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BAXKAEMbBIE HATATEJT!

DKTUKA: YCTONYMUBOE pa3BuTne Poccusa asngerca npencenaTeNsCTByoLen CTpaHow B

" ApKTyeckom coeTe B 2021-20235 rr. KOMMeKkCcHaga nporpamMmma
POCCUICKOTO NpeacefaTenbCcTBa NpeanonarasT NnpoaBuXKeH e
MEXYHaPOOHOrO COTPYAHNYECTBA MO TaKUM MPUODUTETHbLIM
HampaBNeEHWAM, Kak HaceneHune APKTUKN, BKITIOYAA KOpeHHble
HapPOObl, OXPaHa YHUKaNbHOW OKPY>XKaoLLeW cpebl, COLManbHO-
SKOHOMUMYECKOE Pa3BUTUE PErMOHa, a TakxKe YKpenneHme
APKTNYECKOTO MeXXOyHaPOAHOrO COTPYAHMYecTBa. OQHAKO
paboTa Mo 6ONbLUIMHCTBY MOPYyYeHW, MoNydeHHbIX Ha nocneaHew
MUHUCTEDCKOW ceccul ApkTyeckoro CoBeTa B PelkbaBuke
B 2021 rony, oCTaHOBMEHa.

HecMoTpa Ha YCIOMKHUBLLYIOCT MOAUTUYECKYO OOCTaHOBKY
M CBA3aHHOE C 3TUM HeXenaHue pdana CTpaH COTPYAHMYaTh B
pamMKax peanmsaunim apKTUYecKnx NpoekToB, POCCUINCKAa CTOPOHA
roToBa v ByaeT pa3BMBaTh B3aMMOOENCTBIME C aPKTUYECKMMU U
BHEAPKTUYECKMMIM rOCyJapcTBaMmM B MpoekTax Noboro Maclutada.
O4eBMAHO, YTO abCOMIOTHO HeLIEeNecoobPa3HO M AaXke HEBO3IMOMHO
NPOOO/MKATE MEXAYHAPOAHOEe COTRYAHMUYECTBO B APKTVKe 6e3
Poccuu, obnanatoLllen caMmom 60NbLLIOM FrpaHMLEN 1 CYyXOryTHOW
TEPPUTOPUMEN B PErMOHE K, MO CYTH, MOTHOCTLIO KOHTPOMMPYOLLEN
CeBepPHbIV MOPCKOW MyTb. Bofiee Toro, B BOMPOCax OCBOEH A
VI Da3BUTVIA apKTUYECKMX TeppUTOPUMM Poccia abcontoTHO
CaMOOOCTaTOUHa.

OfnHaKo eCcTb Kpyr BOMPOCOB, 2hdeKTUBHOE peLleHmne
KOTOPbBIX BO3MOYKHO TOMTbKO B PaMKax COBMECTHOM paboThl BCex
3aMHTePEeCOBaHHbIX CTPaH. 3TO, B MepPBYIO o4epelb, 3all1Ta
OKPpYXKatoLLlen cpenbl VM KOMIMIeKCHbIe HaydHble MCCNenoBaHua.
Hanpumep, HaydHo-0bpa3oBaTeNbHaa aKCNeanUMa «APKTUYECK
nnaBy4dumi yHmeepcuteT — 2022», 06beanHVBLLAA COTHM YUeHblX
N3 MHOTUX CTPaH, a@ TakXKe MHOXECTBO OPY X MeXOYHaPOOHbIX
Hay4YHbIX MPOEKTOB, MMaBHOW LIeNbio KOTOPbLIX ABNAeTca obecnedeHye
YCTOMHMBOTO PA3BUTUA ADKTUKMN.

Penakuna HaydHOro »ypHana “Poccumckaa ApKTKka" ¢ 60NbLIKMM
MHTEPECOM CNEAUT 3a PA3BUTMEM aPKTUHECKOW HayYHOW MbICIN U C
YOOBOMBbCTBMEM MPEACTaBNgaeT BalleMy BHUMaHWIO 17 BbIMYCK HalLero
M3gaHm4!

MpuatHoro npoyteHma!
Kunpa 3mMmneBa,
[MaBHbIN pefakTop



OBPALLEHWE

MMagbl Pecnybonmku Komm
Bnagumupa BuktopoBuda Yiba
K Hay4YHOMY COODLLIECTBY
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YBAXAEMbDIE OAPY3b4d!

PazBuTre ADKTUKW CErOAHSA —3TO HE TOSTbKO MPO
SKOHOMMUKY, MHBECTULIMN, COBPEMEHHbIE TEXHOMOT MU U
HOBble pabodrie MecTa. TeMa APKTUKKW cerogHa obbenrHaeT
Vi BCenaeT Hagexay. Jna HacTodallero v dyayLiero
APKTUKM KpariHe BaykHa paboTa POCCUIMCKOrO HayYHOro
coobLlecTsa.

YHUKaNbHbBIV MO CBOUM KIIMMaTUYECKMM YCITOBMAM,
MNPUMPOOHBIM pecypcamM APKTUYECKMW PermoH aBHO
ABNAETCA OOBLEKTOM MCCe0oBaHa ydeHbix 13 Pecrnybnukm
Komu. Ocobyto akTyanbHOCTb 3T Hay4dHble MCCNeaoBaHs
npurobpeTatoT B CBA3K C cosgaHvem B 2021 rofy Hay4HO-
obpazoBaTeNbHOro LeHTPa MMPOBOro YPOBHSA «TexHONOor i
300poBbecbeperkeHna HaceneHmna Cesepa» - HOLL
«IKOTex». 3agaun LeHTpa — cTabunmsauma YMCcIeHHOCTM
HaceneHmsa, cosgaHre ycnosun Ana paspaboTKim
TeXHONOTMM 300P0BbecOHepeskeHA, MMEILLMX 3HadYeHe
0Na oMBepCcUOUKaLIVK ChiPbeBOM CEBEPHOM IKOHOMUKU,
COXPaHEHME YNCTOW cpefbl MPOoXKMBaHWA 3a cHeT
BHeOpeHWd 3KON0OrMYecK 6e30macHbIX TEXHOMOM M.

YyeHble Pecnyonmkiy KoMy MMetoT 60AbLLOW
NPaKTUYeCKMI onbIT B aToW chepe. Tak, Hanpumep,
NHCTUTYT dursmonormm GULL KoMm Hay4YHOro LeHTpa
YpO PAH B TeueHMe MHOIMMX OeCATUNETUIN 3aHMMaeT
B Poccuu nmampyrowme no3mumnm rno MccnegoBaHam
OCHOB XM3HEAEATETbHOCTU Ye1oBeKa B ADKTUKE.

YUeHble MHCTUTYTa MCCNeaytoT NpudHbl GOPMUMOOBaHMA
«CeBepHbIX» MaTonoru nod BnuaHmem daxkrtopos Ceepa
VI TEXHOMeHHbIX BO3OEWCTBUIN, y4acTBYIOT B pa3paboTke
MeponpuaTniM Mo NPOPUNAKTMKE PA3BUTUA DTUX
3abo0neBaHu.

HBNAACh aBTOPOM MOHOIPAMUI 1 HayUHbIX TRYAO0B,
OCODEHHO MOHMMaI0 LeHHOCTb Ballero Tpyaa. Cnacubo 3a
Ball NMCKPEHHWMIM MHTEPEC K BOMPOCaM Pa3BUTUA ADKTUKU.
MycTb Bepa, NtoboBb K Aeny 1 yrMopcTBO He MOKMOAIoT Bac
HuKoraa!

C yBaXkeHueMm,

MaBa Pecnybnuiki Komu,

3acnyKeHHbIV geatenb Hayk Poccumckom Genepatinm,
JOKTOP MEANLMHCKIMX HayK

Bnagumup Yiba
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Mnasbl Pecryonvky Kapenma
MapdpeHurkoBa ApTtypa Oneroemya
K Hay4YHOMY COODLLIECTBY

YBa)kaeMble yntartenu!

CerofHa Mbl HabMNtofaeM PasBepPHYTYIO «KOMNEKTMBHbBIM 3arafnom»
becnpeueneHTHyo No cBoeMy MacluTaby KaMmaHWio Mo AUcKpeamTaLmy
Poccumckom degepaln Kak CTpaHbl-NnapTHepa B pasnnuHbix chepax
COTpyAHMYecTBa, 6e3yCcnoBHO, OKa3aBLUYIO HeraTBHoe BMaHME Ha
B3aUMOAENCTBME HayUYHO-0Opa3oBaTe lbHbIX OpraHM3aLnii Hallem cTpaHbl C
YHUBEPCUTETAMU U HaYUHbBIMY LIEHTPaMM MHOCTPaHHbIX FOCYAaPCTB.

B KOHTaKTax Cc KofineramMmm 13 yHMBepcuTeToB cTpaH CeBepHOoM
EBPOMbI Mbl MOYYBCTBOBa/M, YTO Ha HaLLIMX TPAAMLIMOHHbBIX MapTHEPOB B
dopmaTax bantuiickoro, bapeHueBa CoTpyaHUYeCcTBa, MPUrPaHUYHOMo
coTpyaHunyecTBa ¢ GUHNGHOMEN OKa3bIBAETCA MOLLIHOE aBneHme
NONUTUYECKIMX KPYTOB 3TUX CTPaH.

TeM He MeHee, B CNIOXMBLLMXCS YCNOBUAX MonaraeM LenecoobpasHbiM
I BO3MOYKHbBIM MOAAeP»KMBaTb UMEIOLLIMECH CBA3M C 3apyOesKHbIMYI
YUYEHbIMU Ha YPOBHE NNYHBIX KOHTAKTOB. KOHEUYHO, XoTerloCh Obl MPOAO/I»KaThb
HayaTble MCccneqoBaHUa ¢ MOAKMOYeHEeM, ecnu 3To TpebyeTcd, Kak
OTEYECTBEHHbIX YU4eHblX, TaK 1 3aMHTEPECOBaHHbIX MPeacTaBUTenem
3apyOe]HOro aKCNepTHOro COOBLIECTBA, MCMONb3Yda ANA STOro AOCTYNHbIe
MeXayHapoaHble NnowaaKku. He Mckndaem NpuBneYeHrs K COBMECTHbIM
NPOEKTaM apKTUYECKOW HanpaBleHHOCTU NapTHEPOB 13 Kutaga, MHamu,
VipaHa 1 apyrx cTpaH.

CnokHada MexxayHapoaHasa CUTyalua 3Ha4MTeNbHO OrpaHMyiBaeT
KOHTaKTbl POCCUMCKMX YUeHbIX C 3apyOesKHbIMK KoNneramu, oaHako
CYLLECTBYIOLLMM HayYHbI NOTEHLIMAN Kay10ro apKTYeCcKoro cybbexTa
Poccumckom Genepalin Ha CEroAHAWHMM OeHb MOMHOCTBIO HE PAaCKPbIT.

Tak, HanpuMmep, MNeTpo3aBOACKMM rOCYNapCTBEHHDBIV YHUBEDPCUTET
MIMEET LeNbli PAL KOHKYPEHTHbBIX MPEMMYLLECTB W MPU3HaHHbIX
OOCTVKEH M B MCCNeaoBaHMKM akTyanbHbIX Npobnem pas3suTra
EBponenckoro CeBepa 1 APKTUYECKOM 30HbI Poccunmckom Gepepalimi.

K HUM OTHOCATCH MCCIeA0BaHMA COCTOAHMS MPWPOAHOW cpebl
Kpamnero CeBepa, 0OCTVXKeH WS B 06/1aCT MHGOPMaLVOHHbIX
TEXHONOMUY C MPUMEHEHWEM B PAe KOHKPETHBIX CEKTOPOB IKOHOMUMKM,
MeaMLUMHbI, MEAVKO-OMONOrMYECKMX TEXHONOM MM, MeXAMCUNNANHAPHbIE
ICCNEeA0BaHMA TPaHCIPaHWUYHbBIX MPOLIECCOB, AOCTMXKEHWA B U3YUYeH UM
NaMATHUKOB Ky/ETYPbl M apXUTEKTYPbI, pa3paboTku B chepe AepeBAHHOMo
OOMOCTPOEHMUSA U APYTrX. [1paKTMUecKk BO BCEX HazBaHHbIX CeKTopax
viccnenoBaHKii ObINn U ellle OCTaloTCa 3aKMHTepecoBaHHbIe 3apybeskHble
napTHePbI.

[eTpo3aBOACKMM MOCYAapCTBEHHDBIV YHUBEPCUTET BO B3aMMOLOENCTBUN
C OTEeYEeCTBEHHbIMM MapTHepPaMy B HacTosLLee BpeMd peanmsyeT CBO
MHULMATVBY Mo co3aaHmio CeBepoeBpOnemcKoro OTKPbITOro Hay4YHo-
06pa3oBaTesIbHOro KOHCOPLMYMa. YHUBEDCUTET TakKe NPUCTY MU K
NOArOTOBKE MPOrpaMMbl CBOEIO Pa3BUTUA Kak ydaCTHMKa OCBOEHMA
ApPKTMYyeckom 30Hbl Poccnmnckom Gepepaunm Ha nepuroa 0o 2035 rona
VI BUOUT CBOKO MUCCUIO B KaYEeCTBE OIHOIO M3 BEAYLLIMX Hay4YHO-
ob6pazoBaTesibHbIX LIEHTPOB Hallen CTpaHbl Mo 6-7 HanpaBneHuam
pPa3BUTUA.

Kpome Toro, Hadan paboTy APKTUYECKMY LeHTp [1eTpo3aBoackoro
rOCYAapCTBEHHOIo YHBEPCUTETA C LIeMbIO MaKCKMarbHO CrocoOCTBOBaTh
peanm3auni NPOEKTHBIX MHULIMATUB B APKTUYECKOM 30HE.

3HauMTENbHAad YaCTb MeXAyHapOAHOW NeaTeNbHOCTU Kapenbckoro
Hay4HOro LeHTpa PAH npuxoomtca Ha CTpaHbl EBPOMENCKOro cotsa,

B OCHOBHOM DUHNAHOMIO 1 HopBeruio. [1ByCTOPOHHME MPOEKTh
BbIMNOMHAKOTCH COBMECTHO C YYeHbIMU M3 OuHNaHanu, LLseumm,
BenukobputaHum, Vicnanmm n Pecnybnvkm benapyce. B TemaTiky
VICCNeNoBaHUM BXOAAT BOMPOCHI Pa3BUTUA TEPPUTOPUM, COXpaHeHa
O1OPa3HOOOPA3NA 1 OXPaHbl OKPYXKAIOLLIEM Cpeflbl, SKOMOrMYecKkoro
npocBelleH s, YCTOMYIMBOIO MCMONb30BaHKWA MPUPOAHBbIX PECYPCOB,
reonornm, CoLmanbHO-3KOHOMMUYECKIMX MCCNeaoBaH Wi, pa3BuTmna braHeca,
VMCTOPUMK 1 KyNbBTYPbI, A3bIKO3HaHUA, 3THOrpadmim.

C 2018 roga pykosoguTeno KapHL, PAH uneH-koppecnoHgeHT PAH
O.H. BaxmeT apnaerca permoHaibHbIM KOOPAMHATOPOM 3eeHOro Nnosica
DeHHOCKaHOMM Kak YacTy EBPOMEMCKOro 3ef1leHOro noaca. HayyHbin LEHTP
- Habnogatens B CoBete Accolmalmmy 3eneHoro nosca EBponsi,
ero NpeacraBMTeni y4acTByoT B TeMaTUYeCKMX paboyrix rpyrnax.

B TekyleM rogy KapenbCKuM HayYHbIM LIEHTPOM
PAH Mpoao/mKatoTCa Hay4YHO-MCCNenoBaTebCKme
paboThl € rocyaapcTeeHHoM nogaepykkomn. C 2020
rofa Hay4HbIM LEHTP 9BNAETCA ydacTHMKoOM HOL,
«Poccumckaa ApKTMKa: HOBble MaTepuanbl, TeXHONOr K U
MeToAbl MCCNea0oBaHMAY.

B pamMkax AaHHOro CoTpyaHM4ecTBa ydeHble KapHLL
PAH BbINOMHAOT KOMMNEKCHbIE MCC1efoBaHMA

necoB PoccmcKom APKTUKIK C LIeMbio MOBbILLEHWS

VX MPOAYKTVIBHOCTU 1 COXPaHEHUA SKOCUCTEMHbIX
OYHKUMM, COBPEMEHHbBIX TEXHOMNOMMIM KITOHMPOBaHWA
SKOHOMWUYECKM LIEHHbIX FEHOTMMOB M BblpalLVBaHNA
MOCafoYHOro MaTeprana OCHOBHbIX NecoobpasyoLmMX
NNCTBEHHbIX 1 XBOMHbIX BMOOB CeBepa EBponencrom
yacT PO, pasBuTVa METO0B OLEHKM M MOBbILIEHWA
SHEeProadOEKTVBHOCTU SKOHOMUKM APKTUYECKOW 30HbI
Poccumckon GenepaLn.

YOe)KaeHbl, YTO MCKYCCTBEHHO CO3aHHble
nonuTUYyeckire bapbepbl B MeXayHapOaHOM
COTpyAHMYecTBe ByayT MeaNeHHO, HO HeYK/TOHHO
McUye3aTh, TaK Kak pa3pbliB MEXXAYHaPOAHOro Hay4YHOo-
06pa3oBaTebHOro B3arMoaemncTema Ha Cepepe
1 APKTUKE YpeBaT TAKEeNbIMM, a B pPae CEKTOPOB
HeobpPaTUMbIMU MOCNEACTBUAMM.

YKenaem ydeHbIM, 3aHMMaoLLIMMCA BOMPOCaMy
OCBOEHUA 1 M3ydeHueM KpanHero CeBepa M
ADPKTUYECKOW 30HbI, YCMEXOB B HOBbIX Hay4HbIX
VI3bICKaHWAX, BOOXHOBEH WS U OMTVMIM3Ma!

C yBarkeHMeM,
[nasa Pecnybnukm Kapenus,
ApTtyp OneroBund MNapdeH4ymKoB
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«B ApxaHrenbckow o6nacTu cosgaHbl yC/I0BUA ONs NpoBeaeHusd
Ba)XHbIX Hay4YHbIX MCCNlefOBaHUM U peanusaumm ngem»

Pa3BuTVie APKTVKM — 0bOLlepocCUMcKas 3adada,
ee HanpaBneHua onpeneneHsl B Ctpatermm
Pa3BUTUS APKTUKK 0 2035 rofa.

Ba)kHbIM LaromM B pasBUTUM HayYHO-
obpa3zoBaTenbHoOM chepbl cTano GopMypoBaHme
HOL, «Poccumckaa ApKTVKa: HOBble MaTepuarsb,
TEXHOMOTMU 1 METO[bl MCCeN0BaHVISA», KOTOPbIM
co3faH B 2020 roaly nNpu o6beanHeHVN yCuiinim
M MHTEPECOB APXaHIeNbCKOM, MypPMaHCKOM
obnacTtei 1 HeHelLKOro aBTOHOMHOIO OKpyra.
HOLL — 3TO oTBeYatollaa CoBpeMeHHbIM
TpeboBaHMAM KOHKYpPEHTOCNoCOOHag Moaens
MHTErpaumm akafgeMmy4ecKkom 1 NprKagHom
HayKK, 06pa3oBaHMA, MPOMBbILLNEHHOCTY, O13Heca
N MHHOBALMN.

B pamkax HOL noet peanmsauma
MPOEKTOB, HAMPaBNEHHbIX Ha PasBUTME
300p0BbecheperaloLLmMx U OUOTEXHONOM MM,
TEXHOMNOMMIM CYAOCTPOEHMA 1 CYI0PEMOHTa
B ADKTUKE, MOHUTOPUHIA COCTOAHMA
NPOMBbILLAEHHbIX 1 FrpaaaHCKMX OObeKTOB,

a TakyKe COCTOAHMA OKOTbl B @apPKTUYECKOM 30HE.
INpopabaTbiBatoTCA MPOEKThI MO U3YYEHMIO U
COXPaHeH KMo NTIECOB, a TakKe Mo BHEAPEH MO
HOBbIX TEXHOMNOIMIN B X NepepaboTky, Harnpumep,
OCBOEHME BbIPaboTKy dnadd-Lennonossl.

BykBanbHo B MapTe 2022 rofa Ha 6ase
CeBepHoro (ApkTmuyeckoro) defepanbHoro
yHUBepcuTeTa B paMrkax HOLL OTpbIThl iBE HOBbIE
nabopaTtopui.

B ogHOM 13 HKMX BeoyTCca MccnenoBaHmsa no
KIOHANbHOMY MUKDOPA3MHOMKEH IO PACTEHUMN
1 SKCMEPUMEHTaNbHOM MMOPOMOHUKE -
COBEPLIEHCTBYIOTCA TEXHOMOM MM KITOHaTbHOTO
MUKPOPA3IMHOXEHMA 1 afanTalm XO3aMCTBEHHO
LIeHHbIX ArofHbIX KyNbTYp (MOPOLLKa, ronybrka,
KNtoKBa, bpycHVIKa 1 Ap.) ANa NAaHTaLUMOHHOIo
BblpaLLMBaAHWSA B YCIIOBUAX APXaHIeNbCKOM
obnactn. CeBepHble 4rofbl — MCTOUHMKM
BUTaMUHOB, OHW VICMOMNb3YHKOTCA B hapMaleBTrKe
M MULLIEBOM MPOMBbILINEHHOCTU. HOBbIE
TEXHOMOMMM MO3BOMAT BblPALLMBATL Ky/bTYPbl B
NPOMBbILLINEHHbBIX OObeMax.

Bo BTOpOI nabopatopri paboTa NoceaALleHa
OMArHOCTUKE YITIePOAHbBIX MaTEPUManoB U
CMUHOBO-OMNTUYECKUX ABMNEHMIN B LUMPDOKO3OHHbIX
MONYyNPOBOAHUKAX. DTV MCCNe0BaHNA
nopaepykaHol MMHOOPHayKK Poccrn B pamMkax
KOHKYPCHOMO 0TOOpa MONOAEKHbIX TabopaTopui.
[MpOoeKT 3aK1o4YaeTca B OpraHmMsaLmm
BbICOKOTEXHOMOTMHYHOMO MPOKW3BOACTBA MO
CUHTE3Y MOHOKPUCTAIIOB a/iMa3a MeTooM
TEMMNepPaTyPHOro rpagmeHTa 1 M3roToBNEHWIO
MOHOKPUCTANINYECKMX afIMa3HbIX MIaCTUH.

370 abCOMOTHO HOBbIE TEXHOMOM VM, KOTOPbIE
ceyac HaxoAATCA Ha Myike HayKku. MoaobHble
MCCNenoBaHWa UOYT B HECKOMbKMX CTRaHax,
npwvyem, B OTIm4me ot Poccui, noka Ha

CTafuu U3ydeHud, a He BHeapeHua. [poekT
MoapasyMeBaeT HAaYHYHYIO U MPaKTUYECKYHO
COCTaBMN4aI0LLY0. Hay4yHaa cocTaBnatoLlan
3aKTIOYAETCA B KOMIMIEKCHbIX MCCIeN0BaHMAX
YIrNepoaHbIx MaTepuanos C y4eToM 1x 06paboTKm
CMEeKTPOCKOMUYECKMMU, MUKDOCKOMNYECKUMMN 1
PEHTIEHOBCKMMI METOaMU, a TakxKe CMVHOBO-
OMTUYECKMX ABMEHUM B LUMPOKO3OHHbIX
nonNynpoBOAHMKax. [MprKnaaHaga coCTaBnatoLlas
noapasymMeBaeT CO3[4aHMe BbICOKOTEXHOMOMMYHOIO
NPOM3BOACTBA ANA 06PaboTKM, AMAarHOCTUKM,
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Tuxaiiiony

BMOCNEACTBUM A719 MaCrnopTU3aLLiv MOHOKPUCTaIITNHECKIMX alTMas3Hbix
MIaCTUH 0719 BbICOKOTEXHONOTMMYHbBIX MprMeHeHIn. OnHa 13 chep
MPUMEHEHMA MOHOKPUCTAITNHYECKIX alTMa3HblX M1acTUH — Co3daHmne
KBaHTOBOIO MarHUTOMETPa. ITO TEXHUYECKOE YCTPOWCTBO /151 BbICOKOTOUHOM
HaBUraLLMKM MOPCKOTO, BO3YLLIHOIO M Ha3eMHOro TPaHCropTa. KpoMe Toro,
MOHOKPUCTaNIM4ecke anmMasHble NaacTrHbl — oba3aTenbHasa cocTaBnatoLLas
N9 paboTbl KBAHTOBOIO KOMMbIOTEPA, Haf, CO3AaHMEM KOTOPOro paboTatoT B
Poccuiy, a Takke 8 CLLUA 1 KiTae. KBaHTOBbBIM KOMMboTEP OYAET MPEeBOCXOAUTb
B MUNNMapabl pa3 1tobok caMblid MOLLIHbBIM CO3AaHHbIV Ha CEroAHALLIHMIN AEHb
KOMMbIOTEP. 3TO OTKPbLITVE 0DeCneYmnT TEXHONOMMHYECKMIA MPOPbIB Halle
CTpaHe.

B uenom, otMeuy, 4to B ApxaHrenbckor obnactvi GopMmpyeTcs
CoBpeMeHHaa Hay4YHo-0bpa3oBaTeNbHasa ¥ Hay4YHO-MCCneaoBaTe1bCKan
6a3a, NnpeacraBneHHan GegepansHbIMU M PEMIOHANbHbBIMIM HayYHO-
VICCNenoBaTeNbCKUMIM 1 00pa3oBaTeIbHbIMM OpraHM3aLMaMi. 3a CHET
dbenepanbHoOW 1 pervioHanbHOW NOAAEPKKM CO3AaHbl YCNOBMS ANA
MPOBEAEHWNSA BaXKHbIX HaYHYHbIX MCCNeoBaHW 1 peanmsaunm naen.

Mepeyrcnio NMLlb HEKOTOPbIE PE3Y/1bTaThl COBMECTHOM paboThbl MO UToram
2021 rona. ['o nToram pervoHanbHOro KOHKYPCa 9 Hay4YHbIX MPOEKTOB MO
TemMaM 300poBbechepereHns, CenbCKoro x03ancTea, nepepaboTky pPecypcos
B APKTUKE, TeMJTO3HEPIETUKM, KYNBTYPHOTO HAaCeans MOMyYIn MoaLoEPKKY
o0LLMM 0ObeMOoM B 24 MH pybnen. B pamMkax KoHkypca «Monofasle ydeHble
[MomMopba» noagePxaHo 15 NMPOeKTOB MOMOAbIX YHeHbIX B BO3pacTe 0 35 NeT,
o0lLLada cymMMa rpaHToB coCcTaBuMa 3 MH pybren. 23 npoekTa v 42 Hay4dHbixX
KOMIIEKTVBA MOYYMIM BO3SMOXXHOCTb peanmsaLm CBOUX MOEW B PaMKax
nearenbHocTy HOLL «Poccrinckaa ApKTVKa: HOBble MaTepuarbl, TEXHOMOr M
M MeToAbl ccneaoBaHUa». Co3aaHbl 3 MOIOAEKHbIE 1abopaTopuin (Mx
PyKOBOAMTENM MONOXe 39 NeT) — 0ObeM GUHAHCUPOBAHWA COCTaBW/
43,5 MNH pyonen. TakmMm obpasom, uHaHcKpoBaHme paboTel HOLla
cocTaBuno cebllle 280 MH pybier. 8 MOMOAEKHbBIX HayYHbIX MPOEKTOB
0TO6PaHO B paMKax KBOTbI MPOrpamMmbl «YMHMK» DoHaa COAeNCTBUA
VHHOBaUMAM. OrHaHCUpoBaHMe Kaxaoro npoekta — 500 Thic. pybnen.
[Ona nopaepXKM MHHOBaLUMOHHOW AedTeNnbHOCTM B permoHe pabotaeT
MHHOBaLMOHHbIV LLeHTP aBTOHOMHOWM HEKOMMEPYECKOM OpraHm3aLmm
ApXaHrenbckom obnacT AreHTCTBa PervoHanbHoro passunTnd. B 2022 rogy
rnofara 51 3aaBKa 419 y4aCTUa B PervOHaNbHbIX KOHKYPCaxX Ha MoyyeHme
rPaHTOB POCCHMINCKOrO Hay4YHOro GboHaa, YTBEPKAEH 0ObeEM PUHAHCMPOBaHWA
V3 CPEACTB PeaepanbHoro 1 06nacTHOro OIOAXKETOB B pasMepe OKOs10
80 MnH pybnen.

Cpeay nepcneKkTMBHbIX MPOEKTOB Nepeyncito Hambonee 3Ha4MMble —
3TO co3faHne B ApxaHrenbcke MeaepanbHOro LeHTPa apKTUYeCcKom
MeauUMHbIL, OpraHmM3aumsa cucTteMbsl KapOOHOBOIO MOHUTOPWHIA, a TakKe
CTPOUTENBCTBO B CTOMMLLE [TOMOPbS CTyAEHUYECKOTO KaMryca M1UPOBOTO
YPOBHA «APKTUYECKas 38e30a».

3amectutens Npeacepatend MpasuTenscTBa ApxaHrensckor obnacTy
— MUHWCTP 3KOHOMUYECKOTO Pa3BUTUA, MPOMBbBILLNIEHHOCTU 1 Hay KM
ApXaHrensckor obnacTtu

BrikTop Muxamnosmy MIKOHHMKOB
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OLLEHKA 9KOHOMUWYECKOIO U YEJTOBEYECKOIO
MOTEHUWAJA N HEPABEHCTBO TEPPUTOPUN A3PD
HA NMPUMEPE PAMOHOB KAPEJIbCKOW APKTUKMU

M.B. MopolkmHat

L VIHCTUTYT 2KOHOMMKKIM KapHLL PAH, MNeTpo3aBonck, Poccna (Ka.H.)
Maribel74@mmail.ru

AHHOTaAUMA: DKOHOMUMYECKOE Pa3BUTUE PEMIOHOB APKTMNYECKOM 30HDbI
Poccuimckon Gegepauit GOpMUPYETCA B pe3ybTaTe B3aMMHOIMo BO3-
AevcTBMA GaKToOpOB SKOHOMUYECKOTO 1 COLMAaNbHOro xapakrepa.
TpygoBoW NMoTeHUMalnm Ha TeppuTtoprax Kapenbckow APKTUKY MMeeT
ocoboe 3HaYeHMe B KOHTEKCTE YeOBEeKO-0PUEHTUPOBAHHOMO COLM-
anbHOro pas3BUTVAa. OCHOBHOWM LIEMbIO MCCNeaoBaHa BbICTyMNaeT OLeH-
Ka 3KOHOMMYECKOro M YenoBeYyecKoro noteHLumana B parioHax c npe-
depeHUManbHbIM 3KOHOMUMKO-MPaBOBbLIM pexxMMoM A3ZPD. OGbeKToM
mnccnenoBaHWa BbICTyNaeT SKOHOMMYECKU I 1 YeToBeYeCK MoTeH LI-
an TeppuTopranbHbiXx 00pa3oBaHI Pecnyonrki Kapenusa, BXOOALLMX
B COCTaB APKTUYeCKOM 30Hbl Poccnickom Qenepau .
MeTogonornyeckme nooxodbl, MCroMb3yeMble A9 OLEeHKIM KO-
HOMWMYECKOro noTeHuMana Ha TeppuTopmax Kapenbckom ApKTUKY,
BK/THOUAIOT METOO bl PAaHIOBOW OLEHKM, MO3BOMAIOLIME OLIEHWTD BAM-
AHME HEKOTOPLIX MHOMKATOPOB Ha PAa3BUTVE YeOBeYEeCKOoro Kanmra-
na v NPOBEeCTM MPOLECC PaHXMPOBaHWA UCCeayeMbiX TepPUTOPRUIN.
BbigaBneHHaga B MpoLecce oLeHKW HeEPAaBHOMEPHOCTb PasBUTMNG Tep-
PUTOPWIM apKTNYECKOM 30HbI OLeHMBaeTCHd B pe3y/braTe MCMob-
30BaHMA TeopeMbl CXOAUMOCTK. [TonydeHHble pe3ynsTaTol ondpde-
peHUMaLUMKM MO3BONAT CAENaTh BbiBOAbl OTHOCUTENTBHO HEBBLICOKMX
nokasaTenen pacxoXoeHna parioHoB KapenbCKow APKTUKM MO Mo-
KazaTenaMm OLEeHKM 9KOHOMMYECKOro 1 YemloBeYeCcKoro noteHuymana.

KnioueBble cnoBa: pa3BuTHE, SKOHOMUYECKMM NMOoTeHUMan, 4eno-
BeuecKMM noteHuman, Kapenbckaga APKTWKa, paHroeaa oLeHkKa,
anddepeHuMaung, KOaPPMUMEHT OCUMINALUNMN, KODPPMUMEHT
Bapuaumu

ECONOMIC DEVELOPMENT OF HUMAN CAPITAL AND
INEQUALITY OF THE REGIONS OF THE AZRF IN THE AREAS
OF THE KARELIAN ARCTIC

M V. Moroshkinal

1 Institute of Economics KarRC RAS, Petrozavodsk, Russia (Ph.D. economy)
Maribel74@mail.ru

Abstract: The economic development of the regions of the Arctic
zone of the Russian Federation is formed as a result of the mutual
influence of the facts of economic and social nature. Human capital in
the territories of the Karelian Arctic is of particular importance in the
context of human-oriented social development. The main purpose
of the study is the assessment of human capital in the areas with the
preferential economic and legal regime of the AZRF of the Karelian
Arctic. The object is defined by the municipalities of the Republic of
Karelia, which are part of the Arctic zone of the Russian Federation.
The methodological approaches used to assess human capital
in the territories of the Karelian Arctic include the methods of
ranking, which allow assessing the impact of some indicators on the
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development of human capital and conducting the ranking process
of the territories under study. The uneven development of the areas
of the Arctic zone, revealed in the assessment process, is assessed by
using the convergence theorem. The obtained results of differentiation
allow us to draw conclusions concerning the low rates of divergence
of the Karelian Arctic regions.

Keywords: development, human capital, Karelian Arctic, ranking,
differentiation, oscillation coefficient, coefficient of variation

BBepeHue

Pa3BMTME SKOHOMUKM CTpaHbl Ha COBPEMEHHOM 3Tane NpoucxoauT B
YCAOBUAX ODOCTREHUSA BHELLIHWX W BHYTOEHHMX BbI3OBOB, KOTOPbIE ornpe-
AeNATCa SKOHOMUYECKMM, COUMANbHbIM M SKOMOMMYECKMM XapaKTEPOM.
B KOHTEKCTe CNOXXUBLUMXCA YCMTOBMI XO3AMCTBOBAHUA U YCUIIEH A HeCTa-
OWNBbHOCTW MOBaNbHOMO XapaKTepa BO3HMKaeT HEOOXOAMMOCTb MPOTUBOCTO-
AHMA CYLLIECTBYIOLLMM BbI30BaM. BaXKHbIM aCMeKTOM CHUMXKEH WA MOCNeNCTBMM
CINOXMBLUENCA CUTYALMM ABNAETCH MOUCK M MPeacTaBneHne MeporpuaTmm,
Moaenen 1 NoAxXoA0B K YMPaBleHMIO SKOHOMUYECKMM PAa3BUTMEM TEDPUTO-
prn. [Npouecc paszBUTUg onpenendeTca PasnMYHbIMKM MNOAXoA4aMM B paMKax
OOBEKTHO-OPUEHTUPOBAHHOW CTPYKTYPbl. B AaHHOM MccnegoBaHmMm ocoboe
BHMMaHWe yaendaeTca yrnpaBieH o NpoLeCcCoOM PasBUTUA apKTUHECKKX U Ce-
BEPHbIX PEMVOHOB MO HampaBleHWIoO TRYA0BOIO NoTeHMana. ApKTUYecKasd
30Ha Poccuimckon Gegepaln npeacraBngeT 0Ccobblv MHTepec A9 Pa3BUTUA
SKOHOMUKM CTPaHbl, YTO MOATBEPXKAAETCH Pa3paboTaHHbIMKM CTPaTerMYecKm-
MW W IPOTrPaMMHbIMUW OOKYMEHTaMK, Cpean KOTOPbIX CTpaTermsa npocTpaH-
CTBEHHOIO PasBuTUa Poccnimckom Genepaulin Ha nepuon oo 2025 rogal,
CTpartermm pasBuTUG APKTUYECKOM 30HbI%

B COOTBETCTBMM C AOKYMEHTaMM CTPATENMMUYECKOTO 3HaYeHWs 1 MCCneaoBa-
TeNbCKUM MHTEPECOM Y4YeHblX, 0ObeKTaM 0COBOro BHMMaHMA C TOUKM 3pe-
HUA yNpaBaeHMa CTaHOBATCA 0Ccobble reocTpaTermyeckre oObekTol Poccui,
K KOTOPbIM OTHOCATCA TEPPUTOPUA APKTMYECKOW 30HbI Poccuickon Genepa-
LI U TEPPUTOPUN, rpaHKyYaLllme co cTpaHam EC. OCOBeHHOCTbIO CEBEPHbIX
TeppuTopUI Pecnybnimki Kapenua, genatollen 1Mx BaxkKHeL M 0O6beKkToM
VccnenoBaHma aBnaetca oobegnHeH e B MX 3KOHOMMYECKOM MPOCTPaHCTBe
Cpa3sy ABYX reoCTpaTerm4yecKkmnx TeppmTtopui. B pesynsraTte MccneqoBaHme My-
HULMNaANWTEeTOB CceBepa W cpeaHen Yactu Pecnybnumkin Kapenuva npencras-
NAETCH aKTyalbHbIM, B TOM 4MC/le B KOHTEKCTE MHTErpaLMi 3KOHOMMYECKO-
rO MPOCTPAHCTBA MPUIPAHWYHbBIX, aPKTUYECKMX TERLPUTOPUIN EBPOMECKON
Poccunmn. CoBpeMeHHbIN Mepuon XapaKTepmnsyeTca HapacTaHWeM MpoTUBOpe-
UYMBbIX TEHOEHUMIM Pa3BUTUA CEBEPHbBIX aPKTUNHECKMX PETMOHOB W CEBEPHbIX
MYHULMAaNMTeToB Pecnybnukin Kapenma. C oAHOM CTOPOHbI, OpMUPYHOTCS
ONaronpPUATHbIE YCNOBUA aKTUBM3aLUMK 1 pean3alim MHHOBALMOHHOMO U
NPEeanPUHMMATENBCKOrO MOoTeHLMana TeppMTOPUI B COOTBETCTBMIN C Defe-
PaNbHbIM 3aKOHOM «O roCyOapCTBEHHOW MOAAEPXKKE NMPEANPUHMMATENBCKOM
NEATENBHOCTU B APKTUMHYeCcKon 30He Poccuimckom Qenepatnns’,

1 CTpaterma npocTpaHCTBEHHOIO Pas3BuTUA Poccuinckom @enepall Ha nepmon 0o 2025 rona
(Cc M3MeHeHnaMm Ha 16 gekabpsa 2021 roga) URL: https:/docs.cntd.ru/document/552378463?marker=65
6010, (nata obpalueHmna 29.03.2022).

