOIMUECKH IIPOIOJIKAECT UCCIEA0Ba-
Hue, mposeaeHHoe LlenTpom B 20142016 rr. o rpanty PH® (Ne 14-18-02136) B pamkax
npoekTa «“‘JleTn 1eBIHOCTHIX B COBpeMEHHOHN Poccuiickoit ApKTHKe: OlleHKa HacTOosIIe-
ro U xermaemoe Oysylniee», B X0le KOTOPbIX Oblila 0TpaboTaHa METOAMKA MCCIIEIOBAHMS
U COOpaHbI CPAaBHUMBIC MaHHbBIC TI0 27 HACEICHHBIM MyHKTaM ApPKTHUYECKO#l 30HBI PO
' OcuoBuble pe3yabrarsl mpoekta Ne 14-18-02136 omyGnukoBansl — cM. kypHan Sibirica
(2017.V. 16. Ne 3); 5TOT TeMaTH4ECKHI BBITYCK JKypHana o3ariasieH Mobility and Infrastructure u
MOCBSIIECH ONMCAaHUIO Pe3y/IbTaTOB IMpoeKTa: 31ech — cTatbu H. Baxtuna, A. bonorosoii, B. Bacu-
nwseBoli, K. I'aBpunooii, A. Kapacesoii, E. JIspckoil.
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OH KOHLIEHTPUPYETCSl Ha HCCIICOBAHUU CEBEPSH, MEHSIOIINX MECTO JKUTEIbCTBA KaK
BHYTPH apKTHYECKUX PETHOHOB, TaK M IEPEEPHKAIONINX IIOCTOSHHO WIIM BPEMEHHO B Ooiee
I0KHBIE paiioHbl. HeoOX0MMo HCnonb30BaTh yKe MPOBEPEHHbBIE COMATLHO-aHTPOIIONO-
THYECKHE METO/IBI ISl HCCIICIOBAHMS )KU3HEHHBIX CTPATErnii JIIoJel — MpeAcTaBuTeNeH
KaK KOPEHHOT0, TaKk W HekopeHHoro HaceseHus: CeBepa. B pesynbrarsl OyayT 1MoimydeHs
JTAaHHBIC O PeaJbHBIX MOTHBAIMAX CEBEPSIH B BHIOOPE JKU3HEHHOTO IYTH, YTO ITO3BOJIUT,
0CTaBasICh B paMKaxX Ka4e€CTBEHHBIX METO/MK, TOBBICUTH TOUHOCTH IPOTHO3MPOBAHHS T10-
BenieHus sxutenelt CeBepa B YCJIOBHSX POCTA 3HAYEHUs] APKTHKH KaK IPOMBIIIIEHHOTO
Y TPAHCIIOPTHOTO PETHOHA.

Baaronapuocru. Crarbst HanMcaHa B paMKax MPOeKTa « APKTUYECKHUE CBSI3U: JHOIN
u uHppacTpykTypbd» (rpant PODU Ne 18-05-60108), koukype PODOU «DyHIameHTa b-
HBIE IPOOIEMBI H3YUCHHS U OCBOCHUS Poccuiickoit ApKTHKA: MPUPOIHAS U COLMATbHAS
cpenan. MccnenoBanue, ONMCAaHHOE B CTAaThe, B HACTOSIIEE BPEMsI BEICTCSI KOJUIEKTHBOM
Ientpa commansHbIX ucciaeaoBanuii CeBepa EBpomneiickoro yHuBepcuteta B CaHKT-
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HAMATHU BOPUCA UBAHOBUYA UMEPEKOBA

bopuc MBanosuu MmepekoB, Hal Koijiera, M3BECTHBIN MO-
JISIPHBII MCCIe0BaTelb, KaHAUIAT Teorpaguuecknx Hayk, MoveT-
HBII MOTAPHHUK, JIEATETbHOCTh KOTOPOTO HEPa3phIBHO Obla CBA3aHa
¢ ApPKTHYECKUM M aHTAPKTUUECKUM Hay4YHO-HCCIIEI0BAaTENbCKUM
uHctutyToM (AAHUN) 1 ¢ poccuiickuMu MoaspHBIMHU HCCIIEN0BaA-
HUSIMH, YyIIeNn U3 %Knu3Hu B utone 2019 .

