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Llenv pabomvr — npogepra A0eK8AMHOCMU BbIOBUHYMOU ABMOPAMU 2UNOMESb, CO2NACHO KOMOPOU CB513b MENCOY
nepeMeHamy KumMama ApKmuku u MHO2ONEMHUM XOOOM CPeOHe20 YPOGHs. BOOHOU MNOBEPXHOCMU HEKOMOPbIX
GHYMPEHHUX Mopel AmAIaHmuxu s@Iemcsi CMAmucCmu4ecku 3Hauumou. s 0ocmudicenusi NOCMAGNEeHHOU yeau
USYUEHbL CEA3U MHO20AENHUX SAPUAYULL CYMMAPHO20 00beMa 1edsino2o nokposa Eeponetickozo cexkmopa Apkmuxu ¢
OUHAMUKOL CpeOHe20 YPOBHS BOOHOU NOBEPXHOCMU GHYMPEHHUX Mopell Amianmuueckoeo oKeana, KOmopvle
npoucxoounu ¢ 1979-2018 ze. Kakx ¢paxmuueckuii mamepuan uCnoib308aHbl pe3yibmamsl 2100ANbHbIX PeaHAIU306
UBMEHEHUTI MOMWUHbL U CHIOYEHHOCMU JIe0AH020 NOKPO8d, 4 MAKJICE YPOGHS PA3IUYHLIX YHACKOS aK8AMOpuu
Muposozo oxeana. Cpedu sHympennux mopet Amianmuku 8visigiensl me, 05l KOMOPbIX pACCMAMpUAemMas 2unomesa
ae1emcs a0ekeamuotl. /s maxkux mopeti npeonodxcel npocHo3 MHO20JemHux uzmenenuti ux ypoeus 6 XXl eexe ons
cyenapusi, npu KOMoOpPoM OdiibHelulee YCuleHue Gakmopos nomenjienus Kiumama, a makxce cHudicerue 0o 2060—2070
22. cpeonezo 3a 11 nem ypoems conmeunou axmueHocmu OYOYM Npueooumv K YECIUUEHUI) CYMMAPHO20 00bemda
ne0ano2o noxkposa Esponetickoco cekmopa Apkmuxu.

Knroueswie cnosa: Yepnoe mope, EBponeiickuii cektop, ApKTHKa, YpOBEHb, aTMOc(hepHas NUPKYJIIIINA, JIETOBUTOCTb,
peaHanus.
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SUMMARY

An urgent problem of physical geography, oceanography and climatology is the improvement of
methods for modeling long-term changes in the average water surface level (hereinafter referred to as
AWSL) of the World Ocean regions. Its solution involves the development of existing concepts about the
relationship of these changes with other natural processes. The solution of this problem is of greatest
importance for the regions of the World Ocean, on the coasts of which there are large cities and ports. The
inland seas of the Atlantic Ocean: Baltic, Mediterranean, Azov and Black seas take an important place
among them.

It is known that among the most important factors of the year to year variability of the AWSL for
such seas are the processes affecting the dynamics of their water balance, which are studied in the works of
many domestic and foreign authors. They found that the dynamics of the water balance of the seas under
consideration depends on the average intensity of precipitation and evaporation in their basins, which are
caused by the corresponding changes in the total duration of atmospheric blockings (hereinafter referred to as
TAB).

The Arctic air entering the Europe area in the course of its incursions, as well as the air in the rear of
the cyclones moving above Europe to the Arctic contributes to the occurrence of blockings. The
characteristics of this air are largely determined by the peculiarities of its interaction with the atmosphere of
the ice cover of the corresponding Arctic water areas, which depend on its total volume (hereinafter referred
to as TVI). Consequently, the long-term sequence of the average annual values of the AWSL for each of the
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seas under consideration can be, to some extent, associated with variations in the average annual values of
the TVI in the waters of the European sector of the Arctic. AWSL may also be affected by warming of the
regional climate, which causes the thermal expansion of the active layer of the sea and its average surface
temperature (hereinafter AST).

Considering this, the authors put forward a hypothesis that the relationship between the TVI
variations, characterizing the climate changes in the Arctic, and the long-term course of AWSL is
statistically significant for some of the studied seas. Confirmation of its adequacy would allow taking into
account such relationships when modeling the dynamics of the AWSL of these seas, as well as planning
economic activities on their coasts. However, this hypothesis has not been verified before.

The subject of study in this paper is the statistical relationships of the long—term course of the

average annual values of the AWSL for the Black Sea, the TVI of the Arctic waters located in the European
area, as well as TAB, which occur in this area.
The purpose of the work is to verify the adequacy of the proposed hypothesis.

The factual material used in the study of the long-term course of the average annual values of the
AWSL for the Black Sea is the results of its mathematical modeling obtained by the ICDC (Integrated
Climate Data Center) of the University of Hamburg, Germany. The information about the changes in AST is
obtained from the GLORYS12.v1 (Global Ocean Physics Reanalysis) reanalysis maintained by Copernicus.

To confirm the adequacy of the specified factual material, it is compared with the archival
information obtained during contact measurements at some points of Odessa, Ochakov, Sevastopol,
Evpatoria, Feodosia, Kerch, Anapa, Novorossiysk, Gelendzhik and Sochi.

The information on the long-term course of the average annual TVI values in the waters of the
European sector of the Arctic was obtained using information on variations in the average monthly values of
the ice cover thickness and its concentration, which is also presented in the ICDC modeling results and the
mentioned reanalysis.

When assessing the average annual values of TAB in the European sector of the Northern
Hemisphere, we applied the typification of macrocirculatory processes in the Northern hemisphere according
to B.L. Dzerdzeevsky.

The research methodology involved the implementation of spectral analysis for the time series of
the average annual values of the AWSL, which allowed us to determine the periods of the high-frequency
modes of this process. When determining the average rate of each such process, it was smoothed over a time
equal twice to the period of the longest period of the identified modes, after which the identified trend was
equalized. The study of statistical relationships between the time series of the average annual values AWSL
for the Black Sea, as well as TVI and TAB for the European sector of the Arctic, was carried out using the
method of correlation analysis and Student's t-test. The significance of the statistical relationships between
the time series of the AWSL, TAB and TVI was estimated with shifts between them in time from 0 to 3
years and for the periods from 1979 to 2018, as well as from 1993 to 2018. The decision on the adequacy of
the proposed hypothesis was to be made if the reliability of the statistical conclusion about the significance
of the correlation of the considered time series was at least 0.95.

As a result of the research we tested the factual material and confirmed its adequacy. Considering
the results of the spectral analysis, the smoothing of the considered time series when identifying their trends
was carried out in a sliding window 11 years long. It has been established that, in the mean, the average
annual values of the Black Sea AWSL increased at the rate of 0.048 m/year, and the average annual values of
its AST increased at the average rate of 0.037°C/year over the period from 1979 to 2018, which confirms the
warming of the regional climate.

During the period 2010-2018 the rate of AST growth increased, which could have led to a relevant
increase in the AWSL, but actually it didn't. The latter is confirmed by the presented distributions of the
average rate of rise in the level of various sections of the Black Sea surface. Consequently, the factor that
counteracts the increase in AWSL has increased.

Such factors could include a decrease in the annual amounts of atmospheric precipitation, as well as
an increase in the intensity of evaporation in the Black Sea basin, which was associated with ongoing
changes in the TAB.

The analysis of the trends in the TVI change in the European sector of the Arctic showed that in the
period from 1993 to 2018 the value of this indicator decreased significantly, but in 2010-2018, it changed at
a fixed level. The statistical relationships of interannual changes in the average annual values of the Black
Sea AWSL, as well as the TVI in the waters of the European sector of the Arctic in the period under review,
were statistically significant if the changes in the AWSL were lagging relative to the TVI variations by 1



year. In this case, these changes occur in phase. The significance of the relationship between the changes in
AWSL and the variations in TVI is also maximum at the specified time shift. Therefore, the adequacy of the
proposed hypothesis is confirmed.

When discussing the obtained results, we noted their compliance with the existing concepts about
the causes of changes in the AWSL of the seas. The revealed relationships show that TVI variations in the
European sector of the Arctic really affect the formation of blockings over the basins of the Black, Azov and
Baltic Seas, and are also able to determine the dynamics of their water balances, and hence their AWSL.