2 Crpaterua pasBuTrna APKTUYECKOW 30HbI Poccri 1 obecnedeHiia HalroHanbHoM 6e3onac-
HocTm 0o 2035 roga. URL: https:/Mww.arctic2035.ru/, (oaTta obpatueHmna 29.03.2022).
3 denepanbHbIM 3akoH "O rocyaapcTBEeHHOM Nogaepyke npeanpHMMaTeNbCKOM AeaTeNbHO-

CTV B ApKTMYyeckow 3oHe Poccuiickon @epepaunn' o1 13.07.2020 N 193-D3 (nocnenHdaa peoakuma)
URL: http:/mww.consultant.ru/document/cons_doc_LAW_357078/ (naTa obpatueHunsa 29.03.2022).
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C Apyrov CTopoHbl, HabMtoOaeTca CyykeHMe BOCMNpOor3BOACTBa Yenoseye-
CKOro KamnuTana, mocteneHHasa TpaHchopMaLMa IKOHOMUYECKIMX, COLMarb-
HbIX, SKONOMMYEeCKMX YCNOBUM, KOTOpasa MPOaBNaeTCa B Ka4yecTBe M YPOoBHe
MeOUUMHCKOTO 0OCNy»KMBaHMa, obpasoBaHna 1 T.0. CNoxmBLIMeca Hebna-
roNPUATHbIE YCNOBWA MPUBOOAT K BbICOKOM MOMAPU3aLMM SKOHOMUYECKOTO
MNPOCTPaHCTBa KapenbCckon APKTUKK, B pe3y/ibTaTe KOTOPOWM HaceneHue 1 KO-
HOMMYeCKasa aKTUBHOCTb KOHLEHTPWPYHOTCA BOKPYT SKOHOMUYECKMX LIeHTPOB
— KOCTOMYKLICKOIO ropoaCcKOoro okpyra M r. Cerexa: ocTasibHble ParoHbl Xa-
PAKTEPUIYIOTCA HU3KUM YPOBHEM COLIVanbHO-IKOHOMMYECKOro passuTug [1].

B pe3ynsrate cNoxmBLLUMXCA YCNOBUMIM HabntogaeTca obocTpeH e oaHoro
V13 OrPaHUYeH M Pa3BUTUA SKOHOMUKK TeppPUTOPUMM — AedunlinTa Yyenoseye-
CKOro KanuTana, NpeacTaBleHHOro MOTUBMPOBaHHOW M KBaNUQULIMPDOBaH-
HoW pabodelr CUIoN.

O630p NUTEpaTypsbI

lccnegoBaHMlo apKTMYECKMX M CeBEPHbIX PerMoHoOB NMOCBALLIEHO OOMb-
LIOe KOMM4ecTBo paboT, KOTOpble C MO3MLMKM Pa3NMYHbIX MoKasaTtenem 1 mc-
MONb30BaHMA Pa3MNYHbIX METOAMK OLLEHUBAOT MX Pa3BUTHE [2,34]. BarkHbIM
HamnpaBleHeM OLEHKU MHOMKATOPOB, ONpeneAtoLIMX pa3BUTHUE DETMOHOB,
ABNAETCA OeTallbHOE MCCefoBaHve OTOeNbHbIX PaKTOPOB MMV TRYMMbl PaKTO-
POB, HA OCHOBaHWIM KOTOPbLIX POPMUPYIOTCA HamnpaBneHsa 1 MPOoLECCh! pas-
BUTWA TeppuTopun [5,6].

Ocoboe HanpaBieHne B peroHanbHOM 3KOHOMKKE 3aHMMAatOT CeBepHble
apKTNYEeCKMe pervoHbl, 0bnagatolime xapaKTepHbIM OCODEHHOCTAMM Pa3BU-
TMa. OyHOaMEHTaNbHYK OCHOBY Pa3BUTUA aPRKTUHYECKMX PerMoHOB COCTaB/A-
tOT OCBOEHMe 1 0obblYa MPUPOLOHbBIX pecypcoB: HedTW, rasa v T.4. [7,8]. Poccuii-
ckag @enepalna 1 POCCUMNCKUME CeEBEPHbIe PErvOHbl 3aHMMaOT YHMKaNbHOEe
nonoyxeHne B ADKTMYECKOM permroHe. MccnenoBaTenu akTMBHO M3Y4YatoT AaH-
Hoe HanpaBneHye [9] B KOHTEKCTE BOMPOCOB MEXXAYHaPOAHOro COTRYAHMYe-
CTBA, Pa3BUTUA OTPACMEBONO MPOM3BOACTBA, NMPUBIEYEHWA MHBECTULMI, Pa3-
BUTWA YenoBe4ecKoro Kanmrana 1 KagpoBoro obecneyeHms.

B Lenax pasBuTUG apKTUUYECKMX PermoHOB HEOOXOAMMO MCCeaoBaTh, pas-
BMBaTb, COXPaHATb YelloBeYeCKI KarmTas, KOTOPbIW B NnocregHee BpeMa B
coBpeMeHHOoM obLLecTBe NprobpeTaeT Bce OOofbllee 3Ha4YeHMe 1 OKa3blBa-
eT BNUAHME Ha pasfinyHble MPoLEeCChl SKOHOMMYECKOrO POCTa TERPPUTOPUN.
B pamMKkax AaHHOTO MccnegoBaHng YemoBeYeCKni Kanutan onpegenaercs
haKTopPOM MPOM3BOACTBA, CMOCOOCTBYIOLWIMM PAa3BUTMIO SKOHOMKKK, OOLLIE-
CTBa W ceMbM. B COBOKYMHOCTM BKIOYAOLLMIM TRYOOBbIE PECYPCHI 1M YDOBEHb
VX 06PA30BaHMA: 3HAHMA, YMEHWUA W HABbIKU, MHCTPYMEHTapuii Oaa UHTEN-
NeKTyanbHOro 1 ynpaBneH4YecKoro Tpyada, a Takke cpeay 00MTaHMA 1 »KIN3-
HededaTelbHOCTM. VIccnenoBaHme pas3BUTUAa YeloBEeYeCKOro Karmrana 1 ero
BNVAHMSA Ha MPOLECCH SKOHOMMYECKOTO Pa3BUTUA TERPUTOPUIM MPOCNEXIMBA-
eTCa B 3HAUYMTENbHOM KOMYECTBE PaboT POCCUIMCKIMX M 3aRYOEXKHbBIX YHEHbIX
[10,1112,13]. YenoBeyecKni Kanutan onpenenaeTcad COBOKYMHOCTbIO Pa3MNYHbIX
3HaHWM, HAaBbIKOB, CMOCOOHOCTEM, KoMneTeHUnM nogen [14]. BonblUMHCTBO MC-
crnenoBaTenen YKasblBatoT Ha BaXXHOCTb JaHHOIO HaMpaBfeHWa B rnpolecce
Pa3BUTUA NOOOM IKOHOMUMYECKOW cucTeMbl [15]. B paMkax 0aHHOrMo yTBepyKae-
HUA MCCnefoBaTeNaMm PaCcCCMaTRMBAKOTCA Pas3fidHble HarnpaBneHWsa OLEeHKM
YenoBeYeCcKoro KanmTtana, KoTopble BKIIOYAIOT UCCeloBaHMe KOMMYeCTBEH-
HbIX MHOWMKATOPOB, UMK OLIEHWBAIOTCA KadeCTBEHHbIe MOoKa3aTeu, No3BOdA-
OLLVIE N3YYUTb OMHAMUKKY ero pa3BUTUA. KonmMyecTBEHHble MHOAMKATOPbI AatOT
BO3MOYXHOCTb OLIEHWTL OObeMHbIEe MoKa3aTeNu, KoTopble onpenenaroT BO3-
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MOYXHOCTW MCMOMb30BAHMA YeTOBEYECKOrO KanmnTala B MpoM3BOLOCTBEHHbIX
npoueccax. K TaknM XapakTepucCTMKamM MOTYT OTHOCKUTBLCA YMCIEeHHOCTb Ha-
ceneHua, ypoBeHb MUrpaunm (BHyTpeHHeEN, BHeLIHeM), BO3SMOXHOCTU Mpu-
B/1e4EeHMA CneLUnancToB BbICOKOW KBanmMpukaumm 1 T.0. K KauecTBeHHbIM
XapaKTePUCTMKaM, OTPaXatoLWKMM YPOBEHb NpodecCcroHanbHbIX HaBbIKOB Ye-
NOBEYECKOro KanmTana, OTHOCATCH: YPOBEHb MOYyYeHHOro 00Pa30BaH Mg, CTa)K
MEOU3BOACTBEHHOW AEATENbHOCTM U T.A.

HemanoBakHoe 3HaYeH e OTBOOMTCA COCTOAHMIO YeoBEeYeCcKOoro Karnmra-
na, B pe3y/ibrate KOTOpOro oLeHMBaeTca GUsnyeckoe CoCToaHMe M crnocob-
HOCTb BbIMOHATDL MPOM3BOACTBEHHbIE 3a0a4M. K TaKMM XapaKTepucTMKaM
MOIYT OTHOCUTBCH BO3PACTHbIE MoKalaTeNn HaceneHnsd, KOMM4eCcTBO MNeHcu-
OHEPOB, MOMTOOEXKM, MPOXMBaIOLLEN Ha TeppuTopun [16].

B paMkax 60NbLUMHCTBa UCCAedoBaHum YenoBeYeckni kanmtan npusHa-
eTCa OCHOBHbIM PECYPCOM M pellatollM GakTOPOM Pa3BMNTUA SKOHOMMYe-
CKOW CUCTEMDI.

[Ona apKTMyecKx perMoHoB BOMPOChl GYHKLMOHMPOBaHWMA 1 0a3BUTUSA
UenoBeYecKoro Kanutana NprobpeTatoT akTyallbHOe 3HaYeH e B KOHTeKCTe
QYHKLUMOHMPOBaHWMA MOOMbILLUMIEHHbBIX W MPOM3BOACTBEHHbLIX CTRYKTYD U He-
0OXOAVMOCTU KBaNMPULMPOBaHHbIX Kaapos [17,18,19]. Poccumckaa ApKTrKa,
06Mafaa cypoBbIMU KNUMATUYECKMMK YCNOBUAMM, BICOKKM YPOBHEM YyOa-
NEeHHOCTM OT OCHOBHbIX LIEHTPOB, OKa3blBaeTca B popmaTte 0ObeKTUBHbIX TRYA-
HOCTEW, CBA3aHHbIX C HaNM4MeM 1 GOPMIUPOBaAHMEM YeToBEeYEeCKOro KanmTana
[20]. OueHKa TpyaoBOro 1 YenoBeyeckoro noTeHumana apKTM4ecKmnx permo-
HOB MPEACTaBAET BayKHYIO CTpaTerMyeckyro 3agady aad pasBuTtig 1 pocTa.
OCcoboro BHUMaHMA 3aCNy»KMBatoT BOMPOCH! M3YYeHUa YeNoBe4YeCKoro Ka-
NUTana B KOHTEKCTE TeppuTopmManbHbix ocobeHHocTer. Cneundrika pa3Bm-
TUA aPKTUYECKUX PEMVIOHOB MMEET O0LLIVE XapaKTePUCTUKK W HanpaBiaeHns,
CBA3AHHbIE C APKTNYECKUM W CEBEPHbBIM PACMONTIOKeHWEM. TeppUTopMIM, pac-
MOMOXKEHHbIE Ha MPOTIHKEH MW BCero ApKTiyecKkoro Cesepa, MMetoT OT1NY NG,
CBA3aHHbIE C TEPPUTOPMANbHBIM PACMONOKEHMEM, HAaTUYMEM MPUPOLOHbIX M
MNPOW3BOACTBEHHbIX pecypcos 1 T.4. [21]. B paMkax gaHHOro noaxona ocoboro
MHTEpEeCa 3aCy)KMBatoT apKTMnUyecKkme pervioHbl Pecnyonvkn Kapenma Beu-
Oy X reorpadryeckoro pacrnonoxeHns, YPOBHA SKOHOMMYECKOro pa3BUTUS.

MeToaonorusa

OCHOBHbIMW MEeTOA0NOTMYECKMMIM MoaxoaamMm ANd pelleHnsa nocraBieH-
HbIX B MCCNeOoBaHMK 3a4a4y BbICTYMakoT CUCTEMHbIN, MPOCTPAHCTBEHHDbIN 1
SKOHOMMKO-MaTeMaTU4eCcK Mogxonbl. MICnonb3oBaHHbIe MPUHLUMMBI MO3BO-
NFI0T PAaCCMOTPETb IKOHOMUKY Pecnybnumkim Kapenua, pervioHbl Kapenbckom
APKTVKIN B KOHTEKCTE Pa3BUTMA YenoBeYeckoro kanmrarna.

B kadecTBe aHanuTU4YecKoro Martepuana ona npoBegeHia oLeHKM 1 Mpo-
FHO3MPOBAHWA COLMaNbHO-KOHOMMYECKOrO Pa3BNTMA B paboTe MCMonb3y-
toTCA MHPOPMALIMIOHHO-CTAaTUCTUYECKME MaTepMarbl: CTaTUCTUYEeCKe AaHHble
PoccraTa, KapenuacraT, MHQopMaLumnd, MpeaoctaBnaemMadq rocyaapcrBeHHbl-
MU Cy>KOaMU 1 BegoMcTBaMu: MUHMCTERCTBOM 3KOHOMMYECKOro pa3BuTunS,
Cny>KObl 3aHATOCTM U T.A.

PaboTa ¢ MacCMBOM JaHHbIX OCYLLECTBNAETCA C MPpUMEeHeHMeM MeTOO0B
CTaTUCTMYECKOTO, 3KOHOMMYECKOrO aHanmsa, MaTtemMaTmnyeckoro Moaenmpo-
BaHWA.

B pamMkax MeTogoiorMyeckoro anmnapaTta B pabote OyayT MCMNOMb30BaHb|
MEeTOOMKWM MOCTPOEH A PAHIOBOIO KO3pdUMLIMEHTa 1 pacdeTa KOappuLMeHTa
BapuaLMM 0Na nokasaTenem apkTnyecknx permoHos Pecnybnmkim Kapenma.
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Icnonb30BaHVe PaHroBOro nokasaTena No3BoNuT OLUEHWTb PalioHbl Pe-
Cryonukm Kapenusa no HanpasieHnam pasBuTUa Ye1oBeYecKoro noTeHUu-
ana. B pamMkax gaHHoOW MeToOVKY MokasaTeny pas3genatoTca Ha ABa Braa C
MPOTUBOMOMOMKHBIM BAVAHWEM Ha MPOLECC Pas3BUTUA TeppuTopui. K nepso-
MYy OTHOCAT MoKa3aTesn, POCT KOTOPbIX MOATBEPYKAAET SKOHOMMUYECKOe pas-
BUTME, TaKMe MoKasaTeslM Ha3blBaloTCa MoKa3aTeNnu-CTUMYIAaHTbl, 3HadYeHne
paHral npucBarBaeTca paroHaM C HarboNbLIMM Moka3aTesemM. Ko BTopomy
TUMY NoKa3aTenem oTHOCAT MHOMKATOPbI, 3HaYeHMe KOTOPbIX YeM MeHbLUE, TeM
6onee BbICOKUIM YPOBEHb MMeeT TepPUTOPMA — MoKasaTeNnu-4ecTUMYIAaHThl —
3Ha4YeHMe paHra 1 nprucBamBaeTca paroHaM C HaMMeHbLUVM MoKasaTenem.
B pe3ynbraTe npuMeHeHrsa paHroBoW MeETOAMKM Oblf1v PaCCMOTREeHbl Cleayto-
LMe noKasaTenu: YMcNeHHOCTb HaceneHma, CpeaHecncoYHaa YMCIeHHOCTb
PabOTHMKOB, YMCNEHHOCTb 6E3PabOTHbLIX, MUMPALIMOHHbIN MPWPOCT, coeaHe-
MecaYHasa 3apaboTHaa NnaTa, MHBECTULUMM B OCHOBHOM KanwTan. B pa3pese
OaHHbIX MoKasaTenen nokasateneM - 4ecTUMyNaHTOM aBadeTca HAMKATOP
YMCIEeHHOCTY 6e3paboTHbIX; BCE OCTaslbHble MoKa3aTeny paccMaTpPMBaeMoro
CMKCKa ABNAtOTCA NoKas3aTenamMu, CTUMYTMPYIOLLIMMIM PpasBuTvE TEPPUTORUN.

CnenyroumM 3Tarom KCroNb30BaHUA PaHIoBOM METOOVIKM ABAGETCA onpe-
JeneHue cpegHero paHra, KOTopblv MO3BONAET BblOENUTb TEPPUTOPUM C MakK-
CMMalbHbIM 3HaYeHVeM ONa Pas3BUTUA.

EJ_ — %Z P )

roe

R, — paHripervoHa no nokasartento
N —4KC10 rNoKasartenen,
D/.J. - MoKasaTefb j, PervoH — /.

B kauecTtBe oLeHKM pa3bpoca nccaenyeMbix MmokasaTtenen B pabore npo-
BefeH pacdeT KoappuumeHTa ocuUMNIaUmm. KoappuumeHT oCcuMnNaumMm aHa-
NU3NPYET MeXXpervoHanbHyo gddepeHumalmnto, MoKasbiBad 4O pa3Ma-
Xa Bapmaumm Criy4amiHom mccrnegyeMom BeNUUMHbI Mo cpeaHeMy 3HadeHnHo.

KoadPUUMEHT OCUMINALUMM PaCCYMUTbIBAETCA MO GOPMYIE:

Coef =% 100% ()

roe

Coef — KOaPPULMEHT OCLMNNALNM;

X, _—3Ha4yeHue rnokasarens Hanbonee pPasBUTOro PermoHa;

x, . —3Ha4eHVe NoKasaTtesia HanMeHee Pas3BKTOro PeroHa;

X — CcpefHee 3HadeHue.

llccnenoBaHve MPOBOAMTCA B DAMKaxX CRAaBHUTENBHOM OLIEHKW CEBEPHbIX
APKTUNYECKMX PEMMOHOB 1 OMpeaeneHna ypoBHA MX HEOOHOPOAHOCTW. M3yue-
HVEe MexxparoHHOW amnddepeHUmaL v NPoBOANTCA Ha OCHOBaHWK MCMOSb-
30BaHNA TEOPEMbBI O CXOAMMOCTMN [22,23,24], B pe3ynsrate pacyeT KOaphmum-
eHTa o Bapuvaunu:

iy
_ ngl{xf xCp)

0, =—"= &
cp
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roe

6, — KOSPOUUMEHT Baprauyn, B MOMEHT BpeMeHU t,

x, - MOKasaTe/lb Pa3BUTUA CeBEPHbLIX aPKTUYECKMX PanoHOB Pecnybnikim
Kapenna (i —pernox),

i =1..n - KONWYECTBO NCCeayeMbIX CEBEPHbIX apPKTUYECKMX panoHoB Pe-
cnyonuvkm Kapenug,

X, — CpefdHee 3HaueHVe nokasaTtens passnTua.

Hanudme § — KOHBepreHumm onpeaenaeTca BbimoaHeHMeM cneayollero
HepaBeHCTBa:

EIt+T < 'E't ()

BoimonHeHme ycnoBua (2) mo3BONAET TOBOPUTL O HANTNUYMK 8 — KOHBEPIeH-
LWV M TOBOPUTL O MpoLecce cONMKeHna nM3ydaeMblx parioHoB KapenbcKom
APKTUKI MO MCCcenyeMblM MokasaTeaMm.

B pe3ynsrate npoBedeHHOro MccrnegoBaHg nonydyeHHaa oLeHKa pa3Bu-
TVA apKTUYEeCKMX paroHoB Pecnyonumkin Kapenma MoxeT ObiTb MCNoNb30Ba-
Ha A9 CTPaTEMNMUECKMX U MPOrPaMMHbIX JOKYMEHTOB, aHaMM3MPYIOLLNX Pa3-
BUTWE TEpPUTOPUI ApKTYeckoro Cesepa.

Pe3ynbTaThl

B pe3ynsbrate mpoBeaeHHOro nccaegoBaHua Obiv NpoaHa m3npoBaHbl
TeppuUTopUn KapenbCkom APKTMKI MO NMoKa3aTeNaM, XxapakTepusyroL MM pas-
BUTME YenoBeYeCKoro noteHumMana. PanoHbl Kapenbckom APKTUKM XapaKTre-
PU3YIOTCA Pa3INYHBbIMU YPOBHAMM COLIMANTBbHO-3KOHOMMYECKOIO Pa3BuTUA.
MPEVYMHOM HEPABHOMEPHOIO PA3BUTUA PAMOHOB ABMAETCA NOTEHLMaN Tep-
PUTOPUM (MPUPOAHbBIN, MPOM3BOOCTBEHHbLIN 1 YE10BEYECKU M), KOTOPBLIVM QOP-
MUPYyEeT BO3IMOXHOCTW O/19 DKOHOMMUYECKOIo pOCTa. Hanmyme pecypcHoro m
MNPOM3BOACTBEHHOMO NoTeHLMana obecneyrBaeTca 0ObeKTUBHbIMM Npenno-
ChIfTKaM K, KOTOPbIE POPMUPYIOTCA B pe3y/israTe TeppuTopMaibHbIX aCrMeKToB.
DopMMpoBaHME U CoXpaHeH e YeloBeYecKoro Kanmtana obecneympaeTca
MPUBAEKATENNbHOCTLIO TEPPUTORWN ON19 XKN3HEOEATENbHOCTM, KOTOPAaA MOXET
ObITb 0becneyeHa, B TOM YMCe, U permoHanbHOM NOANTUKOMN.

3HAYMMOCTb YeNoBeYeCKoro Kanmrana B BOMNpoOcax pPoCTa BbiCOKa, BBUAY
TOrO YTO Hanu4yme NpodeccrnoHanbHbIX 1 KBanMPULUMPOBaHHbBIX KaapoB Cro-
COOHO obecneunTb AMHAMMKY Pa3BUTUA TEPPUTOPUMK U COOPMIMPOBaTL NPea-
MOCBITKM 019 2KOHOMMYECKOro pocTa.

llccnegoBaHMe MPOBOAUTCA B KOHTEKCTE TEPPUTOPMAaNbHbIX 0Opa3zoBaHM
Kapenbckom ApKTUKKW: JToyxckit MP, Kemckmm MP, benomopckiin MP, Cerexx-
ckum MP, KaneBanbckiin MP, KocToMyKLWKcKMn [O.

B pamMkax mepBoro arana mccnegoBaHua NpoBoaMIach paHroBada oLeHKa
Mo nccnegyeMbiM TEPPUTOPUAM B KOHTEKCTE Da3BUTMA Ye/TOBEYECKOro Karm-
Tana. [na nposeneHua aHanuTU4ecKkx paboT Obin cobpaHbl CTaTUCTUYECKME
JaHHble Mo paccMaTpUMBaeMbIM TeppUTopUaM (Tabnuua 1).
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Tabamya 1
[MoKazaTenu 3KOHOMKYECKOoro 1 geMorpapuyeckoro passmTimg
parioHOB Kapenbckon ApKTnkiA, 2020 T.
PervoHsol HaceneHwe, | CpeaHe- Munrpa-
Kapenbckow | Tbic. Yer crimc. % pabo- Yumcon. Vpo- LMOH- cpeq. MHBECT B
APKTUKY YUCr. Taloll. Ha- | 6e3pa- BeHb HblM 3apab. OCHOBHOM
PaboTH, ceneHmny OOTHbIX, | 6e3pa- | Npwu- nnata, KanuTan,
yen B 0OLLIEN uen. 60oTKN- pOoCT pyo. MH.pYO
YCo. Lbl, %
KoctomyKLi- | 30,1 9016 310 121 13 228 71604 55078
ckmm IO
Benomop- 154 3236 21,0 314 8,8 -307 54897 664,
CKUm MP
KaneBanb- 6,06 1023 15,7 159 13,2 -15 47234 15,5
Ckum MP
Kemckini 14,3 449] 314 168 36 -16] 625635 | 2538
MP
Noyxckinin 108 2188 18,8 217 90 -97 598664 | 246,6
MP
Cerexckmm | 353 9827 28,0 468 45 -181 461538 | 3588
MP

*UCTOUHMK: JOHHbIE POCCTATA, COCTAB/IEHO ABTOLOM

M.V, MOROSHKINA

ViccnenyemMble TEPPUTOPUN MMEKOT Pas3fIMYHble TEHOEHUMW NoBeaeH s
Pa3NUYHbIX MokasaTenen. OOHW TEPPUTOP MK XaPaKTEPMIYKOTCA BbICOKOMN
UYMCNEeHHOCTbIO HaceneHma 1 cpeaHecncoYHOM YMCIEHHOCTLIO PabOTHM-
KOB OpraHm3au i, HO TakXKe BbICOKUM MUTPALUMOHHBIM OTTOKOM HaceneHma.
B TeppntopUanbHOM pa3pese Kaxkabl U3 paccMaTprBaeMbiX MHOMKATOPOB
OKa3blBaET pasfiMyHoe BAMaHMe. [ToKasaTenb cpegHemMecayHasa 3apaboTHAs
1074 B panoHax KapenbCKom APKTUKKW MMEET 3HaYUTENbHYO OMdPPEepeHLIm-
aLuMto, KoTopasd onpenenderca HalMvymeM npor3BOACTB Ha TEPPUTORKN pan-
OHa. B KOCTOMYKLLCKOM ropoaCcKOM OKpyre aklMoHepHoe obllecTBo «Ka-
PEeNbCKUMM OKaTblLL» onpeaendeT AMHaMMKY POCTa rnokasaTena, pe3y15TaToM
CTaHOBUTCS NTMAOMPYIOLLEA MO3NLNA TEPPUTOPUK MO OaHHOMY MOKa3aTesio.
MogobHaa cuTyauma HabnogaeTca NPW aHanmse noxkasaTtena MHBECTULMN B
OCHOBHOW KAMMTA/T: HanM4re ropHooboratnTenbHOro KoMbMHaTa AW MPo-
M3BOOMNTENSA YKee30PYOoHOMO Chlpba MpMBAeKaeT MHBECTULMOHHbBIE MOTOKM
Ha TeppUTOPUIO. [ToKa3aTenn MUrPaLMoOHHOro rpnpocta B 2020 1. B KOCTO-
MYKLLICKOM FOPOOCKOM OKpYre MMetoT MOMOXMNTEbHbIV TPEH, B OTIMYMe OT
OCTallbHbIX PAacCMaTPUBaEMbIX PaOHOB KapenbCKoM APKTUKA, YTO MO3BONAET
FOBOPUTL O BNAroNPUATHBLIX YCIOBUAX XM3HEOEATENbHOCTW, KOTOPbIE onpe-
OEenatTca 0oxoaoHow cocTasnatouer. Ocoboro BHMMaHMa TpebyeT nokasa-
Teb MUMPALMOHHOMO MPpUpPOCTA, PACCMOTREHHDBIV MO parioHaM KapenbCKow
APKTUKN, 3Ha4eHMe OaHHOro nokasarend npakrnMyecki BO BCeEX TeppUTORU-
aNbHbIX 0O6PA30BaAHUAX MMEET OTPMLATENbHOE 3HaYEeHKe, UYTO MOKa3blBaeT He-
NpVBAeKaTeNbHOCTb TEPPUTORUM A9 MPOXKMBAHWA HaceneHma 1 npeobnaga-
HWe OTTOKa HaceneHua. VICcKtoueH e coctaBnaeT KOCTOMYKLLICKMI FOPOLOCKOMN
OKPYT, B paMKax KOTOPOro HabntogaeTca NoaoxKuTeNbHaa TeHOeHUMa, CBA3aH-
Had C QYHKLMOHMPOBAHMEM MOPHO-000raTUTEIbHOIO KOMOMHAaTA, KOTOP LI
NpVBeKaeT TPYOOBble PeCcypChl Ha TEPPRUTOPMIO.

B pa3pese paccMaTprBaeMblx MokasaTtenen v MccienyeMbix TeppuTtopmn
Mo OONbLUMHCTBY MoKasatenem nManpyoLme Nno3muny 3aHmnmMaeT KOCTOMYK-
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LICKMI TOPOOCKOW OKPYT. [poBeNeHHOe parHXMpoBaHWe ParoHOB Kapesb-
CKOW ADKTUVKKM OMPENENaeT MeHee pasBuTole TeppUTopnin. CTOUT OTMETUTD, YTO
OTCTatoLLME PAVIOHbBI MO PA3/TMYHBbIM MOKa3aTeNaM HEOOMHAKOBbI. CErexcKimii
PaVoOH MomnaaaeT B OTCTatoLMe TeppPUTOPUIM KapenbCKom APKTUKK MO MoKa-
3aTento cpegHemecayHasa 3apaboTtHag rnaata. NAO «Cerexka [pynn», kKoTopoe
aBnaeTcd rpagoobpasyoLM NeconPOMbILLIEHHBIM MPeanpPUATEM paroHa,
He obecneyrBaeT BbICOKWMM YPOBEHb CpeHeMecaYHOoM 3apaboTHOW NNaThl.

ICMoNb30BaHMeE PaAaHTrOBOro METOOA MO3BOTNT OLUEHUTL BIMAHME PA3/TNY-
HbIX GAKTOPOB Ha IKOHOMUYECKOE Pa3BUTUE M COCTaBUTb PAHTOBYIO OLLEHKY
AaHHOro npouecca (tabnmua 2). B pamMkax pacyeTa paHroBow OLEHKW 1 paH-
YKMPOBAHMA PEMMOHOB MCMOMb30BaNMCh MoKasatenmn: % paboTaroulero Ha-
ceneHusa B obLer YCIeHHOCTH, YpOoBeHb 6e3pab0THLbl, MUTPALIMOHHbBIV
MpPUPOCT, CpeaHeMecayHas 3apaboTHAS M1ATA PAOOTHMKOB OPIAHM3ALINM,
WMHBECTULINIM B OCHOBHOW KATATA/.

Ta6amuya 2
PaHroBada oLleHKa palioHOB KapenbCkon APKTUKI MO SKOHOMUYECKMM MOKa3aTenam
PervioHbl KapenbCcKom APKTUKA PaHr
KoctomykLickmim O 15
benomopckmnn MP 25
Kemckumm MP 32
Cerexxckmm MP 32
JToyxckunm MP 35
KaneBanbckuimt MP 37

*JCTOUHMK: AAHHbBIE POCCcTaTa, COCTAB/IEHO aBTOPOM

PaHroeasa olLeHka onpenenuna Hambonee pasBUTbIV panoH KapenbcKow
ADKTNKIN B pe3y/isTaTe OLEHKIM COBOKYMHbBIX MOKa3aTtenen. JTManpy oL MM pam-
OHOM aBndeTca KOCTOMYKLUCKMM [O, KOTOPbIM B pa3pese paccMaTpmMBaEMbIX
PaOHOB MMEET Harbonee BblCOKMM YOOBEHb Pa3BUTUA.

BakKHbIM HampaBneHmeM oLeHKM perioHanbHoW auddepeHumaumm a8na-
eTca UccrefoBaHre OTKIIOHEHWI OT CPEeOHEro 3Ha4yeH s, KOToOPble Mo3BOsIA-
OT OMNPENENNTb PA3PbIB MeEXY ParioHaMKM. Hanmyme paspbiBa M NPOLIEHTHOE
COOTHOLEHMe onpeaenaeTca Npwv MOMOLLKM pacyeTa KOSODULMEHTa OCLIWI-
naummn (opmyna 2).

Tabnmya 3

OdrHamMurKa koaddMLUMEHTa OCUMNNALMM MO parioHaM KapenbCkow APKTMKMA
KO3 oCcLMNNALMMN 2013 2014 2015 2016 2017 | 2018 2019 2020
YMCNEHHOCTb HaceneHma 1525 153,2 1541 1541 154,35 | 1547 | 1538 1531
CpefNHecnmMcoYHagd YMCNeHHoOCTb 338 331 338 353 370 374 30,4 36,9
COTPYAHMKOB
YMCIEeHHOCTb 6e3PaboTHbIX 1339 93,2 124.6 90,0 1029 11019 126, 1439
cpegHeMecayHad 3apaboTHaqa 538 496 50,2 50,3 511 420 423 446
nnata
NHBECTULMIM B OCHOBHOW KanuTan 3434 2382 | 3877 3069 | 4201 | 3570 |3207 |-
MUTPaLMOHHDBIV MPUMPOCT -174.5 -2313 | -1677 -168,5 | -142,0 | -1639 | -602,3 | -

*cTOYHMK: AQHHbBIEe POCCTATA, COCTAB/IEHO aBTOpPOM

M.V, MOROSHKINA
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Hamnbonee BbICOKMI YPOBEHb Pa3pbliBa HabMO4aeTCa MO Moka3aTento MH-
BECTULIMN B OCHOBHOW KAMMTA/I, YTO MO3BOMAET CAENaTb BbIBOA, O BbICOKOM
YpOBHEe pa3bpoca B paMkax OaHHoro nokasarena. CamMbi HU3KMM YOOBEHD
pa3bpoca BbIABAEH Yy MoKasaTena cpegHecrnmcoYHas YMCIeHHOCTb COTRYA-
HMKOB, ONpenenaa OTHOCUTETbHOE PAaBEHCTBO B KOHTEKCTE 0aHHOIo MoKasa-
Tenq (tabnuua 2).

[NMpoBeaeHHOe nccnefoBaHme OCHOBHbBIX COLUMaNbHO-3KOHOMMYECKMX MO-
KasaTenew no panoHaM KapenbCKom APKTNKI BbIABUIO BbICOKUIM YOOBEHD
HEeOOHOPOOHOCTU TePPUTOPUN. OLIeHKa YOOBHA TEPPUTORMANIbHOM HEOQHO-
POOHOCTM PariOHOB KapenbCKoW APKTMKI MPOBOOAMTCA Ha OCHOBE pacyeTa KO-
2PPULMEHTa BapUaLMM MO MoKasaTeNaM S9KOHOMUYECKOro pa3BUTUA; OCHOB-
HOWM aKLeHT OyaeT caenaH Ha NokasaTen Pa3BUTMA YeToBeYeCcKoro KanuTana.

OCHOBHbIe MoKa3aTesin, Mo KOTOPbLIM MPOBOOMICA aHaNM3 TeppUTopnia J1o-
yxckoro MP, Kemckoro MP, benomopckoro MP, Cerexxckoro MP, KaneBanbCKo-
ro MP, KOCTOMYKLLUKCKOTO [O, BK/IFOYAIOT NoKasaTes M Pa3BUTUA Ye/T0BEYECKOro
KanuTana: YMCc/1eHHOCTb HACEIeHNE, CPEAHECTTNCOYHASA YNCTEHHOCTE PABOT-
HUKOB, YNC/TEHHOCTE 6e3pab0THbIX, CpeaHeMecI4YHAs 3apaboTHAS M/1aTa.
B MeToamKy OLeHKM Obl BKAOUEH MokasaTtelb MHBECTMLVK B OCHOBHOW Ka-
MTan, MO3BOMAKOLIVN OLEHWUTL Pa3BUTME TEPPUTOP M.

[ony4deHHble pe3yTaThl MOKa3blBatOT HEOAMHAKOBOE NoBeaeHme KoOad-
dUUMeHTa Bapuvaumm B parioHax Kapenbckom ApKTUKM. OLeHKa HeoaAHOPOO-
HOCTWM MO MoKa3aTento YMC/IeHHOCTb 6e3pabO0THbLIX OEMOHCTPUPYET POCT pe-
MMOHANbHbBIX Pa3INYMIN, YTO MO3BOMAET TOBOPUTL O HEOOMHAKOBOW CUTYALIMMN
C YMCNIEHHOCTbIO 6e3PabOoTHbBIX B Pa3NYHbIX pakoHax KapenbCKom APKTMKM.
OOHW PaMOoHbl MOKa3bIBAKOT BbICOKYHO YMCIEHHOCTL ©6e3paboTHbIX (Benomop-
ckt MP, Cerexxckmit MP), opyrme cpaBHUTENbHOW HEBBLICOKYHD (KOCTOMYKLL-
ckumm 1O, KaneBanbckiit MP).

1o MoKasaTenaM Yuc/ieHHOCTb HACeNeHWs N CPeqHeCMCOYHAT YNCTTEH-
HOCTb PABGOTHUKOB KOSDDUNLIMEHT BapUaLM MMEET YCTOMYMBBLIV TPEeHM, YTO
MO3BOMFET rOBOPUTbL O CTaOWIbHOCTW OaHHOIo NokKasaTena B panoHax Ka-
PENBCKOW APKTUKI. CTOUT TakKe OTMEHUTb He3HaYMTeNbHOEe COKpalleHmne
Pa3pbIBa B palioHax KapenbCKom APKTUKK MO MokasaTento cpeqHemMecadyHas
3apaboTHag rnaaTa.

P 3 — o =" —lr i —=" A
e
\_.I
% — % 7 —{ {1 O— §—_
Mo e — e e T
== UIICIeHHOCTE HacelIeHIT +CP€JIHCCHHCO‘IH&H YHCIIeHHOCTh pa60’['[{m{013
== UICIEHHOCTS 0e3pabOTHRIX == CcpeIHEMeCTIHAs 3apa00THAs IUIaTa

=== HBECTHIIHI B OCHOBHOH KaIHTaI
PucyHok 1— AMHAMMKQA KO2QPULNEHTA BAPUALINM,
PACCYNTAHHAS MO PA3/IMYHbBIM MOKA3ATE/IIM, MO PAVIOHAM KapesibCKOW APKTUKU
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B pe3ynbrate 4aHHOoro Gakrtopa Mbl MOXEeM FoBOPKTb O CHIVDKEHWIV Pa3HU-
Libl MeXKay MccnegyemMbiMim TeppuTopuamMi. NokasaTenb YUc/1eHHOCTb 6e3-
pa6OTHLbI MOKa3bIBAET YBENMYEHVE Pa3pbiBa MEXAY MCCNedyeMbiMU perv-
OoHaMun. Hambonee HeycToM4ymMBoe noBeaeHe JeMOHCTPUMPYET NokasaTe b
WHBECTULINN B OCHOBHOW KAMMTA/I, MOKa3blBad Ha OTAEbHbIX NMepuroaax 1c-
cnefyemMoro BpeMeHHOro MHTepBana MNpoMexyTKW CXOOVMOCTU, PacxoamMMo-
cTn. CKaukoobpasHoe nosefeHre koaddrLreHTa BapraLyi Mo NoKasaTesnto
WHBECTULINM B OCHOBHOMW KAMMTA/T MO3BONAET CAeNaTb BbIBO, O TOM, UTO Ha
NPOTAXKEH MM MCCNEea0BaTeNbCKOro Neprona M3MeHeHMe 3KOHOMUYECKMX \yC-
NOBUIN BbI3bIBANO Pa3MYHYIO PeaKkLMIo PaoHOB KapenbCKo APKTUKK, B pe-
3ynbraTe Yero HabaogaeTca nogobHoe noseneHve.