Bopuc MBanosuu poauiics u Beipoc B Anraiickom kpae. [Tocne
OKOHYaHus JIeHHHrpaJcKkoro BeIcIero MOpCKoro apKTUYeCKoro yuu-
numa uM. MakapoBa 1o crnenuanbHOCTH «OKeaHOIOTUs» YCTIEITHO
paboran Ha apxunenare Lnundeprex.

B 1957 r. oH ObUI NpUIIAIIEH HA JODKHOCTh HauyaJlbHUKA
crannuu Oasuc B TpeThio KOHTMHEHTANIBHYIO AaHTAPKTHIECKYO IKC-
neauiuio. 3uMoBKa Ha craHuuu Oasuc B oasuce banrepa aist mectu
3MMOBABIINX NOJSAPHUKOB BbIJAJIACh KpaliHe TsKENION. B ycinoBusax
TMOJIAPHO# HOYHM, IPH yparaHHbIX BeTpax cBbiie 40 M/C ynanocs He
TOJILKO TPOBOJUTH HAYYHbIE HAOIIONEHHS 110 METECOPOJIOTHH, a3POJIOTHH, CEHCMUKe, HO U HayaThb
HOBBIE HAOJIOEHNS 32 COJEPKaHUEeM 030Ha B aTMOc(epe U BU3yallbHbIe HAOMIONCHNS 32 MOISAPHBIMU
CUAHHUAMH 4epe3 Kaxaple 30 MUHYT. B KoHIlE 3MMOBKH KOJIEKTHUB CTaHIMHU, BO3IIaBiseMoi bopu-
com VBaHOBHUEM, MOATOTOBHUII BCE HAy4YHbIE NMABHIbOHBI I KOHCEPBALUM M MePeaaud CTaHIINH
[Tonbckoit akaeMHun HayK JJis IPOAOJKEHHs HayUYHBIX MCCIIECI0BAHUM.

B 1973 r. bopuc MBaHOBHY BO3IMIaBUIT KOJIJIEKTUB 3MMHET0 CE€30Ha Ha CTaHIMU belmiHeray3eHn
(19-1 CAD). B 3Ty BTOpYIO CBOIO @QHTAPKTHUECKYIO 3MMOBKY OH aKTHBHO M3y4aJs THAPOIOTHYECKUH
pexum o3ep o. Kunr J[xopxk.

[Tocie nepexona Ha paboty B ['ocynapcrBennsiit Komurer o nayke u texuuke (CKHT CCCP)
bopuc MBaHOBMY BO3IVIaBMII OJIMH U3 OT/EI0B B MUHHUCTEPCTBE HAYKU U TEXHUKH.

Bce ronel bopuc MBanoBuu noajepskuBan TecHyto Apysxkeckyro ca3b ¢ AAHUM. bnaropaps
€ro COAEHCTBUIO HHCTUTYT AocTpoui B 1980-e rT. HoBoe 31aHMe Ha yil. bepunra, a B 90-e — momy-
ymil craryc ['ocynapcrBeHHOro HayyHoro neHrpa PO.