The obtained results allow us to generalize the concept proposed by L.S. Berg for the Caspian Sea on
the dependence of long-term changes in its level on climate variations in the Arctic and on the mentioned
seas of the Atlantic Ocean. During the periods of time when the climate is warming in the Arctic and the TVI
decreases, evaporation increases in the basins of these seas, and the average intensity of precipitation
decreases.

It should be noted that this dependence is weaker for the seas under consideration than for the
Caspian Sea, since they are not isolated from the Atlantic Ocean and the water exchange factor is significant.

The revealed relationships suggest that further changes in the levels of the Atlantic inland seas in the
21st century will depend to some extent on variations in the TVI of the European Arctic water areas and their
climate. Modern changes in its TVI are the result of a confrontation between the factors that contribute to
warming and cooling of the climate in this region.

As can be seen from the obtained results, a decrease in TVI in the European sector is no longer
observed in the period after 2006, although before 2006 warming factors clearly prevailed there.
Consequently, now the values of the resultant factors of warming and cooling of the Arctic climate change at
a fixed level.

Since it is impossible to predict further changes in climate warming and cooling factors, future
variations in the levels of the inland seas of the Atlantic are not predetermined, although the justification of
forecasts of some of their components can probably be satisfactory if factors invariant to the uncertainties of
the scenario of further climate changes are considered when developing them.

BBEJEHUME

Cpennuit ypoersb BojgHOUN mosepxHoctH (gamee — CYBII) mo6oro permona MupoBoro okeaHa BO
MHOTOM OIIpEJIEIISeT YCIOBHS KU3HENEATEILHOCTH HACEICHUS U OCOOCHHOCTH Pa3BUTHS JaHIA(TOB €ro
nmobepexuii. 11loaTOMy COBEpIIEHCTBOBaHHE METOIWK MOJEIUPOBAHMS €ro MHOTOJETHHX W3MEHEHHH, a
TaKke M3y4eHHE HMX CBs3ed C JAPYTUMH MPHUPOJHBIMHM TpPOIlECCAMU SBISIETCA AaKTYalbHON IpoOieMoit
¢usnueckoii reorpaduu, okeaHorpadpuM M KIMMaToNOTWW. Hambonbplimii HWHTEpec peuieHHe JaHHOM
MPOOJIEMBI TIPEJICTABISIET JUIA PETMOHOB MUPOBOTO OKeaHa, Ha MOOEPEKbIX KOTOPBIX BEIETCS aKTHBHAS
XO3SIICTBEHHAs JAESITEIHbHOCTh, a TAKXKE pa3MelIeHbl KPYITHbIe TOpojia U MOpThl. BaxkHOE MecTo cpenu HUX
3aHMMAIOT BHYTPeHHHE MOps ATIaHTHYECKOro okeaHa: banrtuiickoe, CpennzemHoe, A3oBckoe u UepHoe.

CornmacHO COBpEeMEHHBIM TIPEJCTABIEHUSM O TIpoleccax, (OPMHUPYIOMIUX MHOTOJETHIOK
m3meH4drBocts CYBII Toro mnm mHOTO OKeaHW4Yeckoro pervoHa, [Kamms c coart., 1991, J{oOpoBonbckwid,
2003, Morner, 2012, Nerem c coasr., 2018], k yncny Ba)XKHEHIIINX OTHOCATCS (PAKTOPHI, KOTOPhIC BIHSIOT HA
JMHAMHUKY BOJHOIO OajaHca, a TakkKe Bapualid CpeHeH TeMIlepaTypbl ero MOBEPXHOCTHBIX BOJI
[AoGpoBounbckwmii, 2003]. B monHO# Mepe 3TO OTHOCUTCS M K PACCMaTPUBAEMBIM MOPSIM, PETIPE3EHTATHBHBIM
MIPUMEPOM KOTOPHIX siBIsieTcst YepHoe Mope.

Brepsoie Ha Hanmuune MHOrosieTHuX u3MmeHeHuii CYBII mogoOHBIX BOIOEMOB OOpaTHII BHHUMAaHUE
akanemuk [1.C. TTannac, KOTOpBIM NpeanonoKu, 4To ypoBeHb Kacnuiickoro Mopst U3MEHSIETCS € IEPUOJIOM,
omus3kuM K 30-35 romam. CrpaBemnmuBocTh 3Toi rumote3sl B 1890 1. moarBepaun 3.A. bprokuep. AU
BoeiikoB 1 M.A. boronernoB B Hadane XX Beka BbIABWIM 33-JIETHHE IUKIBI BprokHepa B M3MEHEHHSX
KJIMMaTa MHOTHX PETHOHOB MUpA.

N3yuyass MHOTONETHUIN XOA XapaKTEPUCTHK KIMMaTa HEKOTOPBHIX PeruoHOB CeBEpHOro MOyIIapus,
JI.C. Bepr BmepBble yCTaHOBWJI, YTO Ha BapHaluy ypoBHSA Kacmusi BAHMSIOT MepeMeHbl KiuMmaTta ApPKTHKH
[Bepr, 1934].

A .B. [IIHUTHHKOB TOKa3aJ, YTO IUKJIBI C IOJ00HBIMYU IIEPUOJIAMU MPOSIBIITIOTCS B U3MEHEHHSIX O0IIIeH
YBIIAXXHEHHOCTH MaTepukoB CEBEPHOTO MOJyIIapus, B TOM YUCIIC U B M3MCHCHUSAX BOJTHBIX 0AJaHCOB €ro
BOIHBIX 006eKTOB [[[THUTHHKOB, 1957].

JluHamuka BOJHOTO OajlaHCca KaXkJIOTO BOJOEMa 3aBHCHUT OT BapHallHii paclpeielcHuil B ero Oacceiine
TOJIOBBIX CYMM aTMOC(EpPHBIX OCAJIKOB, a TaKXe CPEJHEH WHTCHCUBHOCTH HCIAPCHHS, KOTOPHIC BBI3BaHBI



COOTBETCTBYIOIIMMH NIEPEMEHAMH XapaKTEPUCTHK aTMOC(EPHON MUPKYISIMH, TOCTABISIONICH U YHOCSIIEH
u3 Hero Biary [Uepenkosa ¢ coat., 2015]. [TosToMy 3HaYMMYyIO pPOJIb B MHOTOJIETHUX M3MEHEHHSX BOIHBIX
0aaHCOB paccMaTpUBaEMbIX MOPEH MOTYT UrpaTh BapHalUl CyMMapHOW MPOJOKUTEIBHOCTH BTOPKEHUI
B COOTBETCTBYIOIIME PErHOHBI CeBEpHOr0 MOJYIIapHs apKTHYeckoro Bosayxa [[I3epaseeBckwii, 1968],
KOTOpBIC YYacTBYIOT B 0Opa3oBaHuu OJOKHHTOB [MoxoB ¢ coaBT., 2013]. B ¢opmupoBaHun OJIOKHHIOB
MOXET Y4YacTBOBAaTh TAKXKE APKTUUYECKUN BO3AYX, KOTOPBIM MPOHUKAET B YMEPEHHBIC IIHPOTHI B THULY
LUKJIOHOB, KOTOpBIE IMepeMemarTcs B ApKTHKY. B ¢opmupoBaHMM 00OMX TIPOLIECCOB YYacTBYET
ApPKTHYECKHI aHTWUIUKIOH, COCTOSIHHE€ KOTOpPOTO BO MHOTOM  ONpEAENseTcs O0COOCHHOCTAMU
B3aUMOJICHCTBHS ¢ aTMOC(HEPOi JIESIHOTO MOKPOBa COOTBETCTBYIOIINX akBaTOpuil Apktuku [[lymMaHckas u
denopenko, 2008], koTopsie 3aBHCAT OT ero cymmapHoro oosema (nanee — COJI).