BbiBOAbI

[NpoBefeHHad OLEeHKa 3KOHOMMYECKOIo PasBUTUA YeTOBEYECKOro KanumTa-
Na onpenenna BblICOKMM YPOBEHDb HEOOHOPOOHOCTM PaoHOB KapenbCKom
APKTUKN, KOTOPAaa MPOCEXMBAETCA Ha MPOTAXKEHWMN OECATUNETHETO MNepuo-
Oa. ViccnengoBaHmg coUManbHO-3KOHOMMNYECKMX MHOMKATOPOB Pa3BUTUA Bbl-
ABUNW 3HAYUTENbHbIE Pa3NMYMa MO UCCeayeMblM TeppuTopuam. Harbonee
BblCOKMe MoKasaTenu pa3BUTVAa HabMoaaroTca Ha TepPUTOPUAaX, B paMKax
KOTOPbIX GYHKUMOHMPYIOT pa3BUTbie MPOM3BOACTBEHHbIE KOMMMEeKChl, obe-
crneymBatoLme yCToMYMBoe pa3BuTme TeppPUTOPMM 1M OONbLUMHCTBE DKOHO-
MMYECKMX MOoKa3saTenen. B KOHTeKCTe pacCMaTPUBaEMbIX PAVIOHOB TMOEPOM
apngerca KocToMyKLWCKUM O, Ha TEPPUTOP UM KOTOPOTO GYHKLIMOHUPYET rop-
HooboraTUTENbHbIM KOMOMHAT AO «KapebCKMi OKaTbILL», AeATENbHOCTb KOTO-
POrO BIMAET Ha OCHOBHbIE MOKasaTe/ 1M SKOHOMUYECKOro poCTa TEPRUTOPUN.

[MpoBeneHHasa B MCCNeNoBaHMM PaHIoBasd OLEHKa W NocieayroLee paH» -
POBaHKME PacCMaTPUBAEMbIX TERPPUTOPUIM MOKA3bIBAET, YTO HaM4YMeE KPYMHOMO
MNPOW3BOACTBEHHOIO MNPEeanPUATMA CMOCOOCTBYET MONOKUTENbHBIM TEHOEH-
LMAM SKOHOMMYECKOTO Pa3BUTNA U MO3UTMBHO BIMAET Ha POPMUPOBaHME U
Pa3BUTME YelTOBEYEeCKOro KanumTtana. anbHenee pacrnpegeneHmne panoHos
KapenbCKon APKTUKK MROUCXOOMNT COOTBETCTBEHHO SKOHOMUMNYECKOMY MOTEeH-
LMany Tepputopnm, HanM4Ymio NpmpogHbIX PECYPCOB M YPOBHIO SKOHOMMYEe-
CKOW aKTMBHOCTU 1 T.[0.

BbigaBeHHaa HeEOAHOPOAHOCTb PAaMOHOB KapenbCKoW APKTUKK MOM-
TBEPXKOAETCA OLEHKOW OTKITOHEHWA OT CpeHero 3HadeHna KoapduLUMeEHTOM
ocuMnNaumm. CTabunbHbIM POCT pa3pbliBa Mexay pavioHaMun HabnogaeTcs
Mo MokasaTento YmcieHHoOCTH 6e3paboTiibl ¢ 2016 T, 4TO XapaKTepum3yeT 3KO-
HOMWYECKYHO CUTYaLMIO B paccMaTpmBaeMblX parioHax. B KoctomykLikom O
YMCNEHHOCTb 6e3PpaboTHbIX, Kak 1 YPOBEHb 0e3paboTuLbl, MMEeEeT YCTONY K-
BYIO TEHOEHLMNIO K CHDKEHMIO Ha MPOTHKEHUM PAaCCMaTPUMBaEMOro Nnepmo-
fa. Habnogaemble B KocToMyKLICKOM [O BbICOKME MoKasaTem aKoHOMUYe-
CKOIO PasBUTUE, B CPaBHEHWMM C APYTMMU permoHamMm KapenbCKom APKTUKI,
MO3BONAIOT ONPEeNeNTb OCHOBHbBIE PaKTOPRbl SKOHOMMUYECKOIO POCTa Tepp -
TOPUKW — Halnn4yme npomn3BOACTBEHHOIO KOMTIEKCA.

[Moon3BoOaOCTBEHHAA OEATENbHOCTD, €€ PeHTAabeIbHOCTb M 2MPEKTUBHOCTb
aBngeTca ogHUM M3 GakTopoB, 0becneymBatoLLMX TEPPUTOPUIO MOTEHLMa-
NIOM ANF pa3BUTMA, OOHAKO OaHHOE HamnpaBfieHe He 9BN9eTCca eAUHCTBEH-
HbIM. B cocTaBe paloHoB KapenbcKo APKTUKIM He BCe parioHbl obecrnedeHl
MPOM3BOACTBEHHbBIM KOMMIEKCOM, CMOCOOHBIM CTUMYMMPOBaTL POCT COLLM-
ANTbHO-3KOHOMMYECKMX MoKasaTenem Tepputopui. Onga apyrix Tepputopnii
BO3MOYKHOCTAMU KOHOMMHYECKOrO Pa3BUTUA MOryT ObITh lecogobbiBatoLLme
MPOM3BOLCTBA U MX Pa3BUTME 1 yBeTMYeHMne HanpaBieHn Mpor3BOACTBEH-
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HOW 0eaTelbHOCTM. BayKHbIM HamnpaBneHreM 3KOHOMUYECKOro pocTa Teppu-
TOPW MOXKET ObITb CTUMYMMPOBaHME SKOHOMUYECKOW aKTUBHOCTM, B PaMKax
KOTOPOrO MPOUVCXOAMT Pa3BUTHE MPOW3BOACTBEHHbIX W MpeanpuHMMaTEb-
CKUI CTPYKTYP, YTO MOBLILLAET YPOBEHb U KaYeCTBO YKM3HW HaceneHusa 1 npu-
BOOWT K MOMOXKUTENbHbBIM MOKa3aTeNaM Pa3BUTUA YenoBeYeckoro KanuTana.

BbigBneHHaa B MCCNenoBaHy HEOOHOPOOHOCTL PaMoHOB Kapenbekom Ap-
KTUKW OLL@HMBaNach C Mo3MLUMK SKOHOMUUYECKMX MHOMKATOPOB, KOTOPbIE MOKa-
3bIBAIOT pasnmuHble TeHAeHUMM 1 AMHaMKKY. B paMKax OLeHKM HepaBeHCTBa
PaMOHOB OTMeUYaeTCa CPaBHUTENBHO YCTOMUMBOE NOBEdeH e paccMaTprBae-
MbIX MHAMKATOPOB OLIEHKIM YeTOBEeYeCKOro Kanmrana, oTMedaeTca OTCyTCTBME
VM3MeHeH M. PoBHaa AMHaMyKa MNO3BONAET rOBOPUTL O CTabUM/IbHOM Pa3BU-
TUM YenoBeYyecKoro KanuTana B parioHax KapenbCkow APKTUKYL
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AHHOTauMUA: B CTaTbe PacCMOTREHDBI MPUPOAHbIE GaKTOPLI, BMUAO-
Ve Ha HaBUMraLUu 1M OCBOEHWE MUHEePanbHbIX PecypCcoOB eBPa3nii-
CKOro apKTM4yeckoro wenbda Npu HabntoaatoLeMca CoOKpalleHMM ne-
JAHOrO MoKpoBa B Mopax CeBepHOro JlegoBMToro okeaHa. [NposegeH
aHanM3 NoTeHUMaNbHOO BIMAHKWA HEKOTOPbIX TMADOMETEODOMOT MYe-
CKMX aKTOPOB Ha M3MeHeH WS YCIOBKM XO3AMCTBEHHOW AeATENbHOCTM
B APKTMKe. [ToKazaHOo, 4To NP onpenenéHHbIX CUHOMNTUYECKIUX CUTY-
aUMax NefnoBble YCNOBMA Ha OTAEbHbIX YYaCTKax Tpacchl CMITT MoryT
CYLLIECTBEHHO YXyALLaTbCA, AaXke MPW 0bLLEM YMEHbLIEH W N1eJ0BUTO-
CTW B DOCCUMCKMX aPKTNYECKINX MOPAX.

AKTNBM3MPOBANMCh MPOLECCH], KOTOPbIE paHee npoTekani AocTa-
TOYHO MeafeHHo. HanpurMmep, Habntogaemoe noTenneHme Npreeno
K MOBbILLEHWIO NefoMNPOOYKTVMBHOCTY BbIBOAHbLIX TEOHMKOB apKTUYe-
CkWx apxmnenaros 3OV, Hoeaga 3emMnd, CeBepHada 3emM1a. 3TO B CBOO
ouepeb NPUBENO K yBeNMUYeHMo amcbeproB 1 KX 0ONOMKOB Ha MyTax
M1aBaHMAa CyO0B W MOBbILLUEHWIO ancObeproBon ornacHoCTU. YBenude-
H1e Nnouwaamn OTKPLITOW BOAbI CTalIo MPUBOOWTL K YBEMMHEH IO A/TMHbI
Pa3roHa, CKOPOCTW TeYEeHUIM, BENUYMHbBI HEMEPMOAMYECKIMX KOleba-
HM YPOBHA 1 Pa3MepOB BbICOTHI W ANTVHbBI BETPOBLIX BOMH B LUTOPMAaX.

ABTOpaMu caenaH BblBOO O TOM, YTO MPK OOLIEM U3MEHEHWM fe-
JOBOIO PeXXMa MOper B NTETKYIO CTOPOHY MO LIeNOMY PAfy MokasaTte-
Nen, TaKUX Kak MHTEHCMBHOCTU OYULLIEHNS aKBATOPWKW, NedOBUTOCTH,
YBEANYEHMIO MPOOOMKUTENBHOCTM 6e3n1eaHoro neprona, B oTaeb-
HbIX DAVIOH3X aPKTUNHECKMX MOPEW 1 Ha NTOKalIbHbIX YH4aCTKax rnaBa-
Hua CMIT MoyeT HabNaaThCa YXyALleHMe HaBUrauoHHow obcTa-
HOBKW. YBeNM4YeHre NoBTOPAEMOCTU KPUTUUECKINX 3HAUEH I LIeNOoro
pPA4a NefoBO-TMOPONOIMYECKKMX XapaKTepUCTUK (ancbepri, TedeHuns,
BOSIHEHME, Ko1ebaHMa YPOBHA) B LIENOM MPUBENN K YCTOXKHEHWIO YC-
NOBNW 1 BO3HUKHOBEHUIO HOBbIX PUCKOB /19 XO39MNCTBEHHOW Ned-
TENBHOCTU B ADKTMKE, YBETUHYEHMIO HArpPy30K Ha MMOPOTEXHMYECK e
CoopyeHua. BMmecTe ¢ TeM pocT obbemMa nepeBo3ok no CMI oaHo-
BOEMEHHO C M3MeHeHWeM NefoBO-TNAPONOMMYECKMX XaPaKTePUCTUK
VI MoABNEHMEM HOBbIX DMCKOB CO34aeT YC/10BMA, CNOCOOCTBYOLLME OO-
nee ObICTPOMY PACMNPOCTPaHEHMIO HEPTAHbBIX 3arPA3HEeH I MPW aBa-
DUHbBIX Pa31MBax.

Knio4yeBble cnoBa: ApPKTUYeCKUM wenbd, rmapoTexHudeckme
COOPYYKEHMA, HAaBUIraLMa, noTenneHme APKTUKM
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Abstract: This article considers factors that influencing navigation and
mineral resources exploration on the Arctic shelf taking into account
observed sea ice reduction. An analysis was made of the potential
impact of some hydrometeorological factors on changes in the
conditions of economic activity in the Arctic. It is shown that under
certain synoptic situations, ice conditions for navigation in certain
sections of the NSR route can significantly deteriorate, even with a
decrease in the total ice cover in the Russian Arctic seas.

Processes that previously proceeded rather slowly were activated.
For example, the observed warming has led to an increase in the ice
productivity of the outlet glaciers of the Arctic archipelagos of the
Franz Josef Land, Novaya Zemlya, and Severnaya Zemlya. This led to an
increase in number of icebergs and their parts on the shipping routes
and higher iceberg danger. The area of open water has increased. It
caused an increase in the speed, wind, currents, magnitude of periodic
fluctuations and the size of the wind waves during the stormes.

The authors have concluded that the deterioration in the navigation
situation can be observed despite of the increasing of the ice-free
period duration in some areas of the Arctic seas and the Northern
Sea Route. An increase in the frequency of critical values of icebergs,
currents, waves and level fluctuations in general led to a more
complicated environment for the economic development of the Arctic
shelf and a growth in the load on hydraulic structures. At the same
time, the growth in traffic along the Northern Sea Route with a change
in the ice-hydrological characteristics creates conditions providing
more rapid spread of oil pollution during accidental spills.

Keywords: Arctic shelf, Arctic warming, hydraulic structures, navigation

BBeaeHue

Tekylee rnobanbHoe UaMeHeHre KnmMmaTa, B KOTOpPOM npeobnanaet
POCT TeMMnepaTypbl BO34yxa, B HavbonblUew cTeneHn 3aTPOHYN0 ARKTUKY,
B KOTOPOW MHTEHCMBHOCTb 3TOrO MPOoL/ecca CyLLEeCTBEHHO BblLLE MO CpaB-
HEHWIO C YMEPEHHbBIMMN LIMPOTaMi. Korga B TaKOW CMTOXXHOM CUcTeMe, KakK
«OKeaH-nef-aTMocdepay, MPOMNCXOONT CYLLECTBEHHOE 1 YCTONYMBOE M3MeHEe-
HWe OOHOro NapaMeTPa, HanpuMep, TeMnepaTypbl BO34yxa, TO 3TO eCTeCTBEH-
HbIM 0OPAa30M BIEYET 3a COOOM M3MEHeHre OPYyrMx NapaMeTpoB CUCTEMDI.
B HambonblUen cTeneHmn notenneHme Bosayxa, Kak 1M cnegoBanno oxnaoaTh, KOc-
HY/1OCb fledaHoro nokpoa CeBepHOro JlegoBuToro okeaHa (CJ10) n ero Mo-
pen. KoappuuUMeHT KOppenaumm Mexxay CyMMapHOM NeTHeN TeMnepaTypom
BO3yxa B LUMPOTHOM 30He 70-85°C.1u. 1 nnolanbio Nbaos 8 C/1O B ceHTAbpe
paBeH -0,93 [1], XxoTa caM MexaHW3M 3TOro BAVAHKA eLlé OCTaeTcqa He Mcche-
AOBaHHbBIM 1 00 KOHLA MOHATHLIM [2]. [ToW 2TOM Takxke Hago NPUHKMMaTh BO
BHMMaHMe HabnogaemMoe HapylleHne CTaluMOHapHOCTM B MEXIOO0BOM 13-
MEHYMBOCTI MNOLaon NeaaHoro noxkposa [3].

[Mpowcxoggdllee nortenneHre, mMoOMMMO NedaHOoro MNoKPOBa, OKa3biBaeT B/M-
aHne 1 Ha Apyrme rapoMeTeoporiormyecKime xapakrepPucTUKA 1 MpoL,EecChl.
ECTeCTBEHHO, UTO BCE 3TU M3MEHEH NS, KaK BEPHO OTMEeYeHO B [4], HOCAT pas-
HOHaMPaBEHHbIV XapaKTep 1 OKa3blBatoT 3aMETHOE BMAHME Ha NOTUCTUKY
MOPCKMX OMepaLmm, SKOHOMUYECKYIO CUTYaLMIO B LIENTOM, MPUYEM He TOSb-
KO B apKTUYECKOM PEermoHe, HO 1 JaneKo 3a ero npegenamMmu.

OLEHKM SKOHOMUNYECKMX MEPCNEKTUMB apPKTUYECKOrO PEMIOHA Y Pa3HbIX aB-
TOPOB CUSTbHO PA3IMHYAIOTCA: OT OXKMAAEMOM SKOHOMUYECKOW SPPEKTUBHOCTH,
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MOPAAO0K KOTOPOM OLEHMBaeTCA B MUAMapabl pyonew, CBA3aHHOM C yrydlle-
HVIEM YCNOBUIA MNaBaHna 1 OCBOEHMEM MPUPOAHbBIX PECYPCOB, 40 TAaKOro »e
pOOa PacxodoB, CBA3aHHbIX C HEOOXOAMMOCTbIO MOAEPHM3aLWK OeperoBow
VHOPACTPYKTYPLI, YKpenneHma GyHOaMeHTOB COOPYXKEH M U NNKBUOALMMN
aBapui 13-3a gerpagaun MHOroneTHeM Mep310Thl M BO3MOYHbIX HeraTuB-
HbIX BO34ENCTBUI Ha DKOMOIMMIO 1 OMopasHoobpasme.

Llenb nccnepoBaHum

ObLEenpPUHATOM METOAVKM OLIEHKM SKOHOMMYECKIMX MOCNeACTBUM OT 13-
MeHeHMA KNMaTa B APKTUKe eLLé He BblpaboTaHo, MHade TpyOHO OObACHUTb
KapOWHanbHble pacxoyxxaeHua oueHoK. OgHOM M3 MPUYMH TOMY ABIAETCA He-
JOCTaTO4HOE MOHMMaHKe MPOUCXOOALLMX MPUPOOHBbIX MPOLECCOB, @ 3HaYUT
VI CNOYHOCTW B COCTaBMeHW OONTOCPOYHbBIX MPOrHO30B M MPUMEeHEH MM Ma-
TemMaTunyeckux Mogenen. Tak, Npu MogenmpoBaHmM NOrMCTUYEeCKX onepa-
L B APKTUKE Ha CTaHOapTHbIe MoOenu HakMafblBaeTca nopdanKa AeCATKa
OrpaHnYeHnM, BbI3BaHHbLIX CNeUMPUKOM pervoHa, B TOM Ycie 1 BINAHMeM
MPUPOOHbBIX GAaKTOPOB Ha COLWMAaNbHO-3KOHOMMYECKME XapaKTePUCTUKM [5].
Ho, C Apyrov CTOPOHbI, 3TO OOCTOATENBCTBO OTKPLIBAET LUMPOKME MEPCNEKT-
Bbl A/19 COBEPLUEHCTBOBaHMA Moaenem 1 BblYMCIUTENbHbIX aifopMTMOB [6].
EcTecTBeHHO, YTO O/19 3TOro HeOOXOAMMO 3HaHMe MPUPOAHbIX MPOLLECCOB U
BepHoOe onpegeneHre Gaktopos, Ha HUX BIMAROLLMX.

Icxoaa 13 3TOro, Lesbio HacToaler paboThl 9BAdeTca MccnegoBaHmve BAu-
AHUA NMPUPOOHbBbIX PaKTOPOB, OKa3blBaOLLMX BO3OENCTBME Ha HaBUraL MO, N10-
rmcTmydeckme onepaumn M oCBoeHMne KOHTUHEeHTaNbHOro wenbda B Mopax
Poccrmckom APKTUKIM B YCIIOBUAX TEKYLLETO M3MEHEH A KNMaTa. [1OCKOb-
Ky TakMe MCccnegoBaHa BeCbMa OObEMHDbI, Ha MePBOM 3Tarne aBToPbl OrpaHu-
YMNCh KaYeCTBeHHbIM aHaM30oM, UToObl Moy4YnTb 0DLLee NpeacTasneHme o
XapaKTepe 3Toro BAUAHUG.

daKTopbl, BAUAIOLLMNE HA MOPCKOM TPAHCMOPT U rMAPOTEXHUYECKUe

COOPYXXEeHUSl HA KOHTUHEHTAsIbHOM LWenbode

Bce npvpogHble GakTopbl, BMUAOLME Ha CYOOXOACTBO, MOrMCTMYeCKmne
onepaunm, MPoeKTnPoOBaHWe, CTPOUTENBCTBO M QYHKLIMOHMPOBaHWE raopo-
TEXHUNUYECKMX COOPYXKEHWI Ha KOHTUHEHTaNbHOM Wenbde, MOXKHO pa3bunTb
Ha HECKOMBbKO rpynm. [NMPUMeHUTENBHO K YCTOBUAM RacCMaTpMBaEMOM HaMU
3a0a4n, Harnbonee BaXKHbIMK ABNAI0OTCA METEOPONOIMMUYECKE, OKeaHoNornye-
CKVe 1 NeaoBble GaKToPbl, KOTOPbIE B TAaKOM Mopsaake v OyayT pacCMOTPEHbI.

MeTteoposiorndyeckme ¢paKTopbl OKa3bIBatOT BIMAHME Ha Cyda, MN1aBCpe-
CTBa 1 COOPYYKEHMA KaK HeMOCPEACTBEHHO, TaK 1 OnocpenoBaHHoO. Havbonee
3HAYMMbBIM MEeTeopPOSTorMyeckM GakTopPOM ABFETCA HarnpaBieHme 1 CKo-
POCTb BETPA. LLITopMOBOM BETER C onpeaeneHHbiX HarnpaBieHn OKa3biBaeT
VHTEHCUBHbIE HAarpy3KkW Ha COOPY»KEHWA 1 MAaHEBPEHHOCTb CY0B, Bbi3blBaeT
BblICOKME BOJSTHbI U CUbHbIe 0PEeNPOBbIE TEYEHNA W HATOHDbI.

TemnepaTypy BO34yXA HEOOXOOMMO pacCMaTpmMBaTh B OBYX BPeMeHHbIX
MaclUTabax: CMHOMTUYECKOM, KOorda oTpuLuaTebHble TeMnepaTypbl BAMAIOT Ha
obnegeHeHre CyaoB M COOPY»KEeHUIM, 1 CE30HHOM, KOoraa AuTenbHble noao-
YKUTeNbHbIEe TeMMepaTyPbl CMOCOOCTBYOT MHTEHCVMBHOMY TaaHWIO Nbaa, a oT-
prLaTENbHbIE TeMMepaTypbl, HAOOOPOT, ObICTOOMY HapPaCTaH Mto.

OrnacHsbie npupoaHbIe rapoOMEeTeOPO/IOMMYECKME ABTEHNS — ABEeHA,
BO3OEWCTBME KOTOPbIX MOYXET MPWBECTU K rMbenn e U HaHecTu 3Ha4q M-
TeNbHbIM yULIepO oTpacnaM aKOHOMUKKK [7]. NepedeHb 2TUX XapaKTepUCTUK

KV, FILCHUK, V.B. KOrROBOV, A.V. YULIN, T.V. SHEVELEVA
INFLUENCE OF CLIMATE CHANGES ON NAVICGATION AND DEVELOPMENT OF THE CONTINENTAL SHELF IN THE RUSSIAN ARCTIC S



RUSSIAN ARCTIC #2(17) 2022 24

W NX KpUTEPWM CNEUNPUYHDBI O19 KaXKaoW oTpaciuv 1 perioHa. CyLecTByoT
elle 1 Tak HasblBaeMble [epeyHi onacHbIX MorogHbix asneHuit (OFN4), KoTto-
pble TakXKe COCTaBNAOTCA B permoHanbHbix YI MC a9 oTaeNbHbIX DalOHOB.

OKeaHo/ToOrn4eckme xapPakTepUCTUKIA, KaK MpaBWIo, HEMOCPEOCTBEH-
HO BAMAOT Ha CyOa, MNaBCPeacTBa M COOPYKEHUA. Hamnbonee 3HauMbIM 13
OKeaHOMOrM4ecKkMx GakTopOB MPUHATO CYUTATb BOSTHEHME. [P KOHTaKTE C
COOPYKEHUAMN 1 CydaM LUTOPMOBbBIE BOSTHbI MOMYT COBMHYTH C MeCTa UK
AaXKe PaspyLUWTb COOPYXKEHUA U X 4aCTK, CTaTb MPUYMHOM CMeLLIeHWa rpy-
30B W Jayke ONpoKMabIBaHWA CyO0B. BONMHBI akTMBHO Y4aCTBYIOT B MpoLlecce
pa3MblBa OHa 1 beperos.

B kauecTBe npumMepa olWnOOYHbIX pelleHnr 6e3 AOMKHOIro yyeTa rmopo-
MeTeOPONOMMUYECKUX ABEHUNIN MOXXHO MPUBECTM SKCMEPUMEHT MO CTROUTESNb-
CTBY KAMEHHOIO MpMYanibHOrO COOPY>KEHWA 019 PA3TPY3KM CYA0B Ha Mbice
LLIMmaTa B HyKOTCKOM Mope. Bce pe3y/braThl 4OPOroCTOALLMX U TRYO03aTpaT-
HbIX PAOOT MO CO3AaHMI0 KAMEHHOIO OTChIMHOMO MpKYana Obi YHUUTOXEHbI
MepBbIM XKe WTOPMOM, NMPpULLELLIVM C CEBEPO-BOCTOYHOIO HarMpaBleHmsa Ha
MbIC LUMmOTA.

TedeHUs CTbHO OCTTOXKHAIOT Ornepauln LWBAPTOBKM W MepeLlBapTOBKU Y
MWPCOB, TePMMHaNoB W1 NNathopM. Kak 1 BOMHbI, Te4eHra B ellé 6onbluen
cTeneHun pa3mMblBatoT AHO 1 bepera. B apKTU4eckmx Mopax TedeHmna nepeHo-
CAT nefdaHble Nong 1 ancbepri, CTONKHOBEHWA C KOTOPbIMM YpeBaTbl CepbEa3-
HbIMV MOCNEACTBUAMU W 19 CYO0B, M 0719 COOPY>KEH NI,

KonebaHums ypoBHS CNOCOOCTBYIOT TepMoabpasn aHa 1 Oeperos 3a cHeT
yBEeNMYEeHMa KOHTaKTa charatolmx OHO 1 bepera nopopn ¢ bonee Ténaow Bo-
A0W, U4TO MPUBOAUT X K pa3pyLLeHnto [8]. PacnonoxeHHble Ha Taknx beperax
COOPYKEHWS PA3PYLLAKOTCA BMECTE C HMMW. Takoke crieqyeT NpuHKMMaTh B pac-
YET, YTO MOBbIWEHWE YPOBHA MOXET MPUBECTM K OTPbLIBY OT AIHA TakWxX Nead-
HbIX 00PA30BaHVM Kak CTaMyxi 1 oAbl TOPOCOB, KOTopble, MpWAA B ABVKe-
HKe, MPOMaxmMBaroT MOPCKOE AHO W MOMYT MOBPEONTL MPOMOXKEHHbIE Ha OHEe
TpybonpoBoabl U Kabenun, a HaBaIMBaACh Ha COOPYIKEHWA, MOMYT X CePbE3-
HO MOBPEONTD.

JlegoBblie YCAOBUS UTPAKOT KITIOYEBYHO POMb BO BCEX MPOLECCax B apKTM-
UECKMX MOPAxX. BonblUMe Harpy3Ky Ha COOPY>KEH A OKa3biBatoT OperdytoLme
nenaHole nond. dpendya nod AeMCTBMEM BETPA W TeYEeHUIM 1 B3aMMoOem-
CTBYS APYr C ORYIOM, OHM MOMYT MPMBECTU K MOBPREXOEH IO CYO0B 1 BbIBECTM
13 CTpoa Ntoboe beperoBoe coopyeHme. [1BmxeHme Bo Nbaax TpedbyeT Hanu-
YA CyOOB NEeNOBOrO Knacca M NeaoKONbHOW MPOBOAKM. HO 1 NeaoKosbl Oa-
NeKO He Bcerga MOoryT MnpeoofieBaTh TOPOCUCTbIE NTeddHble Moda B YCI10BMAX
MOWIMBHOIO M BETPOBOIO CXATHA.

Bonblyo npobnemMy ong MopennaBaHua M COORY>KeHWMI NpeacTaBnatoT
auncéeprit n mx 06/IOMKU, CTONTKHOBEH WA C KOTOPRbIMW ABAAKOTCA MPUYMHaMM
MHOIMX KaTacTpod. HaBanbl anicOepros v Mx 0ON0MKOB, Pa3INYHbIX eOAHbIX
00pa3oBaHMM, TaKMX KaK CMIbHO BCTOPOLIEHHbIE NedHble Monga W HeCaKu,
MOTMYT HAHECTU CYLIEeCTBEHHbIE MOBPREXAEH A PA3NNYHBIM TMAPOTEXH MY E-
CKUM COOPY>KEHUAM.

AHanus MsMeHeHus NPUPOAHbIX YCIIOBUM U UX BIUAHUE

Ha HaBUraLMIO U OCBOEHME KOHTUHEHTAaNIbHOIo Wwenbdga

Knumatunyeckme izvMeHeHna onpenenaoTca Kak eCTECTBEHHbIMM, Tak 1 B
onpefenéHHom cTeneHn NNaHeTapHbIMK NpoLeccaMit B3aMMOoOenCcTBMA aT-
Mochepbl C BEPXHUMM CNOEM OKeaHa U ero CHEXXHO-NeaaHbIM MOKPOBOM.

BnviaHve TemMnepaTtypbl BO30yxa, CPeaHerofoBble 3HadeHa KoTopou 3a

KV, FILCHUK, V.B. KOROBOV, A.V. YULIN, T.V. SHEVELEVA
INFLUENCE OF CLIMATE CHANGES ON NAVIGATION AND DEVELOPMENT OF THE CONTINENTAL SHELF IN THE RUSSIAN ARCTIC



25

#2(17) 2022 RUSSIAN ARCTIC

nocnegHue TpYALaTh NeT B MPU3EeMHOM Coe MoBbICKUAMCE bostee, YemM Ha 1°C [9],
a BECHOWM 1 OCeHbIo eLlé 6onMblue, 00 MoNyTopa rpafyCcoB, CKa3anoCh MMaBHbIM
0bpa3omM Ha negaHoM nokpose. OnocpenoBaHHoOe BAVAHME MOBbILUEHWA TEM-
nepaTypPbl BO3M4YXa CKa3blBaeTCa Ha Pa3/IMYHbIX OObeKTax BCneacrsve TagHmng
MepP3/10THbIX MOPO, CNaratoLLMX MOPCKoe AHO, B pe3ykraTe Yyero Habnoga-
eTCa nepexo rasorvapaTtoB M3 TBEPA0ro B rasoBoe COCTOAHMe. Pe3Kne Bbl-
OpPOChl METaHa B BOAY 3HAUYMTENbHO YMeHbLLIaoT MIOTHOCTL MOPCKOWM BOAbI, U,
eCn 3TO MPOUM3OUOET B MECTe HaxOXOeHUA CyOHa MW COORYXKEH A, MOYXKET
Bbl3BaTb KaTacTpody [10].

CyLLEeCTBEHHO BbIPOCa MOBTOPAEMOCTb LUTOPMOB. [10 pe3ynbrataM Moae-
NNPOBaHMEA YCTAaHOBIEHO, YTO, B YaCTHOCTK, B KapCcKoM Mope ¢ 1979 no 2019 1.
YKC0 LWTOPMOB BbIPOCMO B ABa pa3a, NPpW4éM Hambonbliee X KONM4ecTBO
oTMeYaeTcd rMyobokor oceHbto [11]. A T0 03HAYaET, YTO B OTKPbBITLIX YacTAax MOPS
Ha 0CBOOOXOALLMXCA OTO /1bAa akBaToOPUAX YBENMUMNACh CpeOHAa CKOPOCTb
BeTpa [9] 1, COOTBETCTBEHHO, BIMAHME BETPA Ha Bbl3blBaeMble UM OMHaMMYe-
CKMe MPOoLEeCcChl — BOTHEHWEe, TeYeH NS, CFOHHO-HaroHHble konebaHua ypoBHS.

Takag »ke cuTyauma xapakrtepHa U gada gpyrimx ParioHOB apKTNYeCKIMX MO-
per, akBaTOP UMM KOTOPBIX CTall B 3Ha4YMTETbHOW CTeMeHU OYMLLaTHCA OTO SibOa.
OOHaKo, Mo gaHHbIM DeperoBbIX CTaHLU WM CpeaHaa rogoBad CKOpPOCTb BETPA
B MocnenHme rofbl HECKOMbKO CHM3MMACh, YTO MOXKET TOBOPUTb O CHIKEH MW
VHTEHCUMBHOCTW aTMOCHEPHOW LMPKYAALUMK B MOUOPREHOW 30He. [TpuYiHOM
STOMY MOYKET TakyKe OblTb M BbIpaBHMBaHME B CTOROHY YMeHbLUEHWA Fopn30H-
TallbHbIX FPAgVEHTOB MPM3EMHOW TeMMepaTyPbl BO3OyxXa Mexay CyLUEN 1 MO-
peM. ITOT BOMPOC 3aC/y»KMBaET CrelnanibHOro n3yyeHuma.

CnenctemeM yBenm4deHursa naollaar cBoboaHoOM oTo NbAa B OCeHHWN 1 Be-
CEHHUM Mepnoabl MOBEPXHOCTM MOpPEW, KOrda TeMrepaTtypa BOLbl BbllUe TeM-
nepaTypbl BO34yXa, aBAgeTca yBenmuyeHre TypoOy1eHTHOro TenioobmMeHa B
MPWBOOHOM Cr1oe aTMoCchepbl. bonee Ténble 1 HacblLWEHHbIE BMaron BO3-
AyLHble Macchl MOAHMMAaOTCA BBEPX M 00pa3yioT HM3KYK 00/1a4HOCTb, Mpe-
NATCTBYIOLLYIO MOE€TaM Masion aBMaLuvmn. ITO aBfeHre Takyke cnocobcTByeT
bonee yactoMy 00pa30BaHMIO MOTHLIX TYMaHOB, MOPbIBOB BETPA, LUKBaIOB
U APYTX OracHbIX 9BAeHMN. OOHaKO KOMMYECTBEHHbIE XapaKTEPUCTUKIM STUX
ABMEHNIM MONYYNTb AOCTATOYHO TRYLOHO, MOCKOSbKY OHWM HOCAT JTOKabHbIW Xa-
paKTep, Peako HabaraaoTCa K Yalle BCero He GUKCUMPYHOTCA CyLLEeCTBYOLLEMN
CUCTEMOM HabtoOeHW M.

OKeaHOo/TIorn4YecKme xapPakTepPUCTMKM CYLLECTBEHHO M3MEHAKTCA MO BO3-
AencTBreM BAUAHNA aTMOCPEDbl, COCTOAHMA NeJaHOoro NoKpoBa W B3anMo-
OENCTBUA MexKay KOMMOHEeHTaMM CUCTEMbI «OKeaH-aTMochepanr.

B Hambonblew cteneHur 6oNbllag OTKPbLITOCTL akBaTOPWM Cka3alacb Ha
yBeNYEH MM Pa3MepPOoB BOMH. YBeIMYeHe pa3roHoB, 0COOEHHO Npu ceBep-
HbIX PyM0bax, MPUBENo K yBENUYeHWIO BbICOT U ASIMH BETPOBBIX BOH U 360U,
B TOM YMCNe 1 3KCTpeMallbHbiX, B MonTopa-gea pas3a [9, 11]. Takon pocCT pe3Ko
YBEMUYUMBAET HArPy3Ky Ha MMOPOTEXHMYECKIME COOPYI>KEH A U YXYOLLIAET YCo-
BMA MaBaHWgA. CnenyeT Takke OTMETUTb TaKoe OMnacHoe 9BfeHue, Kak nefo-
BblM LUTOPM, BO BPEMHA KOTOPROIo fiéd, nod, 0encTBMEM BOSTHEHWA MOXKET Bbl-
OpachbiBaThbCa Ha beper Ha 4ecAaTK MeTPOB. [1pW TOM fIbAMHaMUM Cpe3atoTCH
Y NepemMellaoTca Haxoadallmeca Ha bepery pasnvyHble npeaMeThl 1 Oaxke OT-
NefnbHble CTROEH WA, 3TO aBMeHMe OTMeuaeTcd Ha CeBepe NO0CTaTOYHO O0aBHO,
VI MPOTMBOCTOATh EMY KpalHe CoyHO. J1legoBoMy LWToOpMY ONaronpuaTcTBy-
tOT B3/1OMbl M OTPLIB OT bepera npunaga, KOTopble CyYatoTca BCE Yalle.

OTCyTCTBME Te9HOro MOKPOBa MPUMBOLOUT TakKe K HEKOTOPOMY yBETNYe-
HIKO CKOPOCTM MPUAMBHbBIX U OPpendOBbIX Te4eHMW. [ToonCXoguT 3TO 13-3a
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NpeKpaLleHna TpeHna nepemMelLlatoLLMXCH B TOPU30HTaIbHOM MIIOCKOCTU BO-
AHbIX MaCC O HKHIOKO MOBEPXHOCTb MOPCKOTO f1bAda, KOTOPOE, KaK 3TO cneayet
V3 TEOPUI OBUMIKEHWA KINOKOCTM 1 ra3a BOAM3M LLEPOXOBATbIX MOBEPXHOCTEW
[12], B OObIYHbBIX YCIOBUAX BECbMa 3HaYMTENBHO [13], HO TOYHbIE BENVYMHbI 13-
MEeHEeHNI CKOPOCTEM TeYeH I MOKa YCTaHOBMTb HEMPOCTO.

B YCNOBUAX apKTNUYECKMX MOPEN YBENMYEHME CKOPOCTU TedeHMn BNmnaeT
Ha XapPaKTePUCTNKM BOTHEH S, BCNEACTBME TaK Ha3bIBAaeMbIX PaOMaLLMOHHbBbIX
HaNmPIHKEHUIM 1 B HEKOTOPbIX CMY4Yaax — YPOBHH, UTO MPUMBOOUT B PAAE ClyYa-
eB K YBeNMYeH Mo aK3apaLm OHa 1 beperos.

B3avMogencTeme BOAH W Te4eH I BrnepBble Obl/1o OTMeYeHo B TUXOM OKe-
aHe [14], korga M3MepeHHble PacnpPOCTPaHALIMECA Ha BCTREUYHbDIX TEYEH M-
AX BCE XapPaKTepPUCTUKIM BONTHEHWA OKa3asMCb 3aMETHO OT/TMYaoLLMMIMCH —
bonee, 4yem B OBa pa3a, OT BOJH, 0OPa3yoLLKMXCA Ha akBaTopuax 6es Teve-
HUW. VI3MeHeHre NapaMeTpoB BETPOBLIX BOIH AB19eTca cneacremem obme-
Ha SHePrMn Mexxay BOfTHaMU 1 CpeqHVMIM TeYeHUAMM B pe3yribTaTe BO3HVIKa-
FOLLMX TaK Ha3blBaeMblX paguaLoHHbIX HanpakeH i [15]. C 1x y4ETOM Obinn
MOCTPOEHbI CMEeKTPabHble TEOP UMM BOMTHEHWA Ha TedeHunax [16,17], no3Bona-
tOLLME PaCCUYMTBIBATb XapPaKTEPUCTUKIM BETPOBLIX BOMH Ha TedeHumax. OKa3a-
NOCb, YTO Ha BCTPREYHbIX TeUEeHWAX BO/IHbI CTAHOBATCA He TO/IbKO Ooee BbICo-
KM, HO 1 Bonee KPYTbIMU, UTO 3HAUYUTENbHO YBETMYMBAET KauKy, 0COOEHHO
MafTOMePHbIX CyA0B, MOBbILWAA TeM CaMblM BEPOATHOCTb aBapPUMMHbIX CUTYaLLUM
Npw pacnayske (pa3rpyske cyaHa-cHabeHUa, CToaLero Ha penge Heobopy-
OOBaHHOMO MyHKTa Pa3rpy3Kku, MaJloMepHbIMKW MPY30BbIMUK Cydamiu). [laxke Ha
SKCTPEMarbHble BOSHbBI CUITbHbIE TEYEHWA OKa3bIBAOT BAMAHME, YBENMYMBAA
X BbICOTY 00 15-17 % [18], a 3Ta BenM4yMHa 0OCTaTO4HO 3HaYMMa 1 3aMETHO
YOOPROXKAET CTPOUTENBCTBO MO POTEXHMNYECKIMX COOPYXKEHMW. [TonydaeTcsd, 4To
yBenyeHmne CKOpOCTEN TeYEHM I 1 Pa3rOHOB BETPOBLIX BO/TH MPUMBOLOUT K eLLe
O0oMbLIEMY POCTY BbICOT BOSH W YBEANUYEHUIO KPYTU3HbI BOMTHEHWA, YTO YXYA-
LaeT YCNoBMa ONd r’mopoTexHM4eCcKoro CTpoUTeNbCTBa UM MlaBaHMa CyO0B.