Heouennmsliii Bknag bopuc lBaHOBHY BHEC B MEXAYHAPOAHOE COTPYAHUYECTBO B 00IACTH
MOJISIPHBIX MCCIIEIOBAHUM, B YACTHOCTH B POCCHICKO-TepMaHCKoe mapTHepcTBO. OH OBUT OTHUM M3
MHULIMaTopoB co3nanus B AAHUMU poccuiicko-repMaHcKkoii 1adopaTopui MOPCKUX M TOISAPHBIX
uccrnenoBanuii umenn Otto FOnbeBuya [lmuara (OILJT), opumasbHOE OTKPBITHE KOTOPOH COCTO-
snock 9 okTsa0ps 2000 1. Ero Gonbiioi HayyHbI ¥ OPraHM3alMOHHbBIA OMBIT HOJSIPHOTO UCCIIE0-
BaTesIsl CIOCOOCTBOBAJT Pa3BUTHIO AKTyaJIbHBIX HANPABIEHHH COBMECTHBIX HAyUYHBIX HCCIIEOBAHUM
B MOJIIPHBIX 00JACTSX, a TAK)Ke OPraHU3alUU CTUIIEHIHAIBHON MPOrPAMMBI TTOAAEPKKH MOJIOZIBIX
YUEHBIX B 3TOH POCCUHCKO-repMaHCKON 1abopaTopuu.

Jonroe Bpems bopuc MBanosuu kypuposain [loxnporpammy «KoMIuiekcHbIe HCClIeI0BaHUS
OKeaHOB U Mopel, ApKTUKH U AHTapkTUKH» LleneBoil mporpammel «MupoBoil okean», ofHy U3
OCHOBHBIX INIOOQJIBHBIX MPOTPAMM POCCHHCKHX MOJISIPHBIX UCCIIEIOBAHUI.

Crapiee nokosieHHe TOJSIpHUKOB 3Hao bopuca MBanosnua MMepexoBa kak yenoBeka 60Ib-
ILIOTO TPYAONIO0HS, HCKITIOUUTEIBHOH CKPOMHOCTH M HCKITIOYUTEIFHO BHUMATEIBHOTO OTHOILICHHS
K JIFOJISIM, YBa)KaJll €r0 3a MPHHIMIHAIBHOCTh U J0OPOXKeNnaTeIbHOCTh KO BceM. TakuM OH U ocTa-

HETCS B HAIlICH MaMsITH.

HU.E. ®ponos, JI.A.Tumoxos, C.M. Ipsmuxos, U. Tude

353



IN MEMORY OF BORIS I. IMEREKOV

Boris I. 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, aerology,
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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IMPABWJIA U151 ABTOPOB
KYPHAJIA «ITPOBJIEMBI APKTUK 1 AHTAPKTUKN»

Kypnan paccmaTpuBaet 1 MyOIUKAI[A HAy9HbIE CTATbU [0 OCHOBHBIM HAIIPaB-
JICHUSIM UCCJICJIOBAHUI B MOJSPHBIX 00NACTSAX 3eMIIM: OKEaHOJIOTnH, (PU3UKe arMochepsbl
U TUIpocdepbl, METEOPOIIOTHH U KIIUMATOJIOTHHU, THPOJIOTHH CYIIH ¥ THAPOXUMHH, TIIs-
IIOJIOTHUH M KPUOJIOTUH, TeOMOP(OIOTHH U SBONIOLMOHHOM Teorpaduu, JIeNOTeXHUKE, Te0-
Joruu u reopusuke. Takke MpepacTaBIsgIOT HHTEpeC paboThI IO DKOJIOTHH, OUOIICHOIOTHH
u Ouoreorpaduu, COIMUANBLHON Teorpaduu 1 CONUATBHON aHTPOIOIOTUH, UCCICAYIOIINX
M3MEHEHHUS B TOJIAPHBIX PETHOHAX.