Bcrnencreue pacmonokenuss 0acceiHOB HM3y4aeMBIX MOpEH, B OJIOKHPYIOLIMX Mpoleccax, KOTOpbIe
MOTYT BO3HHKATh HAJ HUMH, MOXET NPWHUMATh Y9acTHE apKTHYECKUH BO3IyX, CPOPMHUPOBABIIHICSI B
Epomneiickom cektope Apkruku (0-60° B.1.) [[3epm3eeBckmii, 1968]. IlosTroMy MHOrojaeTHHil XO0.
cpenneronoBeix 3HaueHni CYBII kaxa0ro u3 HUX MOXKET OBITh B TOH MIJIM MHOW MEpE CBS3aH C BapHALUIMU
cpenneronoBbix 3HaueHuit COJI akBaTopuii EBpormefickoro cexkropa ApkTuku. He mpoTuBOpeduT paHee
YCTaHOBJICHHBIM (DaKTaM THIIOTE3a, COTJIACHO KOTOPOHM CBSI3b MEXAY IMepeMeHaMH KiInMaTra APKTHKHA H
mHorojieTHuM XxojgoM CVYBII sBiseTcss CTaTHMCTUYECKM 3HAYMMOM He TOJIbKO i1 Kacous, HO u mig
HEKOTOPBIX BHYTPEHHUX Mopeil AtmanTtuku. llogTBepkneHue ee aJeKBAaTHOCTH ITO3BONIMIIO OBl y4ecTb
monoOHble cBs3u Tpu MojenupoBannn auHamMukn CYBII Takmx wmopeit, a Takke IUIaHUPOBAHHUH
XO3AHCTBEHHOW NIESATEIHLHOCTH HA UX MOOEpexbsix. TeM He MeHee, paHee NMPOBEpKa JAHHOW TMIOTE3bl HE
OCYILECTBIIACh, MOCKONBKY orleHKH CYBII Toro miamn mHOro Mops 1Mo JaHHBIM O 3HAUYEHUSX €ro YpOBHS B
OTJENBHBIX IMYHKTaX €ro modepekbs BecbMa HeTouHbl. CleoBaTensHO, ee MMPOBepKa Ha mpuMepe YepHoro
MOp# MPEJICTABIAET HE TOJIBKO TEOPETUYECKHI, HO U IPAKTUYECKHI HHTepec.

Lenp nmaHHOM pPabOTHl — MpOBEpKa aJeKBAaTHOCTH BBIIBUHYTON THNOTE3bl. IS ee JOCTHKECHHUS
MPOAHATIM3UPOBAH MHOTOJNETHUN x0n cpeaHeronoBbix 3HaueHuid CYBII Uepnoro mops, COJI akBaTopuit
ApPKTHKH, PacIIONOXEHHBIX B EBpOTIEHCKOM CEKTOpe, a TaKkKe CyMMapHasi IMPOJOKATENEHOCTh OJIOKHHTOB,
KOTOpBIE COOTBETCTBYIOT EBpomeickoMy CEeKTOpYy, M H3Y4eHbl CTaTHUCTHYECKHE CBSI3U MEXIY 3THUMHU
MIPOLIECCAMH.

OBBEKTbBI U METO/bI UCCJIEJJOBAHUSA

[Ipy m3yueHnn MHOroJeTHEro xonxa cpenHerofoBbix 3HaueHH CYBII YepHoro mops B kadecTBe
(akTHUECKOT0 MaTepuaia MCIOIb30BaHa WHPOpMaIKs 00 M3MEHEHHSX YPOBHS Pa3IMYHBIX YYaCTKOB €ro0
aKBaTOPHHU, KOTOPAas MOJIy4eHa IIPHU €ro KOHTAKTHBIX M TUCTAHLMOHHBIX U3MEPEHHUSX, a TAKXKE PE3yJIbTaThl
MaTEeMaTHYECKOT'0 MOJICIHPOBAHHS.

BriepBrle cucremaTHueckue HaOMIOJCHUS HA/l M3MEHEHHUSIMU YPOBHSI UepHOro Mops Havauch B 1858
r. Ha ypoBeHHbIX moctax Koncrtanna u CymuHa (Pymbiaus). C 1974 1. takue HaOnrofeHWsl Hadalld
ocymecTBIAThes Takxke B OuakoBe, ¢ 1875 r. — B Onecce u CeBacronone (Poccuiickas nmnepus), ¢ 1881 r. B
Bapue (bonrapus). HaumOoiblliee KOMMYECTBO YpPOBEHHBIX IIOCTOB Ha MoOepexxbe YUepHoro Mops
¢dyskironuposano B 60—70-x romax XX Beka, HO 1 B XXI| Beke 37eCh IPOAOIDKAIOT BECTH HaOMoaeHUsS 34
ypoBeHHBIX mocta. M3 Hux 16 mpunamnexar Poccum, 6 —Ykpaune, 4 — bonrapun, no 3 — PymbiHuM u
Typuun, 2 — I'py3un. Ha Oonpiiell yacTu 3TUX TOCTOB M3MEPEHUs] HBIHE BBIMOJIHAIOTCS C MPUMEHEHHEM
MapeorpadoB, BCJEJCTBHE YEro aOCOJIOTHBIE MOTPENIHOCTH TIONYYCHHBIX HMMH JIAHHBIX COCTABIISIOT
npubansuTensHo 1 cm. Tak Kak ypOBEHHBIX IOCTOB MaJI0 M PacIlojiOXEHbl OHM BeChbMa HEPaBHOMEPHO,
ounenkn CYBII UepHoro Mopsi, OCHOBaHHBIE Ha TakoW WH(OpPMAIUH, BBEICOKOH TOYHOCTHIO HE 00JaiaroT
[MBanoB u Konaparses, 1970].

JucTaHnnoHHbIE M3MEpEHHs] YPOBHS Pa3lWYHbIX Y4acTKOB akBartopuu YepHoro mops c¢ 1993 r.
BBINIOJIHSAIOTCS. C HCIIOJBb30BaHHEM PpaJHoJOKalMoHHON anbTumeTpun [[ancBunza, 2017]. B momoOHBIX
HCCIICIOBAHUAX B Pa3HbIe IOkl OBbLIM 331¢HCTBOBaHbI HCKYCCTBEHHBIE CITyTHUKY 3emin Seasat, Geosat, ERS-
1, 2, TOPEX/Poseidon, Jason-1, Jason-2, Jason-3 u Envisat, abCOMOTHBIE KOOPIHHATEI KOTOPHIX B MOMEHTHI
HU3MEPEHUH KOHTPOJIMPOBAIUCH C MOMOILBIO CITyTHUKOBOM CHCTEMBI I00aNbHOTO Mo3uoHupoBanust GPS
[Ceenenns 06 UC3].

IIpumensieMble Ha CITyTHUKaX PaJHOJIOKallMOHHbBIE BEICOTOMEPHI 00JIaAaIl Pa3inuHON TOYHOCTHIO (OT
2 o 6 cm). M3MepeHust ypoBHs MOpsl IPOBOASTCS JIMIIb B IIYHKTAaX €ro akBaTOPUH, 4Yepe3 KOTOphIe
MPOXOJAT TPEKU CIIYTHMKOB, U JIMIIb B MOMEHTHI BPEMEHH, KOTJa CIIyTHHKH paclojararoTcsi HaJ HUMH.



AOCONIOTHBIE MOrPEIIHOCTH MOA00HOH CITyTHHKOBOM MH(OPMAIUU OT BPEMEHH MPAKTHYECKH HE 3aBUCHT,
HO JUTS pa3HBIX yYaCTKOB aKBAaTOPHHU OHM 3aMeTHO pasnuuarorcs [Kybpskos u Cranmunsri, 2009].

HauGonee nocroeepuyto onenky CYBII UepHoro mopst (kak 1 Jr000ro apyroro peruoHa MupoBoro
OKeaHa) JUIS HEKOTOpPOr0O MOMEHTa BpPEMEHHM MOXKHO TMOJYYHUTh, YCPEAHSsA MO €ro MOBEPXHOCTH
COOTBETCTBYIOIME PE3YJIbTAThl peaHaIN3a AMHAMHUKH KOH(GUrypanuu ero BogHOH noBepxHocTy. Ilono6Hble
pe3yibTaThl NOJY4alOT C MPUMEHEHHEM THAPOAMHAMHYECKHMX MOJENeH 3TOro Impolecca, KOTOpbIe
BepU(UIIMPOBAHBI TI0 pe3ynbTaTaM (PaKTUUECKUX U3MEPEHUH, NOJTYYEHHBIX C IPUMEHEHHEM Ha3eMHBIX WU
CILyTHUKOBBIX METOZOB.