Ha napaMeTpbl BOJTHEHWA OKa3blBaeT BIUAHME 1 M3MeHeHWe YPOBHA. [TpK
ero NoBblWeHW BOMHbI Ha MeNKOBOObe CTaHOBATCA ©Oee BbICOKMMK, Mo-
CKOJIbKY OMCCUMauUnNg SHEPTMM M3-3a TPEHWA O OHO HaYMHAEeT CKa3blBaTbCH
no3xke. CnenoBaTe/libHO, B TAKMX palioHax BO3OENCTBME BONTHEHWA Ha Cyda U
TexHU4YecKme CoopyKeHna dbyaeT bonee MHTEHCKVBHbBIM, @ Pa3MblB OHa Ha4du-
HaTbCca ganblue oT bepera. C Apyron CTOROHbI, MOHMYKEHME YPOBHA cOBMIraeT
30HY OOpYyLUEeHMA BOMH ganblle oT bepera, 4YTo HeobXoaMMO YUUTbIBaTL MPU
VHXXEHEPHbIX M3bICKaHUAX.

B LeoM e, Kak MokasblBatoT MccnegosaHna AAHKI [9], B MexkroooBow 13-
MEHYMBOCTM YOOBHA COXPaHAETCA MONOXKUTENbHAA TeHOAEHUMA Ha OONbLUMH-
CTBE MOPCKWX CTaHLMIM. B Ka4ecTBe nprmepa NpuBeaEM AaHHble Mo CTaHLMMN
AmMpaepma B KapckoM Mope (puc. 1), rae cpeoHnii ypoBeHb 3aMeTHO BblPOC 33
rnocneaHme rodbl.

JlepoBble YCIOBWA, a TOUHEE UX M3MEeHeHWd, ABNA0TCA CaMbiMI MCCeny-
eMbIMUM 1 0OCY»KOaeMbIMUM 13 BCEX MPUPOOHbIX xapakTepucTuk CJ1TO 1 ero
Mopen. V1 3TO cnpaBen/IMBO, MOCKObKY M3MeHeHMre MoWann v COCTOAH NS
NeagaHoro rNoKpoBa OKa3bliBaET BAMAHME Ha BCe APYTMe dN1eMeHTbl TMapoMe-
TEOPOSIOMMUYECKOTO PEXMMA, @ TaKXKe SKOMOTNYECKYIO CUTYALMIO.

J1egoBUTOCTE MOPEN POCCUMCKOW APKTUKM B NNETHUM MeEPMNOI, MO KOTO-
pbiM NpoxoanT CeepHblt Mopckon nyTb (CMIT), HadymHaa ¢ KoHLa 80-Xx —
Hadana 90-x roaoB MPOLWIOro CToNeTna Hadana yCTomdmMBo yMeHbLluaTbesd [19].
[MoBbILEeHHbI GOH NefoBUTOCTW, KOTOPLIM Habntoganca B nepro, ¢ Hada-
na 50-x 0o KoHua 80-x rofoB MpoLUIoro CTONETUA, CMEHUICA MOHVIKEHHbIM
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PucyHoK 1— AHOMQAIMM CPeAHEroqoBOro yPOBHS HOro-3aragHoM 4acTi KapcKkoro Mops
Ha CTaHLMM AMaepma.
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PuicyHOK 2 — MexKrogoBble M3MeHeHUS CyMMAPHOW fieo-
BUTOCTU B ABIYCTE POCCUNCKMX APKTUHECKUX MOPEU, MO

KOTOPbIM ripoxoamnT Tpacca CMI[T
1— pgag HabaaeHMM 3a 1840BUTOCTbIO MOPEM,
2 - cpegHee MHOrosieTHee 3HaQ4YeHue
71€00BUTOCTU 30 BECb g HAG/to4eHMN,
3 — IMHEWHbIV TheHA,
4— ArrnpoKCUMALMS MOIMHOMOM 3-eui CTEeMeHM.

bOHOM, KOTOPbLIM HabNtogaeTcq B Ha-
CTOdLEE BPEMA U HOCUT Mporpec-
CUPYIOLWMIN XapakTep. Ha pucyHke
2 npuvBedeH MeXXrogoBow Xo4 CyM-
MapHOW cpegHeMecadHoOW negoBm-
TOCTU YeThIpexX apKTMYECKNX Mopen
Tpaccbhl CMI (Kapckoe, JlanTeBblx,
BocTtouHo-Curbupckoe, YykoTckoe)
33 aBrycrT. VIaMeHeHWe CyMMapHOU
cpeaHeMecayHoW NegoBUTOCTM XO-
POLLO anmnMpoOKCMMMPYyeTca MoMnHO-
MOM TPETbEN CTEMEHM CO 3HAYUMbIM
KO2QPULMEHTOM AeTepMUMHaLu MM, Co-
cTapnatowmm R?=0,72. EcTb Bce ocHO-
BaHWA nonaraTb, YTO B OAMKaMLme
rofbl, @ MOXET OblTb 1 0eCATUNETUS, B
CBA3M CO 3HaUUTENbHOW MHEPLIMOH-
HOCTbIO KITMMaTUYeCKOW CUCTEMbI, MO-
HIKEHHDBIM QOH NTedOBUTOCTM apKTM-
yeckmx Mopewn coxpaHumTca [1,19].

B MHOMo4MCcneHHbIX CTaTbaX, aHaIM3MPYOLLMX COBREMEHHOE COCTOAHME
NETHWX NedoBbIX YCNOBUMM Ha Tpaccax CMTIT, oTMeYaeTca pad CyLeCTBEHHbIX
V3MEHEHWM B OCHOBHbIX YepTax 1e00BOro pexximma, 0COOeHHO NposaBMBLLNX-
ca B nepwon 2000-2020 rr. Hanpumep, oTMe4YeHo bosiee paHHee Ha4dano Taqa-
HVA NegaHoro nokpoBsa [20], bonee MHTEeHCUMBHOE paspyLUeHme neaaHoro rno-
KpOBa B NETHUW Ce30H, 0CODEeHHO NpoaBaoLleeca B KapCKoM 1 YyKOTCKOM
MOpPAX [21], 3HaUUTENbHOE COKPalleHne NegoBMTOCTV MOPEW 3a NETHUIN Ce-
30H [21], yBENMueHme noBTOpAEeMOCT MOMHOTO OYULLEHNA MOPEW OTO NbA0B
[22], 3HaUnUTENBbHOE YMEHbLUEHME KOMMYeCTBa OCTaTOYHbIX JbO0B, COXPaHWB-
LIMXCA Moce NeTHero TaaHua [23, 24], bonee nosaHee Hadyano oOCeHHero fe-

noobpasoBaHma [25].

OOHako HaMeTuBLLeecs yydlleHye NefoBbiX YCIoBKMM B Le/IOM Ha Tpacce
CMI1 BbI3BaNo NogaseHme Lenoro psaaa HebnaronpuaTHbIX NOKanbHbIX 1ef0-
BbIX ABNeHMI. [Noa 6onee MHTEHCUBHbBIM OeMCcTBMEeM Temnna, aTMoCchepHOro,
MOCTYMatoLLEero K BepxHem noBepxHOCTU, M OKeaHMUYEeCKOro, MocTynatoLero
K HUYXKHEM MOBEPXHOCTU, NE CTAHOBUTCH O0Mee TOHKUM U MeHee MPOYHbIM.
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Takow népn, boicTpee nomaeTtcd, nerye gedopmypyetca, 0bpasya TOpOoChl U
HacnoeHWda, 1 3HaYMTENbHO ObICTPee NepeHOCUTCa BETPOM U TeYEHVAMK BO
BCex HanpasneHuax. lNpu nepeHoce MoOPCKOro NbAa B IOXHbIX HarnpaBneHu-
gGx MOTYT MPOUCXOOWTb TOKalbHble BbIHOCHI J15A0B Ha CyO0XO4Hble TPacChi
NNaBaHWg, Kak NpPasuio, B PamoHax NpoamMBoB W Ha noaxone K Hum. Otaenb-
Hble YYaCTKKM Tpacc Npu obuem nerkoM GoHe NefoBbiX YCI0BUMIA B MOPSX CTa-
HOBATCA HEMPOXOOAVMbIMY NG CYA0B Ha MHOIMMe CyTKW. Takume ciydar Obinm
HEOOHOKPATHO 3adUKCKPOBaHbI, HaNpPUMep, B Nponeax Kapckme BopoTa 1
IOropckumii LWap, Ha noaxonoax K Nponvey BUNbKULKOTO M B CAMOM MPOM-
Be, B Mponviee JloHra. Ha pucyHke 3 npueeneHa Gaktiyeckaa negosas 06-
CTaHOBKa, HabnogasWwadaca B cepenviHe uona 2015 r, korga oTMeYyanmchb Ta-
KMe cnydau.

| AHanwus negoeoil o6CcTaHOBKU NO AaHHbIM UC3
CnnoYveHHOCTb (KOHUEHTpauuAa) nbaa 19-21.07.2015r.

-- CnnoveHHocts 1-6 6annoe . Mpwnait

- - Cnno4eHHocTk 7-10 6annoe
30Ha NoKankbHbIX

o O mesoorsam

nNagaHWA

60 90 120
PucyHok 3 — @axkTmndeckas 1e4oBas 06CTAHOBKA B KQpCcKom Mope

Ha cepenunHy mong 2015 roga (http://old.aari.ru/odata/ d0015.php?mod=1).

13 MpmBEeOeHHOro PUCYHKa XOPOLWO BUOHO, YTO MPW MPaKTUYECK MOSTHOM
OYMLLEHMM HOrO-3aMagHOM YacT KapCKOro Mopsa v OYULLEHMIM MPUOPEXHOrO
paroHa NaBaHWga B CEBEPO-BOCTOYHOWM YaCTW MOPY, MPW Mepexoae BeTpa K
CEBEPHbBbIM HamnpaBfeHMaM Ha Tpacce rnjaBaHnga BO3HUKIIO TOKabHOE YXy/-
LeHWe NeaoBbIX YCI10BMKW. HenocpencTtBeHHO B MPonnB Kapckie BopoTa 1 B
NPUOPEXHbLIN pakoH NNaBaHra B CeBEPO-BOCTOYHOW YacTu ObIIV BblHECEHbI
NbObl Pas3NNYHOM CMNOYEHHOCTM, KOTOPblIe OKa3aTMCb HEMPOXOAMMbIMI A/14
CYy0OB C HN3KMMW NedOBbIM Ki1acCaMM.

[MoW YCTOMUYMBBIX W ONUTENbHbBIX M3MEHEHMAX CUHOMTUYECKOM CUTYaLIMN Ha
Tpaccy n1aBaHWga MOTyT MepeMelllaTbCa He TOMbKO OTAEMbHbIE CKOTIIEH A Ne-
OSHbBIX MOMnen, HO U Lenble NeasdHble MacCMBbI fibAa. B Takmx cnyyasax nepexpbl-
BAKOTCA Y»Ke He OTAENbHble YYaCTKKM, @ akBaTOPMKM MOopelr MMoWanbio B Thica-
Y KBaAPATHbIX KMIOMETPOB. B pe3ynbrate TaKoro BblHOCA M1b00B ABVDKEHME
Mo Tpacce CeBEpPHOro MOPCKOTO MyTW CTaHOBUMIOCh HEBO3MOXKHbBIM Ha He-
CKOMbKO gekaf, 00 NocenyoLero M3MeHeHMa CMHOMTUYeCKOM 0OCTaHOBKM
CO CMEHOW BETPa, KOTopada NpuMBoaMMIa K yAydLUEeH IO NegoBon 0OCTaHOBK.
B Tabnuue 1 npviBegeHa CTaTuUCTMKa MepeKpbiTUS NOKaNbHbIX Y4aCTKOB U Le-
NblX parioHoB Tpacchl CMI B Hambonee nerkve no nefoBbiM YCNoBUMAM Moabl.
B Ka4ecTBe KpUTepUa O/19 OTHECEH WA rofda K IEMKUM MCMOMb30BaflacCb CyM-
MapHasa NefoBUTOCTb Mopen Tpacchl CMITT B aBrycre v paHr rofga rno 3Hade-
HINKO NedoBUTOCTA.

13 NnpuBeneHHbIx B Tabnuue 1 gaHHbIX cneayerT, YTo gake B caMble fer-
Kie Mo N1eoBbIM YCTOBUWAM TObl, Ha OAHOM-ABYX JTOKaTbHbIX YHaCTKax Tpac-
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Cbl CMTIT BO3HMKaNo rnepeKpbiThe CyaoXOOHbIX TPACC MMaBaHWa NbdaMmn pas-
NINYHOW CMIIOYEHHOCTU. V13 10 CaMbiX NTerkMx no 1efoBMUTOCTU M1eT, B 9 Criy4daax
BO3HMKaNW onpeneneHHble CNOXKHOCTY B 1eA0BOW OOCTaHOBKE Ha NTOKabHbIX
ydacTkax Mopen. Harnbonee 4acTto 370 MPOUCXOAUT B MPonmee BUNbKMLIKOIO
M Ha MOOXOo0ax K HEMY, B 3aMadHOM 4aCcTh MOp4 J1anTeBbIX 1 B BOCTOUHOM Ya-
T BocTtouHo-CrbUpcKoro Mops.

Cpean HeOXKMOAaHHO BO3HUKLIMX HEMaTUBHbLIX MOCNEeOCTBUM M3MeHeH 4
NefoBOrO PEXMMAa aPKTUUYECKIMX MOPE MOXXHO BbIOENVTb PE3KO BO3POCLLYIO
VHTEHCVBHOCTb 1€40006pa30BaHIAa B apKTUYECKMX MOPAX Mpu Bbonee No3a-
HeM ero Hadane. lNo3gHee Hadyano NegoobpasoBaHMa, HabooatoLleecq B
nocnenHee Bpemd [25], npmBOAUT K TOMY, YTO OHO HaYMHAETCH MOYTU OOHO-
BOEMEHHO Ha CEBEPHOW MpaHMue Mopelr cpeiy OCTaTOYHbIX TbAOB W B MPK-
OPEXKHOW MATEPUKOBOW YacTu, I CPeaM apKTUYECKMX OCTPOBOB. bonbluaga VH-
TEHCMBHOCTb 1eg006pa30oBaHVa MPYBOAMT K TOMY, UTO OOfMbLLIME aKkBAaTOPMU M
MOpPen OHOBPEMEHHO MOKPBLIBAIOTCA MONOALIMK NbaamMm. O4eHb ObICTPO Ha-
Yasn 3aMep3aTb MNPOMMBbLI APKTUYECKMX Mopel. [119 HaBMra My 3TOT aCrekT
MOXET MMETb CaMble HeraTMBHbIe MOCNeCTBMA, Tak Kak Noboe CyaHO C HM3-
KM N1e0OBbIM K/1aCCOM, OPUEHTMPOBAHHOE Ha My1aBaHWe B NErkKnx 1edoBbliX
YCMNOBUAX, MOXET MOMacTb B «/1€00BbIN MAeH». VIMEHHO Takagd CUTyau g BO3-
HVKNa oceHbto 2021 roga B BOCTOYHOM YacT BocToUHO-CMOMPCKOro Mops U
nponvee J1oHra. Okono 20 pasnmYHbIX TPAHCIOPTHbBIX CYOO0B MOMann B «e-
OOBbIV M1EH» MPW OCYLLECTBIEHWM MO3AHEro rNiaBaHWa B 3TUX panoHax. MH-
TEHCMBHOE OCeHHee Negoobpa3oBaHiMe 1 HapacTaHWe Nbaa NPUBEIO K «1e-
AOBOMY MAEHY» CYO0B, CObIBY M1aHOBLIX 3adaH v 60AbLIMM GMHAHCOBbBIM
M3OEPXKKaM [26].

Ta6auya 1
JTokanbHble paroHbl BO3HUKHOBEHKA 0OBANOB M MNepeKpbITVY TpacChl MNaBaHue
no CMI B rogbl ¢ Hanboee NerkimMim NegoBbiMiM YCIOBUAMM

fon CymmapHaga | Homep Hanuyume PanoH
NeANoOBUTOCTb | MO PaHry | panoHOB,
APKTUYECKUIX | TerKoCTU | BNOKMPOBaHHbIX
Mopen, % J1bOOM
2020 25 1 - -
2019 35 2 1 BocTtoyHaqa yacTb
BocTouHOo-CrbUMpCKOro Mops
2007 30 3 2 [MponmB BUNMbKUMLKOTO,
3anagHasa YacTtb Mops J1anTeBbix
2012 38 4 1 BocTouHaga 4acTb
BocTouHOo-CrBUMPCKOro Mops
2015 39 5 2 [MponmB BUMBbKMLKOIO,
3anafHag YacTb MopP4a JlanTeBbIx
2017 40 o 1 [MponmB BUNbKULIKOTO
2016 40 7 1 Mope JTanTeBbIx
2009 45 8 2 [MponmB BUAbKMLKOro
BocTtoyHaqa yacTb
BocTouHo-CrbUMpCKoro Mops
20M 44 9 1 3anagHad YacTtb
BocTouHO-CUBUPCKOTro MOpS
2005 44 10 1 [Mponne BUNbKLKOTO
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ELLE OAHUM UCTOYHMKOM MOABAEHMA OMACHbIX M1aBYy4YMX NbO0B ABNAKTCH
negHWKKM Ha octpoBax C/10, KoTopble B pe3y/kraTte notenneHuna ctanm bonee
VHTEHCUMBHO pa3pyluaTbcd. B mocnegHee gecatmnete HabnogaeTca cylle-
CTBEHHbIM POCT KOTMYecTBa 0OIOMKOB U KYCKOB anchbepros, Habtoaato L mx-
ca no Tpacce CMI, KoTopble PUKCUMPYIOTCA He TONbKO Mo gaHHbIM NC3 (Ham-
bonee KpyMnHble K3 HKX), HO 1 MO AaHHBbIM BM3YyanbHbIX HabAogeHMm ¢ 6opTa
CyaoB. Kpome 3Toro, oTMedaeTca CMeLleHre IoXKHOW rpaHMLbl PacnpoCcTpa-
HeHWa ancbepros 1 Mx 0O6IOMKOB K tory, BM1OTh 0O beperoson yepThl [27].

C yBenmYyeHmeMm 4mcia amcbepros 1 1Mx o610MKOB BblpOCa BepOATHOCTb
CTONKHOBEHWS C HUMW CYy10B 1, OCOOEHHO, CTallMOHaPHbIX MMAPQOTEXHUYECKIX
COOPYXKEHUM (OYPOBbLIX MNaTHOPM, OTFPY30UHbIX TEPMKHANO0B), KOTOPbIE He
MOTYT OMepaTUBHO MepemMecTUTbCA C TRAEKTOPUM MX OBVIKEH A,

B nprbpexxHoMm 30He 1 Ha MenKoBOAbe OTAeNbHble NeadHble 06pa3oBaHma
(CTaMyxu, HECAKM, TOPOCUCTbIE NefdaHble Mona) YBeNMYMBatoT 3K3apaLnio MOp-
CKOro AHa W beperos, 4YTo BMecCTe C NpoLeccamMmy TepmMoabpasni 1 pasmMbiBa
OHa yBenumdmBaeT PUCK aBapuii 014 Cya0B, COORYXKEHMM 1 MPONOKEHHDBIX MO
OHY KOMMYHMKaL K.

HecKoMbKO CMOB HAOO0 CKa3aTb O HEKOTOPbLIX HEeraTMBHbIX COMYTCTBYHOLLMX
ABNEHMAX, BAXKHbBIX 019 aBMaLLUM, 1 O pACMPOCTRaHeHMn 3arpasHerHmna. bonee
VHTEHCUBHbIE TYPOYNEHTHbIE ABUMMKEHUA (TYPOYNEHTHBbIM OOMEH U, UTO O4eHb
BaYKHO, <STATEHTHbIM», T.€. CBA3aHHbIM C OOMEHOM Bf1aron/Maccoi, Unm nonpo-
CTY MCMapeHmnem) B MPUMBOLOHOM C/10e aTMOChEepPbl YaCTo CTaHOBATCA MPUYM-
HOW HU3KOW 00MaYHOCTM U TYMaHOB, UTO HaMpaMyo yxyaLlaeT yCnosuma a4
MONETOB Mafow aBMaLVM 1 BEPTONETOB. A 3TO BIUAET Ha NNIOMMCTUYECKME OMne-
PaLUMK 1 MONEThI CaHUTapHOM aBraU M. KpomMe Toro, MaoTHbIe HM3KKe obna-
Ka UTPatoT POJb CTEHKM: B BO3HMKAIOLLEM MMAP0a3P0AMHAMUYECKOM addeKTe
MPOUCXOOUT PE3KOE YCUTEHME BETPA, KOTOPbLIV MOXET CTaTb PaBHbIM reoCTRO-
dryeckomy, CneacTBreM Yero CTaHOBUTCH Pa3BUTME LUTOPMOBOIO BOMTHEHNS.

C ocBoeHMeM Lenbda TeCHO CBA3aHbl IKoMormyeckre npobnemol, 6es yyé-
Ta KOTOPbBIX HEBO3MOXKHO MPOEKTUPOBaHME MMOROTEXHNYECKIMX COOPRYIKEH M
— OHW BXOOAT B COCTaB MH>XEHEPHbIX U3bICKaHWW, 1 MpoBeaeHmne normcrmye-
CKMX Onepaum — 1x y4eT TpebyeTca naaHaMm NMKBMAOALUMM aBapUNHbIX 0a3-
nmeoe HedTn (JTAPH). OTMeTUM Harbonee BaykHble 13 HUMX, TONTbKO Te, KOTO-
pble HenocpeacTBeHHbIM 00pPa3oM BAMAIOT Ha MPUPOAHYIO Cpeay.

YBenu4yeHre oTKPbITOro BOOHOMO MPOCTRaHCTBa BAeYET 3a cCObOM CylLle-
CTBEHHO Oo/blUee 3arpa3HeHrie MOPCKOW MOBEPXHOCTU HePTAHbIMUK Vie-
BOJOPOAAMU MPW aBapPUMHbBIX Pa3NMBax Ha TepMurHanax, TpyoonpoBogax U
TaHKkepax. [1nowanb 3arpa3HeHa nog BAMaHmeM BeTpa, Te4eH I 1 3arpas-
HEHHbBIX N1bA0B MOYET OOCTUIaTb COTEH W OayKe ThiCAY KBaOpaTHbIX KMoMe-
TPOB MOPCKOW akBaToOpWKM 1 Mobeperwbs.

CoKpalleHre nioLlaam NegaHoro NoKpoBa CyLLECTBEHHO OC/OKHAET CyLLe-
CTBOBaHME U »M3HEOeATENbHOCTb MOPKEW U THONIEHEN, KOTOPbIE TePAtoT Me-
CTa nexxkbuL, 1 benbix MegBenen, KOTopbiM MPUXOOUTCA MCMbITbIBaTb TRYOHO-
CTW B MPWBbIYHbIX MEeCTax ObUTaHWA U NPV MUTPALVAX. DTV 9BeHKa BHOCAT
CYyLLeCTBEeHHbIe OrpaHnYeHIa B XO3aMCTBEHHYIO 0eATENNbHOCTb M 3aCTaBNaoT
NPpUHMMaTb Boee YKECTKME MPUPOO0OXPaHHbIE Mepbl, a Takke bonee Tula-
TeNbHO NOAXOAUTb K BbIOOPY MecCTa pa3MelleHa MPOMbILLUMEeHHbIX 1 TpaHC-
MNOPTHbLIX OOBbEKTOB.
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3aKkrn4yeHue

B Lenom ycnoBua ang paboT Ha apkTnyecKkoM Wenbde v NormcTUYecKix
ornepaunt B MOpPAax POCCUMCKOM APKTUKM 3a MocnegHume TpW OecaTuneTing,
HECOMHEHHO, VYYLLWMIMCD, 4TO MOATBEDPXKOAETCHA YCTONYMBBLIM YMEHbLIEH -
eM NegoBUTOCTM Mopen. OOHaKo BMeCTe C 3TUMM BO3HUK/IM HOBbIE PUCKU U
HEOXXUMOAHHbIE OCMTOXKHEHUS, BOMPEKU BCEM OMNTUMUCTNYHbBIM OXNOGHUAM.
Bbi3BaHO 3TO B NepBYyto ovepedb BO3MOXKHbIM ObICTObIM CMelleHMeM Crio-
UEeHHbIX 1bA0B («06BaIoB» NbO0B) Ha OTAENbHbIE YYaCTKM CYyJOXO4HbIX Tpacc 1
NPONUBbLI, MHTEHCUBHbBIM 1€0000pa30BaHMEM B OCEHHMI CE30H M CYLLIECTBEH-
HO YBEMUYMBLUMMCA BETPOBLIM BOSTHEHUEM. TakxKe YBETUUMIMCD Harpy3ki Ha
HagBOOHbBIE, MOOBOAHbBIE U 3aPbITble TMAPOTEXHNYECKME COOPYIKEHIMF OT BO3-
AencTBMA LWWTOPMOBOIO BETPA, TeYeHUM 1 BOTHeH A, KONmyeCcTBEHHbIe OLeH-
KN TUX ABIEHWMW MOXXHO MOMYYNTb MO COOTBETCTBYIOLLMM MOOESMAM, YTO MO-
3BOSINT MPOBECTU PaNoOHUPOBaHMe TpacChl CMIT MO BO3MOXKHbLIM OMaCHbIM
rMAPOMETEOPRONOMMYECKMM ABNEHUAM, BO3HUKAIOLWMM MpK HabntogaeMom
U3MEHEHU M KITMMATUNYECKNX YCIOBNI.
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AHHOTauuA: [pencraBneHbl PesysLTaThl OAHOMOMEHTHOTO Morne-
PEeYHOro MCCNeaoBaHMa nokasarenen NCUMxXoPranonormyeckoro co-
CTOAHMA OPraHuM3mMa CTYAEHTOB-MEAMKOB 00 18 neT v cTaplle, Npo-
KuBatoLlmx bonee 1 roga B MypMaHckow obnactu (rpynna 1) M BHOBb
NPVObIBLLKX Ha 0by4YeHMe U3 APYrX permoHoB Poccui, MpoyKBa-
IOLLMX Ha MecTe MeHee nonyrofa (rpynna 2). CpaBHUTENbHaa OLUEeH-
Ka mpounsBoawmnack no metogmnkam: Y. 1. Cnunbeprepa B agantaumm
tO.J1. XaHWHa (CUTyaTMBHaa M NMNMYHOCTHaA TPEBOXHOCTbL); YOOBHIO
cTpecca HO.B. LLepbaTtbix «KoMnnekcHaa oLeHKa NpoaBAeHMIN CTpec-
Cay; CTerneH M CTPECCOYCTONYMBOCTW W COLIManbHOW afganTalmii Xonmca
—Peq; cTeneHn HePBHO-MCUXMYECKOMN HAMPAXKEHHOCTW MO MHTe-
rPanbHOMY MOK33aTeMO CYMMAPHOIO OTKIIOHEHMA OT ayTOreHHOW
HOPMbI 1 BereTaTMBHOIo KoadduLMeHTa, NpeocbnagaHmnto BAMAHMA
CUMM3TUHECKOM 1 MapacMaTUYeCcKo HEPBHOWM CUCTEMbI Ha pe-
TYAALMIO MPOLEeCcCcoB afaanTall 1 Mo TeCcTy LBETONpeanoyTeHns
M. JTiowepa. [1pK cpaBHEHWM MO BO3RACTHOMY KPUTEDUIO B ITpyrine
yyalmxca oT 18 NeT 1 cTaplue cyObeKTUBHbIe MoKasaTe v NCUxXodu3m-
OfTOMMHECKOTO COCTOAHUA NydLle, UeM B rpyrne 0o 18 net. [MokasaHo,
UTO B FpYyrne y4aLluxcs, MPOXKMBAOLIMX Ha TEPPUTOPUIKM MYyPMaHCKOMN
obnactun bonee ogHOro rofa, Nnokasartenn NCUxodramnmonormyeckoro
COCTOAHUA HIKE, YeM Y BHOBb MPUObIBLLIMX. BblpayaeTca 3To Hanpa-
YKEHMEM MCUXOIMOLIMOHANbHbBIX 1 PUINOMNOTMUECKIMX CUCTEM, AOMUHM-
PYIOWMM BAUAHUEM CUMMATUHECKOW HEPBHOW CUCTEMbI Ha MPOLLEC-
Cbl PErYNALMM 1 BERDOATHBIM CPBIBOM adanTalUMOHHbIX MEXaHM3MOB.

Kno4yeBble cnoBa: CNTyaTnBHaA N JINMHYHOCTHAHA TPEBOXHOCTD,
CaMO4yBCTBME, aKTMBHOCTb, HaCTpoeHMe, BeretaTMBHbIN KOSC])CDI/I LUMEeHT,
CyMMapHOe OTKITOHEeEH e ayTOI_eHHOIPI HOOMbI, CTYOEHTbI, ADKTML-JGCKaQ
30Ha
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Abstract: The results of a one-stage cross-sectional study of the
indicators of the psychophysiological state of the body of medical
students under 18 years of age and older who have been living for
more than 1year in the Murmansk region (group 1) and new arrivals
from other regions of Russia who have been living locally for less than
six months (group 2) are presented. The comparative assessment
was carried out according to the methods of: C. D. Spielberger in the
adaptation of Yu. L. Khanin (situational and personal anxiety); the stress
level of Yu. V. Shcherbatykh "Comprehensive assessment of stress
manifestations": the degree of stress tolerance and social adaptation of
Holmes—Ray: the degree of neuropsychiatric tension according to the
integral indicator of the total deviation from the autogenic norm and
the vegetative coefficient, the predominance of the influence of the
sympathetic and parasympathetic nervous system on the regulation
of adaptation processes and according to the test of M. Lusher's color
perception. When compared by age criterion in a group of students
aged 18 and older, subjective indicators of psychophysiological
state are better than in a group under 18 with an optimal level of
neuropsychiatric tension. It is shown that in the group of students
living in the Murmansk region for more than one year, the indicators
of psychophysiological condition are lower than those of new arrivals.
This is expressed by the tension of psycho-emotional and physiological
systems, the dominant influence of the sympathetic nervous system
on the processes of regulation and the likely breakdown of adaptive
mechanismes.

Keywords: situational and personal anxiety, well-being, activity, mood,
vegetative coefficient, total deviation of the autogenic norm, students,
Arctic zone

BBepeHue

ApKTrdeckaa 30Ha Poccuiickon Denepaliim pacnosoxerHa B 06/1acTu Bbl-
COKUX LWWWMPOT, rae M3MeH4YMBOCTb BHELUHEW Cpefbl HOCUT APKO BblPaXKeHH bl
Xapakrep, 00yCNOBAEHHbIV CTPOEHWMEM MarHMTochepbl 3eMan 1 oBala Mno-
AGPHBbIX CUAHMM. [NpucnocobuTenbHble MexaHW3Mbl aganTalmnm Yenoseka
NPOABNAIOTCA Kak Yepes3 PU3NOoAornyeckme MmexaHm3ambl (MeTabonmydeckme,
remMoguHaMmyeckme 1 ObixaTebHble), Tak 1 Yepes3 NCUMxXo3IMOoLMOHaNbHOe
COCTOAHME (TPEBOYHOCTD, CTpecc) [1-4]. lfenmnoreodusmndeckme, KnmmaTorpa-
durueckme 0cCobeHHOCTU, a TakyKe BO3acT, MoJl, YCNOBMA MOOXMBAHMA B CO-
BOKYTHOCTW BAMAIOT Ha NMCUXOPUM3MONormdeckoe coctoaHme wimtene A3PO.
Mov ONTENBHOM, HEKOMMEHCKPYeMOM BO3OEWCTBMIM PaKTOPOB OKPY»Kato-
Lew cpeibl BO3MOXHO pa3BuTMeE NMPeMopOuaHbIX COCTOAH MM, MPWBOAALLMX
B NanbHenwem K 3aboneBaHraM cepaedHo-CoCyamMCToOM U abixaTeNbHbIX CA-
cteM [5,6]. AoanTaumsa B 9KCTPeManbHbIX YCNOBUAX XKM3HM, KOMMTEKCHOE BO3-
aencTeme HemsberaeMbix 3KON0rM4eckx 1 KnmmMaToreorpadmyeckinx dak-
TOPOB U MX UHTErpanbHOe BO3AENCTBME Ha OPraHK3M YenoBeka NnoKa3saHbl B
paboTax pana asTopos [7-14].

CTyOeHTbl-MeAVKM KpOME MHTErpaTBHOMO BO3OENCTBMA BblCOKOLLMPOT-
HbIX GaKTOPOB Cpenbl TakyKe MCMbITbIBAtOT Ha cebe 1 MCUXO3IMOoLVOoHalbHOe
BO34EMNCTBME, CBA3aHHOE C aganTauyen B HOBOW coumanbHom cpene [15,16].
[MpoBedéHHbIE paHee nccnegoBaHna BblaBuUiun, 4to MNAC cTyneHToB-Meom-
KOB Xy>Ke, UeM Y »eHLLMH CTapllero Bo3pacTta (MegnepcoHana). Obycnosse-
HO 3TO TeM, UTO OHW HecyT bofee BblpayKeHHYO anoCTaTUUYEeCcKy o Harpy3-
Ky 1 MeHee aanTrpPOBaHbl K M3MEHAKOLIMMCA YCNoBUAM cpenbl [17]. AHanm3
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AnTepPaTYPHbIX JaHHbIX MOKa3aa HeJoCTaTOYHYHO M3YyYeHHOCTb MPObNeMbl IKC-
npecc-oueHkM NOC crneunancToB, MPUMOBIBLLKX Ha 0bydeHne B A3PD 1 »in3-
HedeaTeNbHOCTb KOTOPbIX B OyayLLeM CBA3aHa C YC/I0BUAMM MPOXKMBaHNGA B
panoHax KpanHero cesepa.

BBu1Oy TOro YTO XKU3HEOEATEeTbHOCTb B YC/TOBUMAX BbICOKMX LLUMPOT Npeabas-
NAeT BbiCOKMe TpeboBaHMaA K aganTauVOHHbIM BO3MOYXHOCTAM OpraHm3Ma U
00yCNOBNVBaETCA BbICOKOM YA3BMMOCTbLIO K BO3OENCTBUIO PaKTOPOB Cpednbl,
npoBedéHHoe MccnenoBaHme No3BOMNT PacLUVPUTb 3HaHKAa B 001aCTM MHTe-
rpaTMBHOWM OLEHKM PYHKLMOHAIbHOIO COCTOAHMA OpraHmM3Ma i OTKPOET BO3-
MOYKHOCTU /19 CBOEBPEMEHHOIo 0OHaPY»KeHWa rpynn PUCcKa PasBUTUG Oe-
3a0aMNTUBHbBIX HapYLLeHWM B MpodeccrnoHanbHom chepe.

Lenb

3yumTb Ncuxodusmonormdeckoe coctoaHme (MPC) ctyneHToB MeguumnH-
CKOTO KonmemyXa ApKTnyeckomn 30Hbl Poccumckom @Gepepaumn (A3PD), npo-
KMBaroLLMX 6bonee 1 roga B MypMaHcKow obnacTy M BHOBb MPUMObIBLUMX Ha
oby4YeHMe 13 OpYyrux permoHoB Poccui, MpoxMBaOWKMX MeHee noayroaa.
[MpoBecTu cpaBHUTENbHbBIM aHanm3 [NOC B rpynnax CTyA4eHTOB B BO3pacTe A0
18 neT 1 cTapue.

MaTepuanbl U MeToabl

[NpencraBneHbl pe3ynbraTbl OAHOMOMEHTHOIO MoMepeYHoOro McceaoBa-
Hua [1OC yyawmxca. Ha nepBOM aTane MccenoBaHud npon3BenéeH cpan-
HUTENbHbIV aHanW3 OaHHbIX Y4allMXca, MPOoxXMBatoLLMX 6bonee 1 roaa — 270
nMua, POXOEHHDBIE UK MOCTOAHHO MPOXKMBatOLWMeE Ha TeppuTopnn Myp-
MaHCcKoW obnacTtu (rpynna 1) Ha KoNbCKOM MOyoCTpoBe B KoMMdecTse 69
YenoBek M NPUObIBLLMX Ha oby4eHue M3 ApYrx perMoHos Poccuiu, npo-
KUBaoLme MeHee nonyroga (rpynna 2) — 22 yenoBeka (CM. pUCyHOK 1),
Ha BTOpPOM 3Tane mccnegoBaHWMa Mpon3BeaeEH CPaBHUTENbHBIW Me-
YKIPYMMOBOWM aHanm3 gaHHbIX [TOC B 3aBUCMMOCTI OT BO3pacTa: 40 18 net
(16-17 neT), (N=62, BO3pacT 15,36+3,75), 1 nocne 18 net (24-31 ropa), (N=29, BO3-
PacCT 26,75+324), BbigBNeHbl JOCTOBEPHbIE pa3nnyma no Bospacty (p = 0,002).
Ha MOMeHT MccnenoBaHua BpemMa NpoXKMBaHmMa B MypMaHckow obnactu
rpynnbl 0o 18 net coctaBuno (3,03+2,37), roynnbl ctapwe 18 net (5,11+1,36).
ViccnegoBanuch cTyaeHTbl 1 kypca KMK . AnaTtuntsl, MypMaHckom obnactu B
KonmuecTse 91 yenopBeka (OeByLIKM), cocTaBnatoLme 14,44% oT 0bLIErO KO-
YecTBa oby4atoLMXcs, cpenHni Bo3pacT 18,67+375 neT.