B n3nanny myOIuKyIOTCS HOBBIE PE3yIbTaThl HAYYHBIX UCCICAOBAaHUMN, a TAK)Ke Ha-
YUYHBIE COOOIIEHUS TEOPETUIECKOT0, METOANIECKOTO, SKCIICPUMEHTATBHOTO U IIPUKIIATHOTO
XapakTepa, TeMaTudeckue 0030pbl (10 3aKa3zy pelakinK), KPUTHIECKUEe CTaThU, OYePKU
10 UCTOPUH TOJSIPHBIX MCCIIEIOBAaHIHA U KpaTKUE COOOIICHNUS, TIOCBAIICHHBIC TAMSITHBIM
nartaMm (110 3aka3y pefaknui). Bee craTbu MpoXo/sIT ABOWHOE aHOHIMHOE PEeIeH3NPOBaHNE.

TexcThI cTareli JOMKHBI OBITh HA PYCCKOM HITH QHTTTMACKOM sI3bIKe. ABTOP(BI) CTaThU
JIOJDKHBI TTIOTBEPANTH, UTO 3Ta CTaThs paHee He ObUIa OMyOJIMKOBaHA, a TAaKXkKe HE Mpe-
CTaBJIeHA JJIS1 PACCMOTPEHUS U MTyONUKAIMK B APYTOM JKypHAJIe.

Bce marepualibl IpeACTaBIAIOTCS B PEIAKIHIO B AIEKTPOHHOM BHUJIE B COIIPOBOXKIEC-
HUHM OyMa)KHOW BEPCHUHU TEKCTa, PUCYHKOB (CM. TpeOOBaHUS K PUCYHKaM) H (haiiia ¢ moJ-
HBIMHU CBEICHMSIMH 00 aBTOpax: (haMHJIHsI, UM U OTYECTBO (ITOJHOCTHIO), MECTO PabOTHI
(monHbBIN ajpec), ydeHasi CTENeHb, TOJDKHOCTh, apec AIIEKTPOHHOU TOUTHI U TeleoH
OJTHOTO M3 aBTOPOB I CBS3U. PekomeHmyemblii 00beM crareit — oT 8 1o 20 cTpaHuly
Tekcra (depes 1,5 mHTepBana), BKIIOYas TaOIHIBI M CIIHCOK JTUTEPaTyphl; PUCYHKOB HE
6osee 6. Texct Habupaercs B popmare Microsoft Word. ITapamerpst HaOopa: mpudt
Times New Roman, kerib 12, uarepsai 1,5. CTpaHHIbI B CTAThbe HyMEPYIOTCS.

Crateu oopmitsttoTest cienyrommm oopazom. CHavana qaetcs Y/IK; 3arem Ha pyc-
CKOM SI3bIKe — HAa3BaHWE CTAaThH, MHUIMAJIBI M (PaMUIMK BCEX aBTOPOB (IIPH yKa3aHUU
ABTOPOB CTaThH CHaualla WIyT MHUIKAIBL, 3aTeM (amuius. MHunuanst u hamuius pas-
JIEJSIFOTCST TIPOOeIoM), TIOJHOE Ha3BaHWE OpraHu3aruu(IHii), TIe BBITOJHEHA paboTa;
ANIEKTPOHHEIN agpec aBTOpa, OTBETCTBEHHOTO 3a CBS3b C peJakilueil. 3aTeM Te ke CBe-
JICHHUS TIPUBOIATCS HA aHITIMIICKOM SI3BIKE: 3aIvIaBHe, aBTOPHI, YUPESKICHUS, BTOPOU pa3
e-mail maBHoro aBropa. [Tocie AToro Ha aHIITMHCKOM SI3bIKE MHUIIYTCS KITIOUYEBBIE CIIOBA
B COOTBETCTBUHU C aHIIIMKCKUM andaButoMm (He Oosee 10 ciioB u He Gojiee IBYX CIOB
B COYETAHMsIX) M aBTOpCKoe Summary ctatbi Ha 20—25 cTpok (31ech ke I KOHTPOIS
00s13aTeIbHO MPUITATAETCS MIEPEBOJ] Summary Ha PyCCKUH S3BIK).