K umciny nanbomee TOYHBIX IJ100ajbHBIX pEaHAIM30B M3MEHEHHH KOHQHUIypanuu IOBEPXHOCTU
MupoBOTro OKeaHa, MOMYYECHHBIX C MPUMEHEHHEM MH(QOPMAalUH OT Pa3IMYHBIX YPOBEHHBIX IIOCTOB Ha €ro
nobepexbsx, otHocutrcss ICDC  (Integrated Climate Data Center), KOTOpBI MOJACPKHUBACTCS
OObeMHCHHBIM IICHTPOM KJIMMATHYECKHX JaHHbIX ['amMOyprckoro yHuBepcutera [ZUO ¢ coaBt., 2017].
VYkazaHHBII peaHa n3 COAEPKUT CBEICHUS O CpPETHEMECSYHBIX 3HAYCHHSAX YPOBHS MHpPOBOro okeaHa,
MOBEPXHOCTHBIX TEMIIEPATY]P, CIZIOYCHHOCTH U TONIIMHEI JbJIa B Y3/1aX KOOPAUHATHOMN CETKH ¢ marom 13 km
3a nepuoz ¢ saBapst 1979 mo nexadps 2018 rr.

[Ipu Bepudukammu Momeneld, MpUMeHsIeMbIX sl ocymiecTBieHus: peananuza |CDC, ucnons3oBaHbl
naHHeie oT 1700 ypoBEHHBIX MOCTOB, KOTOpPBIC BXOIAT B coctaB [ nobanbHoit Cucrembl HalOmoneHwuii 3a
VYposuem Mopst GLOSS (Global Sea Level Observing System). Takue nanubie cogepskarcsi B 0aHKe JTaHHBIX
MOCTOSIHHOM CITY>KOBI 110 cpemHeMy ypoBHto Mopst (PSMSL) [6ank ganubix PSMSL].

U3 Bcex ypOBEHHBIX MOCTOB Ha CEBEpHOM MoOepexbe UepHOro Mopsi B JaHHYIO CHCTEMY BXOIST
Tonbko fBa (Snra m Tyarce). [loaTroMmy Ui OATBEPKACHHS aleKBaTHOCTH pe3ynbTaroB peananmuza ICDC
JUISE 3TOTO MOPS BBITIOJHEHO WX CpaBHEHWe ¢ WH(opMalwel, momydeHHoi B myHkTax Opecca, O9akos,
Cesactononb, EBmaropusi, @eonocus, Kepus, Anana, HoBopoccuiick, I'enenmxuk u Coun.

HNudopmarus o cpeTHeMeCcsIYHBIX 3HAUESHUAX YPOBHS U MOBEPXHOCTHOM TeMmepaTypbl YepHOro Mopst
3a BeCh IEpUOJ HAOJIOJCHUI, COOTBETCTBYIOIIAs YPOBEHHbIM mocTam Poccuu, moiydeHa C mopTaia
ECUMO [Matepuanst ECUMO]. Ananorndnas wH(GOpMAaNys A1 YPOBEHHBIX TTOCTOB YKpaWHbI 3a MEPHO/
no 2014 r., mnomydena wu3 apxuBa CeBacrononbckoro otaeneHus OPI'BY  «l'ocynapcTBeHHBIH
okeaHorpadudeckuii nHctuTyT nMeHn H.H. 3yb6osa» (qanee — COI'OUH).

Pe3ynpTaThl MareMaTn4eckoro MOAEIMPOBAHUS M3MEHEHHH CpEeIHEMECSYHBIX TeMIIepaTyp BOJHON
MOBEPXHOCTH YepHOTro Mopsi, KOTOpBIE COOTBETCTBYIOT BCEM y3JlaM KOOpAMHATHOH ceTku peananusa ICDC,
PAcCIIONIOKEHHBIM B TIpE/IeiaX €ro aKBaTOPUH, WCIOIB30BaHbI MPH ONPE/ICICHUN CPEeTHETOJJOBBIX 3HAYCHUH
CPeAHUX TEeMIIepaTyp ero nmoBepxHocTHBIX Bof (nanee — CIIT). [lisg moaTBepkieHNUs aJeKBaTHOCTU OLIEHOK
CVBII u CIIT YepHoro Mops, HOIYyYEHHBIX TakMM 0Opa3oM, MHOTOJETHHUHM XOJ STHX IIOKa3aTeleH
COTOCTAaBJIEH C AQHAJOTMYHBIMUA 3aBHCUMOCTSIMH, OCHOBaHHBIMH Ha pe3yjbTaTax JUCTAHIIHOHHBIX
usmepenuii. [1000HbIe 3aBUCHMOCTH TOJTydeHbI ¢ puMeHeHreM peananuza GLORYS12V1 (Global Ocean
Physics Reanalysis) [basa nanueix GLORYS12V1].

VYkazaHHBII peaHaNM3 TMONYYeH C HCIOJIb30BAHUEM CIYTHHUKOBOW HMH(GOpMAIUU M OKEaHHYECKOU
monenin NEMO. J[lanable peaHanmu3a XxapakTepU3YyIOTCS paspelieHHeM Mo BpeMeHH | CyTku, a 1o
KOOpJIMHATaM — 5 YTIIOBBIX MUHYT. [T yMEHbIIeHUsI Tucniepcui ommook moaenupoBanus B GLORYS12V1
npumeHeH ¢uibTp KanMana, 4To Jienaer ero oJHMM M3 HanOosee COBEPIICHHBIX TIIOOANBHBIX PEaHaIN30B
BapHaluii KoHQUTypaIuy ypoBHsT MHPOBOTO OKEeaHa U €ro MOBEPXHOCTHBIX TEMIIEPATYpP.

3nauenuss CYBII u CIIT g TOro winM MHOTO TOAA BBIUUCISUTUCH ITyTEM YCPEAHEHHUS IO aKBaTOPHUHU
MOpSI U [0 BPEMEHM 3HAYCHHWH COOTBETCTBYIOLIMX XapPaKTEPHCTHK, KOTOPHIC MPEICTABICHBI B KaXJIOM M3
VIOMSHYTBIX PEaHAIM30B JIJISI BCEX Y3JIOB MX KOOPAWHATHOW CETKU. MHOTOJNIETHHH XOJ CPEIHET0JJOBhIX
3HAYEHUH YPOBHSI MOPS B KaXKAOM Y3J€ MOJABEPTHYT CIEKTpaibHOMY aHaiu3y (Dypwe), 4To MO3BOIHMIO
OIIPENENIUTh MEPHOAbl BBICOKOYACTOTHBIX MOJ 3TOro mnpouecca. Ilpu onpeaeneHuu cpeaHedl CKOPOCTH
KaXJIOTO TaKOro TMpoIlecca IMPOU3BEICHO €ro CriaXKWBaHHE 3a BpeMs, paBHOE YABOCHHOMY IIEPHOIY
Hauboliee JUIMHHONEPHOAHOW W3 BBISBICHHBIX MOJ, TOCJIE Yero BBIYKMCICH YIIIOBOH KOA(MQGUIMEHT
JUHEHHOTO TpeHJa MOJYyYeHHOTO pe3yibTara. Pacnpenenenue mo axkBatopuu UepHOro Mopsi CperHux
CKOpPOCTEH TMOBBINICHUS] CPEIHETrOJIOBOrO YPOBHS TOTO WJIM HWHOTO €€ Y4YacTKa OTOOpaXKeHO C
MCIIONIb30BaHMeM MeTo/a Tpuanrysiiun Jlenone [CkBopioB 1 Mup3a, 2006].

[Ipn n3ydyeHnnm MmHoOroneTHero xoja cpeaHerofoBbix 3HaueHud COJI akBaropuii EBpomnelickoro
CEKTOpa APKTHKH HCIOJIb30BaHa MH(OpMALUS O CPETHEMECSYHBIX 3HAUEHHSIX TONIIMHBI JIEASHOTO MOKPOBa
H u ero crioueHHocTH (JieqoBUTOCTH) L, KOTOpas Takke npeacrasicHa B peanaause ICDC.