Cnenyert yumTbiBaTb, UTO afanTaunoHHbIe M3MEeHEH A B NMCUXODU3MONOTN-
UECKOM COCTOAHMM HaYMHAIOTCA Cpa3y nocne nepemMelleHna B ocobble K-
MaToreorpaduyeckme ycnosma A3PO, HO nogpasyMeBaeT UX Kputmndeckme
nepnobl, Koraa nokasaTenu aganTauroHHbIX BO3MOXXHOCTEW Havbonee Bbl-
paykeHbl: 1.5 4, 7 1 14-15 net [18].

KpowTepuim oTbopa: OTCYTCTBIME »Kaob Ha MOMEHT NpoBeaeH A cCneaoBa-
HWA, MEeCTO POXKOEHMA M OCHOBHOE MECTO MPOXMBaHWA, OTCyTCTBME 3abos1e-
BaHWMM B OCTPOM CTaauu TedeHma. ObcnegyemMble Obl O3HaKOMMeHbl C Lie-
NblO, YCNOBUAMMK MPOBEAEHWA UCCNefoBaHNA W NpeacTaBuUin niCbMeHHoe
cornacue Ha 0bpaboTKy MepPCoOHaNbHbIX AaHHbIX. 3aKNoYeHre NOKaIbHOro
STUYECKOTO KOMUTETa O BO3MOXXHOCTU MpoBedeHnda mccnenoBaHmg — NeTl o1
19.12.2016 roga.
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cntyatmnBHaga (CT) 1 nmdHocTHaga (J1T) TOeBOXXHOCTb
onpegenanack ¢ noMoubto Tecta Y., Cnunbep-

repa — KO.J1. XaHnHa: HM3KKMK YpOoBeHb — MeHee 30;

OO0

Loy ¥ cpegHn oT 31-45 6annoB; oT 46 1 Hbonee — BbiCo-

aaaaaa

eson

P
PYMBIHUA

Byxapect

Pran  BONTAPYA,
oA

Kue nokasatenm [19]; camouyscTBue (C), aKTUBHOCTb

(2? S (A), HacTpoeHme (H) oueHMBaNoCh B COOTBETCTBUM

g B C TECTOM MO AMPPepeHUMPOBaHHOM CaMOOoLIeHKe
~ dyHKUOHaNbHOro coctoaHmng (CAH):