KitroueBrle c10Ba JOHKHBI OTpaskaTh OCHOBHOE COAEPIKAHHE CTAaThH, IOBTOPSTH
TEPMHUHBI U3 TEKCTa CTAaThU U TI0 BOSMOKHOCTH HE TIOBTOPSATH TEPMHUHBI 3aITIaBUs; CIETyeT
MIOMHHUTb, YTO TH CJIOBA JIOJDKHBI OOJIETYUTH MMOMCK CTAaThH CPeACTBAMH HH(OpMAIOH-
HO-IIOMCKOBOM CHUCTEMBI.

Summary J0/KHO OBITH TIOHATHO 0€3 oOpaleHus K caMoil myOIMKaluy KaKk He3aBH-
CHMBIN OT CTaTbU UCTOYHUK MH(pOopManu. OHO JOJDKHO OTBEUATh CIEAYIONINM KPUTEPUIM:
HH(OPMATHBHOCTH (HE COAEPIKATh OOIIHX CIIOB); COACPIKATEIBHOCTH (OTPakaTh OCHOBHOE
cofiepyKaHUe CTAaTBH: 3a/1a4i PaOOTHI, METOBI, TVIABHBIE PE3YAbTAThl UCCIEeI0BAHUI); 1MO-
cienoBareabHOCTH M3noxkeHus. [lepeBo Summary Ha aHITTMACKUHN S3BIK JODKEH OBITh
BBINTOJTHEH KaY€CTBEHHO, C HCTIOIB30BAHNEM aHIVION3BIYHON CriennanbHON TePMUHOIOTHH,
He OBITh JOCJIOBHBIM MEPEBOJIOM PYCCKOSI3BIYHOW BepCUH (IIPU HEOOXOIUMOCTH CIIEAYET
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TaKKe BKJIIOYATh MOSICHEHUS IS HHOCTPAHHOTO YMTATEINs, CBA3aHHBIE CO CHEHU(PHUKON
HCCIICTIOBAHMM).

Janee npogoinkaercst HHOpPMaNXs Ha PyCCKOM SI3bIKE: KIIFOUEBBIE CJIOBA B COOT-
BETCTBHH ¢ pycckuM andasutom (He Oomnee 10), kpatkas anHOTamwms (7—10 cTpok) (6e3
TIepeBo/ia Ha aHMIMICKUI) — M HAYMHAETCSl TEKCT CTATHH.

Jlnst cratby, IpecTaBIsieMON Ha aHIINICKOM s3bIKe, TpeOyrorcs: Y/IK; nmepeBox Ha
PYCCKHIA s3bIK Bcell MH(pOPMAIMK, KOTOpast AaeTcsl Mepe/l HayajaoM CTaThbH B XKypHAJe.
Kpome Toro, B KOHIIE cTaThbil HEOOXOIUMO IPUBECTH PACIIMPEHHBIH pPycCKui pedepar
(1-1,5 ctp.), a B mognucsax K pUCYHKaM JIaTh MX [EPEBOJ HA PYCCKHUH SI3BIK.

OcHOBHOM TeKcT pa3OuBaercs Ha pasnensl. OOBIYHO 3TO BBEJCHHE, TOCTAHOBKA
IpoOJIeMbl, METOIMKA UCCIIEI0BAHMM, PE3YIbTaThl HCCIICIOBAHNH, 00CYK/ICHHE pe3yiIbTa-
TOB, 3aKJIIOYEHHE (BBIBOJBI). B KOHIIE CTaTbU MOXKHO IIOMECTHTh 0J1aroJapHOCTb JIMILAM,
OKa3aBILHM ITOMOIIIb B MTOATOTOBKE CTAaTbU, M HEOOXOIMMO yKa3aTh HCTOYHHUK (DUHAHCOBON
TIOJIIEPIKKH, CIIOCOOCTBOBABIIHI BBIITOIHEHHIO 3TOH paboThI (TpaHThI (POHJIOB, IPOTPAMMBI
u T.21.). barogapHoCcTH M CCBHUTKM Ha TPAHTHI MJIM TEMBbI IAI0TCS Ha PYCCKOM, a 3aTeM Ha
aHrmuiickoM si3bike (Acknowledgments).