3nageHuss COJI, KOTOpble COOTBETCTBYIOT HEKOTOPOMY IOJY, BBIYMCISUIUCH C Y4ETOM BCEX Y3JIOB
KOOPAWHATHOW CETKU JaHHOTO peaHain3a, KOTOPbIE pacroiokeHbl B EBpornelickoM ceKTope APKTHKH, KaK:
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rae li m hy — 3Hauenns cpemneromoBbix L m H B y3max kooopmunaTHOW cetku peananusa ICDC,
KOTOPBIE PACIIOIOKEHBI B BEPIINHAX i-i SUEHKHU 2TOM CeTKH; S;— IIIOMaab SIeHKH, cocTasmomas 169 KM%

IIpu omenke cpeanerogoBbix 3HaueHuit CIIb mpuMmeHeHa THUOHU3AIMSA MaKPOUUPKYISITHOHHBIX
mporieccoB B Cereprom monyrtapuu mo b.JI. [3epaseeBckomy [J3epaseeBckuii, 1968]. 3naueHust ro0BbIX
CIIb nns EBpomneiickoro cexkropa BBIYHCISUIMCH KaK CyMMa TOAOBOM NPOJOIKHUTEIBHOCTH AEUCTBUS
3JIEMEHTAPHBIX IUPKYISINOHHBIX MeXaHu3MOB (DLIM), mpu KOTOPBIX MPOUCXOIAT BTOPKEHHUS B OacCeiHbI
M3y4aeMbIX MOpEH apKTUYECKOI0 BO3/1yXa U €r0 BXOXKIEHMS B THITY F0’KHBIX [IUKJIOHOB.

K DM, npu koTopeix B EBponeiickoM cekTope BO3HHMKAIOT OJOKWHTH, OTHOCSTCA 4a, 40, 4B, 10a,
106. BxoxxmeHUsI apKTHYECKOTO BO3/IyXa B THULY FOXKHBIX ITMKIOHOB 00pasyroTcs mpu neiicteum DM 8a,
803, 80m, 12a, 1263, 12B3. HupopManus o 3HAYCHHSIX TOMOBOH MPOMOJDKUTCIHLHOCTH IEHCTBHS
nepeurciaeHHbx DM nmomyuena u3 [KoneGaHus LUPKYIISALIHN].

N3ydeHne cTaTUCTHUECKUX CBS3€M MeXIy BpEMEHHBIMHU psSAaMH cpeqHeronoBbix 3HaueHuil CYBII
UYepnoro mops, a Takxke COJI u CIIb nns EBponeiickoro cekropa ApKTHKH, OCYLIECTBIEHO C MPUMEHEHUEM
MeTO/1a KOPPEISLHMOHHOTO aHAIN3A.

YuuteiBasnioch, uro u3aMeHneHust COJI u CIIb crmocoOHBI BIUSATh HA BapHAIMK TOJOBBIX CYMM OCaJIKOB
B OacceiiHe MOps HEMOCPEICTBEHHO, B TO BpeMsI KaK IOCJIEAHUE BCErJa OMEpexaroT MHOTOJIETHUN XOJ €ro
CVYBII Ha xapakTepHOe€ BpeMsl CTOKAa BIAJAIOLIMX B HEro pek. BciaeacTBue MPOUCXOOAIIUX IMEpEMEH
KJIMMaTa, XapaKTepUCTUKH CBA3eH MEXIY YHOMSHYTBHIMHU MPOLIECCAMH Ha Pa3HBIX OTPE3Kax BPEMEHH MOTYT
paznuyathes. [loaToMy xapaktepuctuku cBsized Mexay BpeMeHHbiMH psinamu CYBIL, CIIb u COJI
OLICHUBAJIKCH NPU CABUTAX MEXAY HUMU 10 BpemeHH oT 0 1o 3 net u 3a nepuoast 1979-2018 rr., a Taxke 3a
1993-2018 rr. 3HauNMMOCTh KOPPEISLNU JaHHBIX BPEMEHHBIX PSIOB OlleHeHa 1Mo KpuTepuio CThIOACHTA C
y4eToOM UX CcTeneHei cBoOoapl. Ilepenm ocyliecTBIEHHEM KOPPENALUOHHOTO aHalIW3a BO BCEX
COIOCTABJISIEMBIX PsaX CKOMIICHCHPOBAHBI JHHEHHbIE TPEeHIbl, KO3((PUIMEHTHl KOTOPHIX OLEHEHBI IO
METOJly HAaWMEHBIIUX KBaApatoB [AliBassiH m Mxurapss, 1998]. IIpeamonaranoch, 4TO BbIIBHHYTAs
TUIOTEe3a aJIeKBaTHA, €CIH JOCTOBEPHOCTh CTATUCTHYECKOTO BBIBOJA O 3HAYHMOCTH KOPPENALUU
paccMaTpuBaeMbIX BpEMEHHBIX PsiioB cocTaBisieT He MeHee 0.95.

PE3YJIBTATHBI

ComocraBienue pe3yibpraTtoB peaHanuza ICDC, onuchIBarOInX U3MEHEHUS YPOBHSI U TIOBEPXHOCTHBIX
temneparyp Yeprnoro mopsi B 1979-2018 1r., ¢ JaHHBIME (aKTUIECKAX U3MEPEHUH, MOTYUYEHHBIX C IMopTana
ECHUMO u u3 apxuBa COI'OMH, noka3ano, 4To CTATUCTUUECKUH BBIBOJ O 3HAUMMOCTH CBSI3U MEKIY HUMHU
XapaKTepU3yeTcsl TOCTOBEPHOCThIO (10 kputeputo Crhiogenta) He Hroke 0.95. [Mosromy unbopmanus u3
VIOMSHYTOTO peaHalii3a HCIoNb30BaHAa Kak (akTuueckuii martepuan. OCHOBBIBasicb Ha HeW, C
WCTIONb30BAaHUEM H3JIOKEHHOW METOAMKH, Ui Kaxaoro roga mnepuojga 1979-2018 rr. BeUMCIEHBI
cpenneronoBbie 3HaueHus CYBII u CIIT YepHoro Mops. AHaIOTMYHbBIE BBIYUCICHUS A1 KaXKJ0T0 Toja U3
neproaa 1993-2018 rr. MOBTOPEHBbI C KCIOJIB30BAHMEM COOTBETCTBYIOIIECH HH(MOpPMAIMM W3 peaHaIu3a
GLORYS12V1. IlonyyeHHble HpPU 3TOM 3aBUCHMMOCTH OT BPEMEHH OIICHOK aHOMAJUMH CpEIHEroj0BOro
snauenusi CYBII Yepnoro mops (Ah) m ero CIIT (AT), BbIYMCIEHHBIX OTHOCHTENBHO 1994 1.,
MIpeICTaBJICHbI Ha pPUCYHKE 1.

W3 pucynka /a BUIHO, 9YTO MHOTOJIETHHN XOJ aHOMaIMU cpenHerogoBoro 3naderns CYBII Yepnoro
MOpsi, KOTOpHIH oreHeH 1o aaHHbIM peananu3oB ICDC u GLORYS12V1, npeacrasiser co0oi CloxHOE
kosebanue. B ero cnekTpe npucyTcTByeT Moza ¢ epuoaoM 2.85 roga. E€ nepuos mpakTHyecku COBNAIAET ¢
TIepHOIOM KBa3UABYXJETHETO KoyeOanus [Xakpynuaa u Acradnena, 2011]. Xapakrep prcyHKa MO3BOJISET
NPEaNoNoXKUTb, 4To B crektpe m3MmeHunBoctd CYBII mpucyTcTByeTr Takke HHM3KOYAacTOTHash Moja ¢
nepuogoM, Omm3kuM K 33 rogam. M3 Hero oueBMIHO MOA00ME 3aBUCHUMOCTEH OT BPEMEHH OIICHOK
cpenneronoBbix 3HaueHnit CYBII UepHoro Mopsi, KOTOpbIe MOMydeHbl o pe3ynbrataM peananu3oB [CDC u
GLORYS12V1. 3nauenne ko3hGduIeHTa KOppesiud COOTBETCTBYIOIIMX BPEMEHHBIX PAJOB 3a TEPHOJ
1993-2018 rr. cocraBnser +0.694 (4ro mpu 4Ymcle cTerneHed CBOOOIBI 26 3HAYUTEIHLHO MPEBOCXOUT
BBIOpAaHHBIN YpPOBEHL 3HAYMMOCTH). IlociemHee CBHUIETENBCTBYET 00 aneKBAaTHOCTH PE3yJIbTATOB O0OHX
peaHan30B U MOATBEPKIACT CIPABEIITNBOCTb OCHOBAHHBIX HA HUX BBIBOJOB 00 0COOEHHOCTSAX M3y4aeMOro
mporecca. YUUThIBas Pe3yJbTaThl CHCKTPAIBHOTO aHAIIN3a, CTIIAKMBAHHE PACCMAaTPHBACMBIX BPEMEHHBIX