| 50 1 BblWwe —BbicOKKMe, 50-50 — cpeHme n Me-

wwen Hee 30 6annoB— HM3KKWe[20]; ypoBeHb CTpeccano

) mMeToaunkelO.B. LepbaTtbix «KoMmnekcHaa oLeHkKa

~~~~~~~~ i e e [TOOABIEHUMI CTPecCa»: O-5 — gonyCTUMble 3Ha-

Opecea

PrcyHOK 1~ leorpagus mocTosHHOro yeHuna, 6-12 — yMepeHHbI cTpecc, 13-24 — Bblpa-

MPOXXNBAHMS MPUObLIBLLINX HO O6yYeHue B
MypmaHckyto obnacTs (CeBepo-3ananHbiv

HKeHHOe HallpshxkeHe sMOUMOHalTbHbIX C])I/BI/IOJ—IO*

penepansHbiii okpyr (PO), LieHTpanbHbwi T VIHECKMX CMCTEM OpraHmn3Ma, 25-40 — CUNbHbBIN
@O, Ypanbckit @O, KoxxHbI PO, cTpecc, 40 1 6onee 6annoB — MUCTOoWEeHUe
Pecriyénunka Kpbim). afanTaUMOHHbBIX pecypcoB [21]; cTeneHb ConpoTuB-

N9eMOCTU CTpeccupytolemMy dakTopy oLeHuBa-

nacbk No MeToanKe onpeneneHma CTpeccoyCToMYMBOCTA U COLMaNbHOM adarn-
Taukm XonmMmca—Peda: Bbicokaa — 150-199, noporosad — 200-299, Hn3kaga — 300
V1 bonee KannoBs [22, 23]; NokasaTen HePBHO-TCUXMYECKOM HAaMPAWEHHOCT M
onpenenanmcs C MOMOLLbIO TecTa LBeTonpedepeHunn M. JTiowepa. O6paboT-
Ka pe3ynbLraToB NpoBogunacs ¢ nomMollbto IO «imatonShelly (MMATOH). [Mow-
MEHANCH MHTErpasnbHblM MoKasaTelb CYMMapHOro OTK/IOHEHWA OT ayToreH-
HoW HOPMbI (CO): O-6 — oTcyTCTBME, 8-12 — HE3HadMTeNbHbI, 14-20 — cpeaHmni,
22-26 — NOBbILWEHHbIV, 28-32 0ann0B — BbIPaykeHHbIN YOOBEHb HEMPOAY KTV B-
HOW HEPBHO-MCUXMHYECKOW AeATENbHOCTU. JIOMUHMPOBaHME CUMMaTNUYECKOTO
AMBO NapacKMnaTMYecKoro OTAe0B BeEreTaTMBHOM HEPBHOW CUCTEMbI OMpe-
Oenany Mo nokasatenam BeretatnBHoro kKoadouumeHTa (BK): BK>1-npenmy-
LLIECTBEHHOE BIIMAHME CMMMaTUYEeCKOro otoena, BK<1 - npeBanupyrollee BO3-
OENCTBME MapacMaTUYEeCKoro otoenal24].

[Mony4yeHHble gaHHble 0bpaboTaHbl C MPUMEHeHMeM NPOrPaMMHOro obe-
cnedeHma: «MicrosoftExcel» (Microsoft) u «STATISTICA 10.0» (TIBCO). daHHble
npeacTaBneHbl B BUAE cpeaHen apmndMeTmdeckon nokasatenen (M) 1 cTaH-
OAPTHOW OWMOKKM cpegHeln (xm). CTaTucTrnyeckme pasnmydma ¢ MCnofb3oBa-
HMeM HemnapaMeTpunyeckoro U-kpntepuda MaHHa—YUTHU CYMTaNMCb 3Ha4 M-
MbIMW MPKW yPOBHEe p<0,05.

Pe3ynbTaTtbl U 06Ccy)XaeHue

MexcrpynnoBom aHanms AaHHbix no Tecty Y.[0.Cnunbeprepa — KO.J1.XaHMHa,
cpenv rpynn mccnenyemMbix Mo AnTeIbHOCTU MPOXMBAHWA MOKa3as yMepeH-
HblM ypoBeHb CT 1 J1T (cM. Tabnuuy 1). 9Tm nokasaTes COOTBETCTBYIOT OMNTH-
ManibHOMY MW ecTecTBeHHOMY ypoBHIO CT v J1T Andg akTMBHOW OeATelbHOW
NTMYHOCTUW (MoNe3Haa TREBOXKHOCTD).

MexrpynnoBble AaHHble Mo TeCTy anddepeHUMpoOBaHHOM OLEHKM COCTOA-
HUA B MCCneayeMblx rpynnax nokasanuv cnenytowme pesynsrats: C (U = 501,50,
P =052),A(U=45400, p=0023),H (U=54500, p = 0,89) xapakTepu3ytoTca Kak
OnaronpuaTtHble. B rpynne 11 2 nokasaTenu HaxooaTca B 30He KOMPOPTHbIX
3HaYEeH WM. DTO FOBOPUT O TOM, UTO CyObeKTMBHbIE OLLYLLEeH WA GU3nonormye-
CKOW, MCUXOMOrMYeCcKOM KOMPOPTHOCTK, B3aMMOOENCTBME C PUINYECKOM 1
coLManbHOW cpenor M aMOoLUMOHabHbIM GOH HAaCTROEHMA MCCNeayeMblX Ha-
XOOWTCA B OMNTUMaIbHOM AMana3oHe.
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Ta6numya 1

CpaBHeHMe NcuxoPU3nonormiyecKnx nokasarenemn CTyaeHToB-MeaMKoB
B 3aBUCUMOCTW OT ONTUTENBbHOCTM MPOXMBaHWA B A3POD

[NokazaTenu Bce rpynnsbl, roynnal, 6annbl | rpynna 2, 6annel | p-value
H6annbl
CcO 16,24+075 15,95+0,83 17264178 055
BK 118+0,06 117+0,07 121+013 0,63
CamMouyBCTBUME 476+0,13 4.82+014 4 55+0,33 0,52
AKTUBHOCTb 4 39+0,10 4 44+011 419+0,23 0,25
HactpoeHune 5,33+013 535+0,15 527+0,28 0,89
CcT 38,80+0,99 38,60+119 39504155 041
T 4379+117 44,00+1,34 4305+2,48 0,74
KomnnexkcHaa oueHKa 14 404116 14.67+1,29 13,56+2,68 0,53
MPOABNEHMM CTpecca
CTpeccoycTon4mMBOCTb 172,81+12,51 188,48+14,65 122,95+20,85 0,04

[NpumedaHme: CO — CyMMAPHOe OTK/TIOHEHME OT QYTOreHHOM HOPMbl, BK — BeretatBHbBIN
KO2pPULIMeHT, CT — CUTYQTUBHAS TREBOXKHOCTL, J1T — JIMYHOCTHAS TREBOXKHOCTHIO.

[aHHble MexxrpynnoBoro aHanmsa no metoguke KO.B. LLepbaTbix nokasanu,
UTO B 0OEeunx rpynnax B OTBET Ha CUIbHbIV CTPECCOPHbIN haKTop HabntonaeT-
CA Bblpa)KeHHOe HamnpwKeHMe 3MOLUMOHaNbHbBIX M GUIVNONOTMYECKUX CUCTEM
opraHmama (U = 70100, p = 0,53), KOTOpOe Ha MOMEHT NPpoBeAEHMA MCcCnego-
BaHWA ellé He KOMMEeHCMPOBaHO.

AHaNM3 OaHHbIX MPK MEXTPYMMOBOM CRaBHEH WM MO METOAMKE XONMca—Ped
onpenennn BbICOKMe MoKasaTenm ConpoTmBngeMocT cTpeccy (U = 545,00,
p = 0,04). B rpynne 1 mokasaTeslb CTeNeHb COMPOTUBIAEMOCTIM CTPRECCOBBIM
Harpy3skam bonee BobipayeH 1 coctaBnget (188,49+14 65), 4To cBMAETENbCTBY-
eT O BbICOKOM YPOBHe cTpecca c bonee yem 50% BepOATHOCTbIO BO3HMKHOBE-
HWA KaKoro-nmMbo ncmxocomMaTmyeckoro 3abonesaHna. B rpynne 2 mokasaTe-
NN HaxooAaTca Ha 6bonee HM3KOM YPOBHE, YTO COOTBETCTBYET HM3KOMY YPOBHIO
CTpecca U MUHUMANbHYIO BEPOATHOCTb PA3BUTMA CTPECCOBbLIX PaCCTPOUCTB
B OTNIM4Me oT rpynnbl 1 (Tadn. 1). ECTb BEPOATHOCTb, YTO 2TW MoKa3aTeNnu MamMe-
HATCA NpPW Bonee ANUTENbHOM MPOXKVBaAHMK B CEBEPHbIX YCNOBMAX. 34ECh
HY>XHO 00pPaTUTL 0coboe BHMMaHMe Ha JaHHble Mo 3Tou MeToguke. B rpyn-
ne npoxueatowmx bonee 1 roga B MypMaHcKkom 061acT mokasaTeny Conpo-
TUBNAEMOCTU CTRECCUPYHIOLLMM PaKToOpaM HaxOOATCA B 30HE MOPOroBbiX 3Ha-
YeHMM. ITO TOBOPUT O TOM, YTO MCUXO3IMOLIMOHAIbHOE COCTOAHME CTYAEHTOB
B rpynmne 1 HaxoauTCa Ha TaKOM YPOBHE, MPW KOTOPOM C BbICOKOW BEDOATHO-
CTbO BO3MOXKEH CPbIB MEXaHWM3MOB afanTauln 1 Nepexoa K PasBuTnio ae3a-
OanTUBHbBIX HapyLIeHN .

[aHHble MeXXrpynnoBOro aHalm3a rnokasarenen creneHn HepPBHO-TICU-
XMYECKOW HAMPAXKEHHOCTM MO MeToAnke M. JTiolepa CBUMOETENBCTBYIOT O
TOM, 4TO ypoBeHb CO HaxoamTca B Npegenax cpeHmnx 3HaderHmni (U = 57850,
p = 0,55). 210 obecnedrBaeT BO3MOYKHOCTb BbIMOHEH A HEOOXOAMMbIX OOA-
33aHHOCTEM B paMKax cpegHux TpeboBaHMM, a TakKe NO3BOAFET NepeksIto-
4YaTbCa OT OAHOMO BMAA OeATENbHOCTU K ApYyron 6e3 ocobbix 3aTRYAHEHWM 1
YCTarnocTu.
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Mokazatenn BK B obeux rpynnax HaxooaTtca B npeaenax onTuMasibHbIX 3Ha-
YeHMM N9 MoOUNKM3aLUMK GU3UYECKIMX U NCUXmYeckix pecypcos (U = 590,00,
o = 0,63). MNpoaBNaeTca 3TO OpUeHTal e Ha akKTUMBHYO 4eaTeNbHOCTb, obe-
crneYyeHHy HeobxogMMbIMIK aHepropecypcamMm Npvt AOMUHMPOBaH MM CUM-
MaTW4YecKoro oThesna BeretaTMBHOM HePBHOW CUCTEMDbI.

CpaBHeHMe NCUXoPpU3nonormyecKix noxkasatenemn CTygeHToB-MeOnKoB B
33aBUICKMMOCTW OT BO3pacTa npedcTaBneHbl B Tabnuue 2. MexkrpyrnnoBon aHa-
N3 AaHHbIX MO MeToamKe XofiMca—Ped nmokasars, YTo B MCCenyeMblx rpyr-
Max 0OCTOBEPHbIX pasnuumm He obHapy»keHo (U=706,50, p=0,90), HO cpen-
HIMe MoKa3aTe M CBMOETENbCTBYIOT O BbICOKOM PUCKE Pa3BUTNA CTPECCOBBLIX
PACCTPOWCTB W HeEONAronpPUATHbI B MPOrHOCTMYECKOM MAaHe BBUAY CHIUKe-
HWA afanTalUMOHHbBIX BO3MOXHOCTEM M pa3BUTUA MNCUXOCOMaTUYECKIX 3a00-
neBaHUM,

Tabnuuya 2

CDaBHeHVIe ﬂCMXOCbM?;VIOﬂOH/MeCKVIX rnokasarenen CTyeHTOB-MeMKOB
B 3aBMNCMMOCTIK OT BO3acCTa

[Toka3aTenm Bce rpynnbl, | 0o 18 ner, 18 net n cTtapue, | p-value
Gannol Gannbl H6annbl
CcO 16,24+075 17,30+0,82 |12,75%1,58 0,01
BK 118+0,06 114+0,07 131+014 023
CamodyBcTBMe 4,76+0,13 4,59+0,15 5,33+0,16 0,02
AKTVMBHOCTb 4,39+0,10 4,27+0,11 4,78+0,23 0,03
HactpoeHune 5,33+0,13 512+0,16 6,05+0,10 0,01
CT 38,80+0,99 39,76+116 35,38+159 014
T 4379+117 45,20+1,38 | 38,83%1,69 0,03
KomnnexkcHaa oueHKa 14.40+116 14724134 13,27+2,36 0,70
MPOABNEHMIM CTpecca
CTpeccoycTon4mMBOCTb 172,81+£12,51 172,87+1411 | 172,60+2771 0,90

[NpumedaHme: CO — CyMMAPHOe OTK/TIOHEHME OT QYTOreHHOM HOPMbl, BK — BeretatBHbIN
KO2pPULIMeHT, CT — CUTYQTUBHAS TREBOXKHOCTb, J1T — TMYHOCTHAS TPEBOXKHOCTD.

AHanM3 AaHHbIX No metogmke tO. B. LllepbaTbix He BbiABMI 0OCTOBEPHbIX
pas3nm4dni (U=679,50, p=0,70) mexxay rpynnamMm go 18 neT mn ctapue. [Npu 3ToMm
nokasaTenu B obenx Bo3pacTHbIX Mpyrnnax CBUAETENbCTBYIOT O 4OCTaTOYHO
BblDaXKEHHOM HaMPAXEH MM KakK 3MOUMOHaNbHbIX, Tak GU3NONOTMHYECKMX CI-
CTeM OpraHmamMa.

MeykrpynnoBsble AaHHble No metogmke Y. [1.Cnmnbeprepa—tO.J1.XaHMHa no-
Kasalv 0OCTOBEepPHbIe pa3nmumd no Kputeputo J1T(U=370,50, p=0,03), rae npen-
CTaB/1eH BbICOKMU YPOBEHDL TPEBOXXHOCTW B rpyrne o 18 net. [laHHblie CT no
STOW »Ke MeTOAMKE He BbIgBUMM JOCTOBEPDHbLIX PA3NYMM U HAXOOATCS B rnpe-
aenax 0onyCTUMbIX 3HaYeH MM, CBUMOETENbCTBYIOLIMX O HEOOXOOVMMOM YPOBHE
TPEBOXHOCTW /19 MOBCEAHEBHOW NEATETbHOCT M.

MeXXrpyrnnoBble AaHHble MO TeCTy AnddepeHUMPOBaHHOM OLLEHKM CO-
CTOAHMA B MCCeyeMbIX rpyrrax nokasanu OOCTOBEDHbIE PA3NMUUNT MEXK-
Oy rpynnamMm no Bcem kateropuam: C (U=34700, p=0,01), A (U=367,50, p=0,02),
H (U=339,50, p=0,01). B rpynne 18 neT 1 cTaplue nokasaTtenu rno BCeEM KaTero-
PUAM BblILLIE, YTO TOBOPUT O BbICOKOM YPOBHE PU3NONOTMUYECKOTO 1 MCHUXOMO-
rMYeCcKoro KoMpopTa UCMbITyeMbIX.

SV. Pryanichnikov, S.V. Egareva
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[aHHble aHanms3a nokasarenen cterneHmn HEPBHO-TICUXNYECKOWM HaMpAXEH-
HOCTK Mo MeToamke M. JTiolwepa nokasanu AOCTOBEPHbIE PA3IMYMa MeXay
rpynnamm 8 CO (U=40100, p=0,01), 4TOo cBUOETENbCTBYET O HEYMEPEHHO 3a-
BblLUEHHOM PaCXo40BaHMK HEPBHO-MCUXNYECKMX PECYPCOB W HU3KOM KODD-
PULMEHTe MOMNEe3HOoro 0emcTeig B rpyrnne go 18 net. [JoCToBepHbIX pa3nmnyiii
Mo nokasatenam BK mexay rpynnamm He BoianeHo (U=54150, p=0,22). [1aH-
Hble BK obeunx rpynn CBUAETENbCTBYIOT 00 ONTUMaibHOM MOOUMNM3aLmMm G-
3UYECKMX W MCUXNYECKUX PECYPCOB.

BbiBOoAbl

[MpoBenéHHOEe OAHOMOMEHTHOE Morepe4Hoe MccnefoBaHMe rnokasano
cnenyowme pesyneraTol. [pynna ydallmxca CTyOeHTOB-MedMKOB, MPOXKMBa-
OLLMX Ha TeppuTopM MypMaHcKom obnact bonee 1 roga, MeeT bonee He-
OnaronpudaTHble MokasaTtenu NCUxXodr3noorM4ecKoro COCTOAHMSA, YeM BHOBb
NpMobbLIBLUME Ha obydeHure CTyaeHTbl. [JaHHble CYMMapHOro OTK/IOHEeHMS OT
ayTOreHHOM HOPMbI 1 BEreTaTUBHOIO KO3POUMUMEHTa B MRYMMax MokKasbiBakoT
cpenHn ypoBeHb HEMPOOYKTMBHOM HEPBHO-MCUXMNYECKON AeATENbHOCTM,
UTO MPOABNAETCA B ONIMTENBHOM MEPUOAE CHVKEHHOW PaboTOCMOCOOHOCT M
nocne akTMBHOW OeATeTbHOCTU W AOMUMHMPYIOLLEM BAVAHMIM CUMMATUYECKO-
ro oToena BEreTaTMBHOM HEPBHOW CUCTEMbI Ha Perynaumio QYHKLMOHaMbHbIX
CMCTEM OpraHmaMa. lNokasaTen KOMMNEKCHOM OLEHKM MPOSBNEH M CTPECCa
B rpynne npoxkrpatoLLmx 6bonee 1 roga B MypmMaHcKom obactu boiee Bblpa-
YKEHbI 1 TOBOPAT O BbICOKOM COMPOTUBIEH WM CTPECCHMPYtoLLEMY PaKTOPY, UTO
MPUMBOAUT K HEKOMMEHCKPYEMOMY BO3AENCTBMIO PaKTOPROB Cpedbl W MPOoaB-
NAETCA ONPeaeneHHbIM HanpPMHKeHMeEM 3MOLMOHANbHbBIX 1 PU3MONOTNYECKIX
CMCTEM OPraHm3aMa C BO3IMOXXHbIM CPbIBOM afdanTalOHHbIX BO3IMOXHOCTEMN.
Moy 2TOM OOCTOBEPHbIX pasnuyimnii no metoarkam CAH 1 Y.[0.Cnvnbeprepa —
tO.J1.XaHHa He BbigBieHo. [pu kaTeropmsau iy no BO3pacTy CyObeKTVBHbIE
nokasaTteny NCUxoPU3noNorn4ecKoro COCToaHMa 6onee BolpayeHbl B rpynne
oT 18 neT 1 cTaplle, 4YTo roBOpUT O Bonee yCTo4nMBOM GOPMIMPOBaHWK agan-
TaLMOHHbBIX MEXaHW3MOB OPraHr3Ma B 3TOW BO3PaCTHOM rpyrne.
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Abstract. The Gulf of Ob is a unique ecosystem characterized by a
complex interaction of river and sea factors. It is exposed to extremely
strong seasonal pressure of highly variable temperature, insolation,
biogenic load and many other factors, including anthropogenic and
technogenic effects. Operational satellite data on the hydrological
regime of the Gulf of Ob are crucial for the analysis of different
environmental and climate processes as well as assessment of the
intensity and scale of anthropogenic and technogenic impacts on
the adjacent areas. This study presents an analysis of seasonal and
interannual variations of brightness temperature in different parts of
the Gulf of Ob in the freezing period based on SMOS (Soil Moisture and
Ocean Salinity) data. It was found that in the southern part of the Gulf
of Ob, the seasonal and interannual brightness temperature dynamics
are similar to freshwater lakes. However, the closer to the Kara Sea the
more these dynamics deteriorate and, finally, in the northern part of
the Gulf, become similar to those of the central Kara Sea. During the
freezing period, changes in the brightness temperature dynamics
occur in different parts of the Gulf of Ob. This is explained by an
increase in the salinity of water under ice. It was shown that during
winter seasons, the zone of fresh and salt waters mixing (the transition
zone) can shift far to the south of the Gulf of Ob. Winter shift of the
transition zone was compared with climate changes in the region that
determine the river runoff and the state of permafrost. The revealed
patterns of brightness temperature seasonal variations in different
parts of the Gulf of Ob and the associated ice cover phases can be
used to assess the hydrological regime in large estuaries of the Arctic
in winter, as well as climate changes in the adjacent areas on the basis
of satellite microwave radiometry data.

Keywords: microwave radiometry, SMOS, estuary, ice cover, fresh and
salt waters mixing zone

AHANN3 TMOPONOIMNMYECKOIO PEXXMUMA OGCKOW IYEbl B
Nepmnoa NeEAOCTABA NO A4AHHbIM SMOS

B. B. TuxoHoBL2* A. H. PomaHoB?, M. B. XBocToB?, T. A. Anexkceepa>1,
AV CuHmukmmn, M. B. TuxoHoBa®, E. A. LLapkos?!, H. HO. KomapoBsa?

L HCTUTYT KOCMUMYeCKMX nccnegoBaHnii PAH, Mockea, Poccud

2 IHCTUTYT BOAHbBIX W aKonormdyeckix npobnem CO PAH, bapHayn, Poccug
3 VIHCTUTYT BOAHbBIX W 3Ko10rMyeckimx npobnem CO PAH, bapHayn, Poccug
4+ OO0 «TEONHXXCEPBINC», MockBa, Poccua

V.V, Tikhonov, A.N. Romanov, V. Khvostov, TA. Alekseeva, A.l. Sinitskiy, M.V. Tikhonova, E.A. Sharkov, N.Yu. Koomarova
Analysis of the hydrological regime of the Gulf of Ob in the freezing period using SMOS data


https://orcid.org/0000-0002-3182-880X
https://orcid.org/0000-0003-3239-9426
https://orcid.org/0000-0002-1575-8784
https://orcid.org/0000-0002-3733-7980
https://orcid.org/0000-0002-9422-5846
https://orcid.org/0000-0003-3656-1734

45 #2(17) 2022 RUSSIAN ARCTIC

> Poccuimckmi focynapcTBeHHbIM ArpapHbi YHMBepCUTET - MCXA MMeHU
KA TnMMpaseBa, MockBa, Poccud
*vtikhonov@asp.iki.rssiru

AHHoTauua. Obckag ryba npeacraBndet coboM YHMKabHYO IKOCK-
CTEMY, HaxOOALYIOCA B YCMTOBUMAX CIIOXHOIO B3aMMOOENCTBMNA pey-
HbIX 1 MOPCKMX pakTopoB. OHa MoaBeKeHa O4eHb CUMMbHbIM Ce30H-
HbIM BO30EMCTBMAM C CYLLECTBEHHbBIMK KonebaHamMm TemMnepaTypbl,
CONMHEYHOW OCBELLEHHOCTM, OUOreHHOM Harpy3KM M MHOXECTBOM
Opyrvx GakTopoB, BKAtOYaa aHTROMOreHHble 1 TeXHOoreHHble Bo3ae -
cTBMa. OnepaTtvBHbIE CMYTHMKOBbLIE OaHHbIe O TMOPONOIMYECKOM pe-
>Kime OOCKOM ryobl ABAAKOTCA BaXKHEM LM UCTOYHMKOM MHQOPMaLMK
019 aHanM3a PasNVYHbIX MPUPOOHBLIX U KMTUMaTUYeCKMX MPOL,ECCOB,
a Takke OLUeHKW MHTEHCUBHOCTW W MOLLHOCTW aHTPOMOMeHHOro 1 Tex-
HOMeHHOro BO3OENCTBMA Ha NpuneratoLlme Teppmutopmi. B aToM mc-
cnefoBaHUVKM NpeacTaBneH aHanv3 Ce30HHbIX M MEeXKIOO0BbLIX 3aBUCK-
MOCTeM APKOCTHOW TeMnepaTypbl Pas3indHbix obnacten O6CKom ryobl
B Mepuroa NegocTtaBa, MoayYeHHbIX Mo JaHHbIM CnyTHKKa SMOS (Soil
Moisture and Ocean Salinity). [TpoBeOeHHble MccnegoBaHWa Mokasa-
NN, UTO B tOXHOW YacT OBcKom rybbl HabMoaaeTca cxoyaa C MPecHo-
BOOHbLIMW 03epaMi CE30HHAA M MeXXrogoBaa AVHAMMKA APKOCTHOW
TemMnepaTtypbl. OaHako, 6amke K akBaTopui Kapckoro Mopsa 3Ta Au-
HaMKa HapyLLaeTca 1 B CeBEPHOM YacTu ryObl CTAHOBUTCH CXOXEW C
ANHAMKOW ApKOCTHOM TeMmnepaTypbl LeHTpanbHoW obnact Kapcko-
ro Mopg. MI3aMeHeHre Ce30HHOM ONHAMUKIM GPKOCTHOM TeMrepaTtypbl
Pas3NMYHbIX obnacten O6CKoM ryobl MPOUCXOAMT B Mepurol neaocrasa.
Takoe r3MeHeHre obbacHAeTCa yBenndeHmemM CoNeHoCT BoAbl Mogo0
NbooM. [NpoBeOeHHble MccnenoBaHWa nokasanu, YTo B 3vMHMe Ce30-
Hbl 06NACTb CMEeLleHMA MNPEeCHbLIX 1 CONeHbIX BoA (PpoHTabHaa 30Ha)
MOYET CABMIraThca Aanexko Ha tor Obckom ryobl. CMelleHme GpoHTanb-
HOW 30HbBI B 3UMHMI MepUMod, COMOCTaBNEHO C KNMMATUYECKMMI N3-
MEeHEeHNAMU pernoHa, onpenenatoLlMMIM PeYHOM CTOK M COCTOAHME
MHOroneTHeMep3/biX Nopod. BbiaBneHHble 3aKOHOMEPHOCTU Ce30H-
HbIX BapWaL WM 9pKOCTHOW TemMnepaTypbl pas3inyHbix ydacTkoB O6-
CKOW ryObl 1 CBA3@HHbIE C HMMWK da3bl NegaHOro NoKpoBa MOryT ObiThb
MCMONb30BaHbl A1A OLEHKM TMODONOTMUYECKOrO PEXMMa B KPYMHbIX
ICTYaPUax APKTMKM B 3MIMHEE BpeMd, a TakKe KIMMaTUUYEeCKMX M3me-
HEeHWVW MpUAeralMx TeEPPUTOPRUI MO AaHHBIM CMYTHMKOBOW MUKDO-
BOTHOBOW pagnMoMETPU M.

KnoueBble crioBa: MUKPOBOMHOBadA pagomMeTpmnd, SMOS, acTyapum,
NensgHoOM NoKPOB, 30Ha CMeLLIEeHUA MPECHbBIX 1 CONEHbIX BOM,

INTRODUCTION

Notable changes in the state and dynamics of various climate and
hydrological processes have been recorded in the Arctic. These include: an
increase in average air temperature; a reduction in duration of snow cover
season: late ice formation and early opening of river, lake and sea ice; increased
freshwater runoff; glacier melt; degradation of permafrost; reduction in sea ice
area, etc. [1]. These changes also affect numerous rivers flowing into the Arctic
Ocean. Among them are four of the twelve longest rivers on Earth, namely
Yenisei, Ob, Lena, and Mackenzie [2-6]. These rivers account for nearly 60%
of the freshwater that flows from the continents into the Arctic Ocean.
Because of its unique land-sea connection, the Arctic Ocean is exposed to
greater inflow of freshwater than any other ocean [7].
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The Arctic River deltas and estuaries are unique ecosystems involved
in complex interaction of river and sea factors. They are characterized by
considerable variability and high ecological vulnerability. At the same time,
however, they possess significant natural resources that play an important
role in the economy of coastal regions [8-10]. Globally, areas of mixing sea
and river waters represent an ocean “filter” belt. The effectiveness of such a
‘filter” in shallow waters is much higher than in the open ocean. One of the
important aspects in the study of brackish waters is establishing and refining
the dependencies of various processes on salinity of mixing sea and fresh
waters [11,12]. The Arctic estuaries are subject to very strong seasonal influences
with significant variations in temperature, insolation, ice cover, snow water
equivalent, biogenic load, and many other factors, including anthropogenic
and technologic influences [13]. Arctic estuaries provide essential habitat for
migratory birds, fish and marine mammals [12].

Approximately 1000 km?® of freshwater flows through the estuaries of the
Ob and the Yenisei rivers annually. With the runoff of these rivers an enormous
amount of allochthonous substances (~150-10° t/year) enters the estuarine
zones. The composition of these substances reflects the entire spectrum of
Nnatural processes and economic activities in the watershed area. The degree
of transformation of freshwater entering the Ob and Yenisei estuaries is
determined by geomorphology features, level of water exchange, volume
of river runoff and its seasonal dynamics [11, 14-17]. These estuaries should be
given a very special place in the overall monitoring system of coastal areas.
The anthropogenic and technologic impacts associated with mining,
processing and transportation of minerals, and increasing exploitation of the
Northern Sea Route are extremely strong here [18, 19].

The traditional method of monitoring river mouths and, in particular,
estuaries is contact studies based on a system of stationary observations:
a network of posts, control sections, stations, transects, etc., as well as various
expeditionary works. Hydrological characteristics are calculated and predicted
from the analysis of water samples obtained by gralb samplers or hydrological
probes. There are a number of methods used: empirical, hydrological, balance,
etc. [5,10, 11,16, 20].

Over the past 40 years, remote sensing techniques have been increasingly
used to monitor the state of coastal areas, rivers and their mouths. For this
purpose, optical, multispectral, radar, and infrared airborne and satellite
sensors of low, medium, high, and very high resolution are used [10, 21-25].

Visible and near-infrared data are generally used to track and assess
changes in coastlines [21, 26-30], large river streamways [31] and winter freezing
over the long reaches of large northern rivers [32]. The infrared range is used
to determine surface temperature and thermal anomalies in coastal and
estuarine areas [23, 31, 33]. Radar and synthetic-aperture radar (SAR) data
provide key information for mapping coasts, flooding and inundation,
wetland characterization, assessing soil subsidence along streams, analysis
of surface changes in permafrost zones, etc. [21, 34-38]. River flow and related
hydrodynamic processes, as well as estuarine and coastal water quality
are assessed from remote sensing data of visible and near-infrared bands.
It follows from the literature [39-46], that using data from these bands, one
can estimate river flow level and map spatial distribution of suspended solids,
turbidity, temperature and salinity in estuaries. Combining multispectral and
SAR data and using machine learning methods enable mapping large rivers
over vast areas [47].
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Civen the fact that most of the time the Arctic territory is inaccessible for
the visible and near-infrared ranges (due to polar night or solid cloud cover),
the microwave data, which are independent of solar illumination and cloud
cover, become promising for the study of river estuaries [48]. First of all, these
are satellite radar data and, second, satellite microwave radiometry data.

Akimov et al. [49] present the results of a study of the zone of fresh and salt
waters mixing (the transition zone) in the estuaries of the Ob and the Yenisei
in the Kara Sea using SAR ERS-1/2 satellite data. Satellite data were compared
with contact measurements obtained during Kara Sea expeditions (KAREX).
The expeditions were conducted in 1994 and 1995 by the Arctic and Antarctic
Research Institute (AARI). Transition zones were detected in 70 images out
of 89. However, the study left open many questions, in particular concerning
the differences in the spatial distribution of the transition zones derived from
satellite data and contact measurements. Studies of winter hydrology and ice
regime of the Ob and Yenisel estuaries based on SAR data (ERS, RADARSAT,
Envisat) are discussed by Melentyev et al. [50, 51]. Melentyev et al. [51] compare
SAR data with the results of synchronous monitoring campaigns onboard
icebreaker “Kapitan Dranitsyn” (April — May 1998) and nuclear icebreakers
“Vaygach"and “Taymyr” (1993) as well as the data of multispectral “Resours-Ol"
satellite instrument. In Melentyev et al. [50], SAR data are analyzed together
with climate characteristics. These studies highlight the prospects of radar
imaging in assessing spatial and temporal variability of ice cover, detecting
different types of ice, determining the beginning of ice formation and ice
breakup, identifying polynyas, etc.

The use of satellite microwave radiometry in the study of river basins and
estuaries began only in the XXI century. This happened so late because spatial
resolution of the data is rather low (several kilometers and more). However,
the possibility of obtaining information from vast areas, high frequency of
observation in high latitudes, independence of the data of solar illumination
and atmospheric conditions, sensitivity to subsurface processes, and low
power consumption make satellite microwave radiometry a promising tool
for monitoring the Earth surface [52]. Satellite microwave radiometry data are
currently being used to determine flooding and underflooding in the vicinity
of a river channel [53] and to estimate flooding extension on a global scale [54].
A pioneering study on flood area estimation is the work of Stippel et al.
[55] presenting the results of Amazon basin flooding derived from SMMR
(Scanning Multichannel Microwave Radiometer) data. The degree of flooding
is obtained using the linear mixing model of microwave signatures from the
underlying landscape (soil, vegetation) and the water surface. The brightness
temperatures of these surfaces are very different. Subsequently, this method
of monitoring flooded areas was improved using data from more modern
AMSR-E (Advanced Microwave Scanning Radiometer for EOS) and SSM/I
(Special Sensor Microwave/Imager) satellite radiometers with higher spatial
resolution [53, 56-58]. Umbert et al. [59] presented a study of the salinity of the
upper desalinated water layer of the Kara Sea and the Laptev Sea obtained
from SMOS data. The results showed that the surface layer salinity is in a
negative linear correlation with the concentration of detrital matter carried
out by the Ob, Yenisei, and Lena rivers.

Tikhonov et al. [60, 61] discuss the results of a study of phenological phases
of five large freshwater lakes (Baikal, Ladoga, Guron, Great Bear, and Great
Slave) using data from MIRAS (Microwave Imaging Radiometer using
Aperture Synthesis) of the SMOS satellite. In the study, multiyear seasonal
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variations of brightness temperature in the central parts of the lakes are
analyzed and compared with theoretical model calculations. This has allowed
identifying three distinct time regions of brightness temperature values for
freezing freshwater lakes. The first time region (TRI1) with lowest brightness
temperature corresponds to the radiation from ice-free water surface. The
second time region (TR2) features rise and sustained stabilization of brightness
temperature at an intermediate level and corresponds to the radiation
from stable ice cover on the lake surface. The third time region (TR3) marks
maximal brightness temperature as a result of a short-term (~ 20-50 days)
sharp increase by 40-90 K and corresponds to the period of a drastic change
in ice cover structure (intense destruction and melt). The work is continued
by Tikhonov et al. [62] with the study of seasonal brightness temperature
dynamics derived from SMOS data at three sites in the Gulf of Ob. Comparison
of the satellite data with model results shows that in the freshwater part of the
gulf (southern and central regions), the dynamics of brightness temperature
is similar to lakes. However, in its “marine” part (northern region), there is
no such similarity as no distinct TR2 can be observed on the brightness
temperature curve. With the onset of freeze-up, brightness temperature
strongly increases from the open water values (TR1) directly to the TR3 values
which in this case correspond to stable ice cover. Then it remains relatively
stable up to the beginning of ice cover destruction. The authors explain such
change in the brightness temperature dynamics in the marine part of the
gulf by an increase in salinity of water under the ice cover. The appearance of
brackish water under ice leads to an increase in radiation absorption in the
lower ice layer which is in contact with the water surface. This in turn leads
to an increase in the brightness temperature which becomes comparable
with that of decaying freshwater ice. The obtained results open the way to
determining the transition zone in large estuaries of the Russian Arctic during
the freezing period using satellite microwave radiometry data.

This article presents the results of a theoretical study of 2012-2018 seasonal
and interannual variations of microwave radiation in different areas of the
Gulf of Ob during the freezing period using SMOS MIRAS data. The study
was carried out for the entire water area of the gulf (13 sites) and for one site
located far from the estuary in the Kara Sea. Theoretical modeling of ice cover
microwave radiation was carried out together with an analysis of the river
runoff to the gulf, changes in climate characteristics of the Ob River watershed
and territories adjacent to the gulf. The shift of the transition zone during the
freezing period depending on river runoff to the Gulf of Ob and interannual
climate changes in the adjoining territories of the watershed was examined.

STUDY AREA

The Gulf of Ob is the largest gulf of the Kara Sea (Fig. 1, left). It is located
pbetween the Gydansky and Yamal peninsulas (Fig. 1, left). Its length is about
800 km, width is 30-90 km, maximum depth does not exceed 28-30 m, and
average depth is 10-15 m. The total area of the gulf is 40800 km? and its
water volume is 400 km?®. In the south, during high water it resembles a
river, and during low water a reservoir or lake. In the Gulf of Ob, two primary
water masses, river and sea, come into contact forming a transition zone.
The transition zone is a migrating phenomenon and during open water can
pe found between 71°N and 72°N (Fig. 1, right). Thus, two large areas with
moving boundaries can be distinguished in the Gulf of Ob: the freshwater
part and the marine part. The latter is bounded from the south by a salinity
(mineralization) isohaline of 0.5%o [16, 63, 64].
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Fig. 1. Study area (the Gulf of Ob and the Kara Sea). Left: Terra MODIS image of 05.07.2016. Right: map
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The Gulf of Ob lies almost entirely within the tundra zone. Average duration
of the freezing period varies from 250 to 300 days. The hydrological regime
during open water depends on a large number of factors. During high
water, the determining factor is the river flow. During low water, the effect
of meteorological factors, especially wind and associated storm surges, the
amplitude of which can reach 3-4 m, increases sharply [63, 64].

As the major tributary to the Gulf of Ob with 75-76% of its total inflow,
the Ob River has a determining significance for the hydrological regime of
the Gulf of Ob and the processes occurring in it. Several other rivers flow into
the Gulf of Ob: rivers Nadym and Nyda in the southeast, the Taz River opening
to the Taz Gulf in the east and a number of smaller rivers from the Yamal
Peninsula in the west.

The basin of the Obisone of the largest in Siberia, its area reaches 2770000 km?.
From south to north, the river crosses a number of natural and climate zones
from the Altai Mountains through semi-desert, steppe, forest-steppe, taiga
to tundra. A significant part of the river feeding is snow (~55%), 25% is rainfall,
and 20% is groundwater [63]. A distinctive feature of the Ob River is its giant
watershed, much of which (~75%) is heavily marshy. Over most of its length
(55%) the river flows through permafrost-free territory. In its lower reaches, the
Ob flows in the zone of discontinuous and island permafrost, and only the river
mouth and its estuary are located in the permafrost zone [65]. The Ob belongs
to rivers with a prolonged spring-summer flood. Beginning in October and
continuing throughout the winter, the river is mainly fed by groundwater, and
its runoff sharply decreases at this time [54, 60].
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DATA DESCRIPTION

Satellite data

Thirteen study sites (P1-P13) were selected across the entire water area of
the Gulf of Ob plus one site located in the central part of the Kara Sea (see
Fig. 1, right). For all selected sites, SMOS MIRAS data were obtained for the
period from 2012 to 2018. Specifically, the SMOS LIC product version v620 was
used [67]. The LIC product data are mapped to a discrete hexagonal DGCG
ISEA 4H9 geodetic grid [68]. The grid cells corresponding to each selected site
are shown in Fig. 1, and the coordinates of their centers are listed in Table 1.
The linear size of the cell is 15 km. The LIC product is built from the SMOS MIRAS
data with a wavelength of 21 cm (frequency 1.4 GHz) and a resolution of 35x65 km
for vertical (V) and horizontal (H) polarizations at a viewing angle of 42.5°.
A continuous data archive for the period from 2012 to the present is stored on
the servers of the European Space Agency (ESA).

Table 1
Center coordinates of the analyzed SMOS LIC cells.
DGGC ID (Discrete Global Grid 1D) is SMOS cell identification number
Ta6mya 1
KoopauHaThl LEHTPOB aHanm3mnpyeMbix adyeexk SMOS L1C.
DGC ID (Discrete Global Grid ID) - noeHTMdUKaLMOHHbIVM HOMep adenkin SMOS

Site DGG ID Latitude, °N Longitude, °E
P 4050014 672 7322
P2 4051040 6749 7333
P3 4053091 6798 73.82
P4 4055657 6876 73.88
P5 4055659 68.92 7334
P6 4057199 69.42 7327
p7 4059253 7015 73.03
P8 4060792 70.58 73.30
P9 4061818 70.86 7350
P10 4062848 7146 72.59
P11 4003874 7175 72.83
P12 4066949 72.39 7587
P13 4067975 72.68 7375

Kara Sea (KS) 4075674 7518 71.38

Climate data

Climate data for the study area were obtained from meteorological stations
(M), marine hydrometeorological stations (MH), and hydrological stations (HS)
(http://Mvww.sevmeteo.ru/company/stations.php, accessed June 10, 2022), and
from the weather web archive (https/rp5.ru, accessed June 10, 2022). Fig. 1
on the right shows the locations of Nyda M, Imeni Popova MH, Novy Port MH,
Antipayuta M and Seyakha HS. Table 2 shows their coordinates.
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Table 2
Stations in the area of the Gulf of Ob
Ta6auya 2
MeTeocTaHuUMM B parioHe OBcKom ryobl
Weather station Latitude, °N | Longitude, °E Height, m
Nyda N 66.62 7295 10
Novy Port MH 67.68 72.87 12
Antipayuta M ©69.10 70.87 3
Seyakha HS 7017 7252 16
Imeni Popova St. MH 7335 70.05 6
Table 3
Stations on the Ob River
Tabnumya 3
CTaHuMM 1 NocThl Ha pexke Obb
Ob River Locality, Region Latitude, °N | Longitude, °E
sections
Upper Ob Barnaul, Altai Krai, Russia 53.35 8378
Upper Ob Ordynskoye, Novosibirsk Oblast, Russia 5437 8190
Upper Ob Molchanovo, Tomsk Oblast, Russia 5758 8377
Middle Ob Kolpashevo, Tomsk Oblast, Russia 58.31 8290
Middle Ob Kargasok, Tomsk Oblast, Russia 59.06 80.86
Middle Ob Nizhnevartovsk, Khanty-Mansi 00.94 76.56
Autonomous Okrug, Russia
Lower Ob Sytomino, Khanty-Mansi 6130 7129
Autonomous Okrug, Russia
Lower Ob Oktyabrskoye, Khanty-Mansi 62.46 66.04
Autonomous Okrug, Russia
Lower Ob Salekhard, Yamalo-Nenets 06.53 06.61
Autonomous Okrug, Russia

The Ob River with the Katun River, one of main Ob tributaries, cross the
entire territory of Russia from south to north, flowing through a number
of natural and climate zones. By the nature of the river network, feeding
conditions and flow formation, the Ob is divided into 3 sections: Upper Ob
(from the confluence of Biya and Katun rivers to the mouth of the Tom River),
Middle Ob (up to the mouth of the Irtysh River) and Lower Ob (up to the Gulf
of Ob). To analyze the climate conditions along the Ob River in the study
period (2012-2018), data from several weather stations in different parts of the
river were obtained from the weather web archive (https./rp5.ru, accessed
June 10, 2022). The locations of the weather stations are listed in Table 3.
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Glaciological data

The characteristics of ice (thickness) and snow cover (height and density)
in the Gulf of Ob were obtained for the period 2010-2017 at Novy Port MH.
They were measured by Al. Sinitsky, one of the authors of this article, and
Yu.l. Prilepsky, Head of Novy Port MH of the Northern Agency for
Hydrometeorology and Environmental Monitoring (http/Awww.sevmeteo.ru/
company/stations.php, accessed June 10, 2022). The data were averaged and
approximated by smooth curves shown in Fig. 2. In the other parts of the Gulf
of Ob, ice and snow characteristics differ little from those obtained at New
Port MH [69].

H, cm p, g-cm
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Fig. 2. Eight-year averages (2010-2017) of seasonal variations
in ice thickness (H,_ ), snow depth (H_ ) and snow density (p)

snow

in the Novy Port MH area of the Gulf of Ob

Puc. 2. YcpeaHéHHbIe 3a 8 nieT (2010-2017) ce30HHble 3aBUCUMMOCTU
TOJILLMHbI NibAA (H,__), BbICOTbI CHEXKHOro Mokposa (H_ | )
V1 r1I0OTHOCTY cHera (p) B O6ckov ry6e B parvioHe MH HoBbivi mopT

Hydrological data

Data on hydrological characteristics of the Gulf of Ob (temperature, water
salinity, temperature and salinity profile by depth) were obtained from works
of [16, 20, 63, 64]. They give water temperature and salinity at water surface
and beneath in the summer and autumn seasons. There are almost no data
on contact measurements of water salinity in the freezing period, neither at
the surface nor at depth. Voynov et al. [64] show the results of winter salinity
measurements under landfast ice that were made mainly from 1966 to 1988, ie,
30-55 years ago. As noted in the work, the measurements were carried out
irregularly and were of rather poor quality, not allowing a statistical analysis.
Allegedly, as cited by Lapin [63], the farthest penetration of seawater into the
Gulf of Ob, as far as the Taz Gulf (69°03' N), was observed at the end of the
freezing period, however, no reliable documentary confirmation is available.

Since most of the runoff to the Gulf of Ob is supplied by the Ob River
(>75%), an analysis of interannual river runoff near the city of Salekhard was
undertaken. Salekhard is located 287 km from the mouth of the Ob. Runoff
data for 2011-2018 were obtained from the following servers: ArcticGRO
(https://arcticgreatrivers.org/data/, accessed June 10, 2022), ArcticRIMS
(https://rims.unh.edu//data.shtml, accessed June 10, 2022) and R-ArcticNet
(https://mww.r-arcticnet.sr.unh.edu/v4.0/index.html, accessed June 10, 2022).
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They are presented in Fig. 3 which shows a drastic change, depending on the
year, in the river runoff in the warm half of the year (May — October). In the cold
half of the year (Novemlber — April), the fluctuations of the river flow are not so
significant. Bulavina [66] shows that the runoff of the Ob River is determined
by the water content of the warm half-year. The runoff of the warm half-year is