[Toamucn mox pruCyHKAaMH JArOTCS! K KaXKJJOMY PUCYHKY B COOTBETCTBHH C €r0 pac-
TIOJIO’KEHNEM B TEKCTe: CHadasla Ha pycckoM (Puc. 1. Jlanee moamuce), a mOTOM Ha aH-
omiickoM si3bike (Fig. 1. Figure caption). B moamucsx HE0OX0OMMO OTACIATH COOCTBEHHO
Ha3BaHUE PUCYHKA OT OOBSCHEHHI K HEMY (IKCIUIMKALHs), KOTOPbIE HA0 aBaTh C HOBOW
CTPOKH.

Pucynku u dororpadum momemaror B OTACNBHBIX (aiiyiax: Ui pacTPOBBIX H30-
Opaxenuii B pactpoBsix ¢popmarax JPEG/TIFF/PSD, u B BektopHbix — CDR (Bepcun
X6 u crapme) wiu Al (He gormyckaroTcst pucyHkd B popmare Word). Paspernenne pac-
TPOBBIX M300pakeHMWH B oTTeHKax ceporo u RGB-user momwkno ObrTe 300 dpi. Bee
CJIOBECHBIC HANNCH HA PHCYHKAX JAIOTCSI TOJIBKO HA PYCCKOM si3bIKe. Bee ycioBHBIE
3HaKH 0003HaYarTCcs MuppamMu (KypcHBOM) C 00s3aTEIBHON paciInGpPOBKON B MOA-
PHUCYHOUHBIX TTOAIKUCSX, T/Ie OHN TaKke 0003HavyaroTcst KypcuBoM. L{ngpsl MoxHO cTa-
BUTh W Ha IWHUX rpadukoB. Ha rpadukax Bce mIKaimbl 00s3aTeNIbHO TOIMUCHIBAIOTCS
1 YKa3bIBAaCTCsl PAa3MEPHOCTH BEJIMYHH.

Tabmuupt. st Gonbmmx TabIuI cieayeT HCIoIb30BaTh aTbOOMHYIO Pa3METKy CTpa-
HUIBL. TaOauIp! U rpadbl B HUX JOIDKHBI MIMETh 3ar0JIOBKH, COKPAILCHHUS CIIOB B TaOIMIax
HE JIOITycKaroTcs. TaOmuIpl HabuparoTes, Kak U TekcT, B popmare Word mpudtom 9 mT.
[Tpumedanust BHyTpH TaOMUIBI HE TAOTCs. ICIONB3YIOTCS CHOCKHM KO Beell TabimIe nin
OT/ICJIBHBIM €€ ITOKa3aTeIIsIM.

B TekcTe ciemyer naBaTh CCHUIKM HA BCE PUCYHKH M TaOnuisl. [Ipu mepBoit cehli-
Ke — puc. 1, Tabn. 1; mpu MOBTOPHEIX — CM. puc. 1, cM. Tabn. 1. Eciu B TekcTe maercs
oziHa TaOJIMIA WM OJJH PHCYHOK, TO CCBUIKM B TEKCTE TIPUBOASATCS CIISIYIOIINM 00pa3oM:
TIPH TIEPBOH CCHUIKE — (TadmuIa), (PUCYHOK); TP IOBTOPHOM CCBIIKE — (CM. TaOIHILy),
(cM. pUCYHOK).