PAZOB IMPOM3BOAMIOCH B CKONB3sAIIeM OkHe mmmHOH 11 jer. B cpemnem 3a mepumom 1979-2018 rr.
cpenneronosbie 3HaueHuss CYBII UepHoro mMopst moBsImaiuchk co ckopocteio 0.048 m/rox, a B 2004-2018
IT. CKOpOCTh 3TOro mpouecca ymenbinunace. [lo ganasim ICDC nu GLORYS12V1, ona coctaBuia 0.040 u
0.032 m/ron cootBercTBeHHO. B mepuon 2010-2018 rr. cpeaneronossie 3Hauenus: CYBII ymenbIatorcs.
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Pucynoxk 1. Muoronetane wusMmeHeHus misi YepHoro Mops aHoMamud (OTHOcHTenpHO 1994 r.)
cpenneronoBoro 3Hauenus a) CYBII — Ah; 6) CIIT — AT

W3 pucynka 16 caenyer, uro cpeaneronoBsie 3HaueHus CIIT UepHoro mMopsi, KOTOpPbIE OIICHEHBI 110
JTAHHBIM O0OWX peaHaM30B, BO3pacTail Kak B mejoM 3a mepuon 1979-2018 rr. (co cpemHeil CKOpOCTHIO
0.037°C/ron), Tak u B 2010-2018 rr. DT0 MOATBEPKAAET CHpaBeAIMBOCTh BhIBOAOB [IPCC, 2013] o
MPOUCXOJIIEM B pernone mnoreruieHun kiaumata. [loBeimenne CIIT Mopst nomkHO OBUIO BBI3BATH
TEPMHUECKOE pacIIipEeHHe BOJ €0 BEPXHETr0 KBa3HOAHOPOAHOIO CJIOSl M COOTBETCTBYIOIIEE TOBHIIIEHUE €T0
CYBII. Kak BunHo u3 pucynka la, B gericrButensHocty Takoro B 2010-2018 rr. He mpoucxoanio. 13 atoro
caenyer, uro B mepuon 2010-2018 rr. ycummics dakrop, mpotuBoaercTByromui mnopeimenuto CYBII
JMAHHOTO MOps. YuuThIBas BeIBOABI [Manabe u Basepoma, 2004], MOKHO MPEAMOIOKHTh, YTO TAKUM
(haKTOpOM MOXKET SIBIIATHCS YMEHBIIIEHUE TOJOBBIX CYMM aTMOC(EpPHBIX OCAJIKOB, a TaKXKe IMOBBIIICHUE
WHTEHCHBHOCTH HCTIapeHus B OacceiiHe UepHOTo MOpsi, KOTOPOE CBSI3aHO C BIUSHUEM OJIOKHHTOB.

Ha pucynke 2 mpuBeieHBI pacupeeieHHs M0 akBaTOpuu UepHOro MOps CKOPOCTEH MOBBINICHUS

CPEIIHEr0I0BOr0 YPOBHS Pa3jIMYHBIX €€ Y4aCTKOB, KOTOpPbIE olieHeHbI 3a repuoabl 19792018 rr. u 1993—
2018 rr.
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Pucynok 2. Pacnpenesnenus no akBaropuy YepHOro0 MOps CPENHUX CKOPOCTEH IOBBIIIEHUs CPEIHErOI0BOTO
YPOBHSI €€ y4acTKOB (M/T0[), KOTOpbIE OLleHEeHbI 3a nepuoasl: a)1979-2018 rr.; 6) 1993-2018 rr.

U3 pucynka 2a BuaHO, yTO paiioHbl YepHOro mops, rie 3HaueHus cpegHux 3a 1979-2018 rr.
CKOPOCTEH MOBBIIIEHUS UX CPEIHET0I0BOI0 YpoBH: Jiexkanu B npeneiax 0.002-0.0025 m/rox, npeobiaganu
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B 00JacTsaX ero meib(a U MaTepUKOBOI'O CKJIOHA. MakcuMaibHble WX 3HadeHus (mpesbimaromiue 0.003
M/TO/I) COOTBETCTBOBAIM PaiiOHaM 3allaJHON YacTH MOpSI, PACTIONIOKEHHBIM BOJIH3H TUp JlyHas U B IIEHTpe
UKIIOHUYecKoro KpyroBopota. Hwxke ypoeust 0.002 m/ron 3HayeHWs 3THUX IOKa3aTelied ObUIM JIUIIb B
paiioHax riry0OKOBOJHOW KOTJIOBUHBI YEpHOTO MOpSI, paCcIIOOKEHHBIX B €r0 BOCTOYHOM YacTH.

PucyHok 26 cBHIETEIHCTBYET O TOM, YTO paclpe/ielicHre 10 OBEPXHOCTH MOPS 3HAUYCHHH CpeaHen
CKOPOCTH TIOBBIIIIEHUS €ro YPOBHSA, KOTOpble omeHeHsl 3a 1993-2018 rr., Bo MHOroM momoOHO
paccMoTpeHHOMY Bbime. Makcumanbheie 3HaueHus (mpesblmaromue 0.003 m/rom) cpeanel ckopocTu
MOBBIIIEHHS CPETHETOJJOBOTO YPOBHSI COOTBETCTBOBAIIM paliOHAM 3amaJlHONW 9acTH MOPs, PACHOJI0KEHHBIM
BOJIM3W THpia JlyHas W B IEHTpE NUKIOHHMYECKOTO KPYroBopoTa. Pa3mepbl yacTW akBaTOPHH MOPS, T
3HA4YEHUs paccMaTpuBaeMbIX mokasatesneid Menbuie 0.003 m/ron, 3HAYMTENBHO YBETUUMINCH. B BOocTOUHOMN
YaCTH MOPS TOSBHJIKCH OOIIUPHBIC PAOHBI, T/Ie CPEAHSSI CKOPOCTh MOBBILICHHUS CPETHEr0I0BOTO YPOBHS B
1993-2018 rr. me mocturaer 0.002 m/rog u maxe 0.001 m/roa. AHagOruM4HbIC BBIBOIBI CACITAHBI M IIPH
aHanM3e paclpelelieHuss TeX JKe I[oKa3aTened, KOTOpoe IIOCTPOSHO M0 pe3ylbTaTaM peaHalu3a
GLORYS12V1, uto noaTBepKAaeT afeKBaTHOCTh MOMyYCHHBIX PE3yIbTaTOB.

Ha pucynke 3 nokasan mHoronetHuit xox cpeaaeronoseix 3Hadenuit COJI u CIIb mist EBpomneiickoro
CEKTOpa APKTHKHU.
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Pucynok 3. Muoroneruuit xo1 st EBponeiickoro cekropa: a) CIIB; 6) COJI

U3 pucynka 3a BuaHo, yto MHoronetHuid xon CIIb mns EBponeiickoro cexropa mpeacrasisieT coooi
ciokHoe Konebanue. Kak mokaszan aHanm3 ero criekTpa, B HEM MPHUCYTCTBYET MAKCUMYM C MepuoJoM 2,85
rojia, YTO MO3BOJISIET JIOMYCTUTh HAJIMYKE CBS3U JTOTO IMpoIecca ¢ KBa3UABYXJIETHUM KojieOaHneM. MoxKHO
MPEANOIOKUTh HAINYKE B HEM MaKCUMyMa ¢ IEpHOAOM, OJIM3KKM K MepHoay LuKia bprokHepa.

Kak cnenyer u3 pucynka 36, muoronetnuil xon COJI Taxke HOCUT KoJeOaTenbHbIN XapakTep. B Hem
MPUCYTCTBYET YOBIBAIONIMI TPEHI, YTO COOTBETCTBYET MPEJCTABICHUAM 00 OCOOCHHOCTSX TMOTEMJICHHUS
kiaumara Apkruku [Anekcees, 2015, IPCC, 2013]. [IpucyTcTBHe B CHEKTpPe JAHHOTO Mpoliecca MAKCUMyMa,
COOTBETCTBYIOILIEro nepuony 3.1 roga, Takke yKas3bIBaeT Ha €ro CBA3b C KBa3HIBYXJIETHUM KoJieOaHHEM.