mostly influenced by the amount of solid precipitation of the preceding cold
half-year and the precipitation of the warm half-year. The most significant is
the amount of solid precipitation in the Upper and Middle Ob basins [66].
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Fig. 3. Runoff of the Ob River near Salekhard for the period 2011-2018
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MODEL

To interpret and analyze the seasonal variations in the brightness
temperature of the Gulf of Ob regions during the freezing period, we used
the radiation model of layered inhomogeneous non-isothermal medium [52].
The model was adapted for the case of the “fresh/sea water — ice cover (two
layers) — snow cover — atmosphere” radiating system. A detailed description
of the model for both marine and freshwater areas is given by Tikhonov et al.
[61, 70]. In our case, the radiating system is an environment consisting of
several layers: a fresh/sea water surface, above it a thin layer of wet ice (due
to contact with the water), next is a layer of ice (wet or dry, depending on
temperature conditions), above it a snow cover and then a thick layer of
atmosphere (Fig. 4). As was shown by Demir et al. [71], such configuration
enables a good model description of microwave radiation of an ice cover.
Depending on the hydrological regime of the modeled region of the Gulf of
Ob, the ice cover may be either freshwater or seawater.

Atmosphere, j =0

Fig. 4. Model of the “fresh/sea water
— wet ice cover — ice cover — snow
cover —atmosphere” radiative
system

Snow cover, j =1

Ice cover,j =2; 3

Puc. 4. MogesibHoe rnpencraBrieHme
M3ydaroLLe CUCTeMbI «rpecHas/
MOpPCKAsS BOAQ — BAAXKHbIV /1eAsHOM
[MOKPOB — /IEASHOM MOKPOB — CHEX-
HbIV MOKPOB — ATMOCHepa»

Fresh/Sea water, j = 4
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Brightness temperature TBr of such a system is determined from the
expressions discussed in detail by Sharkov [52] and Tikhonov et al. [61, 701

(1 — exp(—211nwj)) . [1 + ‘rj_ exp(ilpj.)‘2 ) +
3

Ty =2,

. - . 2 Im ‘k:. - 3 8
= ‘1—?} r exp(2npj)‘ a2Ys Re(r exp(iy )) Im(exp(zwﬂ)- .
eV, k|
J
ReZ. 2
Sl B ) At )
ReZ, ReZ,’

g ) 7, (1—exp(—21111\pj))-(1+rj_ exp(f\pj)—]+
j=1 ‘1— Ry exp(2npj)‘ +4 Rev, Re(rj exp(ﬂpj))-lm (exp(zwj))

Rer T ')ReZ4

XR + T, W,
eZ, ReZ,

where the upper index of T denotes:

v — vertical polarization;

h — horizontal polarization:;

index j denotes layer of the medium:

the underlying layer (j = 4) has semi-infinite thickness;

kj IS wave vector in layer J;

lJ is temperature of layer J;

r,rare reflection coefficients from the upper and lower boundaries of
layer j, respectively;

¥, is wave phase overrun across layer j;

4% Is transmission coefficient from the inner side of the upper boundary of
layer j to the snow-atmosphere boundary:

Z Is wave impedance of layer J.

The characteristics of each layer are found from the following expressions:
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m=1 -1 T Z Z EZ tg WJ Z zZ“;+1 tg W}'

2m, je.
=k . k. =kjcos®;,  k,=ksinb, k.:i\/_j, cos6 ; =
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1 ) ..
——=——horizontal polarization,
n+ in— fe. cosO .
B Z;‘ R i Z 7 N /
J i+ R A .
g+ Z Tt Z}. cosO ;

\/7 —vertical polarization,
£.
J

where £ isinput impedance in layer j at the lower boundary for a wave
propagating upward,;

Z/’”*/ is input impedance in layer j at the upper boundary for a wave
propagating downward;

hj is thickness of layer J;

A is radiation wavelength;

0, is viewing angle (see Fig. 4);

g ls complex dielectric constant of layer J.
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Thus, the radiation of the system is determined by the physical temperature
and the complex dielectric constant of each layer. The layer (ice and snow)
complex dielectric constant was determined using the quasi-wave model of
effective dielectric constant of a dispersed medium [61, 70, 72]. As the model
iINnput parameters (air, snow, and ice temperatures: snow density; ice cover
salinity; average size of snow ice grains, air pores, brine and water inclusions
in ice; their size dispersions, etc.) data were obtained from M, MH, and HS
closest to the study site (see Fig. 1 and Table 2). Also, the average parameters
of snow, freshwater, and sea ice typical of the Arctic region were taken from
the literature [73-79].

During open water, brightness temperature of selected sites was
determined as the product of water surface emissivity and thermodynamic
temperature [80].

RESULTS AND DISCUSSION

Satellite data and modeling

In order to analyze brightness temperature dynamics in different study
sites of the Gulf of Ob during the freezing period, model calculations were
performed. The results were compared with satellite data.
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Fig. 5. Seasonal dynamics of brightness temperature at Site P3 in the Gulf of Ob from SMOS data at
H (left panel, lower graph) and V (right panel, lower graph) polarizations. The upper graphs of each
panel show daily and 2-week average air temperature. Blue and red lines and symbols are the SMOS

data, cyan and dark brown lines are the modeling results for a salinity of 0 %.. Numbers below the
brightness temperature lines indicate the three time regions of brightness temperature values:
1— open water (TRI), 2 — ice cover (TR2), 3 — ice destruction (TR3)

Puc. 5. Ce30HHasa AMHAMMKA SPKOCTHOM TeMrepaTypbl Ha raollaaxke P3 B O6ckou rybe ro AaHHbIM
SMOS rnipu H (neBbivi PUCYHOK, HUDKHUW FPAdUK) 1V (MpAaBbIvi PUCYHOK, HUXKHNM FPAPUK)
nosgpu3aUmax. BepxHuve rpa@dukii KAXK40ro pUCyYHKA MOKA3bIBAKT AHEBHYIO W 2-Heaes/lbHY K CPEAHIOM
TemrnepaTypy Bo3ayxad. CUHUE 1 KPACHbLIE JINHWUM U CUMBOJIbI - AAHHbIe SMOS; rony6ele 1

TEMHO-KOPUYHEBbIE JTMHWM - PE3Y/ILTATHI MOAEINPOBAHMNS 4719 corieHocTH O %o. Lindpbl nog 1MHUGMM
APKOCTHOM TEMMEePATYPbl YKA3bIBAKOT HA TPU BPEMEHHbIE O6/1ACTH 3HAYEH MM GPKOCTHOM TeMMePATYPbI:
1- oTkpbiTas Boaa (TRI1), 2 - neasHowu rnokpos (TR2), 3 - paspyLieHme neaa (TR3)

Figure 5 shows the brightness temperature dynamics at Site P3 (see Fig. 1,
right) derived from the MIRAS data as well as the theoretical dependencies
calculated using formulas (1)—(2). It should be noted that at sites Pl and P2 the
brightness temperature dynamics is identical to P3. Analysis of the graphs
shows that they are very similar to the seasonal brightness temperature
dynamics of freshwater lakes [60, 61]. Comparison of satellite data and
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modeling revealed three time regions of brightness temperature values for
freshwater lakes. The first region (TRI1) is associated with radiation from ice-
free water surface. The second (TR2) marks stable ice cover on the lake surface.
The third time region (TR3), characterized by a short-term sharp increase
in brightness temperature by several tens of K, corresponds to the period
of intense destruction and melt of the ice cover. In Fig. 1, exactly the same
time regions TRI1-TR3 are present on the brightness temperature graphs for
freshwater sites (P1-P3). Here, the correlation between air temperature and
brightness temperature corresponding to the phenological phases of the Gulf
of Ob is well traced (see Fig. 5). Ice freeze-up begins when the air temperature
drops below zero degrees Celsius. After ice cover is established, the dynamics
of brightness temperature is quite stable and corresponds to that of average
air temperature. The destruction of the ice cover begins when air temperature
stays at zero for some time and then becomes positive.
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Fig. 6. Seasonal dynamics of brightness temperature in the Kara Sea from SMOS data. The notations
are the same as in Fig. 5. Modeling is performed for a salinity of 21 %.. Numbers below the brightness
temperature lines show two time regions of brightness temperature: 1— open water (TR]),

3 — stable ice cover and ice destruction (TR3)

Puc. 6. Ce30HHAg AMHAMMKA SPKOCTHOW TeMepaTypbl B KapcKomM mope no AadHHbIM SMOS.
O603HQUYeHus Te XKe, YTo 1 Ha puc. 5. MogenupoBaHme BbINMo/IHEHO A719 CoieHOCTM BoAbl 21 %o. Linppbi
noA IMHUSMUW GPKOCTHOM TeMMePATyPbl MOKA3bIBAKOT BE BPEMEHHbIE 06/IACTM APKOCTHOM
TemrnepaTtypsl: 1 - oTkpbiTasa BoAaad (TR1), 3 - ycTonymBbivi 1eAgHOM MOKPOB U pa3pylueHue npad (TR3)

The site in the Kara Sea (Fig. 1, right), in comparison with the freshwater
sites of the Gulf of Ob, demonstrates a different brightness temperature
dynamics. The difference is determined by the albsence of TR2 (Fig. 6). With
ice freeze-up, brightness temperature leaps from open water values to values
recorded in TR3 at freshwater sites (see Fig. 5), then it remains relatively stable
up to the beginning of ice destruction. The leap of over 130 K occurs in the
period when air temperature drops and remains below zero for some time.
As a result, brightness temperature reaches the values corresponding to
ice destruction in the freshwater sites (compare Figs. 5 and 6). But in the
Kara Sea, such values correspond to the ice cover period. During this period,
for a long time (57 months), brightness temperature is not as stable as in
TR2 at freshwater sites, and varies in the counter-phase with the dynamics
of average air temperature. Closer to the spring-summer season, when air
temperature periodically exceeds 0°C, brightness temperature becomes even
more unstable, which can be explained by snow and ice periodic melt/freeze
processes. [ce destruction begins when average air temperature exceeds 0°C.
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Calculations using formulas (1)-(2) showed that the change in the seasonal
brightness temperature dynamics at the Kara Sea site is related to a change in
water salinity. For the freshwater part of the Gulf of Ob (P1-P3), the calculation
was performed for a water salinity of O %o, whereas for the Kara Sea site salinity
was assumed at 21%o, which corresponds to the real water salinity (20-25%o)
in this part of the sea [81, 82]. An increase in salinity leads to a strong growth
of the imaginary part of the dielectric constant of water near 1.4 GHz [52] that,
in turn, leads to an increase in radiation absorption by wet ice. Schematically,
the absorption and emission processes in ice and snow at sites P1-P3 and in
the Kara Sea can be described as follows (Figs. 7, 8).

A
Dry snow cover
Dry freshwater ice .
| | AAA Wet freshwater ice
11 Wet freshwater ice 11
T T
Fresh water e —

Fig. 7. Schematics of intrinsic microwave radiation of water, ice and snow for sites P1-P3
of the Gulf of Ob. Left: stable ice cover (TR2, see Fig. 5);
Right: ice cover destruction (TR3, see Fig. 5)

Puc. 7. CxeMbl CO6CTBEHHOIMO MUKPOBOJTHOBOIO U3/TyHYEeHMS BOAbI, 1bAA v CHera 4714
ydactkoB P1-P3 O6ckovt ry6el. CrieBa: YCTOMYNBbIV 1eAsHOM nokpoB (TR2, cm. puc. 5);
CripaBQ: pa3pylueHme 1egsaHoro nokposa (TR3, cM. puc. 5)

At Site P3, TR2 (see Fig. 5) is associated with stable ice cover. At the
peginning, there is a strong increase in brightness temperature related to
water freeze-up and appearance of a stable ice cover. Once established, the ice
cover is characterized by brightness temperature determined by the seasonal
course of average air temperature in this region. Dry snow and dry freshwater
ice (without liquid water in its pores) have low dielectric losses at 1.4 GHz [80],
2014). Their radiation penetration depths in this range are much greater than
the thickness of ice and snow cover in the Gulf of Ob [6], 62]. Consequently,
dry freshwater ice and dry snow are transparent for this radiation range.
In wet freshwater ice with inclusions of liquid water in its pores, the absorption
of microwave radiation increases, and such ice starts emitting radiation.
In TR2, the radiation pattern at sites P1-P3 can be represented as follows (see
Fig. 7 left). Part of the radiation from the water surface is absorbed by the wet
freshwater ice layer. However, such ice emits by itself and adds radiation to the
water surface radiation. Dry snow cover and dry freshwater ice are transparent
for the radiation from beneath.

TR3 at Site P3 (see Fig. 5) is characterized by a short-term sharp increase
in brightness temperature by about 80 K. This is the period of intense ice
cover destruction and ice and snow melt [61]. During this period, changes
in the physical properties of the entire ice cover occur: cracks appear in
large numbers and get saturated with water. The presence of liquid water
in ice alters its dielectric properties causing a strong increase in absorption
of microwave radiation [80]. Increased absorption leads to an increase in
the brightness temperature of the ice cover. However, absorption sharply
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decreases the penetration depth of freshwater ice [6], 62] turning it into a
shield for the radiation rising from the water surface. The snow cover during
this period has a thickness of several centimeters (see Fig. 2) and maximum
wetness due to intense melt. At 1.4 GHz, the radiation penetration depth for
such snow is small (10-20 cm), but greater than the thickness of the snow
cover on ice [6l, 62]. Therefore, the wet snow layer has the same effect on
the ice cover radiation in TR3 as the wet ice layer in TR2 does on the water
surface radiation (see Fig. 7, left). Only here the snow cover adds radiation to
the radiation of melting ice. The resulting summary radiation characterizes
TR3 for sites P1-P3 (Fig. 7, right). Thus, the seasonal brightness temperature
dynamics of the freshwater part of the Gulf of Ob completely corresponds to
that of freezing freshwater lakes [60, 61].

FY VY
AAA
Dry snow cover h
Dry seaice
Wet sea ice
AAA Wet sea ice AAA
1l [ |
10 10
Sea water Sea water

Fig. 8. Schematics of intrinsic microwave radiation of water, ice and snow at the Kara
Seaq site. Left: stable ice cover (beginning and middle of TR3, see Fig. 6), right: ice cover
destruction (end of TR3, see Fig. 6)

Puc. 8. CxeMbl CO6CTBEHHOIO MUKPOBOJTHOBOIO M3/Ty4YeHMS BOAbI, /1bAA M CHEra Ha
yyacTke B Kapckom mope. CrieBa: CTabUIbHbIV TeASHOM MOKPOB (HA4Ya/10 M cepeamnHa
TR3, cM. puc. 6); cripaBa: pa3spylueHme 1esHoOro nokKpoBa (KoHewl TR3, cM. puc. 6)

The peculiarity of the site in the Kara Sea is the absence of TR2 in the
graph of interannual brightness temperature dynamics (see Fig. 6). Here,
TRI1 transforms directly into TR3 over a short period of time (about a month).
Brightness temperature leaps by about 130-160 K depending on radiation
polarization. The duration of TR3 for this site corresponds to the freezing
period. Further, with the ice cover melt and decay TR3 changes over to TRI.
At this site, ice is formed from salty water in contrast to P1-P3 of the Gulf of
Ob where water remains fresh even in winter [16, 20, 63, 64]. This means much
greater absorption of radiation in the lower ice layer that is in constant contact
with salty water. The increased absorption in the lower ice layer, as compared
to P1-P3, leads to an increase in the brightness temperature [83]. Due to
the strong absorption, the lower (wet) ice layer shields the 1.4 GHz radiation
from the water surface while its own radiation increases in comparison with
freshwater ice (see Fig. 8, left). The conditions here are similar to the period of
ice cover destruction at P1-P3 (see Fig. 7, right, and Fig. 8, left). At 1.4 GHz, the
radiation from melting and decaying freshwater ice is practically similar in
magnitude to the radiation from stable ice cover in the Kara Sea. Also, water
salinity at the Kara Sea site explains a slightly delayed establishment of the ice
cover there, as compared to P1-P3 (compare Figs. 5, 6).

The period of ice cover destruction and melt in the Kara Sea (end of TR3)
differs slightly from the same period in the freshwater part of the Gulf of Ob
(P1-P3). As ice begins to melt, many cracks and pores appear in it. They fill with
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salt water from below and with fresh water from above. This further increases
the absorption of radiation in the ice cover. The snow cover becomes wet and
partly absorbs the radiation from the ice. At the same time, the wet snow itself
starts emitting and adds its own radiation to that of the sea ice (see Fig. 8,
right).

Microwave radiation modeling in the other selected sites of the Gulf of Ob
obtained the following results.

Analysis of Site P4 showed that water salinity under the ice cover can vary
0-5%0 in different years (Fig. 9). In 2012, 2017 and 2018, winter water salinity
was 0%o, and in 2014 and 2015 it was 5%o. In the other years considered,
winter water salinity was between O and 5%o (see Fig. 9). At Site P4, ice cover
is formed from fresh water. However, in winter, for various reasons (they will
be discussed below), the salinity of water under ice may increase. The lower
ice layer (see Fig. 7, left) is then saturated with brackish water instead of fresh
water. Consequently, absorption of radiation increases in this layer, but the
layer itself emits more intense radiation. In this case, microwave radiation
of Site P4, schematically, will appear intermediate between Fig. 7, left, and
Fig. 8, left. The ice is freshwater, but its lower layer is saturated with brackish
water. Brightness temperature varies depending on water salinity: both either
increase or decrease. The seasonal and interannual dynamics of brightness
temperature at Site P5 almost completely agree with those of P4.
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Fig. 9. Seasonal dynamics of brightness temperature at Site P4 from SMOS data.
Notations are the same as in Fig. 5. Model results are sky blue and brown for a water

salinity of 0 %o and cyan and dark brown for 5 %o. Vertical arrows show fits of the satellite
data to the model results at water salinity of O or 5 %o

Puc. 9. Ce3o0HHASI AMHAMMKA SPKOCTHOM TEMMePATYPbl HA y4acTKe P4 rno AaHHbiM SMOS.
O603HaYeHMS Te XKe, YTO M HA puC. 5. Pe3ynibTtaTtbl MOAETMPOBAHMS MPEACTAB/IEHDI
61PHO30BbIM M KOPUYHEBBIM LIBETOM /151 COIeHOCTU BOAbI O %o 11 ros1y6biM 1 TEMHO-

KopumyHeBbIM O/19 5 %o. BepTUKAIbHbIe CTPE/IKM MOKA3bIBAKOT COOTBETCTBME CIMNYTHMKOBbIX
AQHHbIX pe3y/1bTATAM MOAETMPOBAHMS rpu corieHoCcTy BoAbl O mnimn 5 %o

At Site P6, model calculations agree with satellite data for under-ice
water salinity at an average of 5%o (Fig. 10). Here, as well as at P4, water
salinity fluctuations in winter are noticeable across the years, though not so
pronounced.
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Analysis of Site P8 data showed that under-ice water salinity in winter in
this part of the gulf is unstable and can vary greatly not only from year to
year, but also during one winter season in the range from 5 to 15%o (Fig. 11).
Indeed, in 2014 and 2015, water salinity during the winter was 5%o, and in 2018,
for most of the freezing period, it was 15%o0. And in 2013 and 2016, under-ice
water salinity varied from 5%o at the beginning of winter to 15%o at the end.
At sites P7 and P9 (see Fig. 1, right), the seasonal and interannual brightness
temperature dynamics are the same as at P8,

H P6 Vv P6
~SMOs  — T, ~SMOS  —T,
T K M()del’ 5 %0 — <Tazr> T _°C TBr’ K —_— Model, 5 %0 — <Tair> Tair’ ey
: 30
0
~-30
C 60

T T
4710147101471014710147101471014710 |4710 47101471014710147101471014710

2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2017 2018
Date (year, month) Date (year, month)

Fig. 10. Seasonal brightness temperature dynamics at Site P6 from SMOS data.
The notations are the same as in Fig. 5. The modeling is performed
for a water salinity of 5 %o

Puc. 10. Ce30HHAs1 AMHAMUKA IPKOCTHOM TeMepaTypbl HQ y4ACTKe P6 rno AaHHbIM
SMOS. O603HaYeHMS Te XKe, YTo 1 Ha puc. 5. MogenmnpoBaHme BbirMmo/IHEHO
47151 conieHoCcTy BoAbl 5 %o

H P8 v P8
-~ SMOS —7T, — SMOS -7,
— Model, 5 %0 — <T > — Model, 5 %0 — <T >
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Fig. 1. Seasonal dynamics of brightness temperature at Site P8 from SMOS data.
The notations are the same as in Fig. 5. Model results are sky blue and brown for a water

salinity of 5% and cyan and dark brown for 15 %o. Vertical arrows show fits of the satellite
data to the model results at 5 %o or 15 %o water salinity

Puc. 1. Ce30HHQas AMHAMMKA SPKOCTHOW TeMrepaTypbl HA y4acTke P8 no AAHHbIM
SMOS. O603HQYEHMS Te XKe, UTO M HA puc. 5. Pe3yibTaTbl MOAEIMPOBAHMS Bbide1eHbl

6I/I,OfO3OBbIM M KOPpM4YHEeBbLIM A1 COJTIEHOCTKW BOAbI 5%o0 1 I'O/'I_)/6bIM n TeEMHO-KOPMYHEBbBIM
4719 15 %o. BeptumkaribHbie CTpesiKi MoKA3bIBAKOT COOTBETCTBUE CryTHUKOBbIX AAHHbIX

pPe3y/IbTATaM MOAEIMPOBAHMS MPM COEHOCTH BoAbl 5 %o i 15 %o
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The seasonal and interannual brightness temperature dynamics at Site
P10 are close to P8. However, the variation of under-ice water salinity from
year to year is not as large and averages between 10 and 15%o (see Fig. 12).
The seasonal and interannual dynamics of brightness temperature at Site P11
almost completely mimic those at P10.

Analysis of sites P12 and P13 showed that in this part of the Gulf of Ob the
seasonal and interannual brightness temperature dynamics do not differ from
the Kara Sea site (compare Figs. 6 and 13). Here, ice is already formed from
brackish water, as evidenced by numerous contact measurements made in
autumn [16, 20, 63, 64] and irregular winter measurements (Fig. 14) [04, 84].
Figure 13 shows the model results at Site P13 for under-ice water salinity of 15%o.

H P10 % P10

— SMOS —T_ —~ SMOS -1,
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Fig. 12. Seasonal dynamics of brightness temperature at Site P10 from SMOS data.
Notations are the same as in Fig. 5. Model calculations are sky blue and brown for a
water salinity of 10 %o and cyan and dark brown for 15 %o. Vertical arrows show fits of the
satellite data to the model results at 10 or 15 %o

Puc. 12. Ce30HHAS ANHAMUKA SPKOCTHOM TeMrepaTypbl HA ydacTke P10 rno AaHHbIM
SMQOS. O603HQYeHMs Te XKe, 4To 1 Ha puc. 5. MogeribHbie pacHeTb! Bbiae/1eHbl
6MPIO30BbLIM M KOPUYHEBBIM LIBETOM A1 COIeHOCTH BoAbl 10 %o 11 ros1y6biM v TEMHO-
Kopu4YHeBbIM A/15 15 %o. BepTuKaibHble CTPESIKM MOKA3bIBAKT COOTBETCTBUE CIMYTHUKO-
BbIX AAHHbIX pe3y/1bTaTaM MoAeINPoBaHMS rmpun 10 mam 15 %o
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Fig. 13. Brightness temperature seasonal dynamics at Site P13 from SMOS data.
The notations are the same as in Fig. 5. Modeling is performed for a water salinity of 15 %o

Puc. 13. Ce30HHAs ANHAMUKA SPKOCTHOM TeMrepaTypbl HA y4acTke P13 no 4aHHbBIM
SMOS. O603HA4YeHMs Te XKe, YTO 1 Ha pucC. 5.
MopennpoBaHme BbIMO/IHEHO A1 COTEHOCTM BoAbl 15 %o
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Note that at P13, the winter water salinity reported by Voynov et al. [64] is
15%o, the same as used in the modeling for this site (compare Figs. T and 14
and Table 1). According to Voynov et al. [64], the winter water salinities at P8
and P10 are 3 and 9%o, respectively (compare Figs. 1and 14 and Table 1). In the
modeling for these sites, nearly the same values of water salinity (5 and 10 %o,

respectively) were used.

73
°N |

Fig. 14. Winter mean multiyear
distribution of water salinity in the Gulf
of Ob at the surface (left) and in the
bottom layer (right) [64]

Puc. 14. CpegHee mHorosieTHee
pacrnpeneneHue coneHoCTH BoAbl B
O6¢ckov ry6e Ha MoBepxXHOCTH (crieBa)
M B MpuAoOHHOM csioe (cripaBa) [64] 6

74
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Analysis of the model results and their comparison with the satellite data
showed that in some winter seasons the transition zone can shift rather far to
the south of the Gulf of Ob, up to the Taz Gulf, i.e, to Site P4 (see Fig. 1, right).
Thus, the obtained results confirm the statement of Lapin [63] that in the Gulf
of Ob the frontal zone can be observed as far south as 69°N.

It should be noted that the SMOS cell has a size of 15x15 km [68], and the
MIRAS pixel size is about 35x65 km [85]. Thus, for some study sites in the Gulf
of Ob the MIRAS pixel size exceeds the size of the water area where this site
is located. Because of this, some shore area is captured into a MIRAS pixel
and that is reflected in brightness temperature, especially in summer (when
there is no ice cover). This concerns sites P5-P11 (see Fig. 1, right). In summer,
when snow and ice melt away, the emissivities of open water and the shore
(tundra and forest vegetation, open soil, marshes) are very different. In winter,
the radiative properties of frozen land surface and ice cover are close to each
other [80, 86]. Therefore, for sites P6, P8, and P10 (see Figs. 10-12) during open
water, the model brightness temperature is slightly lower than that derived
from the satellite data.

Analysis of hydrological and meteorological data

The displacement of the transition zone in the Gulf of Ob is influenced by
a large number of factors: river runoff, tidal and storm surge phenomena [64]
as well as the effects of permafrost thaw in the watershed caused by climate
changes [65, 87]. In the northern part of the gulf (sites P7-P13) under-ice water
salinity is mostly determined by the influence of the Kara Sea, tidal and storm
surge phenomena [64]. The southern part of the gulf (sites P1-P3) is more
influenced by the river flows, first of all, of the Ob. On the south of the gulf,
the influence of tides and storm surges is insignificant [64]. The central part
of the Gulf of Ob (sites P4-P06) is exposed, even during one winter season, to
all of the above impacts. Studies [16, 20, 63, 64, 84] show that during winter,
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against the background of low river flow, a gradual increase in salinity and
mineralization of organic matter in the northern Gulf of Ob is observed. Here,
during the autumn low-water period, the influence of seawater intensifies.
This causes an increase in salinity of the upper water layers up to 8-9%o and
pbottom layers up to 20-22%o [16, 20, 63, 64]. During winter, the northern Gulf
of Ob (north of 715°N, Site P10) is subject to an even greater increase in salinity
associated with a significant decrease in river runoff (see Figs. 3, 14) and sea
pottom currents and tides [20, 64].

Since the Ob River supplies most of the river inflow to the gulf (75-76%), an
analysis of climate characteristics along the whole of its length was performed
for the study period (2012-2018), and also annual and winter river runoffs for
the period from 2011 to 2018 were calculated. Figure 15 shows the dynamics of
air temperature, precipitation, and snow cover height plotted using data from
9 weather stations located in different natural climate zones along the Ob (see
Table 3). The values of annual runoff of the Ob River near Salekhard are given
in Table 4. Table 5 gives the values of annual winter runoff (calculated for the
period from November 1 till April 30), annual runoff (calculated for the period
from May 1till April 30), and their percentage ratio.
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Fig. 15. Air temperature, precipitation, and snow cover height along the Ob River based on
data from weather stations (Table 3). Top: Upper Ob, center: Middle Ob, bottom: Lower Ob

Puc. 15. TemriepaTtypa BO34yXA, KOIMYECTBO OCAAKOB U BbICOTA CHEXXHOIO MOKPOBA BAO/b
peku O6b o AAHHbIM MeTEOCTAHLMM (Tab/1. 3). Beepxy: BepxHas O6b, B LieHTpe: CpeaHsas
O6b, BHM3Y: HimkHaa O6b
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Table 4
Annual runoff of the Ob River near Salekhard
Tabnuua 4
fogoBol cTok pekn Obb B pavioHe Canexapaa
Year Annual runoff, km?3
20M 405.29
2012 30114
2013 37420
2014 480.05
2015 54324
2016 463.33
2017 456.81
2018 43491
Table 5
Runoff of the Ob River near Salekhard: winter (November 1- April 30),
annual (May 1—April 30) and their percentage ratio
Tabnuvya s
Crok pekun Obb y 1. Canexapa: 3vMHKM (1 Hoabpa - 30 anpend),
rogoBow (1 Maqa - 30 anpena) 1 X MPOLEHTHOE COOTHOLIEeHMe
Season Winter, km3 Annual, km3 Winter/Annual, %
2011-2012 84.62 39818 21
2012-2013 69.56 29049 24
20132014 99.39 39147 25
20142015 11118 486.82 23
2015-2016 127.80 55476 23
20162017 93.30 44824 21
2017-2018 88.37 450.00 20

The watershed of the Ob River extends for a great distance from north to
south and has a vast area, which determines the diversity of flow formation
conditions. Bulavina [66] showed that more than 80% of the Ob runoff is
formed in its upper and middle reaches. Lower, it is fed by small tributaries
that all make about 5% of the Ob runoff. Thus, the runoff fluctuation patterns
are primarily determined by the interaction and overlapping of climate
fluctuations in the watersheds of large tributaries of the Upper and Middle Ob.
The analysis of Fig. 15 and Table 4 confirms the conclusions of Bulavina [66].
The greatest Ob runoff was observed in 2014, 2015, 2016, and 2017 (see Table 4).
These years are characterized, in their warm half, by most intense precipitation
in the upper and Mmiddle reaches of the river (see Fig. 15). Intense precipitation
of the warm half of 2015, the most water plentiful year, was preceded by a
large amount of solid precipitation in the cold season (see Section 3.4). Table
5 presents calculations of annual winter runoff of the Ob near Salekhard.
The winter runoff does not change much from year to year. It is determined
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by the runoff of the whole year and the percentage ratio of winter runoff to
annual runoff remains practically the same.

The interannual climate characteristics of the study area and the dynamics
of hydrological parameters of the Ob River were found to have no correlation
with the satellite data and the model results (compare Figs. 9-12, Fig. 15 and
Tables 4, 5). This conclusion is partly supported by Stanovoy [84] who notes
a significant interannual variability of surface water salinity in the Ob Gulf
in winter (January-April) that is weakly related to the Ob runoff. The same
work indicates a much greater relationship between water salinity and the
interannual variability of atmospheric processes over the Kara Sea in February:.

Table 6
Mean annual air temperature in the area of the Gulf of Ob (Fig. 1, Table 2), °C

Tabnuya 6
CpenHerogosaqa TeMnepaTtypa Bo3ayxa B pavioHe Obckow rybbl (puc. 1, 1abn. 2), °C

Weather station 201 2012 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Nyda M -38 -39 -6.5 -7.0 -49 34 4.3 —-6.0
Novy Port MH -48 -48 74 -79 -59 43 -54 -6.8
Antipayuta M -56 —6.5 9.0 94 =71 -58 -6.8 -8
Seyakha HS -56 -59 -90 -93 -70 -55 -6.5 -76
Imeni Popova St. MH -56 -56 94 -9 -73 -6.0 -6.7 -7.8

Table 6 presents mean annual air temperatures for each year under
consideration, obtained at M, MH and HS in the region of the Gulf of Ob (see
Table 2). Here, we can see a correspondence of the warmest years (2011, 2012,
2016, 2017) and the minimums of under-ice water salinity for sites P4-P6 in
2012 and 2017 (compare Table 6 and Figs. 9-10). And the salinity minimum is
more pronounced by the second warmest year in a row. It should be noted
that the maximumes of salinity for sites P4-P6 are observed in 2014 and
2015. They are preceded by two coldest years, 2013 and 2014, and also 2015
Is a rather cold year (compare Table 6 and Figs. 9-10). This is likely due to the
effects of permafrost thaw on Yamal and Gydan peninsulas in warmer years.
Permafrost thaw adds fresh water inflow to the Gulf of Ob. Similar processes
have been observed recently throughout the Arctic [4, 6, 87-90]. The entire
southern and central part of the Gulf of Ob, including the Taz Bay (see Figs. 1),
Is surrounded by areas of moderate to warm permafrost. The mean annual
ground temperature at the depth of the zero annual amplitude varies from
O to -5 °C, and the thickness of the active layer ranges from 60 to 150 cm [91].
Hence, even a slight increase in the mean annual air temperature may lead
to permafrost thaw around the Gulf of Ob and an inflow of freshwater into
the Gulf of Ob.

In the northern (P7-P13) and southern (P1-P3) parts of the Gulf of Ob, no
dependence of changes in under-ice water salinity on the mean annual air
temperature is observed. In the northern part (P7-P13), the Kara Sea waters
have the fundamental influence on water salinity; whereas in the southern
part (P1-P3), such is the influence of the Ob River runoff [16, 20, 63, 64].

The analysis of hydrological and climate characteristics of the study area
showed that during the freezing period, the displacement of the transition
zone in the Gulf of Ob is influenced by a complex of factors. Among them,
there are climate variations in the region and the Ob River watershed as well
as storm surge and tidal phenomena in the Kara Sea and its internal currents.
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CONCLUSIONS

Warming of the Arctic entails hydrological and climate changes that are
manifested in shrinking ice cover, intense melt of glaciers, reduction in the
number and total area of thermokarst lakes, earlier thaw onset and later
freeze-up of tundra. Monitoring of hydrological and climate characteristics
of the Arctic region has shown that the observed changes are associated
with variation in precipitation and temperature fluctuations, degradation of
permafrost and tundra vegetation, increased evaporation rates, additional
amounts of water vapor and methane entering the atmosphere. The Arctic is
attracting attention not only because of climate change, but also because of
growing development of large oil and gas fields and consequent aggravation
of environmental problems in the region. Operational information about
hydrological responses to climate and environmental changes in the Arctic
region can be obtained using remote sensing methods.

This article analyzes the seasonal and interannual dependencies of
brightness temperature derived from SMOS MIRAS data for different
regions of the Gulf of Ob during the freezing period. The analysis is based
on comparison of satellite data and model calculations as well as climate
characteristics of the area and hydrological parameters of the Gulf of Ob and
the Ob River.

It was shown that during winter seasons, the transition zone, the region
where fresh and salt waters mix in the Gulf of Ob, can shift as far south as
the Taz Bay. The obtained results agree well with the data of Lapin [63] and
Voynov et al. [64]. Winter shift of the transition zone depends on a complex
of factors: permafrost thaw in the environs of the gulf, river runoff and the
influence of the Kara Sea. Variations in these factors are determined by climate
changes in the region. However, these results require further confirmation
and development.

Note that winter displacement of the transition zone far to the south of the
gulf may cause serious and irreversible disturbances to the regional ecosystem.
This is due to the fact that the mouth area of the Ob plays a principal role
in the reproduction of semi-anadromous fish - sturgeon, peled, muksun,
broad whitefish, Siberian whitefish, European whitefish and dogfish. It is the
main, unigque and the most populated whitefish habitat. The southern and
central regions of the Gulf of Ob serve as a wintering area for these fish. Semi-
anadromous fish of the Ob River are mostly freshwater forms and cannot
withstand increased salinity. Their wintering area in the gulf is constrained on
the north by the moving boundary of the transition zone [63]. This fact calls for
continuous remote monitoring of this region as well as further investigation
into the causes of variations in the hydrological regime of the Gulf of Ob.
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BnarogapHOCTU. ABTOPbLI BbIPOXXAKOT MCKPEHHKK 6/10roAapHOCTL KO, M. [puiernckomy,
HAYQIbHMKY MODCKOW MAApOMETeOLOTONMYECKOM CTaHUMn "HoBeiv [TopT" CeBepHOro
QreHTCTBA M0 MMAPOMETEOLOIOMM U MOHUTOPUHIY OKPY»KAtoLLen cpenb! (CesepHoe Y MC
Pocruapometa), 3a NpeaoCcTaBIeHHbBIE AAHHBIE M0 XAPAKTELUCTUKAM JIEAOBOMO M CHEXXHO-
ro riokposa B Obckou rybe. Astopsl 6narodapar T. KO, bodyapoBy (MIHCTUTYT KOCMIYECKIX
mcernenoBaHn PAH) 30 nepeBod pyKOMICKH HO QHITIMNCKIAY 93bIK.
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AHHoTaumuda. B 2004-2005 1. B APDKTUYECKOM M aHTapPKTUYECKOM
Hay4YHO-MCCnenoBaTebCKOM UHCTUTYTE (AAHWIA) Gbina pa3paboTaHa
cneumanmsnpoBaHHasa crcTema rapoMeTeoponormyeckoro obecne-
yeHma ana 6e3onacHoOro M aMdEKTMBHOMO MNPOBEASHMA MOPCKIMX One-
paunm. Ha ocHoBe a1on cuctembl ¢ 2006 . AAHI ocyllecTBnaeT ne-
AoBoe obCcnyKrBaHve NnaBaHyga YeNHOUYHbIX TaHKePOB B TaTapCKOM
NpOonMBe B 1€A0BbLIN Ce30H C AeKabps Mo MapT.

B NaHHOW CcTaTbe Ha OCHOBE M1efoBbIX KapT AAHWMI paccmaTpmBatoT-
Cc OCOBEHHOCTM NeloBOro PeXXMMa B TaTapCKOM MPOSMBeE, a Ha OC-
HOBe OMblTa NeA0oBOro NIaBaHMe BblOe1eHO B3 OCHOBHbLIX MapLUpYy-
Ta: 3aMNafHbIN, BOOMNb MaTepPUMKOBOIro Nobepeskbd, 1 BOCTOYHbIM, BAOMb
ocTpoBa CaxanuH. o YHUKaNbHbIM AaHHbIM CrelmanbHblX CYO0BbIX
nenoBbix HabMtoAeHMIN MPoaHanM3MPOoBaHbl XapakTepUCTUK neasa-
HOIO MOKPOBa, POPMMPYIOLLIMECH BO BpeMd NedoBOro neprona B la-
TapCKOM Mponmee, 1 obycnasnveatollMe BblIOOP 3aMnagHoro 1M Boc-
TOYHOIO MapLUpyTa NaBaHna.

KniouyeBble cnoBa: TaTapcwM NPonB, YCITOBWA Mi1laBaHWA, JleOoBble