Maremarnyeckne 0003Ha4€HHsI, CHMBOJIBI M IPOCTHIE (POPMYJIbI HAOMPAIOTCS OCHOB-
HBIM HMIPU(TOM CTaThH, CIOXKHBIE (hopMyibl — B iporpamme MathType (nm B Bepensix
Word no 2007 roma BiIrOUUTENBHO). HyMepyIoTcs TOIBKO Te (OpMYIBI, Ha KOTOPHIC
€CTb CCBUIKH B TeKCTe. Pycckue u rpedeckue OykBbI B (JOPMYJIaX 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 criucke nureparypsi (1o 3arosoBkoM «CHHECOK JIMTEPATYPhI») CChIIKH Ha JINTEpa-
TYpy HyMEpYIOTCS TIOCJIEIOBATENbHO, B COOTBETCTBHUH C MOPSIIKOM HX II€PBOTO YIIOMHHA-
HUsE B TekcTe. [IpuBOIsITCS TOIBKO OMyOIMKOBaHHBIE PAOOTHL. CCBUIKH IO TEKCTY JAI0TCS
B KBaJ[paTHBIX CKOOKaX Ha HOMEpa CIIMCKA, 4yepe3 3aIrsTyro ¢ npodemom: [1, 7, 23-27].
Crarbst JOJDKHA COJEPrKaTh CChIIKHM Ha BCE PadOTHI, IPUBECHHBIE B CITMCKE JINTEPATYPHI.
OOpamaeM BHUMaHKE Ha HEJOIYCTUMOCTD BKJIIOUEHHS B CIIMCOK JINTEPATYPhl M3AHUM,
BoImynieHHbIX 0e3 ISSN- mn ISBN-kozoB (3THM YacTo rpemar cOOpHHUKH MaTepHaioB
koH(epeHIuit (Te3UChl WK JOKIIAJb)).

Janee npunaraercst BTopoii cnricok smreparypsl (References). B crincke na naru-
HUIIE CTPOTO COXPAHSIOTCS T€ XK€ IMOCIIENI0BATEIBHOCT M HyMepalus HCTOYHUKOB, 4TO
U B «TPAAMIIMOHHOMY cIticke. CChUIKM Ha MHOCTPAHHBIE HCTOYHUKH MTPUBOATCSA B 000MX
CIIHCKaX JINTEpaTyphbl.

CraTby, HE COOTBETCTBYIOIINE YKa3aHHBIM TPEOOBAHMSM, PACCMATPHUBATHLCS HE
OynyT. I[Ipu paboTe HaJl pyKOIIMCHIO PEAAKIHS IO COIVIACOBAHMIO C aBTOPOM BIIPABE €€ CO-
KpaTuTh. ABTOp, OIIKCHIBAs CTAThIO U HANIPABIISAS €€ B PeJaKINIO, TEM CAMBIM IIepeiaeT
aBTOPCKHE TIpaBa Ha U3/IaHue ITOM CcTaThy XypHany «[IpoGnembl ApKTHKH N AHTApKTHKN/
Arctic and Antarctic Researchy.

Penakiyst n3BenaeT aBTOpoB O BOZMOXKHOM BBIOOPOUHON IPOBEPKE MPUCIAHHBIX
JUIsl yOJNIMKAIMK CTaTel B cucTeMe « AHTHILIaruary.

PenakimoHHass KOJJIETHsI HE BCTYNAET B AMCKYCCHH C aBTOPaMHM IO TIOBOAY IIpH-
HUMAaEMBbIX €10 PELICHHH.

Bonee monuble cBeneHus 110 0(hOPMIICHUIO CTAThU MPHUBEIEHBI B JOKyMeHTe «Tpe-
OoBaHUS K O(OPMIICHHUIO CTATEH, MPHUCHUTAeMbIX B KypHaN “TIpoOmemMbl ApKTHKH U AH-
TapkThk ». OH pa3MelleH Ha CTpaHHuIle XKypHasa 1o azapecy: http://www.aari.ru/misc/
publicat/req_pub_aanii_.pdf u oOs13aTeneH I 03HAKOMIICHHS TIPH TIOTOTOBKE MaTePHAIOB
CTaTbhH.
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