Crnenyer otmeTuTh, uTO B nepuon mocie 2006 r. m3aMeHenus cpeaHerogoBbix 3Hauenmin COJI mis
EBpomelickoro  cekTopa NpOUCXOMAT TMpakTHYeCKH Ha  (UKCHpOBaHHOM ypoBHe. [locnennee
CBHUJIETENLCTBYET O TOM, YTO IOTEIUICHUE KIIMMATa 3/1eCh, KAK MUHUMYM, IPHOCTAHOBUJIIOCH.

Pe3ynbrarel KOppenauroHHOTro aHanu3a cBssedl Mexny n3meHeHussmMu CYBII Uepnoro mops, CIIb u
COJI mpencraBnens! B Tadwmie 1.

Tabumna 1. PesynbpTaTsl KOppeIAIMOHHOTO aHaIN3a cBsized Mexay n3MeHeHussmu CYBII Yepnoro mops, a
taxoke Bapranusmu CIIb u COJI

Ilepnon Kon-Bo 95% mopor Koppemnsus Cnsur Koppemnsus CnBur
CTerneHen 3HAYUMOCTH CIIb (makc.) CIIb COJI (makc.) COJI
CBOOOIBI (yret) (yter)
1979-2018 39 0.32 0.296 1 0.481 1
1993-2018 25 0.37 0.195 1 0.378 1

W3 tabmuupel 1 criemyer, 4TO CTAaTUCTHYECKHE CBS3M MEKIOJOBBIX HM3MEHEHHH CpPEIHEr0I0BBIX
srageHnit CYBII Uepnoro mopst 1 COJI akBaTopuit EBporielickoro cekropa ApKTHKH, OIEHEHHBIC HA 000X
OTpE3Kax BPEMEHHU, JICHCTBUTEIHHO SBISIOTCS CTATUCTHYCCKU 3HAYMMBIMH. [locienHee uMeeT MecTo, eciiu
conoctaBisroTest m3MeHenns CYBII UepHoro mMops, KOTOpBIE 3ama3abpIBalOT MO0 OTHOIICHHWIO K BapHAIIHSIM
COJI atux akBaropwii Ha 1 Toa. 3HauMMOCTh cBs3u MHOTOoJeTHEr0 XoAa CYBII ¢ Bapuanusamu CIIb Takxe
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MaKCUMaJlbHa TPH YKa3aHHOM BPEMEHHOM cJBUTe. HecMOTpsl Ha TO, YTO KOpPPEISIHS 3TUX IPOIECCOB
BBIOPaHHOTO TOpOra 3HAYMMOCTH HE JIOCTHTaeT, OHa SBISETCS TONOXKUTeNbHOH. Koppensius
paccMarpuBaeMbIX IpoleccoB B menoM 3a 1979-2018 rr. cunbHee, yem 3a 1993-2018 rr. Ilocnemnee
CBHUIIETENILCTBYET O TOM, YTO B ILIEJIOM 33 paccMaTpUBACMBbIi MEPHOA TOMHHUPOBAIH (aKTOPbl JUHAMHUKHU
CYBII, cmoco6cTByromnie yBEIHMYEHUIO 3TOTO TIOKa3aTens, OJHAKO 3a BTOPYIO €ro IMOJIOBHHY (aKTOpHI,
00yCITaBIHMBAIOIIIE €r0 CHIKCHUE, YCHIIMIUCH JI0 YPOBHS, KOTJIa OHH CIOCOOHBI OIIYTHMO HAapyIIaTh
cioxkuBIvecs cBs3u. Kak Buaum, n3MeHenus: cpenHerofoBbix 3Hadyennit CYBII YepHoro mopsd, a takxe
orepexaromux ux mo Bpemend Ha 1 rog COJI npoucxonsaT cuH(pa3Ho, a CBSA3b MEXIY HUMH CTATHCTHUYCCKH
3HAYHMMa, YTO MOJATBEPKIACT aJICKBATHOCTh BBIIBUHYTON THIIOTE3HI.

AHaNorHYHbIe MCCIEOBaHMs Ul MPOYMX BHYTPEHHHX MOpel ATIaHTHYECKOTO OKeaHa MOKa3aH,
YTO BBIABHHYTAsl TUIOTE3a aleKBaTHa Taroke A A3oBckoro mops. Jnst bantuiickoro n CpeauzeMHOro
Mops Koppersanus MHoroneTHux usMeHeHnt CYBII ¢ Bapuanusmu COJI BRIOpaHHOTO ypOBHS 3HAYUMOCTH
HE IOCTUTaeT. YKa3aHHbIE 0COOEHHOCTH MOTYT OBITH CJIEACTBUEM Pa3IMUMsl PACIOIOXKEHUN 0aCCEeHOB ATHX
MOpEH U UX KIIuMara.

OBCYXJIEHHUE ITOJYYEHHBIX PE3YJIbTATOB

[lonmy4yeHHbIe pe3ynabTaThl COOTBETCTBYIOT CYIIECTBYIOIIMM IMPEACTABICHUAM O BIUSHHU IEPEeMEH
KJIMMaTa Ha U3MCHEHHUS YPOBHS MHUpPOBOTO OKeaHa M OTACJIBbHBIX ero pernoHoB [KammmH ¢ coast., 1991,
JHobposonsckuii, 2003, IPCC, 2013]. M3 HHX BHAHO, YTO MPOMCXOSNIHE TEPEeMEHBl KIMMaTa B
EBponeiickom cektope ApkTuky, a taxke Bapuauud COJI ero akBatopuii, BIUSIOT HA MEPUIUOHAIbHbBIE
COCTABIISIIOIINE aTMOC(EPHON HHUPKYJSIHUU, KOTOPbIe OOYCIABIMBAIOT PEXHM BBINAJCHHUS aTMOCHEPHBIX
0CaJIKOB M UCTapeHusi B OacceiHaX paccMaTpUBAaeMbIX BHYTPEHHUX MOpel. B pesynbrare 3TOro mepemMeHsl
KJIMMAaTa APKTUKU BbI3bIBAtOT 3HaunMble n3mMeHeHus1 CYBII UepHoro u A30BCKOro MOpeil.

BrisiBniennble cBs3u Hanbolee CHITBHEI B ciydae, ecii paccMatpuBaeMble n3meHerns CYBII manHbIx
Mopel 3ama3ipiBaloT 1Mo oTHommeHWio k BapuanusM COJI Ha 1 rox. OHM cymecTBYIOT Ojaromaps
MPUCYTCTBHIO B CIHEKTpax OOOMX MPOIIECCOB MOJ C IMEPUOJIOM, OJIM3KMM K TIEPHOAY KBa3HIBYXJIETHETO
kosiebanusi. Bo3aMOKHO, cKa3bIBaeTCs M HAJIMYKME B UX CHEKTpax JOJITONEPUOIHBIX MO, OLIEHUTH NapaMeTpbl
KOTOpBIX HE IMIO3BOJIIET OTPAHMYEHHOCTh JUIMHBI BPEMEHHBIX PsIOB pE3yJNbTaTOB peaHann3a. Taxkum
00pa3oM, TIOJTy4eHHbBIE Pe3yNIbTaThl MO3BOJSIOT 0000muMTh npepioxkeHnyro JI.C. beprom mist Kacnuiickoro
MOPSI KOHIETILMIO O 3aBUCHMOCTH MHOT'OJIETHMX M3MEHEHHU €ro ypoBHS OT BapHaluuil KiinMaTra ApKTHKH.