YCITOBUA, TMOPLOMETeOPOJ10IMMHeCKoe O6Cﬂy>1<VlBaHMe, coBpemMeHHble
nefoBble yCITOBUA

MODERN PECULARITIES OF ICE CONDITIONS ALONG
THE NAVIGATIONAL ROUTES IN THE TATAR STRAIT
OF THE SEA OF JAPAN

E.A. Crishint, E.A. Pavioval, T A. Alekseeval?, Ye U. Mironov?

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

2 Space Research Institute RAS, Moscow, Russia

*taa@aari.ru

Abstract. In 2004-2005, the Arctic and Antarctic Research Institute
(AARI) developed a specialized hydrometeorological support system
to ensure safe and efficient support of maritime operations. Based on
this system, since 2006, AARI has been providing ice service for shuttle
tankers in the Tatar Strait from December to March.

On the basis of the AARI sea ice charts, the peculiarities of sea ice
regime in the Tatar Strait are considered, and on the basis of ice
navigation experience, two main navigational routes were determined:
western along the continental coast and eastern along the Sakhalin
Island. The unique special ship observations allowed to analyze sea ice
characteristics, formed during the ice period in the Tatar Strait and
defined choice of western or eastern route for navigation.

TOYHOrO MapLpyTa NaBaHMa.

Keywords: Tatar Strait, navigation conditions, ice conditions,
hydrometeorological service, modern ice conditions
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BeBepeHue

B nocnegHue 16 neT maydeHmne ocobeHHocTem nefoBon HaBurauuvm B Ta-
TAapCKOM MPonrBe 0CObeHHO akTyanbHo. [Jobbiua HedpTh Ha [danbHemM BocToke
Hadanacob elle B NepBoW NonoBMHe XX Beka C BBOOOM B pa3paboTKy MecTo-
POXKAEHWW KOHTUMHEHTabHOM YacTu CaxanmHckow obnactv — LieHTpanbHasa
Oxa (1923 1), Katanrnu (1929 r.), Oxabu (1937 r.), BocTouHoe 2xabu (1946 r.).
CblpbeBad 6a3a 3TUX MeCTOPOXKAEHWM MCTOLLEeHa, O4HaKO POCT A00bIYM Hed-
TV B 3TOM paloHe CBA3aH C BBOAOM B MPOMbILLITEHHYIO 3KCMTyaTauuo B 2004
— 2005 rr. npoekTa «CaxanmH-1» (BkIoYatowmi pa3paboTKy MeCTOROXKAEH NI
«HarBoy, «OgonTy» U «ApkyTyH-darun») Ha wenbde o. Caxanuvt. B 2009 r. 6bin
OCYLLECTBNEH BbIXOO Ha KPYIMorognyHyo 0obbldy HedTV no npoekTy «Ca-
XanuH-2» (BKAOYatoWMIM pa3paboTKy [MMAbTyH-ACTOXCKOro (HepTaHOoro) 1
JlyHckoro (razosoro) mectopoxgerHuni) [1]. B 2006 r. cBoto paboTy Hadan cTa-
LIMOHaPHbI MOPCKOM 1ed0CTOMKUM OTrPYy30UHbIM TepMuHan (CMJTOT) bec-
MPMYanbHOM OTIPY3KM HedTH B [e-KacTpu, KOTOPbIM pacrnofioXKeH B 3a1mMBe
YumxaueBa B Y1bUCKOM pakioHe XabapoBCKOro Kpad. HedTb mocTynaeT Ha Tep-
MIHaN HeNpPepPbIBHO C 6eperoBoro KoMneKca MectopoxxaeHma Yameo no He-
dTENPOBOAY MPOTAXKEHHOCTLIO 226 KM! (Puc. 1) MNorpy3ka HedpTW Ha TaHKepbl
OCYLLECTBAAETCA MPW MOMOLLM OQHOTOYEYHOro npmhyana «CoKos», KOTOPbIN
BO3BbILLAETCH Ha 6] MeTp Haf ypoBHEM Mop4, 1 Obin pa3pabdoTaH cneuvans-
HO 019 TepMiMHana [de-KacTpu, C y4eTOM MEeCTHbIX CITOXHbIX KIMMaTUYECKMX
ycnosunin? [2].

- Mecropoainenns ¥ B coipbs

* - BbIsSIBJICHHBIC CTPYKTYDbI

= JInnun ceiicMuuecknx npoduieii
~ - Hegrenporox

~ - Tazonporon

Puc. 1. Kopta MecTopoXxaeHu 1 JINLEeH3MOHHbIX yHACTKOB B PAKOHe OCTpoBA CaxXasinH?.
HazsaHusg ydyacTtkoB: OAO-«[a3rpom»: 1— KupuHckuni, 2 — KUpUHCKOEe MeCTOpOXKAeHMUe,
3 — Aduickuni, 4 — BocTouyHO-O4onTUHCKUM, 5 — MNinnbTyH-ACTOXCKUMN, 6 — JTyYHCKMU,
OAQO «PocHe@Tb»: 6 — AMyp-JTMMaAHCKMM, 7 — BOCTOYHO-TpunbpexkHbiv, 8 — ACTpaxaHoOB-
cKoe Mope — HekpacoBckum, 9 — MecTtopoXxkaeHu KanraHcko-BacroKaHCcKoe-Mope,
10 — AdeprormHckuu, 11— OgonTy-Mope, CeBepHbivi Kyrors, 12 — OgonTty-Mope,

13 — CeBepHAg OKOHEYHOCTb MECTOPOXKAEHMS HYamBo, 14 — YanBso, 15 - ApKyTyH-Adaru,
16 — CeBepo-BeHuHckoe KM

1 https./neftegaz.ru/news/transport-and-storage/202999-c-terminala-de-kastri-
otgruzhena-100-millionnaya-tonna-nefti/

2 https./todaykhv.ru/news/in-areas-of-the-province/94/?sphrase_id=19254

3 Bbipeska 13 KapTbl OXOTCKOro Mops ¢ caiTa HaydyHo-aHanuTryeckoro LeHTpa «feo-

Henpa» https/geonedra.ru/2015/sakhalin-oil-gas-map/
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[MNnaBaHMe TaHKepPOB B TaTapCKOM MPosiMBe 1 NnpoBefeHne onepauni B
panoHe MOPCKOIro TepMnHana B e-KacTpu B TedeHne 4 — 6 MecaLeB OCy-
LLIeCTBAAETCA MPW HaNM4YMKM NeaHOro nokKpoBa, MMeLWero CyLLeCTBEHHYO
MPOCTPAHCTBEHHYIO W BPEMEHHYIO M3MEHUYKMBOCTL [3]. AHANM3 MCTOPUYECKIMX
AaHHbIX MOKa3blBAET CYLLECTBEHHYKO MEXTOO0BYKO M3MEHUYMBOCTL MOLLaAM
NbOOB [4-6]. B cypoBble 31Mbl MPOTAXKEHHOCTb TPACChl B 1ed0BbIX YC10BMAX
MOYET 0oCTUraTh 200-220 Mnnib. B 2004-2005 1. B APKTNYECKOM WM aHTapPKT M-
UEeCKOM Hay4HO-1ccnegoBaTenbCkoM MHCTUTYTe (AAHWI) Bbina pa3pabdoTaHa
crneuvanmsnpoBaHHaa cucTemMa rMapoMeTeoponormyeckoro obecnedyeHing
ana 6e3onacHoro v ahdGeKTMBHOIoO NPOoBEAEHMA MOPCKMX onepauunn [7-9].
C neposow Hasuraumm 2006/2007 rm. AAHMI Hadan ocyLLecTBNATL NefoBoe
obcny»kMBaHMe MnaBaHWa YelHO4YHbIX TaHKepoB B TaTapckom nponuee [10].
HaulHaga Cc cepennHbl gekabpa NegaHom NoKPOB HaYWHaeT NPendaTCTBOBaTb
CyOOXOOCTBY, M C 3TOrO MOMEHTa HauyMHaeTca MPOrHoCT4Yeckoe obecnedeHme.
OObIYHO OHO ANUTCA 00 MOCNEAHMX YMCEeN MapTa UMW NepPBbIX YMcesn anpens,
KOrda BMAHME NeagaHoro noKpoBa Ha CyO0XOACTBO CHOBA CTaHOBUTCA HeCy-
LeCTBeHHbIM. B TeueHue 3rMHe-BeceHHero nepurona npeobnagatoliv Be-
Tep ceBepHbIX HampaBaeHMI 0OyCNOBNMBAET MOCTOAHHLIN APV Nbaa B HOy-
HOM K Or0-BOCTOYHOM HamnpaBeHWAaX, a B KOrO-BOCTOYHOW YaCcTW MPOnBa e,
aKTVMBHO pa3pyLUaeTca noa gencremem Tennoro Llycmmckoro tederHmna [11, 3.

C aHBaps Nno MapT NPOM3BOOMTCA MPOBOLOKA TAHKEPOB TefOKOaMmn B ce-
BEPHOWM YacCTh TaTapCKOro NposvBa OT HEPTEHATMBHOIO MOPTa K TRaHCMOPT-
HbIM y3M1aM 1 06paTHO. B 3aBUCMMOCTY OT N1e00BbIX YCIOBUM MapLURY Tl ABU-
YKEHUA CYA0B MOMYT CYLLECTBEHHO OTIMYATLCA. B HOXKHOM YacTW TaTapCKoro
NponMBa NeaoBble YCNOBMA MO3BONAOT CydaM ABMIraTbca 6e3 ConpoBOXKae-
HUA NeNoKOoNa, MPW MepecedyeH i KDOMKM N1edaHOro NoKpoOBa roy30Bble Cyaa
MPOLOO/MHKAKOT faree ABW>KeHMe Ha tor CaMOCTOATETbHO.

B naHHoM paboTe 0600LatoTCa CoBpeMeHHble 1efoBble YyC/10BMA B TaTap-
CKOM MPOoMBe Ha OCHOBe NefoBbix kKapT AAHWI 1 nogpobHo paccMaTprBa-
IOTCA N1efoBble YCIOBUA MlaBaHMA cydoB B nepunon 2016-2021 . Ha ocHOBe
YHUKaNbHbIX AaHHbIX CrelManbHbliX Cyd0BbIX NeJ0BbiX HabntogeHmm.

OaHHble n MeToAabl

Jlegosbsie kapTel AAHVIVL [1na aHanm3a nenosBon oO6CTaHOBKM B TaTapCKOM
MOOMMBE UCMOMNb30BaNMCh eXXeHEBHbIE AETANTM3NPOBaAHHbBbIE KapThl 1eaHO-
roO NMOKPOBa. [eTann3mpoBaHHbIe KapTbl COCTaBNAOTCA aKCnepTamMi AAH IV
MO OAHOMY CMYTHUMKOBOMY M300paXeH 0, TMOO MO HECKONBbKMM M300paye-
HMAM, MONYYEHHbBIM B Mpefenax 3-4acoBOro rnpoMexkyTka BpeMeHum. MeTo-
AVIKa cocTaBneHuna negoBbix kapT AAHWI nogpobHo onucaHa B pabote [12].

CrieymarbHble CynoBble fieqoBbie HablogeHsd. B pesynbrate exxerom-
HbIX MPOBOOOK CyaoB B nepuof ¢ 2016 no 2021 rr. 6bina nonydeHa nHdopma-
LIS O COCTOAHMM NedAHOro NoKpoBa B TaTapCckKoM MpofinBe, AOMNOMHAOLIaA
M YTOYHSOLLAA CMYTHMKOBbLIE daHHbIe 1 MOCTROEHHbIE MO HUM Ted0Bble Kap-
Tbl. MaccrB CyOoBbIX JaHHbIX BKIOYAET MHPOPMALMIO O CMIOYEHHOCTU, BO3-
pacTe, TONLMHE Nba, pasMepax NeddHblx rnofiel, 3aCHEXXeHHOCTU, 3 TarkxKe
O 0edopPMaLMOHHbBIX XapaKTepPUCTUKaxX NegaHOro noKpoBa — TOPOCUCTOCTM,
HaC/IOEHHOCTU, CKaTUaX, 1 XxapakTepe GopMUMPoBaHMAa Nbaa OOAbLLIOM TOM-
LWMHbI. JTenoBble HabMtogeHWa BbIMOMHAOTCA 1e00BbIM HabntogaTenem, Ha-
XOAAWMMCA Ha XOO0BOM MOCTUKE CyOHa, HEMPEPbLIBHO NMYyTEM BblAeNeHnsa o[-
HOPOOHbIX NENOBbIX 30H COM1acHO METOAMKE CcrelanbHbIX CYA0BbIX 1e00BbIX
HabnogeHnm AAHWI [13,14].
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Bce HaTypHble NeaoBble HabnooeHna 1 0OCOBEHHOCTV NeAAHOIO MOKPOBA
OblNM NonydeHbl cneunanmcrtamim AAHKVI Bo Bpemga crneumanbHbiX Cya0BbIX
HabnogeHM ¢ 6OPTOB NeNOKOIOB MPUW MPOBOAKE TaHKePOB OT HEPTAHOIO
TepMUHana 13 nopta e-KacTpu 00 tOXXKHOWM KPOMKW 1eddHOoro rnokpoea la-
TapCKOro MPOoNMBa M 06pPaTHO.

Pe3synbTaThbl

OCoObeHHOCTM TIEAOBOIO PEXXMMA B TATAPCKOM Mposmse. JlenoBble yCno-
BMA TaTapCKOro NpovBa onpenenaoTca reorpadrnyeckiMM MooxeHMeM, 3Ha-
YMTENbHbIMIK OTPMLATENbHbIMUW 3HaYEeHVAMM TeMMepaTyPbl BO34yxa C HOA0PS
Mo MapT, AMHAMUYECKMMM aTMOCPEPHbIMIM MPOLECCaMM 1 AENCTBMEM XONOO-
HbIX U TEMMbIX TedeHu [4,15].

[Mpeobnagatowre B xoNogHoe BpemMa rofda BETPbI CEBEPHbLIX 1 CeBepo-
BOCTOUYHbIX HampaBaeHM ClnocobCTBYOT POPMUPOBAHMIO 30HbI Pa3peKeH-
HOro N1bAa NI YINCTOM BO[bl B CEBEPO-BOCTOYHOM YaCTW TaTapCKOro nponmnea.
B tO>KHOW YaCTn NponmvBa NeaaHOM MOKPOB COEPKMBAETCA TeYEHMAMMN, KDOM-
Ka Nbaa BbITATMBAETCA BAOb MAaTEPUKOBOIo Mobeperkba Y3KoW MoaoCom.
B pe3ynesraTte, B LeHTpallbHOW YacTu TaTapCKOoro npoimrBa GopMmpyoTCA 30Hb
HavbonblUem CINOYEHHOCTM 1 TOPOCKCTOCTM.

JlegoobpazoBaHme B TaTapCKOM MPoaMBe HaudHaeTca C CeBepPHOW YacTy,
OT MPOoIMBa HEBENBbCKOTO, MPW YCTOMHYMBOM Mepexone TeMnepaTypbl BO3aY-
Xa K OTpULATENbHbIM 3Ha4eHMAaM. B cpenHeM, 3a nocnenHue 5 net npouecc
YCTOMYMBOro 1e0000pa30BaHMa HauYMHaNCa B TRETHIO OeKaay Hoabpa. OgHa-
KO BCNeOcTBue AMHaMUMYHOCT PanoHa JaHHaa XxapaKTepUCTMKa OCTaTOYHO
M3MeHUMBa M CPOKM Hadaa 1egoobpas3oBaHig B OTAe1bHble rofbl BapbMpo-
Banuch oT 1 aekanbl HoAbpsa (Hanpumep — 2016, 2017 rr.) o 2 gexkagbl Aekabpsa
(HanpumMep — 2021 rr).

[na pacyérta NegoBUTOCTY ObINM B3aThl OPULIManbHble MpaHWLbl TaTapcKo-
ro Nponuea, 13 Jlouni TaTapcKoro nponmea [16]. KOxxHaa rpaHuua npoxoguT
yepes MbIC Thbik, cepepHaa — Yepes Mbic benkuHa, orvbag o. Prucrpu ¢ tora.

B cpenoHeM yepes Mecdl, mocne Hadyana 1egoobpasoBaHMg NegoBUMTOCTb
pnoctmraet 30-40 %, Ha akBaTOPUM HauyMHaeT NOABAATHCA OOHONETHMIN TOH-
KU Nén — TONMUWMHAa OTAENbHbIX YY4aCTKOB J1bAa AOCTMIraeT TONLLVHbBbI 30 CM.

[epuon MaKcuManbHOW NefoBUTOCTM Ha akBaTOPUK MPUXOOMNTCA Ha PeB-
panb. B cpeoHem ¢ 1960 1. B pepane NegoBUTOCTb TaTapCKOro npoarBa co-
CTaBnaeT 44%, npeBblllaga B oTgenbHble rogbl 70% (2001 r). Okono 10 % nbga Ha
akBaToOpUK B peBpasie CoOCTaBNaEeT OOHOMNETHUMW TOHKUIM Nén [4].

B MapTe Konm4ecTBO f1bAa Ha aKBaTOPUM HadHaeT ObiCTPO COKPaLLlaTbCS.
B KOHULE 3MMHeW HaBUraun nponcxXoguT B3/10M Mpnrad B CeBEPHOW YacTu
NpoarBa, 06NOMKM KOTOPOro HauyMHatoT MegjeHHo O0pendoBaTh K HOXHOM
KpoMKke. B 370 BpeMa neadaHom MoKpoB B Havbonbluen cteneHr noasepra-
eTca gedopMalm, B pesysrate KOTOPOW MPOMCXOOMNT HacoeHMe 1 TOPO-
LieHWe NbOoB. B cpeaHeMm, B anpene npovcxoamT MomHoe oYnileHmne akBa-
TOPWI OTO NbAa.

Kak mokasblBatoT Hallu HabNoaeHWSA, a Takke pan Opyrux MccnenoBaHnm
[17], ¢ 2016 no 2021 IT. 3Ha4YeHMa NegoBMTOCTM BO BCe MeCALlbl 1e00BOro ce30Ha
B panoHe ocTaBamch ONM3KMMK K CPedHUM MHOMONETHUM 3HaYeHMAaM, pac-
CYMTaHHbBIM 3a BECb pA MMetoLLMxca HabntogeHun, HadurHada ¢ 1960 r. (Puc. 2).

HapaBHe C NefOBUTOCTbIO, BaXKHOW XapaKTepPUCTMKOW NedoBOro pexxumma
TaTapcKoro NponvBa ABNAETCH M3MEeHYMBOCTb KOMMYECTBa OOHONETHErO TOH-
KOro Nbaa, Kak Hambonee ToACTOoro Nbaa, B 3Ha4MTeIbHOM KOMYeCcTBe BCTpe-
YatoLleroca B gaHHoOM panoHe (Puc. 3).
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Puc. 2. Ce30HHbIe N3MEHEHNS 1€40BUTOCTMU Puc. 3. Ce30HHbIE M3MEHEHNS OAHO/IETHEIO
TaTapckoro nponnsa ¢ 2016 no 2021 rT. TOHKOIO /1bAA B TATAPCKOM Mposinse
c 2016 1o 2021 rr.

KonmuyecTBO OHOMNETHETO TOHKOIO J1b[la B TaTapCKOM MPOSMIMBE - A0CTaTOu-
HO M3MEHYMBAg XapPaKTePUCTMKa OT rofa K rofly, 310 BUAHO Ha pUCyHKe 3. Mak-
CMMarnbHOE KOMMYECTBO OOHOMETHETO TOHKOIO Mbfda B CPEAHEM 3a nocnes-
HWe robl MPUXOOMIOCh Ha deBpaib. OQHAKO METEOPOMOrMYecKMe YCnoBMA
MOTYT CUTbHO BMATH Ha 3TY XapPaKTepMCTUKY. CUMbHBIM LUTOPMOBOW BETEP
PA3PYLAET LIETOCTHOCTb N1eAAHOI0 MOKPOBA U MPWBOLOUT K PE3KOMY YMEHb-
LIEHWIO NEeNOBUTOCTU N M3MEHEHMIO KOMTMYECTBA J1bda Pa3NNYHOW TOSMLLMHbI
KonmuecTBo ooHONETHEro Nbda cpeaHen TONLMHbBI 0OblUHO He MPeBbILaeT
1% OT BCero nbfaa Ha akBaTopumM 1 4acTo CBA3aHO C 06pa30BaHVEM CMOPO3EN
CTapbIX HACTOEHNI.

Jlenosele yCcnoBus MaABAHMS. TaTapPCKMI MPONMB XapaKTepm3yeTcd MHO-
roobpasmem NefoBbiX YCNOBMM MaBaHMa, KOTOPbIE MOMYT CUBHO OTNVYaTb-
Ca 13 roa B rofl Mo CBOMM XapaKTePUCTMKAM. ITO CKa3blBAETCA Ha XapaKTe-
pe OBMXKEHWMA CYI0B M KapaBaHOB B 3MMHIOK HAaBUIALMIO B 3TOM akBaTOPMU.
OaHako 3a nepvon cneuvanbHbix CyJoBbiX HabtoOeHMIM Obln BblaeneHbl
HEKOTOPbIE 3aKOHOMEPHOCTM NIEI0BLIX YCMTOBMI MaBaHMg, BCTPEYaKoLLIMeCH
MPAKTUYECKM KaXKay HaBUraL Mo,

MO>XHO BblAEMMNTb [1BA OCHOBHbIX BapWaHTa MNnjiaBaHWa 13 CEBEPHOM YaCTK
MPOMMBa K KOXXHOW KPOMKe. [TepBbIV (3amagHbl BAPWaHT) 3TO MapLUIPYT BOO/b
xabapoBCKOro bepera, MMMO CUMbHO BblAAOLLEroca B Mope Mbica CIoOpKYM U
00 akBaTopWK nMopTta BaHuHo (Puc. 4). BTopow (BOCTO4YHbLIVM BapuaHT) Yepes
LIeHTP CEBEPHOW YacCTW MposmBa K OCTpoBy CaxanuH v fanee BOOb OCTPO-
Ba [0 IOXXHOWM KPOMKM NeaaHoro nokposa (Puvc. 5). JlenoBaga obcTaHOBKa Ha
MYTW ABMXKEHMA B KaXKOOM U3 3TUX BAPWAHTOB PAa3/1MH4aeTCa U MMEET CBOW OCO-
OEHHOCTU 1 HIoaHChl. O4YeHb PeaKOo BCTpeYaeTca BapuaHT ABUMXKEHUA Cy10B
MO LIeHTPaNbHOW YacTh MpofinBa ¢ ceBepa Ha tor. OOblUHO 3TO MPOUCXOANT
BO BpeMaA HaBUraLMIM C TAXKENbIMY NedoBbIMY YCIOBMAMM, KOrAa BblOVpaTh
M3 OBYX OObIYHbBIX BapWaHTOB BECCMbICNIEHHO M MPOBOAKA OCYLLECTBAAETCS
CaMblM KOPOTKMM MapLIpyTOM K KpoMke. [Janee B oOLIMX yepTax byayT pac-
CMOTPEHbI XapakTepHble 0COOEHHOCTV NefoBbiX YCNOBMM MO ABYM OCHOBHbIM
MapLlpyTaM 3anaaHOMY 1 BOCTOYHOMY, MO KOTOPbLIM ObINIO MONYy4YeHO 3Ha4Yu-
TeNbHOE KOMMYECTBO AaHHbIX CrelanbHbiX Cyd0BbIX HabtoaeHIM BO BpeM4a
pencos B 2016-2021 rr. B cuny HegocTaTka HaTyPHbIX daHHbIX, OCOOEeHHOCT M
MaaBaHMa Mo UeHTPalbHOMY MapLIpYyTy B A@HHOW CTaTbe He pacCMaTpMBa-
tOTCA.
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Puc. 4. Npumep 3anagHoOro BApUAaH- Puc. 5. lNprmep BOCTOYHOO BAPUAHTA
TA M1ABAHMS Cy4OB B TATAPCKOM pO- MAaBAHUS CyAoB B TATAPCKOM rposinBe.
nvBe. MapLupyT HOHeceH HA CriyTHUKO- MapLpyT HOHeceH HA CryTHUKOBbIN CHU-
Bbl1 CHUMOK B BUAMMOM ANAMNA30HE MOK B BuAMMOM amarnasoHe Terra MODIS

Terra MODIS ot 13 mapTta 2018 T oT 29 gHBapg 2019 1.

Ha 3amagHom MapllpyTe, KOTOPbIM Mo CTaTUCTMKe Hamnbonee 4acTo Mc-
nonb3yeTca B aHBape 1 despane (Tabn. 1), camMmble NErkre ycnosua O1a OBrxKe-
H1A CynoB GOPMUMPYIOTCA Ha oTpe3ke oT nopTa de-KacTtpu Ao Mbica CIOpPKYM.
Ha 2ToM y4acTke 6naronpuaTHbIM BETER, Kak MpaBu1o, 3anaHbix Hanpase-
HWW, CNOCOOCTBYET CABUIY MacCMBa CMOPO3eM MOMOObIX SIbAOB Ha BOCTOK,
Npv aToM 00pasya NporasanHy ¢ OTKPLbITOW BOAOW, MO0 MOKPbLITYO HMNaco-
BbIMV NbAaMU 1 CepPbIM NbAOM B 3aBMCKMOCTM OT CPOKa ee CyLLIEeCTBOBaHMA.
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Tabnmya l
BepoaTHOCTb MCMOMb30BaHMA Pa3/IMYHbIX BAPWAHTOB M/1aBaHWa B TaTapCKoOM Mponvee
(B %) B nepuoa 2016-2021 rr. no MmapLpyTy n. [de-Kactpu
— IOXKHaa KpOMKa N1eaHOro rnokpoBa

MapupyT nnaBaHus AHBapb deBpanb MapT
3anagHbin 54 50 23
LleHTpanbHbIM 2 9 16
BocTtoyHbin 44 4] ol

tOyKHEE HaxogMTca OAVH M3 CaMblX CMTOXHbBIX Y4aCTKOB MiaBaHWA B TaTap-
CKOM MPOMIMBE — 3TO aKBaTOPUA BOKPYT MblCa CIOPKYM. DTOT MbIC O4YeHb CU/b-
HO BMAET Ha GOPMUPOBaHME NeJaHOoro NoKpoBa He TOMbKO B pavioHe He-
MOCPeOCcTBEHHO BOKPYI MbiCa, HO TakyXKe K tory U K Koro-3anany oT Hero. Kak
NpaBMNo 0OCTAaHOBKa B 3TOM pPaloHe U YPOBEHb €€ COXHOCTM 0byCnaBn-
BaeT BbIOOP Mexxay 3anagHbiM 1 BOCTOYHbLIM BapMaHTaMu ABUXKEHWA KapaBa-
HOB. 3[0€Cb HaxXOOMTCA PaoH OPMUMPOBaHMA OCHOBHOIO NedAHOro Maccu-
Ba B TaTapCKOM Mponmee. V1 34echb »ke 4acTo pacnonaratotca 00LMPHbIE 30HbI
TOPOLUEHMSA U CXKaTUA.

ChopmMmpoBaBLLMECH B panoHe Mbica CIOPKYM CUMbHO AedOPMMPOBaH-
Hble negdaHble Moag, 0ObIYHO YyKe OQHONEeTHEro BO3pacTa, U cepo-benbi nén
B MOCNeOHMX CTagMax HaMep3aHMa, OKa3blBatoT B UTOre O0MblUOE BAMAHME
Ha pPaboTy CyJOXO4HOro NopTa BaHMHO. YC10BMA Ha MapLUpyTe toyXKHEee Mblca
CIOPKYM 1 00 KPOMKM N1bOa MOMyT CKNagblBaTbCa Mo-pa3Homy. [Npu 6naronpum-
ATHbIX METEOPONOMMYECKIMX YCNOBUMAX BAOMb Oepera MoXeT 060pa30BbIBaThLCA
NpubpexxHaa NporaanHa, Mo KOToPOM MOXHO becnpenaTCTBeHHO OOMTM OO0
nopTta BaHmHo. Ecnu nporanmHa oTCyTCTBYET, TO KapaBaHy NpuxoamnTca npe-
of0oMneBaThb MNoag CMOPO3EeN MOMOAOIO fibda W MeCTaMu AedOopPMUPOBaHHbIE
nong ogHoneTHero nbaa (Puc. 6). ObbluHO NegoBaa oOCTaHOBKa A9 CYO0XO4 -
CTBa B paloHe nopTa BaHWHO KparHe Taxeénad, ocobeHHo B deBpane 1 B nep-
Bble Oekanbl MapTa. CyaoxoACTBO B 3TOM pPakoHe B 3TO BpeMsa HaxOAWTCA Mo,
obecrnedeHrem NMHeNHbIX 1edoKON0B. KaK NpaBnio, OCHOBHada Macca Chflb-
HO 0ePOPMMPOBAHHOIO NEeAAHOro MacchBa, CPOPMMPOBABLLEIOCH B CEBEP-
HOW W LeHTPaNbHOM YacTax Mponmea, 4perdyeT Ha tor 1 B OalbHeWLeM pa3-
PYLIAETCA, PaCTArMBaACh BOOMb MaTepMKa Mod BMUAHMEM TeUeH NS,

Puc. 6. OcTaHOBKQ TaHKepAa «BuKkTop KoHeLKn» B 4eHOPMUPLOBAHHOM
oAHOMEeTHEM /1bAY B PAOHe nopTa BaHMHO, HAYQ/10 BTOPOUW AeKAAbl
gHBaps 2020 roga
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Korga nof Bo3aencTBMeM CeEBEPHbBIX M BOCTOYHbBIX BETPOB 1eAAHOM Mac-
cnB TaTapcKoro NpoamBa NPWKKMMaeT K MaTepUKOBOMY bepery, OTKPbIBaeTCA
BOCTOYHbIV MapLUPYT BOOSb OCTPOBa CaxanuH. ITOT MyTb MO CTaTUCTUKE AB/4-
€TCA CaMblM PACMPOCTPAIHEHHBIM BaPWMAHTOM MPOBOAOK TaHKEPOB M3 MopTa
[He-Kactpw B MapTe (Tabn. 1). Kak npaBwno, Nepeasa 4acTb MaplUpyTa BbIMonHA-
€TCA Ha Oro-BOCTOK K CaxanuHy yepes LieHTPa lbHYK 4aCTb CEBEPHOTO Pano-
Ha TaTapCKOro NposiMBa. B ceBepHOM YacTu MpoimBa NMPOMCXOOMT akTUMBHOE
nenoobpa3oBaHMe BO BPeMA BCEN 3UMHEN HaBUraLUum. 3gecb GOpMUMPYIOTCS
OOLMpPHbIE MONAa MOA0OA0rO NbAaa. o Bo3OencTBMeM CUMbHOMO MOCTOAHHO-
ro BeTpa (MperMyLLIECTBEHHO 3anafHblX 1 CEBEPHbIX HamnpaBieHni) npomnc-
XOoOMT gepopMau g aT1X nonen. [Npr BO3HUKaoLWEM BOMTHEH MM MPOVCXOONT
MEXaHMYeCcKoe paspyLleHne 1 «CrpecCcoBbIBaHWeE» HMaca 1 Ceporo Nbaa, U,
OHOBPREMEHHO, MPW HU3KOM TeMnepaType Bo3ayxa ObiCTpo NoaBNatoTca 00-
LUIVMPHbIEe NefdaHble Mofg 1M MoMoChl CMOpo3el. B 3TUX panoHax BO BpeMd Ha-
onoaeHun pukcrnpyroTeca 6onblloe MHoroobpasme GopM K CMOPO3en 13
HauYaNbHbIX BMOOB MbOa, HWaca, MOMOA0Iro fbaa, B BUOE MHOTOYMCIEHHbIX
HacnoeHum, CMopo3en BAMHYATOro, TEPTOro bAa M NeaaHoM Kallw. Ha 2ToMm
ydyacTke bnvke K 0. CaxanvH 4acTto oTMeYatoTca oKkaTuia go 1-2 6annos. B ce-
BEPHOW YaCTU MpPOSIMBa Ba>KHOW XapaKTePUCTMKOW O/19 CYAOXOACTBa ABAET-
CA HaCNOEHHOCTb TedAaHOro MOKPOBA. Y ke MpU MoaBAEHNM TEMHOIO HMMaca
HaUMHaEeTCa ero HacnoeHue. PoBHbIE Moa Ceporo Mbaa M HWMaca 30echb 00N-
rO He COXPaHArOTCH. HaCNoOEeHHOCTb MOXXET OOCTUIaTh Ha OTAEbHbIX YYaCTKax
9-10 6annos (Puc. 7). CpeagHasa ke HaCNnoeHHOCTb OTMeYaeTcd OT 3 00 5 6annos.
Jlén B 2TVx MecTax MoyeT HacNarBaTbCA B HECKOIbKO CMOEB U1 ObICTPO CMep-
3aTbCH. B CMOPO39x MpW BbiBOPOTaX NbAa PUKCHMPOBANOCh 40 5 TaKMx CMOEB.
[anee Takon nén B bonee toyHbIX LWMPOoTax MponmnBa ObICTPO NepexoanT B
rpafaumnto OOHONETHENO NMbAda M ydacTByeT B GOPMIUMPOBAHMKM OCHOBHOIO fe-
AS9HOro MaccKBa B MposinBee.

B ceBepHOM YacTuv Nponmea Npuv 0OUMNbHbIX CHEronagax M mpucyTCTBUMM
ONMHYaTOro Nbda C NegaHOM Kallen BCTpeYaeTca Takoe aBneHme, kak obnm-
MaHwve cyaHa (Puc. 8).

Puc. 7. lNpumep cuibHO HAC/TOEHHOMO Yy4ACTKA Puic. 8. O6511naHme Kopryca CyaHA CHEXXHO-
(Hac/10eHHOCTb - 9 6Qs1/10B) CBET/IOMO HUIACcA neasiHoyw Maccou B TATAPCKOM MposinBe
B CEBepPHOU YACTU TATAPCKOro rnposinsa
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HecMOoTPa Ha To, UTo BAOMb CaxanmHa ajivHa NyTW BO MbAdax rnof npoBoO/-
KOW 1e00KOA0M, OO/MKHa OblTb ANVIHHEE, 3a4acTyo 3TO OKa3blBaeTCA CaMblM
ONTMMaNbHbIM MapLUPYTOM MaBaHMa BO fbdax. [leno B ToM, 4To BOoOb be-
pera CaxanvHa obbl4HO GopMUpyeTca NMOO NosbiHbA, NMOO 0ONacTb paspe-
YKEHHOIO Nbaa. [Mo3ToMy TaHKepbl MPW BbIBOAE B 3Ty 0OMACTb 3a4acTyto MOMyT
CNnefoBaTb CaMOCTOATENbHO, PYKOBOACTBYACH PEKOMEHOYEMbIM MapLLUPYTOM,
nony4Y4eHHbIM ¢ 6opTa N1egoKoNa, OCyLLEeCTBNAOLWIEro NPOBOAKY. YacTo cMme-
Ha TAHKEPOB (BEOOMOIo TaHKepa C ceBepa W B3aThe Mo MPOBOLKY TaHKe-
pa, NpuLeaLero C tora) npouncxoomT Ha 50°C.Ww. N HEMHOTO toykHee. Ho He
BCeraa Ha 3ToM MaplUpyTe HacTObKO G1aronpuaTHble NeoBble YCIOoBMS.
Mon HebNaroNPUATHLIX YCNOBMAX Ha BCEM MPOTAXKEHWM MOMbIHbW Y OCTPO-
Ba CaxanuH MoryT BCTpe4YaTbca O0MblUVe MONF HEOOHOPOAHbIX CMOPO3EeM 13
OOHONETHEro 1 cepo-tenoro Neaa TonwmHow oo 80-100 cMm, oTopBaBLUKMeECd
OT LeHTpaNnbHOro NegaHoro MaccmBa. ITv negaHble noaga npn gpende Mo-
MYT MepeKpbiBaTb MapLUPYT MaBaHMAa 1 CO30aBaTb CEPbE3HbIE MPENATCTBIA
ana cygoxoncrea. [Npu Takow negoBo oOCTaHOBKE NedoKoNaM MpuxoamTcs
COMPOBOXKOATb TAHKEP 00 CaMOro TpaBep3a IXKHOW KPOMKIM MacCKBa, Npn-
MepHO 00 MOPTOB YIMeropck 1 WaxTtépck, a nHorga 1 4o Mbica JlTaMaHOoH.
B Takux cny4aax nyTb rmiaaBaHna noa npoBOLOKOW CTaHOBMUTCA OAHMM 13 CaMblX
OOVHHBIX, gocTuraa 170-180 MUAb 1 MOXKET MPoa0HKaTbca boee MoaycyTok.

Ocoboe BAvaHKre Ha Cy0oxoACTBO B TaTapCKoM MPOoMBe MMeeT B3/10-
MaHHbIM Npunan. [Nprnar B NponmBe HeBeMbCKOro Ha CaMoM ceBepe pac-
CMaTpKMBaTb He DydeM, Tak KaK ero B3/1oM MpUxoaunTca Ha anpesb, a K anpe-
O NefaHOM MacCKB B TaTapCKOM MPOMBE YKe PaspylleH M B3/TOMaHHbIM
npunam n3 NponrBa HeBeNbCKOro Ha yC10BMA CYOOXOACTBA YKe He BIMAET.
[MoW 3anagHOM BapUaHTe MapLUpyTa camMyto BOAbLIYIO OMacHOCTb W MpenaT-
CTBME MMEET OTHOCUTENBbHO HEOOMbLLOM MpKnan, POPMUPYIOLLMINCA OT MblCa
IBaHOBa 00 Mblca CtopkyM (Puc. 9).

Puc. 9. [MpeogoneHme nonasg B3/1I0MAHHOMO rpuras B parioHe mMbica CIOpPKYM,
¢deBpanb 2021 .
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B 3TOM parioHe npu ceBepHOM BETPE BCceraa GopMmMpyeTca CMnbHO Aedpop-
MUWPOBAHHBLIN 1 HEOOHOPOOHbBIM MPWNan, COCTOALLUMN M3 Pa3YHbIX BMOOB
Nbga. ['Npn 3anagHoOM BETRE Npunak oTpbiBaeTcd OT MaTepUKa U B YCITOBUAX
cnaboro apenda nepekpbiBaeT MapLUPYT BAOMb MaTepuKa B panoHe MbiCa
ClopKyM Ha 0oCTaTodHO anutenbHoe spemMa. OOblYHO 3TOT 0OMOMOK Pa3Bo-
paymBaeTca Ha 90 rpaayCcoB OTHOCUTENbHO bepera, OgHOM CTOPOHOW Y-
PaeTcqd B MblIC, a APYron - B egaHOM MaCcCKB, KOTOPbIW B 3TOM PanoHe TakyKe
V>Ke BeCcbMa gedopMUPOBaH W TRPYOHOMPOXOOMM ON4a KapaBaHoB (Puc. 10).
Mpowvnan B panoHe Mbica CIOpKYM MOXXET GOPMIUMPOBATLHCA HECKOSBbKO Pa3 33
OHY 3MMHIOKO HaBUTaLMIO. B pe3ynbrate, TONbKO MPW HalM4Ymii B3TOMaHHOTO
npunasa Ha NyTW NnaBaHna B panoHe Mbica CIOpKYM, M HeCMOTPS Ha Ya00Hble
nporanuHbl BOOMb MaTePUKa, MPOBOAKA OCYLLIECTBIAETCA Yepe3 BOCTOHYHbIM
BapWaHT.

Ha OBr>keHre B BOCTOYHOM BapUWaHTe TakyKe MMeeT BINgHMe B3/TOMaH-
HbI MPKMMan, HO COBCEM B ApYyroM Buae. INpurnan popMnpyeTca B ceBepo-
BOCTOYHOM panoHe TaTapCKoro NpofinBa, ceBepHee nopTta AJleKCaHOp0OBCK-
CaxanmHcKknm, B ANleKCaHOpOBCKOM 3anmee. DopMMPyeTcs OH Takxke Mnof BO3-
AercTeremM BeTPOBOro gpenda, TONIbKO 3anagHoro HanpasneHua. [Npn no-
CTOAHHOM BO3AEMNCTBUM 3aMadHbIX BETPOB, TObKO YTO CHPOPMUMPOBABLLIMNCA
B CEBEPHOM YaCTW TaTapCKOro NpomBa MooaoW Néd, CUIbHO AePOpPMUpPY-
eTca 1 HabumBaeTca B ANeKCaHOPOBCKOM 3a/1MBE B OFPOMHYHO CMOPO3b Mpu-
naqa. PavioHbl POPMUMPOBaHMA MPUMaa U TOPOCUCTbIX NIbOOB B TaTapPCKOM MPO-
NMBE CXemMaTW4HO MpencraBfieHbl Ha purcyHke 1.
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Puc. 11. O6510CcTH GOPMUPOBAHMS

Puc. 10. CryTHMKOBbIV CHUMOK Terra MODIS AepopMUPOBAHHOIO NPUNAs
B BUAMMOM guarnasoHe. O6/710MOK B3/TOMAHHOMO M PAKIOHbI TOPOCUCTbIX J1bAOB
npunasa B parioHe mbica CIOPKYM B TQTQPCKOM MposinBe rno AaHHbIM
(BblAerieH XenTbiM KpYrom) crneunarnbHbIX CyQoBbIX HAO0AEHNN
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Bo BpeMa HepeOKMx O19 TUX MECT MOLLHbIX LIMKTOHOB W1 TalldyHOB 2TOT
nprnan B3NamMbiBaeTcqa, 00pasya HECKOMbKO MMIraHTCKMX NedaHblX Noaem, Ko-
TOPblE 3aTeM HaYMHAatOT MOCTENEHHO OpendOoBaTb BAOMb OCTPOBa CaxalvH,
pa3pylLlaach Ha bonee menkue negarble nonga (Puc. 12). MNpu aToM oHUK, ecTe-
CTBEHHO, CTAHOBATCA MPENATCTBMEM Ha BOCTOYHOM BapUaHTe MapLlpyTa 00
FOXKHOW KPOMKIM MOPCKOTO fMbAa B TaTapCKOM MponmBe. Takom npunanm 3a 31m-
HIOKO HaBUMALMIO MOXET YCMeTb CPOPMMPOBATLCA NMOBTOPHO.

Puc. 12. JedpopmMumpoBAHHbIE O06LLMPHbIE MOs1g B3/IOMAHHOO rnpuvrnas
M3 CeBEPO-BOCTOYHOM YACTM TATAPCKOro rnpoamnBa (M3 AIeKCaHAPOBCKOro
301MBQ), ApendyroLme HA tor BAOb rnobepexxbsa CaxaanHa
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3akno4yeHue

Brniepsble 0600LLEHbI 1 NPeaCcTaBNeHbl COBPeMEHHbIe YC10BUMA N1e00BOro
naaBaHMa B TaTapCKOM MposiBe HMoHCKOro Mopsa 3a nepuod, 2016-2021 rr.
ExxerogHoe y4acTtme coTpyoHurkoB AAHWI B pencax Ha 6opTy NegoKonos,
obecrneurBatoLLIMX MPOBOOKY TaHKePOB 13 NopTa Je-KacTpu 00 IoXKHOW KPOM-
K Te09HOro MOKPOBa M exXeaHEBHbIM MOHUTOPWHI COCTOAH A edd4HOro Mo-
KpOBa MO3BOAMMINM CODPaTb YHUKaNbHbBIV apXMB HATYPHbLIX 1M CAYTHUKOBbIX JaH-
HbIX, 1e00BbIX KapT W pe3y/1itTaToB MOLOEMPOBaHMA NeaHOoro nokpoBa.

MOHUTOPUHI COCTOAHKA N1e0aHOro NMoKpPoBa MO3BOMK/ BbIABUTL OCOOEHHO-
CTV NegoBbIX YCAOBMM B paioHe — Hadasio YCTOMYMBOro 1egoobpasoBaHig
B 3 gexaay Hoabpa, Mepuon MakCUMabHOro Pa3BUTMA N1edaHoro MoKpoBa B
deBpane, obpaszoBaHVe 30HbI Pa3PAKEHMA Nbaa B CEBEPHOM YacTu TaTapCcKo-
ro NponmBa 1 06aacTb HaMbonee CAOXKHbIX NeOOBbIX YCIOBMI B LIEHTPaIbHOM
YacTK TaTapCKOro NPonmMBa. HeCMOoTPA Ha BbICOKYHO M3MEHYIMBOCTbL OT CE30HA
K CE30HY, CpeaHada NefoBUTOCTb 3a nocnenHve 5 net 6nmska K cpegHen neno-
BMTOCTM 3a BecCb pan HabnogeHmm, ¢ 1960 .

Mo pe3ynsrataM OLUeHKKW 1e00BOro MaaBaHMa ObiNu BolOoeNeHbl 0Ba OCHOB-
HbIX MapLpyTa — 3aMafdHblv 1 BOCTOYHbIW. BAaronpuaTtHble nefoBble YCoBIMA
A4 UCMOMb30BaHMA 3anagHoro MaplpyTa rniaBaHna GOpPMUMPYIOTCA B AH-
Bape 1 peppane. B a10T Nepunoa Hambonee 4acTto OTKpbIBaeTCa NporanmHa ¢
OTKPbITOW BOOOW, UK MOKPbLITAa HMIAaCOM N CepbIMI MbAaMu, BOOb KOHTMN-
HeHTabHOro Nobepexkba. bnaronpuUaTHbIe YCNoBMA N4 MCMOMb30BaHW| BOC-
TOYHOIO MapLpyTa NiaBaHWa GoOPMUPYIOTCA B MPEVMYLLECTBEHHO B MapTe,
Korga BOoAb bepera CaxanmHa GopMupyeTca MO0 NobiHbg, N0 0bnacTb
PA3PEXEHHOIO Nbaa.

BbnarogapHocTtu

B paboTe rcnonb3oBanchb CRYyTHUMKOBBIE AaHHbIe, MoNydYeHHble oT dab-
HEBOCTOYHOIO LleHTpa @enepanbHOro ocynapcrBEHHOIo broaXeTHOro
YupexwageHuna «HaydHo-nccnenoBaTteNbCKMM LIEHTP KOCMUYECKOW rMapoMe-
TeopONoOrnm «I InaHeTa.

CnucoK nuTepaTypbl:
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\OETb, UTOO He 33
0BEHHOCTAX MPO 13¢
1bl 4719 SKCTPEM

T iy

CMPOTKUH
AnekcaHap KOpbeBMY

reHepanbHbI AMPEKTOP
OO0 «bBH MHXeHMPUHMD

- AnekcaHpap KOpbeBuUY, CKOJIbKO NET CyLlecTByeT Balla
KoMnaHua? C yero Bce Ha4YUHanocb?

MOXHO cKazaTb, 4To nctopua OOO «BBH mHXeHpuHm
HaumHaeTcq ¢ 1975 rona, Korga ocHoBaTeNb bpUHK
MBaH tOpbeBMY 3aLLMTUA AMMSIOM MO CeLanbHOCTH
«[priknaaHasa MateMaTrKa» 1 B 3TOT »e AeHb cen WiTb
MePBYO MyXOBYHO KYPTKY, MOCKO/bKY Yepe3 ABa Mecalla
MAaHMPOBaI COBEPLINTL MOXOMA MATOM KaTeropum
CNOXKHOCTW Ha YeMnmoHaT CCCP no ropHoOMy TYPr3MYy.
Tak Hayanace UCTopUa PabOTbl C MyXOM. TO, UTO OH WK,
CYLLIECTBEHHO OT/IMYaNOCh OT MyXOBbIX KYPTOK, KOTOPbIE
Bbinyckana dabpuka BLICMC.

370 6bINO 3aMedaTenbHoe BpeMsa 3apoxaeHmna
MNPOM3BOACTBA MYyXOBOW OO bl B POCTOBCKOW 06nacTu.
BaH HOpbeBMY YU WKTb MyXOBbIE KYPTKM BCEX
Npy3ei, 1 Hadanca npocTo NaBMHOOOPa3HbIM NpoLecc
nepefaYn HaBbIKOB WTbA MYyXOBbIX M3Aenuii. Ha 3ToT
MOMEHT HOoBOUEepKaCcCK ABAANCA NOATVMHHbBIM CTONULEN
M0 M3rOTOBAEHMUIO MYXOBOrO CHapshkeHud. Crpoc Obif
OFPOMHbIV.

- 370 6bINIO COBETCKOE BpeM4da ToTasibHOro ﬂe¢VILI,VITa.
Kak yAaBasnioCb oOCTaBaTb Cblpbe?

[encTBUTENBHO, C MYXOM ObINO CIOMHO, MOITOMY

ero 0obbiBany 13 AoMallHUX noayllex. Bbina
CKOHCTPYMPOBaHa MUHUCOPTUPOBOYHAA MalLHa
0715 OTAENEHMA Nyxa OT Nepa, M3 TREXKMIOrPaMMOBOM

noayLWKM yaasanocek cobpats Myxa Ha ABe MyxOBble KYPTKM.

- Kak ynanocb nepemTu Ha HOBbIY ypoBeHb? OT
rnoLuMBa CHapsXXeHUsa s TYpUCTOB-No6uTtenen oo
crneunanbHOW oaeXabl?

B 1981-M roay ana noarotosku cbopHom CCCP K
BOCXOXOEHMIO Ha DBepeCT bpUHK NpeacTaBii 5 nonHbix
KOMMNEKTOB MyXOBOIO CHaPSKEH WS, HO IKMMUPOBKY
akcneanumm nopy4mnm dabprike BLICMC.

B 1982-m rooy cneumanmnctel 3aBofa "3sesna”

OO0 «bBH MHXeHMPUHMD
C 1991 roga npowvsBoaAnT
crneumanbHyto v
CMOPTVBHYO oaexay Ha
OCHOBEe HaTypanbHOMro
rYCUHOIO Myxa.

BepxHaa opexxaa noaxoamT
019 SKCTPEManbHbIX
MOrOAHbIX YCI1OBUI: B
Hen KOMPOPTHO MpPW
TemnepaTtype 0o -50°C n
CUNbHOM BeTpe. Jlerkmm
yTENUTENDb BbIMOMHEH
V13 HaTypanbHOro nyxa,
MO3TOMY MOBbILLIAETCA
NPOV3BOAUTENBHOCTb
TpyOa vi CHWMKaeTca
YPOBEHb TpaBMaTM3Ma
1 3a60neBaeMocTy
paboTHMKoB. Ogexaa
Tennas, nerkaga u
KoMbopPTHagqA.

MAO «[aznpom»,

MAO «JTYKOWI» m
apyrmue KomMnaHmm,
paboTtatoule Ha CeBepe,
NaBHO COTPYAHMYAIOT C
«BBH MHXeHMPUHIro».
CobctBeHHoe
MNPOM3BOACTBO MO3BOMAAET
BbIMO/IHATE Pa3paboTky
V1 MPOM3BOACTBO
crneLoaexabl B
COOTBETCTBVIM C OCOOBbIMM
TpeboBaHmamum kK C/3 1
KOPMOPaTUBHOMY CTUIIO
3akas4duka. [NpoayKuma
cepTdMLUMpPOBaHa.



B 1998-M rogy KypTkamMum
Ha raradbem nyxy ooina
OCHallleHa COBETCKO-
KaHa[cKasa akcneamumsa
OmunTtpua LLInapo, koTopas
nepecekKa Ha NbhKax
CeBepHblv J1lenoBUThIN
oKeaH Mo Mapwpyty CCCP
— CeBepHbIM NOSMoC —
KaHaga

(cozmaHme oaexabl 1 ckadaHaPOoB A9 KOCMOHABTOB) MocTaBuIn VBany KOpbesunyy
3adady: Pa3paboTaTb KOMMNEKT OO, B KOTOPOM YerToBeK AO/KEH Obl/T BbXKUTL MNP
TemnepaType -50°C B TeueHme Tpex cyToK. KOCTIoM J0/KeH Obif1 BECUTb He Boree Tpex
KNOrPaMMOB 1 MMETL YMakoBOYHbIM 0ObeM He Gonee 6 TUTPOB. I camMoe rMaBHOE:

eCy B KOCMOCE B HEBECOMOCTU OH BAPYI MOPBETCI, TO MyX He AoMKeH Obin pasnetarbes.
TpeboBanoch pellnTs PAa 3aaay. [Modemy nMyx MUrPHpPYeT Yepes TKaHb U LBbI M Kak C 3TUM
6opoTbca? Kak caenaTth 13 Myxa MaTepuarn, KOTOPbIM He OyAET pa3feTaTbca B HEBECOMOCTI?
STV v MHOIVe ApYre BOMpOCh TPeboBany CBOEro paspelleHind B TO Bpems.

o yToram Obin Co3aaH MyXOBbIN XOSCT, KOTOPbIN MCMOMb30BasCa B Ka4ecTse yTennurens
719 CracaTeNbHoM oAexabl, ObiNo co3aaHo 0bopyaoBaHKe ANA OUYMCTKY 1 COPTUPOBKM
nepa 1 Nyxa Kak rycrHoro, Tak 1 raradsero.

- Mo cyTn, coBepLuM HayuyHoe OTKpbITUe? NMy6anKoBanu Hay4Hble U3bICKaHUA?

B 1990-m rogy ViBaH KOpbeBMY COBMECTHO C BOHAapLOM M. Hammcan KHUry «Atefibe
TYPUCTa» — PyKOBOACTBO MO CaMOCTOATENIbHOMY U3FOTOBAEHUIO CHAaPSXEHUA ModUTeNnamMu
nyTeLecTBUN.

B 1991-M roay 6bir1o yupexaeHo OO0 «bBH MHKeHVPYHM A9 BeAeHUI HayYHO-
MCCNEen0BaTENBCKMX U OMBITHO-KOHCTRYKTOPCKMX PaboT B chepe nepepaboTkim
MepPOnyxoBOro ChlPbs U MPOU3BOACTBA V3O,

- A ¢ aTOoro MoMeHTa Hayanocb NPOMbILLNIEHHOE NMPOU3BOACTBO oAeXAbl?

[a, B 1993-M roly Mbl OCYLLIECTBUIN MEPBYIO MOCTaBKY CMNelManbHOM OOeXK bl Ha MyXOBOM
yrennutene ang HedpterasoBow oTpaciu.

- Bbl npoaomkaeTe BHeApPSTb MHHOBaLMKM Ha NpousBoacTee?

Mbl aKTMBHO COTpyAHMYaeM ¢ DOHAOM COAENCTBUA MHHOBaLMAM, U Gnarofaps Takomy
B3aMMOAENCTBUIO B HalLler oaexae UCMOoNb3yeTca pa yHUKanbHbIX pa3paboTok:

crcTeMa «Tenbivt LWOB» C MOBLILLIEHHOM YCTOMUYMBOCTbLIO K AedopmMauni, MaTeMaTmyecKas
MOAENb TENTO0OMEHHbIX MPOLIECCOB B CHCTEME YeoBeK — Cpeaa; Ha CEroaHALLHMN

OEeHb 3TV W ApYyrue pa3paboTku MCNONb3YIOTCA NPV MPOEKTUPOBaHUM 1 MPOU3BOACTBE
ofexabl. Ho camoe nHTepecHoe, 310 peanmsyemble HVIOKP (B pamMkax rpaHTa oT

doHaa) No paszpaboTke yTenmTend Ha OCHOBE HaTypPanbHOroO NYCKMHOMO Nyxa, He
MOALEPKVBAIOLLETO TOPEHME, KOTOPOMY Ha CEMOAHALLIKMM OeHb HET aHa/loroB B MUPe.

OTa paspaboTka 0cOBEHHO aKTyanbHa ANa HedpTerasoBbix KOMMaHWM, BEAYLLMX AOObIHY
TPaCMNOPTUPOBKY YIMEBOAOPOA0B B CYPOBbIX KNMMAaTUHECKMX YCNOBUAX COMPU U APKTUKIA
VI MOABEPKEHHbIX PUCKY BO3HUKHOBEHWA MaMeH. B HacTodallee BpeMa Take KOMMNaHWm
BCe Bo/ee akTMBHO OCBaVBatOT CEBEPHbIE PEMMOHbBI CTPaHbl. B AanbHereM, BO3MOXKHO,
STOT NPOAYKT 3aunHTepecyeT MMHOBOPOHbI.

- Kto cenyac weronset B ogexxae ot «6BH MHXXEeHUPUHI»?

Hawa cneuranbHaga v CNoPTMBHAA Ofexaa Ha OCHOBE HaTyPallbHOIo NyCMHOIO Myxa
MO/Mb3YyeTCa CMPOCOM B 0COO0 XOMOAHbBIX PervioHax Poccuy ¢ Temmnepatypamim Ao -50°C n
CUNBHBIM BETpoM. Cpeam Halwmx napTHepos — MAO «[asnpomy, MAO JTYKOW» 1 pag,
OPYIX KOMMAaHWi, paboTatoLLMX B CIOXHbBIX YCMOBUAX B IV 1 «OCOBOM» KNMMaTUYECKIX
nodacax. C 2016-ro roga Mbl Ha4yany NPOM3BOAVTL OAEXKAY /19 FOPHOMo TypU3Ma W Nioaen,
BEAYLLMX aKTUBHbBIM 00pa3 »3HK. Cozpany bpenn BVN Travel, MHOro Haller ogexabl

VI CHapSHKEeH VA MPEeACTaBneHo Ha Dnbbpyce. [P BOCXOKAEHVIM Ha D11bbpyc yenosex
MOABEPraeTca BO3ASMCTBUIO HU3KMX TEMMEPaTYP U BETPA, M/IIOC 3aTPYAHEHO OblXaHWe;
MOYKHO CKa3aTb, UYTO Mbl MPOBOAVIM MOAENMPOBAHME apPKTUUECKMX YCIOBUM (BETEP, X010,
3aTPYAHEHO AblXxaHKWe, dUsmyeckas Harpyska npu BOCXoXaeHmm). [MoMm1mMo 3Toro, ABa roga
Hasad 3anyCTunm nuHenky Outdoor — MpoayKUMo A4 Noaen, MpoxKreBaLwmx Ha CeBepe.

- MouyeMy Bbl Ucrofb3yeTe MMEHHO HaTypasnbHbIA FYCUHbIN? Ceillyac MHOrMe roBopsaT
O nonynspHoOCTU MeM6paHHbIX MaTepUanos.

Myx obnanaeT paaoM NPeuMyUecTs nepen CUHTETUYECKUMI YTeMTUTENAMIM U MO3BONAET:
: YMEHbLINTL 0OLLYIO MacCy 3VMHUX KOMIIEKTOB Ha 1— 2 Kr;
YBENUUUTE GUM3MONOTMYECKMIN PecypC PaboTOCMIOCOOHOCTU YenoBeKa Ha XONOAE;
CHVI3UTb YPOBEHb 3a001€BAEMOCTU W BPEMEHHOW YyTPaThl TRYA0CMOCOOHOCTH;
MOBbLICKTL PaboTOCMOCOOHOCTL MepcoHana;
CHVI3UTb PVICK TPaBMaTU3Ma;
YBENUYMTL BpeMd paboThbl 38 CMeHY Ha OTKPLITOM BO3AyXe, MOBLICUTL
MPOWN3BOAMTENBHOCTL TRYAS;
YAYULIUTE obLLee MCUXodU3MOonoryeckoe COCTOAHME YenoBeka (cneumansHag
onexnaa — nerkad, KOM®oPTHada 1 Tennagq);
MOBbBICKTL MOKa3aTenu KOMOPTa W rUreHbl TPyAa.

- Bbl caMu 6biBanu Ha CeBepe? TecTUpOBanu CBOIo oaexay?

KoHeuHo, bbiBan, 1 He pa3 — B HaabiMe, YpeHroe 1 pane Apyrix ropoaos. Oco6eHHo
3aMOMHMNach Moe3aKa Ha 3anonapHoe HedTerasokoraeHcaTHoe MecTopoxaeHe MAO
«[aznpom». o Npresny yaapuim ChibHble MOPO3bl, HO B HalleM MyXOBUKE 9 He 3aMep3.
[OMKIMO 3TOrO, A CaM XOXKy B ropbl 1 He pa3 nonaaan Ha Snbbpyce v B MiManaax 8 O4eHb
MAOXyHo MOroay.



- UcnbiTbiBaeTe N Bbl ceryac 3aTPyAHEHMUS B CBA3U C CAaHKUUAMNU?
Balue nponsBoACcTBO — MOMTHOCTbIO poccuickoe? Unu ncnonb3yoTcs MMNOPTHbIE
MaTepuanbl?

A Obl pa3nenyn BAMaHWE CaHKUMM Ha TPWM COCTaBNAoULME — Ha MMMOPT ChlPbd, SKCMOPT
MPOAYKLUWMW VI MNaHbl Pa3BUTUA.

B oTHOWeEHMK MMNopTa. B 4acTi NprobpeTeHna Chipbs — CKOPee HET, HO /TbBMHanA

[ON14 ChIPba MMOPTHAaaA UMK Chipbe MPOU3BeaeHO M3 MMMOPTHBLIX KOMMIEKTYOLLIMX,
Hanpumep, xnonkocoaepallume TkaHy ANna HepTerasoBoro cexTopa, — B 1Mx OCHOBE X/10MOK,
KOTOPbIM ABAAETCA OMPXKEBBIM MPOAYKTOM, TakXKe MPW MNPOM3BOACTBE MCMOMb3YIOTCA
PasMYHbIe MPOMUTKU 1 MPoYee, 1 BCE 3TO MMMOPTHOE. Takad Xe CUTyaumsa ¢ Py PHUTYPON,
CUHTETUHECKMMU TKaHAMMK 1 0. COOTBETCTBEHHO, 3HAUMTENBHO BO3POC/IM CPOKM MOCTaBKM
HaM CbIpbs, a TakKe ero LeHa. [Nyx — Hall, POCCUMCKIIN.

B oTHOlWeHWY cObiTa. CaHKLVW CUMbHO MOBAMANM Ha Hac B 2014-M roay. Hamu 6binm
npoeeneHbl PadboThl B 06/1aCTU MHTENNEKTYalbHbIX CYCTeM MOAOrPeBa OAeXAbl.
PurHaHcrposaHhe HVOKP ocyliecTBnsa10Ch Co CTOPOHbl PD — rocyfapCTBEHHbIM

®orpoM CoaencTBMA MHHOBALIMAM, CO CTOPOHbI [epMaHn — MUHUCTEPCTBOM

Hayku 1 ccneposanun (BMBF). 3agada coctoana B pa3paboTke MHTeNNeKTyanbHOW
CYCTEMbI MOAOMPEBa YeNOBEKA, HaXOAALLEeroCcsa B YC/I0BMAX XO104a, B 3aBMCUMOCTY

OT MIHTEHCUBHOCTW ero AEATENbHOCTU. VIHbIMIK CNoBaM, C1CTeMa Noforpesa LO/MKHa
aBTOMaTVYeCKM MOAOrPeBaTh Ye/ToBeKa Mo 30HaM B 3aBVICMMOCTY OT ero Tern/I0BOro
COCTOAHMA (YCIOBUM KMMaTa M MHTEHCKMBHOCTM paboT). bbina BbinyLleHa NpobHaa napTuna,
HO TYT B OTHOLLIEH W Poccui B 2014-M rofy Obiv BBEASHbI CaHKLIMMK. DnemMeHTHaa 6a3a
«YMHOWM» KYPTKM Obl1a MMMOPTHasA, 13 TepMaH iy, 4acTb ee — ABOMHOro HasHadeHua. Mol
OCTanuch 6€3 KOMMOHEHTOB U Cblpbs. Hauanu paboTaTb Mo NpobnemMe 3amMeHbl FepMaHCKmX
KOMMOHEeHTOB Ha Apyrue. Ho Hac onepenunum. Xiaomi npencraBiia <yMHYO» KYPTKY C
NOAAEPXKKOM BYHKLMM KOHTPONA TeMnepaTypbl U pacnpeneneHud Tenna 3a 79 4onnapos,
C TaKOW LIeHOW Ha W3LeNve Mbl KOHKYPWPOBaTb HE MOTTIN.

- Mony4aeTcs, Bca paboTa 6bis1a BbIMNOMHEHA BNYCTY0?

HeT, BCe ObINo He 3pa. Bbin HakonneH GoraTenLLmy OMnbIT MaTeMaTUYECKOro
MOAENMPOBaHMA TEMNOOOMEHHbIX MPOLLECCOB B CUCTEME YEeTOBEK — CPEAA, M CEroaHSA Mbl
€ro VICMoNb3yeM Mpw MPOEKTVPOBaHM OOEXKAbI.

Takoke, Npoao/H»Kas MPOo IKCMOPT, C HOBBIM MPOAYKTOM (pa3paboTaHHbIM MPW MOAAEPIKKE
DoHOa COAENCTBMA MHHOBaLMAM) — MyXOM, HE MOAAEPXKMBAIOLLMM FOPEHUE, — Mbl
MNaHWPOBaNM BbIXOO Ha 2KCMOPT B CTpaHbl CeepHom EBponbl, CLUA v KaHaay, HO — yBbl!
— CKOpEE BCETO, 3TO TRYAHO peanvsyeMble MaHbl, My TOM, UTO MPOAYKT YHVKaNbHbIV U He
VIMEET aHaslloroB B MMpe.

Takoke BblV 3HAYUTENBHO CKOPPEKTUPOBAHbI MaHbl Pa3BUTKA, CMPOC HalX OCHOBHbIX
3aKa34MKOB MadaeT B CBA3M C ONTUMM3aLMM 3aTpaT. HO Mbl He OryckaeM pyKu 1
NpoaBMraeM NPOOYKT Ha HOBbIE PbIHKM.

- Kakue nnaHbl y BalLen KOMMNaHMN? Kakme HOBUHKM coGMpaeTer BbINYCTUTbL?

O HOBMHKax pacckasal paHee, 3TO HOBbIN YHWKaIbHbIN MPOAYKT — MyX, He
nogaepXMBatoLLMM ropeHme; B 2022-M rofy y»Ke 3ak/Tto4eH KOHTPAaKT Ha MOCTaBKy MePBbIX
MapTU NPOOYKLUN C ero npuMeHeHrem B agpec MAO JTYKOW .

Taroke B 2022-M rofly nianvpyeM MpoBECTM OMbITHBIE UCMBITaH WS CrielanbHOM Oexabl C
TPaAVUVIOHHbBIM HaTypanbHbIM MyxoBbiM yTennmTenem B MAO «P)K[» Ha 0ObekTax B AKyTUM.
B mae 2022-ro roga no utoramM otbopa Mbl BoWwnu B akcenepatop AO «Kopropauma

MTIC» ANga MHHOBaLMOHHbBIX KOMMaHUM. B ymncne nnaHmpyeMbix MTOroB akcenepaTopa

— paclypeHme B3aMMOLENCTBISA C MOTEHUMaNbHbIMK MapTHEPaMW, 3aKy MKW KOTOPbIX
KyprpyeT Kopnopauna MCI, ¢ uensto paclvpeHns PbiHKOB CObITa M yKpenneHma
B3aVIMOAEWVCTBUA C roCy0apPCTBEHHBIMU MHCTUTYTaMM Pa3BUTUA.

AnekcaHap lOpbeBuy, 6narop.apMM Bac 3a MHTepecHoe UHTepBblo. XXenlaeM BaM
ycrnexos B peanmsaumu nnaHos!

\/‘CTODMH@CKGQ CrpaBKa:

B pesynsrate 200
MWTITVIOHOB JIET 3BOTIO LN
MTUL, MOABUICSA MyX

C ero yHUKanbHbIM M
CBOMCTBaMMU, KOTOpble

He B CUax MOBTOPWTL M
CYHTE3MPOBaTh YeTOBEK
pa3yMHbIM BCero ¢ ero 40
ThiCAYeneTHem ncropmen

1rpamMm nyxa nMmeet
00Uy ANMUHY CTRYKTYPHbBIX
3n1emMeHToB 57 KM.

Myx oueHb nerok, sec 100
MyLIMHOK He MpeBblILLaeT
0,2 rpaMmma.

[10 COOTHOLWEHWIO TEM/IOThI
1 Macchl Nyx B 2,5 pasa
npeBOCXoaAuT Apyrme
HanonHUTENM.

MpoToaBuc (nat. Protoavis)
W 225—210 MnH

NeT Ha3ad — NepBas
NPUMUTUBHAA MTULA.
113-32 Hanuma 3y6os

Ha KTtOBE B HEM
npeanonaratoT XMLLHKKA,
pasmMelleHne a3 Ha
nepenHer 4Yactu yepena
CBUOETENBCTBYET O HOYHOM
VAV cymMepeuHoM obpase
YK3HW. [poToaByc Obin
afanTMPOBaH K MOMETy, Ha
€ro KOCTAX MPUICYTCTBYOT
0Ccobble OTMETUHbI — TOYKM
MPUKPENIEHNA NepbeB.
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