B paccmaTtpuBaeMbIX BHYTPEHHHX MOPSIX Ta )K€ 3aBHCHMOCTDH IIPOSIBISETCS MEHEE OLIYyTHMO, YeM B
Kacnnu, mockonbKy 3TH BOJOEMBI HE M30JIMPOBaHbI OT MupoBoro okeana. B mepuoasl BpeMeHH, Koraa B
ADpKTHKE IPOHUCXOAUT MOTEIUICHHE KIUMaTa, B OacceiiHax 3THX MOpeH MclapeHue yCHIIMBACTCS, a CPEIHssA
WHTEHCUBHOCTD BBINAAAIOMINX aTMOC(hEpHBIX ocalkoB yMmeHbiiaercs. Tem He meHee, ux CYBII B Takue
TIEPUOABI CHIDKAETCSI MEHEe OIIyTHUMO, yeM B Kacnuiickom Mope, Tak Kak yMEHbLIEHHE MPUXOIHON YacTH UX
BOJHOrO OanaHca YacTHYHO KOMIICHCHPYETCS YMEHBIIGHHEM U €ro pacxXofHoil dactu (pacxona
MOBEPXHOCTHOT'O TEYEHUS] B COOTBETCTBYIOIIEM IPOJIMBE). BhIsSBIEHHBIE CBA3M MO3BOJISIOT MPEAIOIO0KHTE,
4TO AanbHeimue u3Menenrs B XX| Beke ypoBHEH BHyTpeHHUX Mopel ATIaHTUKH OyIyT B TOW HIJIM MHOU
Mepe 3aBuceTh oT Bapuanuii COJI akBaropuii EBpomneiickoro cektopa ApKTHKH.

CoBpeMeHHBIE M3MEHEHHsI 3TOTO IOKa3aTels SBISIIOTCS Pe3yJlbTaToM MpPOTHBOOOPCTBA (haKTOPOB,
KOTOPBIE CIIOCOOCTBYIOT MOTEIUICHUIO M MOXOJIOAaHUI0 KIMMaTa JaHHOro perroHa. K mepBeIM oTHOCHTCS
Bos0oOMeH EBpormelickoro cekropa ApPKTHKH ¢ ATJIAHTHKOHM, €ro BO3JAyXOOOMEH ¢ pEerdoHaAMH HHU3KUX
LIMPOT U JAPYTHE TMPOLECCHl, CIOCOOCTBYIOIINE YBEIMUYEHUIO MPHUXOIHON YacTH €ro TEeIJIOBOTro OamaHca
[Anexcees, 2015]. OmauM n3 Haubojee CynIeCTBEHHBIX (PAKTOPOB MOXOJIOJAHUS KIMMaTa APKTHUKH (B TOM
grciie u ee EBponeiickoro cekropa) SBIsSeTCs] CHIKEHHE CpeaHero 3a 11 meT ypoBHS COJTHEYHONW aKTUBHOCTH
[A6xycamaro, 2012], KOTOpOE MPHBOAMUT HE TOJBKO K YMEHBIIEHHIO 3HAYEHHH CONHEYHOU MMOCTOSHHOM.
CrnenctBueM 3TOTO Ipoliecca SBISIETCA TaKXKe YBEJIWYEHHME CpelHEH 3a TOT K€ NEepUuoj ONTUYECKOH
wIoTHOCTH obnauHocTu [BepereHenko wu Pacmomos, 2009]. TlocnemHee NPUBOAMT K CHIDKCHHUIO
ko3 duIMeHTa MPO3PaYHOCTH 3EMHOM aTMOC(EPBl U CpellHE MHTEHCUBHOCTH WHCOJISIIUY JTFOOBIX YYaCTKOB
3eMHOH TIOBEPXHOCTH, KOTOPOE TE€M CYLIECTBEHHEH, 4eM B 00Jiee BBICOKHX LIMPOTaX OHU PACIIOIOKEHBI.

Kak BunHO 13 pucynka 36, B nepuosa nocie 2006 r. camkenue COJI B EBponelickoM cexkTope yxe He
HaOmonaetrcsa. CrenoBaTeNbHO, 3HAUCHMS PAaBHOJACHUCTBYIOMIEH (AKTOPOB IMOTEIICHUS M MOXOJIOJAHUS
KJIuMaTa APKTUKUA U3MEHSIOTCS Ha (PUKCUPOBAHHOM ypoBHE, X0Ts 10 2006 rona (hakTopsl MOTEILICHUS SIBHO
npeobnaganu. TeHOeHIUS MOCIEeqYIONNX M3MEHEHWH paBHOACWCTBYIOIIEH 3THX INPOLIECCOB 3aBHCUT HE
TOJBKO OT BHYTPEHHHX ()aKTOPOB AWHAMHUKH KIMMATHYECKOH CHCTEMBI HaIIeH IUTaHETH! (MOPOXKIAFOIINX
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IUKJIBI BprokHepa), HO W OT CKOPOCTH, C KOTOPOH OyIeT CHIXAThCS CPENHUHM YPOBEHb COJTHEYHOMH
aKTUBHOCTHU. [10CKONBKY MPEIBBIYUCIUTD JallbHEHIIINE U3MEHEHUS XapaKTEPUCTUK (PAKTOPOB IMOTETUICHUS 1
MOXOJIOAaHUsI HEBO3MOKHO, Oyaylee YpOBHEH BHYTPEHHUX MOpEH ATIaHTHKH HE MpPEAONpeAeseHoO, XOTsI
HEKOTOPBIE €0 YEPThI MOTYT OBITH CIIPOTHO3UPOBAHBI.

CHwxkenue cpenHero 3a 11 net ypoBHsI COJTHEYHOH akTHBHOCTH Oynet mpojoimkarbes o 20602070
IT., HA KOTOpBIC MPOTHO3MPYETCS OuyepenHOi MuHUMYM mukia 3tocca [Trenberth, 2009, A6mycamatos,
2012]. o 3Toii mpUYMHE A0 YKa3aHHOTO BPEMEHH NaHHBIN mporecc OyAeT B CPeJHEM CIOCOOCTBOBATH
camkennto COJI axBatopmii EBpomneiickoro cekropa Apkruku. B makcumymax mukios llIsade mx COJI
Oy/leT yMEHBIAThCS, a B MHHUMyMax YBEIUYMBAThca. B 3TO ke BpeMs B W3MEHEHHUSX (AaKTOPOB
MOTETUICHHS, BEPOSITHO, COXPAHATCS TE e LUKIBI (¢ mepuoaamu 2.85 r. u npeanonoxurensHo 33 roga). B
JAJTbHEHIIIEM CPEeTHUH YPOBEHb COJIHEYHON aKTUBHOCTH HAYHET MOBBIIIATHCS, YTO CTAHET JOMOIHUTEIIHBIM
¢akropom morermienns. Cienosarenpro, COJI EBpormeiickoro cexkropa Apkruku mo 2060-2070 r. 6yzer,
KaK 1 paHee, U3MEHATHCS MO KoyebaTeIbHOMY 3aKOHY, a Jajee, BIOJIHE BO3MOXKHO, HAYHET CTPEMUTEIHHO
cokpamatbcs. B Tol ke aze OyayT mpoucxoauTh U H3MeHeHUs ypoHed YepHoro, A3oBcKoro, a,
BO3MOYKHO, H IPYIMX BHYTPEHHUX MOpPEU ATIAaHTHKU.

BbIBO/IbI

Takum 00pazom, yCTaHOBIJICHO:

1. 3meneHus cymMmmapHOro o0bema JIeJITHOTO MMOKpoBa akBaTopuii EBpomelickoro cekropa ApKTHKH
SBIISIETCS. 3HAYMMBIM (PaKTOPOM MHOTOJIETHHX BapHalMid CpPeIHEero YpOBHS BOIHOW IOBEPXHOCTH TaKUX
BHYTPEHHHUX MOpeil ATIaHTHYeCKOro okeaHa, kak UepHoe 1 A30BCKOE C 3ara3/blBaHieM Ha 1 roj.

2. TlogoOHast CcBSI3p CYHIECTBYET Oyiarofapsl BIUSHHIO W3MEHEHHUH COCTOSHHS JICISHOTO IOKPOBa
paccMaTpuBaEMoOro CeKTopa ApPKTHKH Ha CYMMapHYIO NPOJOJDKHTEIBHOCTh AEHCTBHS LUPKYISIIMOHHBIX
MEXaHU3MOB, KOTOPbIE IPUBOAAT K 00pa30BaHUIO HaA OacceiiHaMu paccMaTPUBAEMBIX MOpPEl OJIOKHMHIOB.

3. Mpennoxennas JI.C. bBeprom koHuemuusi o CBsI3M M3MEHEHMH ypoBHs Kacmumiickoro mopsi ¢
nepeMeHaMu KiuMaTa APKTHKH MOXKET OBbITh paclpocTpaHeHa M Ha BHYTPEHHHE MOps, OTHOCSIIHECS K
OacceliHy ATJIaHTUYECKOTO OKEaHa.
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